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ʇʨʦʬ. ʜʨ ʅʠʢʦʣʘ ʈʘʿʘʢʦʚʠ˂, ɽʣʝʢʪʨʦʪʝʭʥʠʯʢʠ ʬʘʢʫʣʪʝʪ, ʋʥʠʚʝʨʟʠʪʝʪ ʫ ɹʝʦʛʨʘʜʫ 

 

 

ʏʣʘʥʦʚʠ ʢʦʤʠʩʠʿʝ: 

ʇʨʦʬ. ʜʨ ʅʠʢʦʣʘ ʈʘʿʘʢʦʚʠ˂, ɽʣʝʢʪʨʦʪʝʭʥʠʯʢʠ ʬʘʢʫʣʪʝʪ, ʋʥʠʚʝʨʟʠʪʝʪ ʫ ɹʝʦʛʨʘʜʫ 
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ʉʪʘʥʢʦ ʇ. ɱʘʥʢʦʚʠ˂, ɸʣʛʦʨʠʪʤʠ ʟʘ ʫʥʘʧʨʝʹʝˁʝ ʢʦʥʚʝʨʛʝʥʮʠʿʝ ʫ ʧʨʦʨʘʯʫʥʫ ʪʦʢʦʚʘ ʩʥʘʛʘ ʥʘ ʚʝʣʠʢʠʤ ʩʠʤʫʣʘʮʠʦʥʠʤ ʤʦʜʝʣʠʤʘ, ʜʦʢʪʦʨʩʢʘ ʜʠʩʝʨʪʘʮʠʿʘ 

ɿʘʭʚʘʣʥʠʮʘ 

 

ɿʘʭʚʘˀʫʿʝʤ ʩʝ ʜʨ ɹʦʿʘʥʫ ʀʚʘʥʦʚʠ˂ʫ ʟʘ ʩʚʝ ʛʦʜʠʥʝ ʩʘʨʘʜˁʝ ʫ 

ʿʘʚʥʦʤ ʧʨʝʜʫʟʝ˂ʫ ɽʣʝʢʪʨʦʤʨʝʞʘ ʉʨʙʠʿʝ ʠ ʚʠʟʠʿʠ ʝʣʝʢʪʨʦʝʥʝʨʛʝʪʩʢʠʭ 

ʘʥʘʣʠʟʘ ʢʦʿʫ ʿʝ ʧʨʝʥʦʝ ʥʘ ʤʝʥʝ. 

ʀʟʨʘʜʫ ʜʦʢʪʦʨʩʢʝ ʜʠʩʝʨʪʘʮʠʿʝ ʧʦʤʦʛʣʦ ʿʝ ʿʘʚʥʦ ʧʨʝʜʫʟʝ˂ʝ 

ɽʣʝʢʪʨʦʤʨʝʞʘ ʉʨʙʠʿʝ. ʅʘʚʝʜʝʥʦ ʧʨʝʜʫʟʝ˂ʝ ʿʝ ʦʙʝʟʙʝʜʠʣʦ ʬʠʥʘʥʩʠʿʩʢʫ 

ʧʦʜʨʰʢʫ ʪʦʢʦʤ ʜʦʢʪʦʨʩʢʠʭ ʩʪʫʜʠʿʘ ʠ ʦʤʦʛʫ˂ʠʣʦ ʢʦʨʠʰ˂ʝˁʝ ʨʝʘʣʥʠʭ 

ʠ ʪʝʩʪ ʩʠʤʫʣʘʮʠʦʥʠʭ ʤʦʜʝʣʘ ʫ ʠʟʨʘʜʠ ʦʚʝ ʜʠʩʝʨʪʘʮʠʿʝ, ʥʘ ʯʝʤʫ ʩʘʤ 

ʚʝʦʤʘ ʟʘʭʚʘʣʘʥ. 

ɿʘʭʚʘˀʫʿʝʤ ʩʝ ʜʨ ʃʠʜʠʿʠ ʂʦʨʫʥʦʚʠ˂, ʧʨʦʬ. ʜʨ ɱʦʚʠʮʠ 

ʄʠʣʘʥʦʚʠ˂ʫ, ʧʨʦʬ. ʜʨ ɿʦʨʘʥʫ ʈʘʜʦʿʝʚʠ˂ʫ, ʜʨ ɱʦʚʘʥʫ ʐʪʘʨʢˀʫ, ʜʨ 

ɾʝˀʢʫ ɫʫʨʠʰʠ˂ʫ, ʜʨ ɱʦʚʘʥʫ ʄʠʢʫʣʦʚʠ˂ʫ ʠ ʤʨ ɫʦʨʹʫ ɼʦʙʨʠʿʝʚʠ˂ʫ ʢʦʿʠ 

ʩʫ ʦʙʝʟʙʝʜʠʣʠ ʧʦʪʨʝʙʘʥʝ ʥʘʫʯʥʝ ʠ ʩʪʨʫʯʥʝ ʧʫʙʣʠʢʘʮʠʿʝ ʠ ʪʠʤʝ 

ʧʦʤʦʛʣʠ ʠʟʨʘʜʫ ʦʚʝ ʜʠʩʝʨʪʘʮʠʿʝ. 

  



v 
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ɸʃɻʆʈʀʊʄʀ ɿɸ ʋʅɸʇʈɽɫɽɳɽ ʂʆʅɺɽʈɻɽʅʎʀɱɽ ʋ 

ʇʈʆʈɸʏʋʅʋ ʊʆʂʆɺɸ ʉʅɸɻɸ ʅɸ ɺɽʃʀʂʀʄ 

ʉʀʄʋʃɸʎʀʆʅʀʄ ʄʆɼɽʃʀʄɸ 

 

 

 

ʈʝʟʠʤʝ 

 

ʇʨʦʨʘʯʫʥ ʪʦʢʦʚʘ ʩʥʘʛʘ ʿʝ ʥʘʿʯʝʰ˂ʝ ʫʧʦʪʨʝʙˀʠʚʘʥʘ ʘʥʘʣʠʟʘ ʫ ʦʧʝʨʘʪʠʚʥʦʤ 

ʧʣʘʥʠʨʘˁʫ ʨʘʜʘ ʝʣʝʢʪʨʦʝʥʝʨʛʝʪʩʢʦʛ ʩʠʩʪʝʤʘ. ʆʙʥʦʚˀʠʚʠ ʠʟʚʦʨʠ ʩʫ ʫʟʨʦʢʦʚʘʣʠ ʜʘ 

ʦʧʝʨʘʪʦʨ ʤʦʨʘ ʜʘ ʨʘʜʠ ʘʥʘʣʠʟʝ ʪʦʢʦʚʘ ʩʥʘʛʘ ʠ/ʠʣʠ ʘʥʘʣʠʟʝ ʩʠʪʫʨʥʦʩʪʠ ʰʪʦ ʿʝ ʙʨʞʝ 

ʤʦʛʫ˂ʝ ʫ ʮʠˀʫ ʧʨʝʜʠʢʮʠʿʝ ʩʣʝʜʝ˂ʝʛ ʢʦʨʘʢʘ ʫ ʨʝʛʫʣʘʮʠʿʠ ʝʣʝʢʪʨʦʝʥʝʨʛʝʪʩʢʦʛ 

ʩʠʩʪʝʤʘ. LU ʜʝʢʦʤʧʦʟʠʮʠʿʘ ɱʘʢʦʙʠʿʘʥ ʤʘʪʨʠʮʝ ʪʨʘʿʝ ʥʘʿʜʫʞʝ ʪʦʢʦʤ Newton-

Raphson ʠʪʝʨʘʪʠʚʥʝ ʤʝʪʦʜʝ. ɺʨʝʤʝ ʪʨʘʿʘˁʘ ʧʨʦʨʘʯʫʥʘ ʧʦʿʘʚˀʫʿʝ ʩʝ ʢʘʦ ʢʨʠʪʠʯʘʥ 

ʧʨʦʙʣʝʤ ʢʘʜʘ ʩʝ ʧʨʦʨʘʯʫʥ ʪʦʢʦʚʘ ʩʥʘʛʘ ʠʟʚʦʜʠ ʥʘ ʤʦʜʝʣʠʤʘ ʚʝʣʠʢʦʛ 

ʝʣʝʢʪʨʦʝʥʝʨʛʝʪʩʢʦʛ ʩʠʩʪʝʤʝʤʘ. ʋ ʦʚʦʤ ʩʣʫʯʘʿʫ, LU ʜʝʢʦʤʧʦʟʠʮʠʿʘ Jacobian 

ʤʘʪʨʠʮʝ ʥʝ ʙʠ ʪʨʝʙʘʣʦ ʜʘ ʩʝ ʠʟʚʦʜʠ ʫ ʠʪʝʨʘʮʠʿʘʤʘ ʫ ʢʦʿʠʤʘ ʩʪʦʧʘ ʢʦʥʚʝʨʛʝʥʮʠʿʝ 

ʥʠʿʝ ʥʘʨʫʰʝʥʘ ʘʣʠ ʩʝ ʠʟʚʦʜʠ ʫ ʠʪʝʨʘʮʠʿʘʤʘ ʫ ʢʦʿʠʤʘ ʿʝ ʩʪʦʧʘ ʢʦʥʚʝʨʛʝʥʮʠʿʝ ʠʩʧʦʜ 

ʩʧʝʮʠʬʠʮʠʨʘʥʦʛ ʥʠʚʦʘ. ɼʨʫʛʠʤ ʨʝʯʠʤʘ, ʫ ʜʠʩʝʨʪʘʮʠʿʠ ʩʫ ʤʦʜʠʬʠʢʦʚʘʥʠ Newton-

Raphson ʤʝʪʦʜ, ʢʦʿʠ ʝʣʠʤʠʥʠʰʝ ʧʦʥʘʚˀʘˁʝ LU ʜʝʢʦʤʧʦʟʠʮʠʿʝ Jacobian ʤʘʪʨʠʮʝ ʠ 

ʛʝʥʝʨʠʯʢʠ Newton-Raphson ʤʝʪʦʜ ʢʦʤʙʠʥʦʚʘʥʠ ʫ ʟʘʚʠʩʥʦʩʪʠ ʦʜ ʩʪʦʧʝ 

ʢʦʥʚʝʨʛʝʥʮʠʿʝ. ɼʠʩʝʨʪʘʮʠʿʘ ʧʨʝʜʩʪʘʚˀʘ ʧʨʠʤʝʥʫ ʧʨʝʜʣʦʞʝʥʝ ʢʦʤʙʠʥʦʚʘʥʝ 

Newton-Raphson ʤʝʪʦʜʝ ʢʦʿʘ ʿʝ ʙʘʟʠʨʘʥʘ ʥʘ ʢʦʥʪʨʦʣʠ ʩʪʦʧe ʢʦʥʚʝʨʛʝʥʮʠʿʝ. 

ʀʟʚʝʜʝʥʦ ʿʝ ʧʦʨʝʹʝˁʝ ʢʦʤʙʠʥʦʚʘʥʦʚʘʥʝ, Shamanskii, ʦʧʰʪʝ ʠ ʤʦʜʠʬʠʢʦʚʘʥʝ 

Newton-Raphson ʤʝʪʦʜʝ ʫʟʠʤʘʿʫ˂ʠ ʫ ʦʙʟʠʨ ʚʨʝʤʝ ʪʨʘʿʘˁʘ ʧʨʦʨʘʯʫʥʘ ʠ ʙʨʦʿ 

ʟʘʭʪʝʚʘʥʠʭ ʠʪʝʨʘʮʠʿʘ ʜʘ ʙʠ ʩʝ ʧʦʩʪʠʛʣʘ ʢʦʥʚʝʨʛʝʥʮʠʿʘ ʫ ʧʨʦʨʘʯʫʥʫ ʥʘ ʤʦʜʝʣʠʤʘ 

ʨʘʟʣʠʯʠʪʠʭ ʜʠʤʝʥʟʠʿʘ. 

ʄʘʣʝ ʠʣʠ ʥʫʣʪʝ ʠʤʧʝʜʘʥʩʝ ʚʦʜʦʚʘ ʯʝʩʪʦ ʫʟʨʦʢʫʿʫ ʜʠʚʝʨʛʝʥʮʠʿʫ ʠʣʠ 

ʧʦʛʨʝʰʥʫ ʢʦʥʚʝʨʛʝʥʮʠʿʫ ʫ ʧʨʦʨʘʯʫʥʫ ʪʦʢʦʚʘ ʩʥʘʛʘ. ʀʤʧʝʜʘʥʩʘ ʩʧʦʿʥʠʭ ʧʦˀʘ ʿʝ 
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ʩʢʦʨʦ ʫʚʝʢ ʿʝʜʥʘʢʘ ʥʫʣʪʦʿ ʚʨʝʜʥʦʩʪʠ, ʜʦʢ ʿʝ ʠʤʧʝʜʘʥʩʘ ʚʦʜʦʚʘ ʢʦʿʠ ʧʦʚʝʟʫʿʫ 

ʛʝʥʝʨʘʪʦʨʩʢʝ ʿʝʜʠʥʠʮʝ ʩʘ ʚʠʩʦʢʦʥʘʧʦʥʩʢʠʤ ʩʘʙʠʨʥʠʮʘʤʘ ʫ ʩʫʩʝʜʥʠʤ 

ʧʦʩʪʨʦʿʝˁʠʤʘ ʦʙʠʯʥʦ ʚʝʦʤʘ ʤʘʣʘ. ɼʠʩʝʨʪʘʮʠʿʘ ʠʤʘ ʟʘ ʮʠˀ ʜʘ ʧʨʝʜʩʪʘʚʠ ʧʨʠʩʪʫʧ ʫ 

ʢʦʤʝ ʩe ʯʚʦʨʦʚʠ ʧʦʚʝʟʘʥʠ ʤʘʣʠʤ ʠʣʠ ʥʫʣʪʠʤ ʠʤʧʝʜʘʥʩʘʤʘ ʩʧʘʿʘʿʫ ʫ ʿʝʜʘʥ ʯʚʦʨ ʘ 

ʟʘʪʠʤ ʩʝ ʨʝʰʘʚʘ ʩʠʩʪʝʤ ʥʝʣʠʥʝʘʨʥʠʭ ʿʝʜʥʘʯʠʥʘ ʟʘ ʧʨʦʨʘʯʫʥ ʪʦʢʦʚʘ ʩʥʘʛʝ ʙʝʟ ʦʚʠʭ 

ʚʦʜʦʚʘ. ʅʘʢʦʥ ʫʩʧʝʰʥʦʛ ʨʝʰʝˁʘ ʥʝʣʠʥʝʘʨʥʦʛ ʩʠʩʪʝʤʘ ʿʝʜʥʘʯʠʥʘ ʫ ʧʨʦʨʘʯʫʥʫ 

ʪʦʢʦʚʘ ʩʥʘʛʝ ʠʟʨʘʯʫʥʘʚʘʿʫ ʩʝ ʪʦʢʦʚʠ ʩʥʘʛʝ ʢʨʦʟ ʤʘʣʝ ʠʣʠ ʥʫʣʪʝ ʠʤʧʝʜʘʥʩʝ ʧʦʤʦ˂ʫ 

ʩʠʩʪʝʤʘ ʣʠʥʝʘʨʥʠʭ ʿʝʜʥʘʯʠʥʘ. ɻʣʘʚʥʘ ʧʨʝʜʥʦʩʪ ʨʝʰʘʚʘˁʘ ʩʠʩʪʝʤʘ ʣʠʥʝʘʨʥʠʭ 

ʿʝʜʥʘʯʠʥʘ ʫ ʧʦʨʝʹʝˁʫ ʩʘ ʨʝʰʘʚʘˁʝʤ ʩʠʩʪʝʤʘ ʥʝʣʠʥʝʘʨʥʠʭ ʿʝʜʥʘʯʠʥʘ ʿʝ ʪʘ ʰʪʦ ʩʝ 

ʣʠʥʝʘʨʥʠ ʩʠʩʪʝʤ ʨʝʰʘʚʘ ʫ ʿʝʜʥʦʤ ʢʦʨʘʢʫ ʙʝʟ ʠʪʝʨʘʪʠʚʥʝ ʧʨʦʮʝʜʫʨʝ. ʋ 
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ALGORITHMS FOR CONVERGENCE IMPROVEMENT TO 

LARGE LOAD FLOW SIMULATION MODELS  

 

 

 

Abstract 

 

Load flow is the most used calculations in power system operation planning. 

Renewable resources have caused that system operator has to do power flow analysis 

and/or contingency analysis as fast as possible in order to predict next step in power 

system control. LU Decomposition of Jacobian matrix remains the most 

computationally expensive task during NewtonïRaphson iterative method. 

Computational time appears to be critical issue when load flow calculation is performed 

on large power system load flow models. In this case, Jacobian matrix LU 

decomposition should not be performed in iterations in which convergence rate is not 

violated but performed in iterations in which convergence rate drop below specified 

level. In other words, modified NewtonïRaphson Method which eliminates the repeated 

Jacobian matrix LU decomposition and generic NewtonïRaphson method are combined 

depending on convergence rate in Dissertation. The Dissertation presents application of 

proposed combined NewtonïRaphson method which is based on convergence rate 

control. Comparison of combined, Shamanskii, generic, and modified NewtonïRaphson 

methods is carried out taking into consideration computational time and number of 

iterations required to achieve convergence of load flow models of various dimensions. 

Small or zero impedance lines are frequent cause of power flow calculation 

divergence or invalid convergence. Impedances of bus couplers are almost equal to zero 

while impedances of lines which connect generators high voltage busbars to 

neighboring substations are usually very small. This Dissertation presents an approach 

by which buses connected by small or zero impedance lines are merged into single bus 

and nonlinear system of power flow equations is solved without these lines. After 
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solution of nonlinear systems of power flow equations is found, power flows through 

small or zero impedance lines are solved as system of linear equations. The main 

advantage of solving system of linear equations comparing to solving system of 

nonlinear equations is that linear system is solved in one step without iterative 

procedure. The approach of solving the system of linear equations representing active 

and reactive power flows through lines with the same voltages and angles at their 

terminals is presented in the Dissertation. 

Keywords: combined Newton-Raphson method, convergence rate, Jacobian matrix, LU 

decomposition, short line, small impedance line, zero impedance line 

Scientific field: Technical-science ï Electrical engineering 

Specific scientific field: Power Systems 
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AC  ʅʘʠʟʤʝʥʠʯʥʘ ʩʪʨʫʿʘ (ʝʥʛ. Amplitude Current) 

ATC  ɼʦʩʪʫʧʥʠ ʧʨʝʥʦʩʥʠ ʢʘʧʘʮʠʪʝʪ (ʝʥʛ. Available Transfer Capacity) 

ɽɽʉ  ɽʣʝʢʪʨʦʝʥʝʨʛʝʪʩʢʠ ʩʠʩʪʝʤ 

ENTSO-E ɸʩʦʮʠʘʿʮʠʿʘ ʝʚʨʦʧʩʢʠʭ ʦʧʝʨʘʪʦʨʘ ʧʨʝʥʦʩʥʠʭ ʩʠʩʪʝʤʘ ʟʘ ʝʣʝʢʪʨʠʯʥʫ 

ʝʥʝʨʛʠʿʫ (ʝʥʛ. European Network of Transmission System Operators for 

Electricity) 

DACF  ʇʨʦʛʥʦʟʘ ʟʘʛʫʰʝˁʘ ʟʘ ʜʘʥ ʫʥʘʧʨʝʜ (ʝʥʛ. Day Ahead Congestion 

Forecast) 

PTDF  ɼʠʩʪʨʠʙʫʪʠʚʥʠ ʬʘʢʪʦʨʠ ʟʘ ʧʨʝʥʦʩ ʘʢʪʠʚʥʝ ʩʥʘʛʝ (ʝʥʛ. Power 

Transfer Distribution Factors) 

NTC  ʅʝʪʦ ʧʨʝʥʦʩʥʠ ʢʘʧʘʮʠʪʝʪ (ʝʥʛ. Net Transfer Capacity) 

STDF  ʌʘʢʪʦʨʠ ʟʘ ʧʨʝʥʦʩ ʧʨʠʚʠʜʥʝ ʩʥʘʛʝ (ʝʥʛ. Apparent Power Distribution 

Factors) 

TSO  ʆʧʝʨʘʪʦʨ ʧʨʝʥʦʩʥʦʛ ʩʠʩʪʝʤʘ (ʝʥʛ. Transmission Sistem Operator) 

UCTE  ʋʥʠʿʘ ʟʘ ʢʦʦʨʜʠʥʘʮʠʿʫ ʧʨʝʥʦʩʘ ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ (ʝʥʛ. Union for 

the Coordination of Transmission Elctricity) 
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1 

 

1 ʋɺʆɼ 

 

ɿʘ ʚʨʝʤʝʥʩʢʠ ʧʝʨʠʦʜ ʢʘʜʘ ʦʙʥʦʚˀʠʚʠ ʠʟʚʦʨʠ ʥʠʩʫ ʠʤʘʣʠ ʚʝʣʠʢʠ ʫʪʠʮʘʿ ʥʘ 

ʨʘʜ ʝʣʝʢʪʨʦʝʥʝʨʛʝʪʩʢʦʛ ʩʠʩʪʝʤʘ ʙʠʣʦ ʿʝ ʧʦʪʨʝʙʥʦ ʥʝʢʦʣʠʢʦ ʘʥʘʣʠʟʘ ʟʘ ʜʘʥ 

ʫʥʘʧʨʝʜ ʜʘ ʙʠ ʦʧʝʨʘʪʦʨ ʩʠʩʪʝʤʘ ʙʠʦ ʩʧʨʝʤʘʥ ʟʘ ʩʣʝʜʝ˂ʘ 24 ʯʘʩʘ. ʉʘ ʜʨʫʛʝ ʩʪʨʘʥʝ, 

ʟʙʦʛ ʩʪʦʭʘʩʪʠʯʥʝ ʧʨʠʨʦʜʝ ʦʙʥʦʚˀʠʚʠʭ ʠʟʚʦʨʘ ʢʘʦ ʰʪʦ ʿʝ ʚʝʪʘʨ, ʦʧʝʨʘʪʦʨ ʩʠʩʪʝʤʘ 

ʙʠ ʪʨʝʙʘʣʦ ʜʘ ʫʨʘʜʠ ʠʩʪʝ ʘʥʘʣʠʟʝ ʟʘ ʧʝʨʠʦʜ ʧʨʦʛʥʦʟʝ ʫʥʫʪʘʨ ʿʝʜʥʦʛ ʜʘʥʘ ʠʟʤʝʹʫ 

ʧʣʘʥʘ ʟʘ ʜʘʥ ʫʥʘʧʨʝʜ ʠ ʩʪʚʘʨʥʝ ʧʨʦʤʝʥʝ ʘʥʛʘʞʦʚʘˁʘ ʫ ʚʨʝʤʝʥʩʢʦʤ ʠʥʪʝʨʚʘʣʫ ʦʜ 

5 min. ʊʘʢʦ ʜʘ ʟʘʭʪʝʚ ʟʘ ʧʨʦʨʘʯʫʥ ʪʦʢʦʚʘ ʩʥʘʛʝ ʧʦʩʪʘʿʝ ʚʝʦʤʘ ʙʠʪaʥ. 

ʅʘʿʯʝʰ˂ʝ ʫʧʦʪʨʝʙˀʠʚʘʥʘ ʠʪʝʨʘʪʠʚʥʘ ʧʨʦʮʝʜʫʨʘ ʫ AC ʧʨʦʨʘʯʫʥʫ ʪʦʢʦʚʘ 

ʩʥʘʛʝ ʿʝ Newton-Raphson ʤʝʪʦʜʘ ʫʢˀʫʯʫʿʫ˂ʠ ʤʝʪʦʜʝ ʢʦʿʝ ʩʫ ʠʟʚʝʜʝʥʝ ʠʟ ʦʚʝ 

ʤʝʪʦʜʝ. ʈʝʰʝˁʝ ʧʨʦʨʘʯʫʥʘ ʪʦʢʘ ʩʥʘʛʝ ʙʘʟʠʨʘʥʦʛ ʥʘ Newton-Raphson ʤʝʪʦʜʠ ʿʝ 

ʜʝʬʠʥʠʩʘʥʦ ʫ ʢʘʩʥʠʤ ʰʝʩʪʜʝʩʝʪʠʤ ʛʦʜʠʥʘʤʘ ʧʨʦʰʣʦʛ ʚʝʢʘ [1]. ɼʦ ʩʘʜʘ ʿʝ 

ʧʫʙʣʠʢʦʚʘʥ ʚʝʣʠʢʠ ʙʨʦʿ ʨʘʟʣʠʯʠʪʠʭ ʩʪʫʜʠʿʘ ʧʦʚʝʟʘʥʠʭ ʩʘ ʨʝʰʘʚʘˁʝʤ ʧʨʦʨʘʯʫʥʘ 

ʪʦʢʦʚʘ ʩʥʘʛʝ. ʉʪʫʜʠʿʝ ʢʦʿʝ ʠʤʘʿʫ ʚʝʟʝ ʩʘ ʧʨʠʤʝʥʦʤ ʪʝʭʥʠʢʝ ʬʠʢʩʥʝ ʪʘʯʢʝ [2] ʠ 

ʫʧʨʦʰ˂ʝʥʠ Newton-Raphson ʤʝʪʦʜ ʫ ʮʠˀʫ ʨʝʜʫʢʮʠʿʝ ʚʨʝʤʝʥʘ ʢʦʿʝ ʿʝ ʟʘʭʪʝʚʘʥʦ ʟʘ 

ʘʞʫʨʠʨʘˁʝ Jacobian ʤʘʪʨʠʮʝ ʠ LU ʜʝʢʦʤʧʦʟʠʮʠʿʝ, ʢʘʦ ʰʪʦ ʿʝ ʨʘʩʧʨʝʛʥʫʪʠ [3] ʠ 

ʙʨʟʠ ʨʘʩʧʨʝʛʥʫʪʠ [4] Newton ʤʝʪʦʜ. ʋʥʘʧʨʝʹʝʥʠ ʨʘʩʧʨʝʛʥʫʪʠ ʧʨʦʨʘʯʫʥ ʪʦʢʘ ʩʥʘʛʝ 

ʠ ʫʧʨʦʰ˂ʝʥʠ Newton-Raphson ʩʫ ʪʘʢʦʹʝ ʧʨʝʟʝʥʪʦʚʘʥʠ ʫ [5] ʫ ʮʠˀʫ ʤʠʥʠʤʘʟʘʮʠʿʝ 

ʚʨʝʤʝʥʘ ʧʦʪʨʝʙʥʦʛ ʟʘ ʧʨʦʨʘʯʫʥ. ʄʦʜʠʬʠʢʘʮʠʿʘ Newton-Raphson ʤʝʪʦʜʝ ʧʨʠʢʘʟʘʥʘ 

ʿʝ ʫ [6] ʛʜʝ ʩʫ ʢʦʨʠʰ˂ʝʥʠ ʥʝʩʢʣʘʜʠ ʫ ʠʥʿʝʢʮʠʿʘʤʘ ʩʪʨʫʿʘ ʟʘ PQ ʯʦʚʦʨʦʚʝ, ʜʦʢ ʩʫ 

ʥʝʩʢʣʘʜ ʠʥʿʝʢʮʠʿʘ ʩʥʘʛʝ ʢʦʨʠʰ˂ʝʥʠ ʟʘ PV ʯʚʦʨʦʨʚʝ. ʇʦʨʝʹʝˁʝ ʨʘʩʧʨʝʛʥʫʪʦʛ 

ʧʨʦʨʘʯʫʥʘ ʪʦʢʦʚʘ ʩʥʘʛʘ ʠ Newton-Raphson ʤʝʪʦʜʝ ʩʘ ʢʦʥʩʪʘʥʪʥʠʤ ʤʘʪʨʠʮʘʤʘ ʿʝ 

ʠʟʥʝʪʦ ʫ [7]. ʂʘʦ ʜʦʜʘʪʘʢ, Newton-Raphson ʤʝʪʦʜ ʧʦʯʝʪʥʝ ʪʘʯʢʝ [8], ʩʣʫʯʘʿ 

ʥʝʤʦʛʫ˂ʥʦʩʪʠ ʜʘ ʩʝ ʜʦʹʝ ʜʦ ʨʝʰʝˁʘ ʫʩʣʝʜ ʣʦʰʠʭ ʫʩʣʦʚʘ ʢʦʥʚʝʨʛʝʥʮʠʿʝ [9], [10], 

[11], [12] ʩʫ ʪʘʢʦʹʝ ʨʘʟʤʘʪʨʘʥʠ. ʄʦʜʠʬʠʢʘʮʠʿʘ Newton-Raphson ʤʝʪʦʜʝ ʢʦʿʘ 

ʨʘʟʤʘʪʨʘ ʦʛʨʘʥʠʯʝˁʘ ʛʝʥʝʨʘʮʠʿʝ ʨʝʘʢʪʠʚʥʝ ʩʥʘʛʝ ʿʝ ʧʨʠʢʘʟʘʥʘ ʫ [13]. 

ʅʘʿʚʝ˂ʠ ʟʘʭʪʝʚ ʫ ʚʨʝʤʝʥʫ ʧʨʠʣʠʢʦʤ ʧʨʦʨʘʯʫʥʘ ʪʦʢʦʚʘ ʩʥʘʛʘ ʢʦʨʠʩʪʝ˂ʠ ʩʝ 

Newton-Raphson ʤʝʪʦʜʦʤ ʿʝ LU ʜʝʢʦʤʧʦʟʠʮʠʿʘ Jacobian ʤʘʪʨʠʮʝ. ʎʠˀ ʜʠʩʝʨʪʘʮʠʿʝ 
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2 

ʿʝ ʜʘ ʦʧʪʠʤʠʟʫʿʝ ʙʨʦʿ LU ʜʝʢʦʤʧʦʟʠʮʠʿʘ Jacobian ʤʘʪʨʠʮʝ ʪʦʢʦʤ ʠʪʝʨʘʪʠʚʥʝ 

ʧʨʦʮʝʜʫʨʝ ʫʟʠʤʘʿʫ˂ʠ ʫ ʦʙʟʠʨ ʩʪʝʧʝʥ ʢʦʥʚʝʨʛʝʥʮʠʿʝ ʠ ʚʨʝʤʝ ʪʨʘʿʘˁʘ ʧʨʦʨʘʯʫʥʘ. 

ʉʪʝʧʝʥ ʢʦʥʚʝʨʛʝʥʮʠʿʝ ʩʝ ʧʨʦʚʝʨʘʚʘ ʪʦʢʦʤ ʠʪʝʨʘʪʠʚʥʝ ʧʨʦʮʝʜʫʨʝ ʠ ʘʢʦ ʿʝ ʩʪʝʧʝʥ 

ʠʩʧʦʜ ʧʨʦʧʠʩʘʥʝ ʚʨʝʜʥʦʩʪʠ, Jacobian ʤʘʪʨʠʮʘ ʩʝ ʧʨʦʨʘʯʫʥʘʚʘ ʠ ˁʝʥʘ LU 

ʜʝʢʦʤʧʦʟʠʮʠʿʘ ʩʝ ʠʟʚʦʜʠ. ʀʥʘʯʝ, ʘʢʦ ʩʪʝʧʝʥ ʢʦʥʚʝʨʛʝʥʮʠʿʝ ʦʩʪʘʥʝ ʠʟʥʘʜ 

ʩʧʝʮʠʬʠʮʠʨʘʥʝ ʚʨʝʜʥʦʩʪʠ, ʫʧʦʪʨʝʙˀʘʚʘ ʩʝ ʠʩʪʘ ʜʝʢʦʤʧʦʥʦʚʘʥʘ Jacobian ʤʘʪʨʠʮʘ 

ʫ ʢʦʨʘʢʫ ʟʘʤʝʥʝ ʥʘʧʨʝʜ-ʥʘʟʘʜ. ʅʘ ʦʚʘʢʘʚ ʥʘʯʠʥ ʿʝ ʢʦʥʪʨʦʣʠʩʘʥ ʩʪʝʧʝʥ 

ʢʦʥʚʝʨʛʝʥʮʠʿʝ. ɸʢʪʠʚʥʘ ʢʦʥʪʨʦʣʘ ʩʪʦʧʝ ʢʦʥʚʝʨʛʝʥʮʠʿʝ, ʪʿ. ʟʘʜʨʞʘʚʘˁʝ ʩʪʦʧʝ 

ʢʦʥʚʝʨʛʝʥʮʠʿʝ ʠʟʥʘʜ ʩʧʝʮʠʬʠʮʠʨʘʥʦʛ ʦʛʨʘʥʠʯʝˁʘ ʪʦʢʦʤ ʧʨʦʮʝʜʫʨʝ ʧʨʝʜʩʪʘʚˀʘ 

ʠʥʦʚʘʮʠʿʫ ʧʨʝʜʣʦʞʝʥʝ ʢʦʤʙʠʥʦʚʘʥʝ Newton-Raphson ʤʝʪʦʜʝ [14]. ʈʘʟʣʠʢʘ ʠʟʤʝʹʫ 

ʧʨʝʜʣʦʞʝʥʝ ʤʝʪʦʜʝ ʫ ʦʚʦʤ ʠʩʪʨʘʞʠʚʘˁʫ ʠ Shamanskii ʤʝʪʦʜʝ [15] ʿʝ ʰʪʦ 

ʧʨʝʜʣʦʞʝʥʘ ʤʝʪʦʜʘ ʢʦʥʪʨʦʣʠʰʝ ʩʪʝʧʝʥ ʢʦʥʚʝʨʛʝʥʮʠʿʝ ʜʦʢ ʤʝʪʦʜʘ Shamanskii 

ʢʦʨʠʩʪʠ ʧʨʝʜʝʬʠʥʠʩʘʥ ʙʨʦʿ ʘʞʫʨʠʨʘˁʘ ʧʨʦʤʝʥˀʠʚʠʭ ʧʦʤʦ˂ʫ ʫʧʦʪʨʝʙʝ ʠʩʪʝ 

ʬʘʢʪʦʨʠʟʦʚʘʥʝ Jacobian ʤʘʪʨʠʮʝ. 

ʋ ʜʠʩʝʨʪʘʮʠʿʠ ʿʝ ʨʘʟʤʘʪʨʘʥʘ ʠʤʧʣʝʤʝʥʪʘʮʠʿʘ ʥʝʧʦʪʧʫʥʝ ʛʨʘʥʠʯʥʝ 

ʚʨʝʜʥʦʩʪʠ ʧʨʝʣʘʟʥʦʛ ʧʨʘʛʘ ʟʘʥʝʤʘʨʝˁʘ Jacobian ʤʘʪʨʠʮʝ ʙʘʟʠʨʘʥʦʛ ʥʘ LU 

ʜʝʢʦʤʧʦʟʠʮʠʿʠ ʠʟ ʨʘʟʣʦʛʘ ʰʪʦ ʦʚʘ ʪʝʭʥʠʢʘ ʠʤʘ ʚʝʣʠʢʠ ʫʪʠʮʘʿ ʥʘ ʚʨʝʤʝ ʪʨʘʿʘˁʘ 

ʧʨʦʨʘʯʫʥʘ. ɸʥʘʣʠʟʠʨʘʥʠ ʩʫ ʚʨʝʤʝ ʪʨʘʿʘˁʘ ʧʨʦʨʘʯʫʥʘ ʠ ʙʨʦʿ ʠʪʝʨʘʮʠʿʘ ʫ 

ʟʘʚʠʩʥʦʩʪʠ ʦʜ ʩʧʝʮʠʬʠʮʠʨʘʥʦʛ ʧʨʝʣʘʟʥʦʛ ʧʨʘʛʘ ʟʘʥʝʤʘʨʝˁʘ ʝʣʝʤʝʥʪʘ ʤʘʪʨʠʮʝ. 

ʊʘʢʦʹʝ ʿʝ ʫ [16] ʠʟʥʝʪʦ ʠʩʪʨʘʞʠʚʘˁʝ ʚʨʝʤʝʥʘ ʧʨʦʨʘʯʫʥʘ ʥʝʧʦʪʧʫʥʝ LU 

ʜʝʢʦʤʧʦʟʠʮʠʿʝ. ʀʧʘʢ, ʫ [16] ʿʝ ʨʘʟʤʘʪʨʘʥʘ ʪʝʭʥʠʢʘ ʥʝʧʦʪʧʫʥʝ LU ʜʝʢʦʤʧʦʟʠʮʠʿʝ 

ʩʘ ʧʨʝʜʝʬʠʥʠʩʘʥʠʤ ʙʨʦʿʝʤ ʥʦʚʦʩʪʚʦʨʝʥʠʭ ʝʣʝʤʝʥʘʪʘ ʤʘʪʨʠʮʝ (ʝʥʛ. fill -ins). 

ʀʟʚʨʰʝʥʘ ʿʝ ʢʦʤʧʘʨʘʪʠʚʥʘ ʘʥʘʣʠʟʘ ʟʘ ʢʦʤʙʠʥʦʚʘʥʠ, Shamanskii, ʛʝʥʝʨʠʯʢʠ 

(ʪʘʢʦʹʝ ʧʦʟʥʘʪ ʢʘʦ ʦʩʥʦʚʥʠ, ʧʫʥʠ ʠʣʠ ʨʝʛʫʣʘʨʥʠ) ʠ ʤʦʜʠʬʠʢʦʚʘʥʠ (ʧʦʟʥʘʪ ʢʘʦ 

Newtonôs Chord ʠʣʠ ʬʠʢʩʥʘ ʩʪʨʠʤʠʥʘ) [17], [18] Newton-Raphson ʤʝʪʦʜ, ʫʟʠʤʘʿʫ˂ʠ 

ʫ ʦʙʟʠʨ ʤʦʜʝʣʝ ʟʘ ʧʨʦʨʘʯʫʥ ʪʦʢʘ ʩʥʘʛʝ ʨʘʟʣʠʯʠʪʠʭ ʜʠʤʝʥʟʠʿʘ. 

ʈʝʛʠʦʥʘʣʥʠ ʤʦʜʝʣʠ ʟʘ ʧʨʦʨʘʯʫʥ ʪʦʢʦʚʘ ʩʥʘʛʘ ʩʝ ʠʟʨʘʹʫʿʫ ʩʚʘʢʠ ʜʘʥ 

ʩʧʘʿʘˁʝʤ ʥʘʮʠʦʥʘʣʥʠʭ ʤʦʜʝʣʘ ʫ ʮʠˀʫ ʠʟʨʘʜʘ ʘʥʘʣʠʟʝ ʧʨʦʛʥʦʟʝ ʟʘʛʫʰʝˁʘ ʟʘ ʜʘʥ ʫ 

ʥʘʧʨʝʜ (ʝʥʛ. Day Ahead Congestion Forecast, ʘʢʨʦʥʠʤ DACF). ʆʚʠ DACF ʤʦʜʝʣʠ 

ʯʝʩʪʦ ʥʠʩʫ ʜʦʙʨʦ ʧʦʜʝʰʝʥʠ (ʝʥʛ. well-conditioned), ʿʝʨ ʩʘʜʨʞʝ ʜʦʩʪʘ ʛʨʘʥʘ ʯʠʿʝ ʩʫ 

ʨʝʜʥʝ ʨʝʟʠʩʪʘʥʩʝ ʙʣʠʟʫ ʠʣʠ ʯʘʢ ʚʝ˂ʝ ʦʜ ʨʝʜʥʠʭ ʨʝʘʢʪʘʥʩʠ. ʂʘʜʘ ʦʚʘʢʚʝ ʛʨʘʥʝ 
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ʧʦʩʪʦʿʝ ʫ ʤʦʜʝʣʠʤʘ ʪʘʜʘ ʛʦʨˁʠ ʜʝʩʥʠ (ÖP/ÖV) ʠ ʜʦˁʠ ʣʝʚʠ ʯʣʘʥʦʚʠ (ÖQ/Öɗ) 

Jacobian ʤʘʪʨʠʮʝ ʥʝ ʤʦʛʫ ʙʠʪʠ ʟʘʥʝʤʘʨʝʥʠ. ʆʚʦ ʿʝ ʨʘʟʣʦʛ ʟʘʰʪʦ ʨʘʩʧʨʝʛʥʫʪʘ ʠ 

ʙʨʟʘ ʨʘʩʧʨʝʛʥʫʪʘ Newton-Raphson ʤʝʪʦʜʘ ʥʠʩʫ ʨʘʟʤʘʪʨʘʥʝ. 

ʇʨʦʨʘʯʫʥ Jacobian ʤʘʪʨʠʮʝ ʠ ˁʝʥʘ LU ʜʝʢʦʤʧʦʟʠʮʠʿʘ ʩʝ ʠʟʚʦʜʝ ʫ ʩʚʘʢʦʿ 

ʠʪʝʨʘʮʠʿʠ ʘʢʦ ʩʝ ʢʦʨʠʩʪʠ ʛʝʥʝʨʠʯʢʘ Newton-Raphson ʤʝʪʦʜʘ. ʉʘ ʜʨʫʛʝ ʩʪʨʘʥʝ, 

ʧʨʦʨʘʯʫʥ Jacobian ʤʘʪʨʠʮʝ ʠ ˁʝʥʘ LU ʜʝʢʦʤʧʦʟʠʮʠʿʘ ʩʝ ʠʟʚʦʜʝ ʩʘʤʦ ʫ 

ʠʥʠʮʠʿʘʣʥʦʿ ʠʪʝʨʘʮʠʿʠ ʘʢʦ ʩʝ ʢʦʨʠʩʪʠ ʤʦʜʠʬʠʢʦʚʘʥʘ Newton-Raphson ʤʝʪʦʜʘ. 

ʂʦʤʙʠʥʦʚʘʥʘ Newton-Raphson ʤʝʪʦʜʘ ʿʝ ʢʦʤʧʨʦʤʠʩ ʠʟʤʝʹʫ ʦʚʝ ʜʚʝ Newton-

Raphson ʤʝʪʦʜʝ. ʆʚʦ ʟʥʘʯʠ ʜʘ ʩʝ ʧʨʦʨʘʯʫʥ Jacobian ʤʘʪʨʠʮʝ ʠ LU ʜʝʢʦʤʧʦʟʠʮʠʿʝ 

ʠʟʚʨʰʘʚʘ ʫ ʠʥʠʮʠʿʘʣʥʦʿ ʠʪʝʨʘʮʠʿʠ ʠ ʫ ʦʥʠʤ ʠʪʝʨʘʮʠʿʘʤʘ ʢʘʜʘ ʩʪʦʧʘ ʢʦʥʚʝʨʛʝʥʮʠʿʝ 

ʧʘʜʥʝ ʠʩʧʦʜ ʩʧʝʮʠʬʠʮʠʨʘʥʦʛ ʣʠʤʠʪʘ. ʆʚʦ ʿʝ ʨʘʟʣʠʯʠʪʦ ʫ ʧʦʨʝʹʝˁʫ ʩʘ 

ʤʦʜʠʬʠʢʦʚʘʥʦʤ Newton-Raphson ʤʝʪʦʜʦʤ ʧʨʠʢʘʟʘʥʦʤ ʫ [2] ʛʜʝ ʿʝ ʧʨʝʣʘʟ ʠʟ 

ʛʝʥʝʨʠʯʢʝ ʫ ʤʦʜʠʬʠʢʦʚʘʥʫ Newton-Raphson ʤʝʪʦʜʫ ʧʨʝʜʣʦʞʝʥʦ ʜʘ ʙʫʜʝ ʫʨʝʹʝʥʦ 

ʩʘʤʦ ʿʝʜʥʦʤ ʫ ʪʦʢʫ ʠʪʝʨʘʪʠʚʥʝ ʧʨʦʮʝʜʫʨʝ ʠ ʦʙʨʥʫʪʦ. ʇʨʝʪʭʦʜʥʦ ʘʥʘʣʠʟʠʨʘʥʠ 

ʘʩʧʝʢʪʠ ʧʨʦʨʘʯʫʥʘ Newton-Raphson ʤʝʪʦʜʝ ʩʫ ʪʘʢʦʹʝ ʩʫʛʝʨʠʩʘʣʠ ʜʘ LU 

ʜʝʢʦʤʧʦʟʠʮʠʿʘ Jacobian ʄʘʪʨʠʮʝ ʤʦʞʝ ʙʠʪʠ ʫʨʘʹʝʥʘ ʫ ʩʚʘʢʦʿ ʜʨʫʛʦʿ ʠʪʝʨʘʮʠʿʠ 

ʨʘʜʠʿʝ ʥʝʛʦ ʫ ʩʚʘʢʦʿ ʠʪʝʨʘʮʠʿʠ ʫ ʮʠˀʫ ʫʰʪʝʜʝ ʥʘ ʚʨʝʤʝʥʫ ʧʨʦʨʘʯʫʥʘ [19]. 

ʈʝʜʫʢʮʠʿʘ ʚʨʝʤʝʥʘ ʧʨʦʨʘʯʫʥʘ ʫ ʘʥʘʣʠʟʘʤʘ ʩʪʘʪʠʯʢʝ ʩʠʛʫʨʥʦʩʪʠ ʫʢˀʫʯʫʿʝ 

ʜʦʜʘʪʥʝ ʪʝʭʥʠʢʝ, ʢʘʦ ʰʪʦ ʿʝ ʠʥʿʝʢʮʠʿʘ ʤʦʜʝʣʘ ʛʨʘʥʘ ʜʘ ʙʠ ʩʝ ʠʟʙʝʛʣʘ ʧʨʦʤʝʥʘ 

ʪʦʧʦʣʦʛʠʿʝ. ʀʧʘʢ ʦʚʝ ʪʝʭʥʠʢʝ ʧʨʝʚʘʟʠʣʘʟʝ ʮʠˀ ʦʚʦʛ ʠʩʪʨʘʞʠʚʘˁʘ. ɻʣʘʚʥʘ ʩʚʨʭʘ 

ʦʚʦʛ ʠʩʪʨʘʞʠʚʘˁʘ ʿʝ ʜʘ ʧʦʢʘʞʝ ʢʘʢʦ ʩʝ ʟʥʘʯʘʿʥʦ ʤʦʞʝ ʨʝʜʫʢʦʚʘʪʠ ʚʨʝʤʝ 

ʧʨʦʨʘʯʫʥʘ ʪʦʢʦʚʘ ʩʥʘʛʘ ʧʦʤʦ˂ʫ ʢʦʥʪʨʦʣʝ ʩʪʦʧʝ ʢʦʥʚʝʨʛʝʥʮʠʿʝ Newton-Raphson ʠ 

ʠʟʙʝʛʘʚʘˁʝʤ ʥʝʧʦʪʨʝʙʥʠʭ LU ʜʝʢʦʤʧʦʟʠʮʠʿʘ Jacobian ʤʘʪʨʠʮʝ. 

ɼʠʩʝʨʪʘʮʠʿʘ ʧʨʝʜʩʪʘʚˀʘ ʢʦʤʙʠʥʘʮʠʿʫ Newton-Raphson ʤʝʪʦʜʝ ʙʘʟʠʨʘʥʫ ʥʘ 

ʢʦʥʪʨʦʣʠ ʩʪʦʧʝ ʢʦʥʚʝʨʛʝʥʮʠʿʝ. ʇʨʝʜʣʦʞʝʥʠ ʤʝʪʦʜ ʧʨʘʚʠ ʢʦʤʧʨʦʤʠʩ ʠʟʤʝʹʫ 

ʢʦʥʚʝʨʛʝʥʮʠʿʝ ʠ ʙʨʟʠʥʝ ʧʨʦʨʘʯʫʥʘ. ʄʝʪʦʜʘ ʿʝ ʜʠʨʝʢʪʥʘ ʘʣʠ ʝʬʠʢʘʩʥʘ ʠ ʣʘʢʘ ʟʘ 

ʠʤʧʣʝʤʝʥʪʘʮʠʿʫ. 

ʋ ʜʠʩʝʨʪʘʮʠʿʠ ʿʝ ʜʘʪ ʢʨʘʪʘʢ ʧʨʝʛʣʝʜ ʥʝʧʦʪʧʫʥʝ LU ʜʝʢʦʤʧʦʟʠʮʠʿʝ 

ʨʘʟʤʘʪʨʘʿʫ˂ʠ ʧʨʝʣʘʟʥʠ ʧʨʘʛ ʟʘʥʝʤʘʨʝˁʘ ʝʣʝʤʝʥʘʪʘ ʤʘʪʨʠʮʝ, ʥʦʚʦʩʪʚʦʨʝʥʠ 

ʝʣʝʤʝʥʪʠ ʤʘʪʨʠʮʝ ʠ (ʝʥʛ. round-off error) ʫ ʧʦʛʣʘʚˁʫ 2. ɿʘʪʠʤ ʿʝ ʧʨʝʟʝʥʪʦʚʘʥʘ 
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ʛʝʥʠʨʠʯʢʘ ʠ ʧʨʝʜʣʦʞʝʥʘ ʢʦʤʙʠʥʦʚʘʥʘ Newton-Raphson ʤʝʪʦʜʘ, ʢʘʦ ʠ ʥʘʯʠʥ 

ʢʦʥʪʨʦʣʝ ʩʪʦʧʝ ʢʦʥʚʝʨʛʝʥʮʠʿʝ ʫ ʩʣʝʜʝ˂ʘ ʪʨʠ ʧʦʛʣʘʚˀʘ. ʂʦʤʧʘʨʘʪʠʚʥʘ ʘʥʘʣʠʟʘ 

ʢʦʤʙʠʥʦʚʘʥʝ, Shamanskii, ʛʝʥʝʨʠʯʢʝ ʠ ʤʦʜʠʬʠʢʦʚʘʥʝ Newton-Raphson ʤʝʪʦʜʝ ʿʝ 

ʜʘʪʘ ʫ ʧʦʛʣʘʚˀʫ 6 ʫʟʠʤʘʿʫ˂ʠ ʫ ʦʙʟʠʨ ʤʦʜʝʣʝ ʟʘ ʧʨʦʨʘʯʫʥ ʪʦʢʦʚʘ ʩʥʘʛʘ ʨʘʟʣʠʯʠʪʠʭ 

ʜʠʤʝʥʟʠʿʘ ʩʠʩʪʝʤʘ. 

ʉʚʘʢʦʜʥʝʚʥʠ DACF ʤʦʜʝʣʠ ʩʫ ʩʠʤʝʪʨʠʯʥʠ ʪʘʢʦ ʜʘ ʿʝ ʠʩʪʨʘʞʠʚʘˁʝ ʫ ʦʚʦʿ 

ʜʠʩʝʨʪʘʮʠʿʠ ʦʛʨʘʥʠʯʝʥʦ ʥʘ ʩʠʤʝʪʨʠʯʥʝ ʤʦʜʝʣʝ ʧʨʝʥʦʩʥʦʛ ʩʠʩʪʝʤʘ. ʊʘʢʦ ʜʘ ʥʠʩʫ 

ʨʘʟʤʘʪʨʘʥʠ ʥʝʩʠʤʝʪʨʠʯʥʠ ʜʠʩʪʨʠʙʫʪʠʚʥʠ ʩʠʩʪʝʤʠ ʩʘ ʥʝʩʠʤʝʪʨʠʯʥʠʤ 

ʧʦʪʨʦʰʘʯʠʤʘ. 

ʇʦʩʪʦʿʠ ʮʠˀ ʠʟʤʝʹʫ ʯʣʘʥʠʮʘ ʘʩʦʮʠʿʘʮʠʿʝ ʦʧʝʨʘʪʦʨʘ ʧʨʝʥʦʩʥʠʭ ʩʠʩʪʝʤʘ ʟʘ 

ʧʨʝʥʦʩ ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ ʫ ɽʚʨʦʧʠ (ʝʥʛ. European Network of Transmission 

System Operators for Electricity, ʘʢʨʦʥʠʤ ENTSO-E) ʜʘ ʩʝ ʥʘ ʜʥʝʚʥʦʤ ʥʠʚʦʫ ʨʘʜʝ 

DACF ʘʥʘʣʠʟʝ ʟʘ ʩʚʘ 24 ʩʘʪʘ ʫ ʮʠˀʫ ʧʨʝʚʝʥʮʠʿʝ ʥʝʞʝˀʝʥʠʭ ʜʦʛʘʹʘʿʘ ʫ 

ʝʣʝʢʪʨʦʝʥʝʨʛʝʪʩʢʦʤ ʩʠʩʪʝʤʫ (ʫ ʜʘˀʝʤ ʪʝʢʩʪʫ ɽɽʉ) [20], [21], [22], [23], [24], [25]. 

ʊʨʝʥʫʪʥʦ ʩʝ DACF ʘʥʘʣʠʟʝ ʠʟʨʘʹʫʿʫ ʟʘ ʥʝʢʦʣʠʢʦ ʦʜʨʝʹʝʥʠʭ ʩʘʪʠ ʩʚʘʢʦʛ ʜʘʥʘ. 

ʆʧʝʨʘʪʦʨʠ ʧʨʝʥʦʩʥʦʛ ʩʠʩʪʝʤʘ ʩʫ ʫ ʦʙʘʚʝʟʠ ʜʘ ʦʙʝʟʙʝʜʝ ʤʦʜʝʣʝ ʟʘ ʧʨʦʨʘʯʫʥ ʪʦʢʦʚʘ 

ʩʥʘʛʘ ʩʚʦʿʠʭ ɽɽʉ. 

ʄʦʜʝʣʠ ʩʫ ʩʝ ʨʘʥʠʿʝ ʦʙʝʟʙʝʹʠʚʘʣʠ ʫ UCTE ʬʦʨʤʘʪʫ [26] ʟʘ ʥʝʢʦʣʠʢʦ 

ʦʜʨʝʹʝʥʠʭ ʩʘʪʠ ʫ ʪʦʢʫ ʜʘʥʘ. 

ʉʚʠ ʦʚʠ ʤʦʜʝʣʠ ʟʘ ʩʚʘʢʠ ʩʧʝʮʠʬʠʮʠʨʘʥʠ ʩʘʪ ʩʝ ʩʧʘʿʘʿʫ ʫ ʮʠˀʫ ʜʦʙʠʿʘˁʘ 

ʤʦʜeʣʘ ʟʘ ʧʨʦʨʘʯʫʥ ʪʦʢʦʚʘ ʩʥʘʛʘ ENTSO-E ʠʥʪʝʨʢʦʥʝʢʮʠʿʝ. ʅʘʢʦʥ ʰʪʦ ʩʝ ʥʘʧʨʘʚʠ 

ʤʦʜʝʣ ENTSO-E ʟʘ ʧʨʦʨʘʯʫʥ ʪʦʢʦʚʘ ʩʥʘʛʘ, ʧʨʠʤʘʨʥʦ ʿʝ ʜʘ ʩʝ ʧʦʩʪʠʛʥʝ 

ʢʦʥʚʝʨʛʝʥʮʠʿʘ ʫ ʧʨʦʨʘʯʫʥʫ ʥʘ ʪʘʢʚʦʤ ʤʦʜeʣʫ. ɼʦʙʠʿʝʥʝ ʧʨʦʨʘʯʫʥʘʪʝ ʚʨʝʜʥʦʩʪʠ 

ʥʘʧʦʥʘ ʠ ʪʦʢʦʚʘ ʩʥʘʛʘ ʪʨʝʙʘ ʜʘ ʩʫ ʙʣʠʩʢʝ ʨʝʘʣʥʠʤ. ɺʦʜʦʚʠ ʩʘ ʥʫʣʪʦʤ ʠʣʠ ʤʘʣʦʤ 

ʠʤʧʝʜʘʥʩʦʤ (ʫ ʜʘˀʝʤ ʪʝʢʩʪʫ ʢʨʘʪʢʠ ʚʦʜʦʚʠ) ʩʫ ʯʝʩʪʠ ʫʟʨʦʢ ʥʫʤʝʨʯʢʠʭ ʣʦʰʠʭ 

ʫʩʣʦʚʘ ʢʦʿʠ ʚʦʜʝ ʧʨʦʨʘʯʫʥ ʪʦʢʦʚʘ ʩʥʘʛʘ ʢʘ ʜʠʚʝʨʛʝʥʮʠʿʠ ʠʣʠ ʣʦʰʦʿ ʢʦʥʚʝʨʛʝʥʮʠʿʠ. 

ʃʦʰʠ ʫʩʣʦʚʠ ʢʦʥʚʝʨʛʝʥʮʠʿʝ ʫʟʨʦʢʦʚʘʥʠ ʢʨʘʪʢʠʤ ʚʦʜʦʚʠʤʘ ʩʫ ʜʦʙʨʦ ʧʦʟʥʘʪ 

ʧʨʦʙʣʝʤ ʫ ʧʨʦʨʘʯʫʥʫ ʪʦʢʦʚʘ ʩʥʘʛʘ ʢʦʿʠ ʿʝ ʥʘʨʦʯʠʪʦ ʚʘʞʘʥ ʢʘʜʘ ʿʝ ʙʨʦʿ ʩʧʦʿʝʥʠʭ 

ʤʦʜʝʣʘ ʟʘ ʧʨʦʨʘʯʫʥ ʪʦʢʦʚʘ ʩʥʘʛʘ ʚʝ˂ʠ ʦʜ 20 ʥʘʮʠʦʥʘʣʥʠʭ ʤʦʜʝʣʘ. ʈʫʯʥʦ 

ʧʦʜʝʰʘʚʘˁʝ ʤʘʣʠʭ ʜʝʪʘˀʘ ʫ ʦʚʘʢʚʠʤ ʤʦʜʝʣʠʤ ʟʘ ʧʨʦʨʘʯʫʥ ʪʦʢʦʚʘ ʩʥʘʛʘ ʢʦʿʠ 
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ʩʘʜʨʞʠ ʦʢʦ 7000 ʯʚʦʨʦʚʘ, 9000 ʚʦʜʦʚʘ ʠ 1500 ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ ʥʝʢʦʣʠʢʦ ʧʫʪʘ ʥʘ 

ʜʘʥ (ʠʣʠ 24 ʧʫʪʘ ʥʘ ʜʘʥ ʢʦʿʠ ˂ʝ ʩʝ ʧʨʠʤʝˁʠʚʘʪʠ ʫ ʙʫʜʫ˂ʥʦʩʪʠ) ʿʝ ʧʨʘʢʪʠʯʥʦ 

ʥʝʤʦʛʫ˂ʝ. ʆʚʦ ʿʝ ʨʘʟʣʦʛ ʟʘʰʪʦ ʣʦʰʠ ʫʩʣʦʚʠ ʢʦʥʚʝʨʛʝʥʮʠʿʝ ʤʦʨʘʿʫ ʙʠʪʠ 

ʧʨʝʚʘʟʠʹʝʥʠ ʫ ʧʨʦʛʨʘʤʠʤʘ ʟʘ ʧʨʦʨʘʯʫʥ ʪʦʢʦʚʘ ʩʥʘʛʘ. 

ʂʘʦ ʜʦʜʘʪʘʢ, ʧʨʝʪʭʦʜʥʦ ʧʦʤʝʥʫʪʠ DACF ʧʨʦʨʘʯʫʥʠ ʥʘ ʤʦʜʣʠʤʘ ʟʘ 

ʧʨʦʨʘʯʫʥ ʪʦʢʦʚʘ ʩʥʘʛʘ ʩʝ ʢʦʨʠʩʪʝ ʟʘ ʧʨʦʨʘʯʫʥ ʜʦʩʪʫʧʥʦʛ ʧʨʝʥʦʩʥʦʛ ʢʘʧʘʮʠʪʝʪʘ 

(ʝʥʛ. Available Transfer Capacity, ʘʢʨʦʥʠʤ ATC). ʇʦʪʨʝʙʥʦ ʚʨʝʤʝ ʟʘ ʧʨʦʨʘʯʫʥ ATC 

ʿʝ ʟʥʘʯʘʿʥʦ ʨʝʜʫʢʦʚʘʥʦ ʘʢʦ ʿʝ ʧʨʠʤʝˁʝʥ ʤʝʪʦʜ ʟʘ ʝʬʠʢʘʩʥʦ ʨʘʥʛʠʨʘˁʝ 

ʥʝʧʨʝʜʚʠʹʝʥʦʩʪʠ [20]. ATC ʙʠ ʤʦʛʘʦ ʙʠʪʠ ʠʟʨʘʯʫʥʘʪ ʢʦʨʠʩʪʝ˂ʠ ʩʝ 

ʜʠʩʪʨʠʙʫʪʠʚʥʠʤ ʬʘʢʪʦʨʠʤʘ ʟʘ ʧʨʝʥʦʩ ʘʢʪʠʚʥʝ ʩʥʘʛʝ (ʝʥʛ. Power Transfer 

Distribution Factors, ʘʢʨʦʥʠʤ PTDF) ʠʣʠ ʬʘʢʪʦʨʠʤʘ ʟʘ ʧʨʝʥʦʩ ʧʨʠʚʠʜʥʝ ʩʥʘʛʝ (ʝʥʛ. 

Apparent Power Distribution Factors, ʘʢʨʦʥʠʤ STDF). ʈʝʘʢʪʠʚʥʠ ʪʦʢʦʚʠ ʩʥʘʛʘ ʩʫ 

ʠʥʢʦʨʧʦʨʠʨʘʥʠ ʫ STDF [21] ʜʦʢ ʩʫ ʦʥʠ ʟʘʥʝʤʘʨʘʥʠ ʫ PTDF [27]. ʀʧʘʢ, ʦʩʥʦʚʥʠ 

ʩʣʫʯʘʿ ʫ ʧʨʦʨʘʯʫʥʫ ʪʦʢʦʚʘ ʩʥʘʛʘ ʧʦʪʨʝʙʥʦ ʿʝ ʜʘ ʢʦʥʚʝʨʛʠʨʘ ʫ ʮʠˀʫ ʧʨʦʨʘʯʫʥʘ ʠ 

STDF ʠ PTDF ʠʣʠ ʜʘ ʩʝ ʫʧʦʪʨʝʙʠ ʧʨʦʨʘʯʫʥ ʥʝʪʦ ʧʨʝʥʦʩʥʦʛ ʢʘʧʘʮʠʪʝʪʘ (ʝʥʛ. Net 

Transfer Capacity, ʘʢʨʦʥʠʤ NTC). ʅʦʚʘ ʪʝʭʥʠʢʘ ʟʘ ʜʦʙʠʿʘˁʝ ʨʝʰʝˁʘ ʠʪʝʨʘʪʠʚʥʠʤ 

ʧʫʪʝʤ ʫ ʮʠˀʫ ʨʝʜʫʢʮʠʿʝ ʚʨʝʤʝʥʘ ʧʨʦʨʘʯʫʥʘ ʠ ʢʦʤʧʣʝʢʩʥʦʩʪʠ ʩʫ ʜʘʪʝ ʫ [22], 

ʫʧʨʦʰ˂ʘʚʘˁʝʤ ʩʪʘʥʜʘʨʜʥʝ Newton-Raphson ʤʝʪʦʜʝ [23], ʢʘʦ ʠ ʧʩʝʫʜʦ ʤʦʜʝʣ ʟʘ 

ʧʨʦʨʘʯʫʥ ʪʦʢʦʚʘ ʩʥʘʛʘ ʢʦʿʠ ʦʙʝʟʙʝʹʫʿʝ ʧʦʯʝʪʘʢ ʧʨʦʮʝʩʘ ʟʘ Newton-Raphson 

ʨʝʰʝˁʝ [24] ʨʘʟʚʠʿʝʥʠ ʩʫ ʪʦʢʦʤ ʧʦʩʣʝʜˁʠʭ ʥʝʢʦʣʠʢʦ ʛʦʜʠʥʘ ʫ ʮʠˀʫ 

ʫʥʘʧʨʝʹʠʚʘˁʘ ʝʬʠʢʘʩʥʦʩʪʠ ʠ ʢʦʥʚʝʨʛʝʥʮʠʿʝ ʫ ʧʨʦʨʘʯʫʥʫ ʪʦʢʦʚʘ ʩʥʘʛʝ. ʄʦʜʝʣ 

ɽɽʉ ʤʦʞʝ ʙʠʪʠ ʫ ʣʦʰʠʤ ʫʩʣʦʚʠʤʘ ʢʦʥʚʝʛʝʥʮʠʿʝ ʫʩʣʝʜ ʥʝʢʦʣʠʢʦ ʨʘʟʣʦʛʘ ʪʘʢʦ ʜʘ 

ʩʫ ʫ [9], [10], [11], [28], [29], [30], [31], [32] ʧʨʝʟʝʥʪʦʚʘʥʝ ʨʘʟʣʠʯʠʪʝ ʪʝʭʥʠʢʝ ʠ 

ʘʥʘʣʠʟʝ ʟʘ ʨʝʰʝˁʘ ʣʦʰʝʛ ʩʪʘˁʘ ʟʘ ʢʦʥʚʝʨʛʝʥʮʠʿʝ ʫ ʤʦʜʝʣʠʤʘ ɽɽʉ. 

ʂʨʘʪʢʠ ʚʦʜʦʚʠ ʤʦʛʫ ʙʠʪʠ ʤʦʜʝʣʦʚʘʥʠ ʢʘʦ ʚʦʜʦʚʠ ʯʠʿʝ ʨʝʘʢʪʘʥʩʝ ʩʫ ʙʣʠʩʢʝ 

ʥʫʣʪʦʿ ʚʨʝʜʥʦʩʪʠ. ʆʚʘʢʚʦ ʤʦʜʝʣʦʚʘˁʝ ʚʦʜʠ ʫ ʣʦʰʝ ʥʫʤʝʨʠʯʢʦ ʩʪʘˁʝ ʪʦʢʦʤ LU 

ʜʝʢʦʤʧʦʥʦʚʘˁʘ Jacobian ʤʘʪʨʠʮʝ ʚʝʣʠʢʦʛ ɽɽʉ. 

ɸʢʪʠʚʥʠ ʠ ʨʝʘʢʪʠʚʥʠ ʪʦʢʦʚʠ ʩʥʘʛʘ ʢʨʦʟ ʢʨʘʪʢʝ ʚʦʜʦʚʝ ʤʦʛʫ ʙʠʪʠ 

ʧʨʝʜʩʪʘʚˀʝʥʠ ʢʘʦ ʥʝʧʦʟʥʘʪʝ ʧʨʦʤʝʥˀʠʚʝ ʫʟʠʤʘʿʫ˂ʠ ʫ ʦʙʟʠʨ ʜʘ ʿʝ ʨʘʟʣʠʢʘ ʠʟʤʝʹʫ 

ʫʛʣʦʚʘ ʠ ʧʘʜʦʚʘ ʥʘʧʦʥʘ ʠʟʤʝʹʫ ʩʘʙʠʨʥʠʮʘ ʢʨʘʪʢʦʛ ʚʦʜʘ ʿʝʜʥʘʢʘ ʥʫʣʠ. ʆʚʘʢʘʚ 

ʧʨʠʩʪʫʧ ʿʝ ʧʨʝʧʦʨʫʯʝʥ ʫ ʨʘʜʦʚʠʤʘ ʢʦʿʠ ʨʘʟʤʘʪʨʘʿʫ ʧʨʦʙʣʝʤʝ ʢʨʘʪʢʠʭ ʚʦʜʦʚʘ ʫ 
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ʝʩʪʠʤʘʮʠʿʘʤʘ ʩʪʘˁʘ [33], [34]. ɹʨʦʿ ʥʝʧʦʟʥʘʪʠʭ ʫ ʦʚʦʤ ʩʣʫʯʘʿʫ ʿʝ ʦʩʪʘʦ ʠʩʪʠ ʢʘʦ 

ʢʘʜʘ ʩʫ ʢʨʘʪʢʠ ʚʦʜʦʚʠ ʤʦʜʝʣʦʚʘʥʠ ʢʘʦ ʚʦʜʦʚʠ ʩʘ ʨʝʘʢʪʘʥʩʦʤ ʙʣʠʩʢʦʿ ʥʫʣʪʦʿ 

ʚʨʝʜʥʦʩʪʠ. ʀʧʘʢ, ʥʫʤʝʨʠʯʢʠ ʣʦʰʠ ʫʩʣʦʚʠ ʩʫ ʠʟʙʝʛʥʫʪʠ. 

ʋ ʩʘʜʘʰˁʦʩʪʠ, ʙʨʦʿ ʯʚʦʨʦʚʘ ʠ ʛʨʘʥʘ ʫ ʤʦʜʝʣʠʤʘ ʟʘ ʝʩʪʠʤʘʮʠʿʫ ʩʪʘˁʘ ʩʫ 

ʜʘʣʝʢʦ ʤʘˁʠ ʥʝʛʦ ʤʦʜʝʣʠ ʟʘ ʧʨʦʨʘʯʫʥ ʪʦʢʦʚʘ ʩʥʘʛʘ. ʄʦʜʝʣʠ ʟʘ ʝʩʪʠʤʘʮʠʿʫ ʩʪʘˁʘ 

ʯʝʩʪʦ ʦʙʫʭʚʘʪʘʿʫ ʤʦʜʝʣ ʥʘʮʠʦʥʘʣʥʦʛ ɽɽʉ ʜʨʞʘʚʝ ʛʜʝ ʿʝ ʝʩʪʠʤʘʪʦʨ ʩʪʘˁʘ 

ʠʤʧʣʝʤʝʥʪʠʨʘʥ ʠ ʫʧʦʨʝʜʦ ʩʘ ʧʝʪˀʘʤʘ ʚʠʩʦʢʦʛ ʥʘʧʦʥʘ (380 (400) kV ʫʦʙʠʯʘʿʝʥʦ ʫ 

ɽʚʨʦʧʠ) ʩʫʩʝʜʥʠʭ ɽɽʉ. ʄʦʜʝʣʠ ʟʘ ʧʨʦʨʘʯʫʥ ʪʦʢʦʚʘ ʩʥʘʛʘ ʦʙʠʯʥʦ ʦʙʫʭʚʘʪʘʿʫ ʮʝʣʫ 

ʠʥʪʝʨʢʦʥʝʢʮʠʿʫ ʠ ʜʘʣʝʢʦ ʩʫ ʚʝ˂ʠ ʦʜ ʤʦʜʝʣʘ ʟʘ ʝʩʪʠʤʘʮʠʿʫ ʩʪʘˁʘ. ʆʚʦ ʿʝ ʨʘʟʣʦʛ 

ʟʘʰʪʦ ʤʦʜʝʣʠ ʟʘ ʧʨʦʨʘʯʫʥ ʪʦʢʦʚʘ ʩʥʘʛʘ ʩʘʜʨʞʝ ʚʠʰʝ ʢʨʘʪʢʠʭ ʚʦʜʦʚʘ ʢʦʿʠ ʤʦʛʫ 

ʧʦʩʪʦʿʘʪʠ ʫʧʦʨʝʜʦ ʩʘ ʛʨʘʥʘʤʘ ʩʘ ʚʝʣʠʢʠʤ ʠʤʧʝʜʘʥʩʘʤʘ ʫʟʨʦʢʫʿ ʫ˂ʠ ʣʦʰʝ 

ʥʫʤʝʨʠʯʢʦ ʩʪʘˁʝ. 

ʆʚʘ ʜʠʩʝʨʪʘʮʠʿʘ ʧʨʝʟʝʥʪʫʿʝ ʧʨʠʩʪʫʧ ʧʦʤʦ˂ʫ ʢʦʛʘ ʩʝ ʯʚʦʨʦʚʠ ʢʨʘʪʢʠʭ 

ʚʦʜʦʚʘ ʩʧʘʿʘʿʫ ʫ ʿʝʜʘʥ ʯʚʦʨ ʯʠʤʝ ʩʝ ʠʟʙʝʛʘʚʘ ʤʦʜʝʣʦʚʘˁʝ ʢʨʘʪʢʠʭ ʚʦʜʦʚʘ ʠ ʢʘʦ 

ʚʦʜʦʚʠ ʯʠʿʘ ʿʝ ʨʝʘʢʪʘʥʩʘ ʙʣʠʩʢʘ ʥʫʣʪʦʿ ʚʨʝʜʥʦʩʪʠ ʠ ʢʘʦ ʧʨʝʜʩʪʘʚˀʘˁʝ ʪʦʢʦʚʘ 

ʘʢʪʠʚʥʝ ʠ ʨʝʘʢʪʠʚʥʝ ʩʥʘʛʝ ʢʨʦʟ ʢʨʘʪʢʝ ʚʦʜʦʚʝ ʢʘʦ ʥʝʧʦʟʥʘʪʝ ʧʨʦʤʝʥˀʠʚʝ. ʋʛʣʦʚʠ 

ʠ ʥʘʧʦʥʠ ʩʝ ʨʘʯʫʥʘʿʫ ʩʘ ʦʚʘʢʦ ʩʧʦʿʝʥʠʤ ʯʚʦʨʦʚʠʤʘ ʧʦʤʦ˂ʫ ʧʨʦʨʘʯʫʥʘ 

ʥʝʣʠʥʝʘʨʥʦʛ ʩʠʩʪʝʤʘ ʿʝʜʥʘʯʠʥʘ. ʂʦʨʠʩʪʝ˂ʠ ʩʝ ʦʚʘʢʚʠʤ ʧʨʠʩʪʫʧʦʤ, ʨʝʜʫʢʦʚʘʥ ʿʝ 

ʙʨʦʿ ʧʨʦʤʝʥˀʠʚʠʭ ʢʦʿʠ ʩʝ ʧʨʦʨʘʯʫʥʘʚʘ ʫ Newton-Raphson ʠʪʝʨʘʪʠʚʥʦʿ ʤʝʪʦʜʠ ʫ 

ʧʦʨʝʹʝˁʫ ʩʘ ʧʨʠʩʪʫʧʦʤ ʢʦʿ ʿʝ ʜʘʪ ʫ [33]. ʋ ʦʚʦʤ ʩʣʫʯʘʿʫ Newton-Raphson 

ʠʪʝʨʘʪʠʚʥʠ ʧʨʦʨʘʯʫʥ ʿʝ ʩʪʘʙʠʣʥʠʿʠ ʫʩʣʝʜ ʨʝʜʫʢʮʠʿʝ ʙʨʦʿʘ ʥʝʧʦʟʥʘʪʠʭ 

ʧʨʦʤʝʥˀʠʚʠʭ. ʇʨʠʩʪʫʧ ʿʝ ʨʘʟʚʠʿʝʥ, ʠʤʧʣʝʤʝʥʪʠʨʘʥ ʠ ʪʝʩʪʠʨʘʥ ʧʦʤʦ˂ʫ 

ʧʨʦʛʨʘʤʩʢʦʛ ʧʘʢʝʪʘ Power System Assistant (ʘʢʨʦʥʠʤ PSA) [35]. 

ʇʨʠʩʪʫʧ ʧʨʦʨʘʯʫʥʘ ʪʦʢʦʚʘ ʩʥʘʛʘ ʢʨʦʟ ʢʨʘʪʢʝ ʚʦʜʦʚʝ ʩʘ ʠʩʪʠʤ ʫʛʣʦʚʠʤʘ ʠ 

ʥʘʧʦʥʠʤʘ ʥʘ ˁʠʭʦʚʠʤ ʢʨʘʿʝʚʠʤʘ ʿʝ ʠʣʫʩʪʨʦʚʘʥ ʢʨʦʟ ʜʚʘ ʧʨʠʤʝʨʘ. ʊʘʢʦʹʝ ʿʝ ʜʘʪʘ ʠ 

ʧʨʠʤʝʥʘ ʦʚʝ ʧʨʦʮʝʜʫʨʝ ʥʘ ʤʦʜʝʣʠʤʘ ʚʝʣʠʢʠʭ ɽɽʉ. ʇʨʘʢʪʠʯʥʠ ʨʝʟʫʣʪʘʪʠ ʩʫ 

ʜʝʤʦʥʩʪʨʠʨʘʥʠ ʥʘ ʤʦʜʝʣʫ ʟʘ ʧʨʦʨʘʯʫʥ ʪʦʢʦʚʘ ʩʥʘʛʘ ʢʦʥʪʠʥʝʥʪʘʣʥʦʛ ʜʝʣʘ ENTSO-

E ʯʠʿʘ ʠʥʪʝʨʢʦʥʝʢʮʠʿʘ ʩʘʜʨʞʠ 7120 ʯʚʦʨʦʚʘ, 9376 ʚʦʜʦʚʘ ʠ 1427 ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ. 

