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XapKiBChbKUM HAI[IOHATBHUN YHIBEPCUTET PaJI10ETIEKTPOHIKU

«3ATBEPJIKYIO»
KepiBHuk aTecraliiitHoi po6oTH

npo¢. beskoponaitnuii B.B.

METO/ PEIHXXUHIPUHI'Y TOITIOJIOITYHUX CTPYKTYP PEI'TOHAJIbHUX
EJIEKTPOEHEPI'ETMYHHUX CUCTEM

['padiunnmii matepian

JINCT 3ATBEPJDKEHHSA

['TOUK.504200.004-J13

PO3POBUB:
cT. rp. CI1PMm-18-2
I'y6apenko M.C.

2020 p.



3ATBEP/PKEHO
I'TOUK.504200.004- JI3

METO/ PEIHXXUHIPUHI'Y TOITOJIOITYHUX CTPYKTYP PEI'TOHAJIbHUX
EJIEKTPOEHEPTETUYHUX CUCTEM

['pacdiunnmii matepian

['TOUK.504200.004-J13
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CXEMA EJIEKTPOEHEPTETUYHOI CUCTEMUA
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Transformer =0=
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Step Up
Transformer

Generating Station — reneparop.

Step Up Transformer — tpancdopmaTopHa mifcTaHIis, 0 TiABUIIYIO€ HAIPYTY.
Transmission lines — BUCOKOBOJIbTHA MaricTpaib.

Step Down Transformer — tpanchopmaTopHa miCTaHIIIs, 0 3HWKYE HATIPYTY.
Distribution Grid — po3noaiabHa Mepexa.

Customers — crioxxuBaui.

Po3po6us T'y6apenxo M.C. Memoo peinsicunipuney monono2iuHux
CMPYKMYp pecioHaANbHUX

Iepesipus besxoposaiinuii B.B. eleKmpoeHepemuyHUX CUcmeMm

H. koumpons besxoposaiinuti B.B. CIIPm-18-2 Apxyw 1

3ameepous I'pebennix 1.B. CcT Apxywis 1




PE3YJbTAT PEIHXKUHIPUHI'Y PO3HO/IIJIbHOI MEPEXI EEC
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Po3po6us T'y6apenxo M.C. Memoo peinsicunipuney monono2iuHux
CMPYKMYp pe2iOHAIbHUX
Iepesipus besxoposaiinuii B.B. eleKmpoeHepemuyHUX CUcmeMm
H. koumpons besxoposaiinuti B.B. CIIPm-18-2 Apxyw 1
3ameepous I'pebennix 1.B. CcT Apxywis 1




YACOBA CKIVIALICTD AJIT'OPUTMY 31
CTPATEI'IEIO «KKOOPAUHATHU ICHYIOUUX TII»

Buxopucranasa koopauHar icHyrounx T11
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t, cex 0,001 0,0015 0,0016 0,0017 0,0018

Yacosa cknagaicts: t(N) = —2x 1078« N2+ 1075« N + 4 % 10717,

Pospobus I'véapenko M.C. Memoo peinsicunipuney monono2iuHux
CMPYKMYp pecioHaANbHUX

Iepesipus besxoposaiinuii B.B. eleKmpoeHepemuyHUX CUcmeMm

H. koumpons besxoposaiinuti B.B. CIIPm-18-2 Apxyw 1

3ameepous I'pebennix 1.B. CcT Apxywis 1




YACOBA CKIVIALICTD AJIT'OPUTMY 31
CTPATEI'IC€IO «BUTTIAIKOBOT'O BUBOPY»

BunaaxoBuit BuoO1p
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Yacosa cxnagaicts: t(N) = 31072 % N2 + 107>« N + 0.0028.

