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ȷɜŰɘəŮɑɛŮɜɞ Űɖɠ ˊŬɟɞɨůŬɠ ŭɘˊɚɤɛŬŰɘəɐɠ ŮɟɔŬůɑŬɠ ŮɑɜŬɘ ɖ ŰŮɢɜɞɚɞɔɑŬ ȼVDC - 

High Voltage Direct Current, ɖ ɞˊɞɑŬ ŮˊɘŰɟɏˊŮɘ Űɖ ɛŮŰŬűɞɟɎ ɛŮɔɎɚɖɠ ɘůɢɨɞɠ ůŮ 

ɛŬəɟɘɜɏɠ ŬˊɞůŰɎůŮɘɠ ɛŮ ůɡɜŭɏůɛɞɡɠ ɡɣɖɚɐɠ ŰɎůɖɠ ůɡɜŮɢɞɨɠ ɟŮɨɛŬŰɞɠ əŬɘ ŬˊɞŰŮɚŮɑ 

ŮɜŬɚɚŬəŰɘəɐ ɏɜŬɜŰɘ Űɖɠ HVAC ɛŮŰŬűɞɟɎɠ, ɚɧɔɤ ɛŮɑɤůɖɠ ŬˊɤɚŮɘɩɜ əŬɘ əɧůŰɞɡɠ. Ʉɘɞ 

ůɡɔəŮəɟɘɛɏɜŬ, ɖ ɛŮɚɏŰɖ ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŮ ɛɏůɤ Űɖɠ ɛɞɜŰŮɚɞˊɞɑɖůɖɠ Ůɜɧɠ 

ˊɞɚɡŰŮɟɛŬŰɘəɞɨ (4 ŰŮɟɛŬŰɘəɎ) HVDC ŭɘəŰɨɞɡ ɛŮŰŬŰɟɞˊɏɤɜ ˊɖɔɐɠ ŰɎůɖɠ (VSC-

HVDC), Űɞ ɞˊɞɑɞ ŭɑəŰɡɞ ŭɘŬůɡɜŭɏŮɘ ŭɨɞ ɛŮɔɎɚɖɠ ɘůɢɨɞɠ ɗŬɚɎůůɘŬ ŬɘɞɚɘəɎ ˊɎɟəŬ 

(ŪȷɄ) ɛŮ ŭɨɞ ŬůɨɔɢɟɞɜŬ ɖˊŮɘɟɤŰɘəɎ AC ŭɑəŰɡŬ (ɆȼȺ). ɄɏɟŬɜ Űɖɠ ŮˊɘŰɡɢɞɨɠ 

ɛŮŰŬűɞɟɎɠ ɖɚŮəŰɟɘəɐɠ ɘůɢɨɞɠ Ŭˊɧ Űɖɜ ɡˊŮɟɎəŰɘŬ ˊɚŮɡɟɎ Űɤɜ Ŭɘɞɚɘəɩɜ ˊɟɞɠ ŰŬ ŭɨɞ 

ŬůɨɔɢɟɞɜŬ ɆȼȺ ůŮ ůɡɜɗɐəŮɠ ɛɧɜɘɛɖɠ əŬŰɎůŰŬůɖɠ, ɖ ŭɘˊɚɤɛŬŰɘəɐ ŮˊɘəŮɜŰɟɩɗɖəŮ ůŰɖ 

ɛŮɚɏŰɖ Űɤɜ ůɢɖɛɎŰɤɜ Ůɚɏɔɢɞɡ ˊɞɡ ŮˊɘŰɟɏˊɞɡɜ Űɖɜ Ŭˊɧəɟɘůɖ ůɡɢɜɧŰɖŰŬɠ Űɞɡ 

ˊɞɚɡŰŮɟɛŬŰɘəɞɨ HVDC ŭɘəŰɨɞɡ ˊɟɞɠ ŰŬ ɆȼȺ, ůɨɛűɤɜŬ ɛŮ Űɞɡɠ ȾɩŭɘəŮɠ ɆɡůŰɐɛŬŰɞɠ. 

ȷɟɢɘəɎ, ɔɑɜŮŰŬɘ ɛɑŬ ůɡɜɞˊŰɘəɐ Ůˊɘůəɧˊɖůɖ Űɖɠ ŰŮɢɜɞɚɞɔɑŬɠ HVDC, ɘůŰɞɟɘəɐ 

ŬɜŬŭɟɞɛɐ ŬɡŰɐɠ, ˊŮɟɘɔɟŬűɐ Űɤɜ ŭɨɞ HVDC ŰŮɢɜɞɚɞɔɘɩɜ, CSC-HVDC əŬɘ VSC-

HVDC, əŬɘ ŬɜɎɚɡůɖ Űɤɜ Ⱦɤŭɑəɤɜ ɆɡůŰɐɛŬŰɞɠ ɔɘŬ Űɘɠ HVDC ŭɘŬůɡɜŭɏůŮɘɠ. 

ȷəɞɚɞɨɗɤɠ, ɖ ŬɜɎɚɡůɖ ŮˊɘəŮɜŰɟɩɜŮŰŬɘ ůŰɖ ɛɞɜŰŮɚɞˊɞɑɖůɖ Űɤɜ ůɡůŰɖɛɎŰɤɜ 

Ůɚɏɔɢɞɡ Űɤɜ VSC-HVDC ɛŮŰŬŰɟɞˊɏɤɜ Űɞɡ ˊɞɚɡŰŮɟɛŬŰɘəɞɨ HVDC ŭɘəŰɨɞɡ (MTDC). 

ȷɜŬɚɨŮŰŬɘ ŮɜŭŮɚŮɢɩɠ ɞ ɛŮŰŬůɢɖɛŬŰɘůɛɧɠ Park, Űɞ ůɨůŰɖɛŬ ůɡɔɢɟɞɜɘůɛɞɨ PLL, ɞ 

ŭɘŬɜɡůɛŬŰɘəɧɠ ɏɚŮɔɢɞɠ ɟŮɡɛɎŰɤɜ ˊɞɡ ŮűŬɟɛɧɕɞɜŰŬɘ ɔɘŬ Űɞɜ ɏɚŮɔɢɞ Űɤɜ ɖˊŮɘɟɤŰɘəɩɜ 

əŬɘ ɡˊŮɟɎəŰɘɤɜ ȼVDC ɛŮŰŬŰɟɞˊɏɤɜ. ɆŰɖ ůɡɜɏɢŮɘŬ ɔɑɜŮŰŬɘ ŮɘůŬɔɤɔɐ Űɞɡ HVDC-VSC 

ɛŮŰŬŰɟɞˊɏŬ ůŰɞ MTDC ŭɑəŰɡɞ, Űɞ ɞˊɞɑɞ ɛɞɜŰŮɚɞˊɞɘŮɑŰŬɘ Ůɝ ɞɚɞəɚɐɟɞɡ. ɇɏɚɞɠ, 

ŬɜŬɚɨɞɜŰŬɘ ɞɘ ɛɏɗɞŭɞɘ Ůɚɏɔɢɞɡ Ůɜɧɠ MTDC ŭɘəŰɨɞɡ, ɛŮ ɏɛűŬůɖ ůŰɞɜ ɏɚŮɔɢɞ 

ůŰŬŰɘůɛɞɨ DC ŰɎůɖɠ, ɞ ɞˊɞɑɞɠ əŬɘ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ůŰɖ ˊŬɟɞɨůŬ ŮɟɔŬůɑŬ. 

ɇɞ ŭŮɨŰŮɟɞ ɛɏɟɞɠ Űɖɠ ŮɟɔŬůɑŬɠ ŬůɢɞɚŮɑŰŬɘ ɛŮ Űɖ ůɡɛɓɞɚɐ Űɞɡ MTDC ŭɘəŰɨɞɡ 

ůŰɖɜ ɡˊɞůŰɐɟɘɝɖ ůɡɢɜɧŰɖŰŬɠ Űɤɜ ŭɘŬůɡɜŭŮŭŮɛɏɜɤɜ Ŭůɨɔɢɟɞɜɤɜ ɆȼȺ əŬɘ 

ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ŰŬ ŬˊɞŰŮɚɏůɛŬŰŬ ˊɟɞůɞɛɞɘɩůŮɤɜ. ȼ ŬɜɎɚɡůɖ ɢɤɟɑɕŮŰŬɘ ůŮ ŰɟɑŬ 

ɆŮɜɎɟɘŬ. ɆŰɞ ɆŮɜɎɟɘɞ Ƚ ŭɘŮɟŮɡɜɎŰŬɘ ɖ Ŭˊɧəɟɘůɖ ůɡɢɜɧŰɖŰŬɠ Űɞɡ MTDC, ŭɑɢɤɠ 

ůɡɜŮɘůűɞɟɎ Űɤɜ ŭɘŬůɡɜŭŮɧɛŮɜɤɜ ŪȷɄ. ɆŰɞ ɆŮɜɎɟɘɞ ȽI ˊɟɞůɞɛɞɘɩɜɞɜŰŬɘ ɑŭɘŮɠ 

ŭɘŬŰŬɟŬɢɏɠ AC űɞɟŰɑɞɡ ɛŮ Űɞ ɆŮɜɎɟɘɞ Ƚ, ɛŮ Űɖɜ Ŭɝɘɞˊɞɑɖůɖ Űɤɜ ɚŮɘŰɞɡɟɔɘɩɜ 

Ŭˊɧəɟɘůɖɠ ůɡɢɜɧŰɖŰŬɠ Űɤɜ ŭɘŬůɡɜŭŮɧɛŮɜɤɜ ŪȷɄ ɛɏůɤ ŰɖɚŮˊɘəɞɘɜɤɜɘŬəɐɠ 

ŬˊɞůŰɞɚɐɠ ŭŮŭɞɛɏɜɤɜ. ɇɏɚɞɠ ůŰɞ ɆŮɜɎɟɘɞ ȽIȽ, ˊɟɞŰŮɑɜŮŰŬɘ ŰŮɢɜɘəɐ ɓŮɚŰɑɤůɖɠ Űɖɠ 

Ŭˊɧəɟɘůɖɠ ůɡɢɜɧŰɖŰŬɠ Űɞɡ MTDC ŭɘəŰɨɞɡ. ȰɜŬ ɛɘəɟɧ əɞɛɛɎŰɘ Űɖɠ ŮɟɔŬůɑŬɠ 

ŬűɘŮɟɩɗɖəŮ Ůˊɑůɖɠ ůŮ ŰŮɢɜɘəɏɠ ŭɘŬɛɞɘɟŬůɛɞɨ ɘůɢɨɞɠ ɛŮŰŬɝɨ Űɤɜ ɖˊŮɘɟɤŰɘəɩɜ 

ɛŮŰŬŰɟɞˊɏɤɜ ůŰɖ ɛɧɜɘɛɖ əŬŰɎůŰŬůɖ. 

ȳɚŮɠ ɞɘ ˊɟɞůɞɛɞɘɩůŮɘɠ ŭɘŮɝɐɢɗɖůŬɜ ɛɏůɤ Űɞɡ ɚɞɔɘůɛɘəɞɨ Matlab/Simulink, 

Ůɜɩ ŰŬ ůɢɏŭɘŬ ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŬɜ ůŰɞ Microsoft Visio. 
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Abstract 

 
The main subject of this Diploma Thesis is the High Voltage Direct Current 

(HVDC) technology, which allows transmission of large power on long distances using 

high-voltage direct current links and it is an alternative to HVAC transport, due to 

reduced losses and costs. More specifically, the study was carried out by modeling a 

multi-terminal (4 terminal) HVDC network of voltage source converters (VSC-

HVDC), which network interconnects two high-power offshore wind parks with two 

asynchronous AC grids. In addition to the successful transfer of power from offshore 

wind parks to both asynchronous AC grids under steady state conditions, the Thesis 

focuses on the control methods that allow frequency response of the multi-terminal 

HVDC network to the AC grids, according to the System Codes. 

Initially, a brief overview of HVDC technology, a historical review of it, a 

description of the two HVDC technologies, CSC-HVDC and VSC-HVDC, and an 

analysis of the System Codes for HVDC interconnections is committed. 

Subsequently, the analysis focuses on the modeling of control systems of VSC-

HVDC converters of the multi-terminal HVDC grid (MTDC). The Park transform, the 

PLL synchronization system, the vector current control applied to the onshore and 

offshore HVDC converters are thoroughly analyzed. The HVDC-VSC converter is then 

integrated into the MTDC grid, which is fully modeled. Finally, the control methods of 

MTDC grid are analyzed, with emphasis on DC voltage droop control, which is used 

in the present work. 

The second part deals with the contribution of the MTDC grid to the frequency 

support of the interconnected asynchronous AC grids and presents the results of the 

simulations. The analysis is divided into three scenarios. Scenario I investigates the 

frequency response of MTDC without the contribution of interconnected Wind Parks 

(WP). Scenario II simulates same AC load disturbances with Scenario I, utilizing the 

frequency response of interconnected WP via telecommunication data transmission. 

Finally, in Scenario III, a technique for improving the MTDC network frequency 

response is proposed. A small part of the work is devoted to methods of sharing DC 

power between the onshore converters at steady state. 

All simulations were performed in Matlab/Simulink environment, while 

diagrams were designed in Microsoft Visio. 
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ȺɡɢŬɟɘůŰɑŮɠ 
 

ȷɟɢɘəɎ ɗŬ ɐɗŮɚŬ ɜŬ ŮɡɢŬɟɘůŰɐůɤ Űɞɜ əŬɗɖɔɖŰɐ əŬɘ ŮˊɘɓɚɏˊɞɜŰŬ ə. ɆŰŬɨɟɞ 

ɄŬˊŬɗŬɜŬůɑɞɡ ɔɘŬ Űɖɜ ŬɜɎɗŮůɖ Ůɜɧɠ Űɧůɞ ŮɜŭɘŬűɏɟɞɜŰɞɠ ɗɏɛŬŰɞɠ ȹɘˊɚɤɛŬŰɘəɐɠ 

ŮɟɔŬůɑŬɠ, əŬɗɩɠ əŬɘ ɔɘŬ Űɘɠ ˊɞɚɨŰɘɛɏɠ ůɡɛɓɞɡɚɏɠ əŬɘ Űɖɜ əŬɗɞŭɐɔɖůɖ Űɞɡ əŬŰɎ Űɖ 

ˊɟŬɔɛŬŰɞˊɞɑɖůɖ ŬɡŰɐɠ. ɇɞɜ ŮɡɢŬɟɘůŰɩ Ůˊɑůɖɠ ɔɘŬ ŰŬ ŮɟŮɗɑůɛŬŰŬ əŬɘ Űɘɠ ɔɜɩůŮɘɠ ˊɞɡ 

ŬˊɞəɧɛɘůŬ əŬŰɎ Űɖ ŭɘɎɟəŮɘŬ Űɤɜ ŭɘŬɚɏɝŮɤɜ. 

 

ȰɜŬ ɘŭɘŬɑŰŮɟŬ ɛŮɔɎɚɞ ŮɡɢŬɟɘůŰɩ ɞűŮɑɚɤ ůŰɞɜ ȹɘŭɎəŰɞɟŬ ɆɤŰɐɟɘɞ ɁɎɜɞɡ, ɞ ɞˊɞɑɞɠ ɛŮ 

əŬɗɞŭɐɔɖůŮ ɛŮ ɡˊɞɛɞɜɐ əŬɘ Ůˊɘɛɞɜɐ ŬɜŬűɞɟɘəɎ ɛŮ Űɞ ŰŮɢɜɘəɧ əɞɛɛɎŰɘ Űɖɠ ŮɟɔŬůɑŬɠ. 

ȼ ůɡɛɓɞɚɐ Űɞɡ ůŰɖɜ ŬɜŰɘɛŮŰɩˊɘůɖ Űɤɜ ŭɡůəɞɚɘɩɜ əŬɘ Ŭˊɞɟɘɩɜ ˊɞɡ ˊɟɞəɨˊŰŬɜŮ ɐŰŬɜ 

əŬɗɞɟɘůŰɘəɐ ůŰɖɜ ɞɚɞəɚɐɟɤůɖ Űɖɠ. 
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1 ȺȽɆȷũɋũȼ 
 

1.1 ȼ Ŭɘɞɚɘəɐ ɘůɢɨɠ ůŰɖɜ Ⱥɡɟɩˊɖ ɛɏɢɟɘ Űɞ 2017 
 

ɆŰɘɠ 22 ȷˊɟɘɚɑɞɡ 2016 ɡˊɞɔɟɎűŮŰŬɘ ɖ ɆɡɛűɤɜɑŬ Űɞɡ ɄŬɟɘůɘɞɨ, ɖ ˊɟɩŰɖ 

ɞɘəɞɡɛŮɜɘəɐ, ɜɞɛɘəɎ ŭŮůɛŮɡŰɘəɐ ˊŬɔəɧůɛɘŬ ůɡɛűɤɜɑŬ ɔɘŬ Űɖɜ ŬɜŰɘɛŮŰɩˊɘůɖ Űɖɠ 

əɚɘɛŬŰɘəɐɠ ŬɚɚŬɔɐɠ. ɆŰɧɢɞɠ ɖ ŬˊŮɝɎɟŰɖůɖ Űɖɠ ˊŬɔəɧůɛɘŬɠ ɞɘəɞɜɞɛɑŬɠ Ŭˊɧ ŰŬ ɞɟɡəŰɎ 

əŬɨůɘɛŬ, ɖ ɛŮɑɤůɖ Űɤɜ Ůəˊɞɛˊɩɜ Űɤɜ ŬŮɟɑɤɜ ɗŮɟɛɞəɖˊɑɞɡ əŬɘ ɞ ˊŮɟɘɞɟɘůɛɧɠ Űɖɠ 

Ŭɨɝɖůɖɠ Űɤɜ ɛɏůɤɜ ˊŬɔəɧůɛɘɤɜ ɗŮɟɛɞəɟŬůɘɩɜ ůŮ ɚɘɔɧŰŮɟɞ Ŭˊɧ 2 ɓŬɗɛɞɨɠ ȾŮɚůɑɞɡ 

ˊɎɜɤ Ŭˊɧ Űɞ ŮˊɑˊŮŭɞ ˊɞɡ ŮɑɢŬɜ ˊɟɘɜ Űɖ ɓɘɞɛɖɢŬɜɞˊɞɑɖůɖ. 

ɋɠ Ůə ŰɞɨŰɞɡ, ɖ ŭɘŮɑůŭɡůɖ Űɤɜ ŬɜŬɜŮɩůɘɛɤɜ ˊɖɔɩɜ ŮɜɏɟɔŮɘŬɠ (ȷɄȺ) ůŰɖɜ 

ɖɚŮəŰɟɞˊŬɟŬɔɤɔɐ ŬˊɞŰŮɚŮɑ ɛɘŬ Ŭˊɧ Űɘɠ ůɖɛŬɜŰɘəɧŰŮɟŮɠ ˊɟɞŰŮɟŬɘɧŰɖŰŮɠ Űɞɡ 

ŮɜŮɟɔŮɘŬəɞɨ ŰɞɛɏŬ ůŮ ˊŬɔəɧůɛɘɞ ŮˊɑˊŮŭɞ. ɆŰɖɜ Ⱥɡɟɩˊɖ, Ŭˊɧ Űɞ 2000 əŬɘ ɛŮŰɎ, 

ŬɜŬˊŰɨůůɞɜŰŬɘ ɧɚŮɠ ɞɘ ŰŮɢɜɞɚɞɔɑŮɠ ȷɄȺ ɛŮ ɡɣɖɚɞɨɠ ɟɡɗɛɞɨɠ. ɇɞ 2005 ɞɘ ȷɄȺ 

əŬŰŮɑɢŬɜ Űɞ 26% Űɞɡ ɛŮɟɘŭɑɞɡ Űɖɠ ůɡɜɞɚɘəɐɠ ŮɔəŬŰŮůŰɖɛɏɜɖɠ ɘůɢɨɞɠ, Ůɜɩ Űɞ 2017 Űɞ 

ɛŮɟɑŭɘɞ ŬɡɝɐɗɖəŮ ůŰɞ 47%. ȷˊɧ Űɞ 2007 əŬɘ ɛŮŰɎ ɞɘ ȷɄȺ əŬŰɏɢɞɡɜ əɎɗŮ ɢɟɧɜɞ ˊɎɜɤ 

Ŭˊɧ Űɞ 50% Űɖɠ ɜɏŬɠ ŮɔəŬŰŮůŰɖɛɏɜɖɠ ɘůɢɨɞɠ ůŰɖɜ ȺȺ, ɛŮ ŬˊɞəɞɟɨűɤɛŬ Űɞ 2017 ˊɞɡ 

əŬŰɏɚŬɓŬɜ Űɞ 85% Űɞɡ ůɡɜɧɚɞɡ Űɤɜ ɜɏɤɜ ŮɔəŬŰŬůŰɎůŮɤɜ ɘůɢɨɞɠ, 23,9 GW Ŭˊɧ 

ůɡɜɞɚɘəɎ 28,3 GW.  

 

 
ɆɢɐɛŬ 1.1. ȺŰɐůɘŬ ŮɔəŬŰɎůŰŬůɖ ɜɏŬɠ ɘůɢɨɞɠ əɎɗŮ ŰŮɢɜɞɚɞɔɑŬɠ ůŰɖɜ Ⱥɡɟɩˊɖ ɛŮŰŬɝɨ 2000 ɛŮ 2017. 
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ɆɢɐɛŬ 1.2. Ⱥɝɏɚɘɝɖ ŮɔəŬŰŮůŰɖɛɏɜɖɠ ɘůɢɨɞɠ ůŰɖɜ ȺȺ Űɖɜ ˊŮɟɑɞŭɞ 2005 ɛŮ 2017. 

 

ȼ Ŭɘɞɚɘəɐ ɘůɢɨɠ ŬˊɞŰŮɚŮɑ Űɖ ɓŬůɘəɐ əŬɘ ˊɘɞ ŭɘŬŭŮŭɞɛɏɜɖ ŰŮɢɜɞɚɞɔɑŬ ȷɄȺ, Ůɜɩ 

ůŮ ůɢɏůɖ ɛŮ ɧɚŮɠ Űɘɠ ɎɚɚŮɠ ŰŮɢɜɞɚɞɔɑŮɠ ɖɚŮəŰɟɞˊŬɟŬɔɤɔɐɠ ˊŬɟɞɡůɘɎɕŮɘ Űɞɜ 

ɛŮɔŬɚɨŰŮɟɞ ɟɡɗɛɧ ŬɜɎˊŰɡɝɖɠ. ɆŰɖɜ Ⱥɡɟɩˊɖ ŰŬ ŬɘɞɚɘəɎ ˊɎɟəŬ, Űɧůɞ ŰŬ ɢŮɟůŬɑŬ 

(onshore) ɧůɞ əŬɘ ŰŬ ɡˊŮɟɎəŰɘŬ (offshore), ŬɡɝɎɜɞɡɜ ůɡɜŮɢɩɠ ŰŬ ɧɟɘŬ ŭɘŮɑůŭɡůɐɠ Űɞɡɠ. 

ɇɞ 2017 ɖ Ŭɘɞɚɘəɐ ɘůɢɨɠ əŬŰŮɑɢŮ Űɞ ɛŮɔŬɚɨŰŮɟɞ ˊɞůɞůŰɧ ɜɏɤɜ ŮɔəŬŰŬůŰɎůŮɤɜ, ɛŮ 

15.638 ɀW ůŰɖɜ ȺȺ (16,8 GW ůŰɖɜ Ⱥɡɟɩˊɖ), Ŭɨɝɖůɖ əŬŰɎ 25% ůŮ ůɨɔəɟɘůɖ ɛŮ Űɞ 

2016 ůŮ ŮŰɐůɘŮɠ ŮɔəŬŰŬůŰɎůŮɘɠ. ȷˊɧ ŬɡŰɎ 12.484 MW ɐŰŬɜ ɜɏŬ onshore əŬɘ 3.154 

MW ɜɏŬ offshore Ŭɘɞɚɘəɐ ɘůɢɨɠ, ɜɞɨɛŮɟŬ ɟŮəɧɟ ůɡɔəɟɘŰɘəɎ ɛŮ ŰŬ ˊɟɞɖɔɞɨɛŮɜŬ ɢɟɧɜɘŬ. 

ȷˊɧ Űɞ 2000 ɛɏɢɟɘ ůɐɛŮɟŬ ůɖɛŮɘɩɗɖəŮ əŬɗŬɟɐ Ŭɨɝɖůɖ ŮɔəŬŰŮůŰɖɛɏɜɖɠ Ŭɘɞɚɘəɐɠ 

ɘůɢɨɞɠ 157,7 GW. 
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ɆɢɐɛŬ 1.3. Ⱥɝɏɚɘɝɖ onshore əŬɘ offshore ŮɔəŬŰŮůŰɖɛɏɜɖɠ Ŭɘɞɚɘəɐɠ ɘůɢɨɞɠ ůŰɖɜ ȺȺ Ŭˊɧ Űɞ 2005 ɛɏɢɟɘ Űɞ 

2017, ɛŮ ůɡɜɞɚɘəɎ 168,7 GW ŮɔəŬŰŮůŰɖɛɏɜɖɠ Ŭɘɞɚɘəɐɠ ɘůɢɨɞɠ Űɞ 2017. 

 

ɆŮ ŮˊɑˊŮŭɞ əɟŬŰɩɜ, ɖ ũŮɟɛŬɜɑŬ ŮɔəŬŰɏůŰɖůŮ Űɞ ɛŮɔŬɚɨŰŮɟɞ ŭɡɜŬɛɘəɧ Ŭɘɞɚɘəɐɠ 

ɘůɢɨɞɠ Űɞ 2017, 6.581 MW ɐ 42% Űɤɜ ɜɏɤɜ Ŭɘɞɚɘəɩɜ ŮɔəŬŰŬůŰɎůŮɤɜ əŬɘ ˊŬɟŬɛɏɜŮɘ 

ɖ ɢɩɟŬ ɛŮ Űɖ ɛŮɔŬɚɨŰŮɟɖ ŮɔəŬŰŮůŰɖɛɏɜɖ Ŭɘɞɚɘəɐ ɘůɢɨ, ŬəɞɚɞɡɗɩɜŰŬɠ ɖ ȽůˊŬɜɑŬ əŬɘ 

ɏˊŮɘŰŬ Űɞ ȼɜɤɛɏɜɞ ȸŬůɑɚŮɘɞ. ɆŰɖɜ ȺɚɚɎŭŬ Űɞ 2017 ŮɔəŬŰŬůŰɎɗɖəŬɜ 282 MW onshore 

Ŭɘɞɚɘəɐɠ ɘůɢɨɞɠ, űŰɎɜɞɜŰŬɠ ŰŬ 2.651 MW ůŰɞ Űɏɚɞɠ Űɞɡ 2017. 

 

 
ɆɢɐɛŬ 1.4. ɄɑŰŬ ŮɔəŬŰŮůŰɖɛɏɜɖɠ ɘůɢɨɞɠ əɎɗŮ ŰŮɢɜɞɚɞɔɑŬɠ ůŰɖɜ ȺȺ Űɞ 2005 əŬɘ Űɞ 2017. 

 

ɆŰɞ Űɏɚɞɠ Űɞɡ 2017 ɖ ȺȺ ɛŮŰɟɞɨůŮ 168,8 GW ůɡɜɞɚɘəɐɠ əŬɗŬɟɐɠ 

ŮɔəŬŰŮůŰɖɛɏɜɖɠ Ŭɘɞɚɘəɐɠ ɘůɢɨɞɠ (18 % Űɤɜ ůɡɜɞɚɘəɩɜ ŮɔəŬŰŬůŰɎůŮɤɜ ˊŬɟŬɔɤɔɐɠ 

ɖɚŮəŰɟɘəɐɠ ɘůɢɨɞɠ), 153 GW onshore əŬɘ 15,8 GW offshore. ɇɖ ɢɟɞɜɘɎ ŬɡŰɐ, ɖ Ŭɘɞɚɘəɐ 

ɘůɢɨɠ əɎɚɡɣŮ Űɞ 11,6% Űɖɠ ůɡɜɞɚɘəɐɠ ɕɐŰɖůɖɠ ɖɚŮəŰɟɘəɐɠ ŮɜɏɟɔŮɘŬɠ ůŰɖɜ ȺȺ, ɛŮ 
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əɡɟɑŬɟɢɞ ˊɞůɞůŰɧ ŬɡŰɧ Űɖɠ ȹŬɜɑŬɠ, ɖ ɞˊɞɑŬ əɎɚɡɣŮ Űɞ 44% Űɖɠ ŮɜŮɟɔŮɘŬəɐɠ Űɖɠ 

ɕɐŰɖůɖɠ ɛɏůɤ Űɤɜ Ŭɘɞɚɘəɩɜ Űɖɠ ˊɎɟəɤɜ. ȼ Ŭɘɞɚɘəɐ ŮɜɏɟɔŮɘŬ ɏɟɢŮŰŬɘ ˊɚɏɞɜ ŭŮɨŰŮɟɖ 

ůŮ ŮɔəŬŰŮůŰɖɛɏɜɖ ɘůɢɨ, ˊɟɩŰɖ ŬɜɎɛŮůŬ ůŰɘɠ ȷɄȺ, ˊɚɖůɘɎɕɞɜŰŬɠ Űɘɠ ŮɔəŬŰŬůŰɎůŮɘɠ 

űɡůɘəɞɨ ŬŮɟɑɞɡ. 

 

 
ɆɢɐɛŬ 1.5. ɁŮɞůɡůŰŬɗŮɑůŬ əŬɘ ˊŬɟɞˊɚɘůɛɏɜɖ ŮɔəŬŰŮůŰɖɛɏɜɖ ɘůɢɨɠ ɔɘŬ əɎɗŮ ŰŮɢɜɞɚɞɔɑŬ ůŰɖɜ ȺȺ Űɞ 2017. 

 
ȺɑɜŬɘ ˊɚɏɞɜ űŬɜŮɟɐ ɖ ŬˊɞɛɎəɟɡɜůɖ Űɖɠ ȺȺ Ŭˊɧ Űɘɠ ůɡɛɓŬŰɘəɏɠ ɛɞɜɎŭŮɠ 

ˊŬɟŬɔɤɔɐɠ ɖɚŮəŰɟɘəɐɠ ɘůɢɨɞɠ. ɇɞ 2017, ɞɘ ůɡɛɓŬŰɘəɏɠ ˊɖɔɏɠ ŮɜɏɟɔŮɘŬɠ ɧˊɤɠ Űɞ 

ˊŮŰɟɏɚŬɘɞ əŬɘ ɞ ɎɜɗɟŬəŬɠ ˊŬɟɧˊɚɘůŬɜ ˊŮɟɘůůɧŰŮɟɖ ɘůɢɨ Ŭˊɧ ɧŰɘ ŮɔəŬŰɏůŰɖůŬɜ, Ůɜɩ 

ŰŬ ŭɘəŬɘɩɛŬŰŬ Ůəˊɞɛˊɐɠ ɟɨˊɤɜ ŬɡɝɎɜɞɜŰŬɘ. ȼ ŮɔəŬŰɎůŰŬůɖ Ŭɘɞɚɘəɐɠ ɘůɢɨɞɠ, əŬɗɩɠ 

əŬɘ Űɤɜ ˊŮɟɘůůɞŰɏɟɤɜ ŰŮɢɜɞɚɞɔɘɩɜ ȷɄȺ ŮɑɜŬɘ ˊɚɏɞɜ ɞɘəɞɜɞɛɘəɧŰŮɟɖ Ŭˊɧ Űɖɜ 

ŮɔəŬŰɎůŰŬůɖ ɜɏɤɜ ůɡɛɓŬŰɘəɩɜ ůŰŬɗɛɩɜ ˊŬɟŬɔɤɔɐɠ. ɀɏɢɟɘ Űɞ 2030 ŮəŰɘɛɎŰŬɘ ɧŰɘ ɞ 

ɎɜŮɛɞɠ ɗŬ əŬɚɨˊŰŮɘ Űɞ ɏɜŬ ŰɏŰŬɟŰɞ Űɤɜ ŮɜŮɟɔŮɘŬəɩɜ ŬɜŬɔəɩɜ Űɖɠ ȺȺ əŬɘ ɗŬ ŬˊɞŰŮɚŮɑ 

Űɖ ɟŬɢɞəɞəŬɚɘɎ Űɞɡ ȺɡɟɤˊŬɥəɞɨ ŮɜŮɟɔŮɘŬəɞɨ ůɡůŰɐɛŬŰɞɠ. 

 

 
 

ɆɢɐɛŬ 1.6. Offshore ŬɘɞɚɘəɎ ˊɎɟəŬ ůŰɖ ȸɧɟŮɘŬ ŪɎɚŬůůŬ. 
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1.2 ȼ ɇŮɢɜɞɚɞɔɑŬ HVDC 
 

1.2.1 HVDC ɏɜŬɜŰɘ HVAC ŰŮɢɜɞɚɞɔɑŬɠ 

 

Ƀ ɧɟɞɠ HVDC (High Voltage Direct Current) ŬɜŬűɏɟŮŰŬɘ ůŰɖɜ ŰŮɢɜɞɚɞɔɑŬ 

ŭɘŬůɨɜŭŮůɖɠ ɡɣɖɚɐɠ ŰɎůɖɠ ůɡɜŮɢɞɨɠ ɟŮɨɛŬŰɞɠ, ɛŮ ůəɞˊɧ Űɖ ɛŮŰŬűɞɟɎ ɖɚŮəŰɟɘəɐɠ 

ɘůɢɨɞɠ ůŮ ɛŬəɟɘɜɏɠ ŬˊɞůŰɎůŮɘɠ ɢɟɖůɘɛɞˊɞɘɩɜŰŬɠ ůɡɜŮɢɏɠ ɟŮɨɛŬ, ŬɜŰɑ Űɞɡ 

ˊŬɟŬŭɞůɘŬəɞɨ ŰɟɘűŬůɘəɞɨ ŭɘəŰɨɞɡ ɡɣɖɚɐɠ ŰɎůɖɠ ŮɜŬɚɚŬůůɧɛŮɜɞɡ ɟŮɨɛŬŰɞɠ (High 

Voltage Alternative Current, HVAC). 

ɈɘɞɗŮŰŮɑŰŬɘ ɞɚɞɏɜŬ əŬɘ ˊŮɟɘůůɧŰŮɟɞ ˊŬɔəɞůɛɑɤɠ ɔɘŬ Űɖ ɛŮŰŬűɞɟɎ ɛŮɔɎɚɤɜ 

ɞ́ůɞŰɐŰɤɜ ɘůɢɨɞɠ ůŮ ɛŮɔɎɚŮɠ ŬˊɞůŰɎůŮɘɠ, əŬɗɘůŰɩɜŰŬɠ ŮűɘəŰɐ Űɖ ŭɘŬůɨɜŭŮůɖ 

Ŭůɨɔɢɟɞɜɤɜ ůɡůŰɖɛɎŰɤɜ ɖɚŮəŰɟɘəɐɠ ŮɜɏɟɔŮɘŬɠ (ˊ.ɢ. ŭɑəŰɡŬ ɔŮɘŰɞɜɘəɩɜ ɢɤɟɩɜ), 

ŭɘŬűɞɟŮŰɘəɐɠ ůɡɢɜɧŰɖŰŬɠ ɚŮɘŰɞɡɟɔɑŬɠ, əŬɗɩɠ əŬɘ Űɖ ŭɘŬůɨɜŭŮůɖ ɛŮɔɎɚɤɜ ɗŬɚɎůůɘɤɜ 

Ŭɘɞɚɘəɩɜ ˊɎɟəɤɜ əŬɘ ŬˊɞɛŬəɟɡůɛɏɜɤɜ ɜɖůɘɩɜ ɛŮ Űɞ ɖˊŮɘɟɤŰɘəɧ ɆȼȺ. ȼ ŰŮɢɜɞɚɞɔɑŬ 

HVDC əŮɟŭɑɕŮɘ ɏɜŬɜŰɘ Űɖɠ HVAC, əɡɟɑɤɠ ůŰɘɠ ŮűŬɟɛɞɔɏɠ ɡˊɞɓɟɡɢɑɤɜ ŭɘŬůɡɜŭɏůŮɤɜ, 

ɚɧɔɤ Űɞɡ ŮɔɔŮɜɞɨɠ ɛŮɘɞɜŮəŰɐɛŬŰɞɠ Űɖɠ ůɡɛɓŬŰɘəɐɠ ŰŮɢɜɞɚɞɔɑŬɠ HVAC ́ ɞɡ ůɢŮŰɑɕŮŰŬɘ 

ɛŮ Űɞɜ ˊŮɟɘɞɟɘůɛɧ Űɖɠ ɘəŬɜɧŰɖŰŬɠ ɛŮŰŬűɞɟɎɠ ŮɜŮɟɔɞɨ ɘůɢɨɞɠ ůŮ ɛŮɔɎɚŮɠ ŬˊɞůŰɎůŮɘɠ, 

ɚɧɔɤ Űɞɡ ɡɣɖɚɞɨ ɢɤɟɖŰɘəɞɨ ɟŮɨɛŬŰɞɠ ˊɞɡ ŬˊŬɘŰɞɨɜ (űɧɟŰɘůɖ əŬɘ ŮəűɧɟŰɘůɖ Űɖɠ 

ɢɤɟɖŰɘəɧŰɖŰŬɠ Űɤɜ əŬɚɤŭɑɤɜ ůŮ əɎɗŮ əɨəɚɞ), əɡɟɑɤɠ ŰŬ ɡˊɞɓɟɨɢɘŬ əŬɚɩŭɘŬ, 

əŬɗɘůŰɩɜŰŬɠ Ůˊɘˊɚɏɞɜ ŬɜŬɔəŬɑŬ Űɖ əɞůŰɞɓɧɟŬ ɢɟɐůɖ ŬɜŰɘůŰŬɗɛɘůŰɩɜ Ŭɏɟɔɞɡ ɘůɢɨɞɠ 

ɔɘŬ Űɖ ɟɨɗɛɘůɖ Űɖɠ AC ŰɎůɖɠ. ȼ Ɏɟůɖ Űɞɡ ˊŮɟɘɞɟɘůɛɞɨ Űɖɠ ŬˊɧůŰŬůɖɠ ŮɑɜŬɘ ɏɜŬ Ŭˊɧ 

ŰŬ ɛŮɔŬɚɨŰŮɟŬ ˊɚŮɞɜŮəŰɐɛŬŰŬ Űɖɠ ŰŮɢɜɞɚɞɔɑŬɠ HVDC, Ŭűɞɨ ɛŮ Űɖɜ ŬɜɎˊŰɡɝɖ əŬɘ 

ŭɘŮɑůŭɡůɖ Űɤɜ ȷɄȺ ŭɑɜŮŰŬɘ ɖ ŭɡɜŬŰɧŰɖŰŬ Ŭɝɘɞˊɞɑɖůɖɠ ŬˊɞɛŬəɟɡůɛɏɜɤɜ ˊŮɟɘɞɢɩɜ ɛŮ 

ˊɚɞɨůɘɞ ɖɚɘŬəɧ ,Ŭɘɞɚɘəɧ, ɡŭɟɞɖɚŮəŰɟɘəɧ ŭɡɜŬɛɘəɧ. 

ɇɞ ŮˊŮɜŭɡŰɘəɧ əɧůŰɞɠ Űɤɜ DC Ŭɔɤɔɩɜ ŮɑɜŬɘ ɢŬɛɖɚɧŰŮɟɞ Ŭˊɧ ŬɡŰɧ Űɤɜ AC 

Ŭɔɤɔɩɜ, ŭɘɧŰɘ ɔɘŬ Űɖ ɛŮŰŬűɞɟɎ Űɖɠ ɑŭɘŬɠ ˊɞůɧŰɖŰŬɠ ɘůɢɨɞɠ ŬˊŬɘŰɞɨɜŰŬɘ ˊŮɟɘůůɧŰŮɟɞɘ 

Ŭɔɤɔɞɑ ůŰɖɜ ˊŮɟɑˊŰɤůɖ Űɞɡ AC. ȷˊɧ Űɖɜ Ɏɚɚɖ, ůŰɖɜ ˊŮɟɑˊŰɤůɖ Űɞɡ HVDC 

ɡˊŮɘůɏɟɢŮŰŬɘ Űɞ ɡɣɖɚɧ əɧůŰɞɠ Űɤɜ ɛŮŰŬŰɟɞˊɏɤɜ AC/DC. Ƀɘ ŬˊɩɚŮɘŮɠ ɛŮŰŬűɞɟɎɠ 

ɘůɢɨɞɠ ɛɏůɤ HVAC Ŭɔɤɔɩɜ ŮɑɜŬɘ ɛŮɔŬɚɨŰŮɟŮɠ (ŮˊɘŭŮɟɛɘəɧ űŬɘɜɧɛŮɜɞ, ɢɤɟɖŰɘəɎ 

ɟŮɨɛŬŰŬ, ˊŮɟɘůůɧŰŮɟɞɘ Ŭɔɤɔɞɑ) Ŭˊɧ Űɘɠ ŬˊɩɚŮɘŮɠ HVDC Ŭɔɤɔɩɜ Űɖɠ ɑŭɘŬɠ 

ɛŮŰŬűɞɟɘəɐɠ ɘəŬɜɧŰɖŰŬɠ, Ŭˊɧ Űɖɜ Ɏɚɚɖ ɧɛɤɠ ɖ HVDC ŰŮɢɜɞɚɞɔɑŬ ŮɛˊŮɟɘɏɢŮɘ Űɘɠ 

ŮˊɘˊɟɧůɗŮŰŮɠ ŬˊɩɚŮɘŮɠ ɘůɢɨɞɠ Űɤɜ AC/DC ɛŮŰŬŰɟɞˊɏɤɜ (0.7 - 1%). ȷɡŰɧ ˊɞɡ ŰŮɚɘəɎ 

ůɡɛɓŬɑɜŮɘ ŮɑɜŬɘ ɧŰɘ ɖ ŰŮɢɜɞɚɞɔɑŬ HVDC əɟɑɜŮŰŬɘ ůɡɛűɏɟɞɡůŬ ɔɘŬ ŬˊɞůŰɎůŮɘɠ 

ɛŮɔŬɚɨŰŮɟŮɠ Ŭˊɧ ɏɜŬ əŬŰɩűɚɘ, ˊɞɡ əŬɚŮɑŰŬɘ ŬˊɧůŰŬůɖ Ůɝɘůɞɟɟɧˊɖůɖɠ (break-even 

distance). ũɘŬ Űɘɛɏɠ ɛŮɔŬɚɨŰŮɟŮɠ Űɖɠ ŬˊɧůŰŬůɖɠ Ůɝɘůɞɟɟɧˊɖůɖɠ Űɞ ɛŬəɟɞˊɟɧɗŮůɛɞ 

AC əɧůŰɞɠ ɚɧɔɤ Űɤɜ Ŭɡɝɖɛɏɜɤɜ ŬˊɤɚŮɘɩɜ ɡˊŮɟɓŬɑɜŮɘ Űɞ DC əɧůŰɞɠ, ́ ŬɟɎ Űɞ ŬɟɢɘəɎ 

ɡɣɖɚɧŰŮɟɞ əɧůŰɞɠ Ůˊɏɜŭɡůɖɠ Űɞɡ ŰŮɚŮɡŰŬɑɞɡ. ȷɠ ůɖɛŮɘɤɗŮɑ ɧŰɘ ɞɘ Űɘɛɏɠ ŬɡŰɏɠ 

ŬˊɞŰŮɚɞɨɜ ŬˊɚɎ ɛɘŬ ŮəŰɑɛɖůɖ, ɛŮ Űɖɜ Ŭəɟɘɓɐ Űɘɛɐ ɜŬ ŮɑɜŬɘ ŬˊɞŰɏɚŮůɛŬ 

ŬɚɚɖɚŮˊɑŭɟŬůɖɠ ˊɞɚɚɩɜ ˊŬɟŬɔɧɜŰɤɜ (Ůɑŭɞɠ Ŭɔɤɔɩɜ, ŮˊɑˊŮŭŬ ŰɎůɖɠ) əŬɘ ůɡɜŮˊɩɠ ɜŬ 

ˊɟɞůŭɘɞɟɑɕŮŰŬɘ ŭɘŬűɞɟŮŰɘəɎ ɔɘŬ əɎɗŮ Ůˊɏɜŭɡůɖ. 
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ɆɢɐɛŬ 1.7. ȾɧůŰɖ Ůˊɏɜŭɡůɖɠ Űɤɜ 2 ŰŮɢɜɞɚɞɔɘɩɜ. ȼ ůɢɏůɖ ŬˊɧůŰŬůɖɠ-əɧůŰɞɡɠ ɛˊɞɟŮɑ ɜŬ ŮəɚɖűɗŮɑ ɤɠ Űɞ 

Ŭɜɞɘɔɛɏɜɞ ůŮ Űɘɛɏɠ ɓɎůɖɠ ɛŬəɟɞˊɟɧɗŮůɛɞ əɧůŰɞɠ ɚɧɔɤ Űɤɜ ŬˊɤɚŮɘɩɜ. Ʉɖɔɐ: ȷȸȸ. 

 

 ȾŬŰɎ əɨɟɘɞ ɚɧɔɞ, ɏɜŬ ůɨůŰɖɛŬ HVDC ŬˊɞŰŮɚŮɑŰŬɘ Ŭˊɧ ɏɜŬɜ ɛŮŰŬŰɟɞˊɏŬ ůŮ 

əɎɗŮ Ɏəɟɞ (ɚŬɛɓɎɜŮɘ AC ŰɎůɖ əŬɘ Űɖɜ ɛŮŰŬŰɟɏˊŮɘ ůŮ DC əŬɘ ŬɜŰɑůŰɟɞűŬ) əŬɘ ɏɜŬ 

əɨəɚɤɛŬ DC ŮɜŭɘɎɛŮůŬ. Ƀɘ Ůɛˊɞɟɘəɏɠ ŮűŬɟɛɞɔɏɠ HVDC ůɐɛŮɟŬ ɢɤɟɑɕɞɜŰŬɘ ůŮ ŭɨɞ 

əŬŰɖɔɞɟɑŮɠ ɛŮ əɟɘŰɐɟɘɞ Űɖɜ ŰŮɢɜɞɚɞɔɑŬ Űɤɜ ɢɟɖůɘɛɞˊɞɘɞɨɛŮɜɤɜ ɛŮŰŬŰɟɞˊɏɤɜ ɘůɢɨɞɠ 

: (Ŭ) ɖ ůɡɛɓŬŰɘəɐ ŰŮɢɜɞɚɞɔɑŬ HVDC ɛŮ ɛŮŰŬŰɟɞˊŮɑɠ Űɨˊɞɡ ˊɖɔɐɠ ɟŮɨɛŬŰɞɠ (current 

source converter, CSC-HVDC), ɛŮ ɢɟɐůɖ ŮɚŮɔɢɧɛŮɜɤɜ thyristor , əŬɘ (ɓ) ɖ ŰŮɢɜɞɚɞɔɑŬ 

HVDC ɛŮ ɛŮŰŬŰɟɞˊŮɑɠ Űɨˊɞɡ ˊɖɔɐɠ ŰɎůɖɠ (voltage source converter, VSC-HVDC), ɞɘ 

ɞˊɞɑɞɘ ɢɟɖůɘɛɞˊɞɘɞɨɜ ŬɡŰɞɛŮŰŬɔɧɛŮɜŬ ɖɛɘŬɔɤɔɘəɎ ůŰɞɘɢŮɑŬ. 

 

1.2.2 ȽůŰɞɟɘəɐ ŬɜŬŭɟɞɛɐ Űɤɜ HVDC ŭɘŬůɡɜŭɏůŮɤɜ 

 

ȽůŰɞɟɘəɎ, ɞɘ ˊɟɩŰŮɠ Ůɛˊɞɟɘəɏɠ HVDC ŮűŬɟɛɞɔɏɠ ůŰɖɜ ůɨɔɢɟɞɜɖ ɛɞɟűɐ ɐŰŬɜ 

ɖ ŭɘŬůɨɜŭŮůɖ ɀɧůɢŬɠ-Ⱦashira Űɞ 1951 (115 km, 60 MW, Ñ200 kV) əŬɘ ɖ ɡˊɞɓɟɨɢɘŬ 

ŭɘŬůɨɜŭŮůɖ Űɞɡ ɖˊŮɘɟɤŰɘəɞɨ ŭɘəŰɨɞɡ Űɖɠ ɆɞɡɖŭɑŬɠ ɛŮ Űɞ ɜɖůɑ Gotland Űɞ 1954 (96 

km, 20MW, 100 kV). ȼ ŰŮɚŮɡŰŬɑŬ HVDC ŮűŬɟɛɞɔɐ ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŮ Ŭˊɧ Űɖɜ 

ůɞɡɖŭɘəɐ ASEA, ɖ ɞˊɞɑŬ Űɞ 1988 ˊɟɞɢɩɟɖůŮ ůŮ ůɡɔɢɩɜŮɡůɖ ɛŮ Űɖɜ ŮɚɓŮŰɘəɐ Brown, 

Boveri &Cie (BBC), ůɡůŰɐɜɞɜŰŬɠ Űɖ ůɖɛŮɟɘɜɐ ȷȸȸ. Ƀɘ ŭɨɞ ŬɡŰɏɠ ŮűŬɟɛɞɔɏɠ 

ɢɟɖůɘɛɞˊɞɘɞɨůŬɜ ŮɚŮɔɢɧɛŮɜɞɡɠ ŭɘŬəɧˊŰŮɠ Űɧɝɞɡ ɡŭɟŬɟɔɨɟɞɡ (mercury arc valves) 

ůŰɞɡɠ ɛŮŰŬŰɟɞˊŮɑɠ. ȷˊɧ ŰŬ Űɏɚɖ Űɖɠ ŭŮəŬŮŰɑŬɠ Űɞɡ 1960 ɝŮəɘɜɎ ɖ ŬɜɎˊŰɡɝɖ Űɤɜ 

ůŰɞɘɢŮɑɤɜ ůŰŮɟŮɎɠ əŬŰɎůŰŬůɖɠ (solid-state devices), əɡɟɑɤɠ Űɤɜ ŮɚŮɔɢɧɛŮɜɤɜ 

ŭɘŬəɞˊŰɩɜ ɗɡɟɑůŰɞɟ (thyristor valves), ɛŮ Űɞ ˊɟɩŰɞ ɞɚɞəɚɖɟɤɛɏɜɞ HVDC ůɨůŰɖɛŬ 

ɓŬůɘůɛɏɜɞ ůŮ thyristor ɜŬ ŮɑɜŬɘ Űɞ ůɨůŰɖɛŬ Űɞɡ Eel River ůŰɞɜ ȾŬɜŬŭɎ, Űɞ ɞˊɞɑɞ 

ɢŰɑůŰɖəŮ Ŭˊɧ Űɖ General Electric əŬɘ ŰɏɗɖəŮ ůŮ ɚŮɘŰɞɡɟɔɑŬ Űɞ 1972. ȷˊɧ Űɞ 1977 əŬɘ 

ɏˊŮɘŰŬ ŮɔəŬŰŬɚŮɑˊŮŰŬɘ ɞɟɘůŰɘəɎ ɖ ɢɟɐůɖ Űɤɜ mercury arc valves əŬɘ ɞɘ HVDC 

ɛŮŰŬŰɟɞˊŮɑɠ ɢɟɖůɘɛɞˊɞɘɞɨɜ ŮɚŮɔɢɧɛŮɜŬ thyristor. ɇɞ 1979 ˊɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ ɖ 

ɛŮɔŬɚɨŰŮɟɖ ɔɘŬ ŮəŮɑɜɖ Űɖɜ Ůˊɞɢɐ HVDC ŭɘŬůɨɜŭŮůɖ ɓŬůɘůɛɏɜɖ ůŮ thyristor (1410 km, 

1920 MW, Ñ533kV) ɛŮŰŬɝɨ Cabora Bassa əŬɘ Johannesburg ůŰɖ ɁɧŰɘŬ ȷűɟɘəɐ, ɛŮ 

ɛŮŰŬŰɟɞˊŮɑɠ ůɢŮŭɘŬůɛɏɜɞɡɠ Ŭˊɧ Űɘɠ ŮŰŬɘɟŮɑŮɠ AEG, BBC əŬɘ Siemens. ȳɚŬ ŰŬ 

ˊŬɟŬˊɎɜɤ ɏɟɔŬ ŬˊɞŰŮɚɞɨɜ Űɖ ůɡɛɓŬŰɘəɐ HVDC ŰŮɢɜɞɚɞɔɑŬ ɛŮŰŬŰɟɞˊɏɤɜ ˊɖɔɐɠ 

ɟŮɨɛŬŰɞɠ (current source converter - CSC). ȯɚɚŬ ɔɜɤůŰɎ ˊŬɟŬŭŮɑɔɛŬŰŬ CSC HVDC 

ŰŮɢɜɞɚɞɔɑŬɠ (ɐ Line-Commutated Converter (LCC) HVDC) ŮɑɜŬɘ : 

https://en.wikipedia.org/wiki/Solid-state_device
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¶ Pacific Interie HVDC link (1354 km, 3100MW, Ñ 500 kV) 

¶ Itaipu HVDC link ɛŮŰŬɝɨ ȸɟŬɕɘɚɑŬɠ əŬɘ ɄŬɟŬɔɞɡɎɖɠ 6300MW (2 bipoles, 

3.150 MW, Ñ 600 kV Űɞ əŬɗɏɜŬ). 

¶ XiangjiabaïShanghai HVDC link ůŰɖ ȾɑɜŬ (2000 km, 6400 MW, Ñ800 kV, 

bipolar system) 

 

ɇɞ 1997 ˊɟɤŰɞˊŬɟɞɡůɘɎůŰɖəŬɜ ůŰɖ ŰŮɢɜɞɚɞɔɑŬ HVDC ɞɘ ɛŮŰŬŰɟɞˊŮɑɠ ɘůɢɨɞɠ 

ˊɖɔɐɠ ŰɎůɖɠ (voltage source converters - VSC), ɞɘ ɞˊɞɑɞɘ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɜ Ůɡɟɏɤɠ 

Ŭˊɧ Űɞ 1980 ůŮ ŮűŬɟɛɞɔɏɠ ɖɚŮəŰɟɘəɐɠ əɑɜɖůɖɠ. ȼ ŬɜɎˊŰɡɝɖ Űɤɜ ɡɣɖɚɐɠ 

ŭɘŬůŰŬůɘɞɚɧɔɖůɖɠ ŬɡŰɞɛŮŰŬɔɧɛŮɜɤɜ ɖɛɘŬɔɤɔɩɜ IGBTs (Insulated-Gate Bipolar 

Transistors), GTOs, GCTs əŬŰɏůŰɖůŬɜ ŰŬ ɛɘəɟɧŰŮɟŬ HVDC ůɡůŰɐɛŬŰŬ ɞɘəɞɜɞɛɘəɎ. 

ȼ ŰŮɢɜɞɚɞɔɑŬ ˊɟɞɤɗɐɗɖəŮ ůŰɖɜ ŬɔɞɟɎ Ŭˊɧ Űɖɜ ȷȸȸ ɤɠ HVDC Light əŬɘ Ŭˊɧ Űɖ 

Siemens ɛŮ Űɖɜ ŮˊɤɜɡɛɑŬ HVDC PLUS (Power Link Universal System). ɀɏɢɟɘ Űɞ 

Űɏɚɞɠ Űɞɡ 2011 ŮɑɢŮ əŬŰŬɔɟɎɣŮɘ ɏɜŬ ůɖɛŬɜŰɘəɧ ˊɞůɞůŰɧ Űɖɠ ŬɔɞɟɎɠ HVDC, ɚɧɔɤ Űɤɜ 

ˊɚŮɞɜŮəŰɖɛɎŰɤɜ ůɡɔəɟɘŰɘəɎ ɛŮ Űɞɡɠ ɛŮŰŬŰɟɞˊŮɑɠ CSC. 

ȷˊɧ Űɖɜ ˊɟɤŰɞŮɛűɎɜɘůɐ Űɞɡɠ Űɞ 1997, ŰŬ ůɡůŰɐɛŬŰŬ VSC-HVDC ůŰŬŭɘŬəɎ 

ŬɨɝŬɜŬɜ ŰŬ ŮˊɑˊŮŭŬ ŰɎůɖɠ əŬɘ ɘůɢɨɞɠ ɚŮɘŰɞɡɟɔɑŬɠ. ɆɐɛŮɟŬ ɡˊɎɟɢɞɡɜ ɏɟɔŬ ŭɘŬůɨɜŭŮůɖɠ 

ŪȷɄ ɧˊɤɠ ˊ.ɢ. Űɞ BorWin2 (2015 Siemens HVDC PLUS, 200 km, Ñ300 kV) əŬɘ Űɞ 

DolWin1 (2015 ABB HVDC Light, 165 km, Ñ320 kV) ˊɞɡ ɢɟɖůɘɛɞˊɞɘɞɨɜ ůɡɜŭɏůɛɞɡɠ 

VSC-HVDC ɛŮŰŬűɞɟɘəɐɠ ɘəŬɜɧŰɖŰŬɠ 800 MW. ȷɜŰɘˊɟɞůɤˊŮɡŰɘəɧ ˊŬɟɎŭŮɘɔɛŬ 

ůɨɔɢɟɞɜɞɡ ɏɟɔɞɡ ɖɚŮəŰɟɘəɐɠ ŭɘŬůɨɜŭŮůɖɠ ůɡůŰɖɛɎŰɤɜ ɛŮŰŬɝɨ ɢɤɟɩɜ ŬˊɞŰŮɚŮɑ Űɞ 

ɏɟɔɞ Inelfe, Űɞ ɞˊɞɑɞ ŬűɞɟɎ ůŰɖ ŭɘŬůɨɜŭŮůɖ Űɤɜ ɆȼȺ ȽůˊŬɜɑŬɠ əŬɘ ũŬɚɚɑŬɠ əŬɘ 

ŬˊɞŰŮɚŮɑŰŬɘ Ŭˊɧ ŭɨɞ ŬɜŮɝɎɟŰɖŰŬ ŭɑˊɞɚŬ Ñ320kV 1000 MW ɏəŬůŰɞ, ɢɟɖůɘɛɞˊɞɘɩɜŰŬɠ 

Űɖɜ ŰŮɢɜɞɚɞɔɑŬ Siemens HVDC PLUS. ɇɞ Skagerrak 4 ŬűɞɟɎ Űɖ ˊɟɞůɗɐəɖ ɜɏŬɠ VSC-

HVDC ŭɘŬůɨɜŭŮůɖɠ Űɤɜ ɐŭɖ ŭɘŬůɡɜŭŮŭŮɛɏɜɤɜ ɆȼȺ Űɖɠ ɁɞɟɓɖɔɑŬɠ əŬɘ ȹŬɜɑŬɠ, ɛŮ 

ɛŮŰŬűɞɟɘəɐ ɘəŬɜɧŰɖŰŬ 700 MW əŬɘ ŰɎůɖ ɚŮɘŰɞɡɟɔɑŬɠ 500 kV. ɇɏɚɞɠ, ɛɏɢɟɘ Űɞ 2020 

ˊɟɞɔɟŬɛɛŬŰɑɕŮŰŬɘ ɜŬ ɛˊŮɘ ůŮ ŮűŬɟɛɞɔɐ Ŭˊɧ Űɖɜ ABB Űɞ NordLink, ɖ ɛŮɔŬɚɨŰŮɟɖ 

VSC-HVDC ŭɘŬůɨɜŭŮůɖ ˊŬɔəɞůɛɑɤɠ, ŬɜɎɛŮůŬ ůŰŬ ɆȼȺ ɁɞɟɓɖɔɑŬɠ əŬɘ ũŮɟɛŬɜɑŬɠ 

(ABB HVDC Light, IGBT-based, bipolar,Ñ525 kV, 1400 MW, 623 km), Ůɘ́ŰɟɏˊɞɜŰŬɠ 

Űɖ ɟɞɐ ɘůɢɨɞɠ ɛŮŰŬɝɨ ɁɞɟɓɖɔɑŬɠ, ɛŮ Űɞ ŰŮɟɎůŰɘɞ ˊɞůɧ Űɖɠ ŮɡɏɚɘəŰɖɠ ɡŭɟɞɖɚŮəŰɟɘəɐɠ 

ŮɜɏɟɔŮɘŬɠ, əŬɘ ũŮɟɛŬɜɑŬw, ɛŮ ɛɘŬ ůɡɜŮɢɩɠ ŬɡɝŬɜɧɛŮɜɖ ́ ɞůɧŰɖŰŬ Ŭɘɞɚɘəɐɠ əŬɘ ɖɚɘŬəɐɠ 

ɘůɢɨɞɠ. Ƀɘ ŭɘŬəɟŬŰɘəɏɠ HVDC ŭɘŬůɡɜŭɏůŮɘɠ ŮˊɘŰɟɏˊɞɡɜ əŬɚɨŰŮɟɖ ɚŮɘŰɞɡɟɔɑŬ Űɤɜ 

Ŭɔɞɟɩɜ ŮɜɏɟɔŮɘŬɠ, ŮɜŭŮɢɞɛɏɜɤɠ ɛŮɘɩɜɞɜŰŬɠ Űɘɠ Űɘɛɏɠ ɖɚŮəŰɟɘəɐɠ ŮɜɏɟɔŮɘŬɠ əŬɘ 

ŬɡɝɎɜɞɜŰŬɠ Űɖ ŭɘŮɑůŭɡůɖ Űɤɜ ŬɜŬɜŮɩůɘɛɤɜ ˊɖɔɩɜ ŮɜɏɟɔŮɘŬɠ ůŰɞ ŮɜŮɟɔŮɘŬəɧ ɛŮɑɔɛŬ. 
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red: existing, blue: proposed, green: under construction 

ɆɢɐɛŬ 1.8. HVDC ŭɘŬůɡɜŭɏůŮɘɠ ůŰɖɜ Ⱥɡɟɩˊɖ. 

 

1.2.3 ȼ ŰŮɢɜɞɚɞɔɑŬ ŭɘŬůɨɜŭŮůɖɠ CSC-HVDC 

 

ȼ ŰŮɢɜɞɚɞɔɑŬ CSC-HVDC (ůɡɛɓŬŰɘəɐ HVDC ŰŮɢɜɞɚɞɔɑŬ-HVDC Classic) 

ŮɑɜŬɘ ˊɚɏɞɜ ɛɘŬ ɩɟɘɛɖ ŰŮɢɜɞɚɞɔɑŬ, ɛŮ ŭŮəɎŭŮɠ ɞɚɞəɚɖɟɤɛɏɜŬ ɏɟɔŬ ŬɜɎ Űɞɜ əɧůɛɞ. 

ȺɜŭŮɑəɜɡŰŬɘ ɔɘŬ ɛŮŰŬűɞɟɎ ŰŮɟɎůŰɘɤɜ ˊɞůɞŰɐŰɤɜ ɘůɢɨɞɠ ůŮ ɛŬəɟɘɜɏɠ ŬˊɞůŰɎůŮɘɠ, ɧˊɞɡ 

ɖ ɢɟɐůɖ AC ɔɟŬɛɛɐɠ əŬɗɑůŰŬŰŬɘ ˊɚɏɞɜ ŬˊŬɔɞɟŮɡŰɘəɐ (ȷɛŮɟɘəɐ, ȾɑɜŬ, ȽɜŭɑŬ). Ƀ 

ɛŮŰŬŰɟɞˊɏŬɠ ˊɖɔɐɠ ɟŮɨɛŬŰɞɠ CSC-HVDC ŮˊɘŰɡɔɢɎɜŮɘ Űɖɜ Ŭɜɧɟɗɤůɖ ɛɏůɤ 

ŮɝŬˊŬɚɛɘəɐɠ ɐ ŭɤŭŮəŬˊŬɚɛɘəɐɠ ɔɏűɡɟŬɠ thyristor. ɆŰɞ ɆɢɐɛŬ 1.9 ˊŬɟɞɡůɘɎɕŮŰŬɘ ɖ 

ŮɝŬˊŬɚɛɘəɐ Ŭɜɧɟɗɤůɖ ɛŮ ŮɚŮɔɢɧɛŮɜŬ thyristors, ɖ Ŭɔɤɔɐ Űɤɜ ɞˊɞɑɤɜ 

ˊɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ ɧŰŬɜ ŭɞɗŮɑ ˊŬɚɛɧɠ ɏɜŬɡůɖɠ, ɛŮ Űɖɜ ˊɟɞɦˊɧɗŮůɖ ɧŰɘ ŬɡŰɎ ŮɑɜŬɘ 

ɗŮŰɘəɎ ˊɞɚɤɛɏɜŬ. Ƀ ɏɚŮɔɢɞɠ Űɖɠ ŭɘŬəɘɜɞɨɛŮɜɖɠ ŮɜŮɟɔɞɨ ɘůɢɨɞɠ Ůˊɑ Űɖɠ ŭɘŬůɨɜŭŮůɖɠ 

ŮˊɘŰɡɔɢɎɜŮŰŬɘ ɛŮ əŬŰɎɚɚɖɚɞ ɏɚŮɔɢɞ Űɤɜ ˊŬɚɛɩɜ ɏɜŬɡůɖɠ. ȼ ŭɤŭŮəŬˊŬɚɛɘəɐ ɔɏűɡɟŬ 

ŮɑɜŬɘ ɞɡůɘŬůŰɘəɎ ɛɘŬ ɡˊɏɟɗŮůɖ ŭɨɞ ŮɝŬˊŬɚɛɘəɩɜ, ɞɘ ɞˊɞɑŮɠ ɏɢɞɡɜ ŭɘŬűɞɟŮŰɘəɐ űɎůɖ 

ɚɧɔɤ Űɤɜ ŭɘŬűɞɟŮŰɘəɩɜ ŭɘŬɛɞɟűɩůŮɤɜ Űɤɜ ɛŮŰŬůɢɖɛŬŰɘůŰɩɜ (ɆɢɐɛŬ 1.9 (ɓ)). 

ɉɟɖůɘɛɞˊɞɘŮɑŰŬɘ ɔɘŬ ŮɚŬɢɘůŰɞˊɞɑɖůɖ Űɤɜ Ŭɟɛɞɜɘəɩɜ ɢŬɛɖɚɩɜ ůɡɢɜɞŰɐŰɤɜ. Ƀɘ 

ůŰŬɗɛɞɑ ɛŮŰŬŰɟɞˊɐɠ CSC ŬˊŬɘŰɞɨɜ ůɨɜŭŮůɖ ůŮ ɏɜŬ ɘůɢɡɟɧ AC ŭɑəŰɡɞ. ɆŮ ˊŮɟɑˊŰɤůɖ 

ůɨɜŭŮůɖɠ ůŮ ŬůɗŮɜɏɠ ɆȼȺ (Short Circuit Ratio ůŰɞ Ůɨɟɞɠ 2-3) ŬˊŬɘŰŮɑŰŬɘ ɖ 

ŮɔəŬŰɎůŰŬůɖ ˊɟɧůɗŮŰɤɜ ɖɚŮəŰɟɞɜɘəɩɜ ůɡůŰɖɛɎŰɤɜ ŬɜŰɘůŰɎɗɛɘůɖɠ Ŭɏɟɔɞɡ ɘůɢɨɞɠ 

Űɨˊɞɡ STATCOM ɐ SVC ɔɘŬ Űɖɜ ŬˊɞŰŮɚŮůɛŬŰɘəɐ ɛŮŰŬɔɤɔɐ Űɤɜ ŮɚŮɔɢɧɛŮɜɤɜ 

thyristor, ɛŮ Ŭɨɝɖůɖ Űɞɡ əɧůŰɞɡɠ əŬɘ Űɞɡ ɧɔəɞɡ Űɖɠ ŮɔəŬŰɎůŰŬůɖɠ. 
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(Ŭ) 

 
(ɓ) 

ɆɢɐɛŬ 1.9. (Ŭ) CSC-HVDC ŮɝŬˊŬɚɛɘəɐ ɔɏűɡɟŬ ɛŮ ŮɚŮɔɢɧɛŮɜŬ thyristors (ɓ) Back-to-Back ůɨɜŭŮůɛɞɠ 

HVDC ɛŮ CSC ɛŮŰŬŰɟɞˊŮɑɠ ŭɤŭŮəŬˊŬɚɛɘəɐɠ Ŭɜɧɟɗɤůɖɠ. Ƀɘ ŭɘŬűɞɟŮŰɘəɏɠ ŭɘŬɛɞɟűɩůŮɘɠ Űɤɜ 

ɛŮŰŬůɢɖɛŬŰɘůŰɩɜ ŮɘůɎɔɞɡɜ Űɖ ŭɘŬűɞɟɎ űɎůɖɠ əŬɘ ŮˊɘŰɡɔɢɎɜŮŰŬɘ ɖ ɛŮɑɤůɖ Űɞɡ Ŭɟɛɞɜɘəɞɨ ˊŮɟɘŮɢɞɛɏɜɞɡ Űɖɠ 

ŰŮɚɘəɐɠ AC əɡɛŬŰɞɛɞɟűɐɠ. 

 

1.2.4 ȼ ŰŮɢɜɞɚɞɔɑŬ ŭɘŬůɨɜŭŮůɖɠ VSC-HVDC 

 

 ȼ ŬˊɚɞɨůŰŮɟɖ əŬɘ ɞɘəɞɜɞɛɘəɧŰŮɟɖ ŰŮɢɜɞɚɞɔɑŬ VSC-HVDC ŮɑɜŬɘ ɞ 

ɛŮŰŬŰɟɞˊɏŬɠ ŭɨɞ Ůˊɘˊɏŭɤɜ, ɞ ɞˊɞɑɞɠ ɢɟɖůɘɛɞˊɞɘŮɑ ŭɘŬɛɧɟűɤůɖ Ůɨɟɞɡɠ ˊŬɚɛɩɜ (Pulse-

Width Modulation, PWM). ȰŰůɘ ŭɖɛɘɞɡɟɔŮɑŰŬɘ ɖ əɡɛŬŰɞɛɞɟűɐ ŰɎůɖɠ ŭɨɞ Ůˊɘˊɏŭɤɜ, 

(ɆɢɐɛŬ 1.10 (Ŭ)), ɖ ɞˊɞɑŬ ɛŮ ɢɟɐůɖ əŬŰɎɚɚɖɚɤɜ űɑɚŰɟɤɜ ˊɟɞůŮɔɔɑɕŮɘ Űɖɜ ŮˊɘɗɡɛɖŰɐ 

əɡɛŬŰɞɛɞɟűɐ Űɖɠ ɗŮɛŮɚɘɩŭɞɡɠ ůɡɜɘůŰɩůŬɠ Űɖɠ ŰɎůɖɠ Ůɝɧŭɞɡ. ȸŬůɘəɧ ɛŮɘɞɜɏəŰɖɛŬ 

Űɖɠ ŰŮɢɜɞɚɞɔɑŬɠ ŬɡŰɐɠ ŮɑɜŬɘ ɖ ŬˊŬɑŰɖůɖ ɡɣɖɚɐɠ ŭɘŬəɞˊŰɘəɐɠ ůɡɢɜɧŰɖŰŬɠ ɚŮɘŰɞɡɟɔɑŬɠ 

Űɤɜ IGBTs, ɔŮɔɞɜɧɠ ˊɞɡ ŬɡɝɎɜŮɘ ůɖɛŬɜŰɘəɎ Űɘɠ ŬˊɩɚŮɘŮɠ ɘůɢɨɞɠ ůŮ ŮűŬɟɛɞɔɏɠ HVDC. 

ȾɎɗŮ ɖɛɘŬɔɤɔɘəɧ ůŰɞɘɢŮɑɞ ˊɞɡ ŮɘəɞɜɑɕŮŰŬɘ ůŰɞ ɆɢɐɛŬ 1.10 ŬˊɞŰŮɚŮɑŰŬɘ ůŰɖɜ 

ˊɟŬɔɛŬŰɘəɧŰɖŰŬ Ŭˊɧ əŬŰɎɚɚɖɚɞ Ŭɟɘɗɛɧ IGBTs (ɛŮ ŬɜŰɘˊŬɟɎɚɚɖɚɖ ŭɑɞŭɞ) 

ůɡɜŭŮŭŮɛɏɜɤɜ Ůɜ ůŮɘɟɎ, ɖ Ŭɔɤɔɐ Űɤɜ ɞˊɞɑɤɜ ŮɑɜŬɘ ůɡɔɢɟɞɜɘůɛɏɜɖ. ɀŮ ɓɎůɖ Űɖ 

ɗŮɛŮɚɘɩŭɖ ŰɞˊɞɚɞɔɑŬ ŭɨɞ Ůˊɘˊɏŭɤɜ ɛˊɞɟŮɑ ɜŬ əŬŰŬůəŮɡŬůŰŮɑ ɏɜŬɠ ɛŮŰŬŰɟɞˊɏŬɠ ɘůɢɨɞɠ 

Űɟɘɩɜ ɐ əŬɘ ˊŬɟŬˊɎɜɤ Ůˊɘˊɏŭɤɜ. ȼ ŰŮɢɜɞɚɞɔɘəɐ Ůɝɏɚɘɝɖ ůŰɞɜ ŰɞɛɏŬ Űɤɜ ɖɚŮəŰɟɞɜɘəɩɜ 

ɘůɢɨɞɠ ŰŬ ŰŮɚŮɡŰŬɑŬ ɢɟɧɜɘŬ ɏɢŮɘ ɞŭɖɔɐůŮɘ ůŰɖɜ ŮˊɘəɟɎŰɖůɖ Űɤɜ ˊɞɚɡŮˊɑˊŮŭɤɜ 

ɛŮŰŬŰɟɞˊɏɤɜ ɘůɢɨɞɠ (multilevel), ɞɘ ɞˊɞɑɞɘ ˊŬɟɏɢɞɡɜ AC ŰɎůɖ Ůɝɧŭɞɡ ˊɞɚɨ əɞɜŰɎ ůŰɖ 

ɗŮɛŮɚɘɩŭɖ ůɡɜɘůŰɩůŬ (əŬɚɨŰŮɟɖ ˊɞɘɧŰɖŰŬ ɘůɢɨɞɠ, űɗɖɜɧŰŮɟŬ əŬɘ ɛɘəɟɧŰŮɟŬ űɑɚŰɟŬ 

Ůɝɧŭɞɡ, ɢŬɛɖɚɧ Ŭɟɛɞɜɘəɧ ˊŮɟɘŮɢɧɛŮɜɞ ŰɎůɖɠ əŬɘ ɟŮɨɛŬŰɞɠ). Ƀɘ ɛŮɔɎɚŮɠ ŮŰŬɘɟŮɑŮɠ 

ˊŬɟŬɔɤɔɐɠ multilevel HVDC-VSC ŭɘŬɗɏŰɞɡɜ ůŰɖɜ ŬɔɞɟɎ Űɖ ůɡɔəŮəɟɘɛɏɜɖ ŰŮɢɜɞɚɞɔɑŬ 

ɛŮ Űɘɠ Ůɝɐɠ ŮˊɤɜɡɛɑŮɠ : HVDC PLUS (Siemens), HVDC Light (ABB) əŬɘ HVDC 

MaxSine (Alstom Grid). 
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(Ŭ) 

 
(ɓ) 

ɆɢɐɛŬ 1.10. ɇɞˊɞɚɞɔɑŮɠ ɛŮŰŬŰɟɞˊɏɤɜ VSC (Ŭ) ŭɨɞ Ůˊɘˊɏŭɤɜ (ɓ) ˊɞɚɚŬˊɚɩɜ Ůˊɘˊɏŭɤɜ (6 ůŰɞ ˊŬɟɎŭŮɘɔɛŬ 

Űɞɡ ůɢɐɛŬŰɞɠ). ȾɎɗŮ ɡˊɞɛɞɜɎŭŬ (submodule ï SM) Ůɜɧɠ ɛŮŰŬŰɟɞˊɏŬ MMC-VSC (Modular Multilevel 

Converter ) ɓŬůɑɕŮŰŬɘ ůŰɖ ŭɘŮˊɑˊŮŭɖ ŰŮɢɜɞɚɞɔɑŬ ɛŮ ˊŬɟɎɚɚɖɚɞ ˊɡəɜɤŰɐ, ɖ ŰɎůɖ Űɞɡ ɞˊɞɑɞɡ ŬɝɘɞˊɞɘŮɑŰŬɘ 

ɔɘŬ Űɖ ůɨɜɗŮůɖ Űɖɠ ŮˊɘɗɡɛɖŰɐɠ əɡɛŬŰɞɛɞɟűɐɠ Űɖɠ űŬůɘəɐɠ AC ŰɎůɖɠ. 

 

Ƀ ɛŮŰŬŰɟɞˊɏŬɠ VSC ŭɑɜŮɘ Űɖ ŭɡɜŬŰɧŰɖŰŬ ˊɚɐɟɤɠ ŬɜŮɝɎɟŰɖŰɞɡ Ůɚɏɔɢɞɡ Űɖɠ 

ɟɞɐɠ ŮɜŮɟɔɞɨ əŬɘ Ŭɏɟɔɞɡ ɘůɢɨɞɠ ůŰɞ AC ůɨůŰɖɛŬ. ȼ ŮɜŮɟɔɧɠ ɘůɢɨɠ ɛˊɞɟŮɑ ɜŬ ŮɚɏɔɢŮŰŬɘ 

ŮɜŰɧɠ Űɤɜ ɞɟɑɤɜ Űɞɡ ɛŮŰŬŰɟɞˊɏŬ ɩůŰŮ Űɞ DC ŭɑəŰɡɞ ɜŬ ŮɔɢɏŮɘ ɐ ɜŬ ŬˊɞɟɟɞűɎ Ŭ́ ɧ Űɞ 

AC. ɀɞɜŬŭɘəɧɠ ˊŮɟɘɞɟɘůɛɧɠ ŮɑɜŬɘ ɖ ŬˊŬɑŰɖůɖ Űɐɟɖůɖɠ Űɞɡ ɘůɞɕɡɔɑɞɡ ŮɜŮɟɔɞɨ ɘůɢɨɞɠ 

ɛɏůŬ ůŰɞ ŭɑəŰɡɞ, ŭɖɚŬŭɐ ɖ ŬˊɞɟɟɞűɞɨɛŮɜɖ ɘůɢɨɠ ůŰɞ ɏɜŬ Ɏəɟɞ ɜŬ ɘůɞɨŰŬɘ ɛŮ Űɖɜ 

ŮɔɢŮɧɛŮɜɖ ɘůɢɨ ůŰɖɜ AC ˊɚŮɡɟɎ Űɞɡ Ɏɚɚɞɡ Ɏəɟɞɡ, Ŭűɞɨ ŮɜŭŮɢɧɛŮɜɖ ŬɜɘůɞɟɟɞˊɑŬ ɗŬ 

ˊɟɞəŬɚɞɨůŮ ŰŬɢŮɑŬ ɡˊŮɟűɧɟŰɘůɖ ɐ ŮəűɧɟŰɘůɖ Űɤɜ DC ˊɡəɜɤŰɩɜ əŬɘ ůɡɜŮˊɩɠ 

ɡˊɏɟŰŬůɖ ɐ ɡˊɧŰŬůɖ. ȳˊɤɠ ɗŬ ŬɜŬɚɡɗŮɑ ŬɟɔɧŰŮɟŬ, ɡˊɎɟɢɞɡɜ ŭɘŬűɞɟŮŰɘəɏɠ 

ɛŮɗɞŭɞɚɞɔɑŮɠ Ůɚɏɔɢɞɡ Űɖɠ ɘůɞɟɟɞˊɑŬɠ ɛɏůŬ ůŰɞ HVDC ŭɑəŰɡɞ, ɖ ˊɘɞ Ŭˊɚɐ Ůə Űɤɜ 

ɞˊɞɑɤɜ ŮɑɜŬɘ o ɏɜŬɠ ɛŮŰŬŰɟɞˊɏŬɠ ɜŬ ŬɜŬɚŬɛɓɎɜŮɘ Űɞɜ ɏɚŮɔɢɞ Űɖɠ DC ŰɎůɖɠ əŬɘ ɞ Ɏɚɚɞɠ 

ɛŮŰŬŰɟɞˊɏŬɠ ɜŬ ŮɚɏɔɢŮɘ Űɖɜ AC ɘůɢɨ Űɞɡ (ŮɜŮɟɔɧ əŬɘ ɎŮɟɔɞ) ɛŮ ŮɝɤŰŮɟɘəɐ ŮɜŰɞɚɐ 

ŬɜŬűɞɟɎɠ (master-slave control). ɇɡˊɘəɐ əŬɛˊɨɚɖ P-Q ɔɘŬ ɏɜŬɜ ɛŮŰŬŰɟɞˊɏŬ VSC 

űŬɑɜŮŰŬɘ ůŰɞ ɆɢɐɛŬ 1.11. 
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ɆɢɐɛŬ 1.11. PQ ŭɘɎɔɟŬɛɛŬ ɚŮɘŰɞɡɟɔɑŬɠ Ůɜɧɠ ɛŮŰŬŰɟɞˊɏŬ VSC-HVDC. ȼ ŮɜŮɟɔɧɠ ɘůɢɨɠ ɗŮɤɟŮɑŰŬɘ ɗŮŰɘəɐ 

ɧŰŬɜ ŮɔɢɏŮŰŬɘ Ŭˊɧ Űɞɜ DC ůɨɜŭŮůɛɞ ůŰɞ AC ŭɑəŰɡɞ. ȰɜŬɠ ɛŮŰŬŰɟɞˊɏŬɠ ɛˊɞɟŮɑ ɜŬ ɚŮɘŰɞɡɟɔŮɑ ɤɠ 

ŬɜŰɘůŰɟɞűɏŬɠ, ŮɔɢɏɞɜŰŬɠ ɘůɢɨ ůŰɞ ŭɑəŰɡɞ ɐ ɤɠ ŬɜɞɟɗɤŰɐɠ, ŬˊɞɟɟɞűɩɜŰŬɠ ɘůɢɨ Ŭˊɧ Űɞ ŭɑəŰɡɞ. Ƀɛɞɑɤɠ, 

ŮɎɜ ɞ ɛŮŰŬŰɟɞˊɏŬɠ ŮɔɢɏŮɘ ɎŮɟɔɞ ɘůɢɨ ůŰɞ ŭɑəŰɡɞ ŰɧŰŮ ɡˊɞŰɑɗŮŰŬɘ ɚŮɘŰɞɡɟɔɑŬ ɡˊŮɟŭɘɏɔŮɟůɖɠ əŬɘ ŬɜŰɘůŰɟɧűɤɠ. 

 

ȼ ŬɜŮɝɎɟŰɖŰɖ ɟɨɗɛɘůɖ Űɖɠ ŮɜŮɟɔɞɨ ɘůɢɨɞɠ Űɞɡ ɛŮŰŬŰɟɞˊɏŬ ɛˊɞɟŮɑ ɜŬ 

ˊɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ ŭɡɜŬɛɘəɎ Ŭˊɧ Űɞ ůɨůŰɖɛŬ Ůɚɏɔɢɞɡ Űɞɡ, ɛŮ ɓɎůɖ Űɞɜ ɞɟɘůɛɏɜɞ Ŭˊɧ 

Űɞɜ ȹɘŬɢŮɘɟɘůŰɐ ůŰŬŰɘůɛɧ ůɡɢɜɧŰɖŰɎɠ Űɞɡ, ɩůŰŮ ɜŬ ůɡɛɛŮŰɏɢŮɘ ůŰɖ ɟɨɗɛɘůɖ 

ůɡɢɜɧŰɖŰŬɠ Űɞɡ AC ŭɘəŰɨɞɡ. ȷɜŰɑůŰɞɘɢŬ, ɖ ɎŮɟɔɞɠ ɘůɢɨɠ ɛˊɞɟŮɑ ɜŬ ɟɡɗɛɑɕŮŰŬɘ ůŮ 

ŮɜŰɞɚɏɠ Űɞɡ ȹɘŬɢŮɘɟɘůŰɐ ɐ ŬɡŰɧɛŬŰŬ ɛɏůɤ ůɡůŰɐɛŬŰɞɠ Ůɚɏɔɢɞɡ, ɩůŰŮ ɜŬ ŭɘŬŰɖɟŮɑŰŬɘ 

ɖ ŮˊɘɗɡɛɖŰɐ AC ŰɎůɖ ůŰɞ ɆȾɆ ɛŮ Űɞ AC ŭɑəŰɡɞ, ɛɏůɤ ˊŬɟŬɔɤɔɐɠ ɐ əŬŰŬɜɎɚɤůɖɠ 

Ŭɏɟɔɞɡ ɘůɢɨɞɠ (ˊ.ɢ. ˊŬɟŬɔɤɔɐ Ŭɏɟɔɞɡ ɘůɢɨɞɠ ɛŮŰɎ Ŭˊɧ 3ū ɓɟŬɢɡəɨəɚɤɛŬ ɔɘŬ Űɖɜ 

ɡˊɞůŰɐɟɘɝɖ ŰɎůɖɠ), ɛŮ Űɞɜ ɛŮŰŬŰɟɞˊɏŬ ůɡɜŮˊɩɠ ɜŬ ɚŮɘŰɞɡɟɔŮɑ ɤɠ ŬɜŰɘůŰŬɗɛɘůŰɐɠ 

Ŭɏɟɔɞɡ ɘůɢɨɞɠ (Static VAr Compensator, SVC), ŬəɧɛŬ əŬɘ ɛŮ Űɞ ɎŮɟɔɞ ɟŮɨɛŬ ɜŬ 

űŰɎɜŮɘ Ŭəɧɛɖ Űɞ 100% Űɞɡ ɞɜɞɛŬůŰɘəɞɨ. 

O ɛŮŰŬŰɟɞˊɏŬɠ VSC ɛˊɞɟŮɑ ɜŬ ŮɚŮɔɢɗŮɑ ɤɠ ɛɘŬ ɘŭŬɜɘəɐ ˊɖɔɐ ŰɎůɖɠ, ɧˊɞɡ Űɞ 

ůɨůŰɖɛŬ Ůɚɏɔɢɞɡ əŬɗɞɟɑɕŮɘ Űɞ ɛɏŰɟɞ, ůɡɢɜɧŰɖŰŬ əŬɘ űɎůɖ Űɖɠ ŮˊɘɗɡɛɖŰɐɠ 

əɡɛŬŰɞɛɞɟűɐɠ ŰɎůɖɠ ́ ɞɡ ɗŬ ˊŬɟɎɔŮɘ ɞ ɛŮŰŬŰɟɞˊɏŬɠ, ɐ ɛŮ ɎɚɚŬ ɚɧɔɘŬ ɏɜŬɠ VSC ɛˊɞɟŮɑ 

ɜŬ çůŰɐůŮɘè Ŭˊɧ ɛɧɜɞɠ Űɞɡ ɏɜŬ AC ŭɑəŰɡɞ (grid-forming VSC). ȷɡŰɧ ˊɟɞɏɟɢŮŰŬɘ Ŭˊɧ 

Űɞ ɔŮɔɞɜɧɠ ɧŰɘ ŰŬ IGBTs ɖɛɘŬɔɤɔɘəɎ ůŰɞɘɢŮɑŬ ŮɑɜŬɘ ŬɡŰɞɛŮŰŬɔɧɛŮɜŬ, ŭɖɚŬŭɐ ɖ 

ŭɡɜŬŰɧŰɖŰŬ Ŭɔɤɔɐɠ əŬɘ ůɓɏůɖɠ Űɞɡɠ ŭŮɜ ŮɝŬɟŰɎŰŬɘ Ŭˊɧ Űɖɜ ŰɎůɖ Űɞɡ ŭɘəŰɨɞɡ, ɧˊɤɠ 

ůɡɛɓŬɑɜŮɘ ɛŮ Űɞ thyristor Űɤɜ CSC ɛŮŰŬŰɟɞˊɏɤɜ. ȼ ɓŬůɘəɐ ŬɡŰɐ ŭɘŬűɞɟɎ ŬˊɞŰŮɚŮɑ 

ůɡɔəɟɘŰɘəɧ ˊɚŮɞɜɏəŰɖɛŬ ɏɜŬɜŰɘ Űɤɜ CSC ɛŮŰŬŰɟɞˊɏɤɜ, ɞɘ ɞˊɞɑɞɘ ŬˊŬɘŰɞɨɜ 

ˊɟɞɡˊɎɟɢɞɡůŬ ŭɘŬůɨɜŭŮůɖ ɛŮ ɘůɢɡɟɧ AC ŭɑəŰɡɞ, əŬɘ ŮˊɘŰɟɏˊŮɘ ˊɘɞ ŮɡɏɚɘəŰɖ 

ɚŮɘŰɞɡɟɔɑŬ ůŰɞɜ ůŰŬɗɛɧ ɛŮŰŬŰɟɞˊɐɠ VSC. ɆɡɜŮˊɩɠ, ŰŬ ůɡůŰɐɛŬŰŬ VSC-HVDC 

ˊɟɞŰɘɛɩɜŰŬɘ ɔɘŬ ŮűŬɟɛɞɔɏɠ ŭɘŬůɨɜŭŮůɖɠ ŪȷɄ əŬɘ ŬůɗŮɜɩɜ ɜɖůɘɤŰɘəɩɜ ůɡůŰɖɛɎŰɤɜ, 

ůɡɔəɟɘŰɘəɎ ɛŮ ŰŬ ůɡůŰɐɛŬŰŬ CSC-HVDC, əŬɗɩɠ ŭŮɜ ŬˊŬɘŰŮɑŰŬɘ ɖ ůɨɜŭŮůɖ ůŮ ɘůɢɡɟɧ 

ŭɑəŰɡɞ. ȺˊɘˊɟɧůɗŮŰŬ, ɚɧɔɤ Űɖɠ ɛɘəɟɧŰŮɟɖɠ ɔŮɤɔɟŬűɘəɐɠ ɏəŰŬůɖɠ ˊɞɡ əŬŰŬɚŬɛɓɎɜɞɡɜ, 

ɖ ɢɟɐůɖ Űɞɡɠ ůŮ ɡˊŮɟɎəŰɘɞɡɠ ůŰŬɗɛɞɨɠ ŮɑɜŬɘ ŮɛűŬɜɩɠ əŬŰŬɚɚɖɚɧŰŮɟɖ. 

ȰɜŬ Ɏɚɚɞ ɓŬůɘəɧ ˊɚŮɞɜɏəŰɖɛŬ Űɖɠ ŰŮɢɜɞɚɞɔɑŬɠ ŭɘŬůɨɜŭŮůɖɠ VSC-HVDC 

ŬˊɞŰŮɚŮɑ ɖ ɘəŬɜɧŰɖŰŬ ŰŬɢŮɑŬɠ ŬɜŰɘůŰɟɞűɐɠ Űɖɠ ɟɞɐɠ ŮɜŮɟɔɞɨ ɘůɢɨɞɠ Ůˊɑ Űɖɠ 

ŭɘŬůɨɜŭŮůɖɠ ɢɤɟɑɠ Űɖɜ ŬɜɎɔəɖ ŬɜŰɘůŰɟɞűɐɠ Űɖɠ ˊɞɚɘəɧŰɖŰŬɠ Űɖɠ DC ŰɎůɖɠ, ɧˊɤɠ 

ůɡɛɓŬɑɜŮɘ ɛŮ Űɖ ůɡɛɓŬŰɘəɐ ŰŮɢɜɞɚɞɔɑŬ CSC-HVDC, əŬɗɩɠ ɡˊɎɟɢŮɘ ɖ ŭɡɜŬŰɧŰɖŰŬ 

ŬɜŰɘůŰɟɞűɐɠ Űɖɠ əŬŰŮɨɗɡɜůɖɠ Űɞɡ DC ɟŮɨɛŬŰɞɠ ɧŰŬɜ ŬɡŰɧ ŬˊŬɘŰɖɗŮɑ ůŮ əŬɜɞɜɘəɐ 
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ɚŮɘŰɞɡɟɔɑŬ ɛɏůɤ Űɤɜ ůɡůŰɖɛɎŰɤɜ Ůɚɏɔɢɞɡ. ȼ ɘŭɘɧŰɖŰŬ ŬɡŰɐ ŮɑɜŬɘ ɘŭɘŬɑŰŮɟŬ ɢɟɐůɘɛɖ 

ɧɢɘ ɛɧɜɞ ɔɘŬ Űɘɠ ŬɜɎɔəŮɠ ɟɨɗɛɘůɖɠ Űɖɠ ŭɘŬəɘɜɞɨɛŮɜɖɠ ɘůɢɨɞɠ ɛŮŰŬɝɨ ɛŮɔɎɚɤɜ AC 

ůɡůŰɖɛɎŰɤɜ, ŬɚɚɎ əŬɘ ɔɘŬ Űɖɜ ˊŮɟɑˊŰɤůɖ ŭɘŬůɡɜŭŮŭŮɛɏɜɖɠ ɚŮɘŰɞɡɟɔɑŬɠ ɜɖůɘɤŰɘəɩɜ 

ůɡůŰɖɛɎŰɤɜ ɛŮ Ŭɡɝɖɛɏɜɖ ŭɘŮɑůŭɡůɖ ŬɜŬɜŮɩůɘɛɤɜ ˊɖɔɩɜ ŮɜɏɟɔŮɘŬɠ (ȷɄȺ), ɖ 

ɛŮŰŬɓɚɖŰɧŰɖŰŬ Űɤɜ ɞˊɞɑɤɜ ůŮ ůɡɜŭɡŬůɛɧ ɛŮ Űɘɠ ŭɘŬəɡɛɎɜůŮɘɠ Űɖɠ ɕɐŰɖůɖɠ űɞɟŰɑɞɡ 

ɛˊɞɟŮɑ ɜŬ ŮˊɘɓɎɚɚŮɘ ůɡɢɜɏɠ ŮɜŬɚɚŬɔɏɠ Űɖɠ əŬŰŮɨɗɡɜůɖɠ Űɖɠ ŭɘŬəɘɜɞɨɛŮɜɖɠ ŮɜŮɟɔɞɨ 

ɘůɢɨɞɠ Ůˊɑ Űɖɠ ŭɘŬůɨɜŭŮůɖɠ. 

 

 

ʅ˔ʺ˃ʰ 1.12. Simplified single line diagram of the NordLink interconnector. Source ABB. 

 

1.2.5 Multi terminal  HVDC 

 

ɇɞ ˊɞɚɡŰŮɟɛŬŰɘəɧ (Multiterminal)  HVDC ŬɜŬűɏɟŮŰŬɘ ůŮ ŭɑəŰɡɞ HVDC ɛŮ 

ŰɟɑŬ ɐ ˊŮɟɘůůɧŰŮɟŬ ŰŮɟɛŬŰɘəɎ. Ɉ́ Ɏɟɢɞɡɜ Ůˊɑ Űɞɡ ˊŬɟɧɜŰɞɠ ŭɨɞ multiterminal HVDC 

ůɡůŰɐɛŬŰŬ ůɡɛɓŬŰɘəɐɠ ŰŮɢɜɞɚɞɔɑŬɠ CSC ůŮ ɚŮɘŰɞɡɟɔɑŬ ˊŬɔəɞůɛɑɤɠ (Hydro-Qu®becï

New England, Canada / Sardinia-Corsica-Italy interconnection-SACOI). Tɞ North-East 

Agra (NEA) ŮɑɜŬɘ Űɞ ́ ɟɩŰɞ multiterminal UHVDC (Ultra HVDC, Ñ800 kV, 6000MW, 

1728 km) əŬɘ ɓɟɑůəŮŰŬɘ ɡˊɧ əŬŰŬůəŮɡɐ Ŭˊɧ Űɖɜ ABB ůŰɖɜ ȽɜŭɑŬ. 

 Ƀɘ ŭɡůəɞɚɑŮɠ ůŰŬ CSC HVDC ůɡůŰɐɛŬŰŬ ˊɟɞəɨˊŰɞɡɜ Ŭˊɧ Űɞ ɔŮɔɞɜɧɠ ɧŰɘ ɔɘŬ 

ɜŬ ŬɚɚɎɝŮɘ ɖ əŬŰŮɨɗɡɜůɖ Űɖɠ ɟɞɐɠ ɘůɢɨɞɠ ˊɟɏˊŮɘ ɜŬ ŬɚɚɎɝŮɘ ɖ ˊɞɚɘəɧŰɖŰŬ Űɞɡ 

ɛŮŰŬŰɟɞˊɏŬ. ȷɡŰɧ ɏɢŮɘ ɞŭɖɔɐůŮɘ ůŮ CSC ůɡůŰɐɛŬŰŬ ˊɞɚɚŬˊɚɩɜ ŰŮɟɛŬŰɘəɩɜ ɧˊɞɡ ɖ 

ɟɞɐ ɘůɢɨɞɠ ˊɟɞɞɟɑɕŮŰŬɘ ɜŬ ŮɑɜŬɘ ɛɧɜɞ ˊɟɞɠ ɛɑŬ əŬŰŮɨɗɡɜůɖ. Ƀ ůɡɔəŮəɟɘɛɏɜɞɠ 

ˊŮɟɘɞɟɘůɛɧɠ ŮɝŬɚŮɑűŮŰŬɘ ɛŮ Űɖ ɢɟɐůɖ VSC-HVDC, ɖ ŬɜɎˊŰɡɝɖ Űɖɠ ŰŮɢɜɞɚɞɔɑŬɠ Űɤɜ 

ɞˊɞɑɤɜ ɏɢŮɘ ŬɡɝɐůŮɘ Űɖɜ ˊɘɗŬɜɧŰɖŰŬ ɡɚɞˊɞɑɖůɖɠ MTDC ˊɞɡ ůɡɛˊŮɟɘűɏɟŮŰŬɘ 

ˊŮɟɘůůɧŰŮɟɞ ůŬɜ Űɞ AC ůɨůŰɖɛŬ. Ⱥɜ ɧɣŮɘ 2018, ɡˊɎɟɢɞɡɜ ůɢɏŭɘŬ ɔɘŬ VSC MTDC 

ŭɑəŰɡŬ ůŮ ɧɚɞ Űɞɜ əɧůɛɞ, ŰŬ ɞˊɞɑŬ ŭŮɜ ɏɢɞɡɜ Ŭəɧɛɖ ɡɚɞˊɞɘɖɗŮɑ (Nanôao VSC-HVDC 

ůŰɖɜ ȾɑɜŬ, Zhoushan MTDC grid ůŰɖɜ ȾɑɜŬ, the Atlantic Wind Connection -AWC 

Project ůŰɘɠ ȼ.Ʉ.ȷ). 
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ɆɢɐɛŬ 1.13. VSC MTDC Atlantic Wind Connection (AWC) project ůŰɘɠ ȼ.Ʉ.ȷ . 