ʆʚʦ ʿʝ ʿʝʜʘʥ ʦʜ ʨʝʘʣʥʠʭ ENTSO-E ʤʦʜʝʣʘ ʟʘ ʧʨʦʨʘʯʫʥ ʪʦʢʦʚʘ ʩʥʘʛʘ ʢʦʿʠ ʩʝ 

ʠʟʨʘʹʫʿʫ ʩʚʘʢʦʜʥʝʚʥʦ.  
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2 ʅɽʇʆʊʇʋʅɸ LU ɼɽʂʆʄʇʆɿʀʎʀɱɸ JACʆBIAN  

ʄɸʊʈʀʎɽ 

 

ʊʝʦʨʠʿʩʢʠ ʛʣʝʜʘʥʦ, ʘʢʦ ʿʝ ʥʫʣʘ ʩʧʝʮʠʬʠʮʠʨʘʥʘ ʢʘʦ ʧʨʝʣʘʟʥʠ ʧʨʘʛ 

ʟʘʥʝʤʘʨʝˁʘ ʝʣʝʤʝʥʘʪʘ ʤʘʪʨʠʮʝ, LU ʜʝʢʦʤʧʦʟʠʮʠʿʘ ʿʝ ʢʦʤʧʣʝʪʥʘ, ʪʿ. ʥʠʿʝʜʘʥ 

ʝʣʝʤʝʥʪ ʤʘʪʨʠʮʝ ʥʝ˂ʝ ʙʠʪʠ ʟʘʥʝʤʘʨʝʥ ʧʨʠʣʠʢʦʤ LU ʜʝʢʦʤʧʦʟʠʮʠʿʝ ʤʘʪʨʠʮʝ. ʀʧʘʢ, 

ʫʩʣʝʜ ʦʛʨʘʥʠʯʝʥʦʩʪʠ ʧʨʠʢʘʟʠʚʘˁʘ ʨʝʘʣʥʠʭ ʙʨʦʿʝʚʘ ʫ ʨʘʯʫʥʘʨʫ, LU ʜʝʢʦʤʧʦʟʠʮʠʿʘ 

ʿʝ ʥʝʧʦʪʧʫʥʘ ʠ ʢʘʜʘ ʙʠ ʩʧʝʮʠʬʠʮʠʨʘʣʠ ʥʫʣʫ ʢʘʦ ʧʨʝʣʘʟʥʠ ʧʨʘʛ ʟʘʥʝʤʘʨʝˁʘ. 

ʇʦʩʪʦʿʝ ʨʘʟʣʠʯʠʪʝ ʩʪʨʘʪʝʛʠʿʝ ʟʘ ʦʜʨʝʹʠʚʘˁʝ ʧʨʝʣʘʟʥʦʛ ʧʨʘʛʘ ʟʘʥʝʤʘʨʝˁʘ ʠ 

ʪʝʭʥʠʢʝ ʧʨʝʧʦʜʝʰʘʚʘˁ ʘ ʤʦʜʝʣʘ ʩʠʩʪʝʤʘ ʟʘ ʥʝʧʦʪʧʫʥʫ LU ʜʝʢʦʤʧʦʟʠʮʠʿʫ ʤʘʪʨʠʮʝ 

[36], [37]. ʋ ʠʩʪʨʘʞʠʚʘˁʫ ʦʚʝ ʜʠʩʝʨʪʘʮʠʿʝ ʠʤʧʣʝʤʝʥʪʘʮʠʿʘ ʥʝʧʦʪʧʫʥʝ LU 

ʜʝʢʦʤʧʦʟʠʮʠʿʝ ʤʘʪʨʠʮʝ ʟʘʜʨʞʘʚʘ ʩʚʝ ʝʣʝʤʝʥʪʝ ʫ ʨʝʜʫ ʢʦʿʠ ʩʫ ʚʝ˂ʠ ʦʜ ʥʦʨʤʝ ʨʝʜʘ 

ʧʦʤʥʦʞʝʥʝ ʩʘ ʩʧʝʮʠʬʠʮʠʨʘʥʠʤ ʧʨʝʣʘʟʥʠʤ ʧʨʘʛʦʤ ʟʘʥʝʤʘʨʝˁʘ: 

 

ä
=

=
t

j
ij

a
i

1

tt  (2.1) 

 

ɻʜʝ ʿʝ: 

t ï ʙʨʦʿ ʝʣʝʤʝʥʘʪʘ ʫ ʨʝʜʫ i, 

Ű ï ʩʧʝʮʠʬʠʮʠʨʘʥʠ ʧʨʝʣʘʟʥʠ ʧʨʘʛ ʟʘʥʝʤʘʨʝˁʘ, 

|aij | ï ʘʧʩʦʣʫʪʥʘ ʚʨʝʜʥʦʩʪ ʝʣʝʤʝʥʪʘ ʤʘʪʨʠʮʝ aij. 

 

ɱʝʜʠʥʘ ʨʘʟʣʠʢʘ ʫ ʧʨʝʹʝˁʫ ʥʝʧʦʪʧʫʥʝ LU ʜʝʢʦʤʧʦʟʠʮʠʿʝ ʩʘ ʜʝʬʠʥʠʩʘʥʠʤ 

ʧʨʝʣʘʟʥʠʤ ʧʨʘʛʦʤ ʟʘʥʝʤʘʨʝˁʘ ʫ [36] ʿʝ ʪʘ ʰʪʦ ʩʝ ʨʘʜʠʿʝ ʟʘʜʨʞʘʚʘʿʫ ʩʚʠ ʝʣʝʤʝʥʪʠ 

ʪʦʢʦʤ LU ʜʝʢʦʤʧʦʟʠʮʠʿʝ ʯʠʿʝ ʩʫ ʘʧʩʦʣʫʪʥʝ ʚʨʝʜʥʦʩʪʠ ʚʝ˂ʝ ʦʜ ʧʨʦʠʟʚʦʜʘ 

ʜʝʬʠʥʠʩʘʥʠʤ ʿʝʜʥʘʯʠʥʦʤ (2.1) ʥʝʛʦ ʟʘʜʨʞʘʚʘˁʝʤ ʦʜʨʝʹʝʥʦʛ ʙʨʦʿʘ ʥʘʿʚʝ˂ʠʭ 
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ʝʣʝʤʝʥʘʪʘ ʫ ʨʝʜʫ. ʅʘ ʦʚʘʢʘʚ ʥʘʯʠʥ ʩʝ ʧʦʩʪʠʞʝ ʚʝ˂ʘ ʧʨʝʮʠʟʥʦʩʪ ʫ ʧʨʦʨʘʯʫʥʫ ʢʦʿʘ 

ʿʝ ʙʠʪʥʘ ʢʘʜʘ ʩʝ ʜʝʢʦʤʧʦʥʫʿʝ ʤʘʪʨʠʮʘ ʚʝʣʠʢʠʭ ʜʠʤʝʥʟʠʿʘ. ɼʨʫʛʠʤ ʨʝʯʠʤʘ 

ʛʦʚʦʨʝ˂ʠ, ʛʨʝʰʢʘ ʫ ʟʘʦʢʨʫʞʠʚʘˁʫ (ʝʥʛ. round-off error) ʩʝ ʘʢʫʤʫʣʠʨʘ ʫ ʩʚʘʢʦʤ 

ʢʦʨʘʢʫ LU ʜʝʢʦʤʧʦʟʠʮʠʿʝ ʠ ʟʘ ʩʣʫʯʘʿ ʚʝʣʠʢʠʭ ʤʘʪʨʠʮʘ ʛʨʝʰʢʘ ʩʝ ʤʦʞʝ ʧʦʚʝ˂ʘʪʠ 

ʨʝʟʫʣʪʫʿʫ˂ʠ ʣʦʰʫ LU ʜʝʢʦʤʧʦʟʠʮʠʿʫ. 

ʈʘʟʤʘʪʨʘʿʫ˂ʠ LU ʜʝʢʦʤʧʦʟʠʮʠʿʫ, ʛʣʘʚʥʠ ʧʨʠʥʮʠʧ ʿʝ ʥʘʧʨʘʚʠʪʠ ʢʦʤʧʨʦʤʠʩ 

ʠʟʤʝʹʫ ʟʘʭʪʝʚʘʥʝ ʧʨʝʮʠʟʥʦʩʪʠ ʫ ʧʨʦʨʘʯʫʥʫ ʠ ʝʩʪʠʤʠʨʘʥʦʛ ʚʨʝʤʝʥʘ. ʂʘʢʦ ʿʝ LU 

ʜʝʢʦʤʧʦʟʠʮʠʿʘ ʚʨʝʤʝʥʩʢʠ ʥʘʿʟʘʭʪʝʚʥʠʿʘ ʫ ʧʨʦʨʘʯʫʥʫ, ʚʨʝʤʝ ʧʦʪʨʝʙʥʦ ʟʘ ʧʨʦʨʘʯʫʥ 

ʤʦʞʝ ʙʠʪʠ ʨʝʜʫʢʦʚʘʥʦ ʢʦʨʠʩʪʝ˂ʠ ʩʝ ʙʠʣʦ ʚʝ˂ ʜʝʢʦʤʧʦʥʦʚʘʥʦʤ ʤʘʪʨʠʮʦʤ ʠʣʠ 

ʠʟʚʦʹʝˁʝʤ LU ʜʝʢʦʤʧʦʟʠʮʠʿʝ ʩʘ ʦʜʛʦʚʘʨʘʿʫ˂ʠʤ ʧʨʝʣʘʟʥʠʤ ʧʨʘʛʦʤ ʟʘʥʝʤʘʨʝˁʘ. 

ʉʧʝʮʠʬʠʮʠʨʘʥʠ ʧʨʝʣʘʟʥʠ ʧʨʘʛ ʟʘʥʝʤʘʨʝˁʘ ʜʠʨʝʢʪʥʦ ʫʪʠʯʝ ʥʘ ʚʨʝʤʝ LU 

ʜʝʢʦʤʧʦʟʠʮʠʿʝ, ʪʘʯʥʦʩʪ ʧʨʦʨʘʯʫʥʘ ʠ ʙʨʦʿ Newton-Raphson ʠʪʝʨʘʮʠʿʘ. ʇʨʝʣʘʟʥʠ 

ʧʨʘʛ ʟʘʥʝʤʘʨʝˁʘ, ʢʦʿʠ ʿʝ ʟʘʭʪʝʚʘʥ ʜʘ ʙʠ ʩʝ ʧʦʩʪʠʛʣʘ ʢʦʥʚʝʨʛʝʥʮʠʿʘ ʧʨʦʨʘʯʫʥʘ 

ʪʦʢʦʚʘ ʩʥʘʛʘ, ʟʘʚʠʩʠ ʦʜ ʜʠʤʝʥʟʠʿʝ Jacobian ʤʘʪʨʠʮʝ ʠ ʩʪʘˁʘ ʤʦʜʝʣʘ ɽɽʉ. 

ʉʧʝʮʠʬʠʢʘʮʠʿʘ ʤʘʣʦʛ ʧʨʝʣʘʟʥʦʛ ʧʨʘʛʘ ʟʘʥʝʤʘʨʝˁʘ ʨʝʟʫʣʪʫʿʝ ʤʘʣʠʤ ʥʫʤʝʨʠʯʢʠʤ 

ʛʨʝʰʢʘʤʘ ʥʝʧʦʪʧʫʥʝ LU ʜʝʢʦʤʧʦʟʠʮʠʿʝ Jacobian ʤʘʪʨʠʮʝ. ʉʘ ʜʨʫʛʝ ʩʪʨʘʥʝ, 

ʧʦʚʝ˂ʘʚʘ ʩʝ ʚʨʝʤʝ ʧʦʪʨʝʙʥʦ ʟʘ ʧʨʦʨʘʯʫʥ LU ʜʝʢʦʤʧʦʟʠʮʠʿʝ. ʇʦʨʝʜ ʧʨʝʣʘʟʥʦʛ 

ʧʨʘʛʘ ʟʘʥʝʤʘʨʝˁʘ, ʥʫʤʝʨʠʯʢe ʛʨʝʰʢʝ ʫ ʟʘʦʢʨʫʞʠʚʘˁʫ LU ʜʝʢʦʤʧʦʟʠʮʠʿʝ ʟʘʚʠʩʠ 

ʦʜ ʜʠʤʝʥʟʠʿʘ ɽɽʉ, ʪʿ. ʙʨʦʿʘ ʯʚʦʨʦʚʘ ʠ ʛʨʘʥʘ, ʝʣʝʢʪʨʠʯʥʠʭ ʧʘʨʘʤʝʪʘʨʘ ʛʨʘʥʘ, 

ʧʨʝʪʭʦʜʥʦ ʦʜʨʝʹʝʥʝ Jacobian ʤʘʪʨʠʮʝ ʠʪʜ. 

ʇʦʩʪʦʿʝ ʨʘʟʣʠʯʠʪʝ ʧʨʠʧʨʝʤʥʝ ʪʝʭʥʠʢʝ ʧʦʚʝʟʘʥʝ ʩʘ ʧʨʝʫʨʝʹʝˁʝʤ ʤʘʪʨʠʮʝ ʫ 

ʮʠˀʫ ʤʠʥʠʤʠʟʘʮʠʿʝ ʙʨʦʿʘ ʥʦʚʦʩʪʚʦʨʝʥʠʭ ʝʣʝʤʝʥʘʪʘ ʤʘʪʨʠʮʝ ʜʦˁʝʛ ʠ ʛʦʨˁʝʛ 

ʪʨʦʫʛʣʘ Jacobian ʤʘʪʨʠʮʝ [38], [39], [40], [41]. ʄʠʥʠʤʠʟʘʮʠʿʘ ʙʨʦʿʘ ʥʦʚʦʩʪʚʦʨʝʥʠʭ 

ʝʣʝʤʝʥʘʪʘ ʤʘʪʨʠʮʝ ʨʝʜʫʢʫʿʝ ʚʨʝʤʝ ʧʨʦʨʘʯʫʥʘ LU ʜʝʢʦʤʧʦʟʠʮʠʿʝ ʠ ʥʫʤʝʨʠʯʢʫ 

ʛʨʝʰʢʫ ʫ ʟʘʦʢʨʫʞʠʚʘˁʫ. ʋ ʦʚʦʤ ʩʣʫʯʘʿʫ ʩʝ ʢʦʨʠʩʪʠ ʥʝʟʥʘʪʥʦ ʤʦʜʠʬʠʢʦʚʘʥʘ ʧʨʚʘ 

Tinney ʰʝʤʘ [38].  
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3 ɻɽʅɽʈʀʏʂɸ NEWTON-RAPHSON ʄɽʊʆɼɸ 

 

ɱʝʜʥʘʯʠʥʝ ʙʘʣʘʥʩʘ ʘʢʪʠʚʥʝ ʠ ʨʝʘʢʪʠʚʥʝ ʩʥʘʛʝ ʤʦʛʫ ʩʝ ʥʘʧʠʩʘʪʠ ʫ 

ʭʠʙʨʠʜʥʦʤ ʢʦʦʨʜʠʥʘʪʥʦʤ ʩʠʩʪʝʤʫ ʧʦʤʦ˂ʫ ʩʣʝʜʝ˂ʠʭ ʿʝʜʥʘʯʠʥʘ: 

 

( ) ( )( ){ }ä
Í

=-+---=
ij

jiijjiijjiiloadigeni BGVVPPP
a

qqqq 0     sincos  ,,
 (3.1) 

 

( ) ( )( ){ }ä
Í

=-----=
ij

jiijjiijjiiloadigeni BGVVQQQ
a

qqqq 0     cossin ,,
 (3.2) 

 

ɻʜʝ ʿʝ: 
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Ŭi ï ʫʢʫʧʘʥ ʙʨʦʿ ʯʚʦʨʦʚʘ ʧʦʚʝʟʘʥʠʭ ʢʘ ʯʚʦʨʫ i ʫʢˀʫʯʫʿʫ˂ʠ ʠ ʯʚʦʨ i;  

ɓi ï ʫʢʫʧʘʥ ʙʨʦʿ ʛʨʘʥʘ ʧʦʚʝʟʘʥʠʭ ʠʟʤʝʹʫ ʯʚʦʨʘ i ʠ ʟʝʤˀʝ; 

branch

ijY  ï ʢʦʤʧʣʝʢʩʥʘ ʘʜʤʠʪʘʥʩʘ ʛʨʘʥʝ ʧʦʚʝʟʘʥʝ ʠʟʤʝʹʫ ʯʚʦʨʦʚʘ i ʠ j; 

0

ijY  ï ʢʦʤʧʣʝʢʩʥʘ ʘʜʤʠʪʘʥʩʘ ʛʨʘʥʝ ʧʦʚʝʟʘʥʝ ʠʟʤʝʹʫ ʯʚʦʨʘ i ʠ ʟʝʤˀʝ; 

Vj ï ʥʘʧʦʥ ʯʚʦʨʘ j; 

ɗj ï ʫʛʘʦ ʯʚʦʨʘ j; 

Pgen,i, Qgen,i ï ʫʢʫʧʥʘ ʛʝʥʝʨʠʩʘʥʘ ʘʢʪʠʚʥʘ ʠ ʨʝʘʢʪʠʚʥʘ ʩʥʘʛʘ ʫ ʯʚʦʨʫ i; 

Pload,i, Qload,i ï ʫʢʫʧʥʘ ʘʢʪʠʚʥʘ ʠ ʨʝʘʢʪʠʚʥʘ ʩʥʘʛʘ ʧʦʪʨʦʰˁʝ ʫ ʯʚʦʨʫ i; 
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ɱʝʜʥʘʯʠʥʝ (3.1) ʠ (3.2) ʬʦʨʤʠʨʘʿʫ ʩʠʩʪʝʤ ʥʝʣʠʥʝʘʨʥʠʭ ʿʝʜʥʘʯʠʥʘ ʩʘ 

ʥʘʧʦʥʠʤʘ ʠ ʫʛʣʦʚʠʤʘ ʯʚʦʨʦʚʘ ʢʘʦ ʥʝʧʦʟʥʘʪʝ ʧʨʦʤʝʥˀʠʚʝ. ʉʠʩʪʝʤ ʤʦʞʝ ʙʠʪʠ 

ʨʝʰʝʥ ʢʦʨʠʩʪʝ˂ʠ ʩʝ Newton-Raphson ʤʝʪʦʜʦʤ: 
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ɻʜʝ ʩʫ [ȹP
(k)

] ʠ [ȹQ
(k)

] ʚʝʢʪʦʨʠ ʛʨʝʰʢʝ ʘʢʪʠʚʥʝ ʠ ʨʝʘʢʪʠʚʥʝ ʩʥʘʛʝ ʜʝʬʠʥʠʩʘʥʠ 

ʧʦʤʦ˂ʫ ʿʝʜʥʘʯʠʥʘ (3.1) ʠ (3.2) ʫ ʩʚʘʢʦʿ ʠʪʝʨʘʮʠʿʠ k, ʜʦʢ [J] ʦʟʥʘʯʘʚʘ Jacobian 

ʤʘʪʨʠʮʫ. 

ɺʝʢʪʦʨʠ ʢʦʨʝʢʮʠʿʝ ʫʛʣʘ ʠ ʥʘʧʦʥʘ, [ȹɗ
(k)

] ʠ [ȹV
(k)

], ʩʝ ʠʟʨʘʯʫʥʘʚʘʿʫ ʧʦʤʦ˂ʫ 

ʜʝʢʦʤʧʦʥʦʚʘˁʘ Jacobian ʤʘʪʨʠʮʝ ʥʘ ʛʦʨˁʠ ʠ ʜʦʠˁ ʪʨʦʫʛʘʦ ʠ ʨʝʰʘʚʘˁʝʤ (3.3) 

ʢʦʨʠʩʪʝ˂ʠ ʟʘʤʝʥʫ ʥʘʧʨʝʜ-ʥʘʟʘʜ. ɸʣʛʦʨʠʪʘʤ ʛʝʥʝʨʠʯʢʝ Newton-Raphson ʤʝʪʦʜʝ ʿʝ 

ʧʨʠʢʘʟʘʥ ʥʘ ʩʣʠʮʠ 3.1. 

ʂʘʦ ʰʪʦ ʩʝ ʚʠʜʠ ʩʘ ʩʣʠʢʝ 3.1, Jacobian ʤʘʪʨʠʮʘ ʩʝ ʠʟʨʘʯʫʥʘʚʘ ʠ 

ʜʝʢʦʤʧʦʥʫʿʝ ʫ ʩʚʘʢʦʿ ʠʪʝʨʘʮʠʿʠ. LU ʜʝʢʦʤʧʦʟʠʮʠʿʘ Jacobian ʤʘʪʨʠʮʝ ʿʝ ʟʘʜʘʪʘʢ 

ʢʦʿʠ ʟʘʭʪʝʚʘ ʥʘʿʚʠʰʝ ʚʨʝʤʝʥʘ ʫ ʧʨʦʨʘʯʫʥʫ. LU ʜʝʢʦʤʧʦʟʠʮʠʿʘ Jacobian ʤʘʪʨʠʮʝ 

ʥʠʿʝ ʢʨʠʪʠʯʘʥ ʧʨʦʙʣʝʤ ʨʘʟʤʘʪʨʘʿʫ˂ʠ ʚʨʝʤʝ ʧʨʦʨʘʯʫʥ ʟʘ ʤʦʜʝʣʝ ʟʘ ʧʨʦʨʘʯʫʥ 

ʪʦʢʦʚʘ ʩʥʘʛʘ ʜʦ ʥʝʢʦʣʠʢʦ ʭʠˀʘʜʘ ʯʚʦʨʦʚʘ. ʀʧʘʢ, ʘʢʦ ʤʦʜʝʣ ʟʘ ʧʨʦʨʘʯʫʥ ʪʦʢʦʚʘ 

ʩʥʘʛʘ ʜʦʩʝʛʥʝ ʜʦ 5000 ʯʚʦʨʦʚʘ, ʚʨʝʤʝ ʟʘ ʧʨʦʨʘʯʫʥ LU ʜʝʢʦʤʧʦʟʠʮʠʿʝ ʧʦʩʪʘʿʝ 

ʢʨʠʪʠʯʥʠ ʧʨʦʙʣʝʤ. ʆʚʦ ʿʝ ʨʘʟʣʦʛ ʟʘʰʪʦ ʩʫ ʠʤʧʣʝʤʝʪʠʨʘʥʝ ʨʘʟʣʠʯʠʪʝ ʰʝʤʝ ʟʘ 

ʧʨʠʧʨʝʤʫ ʠ ʪʝʭʥʠʢʝ ʟʘ ʥʝʧʦʪʧʫʥʫ LU ʜʝʢʦʤʧʦʟʠʮʠʿʫ 
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ʉʣʠʢʘ 3.1 ɸʣʛʦʨʠʪʘʤ ʛʝʥʝʨʠʯʢʝ Newton-Raphson ʤʝʪʦʜʝ 
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4 ʂʆʄɹʀʅʆɺɸʅA NEWTON-RAPHSON ʄɽʊʆɼɸ 

 

ɻʣʘʚʥʘ ʠʜʝʿʘ ʢʦʤʙʠʥʦʚʘʥʝ Newton-Raphson ʤʝʪʦʜʝ ʿʝ ʟʘʜʨʞʘʚʘˁʝ ʩʪʦʧʝ 

ʢʦʥʚʝʨʛʝʥʮʠʿʝ ʚʝ˂ʝ ʦʜ ʩʧʝʮʠʬʠʮʠʨʘʥʦʛ ʣʠʤʠʪʘ ʢʦʿʠ ʦʙʝʟʙʝʹʫʿʝ ʢʦʥʚʝʨʛʝʥʮʠʿʫ 

ʠʪʝʨʘʪʠʚʥʝ ʧʨʦʮʝʜʫʨʝ. ɸʢʦ ʩʪʦʧʘ ʢʦʥʚʝʨʛʝʥʮʠʿʝ ʧʘʜʥʝ ʠʩʧʦʜ ʩʧʝʮʠʬʠʮʠʨʘʥʦʛ 

ʣʠʤʠʪʘ, Jacobian ʤʘʪʨʠʮʘ ʩʝ ʨʘʯʫʥʘ ʠ ʜʝʢʦʤʧʦʥʫʿʝ ʫ ʮʠˀʫ ʫʥʘʧʨʝʹʝˁʘ ʩʪʦʧʝ 

ʢʦʥʚʝʨʛʝʥʮʠʿʝ. ʉʘ ʜʨʫʛʝ ʩʪʨʘʥʝ, ʠʩʪʠ ʜʦˁʠ ʠ ʛʦʨˁʠ ʪʨʦʫʛʘʦ Jacobian ʤʘʪʨʠʮʝ ʢʦʿʠ 

ʩʫ ʙʠʣʠ ʫʧʦʪʨʝʙˀʝʥʠ ʫ kï1 ʠʪʝʨʘʮʠʿʠ ʢʦʨʠʩʪʝ ʩʝ ʫ ʠʪʝʨʘʮʠʿʠ k. Jacobian ʤʘʪʨʠʮʘ 

ʩʝ ʧʨʦʨʘʯʫʥʘʚʘ ʠ ʜʝʢʦʤʧʦʥʫʿʝ ʩʘʤʦ ʫ ʠʥʠʮʠʿʘʣʥʦʿ ʠʪʝʨʘʮʠʿʠ ʘʢʦ ʩʪʦʧʘ 

ʢʦʥʚʝʨʛʝʥʮʠʿʝ ʥʝ ʧʘʜʘ ʠʩʧʦʜ ʩʧʝʮʠʬʠʮʠʨʘʥʦʛ ʣʠʤʠʪʘ ʪʦʢʦʤ ʠʪʝʨʘʪʠʚʥʝ 

ʧʨʦʮʝʜʫʨʝ. ʋ ʦʚʦʤ ʩʣʫʯʘʿʫ Newton-Raphson ʤʝʪʦʜʘ ʧʦʩʪʘʿʝ ʠʩʪʘ ʢʘʦ 

ʤʦʜʠʬʠʢʦʚʘʥʘ Newton-Raphson ʤʝʪʦʜʘ. 

ɸʣʛʦʨʠʪʘʤ ʟʘ ʢʦʤʙʠʥʦʚʘʥʠ Newton-Raphson ʤʝʪʦʜ ʿʝ ʧʨʠʢʘʟʘʥ ʥʘ ʩʣʠʮʠ 4.1. 

ʅʘ ʩʣʠʮʠ 4.1 ʩʫ ʦʟʥʘʯʝʥʠ ʩʘ ɚ ʠ Ů, ʨʝʩʧʝʢʪʠʚʥʦ, ʩʧʝʮʠʬʠʮʠʨʘʥʦ ʦʛʨʘʥʠʯʝˁʝ ʩʪʦʧʝ 

ʢʦʥʚʝʨʛʝʥʮʠʿʝ ʧʦʪʨʝʙʥʦ ʜʘ ʩʝ ʧʦʩʪʠʛʥʝ ʢʦʥʚʝʨʛʝʥʮʠʿʘ ʠʪʝʨʘʪʠʚʥʝ ʧʨʦʮʝʜʫʨʝ ʠ 

ʨʝʣʘʪʠʚʥʘ ʛʨʝʰʢʘ ʪʦʣʝʨʘʥʮʠʿʝ. ɼʘ ʙʠ ʩʝ ʥʘʛʣʘʩʠʣʘ ʨʘʟʣʠʢʘ ʠʟʤʝʹʫ ʢʦʤʙʠʥʦʚʘʥʝ ʠ 

ʛʝʥʝʨʠʯʢʝ Newton-Raphson ʤʝʪʦʜʝ ʜʝʦ ʩʣʠʢʝ 4.1 ʿʝ ʥʘʮʨʪʘʥ ʠʩʧʨʝʢʠʜʘʥʠʤ 

ʣʠʥʠʿʘʤʘ. ʂʘʦ ʰʪʦ ʿʝ ʧʨʠʢʘʟʘʥʦ ʥʘ ʩʣʠʮʠ 4.1 ʧʨʦʨʘʯʫʥ Jacobian ʤʘʪʨʠʮʝ ʠ 

ʜʝʢʦʤʧʦʥʦʚʘˁʝ ʩʝ ʠʟʚʦʜʠ ʫ ʠʥʠʮʠʿʘʣʥʦʿ ʠʪʝʨʘʮʠʿʠ (k=0) ʠ ʫ ʚʠʰʦʿ ʠʪʝʨʘʮʠʿʠ ʦʜ 

ʜʨʫʛʝ (k>=2) ʫ ʢʦʿʦʿ ʿʝ ʩʪʦʧʘ ʢʦʥʚʝʨʛʝʥʮʠʿʝ ʧʘʣʘ ʠʩʧʦʜ ʩʧʝʮʠʬʠʮʠʨʘʥʦʛ ʣʠʤʠʪʘ. 

ɸʢʦ ʩʝ ʩʪʦʧʘ ʢʦʥʚʝʨʛʝʥʮʠʿʝ ʟʘʜʨʞʘʚʘ ʠʟʥʘʜ ʩʧʝʮʠʬʠʮʠʨʘʥʦʛ ʣʠʤʠʪʘ, 

ʧʨʦʨʘʯʫʥʘʚʘʿʫ ʩʝ ʩʘʤʦ ʥʝʩʣʘʛʘˁʝ ʪʦʢʦʚʘ ʩʥʘʛʘ ʠ ʚʨʰʠ ʩʝ ʟʘʤʝʥʘ ʥʘʧʨʝʜ-ʥʘʟʘʜ ʫ 

ʠʪʝʨʘʮʠʿʠ. 

ʂʦʥʪʨʦʣʘ ʩʪʦʧʝ ʢʦʥʚʝʨʛʝʥʮʠʿʝ ʿʝ ʫʨʘ́ ʝʥʘ ʫʟʠʤʘʿʫ˂ʠ ʫ ʦʙʟʠʨ ʥʝʩʣʘʛʘˁʝ 

ʪʦʢʦʚʘ ʩʥʘʛʘ k ʠ kï2 ʠʪʝʨʘʮʠʿʝ ʢʘʦ ʰʪʦ ʿʝ ʧʨʠʢʘʟʘʥʦ ʥʘ ʩʣʠʮʠ 4.1. ʀʧʘʢ, ʜʝʪʘˀʠ 

ʚʝʟʘʥʠ ʟʘ ʢʦʥʪʨʦʣʫ ʩʪʦʧʝ ʢʦʥʚʝʨʛʝʥʮʠʿʝ ʩʫ ʜʘʪʠ ʫ ʩʣʝʜʝ˂ʝʤ ʧʦʛʣʘʚˀʫ. 
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ʉʣʠʢʘ 4.1 ɸʣʛʦʨʠʪʘʤ ʢʦʤʙʠʥʦʚʘʥʝ Newton-Raphson ʤʝʪʦʜʝ [14]  
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5 ʉʊʆʇɸ ʂʆʅɺɽʈɻɽʅʎʀɱɽ 

 

ʂʦʤʙʠʥʦʚʘʥʘ Newton-Raphson ʤʝʪʦʜʘ ʥʘʤʝ˂ʝ ʧʨʦʨʘʯʫʥ Jacobian ʤʘʪʨʠʮʝ ʠ 

LU ʜʝʢʦʤʧʦʟʠʮʠʿʝ ʫ ʩʚʘʢʦʤ ʩʣʫʯʘʿʫ ʢʘʜʘ ʿʝ ʩʪʦʧʘ ʢʦʥʚʝʨʛʝʥʮʠʿʝ ʠʩʧʦʜ 

ʩʧʝʮʠʬʠʮʠʨʘʥʦʛ ʥʠʚʦʘ. ʉʪʦʧʘ ʢʦʥʚʝʨʛʝʥʮʠʿʝ ʩʝ ʨʘʯʫʥʘ ʫʟʠʤʘʿʫ˂ʠ ʫ ʦʙʟʠʨ ʥʘʿʚʝ˂ʝ 

ʥʝʩʣʘʛʘˁʝ ʪʦʢʘ ʩʥʘʛʘ ʪʦʢʦʤ ʠʪʝʨʘʪʠʚʥʝ ʧʨʦʮʝʜʫʨʝ. 

ʄʦʛʫ ʩʝ ʧʦʿʘʚʠʪʠ ʦʩʮʠʣʘʮʠʿʝ ʥʝʩʣʘʛʘˁʘ ʩʥʘʛʝ ʟʘ ʯʚʦʨ ʠʟʤʝʹʫ ʜʚʝ ʫʟʘʩʪʦʧʥʝ 

ʠʪʝʨʘʮʠʿʝ ʘʢʦ ʤʦʜʝʣ ʟʘ ʧʨʦʨʘʯʫʥ ʪʦʢʘ ʩʥʘʛʝ ʥʠʿʝ ʜʦʙʨʦ ʧʦʜʝʰʝʥ. ʆʚʝ ʦʩʮʠʣʘʮʠʿʝ 

ʩʝ ʫʙʠʯʘʿʝʥʦ ʧʦʿʘʚˀʫʿʫ ʥʘ ʧʦʯʝʪʢʫ ʠʪʝʨʘʪʠʚʥʝ ʧʨʦʮʝʜʫʨʝ ʢʘʜʘ ʿʝ ʥʝʩʣʘʛʘˁʝ ʩʥʘʛʝ 

ʯʚʦʨʘ ʨʝʣʘʪʠʚʥʦ ʚʝʣʠʢʦ. ʋ ʪʘʙʝʣʠ 5.1 ʿʝ ʧʨʠʢʘʟʘʥʘ ʢʦʥʚʝʨʛʝʥʮʠʿʘ ʟʘ ʢʦʤʙʠʥʦʚʘʥʫ 

ʠʪʝʨʘʪʠʚʥʫ Newton-Raphson ʤʝʪʦʜʫ ʥʘ ʤʦʜʝʣʫ ʟʘ ʧʨʦʨʘʯʫʥ ʪʦʢʦʚʘ ʩʥʘʛʘ ʢʦʿʠ 

ʩʘʜʨʞʠ 9189 ʯʚʦʨʦʚʘ ʠ ʩʧʝʮʠʬʠʮʠʨʘʥʠ ʧʨʝʣʘʟʥʠ ʧʨʘʛ ʟʘʥʝʤʘʨʝˁʘ 10
-7
. ʄʦʞʝ ʩʝ 

ʚʠʜʝʪʠ ʜʘ ʤʘʢʩʠʤʘʣʥʦ ʥʝʩʣʘʛʘˁʝ ʩʥʘʛʝ ʯʚʦʨʘ ʫ k ʠʪʝʨʘʮʠʿʠ ʤʦʞʝ ʙʠʪʠ ʚʝ˂ʝ ʫ kï1 

ʠʪʝʨʘʮʠʿʠ. ʋ ʜʘʪʦʤ ʧʨʠʤʝʨʫ, ʥʝʩʣʘʛʘˁʝ ʘʢʪʠʚʥʝ ʩʥʘʛʝ ʯʚʦʨʘ ʫ ʧʨʚʦʿ ʠʪʝʨʘʮʠʿʠ 

(ʠʪʝʨʘʮʠʿʘ 1 ʫ ʪʘʙʝʣʠ 5.1) ʿʝ ʚʝ˂ʝ ʥʝʛʦ ʫ ʠʥʠʮʠʿʘʣʥʦʿ ʠʪʝʨʘʮʠʿʠ (ʠʪʝʨʘʮʠʿʘ 0 ʫ 

ʪʘʙʝʣʠ 5.1). 

ʊʘʙʝʣʘ 5.1 ʂʦʥʚʝʨʛʝʥʮʠʿʘ ʢʦʤʙʠʥʦʚʘʥʝ Newton-Raphson ʤʝʪʦʜʝ 

ʀʪʝʨʘʮʠʿʘ 

ʙʨʦʿ 

ʀʤʝ ʯʚʦʨʘ ʩʘ 

ʥʘʿʚʝ˂ʠʤ ȹP 

ʥʝʩʣʘʛʘˁʝʤ 

ʅʘʿʚʝ˂ʝ ȹP 

ʥʝʩʣʘʛʘˁʝ 

[MW]  

ʀʤʝ ʯʚʦʨʘ ʩʘ 

ʥʘʿʚʝ˂ʠʤ ȹQ 

ʥʝʩʣʘʛʘˁʝʤ 

ʅʘʿʚʝ˂ʝ ȹQ 

ʥʝʩʣʘʛʘˁʝ 

[MVAr ] 

0
 

R010491 91,66755 Z0507811 275,40399 

1
 

R010501 134,24564 R010501 50,91530 

2
 

R0146211 34,81330 R010491 16,82263 

3 R010491 36,73605 R0058811 10,36523 

4 R010491 21,05911 R010491 9,73270 

5 R010491 26,10709 R010491 7,66502 

6 R010491 24,10188 R010491 8,60604 

7 R010491 2,14826 R010491 0,83820 

8 R010501 0,42202 R010491 0,15455 

9 R010501 0,08208 R010491 0,03002 

10 R010501 0,01582 R010491 0,00579 

11 R010501 0,00296 R010491 0,00110 

12 R010501 0,00068 X0874911 0,00081 

 



 

 

ʉʪʘʥʢʦ ʇ. ɱʘʥʢʦʚʠ˂, ɸʣʛʦʨʠʪʤʠ ʟʘ ʫʥʘʧʨʝʹeˁ ʝ ʢʦʥʚʝʨʛʝʥʮʠʿʝ ʫ ʧʨʦʨʘʯʫʥʫ ʪʦʢʦʚʘ ʩʥʘʛʘ ʥʘ ʚʝʣʠʢʠʤ ʩʠʤʫʣʘʮʠʦʥʠʤ ʤʦʜʝʣʠʤʘ, ʜʦʢʪʦʨʩʢʘ ʜʠʩʝʨʪʘʮʠʿʘ 
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ʏʘʢ ʠ ʢʘʜʘ ʿʝ ʥʝʩʣʘʛʘˁʝ ʩʥʘʛʝ ʯʚʦʨʘ ʚʝ˂ ʝ ʫ k ʥʝʛʦ ʫ kï1 ʠʪʝʨʘʮʠʿʠ ʪʦ ʥʝ 

ʟʥʘʯʠ ʜʘ ʿʝ ʩʪʦʧʘ ʢʦʥʚʝʨʛʝʥʮʠʿʝ ʥʘʨʫʰʝʥʘ. ʊʦ ʩʝ ʤʦʞʝ ʜʝʩʠʪʠ ʫ ʧʨʝʪʭʦʜʥʦ 

ʧʦʤʝʥʫʪʠʤ ʦʩʮʠʣʘʮʠʿʘʤʘ ʫ Newton-Raphson ʠʪʝʨʘʪʠʚʥʦʿ ʧʨʦʮʝʜʫʨʠ. ɿʙʦʛ ʦʚʦʛ ʩʝ 

ʩʪʦʧʘ ʢʦʥʚʝʛʝʥʮʠʿʝ ʧʨʦʚʝʨʘʚʘ ʠʟʤʝʹʫ k ʠ kïp ʠʪʝʨʘʮʠʿʝ ʫ ʮʠˀʫ ʧʨʝʚʝʥʮʠʿʝ ʦʜ 

ʧʦʛʨʝʰʥʦʛ ʧʨʦʨʘʯʫʥʘ ʢʦʜ ʢʦʛʘ ʿʝ ʩʪʦʧʘ ʢʦʥʚʝʨʛʝʥʮʠʿʝ ʥʘʨʫʰʝʥʘ ʠʟʤʝʹʫ ʜʚʝ 

ʫʟʘʩʪʦʧʥʝ ʠʪʝʨʘʮʠʿʝ. ʀʧʘʢ, p ʥʝ ʙʠ ʪʨʝʙʘʣʦ ʜʘ ʙʫʜʝ ʚʝ˂ʝ ʦʜ 2 ʠʣʠ 3 ʜʘ ʙʠ ʩʝ 

ʠʟʙʝʛʣʘ ʜʠʚʝʨʛʝʥʮʠʿʘ ʠʪʝʨʘʪʠʚʥʝ ʧʨʦʮʝʜʫʨʝ ʠʣʠ ʜʘ ʩʝ ʥʝ ʙʠ ʜʦʙʠʣʘ ʧʦʛʨʝʰʥʘ 

ʢʦʥʚʝʨʛʝʥʮʠʿʘ. ʋ ʦʚʦʤ ʧʦʩʝʙʥʦʤ ʩʣʫʯʘʿʫ ʩʪʦʧʘ ʢʦʥʚʝʨʛʝʥʮʠʿʝ ʩʝ ʧʨʦʚʝʨʘʚʘ ʠʟʤʝʹʫ 

ʩʚʘʢʝ k and kï2 ʠʪʝʨʘʮʠʿʝ. ʉʧʝʮʠʬʠʮʠʨʘʥʘ ʩʪʦʧʘ ʢʦʥʚʝʨʛʝʥʮʠʿʝ ʿʝ 1,2, ʪʿ. 

ʩʧʝʮʠʬʠʮʠʨʘʥʦ ʤʘʢʩʠʤʘʣʥʦ ʥʝʩʣʘʛʘˁʝ ʩʥʘʛʝ ʯʚʦʨʘ ʠʟʤʝʹʫ k ʠ kï2 ʠʪʝʨʘʮʠʿʝ ʪʨʝʙʘ 

ʜʘ ʙʫʜʝ ʚʝ˂ʝ ʦʜ 20%. 

 

2,1
)(max

)(max
)(

)2(
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k

QP

QP
l  (5.1) 

 

ɿʘʜʨʞʘʚʘʿʫ˂ʠ ʩʪʦʧʫ ʢʦʥʚʝʨʛʝʥʮʠʿʝ ʚʠʰʫ ʦʜ 1,2 ʠʟʤʝʹʫ ʠʪʝʨʘʮʠʿʘ kï2 ʠ k 

ʟʥʘʯʠ ʜʘ ʿʝ ʤʘʢʩʠʤʘʣʥʦ ʥʝʩʣʘʛʘˁʝ ʩʥʘʛʝ ʯʚʦʨʘ ʨʝʜʫʢʦʚʘʥʦ ʥʘ ʥʘʿʤʘˁʝ 20% ʠʟʤʝʹʫ 

ʦʚʠʭ ʠʪʝʨʘʮʠʿʘ. ʆʚʦ ʿʝ ʧʨʝʧʦʨʫʢʘ ʟʘ ʜʦˁʫ ʛʨʘʥʠʮʫ ʩʪʦʧʝ ʢʦʥʚʝʨʛʝʥʮʠʿʝ ʢʦʿʘ ʿʝ 

ʫʩʪʘʥʦʚˀʝʥʘ ʩʚʘʢʦʜʥʝʚʥʦʤ ʫʧʦʪʨʝʙʦʤ ʤʦʜʝʣʘ ʧʨʝʥʦʩʥʠʭ ʤʨʝʞʘ ʨʘʟʣʠʯʠʪʠʭ 

ʚʝʣʠʯʠʥʘ ʛʜʝ ʚʝ˂ʠʥʘ ʥʠʩʫ ʜʦʙʨʦ ʧʦʜʝʰʝʥʠ. ɼʦˁʠ ʣʠʤʠʪ ʩʪʦʧʝ ʢʦʥʚʝʨʛʝʥʮʠʿʝ 

ʤʦʞʝ ʙʠʪʠ ʧʨʦʤʝˁʝʥ ʫ ʥʝʢʫ ʜʨʫʛʫ ʚʨʝʜʥʦʩʪ ʰʪʦ ʩʝ ʦʩʪʘʚˀʘ ʢʘʦ ʤʦʛʫ˂ʥʦʩʪ 

ʢʦʨʠʩʥʠʢʫ. ɸʢʦ ʿʝ ʩʧʝʮʠʬʠʮʠʨʘʥʘ ʚʝ˂ʘ ʚʨʝʜʥʦʩʪ ʜʦˁʝʛ ʣʠʤʠʪʘ ʩʪʦʧʝ 

ʢʦʥʚʝʨʛʝʥʮʠʿʝ, LU ʜʝʢʦʤʧʦʟʠʮʠʿʘ Jacobian ʤʘʪʨʠʮʝ ʤʦʞʝ ʙʠʪʠ ʫʨʘʹʝʥʘ ʚʝʦʤʘ 

ʯʝʩʪʦ ʰʪʦ ʙʠ ʨʝʟʫʣʪʦʚʘʣʦ ʜʫʞʝ ʚʨʝʤʝ ʧʨʦʨʘʯʫʥʘ. ʉʘ ʜʨʫʛʝ ʩʪʨʘʥʝ, ʘʢʦ ʙʠ ʩʝ 

ʩʧʝʮʠʬʠʮʠʨʘʣʘ ʤʘˁʘ ʚʨʝʜʥʦʩʪ ʩʪʦʧʝ ʢʦʥʚʝʨʛʝʥʮʠʿʝ, ʥʧʨ. 10%, ʪʦ ʙʠ ʤʦʛʣʦ ʜʘ 

ʨʝʟʫʣʪʫʿʝ ʚʝʣʠʢʠʤ ʙʨʦʿʝʤ ʠʪʝʨʘʮʠʿʘ, ʚʝ˂ʠʤ ʦʜ ʤʘʢʩʠʤʘʣʥʦʛ ʙʨʦʿʘ ʢʦʿʠ ʢʦʨʠʩʥʠʢ 

ʪʘʢʦʹʝ ʩʧʝʮʠʬʠʮʠʨʘ. ʆʚʘʢʘʚ ʩʣʫʯʘʿ ʤʦʞʝ ʜʦʚʝʩʪʠ ʜʦ ʩʪʘˁʘ ʙʝʟ ʢʦʥʚʝʨʛʝʥʮʠʿʝ. 

ʋ ʧʨʠʤʝʨʫ ʪʦʢʘ ʩʥʘʛʝ ʯʠʿʝ ʩʫ ʠʪʝʨʘʪʠʚʥʝ ʧʨʦʮʝʜʫʨʝ ʧʦʢʘʟʘʥʝ ʫ ʪʘʙʝʣʠ 5.1 

ʩʪʦʧʘ ʢʦʥʚʝʨʛʝʥʮʠʿʝ ʿʝ ʥʘʨʫʰʝʥʘ ʠʟʤʝʹʫ ʠʪʝʨʘʮʠʿʝ 4 ʠ 6. ʄʘʢʩʠʤʘʣʥʦ ʥʝ ʩʣʘʛʝˁʝ 

ʩʥʘʛʝ ʯʚʦʨʘ ʫ ʠʪʝʨʘʮʠʿʘʤʘ 4 ʠ 6 ʩʫ 21,05911 and 24,10188, ʨʝʩʧʝʢʪʠʚʥʦ. ʆʚʦ ʿʝ 

ʨʘʟʣʦʛ ʟʘʰʪʦ ʿʝ Jacobian ʤʘʪʨʠʮʘ ʠʟʨʘʯʫʥʘʪʘ ʠ ʜʝʢʦʤʧʦʥʦʚʘʥʘ ʫ ʠʪʝʨʘʮʠʿʠ ʙʨʦʿ 6. 
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ʂʘʦ ʰʪʦ ʿʝ ʧʨʠʢʘʟʘʥʦ ʫ ʪʘʙʝʣʠ 5.1 ʩʪʦʧʘ ʢʦʥʚʝʨʛʝʥʮʠʿʝ ʥʝ ʧʘʜʘ ʠʩʧʦʜ 

ʩʧʝʮʠʬʠʮʠʨʘʥʦʛ ʣʠʤʠʪʘ ʜʦ ʢʨʘʿʘ ʠʪʝʨʘʪʠʚʥʝ ʧʨʦʮʝʜʫʨʝ. ʊʘʢʦ ʜʘ ʩʫ ʠʟʚʝʜʝʥʘ ʩʘʤʦ 

ʜʚʘ ʧʨʦʨʘʯʫʥʘ Jacobian ʤʘʪʨʠʮʝ ʠ ʜʝʢʦʤʧʦʥʦʚʘˁʘ ʪʦʢʦʤ ʮʝʣʦʛ ʠʪʝʨʘʪʠʚʥʦʛ 

ʧʦʩʪʫʧʢʘ (ʠʥʠʮʠʿʘʣʥʦʛ ʠ ʰʝʩʪ ʥʘʨʝʜʥʠʭ ʠʪʝʨʘʮʠʿʘ). 
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6 ʇʆʈɽɫɽɳɽ ʈɽɿʋʃʊɸʊɸ ʇʈʆʈɸʏʋʅɸ ʈɸɿʃʀʏʀʊʀʍ 

NEWTON-RAPHSON ʄɽʊʆɼɸ 

 

ʂʦʤʙʠʥʦʚʘʥʘ, ʤʦʜʠʬʠʢʦʚʘʥʘ ʠ ʛʝʥʝʨʠʯʢʘ Newton-Raphson ʤʝʪʦʜʘ ʿʝ 

ʠʤʧʣʝʤʝʥʪʠʨʘʥʘ ʫ ʧʨʦʛʨʘʤʩʢʠ ʧʘʢʝʪ PSA [35]. PSA ʧʨʦʛʨʘʤʩʢʠ ʧʘʢʝʪ ʿʝ ʢʦʨʠʰ˂ʝʥ 

ʫ ʦʜʝˀʝˁʫ ʟʘ ʧʨʦʙʥʘ ʠʩʪʨʘʞʠʚʘˁʠʤʘ ʢʦʦʨʜʠʥʠʩʘʥʝ ʘʫʢʮʠʿʝ ʟʘʩʥʦʚʘʥʠʤ ʥʘ 

ʧʨʦʨʘʯʫʥʫ ʤʘʢʩʠʤʘʣʥʦʛ ʪʦʢʘ ʩʥʘʛʝ. ɺʠʰʝ ʠʥʬʦʨʤʘʮʠʿʘ ʦ ʤʝʪʦʜʠ ʧʨʦʨʘʯʫʥʘ 

ʤʘʢʩʠʤʘʣʥʦʛ ʪʦʢʘ ʩʥʘʛʝ ʤʦʞʝ ʩʝ ʥʘ˂ʠ ʫ ʇʨʠʣʦʛʫ 2. ɼʘʥʘʩ, PSA ʧʨʦʛʨʘʤʩʢʠ ʧʘʢʝʪ 

ʩʝ ʢʦʨʠʩʪʠ ʟʘ DACF ʘʥʘʣʠʟʝ ʠ ʧʨʦʨʘʯʫʥ ʥʝʪʦ ʧʨʝʥʦʩʥʦʛ ʢʘʧʘʮʠʪʝʪʘ (ʝʥʛ. Net 

Transfer Capacities, ʘʢʨʦʥʠʤ NTC) ʢʦʜ ʥʝʢʦʣʠʢʦ ʦʧʝʨʘʪʦʨʘ ʧʨʝʥʦʩʥʠʭ ʩʠʩʪʝʤʘ (ʝʥʛ. 

Transmission System Operator, ʘʢʨʦʥʠʤ TSO) ʫ ʿʫʛʦʠʩʪʦʯʥʦʿ ɽʚʨʦʧʠ. ɺʠʰʝ 

ʠʥʬʦʨʤʘʮʠʿʘ ʦ NTC ʧʨʦʨʘʯʫʥʫ ʤʦʞʝ ʩʝ ʥʘ˂ʠ ʫ ʇʨʠʣʦʛʫ 1. ʆʚʘʿ ʧʨʦʛʨʘʤʩʢʠ ʧʘʢʝʪ 

ʿʝ ʢʦʨʠʰ˂ʝʥ ʠ ʫ ʩʪʫʜʠʿʠ ʈʝʛʫʣʘʮʠʿʝ ʠ ʝʚʘʢʫʘʮʠʿʝ ʝʥʝʨʛʠʿʝ ʠʟ ʚʝʪʨʦʝʣʝʢʪʨʘʥʘ ʫ 

ʠʩʪʦʯʥʦʿ ʍʝʨʮʝʛʦʚʠʥʠ ʯʠʿʠ ʩʫ ʨʝʟʫʣʪʘʪʠ ʧʨʠʢʘʟʘʥʠ ʫ [42]. ʉʚʠ ʧʨʦʨʘʯʫʥʠ ʪʦʢʦʚʘ 

ʩʥʘʛʘ ʫ ʦʚʦʤ ʠʩʪʨʘʞʠʚʘˁʫ ʩʫ ʫʨʘʹʝʥʠ ʫ ʧʨʦʛʨʘʤʩʢʦʤ ʧʘʢʝʪʫ PSA. 

ʉʝʜʘʤ ʤʦʜʝʣʘ ɽɽʉ ʟʘ ʧʨʦʨʘʯʫʥ ʪʦʢʦʚʘ ʩʥʘʛʘ, ʫ ʨʘʩʧʦʥʫ ʦʜ 100 ʜʦ 20000 

ʯʚʦʨʦʚʘ, ʿʝ ʫʧʦʪʨʝʙˀʝʥʦ ʫ ʢʦʤʧʘʨʘʪʠʚʥʦʿ ʘʥʘʣʠʟʠ ʩʚʝ ʯʝʪʠʨʠ Newton-Raphson 

ʤʝʪʦʜʝ. ʂʨʘʪʘʢ ʦʧʠʩ ʤʦʜʝʣʘ ʿʝ ʜʘʪ ʫ ʥʘʩʪʘʚʢʫ: 

1. 100 ʯʚʦʨʦʚʘ, 116 ʚʦʜʦʚʘ ʠ 11 ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ ï ʤʦʜʝʣ ʧʨʝʥʦʩʥʦʛ ʩʠʩʪʝʤʘ 

ʉʨʙʠʿʝ ʢʦʿʠ ʩʘʜʨʞʠ 400 kV ʠ 220 kV ʧʨʝʥʦʩʥʫ ʤʨʝʞʫ. ʆʚʦ ʿʝ DACF ʤʦʜʝʣ 

ʩʘ ʤʘʢʩʠʤʘʣʥʠʤ ʦʧʪʝʨʝ˂ʝˁʝʤ (ʟʠʤʩʢʠ ʤʘʢʩʠʤʫʤ) ʠʟ ʜʝʮʝʤʙʨʘ 2012. 

ɻʝʥʝʨʘʪʦʨʠ ʩʫ ʤʦʜʝʣʦʚʘʥʠ ʥʘ ʚʠʰʝʥʘʧʦʥʩʢʦʿ ʩʪʨʘʥʠ ʜʦʢ ʩʫ ʪʦʢʦʚʠ ʢʨʦʟ 

ʪʨʘʥʩʬʦʨʤʘʪʦʨʝ 400/110 kV/kV ʠ 220/110 kV/kV ʤʦʜʝʣʦʚʘʥʠ ʢʘʦ ʧʦʪʨʦʰˁʘ 

ʥʘ ʚʠʩʦʢʦʥʘʧʦʥʩʢʦʿ ʩʪʨʘʥʠ, 

2. 440 ʯʚʦʨʦʚʘ, 558 ʚʦʜʦʚʘ ʠ 65 ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ ï ʤʦʜʝʣ ʧʨʝʥʦʩʥʦʛ ʩʠʩʪʝʤʘ 

ʉʨʙʠʿʝ ʢʦʿʠ ʩʘʜʨʞʠ 400 kV, 220 kV ʠ 110 kV ʧʨʝʥʦʩʥʫ ʤʨʝʞʫ. ʆʚʦ ʿʝ ʤʦʜʝʣ 

ʟʠʤʩʢʦʛ ʤʘʢʩʠʤʫʤʘ ʟʘ ʧʨʦʨʘʯʫʥ ʪʦʢʦʚʘ ʩʥʘʛʘ ʥʘʧʨʘʚˀʝʥ ʩʧʘʿʘˁʝʤ ʤʦʜʝʣʘ 

ʠʟ ʧʨʝʪʭʦʜʥʝ ʪʘʯʢʝ ʠ ʧʨʝʥʦʩʥʝ ʤʨʝʞʝ ʉʨʙʠʿʝ 110 kV. ɻʝʥʝʨʘʪʦʨʠ ʩʫ 

ʤʦʜʝʣʦʚʘʥʠ ʥʘ ʚʠʩʦʢʦʥʘʧʦʥʩʢʦʿ ʩʪʨʘʥʠ ʜʦʢ ʩʫ ʘʢʪʫʝʣʥʠ ʪʦʢʦʚʠ ʢʨʦʟ 
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ʪʨʘʥʩʬʦʨʤʘʪʦʨʝ 110/35(20, 10, ʠ 6) kV/kV ʤʦʜʝʣʦʚʘʥʠ ʢʘʦ ʧʦʪʨʦʰˁʘ ʥʘ 

110 kV ʥʘʧʦʥʩʢʦʤ ʥʠʚʦʫ, 

3. 1015 ʯʚʦʨʦʚʘ, 1297 ʚʦʜʦʚʘ ʠ 200 ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ - 400 kV ʠ 220 kV 

ʧʨʝʥʦʩʥʠ ʩʠʩʪʝʤ ʿʫʛʦʠʩʪʦʯʥʝ ɽʚʨʦʧʝ ʙʝʟ ʧʨʝʥʦʩʥʦʛ ʩʠʩʪʝʤʘ ʀʪʘʣʠʿʝ. ʆʚʘʿ 

ʤʦʜʝʣ ʟʘ ʧʨʦʨʘʯʫʥ ʪʦʢʦʚʘ ʩʥʘʛʘ ʿʝ ʥʘʧʨʘʚˀʝʥ ʩʧʘʿʘˁʝʤ ʤʦʜʝʣʘ ʠʟ ʪʘʯʢʝ 1 ʠ 

ʦʩʪʘʣʠʭ ʥʘʮʠʦʥʘʣʥʠʭ ENTSO-E DACF ʤʦʜʝʣʘ ʟʘ ʧʨʦʨʘʯʫʥ ʪʦʢʦʚʘ ʩʥʘʛʘ, 

4. 7488 ʯʚʦʨʦʚʘ, 9779 ʚʦʜʦʚʘ ʠ 1455 ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ ï DACF ʤʦʜʝʣ ʟʘ 

ʧʨʦʨʘʯʫʥ ʪʦʢʦʚʘ ʩʥʘʛʘ ʢʦʥʪʠʥʝʥʪʘʣʥʦʛ ʜʝʣʘ ENTSO-E ʥʘʧʨʘʚˀʝʥ ʩʧʘʿʘˁʝʤ 

ʤʦʜʝʣʘ ʠʟ ʧʨʝʪʭʦʜʥʝ ʪʘʯʢʝ ʠ ʩʚʠʭ ʜʨʫʛʠʭ ʥʘʮʠʦʥʘʣʥʠʭ ʝʚʨʦʧʩʢʠʭ ENTSO-

E DACF ʤʦʜʝʣʘ ʫ ʠʩʪʦʿ ʩʠʥʭʨʦʥʦʿ ʟʦʥʠ, 

5. 9189 ʯʚʦʨʦʚʘ, 13551 ʚʦʜʦʚʘ ʠ 2309 ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ ï CIM XML  ʬʦʨʤʘʪ 

ʤʦʜʝʣʘ ʢʦʨʠʰ˂ʝʥ ʥʘ UCTE ʪʝʩʪʫ ʠʥʪʝʨʦʧʝʨʘʙʠʣʥʦʩʪʠ ʢʦʿʠ ʿʝ ʦʜʨʞʘʥ ʫ 

ʤʘʨʪʫ 2009. [43], 

6. 15596 ʯʚʦʨʦʚʘ, 22113 ʚʦʜʦʚʘ ʠ 3474 ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ ï ʚʝʰʪʘʯʢʠ ʤʦʜʝʣ ʟʘ 

ʧʨʦʨʘʯʫʥ ʪʦʢʦʚʘ ʩʥʘʛʘ ʥʘʧʨʘʚˀʝʥ ʩʧʘʿʘˁʝʤ ʤʦʜʝʣʘ ʠʟ ʧʨʝʪʭʦʜʥʝ ʪʘʯʢʝ ʠ 

ʿʝʜʥʦʛ ENTSO-E DACF ʤʦʜʝʣʘ ʟʘ ʧʨʦʨʘʯʫʥ ʪʦʢʦʚʘ ʩʥʘʛʘ. ʆʚʘʿ ʤʦʜʝʣ ʥʠʿʝ 

ʨʝʘʣʘʥ ʤʦʜʝʣ ʧʨʝʥʦʩʥʦʛ ʩʠʩʪʝʤʘ, ʘʣʠ ʿʝ ʥʘʧʨʘʚˀʝʥ ʟʘ ʩʚʨʭʫ ʠʩʪʨʘʞʠʚʘˁʘ ʫ 

ʦʚʦʿ ʜʠʩʝʨʪʘʮʠʿʠ, 

7. 20043 ʯʚʦʨʦʚʘ, 29201 ʚʦʜʦʚʘ ʠ 4948 ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ ï ʚʝʰʪʘʯʢʠ 

ʥʘʧʨʘʚˀʝʥ ʤʦʜʝʣ ʟʘ ʧʨʦʨʘʯʫʥ ʪʦʢʦʚʘ ʩʥʘʛʘ ʥʘʩʪʘʦ ʩʧʘʿʘˁʝʤ ʜʚʘ ʤʦʜʝʣʘ ʩʘ 

ʪʝʩʪʘ ʠʥʪʝʨʦʧʝʨʘʙʠʣʥʦʩʪʠ ʠʟ ʪʘʯʢʝ 5 ʠ ʿʝʜʥʦʛ DACF ʤʦʜʝʣʘ ʿʫʛʦʠʩʪʦʯʥʝ 

ɽʚʨʦʧʝ ʢʦʿʠ ʩʘʜʨʞʠ ʤʦʜʝʣ ʧʨʝʥʦʩʥʦʛ ʩʠʩʪʝʤʘ ʀʪʘʣʠʿʝ 400 kV ʠ 220 kV 

ʥʘʧʦʥʩʢʦʛ ʥʠʚʦʘ. ʆʚʦ ʥʠʿʝ ʨʝʘʣʘʥ ʤʦʜʝʣ ʧʨʝʥʦʩʥʦʛ ʩʠʩʪʝʤʘ, ʘʣʠ ʿʝ ʦʚʘʿ 

ʤʦʜʝʣ ʥʘʧʨʘʚˀʝʥ ʫ ʩʚʨʭʫ ʠʩʪʨʘʞʠʚʘˁʘ ʫ ʦʚʦʿ ʜʠʩʝʨʪʘʮʠʿʠ. 

DACF ʤʦʜʝʣʠ ʟʘ ʧʨʦʨʘʯʫʥ ʪʦʢʦʚʘ ʩʥʘʛʘ ʢʦʥʪʠʥʝʥʪʘʣʥʦʛ ʜʝʣʘ ENTSO-E, 

ʢʦʿʠ ʩʝ ʠʟʨʘʹʫʿʫ ʩʚʘʢʦʛ ʜʘʥʘ, ʩʘʜʨʞʝ ʪʨʝʥʫʪʥʦ ʦʢʦ 7500 ʯʚʦʨʦʚʘ. ʆʚʠ ʤʦʜʝʣʠ 

ʩʘʜʨʞʝ ʝʣʝʤʝʥʪʝ ɽɽʉ 400 kV, 220 kV ʠ 150 kV ʥʘʧʦʥʩʢʠʭ ʥʠʚʦʘ ʩʚʠʭ ʜʨʞʘʚʘ 

ʢʦʥʠʪʠʥʝʥʪʘʣʥʦʛ ʜʝʣʘ ENTSO-E. ʄʦʜʝʣʠ ʥʝʢʠʭ ʜʨʞʘʚʘ ʥʝ ʫʢˀʫʯʫʿʫ ʯʠʪʘʚʝ ʠʣʠ 

ʩʘʤʦ ʜʝʣʦʚʝ ʧʨʝʥʦʩʥʝ ʤʨʝʞʝ ʥʘʧʦʥʩʢʦʛ ʥʠʚʦʘ 110 kV. DACF ʤʦʜʝʣʠ ʩʝ ʧʨʘʚʝ ʠ 

ʨʘʟʤʝˁʫʿʫ ʫ UCTE [26] ʢʦʿʠ ʥʝ ʩʘʜʨʞʠ ʛʝʥʝʨʘʪʦʨʩʢʝ ʥʘʧʦʥʩʢʝ ʥʠʚʦʝ, ʪʿ. 
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ʛʝʥʝʨʘʪʦʨʠ ʩʫ ʤʦʜʝʣʦʚʘʥʠ ʥʘ ˁʠʭʦʚʠʤ ʚʠʩʦʢʦʥʘʧʦʥʩʢʠʤ ʩʘʙʠʨʥʠʮʘʤʘ. ʅʘʩʣʝʜʥʠʢ 

UCTE ʬʦʨʤʘʪʘ, CIM XML  ʬʦʨʤʘʪ ʯʠʿʘ ʬʠʥʘʣʥʘ ʚʝʨʟʠʿʘ ʿʦʰ ʥʠʿʝ ʜʝʬʠʥʠʩʘʥʘ ʠ 

ʢʦʿʠ ʩʝ ʿʦʰ ʫʚʝʢ ʥʝ ʢʦʨʠʩʪʠ ʟʚʘʥʠʯʥʦ, ʩʘʜʨʞʠ ʛʝʥʝʨʘʪʦʨʩʢʝ ʥʘʧʦʥʩʢʝ ʥʠʚʦʝ. ʂʘʦ 

ʜʦʜʘʪʘʢ, ʧʨʝʥʦʩʥʘ ʤʨʝʞʘ ʥʘʧʦʥʩʢʦʛ ʥʠʦʚʘ 110 kV ʫ ʤʥʦʛʠʤ ʜʨʞʘʚʘʤʘ ʿʝ ʫʢˀʫʯʝʥʘ 

ʪʘʢʦʹʝ ʫ DACF ʤʦʜʝʣʝ. ʆʚʦ ʿʝ ʨʘʟʣʦʛ ʢʦʿʠ ˂ʝ ʧʦʚʝ˂ʘʪʠ ʚʝʣʠʯʠʥʫ DACF ʤʦʜʝʣʘ ʜʦ 

20000 ʯʚʦʨʦʚʘ. ɺʝʰʪʘʯʢʠ ʥʘʧʨʘʚˀʝʥʠ ʤʦʜʝʣ ʢʦʿʠ ʩʘʜʨʞʠ 20043 ʯʚʦʨʘ ʿʝ 

ʥʘʧʨʘʚˀʝʥ ʫ ʮʠˀʫ ʧʨʦʨʘʯʫʥʘ ʨʝʟʫʣʪʘʪʘ ʥʘ ʦʚʘʢʦ ʚʝʣʠʢʠʤ ʤʦʜʝʣʠʤʘ. 

ʂʘʦ ʰʪʦ ʿʝ ʧʦʤʝʥʫʪʦ ʨʘʥʠʿʝ, DACF ʤʦʜʝʣʠ ʩʝ ʠʟʨʘʹʫʿʫ ʩʚʘʢʦʛ ʜʘʥʘ 

ʩʧʘʿʘˁʝʤ ʥʘʮʠʦʥʘʣʥʠʭ ɽɽʉ. ʇʨʘʚʠʣʘ ʧʨʦʮʝʜʫʨʝ ʟʘ ʩʧʘʿʘˁʝ ʩʫ ʜʝʬʠʥʠʩʘʥʘ ʠ ʩʚʘʢʠ 

TSO ʤʦʞʝ ʣʘʢʦ ʥʘʧʨʘʚʠʪʠ ʤʦʜʝʣ ʩʠʩʪʝʤʘ ʫ ʠʥʪʝʨʢʦʥʝʢʮʠʿʠ. ʅʘ ʦʚʘʢʘʚ ʥʘʯʠʥ, 

ʩʚʘʢʠ TSO ʤʦʞʝ ʠʤʘʪʠ ʠʥʬʦʨʤʘʮʠʿʫ ʦ ʧʣʘʥʠʨʘʥʠʤ ʪʦʢʦʚʠʤʘ ʩʥʘʛʘ ʟʘ ʯʠʪʘʚʫ 

ʠʥʪʝʨʢʦʥʝʢʮʠʿʫ. ʐʪʘ ʚʠʰʝ, ʨʝʟʫʣʪʘʪʠ ʢʦʤʧʣʝʪʥʠʭ ʤʦʜʝʣʘ ʩʫ ʪʘʯʥʠʿʠ ʦʜ ʨʝʟʫʣʪʘʪʘ 

ʜʦʙʠʿʝʥʠ ˁʠʭʦʚʠʤ ʝʢʚʠʚʘʣʝʥʪʠʤʘ. ʆʚʦ ʿʝ ʨʘʟʣʦʛ ʟʘʰʪʦ ʩʝ ʢʦʨʠʩʪʝ ʢʦʤʧʣʝʪʥʠ 

ʤʦʜʝʣʠ ʨʘʜʠʿʝ ʥʝʛʦ ˁʠʭʦʚʠ ʝʢʚʠʚʘʣʝʥʪʠ. 

DACF ʤʦʜʝʣʠ, ʢʘʦ ʰʪʦ ʿʝ ʧʦʤʝʥʫʪʦ ʫ ʋʚʦʜʫ, ʩʘʜʨʞʝ ʛʨʘʥʝ ʯʠʿʘ ʿʝ ʨʝʜʥʘ 

ʨʝʘʢʪʘʥʩʘ ʙʣʠʟʫ ʠʣʠ ʯʘʢ ʚʝ˂ʘ ʦʜ ʨʝʜʥʝ ʨʝʟʠʩʪʘʥʩʝ. ʂʘʦ ʜʦʜʘʪʘʢ, ʧʦʩʪʦʿʝ ʤʥʦʛʠ 

ʚʦʜʦʚʠ ʯʠʿʝ ʩʫ ʨʝʜʥʝ ʨʝʟʠʩʪʘʥʩʝ ʥʝʢʦʣʠʢʦ ʧʫʪʘ ʤʘˁʝ ʦʜ ʨʝʜʥʠʭ ʨʝʘʢʪʘʥʩʠ, ʘʣʠ ʥʝ 

ʤʘˁʝ ʦʜ ʿʝʜʥʦʛ ʨʝʜʘ ˁʠʭʦʚʝ ʚʝʣʠʯʠʥʝ. ʆʚʦ ʿʝ ʨʘʟʣʦʛ ʟʘʰʪʦ ʨʘʩʧʨʝʛʥʫʪʠ ʠ ʙʨʟʠ 

ʨʘʩʧʨʝʛʥʫʪʠ ʧʨʦʨʘʯʫʥ ʪʦʢʦʚʘ ʩʥʘʛʘ ʥʠʿʝ ʨʘʟʤʘʪʨʘʥ. ʇʦʨʝʜ ʪʦʛʘ, DACF ʤʦʜʝʣʠ 

ʩʘʜʨʞʝ ʜʦʩʪʘ ʩʘʙʠʨʥʠʯʥʠʭ ʩʧʦʿʥʠʭ ʧʦˀʘ ʯʠʿʘ ʿʝ ʨʝʜʥʘ ʠʤʧʝʜʘʥʩʘ ʿʝʜʥʘʢʘ ʥʫʣʪʦʿ 

ʚʨʝʜʥʦʩʪʠ. ʇʨʠʩʫʩʪʚʦ ʦʚʘʢʚʠʭ ʛʨʘʥʘ ʧʨʘʚʠ ʤʦʜʝʣ ʩʘ ʣʦʰʠʤ ʫʩʣʦʚʠʤʘ ʠ ʟʘʭʪʝʚʘ 

ʧʨʠʤʝʥʫ ʦʜʛʦʚʘʨʘʿʫ˂ʝ ʪʝʭʥʠʢʝ ʫ ʮʠˀʫ ʧʦʩʪʠʟʘˁʘ ʢʦʥʚʝʨʛʝʥʮʠʿʝ Newton-Raphson 

ʤʝʪʦʜʝ [44]. 

ʉʚʠ ʧʨʦʨʘʯʫʥʠ ʩʫ ʠʟʚʝʜʝʥʠ ʥʘ ʨʘʯʫʥʘʨʫ ʩʘ 2 GHz Intel CoreDuo 

ʧʨʦʮʝʩʦʨʦʤ ʠ 2 GB RAM ʤʝʤʦʨʠʿʝ. ɺʨʝʤʝ ʧʨʦʨʘʯʫʥʘ ʿʝ ʨʘʯʫʥʘʪʦ ʧʦʤʦ˂ʫ 

QueryPerformanceFrequency ʠ QueryPerformanceCounter API ʬʫʥʢʮʠʿʘ [45]. ʆʚʝ 

ʬʫʥʢʮʠʿʝ ʦʙʝʟʙʝʹʫʿʫ ʧʨʦʨʘʯʫʥ ʧʨʦʪʝʢʣʦʛ ʚʨʝʤʝʥʘ ʚʠʩʦʢʝ ʨʝʟʦʣʫʮʠʿʝ ʢʦʨʠʩʪʝ˂ʠ ʩʝ 

ʧʨʦʨʘʯʫʥʦʤ ʚʠʩʦʢʠʭ ʧʝʨʬʦʨʤʘʥʩʠ ʘʢʦ ʪʘʢʘʚ ʧʨʦʩʪʦʿʠ ʫ ʩʠʩʪʝʤʫ. 
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6.1 ʇʦʨʝʹʝˁʝ Newton-Raphson ʤʝʪʦʜʘ 

 

ʋʩʚʦʿʝʥʦ ʿʝ ʟʘ ʩʚʝ ʯʝʪʠʨʠ Newton-Raphson ʤʝʪʦʜʝ ʜʘ ʩʫ ʧʦʯʝʪʥʝ ʚʨʝʜʥʦʩʪʠ 

ʝʬʝʢʪʠʚʥʠʭ ʥʘʧʦʥʘ ʫ ʩʚʠʤ ʯʚʦʨʦʚʠʤʘ ʿʝʜʥʘʢʝ ʥʦʤʠʥʘʣʥʠʤ ʚʨʝʜʥʦʩʪʠʤʘ ʠ ʜʘ ʩʫ 

ʩʚʝ ʚʨʝʜʥʦʩʪʠ ʬʘʟʥʠʭ ʩʪʘʚʦʚʘ ʥʘʧʦʥʘ ʫ ʩʚʠʤ ʯʚʦʨʦʚʠʤʘ ʿʝʜʥʘʢʠ ʫʛʣʫ ʨʝʬʝʨʝʥʪʥʝ 

ʤʘʰʠʥʝ (ʪʟʚ. ʨʘʚʥʠ (ʿʝʜʥʘʢʠ) ʩʪʘʨʪ, ʝʥʛ. flat start). ʉʧʝʮʠʬʠʮʠʨʘʥʘ ʨʝʣʘʪʠʚʥʘ 

ʛʨʝʰʢʘ ʪʦʣʝʨʘʥʮʠʿʝ ʿʝ 0,1 ʄW (MVAr), ʪʿ. 0,001 ʨ.ʿ. ʟʘ ʙʘʟʥʫ ʩʥʘʛʫ ʦʜ 100 MVA . 