Pospobus I'véapenko M.C. Memoo peinsicunipuney monono2iuHux
CMPYKMYp pecioHaANbHUX

Iepesipus besxoposaiinuii B.B. eleKmpoeHepemuyHUX CUcmeMm

H. koumpons besxoposaiinuti B.B. CIIPm-18-2 Apxyw 1

3ameepous I'pebennix 1.B. CcT Apxywis 1




YACOBA CKIVIALICTD AJIT'OPUTMY 31
CTPATETIECIO <HAMKOPOTIIE IOKPUBAIOYE JTEPEBO»

HalikopoTiiie moKpHBarde JIEPEBO

0.8
0.6
0.4
0.2
0

100 150 250 300
N 100 150 200 250 300
t, cex 0,138 0,25 0,4 0,54 0,64

Yacosa ckiagnicts: t(N) = —1 % 107 x N2 + 0.003 * N + 0.158.

Pospobus I'véapenko M.C. Memoo peinsicunipuney monono2iuHux
CMPYKMYp pecioHaANbHUX

Iepesipus besxoposaiinuii B.B. eleKmpoeHepemuyHUX CUcmeMm

H. koumpons besxoposaiinuti B.B. CIIPm-18-2 Apxyw 1

3ameepous I'pebennix 1.B. CcT Apxywis 1




YACOBA CKIVIALICTD AJIT'OPUTMY 31
CTPATEI'IE€IO «SMALL STEP»

Small Step

600
400 e
200
0
100 150 200 250 300
N 100 150 200 250 300
t, cex 11,83 58,18 177,4 300,5 411,76

Yacosa ckaagsicte: t(N) = 0.0038 *x N2 + 0.5564 x N — 91.238.

Memoo peinsicunipuney monono2iuHux

Pospoous TIybapenxo M.C.

CMPYKMYp pecioHaANbHUX
Iepesipus besxoposaiinuii B.B. eleKmpoeHepemuyHUX CUcmeMm
H. koumpons besxoposaiinuti B.B. CIIPm-18-2 Apxyw 1
3ameepous I'pebennix 1.B. CcT Apxywis 1




YACOBA CKIIAJICTD POBOTHU K-MEANS ITPU PIBHUX CTPATEI'TAX

14

ee@e 1

1 — «BunankoBuii BuOip»

Yacosa ckiagsicts: t(N) = 0.0002 *x N2 — 0.0343 x N + 1.535.
2 — «Koopaunaru icayrounx TID»

Yacosa cknagsicts: t(N) = 9% 107> * N2 + 0.0172 * N — 1.66.
3 — «HaiikopoTiiie moKpruBarde ICPEBO»

Yacosa cxnagaicts: t(N) = 9 107> * N2 — 0.0143 = N — 1.78.
4 — «Small Step»

Yacosa cknagaicts: t(N) = —2 % 107> * N2 — 0.0175 * N — 1.43.

KinbkicTh
_ 100 150 200 250 300
CIIOKHMBAylB
1 20876,2 20762,1 20057,3 75261,3 66461,6
2 16522,5 20385,5 23799,2 86936,5 86259,3
3 26279,0 18650,6 22242.8 71832,9 69507,5
4 16781,8 18492,3 21348,5 58508,1 58509,8
Pospobus I'yéapenxo M.C. Memoo peinsicunipuney monono2iuHux
CMPYKMYp pecioHaANbHUX
Iepesipus besxoposaiinuii B.B. eleKmpoeHepemuyHUX CUcmeMm
H. koumpons besxoposaiinuti B.B. CIIPm-18-2 Apxyw 1
3ameepous I'pebennix 1.B. CcT Apxywis 1




I'TCTOI'PAMA HHOPIBHAJIBHOI'O AHAJII3Y BAPTOCTI
PEITHKUHIPUHI'Y MEPEXI
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«Koopaunartu
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icHyrounx TID»

«HatmikopoTuie

HOKPHBAIOUE EPEBOy 26279,0 | 18650,6 | 22242,8 | 718329 | 69507,5
«Small Step» 16781,8 | 18492,3 | 21348,5 | 58508,1 | 58509,8

Pospobus I'véapenko M.C. Memoo peinsicunipuney monono2iuHux
CMPYKMYp pecioHaANbHUX

Ilepesipus besxoposaiinuii B.B. eleKmpoeHepemuyHUX CUcmeMm

H. koumpons besxoposaiinuti B.B. CIIPm-18-2 Apxyw 1

3ameepous Tpebennix I.B. CcT Apxywis 1
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XapKiBChbKUM HAI[IOHATBHUN YHIBEPCUTET PaI10ETIEKTPOHIKU

«3ATBEPJIKYIO»
KEpPIBHUK aTeCTaIlIMHOI poO0TH

npo¢. beskoponaitnuii B.B.