 

 

1.3 ȾɩŭɘəŮɠ ɆɡůŰɐɛŬŰɞɠ 
 

1.3.1 ȺɘůŬɔɤɔɐ 

 

ȼ ɧɚɞ ŬɡɝŬɜɧɛŮɜɖ ŮɔəŬŰɎůŰŬůɖ Űɤɜ ɜɏɤɜ Ŭɘɞɚɘəɩɜ ˊɎɟəɤɜ, Űɧůɞ 

ɖˊŮɘɟɤŰɘəɩɜ ɧůɞ əŬɘ ɡˊŮɟɎəŰɘɤɜ əŬŰɏůŰɖůŬɜ ŬˊŬɟŬɑŰɖŰɖ Űɖ ɗɏůˊɘůɖ Ůɜɧɠ ůɡɜɧɚɞɡ 

ŬɡůŰɖɟɩɜ ŰŮɢɜɘəɩɜ ŬˊŬɘŰɐůŮɤɜ Ŭˊɧ Űɞɡɠ ŭɘŬɢŮɘɟɘůŰɏɠ, Űɘɠ ɞˊɞɑŮɠ ˊɟɏˊŮɘ ɜŬ ˊɚɖɟɞɨɜ 

ŰŬ ŬɘɞɚɘəɎ ˊɎɟəŬ, ɩůŰŮ ɜŬ ŮˊɘŰɟŬˊŮɑ ɖ ůɨɜŭŮůɐ Űɞɡɠ ůŰɞ ŭɑəŰɡɞ ȹɘŬɜɞɛɐɠ əŬɘ 

ɀŮŰŬűɞɟɎɠ. Ɇəɞˊɧɠ Űɤɜ əŬɜɞɜɘůɛɩɜ ŬɡŰɩɜ ŮɑɜŬɘ ɖ Ůɜɑůɢɡůɖ Űɖɠ ŮɡůŰŬɗɞɨɠ 

ɚŮɘŰɞɡɟɔɑŬɠ Űɤɜ Ŭɘɞɚɘəɩɜ əŬɘ Űɞɡ ŭɘəŰɨɞɡ, ɘŭɑɤɠ ůŮ ůɡɜɗɐəŮɠ ŭɘŬŰŬɟŬɢɩɜ, ɧˊɞɡ Űɞ 

Ŭɘɞɚɘəɧ ˊɎɟəɞ ˊɟɏˊŮɘ ɜŬ ˊŬɟŬɛŮɑɜŮɘ ůɡɜŭŮŭŮɛɏɜɞ əŬɘ ɜŬ ůɡɛɓɎɚɚŮɘ ůŰɖ ůŰɐɟɘɝɖ Űɖɠ 

ŰɎůɖɠ əŬɘ Űɖɠ ůɡɢɜɧŰɖŰŬɠ Űɞɡ ŭɘəŰɨɞɡ. 

ɇɞ ůɨɜɞɚɞ Űɤɜ ŰŮɢɜɘəɩɜ ŬˊŬɘŰɐůŮɤɜ əŬɗɞɟɑɕŮŰŬɘ Ŭˊɧ Űɞɜ ȹɘŬɢŮɘɟɘůŰɐ Űɞɡ 

ɆɡůŰɐɛŬŰɞɠ ɀŮŰŬűɞɟɎɠ Űɖɠ əɎɗŮ ɢɩɟŬɠ əŬɘ əŬɚŮɑŰŬɘ ȾɩŭɘəŬɠ ɆɡůŰɐɛŬŰɞɠ (grid code 

ɐ network code). ɇɡˊɘəɎ ˊŬɟŬŭŮɑɔɛŬŰŬ ůɨɔɢɟɞɜɤɜ əɤŭɑəɤɜ ůɡůŰɐɛŬŰɞɠ ŮɑɜŬɘ ɞ 

ȸɟŮŰŬɜɘəɧɠ əŬɘ ɞ ũŮɟɛŬɜɘəɧɠ, ɞɘ ɞˊɞɑɞɘ ŮəŭɧɗɖəŬɜ Ŭˊɧ Űɞɡɠ ŭɘŬɢŮɘɟɘůŰɏɠ ůɡůŰɐɛŬŰɞɠ 

NGET plc  əŬɘ Tennet TSO GmbH ŬɜŰɑůŰɞɘɢŬ, ɧˊɤɠ Ůˊɑůɖɠ əŬɘ Űɞ ˊɟɞůɢɏŭɘɞ əɩŭɘəŬ 

ɔɘŬ ůɡɜŭɏůŮɘɠ HVDC Űɞɡ ȺɡɟɤˊŬɥəɞɨ Ɇɡɜŭɏůɛɞɡ ȹɘŬɢŮɘɟɘůŰɩɜ ENTSO-E (European 

Network of Transmission System Operators). ɆŰɖɜ ˊŬɟɞɨůŬ ŮɟɔŬůɑŬ, ɤɠ ŬɜŬűɞɟɎ ɔɘŬ 

ŰŬ ɡˊŮɟɎəŰɘŬ (offshore) ŬɘɞɚɘəɎ ˊɎɟəŬ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ɞ ɔŮɟɛŬɜɘəɧɠ Tennet TSO 

GmbH əɩŭɘəŬɠ ůɡůŰɐɛŬŰɞɠ, ŭɘɧŰɘ ŮɑɜŬɘ ɏɜŬɠ Ŭˊɧ Űɞɡɠ ůŬűɏůŰŮɟɞɡɠ əɩŭɘəŮɠ. Ƀ 

əɩŭɘəŬɠ ŬɡŰɧɠ ŬˊɞŰŮɚŮɑŰŬɘ Ŭˊɧ ŭɨɞ ɛɏɟɖ, Ůə Űɤɜ ɞˊɞɑɤɜ Űɞ ˊɟɩŰɞ ŬűɞɟɎ Űɖ ůɨɜŭŮůɖ 

ɛŮ ŰŬ ŭɑəŰɡɞ ɡɣɖɚɐɠ əŬɘ ɡˊŮɟ-ɡɣɖɚɐɠ ŰɎůɖɠ əŬɘ Űɞ ŭŮɨŰŮɟɞ, Űɞ ɞˊɞɑɞ əŬɘ ŮɜŭɘŬűɏɟŮɘ 

ůŰɖɜ ˊŬɟɞɨůŬ ɛŮɚɏŰɖ, ɞɟɑɕŮɘ Űɘɠ ŬˊŬɘŰɐůŮɘɠ ɔɘŬ Űɖ ŭɘŬůɨɜŭŮůɖ ɡˊŮɟɎəŰɘɤɜ Ŭɘɞɚɘəɩɜ 

ˊɎɟəɤɜ ůŰɞ ŭɑəŰɡɞ. 

ɆŰɖ ˊŬɟɞɨůŬ ŮɟɔŬůɑŬ, Űɞ ůɖɛŮɑɞ ŭɘŬůɨɜŭŮůɖɠ Űɤɜ ɡˊŮɟɎəŰɘɤɜ Ŭɘɞɚɘəɩɜ 

ˊɎɟəɤɜ ɛŮ Űɞ ŭɑəŰɡɞ ŮɑɜŬɘ ɞɘ offshore (ɡˊŮɟɎəŰɘɞɘ) VSC-HVDC ɛŮŰŬŰɟɞˊŮɑɠ əŬɘ 
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ůɖɛŬŰɞŭɞŰŮɑ Űɞ ɧɟɘɞ ɛŮŰŬɝɨ Űɖɠ ɘŭɘɞəŰɖůɑŬɠ Űɞɡ ˊŬɟŬɔɤɔɞɨ əŬɘ Űɞɡ ȹɘŬɢŮɘɟɘůŰɐ Űɞɡ 

ɆɡůŰɐɛŬŰɞɠ ɀŮŰŬűɞɟɎɠ, ůŰɞɜ ɞˊɞɑɞ ŬɜɐəŮɘ əŬɘ Űɞ ůɨůŰɖɛŬ ŭɘŬůɨɜŭŮůɖɠ. ɆŰɞ ůɖɛŮɑɞ 

ŬɡŰɧ ˊɟɏˊŮɘ ɜŬ ŰɖɟɞɨɜŰŬɘ ɞɘ ŬˊŬɘŰɐůŮɘɠ Űɞɡ ũŮɟɛŬɜɘəɞɨ ȾɩŭɘəŬ ůɡůŰɐɛŬŰɞɠ 

ŬɜŬűɞɟɘəɎ ɛŮ ŭɘŬůɨɜŭŮůɖ ɡˊŮɟɎəŰɘɤɜ Ŭɘɞɚɘəɩɜ ˊɎɟəɤɜ ůŰɞ ŭɑəŰɡɞ, ɩůŰŮ ɜŬ 

ŭɘŬůűŬɚɑɕŮŰŬɘ ɖ ŬůűŬɚɐɠ ɚŮɘŰɞɡɟɔɑŬ Űɞɡ ˊɎɟəɞɡ, Űɞɡ ɡˊŮɟɎəŰɘɞɡ AC ŭɘəŰɨɞɡ əŬɘ Űɞɡ 

ˊɞɚɡŰŮɟɛŬŰɘəɞɨ HVDC ŭɘəŰɨɞɡ ˊɞɡ ɏˊŮŰŬɘ. 

ȾŮɜŰɟɘəɧ ɗɏɛŬ Űɖɠ ˊŬɟɞɨůŬɠ ŮɟɔŬůɑŬɠ, ɧɛɤɠ, ŭŮɜ ŮɑɜŬɘ ŰŬ ɡˊŮɟɎəŰɘŬ ŬɘɞɚɘəɎ 

ˊɎɟəŬ ŬɚɚɎ Űɞ ˊɞɚɡŰŮɟɛŬŰɘəɧ HVDC ŭɑəŰɡɞ (MTDC grid). ȷɡŰɧ ŭɖɚŬŭɐ ˊɞɡ 

ŮɜŭɘŬűɏɟŮɘ əɡɟɑɤɠ ŮɑɜŬɘ ɖ ůɡɛɓŬŰɧŰɖŰŬ Űɞɡ MTDC ɤɠ ůɡɜɧɚɞɡ, ɧˊɤɠ ŬɡŰɧ űŬɑɜŮŰŬɘ 

Ŭˊɧ ŰŬ ŭɨɞ ŬɜŮɝɎɟŰɖŰŬ ɖˊŮɘɟɤŰɘəɎ AC ŭɑəŰɡŬ ɛɏůɤ Űɤɜ ŭɨɞ onshore HVDC 

ɛŮŰŬŰɟɞˊɏɤɜ. ɇɞ ŮɜŭɘŬűɏɟɞɜ ŮůŰɘɎɕŮŰŬɘ ɚɞɘˊɧɜ ůŰɞɡɠ ŭɨɞ onshore ɛŮŰŬŰɟɞˊŮɑɠ, Ŭűɞɨ 

ŬɡŰɞɑ Ůɔɢɏɞɡɜ Űɖɜ ˊŬɟŬɔɧɛŮɜɖ ŮɜŮɟɔɧ ɘůɢɨ əŬɘ ŭɟɞɡɜ ɤɠ çŭɘŮˊŬűɐè ɧɚɞɡ Űɞɡ offshore 

ůɡůŰɐɛŬŰɞɠ (MTDC ŭɑəŰɡɞ ůɡɜ ɡˊŮɟɎəŰɘŬ ŬɘɞɚɘəɎ ˊɎɟəŬ) ɛŮ əŬɗɏɜŬ Ŭˊɧ ŰŬ ŭɨɞ 

ŬɜŮɝɎɟŰɖŰŬ ɖˊŮɘɟɤŰɘəɎ ŭɑəŰɡŬ. ɆɡɜŮˊɩɠ ,ɞɘ ŰŮɢɜɘəɏɠ ŬˊŬɘŰɐůŮɘɠ ˊɟɏˊŮɘ ɜŬ ɘůɢɨɞɡɜ 

ůŰɖɜ AC ˊɚŮɡɟɎ Űɤɜ onshore HVDC ɛŮŰŬŰɟɞˊɏɤɜ. 

ɇŬ ɐŭɖ ɡˊɎɟɢɞɜŰŬ əŬɗɩɠ əŬɘ ŰŬ ɛŮɚɚɞɜŰɘəɎ ŮˊŮɜŭɡŰɘəɎ ůɢɏŭɘŬ əŬŰŬůəŮɡɐɠ 

ˊɚɐɗɞɡɠ HVDC ŭɘŬůɡɜŭɏůŮɤɜ ůŰɞɜ ȺɡɟɤˊŬɥəɧ ɢɩɟɞ (ȸɧɟŮɘŬ ŪɎɚŬůůŬ, ɀŮůɧɔŮɘɞɠ, 

ɖˊŮɘɟɤŰɘəɐ Ⱥɡɟɩˊɖ), ŭɘŰŮɟɛŬŰɘəɩɜ ɐ ˊɞɚɡŰŮɟɛŬŰɘəɩɜ, ɏɗŮůŬɜ Űɖɜ ŬɜɎɔəɖ ɗɏůˊɘůɖɠ 

Ůɜɧɠ ɗŮůɛɘəɞɨ ˊɚŬɘůɑɞɡ əŬɜɧɜɤɜ ˊɞɡ ɜŬ ŬɜŬűɏɟŮŰŬɘ ŬˊɞəɚŮɘůŰɘəɎ ůŰŬ HVDC ŭɑəŰɡŬ. 

Ƀ ENTSO-E , ůɨɛűɤɜŬ ɛŮ Űɘɠ əŬŰŮɡɗɡɜŰɐɟɘŮɠ ɔɟŬɛɛɏɠ ˊɚŬɘůɑɞɡ Űɞɡ ACER ůɢŮŰɘəɎ 

ɛŮ Űɘɠ ůɡɜŭɏůŮɘɠ ɖɚŮəŰɟɘəɞɨ ŭɘəŰɨɞɡ, ŮəŭɑŭŮɘ ůŰɘɠ 30 ȷˊɟɘɚɑɞɡ 2014 Űɞ ́ɟɞůɢɏŭɘɞ 

óENTSO-E Draft Network Code on High Voltage Direct Current Connections and DC 

connected Power Park Modulesô, ŭɖɚŬŭɐ ɏɜŬ ˊɟɞůɢɏŭɘɞ əɩŭɘəŬ ŬˊɞəɚŮɘůŰɘəɎ ɔɘŬ 

HVDC ŭɘŬůɡɜŭɏůŮɘɠ. Oɘ ŰŮɢɜɘəɏɠ ŬˊŬɘŰɐůŮɘɠ ˊɞɡ ɞɟɑɕŮɘ Űɞ ˊɟɞůɢɏŭɘɞ Űɞɡ ENTSO-E 

ŮɑɜŬɘ ůɡɛɓŬŰɏɠ əŬɘ ˊŬɟɧɛɞɘŮɠ ůŮ ˊɞɚɚɎ ůɖɛŮɑŬ ɛŮ Űɞɜ ũŮɟɛŬɜɘəɧ əɩŭɘəŬ ůɡůŰɐɛŬŰɞɠ 

Űɞɡ ȹɘŬɢŮɘɟɘůŰɐ Tennet TSO GmbH . ɆɡɜŮˊɩɠ, ůŰŬ ˊɚŬɑůɘŬ Űɖɠ ˊŬɟɞɨůŬɠ ŮɟɔŬůɑŬɠ, 

ŬəɞɚɞɡɗŮɑ ˊŬɟŬəɎŰɤ ɛɘŬ ůɡɜɞˊŰɘəɐ ˊŮɟɘɔɟŬűɐ Űɤɜ əɡɟɘɧŰŮɟɤɜ ŰŮɢɜɘəɩɜ ŬˊŬɘŰɐůŮɤɜ, 

ɞɘ ɞˊɞɑŮɠ ɚɐűɗɖəŬɜ ɡˊɧɣɘɜ əɡɟɑɤɠ ɔɘŬ Űɞɡɠ onshore VSC HVDC ɛŮŰŬŰɟɞˊŮɑɠ ŬɚɚɎ 

əŬɘ əŬŰɎ ŭŮɨŰŮɟɞɜ ɔɘŬ Űɘɠ ɡˊŮɟɎəŰɘŬ ȷ/Ʉ. 

 

1.3.2 ȷŭɘɎɚŮɘˊŰɖ ɚŮɘŰɞɡɟɔɑŬ ůŮ ůɡɜɗɐəŮɠ ůűɎɚɛŬŰɞɠ (Fault Ride-Through) 

 

ɀɑŬ Ŭˊɧ Űɘɠ ɗŮɛŮɚɘɩŭŮɘɠ ŬˊŬɘŰɐůŮɘɠ Űɤɜ ůɨɔɢɟɞɜɤɜ əɤŭɑəɤɜ ůɡůŰɐɛŬŰɞɠ 

ŬˊɞŰŮɚŮɑ ɖ ɘəŬɜɧŰɖŰŬ Űɞɡ onshore ɛŮŰŬŰɟɞˊɏŬ (ɐ Űɞɡ Ŭɘɞɚɘəɞɨ ́ Ɏɟəɞɡ) ɜŬ ˊŬɟŬɛŮɑɜŮɘ 

ůɡɜŭŮŭŮɛɏɜɞɠ ůŰɞ ŭɑəŰɡɞ (ŭɖɚŬŭɐ, ɜŬ ŮˊɘŰɨɢŮɘ fault ride-through ɐ low-voltage ride-

through) ůŰɖ ˊŮɟɑˊŰɤůɖ ůűŬɚɛɎŰɤɜ Űɞɡ ŭɘəŰɨɞɡ. ȼ ŬˊŬɑŰɖůɖ ŬɡŰɐ ŮɑɜŬɘ ˊɞɚɨ 

ůɖɛŬɜŰɘəɐ ɔɘŬ Űɖɜ ŮɡůŰŬɗɐ ɚŮɘŰɞɡɟɔɑŬ Űɞɡ ɆȼȺ əŬŰɧˊɘɜ ŮɛűɎɜɘůɖɠ ŭɘŬŰŬɟŬɢɐɠ (ˊ.ɢ. 

ɓɟŬɢɡəɨəɚɤɛŬ), Ŭɜ ŬɜŬɚɞɔɘůŰŮɑ əŬɜŮɑɠ Űɖ ŭɡůɛŮɜɐ ŮˊɑŭɟŬůɖ ˊɞɡ ɗŬ ŮˊɏűŮɟŮ ůŰɖ 

ɛŮŰŬɓŬŰɘəɐ ŮɡůŰɎɗŮɘŬ ɆȼȺ ŮɜŭŮɢɧɛŮɜɖ ŬˊɞůɨɜŭŮůɖ ůɡůŰɖɛɎŰɤɜ HVDC ɐ Ŭɘɞɚɘəɩɜ 

ˊɎɟəɤɜ ˊɞɡ ŭɘŬəɘɜɞɨɜ ŰŮɟɎůŰɘŮɠ ˊɞůɧŰɖŰŮɠ ŮɜŮɟɔɞɨ ɘůɢɨɞɠ. ȼ ɘəŬɜɧŰɖŰŬ FRT 

ˊŮɟɘɔɟɎűŮŰŬɘ ɛŮ ɛɑŬ əŬɛˊɨɚɖ ŰɎůɖɠ ï ɢɟɧɜɞɡ, ɧˊɤɠ ŬɡŰɧ ˊɞɡ ŮɘəɞɜɑɕŮŰŬɘ ůŰɞ ɆɢɐɛŬ 

1.14 . 
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(Ŭ) 

 
(ɓ) 

ɆɢɐɛŬ 1.14. (Ŭ) ɇɡˊɘəɐ əŬɛˊɨɚɖ ŰɎůɖɠ ï ɢɟɧɜɞɡ ɔɘŬ Űɖɜ ŬˊŬɑŰɖůɖ ŬŭɘɎɚŮɘˊŰɖɠ ɚŮɘŰɞɡɟɔɑŬɠ HVDC 

ɛŮŰŬŰɟɞˊɏŬ ï ȾɩŭɘəŬɠ ENTSO-E ɔɘŬ ůɡɜŭɏůɛɞɡɠ HVDC. 

(ɓ) ɄɑɜŬəŬɠ ˊŬɟŬɛɏŰɟɤɜ. 

 

ɇɞ ůɡɔəŮəɟɘɛɏɜɞ ˊɟɞűɑɚ ŮűŬɟɛɧɕŮŰŬɘ ůŰɞ ůɖɛŮɑɞ əɞɘɜɐɠ ůɨɜŭŮůɖɠ ůŮ ůɡɜɗɐəŮɠ 

ůűɎɚɛŬŰɞɠ, ůŰɖ ŭɘɎɟəŮɘŬ Űɞɡ ɞˊɞɑɞɡ ɞ HVDC ɛŮŰŬŰɟɞˊɏŬɠ ˊɟɏˊŮɘ ɜŬ ɛˊɞɟŮɑ ɜŬ 

ˊŬɟŬɛŮɑɜŮɘ ůɡɜŭŮŭŮɛɏɜɞɠ ůŰɞ ȹɑəŰɡɞ əŬɘ ɜŬ ůɡɜŮɢɑůŮɘ ůŰŬɗŮɟɐ ɚŮɘŰɞɡɟɔɑŬ ɛŮŰɎ  Ŭˊɧ 

Űɖɜ ŮəəŬɗɎɟɘůɖ ůűɎɚɛŬŰɞɠ ŭɘəŰɨɞɡ, Ůűɧůɞɜ ɖ ŰɎůɖ ˊŬɟŬɛɏɜŮɘ Ɏɜɤ Űɞɡ ɞɟɑɞɡ 

əŬɛˊɨɚɖɠ ˊɞɡ ɏɢŮɘ ɞɟɘůŰŮɑ Ŭˊɧ Űɞɜ ŭɘŬɢŮɘɟɘůŰɐ. ɄŬɟɧɛɞɘŮɠ əŬɛˊɨɚŮɠ ŮɛˊŮɟɘɏɢɞɜŰŬɘ 

ůŰɞɜ ũŮɟɛŬɜɘəɧ əɩŭɘəŬ ɔɘŬ ŰŬ ɡˊŮɟɎəŰɘŬ ŬɘɞɚɘəɎ ˊɎɟəŬ. 

 ȺəŰɧɠ Űɖɠ ŰŮɢɜɘəɐɠ ŬˊŬɑŰɖůɖɠ ɜŬ ˊŬɟŬɛŮɑɜŮɘ ůɡɜŭŮŭŮɛɏɜɞɠ ɞ onshore 

ɛŮŰŬŰɟɞˊɏŬɠ (ɐ Űɞ Ŭɘɞɚɘəɧ ˊɎɟəɞ), ˊɟɏˊŮɘ Ůˊɑůɖɠ ɜŬ ůŰɖɟɑɝŮɘ Űɖɜ ŰɎůɖ Űɞɡ ŭɘəŰɨɞɡ 

ˊŬɟɏɢɞɜŰŬɠ ɎŮɟɔɞ ɟŮɨɛŬ əŬŰɎ Űɖ ŭɘɎɟəŮɘŬ Űɖɠ ɓɨɗɘůɖɠ (ŭɑɜɞɜŰŬɠ Űɞɡ ˊɟɞŰŮɟŬɘɧŰɖŰŬ 

Ůɘɠ ɓɎɟɞɠ Űɞɡ ŮɜŮɟɔɞɨ). ȼ ŰŬɢŮɑŬ ɟɨɗɛɘůɖ Űɖɠ Ŭɏɟɔɞɡ ůɡɜɘůŰɩůŬɠ Űɞɡ ɟŮɨɛŬŰɞɠ 

Ůɝɧŭɞɡ ɔɑɜŮŰŬɘ ŬɜɎɚɞɔŬ Űɖɠ ɛŮŰɟɞɨɛŮɜɖɠ ˊŰɩůɖɠ ŰɎůɖɠ Űɞɡ ŭɘəŰɨɞɡ. ɆŰɞ ɆɢɐɛŬ 1.15 

ŮɘəɞɜɑɕŮŰŬɘ ɢŬɟŬəŰɖɟɘůŰɘəɐ Űɞɡ ũŮɟɛŬɜɘəɞɨ əɩŭɘəŬ, ɛɏůɤ Űɖɠ ɞˊɞɑŬɠ ɡˊɞɚɞɔɑɕŮŰŬɘ Űɞ 

ŬˊŬɘŰɞɨɛŮɜɞ ɎŮɟɔɞ ɟŮɨɛŬ. 
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ɆɢɐɛŬ 1.15. ɉŬɟŬəŰɖɟɘůŰɘəɐ ŰɎůɖɠ ï ɟŮɨɛŬŰɞɠ ɔɘŬ Űɖ ɟɨɗɛɘůɖ Űɖɠ Ŭɏɟɔɞɡ ůɡɜɘůŰɩůŬɠ Űɞɡ ɟŮɨɛŬŰɞɠ 

Ůɝɧŭɞɡ ůŮ ůɡɜɗɐəŮɠ ůűɎɚɛŬŰɞɠ ï ũŮɟɛŬɜɘəɧɠ əɩŭɘəŬɠ ɔɘŬ Űɖ ůɨɜŭŮůɖ ŪȷɄ. 

 

ɆɨɛűɤɜŬ ɛŮ Űɖɜ ́ ŬɟŬˊɎɜɤ ɢŬɟŬəŰɖɟɘůŰɘəɐ, ɖ ɎŮɟɔɞɠ ůɡɜɘůŰɩůŬ Űɞɡ ɟŮɨɛŬŰɞɠ 

Ůɝɧŭɞɡ ɗŬ ˊɟɏˊŮɘ ɜŬ ŬɡɝɎɜŮŰŬɘ ɛŮ ɟɡɗɛɧ ŰɞɡɚɎɢɘůŰɞɜ 2% Űɞɡ ɞɜɞɛŬůŰɘəɞɨ ɟŮɨɛŬŰɞɠ 

ŬɜɎ 1% Ŭˊɧəɚɘůɖ Űɖɠ ŰɎůɖɠ Ŭˊɧ Űɖɜ ɞɜɞɛŬůŰɘəɐ Űɖɠ Űɘɛɐ, ɩůŰŮ ɔɘŬ ɓɨɗɘůɖɠ ŰɎůɖɠ 

50%, ɖ Ŭɨɝɖůɖ Űɖɠ Ŭɏɟɔɞɡ ůɡɜɘůŰɩůŬɠ ɜŬ ɘůɞɨŰŬɘ ɛŮ Űɞ 100% Űɞɡ ɞɜɞɛŬůŰɘəɞɨ 

ɟŮɨɛŬŰɞɠ. ȼ ŮɜŮɟɔɞˊɞɑɖůɖ Űɞɡ Ůɚɏɔɢɞɡ ŰɎůɖɠ ˊɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ ŮɎɜ ɖ ɓɨɗɘůɖ 

ɝŮˊŮɟɎůŮɘ Űɞ 10% Űɖɠ ɞɜɞɛŬůŰɘəɐɠ Űɘɛɐɠ, Ůɜɩ ɞ ɛɖɢŬɜɘůɛɧɠ ˊɟɏˊŮɘ ɜŬ ŮɜŮɟɔɞˊɞɘɖɗŮɑ 

ŮɜŰɧɠ 20 msec Ŭˊɧ Űɖ ůŰɘɔɛɐ Űɖɠ ɓɨɗɘůɖɠ. ɀɧɚɘɠ ɖ ŰɎůɖ ŮˊɘůŰɟɏɣŮɘ ŮɜŰɧɠ Űɞɡ 

űɡůɘɞɚɞɔɘəɞɨ Ůɨɟɞɡɠ, ɖ ůŰɐɟɘɝɐ Űɖɠ ˊɟɏˊŮɘ ɜŬ ůɡɜŮɢɘůŰŮɑ ɔɘŬ ŰŬ ŮˊɧɛŮɜŬ 500 msec. 

 ȳůɞɜ ŬűɞɟɎ Űɖ ůŰŬɗŮɟɧŰɖŰŬ Űɖɠ ŰɎůɖɠ ůŰɞ ɆɖɛŮɑɞ Ⱦɞɘɜɐɠ ɆɨɜŭŮůɖɠ (ɆȾɆ), 

ɏɜŬɠ HVDC ɛŮŰŬŰɟɞˊɏŬɠ ˊɟɏˊŮɘ ɜŬ ɛˊɞɟŮɑ ɜŬ ɡˊɞůŰɖɟɑɕŮɘ Űɖɜ ŰɎůɖ Űɞɡ ŭɘəŰɨɞɡ ɧɢɘ 

ɛɧɜɞ ůŮ ůɡɜɗɐəŮɠ ůűɎɚɛŬŰɞɠ ŬɚɚɎ əŬɘ ůŰɞ ˊɚŬɑůɘɞ ɛŮŰŬɓɞɚɩɜ ŰɎůɖɠ əŬɜɞɜɘəɐɠ 

ɚŮɘŰɞɡɟɔɑŬɠ ɛɏůɤ ŬɜŰŬɚɚŬɔɐɠ Ŭɏɟɔɞɡ ɘůɢɨɞɠ ɛŮ Űɞ ŭɑəŰɡɞ. Ƀ ɛɖɢŬɜɘůɛɧɠ ŬɡŰɧɠ 

ůŰɞɢŮɨŮɘ ůŰɖɜ Ůɜɑůɢɡůɖ Űɖɠ ŮɡůŰɎɗŮɘŬɠ ŰɎůɖɠ Űɞɡ ɆȼȺ, ˊɞɡ ˊŬɟŬŭɞůɘŬəɎ ŮˊɘŰŮɚŮɑŰŬɘ 

Ŭˊɧ Űɘɠ ůɨɔɢɟɞɜŮɠ ɔŮɜɜɐŰɟɘŮɠ Űɤɜ ůɡɛɓŬŰɘəɩɜ ɛɞɜɎŭɤɜ ˊŬɟŬɔɤɔɐɠ ɛɏůɤ Űɤɜ 

ŬɡŰɧɛŬŰɤɜ ɟɡɗɛɘůŰɩɜ ŰɎůɖɠ əŬɘ Űɞɡ ˊŮŭɑɞɡ ŭɘɏɔŮɟůɖɠ. ɀŮ ɓɎůɖ Űɞɜ əɩŭɘəŬ ENTSO-

E ɔɘŬ ůɡɜŭɏůɛɞɡɠ HVDC, ɞ ȹɘŬɢŮɘɟɘůŰɐɠ Űɞɡ ůɡůŰɐɛŬŰɞɠ ɞɟɑɕŮɘ ɏɜŬ U-Q/Pmax 

ˊɟɞűɑɚ, ɛɏůŬ ůŰŬ ɧɟɘŬ Űɞɡ ɞˊɞɑɞɡ ɞ HVDC ɛŮŰŬŰɟɞˊɏŬɠ ˊɟɏˊŮɘ ɜŬ ɛˊɞɟŮɑ ɜŬ 

ˊŬɟɏɢŮɘ/ŬˊɞɟɟɞűɎ ɎŮɟɔɞ ɘůɢɨ ůŮ ůɡɜɗɐəŮɠ ɛɏɔɘůŰɖɠ ɛŮŰŬűɞɟɎɠ ŮɜŮɟɔɞɨ ɘůɢɨɞɠ, ɧˊɤɠ 

űŬɑɜŮŰŬɘ ůŰɞ ɆɢɐɛŬ 1.16 . 
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ɆɢɐɛŬ 1.16. ȹɘɎɔɟŬɛɛŬ U-Q/Pmax-ˊɟɞűɑɚ. ȾɩŭɘəŬɠ ENTSO-E ɔɘŬ ůɡɜŭɏůɛɞɡɠ HVDC. 

 

ȼ U-Q/Pmax-ˊŮɟɘɞɢɐ ŭŮɜ ˊɟɏˊŮɘ ɜŬ ɡˊŮɟɓŬɑɜŮɘ Űɞɜ Inner envelope ˊɞɡ 

űŬɑɜŮŰŬɘ ůŰɞ ůɢɐɛŬ əŬɘ ŭŮɜ ɢɟŮɘɎɕŮŰŬɘ ɜŬ ŮɑɜŬɘ ɞɟɗɞɔɩɜɘŬ, Ůɜɩ ɖ ɗɏůɖ Űɖɠ ˊɟɏˊŮɘ ɜŬ 

ŮɡɟɑůəŮŰŬɘ ůŰŬ ɧɟɘŬ Űɞɡ Fixed outer envelope. Ƀ ɛŮŰŬŰɟɞˊɏŬɠ HVDC ˊɟɏˊŮɘ ɜŬ ŮɑɜŬɘ 

ɘəŬɜɧɠ ɜŬ ɛŮŰŬəɘɜŮɑŰŬɘ ůŮ ɞˊɞɘɞŭɐˊɞŰŮ ůɖɛŮɑɞ ɚŮɘŰɞɡɟɔɑŬɠ ŮɜŰɧɠ ŬɡŰɐɠ Űɖɠ ˊŮɟɘɞɢɐɠ 

ůŰɞ ɢɟɞɜɞŭɘɎɔɟŬɛɛŬ ˊɞɡ ɕɖŰɐɗɖəŮ Ŭˊɧ Űɞɜ ȹɘŬɢŮɘɟɘůŰɐ ɆɡůŰɐɛŬŰɞɠ. ɇɞ ˊŬɟŬˊɎɜɤ 

ˊɟɞűɑɚ ɘůɢɨŮɘ əŬɘ ɔɘŬ ɛŮŰŬűŮɟɧɛŮɜɖ ɘůɢɨ ɛɘəɟɧŰŮɟɖ Űɖɠ ɛŮɔɑůŰɖɠ. Ɇɡɜɐɗɤɠ, ɖ ɛɞɟűɐ 

Űɖɠ ˊŮɟɘɞɢɐɠ ɚŮɘŰɞɡɟɔɑŬɠ ŭɘŬɛɞɟűɩɜŮŰŬɘ ɛŮ Űɟɧˊɞ ˊɞɡ ɜŬ ŮˊɘɓɎɚɚŮɘ ɚŮɘŰɞɡɟɔɑŬ 

ɡˊŮɟŭɘɏɔŮɟůɖɠ ůŮ ůɡɜɗɐəŮɠ ɢŬɛɖɚɐɠ ŰɎůɖɠ əŬɘ ɚŮɘŰɞɡɟɔɑŬ ɡˊɞŭɘɏɔŮɟůɖɠ ůŮ ůɡɜɗɐəŮɠ 

ɡɣɖɚɧŰŮɟɖɠ ŰɎůɖɠ ɚŮɘŰɞɡɟɔɑŬɠ Ŭˊɧ Űɖɜ ɞɜɞɛŬůŰɘəɐ. ɄŬɟɧɛɞɘŬ ˊɟɞűɑɚ ɞɟɘɞɗŮŰɖɛɏɜɤɜ 

ˊŮɟɘɞɢɩɜ U-cosű ŮɛˊŮɟɘɏɢɞɜŰŬɘ ůŰɞɜ ũŮɟɛŬɜɘəɧ əɩŭɘəŬ ɔɘŬ Űɖɜ ŭɡɜŬŰɧŰɖŰŬ ɟɨɗɛɘůɖɠ 

Űɞɡ ůɡɜŰŮɚŮůŰɐ ɘůɢɨɞɠ Ŭˊɧ ŰŬ ɡˊŮɟɎəŰɘŬ ŬɘɞɚɘəɎ ˊɎɟəŬ. 

ɆŰɖɜ ˊŬɟɞɨůŬ ŮɟɔŬůɑŬ, ɖ ɘəŬɜɧŰɖŰŬ FRT, ɖ ɢŬɟŬəŰɖɟɘůŰɘəɐ ˊɞɡ ŮɘəɞɜɑɕŮŰŬɘ 

ůŰɞ ɆɢɐɛŬ 1.15 əŬɗɩɠ əŬɘ Űɞ ˊɟɞűɑɚ Űɞɡ ɆɢɐɛŬŰɞɠ 1.16 ŭŮɜ ŮɜůɤɛŬŰɩɗɖəŬɜ ůŰɞ 

ůɨůŰɖɛŬ Ůɚɏɔɢɞɡ Űɤɜ ɖˊŮɘɟɤŰɘəɩɜ ɛŮŰŬŰɟɞˊɏɤɜ VSC-HVDC, ŭɘɧŰɘ ɖ ɡˊɞůŰɐɟɘɝɖ 

ůűŬɚɛɎŰɤɜ ɐ ɛŮŰŬɓɞɚɩɜ ŰɎůɖɠ ŭɘəŰɨɞɡ Ŭˊɧ Űɞ MTDC ŭɑəŰɡɞ ŭŮɜ ɐŰŬɜ ŬɜŰɘəŮɑɛŮɜɞ 

ɛŮɚɏŰɖɠ. 

 

1.3.3 ȰɚŮɔɢɞɠ ůɡɢɜɧŰɖŰŬɠ əŬɘ ŮɜŮɟɔɞɨ ɘůɢɨɞɠ 

 

Ƀɘ ůɨɔɢɟɞɜɞɘ əɩŭɘəŮɠ ŬˊŬɘŰɞɨɜ Ŭˊɧ Űɞɡɠ ůŰŬɗɛɞɨɠ HVDC əŬɘ Ŭˊɧ ŰŬ ŬɘɞɚɘəɎ 

ˊɎɟəŬ ɜŬ ɏɢɞɡɜ Űɖɜ ɘəŬɜɧŰɖŰŬ ŬɜŬˊɟɞůŬɟɛɞɔɐɠ Űɖɠ ŮɔɢŮɧɛŮɜɖɠ ŮɜŮɟɔɞɨ ɘůɢɨɞɠ Űɞɡɠ 

ůɡɜŬɟŰɐůŮɘ Űɖɠ ůɡɢɜɧŰɖŰŬɠ Űɞɡ ŭɘəŰɨɞɡ. ȼ ŬˊŬɑŰɖůɖ ŬɡŰɐ ˊɟɞůɞɛɞɘɎɕŮɘ Űɖ ɚŮɘŰɞɡɟɔɑŬ 

ˊɟɤŰŮɨɞɡůŬɠ ɟɨɗɛɘůɖɠ ůɡɢɜɧŰɖŰŬɠ Űɤɜ ůɡɛɓŬŰɘəɩɜ ɛɞɜɎŭɤɜ ˊŬɟŬɔɤɔɐɠ Űɤɜ ɆȼȺ. 

 H ɟɨɗɛɘůɖ Űɖɠ ŮɜŮɟɔɞɨ ɘůɢɨɞɠ ůɡɜŬɟŰɐůŮɘ ɛŮŰŬɓɞɚɩɜ ůɡɢɜɧŰɖŰŬɠ 

ˊŮɟɘɔɟɎűŮŰŬɘ ɛŮ ɔɟŬɛɛɘəɏɠ əŬɛˊɨɚŮɠ ɘůɢɨɞɠ ï ůɡɢɜɧŰɖŰŬɠ ˊɞɡ ˊɟɞůɞɛɞɘɎɕɞɡɜ Űɘɠ 

əŬɛˊɨɚŮɠ ůŰŬŰɘůɛɞɨ Űɤɜ ůɡɛɓŬŰɘəɩɜ ɛɞɜɎŭɤɜ. Ƀ ũŮɟɛŬɜɘəɧɠ əɩŭɘəŬɠ ɔɘŬ ŰŬ 

ɡˊŮɟɎəŰɘŬ ŬɘɞɚɘəɎ  ˊɎɟəŬ ŮɛˊŮɟɘɏɢŮɘ Űɖ əŬɛˊɨɚɖ Űɞɡ ɆɢɐɛŬŰɞɠ 1.17 .  
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(Ŭ) 

 
(ɓ) 

ɆɢɐɛŬ 1.17. ũŮɟɛŬɜɘəɧɠ əɩŭɘəŬɠ ɔɘŬ Űɖ ůɨɜŭŮůɖ ŪȷɄ (Ŭ) ȾŬɛˊɨɚɖ ɟɨɗɛɘůɖɠ ŮɜŮɟɔɞɨ ɘůɢɨɞɠ ůɡɜŬɟŰɐůŮɘ 

Űɖɠ ůɡɢɜɧŰɖŰŬɠ Űɞɡ ŭɘəŰɨɞɡ. (ɓ) ŮɜŮɟɔɧɠ ɘůɢɨɠ Ůɝɧŭɞɡ ŪȷɄ ůɡɜŬɟŰɐůŮɘ Űɖɠ ůɡɢɜɧŰɖŰŬɠ əŬɘ Űɖɠ ŭɘɎɟəŮɘŬɠ 

ɚŮɘŰɞɡɟɔɑŬɠ. 

 

ȼ ˊŬɟŬˊɎɜɤ əŬɛˊɨɚɖ ŬɜŬűɏɟŮŰŬɘ ůŮ ůɡɜɗɐəŮɠ ɡˊŮɟůɡɢɜɧŰɖŰŬɠ, əŬŰɎ Űɖɜ 

ɞˊɞɑŬ ɔɘŬ ůɡɢɜɧŰɖŰŬ ŭɘəŰɨɞɡ ɛŮɔŬɚɨŰŮɟɖ Űɤɜ 50.2 Hz , Űɞ ɡˊŮɟɎəŰɘɞ Ŭɘɞɚɘəɧ ˊɎɟəɞ 

ˊɟɏˊŮɘ ɜŬ ˊŮɟɘɞɟɑɕŮɘ Űɖɜ ŮɔɢŮɧɛŮɜɖ ɘůɢɨ Ůɝɧŭɞɡ ɛŮ ɟɡɗɛɧ ɑůɞ ɛŮ Űɞ 40% Űɖɠ 

ɞɜɞɛŬůŰɘəɐɠ ɔɘŬ Ŭɨɝɖůɖ Űɖɠ ůɡɢɜɧŰɖŰŬɠ əŬŰɎ 1 Hz . ɇɞ ůɨůŰɖɛŬ Ůɚɏɔɢɞɡ Űɞɡ ˊɎɟəɞɡ 

ˊɟɏˊŮɘ ɜŬ ŮˊɘŰɡɔɢɎɜŮɘ ɛɏɔɘůŰɞ ɟɡɗɛɧ ɛŮɑɤůɖɠ ɑůɞ ɛŮ 25% Űɖɠ ŭɘŬɗɏůɘɛɖɠ ɘůɢɨɞɠ ŬɜɎ 

sec. ȼ əŬɛˊɨɚɖ Űɞɡ ɆɢɐɛŬŰɞɠ 1.17 (ɓ) ɡˊŬɔɞɟŮɨŮɘ Űɖ ŭɘɎɟəŮɘŬ ˊɞɡ ˊɟɏˊŮɘ ɜŬ ɛŮɑɜŮɘ 

ůɡɜŭŮŭŮɛɏɜɞ Űɞ ́ Ɏɟəɞ ůŰɞ ɆȾɆ ɧŰŬɜ ɖ ůɡɢɜɧŰɖŰŬ Űɞɡ ŭɘəŰɨɞɡ ɓɟɑůəŮŰŬɘ ůŰŬ ɧɟɘŬ ˊɞɡ 

ɞɟɑɕɞɜŰŬɘ ůŰɞɜ ɞɟɘɕɧɜŰɘɞ ɎɝɞɜŬ. ɆŰɞɜ ũŮɟɛŬɜɘəɧ əɩŭɘəŬ ŮɛˊŮɟɘɏɢɞɜŰŬɘ ŬəɧɛŬ ˊɘɞ 

ŬɜŬɚɡŰɘəɎ ůɢɐɛŬŰŬ ˊɞɡ ɡˊŬɔɞɟŮɨɞɡɜ Űɖ ŭɘɎɟəŮɘŬ ɚŮɘŰɞɡɟɔɑŬɠ Űɞɡ ˊɎɟəɞɡ ůɡɜŬɟŰɐůŮɘ 

Űɖɠ ůɡɢɜɧŰɖŰŬɠ ŬɚɚɎ əŬɘ Űɖɠ ŰɎůɖɠ ůŰɞ ɆȾɆ. 

ɋůŰɧůɞ, ůŮ Ɏɚɚɞɡɠ əɩŭɘəŮɠ ůɡɛˊŮɟɘɚŬɛɓɎɜɞɜŰŬɘ ŬɡůŰɖɟɧŰŮɟŮɠ ŬˊŬɘŰɐůŮɘɠ 

ɟɨɗɛɘůɖɠ ůɡɢɜɧŰɖŰŬɠ, ɧˊɤɠ ůŰɞɜ ȽɟɚŬɜŭɘəɧ əɩŭɘəŬ ɔɘŬ ŰŬ ŬɘɞɚɘəɎ ˊɎɟəŬ (ȷ/Ʉ) əŬɘ 

ůŰɞ ˊɟɞůɢŮŭɑɞɡ əɩŭɘəŬ ENTSO-E ɔɘŬ ůɡɜŭɏůɛɞɡɠ HVDC (ɆɢɐɛŬ 1.18(Ŭ) əŬɘ (ɓ)). Ƀɘ 

ůɡɔəŮəɟɘɛɏɜɞɘ əɩŭɘəŮɠ, ŮəŰɧɠ Űɖɠ ŬˊŬɑŰɖůɖɠ ɛŮɑɤůɖɠ Űɖɠ ŮɜŮɟɔɞɨ ɘůɢɨɞɠ ůŮ ůɡɜɗɐəŮɠ 
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ɡˊŮɟůɡɢɜɧŰɖŰŬɠ, ŬˊŬɘŰɞɨɜ Ůˊɑůɖɠ Űɖɜ ŬˊŮɚŮɡɗɏɟɤůɖɠ ˊɟɧůɗŮŰɖɠ ŮɜŮɟɔɞɨ ɘůɢɨɞɠ 

əŬŰɧˊɘɜ ŬɜɑɢɜŮɡůɖɠ ůɡɜɗɖəɩɜ ɡˊɞůɡɢɜɧŰɖŰŬɠ, ɛŮ ůəɞˊɧ ˊɎɜŰŬ Űɖɜ ůŰɐɟɘɝɖ Űɖɠ 

ůɡɢɜɧŰɖŰŬɠ Űɞɡ ŭɘəŰɨɞɡ. 

ɆŮ ŭɑəŰɡŬ HVDC, ɧˊɤɠ Űɞ MTDC ŭɑəŰɡɞ ˊɞɡ ɗŬ ɛŮɚŮŰɖɗŮɑ ůŰɖ ˊŬɟɞɨůŬ 

ŮɟɔŬůɑŬ, ɖ ůɡɔəŮəɟɘɛɏɜɖ ŬˊŬɑŰɖůɖ ́ ɟɞɦˊɞɗɏŰŮɘ Űɖɜ ŬɜɎɔəɖ Űɐɟɖůɖɠ ŮűŮŭɟŮɑŬɠ ɘůɢɨɞɠ 

Űɖɠ ˊɟɤŰɞɔŮɜɞɨɠ ˊɖɔɐɠ ůŮ əŬɜɞɜɘəɐ ɚŮɘŰɞɡɟɔɑŬ, ůŰɖɜ ˊɟɞəŮɘɛɏɜɖ ˊŮɟɑˊŰɤůɖ Űɐɟɖůɖ 

ŮűŮŭɟŮɑŬɠ ɘůɢɨɞɠ Ŭˊɧ ŰŬ ŬɘɞɚɘəɎ ˊɎɟəŬ. ȼ ɚŮɘŰɞɡɟɔɘəɧŰɖŰŬ ŬɡŰɐ ŮˊŬɜŬəŬɗɞɟɑɕŮɘ Űɖ 

űɘɚɞůɞűɑŬ Ůɚɏɔɢɞɡ Űɖɠ ˊŬɟŬɔɧɛŮɜɖɠ ɘůɢɨɞɠ ůŰŬɗɛɩɜ ȷɄȺ əŬɗɩɠ əŬɘ Űɞɜ Űɟɧˊɞ 

Ŭɛɞɘɓɐɠ Űɤɜ ˊŬɟŬɔɤɔɩɜ ɔɘŬ Űɘɠ Ůˊɘəɞɡɟɘəɏɠ ɡˊɖɟŮůɑŮɠ ŮűŮŭɟŮɑŬɠ ɘůɢɨɞɠ. 

ɆŰɞ əɩŭɘəŬ Űɞɡ ENTSO-E ɔɘŬ HVDC ŭɘŬůɡɜŭɏůŮɘɠ, ɖ Ŭˊɧəɟɘůɖ ůɡɢɜɧŰɖŰŬɠ 

Ůɜɧɠ HVDC ɛŮŰŬŰɟɞˊɏŬ ɞɜɞɛɎɕŮŰŬɘ Frequency Sensitive Mode (FSM) . ɆŰɞ ɆɢɐɛŬ 

1.18 (ɓ) ́ ŬɟɞɡůɘɎɕŮŰŬɘ əŬɛˊɨɚɖ ɛɖŭŮɜɘəɐɠ ɜŮəɟɐɠ ɕɩɜɖɠ ůɡɢɜɧŰɖŰŬɠ (zero deadband), 

əŬŰɎ Űɖɜ ɞˊɞɑŬ ɖ ɟɨɗɛɘůɖ Űɖɠ Ŭˊɧəɟɘůɖɠ ůɡɢɜɧŰɖŰŬɠ ˊŮɟɘɞɟɑɕŮŰŬɘ Ŭˊɧ Űɖɜ ŮɚɎɢɘůŰɖ 

əŬɘ ɛɏɔɘůŰɖ ɘəŬɜɧŰɖŰŬ ŭɘŬəɑɜɖůɖɠ ŮɜŮɟɔɞɨ ɘůɢɨɞɠ Űɞɡ HVDC ɛŮŰŬŰɟɞˊɏŬ ůŮ əɎɗŮ 

əŬŰŮɨɗɡɜůɖ. ɆŰɞ ɆɢɐɛŬ 18.6 (ɔ) ˊŬɟɞɡůɘɎɕŮŰŬɘ ˊɑɜŬəŬɠ Űɘɛɩɜ Űɤɜ ɟɡɗɛɘůŰɘəɩɜ 

ˊŬɟŬɛɏŰɟɤɜ Űɖɠ əŬɛˊɨɚɖɠ. Ƀɘ ůŰŬŰɘůɛɞɑ s1(%), s2(%) ɞɟɑɕɞɡɜ Űɖɜ əɚɑůɖ Űɖɠ ŮɡɗŮɑŬɠ 

ůŮ ůɡɜɗɐəŮɠ ɡˊɧ əŬɘ ɡˊŮɟůɡɢɜɧŰɖŰŬɠ (ŭŮɜ ŬˊŬɘŰŮɑŰŬɘ ŬɜŬɔəŬůŰɘəɎ s1(%)Ís2(%) ).  

 

 
(Ŭ) 
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(ɓ) 

 
(ɔ) 

ɆɢɐɛŬ 1.18. ȾŬɛˊɨɚŮɠ ɟɨɗɛɘůɖɠ ŮɜŮɟɔɞɨ ɘůɢɨɞɠ ůɡɜŬɟŰɐůŮɘ Űɖɠ ůɡɢɜɧŰɖŰŬɠ Űɞɡ ůɡůŰɐɛŬŰɞɠ (Ŭ) 

ȽɟɚŬɜŭɘəɧɠ ȾɩŭɘəŬɠ ɔɘŬ  Űɖ ůɨɜŭŮůɖ ŪȷɄ (ɓ) ˊɟɞůɢɏŭɘɞ əɩŭɘəŬ ENTSO-E ɔɘŬ ůŰŬɗɛɞɨɠ HVDC 

(ɔ) Ŭ́ɟɎɛŮŰɟɞɘ Űɖɠ əŬɛˊɨɚɖɠ. 

 

ɇɏɚɞɠ, ɛɘŬ ˊɟɧůɗŮŰɖ ŰŮɢɜɖŰɐ ŬˊŬɑŰɖůɖ ˊɞɡ ŮɛűŬɜɑɕŮŰŬɘ ůŰɞ əɩŭɘəŬ 

ůɡůŰɐɛŬŰɞɠ Űɞɡ ENTSO-E ŬűɞɟɎ ůŰɖɜ ɘəŬɜɧŰɖŰŬ Ůɜɧɠ ɛŮŰŬŰɟɞˊɏŬ HVDC ɜŬ 

ˊɟɞůűɏɟŮɘ ɚŮɘŰɞɡɟɔɑŬ ŬŭɟŬɜŮɘŬəɐɠ Ŭˊɧəɟɘůɖɠ (Synthetic Inertia responce), ůŮ 

ŬɜŰɘůŰɞɘɢɑŬ ɛŮ Űɖ űɡůɘəɐ ŬŭɟŬɜŮɘŬəɐ Ŭˊɧəɟɘůɖ Űɤɜ ůɡɛɓŬŰɘəɩɜ ůŰɟŮűɧɛŮɜɤɜ 

ɖɚŮəŰɟɘəɩɜ ɛɖɢŬɜɩɜ ˊɞɡ ŮɑɜŬɘ ŬˊŮɡɗŮɑŬɠ ůɡɜŭŮŭŮɛɏɜŮɠ ůŰɞ ŭɑəŰɡɞ. Ɇəɞˊɧɠ ŮɑɜŬɘ ɞ 

ˊŮɟɘɞɟɘůɛɧɠ Űɞɡ ɟɡɗɛɞɨ ɛŮŰŬɓɞɚɐɠ Űɖɠ ůɡɢɜɧŰɖŰŬɠ ɚŮɘŰɞɡɟɔɑŬɠ (rate of change of 

Frequency-ROCOF) ŰŬ ˊɟɩŰŬ ŭŮɡŰŮɟɧɚŮˊŰŬ əŬŰɧˊɘɜ ŮɛűɎɜɘůɖɠ ŭɘŬŰŬɟŬɢɐɠ. ȼ Ůɜ 

ɚɧɔɤ ŬˊŬɑŰɖůɖ ɗɏŰŮɘ Űɖɜ ŬɜɎɔəɖ ůɢŮŭɑŬůɖɠ ˊɟɧůɗŮŰɤɜ ŰŮɢɜɘəɩɜ Ůɚɏɔɢɞɡ ůŰɞ ůɨůŰɖɛŬ 

Ŭˊɧəɟɘůɖɠ ůɡɢɜɧŰɖŰŬɠ Űɞɡ HVDC ɛŮŰŬŰɟɞˊɏŬ əŬɘ Űɖɠ ˊɟɤŰɞɔŮɜɞɨɠ ́ ɖɔɐɠ ɘůɢɨɞɠ, ůŰɖ 

ˊŬɟɞɨůŬ ŮɟɔŬůɑŬ Űɤɜ ŬɜŮɛɞɔŮɜɜɖŰɟɘɩɜ, ˊɟɞəŮɘɛɏɜɞɡ ɜŬ ˊŬɟɏɢŮŰŬɘ ɖ ŰŬɢŮɑŬ Ŭˊɧəɟɘůɖ 

ŮɜŮɟɔɞɨ ɘůɢɨɞɠ ˊɟɞɠ Űɞ ɖˊŮɘɟɤŰɘəɧ AC ůɨůŰɖɛŬ. 
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1.3.4 ȷɜŬəŮűŬɚŬɑɤůɖ 

 

Ɇəɞˊɧɠ ŬɡŰɞɨ Űɞɡ əŮűŬɚŬɑɞɡ ɐŰŬɜ ɖ ŮɘůŬɔɤɔɐ Űɞɡ ŬɜŬɔɜɩůŰɖ ůŰɖɜ ɏɜɜɞɘŬ Űɞɡ 

ȾɩŭɘəŬ ɆɡůŰɐɛŬŰɞɠ. ɄŬɟɞɡůɘɎůŰɖəŬɜ əɎˊɞɘŬ əɨɟɘŬ ůɖɛŮɑŬ, ŰŬ ɞˊɞɑŬ ŬɜŰɚɐɗɖəŬɜ 

Ŭˊɧ Űɞ ũŮɟɛŬɜɘəɧ əɩŭɘəŬ əŬɘ Űɞɜ ˊɟɞůɢɏŭɘɞ əɩŭɘəŬ Űɞɡ ENTSO-E ɔɘŬ HVDC 

ŭɘŬůɡɜŭɏůŮɘɠ. ɆŮ əŬɛɑŬ ˊŮɟɑˊŰɤůɖ ŭŮ ɛˊɞɟɞɨɜ ɜŬ ŬɜŬɚɡɗɞɨɜ ɧɚŮɠ ɞɘ ŰŮɢɜɘəɏɠ 

ŬˊŬɘŰɐůŮɘɠ, ˊŬɟɎ ɛɧɜɞ ŰŬ əɨɟɘŬ ůɖɛŮɑŬ ŮɜŭɘŬűɏɟɞɜŰɞɠ ɔɘŬ Űɖɜ ˊŬɟɞɨůŬ ŮɟɔŬůɑŬ. ɇɞ 

əŮɜŰɟɘəɧ ůɖɛŮɑɞ Űɖɠ ŮɟɔŬůɑŬɠ ŮɑɜŬɘ Űɞ ˊɞɚɡŰŮɟɛŬŰɘəɧ HVDC ŭɑəŰɡɞ, ɔɘŬ ŬɡŰɧ əŬɘ ɖ 

ŮɟɔŬůɑŬ ɓŬůɑůŰɖəŮ əɡɟɑɤɠ ůŰɞ əɩŭɘəŬ Űɞɡ ENTSO-E. Ⱥˊɑůɖɠ, ůŰɖ ˊŬɟɞɨůŬ ŮɟɔŬůɑŬ 

ɛŮɚŮŰɐɗɖəŮ ɛɧɜɞ ɖ Ŭˊɧəɟɘůɖ ŮɜŮɟɔɞɨ ɘůɢɨɞɠ Űɞɡ MTDC ůŮ ɛŮŰŬɓɞɚɏɠ ůɡɢɜɧŰɖŰŬɠ 

Űɞɡ ɖˊŮɘɟɤŰɘəɞɨ AC ŭɘəŰɨɞɡ əŬɘ ɧɢɘ Ŭˊɧəɟɘůɖ ůŮ ůűɎɚɛŬŰŬ ŰɎůɖɠ ŭɘəŰɨɞɡ. 

 

 

1.4 Ƀűɏɚɖ ŭɘŬůɡɜɞɟɘŬəɩɜ ɖɚŮəŰɟɘəɩɜ ŭɘŬůɡɜŭɏůŮɤɜ ůŰɖɜ Ⱥɡɟɩˊɖ 
 

ȼ ŮɜŮɟɔŮɘŬəɐ ˊɞɚɘŰɘəɐ Űɖɠ Ⱥɡɟɩˊɖɠ Űɘɠ ŭɨɞ ŰŮɚŮɡŰŬɑŮɠ ŭŮəŬŮŰɑŮɠ ŮɑɜŬɘ ˊɎɔɘŬ 

ˊɟɞůŬɜŬŰɞɚɘůɛɏɜɖ ˊɟɞɠ Űɖɜ ŮˊɑŰŮɡɝɖ Űɟɘɩɜ ɓŬůɘəɩɜ ůŰɧɢɤɜ: ɖ ŮɜɏɟɔŮɘŬ ůŰɖɜ 

ȺɡɟɤˊŬɥəɐ Ȱɜɤůɖ ɜŬ ˊŬɟɏɢŮŰŬɘ ůŮ ˊɟɞůɘŰɏɠ əŬɘ ŬɜŰŬɔɤɜɘůŰɘəɏɠ Űɘɛɏɠ, ɜŬ ŮɑɜŬɘ 

ˊŮɟɘɓŬɚɚɞɜŰɘəɎ ɓɘɩůɘɛɖ əŬɘ ŮɝŬůűŬɚɘůɛɏɜɖ ɔɘŬ ɧɚɞɡɠ. ɀɘŬ əŬɚɎ Ůɜɞˊɞɘɖɛɏɜɖ 

ŮůɤŰŮɟɘəɐ ŬɔɞɟɎ ŮɜɏɟɔŮɘŬɠ ŬˊɞŰŮɚŮɑ ɗŮɛŮɚɘɩŭɖ ˊɟɞɦˊɧɗŮůɖ ɔɘŬ Űɖɜ ŮˊɑŰŮɡɝɖ ŬɡŰɩɜ 

Űɤɜ ůŰɧɢɤɜ ɛŮ ɞɘəɞɜɞɛɘəɎ ŬˊɞŭɞŰɘəɧ Űɟɧˊɞ. 

Ƀɘ əɡɓŮɟɜɐůŮɘɠ Űɤɜ ŮɡɟɤˊŬɥəɩɜ ɢɤɟɩɜ ŬɚɚɎ əŬɘ ˊɟɤŰŬɔɤɜɘůŰɏɠ Ŭˊɧ Űɞɡɠ 

ɞɟɔŬɜɘůɛɞɨɠ Űɞɡ əɚɎŭɞɡ ɏɤɠ Űɞɡɠ ɞɟɔŬɜɘůɛɞɨɠ əŬŰŬɜŬɚɤŰɩɜ ŬɜŬɔɜɤɟɑɕɞɡɜ Űɖ 

ůˊɞɡŭŬɘɧŰɖŰŬ Űɖɠ ŮůɤŰŮɟɘəɐɠ ŬɔɞɟɎɠ ŮɜɏɟɔŮɘŬɠ əŬɘ ɧɟɘůŬɜ ůŬűɐ ˊɟɞɗŮůɛɑŬ 

ɞɚɞəɚɐɟɤůɐɠ Űɖɠ Űɞ 2014, ɡˊɞɔɟŬɛɛɑɕɞɜŰŬɠ ɧŰɘ əŬɜɏɜŬ əɟɎŰɞɠ ɛɏɚɞɠ ŭŮɜ ˊɟɏˊŮɘ ɜŬ 

ˊŬɟŬɛŮɑɜŮɘ Ŭˊɞəɞɛɛɏɜɞ Ŭˊɧ ŰŬ ŮɡɟɤˊŬɥəɎ ŭɑəŰɡŬ űɡůɘəɞɨ ŬŮɟɑɞɡ əŬɘ ɖɚŮəŰɟɘəɐɠ 

ŮɜɏɟɔŮɘŬɠ ɛŮŰɎ Űɞ 2015, əŬɗɩɠ ɧɚɞɘ ˊɚɏɞɜ ŬɜŬɔɜɤɟɑɕɞɡɜ Űɖ ŰŮɟɎůŰɘŬ ůɖɛŬůɑŬ Űɞɡ 

ŮɜŮɟɔŮɘŬəɞɨ ŰɞɛɏŬ ɔɘŬ Űɖɜ ŬɜŰŬɔɤɜɘůŰɘəɧŰɖŰŬ, Űɖɜ ŮɡɖɛŮɟɑŬ əŬɘ Űɖɜ ŬɜŮɝŬɟŰɖůɑŬ Űɖɠ 

Ⱥɡɟɩˊɖɠ. 

Ƀɘ ŬɜŰŬɔɤɜɘůŰɘəɏɠ Ŭɔɞɟɏɠ ŮɝŬůűŬɚɑɕɞɡɜ ŬɜŰŬɔɤɜɘůŰɘəɏɠ Űɘɛɏɠ əŬɘ ɛŮɘɩɜɞɡɜ Űɞ 

əɧůŰɞɠ Űɞɡ ůɡůŰɐɛŬŰɞɠ. ɆɨɛűɤɜŬ ɛŮ ɛŮɚɏŰɖ ˊɞɡ ŮəˊɞɜɐɗɖəŮ ɔɘŬ ɚɞɔŬɟɘŬůɛɧ Űɖɠ 

ȺɡɟɤˊŬɥəɐɠ ȺˊɘŰɟɞˊɐɠ Űɞ 2014, Űɞ əŬɗŬɟɧ ɞɘəɞɜɞɛɘəɧ ɧűŮɚɞɠ ɛɘŬɠ ɞɚɞəɚɖɟɤɛɏɜɖɠ 

ŮůɤŰŮɟɘəɐɠ ŬɔɞɟɎɠ ɡˊɞɚɞɔɑɕŮŰŬɘ ɜŬ ŮɑɜŬɘ Űɖɠ ŰɎɝɖɠ Űɤɜ 16-40 ŭɘɠ Ůɡɟɩ ŮŰɖůɑɤɠ. 

Ƀɘ ɛŮɚɚɞɜŰɘəɐ ˊɟɧəɚɖůɖ ˊɞɡ əŬɚɞɨɜŰŬɘ ɜŬ ŬɜŰɘɛŮŰɤˊɑůɞɡɜ Ŭɟɛɧŭɘɞɘ űɞɟŮɑɠ 

ŮɑɜŬɘ ɜŬ əŬŰŬůŰɞɨɜ ŰŬ ŮɡɟɤˊŬɥəɎ ŮɜŮɟɔŮɘŬəɎ ůɡůŰɐɛŬŰŬ əŬŰɎɚɚɖɚŬ ɔɘŬ ɢŬɛɖɚɏɠ 

ŬɜɗɟŬəɞɨɢŮɠ Ůəˊɞɛˊɏɠ, ɛɏůɤ ˊŮɟŮŰŬɑɟɤ ŭɘŮɑůŭɡůɖɠ Űɤɜ ȷɄȺ əŬɘ Űɤɜ ɜɏɤɜ 

ŰŮɢɜɞɚɞɔɘɩɜ (smart grids, storage, HVDC grids), ɛŮ ŬůűŬɚɐ əŬɘ ŬɝɘɧˊɘůŰɞ Űɟɧˊɞ. ȼ 

ŬɜŰŬɔɤɜɘůŰɘəɐ əŬɘ Ůɜɞˊɞɘɖɛɏɜɖ ŮůɤŰŮɟɘəɐ ŬɔɞɟɎ ŮɜɏɟɔŮɘŬɠ ŬˊɞŰŮɚŮɑ ůɖɛŬɜŰɘəɐ 

ůɡɜɘůŰɩůŬ ŬɡŰɞɨ Űɞɡ ˊɚŬɘůɑɞɡ, əŬɗɩɠ ɗŬ ˊŬɟɏɢŮɘ Űɘɠ ŬɜŬɔəŬɑŮɠ ůɡɜɗɐəŮɠ ɔɘŬ Űɖɜ 

ŮˊɑŰŮɡɝɖ űɘɚɧŭɞɝɤɜ ɛŮɚɚɞɜŰɘəɩɜ ůŰɧɢɤɜ ˊɞɚɘŰɘəɐɠ ɔɘŬ Űɖɜ ŮɜɏɟɔŮɘŬ əŬɘ Űɞ əɚɑɛŬ ɛŮ 

ɞɘəɞɜɞɛɘəɎ ŬˊɞŭɞŰɘəɧ Űɟɧˊɞ əŬɘ, ůɡɜŮˊɩɠ, ɗŬ ůɡɛɓɎɚŮɘ ůŰɖ ŭɘŬůűɎɚɘůɖ Űɖɠ Ŭˊɞűɡɔɐɠ 

ůŰɟɏɓɚɤůɖɠ Űɤɜ ŮɜŮɟɔŮɘŬəɩɜ Űɘɛɩɜ ɔɘŬ Űɘɠ ŮˊɘɢŮɘɟɐůŮɘɠ əŬɘ ŰŬ ɜɞɘəɞəɡɟɘɎ əŬɘ ůŰɖ 

ŭɘŬŰɐɟɖůɖ Űɖɠ ŬˊŬɟŬɑŰɖŰɖɠ ŮɛˊɘůŰɞůɨɜɖɠ Űɤɜ ŮˊŮɜŭɡŰɩɜ.  

ȼ ȺȺ ŮɑɜŬɘ ůŰɖɜ ˊɞɟŮɑŬ ɔɘŬ Űɖɜ ŮˊɑŰŮɡɝɖ Űɞɡ ůŰɧɢɞɡ 20% ȷɄȺ ɏɤɠ Űɞ 2020, 

Űɞ ɞˊɞɑɞ ŬˊɞŰŮɚŮɑ ɘůɢɡɟɐ ɓɎůɖ ˊɘɞ űɘɚɧŭɞɝɤɜ ůŰɧɢɤɜ ɤɠ Űɞ 2030. ȾŬɗɩɠ ŬɡɝɎɜŮŰŬɘ 

ɖ ŭɘŮɑůŭɡůɖ Űɖɠ ŮɜɏɟɔŮɘŬɠ Ŭˊɧ ŬɜŬɜŮɩůɘɛŮɠ ˊɖɔɏɠ ˊɟɞəɨˊŰɞɡɜ Ůˊɑůɖɠ ˊɟɞɓɚɐɛŬŰŬ. ȼ 
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ɛŮŰŬɓɚɖŰɧŰɖŰŬ əŬɘ ˊŮɟɘɞɟɘůɛɏɜɖ ŭɡɜŬŰɧŰɖŰŬ ˊɟɧɓɚŮɣɖɠ Űɤɜ ˊɞůɞŰɐŰɤɜ Űɖɠ ɖɚɘŬəɐɠ 

əŬɘ Űɖɠ Ŭɘɞɚɘəɐɠ ŮɜɏɟɔŮɘŬɠ əŬɗɘůŰɞɨɜ ˊɘɞ ŬˊŬɘŰɖŰɘəɐ Űɖ ůŰŬɗŮɟɞˊɞɑɖůɖ Űɞɡ ŭɘəŰɨɞɡ. 

ȾŬɚɎ ŮɜɞˊɞɘɖɛɏɜŮɠ ɖɚŮəŰɟɘəɎ Ŭɔɞɟɏɠ ŮɑɜŬɘ ŬɜŬɛűɘůɓɐŰɖŰŬ ɞɘ əŬŰŬɚɚɖɚɧŰŮɟŮɠ ɔɘŬ Űɖɜ 

ŬɜŰɘɛŮŰɩˊɘůɖ ŬɡŰɞɨ Űɞɡ ˊɟɞɓɚɐɛŬŰɞɠ. ȾŬɗɘůŰɞɨɜ ŭɡɜŬŰɐ Űɖ ůɨɜŭŮůɖ ˊŮɟɘɞɢɩɜ ɛŮ 

ůɡɛˊɚɖɟɤɛŬŰɘəɎ ŮɜŮɟɔŮɘŬəɎ ɛɑɔɛŬŰŬ əŬɘ, əŬŰɎ ůɡɜɏˊŮɘŬ, Ůɜɘůɢɨɞɡɜ Űɖɜ 

ŬɜɗŮəŰɘəɧŰɖŰŬ Űɞɡ ŮɜŮɟɔŮɘŬəɞɨ ůɡůŰɐɛŬŰɞɠ ůŰɘɠ ŭɘŬəɡɛɎɜůŮɘɠ Űɖɠ ɕɐŰɖůɖɠ ɐ Űɖɠ 

ˊɟɞůűɞɟɎɠ. ȳůɞ ɛŮɔŬɚɨŰŮɟɖ ŮɑɜŬɘ ɖ ůɡɜŭŮŭŮɛɏɜɖ ˊŮɟɘɞɢɐ Űɧůɞ ŮɡəɞɚɧŰŮɟɖ ŮɑɜŬɘ ɖ 

Ůɝɘůɞɟɟɧˊɖůɖ Űɤɜ ɛŮŰŬɓɚɖŰɩɜ ˊɞůɞŰɐŰɤɜ ŮɜɏɟɔŮɘŬɠ Ŭˊɧ ŬɜŬɜŮɩůɘɛŮɠ ˊɖɔɏɠ. 

ȺɨɔɚɤŰŰɞ ˊŬɟɎŭŮɘɔɛŬ ŮɑɜŬɘ ɞɘ ůɡɜŭŮŭŮɛɏɜŮɠ ɔŮɟɛŬɜɘəɏɠ əŬɘ ɔŬɚɚɘəɏɠ Ŭɔɞɟɏɠ 

ɖɚŮəŰɟɘəɐɠ ŮɜɏɟɔŮɘŬɠ, ɧˊɞɡ ɖ ůɡɜŮɢɐɠ ŭɘŬůɡɜɞɟɘŬəɐ ɟɞɐ ɖɚŮəŰɟɘəɐɠ ŮɜɏɟɔŮɘŬɠ 

ˊŬɟɏɢŮɘ Űɖ ŭɡɜŬŰɧŰɖŰŬ ůŰɖ ũŮɟɛŬɜɑŬ ɜŬ ŭɘŬŰɖɟŮɑ ůŰŬɗŮɟɧ Űɞ ůɨůŰɖɛŬ ůŮ ˊŮɟɘɧŭɞɡɠ 

əŬŰɎ Űɘɠ ɞˊɞɑŮɠ Ŭűɗɞɜɞɨɜ ɞ ɎɜŮɛɞɠ əŬɘ ɖ ɖɚɘɞűɎɜŮɘŬ, Ůɜɩ ůɡɔɢɟɧɜɤɠ ˊŬɟɏɢŮɘ Űɖ 

ŭɡɜŬŰɧŰɖŰŬ ůŰɖ ũŬɚɚɑŬ ɜŬ ŭɘŬůűŬɚɑɕŮɘ Űɞɜ ŮűɞŭɘŬůɛɧ əŬŰɎ Űɖɜ Ŭɘɢɛɐ ɕɐŰɖůɖɠ. 

Ƀɘ ŭɘŬůɡɜɞɟɘŬəɏɠ ůɡɜŬɚɚŬɔɏɠ ɖɚŮəŰɟɘəɐɠ ŮɜɏɟɔŮɘŬɠ ɛŮŰŬɝɨ Űɤɜ ˊŮɟɘůůɧŰŮɟɤɜ 

ɢɤɟɩɜ Űɖɠ ȺȺ ɏɢɞɡɜ ŬɡɝɖɗŮɑ, ɧˊɤɠ əŬɘ ɖ ɢɟɐůɖ Űɤɜ AC əŬɘ ŭɘŰŮɟɛŬŰɘəɩɜ HVDC 

ɔɟŬɛɛɩɜ ŭɘŬůɨɜŭŮůɖɠ, ɤůŰɧůɞ ɛŬəɟɎɜ ŬˊɏɢŮɘ ɖ ŮɝɎɜŰɚɖůɖ Űɞɡ ŭɡɜŬɛɘəɞɨ 

ŭɘŬůɡɜɞɟɘŬəɩɜ ůɡɜŬɚɚŬɔɩɜ ɖɚŮəŰɟɘəɐɠ ŮɜɏɟɔŮɘŬɠ. ȷˊɧ Űɖɜ ɛɑŬ, ɔɘŬ ˊŮɟɘůůɧŰŮɟŮɠ 

Ůɛˊɞɟɘəɏɠ ůɡɜŬɚɚŬɔɏɠ ŬˊŬɘŰŮɑŰŬɘ ɖ ŬɜɎˊŰɡɝɖ ŮɜŬɟɛɞɜɘůɛɏɜɞɡ ɜɞɛɘəɞɨ ˊɚŬɘůɑɞɡ ůŮ 

ŮɡɟɤˊŬɥəɧ ŮˊɑˊŮŭɞ, Űɞ ɞˊɞɑɞ ŭɘŬɛɞɟűɩɜŮŰŬɘ ɛɏůɤ ůɡɜŮɟɔŬůɑŬɠ Űɤɜ Ůɗɜɘəɩɜ 

ŭɘɞɘəɐůŮɤɜ, Űɤɜ ɟɡɗɛɘůŰɘəɩɜ Ŭɟɢɩɜ ŮɜɏɟɔŮɘŬɠ (ɡˊɧ Űɖɜ ŬɘɔɑŭŬ Űɞɡ ɃɟɔŬɜɘůɛɞɨ 

ɆɡɜŮɟɔŬůɑŬɠ Űɤɜ ɅɡɗɛɘůŰɘəɩɜ ȷɟɢɩɜ ȺɜɏɟɔŮɘŬɠ (ACER)) əŬɘ Űɤɜ ŭɘŬɢŮɘɟɘůŰɩɜ 

ůɡůŰɖɛɎŰɤɜ ɛŮŰŬűɞɟɎɠ ɖɚŮəŰɟɘəɐɠ ŮɜɏɟɔŮɘŬɠ. ȷˊɧ Űɖɜ Ɏɚɚɖ, ŬˊŬɘŰŮɑŰŬɘ ɖ Ůɜɑůɢɡůɖ 

Űɖɠ ɖɚŮəŰɟɘəɐɠ ůɨɜŭŮůɖɠ Űɤɜ ŮɡɟɤˊŬɥəɩɜ Ŭɔɞɟɩɜ, əɎŰɘ ůŰɞ ɞˊɞɑɞ ɛˊɞɟŮɑ ɜŬ 

ůɡɜŮɘůűɏɟŮɘ ɖ ŰŮɢɜɞɚɞɔɑŬ HVDC ŭɘŬůɡɜŭɏůŮɤɜ, ɘŭɘŬɑŰŮɟŬ Űɤɜ ˊɞɚɡŰŮɟɛŬŰɘəɩɜ. ɀɘŬ 

ůɖɛŬɜŰɘəɐ ˊɟɧəɚɖůɖ, ɛŮ ˊɘɗŬɜɐ ɛŮɚɚɞɜŰɘəɐ ŮɔəŬŰɎůŰŬůɖ MTDC ŭɘəŰɨɤɜ, ŮɑɜŬɘ ɖ 

əŬŰŬůəŮɡɐ Ůɜɞˊɞɘɖɛɏɜɞɡ ɡˊŮɟɎəŰɘɞɡ ɖɚŮəŰɟɘəɞɨ ŭɘəŰɨɞɡ ůŰɖ ȸɧɟŮɘŬ ɗɎɚŬůůŬ, 

əŬɗɩɠ əŬɘ Űɤɜ ŬɟŰɖɟɘɩɜ ɖɚŮəŰɟɘəɐɠ ŮɜɏɟɔŮɘŬɠ, ˊɞɡ ɗŬ əŬŰŬůŰɐůɞɡɜ ŭɡɜŬŰɐ Űɖɜ 

ɞɘəɞɜɞɛɘəɎ ɓɏɚŰɘůŰɖ ŮɜůɤɛɎŰɤůɖ Űɖɠ ɡˊŮɟɎəŰɘŬɠ əŬɘ ɢŮɟůŬɑŬɠ ɖɚŮəŰɟɞˊŬɟŬɔɤɔɐɠ 

Ŭˊɧ ȷɄȺ ůŰɞ ůɨůŰɖɛŬ ɖɚŮəŰɟɘəɐɠ ŮɜɏɟɔŮɘŬɠ. ūɡůɘəɎ, ŰɏŰɞɘŬ ŭɑəŰɡŬ ŬˊŬɘŰŮɑŰŬɘ ɜŬ 

ŮɑɜŬɘ çɏɝɡˊɜŬè, ɩůŰŮ ɜŬ ŭɘŬůűŬɚɘůŰŮɑ ɧŰɘ ɗŬ ŮɑɜŬɘ ɘəŬɜɎ ɜŬ ŬɜŰɘɛŮŰɤˊɑůɞɡɜ Űɘɠ 

ɛŮɚɚɞɜŰɘəɏɠ ˊɟɞəɚɐůŮɘɠ. 
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2 ɀŮŰŬŰɟɞˊɏŬɠ ˊɖɔɐɠ ŰɎůɖɠ VSC 
 

2.1 ȺɘůŬɔɤɔɐ 
 

ȼ ɓŬůɘəɧŰŮɟɖ ůɡɜɘůŰɩůŬ Ůɜɧɠ VSC-HVDC ŭɘəŰɨɞɡ ŮɑɜŬɘ ɞ ɛŮŰŬŰɟɞˊɏŬɠ ˊɖɔɐɠ 

ŰɎůɖɠ, Ŭűɞɨ ɖ ɚŮɘŰɞɡɟɔɑŬ əŬɘ ɞ ɏɚŮɔɢɞɠ Űɞɡ əŬɗɞɟɑɕɞɡɜ Űɖ ůɡɛˊŮɟɘűɞɟɎ ɧɚɞɡ Űɞɡ 

ůɡůŰɐɛŬŰɞɠ. ɆŰɖɜ ˊŬɟɞɨůŬ ŮɜɧŰɖŰŬ ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ůɖɛŬɜŰɘəɎ ůŰɞɘɢŮɑŬ ˊɞɡ ɏɢɞɡɜ ɜŬ 

əɎɜɞɡɜ ɛŮ Űɞɜ ɏɚŮɔɢɞ əŬɘ Űɞɜ ɟɧɚɞ Űɞɡ VSC ůŰɞ ˊɞɚɡŰŮɟɛŬŰɘəɧ HVDC ŭɑəŰɡɞ. 

ȷɟɢɘəɎ, ˊŬɟɞɡůɘɎɕŮŰŬɘ Űɞ ɛɞɜŰɏɚɞ ɛɏůɤɜ Űɘɛɩɜ ˊɞɡ ɢɟɖůɘɛɞˊɞɘɐɗɖəŮ əŬŰɎ Űɘɠ 

ˊɟɞůɞɛɞɘɩůŮɘɠ ůŰɞ Matlab/Simulink ɔɘŬ Űɖ ɛɞɜŰŮɚɞˊɞɑɖůɖ Űɞɡ ɛŮŰŬŰɟɞˊɏŬ ˊɖɔɐɠ 

ŰɎůɖɠ. ȷəɞɚɞɨɗɤɠ ɔɑɜŮŰŬɘ ɛɘŬ əŬŰɖɔɞɟɘɞˊɞɑɖůɖ Űɤɜ ɛŮŰŬŰɟɞˊɏɤɜ ŬɜɎɚɞɔŬ ɛŮ Űɖ 

ɚŮɘŰɞɡɟɔɑŬ ˊɞɡ ŮˊɘŰŮɚɞɨɜ ůŰɞ MTDC. ȴůŰŮɟŬ ˊŮɟɘɔɟɎűŮŰŬɘ ůɡɜɞˊŰɘəɎ ɞ 

ɛŮŰŬůɢɖɛŬŰɘůɛɧɠ ůŰɞ ůɨɔɢɟɞɜŬ ůŰɟŮűɧɛŮɜɞ dq-ˊɚŬɑůɘɞ ŬɜŬűɞɟɎɠ əŬɘ Űɞ ůɨůŰɖɛŬ 

ůɡɔɢɟɞɜɘůɛɞɨ (PLL) Űɞɡ ɖˊŮɘɟɤŰɘəɞɨ ɛŮŰŬŰɟɞˊɏŬ ɛŮ Űɞ ŭɑəŰɡɞ. ɆŰɖ ůɡɜɏɢŮɘŬ, ɔɑɜŮŰŬɘ 

ŬɜŬűɞɟɎ ůŮ əɎɗŮ ŮˊɑˊŮŭɞ Űɞɡ ůɡůŰɐɛŬŰɞɠ Ůɚɏɔɢɞɡ Űɞɡ ɖˊŮɘɟɤŰɘəɞɨ ɛŮŰŬŰɟɞˊɏŬ 

ɝŮɢɤɟɘůŰɎ. ɇɏɚɞɠ ŬɜŬɚɨŮŰŬɘ Űɞ ůɨůŰɖɛŬ Ůɚɏɔɢɞɡ Űɞɡ ɡˊŮɟɎəŰɘɞɡ ɛŮŰŬŰɟɞˊɏŬ. 

 

 

2.2 ɀŮŰŬŰɟɞˊɏŬɠ VSC əŬɘ Űɞ ɛɞɜŰɏɚɞ ɛɏůɤɜ Űɘɛɩɜ 
 

ũɘŬ Űɖ ɛɞɜŰŮɚɞˊɞɑɖůɖ Űɤɜ ɛŮŰŬŰɟɞˊɏɤɜ Űɞɡ HVDC ŭɘəŰɨɞɡ əŬɘ Űɤɜ 

ɛŮŰŬŰɟɞˊɏɤɜ Űɤɜ ȷ/ũ ɢɟɖůɘɛɞˊɞɘɐɗɖəŮ Űɞ ɛɞɜŰɏɚɞ ɛɏůɤɜ Űɘɛɩɜ Űɞɡ ɛŮŰŬŰɟɞˊɏŬ 

ˊɖɔɐɠ ŰɎůɖɠ ŭɨɞ Ůˊɘˊɏŭɤɜ, Űɞ ɞˊɞɑɞ ɡˊɎɟɢŮɘ ɤɠ ɏŰɞɘɛɞ block (Universal Bridge block) 

ůŰɞ ˊŮɟɘɓɎɚɚɞɜ Matlab/Simulink. ɆŰɖɜ ˊŮɟɑˊŰɤůɖ ŬɡŰɐ, ɞ ɛŮŰŬŰɟɞˊɏŬɠ ɚŮɘŰɞɡɟɔŮɑ 

ůŬɜ ɛɘŬ ŮɚŮɔɢɧɛŮɜɖ ˊɖɔɐ ŰɎůɖɠ ɗŮɛŮɚɘɩŭɞɡɠ ůɡɜɘůŰɩůŬɠ, ɛŮ ŬˊɞŰɏɚŮůɛŬ ɜŬ 

ŮɝŬɚŮɑűɞɜŰŬɘ ɞɘ ŬˊɩɚŮɘŮɠ əŬɘ ɞɘ Ŭɟɛɞɜɘəɏɠ ŬɜɩŰŮɟɖɠ ŰɎɝɖɠ ˊɞɡ ɗŬ ŮɘůɐɔŬɔŮ Űɞ 

ŭɘŬəɞˊŰɘəɧ ɛɞɜŰɏɚɞ əŬɘ ɜŬ ɚŬɛɓɎɜɞɜŰŬɘ ɖɛɘŰɞɜɞŮɘŭŮɑɠ əɡɛŬŰɞɛɞɟűɏɠ ŰɎůɖɠ Ůɝɧŭɞɡ. 

ɆŰɖ ůɨɔɢɟɞɜɖ ɓɘɓɚɘɞɔɟŬűɑŬ, ŬɚɚɎ əŬɘ ůŰɖ ɓɘɞɛɖɢŬɜɑŬ, ŮɛűŬɜɑɕɞɜŰŬɘ ɞɘ ɛŮŰŬŰɟɞˊŮɑɠ 

ˊɞɚɚŬˊɚɩɜ Ůˊɘˊɏŭɤɜ, ɞɘ ɞˊɞɑɞɘ ˊŬɟɎɔɞɡɜ əɡɛŬŰɞɛɞɟűɏɠ ŰɎůɖɠ ˊɞɚɨ əŬɚɨŰŮɟɖɠ 

ˊɞɘɧŰɖŰŬɠ Ŭˊɧ ɏɜŬɜ ɛŮŰŬŰɟɞˊɏŬ ŭɨɞ Ůˊɘˊɏŭɤɜ əŬɘ ɞɘ ŬˊɩɚŮɘŮɠ Űɤɜ ɞˊɞɑɤɜ ŮɑɜŬɘ 

ůɡɔəɟɘŰɘəɎ ɛŮɘɤɛɏɜŮɠ. ɆɡɜŮˊɩɠ ŭŮɜ ɗŬ ŮɑɢŮ ɜɧɖɛŬ ɖ ɢɟɐůɖ ŭɘŬəɞˊŰɘəɞɨ ɛɞɜŰɏɚɞɡ ŭɨɞ 

Ůˊɘˊɏŭɤɜ əŬɘ ŰŬ ŬˊɞŰŮɚɏůɛŬŰŬ ˊɞɡ ŭɑɜŮɘ Űɞ ɛɞɜŰɏɚɞ ɛɏůɤɜ Űɘɛɩɜ əɟɑɜɞɜŰŬɘ ŮˊŬɟəɐ 

ɔɘŬ Űɖ ˊŬɟɞɨůŬ ŮɟɔŬůɑŬ. 

ũɘŬ ɚɧɔɞɡɠ ˊɚɖɟɧŰɖŰŬɠ, ɖ ŭɞɛɐ əŬɘ ɖ ɛŮɗɞŭɞɚɞɔɑŬ ŭɘŬɛɧɟűɤůɖɠ Űɖɠ 3ū ŰɎůɖɠ 

Ůɜɧɠ ŰɟɘűŬůɘəɞɨ ɛŮŰŬŰɟɞˊɏŬ ŭɨɞ Ůˊɘˊɏŭɤɜ ˊŮɟɘɔɟɎűŮŰŬɘ ˊŬɟŬəɎŰɤ. ȷˊɞŰŮɚŮɑŰŬɘ Ŭˊɧ 

ɏɝɘ ɖɛɘŬɔɩɔɘɛɞɡɠ ŭɘŬəɧˊŰŮɠ IGBT ɛŮ ŬɜŰɘˊŬɟɎɚɚɖɚɖ ŭɑɞŭɞ (ɆɢɐɛŬ 2.1). ȼ DC ŰɎůɖ 

Ůɘůɧŭɞɡ ɛŮŰŬůɢɖɛŬŰɑɕŮŰŬɘ ůŰɞ ŰɟɘűŬůɘəɧ ůɨůŰɖɛŬ va, vb, vc . Ƀɘ IGBT ŭɘŬəɧˊŰŮɠ Űɞɡ 

əɎɗŮ ɓɟŬɢɑɞɜŬ ŮɑɜŬɘ ůɡɛˊɚɖɟɤɛŬŰɘəɞɑ ɛŮŰŬɝɨ Űɞɡɠ, ŭɖɚŬŭɐ ɧŰŬɜ ɞ ɏɜŬɠ ŭɘŬəɧˊŰɖɠ 

ɎɔŮɘ ɞ Ɏɚɚɞɠ ɗŬ ɓɟɑůəŮŰŬɘ ůŮ əŬŰɎůŰŬůɖ Ŭˊɞəɞˊɐɠ. ȹɖɛɘɞɡɟɔɞɨɜŰŬɘ ɏŰůɘ ɞəŰɩ ˊɘɗŬɜɞɑ 

ŭɘŬəɞˊŰɘəɞɑ ůɡɜŭɡŬůɛɞɑ ˊɞɡ ŬɜŰɘůŰɞɘɢɞɨɜ ůŮ ɞəŰɩ ŭɡɜŬŰɏɠ əŬŰŬůŰɎůŮɘɠ ɚŮɘŰɞɡɟɔɑŬɠ, 

Ůɜɩ əɎɗŮ ɛɘŬ Ŭˊɧ ŬɡŰɏɠ Űɘɠ əŬŰŬůŰɎůŮɘɠ ŭɑɜŮɘ ɏɜŬ ůɡɜŭɡŬůɛɧ űŬůɘəɩɜ ŰɎůŮɤɜ Ůɝɧŭɞɡ 

va, vb, vc . ȿɧɔɤ Űɤɜ ˊŮˊŮɟŬůɛɏɜɤɜ ŭɘŬəɞˊŰɘəɩɜ əŬŰŬůŰɎůŮɤɜ ŮɑɜŬɘ ŬŭɨɜŬŰɞɜ ɜŬ ŭɞɗŮɑ 

ůŰɖɜ ɏɝɞŭɞ ɏɜŬ ůɡɜŮɢɏɠ ɖɛɑŰɞɜɞ.  
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ɆɢɐɛŬ 2.1. ɀŮŰŬŰɟɞˊɏŬɠ ˊɖɔɐɠ ŰɎůɖɠ ŭɨɞ Ůˊɘˊɏŭɤɜ (2-level VSC). 

 

ȼ ˊɟɞůɏɔɔɘůɖ Ůɜɧɠ ɖɛɘŰɞɜɞŮɘŭɞɨɠ ůɐɛŬŰɞɠ ɛˊɞɟŮɑ ɜŬ ˊɟŬɔɛŬŰɞˊɞɘɖɗŮɑ ɛɏůɤ 

Űɖɠ ŭɘŬɛɧɟűɤůɖɠ PWM. ȾŬŰɎ Űɖ ŭɘŬɛɧɟűɤůɖ PWM, Űɞ əɨəɚɤɛŬ Ůɚɏɔɢɞɡ Űɞɡ 

ɛŮŰŬŰɟɞˊɏŬ ˊŬɟɎɔŮɘ ɛɘŬ Űɟɘɔɤɜɘəɐ əɡɛŬŰɞɛɞɟűɐ űɞɟɏŬ ɛŮ Űɘɛɏɠ ůŰɞ ŭɘɎůŰɖɛŬ [-1,1]. 

ȷəɧɛŬ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ŰɟŮɘɠ ɖɛɘŰɞɜɞŮɘŭŮɑɠ əɡɛŬŰɞɛɞɟűɏɠ ŬɜŬűɞɟɎɠ ma(t) , mb(t) , 

mc(t) , ɛɑŬ ɔɘŬ əɎɗŮ űɎůɖ Űɞɡ ɛŮŰŬŰɟɞˊɏŬ. ɇŬ ɖɛɑŰɞɜŬ ŬɜŬűɞɟɎɠ ma(t) , mb(t) , mc(t) 

ůɡɔəɟɑɜɞɜŰŬɘ ɛŮ Űɖɜ Űɟɘɔɤɜɘəɐ əɡɛŬŰɞɛɞɟűɐ űɞɟɏŬ, əŬɘ Ŭˊɧ Űɞ ŬˊɞŰɏɚŮůɛŬ ŬɡŰɐɠ Űɖɠ 

ůɨɔəɟɘůɖɠ ˊɟɞəɨˊŰɞɡɜ ɞɘ əŬŰɎɚɚɖɚɞɘ ˊŬɚɛɞɑ ɞŭɐɔɖůɖɠ ˊɞɡ əŬɗɞɟɑɕɞɡɜ Űɖɜ Ŭɔɤɔɐ ɐ 

ɧɢɘ Űɞɡ əɎɗŮ IGBD ŭɘŬəɧˊŰɖ. ɆŰɞ ɆɢɐɛŬ 2.2 űŬɑɜŮŰŬɘ ŮɜŭŮɘəŰɘəɎ ɖ ˊŬɟŬɔɤɔɐ Űɖɠ VAO 

ɛɏůɤ ŰŮɢɜɘəɐɠ SPWM. 

 
ɆɢɐɛŬ 2.2. ɄŬɟŬɔɤɔɐ ŰɎůɖɠ VAO ɛŮ ŰŮɢɜɘəɐ ŭɘŬɛɧɟűɤůɖɠ PWM. 

 

ɇŬ ɖɛɑŰɞɜŬ ŬɜŬűɞɟɎɠ ma(t) , mb(t) , mc(t) əŬɗɞɟɑɕɞɡɜ Űɞ ŰɟɘűŬůɘəɧ ůɨůŰɖɛŬ 

ŰɎůŮɤɜ ˊɞɡ ˊŬɟɎɔŮɘ ɞ ɛŮŰŬŰɟɞˊɏŬɠ ůŰɖɜ ɏɝɞŭɞ Űɞɡ. ũɘŬ Űɖ ɗŮɛŮɚɘɩŭɖ ůɡɜɘůŰɩůŬ 
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(f=50Hz) Űɖɠ ŰɎůɖɠ Ůɝɧŭɞɡ, Űɞ ŰɟɘűŬůɘəɧ ůɨůŰɖɛŬ ŰɎůŮɤɜ ɡˊɞɚɞɔɑɕŮŰŬɘ Ŭˊɧ Űɖɜ 

Ůɝɑůɤůɖ : 

 

 

Ö Ô

Ö Ô

Ö Ô

Í Ô

Í Ô

Í Ô

6

ς
  (2.1) 

 

ȼ Ůɝɑůɤůɖ ŮɑɜŬɘ ŮəűɟŬůɛɏɜɖ ůŮ əŬɜɞɜɘəɎ ɛŮɔɏɗɖ. ȷɜ ɗŮɤɟɐůɞɡɛŮ ɧŰɘ ɞ 

ɏɚŮɔɢɞɠ Űɞɡ VSC ɛŮŰŬŰɟɞˊɏŬ ˊŬɟɎɔŮɘ ůŰɖɜ ɏɝɞŭɧ Űɞɡ, ɧˊɤɠ ɗŬ ŭɞɨɛŮ ˊŬɟŬəɎŰɤ, Űɘɠ 

ŰɎůŮɘɠ ŬɜŬűɞɟɎɠ [va
* vb

* vc
*]ɇ, ŰɧŰŮ ŰŬ ɖɛɑŰɞɜŬ ŬɜŬűɞɟɎɠ ŭɑɜɞɜŰŬɘ ɤɠ : 

 

 

ÍᶻÔ

ÍᶻÔ

ÍᶻÔ

ς

6

ÖᶻÔ

ÖᶻÔ

ÖᶻÔ
 (2.2) 

 

ȼ ɘŭɘŬɘŰŮɟɧŰɖŰŬ Ůŭɩ ŮɑɜŬɘ ɧŰɘ Űɞ ɛɞɜŰɏɚɞ Ůɚɏɔɢɞɡ Űɞɡ VSC ŭɘŬɢŮɘɟɑɕŮŰŬɘ ɛŮɔɏɗɖ ˊɎɜŰŬ 

ůŮ Ŭ.ɛ. . ɆɡɜŮˊɩɠ, ˊɟɏˊŮɘ ɜŬ ɔɑɜŮɘ ɛŮŰŬŰɟɞˊɐ Űɤɜ [va
* vb

* vc
*]ɇ Ŭˊɧ Ŭ.ɛ. (ˊŬɟɎɔɞɜŰŬɘ 

ůŰɖɜ ɏɝɞŭɞ Űɞɡ Ůɚɏɔɢɞɡ) ůŮ əŬɜɞɜɘəɏɠ Űɘɛɏɠ, ɛɏůɤ ˊɞɚɚŬˊɚŬůɘŬůɛɞɨ ɛŮ Űɖ ɓŬůɘəɐ 

ŰɎůɖ VB ,ɔɘŬ ɜŬ ɢɟɖůɘɛɞˊɞɘɖɗŮɑ ɖ Ⱥɝ. 2.2 . 