ʋ ʪʘʙʝʣʠ 6.1 ʜʘʪʠ ʩʫ ʨʝʟʫʣʪʘʪʠ ʧʨʦʨʘʯʫʥʘ ʢʦʤʙʠʥʦʚʘʥʝ, Shamanskii, 

ʤʦʜʠʬʠʢʦʚʘʥʝ ʠ ʛʝʥʝʨʠʯʢʝ Newton-Raphson ʤʝʪʦʜʝ ʟʘ ʪʨʠ ʨʘʟʣʠʯʠʪʘ ʧʨʝʣʘʟʥʘ 

ʧʨʘʛʘ ʟʘʥʝʤʘʨʝˁʘ, ʪʿ. ʧʘʨʘʤʝʪʨʘ Ű ʫ (2.1) ʠ ʩʝʜʘʤ ʤʦʜʝʣʘ ʟʘ ʧʨʦʨʘʯʫʥ ʪʦʢʦʚʘ ʩʥʘʛʘ 

ʨʘʟʣʠʯʠʪʠʭ ʜʠʤʝʥʟʠʿʘ. ʈʝʣʘʮʠʿʘ ʠʟʤʝʹʫ ʙʨʦʿʘ ʯʚʦʨʦʚʘ ʠ ʚʨʝʤʝʥʘ ʧʨʦʨʘʯʫʥʘ ʩʘ 

ʨʘʟʣʠʯʠʪʠʤ ʚʨʝʜʥʦʩʪʠʤʘ ʧʨʝʣʘʟʥʦʛ ʧʨʘʛʘ ʟʘʥʝʤʘʨʝˁʘ ʿʝ ʜʘʪʘ ʥʘ ʩʣʠʢʘʤʘ 6.1, 6.2 ʠ 

6.3. 

ʈʘʟʤʘʪʨʘʿʫ˂ʠ ʢʦʤʙʠʥʦʚʘʥʠ Newton-Raphson ʤʝʪʦʜ, ʙʨʦʿ ʠʪʝʨʘʮʠʿʘ ʿʝ ʩʢʦʨʦ 

ʥʝʟʘʚʠʩʘʥ ʦʜ ʩʧʝʮʠʬʠʮʠʨʘʥʦʛ ʧʨʝʣʘʟʥʦʛ ʧʨʘʛʘ ʟʘʥʝʤʘʨʝˁʘ ʟʘ ʤʦʜʝʣʝ ʜʦ 1000 

ʯʚʦʨʦʚʘ. ɿʘ ʦʚʝ ʤʦʜʝʣʝ ʧʨʦʨʘʯʫʥ Jacobian ʤʘʪʨʠʮʝ ʠ LU ʜʝʢʦʤʧʦʟʠʮʠʿʝ ʩʝ ʠʟʚʦʜʝ 

ʩʘʤʦ ʫ ʠʥʠʮʠʿʘʣʥʦʿ ʠʪʝʨʘʮʠʿʠ. ʊʘʢʦ ʜʘ ʿʝ ʢʦʤʙʠʥʦʚʘʥʘ ʿʝʜʥʘʢʘ ʤʦʜʠʬʠʢʦʚʘʥʦʿ 

Newton-Raphson ʤʝʪʦʜʠ. ʊʨʝʙʘʣʦ ʙʠ ʥʘʛʣʘʩʠʪʠ ʜʘ ʿʝ ʢʦʤʙʠʥʦʚʘʥʘ Newton Raphson 

ʤʝʪʦʜʘ ʢʦʥʚʝʨʛʠʨʘʣʘ ʥʘ ʩʚʠʤ ʤʦʜʝʣʠʤʘ. ʂʘʦ ʜʦʜʘʪʘʢ ʪʨʝʙʘ ʨʝ˂ʠ ʜʘ ʿʝ 

ʢʦʥʚʝʨʛʝʥʮʠʿʘ ʧʦʩʪʠʛʥʫʪʘ ʟʘ ʧʨʠʭʚʘʪˀʠʚʦ ʚʨʝʤʝ ʟʘ ʚʝʣʠʢʝ ʤʦʜʝʣʝ ʧʨʝʢʦ 10000 

ʯʚʦʨʦʚʘ ʟʘ ʩʚʘ ʪʨʠ ʩʧʝʮʠʬʠʮʠʨʘʥʘ ʧʨʝʣʘʟʥʘ ʧʨʘʛʘ ʟʘʥʝʤʘʨʝˁʘ. 

LU ʜʝʢʦʤʧʦʟʠʮʠʿʘ ʩʝ ʠʟʚʦʜʠ ʩʘʤʦ ʿʝʜʥʦʤ ʫ ʧʨʝʜʝʬʠʥʠʩʘʥʦʤ ʙʨʦʿʫ 

ʠʪʝʨʘʮʠʿʘ ʢʦʜ Shamanskii ʤʝʪʦʜʝ. ʂʘʦ ʰʪʦ ʿʝ ʨʘʥʠʿʝ ʧʦʤʝʥʫʪʦ, ʙʨʦʿ ʠʪʝʨʘʮʠʿʘ ʫ 

ʢʦʿʦʿ ʩʝ ʢʦʨʠʩʪʠ ʠʩʪʘ LU ʜʝʢʦʤʧʦʥʦʚʘʥʘ Jacobian ʤʘʨʠʮʘ ʟʘʚʠʩʠ ʦʜ ʤʦʜʝʣʘ ʠ 

ʠʩʢʫʩʪʚʘ ʢʦʨʠʩʥʠʢʘ. ɸʢʦ ʩʝ ʜʝʬʠʥʠʰʝ ʜʘ ʩʝ LU ʜʝʢʦʤʧʦʟʠʮʠʿʘ ʠʟʚʦʜʠ ʫ ʩʚʘʢʦʿ 

ʠʪʝʨʘʮʠʿʠ ʦʥʜʘ ˂ʝ Shamanskii ʤʝʪʦʜʘ ʙʠʪʠ ʠʩʪʘ ʢʘʦ ʠ ʛʝʥʝʨʠʯʢʘ Newton-Raphson 

ʤʝʪʦʜʘ. ʋ ʩʚʠʤ ʧʨʦʨʘʯʫʥʠʤʘ ʫ ʦʚʦʤ ʠʩʪʨʘʞʠʚʘˁʫ ʿʝ ʜʝʬʠʥʠʩʘʥʦ ʜʘ ʩʝ LU 

ʜʝʢʦʤʧʦʟʠʮʠʿʘ ʠʟʚʦʜʠ ʿʝʜʥʦʤ ʫ ʯʝʪʠʨʠ ʠʪʝʨʘʮʠʿʝ ʢʘʜʘ ʩʝ ʚʨʰʠ ʧʨʦʨʘʯʫʥ ʩʘ 

Shamanskii ʤʝʪʦʜʦʤ. 
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ʂʘʜʘ ʩʝ ʢʦʨʠʩʪʠ ʤʦʜʠʬʠʢʦʚʘʥʘ Newton-Raphson ʤʝʪʦʜʘ, Jacobian ʤʘʪʨʠʮʘ 

ʩʝ ʠʟʨʘʯʫʥʘʚʘ ʠ ʜʝʢʦʤʧʦʥʫʿʝ ʩʘʤʦ ʿʝʜʥʦʤ, ʫ ʠʥʠʮʠʿʘʣʥʦʿ ʠʪʝʨʘʮʠʿʠ. ʆʚʘ ʤʝʪʦʜʘ ʥʝ 

ʢʦʥʚʝʨʛʠʨʘ ʫ ʩʚʘ ʪʨʠ ʩʣʫʯʘʿʘ ʟʘ ʚʝʣʠʢʝ ʤʦʜʝʣʝ ʢʦʿʠ ʩʘʜʨʞʝ 7488, 9189 ʠ 15596 

ʯʚʦʨʦʚʘ ʢʘʦ ʰʪʦ ʿʝ ʧʨʠʢʘʟʘʥʦ ʫ ʪʘʙʝʣʠ 6.1. ʂʦʥʚʝʨʛʝʥʮʠʿʘ ʥʠʿʝ ʧʦʩʪʠʛʥʫʪʘ ʟʘʪʦ 

ʰʪʦ ʦʚʠ ʤʦʜʝʣʠ ʥʠʩʫ ʜʦʙʨʦ ʧʦʜʝʰʝʥʠ ʠ ʠʟʨʘʯʫʥʘʪʘ ʿʝ ʩʘʤʦ ʿʝʜʥʘ LU 

ʜʝʢʦʤʧʦʟʠʮʠʿʘ ʥʘ ʧʦʯʝʪʢʫ ʠʪʝʨʘʪʠʚʥʝ ʧʨʦʮʝʜʫʨʝ (ʠʥʠʮʠʿʘʣʥʘ ʠʪʝʨʘʮʠʿʘ). ʋ 

ʦʚʘʢʚʦʤ ʩʣʫʯʘʿʫ ʢʦʤʙʠʥʦʚʘʥʠ ʠ ʨʝʛʫʣʘʨʥʠ Newton-Raphson ʪʨʝʙʘ ʜʘ ʩʝ ʢʦʨʠʩʪʝ. 

ɸʢʦ ʿʝ ʢʦʥʚʝʨʛʝʥʮʠʿʘ ʧʦʩʪʠʛʥʫʪʘ, ʤʦʜʠʬʠʢʦʚʘʥʘ Newton-Raphson ʤʝʪʦʜʘ ʿʝ 

ʥʘʿʙʨʞʘ ʦʜ ʩʚʝ ʯʝʪʠʨʝ ʤʝʪʦʜʝ ʿʝʨ ʩʝ Jacobian ʤʘʪʨʠʮʘ ʨʘʯʫʥʘ ʠ ʠʟʚʦʜʠ ʩʝ 

ʜʝʢʦʤʧʦʥʦʚʘˁʝ ʩʘʤʦ ʫ ʠʥʠʮʠʿʘʣʥʦʿ ʠʪʝʨʘʮʠʿʠ. ʀʧʘʢ, ʤʦʞʝ ʩʝ ʚʠʜʝʪʠ ʜʘ ʿʝ 

ʥʘʿʣʦʰʠʿʘ ʦʩʦʙʠʥʘ ʢʦʥʚʝʨʛʝʥʮʠʿʝ ʰʪʦ ʢʦʥʚʝʨʛʝʥʮʠʿʫ ʥʠʿʝ ʤʦʛʫ˂ʝ ʜʦʩʪʠ˂ʠ ʢʦʜ 

ʤʦʜʝʣʘ ʢʦʿʠ ʥʠʩʫ ʜʦʙʨʦ ʧʦʜʝʰʝʥʠ. 

ɻʝʥʝʨʠʯʢʘ Newton-Raphson ʤʝʪʦʜʘ ʿʝ ʥʘʿʚʠʰʝ ʚʨʝʤʝʥʩʢʠ ʟʘʭʪʝʚʥʘ ʦʜ ʩʚʝ 

ʯʝʪʠʨʠ ʤʝʪʦʜʝ ʫʩʣʝʜ ʧʨʦʨʘʯʫʥʘ Jacobian ʤʘʪʨʠʮʝ ʠ ʠʟʚʦʹʝˁʘ LU ʜʝʢʦʤʧʦʟʠʮʠʿʘ ʫ 

ʩʚʘʢʦʿ ʠʪʝʨʘʮʠʿʠ ʫ ʠʪʝʨʘʪʠʚʥʦʿ ʧʨʦʮʝʜʫʨʠ. ʂʦʥʚʝʨʛʝʥʮʠʿʘ ʿʝ ʧʦʩʪʠʛʫʥʫʪʘ ʫ ʩʚʠʤ 

ʤʦʜʝʣʠʤʘ ʠ ʟʘ ʩʚʘ ʪʨʠ ʧʨʝʣʘʟʥʘ ʧʨʘʛʘ ʟʘʥʝʤʘʨʝˁʘ ʢʘʦ ʠ ʫ ʩʣʫʯʘʿʫ ʢʦʤʙʠʥʦʚʘʥʝ 

Newton-Raphson ʤʝʪʦʜʝ. ɻʝʥʝʨʠʯʢʘ Newton-Raphson ʤʝʪʦʜʘ ʢʦʨʠʩʪʠ ʥʘʿʤʘˁʠ ʙʨʦʿ 

ʠʪʝʨʘʮʠʿʘ ʦʜ ʩʚʝ ʯʝʪʠʨʠ ʤʝʪʦʜʝ ʦʩʠʤ ʟʘ ʩʣʫʯʘʿ ʢʘʜʘ ʿʝ ʩʧʝʮʠʬʠʮʠʨʘʥ ʨʝʣʘʪʠʚʥʦ 

ʚʝʣʠʢ ʧʨʝʣʘʟʥʠ ʧʨʘʛ ʟʘʥʝʤʘʨʝˁʘ ʦʜ 10
-6
. ʋ ʦʚʘʢʚʦʤ ʩʣʫʯʘʿʫ ʛʨʝʰʢʘ ʫ 

ʟʘʦʢʨʫʞʠʚʘˁʫ ʢʦʿʘ ʩʝ ʧʦʿʘʚˀʫʿʝ ʫ LU ʜʝʢʦʤʧʦʟʠʮʠʿʠ Jacobian ʤʘʪʨʠʮʝ ʚʝʣʠʢʠʭ 

ʤʦʜʝʣʘ ʨʝʟʫʣʪʫʿʝ ʤʘʣʦʤ ʧʨʝʮʠʟʥʦʰ˂ʫ ʠʪʝʨʘʪʠʚʥʝ ʤʝʪʦʜʝ. ʂʘʦ ʧʦʩʣʝʜʠʮʘ, ʙʨʦʿ 

ʟʘʭʪʝʚʘʥʠʭ ʠʪʝʨʘʮʠʿʘ ʿʝ ʚʝ˂ʠ ʜʘ ʙʠ ʩʝ ʧʦʩʪʠʛʣʘ ʢʦʥʚʝʨʛʝʥʮʠʿʘ. ʂʨʠʪʠʯʥʠ ʧʨʦʙʣʝʤ 

ʢʦʿʠ ʩʝ ʤʦʞʝ ʿʘʚʠʪʠ ʢʦʜ Newton-Raphson ʤʝʪʦʜʝ ʿʝ ʚʨʝʤʝ ʧʨʦʨʘʯʫʥʘ ʥʘ ʚʝʣʠʢʠʤ 

ʤʦʜʝʣʠʤʘ ʟʘ ʧʨʦʨʘʯʫʥ ʪʦʢʦʚʘ ʩʥʘʛʘ ʧʨʝʢʦ 10000 ʯʚʦʨʦʚʘ ʢʦʿʠ ʤʦʞʝ ʧʦʩʪʘʪʠ 

ʥʝʧʨʠʭʚʘʪˀʠʚʦ ʚʝʣʠʢʠ ʢʘʦ ʰʪʦ ʩʝ ʚʠʜʠ ʫ ʪʘʙʝʣʠ 6.1. 
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ʊʘʙʝʣʘ 6.1 ʈʝʟʫʣʪʘʪʠ ʧʨʦʨʘʯʫʥʘ ʢʦʤʙʠʥʦʚʘʥʝ, Shamanskii, ʤʦʜʠʬʠʢʦʚʘʥʝ ʠ 

ʛʝʥʝʨʠʯʢʝ Newton-Raphson ʤʝʪʦʜʝ 

ʄʦʜʝʣ ʙʨ. 

ʯʚʦʨʦʚʘ 

ʇʨʣʘʟʥʠ 

ʧʨʘʛ 

ʂʦʤʙʠʥʦʚʘʥʠ NewtonïRaphson Shamanskii ʤʝʪʦʜʘ 

ʂʦʥʚʝʨʛʝʥ. 
ɹʨʦʿ 

ʠʪʝʨʘʮʠʿʘ 

ɺʨʝʤʝ 

[ms] 

ɹʨʦʿ LU 

ʜʝʢʦʤʧ. ʂʦʥʚʝʨʛʝʥ 
ɹʨʦʿ 

ʠʪʝʨʘʮʠʿʘ 

ɺʨʝʤʝ 

[ms] 

ɹʨʦʿ LU 

ʜʝʢʦʤʧ. 

100 

10-6 

ɼɸ 6 41 1 ɼɸ 5 70 2 

440 ɼɸ 10 52 1 ɼɸ 7 75 2 

1015 ɼɸ 21 114 1 ɼɸ 10 173 3 

7488 ɼɸ 55 1185 2 ɼɸ 62 2732 16 

9189 ɼɸ 35 1343 2 ɼɸ 50 3656 13 

15596 ɼɸ 49 6936 6 ɼɸ 67 14350 17 

20043 ɼɸ 47 5437 2 ɼɸ 65 24047 17 

100 

10-7 

ɼɸ 6 42 1 ɼɸ 5 70 2 

440 ɼɸ 10 52 1 ɼɸ 7 75 2 

1015 ɼɸ 20 127 1 ɼɸ 9 186 3 

7488 ɼɸ 16 842 2 ɼɸ 18 1343 5 

9189 ɼɸ 12 1417 2 ɼɸ 11 1655 3 

15596 ɼɸ 17 4157 3 ɼɸ 16 5603 5 

20043 ɼɸ 43 6984 2 ɼɸ 17 11202 5 

100 

10-8 

ɼɸ 6 44 1 ɼɸ 5 73 2 

440 ɼɸ 10 52 1 ɼɸ 7 79 2 

1015 ɼɸ 20 136 1 ɼɸ 11 218 3 

7488 ɼɸ 11 1083 2 ɼɸ 9 1410 3 

9189 ɼɸ 11 1602 2 ɼɸ 10 2039 3 

15596 ɼɸ 13 5406 3 ɼɸ 13 6201 4 

20043 ɼɸ 11 10549 3 ɼɸ 17 15563 5 

ʄʦʜʝʣ ʙʨ. 

ʯʚʦʨʦʚʘ 

ʇʨʣʘʟʥʠ 

ʧʨʘʛ 

ʄʦʜʠʬʠʢʦʚʘʥʠ NewtonïRaphson ɻʝʥʝʨʠʯʢʠ NewtonïRaphson 

ʂʦʥʚʝʨʛʝʥ. 
ɹʨʦʿ 

ʠʪʝʨʘʮʠʿʘ 

ɺʨʝʤʝ 

[ms] 

ɹʨʦʿ LU 

ʜʝʢʦʤʧ. ʂʦʥʚʝʨʛʝʥ. 
ɹʨʦʿ 

ʠʪʝʨʘʮʠʿʘ 

ɺʨʝʤʝ 

[ms] 

ɹʨʦʿ LU 

ʜʝʢʦʤʧ. 

100 

10-6 

ɼɸ 6 42 1 ɼɸ 3 102 3 

440 ɼɸ 10 52 1 ɼɸ 3 123 3 

1015 ɼɸ 21 114 1 ɼɸ 5 197 5 

7488 ʅɽ 100 1916 1 ɼɸ 47 9189 47 

9189 ʅɽ 100 2199 1 ɼɸ 26 8548 26 

15596 ʅɽ 11 1302 1 ɼɸ 51 47593 51 

20043 ɼɸ 47 3672 1 ɼɸ 47 79056 47 

100 

10-7 

ɼɸ 6 42 1 ɼɸ 3 103 3 

440 ɼɸ 10 52 1 ɼɸ 3 163 3 

1015 ɼɸ 20 127 1 ɼɸ 4 197 4 

7488 ʅɽ 100 1895 1 ɼɸ 17 4796 17 

9189 ʅɽ 100 2824 1 ɼɸ 9 4157 9 

15596 ʅɽ 100 4971 1 ɼɸ 17 20045 17 

20043 ɼɸ 46 4719 1 ɼɸ 15 33693 15 

100 

10-8 

ɼɸ 6 44 1 ɼɸ 3 108 3 

440 ɼɸ 10 52 1 ɼɸ 3 122 3 

1015 ɼɸ 20 136 1 ɼɸ 4 175 4 

7488 ʅɽ 100 2394 1 ɼɸ 9 4242 9 

9189 ʅɽ 100 3354 1 ɼɸ 6 4090 6 

15596 ʅɽ 100 6122 1 ɼɸ 11 17951 11 

20043 ɼɸ 44 6022 1 ɼɸ 9 29488 9 
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ʉʣʠʢʘ 6.1 ɿʘʚʠʩʥʦʩʪ ʚʨʝʤʝʥʘ ʧʨʦʨʘʯʫʥʘ ʦʜ ʙʨʦʿʘ ʯʚʦʨʦʚʘ, ʧʨʝʣʘʟʥʠ ʧʨʘʛ 10
-6

 [14] 

 

 

ʉʣʠʢʘ 6.2 ɿʘʚʠʩʥʦʩʪ ʚʨʝʤʝʥʘ ʧʨʦʨʘʯʫʥʘ ʦʜ ʙʨʦʿʘ ʯʚʦʨʦʚʘ, ʧʨʝʣʘʟʥʠ ʧʨʘʛ 10
-7

 [14] 
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ʉʣʠʢʘ 6.3 ɿʘʚʠʩʥʦʩʪ ʚʨʝʤʝʥʘ ʧʨʦʨʘʯʫʥʘ ʦʜ ʙʨʦʿʘ ʯʚʦʨʦʚʘ, ʧʨʝʣʘʟʥʠ ʧʨʘʛ 10
-8 

[14] 
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6.2 ɺʨʝʤʝ ʧʨʦʨʘʯʫʥʘ ʫ ʿʝʜʥʦʿ ʠʪʝʨʘʮʠʿʠ 

 

ɸʥʘʣʠʟʠʨʘʥʦ ʿʝ ʚʨʝʤʝ ʧʨʦʨʘʯʫʥʘ ʩʘʤʦ ʥʘ ʚʝʣʠʢʠʤ ʤʦʜʝʣʠʤʘ ʟʘ ʧʨʦʨʘʯʫʥ 

ʪʦʢʦʚʘ ʩʥʘʛʘ, ʧʨʝʢʦ 5000 ʯʚʦʨʦʚʘ, ʿʝʨ ʚʨʝʤʝ ʧʨʦʨʘʯʫʥʘ ʧʦʩʪʘʿʝ ʢʨʠʪʠʯʥʦ ʟʘ ʦʚʝ 

ʤʦʜʝʣʝ. ʋ ʪʘʙʝʣʠ 6.2 ʿʝ ʧʨʠʢʘʟʘʥʦ ʚʨʝʤʝ ʧʦʪʨʝʙʥʦ ʟʘ ʧʨʦʨʘʯʫʥ Jacobian ʤʘʪʨʠʮʝ ʠ 

ʠʟʚʦʹʝˁʝ LU ʜʝʢʦʤʧʦʟʠʮʠʿʝ ʫ ʠʥʠʮʠʿʘʣʥʦʿ ʠʪʝʨʘʮʠʿʠ ʢʘʦ ʠ ʫʢʫʧʥʦ ʚʨʝʤʝ 

ʠʪʝʨʘʮʠʿʝ. 

 

ʊʘʙʝʣʘ 6.2 LU ʜʝʢʦʤʧʦʟʠʮʠʿʘ, ʧʨʦʨʘʯʫʥ Jacobian ʤʘʪʨʠʮʝ ʠ ʫʢʫʧʥʦ ʚʨʝʤʝ 

ʧʨʦʨʘʯʫʥʘ ʠʥʠʮʠʿʘʣʥʝ ʠʪʝʨʘʮʠʿʝ 

ʄʦʜʝʣ ʙʨ. 

ʯʚʦʨʦʚʘ 

ʇʨʝʣʘʟʥʠ 

ʧʨʘʛ 

Jacobian 

[ms] 

LU 

[ms] 

ʀʪʝʨʘʮʠʿʘ 

[ms] 

Jacobian+LU 

[%] 

7488 

10
-6 

57 114 186 92 

9189 86 213 320 93 

15596 183 771 995 96 

20043 271 1327 1645 97 

7488 

10
-7

 

57 200 276 93 

9189 86 328 438 95 

15596 183 950 1165 97 

20043 271 1865 2208 97 

7488 

10
-8

 

57 383 462 95 

9189 86 591 707 96 

15596 183 1391 1620 97 

20043 271 2859 3203 98 

 

ɺʨʝʤʝ ʧʦʪʨʝʙʥʦ ʟʘ ʧʨʦʨʘʯʫʥ Jacobian ʤʘʪʨʠʮʝ ʠ ʠʟʚʦʹʝˁʝ LU 

ʜʝʢʦʤʧʦʟʠʮʠʿʝ ʿʝ ʫ ʦʧʩʝʛʫ ʦʜ 92% ʜʦ 98% ʫʢʫʧʥʦʛ ʚʨʝʤʝʥʘ ʠʪʝʨʘʮʠʿʝ. ʆʚʦ ʟʥʘʯʠ 

ʜʘ ʿʝ ʚʨʝʤʝ ʧʦʪʨʝʙʥʦ ʟʘ ʧʨʦʨʘʯʫʥ ʥʝʩʣʘʛʘˁʘ ʩʥʘʛʝ ʯʚʦʨʘ ʠ ʠʟʚʦʹʝˁʝ ʟʘʤʝʥʝ 

ʥʘʧʨʝʜ-ʥʘʟʘʜ ʩʢʦʨʦ ʟʘʥʝʤʘʨˀʠʚʦ. ʆʚʠ ʨʝʟʫʣʪʘʪʠ ʿʘʩʥʦ ʧʦʢʘʟʫʿʫ ʟʘʰʪʦ LU 

ʜʝʢʦʤʧʦʟʠʮʠʿʘ Jacobian ʤʘʪʨʠʮʝ ʠ ʧʨʦʨʘʯʫʥ ʪʨʝʙʘ ʠʟʙʝʛʘʚʘʪʠ ʢʘʜʘ ʪʦ ʥʠʿʝ 

ʥʝʦʧʭʦʜʥʦ, ʪʿ. ʢʘʜʘ ʩʪʦʧʘ ʢʦʥʚʝʨʛʝʥʮʠʿʝ ʥʠʿʝ ʥʘʨʫʰʝʥʘ, ʫ ʮʠˀʫ ʯʫʚʘˁʘ ʚʨʝʤʝʥʘ 

ʧʨʦʨʘʯʫʥʘ.  
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7 ʈɽʐɸɺɸɳɽ ʇʈʆʈɸʏʋʅɸ ʊʆʂʆɺɸ ʉʅɸɻɸ ʂʈʆɿ ʂʈɸʊʂɽ 

ɺʆɼʆɺɽ 

 

ʇʨʠʩʪʫʧ ʧʨʦʨʘʯʫʥʘ ʪʦʢʦʚʘ ʩʥʘʛʘ ʢʨʦʟ ʢʨʘʪʢʝ ʚʦʜʦʚʝ ʿʝ ʠʣʫʩʪʨʦʚʘʥ ʥʘ ʜʚʘ 

ʧʨʠʤʝʨʘ. ʇʨʚʠ ʧʨʠʤʝʨ ʿʝ ʿʝʜʥʦʩʪʘʚʘʥ ʠ ʩʘʜʨʞʠ ʩʘʤʦ ʿʝʜʥʫ ʧʝʪˀʫ ʥʘʧʨʘʚˀʝʥʫ ʦʜ 

ʢʨʘʪʢʠʭ ʚʦʜʦʚʘ, ʜʦʢ ʿʝ ʜʨʫʛʠ ʧʨʠʤʝʨ ʦʧʰʪʠʿʠ ʠ ʚʠʰʝ ʿʝ ʢʦʤʧʣʝʢʩʘʥ ʫʢˀʫʯʫʿʫ˂ʠ 

ʥʝʢʦʣʠʢʦ ʧʝʪˀʠ ʥʘʧʨʘʚˀʝʥʠʭ ʦʜ ʢʨʘʪʢʠʭ ʚʦʜʦʚʘ. 

 

7.1 ʇʨʚʠ ʠʣʫʩʪʨʘʪʠʚʥʠ ʧʨʠʤʝʨ 

 

ʇʨʚʠ, ʤʘʣʠ ʠʣʫʩʪʨʘʪʠʚʥʠ ʧʨʠʤʝʨ ʩʝ ʩʘʩʪʦʿʠ ʦʜ ʯʝʪʠʨʠ ʯʚʦʨʘ ʠ ʧʨʠʢʘʟʘʥ ʿʝ 

ʥʘ ʩʣʠʮʠ 7.1. 

 

 

ʉʣʠʢʘ 7.1 ʇʨʠʤʝʨ ɽɽʉ ʦʜ ʯʝʪʠʨʠ ʯʚʦʨʘ 

 

ʋ ʧʨʚʦʤ ʠʣʫʩʪʨʘʪʠʚʥʦʤ ʤʦʜʝʣʫ ʧʦʩʪʦʿʠ ʙʘʣʘʥʩʥʦ ʨʝʬʝʨʝʥʪʥʠ ʯʚʦʨ (ʥʘʧʦʥ 

ʠ ʫʛʘʦ ʩʫ ʢʦʥʩʪʘʥʪʥʠ ʫ ʦʚʦʤ ʯʚʦʨʫ) ʠ PQ ʯʚʦʨʦʚʠ (ʧʦʪʨʦʰʘʯʢʠ ʯʚʦʨʦʚʠ: 
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ʢʦʥʩʪʘʥʪʥʠ ʧʦʪʨʦʰˁʘ ʘʢʪʠʚʥʝ ʠ ʨʝʘʢʪʠʚʥʝ ʩʥʘʛʝ). ʂʨʘʪʢʠ ʚʦʜʦʚʠ ʥʘ ʩʣʠʮʠ 7.1 ʩʫ 

ʦʟʥʘʯʝʥʠ ʩʘ SL_1, SL_2 ʠ SL_3. ʂʘʨʘʢʪʝʨʠʩʪʠʢʝ ʯʚʦʨʦʚʘ ʩʫ: 

 

NODE_1: ʙʘʣʘʥʩʥʦ ʨʝʬʝʨʝʥʪʥʠ ʯʚʦʨ, Uini=402 kV. 

NODE_2: PQ ʯʚʦʨ, PL2=60 MW, QL2=20 MVAr . 

NODE_3: PQ ʯʚʦʨ, PL3=30 MW, QL3=20 MVAr . 

NODE_4: PQ ʯʚʦʨ, PL4=100 MW, QL4=30 MVAr . 

 

ʀʥʠʮʠʿʘʣʥʠ ʥʘʧʦʥ ʟʘ ʛʝʥʝʨʘʪʦʨ G1, ʢʦʿʠ ʿʝ ʧʦʚʝʟʘʥ ʥʘ ʯʚʦʨ NODE_1, ʿʝ 

ʦʟʥʘʯʝʥ ʩʘ Uini. 

ʋʩʚʦʿʝʥʘ ʿʝ ʧʨʝʪʧʦʩʪʘʚʢʘ ʜʘ ʩʫ ʠʤʧʝʜʘʥʩʝ ʩʚʠʭ ʚʦʜʦʚʘ ʠʩʧʦʜ ʜʝʬʠʥʠʩʘʥʦʛ 

ʧʨʘʛʘ ʟʘ ʢʨʘʪʢʝ ʚʦʜʦʚʝ ʠʩʪʝ ʠ ʿʝʜʥʘʢʝ ʥʫʣʠ. ɹʘʟʠʨʘʥʦ ʥʘ ʦʚʦʿ ʧʨʦʮʝʥʠ ʩʚʠ ʯʚʦʨʦʚʠ 

ʧʦʚʝʟʘʥʠ ʢʨʘʪʢʠʤ ʚʦʜʦʚʠʤʘ ʩʝ ʩʧʘʿʘʿʫ ʫ ʿʝʜʘʥ ʝʢʚʠʚʘʣʝʥʪʥʠ ʯʚʦʨ ʧʨʠʢʘʟʘʥ ʥʘ 

ʩʣʠʮʠ 7.2. 

 

 

ʉʣʠʢʘ 7.2 ɽɽʉ ʩʘ ʩʣʠʢʝ 7.1 ʥʘʢʦʥ ʫʚʦʹʝˁʘ ʝʢʚʠʚʘʣʝʥʪʥʦʛ ʯʚʦʨʘ 

 

ʂʘʨʘʢʪʝʨʠʩʪʠʢʝ ʝʢʚʠʚʘʣʝʥʪʥʦʛ ʯʚʦʨʘ, ʢʦʿʠ ʿʝ ʦʟʥʘʯʝʥ ʩʘ NODE_1_equ ʥʘ 

ʩʣʠʮʠ 7.2 ʩʫ ʣʝʜʝ˂ʝ: 
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Uini=402 kV 

PL_equ=PL2+PL3 =90 MW 

QL_equ=QL2+QL3 = 40 MVAr  

 

ʂʘʢʦ ʿʝ ʙʘʣʘʥʩʥʦ ʨʝʬʝʨʝʥʪʥʠ ʯʚʦʨ ʩʘʜʨʞʘʥ ʫ ʝʢʚʠʚʘʣʝʥʪʥʦʤ ʯʚʦʨʫ ʥʝ 

ʧʦʩʪʦʿʝ ʦʛʨʘʥʠʯʝˁʘ ʛʝʥʝʨʘʮʠʿʝ ʘʢʪʠʚʥʝ ʠ ʨʝʘʢʪʠʚʥʝ ʩʥʘʛʝ ʟʘ ʝʢʚʠʚʘʣʝʥʪʥʠ ʯʚʦʨ. 

ɱʝʜʥʦʩʪʘʚʘʥ ʩʠʩʪʝʤ ʧʨʠʢʘʟʘʥ ʥʘ ʩʣʠʮʠ 7.2 ʿʝ ʨʝʰʝʥ ʧʦʤʦ˂ʫ Newton-

Raphson ʠʪʝʨʘʪʠʚʥʝ ʤʝʪʦʜʝ ʠ ʨʝʟʫʣʪʘʪʠ ʧʨʦʨʘʯʫʥʘ ʩʫ ʧʨʠʢʘʟʘʥʠ ʥʘ ʩʣʠʮʠ 7.3. 

ʇʨʦʨʘʯʫʥʘʪʠ ʪʦʢʦʚʠ ʩʥʘʛʘ ʠʟʤʝʹʫ ʝʢʚʠʚʘʣʝʥʪʥʦʛ ʯʚʦʨʘ ʠ ʯʚʦʨʘ NODE_4 ʩʫ 

ʟʘʧʨʘʚʦ ʪʦʢʦʚʠ ʩʥʘʛʘ ʠʟʤʝʹʫ ʯʚʦʨʦʚʘ NODE_3 ʠ NODE_4 ʩʘ ʣʠʢʝ 7.1. 

 

 

ʉʣʠʢʘ 7.3 ʈʝʟʫʣʪʘʪʠ AC ʧʨʦʨʘʯʫʥʘ ʪʦʢʦʚʘ ʩʥʘʛʘ 

 

ʊʦʢʦʚʠ ʘʢʪʠʚʥʝ ʠ ʨʝʘʢʪʠʚʥʝ ʩʥʘʛʝ ʢʨʘʪʢʠʭ ʚʦʜʦʚʘ ʩʝ ʨʝʰʘʚʘʿʫ ʩʠʩʪʝʤʦʤ 

ʣʠʥʝʘʨʥʠʭ ʿʝʜʥʘʯʠʥʘ. ʅʘ ʩʣʠʮʠ 7.4 ʦʟʥʘʯʝʥʠ ʩʫ ʪʦʢʦʚʠ ʘʢʪʠʚʥʝ ʠ ʨʝʘʢʪʠʚʥʝ ʩʥʘʛʝ 

ʢʨʘʪʢʠʭ ʚʦʜʦʚʘ ʠ ʧʨʝʜʩʪʘʚˀʝʥʠ ʩʫ ʢʘʦ ʥʝʧʦʟʥʘʪʝ ʧʨʦʤʝʥˀʠʚʝ. ʅʘʧʨʘʚˀʝʥʠ ʩʫ ʜʚʘ 

ʩʠʩʪʝʤʘ ʣʠʥʝʘʨʥʠʭ ʿʝʜʥʘʯʠʥʘ: ʿʝʜʘʥ ʟʘ ʪʦʢʦʚʝ ʘʢʪʠʚʥʝ ʠ ʿʝʜʘʥ ʟʘ ʪʦʢʦʚʝ ʨʝʘʢʪʠʚʥʝ 

ʩʥʘʛʝ. ʅʝʧʦʟʥʘʪʝ ʧʨʦʤʝʥˀʠʚʝ ʩʫ: 

 

ʇʨʚʠ ʩʠʩʪʝʤ: P13, P12, P23. 
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ɼʨʫʛʠ ʩʠʩʪʝʤ: Q13, Q12, Q23. 

 

ɸʢʪʠʚʥʠ ʠ ʨʝʘʢʪʠʚʥʠ ʪʦʢʦʚʠ ʩʥʘʛʘ ʠʟʤʝʹʫ ʯʦʚʦʨʚʘ NODE_3 ʠ NODE_4 

ʧʦʚʝʟʘʥʠ ʩʫ ʧʦʤʦ˂ʫ ʚʦʜʘ ʢʦʿʠ ʥʠʿʝ ʢʨʘʪʘʢ ʠ ʦʟʥʘʯʝʥʠ ʩʫ ʩʘ P34 and Q34 ʥʘ ʩʣʠʮʠ 7.4. 

 

 

ʉʣʠʢʘ 7.4 ʈʘʟʜʚʦʿʝʥ ʝʢʚʠʚʘʣʝʥʪʥʠ ʯʚʦʨ ʩʘ ʦʟʥʘʯʝʥʠʤ ʪʦʢʦʚʠʤʘ ʘʢʪʠʚʥʝ ʠ 

ʨʝʘʢʪʠʚʥʝ ʩʥʘʛʝ ʢʨʦʟ ʢʨʘʪʢʝ ʚʦʜʦʚʝ 

 

ɻʨʘʬ ʝʣʝʢʪʨʠʯʥʦʛ ʢʦʣʘ ʥʘʧʨʘʚˀʝʥ ʦʜ ʢʨʘʪʢʠʭ ʚʦʜʦʚʘ ʩʘ ʣʠʢʝ 7.4 ʿʝ ʜʘʪ ʥʘ 

ʩʣʠʮʠ 7.5. ʉʪʘʙʣʦ ʛʨʘʬʘ ʿʝ ʦʟʥʘʯʝʥʦ ʧʦʜʝʙˀʘʥʠʤ ʣʠʥʠʿʘʤʘ. ʅʘ ʛʨʘʬʫ ʧʦʩʪʦʿʠ 

ʿʝʜʥʘ ʧʝʪˀʘ ʬʦʨʤʠʨʘʥʘ ʦʜ SL_1, SL_2, ʠ SL_3. 

 

 

ʉʣʠʢʘ 7.5 ɻʨʘʬ ʝʣʝʢʪʨʠʯʥʦʛ ʢʦʣʘ ʨʘʟʜʚʦʿʝʥʦʛ ʝʢʚʠʚʘʣʝʥʪʥʦʛ ʯʚʦʨʘ 
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ɱʝʜʥʘʯʠʥʝ ʟʘ ʪʦʢʦʚʝ ʘʢʪʠʚʥʝ ʠ ʨʝʘʢʪʠʚʥʝ ʩʥʘʛʝ ʢʨʦʟ ʢʨʘʪʢʝ ʚʦʜʦʚʝ ʢʦʿʠ 

ʬʦʨʤʠʨʘʿʫ ʩʪʘʙʣʦ ʛʨʘʬʘ ʜʘʪʠ ʩʫ ʫ ʩʘʛʣʘʩʥʦʩʪʠ ʩʘ ʧʨʚʠʤ Kirchhoff ʟʘʢʦʥʦʤ ʟʘ ʩʚʝ 

ʯʚʦʨʦʚʝ ʦʩʠʤ ʟʘ ʯʚʦʨ ʢʦʿʠ ʿʝ ʢʦʨʝʥ ʛʨʘʬʘ. ʂʦʨʝʥ ʛʨʘʬʘ ʤʦʞʝ ʙʠʪʠ ʙʠʣʦ ʢʦʿʠ ʯʚʦʨ 

ʥʘ ʩʪʘʙʣʫ. ʅʘ ʦʚʦʤ ʧʨʠʤʝʨʫ ʯʚʦʨ NODE_1 ʿʝ ʠʟʙʘʨʘʥ ʜʘ ʙʫʜʝ ʢʦʨʝʥ ʛʨʘʬʘ. ʂʨʘʪʢʠ 

ʚʦʜʦʚʠ ʢʦʿʠ ʬʦʨʤʠʨʘʿʫ ʩʪʘʙʣʦ ʛʨʘʬʘ ʩʫ SL_1 ʠ SL_2. 

 

3432313 PPPP L +=+

  

 (7.1) 

 

3432313 QQQQ L +=+  (7.2) 

 

 22312 LPPP =-  (7.3) 

 

22312 LQQQ =-  (7.4) 

 

ʀʤʘʿʫ˂ʠ ʫ ʚʠʜʫ ʜʘ ʩʫ ʠʤʧʝʜʘʥʩʝ ʩʚʠʭ ʚʦʜʦʚʘ ʠʩʧʦʜ ʩʧʝʮʠʬʠʮʠʨʘʥʦʛ 

ʧʨʝʣʘʟʥʦʛ ʧʨʘʛʘ ʟʘ ʢʨʘʪʢʝ ʚʦʜʦʚʝ ʤʘʣʝ ʠ ʿʝʜʥʘʢʝ, ʩʘʛʣʘʩʥʦ ʜʨʫʛʦʤ Kirchhoff ʟʘʢʦʥʫ 

ʟʘ ʥʘʧʦʥʝ ʤʦʛʫ ʩʝ ʥʘʧʠʩʘʪʠ ʩʣʝʜʝ˂ʝ ʿʝʜʥʘʯʠʥʝ: 

 

0231213 =++- PPP  (7.5) 

 

0231213 =++- QQQ  (7.6) 

 

ʄʘʪʝʤʘʪʠʯʢʦ ʦʧʨʘʚʜʘˁʝ ʟʘ ʧʨʠʤʝʥʫ ʜʨʫʛʦʛ Kirchhoff ʟʘʢʦʥʘ ʫ ʦʚʦʤ ʩʣʫʯʘʿʫ 

ʿʝ ʜʘʪʦ ʩʣʝʜʝ˂ʠʤ ʜʦʢʘʟʦʤ: 
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ɼʨʫʛʠ Kirchhoff ʟʘʢʦʥ ʟʘ ʧʝʪˀʫ ʬʦʨʤʠʨʘʥʫ ʦʜ ʢʨʘʪʢʠʭ ʚʦʜʦʚʘ SL_1, 

SL_2, and SL_3 ʧʨʠʢʘʟʘʥʠ ʥʘ ʩʣʠʮʠ 7.4: 

0   121223231313 =++- IZIZIZ      (7.7) 

ʋʚʦʜʝ˂ʠ ʧʨʝʪʧʦʩʪʘʚʢʫ ʜʘ ʩʫ ʩʚʝ ʠʤʝʜʘʥʩʝ ʿʝʜʥʘʢʝ ʠ ʙʣʠʩʢʝ ʥʫʣʪʦʿ 

ʚʨʝʜʥʦʩʪʠ, ʪʿ. Z12=Z13=Z23=ZŸ0, ʟʘ ʧʨʝʪʭʦʜʥʫ ʿʝʜʥʘʯʠʥʫ ʤʦʞʝ ʩʝ ʥʘʧʠʩʘʪʠ: 

( )0  122313 =++- IIIZ       (7.8) 

ɿʘ ʿʝʜʥʘʯʠʥʝ (7.8) ʤʦʛʫ ʧʦʩʪʦʿʘʪʠ ʜʚʘ ʨʝʰʝˁʘ: 

1. ʧʨʚʦ ʪʨʠʚʠʿʘʣʥʦ ʨʝʰʝˁʝ, Z=0 

2. ʜʨʫʛʦ ʨʝʰʝˁʝ, ïI13+I23+I12=0 

ɺʨʝʜʥʦʩʪ ʠʤʧʝʜʘʥʩʝ Z ʪʝʞʠ ʥʫʣʠ, ʘʣʠ ʿʝ ʨʘʟʣʠʯʠʪʘ ʦʜ ʥʫʣʝ. ʂʘʦ 

ʧʦʩʣʝʜʠʮʘ, ʿʝʜʥʘʯʠʥʘ (7.8) ʿʝ ʠʥʜʝʪʠʯʥʘ ʥʫʣʠ ʘʢʦ ʿʝ: 

0 122313 =++- III       (7.9) 

ɸʢʦ ʠ ʣʝʚʫ ʠ ʜʝʩʥʫ ʩʪʨʘʥʫ ʿʝʜʥʘʢʦʩʪʠ ʫ ʿʝʜʥʘʯʠʥʠ (7.9) ʧʦʤʥʦʞʠʤʦ ʩʘ 

ʥʘʧʦʥʦʤ V1
*
 ʫ ʯʚʦʨʫ NODE_1, ʜʦʙʠʿʘ ʩʝ: 

( ) 0 23
*

1
*
12

*
13231213

*
1 =++-=++- IVSSIIIV    (7.10) 

ʂʘʢʦ ʿʝ V1=V2+Z I12 ʠ ʟʘʤʝʥʠ ʩʝ ʫ ʿʝʜʥʘʯʠʥʫ (7.10) ʜʦʙʠʿʘ ʩʝ: 

( ) 023
*

122
*
12

*
13 =+++- IIZVSS      (7.11) 

ʀʤʘʿʫ˂ʠ ʥʘ ʫʤʫ ʜʘ ʩʫ V2 and I12 ʢʦʥʘʯʥʝ ʚʨʝʜʥʦʩʪʠ ʜʦʢ Z ʪʝʞʠ ʥʫʣʪʦʿ 

ʚʨʝʜʥʦʩʪʠ, ʤʦʞʝ ʩʝ ʦʯʠʛʣʝʜʥʦ ʟʘʥʝʤʘʨʠʪʠ ʧʨʦʠʟʚʦʜ Z I12 ʫ ʧʦʨʝʹʝˁʫ ʩʘ 

ʥʘʧʦʥʦʤ V2. ʂʘʦ ʧʦʩʣʝʜʠʮʘ, ʿʝʜʥʘʯʠʥʘ (7.11) ʧʦʩʪʘʿʝ: 

0*
23

*
12

*
1323

*
2

*
12

*
13 =++-=++- SSSIVSS    (7.12) 

ʂʦʥʘʯʥʦ, ʨʘʟʜʚʘʿʘˁʝʤ ʨʝʘʣʥʦʛ ʠ ʠʤʘʛʠʥʘʨʥʦʛ ʜʝʣʘ ʿʝʜʥʘʯʠʥʝ (7.12) 

ʜʦʙʠʿʘ ʩʝ: 



 

 

ʉʪʘʥʢʦ ʇ. ɱʘʥʢʦʚʠ˂, ɸʣʛʦʨʠʪʤʠ ʟʘ ʫʥʘʧʨʝʹeˁ ʝ ʢʦʥʚʝʨʛʝʥʮʠʿʝ ʫ ʧʨʦʨʘʯʫʥʫ ʪʦʢʦʚʘ ʩʥʘʛʘ ʥʘ ʚʝʣʠʢʠʤ ʩʠʤʫʣʘʮʠʦʥʠʤ ʤʦʜʝʣʠʤʘ, ʜʦʢʪʦʨʩʢʘ ʜʠʩʝʨʪʘʮʠʿʘ 

32 

0122313 =++- PPP       (7.13) 

0122313 =++- QQQ       (7.14) 

 

ɿʘ ʜʚʘ ʣʠʥʝʘʨʥʘ ʩʠʩʪʝʤʘ ʦʜ ʪʨʠ ʿʝʜʥʘʯʠʥʝ ʩʘ ʪʨʠ ʥʝʧʦʟʥʘʪʝ ʧʨʦʤʝʥˀʠʚʝ 

ʧʨʠʢʘʟʘʥʠʭ ʿʝʜʥʘʯʠʥʘʤʘ (7.1) - (7.6) ʤʦʞʝ ʩʝ ʥʘʧʠʩʘʪʠ ʩʣʝʜʝ˂ʘ ʤʘʪʨʠʯʥʘ ʬʦʨʤʘ: 
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ʄʘʪʨʠʮʘ [A] ʩʝ ʜʝʢʦʤʧʦʥʫʿʝ ʩʘʤʦ ʿʝʜʥʦʤ ʠ ʦʚʘ ʜʚʘ ʩʠʩʪʝʤʘ ʣʠʥʝʘʨʥʠʭ 

ʿʝʜʥʘʯʠʥʘ ʩʝ ʨʝʘhʚʘʿʫ ʫ ʿʝʜʥʦʤ ʢʦʨʘʢʫ ʟʘʤʝʥʦʤ ʥʘʧʨʝʜ-ʥʘʟʘʜ. ʋ ʪʘʙʝʣʠ 7.1 ʜʘʪʠ ʩʫ 

ʪʦʢʦʚʠ ʘʢʪʠʚʥʠʭ ʠ ʨʝʘʢʪʠʚʥʠʭ ʩʥʘʛʘ ʢʨʦʟ ʢʨʘʪʢʝ ʚʦʜʦʚʝ. 
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ʊʘʙʝʣʘ 7.1 ɸʢʪʠʚʥʠ ʠ ʨeʘʢʪʠʚʥʠ ʪʦʢʦʚʠ ʩʥʘʛʝ ʢʨʦʟ ʢʨʘʪʢʝ ʚʦʜʦʚʝ, ʧʨʚʠ ʧʨʠʤʝʨ 

ɸʢʪʠʚʥʠ ʪʦʢʦʚʠ ʩʥʘʛʝ 

[MW]  

ʈʝʘʢʪʠʚʥʠ ʪʦʢʦʚʠ ʩʥʘʛʘ 

[MVAr ] 

P13=106,7 Q13=40,7 

P12=83,4 Q12=30,3 

P23=23,4 Q23=10,3 

 

ʋ ʮʠˀʫ ʜʝʤʦʥʩʪʨʘʮʠʿʝ ʢʦʨʝʢʥʦʩʪʠ ʧʨʠʤʝʥʝ ʦʚʦʛ ʧʨʠʩʪʫʧʘ ʥʘ ʠʩʪʦʤ ʤʦʜʝʣʫ 

ʩʫ ʠʟʨʘʯʫʥʘʪʠ ʪʦʢʦʚʠ ʩʥʘʛʘ ʤʦʜʝʣʫʿʫ˂ʠ ʤʘʣʝ ʠʤʧʝʜʘʥʩʝ ʩʘ ʨʝʘʢʪʘʥʩʦʤ 0,176 Ý, ʪʿ. 

0,00011 ʨ.ʿ.. ʈʝʟʫʣʪʘʪʠ ʩʫ ʜʘʪʠ ʫ ʪʘʙʝʣʠ 7.2. 

 

ʊʘʙʝʣʘ 7.2 ɸʢʪʠʚʥʠ ʠ ʨeʘʢʪʠʚʥʠ ʪʦʢʦʚʠ ʩʥʘʛʝ ʢʨʦʟ ʢʨʘʪʢʝ ʚʦʜʦʚʝ, X=0,176 Ý 

ɸʢʪʠʚʥʠ ʪʦʢʦʚʠ ʩʥʘʛʝ 

[MW]  

ʈʝʘʢʪʠʚʥʠ ʪʦʢʦʚʠ ʩʥʘʛʘ 

[MVAr ] 

P13=106,6 Q13=40,8 

P12=83,4 Q12=30.4 

P23=23,3 Q23=10,4 

 

ʂʘʦ ʰʪʦ ʿʝ ʧʨʠʢʘʟʘʥʦ ʫ ʪʘʙʝʣʘʤʘ 7.1 ʠ 7.2, ʨʝʟʫʣʪʘʪʠ ʜʦʙʠʿʝʥʠ ʫ ʦʙʘ 

ʧʨʦʨʘʯʫʥʘ ʩʫ ʩʢʦʨʦ ʠʥʜʝʥʪʠʯʥʠ. 

 

7.2 ɼʨʫʛʠ ʠʣʫʩʪʨʘʪʠʚʥʠ ʧʨʠʤʝʨ 

 

ɼʨʫʛʠ ʠʣʫʩʪʨʘʪʠʚʥʠ ʧʨʠʤʝʨ ʩʝ ʩʘʩʪʦʿʠ ʦʜ ʜʝʚʝʪ ʯʦʚʦʨʦʚʘ ʢʦʿʠ ʩʫ 

ʧʨʠʢʘʟʘʥʘʠ ʥʘ ʩʣʠʮʠ 7.6. ʆʚʦ ʿʝ ʦʧʰʪʠʿʠ ʩʣʫʯʘʿ ʥʝʛʦ ʧʨʚʠ ʧʨʠʤʝʨ. 

ʆʚʘʿ ʩʠʩʪʝʤ ʩʝ ʩʘʩʪʦʿʠ ʦʜ ʙʘʣʘʩʥʦʨʝʬʝʨʝʥʪʥʦʛ ʯʚʦʨʘ, ʪʨʠ PV ʯʚʦʨʘ 

(ʛʝʥʝʨʘʪʦʨʩʢʠ ʯʚʦʨ: ʛʝʥʝʨʠʩʘʥʘ ʘʢʪʠʚʥʘ ʩʥʘʛʘ ʿʝ ʢʦʥʩʪʘʥʪʥʘ ʠ ʚʨʝʜʥʦʩʪ ʥʘʧʦʥʘ ʿʝ 

ʢʦʥʩʪʘʥʪʥʘ ʘʢʦ ʨʝʘʢʪʠʚʥʘ ʦʛʨʘʥʠʯʝˁʘ ʩʥʘʛʝ ʥʠʩʫ ʥʘʨʫʰʝʥʘ) ʠ ʧʝʪ PQ ʯʚʦʨʦʚʘ. ʅʘ 

ʩʣʠʮʠ 7.6 ʩʫ ʢʨʘʪʠ ʚʦʜʦʚʠ ʦʟʥʘʯʝʥʠ ʩʘ SL_x, ʛʜʝ ʿʝ x=1,..,8. ʂʘʨʘʢʪʝʨʠʩʪʠʢʝ 

ʯʚʦʨʦʚʘ ʩʫ: 
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NODE_1: ʙʘʣʘʥʩʥʦ ʨʝʬʝʨʥʪʥʠ ʯʚʦʨ, Uini=402 kV. 

NODE_2: PV ʯʚʦʨ, PG2=150 MW, PG2_lower=0 MW, PG2_upper=150 MW, 

QG2_lower=0 MVAr , QG2_upper=100 MVAr , Uini=401 kV. 

NODE_3: PQ ʯʚʦʨ, PL3=100 MW, QL3=30 MVAr . 

NODE_4: PQ ʯʚʦʨ, PL4=60 MW, QL4=20 MVAr . 

NODE_5: PV ʯʚʦʨ, PG5=20 MW, PG5_lower=0 MW, PG5_upper=20 MW, QG5_lower=0 MVAr , 

QG5_upper=20 MVAr , Uini=400 kV. 

NODE_6: PQ ʯʚʦʨ, PL6=200 MW, QL6=80 MVAr . 

NODE_7: PV ʯʚʦʨ, PG7=50 MW, PG7_lower=0 MW, PG7_upper=50 MW, QG7_lower=0 MVAr , 

QG7_upper=30 MVAr , Uini=401 kV. 

NODE_8: PQ ʯʚʦʨ, PL8=30 MW, QL8=10 MVAr . 

NODE_9: PQ ʯʚʦʨ, PL9=50 MW, QL9=15 MVAr . 

 

 

ʉʣʠʢʘ 7.6 ʇʨʠʤʝʨ ɽɽʉ ʦʜ 9 ʯʚʦʨʦʚʘ 
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ʇʦʛʦʥʩʢʘ ʢʘʨʪʘ ʛʝʥʝʨʘʪʦʨʘ ʫ UCTE ʬʦʨʤʘʪʫ [26] ʿʝ ʜʝʬʠʥʠʩʘʥʘ 

ʤʘʢʩʠʤʘʣʥʠʤ ʠ ʤʠʥʠʤʘʣʥʠʤ ʦʛʨʘʥʠʯʝˁʠʤʘ ʘʢʪʠʚʥʝ ʠ ʨʝʘʢʪʠʚʥʝ ʩʥʘʛʝ. ʉʣʠʯʘʥ 

ʩʣʫʯʘʿ ʿʝ ʠ ʩʘ Siemens (ʙʠʚʰʠ PTI) PSS®E RAW ʬʦʨʤʘʪʦʤ [46]. 

ʉʚʠ ʯʚʦʨʦʚʠ ʧʦʚʝʟʘʥʠ ʢʨʘʪʢʠʤ ʚʦʜʦʚʠʤʘ ʩʝ ʩʧʘʿʘʿʫ ʫ ʿʝʜʘʥ ʝʢʚʠʚʘʣʝʥʪʥʠ 

ʯʚʦʨ ʢʦʿʠ ʿʝ ʧʨʠʢʘʟʘʥ ʥʘ ʩʣʠʮʠ 7.7. 

 

 

ʉʣʠʢʘ 7.7 ɽɽʉ ʩʘ ʩʣʠʢʝ 7.6 ʥʘʢʦʥ ʫʚʦʹʝˁʘ ʝʢʚʠʚʘʣʝʥʪʥʦʛ ʯʚʦʨʘ 

 

ʂʘʨʘʢʪʝʨʠʩʪʠʢʝ ʝʢʚʠʚʘʣʝʥʪʥʦʛ ʯʚʦʨʘ, ʢʦʿʠ ʿʝ ʦʟʥʘʯʝʥ ʥʘ ʩʣʠʮʠ 7.7 ʢʘʦ 

NODE_2_equ, ʩʫ ʩʣʝʜʝ˂ʝ: 

 

PG_equ=PG2+PG5=170 MW 

PG_lower_equ=PG2_lower+PG5_lower=0 MW 

PG_upper_equ=PG2_upper+PG5_upper=170 MW 

QG_lower_equ=QG2_lower+QG5_lower=0 MVAr  



 

 

ʉʪʘʥʢʦ ʇ. ɱʘʥʢʦʚʠ˂, ɸʣʛʦʨʠʪʤʠ ʟʘ ʫʥʘʧʨʝʹeˁ ʝ ʢʦʥʚʝʨʛʝʥʮʠʿʝ ʫ ʧʨʦʨʘʯʫʥʫ ʪʦʢʦʚʘ ʩʥʘʛʘ ʥʘ ʚʝʣʠʢʠʤ ʩʠʤʫʣʘʮʠʦʥʠʤ ʤʦʜʝʣʠʤʘ, ʜʦʢʪʦʨʩʢʘ ʜʠʩʝʨʪʘʮʠʿʘ 

36 

QG_upper_equ=QG2_upper +QG5_upper =120 MVAr  

PL_equ=PL3+PL4+PL6=360 MW 

QL_equ=QL3+QL4+QL6=130 MVAr  

Uini=401 kV 

 

ɽʢʚʠʚʘʣʝʥʪʥʠ ʯʚʦʨ ʿʝ PV ʪʠʧʘ ʘʢʦ ʩʝ ʫ ˁʝʤʫ ʥʘʣʘʟʝ ʩʧʦʿʝʥʠ PV ʯʚʦʨʦʚʠ. 

ʉʘ ʜʨʫʛʝ ʩʪʨʘʥʝ, ʝʢʚʠʚʘʣʝʥʪʥʠ ʯʚʦʨ ʿʝ PQ ʪʠʧʘ. ɸʢʦ ʧʦʩʪʦʿʠ ʚʠʰʝ ʦʜ ʿʝʜʥʦʛ PV 

ʯʚʦʨʘ ʤʝʹʫ ʯʚʦʨʦʚʠʤʘ ʢʦʿʠ ʩʫ ʩʧʦʿʝʥʠ, ʢʘʦ ʰʪʦ ʿʝ ʩʣʫʯʘʿ ʫ ʜʘʪʦʤ ʧʨʠʤʝʨʫ, 

ʠʥʠʮʠʿʘʣʥʠ ʥʘʧʦʥ ʝʢʚʠʚʘʣʝʥʪʥʦʛ ʯʚʦʨʘ ʿʝ ʩʪʚʘʨ ʦʯʝʢʠʚʘʥʦʛ ʥʘʧʦʥʩʢʦʛ ʧʨʦʬʠʣʘ ʠ 

ʤʦʞʝ ʙʠʪʠ: ʥʘʿʚʝ˂ʘ, ʥʘʿʤʘˁʘ ʠʣʠ ʩʨʝʜˁʘ ʚʨʝʜʥʦʩʪ ʠʥʠʮʠʘʿʣʥʠʭ ʥʘʧʦʥʘ ʩʚʠʭ 

ʩʧʦʿʝʥʠʭ PV ʯʚʦʨʦʚʘ. ʆʚʘ ʦʧʮʠʿʘ ʪʨʝʙʘ ʜʘ ʙʫʜʝ ʧʦʜʝʰʝʥʘ ʫ ʟʘʚʠʩʥʦʩʪʠ ʦʜ 

ʦʯʝʢʠʚʘʥʦʛ ʥʘʧʦʥʩʢʦʛ ʧʨʦʬʠʣʘ. ʋ ʦʚʦʤ ʧʨʠʤʝʨʫ ʿʝ ʠʟʘʙʨʘʥʘ ʦʧʮʠʿʘ ʥʘʿʚʝ˂e 

ʚʨʝʜʥʦʩʪ ʠʥʠʮʠʿʘʣʥʦʛ ʥʘʧʦʥʘ. ʀʥʠʮʠʿʘʣʥʠ ʥʘʧʦʥ ʛʝʥʝʨʘʪʦʨʘ G2, ʢʦʿʠ ʿʝ ʧʦʚʝʟʘʥ 

ʥʘ ʯʚʦʨ NODE_2, ʿʝ 401 kV. ʀ ʦʚʘʿ ʥʘʧʦʥ ʿʝ ʚʠʰʠ ʦʜ ʠʥʠʮʠʿʘʣʥʦʛ ʥʘʧʦʥʘ 

ʛʝʥʝʨʘʪʦʨʘ G5, ʢʦʿʠ ʿʝ ʧʦʚʝʟʘʥ ʥʘ ʯʚʦʨ NODE_5 ʠ ʠʟʥʦʩʠ Uini=400 kV. ʂʘʦ 

ʧʦʩʣʝʜʠʮʘ, ʠʥʠʮʠʿʘʣʥʠ ʥʘʧʦʥ ʝʢʚʠʚʘʣʝʥʪʥʦʛ ʛʝʥʝʨʘʪʦʨʘ ʫ ʜʘʪʦʤ ʧʨʠʤʝʨʫ ʿʝ ʿʝʜʥʘʢ 

401 kV. 

ʅʠʿʝ ʫʦʙʠʯʘʿʝʥʦ ʜʘ ʛʝʥʝʨʘʪʦʨʠ, ʢʦʿʠ ʩʫ ʧʦʚʝʟʘʥʠ ʢʨʘʪʢʠʤ ʚʦʜʦʚʠʤʘ, ʠʤʘʿʫ 

ʨʘʟʣʠʯʠʪʝ ʠʥʠʮʠʿʘʣʥʝ ʥʘʧʦʥʝ. ɸʣʠ ʪʦ ʤʦʞʝ ʙʠʪʠ ʩʣʫʯʘʿ ʢʦʿʠ ʩʝ ʧʦʿʘʚˀʫʿʝ ʫʩʣʝʜ 

ʣʦʰʝʛ ʤʦʜʝʣʦʚʘˁʘ ʠ ʤʦʨʘ ʙʠʪʠ ʪʨʝʪʠʨʘʥ ʫ ʧʨoʨʘʯʫʥʫ. 

ɽɽʉ ʧʨʠʢʘʟʘʥ ʥʘ ʩʣʠʮʠ 7.7 ʿʝ ʨʝʰʝʥ ʢʦʨʠʩʪʝ˂ʠ ʩʝ Newton-Raphson 

ʠʪʝʨʘʪʠʚʥʦʤ ʤʝʪʦʜʦʤ ʫʟʠʤʘʿʫ˂ʠ ʫ ʦʙʟʠʨ ʦʛʨʘʥʠʯʝˁʝ ʨʝʘʢʪʠʚʥʠʭ ʩʥʘʛʘ PV 

ʯʚʦʨʦʚʘ. ʊʦʢʦʚʠ ʘʢʪʠʚʥʠʭ ʠ ʨʝʘʢʪʠʚʥʠʭ ʩʥʘʛʘ ʩʫ ʜʘʪʠ ʥʘ ʩʣʠʮʠ 7.8. 
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ʉʣʠʢʘ 7.8 ʈʝʟʫʣʪʘʪʠ AC ʧʨʦʨʘʯʫʥʘ ʪʦʢʦʚʘ ʩʥʘʛʘ 

 

ʇʨʦʨʘʯʫʥ ʥʘʧʦʥʘ ʥʘ ʯʚʦʨʦʚʠʤʘ ʿʝ ʜʘʪ ʪʘʙʝʣʦʤ 7.3. 

 

ʊʘʙʝʣʘ 7.3 ʀʟʨʘʯʫʥʘʪʠ ʥʘʧʦʥʠ, ʜʨʫʛʠ ʧʨʠʤʝʨ 

ʀʤʝ ʯʚʦʨʘ ʅʘʧʦʥ [kV/deg] 

NODE_1 402,00/0,00 

NODE_2_equ 400,26/ï0,58 

NODE_7 401,00/ï0,32 

NODE_8 399,78/ï0,74 

NODE_9 399,52/ï0,85 

 

ʇʨʦʨʘʯʫʥʘʪ ʥʘʧʦʥ ʝʢʚʠʚʘʣʝʥʪʥʦʛ ʯʚʦʨʘ ʿʝ 400,26 kV ʢʦʿʠ ʿʝ ʥʠʞʠ ʦʜ 

ʠʥʠʮʠʿʘʣʥʝ ʚʨʝʜʥʦʩʪʠ 401 kV. ʆʚʦ ʟʥʘʯʠ ʜʘ ʿʝ ʥʘʨʫʰʝʥʦ ʛʦʨˁʝ ʦʛʨʘʥʠʯʝˁʝ ʟʘ 

ʛʝʥʝʨʘʮʠʿʫ ʨʝʘʢʪʠʚʥʝ ʩʥʘʛʝ ʪʦʢʦʤ ʧʨʦʨʘʯʫʥʘ ʠ ʜʘ ʿʝ ʢʦʥʚʝʨʪʦʚʘʥ ʫ PQ ʯʚʦʨ. ʋ 

ʦʚʦʤ ʩʣʫʯʘʿʫ ʿʝ ʛʝʥʝʨʠʩʘʥʘ ʨʝʘʢʪʠʚʥʘ ʩʥʘʛʘ ʝʢʝʚʠʚʘʣʝʥʪʥʦʛ ʯʚʦʨʘ ʿʝʜʥʘʢʘ ʛʦʨˁʝʤ 

ʣʠʤʠʪʫ, ʪʿ. ʩʚʠ ʛʝʥʝʨʘʪʦʨʠ ʩʧʦʿʝʥʠ ʫ ʝʢʚʠʚʘʣʝʥʪʥʠ ʛʝʥʝʨʘʪʦʨ ʩʫ ʜʦʩʪʠʛʣʠ ʩʚʦʿʝ 

ʛʦʨˁʝ ʦʛʨʘʥʠʯʝˁʝ ʧʦ ʨʝʘʢʪʠʚʥʦʿ ʩʥʘʟʠ. 
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ɼʝʪʘˀʠ ʢʘʢʦ ʩʝ ʨʝʘʢʪʠʚʥʘ ʩʥʘʛʘ ʝʢʚʠʚʘʣʝʥʪʥʦʛ ʛʝʥʝʨʘʪʦʨʘ ʨʘʩʧʦʨʝʹʫʿʝ 

ʠʟʤʝʹʫ ʩʧʦʿʝʥʠʭ ʛʝʥʝʨʘʪʦʨʘ ʢʘʜʘ ʥʠʿʝ ʥʘʨʫʰʝʥʦ ʦʛʨʘʥʠʯʝˁʝ ʧʦ ʨʝʘʢʪʠʚʥʦʿ ʩʥʘʟʠ 

ʿʝ ʜʘʪʦ ʫ ʧʦʛʣʘʚˀʫ 8. 

ʊʦʢʦʚʠ ʘʢʪʠʚʥʝ ʠ ʨʝʘʢʪʠʚʥʝ ʩʥʘʛʝ ʢʨʘʪʢʠʭ ʚʦʜʦʚʘ ʩʝ ʨʝʰʘʚʘʿʫ ʢʘʦ ʩʠʩʪʝʤ 

ʣʠʥʝʘʨʥʠʭ ʿʝʜʥʘʯʠʥʘ. ɸʢʪʠʚʥʠ ʠ ʨʝʘʢʪʠʚʥʠ ʪʦʢʦʚʠ ʩʥʘʛʝ ʢʨʘʪʢʠʭ ʚʦʜʦʚʘ ʩʫ 

ʧʨʝʜʩʪʘʚˀʝʥʠ ʢʘʦ ʥʝʧʦʟʥʘʪʝ ʧʨʦʤʝʥˀʠʚʝ ʠ ʦʟʥʘʯʝʥʝ ʩʫ ʥʘ ʩʣʠʮʠ 7.9. ʌʦʨʤʠʨʘʿʫ 

ʩʝ ʜʚʘ ʩʠʩʪʝʤʘ ʣʠʥʝʘʨʥʠʭ ʿʝʜʥʘʯʠʥʘ: ʿʝʜʘʥ ʟʘ ʪʦʢʦʚʝ ʘʢʪʠʚʥʝ ʩʥʘʛʝ ʠ ʜʨʫʛʠ ʟʘ 

ʪʦʢʦʚʝ ʨʝʘʢʪʠʚʥʝ ʩʥʘʛʝ. 

 

ʇʨʚʠ ʩʠʩʪʝʤ: P23, P34(SL_2), P34(SL_3), P45, P35, P36, P65, P46. 

ɼʨʫʛʠ ʩʠʩʪʝʤ: Q23, Q34(SL_2), Q34(SL_3), Q45, Q35, Q36, Q65, Q46. 

 

ʇʦʩʪʦʿʝ ʜʚʘ ʧʘʨʘʣʝʣʥʘ ʢʨʘʪʢʘ ʚʦʜʘ SL_2 ʠ SL_3 ʢʦʿʠ ʩʫ ʧʦʚʝʟʘʥʠ ʠʟʤʝʹʫ 

ʯʚʦʨʦʚʘ NODE_3 ʠ NODE_4. ʋʩʣʝʜ ʧʨʦʮʝʥʝ ʜʘ ʩʫ ʠʤʧʝʜʘʥʩʝ ʢʨʘʪʢʠʭ ʚʦʜʦʚʘ ʠʩʪʝ 

ʠ ʜʘ ʪʝʞʝ ʥʫʣʪʦʿ ʚʨʝʜʥʦʩʪʠ, ʪʦʢʦʚʠ ʩʥʘʛʝ ʢʨʦʟ ʧʘʨʘʣʝʣʥʝ ʚʦʜʦʚʝ ˂ʝ ʙʠʪʠ ʠʩʪʠ. ʆʚʦ 

ʿʝ ʨʘʟʣʦʛ ʟʘʰʪʦ ʩʫ ʧʘʨʘʣʝʣʥʠ ʚʦʜʦʚʠ ʨʘʟʤʘʪʨʘʥʠ ʢʘʦ ʿʝʜʘʥ ʝʢʚʠʚʘʣʝʥʪʥʠ ʢʨʘʪʘʢ 

ʚʦʜ. ʊʦʢʦʚʠ ʩʥʘʛʘ ʢʨʦʟ ʩʚʘʢʠ ʧʘʨʘʣʝʣʥʠ ʚʦʜ ʩʝ ʨʘʯʫʥʘ ʧʦʤʦ˂ʫ ʜʝˀʝˁʘ ʪʦʢʘ ʩʥʘʛʝ 

ʢʨʦʟ ʝʢʚʠʚʘʣʝʥʪʥʠ ʢʨʘʪʘʢ ʚʦʜ ʩʘ ʙʨʦʿ ʝʤ ʢʨʘʪʢʠʭ ʚʦʜʦʚʘ ʧʦʚʝʟʘʥʠʭ ʫ ʧʘʨʘʣʝʣʠ. ʋ 

ʦʚʦʤ ʧʨʠʤʝʨʫ ʢʨʘʪʢʠ ʚʦʜʦʚʠ SL_2 ʠ SL_3 ʬʦʨʤʠʨʘʿʫ ʝʢʚʠʚʘʣʝʥʪʥʠ ʢʨʘʪʘʢ ʚʦʜ 

SL_2+3. ʊʦʢ ʘʢʪʠʚʥʝ ʠ ʨʝʘʢʪʠʚʥʝ ʩʥʘʛʝ ʢʨʦʟ ʢʨʘʪʘʢ ʚʦʜ SL_2+3 ʿʝ ʦʟʥʘʯʝʥ ʥʘ 

ʩʣʠʮʠ 7.9 ʢʘʦ P34 ʠ Q34. 
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ʉʣʠʢʘ 7.9 ʈʘʟʜʚʦʿʝʥʠ ʝʢʚʠʚʘʣʝʪʥʠ ʯʚʦʨ ʟʘ ʦʟʥʘʯʝʥʠʤ ʪʦʢʦʚʠʤʘ ʘʢʪʠʚʥʠʭ ʠ 

ʨʝʘʢʪʠʚʥʠʭ ʩʥʘʛʘ ʢʨʦʟ ʢʨʘʪʢʝ ʚʦʜʦʚʝ 

 

 

ʅʘ ʩʣʠʮʠ 7.10 ʜʘʪ ʿʝ ʛʨʘʬ ʝʣʝʢʪʨʠʯʥʦʛ ʢʦʣʘ ʥʘʧʨʘʚˀʝʥ ʦʜ ʢʨʘʪʢʠʭ ʚʦʜʦʚʘ 

ʩʘ ʩʣʠʢʝ 7.9. ʉʪʘʙʣʦ ʛʨʘʬʘ ʿʝ ʦʟʥʘʯʝʥʦ ʧʦʜʝʙˀʘʥʠʤ ʣʠʥʠʿʘʤʘ. ʇʦʩʪʦʿʝ ʧʝʪ ʧʝʪˀʠ 

ʥʘ ʛʨʘʬʫ ʩʘʩʪʘʚˀʝʥʠʭ ʦʜ ʩʣʝʜʝ˂ʠʭ ʢʨʘʪʢʠʭ ʚʦʜʦʚʘ: 

 

ʇʝʪˀʘ 1: SL_5, SL_2+3 ʠ SL_4 

ʇʝʪˀʘ 2: SL_6, SL_7 ʠ SL_5 

ʇʝʪˀʘ 3: SL_6, SL_8 ʠ SL_2+3 

ʇʝʪˀʘ 4: SL_4, SL_7 ʠ SL_8 

ʇʝʪˀʘ 5: SL_2+3, SL_4, SL_7 ʠ SL_6 
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ʉʣʠʢʘ 7.10 ɻʨʘʬ ʨʘʟʜʚʦʿʝʥʦʛ ʝʢʚʠʚʘʣʝʥʪʥʦʛ ʯʚʦʨʘ ʝʣʝʢʪʨʠʯʥʦʛ ʢʦʣʘ 

 

ɱʝʜʥʘʯʠʥʝ ʪʦʢʦʚʘ ʘʢʪʠʚʥʠʭ ʠ ʨʝʘʢʪʠʚʥʠʭ ʩʥʘʛʘ ʟʘ ʢʨʘʪʢʝ ʚʦʜʦʚʝ ʢʦʿʠ 

ʬʦʨʤʠʨʘʿʫ ʩʪʘʙʣʦ ʛʨʘʬʘ ʩʫ ʜʘʪʠ ʫ ʩʘʛʣʘʩʥʦʩʪʠ ʩʘ ʧʨʚʠʤ Kirchhoff ʟʘʢʦʥʦʤ ʟʘ ʩʚʝ 

ʯʚʦʨʦʚʝ ʦʩʠʤ ʟʘ ʯʚʦʨ ʢʦʿʠ ʯʠʥʠ ʢʦʨʝʥ ʩʪʘʙʣʘ ʛʨʘʬʘ. ʂʘʦ ʰʪʦ ʿʝ ʧʦʤʝʥʫʪʦ ʫ 

ʧʨʝʪʭʦʜʥʦʤ ʧʨʠʤʝʨʫ, ʢʦʨʝʥ ʩʪʘʙʣʘ ʛʨʘʬʘ ʤʦʞʝ ʙʠʪʠ ʙʠʣʦ ʢʦʿʠ ʯʚʦʨ. ʋ ʦʚʦʤ 

ʧʨʠʤʝʨʫ ʯʚʦʨ NODE_2 ʿʝ ʠʟʘʙʨʘʥ ʟʘ ʢʦʨʝʥ ʩʪʘʙʣʘ ʛʨʘʬʘ. ʂʨʘʪʢʠ ʚʦʜʦʚʠ ʢʦʿʠ 

ʬʦʨʤʠʨʘʿʫ ʩʪʘʙʣʦ ʛʨʘʬʘ ʩʫ: SL_1, SL_2+3, SL_5 ʠ SL_6. 