METO/ PEIHXXUHIPUHI'Y TOITOJIOITYHUX CTPYKTYP PEI'TOHAJIbHUX
EJIEKTPOEHEPI'ETMYHHUX CUCTEM

MODIFICATION K-MEANS
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Pain k _means
import pandas as pd
import numpy as np
def points generation(n points, start x, exd x, start y, end y):
points = pd.DataFrame ({'X': np.random.uniform(start x, exd x,
n points),
'Y': np.random.uniform(start y, end vy,
n points) })
points.to excel ('Data/points.xlsx')
def centroids generation(n clusters, start x, exd x, start y, end y):
centroids = pd.DataFrame ({'X': np.random.uniform(start x, exd x,
n clusters),
'Y': np.random.uniform(start y, end y,
n clusters)})
centroids.to excel ('Data/centroids.xlsx"')
def evclid distance(x1l, yl, x2, y2):
return pow (pow (x1 - x2, 2) + pow(yl - y2, 2), 1 / 2)
def search index(index, index const clusters):
for 1 in range(len(index const clusters)):
if index == index const clusters[i]:
return True
return False
def calculate distance(list points, list clusters):

n = list clusters.index.size
m = list points.index.size
distance = [[0] * m for i in range(n)]

for i in range(n):
for j in range (m):
distance[i] [J] = evclid distance(list points.at[]j, 'X'],
list points.at[j, 'Y'],
list clusters.at[i, 'X']
list clusters.at[i, 'Y'])
return distance
def cluster distribution(distances, max distance, n, m):

point cluster = [[-1] * m for 1 in range(n)]
for j in range (m) :

min distance = distances[0][]]

cluster 1 = -1

for i in range (n):
if max distance != -1:
if distances[i][J] <= min distance and distances[i] []
= max distance:

min distance = distances[i][]]
cluster 1 = 1
else:
if distances[i] [J] <= min distance:
min distance = distances[i][]]
cluster 1 =1
if cluster 1 != -1:

point cluster[cluster i1][Jj] = cluster i
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return point cluster
def recalculation centroids(points, point cluster, clusters,
index const clusters):
n = clusters.index.size
m = points.index.size
for i in range(n):
if search index (i, index const clusters):

continue
mean x = 0
mean y = 0
count = 0
for j in range (m) :
if point cluster[i][j] == 1:
mean x += points.at[]j, 'X']
mean y += points.at[j, 'Y']
count = count + 1
if count != 0:
clusters.at[i, 'X'] = mean x / count
clusters.at[i, 'Y'] = mean y / count

def compare array(arrayl, arrayZ, n, m):
for i in range (n):
for j in range (m) :
if arrayl[i]l[]j] !'= array2[i][]j]:
return False
return True
def find index outside point (point cluster, n, m):
point j = -1
for j in range (m) :
k=0
for 1 in range(n):
if point cluster[i][j] != -1:
k =1
if k ==
point j = J
break
return point j
def calculate distance points(list points):
m = list points.index.size
distance = [[0] * m for i in range (m) ]
for i in range (m) :
for j in range (m):
distance[i] [J] = evclid distance(list points.at[],
list points.at([j, 'Y'],
list points.at[i,
list points.atfi, 'Y'])
return distance
def calculate distance centroids(list centroids):
n = list centroids.index.size
distance = [[0] * n for i in range(n)]
for i in range (n):
for j in range(i + 1, n):