ȷɜ VN,ph-ph ŮɑɜŬɘ ɖ ɞɜɞɛŬůŰɘəɐ ˊɞɚɘəɐ rms Űɘɛɐ Űɖɠ ŰɎůɖɠ Űɞɡ VSC, ŰɧŰŮ VB = 

2

3
 VN,ph-ph  ŮɑɜŬɘ ɖ ɓŬůɘəɐ ŰɎůɖ (pick űŬůɘəɐɠ ŰɎůɖɠ) ˊɞɡ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ůŰɞɜ 

ɏɚŮɔɢɞ Űɞɡ VSC ɛŮŰŬŰɟɞˊɏŬ. ɄŬɟŬəɎŰɤ űŬɑɜŮŰŬɘ ůɢɖɛŬŰɘəɎ ɖ ˊŬɟŬɔɤɔɐ Űɤɜ 

ɖɛɘŰɧɜɤɜ ŬɜŬűɞɟɎɠ əŬŰɎ Űɖ ˊɟŬɔɛŬŰɞˊɞɑɖůɖ Űɞɡ Ůɚɏɔɢɞɡ ůŰɞ Matlab/Simulink. ɇŬ 

ɖɛɑŰɞɜŬ ŬɜŬűɞɟɎɠ ŭɑɜɞɜŰŬɘ ŬˊŮɡɗŮɑŬɠ ɤɠ Ůɑůɞŭɞɘ ůŰɞ ɛɞɜŰɏɚɞ ɛɏůɤɜ Űɘɛɩɜ VSC 

ɛŮŰŬŰɟɞˊɏŬ (PWM ŭɘŬɛɧɟűɤůɖ ˊŬɟŬɚŮɑˊŮŰŮ). 

 

 
ɆɢɐɛŬ 2.3. ɄŬɟŬɔɤɔɐ ɖɛɘŰɧɜɞɡ ŬɜŬűɞɟɎɠ  

 

ɇŬ ɛɏŰɟŬ Űɤɜ [ma
* mb

* mc
*]ɇ ˊɟɏˊŮɘ ɜŬ ŮɑɜŬɘ ɛɘəɟɧŰŮɟŬ Űɖɠ ɛɞɜɎŭŬɠ, ɩůŰŮ ɖ 

ŰŮɢɜɘəɐ ɜŬ ɛɖɜ ŮɘůɏɟɢŮŰŬɘ ůŰɖ ˊŮɟɘɞɢɐ əɞɟŮůɛɞɨ ɛŮ ŬɟɜɖŰɘəɏɠ ůɡɜɏˊŮɘŮɠ ɔɘŬ Űɖ 

ˊŬɟŬɔɧɛŮɜɖ ŰɎůɖ. ũɘŬ Űɞ ɚɧɔɞ ɔɑɜŮŰŬɘ ɢɟɐůɖ ˊŮɟɘɞɟɘůŰɐ, ɞ ɞˊɞɑɞɠ ˊŮɟɘɞɟɑɕŮɘ ŰŬ ɛɏŰɟŬ 

ůŰɞ [-1,1]. 

ȺűŬɟɛɧɕɞɜŰŬɠ Űɞɜ ɛŮŰŬůɢɖɛŬŰɘůɛɧ Park ůŰɖɜ Ⱥɝ. 2.1, ˊɟɞəɨˊŰɞɡɜ ɞɘ 

ŬɜŰɑůŰɞɘɢŮɠ ŰɎůŮɘɠ ůŰɞ dq ˊɚŬɑůɘɞ ŬɜŬűɞɟɎɠ ɤɠ Ůɝɐɠ : 

 

 
Ö
Ö

Í
Í
6

ς
 (2.3) 
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ȼ Ůɝɑůɤůɖ ŬɡŰɐ ɗŬ ɛˊɞɟɞɨůŮ ɜŬ ɢɟɖůɘɛɞˊɞɘɖɗŮɑ ɔɘŬ Űɖ ˊŬɟŬɔɤɔɐ Űɤɜ ɖɛɘŰɧɜɤɜ 

ŬɜŬűɞɟɎɠ [md
* mq

*]ɇ ůŰɞ dq-ˊɚŬɑůɘɞ əŬɘ ɨůŰŮɟŬ ɛɏůɤ ɛŮŰŬůɢɖɛŬŰɘůɛɞɨ Park ɜŬ 

ɛŮŰŬůɢɖɛŬŰɘůɗɞɨɜ ůŰɞ abc əŬɘ ɜŬ ŭɞɗɞɨɜ ɤɠ Ůɑůɞŭɞɠ ůŰɞɜ ɛŮŰŬŰɟɞˊɏŬ. 

ɁŬ ůɡɜɞɣɘůɗŮɑ ůŮ ŬɡŰɧ Űɞ ůɖɛŮɑɞ ɧŰɘ, ŮˊŮɘŭɐ ŰŬ űŬɘɜɧɛŮɜŬ ˊɞɡ ɗŬ ɛŮɚŮŰɖɗɞɨɜ 

(ŬˊɧŰɞɛɖ ɛŮŰŬɓɞɚɐ ˊŬɟŬɔɤɔɐɠ-űɞɟŰɑɞɡ, Ŭˊɧəɟɘůɖ ůɡɢɜɧŰɖŰŬɠ) ŭɘŬɟəɞɨɜ ŬɟəŮŰɎ 

ŭŮɡŰŮɟɧɚŮˊŰŬ , ɖ ɢɟɐůɖ Űɞɡ ɛɞɜŰɏɚɞɡ ɛɏůɤɜ Űɘɛɩɜ Űɞɡ VSC əɟɑɗɖəŮ ɘəŬɜɞˊɞɘɖŰɘəɐ. 

Ⱥˊɞɛɏɜɤɠ o ɛŮŰŬŰɟɞˊɏŬɠ ɛˊɞɟŮɑ ɜŬ ɗŮɤɟɖɗŮɑ ɤɠ ɛɘŬ ŮɚŮɔɢɧɛŮɜɖ ˊɖɔɐ ŰɎůɖɠ ɖ ɞˊɞɑŬ 

ˊŬɟɎɔŮɘ ŰɟɘűŬůɘəɐ ɖɛɘŰɞɜɞŮɘŭɐ ŰɎůɖ ůŰɖɜ ɏɝɞŭɞ Űɞɡ ɛŮ ɓɎůɖ Űɘɠ ŰɎůŮɘɠ ŬɜŬűɞɟɎɠ [va
* 

vb
* vc

*]ɇ ˊɞɡ ˊɟɞəɨˊŰɞɡɜ Ŭˊɧ Űɞ ůɨůŰɖɛŬ Ůɚɏɔɢɞɡ Űɞɡ.  

 

 

2.3 ɉŬɟŬəŰɖɟɘůɛɧɠ ɛŮŰŬŰɟɞˊɏɤɜ ɛŮ ɓɎůɖ Űɖ ɚŮɘŰɞɡɟɔɑŬ Űɞɡɠ ůŰɞ 

ŭɑəŰɡɞ 
 

ȰɜŬɠ ɛŮŰŬŰɟɞˊɏŬɠ ɛˊɞɟŮɑ ɜŬ əŬŰɖɔɞɟɘɞˊɞɘɖɗŮɑ ŬɜɎɚɞɔŬ ɛŮ Űɘɠ ɡˊɖɟŮůɑŮɠ ˊɞɡ 

ˊɟɞůűɏɟŮɘ ůŰɞ ŭɑəŰɡɞ. ɆŰɖ ˊŬɟɞɨůŬ ŮɟɔŬůɑŬ ɢɟɖůɘɛɞˊɞɘɐɗɖəŬɜ ɛŮŰŬŰɟɞˊŮɑɠ ˊɖɔɐɠ 

ŰɎůɖɠ ɞɘ ɞˊɞɑɞɘ ɚŮɘŰɞɡɟɔɞɨɜ, ŬɜɎɚɞɔŬ ɛŮ Űɖ ɗɏůɖ Űɞɡɠ ůŰɞ ŭɑəŰɡɞ, ŮɑŰŮ ɤɠ grid-feeding 

əŬɘ ŮɑŰŮ ɤɠ grid-forming. 

ȰɜŬɠ grid-forming ɛŮŰŬŰɟɞˊɏŬɠ ŬɜŬɚŬɛɓɎɜŮɘ ɜŬ çůŰɐůŮɘè ɏɜŬ AC ŭɑəŰɡɞ, 

ɟɡɗɛɑɕɞɜŰŬɠ Űɖɜ ŰɎůɖ əŬɘ Űɖ ůɡɢɜɧŰɖŰŬ ůŰɘɠ ŮˊɘɗɡɛɖŰɏɠ Űɘɛɏɠ ŬɜŬűɞɟɎɠ, V* əŬɘ f* 

ɛɏůɤ əɚŮɘůŰɞɨ ɓɟɧɢɞɡ Ůɚɏɔɢɞɡ. ȾɡəɚɤɛŬŰɘəɎ ɏɜŬɠ grid-forming ɛŮŰŬŰɟɞˊɏŬɠ ɛˊɞɟŮɑ 

ɜŬ ŬɜŬˊŬɟŬůŰŬɗŮɑ ɤɠ ɛɘŬ ɘŭŬɜɘəɐ ˊɖɔɐ AC ŰɎůɖɠ ɛŮ ɛɘŬ ɢŬɛɖɚɐ ŬɜŰɑůŰŬůɖ Ůɝɧŭɞɡ, 

ɧˊɤɠ űŬɑɜŮŰŬɘ əŬɘ ůŰɞ ɆɢɐɛŬ 2.4 (a) . ȿɧɔɤ Űɖɠ ɢŬɛɖɚɐɠ ŬɜŰɑůŰŬůɖɠ Ůɝɧŭɞɡ ˊɞɡ 

ˊŬɟɞɡůɘɎɕŮɘ ŬˊŬɘŰŮɑŰŬɘ ɏɜŬ ŮɝŬɘɟŮŰɘəɎ Ŭəɟɘɓɏɠ ůɨůŰɖɛŬ ůɡɔɢɟɞɜɘůɛɞɨ ɔɘŬ ɜŬ 

ɚŮɘŰɞɡɟɔɐůŮɘ ˊŬɟɎɚɚɖɚŬ ɛŮ Ɏɚɚɞɡɠ grid-forming ɛŮŰŬŰɟɞˊŮɑɠ, Ůɜɩ ɞ ŭɘŬɛɞɘɟŬůɛɧɠ Űɖɠ 

ɘůɢɨɞɠ ŬɜɎɛŮůŬ ůŮ ŰɏŰɞɘɞɡɠ ɛŮŰŬŰɟɞˊŮɑɠ ůɡɜŭŮŭŮɛɏɜɞɡɠ ˊŬɟɎɚɚɖɚŬ ŮɝŬɟŰɎŰŬɘ Ŭˊɧ Űɘɠ 

Űɘɛɏɠ Űɤɜ ŬɜŰɘůŰɎůŮɤɜ Ůɝɧŭɞɡ Űɞɡɠ. ɆŰɖ ˊŬɟɞɨůŬ ŮɟɔŬůɑŬ grid-forming ɛŮŰŬŰɟɞˊŮɑɠ 

ŮɑɜŬɘ ɞɘ ɡˊŮɟɎəŰɘɞɘ HVDC ɛŮŰŬŰɟɞˊŮɑɠ Űɤɜ ŪȷɄ (offshore grid-forming VSC). 

ȰɜŬɠ grid-feeding ɛŮŰŬŰɟɞˊɏŬɠ ɏɢŮɘ ɤɠ ůŰɧɢɞ Űɖɜ ˊŬɟɞɢɐ Űɖɠ ŮˊɘɗɡɛɖŰɐɠ 

ŮɜŮɟɔɞɨ əŬɘ Ŭɏɟɔɞɡ ɘůɢɨɞɠ ůŰɞ ŭɑəŰɡɞ ɛŮ Űɞ ɞˊɞɑɞ ůɡɜŭɏŮŰŬɘ. ȳɚɖ ɖ ŬɜɎɚɡůɖ ˊɞɡ 

ɔɑɜŮŰŬɘ ůŰɘɠ ŮˊɧɛŮɜŮɠ ˊŬɟŬɔɟɎűɞɡɠ (PLL, outer current controller ,inner current 

controller) ˊŮɟɘɔɟɎűŮɘ Űɞ ůɨůŰɖɛŬ Ůɚɏɔɢɞɡ Ůɜɧɠ grid-feeding ɛŮŰŬŰɟɞˊɏŬ. ȰɜŬɠ 

ŰɏŰɞɘɞɠ ɛŮŰŬŰɟɞˊɏŬɠ ŭŮ ɛˊɞɟŮɑ ɜŬ ɚŮɘŰɞɡɟɔɐůŮɘ ůŮ ɏɜŬ ŬɡŰɧɜɞɛɞ ůɨůŰɖɛŬ ŮɎɜ ŭŮɜ 

ɡˊɎɟɢŮɘ grid-forming ɛŮŰŬŰɟɞˊɏŬɠ ɐ ɛɘŬ ůɨɔɢɟɞɜɖ ɔŮɜɜɐŰɟɘŬ ˊɞɡ ɗŬ ŭɘŬɛɞɟűɩɜɞɡɜ 

Űɖɜ ŰɎůɖ əŬɘ Űɖ ůɡɢɜɧŰɖŰŬ Űɞɡ AC ŭɘəŰɨɞɡ. ũɘŬ ŬɡŰɧ ɢɟŮɘɎɕŮŰŬɘ əɎˊɞɘɞ ůɨůŰɖɛŬ 

ůɡɔɢɟɞɜɘůɛɞɨ ɛŮ Űɖ ůɡɢɜɧŰɖŰŬ Űɞɡ ŭɘəŰɨɞɡ (ˊ.ɢ. PLL). ɀˊɞɟŮɑ ɓɏɓŬɘŬ ɜŬ ɚŮɘŰɞɡɟɔŮɑ 

ˊŬɟɎɚɚɖɚŬ ɛŮ Ɏɚɚɞɡɠ grid-feeding ɛŮŰŬŰɟɞˊŮɑɠ ŭɘŬůɡɜŭŮŭŮɛɏɜɞɡɠ ůŰɞ ɑŭɘɞ 

ˊɟɞɡˊɎɟɢɤɜ ŭɑəŰɡɞ. 

ȰɜŬɠ grid-feeding ɛŮŰŬŰɟɞˊɏŬɠ ɛˊɞɟŮɑ, ŮɑŰŮ ɜŬ ŭɏɢŮŰŬɘ ŬˊŮɡɗŮɑŬɠ Űɘɠ ŬɜŬűɞɟɏɠ 

Űɖɠ ŮɜŮɟɔɞɨ əŬɘ Ŭɏɟɔɞɡ ɘůɢɨɞɠ, P* əŬɘ Q* ŬɜŰɑůŰɞɘɢŬ, ŮɑŰŮ ŬɡŰɏɠ ɜŬ ŭɘŬɛɞɟűɤɗɞɨɜ 

əŬŰɎɚɚɖɚŬ Ŭˊɧ ŮɚŮɔəŰɏɠ ɡɣɖɚɧŰŮɟɞɡ Ůˊɘˊɏŭɞɡ ɩůŰŮ ɜŬ ůɡɛɛŮŰɏɢɞɡɜ ůŰɖ ɟɨɗɛɘůɖ Űɖɠ 

ůɡɢɜɧŰɖŰŬɠ ɐ Űɖɠ ŰɎůɖɠ Űɞɡ AC ŭɘəŰɨɞɡ. ɆŰɖ ˊŬɟɞɨůŬ ŮɟɔŬůɑŬ ɤɠ grid-feeding 

ɛŮŰŬŰɟɞˊŮɑɠ ɚŮɘŰɞɡɟɔɞɨɜ ɞɘ ŭɨɞ ɖˊŮɘɟɤŰɘəɞɑ ɛŮŰŬŰɟɞˊŮɑɠ (onshore VSC) əŬɘ ɞɘ grid-

side VSC Űɤɜ ŬɜŮɛɞɔŮɜɜɖŰɟɘɩɜ. 

ȾɡəɚɤɛŬŰɘəɎ ɞ grid-feeding ɛŮŰŬŰɟɞˊɏŬɠ ɛˊɞɟŮɑ ɜŬ ŬɜŬˊŬɟŬůŰŬɗŮɑ ɤɠ ɛɘŬ 

ɘŭŬɜɘəɐ ˊɖɔɐ ɟŮɨɛŬŰɞɠ ůɡɜŭŮŭŮɛɏɜɖ ˊŬɟɎɚɚɖɚŬ ɛŮ ɛɘŬ ɡɣɖɚɐ ŬɜŰɑůŰŬůɖ Ůɝɧŭɞɡ. 

ȷɡŰɐ ɖ ˊɖɔɐ ɟŮɨɛŬŰɞɠ ɗŬ ˊɟɏˊŮɘ ɜŬ ŮɑɜŬɘ ŬˊɧɚɡŰŬ ůɡɔɢɟɞɜɘůɛɏɜɖ ɛŮ Űɖɜ AC ŰɎůɖ ůŰɞ 

ůɖɛŮɑɞ ůɨɜŭŮůɖɠ, ɏŰůɘ ɩůŰŮ ɜŬ ɟɡɗɛɑɕŮɘ ɛŮ ŬəɟɑɓŮɘŬ Űɖɜ ŮɜŮɟɔɧ əŬɘ ɎŮɟɔɞ ɘůɢɨ ˊɞɡ 

ŬɜŰŬɚɚɎůůŮŰŬɘ ɛŮ Űɞ ŭɑəŰɡɞ. 
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ɆɢɐɛŬ 2.4: ȷˊɚɞɡůŰŮɡɛɏɜɖ əɡəɚɤɛŬŰɘəɐ ŬɜŬˊŬɟɎůŰŬůɖ Űɤɜ ŭɨɞ əŬŰɖɔɞɟɘɩɜ ɛŮŰŬŰɟɞˊɏɤɜ ɘůɢɨɞɠ 

ŬɜɎɚɞɔŬ ɛŮ Űɖ ɚŮɘŰɞɡɟɔɑŬ Űɞɡɠ ůŰɞ ŭɑəŰɡɞ. 

(a) grid-forming (b) grid-feeding 

 

 

2.4 ɀŮŰŬůɢɖɛŬŰɘůɛɧɠ ůŰɞ ůɨɔɢɟɞɜɞ ůŰɟŮűɧɛŮɜɞ dq ˊɚŬɑůɘɞ 

ŬɜŬűɞɟɎɠ (ɀŮŰŬůɢɖɛŬŰɘůɛɧɠ Park) 
 

ɆŮ ŰɟɘűŬůɘəɎ ůɡůŰɐɛŬŰŬ ůŰɟŮűɧɛŮɜɤɜ ɖɚŮəŰɟɘəɩɜ ɛɖɢŬɜɩɜ ŬɚɚɎ əŬɘ 

ɛŮŰŬŰɟɞˊɏɤɜ ɘůɢɨɞɠ ˊŬɟɞɡůɘɎɕŮŰŬɘ ɖ ŬɜɎɔəɖ ɛŮŰŬůɢɖɛŬŰɘůɛɞɨ ɢɟɞɜɘəɎ 

ɛŮŰŬɓŬɚɚɧɛŮɜɤɜ ɛŮɔŮɗɩɜ (ŰɎůɖ, ɟŮɨɛŬ) ůŮ ůɡɜŮɢɐ ɛŮɔɏɗɖ əŬŰɎ Űɞɜ ɏɚŮɔɢɞ Űɖɠ 

ŭɡɜŬɛɘəɐɠ ɚŮɘŰɞɡɟɔɑŬɠ Űɞɡɠ. ȷɡŰɧ ŮˊɘŰɟɏˊŮɘ Űɖɜ ɡɚɞˊɞɑɖůɖ ůɡůŰɖɛɎŰɤɜ ɛŮ PI 

ŮɚŮɔəŰɏɠ, ɞɘ ɞˊɞɑɞɘ ŮɝŬɚŮɑűɞɡɜ ŰŬ ůűɎɚɛŬŰŬ Űɤɜ ɛŮŰŬůɢɖɛŬŰɘůɛɏɜɤɜ ůɡɜŮɢɩɜ 

ɛŮɔŮɗɩɜ. 

Ƀ ɛŮŰŬůɢɖɛŬŰɘůɛɧɠ Park ŬɜŬɚɨŮɘ ŰŬ ɛŮɔɏɗɖ Ůɜɧɠ ŰɟɘűŬůɘəɞɨ ůɡůŰɐɛŬŰɞɠ 

ůŰɞɡɠ əɎɗŮŰɞɡɠ ɛŮŰŬɝɨ Űɞɡɠ ɎɝɞɜŮɠ d (Ůɡɗɨɠ) əŬɘ q (ŮɔəɎɟůɘɞɠ) Ůɜɧɠ ůŰɟŮűɧɛŮɜɞɡ 

ˊɚŬɘůɑɞɡ ŬɜŬűɞɟɎɠ (dq frame). ȰůŰɤ ɏɜŬ ůɡɛɛŮŰɟɘəɧ ŰɟɘűŬůɘəɧ ůɨůŰɖɛŬ ŰɎůŮɤɜ va, 

vb, vc : 
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ÃÏÓʖÔ (2.4Ŭ) 
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ÃÏÓ ʖÔ
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σ
 (2.4ɓ) 

 Ö
Ö

Ѝς
ÃÏÓ ʖÔ

ςʌ

σ
 (2.4ɔ) 

 

, Űɞ ɞˊɞɑɞ ŬɜŰɘůŰɞɘɢɑɕŮŰŬɘ ůŰɞ ŭɘɎɜɡůɛŬ ŰɎůɖɠ ╥ᴆ ˊɞɡ ůŰɟɏűŮŰŬɘ ɛŮ Űɖ ɔɤɜɘŬəɐ 

ůɡɢɜɧŰɖŰŬ Űɤɜ ŰɟɘűŬůɘəɩɜ ŰɎůŮɤɜ ɤe. ȼ ɔɤɜɑŬ ˊɞɡ ůɢɖɛŬŰɑɕŮɘ əɎɗŮ ɢɟɞɜɘəɐ ůŰɘɔɛɐ 

Űɞ ╥ᴆ ɛŮ Űɞɜ ɞɟɘɕɧɜŰɘɞ ɎɝɞɜŬ (ůŰɖɜ ˊɟɞəŮɘɛɏɜɖ ˊŮɟɑˊŰɤůɖ Űɞɜ a) ŮɑɜŬɘ ʃÅ ʖ᷿ÄÔ

ʖÔ , Ŭűɞɨ ɤe=2ˊfe ŮɑɜŬɘ ɖ ůŰŬɗŮɟɐ ɔɤɜɘŬəɐ ůɡɢɜɧŰɖŰŬ Űɞɡ ŭɘəŰɨɞɡ. 

ȺűŬɟɛɧɕɞɜŰŬɠ Űɞɜ ˊɑɜŬəŬ ɇdq0 Űɞɡ ɛŮŰŬůɢɖɛŬŰɘůɛɧ Park ůŰɞ [va, vb, vc]
ɇ 

ˊɟɞəɨˊŰŮɘ Űɞ [vd, vq, v0]
ɇ , ˊɞɡ ŮɑɜŬɘ Űɞ ɘůɞŭɨɜŬɛɞ ůɨůŰɖɛŬ ŰɎůŮɤɜ ůŰɞ dq ˊɚŬɑůɘɞ. 
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ȺˊŮɘŭɐ [va, vb, vc]
ɇ ŮɑɜŬɘ ůɡɛɛŮŰɟɘəɧ ɘůɢɨŮɘ va+vb+vc=0 => v0=0 . Ⱥŭɩ ɗ ŮɑɜŬɘ ɖ ɔɤɜɑŬ 

ˊɞɡ ůɢɖɛŬŰɑɕŮɘ Űɞ ůŰɟŮűɧɛŮɜɞ ɛŮ ɔɤɜɑŬ ɤ dq ˊɚŬɑůɘɞ (ɘůɞŭɨɜŬɛŬ ɞ ůŰɟŮűɧɛŮɜɞɠ 

ɎɝɞɜŬɠ d) ɛŮ Űɞɜ ɞɟɘɕɧɜŰɘɞ ɎɝɞɜŬ a əŬɘ ɘůɢɨŮɘ ʃ ʖ᷿ÄÔʖÔ, Ůűɧůɞɜ Űɞ ɤ ŮɑɜŬɘ 

ůŰŬɗŮɟɐ Űɘɛɐ. 

ȳˊɤɠ űŬɑɜŮŰŬɘ Ŭˊɧ Űɞ ɆɢɐɛŬ 2.5, ůŰɖɜ ˊŮɟɑˊŰɤůɖ ˊɞɡ ɤ=ɤe , ŭɖɚŬŭɐ Űɞ 

ˊɚŬɑůɘɞ ŬɜŬűɞɟɎɠ dq ˊŮɟɘůŰɟɏűŮŰŬɘ əŬɘ ŬɡŰɧ ɛŮ Űɖ ɔɤɜɘŬəɐ ŰŬɢɨŰɖŰŬ ɤe , ɖ ůɢŮŰɘəɐ 

ɗɏůɖ ɛŮŰŬɝɨ Űɞɡ ŭɘŬɜɨůɛŬŰɞɠ Űɖɠ ŰɎůɖɠ ╥ᴆ əŬɘ Űɞɡ dq ˊɚŬɘůɑɞɡ ˊŬɟŬɛɏɜŮɘ ůŰŬɗŮɟɐ. 

Ⱥˊɞɛɏɜɤɠ, ŬɜŬɚɨɞɜŰŬɠ Űɞ ŭɘɎɜɡůɛŬ ŰɎůɖɠ ╥ᴆ Ö ἲÖ   ůŮ ůɡɜɘůŰɩůŮɠ vd , vq ˊɎɜɤ 

ůŰɞ ůɨɔɢɟɞɜɞ ˊɘŬ dq-ˊɚŬɑůɘɞ, ɞɘ ůɡɜɘůŰɩůŮɠ ŬɡŰɏɠ Űɞɡ ŭɘŬɜɨůɛŬŰɞɠ ɗŬ ŮɑɜŬɘ ůŰŬɗŮɟɏɠ. 

ɆŮ ŬɡŰɐɜ Űɖɜ ˊŮɟɑˊŰɤůɖ ɘůɢɨŮɘ ɧŰɘ  ȿ6ᴆ ȿ ÖÄ
ς ÖÑς ÖÐÉÃËЍςÖÒÍÓ . 

ȷˊɧ Űɞ ůɢɐɛŬ ˊŬɟŬŰɖɟɞɨɛŮ Ůˊɑůɖɠ ɧŰɘ Ŭɜ ɤ=ɤe əŬɘ ŰŬɡŰɧɢɟɞɜŬ ɖ ɔɤɜɑŬ ʃ Űɞɡ 

ůŰɟŮűɧɛŮɜɞɡ ˊɚŬɘůɑɞɡ ŬɜŬűɞɟɎɠ dq (űɎůɖ ɛŮŰŬůɢɖɛŬŰɘůɛɞɨ Park) ůɡɛˊɑˊŰŮɘ ɛŮ Űɖ 

ɔɤɜɑŬ ʃe Űɞɡ ŭɘŬɜɨůɛŬŰɞɠ Űɖɠ ŰɎůɖɠ ╥ᴆ , ŰɧŰŮ ɧɚɞ Űɞ ŭɘɎɜɡůɛŬ  ╥ᴆ  ˊɟɞɓɎɚɚŮŰŬɘ ˊɎɜɤ 

ůŰɞɜ ɎɝɞɜŬ d əŬɘ ɖ ůɡɜɘůŰɩůŬ q ŮɑɜŬɘ ɛɖŭŮɜɘəɐ. ɇɞ ɔŮɔɞɜɧɠ ŬɡŰɧ, ɧˊɤɠ ɗŬ ŭɞɨɛŮ 

ˊŬɟŬəɎŰɤ, ŭɑɜŮɘ Űɖ ŭɡɜŬŰɧŰɖŰŬ ŬˊɞůɡɕŮɡɔɛɏɜɞɡ Ůɚɏɔɢɞɡ ŮɜŮɟɔɞɨ əŬɘ Ŭɏɟɔɞɡ ɘůɢɨɞɠ, 

əɎŰɘ ˊɞɡ ɛŮŰŬɝɨ Ɏɚɚɤɜ ŬɝɘɞˊɞɘŮɑŰŬɘ ɔɘŬ Űɞɜ ɏɚŮɔɢɞ Űɤɜ ɛŮŰŬŰɟɞˊɏɤɜ ˊɖɔɐɠ ŰɎůɖɠ ˊɞɡ 

ŭɘŬůɡɜŭɏɞɜŰŬɘ ɛŮ Űɞ ŭɑəŰɡɞ. ɆŰɖɜ ˊŮɟɑˊŰɤůɖ Ůɚɏɔɢɞɡ Űɞɡ VSC ɛŮŰŬŰɟɞˊɏŬ, ɞ 

ůɡɔɢɟɞɜɘůɛɧɠ Űɖɠ ɔɤɜɑŬɠ Űɞɡ ɛŮŰŬůɢɖɛŬŰɘůɛɞɨ Park ɛŮ Űɖ ɔɤɜɑŬ Űɖɠ ŰɎůɖɠ Űɞɡ 

ŭɘəŰɨɞɡ ŮɝŬůűŬɚɑɕŮŰŬɘ ɛɏůɤ Űɞɡ ůɡůŰɐɛŬŰɞɠ ůɡɔɢɟɞɜɘůɛɞɨ PLL, ɧˊɤɠ ɗŬ ŬɜŬɚɡɗŮɑ 

ˊŬɟŬəɎŰɤ. 
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ɆɢɐɛŬ 2.5. ɇɟɘűŬůɘəɧ ůɨůŰɖɛŬ abc əŬɘ Űɞ ůɨɔɢɟɞɜŬ ůŰɟŮűɧɛŮɜɞ dq- ˊɚŬɑůɘɞ. 

 

ȷɜŰɑůŰɟɞűŬ, Ŭɜ ɗŮɤɟɐůɞɡɛŮ ɔɜɤůŰɧ Űɞ [vd, vq, v0]
ɇ, ɡˊɞɚɞɔɑɕŮŰŬɘ Űɞ ╥ᴆ ůŰɞ abc 

ŮˊɑˊŮŭɞ ŮűŬɟɛɧɕɞɜŰŬɠ Űɞɜ ŬɜŰɑůŰɟɞűɞ ɛŮŰŬůɢɖɛŬŰɘůɛɧ Park ɇdq0
-1. 
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(2.6) 

ȳŰɘ ɘůɢɨŮɘ ɔɘŬ Űɖɜ ŰɎůɖ ɘůɢɨŮɘ ŬɜŰɑůŰɞɘɢŬ əŬɘ ɔɘŬ Űɞ ɟŮɨɛŬ. ɁŬ ŰɞɜɘůɗŮɑ ɧŰɘ əŬŰɎ Űɞɜ 

ɏɚŮɔɢɞ Űɤɜ HVDC ɛŮŰŬŰɟɞˊɏɤɜ, ůŰɞɡɠ Űɨˊɞɡɠ ɖ ŰɎůɖ ŮɑɜŬɘ űŬůɘəɐ (phase to ground) 

əŬɘ Űɞ ɟŮɨɛŬ ŮɑɜŬɘ ɔɟŬɛɛɐɠ (line).Ⱥˊɑůɖɠ, ɞ ɛŮŰŬůɢɖɛŬŰɘůɛɧɠ Park ŮűŬɟɛɧɕŮŰŬɘ ůŮ p.u 

ɛŮɔɏɗɖ əŬŰɎ Űɖ ˊɟŬɔɛŬŰɞˊɞɑɖůɖ Űɞɡ Ůɚɏɔɢɞɡ Űɞɡ VSC ɛŮŰŬŰɟɞˊɏŬ, ŬɚɚɎ ɞɘ Űɨˊɞɘ ŮɑɜŬɘ 

ɑŭɘɞɘ əŬɘ ɔɘŬ ˊɟŬɔɛŬŰɘəɎ ɛŮɔɏɗɖ. 

ȷɜŮɝɎɟŰɖŰŬ ůŮ ˊɞɘɞ ˊŮŭɑɞ ɔɑɜŮŰŬɘ ɞ ɛŮŰŬůɢɖɛŬŰɘůɛɧɠ, ɘůɢɨŮɘ ˊɎɜŰŬ Űɞ 

ŬɜŬɚɚɞɑɤŰɞ Űɖɠ ɛŮŰŬűŮɟɧɛŮɜɖɠ ɘůɢɨɞɠ, ŮɑŰŮ ůŮ ˊɟŬɔɛŬŰɘəɏɠ ŮɑŰŮ ůŮ p.u Űɘɛɏɠ. ɆɡɜŮˊɩɠ 

Űɞ pdq=pabc=p & qdq=qabc=q ůŮ p.u ɐ Pdq=Pabc=P & Qdq=Qabc=Q ůŮ W & VAr. ȷɡŰɧ ˊɞɡ 

ŬɚɚɎɕŮɘ ŮɑɜŬɘ ɞɘ Űɨˊɞɘ ɡˊɞɚɞɔɘůɛɞɨ ŬɜɎɚɞɔŬ ɛŮ Űɞ ˊɚŬɑůɘɞ. ɀŮŰŬůɢɖɛŬŰɑɕɞɜŰŬɠ Űɞɡɠ 

Űɨˊɞɡɠ ɡˊɞɚɞɔɘůɛɞɨ ɘůɢɨɞɠ Ŭˊɧ Űɞ abc ůŰɞ dq-ˊɚŬɑůɘɞ ɘůɢɨŮɘ ůŮ ˊɟŬɔɛŬŰɘəɏɠ Űɘɛɏɠ ɧŰɘ 

: 

 0
σ

ς
6) 6)  (2.7Ŭ) 

 1
σ

ς
6) 6)  (2.7ɓ) 

 



42 
 

ȾŬŰɎ Űɖɜ ˊɟŬɔɛŬŰɞˊɞɑɖůɖ Űɞɡ Ůɚɏɔɢɞɡ ɤɠ ɓŬůɘəɏɠ Űɘɛɏɠ ŮˊɘɚɏɔɞɜŰŬɘ ŰŬ ˊɚɎŰɖ (pick) 

Űɤɜ ŮɜŬɚɚŬůůɧɛŮɜɤɜ əɡɛŬŰɞɛɞɟűɩɜ ŰɎůɖɠ əŬɘ ɟŮɨɛŬŰɞɠ. Ƀɘ ɓŬůɘəɏɠ Űɘɛɏɠ (ɟŮɨɛŬ, 

ŰɎůɖ, ɘůɢɨɠ) ŰŬɡŰɑɕɞɜŰŬɘ ɔɘŬ Űɞ abc əŬɘ Űɞ dq ˊɚŬɑůɘɞ. ȯɟŬ : 

 

 6ȟ 6  Ǫ  )ȟ )  (2.8) 

 

ȺɑɜŬɘ ɔɜɤůŰɧ ɧŰɘ : 
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ɆɡɜŮˊɩɠ ŭɘŬɘɟɩɜŰŬɠ, ɞɘ Űɨˊɞɘ Űɖɠ ɘůɢɨɞɠ ůŮ p.u ŮɑɜŬɘ : 
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2.5 ɆɡůŰɐɛŬŰŬ ůɡɔɢɟɞɜɘůɛɞɨ ɛŮ Űɞ ŭɑəŰɡɞ ï PLL  (Phase Locked 

Loop) 
 

ũɘŬ Űɖɜ ɡɚɞˊɞɑɖůɖ Űɤɜ ŭɘɎűɞɟɤɜ ŰŮɢɜɘəɩɜ Ůɚɏɔɢɞɡ Űɞɡ VSC ɛŮŰŬŰɟɞˊɏŬ ŮɑɜŬɘ 

ŬˊŬɟŬɑŰɖŰɞɠ ɞ ůɡɔɢɟɞɜɘůɛɧɠ Űɞɡ ɛŮ Űɞ ˊɟɞɡˊɎɟɢɤɜ AC ŭɑəŰɡɞ. ȷɡŰɧ ɘůɢɨŮɘ ɔɘŬ Űɞɜ 

ɖˊŮɘɟɤŰɘəɧ (on-shore) VSC, ɞ ɞˊɞɑɞɠ ůɡɜŭɏŮŰŬɘ ɛɏůɤ ɛŮŰŬůɢɖɛŬŰɘůŰɐ 320/400 kV ɛŮ 

Űɞ AC ŭɑəŰɡɞ ɡˊŮɟɡɣɖɚɐɠ ŰɎůɖɠ (Űɞ ŮˊɑˊŮŭɞ ɡˊŮɟɡɣɖɚɐɠ ŰɎůɖɠ ɛˊɞɟŮɑ ɜŬ ŭɘŬűɏɟŮɘ). 

ɇŬɡŰɧɢɟɞɜŬ ɛŮ Űɞɜ ůɡɔɢɟɞɜɘůɛɧ ɔɑɜŮŰŬɘ ɖ ŬɜɑɢɜŮɡůɖ Űɞɡ ˊɚɎŰɞɡɠ, ůɡɢɜɧŰɖŰŬɠ əŬɘ 

űɎůɖɠ Űɖɠ ŰɎůɖɠ Űɞɡ AC ŭɘəŰɨɞɡ ɔɘŬ Űɖɜ ˊɟɞůŬɟɛɞɔɐ Űɖɠ ɚŮɘŰɞɡɟɔɑŬɠ Űɞɡ ɛŮŰŬŰɟɞˊɏŬ 

ŬɜɎɚɞɔŬ ɛŮ Űɖɜ əŬŰɎůŰŬůɖ əŬɘ Űɘɠ ŬˊŬɘŰɐůŮɘɠ Űɞɡ AC ŭɘəŰɨɞɡ. ɇɏɚɞɠ ɛɏůɤ Űɞɡ 

ůɡůŰɐɛŬŰɞɠ ůɡɔɢɟɞɜɘůɛɞɨ ˊŬɟɏɢŮŰŬɘ ɖ ɘəŬɜɧŰɖŰŬ ŬˊɞůɡɕŮɡɔɛɏɜɞɡ Ůɚɏɔɢɞɡ ŮɜŮɟɔɞɨ 

əŬɘ Ŭɏɟɔɞɡ ɘůɢɨɞɠ ɧˊɤɠ ɗŬ űŬɜŮɑ ˊŬɟŬəɎŰɤ. 

ɇɞ ɑŭɘɞ ůɨůŰɖɛŬ ůɡɔɢɟɞɜɘůɛɞɨ ŬˊŬɘŰŮɑŰŬɘ əŬɘ ůŰɞɜ grid-side VSC Űɤɜ ȷ/ũ 

ɛŮŰŬɓɚɖŰɩɜ ůŰɟɞűɩɜ, ɧˊɞɡ əɎɗŮ ȷ/ũ ɡűɑůŰŬŰŬɘ Ŭůɨɔɢɟɞɜɖ ůɨɜŭŮůɖ ɛŮ Űɞ ŭɑəŰɡɞ 

ɚɧɔɤ Űɖɠ ˊŬɟŮɛɓɞɚɐɠ Űɤɜ ŭɨɞ back to back ɛŮŰŬŰɟɞˊɏɤɜ ɘůɢɨɞɠ. ȼ ɢɟɐůɖ ůɡůŰɐɛŬŰɞɠ 

ůɡɔɢɟɞɜɘůɛɞɨ ɞŭɖɔŮɑ ůŰɖɜ ŬɜɑɢɜŮɡůɖ Űɤɜ ɛŮŰŬɓɞɚɩɜ Űɖɠ ůɡɢɜɧŰɖŰŬɠ Űɞɡ AC ŭɘəŰɨɞɡ 

ˊɞɡ ůɡɜŭɏŮŰŬɘ ɖ ȷ/ũ, Űɞ ɞˊɞɑɞ ŬˊɞŰŮɚŮɑ ˊɟɞɦˊɧɗŮůɖ ɔɘŬ Űɖɜ ŬˊɞŰŮɚŮůɛŬŰɘəɐ Ŭˊɧəɟɘůɖ 

ůɡɢɜɧŰɖŰŬɠ Űɖɠ ȷ/ũ. ŪŬ ˊɟɏˊŮɘ Ůˊɞɛɏɜɤɠ Űɞ ůɨůŰɖɛŬ ůɡɔɢɟɞɜɘůɛɞɨ ɜŬ ɏɢŮɘ Űɖɜ 

ɘəŬɜɧŰɖŰŬ ůɡɜŮɢɞɨɠ əŬɘ Ŭəɟɘɓɞɨɠ ŬɜɑɢɜŮɡůɖɠ Űɖɠ ŰɎůɖɠ əŬɘ Űɖɠ ůɡɢɜɧŰɖŰŬɠ Űɞɡ AC 

ŭɘəŰɨɞɡ, ŬəɧɛŬ əŬɘ ůŮ ɛŮŰŬɓŬŰɘəɏɠ əŬŰŬůŰɎůŮɘɠ ɚɧɔɤ ŭɘŬŰŬɟŬɢɩɜ. 

 ȼ ˊɘɞ ŭɘŬŭŮŭɞɛɏɜɖ ŰŮɢɜɞɚɞɔɑŬ ɔɘŬ Űɞ ůɡɔɢɟɞɜɘůɛɧ Űɞɡ ɛŮŰŬŰɟɞˊɏŬ ɛŮ Űɖɜ ŰɎůɖ 

Űɞɡ ŭɘəŰɨɞɡ ŮɑɜŬɘ ɖ ŭɘɎŰŬɝɖ SRF-PLL ɐ Ŭɚɚɘɩɠ PLL (Phase-Locked Loop). ɇɞ PLL 

ŮɝŬůűŬɚɑɕŮɘ ŬɜɎ ˊɎůŬ ůŰɘɔɛɐ ɧŰɘ ɖ űɎůɖ Űɞɡ ůɨɔɢɟɞɜɞɡ dq ˊɚŬɘůɑɞɡ ŬɜŬűɞɟɎɠ ŮɑɜŬɘ 

ɑŭɘŬ ɛŮ Űɖ űɎůɖ Űɤɜ ɛŮŰɟɞɨɛŮɜɤɜ ŰɎůŮɤɜ Űɞɡ ŭɘəŰɨɞɡ, ɩůŰŮ ɖ ůɡɜɘůŰɩůŬ ŰɎůɖɠ vq 
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Űɞɡ ɛŮŰŬůɢɖɛŬŰɘůɛɞɨ Park ɜŬ ɏɢŮɘ ɛɖŭŮɜɘəɐ Űɘɛɐ. ɆŮ ˊŮɟɑˊŰɤůɖ ˊɞɡ əɎŰɘ ŰɏŰɞɘɞ ŭŮɜ 

ůɡɛɓŬɑɜŮɘ, Űɞ PLL ɟɡɗɛɑɕŮɘ Űɖɜ ŰŬɢɨŰɖŰŬ ˊŮɟɘůŰɟɞűɐɠ Űɞɡ ˊɚŬɘůɑɞɡ ɛŮ ůŰɧɢɞ ɖ űɎůɖ 

Űɞɡ ɛŮŰŬůɢɖɛŬŰɘůɛɞɨ Park ɜŬ ŮɑɜŬɘ ɑŭɘŬ ɛŮ Űɖ űɎůɖ Űɤɜ ŰɎůŮɤɜ Űɞɡ ŭɘəŰɨɞɡ. 

 

 
 

ɆɢɐɛŬ 2.6. ȹɞɛɐ Űɖɠ ŭɘɎŰŬɝɖɠ SRF-PLL (Synchronous Reference Frame PLL). 

 

ɇɞ ŭɘɎɔɟŬɛɛŬ Ůɜɧɠ Űɡˊɘəɞɨ PLL ŬɜŬˊŬɟɑůŰŬŰŬɘ ůŰɞ ɆɢɐɛŬ 2.6 əŬɘ ɖ űɘɚɞůɞűɑŬ 

ɚŮɘŰɞɡɟɔɑŬɠ ŮɑɜŬɘ ɖ Ůɝɐɠ. ȷɟɢɘəɎ ˊŬɟɎɔŮŰŬɘ ɛɘŬ ŮəŰɑɛɖůɖ Űɖɠ əɡəɚɘəɐɠ ůɡɢɜɧŰɖŰŬɠ Űɞɡ 

ŭɘəŰɨɞɡ , ˊɞɡ ŮɑɜŬɘ ɖ ɞɜɞɛŬůŰɘəɐ ůɡɢɜɧŰɖŰŬ ɤȸ=2ˊf=2.ˊ.50=314 rad/sec. ȼ ůɡɢɜɧŰɖŰŬ 

ŬɡŰɐ ɞɚɞəɚɖɟɩɜŮŰŬɘ ɔɘŬ ɜŬ ˊɟɞəɨɣŮɘ ɖ űɎůɖ ɗPLL Űɞɡ PLL, ɤɠ ŮəŰɑɛɖůɖ Űɖɠ űɎůɖɠ 

Űɖɠ ŰɎůɖɠ Űɞɡ AC ŭɘəŰɨɞɡ. H Űɘɛɐ ŬɡŰɐ ŭɑɜŮŰŬɘ ɤɠ Ůɑůɞŭɞɠ ůŰɞ ɛˊɚɞə abc/dq əŬɘ 

ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ɔɘŬ Űɞɜ ɛŮŰŬůɢɖɛŬŰɘůɛɧ Park Űɞɡ ŰɟɘűŬůɘəɞɨ ůɡůŰɐɛŬŰɞɠ ŰɎůŮɤɜ Űɞɡ 

ŭɘəŰɨɞɡ ůŰɞ ůɨɔɢɟɞɜɞ ˊɚŬɑůɘɞ ŬɜŬűɞɟɎɠ. ȺɎɜ ɖ űɎůɖ ɗPLL ŮɑɜŬɘ Ŭəɟɘɓɩɠ ɑŭɘŬ ɛŮ Űɖ 

űɎůɖ Űɞɡ ŭɘəŰɨɞɡ ɗŬ ˊɟɞəɨɣŮɘ ɛɖŭŮɜɘəɐ ůɡɜɘůŰɩůŬ vq. ȺɎɜ ˊɟɞəɨɣŮɘ ɛɖ ɛɖŭŮɜɘəɐ 

ůɡɜɘůŰɩůŬ, ŬɡŰɧ ůɖɛŬɑɜŮɘ ˊɤɠ ɡˊɎɟɢŮɘ Ŭˊɧəɚɘůɖ Űɖɠ ˊŬɟŬɔɧɛŮɜɖɠ űɎůɖɠ ɗPLL Ŭˊɧ 

Űɖɜ ˊɟŬɔɛŬŰɘəɐ űɎůɖ Űɞɡ ŭɘəŰɨɞɡ. ɆŮ ŬɡŰɐ Űɖɜ ˊŮɟɑˊŰɤůɖ ɞ PI ŮɚŮɔəŰɐɠ ɗŬ ŭɩůŮɘ Űɞ 

əŬŰɎɚɚɖɚɞ ůɐɛŬ, Űɞ ɞˊɞɑɞ ɗŬ ˊɟɞůŰŮɗŮɑ ɞɜɞɛŬůŰɘəɐ ůɡɢɜɧŰɖŰŬ ɤȸ, , ɩůŰŮ ɖ Ŭˊɧəɚɘůɖ 

ɜŬ ŮɝŬɚŮɘűɗŮɑ ɛɏůŬ Ŭˊɧ Űɖɜ Űɟɞˊɞˊɞɑɖůɖ Űɖɠ ůɡɢɜɧŰɖŰŬɠ ɤPLL əŬɘ Ŭəɞɚɞɨɗɤɠ Űɖɠ 

űɎůɖɠ. ũɘŬ ˊŬɟɎŭŮɘɔɛŬ, ŮɎɜ ɖ ŰɎůɖ vq ŮɑɜŬɘ ŮɚŬűɟɩɠ ɛŮɔŬɚɨŰŮɟɖ Űɞɡ ɛɖŭŮɜɧɠ, ŬɡŰɧ 

ůɖɛŬɑɜŮɘ ɧŰɘ ɖ űɎůɖ Űɖɠ ŰɎůɖɠ Űɞɡ ŭɘəŰɨɞɡ ŮɑɜŬɘ ŮɚŬűɟɩɠ ɛŮɔŬɚɨŰŮɟɖ Űɖɠ űɎůɖɠ Űɞɡ 

ˊɚŬɘůɑɞɡ əŬɘ ˊɟɞɖɔŮɑŰŬɘ. ȹŮŭɞɛɏɜɞɡ ɧŰɘ ůŰɖɜ Ůɑůɞŭɞ Űɞɡ PI ŭɑɜŮŰŬɘ ɗŮŰɘəɧ ůɐɛŬ, ɞ 

ŮɚŮɔəŰɐɠ ɗŬ ŬɡɝɐůŮɘ ɚɑɔɞ Űɖɜ ɏɝɞŭɧ Űɞɡ, ŭɖɚŬŭɐ ɗŬ ŬɡɝɐůŮɘ Űɖ ůɡɢɜɧŰɖŰŬ Űɞɡ dq 

ˊɚŬɘůɑɞɡ əɎɜɞɜŰɎɠ Űɞ ŰŬɢɨŰŮɟɞ, ɞˊɧŰŮ əŬɘ Űɞ ŰŮɚŮɡŰŬɑɞ ɗŬ çˊɟɞɚɎɓŮɘè Űɖɜ ŰɎůɖ Űɞɡ 

ŭɘəŰɨɞɡ əŬɘ ɗŬ ůɡɔɢɟɞɜɘůŰŮɑ. ɄɟɞűŬɜɩɠ, ůŰɖɜ ɛɧɜɘɛɖ əŬŰɎůŰŬůɖ ɖ Ůɑůɞŭɞɠ Űɞɡ PI 

ŮɚŮɔəŰɐ ŮɑɜŬɘ ɛɖŭŮɜɘəɐ, ˊɟɎɔɛŬ ˊɞɡ ůɖɛŬɑɜŮɘ ɧŰɘ vq=0, ɞˊɧŰŮ əŬɘ Űɞ PLL ŮˊɘŰɡɔɢɎɜŮɘ 

Űɞɜ ɕɖŰɞɨɛŮɜɞ ůɡɔɢɟɞɜɘůɛɧ. 

O ɛɖŭŮɜɘůɛɧɠ Űɞɡ vq ɞŭɖɔŮɑ ůŰɞɜ ŬˊɞůɡɕŮɡɔɛɏɜɞ ɏɚŮɔɢɞ ŮɜŮɟɔɞɨ əŬɘ Ŭɏɟɔɞɡ 

ɘůɢɨɞɠ ŭɘɧŰɘ ɘůɢɨŮɘ ˊɚɏɞɜ ɧŰɘ: p=vd
.id əŬɘ q=-vd

.iq  (Ⱥɝ. 2.10Ŭ, ɓ). Ⱥˊɑůɖɠ, ɖ ůɡɢɜɧŰɖŰŬ 

Űɞɡ AC ŭɘəŰɨɞɡ ɛˊɞɟŮɑ ˊɚɏɞɜ ɜŬ ɛŮŰɟɖɗŮɑ ŮɨəɞɚŬ ɛɏůɤ Űɞɡ ůɐɛŬŰɞɠ ɤPLL ɤɠ fgrid= 

ɤPLL/2ˊ . Ƀɘ Űɘɛɏɠ Űɤɜ əŮɟŭɩɜ ŮˊɘɚɏɢɗɖəŬɜ ŮɛˊŮɘɟɘəɎ ɩůŰŮ ɜŬ ˊɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ 

ŮˊɘŰɡɢɩɠ ɞ ɓɟɧɔɢɞɠ Ůɚɏɔɢɞɡ : kp,PLL=80 , ŰPLL=0.05 sec . 

ɇɞ PLL ŬɜŰŬˊɞəɟɑɜŮŰŬɘ ˊɞɚɨ ɘəŬɜɞˊɞɘɖŰɘəɎ ůŮ ˊŮɟɘˊŰɩůŮɘɠ ůɡɛɛŮŰɟɑŬɠ əŬɘ 

əŬɜɞɜɘəɐɠ ɚŮɘŰɞɡɟɔɑŬɠ Űɞɡ ŭɘəŰɨɞɡ, əŬɘ ɢɟɖůɘɛɞˊɞɘɐɗɖəŮ ůŰɖ ˊŬɟɞɨůŬ ŮɟɔŬůɑŬ. ɆŮ 

ˊŮɟɘˊŰɩůŮɘɠ ɧɛɤɠ ŬůɡɛɛŮŰɟɑŬɠ ɐ ˊŬɟŬɛɞɟűɤɛɏɜɖɠ ŰɎůɖɠ, ɖ Ŭˊɧəɟɘůɐ Űɞɡ ŭŮɜ ŮɑɜŬɘ 

ˊɎɜŰŬ ɘəŬɜɞˊɞɘɖŰɘəɐ. ũɘŬ Űɖɜ ŬɜŰɘɛŮŰɩˊɘůɖ ŬɡŰɩɜ Űɤɜ ˊŮɟɘˊŰɩůŮɤɜ ɏɢɞɡɜ ˊɟɞŰŬɗŮɑ 

ůŰɖ ɓɘɓɚɘɞɔɟŬűɑŬ ŭɘɎűɞɟŮɠ ŭɘŬŰɎɝŮɘɠ ɧˊɤɠ Űɞ Double-Synchronous Reference Frame 

PLL, Űɞ Dual Second-Order Generalized Integrator PLL, ˊɞɡ ŮˊɘŰɡɔɢɎɜɞɡɜ ɓŮɚŰɘɤɛɏɜɖ 

Ŭˊɧəɟɘůɖ əŬŰɎ Űɘɠ ŬůɨɛɛŮŰɟŮɠ ɐ ɛŮŰŬɓŬŰɘəɏɠ əŬŰŬůŰɎůŮɘɠ. ȷəɧɛŬ ɛɘŬ Ɏɚɚɖ ŰŮɢɜɘəɐ 

ˊɞɡ ɏɢŮɘ ˊɟɞŰŬɗŮɑ ŮɑɜŬɘ Űɞ Stationary Reference Frame Frequency-Locked Loop (FLL), 
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Űɞ ɞˊɞɑɞ ŮɑɜŬɘ ɚɘɔɧŰŮɟɞ ŮɡŬɑůɗɖŰɞ ůŰɘɠ ŬˊɧŰɞɛŮɠ ɛŮŰŬɓɞɚɏɠ Űɖɠ űɎůɖɠ ˊɞɡ ɛˊɞɟŮɑ ɜŬ 

ˊŬɟŬŰɖɟɖɗɞɨɜ əŬŰɎ Űɖ ŭɘɎɟəŮɘŬ ɛŮŰŬɓŬŰɘəɩɜ əŬŰŬůŰɎůŮɤɜ ɚɧɔɤ ŭɘŬŰŬɟŬɢɩɜ ůŰɞ 

ŭɑəŰɡɞ. ȰŰůɘ ůŰɖɜ ˊŮɟɑˊŰɤůɖ ŬɡŰɐ ŮɛűŬɜɑɕŮŰŬɘ ɛɘəɟɧŰŮɟɖ ɡˊŮɟˊɐŭɖůɖ ůŮ ůɢɏůɖ ɛŮ Űɖ 

ɢɟɐůɖ Ůɜɧɠ PLL. 

 

 

2.6 ũŮɜɘəɐ ŭɞɛɐ Űɞɡ ůɡůŰɐɛŬŰɞɠ Ůɚɏɔɢɞɡ Űɞɡ ɖˊŮɘɟɤŰɘəɞɨ VSC 

ɛŮŰŬŰɟɞˊɏŬ 
 

ɆŰɖ ˊŬɟɞɨůŬ ŮɟɔŬůɑŬ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ŭɨɞ Ůɘŭɩɜ ɛŮŰŬŰɟɞˊŮɑɠ ˊɖɔɐɠ ŰɎůɖɠ 

(VSC) ůŰɞ HVDC ŭɑəŰɡɞ. Ƀɘ offshore (ɡˊŮɟɎəŰɘɞɘ) ɛŮŰŬŰɟɞˊŮɑɠ ˊɞɡ ɚŮɘŰɞɡɟɔɞɨɜ ɤɠ 

grid-forming əŬɘ ɞɘ onshore (ɖˊŮɘɟɤŰɘəɞɑ) ˊɞɡ ɚŮɘŰɞɡɟɔɞɨɜ ɤɠ grid-feeding. Ƀ offshore 

VSC ɛŮŰŬŰɟɞˊɏŬɠ ŭɘŬɛɞɟűɩɜŮɘ ɛɏůɤ Űɞɡ ŮɚŮɔəŰɐ Űɞɡ ɛɘŬ ŰɎůɖ ůɡɔəŮəɟɘɛɏɜɞɡ 

ˊɚɎŰɞɡɠ əŬɘ ŮˊɘɗɡɛɖŰɐɠ ůɡɢɜɧŰɖŰŬɠ. ȼ ŬɜɎɚɡůɖ Űɞɡ Ůɚɏɔɢɞɡ Űɤɜ offshore grid-

forming VSC ɗŬ ɔɑɜŮɘ ˊŬɟŬəɎŰɤ. 

O ɏɚŮɔɢɞɠ Űɤɜ grid-feeding onshore VSC ŮɑɜŬɘ ˊɘɞ ˊŮɟɑˊɚɞəɞɠ əŬɘ 

ˊŬɟɞɡůɘɎɕŮŰŬɘ ůŰɖ ůɡɜɏɢŮɘŬ. ȼ ɛŮɗɞŭɞɚɞɔɑŬ ˊɞɡ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ŮɑɜŬɘ ɞ 

ŭɘŬɜɡůɛŬŰɘəɧɠ ɏɚŮɔɢɞɠ ɟŮɡɛɎŰɤɜ, ɧˊɞɡ ŬˊŬɘŰŮɑŰŬɘ ɞ ɛŮŰŬůɢɖɛŬŰɘůɛɧɠ Űɤɜ 

ɛŮŰɟɞɨɛŮɜɤɜ ůŰɖɜ ɏɝɞŭɞ Űɞɡ VSC ɛŮɔŮɗɩɜ Űɞɡ ŭɘəŰɨɞɡ (3ū ŰɎůɖ, 3ū ɟŮɨɛŬ) ůŰɞ 

ŮˊɑˊŮŭɞ dq, ɩůŰŮ ɜŬ ŮˊɘŰŮɡɢɗŮɑ ŰŮɚɘəɎ ɞ ŬˊɞůɡɕŮɡɔɛɏɜɞɠ ɏɚŮɔɢɞɠ ŮɜŮɟɔɞɨ əŬɘ Ŭɏɟɔɞɡ 

ɘůɢɨɞɠ.  

ɇɞ ůɨůŰɖɛŬ Ůɚɏɔɢɞɡ ŬˊŬɟŰɑɕŮŰŬɘ Ŭˊɧ ŰɟɑŬ ŮˊɑˊŮŭŬ Ůɚɏɔɢɞɡ. ȾŬŰŬɟɢɐɜ, ɡˊɎɟɢŮɘ 

ɞ ŮůɤŰŮɟɘəɧɠ ɓɟɧɢɞɠ Ůɚɏɔɢɞɡ (inner current controller), ɞ ɞˊɞɑɞɠ ŮɚɏɔɢŮɘ Űɘɠ dq 

ůɡɜɘůŰɩůŮɠ Űɞɡ ɟŮɨɛŬŰɞɠ id, iq ůŰɘɠ Űɘɛɏɠ ŬɜŬűɞɟɎɠ id
*, iq

* , ˊŬɟɎɔɞɜŰŬɠ ɛɏůɤ 

əŬŰɎɚɚɖɚɤɜ ůɖɛɎŰɤɜ Ůɚɏɔɢɞɡ Űɘɠ ŰɎůŮɘɠ ŬɜŬűɞɟɎɠ vd
*, vq

* ůŰɖɜ Ůɑůɞŭɞ Űɞɡ 

ɛŮŰŬŰɟɞˊɏŬ. Ƀ ɛŮŰŬŰɟɞˊɏŬɠ ɛŮ Űɖ ůŮɘɟɎ Űɞɡ ŬɜŬɚŬɛɓɎɜŮɘ ɜŬ ŭɖɛɘɞɡɟɔɐůŮɘ Űɖɜ 

əŬŰɎɚɚɖɚɖ AC ŰɎůɖ ůŰɖɜ ɏɝɞŭɞ Űɞɡ (ůɨɛűɤɜŬ ɛŮ Űɖɜ ŮɜŰɞɚɐ ŬɜŬűɞɟɎɠ vd
*, vq

*) ɛɏůɤ 

əŬŰɎɚɚɖɚɖɠ ɛŮɗɞŭɞɚɞɔɑŬɠ ŭɘŬɛɧɟűɤůɖɠ, ɧˊɤɠ ɗŬ ŬɜŬɚɡɗŮɑ ŬɟɔɧŰŮɟŬ . Ƀ ɏɚŮɔɢɞɠ 

ŬɡŰɧɠ ŮɑɜŬɘ ŰŬɢɨŰŬŰɞɠ, Ŭűɞɨ ŬˊŬɘŰŮɑ ɢɟɧɜɞɡɠ Űɖɠ ŰɎɝŮɤɠ əɎˊɞɘɤɜ ŭŮəɎŭɤɜ msec əŬɘ ɖ 

ŭɡɜŬɛɘəɐ Űɞɡ ɛˊɞɟŮɑ ɜŬ ůɡɔəɟɘɗŮɑ ɛŮ ŬɡŰɐ Űɤɜ DC ˊɡəɜɤŰɩɜ Űɤɜ ɔɟŬɛɛɩɜ. 

ɇŬ ůɐɛŬŰŬ ŬɜŬűɞɟɎɠ ɟŮɨɛŬŰɞɠ id
*, iq

* ŭɑɜɞɜŰŬɘ Ŭˊɧ ɏɜŬɜ ŮɝɤŰŮɟɘəɧ ɓɟɧɢɞ 

(outer current controller), ɞ ɞˊɞɑɞɠ ŬˊɞŰŮɚŮɑ əŬɘ Űɞ ŭŮɨŰŮɟɞ ŮˊɑˊŮŭɞ Űɞɡ Ůɚɏɔɢɞɡ. Ƀ 

ɓɟɧɢɞɠ ŬɡŰɧɠ ŮɚɏɔɢŮɘ Űɖɜ ŮɜŮɟɔɧ əŬɘ ɎŮɟɔɞ ɘůɢɨ ůŰɘɠ Űɘɛɏɠ ŬɜŬűɞɟɎɠ Űɞɡɠ p*, q* , Űɘɠ 

ɞˊɞɑŮɠ əŬɘ ŭɏɢŮŰŬɘ ɤɠ Ůɑůɞŭɞ, ˊŬɟɎɔɞɜŰŬɠ ůŰɖɜ ɏɝɞŭɧ Űɞɡ Űɘɠ ˊɟɞŬɜŬűŮɟɗŮɑůŮɠ 

ŬɜŬűɞɟɏɠ ɟŮɨɛŬŰɞɠ id
*, iq

*. Ƀ ŮɝɤŰŮɟɘəɧɠ ɓɟɧɢɞɠ Ůɚɏɔɢɞɡ ŮɑɜŬɘ ůŬűɩɠ ˊɘɞ Ŭɟɔɧɠ Ŭˊɧ 

Űɞɜ ŮůɤŰŮɟɘəɧ. 

ɇɏɚɞɠ, ɞɘ ŬɜŬűɞɟɏɠ ŮɜŮɟɔɞɨ əŬɘ Ŭɏɟɔɞɡ ɘůɢɨɞɠ ˊŬɟɎɔɞɜŰŬɘ ůŰɞ ŰɟɑŰɞ ŮˊɑˊŮŭɞ, 

ɧˊɞɡ ɔɘŬ Űɞɜ Űɟɧˊɞ əŬɗɞɟɘůɛɞɨ Űɞɡɠ ɡˊɎɟɢɞɡɜ ŭɘɎűɞɟŮɠ ŰŮɢɜɘəɏɠ ŬɜɎɚɞɔŬ ɛŮ Űɘɠ 

ŬˊŬɘŰɐůŮɘɠ Űɖɠ əɎɗŮ ŮűŬɟɛɞɔɐɠ əŬɘ Űɖ ůŰɟŬŰɖɔɘəɐ Ůɚɏɔɢɞɡ ˊɞɡ ŬəɞɚɞɡɗŮɑŰŬɘ. ɆŮ ɛɘŬ 

Ŭˊɚɐ HVDC point-to-point ŭɘŬůɨɜŭŮůɖ, ɖ ŬɜŬűɞɟɎ ŮɜŮɟɔɞɨ ɘůɢɨɞɠ ɛˊɞɟŮɑ ɜŬ 

əŬɗɞɟɑɕŮŰŬɘ ɛɏůɤ Űɞɡ Ůɚɏɔɢɞɡ Űɖɠ DC ŰɎůɖɠ ůŰɖɜ ŬɜŬűɞɟɎ Űɖɠ, ɩůŰŮ ɞ ɛŮŰŬŰɟɞˊɏŬɠ 

ɜŬ ŮɔɢɏŮɘ Űɞ ůɨɜɞɚɞ Űɖɠ ɛŮŰŬűŮɟɧɛŮɜɖɠ DC ɘůɢɨɞɠ ůŰɞ AC ŭɑəŰɡɞ. ɆŮ ɛɘŬ 

ˊɞɚɡŰŮɟɛŬŰɘəɐ ŰɞˊɞɚɞɔɑŬ, ŭŮŭɞɛɏɜɞɡ ɧŰɘ ɞ ɏɚŮɔɢɞɠ master-slave (ɧˊɞɡ ɛɧɜɞ ɏɜŬɠ 

ɛŮŰŬŰɟɞˊɏŬɠ ŮɚɏɔɢŮɘ Űɖɜ DC ŰɎůɖ) ɗŬ ɞŭɖɔɞɨůŮ ůŮ əŬŰɎɟɟŮɡůɖ Űɞɡ ŭɘəŰɨɞɡ ůŮ 

ˊŮɟɑˊŰɤůɖ ɓɚɎɓɖɠ Űɞɡ əŮɜŰɟɘəɞɨ ɛŮŰŬŰɟɞˊɏŬ, ɖ ŬɜŬűɞɟɎ ɘůɢɨɞɠ ɛˊɞɟŮɑ ɜŬ ˊɟɞəɨˊŰŮɘ 

əŬŰŬɜŮɛɖɛɏɜŬ ůŮ əɎɗŮ onshore VSC ɛɏůɤ ɛɘŬɠ ɔɟŬɛɛɘəɐɠ ůɢɏůɖɠ (voltage droop 

control) ɐ ɜŬ ŭɘŬŰɖɟŮɑŰŬɘ ůŰŬɗŮɟɐ ɧůɞ ɖ ŰɎůɖ ˊŬɟŬɛɏɜŮɘ ŮɜŰɧɠ ůɡɔəŮəɟɘɛɏɜɤɜ ɞɟɑɤɜ 

(voltage margin control). ȺɜŬɚɚŬəŰɘəɎ, ɖ ŬɜŬűɞɟɎ ɘůɢɨɞɠ ɛˊɞɟŮɑ ɜŬ əŬɗɞɟɑɕŮŰŬɘ Ŭˊɧ 

Űɞɜ ȹɘŬɢŮɘɟɘůŰɐ ɛɏůɤ setpoints, ŬɜŮɝŬɟŰɐŰɤɠ Űɖɠ DC ŰɎůɖɠ, ɞˊɧŰŮ ůŮ ŬɡŰɐ Űɖɜ 

ˊŮɟɑˊŰɤůɖ ɞɘ ɡˊɧɚɞɘˊɞɘ ɛŮŰŬŰɟɞˊŮɑɠ ɗŬ ˊɟɏˊŮɘ ɜŬ ŭɨɜŬɜŰŬɘ ɜŬ ŭɘŬɢŮɘɟɘůŰɞɨɜ Űɖɜ 
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ɡˊɧɚɞɘˊɖ ɘůɢɨ (ɏɜŬɠ ŰɞɡɚɎɢɘůŰɞɜ ɖˊŮɘɟɤŰɘəɧɠ ɛŮŰŬŰɟɞˊɏŬɠ ɜŬ ɚŮɘŰɞɡɟɔŮɑ ɤɠ slack-bus 

DC ɘůɢɨɞɠ). ɇɏɚɞɠ, ɖ ŬɜŬűɞɟɎ ɘůɢɨɞɠ ŭɘŬɛɞɟűɩɜŮŰŬɘ ɛŮ ɓɎůɖ Űɖ ůŰɟŬŰɖɔɘəɐ 

ɡˊɞůŰɐɟɘɝɖɠ ůɡɢɜɧŰɖŰŬɠ (frequency response) ˊɞɡ ŮˊɘɚɏɔŮŰŬɘ. ȼ ɎŮɟɔɞɠ ɘůɢɨɠ 

ůɡɜɐɗɤɠ ŭɘŬŰɖɟŮɑŰŬɘ ůŰɞ ɛɖŭɏɜ, ɩůŰŮ ɜŬ ŮˊɘŰɡɔɢɎɜŮŰŬɘ ɤɛɘəɧɠ ůɡɜŰŮɚŮůŰɐɠ ɘůɢɨɞɠ 

əŬŰɎ Űɖɜ əŬɜɞɜɘəɐ ɚŮɘŰɞɡɟɔɑŬ, Ůɜɩ ůŮ ˊŮɟɘˊŰɩůŮɘɠ ůűɎɚɛŬŰɞɠ AC ŭɘəŰɨɞɡ Űɞ q* 

əŬɗɞɟɑɕŮŰŬɘ ɛŮ əɟɘŰɐɟɘɞ Űɖ ůŰɐɟɘɝɖ Űɖɠ ŰɎůɖɠ Űɞɡ ŭɘəŰɨɞɡ. 

 

 
 

ɆɢɐɛŬ 2.7. ũŮɜɘəɐ ŭɞɛɐ Űɞɡ ůɡůŰɐɛŬŰɞɠ Ůɚɏɔɢɞɡ Űɤɜ grid-feeding ɖˊŮɘɟɤŰɘəɩɜ ɛŮŰŬŰɟɞˊɏɤɜ 

ɔɘŬ HVDC ŮűŬɟɛɞɔɏɠ. 

 

ɇŬ ŰɟɑŬ ŮˊɑˊŮŭŬ Űɞɡ Ůɚɏɔɢɞɡ ŬˊŮɘəɞɜɑɕɞɜŰŬɘ ůŰɞ ɆɢɐɛŬ 2.7. ɆɖɛŮɘɩɜŮŰŬɘ ɧŰɘ ɖ 

ˊŬɟŬˊɎɜɤ űɘɚɞůɞűɑŬ Ůɚɏɔɢɞɡ ˊɞɡ ŮűŬɟɛɧɕŮŰŬɘ ůŰɞɜ grid-feeding VSC Űɞɡ HVDC 

ůɡůŰɐɛŬŰɞɠ (ˊɞɚɡŰŮɟɛŬŰɘəɞɨ ɐ ɧɢɘ) ŮɑɜŬɘ ɖ ɑŭɘŬ ɛŮ Űɞɜ ɏɚŮɔɢɞ ˊɞɡ ŮűŬɟɛɧɕŮŰŬɘ ůŰɞɜ 

grid-side VSC Űɤɜ ȷ/ũ. Ƀ ŮůɤŰŮɟɘəɧɠ, ɞ ŮɝɤŰŮɟɘəɧɠ ɓɟɧɔɢɞɠ əŬɗɩɠ əŬɘ ɞɘ ůŰɟŬŰɖɔɘəɏɠ 

Ůɚɏɔɢɞɡ ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ŬɜŬɚɡŰɘəɧŰŮɟŬ ůŰŬ ŮˊɧɛŮɜŬ əŮűɎɚŬɘŬ. 

 

 

2.7 ȺůɤŰŮɟɘəɧɠ ɓɟɧɢɞɠ Ůɚɏɔɢɞɡ ɟŮɡɛɎŰɤɜ 
 

ũɘŬ Űɖɜ ŬɜɎɚɡůɖ Űɖɠ ŭɡɜŬɛɘəɐɠ əŬɘ Űɖɠ ɚŮɘŰɞɡɟɔɑŬɠ Űɞɡ ŮůɤŰŮɟɘəɞɨ ɓɟɧɢɞɡ 

Ůɚɏɔɢɞɡ ɟŮɡɛɎŰɤɜ, ɞ ɛŮŰŬŰɟɞˊɏŬɠ ˊɖɔɐɠ ŰɎůɖɠ (VSC) ɛɞɜŰŮɚɞˊɞɘŮɑŰŬɘ ɤɠ ɛɘŬ 

ŮɝŬɟŰɖɛɏɜɖ ˊɖɔɐ ŰɎůɖɠ vc=[vc,a vc,b vc,c]
T, ůŮ ůŮɘɟɎ ɛŮ ɛɑŬ ůɨɜɗŮŰɖ ŬɜŰɑůŰŬůɖ 

Zc=Rc+jX c , ɖ ɞˊɞɑŬ ŰɎůɖ ŮɚɏɔɢŮŰŬɘ ɛɏůɤ Űɤɜ ɓɟɧɔɢɤɜ Ůɚɏɔɢɞɡ. 

ȰůŰɤ ɚɞɘˊɧɜ ɏɜŬɠ ɛŮŰŬŰɟɞˊɏŬɠ ˊɖɔɐɠ ŰɎůɖɠ ɛŮ ŰɎůɖ VDC ůŰɖɜ DC ˊɚŮɡɟɎ, 

űɑɚŰɟɞ ŮˊŬɔɤɔɐɠ Xc=ɤLc əŬɘ ŬɜŰɑůŰŬůɖɠ Rc ůŰɖɜ AC ˊɚŮɡɟɎ, ɧˊɤɠ űŬɑɜŮŰŬɘ ůŰɞ 

ɆɢɐɛŬ 2.8 . ɆŰɖɜ ˊɟɞůɞɛɞɑɤůɖ ŮˊɘɚɏɢɗɖəŬɜ Űɡˊɘəɏɠ Űɘɛɏɠ Rc=0.005 p.u əŬɘ Lc=0.10 

p.u , ŬɜɖɔɛɏɜŬ ůŰŬ ɓŬůɘəɎ ɛŮɔɏɗɖ Űɞɡ ɛŮŰŬŰɟɞˊɏŬ. ɁŬ ŰɞɜɘůŰŮɑ ɧŰɘ Űɞ dq ́ ɚŬɑůɘɞ, ůŰɞ 

ɞˊɞɑɞ ɔɑɜŮŰŬɘ ɞ ɛŮŰŬůɢɖɛŬŰɘůɛɧɠ Park Űɤɜ ɛŮŰɟɞɨɛŮɜɤɜ Ŭˊɧ əɎɗŮ űɎůɖ ɛŮɔŮɗɩɜ i=[i a 

ib ic]
T , vg=[vg,a vg,b vg,c]

T , ŮɑɜŬɘ ˊɎɜŰŬ ůɡɔɢɟɞɜɘůɛɏɜɞ ɛɏůɤ Űɞɡ PLL ɛŮ Űɖ ůɡɢɜɧŰɖŰŬ 

Űɞɡ AC ůɡůŰɐɛŬŰɞɠ, ɞˊɧŰŮ ɘůɢɨŮɘ ɤPLLſ ɤ. ɇŬ ɟŮɨɛŬŰŬ [id  iq]
T əŬɘ ɞɘ ŰɎůŮɘɠ [vg,d vg,q]

T
 

ˊɟɞəɨˊŰɞɡɜ Ŭˊɧ Űɞɜ ɛŮŰŬůɢɖɛŬŰɘůɛɧ Park Űɤɜ ɛŮŰɟɐůŮɤɜ vg , i . ȳɚŬ ŰŬ ɛŮɔɏɗɖ ŮɑɜŬɘ 

ŮəűɟŬůɛɏɜŬ ůŮ Ŭ.ɛ. . 

 
ɆɢɐɛŬ 2.8. ɀɞɜɞűŬůɘəɧ Ŭ.ɛ ɘůɞŭɨɜŬɛɞ əɨəɚɤɛŬ ɛŮŰŬŰɟɞˊɏŬ ˊɖɔɐɠ ŰɎůɖɠ (VSC). 
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ȺűŬɟɛɧɕɞɜŰŬɠ Űɞ ɜɧɛɞ Kirchoff ůŮ əɎɗŮ űɎůɖ Űɞɡ ɛŮŰŬŰɟɞˊɏŬ ˊɟɞəɨˊŰŮɘ : 
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Öȟ
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Ä

ÄÔ
2

É
É
É

Öȟ
Öȟ
Öȟ

 (2.11) 

 

ȺűŬɟɛɧɕɞɜŰŬɠ ɛŮŰŬůɢɖɛŬŰɘůɛɧ Park (ůŮ ůŰɟŮűɧɛŮɜɞ, ɛŮ ůɨɔɢɟɞɜɖ ŰŬɢɨŰɖŰŬ 

ɤ, dq-ˊɚŬɑůɘɞ), ɖ ˊŬɟŬˊɎɜɤ Ůɝɑůɤůɖ ɛŮŰŬůɢɖɛŬŰɑɕŮŰŬɘ ůŰɞ dq ˊɚŬɑůɘɞ ɤɠ : 

 

 Öȟ ,
ÄÉ

ÄÔ
2É ʖ,É Öȟ (2.12Ŭ) 

 Öȟ ,
ÄÉ

ÄÔ
2É ʖ,É Öȟ (2.12ɓ) 

 

Ƀɘ Ůˊɘˊɚɏɞɜ ɧɟɞɘ ʖ,É əŬɘ ʖ,É ˊɟɞəɨˊŰɞɡɜ Ŭˊɧ Űɖɜ ˊŬɟŬɔɩɔɘůɖ Űɞɡ ˊɑɜŬəŬ 

ɔɤɜɘŬəɐɠ ˊŮɟɘůŰɟɞűɐɠ Űɞɡ ɛŮŰŬůɢɖɛŬŰɘůɛɞɨ əŬɘ ɞɜɞɛɎɕɞɜŰŬɘ ɧɟɞɘ ŬɜŰɘůŰɎɗɛɘůɖɠ 

(feed-forward). ȷˊɧ Űɘɠ ˊŬɟŬˊɎɜɤ ŮɝɘůɩůŮɘɠ űŬɑɜŮŰŬɘ ɧŰɘ ɞɘ dq ůɡɜɘůŰɩůŮɠ ŮɑɜŬɘ 

ˊŮˊɚŮɔɛɏɜŮɠ. ũɘŬ ɜŬ ŬˊɞůɡɛˊɚŮɢɗɞɨɜ (decoupling) ɞɘ d Ŭˊɧ Űɘɠ q ůɡɜɘůŰɩůŮɠ, 

ɗŮɤɟɞɨɜŰŬɘ ɞɘ Ůɝɐɠ ɓɞɖɗɖŰɘəɏɠ ɛŮŰŬɓɚɖŰɏɠ : 

 

 Ö ȟ Öȟ Öȟ ʖ,É (2.13Ŭ) 

 Ö ȟ Öȟ Öȟ ʖ,É (2.13ɓ) 

 

ɉɟɖůɘɛɞˊɞɘɩɜŰŬɠ Űɘɠ ɓɞɖɗɖŰɘəɏɠ ɛŮŰŬɓɚɖŰɏɠ, ɞɘ Ⱥɝ. 2.12 ůŮ ŬˊɞůɡɕŮɡɔɛɏɜɖ ɛɞɟűɐ 

ŮəűɟɎɕɞɜŰŬɘ ɤɠ : 

 

 Ö ȟ ,
ÄÉ

ÄÔ
2É (2.14Ŭ) 

 Ö ȟ ,
ÄÉ

ÄÔ
2É (2.14ɓ) 

 

ȺɚɏɔɢɞɜŰŬɠ Űɘɠ ɓɞɖɗɖŰɘəɏɠ ɛŮŰŬɓɚɖŰɏɠ Ö ȟ  əŬɘ Ö ȟ ŮɑɜŬɘ ˊɚɏɞɜ ŭɡɜŬŰɧ ɜŬ 

ŮɚŮɔɢɗɞɨɜ ŬˊɞůɡɕŮɡɔɛɏɜŬ ŰŬ ɟŮɨɛŬŰŬ É əŬɘ É . ɀŮŰŬůɢɖɛŬŰɑɕɞɜŰŬɠ ůŰɞ ˊŮŭɑɞ 

Laplace, ɞɘ ůɡɜŬɟŰɐůŮɘɠ ɛŮŰŬűɞɟɎɠ Űɞɡ ůɡůŰɐɛŬŰɞɠ ˊɟɞəɨˊŰɞɡɜ ɤɠ Ůɝɐɠ : 

 

 

Id

Vdum,d
=
1

sLc+Rc
 

(2.15Ŭ) 

 

Iq

Vdum,q
=
1

sLc+Rc
 

(2.15ɓ) 
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ɧˊɞɡ ) , ) , 6 ȟ , 6 ȟ ŮɑɜŬɘ ŰɩɟŬ ɞɘ ɛŮŰŬůɢɖɛŬŰɘůɛɏɜŮɠ əŬŰɎ Laplace Űɘɛɏɠ Űɤɜ 

ŬɜŰɑůŰɞɘɢɤɜ ɛŮɔŮɗɩɜ. ȷˊɧ Űɘɠ ˊŬɟŬˊɎɜɤ ůɡɜŬɟŰɐůŮɘɠ ɛŮŰŬűɞɟɎɠ ˊɟɩŰɖɠ ŰɎɝɖɠ 

űŬɑɜŮŰŬɘ ɧŰɘ ŮɑɜŬɘ ŭɡɜŬŰɧɜ ɜŬ ŮɚɏɔɝɞɡɛŮ ŰŬ ɟŮɨɛŬŰŬ É əŬɘ É ˊŬɟɎɔɞɜŰŬɠ ɛɏůɤ PI 

ŮɚŮɔəŰɐ Űɘɠ ɓɞɖɗɖŰɘəɏɠ ɛŮŰŬɓɚɖŰɏɠ Ö ȟ , Ö ȟ , əŬɘ ˊɟɞůɗɏŰɞɜŰŬɠ ůŰɖɜ ɏɝɞŭɞ Űɤɜ 

ŮɚŮɔəŰɩɜ ɧɟɞɡɠ ŬɜɎŭɟŬůɖɠ, ɜŬ ˊɟɞəɨɣɞɡɜ ŰŮɚɘəɎ ɞɘ ŰɎůŮɘɠ ŭɘŬɛɧɟűɤůɖɠ vd
*, vq

*, Űɞɡ 

ɛŮŰŬŰɟɞˊɏŬ (ɆɢɐɛŬ 2.10).  

 ɇɞ ɘůɞŭɨɜŬɛɞ ŭɘɎɔɟŬɛɛŬ Űɖɠ ɛɞɜŰŮɚɞˊɞɑɖůɖɠ Űɞɡ ůɡůŰɐɛŬŰɞɠ ůŰɞ ůɨɔɢɟɞɜɞ 

dq ˊɚŬɑůɘɞ ŬɜŬűɞɟɎɠ, ɓɎůɖ Űɤɜ ůɢɏůŮɤɜ Ůɚɏɔɢɞɡ Űɤɜ ɟŮɡɛɎŰɤɜ (2.14Ŭ), (2.14ɓ), 

ŭɑɜŮŰŬɘ ůŰɞ ɆɢɐɛŬ 2.9 . ɇɞ ŭɘɎɔɟŬɛɛŬ ŬɡŰɧ ŬɜŬˊŬɟɘůŰɎ Űɖ ŭɡɜŬɛɘəɐ Űɞɡ ůɡůŰɐɛŬŰɞɠ 

Űɞɡ VSC ɛŮŰŬŰɟɞˊɏŬ, ɧŰŬɜ ɞ ɛŮŰŬŰɟɞˊɏŬɠ ˊŬɟɎɔŮɘ ɢɤɟɑɠ əŬɗɡůŰɏɟɖůɖ ůŰɖɜ ɏɝɞŭɞ Űɞɡ 

Űɖɜ ŰɎůɖ ŬɜŬűɞɟɎɠ ˊɞɡ ŭɏɢŮŰŬɘ ɤɠ ŮɜŰɞɚɐ Ůɘůɧŭɞɡ. ɆŮ ˊŮɟɑˊŰɤůɖ ŭɘŬɛɧɟűɤůɖɠ PWM 

ɗŬ ɡˊɐɟɢŮ ɛɘəɟɐ əŬɗɡůŰɏɟɖůɖ ɚɧɔɤ Űɖɠ ŭɘŬɛɧɟűɤůɖɠ, ɖ ɞˊɞɑŬ ɗŬ ɛˊɞɟɞɨůŮ ɜŬ 

ŬɜŬˊŬɟŬůŰŬɗŮɑ ɛɏůɤ Űɖɠ ůɡɜɎɟŰɖůɖɠ ɛŮŰŬűɞɟɎɠ 
ẗ

 , ɩůŰŮ ɜŬ ɘůɢɨŮɘ  ÖÄ
ρ

ρ Óẗ4ʎ
ẗÖÄ
ɕ 

əŬɘ ɞɛɞɑɤɠ Ö
ẗ
ẗÖᶻ . 

 
ɆɢɐɛŬ 2.9. ȽůɞŭɨɜŬɛɞ ɛɞɜŰɏɚɞ ůɡůŰɐɛŬŰɞɠ ˊɟɞɠ ɏɚŮɔɢɞ ɓɎůɖ Űɤɜ ŮɝɘůɩůŮɤɜ Ůɚɏɔɢɞɡ ɟŮɡɛɎŰɤɜ. 

ɇɞ ɘůɞŭɨɜŬɛɞ ɛɞɜŰɏɚɞ Űɞɡ ɆɢɐɛŬŰɞɠ 2.9 ŭŮɜ ɛɞɜŰŮɚɞˊɞɘɐɗɖəŮ ůŰɖ ˊŬɟɞɨůŬ 

ŮɟɔŬůɑŬ, ŭɘɧŰɘ Űɞ Matlab/Simulink ˊŬɟɏɢŮɘ ɏŰɞɘɛŬ ɛˊɚɞə əɡəɚɤɛŬŰɘəɐɠ 

ŬɜŬˊŬɟɎůŰŬůɖɠ Űɞɡ VSC, Űɞɡ ˊɖɜɑɞɡ L, əŬɘ ŬɜŰɑůŰŬůɖɠ R . 

ȼ ŭɞɛɐ Űɞɡ ŮůɤŰŮɟɘəɞɨ ɓɟɧɔɢɞɡ Ůɚɏɔɢɞɡ ɟŮɡɛɎŰɤɜ ůŰɞ ůɨɔɢɟɞɜɞ ˊɚŬɑůɘɞ 

ŬɜŬűɞɟɎɠ, ɧˊɤɠ Ŭəɟɘɓɩɠ ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŮ ůŰɞ Matlab/Simulink, ˊŬɟɞɡůɘɎɕŮŰŬɘ ůŰɞ 

ɆɢɐɛŬ 2.10 . Ƀɘ Űɘɛɏɠ Űɤɜ ɛŮɔŮɗɩɜ vg,d ,vg,q ́ ɟɞəɨˊŰɞɡɜ Ŭˊɧ Űɞɜ ɛŮŰŬůɢɖɛŬŰɘůɛɧ Park 

Űɖɠ ŰɟɘűŬůɘəɐɠ ŰɎůɖɠ vg=[vg,a vg,b vg,c]
T , ɖ ɞˊɞɑŬ ɛŮŰɟɎŰŬɘ ŰɞˊɘəɎ ɛŬɕɑ ɛŮ ŰŬ ɟŮɨɛŬŰŬ 

i=[i a ib ic]
T ůŰɖɜ ɏɝɞŭɞ Űɞɡ VSC. 
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ɆɢɐɛŬ 2.10. Decoupled inner current controller of id, iq . 

 

ȷűɞɨ ˊŬɟŬɢɗŮɑ Űɞ ůɐɛŬ vabc
* Ŭˊɧ Űɞɜ ŮůɤŰŮɟɘəɧ ɓɟɧɔɢɞ Ůɚɏɔɢɞɡ, ˊɟɏˊŮɘ ɜŬ 

ˊŬɟŬɢɗŮɑ Űɞ ůɐɛŬ mabc
*=[ma

* mb
* mc

*] ɛŮ ɓɎůɖ Űɘɠ ŮɝɘůɩůŮɘɠ ˊɞɡ ˊŮɟɘŮɔɟŬűɐəŬɜ ůŰɞ 

ȾŮű 2.2 , ɆɢɐɛŬ 2.3 . ɇɞ mabc
* ɛˊɞɟŮɑ ɜŬ ɢɟɖůɘɛɞˊɞɘɖɗŮɑ ůŰɖɜ ŰŮɢɜɘəɐ ŭɘŬɛɧɟűɤůɖɠ 

PWM ɩůŰŮ ɜŬ ˊŬɟŬɢɗɞɨɜ ɞɘ ˊŬɚɛɞɑ ɞŭɐɔɖůɖɠ Űɤɜ ɖɛɘŭɘŬəɞˊŰɘəɩɜ ůŰɞɘɢŮɑɤɜ (IGBDs) 

Űɞɡ VSC . ɆŰɖ ˊŬɟɞɨůŬ ŮɟɔŬůɑŬ ɢɟɖůɘɛɞˊɞɘɐɗɖəŮ ɛŮŰŬŰɟɞˊɏŬɠ ŭɨɞ Ůˊɘˊɏŭɤɜ 

ɛɞɜŰɏɚɞɡ ɛɏůɤɜ Űɘɛɩɜ, ůɡɜŮˊɩɠ ˊŬɟŬɚŮɑˊŮŰŬɘ ɖ ŭɘŬɛɧɟűɤůɖ PWM əŬɘ ɤɠ ůɐɛŬ 

ŬɜŬűɞɟɎɠ Űɞɡ ɛŮŰŬŰɟɞˊɏŬ ŭɑɜŮŰŬɘ Űɞ mabc
*. 

ɀɏɜŮɘ ɖ Ůˊɘɚɞɔɐ Űɤɜ əŮɟŭɩɜ Űɤɜ ŭɨɞ PI ŮɚŮɔəŰɩɜ, ɞɘ ɞˊɞɑɞɘ ŮɑɜŬɘ ɧɛɞɘɞɘ 

ɛŮŰŬɝɨ Űɞɡɠ. ȼ ůɡɜɎɟŰɖůɖ ɛŮŰŬűɞɟɎɠ Ůɜɧɠ PI ŮɚŮɔəŰɐ ŮɑɜŬɘ Űɖɠ ɛɞɟűɐɠ 'Ó Ë

  ɐ 'Ó Ë ρ
ẗ 
  , ɧˊɞɡ Ë  . ȷˊɧ Űɞ ɆɢɐɛŬ 2.10 ˊɟɞəɨˊŰŮɘ ɧŰɘ ɖ 

ůɡɜɎɟŰɖůɖ ɛŮŰŬűɞɟɎɠ əɚŮɘůŰɞɨ ɓɟɧɢɞɡ Űɞɡ ůɡůŰɐɛŬŰɞɠ (ɧɛɞɘŬ ɛɞɟűɐ ɔɘŬ Űɞ ɟŮɨɛŬ 

id əŬɘ ɔɘŬ Űɞ ɟŮɨɛŬ iq) ŭɑɜŮŰŬɘ Ŭˊɧ Űɖɜ Ůɝɐɠ ůɢɏůɖ : 

 

 

ÉÄ

ÉÄȟÒÅÆ

Ë
Ð

ËÉ
Ó
ρ

ρ
Ó,# 2#

ρ Ë
Ð

ËÉ
Ó
ρ

ρ
Ó,# 2#

Ë
Ð

ËÉ
Ó

Ó,# 2# ËÐ
ËÉ
Ó

 

 

 

 
É

Éȟ

Ë ËÓ

Ë ÓË 2 Ó,
 (2.16) 

 

ȼ ůɡɜɎɟŰɖůɖ ɛŮŰŬűɞɟɎɠ əŬŰŬŭŮɘəɜɨŮɘ ůɨůŰɖɛŬ ŭŮɨŰŮɟɖɠ ŰɎɝɖɠ ɛŮ 

ɢŬɟŬəŰɖɟɘůŰɘəɧ ˊɞɚɡɩɜɡɛɞ Űɖɠ ɛɞɟűɐɠ : 

 

 ØÓ Ó ςʁʖÓ ʖ  (2.17) 
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ȿɨɜɞɜŰŬɠ ɤɠ ˊɟɞɠ ŰŬ əɏɟŭɖ ˊɟɞəɨˊŰŮɘ ɧŰɘ : 

 

 Ë ςʁʖ, 2  (2.17Ŭ) 

 Ë ʖ, (2.17ɓ) 

 ʐ
Ë

Ë
 (2.17ɔ) 

 

TŬ əɏɟŭɖ ɛˊɞɟɞɨɜ ɜŬ ˊɟɞůŭɘɞɟɘůɗɞɨɜ ůɡɜŬɟŰɐůŮɘ Űɞɡ ůɡɜŰŮɚŮůŰɐ ŬˊɧůɓŮůɖɠ 

ɕ əŬɘ Űɖɠ űɡůɘəɐɠ ůɡɢɜɧŰɖŰŬɠ ɤn. ȷɡŰɎ ɛŮ Űɖ ůŮɘɟɎ Űɞɡɠ ˊɟɞůŭɘɞɟɑɕɞɜŰŬɘ Ŭɜ ŰŮɗɞɨɜ 

ůɡɔəŮəɟɘɛɏɜɞɘ ˊŮɟɘɞɟɘůɛɞɑ ůŰɞ ůɨůŰɖɛŬ. ɀɑŬ ˊŬɟɎɛŮŰɟɞɠ ˊɟɞůŭɘɞɟɘůɛɞɨ ŮɑɜŬɘ ɞ 

ɢɟɧɜɞɠ ŬˊɞəŬŰɎůŰŬůɖɠ ts, ˊɞɡ ˊɟɏˊŮɘ ɜŬ ŮɑɜŬɘ Űɖɠ ŰɎɝŮɤɜ Űɤɜ msec əŬɘ ɞɟɑɕŮŰŬɘ Ŭˊɧ 

Űɖ ůɢɏůɖ : 

 

 Ô
τ

ʁʖ
 (2.18) 

 

ɋůŰɧůɞ ˊɟŬəŰɘəɞɑ əŬɜɧɜŮɠ ɟɨɗɛɘůɖɠ əŮɟŭɩɜ ŮˊŬɟəɞɨɜ ɔɘŬ Űɖɜ ŮˊɑŰŮɡɝɖ 

ɘəŬɜɞˊɞɘɖŰɘəɐɠ ɛŮŰŬɓŬŰɘəɐɠ Ŭˊɧəɟɘůɖɠ Űɤɜ ůɡůŰɖɛɎŰɤɜ Ůɚɏɔɢɞɡ, ŬˊŬɚɚɎůůɞɜŰŬɠ 

ɏŰůɘ Ŭˊɧ Űɖɜ ŬɜɎɔəɖ ŭɘŮɜɏɟɔŮɘŬɠ ˊɞɚɡˊɚɞəɧŰŮɟɤɜ ŬɜŬɚɨůŮɤɜ ůŰɞ ˊŮŭɑɞ Űɖɠ 

ůɡɢɜɧŰɖŰŬɠ ŬˊɞəɚŮɘůŰɘəɎ əŬɘ ɛɧɜɞ ɔɘŬ Űɖ ɓɏɚŰɘůŰɖ ŭɡɜŬŰɐ ɟɨɗɛɘůɖ Űɤɜ əŮɟŭɩɜ. ɆŰɖ 

ˊŬɟɞɨůŬ ŮɟɔŬůɑŬ, ɛŮ ɓɎůɖ Űɞɡɠ ˊɟŬəŰɘəɞɨɠ əŬɜɧɜŮɠ əŬɘ ŭɞəɘɛɏɠ Űɤɜ ˊɟɞůɞɛɞɘɩůŮɤɜ 

, ŮˊɘɚɏɢɗɖəŬɜ Ëȟ πȢς ȟʐȟ πȢπρ ÓÅÃ . 

 ɇɞ ůɢɐɛŬ Ůɚɏɔɢɞɡ ˊɞɡ ˊŬɟɞɡůɘɎɕŮŰŬɘ ůŰɞ ɆɢɐɛŬ 2.10 ɞɜɞɛɎɕŮŰŬɘ 

ŭɘŬɜɡůɛŬŰɘəɧɠ ɏɚŮɔɢɞɠ ɟŮɡɛɎŰɤɜ ůŰɞ ůɨɔɢɟɞɜɞ ˊɚŬɑůɘɞ dq ŬɜŬűɞɟɎɠ əŬɘ ŬˊɞŰŮɚŮɑ Űɞɜ 

ŮůɤŰŮɟɘəɧ ɓɟɧɔɢɞ Ůɚɏɔɢɞɡ (inner-current control) Űɞɡ ɖˊŮɘɟɤŰɘəɞɨ ɛŮŰŬŰɟɞˊɏŬ. 

 

 

2.8 ȺɝɤŰŮɟɘəɧɠ ɓɟɧɢɞɠ Ůɚɏɔɢɞɡ ɟŮɡɛɎŰɤɜ 
 

ɆŰɞ ȾŮű. 2.4 ŮɝɖɔɐɗɖəŮ ɧŰɘ ŮɎɜ Űɞ ůŰɟŮűɧɛŮɜɞ dq ́ ɚŬɑůɘɞ ˊŮɟɘůŰɟɏűŮŰŬɘ ɛŮ Űɖ 

ůɨɔɢɟɞɜɖ ŰŬɢɨŰɖŰŬ (ŭɖɚŬŭɐ ɛŮ Űɖ ůɡɢɜɧŰɖŰŬ ɤ Űɞɡ AC ŭɘəŰɨɞɡ) əŬɘ ɖ űɎůɖ Űɞɡ 

ŰŬɡŰɘůŰŮɑ ɛŮ Űɖ űɎůɖ Űɞɡ ŭɘŬɜɨůɛŬŰɞɠ Ö
Ѝ
ÃÏÓ ʖÔ , ŰɧŰŮ vq=0 əŬɘ ɖ ŮɜŮɟɔɧɠ əŬɘ 

ɖ ɎŮɟɔɞɠ ɘůɢɨɠ ŭɑɜɞɜŰŬɘ Ŭˊɧ Űɘɠ ŮɝɘůɩůŮɘɠ p=vd
.id əŬɘ q=-vd

.iq . ȰŰůɘ, ŮˊɘŰɡɔɢɎɜŮŰŬɘ ɖ 

ŬˊɞůɨɕŮɡɝɖ Űɞɡ Ůɚɏɔɢɞɡ ŮɜŮɟɔɞɨ əŬɘ Ŭɏɟɔɞɡ ɘůɢɨɞɠ. ȺɎɜ ɤɠ Ůɑůɞŭɞɘ ůŰɞɜ ŮɝɤŰŮɟɘəɧ 

ɓɟɧɔɢɞ Ůɚɏɔɢɞɡ ŭɑɜɞɜŰŬɘ ɞɘ ɘůɢŮɑɠ ŬɜŬűɞɟɎɠ p*, q*, əŬɘ ɚŬɛɓɎɜɞɜŰŬɘ Ŭˊɧ ɛŮŰɟɐůŮɘɠ ɞɘ 

ůɡɜɘůŰɩůŮɠ dq Űɖɠ ŰɎůɖɠ Űɞɡ ŭɘəŰɨɞɡ, ŰɧŰŮ ŰŬ ɟŮɨɛŬŰŬ ŬɜŬűɞɟɎɠ ůŰɖɜ ɏɝɞŭɞ Űɞɡ 

ŮɝɤŰŮɟɘəɞɨ əŬɘ Ůɑůɞŭɞ Űɞɡ ŮůɤŰŮɟɘəɞɨ ɓɟɧɢɞɡ ŭɑɜɞɜŰŬɘ Ŭˊɧ Űɘɠ ŮɝɘůɩůŮɘɠ : 

 

 id
*
=
p*

vd
 (2.19Ŭ) 
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 iq
*
=-
q*

vd
 (2.19ɓ) 

 

ɇŬ ɛŮɔɏɗɖ ŮəűɟɎɕɞɜŰŬɘ ˊɎɜŰŬ ůŮ Ŭ.ɛ ůŰɖɜ ˊɟŬɔɛŬŰɞˊɞɑɖůɖ Űɞɡ Ůɚɏɔɢɞɡ. 

