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Abstract:

Adverse weather conditions and natural disasters always inflict extensive losses and outages in
distribution networks while the number and severity of these incidents have often been on the rise
in recent years. Therefore, evaluating the resilience of the network and its reversibility in the face of
adverse weather conditions and reducing the permeability of the electricity distribution network
exposed to natural disasters should be among the planning priorities for the design and optimal
operation of these networks. Tthis study aims to construct new tie lines between the healthy part
and the damaged parts of a network in the event of a possible accident to quickly restore service to
the parts that have lost electricity. The paper presents an innovative iteration-based method that uses
graph theory to optimize the total objective function, including the cost of constructing tie lines, the
cost of reliability, and the cost of resilience. The proposed method was applied to a part of the
RBTS test system, and the effect of constructing new tie lines was investigated on the resilience and
reliability indicators of the network according to the cost of their construction.
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Fourth Node 1 Node 2 Node 3

First

Node 1 2.31 1.34 1.62
Node 2 2.29 1.10 1.71
Node 3 2.79 1.45 1.43
Node 4 2.76 1.73 2.35
Node 5 1.67 2.14 2.47
Node 6 1.85 2.14 1.02
Node 7 2.61 2.56 1.71
Node 8 2.85 2.18 1.48
Node 9 2.73 1.22 2.86
Node 10 2.00 2.28 2.53
Node 11 2.17 1.14 1.76
Node 12 2.85 1.73 2.37
Node 13 1.33 1.57 2.40
Node 14 1.75 2.48 2.18
Node 15 1.52 1.13 2.92
Node 16 2.66 2.51 2.56
Node 17 1.14 1.48 2.08
Node 18 1.56 1.46 1.19
Node 19 2.11 1.02 2.77
Node 20 2.24 1.26 1.51
Node 21 1.82 1.42 1.93
Node 22 1.52 1.43 1.66
Node 23 1.83 2.81 2.51
Node 24 1.76 1.56 2.61
Node 25 1.19 1.19 2.61
Node 26 1.26 2.57 2.75
Node 27 2.22 2.34 1.17
Node 28 2.31 2.23 2.34
Node 29 2.68 1.69 2.00
Node 30 2.00 2.38 1.67
Node 31 1.61 1.47 2.18
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Second | Nodel Node 2 Node 3 Node 4 Node 5 Node 6 Node 7 Node 8 Node 9 Node 10
Thir
Node 1 1.83 1.79 1.80 1.01 2.61 1.84 1.68 1.86 1.55 1.08
Node 2 2.97 1.53 2.91 1.38 1.27 2.41 1.63 1.52 1.53 2.54
Node 3 1.97 1.16 1.67 2.56 2.14 1.94 1.76 1.38 2.49 2.38
Node 4 2.22 1.44 1.27 2.22 2.15 1.82 2.74 1.43 1.26 2.85
Node 5 1.02 1.97 2.39 2.58 1.03 2.98 2.06 1.99 2.61 1.12
Node 6 2.54 2.03 2.85 2.68 2.87 1.97 1.05 1.07 1.61 2.37
Node 7 2.48 2.68 1.98 2.37 2.23 1.23 1.50 1.75 1.69 2.45
Node 8 1.43 1.83 2.01 1.16 2.34 2.72 2.45 1.71 2.32 2.69
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Second | Node 1 Node 2 Node 3 Node 4 | Node5 Node 6 Node 7 Node 8 Node 9 Node 10
First
Node 1 1.19 2.15 2.65 1.91 2.54 2.55 1.64 1.23 2.70 2.15
Node 2 2.09 1.40 1.03 1.26 2.07 2.06 2.19 1.72 2.48 2.02
Node 3 2.71 2.92 1.95 2.28 1.14 1.18 1.42 1.61 2.32 1.29
Node 4 1.53 1.67 2.89 2.79 1.40 2.80 1.38 1.60 1.21 1.58
Node 5 2.55 1.30 1.92 1.85 1.02 2.74 1.42 2.12 2.67 2.00
Node 6 2.28 1.66 2.70 1.35 2.93 1.11 2.43 2.59 1.91 1.28
Node 7 2.45 1.23 2.07 1.59 2.66 2.28 1.51 1.94 2.30 1.81
Node 8 2.79 2.54 1.87 1.12 1.89 2.78 1.54 2.58 2.81 2.19
Node 9 2.54 2.59 1.05 1.12 2.98 1.70 1.96 1.84 1.22 2.62
Node 10 1.41 2.17 2.01 1.05 2.59 2.33 1.44 2.48 2.21 1.94
Node 11 1.09 1.16 2.75 2.10 1.98 1.91 1.71 1.72 1.03 2.35
Node 12 1.31 1.39 2.82 2.13 1.26 1.89 2.28 2.90 1.18 2.51
Node 13 2.44 2.55 1.57 1.61 1.42 1.03 2.50 2.50 2.81 1.36
Node 14 1.26 1.71 1.27 2.51 2.66 2.72 1.98 1.04 2.10 2.24
Node 15 1.44 2.68 1.00 2.34 1.65 2.88 2.23 2.51 2.29 2.54
Node 16 1.91 1.27 1.64 2.88 2.48 1.96 1.64 2.82 1.47 1.84
Node 17 1.93 2.40 2.06 1.97 1.32 2.14 1.60 1.70 2.24 1.88
Node 18 1.18 1.38 2.66 2.04 2.46 2.99 1.28 1.14 1.16 1.98
Node 19 2.01 1.79 2.35 2.58 1.11 1.81 2.69 2.71 2.29 1.43
Node 20 1.15 1.68 2.83 2.14 2.43 1.44 1.58 1.19 1.35 2.67
Node 21 1.33 2.85 2.51 2.53 1.24 2.73 2.82 2.10 2.24 2.00
Node 22 2.50 2.68 1.34 2.84 2.97 2.38 1.23 2.83 2.94 1.21
Node 23 1.67 2.26 2.93 1.42 2.19 1.34 2.23 2.04 2.34 1.73
Node 24 1.61 2.73 1.70 2.22 1.54 1.02 1.57 1.10 1.66 2.64
Node 25 2.64 1.43 2.20 1.93 1.86 1.34 2.02 1.88 1.92 1.25
Node 26 2.96 1.13 2.46 2.23 2.86 1.41 2.08 2.38 1.05 2.30
Node 27 2.94 2.36 2.74 1.41 2.02 2.80 1.10 1.52 2.05 2.47
Node 28 2.15 2.07 1.67 2.36 1.13 2.42 1.87 2.79 2.98 2.42
Node 29 1.47 2.03 1.93 1.03 2.32 1.26 1.44 1.92 2.45 1.21
Node 30 1.58 1.51 1.33 1.45 1.90 1.85 2.84 1.46 1.79 2.92
Node 31 2.35 2.71 1.93 2.83 1.29 2.32 2.38 1.39 2.18 1.85