IXI]’

|X|],
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distance[i] [J] = evclid distance(list centroids.at[],
'X'], list centroids.at[3j, 'Y'],
list centroids.at[i,
'X'], list centroids.at[i, 'Y'])
distance[]] [i] = distancel[i] []]
return distance
def min distance (list distance, n, m):

min dist = -1
min i = -1
min j = -1

for i in range(n):
for j in range (0, m):

if min dist >= list distance[i][j] > 0 or (min dist == -1
and list distance[i][j] > 0):
min dist = list distance[i][]]
min i1 = 1
min j = J

return min i, min jJ
def delete centroid(list centroids, centroidl, centroidZz,
list const centroid):

x = (list centroids.at[centroidl, 'X'] +
list centroids.at[centroid2, 'X']) / 2

y = (list centroids.at[centroidl, 'Y'] +
list centroids.at[centroid2, 'Y']) / 2

list centroids.at[centroidl, 'X'] = x

list centroids.at[centroidl, 'Y'] =y

for 1 in range(len(list const centroid)):
if list const centroid[i] >= centroid2:
list const centroid[i] -= 1
list centroids =
pd.DataFrame (1list centroids.drop(index=[centroid2]))
list centroids.reset index(drop=True, inplace=True)
return list centroids

Pann reengineering

import k means
import graph
import smallStep
import transmission lines
import matplotlib.pyplot as plt
import pandas as pd
import copy
import time
def draw clustering(number figure, list points, list clusters,
list point cluster=None, list transmission line=None) :
print (list clusters)
n = list clusters.index.size
m = list points.index.size
plt.figure (number figure)
for i in range (n):
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for j in range (m) :
if list point cluster[i][]] == 1i:
plt.plot([list points.at[j, 'X'], list clusters.at[i,

[list points.at[j, 'Y'], list clusters.atl[i,

linewidth=1, zorder=0)
for 1 in range(len(list transmission line)):
plt.plot([list transmission line[i][0],
list transmission line[i] [2]],
[list transmission line[i][1],
list transmission line[i][3]], color="b", linewidth=2,
zorder=0)
plt.scatter(list points['X'], list points['Y'], c='red', s=20,
zorder=1)
plt.scatter (list clusters['X'], list clusters['Y'], c='green',
s=30, marker=(5, 2), zorder=1l)
def get centroids(n method, list points, n figure=None,
n centroids=None) :
list centroids = pd.DataFrame ()
if n method == 1:
k means.centroids generation(n centroid, 0, 5, 0, 5)
list centroids = pd.read excel ('Data/centroids.xlsx’,
index col=0)
elif n method == 2:
list centroids = pd.read excel('Data/Coordinate TP.xlsx',
index col=None)
elif n method ==
weight = k means.calculate distance points(list points)
list centroids =
graph.minimal spanning tree clustering(n_figures + 1, weight,
list points)
elif n method ==
list centroids = smallStep.small step(list points,
max distances, n_ figure)
return list centroids
def find list(list for find, list find):
for 1 in range(len(list for find)):

if list for find[i][0] == list find[0] and list for find[i] [l
== list find[1l] and \
list for find[i][2] == list find[2] and
list for find[i]([3] == list find[3]:

return True
return False
max distances = 1
n centroid = 30
n points = 150
n figures = 1
n method = 1
points = pd.read excel('Data/points.xlsx', index col=0)
n points = points.index.size
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n figures =1

plt.scatter (points['X'], points['Y'], c='red', s=20, zorder=1)

n figures += 1

existing clusters =

copy.deepcopy (pd.read excel('Data/Coordinate TP.xlsx',

index col=None))

index const existing centroids = []

index const starting centroids []

plt.figure (n figures)

distances = k means.calculate distance(points, existing clusters)
point cluster = [[-1] * n points for i in

range (existing clusters.index.size) ]

existing point cluster = k means.cluster distribution(distances, -1,
existing clusters.index.size, n points)

plt.title("start data")

transmission line = pd.read csv("Data/Transmission line.csv",
index col=None)
transmission line = transmission line.values.tolist ()

existing list line =

transmission lines.get transmission lines (transmission line,
existing clusters)

draw clustering(n figures, points, existing clusters, point cluster,
existing list line)

n figures += 1

n method = 1

while n method < 5:

start time = time.time ()
if n method ==
start centroids = get centroids(n method, points, n figures)
if n method == 1:
start centroids = get centroids(n method, points,
n centroids=n centroid)
else:
start centroids = get centroids(n _method, points)
end time = time.time ()
print (n_method)
print ("set centroids %$s" % (end time - start time))
centroids = copy.deepcopy (start centroids)
n _centroid = centroids.index.size
old point cluster = [[-1] * n points for 1 in range(n_ centroid)]
old list centroids = copy.deepcopy (centroids)

is add centroid = False
is delete centroid = False

is finish = False
start time = time.time ()
while True:
const cluster = copy.deepcopy(index const starting centroids)

old const cluster =
copy.deepcopy (index const starting centroids)
while True:

while True:
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distances = k means.calculate distance (points,
centroids)
point cluster =
k means.cluster distribution(distances, max distances, n_centroid,
n points)
if k means.compare array(point cluster,
cld point cluster, n centroid, n points):

break
k means.recalculation centroids(points, point clusterq
centroids, const cluster)

old point cluster = point cluster
index point outside =
k means.find index outside point (point cluster, n centroid, n points)
if is finish or (-1 == index point outside and
is add centroid):

break
if index point outside != -1 and not is delete centroid:

is add centroid = True

centroids.loc[n centroid] = {'X"':
points.at[index point outside, 'X'],

'Y':

points.at[index point outside, 'Y']}

old point cluster = [[-1] * n points for i in

range (n_centroid) ]
n centroid = n centroid + 1
if not is_add centroid and not is finish:
if -1 == index point outside:
is delete centroid = True
distances between centroids =
k means.calculate distance centroids (centroids)
while True:
i, J =
k means.min distance (distances between centroids, n centroid,
n centroid)
if transmission lines.find element in list(j,
const cluster) is not None or \
transmission lines.find element in list (i, const cluster) is not Nong:

distances between centroids[i][]] = -1
distances between centroids[j][i] = -1
else:
break
if i !'= -1 or 3 !'= -1:
old list centroids = copy.deepcopy (centroids)

old const cluster =
copy.deepcopy (const cluster)

centroids = k means.delete centroid(centroids
i, J, const cluster)

n _centroid = n centroid - 1

old point cluster = [[-1] * n points for 1 in

range (n_centroid) ]
else:




I'TOMK.504200.004-01 12 01

is finish = True
break
else:
centroids = copy.deepcopy(old list centroids)
const cluster = copy.deepcopy (old const cluster)
n centroid = n centroid + 1
is finish = True

distance centroids =
k means.calculate distance(existing clusters, centroids)

n = centroids.index.size
m = existing clusters.index.size
while True:
min i, min j = k means.min distance (distance centroids, 1

)
if transmission lines.find element in list (min j,
index const existing centroids) is not None:

distance centroids[min i] [min j] = -1
else:
break
if distance centroids[min i][min j] <= max distances / 10 and
distance centroids[min i] [min j] != -1:
dist = []

for 1 in range(start centroids.index.size):

dist.append(k means.evclid distance(existing clusters.at[min j, 'X'],
existing clusters.at[min j, 'Y'],

start centroids.at[i, 'X'], start centroids.at[i, 'Y']))

min d = -1
index = -1
for 1 in range(start centroids.index.size):
if min d > dist[i] >= 0 or min d == -1 and dist[i] >9

0 and \
transmission lines.find element in list (i,

index const starting centroids) is None:

min d = dist[1i]

index = 1

start centroids.at[index, 'X'] =

existing clusters.at[min j, 'X']
start centroids.at[index, 'Y'] =
existing clusters.at[min j, 'Y']
index const existing centroids.append(min_j)
index const starting centroids.append (index)

centroids = copy.deepcopy (start centroids)
old list centroids = copy.deepcopy (centroids)
n centroid = centroids.index.size