 ȺəŰɧɠ Űɞɡ ˊŬɟŬˊɎɜɤ Ŭˊɚɞɨ Űɟɧˊɞɡ, ɏɜŬɠ ŮɜŬɚɚŬəŰɘəɧɠ Űɟɧˊɞɠ 

ˊɟŬɔɛŬŰɞˊɞɑɖůɖɠ Űɞɡ ŮɝɤŰŮɟɘəɞɨ ɓɟɧɔɢɞɡ Ůɚɏɔɢɞɡ ŮɑɜŬɘ ɢɟɐůɖ ŭŮɨŰŮɟɞɡ Ůˊɘˊɏŭɞɡ PI 

ŮɚŮɔəŰɩɜ, ɞɘ ɞˊɞɑɞɘ Ůɚɏɔɢɞɡɜ Űɘɠ ɘůɢŮɑɠ ůŰɘɠ ŬɜŬűɞɟɏɠ Űɞɡɠ ˊŬɟɎɔɞɜŰŬɠ ůŰɖɜ ɏɝɞŭɧ 

Űɞɡɠ ŰŬ ŬɜŰɑůŰɞɘɢŬ ɟŮɨɛŬŰŬ ŬɜŬűɞɟɎɠ. ȹŮŭɞɛɏɜɞɡ ɧŰɘ ɖ ŰɎůɖ ɚŬɛɓɎɜŮɘ Űɘɛɏɠ ˊɞɚɨ 

əɞɜŰɎ ůŰɖɜ ɞɜɞɛŬůŰɘəɐ (vdå1p.u. ,vq=0) ɛˊɞɟŮɑ ɜŬ ɗŮɤɟɖɗŮɑ ɧŰɘ ɖ ɛŮŰɟɞɨɛŮɜɖ ɘůɢɨɠ 

ɘůɞɨŰŬɘ ˊɟɞůŮɔɔɘůŰɘəɎ ɛŮ Űɞ ɛŮŰɟɞɨɛŮɜɞ ɟŮɨɛŬ, ɞˊɧŰŮ pmeasåid=id* , qmeaså-iq=-iq* ȼ 

Ůˊɘɚɞɔɐ Űɤɜ əŮɟŭɩɜ ɔɘŬ Űɞɡɠ ŮɚŮɔəŰɏɠ Űɞɡ ŮɝɤŰŮɟɘəɞɨ ɓɟɧɢɞɡ ɔɑɜŮŰŬɘ ɏɢɞɜŰŬɠ ɡˊɧɣɖ 

ɧŰɘ ɞɘ ŮɚŮɔəŰɏɠ ŬɡŰɞɑ ŭŮɜ ŬˊŬɘŰŮɑŰŬɘ ɜŬ ŮɑɜŬɘ Űɧůɞ ɔɟɐɔɞɟɞɘ ɧůɞ ɞɘ ŬɜŰɑůŰɞɘɢɞɘ Űɞɡ 

ŮůɤŰŮɟɘəɞɨ ɓɟɧɢɞɡ ɟŮɡɛɎŰɤɜ (inner current control) ́ ɞɡ ɏˊŮŰŬɘ. ɆŰɖ ˊŬɟɞɨůŬ ŮɟɔŬůɑŬ 

ŮˊɘɚɏɢɗɖəŮ ɞ ˊɟɩŰɞɠ Űɟɧˊɞɠ, Ŭɜ əŬɘ ˊɟŬəŰɘəɎ ɞɘ ŭɨɞ Űɟɧˊɞɘ ŭŮɜ ˊŬɟɞɡůɘɎɕɞɡɜ 

ŭɘŬűɞɟɏɠ. 

 
(Ŭ) 

 
(ɓ) 

ɆɢɐɛŬ 2.11. ȺɜŬɚɚŬəŰɘəɏɠ ŭɞɛɏɠ Űɞɡ ŮɝɤŰŮɟɘəɞɨ ɓɟɧɢɞɡ Ůɚɏɔɢɞɡ ŮɜŮɟɔɞɨ əŬɘ Ŭɏɟɔɞɡ ɘůɢɨɞɠ (a) 

ȷˊŮɡɗŮɑŬɠ ɡˊɞɚɞɔɘůɛɧɠ Űɤɜ ŬɜŬűɞɟɩɜ ɟŮɨɛŬŰɞɠ ɢɎɟɘɠ ůŰɖɜ ŬˊɞůɨɕŮɡɝɖ Űɤɜ ɛŮɔŮɗɩɜ (ɓ)Ɉɚɞˊɞɑɖůɖ ɛŮ 

PI ŮɚŮɔəŰɏɠ. 

 

 ɇɞ ɟŮɨɛŬ Űɞɡ ɛŮŰŬŰɟɞˊɏŬ ŭŮɜ ŮˊɘŰɟɏˊŮŰŬɘ ɜŬ ˊɎɟŮɘ ɞůɞŭɐˊɞŰŮ ɛŮɔɎɚɖ Űɘɛɐ 

ɚɧɔɤ Űɤɜ ɗŮɟɛɘəɩɜ ɞɟɑɤɜ ˊɟɞůŰŬůɑŬɠ Űɞɡ Ůɝɞˊɚɘůɛɞɨ Űɞɡ. ȺˊŮɘŭɐ ůŰɖ ŰŮɚɘəɐ 

əŬŰɎůŰŬůɖ id=id
* əŬɘ iq=iq

*, ɞ ˊŮɟɘɞɟɘůɛɧɠ ɔɑɜŮŰŬɘ ůŰŬ ɟŮɨɛŬŰŬ ŬɜŬűɞɟɎɠ. ɆŰɖ 

ˊŬɟɞɨůŬ ŮɟɔŬůɑŬ ŮˊɘɚɏɢɗɖəŮ  |i|=id
2
+iq 
2
Ò 1 Ŭ.ɛ. . ɆɡɜŮˊɩɠ ŰŬ ɟŮɨɛŬŰŬ ŬɜŬűɞɟɎɠ, ˊɞɡ 

ŮɝɏɟɢɞɜŰŬɘ Ŭˊɧ Űɞɜ ŮɝɤŰŮɟɘəɧ ɓɟɧɔɢɞ Ůɚɏɔɢɞɡ, ŭɘɞɟɗɩɜɞɜŰŬɘ ˊɟɘɜ ŭɞɗɞɨɜ ůŰɞɜ 

ŮůɤŰŮɟɘəɧ ɓɟɧɔɢɞ Ůɚɏɔɢɞɡ ɟŮɡɛɎŰɤɜ ɧˊɤɠ űŬɑɜŮŰŬɘ ůŰɞ ɆɢɐɛŬ 2.12 . 
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ɆɢɐɛŬ 2.12. ɀŮɗɞŭɞɚɞɔɑŬ ˊŮɟɘɞɟɘůɛɞɨ Űɞɡ ɟŮɨɛŬŰɞɠ ŬɜŬűɞɟɎɠ Űɞɡ ɛŮŰŬŰɟɞˊɏŬ. 

 

ȼ ɛŮɗɞŭɞɚɞɔɑŬ ˊŮɟɘɞɟɘůɛɞɨ Űɞɡ ˊɚɎŰɞɡɠ Űɞɡ ůɡɜɞɚɘəɞɨ ɟŮɨɛŬŰɞɠ, 

ŭɘŬŰɖɟɩɜŰŬɠ ůŰŬɗŮɟɐ Űɖ űŬůɘəɐ ɔɤɜɑŬ ŮɑɜŬɘ ɖ ˊɘɞ ɔŮɜɘəɐ əŬɘ ŮɑɜŬɘ ŬɡŰɐ ˊɞɡ 

ɢɟɖůɘɛɞˊɞɘɐɗɖəŮ ůŰɖɜ ˊɟɞůɞɛɞɑɤůɖ. ȰɜŬɠ Ɏɚɚɞɠ Űɟɧˊɞɠ ŮɑɜŬɘ ɞ ˊŮɟɘɞɟɘůɛɧɠ əɎɗŮ 

ůɡɜɘůŰɩůŬɠ id
*, iq

* Űɞɡ ɟŮɨɛŬŰɞɠ ɝŮɢɤɟɘůŰɎ ŬɜɎɚɞɔŬ ɛŮ Űɘɠ Ůˊɘəɞɡɟɘəɏɠ ɡˊɖɟŮůɑŮɠ ˊɞɡ 

ˊɟɞůűɏɟŮɘ ɞ ɛŮŰŬŰɟɞˊɏŬɠ. ɆŮ əɎˊɞɘŮɠ ˊŮɟɘˊŰɩůŮɘɠ, ɧˊɤɠ ˊ.ɢ. əŬŰɎ Űɖɜ ŬŭɟŬɜŮɘŬəɐ 

Ŭˊɧəɟɘůɖ Űɖɠ ȷ/ũ ůŮ ɛɘŬ ˊŰɩůɖ Űɖɠ ůɡɢɜɧŰɖŰŬɠ, ɛˊɞɟŮɑ ɜŬ ˊɟɏˊŮɘ ɜŬ ŭɞɗŮɑ 

ˊɟɞŰŮɟŬɘɧŰɖŰŬ ůŰɖɜ ɏɔɢɡůɖ ŮɜŮɟɔɞɨ ɘůɢɨɞɠ əŬɘ ɎɟŬ ůŰɖ id ůɡɜɘůŰɩůŬ. ȷˊɧ Űɖɜ Ɏɚɚɖ, 

ůŮ ˊŮɟɑˊŰɤůɖ ˊɞɡ ŬˊŬɘŰŮɑŰŬɘ ůŰɐɟɘɝɖ Űɖɠ ŰɎůɖɠ, ˊ.ɢ. ůŮ ɛɘŬ ɓɨɗɘůɖ ŰɎůɖɠ, ɗŬ ˊɟɏˊŮɘ 

ɜŬ ŭɞɗŮɑ ˊɟɞŰŮɟŬɘɧŰɖŰŬ ůŰɖɜ ɎŮɟɔɞ ɘůɢɨ əŬɘ Ůˊɞɛɏɜɤɠ ůŰɖ ůɡɜɘůŰɩůŬ iq Űɞɡ ɟŮɨɛŬŰɞɠ. 

ɆŮ əɎɗŮ ˊŮɟɑˊŰɤůɖ ůŰɞ Űɏɚɞɠ ˊɟɏˊŮɘ ˊɎɜŰŬ ɜŬ ɘůɢɨŮɘ |i|=id
2
+iq 
2
Ò 1 Ŭ.ɛ. . 

 

 

2.9 ȸɟɧɔɢɞɠ Ůɚɏɔɢɞɡ grid -forming VSC ɛŮŰŬŰɟɞˊɏŬ  
 

ȰɜŬɠ grid-forming ɛŮŰŬŰɟɞˊɏŬɠ ŬɜŬɚŬɛɓɎɜŮɘ ɜŬ çůŰɐůŮɘè ɏɜŬ AC ŭɑəŰɡɞ. 

Grid-forming VSC ɛŮŰŬŰɟɞˊŮɑɠ ůŰɖ ˊŬɟɞɨůŬ ŮɟɔŬůɑŬ ŮɑɜŬɘ ɞɘ ŭɨɞ ɡˊŮɟɎəŰɘɞɘ 

(offshore) ɛŮŰŬŰɟɞˊŮɑɠ, ɞɘ ɞˊɞɑɞɘ Ŭˊɞɟɟɞűɞɨɜ Űɖɜ ˊŬɟŬɔɧɛŮɜɖ ŮɜŮɟɔɧ ɘůɢɨ Űɤɜ ŪȷɄ 

Űɞɡɠ, ɟɡɗɛɑɕɞɜŰŬɠ Űɖɜ ŰɎůɖ əŬɘ ůɡɢɜɧŰɖŰŬ ɚŮɘŰɞɡɟɔɑŬɠ Űɞɡ ɡˊŮɟɎəŰɘɞɡ AC ŭɘəŰɨɞɡ. ȼ 

ɟɨɗɛɘůɖ Űɖɠ AC ŰɎůɖɠ əŬɘ ůɡɢɜɧŰɖŰŬɠ Űɞɡ ŭɘəŰɨɞɡ ůŰɘɠ ŮˊɘɗɡɛɖŰɏɠ Űɘɛɏɠ ŬɜŬűɞɟɎɠ 

Űɞɡɠ, V* əŬɘ f*  ́ ɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ ɛɏůɤ əɚŮɘůŰɞɨ ɓɟɧɔɢɞɡ Ůɚɏɔɢɞɡ. Ƀ ɏɚŮɔɢɞɠ Űɖɠ ŰɎůɖɠ 

ɡɚɞˊɞɘŮɑŰŬɘ ɛɏůɤ Ůɜɧɠ PI controller (ŮˊɘɚŮɔɛɏɜŬ əɏɟŭɖ kp,gf=0.05 , ki,gf=1/0.05), ɞ 

ɞˊɞɑɞɠ ŮɚɏɔɢŮɘ Űɞ ɛɏŰɟɞ Űɖɠ ɛŮŰɟɞɨɛŮɜɖɠ Ŭˊɧ Űɖɜ ɏɝɞŭɞ Űɞɡ VSC ŰɎůɖɠ (ɖ ɛɏŰɟɖůɖ 

ɔɑɜŮŰŬɘ ůŰɖɜ ɏɝɞŭɞ Űɞɡ ˊɖɜɑɞɡ Űɞɡ VSC) ůŰɖ Űɘɛɐ 1 Ŭ.ɛ. . ȳˊɤɠ űŬɑɜŮŰŬɘ əŬɘ Ŭˊɧ Űɞ 

ɆɢɐɛŬ 2.13 , ɖ ɛŮŰɟɞɨɛŮɜɖ ŰɟɘűŬůɘəɐ ŰɎůɖ ɛŮŰŬůɢɖɛŬŰɑɕŮŰŬɘ ůŰɞ ůŰɟŮűɧɛŮɜɞ dq 

ˊɚŬɑůɘɞ ŬɜŬűɞɟɎɠ ɩůŰŮ ɜŬ ɞŭɖɔɖɗŮɑ ůŰɞ əɨəɚɤɛŬ Ůɚɏɔɢɞɡ. ɇŬ ɛŮɔɏɗɖ ŮɑɜŬɘ 

ŮəűɟŬůɛɏɜŬ ˊɎɜŰŬ ůŮ Ŭ.ɛ. . ȳůɞɜ ŬűɞɟɎ Űɖ ůɡɢɜɧŰɖŰŬ, ɏɜŬɠ grid-forming VSC ŭŮ 

ɢɟŮɘɎɕŮŰŬɘ ůɨůŰɖɛŬ ůɡɔɢɟɞɜɘůɛɞɨ PLL. ȼ ůɡɢɜɧŰɖŰŬ ɚŮɘŰɞɡɟɔɑŬɠ ɞɟɑɕŮŰŬɘ ůŰɖɜ 

ɞɜɞɛŬůŰɘəɐ Űɘɛɐ f*=1 p.u. (50 Hz), ɖ ɞˊɞɑŬ ŭɑɜŮŰŬɘ ɤɠ ŬɜŬűɞɟɎ ɔɘŬ ɜŬ ˊŬɟŬɢɗŮɑ ɖ 

ɔɤɜɑŬ ɗ Űɞɡ ůŰɟŮűɧɛŮɜɞɡ dq ˊɚŬɘůɑɞɡ. ȼ ɔɤɜɑŬ ɗ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ɤɠ Ůɑůɞŭɞɠ ɔɘŬ Űɖ 

ˊɟŬɔɛŬŰɞˊɞɑɖůɖ Űɞɡ ɞɟɗɞɨ əŬɘ ŬɜŰɑůŰɟɞűɞɡ ɛŮŰŬůɢɖɛŬŰɘůɛɞɨ Park ůŰɞɜ ɓɟɧɔɢɞ 

Ůɚɏɔɢɞɡ. 
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ɆɢɐɛŬ 2.13. ȸɟɧɔɢɞɠ Ůɚɏɔɢɞɡ ŰɎůɖɠ əŬɘ ůɡɢɜɧŰɖŰŬɠ Ůɜɧɠ grid-forming VSC. 

 

ɆŮ əŬɜɞɜɘəɏɠ ůɡɜɗɐəŮɠ ɖ ůɡɢɜɧŰɖŰŬ ŬɜŬűɞɟɎɠ ŮɑɜŬɘ f*=1 p.u (50 Hz). ɄŬɟɧɚŬ 

ŬɡŰɎ, ɖ f* , ˊɞɡ ŮɑɜŬɘ ɖ ɡˊŮɟɎəŰɘŬ ůɡɢɜɧŰɖŰŬ Űɞɡ AC ŭɘəŰɨɞɡ ˊɞɡ ŭɘŬɛɞɟűɩɜŮɘ ɞ grid-

forming VSC, ɛˊɞɟŮɑ ɜŬ ɛŮŰŬɓɎɚɚŮŰŬɘ ɔɨɟɤ Ŭˊɧ ŰŬ 50 Hz ŬɜɎɚɞɔŬ ɛŮ ŮɝɤŰŮɟɘəɎ 

ůɐɛŬŰŬ. ɇŬ ůɐɛŬŰŬ ŬɡŰɎ ŮɑɜŬɘ ůɐɛŬŰŬ ŬˊŬɘŰɞɨɛŮɜɖɠ ɘůɢɨɞɠ ɔɘŬ Űɖ ɟɨɗɛɘůɖ Űɖɠ 

ůɡɢɜɧŰɖŰŬɠ Űɤɜ ɖˊŮɘɟɤŰɘəɩɜ ŭɘəŰɨɤɜ, ůŮ ˊŮɟɑˊŰɤůɖ ŬˊɧŰɞɛɖɠ ɛŮŰŬɓɞɚɐɠ Űɤɜ 

ɖˊŮɘɟɤŰɘəɩɜ űɞɟŰɑɤɜ Űɞɡɠ. ȷ́ ɞůŰɏɚɜɞɜŰŬɘ ŰɖɚŮˊɘəɞɘɜɤɜɘŬəɎ, ɛŮ ɛɘəɟɐ əŬɗɡůŰɏɟɖůɖ 

ˊɞɡ ŮɘůɎɔŮɘ Űɞ ŰɖɚŮˊɘəɞɘɜɤɜɘŬəɧ ɛɏůɞ, əŬɘ ɛŮŰŬűɟɎɕɞɜŰŬɘ Ŭˊɧ Űɞɜ ɡˊŮɟɎəŰɘɞ ŮɚŮɔəŰɐ 

ůŮ ɛŮŰŬɓɞɚɐ Űɖɠ ůɡɢɜɧŰɖŰŬɠ ŬɜŬűɞɟɎɠ f* . ɃɡůɘŬůŰɘəɎ ɔɑɜŮŰŬɘ ɛɑŬ Ůɝɞɛɞɑɤůɖ Űɤɜ 

ůɡɜɗɖəɩɜ ɚŮɘŰɞɡɟɔɑŬɠ (ůɡɢɜɧŰɖŰŬ) Űɞɡ ɖˊŮɘɟɤŰɘəɞɨ ůɡůŰɐɛŬŰɞɠ ůŰɞ ɡˊŮɟɎəŰɘɞ AC 

ŭɑəŰɡɞ. ȷɡŰɐ ɖ ɛŮŰŬɓɞɚɐ Űɖɠ f* Űɤɜ ɡˊŮɟɎəŰɘɤɜ AC ŭɘəŰɨɤɜ ɗŬ ɞŭɖɔɐůŮɘ ůŮ ɛŮŰŬɓɞɚɐ 

Űɖɠ ˊŬɟŬɔɧɛŮɜɖɠ ɘůɢɨɞɠ Űɤɜ ŪȷɄ, ɛŮ ůəɞˊɧ Űɖɜ ɛŮɑɤůɖ ɐ Ŭɨɝɖůɖ Űɖɠ ˊŬɟŬɔɧɛŮɜɖɠ 

ɘůɢɨɞɠ Űɤɜ ŪȷɄ əŬɘ ŰŮɚɘəɎ Űɖ ɟɨɗɛɘůɖ ůɡɢɜɧŰɖŰŬɠ Űɤɜ ɖˊŮɘɟɤŰɘəɩɜ ůɡůŰɖɛɎŰɤɜ. ȼ 

ˊŬɟŬˊɎɜɤ ɛɏɗɞŭɞɠ ˊŬɟɞɡůɘɎɕŮŰŬɘ ŬɜŬɚɡŰɘəɎ ůŮ ŮˊɧɛŮɜɞ əŮűɎɚŬɘɞ. 
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3 ɇɞ ˊɞɚɡŰŮɟɛŬŰɘəɧ HVDC ŭɑəŰɡɞ 
 

3.1 ȺɘůŬɔɤɔɐ Űɞɡ VSC ɛŮŰŬŰɟɞˊɏŬ ůŰɞ ɛɞɜŰɏɚɞ ˊɟɞůɞɛɞɑɤůɖɠ 
 

ũɘŬ Űɖ ˊɟŬɔɛŬŰɞˊɞɑɖůɖ Űɖɠ ˊŬɟɞɨůŬɠ ŮɟɔŬůɑŬɠ, ŭɖɛɘɞɡɟɔɐɗɖəŮ ůŰɞ Matlab 

Simulink ɏɜŬ ɛɞɜŰɏɚɞ, Űɞ ɞˊɞɑɞ ɢŰɑůŰɖəŮ ůŰŬŭɘŬəɎ. ɇɞ ˊɟɩŰɞ əɞɛɛɎŰɘ Űɞɡ ɛɞɜŰɏɚɞɡ 

ɐŰŬɜ ɞ VSC ɛŮŰŬŰɟɞˊɏŬɠ Űɞɡ ɖˊŮɘɟɤŰɘəɞɨ (onshore) ŭɘəŰɨɞɡ əŬɘ ɖ Ůˊɘɚɞɔɐ Űɤɜ 

ɓŬůɘəɩɜ Űɘɛɩɜ. ȺˊɘɚɏɢɗɖəŮ ɛŮŰŬŰɟɞˊɏŬɠ ɞɜɞɛŬůŰɘəɐɠ ŮɜŮɟɔɞɨ ɘůɢɨɞɠ PN=1000 MW 

əŬɘ ɞɜɞɛŬůŰɘəɞɨ ůɡɜŰŮɚŮůŰɐ ɘůɢɨɞɠ cosűɁ=0.9 . ɆɡɜŮˊɩɠ, ɛŮŰŬŰɟɞˊɏŬɠ ɞɜɞɛŬůŰɘəɐɠ 

űŬɘɜɧɛŮɜɖɠ ɘůɢɨɞɠ SN=1000/0.9 MVA , Űɞ ɞˊɞɑɞ ŮɑɜŬɘ əŬɘ ɖ ɓŬůɘəɐ Űɘɛɐ ɘůɢɨɞɠ ˊɞɡ 

ɢɟɖůɘɛɞˊɞɘɐɗɖəŮ ɔɘŬ Űɞ ůɡɜɞɚɘəɧ ɀTDC (SB=1000/0.9 MVA). ũɘŬ Űɖ ɛŮŰŬűɞɟɎ 

ɘůɢɨɞɠ ŰɏŰɞɘŬ əɚɑɛŬəŬɠ, ɖ DC ŰɎůɖ ŮˊɘɚɏɢɗɖəŮ, ɛŮ ɓɎůɖ ˊɟɧŰɡˊŬ ˊɟŬɔɛŬŰɘəɩɜ 

ŮűŬɟɛɞɔɩɜ , Ñ320 KV ɐ Ŭɚɚɘɩɠ ŭɘŬűɞɟɎ ŰɎůɖɠ ɛŮŰŬɝɨ ɗŮŰɘəɞɨ əŬɘ ŬɟɜɖŰɘəɞɨ ˊɧɚɞɡ 

Űɖɠ ŰɎɝɖɠ Űɤɜ 640 KV. ɆɡɜŮˊɩɠ, ɖ ɓŬůɘəɐ Űɘɛɐ Űɖɠ DC ŰɎůɖɠ ɘůɞɨŰŬɘ ɛŮ VDC,B 

=2ẗ320=640 KV . 

ũɘŬ ŭɘŮˊɑˊŮŭɞ VSC ɛŮŰŬŰɟɞˊɏŬ, Űɞ ˊɚɎŰɞɠ (peak) Űɖɠ ɗŮɛŮɚɘɩŭɞɡɠ Ŭɟɛɞɜɘəɐɠ 

(f=50 ȼz) Űɖɠ űŬůɘəɐɠ (phase-ground) AC ŰɎůɖɠ Ůɝɧŭɞɡ ůɡɜŭɏŮŰŬɘ ɛŮ Űɖ DC ŰɎůɖ 

Ůɘůɧŭɞɡ ɛɏůɤ Űɞɡ Űɨˊɞɡ :  
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ȯɟŬ, ɖ RMS Űɘɛɐ Űɖɠ ˊɞɚɘəɐɠ (phase-phase) AC ŰɎůɖɠ Ůɝɧŭɞɡ ɘůɞɨŰŬɘ ɛŮ : 
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ɆɡɜŮˊɩɠ, ɖ RMS Űɘɛɐ Űɖɠ ˊɞɚɘəɐɠ ŰɎůɖɠ Ůɝɧŭɞɡ ɘůɞɨŰŬɘ ˊŮɟɑˊɞɡ ɛŮ Űɞ ɛɘůɧ Űɖɠ DC 

ŰɎůɖɠ Ůɘůɧŭɞɡ əŬɘ ɏŰůɘ ɖ ɓŬůɘəɐ RMS ˊɞɚɘəɐ ŰɎůɖ ŮˊɘɚɏɔŮŰŬɘ ɑůɖ ɛŮ VAC,B1=320 KV. 

ɆŰɞɜ ůɡɛɓɞɚɘůɛɧ VAC,B1 , ɞ Ŭɟɘɗɛɧɠ 1 ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ɔɘŬ ɜŬ ŬɜŬűŮɟɗŮɑ ůŰɖɜ AC 

ˊɚŮɡɟɎ Űɞɡ ɛŮŰŬůɢɖɛŬŰɘůŰɐ ˊɞɡ ŬɜɐəŮɘ ɞ ɛŮŰŬŰɟɞˊɏŬɠ. Ƀ ɛŮŰŬůɢɖɛŬŰɘůŰɐɠ, ɞ ɞˊɞɑɞɠ 

ɏˊŮŰŬɘ Űɞɡ ɛŮŰŬŰɟɞˊɏŬ, ɛŮŰŬůɢɖɛŬŰɑɕŮɘ ŰŬ 320KV AC ˊɞɚɘəɐ ŰɎůɖ Ůɝɧŭɞɡ Űɞɡ 

ɛŮŰŬŰɟɞˊɏŬ ůŮ 380 KV (AC ŭɑəŰɡɞ ũŮɟɛŬɜɑŬɠ) ɐ 420 KV (AC ŭɑəŰɡɞ ɁɞɟɓɖɔɑŬɠ) 

ɡˊŮɟɡɣɖɚɐɠ AC ˊɞɚɘəɐɠ ŰɎůɖɠ, ɛŮ ůəɞˊɧ Űɖ ɛŮŰŬűɞɟɎ Űɖɠ ɘůɢɨɞɠ ŬɡŰɐɠ ˊɟɞɠ ŰŬ 

űɞɟŰɑŬ Űɤɜ ɖˊŮɘɟɤŰɘəɩɜ ŭɘəŰɨɤɜ. ɆɡɜŮˊɩɠ, ůŰɖɜ Ɏɚɚɖ ˊɚŮɡɟɎ Űɞɡ ɛŮŰŬůɢɖɛŬŰɘůŰɐ 

ŮˊɘɚɏɔŮŰŬɘ VAC,B2=380 KV (ɐ VAC,B2=420 KV). ȼ ɓŬůɘəɐ RMS Űɘɛɐ Űɞɡ ɟŮɨɛŬŰɞɠ 

ɔɟŬɛɛɐɠ ɡˊɞɚɞɔɑɕŮŰŬɘ ɛɏůɤ Űɞɡ Űɨˊɞɡ ɢ
ẗЍ  

 əŬɘ ɖ ɓŬůɘəɐ Űɘɛɐ Űɖɠ ŬɜŰɑůŰŬůɖɠ 

ɛɏůɤ Űɞɡ Űɨˊɞɡ ɟ  . 

ȼ ɞɜɞɛŬůŰɘəɐ ůɡɢɜɧŰɖŰŬ ɧɚɤɜ Űɤɜ ŬɜŮɝɎɟŰɖŰɤɜ AC ŭɘəŰɨɤɜ ɘůɞɨŰŬɘ ɛŮ 

fȸ=50Hz . ȯɟŬ, ɖ ɞɜɞɛŬůŰɘəɐ ɔɤɜɘŬəɐ ůɡɢɜɧŰɖŰŬ ɘůɞɨŰŬɘ ɛŮ ɤȸ = 2ˊẗ50=314 rad/sec 

. Ƀɘ ɓŬůɘəɏɠ Űɘɛɏɠ ŬɜŬɚɨɞɜŰŬɘ Űɧůɞ ŭɘŮɝɞŭɘəɎ ŭɘɧŰɘ ɞ ɏɚŮɔɢɞɠ Űɞɡ VSC ɛŮŰŬŰɟɞˊɏŬ 

ɔɑɜŮŰŬɘ ˊɎɜŰŬ ůŮ Ŭ.ɛ Űɘɛɏɠ, ůɡɜŮˊɩɠ ŮɑɜŬɘ ŬˊŬɟŬɑŰɖŰɞ ɜŬ ŮɑɜŬɘ ˊɎɜŰŬ ɔɜɤůŰɏɠ ɞɘ 

ɓŬůɘəɏɠ Űɘɛɏɠ Űɤɜ ɛŮɔŮɗɩɜ. ɇŬ ɖɛɘŰɞɜɞŮɘŭɐ ůɐɛŬŰŬ Űɖɠ 3ū ŰɎůɖɠ əŬɘ Űɞɡ ɟŮɨɛŬŰɞɠ 

əɎɗŮ űɎůɖɠ (ɛɞɜŰɏɚɞ ɛɏůɤɜ Űɘɛɩɜ) ɛŮŰɟɞɨɜŰŬɘ ŰɞˊɘəɎ ɛŮŰɎ Űɞ ˊɖɜɑɞ Űɞɡ ɛŮŰŬŰɟɞˊɏŬ 
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əŬɘ ɛŮŰŬŰɟɏˊɞɜŰŬɘ ůŮ Ŭ.ɛ (ŭɘŬɘɟɞɨɛŮɜŬ ɛŮ Űɞ ˊɚɎŰɞɠ (peak) Űɤɜ ɓŬůɘəɩɜ ɛŮɔŮɗɩɜ), 

ɩůŰŮ ɜŬ ŭɞɗɞɨɜ ůŮ Ŭ.ɛ. ɤɠ Ůɑůɞŭɞɘ ůŰɞ əɨəɚɤɛŬ Ůɚɏɔɢɞɡ Űɞɡ VSC. ɄŬɟŬəɎŰɤ 

űŬɑɜŮŰŬɘ Űɞ əɡəɚɤɛŬŰɘəɧ ůɢɏŭɘɞ Űɖɠ Ůɘůɧŭɞɡ əŬɘ Ůɝɧŭɞɡ Űɞɡ VSC. Tɞ əɡəɚɤɛŬŰɘəɧ 

ůɢɏŭɘɞ ŮɑɜŬɘ ɧɛɞɘɞ ɔɘŬ Űɞɜ ɡˊŮɟɎəŰɘɞ VSC, ɛŮ ɛɞɜŬŭɘəɐ ŬɚɚŬɔɐ Űɖɜ AC ɓŬůɘəɐ ˊɞɚɘəɐ 

ŰɎůɖ Űɞɡ ɡˊŮɟɎəŰɘɞɡ AC ŭɘəŰɨɞɡ ɛŮŰɎ Űɞɜ ɀ/Ɇ, ɖ ɞˊɞɑŬ ɞɟɑůɗɖəŮ ɑůɖ ɛŮ VB,offshore=33 

KV. 

 
 

ɆɢɐɛŬ 3.1. ȾɡəɚɤɛŬŰɘəɧ ůɢɏŭɘɞ Ůɘůɧŭɞɡ əŬɘ Ůɝɧŭɞɡ Űɞɡ HVDC-VSC. 

 

 

3.2 Ƀɘ DC ˊɡəɜɤŰɏɠ Űɞɡ MTDC  ŭɘəŰɨɞɡ 
 

Ƀɘ DC ˊɡəɜɤŰɏɠ ŮɑɜŬɘ ůŰɞɘɢŮɑŬ ŬˊɞɗɐəŮɡůɖɠ ŮɜɏɟɔŮɘŬɠ əŬɘ ŬˊɞŰŮɚɞɨɜ ɓŬůɘəɐ 

ůɡɜɘůŰɩůŬ ůŰɖ ŭɧɛɖůɖ Űɞɡ multiterminal HVDC ŭɘəŰɨɞɡ. ũɘŬ Űɖ ůɤůŰɐ ŭɘŬəɑɜɖůɖ Űɖɠ 

ŮɜŮɟɔɞɨ ɘůɢɨɞɠ ůŰɞ MTDC ŭɑəŰɡɞ, ɖ DC ŰɎůɖ ˊɟɏˊŮɘ ɜŬ ŭɘŬŰɖɟŮɑŰŬɘ ůŰŬɗŮɟɐ. ȼ 

Ŭɨɝɖůɖ ɐ ˊŰɩůɖ Űɖɠ DC ŰɎůɖɠ ůŰɞɡɠ əɧɛɓɞɡɠ Űɤɜ ɛŮŰŬŰɟɞˊɏɤɜ ɞűŮɑɚŮŰŬɘ ůŰɖ 

űɧɟŰɘůɖ ɐ ŮəűɧɟŰɘůɖ Űɤɜ ˊɡəɜɤŰɩɜ, ɧŰŬɜ ŭŮɜ ŰɖɟŮɑŰŬɘ Űɞ ɘůɞɕɨɔɘɞ ŮɜŮɟɔɞɨ ɘůɢɨɞɠ ɐ 

əŬŰɎ Űɖ ˊɟŬɔɛŬŰɞˊɞɑɖůɖ ɛŮŰŬɓŬŰɘəɩɜ űŬɘɜɞɛɏɜɤɜ. 

ɆŰɖɜ ˊŮɟɑˊŰɤůɖ ɛŮŰŬŰɟɞˊɏŬ ŭɨɞ Ůˊɘˊɏŭɤɜ əŬɘ ůɡɜŭŮůɛɞɚɞɔɑŬɠ ŭɘˊɞɚɘəɞɨ 

ůɡɜŭɏůɛɞɡ, ɖ ɢɤɟɖŰɘəɧŰɖŰŬ ůɡɜŭɏŮŰŬɘ ůŮ əɎɗŮ ˊɧɚɞ , ɞˊɧŰŮ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ŭɨɞ 

ˊɡəɜɤŰɏɠ ŰɎůɖɠ VDC/2 ɞ əŬɗɏɜŬɠ. Ƀɘ ŭɨɞ ˊɡəɜɤŰɏɠ ɛˊɞɟɞɨɜ ɜŬ ŬɜŰɘəŬŰŬůŰŬɗɞɨɜ ɛŮ 

ˊɡəɜɤŰɐ ɘůɞŭɨɜŬɛɖɠ ɢɤɟɖŰɘəɧŰɖŰŬɠ əŬɘ ŰɎůɖɠ VDC , ɞ ɞˊɞɑɞɠ ůɡɜŭɏŮŰŬɘ ůŰɞ DC Ɏəɟɞ 

Űɞɡ ɛŮŰŬŰɟɞˊɏŬ. ȼ ɘůɞŭɨɜŬɛɖ ɢɤɟɖŰɘəɧŰɖŰŬ CDC ɢŬɟŬəŰɖɟɑɕŮɘ Űɞɜ ɛŮŰŬŰɟɞˊɏŬ əŬɘ 

ŮˊɖɟŮɎɕŮɘ Űɖ ŭɡɜŬɛɘəɐ ůɡɛˊŮɟɘűɞɟɎ Űɞɡ. 

Ⱦɨɟɘɞ əɟɘŰɐɟɘɞ ɔɘŬ Űɖ ŭɘŬůŰŬůɘɞɚɧɔɖůɖ Űɤɜ ˊɡəɜɤŰɩɜ ŮɑɜŬɘ ɖ ŮˊɘɗɡɛɖŰɐ 

ŮɡŬɘůɗɖůɑŬ Űɖɠ ŭɘŬəɡɛɎɜůɖɠ Űɖɠ ŰɎůɖɠ. ȺɎɜ ůŰɘɔɛɘŬɑŬ Űɞ ɘůɞɕɨɔɘɞ ɘůɢɨɞɠ ůŰɞ MTDC 

çůˊɎůŮɘè, Űɞ ˊɚŮɧɜŬůɛŬ ɘůɢɨɞɠ ŬˊɞɗɖəŮɨŮŰŬɘ ůŰɞɡɠ ˊɡəɜɤŰɏɠ, ˊɟɞəŬɚɩɜŰŬɠ 

ůŰɘɔɛɘŬɑŮɠ ŭɘŬəɡɛɎɜůŮɘɠ ůŰɖ DC ŰɎůɖ. Ⱥˊɑůɖɠ, Űɞ ɟŮɨɛŬ ˊɞɡ ŭɘŬɟɟɏŮɘ ɏɜŬɜ ˊɡəɜɤŰɐ 

ɘůɞɨŰŬɘ ɛŮ ic=CDC
dVDC

dt
 əŬɘ ůŰɖɜ ˊŮɟɑˊŰɤůɖ ˊɞɡ ɞɘ ɛŮŰŬŰɟɞˊŮɑɠ ɛɞɜŰŮɚɞˊɞɘɞɨɜŰŬɘ ɛŮ 

ŭɘŬəɞˊŰɘəɧ ɛɞɜŰɏɚɞ, Űɞ ɟŮɨɛŬ ɗŬ ɐŰŬɜ ŬůɡɜŮɢɏɠ, ŬəɞɚɞɡɗɩɜŰŬɠ Űɖ ŭɘŬəɞˊŰɘəɐ 

ůɡɢɜɧŰɖŰŬ Űɞɡ ɛŮŰŬŰɟɞˊɏŬ əŬɘ ŮɘůɎɔɞɜŰŬɠ Ŭɟɛɞɜɘəɏɠ. ȷɡŰɧ ˊɟɞəŬɚŮɑ Ůˊɘˊɚɏɞɜ 

ŬɜŮˊɘɗɨɛɖŰŮɠ ŭɘŬəɡɛɎɜůŮɘɠ ŰɎůɖɠ ůŰɞɜ DC əɧɛɓɞ. ȼ ɚɨůɖ ɔɘŬ ɜŬ ŭɘŬŰɖɟɖɗɞɨɜ ůŮ 

ɢŬɛɖɚɎ ŮˊɑˊŮŭŬ ɞɘ ɡɣɖɚɏɠ ŭɘŬəɡɛɎɜůŮɤɜ Űɖɠ ŰɎůɖɠ ɚɧɔɤ Űɤɜ ˊŬɟŬˊɎɜɤ ŭɨɞ ŬɘŰɘɩɜ 

ŮɑɜŬɘ ɜŬ ɢɟɖůɘɛɞˊɞɘɖɗŮɑ ŬɟəŮŰɎ ɡɣɖɚɐ Űɘɛɐ ɢɤɟɖŰɘəɧŰɖŰŬɠ, Űɞ ɞˊɞɑɞ ɘůɞŭɡɜŬɛŮɑ ɛŮ 
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Ŭɡɝɖɛɏɜɖ ůŰŬɗŮɟɎ ɢɟɧɜɞɡ. ɆɡɜŮˊɩɠ ɓɟŬŭɨŰŮɟɖ Ŭˊɧəɟɘůɖ Űɖɠ ŰɎůɖɠ ůŰɘɠ ɛŮŰŬɓɞɚɏɠ ɐ 

Ŭɚɚɘɩɠ ˊɘɞ ůŰŬɗŮɟɐ Űɘɛɐ ŰɎůɖɠ, Űɞ ɞˊɞɑɞ ŬɡɝɎɜŮɘ ɖ ŭɘɎɟəŮɘŬ ɕɤɐɠ Űɞɡ Ůɝɞˊɚɘůɛɞɨ. 

ȷˊɧ Űɖɜ Ɏɚɚɖ, ɡɣɖɚɐ Űɘɛɐ ɢɤɟɖŰɘəɧŰɖŰŬɠ ŭŮɜ ŮˊɘŰɟɏˊŮɘ Űɞɜ ɔɟɐɔɞɟɞ ɏɚŮɔɢɞ 

Űɖɠ ŮɜŮɟɔɞɨ ɘůɢɨɞɠ ɚɧɔɤ Űɖɠ Ŭɟɔɐɠ ˊɚɏɞɜ ɛŮŰŬɓɞɚɐɠ Űɖɠ ŰɎůɖɠ. Ƀɘ ŭɨɞ ˊŬɟŬˊɎɜɤ 

ŬˊŬɘŰɐůŮɘɠ ŮɑɜŬɘ ŬɜŰɘəɟɞɡɧɛŮɜŮɠ. ɇŮɚɘəɎ ɖ Ůˊɘɚɞɔɐ Űɖɠ ŭɘŬůŰŬůɘɞɚɧɔɖůɖɠ Űɞɡ 

ˊɡəɜɤŰɐ ŬˊɞŰŮɚŮɑ ɏɜŬ trade-off ɛŮŰŬɝɨ Űɤɜ ɢŬɛɖɚɩɜ ŭɘŬəɡɛɎɜůŮɤɜ Űɖɠ ŰɎůɖɠ əŬɘ Űɞɡ 

ɔɟɐɔɞɟɞɡ Ůɚɏɔɢɞɡ Űɞɡ DC ůɡɜŭɏůɛɞɡ. ɆŰɖ ɓɘɓɚɘɞɔɟŬűɑŬ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ɖ ˊŬɟŬəɎŰɤ 

ůɢɏůɖ: 

 

 CDC=
SN

UDCẗȹUDCẗ2ẗɤe
 (3.3) 

 

ɧˊɞɡ SN ŮɑɜŬɘ ɖ ɞɜɞɛŬůŰɘəɐ űŬɘɜɧɛŮɜɖ ɘůɢɨɠ Űɞɡ ɛŮŰŬŰɟɞˊɏŬ, UDC ɖ ɛɏůɖ ŰɎůɖ Űɞɡ 

DC ůɡɜŭɏůɛɞɡ, ɤe ɖ ɖɚŮəŰɟɘəɐ ůɡɢɜɧŰɖŰŬ əŬɘ ȹUDC ɖ ɛɏɔɘůŰɖ ŮˊɘŰɟŮˊŰɐ ŭɘŬəɨɛŬɜůɖ 

ŰɎůɖɠ. 

 ȰɜŬɠ Ɏɚɚɞɠ Űɟɧˊɞɠ ɡˊɞɚɞɔɘůɛɞɨ Űɖɠ ɘůɞŭɨɜŬɛɖɠ ɢɤɟɖŰɘəɧŰɖŰŬɠ ŮɑɜŬɘ ɛɏůɤ 

Űɖɠ ůŰŬɗŮɟɎ ɢɟɧɜɞɡ, ɖ ɞˊɞɑŬ ŮəűɟɎɕŮɘ Űɞ ɢɟɧɜɞ ˊɞɡ ɢɟŮɘɎɕŮŰŬɘ ɞ ˊɡəɜɤŰɐɠ ɔɘŬ ɜŬ 

űɞɟŰɘůɗŮɑ ůŮ ŰɎůɖ VDC ŮɎɜ ŰɟɞűɞŭɞŰŮɑŰŬɘ ɛŮ ůŰŬɗŮɟɐ ɘůɢɨ SN . 

 

 ŰDC=

1
2CDCVDC

2

SN
 (3.4) 

 

ȿɨɜɞɜŰŬɠ ɤɠ ˊɟɞɠ Űɖ ɢɤɟɖŰɘəɧŰɖŰŬ ˊɟɞəɨˊŰŮɘ CDC=2ẗSNẗŰDC/VDC
2

 . ɆŰɖ ˊŬɟɞɨůŬ 

ŮɟɔŬůɑŬ SN ŮɑɜŬɘ ɖ ɞɜɞɛŬůŰɘəɐ űŬɘɜɧɛŮɜɖ ɘůɢɨɠ Űɞɡ VSC ɛŮŰŬŰɟɞˊɏŬ əŬɘ VDC ɖ 

ɞɜɞɛŬůŰɘəɐ ŰɎůɖ Űɞɡ DC əɧɛɓɞɡ Űɞɡ.  

 Ƀɘ ŭɨɞ ˊŬɟŬˊɎɜɤ ůɢɏůŮɘɠ ŭɑɜɞɡɜ Űɞ Ɏɜɤ əŬɘ əɎŰɤ ɧɟɘɞ ɔɘŬ Űɖ ŭɘŬůŰŬůɘɞɚɧɔɖůɖ 

Űɞɡ ˊɡəɜɤŰɐ. ɆŰɖ ˊŬɟɞɨůŬ ŮɟɔŬůɑŬ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ Űɞ ɛɞɜŰɏɚɞ ɛɏůɤɜ Űɘɛɩɜ əŬɘ ɧɢɘ 

Űɞ ŭɘŬəɞˊŰɘəɧ ɛɞɜŰɏɚɞ ɔɘŬ Űɖ ɛɞɜŰŮɚɞˊɞɑɖůɖ Űɞɡ VSC ɛŮŰŬŰɟɞˊɏŬ. ɆɡɜŮˊɩɠ Űɞ 

ˊɟɧɓɚɖɛŬ Űɤɜ ŭɘŬəɡɛɎɜůŮɤɜ ŰɎůɖɠ ɚɧɔɤ ŭɘŬəɞˊŰɘəɐɠ ůɡɢɜɧŰɖŰŬɠ ŬˊɞűŮɨɔŮŰŬɘ. ȷɡŰɧ 

ˊŬɟɏɢŮɘ ɛɑŬ ŮɚŬůŰɘəɧŰɖŰŬ ůŰɖ ŭɘŬůŰŬůɘɞɚɧɔɖůɖ Űɤɜ ˊɡəɜɤŰɩɜ ɛŮ Űɖɜ ŰŮɚɘəɐ Ůˊɘɚɞɔɐ 

Űɖɠ Űɘɛɐɠ Űɖɠ ɢɤɟɖŰɘəɧŰɖŰŬɠ ɜŬ ɔɑɜŮŰŬɘ ɗɏŰɞɜŰŬɠ ɛɘŬ ůɡɔəŮəɟɘɛɏɜɖ Űɘɛɐ ɔɘŬ Űɖ ůŰŬɗŮɟɎ 

ɢɟɧɜɞɡ ŰDC ɛŮŰŬɝɨ Űɡˊɘəɩɜ Űɘɛɩɜ 20 ɛɏɢɟɘ 50 ms . Ƀɘ Űɘɛɏɠ ŬɡŰɏɠ ɞŭɖɔɞɨɜ ůŮ 

ŭɘŬəɨɛŬɜůɖ Űɖɠ ŰɎůɖɠ Űɤɜ ˊɡəɜɤŰɩɜ Űɖɠ ŰɎɝŮɤɠ Űɞɡ 10% ɔɘŬ ɞɜɞɛŬůŰɘəɏɠ ůɡɜɗɐəŮɠ 

ɚŮɘŰɞɡɟɔɑŬɠ. Ƀɘ ŰɏůůŮɟŮɘɠ VSC ɛŮŰŬŰɟɞˊŮɑɠ ˊɞɡ ŭɘŬɛɞɟűɩɜɞɡɜ Űɞ multiterminal 

HVDC ŭɑəŰɡɞ ɏɢɞɡɜ ɧɛɞɘŬ ɞɜɞɛŬůŰɘəɐ űŬɘɜɧɛŮɜɖ ɘůɢɨ əŬɘ ɞɜɞɛŬůŰɘəɐ DC ŰɎůɖ. 

ŪɏŰɞɜŰŬɠ ŰDC=40 ms ˊɟɞəɨˊŰŮɘ :  

 

CDC 2ẗ Ȣ
ẗτπÍÓȾ ςẗσςπ+6=217ʈF 

 
ɖ ɞˊɞɑŬ ŮɑɜŬɘ ɖ ɘůɞŭɨɜŬɛɖ Űɘɛɐ Űɖɠ ɢɤɟɖŰɘəɧŰɖŰŬɠ ůŰɞ DC əɧɛɓɞ əŬɗŮɜɧɠ Ŭˊɧ Űɞɡɠ 

ŰɏůůŮɟŮɘɠ VSC ɛŮŰŬŰɟɞˊŮɑɠ Űɞɡ MTDC ŭɘəŰɨɞɡ. 
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3.3 ɇɞ Ʉɖɜɑɞ əŬɘ Űɞ ūɑɚŰɟɞ ůŰɖɜ ɏɝɞŭɞ Űɞɡ VSC ɛŮŰŬŰɟɞˊɏŬ 
 

ɆŰɖɜ AC ɏɝɞŭɞ Űɞɡ VSC ɛŮŰŬŰɟɞˊɏŬ ɓɟɑůəŮŰŬɘ Űɞ ˊɖɜɑɞ ˊɟɞůŬɟɛɞɔɐɠ əŬɘ Űɞ 

AC űɑɚŰɟɞ. ȳˊɤɠ ˊŮɟɘɔɟɎűɗɖəŮ ůŰɞ KŮű. 2.7 , ɛɏůɤ Űɖɠ ŮűŬɟɛɞɔɐɠ Űɞɡ ɜɧɛɞɡ Űɞɡ 

Kirchoff ɛŮŰŬɝɨ Űɖɠ ŰɎůɖɠ Űɞɡ ˊɖɜɑɞɡ əŬɘ Űɤɜ ŰɎůŮɤɜ ůŰŬ ɎəɟŬ Űɞɡ VSC (ɛŮ Űɖɜ ɛɑŬ 

ɜŬ ɛŮŰɟɎŰŬɘ əŬɘ Űɖɜ Ɏɚɚɖ ŰɞˊɘəɎ ɜŬ ŮɚɏɔɢŮŰŬɘ ɛɏůɤ Űɞɡ VSC ɛŮŰŬŰɟɞˊɏŬ), ɖ Űɘɛɐ Űɖɠ 

ŬɡŰŮˊŬɔɤɔɐɠ L Űɞɡ ˊɖɜɑɞɡ ŬɜŬɛŮɘɔɜɨŮŰŬɘ ůŰɘɠ ŮɝɘůɩůŮɘɠ Űɞɡ ŮůɤŰŮɟɘəɞɨ ɓɟɧɔɢɞɡ 

Ůɚɏɔɢɞɡ ɟŮɡɛɎŰɤɜ, ɛŮ əŬɗɞɟɘůŰɘəɐ ůɖɛŬůɑŬ ůŰɞɜ ɏɚŮɔɢɞ Űɖɠ ŮɜŮɟɔɞɨ əŬɘ Ŭɏɟɔɞɡ 

ɘůɢɨɞɠ. Ⱥˊɑůɖɠ, Űɞ ˊɖɜɑɞ ŬɡɝɎɜŮɘ Űɖ ůɨɜɗŮŰɖ ŬɜŰɑůŰŬůɖ Ůɝɧŭɞɡ ˊŮɟɘɞɟɑɕɞɜŰŬɠ Űɞ ɟŮɨɛŬ 

ɓɟŬɢɡəɡəɚɩůŮɤɠ. ɇɏɚɞɠ, ɢɟɖůɘɛŮɨŮɘ ɤɠ ɓŬɗɡˊŮɟŬŰɧ űɑɚŰɟɞ ɔɘŬ Űɖɜ Ŭˊɞəɞˊɐ Űɤɜ 

ŬɜɩŰŮɟɤɜ Ŭɟɛɞɜɘəɩɜ ɟŮɨɛŬŰɞɠ, ˊɞɡ ŮɛűŬɜɑɕɞɜŰŬɘ əɡɟɑɤɠ ɚɧɔɤ Űɞɡ ŭɘŬəɞˊŰɘəɞɨ 

ɛɞɜŰɏɚɞɡ ŭɘŬɛɧɟűɤůɖɠ ŰɎůɖɠ. ȼ ŬɡŰŮˊŬɔɤɔɐ ɚŬɛɓɎɜŮɘ ůŮ ŰɏŰɞɘŮɠ ŮűŬɟɛɞɔɏɠ Űɡˊɘəɏɠ 

Űɘɛɏɠ 5-10% ŬɜɎ ɛɞɜɎŭŬ. ɆŰɖ ˊŬɟɞɨůŬ ŮɟɔŬůɑŬ ŮˊɘɚɏɢɗɖəŮ LVSC=10%=0.1 p.u , 

Ŭɜɖɔɛɏɜɖ ůŰŬ ɓŬůɘəɎ ɛŮɔɏɗɖ Űɞɡ ɛŮŰŬŰɟɞˊɏŬ. Ƀ ɡˊɞɚɞɔɘůɛɧɠ Űɖɠ űɡůɘəɐɠ Űɘɛɐɠ Űɖɠ 

ŬɡŰŮˊŬɔɤɔɐɠ ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŮ ɤɠ Ůɝɐɠ : 
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Ʉɖɜɑɞ ŬɡŰŮˊŬɔɤɔɐɠ ɑůɖɠ ɛŮ 29.3 mH ůɡɜŭɏŮŰŬɘ ůŮ əɎɗŮ űɎůɖ ůŰɖ 3ū ɏɝɞŭɞ Űɞɡ VSC 

ɛŮŰŬŰɟɞˊɏŬ. ɇɞ ɤɛɘəɧ ůŰɞɘɢŮɑɞ Űɞɡ ˊɖɜɑɞɡ ˊɟɞůɞɛɞɘɩɗɖəŮ ɛɏůɤ ŬɜŰɑůŰŬůɖɠ 

R=0.05%=0.005 p.u , Űɖɠ ɞˊɞɑŬɠ ɖ űɡůɘəɐ Űɘɛɐ ɡˊɞɚɞɔɑůɗɖəŮ ɤɠ Ůɝɐɠ : 

 

2 πȢππυẗ: πȢρẗ
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3
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ɇɞ AC űɑɚŰɟɞ ŰɞˊɞɗŮŰŮɑŰŬɘ ɛŮŰɎ Űɞ ˊɖɜɑɞ əŬɘ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ɔɘŬ Űɞɜ 

ˊŮɟɘɞɟɘůɛɧ Űɤɜ Ŭɟɛɞɜɘəɩɜ Űɖɠ ŰɎůɖɠ Ůɝɧŭɞɡ, ɩůŰŮ ɜŬ ɘəŬɜɞˊɞɘɞɨɜŰŬɘ ɞɘ ŬˊŬɘŰɐůŮɘɠ 

ˊɞɡ ŰɑɗŮɜŰŬɘ Ŭˊɧ Űɞ ŭɘŬɢŮɘɟɘůŰɐ Űɞɡ ŭɘəŰɨɞɡ ůŰɞ ůɖɛŮɑɞ əɞɘɜɐɠ ůɨɜŭŮůɖɠ. ɆŰɖɜ 

ˊŬɟɞɨůŬ ŮɟɔŬůɑŬ ɚɧɔɤ Űɖɠ ɢɟɐůɖɠ Űɞɡ ɛɞɜŰɏɚɞɡ ɛɏůɤɜ Űɘɛɩɜ, ɖ ɢɟɐůɖ AC űɑɚŰɟɞɡ 

ŭŮɜ ɏɢŮɘ  ˊɟŬəŰɘəɐ ŬɝɑŬ ŭɘɧŰɘ ɞ VSC ɛŮŰŬŰɟɞˊɏŬɠ ˊŬɟɎɔŮɘ ŮɚŮɔɢɧɛŮɜɖ ɖɛɘŰɞɜɞŮɘŭɐ 

ɛɞɟűɐ ŰɎůɖɠ ŭɑɢɤɠ Ŭɟɛɞɜɘəɏɠ. ɇɞ ɢŬɛɖɚɧ Ŭɟɛɞɜɘəɧ ˊŮɟɘŮɢɧɛŮɜɞ Űɖɠ ŰɎůɖɠ ŭŮɜ ŬˊɏɢŮɘ 

ˊɞɚɨ Ŭˊɧ Űɖ ůɨɔɢɟɞɜɖ ˊɟŬɔɛŬŰɘəɧŰɖŰŬ ɚɧɔɤ Űɖɠ ɢɟɐůɖɠ Űɤɜ ɛŮŰŬŰɟɞˊɏɤɜ ˊɞɚɚŬˊɚɩɜ 

Ůˊɘˊɏŭɤɜ, ɞɘ ɞˊɞɑɞɘ ˊŬɟɎɔɞɡɜ ˊɞɘɞŰɘəɐ ɛɞɟűɐ ŰɎůɖɠ. ɄŬɟɧɚŬ ŬɡŰɎ, ŮˊŮɘŭɐ ůŰɘɠ 

ˊɟŬɔɛŬŰɘəɏɠ ŮűŬɟɛɞɔɏɠ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ˊɎɜŰŬ űɑɚŰɟŬ Ůɝɧŭɞɡ, ůŰɖ ˊɟɞůɞɛɞɑɤůɖ 

ůɡɜŭɏɗɖəŮ ˊɡəɜɤŰɐɠ ɢɤɟɖŰɘəɧŰɖŰŬɠ 10% Ŭ.ɛ Ŭɛɏůɤɠ ɛŮŰɎ Űɞ ˊɖɜɑɞ Űɞɡ ɛŮŰŬŰɟɞˊɏŬ. 

ȼ ɧɚɖ ŭɘɎŰŬɝɖ ůŰɖɜ ɏɝɞŭɞ Űɞɡ VSC ɛŮŰŬŰɟɞˊɏŬ ɛˊɞɟŮɑ ɜŬ ɢŬɟŬəŰɖɟɘůɗŮɑ ɤɠ űɑɚŰɟɞ 

LC, ɧˊɞɡ ɤɠ ŬɡŰŮˊŬɔɤɔɐ ɗŮɤɟŮɑŰŬɘ Űɞ ˊɖɜɑɞ Űɞɡ ɛŮŰŬŰɟɞˊɏŬ. Ƀ ɡˊɞɚɞɔɘůɛɧɠ Űɖɠ 

űɡůɘəɐɠ Űɘɛɐɠ Űɖɠ ɢɤɟɖŰɘəɧŰɖŰŬɠ ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŮ ɤɠ Ůɝɐɠ: 
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ɇɏɚɞɠ, ɖ ůɨɜŭŮůɖ Ůɜɧɠ ˊɡəɜɤŰɐ ůŮ əɎɗŮ űɎůɖ  Űɞɡ ɛŮŰŬŰɟɞˊɏŬ ŮˊɘűɏɟŮɘ ɏɔɢɡůɖ 

ɛɘəɟɐɠ ˊɞůɧŰɖŰŬɠ Ŭɏɟɔɞɡ ɘůɢɨɞɠ ůŰɞ ŭɑəŰɡɞ, ɛŮ ŬˊɞŰɏɚŮůɛŬ ɛɘəɟɐ Ŭɨɝɖůɖ Űɖɠ AC 

ŰɎůɖɠ. 

 

 

3.4 Ƀɘ ɛŮŰŬůɢɖɛŬŰɘůŰɏɠ ůŰɖɜ ɏɝɞŭɞ Űɞɡ VSC ɛŮŰŬŰɟɞˊɏŬ 
 

ɇɧůɞ ůŰŬ ŭɨɞ ŬɜŮɝɎɟŰɖŰŬ ɖˊŮɘɟɤŰɘəɎ ŭɑəŰɡŬ (onshore) ɧůɞ əŬɘ ůŰŬ ŭɨɞ 

ɡˊŮɟɎəŰɘŬ ŭɑəŰɡŬ (offshore), ɧˊɞɡ ůɡɜŭɏɞɜŰŬɘ ŰŬ ɗŬɚɎůůɘŬ ŬɘɞɚɘəɎ ˊɎɟəŬ, ɛŮŰɎ Űɞɜ 

VSC ɛŮŰŬŰɟɞˊɏŬ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ 3ū ɛŮŰŬůɢɖɛŬŰɘůŰɏɠ ɔɘŬ Űɞɜ ɛŮŰŬůɢɖɛŬŰɘůɛɧ Űɖɠ 

AC ŰɎůɖɠ Űɞɡ ɛŮŰŬŰɟɞˊɏŬ (320 KV) ůŰɖɜ ɡˊŮɟɡɣɖɚɐ AC ŰɎůɖ Űɞɡ onshore ŭɘəŰɨɞɡ 

(420 KV ɐ 380 KV) ɐ ůŰɖ ɛɏůɖ Űɞɡ offshore ŭɘəŰɨɞɡ (33 KV). ɇɞ ŭŮɡŰŮɟŮɨɞɜ Űɞɡ əɎɗŮ 

onshore ɛŮŰŬůɢɖɛŬŰɘůŰɐ ˊɞɡ ɓɟɑůəŮŰŬɘ ůŮ ɡˊŮɟɡɣɖɚɐ ŰɎůɖ ŬˊɞŰŮɚŮɑ Űɞ ůɖɛŮɑɞ əɞɘɜɐɠ 

ůɨɜŭŮůɖɠ (Ɇ.Ⱦ.Ɇ) ɛŮ Űɞ AC ůɨůŰɖɛŬ. ɆŰɖɜ ɏɝɞŭɞ Űɤɜ ŰŮůůɎɟɤɜ VSC ɛŮŰŬŰɟɞˊɏɤɜ 

ŮˊɘɚɏɢɗɖəŬɜ ɛŮŰŬůɢɖɛŬŰɘůŰɏɠ ɞɜɞɛŬůŰɘəɩɜ Űɘɛɩɜ Str=1200 MVA  , rtr=0.5% ,xtr=15% 

. ɇŬ ŰɡɚɑɔɛŬŰŬ ˊɞɡ ɓɟɑůəɞɜŰŬɘ ůŰɖɜ ˊɚŮɡɟɎ Űɞɡ ɛŮŰŬŰɟɞˊɏŬ ɡɚɞˊɞɘɞɨɜŰŬɘ ůŮ 

ůɡɜŭŮůɛɞɚɞɔɑŬ Űɟɘɔɩɜɞɡ (ȹ), ɩůŰŮ ɜŬ ŮˊɘŰɡɔɢɎɜŮŰŬɘ əŬŰŬůŰɞɚɐ Űɤɜ Ŭɟɛɞɜɘəɩɜ ŰɟɑŰɖɠ 

ŰɎɝɖɠ ˊɞɡ ˊɟɞɏɟɢɞɜŰŬɘ Ŭˊɧ Űɖ ŭɘŬəɞˊŰɘəɐ ŭɘŬɛɧɟűɤůɖ ŰɎůɖɠ Űɞɡ ɛŮŰŬŰɟɞˊɏŬ əŬɘ ɧɢɘ 

ɛɧɜɞ, Ůɜɩ ůŰɖɜ Ɏɚɚɖ ˊɚŮɡɟɎ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ůɡɜŭŮůɛɞɚɞɔɑŬ ŬůŰɏɟŬ (Ɉ). Ƀ 

ɛŮŰŬŰɟɞˊɏŬɠ ɓɏɓŬɘŬ ŮɑɜŬɘ ɞɨŰɤɠ ɐ Ɏɚɚɤɠ ŮűɞŭɘŬůɛɏɜɞɠ ɛŮ űɑɚŰɟŬ, Ůɜɩ Űɞ Ŭɟɛɞɜɘəɧ 

ˊŮɟɘŮɢɧɛŮɜɞ ŮɑɜŬɘ ɛŮɘɤɛɏɜɞ əŬɘ ůŰɖɜ ˊŮɟɑˊŰɤůɖ Űɤɜ ɛŮŰŬŰɟɞˊɏɤɜ ˊɞɚɚŬˊɚɩɜ 

Ůˊɘˊɏŭɤɜ. ɆŮ ˊɟŬɔɛŬŰɘəɏɠ ŮűŬɟɛɞɔɏɠ ɞ ɛŮŰŬůɢɖɛŬŰɘůŰɐɠ ɏɢŮɘ ˊɞɚɚŬˊɚɏɠ ɚɐɣŮɘɠ (taps) 

ɩůŰŮ ɜŬ ɛˊɞɟŮɑ ɜŬ ɛŮŰŬɓɎɚɚŮɘ Űɞ ɚɧɔɞ ɛŮŰŬůɢɖɛŬŰɘůɛɞɨ Űɞɡ ɓɞɖɗɩɜŰŬɠ ůŰɖ ɟɨɗɛɘůɖ 

Űɞɡ Ůˊɘˊɏŭɞɡ ŰɎůɖɠ. 

 

 

3.5 ȺɝŮŰŬɕɧɛŮɜɞ ɄɞɚɡŰŮɟɛŬŰɘəɧ HVDC ŭɑəŰɡɞ (MTDC ) 
 

ȰɢɞɜŰŬɠ ŬɜŬɚɨůŮɘ əɡəɚɤɛŬŰɘəɎ Űɖɜ AC əŬɘ DC ˊɚŮɡɟɎ Ůɜɧɠ VSC, ŮɑɜŬɘ 

ŭɡɜŬŰɧɜ ˊɚɏɞɜ ɜŬ ůɢɖɛŬŰɘůɗŮɑ Űɞ ɄɞɚɡŰŮɟɛŬŰɘəɧ (Multiterminal) HVDC ŭɑəŰɡɞ. To 

MTDC ŬˊɞŰŮɚŮɑŰŬɘ Ŭˊɧ ŰɏůůŮɟŮɘɠ VSC ɛŮŰŬŰɟɞˊŮɑɠ (4-terminal MTDC). ȹɨɞ offshore 

ɡˊŮɟɎəŰɘɞɘ ɛŮŰŬŰɟɞˊŮɑɠ əŬɘ ŭɨɞ onshore ɖˊŮɘɟɤŰɘəɞɑ ɛŮŰŬŰɟɞˊŮɑɠ. 

ȾɎɗŮ offshore VSC ůɢɖɛŬŰɑɕŮɘ ɏɜŬ AC ŭɑəŰɡɞ (grid-forming VSC), ˊɎɜɤ ůŰɞ 

ɞˊɞɑɞ ůɡɜŭɏŮŰŬɘ offshore Ŭɘɞɚɘəɧ ˊɎɟəɞ (ŪȷɄ) ɞɜɞɛŬůŰɘəɐɠ ɘůɢɨɞɠ 570MW. ɇŬ ŭɨɞ 

offshore ŬɘɞɚɘəɎ ˊɎɟəŬ ŮɑɜŬɘ ɧɛɞɘŬ ɛŮŰŬɝɨ Űɞɡɠ. Ⱥˊɑůɖɠ, ɞɘ ŭɨɞ offshore VSC ŮɑɜŬɘ 

ɧɛɞɘɞɘ ɛŮŰŬɝɨ Űɞɡɠ. 

ȾɎɗŮ onshore VSC ůɡɜŭɏŮŰŬɘ ůŮ ɏɜŬ ŬɜŮɝɎɟŰɖŰɞ AC ɖˊŮɘɟɤŰɘəɧ ŭɑəŰɡɞ. Ƀɘ 

ŭɨɞ onshore VSC ŮɑɜŬɘ ɧɛɞɘɞɘ ɛŮŰŬɝɨ Űɞɡɠ. Ƀɘ onshore VSC ɚŮɘŰɞɡɟɔɞɨɜ ɤɠ grid-
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feeding, ŭɖɚŬŭɐ ɚŮɘŰɞɡɟɔɞɨɜ ɛŮ ůəɞˊɧ Űɖɜ ŬˊɟɧůəɞˊŰɖ ŬɜŰŬɚɚŬɔɐ ɘůɢɨɞɠ ɛŮ Űɞ 

ɖˊŮɘɟɤŰɘəɧ Űɞɡɠ ůɨůŰɖɛŬ. Ⱥˊɑůɖɠ, ŮɑɜŬɘ ɡˊŮɨɗɡɜɞɘ ɔɘŬ Űɞɜ ɏɚŮɔɢɞ Űɖɠ DC ŰɎůɖɠ əŬɘ 

Űɖɠ ɟɞɐ ɘůɢɨɞɠ ůŰɞ HVDC ŭɑəŰɡɞ ɛɏůɤ Űɤɜ ɓɟɧɔɢɤɜ Ůɚɏɔɢɞɡ Űɞɡɠ. ȼ ɛɏɗɞŭɞɠ Ůɚɏɔɢɞɡ 

Űɞɡ MTDC ˊɞɡ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ŮɑɜŬɘ ɖ ɛɏɗɞŭɞɠ ůŰŬŰɘůɛɞɨ DC ŰɎůɖɠ (DC voltage 

droop control methɞd), əŬɘ ɗŬ ŬɜŬɚɡɗŮɑ ůŮ ŮˊɧɛŮɜɞ əŮűɎɚŬɘɞ. 

ȳˊɤɠ ŬɜŬɚɨɗɖəŮ ůŮ ˊɟɞɖɔɞɨɛŮɜɞ əŮűɎɚŬɘɞ, ŬɡŰɧ ˊɞɡ ŭɘŬűɞɟɞˊɞɘŮɑ onshore 

Ŭˊɧ offshore ɛŮŰŬŰɟɞˊŮɑɠ ŮɑɜŬɘ ŰŬ ůɢɐɛŬŰŬ Ůɚɏɔɢɞɡ Űɞɡɠ, ɚɧɔɤ Űɖɠ ŭɘŬűɞɟŮŰɘəɞɨ 

ɟɧɚɞɡ ˊɞɡ ŮɝɡˊɖɟŮŰɞɨɜ ůŰɞ MTDC. ɇɞ ŮˊɑˊŮŭɞ Űɖɠ DC ŰɎůɖɠ ŮɑɜŬɘ 640 KV (ɐ 

ŭɘˊɞɚɘəɧɠ ůɨɜŭŮůɛɞɠ Ñ320 KV). ȼ ŭɘŬůɨɜŭŮůɖ ˊɞɡ ŭɘŬɛɞɟűɩɜŮŰŬɘ űŬɑɜŮŰŬɘ ůŰɞ 

ɆɢɐɛŬ 3.2 . 

ɇɞ MTDC ɛɞɜŰɏɚɞ ˊɞɡ ŭɖɛɘɞɡɟɔɐɗɖəŮ ůŰɞ Matlab Simulink ŭŮɜ ŬɜŬűɏɟŮŰŬɘ 

ůŮ əɎˊɞɘɞ ɡˊŬɟəŰɧ ɏɟɔɞ ɐ ůŮ əɎˊɞɘɞ ɛŮɚɚɞɜŰɘəɧ ŮˊŮɜŭɡŰɘəɧ ůɢɏŭɘɞ. ɋůŰɧůɞ, ɛɘŬ 

ˊŮɟɘɞɢɐ ɖ ɞˊɞɑŬ ŮɡɜɞŮɑ ŮˊŮɜŭɡŰɘəɎ ɏɟɔŬ ˊɞɚɡŰŮɟɛŬŰɘəɩɜ HVDC ŭɘəŰɨɤɜ, ŰŬ ɞˊɞɑŬ ɜŬ 

ůɡɜŭɏɞɡɜ AC ŭɑəŰɡŬ ŭɘŬűɞɟŮŰɘəɩɜ ɢɤɟɩɜ ɛŮŰŬɝɨ Űɞɡɠ əŬɘ offshore ŬɘɞɚɘəɎ ˊɎɟəŬ 

ɛɏůɤ HVDC ŭɘəŰɨɞɡ , ŮɑɜŬɘ ɖ ȸɧɟŮɘŬ ŪɎɚŬůůŬ (North Sea).  

ũɘŬ ɜŬ ŬɜŰŬˊɞəɟɑɜŮŰŬɘ Űɞ ɛɞɜŰɏɚɞ ɧůɞ ˊɘɞ əɞɜŰɎ ɔɑɜŮŰŬɘ ůŮ ˊɟŬɔɛŬŰɘəɏɠ 

ůɡɜɗɐəŮɠ ɗŮɤɟɐɗɖəŮ ɧŰɘ ɞ onshore VSC1 ůɡɜŭɏŮŰŬɘ ůŰɞ AC ŭɑəŰɡɞ Űɖɠ ɁɞɟɓɖɔɑŬɠ əŬɘ 

ɞ onshore VSC2 ůɡɜŭɏŮŰŬɘ ůŰɞ ŭɑəŰɡɞ Űɖɠ ũŮɟɛŬɜɑŬɠ. ɃɡůɘŬůŰɘəɎ, Űɞ HVDC ŭɑəŰɡɞ 

ŬˊɞŰŮɚŮɑ ɛɑŬ HVDC ɖɚŮəŰɟɘəɐ ŭɘŬůɨɜŭŮůɖ ɛŮŰŬɝɨ Űɤɜ ŭɨɞ ɢɤɟɩɜ, ɛŮ ŰŬ ŭɨɞ ɛŮɔɎɚŬ 

ŪȷɄ ɜŬ ůɡɜŭɏɞɜŰŬɘ əŬŰɎ ɛɐəɞɠ HVDC ɔɟŬɛɛɐɠ. ȼ ŭɘŬůɨɜŭŮůɖ Űɤɜ ŪȷɄ ɔɑɜŮŰŬɘ 

ɛɏůɤ Űɤɜ offshore ůŰŬɗɛɩɜ Űɤɜ VSC ɛŮŰŬŰɟɞˊɏɤɜ, ɞɘ ɞˊɞɑɞɘ ŰɞˊɞɗŮŰɞɨɜŰŬɘ ˊɎɜɤ ůŮ 

ˊɚŬŰűɧɟɛŮɠ ɛɏůŬ ůŰɖ ɗɎɚŬůůŬ. ŪŮɤɟɞɨɛŮ ɧŰɘ ɢɤɟɞŰŬɝɘəɎ Űɞ ŪȷɄ ɓɟɑůəŮŰŬɘ ˊɞɚɨ 

əɞɜŰɎ ůŰɞɜ offshore ůŰŬɗɛɧ Űɞɡ VSC. ɇɞ ɛɐəɞɠ Űɤɜ ɡˊɞɗŬɚɎůůɘɤɜ HVDC Ŭɔɤɔɩɜ 

ŬɜŰɚɐɗɖəŮ Ŭˊɧ Űɞ ůɢɏŭɘɞ ɛŮɚɚɞɜŰɘəɐɠ (2020) ŭɘŰŮɟɛŬŰɘəɐɠ ŭɘŬůɨɜŭŮůɖɠ ŬɜɎɛŮůŬ ůŰŬ 

ɆȼȺ ũŮɟɛŬɜɑŬɠ-ɁɞɟɓɖɔɑŬɠ ï NordLink. 

ȳůɞɜ ŬűɞɟɎ ŰŬ offshore ŬɘɞɚɘəɎ ˊɎɟəŬ, ɖ ŬˊɧůŰŬůɐ Űɞɡɠ Ŭˊɧ Űɘɠ ŬəŰɏɠ Űɤɜ 

ɢɤɟɩɜ Űɖɠ ȸɧɟŮɘŬɠ ŪɎɚŬůůŬɠ əɡɛŬɑɜŮŰŬɘ Ŭˊɧ 1 ɏɤɠ 100 km. ɆŮ ŬɡŰɐ Űɖɜ ŬˊɧůŰŬůɖ 

ˊɟɞůŰɑɗŮŰŬɘ ɖ ŬˊɧůŰŬůɖ ɛŮŰŬɝɨ Űɞɡ ɖˊŮɘɟɤŰɘəɞɨ ůŰŬɗɛɞɨ Űɞɡ ɛŮŰŬŰɟɞˊɏŬ Ŭˊɧ Űɖɜ 

ŬəŰɐ Űɖɠ ɗɎɚŬůůŬɠ. ɀŮ ɓɎůɖ ŬɡŰɧ əŬɘ ˊɟŬɔɛŬŰɘəɏɠ ŮűŬɟɛɞɔɏɠ ŮˊɘɚɏɢɗɖəŬɜ ɞɘ 

ŬˊɞůŰɎůŮɘɠ Űɤɜ offshore VSC Ŭˊɧ Űɞɡɠ onshore VSC, ŭɖɚŬŭɐ Űɞ ɛɐəɞɠ Űɤɜ 

ɡˊɞɗŬɚɎůůɘɤɜ əŬɘ ɢŮɟůŬɑɤɜ (ɡˊɧɔŮɘɤɜ ɐ ŮɜŬɏɟɘɤɜ) HVDC Ŭɔɤɔɩɜ ˊɞɡ ůɡɜŭɏɞɡɜ 

ɏɜŬɜ offshore VSC ɛŮ Űɞɜ ŬɜŰɑůŰɞɘɢɧ Űɞɡ onshore VSC, ɧˊɤɠ űŬɑɜŮŰŬɘ ůŰɞ ɆɢɐɛŬ 3.2 

. ȼ ɞɜɞɛŬůŰɘəɐ ɘůɢɨɠ Űɤɜ ŪȷɄ (570 MW) ŬɜŰŬˊɞəɟɑɜŮŰŬɘ Ůɜ ɛɏɟŮɘ ůŰɖ 

ˊɟŬɔɛŬŰɘəɧŰɖŰŬ, əŬɗɧůɞɜ ɖ ũŮɟɛŬɜɑŬ ɏɢŮɘ ˊɎɟəŬ ŰɏŰɞɘŬɠ əɚɑɛŬəŬɠ ůŰɖ ȸɧɟŮɘŬ 

ŪɎɚŬůůŬ ŬɚɚɎ ɖ ɁɞɟɓɖɔɑŬ ɧɢɘ. 
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ɆɢɐɛŬ 3.2. ȷɜŬˊŬɟɎůŰŬůɖ Multiterminal HVDC ŭɘəŰɨɞɡ ˊɞɡ ˊɟɞůɞɛɞɘɩɗɖəŮ.  

 

ȷɜ əŬɘ ɛŮ ˊɟɩŰɖ ɛŬŰɘɎ űŬɑɜŮŰŬɘ ɧŰɘ ɖ ɘůɢɨɠ Űɞɡ ŪȷɄ#1 ŬˊɞɟɟɞűɎŰŬɘ Ŭˊɧ Űɖ 

ɁɞɟɓɖɔɑŬ əŬɘ ɖ ɘůɢɨɠ Űɞɡ ŪȷɄ#2 ŬˊɞɟɟɞűɎŰŬɘ Ŭˊɧ Űɖ ũŮɟɛŬɜɑŬ, ůŰɖ ˊɟŬɔɛŬŰɘəɧŰɖŰŬ 

DC ɘůɢɨɠ ɟɏŮɘ ůŰɖɜ HVDC ɔɟŬɛɛɐ 3-4 (VSC3-VSC4). ȳˊɤɠ ɗŬ ŭɞɨɛŮ ˊŬɟŬəɎŰɤ, ɞ 

ŭɘŬɢŮɘɟɘůŰɐɠ Űɞɡ HVDC ŭɘəŰɨɞɡ ɛˊɞɟŮɑ ɜŬ ɞɟɑůŮɘ ŮɝɤŰŮɟɘəɎ ɛɏůɤ ŮɜŰɞɚɐɠ ˊɧůɖ ɘůɢɨ 

ɗɏɚŮɘ ɜŬ ŬˊɞɟɟɞűɎ ɏɜŬɠ Ŭˊɧ Űɞɡɠ ŭɨɞ onshore VSC, ɛŮ Űɞɜ Ɏɚɚɞ onshore VSC ɜŬ 

ɚŮɘŰɞɡɟɔŮɑ ɤɠ slack bus ˊŮɟɑůůŮɘŬɠ DC ɘůɢɨɞɠ. Ⱥˊɑůɖɠ, ɖ ɛŮŰŬɓɞɚɐ Űɤɜ əŮɟŭɩɜ 

ůŰŬŰɘůɛɞɨ DC ŰɎůɖɠ əŬɘ Űɖɠ ŰɎůɖɠ ŬɜŬűɞɟɎɠ Űɤɜ ŮɚŮɔəŰɩɜ Űɤɜ onshore VSC 

ŮˊɖɟŮɎɕŮɘ Űɖ ŭɘŬəɑɜɖůɖ ɘůɢɨɞɠ ůŰɞ HVDC ŭɑəŰɡɞ. ɇɏɚɞɠ, ɧɚɖ ɖ HVDC ɔɟŬɛɛɐ, Ŭˊɧ 

Űɞɜ VSC1 ɛɏɢɟɘ Űɞɜ VSC2, ɛˊɞɟŮɑ ɜŬ ɢɟɖůɘɛɞˊɞɘɖɗŮɑ ɔɘŬ Űɖ ɛŮŰŬűɞɟɎ ɘůɢɨɞɠ Ŭˊɧ Űɖ 

ɛɑŬ ɢɩɟŬ ůŰɖɜ Ɏɚɚɖ, ŬəɧɛŬ əŬɘ ɧŰŬɜ ŰŬ ŬɘɞɚɘəɎ ˊɎɟəŬ ˊŬɟɎɔɞɡɜ Űɖɜ ɞɜɞɛŬůŰɘəɐ ɘůɢɨ 

Űɞɡɠ. Ƀɘ ŰɟŮɘɠ ˊŬɟŬˊɎɜɤ ɚɧɔɞɘ űŬɜŮɟɩɜɞɡɜ ŭɘŬəɑɜɖůɖ ɘůɢɨɞɠ ůŮ ɧɚŮɠ Űɘɠ ɔɟŬɛɛɏɠ Űɞɡ 

HVDC ŭɘəŰɨɞɡ ˊŬɟŬˊɎɜɤ Ŭˊɧ Űɖɜ ɞɜɞɛŬůŰɘəɐ ɘůɢɨ Űɤɜ ŪȷɄ. ȼ Ůˊɘɚɞɔɐ Űɞɡ Ɏɜɤ 

ɞɟɑɞɡ ɛŮŰŬűɞɟɘəɐɠ ɘəŬɜɧŰɖŰŬɠ ŭŮɜ ŮɑɜŬɘ Űɧůɞ Ŭˊɚɐ, ɛŮ Űɞ əɨɟɘɞ ˊɟɞɓɚɖɛŬŰɘůɛɧ ɜŬ 

ŰɑɗŮŰŬɘ ůŰɞ ˊɧůɖ ɘůɢɨ ɗɏɚŮɘ ɜŬ ɛŮŰŬűɏɟŮɘ ɞ ŭɘŬɢŮɘɟɘůŰɐɠ Ŭˊɧ Űɖ ɛɑŬ ɢɩɟŬ ůŰɖɜ Ɏɚɚɖ, 

ŬɜŮɝŬɟŰɐŰɞɡ Ŭɘɞɚɘəɐɠ ˊŬɟŬɔɤɔɐɠ. ɆŰɖ ˊŬɟɞɨůŬ ŮɟɔŬůɑŬ ɗŬ ɗŮɤɟɖɗŮɑ ɛŮŰŬűɞɟɘəɐ 

ɘəŬɜɧŰɖŰŬ ɧɚɤɜ Űɤɜ HVDC Ŭɔɤɔɩɜ ɑůɖ ɛŮ 1000 MW. 

ȼ Űɘɛɐ Űɖɠ ŬɜŰɑůŰŬůɖɠ ŬɜɎ ɢɘɚɘɧɛŮŰɟɞ ˊɞɡ ɢɟɖůɘɛɞˊɞɘɐɗɖəŮ ŮɑɜŬɘ 0.022 ɋ/km 

, Űɖɠ ŬɡŰŮˊŬɔɤɔɐɠ 0.112 mH/km əŬɘ Űɖɠ ɢɤɟɖŰɘəɧŰɖŰŬ 0.141 ɛF/km. Ƀɘ Űɘɛɏɠ ŬɡŰɏɠ 

ɢɟɖůɘɛŮɨɞɡɜ ɔɘŬ Űɖɜ ɟŮŬɚɘůŰɘəɧŰŮɟɖ ɛɞɜŰŮɚɞˊɞɑɖůɖ Űɖɠ ɔɟŬɛɛɐɠ əŬŰɎ Űɘɠ 

ˊɟɞůɞɛɞɘɩůŮɘɠ. ũɘŬ Űɖ ɛɞɜŰŮɚɞˊɞɑɖůɖ Űɤɜ DC Ŭɔɤɔɩɜ ɢɟɖůɘɛɞˊɞɘɐɗɖəŮ Űɞ 

əŬŰŬɜŮɛɖɛɏɜɞ ɛɞɜŰɏɚɞ ˊɞɡ ŮɑɜŬɘ ŭɘŬɗɏůɘɛɞ ůŰɖ ɓɘɓɚɘɞɗɐəɖ Űɞɡ ɚɞɔɘůɛɘəɞɨ 

Matlab/Simulink. 

 

 

3.6 ɀɞɜŰŮɚɞˊɞɑɖůɖ ɖˊŮɘɟɤŰɘəɩɜ ůɡůŰɖɛɎŰɤɜ  
 

ũɘŬ Űɖɜ ŬɜŬˊŬɟɎůŰŬůɖ Ůɜɧɠ ɖˊŮɘɟɤŰɘəɞɨ ŭɘəŰɨɞɡ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ Űɞ 

ɘůɞŭɨɜŬɛɞ Thevenin, ŭɖɚŬŭɐ ɛɘŬ ɘůɞŭɨɜŬɛɖ ˊɖɔɐ ŰɎůɖɠ ůŮ ůŮɘɟɎ ɛŮ ɛɘŬ ůɨɜɗŮŰɖ 

ŬɜŰɑůŰŬůɖ. ȳŰŬɜ ɖ ůɨɜɗŮŰɖ ŬɜŰɑůŰŬůɖ ɚŬɛɓɎɜŮɘ ɢŬɛɖɚɏɠ Űɘɛɏɠ, ŰɧŰŮ ɖ ˊŰɩůɖ ŰɎůɖɠ 

ŮɑɜŬɘ ɛɘəɟɐ əŬɘ Űɞ ŭɑəŰɡɞ ɗŮɤɟŮɑŰŬɘ ɘůɢɡɟɧ. ȷˊɧ Űɖɜ Ɏɚɚɖ, ɔɘŬ ɡɣɖɚɏɠ Űɘɛɏɠ Űɖɠ 

ŬɜŰɑůŰŬůɖɠ ůɡɜŮˊɎɔŮŰŬɘ ɛŮɔɎɚɖ ˊŰɩůɖ ŰɎůŮɤɠ ůŰŬ ɎəɟŬ Űɖ ůɨɜɗŮŰɖɠ ŬɜŰɑůŰŬůɖɠ əŬɘ 
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ɎɟŬ Űɞ ŭɑəŰɡɞ ɗŮɤɟŮɑŰŬɘ ŬŭɨɜŬɛɞ. ȰɜŬ ɛɏɔŮɗɞɠ ˊɞɡ ˊɞůɞŰɘəɞˊɞɘŮɑ Űɞ ˊɧůɞ ɘůɢɡɟɧ 

ŮɑɜŬɘ ɏɜŬ ŭɑəŰɡɞ ŮɑɜŬɘ ɖ ɘůɢɨɠ ɓɟŬɢɡəɨəɚɤůɖɠ, ˊɞɡ ɞɟɑɕŮŰŬɘ ɤɠ Űɞ ˊɖɚɑəɞ Űɞɡ 

ŰŮŰɟŬɔɩɜɞɡ Űɖɠ ɞɜɞɛŬůŰɘəɐɠ ˊɞɚɘəɐɠ ŰɎůɖɠ Űɞɡ ɕɡɔɞɨ V ˊɟɞɠ Űɞ ɛɏŰɟɞ Űɖɠ 

ɘůɞŭɨɜŬɛɖɠ ŬɜŰɑůŰŬůɖɠ Thevenin, ZThevenin. 

 

 3
6

ȿ ȿ
 (3.5) 

 

ɆŰɞ ˊŮɟɘɓɎɚɚɞɜ Űɞɡ Matlab Simulink ɡˊɎɟɢŮɘ ɏŰɞɘɛɞ ɛɞɜŰɏɚɞ ˊɟɞůɞɛɞɑɤůɖɠ 

ŰɟɘűŬůɘəɞɨ ŭɘəŰɨɞɡ, ɧˊɞɡ ɞɟɑůɗɖəŮ SK=20000 MVA , V=420 KV (ɐ 380 KV) əŬɘ 

ɚɧɔɞɠ ŮˊŬɔɤɔɘəɐɠ ˊɟɞɠ ɤɛɘəɐ ŬɜŰɑůŰŬůɖ x/R=10. 

ɇɏɚɞɠ, ɔɘŬ ɜŬ ˊɞůɞŰɘəɞˊɞɘɖɗŮɑ ˊɧůɞ ɘůɢɡɟɧ ŮɑɜŬɘ Űɞ ɖˊŮɘɟɤŰɘəɧ ŭɑəŰɡɞ ůŮ 

ůɢɏůɖ ɛŮ ɛɘŬ ŮɔəŬŰɎůŰŬůɖ ůŰɖɜ ɞˊɞɑŬ ůɡɜŭɏŮŰŬɘ, ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ɞ ɚɧɔɞɠ 

ɓɟŬɢɡəɡəɚɩůŮɤɠ SCR (Short-Circuit Ratio), ɞ ɞˊɞɑɞɠ ɞɟɑɕŮŰŬɘ ɤɠ ɞ ɚɧɔɞɠ Űɖɠ ɘůɢɨɞɠ 

ɓɟŬɢɡəɡəɚɩůŮɤɠ Űɞɡ ŭɘəŰɨɞɡ ůŰɞ ɆȾɆ, ˊɟɞɠ Űɖɜ ɞɜɞɛŬůŰɘəɐ ɘůɢɨ Űɖɠ ŮɔəŬŰɎůŰŬůɖɠ. 

Ⱥˊɞɛɏɜɤɠ ůŰɖɜ ˊŮɟɑˊŰɤůɖ Űɖɠ ůɨɜŭŮůɖɠ Ůɜɧɠ HVDC ŭɘəŰɨɞɡ, ɛˊɞɟŮɑ ɜŬ ɞɟɘůŰŮɑ ɤɠ ɞ 

ɚɧɔɞɠ Űɖɠ ɘůɢɨɞɠ ɓɟŬɢɡəɡəɚɩůŮɤɠ Űɞɡ ɖˊŮɘɟɤŰɘəɞɨ ŭɘəŰɨɞɡ SK, ˊɟɞɠ Űɖɜ ɞɜɞɛŬůŰɘəɐ 

űŬɘɜɧɛŮɜɖ ɘůɢɨ SN,VSC Űɞɡ on-shore ɛŮŰŬŰɟɞˊɏŬ. 

 

3#2
3

3ȟ

ςππππ -6!

ρπππȾπȢω -6!
ςπ 

 

ȰɜŬ ɖˊŮɘɟɤŰɘəɧ ŭɑəŰɡɞ ɛŮ ɚɧɔɞ ɓɟŬɢɡəɨəɚɤůɖɠ ɑůɞ ɛŮ 20 ɗŮɤɟŮɑŰŬɘ ˊɞɚɨ 

ɘůɢɡɟɧ ůŮ ůɢɏůɖ ɛŮ Űɖɜ ŮɔəŬŰɎůŰŬůɖ ůŰɖɜ ɞˊɞɑŬ ůɡɜŭɏŮŰŬɘ əŬɘ ɘəŬɜɞˊɞɘŮɑ Űɘɠ ŬɜɎɔəŮɠ 

Űɖɠ ˊŬɟɞɨůŬɠ ŮɟɔŬůɑŬɠ. ɁŬ ŬɜŬűŮɟɗŮɑ ɧŰɘ ŮˊŮɘŭɐ ɖ ŰɎůɖ Űɞɡ ɖˊŮɘɟɤŰɘəɞɨ ŭɘəŰɨɞɡ 

ŮɑɜŬɘ ůŰŬ 420 ȾV (ɐ 380 KV), ɔɘŬ Űɖ ůɨɜŭŮůɖ Űɞɡ ɖˊŮɘɟɤŰɘəɞɨ ɛŮŰŬŰɟɞˊɏŬ ɛŮ Űɞ 

ŭɑəŰɡɞ ɔɑɜŮŰŬɘ ɢɟɐůɖ Ůɜɧɠ ɛŮŰŬůɢɖɛŬŰɘůŰɐ Ŭɜɨɣɤůɖɠ 320/420 ȾV (ɐ 320/380 ȾV) , 

ɩůŰŮ ɜŬ ˊɟɞůŬɟɛɞůŰŮɑ ɖ ŰɎůɖ Űɞɡ ɛŮŰŬŰɟɞˊɏŬ (320 kV) ůŰɖɜ ɡˊŮɟɡɣɖɚɐ ŰɎůɖ Űɤɜ 

ɆȼȺ. 

ɇŬ ŭɨɞ ŬɜŮɝɎɟŰɖŰŬ ɖˊŮɘɟɤŰɘəɎ ŭɑəŰɡŬ (ɁɞɟɓɖɔɑŬɠ, ũŮɟɛŬɜɑŬɠ) ɢɟɖůɘɛɞˊɞɘɞɨɜ 

Űɞ ɑŭɘɞ ɛɞɜŰɏɚɞ ˊɟɞůɞɛɞɑɤůɖɠ, ɛŮ Űɘɠ ɑŭɘŮɠ ˊŬɟŬɛɏŰɟɞɡɠ. ɃɡůɘŬůŰɘəɎ, ŰŬ ɖˊŮɘɟɤŰɘəɎ 

ŭɑəŰɡŬ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ɤɠ AC slack buses, ɞɘ ɞˊɞɑɞɘ ˊŬɟɏɢɞɡɜ ůŰŬɗŮɟɐ ůɡɢɜɧŰɖŰŬ 

f=50ȼz , ůŰŬɗŮɟɐ ŰɎůɖ əŬɘ ŭɡɜŬŰɧŰɖŰŬ ŬɜŰŬɚɚŬɔɐɠ ɘůɢɨɞɠ ůŮ ɞˊɞɘŬŭɐˊɞŰŮ 

əŬŰŮɨɗɡɜůɖ. ȷɡŰɧ ɓɞɖɗɎŮɘ ůŰɖ ˊɟɞůɞɛɞɑɤůɖ ŭɘŬűɧɟɤɜ ůŮɜŬɟɑɤɜ Űɞɡ MTDC ŭɘəŰɨɞɡ, 

ɗŮɤɟɩɜŰŬɠ ɧŰɘ Űɞ MTDC ŭŮ ůɡɜŮɘůűɏɟŮɘ ůŰɖ ɟɨɗɛɘůɖ ůɡɢɜɧŰɖŰŬɠ, ɖ ɞˊɞɑŬ ɟɡɗɛɑɕŮŰŬɘ 

Ŭˊɧ Űɞ ɆȼȺ. ɆŰŬ ůŮɜɎɟɘŬ frequency support Ŭˊɧ Űɞ MTDC ŭɑəŰɡɞ ɢɟɖůɘɛɞˊɞɘɐɗɖəŮ 

ŭɘŬűɞɟŮŰɘəɧ ɛɞɜŰɏɚɞ ˊɟɞůɞɛɞɑɤůɖɠ Űɤɜ ɖˊŮɘɟɤŰɘəɩɜ ůɡůŰɖɛɎŰɤɜ, Űɞ ɞˊɞɑɞ 

ŬɜŬɚɨŮŰŬɘ ůŮ ŮˊɧɛŮɜɖ ˊŬɟɎɔɟŬűɞ. 

 

 

3.7 ȰɚŮɔɢɞɠ Űɞɡ ˊɞɚɡŰŮɟɛŬŰɘəɞɨ ŭɘəŰɨɞɡ 
 

Ƀ ɏɚŮɔɢɞɠ Ůɜɧɠ MTDC ŭɘəŰɨɞɡ ŬűɞɟɎ Űɞɜ ɏɚŮɔɢɞ Űɖɠ DC ŰɎůɖɠ əŬɘ ůɡɜŮˊɩɠ 

Űɖɠ ɟɞɐɠ ɘůɢɨɞɠ ůŰɞ ŭɑəŰɡɞ. ɆŮ ɏɜŬ MTDC ŭɑəŰɡɞ ɖ ɟɞɐ ɘůɢɨɞɠ ɛŮŰŬɝɨ Űɤɜ 

ɛŮŰŬŰɟɞˊɏɤɜ ɞűŮɑɚŮŰŬɘ ůŰɘɠ ŭɘŬűɞɟŮŰɘəɏɠ Űɘɛɏɠ ˊɞɡ ɚŬɛɓɎɜŮɘ ɖ DC ŰɎůɖ ůŰŬ ŭɘɎűɞɟŬ 

ůɖɛŮɑŬ Űɞɡ. ũɘŬ Űɖɜ ŬůűŬɚɐ ɚŮɘŰɞɡɟɔɑŬ Űɞɡ MTDC ŭɘəŰɨɞɡ ŬˊŬɘŰŮɑŰŬɘ ɖ ůɡɜŮɢɐɠ 
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ŭɘŬŰɐɟɖůɖ Űɞɡ ɘůɞɕɡɔɑɞɡ ŮɜŮɟɔɞɨ ɘůɢɨɞɠ, ŭɖɚŬŭɐ ɖ ŮɜŮɟɔɧɠ ɘůɢɨɠ ˊɞɡ Ŭˊɞɟɟɞűɞɨɜ ɞɘ 

grid-feeding ɛŮŰŬŰɟɞˊŮɑɠ ɜŬ ɘůɞɨŰŬɘ ɛŮ ŬɡŰɐ ˊɞɡ Ůɔɢɏɞɡɜ ɞɘ grid-forming ɛŮŰŬŰɟɞˊŮɑɠ. 