 

  
336353423 LPPPPP =---  (7.17) 

 

336353423 LQQQQQ =---  (7.18) 

 

74144464534  PPPPPP L --=--  (7.19) 

 

74144464534  QQQQQQ L --=--  (7.20) 

 

955653545 PPPPP G --=++  (7.21) 
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955653545 QQQQQ G --=++  (7.22) 

 

866466536 PPPPP L -=+-  (7.23) 

 

866466536 QQQQQ L -=+-  (7.24) 

 

ɱʝʜʥʘʯʠʥʝ (7.17) ʠ (7.18) ʩʫ ʥʘʧʠʩʘʥʝ ʟʘ ʯʚʦʨ NODE_3, (7.19) ʠ (7.20) ʟʘ 

ʯʚʦʨ NODE_4, (7.21) ʠ (7.22) ʟʘ ʯʚʦʨ NODE_5, ʜʦʢ ʩʫ ʿʝʜʥʘʯʠʥʝ (7.23) ʠ (7.24) 

ʥʘʧʠʩʘʥʝ ʟʘ ʯʚʦʨ NODE_6. 

ɱʝʜʥʘʯʠʥʝ ʟʘ ʢʨʘʪʢʝ ʚʦʜʦʚʝ SL_4, SL_7 ʠ SL_8, ʢʦʿʠ ʬʦʨʤʠʨʘʿʫ ʧʝʪˀʫ ʥʘ 

ʛʨʘʬʫ, ʩʫ ʥʘʧʠʩʘʥʝ ʩʘʛʣʘʩʥʦ ʜʨʫʛʦʤ Kirchhoff ʟʘʢʦʥʫ ʢʘʦ ʰʪʦ ʿʝ ʦʙʿʘʰˁʝʥʦ ʫ 

ʧʨʝʪʭʦʜʥʦʤ ʧʨʠʤʝʨʫ. 

 

0354534 =-+ PPP  (7.25) 

 

0354534 =-+ QQQ  (7.26) 

 

0653635 =++- PPP  (7.27) 

 

0653635 =++- QQQ  (7.28) 

 

0463634 =-+- PPP  (7.29) 

 

0463634 =-+- QQQ  (7.30) 

 

ɱʝʜʥʘʯʠʥʝ (7.25) ʠ (7.26) ʩʫ ʥʘʧʠʩʘʥʝ ʟʘ ʧʝʪˀʫ 1, (7.27) ʠ (7.28) ʟʘ ʧʝʪˀʫ 2 ʠ 

ʿʝʜʥʘʯʠʥʝ (7.29) ʠ (7.30) ʟʘ ʧʝʪˀʫ 3. 
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ʄʦʛʫ ʩʝ ʬʦʨʤʠʨʘʪʠ ʜʚʘ ʣʠʥʝʨʘʥʘ ʩʠʩʪʝʤʘ ʦʜ ʩʝʜʘʤ ʿʝʜʥʘʯʠʥʘ ʩʘ ʩʝʜʘʤ 

ʥʝʧʦʟʥʘʪʠʭ. ʄʘʪʨʠʯʥʘ ʬʦʨʤʘ ʿʝ ʠʩʪʘ ʢʘʦ ʫ ʧʨʚʦʤ ʧʨʠʤʝʨʫ: 
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ʄʘʪʨʠʮʘ [A] ʩʝ ʜʝʢʦʤʧʦʥʫʿʝ ʩʘʤʦ ʿʝʜʥʦʤ ʠ ʦʚʘ ʜʚʘ ʩʠʩʪʝʤʘ ʣʠʥʝʘʨʥʠʭ 

ʿʝʜʥʘʯʠʥʘ ʩʝ ʨʝʰʘʚʘʿʫ ʫ ʿʝʜʥʦʤ ʢʦʨʘʢʫ ʢʦʨʠʩʪʝ˂ʠ ʩʝ ʟʘʤʝʥʦʤ ʥʘʧʨʝʜ-ʥʘʟʘʜ. ʋ 

ʪʘʙʝʣʠ 7.4 ʧʨʠʢʘʟʘʥʠ ʩʫ ʪʦʢʦʚʠ ʘʢʪʠʚʥʠʭ ʠ ʨʝʘʢʪʠʚʥʠʭ ʩʥʘʛʘ ʢʨʦʟ ʢʨʘʪʢʝ ʚʦʜʦʚʝ. 
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ʊʘʙʝʣʘ 7.4 ɸʢʪʠʚʥʠ ʠ ʨeʘʢʪʠʚʥʠ ʪʦʢʦʚʠ ʩʥʘʛʘ ʢʨʦʟ ʢʨʘʪʢʝ ʚʦʜʦʚʝ, ʜʨʫʛʠ ʧʨʠʤʝʨ 

ɸʢʪʠʚʥʠ ʪʦʢʦʚʠ ʩʥʘʛʝ 

[MW]  

ʈʝʘʢʪʠʚʥʠ ʪʦʢʦʚʠ ʩʥʘʛʘ 

[MVAr ] 

P23=260,0 Q23=85,3 

P34=15,0 Q343=6,2 

P45=32,5 Q45=6,3 

P35=47,5 Q35=12,6 

P36=97,5 Q36=36,3 

P65=ï50,0 Q65=ï23,7 

P65=ï82,5 Q65=ï30,0 

 

ʊʦʢʦʚʠ ʘʢʪʠʚʥʠʭ ʠ ʨʝʘʢʪʠʚʥʠʭ ʩʥʘʛʘ P34(SL_2), P34(SL_3), Q34(SL_2) ʠ Q34(SL_3) ʩʝ 

ʨʘʯʫʥʘʿʘ ʜʝˀʝˁʝʤ P34 (ʦʜʥʦʩʥʦ Q34) ʩʘ 2: 

 

P34(SL_2)=P34(SL_3)=P34/2=7,5 MW 

Q34(SL_2)=Q34(SL_3)=Q34/2=3,1 MVAr  
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8 ɻɽʅɽʈɸʃʅʀ ʇʈʀʉʊʋʇ ʇʈʆʈɸʏʋʅɸ ʊʆʂʆɺɸ ʉʅɸɻɸ 

ʂʈʆɿ ʂʈɸʊʂɽ ɺʆɼʆɺɽ 

 

ʀʣʫʩʪʨʦʚʘʥʠ ʧʨʠʩʪʫʧ ʩʘ ʜʚʘ ʧʨʠʤʝʨʘ ʿʝ ʧʨʠʤʝˁʝʥ ʥʘ ʚʝʣʠʢʠ ɽɽʉ 

ʢʦʨʠʩʪʝ˂ʠ ʩʝ ʩʣʝʜʝ˂ʦʤ ʧʨʦʮʝʜʫʨʦʤ: 

¶ ɽʢʚʠʚʘʣʝʥʪʥʠ ʯʚʦʨ ʩʝ ʧʨʘʚʠ ʩʧʘʿʘˁʝʤ ʯʚʦʨʦʚʘ (ʩʘʙʠʨʥʠʮʘ) ʢʦʿʠ ʩʫ 

ʧʦʚʝʟʝʥʠ ʢʨʘʪʢʠʤ ʚʦʜʦʚʠʤʘ. ʂʘʦ ʰʪʦ ʿʝ ʧʨʠʢʘʟʘʥʦ ʥʘ ʩʣʠʮʠ 8.1., 

ɽʢʚʠʚʘʣʝʥʪʥʠ ʯʚʦʨʦʚʠ ʦʟʥʘʯʝʥʠ ʩʘ Node_i_equ, Node_j_equ, 

Node_k_equ ʠ Node_m_equ ʧʨʝʜʩʪʘʚˀʘʿʫ, ʛʝʥʝʨʘʣʥʦ ʛʦʚʦʨʝ˂ʠ, 

ʨʘʟʣʠʯʠʪʝ ʜʝʣʦʚʝ ɽɽʉ ʛʜʝ ʩʫ ʩʘʙʠʨʥʠʮʝ ʧʦʚʝʟʘʥʝ ʢʨʘʪʢʠʤ ʚʦʜʦʚʠʤʘ. 

¶ ʈʝʰʘʚʘ ʩʝ ʩʠʩʪʝʤ ʥʝʣʠʥʝʘʨʥʠʭ ʿʝʜʥʘʯʠʥʘ ʟʘ ɽɽʉ ʩʘ ʩʧʦʿʝʥʠʤ 

ʯʚʦʨʦʚʠʤʘ, ʪʿ. ʟʘ ɽɽʉ ʙʝʟ ʢʨʘʪʢʠʭ ʚʦʜʦʚʘ, ʧʦʤʦ˂ʫ Newton-Raphson 

ʠʪʝʨʘʪʠʚʥʝ ʤʝʪʦʜʝ. ʆʚʘʿ ʥʝʣʠʥʝʨʘʥʠ ʩʠʩʪʝʤ ʧʨʝʜʩʪʘʚˀʘ ʙʘʣʘʥʩʥʝ 

ʿʝʜʥʘʯʠʥʝ ʘʢʪʠʚʥʝ ʠ ʨʝʘʢʪʠʚʥʝ ʩʥʘʛʝ ʥʘʧʠʩʘʥʝ ʫ ʭʠʙʨʠʜʥʦʤ ʩʠʩʪʝʤʫ, 

ʿʝʜʥʘʯʠʥʝ (3.1) ʠ (3.2): 
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Ŭi ï ʫʢʫʧʘʥ ʙʨʦʿ ʯʚʦʨʦʚʘ ʧʦʚʝʟʘʥʠʭ ʢʘ ʯʚʦʨʫ i ʫʢˀʫʯʫʿʫ˂ʠ ʠ ʯʚʦʨ i;  



 

 

ʉʪʘʥʢʦ ʇ. ɱʘʥʢʦʚʠ˂, ɸʣʛʦʨʠʪʤʠ ʟʘ ʫʥʘʧʨʝʹeˁ ʝ ʢʦʥʚʝʨʛʝʥʮʠʿʝ ʫ ʧʨʦʨʘʯʫʥʫ ʪʦʢʦʚʘ ʩʥʘʛʘ ʥʘ ʚʝʣʠʢʠʤ ʩʠʤʫʣʘʮʠʦʥʠʤ ʤʦʜʝʣʠʤʘ, ʜʦʢʪʦʨʩʢʘ ʜʠʩʝʨʪʘʮʠʿʘ 
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ɓi ï ʫʢʫʧʘʥ ʙʨʦʿ ʛʨʘʥʘ ʧʦʚʝʟʘʥʠʭ ʠʟʤʝʹʫ ʯʚʦʨʘ i ʠ ʟʝʤˀʝ; 

branch

ijY  ï ʢʦʤʧʣʝʢʩʥʘ ʘʜʤʠʪʘʥʩʘ ʛʨʘʥʝ ʧʦʚʝʟʘʥʝ ʠʟʤʝʹʫ ʯʚʦʨʦʚʘ i ʠ j; 

0

ijY  ï ʢʦʤʧʣʝʢʩʥʘ ʘʜʤʠʪʘʥʩʘ ʛʨʘʥʝ ʧʦʚʝʟʘʥʝ ʠʟʤʝʹʫ ʯʚʦʨʘ i ʠ ʟʝʤˀʝ; 

Vj ï ʥʘʧʦʥ ʯʚʦʨʘ j; 

ɗj ï ʫʛʘʦ ʯʚʦʨʘ j; 

Pgen,i, Qgen,i ï ʫʢʫʧʥʘ ʘʢʪʠʚʥʘ ʠ ʨʝʘʢʪʠʚʥʘ ʩʥʘʛʘ ʛʝʥʝʨʠʩʘʥʘ ʫ ʯʚʦʨʫ i; 

Pload,i, Qload,i ï ʫʢʫʧʥʘ ʘʢʪʠʚʥʘ ʠ ʨʝʘʢʪʠʚʥʘ ʩʥʘʛʘ ʧʦʪʨʦʰˁʝ ʫ ʯʚʦʨʫ i; 

 

ɸʢʦ ʿʝ ʨʝʰʝˁʝ ʥʝʣʠʥʝʘʨʥʦʛ ʩʠʩʪʝʤʘ ʿʝʜʥʘʯʠʥʘ ʠʟ ʧʨʝʪʭʦʜʥʝ ʪʘʯʢʝ ʚʘʣʠʜʥʦ, 

ʩʚʘʢʠ ʩʧʦʿʝʥʠ ʯʚʦʨ ʩʝ ʨʘʟʜʚʘʿʘ. ʌʦʨʤʠʨʘʿʫ ʩʝ ʠ ʨʝʰʘʚʘʿʫ ʜʚʘ ʩʠʩʪʝʤʘ ʣʠʥʝʘʨʥʠʭ 

ʿʝʜʥʘʯʠʥʘ, ʢʘʦ ʫ ʧʨʝʪʭʦʜʥʦ ʜʚʘ ʠʣʫʩʪʨʦʚʘʥʘ ʧʨʠʤʝʨʘ, ʟʘ ʩʚʘʢʠ ʨʘʟʜʚʦʿʝʥʠ 

ʝʢʚʠʚʘʣʝʥʪʥʠ ʯʚʦʨ ʧʦʩʝʙʥʦ. ʋ ʛʝʥʝʨʘʣʠʟʦʚʘʥʦʿ ʬʦʨʤʠ, ʿʝʜʥʘʯʠʥʝ ʥʘʧʠʩʘʥʝ ʫ 

ʩʘʛʣʘʩʥʦʩʪʠ ʩʘ ʧʨʚʠʤ Kirchhoff ʟʘʢʦʥʦʤ ʟʘ ʢʨʘʪʢʝ ʚʦʜʦʚʝ ʬʦʨʤʠʨʘʿʫ ʩʪʘʙʣʦ ʛʨʘʬʘ. 

ʆʚʝ ʿʝʜʥʘʯʠʥʝ ʩʝ ʬʦʨʤʠʨʘʿʫ ʟʘ ʩʚʘʢʠ ʯʚʦʨ ʩʪʘʙʣʘ ʛʨʘʬʘ ʦʩʠʤ ʟʘ ʢʦʨʝʥ ʢʦʿʠ ʩʝ 

ʧʨʦʠʟʚʦˀʥʦ ʩʝʣʝʢʪʫʿʝ. 

 

ä
Í

=

lij

ijP
b

0  (8.1) 

 

ä
Í

=

lij

ijQ
b

0  (8.2) 

 

ɻʜʝ ʿʝ: 

Pij, Qij ï ʪʦʢ ʘʢʪʠʚʥʝ ʠ ʨʝʘʢʪʠʚʥʝ ʩʥʘʛʝ ʢʨʦʟ ʢʨʘʪʢʝ ʚʦʜʦʚʝ ʫ ʦʜʨʝʹʝʥʦʿ ʧʝʪˀʠ. 

ɓl ï ʙʨʦʿ ʢʨʘʪʢʠʭ ʚʦʜʦʚʘ ʢʦʿʠ ʬʦʨʤʠʨʘ ʦʜʨʝʹʝʥʫ ʧʝʪˀʫ. 



 

 

ʉʪʘʥʢʦ ʇ. ɱʘʥʢʦʚʠ˂, ɸʣʛʦʨʠʪʤʠ ʟʘ ʫʥʘʧʨʝʹeˁ ʝ ʢʦʥʚʝʨʛʝʥʮʠʿʝ ʫ ʧʨʦʨʘʯʫʥʫ ʪʦʢʦʚʘ ʩʥʘʛʘ ʥʘ ʚʝʣʠʢʠʤ ʩʠʤʫʣʘʮʠʦʥʠʤ ʤʦʜʝʣʠʤʘ, ʜʦʢʪʦʨʩʢʘ ʜʠʩʝʨʪʘʮʠʿʘ 
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ʉʣʠʢʘ 8.1 ʉʧʘʿʘˁʝ ʯʚʦʨʦʚʘ ʧʦʚʝʟʘʥʠʭ ʢʨʘʪʢʠʤ ʚʦʜʦʚʠʤʘ ʫ ʨʘʟʣʠʯʠʪʠʤ ʜʝʣʦʚʠʤʘ 

ɽɽʉ 

 

ɻʝʥʝʨʘʣʥʘ ʧʨʦʮʝʜʫʨʘ ʿʝ ʧʨʠʢʘʟʘʥʘ ʧʦʤʦ˂ʫ ʠʣʫʩʪʨʦʚʘʥʦʛ ʘʣʛʦʨʠʪʤʘ ʥʘ 

ʩʣʠʮʠ 8.2. 

 



 

 

ʉʪʘʥʢʦ ʇ. ɱʘʥʢʦʚʠ˂, ɸʣʛʦʨʠʪʤʠ ʟʘ ʫʥʘʧʨʝʹeˁ ʝ ʢʦʥʚʝʨʛʝʥʮʠʿʝ ʫ ʧʨʦʨʘʯʫʥʫ ʪʦʢʦʚʘ ʩʥʘʛʘ ʥʘ ʚʝʣʠʢʠʤ ʩʠʤʫʣʘʮʠʦʥʠʤ ʤʦʜʝʣʠʤʘ, ʜʦʢʪʦʨʩʢʘ ʜʠʩʝʨʪʘʮʠʿʘ 
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ʉʣʠʢʘ 8.2 ɸʣʛʦʨʠʪʘʤ ʛʝʥʝʨʘʣʥʦʛ ʧʨʠʩʪʫʧʘ ʥʘ ʚʝʣʠʢʠ ɽɽʉ [44] 

 

8.1 ʈʘʩʧʦʜʝʣʘ ʛʝʥʝʨʠʩʘʥʝ ʨʝʘʢʪʠʚʥʝ ʩʥʘʛʝ ʟʘ ʝʢʚʠʚʘʣʝʥʪʥʠ ʛʝʥʝʨʘʪʦʨ 

 

ɿʘ ʩʣʫʯʘʿ ʜʘ ʥʠʩʫ ʥʘʨʫʰʝʥʘ ʦʛʨʘʥʠʯʝˁʘ ʛʝʥʝʨʠʩʘˁʘ ʨʝʘʢʪʠʚʥʝ ʩʥʘʛʝ ʟʘ 

ʝʢʚʠʚʘʣʝʥʪʥʠ ʛʝʥʝʨʘʪʦʨ, ʛʝʥʝʨʠʩʘʥʘ ʨʝʘʢʪʠʚʥʘ ʩʥʘʛʘ ʝʢʚʠʚʘʣʝʥʪʥʦʛ ʛʝʥʝʨʘʪʦʨʘ ʩʝ 

ʨʘʩʧʦʨʝʹʫʿʝ ʠʟʤʝʹʫ ʩʧʦʿʝʥʠʭ ʛʝʥʝʨʘʪʦʨʘ ʥʘ ʩʣʝʜʝ˂ʠ ʥʘʯʠʥ: 

ʂʦʨʘʢ 1: ʄʦʜʝʣʠ ʟʘ ʧʨʦʨʘʯʫʥ ʪʦʢʦʚʘ ʩʥʘʛʘ ʤʦʛʫ ʩʘʜʨʞʘʪʠ PQ ʯʚʦʨʦʚʝ ʯʠʿʘ ʿʝ 

ʧʨʦʜʫʢʮʠʿʘ ʨʝʘʢʪʠʚʥʝ ʩʥʘʛʝ ʨʘʟʣʠʯʠʪʘ ʦʜ ʥʫʣʝ. ɸʢʦ ʿʝ ʯʚʦʨ, ʢʦʿʠ ʿʝ ʢʦʨʝʥ ʛʨʘʬʘ 



 

 

ʉʪʘʥʢʦ ʇ. ɱʘʥʢʦʚʠ˂, ɸʣʛʦʨʠʪʤʠ ʟʘ ʫʥʘʧʨʝʹeˁ ʝ ʢʦʥʚʝʨʛʝʥʮʠʿʝ ʫ ʧʨʦʨʘʯʫʥʫ ʪʦʢʦʚʘ ʩʥʘʛʘ ʥʘ ʚʝʣʠʢʠʤ ʩʠʤʫʣʘʮʠʦʥʠʤ ʤʦʜʝʣʠʤʘ, ʜʦʢʪʦʨʩʢʘ ʜʠʩʝʨʪʘʮʠʿʘ 
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ʧʨʝʪʭʦʜʥʦ ʧʦʤʝʥʫʪʠ ʪʠʧ ʯʚʦʨʘ, ʥʝʦʧʭʦʜʥʦ ʿʝ ʜʘ ʩʝ ʩʤʘˁʠ ʧʨʦʜʫʢʮʠʿʘ ʨʝʘʢʪʠʚʥʝ 

ʩʥʘʛʝ ʝʢʚʠʚʘʣʝʥʪʥʦʛ ʯʚʦʨʘ ʟʘ ʠʟʥʦʩ ʨʝʘʢʪʠʚʥʝ ʩʥʘʛʝ ʛʝʥʝʨʠʩʘʥ ʦʜ ʯʚʦʨʘ ʢʦʿʠ ʩʝ 

ʥʘʣʘʟʠ ʫ ʢʦʨʝʥʫ ʛʨʘʬʘ. 

 

graphofrootGequGgen QQQ ____ -=  (8.3) 

 

ɻʜʝ ʿʝ: 

QG_equïʧʨʦʜʫʢʮʠʿʘ ʨʝʘʢʪʠʚʥʝ ʩʥʘʛʝ ʝʢʚʠʚʘʣʝʥʪʥʦʛ ʛʝʥʝʨʘʪʦʨʘ 

QG_root_of_graphïʧʨʦʜʫʢʮʠʿʘ ʨʝʘʢʪʠʚʥʝ ʩʥʘʛʝ ʯʚʦʨʘ ʢʦʿʠ ʩʝ ʥʘʣʘʟʠ ʫ ʢʦʨʝʥʫ ʛʨʘʬʘ 

 

ʀʥʠʮʠʿʘʣʥʘ ʧʨʝʪʧʦʩʪʘʚʢʘ ʧʨʦʜʫʢʮʠʿʝ ʩʚʠʭ ʛʝʥʝʨʘʪʦʨʘ ʩʧʦʿʝʥʠʭ ʫ ʝʢʚʠʚʘʣʝʥʪʥʠ 

ʯʚʦʨ ʿʝ: 

 

GensequGgen NQQ /_=  (8.4) 

 

ɻʜʝ ʿʝ: 

NGensïʙʨʦʿ ʛʝʥʝʨʘʪʦʨʘ ʩʧʦʿʝʥʠʭ ʫ ʝʢʚʠʚʘʣʝʥʪʥʠ ʛʝʥʝʨʘʪʦʨ 

ɼʨʫʛʠʤ ʨʝʯʠʤʘ ʛʦʚʦʨʝ˂ʠ, ʠʥʠʮʠʘʿʣʥʘ ʧʨʦʜʫʢʮʠʿʘ ʨʝʘʢʪʠʚʥʝ ʩʥʘʛʝ ʟʘ ʩʚʝ 

ʛʝʥʝʨʘʪʦʨʝ ʩʧʦʿʝʥʝ ʫ ʝʢʚʠʚʘʣʝʥʪʥʠ ʯʚʦʨ ʿʝ ʠʩʪʘ. 

 

ʂʦʨʘʢ 2: ʈʘʜʠ ʩʝ ʧʨʦʚʝʨʘ ʜʘ ʣʠ ʿʝ ʥʘʨʫʰʝʥʦ ʦʛʨʘʥʠʯʝˁʝ ʨʝʘʢʪʠʚʥʝ ʩʥʘʛʝ ʟʘ ʩʚʝ 

ʩʧʦʿʝʥʝ ʛʝʥʝʨʘʪʦʨʝ ʧʨʝʪʧʦʩʪʘʚˀʘʿʫ˂ʠ ʜʘ ʿʝ ʧʨʦʜʫʢʮʠʿʘ ʟʘ ʩʚʘʢʠ ʛʝʥʝʨʘʪʦʨ Qgen. 

ɸʢʦ ʥʠʩʫ ʥʘʨʫʰʝʥʘ ʦʛʨʘʥʠʯʝˁʘ ʨʝʘʢʪʠʚʥʝ ʩʥʘʛʝ ʦʜʨʝʹʝʥʦʛ ʩʧʦʿʝʥʦʛ ʛʝʥʝʨʘʪʦʨʘ, 

ˁʝʛʦʚʘ ʧʨʦʜʫʢʮʠʿʘ ʨʝʘʢʪʠʚʥʝ ʩʥʘʛʝ ʩʝ ʝʩʪʠʤʠʨʘ ʜʘ ʙʫʜʝ Qgen. ɸʢʦ ʩʝ ʧʦʿʘʚʠ ʜʘ ʩʫ 

ʥʘʨʫʰʝʥʘ ʦʛʨʘʥʠʯʝˁʘ ʨʝʘʢʪʠʚʥʠʭ ʩʥʘʛʘ ʫ ʙʠʣʦ ʢʦʤ ʦʜ ʩʧʦʿʝʥʠʭ ʛʝʥʝʨʘʪʦʨʘ, ʪʘʜʘ 



 

 

ʉʪʘʥʢʦ ʇ. ɱʘʥʢʦʚʠ˂, ɸʣʛʦʨʠʪʤʠ ʟʘ ʫʥʘʧʨʝʹeˁ ʝ ʢʦʥʚʝʨʛʝʥʮʠʿʝ ʫ ʧʨʦʨʘʯʫʥʫ ʪʦʢʦʚʘ ʩʥʘʛʘ ʥʘ ʚʝʣʠʢʠʤ ʩʠʤʫʣʘʮʠʦʥʠʤ ʤʦʜʝʣʠʤʘ, ʜʦʢʪʦʨʩʢʘ ʜʠʩʝʨʪʘʮʠʿʘ 
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ʩʝ ʝʩʪʠʤʠʨʘ ʜʘ ʧʨʦʜʫʢʮʠʿʘ ʨʝʘʢʪʠʚʥʝ ʩʥʘʛʝ ʪʦʛ ʛʝʥʝʨʘʪʦʨʘ ʙʫʜʝ ʿʝʜʥʘʢʘ 

ʦʛʨʘʥʠʯʝˁʫ ʨʝʘʢʪʠʚʥʝ ʩʥʘʛʝ ʢʦʿʠ ʿʝ ʥʘʨʫʰʝʥ, ʪʿ. Qj_gen=Qj_upper (lower). ʇʨʦʜʫʢʮʠʿʘ 

ʨʝʘʢʪʠʚʥʝ ʩʥʘʛʝ ʝʢʝʚʠʚʘʣʝʥʪʥʦʛ ʛʝʥʝʨʘʪʦʨʘ ʩʝ ʩʤʘˁʫʿʝ ʟʘ Qj_gen. 

 

genjequGequG QQQ ___ -=  (8.5) 

 

ʈʘʩʧʦʜʝʣʘ ʨʝʘʢʪʠʚʥʝ ʩʥʘʛʝ ʩʝ ʟʘʚʨʰʘʚʘ ʫ ʦʚʦʤ ʢʦʨʘʢʫ ʘʢʦ ʥʝ ʧʦʩʪʦʿʠ ʥʘʨʫʰʝˁʝ 

ʦʛʨʘʥʠʯʝˁʘ ʨʝʘʢʪʠʚʥʝ ʩʥʘʛʝ ʫ ʩʧʦʿʝʥʠʤ ʛʝʥʝʨʘʪʦʨʠʤʘ. 

 

ʂʦʨʘʢ 3: ɸʢʦ ʧʦʩʪʦʿʠ ʥʝʜʦʩʪʘʪʘʢ ʠʣʠ ʚʠʰʘʢ ʧʨʦʜʫʢʮʠʿʝ ʨʝʘʢʪʠʚʥʝ ʩʥʘʛʝ 

ʝʢʚʠʚʘʣʝʥʪʥʦʛ ʛʝʥʝʨʘʪʦʨʘ , ʪʿ. QG_equ ʥʠʿʝ ʿʝʜʥʘʢʦ ʥʫʣʠ, ʢʦʨʠʛʫʿʝ ʩʝ ʝʩʪʠʤʠʨʘʥʘ 

ʧʨʦʜʫʢʮʠʿʘ ʨʝʘʢʪʠʚʥʝ ʩʥʘʛʝ ʩʧʦʿʝʥʠʭ ʛʝʥʝʨʘʪʦʨʘ ʯʠʿʘ ʦʛʨʘʥʠʯʝˁʘ ʨʝʘʢʪʠʚʥʠʭ 

ʩʥʘʛʘ ʥʠʩʫ ʥʘʨʫʰʝʥʘ. ʂʘʦ ʧʨʠʤʝʨ, ʥʝʢʘ ʿʝ QG_equ ʚʝ˂ʝ ʦʜ ʥʫʣʝ ʠ ʧʨʦʜʫʢʮʠʿʘ 

ʨʝʘʢʪʠʚʥʝ ʩʥʘʛʝ ʩʧʦʿʝʥʦʛ ʛʝʥʝʨʘʪʦʨʘ  ʿʿʝ ʫʥʠʪʘʨ ʩʚʦʿʠʭ ʦʛʨʘʥʠʯʝˁʘ ʨʝʘʢʪʠʚʥʠʭ 

ʩʥʘʛʘ., ʪʿ. Qj_lower<Qj_gen<Qj_upper. ʂʦʨʝʢʮʠʿʘ ʧʨʦʜʫʢʮʠʿʝ ʨʝʘʢʪʠʚʥʝ ʩʥʘʛʝ ʛʝʥʝʨʘʪʦʨʘ 

 ʿʿʝ ʝʩʪʠʤʠʨʘʥʘ ʜʘ ʙʫʜʝ æQj_gen=Qj_upperïQj_gen ʘʢʦ ʿʝ æQj_gen ʤʘˁʝ ʠʣʠ ʿʝʜʥʘʢʦ QG_equ 

ʀʥʘʯʝ, æQj_gen ʿʝ ʝʩʪʠʤʠʨʘʥʦ ʜʘ ʙʫʜʝ QG_equ. ʇʨʦʜʫʢʮʠʿʘ ʨʝʘʢʪʠʚʥʝ ʩʥʘʛʝ 

ʝʢʚʠʚʘʣʝʥʪʥʦʛ ʯʚʦʨʘ ʩʝ ʧʦʥʦʚʦ ʨʘʯʫʥʘ ʠ ʪʦ QG_equ= QG_equïæQj_gen. ɸʢʦ QG_equ 

ʧʦʩʪʘʥʝ ʿʝʜʥʘʢʦ ʥʫʣʠ, ʧʨʦʮʝʜʫʨʘ ʿʝ ʟʘʚʨʰʝʥʘ. ʀʥʘʯʝ, ʨʘʜʠ ʩʝ ʢʦʨʝʢʮʠʿʘ 

ʧʨʦʜʫʢʮʠʿʝ ʨʝʘʢʪʠʚʥʝ ʩʥʘʛʝ ʜʨʫʛʠʭ ʩʧʦʿʝʥʠʭ ʛʝʥʝʨʘʪʦʨʘ ʯʠʿʘ ʦʛʨʘʥʠʯʝˁʘ 

ʨʝʘʢʪʠʚʥʝ ʩʥʘʛʝ ʥʠʩʫ ʥʘʨʫʰʝʥʘ ʠ ʧʨʦʮʝʜʫʨʘ ʩʝ ʧʦʥʘʚˀʘ ʩʚʝ ʜʦʢ QG_equ ʧʦʩʪʘʥʝ 

ʿʝʜʥʘʢʦ ʥʫʣʠ. 

ʅʘ ʩʣʠʮʠ 8.3 ʿʝ ʧʨʠʢʘʟʘʥ ʘʣʛʦʨʠʪʘʤ ʢʦʿʠ ʠʣʫʩʪʨʫʿʝ ʧʨʝʪʭʦʜʥʦ ʦʧʠʩʘʥʫ 

ʧʨʦʮʝʜʫʨʫ. ʊʘʢʦʹʝ ʩʫ ʦʟʥʘʯʝʥʘ ʩʚʘ ʪʨʠ ʢʦʨʘʢʘ ʥʘ ʩʣʠʮʠ 8.3. ʀʟʨʘʟ abs(QG_equ) 

ʦʟʥʘʯʘʚʘ ʘʧʩʦʣʫʪʥʫ ʚʨʝʜʥʦʩʪ ʦʜ QG_equ. 

ʇʨʝʟʝʥʪʦʚʘʥʘ ʧʨʦʮʝʜʫʨʘ ʨʘʩʧʦʜʝʣʝ ʨʝʘʢʪʠʚʥʝ ʩʥʘʛʝ ʠʟʤʝʹʫ ʩʧʦʿʝʥʠʭ 

ʛʝʥʝʨʘʪʦʨʘ ʿʝ ʠʪʝʨʘʪʠʚʥʘ. ʀʧʘʢ, ʧʨʦʮʝʜʫʨʘ ʥʝ ʤʦʞʝ ʧʦʩʪʘʪʠ ʥʫʤʝʨʠʯʢʠ 

ʥʝʩʪʘʙʠʣʥʘ ʢʘʦ Newton-Raphsnon ʠʪʝʨʘʪʠʚʥʘ ʧʨʦʮʝʜʫʨʘ. 
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ʉʣʠʢʘ 8.3 ɸʣʛʦʨʠʪʘʤ ʨʘʩʧʦʜʝʣʝ ʨʝʘʢʪʠʚʥʝ ʩʥʘʛʝ ʩʧʦʿʝʥʠʭ ʛʝʥʝʨʘʪʦʨʘ ʫ 

ʝʢʚʠʚʘʣʝʥʪʥʦʤ ʛʝʥʝʨʘʪʦʨʫ [44]  
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9 ʀʄʇʃɽʄɽʅʊɸʎʀɱɸ ɸʃɻʆʈʀʊʄɸ ɿɸ ʇʈʆʈɸʏʋʅ 

ʊʆʂʆɺɸ ʉʅɸɻɸ ʂʈʆɿ ʂʈɸʊʂɽ ɺʆɼʆɺɽ 

 

ʇʨʝʟʝʥʪʦʚʘʥʠ ʧʨʠʩʪʫʧ ʟʘ ʧʨʦʨʘʯʫʥ ʪʦʢʦʚʘ ʩʥʘʛʘ ʢʨʦʟ ʢʨʘʪʢʝ ʚʦʜʦʚʝ ʫ 

ʧʨʝʪʭʦʜʥʠʤ ʧʦʛʣʘʚˀʠʤʘ ʿʝ ʠʤʧʣʝʤʝʥʪʠʨʘʥ ʫ ʧʨʦʛʨʘʤʩʢʠ ʧʘʢʝʪ PSA ʢʦʿʠ ʿʝ 

ʢʦʨʠʰ˂ʝʥ ʫ ʧʦʯʝʪʥʠʤ ʠʩʪʨʘʞʠʚʘˁʠʤʘ ʟʘ ʢʦʦʨʜʠʥʠʩʘʥʫ ʘʫʢʮʠʿʫ ʙʘʟʠʨʘʥʫ ʥʘ 

ʧʨʦʨʘʯʫʥʫ ʤʘʢʩʠʤʘʣʥʦʛ ʪʦʢʘ ʩʥʘʛʝ ʟʘ ʢʘʥʮʝʣʘʨʠʿʫ ʫ ʿʫʛʦʠʩʪʦʯʥʦʿ ɽʚʨʦʧʠ [27]. 

ʇʨʦʛʨʘʤʩʢʠ ʧʘʢʝʪ PSA ʿʝ ʙʠʦ ʪʝʩʪʠʨʘʥ ʩʢʦʨʦ ʥʘ ʩʚʠʤ ENTSO-E ʤʦʜʝʣʠʤʘ ʟʘ 

DACF ʘʥʘʣʠʟʝ ʦʜ ʩʝʧʪʝʤʙʨʘ 2008. ʀʥʪʝʛʨʠʩʘʥʠ ENTSO-E DACF ʤʦʜʝʣʠ ʩʫ ʩʝ 

ʩʚʘʢʦʜʥʝʚʥʦ ʠʟʨʘʹʠʚʘʣʠ ʟʘ ʪʨʠ ʩʧʝʮʠʬʠʯʥʘ ʩʘʪʘ 10:30, 19:30 ʠ 20:30. ʊʠʧʠʯʥʠ 

ʤʦʜʝʣʠ ʟʘ ʧʨʦʨʘʯʫʥ ʪʦʢʦʚʘ ʩʥʘʛʘ ʩʝ ʩʘʩʪʦʿʝ ʦʜ ʦʢʦ 7000 ʯʚʦʨʦʚʘ, 9500 ʚʦʜʦʚʘ ʠ 

1500 ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ ʫʢˀʫʯʫʿʫ˂ʠ ʥʘʧʦʥʩʢʝ ʥʠʚʦʝ 750 kV, 380 (400) kV, 220 kV, 

150 kV ʠ ʩʝʛʤʝʥʪʝ 120 kV ʠ 110 kV ʧʨʝʥʦʩʥʝ ʤʨʝʞʝ ʢʦʥʪʠʥʝʥʪʘʣʥʦʛ ʜʝʣʘ ENTSOï

E ʠʥʪʝʨʢʦʥʝʢʮʠʿʝ. 

ENTSO-E DACF ʤʦʜʝʣʠ ʩʘʜʨʞʝ ʧʝʪˀʝ ʬʦʨʤʠʨʘʥʝ ʦʜ ʩʧʦʿʥʠʭ ʧʦˀʘ ʫ 

ʧʦʩʪʨʦʿʝˁʠʤʘ. ʂʘʦ ʧʨʠʤʝʨ, ʧʦʩʪʦʿʝ ʪʨʠ ʩʘʙʠʨʥʠʮʝ ʥʘʧʦʥʩʢʦʛ ʥʠʚʦʘ 220 kV 

ʧʦʚʝʟʘʥʝ ʩʘ ʪʨʠ ʩʧʦʿʥʘ ʧʦˀʘ ʫ 400/220 kV/kV ʪʨʘʥʩʬʦʨʤʘʪʦʨʩʢʦʿ ʩʪʘʥʠʮʠ 

ʆʙʨʝʥʦʚʘʮ, ʢʦʿʘ ʩʝ ʥʘʣʘʟʠ ʫ ʥʝʧʦʩʨʝʜʥʦʿ ʙʣʠʟʠʥʠ ʪʝʨʤʦʝʣʝʢʪʨʘʥʝ ʅʠʢʦʣʘ ʊʝʩʣʘ ɸ 

ʠ ʧʨʠʢʘʟʘʥʝ ʩʫ ʥʘ ʩʣʠʮʠ 9.1. 

 

 

ʉʣʠʢʘ 9.1 ʉʘʙʠʨʥʠʮʝ ʥʘʧʦʥʩʢʦʛ ʥʠʚʦʘ 220 kV ʫ ʧʦʩʪʨʦʿʝˁʫ ʆʙʨʝʥʦʚʘʮ 

 



 

 

ʉʪʘʥʢʦ ʇ. ɱʘʥʢʦʚʠ˂, ɸʣʛʦʨʠʪʤʠ ʟʘ ʫʥʘʧʨʝʹeˁ ʝ ʢʦʥʚʝʨʛʝʥʮʠʿʝ ʫ ʧʨʦʨʘʯʫʥʫ ʪʦʢʦʚʘ ʩʥʘʛʘ ʥʘ ʚʝʣʠʢʠʤ ʩʠʤʫʣʘʮʠʦʥʠʤ ʤʦʜʝʣʠʤʘ, ʜʦʢʪʦʨʩʢʘ ʜʠʩʝʨʪʘʮʠʿʘ 

52 

ʊʨʠ ʩʘʙʠʨʥʠʮʝ (I, II , ʠ III ) ʠ ʛʝʥʝʨʘʪʦʨʠ G3 ʠ G4 ʧʨʠʢʘʟʘʥʠ ʥʘ ʩʣʠʮʠ 9.1 ʩʝ 

ʩʧʘʿʘʿʫ ʫ ʿʝʜʘʥ ʝʢʚʠʚʘʣʝʥʪʥʠ ʯʚʦʨ ʘʢʦ ʿʝ ʜʝʬʠʥʠʩʘʥʘ ʚʨʝʜʥʦʩʪ 0,001 ʨ.ʿ. ʢʘʦ 

ʧʨʝʣʘʟʥʠ ʧʨʘʛ ʟʘ ʢʨʘʪʢʝ ʚʦʜʦʚʝ. ʆʚʦ ʟʥʘʯʠ ʜʘ ʩʚʠ ʚʦʜʦʚʠ ʯʠʿʘ ʿʝ ʠʤʧʝʜʘʥʩʘ ʤʘˁʘ 

ʠʣʠ ʿʝʜʥʘʢʘ 0,001 ʨ.ʿ. ʩʝ ʪʨʝʪʠʨʘʿʫ ʢʘʦ ʢʨʘʪʢʠ ʚʦʜʦʚʠ. ɻʝʥʝʨʘʪʦʨʠ G1 ʠ G2 ʥʠʩʫ 

ʩʧʦʿʝʥʠ ʟʘʪʦ ʰʪʦ ʠʤʧʝʜʘʥʩʝ ʚʦʜʦʚʘ ʢʦʿʠ ʧʦʚʝʟʫʿʫ ʛʝʥʝʨʘʪʦʨʝ ʥʘ ʩʘʙʠʨʥʠʮʝ ʩʫ ʚʝ˂ʝ 

ʦʜ 0,001 ʨ.ʿ.. ʀʧʘʢ, ʘʢʦ ʿʝ ʩʧʝʮʠʬʠʮʠʨʘʥʘ ʚʨʝʜʥʦʩʪ ʧʨʝʣʘʟʥʦʛ ʧʨʘʛʘ ʟʘ ʢʨʘʪʢʝ 

ʚʦʜʦʚʝ 0,002 ʨ.ʿ., ʩʚʘ ʯʝʪʠʨʠ ʛʝʥʝʨʘʪʦʨʘ ʥʘ ʩʣʠʮʠ 9.1 ʙʠ ʙʠʣʠ ʩʧʦʿʝʥʠ ʫ 

ʝʢʚʠʚʘʣʝʥʪʥʠ ʯʚʦʨ. 

ʋ ʟʘʚʠʩʥʦʩʪʠ ʦʜ ʞʝˀʝ ʢʦʨʠʩʥʠʢʘ ʤʦʛʫ ʩʝ ʩʧʝʮʠʬʠʮʠʨʘʪʠ ʨʘʟʣʠʯʠʪʝ 

ʚʨʝʜʥʦʩʪʠ ʧʨʝʣʘʟʥʦʛ ʧʨʘʛʘ ʟʘ ʢʨʘʪʢʝ ʚʦʜʦʚʝ ʟʘʿʝʜʥʦ ʩʘ ʦʩʪʘʣʠʤ ʧʘʨʘʤʝʪʨʠʤʘ ʟʘ 

ʧʨʦʨʘʯʫʥ ʢʘʦ ʰʪʦ ʿʝ ʤʘʢʩʠʤʘʣʥʠ ʙʨʦʿ ʠʪʝʨʘʮʠʿʘ, ʨʝʣʘʪʠʚʥʘ ʛʨʝʰʢʘ ʪʦʣʝʨʘʥʮʠʿʝ, 

ʢʦʥʚʝʨʟʠʿʘ ʠʟ PV ʫ PQ ʯʚʦʨʦʚʝ ʘʢʦ ʿʝ ʥʘʨʫʰʝʥʦ ʦʛʨʘʥʠʯʝˁʝ ʨʝʘʢʪʠʚʥʝ ʩʥʘʛʝ ʟʘ PV 

ʯʚʦʨʦʚʝ, ʠʪʜ.. ʉʧʝʮʠʬʠʢʘʮʠʿʘ ʧʨʝʣʘʟʥʦʛ ʧʨʘʛʘ ʟʘ ʢʨʘʪʢʝ ʚʦʜʦʚʝ ʿʝ ʜʦʜʘʪʥʘ ʦʧʮʠʿʘ 

ʟʘ ʠʥʞʝˁʝʨʝ ʩʘ ʜʦʙʨʠʤ ʠʩʢʫʩʪʚʦʤ ʫ ʧʨʦʨʘʯʫʥʫ ʪʦʢʦʚʘ ʩʥʘʛʘ ʟʘ ʧʨʝʚʘʟʠʣʘʞʝˁʝ 

ʧʨʦʙʣʝʤʘ ʫ ʢʦʥʚʝʨʛʝʥʮʠʿʠ. 

ɻʫʙʠʮʠ ʘʢʪʠʚʥʝ ʩʥʘʛʝ ʩʫ ʚʝ˂ʠ ʘʢʦ ʿʝ ʚʨʝʜʥʦʩʪ ʧʨʝʣʘʟʥʦʛ ʧʨʘʛʘ ʟʘ ʢʨʘʪʢʝ 

ʚʦʜʦʚʝ ʤʘˁʘ. ɿʘ ʜʝʤʦʥʩʪʨʘʮʠʿʫ ʢʦʣʠʢʦ ʛʫʙʠʮʠ ʘʢʪʠʚʥʝ ʩʥʘʛʝ ʥʘ ʚʝʣʠʢʦʤ ɽɽʉ 

ʚʘʨʠʨʘʿʫ ʫ ʟʘʚʠʩʥʦʩʪʠ ʦʜ ʧʨʝʣʘʟʥʦʛ ʧʨʘʛʘ ʟʘ ʢʨʘʪʢʝ ʚʦʜʦʚʝ ʫʧʦʪʨʝʙˀʝʥ ʿʝ ENTSO-

E DACF ʤʦʜʝʣ ʟʘ ʧʨʦʨʘʯʫʥ ʪʦʢʦʚʘ ʩʥʘʛʘ ʦʜ 10.11.2009. ʟʘ 19:30. ʆʚʘʿ ʤʦʝʣ ʩʘʜʨʞʠ 

7120 ʯʚʦʨʦʚʘ, 9376 ʚʦʜʦʚʘ ʠ 1427 ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ. ɻʫʙʠʮʠ ʘʢʪʠʚʥʝ ʩʥʘʛʝ ʟʘ 

ʨʘʟʣʠʯʠʪʝ ʚʨʝʜʥʦʩʪʠ ʧʨʝʣʘʟʥʦʛ ʧʨʘʛʘ ʟʘ ʢʨʘʪʢʝ ʚʦʜʦʚʝ ʩʫ ʧʨʠʢʘʟʘʥʠ ʫ ʪʘʙʣʠ 9.1. 

ʅʘ ʩʣʠʮʠ 9.2 ʿʝ ʜʘʪ ʜʠʿʘʛʨʘʤ ʛʫʙʠʪʘʢʘ ʘʢʪʠʚʥʝ ʩʥʘʛʝ. 

ʂʘʦ ʰʪʦ ʩʝ ʚʠʜʠ ʫ ʪʘʙʝʣʠ 9.1 ʧʦʩʪʦʿʝ ʩʢʦʨʦ ʟʘʥʝʤʘʨˀʠʚʝ ʨʘʟʣʠʢʝ ʦʜ 0,02% 

ʠʟʤʝʹʫ ʛʫʙʠʪʘʢʘ ʘʢʪʠʚʥʝ ʩʥʘʛʝ ʟʘ ʚʝʣʠʢʝ ɽɽʉ ʘʢʦ ʩʝ ʧʨʝʣʘʟʥʠ ʧʨʘʛ ʟʘ ʪʦʢʦʚʝ ʩʥʘʛʝ 

ʠʟʘʙʝʨʝ ʠʟʤʝʹʫ 0,0001 ʨ.ʿ. ʠ 0,002 ʨ.ʿ.. ʆʚʜʝ ʩʝ ʤʦʞʝ ʥʘʟʥʘʯʠʪʠ ʜʘ ʛʫʙʠʮʠ ʢʨʘʪʢʠʭ 

ʚʦʜʦʚʘ ʤʦʛʫ ʙʠʪʠ ʠʟʨʘʯʫʥʘʪʠ ʧʦʤʦ˂ʫ ʫʤʥʦʰʢʘ ˁʠʭʦʚʠʭ ʢʚʘʜʨʘʪʘ ʩʪʨʫʿʘ ʠ 

ʨʝʟʠʩʪʘʥʩʠ. ʀʧʘʢ, ʦʚʠ ʛʫʙʠʮʠ ʥʠʩʫ ʧʦʢʨʠʚʝʥʠ ʧʨʦʨʘʯʫʥʦʤ ʛʝʥʝʨʘʮʠʿʝ ʩʥʘʛʝ ʠ 

ˁʠʭʦʚʘ ʠʥʢʣʫʟʠʿʘ ʙʠ ʤʦʛʣʘ ʜʘ ʥʘʨʫʰʠ ʙʘʣʘʥʩ ʠʟʤʝʹʫ ʛʝʥʝʨʠʩʘʥʝ ʩʥʘʛʝ ʩʘ ʿʝʜʥʝ 

ʩʪʨʘʥʝ ʠ ʛʫʙʠʪʘʢʘ ʟʘʿʝʜʥʦ ʩʘ ʧʦʪʨʦʰˁʦʤ ʩʘ ʜʨʫʛʝ ʩʪʨʘʥʝ. 
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ʊʘʙʝʣʘ 9.1 ɻʫʙʠʮʠ ʘʢʪʠʚʥʝ ʩʥʘʛʝ ɽɽʉ ʟʘ ʨʘʟʣʠʯʠʪʝ ʚʨʝʜʥʦʩʪʠ ʧʨʝʣʘʟʥʦʛ ʧʨʘʛʘ ʟʘ 

ʢʨʘʪʢʝ ʚʦʜʦʚʝ 

ʇʨʝʣʘʟʥʠ ʧʨʘʛ ʟʘ 

ʢʨʘʪʢʝ ʚʦʜʦʚʝ 

[ʨ.ʿ.] 

ɻʫʙʠʮʠ 

ʘʢʪʠʚʥʝ ʩʥʘʛʝ 

[MW]  

ɻʫʙʠʮʠ 

ʘʢʪʠʚʥʝ ʩʥʘʛʝ 

[%] 

0,0001 4933 1,966 

0,0002 4903 1,954 

0,0005 4890 1,949 

0,001 4885 1,947 

0,002 4870 1,941 

0,005 4646 1,851 

0,008 4067 1,621 

0,01 3583 1,428 

 

 

ʉʣʠʢʘ 9.2 ɻʫʙʠʮʠ ʘʢʪʠʚʥʝ ʩʥʘʛʝ ʟʘ ʨʘʟʣʠʯʠʪʝ ʜʝʬʠʥʠʩʘʥʝ ʧʨʝʣʘʟʥʝ ʧʨʘʛʦʚʝ 

ʢʨʘʪʢʠʭ ʚʦʜʦʚʘ [44] 

 

ʇʨʦʨʘʯʫʥ ʪʦʢʦʚʘ ʩʥʘʛʘ ʥʝ ʢʦʥʚʝʨʛʠʨʘ ʟʘ ʧʨʝʪʭʦʜʥʠ ʧʦʤʝʥʫʪʠ ENTSO-E 

ʤʦʜʝʣ ʘʢʦ ʿʝ ʧʨʝʣʘʟʥʠ ʧʨʘʛ ʟʘ ʢʨʘʪʢʝ ʚʦʜʦʚʝ ʤʘˁʠ ʦʜ 0,0001 ʨ.ʿ.. ʉʣʠʯʥʦ ʛʦʚʦʨʝ˂ʠ, 

ʥʝ ʧʦʩʪʦʿʠ ʢʦʥʚʝʨʛʝʥʮʠʿʘ ʫ ʧʨʦʨʘʯʫʥʫ ʪʦʢʦʚʘ ʩʥʘʛʘ ʘʢʦ ʩʫ ʢʨʘʪʢʠ ʚʦʜʦʚʠ 

ʤʦʜʝʣʦʚʘʥʠ ʢʘʦ ʠʤʧʝʜʘʥʩʝ ʿʝʜʥʘʢʝ ʠʣʠ ʤʘˁʝ ʦʜ 0,0001 ʨ.ʿ.. 

ɿʘʚʠʩʥʦʩʪ ʙʨʦʘʿ Newton-Raphson ʠʪʝʨʘʮʠʿʘ ʦʜ ʧʨʝʣʘʟʥʦʛ ʧʨʘʛʘ ʟʘ ʢʨʘʪʢʝ 

ʚʦʜʦʚʝ ʜʘʪʘ ʿʝ ʫ ʪʘʙʝʣʠ 9.2. ɹʨʦʿ ʟʘʭʪʝʚʘʥʠʭ ʠʪʝʨʘʮʠʿʘ ʢʦʿʠ ʿʝ ʧʦʪʨʝʙʘʥ ʜʘ ʙʠ ʩʝ 

ʜʦʩʪʠʛʣʘ ʢʦʥʚʝʨʛʝʥʮʠʿʘ ʫ ʧʨʦʨʘʯʫʥʫ ʪʦʢʦʚʘ ʩʥʘʛʘ ʟʘ ʩʧʝʮʠʬʠʮʠʨʘʥʠ ʧʨʝʣʘʟʥʠ 

ʧʨʘʛ ʟʘ ʢʨʘʪʢʝ ʚʦʜʦʚʝ ʦʜ 0,001 ʨ.ʿ. ʿʝ ʩʢʦʨʦ ʫʚʝʢ ʜʚʘ ʧʫʪʘ ʤʘˁʘ ʥʝʛʦ 0,0001 ʨ.ʿ.. 

ʊʦʢʦʚʠ ʘʢʪʠʚʥʝ ʠ ʨʝʘʢʪʠʚʥʝ ʩʥʘʛʝ ʢʨʦʟ 400 kV ʠʥʪʝʨʢʦʥʝʢʪʠʚʥʠ ʚʦʜ ʠʟʤʝʹʫ 
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ɹʫʛʘʨʩʢʝ ʠ ʉʨʙʠʿʝ, ʉʦʬʠʿʘ ï ʅʠʰ, ʿʝ ʜʘʪ ʫ ʪʘʙʝʣʠ 9.2 ʢʘʦ ʠ ʚʨʝʜʥʦʩʪ ʥʘʧʦʥʘ 

ʩʘʙʠʨʥʠʮʘ 400 kV ʫ ʧʦʩʪʨʦʿʝˁʫ ʉʦʬʠʿʘ. ʇʨʦʤʝʥʘ ʚʝʣʠʯʠʥʝ ʥʘʧʦʥʘ ʿʝ ʟʘʥʝʤʘʨˀʠʚʘ 

ʘʢʦ ʿʝ ʧʨʝʣʘʟʥʠ ʧʨʘʛ ʟʘ ʢʨʘʪʢʝ ʚʦʜʦʚʝ ʩʢʘʣʠʨʘʥ ʠʟʤʝʹʫ 0,0001 ʨ.ʿ. ʠ 0,01 ʨ.ʿ.. 

ʊʦʢʦʚʠ ʘʢʪʠʚʥʝ ʠ ʨʝʘʢʪʠʚʥʝ ʩʥʘʛʝ ʢʨʦʟ ʠʥʪʝʨʢʦʥʝʢʪʠʚʥʠ ʚʦʜ ʩʝ ʤʝˁʘ ʟʘ ʤʘˁʝ ʦʜ 

0,5% ʨʘʟʤʘʪʨʘʿʫ˂ʠ ʧʨʝʣʘʟʥʠ ʧʨʘʛ ʟʘ ʢʨʘʪʢʝ ʚʦʜʦʚʝ ʫ ʦʧʩʝʛʫ ʠʟʤʝʹʫ 0,0001 ʨ.ʿ. ʠ 

0,002 ʨ.ʿ.. 

 

ʊʘʙʝʣʘ 9.2 ɹʨʦʿ Newton-Raphson ʠʪʝʨʘʮʠʿʘ, ʥʘʧʦʥʠ ʫ ʧʦʩʪʨʦʿʝˁʫ ʉʦʬʠʿʘ ʠ ʪʦʢʦʚʠ 

ʩʥʘʛʘ ʢʨʦʟ ʚʦʜ ʉʦʬʠʿʘ ï ʅʠʰ ʟʘ ʨʘʟʣʠʯʠʪ ʜʝʬʠʥʠʩʘʥ ʧʨʝʣʘʟʥʠ ʧʨʘʛ ʟʘ ʢʨʘʪʢʝ 

ʚʦʜʦʚʝ 

ʇʨʝʣʘʟʥʠ ʧʨʘʛ ʟʘ 

ʢʨʘʪʢʝ ʚʦʜʦʚʝ [ʨ.ʿ.] 

ɹʨʦʿ 

ʠʪʝʨʘʮʠʿʘ 

U 

[kV]  

P/Q 

[MW/MVAr ] 

0,0001 20 410,52 509,5/119,6 

0,0002 15 410,52 508,7/119,5 

0,0005 12 410,52 507,6/119,4 

0,001 11 410,50 507,7/119,3 

0,002 11 410,54 507,4/117,0 

0,005 10 410,51 502,5/115,8 

0,008 9 410,23 476,5/109,5 

0,01 8 410,00 443,3/103,1 

 

ɼʠʿʘʛʨʘʤ ʟʘʚʠʩʥʦʩʪʠ ʙʨʦʿʘ ʯʚʦʨʦʚʘ Newton-Raphson ʠʪʝʨʘʮʠʿʘ ʦʜ 

ʚʨʝʜʥʦʩʪʠ ʧʨʝʣʘʟʥʦʛ ʧʨʘʛʘ ʟʘ ʢʨʘʪʢʝ ʚʦʜʦʚʝ ʿʝ ʜʘʪ ʥʘ ʩʣʠʮʠ 9.3 

 

ʉʣʠʢʘ 9.3 ɿʘʚʠʩʥʦʩʪ ʙʨʦʿʘ Newton-Raphson ʠʪʝʨʘʮʠʿʘ ʦʜ ʨʘʟʣʠʯʠʪʝ ʚʨʝʜʥʦʩʪʠ 

ʧʨʝʣʘʟʥʦʛ ʧʨʘʛʘ ʟʘ ʢʨʘʪʢʝ ʚʦʜʦʚʝ [44] 
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ʇʦʢʘʟʘʥʦ ʿʝ ʢʨʦʟ ʩʚʘʢʦʜʥʝʚʥʫ ʧʨʘʢʩʫ ʜʘ ʿʝ ʚʨʝʜʥʦʩʪ 0,001 ʨ.ʿ. ʢʦʤʧʨʦʤʠʩ 

ʠʟʤʝʹʫ ʧʨʝʮʠʟʥʦʩʪʠ ʧʨʦʨʘʯʫʥʘ ʠ ʧʦʩʪʠʛʥʫʪʝ ʢʦʥʚʝʨʛʝʥʮʠʿʝ ʟʘ ʩʚʝ ENTSO-E 

DACF ʤʦʜʝʣʝ ʠ ʤʦʜʝʣʝ ʟʘ DACF ʘʥʘʣʠʟʝ ʟʘ ʿʫʛʦʠʩʪʦʯʥʫ ɽʚʨʦʧʫ. 

ʂʘʦ ʜʦʜʘʪʘʢ ʠʥʪʝʨʥʠʤ ʚʦʜʦʚʠʤʘ, ʢʦʿʠ ʩʝ ʧʦʿʘʚˀʫʿʫ ʩʘ ʤʘʣʠʤ ʠʤʧʝʜʘʥʩʘʤʘ, 

ʧʦʩʪʦʿʝ ʥʝʢʠ ʠʥʪʝʨʢʦʥʝʢʪʠʚʥʠ ʚʦʜʦʚʠ ʩʘ ʤʘʣʠʤ ʠʤʧʝʜʘʥʩʘʤʘ ʢʘʦ ʰʪʦ ʿʝ ɫʝʨʜʘʧ ï 

ʇʦʨʮʠʣʝ ʜʝ ʌʠʝʨ, ʠʟʤʝʹʫ ʉʨʙʠʿʝ ʠ ʈʫʤʫʥʠʿʝ. ʂʘʦ ʧʨʠʤʝʨ, ʘʢʦ ʩʝ ʩʧʝʮʠʬʠʮʠʨʘ 

ʚʨʝʜʥʦʩʪ ʟʘ ʧʨʝʣʘʟʥʠ ʧʨʘʛ ʟʘ ʢʨʘʪʢʝ ʚʦʜʦʚʝ ʦʜ 0,001 ʨ.ʿ., ʠʟ ʨʘʟʣʦʛʘ ʰʪʦ ʩʝ ʛʫʙʠʮʠ 

ʥʘ ʠʥʪʝʨʢʦʥʝʢʪʠʚʥʠʤ ʚʦʜʦʚʠʤʘ ʜʝʣʝ ʠʟʤʝʹʫ ʦʧʝʨʘʪʦʨʘ ʧʨʝʥʦʩʥʠʭ ʩʠʩʪʝʤʘ, 

ʫʦʙʠʯʘʿʝʥʦ ʠ ʥʝʦʧʭʦʜʥʦ ʿʝ ʜʘ ʠʥʪʝʢʦʥʝʢʪʠʚʥʠ ʚʦʜʦʚʠ ʙʫʜʫ ʦʜʩʪʨʘˁʝʥʠ ʠ 

ʪʨʝʪʠʨʘʥʠ ʢʘʦ ʢʨʘʪʢʠ ʚʦʜʦʚʠ. ʂʘʦ ʧʦʩʣʝʜʠʮʘ, ʦʥʠ ʩʫ ʪʨʝʪʠʨʘʥʠ ʢʘʦ ʨʝʘʣʥʠ ʚʦʜʦʚʠ 

ʠʘʢʦ ʿʝ ˁʠʭʦʚʘ ʠʤʧʝʜʘʥʩʘ ʠʩʧʦʜ ʩʧʝʮʠʬʠʮʠʨʘʥʝ ʚʨʝʜʥʦʩʪʠ ʧʨʝʣʘʟʥʦʛ ʧʨʘʛʘ ʟʘ 

ʢʨʘʪʢʝ ʚʦʜʦʚʝ. 
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10 ɿɸʂɲʋʏɸʂ 

 

ʋ ʜʠʩʝʨʪʘʮʠʿʝ ʿʝ ʧʨʝʟʝʥʪʦʚʘʥ ʢʦʤʙʠʥʦʚʘʥʠ Newton-Raphson ʤʝʪʦʜ ʙʘʟʠʨʘʥ 

ʥʘ ʢʦʥʪʨʦʣʠ ʩʪʦʧʝ ʢʦʥʚʝʨʛʝʥʮʠʿʝ ʢʘʦ ʠ ʨʝʟʫʣʪʘʪʠ ʧʨʠʤʝʥʝ ʦʚʝ ʤʝʪʦʜʝ ʥʘ ʚʝʣʠʢʠʤ 

ʩʠʩʪʝʤʠʤʘ. ʋ ʮʠˀʫ ʜʘ ʩʝ ʧʦʢʘʞʝ ʧʨʝʜʥʦʩʪ ʦʚʝ ʤʝʪʦʜʝ ʠʟʚʝʜʝʥʘ ʿʝ ʢʦʤʧʘʨʘʪʠʚʥʘ 

ʘʥʘʣʠʟʘ ʫʟʠʤʘʿʫ˂ʠ ʫ ʦʙʟʠʨ ʛʝʥʝʨʠʯʢʫ, ʤʦʜʠʬʠʢʦʚʘʥʫ, Shamanskii ʠ ʢʦʤʙʠʥʦʚʘʥʫ 

Newton-Raphson ʤʝʪʦʜʫ. ʉʚʝ ʯʝʪʠʨʠ Newton-Raphson ʤʝʪʦʜʝ ʩʫ ʧʨʠʤʝˁʝʥʝ ʥʘ 

ʤʦʜʝʣʠʤʘ ʟʘ ʧʨʦʨʘʯʫʥ ʪʦʢʦʚʘ ʩʥʘʛʘ ʨʘʟʣʠʯʠʪʠʭ ʜʠʤʝʥʟʠʿʘ (ʜʦ 20000 ʯʦʚʦʨʦʚʘ) ʫ 

ʮʠˀʫ ʧʦʨʝʹʝˁʘ ˁʠʭʦʚʠʭ ʢʘʨʘʢʪʝʨʠʩʪʠʢʘ. 

ʊʘʢʦʹʝ ʿʝ ʧʨʝʟʝʥʪʦʚʘʥ ʫʪʠʮʘʿ ʩʧʝʮʠʬʠʮʠʨʘʥʦʛ ʧʨʝʣʘʟʥʦʛ ʧʨʘʛʘ ʟʘʥʝʤʘʨʝˁʘ 

ʥʘ ʩʪʦʧʫ ʢʦʥʚʝʨʛʝʥʮʠʿʝ, ʚʨʝʤʝ ʧʨʦʨʘʯʫʥʘ ʠ ʙʨʦʿ ʠʪʝʨʘʮʠʿʘ ʟʘ ʩʚʝ ʯʝʪʠʨʠ ʤʝʪʦʜʝ. 

ʇʦʢʘʟʘʥʦ ʿʝ ʜʘ ʧʘʨʘʤʝʪʨʠ ʧʨʦʨʘʯʫʥʘ ʜʠʨʝʢʪʥʦ ʫʪʠʯʫ ʥʘ ʪʘʯʥʦʩʪ LU 

ʜʝʢʦʤʧʦʟʠʮʠʿʝ Jacobian ʤʘʪʨʠʮʝ ʠ ʚʨʝʤʝ ʧʨʦʨʘʯʫʥʘ. 

ʂʦʤʙʠʥʦʚʘʥʘ Newton-Raphson ʤʝʪʦʜʘ ʟʥʘʯʘʿʥʦ ʨʝʜʫʢʫʿʝ ʚʨʝʤʝ ʧʨʦʨʘʯʫʥʘ ʫ 

ʧʦʨʝʹʝˁʫ ʩʘ ʛʝʥʝʨʠʯʢʦʤ Newton-Raphson ʤʝʪʦʜʦʤ ʠ ʧʨʠ ʪʦʤ ʩʝ ʥʝ ʥʘʨʫʰʘʚʘ 

ʢʦʥʚʝʨʛʝʥʮʠʿʘ ʠʪʝʨʘʪʠʚʥʝ ʧʨʦʮʝʜʫʨʝ. ʆʚʦ ʿʝ ʪʘʢʦʹʝ ʚʘʞʥʦ ʢʘʜʘ ʩʝ ʠʟʚʦʜʠ ʘʥʘʣʠʟʘ 

ʥʝʧʨʝʜʚʠʹʝʥʠʭ ʩʠʪʫʘʮʠʿʘ ʫʟʠʤʘʿʫ˂ʠ ʫ ʦʙʟʠʨ ʚʝʣʠʢʝ ʤʦʜʝʣʝ ʟʘ ʧʨʦʨʘʯʫʥ ʪʦʢʦʚʘ 

ʩʥʘʛʘ ʠ ʚʝʣʠʢʫ ʣʠʩʪʫ ʠʩʧʘʜʘ. 

ɼʠʩʝʨʪʘʮʠʿʘ ʧʦʢʘʟʫʿʝ ʜʘ ʿʝ ʢʦʤʙʠʥʦʚʘʥʘ Newton-Raphson ʤʝʪʦʜʘ ʙʘʟʠʨʘʥʘ 

ʥʘ ʢʦʥʪʨʦʣʠ ʢʦʥʚʝʨʛʝʥʮʠʿʝ ʢʦʤʧʨʦʤʠʩ ʠʟʤʝʹʫ ʢʦʥʚʝʨʛʝʥʮʠʿʝ ʠ ʢʨʠʪʠʯʥʦʛ ʚʨʝʤʝʥʘ 

ʧʨʦʨʘʯʫʥʘ, ʩʧʝʮʠʿʘʣʥʦ ʢʘʜʘ ʩʝ ʧʨʠʤʝˁʫʿʝ ʥʘ ʚʝʣʠʢʠʤ ɽɽʉ. 

ʆʚʘ ʜʠʩʝʨʪʘʮʠʿʘ ʧʨʝʟʝʥʪʫʿʝ ʧʨʠʩʪʫʧ ʨʝʰʝˁʘ ʧʨʦʨʘʯʫʥʘ ʪʦʢʦʚʘ ʩʥʘʛʝ ʥʘ 

ʚʝʣʠʢʠʤ ɽɽʉ ʩʘ ʚʝʣʠʢʠʤ ʙʨʦʿ ʝʤ ʢʨʘʪʢʠʭ ʚʦʜʦʚʘ ʢʦʿʠ ʙʠ ʤʦʛʣʠ ʙʠʪʠ ʫʟʨʦʢ 

ʜʠʚʝʨʛʝʥʮʠʿʝ ʫ ʧʨʦʨʘʯʫʥʫ ʪʦʢʦʚʘ ʩʥʘʛʘ. ʇʦʢʘʟʘʥʦ ʿʝ ʢʘʢʦ ʪʦʢʦʚʠ ʩʥʘʛʝ ʢʨʦʟ ʢʨʘʪʢʝ 

ʚʦʜʦʚʝ ʤʦʛʫ ʙʠʪʠ ʠʟʨʘʯʫʥʘʪʠ ʫ ʿʝʜʥʦʤ ʢʦʨʘʢʫ ʧʦʤʦ˂ʫ ʣʠʥʝʘʨʥʦʛ ʩʠʩʪʝʤʘ 

ʿʝʜʥʘʯʠʥʘ ʦʜʚʦʿʝʥʦ ʦʜ ʥʝʣʠʥʝʘʨʥoʛ ʠʪʝʨʘʪʠʚʥʦʛ Newton-Raphson ʧʨʦʨʘʯʫʥʘ. 

ʇʨʝʟʝʥʪʦʚʘʥʘ ʿʝ ʧʨʘʢʪʠʯʥʘ ʧʨʠʤʝʥʘ ʠʤʧʣʝʤʝʥʪʘʮʠʿʝ ʦʚʦʛ ʧʨʠʩʪʫʧʘ ʫ 

ʧʨʦʛʨʘʤʩʢʦʤ ʧʘʢʝʪ PSA ʢʘʦ ʠ ʨʝʟʫʣʪʘʪʠ ʠʟ ʧʨʦʨʘʯʫʥʘ ʪʦʢʦʚʘ ʩʥʘʛʘ ʢʦʨʠʩʪʝ˂ʠ ʩʝ 
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ENTSO-E DACF ʤʦʜʝʣʦʤ. ʂʘʦ ʜʦʜʘʪʘʢ, ʧʦʢʘʟʘʥʦ ʿʝ ʢʘʢʦ ʧʨʝʧʦʨʫʯʝʥʝ ʚʨʝʜʥʦʩʪʠ 

ʧʨʝʣʘʟʥʦʛ ʧʨʘʛʘ ʟʘ ʢʨʘʪʢʝ ʚʦʜʦʚʝ ʟʘ ʚʝʣʠʢʝ ɽɽʉ, ʪʿ. ENTSO-E ʠʥʪʝʨʢʦʥʝʢʮʠʿʫ, 

ʤʦʛʫ ʙʠʪʠ ʝʩʪʠʤʠʨʘʥʝ ʫʟʠʤʘʿʫ˂ʠ ʫ ʦʙʟʠʨ ʥʠʚʦ ʛʫʙʠʪʘʢʘ ʘʢʪʠʚʥʝ ʩʥʘʛʝ. 

ʊʦʢʦʚʠ ʩʥʘʛʝ ʢʨʦʟ ʢʨʘʪʢʝ ʚʦʜʦʚʝ ʩʫ ʪʘʯʥʦ ʧʨʦʨʘʯʫʥʘʪʠ ʧʦʤʦ˂ʫ ʧʨʠʤʝʥʝ 

ʧʨʝʜʣʦʞʝʥʦʛ ʧʨʠʩʪʫʧʘ ʘʢʦ ʩʫ ʿʝʜʥʘʢʝ ʠʤʧʝʜʘʥʩʝ ʢʨʘʪʢʠʭ ʚʦʜʦʚʘ, ʰʪʦ ʿʝ ʩʣʫʯʘʿ ʩʘ 

ʩʘʙʠʨʥʠʯʢʠʤ ʩʧʦʿʥʠʤ ʧʦˀʠʤʘ. ʇʨʠʙʣʠʞʥʦ ʨʝʰʝˁʝ ʩʝ ʜʦʙʠʿʘ ʘʢʦ ʠʤʧʝʜʘʥʩʝ 

ʢʨʘʪʠʭ ʚʦʜʦʚʘ ʥʠʩʫ ʿʝʜʥʘʢʝ. ʀʧʘʢ, ʦʚʦ ʧʨʠʙʣʠʞʥʦ ʨʝʰʝˁʝ ʿʝ ʙʣʠʟʫ ʪʘʯʥʦʤ ʫ 

ʚʝ˂ʠʥʠ ʩʣʫʯʘʿʝʚʘ. ɿʘ ʩʣʫʯʘʿ, ʢʘʦ ʰʪʦ ʿʝ ʧʨʠʢʘʟʘʥ ʥʘ ʩʣʠʮʠ 9.1, ʪʦʢʦʚʠ ʩʥʘʛʘ ʢʨʦʟ 

ʢʨʘʪʢʝ ʚʦʜʦʚʝ ʩʫ ʪʘʯʥʦ ʠʟʨʘʯʫʥʘʪʠ ʠʘʢʦ ʠʤʧʝʜʘʥʩʝ ʢʨʘʪʢʠʭ ʚʦʜʦʚʘ ʥʠʩʫ ʿʝʜʥʘʢʝ. 

ʋʧʦʪʨʝʙʘ ʦʚʜʝ ʧʨʝʟʝʥʪʦʚʘʥʦʛ ʧʨʠʩʪʫʧʘ ʯʠʥʠ ʧʨʦʨʘʯʫʥ ʪʦʢʦʚʘ ʩʥʘʛʘ ʚʠʰʝ 

ʦʪʧʦʨʥʠʿʠʤ ʥʘ ʧʨʦʙʣʝʤʝ ʜʠʚʝʨʛʝʥʮʠʿʝ ʫʟʨʦʢʦʚʘʥʠʭ ʢʨʘʪʢʠʤ ʚʦʜʦʚʠʤʘ. ʆʚʦ ʿʝ 

ʚʝʦʤʘ ʧʦʛʦʜʥʦ ʟʘ DACF ʤʦʜʝʣʝ ʟʘ ʧʨʦʨʘʯʫʥ ʪʦʢʦʚʘ ʩʥʘʛʘ ʢʦʿʠ ʩʝ ʧʨʘʚʝ ʥʘ 

ʩʚʘʢʦʜʥʝʚʥʦʤ ʥʠʚʦʫ, ʥʘʨʦʯʠʪʦ ʟʙʦʛ DACF ʤʦʜʝʣʘ ʟʘ ʧʨʦʨʘʯʫʥ ʪʦʢʦʚʘ ʩʥʘʛʘ ʢʦʿʠ 

˂ʝ ʙʠʪʠ ʧʨʘʚˀʝʥʠ ʟʘ ʩʚʠʭ 24 ʩʘʪʘ ʪʦʢʦʤ ʜʘʥʘ. 
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ʇʨʠʣʦʛ 1. 