is add centroid = False

is delete centroid = False

is finish = False

old point cluster = [[-1] * n points for i in
range (n_centroid) ]
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else:
print (centroids)
print (index const existing centroids)
print (index const starting centroids)
print (const cluster)
list line =
transmission lines.get transmission lines(transmission line,
centroids)
draw clustering(n figures, points, centroids,
point cluster, list line)
n figures += 1
break
end time = time.time ()
print ("clustering %s" % (end time - start time))
len line = 0
c line =1
c new TP = 100
c modern TP = 10
c transmission line = 2
total ¢ =0
for 1 in range(n centroid):
for j in range(n points):
if point cluster[i][]] == 1i:
if transmission lines.find element in list (i,
const cluster) is not None:
index =
index const existing centroids[transmission lines.find element in 1is
(1, const cluster)]
if existing point cluster[index] [j] == index:
continue
else:
len line +=

k means.evclid distance (centroids.at[i, 'X'], centroids.at[i, 'Y'],
points.at[i,

'X'"], points.atfi, 'Y']) * c line
total ¢ += len line
total ¢ += (centroids.index.size - len(const cluster)) * c new TH
total ¢ += len(const cluster) * c modern TP
sum_transmission line = 0

for 1 in range(len(list line)):
if find list(existing list line, list line[i]):
continue
sum transmission line +=
k means.evclid distance(list line([i]([0], list line[i][1],

list line[i][2], 1list line[i][3]) * c transmission line
total ¢ += sum transmission line

print (total c)

n method += 1

index const existing centroids = []

index const starting centroids

—
[a—

t
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clt.show()
barn graph

import networkx as nx
import pandas as pd
import matplotlib.pyplot as plt

def create edge list(weight, n):
edge list = []
for i in range(n):
for j in range (n):
edge = [i, J, weight[i][]J]]
edge list.append (edge)
return edge list

def draw graph(graph, points):
positions = {}
for 1 in range(points.index.size):

nx.draw (graph, pos=positions, node size=10,
nodelist=positions.keys (), with labels=positions)

def minimum spanning tree(n vertex, weight):
g = nx.Graph()
edge list = create edge list(weight, n vertex)
for edge in edge list:
g.add edge (edge[0], edge[l], weight=edge[2])
tree = nx.minimum spanning tree (g)
print (tree.edges (data=True))
return tree

def delete edge (tree):
g = nx.Graph/()
sum = 0
count = 0
for (u, v, d) in tree.edges(data=True) :
sum += d['weight']
count += 1
max weight = sum / count
for (u, v, d) in tree.edges(data=True):
if d['weight'] < max weight:
g.add edge(u, v, weight=d)
return g

def definition clusters(graph):

positions.update({i: (points.at[i, 'X'], points.atl[i,

'Y'1) 1)
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clusters = []
edges = list (graph.edges)
print (edges)

i: int = 0

while i < len(edges):
vertexes = [edges[1][0], edges[i][1]]
edges.remove ( (edges[i][0], edges[i][1]))
J: int = 0

while 7 < len(edges):
if edges[j][0] in vertexes:
vertexes.append(edges[j][1])
edges.remove ( (edges[]j][0], edges[j][1]))
3 =0
elif edges[j][1l] in vertexes:
vertexes.append (edges[J][0])
edges.remove ( (edges[]j]1[0], edges[J][1]))
7 =0
else:
=73+ 1
clusters.append (vertexes)
print (len(clusters))
print (clusters)
return clusters
def calculate centroids(clusters, points):

centroids = pd.DataFrame (columns=['X', 'Y'])
k =20
for item in clusters:

mean x = 0

mean y = 0

for i in item:
mean X += points.atf[i, 'X']
mean y += points.at[i, 'Y']
x = mean x / len(item)
y = mean y / len(item)
centroids.loc[k] = {'X': x, 'Y': vy}
k += 1
return centroids
def minimal spanning tree clustering(n figure, weight, points):
n _points = points.index.size
plt.figure(n figure)
tree = minimum spanning tree(n points, weight)
#draw _graph (tree, points)
plt.figure(n figure)

tree = delete edge (tree)

# draw graph(tree, points)

clusters = definition clusters (tree)

centroids = calculate centroids(clusters, points)

return centroids
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