ɃˊɞɘŬŭɐˊɞŰŮ ŬɜɘůɞɟɟɞˊɑŬ ůŰɞ ɘůɞɕɨɔɘɞ ɘůɢɨɞɠ ɗŬ ˊɟɞəŬɚɞɨůŮ Űɖɜ ŰŬɢɨŰŬŰɖ űɧɟŰɘůɖ 

ɐ ŮəűɧɟŰɘůɖ Űɤɜ DC ˊɡəɜɤŰɩɜ Űɤɜ ɔɟŬɛɛɩɜ əŬɘ Ůˊɞɛɏɜɤɠ Űɖɜ Ŭɨɝɖůɖ ɐ ˊŰɩůɖ Űɖɠ 

DC ŰɎůɖɠ. ȷɡŰɧ ɗŬ ɛˊɞɟɞɨůŮ ɜŬ ˊɟɞəŬɚɏůŮɘ Űɖɜ ŮɜŮɟɔɞˊɞɑɖůɖ Űɤɜ ˊɟɞůŰŬůɘɩɜ ɛŮ 

ŬˊɞŰɏɚŮůɛŬ ɏɜŬ ɛɏɟɞɠ ɐ Űɞ ůɨɜɞɚɞ Űɞɡ DC ŭɘəŰɨɞɡ ɜŬ ɓɔŮɘ ŮəŰɧɠ, ɛŮ ŬɟɜɖŰɘəɏɠ 

ůɡɜɏˊŮɘŮɠ Űɧůɞ ɔɘŬ ɡˊŮɟɎəŰɘŬ ɧůɞ əŬɘ ɔɘŬ ŰŬ ɖˊŮɘɟɤŰɘəɎ ůɡůŰɐɛŬŰŬ. 

 Ƀ ɏɚŮɔɢɞɠ Ůɜɧɠ MTDC ŭɘəŰɨɞɡ ɛˊɞɟŮɑ ɜŬ ɓŬůɘůŰŮɑ ůŮ ůŰɟŬŰɖɔɘəɏɠ Ůɚɏɔɢɞɡ ɞɘ 

ɞˊɞɑŮɠ ɢɟɖůɘɛɞˊɞɘɞɨɜ Űɞˊɘəɏɠ ɛŮŰɟɐůŮɘɠ (ˊ.ɢ. VDC) ůŰɞ əɧɛɓɞ əɎɗŮ grid-feeding 

ɖˊŮɘɟɤŰɘəɞɨ ɛŮŰŬŰɟɞˊɏŬ. ȷɡŰɏɠ ɞɘ ůŰɟŬŰɖɔɘəɏɠ Ůɚɏɔɢɞɡ ŮɑɜŬɘ ɞɘ ˊɘɞ ŬɝɘɧˊɘůŰŮɠ ŭɘɧŰɘ 

ŭŮɜ ŬˊŬɘŰɞɨɜ ŰɖɚŮˊɘəɞɘɜɤɜɘŬəɐ ŮˊɘəɞɘɜɤɜɑŬ əŬɘ ˊɟɞůűɏɟɞɡɜ ůɢŮŭɧɜ ŬəŬɟɘŬɑŬ 

ɟɨɗɛɘůɖ ůŮ ˊŮɟɑˊŰɤůɖ ŭɘŬŰŬɟŬɢɩɜ. ɆŮ ɏɜŬ MTDC ŭɑəŰɡɞ ɖ əŬɚɨŰŮɟɖ ɚɨůɖ ŮɑɜŬɘ ɞ 

ɏɚŮɔɢɞɠ DC ŰɎůɖɠ ɜŬ əŬŰŬɜŮɛɖɗŮɑ ůŮ ˊŮɟɘůůɧŰŮɟɞɡɠ Ŭˊɧ ɏɜŬɜ ɛŮŰŬŰɟɞˊɏŬ, ɧˊɤɠ ɗŬ 

ŬɜŬɚɡɗŮɑ ˊŬɟŬəɎŰɤ. ȼ ˊɘɞ ŭɘŬŭŮŭɞɛɏɜɖ ŰŮɢɜɘəɐ ɔɘŬ ɜŬ ŮˊɘŰŮɡɢɗŮɑ ŬɡŰɧɠ ɞ 

əŬŰŬɜŮɛɖɛɏɜɞɠ ɏɚŮɔɢɞɠ ŮɑɜŬɘ ɞ ůŰŬŰɘůɛɧɠ. ɆŰɖɜ ˊɟɎɝɖ əŬɘ ɞɘ ɎɚɚŮɠ ůŰɟŬŰɖɔɘəɏɠ 

ŬˊɞŰŮɚɞɨɜ Ůɘŭɘəɏɠ ˊŮɟɘˊŰɩůŮɘɠ ůŰŬŰɘůɛɞɨ, ɞˊɧŰŮ ɞ ůŰŬŰɘůɛɧɠ ɗŬ ŬˊɞŰŮɚɏůŮɘ Űɖɜ 

əŮɜŰɟɘəɐ ɏɜɜɞɘŬ Űɖɠ ŮɟɔŬůɑŬɠ. 

  H ůɨɛɓŬůɖ ˊɞɡ ŬəɞɚɞɡɗŮɑŰŬɘ ŮɑɜŬɘ ɧŰɘ ɖ ɘůɢɨɠ ŮɑɜŬɘ ŬɟɜɖŰɘəɐ ɧŰŬɜ ŮɘůɏɟɢŮŰŬɘ 

ůŰɞ DC ŭɑəŰɡɞ, ɞˊɧŰŮ əŬɘ ɞ ɛŮŰŬŰɟɞˊɏŬɠ ɚŮɘŰɞɡɟɔŮɑ ɤɠ ŬɜɞɟɗɤŰɐɠ (rectifier), Ůɜɩ ɧŰŬɜ 

ŮɝɏɟɢŮŰŬɘ Ŭˊɧ Űɞ DC ŭɑəŰɡɞ ɗŮɤɟŮɑŰŬɘ ɗŮŰɘəɐ (inverter). Ⱥˊɑůɖɠ, ŬɔɜɞɞɨɜŰŬɘ ɞɘ 

ŬˊɩɚŮɘŮɠ Űɞɡ ɛŮŰŬŰɟɞˊɏŬ, ɞˊɧŰŮ ɗŮɤɟŮɑŰŬɘ ɧŰɘ ɖ ɘůɢɨɠ ůŰɖɜ DC ˊɚŮɡɟɎ ɘůɞɨŰŬɘ ɛŮ Űɖɜ 

ɘůɢɨ ůŰɖɜ AC ˊɚŮɡɟɎ ŭɖɚŬŭɐ VDCẗIDC=ЍσVACẗIACẗcosɗ . ɁŬ ɝŮəŬɗŬɟɘůŰŮɑ Ůˊɑůɖɠ ɧŰɘ 

ɛɧɜɞ ɞɘ grid-feeding ɖˊŮɘɟɤŰɘəɞɑ ɛŮŰŬŰɟɞˊŮɑɠ ɡˊɞɓɎɚɚɞɜŰŬɘ ůŮ ɏɚŮɔɢɞ ɘůɢɨɞɠ 

(ɀŮŰŬŰɟɞˊŮɑɠ ŮɚŮɔɢɧɛŮɜɖɠ ɘůɢɨɞɠ). ȼ ɘůɢɨɠ Űɤɜ ɜɖůɘɤŰɘəɩɜ grid-forming 

ɛŮŰŬŰɟɞˊɏɤɜ ŮɝŬɟŰɎŰŬɘ Ŭˊɧ Űɖ ůŰɞɢŬůŰɘəɧŰŬŰŬ Űɖɠ ˊŬɟŬɔɤɔɐɠ ȷɄȺ (ŪȷɄ), ůɡɜŮˊɩɠ 

ŭŮ ŭɨɜŬŰŬɘ ɜŬ ůɡɛɛŮŰɏɢɞɡɜ ůŰɖ ɟɨɗɛɘůɖ ɘůɢɨɞɠ ï ŰɎůɖɠ Űɞɡ MTDC ŭɘəŰɨɞɡ 

(ɀŮŰŬŰɟɞˊŮɑɠ ɛɖ ŮɚŮɔɢɧɛŮɜɖɠ ɘůɢɨɞɠ). ɄŬɟŬəɎŰɤ ŬɜŬɚɨɞɜŰŬɘ ɞɘ ˊɘɞ ɓŬůɘəɏɠ 

ůŰɟŬŰɖɔɘəɏɠ Ůɚɏɔɢɞɡ MTDC ŭɘəŰɨɤɜ. 

 

 

3.8 ȰɚŮɔɢɞɠ ɚŮɘŰɞɡɟɔɑŬɠ əɨɟɘɞɡ-Ŭəɧɚɞɡɗɞɡ (master ï slave) 
 

O ɏɚŮɔɢɞɠ master-slave ŮɑɜŬɘ ɖ ˊɘɞ Ŭˊɚɐ ůŰɟŬŰɖɔɘəɐ əŬɘ ɖ ŮűŬɟɛɞɔɐ ůŮ MTDC 

ŭɑəŰɡɞ ŬˊɞŰŮɚŮɑ ɔŮɜɑəŮɡůɖ Űɞɡ Űɟɧˊɞɡ Ůɚɏɔɢɞɡ ɛɘŬɠ ŭɘŰŮɟɛŬŰɘəɐɠ HVDC ɔɟŬɛɛɐɠ. Oɘ 

ɡˊŮɟɎəŰɘɞɘ (offshore) ɛŮŰŬŰɟɞˊŮɑɠ ɚŮɘŰɞɡɟɔɞɨɜ ɤɠ grid-forming ŮɔɢɏɞɜŰŬɠ Űɖɜ ɘůɢɨ 

Űɞɡɠ ůŰɞ DC ŭɑəŰɡɞ. ȷˊɧ Űɞɡɠ ɖˊŮɘɟɤŰɘəɞɨɠ (onshore) ɛŮŰŬŰɟɞˊŮɑɠ, ɞ ɏɜŬɠ 

ŬɜŬɚŬɛɓɎɜŮɘ Űɞɜ ɏɚŮɔɢɞ Űɖɠ DC ŰɎůɖɠ ůŰɖɜ ɞɜɞɛŬůŰɘəɐ Űɘɛɐ Űɖɠ (1 p.u.), ŭɟɩɜŰŬɠ ɤɠ 

DC power slack bus (constant voltage mode), Ůɜɩ ɞɘ Ɏɚɚɞɘ Ůɚɏɔɢɞɡɜ Űɖɜ ɘůɢɨ ˊɞɡ 

Ŭˊɞɟɟɞűɞɨɜ ůŰɘɠ ɞɟɘůɛɏɜŮɠ Űɘɛɏɠ ŬɜŬűɞɟɎɠ Űɞɡɠ (constant power mode). ȰůŰɤ ŭɑəŰɡɞ 
ɛŮ ŭɨɞ ɖˊŮɘɟɤŰɘəɞɨɠ ɛŮŰŬŰɟɞˊŮɑɠ. ȷɜ Pb ɖ ɘůɢɨɠ Űɞɡ ŭŮɨŰŮɟɞɡ ɛŮŰŬŰɟɞˊɏŬ əŬɘ Ptotal 

ɖ ůɡɜɞɚɘəɎ ŮɔɢŮɧɛŮɜɖ ɘůɢɨɠ ůŰɞ ɀɇDC ŭɑəŰɡɞ, ŰɧŰŮ ɞ ɛŮŰŬŰɟɞˊɏŬɠ a , ɞ ɞˊɞɑɞɠ ŮɚɏɔɢŮɘ 

Űɖɜ DC ŰɎůɖ ůŰɞ əɧɛɓɞ Űɞɡ ůŰɖɜ ɞɜɞɛŬůŰɘəɐ Űɘɛɐ, ˊɟɏˊŮɘ ɜŬ ɛˊɞɟŮɑ ɜŬ ŬˊɞɟɟɞűɎ 

ɘůɢɨ Pa=Ptotal-Pb , ɩůŰŮ ɜŬ ŰɖɟŮɑŰŬɘ Űɞ ɘůɞɕɨɔɘɞ ɘůɢɨɞɠ ůŰɞ ŭɑəŰɡɞ. ɆŮ ˊŮɟɑˊŰɤůɖ 

Ŭɨɝɖůɖɠ Űɞɡ Ptotal, ɧˊɞɡ ɞ ɛŮŰŬŰɟɞˊɏŬɠ a űŰɎůŮɘ ŰŬ ɧɟɘŬ ɘůɢɨɞɠ Űɞɡ, ŭɑɜŮŰŬɘ 

ˊɟɞŰŮɟŬɘɧŰɖŰŬ ůŰɖɜ ˊɟɞůŰŬůɑŬ Űɞɡ, ɞ ɏɚŮɔɢɞɠ DC ŰɎůɖɠ ŮɔəŬŰŬɚŮɑˊŮŰŬɘ əŬɘ ɖ ɘůɢɨɠ 

ˊŮɟɘɞɟɑɕŮŰŬɘ ůŮ Pa=Pa,max . H ŬɜɘůɞɟɟɞˊɑŬ ůŰɞ ɘůɞɕɨɔɘɞ ɘůɢɨɞɠ ɗŬ ˊɟɞəŬɚɏůŮɘ 

ŰŬɢɨŰŬŰɖ Ɏɜɞŭɞ Űɖɠ DC ŰɎůɖɠ ůŰɞɡɠ əɧɛɓɞɡɠ Űɞɡ ŭɘəŰɨɞɡ, ɛŮ əɑɜŭɡɜɞ əŬŰɎɟɟŮɡůɖɠ 
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ŬɡŰɞɨ. ȷɡŰɧ ŮɑɜŬɘ Űɞ ˊɟɩŰɞ ɛŮɘɞɜɏəŰɖɛŬ Űɖɠ ůŰɟŬŰɖɔɘəɐɠ master ï slave. ɇɞ ŭŮɨŰŮɟɞ 

ɛŮɘɞɜɏəŰɖɛŬ ŮɑɜŬɘ ɖ ŬŭɡɜŬɛɑŬ Ůɚɏɔɢɞɡ Űɞɡ ŭɘəŰɨɞɡ ůŮ ˊŮɟɑˊŰɤůɖ ˊɞɡ ɞ əŮɜŰɟɘəɧɠ 

(master) ɛŮŰŬŰɟɞˊɏŬɠ a ŬɜŰɘɛŮŰɤˊɑůŮɘ əɎˊɞɘŬ ɓɚɎɓɖ. Ƀɘ ɢŬɟŬəŰɖɟɘůŰɘəɏɠ Ůɚɏɔɢɞɡ Űɤɜ 

ɛŮŰŬŰɟɞˊɏɤɜ ŬˊŮɘəɞɜɑɕɞɜŰŬɘ ůŰɞ ɆɢɐɛŬ 3.3. 

 

 
ɀŮŰŬŰɟɞˊɏŬɠ a (master) 

 

 
ɀŮŰŬŰɟɞˊɏŬɠ b (slave) 

 
ɆɢɐɛŬ 3.3. ɉŬɟŬəŰɖɟɘůŰɘəɏɠ PDC-VDC Űɞɡ ɛŮŰŬŰɟɞˊɏŬ a (constant voltage mode) 

 əŬɘ b (constant power mode). 

 

 

3.9 ȰɚŮɔɢɞɠ ˊŮɟɘɗɤɟɑɞɡ ŰɎůɖɠ (voltage margin) 
 

ȷˊɞŰŮɚŮɑ ɛɘŬ ŮɚŬůŰɘəɧŰŮɟɖ ˊɟɞůɏɔɔɘůɖ Űɖɠ ůŰɟŬŰɖɔɘəɐɠ master-slave. ȾŬɘ ůŮ 

ŬɡŰɐ Űɖ ɛɏɗɞŭɞ, ɞ ɏɚŮɔɢɞɠ Űɖɠ DC ŰɎůɖɠ ɔɑɜŮŰŬɘ Ŭˊɧ ɏɜŬɜ əɎɗŮ űɞɟɎ ɛŮŰŬŰɟɞˊɏŬ 

(slack bus), Ůɜɩ ɞɘ ɡˊɧɚɞɘˊɞɘ ɚŮɘŰɞɡɟɔɞɨɜ ůŮ constant power mode. ȼ ŭɘŬűɞɟɎ ŮɑɜŬɘ 

ɧŰɘ ŮɎɜ ɖ DC ŰɎůɖ ůŮ ɏɜŬɜ əɧɛɓɞ ɡˊŮɟɓŮɑ ɏɜŬ ˊɟɞəŬɗɞɟɘůɛɏɜɞ ˊŮɟɘɗɩɟɘɞ ŰɎůɖɠ 

(voltage margin) ŰɧŰŮ ɞ ŬɜŰɑůŰɞɘɢɞɠ ɛŮŰŬŰɟɞˊɏŬɠ ɗŬ ɛŮŰŬɓŮɑ ůŮ ɚŮɘŰɞɡɟɔɑŬ Ůɚɏɔɢɞɡ 

ŰɎůɖɠ ŬɜŰɑ Űɞɡ Ŭɟɢɘəɞɨ ɛŮŰŬŰɟɞˊɏŬ. ũɘŬ ˊŬɟɎŭŮɘɔɛŬ, ɏůŰɤ ŭɨɞ onshore grid feeding 

ɛŮŰŬŰɟɞˊŮɑɠ. O ɏɜŬɠ Ŭˊɧ Űɞɡɠ ŭɨɞ ɛŮŰŬŰɟɞˊŮɑɠ ŮɚɏɔɢŮɘ Űɖ DC ŰɎůɖ (ˊ.ɢ. ůŰɞ 1 Ŭ.ɛ) 
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ɚŮɘŰɞɡɟɔɩɜŰŬɠ ɤɠ DC slack bus, Ůɜɩ ɞ ŭŮɨŰŮɟɞɠ ɛŮŰŬŰɟɞˊɏŬɠ ɚŮɘŰɞɡɟɔŮɑ ɡˊɧ ůŰŬɗŮɟɐ 

ŬɜŬűɞɟɎ ɘůɢɨɞɠ, ɖ ɞˊɞɑŬ ɛˊɞɟŮɑ ɜŬ ŭɑɜŮŰŬɘ Ŭˊɧ Űɞɜ ȹɘŬɢŮɘɟɘůŰɐ (TSO). ɆŮ ˊŮɟɑˊŰɤůɖ 

Ŭɨɝɖůɖɠ Űɖɠ ŮɘůŮɟɢɧɛŮɜɖɠ ɘůɢɨɞɠ ůŰɞ ɀɇDC ŭɑəŰɡɞ, ɞ DC slack bus ɛŮŰŬŰɟɞˊɏŬɠ 

ɛˊɞɟŮɑ ɜŬ űŰɎůŮɘ Űɞ ɧɟɘɞ Űɞɡ ˊŮɟɘɞɟɑɕɞɜŰŬɠ Űɖɜ ɘůɢɨ ˊɞɡ ŮɔɢɏŮɘ ůŰɞ AC ŭɑəŰɡɞ ůŮ ɛɑŬ 

ůŰŬɗŮɟɐ Űɘɛɐ, ɞˊɧŰŮ ɖ DC ŰɎůɖ ɗŬ ŬɡɝɖɗŮɑ. ȺˊŮɘŭɐ ɖ DC ŰɎůɖ ŬɡɝɎɜŮŰŬɘ əŬɗɞɚɘəɎ ůŮ 

ɧɚɞɡɠ Űɞɡɠ əɧɛɓɞɡɠ, ŮɎɜ ɖ ŰɎůɖ ůŰɞɜ əɧɛɓɞ Űɞɡ constant power mode ɛŮŰŬŰɟɞˊɏŬ 

ɡˊŮɟɓŮɑ Űɞ ˊŮɟɘɗɩɟɘɞ, ŰɧŰŮ ɞ ɛŮŰŬŰɟɞˊɏŬɠ ŬɡŰɧɠ ɗŬ ŬɜŬɚɎɓŮɘ Űɞɜ ɏɚŮɔɢɞ ŰɎůɖɠ (ɎɟŬ 

ɗŬ ɛŮŰŬŰɟŬˊŮɑ ůŮ DC slack bus) ɧůɞ ɞ Ɏɚɚɞɠ ɛŮŰŬŰɟɞˊɏŬɠ ŭɞɡɚŮɨŮɘ ůŰɞ ɧɟɘɞ ɘůɢɨɞɠ. 

ɆŰɞ ɆɢɐɛŬ 3.4 ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ɞɘ ɢŬɟŬəŰɖɟɘůŰɘəɏɠ PDC-VDC Űɖɠ ɛŮɗɧŭɞɡ. 

 

 
ɆɢɐɛŬ 3.4. ɉŬɟŬəŰɖɟɘůŰɘəɏɠ PDC-VDC Űɤɜ ŭɨɞ ɛŮŰŬŰɟɞˊɏɤɜ, voltage margin Ůɚɏɔɢɞɡ 

 (ɑŭɘŬ ɞɜɞɛŬůŰɘəɐ ɘůɢɨ, əɞɘɜɎ ɧɟɘŬ ɘůɢɨɞɠ). 

 

ɄŬɟɎ Űɞ ˊɚŮɞɜɏəŰɖɛŬ ˊɞɡ ˊɟɞůűɏɟŮɘ ůŮ ůɢɏůɖ ɛŮ Űɞ master-slave, əŬɘ ˊɎɚɘ 

ɛɧɜɞ ɏɜŬɠ ɛŮŰŬŰɟɞˊɏŬɠ ɚŮɘŰɞɡɟɔŮɑ ɛŮ ɏɚŮɔɢɞ ŰɎůɖɠ ůŮ əɎɗŮ ɢɟɞɜɘəɐ ůŰɘɔɛɐ . Ⱥˊɑůɖɠ, 

ɖ ɛŮŰŬɔɤɔɐ ɛŮŰŬɝɨ Űɤɜ ɚŮɘŰɞɡɟɔɘɩɜ Ůɚɏɔɢɞɡ ůŰɞɡɠ ɛŮŰŬŰɟɞˊŮɑɠ ɛˊɞɟŮɑ ɜŬ ˊɟɞəŬɚɏůŮɘ 

ŬˊɧŰɞɛŮɠ ŭɘŬəɡɛɎɜůŮɘɠ ůŰɖ ɛŮŰŬɓŬŰɘəɐ ůɡɛˊŮɟɘűɞɟɎ Űɞɡ MTDC ŭɘəŰɨɞɡ. ȾŬɛɑŬ Ŭˊɧ 

Űɘɠ ˊŬɟŬˊɎɜɤ ɛŮɗɧŭɞɡɠ ŭŮɜ ˊɟɞůɞɛɞɘɩɗɖəŮ ůŰɖ ˊŬɟɞɨůŬ ŮɟɔŬůɑŬ ɚɧɔɤ Űɤɜ 

ɛŮɘɞɜŮəŰɖɛɎŰɤɜ. 

 

 

3.10 ȰɚŮɔɢɞɠ ůŰŬŰɘůɛɞɨ DC ŰɎůɖɠ (DC voltage droop control) 
 

ɆŰŬ AC ůɡůŰɐɛŬŰŬ ɖ ɟɨɗɛɘůɖ ůɡɢɜɧŰɖŰŬɠ ɔɑɜŮŰŬɘ ɛɏůɤ ɢŬɟŬəŰɖɟɘůŰɘəɩɜ 

űɞɟŰɑɞɡï ůɡɢɜɧŰɖŰŬɠ Űɞɡ ɟɡɗɛɘůŰɐ ůŰɟɞűɩɜ Űɤɜ ůɨɔɢɟɞɜɤɜ ɔŮɜɜɖŰɟɘɩɜ (ɞɘ ɞˊɞɑɞɘ 

Ůɚɏɔɢɞɡɜ Űɖ ɛɖɢŬɜɘəɐ ɘůɢɨ ˊɞɡ ˊŬɟɎɔŮŰŬɘ Ŭˊɧ Űɘɠ əɘɜɖŰɐɟɘŮɠ ɛɖɢŬɜɏɠ). ȺəŮɑ, 

ůŰŬŰɘůɛɧɠ əŬɚŮɑŰŬɘ ɖ ŬɟɜɖŰɘəɐ əɚɑůɖ Űɖɠ ɢŬɟŬəŰɖɟɘůŰɘəɐɠ űɞɟŰɑɞɡ-ůɡɢɜɧŰɖŰŬɠ əŬɘ 

ɛɏůɤ ŬɡŰɞɨ əŬɗɞɟɑɕŮŰŬɘ ɞ ɟɧɚɞɠ ˊɞɡ ˊŬɑɕŮɘ ɖ əɎɗŮ ɛɞɜɎŭŬ ůŰɖ ɟɨɗɛɘůɖ ůɡɢɜɧŰɖŰŬɠ 

əŬɘ ɞ Űɟɧˊɞɠ ɛŮ Űɞɜ ɞˊɞɑɞ ˊŬɟɎɚɚɖɚŬ ŭɘŬůɡɜŭŮŭŮɛɏɜŮɠ ɛɞɜɎŭŮɠ ɛɞɘɟɎɕɞɜŰŬɘ Űɞ űɞɟŰɑɞ 

Űɞɡɠ. 

ɄŬɟɧɛɞɘŬ ɚɞɔɘəɐ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ůŰɞɜ ɏɚŮɔɢɞ Ůɜɧɠ ˊɞɚɡŰŮɟɛŬŰɘəɞɨ HVDC 

ŭɘəŰɨɞɡ, ɧˊɞɡ ŮəŮɑ ɞ ůŰŬŰɘůɛɧɠ ůɡůɢŮŰɑɕŮɘ Űɖɜ ɘůɢɨ ˊɞɡ ŬˊɞɟɟɞűɎ ɞ ɖˊŮɘɟɤŰɘəɧɠ 

(onshore) ɛŮŰŬŰɟɞˊɏŬɠ Ŭˊɧ Űɞ MTDC ŭɑəŰɡɞ ɛŮ Űɖ DC ŰɎůɖ ůŰɞɜ əɧɛɓɞ Űɞɡ 

ɛŮŰŬŰɟɞˊɏŬ. ȺɎɜ ɖ DC ŰɎůɖ ůŰɞ əɧɛɓɞ Űɞɡ ɛŮŰŬŰɟɞˊɏŬ ŬɡɝɎɜŮŰŬɘ, ŰɧŰŮ ɡˊɎɟɢŮɘ 

ˊɚŮɧɜŬůɛŬ ŮɘůŮɟɢɧɛŮɜɖɠ ɘůɢɨɞɠ ůŰɞ MTDC ŭɑəŰɡɞ. ɆɡɜŮˊɩɠ ɞ ɛŮŰŬŰɟɞˊɏŬɠ 

ŮɚŮɔɢɧɛŮɜɖɠ ɘůɢɨɞɠ ɗŬ ˊɟɏˊŮɘ ɜŬ ŬɡɝɐůŮɘ Űɖɜ ŬɜŬűɞɟɎ ŮɜŮɟɔɞɨ ɘůɢɨɞɠ (ɎɟŬ Űɖɜ DC 
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ɘůɢɨ ˊɞɡ ŮɔɢɏŮɘ AC ˊɚŮɡɟɎ) ŬɜɎɚɞɔŬ ɛŮ Űɖɜ Ůɘ́ɚŮɔɛɏɜɖ Űɘɛɐ Űɞɡ əɏɟŭɞɡɠ ůŰŬŰɘůɛɞɨ 

Űɖɠ ɢŬɟŬəŰɖɟɘůŰɘəɐɠ Ůɚɏɔɢɞɡ Űɞɡ. ȷɜŰɑůŰɞɘɢŬ, ŮɎɜ ɖ ŮɘůŮɟɢɧɛŮɜɖ ɘůɢɨɠ ůŰɞ MTDC 

ŭɑəŰɡɞ ɛŮɘɤɗŮɑ, ɞŭɖɔɩɜŰŬɠ ůŮ ɛŮɘɤɛɏɜŬ ŮˊɑˊŮŭŬ DC ŰɎůɖɠ, ɞ ɛŮŰŬŰɟɞˊɏŬɠ 

ŮɚŮɔɢɧɛŮɜɖɠ ɘůɢɨɞɠ ɗŬ ɛŮɘɩůŮɘ Űɖɜ ŬɜŬűɞɟɎ ŮɜŮɟɔɞɨ ɘůɢɨɞɠ ůɨɛűɤɜŬ ɛŮ Űɖɜ 

ŮˊɘɚŮɔɛɏɜɖ Űɘɛɐ Űɞɡ əɏɟŭɞɡɠ ůŰŬŰɘůɛɞɨ Űɞɡ. 

Ƀ ůŰŬŰɘůɛɧɠ ůɡɜŭɏŮɘ ŰŬ ɛŮɔɏɗɖ DC ɘůɢɨɞɠ əŬɘ ŰɎůɖɠ ɛɏůɤ Űɖɠ ůɢɏůɖɠ : 

 

 ἜἎἍ
ᶻ ἳἤἎἍἤἎἍ Ἇᶻ (3.6) 

 

, ɧˊɞɡ kVDC ŮɑɜŬɘ Űɞ əɏɟŭɞɠ ůŰŬŰɘůɛɞɨ əŬɘ Ⱥ*Űɞ ůɖɛŮɑɞ Űɞɛɐɠ Űɖɠ ɢŬɟŬəŰɖɟɘůŰɘəɐɠ ɛŮ 

Űɞɜ ɎɝɞɜŬ yôy Űɖɠ DC ŰɎůɖɠ. ɆŰɞ ɆɢɐɛŬ 3.5 ŬˊŮɘəɞɜɑɕɞɜŰŬɘ ɞɘ ɢŬɟŬəŰɖɟɘůŰɘəɏɠ 

ůŰŬŰɘůɛɞɨ ŭɨɞ onshore grid-feeding ɛŮŰŬŰɟɞˊɏɤɜ, ɛŮ ŭɘŬűɞɟŮŰɘəɞɨɠ ůŰŬŰɘůɛɞɨɠ əŬɘ 

ɑŭɘɞ Ⱥ* . 

 

 
ɆɢɐɛŬ 3.5. PDC-VDC ɢŬɟŬəŰɖɟɘůŰɘəɏɠ ůŰŬŰɘůɛɞɨ ŭɨɞ ɖˊŮɘɟɤŰɘəɩɜ ɛŮŰŬŰɟɞˊɏɤɜ. ȽůɢɨŮɘ ɧŰɘ 

R=1/k , R ɖ əɚɑůɖ Űɖɠ ŮɡɗŮɑŬɠ (ůŰŬŰɘůɛɧɠ). 

 

ȼ Ůɝɑůɤůɖ ůɡůɢɏŰɘůɖɠ DC ɘůɢɨɞɠ ŬɜŬűɞɟɎɠ (ɐ ɘůɞŭɨɜŬɛŬ AC ŮɜŮɟɔɞɨ ɘůɢɨɞɠ) 

ɛŮ Űɖɜ DC ŰɎůɖ Űɞɡ əɧɛɓɞɡ ŮɑɜŬɘ ɔɟŬɛɛɘəɐ, əŬɘ ŮˊŮɘŭɐ ɖ ŰɎůɖ əŬɘ ɘůɢɨɠ 

ɛŮŰŬɓɎɚɚɞɜŰŬɘ Ůɡɗɏɤɠ ŬɜɎɚɞɔŬ, Űɞ əɏɟŭɞɠ ůŰŬŰɘůɛɞɨ kVDC ŮɑɜŬɘ ɗŮŰɘəɐ ůŰŬɗŮɟɎ. Ƀ 

ůŰŬŰɘůɛɧɠ, ɞ ɞˊɞɑɞɠ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ˊɘɞ ůɡɢɜɎ ůŬɜ ɏɜɜɞɘŬ, ŮɑɜŬɘ Űɞ ŬɜŰɑůŰɟɞűɞ Űɞɡ 

əɏɟŭɞɠ ůŰŬŰɘůɛɞɨ (RVDC=1/kVDC). VDC ŮɑɜŬɘ ɖ ɛŮŰɟɞɨɛŮɜɖ ŰɎůɖ ůŰɞɜ əɧɛɓɞ Űɞɡ 

ɛŮŰŬŰɟɞˊɏŬ. ȾŬŰɎ Űɖ ˊɟŬɔɛŬŰɞˊɞɑɖůɖ Űɞɡ Ůɚɏɔɢɞɡ, ɧɚŬ ŰŬ ɛŮɔɏɗɖ ŮɑɜŬɘ ŮəűɟŬůɛɏɜŬ 

ůŮ Ŭ.ɛ. . 

ɆŮ ŮˊɑˊŮŭɞ Multiterminal HVDC ŭɘəŰɨɞɡ , o ůŰŬŰɘůɛɧɠ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ɔɘŬ ɜŬ 

ŭɖɛɘɞɡɟɔɞɨɜŰŬɘ əŬŰɎɚɚɖɚŮɠ ɘůɢɨŮɘɠ ŬɜŬűɞɟɎɠ ɔɘŬ Űɞɡɠ onshore grid-feeding 

ɛŮŰŬŰɟɞˊŮɑɠ, ɩůŰŮ ɜŬ ŭɘŬůűŬɚɑɕŮŰŬɘ ɧŰɘ Űɞ ůɨɜɞɚɞ Űɖɠ ŮɜŮɟɔɞɨ ɘůɢɨɞɠ ɛŮŰŬűɏɟŮŰŬɘ 

ůŰɞ AC ŭɑəŰɡɞ. ɇɞ ůŬűɏɠ ˊɚŮɞɜɏəŰɖɛŬ Űɞɡ Ůɚɏɔɢɞɡ ůŰŬŰɘůɛɞɨ ŮɑɜŬɘ ɖ űɘɚɞůɞűɑŬ 

əŬŰŬɜŮɛɖɛɏɜɞɡ Ůɚɏɔɢɞɡ ŰɎůɖɠ ˊɞɡ ŮɘůɎɔŮɘ, ɔŮɔɞɜɧɠ ˊɞɡ ŮɝŬůűŬɚɑɕŮɘ Űɖɜ ŮɡůŰŬɗɐ əŬɘ 

ɞɛŬɚɐ ɚŮɘŰɞɡɟɔɑŬ Űɞɡ MTDC ŭɘəŰɨɞɡ ůŮ əŬɜɞɜɘəɏɠ əŬɘ ɏəŰŬəŰŮɠ ůɡɜɗɐəŮɠ, ɢɤɟɑɠ Űɖɜ 

ŬɜɎɔəɖ ɛŮŰŬɔɤɔɐɠ ɚŮɘŰɞɡɟɔɘɩɜ Ůɚɏɔɢɞɡ. Ⱥˊɑůɖɠ, ŬɜɎɚɞɔŬ ɛŮ Űɖɜ ɞɜɞɛŬůŰɘəɐ 

ɘəŬɜɧŰɖŰŬ ɘůɢɨɞɠ Űɤɜ ɛŮŰŬŰɟɞˊɏɤɜ (ɐ Űɖɜ ŮˊɘɗɡɛɖŰɐ ɘəŬɜɧŰɖŰŬ Ŭˊɞɟɟɧűɖůɖɠ ɘůɢɨɞɠ), 

ɛˊɞɟŮɑ ɜŬ ɔɑɜŮɘ ˊɟɞůŬɟɛɞɔɐ Űɤɜ əŮɟŭɩɜ ůŰŬŰɘůɛɞɨ ˊɟɞəŮɘɛɏɜɞɡ ɜŬ ŮˊɘŰɡɔɢɎɜŮŰŬɘ ɖ 

ŮˊɘɗɡɛɖŰɐ ŬɜɎɚɖɣɖ űɞɟŰɑɞɡ ɛŮŰŬɝɨ Űɤɜ ɛŮŰŬŰɟɞˊɏɤɜ. ɆɡɜŮˊɩɠ , ŰŬ əɏɟŭɖ ůŰŬŰɘůɛɞɨ, 
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ɤɠ ˊŬɟɎɛŮŰɟɞɘ, ŭɑɜɞɡɜ Űɖ ŭɡɜŬŰɧŰɖŰŬ ůŰɞ ȹɘŬɢŮɘɟɘůŰɐ ɜŬ ˊŬɟɏɛɓŮɘ ůŰɞɜ ŭɘŬɛɞɘɟŬůɛɧ 

Űɖɠ ɘůɢɨɞɠ ŬɜɎɚɞɔŬ ɛŮ Űɖɜ ŰɟɏɢɞɡůŬ ŬɜɎɔəɖ. 

ɆɖɛŮɘɩɜŮŰŬɘ ɧŰɘ Űɞ əɏɟŭɞɠ ůŰŬŰɘůɛɞɨ kVDC ŮɑɜŬɘ ŬɜŰɘůŰɟɧűɤɠ ŬɜɎɚɞɔɞ Űɖɠ 

əɚɑůɖɠ Űɖɠ ɢŬɟŬəŰɖɟɘůŰɘəɐɠ RVDC (ůŰŬŰɘůɛɧɠ), ůɡɜŮˊɩɠ ɛŮɔɎɚɞ əɏɟŭɞɠ ůɡɜŮˊɎɔŮŰŬɘ 

ɛɘəɟɐ əɚɑůɖ ŭɖɚŬŭɐ ɛɘəɟɧ ůŰŬŰɘůɛɧ. ɇŬ ɧɟɘŬ Pmax, Pmin ŮɑɜŬɘ ŰŬ ɗŮɟɛɘəɎ ɧɟɘŬ ɘůɢɨɞɠ 

Űɞɡ ɛŮŰŬŰɟɞˊɏŬ əŬɘ ŭɘŬůűŬɚɑɕɞɜŰŬɘ Ŭˊɧ Űɞɡɠ ˊŮɟɘɞɟɘůŰɏɠ ɟŮɡɛɎŰɤɜ, ɛŮ Űɖ ɚɞɔɘəɐ ɜŬ 

ŭɑɜŮŰŬɘ ˊɟɞŰŮɟŬɘɧŰɖŰŬ ůŰɖɜ ˊɟɞůŰŬůɑŬ Űɞɡ ɛŮŰŬŰɟɞˊɏŬ ɏɜŬɜŰɘ Űɤɜ ŮɜŰɞɚɩɜ Ůɚɏɔɢɞɡ 

Ŭɜ ŰŬ ˊŬɟŬɔɧɛŮɜŬ ůɐɛŬŰŬ Ůɚɏɔɢɞɡ űŰɎůɞɡɜ ŰŬ ɧɟɘŬ Űɞɡ ɛŮŰŬŰɟɞˊɏŬ. ɆŰɖ ˊŬɟɞɨůŬ 

ŮɟɔŬůɑŬ ɟɡɗɛɑůŰɖəŮ E*=1 p.u əŬɘ ůŰɞɡɠ ŭɨɞ onshore VSC .ɁŬ ůɖɛŮɘɤɗŮɑ ɧŰɘ ɛɏůɤ 

ɛŮŰŬɓɞɚɐɠ Űɞɡ E* ɔɨɟɤ Ŭˊɧ Űɖɜ Űɘɛɐ 1 p.u ɛˊɞɟŮɑ ɜŬ ŮɚŮɔɢɗŮɑ ɖ ɟɞɐ ɘůɢɨɞɠ ɛŮŰŬɝɨ 

Űɤɜ grid-feeding ɛŮŰŬŰɟɞˊɏɤɜ ůŰɖ ɛɧɜɘɛɖ əŬŰɎůŰŬůɖ. Ƀɘ Űɘɛɏɠ Űɤɜ əŮɟŭɩɜ ůŰŬŰɘůɛɞɨ 

ŮˊɘɚɏɢɗɖəŬɜ ŮɜŰɧɠ Űɞɡ Ůɨɟɞɡɠ 10 ɛŮ 50 ŭɖɚŬŭɐ ůŰŬŰɘůɛɧɠ 10% ɛŮ 2% .Ƀ ɏɚŮɔɢɞɠ 

ůŰŬŰɘůɛɞɨ DC ŰɎůɖɠ ŬˊɞŰŮɚŮɑ Űɞ ŰɟɑŰɞ ŮˊɑˊŮŭɞ Ůɚɏɔɢɞɡ Űɞɡ ɖˊŮɘɟɤŰɘəɞɨ VSC 

ɛŮŰŬŰɟɞˊɏŬ. 

ɆŰɖ ɛɧɜɘɛɖ əŬŰɎůŰŬůɖ ɚŮɘŰɞɡɟɔɑŬɠ, ɚɧɔɤ Űɖɠ ŭɘŬűɞɟɞˊɞɑɖůɖɠ Űɤɜ Ůˊɘˊɏŭɤɜ 

Űɖɠ DC ŰɎůɖɠ ůŮ əɎɗŮ əɧɛɓɞ Űɞɡ ŭɘəŰɨɞɡ, ŭŮɜ ŮɑɜŬɘ ŭɡɜŬŰɧ ɜŬ ˊɟɞůŭɘɞɟɘůɗŮɑ Ůə Űɤɜ 

ˊɟɞŰɏɟɤɜ ɖ ɘůɢɨɠ ˊɞɡ ŬˊɞɟɟɞűɎ ɞ əɎɗŮ grid feeding ɛŮŰŬŰɟɞˊɏŬɠ. ȷɡŰɧ ŮɑɜŬɘ Űɞ əɨɟɘɞ 

ɛŮɘɞɜɏəŰɖɛŬ Űɖɠ ůŰɟŬŰɖɔɘəɐɠ, Ŭűɞɨ ɞ ȹɘŬɢŮɘɟɘůŰɐɠ ŭŮɜ ɛˊɞɟŮɑ ŮˊɘɓɎɚɚŮɘ setpoints 

ɘůɢɨɞɠ ůŰɞɡɠ ɛŮŰŬŰɟɞˊŮɑɠ ɛɏůɤ Űɞɡ ůɡɔəŮəɟɘɛɏɜɞɡ Ůɚɏɔɢɞɡ. ȼ əŬŰɎɚɚɖɚɖ 

ŭɘŬɛɧɟűɤůɖ Űɞɡ kVDC ɐ Űɞɡ E* əɎɗŮ ŮɚŮɔɢɧɛŮɜɞɡ ɛŮŰŬŰɟɞˊɏŬ ɛˊɞɟŮɑ ɜŬ ɞŭɖɔɐůŮɘ ůŮ 

ŬɜŬəŬŰŬɜɞɛɐ Űɖɠ ɘůɢɨɞɠ ˊɟɞɠ ŰŬ ŮˊɘɗɡɛɖŰɎ setpoint ɘůɢɨɞɠ Űɞɡ ȹɘŬɢŮɘɟɘůŰɐ. 

 

 
ɆɢɐɛŬ 3.6. ȹɞɛɐ ůɡůŰɐɛŬŰɞɠ Ůɚɏɔɢɞɡ ɖˊŮɘɟɤŰɘəɞɨ ɛŮŰŬŰɟɞˊɏŬ. 

 

 

3.11 Dead ï band əŬɘ undead ï band droop control 
 

 ɀɘŬ ˊŬɟŬɚɚŬɔɐ Űɤɜ ŬɜɤŰɏɟɤ ŰŮɢɜɘəɩɜ Ůɚɏɔɢɞɡ ŮɑɜŬɘ ɞ dead-band droop 

control, ́ ɞɡ ůɡɜŭɡɎɕŮɘ ŰŬ ˊɚŮɞɜŮəŰɐɛŬŰŬ Űɞɡ voltage droop control ɛŮ Űɞɜ voltage 

margin control. ȳůɞ ɖ DC ŰɎůɖ ŮɑɜŬɘ ɢŬɛɖɚɧŰŮɟɖ Ŭˊɧ VDC,low ɐ ɡɣɖɚɧŰŮɟɖ Ŭˊɧ 

VDC,high , ɞ ɛŮŰŬŰɟɞˊɏŬɠ ŬəɞɚɞɡɗŮɑ ɛɘŬ Űɡˊɘəɐ ɢŬɟŬəŰɖɟɘůŰɘəɐ ůŰŬŰɘůɛɞɨ ɛŮ ŭŮŭɞɛɏɜɞ 

əɏɟŭɞɠ. ɆŰɖɜ əŬɜɞɜɘəɐ ɚŮɘŰɞɡɟɔɑŬ, ɧůɞ ŭɖɚŬŭɐ ɖ ŰɎůɖ ŭɘŬŰɖɟŮɑŰŬɘ ŮɜŰɧɠ Űɞɡ 

çdeadbandè(ɜŮəɟɐ ɕɩɜɖ) [VDC,low , VDC,high], ɞ ɛŮŰŬŰɟɞˊɏŬɠ ɚŮɘŰɞɡɟɔŮɑ ɡˊɧ ůŰŬɗŮɟɐ 

ŬɜŬűɞɟɎ ɘůɢɨɞɠ. ȰŰůɘ, ɞɘ ɛŮŰŬŰɟɞˊŮɑɠ ɛˊɞɟɞɨɜ ɜŬ Űɖɟɞɨɜ ŰŬ setpoint ɘůɢɨɞɠ əŬŰɎ Űɖɜ 

əŬɜɞɜɘəɐ ɚŮɘŰɞɡɟɔɑŬ. ɆŮ ˊŮɟɑˊŰɤůɖ Ŭɨɝɖůɖɠ Űɖɠ ŮɘůŮɟɢɧɛŮɜɖɠ ɘůɢɨɞɠ ůŰɞ MTDC, 
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Ŭűɞɨ ŬɜɘɢɜŮɡɗɞɨɜ ŰŬ ŬɡɝɖɛɏɜŬ ŮˊɑˊŮŭŬ ŰɎůɖɠ, ɞɘ ɛŮŰŬŰɟɞˊŮɑɠ ɗŬ ɚɎɓɞɡɜ ɛɏɟɞɠ ůŰɞɜ 

ɏɚŮɔɢɞ Űɖɠ ŰɎůɖɠ ɛŮŰŬɓŬɑɜɞɜŰŬɠ ůŮ droop control. ȷˊɧ Űɞ ůɨɜɞɚɞ Űɤɜ ɛŮŰŬŰɟɞˊɏɤɜ 

ɏɜŬɠ ˊɟɏˊŮɘ ˊɎɜŰŬ ɜŬ ɚŮɘŰɞɡɟɔŮɑ ɛŮ Ŭˊɚɐ ɢŬɟŬəŰɖɟɘůŰɘəɐ ůŰŬŰɘůɛɞɨ ɩůŰŮ ɜŬ 

ɚŮɘŰɞɡɟɔŮɑ ɤɠ ɎˊŮɘɟɞɠ ɕɡɔɧɠ ɔɘŬ Űɖɜ ˊŮɟɑůůŮɘŬ ɘůɢɨɞɠ. 

 ȺɜŬɚɚŬəŰɘəɎ, ɖ ɕɩɜɖ deadband ɛˊɞɟŮɑ ɜŬ ŬɜŰɘəŬŰŬůŰŬɗŮɑ ɛŮ ɔɟŬɛɛɘəɧ ŰɛɐɛŬ 

ˊɞɚɨ ɛŮɔɎɚɞɡ ůŰŬŰɘůɛɞɨ ůŮ ůɢɏůɖ ɛŮ ŰŬ ɎɚɚŬ ŰɛɐɛŬŰŬ (undead-band). ȰŰůɘ, ɖ ɘůɢɨɠ 

ɚŬɛɓɎɜŮɘ Űɘɛɐ ˊɞɚɨ əɞɜŰɎ ůŰɖɜ ŬɜŬűɞɟɎ Űɖɠ əŬɘ ɓŮɚŰɘɩɜŮŰŬɘ ɖ ŭɡɜŬɛɘəɐ ůɡɛˊŮɟɘűɞɟɎ 

Űɞɡ ůɡůŰɐɛŬŰɞɠ. ɀɘŬ ˊŬɟɧɛɞɘŬ ɚɞɔɘəɐ ŮɑɜŬɘ ɖ ŭɘŬɛɧɟűɤůɖ ɢŬɟŬəŰɖɟɘůŰɘəɐɠ ˊɞɡ 

ŭɘŬɢɤɟɑɕŮŰŬɘ ůŮ ŰɛɐɛŬŰŬ ɛŮ ŭɘŬűɞɟŮŰɘəɎ əɏɟŭɖ ůŰŬŰɘůɛɞɨ Űɞ əŬɗɏɜŬ, ɛŮ ůəɞˊɧ Űɞɜ 

əŬɚɨŰŮɟɞ ɏɚŮɔɢɞ Űɖɠ ɘůɢɨɞɠ. ɆŰɞ ɆɢɐɛŬ 3.7 űŬɑɜɞɜŰŬɘ ɞɘ ɢŬɟŬəŰɖɟɘůŰɘəɏɠ ŭɨɞ 

ɛŮŰŬŰɟɞˊɏɤɜ, ɛŮ Űɞɜ ɏɜŬ ɜŬ ŭɞɡɚŮɨŮɘ undead-band droop control əŬɘ Űɞɜ Ɏɚɚɞ 

ŬɜŬɔəŬůŰɘəɎ ɛŮ droop control. 

 

 
ɀŮŰŬŰɟɞˊɏŬɠ a (undead-band droop control) 

 

 
ɀŮŰŬŰɟɞˊɏŬɠ b (droop control) 

 

ɆɢɐɛŬ 61. ɉŬɟŬəŰɖɟɘůŰɘəɏɠ PDC-VDC ŭɨɞ ɖˊŮɘɟɤŰɘəɩɜ ɛŮŰŬŰɟɞˊɏɤɜ ɔɘŬ ɏɚŮɔɢɞ undead-band droop 
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4 ɀɞɜŰŮɚɞˊɞɑɖůɖ ȷɘɞɚɘəɞɨ ɄɎɟəɞɡ 
 

4.1 ɀɞɜŰŮɚɞˊɞɑɖůɖ ŬŮɟɞŭɡɜŬɛɘəɞɨ ɡˊɞůɡůŰɐɛŬŰɞɠ 
 

H Ŭɘɞɚɘəɐ ŮɜɏɟɔŮɘŬ ŮɑɜŬɘ ɖ əɘɜɖŰɘəɐ ŮɜɏɟɔŮɘŬ Űɖɠ ɛɎɕŬɠ Űɞɡ Ŭɜɏɛɞɡ. ȼ 

ŭɘŬɗɏůɘɛɖ ɘůɢɨɠ Pw Ŭˊɧ ɎɜŮɛɞ ɛŮ ŰŬɢɨŰɖŰŬ vw ŭɑɜŮŰŬɘ Ŭˊɧ Űɖɜ ůɢɏůɖ : 

 

 
0

ρ

ς
ʍɚÖ  

 
(4.1) 

, ɧˊɞɡ ȷ=ˊR2 ɖ əɡəɚɘəɐ ŮˊɘűɎɜŮɘŬ ŬəŰɑɜŬɠ R ůŮ ŮˊɑˊŮŭɞ əɎɗŮŰɞ ůŰɖɜ ŰŬɢɨŰɖŰŬ Űɖɠ 

ŬɏɟɘŬɠ ɛɎɕŬɠ ˊɞɡ Űɖ ŭɘŬˊŮɟɜɎ əŬɘ ɟ ɖ ˊɡəɜɧŰɖŰŬ Űɞɡ ŬɏɟŬ. ɆŰɖ ˊŮɟɑˊŰɤůɖ ȷ/ũ, R ŮɑɜŬɘ 

ɖ ŬəŰɑɜŬ Űɞɡ ŭɟɞɛɏŬ. ũɘŬ ɜŬ ŬˊɞɟɟɞűɖɗŮɑ Űɞ ůɨɜɞɚɞ ŬɡŰɐɠ Űɖɠ ɘůɢɨɞɠ Ŭˊɧ ɛɘŬ ȷ/ũ ɗŬ 

ɏˊɟŮˊŮ ɖ ŰŬɢɨŰɖŰŬ Űɖɠ ŬɏɟɘŬɠ ɛɎɕŬɠ ˊɑůɤ Ŭˊɧ Űɞ ŭɟɞɛɏŬ ɜŬ ɛɖŭŮɜɘůɗŮɑ. ȷɡŰɧ űɡůɘəɎ 

ŮɑɜŬɘ ŬŭɨɜŬŰɞɜ ůŮ ˊɟŬɔɛŬŰɘəɏɠ ůɡɜɗɐəŮɠ. ɆɨɛűɤɜŬ ɛŮ Űɞ ɜɧɛɞ Űɞɡ Betz, Űɞ ŬɜɩŰŬŰɞ 

ɧɟɘɞ Ŭˊɞɟɟɧűɖůɖ Ŭɘɞɚɘəɐɠ ɘůɢɨɞɠ Ŭˊɧ ɛɘŬ ŬɜŮɛɞɔŮɜɜɐŰɟɘŬ ɘůɞɨŰŬɘ ɛŮ 59,2% Űɖɠ 

ůɡɜɞɚɘəɐɠ ɘůɢɨɞɠ əŬɘ ŮˊɘŰɡɔɢɎɜŮŰŬɘ ŮɎɜ ɖ ŰŬɢɨŰɖŰŬ ˊɑůɤ Ŭˊɧ Űɞ ŭɟɞɛɏŬ ɛŮɘɤɗŮɑ ůŰɞ 

1/3 Űɖɠ Ŭɟɢɘəɐɠ. ȿɧɔɤ ŭɘŬűɧɟɤɜ ˊŬɟŬɔɧɜŰɤɜ ɧˊɤɠ ɖ Űɟɘɓɐ Űɤɜ ˊŰŮɟɡɔɑɤɜ əŬɘ ɖ 

ŬɜŰɑůŰŬůɖ Űɞɡ ŬɏɟŬ Űɞ ˊɞůɞůŰɧ Űɖɠ ɛɏɔɘůŰɖɠ ŭɡɜŬŰɐɠ ŬˊɞɟɟɞűɞɨɛŮɜɖɠ ɘůɢɨɞɠ 

ɛŮɘɩɜŮŰŬɘ ŬəɧɛŬ ˊŬɟŬˊɎɜɤ Ŭˊɧ Űɞ ɧɟɘɞ Űɞɡ Benz. ɇŮɚɘəɎ, ɖ ŬŮɟɞŭɡɜŬɛɘəɐ ɘůɢɨɠ  ́ ɞɡ 

Ŭɞ́ɟɟɞűɎŰŬɘ Ŭˊɧ ɛɘŬ ȷ/ũ ˊŬɟŬɛɏɜŮɘ ŬɜɎɚɞɔɖ Űɞɡ əɨɓɞɡ Űɖɠ ŰŬɢɨŰɖŰŬɠ Ŭɜɏɛɞɡ əŬɘ 

ŭɑɜŮŰŬɘ Ŭˊɧ Űɖɜ ˊŬɟŬəɎŰɤ ŬɚɔŮɓɟɘəɐ Ůɝɑůɤůɖ : 

 

 0
ρ

ς
#ʌ2Ö  (4.2) 

 

, ɧˊɞɡ Cp=Cp(ɚ,ɓ) ŮɑɜŬɘ ɞ ŬŮɟɞŭɡɜŬɛɘəɧɠ ůɡɜŰŮɚŮůŰɐɠ ɘůɢɨɞɠ (power coefficient) ɤɠ 

ůɡɜɎɟŰɖůɖ Űɞɡ ɚɧɔɞɡ ŰŬɢɨŰɖŰŬɠ ŬəɟɞˊŰŮɟɡɔɑɞɡ ɚ (tip-speed ratio) əŬɘ Űɖɠ ɔɤɜɑŬɠ 

əɚɑůɖɠ Űɞɡ ˊŰŮɟɡɔɑɞɡ ɓ (pitch angle).  

ȷˊɧ ɛɖɢŬɜɘəɐɠ ŬˊɧɣŮɤɠ, ɖ ŬŮɟɞŭɡɜŬɛɘəɐ ɘůɢɨɠ ŬɡŰɐ ˊɞɡ ŭŮůɛŮɨŮŰŬɘ Ŭˊɧ Űɖɜ 

ŬɜŮɛɞɔŮɜɜɐŰɟɘŬ ŮɑɜŬɘ ŬˊɞŰɏɚŮůɛŬ Űɖɠ ˊŮɟɘůŰɟɞűɐɠ Űɤɜ ˊŰŮɟɡɔɑɤɜ, əŬɘ ɞűŮɑɚŮŰŬɘ ůŰɖ 

ŭɡɜŬɛɘəɐ Ɏɜɤůɖ (lift). ȼ ŭɡɜŬɛɘəɐ Ɏɜɤůɖ ŮɑɜŬɘ ɖ əɎɗŮŰɖ ůŰɖ ɟɞɐ Űɞɡ ŬɏɟŬ ůɡɜɘůŰɩůŬ 

Űɖɠ ŭɨɜŬɛɖɠ ˊɞɡ ŬůəŮɑŰŬɘ ůŮ ɏɜŬ ůɩɛŬ ɧŰŬɜ ŬɡŰɧ ɓɟɑůəŮŰŬɘ ůŮ əɑɜɖůɖ ůŮ ůɢɏůɖ ɛŮ Űɞ 

ɟŮɡůŰɧ (ŬɏɟŬ) ˊɞɡ Űɞ ˊŮɟɘɓɎɚɚŮɘ. ȺɛűŬɜɑɕŮŰŬɘ ůŮ ůɩɛŬŰŬ ˊɞɡ ˊŬɟɞɡůɘɎɕɞɡɜ 

ŬůɡɛɛŮŰɟɑŬ əŬŰɎ Űɞɜ ɎɝɞɜŬ ˊɞɡ ŮɑɜŬɘ ˊŬɟɎɚɚɖɚɞɠ ɛŮ Űɖ ŭɘŮɨɗɡɜůɖ Űɖɠ əɑɜɖůɖɠ 

(ˊŰŮɟɨɔɘɞ ȷ/ũ), əŬɗɩɠ ůŮ ŬɡŰɐ Űɖɜ ˊŮɟɑˊŰɤůɖ ɚɧɔɤ ŭɘŬűɞɟɎɠ ŰŬɢɡŰɐŰɤɜ Űɞɡ ɟŮɡůŰɞɨ 

ɛŮŰŬɝɨ ŭɨɞ ˊɚŮɡɟɩɜ Űɞɡ ůɩɛŬŰɞɠ ŭɖɛɘɞɡɟɔŮɑŰŬɘ ŭɘŬűɞɟɎ ˊɘɏůŮɤɜ (ɜɧɛɞɠ Bernoulli) 

əŬɘ ŰŮɚɘəɎ ŭɨɜŬɛɖ ˊɞɡ əɘɜŮɑ Űɞ ůɩɛŬ ˊɟɞɠ ɛɘŬ ůɡɔəŮəɟɘɛɏɜɖ əŬŰŮɨɗɡɜůɖ. ɆŰɖ 

ˊŬɟɞɨůŬ ŮɟɔŬůɑŬ, ɖ ɛɞɜŰŮɚɞˊɞɑɖůɖ Űɞɡ ŬŮɟɞŭɡɜŬɛɘəɞɨ ɡˊɞůɡůŰɐɛŬŰɞɠ Űɖɠ ȷ/ũ ɏɔɘɜŮ 

ɢɤɟɑɠ Űɖ ɢɟɐůɖ ɛɖɢŬɜɘəɞɨ ůɡůŰɐɛŬŰɞɠ, ˊŬɟɎ ɛɧɜɞ ɛŮ Űɖ ɢɟɐůɖ Űɤɜ ŬɚɔŮɓɟɘəɩɜ 

ůɢɏůŮɤɜ ŬŮɟɞŭɡɜŬɛɘəɞɨ ůɡɜŰŮɚŮůŰɐ ɘůɢɨɞɠ. 

Ƀ ɚɧɔɞɠ ŰŬɢɨŰɖŰŬɠ ŬəɟɞˊŰŮɟɡɔɑɞɡ ŭɑɜŮŰŬɘ Ŭˊɧ Űɞɜ Ůɝɐɠ Űɨˊɞ : 
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, ɧˊɞɡ ɤrot ɖ ɔɤɜɘŬəɐ ŰŬɢɨŰɖŰŬ ˊŮɟɘůŰɟɞűɐɠ Űɞɡ ŭɟɞɛɏŬ Űɖɠ ȷ/ũ. 

 Ƀ ŬŮɟɞŭɡɜŬɛɘəɧɠ ůɡɜŰŮɚŮůŰɐɠ ɘůɢɨɞɠ Cp(ɚ,ɓ) ɟɡɗɛɑɕŮɘ Űɞ ˊɞůɞůŰɧ Űɖɠ 

ŬŮɟɞŭɡɜŬɛɘəɐɠ ɘůɢɨɞɠ ˊɞɡ ŬˊɞɟɟɞűɎŰŬɘ Ŭˊɧ Űɞɜ ɎɜŮɛɞ (ɧɟɘɞ Betz : Cp < 0.592), ɛɏůɤ 

Űɤɜ ˊŬɟŬɛɏŰɟɤɜ Űɞɡ ɚɧɔɞɡ ŰŬɢɨŰɖŰŬɠ ɚ ɐ Űɖɠ ɔɤɜɑŬ ɓɐɛŬŰɞɠ ˊŰŮɟɡɔɑɞɡ ɓ. ɄɎɜɤ ůŮ 

ŬɡŰɐ Űɖɜ ŮɝɎɟŰɖůɖ ůŰɖɟɑɕɞɜŰŬɘ əŬɘ ɞɘ ŭɘɎűɞɟŮɠ ůŰɟŬŰɖɔɘəɏɠ Ůɚɏɔɢɞɡ Űɞɡ 

ŬŮɟɞŭɡɜŬɛɘəɞɨ ɛɏɟɞɡɠ. ɆŮ ˊɟŬɔɛŬŰɘəɏɠ ůɡɜɗɐəŮɠ, ɞ ůɡɜŰŮɚŮůŰɐɠ Cp əŬɗɞɟɑɕŮŰŬɘ ŮɑŰŮ 

ɛŮ ɛŮŰɟɐůŮɘɠ Űɖɠ ɘůɢɨɞɠ ůɡɔəŮəɟɘɛɏɜɞɡ ɛɞɜŰɏɚɞɡ ŬɜŮɛɞɔŮɜɜɐŰɟɘŬɠ, ŮɑŰŮ ɛŮ ŬɜɎɚɡůɖ 

ůŮ ˊɟɧɔɟŬɛɛŬ ˊɟɞůɞɛɞɑɤůɖɠ Űɤɜ ˊŰŮɟɡɔɑɤɜ. ɈˊɎɟɢɞɡɜ ŬɟəŮŰɏɠ Ůəŭɞɢɏɠ ůŰɖ 

ɓɘɓɚɘɞɔɟŬűɑŬ ˊɞɡ ɏɢɞɡɜ ŭɞɗŮɑ ɔɘŬ Űɖɜ ŬɜŬɚɡŰɘəɐ ůɢɏůɖ, ɧɚŮɠ ɧɛɤɠ ˊɞɘɞŰɘəɎ 

ŮɛűŬɜɑɕɞɡɜ ˊŬɟɧɛɞɘŬ ɢŬɟŬəŰɖɟɘůŰɘəɎ. ɆŰɖ ˊŬɟɞɨůŬ ŮɟɔŬůɑŬ ɢɟɖůɘɛɞˊɞɘɐɗɖəŮ ɖ 

ˊŬɟŬəɎŰɤ ɛɞɟűɐ : 
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, ɧˊɞɡ c1-c9 ůŰŬɗŮɟɏɠ ˊɞɡ ɛˊɞɟɞɨɜ ɜŬ ɛŮŰŬɓɚɖɗɞɨɜ ɩůŰŮ ɜŬ ɡˊɎɟɢŮɘ əŬɚɨŰŮɟɖ 

ŰŬɨŰɘůɖ ɛŮ ŰŬ ŭŮŭɞɛɏɜŬ Űɞɡ əɎɗŮ Űɨˊɞɡ ŬɜŮɛɞɔŮɜɜɐŰɟɘŬɠ. ȼ ɛɞɟűɐ Űɞɡ ɔɟŬűɐɛŬŰɞɠ 

Űɞɡ ŬŮɟɞŭɡɜŬɛɘəɞɨ ůɡɜŰŮɚŮůŰɐ ɘůɢɨɞɠ ůɡɜŬɟŰɐůŮɘ Űɞɡ ɚɧɔɞɡ ŰŬɢɨŰɖŰŬɠ 

ŬəɟɞˊŰŮɟɡɔɑɞɡ ɚ, ɔɘŬ ŭɘɎűɞɟŮɠ Űɘɛɏɠ Űɖɠ ɔɤɜɑŬɠ pitch ɓ (ůɨɜɞɚɞ əŬɛˊɡɚɩɜ ɔɘŬ 

ŭɘŬűɞɟŮŰɘəɏɠ Űɘɛɏɠ Űɞɡ ɓ) űŬɑɜŮŰŬɘ ůŰɞ ɆɢɐɛŬ 4.1 . ȼ ɔŮɜɘəɐ ɛɞɟűɐ Űɞɡ ɔɟŬűɐɛŬŰɞɠ 

ŮɑɜŬɘ Űɡˊɞˊɞɘɖɛɏɜɖ ŬɜŮɝŬɟŰɐŰɤɠ Űɖɠ Ŭəɟɘɓɞɨɠ ůɢɏůɖɠ Űɞɡ Cp(ɚ,ɓ). ȼ əŬɛˊɨɚɖ ɛŮ Űɘɠ 

ɛɏɔɘůŰŮɠ Űɘɛɏɠ ŮɛűŬɜɑɕŮŰŬɘ ůŰɖ ɔɤɜɑŬ ɓ=00. Ⱥˊɑůɖɠ, ɖ ůɢɏůɖ ˊɞɡ ůɡɜŭɏŮɘ Űɞ Cp ɛŮ Űɞ 

ɚɧɔɞ ɚ ŮɑɜŬɘ ˊŬɟŬɓɞɚɘəɐ əŬɘ ŮɛűŬɜɑɕŮɘ ɛɏɔɘůŰɞ ɔɘŬ ɛɘŬ ůɡɔəŮəɟɘɛɏɜɖ Űɘɛɐ Űɞɡ ɚ. ũɘŬ 

ɛɖŭŮɜɘəɐ ɔɤɜɑŬ pitch ɡˊɎɟɢŮɘ ɛɘŬ ůɡɔəŮəɟɘɛɏɜɖ Űɘɛɐ Űɞɡ ɚ (ɓɏɚŰɘůŰɞɠ ɚɧɔɞɠ ɚopt) ɔɘŬ 

Űɖɜ ɞˊɞɑŬ ɛŮɔɘůŰɞˊɞɘŮɑŰŬɘ ɞ ŬŮɟɞŭɡɜŬɛɘəɧɠ ůɡɜŰŮɚŮůŰɐɠ ɘůɢɨɞɠ (Cpmax) əŬɘ ɎɟŬ 

ŮˊɘŰɡɔɢɎɜŮŰŬɘ ɖ ɛɏɔɘůŰɖ ŭɡɜŬŰɐ Ŭˊɞɟɟɧűɖůɖ ŬŮɟɞŭɡɜŬɛɘəɐɠ ɘůɢɨɞɠ Ŭˊɧ Űɖɜ ȷ/ũ. ɇɞ 

ɚopt ŰɡˊɘəɎ əɡɛŬɑɜŮŰŬɘ ɔɨɟɤ ůŰɞ 6 ɛŮ 8, ɛŮ Űɞɜ ɛɏɔɘůŰɞ ůɡɜŰŮɚŮůŰɐ ɘůɢɨɞɠ Cpmax ɜŬ 

ˊɟɞůŭɘɞɟɑɕŮŰŬɘ ˊŮɟɑˊɞɡ ůŰɞ 0.438. ɆŮ ɚŮɘŰɞɡɟɔɑŬ ɛŮŰŬɓɚɖŰɩɜ ůŰɟɞűɩɜ, ɧˊɤɠ 

ŮˊɘɚɏɢɗɖəŮ ůŰɖ ˊŬɟɞɨůŬ ŮɟɔŬůɑŬ, ɖ ŰŬɢɨŰɖŰŬ ˊŮɟɘůŰɟɞűɐɠ Űɞɡ ŭɟɞɛɏŬ ɟɡɗɛɑɕŮŰŬɘ 

ŬɜɎɚɞɔŬ ɛŮ Űɖɜ ŰŬɢɨŰɖŰŬ Űɞɡ Ŭɜɏɛɞɡ, ɏŰůɘ ɩůŰŮ ɜŬ ŮˊɘŰɡɔɢɎɜŮŰŬɘ ůɡɜŮɢɩɠ ɓɏɚŰɘůŰɞɠ 

ɚɧɔɞɠ ɚopt əŬɘ ɎɟŬ ɛɏɔɘůŰɞɠ ůɡɜŰŮɚŮůŰɐɠ Cpmax . 

Ƀɘ ȷ/ũ ɜŮɧŰŮɟɖɠ ŰŮɢɜɞɚɞɔɑŬɠ ŭɘŬɗɏŰɞɡɜ ůɨůŰɖɛŬ Ůɚɏɔɢɞɡ Űɖɠ ɔɤɜɑŬɠ pitch, ɛŮ 

ŬˊɞŰɏɚŮůɛŬ ɔɘŬ ŰŬɢɨŰɖŰŮɠ Ŭɜɏɛɞɡ ɛŮɔŬɚɨŰŮɟŮɠ Űɖɠ ɞɜɞɛŬůŰɘəɐɠ ɖ ɔɤɜɑŬ pitch ɜŬ 

ŬɡɝɎɜŮŰŬɘ ɩůŰŮ ɜŬ ˊŮɟɘɞɟɑɕŮŰŬɘ ɖ ŬŮɟɞŭɡɜŬɛɘəɐ ɘůɢɨɠ ˊɞɡ ŭŮůɛŮɨŮŰŬɘ Ŭˊɧ Űɞɜ ɎɜŮɛɞ. 

ȼ ɛŮŰŬɓɞɚɐ Űɖɠ ɔɤɜɑŬɠ əɚɑůɖɠ ˊŰŮɟɡɔɑɞɡ ɓ (pitch angle), ŭɖɚŬŭɐ Űɖɠ ɔɤɜɑŬɠ ɛŮŰŬɝɨ 

Űɞɡ Ůˊɘˊɏŭɞɡ ˊŮɟɘůŰɟɞűɐɠ əŬɘ Űɖɠ ɗɏůɖɠ Űɞɡ ˊŰŮɟɡɔɑɞɡ, ŭɖɛɘɞɡɟɔŮɑ Űɖɜ ŬˊŬɘŰɞɨɛŮɜɖ 

ŬůɡɛɛŮŰɟɑŬ ůŰŬ ˊŰŮɟɨɔɘŬ Űɖɠ ȷ/ũ, ɛŮ ŬˊɞŰɏɚŮůɛŬ ɛŮɑɤůɖ Űɖɠ ŬŮɟɞŭɡɜŬɛɘəɐɠ ɘůɢɨɞɠ 

ˊɞɡ ŬˊɞɟɟɞűɎŰŬɘ Ŭˊɧ Űɞ ɛɖɢŬɜɘəɧ ůɨůŰɖɛŬ Űɖɠ ȷ/ũ. ȷɡɝɎɜŮŰŬɘ ŬɡŰɧɛŬŰŬ Ŭˊɧ Űɞ 

ůɨůŰɖɛŬ Ůɚɏɔɢɞɡ ŮɑŰŮ ůŮ ˊŮɟɑˊŰɤůɖ Ŭɨɝɖůɖɠ Űɖɠ ŰŬɢɨŰɖŰŬɠ Ŭɜɏɛɞɡ ˊɎɜɤ Ŭˊɧ Űɖɜ 

ɞɜɞɛŬůŰɘəɐ Űɘɛɐ, ɩůŰŮ ɞɘ ůŰɟɞűɏɠ Űɖɠ ɔŮɜɜɐŰɟɘŬɠ ɜŬ ˊŬɟŬɛŮɑɜɞɡɜ ůŰɘɠ ɞɜɞɛŬůŰɘəɏɠ, 

ˊŮɟɘɞɟɑɕɞɜŰŬɠ Űɖɜ ŬŮɟɞŭɡɜŬɛɘəɐ ɘůɢɨɠ ˊɞɡ ŭŮůɛŮɨŮŰŬɘ Ŭˊɧ Űɞɜ ɎɜŮɛɞ ůŰɖɜ 

ɞɜɞɛŬůŰɘəɐ Űɘɛɐ (ɚɧɔɞɘ ŬůűŬɚŮɑŬɠ), ŮɑŰŮ ɧŰŬɜ ɞ ɏɚŮɔɢɞɠ ŮˊɘɓɎɚɚŮɘ ɛŮɑɤůɖ Űɖɠ 

ˊŬɟŬɔɧɛŮɜɖɠ ɘůɢɨɞɠ Ŭˊɧ Űɖɜ ȷ/ũ ɚɧɔɤ ŮɝɤŰŮɟɘəɩɜ ˊŬɟŬɔɧɜŰɤɜ (ˊ.ɢ. Ŭˊɧəɟɘůɖ ůŮ 

Ŭɨɝɖůɖ ůɡɢɜɧŰɖŰŬɠ Űɞɡ AC ŭɘəŰɨɞɡ). Ⱥˊɑůɖɠ, ɞɘ ŬˊŬɑŰɖůɖ Űɤɜ ůɨɔɢɟɞɜɤɜ əɤŭɑəɤɜ 

(ˊ.ɢ. ȽɟɚŬɜŭɘəɧɠ) ɔɘŬ Ŭˊɧəɟɘůɖ Ůɜɧɠ ȷ/Ʉ ůŮ ɡˊɞůɡɢɜɧŰɖŰŬ Űɞɡ AC ůɡůŰɐɛŬŰɞɠ, 



69 
 

ŬˊŬɘŰŮɑ Űɖ ŭɘŬŰɐɟɖůɖ ŮűŮŭɟŮɑŬɠ ɘůɢɨɞɠ Ŭˊɧ Űɘɠ ȷ/ũ, ɖ ɞˊɞɑŬ ŮˊɘŰɡɔɢɎɜŮŰŬɘ ɛŮ Űɖ 

ɚŮɘŰɞɡɟɔɑŬ Űɞɡɠ ɡˊɧ ɔɤɜɑŬ pitch ɛŮɔŬɚɨŰŮɟɖɠ Űɞɡ ɛɖŭŮɜɧɠ. ȼ ɔɤɜɑŬ ŬɡŰɐ ɛŮɘɩɜŮŰŬɘ 

ŬɡŰɧɛŬŰŬ Ŭˊɧ Űɞɜ ŮɚŮɔəŰɐ Űɤɜ A/ũ ɛŮ ůəɞˊɧ Űɖɜ ŬˊŮɚŮɡɗɏɟɤůɖ ˊŬɟŬˊɎɜɤ ɘůɢɨɞɠ 

Ŭˊɧ Űɞ ȷ/Ʉ ɧŰŬɜ ŬˊŬɘŰɖɗŮɑ.  

ȺɜŬɚɚŬəŰɘəɎ, ɡˊɎɟɢŮɘ ɖ ɛɞɜŰŮɚɞˊɞɑɖůɖ ɛɏůɤ Űɖɠ ŬŮɟɞŭɡɜŬɛɘəɐɠ ɟɞˊɐɠ 

Tw=Pw/ɤrot əŬɘ ɞɟɑɕɞɜŰŬɠ Űɞɜ ŬŮɟɞŭɡɜŬɛɘəɧ ůɡɜŰŮɚŮůŰɐ ɟɞˊɐɠ Cq. ȼ ŭɘŬŭɘəŬůɑŬ ŮɑɜŬɘ 

ɖ ɑŭɘŬ, ɖ Ůˊɘɚɞɔɐ Űɖɠ ɟɞˊɐɠ ɗŬ ɛˊɞɟɞɨůŮ ɜŬ ɓɞɚŮɨŮɘ ɔɘŬ əɎˊɞɘŬ ůɡɔəŮəɟɘɛɏɜɖ 

ŮűŬɟɛɞɔɐ. 

 

 
ɆɢɐɛŬ 4.1. ȾŬɛˊɨɚŮɠ ŬŮɟɞŭɡɜŬɛɘəɞɨ ůɡɜŰŮɚŮůŰɐ ɘůɢɨɞɠ Cp(ɚ,ɓ) ůɡɜŬɟŰɐůŮɘ Űɞɡ ɚɧɔɞɡ ŰŬɢɨŰɖŰŬɠ 

ŬəɟɞˊŰŮɟɡɔɑɞɡ ɚ, ɔɘŬ ŭɘŬűɞɟŮŰɘəɏɠ Űɘɛɏɠ Űɖɠ ɔɤɜɑŬɠ pitch ɓ. Ƀ Cp ɏɢŮɘ Űɘɠ ɛŮɔŬɚɨŰŮɟŮɠ Űɘɛɏɠ ɔɘŬ ɓ=0Á əŬɘ 

Űɖ ɛɏɔɘůŰɖ Űɘɛɐ (ˊŮɟɑˊɞɡ 0.44) Űɖɜ ɚŬɛɓɎɜŮɘ ɔɘŬ ɚopt=7.2. 

 

 

4.2 Ⱥˊɘɚɞɔɐ ɔŮɜɜɐŰɟɘŬɠ-Ɇɨɔɢɟɞɜɖ ɔŮɜɜɐŰɟɘŬ ɛɞɜɑɛɤɜ ɛŬɔɜɖŰɩɜ 
 

 ɆŰɖ ˊŬɟɞɨůŬ ŮɟɔŬůɑŬ, ɔɘŬ Űɞ ɖɚŮəŰɟɘəɧ ɛɏɟɞɠ Űɖɠ ȷ/ũ, ŮˊɘɚɏɢɗɖəŮ 

Ʉɞɚɡˊɞɚɘəɐ Ɇɨɔɢɟɞɜɖ ũŮɜɜɐŰɟɘŬ ɀɞɜɑɛɤɜ ɀŬɔɜɖŰɩɜ (Multipole Permanent Magnet 

Synchronous Generator-MPMSG), ůɡɜɞŭŮɡɧɛŮɜɖ Ŭˊɧ ˊɚɐɟɖ ɛŮŰŬŰɟɞˊɏŬ ɘůɢɨɞɠ 

AC/DC/AC (Full-Power Converter) ɔɘŬ Űɖ ůɨɜŭŮůɐ Űɖɠ ɛŮ Űɞ AC ŭɑəŰɡɞ. ȷɡŰɧɠ ɞ 

Űɨˊɞɠ ɔŮɜɜɐŰɟɘŬɠ ŮˊɘŰɟɏˊŮɘ Űɖ ɚŮɘŰɞɡɟɔɑŬ ɛŮŰŬɓɚɖŰɩɜ ůŰɟɞűɩɜ, ɛŮ ůəɞˊɧ Űɖ 

ˊɟɞůŬɟɛɞɔɐ Űɤɜ ůŰɟɞűɩɜ Űɖɠ ɔŮɜɜɐŰɟɘŬɠ ůŰɖ ŰŬɢɨŰɖŰŬ Űɞɡ Ŭɜɏɛɞɡ, ɩůŰŮ ɜŬ 

ŮˊɘŰɡɔɢɎɜŮŰŬɘ ɛŮɔɘůŰɞˊɞɑɖůɖ Űɞɡ ůɡɜŰŮɚŮůŰɐ ŬŮɟɞŭɡɜŬɛɘəɐɠ ɘůɢɨɞɠ Cp əŬɘ ůɡɜŮˊɩɠ 

Űɖɠ ŬˊɞɟɟɞűɞɨɛŮɜɖɠ ɛɖɢŬɜɘəɐɠ ɘůɢɨɞɠ Űɖɠ ȷ/ũ. Ƀɘ ɛŮŰŬɓɚɖŰɏɠ ůŰɟɞűɏɠ 

ŮˊɘŰɡɔɢɎɜɞɜŰŬɘ ɛɏůɤ Űɞɡ Ůɚɏɔɢɞɡ Űɖɠ ůɡɢɜɧŰɖŰŬɠ Űɞɡ ůŰɎŰɖ Ŭˊɧ Űɞɜ ɛŮŰŬŰɟɞˊɏŬ ůŰɖ 

ˊɚŮɡɟɎ Űɖɠ ɔŮɜɜɐŰɟɘŬɠ (Machine Side Converter ï MSC). ȼ ŰŬɢɨŰɖŰŬ Űɖɠ ɔŮɜɜɐŰɟɘŬɠ, 

ɚɞɘˊɧɜ, ŮɑɜŬɘ ˊɚɐɟɤɠ ŬˊɞɕŮɡɔɛɏɜɖ Ŭˊɧ Űɖ ůŰŬɗŮɟɐ ůɡɢɜɧŰɖŰŬ Űɤɜ 50 Hz Űɞɡ ŭɘəŰɨɞɡ. 

ȼ ɟɨɗɛɘůɖ Űɖɠ ŰŬɢɨŰɖŰŬɠ ˊŮɟɘůŰɟɞűɐɠ ɛŮ ɓɎůɖ Űɖɜ ŰŬɢɨŰɖŰŬ Ŭɜɏɛɞɡ ɛŮɘɩɜŮɘ Ůˊɑůɖɠ 

Űɘɠ ɛɖɢŬɜɘəɏɠ əŬŰŬˊɞɜɐůŮɘɠ ůŮ ůɨɔəɟɘůɖ ɛŮ Űɘɠ ŬɜŮɛɞɔŮɜɜɐŰɟɘŮɠ ůŰŬɗŮɟɩɜ ůŰɟɞűɩɜ, 

ůŰɘɠ ɞˊɞɑŮɠ ɞɘ ɏɜŰɞɜŮɠ ŭɘŬəɡɛɎɜůŮɘɠ Űɖɠ ŰŬɢɨŰɖŰŬɠ Űɞɡ Ŭɜɏɛɞɡ ɛŮŰŬŰɟɏˊɞɜŰŬɘ ůŮ 

ŬɜŰɑůŰɞɘɢŮɠ ɛŮŰŬɓɞɚɏɠ ůŰɖ ɛɖɢŬɜɘəɐ ɟɞˊɐ. 

ȺəŰɧɠ Űɖɠ ɛŮɔɘůŰɞˊɞɑɖůɖɠ Űɖɠ ŮɜŮɟɔŮɘŬəɐ Ŭˊɧŭɞůɖɠ ɚɧɔɤ Űɖɠ ˊɟɞůŬɟɛɞɔɐɠ 

Űɖɠ ȷ/ũ ůŰɘɠ Űɞˊɘəɏɠ ŬɜŮɛɞɚɞɔɘəɏɠ ůɡɜɗɐəŮɠ, ɖ ůɡɔəŮəɟɘɛɏɜɖ ɔŮɜɜɐŰɟɘŬ ŮˊɘŰɟɏˊŮɘ Űɖ 
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ŭɡɜŬŰɧŰɖŰŬ ŬˊŬɚɞɘűɐɠ Űɞɡ əɘɓɤŰɑɞɡ ŰŬɢɡŰɐŰɤɜ. ɆŰɘɠ əɞɘɜɏɠ ȷ/ũ, ɖ ŰŬɢɨŰɖŰŬ Űɞɡ 

ŭɟɞɛɏŬ ŮɑɜŬɘ ˊɞɚɨ ɛɘəɟɧŰŮɟɖ Ŭˊɧ Űɖɜ ŰŬɢɨŰɖŰŬ Űɖɠ ɔŮɜɜɐŰɟɘŬɠ ɛŮ ɛɘəɟɧ Ŭɟɘɗɛɧ ˊɧɚɤɜ, 

ˊɞɡ ɛˊɞɟŮɑ ɜŬ ŮɑɜŬɘ əŬɘ Űɖɠ ŰɎɝŮɤɠ Űɤɜ ɢɘɚɘɎŭɤɜ ůŰɟɞűɩɜ ŬɜɎ ɚŮˊŰɧ. ȷɡŰɧɠ ŮɑɜŬɘ əŬɘ 

ɞ ɚɧɔɞɠ ɨˊŬɟɝɖɠ Űɞɡ əɘɓɤŰɑɞɡ ŰŬɢɡŰɐŰɤɜ, Űɞ ɞˊɞɑɞ ŮˊɘŰɟɏˊŮɘ Űɖ ůɡɜɨˊŬɟɝɖ Űɤɜ ŭɨɞ 

ŰŬɢɡŰɐŰɤɜ ˊŬɟɏɢɞɜŰŬɠ Űɖɜ əŬŰɎɚɚɖɚɖ əɚɘɛɎəɤůɖ. ɇɞ əɘɓɩŰɘɞ ŰŬɢɡŰɐŰɤɜ ůɡɜŮˊɎɔŮŰŬɘ 

Ŭɡɝɖɛɏɜɞ əɧůŰɞɠ əŬɘ ŬˊŬɑŰɖůɖ ůɡɜŰɐɟɖůɖɠ. ɀɑŬ əɞɘɜɐ ɖɚŮəŰɟɘəɐ ɔŮɜɜɐŰɟɘŬ ɧɛɤɠ ŭŮɜ 

ŮɜŭŮɑəɜɡɜŰŬɘ ɔɘŬ ɚŮɘŰɞɡɟɔɑŬ ůŮ Űɧůɞ ɢŬɛɖɚɏɠ ůŰɟɞűɏɠ, Ŭűɞɨ ɗŬ ɢɟŮɘŬɕɧŰŬɜ ˊɞɚɨ 

ɡɣɖɚɐ ɟɞˊɐ ɔɘŬ ɜŬ ˊŬɟŬɢɗŮɑ ɖ ŬˊŬɘŰɞɨɛŮɜɖ ɘůɢɨɠ. ȼ ɚɨůɖ ŮɑɜŬɘ ɔŮɜɜɐŰɟɘŮɠ ɛŮ ɛŮɔɎɚɖ 

ŭɘɎɛŮŰɟɞ ŭɟɞɛɏŬ əŬɘ ɛŮɔɎɚɞ Ŭɟɘɗɛɧ ˊɧɚɤɜ, ɧˊɤɠ ɖ ůɨɔɢɟɞɜɖ ɔŮɜɜɐŰɟɘŬ ɛɞɜɑɛɤɜ 

ɛŬɔɜɖŰɩɜ Űɖɠ ˊŬɟɞɨůŬɠ ŮɟɔŬůɑŬɠ, ɖ ɞˊɞɑŬ ˊɟɞůɞɛɞɘɩɗɖəŮ ɛŮ 76 ˊɧɚɞɡɠ. 

 ɀŮ Űɖ ɢɟɐůɖ ɛɞɜɑɛɤɜ ɛŬɔɜɖŰɩɜ ŮɝŬɚŮɑűɞɜŰŬɘ ɞɘ ŬˊɩɚŮɘŮɠ Űɞɡ DC ŰɡɚɑɔɛŬŰɞɠ 

ŭɘɏɔŮɟůɖɠ əŬɘ ŰŬɡŰɧɢɟɞɜŬ ŬɡɝɎɜŮŰŬɘ ɖ Ŭˊɧŭɞůɖ ɚɧɔɤ Űɖɠ əŬɚɨŰŮɟɖɠ ˊɡəɜɧŰɖŰŬɠ 

ɘůɢɨɞɠ Ŭˊɧ Űɞɡɠ ɛɧɜɘɛɞɡɠ ɛŬɔɜɐŰŮɠ. ɆŰŬ ɛŮɘɞɜŮəŰɐɛŬŰŬ ůɡɔəŬŰŬɚɏɔɞɜŰŬɘ Űɞ əɧůŰɞɠ, 

ɖ ˊɘɗŬɜɧŰɖŰŬ ŬˊɞɛŬɔɜɐŰɘůɖɠ əŬɘ ɖ ŬŭɡɜŬɛɑŬ ɟɨɗɛɘůɖɠ Űɖɠ Ŭɏɟɔɞɡ ɘůɢɨɞɠ (ŭɘɏɔŮɟůɖɠ) 

ɚɧɔɤ Űɖɠ ůŰŬɗŮɟɐɠ ŭɘɏɔŮɟůɖɠ Ŭˊɧ Űɞɡɠ ɛŬɔɜɐŰŮɠ. ɇɞ ŰŮɚŮɡŰŬɑɞ ɕɐŰɖɛŬ 

ŬɜŰɘɛŮŰɤˊɑɕŮŰŬɘ Ŭˊɧ Űɞɜ ɛŮŰŬŰɟɞˊɏŬ ˊɖɔɐɠ ŰɎůɖɠ Ŭˊɧ Űɖɜ ˊɚŮɡɟɎ Űɖɠ ɔŮɜɜɐŰɟɘŬɠ 

(MSC) , ɞ ɞˊɞɑɞɠ ˊɏɟŬ Ŭˊɧ Űɖ ɟɨɗɛɘůɖ Űɖɠ Ŭɏɟɔɞɡ ɘůɢɨɞɠ Űɖɠ ɔŮɜɜɐŰɟɘŬɠ, ŬɡɝɎɜŮɘ əŬɘ 

Űɖɜ ŬˊɞŭɞŰɘəɧŰɖŰŬ ɚŮɘŰɞɡɟɔɑŬɠ ŬɡŰɐɠ. Ƀɘ ȷ/ũ ɛŮ Ʉɞɚɡˊɞɚɘəɐ Ɇɨɔɢɟɞɜɖ ũŮɜɜɐŰɟɘŬ 

ɀɞɜɑɛɤɜ ɀŬɔɜɖŰɩɜ ɏɢɞɡɜ Ŭɡɝɖɛɏɜɞ Ŭɟɢɘəɧ ŮˊŮɜŭɡŰɘəɧ əɧůŰɞɠ ůŮ ůɢɏůɖ ɛŮ ŬɡŰɏɠ ɛŮ 

Ŭůɨɔɢɟɞɜɖ ɔŮɜɜɐŰɟɘŬ ůŰŬɗŮɟɩɜ ůŰɟɞűɩɜ. 

 ɆŮ ŮˊɑˊŮŭɞ ˊɟɞůɞɛɞɑɤůɖɠ, ɢɟɖůɘɛɞˊɞɘɐɗɖəŮ Űɞ block ñPermanent Magnet 

Synchronous Machineò ˊɞɡ ŮɑɜŬɘ ŭɘŬɗɏůɘɛɞ ůŰɖ ɓɘɓɚɘɞɗɐəɖ Űɞɡ ɚɞɔɘůɛɘəɞɨ 

Matlab/Simulink. ɇɞ ɛɞɜŰɏɚɞ ɓŬůɑɕŮŰŬɘ ůŰɖɜ ˊŬɟŬŭɞɢɐ ɧŰɘ ɖ əŬŰŬɜɞɛɐ Űɖɠ 

ɛŬɔɜɖŰɘəɐɠ ɟɞɐɠ ˊɞɡ ŭɖɛɘɞɡɟɔŮɑŰŬɘ Ŭˊɧ Űɞɡɠ ɛɧɜɘɛɞɡɠ ɛŬɔɜɐŰŮɠ ůŰɞɜ ůŰɎŰɖ ŮɑɜŬɘ 

ɖɛɘŰɞɜɞŮɘŭɐɠ, ˊɟɎɔɛŬ ˊɞɡ ɡˊɞŭɖɚɩɜŮɘ ɧŰɘ ɞɘ ɖɚŮəŰɟɞəɘɜɖŰɘəɏɠ ŭɡɜɎɛŮɘɠ ŮɑɜŬɘ 

ɖɛɘŰɞɜɞŮɘŭŮɑɠ, ɔɘŬ ŬɡŰɧ ɞɜɞɛɎɕŮŰŬɘ ɖɛɘŰɞɜɞŮɘŭɏɠ ɛɞɜŰɏɚɞ. Ƀ ŭɟɞɛɏŬɠ ɗŮɤɟɐɗɖəŮ 

ɏəŰɡˊɤɜ ˊɧɚɤɜ. Ƀɘ ŭɘŬűɞɟɘəɏɠ ŮɝɘůɩůŮɘɠ (ɛɞɜŰɏɚɞ ŭŮɡŰɏɟŬɠ ŰɎɝɖɠ) Űɞɡ ɖɚŮəŰɟɘəɞɨ 

ɛɏɟɞɡɠ Űɖɠ ɔŮɜɜɐŰɟɘŬɠ ŮɑɜŬɘ ɞɘ Ůɝɐɠ : 

 

 

 

(4.6Ŭ,ɓ,ɔ) 

 

ȳɚŮɠ ɞɘ ɛŮŰŬɓɚɖŰɏɠ Ŭűɞɟɞɨɜ Űɞɜ ůŰɎŰɖ əŬɘ ŮəűɟɎɕɞɜŰŬɘ ůŰɞ ůŰɟŮűɧɛŮɜɞ dq ˊɚŬɑůɘɞ 

ŬɜŬűɞɟɎɠ Űɞɡ ŭɟɞɛɏŬ, ɧˊɞɡ vd, vq ŮɑɜŬɘ ɞɘ ŰɎůŮɘɠ Űɞɡ ůŰɎŰɖ ůŰɞɜ ɞɟɘɕɧɜŰɘɞ (d) əŬɘ 

əɎɗŮŰɞ (q) ɎɝɞɜŬ, id, iq ŰŬ ŬɜŰɑůŰɞɘɢŬ ɟŮɨɛŬŰŬ, Ld, , Lq ɞɘ ŬɜŰɑůŰɞɘɢŮɠ ŮˊŬɔɤɔɏɠ, ɤm ɖ 

ɔɤɜɘŬəɐ ŰŬɢɨŰɖŰŬ Űɞɡ ŭɟɞɛɏŬ, R ɖ ŬɜŰɑůŰŬůɖ Űɤɜ ŰɡɚɘɔɛɎŰɤɜ Űɞɡ ůŰɎŰɖ, Te ɖ 
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ɖɚŮəŰɟɞɛŬɔɜɖŰɘəɐ ɟɞˊɐ ˊɞɡ ŬɜŬˊŰɨůůŮŰŬɘ, p ɞ Ŭɟɘɗɛɧɠ Űɤɜ ɕŮɡɔŬɟɘɩɜ ˊɧɚɤɜ, ɚ Űɞ 

ˊɚɎŰɞɠ Űɖɠ ɟɞɐɠ ˊɞɡ ˊɟɞəŬɚŮɑŰŬɘ Ŭˊɧ Űɞɡɠ ɛɧɜɘɛɞɡɠ ɛŬɔɜɐŰŮɠ Űɞɡ ŭɟɞɛɏŬ ůŰɘɠ űɎůŮɘɠ 

Űɞɡ ůŰɎŰɖ. 

ȷˊɧ Űɖ ůŰɘɔɛɐ ˊɞɡ Űɞ əɘɓɩŰɘɞ ŰŬɢɡŰɐŰɤɜ ɏɢŮɘ ŬˊŬɚŮɘűɗŮɑ, ɞ ɎɝɞɜŬɠ Űɞɡ ŭɟɞɛɏŬ 

Űɖɠ ŬɜŮɛɞɔŮɜɜɐŰɟɘŬɠ ůɡɜŭɏŮŰŬɘ ŬˊŮɡɗŮɑŬɠ ɛŮ Űɞɜ ɎɝɞɜŬ Űɖɠ ůɨɔɢɟɞɜɖɠ ɔŮɜɜɐŰɟɘŬɠ 

ɛɞɜɑɛɤɜ ɛŬɔɜɖŰɩɜ. ũɘŬ Űɖɜ ŬɜŬˊŬɟɎůŰŬůɖ Űɞɡ ɛɖɢŬɜɘəɞɨ ɛɏɟɞɡɠ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ 

Ŭˊɧ Űɞ ůɡɔəŮəɟɘɛɏɜɞ block Űɞɡ Simulink Űɞ ɛɞɜŰɏɚɞ ɛɘŬɠ ɛɎɕŬɠ, ɧˊɞɡ Űɞ ɛɖɢŬɜɘəɧ 

ůɨůŰɖɛŬ ɗŮɤɟŮɑŰŬɘ ɤɠ ɛɘŬ ŮɜɘŬɑŬ ɛɎɕŬ, ɛŮ ɛɘŬ ůɡɜɞɚɘəɐ ŬŭɟɎɜŮɘŬ Jtot, Ůɜɩ ůŰɖ ɛɘŬ 

ˊɚŮɡɟɎ ŬůəŮɑŰŬɘ ɖ ŬŮɟɞŭɡɜŬɛɘəɐ ɟɞˊɐ Tm əŬɘ ůŰɖɜ Ɏɚɚɖ ɖ ɖɚŮəŰɟɞɛŬɔɜɖŰɘəɐ ɟɞˊɐ 

Űɖɠ ɔŮɜɜɐŰɟɘŬɠ Te. Ⱥˊɞɛɏɜɤɠ, ɖ ŰŬɢɨŰɖŰŬ ˊŮɟɘůŰɟɞűɐɠ Űɖɠ ɔŮɜɜɐŰɟɘŬɠ ŰŬɡŰɑɕŮŰŬɘ ɛŮ 

Űɖɜ ŰŬɢɨŰɖŰŬ ˊŮɟɘůŰɟɞűɐɠ Űɞɡ ŭɟɞɛɏŬ Űɖɠ ŬɜŮɛɞɔŮɜɜɐŰɟɘŬɠ ɤm. ɆŮ ŮˊɑˊŮŭɞ ŮɝɘůɩůŮɤɜ 

Űɞ ɛɞɜŰɏɚɞ ɛɘŬɠ ɛɎɕŬɠ ŬɜŬˊŬɟɑůŰŬŰŬɘ ɤɠ : 

 

 4 4 *
Äʖ

ÄÔ
 (4.7) 

 

ȼ ŬɜŬˊŬɟɎůŰŬůɖ ŬɡŰɐ ɗŮɤɟŮɑŰŬɘ ŮˊŬɟəɐɠ ɔɘŬ Űɞ ůɡɔəŮəɟɘɛɏɜɞ Űɨˊɞ ȷ/ũ (FCWT-Full 

Converter Wind Turbine) əŬɘ ɟ́ɞŰŮɑɜŮŰŬɘ ůŰɖ ɓɘɓɚɘɞɔɟŬűɑŬ, ɚɧɔɤ Űɞɡ ɧŰɘ ɞ ˊɚɐɟɖɠ 

ɛŮŰŬŰɟɞˊɏŬɠ ɘůɢɨɞɠ ŬˊɞɛɞɜɩɜŮɘ ˊɚɐɟɤɠ Űɖ ɛɖɢŬɜɐ Ŭˊɧ Űɞ ŭɑəŰɡɞ, əŬɗɩɠ əŬɘ ɚɧɔɤ 

Űɖɠ ŮɝɎɚŮɘɣɖɠ Űɞɡ əɘɓɤŰɑɞɡ ŰŬɢɡŰɐŰɤɜ. 