(osl) F o ¥ pli2 gl ol (o alold - Jgur
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Fourth
Node 1 1.35 1.77 1.64 1.79 2.56 1.10 2.23 2.51 2.29 1.46
Node 2 1.12 1.03 2.91 1.56 1.89 2.06 2.86 1.65 2.02 2.97
Node 3 1.30 2.93 1.06 1.72 1.11 2.53 2.56 2.04 2.32 1.17
(FogkS) ¥ o ¥ pliz b oo alold -V Jouo
Third Node 1 Node 2 Node 3 Node 4 Node 5 Node 6 Node 7 Node 8
Fourt]
Node 1 1.35 1.77 1.64 1.79 2.56 1.10 2.23 2.51
Node 2 1.12 1.03 2.91 1.56 1.89 2.06 2.86 1.65
Node 3 1.30 2.93 1.06 1.72 1.11 2.53 2.56 2.04
(FoghS) ¥ 5 pli> Gl o alold -A Jgum
Second Node 1 Node 2 Node 3 Node 4 Node 5 Node 6 Node 7 Node 8
First
Node 1 1.70 2.48 1.76 2.70 2.63 2.77 2.37 1.60
Node 2 1.41 1.18 1.51 1.99 1.70 2.84 2.50 1.60
Node 3 1.52 1.94 1.04 1.23 1.04 2.56 1.78 2.65
Node 4 1.20 1.59 1.59 2.62 1.68 1.48 2.12 1.27
Node 5 1.30 1.81 1.48 2.33 1.77 2.17 2.46 2.63
Node 6 1.64 1.86 1.41 1.76 1.19 1.40 2.22 2.72
Node 7 2.19 2.74 1.70 2.44 2.94 1.25 2.16 2.11
Node 8 1.31 2.41 2.07 1.84 1.38 2.38 1.14 1.04
Node 9 1.13 1.03 1.25 1.11 1.33 2.82 1.75 2.02
Node 10 1.02 1.05 1.39 217 2.01 2.50 1.07 2.43
Node 11 2.55 1.47 1.98 1.60 2.02 2.65 1.81 2.40
Node 12 2.36 2.20 1.81 1.82 1.10 1.45 2.32 2.79
Node 13 1.24 2.85 2.47 217 1.73 1.77 2.15 2.40
Node 14 2.44 1.67 1.60 1.63 2.17 1.84 2.95 2.87
Node 15 1.32 1.89 2.61 1.29 2.99 2.87 1.88 1.02
Node 16 1.24 1.20 2.83 2.98 1.87 1.21 2.56 2.64
Node 17 2.36 2.43 2.53 1.21 2.39 2.06 2.14 1.07
Node 18 1.29 2.44 1.67 1.67 1.03 2.24 1.04 2.03
Node 19 1.12 2.56 2.44 1.08 1.31 1.56 2.02 2.31
Node 20 1.27 2.88 1.07 2.84 2.80 1.40 1.82 2.51
Node 21 1.03 1.10 2.23 1.75 1.09 1.82 1.44 1.56
Node 22 1.38 2.60 1.22 2.98 1.06 1.73 1.46 2.21
Node 23 1.14 1.93 1.10 2.09 2.15 1.32 1.88 2.78
Node 24 1.08 1.56 1.11 2.13 1.68 2.79 2.84 2.29
Node 25 1.62 1.09 1.05 1.38 1.44 1.88 1.64 2.57
Node 26 2.03 2.58 2.91 1.43 2.81 2.34 1.57 1.98
Node 27 1.79 2.80 2.05 1.97 2.37 1.42 1.73 1.81
Node 28 2.99 2.55 2.51 1.44 1.74 1.94 2.00 2.75
Node 29 1.88 2.67 2.18 2.87 1.80 1.10 2.63 2.42
Node 30 1.30 1.69 2.48 1.56 1.41 1.99 1.47 2.65
Node 31 2.56 1.38 1.64 2.91 1.48 1.54 1.04 1.02
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