 

ʄʝʪʦʜoʣʦʛʠʿʘ ʟʘʩʥʦʚʘʥʘ ʥʘ ʧʨʦʨʘʯʫʥʫ ʅʝʪʦ ʧʨʝʥʦʩʥʠʭ 

ʢʘʧʘʮʠʪʝʪʘ (NTC) 

 

ʇʨʦʮʝʜʫʨʘ ʟʘ ʫʧʨʘʚˀʘˁʝ ʟʘʛʫʰʝˁʠʤʘ (ʧʨʝʦʧʪʝʨʝ˂ʝˁʠʤʘ) ʢʦʿʘ ʩʝ ʜʘʥʘʩ 

ʢʦʨʠʩʪʠ ʫ ʚʝ˂ʠʥʠ ʝʚʨʦʧʩʢʠʭ ʟʝʤʘˀʘ ʩʘʩʪʦʿʠ ʩʝ ʦʜ ʪʨʠ ʚʨʝʤʝʥʩʢʠ ʦʜʚʦʿʝʥʘ ʢʦʨʘʢʘ. 

ʇʨʚʠ ʢʦʨʘʢ ʙʘʟʠʨʘʥ ʿʝ ʥʘ ʘʣʦʢʘʮʠʿʠ ʢʘʧʘʮʠʪʝʪʘ, ʪʿ. ʧʨʦʨʘʯʫʥʫ ʧʨʝʢʦʛʨʘʥʠʯʥʠʭ 

ʧʨʝʥʦʩʥʠʭ ʢʘʧʘʮʠʪʝʪʘ. ʂʘʦ ʦʩʥʦʚʥʠ ʢʨʠʪʝʨʠʿʫʤ ʧʨʠ ʜʘʪʦʤ ʧʨʦʨʘʯʫʥʫ ʧʨʠʤʝˁʫʿʝ 

ʩʝ N-1 ʢʨʠʪʝʨʠʿʫʤ ʩʠʛʫʨʥʦʩʪʠ. ʇʨʝʥʦʩʥʠ ʢʘʧʘʮʠʪʝʪʠ ʧʨʝʥʦʩʥʠʭ ʩʠʩʪʝʤʘ ʩʝ 

ʨʘʯʫʥʘʿʫ ʥʘ ʤʝʩʝʯʥʦʤ ʥʠʚʦʫ ʠ ʪʦ ʜʚʘ ʤʝʩʝʮʘ ʫʥʘʧʨʝʜ. ɼʨʫʛʠ ʢʦʨʘʢ ʿʝ ʚʝʟʘʥ ʟʘ 

DACF ʧʨʦʮʝʜʫʨʫ ʢʦʿʦʤ ʩʝ ʜʘʥ ʫʥʘʧʨʝʜ ʧʨʦʚʝʨʘʚʘ N-1 ʢʨʠʪʝʨʠʿʫʤ ʩʠʛʫʨʥʦʩʪʠ ʥʘ 

ʩʧʦʿʝʥʦʤ ʤʘʪʝʤʘʪʠʯʢʦʤ ʤʦʜʝʣʫ ʧʨʝʥʦʩʥʠʭ ʩʠʩʪʝʤʘ. ʊʨʝ˂ʠ ʢʦʨʘʢ ʚʝʟʘʥ ʿʝ ʟʘ 

ʜʠʩʧʝʯʝʨʩʢʝ ʘʢʮʠʿʝ ʫ ʨʝʘʣʥʦʤ ʚʨʝʤʝʥʫ. ʇʨʠʥʮʠʧ ʧʨʦʨʘʯʫʥʘ ʧʨʝʢʦʛʨʘʥʠʯʥʠʭ 

ʧʨʝʥʦʩʥʠʭ ʢʘʧʘʮʠʪʝʪʘ ʠʟʤʝʹʫ ʩʫʩʝʜʥʠʭ ʩʠʩʪʝʤʘ ʧʦʜʨʘʟʫʤʝʚʘ ʧʦʩʪʝʧʝʥʦ ʧʦʜʠʟʘˁʝ 

ʧʨʦʠʟʚʦʜˁʝ ʫ ʩʠʩʪʝʤʫ ɸ ʫʟ ʠʩʪʦʚʨʝʤʝʥʦ ʧʦʩʪʝʧʝʥʦ ʩʧʫʰʪʘˁʝ ʧʨʦʠʟʚʦʜˁʝ ʫ 

ʩʠʩʪʝʤʫ ɹ ʧʨʠ ʧʨʦʨʘʯʫʥʫ ʤʦʛʫ˂ʝʛ ʧʨʝʥʦʩʥʦʛ ʢʘʧʘʮʠʪʝʪʘ ʫ ʩʤʝʨʫ ʦʜ ʩʠʩʪʝʤʘ ɸ ʢʘ 

ʩʠʩʪʝʤʫ ɹ. ʇʨʦʨʘʯʫʥ ʩʝ ʟʘʫʩʪʘʚˀʘ ʢʘʜʘ ʜʦʹʝ ʜʦ ʧʨʝʦʧʪʝʨʝ˂ʝˁʘ ʙʠʦ ʢʦʛ ʝʣʝʤʝʥʪʘ ʫ 

ʩʚʠʤ ʦʙʣʘʩʪʠʤʘ ʢʦʿʝ ʫʯʝʩʪʚʫʿʫ ʫ ʧʨʦʨʘʯʫʥʫ. 

 

ʂʨʘʪʘʢ ʦʧʠʩ ʧʨʦʮʝʜʫʨʝ ʧʨʦʨʘʯʫʥʘ 

 

ʇʨʝ ʢʨʘʪʢʦʛ ʦʧʠʩʘ ʩʘʤʝ ʧʨʦʮʝʜʫʨʝ ʧʨʦʨʘʯʫʥʘ ʧʨʝʢʦʛʨʘʥʠʯʥʠʭ ʧʨʝʥʦʩʥʠʭ 

ʢʘʧʘʮʠʪʝʪʘ, ʧʦʪʨʝʙʥʦ ʿʝ ʜʘʪʠ ʜʝʬʠʥʠʮʠʿʝ ʧʨʦʤʝʥˀʠʚʠʭ ʢʦʿʝ ʩʝ ʿʘʚˀʘʿʫ ʫ 

ʧʨʦʨʘʯʫʥʠʤʘ: 
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TTC (The Total Transfer Capacity) - ʋʢʫʧʥʠ ʧʨʝʥʦʩʥʠ ʢʘʧʘʮʠʪʝʪ, ʿʝ ʤʘʢʩʠʤʘʣʥʘ 

ʩʥʘʛʘ ʨʘʟʤʝʥʝ ʠʟʤʝʹʫ ʜʚʘ ɽɽʉ, ʦʜʥʦʩʥʦ ʜʝʣʦʚʘ ʠʥʪʝʨʢʦʥʝʢʮʠʿʝ, ʢʦʿʘ ʿʝ ʫ ʩʢʣʘʜʫ ʩʘ 

ʩʪʘʥʜʘʨʜʠʤʘ ʧʦʛʦʥʩʢʝ ʩʠʛʫʨʥʦʩʪʠ. ʋ ʦʙʘ ʩʠʩʪʝʤʘ ʫʢʦʣʠʢʦ ʩʫ ʧʦʪʧʫʥʦ ʧʦʟʥʘʪʠ 

ʫʩʣʦʚʠ ʫ ʩʠʩʪʝʤʫ, ʧʨʦʠʟʚʦʜˁʘ ʠ ʧʦʪʨʦʰˁʘ ʫ ʙʫʜʫ˂ʥʦʩʪʠ, ʩʣʠʢʘ ʇ1.1 ʠ ʇ1.2. 

 

 

 

 

 

 

 

ʉʣʠʢʘ ʇ1.1 ɼʝʬʠʥʠʮʠʿʘ ʧʨʝʥʦʩʥʠʭ ʢʘʧʘʮʠʪʝʪʘ        ʉʣʠʢʘ ʇ1.2 ʇʨʦʨʘʯʫʥ NTC 

 

TRM  (The Transmission Reliability Margin) - ʄʘʨʛʠʥʘ ʧʦʫʟʜʘʥʦʩʪʠ ʧʨʝʥʦʩʘ, 

ʧʨʝʜʩʪʘʚˀʘ ʨʝʟʝʨʚʫ ʩʠʛʫʨʥʦʩʪʠ ʩʘ ʦʙʟʠʨʦʤ ʥʘ ʥʝʠʟʚʝʩʥʦʩʪʠ ʫ ʠʟʨʘʯʫʥʘʪʠʤ TTC 

ʚʨʝʜʥʦʩʪʠʤʘ, ʩʣʠʢʘ ʇ1.1. ʇʦʿʘʚʘ ʥʝʠʟʚʝʩʥʦʩʪʠ ʚʝʟʘʥʘ ʿʝ ʫʟ: 

¶ ʥʝʥʘʤʝʨʥʘ ʦʜʩʪʫʧʘˁʘ ʬʠʟʠʯʢʠʭ ʪʦʢʦʚʘ ʩʥʘʛʝ ʪʦʢʦʤ ʧʦʛʦʥʘ ʟʙʦʛ ʩʧʨʦʚʦʹʝˁʘ 

ʘʢʪʠʚʥʦʩʪʠ ʚʝʟʘʥʠʭ ʫʟ ʨʝʛʫʣʘʮʠʿʫ ʩʥʘʛʝ ʠ ʬʨʝʢʚʝʥʮʠʿʝ (P-f ʨʝʛʫʣʘʮʠʿʘ), 

¶ ʭʠʪʥʝ ʨʘʟʤʝʥʝ ʠʟʤʝʹʫ ʦʧʝʨʘʪʦʨʘ ʧʨʝʥʦʩʥʦʛ ʩʠʩʪʝʤʘ ʦʙʟʠʨʦʤ ʥʘ ʧʦʿʘʚʫ 

ʥʝʦʯʝʢʠʚʘʥʠʭ ʥʝʫʨʘʚʥʦʪʝʞʝʥʠʭ ʩʪʘˁʘ ʫ ʨʝʘʣʥʦʤ ʚʨʝʤʝʥʫ, 

¶ ʥʝʧʨʝʮʠʟʥʦʩʪʠ ʫ ʤʝʨʝˁʠʤʘ ʠ ʧʨʠʢʫʧˀʘˁʫ ʧʦʜʘʪʘʢʘ. 

 

ʋʦʙʠʯʘʿʝʥʘ ʚʨʝʜʥʦʩʪ TRM ʟʘ 220 kV ʜʘʣʝʢʦʚʦʜʝ ʿʝ 50 MW, ʘ ʟʘ 400 kV 

ʠʟʥʦʩʠ 100 MW. ɿʘ ʩʣʫʯʘʿ ʜʘ ʜʚʝ ʦʙʣʘʩʪʠ ʧʦʚʝʟʫʿʫ ʚʠʰʝ ʦʜ ʿʝʜʥʦʛ ʜʘʣʝʢʦʚʦʜʘ 
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ʥʘʧʦʥʩʢʦʛ ʥʠʚʦʘ 400 kV, TRM = ³n 100 MW, ʛʜʝ ʿʝ n ʙʨʦʿ ʜʘʣʝʢʦʚʦʜʘ ʢʦʿʠ 

ʧʦʚʝʟʫʿʫ ʜʚʘ ʩʫʩʝʜʥʘ ɽɽʉ. 

 

NTC (The Net Transfer Capacity) - ʅʝʪʦ ʧʨʝʥʦʩʥʠ ʢʘʧʘʮʠʪʝʪ, ʿʝ ʤʘʢʩʠʤʘʣʥʦ 

ʜʦʟʚʦˀʝʥʘ ʩʥʘʛʘ ʨʘʟʤʝʥʝ ʠʟʤʝʹʫ ʜʚʝ ʦʙʣʘʩʪʠ ʫʟ ʫʚʘʞʘʚʘˁʝ ʤʘʨʛʠʥʝ ʧʦʫʟʜʘʥʦʩʪʠ 

ʧʨʝʥʦʩʘ, ʩʣʠʢʘ ʇ1.1:  

 

NTC = TTC-TRM 

 

AAC (The Already Allocated Capacity) ï ɺʝ˂ ʜʦʜʝˀʝʥʠ ʢʘʧʘʮʠʪʝʪ, ʿʝ ʜʝʦ NTC 

ʢʦʿʠ ʧʨʝʜʩʪʘʚˀʘ ʫʢʫʧʥʠ ʠʟʥʦʩ ʫʥʘʧʨʝʜ ʜʦʜʝˀʝʥʠʭ ʧʨʝʥʦʩʥʠʭ ʧʨʘʚʘ, ʙʠʣʦ ʜʘ ʩʫ ʪʦ 

ʢʘʧʘʮʠʪʝʪʠ ʠʣʠ ʧʨʦʛʨʘʤʠ ʨʘʟʤʝʥʝ, ʟʘʚʠʩʥʦ ʦʜ ʧʨʠʤʝˁʝʥʝ ʘʣʦʢʘʮʠʦʥʝ ʤʝʪʦʜʝ, 

ʩʣʠʢʘ ʇ1.1. 

 

ATC (The Available Transmission Capacity) - ʈʘʩʧʦʣʦʞʠʚʠ ʧʨʝʥʦʩʥʠ ʢʘʧʘʮʠʪʝʪ, 

ʧʨʝʜʩʪʘʚˀʘ ʜʝʦ NTC ʢʦʿʠ ʦʩʪʘʿʝ ʨʘʩʧʦʣʦʞʠʚ ʧʦʩʣʝ ʩʚʘʢʝ ʬʘʟʝ ʘʣʦʢʘʮʠʦʥʝ 

ʧʨʦʮʝʜʫʨʝ ʫʟ ʫʚʘʞʘʚʘˁʝ ʚʝ˂ ʜʦʜʝˀʝʥʦʛ ʢʘʧʘʮʠʪʝʪʘ: 

 

ATC = NTC- AAC  

 

BCE (Base Case Exchange) - ʈʘʟʤʝʥʘ ʫ ʦʩʥʦʚʥʦʤ ʩʪʘˁʫ. ɺʘʞʥʦ ʿʝ ʥʘʧʦʤʝʥʫʪʠ ʜʘ 

ʿʝ ʦʜʨʝʹʠʚʘˁʝ BCE ʢʦʤʧʣʠʢʦʚʘʥʦ ʧʦʛʦʪʦʚʦ ʫʟʠʤʘʿʫ˂ʠ ʫ ʦʙʟʠʨ ʚʨʝʤʝʥʩʢʠ 

ʭʦʨʠʟʦʥʪ ʟʘ ʢʦʿʠ ʩʝ ʦʜʨʝʹʫʿʝ (ʜʚʘ ʤʝʩʝʮʘ ʫʥʘʧʨʝʜ) ʠ ʫ ʚʝʣʠʢʦʿ ʤʝʨʠ ʤʦʞʝ ʜʘ ʫʪʠʯʝ 

ʥʘ ʢʦʥʘʯʘʥ NTC. 
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DEmax - ʤʘʢʩʠʤʘʣʘʥ ʠʟʥʦʩ ʢʦʨʝʢʮʠʿʘ ʩʥʘʛʘ ʛʝʥʝʨʘʪʦʨʘ ʪʦʢʦʤ ʧʨʦʨʘʯʫʥʘ NTC (ʫ 

ʦʜʥʦʩʫ ʥʘ ʧʦʣʘʟʥʦ, ʙʘʟʥʦ ʩʪʘˁʝ) ʫ ʩʪʘˁʫ ʨʘʟʤʘʪʨʘʥʝ ʠʥʪʝʨʢʦʥʝʢʮʠʿʝ, ʧʨʠ ʢʦʤʝ 

ʿʦʰ ʥʠʿʝ ʜʦʰʣʦ ʜʦ ʥʘʨʫʰʘʚʘˁʘ ʟʘʜʘʪʠʭ ʩʠʛʫʨʥʦʩʥʠʭ ʦʛʨʘʥʠʯʝˁʘ. 

 

ʇʨʦʨʘʯʫʥ NTC ʠʟʤʝʹʫ ʜʚʘ ʩʠʩʪʝʤʘ ʩʝ ʟʘʩʥʠʚʘ ʥʘ ʩʠʤʫʣʪʘʥʦʤ ʧʦʜʠʟʘˁʫ 

ʧʨʦʠʟʚʦʜˁʝ ʫ ʿʝʜʥʦʤ ʩʠʩʪʝʤʫ ʠ ʩʧʫʰʪʘˁʫ ʧʨʦʠʟʚʦʜˁʝ ʫ ʜʨʫʛʦʤ ʩʠʩʪʝʤʫ, ʫ 

ʜʠʩʢʨʝʪʥʠʤ ʢʦʨʘʮʠʤʘ. ʇʨʠ ʩʚʘʢʦʤ ʢʦʨʘʢʫ ʧʦʜʠʟʘˁʘ ʦʜʥʦʩʥʦ ʩʧʫʰʪʘˁʘ 

ʧʨʦʠʟʚʦʜˁʝ ʧʨʦʚʝʨʘʚʘ ʩʝ N-1 ʢʨʠʪʝʨʠʿʫʤ ʩʠʛʫʨʥʦʩʪʠ ʠ ʫʢʦʣʠʢʦ ʿʝ ʟʘʜʦʚʦˀʝʥ ʠʜʝ 

ʩʝ ʥʘ ʥʘʨʝʜʥʠ ʢʦʨʘʢ. ʂʘʜʘ ʜʦʹʝ ʜʦ ʝʚʝʥʪʫʘʣʥʦʛ ʥʘʨʫʰʘʚʘˁʘ ʢʨʠʪʝʨʠʿʫʤʘ 

ʩʠʛʫʨʥʦʩʪʠ ʫ ʙʠʣʦ ʢʦʤ ʦʜ ʩʠʩʪʝʤʘ ʧʨʦʨʘʯʫʥ ʩʝ ʟʘʫʩʪʘʚˀʘ ʠ ʧʨʠʭʚʘʪʘ ʩʝ ʧʦʩʣʝʜˁʠ 

ʢʦʨʘʢ ʟʘ ʢʦʿʠ ʿʝ ʢʨʠʪʝʨʠʿʫʤ ʩʠʛʫʨʥʦʩʪʠ ʙʠʦ ʟʘʜʦʚʦˀʝʥ (DEmax). ʊʊʉ ʩʝ ʜʘˀʝ 

ʨʘʯʫʥʘ ʥʘ ʩʣʝʜʝ˂ʠ ʥʘʯʠʥ: 

 

maxTTC BCE E= +D
 

 

ʛʜʝ ʩʝ ʤʦʨʘ ʚʦʜʠʪʠ ʨʘʯʫʥʘ ʦ ʩʤʝʨʫ ɺʉɽ ʠ ʩʤʝʨʫ ʧʨʦʨʘʯʫʥʘ ʧʨʝʥʦʩʥʦʛ 

ʢʘʧʘʮʠʪʝʪʘ, ʩʣʠʢʘ ʇ1.2. 

ɻʦʨˁʠ ʠʟʨʘʟʠ ʧʨʝʜʩʪʘʚˀʘʿʫ ʧʘʨʘʤʝʪʨʝ ʟʘ ʠʟʨʘʯʫʥʘʚʘˁʝ ʧʨʝʥʦʩʥʦʛ 

ʢʘʧʘʮʠʪʝʪʘ ʧʨʝʥʦʩʥʠʭ ʩʠʩʪʝʤʘ ʫ ʙʠʣʘʪʝʨʘʣʥʦʤ ʧʨʦʛʨʘʤʫ ʨʘʟʤʝʥʝ ʠʟʤʝʹʫ ʜʚʝ 

ʩʫʩʝʜʥʝ ʦʙʣʘʩʪʠ. ʆʚʠ ʧʨʦʛʨʘʤʠ ʨʘʟʤʝʥʝ ʩʫ ʙʣʠʩʢʠ ʪʦʢʦʚʠʤʘ ʩʥʘʛʘ ʢʦʿʠ ʩʝ ʿʘʚˀʘʿʫ 

ʥʘ ʠʥʪʝʨʢʦʥʝʢʪʠʚʥʠʤ ʜʘʣʝʢʦʚʦʜʠʤʘ ʿʝʜʠʥʦ ʫ ʠʜʝʘʣʥʦʤ ʩʣʫʯʘʿʫ, ʢʘʜʘ ʩʫʩʝʜʥʝ 

ʦʙʣʘʩʪʠ ʨʘʜʝ ʢʘʦ ʧʦʣʫʦʩʪʨʚa ʢʦʿʘ ʩʫ ʧʦʚʝʟʘʥʘ ʠʥʪʝʨʢʦʥʝʢʪʠʚʥʠʤ ʜʘʣʝʢʦʚʦʜʠʤʘ. ʋ 

ʚʝʣʠʢʠʤ ʩʠʩʪʝʤʠʤʘ, ʩʘ ʜʦʩʪʘ ʦʙʣʘʩʪʠ ʢʦʿʝ ʨʘʜʝ ʫ ʠʥʪʝʨʢʦʥʝʢʮʠʿʠ (ʥʧʨ. UCTE 

ʤʨʝʞʘ), ʧʣʘʥʠʨʘʥʘ ʨʘʟʤʝʥʘ ʠʟʤʝʹʫ ʦʙʣʘʩʪʠ ɸ ʠ ɹ ʤʦʞʝ ʙʠʪʠ ʠʥʪʝʨʧʨʝʪʠʨʘʥʘ ʢʘʦ 

ʜʠʨʝʢʪʘʥa ʨʘʟʤʝʥʘ ʧʨʝʢʦ ʠʥʪʝʨʢʦʥʝʢʪʠʚʥʠʭ ʜʘʣʝʢʦʚʦʜʘ ʢʦʿʠ ʧʦʚʝʟʫʿʫ ʦʚʝ ʜʚʝ 

ʦʙʣʘʩʪʠ ʠ Ăʧʘʨʘʣʝʣʥʦʛ ʪʦʢʘ ʩʥʘʛʝñ ʢʦʿʠ ʧʨʝʜʩʪʘʚˀʘ ʪʦʢ ʩʥʘʛʝ ʢʦʿʠ ʩʝ ʿʘʚˀʘ ʥʘ 

ʛʨʘʥʠʮʘʤʘ ʜʨʫʛʠʭ ʦʙʣʘʩʪʠ ʢʦʿʝ ʨʘʜʝ ʫ ʤʨʝʞʠ. ʊʘʢʦ ʜʘ ʩʝ ʧʣʘʥʠʨʘʥʘ ʨʘʟʤʝʥʘ 

ʠʟʤʝʹʫ ʜʚʝ ʩʫʩʝʜʥʝ ʦʙʣʘʩʪʠ ʥʝ ʦʩʪʚʘʨʫʿʝ ʩʘʤʦ ʧʨʝʢʦ ʠʥʪʝʨʢʦʥʝʢʪʠʚʥʠʭ 
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ʜʘʣʝʢʦʚʦʜʘ ʢʦʿʠ ʧʦʚʝʟʫʿʫ ʦʚʝ ʜʚʝ ʦʙʣʘʩʪʠ ʥʝʛʦ ʠ ʧʨʝʢʦ ʜʨʫʛʠʭ ʦʙʣʘʩʪʠ ʫ ʩʠʩʪʝʤʫ. 

ɿʙʦʛ ʪʦʛʘ ʙʠ Ăʧʘʨʘʣʝʣʥʠ ʪʦʢ ʩʥʘʛʝñ ʧʦʩʪʦʿʘʦ ʠ ʘʢʦ ʿʝ ʫʢʫʧʥʘ ʨʘʟʤʝʥʘ ʫ 

ʠʥʪʝʨʢʦʥʝʢʮʠʿʠ ʧʦʜʝʰʝʥʘ ʥʘ ʥʫʣʫ. 

ʅʘ ʩʣʠʮʠ ʇ1.3 ʜʘʪ ʿʝ ʧʨʠʤʝʨ ʫ ʢʦʤʝ ʿʝ ʦʙʿʘʰˁʝʥʘ ʚʝʟʘ ʠʟʤʝʹʫ ʧʨʦʛʨʘʤʘ 

ʨʘʟʤʝʥʝ ʠ ʬʠʟʠʯʢʦʛ ʪʦʢʘ ʩʥʘʛʝ. 

 

ʉʣʠʢʘ ʇ1.3 ɼʝʬʠʥʠʮʠʿʘ ʧʨʝʥʦʩʥʦʛ ʢʘʧʘʮʠʪʝʪʘ ʠ ʬʠʟʠʯʢʦʛ ʪʦʢʘ ʩʥʘʛʝ 

 

ʆʚʘʿ ʦʜʥʦʩ ʿʝ ʟʘʩʥʦʚʘʥ ʥʘ ʪʦʢʫ ʩʥʘʛʝ ʢʦʿʠ ʩʝ ʿʘʚˀʘ ʫ ʤʦʜʝʣʫ ʫ ʩʚʠʤ 

ʦʙʣʘʩʪʠʤʘ ʫ ʩʠʩʪʝʤʫ. ʉʚʠ ʠʟʨʘʟʠ ʢʦʿʠ ʩʝ ʿʘʚˀʘʿʫ ʥʘ ʜʝʩʥʦʿ ʩʪʨʘʥʠ ʩʣʠʢʝ ʇ1.3 

ʧʨʝʜʩʪʘʚˀʘʿʫ ʚʨʝʜʥʦʩʪʠ ʬʠʟʠʯʢʦʛ ʪʦʢʘ ʩʥʘʛʝ ʢʦʿʠ ʩʝ ʿʘʚˀʘ ʫ ʤʨʝʞʠ. ʆʚʝ 

ʚʨʝʜʥʦʩʪʠ ʩʫ ʦʟʥʘʯʝʥʝ ʢʘʦ ʩʫʤʘ ʪʦʢʘ ʩʥʘʛʝ ʧʦ ʠʥʜʠʚʠʜʫʘʣʥʠʤ ʠʥʪʝʨʢʦʥʝʢʪʠʚʥʠʤ 

ʜʘʣʝʢʦʚʦʜʠʤʘ. ʉʣʝʜʝ˂ʠ ʠʟʨʘʟʠ ʜʝʬʠʥʠʰʫ ʧʨʝʢʦʛʨʘʥʠʯʥʠ ʢʘʧʘʮʠʪʝʪ ʧʨʝʢʦ 

ʬʠʟʠʯʢʠʭ ʪʦʢʦʚʘ ʩʥʘʛʝ: 

 

TTF  (The Total Transfer Flow) ʋʢʫʧʥʠ ʧʨʝʥʦʩʥʠ ʪʦʢ, ʧʨʝʜʩʪʘʚˀʘ ʫʢʫʧʥʠ 

ʧʨʝʢʦʛʨʘʥʠʯʥʠ ʬʠʟʠʯʢʠ ʪʦʢ ʩʥʘʛʝ ʢʦʿʠ ʩʝ ʿʘʚˀʘ ʢʘʦ ʧʦʩʣʝʜʠʮʘ ʧʨʦʛʨʘʤʠʨʘʥʝ 

ʨʘʟʤʝʥʝ ʫ ʟʘʚʠʩʥʦʩʪʠ ʦʜ ʚʝʣʠʯʠʥʝ TTC, ʧʦʰʪʫʿʫ˂ʠ ʧʨʠ ʪʦʤ ʧʦʩʪʦʿʘˁʝ ʨʘʟʤʝʥʝ ʫ 

ʦʩʥʦʚʥʦʤ ʩʪʘˁʫ. TTF ʤʦʞʝ ʩʝ ʩʭʚʘʪʠʪʠ ʢʘʦ ʤʘʢʩʠʤʘʣʥʠ ʬʠʟʠʯʢʠ ʧʨʝʢʦʛʨʘʥʠʯʥʠ 



 

 

ʉʪʘʥʢʦ ʇ. ɱʘʥʢʦʚʠ˂, ɸʣʛʦʨʠʪʤʠ ʟʘ ʫʥʘʧʨʝʹeˁ ʝ ʢʦʥʚʝʨʛʝʥʮʠʿʝ ʫ ʧʨʦʨʘʯʫʥʫ ʪʦʢʦʚʘ ʩʥʘʛʘ ʥʘ ʚʝʣʠʢʠʤ ʩʠʤʫʣʘʮʠʦʥʠʤ ʤʦʜʝʣʠʤʘ, ʜʦʢʪʦʨʩʢʘ ʜʠʩʝʨʪʘʮʠʿʘ 

69 

ʪʦʢ ʩʥʘʛʝ ʫʟ ʫʚʘʞʘʚʘˁʝ ʩʪʘʥʜʘʨʜʘ ʩʠʛʫʨʥʦʩʪʠ ʫ ʩʚʘʢʦʿ ʥʘʜʛʣʝʜʘʥʦʿ ʦʙʣʘʩʪʠ. TTF 

ʤʦʞʝ ʙʠʪʠ  ʚʝ˂ʠ ʠʣʠ ʤʘˁʠ ʦʜ TTC. TTF ʩʝ ʩʘʩʪʦʿʠ ʠʟ ʜʚʝ ʢʦʤʧʦʥʝʥʪʝ: 

¶ NTF (The Notified Transmission Flow) ʆʙʿʘʚˀʝʥʠ ʪʦʢ ʩʥʘʛʝ, 

ʧʨʝʜʩʪʘʚˀʘ ʬʠʟʠʯʢʠ ʪʦʢ ʩʥʘʛʝ ʥʘ ʠʥʪʝʨʢʦʥʝʢʪʠʚʥʠʤ ʜʘʣʝʢʦʚʦʜʠʤʘ 

ʠʟʤʝʹʫ ʨʘʟʤʘʪʨʘʥʠʭ ʦʙʣʘʩʪʠ ʧʦʩʤʘʪʨʘʥ ʫ ʦʩʥʦʚʥʦʤ ʩʪʘˁʫ, ʧʨʝ ʙʠʣʦ 

ʢʦʿʝ ʧʨʦʤʝʥʝ ʛʝʥʝʨʘʮʠʿʝ ʠʟʤʝʹʫ ʦʙʣʘʩʪʠ. NTF ʧʨʦʠʟʠʣʘʟʠ ʦʜ ʪʦʢʘ 

ʩʥʘʛʝ ʢʦʿʠ ʧʦʪʠʯʝ ʦʜ ʨʘʟʤʝʥʝ ʫ ʦʩʥʦʚʥʦʤ ʩʪʘˁʫ (BCE) ʠ ʦʜ 

Ăʧʘʨʘʣʝʣʥʦʛ ʪʦʢʘ ʩʥʘʛʝñ. 

¶ ȹFmax (The physical flow) ʌʠʟʠʯʢʠ ʪʦʢ ʩʥʘʛʝ, ʧʨʝʜʩʪʘʚˀʘ ʬʠʟʠʯʢʠ 

ʪʦʢ ʩʥʘʛʝ ʥʘ ʠʥʪʝʨʢʦʥʝʢʪʠʚʥʠʤ ʜʘʣʝʢʦʚʦʜʠʤʘ ʠʟʤʝʹʫ ʧʦʩʤʘʪʨʘʥʠʭ 

ʦʙʣʘʩʪʠ ʫʟʨʦʢʦʚʘʥ ʤʘʢʩʠʤʘʣʥʦʤ ʧʨʦʤʝʥʦʤ ʩʥʘʛʝ ʛʝʥʝʨʘʪʦʨʘ DEmax. 

TTF ʩʝ ʜʘˀʝ ʨʘʯʫʥʘ ʥʘ ʩʣʝʜʝ˂ʠ ʥʘʯʠʥ: 

 

TTF = NTF + ȹFmax 

 

ɿʙʦʛ ʧʦʿʘʚʝ Ăʧʘʨʘʣʝʣʥʠʭ ʪʦʢʦʚʘ ʩʥʘʛʝñ ʚʨʝʜʥʦʩʪʠ ʜʦʙʠʿʝʥʝ ʫ NTC 

ʧʨʦʨʘʯʫʥʫ ʥʝ ʤʦʛʫ ʜʘ ʦʙʝʟʙʝʜʝ ʦʩʥʦʚʫ ʟʘ ʘʣʦʢʘʮʠʿʫ ʧʨʝʢʦʛʨʘʥʠʯʥʝ ʨʘʟʤʝʥʝ ʧʨʝʢʦ 

ʥʝʢʦʣʠʢʦ ʛʨʘʥʠʮʘ ʫ ʚʝʣʠʢʠʤ ʩʠʩʪʝʤʠʤʘ ʧʦ ʢʦʦʨʜʠʥʠʩʘʥʦʿ ʤʝʪʦʜʠ. 

 

ʋʪʠʮʘʿ ʠʟʙʦʨʘ ʙʘʣʘʥʩʥʦ ʨʝʬʝʨʝʥʪʥʦʛ ʯʚʦʨʘ ʥʘ ʪʘʯʥʦʩʪ ʧʨʦʨʘʯʫʥʘ 

 

ʄʦʜʝʣ ʥʘ ʢʦʤʝ ʩʝ ʚʨʰʠ ʧʨʦʨʘʯʫʥ ʥʝʪʦ ʧʨʝʥʦʩʥʠʭ ʢʘʧʘʮʠʪʝʪʘ ʠʟʤʝʹʫ 

ʧʦʿʝʜʠʥʠʭ ʥʘʮʠʦʥʘʣʥʠʭ ʧʨʝʥʦʩʥʠʭ ʩʠʩʪʝʤʘ ʥʘʩʪʘʿʝ ʩʧʘʿʘˁʝʤ ʤʦʜʝʣʘ 

ʧʦʿʝʜʠʥʘʯʥʠʭ ʩʠʩʪʝʤʘ ʟʝʤʘˀʘ ʿʫʛʦʠʩʪʦʯʥʝ ɽʚʨʦʧʝ (ʈʫʤʫʥʠʿʝ, ɹʫʛʘʨʩʢʝ, 

ʄʘʢʝʜʦʥʠʿʝ, ɸʣʙʘʥʠʿʝ, ɻʨʯʢʝ, ʉʨʙʠʿʝ, ʎʨʥʝ ɻʦʨʝ, ɹʦʩʥʝ ʠ ʍʝʨʮʝʛʦʚʠʥʝ, ʍʨʚʘʪʩʢʝ, 

ʄʘʹʘʨʩʢʝ, ʉʣʦʚʝʥʠʿʝ ʠ ʜʝʣʘ ʋʢʨʘʿʠʥʝ). ʇʨʝʤʘ ʜʦʛʦʚʦʨʫ, ʩʚʘʢʠ ʆʧʝʨʘʪʦʨ 

ʧʨʝʥʦʩʥʦʛ ʩʠʩʪʝʤʘ ʜʚʘ ʤʝʩʝʮʘ ʨʘʥʠʿʝ (ʄ-2) ʜʫʞʘʥ ʿʝ ʜʘ ʜʦʩʪʘʚʠ ʤʦʜʝʣ ʩʚʦʛ 
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ʩʠʩʪʝʤʘ ʫ UCTE ʬʦʨʤʘʪʫ ʟʘ ʪʨʝ˂ʫ ʩʨʝʜʫ ʤʝʩʝʮʘ (ʄ) ʟʘ ʢʦʿʠ ʩʝ ʚʨʰʠ ʧʨʦʨʘʯʫʥ 

ʩʚʠʤ ʦʩʪʘʣʠʤ ʆʧʝʨʘʪʦʨʠʤʘ ʧʨʝʥʦʩʥʠʭ ʩʠʩʪʝʤʘ. ʇʨʠ ʩʧʘʿʘˁʫ ʧʦʿʝʜʠʥʘʯʥʠʭ ʤʦʜʝʣʘ 

ʫ ʟʘʿʝʜʥʠʯʢʠ ʤʦʜʝʣ ʿʫʛʦʠʩʪʦʯʥʝ ɽʚʨʦʧʝ ʿʘʚˀʘ ʩʝ ʥʝʢʦʣʠʢʦ ʧʨʦʙʣʝʤʘ. ʆʩʥʦʚʥʠ 

ʧʨʦʙʣʝʤ ʢʦʿʠ ʩʝ ʧʨʘʢʪʠʯʥʦ ʥʝ ʤʦʞʝ ʠʟʙʝ˂ʠ ʧʨʠʣʠʢʦʤ ʩʧʘʿʘˁʘ ʚʝ˂ʝʛ ʙʨʦʿʘ 

ʤʘʪʝʤʘʪʠʯʢʠʭ ʤʦʜʝʣʘ ʤʨʝʞʘ, ʿʝʩʪʝ ʟʘʜʨʞʘʚʘˁʝ ʫʢʫʧʥʦʛ ʙʘʣʘʥʩʘ ʠʟʤʝʹʫ 

ʧʨʦʠʟʚʦʜˁʝ, ʧʦʪʨʦʰˁʝ ʠ ʫʢʫʧʥʝ ʨʘʟʤʝʥʝ ʫ ʪʘʢʦ ʩʧʦʿʝʥʦʤ ʤʦʜʝʣʫ. 

ʇʦʣʘʟʠ ʩʝ ʦʜ ʧʨʝʪʧʦʩʪʘʚʢʝ ʜʘ ʩʫ ʩʚʠ ʧʦʿʝʜʠʥʘʯʥʠ ʤʦʜʝʣʠ ʦʙʣʘʩʪʠ ʫ 

ʩʠʩʪʝʤʫ ʜʦʙʨʦ ʥʘʧʨʘʚˀʝʥʠ ʠ ʜʘ ʿʝ ʫ ʩʚʘʢʦʤ ʦʜ ˁʠʭ ʟʘʜʦʚʦˀʝʥ ʙʘʣʘʥʩ ʘʢʪʠʚʥʝ 

ʩʥʘʛʝ. ʋ ʩʚʘʢʦʤ ʦʜ ʧʦʿʝʜʠʥʘʯʥʠʭ ʤʦʜʝʣʘ ʧʦʩʪʦʿʝ ʪʘʢʦʟʚʘʥʠ ʍ ʯʚʦʨʦʚʠ ʢʦʿʠ 

ʧʨʝʜʩʪʘʚˀʘʿʫ ʝʢʚʠʚʘʣʝʥʪʝ ʩʫʩʝʜʥʠʭ ʩʠʩʪʝʤʘ. ʂʘʢʦ ʙʠ ʩʚʘʢʠ ʧʦʿʝʜʠʥʘʯʥʠ ʤʦʜʝʣ 

ʤʦʛʘʦ ʜʘ ʩʝ ʠʟʨʘʜʠ ʙʝʟ ʤʦʜʝʣʦʚʘˁʘ ʯʠʪʘʚʝ ʠʥʪʝʨʢʦʥʝʢʮʠʿʝ ʙʠʣʦ ʿʝ ʥʝʦʧʭʦʜʥʦ 

ʫʚʝʩʪʠ ʥʘʚʝʜʝʥʝ ʝʢʚʠʚʘʣʝʥʪʥʝ ʯʚʦʨʦʚʝ ʯʠʿʘ ʢʦʥʩʪʘʥʪʥʘ ʠʥʿʝʢʪʠʨʘˁʘ, ʘʢʪʠʚʥʝ ʠ 

ʨʝʘʢʪʠʚʥʝ ʩʥʘʛʝ, ʩʘ ʧʦʟʠʪʠʚʥʠʤ ʠʣʠ ʥʝʛʘʪʠʚʥʠʤ ʧʨʝʜʟʥʘʢʦʤ ʟʘʧʨʘʚʦ ʧʨʝʜʩʪʘʚˀʘʿʫ 

ʨʘʟʤʝʥʝ ʧʦ ʛʨʘʥʠʮʘʤʘ ʜʘʪʦʛ ʩʠʩʪʝʤʘ. ʇʨʦʙʣʝʤ ʥʘʩʪʘʿʝ ʧʨʠ ʩʧʘʿʘˁʫ ʪʘʢʚʠʭ ʤʦʜʝʣʘ. 

ʇʦʩʪʦʿʝ ʍ ʯʚʦʨʦʚʠ ʢʦʿʠ ʧʨʠ ʩʧʘʿʘˁʫ ʤʦʜʝʣʘ ʥʘʣʘʟʝ ʩʚʦʛ ʧʘʨʘ ʫ ʤʦʜʝʣʫ ʩʫʩʝʜʥʦʛ 

ʩʠʩʪʝʤʘ, ʘʣʠ ʫ ʤʦʜʝʣʠʤʘ ʦʙʦʜʥʠʭ ʟʝʤʘˀʘ, ʦʙʣʘʩʪʠ ʢʦʿʘ ʩʝ ʩʧʘʿʘ, ʧʦʩʪʦʿʝ ʪʘʢʚʠ ʍ 

ʯʚʦʨʦʚʠ ʢʦʿʠ ʥʝ ʤʦʛʫ ʧʨʦʥʘ˂ʠ ʩʚʦʛ ʧʘʨʘ. ʅʘ ʩʧʦʿʝʥʠʤ ʍ ʯʚʦʨʦʚʠʤʘ, ʩʘʜʘ 

ʜʘʣʝʢʦʚʦʜʠʤʘ ʠʟʤʝʹʫ ʜʚʘ ʩʠʩʪʝʤʘ, ʪʦʢʦʤ ʠʪʝʨʘʪʠʚʥʦʛ ʧʦʩʪʫʧʢʘ ʧʨʦʨʘʯʫʥʘ ʪʦʢʦʚʘ 

ʩʥʘʛʘ ʜʦʙʠʿʘʿʫ ʩʝ ʦʜʨʝʹʝʥʠ ʪʦʢʦʚʠ ʩʥʘʛʘ ʢʦʿʠ ʥʝ ʤʦʨʘʿʫ ʣʠʯʠʪʠ (ʠ ʩʢʦʨʦ ʫʚʝʢ ʥʝ 

ʣʠʯʝ) ʥʘ ʧʨʝʪʭʦʜʥʦ ʦʯʝʢʠʚʘʥʝ ʚʨʝʜʥʦʩʪʠ ʨʘʟʤʝʥʘ ʥʘ ˁʠʤʘ. ʊʦ ʜʦʚʦʜʠ ʜʦ ʧʦʿʘʚʝ 

ʜʝʙʘʣʘʥʩʘ ʫ ʩʧʦʿʝʥʦʤ ʤʦʜʝʣʫ ʧʦʰʪʦ ʨʘʟʤʝʥʝ ʢʦʿʝ ʩʫ ʠ ʜʘˀʝ ʬʠʢʩʠʨʘʥʝ ʥʘ 

ʥʝʫʧʘʨʝʥʠʤ ʍ ʯʚʦʨʦʚʠʤʘ ʥʝ ʦʜʛʦʚʘʨʘʿʫ ʟʘʜʘʪʠʤ ʪʦʪʘʣʠʤʘ ʧʦʿʝʜʠʥʠʭ ʩʠʩʪʝʤʘ. ʆʚʘʿ 

ʜʝʙʘʣʘʥʩ ʩʝ ʫ ʩʧʦʿʝʥʦʤ ʤʦʜʝʣʫ ʤʘʥʠʬʝʩʪʫʿʝ ʚʝʣʠʢʦʤ ʨʘʟʣʠʢʦʤ ʠʟʤʝʹʫ 

ʧʨʦʨʘʯʫʥʘʪʦʛ ʠ ʧʨʝʪʭʦʜʥʦ ʚʠʹʝʥʦʛ ʘʥʛʘʞʦʚʘˁʘ ʟʘʿʝʜʥʠʯʢʦʛ ʙʘʣʘʥʩʥʦ ʨʝʬʝʨʝʥʪʥʦʛ 

ʯʚʦʨʘ. ʄʝʪʦʜʘ ʢʦʿʘ ʩʝ ʢʦʨʠʩʪʠ ʟʘ ʧʨʝʚʘʟʠʣʘʞʝˁʝ ʦʚʦʛ ʧʨʦʙʣʝʤʘ ʩʝ ʩʘʩʪʦʿʠ ʦʜ 

ʯʝʪʠʨʠ ʢʦʨʘʢʘ: 

 

1. ʇʨʦʨʘʯʫʥʘʿʫ ʩʝ ʪʦʢʦʚʠ ʩʥʘʛa ʥʘ ʤʦʜʝʣʫ ʩʠʩʪʝʤʘ ʢʦʤʝ ʠʥʠʮʠʿʘʣʥʦ 

ʧʨʠʧʘʜʘ ʯʚʦʨ ʢʦʿʠ ʿʝ ʦʜʘʙʨʘʥ ʟʘ ʟʘʿʝʜʥʠʯʢʠ ʙʘʣʘʥʩʥʦ ʨʝʬʝʨʝʥʪʥʠ 

ʯʚʦʨ ʠ ʧʨʦʯʠʪʘ ʩʝ ʚʨʝʜʥʦʩʪ ʧʨʦʠʟʚʦʜˁʝ ʘʢʪʠʚʥʝ ʩʥʘʛʝ ʫ ʪʦʤ 

ʯʚʦʨʫ, ʈɺi. 
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2. ʇʨʦʨʘʯʫʥ ʪʦʢʘ ʩʥʘʛʝ ʩʝ ʫʨʘʜʠ ʟʘ ʟʘʿʝʜʥʠʯʢʠ ʤʦʜʝʣ ʠ ʦʜʨʝʜʠ ʩʝ 

ʚʨʝʜʥʦʩʪ ʧʨʦʠʟʚʦʜˁʝ ʘʢʪʠʚʥʝ ʩʥʘʛʝ ʫ ʠʩʪʦʤ ʯʚʦʨʫ, ʈɺSi. 

3. ʉʥʘʛʘ ʜʝʙʘʣʘʥʩʘ ʟʘʿʝʜʥʠʯʢʦʛ ʤʦʜʝʣʘ ʨʘʯʫʥʘ ʩʝ ʢʘʦ:

iBBiB PPP S-=D
 

4. ʉʥʘʛʘ ʜʝʙʘʣʘʥʩʘ BPD  ʨʘʩʧʦʜʝˀʫʿʝ ʩʝ ʧʦ ʥʝʫʧʘʨʝʥʠʤ ʍ ʯʚʦʨʦʚʠʤʘ, 

ʦʜʥʦʩʥʦ ʧʦ ʦʙʦʜʫ ʩʧʦʿʝʥʦʛ ʩʠʩʪʝʤʘ ʠ ʪʦ ʧʨʦʧʦʨʮʠʦʥʘʣʥʦ 

ʧʨʝʜʚʠʹʝʥʠʤ ʨʘʟʤʝʥʘʤʘ ʧʦ ʪʠʤ ʜʘʣʝʢʦʚʦʜʠʤʘ. 

ʅʘʢʦʥ ʠʟʚʨʰʝʥʝ ʨʘʩʧʦʜʝʣʝ ʩʥʘʛʝ ʜʝʙʘʣʘʥʩʘ ʠ ʧʨʦʨʘʯʫʥʘ ʪʦʢʘ ʩʥʘʛʝ ʥʘ 

ʥʦʚʦʥʘʩʪʘʣʦʤ ʟʘʿʝʜʥʠʯʢʦʤ ʤʦʜʝʣʫ ʦʧʝʪ ˂ʝ ʩʝ ʧʦʿʘʚʠʪʠ ʠʟʚʝʩʥʘ ʨʘʟʣʠʢʘ ʠʟʤʝʹʫ 

ʧʨʦʨʘʯʫʥʘʪʝ ʠ ʚʠʹʝʥʝ ʘʢʪʠʚʥʝ ʩʥʘʛʝ ʘʥʛʘʞʦʚʘˁʘ ʙʘʣʘʥʩʥʦ ʨʝʬʝʨʝʥʪʥʦʛ ʯʚʦʨʘ. 

ʈʘʟʣʦʛ ʟʘ ʪʦ ʿʝʩʫ ʛʫʙʠʮʠ ʘʢʪʠʚʥʝ ʩʥʘʛʝ ʫ ʩʠʩʪʝʤʫ ʢʦʿʠ ʩʝ ʤʝˁʘʿʫ ʫʩʣʝʜ ʧʨʦʤʝʥʝ 

ʪʦʢʦʚʘ ʩʥʘʛʘ ʧʦ ʛʨʘʥʘʤʘ ʫ ʪʦʤ ʩʠʩʪʝʤʫ. 

ʂʦʜ ʜʦʙʨʦ ʙʘʣʘʥʩʠʨʘʥʠʭ ʩʧʦʿʝʥʠʭ ʤʦʜʝʣʘ ɽɽʉ, ʨʝʟʫʣʪʘʪ ʧʨʦʨʘʯʫʥʘ ʪʦʢʘ 

ʩʥʘʛʝ ʥʝ ʙʠ ʫʦʧʰʪʝ ʪʨʝʙʘʣʦ ʜʘ ʟʘʚʠʩʠ ʦʜ ʠʟʙʦʨʘ ʙʘʣʘʥʩʥʦ ʨʝʬʝʨʝʥʪʥʦʛ ʯʚʦʨʘ, ʘʣʠ 

ʫ ʧʨʘʢʩʠ ʪʦ ʥʠʿʝ ʩʣʫʯʘʿ. ʋ ʩʚʘʢʦʤ ʦʜ ʤʦʜʝʣʘ, (ʩʧʦʿʝʥʠ ʤʦʜʝʣ ʩʝ ʩʘʩʪʦʿʠ ʦʜ ʚʠʰʝ 

ʤʦʜʝʣʘ ʥʘʮʠʦʥʘʣʥʠʭ ʩʠʩʪʝʤʘ), ʢʦʥʩʪʘʥʪʥʝ ʩʫ ʚʨʝʜʥʦʩʪʠ ʫʢʫʧʥʝ ʧʨʦʠʟʚʦʜˁʝ 

ʘʢʪʠʚʥʝ ʩʥʘʛʝ ʈG (ʦʩʠʤ ʙʘʣʘʥʩʥʦʛ ʯʚʦʨʘ), ʫʢʫʧʥʝ ʧʦʪʨʦʰˁʝ (ʙʝʟ ʛʫʙʠʪʘʢʘ) ʈP ʠ 

ʨʘʟʤʝʥʝ ʧʦ ʍ ʯʚʦʨʦʚʠʤʘ, ʘ ʧʨʦʤʝʥˀʠʚʝ ʩʫ ʧʨʦʠʟʚʦʜˁʘ ʘʢʪʠʚʥʝ ʩʥʘʛʝ ʙʘʣʘʥʩʥʦʛ 

ʯʚʦʨʘ ʈBi ʠ ʪʦʢʦʚʠ ʩʥʘʛʘ ʥʘ ʠʥʪʝʨʢʦʥʝʢʪʠʚʥʠʤ ʜʘʣʝʢʦʚʦʜʠʤʘ ʦʜʥʦʩʥʦ ʩʧʦʿʝʥʠʤ ʍ 

ʯʚʦʨʦʚʠʤʘ. ʅʘʢʦʥ ʠʟʚʨʰʝʥʝ ʨʘʩʧʦʜʝʣʝ ʩʥʘʛʝ ʜʝʙʘʣʘʥʩʘ ʧʦ ʥʝʫʧʘʨʝʥʠʤ ʦʙʦʜʥʠʤ ʍ 

ʯʚʦʨʦʚʠʤʘ, ʠ ʧʨʦʨʘʯʫʥʘ ʪʦʢʘ ʩʥʘʛʝ ʫ ʩʠʩʪʝʤʫ, ʜʦʣʘʟʠ ʜʦ ʧʨʦʤʝʥʝ ʫ ʪʦʢʦʚʠʤʘ ʩʥʘʛʘ 

ʧʦ ʛʨʘʥʘʤʘ, ʘ ʩʘʤʠʤ ʪʠʤ ʜʦʣʘʟʠ ʠ ʜʦ ʧʨʦʤʝʥʝ ʫ ʛʫʙʠʮʠʤʘ ʘʢʪʠʚʥʝ ʩʥʘʛʝ ʫ ʩʚʘʢʦʤ 

ʦʜ ʧʦʿʝʜʠʥʠʭ ʩʠʩʪʝʤʘ. ʇʨʦʤʝʥʘ ʫ ʛʫʙʠʮʠʤʘ ʘʢʪʠʚʥʝ ʩʥʘʛʝ ʟʘ ʧʦʩʣʝʜʠʮʫ ʠʤʘ 

ʧʨʦʤʝʥʫ ʈBi ʢʘʢʦ ʙʠ ʩʝ ʟʘʜʨʞʘʣʘ ʚʘʞʝ˂ʘ ʿʝʜʥʘʯʠʥʘ ʙʘʣʘʥʩʘ ʘʢʪʠʚʥʝ ʩʥʘʛʝ ʫ 

ʩʧʦʿʝʥʦʤ ʤʦʜʝʣʫ. ʉʥʘʛʘ ʜʝʙʘʣʘʥʩʘ ʩʝ ʧʦʥʦʚʦ ʨʘʩʧʦʨʝʹʫʿʝ ʧʦ ʥʝʫʧʘʨʝʥʠʤ ʍ 

ʯʚʦʨʦʚʠʤʘ ʠ ʧʨʦʨʘʯʫʥʦʚʘ ʪʦʢ ʩʥʘʛʝ ʫ ʩʧʦʿʝʥʦʤ ʤʦʜʝʣʫ. ʇʦʩʪʫʧʘʢ ʩʝ ʟʘʫʩʪʘʚˀʘ 

ʢʘʜʘ ʩʝ ʩʚʘ ʩʥʘʛʘ ʜʝʙʘʣʘʥʩʘ ʨʘʩʧʦʨʝʜʠ ʧʦ ʥʝʫʧʘʨʝʥʠʤ ʍ ʯʚʦʨʦʚʠʤʘ ʘ ʈBi ʙʫʜʝ 

ʙʣʠʟʫ ʠʣʠ ʿʝʜʝʜʥʘʢʘ ʧʣʘʥʠʨʘʥʦʿ ʚʨʝʜʥʦʩʪʠ. ʅʘʿʙʦˀʝ ʿʝ ʧʨʠ ʧʨʦʨʘʯʫʥʫ NTC ʙʠʨʘʪʠ 

ʙʘʣʘʥʩʥʦ ʨʝʬʝʨʝʥʪʥʠ ʯʚʦʨ ʰʪʦ ʜʘˀʝ ʦʜ ʧʨʘʚʮʘ ʪʨʘʥʟʠʪʘ ʝʥʝʨʛʠʿʝ ʧʨʝʢʦ 
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ʧʦʩʤʘʪʨʘʥʦʛ ʩʠʩʪʝʤʘ ʧʦʰʪʦ ˂ʝ ʥʘ ʪʘʿ ʥʘʯʠʥ ʥʘʿʤʘˁʝ ʫʪʠʮʘʪʠ ʥʘ ʪʘʯʥʦʩʪ ʠ 

ʩʠʛʫʨʥʦʩʪ ʧʨʦʨʘʯʫʥʘ.  



 

 

ʉʪʘʥʢʦ ʇ. ɱʘʥʢʦʚʠ˂, ɸʣʛʦʨʠʪʤʠ ʟʘ ʫʥʘʧʨʝʹeˁ ʝ ʢʦʥʚʝʨʛʝʥʮʠʿʝ ʫ ʧʨʦʨʘʯʫʥʫ ʪʦʢʦʚʘ ʩʥʘʛʘ ʥʘ ʚʝʣʠʢʠʤ ʩʠʤʫʣʘʮʠʦʥʠʤ ʤʦʜʝʣʠʤʘ, ʜʦʢʪʦʨʩʢʘ ʜʠʩʝʨʪʘʮʠʿʘ 
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ʇʨʠʣʦʛ 2. 

 

ʄʝʪʦʜʦʣʦʛʠʿʘ ʟʘʩʥʦʚʘʥʘ ʥʘ ʧʨʦʨʘʯʫʥʫ ʄʘʢʩʠʤʘʣʥʦʛ ʪʦʢʘ 

ʩʥʘʛʝ ʧʦʤʦ˂ʫ PTDF ʤʘʪʨʠʮʝ 

 

ʇʨʠʩʪʫʧ ʤʘʢʩʠʤʘʣʥʦʛ ʪʦʢʘ ʩʥʘʛʝ ʩʝ ʟʘʩʥʠʚʘ ʥʘ ʦʜʨʝʹʠʚʘˁʫ ʤʘʢʩʠʤʘʣʥʦʛ 

ʪʦʢʘ ʩʥʘʛʝ ʧʦ ʩʚʘʢʦʤ ʝʣʝʤʝʥʪʫ ʤʨʝʞʝ ʫʟ ʫʚʘʞʘʚʘˁʝ ʦʛʨʘʥʠʯʝˁʘ ʫ ʧʨʝʥʦʩʥʦʿ 

ʤʨʝʞʠ ʢʦʿʘ ʩʝ ʫʟʠʤʘʿʫ ʫ ʦʙʟʠʨ ʧʨʠʣʠʢʦʤ ʜʦʜʝʣʝ ʧʨʝʥʦʩʥʠʭ ʢʘʧʘʮʠʪʝʪʘ. 

ʂʦʥʮʝʧʪ ʜʦʟʚʦˀʘʚʘ ʜʝʬʠʥʠʩʘˁʝ ʙʠʣʦ ʢʦʛ ʝʣʝʤʝʥʪʘ ʤʨʝʞʝ, ʜʘʣʝʢʦʚʦʜʘ ʠʣʠ 

ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ, ʢʘʦ ʧʦʪʝʥʮʠʿʘʣʥʦ ʢʨʠʪʠʯʥʦʛ ʝʣʝʤʝʥʪʘ. 

ʉʘ ʩʪʘʥʦʚʠʰʪʘ ʩʚʘʢʦʛ ʦʜ ʦʧʝʨʘʪʦʨʘ ʧʨʝʥʦʩʥʦʛ ʩʠʩʪʝʤʘ, ʟʘʩʝʙʥʦ, ʤʦʛʫ ʩʝ 

ʨʘʟʤʘʪʨʘʪʠ ʩʚʠ ʝʣʝʤʝʥʪʠ ʤʨʝʞʝ, ʫʢˀʫʯʫʿʫ˂ʠ ʠ ʠʥʪʝʨʢʦʥʝʢʪʠʚʥʝ ʜʘʣʝʢʦʚʦʜʝ, 

ʜʦʢʣʝ ʛʦʜ ʩʫ ʦʥʠ ʠ ʜʝʦ ʨʝʛʠʦʥʘʣʥʦʛ ʤʦʜʝʣʘ ʟʘ ʧʨʦʨʘʯʫʥ ʪʦʢʦʚʘ ʩʥʘʛʘ. ʋ ʩʢʣʘʜʫ ʩʘ 

ʪʠʤ, ʢʦʥʮʝʧʪ ʫʟʠʤʘ ʫ ʦʙʟʠʨ ʠ ʩʚʘʢʠ ʩʢʫʧ ʧʨʝʪʭʦʜʥʦ ʫʪʚʨʹʝʥʠʭ ʤʦʛʫ˂ʠʭ ʢʨʠʪʠʯʥʠʭ 

ʠʩʧʘʜʘ ʢʦʿʠ ʩʝ ʦʜʥʦʩʝ ʥʘ ʩʚʘʢʠ ʦʜ ʧʦʩʤʘʪʨʘʥʠʭ ʢʨʠʪʠʯʥʠʭ ʝʣʝʤʝʥʘʪʘ. ʌʘʢʪʦʨʠ 

ʤʘʢʩʠʤʘʣʥʦʛ ʪʦʢʘ ʩʥʘʛʝ ʩʝ ʪʘʜʘ ʨʘʯʫʥʘʿʫ ʟʘ ʩʚʘʢʠ ʢʨʠʪʠʯʘʥ ʝʣʝʤʝʥʪ ʫʟʠʤʘʿʫ˂ʠ ʫ 

ʦʙʟʠʨ ʠ ʦʜʦʚʘʨʘʿʫ˂ʝ ʢʨʠʪʠʯʥʝ ʠʩʧʘʜʝ. ʉʚʘʢʠ ʬʘʢʪʦʨ ʤʘʢʩʠʤʘʣʥʦʛ ʪʦʢʘ ʩʥʘʛʝ 

ʧʨʝʜʩʪʘʚˀʘ ʟʘʩʝʙʥʦ ʦʛʨʘʥʠʯʝˁʝ ʤʨʝʞʝ ʢʦʿʝ ʤʦʨʘ ʙʠʪʠ ʫʟʝʪʦ ʫ ʦʙʟʠʨ ʧʨʠʣʠʢʦʤ 

ʜʦʜʝʣʝ ʧʨʝʥʦʩʥʠʭ ʢʘʧʘʮʠʪʝʪʘ. 

 

ɻʣʘʚʥʘ ʦʙʝʣʝʞʿʘ ʧʨʦʮʝʜʫʨʝ ʤʘʢʩʠʤʘʣʥʦʛ ʪʦʢʘ ʩʥʘʛʝ ʩʫ: 

¶ ʆʙʿʝʢʪʠʚʘʥ ʠ ʿʘʩʘʥ ʧʨʠʢʘʟ ʦʛʨʘʥʠʯʝˁʘ ʤʨʝʞʝ ʫʟʠʤʘʿʫ˂ʠ ʫ ʦʙʟʠʨ 

ʧʦʿʝʜʠʥʘʯʥʘ ʦʛʨʘʥʠʯʝˁʘ ʝʣʝʤʝʥʘʪʘ ʤʨʝʞʝ. 

¶ ʇʨʘʢʪʠʯʥʦ ʿʝ ʥʝʟʘʚʠʩʘʥ ʦʜ ʧʨʝʪʧʦʩʪʘʚˀʝʥʦʛ ʦʩʥʦʚʥʦʛ ʤʦʜʝʣʘ ʨʘʟʤʝʥʝ 

ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ ʥʘ ʧʦʩʤʘʪʨʘʥʦʤ ʦʩʥʦʚʥʦʤ ʤʦʜʝʣʫ ʪʦʢʦʚʘ ʩʥʘʛʘ, ʿʝʨ 

ʧʨʠʩʪʫʧ ʤʘʢʩʠʤʘʣʥʦʛ ʪʦʢʘ ʫʟʠʤʘ ʫ ʦʙʟʠʨ ʜʘ ʥʘʿʢʨʠʪʠʯʥʠʿʠ ʠʩʧʘʜ, ʢʦʿʠ ʠʤʘ 



 

 

ʉʪʘʥʢʦ ʇ. ɱʘʥʢʦʚʠ˂, ɸʣʛʦʨʠʪʤʠ ʟʘ ʫʥʘʧʨʝʹeˁ ʝ ʢʦʥʚʝʨʛʝʥʮʠʿʝ ʫ ʧʨʦʨʘʯʫʥʫ ʪʦʢʦʚʘ ʩʥʘʛʘ ʥʘ ʚʝʣʠʢʠʤ ʩʠʤʫʣʘʮʠʦʥʠʤ ʤʦʜʝʣʠʤʘ, ʜʦʢʪʦʨʩʢʘ ʜʠʩʝʨʪʘʮʠʿʘ 

74 

ʫʪʠʮʘʿʘ ʥʘ ʧʦʩʤʘʪʨʘʥʠ ʢʨʠʪʠʯʥʠ ʝʣʝʤʝʥʪ, ʟʘʚʠʩʠ ʦʜ ʦʜʛʦʚʘʨʘʿʫ˂ʝʛ 

ʧʨʦʛʨʘʤʘ ʨʘʟʤʝʥʝ. ʆʚʦ ʿʝ ʦʩʪʚʘʨʝʥʦ ʪʘʢʦ ʰʪʦ ʩʫ ʫʟʝʪʠ ʫ ʦʙʟʠʨ ʩʚʠ ʤʦʛʫ˂ʠ 

ʢʨʠʪʠʯʥʠ ʠʩʧʘʜʠ ʟʘ ʩʚʘʢʠ ʢʨʠʪʠʯʘʥ ʝʣʝʤʝʥʪ ʟʘʩʝʙʥʦ, ʧʨʠʣʠʢʦʤ 

ʦʜʨʝʹʠʚʘˁʘ ʫʣʘʟʥʠʭ ʧʦʜʘʪʘʢʘ ʟʘ ʜʦʜʝʣʫ ʧʨʝʥʦʩʥʠʭ ʢʘʧʘʮʠʪʝʪʘ. ɿʙʦʛ ʪʦʛʘ ʿʝ 

ʨʝʟʫʣʪʘʪ ʜʦʜʝʣʝ ʧʨʝʥʦʩʥʠʭ ʢʘʧʘʮʠʪʝʪʘ ʫʿʝʜʥʦ ʠ ʥʘʿʢʨʠʪʠʯʥʠʿʠ ʠʩʧʘʜ. 

¶ ʈʝʟʫʣʪʘʪʠ ʜʦʜʝʣʝ ʢʘʧʘʮʠʪʝʪʘ ʪʨʘʥʩʧʘʨʝʥʪʥʦ ʫʢʘʟʫʿʫ ʥʘ ʪʦ ʜʘ ʦʛʨʘʥʠʯʝˁʘ 

ʤʨʝʞʝ ʦʛʨʘʥʠʯʘʚʘʿʫ ʠʟʥʦʩ ʜʦʜʝˀʝʥʠʭ ʧʨʝʥʦʩʥʠʭ ʢʘʧʘʮʠʪʝʪʘ (ʢʨʠʪʠʯʥʠ 

ʝʣʝʤʝʥʪʠ ʠ ʦʜʛʦʚʘʨʘʿʫ˂ʠ ʢʨʠʪʠʯʥʠ ʠʩʧʘʜʠ). 

¶ ʉʘʛʣʘʩʥʦ ʨʘʟʤʘʪʨʘˁʫ ʩʚʘʢʝ ʢʦʤʙʠʥʘʮʠʿʝ ʢʨʠʪʠʯʥʦʛ ʠʩʧʘʜʘ ʠ ʢʨʠʪʠʯʥʦʛ 

ʝʣʝʤʝʥʪʘ (ʩʚʘʢʘ ʢʦʤʙʠʥʘʮʠʿʘ ʿʝ ʧʨʝʜʩʪʘʚˀʝʥʘ ʨʝʜʦʤ ʫ PTDF-ʄF ʤʦʜʝʣʫ), 

ʨʝʟʫʣʪʫʿʫ˂ʠ PTDF-MF ʤʦʜʝʣ ʿʝ ʨʝʣʘʪʠʚʥʦ ʚʝʣʠʢʠ ʠ ʧʦʩʪʦʿʠ ʨʠʟʠʢ ʦʜ 

ʧʨʝʚʠʜʘ ʥʝʦʜʛʦʚʘʨʘʿʫ˂ʠʭ (ʥʝʤʦʛʫ˂ʠʭ) ʬʠʛʫʨʘ ʠ ʝʚʝʥʪʫʘʣʥʦ ʤʥʦʛʦ ʚʝ˂ʠ 

ʥʘʧʦʨ ʧʨʠ ʨʘʜʫ ʩʘ ʦʚʠʤ ʤʦʜʝʣʦʤ ʥʝʛʦ ʩʘ ʤʘˁʝ ʩʣʦʞʝʥʠʤ ʤʦʜʝʣʠʤʘ. 

ʇʨʠʩʪʫʧ ʤʘʢʩʠʤʘʣʥʦʛ ʪʦʢʘ ʩʥʘʛʝ ʧʨʝʚʘʟʠʣʘʟʠ ʚʝʣʠʢʠ ʙʨʦʿ ʥʝʜʦʩʪʘʪʘʢʘ 

ʧʨʠʩʪʫʧʘ ʢʘʧʘʮʠʪʝʪʘ ʛʨʘʥʠʮʝ, ʥʘʨʦʯʠʪʦ ʫʚʘʞʘʚʘˁʘ ʟʘʚʠʩʥʦʩʪʠ ʦʜ ʧʨʝʪʧʦʩʪʘʚʢʠ ʠ 

ʘʧʨʦʢʩʠʤʘʮʠʿʘ ʢʦʿʝ ʩʝ ʦʜʥʦʩʝ ʥʘ ʦʩʥʦʚʥʠ ʤʦʜʝʣ. ʇʨʠʩʪʫʧ ʠʤʘ ʠ ʨʝʣʘʪʠʚʥʦ ʛʨʫʙʫ 

ʧʨʝʜʩʪʘʚʫ ʦʛʨʘʥʠʯʝˁʘ ʤʨʝʞʝ ʢʦʿʘ ʧʨʦʠʩʪʠʯʝ ʠʟ ʧʨʠʜʨʫʞʠʚʘˁʘ ʿʝʜʥʝ ʚʨʝʜʥʦʩʪʠ ʧʦ 

ʛʨʘʥʠʮʠ ʦʜʨʝʹʝʥʝ ʧʨʠʩʪʫʧʦʤ ʢʘʧʘʮʠʪʝʪʘ ʛʨʘʥʠʮʝ. 

 

ʉʧʝʮʠʬʠʢʘʮʠʿʘ ʢʨʠʪʠʯʥʠʭ ʝʣʝʤʝʥʘʪʘ ʤʨʝʞʝ ʠ ʢʨʠʪʠʯʥʠʭ ʠʩʧʘʜʘ 

 

ʇʨʠʩʪʫʧʦʤ ʤʘʢʩʠʤʘʣʥʦʛ ʪʦʢʘ ʩʥʘʛʝ ʤʦʞʝ ʩʝ, ʙʝʟ ʠʢʘʢʚʠʭ ʦʛʨʘʥʠʯʝˁʘ, 

ʨʘʟʤʘʪʨʘʪʠ ʩʚʘʢʠ ʝʣʝʤʝʥʪ ʤʨʝʞʝ ʢʘʦ ʤʦʛʫ˂ʠ ʢʨʠʪʠʯʘʥ ʝʣʝʤʝʥʪ. ʅʘʜʣʝʞʥʠ 

ʦʧʝʨʘʪʦʨ ʧʨʝʥʦʩʥʦʛ ʩʠʩʪʝʤʘ ʪʨʝʙʘ ʜʘ ʜʘ ʩʧʝʮʠʬʠʢʘʮʠʿʫ ʩʚʠʭ ʧʦʪʝʥʮʠʿʘʣʥʦ 

ʢʨʠʪʠʯʥʠʭ ʝʣʝʤʝʥʘʪʘ ʤʨʝʞʝ (ʜʘʣʝʢʦʚʦʜʘ ʠ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ), ʢʘʦ ʠ 

ʠʥʪʝʨʢʦʥʝʢʪʠʚʥʠʭ ʜʘʣʝʢʦʚʦʜʘ ʢʦʿʠ ʩʝ ʫʟʠʤʘʿʫ ʫ ʦʙʟʠʨ ʧʨʠʣʠʢʦʤ ʜʦʜʝʣʝ 

ʧʨʝʥʦʩʥʠʭ ʢʘʧʘʮʠʪʝʪʘ, ʠʣʠ ʧʦʜʩʢʫʧʦʚʝ ʜʘʣʝʢʦʚʦʜʘ ʠ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ ʟʘ ʢʦʿʝ 

ʩʤʘʪʨʘ ʜʘ ʠʤʘʿʫ ʫʪʠʮʘʿʘ ʥʘ ʧʨʝʢʦʛʨʘʥʠʯʥʫ ʨʘʟʤʝʥʫ ʝʥʝʨʛʠʿʝ. 
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ɿʘ ʩʚʘʢʠ ʢʨʠʪʠʯʘʥ ʝʣʝʤʝʥʪ 1,2...n ʤʦʞʝ ʙʠʪʠ ʠʟʘʙʨʘʥ ʧʦʪʝʥʮʠʿʘʣʥʦ 

ʢʨʠʪʠʯʘʥ ʠʩʧʘʜ, ʫʢˀʫʯʫʿʫ˂ʠ ʫʢʣʦʧʥʦ ʩʪʘˁʝ ʦʩʥʦʚʥʦʛ ʤʦʜʝʣʘ (ʙʝʟ ʠʩʧʘʜʘ). ʉʘ 

ʩʪʘʥʦʚʠʰʪʘ ʢʨʠʪʠʯʥʠʭ ʝʣʝʤʝʥʘʪʘ ʥʝ ʧʦʩʪʦʿʝ ʦʛʨʘʥʠʯʝˁʘ ʫ ʧʨʠʤʝʥʠ ʧʨʠʩʪʫʧʘ 

ʤʘʢʩʠʤʘʣʥʦʛ ʪʦʢʘ ʩʥʘʛʝ, ʢʘʦ ʰʪʦ ʿʝ, ʪʝʦʨʠʿʩʢʠ ʟʘ ʩʚʘʢʠ ʢʨʠʪʠʯʘʥ ʝʣʝʤʝʥʪ, ʩʚʘʢʠ 

ʜʘʣʝʢʦʚʦʜ ʠ ʪʨʘʥʩʬʦʨʤʘʪʦʨ, ʢʘʦ ʠ ʩʚʘʢʘ ʢʦʤʙʠʥʘʮʠʿʘ ʜʚʘ ʠʣʠ ʚʠʰʝ ʝʣʝʤʝʥʪʘ 

(ʜʘʣʝʢʦʚʦʜʘ ʠʣʠ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ) ʤʦʞʝ ʙʠʪʠ ʩʤʘʪʨʘʥʘ ʢʨʠʪʠʯʥʠʤ ʠʩʧʘʜʦʤ. 

ʋ ʮʠˀʫ ʩʤʘˁʝˁʘ ʙʨʦʿʘ ʢʨʠʪʠʯʥʠʭ ʝʣʝʤʝʥʘʪʘ ʢʦʿʝ ʪʨʝʙʘ ʫʟʝʪʠ ʫ ʨʘʟʤʘʪʨʘˁʝ, 

ʩʪʚʘʨʥʠ ʩʢʫʧ ʝʣʝʤʝʥʘʪʘ ʪʨʝʙʘ ʜʘ ʩʧʝʮʠʬʠʮʠʨʘ ʦʧʝʨʘʪʦʨ ʧʨʝʥʦʩʥʦʛ ʩʠʩʪʝʤʘ, ʿʝʨ ʿʝ 

ʦʥ ʤʝʨʦʜʘʚʘʥ ʜʘ ʦʜʣʫʯʠ ʢʦʿʠ ʜʘʣʝʢʦʚʦʜʠ ʠ ʢʦʿʠ ʪʨʘʥʩʬʦʨʤʘʪʦʨʠ ʠʤʘʿʫ ʚʝ˂ʠ ʠʣʠ 

ʤʘˁʠ ʫʪʠʮʘʿ, ʫʟ ʫʚʘʞʘʚʘˁʝ ʧʨʝʢʦʛʨʘʥʠʯʥʝ ʨʘʟʤʝʥʝ ʝʥʝʨʛʠʿʝ, ʠ ʥʝ ʤʦʛʫ ʙʠʪʠ 

ʟʘʤʝˁʝʥʠ ʿʝʜʥʦʩʪʘʚʥʠʤ ʘʣʛʦʨʠʪʤʦʤ ʧʨʦʨʘʯʫʥʘ. 