 H ŭɟɎůɖ Űɤɜ ŭɨɞ ɟɞˊɩɜ Tm əŬɘ Te ˊɟɞəŬɚŮɑ ɛɘŬ ůŰɟŮˊŰɘəɐ ˊŬɟŬɛɧɟűɤůɖ 

ůŰɞɜ ɎɝɞɜŬ, ɞ ɞˊɞɑɞɠ əŬɘ ůɡɛˊŮɟɘűɏɟŮŰŬɘ ɤɠ ůŰɟŮˊŰɘəɧ ŮɚŬŰɐɟɘɞ. ȼ ˊŬɟŬˊɎɜɤ 

ˊŬɟŬɛɧɟűɤůɖ ɛˊɞɟŮɑ ɜŬ ˊɟɞəŬɚɏůŮɘ ŬɜŮˊɘɗɨɛɖŰŮɠ ŰŬɚŬɜŰɩůŮɘɠ ůŰɖ ɔɤɜɘŬəɐ 

ŰŬɢɨŰɖŰŬ Űɖɠ ɔŮɜɜɐŰɟɘŬɠ ɧŰŬɜ Űɞ ůɨůŰɖɛŬ ŭɘŮɔŮɑɟŮŰŬɘ ɚɧɔɤ ŬɚɚŬɔɩɜ ůŰɞ ɛɖɢŬɜɘəɧ ɐ 

ɖɚŮəŰɟɘəɧ űɞɟŰɑɞ. ȼ ɘŭɘɞůɡɢɜɧŰɖŰŬ ŬɡŰɩɜ Űɤɜ ŰŬɚŬɜŰɩůŮɤɜ, ˊɞɡ əŬɚŮɑŰŬɘ əŬɘ free ï 

free frequency, ɘůɞɨŰŬɘ ɛŮ : 

 

 Æ
ρ

ςʌ

Ë

*
 (4.8) 

 

ɧˊɞɡ k ŮɑɜŬɘ ɖ ɘůɞŭɨɜŬɛɖ ůŰŬɗŮɟɎ ŭɡůəŬɛɣɑŬɠ. 

 

 

4.3 Ʉɚɐɟɖɠ ɛŮŰŬŰɟɞˊɏŬɠ ɘůɢɨɞɠ əŬɘ ɏɚŮɔɢɞɠ ŬɡŰɞɨ 
 

ȼ ́ɞɚɡˊɞɚɘəɐ ůɨɔɢɟɞɜɖ ɔŮɜɜɐŰɟɘŬ ɛɞɜɑɛɤɜ ɛŬɔɜɖŰɩɜ-MPMSG ŬəɞɚɞɡɗŮɑŰŬɘ 

Ŭˊɧ ˊɚɐɟɖ ɛŮŰŬŰɟɞˊɏŬ ɘůɢɨɞɠ (Full Scale Power Converter) ɛɏůɤ Űɞɡ ɞˊɞɑɞɡ 

ŮˊɘŰɡɔɢɎɜŮŰŬɘ ɖ ůɨɜŭŮůɖ ůŰɞ ɡˊŮɟɎəŰɘɞ AC ŭɑəŰɡɞ. Ƀ ˊɚɐɟɖɠ ɛŮŰŬŰɟɞˊɏŬɠ ůŰɘɠ 

əɚŬůůɘəɏɠ ŮűŬɟɛɞɔɏɠ ŬˊɞŰŮɚŮɑŰŬɘ ůɡɜɐɗɤɠ Ŭˊɧ ɏɜŬɜ ˊŬɗɖŰɘəɧ ŬɜɞɟɗɤŰɐ əŬɘ ɏɜŬɜ 

ɛŮŰŬŰɟɞˊɏŬ ˊɖɔɐɠ ŰɎůɖɠ. ɆɘɔɎ ůɘɔɎ ɧɛɤɠ ɖ ɏɟŮɡɜŬ ůŰɟɏűŮŰŬɘ ůŰɖɜ ŬˊɞəɚŮɘůŰɘəɐ 

ɢɟɐůɖ ɛŮŰŬŰɟɞˊɏɤɜ ˊɖɔɐɠ ŰɎůɖɠ (VSC), ɛŮ ŭɘŬəɞˊŰɘəɧ ůŰɞɘɢŮɑɞ Űɞ ˊɚɐɟɤɠ 

ŮɚŮɔɢɧɛŮɜɞ IGBT, ŮɚŮɔɢɧɛŮɜɞɡɠ ɛŮ ŰŮɢɜɘəɐ PWM Űɧůɞ ɔɘŬ Űɖɜ Ŭɜɧɟɗɤůɖ ɧůɞ əŬɘ Űɖɜ 

ŬɜŰɘůŰɟɞűɐ. ȿɧɔɤ Űɖɠ ůŰŬɗŮɟɐɠ ŭɘɏɔŮɟůɖɠ Űɖɠ ɔŮɜɜɐŰɟɘŬɠ ɛɞɜɑɛɤɜ ɛŬɔɜɖŰɩɜ, ɞ 

ɛŮŰŬŰɟɞˊɏŬɠ ˊɖɔɐɠ ŰɎůɖɠ ůŰɖ ˊɚŮɡɟɎ Űɖɠ ɔŮɜɜɐŰɟɘŬɠ (MSC) ɏɢŮɘ ˊɚŮɞɜɏəŰɖɛŬ 

ůɡɔəɟɘŰɘəɎ ɛŮ Űɖ ůɡɛɓŬŰɘəɐ Ůˊɘɚɞɔɐ Űɞɡ ŬɜɞɟɗɤŰɐ ŭɘɧŭɤɜ, ŭɘɧŰɘ ɏɢŮɘ Űɖɜ ɘəŬɜɧŰɖŰŬ 

ɜŬ ˊŬɟɏɢŮɘ Űɖɜ ŬˊŬɘŰɞɨɛŮɜɖ ɎŮɟɔɞ ɘůɢɨ ˊɟɞɠ Űɖ ɔŮɜɜɐŰɟɘŬ əŬɘ ůɡɜŮˊɩɠ ɜŬ ůɡɛɓɎɚɚŮɘ 
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ůŰɖ ɓɏɚŰɘůŰɖ Ŭɝɘɞˊɞɑɖůɐ Űɖɠ. Ⱥˊɘˊɚɏɞɜ, ɛˊɞɟŮɑ ɜŬ ˊŬɟɎɔŮɘ ůŰŬɗŮɟɐ DC ŰɎůɖ 

ŬɜŮɝŬɟŰɐŰɤɠ Űɖɠ ŰŬɢɨŰɖŰŬɠ ˊŮɟɘůŰɟɞűɐɠ Űɖɠ ɔŮɜɜɐŰɟɘŬɠ. Ƀ ɛŮŰŬŰɟɞˊɏŬɠ Ŭˊɧ ˊɚŮɡɟɎɠ 

ŭɘəŰɨɞɡ (GSC), ɚɧɔɤ Űɞɡ ůɡůŰɐɛŬŰɞɠ Ůɚɏɔɢɞɡ Űɞɡ, ɏɢŮɘ Űɖ ŭɡɜŬŰɧŰɖŰŬ ɜŬ 

əŬŰŬɜŬɚɩɜŮɘ ɐ ɜŬ ˊŬɟɎɔŮɘ ŮɚŮɔɢɧɛŮɜɖ ɎŮɟɔɞ ɘůɢɨ Ŭˊɧ ɐ ˊɟɞɠ Űɞ ŭɑəŰɡɞ. Ƀ DC 

ůɨɜŭŮůɛɞɠ ŬˊɞɛɞɜɩɜŮɘ Űɖɜ ɎŮɟɔo ɘůɢɨ ˊɞɡ ŭɘŬɢŮɘɟɑɕɞɜŰŬɘ ɞɘ ŭɨɞ VSC ɛŮŰŬŰɟɞˊŮɑɠ, 

ůɡɜŮˊɩɠ ɖ ˊŬɟɞɢɐ ŬɡŰɐɠ ˊɟɞɠ Űɞ AC ŭɑəŰɡɞ əŬɗɞɟɑɕŮŰŬɘ ŬɜŮɝɎɟŰɖŰŬ Ŭˊɧ Űɖɜ ŮɜŰɞɚɐ 

ɔɘŬ ɎŮɟɔɞ ɘůɢɨ Ŭˊɧ Űɖɜ ˊɚŮɡɟɎ Űɖɠ ɔŮɜɜɐŰɟɘŬɠ. ȼ ˊŬɟŬɔɧɛŮɜɖ ˊɟɞɠ Űɞ ŭɑəŰɡɞ ɎŮɟɔɞɠ 

ɘůɢɨɠ ˊŮɟɘɞɟɑɕŮŰŬɘ Ŭˊɧ Űɖɜ ɞɜɞɛŬůŰɘəɐ ɘəŬɜɧŰɖŰŬ Űɞɡ ɛŮŰŬŰɟɞˊɏŬ əŬɗɩɠ əŬɘ Űɖ ɟɞɐ 

ŮɜŮɟɔɞɨ ɘůɢɨɞɠ Ŭˊɧ Űɖɜ ȷ/ũ. H ŮɚŮɔɢɧɛŮɜɖ ŬɜŰŬɚɚŬɔɐ Ŭɏɟɔɞɡ ɘůɢɨɞɠ Ŭˊɧ Űɘɠ ȷ/ũ əŬɘ 

ůɡɜŮˊɩɠ Ŭˊɧ Űɞ Ŭɘɞɚɘəɧ ˊɎɟəɞ ŭɑɜŮɘ Űɖ ŭɡɜŬŰɧŰɖŰŬ ɡˊɞůŰɐɟɘɝɖɠ Űɖɠ ŰɎůɖɠ Űɞɡ ŭɘəŰɨɞɡ 

ůɨɛűɤɜŬ ɛŮ Űɘɠ ŬˊŬɘŰɐůŮɘɠ Űɤɜ ůɨɔɢɟɞɜɤɜ Ⱦɤŭɑəɤɜ ɆɡůŰɐɛŬŰɞɠ. Ⱥˊɑůɖɠ, ɖ 

ůɡɔəŮəɟɘɛɏɜɖ ŭɘŬɛɧɟűɤůɖ ˊɟɞůŰŬŰŮɨŮɘ Űɖ ɔŮɜɜɐŰɟɘŬ Ŭˊɧ ŰŬ ůűɎɚɛŬŰŬ Űɞɡ ŭɘəŰɨɞɡ. 

ɆŰŬ ɛŮɘɞɜŮəŰɐɛŬŰŬ ůɡɔəŬŰŬɚɏɔɞɜŰŬɘ Űɞ ɡɣɖɚɧŰŮɟɞ əɧůŰɞɠ Űɤɜ ȷ/ũ, əŬɗɩɠ əŬɘ ɖ 

ŬɜɎɔəɖ ɔɘŬ ˊɟɞůŰŬůɑŬɠ Űɞɡ ɛŮŰŬŰɟɞˊɏŬ ůŰɖ ˊɚŮɡɟɎ Űɞɡ ŭɘəŰɨɞɡ ɏɜŬɜŰɘ ɡˊŮɟɟŮɡɛɎŰɤɜ 

əŬɘ ɡˊŮɟŰɎůŮɤɜ. 

ȼ ŭɞɛɐ Űɞɡ ɖɚŮəŰɟɘəɞɨ ůɡůŰɐɛŬŰɞɠ Űɖɠ ŬɜŮɛɞɔŮɜɜɐŰɟɘŬɠ ŬˊŮɘəɞɜɑɕŮŰŬɘ ůŰɞ 

ɆɢɐɛŬ 4.2. ɄɟɧəŮɘŰŬɘ ɔɘŬ ŭɨɞ ŬɜŮɝɎɟŰɖŰŬ ŮɚŮɔɢɧɛŮɜɞɡɠ back-to-back ɛŮŰŬŰɟɞˊŮɑɠ 

ˊɖɔɐɠ ŰɎůɖɠ, ɛŮ Űɞɜ ɏɜŬ ɛŮŰŬŰɟɞˊɏŬ ůŰɖ ˊɚŮɡɟɎ Űɖɠ ɔŮɜɜɐŰɟɘŬɠ (Mashine Side 

Converter-MSC), ɏɜŬɜ ŮɜŭɘɎɛŮůɞ DC ůɨɜŭŮůɛɞ ɛŮ ˊɡəɜɤŰɐ ůŰɞɡɠ ŬəɟɞŭɏəŰŮɠ əŬɘ Űɞɜ 

Ɏɚɚɞ ɛŮŰŬŰɟɞˊɏŬ ůŰɖ ˊɚŮɡɟɎɠ Űɞɡ ŭɘəŰɨɞɡ (Grid Side Converter-GSC). Ƀ ɛŮŰŬŰɟɞˊɏŬɠ 

Ŭˊɧ ˊɚŮɡɟɎɠ ɔŮɜɜɐŰɟɘŬɠ ɚŮɘŰɞɡɟɔŮɑ ɤɠ ŬɜɞɟɗɤŰɐɠ, ŬɜɞɟɗɩɜɞɜŰŬɠ Űɖɜ AC ŰɎůɖ ůŰɖɜ 

ɏɝɞŭɞ Űɖɠ ɔŮɜɜɐŰɟɘŬɠ (ůɡɢɜɧŰɖŰŬɠ ɛŮŰŬɓɚɖŰɐɠ əŬɘ ɢŬɛɖɚɧŰŮɟɖɠ Űɤɜ 50 Hz) ůŮ DC 

ŰɎůɖ. ȼ DC ŰɎůɖ ůŰŬɗŮɟɞˊɞɘŮɑŰŬɘ ɛɏůɤ Űɞɡ ˊɡəɜɤŰɐ Űɞɡ DC ůɡɜŭɏůɛɞɡ əŬɘ ůŰɖ 

ůɡɜɏɢŮɘŬ ɛŮŰŬŰɟɏˊŮŰŬɘ Ŭˊɧ Űɞ ɛŮŰŬŰɟɞˊɏŬ ˊɚŮɡɟɎɠ ŭɘəŰɨɞɡ ůŮ AC ŰɎůɖ ůŰŬɗŮɟɐɠ 

ůɡɢɜɧŰɖŰŬɠ 50 Hz Űɞɡ ŭɘəŰɨɞɡ. 

Ƀ ˊɡəɜɤŰɐɠ ŬˊɞŰŮɚŮɑ ůŰɞɘɢŮɑɞ ŬˊɞɗɐəŮɡůɖɠ ŮɜɏɟɔŮɘŬɠ əŬɘ ɖ ɨˊŬɟɝɐ Űɞɡ 

ůɡɜŮˊɎɔŮŰŬɘ Űɖɜ ŬˊɧɕŮɡɝɖ Űɤɜ ŭɨɞ ɛŮŰŬŰɟɞˊɏɤɜ. ũɘŬ Űɞɜ ˊɡəɜɤŰɐ Űɞɡ ŮɜŭɘɎɛŮůɞɡ DC 

ůɡɜŭɏůɛɞɡ Űɤɜ ɛŮŰŬŰɟɞˊɏɤɜ ɘůɢɨŮɘ ɧŰɘ əŬɘ ɔɘŬ Űɞɡɠ DC ˊɡəɜɤŰɏɠ Űɞɡ MTDC ŭɘəŰɨɞɡ, 

ɛŮ Űɖɜ Ů́ ɘɚɞɔɐ Űɖɠ ŭɘŬůŰŬůɘɞɚɧɔɖůɖɠ Űɞɡ ɜŬ ŬˊɞŰŮɚŮɑ ɛɑŬ ůɨɛɓŬůɖ ɛŮŰŬɝɨ Űɤɜ 

ŭɘŬəɡɛɎɜůŮɤɜ Űɖɠ ŰɎůɖɠ əŬɘ Űɞɡ ɔɟɐɔɞɟɞɡ Ůɚɏɔɢɞɡ Űɞɡ DC ůɡɜŭɏůɛɞɡ. ɆŮ ŮˊɑˊŮŭɞ 

ˊɟɞůɞɛɞɑɤůɖɠ, ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ɖ Ůɝɑůɤůɖ : 

 

 # ςẗ3ẗ
ʐ

6
 (4.9) 

 

VDC=6.6 kV ɖ ɞɜɞɛŬůŰɘəɐ ŰɎůɖ Űɞɡ DC ůɡɜŭɏůɛɞɡ, SN ɖ ɞɜɞɛŬůŰɘəɐ űŬɘɜɧɛŮɜɖ ɘůɢɨɠ 

Űɖɠ ȷ/ũ əŬɘ ʐ πȢπς sec ɖ ůŰŬɗŮɟɎ ɢɟɧɜɞɡ ˊɞɡ ŮˊɘɚɏɢɗɖəŮ. 

 ȼ ɔŮɜɜɐŰɟɘŬ ɛɞɜɑɛɤɜ ɛŬɔɜɖŰɩɜ ŮɚɏɔɢŮŰŬɘ Ŭˊɧ Űɞ ɛŮŰŬŰɟɞˊɏŬ ˊɚŮɡɟɎɠ 

ɔŮɜɜɐŰɟɘŬɠ-MSC, ůŰɞɜ ɞˊɞɑɞ ŮűŬɟɛɧɕŮŰŬɘ ɏɚŮɔɢɞɠ ˊɟɞůŬɜŬŰɞɚɘůɛɏɜɞɡ ˊŮŭɑɞɡ (Rotor 

Field Oriented-RFO) ɔɘŬ Űɞɜ ŰŮɚɘəɧ əŬɗɞɟɘůɛɧ Űɤɜ ůɖɛɎŰɤɜ Ůɚɏɔɢɞɡ mabc
* ˊɞɡ 

ɞŭɖɔɞɨɜŰŬɘ ůŰɞɜ ŮɚŮɔəŰɐ ŭɘŬɛɧɟűɤůɖɠ Ůɨɟɞɡɠ ˊŬɚɛɩɜ (Pulse Width Modulationï

PWM). ȼ ŮůɤŰŮɟɘəɐ ɚŮɘŰɞɡɟɔɑŬ Űɞɡ RFO ŮɚŮɔəŰɐ ŬˊŮɘəɞɜɑɕŮŰŬɘ ůŰɞ ɆɢɐɛŬ 4.3, əŬɘ 

ůŰɖɟɑɕŮŰŬɘ ůŰɖ ɢɟɐůɖ PI ŮɚŮɔəŰɩɜ əŬɘ əŬŰɎɚɚɖɚɤɜ ɧɟɤɜ ŬˊɞůɨɕŮɡɝɖɠ. 
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ɆɢɐɛŬ 4.2. ȹɘɎŰŬɝɖ ȷ/ũ ɛŮ ɛŮŰŬŰɟɞˊŮɑɠ ˊɚɐɟɞɡɠ ɘůɢɨɞɠ. 

 

 ũɘŬ Űɞɜ ɏɚŮɔɢɞ Űɞɡ ɛŮŰŬŰɟɞˊɏŬ ˊɚŮɡɟɎɠ ŭɘəŰɨɞɡ-GSC ɘůɢɨŮɘ ˊŮɟɑˊɞɡ ɧŰɘ əŬɘ 

ɔɘŬ Űɞɡɠ grid-feeding ɖˊŮɘɟɤŰɘəɞɨɠ ɛŮŰŬŰɟɞˊŮɑɠ Űɞɡ HVDC ŭɘəŰɨɞɡ. ȺűŬɟɛɧɕŮŰŬɘ ɞ 

ŭɘŬɜɡůɛŬŰɘəɧɠ ɏɚŮɔɢɞɠ ɟŮɨɛŬŰɞɠ ůŰɞ ůɨɔɢɟɞɜɞ ˊɚŬɑůɘɞ ŬɜŬűɞɟɎɠ (Synchronous 

Reference Frame ï SRF), Űɞ ɞˊɞɑɞ ɞɟɑɕŮŰŬɘ Ŭˊɧ ŬˊɞəɚŮɘůŰɘəɐ ŭɘɎŰŬɝɖ əɚŮɘŭɩɛŬŰɞɠ 

űɎůɖɠ (Phase Locked Loop ï PLL) ɔɘŬ Űɞɜ ůɡɔɢɟɞɜɘůɛɧ ɛŮ Űɖ ůɡɢɜɧŰɖŰŬ Űɖɠ ŰɎůɖɠ 

Űɞɡ ŭɘəŰɨɞɡ, ɧˊɤɠ űŬɑɜŮŰŬɘ əŬɘ ŬɜŬɚɡŰɘəɧŰŮɟŬ ůŰɞ ɆɢɐɛŬ 4.3. Ƀ ɟɧɚɞɠ Űɞɡ ɛŮŰŬŰɟɞˊɏŬ 

ŮɑɜŬɘ ɜŬ ŮɔɢɏŮɘ Űɖɜ ˊŬɟŬɔɧɛŮɜɖ ŮɜŮɟɔɧ ɘůɢɨ Űɖɠ ȷ/ũ ůŰɞ ɡˊŮɟɎəŰɘɞ AC ŭɑəŰɡɞ, 

ɟɡɗɛɑɕɞɜŰŬɠ Űɖɜ DC ŰɎůɖ Ö ȟ  Űɞɡ ůɡůŰɐɛŬŰɞɠ ɛŮŰŬŰɟɞˊɏɤɜ ůŰɖɜ ɞɜɞɛŬůŰɘəɐ Űɖɠ 

Űɘɛɐ, ˊɞɡ ɞɟɑůɗɖəŮ ůŰɞ Ö ȟ
ᶻ ρ Ŭ.ɛ, ɛɏůɤ PI ŮɚŮɔəŰɐ, ɞ ɞˊɞɑɞɠ ˊŬɟɎɔŮɘ Űɞ ɟŮɨɛŬ 

ŬɜŬűɞɟɎɠ Éȟ  
ᶻ . ũɘŬ Űɖ ˊŬɟŬɔɤɔɐ Űɞɡ Éȟ

ᶻ  ŭɑɜŮŰŬɘ ɤɠ Ůɑůɞŭɞɠ ɖ ɎŮɟɔɞɠ ɘůɢɨɠ 

ŬɜŬűɞɟɎɠ Ñ  
ᶻ . ȺɜŬɚɚŬəŰɘəɎ, ɤɠ Ůɑůɞŭɞɠ ɛˊɞɟŮɑ ɜŬ ŭɑɜŮŰŬɘ ɖ d ůɡɜɘůŰɩůŬ Űɖɠ ŰɎůɖɠ 

Űɞɡ AC ɡˊŮɟɎəŰɘɞɡ ŭɘəŰɨɞɡ (q ůɡɜɘůŰɩůŬ ɞɟɑɕŮŰŬɘ ůŰɞ ɛɖŭɏɜ ɛɏůɤ PLL), ɛŮ ůəɞˊɧ 

ŮˊɑŰŮɡɝɖɠ ɚŮɘŰɞɡɟɔɑŬɠ FRT-Fault ride through əŬɘ ɡˊɞůŰɐɟɘɝɖɠ Űɖɠ ŰɎůɖɠ Űɞɡ 

ɡˊŮɟɎəŰɘɞɡ AC ŭɘəŰɨɞɡ. ɆŰɖ ˊŬɟɞɨůŬ ŮɟɔŬůɑŬ, ŭŮɜ ɛŮɚŮŰɐɗɖəŬɜ ůűɎɚɛŬŰŬ ŰɎůɖɠ Űɞɡ 

ɡˊŮɟɎəŰɘɞɡ AC ŭɘəŰɨɞɡ Ŭˊɧ ŰŬ ŪȷɄ əŬɘ ůɡɜŮˊɩɠ ɖ Ñ  
ᶻ  ɞɟɑɕŮŰŬɘ ɑůɖ ɛŮ Űɞ ɛɖŭɏɜ. 

 ɁŬ ůɖɛŮɘɤɗŮɑ ɧŰɘ ůŰɖ ˊŬɟɞɨůŬ ŮɟɔŬůɑŬ, ɔɘŬ Űɖ ɛɞɜŰŮɚɞˊɞɑɖůɖ Űɤɜ ŭɨɞ VSC 

ɛŮŰŬŰɟɞˊɏɤɜ ŭŮɜ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ Űɞ ŭɘŬəɞˊŰɘəɧ ɛɞɜŰɏɚɞ, ŬɚɚɎ Űɞ ɛɞɜŰɏɚɞ ɛɏůɤɜ 

Űɘɛɩɜ (Mean Value Model), ůɡɜŮˊɩɠ ɖ ŭɘŬɛɧɟűɤůɖ PWM ˊŬɟŬɚŮɑˊŮŰŬɘ əŬŰɎ Űɘɠ 

ˊɟɞůɞɛɞɘɩůŮɘɠ əŬɘ ɤɠ ůɐɛŬ Ůɚɏɔɢɞɡ Űɤɜ VSC ŭɑɜŮŰŬɘ əŬŰŮɡɗŮɑŬɜ Űɞ mabc
*=[ma

* mb
* 

mc
*]T. Ƀ ɚɧɔɞɠ ŮɑɜŬɘ ɧŰɘ ɞɘ ˊɟɞůɞɛɞɘɩůŮɘɠ ŭɘŬɟəɞɨɜ ˊɞɚɚɎ ŭŮɡŰŮɟɧɚŮˊŰŬ, ůɡɜŮˊɩɠ ɖ 

ɢɟɐůɖ PWM ŭŮ ŭɘŬűɞɟɞˊɞɘŮɑŰŬɘ Ŭˊɧ Űɞ ɛɞɜŰɏɚɞ ɛɏůɤɜ Űɘɛɩɜ ůŰŬ ˊɚŬɑůɘŬ Űɧůɞ 

ɛŮɔɎɚɞɡ ŭɘŬůŰɐɛŬŰɞɠ ɢɟɧɜɞɡ. 
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ɆɢɐɛŬ 4.3. ɆɢɐɛŬ Ůɚɏɔɢɞɡ ůɡůŰɐɛŬŰɞɠ ɛŮŰŬŰɟɞˊɏɤɜ ɡˊŮɟɎəŰɘŬɠ ȷ/ũ (Űɨˊɞɠ FCWT). 

 

 

4.4 ȰɚŮɔɢɞɠ Űɞɡ ŬŮɟɞŭɡɜŬɛɘəɞɨ ɛɏɟɞɡɠ 
 

Ƀ ŮɝɤŰŮɟɘəɧɠ ŮɚŮɔəŰɐɠ Űɖɠ ȷ/ũ ɓŬůɑɕŮŰŬɘ ůŮ ɛɞɜŰɏɚŬ ŮɛˊɞɟɘəɎ ŭɘŬɗɏůɘɛɤɜ 

ȷ/ũ Űɨˊɞɡ FCWT əŬɘ ɖ ɓŬůɘəɐ ɚŮɘŰɞɡɟɔɑŬ Űɞɡ ŮɑɜŬɘ ɖ ɟɨɗɛɘůɖ Űɖɠ ŮɜŮɟɔɞɨ ɘůɢɨɞɠ 

ŬɜŬűɞɟɎɠ Ð  əŬɘ Űɖɠ ɔɤɜɑŬɠ ɓɐɛŬŰɞɠ Űɤɜ ˊŰŮɟɡɔɑɤɜ ɓ (pitch angle). ȼ ŮůɤŰŮɟɘəɐ 

ŭɞɛɐ Űɞɡ ŮɚŮɔəŰɐ ˊŬɟɞɡůɘɎɕŮŰŬɘ ŬɜŬɚɡŰɘəɎ ůŰɞ ɆɢɐɛŬ 4.4, ɛŮ Űɘɠ ŬəɧɚɞɡɗŮɠ 

ɚŮɘŰɞɡɟɔɑŮɠ Ůɚɏɔɢɞɡ : 
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ȰɚŮɔɢɞɠ ɖɚŮəŰɟɘəɐɠ ɟɞˊɐɠ : Ƀ ŮɚŮɔəŰɐɠ ɟɞˊɐɠ ɟɡɗɛɑɕŮɘ ɛɏůɤ PI ŮɚŮɔəŰɐ Űɖɜ 

ŰŬɢɨŰɖŰŬ ˊŮɟɘůŰɟɞűɐɠ Űɖɠ ɔŮɜɜɐŰɟɘŬɠ ɤr ůŰɖɜ Űɘɛɐ ŬɜŬűɞɟɎɠ ɤr
*ˊɞɡ ŭɘŬɛɞɟűɩɜŮŰŬɘ 

Ŭˊɧ Űɖ ůŰɟŬŰɖɔɘəɐ ɛɏɔɘůŰɖɠ ŬˊɞɚŬɓɐɠ ɘůɢɨɞɠ (Maximum Power Point Tracking-

MPPT). ɇɞ Ɏɜɤ ɧɟɘɞ ɘůɢɨɞɠ Ðᶻ   ˊŬɟɎɔŮŰŬɘ ɛŮ ɓɎůɖ Űɞ ŬŮɟɞŭɡɜŬɛɘəɧ ɛɞɜŰɏɚɞ ˊɞɡ 

ˊŮɟɘɔɟɎűɗɖəŮ ůŰɖɜ ȾŮű. 4.1 əŬɘ Űɖɜ ŮɜŰɞɚɐ ŮűŮŭɟŮɑŬɠ ɘůɢɨɞɠ Òᶻ. ȸɎůŮɘ Űɖɠ ɖɚŮəŰɟɘəɐɠ 

ɟɞˊɐɠ ŬɜŬűɞɟɎɠ Ôᶻ  əŬɘ Űɞɡ Ɏɜɤ ɧɟɘɞ ɘůɢɨɞɠ  Ðᶻ  ŭɘŬɛɞɟűɩɜŮŰŬɘ ɖ ŰŮɚɘəɐ ŮɜŮɟɔɧɠ 

ɘůɢɨɠ ŬɜŬűɞɟɎɠ Ð  , ɛŮ Űɖɜ ˊŬɟŮɛɓɞɚɐ əŬŰɎɚɚɖɚɤɜ ˊŮɟɘɞɟɘůŰɩɜ ɟɡɗɛɞɨ ɛŮŰŬɓɞɚɐɠ 

əŬɘ Ůˊɘˊɏŭɞɡ ɟɨɗɛɘůɖɠ Űɖɠ ŮɜŮɟɔɞɨ ɘůɢɨɞɠ. Ƀɘ ˊŬɟɎɛŮŰɟɞɘ Űɤɜ ŮɚŮɔəŰɩɜ Űɞɡ 

ŮɝɤŰŮɟɘəɞɨ ŮɚŮɔəŰɐ Űɖɠ ȷ/ũ ŮˊɘɚɏɢɗɖəŬɜ ɛŮ ɓɎůɖ Űɡˊɘəɏɠ Űɘɛɏɠ ˊɞɡ ˊŬɟŬŰɑɗŮɜŰŬɘ ůŰɖ 

ɓɘɓɚɘɞɔɟŬűɑŬ ɔɘŬ Űɖ ŭɘɎŰŬɝɖ ȷ/ũ Űɨˊɞɡ FCWT. 

 

ȰɚŮɔɢɞɠ ɔɤɜɑŬɠ ɓɐɛŬŰɞɠ ˊŰŮɟɡɔɑɤɜ ɓ (pitch angle) : Ƀ PI ŮɚŮɔəŰɐɠ ɔɤɜɑŬɠ ɓɐɛŬŰɞɠ 

ɚŬɛɓɎɜŮɘ ɤɠ Ůɑůɞŭɞ Űɖ ɛŮŰŬɓɞɚɐ Űɖɠ ŰŬɢɨŰɖŰŬɠ Űɖɠ ȷ/ũ Ŭˊɧ Űɖɜ Űɘɛɐ ŬɜŬűɞɟɎɠ ɤr
* 

əŬɘ ŬˊɞŰɟɏˊŮɘ ŬɜŮˊɘɗɨɛɖŰŮɠ ɡˊŮɟŰŬɢɨɜůŮɘɠ Űɖɠ ȷ/ũ ˊɎɜɤ Űɖɜ Űɘɛɐ ŬɡŰɐ. Ƀ 

ŬɜŰɘůŰŬɗɛɘůŰɐɠ ɔɤɜɑŬɠ ɓɐɛŬŰɞɠ ˊŬɟɎɔŮɘ ɏɜŬ Ůˊɘˊɚɏɞɜ ůɐɛŬ ȹɓ, ɩůŰŮ ɜŬ 

ŬɜŬŭɘŬɛɞɟűɩůŮɘ Űɖ ɔɤɜɑŬ ɓɐɛŬŰɞɠ ɓ Űɧůɞ ůŮ ůɡɜɗɐəŮɠ ɛɧɜɘɛɖɠ əŬŰɎůŰŬůɖɠ 

(ˊŮɟɑˊŰɤůɖ Űɐɟɖůɖɠ ŮűŮŭɟŮɑŬɠ r* ŮɜŮɟɔɞɨ ɘůɢɨɞɠ ůŮ əŬɜɞɜɘəɐ ɚŮɘŰɞɡɟɔɑŬ), ɧůɞ əŬɘ ůŮ 

ůɡɜɗɐəŮɠ ŭɘŬŰŬɟŬɢɩɜ, ůŰɖ ˊɟɞəŮɘɛɏɜɖ ˊŮɟɑˊŰɤůɖ Ŭˊɧəɟɘůɖ ůŰŬŰɘůɛɞɨ ˊŬɟɞɡůɑŬ 

ŭɘŬəɡɛɎɜůŮɤɜ Űɖɠ ůɡɢɜɧŰɖŰŬɠ ɚŮɘŰɞɡɟɔɑŬɠ. ȼ ˊŬɟŬɔɧɛŮɜɖ Űɘɛɐ Űɞɡ ɓ ůŮ ɛɞɑɟŮɠ 

ŬɜŬˊɟɞůŬɟɛɧɕŮɘ Űɖɜ ŬŮɟɞŭɡɜŬɛɘəɐ ɘůɢɨ ůŰɖɜ ŮɚŮɔɢɧɛŮɜɖ ɖɚŮəŰɟɘəɐ ɘůɢɨ Ůɝɧŭɞɡ Űɖɠ 

ɔŮɜɜɐŰɟɘŬɠ. ũɘŬ Űɖ ɟŮŬɚɘůŰɘəɐ ˊɟɞůɞɛɞɑɤůɖ Űɞɡ ɛɖɢŬɜɘůɛɞɨ ŬɚɚŬɔɐɠ Űɖɠ ɔɤɜɑŬɠ 

ɓɐɛŬŰɞɠ, ůŰɞ ɛɞɜŰɏɚɞ ˊŮɟɘɚŬɛɓɎɜŮŰŬɘ ɖ ɢɟɞɜɘəɐ əŬɗɡůŰɏɟɖůɖ ˊɞɡ ɡˊŮɘůɏɟɢŮŰŬɘ ɚɧɔɤ 

Űɞɡ ůŮɟɓɞɛɖɢŬɜɘůɛɞɨ (ůŰŬɗŮɟɎ Tservo) əŬɗɩɠ əŬɘ ŰŬ ɧɟɘŬ Űɖɠ ɔɤɜɑŬɠ ɓɐɛŬŰɞɠ [00-270] 

əŬɘ Űɞɡ ɟɡɗɛɞɨ ɛŮŰŬɓɞɚɐɠ ŬɡŰɐɠ. 

 

ȷˊɧəɟɘůɖ ůɡɢɜɧŰɖŰŬɠ Űɖɠ ȷ/ũ : ȼ ůɡɔəŮəɟɘɛɏɜɖ ɚŮɘŰɞɡɟɔɑŬ ŬűɞɟɎ ůŰɖɜ 

ɘəŬɜɞˊɞɑɖůɖ ŰŮɢɜɘəɩɜ ŬˊŬɘŰɐůŮɤɜ Űɤɜ ůɨɔɢɟɞɜɤɜ Ⱦɤŭɑəɤɜ ɆɡůŰɐɛŬŰɞɠ ŬɜŬűɞɟɘəɎ 

ɛŮ Űɖɜ ɘəŬɜɧŰɖŰŬ ůɡɛɛŮŰɞɢɐɠ Űɖɠ ȷ/ũ ůŰɖ ɟɨɗɛɘůɖ ůɡɢɜɧŰɖŰŬɠ, ɛŮ əŬŰɎɚɚɖɚɖ 

ŬɜŬŭɘŬɛɧɟűɤůɖ Űɖɠ ŮɔɢŮɧɛŮɜɖɠ ŮɜŮɟɔɞɨ ɘůɢɨɞɠ ůɡɜŬɟŰɐůŮɘ Űɖɠ ɛŮŰŬɓɞɚɐɠ Űɖɠ 

ůɡɢɜɧŰɖŰŬɠ ɚŮɘŰɞɡɟɔɑŬɠ Űɞɡ AC ŭɘəŰɨɞɡ ůŰɞ ɞˊɞɑɞ ůɡɜŭɏŮŰŬɘ. ȳˊɤɠ ˊŬɟɞɡůɘɎůɗɖəŮ 

əŬɘ ůŰo ȾŮű. 1.3, Űɞ ȷ/Ʉ əŬɘ ůɡɜŮˊɩɠ Űɞ ůɨɜɞɚɞ Űɤɜ ȷ/ũ, ůɨɛűɤɜŬ ɛŮ Űɘɠ ˊɘɞ 

ŬɡůŰɖɟɏɠ ŰŮɢɜɘəɏɠ ŬˊŬɘŰɐůŮɘɠ Űɤɜ Ⱦɤŭɑəɤɜ ůɡůŰɐɛŬŰɞɠ, ˊɟɏˊŮɘ ɜŬ ɏɢŮɘ Űɖɜ ɘəŬɜɧŰɖŰŬ 

ɛŮɑɤůɖɠ Űɖɠ ŮɔɢŮɧɛŮɜɖɠ ŮɜŮɟɔɞɨ ɘůɢɨɞɠ ůŮ ůɡɜɗɐəŮɠ ɡˊŮɟůɡɢɜɧŰɖŰŬɠ əŬɘ Ŭɨɝɖůɖ 

ŬɡŰɐɠ ůŮ ůɡɜɗɐəŮɠ ɡˊɞůɡɢɜɧŰɖŰŬɠ Űɞɡ ŭɘəŰɨɞɡ. Ƀɘ ůɡɔəŮəɟɘɛɏɜŮɠ ɚŮɘŰɞɡɟɔɑŮɠ 

ŮˊɘŰɡɔɢɎɜɞɜŰŬɘ ɛɏůɤ ŬɡŰɧɛŬŰɖɠ Ŭɨɝɖůɖɠ Űɖɠ ɔɤɜɑŬɠ ˊŰŮɟɡɔɑɤɜ ɓ ɐ ɛŮɑɤůɖɠ ŬɡŰɐɠ 

əŬŰɧˊɘɜ ŮɜŰɞɚɐɠ ŭɘŬŰɐɟɖůɖɠ ŮűŮŭɟŮɑŬɠ ɘůɢɨɞɠ ůŰɖ ɛɧɜɘɛɖ əŬŰɎůŰŬůɖ. ȼ Ŭˊɧəɟɘůɖ 

ůɡɢɜɧŰɖŰŬɠ ɓŬůɑɕŮŰŬɘ ůŮ ŭɨɞ ɗŮɛŮɚɘɩŭŮɘɠ ɚŮɘŰɞɡɟɔɑŮɠ: Ŭ) Űɞɜ ɏɚŮɔɢɞ ůŰŬŰɘůɛɞɨ 

ůɡɢɜɧŰɖŰŬɠ, ŭɖɚŬŭɐ Űɖ ɛɧɜɘɛɖ ŬɜŬˊɟɞůŬɟɛɞɔɐ Űɖɠ ɘůɢɨɞɠ Ůɝɧŭɞɡ ůŮ ˊŮɟɑˊŰɤůɖ 

Ŭˊɧəɚɘůɖɠ Űɖɠ ůɡɢɜɧŰɖŰŬɠ ɚŮɘŰɞɡɟɔɑŬɠ Ŭˊɧ Űɖɜ ɞɜɞɛŬůŰɘəɐ Űɖɠ Űɘɛɐ, əŬɘ ɓ) Űɖɜ 

ŬŭɟŬɜŮɘŬəɐ Ŭˊɧəɟɘůɖ, ɖ ɞˊɞɑŬ ɓŬůɑɕŮŰŬɘ ůŮ ŰŬɢɨŰŮɟɖ ɛŮŰŬɓɞɚɐ Űɖɠ ŮɜŮɟɔɞɨ ɘůɢɨɞɠ 

Ůɝɧŭɞɡ, Ůɡɗɏɤɠ ŬɜɎɚɞɔɖ Űɞɡ ɛŮŰɟɞɨɛŮɜɞɡ ɟɡɗɛɞɨ ɛŮŰŬɓɞɚɐɠ Űɖɠ ůɡɢɜɧŰɖŰŬɠ, 

ˊɟɞůɞɛɞɘɎɕɞɜŰŬɠ Űɖ űɡůɘəɐ ŬŭɟŬɜŮɘŬəɐ Ŭˊɧəɟɘůɖ ůŰɟŮűɧɛŮɜɤɜ ɖɚŮəŰɟɘəɩɜ ɛɖɢŬɜɩɜ 

ŬˊŮɡɗŮɑŬɠ ůɡɜŭŮŭŮɛɏɜɤɜ ůŰɞ ŭɑəŰɡɞ. ȼ ŬŭɟŬɜŮɘŬəɐ Ŭˊɧəɟɘůɖ ůŰɖɟɑɕŮŰŬɘ əɡɟɑɤɠ ůŰɖɜ 

ˊɟɞůɤɟɘɜɐ ŬˊŮɚŮɡɗɏɟɤůɖ ɛɏɟɞɡɠ Űɖɠ əɘɜɖŰɘəɐɠ ŮɜɏɟɔŮɘŬɠ ˊɞɡ ŮɑɜŬɘ ŬˊɞɗɖəŮɡɛɏɜɖ 

ůŰɞ ŭɟɞɛɏŬ Űɖɠ ȷ/ũ, əŬɘ ůɡɜŮˊɩɠ ŭŮɜ ŮɑɜŬɘ ŬɜŬɔəŬɑŬ ɖ ŬɜŬŭɘŬɛɧɟűɤůɖ Űɞɡ 

ŬŮɟɞŭɡɜŬɛɘəɞɨ ůɖɛŮɑɞɡ ɚŮɘŰɞɡɟɔɑŬɠ Űɖɠ ȷ/ũ ɛɏůɤ Űɞɡ ŬɜŰɘůŰŬɗɛɘůŰɐ Űɖɠ ɔɤɜɑŬɠ 
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ɓɐɛŬŰɞɠ ɓ Űɤɜ ˊŰŮɟɡɔɑɤɜ, ɔɘŬ ŬɡŰɧ əŬɘ ɤɠ ůɐɛŬ Űɞ ȹPin ˊɟɞůŰɑɗŮŰŬɘ əŬŰŮɡɗŮɑŬɜ ůŰɞ 

ŰŮɚɘəɧ ůɐɛŬ Ůɝɧŭɞɡ Ð . 

ɇɞ ůűɎɚɛŬ ůɡɢɜɧŰɖŰŬɠ ɝʖ ȟ ʖ ȟ ρ Ŭ.ɛ ŮɝɎɔŮŰŬɘ Ŭˊɧ Űɖ 

ŭɘɎŰŬɝɖ PLL Űɞɡ ŮɚŮɔəŰɐ Űɞɡ GSC ɛŮŰŬŰɟɞˊɏŬ (ɓɚ. ɆɢɐɛŬ 4.3). ɆŰɖ ůɡɜɏɢŮɘŬ Űɞ ůɐɛŬ 

ŬɡŰɧ ˊŮɟɜɎŮɘ Ŭˊɧ ɢŬɛɖɚɞˊŮɟŬŰɧ űɑɚŰɟɞ ůŰŬɗŮɟɎɠ Tf=1 sec  ɔɘŬ Űɖɜ ŮɝɎɚŮɘɣɖ 

ɡɣɑůɡɢɜɤɜ Ŭɟɛɞɜɘəɩɜ. ȷˊɧ ŮəŮɑ əŬɘ ˊɏɟŬ, Ŭˊɧ Űɖ ɛɑŬ ˊŬɟɎɔŮŰŬɘ Űɞ ůɐɛŬ ɛŮŰŬɓɞɚɐɠ 

ɘůɢɨɞɠ ɝÐ ȟ
 (p.u) , ɛŮ ɓɎůɖ Űɖ ˊŬɟɎɛŮŰɟɞ ůŰŬŰɘůɛɞɨ ůɡɢɜɧŰɖŰŬɠ RWT Űɖɠ 

ȷ/ũ. ȷˊɧ Űɖɜ Ɏɚɚɖ, Űɞ ůűɎɚɛŬ ůɡɢɜɧŰɖŰŬɠ ˊŮɟɜɎŮɘ Ŭˊɧ ɡɣɘˊŮɟŬŰɧ űɑɚŰɟɞ (wash-out 

filter) ůŰŬɗŮɟɎɠ ɇw=5.5 sec əŬɘ ůŰɖ ůɡɜɏɢŮɘŬ Ŭˊɧ ˊɞɚɚŬˊɚŬůɘŬůŰɘəɧ ˊŬɟɎɔɞɜŰŬ 2ẗHin. 

Ƀ ŬŭɟŬɜŮɘŬəɧɠ ŮɚŮɔəŰɐɠ ŮəŰɘɛɎŮɘ Űɞ ɟɡɗɛɧ ɛŮŰŬɓɞɚɐɠ Űɖɠ ůɡɢɜɧŰɖŰŬɠ ɛŮ ɓɎůɖ Űɖɜ 

ɞˊɞɑŬ ˊŬɟɎɔŮŰŬɘ Űɞ ůɐɛŬ ɛŮŰŬɓɞɚɐɠ ɘůɢɨɞɠ ȹpin . ɄŮɟɘůůɧŰŮɟŬ ɔɘŬ Űɞɜ ŬŭɟŬɜŮɘŬəɧ 

ŮɚŮɔəŰɐ ŬɜŬɚɨɞɜŰŬɘ ůŰɞ ȾŮű. 5.1, ɧˊɞɡ ŮɜůɤɛŬŰɩɜŮŰŬɘ əŬɘ ůŰɞ ůɨůŰɖɛŬ Ůɚɏɔɢɞɡ Űɞɡ 

ɖˊŮɘɟɤŰɘəɞɨ ɛŮŰŬŰɟɞˊɏŬ. 

 
ɆɢɐɛŬ 4.4. ȹɞɛɐ Űɡˊɞˊɞɘɖɛɏɜɞɡ ŮɝɤŰŮɟɘəɞɨ ŮɚŮɔəŰɐ Űɖɠ ȷ/ũ. 

 

 ɆŰɖ 3ū ɏɝɞŭɞ Űɞɡ ˊɚɐɟɖ AC/DC/AC ɛŮŰŬŰɟɞˊɏŬ Űɖɠ ȷ/ũ ɡˊɎɟɢŮɘ ůŮ ůŮɘɟɎ 

űɑɚŰɟɞ Ůɝɧŭɞɡ L, ɛŮ ŬɡŰŮˊŬɔɤɔɐ ŰɞˊɞɗŮŰɖɛɏɜɖ ůŮ əɎɗŮ űɎůɖ, ɔɘŬ Űɞ ɞˊɞɑɞ ɘůɢɨŮɘ ɧŰɘ 

əŬɘ ɔɘŬ Űɞ ˊɖɜɑɞ Ůɝɧŭɞɡ Űɞɡ ɖˊŮɘɟɤŰɘəɞɨ HVDC ɛŮŰŬŰɟɞˊɏŬ Űɞɡ MTDC ŭɘəŰɨɞɡ. H 

Űɘɛɐ Űɖɠ ŬɡŰŮˊŬɔɤɔɐɠ Űɞɡ ˊɖɜɑɞɡ L ůŮ Ŭ.ɛ ŬɜŬɛŮɘɔɜɨŮŰŬɘ ůŰɘɠ ŮɝɘůɩůŮɘɠ Űɞɡ 

ŮůɤŰŮɟɘəɞɨ ɓɟɧɔɢɞɡ Ůɚɏɔɢɞɡ ɟŮɡɛɎŰɤɜ Űɞɡ GSC Űɖɠ ȷ.ũ, ɛŮ əŬɗɞɟɘůŰɘəɐ ůɖɛŬůɑŬ 

ůŰɞɜ ɏɚŮɔɢɞ Űɖɠ ŮɜŮɟɔɞɨ əŬɘ Ŭɏɟɔɞɡ ɘůɢɨɞɠ. Ⱥˊɑůɖɠ, ɢɟɖůɘɛŮɨŮɘ ɤɠ ɓŬɗɡˊŮɟŬŰɧ 

űɑɚŰɟɞ, ɔɘŬ Űɖɜ Ŭˊɞəɞˊɐ Űɤɜ ŬɜɩŰŮɟɤɜ Ŭɟɛɞɜɘəɩɜ ɟŮɨɛŬŰɞɠ. ɆŰɖ ˊŬɟɞɨůŬ ŮɟɔŬůɑŬ 

ŮˊɘɚɏɢɗɖəŮ Lflt ,WT=0.05 p.u , Ŭɜɖɔɛɏɜɖ ůŰŬ ɓŬůɘəɎ ɛŮɔɏɗɖ (ɓŬůɘəɐ űŬɘɜɧɛŮɜɖ ɘůɢɨɠ 

ȷ/ũ, ɓŬůɘəɐ ˊɞɚɘəɐ ŰɎůɖ 3ū AC ɡˊŮɟɎəŰɘɞɡ ŭɘəŰɨɞɡ). ɀŮŰɎ Űɞ ˊɖɜɑɞ ŬəɞɚɞɡɗŮɑ 3ū 

AC űɑɚŰɟɞ ŰɞˊɞɗŮŰɖɛɏɜɞ ˊŬɟɎɚɚɖɚŬ , Űɞ ɞˊɞɑɞ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ɔɘŬ Űɞɜ ˊŮɟɘɞɟɘůɛɧ 
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Űɤɜ Ŭɟɛɞɜɘəɩɜ Űɖɠ ŰɎůɖɠ Ůɝɧŭɞɡ ˊɞɡ ˊɟɞəŬɚɞɨɜŰŬɘ əɡɟɑɤɠ ɚɧɔɤ ŭɘŬɛɧɟűɤůɖɠ PWM, 

ɩůŰŮ ɜŬ ɘəŬɜɞˊɞɘɞɨɜŰŬɘ ɞɘ ŬˊŬɘŰɐůŮɘɠ ˊɞɡ ŰɑɗŮɜŰŬɘ Ŭˊɧ Űɞ ŭɘŬɢŮɘɟɘůŰɐ Űɞɡ ŭɘəŰɨɞɡ ůŰɞ 

ɆȾɆ. ɆŰɖɜ ˊŬɟɞɨůŬ ŮɟɔŬůɑŬ ɚɧɔɤ Űɖɠ ɢɟɐůɖɠ Űɞɡ ɛɞɜŰɏɚɞɡ ɛɏůɤɜ Űɘɛɩɜ, ɖ ɢɟɐůɖ 

AC űɑɚŰɟɞɡ ŭŮɜ ɏɢŮɘ  ˊɟŬəŰɘəɐ ŬɝɑŬ, ŭɘɧŰɘ ɞ GSC-VSC ɛŮŰŬŰɟɞˊɏŬɠ ˊŬɟɎɔŮɘ 

ŮɚŮɔɢɧɛŮɜɖ ɖɛɘŰɞɜɞŮɘŭɐ ɛɞɟűɐ ŰɎůɖɠ ŭɑɢɤɠ Ŭɟɛɞɜɘəɏɠ. ɆɡɜŮˊɩɠ, ˊŬɟŬɚŮɑˊŮŰŬɘ ɖ 

ˊɟɞůɞɛɞɑɤůɐ Űɞɡ. 

ȼ ˊɞɚɘəɐ AC ŰɎůɖ Ůɝɧŭɞɡ Űɞɡ ˊɚɐɟɖ ɛŮŰŬŰɟɞˊɏŬ ɘůɢɨɞɠ ɘůɞɨŰŬɘ ɛŮ 3.3 KV.  

ɀŮŰɎ Űɞɜ ɛŮŰŬŰɟɞˊɏŬ ŬəɞɚɞɡɗŮɑ 3ū ȹ-Ɉ ɀ/Ɇ Ŭɜɨɣɤůɖɠ 3.3/33 kV, ɞ ɞˊɞɑɞɠ ɢɤɟɘəɎ 

ŮɑɜŬɘ ŮɔəŬŰŮůŰɖɛɏɜɞɠ ŮůɤŰŮɟɘəɎ ůŰɖ ɜŬůɏɚɚŬ (nacelle) ɐ ůŰɞɜ ˊɨɟɔɞ Űɖɠ offshore ȷ/ũ. 

Ƀɘ offshore ȷ/ũ ɞɛŬŭɞˊɞɘɞɨɜŰŬɘ, ˊŬɟŬɚɚɖɚɘůɛɏɜŮɠ ůŰŬ 33 kV. ɆŮ offshore 

VSC HVDC ŮɔəŬŰŬůŰɎůŮɘɠ Ŭɘɞɚɘəɩɜ ˊɎɟəɤɜ, ɞɘ ȷ/ũ ˊŬɟŬɚɚɖɚɑɕɞɜŰŬɘ ŬɟɢɘəɎ ůŮ 

əɞɘɜɧ offshore AC Transformer substation əŬɘ ɏˊŮɘŰŬ ɖ ɘůɢɨɠ ɞŭɖɔŮɑŰŬɘ ɛŮ AC 

əŬɚɤŭɑɤůɖ ůŰɞɜ offshore HVDC VSC station. Ƀɘ ůŰŬɗɛɞɑ ŬɡŰɞɑ ɓɟɑůəɞɜŰŬɘ ˊɎɜɤ ůŮ 

ɝŮɢɤɟɘůŰɏɠ ˊɚŬŰűɧɟɛŮɠ (platforms) ˊɞɚɚɩɜ Űɧɜɤɜ ˊŬəŰɤɛɏɜŮɠ ůŰɞ ɓɡɗɧ Űɖɠ 

ɗɎɚŬůůŬɠ. ȰɜŬɠ offshore HVDC VSC station ŭɏɢŮŰŬɘ ůŰɖɜ Ůɑůɞŭɧ Űɞɡ ŭɨɞ ɐ ˊŬɟŬˊɎɜɤ 

ŬɜŮɝɎɟŰɖŰŬ offshore ȷɘɞɚɘəɎ ɄɎɟəŬ ŬɡŰɐɠ Űɖɠ ŰɞˊɞɚɞɔɑŬɠ (ˊ.ɢ. ŰɟɑŬ ȷ/Ʉ ůŰɞ 

DolWin1). ɆŰɖ ˊŬɟɞɨůŬ ŮɟɔŬůɑŬ ɗŮɤɟɐɗɖəŮ ɛŮɔɎɚɞ ȷ/Ʉ 570 MW, Űɞɡ ɞˊɞɑɞɡ ɞɘ ȷ/ũ 

ɞɛŬŭɞˊɞɘɞɨɜŰŬɘ ˊŬɟŬɚɚɖɚɘůɛɏɜŮɠ ůŰŬ 33 kV, əŬɘ ɨůŰŮɟŬ ɖ ɘůɢɨɠ ɞŭɖɔŮɑŰŬɘ ɛɏůɤ 3ū 

AC  ɡˊɞɗŬɚɎůůɘŬɠ əŬɚɤŭɑɤůɖɠ ůŰɞɜ ɛŮŰŬůɢɖɛŬŰɘůŰɐ 33/320 kV Űɞɡ offshore HVDC 

VSC station. ɃɡůɘŬůŰɘəɎ ˊŬɟŬɚɐűɗɖəŮ ɞ offshore AC Transformer substation, ɔɘŬ 

ɚɧɔɞɡɠ ɞɘəɞɜɞɛɑŬɠ Űɖɠ ŮɔəŬŰɎůŰŬůɖɠ, ŭɘɧŰɘ ɗŮɤɟŮɑŰŬɘ ɧŰɘ ɞ offshore HVDC VSC 

station ŮɝɡˊɖɟŮŰŮɑ ŬˊɞəɚŮɘůŰɘəɎ Űɞ ȷ/Ʉ Űɤɜ 570 MW. ũŮɜɘəɎ, ɞɘ ŰɞˊɞɚɞɔɑŮɠ 

ɖɚŮəŰɟɘəɐɠ ŭɘŬůɨɜŭŮůɖɠ ɛŮŰŬɓɎɚɚɞɜŰŬɘ ŬɜɎɚɞɔŬ ɛŮ Űɖɜ ŮŰŬɘɟŮɑŬ ˊɞɡ ŬɜŬɚŬɛɓɎɜŮɘ ɜŬ 

ɡɚɞˊɞɘɐůŮɘ Űɖɜ HVDC ŮɔəŬŰɎůŰŬůɖ (Siemens, ABB) əŬɘ ɛŮ ɓɎůɖ Űɘɠ ɘŭɘŬɘŰŮɟɧŰɖŰŮɠ 

Űɞɡ ɏɟɔɞɡ. 

 
ɆɢɐɛŬ 4.5. ȺˊɘɚŮɔɛɏɜɖ ŰɞˊɞɚɞɔɑŬ ɖɚŮəŰɟɘəɐɠ ŭɘŬůɨɜŭŮůɖɠ Űɤɜ ȷ/ũ Űɞɡ offshore ȷ/Ʉ. 



78 
 

 
ɆɢɐɛŬ 4.6. ɄŬɟɎɚɚɖɚɖ ůɨɜŭŮůɖ Űɤɜ ȷ/ũ ůŮ offshore Ŭɘɞɚɘəɧ ˊɎɟəɞ. 

 

ɆŮ ŮˊɑˊŮŭɞ ˊɟɞůɞɛɞɑɤůɖɠ ůŰɞ Matlab/Simulink, ɖ ɛɞɜŰŮɚɞˊɞɑɖůɖ Űɞɡ 

ȷɘɞɚɘəɞɨ ɄɎɟəɞɡ ɏɔɘɜŮ ɛŮ ɢɟɐůɖ Űɖɠ ɛŮɗɧŭɞɡ Űɖɠ ɞɛŬŭɞˊɞɑɖůɖɠ (aggregation 

method). ɆŰɞ ˊɚŬɑůɘɞ ŬɡŰɧ, ɗŮɤɟɩɜŰŬɠ ɧŰɘ Űɞ Ŭɘɞɚɘəɧ ˊɎɟəɞ ŬˊɞŰŮɚŮɑŰŬɘ Ŭˊɧ ɧɛɞɘŮɠ 

ˊŬɟɎɚɚɖɚŬ ůɡɜŭŮŭŮɛɏɜŮɠ ŬɜŮɛɞɔŮɜɜɐŰɟɘŮɠ ɛŮ ɑŭɘŬ ůɡůŰɐɛŬŰŬ Ůɚɏɔɢɞɡ, Űɞ 

ɞɛŬŭɞˊɞɘɖɛɏɜɞ ɛɞɜŰɏɚɞ (aggregated model) ɗŮɤɟŮɑŰŬɘ ɤɠ ɛɘŬ ɘůɞŭɨɜŬɛɖ 

ŬɜŮɛɞɔŮɜɜɐŰɟɘŬ ɛŮ Űɖɜ əŬŰɎɚɚɖɚɖ ŭɘŬůŰŬůɘɞɚɧɔɖůɖ Űɤɜ Ůˊɘɛɏɟɞɡɠ ůɡɜɘůŰɤůɩɜ Űɖɠ 

(ŬŮɟɞŭɡɜŬɛɘəɧ ůɨůŰɖɛŬ, ɛɖɢŬɜɘəɧ, ɖɚŮəŰɟɘəɧ əŰɚ.). 

 

 
ɆɢɐɛŬ 4.7. HVDC grid connection çBorWin3è ůŰɖ ȸɧɟŮɘŬ ŪɎɚŬůůŬ Ŭˊɧ Űɖ Siemens. ɀŮŰŬűŮɟɧɛŮɜɖɠ 

ɘůɢɨɞɠ 900 MW əŬɘ ŬˊɩɚŮɘŮɠ əɎŰɤ Űɞɡ 3%. ȷɜŬɛɏɜŮŰŬɘ ɜŬ ˊŬɟŬŭɞɗŮɑ ůŰɞɜ ȹɘŬɢŮɘɟɘůŰɐ TenneT. Űɞ 2019. 
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ɆɢɐɛŬ 4.8. ABB-VSC HVDC offshore wind connections. 
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5 Ɇɡɛɓɞɚɐ HVDC ˊɞɚɡŰŮɟɛŬŰɘəɞɨ ŭɘəŰɨɞɡ ůŰɖ ɟɨɗɛɘůɖ 

ůɡɢɜɧŰɖŰŬɠ Űɤɜ Ŭůɨɔɢɟɞɜɤɜ ɆȼȺ 
 

5.1 ȺɜůɤɛɎŰɤůɖ ůɡůŰɐɛŬŰɞɠ Ŭˊɧəɟɘůɖɠ ůɡɢɜɧŰɖŰŬɠ ůŰɞ ůɢɐɛŬ 

Ůɚɏɔɢɞɡ Űɞɡ ɖˊŮɘɟɤŰɘəɞɨ ɛŮŰŬŰɟɞˊɏŬ 
 

ɆŮ ɏɜŬ ˊɞɚɡŰŮɟɛŬŰɘəɧ HVDC ŭɑəŰɡɞ, ɖ ɓŬůɘəɐ ɚŮɘŰɞɡɟɔɑŬ Űɞɡ ɖˊŮɘɟɤŰɘəɞɨ 

ɛŮŰŬŰɟɞˊɏŬ ɏɔəŮɘŰŬɘ ůŰɖɜ ɏɔɢɡůɖ Űɖɠ ŮɘůŮɟɢɧɛŮɜɖɠ DC ɘůɢɨɞɠ Ŭˊɧ Űɞ MTDC ŭɑəŰɡɞ 

ˊɟɞɠ Űɞ ɖˊŮɘɟɤŰɘəɧ AC ŭɑəŰɡɞ, ŬɜɎɚɞɔŬ ɛŮ Űɖ ůŰɟŬŰɖɔɘəɐ Ůɚɏɔɢɞɡ Űɞɡ MTDC ŭɘəŰɨɞɡ 

, ůɡɜŮˊɩɠ Űɤɜ ɛŮŰŬŰɟɞˊɏɤɜ, ˊɞɡ ɏɢŮɘ ŮˊɘɚŮɢɗŮɑ. ɆŰɖ ˊŬɟɞɨůŬ ŮɟɔŬůɑŬ, ɔɘŬ Űɞɡɠ ŭɨɞ 

ɖˊŮɘɟɤŰɘəɞɨɠ ɛŮŰŬŰɟɞˊŮɑɠ ŮˊɘɚɏɢɗɖəŮ ɏɚŮɔɢɞɠ ůŰŬŰɘůɛɞɨ DC ŰɎůɖɠ (DC voltage droop 

control), ɚɧɔɤ Űɞɡ əŬŰŬɜŮɛɖɛɏɜɞɡ Ůɚɏɔɢɞɡ ɘůɢɨɞɠ ˊɞɡ ˊɟɞůűɏɟŮɘ, Ůɜɩ ɞɘ ŭɨɞ 

ɡˊŮɟɎəŰɘɞɘ ɛŮŰŬŰɟɞˊŮɑɠ ɚŮɘŰɞɡɟɔɞɨɜ ɤɠ grid-forming , ŬˊɞɟɟɞűɩɜŰŬɠ Űɖɜ ˊŬɟŬɔɧɛŮɜɖ 

ŮɜŮɟɔɧ ɘůɢɨ Űɞɡ ŬɜŰɑůŰɞɘɢɞɡ ŪȷɄ Űɞɡɠ, ɛŮ ɟɨɗɛɘůɖ Űɖɠ ŰɎůɖɠ əŬɘ ůɡɢɜɧŰɖŰŬɠ Űɞɡ 

ɡŮ́ɟɎəŰɘɞɡ AC ŭɘəŰɨɞɡ ůŰɘɠ ɞɜɞɛŬůŰɘəɏɠ Űɘɛɏɠ. ɋůŰɧůɞ, ɔɘŬ Űɖɜ ŮˊɑŰŮɡɝɖ Ŭˊɧəɟɘůɖɠ 

ůɡɢɜɧŰɖŰŬɠ ˊɟɞɠ Űɞ ɖˊŮɘɟɤŰɘəɧ AC ŭɑəŰɡɞ, ŬˊŬɘŰɞɨɜŰŬɘ ˊɟɞůɗɐəŮɠ ůŰɞ ůɢɐɛŬ 

Ůɚɏɔɢɞɡ ɘůɢɨɞɠ Űɤɜ ɖˊŮɘɟɤŰɘəɩɜ ɛŮŰŬŰɟɞˊɏɤɜ. 

ɀɏɢɟɘ ŰɩɟŬ ŮɑŭŬɛŮ ɧŰɘ ɖ ŬɜŬűɞɟɎ ŮɜŮɟɔɞɨ ɘůɢɨɞɠ ůŰɞ ŰɟɑŰɞ ŮˊɑˊŮŭɞ Ůɚɏɔɢɞɡ 

Űɞɡ ɖˊŮɘɟɤŰɘəɞɨ ɛŮŰŬŰɟɞˊɏŬ ŭɘŬɛɞɟűɩɜŮŰŬɘ ɛɏůɤ Űɖɠ ɔɟŬɛɛɘəɐɠ ůɢɏůɖɠ ůŰŬŰɘůɛɞɨ 

DC ŰɎůɖɠ : PDC
*=ȾDCẗ(VDC-E*). Ƀ ůŰŬŰɘůɛɧɠ DC ŰɎůɖɠ 2  , ŬɜɎɚɞɔŬ ɛŮ Űɖ 

Űɘɛɐ Űɞɡ, ůŮ ůɡɜŭɡŬůɛɧ ɛŮ Űɖ ŬɜŰɑůŰŬůɖ Űɤɜ HVDC Ŭɔɤɔɩɜ, ŭɘŬɛɞɟűɩɜɞɡɜ Űɖ ɟɞɐ 

ɘůɢɨɞɠ ůŰɞ MTDC ŭɑəŰɡɞ. ȷɜ ůŰɞ ůɐɛŬ PDC
* ɡˊŮɟŰŮɗɞɨɜ Ůˊɘˊɚɏɞɜ ůɐɛŬŰŬ ŬɜŬűɞɟɎɠ 

ɘůɢɨɞɠ, ɞ ɖˊŮɘɟɤŰɘəɧɠ ɛŮŰŬŰɟɞˊɏŬɠ ɛˊɞɟŮɑ ɜŬ ůɡɛɛŮŰɏɢŮɘ ůŰɖɜ ɡˊɞůŰɐɟɘɝɖ 

ůɡɢɜɧŰɖŰŬɠ (frequency support) Űɞɡ ɖˊŮɘɟɤŰɘəɞɨ AC ŭɘəŰɨɞɡ ˊɞɡ ŭɘŬůɡɜŭɏŮŰŬɘ, ŭɑɢɤɠ 

ˊŮɟŮŰŬɑɟɤ ŬɚɚŬɔɐ ůŰɞɜ ŮůɤŰŮɟɘəɧ əŬɘ ŮɝɤŰŮɟɘəɧ ɓɟɧɔɢɞ Ůɚɏɔɢɞɡ Űɞɡ ɛŮŰŬŰɟɞˊɏŬ, ɞɘ 

ɞˊɞɑɞɘ ɏɢɞɡɜ ɐŭɖ ŬɜŬɚɡɗŮɑ. ȼ Ŭˊɧəɟɘůɖ ůɡɢɜɧŰɖŰŬɠ Űɤɜ ɖˊŮɘɟɤŰɘəɩɜ ɛŮŰŬŰɟɞˊɏɤɜ 

ŬűɞɟɎ Űɖ ˊɟɤŰɞɔŮɜɐ ɟɨɗɛɘůɖ ůɡɢɜɧŰɖŰŬɠ ˊɟɞɠ Űɞ ŭɘŬůɡɜŭŮŭŮɛɏɜɞ AC ŭɑəŰɡɞ. 

ɇɞ ůɨůŰɖɛŬ Ŭˊɧəɟɘůɖɠ ůɡɢɜɧŰɖŰŬɠ ˊɞɡ ŮɜůɤɛŬŰɩɜŮŰŬɘ ůŰɞ ŰɟɑŰɞ ŮˊɑˊŮŭɞ 

Ůɚɏɔɢɞɡ Űɞɡ ɖˊŮɘɟɤŰɘəɞɨ ɛŮŰŬŰɟɞˊɏŬ űŬɑɜŮŰŬɘ ůŰɞ ɆɢɐɛŬ 5.1. ȼ ůɡɢɜɧŰɖŰŬ Űɞɡ AC 

ɖˊŮɘɟɤŰɘəɞɨ ŭɘəŰɨɞɡ ɤPLL ɛŮŰɟɎŰŬɘ Ŭˊɧ Űɖ ŭɘɎŰŬɝɖ ůɡɔɢɟɞɜɘůɛɞɨ PLL Űɞɡ HVDC 

ɛŮŰŬŰɟɞˊɏŬ. ȼ ɛŮŰɟɞɨɛŮɜɖ ůɡɢɜɧŰɖŰŬ ůɡɔəɟɑɜŮŰŬɘ ɛŮ Űɖ ůɡɢɜɧŰɖŰŬ ŬɜŬűɞɟɎɠ ɤ*=1 

p.u (ŬɜŰɘůŰɞɘɢŮɑ ůŮ f=50 Hz). To ůűɎɚɛŬ ůɡɢɜɧŰɖŰŬɠ AC ɖˊŮɘɟɤŰɘəɞɨ ŭɘəŰɨɞɡ ȹɤg= 

ɤPLL-ɤ
* ˊŮɟɜɎŮɘ ŬɟɢɘəɎ ɛɏůŬ Ŭˊɧ ɓŬɗɡˊŮɟŬŰɧ űɑɚŰɟɞ ɛŮ ɢɟɞɜɘəɐ ůŰŬɗŮɟɎ Tf= 0.1 sec, 

ɛŮ ůəɞˊɧ Űɖɜ ŮɝɎɚŮɘɣɖ ɡɣɑůɡɢɜɤɜ Ŭɟɛɞɜɘəɩɜ Űɖɠ ɛŮŰɟɞɨɛŮɜɖɠ Ŭˊɧ Űɞ PLL 

ůɡɢɜɧŰɖŰŬɠ. ɆŰɖ ůɡɜɏɢŮɘŬ ŬəɞɚɞɡɗŮɑ ɞ ɏɚŮɔɢɞɠ ůŰŬŰɘůɛɞɨ ůɡɢɜɧŰɖŰŬɠ (frequency 

droop control) əŬɘ ɖ ŬŭɟŬɜŮɘŬəɐ Ŭˊɧəɟɘůɖ (inertia response) Űɞɡ ɖˊŮɘɟɤŰɘəɞɨ 

ɛŮŰŬŰɟɞˊɏŬ. 
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ɆɢɐɛŬ 5.1. ɆɨůŰɖɛŬ Ŭˊɧəɟɘůɖɠ ůɡɢɜɧŰɖŰŬɠ ůŰŬŰɘůɛɞɨ əŬɘ ŬŭɟŬɜŮɑŬɠ Űɞɡ ɖˊŮɘɟɤŰɘəɞɨ HVDC ɛŮŰŬŰɟɞˊɏŬ. 

 

ȰɚŮɔɢɞɠ ůŰŬŰɘůɛɞɨ ůɡɢɜɧŰɖŰŬɠ : ȷɜ Kf_droop ŮɑɜŬɘ ɖ ŮˊɘɗɡɛɖŰɐ Űɘɛɐ əɏɟŭɞɡɠ 

ůŰŬŰɘůɛɞɨ ůɡɢɜɧŰɖŰŬɠ (2ͺ
ͺ

 ɞ ŬɜŰɑůŰɞɘɢɞɠ ůŰŬŰɘůɛɧɠ) Űɞɡ ɖˊŮɘɟɤŰɘəɞɨ 

ɛŮŰŬŰɟɞˊɏŬ, ɞ ɞˊɞɑɞɠ ɞɟɑɕŮŰŬɘ Ŭˊɧ Űɞɜ ȹɘŬɢŮɘɟɘůŰɐ ɆɡůŰɐɛŬŰɞɠ (TSO), ŰɧŰŮ Űɞ ůɐɛŬ 

ŬɜŬűɞɟɎɠ ɘůɢɨɞɠ ˊɞɡ ɗŬ ɡˊŮɟŰŮɗŮɑ ůŰɖ ůɡɜɞɚɘəɐ ɘůɢɨ ŬɜŬűɞɟɎɠ Ɇp* ŭɑɜŮŰŬɘ Ŭˊɧ Űɖ 

ůɢɏůɖ : 

 

 ɝÐͅᶻ +ͺ  ẗ ɝʖ
ɝʖ

2ͺ
 (5.1) 

 

ɇɞ əɏɟŭɞɠ ůŰŬŰɘůɛɞɨ ůɡɢɜɧŰɖŰŬɠ ɚŬɛɓɎɜŮɘ Űɘɛɏɠ ɛɘəɟɧŰŮɟŮɠ Űɞɡ ɛɖŭŮɜɧɠ (Kf_droop<0), 

ŭɘɧŰɘ Ŭɨɝɖůɖ Űɖɠ ůɡɢɜɧŰɖŰŬɠ Űɞɡ ɖˊŮɘɟɤŰɘəɞɨ ŭɘəŰɨɞɡ (ȹɤg>0) ůɖɛŬɑɜŮɘ ɛŮɑɤůɖ Űɖɠ 

ůɡɜɞɚɘəɐɠ ŮɝŬɔɧɛŮɜɖɠ ɘůɢɨɞɠ Ŭˊɧ Űɞɜ ɖˊŮɘɟɤŰɘəɧ ɛŮŰŬŰɟɞˊɏŬ ˊɟɞɠ Űɞ AC ŭɑəŰɡɞ, Ůɜɩ 

ɛŮɑɤůɖ Űɖɠ ůɡɢɜɧŰɖŰŬɠ Űɞɡ ɖˊŮɘɟɤŰɘəɞɨ ŭɘəŰɨɞɡ (ȹɤg<0) ˊɟɏˊŮɘ ɜŬ ůɡɜŮˊɎɔŮŰŬɘ 

Ŭɨɝɖůɖ Űɖɠ ŮɝŬɔɧɛŮɜɖɠ ɘůɢɨɞɠ ˊɟɞɠ ŬɡŰɧ, ɛŮ ůəɞˊɧ əŬɘ ůŰɘɠ ŭɨɞ ˊŮɟɘˊŰɩůŮɘɠ Űɖ 

ˊɟɤŰɞɔŮɜɐ ŭɘɧɟɗɤůɖ Űɞɡ ůűɎɚɛŬŰɞɠ ůɡɢɜɧŰɖŰŬɠ. ɄŬɟɧɚŬ ŬɡŰɎ ɖ ŬɜŬűɞɟɎ ůŰɞɜ 

ůŰŬŰɘůɛɧ ůɡɢɜɧŰɖŰŬɠ ɔɑɜŮŰŬɘ ˊɎɜŰŬ ɤɠ ɗŮŰɘəɐ Űɘɛɐ. Oɘ Űɘɛɏɠ ůŰŬŰɘůɛɞɨ ůɡɢɜɧŰɖŰŬɠ 

əɡɛŬɑɜɞɜŰŬɘ ŬɜɎɛŮůŬ ůŮ 2% ɛŮ 10% (əɏɟŭɞɠ ůŰŬŰɘůɛɞɨ ůɡɢɜɧŰɖŰŬɠ 50 ɛŮ 10). 

ȷŭɟŬɜŮɘŬəɐ Ŭˊɧəɟɘůɖ : ȼ ŬŭɟŬɜŮɘŬəɐ Ŭˊɧəɟɘůɖ ɢŬɟŬəŰɖɟɑɕŮŰŬɘ Ŭˊɧ Űɖɜ 

ɘůɞŭɨɜŬɛɖ ůŰŬɗŮɟɎ ŬŭɟŬɜŮɑŬɠ HVSC Űɞɡ ɖˊŮɘɟɤŰɘəɞɨ ɛŮŰŬŰɟɞˊɏŬ. ȼ ůŰŬɗŮɟɎ 

ŬŭɟŬɜŮɑŬɠ ŮɑɜŬɘ űɡůɘəɧ ɛɏɔŮɗɞɠ ˊɞɡ ŮɛűŬɜɑɕŮŰŬɘ ůŰɘɠ ůŰɟŮűɧɛŮɜŮɠ ɖɚŮəŰɟɘəɏɠ ɛɖɢŬɜɏɠ 

əŬɘ ˊɞůɞŰɘəɞˊɞɘŮɑ Űɖɜ űɡůɘəɐ Űɞɡɠ ŬŭɟɎɜŮɘŬ. ɆŰɞɡɠ ɖˊŮɘɟɤŰɘəɞɨɠ ɛŮŰŬŰɟɞˊŮɑɠ 

ŬˊɞŰŮɚŮɑ ɛɘŬ ɛŬɗɖɛŬŰɘəɐ ůŰŬɗŮɟɎ, ɖ ɞˊɞɑŬ ˊɟɞůɞɛɞɘɩɜŮɘ Űɖɜ ŬɜŰɑŭɟŬůɖ Űɞɡ 

ɛŮŰŬŰɟɞˊɏŬ ůŮ ɛŮŰŬɓɞɚɏɠ ůɡɢɜɧŰɖŰŬɠ ˊŬɟɧɛɞɘŬ ɛŮ ŬɡŰɐ ˊɞɡ ɗŬ ŮɑɢŮ ɛɘŬ ˊɟŬɔɛŬŰɘəɐ 

ůŰɟŮűɧɛŮɜɖ ɖɚŮəŰɟɘəɐ ɛɖɢŬɜɐ ŬˊŮɡɗŮɑŬɠ ůɡɜŭŮŭŮɛɏɜɖ ɛŮ Űɞ ŭɑəŰɡɞ (ˊ.ɢ. ůɨɔɢɟɞɜɖ 

ɔŮɜɜɐŰɟɘŬ). 

ɀŮ Űɖɜ ŮűŬɟɛɞɔɐ Űɖɠ ŬŭɟŬɜŮɘŬəɐɠ Ŭˊɧəɟɘůɖɠ , ́ ŬɟɎɔŮŰŬɘ ɏɜŬ ůɐɛŬ ŬɜŬűɞɟɎɠ 

ɘůɢɨɞɠ ȹpf_in
* Űɞ ɞˊɞɑɞ ɛŮŰŬɓɎɚɚŮŰŬɘ ɛŮ ɓɎůɖ Űɞ ɟɡɗɛɧ ɛŮŰŬɓɞɚɐɠ Űɞɡ ůűɎɚɛŬŰɞɠ 

ůɡɢɜɧŰɖŰŬɠ (ŭɖɚŬŭɐ Űɖɠ ůɡɢɜɧŰɖŰŬɠ) Űɞɡ ɖˊŮɘɟɤŰɘəɞɨ AC ŭɘəŰɨɞɡ ȹɤg ůɨɛűɤɜŬ ɛŮ 

Űɞɜ Űɨˊɞ : 

 

 ɝÐͅᶻ ς(
Äɝʖ

ÄÔ
 (5.2) 
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ɀŮ ɛŮŰŬůɢɖɛŬŰɘůɛɧ əŬŰɎ Laplace: 

 

 ɝÐͅᶻ ς( ẗÓẗɝʖ (5.3) 

 

ȷɜ ůŮ ůŮɘɟɎ ɛŮ Űɞɜ ŭɘŬűɞɟɘůŰɐ ˊɟɞůŰŮɗŮɑ ɛɑŬ ůɡɜɎɟŰɖůɖ ɛŮŰŬűɞɟɎɠ ɢŬɛɖɚɞˊŮɟŬŰɞɨ 

űɑɚŰɟɞɡ ɢɟɞɜɘəɐɠ ůŰŬɗŮɟɎɠ ɇw , ŰɧŰŮ Űɞ ůɐɛŬ ŬɜŬűɞɟɎɠ ɘůɢɨɞɠ ŬŭɟŬɜŮɘŬəɐɠ 

Ŭˊɧəɟɘůɖɠ ȹpf_in
* ɡˊɞɚɞɔɑɕŮŰŬɘ Ŭˊɧ Űɖ ůɢɏůɖ : 

 

 ɝÐͅᶻ
ρ

ρ Ó4
ẗ ς( ẗÓ ẗɝʖ

Ó4

ρ Ó4
ẗ ς

(

4
ẗɝʖ (5.4) 

 

ɇɞ ɢŬɛɖɚɞˊŮɟŬŰɧ űɑɚŰɟɞ ɇw Ů́ ŮɜŮɟɔŮɑ ŬɜŮɝɎɟŰɖŰŬ Űɞɡ ɢŬɛɖɚɞˊŮɟŬŰɞɨ űɑɚŰɟɞɡ ɇf , 

Ŭűɞɨ ůŮ ˊŮɟɑˊŰɤůɖ ɇw>ɇf ɔɑɜŮŰŬɘ ŬɡůŰɖɟɧŰŮɟɞ űɘɚŰɟɎɟɘůɛŬ Űɤɜ ɡɣɑůɡɢɜɤɜ 

Ŭɟɛɞɜɘəɩɜ Űɖɠ ůɡɢɜɧŰɖŰŬɠ əŬŰɎ Űɖɜ ŬŭɟŬɜŮɘŬəɐ Ŭˊɧəɟɘůɖ. 

 ȳˊɤɠ űŬɑɜŮŰŬɘ Ŭˊɧ Űɞ ɆɢɐɛŬ 5.1, ɔɘŬ Űɖɜ ŮəŰɑɛɖůɖ Űɞɡ ɟɡɗɛɞɨ ɛŮŰŬɓɞɚɐɠ Űɖɠ 

ůɡɢɜɧŰɖŰŬɠ Űɞɡ ɖˊŮɘɟɤŰɘəɞɨ AC ŭɘəŰɨɞɡ, ˊɟɞŰŮɑɜŮŰŬɘ ɖ ɢɟɐůɖ Ůɜɧɠ Űɡˊɞˊɞɘɖɛɏɜɞɡ 

ɡɣɘˊŮɟŬŰɞɨ űɑɚŰɟɞɡ (washout filter) ɢɟɞɜɘəɐɠ ůŰŬɗŮɟɎɠ ɇw Űɖɠ ɛɞɟűɐɠ  , Űɞ 

ɞˊɞɑɞ ŬɜŰɘəŬɗɘůŰɎ ɘůɞŭɨɜŬɛŬ Űɞɜ ŭɘŬűɞɟɘůŰɐ ůŮ ůŮɘɟɎ ɛŮ Űɞ ɢŬɛɖɚɞˊŮɟŬŰɧ űɑɚŰɟɞ. 

ɆŰɖ ˊŬɟɞɨůŬ ŮɟɔŬůɑŬ ŮˊɘɚɏɢɗɖəŮ HVSC=30 sec əŬɘ ɢɟɞɜɘəɐ ůŰŬɗŮɟɎ ɡɣɘŮ́ɟŬŰɞɨ 

űɑɚŰɟɞɡ ɇw=1 sec. 

 ɇɞ ůɡɜɞɚɘəɎ ˊŬɟŬɔɧɛŮɜɞ ůɐɛŬ ŬɜŬűɞɟɎɠ ŮɜŮɟɔɞɨ ɘůɢɨɞɠ Ɇp* əŬɘ Űɞ ůɐɛŬ 

ŬɜŬűɞɟɎɠ Ŭɏɟɔɞɡ ɘůɢɨɞɠ q* (ůŰɖ ˊŬɟɞɨůŬ ŮɟɔŬůɑŬ ɟɡɗɛɑɕŮŰŬɘ ůŰɞ ɛɖŭɏɜ) ŭɑɜŮŰŬɘ ɤɠ 

Ůɑůɞŭɞɠ ůŰɞɜ ŮɝɤŰŮɟɘəɧ ɓɟɧɔɢɞ Ůɚɏɔɢɞɡ Űɞɡ ɛŮŰŬŰɟɞˊɏŬ, ɞ ɞˊɞɑɞɠ ɛŮ Űɖ ůŮɘɟɎ Űɞɡ ɗŬ 

ˊŬɟɎɔŮɘ ŰŬ ůɐɛŬŰŬ ŬɜŬűɞɟɎɠ ɟŮɡɛɎŰɤɜ id
* , iq

* . ɇɞ ůɨůŰɖɛŬ Ŭˊɧəɟɘůɖɠ ůɡɢɜɧŰɖŰŬɠ 

ˊɞɡ ŬɜŬɚɨɗɖəŮ ŮɑɜŬɘ ɧɛɞɘɞ əŬɘ ůŰɞɡɠ ŭɨɞ ɖˊŮɘɟɤŰɘəɞɨɠ ɛŮŰŬŰɟɞˊŮɑɠ Űɞɡ 

ˊɞɚɡŰŮɟɛŬŰɘəɞɨ ŭɘəŰɨɞɡ ˊɞɡ ɛŮɚŮŰɎŰŬɘ. 

 ɀŮ ɓɎůɖ ŰŬ ˊŬɟŬˊɎɜɤ, ůŮ ˊŮɟɑˊŰɤůɖ ɛŮŰŬɓɞɚɐɠ ůɡɢɜɧŰɖŰŬɠ Űɞɡ ɖˊŮɘɟɤŰɘəɞɨ 

AC ŭɘəŰɨɞɡ, ɞ ŬɜŰɑůŰɞɘɢɞɠ ɖˊŮɘɟɤŰɘəɧɠ ɛŮŰŬŰɟɞˊɏŬɠ ɗŬ ŬɡɝɐůŮɘ ɐ ɗŬ ɛŮɘɩůŮɘ Űɖɜ ɘůɢɨ 

ˊɞɡ ŬˊɞɟɟɞűɎ Ŭˊɧ Űɞ HVDC ŭɑəŰɡɞ. ɇɞ ŮɟɩŰɖɛŬ ˊɞɡ ˊɟɞəɨˊŰŮɘ Ůŭɩ ŮɑɜŬɘ Űɞ Ůɝɐɠ. 

ȷˊɧ ˊɞɨ ɗŬ ŬɜŰɚɖɗŮɑ ɖ ˊŬɟŬˊɎɜɤ ɘůɢɨɠ ˊɞɡ ɢɟŮɘɎɕŮŰŬɘ Űɞ AC ŭɑəŰɡɞ ůŮ ˊŮɟɑˊŰɤůɖ 

ŬˊɧŰɞɛɖɠ ɛŮɑɤůɖɠ Űɖɠ ůɡɢɜɧŰɖŰŬɠ ɐ ˊɞɘɞɠ ɗŬ ŬˊɞɟɟɞűɐůŮɘ Űɖɜ ˊŮɟɑůůŮɘŬ ɘůɢɨ ˊɞɡ 

ŬˊɞɟɟɑˊŰŮɘ ɞ ɖˊŮɘɟɤŰɘəɧɠ ɛŮŰŬŰɟɞˊɏŬɠ ůŮ ˊŮɟɑˊŰɤůɖ ŬˊɧŰɞɛɖɠ Ŭɨɝɖůɖɠ Űɖɠ 

ůɡɢɜɧŰɖŰŬɠ ;  

Ƀ ɖˊŮɘɟɤŰɘəɧɠ ɛŮŰŬŰɟɞˊɏŬɠ çɓɚɏˊŮɘè ůŰɖɜ Ůɑůɞŭɧ Űɞɡ Űɞ MTDC ŭɑəŰɡɞ əŬɘ 

ŬɜŰɘɚŬɛɓɎɜŮŰŬɘ ɛɧɜɞɜ ɛŮŰŬɓɞɚɏɠ Űɖɠ DC ŰɎůɖɠ Űɞɡ əɧɛɓɞɡ Űɞɡ, ɚɧɔɤ Űɖɠ ůŰɟŬŰɖɔɘəɐɠ 

ůŰŬŰɘůɛɞɨ DC ŰɎůɖɠ. ɆŰŬ ŮˊɧɛŮɜŬ əŮűɎɚŬɘŬ ɗŬ ɛŮɚŮŰɖɗŮɑ ɖ ůɡɛˊŮɟɘűɞɟɎ Űɞɡ ɀTDC 

ŭɘəŰɨɞɡ əŬɘ ɧɚɤɜ Űɤɜ ɛŮŰŬŰɟɞˊɏɤɜ ŬɡŰɞɨ ůŮ ˊŮɟɑˊŰɤůɖ ŬˊɧŰɞɛɖɠ ɛŮŰŬɓɞɚɐɠ űɞɟŰɑɞɡ 

ůŮ ɏɜŬ Ŭˊɧ ŰŬ ŭɨɞ ŬɜŮɝɎɟŰɖŰŬ ɖˊŮɘɟɤŰɘəɎ AC ŭɑəŰɡŬ, ɛŮ ɐ ɢɤɟɑɠ Űɖɜ ɡˊɞůŰɐɟɘɝɖ Űɤɜ 

ŭɨɞ ɡˊŮɟɎəŰɘɤɜ Ŭɘɞɚɘəɩɜ ˊɎɟəɤɜ (ŪȷɄ). 
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5.2 ɆŮɜɎɟɘɞ Ƚ : ȹɘŮɟŮɨɜɖůɖ ůɡɛɓɞɚɐɠ MTDC  ŭɘəŰɨɞɡ ůŰɖ ɟɨɗɛɘůɖ 

ůɡɢɜɧŰɖŰŬɠ Ŭůɨɔɢɟɞɜɤɜ ɆȼȺ, ŭɑɢɤɠ Ŭˊɧəɟɘůɖ ůɡɢɜɧŰɖŰŬɠ Űɤɜ 

ŭɘŬůɡɜŭŮŭŮɛɏɜɤɜ ŪȷɄ. 
 

 ɆŰɞ ȾŮű. 1.3 ŬɜŬɚɨɗɖəŬɜ ɗŮɤɟɖŰɘəɎ ɞɘ ŰŮɢɜɘəɏɠ ŬˊŬɘŰɐůŮɘɠ Űɤɜ ůɨɔɢɟɞɜɤɜ 

əɤŭɑəɤɜ ůɡůŰɐɛŬŰɞɠ, Ůɜɩ ůŰɞ ȾŮű. 5.1 ɏɔɘɜŮ ˊɟɞůŬɟɛɞɔɐ Űɖɠ ŬˊŬɑŰɖůɖɠ Ŭˊɧəɟɘůɖɠ 

ůɡɢɜɧŰɖŰŬɠ ůŰɞ ůɨůŰɖɛŬ Ůɚɏɔɢɞɡ Űɤɜ ɖˊŮɘɟɤŰɘəɩɜ ɛŮŰŬŰɟɞˊɏɤɜ. ɆɨɛűɤɜŬ ɛŮ ɧůŬ 

ɏɢɞɡɜ ŬɜŬɚɡɗŮɑ ɤɠ ŰɩɟŬ, Űɞ MTDC ŭɑəŰɡɞ ɗŬ ˊɟɏˊŮɘ ɜŬ ɏɢŮɘ Űɖ ŭɡɜŬŰɧŰɖŰŬ 

ŬɜŬˊɟɞůŬɟɛɞɔɐɠ Űɖɠ ŮɔɢŮɧɛŮɜɖɠ ŮɜŮɟɔɞɨ ɘůɢɨɞɠ Ůɝɧŭɞɡ ˊŬɟɞɡůɑŬ ŭɘŬəɡɛɎɜůŮɤɜ 

ůɡɢɜɧŰɖŰŬɠ ůŮ ɞˊɞɘɞŭɐˊɞŰŮ Ŭˊɧ ŰŬ ŭɨɞ ŬɜŮɝɎɟŰɖŰŬ AC ɖˊŮɘɟɤŰɘəɎ ůɡůŰɐɛŬŰŬ. ȼ 

ŬˊŬɑŰɖůɖ ŬűɞɟɎ Űɧůɞ ůŰɖ ŭɡɜŬŰɧŰɖŰŬ ɛɧɜɘɛɖɠ ůŰɐɟɘɝɖɠ Űɖɠ ůɡɢɜɧŰɖŰŬɠ ɛɏůɤ 

ɟɨɗɛɘůɖɠ ůŰŬŰɘůɛɞɨ, ɧůɞ əŬɘ ůŰɖ ŭɡɜŬŰɧŰɖŰŬ ɛŮŰŬɓŬŰɘəɐɠ ɡˊɞůŰɐɟɘɝɖɠ ůɡɢɜɧŰɖŰŬɠ 

ŰŬ ˊɟɩŰŬ ŭŮɡŰŮɟɧɚŮˊŰŬ ɨůŰŮɟŬ Ŭˊɧ Űɖɜ ŮɛűɎɜɘůɖ ŭɘŬŰŬɟŬɢɐɠ, ɛɏůɤ ŰŮɢɜɖŰɐɠ 

ŬŭɟŬɜŮɑŬɠ, ˊɟɞůɞɛɞɘɎɕɞɜŰŬɠ Űɖ űɡůɘəɐ ɚŮɘŰɞɡɟɔɑŬ ŬŭɟŬɜŮɘŬəɐɠ Ŭˊɧəɟɘůɖɠ Űɤɜ 

ůŰɟŮűɧɛŮɜɤɜ ɖɚŮəŰɟɘəɩɜ ɛɖɢŬɜɩɜ ˊɞɡ ŮɑɜŬɘ ŬˊŮɡɗŮɑŬɠ ůɡɜŭŮŭŮɛɏɜŮɠ ůŰɞ ŭɑəŰɡɞ. 

 ɆŰɖɜ ˊŬɟɞɨůŬ ŮɜɧŰɖŰŬ, ŭɘŮɟŮɡɜɎŰŬɘ ɖ ɘəŬɜɧŰɖŰŬ ůɡɛɛŮŰɞɢɐɠ Űɞɡ MTDC ůŰɖ 

ɟɨɗɛɘůɖ ůɡɢɜɧŰɖŰŬɠ Űɞɡ ɆȼȺ Űɖɠ ɁɞɟɓɖɔɑŬɠ, ŭɑɢɤɠ Űɖɜ ˊŬɟɞɢɐ Ůˊɘəɞɡɟɘəɩɜ 

ɡˊɖɟŮůɘɩɜ ɡˊɞůŰɐɟɘɝɖɠ ůɡɢɜɧŰɖŰŬɠ Ŭˊɧ ŰŬ ŭɨɞ ŪȷɄ . ȷɡŰɧ ůɖɛŬɑɜŮɘ ɧŰɘ əŬŰɎ Űɖ 

ŭɘɎɟəŮɘŬ Űɤɜ ˊɟɞůɞɛɞɘɩůŮɤɜ ˊɞɡ ɗŬ Ŭəɞɚɞɡɗɐůɞɡɜ, ŰŬ ŪȷɄ ɗŬ ˊŬɟɎɔɞɡɜ ůŰŬɗŮɟɐ 

ŮɜŮɟɔɧ ɘůɢɨ əɞɜŰɎ ůŰɖɜ ɞɜɞɛŬůŰɘəɐ Űɞɡɠ Űɘɛɐ. Ƀɘ ɡˊŮɟɎəŰɘɞɘ HVDC ɛŮŰŬŰɟɞˊŮɑɠ ɗŬ 

Ůɔɢɏɞɡɜ Űɖɜ ˊŬɟŬɔɧɛŮɜɖ ŮɜŮɟɔɧ ɘůɢɨ Űɤɜ ˊɎɟəɤɜ ůŰɞ MTDC ŭɑəŰɡɞ, ɖ Űɘɛɐ Űɖɠ ɞˊɞɑŬɠ 

ŭŮɜ ɗŬ ŮˊɖɟŮŬůɗŮɑ əŬŰɎ Űɖ ŭɘɎɟəŮɘŬ Űɖɠ ɛŮŰŬɓɞɚɐɠ Űɖɠ ůɡɢɜɧŰɖŰŬɠ Űɞɡ ɆȼȺ 

ɁɞɟɓɖɔɑŬɠ. ȷɡŰɧ ůɡɛɓŬɑɜŮɘ ŭɘɧŰɘ Űɞ ɡˊŮɟɎəŰɘɞ ůɨůŰɖɛŬ (VSC ɛŮŰŬŰɟɞˊŮɑɠ əŬɘ ŪȷɄ) 

ŭŮɜ ŭɘŬɗɏŰŮɘ ˊɟɞɠ Űɞ ˊŬɟɧɜ ˊɟɞůŬɟɛɞůɛɏɜɞ ůŰɞɜ ɏɚŮɔɢɞ Űɞɡ ůɨůŰɖɛŬ ŬɜɑɢɜŮɡůɖɠ 

ɛŮŰŬɓɞɚɐɠ ůɡɢɜɧŰɖŰŬɠ Űɤɜ ɖˊŮɘɟɤŰɘəɩɜ AC ŭɘəŰɨɤɜ, ɞɨŰŮ ɡˊɎɟɢŮɘ ŰɖɚŮˊɘəɞɘɜɤɜɘŬəɐ 

ŬˊɞůŰɞɚɐ ŭŮŭɞɛɏɜɤɜ Ŭˊɧ ŰŬ ɖˊŮɘɟɤŰɘəɎ ˊɟɞɠ ŰŬ ɡˊŮɟɎəŰɘŬ ŭɑəŰɡŬ. ȼ ŬˊŬɑŰɖůɖ 

Ŭˊɧəɟɘůɖɠ ůɡɢɜɧŰɖŰŬɠ Ŭˊɧ Űɞ MTDC ŭɑəŰɡɞ ́ ɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ ɛɧɜɞ ɛŮ Űɖ ůɡɜŮɘůűɞɟɎ 

Űɤɜ ŭɨɞ ɖˊŮɘɟɤŰɘəɩɜ ɛŮŰŬŰɟɞˊɏɤɜ, ůɨɛűɤɜŬ ɛŮ Űɞ ůɢɐɛŬ Ŭˊɧəɟɘůɖɠ ůɡɢɜɧŰɖŰŬ ˊɞɡ 

ŬɜŬɚɨɗɖəŮ ůŰɞ ˊɟɞɖɔɞɨɛŮɜɞ əŮűɎɚŬɘɞ. 

 ɆŰɞ ɆɢɐɛŬ 5.2 ŮɘəɞɜɑɕŮŰŬɘ ɖ ŰɞˊɞɚɞɔɑŬ Űɞɡ ŮɝŮŰŬɕɧɛŮɜɞɡ ůɡůŰɐɛŬŰɞɠ. ɇŬ ŭɨɞ 

ŬɜŮɝɎɟŰɖŰŬ AC ɖˊŮɘɟɤŰɘəɎ ůɡůŰɐɛŬŰŬ ŮɑɜŬɘ ŬˊɧɚɡŰŬ ɧɛɞɘŬ ɛŮŰŬɝɨ Űɞɡɠ . ȾŬɗɏɜŬ 

ŬɜŬˊŬɟɑůŰŬŰŬɘ Ŭˊɧ ɛɑŬ ůɡɛɓŬŰɘəɐ ɛɞɜɎŭŬ ˊŬɟŬɔɤɔɐɠ, ɞɜɞɛŬůŰɘəɐɠ ɘůɢɨɞɠ 2000 

MVA  əŬɘ ůŰŬŰɘůɛɞɨ ůɡɢɜɧŰɖŰŬɠ RSG=5%. Ƀɘ ůɡɛɓŬŰɘəɏɠ ɛɞɜɎŭŮɠ G1 əŬɘ G2 ŮɑɜŬɘ 

ɗŮɟɛɘəɏɠ əŬɘ ŮɝɞˊɚɘůɛɏɜŮɠ ɛŮ ůɨɔɢɟɞɜŮɠ ɔŮɜɜɐŰɟɘŮɠ əŬɘ ŬŰɛɞůŰɟɞɓɑɚɞɡɠ Űɟɘɩɜ 

ɓŬɗɛɑŭɤɜ. ũɘŬ Űɖɜ ŬɜŬˊŬɟɎůŰŬůɖ Űɞɡ ɟɡɗɛɘůŰɐ ůŰɟɞűɩɜ Űɤɜ ɛɞɜɎŭɤɜ 

ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ Űɞ ɛɞɜŰɏɚɞ IEEEG1, Ůɜɩ əɎɗŮ ɔŮɜɜɐŰɟɘŬ ŮɑɜŬɘ ŮűɞŭɘŬůɛɏɜɖ ɛŮ 

ŬɡŰɧɛŬŰɞ ɟɡɗɛɘůŰɐ ŰɎůɖɠ əŬɘ ůŰŬɗŮɟɞˊɞɘɖŰɐ, ŰŬ ɞˊɞɑŬ ŬɜŬˊŬɟɑůŰŬɜŰŬɘ ɛŮ ůɡɛɓŬŰɘəɎ 

ɛɞɜŰɏɚŬ ˊɞɡ ŮɑɜŬɘ ŭɘŬɗɏůɘɛŬ ůŰɖ ɓɘɓɚɘɞɗɐəɖ Űɞɡ ɚɞɔɘůɛɘəɞɨ Matlab/Simulink. 

ɆŰɞɡɠ ɕɡɔɞɨɠ 1 əŬɘ 2 ŮɑɜŬɘ ůɡɜŭŮŭŮɛɏɜŬ űɞɟŰɑŬ ɘůɢɨɞɠ 1500 MW əŬɘ cosű=0.9 

, ŰŬ ɞˊɞɑŬ ŰɟɞűɞŭɞŰɞɨɜŰŬɘ Ŭˊɧ Űɞɡɠ ɖˊŮɘɟɤŰɘəɞɨɠ ɛŮŰŬŰɟɞˊŮɑɠ Űɞɡ MTDC ŭɘəŰɨɞɡ əŬɘ 

Űɘɠ ůɡɛɓŬŰɘəɏɠ ɛɞɜɎŭŮɠ. ɇɞ ɡˊɧ ŮɝɏŰŬůɖ MTDC ŭɑəŰɡɞ ŭɘŬůɡɜŭɏŮɘ ŭɨɞ ɧɛɞɘŬ ŪȷɄ 

ɞɜɞɛŬůŰɘəɐɠ ɘůɢɨɞɠ 570 MW ɏəŬůŰɞ, ɛŮ ŮűŮŭɟŮɑŬ ɘůɢɨɞɠ 10% (ŪȷɄ 513 MW) əŬɘ ŰŬ 

ɎəɟŬ Űɞɡ MTDC ůɡɜŭɏɞɜŰŬɘ ůŰɞɡɠ ɕɡɔɞɨɠ 1 əŬɘ 2 Űɤɜ ɆȼȺ Űɖɠ ɁɞɟɓɖɔɑŬɠ əŬɘ Űɖɠ 

ũŮɟɛŬɜɑŬɠ ŬɜŰɑůŰɞɘɢŬ. 
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ɆɢɐɛŬ 5.2. ɇɞˊɞɚɞɔɑŬ ŮɝŮŰŬɕɧɛŮɜɞɡ 4-ŰŮɟɛŬŰɘəɞɨ MTDC ŭɘəŰɨɞɡ ŭɘŬůɨɜŭŮůɖɠ ŪȷɄ ɛŮ ŭɨɞ ŬůɨɔɢɟɞɜŬ 

ɆȼȺ 

 

ɆŰɖɜ ŬɜɎɚɡůɖ ˊɞɡ ŬəɞɚɞɡɗŮɑ, ŮɝŮŰɎɕŮŰŬɘ ɖ Ŭˊɧəɟɘůɖ Űɞɡ MTDC ŭɘəŰɨɞɡ ůŮ 

ůɡɜɗɐəŮɠ ɡˊɞůɡɢɜɧŰɖŰŬɠ Űɞɡ ɖˊŮɘɟɤŰɘəɞɨ ůɡůŰɐɛŬŰɞɠ Űɖɠ ɁɞɟɓɖɔɑŬɠ (onshore grid 

#1), ɖ ɞˊɞɑŬ ˊɟɞəŬɚŮɑŰŬɘ Ŭˊɧ ɓɖɛŬŰɘəɐ Ŭɨɝɖůɖ Űɞɡ űɞɟŰɑɞɡ Űɞɡ ɕɡɔɞɨ 1 əŬŰɎ 500 

MW. Ƀɘ Űɘɛɏɠ ůŰŬŰɘůɛɞɨ DC ŰɎůɖɠ Űɤɜ ŭɨɞ ɖˊŮɘɟɤŰɘəɩɜ ɛŮŰŬŰɟɞˊɏɤɜ ŮˊɘɚɏɢɗɖəŬɜ 

Ŭˊɧ Űɞɜ ȹɘŬɢŮɘɟɘůŰɐ (TSO) ɑůŮɠ ɛŮ RDC=4% (əɏɟŭɞɠ ůŰŬŰɘůɛɞɨ DC ŰɎůɖɠ KDC=25), 

ˊɟɞəŮɘɛɏɜɞɡ ɜŬ ŮˊɘŭɘɤɢɗŮɑ ɘůɞəŬŰŬɛŮɟɘůɛɧɠ Űɖɠ űɧɟŰɘůɐɠ Űɞɡɠ. Ƀɘ Űɘɛɏɠ Űɞɡ 

ůŰŬŰɘůɛɞɨ ůɡɢɜɧŰɖŰŬɠ Űɤɜ ɖˊŮɘɟɤŰɘəɩɜ ɛŮŰŬŰɟɞˊɏɤɜ ŮˊɘɚɏɔɞɜŰŬɘ ɑůŮɠ ɛŮ 

Rf_droop=5%  (əɏɟŭɞɠ ůŰŬŰɘůɛɞɨ ůɡɢɜɧŰɖŰŬɠ Kf_droop=20) əŬɘ ɖ ɘůɞŭɨɜŬɛɖ ůŰŬɗŮɟɎ 

ŬŭɟŬɜŮɑŬɠ Űɞɡɠ ɑůɖ ɛŮ HVSC=30 s. 

ȿɧɔɤ Űɖɠ ŮűŮŭɟŮɑŬɠ ɘůɢɨɞɠ, ɖ ŮɜŮɟɔɧɠ ɘůɢɨɠ əɎɗŮ ŪȷɄ ŮɑɜŬɘ ɑůɖ ɛŮ 513 MW 

ɏəŬůŰɞ, Ŭˊɧ ŰŬ ɞˊɞɑŬ 500 MW űɗɎɜɞɡɜ ůŰɞɜ ŬɜŰɑůŰɞɘɢɞ ɡˊŮɟɎəŰɘɞ HVDC 

ɛŮŰŬŰɟɞˊɏŬ ɚɧɔɤ ŬˊɤɚŮɘɩɜ. ȼ ɘůɢɨɠ ˊɞɡ ŮɘůɎɔŮŰŬɘ ůŰɞ MTDC ŭɑəŰɡɞ ŭŮ ɗŬ 

ɛŮŰŬɓɚɖɗŮɑ əŬŰɎ Űɖ ɛŮŰŬɓɞɚɐ ůɡɢɜɧŰɖŰŬɠ Űɞɡ ɆȼȺ Űɖɠ ɁɞɟɓɖɔɑŬɠ ɧˊɤɠ ŮɝɖɔɐɗɖəŮ 

ˊŬɟŬˊɎɜɤ. 

ɆŰŬ ɆɢɐɛŬŰŬ 5.3 ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ůɡɔəɟɘŰɘəɎ ŬˊɞŰŮɚɏůɛŬŰŬ Űɖɠ ɛŮŰŬɓɞɚɐɠ 

ůɡɢɜɧŰɖŰŬɠ Űɤɜ ŭɨɞ Ŭůɨɔɢɟɞɜɤɜ ɆȼȺ, ɛŮ ŮűŬɟɛɞɔɐ ŮɜŬɚɚŬəŰɘəɩɜ ɛŮɗɧŭɤɜ Ůɚɏɔɢɞɡ 

ůɡɢɜɧŰɖŰŬɠ. ȳŰŬɜ ŭŮɜ ŮűŬɟɛɧɕŮŰŬɘ ɏɚŮɔɢɞɠ ůɡɢɜɧŰɖŰŬɠ ůŮ əŬɜɏɜŬɜ ɖˊŮɘɟɤŰɘəɧ 

ɛŮŰŬŰɟɞˊɏŬ, ɖ ɛŮŰŬɓɞɚɐ Űɖɠ ůɡɢɜɧŰɖŰŬɠ əŬɗɞɟɑɕŮŰŬɘ ŬˊɞəɚŮɘůŰɘəɎ Ŭˊɧ Űɞɜ ůŰŬŰɘůɛɧ 

ůɡɢɜɧŰɖŰŬɠ RSG Űɤɜ ůɡɛɓŬŰɘəɩɜ AC ɔŮɜɜɖŰɟɘɩɜ, ɛŮ Űɖ ůɡɢɜɧŰɖŰŬ Űɞɡ ɆȼȺ 

ɁɞɟɓɖɔɑŬɠ ɜŬ ɛŮɘɩɜŮŰŬɘ ůŰŬ 49.448 Hz (ɛ́ ɚŮ ɔɟŬɛɛɐ), Ůɜɩ ɖ ůɡɢɜɧŰɖŰŬ Űɞɡ ɆȼȺ 

ũŮɟɛŬɜɑŬɠ ˊŬɟŬɛɏɜŮɘ ŬɜŮˊɖɟɏŬůɗɖ. 

ɆŰɖɜ ˊŮɟɑˊŰɤůɖ ŮűŬɟɛɞɔɐɠ Ůɚɏɔɢɞɡ ůŰŬŰɘůɛɞɨ ůɡɢɜɧŰɖŰŬɠ əŬɘ ůŰɞɡɠ ŭɨɞ 

ɖˊŮɘɟɤŰɘəɞɨɠ ɛŮŰŬŰɟɞˊŮɑɠ, Űɞ MTDC ŭɑəŰɡɞ ŬˊɞəɟɑɜŮŰŬɘ ɤɠ Ůɝɐɠ. Ƀ ɖˊŮɘɟɤŰɘəɧɠ 

VSC1 Űɖɠ ɁɞɟɓɖɔɑŬɠ, ɚɧɔɤ ɛŮɑɤůɖɠ Űɖɠ ůɡɢɜɧŰɖŰŬɠ ˊɞɡ çɓɚɏˊŮɘè, ˊŬɟɎɔŮɘ ŬɟɢɘəɎ 

ŬɜŬűɞɟɎ ɘůɢɨɞɠ ɝÐͅᶻ +ͺ  ẗ ɝʖ π . ȰŰůɘ, ŰɟŬɓɎŮɘ ɘůɢɨ Ŭˊɧ Űɞ MTDC, 

ɞˊɧŰŮ ˊɏűŰŮɘ ɖ DC ŰɎůɖ ɧɚɞɡ Űɞɡ ŭɘəŰɨɞɡ. ȿɧɔɤ Űɞɡ ŰŮɚŮɡŰŬɑɞɡ, ɖ ŬɜŬűɞɟɎ ɘůɢɨɞɠ 

ɚɧɔɤ ůŰŬŰɘůɛɞɨ DC ŰɎůɖɠ PDC
*=ȾDCẗ(VDC-E*) ɛŮɘɩɜŮŰŬɘ. ȷɡŰɧ ůɖɛŬɑɜŮɘ ɧŰɘ Űɞ ůɐɛŬ 

PDC
*  ŬɜŰɘŭɟɎ ŬɜŬɘɟŮŰɘəɎ ůŰɞ ɝÐͅᶻ  . ɇŮɚɘəɎ Űɞ ɝÐͅᶻ  ɡˊŮɟɘůɢɨŮɘ əŬɘ ɞ VSC1 

ŰɟŬɓɎŮɘ ɘůɢɨ Ŭˊɧ Űɞ MTDC, ɛŮ ůɡɜɏˊŮɘŬ Űɖ ɛŮɑɤůɖ Űɖɠ DC ŰɎůɖɠ ůŰɞɡɠ əɧɛɓɞɡɠ ɧɚɤɜ 

Űɤɜ ɛŮŰŬŰɟɞˊɏɤɜ. 
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O ɖˊŮɘɟɤŰɘəɧɠ VSC2 Űɖɠ ũŮɟɛŬɜɑŬɠ çɓɚɏˊŮɘè ɛŮɑɤůɖ Űɖɠ DC ŰɎůɖɠ Űɞɡ 

əɧɛɓɞɡ Űɞɡ əŬɘ ŬɜŰɘŭɟɎ, ɛŮɘɩɜɞɜŰŬɠ Űɖɜ ŬɜŬűɞɟɎ ŮɜŮɟɔɞɨ ɘůɢɨɞɠ ˊɞɡ ŰɟŬɓɎŮɘ Ŭˊɧ Űɞ 

ɀɇDC, ɛɏůɤ Űɖɠ ůɢɏůɖɠ PDC
*=ȾDCẗ(VDC-E*). ɇɞ ɘůɞɕɨɔɘɞ ɘůɢɨɞɠ Űɞɡ çɡɔɘɞɨɠè ɆȼȺ#2 

Űɖɠ ũŮɟɛŬɜɑŬɠ ɢŬɚɎŮɘ, ɛŮ ŬˊɞŰɏɚŮůɛŬ ɜŬ ɛŮɘɩɜŮŰŬɘ ɖ ůɡɢɜɧŰɖŰɎ Űɞɡ. ȼ AC ůɡɛɓŬŰɘəɐ 

ɛɞɜɎŭŬ, ˊɞɡ ˊɟɞůɞɛɞɘɩɜŮɘ Űɞ ɆȼȺ#2 ŬɜŰɘŭɟɎ ůŰɖ ɛŮɑɤůɖ Űɖɠ ůɡɢɜɧŰɖŰŬɠ ɚɧɔɤ Űɞɡ 

ůŰŬŰɘůɛɞɨ Űɖɠ RSG, ŬɡɝɎɜɞɜŰŬɠ Űɖɜ ŮɜŮɟɔɧ ɘůɢɨ Űɖɠ. ɇɏɚɞɠ, ŮˊŮɘŭɐ ɞ ɖˊŮɘɟɤŰɘəɧɠ 

VSC2 ŮɑɜŬɘ Ůˊɑůɖɠ ŮűɞŭɘŬůɛɏɜɞɠ ɛŮ ůŰŬŰɘůɛɧ ůɡɢɜɧŰɖŰŬɠ, ˊŬɟɎɔŮɘ ɗŮŰɘəɐ ŬɜŬűɞɟɎ 

ɘůɢɨɞɠ ɝÐᶻ =+  ẗ ȹɤ
g
>0, ŬɜŰɘəɟɞɡɧɛŮɜɞ ůɐɛŬ ɛŮ Űɞ PDC

*=ȾDCẗ(VDC-E*) , Űɞɡ 

ɞˊɞɑɞ ɧɛɤɠ ɖ ɛŮɑɤůɖ ɡˊŮɟɘůɢɨŮɘ. ɇŮɚɘəɎ ɛŮɘɩɜŮŰŬɘ ɖ ɘůɢɨɠ ˊɞɡ ŬˊɞɟɟɞűɎ ɞ VSC2 , 

ɛŮ ůɡɜɏˊŮɘŬ Űɖɜ Ŭɨɝɖůɖ Űɖɠ ɛŮŰŬűŮɟɧɛŮɜɖɠ ɘůɢɨɞɠ Űɖɠ HVDC ɔɟŬɛɛɐɠ 3-4. 

Ⱥŭɩ ɏɢɞɡɛŮ Űɞɜ ˊɟɞɓɚɖɛŬŰɘůɛɧ ɧŰɘ ɞ ůŰŬŰɘůɛɧɠ ůɡɢɜɧŰɖŰŬɠ ŭŮɜ ˊɟɞůŭɘɞɟɑɕŮɘ 

Űɖ ůɡɛɓɞɚɐ Űɞɡ VSC1 ůŰɖ ɟɨɗɛɘůɖ ůɡɢɜɧŰɖŰŬɠ Űɞɡ ɆȼȺ#1, ŭɘɧŰɘ ɏɢɞɡɛŮ Űɞɜ 

çŬɜŰŬɔɤɜɘůɛɧè Űɞɡ loop ɟɨɗɛɘůɖɠ ůɡɢɜɧŰɖŰŬɠ ɛŮ ŬɡŰɧ Űɖɠ ɟɨɗɛɘůɖɠ Űɖɠ DC ŰɎůɖɠ. 

ɇŮɚɘəɎ, ɡˊɎɟɢŮɘ ɓŮɚŰɑɤůɖ Űɞɡ ɛɞɜɑɛɞɡ ůűɎɚɛŬŰɞɠ ůɡɢɜɧŰɖŰŬɠ Űɞɡ ɆȼȺ#1 ůŰŬ 49.507 

Hz ɚɧɔɤ Űɞɡ ůŰŬŰɘůɛɞɨ ůɡɢɜɧŰɖŰŬɠ, ŬɚɚɎ ˊɟɞəŬɚŮɑŰŬɘ ɛɧɜɘɛɞ ůűɎɚɛŬ ůɡɢɜɧŰɖŰŬɠ 

ůŰɞ ɆȼȺ#2 Űɖɠ ũŮɟɛŬɜɑŬɠ. 

ȳŰŬɜ ŮűŬɟɛɧɕŮŰŬɘ ɛɞɜɎɢŬ ɏɚŮɔɢɞɠ ŬŭɟŬɜŮɘŬəɐɠ Ŭˊɧəɟɘůɖɠ əŬɘ ůŰɞɡɠ ŭɨɞ 

ɖˊŮɘɟɤŰɘəɞɨɠ ɛŮŰŬŰɟɞˊŮɑɠ ˊŬɟŬŰɖɟŮɑŰŬɘ ˊŮɟɘɞɟɘůɛɧɠ Űɞɡ ɟɡɗɛɞɨ ɛŮŰŬɓɞɚɐɠ əŬɘ 

ɛɘəɟɧŰŮɟɖ ɛŮŰŬɓŬŰɘəɐ ɓɨɗɘůɖ Űɖɠ ůɡɢɜɧŰɖŰŬɠ Űɞɡ ɆȼȺ#1 ɁɞɟɓɖɔɑŬɠ ŰŬ ˊɟɩŰŬ 

ŭŮɡŰŮɟɧɚŮˊŰŬ ɛŮŰɎ Űɖ ŭɘŬŰŬɟŬɢɐ, ɤůŰɧůɞ ŭŮɜ ŮˊɘűɏɟŮɘ əŬɛɑŬ ɓŮɚŰɑɤůɖ Űɞɡ ɛɧɜɘɛɞɡ 

ůűɎɚɛŬŰɞɠ, ɧˊɤɠ əŬɘ ŬɜŬɛŮɜɧŰŬɜ. ɆŰɞ ɆȼȺ#2 ũŮɟɛŬɜɑŬɠ ˊŬɟŬŰɖɟŮɑŰŬɘ ɏɜŬ 

ɛŮŰŬɓŬŰɘəɧ ůŰɖ ůɡɢɜɧŰɖŰŬ, ɖ ɞˊɞɑŬ ɗŬ ŮˊɘůŰɟɏɣŮɘ ůŰɖɜ ɞɜɞɛŬůŰɘəɐ Űɖɠ Űɘɛɐ Űɤɜ 50 

Hz ɛŮŰɎ Űɖ ůŰŬɗŮɟɞˊɞɑɖůɖ Űɖɠ ůɡɢɜɧŰɖŰŬɠ Űɖɠ ɁɞɟɓɖɔɑŬɠ. ȼ əŬɚɨŰŮɟɖ Ŭˊɧəɟɘůɖ 

ŮˊɘŰɡɔɢɎɜŮŰŬɘ ɛŮ Űɖɜ ŮűŬɟɛɞɔɐ Űɞɡ ůɡɜŭɡŬůɛɏɜɞɡ Ůɚɏɔɢɞɡ ůŰŬŰɘůɛɞɨ əŬɘ ŬŭɟŬɜŮɑŬɠ, 

əŬɗɩɠ ɓŮɚŰɘɩɜɞɜŰŬɘ ŰŬɡŰɧɢɟɞɜŬ Űɞ ɛɧɜɘɛɞ ůűɎɚɛŬ, ɞ ɟɡɗɛɧɠ ɛŮŰŬɓɞɚɐɠ əŬɘ ɖ ɛɏɔɘůŰɖ 

ɓɨɗɘůɖ ůɡɢɜɧŰɖŰŬɠ. Ƀ ůŰŬŰɘůɛɧɠ ůɡɢɜɧŰɖŰŬɠ ˊɞɡ ŰŮɚɘəɎ ŮˊɘŰɡɔɢɎɜŮɘ ɞ VSC1 ŮɑɜŬɘ : 

Ὑ
ῳ‫

ῳὖ

τωȢυπτς
υπ

υπ
υπ

υστȢπωψ
ρπππ
πȢω

τψσȢωτσ
ρπππ
πȢω

ςρȢωχϷ Ὑ υϷ 

ɄŬɟŬŰɖɟɞɨɛŮ ɧŰɘ ɖ Űɘɛɐ ůŰŬŰɘůɛɞɨ ůɡɢɜɧŰɖŰŬɠ ˊɞɡ ŭɘŬɛɞɟűɩɜŮɘ ɞ VSC1 ŮɑɜŬɘ ˊɞɚɨ 

ɛŬəɟɘɎ Ŭˊɧ Űɖɜ ŬɜŬɛŮɜɧɛŮɜɖ Űɞɡ 5% ˊɞɡ ɏɢŮɘ ɞɟɘůɗŮɑ Ŭˊɧ Űɞɜ TSO. 

 
(Ŭ)      (ɓ) 



86 
 

 
(ɔ)      (ŭ) 

 
(Ů)      (ůŰ) 

 
(ɕ)      (ɖ) 
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(ɗ)      (ɘ) 

ɆɢɐɛŬ 5.3. ȺˊɑŭɟŬůɖ ŮɜŬɚɚŬəŰɘəɩɜ ɚŮɘŰɞɡɟɔɘɩɜ Ŭˊɧəɟɘůɖɠ ůɡɢɜɧŰɖŰŬɠ Űɤɜ ɖˊŮɘɟɤŰɘəɩɜ ɛŮŰŬŰɟɞˊɏɤɜ ůŮ 

ɓɖɛŬŰɘəɐ Ŭɨɝɖůɖ űɞɟŰɑɞɡ ůŰɞ ɆȼȺ#1, ŭɑɢɤɠ Ŭˊɧəɟɘůɖ ůɡɢɜɧŰɖŰŬɠ ŭɘŬůɡɜŭŮŭŮɛɏɜɤɜ ŪȷɄ (Ŭ, ɓ) 

ůɡɢɜɧŰɖŰŬ ɚŮɘŰɞɡɟɔɑŬɠ ɆȼȺ #1, #2, (ɔ, ŭ) DC ŰɎůɖ Űɤɜ əɧɛɓɤɜ Űɤɜ HVDC ɖˊŮɘɟɤŰɘəɩɜ ɛŮŰŬŰɟɞˊɏɤɜ 

#1, #2, (Ů, ůŰ) ŮɜŮɟɔɧɠ ɘůɢɨɠ Ůɝɧŭɞɡ Űɤɜ HVDC ɖˊŮɘɟɤŰɘəɩɜ ɛŮŰŬŰɟɞˊɏɤɜ #1, #2, (ɕ, ɖ) Ŭˊɧəɟɘůɖ ɘůɢɨɞɠ 

SG1, SG2, (ɗ) ŮɔɢŮɧɛŮɜɖ ŮɜŮɟɔɧɠ ɘůɢɨɠ Ůɝɧŭɞɡ Űɞɡ ŪȷɄ#1 (ŭ) ɛŮŰŬűŮɟɧɛŮɜɖ DC ɘůɢɨɠ Űɖɠ HVDC ɔɟŬɛɛɐɠ 

3-4. 

 

 

5.3 ȺɜůɤɛɎŰɤůɖ ůɢɐɛŬŰɞɠ ŰŮɢɜɖŰɐɠ ɛŮŰŬɓɞɚɐɠ Űɖɠ ůɡɢɜɧŰɖŰŬɠ 

Űɤɜ ɡˊŮɟɎəŰɘɤɜ HVDC ɛŮŰŬŰɟɞˊɏɤɜ, ɛŮ ůəɞˊɧ Űɖ ůɡɛɛŮŰɞɢɐ Űɤɜ 

ŪȷɄ ůŰɖɜ Ŭˊɧəɟɘůɖ ůɡɢɜɧŰɖŰŬɠ Űɞɡ MTDC  ŭɘəŰɨɞɡ 
 

 ɆŰɞ ˊɟɞɖɔɞɨɛŮɜɞ əŮűɎɚŬɘɞ ɛŮɚŮŰɐɗɖəŮ Űɞ ůŮɜɎɟɘɞ Ŭˊɧəɟɘůɖɠ ůɡɢɜɧŰɖŰŬɠ Űɞɡ 

MTDC ŭɘəŰɨɞɡ ˊɟɞɠ Űɞ ɏɜŬ Ůə Űɤɜ ŭɨɞ ɆȼȺ, ɧŰŬɜ ɖ ˊŬɟŬɔɧɛŮɜɖ ɘůɢɨɠ Ŭˊɧ ŰŬ 

ŭɘŬůɡɜŭŮŭŮɛɏɜŬ ŪȷɄ ˊŬɟŬɛɏɜŮɘ ůŰŬɗŮɟɐ əŬɘ ŬɜŮˊɖɟɏŬůɗɖ Ŭˊɧ Űɖ ɛŮŰŬɓɞɚɐ 

ůɡɢɜɧŰɖŰŬɠ. ȳˊɤɠ ŭɘŬˊɘůŰɩɗɖəŮ, ɖ ɡˊɞůŰɐɟɘɝɖ ůɡɢɜɧŰɖŰŬɠ ˊɟɞɠ Űɞ ɏɜŬ ɖˊŮɘɟɤŰɘəɧ 

AC ŭɑəŰɡɞ, ŭɖɛɘɞɡɟɔŮɑ ůűɎɚɛŬ ůɡɢɜɧŰɖŰŬɠ ůŰɞ Ɏɚɚɞ ŬɜŮɝɎɟŰɖŰɞ ɖˊŮɘɟɤŰɘəɧ ŭɑəŰɡɞ. 

ȷɡŰɧ ůɡɛɓŬɑɜŮɘ ŭɘɧŰɘ ɖ Ůˊɘˊɚɏɞɜ ɘůɢɨɠ ˊɞɡ ŬˊŬɘŰŮɑ Űɞ ɏɜŬ ŭɑəŰɡɞ ŬˊɞɟɟɞűɎŰŬɘ Ŭˊɧ Űɞ 

Ɏɚɚɞ, Ŭűɞɨ ɖ ˊɟɤŰɞɔŮɜɐɠ ˊɖɔɐ ɘůɢɨɞɠ, ŭɖɚŬŭɐ ŰŬ ŪȷɄ, ŭŮɜ ŬɜɘɢɜŮɨɞɡɜ Űɖ ɛŮŰŬɓɞɚɐ 

ůɡɢɜɧŰɖŰŬɠ Űɤɜ ɆȼȺ əŬɘ ŭŮɜ ŬɜŰɘŭɟɞɨɜ ůŮ ŬɡŰɐ. 

 ȳˊɤɠ ˊŬɟɞɡůɘɎůɗɖəŮ ůŰɞ ȾŮű. 1.3, ɞɘ ɡˊŮɟɎəŰɘŮɠ ŬɜŮɛɞɔŮɜɜɐŰɟɘŮɠ, ůɡɜŮˊɩɠ 

əŬɘ ŰŬ ŪȷɄ ɤɠ ůɨɜɞɚɞ, ŮɑɜŬɘ ŮűɞŭɘŬůɛɏɜŬ ɛŮ ůɡɛɓŬŰɘəɎ ůɢɐɛŬŰŬ Ůɚɏɔɢɞɡ Ŭˊɧəɟɘůɖɠ 

ůɡɢɜɧŰɖŰŬɠ Űɞɡ AC ŭɘəŰɨɞɡ ˊɞɡ ŮɑɜŬɘ ŬˊŮɡɗŮɑŬɠ ůɡɜŭŮŭŮɛɏɜŬ. Ȱɢɞɡɜ ŭɖɚŬŭɐ Űɖɜ 

ɘəŬɜɧŰɖŰŬ ɛŮɑɤůɖɠ Űɖɠ ˊŬɟŬɔɧɛŮɜɖɠ ɘůɢɨɞɠ ůŮ ˊŮɟɑˊŰɤůɖ ɡˊŮɟůɡɢɜɧŰɖŰŬɠ əŬɘ 

Ŭɨɝɖůɖɠ Űɖɠ ˊŬɟŬɔɧɛŮɜɖɠ ɘůɢɨɞɠ ůŮ ˊŮɟɑˊŰɤůɖ ɡˊɞůɡɢɜɧŰɖŰŬɠ, ɛŮ Űɖ ˊɟɞɦˊɧɗŮůɖ 

ŭɘŬŰɐɟɖůɖɠ ŮűŮŭɟŮɑŬɠ ɘůɢɨɞɠ Űɤɜ ȷ/ũ. 

ɆŰɖɜ ɡˊɎɟɢɞɡůŬ ɓɘɓɚɘɞɔɟŬűɑŬ, ɖ ˊɚŮɘɞɣɖűɑŬ Űɤɜ ŮɝŮŰŬɕɧɛŮɜɤɜ ŰŮɢɜɘəɩɜ 

ɟɨɗɛɘůɖɠ ůɡɢɜɧŰɖŰŬɠ ɛɏůɤ MTDC ŭɘəŰɨɤɜ ɓŬůɑɕŮŰŬɘ ůŰɖ ɛŮŰŬɓɞɚɐ Űɖɠ DC ŰɎůɖɠ 

ɚŮɘŰɞɡɟɔɑŬɠ ůŰɞɡɠ əɧɛɓɞɡɠ Űɞɡ MTDC ůɡɜŬɟŰɐůŮɘ Űɤɜ ɛŮŰɟɞɨɛŮɜɤɜ ɛŮŰŬɓɞɚɩɜ 

ůɡɢɜɧŰɖŰŬɠ. Ƀɘ ŰŮɢɜɖŰɏɠ ɛŮŰŬɓɞɚɏɠ ŰɎůɖɠ ŬˊɞŰŮɚɞɨɜ ɏŰůɘ ɏɜŬ Ůɘəɞɜɘəɧ ɛɏůɞ 

ŮˊɘəɞɘɜɤɜɑŬɠ Ŭˊɧ ŰŬ ɖˊŮɘɟɤŰɘəɎ AC ŭɑəŰɡŬ ˊɟɞɠ Űɞɡɠ ɡˊŮɟɎəŰɘɞɡɠ HVDC 

ɛŮŰŬŰɟɞˊŮɑɠ. ɋůŰɧůɞ, ɖ ɡˊɧɣɘɜ ɛɏɗɞŭɞɠ ˊŬɟɞɡůɘɎɕŮɘ ŮɛűŬɜɐ ɛŮɘɞɜŮəŰɐɛŬŰŬ ɤɠ ˊɟɞɠ 

Űɞɜ Űɟɧˊɞ ɚŮɘŰɞɡɟɔɑŬɠ Űɞɡ MTDC ŭɘəŰɨɞɡ, əŬɗɩɠ ŬˊŬɘŰŮɑŰŬɘ ɞ ɞɟɘůɛɧɠ ɛɘŬɠ ɜŮəɟɐɠ 
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ɕɩɜɖɠ ɚŮɘŰɞɡɟɔɑŬɠ, ɏŰůɘ ɩůŰŮ ɜŬ ŬˊɞůɡɕŮɡɢɗɞɨɜ ɞɘ ŭɘŬəɡɛɎɜůŮɘɠ ŰɎůɖɠ ˊɞɡ 

ɟ́ɞɏɟɢɞɜŰŬɘ Ŭˊɧ Űɖ ɛŮŰŬɓɚɖŰɧŰɖŰŬ Űɤɜ ůɡɜɗɖəɩɜ ɚŮɘŰɞɡɟɔɑŬɠ, Ŭˊɧ Űɘɠ ŰŮɢɜɖŰɏɠ 

ŭɘŬəɡɛɎɜůŮɘɠ ˊɞɡ ůŰɞɢŮɨɞɡɜ ůŰɖɜ ŮɜŮɟɔɞˊɞɑɖůɖ Űɤɜ ɟɡɗɛɘůŰɩɜ ůɡɢɜɧŰɖŰŬɠ Űɤɜ 

ɡˊŮɟɎəŰɘɤɜ HVDC ɛŮŰŬŰɟɞˊɏɤɜ. 

ɆŰɖɜ ˊŬɟɞɨůŬ ŮɟɔŬůɑŬ ŮɝŮŰɎɕŮŰŬɘ ɛɘŬ ŮɜŬɚɚŬəŰɘəɐ ɛɏɗɞŭɞɠ Ŭˊɧəɟɘůɖɠ 

ůɡɢɜɧŰɖŰŬɠ, ɖ ɞˊɞɑŬ ɓŬůɑɕŮŰŬɘ ůŰɖɜ Ŭɝɘɞˊɞɑɖůɖ Űɤɜ ŭɘŬɗɏůɘɛɤɜ ŰɖɚŮˊɘəɞɘɜɤɜɘŬəɩɜ 

ɡˊɞŭɞɛɩɜ Űɞɡ MTDC ŭɘəŰɨɞɡ. ɇɏŰɞɘŮɠ ɡˊɞŭɞɛɏɠ ŮɑɜŬɘ ɞˊŰɘəɏɠ ɑɜŮɠ ůŰɞ ŮůɤŰŮɟɘəɧ Űɤɜ 

HVDC Ŭɔɤɔɩɜ. ɆŮ ˊŮɟɑˊŰɤůɖ ˊɞɡ ŰŬ ŭɨɞ ɖˊŮɘɟɤŰɘəɎ AC ŭɑəŰɡŬ ŭŮɜ ɐŰŬɜ ŬůɨɔɢɟɞɜŬ, 

ŬɚɚɎ ŬˊɞŰŮɚɞɨůŬɜ ɏɜŬ ŮɜɘŬɑɞ AC ŭɑəŰɡɞ, ɖ ɛŮŰŬɓɞɚɐ ůɡɢɜɧŰɖŰŬɠ Űɞɡ ŮɜɘŬɑɞɡ AC 

ɖˊŮɘɟɤŰɘəɞɨ ŭɘəŰɨɞɡ ɗŬ ŬˊɞůŰŮɚɚɧŰŬɜ ŰɖɚŮˊɘəɞɘɜɤɜɘŬəɎ ˊɟɞɠ Űɞɡɠ ŭɨɞ ɡˊŮɟɎəŰɘɞɡɠ 

HVDC ɛŮŰŬŰɟɞˊŮɑɠ. ȷɡŰɞɑ ɛŮ Űɖ ůŮɘɟɎ Űɞɡɠ ɗŬ ˊŬɟɐɔŬɔŬɜ ŰŮɢɜɖŰɐ ɛŮŰŬɓɞɚɐ 

ůɡɢɜɧŰɖŰŬɠ ůŰɞ ɡˊŮɟɎəŰɘɞ AC ŭɑəŰɡɧ Űɞɡɠ, ɧɛɞɘŬ ɛŮ ŬɡŰɐ Űɞɡ ŮɜɘŬɑɞɡ ɖˊŮɘɟɤŰɘəɞɨ 

ŭɘəŰɨɞɡ. ȰŰůɘ, ɗŬ ˊɟɞɏəɡˊŰŮ Ůɝɞɛɞɑɤůɖ Űɤɜ ůɡɜɗɖəɩɜ ɚŮɘŰɞɡɟɔɑŬɠ Űɞɡ ɖˊŮɘɟɤŰɘəɞɨ 

AC ŭɘəŰɨɞɡ ůŰŬ ɡˊŮɟɎəŰɘŬ AC ŭɑəŰɡŬ ɇŬ ŪȷɄ ɛŮ Űɖ ůŮɘɟɎ Űɞɡɠ, ɚɧɔɤ Űɤɜ 

ŮɔəŬŰŮůŰɖɛɏɜɤɜ ůɡůŰɖɛɎŰɤɜ Ŭˊɧəɟɘůɖɠ ůɡɢɜɧŰɖŰŬɠ Űɤɜ ȷ/ũ, ɗŬ ŬɜŰɘŭɟɞɨůŬɜ ůŰɖ 

ŰŮɢɜɖŰɐ ɛŮŰŬɓɞɚɐ Űɖɠ ůɡɢɜɧŰɖŰŬɠ Űɤɜ ɡˊŮɟɎəŰɘɤɜ AC ŭɘəŰɨɤɜ, ɛŮɘɩɜɞɜŰŬɠ ɐ 

ŬɡɝɎɜɞɜŰŬɠ Űɖɜ ŮɔɢŮɧɛŮɜɖ ɘůɢɨ Űɞɡɠ. ȼ ɘůɢɨɠ ŬɡŰɐ ɗŬ ɛŮŰŬűŮɟɧŰŬɜ ɛɏůɤ Űɞɡ MTDC 

ŭɘəŰɨɞɡ ˊɟɞɠ Űɞ ŮɜɘŬɑɞ AC ɖˊŮɘɟɤŰɘəɧ ŭɑəŰɡɞ, ůɡɜŭɟɎɛɞɜŰŬɠ ůŰɖɜ ɡˊɞůŰɐɟɘɝɖ 

ůűɎɚɛŬŰɞɠ ɡˊɏɟ- ɐ ɡˊɧ- ůɡɢɜɧŰɖŰŬɠ ŬɡŰɞɨ ŬɜŰɑůŰɞɘɢŬ. 

ɆŰɖ ˊŮɟɑˊŰɤůɖ ŭɘŬůɨɜŭŮůɖɠ Ŭůɨɔɢɟɞɜɤɜ ɆȼȺ ůŰɞ ɑŭɘɞ MTDC ŭɑəŰɡɞ, ɖ 

űɘɚɞůɞűɑŬ Űɤɜ ŭŮŭɞɛɏɜɤɜ ˊɞɡ ŬˊɞůŰɏɚɜɞɜŰŬɘ ŰɖɚŮˊɘəɞɘɜɤɜɘŬəɎ ˊɟɞɠ ŰŬ ɡˊŮɟɎəŰɘŬ 

ŭɑəŰɡŬ Űɤɜ ŪȷɄ ŬɚɚɎɕŮɘ, ɚɧɔɤ Űɤɜ ŭɘŬűɞɟŮŰɘəɩɜ ůɡɢɜɞŰɐŰɤɜ ɚŮɘŰɞɡɟɔɑŬɠ Űɤɜ 

ɖˊŮɘɟɤŰɘəɩɜ AC ůɡůŰɖɛɎŰɤɜ. ȸŬůɘəɧɠ ˊɟɞɓɚɖɛŬŰɘůɛɧɠ ŬˊɞŰŮɚŮɑ ɞ Űɟɧˊɞɠ 

ɛŮŰŬɓɞɚɐɠ Űɖɠ ůɡɢɜɧŰɖŰŬɠ ˊɞɡ ɗŬ ˊɟɏˊŮɘ ɜŬ ŮˊɘɓɚɖɗŮɑ ůŰŬ ŪȷɄ, ɚŬɛɓɎɜɞɜŰŬɠ 

ŰŬɡŰɧɢɟɞɜŬ ɡˊɧɣɘɜ Űɘɠ ŬɜɎɔəŮɠ Ŭˊɧəɟɘůɖɠ ůɡɢɜɧŰɖŰŬɠ Űɤɜ Ŭůɨɔɢɟɞɜɤɜ ɆȼȺ. ũɘŬ Űɞ 

ɚɧɔɞ ŬɡŰɧ, ˊɟɏˊŮɘ ɜŬ ɔɑɜŮɘ ŮɜůɤɛɎŰɤůɖ Ůˊɘˊɚɏɞɜ ůɢɖɛɎŰɤɜ ůŰɞ ůɨůŰɖɛŬ Ůɚɏɔɢɞɡ 

Űɧůɞ Űɞɡ ɖˊŮɘɟɤŰɘəɞɨ ɧůɞ əŬɘ Űɞɡ ɡˊŮɟɎəŰɘɞɡ HVDC ɛŮŰŬŰɟɞˊɏŬ. ɆŰɖ ˊŬɟɞɨůŬ 

ŮɟɔŬůɑŬ ˊɟɞŰŮɑɜɞɜŰŬɘ ɞɘ ŮɚŮɔəŰɏɠ ˊɞɡ ŮɘəɞɜɑɕɞɜŰŬɘ ůŰɞ ɆɢɐɛŬ 5.4, ɧˊɞɡ ɛŮ ˊɟɎůɘɜɞ 

ůɖɛŮɘɩɜɞɜŰŬɘ ɞɘ ˊɟɞůɗɐəŮɠ ˊɞɡ ɔɑɜɞɜŰŬɘ ůŰŬ ůɡůŰɐɛŬŰŬ ˊɞɡ ɏɢɞɡɜ ɐŭɖ ˊŬɟɞɡůɘŬůɗŮɑ 

ɤɠ ŰɩɟŬ. 

 
ɆɢɐɛŬ 5.4. ȷˊɞůŰɞɚɐ ŬˊŬɑŰɖůɖɠ ɛŮŰŬɓɞɚɐɠ ɘůɢɨɞɠ Ŭˊɧ Űɞ ůɨůŰɖɛŬ Ŭˊɧəɟɘůɖɠ ůɡɢɜɧŰɖŰŬɠ ůŰŬŰɘůɛɞɨ Űɞɡ 

ɖˊŮɘɟɤŰɘəɞɨ HVDC ɛŮŰŬŰɟɞˊɏŬ ˊɟɞɠ ɡˊŮɟɎəŰɘɞɡɠ HVDC ɛŮŰŬŰɟɞˊŮɑɠ. 

 

ȳˊɤɠ ŮɘəɞɜɑɕŮŰŬɘ, ɞ ɖˊŮɘɟɤŰɘəɧɠ HVDC ɛŮŰŬŰɟɞˊɏŬɠ ɡˊɞɚɞɔɑɕŮɘ ˊɟɤŰɑůŰɤɠ 

Űɖɜ ŬˊŬɘŰɞɨɛŮɜɖ ɛŮŰŬɓɞɚɐ Űɖɠ ŮɔɢŮɧɛŮɜɖɠ ŮɜŮɟɔɞɨ ɘůɢɨɞɠ ˊɟɞəŮɘɛɏɜɞɡ ɜŬ ŮˊɘŰŮɡɢɗŮɑ 

ɖ Ŭˊɧəɟɘůɖ ůɡɢɜɧŰɖŰŬɠ ˊɞɡ ɞɟɑɕŮɘ ɞ ȹɘŬɢŮɘɟɘůŰɐɠ (TSO), ɛɏůɤ Űɖɠ ɞɟɘůɛɏɜɖɠ Ŭˊɧ 
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ŬɡŰɧɜ Űɘɛɐɠ ůŰŬŰɘůɛɞɨ ůɡɢɜɧŰɖŰŬɠ Rf_droop (ɐ Ŭɚɚɘɩɠ əɏɟŭɞɠ ůŰŬŰɘůɛɞɨ ůɡɢɜɧŰɖŰŬɠ 

+ͺ
ͺ

 ). ũɘŬ Űɞɜ ɡˊɞɚɞɔɘůɛɧ Űɞɡ ȹPonshore ŭŮɜ ŮɜůɤɛŬŰɩɜŮŰŬɘ, ɧˊɤɠ 

ˊɟɞɖɔɞɡɛɏɜɤɠ, ůŰɞ ůɨůŰɖɛŬ Ůɚɏɔɢɞɡ Űɞɡ ɖˊŮɘɟɤŰɘəɞɨ ɛŮŰŬŰɟɞˊɏŬ ŬŭɟŬɜŮɘŬəɐ 

Ŭˊɧəɟɘůɖ ɛɏůɤ ůŰŬɗŮɟɎ ŬŭɟŬɜŮɑŬɠ HVSC, ŭɘɧŰɘ ŭŮɜ ŮɑɜŬɘ ŮˊɘɗɡɛɖŰɧ ɜŬ ůŰŬɚɗŮɑ ůŰɞ 

ɡˊŮɟɎəŰɘɞ ŭɑəŰɡɞ ŬˊŬɑŰɖůɖ ɛŮŰŬɓɞɚɐɠ Űɖɠ ŮɔɢŮɧɛŮɜɖɠ ɘůɢɨɞɠ ŮˊɖɟŮŬůɛɏɜɖ Ŭˊɧ Űɞɜ 

ɟɡɗɛɧ ɛŮŰŬɓɞɚɐɠ Űɖɠ ůɡɢɜɧŰɖŰŬɠ. ȼ ůɡɢɜɧŰɖŰŬ ɤPLL ŮəŰɘɛɎŰŬɘ Ŭˊɧ Űɞ PLL, ɏˊŮɘŰŬ Űɞ 

ůűɎɚɛŬ ůɡɢɜɧŰɖŰŬɠ ȹɤg űɘɚŰɟɎɟŮŰŬɘ ɛɏůɤ Űɞɡ low-pass filter əŬɘ Űɏɚɞɠ ɡˊɞɚɞɔɑɕŮŰŬɘ 

ɖ ŬˊŬɘŰɞɨɛŮɜɖ ɛŮŰŬɓɞɚɐ Űɖɠ ŮɔɢŮɧɛŮɜɖɠ ŮɜŮɟɔɞɨ ɘůɢɨɞɠ Űɞɡ ɖˊŮɘɟɤŰɘəɞɨ ɛŮŰŬŰɟɞˊɏŬ 

ɛɏůɤ Űɞɡ Űɨˊɞɡ ɝ0 3ẗ+ͺ ẗɝʖ  , ɧˊɞɡ SB=1000/0.9 MVA , ɖ ɓŬůɘəɐ 

Űɘɛɐ ɘůɢɨɞɠ Űɞɡ HVDC ɖˊŮɘɟɤŰɘəɞɨ ɛŮŰŬŰɟɞˊɏŬ, ɩůŰŮ ɖ ɛŮŰŬɓɞɚɐ ɘůɢɨɞɠ ɜŬ 

ŮəűɟŬůɗŮɑ ůŮ MW. ɇɞ ůɡɔəŮəɟɘɛɏɜɞ ůɨůŰɖɛŬ Ůɚɏɔɢɞɡ ŮɑɜŬɘ ɧɛɞɘɞ əŬɘ ůŰɞɡɠ ŭɨɞ 

ɖˊŮɘɟɤŰɘəɞɨɠ ɛŮŰŬŰɟɞˊŮɑɠ. 

 
 
ɆɢɐɛŬ 5.5. ɄɟɞŰŮɘɜɧɛŮɜɞɠ ɟɡɗɛɘůŰɐɠ ůɡɢɜɧŰɖŰŬɠ ɡˊŮɟɎəŰɘɞɡ HVDC ɛŮŰŬŰɟɞˊɏŬ, ɛŮ ŰɖɚŮˊɘəɞɘɜɤɜɘŬəɐ 

ŬˊɞůŰɞɚɐ ŬˊŬɑŰɖůɖɠ ɘůɢɨɞɠ Ŭˊɧ ɖˊŮɘɟɤŰɘəɞɨɠ HVDC ɛŮŰŬŰɟɞˊŮɑɠ. 

 

 ȼ ŬˊŬɘŰɞɨɛŮɜɖ ɛŮŰŬɓɞɚɐ ŮɜŮɟɔɞɨ ɘůɢɨɞɠ ȹPonshore ŬˊɞůŰɏɚɚŮŰŬɘ ůŰɞ ůɨůŰɖɛŬ 

Ůɚɏɔɢɞɡ Űɤɜ ɡˊŮɟɎəŰɘɤɜ ɛŮŰŬŰɟɞˊɏɤɜ (ɆɢɐɛŬ 5.5), ɛɏůɤ Űɤɜ ŭɘŬɗɏůɘɛɤɜ 

ŰɖɚŮˊɘəɞɘɜɤɜɘŬəɩɜ ɡˊɞŭɞɛɩɜ Űɞɡ MTDC ŭɘəŰɨɞɡ, ɛŮ ɛɘəɟɐ əŬɗɡůŰɏɟɖůɖ Tcom ɚɧɔɤ 

ŰɖɚŮˊɘəɞɘɜɤɜɘŬəɞɨ ɛɏůɞɡ. ɀŮ ɓɎůɖ Űɖ űɘɚɞůɞűɑŬ ŬɡŰɐ, əɎɗŮ ɡˊŮɟɎəŰɘɞɠ ɛŮŰŬŰɟɞˊɏŬɠ 

ɚŬɛɓɎɜŮɘ Űɞ ɎɗɟɞɘůɛŬ Űɤɜ ůɡɜɞɚɘəɩɜ ŬˊŬɘŰɐůŮɤɜ ůŮ ŮɜŮɟɔɧ ɘůɢɨ Вɝ0  -7  

Űɤɜ Ŭůɨɔɢɟɞɜɤɜ ɆȼȺ, ɞɘ ɞˊɞɑŮɠ ůŰɖ ůɡɜɏɢŮɘŬ ŮˊɘɛŮɟɑɕɞɜŰŬɘ ŬɜŬɚɞɔɘəɎ ůŰŬ 

ŭɘŬůɡɜŭŮŭŮɛɏɜŬ ŪȷɄ, ůɡɜŬɟŰɐůŮɘ Űɖɠ ŮɔəŬŰŮůŰɖɛɏɜɖɠ ɘůɢɨɞɠ Űɤɜ ŪȷɄ, ɤɠ Ůɝɐɠ : 

 

 
ɝ0

Вɝ0 ẗ
0
В0

0

Вɝ0

В0
 ȟɻȢʈ 

(5.5) 

 

, ɧˊɞɡ PWF ɖ ɞɜɞɛŬůŰɘəɐ ɘůɢɨɠ Űɞɡ ŪȷɄ ˊɞɡ ůɡɜŭɏŮŰŬɘ ůŰɞɜ ɡˊŮɟɎəŰɘɞ ɛŮŰŬŰɟɞˊɏŬ. 

ɆŰɖ ˊŬɟɞɨůŬ ŮɟɔŬůɑŬ, ŰŬ ŭɨɞ ŪȷɄ ŮɑɜŬɘ ŬˊɧɚɡŰŬ ɧɛɞɘŬ əŬɘ ɑŭɘŬɠ ɞɜɞɛŬůŰɘəɐɠ ɘůɢɨɞɠ 

PWF, ůɡɜŮˊɩɠ ɝ0
В ẗ

В В ẗ
. ȼ ŭɘŬɑɟŮůɖ ɛŮ Űɞ PWF ɔɑɜŮŰŬɘ 

ɩůŰŮ ɜŬ ŮəűɟŬůɗŮɑ Űɞ ȹPWF ůŮ Ŭ.ɛ. Űɘɛɐ. 

 ȼ ŬˊŬɘŰɞɨɛŮɜɖ ˊɚɏɞɜ ɛŮŰŬɓɞɚɐ ɘůɢɨɞɠ Űɤɜ ŪȷɄ ˊɟɏˊŮɘ ɜŬ ɛŮŰŬűɟŬůɗŮɑ ůŮ 

ɛŮŰŬɓɞɚɐ ůɡɢɜɧŰɖŰŬɠ Ŭˊɧ Űɞɜ ɡˊŮɟɎəŰɘɞ ɛŮŰŬŰɟɞˊɏŬ, ɩůŰŮ ɜŬ ɔɑɜŮɘ ŬɜŰɘɚɖˊŰɐ Ŭˊɧ Űɞ 

ůɨůŰɖɛŬ Ůɚɏɔɢɞɡ Űɖɠ əɎɗŮ ȷ/ũ Űɞɡ ŪȷɄ. ȷɜ ɖ Űɘɛɐ ůŰŬŰɘůɛɞɨ ůɡɢɜɧŰɖŰŬɠ Űɤɜ 

ɡˊŮɟɎəŰɘɤɜ ȷ/ũ ŮɑɜŬɘ RWF, ŰɧŰŮ ɖ ŬˊŬɘŰɞɨɛŮɜɖ ɛŮŰŬɓɞɚɐ ůɡɢɜɧŰɖŰŬɠ ˊɞɡ ŮˊɘɓɎɚŮɘ ɞ 

ɡˊŮɟɎəŰɘɞɠ ɛŮŰŬŰɟɞˊɏŬɠ ŮɑɜŬɘ ȹɤWF əŬɘ ŮəűɟɎɕŮŰŬɘ Ŭˊɧ Űɖɜ Ŭəɧɚɞɡɗɖ ůɢɏůɖ : 
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 ɝʖ 2 ẗɝ0  (5.6) 

 

, ɧˊɞɡ ȹɤWF ɖ ŬˊŬɑŰɖůɖ ɛŮŰŬɓɞɚɐɠ ůɡɢɜɧŰɖŰŬɠ ůŮ Ŭ.ɛ. Űɘɛɐ. Ƀɘ ŮɝɘůɩůŮɘɠ (5.6), (5.7) 

ŭɘŬɛɞɟűɩɜɞɡɜ Űɞ ɟɡɗɛɘůŰɐ ůɡɢɜɧŰɖŰŬɠ Űɞɡ ɡˊŮɟɎəŰɘɞɡ ɛŮŰŬŰɟɞˊɏŬ, ɞ ɞˊɞɑɞɠ 

ŮɘəɞɜɑɕŮŰŬɘ ůŰɞ ɆɢɐɛŬ 5.5. ȼ Űɘɛɐ ȹɤWF ɡˊŮɟŰɑɗŮŰŬɘ ůŰɖɜ ɞɜɞɛŬůŰɘəɐ Űɘɛɐ 1 Ŭ.ɛ 

(ŬɜŰɘůŰɞɘɢŮɑ ůŰŬ 50 Hz) Űɖɠ ůɡɢɜɧŰɖŰŬɠ. ɀɏůɤ Űɖɠ ŬɜɎ ɛɞɜɎŭŬɠ Űɘɛɐɠ Űɖɠ  ůɡɢɜɧŰɖŰŬɠ 

ˊŬɟɎɔŮŰŬɘ ɖ əɡəɚɘəɐ ůɡɢɜɧŰɖŰŬ ɤoffshore , ɖ ɞɚɞəɚɐɟɤůɖ Űɖɠ ɞˊɞɑŬɠ ˊŬɟɎɔŮɘ Űɖɜ ɔɤɜɑŬ 

ɗ(t) ɖ ɞˊɞɑŬ ŭɑɜŮŰŬɘ ɤɠ Ůɑůɞŭɞɠ ůŰɞ ůɢɐɛŬ Ůɚɏɔɢɞɡ Űɞɡ ɡˊŮɟɎəŰɘɞɡ ɛŮŰŬŰɟɞˊɏŬ, ɧˊɤɠ 

ɏɢŮɘ ˊŬɟɞɡůɘŬůɗŮɑ ůŰɞ ȾŮű. 2.9 . 

H ɛŮŰŬɓɞɚɐ Űɖɠ ůɡɢɜɧŰɖŰŬɠ Ŭˊɧ Űɖɜ ɞɜɞɛŬůŰɘəɐ Űɖɠ Űɘɛɐ ŮˊɘŰɟɏˊŮɘ Űɖɜ 

ŮɜŮɟɔɞˊɞɑɖůɖ Űɤɜ ŭɘŬɗɏůɘɛɤɜ ɚŮɘŰɞɡɟɔɘɩɜ Ŭˊɧəɟɘůɖɠ ůɡɢɜɧŰɖŰŬɠ Űɤɜ ɡˊŮɟɎəŰɘɤɜ 

ȷ/ũ Űɤɜ ŭɘŬůɡɜŭŮŭŮɛɏɜɤɜ ŪȷɄ. ȼ ůɢɏůɖ ˊɞɡ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ Ŭˊɧ Űɞ ůɨůŰɖɛŬ 

Ŭˊɧəɟɘůɖɠ ůɡɢɜɧŰɖŰŬɠ ůŰŬŰɘůɛɞɨ Űɤɜ ȷ/ũ ŮɑɜŬɘ ɖ ŬɜŰɑůŰɟɞűɖ Űɖɠ ůɢɏůɖɠ 5.6 : 

 

 ɝ0ͅᶻ
ɝʖ

2
 ɻȢʈ (5.7) 

 

, ɝ0ͅᶻ  ŮɑɜŬɘ ɖ ɘůɢɨɠ ŬɜŬűɞɟɎɠ ůŰŬŰɘůɛɞɨ ůɡɢɜɧŰɖŰŬɠ Űɞɡ ůɡůŰɐɛŬŰɞɠ Ůɚɏɔɢɞɡ Űɤɜ 

A/ũ. ȺˊɘˊɟɧůɗŮŰŬ, ŮɜŮɟɔɞˊɞɘŮɑŰŬɘ ŰŬɡŰɧɢɟɞɜŬ əŬɘ ɞ ɟɡɗɛɘůŰɐɠ ŬŭɟŬɜŮɘŬəɐɠ 

Ŭˊɧəɟɘůɖɠ Űɤɜ ȷ/ũ, ɞ ɞˊɞɑɞɠ ŮˊŮɜŮɟɔŮɑ ůŰɞ ɟɡɗɛɧ ɛŮŰŬɓɞɚɐɠ Űɖɠ ůɡɢɜɧŰɖŰŬɠ ɛŮ ɓɎůɖ 

Űɖ ůŰŬɗŮɟɎ ŬŭɟŬɜŮɑŬɠ HWF , ɧˊɤɠ ŬɜŬɚɨɗɖəŮ ůŰɞ ȾŮű. 4.4. 

 

 

5.4 ɆŮɜɎɟɘɞ ȽI : ȹɘŮɟŮɨɜɖůɖ ůɡɛɓɞɚɐɠ Űɞɡ MTDC ŭɘəŰɨɞɡ ůŰɖ 

ɟɨɗɛɘůɖ ůɡɢɜɧŰɖŰŬɠ Ŭůɨɔɢɟɞɜɤɜ ɆȼȺ, ɛɏůɤ Ŭɝɘɞˊɞɑɖůɖɠ 

ɚŮɘŰɞɡɟɔɘɩɜ Ŭˊɧəɟɘůɖɠ ůɡɢɜɧŰɖŰŬɠ Űɤɜ ŭɘŬůɡɜŭŮŭŮɛɏɜɤɜ ŪȷɄ 
 

 ȿŬɛɓɎɜɞɜŰŬɠ ɡˊɧɣɘɜ Űɖ ɛŮɗɞŭɞɚɞɔɑŬ Ŭˊɧəɟɘůɖɠ ůɡɢɜɧŰɖŰŬɠ Űɞɡ ɡˊŮɟɎəŰɘɞɡ 

ŭɘəŰɨɞɡ (ɡˊŮɟɎəŰɘɞɠ ɛŮŰŬŰɟɞˊɏŬɠ əŬɘ ŪȷɄ), ɧˊɤɠ ŬɜŬɚɨɗɖəŮ ůŰɖ ˊɟɞɖɔɞɨɛŮɜɖ 

ˊŬɟɎɔɟŬűɞ, ˊɟɞůɞɛɞɘɩɜŮŰŬɘ Ŭəɞɚɞɨɗɤɠ ɖ ůɡɛɓɞɚɐ Űɞɡ MTDC ŭɘəŰɨɞɡ ůŮ ɛŮŰŬɓɞɚɐ 

ůɡɢɜɧŰɖŰŬɠ Űɞɡ ɖˊŮɘɟɤŰɘəɞɨ AC ŭɘəŰɨɞɡ Űɖɠ ɁɞɟɓɖɔɑŬɠ. ȼ ɞɡůɘŬůŰɘəɐ ŭɘŬűɞɟɎ ɛŮ Űɞ 

ɆŮɜɎɟɘɞ Ƚ ŮɑɜŬɘ ɖ ŬˊɞůŰɞɚɐ Űɖɠ ŬˊŬɘŰɞɨɛŮɜɖɠ ɛŮŰŬɓɞɚɐɠ ŮɜŮɟɔɞɨ ɘůɢɨɞɠ Űɤɜ 

ŬɜŮɝɎɟŰɖŰɤɜ ɖˊŮɘɟɤŰɘəɩɜ ůɡůŰɖɛɎŰɤɜ Ŭˊɧ Űɞ ůɨůŰɖɛŬ Ůɚɏɔɢɞɡ Űɤɜ ɖˊŮɘɟɤŰɘəɩɜ 

ɛŮŰŬŰɟɞˊɏɤɜ #1, #2 ůŰɞ ůɨůŰɖɛŬ Ůɚɏɔɢɞɡ Űɤɜ ɡˊŮɟɎəŰɘɤɜ ɛŮŰŬŰɟɞˊɏɤɜ #3, #4, ɛɏůɤ 

Űɖɠ Ŭɝɘɞˊɞɑɖůɖ Űɤɜ ŭɘŬɗɏůɘɛɤɜ ŰɖɚŮˊɘəɞɘɜɤɜɘŬəɩɜ ɡˊɞŭɞɛɩɜ Űɞɡ MTDC ŭɘəŰɨɞɡ. 

ũɘŬ Űɖɜ ŬˊɞůŰɞɚɐ Űɤɜ ɛŮŰɟɞɨɛŮɜɤɜ ɛŮŰŬɓɞɚɩɜ ůɡɢɜɧŰɖŰŬɠ ɗŮɤɟɐɗɖəŮ ɛɘŬ ɢɟɞɜɘəɐ 

əŬɗɡůŰɏɟɖůɖ Űɖɠ ŰɎɝŮɤɠ Űɤɜ 20 ms, ɢɤɟɑɠ ɤůŰɧůɞ ɜŬ ŬɜŬɛɏɜŮŰŬɘ ŬɘůɗɖŰɐ 

ŭɘŬűɞɟɞˊɞɑɖůɖ Űɤɜ ŬˊɞŰŮɚŮůɛɎŰɤɜ ŬəɧɛŬ əŬɘ ɔɘŬ ɛŮɔŬɚɨŰŮɟŮɠ Űɘɛɏɠ, ɚɧɔɤ Űɤɜ ˊɞɚɨ 

ɓɟŬŭɨŰŮɟɤɜ ɛŮŰŬɓɞɚɩɜ ůɡɢɜɧŰɖŰŬɠ. Ɇəɞˊɧɠ ŮɑɜŬɘ ɖ ŭɘŮɟŮɨɜɖůɖ Űɖɠ ŮˊɑŭɟŬůɖɠ Űɤɜ 

ŮɜŬɚɚŬəŰɘəɩɜ ɚŮɘŰɞɡɟɔɘɩɜ ɟɨɗɛɘůɖɠ ůɡɢɜɧŰɖŰŬɠ Űɤɜ ŪȷɄ Űɧůɞ ůŰɖɜ Ŭˊɧəɟɘůɖ 

ůɡɢɜɧŰɖŰŬɠ Űɤɜ ŭɨɞ ɖˊŮɘɟɤŰɘəɩɜ ůɡůŰɖɛɎŰɤɜ, ɧůɞ əŬɘ ůŰɖ ɛŮŰŬɓŬŰɘəɐ ůɡɛˊŮɟɘűɞɟɎ 

Űɞɡ MTDC ŭɘəŰɨɞɡ. 

ũɘŬ ɚɧɔɞɡɠ ůɡɔəɟɘůɘɛɧŰɖŰŬɠ ɛŮ Űɞ ɆŮɜɎɟɘɞ Ƚ, ŮˊɘɚɏɔŮŰŬɘ ɖ ɑŭɘŬ ŰɞˊɞɚɞɔɑŬ Űɞɡ 

MTDC ŭɘəŰɨɞɡ ˊɞɡ ˊŬɟɞɡůɘɎůŰɖəŮ ůŰɞ ɆɢɐɛŬ 5.2. ɇŬ ɢŬɟŬəŰɖɟɘůŰɘəɎ Űɤɜ 

ůɡɛɓŬŰɘəɩɜ ɔŮɜɜɖŰɟɘɩɜ əŬɘ ɔŮɜɘəɧŰŮɟŬ Űɤɜ ŭɨɞ ɖˊŮɘɟɤŰɘəɩɜ ɆȼȺ ˊŬɟŬɛɏɜɞɡɜ ŰŬ 

ɑŭɘŬ. ȺɝŮŰɎɕŮŰŬɘ ɖ Ŭˊɧəɟɘůɖ Űɤɜ ŪȷɄ əŬɘ Űɞɡ MTDC ŭɘəŰɨɞɡ ůŮ ůɡɜɗɐəŮɠ 
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ɡˊɞůɡɢɜɧŰɖŰŬɠ əŬɘ ɡˊŮɟůɡɢɜɧŰɖŰŬɠ Űɞɡ ɆȼȺ ɁɞɟɓɖɔɑŬɠ, ́ ɟɞůɞɛɞɘɩɜɞɜŰŬɠ ɓɖɛŬŰɘəɐ 

Ŭɨɝɖůɖ əŬɘ ɛŮɑɤůɖ Űɞɡ űɞɟŰɑɞɡ Űɞɡ ɕɡɔɞɨ 1 əŬŰɎ 500 MW. Ƀɘ Űɘɛɏɠ ůŰŬŰɘůɛɞɨ DC 

ŰɎůɖɠ əŬɘ Űɤɜ ŭɨɞ ɖˊŮɘɟɤŰɘəɩɜ ɛŮŰŬŰɟɞˊɏɤɜ ŮˊɘɚɏɢɗɖəŬɜ əŬɘ ˊɎɚɘ ɑůŮɠ ɛŮ RDC=4% . 

Ƀɘ Űɘɛɏɠ Űɞɡ ůŰŬŰɘůɛɞɨ ůɡɢɜɧŰɖŰŬɠ Űɤɜ ɖˊŮɘɟɤŰɘəɩɜ ɛŮŰŬŰɟɞˊɏɤɜ ɞɟɑɕɞɜŰŬɘ Ŭˊɧ Űɞɜ 

TSO ɑůŮɠ ɛŮ Rf_droop=5%, Ůɜɩ ɖ ŬŭɟŬɜŮɘŬəɐ Ŭˊɧəɟɘůɖ Űɤɜ ɖˊŮɘɟɤŰɘəɩɜ ɛŮŰŬŰɟɞˊɏɤɜ 

ŬˊŮɜŮɟɔɞˊɞɘŮɑŰŬɘ, ɔɘŬ Űɞ ɚɧɔɞ ˊɞɡ ŬɜŬɚɨɗɖəŮ ˊŬɟŬˊɎɜɤ. 

H ˊŬɟŬɔɧɛŮɜɖ ˊɟɞ ŭɘŬŰŬɟŬɢɐɠ ŮɜŮɟɔɧɠ ɘůɢɨɠ Űɤɜ ŪȷɄ ŮɑɜŬɘ ɑůɖ ɛŮ 513 MW, 

ɛŮ Űɘɠ ɡˊŮɟɎəŰɘŮɠ ȷ/ũ ɜŬ ɚŮɘŰɞɡɟɔɞɨɜ ɛŮ ŮɜŰɞɚɐ ŮűŮŭɟŮɑŬɠ ŮɜŮɟɔɞɨ ɘůɢɨɞɠ ɑůɖ ɛŮ 10%. 

ɆŰŬ ŬˊɞŰŮɚɏůɛŬŰŬ ˊɟɞůɞɛɞɘɩůŮɤɜ ˊɞɡ Ŭəɞɚɞɡɗɞɨɜ, ŮˊŮɜŮɟɔŮɑ ɞ ůɡɜŭɡŬůɛɏɜɞɠ 

ɏɚŮɔɢɞɠ ůŰŬŰɘůɛɞɨ əŬɘ ŬŭɟŬɜŮɘŬəɐɠ Ŭˊɧəɟɘůɖɠ Űɤɜ ɡˊŮɟɎəŰɘɤɜ ȷ/ũ. ȼ Űɘɛɐ Űɞɡ 

ůŰŬŰɘůɛɞɨ ůɡɢɜɧŰɖŰŬɠ əŬɘ ɖ ɘůɞŭɨɜŬɛɖ ůŰŬɗŮɟɎ ŬŭɟŬɜŮɑŬɠ Űɤɜ ȷ/ũ ɗŮɤɟɐɗɖəŬɜ ɑůŮɠ 

ɛŮ RWF=5% əŬɘ HWF=30 sec ŬɜŰɑůŰɞɘɢŬ. 

 ɆŰɞ ɆɢɐɛŬ 5.6 ́ ŬɟŬŰɑɗŮɜŰŬɘ ůɡɔəɟɘŰɘəɎ ŬˊɞŰŮɚɏůɛŬŰŬ Ŭˊɧəɟɘůɖɠ ůɡůŰɐɛŬŰɞɠ 

ɛŮ ŮűŬɟɛɞɔɐ Űɤɜ ŮɜŬɚɚŬəŰɘəɩɜ ɛŮɗɧŭɤɜ Ůɚɏɔɢɞɡ Űɤɜ ŪȷɄ ůŰɖ ˊŮɟɑˊŰɤůɖ 

ɡˊɞůɡɢɜɧŰɖŰŬɠ, ˊɟɞůɞɛɞɘɩɜɞɜŰŬɠ ɓɖɛŬŰɘəɐ Ŭɨɝɖůɖ Űɞɡ űɞɟŰɑɞɡ ůŰɞ ɕɡɔɧ 1 əŬŰɎ 500 

MW. ȺˊŮɘŭɐ ɞɘ ŭɨɞ ɡˊŮɟɎəŰɘɞɘ ɛŮŰŬŰɟɞˊŮɑɠ əŬɘ ŰŬ ŭɨɞ ŭɘŬůɡɜŭŮŭŮɛɏɜŬ ŪȷɄ ŮɑɜŬɘ 

ŬˊɧɚɡŰŬ ɧɛɞɘŬ ɛŮŰŬɝɨ Űɞɡɠ, ɞɘ ŬˊɞəɟɑůŮɘɠ Űɤɜ ŪȷɄ ŭŮ ŭɘŬűɏɟɞɡɜ ɛŮŰŬɝɨ Űɞɡɠ, 

ůɡɜŮˊɩɠ ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ŬˊɞŰŮɚɏůɛŬŰŬ ɛɧɜɞ Ŭˊɧ Űɞ ŪȷɄ #1. 

 
(Ŭ)      (ɓ) 

 
(ɔ)      (ŭ) 



92 
 

 
(Ů)      (ůŰ) 

 
(ɕ)      (ɖ) 

 
(ɗ)   (ɘ)   (ə) 

ɆɢɐɛŬ 5.6. ȺˊɑŭɟŬůɖ ŮɜŬɚɚŬəŰɘəɩɜ ɚŮɘŰɞɡɟɔɘɩɜ Ŭˊɧəɟɘůɖɠ ůɡɢɜɧŰɖŰŬɠ ŪȷɄ ůŮ ɓɖɛŬŰɘəɐ Ŭɨɝɖůɖ 

űɞɟŰɑɞɡ ůŰɞ ɆȼȺ#1, (Ŭ, ɓ) ůɡɢɜɧŰɖŰŬ ɚŮɘŰɞɡɟɔɑŬɠ ɆȼȺ #1, #2, (ɔ, ŭ) DC ŰɎůɖ Űɤɜ əɧɛɓɤɜ Űɤɜ HVDC 

ɖˊŮɘɟɤŰɘəɩɜ ɛŮŰŬŰɟɞˊɏɤɜ#1, #2, (Ů, ůŰ) ŮɜŮɟɔɧɠ ɘůɢɨɠ Ůɝɧŭɞɡ Űɤɜ HVDC ɖˊŮɘɟɤŰɘəɩɜ ɛŮŰŬŰɟɞˊɏɤɜ #1, 

#2, (ɕ) ŮɔɢŮɧɛŮɜɖ ŮɜŮɟɔɧɠ ɘůɢɨɠ Ůɝɧŭɞɡ Űɞɡ ŪȷɄ#1, (ɖ) ɛŮŰŬűŮɟɧɛŮɜɖ DC ɘůɢɨɠ Űɖɠ HVDC ɔɟŬɛɛɐɠ 3-4, 
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(ɗ) ɔɤɜɑŬ ɓɐɛŬŰɞɠ Űɤɜ ˊŰŮɟɡɔɑɤɜ Űɤɜ ɡˊŮɟɎəŰɘɤɜ ȷ/ũ Űɞɡ ŪȷɄ #1, (ɘ) ůɡɢɜɧŰɖŰŬ ɚŮɘŰɞɡɟɔɑŬɠ ɡˊŮɟɎəŰɘɞɡ 

AC ŭɘəŰɨɞɡ #4, (ə) ŰŬɢɨŰɖŰŬ ˊŮɟɘůŰɟɞűɐɠ Űɤɜ ɡˊŮɟɎəŰɘɤɜ ȷ/ũ Űɞɡ ŪȷɄ #1. 

 

 ȳˊɤɠ ŭɘŬˊɘůŰɩɜŮŰŬɘ Ŭˊɧ ŰŬ ŬˊɞŰŮɚɏůɛŬŰŬ ˊɟɞůɞɛɞɑɤůɖɠ ɡˊɞůɡɢɜɧŰɖŰŬɠ ůŰɞ 

ɆȼȺ#1 ɁɞɟɓɖɔɑŬɠ, ɖ ˊɟɧůɗŮŰɖ Ŭɘɞɚɘəɐ ɘůɢɨɠ (ɚɧɔɤ ŮűŮŭɟŮɑŬɠ) ɞ́ɡ ŬˊŮɚŮɡɗŮɟɩɜŮŰŬɘ 

Ŭˊɧ ŰŬ ŪȷɄ #1 əŬɘ #2, ɛɏůɤ ůɡɜŭɡŬůɛɏɜɞɡ Ůɚɏɔɢɞɡ ůɡɢɜɧŰɖŰŬɠ Űɤɜ ȷ/ũ 

(droop&inertia), ŬɜŬəŬŰŬɜɏɛŮŰŬɘ ůŰŬ ŭɨɞ ŬůɨɔɢɟɞɜŬ ɆȼȺ. Ƀ ɖˊŮɘɟɤŰɘəɧɠ 

ɛŮŰŬŰɟɞˊɏŬɠ #1 ŮˊɘŰɡɔɢɎɜŮɘ ŰɧŰŮ Ŭˊɧəɟɘůɖ ůŰŬŰɘůɛɞɨ ůɡɢɜɧŰɖŰŬɠ ɑůɖ ɛŮ : 

Ὑ
ῳ‫

ῳὖ

τωȢυφυφ
υπ

υπ
υπ

υψχȢςρυ
ρπππ
πȢω

τψσȢχπψ
ρπππ
πȢω

Ȣ Ϸ Ὑ υϷ 

ȼ Űɘɛɐ 9.33% ŮɑɜŬɘ ɓŮɚŰɘɤɛɏɜɖ ůŮ ůɢɏůɖ ɛŮ Űɞ ɆŮɜɎɟɘɞ Ƚ, ŬɚɚɎ ɛŬəɟɘɎ ŬəɧɛŬ Ŭˊɧ Űɞɜ 

ůŰŬŰɘůɛɧ Rf_droop
TSO=5% ˊɞɡ ɞɟɑɕŮɘ ɞ ȹɘŬɢŮɘɟɘůŰɐɠ ɔɘŬ Űɞɜ ɖˊŮɘɟɤŰɘəɧ ɛŮŰŬŰɟɞˊɏŬ #1. 

 Ƀɘ ŮɜŬɚɚŬəŰɘəɏɠ ɚŮɘŰɞɡɟɔɑŮɠ Ŭˊɧəɟɘůɖɠ ůɡɢɜɧŰɖŰŬɠ Űɤɜ ŪȷɄ ˊŬɟɞɡůɘɎɕɞɡɜ 

ɧɛɞɘŬ ůɡɛˊŮɟɘűɞɟɎ ɛŮ ŬɡŰɏɠ Űɤɜ ɖˊŮɘɟɤŰɘəɩɜ ɛŮŰŬŰɟɞˊɏɤɜ Űɞɡ ɆŮɜŬɟɑɞɡ Ƚ, ɛŮ Űɖ 

əŬɚɨŰŮɟɖ ɚŮɘŰɞɡɟɔɑŬ ɜŬ ŮˊɘŰɡɔɢɎɜŮŰŬɘ ɛŮ ůɡɜŭɡŬůɛɏɜɞ ɏɚŮɔɢɞ ůŰŬŰɘůɛɞɨ əŬɘ 

ŬŭɟŬɜŮɑŬɠ. ȼ ŬŭɟŬɜŮɘŬəɐ Ŭˊɧəɟɘůɖ Űɤɜ ŪȷɄ ŮˊɘűɏɟŮɘ ɛɘəɟɧŰŮɟɖ ɛŮŰŬɓŬŰɘəɐ ɛŮɑɤůɖ 

Űɖɠ ůɡɢɜɧŰɖŰŬɠ Űɞɡ ɆȼȺ ɁɞɟɓɖɔɑŬɠ #1 əŬŰɎ ŰŬ ˊɟɩŰŬ ŭŮɡŰŮɟɧɚŮˊŰŬ Űɞɡ ůűɎɚɛŬŰɞɠ, 

ɚɧɔɤ Űɖɠ ɎɛŮůɖɠ ŬˊŮɚŮɡɗɏɟɤůɖɠ əɘɜɖŰɘəɐɠ ŮɜɏɟɔŮɘŬɠ Ŭˊɧ Űɞɡɠ ɎɝɞɜŮɠ Űɤɜ ȷ/ũ. 

ɆŰɞɜ ůɡɜŭɡŬůɛɏɜɞ ɏɚŮɔɢɞ (droop&inertia), ŬɡɝɎɜŮŰŬɘ ɖ ŮɔɢŮɧɛŮɜɖ ŮɜŮɟɔɧɠ 

ɘůɢɨɠ Űɤɜ ŪȷɄ, ɛɏůɤ ɛŮɑɤůɖɠ Űɖɠ ɔɤɜɑŬɠ ˊŰŮɟɡɔɑɤɜ ɓ. ɆŰɖ ˊɟɞəŮɘɛɏɜɖ ˊŮɟɑˊŰɤůɖ Űɞ 

ɓ ɛɖŭŮɜɑɕŮŰŬɘ, ˊɞɡ ůɖɛŬɑɜŮɘ ɧŰɘ ŰŬ ŪȷɄ ŮɝŬɜŰɚɞɨɜ Űɞ reserve 10% ɔɘŬ Ŭɨɝɖůɖ űɞɟŰɑɞɡ 

500 MW. ȼ DC ŰɎůɖ Űɞɡ onshore VSC1 ɛŮɘɩɜŮŰŬɘ ɚɘɔɧŰŮɟɞ ɚɧɔɤ Űɖɠ ˊɟɧůɗŮŰɖɠ 

ɘůɢɨɞɠ ŮűŮŭɟŮɑŬɠ Űɤɜ ŪȷɄ ˊɞɡ ŮɘůɏɟɢŮŰŬɘ ůŰɞ MTDC. H DC ŰɎůɖ Űɞɡ onshore VSC2 

ŭɏɢŮŰŬɘ ɏɜŬ ɛŮŰŬɓŬŰɘəɧ əŬɘ ɘůɞɟɟɞˊŮɑ ŮɚɎɢɘůŰŬ ˊɎɜɤ Ŭˊɧ Űɖɜ ˊɟɞ ŭɘŬŰŬɟŬɢɐɠ Űɘɛɐ 

Űɖɠ. ȷɡŰɧ ɞűŮɑɚŮŰŬɘ ůŰɖ ˊɟɧůɗŮŰɖ Ŭɘɞɚɘəɐ ɘůɢɨ ɚɧɔɤ reserve ́ ɞɡ ŬˊɞɟɟɞűɎŰŬɘ Ŭˊɧ Űɞ 

çɡɔɘɏɠè ɆȼȺ Űɖɠ ũŮɟɛŬɜɑŬɠ. ȽůɞŭɨɜŬɛŬ, ɖ ŮɔɢŮɧɛŮɜɖ ɘůɢɨɠ Űɞɡ VSC2 ŮɑɜŬɘ 

ɛŮɔŬɚɨŰŮɟɖ ůŮ ůɢɏůɖ ɛŮ Űɞɜ no.freq.control ɏɚŮɔɢɞ əŬɘ ˊɟɞůŮɔɔɑɕŮɘ Űɖɜ ˊɟɞ 

ŭɘŬŰŬɟŬɢɐɠ Űɘɛɐ Űɖɠ ɛŮŰɎ Űɖɜ ɘůɞɟɟɞˊɑŬ. ũɘŬ ŬɡŰɧ əŬɘ ɖ ůɡɢɜɧŰɖŰŬ Űɞɡ ɆȼȺ#2 

ũŮɟɛŬɜɑŬɠ ůŰŬɗŮɟɞˊɞɘŮɑŰŬɘ ŮɚɎɢɘůŰŬ ˊɎɜɤ Ŭˊɧ ŰŬ 50 Hz. ŪŮŰɘəɧ ŮɑɜŬɘ ɧŰɘ ɖ 

ŮɚŮɔɢɧɛŮɜɖ ůɡɢɜɧŰɖŰŬ Űɤɜ ɡˊŮɟɎəŰɘɤɜ AC ŭɘəŰɨɤɜ ˊŬɟɞɡůɘɎɕŮɘ ɛɘəɟɧŰŮɟɖ ɛŮɑɤůɖ 

əŬŰɎ Űɞɜ ůɡɜŭɡŬůɛɏɜɞ ɏɚŮɔɢɞ. 

 

ɆŰɞ ɆɢɐɛŬ 5.7 ŮɝŮŰɎɕŮŰŬɘ ɖ ŬɜŰɑůŰɞɘɢɖ ɘəŬɜɧŰɖŰŬ Űɤɜ ŪȷɄ ɜŬ 

ŬɜŬˊɟɞůŬɟɛɧůɞɡɜ Űɖɜ ŮɔɢŮɧɛŮɜɖ ŮɜŮɟɔɧ ɘůɢɨ ůŮ ůɡɜɗɐəŮɠ ɡˊŮɟůɡɢɜɧŰɖŰŬɠ, 

ˊɟɞůɞɛɞɘɩɜɞɜŰŬɠ ɓɖɛŬŰɘəɐ ɛŮɑɤůɖ Űɞɡ űɞɟŰɑɞɡ ůŰɞ ɕɡɔɧ 1 əŬŰɎ 500 MW. 
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(Ŭ)      (ɓ) 

 
(ɔ)      (ŭ) 

 
(Ů)      (ůŰ) 
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(ɕ)      (ɖ) 

 
(ɗ)   (ɘ)   (ə) 

 
(ɚ)      (ɛ) 

ɆɢɐɛŬ 5.7. ȺˊɑŭɟŬůɖ ŮɜŬɚɚŬəŰɘəɩɜ ɚŮɘŰɞɡɟɔɘɩɜ Ŭˊɧəɟɘůɖɠ ůɡɢɜɧŰɖŰŬɠ ŪȷɄ ůŮ ɓɖɛŬŰɘəɐ ɛŮɑɤůɖ 

űɞɟŰɑɞɡ ůŰɞ ɆȼȺ#1 əŬŰɎ 500 MW, (Ŭ, ɓ) ůɡɢɜɧŰɖŰŬ ɚŮɘŰɞɡɟɔɑŬɠ ɆȼȺ #1, #2, (ɔ, ŭ) DC ŰɎůɖ Űɤɜ əɧɛɓɤɜ 

Űɤɜ HVDC ɖˊŮɘɟɤŰɘəɩɜ ɛŮŰŬŰɟɞˊɏɤɜ#1, #2, (Ů, ůŰ) ŮɜŮɟɔɧɠ ɘůɢɨɠ Ůɝɧŭɞɡ Űɤɜ HVDC ɖˊŮɘɟɤŰɘəɩɜ 

ɛŮŰŬŰɟɞˊɏɤɜ #1, #2, (ɕ) ŮɔɢŮɧɛŮɜɖ ŮɜŮɟɔɧɠ ɘůɢɨɠ Ůɝɧŭɞɡ Űɞɡ ŪȷɄ#1, (ɖ) ɛŮŰŬűŮɟɧɛŮɜɖ DC ɘůɢɨɠ Űɖɠ 

HVDC ɔɟŬɛɛɐɠ 3-4, (ɗ) ɔɤɜɑŬ ɓɐɛŬŰɞɠ Űɤɜ ˊŰŮɟɡɔɑɤɜ Űɤɜ ɡˊŮɟɎəŰɘɤɜ ȷ/ũ Űɞɡ ŪȷɄ #1, (ɘ) ůɡɢɜɧŰɖŰŬ 
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ɚŮɘŰɞɡɟɔɑŬɠ ɡˊŮɟɎəŰɘɞɡ AC ŭɘəŰɨɞɡ #4, (ə) ŰŬɢɨŰɖŰŬ ˊŮɟɘůŰɟɞűɐɠ Űɤɜ ɡˊŮɟɎəŰɘɤɜ ȷ/ũ Űɞɡ ŪȷɄ #1, (ɚ, ɛ) 

Ŭˊɧəɟɘůɖ ɘůɢɨɞɠ SG1, SG2. 

 

ȳŰŬɜ ŭŮɜ ŮűŬɟɛɧɕŮŰŬɘ Ŭˊɧəɟɘůɖ ůɡɢɜɧŰɖŰŬɠ Ŭˊɧ ŰŬ ŪȷɄ (ɛˊɚŮ ɔɟŬɛɛɐ-No 

freq.control), ŮˊŮɜŮɟɔŮɑ ɛɞɜɎɢŬ ɞ ůŰŬŰɘůɛɧɠ DC ŰɎůɖɠ əŬɘ ɞ ůŰŬŰɘůɛɧɠ ůɡɢɜɧŰɖŰŬɠ 

Űɤɜ ŭɨɞ ɖˊŮɘɟɤŰɘəɩɜ ɛŮŰŬŰɟɞˊɏɤɜ. Ƀ ɖˊŮɘɟɤŰɘəɧɠ VSC1 Űɖɠ ɁɞɟɓɖɔɑŬɠ, ɚɧɔɤ 

Ŭɨɝɖůɖɠ Űɖɠ ůɡɢɜɧŰɖŰŬɠ ˊɞɡ çɓɚɏˊŮɘè, ˊŬɟɎɔŮɘ ŬɟɢɘəɎ ŬɜŬűɞɟɎ ɘůɢɨɞɠ ɝÐͅᶻ

+ͺ  ẗ ɝʖ π. ȰŰůɘ, ɛŮɘɩɜŮɘ Űɖɜ ŬˊɞɟɟɞűɞɨɛŮɜɖ ɘůɢɨ Ŭˊɧ Űɞ MTDC, ɞˊɧŰŮ 

ŬɡɝɎɜŮŰŬɘ ɖ DC ŰɎůɖ ɧɚɞɡ Űɞɡ ŭɘəŰɨɞɡ. ȿɧɔɤ Űɞɡ ŰŮɚŮɡŰŬɑɞɡ, ɖ ŬɜŬűɞɟɎ ɘůɢɨɞɠ ɚɧɔɤ 

ůŰŬŰɘůɛɞɨ DC ŰɎůɖɠ PDC
*=ȾDCẗ(VDC-E*) ŬɡɝɎɜŮŰŬɘ, ŭɖɚŬŭɐ 0$#

ɕ ŬɜŰɘŭɟɎ ŬɜŬɘɟŮŰɘəɎ 

ůŰɞ ɝÐͅᶻ  . ɇŮɚɘəɎ Űɞ ɝÐͅᶻ  ɡˊŮɟɘůɢɨŮɘ əŬɘ ɞ VSC1 ɛŮɘɩɜŮɘ Űɖɜ 

ŬˊɞɟɟɞűɞɨɛŮɜɖ ɘůɢɨ Ŭˊɧ Űɞ MTDC. 

O ɖˊŮɘɟɤŰɘəɧɠ VSC2 Űɖɠ ũŮɟɛŬɜɑŬɠ çɓɚɏˊŮɘè Ŭɨɝɖůɖ Űɖɠ DC ŰɎůɖɠ Űɞɡ 

əɧɛɓɞɡ Űɞɡ əŬɘ ŬɜŰɘŭɟɎ, ŬɡɝɎɜɞɜŰŬɠ Űɖɜ ŬɜŬűɞɟɎ ŮɜŮɟɔɞɨ ɘůɢɨɞɠ PDC
*=ȾDCẗ(VDC-E*) 

ˊɞɡ ŰɟŬɓɎŮɘ Ŭˊɧ Űɞ ɀɇDC. ɇɞ ɘůɞɕɨɔɘɞ ɘůɢɨɞɠ Űɞɡ çɡɔɘɞɨɠè ɆȼȺ#2 ũŮɟɛŬɜɑŬɠ 

ɢŬɚɎŮɘ, ɛŮ ŬˊɞŰɏɚŮůɛŬ ɜŬ ŬɡɝɎɜŮŰŬɘ ɖ ůɡɢɜɧŰɖŰɎ Űɞɡ. ȼ AC ůɡɛɓŬŰɘəɐ ɛɞɜɎŭŬ, ˊɞɡ 

ˊɟɞůɞɛɞɘɩɜŮɘ Űɞ ɆȼȺ#2 ŬɜŰɘŭɟɎ ɚɧɔɤ Űɞɡ ůŰŬŰɘůɛɞɨ Űɖɠ RSG, ɛŮɘɩɜɞɜŰŬɠ Űɖɜ ŮɜŮɟɔɧ 

ɘůɢɨ Űɖɠ. ɇɏɚɞɠ, ŮˊŮɘŭɐ ɞ ɖˊŮɘɟɤŰɘəɧɠ VSC2 ŮɑɜŬɘ Ůˊɑůɖɠ ŮűɞŭɘŬůɛɏɜɞɠ ɛŮ ůŰŬŰɘůɛɧ 

ůɡɢɜɧŰɖŰŬɠ, ˊŬɟɎɔŮɘ ŬɟɜɖŰɘəɐ ŬɜŬűɞɟɎ ɘůɢɨɞɠ ɝÐͅᶻ +ͺ  ẗ ɝʖ π, 

ŬɜŰɘəɟɞɡɧɛŮɜɞ ůɐɛŬ ɛŮ Űɞ PDC
*=ȾDCẗ(VDC-E*). ɇŮɚɘəɎ ŬɡɝɎɜŮŰŬɘ ɖ ɘůɢɨɠ ˊɞɡ 

ŬˊɞɟɟɞűɎ ɞ VSC2. 

ȼ ŮűŬɟɛɞɔɐ droop&inertia control Ŭˊɧ ŰŬ ŪȷɄ ŮˊŮɜŮɟɔŮɑ ŮˊɘˊɟɧůɗŮŰŬ, 

ŮˊɘűɏɟɞɜŰŬɠ ˊŮɟɘɞɟɘůɛɧ Űɖɠ Ŭɨɝɖůɖɠ ůɡɢɜɧŰɖŰŬɠ əŬŰɎ 0.1 Hz ůŰɞ ɆȼȺ ɁɞɟɓɖɔɑŬɠ. 

ȾŬŰɎ Űɖɜ ŬˊɧŰɞɛɖ ɛŮɑɤůɖ űɞɟŰɑɞɡ, ůŰɏɚɜŮŰŬɘ ˊɟɞɠ Űɞɡɠ ɡˊŮɟɎəŰɘɞɡɠ ɛŮŰŬŰɟɞˊŮɑɠ 

ŮɜŰɞɚɐ ɛŮɑɤůɖɠ ŮɔɢŮɧɛŮɜɖɠ ɘůɢɨɞɠ, Űɞ ɞˊɞɑɞ ɛŮŰŬűɟɎɕŮŰŬɘ ůŮ ŮɜŰɞɚɐ Ŭɨɝɖůɖ Űɖɠ 

offshore AC ůɡɢɜɧŰɖŰŬɠ əŬɘ ɞŭɖɔŮɑ ůŮ ɛŮɑɤůɖ Űɖɠ ˊŬɟŬɔɧɛŮɜɖɠ ɘůɢɨɞɠ Űɤɜ ŪȷɄ ɛɏůɤ 

Ŭɨɝɖůɖɠ Űɖɠ ɔɤɜɑŬɠ ˊŰŮɟɡɔɑɤɜ ɓ. ɇŮɚɘəɎ, ɖ ɛŮɑɤůɖ ˊŬɟŬɔɧɛŮɜɖɠ ɘůɢɨɞɠ Űɤɜ ŪȷɄ, 

ɛŮɘɩɜŮɘ ŭɡůŰɡɢɩɠ əŬɘ Űɖɜ ŬˊɞɟɟɞűɞɨɛŮɜɖ ɘůɢɨ Űɞɡ VSC2, ɛŮ ůɡɜɏˊŮɘŬ Űɖ ɛŮɑɤůɖ Űɖɠ 

ůɡɢɜɧŰɖŰŬɠ Űɞɡ çɡɔɘɞɨɠè ɆȼȺ ũŮɟɛŬɜɑŬɠ. ɇɞ əɟɘŰɐɟɘɞ Ŭɝɘɞɚɧɔɖůɖɠ ŮɑɜŬɘ ɖ 

ˊɟŬɔɛŬŰɘəɐ Ŭˊɧəɟɘůɖ ůŰŬŰɘůɛɞɨ ůɡɢɜɧŰɖŰŬɠ ˊɞɡ ŮˊɘŰɡɔɢɎɜŮɘ ɞ VSC1 : 

Ὑ
ῳ‫

ῳὖ

υπȢτπυτ
υπ

υπ
υπ

συφȢςωφ
ρπππ
πȢω

τψσȢυχς
ρπππ
πȢω

Ȣ Ϸ Ὑ υϷ 

, Űɞ ɞˊɞɑɞ ŭŮ ˊɟɞůŮɔɔɑɕŮɘ ŬˊɧɚɡŰŬ Űɖɜ Űɘɛɐ -5% ˊɞɡ ɞɟɑɕŮɘ ɞ ȹɘŬɢŮɘɟɘůŰɐɠ ɔɘŬ Űɞɜ 

VSC1. 

ȾŬŰɎ Űɞɜ ɏɚŮɔɢɞ droop&inertia Űɤɜ ŪȷɄ, ɖ ŮɚŮɔɢɧɛŮɜɖ ůɡɢɜɧŰɖŰŬ Űɤɜ 

ɡˊŮɟɎəŰɘɤɜ AC ŭɘəŰɨɤɜ ˊŬɟɞɡůɘɎɕŮɘ ɛɘəɟɧŰŮɟɖ Ŭɨɝɖůɖ. ȼ ŰŬɢɨŰɖŰŬ ˊŮɟɘůŰɟɞűɐɠ Űɞɡ 

ŭɟɞɛɏŬ ŭɏɢŮŰŬɘ ɛɘŬ ŬɘůɗɖŰɐ ɛŮɑɤůɖ ŰŬ ˊɟɩŰŬ ŭŮɡŰŮɟɧɚŮˊŰŬ ɚɧɔɤ Űɖɠ ŰŬɢɨŰŮɟɖɠ 

ɛŮɑɤůɖɠ Űɖɠ ŬŮɟɞŭɡɜŬɛɘəɐɠ ɘůɢɨɞɠ ůŮ ůɢɏůɖ ɛŮ Űɖɜ ŮɜŮɟɔɧ ɘůɢɨ ŬɜŬűɞɟɎɠ əŬɘ 

ŮˊŬɜɏɟɢŮŰŬɘ ˊɟŬəŰɘəɎ ůŰɖɜ Ŭɟɢɘəɐ Űɖɠ Űɘɛɐ ɛŮŰɎ Űɞ ˊɏɟŬɠ ŭɘŬŰŬɟŬɢɐɠ. 