ʇʨʠʣʠʢʦʤ ʦʜʘʙʠʨʘ ʢʨʠʪʠʯʥʠʭ ʠʩʧʘʜʘ ʟʘ ʩʚʘʢʠ ʢʨʠʪʠʯʘʥ ʝʣʝʤʝʥʪ, ʤʦʛʫ˂ʝ ʿʝ 

ʨʘʟʤʘʪʨʘʪʠ ʘʫʪʦʤʘʪʠʟʘʮʠʿʫ ʦʜʨʝʹʠʚʘˁʘ, ʿʝʨ ʫ ʧʨʘʢʩʠ, ʩʘʤʦ ʦʛʨʘʥʠʯʝʥ ʙʨʦʿ ʠʩʧʘʜʘ 

ʿʝ ʟʘʠʩʪʘ ʢʨʠʪʠʯʘʥ ʫ ʧʦʛʣʝʜʫ ʤʦʛʫ˂ʝʛ ʧʨʝʦʧʪʝʨʝ˂ʝˁʘ ʢʨʠʪʠʯʥʦʛ ʝʣʝʤʝʥʪʘ. ʅʘ ʦʚʘʿ 

ʥʘʯʠʥ ʤʦʞʝ ʩʝ ʩʘ ʨʘʟʣʦʛʦʤ ʩʤʘˁʠʪʠ ʙʨʦʿ ʢʨʠʪʠʯʥʠʭ ʠʩʧʘʜʘ ʢʦʿʠ ʩʝ ʨʘʟʤʘʪʨʘʿʫ ʫʟ 

ʫʚʘʞʘʚʘˁʝ N-1 ʢʨʠʪʝʨʠʿʫʤʘ ʩʠʛʫʨʥʦʩʪʠ ʤʨʝʞʝ. ɼʦʜʘʪʥʦ ʠʣʠ ʢʘʦ ʘʣʪʝʨʥʘʪʠʚʫ, 

ʢʨʠʪʠʯʥʠ ʠʩʧʘʜʠ ʤʦʛʫ ʙʠʪʠ ʨʫʯʥʦ ʦʜʨʝʹʝʥʠ ʦʜ ʩʪʨʘʥʝ ʦʧʝʨʘʪʦʨʘ ʧʨʝʥʦʩʥʦʛ 

ʩʠʩʪʝʤʘ, ʥʧʨ. ʜʘ ʩʝ ʧʦʢʨʠʿʫ ʩʣʫʯʘʿʝʚʠ ʢʘʜʘ ʦʜʨʝʹʝʥʠ ʠʩʧʘʜ ʪʨʝʙʘ ʜʘ ʩʝ ʫʟʤʝ ʫ 

ʦʙʟʠʨ ʿʝʜʠʥʦ ʫ ʩʣʫʯʘʿʫ ʥʝʢʦʛ ʦʜʨʝʹʝʥʦʛ ʢʚʘʨʘ.  

ʇʨʝʪʧʦʩʪʘʚˀʘʿʫ˂ʠ N-1 ʢʨʠʪʝʨʠʿʫʤ ʩʠʛʫʨʥʦʩʪʠ (ʥʧʨ. ʠʩʧʘʜ ʩʘʤʦ ʿʝʜʥʦʛ 

ʝʣʝʤʝʥʪʘ), ʘʣʛʦʨʠʪʘʤ ʢʦʿʠ ʩʣʝʜʠ ʩʝ ʧʦʢʘʟʘʦ ʢʦʨʠʩʥʠʤ ʟʘ ʘʫʪʦʤʘʪʩʢʦ ʦʜʨʝʹʠʚʘˁʝ 

ʧʦʪʝʥʮʠʿʘʣʥʦ ʢʨʠʪʠʯʥʠʭ ʠʩʧʘʜʘ. ɿʘʩʥʦʚʘʥ ʿʝ ʥʘ ʧʨʝʪʧʦʩʪʘʚʮʠ ʜʘ ʦʥʠ ʠʩʧʘʜʠ ʢʦʿʠ 

ʠʤʘʿʫ ʥʘʿʚʝ˂ʠ ʫʪʠʮʘʿ ʥʘ ʪʦʢ ʩʥʘʛʝ ʥʘ ʧʦʩʤʘʪʨʘʥʦʤ ʢʨʠʪʠʯʥʦʤ ʝʣʝʤʝʥʪʫ ʩʫ 

ʥʘʿʢʨʠʪʠʯʥʠʿʠ ʠʩʧʘʜʠ. ʇʨʦʨʘʯʫʥ ʩʝ ʠʟʚʦʜʠ ʥʘ ʩʣʝʜʝ˂ʠ ʥʘʯʠʥ: 

1. ɸʥʘʣʠʟʘ ʪʦʢʦʚʘ ʩʥʘʛʘ ʟʘ ʦʩʥʦʚʥʠ ʤʦʜʝʣ ʜʘ ʙʠ ʩʝ ʦʜʨʝʜʠʦ ʪʦʢ ʩʥʘʛʝ ʥʘ 

ʩʚʘʢʦʤ ʢʨʠʪʠʯʥʦʤ ʝʣʝʤʝʥʪʫ ʟʘ ʦʩʥʦʚʥʦ ʩʪʘˁʝ, 

2. ʎʝʣʘ N-1 ʘʥʘʣʠʟʘ (ʥʧʨ. ʫʟʠʤʘ ʩʝ ʫ ʦʙʟʠʨ ʩʚʘʢʠ ʜʘʣʝʢʦʚʦʜ ʠ ʩʚʘʢʠ 

ʪʨʘʥʩʬʦʨʤʘʪʦʨ) ʜʘ ʙʠ ʩʝ ʦʜʨʝʜʠʦ ʪʦʢ ʩʥʘʛʝ ʥʘ ʩʚʘʢʦʤ ʢʨʠʪʠʯʥʦʤ ʝʣʝʤʝʥʪʫ ʟʘ ʩʚʝ 

N-1 ʫʢʣʦʧʥʦʛ ʩʪʘˁʘ, 
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3. ʆʜʘʙʠʨʦʤ ʩʢʫʧʘ ʠʩʧʘʜʘ ʟʘ ʢʨʠʪʠʯʘʥ ʝʣʝʤʝʥʪ, ʢʦʿʠ ʩʘʜʨʞʠ ʩʚʝ ʝʣʝʤʝʥʪʝ 

ʯʠʿʠ ʠʩʧʘʜ ʫʟʨʦʢʫʿʝ ʥʘʿʚʝ˂ʠ ʪʦʢ ʩʥʘʛʝ ʥʘ ʧʦʩʤʘʪʨʘʥʦʤ ʢʨʠʪʠʯʥʦʤ ʝʣʝʤʝʥʪʫ 

(ʉʘʛʣʘʩʥʦ ʪʝʩʪ ʧʨʦʮʝʜʫʨʠ ʤʘʢʩʠʤʘʣʥʦʛ ʪʦʢʘ ʩʥʘʛʝ ʧʦʜ ʨʝʘʣʥʠʤ ʫʩʣʦʚʠʤʘ, ʦʜʘʙʠʨ 

5-10 ʠʩʧʘʜʘ ʟʘ ʢʨʠʪʠʯʘʥ ʝʣʝʤʝʥʪ ʿʝ ʟʘʜʦʚʦˀʘʚʘʿʫ˂ʠ). 

ʉʚʘʢʘ ʢʦʤʙʠʥʘʮʠʿʘ ʢʨʠʪʠʯʥʦʛ ʝʣʝʤʝʥʪʘ ʠ ʢʨʠʪʠʯʥʦʛ ʠʩʧʘʜʘ ʜʝʬʠʥʠʰʝ 

ʦʛʨʘʥʠʯʝˁʘ ʤʨʝʞʝ ʢʦʿʘ ʪʨʝʙʘ ʜʘ ʙʫʜʫ ʠʩʪʦʚʨʝʤʝʥʦ ʠʩʧʫˁʝʥʘ ʫ ʘʣʦʢʘʮʠʦʥʦʿ 

ʧʨʦʮʝʜʫʨʠ. 

 

ʇʨʦʨʘʯʫʥ PTDF ʤʘʪʨʠʮʝ 

 

ʇʨʦʨʘʯʫʥ ʌʘʢʪʦʨʘ ʨʘʩʧʦʜʝʣʝ ʧʨʝʥʦʩʥʝ ʩʥʘʛʝ (PTDF - Power Transfer 

Distribution Factors) ʩʝ ʠʟʚʦʜʠ ʥʘ ʤʦʜʝʣʫ ʪʦʢʦʚʘ ʩʥʘʛʘ ʧʨʝʥʦʩʥʝ ʤʨʝʞʝ 

ʧʦʩʤʘʪʨʘʥʦʛ ʨʝʛʠʦʥʘ. ɽʣʝʤʝʥʪʠ PTDF ʤʘʪʨʠʮʝ ʧʨʝʜʩʪʘʚˀʘʿʫ ʫʪʠʮʘʿ 

ʧʨʝʢʦʛʨʘʥʠʯʥʠʭ ʧʨʦʛʨʘʤʘ ʨʘʟʤʝʥʝ ʠʟʤʝʹʫ ʩʚʘʢʦʛ ʧʘʨʘ ʦʧʝʨʘʪʦʨʘ ʧʨʝʥʦʩʥʠʭ 

ʩʠʩʪʝʤʘ (ʫ ʦʙʘ ʩʤʝʨʘ) ʥʘ ʪʦʢʦʚʝ ʩʥʘʛʘ ʟʘ ʧʦʩʤʘʪʨʘʥʫ ʢʦʤʙʠʥʘʮʠʿʫ ʢʨʠʪʠʯʥʦʛ 

ʝʣʝʤʝʥʪʘ ʠ ʢʨʠʪʠʯʥʦʛ ʠʩʧʘʜʘ. ɿʙʦʛ ʪʦʛʘ ʩʝ PTDF ʤʘʪʨʠʮʘ ʩʘʩʪʦʿʠ ʦʜ: 

¶ Ncb,co ʨʝʜʦʚʘ, ʜʝʬʠʥʠʩʘʥʠʭ ʫʢʫʧʥʠʤ ʙʨʦʿʝʤ ʧʦʩʤʘʪʨʘʥʠʭ ʢʦʤʙʠʥʘʮʠʿʘ 

ʢʨʠʪʠʯʥʠʭ ʝʣʝʤʝʥʘʪʘ ʠ ʢʨʠʪʠʯʥʠʭ ʠʩʧʘʜʘ ʠ 

¶ I ʢʦʣʦʥʘ, ʛʜʝ ʿʝ I ʫʢʫʧʘʥ ʙʨʦʿ ʧʘʨʦʚʘ ʠʟʚʦʨ-ʧʦʥʦʨ (ʠʟʚʦʨ ʿʝ ʦʙʣʘʩʪ ʫ ʢʦʿʦʿ ʩʝ 

ʧʦʚʝ˂ʘʚʘ ʛʝʥʝʨʘʮʠʿʘ ʘʢʪʠʚʥʝ ʩʥʘʛʝ, ʘ ʧʦʥʦʨ ʿʝ ʦʙʣʘʩʪ ʫ ʢʦʿʦʿ ʩʝ ʩʤʘˁʫʿʝ) 

ʦʧʝʨʘʪʦʨʘ ʧʨʝʥʦʩʥʠʭ ʩʠʩʪʝʤʘ ʫ ʧʦʩʤʘʪʨʘʥʦʤ ʨʝʛʠʦʥʫ ʢʦʦʨʜʠʥʠʩʘʥʠʭ 

ʘʫʢʮʠʿʘ. 

ɿʘ ʨʘʟʤʘʪʨʘˁʝ ʪʦʢʦʚʘ ʩʥʘʛʘ ʫʟʨʦʢʦʚʘʥʠʭ ʨʘʟʤʝʥʘʤʘ ʠʟʤʝʹʫ ʫʯʝʩʥʠʢʘ ʫ 

ʢʦʦʨʜʠʥʠʩʘʥʠʤ ʘʫʢʮʠʿʘʤʘ ʠ ʦʥʠʭ ʢʦʿʠ ʥʝ ʫʯʝʩʪʚʫʿʫ ʫ ʢʦʦʨʜʠʥʠʩʘʥʠʤ ʘʫʢʮʠʿʘʤʘ, 

ʢʘʦ ʠ ʠʟʤʝʹʫ ʧʘʨʦʚʘ ʢʦʿʠ ʥʝ ʫʯʝʩʪʚʫʿʫ ʫ ʢʦʦʨʜʠʥʠʩʘʥʠʤ ʘʫʢʮʠʿʘʤʘ (ʅʝʠʟʚʝʩʘʥ 

ʩʧʦˀʥʠ ʪʦʢ ʩʥʘʛʝ (Uncertain Outside Flow) ʧʦʪʨʝʙʥʘ ʿʝ ʧʨʦʰʠʨʝʥʘ PTDF ʤʘʪʨʠʮʘ 

ʢʦʿʘ ʠʤʘ ʠ ʢʦʣʦʥʝ ʢʦʿʠʤʘ ʩʫ ʦʙʫʭʚʘ˂ʝʥʠ ʠ ʜʦʜʘʪʥʠ ʧʘʨʦʚʠ ʠʟʚʦʨ-ʧʦʥʦʨ. 
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PTDF ʚʨʝʜʥʦʩʪʠ ʩʝ ʨʘʯʫʥʘʿʫ ʟʘ ʩʚʘʢʠ ʧʘʨ ʢʨʠʪʠʯʘʥ ʝʣʝʤʝʥʪ ʠ ʢʨʠʪʠʯʘʥ 

ʠʩʧʘʜ ʥʧʨ. ʜʘ ʩʫ ʟʘ ʩʚʘʢʦ ʧʦʩʤʘʪʨʘʥʦ ʫʢʣʦʧʥʦ ʩʪʘˁʝ ʠʩʧʘʜʘ ʦʜʛʦʚʘʨʘʿʫ˂ʠ PTDF 

ʬʘʢʪʦʨʠ ʨʘʯʫʥʘʪʠ ʧʦʩʝʙʥʦ. ʇʨʦʨʘʯʫʥ ʿʝ ʚʨʰʝʥ ʧʨʠʤʝʥʦʤ DC ʘʣʛʦʨʠʪʤʘ ʟʘ 

ʧʨʦʨʘʯʫʥ ʪʦʢʦʚʘ ʩʥʘʛʘ. 

ɺʨʝʜʥʦʩʪʠ PTDF ʤʘʪʨʠʮʝ ʢʦʿʝ ʩʝ ʦʜʥʦʩʝ ʥʘ ʨʘʟʤʝʥʝ ʠʟʤʝʹʫ ʦʧʝʨʘʪʦʨʘ 

ʧʨʝʥʦʩʥʦʛ ʩʠʩʪʝʤʘ ɸ ʠ ʦʧʝʨʘʪʦʨʘ ʧʨʝʥʦʩʥʦʛ ʩʠʩʪʝʤʘ ɹ ʩʫ ʨʘʯʫʥʘʪʝ ʥʘ ʦʩʥʦʚʫ 

ʩʠʤʫʣʘʮʠʿʝ ʧʦʚʝ˂ʘˁʘ ʧʨʦʠʟʚʦʜˁʝ ʫ ʩʚʠʤ ʛʝʥʝʨʘʪʦʨʩʢʠʤ ʯʚʦʨʦʚʠʤʘ ʦʧʝʨʘʪʦʨʘ 

ʧʨʝʥʦʩʥʦʛ ʩʠʩʪʝʤʘ ɸ ʠ ʠʩʪʦʚʨʝʤʝʥʦ ʩʤʘˁʝˁʝʤ ʧʨʦʠʟʚʦʜˁʝ ʫ ʩʚʠʤ ʛʝʥʝʨʘʪʦʨʩʢʠʤ 

ʯʚʦʨʦʚʠʤʘ ʦʧʝʨʘʪʦʨʘ ʧʨʝʥʦʩʥʦʛ ʩʠʩʪʝʤʘ ɹ ʟʘ æP = 100 ʄW, ʧʨʦʧʦʨʮʠʦʥʘʣʥʦ 

ʧʨʠʨʘʰʪʘʿʫ ʫ ʦʩʥʦʚʥʦʤ ʤʦʜʝʣʫ (æPk å æPgen,k). ʆʚʘʿ ʧʦʤʝʨʘʿ ʧʨʦʠʟʚʦʜˁʝ ʜʦʚʦʜʠ ʜʦ 

ʧʦʚʝ˂ʘˁʘ ʪʦʢʘ ʩʥʘʛʝ æF ʩʚʘʢʦʛ ʢʨʠʪʠʯʥʦʛ ʝʣʝʤʝʥʪʘ. 

ʆʜʥʦʩ ʠʟʤʝʹʫ ʧʦʚʝ˂ʘˁʘ ʪʦʢʘ ʩʥʘʛʝ ʧʦʩʤʘʪʨʘʥʦʛ ʢʨʠʪʠʯʥʦʛ ʝʣʝʤʝʥʪʘ ʟʘ 

ʧʦʩʤʘʪʨʘʥʠ ʢʨʠʪʠʯʥʠ ʠʩʧʘʜ  æFcb,co ʠ ʧʦʤʝʨʘʿ ʧʨʦʠʟʚʦʜˁʝ æP  ʿʝ ʟʘʭʪʝʚʘʥʘ PTDF 

ʬʘʢʪʦʨ. 
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ɼʝʬʠʥʠʮʠʿʝ ʧʨʦʤʝʥˀʠʚʠʭ ʢʦʿʝ ʩʝ ʿʘʚˀʘʿʫ ʫ ʧʨʦʨʘʯʫʥʫ 

 

TMF  (Total Maximum Flow) - ʋʢʫʧʥʠ ʤʘʢʩʠʤʘʣʥʠ ʪʦʢ ʩʥʘʛʝ ʿʝ ʤʘʢʩʠʤʘʣʥʠ ʪʦʢ 

ʘʢʪʠʚʥʝ ʩʥʘʛʝ ʥʘ ʧʦʩʤʘʪʨʘʥʦʤ ʢʨʠʪʠʯʥʦʤ ʝʣʝʤʝʥʪʫ ʜʝʬʠʥʠʩʘʥʝ ʧʨʝʢʦ ʩʪʨʫʿʝ 

ʪʝʨʤʠʯʢʝ ʛʨʘʥʠʮʝ ʧʦʩʤʘʪʨʘʥʦʛ ʝʣʝʤʝʥʪʘ. ʊʘ ʩʪʨʫʿʘ ʿʝ ʜʘʪʘ ʫ ʤʦʜʝʣʫ ʪʦʢʦʚʘ ʩʥʘʛʘ, 

ʧʦʜ ʧʨʝʪʧʦʩʪʘʚʢʦʤ ʢʦʥʩʪʘʥʪʥʦʛ ʬʘʢʪʦʨʘ ʩʥʘʛʝ ʟʘʿʝʜʥʠʯʢʠ ʜʝʬʠʥʠʩʘʥʦʛ ʟʘ ʩʚʝ 

ʝʣʝʤʝʥʪʝ. 

 



 

 

ʉʪʘʥʢʦ ʇ. ɱʘʥʢʦʚʠ˂, ɸʣʛʦʨʠʪʤʠ ʟʘ ʫʥʘʧʨʝʹeˁ ʝ ʢʦʥʚʝʨʛʝʥʮʠʿʝ ʫ ʧʨʦʨʘʯʫʥʫ ʪʦʢʦʚʘ ʩʥʘʛʘ ʥʘ ʚʝʣʠʢʠʤ ʩʠʤʫʣʘʮʠʦʥʠʤ ʤʦʜʝʣʠʤʘ, ʜʦʢʪʦʨʩʢʘ ʜʠʩʝʨʪʘʮʠʿʘ 

78 

FRM (Flow Reliability Margin) - ʄʘʨʛʠʥʘ ʧʦʫʟʜʘʥʦʩʪʠ ʪʦʢʘ ʩʥʘʛʝ ʧʨʝʜʩʪʘʚˀʘ 

ʪʦʢ ʘʢʪʠʚʥʝ ʩʥʘʛʝ ʢʦʿʠ ʩʝ ʫʟʠʤʘ ʢʘʦ ʤʘʨʛʠʥʘ ʩʠʛʫʨʥʦʩʪʠ ʫʩʣʝʜ ʥʝʧʨʝʮʠʟʥʦʩʪʠ ʠ 

ʥʝʩʘʚʨʰʝʥʦʩʪʠ ʤʦʜʝʣʘ ʪʦʢʦʚʘ ʩʥʘʛʘ, ʢʘʦ ʰʪʦ ʩʫ: 

¶ ʛʨʝʰʢʝ ʧʨʠʣʠʢʦʤ ʧʨʦʨʘʯʫʥʘ PTDF ʬʘʢʪʦʨʘ, ʟʙʦʛ ʙʠʪʥʠʭ ʧʨʝʪʧʦʩʪʘʚʢʠ 

ʣʠʥʝʘʨʥʦʛ ʫʚʝ˂ʘˁʘ ʜʥʝʚʥʠʭ ʟʘʭʪʝʚʘ (ʥʘʣʦʛʘ) ʧʨʦʠʟʚʦʜˁʝ, ʩʫʧʨʦʪʥʦ 

ʩʪʚʘʨʥʦʿ ʣʠʩʪʠ ʨʝʜʦʩʣʝʜʘ ʘʥʛʘʞʦʚʘˁʘ, 

¶ ʥʝʥʘʤʝʨʥʠʭ ʧʨʦʤʝʥʘ ʬʠʟʠʯʢʠʭ ʪʦʢʦʚʘ ʩʥʘʛʘ ʥʘ ʧʦʩʤʘʪʨʘʥʦʤ ʢʨʠʪʠʯʥʦʤ 

ʝʣʝʤʝʥʪʫ  ʫʩʣʝʜ P-f ʨʝʛʫʣʘʮʠʿʝ, 

¶ ʪʦʢʦʚʘ ʩʥʘʛʘ ʠʟʘʟʚʘʥʠʭ ʭʘʚʘʨʠʿʩʢʠʤ ʨʘʟʤʝʥʘʤʘ ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ ʠʟʤʝʹʫ 

ʦʧʝʨʘʪʦʨʘ ʧʨʝʥʦʩʥʠʭ ʩʠʩʪʝʤʘ, ʫʩʣʝʜ ʥʝʦʯʝʢʠʚʘʥʝ ʧʦʿʘʚʝ ʜʝʙʘʣʘʥʩʘ 

ʧʨʦʠʟʚʦʜˁʝ ʠ ʧʦʪʨʦʰˁʝ ʫ ʨʝʘʣʥʦʤ ʚʨʝʤʝʥʫ, 

¶ ʛʝʦʛʨʘʬʩʢʦʤ ʨʘʩʧʦʜʝʣʦʤ ʧʨʦʠʟʚʦʜˁʝ ʫ ʟʦʥʘʤʘ, 

¶ ʦʩʪʘʣʠʤ ʥʝʩʠʛʫʨʥʦʩʪʠʤʘ, ʥʧʨ. ʥʘʩʪʘʣʠʭ ʧʨʠʣʠʢʦʤ ʧʨʠʢʫʧˀʘˁʘ ʧʦʜʘʪʘʢʘ ʠ 

ʤʝʨʝˁʠʤʘ. 

 

NF (Natural Flow) - ʇʨʠʨʦʜʥʠ ʪʦʢ ʩʥʘʛʝ ʿʝ ʪʦʢ ʘʢʪʠʚʥʝ ʩʥʘʛʝ ʥʘ ʧʦʩʤʘʪʨʘʥʦʤ 

ʢʨʠʪʠʯʥʦʤ ʝʣʝʤʝʥʪʫ ʥʘʢʦʥ ʢʨʠʪʠʯʥʦʛ ʠʩʧʘʜʘ ʢʦʿʠ ʙʠ ʩʝ ʠʤʘʦ ʧʦʜ ʧʨʝʪʧʦʩʪʘʚʢʦʤ 

ʜʘ ʥʠʿʝ ʙʠʣʦ ʨʘʟʤʝʥʝ ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ ʠʟʤʝʹʫ ʦʧʝʨʘʪʦʨʘ ʧʨʝʥʦʩʥʦʛ ʩʠʩʪʝʤʘ ʫ 

ʧʦʩʤʘʪʨʘʥʦʤ ʤʦʜʝʣʫ ʪʦʢʦʚʘ ʩʥʘʛʘ. ʆʜʥʦʩʥʦ, ʧʨʝʪʧʦʩʪʘʚˀʝʥʦ ʿʝ ʜʘ ʩʫ ʩʚʝ ʨʘʟʤʝʥʝ 

ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ (ʠʟʤʝʹʫ ʦʧʝʨʘʪʦʨʘ ʧʨʝʥʦʩʥʠʭ ʩʠʩʪʝʤʘ ʢʦʿʠ ʫʯʝʩʪʚʫʿʫ ʫ 

ʢʦʦʨʜʠʥʠʩʘʥʠʤ ʘʫʢʮʠʿʘʤʘ, ʦʧʝʨʘʪʦʨʠʤʘ ʧʨʝʥʦʩʥʠʭ ʩʠʩʪʝʤʘ ʢʦʿʠ ʫʯʝʩʪʚʫʿʫ ʠ ʦʥʠʭ 

ʢʦʿʠ ʥʝ ʫʯʝʩʪʚʫʿʫ ʫ ʢʦʦʨʜʠʥʠʩʘʥʠʤ ʘʫʢʮʠʿʘʤʘ, ʢʘʦ ʠ ʤʝʹʫ ʦʧʝʨʘʪʦʨʠʤʘ ʧʨʝʥʦʩʥʠʭ 

ʩʠʩʪʝʤʘ ʢʦʿʠ ʥʝ ʫʯʝʩʪʚʫʿʫ ʫ ʢʦʦʨʜʠʥʠʩʘʥʠʤ ʘʫʢʮʠʿʘʤʘ) ʿʝʜʥʘʢʝ ʥʫʣʠ. ɿʙʦʛ ʪʦʛʘ ʿʝ 

ʧʨʠʨʦʜʥʠ ʪʦʢ ʩʥʘʛʝ ʧʦʢʘʟʘʪʝˀ ʫʪʠʮʘʿʘ ʪʦʢʦʚʘ ʥʘʩʪʘʣʠʭ ʫʩʣʝʜ 

Ăʧʦʢʨʠʚʘˁʘñ ʦʧʝʨʘʪʦʨʘ ʧʨʝʥʦʩʥʦʛ ʩʠʩʪʝʤʘ ʧʦʩʝʙʥʦʤ ʝʥʝʨʛʠʿʦʤ ʠʟ ʩʠʩʪʝʤʘ ʙʝʟ 

ʜʦʜʘʪʥʠʭ ʫʚʦʟʘ ʠʣʠ ʠʟʚʦʟʘ ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ. 
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UOF (Uncertain Outside Flow) - ʅʝʠʟʚʝʩʪʘʥ ʩʧʦˀʥʠ ʪʦʢ ʩʥʘʛʝ ʧʨʝʜʩʪʘʚˀʘ ʪʦʢ 

ʘʢʪʠʚʥʝ ʩʥʘʛʝ ʥʘ ʧʦʩʤʘʪʨʘʥʦʤ ʢʨʠʪʠʯʥʦʤ ʝʣʝʤʝʥʪʫ ʠʟʘʟʚʘʥ ʧʨʝʢʦʛʨʘʥʠʯʥʠʤ 

ʨʘʟʤʝʥʘʤʘ ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ ʩʘ ʦʙʣʘʩʪʠʤʘ ʠ ʠʟʤʝʹʫ ʦʙʣʘʩʪʠ ʢʦʿʝ ʥʝ ʫʯʝʩʪʚʫʿʫ ʫ 

ʤʝʭʘʥʠʟʤʫ ʢʦʦʨʜʠʥʠʩʘʥʠʭ ʘʫʢʮʠʿʘ, ʘʣʠ ʩʫ ʩʠʥʭʨʦʥʦ ʧʦʚʝʟʘʥʝ ʩʘ ˁʠʤʘ. 

ʀʟʥʦʩ ʥʝʠʟʚʝʩʥʦʛ ʩʧʦˀʥʦʛ ʪʦʢʘ ʩʥʘʛʝ ʟʘʚʠʩʠ ʦʜ ʧʨʦʛʨʘʤʘ ʨʘʟʤʝʥʘ ʠʟʤʝʹʫ 

ʫʯʝʩʥʠʢʘ ʫ ʤʝʭʘʥʠʟʤʫ ʢʦʦʨʜʠʥʠʩʘʥʠʭ ʘʫʢʮʠʿʘ ʠ ʩʧʦˀʥʠʭ ʦʧʝʨʘʪʦʨʘ ʧʨʝʥʦʩʥʠʭ 

ʩʠʩʪʝʤʘ ʠ ʠʟʤʝʹʫ ʩʧʦˀʥʠʭ ʦʧʝʨʘʪʦʨʘ ʧʨʝʥʦʩʥʠʭ ʩʠʩʪʝʤʘ. ʋ ʪʨʝʥʫʪʢʫ ʩʧʨʦʚʦʹʝˁʘ 

ʜʦʜʝʣʝ ʢʘʧʘʮʠʪʝʪʘ ʦʚʠ ʧʨʦʛʨʘʤʠ ʨʘʟʤʝʥʘ ʩʫ ʥʝʧʦʟʥʘʪʠ.  

ʅʠ ʧʨʠʨʦʜʥʠ ʪʦʢ ʩʥʘʛʝ, ʥʠ ʥʝʠʟʚʝʩʪʘʥ ʩʧʦˀʥʠ ʪʦʢ ʩʥʘʛʝ ʥʝ ʤʦʛʫ ʙʠʪʠ 

ʢʦʥʪʨʦʣʠʩʘʥʠ ʤʝʭʘʥʠʟʤʦʤ ʢʦʦʨʜʠʥʠʩʘʥʠʭ ʘʫʢʮʠʿʘ. 

 

NMF (Net Maximal Flow) - ʄʘʢʩʠʤʘʣʥʠ ʥʝʪʦ ʪʦʢ ʩʥʘʛʝ ʧʨʝʜʩʪʘʚˀʘ ʪʦʢ ʘʢʪʠʚʥʝ 

ʩʥʘʛʝ ʥʘ ʧʦʩʤʘʪʨʘʥʦʤ ʢʨʠʪʠʯʥʦʤ ʝʣʝʤʝʥʪʫ ʟʘ ʩʚʘʢʠ ʧʦʩʤʘʪʨʘʥʠ ʢʨʠʪʠʯʥʠ ʠʩʧʘʜ 

(ʦʜʨʝʹʝʥ ʟʘ ʦʙʘ ʩʤʝʨʘ), ʫ ʩʘʛʣʘʩʥʦʩʪʠ ʩʘ ʩʪʘʥʜʘʨʜʠʤʘ ʩʠʛʫʨʥʦʩʪʠ ʩʠʩʪʝʤʘ, 

ʥʘʩʪʘʣʠʭ ʢʦʤʝʨʮʠʿʘʣʥʠʤ ʪʨʘʥʩʘʢʮʠʿʘʤʘ ʠʟʤʝʹʫ ʧʨʝʥʦʩʥʠʭ ʩʠʩʪʝʤʘ  ʢʦʿʠ ʫʯʝʩʪʚʫʿʫ 

ʫ ʢʦʦʨʜʠʥʠʩʘʥʠʤ ʘʫʢʮʠʿʘʤʘ ʧʨʝʥʦʩʥʦʛ ʢʘʧʘʮʠʪʝʪʘ ʟʘʩʥʦʚʘʥʠʭ ʥʘ ʪʦʢʦʚʠʤʘ ʩʥʘʛʘ. 

 

NMF=TMF-FRM-NF-UOF 

 

ʀ ʥʝʠʟʚʝʩʪʘʥ ʩʧʦˀʥʠ ʪʦʢ ʩʥʘʛʝ ʠ ʧʨʠʨʦʜʥʠ ʪʦʢ ʩʥʘʛʝ (ʥʝʟʘʚʠʩʥʦ) ʤʦʛʫ 

ʙʠʪʠ ʠ ʧʦʟʠʪʠʚʥʝ ʠ ʥʝʛʘʪʠʚʥʝ ʚʨʝʜʥʦʩʪʠ. ʅʧʨ. ʚʨʝʜʥʦʩʪ ʤʘʢʩʠʤʘʣʥʦʛ ʥʝʪʦ ʪʦʢʘ 

ʩʥʘʛʝ ʤʦʞʝ ʩʝ  ʫʚʝ˂ʘʪʠ ʠʣʠ ʫʤʘˁʠʪʠ ʢʘʜʘ ʩʝ ʫʟʤʫ ʫ ʦʙʟʠʨ ʧʨʠʨʦʜʥʠ ʪʦʢ ʩʥʘʛʝ ʠ 

ʥʝʠʟʚʝʩʪʘʥ ʩʧʦˀʥʠ ʪʦʢ ʩʥʘʛʝ. 

 

AAF (Already Allocated Flow) - ʋʥʘʧʨʝʜ ʜʦʜʝˀʝʥʠ ʪʦʢ ʩʥʘʛʝ ʋʥʘʧʨʝʜ ʜʦʜʝˀʝʥʠ 

ʪʦʢ ʩʥʘʛʝ (Already Allocated Flow) ʿʝ ʪʦʢ ʘʢʪʠʚʥʝ ʩʥʘʛʝ ʥʘ ʧʦʩʤʘʪʨʘʥʦʤ ʢʨʠʪʠʯʥʦʤ 
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ʝʣʝʤʝʥʪʫ, ʢʦʿʠ ʿʝ ʚʝ˂ ʜʦʜʝˀʝʥ ʧʨʝʢʦ ʧʨʘʚʘ ʥʘ ʧʨʝʥʦʩ ʥʘ ʥʝʢʦʿ ʦʜ ʧʨʝʪʭʦʜʥʠʭ 

ʘʫʢʮʠʿʘ, ʫ ʩʣʫʯʘʿʫ ʢʘʜʘ ʥʦʤʠʥʘʮʠʿʘ ʥʠʿʝ ʟʘʭʪʝʚʘʥʘ ʧʨʝ ʩʣʝʜʝ˂ʝ ʘʫʢʮʠʿʝ. 

 

ANF (Already Nominated Flow) - ʋʥʘʧʨʝʜ ʥʦʤʠʥʦʚʘʥʠ ʪʦʢ ʩʥʘʛʝ 

ʋ ʩʣʫʯʘʿʫ ʜʦʜʝʣʝ ʢʘʧʘʮʠʪʝʪʘ ʥʘ ʚʠʰʝ ʚʨʝʤʝʥʩʢʠ ʦʜʨʝʹʝʥʠʭ ʘʣʦʢʘʮʠʿʘ (ʥʧʨ. 

ʛʦʜʠʰˁʠʤ, ʤʝʩʝʯʥʠʤ, ʜʥʝʚʥʠʤ ʘʫʢʮʠʿʘʤʘ) ʠʣʠ ʘʢʦ ʧʦʩʪʦʿʠ ʥʝʢʠ ʜʫʛʦʨʦʯʥʠ ʫʛʦʚʦʨ, 

ʪʦʢʦʚʠ ʩʥʘʛʘ ʜʦʜʝˀʝʥʠ ʥʘ ʧʨʝʪʭʦʜʥʠʤ ʘʫʢʮʠʿʘʤʘ ʤʦʨʘʿʫ ʩʝ ʫʟʝʪʠ ʫ ʦʙʟʠʨ. 

ɸʣʛʦʨʠʪʘʤ ʧʨʦʨʘʯʫʥʘ ʟʘʚʠʩʠ ʦʜ ʪʦʛʘ ʜʘ ʣʠ ʩʫ ʥʦʩʠʦʮʠ ʧʨʘʚʘ ʥʘ ʧʨʝʥʦʩ ʢʦʿʝ ʿʝ 

ʧʨʝʪʭʦʜʥʦ ʜʦʜʝˀʝʥʦ, ʦʙʘʚʝʟʥʠ ʜʘ ʧʨʝ ʧʦʯʝʪʢʘ ʘʫʢʮʠʿʝ ʪʘʯʥʦ ʥʦʤʠʥʫʿʫ ʢʦʨʠʰ˂ʝˁʝ 

ʧʨʝʪʭʦʜʥʦ ʦʩʪʚʘʨʝʥʠʭ ʧʨʘʚʘ ʥʘ ʧʨʝʥʦʩ, ʠʣʠ ʥʝ. ʋ ʧʨʘʢʩʠ ʿʝ ʫʦʙʠʯʘʿʝʥʦ ʜʘ ʩʝ ʪʝ 

ʥʦʤʠʥʘʮʠʿʝ ʟʘʚʨʰʝ ʧʨʝ ʜʘʥ-ʫʥʘʧʨʝʜ ʘʫʢʮʠʿʝ. 

ʋʥʘʧʨʝʜ ʜʦʜʝˀʝʥʠ ʪʦʢ ʩʥʘʛʝ ʪʨʝʙʘʣʦ ʙʠ ʨʘʯʫʥʘʪʠ ʥʘ ʦʩʥʦʚʫ ʦʩʪʚʘʨʝʥʠʭ 

ʧʨʘʚʘ ʥʘ ʧʨʝʥʦʩ (ʜʦʜʝˀʝʥʠʭ ʥʘ ʛʦʜʠʰˁʝʤ ʥʠʚʦʫ ʠ-ʠʣʠ ʧʨʝʢʦ ʜʫʛʦʨʦʯʥʠʭ ʧʨʘʚʘ ʥʘ 

ʧʨʝʥʦʩ) ʠ PTDF ʤʘʪʨʠʮʝ ʢʦʨʠʰ˂ʝʥʝ ʟʘ ʘʢʪʫʝʣʥʫ ʘʫʢʮʠʿʫ. 

ʆʙʟʠʨʦʤ ʜʘ ʜʦʜʝˀʝʥʦ ʧʨʘʚʦ ʥʘ ʧʨʝʥʦʩ ʥʠʿʝ ʛʘʨʘʥʪʦʚʘʥʦ, ʪʿ ʥʝ ʤʦʨʘ ʙʠʪʠ 

ʠʩʢʦʨʠʰ˂ʝʥʦ, ʥʝʦʧʭʦʜʥʦ ʿʝ ʠʟʨʘʯʫʥʘʪʠ ʧʦʪʝʥʮʠʿʘʣʥʝ ʥʦʤʠʥʘʮʠʿʝ ʦʩʪʚʘʨʝʥʦʛ 

ʧʨʘʚʘ ʫ ʥʘʿʛʦʨʝʤ ʩʣʫʯʘʿʫ (ʩʣʠʯʥʦ ʥʝʠʟʚʝʩʥʦʤ ʩʧʦˀʥʦʤ ʪʦʢʫ ʩʥʘʛʝ). 

ʋʥʘʧʨʝʜ ʥʦʤʠʥʦʚʘʥʠ ʪʦʢ ʩʥʘʛʝ ʿʝ ʪʦʢ ʘʢʪʠʚʥʝ ʩʥʘʛʝ ʥʘ ʧʦʩʤʘʪʨʘʥʦʤ 

ʢʨʠʪʠʯʥʦʤ ʝʣʝʤʝʥʪʫ, ʥʘʩʪʘʦ ʫʩʣʝʜ ʜʦʜʝˀʝʥʠʭ ʧʨʘʚʘ ʥʘ ʧʨʝʥʦʩ ʥʘ ʥʝʢʦʿ ʦʜ 

ʧʨʝʪʭʦʜʥʠʭ ʘʫʢʮʠʿʘ ʠ ʥʦʤʠʥʦʚʘʥʦʛ ʧʨʝ ʥʘʨʝʜʥʝ ʘʣʦʢʘʮʠʿʝ. 

ʋʥʘʧʨʝʜ ʥʦʤʠʥʦʚʘʥʠ ʪʦʢ ʩʥʘʛʝ ʨʘʯʫʥʘ ʩʝ ʥʘ ʦʩʥʦʚʫ ʥʦʤʠʥʦʚʘʥʠʭ 

ʪʨʘʥʩʘʢʮʠʿʘ (ʧʨʦʛʨʘʤʘ ʨʘʟʤʝʥʝ) ʠ PTDF ʤʘʪʨʠʮʝ ʢʦʨʠʰ˂ʝʥʝ ʫ ʘʢʪʫʝʣʥʦʿ ʘʫʢʮʠʿʠ. 

ʋ ʧʨʘʢʩʠ, ʫʥʘʧʨʝʜ ʥʦʤʠʥʦʚʘʥʠ ʪʦʢ ʩʥʘʛʝ ʩʝ ʢʦʨʠʩʪʠ ʟʘ ʜʘʥ-ʫʥʘʧʨʝʜ 

ʘʫʢʮʠʿʝ, ʜʦʢ ʩʝ ʫʥʘʧʨʝʜ ʜʦʜʝˀʝʥʠ ʪʦʢ ʩʥʘʛʝ ʢʦʨʠʩʪʠ ʟʘ ʛʦʜʠʰˁʝ (ʘʢʦ ʧʦʩʪʦʿʝ 

ʜʫʛʦʨʦʯʥʘ ʧʨʘʚʘ ʥʘ ʧʨʝʥʦʩ) ʠ ʤʝʩʝʯʥʝ ʘʫʢʮʠʿʝ. 
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AMF  (Available Maximum Flow) - ʈʘʩʧʦʣʦʞʠʚʠ ʤʘʢʩʠʤʘʣʥʠ ʪʦʢ ʩʥʘʛʝ ʿʝ ʜʝʦ 

ʥʦʤʠʥʦʚʘʥʦʛ ʪʦʢʘ ʩʥʘʛʝ ʢʦʿʠ ʦʩʪʘʿʝ ʩʣʦʙʦʜʘʥ ʟʘ ʪʝʢʫ˂ʫ ʘʫʢʮʠʿʫ ʥʘʢʦʥ ʧʨʝʪʭʦʜʥʠʭ 

ʬʘʟʘ ʘʣʦʢʘʮʠʦʥʝ ʧʨʦʮʝʜʫʨʝ (ʧʨʝʪʭʦʜʥʠʭ ʘʫʢʮʠʿʘ). 

 

AMF= NMF ïAAF, ʟʘ ʛʦʜʠʰˁʝ ʠ ʤʝʩʝʯʥʝ ʘʫʢʮʠʿʝ 

AMF=NMF-ANF, ʟʘ ʜʥʝʚʥʝ ʘʫʢʮʠʿʝ 

 

TMF  (Total Maximum Flow) - ʋʢʫʧʥʠ ʤʘʢʩʠʤʘʣʥʠ ʪʦʢ ʩʥʘʛʝ ʩʝ ʜʦʙʠʿʘ ʥʘ 

ʦʩʥʦʚʫ ʩʪʨʫʿʝ ʪʝʨʤʠʯʢʝ ʛʨʘʥʠʮʝ thI  ʢʦʿʘ ʿʝ ʜʘʪʘ ʫ ʤʦʜʝʣʫ ʪʦʢʦʚʘ ʩʥʘʛʘ ʟʘ ʨʝʛʠʦʥ 

ʢʦʦʨʜʠʥʠʩʘʥʠʭ ʘʫʢʮʠʿʘ, ʫʟʠʤʘʿʫ˂ʠ ʫ ʦʙʟʠʨ ʥʘʧʦʥʩʢʠ ʥʠʚʦ ʦʩʥʦʚʥʦʛ ʩʣʫʯʘʿʘ ʠ 

ʥʝʤʠʥʦʚʥʦʩʪ ʠʩʪʦʚʨʝʤʝʥʦʛ ʧʨʝʥʦʩʘ ʠ ʘʢʪʠʚʥʝ ʠ ʨʝʘʢʪʠʚʥʝ ʩʥʘʛʝ. ʂʘʜʘ ʿʝ 

ʨʝʘʢʪʠʚʥʘ ʩʥʘʛʘ ʫ ʧʠʪʘˁʫ, ʧʨʝʪʧʦʩʪʘʚˀʝʥ ʿʝcos ű ʢʦʿʠ ʚʘʞʠ ʟʘ ʩʣʫʯʘʿʝʚʝ ʢʘʜʘ ʿʝ 

ʢʨʠʪʠʯʘʥ ʝʣʝʤʝʥʪ 100% ʦʧʪʝʨʝ˂ʝʥ. ʅʘ ʦʩʥʦʚʫ ʧʨʦʨʘʯʫʥʘ ʫʟʦʨʘʢʘ ʧʦʜ ʨʝʘʣʥʠʤ 

ʫʩʣʦʚʠʤʘ ʧʦʢʘʟʘʥʦ ʿʝ ʜʘ ʟʘʿʝʜʥʠʯʢʠ cos ű = 0.95 (system-wide) ʢʦʨʠʩʥʘ 

ʧʨʝʪʧʦʩʪʘʚʢʘ, ʩʣʠʢʘ ʇ2.1. 

 

 

ʉʣʠʢʘ ʇ2.1 ɼʝʬʠʥʠʮʠʿʘ ʫʢʫʧʥʦʛ ʤʘʢʩʠʤʘʣʥʦʛ ʪʦʢʘ ʩʥʘʛʝ 
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,cos3 , jÖÖÖ= cbthcb IUTMF  ʛʜʝ ʿʝ ),min( ,_,_ cbnodeendingcbnodestarting UUU =  

 

FRM (Flow Reliability Margin) - ʄʘʨʛʠʥʘ ʧʦʫʟʜʘʥʦʩʪʠ ʪʦʢʘ ʩʥʘʛʝ ʠʟʨʘʞʝʥʘ ʿʝ 

ʢʘʦ ʜʝʦ ʫʢʫʧʥʦʛ ʤʘʢʩʠʤʘʣʥʦʛ ʪʦʢʘ. ɺʨʝʜʥʦʩʪ ʤʘʨʛʠʥʝ ʧʦʫʟʜʘʥʦʩʪʠ ʪʦʢʘ ʩʥʘʛʝ 

ʤʦʛʫ ʙʠʪʠ ʟʘʩʝʙʥʦ ʧʦʜʝʰʘʚʘʥʝ ʟʘ ʩʚʘʢʠ ʢʨʠʪʠʯʘʥ ʝʣʝʤʝʥʪ ʠʣʠ ʜʝʬʠʥʠʩʘʥʝ ʢʘʦ 

ʿʝʜʠʥʩʪʚʝʥʘ ʚʨʝʜʥʦʩʪ ʟʘ ʩʚʝ ʝʣʝʤʝʥʪʝ. 

 

1, <Ö= kTMFkFRM cbcb  

 

NF (Natural Flow) - ʇʨʠʨʦʜʥʠ ʪʦʢ ʩʥʘʛʝ ʩʝ ʨʘʯʫʥʘ ʥʘ ʦʩʥʦʚʫ ʤʦʜʝʣʘ ʤʨʝʞʝ 

ʨʝʛʠʦʥʘ ʢʦʦʨʜʠʥʠʩʘʥʠʭ ʘʫʢʮʠʿʘ ʟʘ ʩʚʘʢʫ ʧʦʩʤʘʪʨʘʥʫ ʢʦʤʙʠʥʘʮʠʿʫ ʢʨʠʪʠʯʥʠʭ 

ʝʣʝʤʝʥʘʪʘ ʠ ʢʨʠʪʠʯʥʠʭ ʠʩʧʘʜʘ. 

ʇʨʚʠ ʢʦʨʘʢ ʿʝ ʦʜʨʝʹʠʚʘˁʝ ʬʠʟʠʯʢʦʛ ʪʦʢʘ ʩʥʘʛʝ ʟʘ ʩʚʘʢʠ ʢʨʠʪʠʯʘʥ ʝʣʝʤʝʥʪ 

ʟʘ ʪʦʧʦʣʦʛʠʿʫ ʩʚʘʢʦʛ ʠʩʧʘʜʘ casebasecocbP _,, . ʅʘʢʦʥ ʪʦʛʘ, ʪʦʢʦʚʠ ʩʥʘʛʘ ʫʟʨʦʢʦʚʘʥʠ 

ʦʩʥʦʚʥʠʤ ʤʦʜʝʣʠʤʘ ʨʘʟʤʝʥʘ (BCE) ʢʦʿʠ ʩʫ ʩʘʜʨʞʘʥʠ ʫ ʦʩʥʦʚʥʦʤ ʤʦʜʝʣʫ 

ʦʜʫʟʠʤʘʿʫ ʩʝ ʦʜ casebasecocbP _,,  ʜʘ ʙʠ ʩʝ ʜʦʙʠʣʘ ʦʜʛʦʚʘʨʘʿʫ˂ʘ ʚʨʝʜʥʦʩʪ ʧʨʠʨʦʜʥʦʛ ʪʦʢʘ 

ʩʥʘʛʝ. 

ʆʩʥʦʚʥʠ ʤʦʜʝʣʠ ʨʘʟʤʝʥʘ (BCE) ʠʟʤʝʹʫ ʩʚʠʭ ʦʧʝʨʘʪʦʨʘ ʧʨʝʥʦʩʥʠʭ ʩʠʩʪʝʤʘ 

ʤʦʜʝʣʦʚʘʥʠ ʫ ʦʩʥʦʚʥʦʤ ʤʦʜʝʣʫ ʪʦʢʦʚʘ ʩʥʘʛʘ ʤʦʨʘʿʫ ʩʝ ʫʟʝʪʠ ʫ ʦʙʟʠʨ, ʥʧʨ. ʨʘʟʤʝʥʘ 

ʠʟʤʝʹʫ ʦʧʝʨʘʪʦʨʘ ʧʨʝʥʦʩʥʠʭ ʩʠʩʪʝʤʘ ʢʦʿʠ: 

1. ʫʯʝʩʪʚʫʿʫ ʫ ʢʦʦʨʜʠʥʠʩʘʥʠʤ ʘʫʢʮʠʿʘʤʘ, 

2. ʫʯʝʩʪʚʫʿʫ ʫ ʢʦʦʨʜʠʥʠʩʘʥʠʤ ʘʫʢʮʠʿʘʤʘ ʠ ʦʥʠʭ ʢʦʿʠ ʥʝ ʫʯʝʩʪʚʫʿʫ, 

3. ʥʝ ʫʯʝʩʪʚʫʿʫ ʫ ʢʦʦʨʜʠʥʠʩʘʥʠʤ ʘʫʢʮʠʿʘʤʘ, ʘʣʠ ʩʫ ʤʦʜʝʣʦʚʘʥʠ ʫ ʤʦʜʝʣʫ 

ʪʦʢʦʚʘ ʩʥʘʛʘ. 
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ʆʚʦ ʩʝ ʧʦʩʪʠʞʝ ʢʦʨʠʰ˂ʝˁʝʤ PTDF ʤʘʪʨʠʮʝ ʢʦʿʘ ʦʜʛʦʚʘʨʘ ʧʦʩʤʘʪʨʘʥʦʤ 

ʢʨʠʪʠʯʥʦʤ ʠʩʧʘʜʫ. 

 

cocbcasebasecocbcocb PTDFBCEPNF ,_,,, Ö-=
 

 

UOF (Uncertain Outside Flow) - ʅʝʠʟʚʝʩʪʘʥ ʩʧʦˀʥʠ ʪʦʢ ʩʥʘʛʝ. ʆʧʩʝʛ ʚʨʝʜʥʦʩʪʠ 

ʥʝʠʟʚʝʩʥʦʛ ʩʧʦˀʥʦʛ ʪʦʢʘ ʩʥʘʛʝ ʿʝ ʦʜʨʝʹʝʥ ʥʝʟʘʚʠʩʥʦʤ ʘʥʘʣʠʟʦʤ ʠʩʪʨʘʞʠʚʘʿʫ˂ʠ 

ʤʦʛʫ˂ʝ ʩʣʫʯʘʿʝʚʝ ʧʨʝʢʦʛʨʘʥʠʯʥʠʭ ʨʘʟʤʝʥʘ ʩʘ ʦʙʣʘʩʪʠʤʘ ʢʦʿʝ ʥʝ ʫʯʝʩʪʚʫʿʫ ʠʣʠ 

ʠʟʤʝʹʫ ʦʙʣʘʩʪʠ ʢʦʿʝ ʥʝ ʫʯʝʩʪʚʫʿʫ ʫ ʢʦʦʨʜʠʥʠʩʘʥʠʤ ʘʫʢʮʠʿʘʤʘ (ʝʢʩʪʝʨʥʝ ʨʘʟʤʝʥʝ). 

ɺʨʝʜʥʦʩʪʠ ʥʝʠʟʚʝʩʥʦʛ ʩʧʦˀʥʦʛ ʪʦʢʘ ʩʥʘʛʝ ʟʘ ʨʘʟʣʠʯʠʪʝ ʧʝʨʠʦʜʝ (ʥʧʨ. ʩʝʟʦʥʩʢʠ) 

ʤʦʛʫ ʙʠʪʠ ʦʜʨʝʹʝʥʝ ʠ ʜʦʛʦʚʦʨʝʥʝ ʠʟʤʝʹʫ ʦʧʝʨʘʪʦʨʘ ʧʨʝʥʦʩʥʠʭ ʩʠʩʪʝʤʘ ʢʦʿʠ 

ʫʯʝʩʪʚʫʿʫ ʫ ʢʦʦʨʜʠʥʠʩʘʥʠʤ ʘʫʢʮʠʿʘʤʘ. ʇʨʠʣʠʢʦʤ ʦʜʨʝʹʠʚʘˁʘ ʦʧʩʝʛʘ ʩʧʦˀʥʠʭ 

ʨʘʟʤʝʥʘ ʢʦʿʝ ʩʝ ʫʟʠʤʘʿʫ ʫ ʦʙʟʠʨ ʟʘ ʧʦʜʝʰʘʚʘˁʝ ʥʝʠʟʚʝʩʥʦʛ ʩʧʦˀʥʦʛ ʪʦʢʘ ʩʥʘʛʝ, 

ʦʧʝʨʘʪʦʨʠ ʧʨʝʥʦʩʥʠʭ ʩʠʩʪʝʤʘ ʪʨʝʙʘ ʜʘ ʠʤʘʿʫ ʫ ʚʠʜʫ ʦʜʛʦʚʘʨʘʿʫ˂ʝ ʚʨʝʜʥʦʩʪʠ 

ʨʘʩʧʦʣʦʞʠʚʦʛ ʧʨʝʥʦʩʥʦʛ ʢʘʧʘʮʠʪʝʪʘ (ʢʦʿʝ ʦʜʨʝʹʫʿʫ-ʫʩʣʦʚˀʘʚʘʿʫ ʤʘʢʩʠʤʘʣʥʝ 

ʜʦʟʚʦˀʝʥʝ ʩʧʦˀʥʝ ʨʘʟʤʝʥʝ) ʘʣʠ ʠ ʨʠʟʠʢ ʢʦʿʠ ʫʥʦʩʝ (ʥʧʨ. ʫʟʠʤʘʿʫ˂ʠ ʫ ʦʙʟʠʨ ʩʘʤʦ 

ʧʦʜʦʧʩʝʛ ʨʘʟʤʝʥʘ ʢʘʦ ʚʝʨʦʚʘʪʥʦ ʜʦʚʦˀʘʥ ʜʘ ʙʠ ʙʠʦ ʦʙʫʭʚʘ˂ʝʥ ʥʝʠʟʚʝʩʘʥ ʩʧʦˀʥʠ 

ʪʦʢ ʩʥʘʛʝ). 

ʅʘʢʦʥ ʦʜʨʝʹʠʚʘˁʘ ʦʧʩʝʛʘ ʚʨʝʜʥʦʩʪʠ ʩʧʦˀʥʠʭ ʨʘʟʤʝʥʘ ʧʦʩʨʝʜʥʦ ʩʝ 

ʦʜʨʝʹʫʿʝ ʠ ʢʨʠʪʠʯʘʥ ʠʩʧʘʜ, ʟʘ ʩʚʘʢʠ ʧʦʩʤʘʪʨʘʥʠ ʢʨʠʪʠʯʘʥ ʝʣʝʤʝʥʪ, ʯʠʿʠ ʩʮʝʥʘʨʠʦ 

ʝʢʩʪʝʨʥʠʭ ʨʘʟʤʝʥʘ ʚʦʜʠ ʢʘ ʥʘʿʚʝ˂ʝʤ ʦʧʪʝʨʝ˂ʝˁʫ ʨʘʟʤʘʪʨʘʥʦʛ ʝʣʝʤʝʥʪʘ ʫ ʦʙʘ 

ʩʤʝʨʘ. ʆʚʦ ʿʝ ʧʦʩʪʠʛʥʫʪʦ ʧʦʿʝʜʠʥʘʯʥʠʤ ʜʦʜʘʚʘˁʝʤ ʩʚʠʭ ʧʦʟʠʪʠʚʥʠʭ ʠ ʩʚʠʭ 

ʥʝʛʘʪʠʚʥʠʭ ʧʨʠʨʘʰʪʘʿʘ ʪʦʢʘ ʩʥʘʛʝ, ʥʘʩʪʘʣʠʭ ʫʩʣʝʜ ʨʘʟʤʘʪʨʘʥʠʭ ʨʘʟʤʝʥʘ, 

ʨʝʩʧʝʢʪʠʚʥʦ. ɼʘ ʙʠ ʩʝ ʦʚʦ ʧʦʩʪʠʛʣʦ ʦʨʠʛʠʥʘʣʥʘ PTDF ʤʘʪʨʠʮʘ ʩʝ ʜʝʣʠ ʥʘ ʜʚʝ 

PTDF ʤʘʪʨʠʮʝ (
+PTDF  ʠ 

-PTDF ) ʛʜʝ 
+PTDF  ʩʘʜʨʞʠ ʩʘʤʦ ʧʦʟʠʪʠʚʥʝ ʚʨʝʜʥʦʩʪʠ 

ʠ ʥʫʣʝ, ʘ 
-PTDF  ʩʘʤʦ ʥʝʛʘʪʠʚʥʝ ʚʨʝʜʥʦʩʪʠ ʠ ʥʫʣʝ. ɼʘˀʝ, ʜʚʘ ʦʜʚʦʿʝʥʘ ʚʝʢʪʦʨʘ 

ʝʢʩʪʝʨʥʠʭ ʨʘʟʤʝʥʘ ʩʫ ʧʦʩʤʘʪʨʘʥʘ, ʛʜʝ 
max

xchgE  ʩʘʜʨʞʠ ʥʘʿʚʝ˂ʝ ʚʨʝʜʥʦʩʪʠ 
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ʧʦʩʤʘʪʨʘʥʠʭ ʝʢʩʪʝʨʥʠʭ ʨʘʟʤʝʥʘ (ʧʦʟʠʪʠʚʥʠʭ ʠʣʠ ʥʝʛʘʪʠʚʥʠʭ) ʠ 
min

xchgE  ʧʨʝʜʩʪʘʚˀʘ 

ʥʘʿʥʠʞʝ ʚʨʝʜʥʦʩʪʠ (ʧʦʟʠʪʠʚʥʠʭ ʠʣʠ ʥʝʛʘʪʠʚʥʠʭ), ʨʝʩʧʝʢʪʠʚʥʦ. 

 

-++ Ö+Ö= cocbxchgcocbxchgcocb PTDFEPTDFEUOF ,

min

,

max

,  

 

+-- Ö+Ö= cocbxchgcocbxchgcocb PTDFEPTDFEUOF ,

min

,

max

,  

 

NMF (Net Maximum Flow) - ʅʝʪʦ ʤʘʢʩʠʤʘʣʥʠ ʪʦʢ ʩʥʘʛʝ. ɺʨʝʜʥʦʩʪ ʥʝʪʦ 

ʤʘʢʩʠʤʘʣʥʦʛ ʪʦʢʘ ʩʥʘʛʝ ʧʦ ʩʤʝʨʫ ʟʘ ʩʚʘʢʫ ʨʘʟʤʘʪʨʘʥʫ ʢʦʤʙʠʥʘʮʠʿʫ ʢʨʠʪʠʯʥʦʛ 

ʝʣʝʤʝʥʪʘ ʩʝ ʠʟʨʘʯʫʥʘʚʘʿʫ: 

 

---

+++

--+=

---=

cocbcocbcbcbcocb

cocbcocbcbcbcocb

UOFNFFRMTMFNMF

UOFNFFRMTMFNMF

,,,

,,,

 

 

AAF (Already Allocated Flow) - ʋʥʘʧʨʝʜ ʜʦʜʝˀʝʥʠ ʪʦʢ ʩʥʘʛʝ. ʀʥʬʦʨʤʘʮʠʿʝ ʦ 

ʛʦʜʠʰˁʠʤ ʧʨʘʚʠʤʘ ʥʘ ʧʨʝʥʦʩ (ʠ ʝʚʝʥʪʫʘʣʥʠʤ ʜʫʛʦʨʦʯʥʠʤ ʧʨʘʚʠʤʘ ʥʘ ʧʨʝʥʦʩ) ʩʝ 

ʢʦʨʠʩʪʝ ʟʘ ʧʨʦʨʘʯʫʥ ʫʥʘʧʨʝʜ ʜʦʜʝˀʝʥʦʛ ʪʦʢʘ ʩʥʘʛʝ (
+AAF  ʠ 

-AAF  ʫ ʟʘʚʠʩʥʦʩʪʠ 

ʦʜ ʧʦʩʤʘʪʨʘʥʦʛ ʩʤʝʨʘ): 

¶ ɿʘ ʩʚʘʢʫ ʢʦʤʙʠʥʘʮʠʿʫ ʦʧʝʨʘʪʦʨʘ ʧʨʝʥʦʩʥʦʛ ʩʠʩʪʝʤʘ ʢʦʿʠ ʿʝ ʠʟʚʦʨ ʠ 

ʦʧʝʨʘʪʦʨʘ ʧʨʝʥʦʩʥʦʛ ʩʠʩʪʝʤʘ ʢʦʿʠ ʿʝ ʧʦʥʦʨ ʤʦʛʫ ʧʦʩʪʦʿʘʪʠ ʫʥʘʧʨʝʜ 

ʜʦʜʝˀʝʥʘ ʧʨʘʚʘ ʥʘ ʧʨʝʥʦʩ ʫ ʦʙʘ ʩʤʝʨʘ. ʆʚʘ ʧʨʘʚʘ ʩʫ ʩʘʜʨʞʘʥʘ ʫ ʿʝʜʥʦʤ 

ʚʝʢʪʦʨʫ AATR (ʯʠʿʘ ʜʠʤʝʥʟʠʿʘ ʦʜʛʦʚʘʨʘ ʙʨʦʿʫ ʢʦʣʦʥʘ PTDF ʤʘʪʨʠʮʝ) ʠ 

ʩʘʜʨʞʠ ʧʦʟʠʪʠʚʥʝ ʠ ʥʝʛʘʪʠʚʥʝ ʚʨʝʜʥʦʩʪʠ; 
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¶ AATR ʚʝʢʪʦʨ ʿʝ ʧʦʜʝˀʝʥ ʥʘ ʜʚʘ ʚʝʢʪʦʨʘ 
+AATR  ʠ 

-AATR  ʠʩʪʝ ʚʝʣʠʯʠʥʝ 

ʢʘʦ AATR, ʛʜʝ 
+AATR  ʩʘʜʨʞʠ ʩʘʤʦ ʧʦʟʠʪʠʚʥʝ ʚʨʝʜʥʦʩʪʠ (ʥʝʛʘʪʠʚʥʝ ʩʫ 

ʟʘʤʝˁʝʥʝ ʥʫʣʦʤ) ʠ 
-AATR  ʩʘʜʨʞʠ ʩʘʤʦ ʥʝʛʘʪʠʚʥʝ ʚʨʝʜʥʦʩʪʠ (ʧʦʟʠʪʠʚʥʝ 

ʩʫ ʟʘʤʝˁʝʥʝ ʥʫʣʦʤ); 

¶ ʅʘ ʠʩʪʠ ʥʘʯʠʥ, ʦʨʠʛʠʥʘʣʥʘ PTDF ʤʘʪʨʠʮʘ ʧʦʜʝˀʝʥʘ ʿʝ ʥʘ ʜʚʝ ʤʘʪʨʠʮʝ 

+PTDF  ʠ 
-PTDF , ʛʜʝ 

+PTDF  ʩʘʜʨʞʠ ʩʘʤʦ ʧʦʟʠʪʠʚʥʝ ʚʨʝʜʥʦʩʪʠ ʠ ʥʫʣʝ, ʘ 

-PTDF  ʩʘʜʨʞʠ ʩʘʤʦ ʥʝʛʘʪʠʚʥʝ ʚʨʝʜʥʦʩʪʠ ʠ ʥʫʣʝ; 

¶ ʂʦʨʠʩʪʝ˂ʠ ʦʚʝ ʫʣʘʟʥʝ ʧʦʜʘʪʢʝ ʠʟʨʘʯʫʥʘʪʝ ʩʫ ʚʨʝʜʥʦʩʪʠ ʫʥʘʧʨʝʜ 

ʜʦʜʝˀʝʥʦʛ ʪʦʢʘ ʩʥʘʛʝ ʟʘ ʩʚʘʢʠ ʢʨʠʪʠʯʘʥ ʝʣʝʤʝʥʪ ʠ ʢʨʠʪʠʯʘʥ ʠʩʧʘʜ, 

ʨʘʟʣʠʯʠʪʦ ʟʘ ʩʚʘʢʠ ʩʤʝʨ: 

 

+--+-

--+++

Ö+Ö=

Ö+Ö=

cocbcocbcocb

cocbcocbcocb

PTDFAATRPTDFAATRAAF

PTDFAATRPTDFAATRAAF

,,,

,,,

 

 

AMF  (Available Maximum Flow) - ʈʘʩʧʦʣʦʞʠʚʠ ʤʘʢʩʠʤʘʣʥʠ ʪʦʢ ʩʥʘʛʝ. 

ɺʨʝʜʥʦʩʪ ʤʘʢʩʠʤʘʣʥʦʛ ʪʦʢʘ ʩʥʘʛʝ ʩʝ ʨʘʯʫʥʘ ʠʟ ʥʝʪʦ ʤʘʢʩʠʤʘʣʥʦʛ ʪʦʢʘ ʩʥʘʛʝ, ʪʘʢʦ 

ʰʪʦ ʩʝ ʦʜ ˁʝʛʘ ʦʜʫʟʠʤʘ ʧʦʪʝʥʮʠʿʘʣʥʦ ʠʩʢʦʨʠʰ˂ʝˁʝ ʫʥʘʧʨʝʜ ʜʦʜʝˀʝʥʦʛ ʪʦʢʘ 

ʩʥʘʛʝ. ɼʦʜʘʪʥʦ, ʤʦʨʘ ʩʝ ʫʟʝʪʠ ʫ ʦʙʟʠʨ ʜʘ ʦʜ ʧʝʨʠʦʜʘ ʜʦ ʧʝʨʠʦʜʘ ʘʫʢʮʠʿʝ ʩʪʘˁʝ 

ʩʠʩʪʝʤʘ ʩʝ ʤʦʞʝ ʤʝˁʘʪʠ. ʆʚʦ ʩʝ ʤʦʞʝ ʠʩʧʦˀʠʪʠ ʥʘ ʜʚʘ ʥʘʯʠʥʘ: 

¶ ɱʝʜʥʘ ʤʦʛʫ˂ʥʦʩʪ ʿʝ ʜʘ ʩʝ ʫʤʘˁʝ ʚʨʝʜʥʦʩʪʠ ʥʝʪʦ ʤʘʢʩʠʤʘʣʥʦʛ ʪʦʢʘ ʩʥʘʛʝ 

ʧʨʝʢʦ ʨʝʜʫʢʮʠʦʥʦʛ ʬʘʢʪʦʨʘ r. ʆʚʦ ʿʝ ʜʝʣʠʤʠʯʥʦ ʜʦʙʨʦ ʨʝʰʝˁʝ ʢʘʜʘ ʿʝ 

ʧʨʦʨʘʯʫʥ ʥʝʪʦ ʤʘʢʩʠʤʘʣʥʦʛ ʪʦʢʘ ʩʥʘʛʝ ʟʘ ʤʝʩʝʮ ʠʣʠ ʛʦʜʠʥʫ ʟʘʩʥʦʚʘʥ ʥʘ 

ʿʝʜʥʦʤ ʿʝʜʠʥʦʤ ʩʮʝʥʘʨʠʿʫ (single load flow file), ʯʠʤʝ ʥʠʿʝ ʤʦʛʫ˂ʝ 

ʧʨʝʜʩʪʘʚʠʪʠ ʩʚʘ ʨʝʣʝʚʘʥʪʥʘ ʩʪʘˁʘ ʩʠʩʪʝʤʘ ʫ ʪʦʢʫ ʿʝʜʥʦʛ ʤʝʩʝʮʘ ʠʣʠ 

ʛʦʜʠʥʝ. ʈʝʜʫʢʮʠʦʥʠ ʬʘʢʪʦʨ ʫʥʦʩʠ ʧʨʦʮʝʥʫ ʟʘʭʪʝʚʘʥʝ ʤʘʨʛʠʥʝ: 
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---

+++

-Ö=

-Ö=

cocbcocbcocb

cocbcocbcocb

AAFNMFrAMF

AAFNMFrAMF

,,,

,,,

 

 

¶ ɼʨʫʛʘ ʤʦʛʫ˂ʥʦʩʪ ʿʝ ʜʘ ʩʝ ʫʟʤʝ ʫ ʦʙʟʠʨ ʥʝʢʦʣʠʢʦ ʩʮʝʥʘʨʠʿʘ ʟʘ ʦʜʨʝʹʠʚʘˁʝ 

ʛʦʜʠʰˁʝʛ ʦʜʥʦʩʥʦ ʤʝʩʝʯʥʦʛ ʥʝʪʦ ʤʘʢʩʠʤʘʣʥʦʛ ʪʦʢʘ ʩʥʘʛʝ (ʥʧʨ. PTDF, 

TMF, UOF ʠ ʥʘʨʘʚʥʦ ʥʝʪʦ ʤʘʢʩʠʤʘʣʥʠ ʪʦʢ ʩʥʘʛʝ ʙʠ ʙʠʦ ʦʜʨʝʹʝʥ ʟʘ ʩʚʘʢʠ 

ʩʮʝʥʘʨʠʦ ʠ ʦʥʜʘ ʦʙʿʝʜʠˁʝʥ). ʋ ʦʚʦʤ ʩʣʫʯʘʿʫ, ʠʟʥʦʩ ʜʦʜʝˀʝʥʠʭ ʧʨʘʚʘ ʥʘ 

ʧʨʝʥʦʩ ʙʠʦ ʙʠ ʦʛʨʘʥʠʯʝʥ ʟʘʭʪʝʚʦʤ ʜʘ ʠʩʪʦʚʨʝʤʝʥʦ ʟʘʜʦʚʦˀʠ ʛʨʘʥʠʮʝ ʪʦʢʘ 

ʩʥʘʛʝ ʟʘ ʩʚʝ ʩʮʝʥʘʨʠʿʝ. ʈʝʜʫʢʮʠʦʥʠ ʬʘʢʪʦʨ ʧʦʩʪʘʦ ʙʠ ʥʝʙʠʪʘʥ: 

 

---

+++

-=

-=

cocbcocbcocb

cocbcocbcocb

AAFNMFAMF

AAFNMFAMF

,,,

,,,

 

 

ANF (Already Nominated Flow) - ʋʥʘʧʨʝʜ ʥʦʤʠʥʦʚʘʥʠ ʪʦʢ ʩʥʘʛʝ ʠ AMF  

(Available Maximum Flow) - ʈʘʩʧʦʣʦʞʠʚʠ ʤʘʢʩʠʤʘʣʥʠ ʪʦʢ ʩʥʘʛʝ ʟʘ ʜʥʝʚʥʝ 

ʘʫʢʮʠʿʝ. ʇʨʝ ʜʥʝʚʥʠʭ ʘʫʢʮʠʿʘ ʪʨʛʦʚʮʠ ʤʦʨʘʿʫ ʠʟʚʨʰʠʪʠ ʥʦʤʠʥʘʮʠʿʝ ʛʦʜʠʰˁʠʭ, 

ʜʫʛʦʨʦʯʥʠʭ ʠ ʤʝʩʝʯʥʠʭ ʧʨʘʚʘ ʥʘ ʧʨʝʥʦʩ, ʢʘʢʦ ʙʠ ʫ ʜʥʝʚʥʠʤ ʘʫʢʮʠʿʘʤʘ 

ʨʘʩʧʦʣʘʛʘʣʠ ʩʘ ʪʘʯʥʠʤ ʚʨʝʜʥʦʩʪʠʤʘ ʪʦʢʦʚʘ ʩʥʘʛʘ. 

ʆʚʠ ʪʦʢʦʚʠ ʩʥʘʛʘ ʩʫ ʧʦʢʨʠʚʝʥʠ ʚʨʝʜʥʦʩʪʠʤʘ ʫʥʘʧʨʝʜ ʥʦʤʠʥʦʚʘʥʠʭ ʪʦʢʦʚʘ 

ʩʥʘʛʘ, ʢʦʿʝ ʩʫ ʠʟʨʘʯʫʥʘʪʝ ʥʘ ʦʩʥʦʚʫ ʥʦʤʠʥʦʚʘʥʠʭ ʪʨʘʥʩʘʢʮʠʿʘ ʠʟ ʧʨʝʪʭʦʜʥʠʭ 

ʘʫʢʮʠʿʘ (ʠʣʠ ʜʫʛʦʨʦʯʥʠʭ ʫʛʦʚʦʨʘ) ʢʦʨʠʩʪʝ˂ʠ PTDF ʤʘʪʨʠʮʫ. 

ɺʨʝʜʥʦʩʪ ʫʥʘʧʨʝʜ ʥʦʤʠʥʦʚʘʥʦʛ ʪʦʢʘ ʩʥʘʛʝ, ʦʜʨʝʹʝʥ ʟʘ ʩʚʘʢʫ ʢʦʤʙʠʥʘʮʠʿʫ 

ʢʨʠʪʠʯʥʦʛ ʝʣʝʤʝʥʪʘ ʠ ʢʨʠʪʠʯʥʦʛ ʠʩʧʘʜ, ʨʝʟʫʣʪʘʪ ʩʫ ʤʥʦʞʝˁʘ ʤʘʪʨʠʮʝ ʫʥʘʧʨʝʜ 

ʥʦʤʠʥʦʚʘʥʠʭ ʪʦʢʦʚʘ ʩʥʘʛʘ ʩʘ ʦʜʛʦʚʘʨʘʿʫ˂ʠʤ ʚʨʝʜʥʦʩʪʠʤʘ PTDF ʤʘʪʨʠʮʝ. 

 

ANTRPTDFAMF cocbcocb Ö= ,,  
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ʆʚʠ ʬʠʟʠʯʢʠ ʪʦʢʦʚʠ ʩʥʘʛʘ ʩʝ ʥʘ ʢʨʘʿʫ ʦʜʫʟʠʤʘʿʫ ʦʜ ʥʝʪʦ ʤʘʢʩʠʤʘʣʥʦʛ ʪʦʢʘ 

ʩʥʘʛʝ, ʜʝʬʠʥʠʰʫ˂ʠ ʥʘ ʪʘʿ ʥʘʯʠʥ ʚʨʝʜʥʦʩʪʠ ʨʘʩʧʦʣʦʞʠʚʦʛ ʤʘʢʩʠʤʘʣʥʦʛ ʪʦʢʘ ʩʥʘʛʝ 

ʟʘ ʜʥʝʚʥʫ ʘʫʢʮʠʿʫ: 

 

cocbcocbcocb

cocbcocbcocb

AAFNMFAMF

AAFNMFAMF

,,,

,,,

-=

-=

--
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ʇʨʠʣʦʛ 3. 