 

 

5.5 ȺˊɑŭɟŬůɖ Ůˊɘˊɏŭɞɡ ŮűŮŭɟŮɑŬɠ ɘůɢɨɞɠ Ŭˊɧ ŰŬ ŪȷɄ 
 

ȼ Űɐɟɖůɖ ŮűŮŭɟŮɑŬɠ ɘůɢɨɞɠ Ŭˊɧ ŰŬ ŪȷɄ ůŮ əŬɜɞɜɘəɐ ɚŮɘŰɞɡɟɔɑŬ ŭɑɜŮɘ Űɖ 

ŭɡɜŬŰɧŰɖŰŬ ɏɔɢɡůɖɠ ˊɟɧůɗŮŰɖɠ ŮɜŮɟɔɞɨ ɘůɢɨɞɠ ůŮ ůɡɜɗɐəŮɠ ɡˊɞůɡɢɜɧŰɖŰŬɠ Űɤɜ ɆȼȺ 
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əŬɘ ůɡɜŭɏŮŰŬɘ ɎɛŮůŬ ɛŮ Űɞɜ ŮˊɘŰŮɡɢɗŮɑůŬ Ŭˊɧəɟɘůɖ ůŰŬŰɘůɛɞɨ ůɡɢɜɧŰɖŰŬɠ Űɤɜ 

ɖˊŮɘɟɤŰɘəɩɜ ɛŮŰŬŰɟɞˊɏɤɜ Űɞɡ MTDC. ũɘŬ Űɖɜ ŬɜŬɚɡŰɘəɧŰŮɟɖ ŮɝɏŰŬůɖ Űɖɠ ŮˊɑŭɟŬůɖɠ 

Űɞɡ Ůˊɘˊɏŭɞɡ ŮűŮŭɟŮɑŬɠ ɘůɢɨɞɠ ůŰɖɜ Ŭˊɧəɟɘůɖ ůɡɢɜɧŰɖŰŬɠ, ŭɘŮɜŮɟɔɐɗɖəŬɜ 

ˊɟɞůɞɛɞɘɩůŮɘɠ ɔɘŬ Űɖɜ ɑŭɘŬ ŭɘŬŰŬɟŬɢɐ űɞɟŰɑɞɡ, ŮɝŮŰɎɕɞɜŰŬɠ ŭɨɞ ŭɘŬűɞɟŮŰɘəɎ ŮˊɑˊŮŭŬ 

ŮűŮŭɟŮɑŬɠ. ɆŮ ɧɚŮɠ Űɘɠ ˊŮɟɘˊŰɩůŮɘɠ ŮɝɏŰŬůɖɠ ŮűŬɟɛɧɕŮŰŬɘ ɞ ůɡɜŭɡŬůɛɏɜɞɠ ɏɚŮɔɢɞɠ 

ůŰŬŰɘůɛɞɨ əŬɘ ŬŭɟŬɜŮɘŬəɐɠ Ŭˊɧəɟɘůɖɠ (droop&inertia) Ŭˊɧ ŰŬ ŪȷɄ. 

ɆŰɞ ɆŮɜɎɟɘɞ ȽȽ ŭɘŬˊɘůŰɩɗɖəŮ ɧŰɘ əŬŰɎ Űɖɜ Ŭɨɝɖůɖ űɞɟŰɑɞɡ 500 MW ůŰɞ 

ɆȼȺ#1, ŰŬ ŪȷɄ ŮɝŬɜŰɚɞɨɜ Űɞ 10% reserve Ŭɘɞɚɘəɐɠ ɘůɢɨɞɠ ɛŮ Űɞ ɓ Űɤɜ ȷ/ũ ɜŬ 

ɛɖŭŮɜɑɕŮŰŬɘ. ȺɜŭɘŬűɏɟɞɜ ɗŬ ɐŰŬɜ ɜŬ ŮɝŮŰŬůɗŮɑ ɖ Ŭˊɧəɟɘůɖ ůɡɢɜɧŰɖŰŬɠ Űɞɡ MTDC ɔɘŬ 

20% reserve Ŭˊɧ ŰŬ ŭɨɞ ŪȷɄ ɛŮ ɧɛɞɘŬ Ŭɨɝɖůɖ űɞɟŰɑɞɡ 500 MW ůŰɞ ɆȼȺ#1 

ɁɞɟɓɖɔɑŬɠ. 

 

 
ɆɢɐɛŬ 5.8. ȺˊɑŭɟŬůɖ Ůˊɘˊɏŭɞɡ ŮűŮŭɟŮɑŬɠ ɘůɢɨɞɠ Űɤɜ ŪȷɄ ůŰɖɜ Ŭˊɧəɟɘůɖ ůɡɢɜɧŰɖŰŬɠ Űɞɡ MTDC, (Ŭ, ɓ) 

ůɡɢɜɧŰɖŰŬ ɚŮɘŰɞɡɟɔɑŬɠ ɆȼȺ #1, #2, (ɔ) ɔɤɜɑŬ ɓɐɛŬŰɞɠ Űɤɜ ˊŰŮɟɡɔɑɤɜ Űɤɜ ɡˊŮɟɎəŰɘɤɜ ȷ/ũ Űɞɡ ŪȷɄ #1, 

(ŭ) ŮɔɢŮɧɛŮɜɖ ŮɜŮɟɔɧɠ ɘůɢɨɠ Ůɝɧŭɞɡ Űɞɡ ŪȷɄ#1. 

 

ȳˊɤɠ ŬɜŬɛŮɜɧŰŬɜ ɖ ůɡɢɜɧŰɖŰŬ Űɞɡ ɆȼȺ#1 ɁɞɟɓɖɔɑŬɠ ɘůɞɟɟɞˊŮɑ ˊɘɞ ɣɖɚɎ ɛŮ 

reserve 20%. ȸɏɓŬɘŬ, ŬɡŰɧ ɞŭɖɔŮɑ əŬɘ Űɖ ůɡɢɜɧŰɖŰŬ Űɞɡ ɆȼȺ ũŮɟɛŬɜɑŬɠ ɜŬ ɝŮˊŮɟɜɎ 

ŰŬ 50 Hz. ȼ ŬɘŰɑŬ ŮɑɜŬɘ ˊɤɠ Űɞ reserve ɘůɢɨɞɠ ˊɞɡ ŬˊŮɚŮɡɗŮɟɩɜŮŰŬɘ Ŭˊɧ ŰŬ ŭɨɞ ŪȷɄ 

əŬŰŮɡɗɨɜŮŰŬɘ əŬɘ ůŰŬ ŭɨɞ ɆȼȺ əŬɘ ɧɢɘ ˊɟɞɠ ŬɡŰɧ ˊɞɡ ŭɏɢŮŰŬɘ Űɖ ɛŮŰŬɓɞɚɐ űɞɟŰɑɞɡ. ȼ 

ɔɤɜɑŬ ˊŰŮɟɡɔɑɤɜ ɘůɞɟɟɞˊŮɑ ůŰɞ ɓ=1.0450 , űŬɜŮɟɩɜɞɜŰŬɠ ɧŰɘ ŭŮɜ ŮɝŬɜŰɚŮɑŰŬɘ ɧɚɞ Űɞ 
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reserve Űɤɜ ŪȷɄ. ɋɠ əɟɘŰɐɟɘɞ ŬɝɘɞˊɘůŰɑŬɠ ɗŬ ɡˊɞɚɞɔɘůɗŮɑ əŬɘ ˊɎɚɘ ɖ ˊɟŬɔɛŬŰɘəɐ 

Ŭˊɧəɟɘůɖ ůɡɢɜɧŰɖŰŬɠ Űɞɡ VSC1 ɔɘŬ reserve 20%, ɖ ɞˊɞɑŬ ŮɑɜŬɘ Ὑ Ȣ Ϸ . 

ũɘŬ ɧɛɞɘŬ ɛŮŰŬɓɞɚɐ űɞɟŰɘɞɨ 500 MW əŬɘ reserve 10% , o VSC1 ˊŬɟɞɡůɘɎɕŮɘ 

ɢŮɘɟɧŰŮɟɖ Ŭˊɧəɟɘůɖ ůɡɢɜɧŰɖŰŬɠ Ὑ ωȢσσϷ ɛŮ Űɞ ɓ Űɤɜ ȷ/ũ ɜŬ ɛɖŭŮɜɑɕŮŰŬɘ. 

ɆɡɛˊɏɟŬůɛŬ, ɖ ŮˊɘŰŮɡɢɗŮɑůŬ Ŭˊɧəɟɘůɖ ůŰŬŰɘůɛɞɨ ůɡɢɜɧŰɖŰŬɠ Ŭˊɧ Űɞɡɠ ɖˊŮɘɟɤŰɘəɞɨɠ 

ɛŮŰŬŰɟɞˊŮɑɠ ŮɝŬɟŰɎŰŬɘ Ŭˊɧ Űɖɜ ˊɟɤŰɞɔŮɜɐ ɘəŬɜɧŰɖŰŬ Űɤɜ ŪȷɄ ˊɟɞůűɏɟɞɡɜ Űɖɜ ɘůɢɨ 

ˊɞɡ Űɞɡɠ ɕɖŰŮɑŰŬɘ. 

 ɋůŰɧůɞ, ŮɑɜŬɘ ˊɟɞűŬɜɏɠ ɧŰɘ əɨɟɘɞɠ ŬɜŬůŰŬɚŰɘəɧɠ ˊŬɟɎɔɞɜŰŬɠ Űɧůɞ ɡɣɖɚɞɨ 

reserve ůŮ ˊɟŬɔɛŬŰɘəɏɠ ŮűŬɟɛɞɔɏɠ ŮɑɜŬɘ ɞɘ ŬˊŬɘŰɞɨɛŮɜŮɠ ˊŮɟɘəɞˊɏɠ ɘůɢɨɞɠ ůŮ əŬɜɞɜɘəɐ 

ɚŮɘŰɞɡɟɔɑŬ ˊɞɡ ɏɢɞɡɜ ɎɛŮůŮɠ ɞɘəɞɜɞɛɘəɏɠ ůɡɜɏˊŮɘŮɠ ɔɘŬ Űɞɜ ˊŬɟŬɔɤɔɧ Űɞɡ ŪȷɄ. 

ȸŬůɘəɐ ˊɟɞɦˊɧɗŮůɖ ɔɘŬ Űɖ ɟŮŬɚɘůŰɘəɐ Ŭɝɘɞˊɞɑɖůɖ Űɤɜ ŭɘŬɗɏůɘɛɤɜ ɚŮɘŰɞɡɟɔɘɩɜ 

Ůɚɏɔɢɞɡ ůɡɢɜɧŰɖŰŬɠ Űɤɜ Ŭɘɞɚɘəɩɜ ˊɎɟəɤɜ ɔŮɜɘəɧŰŮɟŬ ŮɑɜŬɘ ɖ ŮɝŬůűɎɚɘůɖ Űɖɠ 

ɞɘəɞɜɞɛɘəɐɠ ɓɘɤůɘɛɧŰɖŰŬɠ Űɖɠ Ůˊɏɜŭɡůɖɠ, Ůɜɩ əɟɑɜŮŰŬɘ ůəɧˊɘɛɖ ɖ ůɡɛɛŮŰɞɢɐ Űɤɜ 

ůŰŬɗɛɩɜ ůŰɖɜ ŬɔɞɟɎ Ůˊɘəɞɡɟɘəɩɜ ɡˊɖɟŮůɘɩɜ əŬɘ ɘŭɑɤɠ ůŰɖɜ ŬɔɞɟɎ ŮűŮŭɟŮɘɩɜ 

ˊɟɤŰŮɨɞɡůŬɠ ɟɨɗɛɘůɖɠ ůɡůŰɐɛŬŰɞɠ. 

 ȽůɞŭɨɜŬɛŬ ɛˊɞɟŮɑ ɜŬ ˊɟɞůɞɛɞɘŬůɗŮɑ Ŭɨɝɖůɖ űɞɟŰɑɞɡ 250 MW (Űɞ ɛɘůɧ Ŭˊɧ 

ŰŬ 500 MW) ůŰɞ ɆȼȺ#1 ɁɞɟɓɖɔɑŬɠ ɛŮ reserve 10% Ŭˊɧ ŰŬ ŪȷɄ. ȼ Ŭˊɧəɟɘůɖ 

ůɡɢɜɧŰɖŰŬɠ Űɞɡ ɖˊŮɘɟɤŰɘəɞɨ VSC1 ŮɑɜŬɘ : 

Ὑ
ῳ‫

ῳὖ

τωȢχωφψ
υπ

υπ
υπ

υτχȢτφπ
ρπππ
πȢω

τψσȢχρπ
ρπππ
πȢω

Ȣ  Ϸ 

, ŭɖɚŬŭɐ Ŭəɟɘɓɩɠ ɖ ɑŭɘŬ Ŭˊɧəɟɘůɖ ůɡɢɜɧŰɖŰŬɠ ɛŮ ŬɡŰɐ ɔɘŬ reserve 20% əŬɘ Ŭɨɝɖůɖ 

űɞɟŰɑɞɡ 500 MW. ɆŰɖ ˊɟɞəŮɘɛɏɜɖ ˊŮɟɑˊŰɤůɖ, ɖ ɔɤɜɑŬ ˊŰŮɟɡɔɑɤɜ ɘůɞɟɟɞˊŮɑ ůŰɞ 

ɓ=0.50730, ŭɖɚŬŭɐ ŭŮɜ ŮɝŬɜŰɚŮɑŰŬɘ ɧɚɞ Űɞ reserve Űɤɜ ŪȷɄ. 

 

 

5.6 ɆŮɜɎɟɘɞ ȽIȽ : ɄɟɞŰŮɘɜɧɛŮɜɖ ŰŮɢɜɘəɐ ɓŮɚŰɑɤůɖɠ Űɖɠ Ŭˊɧəɟɘůɖɠ 

ůɡɢɜɧŰɖŰŬɠ Űɞɡ MTDC ŭɘəŰɨɞɡ ˊɞɡ ůɡɜŭɏŮŰŬɘ ůŮ ŬůɨɔɢɟɞɜŬ ɆȼȺ  
 

O ˊɟɞɓɚɖɛŬŰɘůɛɧɠ ˊɞɡ ŭɖɛɘɞɡɟɔɐɗɖəŮ Ŭˊɧ ŰŬ ŬˊɞŰŮɚɏůɛŬŰŬ Űɤɜ 

ˊɟɞůɞɛɞɘɩůŮɤɜ Űɖɠ ˊɟɞɖɔɞɨɛŮɜɖɠ ˊŬɟŬɔɟɎűɞɡ, ɔɘŬ Űɖɜ ŮˊɑŰŮɡɝɖ Űɖɠ ŮˊɘɗɡɛɖŰɐɠ 

Ŭˊɧəɟɘůɖɠ ůɡɢɜɧŰɖŰŬɠ ŭɘŬəɟɘŰɎ ůŮ əɎɗŮ ɖˊŮɘɟɤŰɘəɧ AC ŭɑəŰɡɞ, ŮɑɜŬɘ ɞ Űɟɧˊɞɠ 

ŭɘŬəɑɜɖůɖɠ Űɖɠ ŬˊŬɘŰɞɨɛŮɜɖɠ Ŭɘɞɚɘəɐɠ ɘůɢɨɞɠ ˊɟɞɠ Űɞ ɆȼȺ ˊɞɡ ŮɛűŬɜɑɕŮɘ Űɖ 

ŭɘŬŰŬɟŬɢɐ ůɡɢɜɧŰɖŰŬɠ, ŮɚŬɢɘůŰɞˊɞɘɩɜŰŬɠ Űɖɜ ŮˊɑˊŰɤůɖ ůŰɖ ɚŮɘŰɞɡɟɔɑŬ Űɞɡ Ɏɚɚɞɡ 

ɖˊŮɘɟɤŰɘəɞɨ ɆȼȺ ˊɞɡ ŭŮɜ ŮɛűŬɜɑɕŮɘ Űɖɜ Ůɜ ɚɧɔɤ ŭɘŬŰŬɟŬɢɐ. 

ɆŰɖ ˊŬɟɞɨůŬ ŮɟɔŬůɑŬ, ɖ ˊɟɞŰŮɘɜɧɛŮɜɖ ɛɏɗɞŭɞɠ ŭɘŬəɑɜɖůɖɠ Űɖɠ Ŭɘɞɚɘəɐɠ ɘůɢɨɞɠ 

ɛɏůɤ Űɞɡ MTDC ŭɘəŰɨɞɡ ˊɟɞɠ Űɖɜ ŮˊɘɗɡɛɖŰɐ əŬŰŮɨɗɡɜůɖ ɓŬůɑɕŮŰŬɘ ůŰɖ ŰŮɢɜɖŰɐ 

ɛŮŰŬɓɞɚɐ Űɞɡ ůŰŬŰɘůɛɞɨ DC ŰɎůɖɠ RDC Űɤɜ ɖˊŮɘɟɤŰɘəɩɜ ɛŮŰŬŰɟɞˊɏɤɜ (ɐ ɘůɞŭɨɜŬɛŬ 

Űɞɡ əɏɟŭɞɡɠ ůŰŬŰɘůɛɞɨ DC ŰɎůɖɠ + ), əŬŰɧˊɘɜ ŬɜɑɢɜŮɡůɖɠ ɛŮŰŬɓɞɚɩɜ 

ůɡɢɜɧŰɖŰŬɠ. ɆŰɧɢɞɠ Űɖɠ ˊɟɞŰŮɘɜɧɛŮɜɖɠ ɚɞɔɘəɐɠ Ůɚɏɔɢɞɡ ŮɑɜŬɘ ɖ ŬɜɎɚɖɣɖ Űɖɠ 

ˊɟɧůɗŮŰɖɠ ɘůɢɨɞɠ Ŭˊɧ Űɞɜ ɖˊŮɘɟɤŰɘəɧ ɛŮŰŬŰɟɞˊɏŬ Űɞɡ ɆȼȺ ˊɞɡ ŮɛűŬɜɑɕŮɘ Űɖ 

ŭɘŬŰŬɟŬɢɐ ůɡɢɜɧŰɖŰŬɠ, ŭɘŬŰɖɟɩɜŰŬɠ əŬŰɎ Űɞ ŭɡɜŬŰɧɜ ŬɜŮˊɖɟɏŬůŰŬ ŰŬ ŮˊɑˊŮŭŬ Űɖɠ DC 

ŰɎůɖɠ ɚŮɘŰɞɡɟɔɑŬɠ Űɤɜ ɡˊɧɚɞɘˊɤɜ ɖˊŮɘɟɤŰɘəɩɜ ɛŮŰŬŰɟɞˊɏɤɜ, ˊɟɞəŮɘɛɏɜɞɡ ɜŬ ɛɖɜ 
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ŬɚɚɞɘɤɗŮɑ ɖ ŮɜŮɟɔɧɠ ɘůɢɨɠ ˊɞɡ ŭɘŬəɘɜɞɨɜ ŬɡŰɞɑ ˊɟɞɠ ŰŬ ŭɘŬůɡɜŭŮŭŮɛɏɜŬ Űɞɡɠ ɆȼȺ, ɖ 

ɞˊɞɑŬ ɘůɢɨɠ ŮɚɏɔɢŮŰŬɘ Ŭˊɧ ŮɚŮɔəŰɏɠ ůŰŬŰɘůɛɞɨ DC ŰɎůɖɠ. 

 ɀŮ ɓɎůɖ ŰŬ ˊŬɟŬˊɎɜɤ, ůŰɧɢɞɠ Űɖɠ ˊɟɞŰŮɘɜɧɛŮɜɖɠ ŰŮɢɜɘəɐɠ ŬˊɞŰŮɚŮɑ ɖ 

ɛŮŰŬɓŬŰɘəɐ ŬɜŬŭɘŬɛɧɟűɤůɖ Űɞɡ ůŰŬŰɘůɛɞɨ ŰɎůɖɠ RDC Ŭˊɧ Űɖɜ ɞɜɞɛŬůŰɘəɐ Űɞɡ Űɘɛɐ, 

ůɨɛűɤɜŬ ɛŮ ɏɜŬɜ ɜɧɛɞ Ůɚɏɔɢɞɡ Űɖɠ ɛɞɟűɐɠ : 

 

 2 2 ẗÆʖ  (5.8) 

 

 ũɘŬ ˊŬɟɎŭŮɘɔɛŬ, ůŮ ˊŮɟɑˊŰɤůɖ ɛŮɑɤůɖɠ Űɖɠ ůɡɢɜɧŰɖŰŬɠ ɚŮɘŰɞɡɟɔɑŬɠ Űɞɡ ɆȼȺ, 

ɗŬ ˊɟɏˊŮɘ ɜŬ ɛŮɘɤɗŮɑ ɛŮŰŬɓŬŰɘəɎ ɞ ůŰŬŰɘůɛɧɠ DC ŰɎůɖɠ RDC (ɐ ɘůɞŭɨɜŬɛŬ ɜŬ ŬɡɝɖɗŮɑ 

ɛŮŰŬɓŬŰɘəɎ Űɞ əɏɟŭɞɠ ůŰŬŰɘůɛɞɨ DC ŰɎůɖɠ ȾDC), ɛŮ ůŰɧɢɞ Űɖɜ Ŭɨɝɖůɖ Űɖɠ ŮɔɢŮɧɛŮɜɖɠ 

ŮɜŮɟɔɞɨ ɘůɢɨɞɠ Ŭˊɧ Űɞɜ ɖˊŮɘɟɤŰɘəɧ ɛŮŰŬŰɟɞˊɏŬ ˊɟɞɠ Űɞ ɆȼȺ, ɔɜɤɟɑɕɞɜŰŬɠ ɧŰɘ ɖ 

ˊɟɧůɗŮŰɖ ɘůɢɨɠ ɗŬ ŬˊŮɚŮɡɗŮɟɤɗŮɑ Ŭˊɧ Űɞ ůɨɜɞɚɞ Űɤɜ ŭɘŬůɡɜŭŮŭŮɛɏɜɤɜ ŪȷɄ. ɀŮ 

ɎɚɚŬ ɚɧɔɘŬ , ɞ ɖˊŮɘɟɤŰɘəɧɠ ɛŮŰŬŰɟɞˊɏŬɠ ŬɡŰɧɠ ɔɑɜŮŰŬɘ ˊŮɟɘůůɧŰŮɟɞ çŮɡŬɑůɗɖŰɞɠè ɤɠ 

ˊɟɞɠ Űɖɜ ŬɜɎɚɖɣɖ ɘůɢɨɞɠ ůŮ ůɢɏůɖ ɛŮ Űɞɜ Ɏɚɚɞ. ȼ ɛɞɟűɐ Űɞɡ ɜɧɛɞɡ Ůɚɏɔɢɞɡ Űɖɠ Ⱥɝ. 

5.8 ˊɟɞůŭɘɞɟɑɕŮŰŬɘ ůŰɖɜ ŬɜɎɚɡůɖ ˊɞɡ ŬəɞɚɞɡɗŮɑ. 

 ȳˊɤɠ ɏɢɞɡɛŮ ɐŭɖ ŭŮɘ, ɧŰŬɜ ůŰɞɡɠ ɖˊŮɘɟɤŰɘəɞɨɠ ɛŮŰŬŰɟɞˊŮɑɠ Űɞɡ MTDC 

ŭɘəŰɨɞɡ ŮűŬɟɛɧɕŮŰŬɘ ůŰɟŬŰɖɔɘəɐ Ůɚɏɔɢɞɡ ůŰŬŰɘůɛɞɨ DC ŰɎůɖɠ, ɖ ŬɜŬűɞɟɎ Űɖɠ 

ŭɘŬəɘɜɞɨɛŮɜɖɠ ɘůɢɨɞɠ Űɤɜ ɖˊŮɘɟɤŰɘəɩɜ ɛŮŰŬŰɟɞˊɏɤɜ ŭɑɜŮŰŬɘ Ŭˊɧ Űɖɜ Ůɝɑůɤůɖ : 

 

 Ðᶻ
6 %ᶻ

2
 (5.9) 

 

ɧˊɞɡ VDC ɖ ɛŮŰɟɞɨɛŮɜɖ ŰɎůɖ Űɞɡ əɧɛɓɞɡ əŬɘ Ⱥ* ɖ ŮˊɘɚŮɔɛɏɜɖ ŰɎůɖ ŬɜŬűɞɟɎɠ. 

 ȼ ɛŮŰŬɓɞɚɐ Űɖɠ ŬˊɞɟɟɞűɞɨɛŮɜɖɠ ŮɜŮɟɔɞɨ ɘůɢɨɞɠ Ůɜɧɠ ɖˊŮɘɟɤŰɘəɞɨ 

ɛŮŰŬŰɟɞˊɏŬ ɛɏůɤ ɛŮŰŬɓɞɚɐɠ Űɞɡ ůŰŬŰɘůɛɞɨ ŰɎůɖɠ RDC, ŭɘŬŰɖɟɩɜŰŬɠ ůŰŬɗŮɟɐ Űɖɜ 

ŰɎůɖ ŬɜŬűɞɟɎɠ E*, ɛˊɞɟŮɑ ɜŬ ˊɟɞůŭɘɞɟɘůŰŮɑ Ŭˊɧ Űɖɜ Ŭəɧɚɞɡɗɖ Ůɝɑůɤůɖ : 

 

 ɝÐ Ð Ð
6 ᴂ ɞᶻ

2 ᴂ

6 %ᶻ

2
 (5.10) 

 

ȼ ŬɜɤŰɏɟɤ Ůɝɑůɤůɖ ŬɜŬŭɘŬŰɡˊɩɜŮŰŬɘ ɤɠ Ůɝɐɠ : 

 

 
ɝÐ

ρ

2 ᴂ

ρ

2
6 %ᶻ

ρ

2 ᴂ
6 ᴂ 6  

 
(5.11) 

ȷɛŮɚɩɜŰŬɠ Űɖɜ ŮˊɑŭɟŬůɖ Űɖɠ ɛŮŰŬɓɞɚɐɠ Űɖɠ ŰɎůɖɠ ɚŮɘŰɞɡɟɔɑŬɠ ἤἎἍ ἤἎἍ Űɞɡ 

MTDC ŭɘəŰɨɞɡ ůŰɖɜ ŬˊɞɟɟɞűɞɨɛŮɜɖ ɘůɢɨ ȹp, ɖ Ⱥɝ. 5.11 ŭɑɜŮɘ : 

 

 ɝÐ
ρ

2 ᴂ

ρ

2
6 %ᶻ (5.12) 

 

ȿŬɛɓɎɜɞɜŰŬɠ ɡˊɧɣɖ Űɖɜ Ⱥɝ. 5.9, ɖ ŬɜɤŰɏɟɤ ůɢɏůɖ ŬɜŬŭɘŬŰɡˊɩɜŮŰŬɘ ɤɠ Ůɝɐɠ : 

 

 ɝÐ
ρ

2 ᴂ

ρ

2
ẗÐẗ2  (5.13) 
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ȷˊɧ Űɖ ůŰɘɔɛɐ ˊɞɡ ɞ TSO ŮˊɘɓɎɚŮɘ ůŰɞɜ ɖˊŮɘɟɤŰɘəɧ ɛŮŰŬŰɟɞˊɏŬ Ŭˊɧəɟɘůɖ ůŰŬŰɘůɛɞɨ 

ůɡɢɜɧŰɖŰŬɠ ůŰŬɗŮɟɎɠ Rf_droop, ɖ ɛŮŰŬɓɞɚɐ Űɖɠ ŬˊɞɟɟɞűɞɨɛŮɜɖɠ ŮɜŮɟɔɞɨ ɘůɢɨɞɠ Űɞɡ 

ɛŮŰŬŰɟɞˊɏŬ, ɔɘŬ Űɘɠ ŬɜɎɔəŮɠ ɟɨɗɛɘůɖɠ ůɡɢɜɧŰɖŰŬɠ Űɞɡ ɖˊŮɘɟɤŰɘəɞɨ ɆȼȺ, ɗŬ ˊɟɏˊŮɘ ɜŬ 

ˊɟɞůŮɔɔɑůŮɘ Űɖɜ Űɘɛɐ : 

 

 ɝÐ
ɝʖ

2ͺ
 (5.14) 

 

ɆɡɜŭɡɎɕɞɜŰŬɠ Űɘɠ Ⱥɝ 5.13 əŬɘ 5.14, ůɡɛˊŮɟŬɑɜŮŰŬɘ ɧŰɘ ɖ Űɘɛɐ Űɞɡ ůŰŬŰɘůɛɞɨ ŰɎůɖɠ 2 ᴂ 
ɗŬ ˊɟɏˊŮɘ ɜŬ ɛŮŰŬɓɚɖɗŮɑ ůɨɛűɤɜŬ ɛŮ Űɖɜ Ŭəɧɚɞɡɗɖ ůɢɏůɖ : 

 
ɝʖ

2

ρ

2 ᴂ

ρ

2
Ð2   

 

 
ἠἎἍᴂ ἠἎἍ

ἸẗἠᾞἬἺἷἷἸ

 
(5.15) 

 

, ɧˊɞɡ p ɖ ɛɏŰɟɖůɖ Űɖɠ ŬˊɞɟɟɞűɞɨɛŮɜɖɠ DC ɘůɢɨɞɠ Űɞɡ ɖˊŮɘɟɤŰɘəɞɨ HVDC 

ɛŮŰŬŰɟɞˊɏŬ əŬɘ ȹɤ ɖ ɛɏŰɟɖůɖ Űɤɜ ɛŮŰŬɓɞɚɩɜ ůɡɢɜɧŰɖŰŬɠ (ɧɚŬ ŮəűɟŬůɛɏɜŬ ůŮ Ŭ.ɛ). 

ɆŮ ˊŮɟɑˊŰɤůɖ ˊɞɡ ȹɤ=0, ɖ Ůɝɑůɤůɖ ŭɑɜŮɘ ˊɟɞűŬɜɩɠ 2 ᴂ 2 . 

 ȺɜůɤɛŬŰɩɜɞɜŰŬɠ Űɖɜ ˊŬɟŬˊɎɜɤ Ůɝɑůɤůɖ ůŰɞ ůɨůŰɖɛŬ Ůɚɏɔɢɞɡ əŬɘ Űɤɜ ŭɨɞ 

ɖˊŮɘɟɤŰɘəɩɜ ɛŮŰŬŰɟɞˊɏɤɜ, ɛŮ ůəɞˊɧ Űɖ ɛŮŰŬɓŬŰɘəɐ ŬɜŬŭɘŬɛɧɟűɤůɖ Űɞɡ ůŰŬŰɘůɛɞɨ 

DC ŰɎůɖɠ ůɡɜŬɟŰɐůŮɘ Űɤɜ ɛŮŰŬɓɞɚɩɜ Űɖɠ ůɡɢɜɧŰɖŰŬɠ Űɤɜ ŭɘŬůɡɜŭŮŭŮɛɏɜɤɜ ɆȼȺ, 

ˊɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ ˊɟɞůɞɛɞɑɤůɖ Űɖɠ Ŭˊɧəɟɘůɖɠ Űɞɡ MTDC ŭɘəŰɨɞɡ ůŮ  ůɡɜɗɐəŮɠ 

ɡˊɞůɡɢɜɧŰɖŰŬɠ Űɞɡ ɆȼȺ#1 ɁɞɟɓɖɔɑŬɠ, ɛɏůɤ ɓɖɛŬŰɘəɐɠ Ŭɨɝɖůɖɠ Űɞɡ űɞɟŰɑɞɡ Űɞɡ 

ɕɡɔɞɨ 1 əŬŰɎ 250 MW. ũɘŬ ɚɧɔɞɡɠ ůɡɔəɟɘůɘɛɧŰɖŰŬɠ, ɖ ŰɞˊɞɚɞɔɑŬ Űɞɡ ůɡɜɞɚɘəɞɨ 

ůɡůŰɐɛŬŰɞɠ əŬɘ ɞɘ ˊŬɟɎɛŮŰɟɞɘ ŮɑɜŬɘ Ŭəɟɘɓɩɠ ɧɛɞɘɞɘ ɛŮ ŬɡŰɞɨɠ Űɞɡ ɆŮɜŬɟɑɞɡ ȽȽ. ɆŰŬ 

ŬˊɞŰŮɚɏůɛŬŰŬ ˊɟɞůɞɛɞɘɩůŮɤɜ ˊɞɡ Ŭəɞɚɞɡɗɞɨɜ, ŮˊŮɜŮɟɔŮɑ ɞ ůɡɜŭɡŬůɛɏɜɞɠ ɏɚŮɔɢɞɠ 

ůŰŬŰɘůɛɞɨ əŬɘ ŬŭɟŬɜŮɘŬəɐɠ Ŭˊɧəɟɘůɖɠ Űɤɜ ɡˊŮɟɎəŰɘɤɜ ȷ/ũ (RWF=5% əŬɘ HWF=30 s). 

ȼ Űɘɛɐ ůŰŬŰɘůɛɞɨ ůɡɢɜɧŰɖŰŬɠ Űɤɜ ɖˊŮɘɟɤŰɘəɩɜ ɛŮŰŬŰɟɞˊɏɤɜ VSC1 əŬɘ VSC2 ɔɘŬ Űɖɜ 

Ŭˊɧəɟɘůɖ ůɡɢɜɧŰɖŰŬɠ Űɤɜ ɆȼȺ#1 əŬɘ #2 ɏɢŮɘ ɞɟɘůŰŮɑ əŬɘ ˊɎɚɘ Ŭˊɧ Űɞɜ TSO ɑůɖ ɛŮ 

Rf_droop
TSO=5%. ȼ Űɘɛɐ ůŰŬŰɘůɛɞɨ DC ŰɎůɖɠ ɞɟɑɕŮŰŬɘ əŬɘ ɔɘŬ Űɞɡɠ ŭɨɞ ɖˊŮɘɟɤŰɘəɞɨɠ 

ɛŮŰŬŰɟɞˊŮɑɠ ɑůɖ ɛŮ RDC=4% (KDC=25). ɇŬ ůɡɔəɟɘŰɘəɎ ŬˊɞŰŮɚɏůɛŬŰŬ Űɤɜ 

ˊɟɞůɞɛɞɘɩůŮɤɜ ŬɜɎɛŮůŬ ůŮ ůŰŬɗŮɟɧ (fixed) əŬɘ ɛŮŰŬɓɚɖŰɧ (adaptive) RDC 

ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ůŰɞ ɆɢɐɛŬ 5.9 . 
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(ɕ)      (ɖ) 

ɆɢɐɛŬ 5.9. ȷˊɧəɟɘůɖ MTDC ŭɘəŰɨɞɡ ɛŮ Űɖɜ ˊɟɞŰŮɘɜɧɛŮɜɖ ŰŮɢɜɘəɐ ɛŮŰŬɓŬŰɘəɐɠ ŭɘŬəɨɛŬɜůɖɠ Űɞɡ ůŰŬŰɘůɛɞɨ 

DC ŰɎůɖɠ Űɤɜ ɖˊŮɘɟɤŰɘəɩɜ ɛŮŰŬŰɟɞˊɏɤɜ ůŮ ůɡɜɗɐəɖ ɡˊɞůɡɢɜɧŰɖŰŬɠ Űɞɡ ɆȼȺ#1, (Ŭ, ɓ) ůɡɢɜɧŰɖŰŬ 

ɚŮɘŰɞɡɟɔɑŬɠ ɆȼȺ #1, #2, (ɔ, ŭ) DC ŰɎůɖ Űɤɜ əɧɛɓɤɜ Űɤɜ HVDC ɖˊŮɘɟɤŰɘəɩɜ ɛŮŰŬŰɟɞˊɏɤɜ#1, #2, (Ů, ůŰ) 

ŮɜŮɟɔɧɠ ɘůɢɨɠ Ůɝɧŭɞɡ Űɤɜ HVDC ɖˊŮɘɟɤŰɘəɩɜ ɛŮŰŬŰɟɞˊɏɤɜ #1, #2, (ɕ) ŮɔɢŮɧɛŮɜɖ ŮɜŮɟɔɧɠ ɘůɢɨɠ Ůɝɧŭɞɡ 

Űɞɡ ŪȷɄ#1, (ɘ) ůɡɢɜɧŰɖŰŬ ɚŮɘŰɞɡɟɔɑŬɠ ɡˊŮɟɎəŰɘɞɡ AC ŭɘəŰɨɞɡ #4. 

 

ȷɜ ɞ ůŰŬŰɘůɛɧɠ DC ŰɎůɖɠ RDC ɛŮɑɜŮɘ ŬɛŮŰɎɓɚɖŰɞɠ (4% əŬɘ ɔɘŬ Űɞɡɠ ŭɨɞ 

ɖˊŮɘɟɤŰɘəɞɨɠ ůŰɖɜ ˊŬɟɞɨůŬ ŬɜɎɚɡůɖ), ŰɧŰŮ ɖ ˊɟɧůɗŮŰɖ Ŭɘɞɚɘəɐ ɘůɢɨɠ ˊɞɡ 

ŬˊŮɚŮɡɗŮɟɩɜŮŰŬɘ Ŭˊɧ ŰŬ ŪȷɄ#1 əŬɘ #2 ŬɜŬəŬŰŬɜɏɛŮŰŬɘ ůŰŬ ŭɨɞ ŬůɨɔɢɟɞɜŬ ɆȼȺ, ɛŮ 

ŬˊɞŰɏɚŮůɛŬ ɜŬ ŮɛűŬɜɑɕŮŰŬɘ ŬɜŮˊɘɗɨɛɖŰɖ Ŭɨɝɖůɖ ůɡɢɜɧŰɖŰŬɠ ůŰɞ çɡɔɘɏɠè ɆȼȺ#2 

ũŮɟɛŬɜɑŬɠ əŬɘ ˊŬɟɎɚɚɖɚŬ ŬŭɡɜŬɛɑŬ Űɞɡ ɖˊŮɘɟɤŰɘəɞɨ ɛŮŰŬŰɟɞˊɏŬ #1 ɜŬ ŮˊɘŰɨɢŮɘ Űɖɜ 

ŬˊŬɘŰɞɨɛŮɜɖ Ŭˊɧəɟɘůɖ ůŰŬŰɘůɛɞɨ ůɡɢɜɧŰɖŰŬɠ Rf_droop
TSO=5% ˊɞɡ ɞɟɑɕŮɘ ɞ 

ȹɘŬɢŮɘɟɘůŰɐɠ, ɖ ɞˊɞɑŬ ŭɘŬɛɞɟűɩɜŮŰŬɘ ůŰɞ 7.08% ɔɘŬ Ŭɨɝɖůɖ űɞɟŰɑɞɡ 250 MW əŬɘ 

reserve 10% Űɤɜ ŪȷɄ.  

Ƀ ˊɟɞŰŮɘɜɧɛŮɜɞɠ ɜɧɛɞɠ Ůɚɏɔɢɞɡ Űɖɠ Ⱥɝ. 5.15 ɞŭɖɔŮɑ ůŮ əŬŰɎɚɚɖɚɖ ɛŮɑɤůɖ Űɞɡ 

ůŰŬŰɘůɛɞɨ RDC Űɞɡ ɛŮŰŬŰɟɞˊŮɎ #1 ůŰɞ 3.48% (RDC Űɞɡ ɛŮŰŬŰɟɞˊŮɎ #2 ůɢŮŭɧɜ 

ŬɛŮŰɎɓɚɖŰɞɠ ůŰɞ 4.08%), ɛŮ ŬˊɞŰɏɚŮůɛŬ ˊɟŬəŰɘəɎ Űɞ ůɨɜɞɚɞ Űɖɠ ˊɟɧůɗŮŰɖɠ Ŭɘɞɚɘəɐɠ 

ɘůɢɨɞɠ ɜŬ ŭɘŬəɘɜɖɗŮɑ ˊɟɞɠ Űɖɜ ŮˊɘɗɡɛɖŰɐ əŬŰŮɨɗɡɜůɖ (ˊɟɞɠ ɆȼȺ#1), Ůɜɩ ɖ ůɡɢɜɧŰɖŰŬ 

Űɞɡ ɆȼȺ#2 ˊŬɟŬɛɏɜŮɘ ůɢŮŭɧɜ ůŰɖɜ ɞɜɞɛŬůŰɘəɐ Űɖɠ Űɘɛɐ (50.0027 Hz). ȼ Űɘɛɐ 

ůŰŬŰɘůɛɞɨ ůɡɢɜɧŰɖŰŬɠ ˊɞɡ ŮˊɘŰɡɔɢɎɜŮɘ ɞ ɛŮŰŬŰɟɞˊɏŬɠ #1 ŮɑɜŬɘ 5.44%, ˊɞɚɨ əɞɜŰɎ 

ůŰɖɜ ɞɟɘůɛɏɜɖ Űɘɛɐ. ɇɏɚɞɠ ŬɝɑɕŮɘ ɜŬ ůɖɛŮɘɤɗŮɑ ɧŰɘ ɖ ɛŮŰŬɓɞɚɐ Űɖɠ ůɡɢɜɧŰɖŰŬɠ Űɤɜ 

ɡˊŮɟɎəŰɘɤɜ AC ŭɘəŰɨɤɜ, ɎɟŬ əŬɘ ɖ ˊŬɟŬɔɧɛŮɜɖ ɘůɢɨɠ Űɤɜ ŪȷɄ ŭŮɜ ŮˊɖɟŮɎɕŮŰŬɘ Ŭˊɧ 

Űɖ ɛɏɗɞŭɞ, ˊɞɡ ůɖɛŬɑɜŮɘ ɧŰɘ ŬɗɟɞɘůŰɘəɎ ɖ ŬˊŬɑŰɖůɖ Ůˊɘˊɚɏɞɜ ɘůɢɨɞɠ Ŭˊɧ ŰŬ ŪȷɄ 

ˊŬɟŬɛɏɜŮɘ ɖ ɑŭɘŬ. 

ȺɜŭɘŬűɏɟɞɜ ŮɑɜŬɘ ɜŬ ɛŮɚŮŰɖɗŮɑ Ŭɜ ɖ ˊɟɞŰŮɘɜɧɛŮɜɖ ɛɏɗɞŭɞɠ ɚŮɘŰɞɡɟɔŮɑ ɔɘŬ 

ɛŮɔŬɚɨŰŮɟŮɠ ŬɡɝɐůŮɘɠ űɞɟŰɑɞɡ əŬɘ ɔɘŬ ɛŮɔŬɚɨŰŮɟɞ reserve Űɤɜ ŪȷɄ. ȷˊɧ Űɞɜ ɄɑɜŬəŬ 

5.1 űŬɑɜŮŰŬɘ ɧŰɘ ɖ ɛŮŰŬɓŬŰɘəɐ ŬɜŬŭɘŬɛɧɟűɤůɖ Űɞɡ ůŰŬŰɘůɛɞɨ DC ŰɎůɖɠ Űɤɜ 

ɖˊŮɘɟɤŰɘəɩɜ ɚŮɘŰɞɡɟɔŮɑ ˊɎɜŰŬ ɓŮɚŰɘɤŰɘəɎ ɤɠ ˊɟɞɠ Űɖɜ ŮˊɘŰŮɡɢɗŮɑůŬ Űɘɛɐ ůŰŬŰɘůɛɞɨ 

ůɡɢɜɧŰɖŰŬɠ Űɞɡ VSC1, ŬɚɚɎ ˊɟɞůŮɔɔɑɕŮɘ əŬɚɎ Űɖɜ ɞɟɘůɛɏɜɖ Űɘɛɐ 5% ɧŰŬɜ Űɞ reserve  

Űɤɜ ȷ/ũ ŮɑɜŬɘ ɘəŬɜɧ ɜŬ əŬɚɨɣŮɘ Űɖɜ ŬɜɎɔəɖ ɘůɢɨɞɠ Űɞɡ ɆȼȺ ˊɞɡ ŭɏɢŮŰŬɘ Űɖɜ ŬˊɧŰɞɛɖ 

ɛŮŰŬɓɞɚɐ űɞɟŰɑɞɡ. 

 



103 
 

RDC=4% 

ȺˊɘɗɡɛɖŰɐ 

Űɘɛɐ ůŰŬŰɘůɛɞɨ 

Rf_droop
TSO(%)  

ȺˊɘŰŮɡɢɗŮɑůŬ Űɘɛɐ 

ἠἮἬἺἷἷἸ
ἢἡἛ (%),  

╡╓╒ȡ adaptive 

ȺˊɘŰŮɡɢɗŮɑůŬ 

Űɘɛɐ ἠἮἬἺἷἷἸ
ἢἡἛ (%), 

╡╓╒ȡ█░●▄▀ 

Load +250 MW, 

10 % reserve 
5 5.44 7.08 

Load +500 MW, 

10 % reserve 
5 7.5 9.33 

Load +500 MW, 

20 % reserve 
5 5.76 7.08 

 
ɄɑɜŬəŬɠ 5.1. ɆɡɔəɟɘŰɘəɐ Ŭɝɘɞɚɧɔɖůɖ ŮˊɘŰŮɡɢɗŮɑůŬɠ ŬəɟɑɓŮɘŬɠ ůŰɖ ɟɨɗɛɘůɖ ůŰŬŰɘůɛɞɨ ůɡɢɜɧŰɖŰŬɠ Űɞɡ 

ɖˊŮɘɟɤŰɘəɞɨ ɛŮŰŬŰɟɞˊɏŬ #1 ɔɘŬ ŭɘŬűɞɟŮŰɘəɏɠ ɛŮŰŬɓɞɚɏɠ űɞɟŰɑɞɡ əŬɘ reserve Űɤɜ ȷ/ũ, ɛŮ əŬɘ ɢɤɟɑɠ Űɖɜ 

ˊɟɞŰŮɘɜɧɛŮɜɖ ɛɏɗɞŭɞ ɛŮŰŬɓŬŰɘəɐɠ ɟɨɗɛɘůɖɠ Űɞɡ ůŰŬŰɘůɛɞɨ DC ŰɎůɖɠ. 

 

ȼ ɘəŬɜɞˊɞɘɖŰɘəɐ Ůˊɑŭɞůɖ Űɖɠ ˊɟɞŰŮɘɜɧɛŮɜɖɠ ŰŮɢɜɘəɐɠ Ůɚɏɔɢɞɡ MTDC ŭɘəŰɨɤɜ 

ˊŬɟɞɡůɑŬ ŭɘŬəɡɛɎɜůŮɤɜ ůɡɢɜɧŰɖŰŬɠ, ŮˊɘɓŮɓŬɘɩɜŮŰŬɘ əŬɘ ɔɘŬ ŭɘŬűɞɟŮŰɘəɏɠ Űɘɛɏɠ 

ůŰŬŰɘůɛɞɨ Rf_droop
TSO. ɆŰɞɜ ɄɑɜŬəŬ 5.2 ˊŬɟŬŰɑɗŮɜŰŬɘ ŬɜŬɚɡŰɘəɧŰŮɟŬ ŰŬ ŬˊɞŰŮɚɏůɛŬŰŬ 

Űɖɠ ŮˊɘŰŮɡɢɗŮɑůŬɠ Űɘɛɐɠ ůŰŬŰɘůɛɞɨ ůɡɢɜɧŰɖŰŬɠ ˊɞɡ ŮɛűŬɜɑɕŮɘ ɞ ɖˊŮɘɟɤŰɘəɧɠ 

ɛŮŰŬŰɟɞˊɏŬɠ #1, ɔɘŬ ŭɨɞ ŬəɟŬɑŮɠ Űɘɛɏɠ ůŰŬŰɘůɛɞɨ Rf_droop
TSO. ȷˊɧ ŰŬ Ůɜ ɚɧɔɤ 

ŬˊɞŰŮɚɏůɛŬŰŬ ŮˊɘɓŮɓŬɘɩɜŮŰŬɘ ɖ ɓŮɚŰɑɤůɖ ˊɞɡ ŮˊɘŰɡɔɢɎɜŮŰŬɘ ůŰɖɜ ŬəɟɑɓŮɘŬ ɟɨɗɛɘůɖɠ 

ɛŮ Űɖɜ ˊɟɞŰŮɘɜɧɛŮɜɖ űɘɚɞůɞűɑŬ Ůɚɏɔɢɞɡ Űɞɡ ůŰŬŰɘůɛɞɨ ŰɎůɖɠ Űɤɜ ɖˊŮɘɟɤŰɘəɩɜ RDC, 

ɔŮɔɞɜɧɠ ˊɞɡ əŬɗɘůŰɎ ɟŮŬɚɘůŰɘəɐ Űɖɜ ŰɖɚŮˊɘəɞɘɜɤɜɘŬəɐ ɛɏɗɞŭɞ Ŭˊɧəɟɘůɖɠ ůɡɢɜɧŰɖŰŬɠ 

ŬəɧɛŬ əŬɘ ůŮ MTDC ŭɑəŰɡŬ ˊɞɡ ůɡɜŭɏɞɜŰŬɘ ůŮ ŬůɨɔɢɟɞɜŬ ɆȼȺ. 

 

Load +250 MW, 10 % reserve 

ȺˊɘɗɡɛɖŰɐ 

Űɘɛɐ ůŰŬŰɘůɛɞɨ 

Rf_droop
TSO(%)  

ȺˊɘŰŮɡɢɗŮɑůŬ Űɘɛɐ ɛŮ 

Űɖɜ ˊɟɞŰŮɘɜɧɛŮɜɖ 

ŰŮɢɜɘəɐ Ůɚɏɔɢɞɡ (%) 

ȺˊɘŰŮɡɢɗŮɑůŬ Űɘɛɐ ɢɤɟɑɠ 

ˊŬɟŮɛɓɎůŮɘɠ (%) 

2 2.85 3.54 

10 10.74 14.17 

 
ɄɑɜŬəŬɠ 5.2. ɆɡɔəɟɘŰɘəɐ Ŭɝɘɞɚɧɔɖůɖ ŮˊɘŰŮɡɢɗŮɑůŬɠ ŬəɟɑɓŮɘŬɠ ůŰɖ ɟɨɗɛɘůɖ ůŰŬŰɘůɛɞɨ ůɡɢɜɧŰɖŰŬɠ Űɞɡ 

ɖˊŮɘɟɤŰɘəɞɨ ɛŮŰŬŰɟɞˊɏŬ #1 ɔɘŬ ŭɘŬűɞɟŮŰɘəɏɠ Űɘɛɏɠ Rf_droop
TSO , ɛŮ əŬɘ ɢɤɟɑɠ Űɖɜ ˊɟɞŰŮɘɜɧɛŮɜɖ ɛɏɗɞŭɞ 

ɛŮŰŬɓŬŰɘəɐɠ ɟɨɗɛɘůɖɠ Űɞɡ ůŰŬŰɘůɛɞɨ DC ŰɎůɖɠ. 

 

 

5.7 ȷˊɧəɟɘůɖ MTDC ŭɘəŰɨɞɡ ůŮ ŰŬɡŰɧɢɟɞɜŮɠ ŭɘŬŰŬɟŬɢɏɠ 

ůɡɢɜɧŰɖŰŬɠ Űɤɜ Ŭůɨɔɢɟɞɜɤɜ ɆȼȺ 
 

 ɆŰɞ ˊŬɟɧɜ əŮűɎɚŬɘɞ ŮɝŮŰɎɕŮŰŬɘ ɖ ŮˊɑŰŮɡɝɖ Űɖɠ ŬˊŬɘŰɞɨɛŮɜɖɠ Ŭˊɧəɟɘůɖɠ 

ůɡɢɜɧŰɖŰŬɠ Űɤɜ ɖˊŮɘɟɤŰɘəɩɜ ɛŮŰŬŰɟɞˊɏɤɜ ůŰɞ ŬəɟŬɑɞ ůŮɜɎɟɘɞ ŰŬɡŰɧɢɟɞɜɤɜ 

ŬɜŰɘŰɘɗɏɛŮɜɤɜ ɛŮŰŬɓɞɚɩɜ ůɡɢɜɧŰɖŰŬɠ ůŰŬ ŭɘŬůɡɜŭŮŭŮɛɏɜŬ ŬůɨɔɢɟɞɜŬ ɆȼȺ. ɆŰɖɜ 

ˊŮɟɑˊŰɤůɖ ŬɡŰɐ, ŰŬ ůɐɛŬŰŬ ȹPonshore ˊɞɡ ůŰɏɚɜɞɜŰŬɘ ŰɖɚŮˊɘəɞɘɜɤɜɘŬəɎ Ŭˊɧ Űɞɡɠ ŭɨɞ 

ɖˊŮɘɟɤŰɘəɞɨɠ ɛŮŰŬŰɟɞˊŮɑɠ ŬɚɚɖɚɞŮɝɞɡŭŮŰŮɟɩɜɞɜŰŬɘ, ůɡɜŮˊɩɠ Űɞ ɎɗɟɞɘůɛŬ 

Вɝ0  ŰŮɑɜŮɘ ɜŬ ɛɖŭŮɜɘůɗŮɑ (Вɝ0 π  , Ŭɜ ȹPonshore#1=-ȹPonshore#4). ȿɧɔɤ 

ŬɡŰɞɨ, ɞɘ ɟɡɗɛɘůŰɏɠ ůɡɢɜɧŰɖŰŬɠ Űɤɜ ŭɨɞ ɡˊŮɟɎəŰɘɤɜ HVDC ɛŮŰŬŰɟɞˊɏɤɜ ŬŭɡɜŬŰɞɨɜ 

ɜŬ ɛŮŰŬɓɎɚɚɞɡɜ Űɖ ůɡɢɜɧŰɖŰɎ Űɞɡɠ, əŬɘ ůɡɜŮˊɩɠ ŰŬ ŪȷɄ ŭŮɜ ŬɜŰɘŭɟɞɨɜ ůɤůŰɎ ůŰɘɠ 

ŬˊŬɘŰɐůŮɘɠ ɘůɢɨɞɠ Űɤɜ ɖˊŮɘɟɤŰɘəɩɜ ɛŮŰŬŰɟɞˊɏɤɜ. ɀɏůɤ Űɖɠ ŰŮɢɜɘəɐɠ ɛŮŰŬɓŬŰɘəɐɠ 
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ɟɨɗɛɘůɖɠ Űɞɡ ůŰŬŰɘůɛɞɨ DC ŰɎůɖɠ Űɤɜ ɖˊŮɘɟɤŰɘəɩɜ ɛŮŰŬŰɟɞˊɏɤɜ ɛˊɞɟŮɑ ɜŬ 

ˊɟŬɔɛŬŰɞˊɞɘɖɗŮɑ ɖ ŬˊŬɘŰɞɨɛŮɜɖ ŬɜŬˊɟɞůŬɟɛɞɔɐ Űɖɠ ɟɞɐɠ ɘůɢɨɞɠ ɛɏůŬ ůŰɞ HVDC 

ŭɑəŰɡɞ, ɩůŰŮ ɜŬ ˊɟŬɔɛŬŰɞˊɞɘɖɗŮɑ ɖ ŬˊŬɘŰɞɨɛŮɜɖ Ŭˊɧəɟɘůɖ ůɡɢɜɧŰɖŰŬɠ Űɤɜ 

ɖˊŮɘɟɤŰɘəɩɜ, ŬəɧɛŬ əŬɘ Ŭɜ ŰŬ ŪȷɄ ŭŮɜ ŬɜŰŬˊɞəɟɘɗɞɨɜ. 

 ũɘŬ Űɖɜ ŮˊɘɓŮɓŬɑɤůɖ Űɖɠ ˊŬɟŬˊɎɜɤ ɗŮɩɟɖůɖɠ, ůŰɞ ɆɢɐɛŬ 5.2 ́ ɟɞůɞɛɞɘɩɜŮŰŬɘ 

ɖ Ŭˊɧəɟɘůɖ Űɞɡ MTDC ŭɘəŰɨɞɡ ůŮ ůŮɜɎɟɘɞ ɚŮɘŰɞɡɟɔɑŬɠ ɧˊɞɡ ɡűɑůŰŬŰŬɘ ŰŬɡŰɧɢɟɞɜŬ 

ɓɖɛŬŰɘəɐ Ŭɨɝɖůɖ Űɞɡ űɞɟŰɑɞɡ Űɞɡ ɆȼȺ #1 ɁɞɟɓɖɔɑŬɠ əŬŰɎ 250 MW, ŬɚɚɎ əŬɘ 

ɘůɧˊɞůɖ ɛŮɑɤůɖ Űɞɡ űɞɟŰɑɞɡ ůŰɞ ɆȼȺ #2 ũŮɟɛŬɜɑŬɠ (reserve ŪȷɄ 10%). 

 

 
(Ŭ)      (ɓ) 

 
(ɔ)      (ŭ) 
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(Ů)   (ůŰ)   (ɕ) 

 
fixed adaptive 

RDC#1=4% RDC#1=3.51 % 

RDC#4=4% RDC#4=4.79 % 

(ɖ) 

ɆɢɐɛŬ 5.3. ȷˊɧəɟɘůɖ MTDC ŭɘəŰɨɞɡ ůŮ ŰŬɡŰɧɢɟɞɜŮɠ ŭɘŬŰŬɟŬɢɏɠ ůɡɢɜɧŰɖŰŬɠ Űɤɜ Ŭůɨɔɢɟɞɜɤɜ ɆȼȺ, 

(Ŭ,ɓ) ůɡɢɜɧŰɖŰŬ ɆȼȺ #1,#2, (ɔ,ŭ) ŮɜŮɟɔɧɠ ɘůɢɨɠ Ůɝɧŭɞɡ ɖˊŮɘɟɤŰɘəɞɨ ɛŮŰŬŰɟɞˊɏŬ #1,#2, (Ů) ůɡɢɜɧŰɖŰŬ 

ɚŮɘŰɞɡɟɔɑŬɠ ɡˊŮɟɎəŰɘɞɡ AC ŭɘəŰɨɞɡ #4, (ůŰ) ŮɜŮɟɔɧɠ ɘůɢɨɠ Ůɝɧŭɞɡ ŪȷɄ#1, (ɕ) ɛŮŰŬűŮɟɧɛŮɜɖ DC ɘůɢɨɠ Űɖɠ 

HVDC ɔɟŬɛɛɐɠ 3-4, (ɖ) ŬɜŬˊɟɞůŬɟɛɞůɛɏɜɞ RDC Űɤɜ ɖˊŮɘɟɤŰɘəɩɜ HVDC ɛŮŰŬŰɟɞˊɏɤɜ #1, #2. 

 

 ȳˊɤɠ űŬɑɜŮŰŬɘ Ŭˊɧ Űɞ ɆɢɐɛŬ 5.10, ɚɧɔɤ Űɖɠ ŬɚɚɖɚɞŬɜŬɑɟŮůɖɠ Űɤɜ ŬˊŬɘŰɐůŮɤɜ 

ůŮ ŮɜŮɟɔɧ ɘůɢɨ Űɤɜ ɆȼȺ #1 əŬɘ #2, Űɞ ůɐɛŬ Ůɚɏɔɢɞɡ Вɝ0  ɔɑɜŮŰŬɘ ˊɟŬəŰɘəɎ 

ɛɖŭŮɜɘəɧ, ɔŮɔɞɜɧɠ ˊɞɡ ŭŮ ɛŮŰŬɓɎɚɚŮɘ ɞɡůɘŬůŰɘəɎ Űɖ ůɡɢɜɧŰɖŰŬ ɚŮɘŰɞɡɟɔɑŬɠ Űɤɜ ŭɨɞ 

ɡˊŮɟɎəŰɘɤɜ AC ŭɘəŰɨɤɜ, ɎɟŬ ɞɨŰŮ Űɖɜ ˊŬɟŬɔɧɛŮɜɖ ɘůɢɨ Űɤɜ ŭɨɞ ŭɘŬůɡɜŭŮŭŮɛɏɜɤɜ 

ŪȷɄ (ȹPå+4.2 MW). 

ɀŮ Űɖɜ ŮűŬɟɛɞɔɐ Űɖɠ ˊɟɞŰŮɘɜɧɛŮɜɖɠ ŰŮɢɜɘəɐɠ Ůɚɏɔɢɞɡ, ŮˊɘŰɡɔɢɎɜŮŰŬɘ ɛŮɑɤůɖ 

Űɞɡ ůŰŬŰɘůɛɞɨ DC ŰɎůɖɠ ůŰɞɜ VSC1 əŬɘ ŰŬɡŰɧɢɟɞɜɖ Ŭɨɝɖůɐ ůŰɞɜ VSC2, ɛŮ 

ŬˊɞŰɏɚŮůɛŬ ɜŬ ŬɡɝɎɜŮŰŬɘ ˊŬɟŬˊɎɜɤ ɖ ŬˊɞɟɟɞűɞɨɛŮɜɖ ɘůɢɨɠ Űɞɡ ˊɟɩŰɞɡ əŬɘ ɜŬ 

ɛŮɘɩɜŮŰŬɘ ˊŬɟŬˊɎɜɤ ɖ ɘůɢɨɠ Űɞɡ ŭŮɨŰŮɟɞɡ ůŮ ůɢɏůɖ ɛŮ Űɞ ůŰŬɗŮɟɧ RDC. 

 

 ȺˊɘɗɡɛɖŰɐ 

Űɘɛɐ ůŰŬŰɘůɛɞɨ 

Rf_droop
TSO(%)  

ȺˊɘŰŮɡɢɗŮɑůŬ Űɘɛɐ 

Rf_droop
TSO (%),  

╡╓╒ȡ adaptive 

 

ȺˊɘŰŮɡɢɗŮɑůŬ Űɘɛɐ 

Rf_droop
TSO (%),  

╡╓╒ȡ fixed 

VSC#1 5 4.69 9.35 

VSC#2 5 4.60 10.08 

 
ɄɑɜŬəŬɠ 5.4. ȺˊɘŰŮɡɢɗŮɑůŬ ɟɨɗɛɘůɖ ůŰŬŰɘůɛɞɨ ůɡɢɜɧŰɖŰŬɠ Űɤɜ ɖˊŮɘɟɤŰɘəɩɜ ɛŮŰŬŰɟɞˊɏɤɜ #1 əŬɘ #4, ɛŮ 

əŬɘ ɢɤɟɑɠ Űɖɜ ˊɟɞŰŮɘɜɧɛŮɜɖ ɛɏɗɞŭɞ ɛŮŰŬɓŬŰɘəɐɠ ɟɨɗɛɘůɖɠ Űɞɡ ůŰŬŰɘůɛɞɨ DC ŰɎůɖɠ (RDC=4%), ůŮ 

ŰŬɡŰɧɢɟɞɜɖ əŬɘ ŬɜŰɑɗŮŰɖ ŭɘŬŰŬɟŬɢɐ ůɡɢɜɧŰɖŰŬɠ Űɤɜ Ŭůɨɔɢɟɞɜɤɜ ɆȼȺ. 

 

ȷˊɧ Űɞɜ ɄɑɜŬəŬ 5.4 űŬɑɜŮŰŬɘ ɖ ɓŮɚŰɑɤůɖ Űɖɠ ŬˊŬɘŰɞɨɛŮɜɖɠ Ŭˊɧəɟɘůɖɠ 

ůɡɢɜɧŰɖŰŬɠ əŬɘ Űɤɜ ŭɨɞ ɖˊŮɘɟɤŰɘəɩɜ ɛŮŰŬŰɟɞˊɏɤɜ, ɖ ɞˊɞɑŬ ˊɟɞůŮɔɔɑɕŮɘ ˊɞɚɨ Űɖɜ 

ŬˊŬɘŰɞɨɛŮɜɖ Ŭˊɧ Űɞɜ TSO. Ƀɘ ɖˊŮɘɟɤŰɘəɞɑ ɛŮŰŬŰɟɞˊŮɑɠ Ůˊɘűɏɟɞɡɜ Űɖɜ ŬˊŬɘŰɞɨɛŮɜɖ 
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Ŭˊɧəɟɘůɖ ůɡɢɜɧŰɖŰŬɠ ɛɧɜɞ ɛɏůɤ ŮˊŬɜŬəŬŰŬɜɞɛɐɠ Űɤɜ ɟɞɩɜ ɘůɢɨɞɠ Ůˊɑ Űɞɡ MTDC 

ŭɘəŰɨɞɡ, ɢɤɟɑɠ ɜŬ ŬˊŬɘŰŮɑŰŬɘ ɖ ɛŮŰŬɓɞɚɐ Űɖɠ ˊŬɟŬɔɧɛŮɜɖɠ ɘůɢɨɞɠ Űɤɜ ŪȷɄ ɔɘŬ Űɞɜ 

ůəɞˊɧ ŬɡŰɧ. ȷɡŰɧ űŬɑɜŮŰŬɘ əŬɘ Ŭˊɧ Űɖɜ Ŭɨɝɖůɖ Űɖɠ ŭɘŬəɘɜɞɨɛŮɜɖɠ ɘůɢɨɞɠ Űɖɠ HVDC 

ɔɟŬɛɛɐɠ 3-4.  

ȼ ŮɝɏŰŬůɖ Űɞɡ ˊŬɟŬˊɎɜɤ ŬəɟŬɑɞɡ ůŮɜŬɟɑɞɡ ŰŬɡŰɧɢɟɞɜɖɠ ɛŮŰŬɓɞɚɐɠ 

ůɡɢɜɧŰɖŰŬɠ ůŰŬ ŭɨɞ ŬůɨɔɢɟɞɜŬ ɆȼȺ ŮˊɘɓŮɓŬɘɩɜŮɘ ɧŰɘ ɖ ˊɟɞŰŮɘɜɧɛŮɜɖ ɛɏɗɞŭɞɠ 

ŰɖɚŮˊɘəɞɘɜɤɜɘŬəɐɠ ŬˊɞůŰɞɚɐɠ Űɤɜ ŬˊŬɘŰɞɨɛŮɜɤɜ ɛŮŰŬɓɞɚɩɜ ŮɜŮɟɔɞɨ ɘůɢɨɞɠ ůŰɞɡɠ 

ɡˊŮɟɎəŰɘɞɡɠ ɛŮŰŬŰɟɞˊŮɑɠ Űɤɜ ŪȷɄ, ůŮ ůɡɜŭɡŬůɛɧ ɛŮ Űɖ ɛŮŰŬɓŬŰɘəɐ ŭɘŬəɨɛŬɜůɖ Űɞɡ 

ůŰŬŰɘůɛɞɨ DC ŰɎůɖɠ Űɤɜ ɖˊŮɘɟɤŰɘəɩɜ ɛŮŰŬŰɟɞˊɏɤɜ ůɡɜŬɟŰɐůŮɘ Űɤɜ ɛŮŰŬɓɞɚɩɜ 

ůɡɢɜɧŰɖŰŬɠ, ŮˊɘűɏɟŮɘ Űɖɜ ŮˊɘɗɡɛɖŰɐ Ŭˊɧəɟɘůɖ ůɡɢɜɧŰɖŰŬɠ ˊɞɡ ɞɟɑɕɞɡɜ ɞɘ əɩŭɘəŮɠ 

ůɡůŰɐɛŬŰɞɠ ůŰɖ ɔŮɜɘəɐ ˊŮɟɑˊŰɤůɖ ůɨɜŭŮůɖɠ Űɞɡ MTDC ŭɘəŰɨɞɡ ůŮ ŬůɨɔɢɟɞɜŬ ɆȼȺ. 
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6 ɀɏɗɞŭɞɘ ŬɜŬəŬŰŬɜɞɛɐɠ Űɖɠ ɘůɢɨɞɠ ůŰɞ MTDC  
 

6.1 Ʌɨɗɛɘůɖ ŮɔɢŮɧɛŮɜɖɠ ɘůɢɨɞɠ Űɤɜ ɖˊŮɘɟɤŰɘəɩɜ ɛŮŰŬŰɟɞˊɏɤɜ 

ɛɏůɤ ŮɝɤŰŮɟɘəɐɠ ŮɜŰɞɚɐɠ 
 

 ɆŮ ɏɜŬ Multiterminal HVDC ŭɑəŰɡɞ, Űɞ ɞˊɞɑɞ ůɡɜŭɏŮɘ ɖɚŮəŰɟɘəɎ ŭɨɞ 

ŬůɨɔɢɟɞɜŬ ɆȼȺ, ŮɑɜŬɘ ŬɜŬɔəŬɑɞ ɜŬ ɛˊɞɟŮɑ ɜŬ ɟɡɗɛɘůŰŮɑ ɛŮ ŬəɟɑɓŮɘŬ ŬɜɎ ˊɎůŬ ůŰɘɔɛɐ 

ɖ ŮɔɢŮɧɛŮɜɖ ˊɟɞɠ əɎɗŮ ɆȼȺ ŮɜŮɟɔɧɠ ɘůɢɨɠ Ŭˊɧ Űɞɜ ȹɘŬɢŮɘɟɘůŰɐ Űɞɡ MTDC. ȼ ŮɜŰɞɚɐ 

ŭɑɜŮŰŬɘ əŬŰɧˊɘɜ ůɡɜŮɜɜɞɐůŮɤɠ Űɞɡ ȹɘŬɢŮɘɟɘůŰɐ Űɞɡ MTDC ɛŮ Űɞɡɠ ȹɘŬɢŮɘɟɘůŰɏɠ Űɤɜ 

ɆȼȺ, Ŭɜ ɗŮɤɟɐůɞɡɛŮ ɧŰɘ ŬɡŰɞɑ ŬˊɞŰŮɚɞɨɜ ŭɘŬűɞɟŮŰɘəɞɨɠ űɞɟŮɑɠ. 

 ȷɟɢɘəɧɠ ůəɞˊɧɠ ŮɑɜŬɘ ɜŬ ɛˊɞɟŮɑ ɜŬ ɟɡɗɛɘůŰŮɑ ɛŮ ŬəɟɑɓŮɘŬ Ŭˊɧ Űɞɜ TSO, ɛɏůɤ 

ŮɝɤŰŮɟɘəɐɠ ŮɜŰɞɚɐɠ, ɖ ŬˊɞɟɟɞűɞɨɛŮɜɖ Ŭˊɧ Űɞɜ ɖˊŮɘɟɤŰɘəɧ ɛŮŰŬŰɟɞˊɏŬ ŮɜŮɟɔɧɠ ɘůɢɨɠ. 

ȷɡŰɧ ˊɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ ˊɞɚɨ ŮɨəɞɚŬ Ŭɜ ŬɜŰɑ Űɤɜ ůɖɛɎŰɤɜ PDC
* (ŬɜŬűɞɟɎ ɘůɢɨɞɠ ɚɧɔɤ 

ůŰŬŰɘůɛɞɨ DC ŰɎůɖɠ) əŬɘ ȹpf_droop
* (ŬɜŬűɞɟɎ ɘůɢɨɞɠ ɚɧɔɤ ůŰŬŰɘůɛɞɨ ůɡɢɜɧŰɖŰŬɠ), 

ŭɞɗŮɑ ŬˊŮɡɗŮɑŬɠ ůŰɞɜ ŮɝɤŰŮɟɘəɧ ŮɚŮɔəŰɐ Űɞɡ ɖˊŮɘɟɤŰɘəɞɨ ɛŮŰŬŰɟɞˊɏŬ ɖ ŮˊɘɗɡɛɖŰɐ 

Ŭ́ ɞɟɟɞűɞɨɛŮɜɖ ŮɜŮɟɔɧɠ ɘůɢɨɠ PTSO
* (W), Ŭűɞɨ ɛŮŰŬŰɟŬˊŮɑ ůŮ Ŭ.ɛ (õSB=1000/0.9 

ɀVA), ɧˊɤɠ űŬɑɜŮŰŬɘ ůŰɞ ɆɢɐɛŬ 6.1. 

 

 
ɆɢɐɛŬ 6.1. ȺɝɤŰŮɟɘəɐ ŮɜŰɞɚɐ ɟɨɗɛɘůɖɠ ŮɜŮɟɔɞɨ ɘůɢɨɞɠ Űɞɡ ɖˊŮɘɟɤŰɘəɞɨ HVDC ɛŮŰŬŰɟɞˊɏŬ. 

 

 ɄɟŬɔɛŬŰɞˊɞɘɐɗɖəŮ ˊɟɞůɞɛɞɑɤůɖ ɔɘŬ ɜŬ ɛŮɚŮŰɖɗŮɑ ɖ ůɡɛˊŮɟɘűɞɟɎ Űɞɡ MTDC 

ůŮ ŰɏŰɞɘŮɠ ŮɜŰɞɚɏɠ. ɇɞ MTDC ŭɑəŰɡɞ ŮɑɜŬɘ ɧɛɞɘɞ ɛŮ ŬɡŰɧ Űɞɡ ɆɢɐɛŬŰɞɠ 5.2. ɇŬ ɆȼȺ 

#1,#2 ɁɞɟɓɖɔɑŬɠ əŬɘ ũŮɟɛŬɜɑŬɠ ˊɟɞůɞɛɞɘɩɜɞɜŰŬɘ ɛɏůɤ ɘůɞŭɨɜŬɛɖɠ ˊɖɔɐɠ Thevenin, 

ůɡɜŮˊɩɠ ɖ ůɡɢɜɧŰɖŰŬ Űɞɡɠ ˊŬɟŬɛɏɜŮɘ ůŰŬɗŮɟɐ, Ŭűɞɨ ɞɘ ɘůɞŭɨɜŬɛŮɠ ˊɖɔɏɠ ɚŮɘŰɞɡɟɔɞɨɜ 

ɤɠ slack bus Űɤɜ AC ɖˊŮɘɟɤŰɘəɩɜ ŭɘəŰɨɤɜ, ɟɡɗɛɑɕɞɜŰŬɠ Űɖɜ AC ŰɎůɖ əŬɘ ůɡɢɜɧŰɖŰŬ 

ůŰɘɠ ɞɜɞɛŬůŰɘəɏɠ Űɘɛɏɠ . ȼ ˊŬɟŬɔɧɛŮɜɖ ŮɜŮɟɔɧɠ ɘůɢɨɠ əɎɗŮ ŪȷɄ ŮɑɜŬɘ ɑůɖ ɛŮ 513 MW. 

Ƀɘ ɖˊŮɘɟɤŰɘəɞɑ ɛŮŰŬŰɟɞˊŮɑɠ ɚŮɘŰɞɡɟɔɞɨɜ ɛŮ ůŰŬŰɘůɛɧ DC ŰɎůɖɠ RDC=4%. 

ȹɑɜŮŰŬɘ ŮɜŰɞɚɐ ŮɔɢŮɧɛŮɜɖɠ ɘůɢɨɞɠ 700 MW ůŰɞɜ ɖˊŮɘɟɤŰɘəɧ ɛŮŰŬŰɟɞˊɏŬ #1, 

ɛɏůɤ ŮɝɤŰŮɟɘəɐ ŮɜŰɞɚɐɠ ɟɨɗɛɘůɖɠ ŮɜŮɟɔɞɨ ɘůɢɨɞɠ ɧˊɤɠ ŮɝɖɔɐɗɖəŮ ˊŬɟŬˊɎɜɤ. 
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(Ŭ)   (ɓ)   (ɔ) 

 
(ŭ)     (Ů) 

ɆɢɐɛŬ 6.2. ȷˊɧəɟɘůɖ MTDC ůŮ ŮɜŰɞɚɐ ɏɔɢɡůɖɠ ɘůɢɨɞɠ 700 MW Ŭˊɧ Űɞɜ ɖˊŮɘɟɤŰɘəɧ ɛŮŰŬŰɟɞˊɏŬ #1 (Ŭ, ɓ) 

ŮɜŮɟɔɧɠ ɘůɢɨɠ Ůɝɧŭɞɡ ɖˊŮɘɟɤŰɘəɞɨ ɛŮŰŬŰɟɞˊɏŬ #1,#2, (ɔ) ɛŮŰŬűŮɟɧɛŮɜɖ DC ɘůɢɨɠ Űɖɠ HVDC ɔɟŬɛɛɐɠ 3-

4, (ŭ, Ů) DC ŰɎůɖ ŬəɟɞŭŮəŰɩɜ HVDC ɖˊŮɘɟɤŰɘəɩɜ ɛŮŰŬŰɟɞˊɏɤɜ #1, #2. 

 

 ɄŬɟŬŰɖɟŮɑŰŬɘ ˊɟɎɔɛŬŰɘ ɧŰɘ ɞ ɖˊŮɘɟɤŰɘəɧɠ ɛŮŰŬŰɟɞˊɏŬɠ #1 ŬɡɝɎɜŮɘ Űɖɜ ɘůɢɨ 

ůŰɖɜ ɏɝɞŭɧ Űɞɡ Ŭˊɧ 480 ůŰŬ 700 MW, Ůɜɩ ɞ ɛŮŰŬŰɟɞˊɏŬɠ #2 ɛŮɘɩɜŮɘ ɘůɧˊɞůŬ Űɖ ŭɘəɐ 

Űɞɡ. ȼ DC ɘůɢɨɠ Űɤɜ 220 MW ŰŬɝɘŭŮɨŮɘ ɛɏůɤ Űɖɠ HVDC ɔɟŬɛɛɐɠ 3-4 Ŭˊɧ Űɞɜ 

ɛŮŰŬŰɟɞˊɏŬ  #2 ˊɟɞɠ Űɞɜ #1. ɆɡɜɏˊŮɘŬ ŬɡŰɐɠ Űɖɠ ŬɜŬəŬŰŬɜɞɛɐɠ ɘůɢɨɞɠ ŮɑɜŬɘ ɖ ɛŮɑɤůɖ 

Űɖɠ DC ŰɎůɖɠ ɧɚɤɜ Űɤɜ əɧɛɓɤɜ. 

 ɆŰɖ ˊŮɟɑˊŰɤůɖ ŮɝɤŰŮɟɘəɐɠ ˊŬɟɏɛɓŬůɖɠ ůŰɖɜ ŮɜŮɟɔɧ ɘůɢɨ Űɞɡ ɖˊŮɘɟɤŰɘəɞɨ 

ɛŮŰŬŰɟɞˊɏŬ #1 ɛɏůɤ ŮɜŰɞɚɐɠ, ˊɟɏˊŮɘ ɞ Ɏɚɚɞɠ ɖˊŮɘɟɤŰɘəɧɠ ɜŬ ɚŮɘŰɞɡɟɔŮɑ ɤɠ slack bus 

DC ɘůɢɨɞɠ. ȷɡŰɧ ˊɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ ɛɏůɤ Űɖɠ ŬɜŬˊɟɞůŬɟɛɞɔɐɠ Űɖɠ DC ŰɎůɖɠ (ɛŮɑɤůɖ 

ůŰɖ ůɡɔəŮəɟɘɛɏɜɖ ˊŮɟɑˊŰɤůɖ) Űɞɡ MTDC, Ŭűɞɨ ɞ ɛŮŰŬŰɟɞˊɏŬ #2 ɞɟɑɕŮɘ Űɖɜ ɘůɢɨ Űɞɡ 

ɛɏůɤ ůŰŬŰɘůɛɞɨ DC ŰɎůɖɠ.  

 ȷɜ ɔɘɜɧŰŬɜ ŰŬɡŰɧɢɟɞɜɖ ŮɝɤŰŮɟɘəɐ ˊŬɟɏɛɓŬůɖ ůŰɖɜ ɘůɢɨ əŬɘ Űɤɜ ŭɨɞ 

ɖˊŮɘɟɤŰɘəɩɜ ɗŬ ˊŬɟɞɡůɘŬɕɧŰŬɜ ɏɚɚŮɘɛŬ ɐ ˊɚŮɧɜŬůɛŬ ɘůɢɨɞɠ ůŰɞ MTDC ŭɑəŰɡɞ, Űɞ 

ɞˊɞɑɞ ŬˊɞɟɟɞűɎŰŬɘ ɐ ŬˊɞɗɖəŮɨŮŰŬɘ ůŰɞɡɠ DC ˊɡəɜɤŰɏɠ, ɛŮ ŬˊɞŰɏɚŮůɛŬ ɖ DC ŰɎůɖ 

ɧɚɤɜ Űɤɜ əɧɛɓɤɜ ɜŬ ɛŮɘɩɜŮŰŬɘ ɐ ɜŬ ŬɡɝɎɜŮŰŬɘ ůɡɜŮɢɩɠ ɛɏɢɟɘ ŰŮɚɘəɎ Űɖɜ əŬŰɎɟɟŮɡůɖ 

Űɞɡ MTDC. 
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ɆɡɜŮˊɩɠ, ŭŮ ɛˊɞɟŮɑ ɜŬ ɟɡɗɛɘůŰŮɑ Űɞ ɘůɞɕɨɔɘɞ ɘůɢɨɞɠ ůŰɞ MTDC, Ŭɜ 

ŰɞɡɚɎɢɘůŰɞɜ ɏɜŬɠ ɖˊŮɘɟɤŰɘəɧɠ ɛŮŰŬŰɟɞˊɏŬɠ ŭŮ ɚŮɘŰɞɡɟɔŮɑ ɤɠ slack bus DC ɘůɢɨɞɠ, 

əɎɜɞɜŰŬɠ ŬˊŬɔɞɟŮɡŰɘəɧ Űɞɜ ŮɝɤŰŮɟɘəɧ ɞɟɘůɛɧ ɘůɢɨɞɠ əŬɘ ůŰɞɡɠ ŭɨɞ ɖˊŮɘɟɤŰɘəɞɨɠ 

ɛŮŰŬŰɟɞˊŮɑɠ. Ƀ ȹɘŬɢŮɘɟɘůŰɐɠ Űɞɡ MTDC ɛˊɞɟŮɑ ɜŬ ŮɝɡˊɖɟŮŰŮɑ ɛɏůɤ ŮɜŰɞɚɐɠ ɘůɢɨɞɠ 

ɛɧɜɞɜ ɏɜŬ Ŭˊɧ ŰŬ ŭɨɞ ŬůɨɔɢɟɞɜŬ ɆȼȺ əɎɗŮ űɞɟɎ, ɛŮ Űɖ ˊɟɞɦˊɧɗŮůɖ ɧŰɘ Űɞ Ɏɚɚɞ 

Ŭůɨɔɢɟɞɜɞ ɆȼȺ ɗŬ ɚŮɘŰɞɡɟɔŮɑ ɤɠ slack bus ɘůɢɨɞɠ. 

 

 

6.2 ɇŮɢɜɘəɐ ɛŮŰŬɓɞɚɐɠ Űɖɠ ŰɎůɖɠ ŬɜŬűɞɟɎɠ ůŰŬŰɘůɛɞɨ DC ŰɎůɖɠ 

ɛŮ ůəɞˊɧ Űɖɜ ŬɜŬəŬŰŬɜɞɛɐ Űɖɠ DC ɘůɢɨɞɠ ɛŮŰŬɝɨ Űɤɜ ɖˊŮɘɟɤŰɘəɩɜ 

ɛŮŰŬŰɟɞˊɏɤɜ 
 

ȼ ˊŬɟŬɔɧɛŮɜɖ ŮɜŮɟɔɧɠ ɘůɢɨɠ Űɤɜ ŪȷɄ ŮɑɜŬɘ ɛɏɔŮɗɞɠ ůŰɞɢŬůŰɘəɧ, əŬɗɩɠ 

ůɢŮŰɑɕŮŰŬɘ ɛŮ Űɖɜ ŰŬɢɨŰɖŰŬ Űɞɡ Ŭɜɏɛɞɡ. ɆɡɜŮˊɩɠ əŬɘ ɖ DC ɘůɢɨɠ ˊɞɡ Ŭˊɞɟɟɞűɞɨɜ ɞɘ 

ɖˊŮɘɟɤŰɘəɞɑ ɛŮŰŬŰɟɞˊŮɑɠ ŭŮɜ ŮɑɜŬɘ ůŰŬɗŮɟɐ ɞɨŰŮ ˊɟɞɓɚɏˊŮŰŬɘ ɛŮ ŮɡəɞɚɑŬ. ȯɟŬ, Űɞ ɜŬ 

ŭɑɜŮŰŬɘ ůŬűɐɠ ŮɜŰɞɚɐ ůŮ MW ůŮ ɏɜŬɜ ɖˊŮɘɟɤŰɘəɧ ɛŮŰŬŰɟɞˊɏŬ ɛˊɞɟŮɑ ɜŬ ɛɖɜ ŮɑɜŬɘ 

ˊɎɜŰŬ ůɤůŰɧ. ũɘŬ ˊŬɟɎŭŮɘɔɛŬ, ɛˊɞɟŮɑ Ůɜɩ ɖ ŮɜŰɞɚɐ ɘůɢɨɞɠ ůŰɞɜ ɖˊŮɘɟɤŰɘəɧ 

ɛŮŰŬŰɟɞˊɏŬ #1 ɜŬ ˊŬɟŬɛɏɜŮɘ 700 MW, ɖ ɘůɢɨɠ Űɤɜ ŪȷɄ ɜŬ ɛŮɘɤɗŮɑ Ŭˊɧ ŰŬ 1000 MW 

ůŰŬ 500 MW. 

 ȿɧɔɤ ŰɞˊɞɚɞɔɑŬɠ Űɞɡ MTDC (ŬˊɞůŰɎůŮɘɠ HVDC ɔɟŬɛɛɩɜ) əŬɘ ůŰɟŬŰɖɔɘəɐɠ 

ůŰŬŰɘůɛɞɨ DC ŰɎůɖɠ, ɛŮ ɧɛɞɘŮɠ ˊŬɟŬɛɏŰɟɞɡɠ ůŰɞɡɠ ɖˊŮɘɟɤŰɘəɞɨɠ ɛŮŰŬŰɟɞˊŮɑɠ 

(RDC=4%, E*=1), ɖ DC ɘůɢɨɠ ůŰɖ ɛɧɜɘɛɖ əŬŰɎůŰŬůɖ ůɢŮŭɧɜ ɘůɞəŬŰŬɜɏɛŮŰŬɘ ɛŮŰŬɝɨ 

Űɞɡ ɖˊŮɘɟɤŰɘəɞɨ ɛŮŰŬŰɟɞˊɏŬ #1 əŬɘ #2. ȰůŰɤ ɧŰɘ ɞ ȹɘŬɢŮɘɟɘůŰɐɠ ŮˊɘɗɡɛŮɑ ɜŬ 

əŬŰŮɡɗɨɜŮɘ Űɖɜ DC ɘůɢɨ ɛŮ ŰɏŰɞɘɞɜ Űɟɧˊɞ ɩůŰŮ PVSC1=2ẗPVSC2 .ũɘŬ ɜŬ ɔɑɜŮɘ ŬɡŰɧ, ŬɟəŮɑ 

ɜŬ ŬɡɝɖɗŮɑ ɖ ŬˊɞɟɟɞűɞɨɛŮɜɖ DC ɘůɢɨɠ Űɞɡ VSC1 ɛɏɢɟɘ ɜŬ ɔɑɜŮɘ ŭɘˊɚɎůɘŬ Űɖɠ ɘůɢɨɞɠ 

Űɞɡ VSC2.  

ȼ ɛɏɗɞŭɞɠ ˊɞɡ ˊɟɞŰŮɑɜŮŰŬɘ ŮɑɜŬɘ ɖ ɛŮŰŬɓɞɚɐ Űɖɠ ŰɎůɖɠ ŬɜŬűɞɟɎɠ E1
*, Ŭűɞɨ ɞɘ 

ɖˊŮɘɟɤŰɘəɞɑ ŮɚɏɔɢɞɜŰŬɘ ɛɏůɤ Űɖɠ ůɢɏůɖɠ PDC=KDC(VDC-E*). ŪŬ ɗŮɤɟɐůɞɡɛŮ ɧŰɘ Űɞ 

E1
* ŭŮ ɛŮŰŬɓɎɚɚŮŰŬɘ ŬəŬɟɘŬɑŬ, ŭɘɧŰɘ ŬɡŰɧ ɗŬ ůɐɛŬɘɜŮ ŬəŬɟɘŬɑŬ ɛŮŰŬɓɞɚɐ Űɖɠ 

ŭɘŬəɘɜɞɨɛŮɜɖɠ DC ɘůɢɨɞɠ Űɤɜ ɖˊŮɘɟɤŰɘəɩɜ ɛŮŰŬŰɟɞˊɏɤɜ, ɔŮɔɞɜɧɠ ɛŮ ŬɟɜɖŰɘəɏɠ 

ůɡɜɏˊŮɘŮɠ ɔɘŬ Űɞɜ Ůɝɞˊɚɘůɛɧ ůŮ ɛɘŬ ˊɟŬɔɛŬŰɘəɐ ŮűŬɟɛɞɔɐ. ɆɡɜŮˊɩɠ, Űɞ E1
* ŮˊɘɚɏɔŮŰŬɘ 

ɜŬ ɛŮɘɩɜŮŰŬɘ ɔɟŬɛɛɘəɎ ɛŮ Űɞ ɢɟɧɜɞ ɛŮ ɟɡɗɛɧ -0.001 p.u/sec, ɝŮəɘɜɩɜŰŬɠ Ŭˊɧ Űɖɜ Űɘɛɐ 

1 p.u.  

 ȿɧɔɤ Űɖɠ ˊɞɚɡˊɚɞəɧŰɖŰŬɠ Űɞɡ ůɡůŰɐɛŬŰɞɠ ˊɞɡ ɛŮɚŮŰɎŰŬɘ (MTDC, ɆȼȺ, 

ŪȷɄ), ɗŬ ɢɟŮɘŬɕɧŰŬɜ əɎˊɞɘɞɠ ŬɜŬɚɡŰɘəɧɠ Űɟɧˊɞɠ ůŮ ɛɞɟűɐ ŮɝɘůɩůŮɤɜ ɔɘŬ  ɜŬ 

ˊɟɞůŭɘɞɟɘůɗŮɑ ɛŮ ŬəɟɑɓŮɘŬ ɖ Űɘɛɐ Űɞɡ E1
* ,ɩůŰŮ PVSC1=2ẗPVSC2 (ɐ ɞˊɞɘɞɜŭɐˊɞŰŮ Ɏɚɚɞɜ 

ŭɘŬɛɞɘɟŬůɛɧ DC ɘůɢɨɞɠ ŮˊɘɚɏɝŮɘ ɞ ȹɘŬɢŮɘɟɘůŰɐɠ). ȼ ɚɞɔɘəɐ ˊɞɡ ŮűŬɟɛɧɕŮŰŬɘ Ůŭɩ ŮɑɜŬɘ 

ɖ Ůɝɐɠ. ɀɏůɤ çɢŮɘɟɞəɑɜɖŰɞɡè ŮɝɤŰŮɟɘəɞɨ trigger signal ɝŮəɘɜɎ ɖ ɔɟŬɛɛɘəɐ ɛŮɑɤůɖ Űɞɡ 

E1
*.ɄŬɟɎɚɚɖɚŬ, ɛŮŰɟɎŰŬɘ ɞ ɚɧɔɞɠ  , o ɞˊɞɑɞɠ ɗŬ ŬɡɝɎɜŮŰŬɘ Ŭűɞɨ ɖ ŬɜŬűɞɟɎ DC 

ɘůɢɨɞɠ Űɞɡ VSC1 ɗŬ ŬɡɝɎɜŮŰŬɘ əŬɘ ɚɧɔɤ ɘůɞɕɡɔɑɞɡ ɘůɢɨɞɠ Űɞ PVSC2 ɗŬ ɛŮɘɩɜŮŰŬɘ 

ŬɜŬɔəŬůŰɘəɎ. ɀɧɚɘɠ ŬɜɘɢɜŮɡɗŮɑ ς , ŰɧŰŮ ŭɑɜŮŰŬɘ ŮɜŰɞɚɐ ůŰɞ E1
*ɜŬ çˊŬɔɩůŮɘè 

ůŰɖ ˊŬɟɞɨůŬ Űɘɛɐ Űɞɡ, ůɡɜŮˊɩɠ ˊŬɟŬɛɏɜŮɘ ς. ȼ Ůˊɘɚɞɔɐ ɛŮɔŬɚɨŰŮɟɞ ɐ ɑůɞ 

ŮˊɘɚɏɔŮŰŬɘ ŭɘɧŰɘ ŮɜŭɘŬűɏɟŮɘ ˊɧŰŮ Űɞ  ˊŬɑɟɜŮɘ ɔɘŬ ˊɟɩŰɖ űɞɟɎ Űɘɛɐ ɛŮɔŬɚɨŰŮɟɖ ɐ 

ɑůɖ ɛŮ Űɞ 2, ɛŮŰɎ Űɖ ɢɟɞɜɘəɐ ůŰɘɔɛɐ tTRIGGER. 
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ɆɢɐɛŬ 6.3. ɀŮŰŬɓɞɚɐ ŰɎůɖɠ ŬɜŬűɞɟɎɠ ůŰŬŰɘůɛɞɨ DC ŰɎůɖɠ Ⱥ1
*, ɛŮ ůəɞˊɧ Űɞɜ ŬɜŬəŬŰŬɛŮɟɘůɛɧ DC 

ɘůɢɨɞɠ ɛŮŰŬɝɨ Űɤɜ ŭɨɞ ɖˊŮɘɟɤŰɘəɩɜ ɛŮŰŬŰɟɞˊɏɤɜ. 

 

ɇɞ block ñMEMORYò Űɞɡ Matlab/Simulink ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ɔɘŬ ɜŬ 

ŭɘŬŰɖɟŮɑŰŬɘ ůŰɖ ɛɜɐɛɖ ɖ Űɘɛɐ Űɞɡ ˊɟɞɖɔɞɨɛŮɜɞɡ ɢɟɞɜɘəɞɨ əɨəɚɞɡ, əŬɗɩɠ ɖ 

ˊɟɞůɞɛɞɑɤůɖ ŮɑɜŬɘ ŭɘŬəɟɘŰɞɨ ɢɟɧɜɞɡ (discrete time simulation). ɇɞ clock ɛŮŰɟɎŮɘ Űɞ 

ɢɟɧɜɞ tCLOCK Ŭɧ́ Űɖ ůŰɘɔɛɐ ˊɞɡ ɝŮəɘɜɎ ɖ ˊɟɞůɞɛɞɑɤůɖ ůŰɞ Simulink. ȼ ŭɘŬűɞɟɎ 

tCLOCK-tTRIGGER ˊɟɞůűɏɟŮɘ ɢɟɞɜɘəɐ ɛŮŰŬŰɧˊɘůɖ ůŰɞ t=0 Űɖ ɢɟɞɜɘəɐ ůŰɘɔɛɐ 

tCLOCK=tTRIGGER. 

 
(Ŭ)     (ɓ) 
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(ɔ)     (ŭ) 

ɆɢɐɛŬ 6.4. ȷɜŬəŬŰŬɛŮɟɘůɛɧɠ DC ɘůɢɨɞɠ, ɛɏůɤ ɛŮɑɤůɖɠ ŰɎůɖɠ ŬɜŬűɞɟɎɠ ůŰŬŰɘůɛɞɨ DC ŰɎůɖɠ Ⱥ1
*(Ŭ) 

ŮɜŮɟɔɧɠ ɘůɢɨɠ Ůɝɧŭɞɡ ɖˊŮɘɟɤŰɘəɞɨ ɛŮŰŬŰɟɞˊɏŬ #1,#2, (ɓ) ɛŮŰŬűŮɟɧɛŮɜɖ DC ɘůɢɨɠ Űɖɠ HVDC ɔɟŬɛɛɐɠ 3-

4, (ɔ) ŰɎůɖɠ ŬɜŬűɞɟɎɠ Ⱥ1
*, (ŭ) ɚɧɔɞɠ PVSC1/PVSC2. 

 

ȼ Ŭˊɧəɟɘůɖ Űɞɡ MTDC ŭɘəŰɨɞɡ ůŰɖ ˊŬɟŬˊɎɜɤ ɛɏɗɞŭɞ ˊŬɟɞɡůɘɎɕŮŰŬɘ ůŰɞ 

ɆɢɐɛŬ 6.4. ɇɖɜ tTRIGGER=2 sec ŭɑɜŮŰŬɘ ɞ ˊŬɚɛɧɠ ɏɜŬɡůɖɠ ůŰɞ əɨəɚɤɛŬ Űɞɡ ɆɢɐɛŬŰɞɠ 

6.3 . ɀŮŰɎ Ŭˊɧ ɢɟɞɜɘəɧ ŭɘɎůŰɖɛŬ ˊŮɟɑˊɞɡ 24 sec ŬɜŬəŬŰŬɛŮɟɑɕŮŰŬɘ ɖ ɘůɢɨɠ ɛŮ 

ς, Ůɜɩ ɖ ŰɎůɖɠ Ⱥ1
*ɛŮɘɩɜŮŰŬɘ ɔɟŬɛɛɘəɎ ɛɏɢɟɘ ɜŬ çˊŬɔɩůŮɘè ůŰɞ 0.975 p.u. Ƀ ɢɟɧɜɞɠ 

ůŰŬɗŮɟɞˊɞɑɖůɖɠ ŮɝŬɟŰɎŰŬɘ Ŭˊɧ Űɞɜ ɟɡɗɛɧ ɛŮɑɤůɖɠ Űɞɡ E1* əŬɘ ɛˊɞɟŮɑ ɜŬ ŬɚɚɎɝŮɘ Ŭɜ 

ɖ ŮűŬɟɛɞɔɐ Űɞ ŬˊŬɘŰŮɑ.  

ȼ ůɡɜɗɐəɖ çˊŬɔɩɛŬŰɞɠè Űɞɡ E1
* ( ς) ɛˊɞɟŮɑ ɜŬ ˊɎɟŮɘ əɘ ɎɚɚŮɠ ɛɞɟűɏɠ, 

ŬɜɎɚɞɔŬ ɛŮ Űɖɜ ŬˊŬɑŰɖůɖ ŭɘŬɜɞɛɐɠ Űɖɠ ɘůɢɨɞɠ ɛŮŰŬɝɨ Űɤɜ ŭɨɞ ɖˊŮɘɟɤŰɘəɩɜ 

ɛŮŰŬŰɟɞˊɏɤɜ. ŪŬ ɛˊɞɟɞɨůŮ ɜŬ ɞɟɘůɗŮɑ ɔɘŬ ˊŬɟɎŭŮɘɔɛŬ 0 πȢψ ÐȢÕ , ŭɖɚŬŭɐ 

ůŬűɐɠ ŮɜŰɞɚɐ ɘůɢɨɞɠ, ɖ ɞˊɞɑŬ ɜŬ ŮˊɘŰɡɔɢɎɜŮŰŬɘ ɛŮ Űɖ ɛɏɗɞŭɞ Űɖɠ ˊŬɟɞɨůŬɠ 

ˊŬɟŬɔɟɎűɞɡ əɘ ɧɢɘ Űɖɠ ˊɟɞɖɔɞɨɛŮɜɖɠ. 

  