 

ʇʨʠʤʝʨ ʧʨʦʨʘʯʫʥʘ 

 

ʄʦʜʝʣ ʢʦʨʠʰ˂ʝʥ ʟʘ ʧʨʦʨʘʯʫʥ 

 

ɸʥʘʣʠʟʘ ʪʦʢʦʚʘ ʩʥʘʛʘ, ʧʨʦʨʘʯʫʥʘ NTC ʠ PTDF ʤʘʪʨʠʮʝ ʨʘʹʝʥʠ ʩʫ ʫ 

ʧʨʦʛʨʘʤʫ Power System Analyzer (PSA). ʄʦʜʝʣ ʦʙʫʭʚʘʪʘ ʧʨʝʥʦʩʥʝ ʤʨʝʞʝ ʉʨʙʠʿʝ, 

ʈʫʤʫʥʠʿʝ, ɹʫʛʘʨʩʢʝ, ʄʘʹʘʨʩʢʝ, ʍʨʚʘʪʩʢʝ, ɹʦʩʥʝ ʠ ʍʝʨʮʝʛʦʚʠʥʝ, ʎʨʥʝ ɻʦʨʝ, 

ɸʣʙʘʥʠʿʝ, ʄʘʢʝʜʦʥʠʿʝ, ɻʨʯʢʝ, ʉʣʦʚʝʥʠʿʝ, ɸʫʩʪʨʠʿʝ ʠ ʋʢʨʘʿʠʥʝ 400 kV ʠ 220 kV 

ʥʘʧʦʥʩʢʠʭ ʥʠʚʦʘ, ʩʚʝ ʛʝʥʝʨʘʪʦʨʩʢʝ ʿʝʜʠʥʠʮʝ ʢʦʿʝ ʩʫ ʥʘ ʧʨʝʥʦʩʥʫ ʤʨʝʞʫ ʚʝʟʘʥʝ 

ʧʨʝʢʦ ʩʚʦʿʠʭ ʙʣʦʢ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ, ʜʦʢ ʩʫ ʪʨʘʥʩʬʦʨʤʘʪʦʨʩʢʝ ʩʪʘʥʠʮʝ 400/x kV/kV 

ʠ 220/x kV/kV ʤʦʜʝʣʦʚʘʥʝ ʢʘʦ ʧʦʪʨʦʰˁʘ. ɿʘ ʙʘʣʘʥʩʥʦ ʨʝʬʝʨʝʥʪʥʠ ʯʚʦʨ ʩʠʩʪʝʤʘ 

ʫʩʚʦʿʝʥ ʿʝ 220 kV ʯʚʦʨ ʂʘʧʨʫʥ ʫ ɸʫʩʪʨʠʿʠ. ʇʦʜʘʮʠ ʦ ʦʯʝʢʠʚʘʥʦʤ ʥʠʚʦʫ ʨʘʟʤʝʥʝ 

ɽɽʉ ʉʨʙʠʿʝ ʥʘ ʛʨʘʥʠʮʘʤʘ ʩʘ ʩʫʩʝʜʥʠʤ ɽɽʉ ʫ ʦʩʥʦʚʥʦʤ ʩʪʘˁʫ ʜʘʪʠ ʩʫ ʫ ʪʘʙʝʣʠ 

ʇ3.1. ɹʠʣʘʥʩ ʘʢʪʠʚʥʝ ʩʥʘʛʝ ʤʦʜʝʣʦʚʘʥʠʭ ɽɽʉ ʫ ʦʩʥʦʚʥʦʤ ʩʪʘˁʫ ʜʘʪ ʿʝ ʫʪʘʙʝʣʠ 

ʇ3.2.  

 

ʊʘʙʝʣʘ ʇ3.1 ʆʯʝʢʠʚʘʥʠ ʥʠʚʦ ʨʘʟʤʝʥʝ ɽɽʉ ʉʨʙʠʿʝ ʥʘ ʛʨʘʥʠʮʘʤʘ ʩʘ ʩʫʩʝʜʥʠʤ ɽɽʉ 

ʫ ʙʘʟʥʦʤ ʩʪʘˁʫ 

ʇʨʘʚʘʮ ʈʫʤʫʥʠʿʘ ɹʫʛʘʨʩʢʘ ʄʘʹʘʨʩʢʘ ʍʨʚʘʪʩʢʘ 

ʈʘʟʤʝʥʘ[MW]  -410 -140 -520 200 

ʇʨʘʚʘʮ ɹʠʍ ɸʣʙʘʥʠʿʘ ʎɻ ʄʘʢʝʜʦʥʠʿʘ 

ʈʘʟʤʝʥʘ[MW]  230 10 160 300 
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ʊʘʙʝʣʘ ʇ3.2 ɹʠʣʘʥʩ ʘʢʪʠʚʥʝ ʩʥʘʛʝ ʤʦʜʝʣʦʚʘʥʠʭ ɽɽʉ ʫ ʙʘʟʥʦʤ ʩʪʘˁʫ 

ʆɹʃɸʉʊ 
ɸʂʊʀɺʅɸ ʉʅɸɻɸ [MW]  

ɻɽʅɽʈɸʎʀɱɸ ʆʇʊɽʈɽɴɽɳɽ ɻʋɹʀʎʀ ʀɿɺʆɿ ʊʈɸʅɿʀʊ 

ʉʣʦʚʝʥʠʿʘ 1078,0 1068,0 8,87 1,1 916,4 

ɸʫʩʪʨʠʿʘ 2085,0 2218,8 43,16 -177,0 1543,6 

ɹʦʩʥʘ ʠ ʍʝʨʮʝʛʦʚʠʥʘ 1681,5 1416,3 13,00 252,2 265,2 

ʍʨʚʘʪʩʢʘ 776,1 1517,8 9,41 -751,1 626,3 

ʄʘʹʘʨʩʢʘ 2583,2 3344,1 36,70 -797,6 1310,7 

ʎʨʥʘ ɻʦʨʘ 228,4 550,4 7,94 -329,9 159,5 

ʄʘʢʝʜʦʥʠʿʘ 1100,0 1057,4 17,66 24,9 298,3 

ʈʫʤʫʥʠʿʘ 7974,2 7250,8 122,79 600,6 371,5 

ʋʢʨʘʿʠʥʘ 1172,3 600,9 20,15 551,2 396,6 

ɸʣʙʘʥʠʿʘ 428,0 765,0 13,18 -350,2 0,0 

ɹʫʛʘʨʩʢʘ 4271,0 4222,8 46,29 1,9 510,0 

ʉʨʙʠʿʘ 4336,0 4471,5 64,75 -200,2 890,4 

ɻʨʯʢʘ 6366,5 6678,9 169,41 -481,8 212,3 

X 2563,5 877,8 32,20 1653,5 8918,4 

 

 

 

ʇʨʦʨʘʯʫʥ ʥʝʪʦ ʧʨʝʥʦʩʥʦʛ ʢʘʧʘʮʠʪʝʪʘ 

ʅʘ ʩʣʠʮʠ 4.2.1 ʿʝ ʧʨʠʢʘʟʘʥ ʫʦʙʠʯʘʿʝʥʠ ʪʦʢ ʠ ʩʤʝʨ ʤʝʹʫʥʘʨʦʜʥʦʛ ʪʨʘʥʟʠʪʘ 

ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ ʧʨʝʢʦ ʩʠʩʪʝʤʘ ʈʝʧʫʙʣʠʢʝ ʉʨʙʠʿʝ. ɼʦʤʠʥʘʥʪʘʥ ʿʝ ʪʨʘʥʟʠʪ 

ʝʥʝʨʝʛʠʿʝ ʩʘ ʠʩʪʦʢʘ ʢʘ ʟʘʧʘʜʫ ʠ ʿʫʛʫ ʟʙʦʛ ʚʝʣʠʢʠʭ ʚʠʰʢʦʚʘ ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ ʫ 

ɹʫʛʘʨʩʢʦʿ, ʈʫʤʫʥʠʿʠ ʠ ʜʝʣʫ ʋʢʨʘʿʠʥʝ ʠ ʚʝʣʠʢʠʭ ʤʘˁʢʦʚʘ ʝʥʝʨʛʠʿʝ ʫ ɻʨʯʢʦʿ, ʎʨʥʦʿ 

ɻʦʨʠ, ɸʣʙʘʥʠʿʠ ʠ ʄʘʢʝʜʦʥʠʿʠ ʥʘ ʿʫʛʫ ʠ ʿʫʛʦʟʘʧʘʜʫ ʠ ʍʨʚʘʪʩʢʝ ʠ ʟʘʧʘʜʥʦ 

ʝʚʨʦʧʩʢʠʭ ʟʝʤʘˀʘ (ʀʪʘʣʠʿʘ) ʥʘ ʟʘʧʘʜʫ, ʦʜʥʦʩʥʦ, ʩʝʚʝʨʦʟʘʧʘʜʫ. ʇʨʝʤʘ ʦʚʦʿ ʩʣʠʮʠ 

ʤʦʞʝ ʩʝ ʠʟʚʨʰʠʪʠ ʛʨʫʧʠʩʘˁʝ ʤʝʹʫʥʘʨʦʜʥʠʭ ʪʨʘʥʟʠʪʘ ʧʨʝʢʦ ʩʠʩʪʝʤʘ ʈʝʧʫʙʣʠʢʝ 

ʉʨʙʠʿʝ ʥʘ ʜʚʘ ʦʩʥʦʚʥʘ ʧʨʘʚʮʘ: 

¶ ʇʨʚʠ ʧʨʘʚʘʮ, ʠʩʪʦʢŸʿʫʛ, ʿʫʛʦʟʘʧʘʜ  

¶ ɼʨʫʛʠ ʧʨʘʚʘʮ, ʠʩʪʦʢŸʟʘʧʘʜ, ʩʝʚʝʨʦʟʘʧʘʜ 

¶ ʊʨʝ˂ʠ ʧʨʘʚʘʮ, ʩʝʚʝʨŸʿʫʛ, ʿʫʛʦʟʘʧʘʜ 

 



 

 

ʉʪʘʥʢʦ ʇ. ɱʘʥʢʦʚʠ˂, ɸʣʛʦʨʠʪʤʠ ʟʘ ʫʥʘʧʨʝʹeˁ ʝ ʢʦʥʚʝʨʛʝʥʮʠʿʝ ʫ ʧʨʦʨʘʯʫʥʫ ʪʦʢʦʚʘ ʩʥʘʛʘ ʥʘ ʚʝʣʠʢʠʤ ʩʠʤʫʣʘʮʠʦʥʠʤ ʤʦʜʝʣʠʤʘ, ʜʦʢʪʦʨʩʢʘ ʜʠʩʝʨʪʘʮʠʿʘ 

90 

 

ʉʣʠʢʘ ʇ3.1 ʊʨʘʥʟʠʪʥʠ ʧʫʪʝʚʠ ʧʨʝʢʦ ʉʨʙʠʿʝ 

 

ʋ ʨʘʜʫ ʩʝ ʧʦʩʤʘʪʨʘ ʪʨʘʥʟʠʪ ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ ʠʟ ʧʨʘʚʮʘ ʈʫʤʫʥʠʿʝ ʢʘ 

ɻʨʯʢʦʿ ʠ ʚʨʰʠ ʧʨʦʨʘʯʫʥ NTC, ʜʘ ʙʠ ʩʝ ʫʪʚʨʜʠʣʦ ʢʦʣʠʢʘ ʤʘʢʩʠʤʘʣʥʘ ʩʥʘʛʘ ʩʝ 

ʤʦʞʝ ʧʨʝʥʝʪʠ ʠʟ ʈʫʤʫʥʠʿʝ ʜʦ ɻʨʯʢʝ. ʋ ʜʝʬʠʥʠʮʠʿʠ ʟʘ ʧʨʦʨʘʯʫʥ NTC ʿʝ ʨʝʯʝʥʦ ʜʘ 

ʧʨʝʥʦʩʥʠ ʢʘʧʘʮʠʪʝʪ ʤʦʞʝ ʜʘ ʩʝ ʨʘʯʫʥʘ ʠʟʤʝʹʫ ʙʠʣʦ ʢʦʿʝ ʜʚʝ ʦʙʣʘʩʪʠ, ʪʿ. ʜʘ ʪʝ ʜʚʝ 

ʦʙʣʘʩʪʠ ʥʝ ʤʦʨʘʿʫ ʜʘ ʙʫʜʫ ʩʫʩʝʜʥʝ. ʋ ʧʨʘʢʩʠ, ʧʨʦʨʘʯʫʥ NTC ʟʘ ʦʜʨʝʹʝʥʠ ʪʨʘʥʟʠʪ 

ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ ʚʨʰʠ ʩʝ ʠʟʤʝʹʫ ʩʫʩʝʜʥʠʭ ʦʙʣʘʩʪʠ. ɼʘ ʙʠ ʩʝ ʜʦʙʠʣʘ ʰʪʦ 

ʨʝʘʣʥʠʿʘ ʩʣʠʢʘ ʫ ʧʨʦʨʘʯʫʥʫ NTC (ʟʙʦʛ ʧʦʿʘʚʝ Ăʧʘʨʘʣʝʣʥʦʛ ʪʦʢʘ ʩʥʘʛʝñ) ʚʨʰʠ ʩʝ 

ʧʦʜʠʟʘˁʝ ʧʨʦʠʟʚʦʜˁʝ ʠʩʪʦʚʨʝʤʝʥʦ ʫ ʜʚʝ ʠʣʠ ʚʠʰʝ ʦʙʣʘʩʪʠ ʘ ʩʧʫʰʪʘ ʫ ʿʝʜʥʦʿ (ʥʧʨ. 

ʠʟ ʈʫʤʫʥʠʿʝ ʠ ɹʫʛʘʨʩʢʝ ʢʘ ʉʨʙʠʿʠ). ɿʘ ʩʣʫʯʘʿ ʜʘ ʩʝ NTC ʨʘʯʫʥʘ ʧʦʜʠʟʘˁʝʤ 

ʧʨʦʠʟʚʦʜˁʝ ʫ ʜʚʝ ʠʣʠ ʚʠʰʝ ʦʙʣʘʩʪʠ ʘ ʠʩʪʦʚʨʝʤʝʥʦ ʩʝ ʩʧʫʰʪʘ ʫ ʿʝʜʥʦʿ, NTC 

ʠʟʤʝʹʫ ʜʚʝ ʦʙʣʘʩʪʠ ʜʦʙʠʿʘ ʩʝ ʜʝˀʝˁʝʤ ʫʢʫʧʥʦ ʜʦʙʠʿʝʥʦʛ NTC ʩʘ ʙʨʦʿʝʤ ʦʙʣʘʩʪʠ ʫ 

ʢʦʿʠʤʘ ʩʝ ʧʦʜʠʞʝ/ʩʧʫʰʪʘ ʧʨʦʠʟʚʦʜˁʘ. ɿʙʦʛ ʪʦʛʘ ʠʟʚʨʰʝʥʠ ʩʫ ʧʨʦʨʘʯʫʥʠ NTC ʥʘ 

ʧʦʩʪʦʿʝ˂ʝʤ ʤʦʜʝʣʫ: 

1. ʀʟ ʈʫʤʫʥʠʿʝ ʧʨʝʤʘ ɻʨʯʢʦʿ; 
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2. ʀʟ ʈʫʤʫʥʠʿʝ ʧʨʝʤʘ ɻʨʯʢʦʿ ʘʣʠ ʨʘʯʫʥʘʿʫ˂ʠ ʧʨʝʥʦʩʥʠ ʢʘʧʘʮʠʪʝʪ ʠʟʤʝʹʫ 

ʩʫʩʝʜʥʠʭ ʦʙʣʘʩʪʠ (ʈʫʤʫʥʠʿʘŸʉʨʙʠʿʘ, ʉʨʙʠʿʘŸʄʘʢʝʜʦʥʠʿʘ, 

ʄʘʢʝʜʦʥʠʿʘŸɻʨʯʢʘ); 

3. ʀʟ ʈʫʤʫʥʠʿʝ ʠ ɹʫʛʘʨʩʢʝ ʧʨʝʤʘ ʉʨʙʠʿʠ; 

4. ʀʟ ʈʫʤʫʥʠʿʝ, ɹʫʛʘʨʩʢʝ ʠ ʄʘʹʘʨʩʢʝ ʧʨʝʤʘ ʉʨʙʠʿʠ. 

ʉʚʠ ʧʨʦʨʘʯʫʥʠ NTC ʩʫ ʚʨʰʝʥʠ ʫ ʢʦʨʘʮʠʤʘ ʦʜ 50 MW. 

 

ʇʨʦʨʘʯʫʥ NTC ʠʟ ʈʫʤʫʥʠʿʝ ʧʨʝʤʘ ɻʨʯʢʦʿ 

 

ʇʨʦʨʘʯʫʥ ʿʝ ʚʨʰʝʥ ʧʦʜʠʟʘˁʝʤ ʧʨʦʠʟʚʦʜˁʝ ʫ ʈʫʤʫʥʠʿʠ ʠ ʠʩʪʦʚʨʝʤʝʥʠʤ 

ʩʧʫʰʪʘˁʝʤ ʧʨʦʠʟʚʦʜˁʝ ʫ ɻʨʯʢʦʿ ʫ ʢʦʨʘʮʠʤʘ ʧʦ 50 MW. ʈʝʟʫʣʪʘʪʠ NTC 

ʧʨʦʨʘʯʫʥʘ ʠʟʤʝʹʫ ʈʫʤʫʥʠʿʝ ʠ ɻʨʯʢʝ ʜʘʪ ʿʝ ʫ ʪʘʙʝʣʠ ʇ3.3. 

 

ʊʘʙʝʣʘ ʇ3.3 ʈʝʟʫʣʪʘʪʠ ʧʨʦʨʘʯʫʥʘ NTC ʠʟ ʈʫʤʫʥʠʿʝ ʧʨʝʤʘ ɻʨʯʢʦʿ 

ʅʝʛʘʪʠʚʘʥ ʧʨʝʜʟʥʘʢ ʦʟʥʘʯʘʚʘ ʩʫʧʨʦʪʘʥ ʪʦʢ ʩʥʘʛʝ. 

 

ʅʘ ʦʩʥʦʚʫ ʧʨʦʨʘʯʫʥʘ ʤʦʞʝ ʩʝ ʦʜʨʝʜʠʪʠ NTC ʈʫʤʫʥʠʿʝ ʧʨʝʤʘ ɻʨʯʢʦʿ: 

 ʊʊʉ = 1300 MW 

 TRM = 1003³  MW = 173 MW 

 NTC = ʊʊʉ - TRM = 1127 MW 

ʂʦʨʘʢ 1350 MW; ʠʩʧʘʜ ʜʘʣʝʢʦʚʦʜʘ 400 kV ɫʝʨʜʘʧ 1 ï ɼʨʤʥʦ 

ʇʨʝʦʧʪʝʨʝ˂ʝʥʠ 

ʝʣʝʤʝʥʪ 

ʊʦʢ ʩʥʘʛʝ ɻʫʙʠʮʠ 
ʆʧʪʝʨʝ˂ʝˁʝ 

[%] 
Aʢʪʠʚʥʘ 

[MW]  

ʈʝʘʢʪʠʚʥʘ 

[MVAr ] 

Aʢʪʠʚʥʘ 

[MW]  

ʈʝʘʢʪʠʚʥʘ 

[MVAr ] 

ɼɺ 400 kV ɹʦʨ 2 

ï ɫʝʨʜʘʧ 1 
-1186,99 -135,27 23,713 231,043 100,2 
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ɿʘ ʧʨʦʨʘʯʫʥ TRM ʫʩʚʦʿʝʥ ʿʝ ʙʨʦʿ ʠʥʪʝʨʢʦʥʝʢʪʠʚʥʠʭ ʜʘʣʝʢʦʚʦʜʘ ʠʟʤʝʹʫ 

ʈʫʤʫʥʠʿʝ ʠ ʉʨʙʠʿʝ (ɼɺ 400 kV ʇʦʨʮʠʣʝ ʜʝ ʌʠʝʨ ï ɫʝʨʜʘʧ 1) ʠ ʠʟʤʝʹʫ ʈʫʤʫʥʠʿʝ ʠ 

ɹʫʛʘʨʩʢʝ (ɼɺ 400 kV ʊʠʥʪʘʨʝʥʠ ï ʂʦʟʣʦʜʫʿ ʠ ɼɺ 400 kV ʀʩʘʢʚʘ ï ɼʦʙʨʫʞʘ). 

 

ʇʨʦʨʘʯʫʥ NTC ʠʟ ʈʫʤʫʥʠʿʝ ʧʨʝʤʘ ɻʨʯʢʦʿ ʘʣʠ ʨʘʯʫʥʘʿʫ˂ʠ ʧʨʝʥʦʩʥʠ 

ʢʘʧʘʮʠʪʝʪ ʠʟʤʝʹʫ ʩʫʩʝʜʥʠʭ ʦʙʣʘʩʪʠ (ʈʫʤʫʥʠʿʘŸʉʨʙʠʿʘ, ʉʨʙʠʿʘŸʄʘʢʝʜʦʥʠʿʘ, 

ʄʘʢʝʜʦʥʠʿʘŸɻʨʯʢʘ) 

 

ʋ ʦʚʦʤ ʧʨʦʨʘʯʫʥʫ ʠʟʨʘʯʫʥʘʪ ʿʝ NTC ʠʟ ʈʫʤʫʥʠʿʝ ʧʨʝʤʘ  ʉʨʙʠʿʠ, ʧʦʜʠʞʫ˂ʠ 

ʧʨʦʠʟʚʦʜˁʫ ʫ ʈʫʤʫʥʠʿʠ ʘ ʩʧʫʰʪʘʿʫ˂ʠ ʫ ʉʨʙʠʿʠ ʫ ʢʦʨʘʮʠʤʘ ʧʦ 50 MW. ʈʝʟʫʣʪʘʪʠ 

NTC ʧʨʦʨʘʯʫʥʘ ʠʟ ʈʫʤʫʥʠʿʝ ʧʨʝʤʘ ʉʨʙʠʿʠ ʜʘʪʠ ʩʫ ʫ ʪʘʙʝʣʠ ʇ3.4. 

 

ʊʘʙʝʣʘ ʇ3.4 ʈʝʟʫʣʪʘʪʠ ʧʨʦʨʘʯʫʥʘ NTC ʠʟ ʈʫʤʫʥʠʿʝ ʧʨʝʤʘ ʉʨʙʠʿʠ 

ʅʝʛʘʪʠʚʘʥ ʧʨʝʜʟʥʘʢ ʦʟʥʘʯʘʚʘ ʩʫʧʨʦʪʘʥ ʪʦʢ ʩʥʘʛʝ. 

 

ʅʘ ʦʩʥʦʚʫ ʧʨʦʨʘʯʫʥʘ ʤʦʞʝ ʩʝ ʦʜʨʝʜʠʪʠ NTC ʠʟ ʈʫʤʫʥʠʿʝ ʧʨʝʤʘ ʉʨʙʠʿʠ: 

 ʊʊʉ = 1050 MW 

 TRM = 100 MW 

 NTC = ʊʊʉ - TRM = 950 MW 

 

ʂʦʨʘʢ 1350 MW; ʠʩʧʘʜ ʜʘʣʝʢʦʚʦʜʘ 400 kV ɫʝʨʜʘʧ 1 ï ɼʨʤʥʦ 

ʇʨʝʦʧʪʝʨʝ˂ʝʥʠ 

ʝʣʝʤʝʥʪ 

ʊʦʢ ʩʥʘʛʝ ɻʫʙʠʮʠ 
ʆʧʪʝʨʝ˂ʝˁʝ 

[%] 
Aʢʪʠʚʥʘ 

[MW]  

ʈʝʘʢʪʠʚʥʘ 

[MVAr ] 

Aʢʪʠʚʥʘ 

[MW]  

ʈʝʘʢʪʠʚʥʘ 

[MVAr ] 

ɼɺ 400 kV ɹʦʨ 2 

ï ɫʝʨʜʘʧ 1 
-1186.99 -135,27 23,713 231,043 100,2 



 

 

ʉʪʘʥʢʦ ʇ. ɱʘʥʢʦʚʠ˂, ɸʣʛʦʨʠʪʤʠ ʟʘ ʫʥʘʧʨʝʹeˁ ʝ ʢʦʥʚʝʨʛʝʥʮʠʿʝ ʫ ʧʨʦʨʘʯʫʥʫ ʪʦʢʦʚʘ ʩʥʘʛʘ ʥʘ ʚʝʣʠʢʠʤ ʩʠʤʫʣʘʮʠʦʥʠʤ ʤʦʜʝʣʠʤʘ, ʜʦʢʪʦʨʩʢʘ ʜʠʩʝʨʪʘʮʠʿʘ 
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ʇʦʩʣʝ ʠʟʨʘʯʫʥʘʪʦʛ NTC ʈʫʤʫʥʠʿʝ ʧʨʝʤʘ ʉʨʙʠʿʠ ʨʘʯʫʥʘʪ ʿʝ NTC ʉʨʙʠʿʝ 

ʧʨʝʤʘ ʄʘʢʝʜʦʥʠʿʠ ʠ ʄʘʢʝʜʦʥʠʿʝ ʧʨʝʤʘ ɻʨʯʢʦʿ, ʿʝʨ ʿʝ ʧʦʪʨʝʙʥʦ ʧʨʦʚʝʨʠʪʠ ʜʘ ʣʠ ʩʝ 

ʩʥʘʛʘ ʧʨʝʥʝʪʘ ʠʟ ʈʫʤʫʥʠʿʫ ʫ ʉʨʙʠʿʫ ʤʦʞʝ ʧʨʝʥʝʪʠ ʫ ʄʘʢʝʜʦʥʠʿʫ ʧʘ ʠʟ ʄʘʢʝʜʦʥʠʿʝ 

ʫ ɻʨʯʢʫ. ʈʝʟʫʣʪʘʪʠ ʩʫ ʧʦʢʘʟʘʣʠ ʜʘ ʩʝ ʩʥʘʛʘ ʦʜ 950 MW ʤʦʞʝ ʧʨʝʥʝʪʠ ʠʟ ʉʨʙʠʿʝ ʫ 

ʄʘʢʝʜʦʥʠʿʫ ʠ ʠʟ ʄʘʢʝʜʦʥʠʿʝ ʫ ɻʨʯʢʫ ʠ ʧʨʠʪʦʤ ʜʘ ʩʝ ʥʝ ʧʨʝʦʧʪʝʨʝʪʠ ʥʠʿʝʜʘʥ 

ʝʣʝʤʝʥʪ ʫ ʧʨʝʥʦʩʥʦʿ ʤʨʝʞʠ ʄʘʢʝʜʦʥʠʿʝ ʠ ɻʨʯʢʝ. 

 

ʇʨʦʨʘʯʫʥ NTC ʠʟ ʈʫʤʫʥʠʿʝ ʠ ɹʫʛʘʨʩʢʝ ʧʨʝʤʘ ʉʨʙʠʿʠ 

 

ʇʨʦʨʘʯʫʥ ʿʝ ʨʘʹʝʥ ʧʦʜʠʞʫ˂ʠ ʧʨʦʠʟʚʦʜˁʫ ʠʩʪʦʚʨʝʤʝʥʦ ʫ ʈʫʤʫʥʠʿʠ ʠ 

ɹʫʛʘʨʩʢʦʿ ʘ ʩʧʫʰʪʘʿʫ˂ʠ ʫ ʉʨʙʠʿʠ ʫ ʢʦʨʘʮʠʤʘ ʧʦ 50 MW. ʈʝʟʫʣʪʘʪʠ NTC 

ʧʨʦʨʘʯʫʥʘ ʈʫʤʫʥʠʿʝ ʠ ɹʫʛʘʨʩʢʝ ʧʨʝʤʘ ʉʨʙʠʿʠ ʩʫ ʜʘʪʠ ʫ ʪʘʙʝʣʠ ʇ3.5. 

 

ʊʘʙʝʣʘ ʇ3.5 ʈʝʟʫʣʪʘʪʠ ʧʨʦʨʘʯʫʥʘ NTC ʠʟ ʈʫʤʫʥʠʿʝ ʠ ɹʫʛʘʨʩʢʝ ʧʨʝʤʘ ʉʨʙʠʿʠ 

ʂʦʨʘʢ 1250 MW; ʠʩʧʘʜ ʜʘʣʝʢʦʚʦʜʘ 400 kV ʐʘʥʜʦʨʬʘʣʚʘ ï ʉʫʙʦʪʠʮʘ 3 

ʇʨʝʦʧʪʝʨʝ˂ʝʥʠ 

ʝʣʝʤʝʥʪ 

ʊʦʢ ʩʥʘʛʝ ɻʫʙʠʮʠ 
ʆʧʪʝʨʝ˂ʝˁʝ 

[%] 
ɸʢʪʠʚʥʘ 

[MW]  

ʈʝʘʢʪʠʚʥʘ 

[MVAr ] 

ɸʢʪʠʚʥʘ 

[MW]  

ʈʝʘʢʪʠʚʥʘ 

[MVAr ] 

ɼɺ 400 kV 

ʇʦʨʮʠʣʝ ʜʝ ʌʠʝʨ 

ï ɫʝʨʜʘʧ 1 

1215,15 -41,67 0,3 2,302 101 

ʅʝʛʘʪʠʚʘʥ ʧʨʝʜʟʥʘʢ ʦʟʥʘʯʘʚʘ ʩʫʧʨʦʪʘʥ ʪʦʢ ʩʥʘʛʝ. 

 

ʅʘ ʦʩʥʦʚʫ ʧʨʦʨʘʯʫʥʘ ʤʦʞʝ ʩʝ ʦʜʨʝʜʠʪʠ NTC ʠʟ ʈʫʤʫʥʠʿʝ ʠ ɹʫʛʘʨʩʢʝ ʧʨʝʤʘ 

ʉʨʙʠʿʠ: 

 ʊʊʉ = 1200 MW 

 TRM = 1002³  MW = 141 MW 

 NTC = (ʊʊʉ-TRM)/2 = 529,5 MW 

 



 

 

ʉʪʘʥʢʦ ʇ. ɱʘʥʢʦʚʠ˂, ɸʣʛʦʨʠʪʤʠ ʟʘ ʫʥʘʧʨʝʹeˁ ʝ ʢʦʥʚʝʨʛʝʥʮʠʿʝ ʫ ʧʨʦʨʘʯʫʥʫ ʪʦʢʦʚʘ ʩʥʘʛʘ ʥʘ ʚʝʣʠʢʠʤ ʩʠʤʫʣʘʮʠʦʥʠʤ ʤʦʜʝʣʠʤʘ, ʜʦʢʪʦʨʩʢʘ ʜʠʩʝʨʪʘʮʠʿʘ 
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ɼʦʙʠʿʝʥʠ NTC ʿʝ ʜʝˀʝʥ ʩʘ ʜʚʘ ʠ ʪʘʢʚʘ ʚʨʝʜʥʦʩʪ ʧʨʝʜʩʪʘʚˀʘ NTC ʠʟ 

ʈʫʤʫʥʠʿʝ ʧʨʝʤʘ ʉʨʙʠʿʠ ʠ ʠʟ ɹʫʛʘʨʩʢʝ ʧʨʝʤʘ ʉʨʙʠʿʠ. ɿʘ ʧʨʦʨʘʯʫʥ TRM ʫʩʚʦʿʝʥ ʿʝ 

ʙʨʦʿ ʠʥʪʝʨʢʦʥʝʢʪʠʚʥʠʭ ʜʘʣʝʢʦʚʦʜʘ ʠʟʤʝʹʫ ʈʫʤʫʥʠʿʝ ʠ ʉʨʙʠʿʝ (ɼɺ 400 kV 

ʇʦʨʮʠʣʝ ʜʝ ʌʠʝʨ ï ɫʝʨʜʘʧ 1) ʠ ʠʟʤʝʹʫ ɹʫʛʘʨʩʢʝ ʠ ʉʨʙʠʿʝ (ɼɺ 400 kV ʉʦʬʠʿʘ 

ɿʘʧʘʜ ï ʅʠ h2). 

 

ʇʨʦʨʘʯʫʥ NTC ʠʟ ʈʫʤʫʥʠʿʝ, ɹʫʛʘʨʩʢʝ ʠ ʄʘʹʘʨʩʢʝ ʧʨʝʤʘ ʉʨʙʠʿʠ 

 

ʇʨʦʨʘʯʫʥ ʿʝ ʨʘʹʝʥ ʧʦʜʠʞʫ˂ʠ ʧʨʦʠʟʚʦʜˁʫ ʠʩʪʦʚʨʝʤʝʥʦ ʫ ʈʫʤʫʥʠʿʠ, 

ɹʫʛʘʨʩʢʦʿ ʠ ʄʘʹʘʨʩʢʦʿ ʘ ʩʧʫʰʪʘʿʫ˂ʠ ʫ ʉʨʙʠʿʠ ʫ ʢʦʨʘʮʠʤʘ ʧʦ 50 MW. ʈʝʟʫʣʪʘʪʠ 

NTC ʧʨʦʨʘʯʫʥʘ ʠʟ ʈʫʤʫʥʠʿʝ, ɹʫʛʘʨʩʢʝ ʠ ʄʘʹʘʨʩʢʝ ʧʨʝʤʘ ʉʨʙʠʿʠ ʜʘʪʠ ʩʫ ʫ ʪʘʙʝʣʠ 

ʇ3.6. 

 

ʊʘʙʝʣʘ ʇ3.6 ʈʝʟʫʣʪʘʪʠ ʧʨʦʨʘʯʫʥʘ NTC ʠʟ ʈʫʤʫʥʠʿʝ, ɹʫʛʘʨʩʢʝ ʠ ʄʘʹʘʨʩʢʝ ʧʨʝʤʘ 

ʉʨʙʠʿʠ 

ʂʦʨʘʢ 1250 MW; ʠʩʧʘʜ ʜʘʣʝʢʦʚʦʜʘ 400 kV ʐʘʥʜʦʨʬʘʣʚʘ ï ʉʫʙʦʪʠʮʘ 3 

ʇʨʝʦʧʪʝʨʝ˂ʝʥʠ 

ʝʣʝʤʝʥʪ 

ʊʦʢ ʩʥʘʛʝ ɻʫʙʠʮʠ 
ʆʧʪʝʨʝ˂ʝˁʝ 

[%] 
ɸʢʪʠʚʥʘ 

[MW]  

ʈʝʘʢʪʠʚʥʘ 

[MVAr ] 

ɸʢʪʠʚʥʘ 

[MW]  

ʈʝʘʢʪʠʚʥʘ 

[MVAr ] 

ɼɺ 400 kV 

ʇʦʨʮʠʣʝ ʜʝ ʌʠʝʨ 

ï ɫʝʨʜʘʧ 1 

1215,15 -41,67 0,3 2,302 101 

ʅʝʛʘʪʠʚʘʥ ʧʨʝʜʟʥʘʢ ʦʟʥʘʯʘʚʘ ʩʫʧʨʦʪʘʥ ʪʦʢ ʩʥʘʛʝ. 

 

ʅʘ ʦʩʥʦʚʫ ʧʨʦʨʘʯʫʥʘ ʤʦʞʝ ʩʝ ʦʜʨʝʜʠʪʠ NTC ʠʟ ʈʫʤʫʥʠʿʝ, ɹʫʛʘʨʩʢʝ ʠ 

ʄʘʹʘʨʩʢʝ ʧʨʝʤʘ ʉʨʙʠʿʠ: 

 ʊʊʉ = 1250 MW 

 TRM = 1003³  MW = 173 MW 

 NTC = (ʊʊʉ-TRM)/3 = 359 MW 



 

 

ʉʪʘʥʢʦ ʇ. ɱʘʥʢʦʚʠ˂, ɸʣʛʦʨʠʪʤʠ ʟʘ ʫʥʘʧʨʝʹeˁ ʝ ʢʦʥʚʝʨʛʝʥʮʠʿʝ ʫ ʧʨʦʨʘʯʫʥʫ ʪʦʢʦʚʘ ʩʥʘʛʘ ʥʘ ʚʝʣʠʢʠʤ ʩʠʤʫʣʘʮʠʦʥʠʤ ʤʦʜʝʣʠʤʘ, ʜʦʢʪʦʨʩʢʘ ʜʠʩʝʨʪʘʮʠʿʘ 

95 

 

ɼʦʙʠʿʝʥʠ NTC ʿʝ ʜʝˀʝʥ ʩʘ ʪʨʠ ʠ ʪʘʢʚʘ ʚʨʝʜʥʦʩʪ ʧʨʝʜʩʪʘʚˀʘ NTC ʠʟ 

ʈʫʤʫʥʠʿʝ ʧʨʝʤʘ ʉʨʙʠʿʠ, ɹʫʛʘʨʩʢʝ ʧʨʝʤʘ ʉʨʙʠʿʠ ʠ ʄʘʹʘʨʩʢʝ ʧʨʝʤʘ ʉʨʙʠʿʠ. ɿʘ 

ʧʨʦʨʘʯʫʥ TRM ʫʩʚʦʿʝʥ ʿʝ ʙʨʦʿ ʠʥʪʝʨʢʦʥʝʢʪʠʚʥʠʭ ʜʘʣʝʢʦʚʦʜʘ ʠʟʤʝʹʫ ʈʫʤʫʥʠʿʝ ʠ 

ʉʨʙʠʿʝ (ɼɺ 400 kV ʇʦʨʮʠʣʝ ʜʝ ʌʠʝʨ ï ɫʝʨʜʘʧ 1), ɹʫʛʘʨʩʢʝ ʠ ʉʨʙʠʿʝ (ɼɺ 400 kV 

ʉʦʬʠʿʘ ɿʘʧʘʜ ï ʅʠh 2) ʠ ʄʘʹʘʨʩʢʝ ʠ ʉʨʙʠʿʝ (ɼɺ 400 kV ʉʫʙʦʪʠʮʘ 3 ï 

ʐʘʥʜʦʨʬʘʣʚʘ). 

 

ʇʨʦʨʘʯʫʥ ʤʘʢʩʠʤʘʣʥʦʛ ʪʦʢʘ ʩʥʘʛʝ ʧʦʤʦ˂ʫ PTDF ʤʘʪʨʠʮʝ 

 

ʋ ʪʘʙʝʣʠ ʇ3.7 ʜʝʬʠʥʠʩʘʥʠ ʩʫ ʢʨʠʪʠʯʥʠ ʝʣʝʤʝʥʝʪʠ ʢʘʦ ʠ ʢʨʠʪʠʯʥʠ ʠʩʧʘʜʠ 

ʟʘ ʧʦʩʤʘʪʨʘʥʝ ʝʣʝʤʝʥʪʝ. ʂʘʦ ʨʝʟʫʣʪʘʪ ʧʨʦʨʘʯʫʥʘ ʩʝ ʜʦʙʠʿʘ PTDF ʤʘʪʨʠʮʘ ʩʘ 

ʧʨʦʨʘʯʫʥʘʪʠʤ ʩʚʠʤ ʧʘʨʘʤʝʪʨʠʤʘ ʠ ʬʘʢʪʦʨʠʤʘ ʤʘʢʩʠʤʘʣʥʦʛ ʪʦʢʘ ʩʥʘʛʝ. ɿʙʦʛ 

ʚʝʣʠʯʠʥʝ PTDF ʤʘʪʨʠʮʝ ʨʝʟʫʣʪʘʪʠ ʩʫ ʧʨʠʢʘʟʘʥʠ ʫ ʜʚʝ ʪʘʙʝʣʝ (ʪʘʙʝʣʘ ʇ3.8 ʠ 

ʪʘʙʝʣʘ ʇ3.9). 

 

 



 

 

ʉʪʘʥʢʦ ʇ. ɱʘʥʢʦʚʠ˂, ɸʣʛʦʨʠʪʤʠ ʟʘ ʫʥʘʧʨʝʹeˁ ʝ ʢʦʥʚʝʨʛʝʥʮʠʿʝ ʫ ʧʨʦʨʘʯʫʥʫ ʪʦʢʦʚʘ ʩʥʘʛʘ ʥʘ ʚʝʣʠʢʠʤ ʩʠʤʫʣʘʮʠʦʥʠʤ ʤʦʜʝʣʠʤʘ, ʜʦʢʪʦʨʩʢʘ ʜʠʩʝʨʪʘʮʠʿʘ 
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ʊʘʙʝʣʘ ʇ3.7 ʂʘʨʘʢʪʝʨʠʩʪʠʯʥʠ ʝʣʝʤʝʥʪʠ ʠ ʢʘʨʘʢʪʝʨʠʩʪʠʯʥʠ ʠʩʧʘʜʠ 

ʂʈʀʊʀʏʅʀ ɽʃɽʄɽʅʊ ʂʈʀʊʀʏʅʀ ʀʉʇɸɼ 

ɼɺ 400 kV ɫʝʨʜʘʧ 1 ï ʇʦʨʮʠʣʝ ʜʝ ʌʠʝʨ 

ɼɺ 400 kV ʅʠʰ 2 ï ʉʦʬʠʿʘ ɿʘʧʘʜ 

ɼɺ 400 kV ʇʦʨʮʠʣʝ ʜʝ ʌʠʝʨ - ʉʣʘʪʠʥʘ 

ɼɺ 400 kV ʂʦʟʣʦʜʫʿ - ʊʠʥʪʘʨʝʥʠ 

ɼɺ 400 kV ɹʣʘʛʦʝʚʛʨʘʜ - ʉʦʣʫʥ 

ɼɺ 400 kV ʉʫʙʦʪʠʮʘ 3 ï ʐʘʥʜʦʨʬʘʣʚʘ 

ʊʈ 400/220 kV ʅʠʰ 2 

ɼɺ 400 kV ʅʠʰ 2 ï ʉʦʬʠʿʘ ɿʘʧʘʜ 

ɼɺ 400  kV ɫʝʨʜʘʧ 1 ï ʇʦʨʮʠʣʝ ʜʝ ʌʠʝʨ 

ɼɺ 400 kV ɹʣʘʛʦʿʝʚʛʨʘʜ - ʉʦʣʫʥ 

ɼɺ 400 kV ɫʝʨʜʘʧ 1 - ɼʨʤʥʦ 

ɼɺ 400 kV ɫʝʨʜʘʧ 1 ï ɹʦʨ 2 

ɼɺ 400 kV ʂʦʟʣʦʜʫʿ - ʊʠʥʪʘʨʝʥʠ 

ɼɺ 400 kV ɹʦʨ 2 ï ʅʠʰ 2 

ɼɺ 400 kV ʂʦʩʦʚʦ ɹ - ʉʢʦʧˀʝ 

ɼɺ 400 kV ɹʣʘʛʦʝʚʛʨʘʜ - ʉʦʣʫʥ 

ɼɺ 220 kV ʌʝʨʦʥʠʢʣ ï ʇʨʠʟʨʝʥ 2 

ɼɺ 400 kV ʂʦʩʦʚʦ ɹ - ʈʠʙʘʨʝʚʠʥʘ 

ʊʈ 400/220 kV ʅʠʰ 2 

ʊʈ 400/220 kV ʂʦʩʦʚʦ ɹ 

ɼɺ 400 kV ʂʦʩʦʚʦ ɹ - ʈʠʙʘʨʝʚʠʥʘ 

ɼɺ 400 kV ɫʝʨʜʘʧ 1 - ɼʨʤʥʦ 

ɼɺ 220 kV ʅʠʰ 2 ï ʃʝʩʢʦʚʘʮ 2 

ɼɺ 400 kV ɿʝʤʙʣʘʢ - ʂʘʨʜʠʘ 

ɼɺ 220 kV ʇʨʠʟʨʝʥ 2 - ʌʠʝʨʟʘ 

ʊʈ 400/220 kV ʅʠʰ 2 

ɼɺ 400  kV ɹʦʨ 2 ï ɫʝʨʜʘʧ 1 ɼɺ 400 kV ɫʝʨʜʘʧ 1 ï ɼʨʤʥʦ 

ɼɺ 220 kV ʇʨʠʟʨʝʥ 2 - ʌʠʝʨʟʘ 

ɼɺ 400 kV ʂʦʩʦʚʦ ɹ - ʈʠʙʘʨʝʚʠʥʘ 

ɼɺ 400 kV ʂʦʩʦʚʦ ɹ - ʉʢʦʧˀʝ  

ɼɺ 400 kV ʂʦʩʦʚʦ ɹ ï ʅʠʰ 2 

ɼɺ 400 kV ɹʣʘʛʦʝʚʛʨʘʜ - ʉʦʣʫʥ 

ʊʈ 400/220 kV ʅʠʰ 2 

ʊʈ 400/220 kV ʂʦʩʦʚʦ ɹ 

ɼɺ 220 kV ʇˀʝʚˀʘ ï ɹʘʿʠʥʘ ɹʘʰʪʘ 

ɼɺ 400 kV ɹʣʘʛʦʝʚʛʨʘʜ - ʉʦʣʫʥ 

ɼɺ 400 kV ɿʝʤʙʣʘʢ - ʂʘʨʜʠʘ 

ɼɺ 220 kV ʇˀʝʚˀʘ ï ʇʦʞʝʛʘ 2 

ɼɺ 220 kV ɹʘʿʠʥʘ ɹʘʰʪʘ ï ʇʦʞʝʛʘ 2 

ɼɺ 220 kV ɺʘʨʜʠʰʪʝ ï ʇʦʞʝʛʘ 2 

ɼɺ 400 kV ʂʦʩʦʚʦ ɹ - ʈʠʙʘʨʝʚʠʥʘ 

ɼɺ 400 kV ʂʦʩʦʚʦ ɹ ï ʅʠʰ 2 

ɼɺ 400 kV ʈʠʙʘʨʚʠʥʘ ï ʇʦʜʛʦʨʠʮʘ 2 

ɼɺ 220 kV ʇʝʨʫ˂ʠʮʘ ï ʊʨʝʙʠˁʝ 

ɼɺ 220 kV ʇʠʚʘ ï ʉʘʨʘʿʝʚʦ 

ʊʈ 400/220 kV ʅʠʰ 2 

ɼɺ 220 kV ʇˀʝʚˀʘ ï ʇʦʞʝʛʘ 2 

ɼɺ 220 kV ʇˀʝʚˀʘ ï ɹʘʿʠʥʘ ɹʘʰʪʘ 

ɼɺ 400 kV ʂʦʩʦʚʦ ɹ - ʈʠʙʘʨʝʚʠʥʘ 

ɼɺ 220 kV ɺʠʰʝʛʨʘʜ ï ɺʘʨʜʠʰʪʝ 

ɼɺ 220 kV ɹʘʿʠʥʘ ɹʘʰʪʘ ï ʇʦʞʝʛʘ 2 

ɼɺ 220 kV ɺʘʨʜʠʰʪʝ ï ʇʦʞʝʛʘ 2 

ɼɺ 400 kV ʂʦʩʦʚʦ ɹ ï ʅʠʰ 2 

ɼɺ 400 kV ɹʣʘʛʦʝʚʛʨʘʜ - ʉʦʣʫʥ 

ɼɺ 220 kV ʇʠʚʘ ï ʉʘʨʘʿʝʚʦ 

ɼɺ 220 kV ʂʨʫʰʝʚʘʮ 1 ï ʇʦʜʫʿʝʚʦ 

ɼɺ 220 kV ʂʨʫʰʝʚʘʮ 1 ï ʅʠʰ 2 

ʊʈ 400/220 kV ʅʠʰ 2 
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Tʘʙʝʣʘ ʇ3.8 ɼʝʦ PTDF ʤʘʪʨʠʮʝ ʫ ʢʦʿʦʿ ʩʫ ʧʨʠʢʘʟʘʥʠ ʩʚʠ ʢʦʝʬʠʮʠʿʝʥʪʠ ʢʦʿʠ ʫʯʝʩʪʚʫʿʫ ʫ ʧʨʦʨʘʯʫʥʫ



 

 

ʉʪʘʥʢʦ ʇ. ɱʘʥʢʦʚʠ˂, ɸʣʛʦʨʠʪʤʠ ʟʘ ʫʥʘʧʨʝʹeˁ ʝ ʢʦʥʚʝʨʛʝʥʮʠʿʝ ʫ ʧʨʦʨʘʯʫʥʫ ʪʦʢʦʚʘ ʩʥʘʛʘ ʥʘ ʚʝʣʠʢʠʤ ʩʠʤʫʣʘʮʠʦʥʠʤ ʤʦʜʝʣʠʤʘ, ʜʦʢʪʦʨʩʢʘ ʜʠʩʝʨʪʘʮʠʿʘ 

98 

Tʘʙʝʣʘ ʇ3.9 ɼʝʦ PTDF ʤʘʪʨʠʮʝ ʫ ʢʦʿʦʿ ʩʫ ʧʨʠʢʘʟʘʥʠ ʬʘʢʪʦʨʠ ʤʘʢʩʠʤʘʣʥʦʛ ʪʦʢʘ ʩʥʘʛʝ ʟʘ ʢʨʠʪʠʯʥʝ ʝʣʝʤʝʥʪʝ ʠ ʢʨʠʪʠʯʥʝ ʠʩʧʘʜʝ
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ʊʦʢ ʩʥʘʛʝ ʧʦ ɼɺ 400 kV ɹʦʨ 2 ï ɫʝʨʜʘʧ 1 ʠʟ ʧʨʦʨʘʯʫʥʘ ʪʦʢʘ ʩʥʘʛʝ ʧʦ 

Newton-Raphson ʤʝʪʦʜʠ ʟʘ ʦʩʥʦʚʥʦ ʩʪʘˁʝ ʠ ʟʘ ʜʦʜʘʪʥʫ ʪʨʘʥʩʘʢʮʠʿʠ ʦʜ 1350 MW 

ʠʟ ʈʫʤʫʥʠʿʝ ʟʘ ɻʨʯʢʫ ʜʘʪ ʿʝ ʫ ʪʘʙʝʣʠ ʇ3.10. 

 

ʊʘʙʝʣʘ ʇ3.10 ʇʨʦʨʘʯʫʥ ʪʦʢʘ ʩʥʘʛʝ ʧʦ ɼɺ 400 kV ɹʦʨ 2 ï ɫʝʨʜʘʧ 1 ʧʦ ʤʝʪʦʜʠ 

Newton-Raphson 

ɼʦʜʘʪʥʘ ʪʨʘʥʩʘʢʮʠʿʘ ʫ 

ʦʜʥʦʩʫ ʥʘ ʦʩʥʦʚʥʦ ʩʪʘˁʝ 

ʆʩʥʦʚʥʦ ʩʪʘˁʝ ʀʩʧʘʜ ɼɺ 400 kV ɫʝʨʜʘʧ 1 - ɼʨʤʥʦ 

ɼɺ 400 kV ɹʦʨ 2 ï ɫʝʨʜʘʧ 1 ɼɺ 400 kV ɹʦʨ 2 ï ɫʝʨʜʘʧ 1 

0 MW -703 MW -860 MW 

1350 MW -986 MW -1187 MW 

 

ʀʟ ʪʘʙʝʣʝ ʇ3.9 ʟʘ ʪʨʘʥʟʠʪ ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ ʠʟ ʈʫʤʫʥʠʿʝ ʟʘ ʉʨʙʠʿʫ ʟʘ 

ʦʩʥʦʚʥʦ ʩʪʘˁʝ ʠ ʧʨʠ ʠʩʧʘʜʫ ɼɺ 400 kV ɫʝʨʜʘʧ 1 ï ɼʨʤʥʦ, PTDF ʢʦʝʬʠʮʠʿʝʥʪʠ ʟʘ 

ɼɺ 400 kV ɹʦʨ 2 ï ɫʝʨʜʘʧ 1 ʠʟʥʦʩʝ: 

PTDFRO-RS,ɼɺ 400 kV ɹʦʨ 2 ï ɫʝʨʜʘʧ 1, ʦʩʥʦʚʥʦ ʩʪʘˁʝ = -0,2169 

PTDFRO-RS,ɼɺ 400 kV ɹʦʨ 2 ï ɫʝʨʜʘʧ 1, ʠʩʧʘʜ ɼɺ 400 kV ɫʝʨʜʘʧ 1 ï ɼʨʤʥʦ = -0,2632 

 

ɿʘ ʜʦʜʘʪʥʫ ʪʨʘʥʩʘʢʮʠʿʫ ʦʜ 1350 MW ʠʟ ʈʫʤʫʥʠʿʝ ʟʘ ɻʨʯʢʫ ʫ ʦʜʥʦʩʫ ʥʘ 

ʦʩʥʦʚʥʦ ʩʪʘˁʝ ʠ ʧʨʠ ʠʩʧʘʜʫ ɼɺ 400 kV ɫʝʨʜʘʧ 1 ï ɼʨʤʥʦ, ʫʟ ʧʦʤʦ˂ ʪʘʙʝʣʝ ʇ3.8 ʠ 

PTDF ʢʦʬʠʮʠʿʝʥʘʪʘ (ʪʘʙʝʣʝ ʇ3.9) ʤʦʛʫ ʩʝ ʠʟʨʘʯʫʥʘʪʠ ʪʦʢʦʚʠ ʩʥʘʛʘ ʧʦ ɼɺ 400 kV 

ɹʦʨ 2 ï ɫʝʨʜʘʧ 1: 

Pɼɺ 400 kV ɹʦʨ 2 ï ɫʝʨʜʘʧ 1, ʦʩʥʦʚʥʦ ʩʪʘˁʝ + 1350 MW=-703 MW-1350 MW×0.2169=-996 MW 

Pɼɺ 400 kV ɹʦʨ 2 ï ɫʝʨʜʘʧ 1, ʠʩʧʘʜ ɼɺ 400 kV ɫʝʨʜʘʧ 1 ï ɼʨʤʥʦ + 1350 MW = 

-860 MW-1350 MW×0.2632=-1215 MW 

ʂʦʤʧʘʨʘʪʠʚʥʘ ʘʥʘʣʠʟʘ ʜʦʙʠʿʝʭ ʪʦʢʦʚʘ ʩʥʘʛʘ ʧʦ ɼɺ 400 kV ɹʦʨ 2 ï ɫʝʨʜʘʧ 

1 ʟʘ ʜʦʜʘʪʥʫ ʪʨʘʥʩʘʢʮʠʿʫ ʦʜ 1350 MW ʠʟ ʈʫʤʫʥʠʿʝ ʟʘ ɻʨʯʢʫ ʫ ʦʜʥʦʩʫ ʥʘ ʦʩʥʦʚʥʦ 

ʩʪʘˁʝ ʠ ʧʨʠ ʠʩʧʘʜʫ ɼɺ 400 kV ɫʝʨʜʘʧ 1 ï ɼʨʤʥʦ ʧʦ ʤʝʪʦʜʦʣʦʛʠʿʠ NTC ʠ 

ʤʝʪʦʜʦʣʦʛʠʿʠ ʄʘʢʩʠʤʘʣʥʦʛ ʪʦʢʘ ʩʥʘʛʝ ʜʘʪʘ ʿʝ ʫ ʪʘʙʝʣʠ ʇ3.11. 
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ʊʘʙʝʣʘ ʇ3.11 ʂʦʤʧʘʨʘʪʠʚʥʘ ʘʥʘʣʠʟʘ ʪʦʢʘ ʩʥʘʛʝ ʧʦ ɼɺ 400 kV ɹʦʨ 2 ï ɫʝʨʜʘʧ 1 

ʜʦʙʠʿʝʥʦʛ ʠʟ NTC ʧʨʦʨʘʯʫʥʘ ʠ ʧʨʦʨʘʯʫʥʘ ʄʘʢʩʠʤʘʣʥʦʛ ʪʦʢʘ ʩʥʘʛʝ 

ɼɺ 400 kV ɹʦʨ 2 ï ɫʝʨʜʘʧ 1 
NTC 

Aʢʪʠʚʥʘ ʩʥʘʛʘ [MW]  

ʄʘʢʩʠʤʘʣʥʠ ʪʦʢ ʩʥʘʛʝ 

Aʢʪʠʚʥʘ ʩʥʘʛʘ [MW] 
ȹ [%] 

ʦʩʥʦʚʥʦ ʩʪʘˁʝ + 1350 MW -986 -996 101,01 

ʠʩʧʘʜ ɼɺ 400 kV ɫʝʨʜʘʧ 1 ï ɼʨʤʥʦ + 1350 MW -1187 -1215 102,36 

 

ʊʦʢ ʩʥʘʛʝ ʧʦ ɼɺ 400 kV ʇʦʨʮʠʣʝ ʜʝ ʌʠʝʨ ï ɫʝʨʜʘʧ 1 ʠʟ ʧʨʦʨʘʯʫʥʘ ʪʦʢʦʚʘ 

ʩʥʘʛʘ ʧʦ Newton-Raphson ʤʝʪʦʜʠ ʟʘ ʦʩʥʦʚʥʦ ʩʪʘˁʝ ʠ ʟʘ ʜʦʜʘʪʥʫ ʪʨʘʥʩʘʢʮʠʿʫ ʦʜ 

1100 MW ʠʟ ʈʫʤʫʥʠʿʝ ʟʘ ʉʨʙʠʿʫ ʜʘʪ ʿʝ ʫ ʪʘʙʝʣʠ ʇ3.12. 

 

ʊʘʙʝʣʘ ʇ3.12 ʇʨʦʨʘʯʫʥ ʪʦʢʘ ʩʥʘʛʝ ʧʦ ɼɺ 400 kV ʇʦʨʮʠʣʝ ʜʝ ʌʠʝʨ ï ɫʝʨʜʘʧ 1 ʧʦ 

ʤʝʪʦʜʠ Newton-Raphsnon 

ɼʦʜʘʪʥʘ ʪʨʘʥʩʘʢʮʠʿʘ ʫ 

ʦʜʥʦʩʫ ʥʘ ʦʩʥʦʚʥʦ ʩʪʘˁʝ 

ʆʩʥʦʚʥʦ ʩʪʘˁʝ ʀʩʧʘʜ ɼɺ 400 kV ʐʘʥʜʦʨʬʘʣʚʘ ï ʉʫʙʦʪʠʮʘ 3 

ɼɺ 400 kV ʇʦʨʮʠʣʝ ʜʝ ʌʠʝʨ ï 

ɫʝʨʜʘʧ 1 

ɼɺ 400 kV ʇʦʨʮʠʣʝ ʜʝ ʌʠʝʨ ï ɫʝʨʜʘʧ 1 

0 MW 409 MW 591 MW 

1100 MW 966 MW 1227 MW 

 

ʀʟ ʪʘʙʝʣʝ ʇ3.9 ʟʘ ʪʨʘʥʟʠʪ ʝʣʝʢʪʨʠʯʥʝ ʝʥʝʨʛʠʿʝ ʠʟ ʈʫʤʫʥʠʿʝ ʟʘ ʉʨʙʠʿʫ ʟʘ 

ʦʩʥʦʚʥʦ ʩʪʘˁʝ ʠ ʧʨʠ ʠʩʧʘʜʫ ɼɺ 400 kV ʉʫʙʦʪʠʮʘ 3 ï ʐʘʥʜʦʨʬʘʣʚʘ PTDF 

ʢʦʝʬʠʮʠʿʝʥʪʠ ʟʘ ɼɺ 400 kV ʇʦʨʮʠʣʝ ʜʝ ʌʠʝʨ ï ɫʝʨʜʘʧ 1 ʠʟʥʦʩʝ: 

PTDFRO-RS,ɼɺ 400 kV ʇʦʨʮʠʣʝ ʜʝ ʌʠʝʨ ï ɫʝʨʜʘʧ 1, ʦʩʥʦʚʥʦ ʩʪʘˁʝ = 0,5029 

PTDFRO-RS,ɼɺ 400 kV ʇʦʨʮʠʣʝ ʜʝ ʌʠʝʨ ï ɫʝʨʜʘʧ 1, ʠʩʧʘʜ ɼɺ 400 kV ʉʫʙʦʪʠʮʘ 3 ï ʐʘʥʜʦʨʬʘʣʚʘ = 0,5607 

 

ɿʘ ʜʦʜʘʪʥʫ ʪʨʘʥʩʘʢʮʠʿʫ ʦʜ 1100 MW ʠʟ ʈʫʤʫʥʠʿʝ ʟʘ ʉʨʙʠʿʫ ʫ ʦʜʥʦʩʫ ʥʘ 

ʦʩʥʦʚʥʦ ʩʪʘˁʝ ʠ ʧʨʠ ʠʩʧʘʜʫ ɼɺ 400 kV ʉʫʙʦʪʠʮʘ 3 ï ʐʘʥʜʦʨʬʘʣʚʘ, ʫʟ ʧʦʤʦ˂ 

ʪʘʙʝʣʝ ʇ3.8 ʠ PTDF ʢʦʬʠʮʠʿʝʥʘʪʘ (ʪʘʙʝʣʘ ʇ3.9) ʤʦʛʫ ʩʝ ʠʟʨʘʯʫʥʘʪʠ ʪʦʢʦʚʠ ʩʥʘʛʘ 

ʧʦ ɼɺ 400 kV ʇʦʨʮʠʣʝ ʜʝ ʌʠʝʨ ï ɫʝʨʜʘʧ 1: 
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Pɼɺ 400 kV ʇʦʨʮʠʣʝ ʜʝ ʌʠʝʨ ï ɫʝʨʜʘʧ 1, ʦʩʥʦʚʥʦ ʩʪʘˁʝ+1100 MW= 

409 MW+1100 MW×0.5029=962 MW 

Pɼɺ 400 kV ʇʦʨʮʠʣʝ ʜʝ ʌʠʝʨ ï ɫʝʨʜʘʧ 1, ʠʩʧʘʜ ɼɺ 400 kV ʉʫʙʦʪʠʮʘ 3 ï ʐʘʥʜʦʨʬʘʣʚʘ + 1100 MW = 

591 MW+1100 MW×0.5607=1208 MW 

ʂʦʤʧʘʨʘʪʠʚʥʘ ʘʥʘʣʠʟʘ ʜʦʙʠʿʝʥʠʭ ʪʦʢʦʚʘ ʩʥʘʛʘ ʧʦ ɼɺ 400 kV ʇʦʨʮʠʣʝ ʜʝ 

ʌʠʝʨ ï ɫʝʨʜʘʧ 1 ʟʘ ʜʦʜʘʪʥʫ ʪʨʘʥʩʘʢʮʠʿʫ ʦʜ 1100 MW ʠʟ ʈʫʤʫʥʠʿʝ ʟʘ ʉʨʙʠʿʫ ʫ 

ʦʜʥʦʩʫ ʥʘ ʦʩʥʦʚʥʦ ʩʪʘˁʝ ʠ ʧʨʠ ʠʩʧʘʜʫ ɼɺ 400 kV ʉʫʙʦʪʠʮʘ 3 ï ʐʘʥʜʦʨʬʘʣʚʘ ʧʦ 

ʤʝʪʦʜʦʣʦʛʠʿʠ NTC ʠ ʤʝʪʦʜʦʣʦʛʠʿʠ ʄʘʢʩʠʤʘʣʥʦʛ ʪʦʢʘ ʩʥʘʛʝ ʜʘʪʘ ʿʝ ʫ ʪʘʙʝʣʠ ʇ3.13. 

 

ʊʘʙʝʣʘ ʇ3.13 ʂʦʤʧʘʨʘʪʠʚʥʘ ʘʥʘʣʠʟʘ ʪʦʢʘ ʩʥʘʛʝ ʧʦ ɼɺ 400 kV ʇʦʨʮʠʣʝ ʜʝ ʌʠʝʨ ï 

ɫʝʨʜʘʧ 1 ʜʦʙʠʿʝʥʦʛ ʠʟ NTC ʧʨʦʨʘʯʫʥʘ ʠ ʧʨʦʨʘʯʫʥʘ ʄʘʢʩʠʤʘʣʥʦʛ ʪʦʢʘ ʩʥʘʛʝ 

ɼɺ 400 kV ʇʦʨʮʠʣʝ ʜʝ ʌʠʝʨ ï ɫʝʨʜʘʧ 1 
NTC 

Aʢʪʠʚʥʘ ʩʥʘʛʘ [MW]  

ʄʘʢʩʠʤʘʣʥʠ ʪʦʢ ʩʥʘʛʝ 

Aʢʪʠʚʥʘ ʩʥʘʛʘ [MW] 
ȹ [%] 

ʦʩʥʦʚʥʦ ʩʪʘˁʝ + 1100 MW 966 962 99,59 

ʠʩʧʘʜ ɼɺ 400 kV ʉʫʙʦʪʠʮʘ 3 ï ʐʘʥʜʦʨʬʘʣʚʘ + 

1100 MW 
1227 1208 98,45 
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ʇʨʠʣʦʛ 4. 

 

ʇʨʦʛʨʘʤʩʢʠ ʧʘʢʝʪ PSA 

 

1. ʋʚʦʜ 

Power System Assistant (PSA) ʿʝ ʧʨʦʛʨʘʤ ʟʘ ʩʪʘʪʠʯʢʝ ʧʨʦʨʘʯʫʥʝ ʫ 

ʝʣʝʢʪʨʦʝʥʝʨʛʝʪʩʢʦʤ ʩʠʩʪʝʤʫ (ɽɽʉ). PSA ʧʦʢʨʠʚʘ ʪʨʠ ʚʨʩʪʝ ʩʪʘʪʠʯʢʠʭ ʧʨʦʨʘʯʫʥʘ 

ɽɽʉ: 

1. ʊʦʢʦʚʘ ʩʥʘʛʘ ʠ ʥʘʧʦʥʩʢʠʭ ʧʨʠʣʠʢʘ. ʆʩʠʤ ʦʩʥʦʚʥʦʛ ʧʨʦʨʘʯʫʥʘ ʪʦʢʦʚʘ 

ʩʥʘʛʘ ʠ ʥʘʧʦʥʩʢʠʭ ʧʨʠʣʠʢʘ ʫ ʦʢʚʠʨʫ PSA ʩʫ ʠʤʧʣʝʤʝʥʪʠʨʘʥʠ ʩʣʝʜʝ˂ʠ 

ʘʫʪʦʤʘʪʩʢʠ ʧʨʦʨʘʯʫʥʠ ʢʦʿʠ ʩʝ ʟʘʩʥʠʚʘʿʫ ʥʘ ʦʚʦʤ ʧʨʦʨʘʯʫʥʫ: 

- ĂNï1ñ ʢʨʠʪʝʨʠʿʫʤ ʩʠʛʫʨʥʦʩʪʠ ʟʘ ʚʦʜʦʚʝ ʠ ʪʨʘʥʩʬʦʨʤʘʪʦʨʝ, ʦʜʥʦʩʥʦ 
ʧʨʦʨʘʯʫʥʠ ʟʘ ʿʝʜʥʦʩʪʨʫʢʝ ʠʩʧʘʜʝ ʚʦʜʦʚʘ ʠ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ 

ʢʦʨʠʰ˂ʝˁʝʤ ʧʨʝʜʝʬʠʥʠʩʘʥʝ ʣʠʩʪʝ ʦʚʠʭ ʝʣʝʤʝʥʘʪʘ; 

- ĂNïʍñ ʢʨʠʪʝʨʠʿʫʤ ʩʠʛʫʨʥʦʩʪʠ ʟʘ ʚʦʜʦʚʝ, ʪʨʘʥʩʬʦʨʤʘʪʦʨʝ ʠ 

ʛʝʥʝʨʘʪʦʨʝ, ʦʜʥʦʩʥʦ ʧʨʦʨʘʯʫʥʠ ʟʘ ʚʠʰʝʩʪʨʫʢʝ ʠʩʧʘʜʝ ʚʦʜʦʚʘ, 

ʛʝʥʝʨʘʪʦʨʘ ʠ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ ʢʦʨʠʰ˂ʝˁʝʤ ʧʨʝʜʝʬʠʥʠʩʘʥʝ ʣʠʩʪʝ 

ʦʚʠʭ ʝʣʝʤʝʥʘʪʘ; 

- ʅʝʪʦ ʧʨʝʥʦʩʥʦʛ ʢʘʧʘʮʠʪʝʪʘ (NTC); 

- PTDF/OTDF ʢʦʝʬʠʮʠʿʝʥʘʪʘ. 

2. ʉʪʨʫʿʘ ʢʨʘʪʢʠʭ ʩʧʦʿʝʚʘ (ʦʪʦʯʥʠ ʢʚʘʨʦʚʠ). ʀʤʧʣʝʤʝʥʪʠʨʘʥʝ ʩʫ ʩʚʝ 

ʯʝʪʠʨʠ ʚʨʩʪʝ ʢʨʘʪʢʦʛ ʩʧʦʿʘ. 

3. ʇʨʝʢʠʜʘ ʧʨʦʚʦʜʥʠʢʘ (ʨʝʜʥʠ ʢʚʘʨʦʚʠ). ʀʤʧʣʝʤʝʥʪʠʨʘʥʝ ʩʫ ʩʚʝ ʪʨʠ ʚʨʩʪʝ 

ʨʝʜʥʠʭ ʧʨʝʢʠʜʘ ʧʨʦʚʦʜʥʠʢʘ. 

ʇʨʚʘ ʚʝʨʟʠʿʘ ʧʨʦʛʨʘʤʘ PSA ʿʝ ʙʠʣʘ 2002. ʛʦʜʠʥʝ. ʊʨʝʥʫʪʥʦ ʘʢʪʫʝʣʥʘ 

ʚʝʨʟʠʿʘ ʧʨʦʛʨʘʤʘ ʿʝ 4.3. ʆʜ ʚʝʨʟʠʿʝ 4.2 PSA ʠʤʘ ʠʤʧʣʝʤʝʥʪʠʨʘʥ MS Ribbon ʢʘʦ 

GUI. PSA je ʟʘʜʨʞʘʦ ʠ ʩʪʘʥʜʘʨʜʥʠ Windows menu/toolbar GUI. ʀʟʤʝʹʫ ʦʚʘ ʜʚʘ 

GUI ʩʝ ʤʦʞʝ ʣʘʢʦ ʧʨʝ˂ʠ ʢʦʨʠʩʪʝ˂ʠ ʧʨʝʯʠʮʫ ʥʘ ʪʘʩʪʘʪʫʨʠ Ctrl+Alt+V . ʋ ʦʚʦʤ 

ʢʦʨʠʩʥʠʯʢʦʤ ʫʧʫʪʩʪʚʫ ˂ʝ ʙʠʪʠ ʧʨʝʜʩʪʘʚˀʝʥ Ribbon ʦʙʟʠʨʦʤ ʜʘ ʿʝ ʠʩʪʘ ʥʦʚʠʥʘ 

ʥʦʚʠʥʘ ʠ Microsoft ʧʨʝʧʦʨʫʯʫʿʝ ʢʦʨʠʰ˂ʝˁʝ ʦʚʦʛ GUIïʘ ʢʦʜ ʩʚʠʭ ʧʨʦʛʨʘʤʩʢʠʭ 

ʘʧʣʠʢʘʮʠʿʘ ʛʜʝ ʿʝ ʪʦ ʦʜʛʦʚʘʨʘʿʫ˂ʝ. 
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ɿʘ ʢʦʨʠʰ˂ʝˁʝ ʚʝʨʟʠʿʝ PSA 4.3 ʩʘ MS Ribbon ʠʥʪʝʨʬʝʿʩʦʤ ʧʦʪʨʝʙʥʦ ʿʝ 

ʠʤʘʪʠ ʤʠʥʠʤʫʤ Windows 7 ʦʧʝʨʘʪʠʚʥʠ ʩʠʩʪʝʤ. 

ʋ ʪʝʢʩʪʫ ʢʦʿʠ ʩʣʝʜʠ ˂ʝ ʙʠʪʠ ʜʘʪʠ ʜʝʪʘˀʠ ʫ ʚʝʟʠ ʧʨʝʪʭʦʜʥʦ ʥʘʚʝʜʠʭ ʚʨʩʪʘ 

ʧʨʦʨʘʯʫʥʘ ʠ ʦʧʠʩ ʢʦʨʠʩʥʠʯʢʦʛ ʠʥʪʝʨʬʝʿʩʘ ʧʨʦʛʨʘʤʘ PSA. 

2. ʇʨʦʨʘʯʫʥ ʪʦʢʦʚʘ ʩʥʘʛʘ ʠ ʥʘʧʦʥʩʢʠʭ ʧʨʠʣʠʢʘ 

ʇʨʦʨʘʯʫʥ ʪʦʢʦʚʘ ʩʥʘʛʘ ʠ ʥʘʧʦʥʩʢʠʭ ʧʨʠʣʠʢʘ ʿʝ ʦʩʥʦʚʥʘ ʚʨʩʪʘ ʧʨʦʨʘʯʫʥʘ ʫ 

ʩʚʘʢʦʤ ɽɽʉ. ʈʝʟʫʣʪʘʪʠ ʦʚʦʛ ʧʨʦʨʘʯʫʥʘ ʩʫ ʧʦʣʘʟʥʘ ʪʘʯʢʘ ʟʘ ʧʨʦʨʘʯʫʥʝ ʩʪʘʙʠʣʥʦʩʪʠ, 

ʨʝʜʥʠʭ ʧʨʝʢʠʜʘ ʠ ʢʨʘʪʢʠʭ ʩʧʦʿʝʚʘ ʢʘʜʘ ʩʝ ʢʦʨʠʩʪʠ ʪʟʚ. ʢʦʤʧʣʝʪʥʘ ʤʝʪʦʜʘ (ʧʨʝʤʘ 

IEC 60909 ʩʪʘʥʜʘʨʜʫ ʩʝ ʧʦʜʨʘʟʫʤʝʚʘ ʜʘ ʩʫ ʩʚʝ ʚʨʝʜʥʦʩʪʠ ʥʘʧʦʥʘ ʫ ʩʠʩʪʝʤʫ 1 ʨ.ʿ.). 

PSA ʧʦʜʨʞʘʚʘ AC ʠ DC ʧʨʦʨʘʯʫʥʝ ʪʦʢʦʚʘ ʩʥʘʛʘ ʠ ʥʘʧʦʥʩʢʠʭ ʧʨʠʣʠʢʘ. 

3. DC ʧʨʦʨʘʯʫʥ 

DC ʧʨʦʨʘʯʫʥ ʿʝ ʠʤʧʣʝʤʝʥʪʠʨʘʥ ʥʘ ʩʪʘʥʜʘʨʜʘʥ ʥʘʯʠʥ: 

[P] = [B] x [ɗ] 

ɻʜʝ ʿʝ: 

[P] ï ɺʝʢʪʦʨ ʠʥʿʝʢʪʠʨʘˁʘ ʘʢʪʠʚʥʠʭ ʩʥʘʛʘ ʫ ʯʚʦʨʦʚʠʤʘ ʤʨʝʞʝ; 

[B] ï ʄʘʪʨʠʮʘ ʩʫʩʮʝʧʪʘʥʩʠ ʤʨʝʞʝ; 

[ɗ] ï ɺʝʢʪʦʨ ʫʛʣʦʚʘ ʥʘʧʦʥʘ (ʬʘʟʘ) ʫ ʯʚʦʨʦʚʠʤʘ ʤʨʝʞʝ. 

4. ɸC ʧʨʦʨʘʯʫʥ 

ɿʘ AC ʧʨʦʨʘʯʫʥ ʪʦʢʦʚʘ ʩʥʘʛʘ ʠ ʥʘʧʦʥʩʢʠʭ ʧʨʠʣʠʢʘ ʫ PSA ʤʦʛʫ˂ʝ ʿʝ 

ʢʦʨʠʩʪʠʪʠ ʪʨʠ ʚʨʩʪʝ NewtonïRaphson ʤʝʪʦʜʝ: 

1. ʈʝʛʫʣʘʨʥʫ ï LU ʜʝʢʦʤʧʦʟʠʮʠʿʘ Jacobian ʤʘʪʨʠʮʝ ʦʙʘʚˀʘ ʫ ʩʚʘʢʦʿ ʠʪʝʨʘʮʠʿʠ 

ʧʨʦʨʘʯʫʥʘ; 

2. ʄʦʜʠʬʠʢʦʚʘʥʫ ï LU ʜʝʢʦʤʧʦʟʠʮʠʿʘ Jacobian ʤʘʪʨʠʮʝ ʩʝ ʦʙʘʚˀʘ ʩʘʤʦ ʫ 

ʧʦʯʝʪʥʦʿ ʠʪʝʨʘʮʠʿʠ; 

3. ʂʦʤʙʠʥʦʚʘʥʫ ï LU ʜʝʢʦʤʧʦʟʠʮʠʿʘ Jacobian ʤʘʪʨʠʮʝ ʩʝ ʦʙʘʚˀʘ ʫ ʧʦʯʝʪʥʦʿ 

ʠʪʝʨʘʮʠʿʠ ʠ ʫ ʦʥʠʤ ʠʪʝʨʘʮʠʿʘʤʘ ʫ ʢʦʿʠʤʘ ʢʦʥʚʝʨʛʝʥʮʠʿʘ ʧʨʦʨʘʯʫʥʘ ʧʦʩʪʘʥʝ 

ʥʠʞʘ ʦʜ ʜʦˁʝ ʟʘʜʘʪʝ ʛʨʘʥʠʮʝ. ʆʥʘ ʟʘʧʨʘʚʦ ʧʨʝʜʩʪʘʚˀʘ ʢʦʤʧʨʦʤʠʩ ʠʟʤʝʹʫ 

ʈʝʛʫʣʘʨʥʝ ʠ ʄʦʜʠʬʠʢʦʚʘʥʝ ʤʝʪʦʜʝ ʫʟʠʤʘʿʫ˂ʠ ʫ ʦʙʟʠʨ ʪʘʯʥʦʩʪ ʠ ʚʨʝʤʝ 

ʧʨʦʨʘʯʫʥʘ. 

ʇʦʩʪʦʿʠ ʚʝʣʠʢʠ ʙʨʦʿ ʦʧʮʠʿʘ ʟʘ ʠʟʙʦʨ ʠ ʧʘʨʘʤʝʪʘʨʘ ʟʘ ʧʦʜʝʰʘʚʘˁʝ ʢʦʿʠ ʩʝ 

ʦʜʥʦʩʝ ʥʘ AC ʧʨʦʨʘʯʫʥ. ʋ ʪʝʢʩʪʫ ʢʦʿʠ ʩʣʝʜʠ ˂ʝ ʙʠʪʠ ʦʧʠʩʘʥʠ ʥʝʢʠ ʦʜ ˁʠʭ. 

ʅʘ ʥʘʨʝʜʥʦʿ ʩʣʠʮʠ ʿʝ ʧʨʠʢʘʟʘʥ ʜʠʿʘʣʦʛ ʟʘ ʠʟʙʦʨ ʦʧʮʠʿʘ ʠ ʧʦʜʝʰʘʚʘˁʝ 

ʧʘʨʘʤʝʪʘʨʘ AC ʧʨʦʨʘʯʫʥʘ. ʅʘ ʩʣʠʮʠ ʩʫ ʜʘʪʘ ʠ ʢʨʘʪʢʘ ʦʙʿʘʰˁʝˁʘ. ʊʘʢʦ ʩʝ, ʥʘ 
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ʧʨʠʤʝʨ, ʚʨʩʪʘ NewtonïRaphson ʤʝʪʦʜʝ ʙʠʨʘ ʫ combo boxïʫ ʢʘʢʦ ʰʪʦ ʿʝ ʧʨʠʢʘʟʘʥʦ 

ʥʘ ʩʣʠʮʠ. ʆʜʤʘʭ ʧʦʨʝʜ ʦʚʝ ʦʧʮʠʿʝ ʩʝ ʥʘʣʘʟʠ ʦʧʮʠʿʘ ʟʘ ʫʚʘʞʘʚʘˁʝ ʫʥʘʧʨʝʜ 

ʜʝʬʠʥʠʩʘʥʝ ʨʘʟʤʝʥʝ ʘʢʪʠʚʥʝ ʩʥʘʛʝ ʠʟʤʝʹʫ ʦʙʣʘʩʪʠ ʫ ʩʠʩʪʝʤʫ. ɼʘ ʙʠ ʩʝ ʦʚʘ ʦʧʮʠʿʘ 

ʢʦʨʠʩʪʠʣʘ ʧʦʪʨʝʙʥʦ ʿʝ ʟʘ ʩʚʘʢʫ ʦʙʣʘʩʪ ʜʝʬʠʥʠʩʘʪʠ ʙʘʣʘʥʩʥʠ ʯʚʦʨ (ʝʥʛ. area swing 

bus).  

ʄʦʛʫ˂ʝ ʿʝ ʜʦʟʚʦˀʝʥʫ ʨʝʣʘʪʠʚʥʫ ʛʨʝʰʢʫ ʫ ʧʨʦʨʘʯʫʥʫ ʜʝʬʠʥʠʩʘʪʠ ʟʘ 

ʘʢʪʠʚʥʫ ʠ ʨʝʘʢʪʠʚʥʫ ʩʥʘʛʫ ʟʘʿʝʜʥʦ ʠʣʠ ʦʜʚʦʿʝʥʦ. ʆʚʘ ʛʨʝʰʢʘ ʿʝ ʜʘʪʘ ʫ ʨ.ʿ. ʫ ʦʜʥʦʩʫ 

ʥʘ ʜʝʬʠʥʠʩʘʥʫ ʩʠʩʪʝʤʩʢʫ ʙʘʟʥʫ ʩʥʘʛʫ. ʂʘʜʘ ʠʥʿʝʢʪʠʨʘˁʝ ʘʢʪʠʚʥʠʭ, ʦʜʥʦʩʥʦ 

ʨʝʘʢʪʠʚʥʠʭ, ʩʥʘʛʘ ʫ ʩʚʠʤ ʯʚʦʨʦʚʠʤʘ (ʪʝʦʨʠʿʩʢʠ ʙʠ ʪʨʝʙʘʣʦ ʜʘ ʙʫʜʝ ʥʫʣʘ) ʧʦʩʪʘʥʝ 

ʤʘˁʝ ʦʜ ʦʚʠʭ ʟʘʜʘʪʠʭ ʜʦʟʚʦˀʝʥʠʭ ʛʨʝʰʘʢʘ ʧʨʝʢʠʜʘ ʩʝ ʠʪʝʨʘʪʠʚʥʠ ʧʨʦʨʘʯʫʥ. 

ʆʧʮʠʿʘ ʤʝʢʠ ʩʪʘʨʪ (ʝʥʛ. soft start) ʟʥʘʯʠ ʜʘ ʩʫ ʧʦʯʝʪʥʝ ʚʨʝʜʥʦʩʪʠ ʥʘʧʦʥʘ ʫ 

ʩʚʠʤ ʧʦʪʨʦʰʘʯʢʠʤ ʯʚʦʨʦʚʠʤʘ 1 ʨ.ʿ, ʜʦʢ ʩʫ ʫ ʛʝʥʝʨʘʪʦʨʩʢʠʤ ʯʚʦʨʦʚʠʤʘ ʢʦʣʠʯʥʠʢ 

ʟʘʜʘʪʝ ʠ ʥʦʤʠʥʘʣʥʝ ʚʨʝʜʥʦʩʪʠ ʥʘʧʦʥʘ ʛʝʥʝʨʘʪʦʨʘ. ʋʛʣʦʚʠ ʥʘʧʦʥʘ ʩʚʠʭ ʯʚʦʨʦʚʘ ʩʫ 

ʫ ʦʚʦʤ ʩʣʫʯʘʿʫ ʿʝʜʥʘʢʠ ʥʫʣʠ. ɸʢʦ ʦʚʘ ʦʧʮʠʿʘ ʥʠʿʝ ʠʟʘʙʨʘʥʘ ʪʦ ʟʥʘʯʠ ʜʘ ʩʝ ʫ 

ʧʨʦʨʘʯʫʥʫ ʢʨʝ˂ʝ ʦʜ ʨʝʟʫʣʪʘʪʘ ʧʦʩʣʝʜˁʝʛ ʧʨʦʨʘʯʫʥʘ. ʋ ʥʘʿʚʝ˂ʝʤ ʙʨʦʿʫ ʩʣʫʯʘʿʝʚʘ 

ʘʢʦ ʿʝ ʧʦʩʣʝʜˁʠ ʧʨʦʨʘʯʫʥ ʢʦʥʚʝʨʛʠʨʘʦ ʙʨʦʿ ʠʪʝʨʘʮʠʿʘ ʫ ʧʨʦʨʘʯʫʥʫ ʿʝ ʟʥʘʯʘʿʥʦ 

ʤʘˁʠ ʥʝʛʦ ʢʘʜʘ ʩʝ ʢʦʨʠʩʪʠ ʦʧʮʠʿʘ ʤʝʢʠ ʩʪʘʨʪ. 

ʇʨʦʨʘʯʫʥ ʪʦʢʦʚʘ ʩʥʘʛʘ ʠ ʥʘʧʦʥʩʢʠʭ ʧʨʠʣʠʢʘ ʩʝ ʤʦʞʝ ʫʨʘʜʠʪʠ ʠ ʫʟ 

ʫʚʘʞʘʚʘˁʝ ʬʘʟʥʦʛ ʧʦʤʝʨʘʿʘ ʫʩʣʝʜ ʩʧʨʝʛʝ ʥʘʤʦʪʘʿʘ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ ʰʪʦ ʿʝ ʦʧʮʠʿʘ 

ʢʦʿʘ ʩʪʦʿʠ ʦʜʤʘʭ ʠʩʧʦʜ ʦʧʮʠʿʝ ʤʝʢʠ ʩʪʘʨʪ. 

ʊʦʢʦʤ ʧʨʦʨʘʯʫʥʘ ʿʝ ʤʦʛʫ˂ʝ ʫʚʘʞʠʪʠ ʦʛʨʘʥʠʯʝˁʘ ʛʝʥʘʨʘʪʦʨʘ ʧʦ ʨʝʘʢʪʠʚʥʦʿ 

ʩʥʘʟʠ. ʊʦ ʟʥʘʯʠ ʜʘ ˂ʝ ʩʚʘʢʠ ʛʝʥʝʨʘʪʦʨʩʢʠ ʯʚʦʨ, ʦʜʥʦʩʥʦ PV ʯʚʦʨ, ʪʦʢʦʤ 

ʠʪʝʨʘʪʠʚʥʝ ʧʨʦʮʝʜʫʨʝ ʙʠʪʠ ʧʨʝʪʚʦʨʝʥ ʫ PQ ʯʚʦʨ ʫʢʦʣʠʢʦ ʘʥʛʘʞʦʚʘˁʝ ʛʝʥʝʨʘʪʦʨʘ 

ʧʦ ʨʝʘʢʪʠʚʥʦʿ ʩʥʘʟʠ ʧʨʦʙʠʿʝ ʛʦʨˁʫ ʠʣʠ ʜʦˁʫ ʛʨʘʥʠʮʫ. ʊʘʜʘ ʩʝ PV ʯʚʦʨ ʧʨʝʪʚʘʨʘ ʫ 

PQ ʯʚʦʨ ʫ ʢʦʤʝ ʿʝ ʠʥʿʝʢʪʠʨʘˁʝ ʘʢʪʠʚʥʝ ʩʥʘʛʝ ʿʝʜʥʘʢʦ ʟʘʜʘʪʦʿ ʘʢʪʠʚʥʦʿ ʩʥʘʟʠ 

ʛʝʥʝʨʘʪʦʨʘ ʘ ʠʥʿʝʢʪʠʨʘˁʝ ʨʝʘʢʪʠʚʥʝ ʩʥʘʛʝ ʿʝʜʥʘʢʦ ʧʨʦʙʠʿʝʥʦʤ (ʛʦʨˁʝʤ ʠʣʠ ʜʦˁʝʤ) 

ʦʛʨʘʥʠʯʝˁʫ. ʂʦʨʠʰ˂ʝˁʝ ʘʣʛʦʨʠʪʤʘ ʩʘ ʧʦʛʣʝʜʦʤ ʫʥʘʟʘʜ (ʝʥʛ. backward looking 

algorithm) ʟʥʘʯʠ ʜʘ PV ʯʚʦʨ, ʢʦʿʠ ʿʝ ʪʦʢʦʤ ʠʪʝʨʘʪʠʚʥʝ ʧʨʦʮʝʜʫʨʝ ʧʦʩʪʘʦ PQ ʯʚʦʨ, 

ʤʦʞʝ ʧʦʥʦʚʦ ʧʦʩʪʘʪʠ PV ʯʚʦʨ, ʘʢʦ ʩʝ ʟʘ ʪʦ ʩʪʝʢʥʫ ʫʩʣʦʚʠ. 

ɸʢʦ ʛʨʝʰʢʘ ʘʢʪʠʚʥʠʭ ʠ ʨʝʘʢʪʠʚʥʠʭ ʠʥʿʝʢʪʠʨʘˁʘ ʫ ʩʚʠʤ ʯʚʦʨʦʚʠʤʘ ʤʨʝʞʝ 

ʥʝ ʧʦʩʪʘˁʝ ʤʘˁʘ ʦʜ ʟʘʜʘʪʝ ʟʘ ʟʘʜʘʪʠ ʤʘʢʩʠʤʘʣʥʠ ʙʨʦʿ ʠʪʝʨʘʮʠʿʘ ʧʨʝʢʠʜʘ ʩʝ 

ʧʨʦʨʘʯʫʥ. ʆʙʠʯʥʦ ʩʝ ʟʘʜʘʿʝ ʜʘ ʿʝ ʤʘʢʩʠʤʘʣʥʠ ʙʨʦʿ ʠʪʝʨʘʮʠʿʘ 100 ʰʪʦ ʿʝ ʠ ʪʠʧʩʢʦ 

ʧʦʜʝʰʝˁʝ ʫ ʧʨʦʛʨʘʤʫ.  

ʄʦʛʫ˂ʝ ʿʝ ʧʦʜʝʰʘʚʘʪʠ ʠ ʪʘʯʥʦʩʪ LU ʜʝʢʦʤʧʦʟʠʮʠʿʝ ɱʘcobian ʤʘʪʨʠʮʝ. ʆʚʘ 

ʦʧʮʠʿʘ ʠʤʘ ʚʘʞʥʫ ʫʣʦʛʫ ʢʦʜ ʚʝʣʠʢʠʭ ʤʦʜʝʣʘ ʩʘ ʧʨʝʢʦ 10000 ʯʚʦʨʦʚʘ ʿʝʨ ʠʤʘ 

ʚʘʞʥʫ ʫʣʦʛʫ ʫ ʩʤʘˁʝˁʫ ʚʨʝʤʝʥʘ ʧʨʦʨʘʯʫʥʘ. ɸʢʦ ʿʝ ʧʨʘʛ ʝʣʝʤʝʥʪʘ ʤʘʪʨʠʮʝ (ʝʥʛ. 

Matrix item threshold) ʚʝ˂ʠ ʦʜ ʥʫʣʝ ʦʥʜʘ ʩʝ ʩʚʠ ʯʣʘʥʦʚʠ ʢʦʿʠ ʥʘʩʪʘʿʫ ʪʦʢʦʤ LU 

ʜʝʢʦʤʧʦʟʠʮʠʿʝ, ʘ ʯʠʿʘ ʿʝ ʘʧʩʦʣʫʪʥʘ ʚʨʝʜʥʦʩʪ ʤʘˁʘ ʦʜ ʧʨʚʝ ʥʦʨʤʝ ʪʦʛ ʨʝʜʘ ʤʘʪʨʠʮʝ 

ʧʦʤʥʦʞʝʥʝ ʩʘ ʧʨʘʛʦʤ ʝʣʝʤʝʥʪʘ ʤʘʪʨʠʮʝ, ʟʘʥʝʤʘʨʫʿʫ. ʊʦ ʿʝ ʪʟʚ. ʥʝʧʦʪʧʫʥʘ LU 

ʜʝʢʦʤʧʦʟʠʮʠʿʝ ʙʘʟʠʨʘʥʘ ʥʘ ʧʨʘʛʫ ʝʣʝʤʝʥʪʘ (ʝʥʛ. threshold based LU decomposition). 

Aʢʦ ʿʝ ʧʨʘʛ ʝʣʝʤʝʥʪʘ ʤʘʪʨʠʮʝ ʿʝʜʥʘʢ ʥʫʣʠ ʦʥʜʘ ʥʝʧʦʪʧʫʥʘ LU ʜʝʢʦʤʧʦʟʠʮʠʿʘ 

ʧʦʩʪʘʿʝ ʧʦʪʧʫʥʘ. 
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PSA ʠʤʘ ʤʦʛʫ˂ʥʦʩʪ ʧʨʦʨʘʯʫʥʘ ʪʦʢʦʚʘ ʩʥʘʛʘ ʠ ʥʘʧʦʥʩʢʠʭ ʧʨʠʣʠʢʘ ʫʟ 

ʫʚʘʞʘʚʘˁʝ ʩʝʢʫʥʜʘʨʥʝ ʨʝʛʫʣʘʮʠʿʝ ʥʘʧʦʥʘ (ʝʥʛ. remote voltage control), ʦʜʥʦʩʥʦ 

ʦʜʨʞʘʚʘˁʘ ʥʘʧʦʥʘ ʥʘ ʟʘʜʘʪʦʿ ʚʨʝʜʥʦʩʪʠ ʫ ʥʝʢʦʤ ʯʚʦʨʫ ʧʦʤʦ˂ʫ ʛʝʥʝʨʘʪʦʨʘ ʢʦʿʠ 

ʥʠʿʝ ʚʝʟʘʥ ʫ ʪʦʤ ʚʝ˂ ʫ ʥʝʢʦʤ ʫʜʘˀʝʥʦʤ ʯʚʦʨʫ. ʊʘʢʦʹʝ ʧʦʩʪʦʿʠ ʤʦʛʫ˂ʥʦʩʪ 

ʨʝʛʫʣʘʮʠʿʝ ʥʘʧʦʥʘ ʥʘ ʢʨʘʿʝʚʠʤʘ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ ʧʦʜʝʰʘʚʘˁʝʤ ʧʦʟʠʮʠʿʝ ˁʝʛʦʚʦʛ 

ʦʪʮʝʧʘ. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ʉʣʠʢʘ ʇ4.1 ʆʧʮʠʿʝ ʠ ʧʘʨʘʤʝʪʨʠ ʧʨʦʨʘʯʫʥʘ ʪʦʢʦʚʘ ʩʥʘʛʘ ʠ ʥʘʧʦʥʩʢʠʭ ʧʨʠʣʠʢʘ 
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5. ʇʨʦʨʘʯʫʥʠ ʠʟʚʝʜʝʥʠ ʠʟ ʦʩʥʦʚʥʦʛ ʧʨʦʨʘʯʫʥʘ ʪʦʢʦʚʘ ʩʥʘʛʘ ʠ ʥʘʧʦʥʩʢʠʭ 
ʧʨʠʣʠʢʘ 

ʂʘʢʦ ʿʝ ʪʦ ʫ ʫʚʦʜʫ ʧʦʤʝʥʫʪʦ ʥʘ ʦʩʥʦʚʫ ɸʉ ʠ DC ʧʨʦʨʘʯʫʥʘ ʫ ʦʢʚʠʨʫ PSA 

ʩʫ ʠʤʧʣʝʤʝʥʪʠʨʘʥʠ ʘʫʪʦʤʘʪʩʢʦ ʠʩʧʠʪʠʚʘˁʝ ĂNï1ñ ʠ ĂNïʍñ ʢʨʠʪʝʨʠʿʫʤʘ 

ʩʠʛʫʨʥʦʩʪʠ ʠ ʧʨʦʨʘʯʫʥʠ NTCïa ʠ PTDF/OTDF ʢʦʝʬʠʮʠʿʝʥʘʪʘ. ʇʦʰʪʦ ʩʝ ʦʚʦ 

ʢʦʨʠʩʥʠʯʢʦ ʫʧʫʪʩʪʚʦ ʥʝ ʙʘʚʠ ʦʚʠʤ ʠʟʚʝʜʝʥʠʤ ʧʨʦʨʘʯʫʥʠʤʘ ʦʥʠ ʦʚʜʝ ʥʝ˂ʝ ʙʠʪʠ 

ʦʧʠʩʠʚʘʥʠ. ʉʚʠ ʜʝʪʘˀʠ ʦ ˁʠʤʘ ʩʝ ʤʦʛʫ ʥʘ˂ʠ ʫ ʦʢʚʠʨʫ ʧʦʤʦ˂ʠ (ʝʥʛ. Help) ʢʦʿʘ ʩʝ 

ʥʘʣʘʟʠ ʫ ʠʥʩʪʘʣʘʮʠʿʠ ʧʨʦʛʨʘʤʘ PSA ʠ ʩʘʩʪʘʚʥʠ ʿʝ ʜʝʦ ʧʨʦʛʨʘʤʩʢʦʛ ʧʘʢʝʪʘ. 

6. ʇʨʦʨʘʯʫʥ ʩʪʨʫʿʘ ʢʨʘʪʢʦʛ ʩʧʦʿʘ 

ʇʨʦʨʘʯʫʥ ʩʪʨʫʿʘ ʢʨʘʪʢʦʛ ʩʧʦʿʘ ʤʦʞʝ ʙʠʪʠ ʨʘʹʝʥ ʟʘ ʩʚʝ ʯʝʪʠʨʠ ʚʨʩʪʝ ʢʚʘʨʘ: 

1. ʊʨʦʬʘʟʥʠ ʢʨʘʪʘʢ ʩʧʦʿ; 

2. ɿʝʤˀʦʩʧʦʿ, ʦʜʥʦʩʥʦ ʿʝʜʥʦʬʘʟʥʠ ʩʘ ʟʝʤˀʦʤ; 

3. ɼʚʦʬʘʟʥʠ; 

4. ɼʚʦʬʘʟʥʠ ʩʘ ʟʝʤˀʦʤ. 

ʇʨʦʨʘʯʫʥ ʤʦʞʝ ʙʠʪʠ ʨʘʹʝʥ ʥʘ ʩʘʙʠʨʥʠʮʘʤʘ (ʯʚʦʨʦʚʠʤʘ) ʠ ʚʦʜʦʚʠʤʘ. ʅʘ 

ʩʣʠʮʠ ʇ4.2ʘ) ʿʝ ʜʘʪ ʠʟʛʣʝʜ ʜʠʿʘʣʦʛʘ ʟʘ ʧʨʦʨʘʯʫʥ ʥʘ ʩʘʙʠʨʥʠʮʘʤʘ, ʘ ʥʘ ʩʣʠʮʠ ʇ4.2ʙ) 

ʿʝ ʜʘʪ ʜʠʿʘʣʦʛ ʟʘ ʧʨʦʨʘʯʫʥ ʥʘ ʚʦʜʦʚʠʤʘ. ʉʫʰʪʠʥʩʢʘ ʨʘʟʣʠʢʘ ʿʝ ʫ ʪʦʤʝ ʰʪʦ ʿʝ ʢʦʜ 

ʧʨʦʨʘʯʫʥʘ ʢʨʘʪʢʦʛ ʩʧʦʿʘ ʥʘ ʚʦʜʫ ʤʦʛʫ˂ʝ ʥʘʟʥʘʯʠʪʠ ʫʜʘˀʝʥʦʩʪ ʢʚʘʨʘ ʦʜ ʧʨʚʦʛ 

ʯʚʦʨʘ ʫ ʧʨʦʮʝʥʪʠʤʘ. 

ʉʘ ĂRfñ ʠ ĂXfñ ʩʫ ʦʟʥʘʯʝʥʠ ʘʢʪʠʚʥʠ ʠ ʨʝʘʢʪʠʚʥʠ ʦʪʧʦʨ ʥʘ ʤʝʩʪʫ ʢʚʘʨʘ. ʋ 

ʩʪʘʨʪʫ ʿʝ ʧʦʜʝʰʝʥʦ ʜʘ ʩʫ ʥʫʣʘ ʿʝʨ ʿʝ ʪʦ ʥʘʿʢʨʠʪʠʯʥʠʿʠ ʩʣʫʯʘʿ ʢʨʘʪʢʦʛ ʩʧʦʿʘ. ʂʦʣʦʥʝ 

Ă3Fñ, Ă1Fgndñ, Ă2Fñ ʠ Ă2Fgndñ ʦʟʥʘʯʘʚʘʿʫ ʚʨʩʪʫ ʢʨʘʪʢʦʛ ʩʧʦʿʘ: ʪʨʦʬʘʟʥʠ, 

ʿʝʜʥʦʬʘʟʥʠ ʩʘ ʟʝʤˀʦʤ, ʜʚʦʬʘʟʥʠ ʠ ʜʚʘʬʘʟʥʠ ʩʘ ʟʝʤˀʦʤ. ɸʢʦ ʿʝ ʫ ʦʜʛʦʚʘʨʘʿʫ˂ʦʿ 

ʢʦʣʦʥʠ ʚʨʝʜʥʦʩʪ ĂTRUEñ ʟʥʘʯʠ ʜʘ ʩʝ ʩʪʨʫʿʘ ʟʘ ʪʘʿ ʪʠʧ ʢʨʘʪʢʦʛ ʩʧʦʿʘ ʨʘʯʫʥʘ. ʋ 

ʩʫʧʨʦʪʥʦʤ, ʘʢʦ ʿʝ ʚʨʝʜʥʦʩʪ ĂFALSEñ ʥʝ˂ʝ ʙʠʪʠ ʨʘʯʫʥʘʪʘ ʩʪʨʫʿʘ ʟʘ ʪʘʿ ʪʠʧ ʢʨʘʪʢʦʛ 

ʩʧʦʿʘ. 

ʈʝʟʫʣʪʘʪʠ ʧʨʦʨʘʯʫʥʘ ʩʪʨʫʿʘ ʢʨʘʪʢʦʛ ʩʧʦʿʘ ʤʦʛʫ ʙʠʪʠ ʠʩʧʠʩʘʥʠ ʠʣʠ ʫ 

ʠʟʣʘʟʥʦʤ ʧʨʦʟʦʨʫ ʠʣʠ ʫ ʬʘʿʣʫ ʰʪʦ ʟʘʚʠʩʠ ʦʜ ʪʦʛʘ ʢʦʿʘ ʦʧʮʠʿʘ ʿʝ ʠʟʘʙʨʘʥʘ ʫ 

ʜʠʿʘʣʦʛʫ ʢʦʿʠ ʩʝ ʧʦʢʨʝ˂ʝ ʥʘ ʜʫʛʤʝ ĂOptionsñ. ʀʟʛʣʝʜ ʜʠʿʘʣʦʛʘ ʿʝ ʜʘʪ ʥʘ ʥʘʨʝʜʥʦʿ 

ʩʣʠʮʠ. 

ʉʪʨʫʿʝ ʢʨʘʪʢʦʛ ʩʧʦʿʘ ʿʝ ʤʦʛʫ˂ʝ ʨʘʯʫʥʘʪʠ ʧʦʣʘʟʝ˂ʠ ʦʜ ʨʝʟʫʣʪʘʪʘ ʧʨʦʨʘʯʫʥʘ 

ʪʦʢʦʚʘ ʩʥʘʛʘ ʠ ʥʘʧʦʥʩʢʠʭ ʧʨʠʣʠʢʘ (ʪʟʚ. ʢʦʤʧʣʝʪʥʘ ʤʝʪʦʜʘ) ʠʣʠ ʧʦʣʘʟʝ˂ʠ ʦʜ 

ʧʨʝʪʧʦʩʪʘʚʢʝ ʜʘ ʿʝ ʥʘʧʦʥ ʫ ʩʚʠʤ ʯʚʦʨʦʚʠʤʘ 1 ʨ.ʿ. ʢʘʢʦ ʩʝ ʪʦ ʨʘʜʠ ʧʦ IEC 60909. 
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ʉʣʠʢʘ ʇ4.2ʘ) ʇʨʦʨʘʯʫʥ ʢʨʘʪʢʦʛ ʩʧʦʿʘ ʥʘ ʩʘʙʠʨʥʠʮʘʤʘ. 

List box ʟʘ ʩʝʣʝʢʪʦʚʘˁʝ 

ʩʘʙʠʨʥʠʮʘ 

ɼʫʛʤʝ ʟʘ ʧʦʢʨʝʪʘˁʝ 

ʧʨʦʨʘʯʫʥʘ 
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ʉʣʠʢʘ ʇ4.2ʙ) ʇʨʦʨʘʯʫʥ ʢʨʘʪʢʦʛ ʩʧʦʿʘ ʥʘ ʚʦʜʦʚʠʤʘ 

 

 

ʉʣʠʢʘ ʇ4.3 ʆʧʮʠʿʝ ʟʘ ʧʨʦʨʘʯʫʥ ʩʪʨʫʿʝ ʢʨʘʪʢʦʛ ʩʧʦʿʘ 

ʀʩʧʠʩʠʚʘˁʝ ʨʝʟʫʣʪʘʪʘ ʫ 

ʠʟʣʘʟʥʦʤ ʧʨʦʟʦʨʫ 

ʀʩʧʠʩʠʚʘˁʝ ʨʝʟʫʣʪʘʪʘ ʫ 

ʠʟʣʘʟʥʠʤ ʬʘʿʣʦʚʠʤʘ 
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ʅʘʯʠʥ ʧʨʦʨʘʯʫʥʘ ʩʪʨʫʿʝ ʢʨʘʪʢʦʛ ʩʧʦʿʘ 

ʉʪʨʫʿʝ ʢʨʘʪʢʦʛ ʩʧʦʿʘ ʩʝ ʨʘʯʫʥʘʿʫ ʪʘʢʦ ʰʪʦ ʩʝ ʟʘ ʩʚʘʢʦ ʤʝʩʪʦ ʟʘ ʢʦʿʝ ʩʝ 

ʨʘʯʫʥʘ ʩʪʨʫʿʘ ʢʨʘʪʢʦʛ ʩʧʦʿʘ ʦʜʨʝʜʠ ʊʝʚʝʥʝʥʦʚʘ ʠʤʧʝʜʘʥʩʘ ʢʦʿʘ ʩʝ Ăʚʠʜʠñ ʩʘ ʪʦʛ 

ʤʝʩʪʘ ʘ ʦʥʜʘ ʥʘʧʦʥ ʥʘ ʤʝʩʪʫ ʢʚʘʨʘ ʧʦʜʝʣʠ ʩʘ ʦʚʦʤ ʚʨʝʜʥʦʰ˂ʫ ʠʣʠ ʢʦʤʙʠʥʘʮʠʿʦʤ 

ʊʝʚʝʥʝʥʦʚʠʭ ʠʤʧʝʜʘʥʩʠ ʧʦ ʜʠʨʝʢʪʥʦʤ, ʥʫʣʪʦʤ ʠ ʠʥʚʝʨʟʥʦʤ ʨʝʜʦʩʣʝʜʫ ʘʢʦ ʩʝ ʨʘʜʠ 

ʦ ʥʝʩʠʤʝʪʨʠʯʥʠʤ ʢʚʘʨʦʚʠʤʘ. 

ʇʦʰʪʦ ʿʝ ʤʘʪʨʠʮʘ ʠʤʧʝʜʘʥʩʠ ʩʠʩʪʝʤʘ ʧʫʥʘ ʘ ʤʘʪʨʠʮʘ ʩʫʩʮʝʧʪʘʥʩʠ ʨʝʪʢʘ 

PSA ʨʘʯʫʥʘ ʤʘʪʨʠʮʫ ʩʫʩʮʝʧʪʘʥʩʠ ʩʠʩʪʝʤʘ. ʀʤʘʿʫ˂ʠ ʫ ʚʠʜʫ ʜʘ ʿʝ:  

1-
=YZ

        (1) 

ʐʪʦ ʟʥʘʯʠ ʜʘ ʿʝ ʧʨʦʠʟʚʦʜ ʦʚʝ ʜʚʝ ʤʘʪʨʠʮʝ: 

IZY =
        ā(2) 

ʛʜʝ ʿʝ I  ʿʝʜʠʥʠʯʥʘ ʤʘʪʨʠʮʘ ʢʦʿʦʿ ʩʫ ʩʚʠ ʝʣʝʤʝʥʪʠ ʥʫʣʝ ʦʩʠʤ ʜʠʿʘʛʦʥʘʣʥʠʭ 

ʢʦʿʠ ʩʫ ʿʝʜʠʥʠʮʝ. 

ɸʢʦ ʩʝ ʨʘʯʫʥʘ ʢʨʘʪʘʢ ʩʧʦʿ ʫ ʯʚʦʨʫ ʙʨʦʿ k ʧʦʪʨʝʙʥʦ ʿʝ ʠʤʘʪʠ ʝʣʝʤʝʥʪʝ 

ʢʦʣʦʥʝ k ʤʘʪʨʠʮʝ Z. ɸʢʦ ʩʝ ʧʨʝʪʧʦʩʪʘʚʠ ʜʘ ʩʫ ʩʚʠ ʦʩʪʘʣʠ ʯʣʘʥʦʚʠ ʤʘʪʨʠʮʝ Z ʥʫʣʝ 

ʦʚʘ ʤʘʪʨʠʮʘ ʧʦʩʪʘʿʝ ʚʝʢʪʦʨ Zk. ʊʘʜʘ ˂ʝ ʜʝʩʥʘ ʩʪʨʘʥʘ ʿʝʜʥʘʢʦʩʪʠ (2) ʧʦʩʪʘʪʠ ʚʝʢʪʦʨ 

I k, ʦʜʥʦʩʥʦ ʩʘʤʦ ʿʝʜʥʘ ʢʦʣʦʥʘ ʿʝʜʠʥʠʯʥʝ ʤʘʪʨʠʮʝ I  ʢʦʿʘ ˂ʝ ʠʤʘʪʠ ʩʚʝ ʥʫʣʝ ʦʩʠʤ 

ʿʝʜʠʥʠʮʝ ʫ ʨʝʜʫ ʙʨʦʿ k. ʈʝʣʘʮʠʿʘ (2) ʩʝ ʩʘʜʘ ʤʦʞʝ ʥʘʧʠʩʘʪʠ: 

kk IZY =
        (3) 

ʀʟ ʨʝʣʘʮʠʿʝ (3) ʿʝ ʧʦʪʨʝʙʥʦ ʦʜʨʝʜʠʪʠ ʚʝʢʪʦʨ Zk. ʊʦ ʩʝ ʿʝʜʥʦʩʪʘʚʥʦ ʨʘʜʠ LU 

ʜʝʢʦʤʧʦʟʠʮʠʿʦʤ ʤʘʪʨʠʮʝ Y ʠ ʟʘʤʝʥʦʤ ʥʘʧʨʝʜïʥʘʟʘʜ. ɸʢʦ ʤʘʪʨʠʮʫ Y ʧʨʝʜʩʪʘʚʠʤʦ 

ʢʘʦ Y=LxU ʜʦʙʠʿʘ ʩʝ ʩʣʝʜʝ˂ʘ ʨʝʣʘʮʠʿʘ: 

kk IZUL =
       (4) 

ʇʦʰʪʦ ʩʫ ʧʦʟʥʘʪʝ ʤʘʪʨʠʮʝ L ʠ U ʠ ʚʝʢʪʦʨ I k ʟʘʤʝʥʦʤ ʥʘʧʨʝʜïʥʘʟʘʜ ʩʝ 

ʜʦʙʠʿʘ ʚʝʢʪʦʨ Zk.  

ɱʝʜʥʦʤ ʜʝʢʦʤʧʦʥʦʚʘʥʘ ʤʘʪʨʠʮʘ Y (LU ʜʝʢʦʤʧʦʟʠʮʠʿʘ ʤʘʪʨʠʮʝ ʿʝ ʨʘʯʫʥʩʢʠ 

ʠ ʚʨʝʤʝʥʩʢʠ ʥʘʿʟʘʭʪʝʚʥʠʿʠ ʢʦʨʘʢ) ʩʝ ʤʦʞʝ ʢʦʨʠʩʪʠʪʠ ʟʘ ʧʨʦʨʘʯʫʥʝ ʩʪʨʫʿʘ ʢʨʘʪʢʦʛ 

ʩʧʦʿʘ ʫ ʩʚʠʤ ʯʚʦʨʦʚʠʤʘ ʿʝʨ ʩʝ ʩʘʤʦ ʤʝˁʘ ʚʝʢʪʦʨ I k ʠ ʟʘʤʝʥʦʤ ʩʝ ʜʦʙʠʿʘ ʚʝʢʪʦʨ Zk 

ʟʘ ʩʚʘʢʠ ʯʚʦʨ. 

7. ʇʨʝʢʠʜʠ ʧʨʦʚʦʜʥʠʢʘ 

ʇʨʝʢʠʜʠ ʧʨʦʚʦʜʥʠʢʘ ʩʫ ʨʝʜʥʠ ʢʚʘʨʦʚʠ ʜʦʢ ʩʫ ʢʨʘʪʢʠ ʩʧʦʿʝʚʠ ʦʪʦʯʥʠ. ʅʘ 

ʩʣʠʯʘʥ ʥʘʯʠʥ ʢʘʦ ʠ ʢʘʜʘ ʩʫ ʢʨʘʪʢʠ ʩʧʦʿʝʚʠ ʫ ʧʠʪʘˁʫ PSA ʨʘʯʫʥʘ ʠʤʧʝʜʘʥʩʫ 
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ʩʠʩʪʝʤʘ ʢʦʿʘ ʩʝ ʚʠʜʠ ʩʘ ʤʝʩʪʘ ʢʚʘʨʘ ʩ ʪʠʤ ʩʝ ʨʘʯʫʥʘ ʤʘʪʨʠʮʘ ʛʣʝʜʘʿʫ˂ʠ ʨʝʜʥʦ, 

ʦʜʥʦʩʥʦ ʠʟʤʝʹʫ ʜʚʘ ʢʨʘʿʘ ʧʨʝʢʠʥʫʪʠʭ ʧʨʦʚʦʜʥʠʢʘ ʥʘ ʪʦʤ ʤʝʩʪʫ, ʘ ʥʝ ʧʘʨʘʣʝʣʥʦ 

ʠʟʤʝʹʫ ʤʝʩʪʘ ʢʚʘʨʘ ʠ ʟʝʤˀʝ ʢʘʢʦ ʿʝ ʪʦ ʙʠʦ ʩʣʫʯʘʿ ʢʦʜ ʢʨʘʪʢʠʭ ʩʧʦʿʝʚʘ. PSA ʨʘʯʫʥʘ 

ʤʘʪʨʠʮʫ ʩʫʩʮʝʧʪʘʥʩʠ ʩʠʩʪʝʤʘ ʠʟ ʢʦʿʝ, ʥʘ ʥʘʯʠʥ ʢʘʢʦ ʿʝ ʪʦ ʦʧʠʩʘʥʦ ʫ ʧʨʝʪʭʦʜʥʦʤ 

ʧʦʛʣʘʚˀʫ, ʨʘʯʫʥʘ ʦʜʛʦʚʘʨʫ˂ʝ ʝʣʝʤʝʥʪʝ ʤʘʪʨʠʮʝ ʠʤʧʝʜʘʥʩʠ. 

ʊʨʠ ʨʘʟʣʠʯʠʪʝ ʚʨʩʪʝ ʧʨʝʢʠʜʘ ʧʨʦʚʦʜʥʠʢʘ ʤʦʛʫ ʙʠʪʠ ʩʠʤʫʣʠʨʘʥʝ: 

1. ʿʝʜʥʝ ʬʘʟʝ, 

2. ʜʚʝ ʬʘʟʝ ʠ  

3. ʩʚʝ ʪʨʠ ʬʘʟʝ. 

ʇʨʝʢʠʜʠ ʩʝ ʤʦʛʫ ʩʠʤʫʣʠʨʘʪʠ ʥʘ ʚʦʜʦʚʠʤʘ, ʪʨʘʥʩʬʦʨʤʘʪʦʨʠʤʘ, 

ʛʝʥʝʨʘʪʦʨʠʤʘ ʠ ʦʧʪʝʨʝ˂ʝˁʠʤʘ. ʅʘ ʩʣʠʮʠ ʇ4.4ʘ) ʿʝ ʧʨʠʢʘʟʘʥ ʜʠʿʘʣʦʛ ʟʘ ʧʨʦʨʘʯʫʥ 

ʧʨʝʢʠʜʘ ʥʘ ʚʦʜʫ ʘ ʥʘ ʩʣʠʮʠ ʇ4.4ʙ) ʟʘ ʧʨʦʨʘʯʫʥ ʧʨʝʢʠʜʘ ʥʘ ʛʝʥʝʨʘʪʦʨʫ. ɿʘ 

ʧʨʦʨʘʯʫʥ ʧʨʝʢʠʜʘ ʥʘ ʚʦʜʫ ʿʝ ʧʦʪʨʝʙʥʦ ʥʘʟʥʘʯʠʪʠ ʥʘ ʢʦʿʦʿ ʫʜʘˀʝʥʦʩʪʠ ʦʜ ʧʨʚʦʛ 

ʯʚʦʨʘ (Node 1) ʩʝ ʜʦʛʦʜʠʦ ʧʨʝʢʠʜ. ʂʘʜʘ ʿʝ ʫ ʧʠʪʘˁʫ ʧʨʝʢʠʜ ʥʘ ʛʝʥʝʨʘʪʦʨʫ, 

ʪʨʘʥʩʬʦʨʤʘʪʦʨʫ ʠʣʠ ʧʦʪʨʦʰʘʯʫ ʫʚʝʢ ʩʝ ʨʘʯʫʥʘ ʢʘʦ ʜʘ ʩʝ ʦʥ ʜʝʩʠʦ ʥʘ ˁʝʛʦʚʦʤ 

ʧʨʠʢˀʫʯʥʦʤ ʢʨʘʿʫ. 

 

ʉʣʠʢʘ ʇ4.4ʘ) ʇʨʝʢʠʜʠ ʧʨʦʚʦʜʥʠʢʘ ʥʘ ʚʦʜʦʚʠʤʘ 



 

 

ʉʪʘʥʢʦ ʇ. ɱʘʥʢʦʚʠ˂, ɸʣʛʦʨʠʪʤʠ ʟʘ ʫʥʘʧʨʝʹeˁ ʝ ʢʦʥʚʝʨʛʝʥʮʠʿʝ ʫ ʧʨʦʨʘʯʫʥʫ ʪʦʢʦʚʘ ʩʥʘʛʘ ʥʘ ʚʝʣʠʢʠʤ ʩʠʤʫʣʘʮʠʦʥʠʤ ʤʦʜʝʣʠʤʘ, ʜʦʢʪʦʨʩʢʘ ʜʠʩʝʨʪʘʮʠʿʘ 

111 

 

ʉʣʠʢʘ 4ʙ) ʇʨʝʢʠʜʠ ʧʨʦʚʦʜʥʠʢʘ ʥʘ ʛʝʥʝʨʘʪʦʨʠʤʘ 

 

8. PSA ʢʦʨʠʩʥʠʯʢʠ ʠʥʪʝʨʬʝʿʩ 

ʀʟʛʣʝʜ ʛʣʘʚʥʦʛ ʧʨʦʟʦʨʘ ʧʨʦʛʨʘʤʘ PSA ʿʝ ʜʘʪ ʥʘ ʩʣʠʮʠ ʇ4.5. ʂʦʨʠʩʥʠʯʢʠ 

ʠʥʪʝʨʬʝʿʩ ʩʝ ʩʘʩʪʦʿʠ ʠʟ ʪʨʠ ʮʝʣʠʥʝ ʢʦʿʝ ʩʫ ʥʘ ʩʣʠʮʠ ʇ4.5 ʫʦʢʚʠʨʝʥʝ ʠʩʧʨʝʢʠʜʘʥʠʤ 

ʣʠʥʠʿʘʤʘ: 

9. Ribbonïʘ ʩʘ ʜʫʛʤʠ˂ʠʤʘ ʟʘ ʫʯʠʪʘʚʘˁʝ ʠ ʩʥʠʤʘˁʝ ʤʦʜʝʣʘ, ʝʜʠʪʦʚʘˁʝ 

ʝʣʝʤʝʥʘʪʘ ʩʠʩʪʝʤʘ, ʧʦʢʨʝʪʘˁʝ ʧʨʦʨʘʯʫʥʘ ʠ ʧʨʘʚˀʝˁʝ ʠʟʚʝʰʪʘʿʘ; 

10. ʈʘʜʥʦʛ ʧʘʥʝʣʘ ʥʘ ʢʦʤʝ ʩʝ ʥʘʣʘʟʝ ʣʠʥʢʦʚʠ ʜʦ ʤʦʜʝʣʘ 80 ʧʦʩʣʝʜˁʝ 
ʢʦʨʠʰ˂ʝʥʠʭ/ʝʜʠʪʦʚʘʥʠʭ ʤʦʜʝʣʘ ʦʜ ʯʝʛʘ 40 ʫ ʪʝʢʩʪʫʘʣʥʦʤ (UCTE ʠʣʠ 

XML /RDF) ʬʦʨʤʘʪʫ ʠ 40 ʫ ʙʠʥʘʨʥʦʤ PSA ʬʦʨʤʘʪʫ. ɹʠʣʦ ʢʦʿʠ ʦʜ ʦʚʠʭ 

ʤʦʜʝʣʘ ʩʝ ʘʫʪʦʤʘʪʩʢʠ ʦʪʚʘʨʘ ʢʣʠʢʦʤ ʣʝʚʦʛ ʪʘʩʪʝʨʘ ʤʠʰʘ, ʧʦʩʪʘʿʝ ʮʨʚʝʥ ʠ 

ʜʦʣʘʟʠ ʥʘ ʧʨʚʦ ʤʝʩʪʦ ʫ ʣʠʩʪʠ. ʇʦʟʠʮʠʦʥʠʨʘˁʝʤ ʤʠʰʘ ʠʟʥʘʜ ʣʠʥʢʘ ʦʪʚʘʨʘ 

ʩʝ ʥʦʪʠʬʠʢʘʮʠʦʥʠ ʧʨʦʟʦʨ ʫ ʢʦʤʝ ʿʝ ʠʩʧʠʩʘʥʘ ʧʫʥʘ ʧʫʪʘˁʘ ʤʦʜʝʣʘ ʥʘ ʜʠʩʢʫ 

ʩʘ ˁʝʛʦʚʠʤ ʠʤʝʥʦʤ ʢʘʢʦ ʿʝ ʪʦ ʧʨʠʢʘʟʘʥʦ ʥʘ ʩʣʠʮʠ ʇ4.5. 

ʋ ʜʝʩʥʦʤ ʜʝʣʫ ʧʘʥʝʣʘ ʩʫ ʧʨʠʢʘʟʘʥʝ ʠʥʬʦʨʤʘʮʠʿʝ ʦ ʙʨʦʿʫ ʝʣʝʤʝʥʘʪʘ 

ʤʦʜʝʣʦʚʘʥʦʛ ʩʠʩʪʝʤʘ (System Info). 

11. ʀʟʣʘʟʥʦʛ ʧʨʦʟʦʨʘ ʫ ʢʦʤʝ ʩʝ ʧʨʠʢʘʟʫʿʝ ʪʦʢ ʧʨʦʨʘʯʫʥʘ ʪʦʢʦʚʘ ʩʥʘʛʘ ʠ 
ʥʘʧʦʥʩʢʠʭ ʧʨʠʣʠʢʘ ʠ ʨʘʟʥʠ ʠʟʚʝʰʪʘʿʠ ʙʠʣʦ ʜʘ ʩʝ ʨʘʜʠ ʦ ʠʟʚʝʰʪʘʿʠʤʘ ʠʟ 

ʧʨʦʨʘʯʫʥʘ ʪʦʢʦʚʘ ʩʥʘʛʘ ʠʣʠ ʩʪʨʫʿʘ ʢʨʘʪʢʦʛ ʩʧʦʿʘ ʠ ʧʨʝʢʠʜʘ ʧʨʦʚʦʜʥʠʢʘ. 

PSA ʠʥʪʝʨʬʝʿʩ ʧʦʩʪʦʿʠ ʩʘʤʦ ʥʘ ʝʥʛʣʝʩʢʦʤ ʿʝʟʠʢʫ. 
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ʉʣʠʢʘ ʇ4.5 ɻʣʘʚʥʠ ʧʨʦʟʦʨ PSA 

MS Ribbon ʈʘʜʥʠ ʧʘʥʝʣ ʀʟʣʘʟʥʠ ʧʨʦʟʦʨ 
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12. Ribbon 

ʀʟʛʣʝʜ PSA Ribbonïʘ ʩʘ ʦʟʥʘʯʝʥʠʤ ʬʫʥʢʮʠʦʥʘʣʥʠʤ ʛʨʫʧʘʤʘ ʢʦʤʘʥʜʠ ʦʩʥʦʚʥʦʛ (Home) ʪʘʙʘ ʿʝ ʧʨʠʢʘʟʘʥ ʥʘ ʩʣʠʮʠ ʇ4.6ʘ). 

ʅʘ ʩʣʠʮʠ ʇ4.6ʙ) ʿʝ ʧʨʠʢʘʟʘʥ ʪʘʙ ĂViewñ. ɻʨʫʧʝ ʢʦʤʘʥʜʠ ʩʫ ʦʢʚʠʨʝʥʝ ʠʩʧʨʝʢʠʜʘʥʠʤ ʣʠʥʠʿʘʤʘ. 

 

 

 

 

 

 

  

 

ʉʣʠʢʘ ʇ4.6ʘ) PSA Ribbon ï ʦʩʥʦʚʥʠ ʪʘʙ 

 

 

 

 

 

ʉʣʠʢʘ ʇ4.6ʙ) PSA Ribbon ï ʪʘʙ ĂViewñ 

ʋ ʪʝʢʩʪʫ ʢʦʿʠ ʩʣʝʜʠ ʙʠ˂ʝ ʦʙʿʘʰˁʝʥʦ ʧʨʚʠʭ ʧʝʪ ʛʨʫʧʘ ʢʦʤʘʥʜʠ ʦʩʥʦʚʥʦʛ ʪʘʙʘ. 

ʋʯʠʪʘʚʘˁʝ/ʩʥʠʤʘˁʝ ʤʦʜʝʣʘ 

ʩʠʩʪʝʤʘ 

ɽʜʠʪʦʚʘˁʝ ʝʣʝʤʝʥʘʪʘ 

ʩʠʩʪʝʤʘ 

ɽʜʠʪʦʚʘˁʝ ʦʙʣʘʩʪʠ, ʨʝʛʠʦʥʘ 

ʠ ʧʦʜʨʝʛʠʦʥʘ 

ʇʦʢʨʝʪʘˁʝ ʧʨʦʨʘʯʫʥʘ ʪʦʢʦʚʘ ʩʥʘʛʘ ʠ 

ʩʚʠʭ ʧʨʦʨʘʯʫʥʘ ʢʦʿʠ ʩʝ ʙʝʟʠʨʘʿʫ ʥʘ 

ʦʚʦʤ ʧʨʦʨʘʯʫʥʫ 

ʇʦʢʨʝʪʘˁʝ ʧʨʦʨʘʯʫʥʘ ʩʪʨʫʿʘ ʢʨʘʪʢʦʛ 

ʩʧʦʿʘ ʠ ʧʨʝʢʠʜʘ ʧʨʦʚʦʜʥʠʢʘ 

ʇʨʘʚˀʝˁʝ ʠʟʚʝʰʪʘʿʘ ʠ ʩʝʣʝʢʮʠʿʘ 

ʪʠʧʘ ʠʟʚʝʰʪʘʿʘ, ʦʙʣʘʩʪʠ ʠ 

ʥʘʧʦʥʩʢʠʭ ʥʠʚʦʘ ʟʘ ʠʟʚʝʰʪʘʿʝ 

ʆʧʮʠʿʝ ʧʨʦʛʨʘʤʘ, ʧʦʨʝʹʝˁʝ 

ʤʦʜʝʣʘ ʠ ʧʨʘʚˀʝˁʝ ʣʠʩʪʘ 

ʠʩʧʘʜʘ 

ʇʦʤʦ˂ 

ʇʨʠʢʘʟ/ʩʢʣʘˁʘˁʝ ʧʨʦʟʦʨʘ 
ɸʨʘʥʞʠʨʘˁʝ ʧʨʠʢʘʟʘ 

ʧʨʦʟʦʨʘ ʄDI ʠʥʪʝʨʬʝʿʩʘ 

ʂʘʩʪʦʤʠʟʘʮʠʿʘ ʙʦʿʝ ribbonïʘ 
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13. ʋʯʠʪʘʚʘˁʝ/ʩʥʠʤʘˁʝ ʤʦʜʝʣʘ ʩʠʩʪʝʤʘ 

ʅʘ ʩʣʠʮʠ ʇ4.7 ʿʝ ʧʨʠʢʘʟʘʥʘ ʛʨʫʧʘ ʢʦʤʘʥʜʠ ʟʘ ʫʯʠʪʘʚʘˁʝ ʠ ʩʥʠʤʘˁʝ ʤʦʜʝʣʘ 

ʫ ʥʝʢʦʣʠʢʦ ʬʦʨʤʘʪʘ. ʅʘ ʩʣʠʮʠ ʿʝ ʧʦʨʝʜ ʩʚʘʢʦʛ ʜʫʛʤʝʪʘ ʜʘʪʦ ʦʙʿʘʰˁʝˁʝ ʬʫʥʢʮʠʿʝ 

ʢʦʿʘ ʩʝ ʧʦʟʠʚʘ. 

 

 

 

 

 

 

 

 

ʉʣʠʢʘ ʇ4.7 ʋʯʠʪʘʚʘˁʝ/ʩʥʠʤʘˁʝ ʤʦʜʝʣʘ ʩʠʩʪʝʤʘ 

 

14. ɽʜʠʪʦʚʘˁʝ ʝʣʝʤʝʥʘʪʘ ʩʠʩʪʝʤʘ 

ʆʚʘ ʛʨʫʧʘ ʢʦʤʘʥʜʠ ʩʣʫʞʠ ʟʘ ʝʜʠʪʦʚʘˁʝ (ʦʙʨʘʜʫ) ʝʣʝʤʝʥʘʪʘ ɽɽʉ: ʯʚʦʨʦʚʘ, 

ʛʝʥʝʨʘʪʦʨʘ, ʚʦʜʦʚʘ, ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ, ʠʪʜ. ʋ ʦʚʫ ʛʨʫʧʫ ʢʦʤʘʥʜʠ ʿʝ ʩʤʝʰʪʝʥʦ ʠ 

ʜʫʛʤʝ ʟʘ ʧʦʜʝʰʘʚʘˁʝ ʧʘʨʘʤʝʪʘʨʘ ʧʨʦʨʘʯʫʥʘ (Calc. Param.).  

 

 

 

 

ʉʣʠʢʘ ʇ4.8. ɻʨʫʧʘ ʢʦʤʘʥʜʠ ʟʘ ʝʜʠʪʦʚʘˁʝ ʝʣʝʤʝʥʘʪʘ ʩʠʩʪʝʤʘ 

ʂʣʠʢʦʤ ʥʘ ʙʠʣʦ ʢʦʿʝ ʜʫʛʤʝ ʧʦʿʘʚˀʫʿʝ ʩʝ ʜʠʿʘʣʦʛ ʧʨʦʟʦʨ ʢʦʿʠ ʫ ʩʝʙʠ ʩʘʜʨʞʠ 

ʧʨʦʟʦʨ ʩʘ ʪʟʚ. spreadsheet ʢʦʥʪʨʦʣʦʤ ʩʣʠʯʥʦʿ ʦʥʦʿ ʫ ʄS Excelïʫ. ʆʚʠ spreadsheet 

ʧʨʦʟʦʨʠ ʩʫ Copy/Paste ʢʦʤʧʘʪʠʙʠʣʥʝ ʩʘ ʄS Excelïʦʤ. ɺʠʰʝ ʦʧʠʩʘ ʦ ʦʚʠʤ 

spreadsheet ʧʨʦʟʦʨʠ ʩʝ ʤʦʞʝ ʥʘ˂ʠ ʫ ʦʢʚʠʨʫ ʧʨʦʛʨʘʤʩʢʝ ʧʦʤʦ˂ʠ (ʝʥʛ. Help). 

ʊʘʢʦ, ʥʘ ʧʨʠʤʝʨ, ʧʨʠʪʠʩʢʦʤ ʥʘ ʜʫʛʤʝ ĂNodesñ (ʏʚʦʨʦʚʠ) ʧʦʿʘʚˀʫʿʝ ʩʝ 

ʜʠʿʘʣʦʛ ʧʨʦʟʦʨ ʧʨʠʢʘʟʘʥ ʥʘ ʥʘʨʝʜʥʦʿ ʩʣʠʮʠ. 

ɸʫʪʦʤʘʪʩʢʦ ʩʥʠʤʘˁʝ 

ʤʦʜʝʣʘ (Ctrl+S) 

ɹʨʠʩʘˁʝ ʩʚʠʭ ʝʣʝʤʝʥʘʪʘ ʠʟ 

ʤʦʜʝʣʘ 

ʋʯʠʪʘʚʘˁʝ ʤʦʜʝʣʘ 

ʩʥʠʤˀʝʥʦʛ ʫ ʙʠʥʘʨʥʦʤ (psa) 

ʬʦʨʤʘʪʫ 

ʉʥʠʤʘˁʝ ʤʦʜʝʣʘ ʫ 

ʙʠʥʘʨʥʦʤ (psa) ʬʦʨʤʘʪʫ 

ʋʯʠʪʘʚʘˁʝ ʤʦʜʝʣʘ ʩʥʠʤˀʝʥʦʛ ʫ CIM 

XML ʠʣʠ UCTE ʪʝʢʩʪʫʘʣʥʦʤ ʬʦʨʤʘʪʫ 

ʉʥʠʤʘˁʝ ʤʦʜʝʣʘ ʫ CIM XML ʠʣʠ 

UCTE ʪʝʢʩʪʫʘʣʥʦʤ ʬʦʨʤʘʪʫ 

ʉʧʘʿʘˁʝ ʤʦʜʝʣʘ ʩʥʠʤˀʝʥʠʭ ʫ 

UCTE ʪʝʢʩʪʫʘʣʥʦʤ ʬʦʨʤʘʪʫ 
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ʉʣʠʢʘ ʇ4.9 ɼʠʿʘʣʦʛ ʧʨʦʟʦʨ ʟʘ ʦʙʨʘʜʫ ʯʚʦʨʦʚʘ (ʩʘʙʠʨʥʠʮʘ) ʩʠʩʪʝʤʘ 

 

15. ɽʜʠʪʦʚʘˁʝ ʦʙʣʘʩʪʠ, ʨʝʛʠʦʥʘ ʠ ʧʦʜʨʝʛʠʦʥʘ 

ʆʙʣʘʩʪʠ (ʝʥʛ. Areas), ʨʝʛʠʦʥʠ ʠ ʧʦʜʨʝʛʠʦʥʠ ʩʫ ʩʚʨʩʪʘʥʠ ʫ ʿʝʜʥʫ ʛʨʫʧʫ 

ʢʦʤʘʥʜʠ. ʇʨʠ ʪʦʤʝ ʩʘʤʦ ʦʙʣʘʩʪʠ ʤʦʛʫ ʠʤʘʪʠ ʫʪʠʮʘʿ ʥʘ ʧʨʦʨʘʯʫʥ ʪʦʢʦʚʘ ʩʥʘʛʘ ʠ 

ʥʘʧʦʥʩʢʠʭ ʧʨʠʣʠʢʘ ʧʦʰʪʦ ʩʝ ʟʘ ʩʚʘʢʫ ʦʙʣʘʩʪ ʤʦʞʝ ʜʝʬʠʥʠʩʘʪʠ ʨʘʟʤʝʥʘ ʘʢʪʠʚʥʝ 

ʩʥʘʛʝ. ɸʢʦ ʿʝ ʟʘ ʩʚʘʢʫ ʦʙʣʘʩʪ ʦʜʨʝʹʝʥ ʙʘʣʘʥʩʥʠ ʯʚʦʨ ʠ ʠʟʘʙʨʘʥʘ ʦʧʮʠʿʘ ʧʨʦʨʘʯʫʥʘ 

ʜʘ ʩʝ ʫʚʘʞʝ ʟʘʜʘʪʠ ʙʠʣʘʥʩʠ ʘʢʪʠʚʥʠʭ ʩʥʘʛʘ ʦʙʣʘʩʪʠ, PSA ˂ʝ ʪʦʢʦʤ ʠʪʝʨʘʪʠʚʥʝ 

ʧʨʦʮʝʜʫʨʝ ʢʦʨʠʛʦʚʘʪʠ ʘʥʛʘʞʦʚʘˁʝ ʙʘʣʘʥʩʥʠʭ ʯʚʦʨʦʚʘ, ʦʜʥʦʩʥʦ ʛʝʥʝʨʘʪʦʨʘ, 

ʦʙʣʘʩʪʠ ʜʦʢ ʥʝ ʧʦʩʪʠʛʥʝ ʟʘʜʘʪʝ ʙʠʣʘʥʩʝ ʘʢʪʠʚʥʠʭ ʩʥʘʛʘ ʧʦ ʦʙʣʘʩʪʠʤʘ.  

ʈʝʛʠʦʥʠ ʠ ʧʦʜʨʝʛʠʦʥʠ ʠʤʘʿʫ ʠʩʢˀʫʯʠʚʦ ʦʧʠʩʥʠ ʢʘʨʘʢʪʝʨ, ʫ ʩʤʠʩʣʫ ʛʜʝ ʩʝ 

ʢʦʿʠ ʯʚʦʨ ʥʘʣʘʟʠ, ʠ ʥʠʩʫ ʙʠʪʥʠ ʟʘ ʧʨʦʨʘʯʫʥʝ. ʅʘ ʥʘʨʝʜʥʦʿ ʩʣʠʮʠ ʿʝ ʧʨʠʢʘʟʘʥʘ ʦʚʘ 

ʛʨʫʧʘ ʢʦʤʘʥʜʠ. 

 

 

 



 

 

ʉʪʘʥʢʦ ʇ. ɱʘʥʢʦʚʠ˂, ɸʣʛʦʨʠʪʤʠ ʟʘ ʫʥʘʧʨʝʹeˁ ʝ ʢʦʥʚʝʨʛʝʥʮʠʿʝ ʫ ʧʨʦʨʘʯʫʥʫ ʪʦʢʦʚʘ ʩʥʘʛʘ ʥʘ ʚʝʣʠʢʠʤ ʩʠʤʫʣʘʮʠʦʥʠʤ ʤʦʜʝʣʠʤʘ, ʜʦʢʪʦʨʩʢʘ ʜʠʩʝʨʪʘʮʠʿʘ 

116 

 

 

 

 

ʉʣʠʢʘ ʇ4.10 ʆʙʣʘʩʪʠ, ʨʝʛʠʦʥʠ ʠ ʧʦʜʨʝʛʠʦʥʠ 

 

16. ʇʦʢʨʝʪʘˁʝ ʧʨʦʨʘʯʫʥʘ 

ɻʨʫʧʘ ʢʦʤʘʥʜʠ ʟʘ ʧʦʢʨʝʪʘˁʝ ʧʨʦʨʘʯʫʥʘ ʪʦʢʦʚʘ ʩʥʘʛʘ ʠ ʥʘʧʦʥʩʢʠʭ ʧʨʠʣʠʢʘ 

ʠ ʧʨʦʨʘʯʫʥʘ ʢʦʿʠ ʩʝ ˁʝʤʫ ʙʘʟʠʨʘʿʫ ʿʝ ʧʨʠʢʘʟʘʥʘ ʥʘ ʥʘʨʝʜʥʦʿ ʩʣʠʮʠ. ʇʨʚʦ ʠ ʥʘʿʚʝ˂ʝ 

ʜʫʛʤʝ ʩʣʫʞʠ ʟʘ ʧʦʢʨʝʪʘˁʝ ʧʨʦʨʘʯʫʥʘ ʪʦʢʦʚʘ ʩʥʘʛʘ ʠ ʥʘʧʦʥʩʢʠʭ ʧʨʠʣʠʢʘ ʢʘʦ 

ʦʩʥʦʚʥʦʛ ʧʨʦʨʘʯʫʥʘ ʫ ɽɽʉ. ʀʤʘʿʫ˂ʠ ʫ ʚʠʜʫ ʜʘ ʩʝ ʟʘ ʦʚʘʿ ʧʨʦʨʘʯʫʥ ʢʦʨʠʩʪʠ 

Newton-Raphson ʠʪʝʨʘʪʠʚʥʘ ʤʝʪʦʜʘ ʢʦʿʘ ʤʦʞʝ ʜʘ ʜʠʚʝʨʛʠʨʘ ʫ ʥʝʢʠʤ ʩʣʫʯʘʿʝʚʠʤʘ 

ʧʨʝʜʚʠʹʝʥʦ ʿʝ ʜʫʛʤʝ ʟʘ ʟʘʫʩʪʘʚˀʘˁʝ ʦʚʝ ʧʨʦʮʝʜʫʨʝ ʘʢʦ ʩʝ ʦʜ ʩʪʨʘʥʝ ʢʦʨʠʩʥʠʢʘ 

ʧʨʦʛʨʘʤʘ ʧʨʠʤʝʪʠ ʜʠʚʝʨʛʝʥʮʠʿʘ ʧʨʦʨʘʯʫʥʘ (ʜʘ ʩʝ ʥʝ ʙʠ ʯʝʢʘʣʦ ʜʘ ʠʪʝʨʘʪʠʚʥʘ 

ʧʨʦʮʝʜʫʨʘ ʧʦʩʪʠʛʥʝ ʫʥʘʧʨʝʜ ʜʝʬʠʥʠʩʘʥʠ ʤʘʢʩʠʤʘʣʥʠ ʙʨʦʿ ʠʪʝʨʘʮʠʿʘ). 

 

 

 

 

ʉʣʠʢʘ ʇ4.11 ʇʦʢʨʝʪʘˁʝ ʧʨʦʨʘʯʫʥʘ 

 

17. ʇʨʦʨʘʯʫʥ ʩʪʨʫʿʘ ʢʨʘʪʢʦʛ ʩʧʦʿʘ ʠ ʧʨʝʢʠʜʠ ʧʨʦʚʦʜʥʠʢʘ 

ʂʘʦ ʰʪʦ ʿʝ ʚʝ˂ ʨʘʥʠʿʝ ʧʦʤʝʥʫʪʦ PSA ʩʠʤʫʣʠʨʘ ʩʚʝ ʚʨʩʪʝ ʦʪʦʯʥʠʭ (ʢʨʘʪʢʠ 

ʩʧʦʿʝʚʠ) ʠ ʨʝʜʥʠʭ (ʧʨʝʢʠʜʠ ʧʨʦʚʦʜʥʠʢʘ) ʢʚʘʨʦʚʘ. ʅʘ ʥʘʨʝʜʥʦʿ ʩʣʠʮʠ ʿʝ ʧʨʠʢʘʟʘʥʘ 

ʛʨʫʧʘ ʜʫʛʤʠ˂ʘ ʟʘ ʩʠʤʫʣʘʮʠʿʫ ʢʚʘʨʦʚʘ. ɺʠʰʝ ʨʝʯʠ ʦ ʠʟʛʣʝʜʫ ʜʠʿʘʣʦʛ ʧʨʦʟʦʨʘ ʟʘ ʦʚʝ 

ʧʨʦʨʘʯʫʥʝ ʙʠʣʦ ʿʝ ʫ ʧʨʝʪʭʦʜʥʠʤ ʧʦʛʣʘʚˀʠʤʘ Ăʇʨʦʨʘʯʫʥ ʩʪʨʫʿʘ ʢʨʘʪʢʦʛ ʩʧʦʿʘñ ʠ 

Ăʇʨʝʢʠʜʠ ʧʨʦʚʦʜʥʠʢʘñ. 

 

 

 

ʉʣʠʢʘ ʇ4.12 ʉʠʤʫʣʘʮʠʿʘ ʢʚʘʨʦʚʘ 

ʂʨʘʪʢʠ ʩʧʦʿʝʚʠ ʇʨʝʢʠʜʠ ʧʨʦʚʦʜʥʠʢʘ 
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18. ʀʟʚʝʰʪʘʿʠ 

ɻʨʫʧʘ ĂReportsñ ʩʝ ʦʜʥʦʩʠ ʥʘ ʠʟʚʝʰʪʘʿʝ ʢʦʿʠ ʧʨʦʠʩʪʠʯʫ ʠʟ ʧʨʦʨʘʯʫʥʘ 

ʪʦʢʦʚʘ ʩʥʘʛʘ ʠ ʥʘʧʦʥʩʢʠʭ ʧʨʠʣʠʢʘ. ʇʨʝʢʦ ʧʨʚʘ ʜʚʘ combo boxïa ʩʝ ʤʦʞʝ ʠʟʘʙʨʘʪʠ 

ʦʙʣʘʩʪ ʠ ʥʘʧʦʥʩʢʠ ʥʠʚʦ ʟʘ ʢʦʿʝ ʩʝ ʠʟʚʝʰʪʘʿ ʧʨʘʚʠ ʜʦʢ ʩʝ ʫ ʪʨʝ˂ʝʤ ʙʠʨʘ ʪʠʧ 

ʠʟʚʝʰʪʘʿʘ. ʄʦʛʫ ʩʝ ʠʟʘʙʨʘʪʠ ʩʚʝ ʦʙʣʘʩʪʠ (ʝʥʛ. All  Areas) ʠʣʠ ʿʝʜʥʘ ʦʜʨʝʹʝʥʘ ʠʣʠ 

ʩʚʠ ʥʘʧʦʥʩʢʠ ʥʠʚʦʠ (ʝʥʛ. All  VLs) ʠʣʠ ʿʝʜʘʥ ʦʜʨʝʹʝʥʠ.  

 

 

 

 

 

 

ʉʣʠʢʘ ʇ4.13 ʇʨʘʚˀʝˁʝ ʠʟʚʝʰʪʘʿʘ 

ʇʦʩʪʦʿʠ ʩʝʜʘʤ ʚʨʩʪʘ ʠʟʚʝʰʪʘʿʘ: 

1. ʇʫʥ ʪʝʢʩʪʫʘʣʥʠ ʠʟʚʝʰʪʘʿ ï ʧʨʠʢʘʟʫʿʝ ʪʦʢʦʚʝ ʩʥʘʛʘ ʧʦ ʝʣʝʤʝʥʪʠʤʘ ʩʠʩʪʝʤʘ 

ʩʘ ʚʨʝʜʥʦʩʪʠʤʘ ʥʘʧʦʥʘ ʫ ʯʚʦʨʦʚʠʤʘ ʤʨʝʞʝ. 

2. ʊʦʢʦʚʠ ʩʥʘʛʘ ʢʨʦʟ ʚʦʜʦʚʝ ï ʫ ʦʚʦʤ ʠʟʚʝʰʪʘʿʫ ʩʝ ʜʘʿʫ ʩʘʤʦ ʪʦʢʦʚʠ ʩʥʘʛʘ 

ʢʨʦʟ ʚʦʜʦʚʝ ʤʨʝʞʝ. 

3. ʀʟʚʝʰʪʘʿ ʦ ʧʨʝʦʧʪʝʨʝ˂ʝʥʠʤ ʛʨʘʥʘʤʘ ï ʧʨʠʢʘʟʫʿʝ, ʘʢʦ ʧʦʩʪʦʿʝ, 

ʧʨʝʦʧʪʝʨʝ˂ʝʥʝ ʚʦʜʦʚʝ ʠ ʪʨʘʥʩʬʦʨʤʘʪʦʨʝ. 

4. ʀʟʚʦʟ ʧʫʥʦʛ ʤʦʜʝʣʘ ï ʜʘʿʝ ʩʚʝ ʝʣʝʢʪʨʠʯʥʝ ʧʦʜʘʪʢʝ ʦ ʝʣʝʤʝʥʪʠʤʘ ʤʨʝʞʝ 

(ʯʚʦʨʦʚʠʤʘ, ʚʦʜʦʚʠʤʘ ʠ ʪʨʘʥʩʬʦʨʤʘʪʦʨʠʤʘ) ʫ ʪʝʢʩʪʫʘʣʥʦʤ ʦʙʣʠʢʫ. 

5. ʅʘʨʫʰʝˁʘ ʥʘʧʦʥʩʢʠʭ ʦʛʨʘʥʠʯʝˁʘ ʫ PQ ʯʚʦʨʦʚʠʤʘ ï ʧʨʠʢʘʟʫʿʝ, ʘʢʦ ʧʦʩʪʦʿʝ, 

ʦʥʝ ʧʦʪʨʦʰʘʯʢʝ ʯʚʦʨʦʚʝ ʫ ʢʦʿʠʤʘ ʿʝ ʥʘʨʫʰʝʥʘ ʜʦˁʘ ʠʣʠ ʛʦʨˁʘ ʥʘʧʦʥʩʢʘ 

ʛʨʘʥʠʮʘ. 

6. ʀʟʚʝʰʪʘʿ ʦ ʠʩʢˀʫʯʝʥʠʤ ʛʨʘʥʘʤʘ ï ʣʠʩʪʘ ʩʚʝ ʚʦʜʦʚʝ ʠ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ ʢʦʿʠ 

ʥʠʩʫ ʫʢˀʫʯʝʥʠ. 

ʀʟʚʝʰʪʘʿ ʦ ʨʝʟʠʤʝʫ ʩʠʩʪʝʤʘ (ʝʥʛ. System Summary) ʜʘʿʝ ʧʨʦʠʟʚʦʜˁʫ, 

ʧʦʪʨʦʰˁʫ ʠ ʨʘʟʤʝʥʫ ʧʦ ʦʙʣʘʩʪʠʤʘ ʩʠʩʪʝʤʘ ʠ ʟʘ ʮʝʦ ʩʠʩʪʝʤ ʢʘʦ ʮʝʣʠʥʫ. ɱʝʜʘʥ 

ʪʘʢʘʚ ʠʟʚʝʰʪʘʿ ʟʘ ʤʦʜʝʣ ʩʘ ʜʦʩʪʘ ʦʙʣʘʩʪʠ ʿʝ ʧʨʠʢʘʟʘʥ ʥʘ ʥʘʨʝʜʥʦʿ ʩʣʠʮʠ. 

  

ʀʟʙʦʨ ʦʙʣʘʩʪʠ 

ʀʟʙʦʨ ʥʘʧʦʥʩʢʠʭ 

ʥʠʚʦʘ 

ʀʟʙʦʨ ʚʨʩʪʝ 

ʠʟʚʝʰʪʘʿʘ 
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ʉʣʠʢʘ ʇ4.14 ʈʝʟʠʤʝ ʩʠʩʪʝʤʘ ʥʘʢʦʥ ʧʨʦʨʘʯʫʥʘ ʪʦʢʦʚʘ ʩʥʘʛʘ 

 

ʀʟʚʝʰʪʘʿ ʦ ʥʘʨʫʰʝˁʠʤʘ ʨʝʘʢʪʠʚʥʠʭ ʦʛʨʘʥʠʯʝˁʘ ʫ ʛʝʥʝʨʘʪʦʨʩʢʠʤ 

ʯʚʦʨʦʚʠʤʘ (Violated Q Lmts) ʩʣʫʞʠ ʟʘ ʧʨʠʢʘʟ ʛʝʥʝʨʘʪʦʨʘ ʢʦʿʠ ʩʫ ʧʨʦʙʠʣʠ ʩʚʦʿʘ 

ʨʝʘʢʪʠʚʥʘ ʦʛʨʘʥʠʯʝˁʘ. ʆʚʘʿ ʠʟʚʝʰʪʘʿ ʩʝ ʢʦʨʠʩʪʠ ʩʘʤʦ ʢʘʜʘ ʿʝ ʦʧʮʠʿʘ ʧʨʦʨʘʯʫʥʘ 

ʪʦʢʦʚʘ ʩʥʘʛʘ ʪʘʢʚʘ ʜʘ ʩʝ ʥʝ ʫʚʘʞʘʚʘʿʫ ʦʛʨʘʥʠʯʝˁʘ ʛʝʥʝʨʘʪʦʨʘ ʧʦ ʨʝʘʢʪʠʚʥʦʿ ʩʥʘʟʠ. 

ʊʘʢʚʘ ʦʧʮʠʿʘ ʧʨʦʨʘʯʫʥʘ ʿʝ ʢʦʨʠʩʥʘ ʟʘ ʧʦʜʝʰʘʚʘˁʝ ʤʦʜʝʣʘ ʫ ʩʤʠʩʣʫ ʢʦʣʠʢʦ ʩʫ 

ʟʘʜʘʪʠ ʥʘʧʦʥʠ ʛʝʥʝʨʘʪʦʨʘ ʜʦʙʨʠ. 

 

  














