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The complex influence of external and internal electricity networks on the magnetic field level
in residential premises of buildings

The problem of determining the complex influence of a group of electricity networks (external electricity networks, built-in
transformer substations, cable electric heating systems, etc.) on the magnitude of the summary magnetic field (MF) in a residential
premise of a building has not been sufficiently researched. This results in an overestimation of the assess the magnitude of the
summary MF, generated by the group of electricity networks, as well as to the use of technical measures to reduce this MF, which
have excessive efficiency and are accompanied by excessive expenses. The goal of the work is to investigate of the complex influence
of external and internal electricity networks on the MF level in residential premises of buildings and definition of conditions, which
provide the minimum necessary limitations on the MF flux density of individual electricity networks, at which the summary level of
MF in residential premises, does not exceed the normative level of 0.5 uT. The methodology of determining the complex influence of
the group of electricity networks on the level of MF in residential premises is based on the Biot-Savart’s law and the principle of
superposition and allows determining the functional dependence between the instantaneous values of currents in electricity networks,
their geometrical and physical parameters, and the summary effective value of MF flux density in the premise. Scientific novelty. For
the first time, the methodology for determining the complex influence of the group of external and internal electricity networks on the
level of MF in residential premises is proposed. Practical significance. The implementation of the proposed methodology will allow
to reduce the calculated coefficient of normalization of the MF of individual electricity networks by 25-50 %, which, in turn, will
contribute to the reduction of economic costs for engineering means of normalizing the summary MF in residential premises, caused
by the influence of the group of electricity networks. References 56, tables 4, figures 8.

Key words: magnetic field of a group of electricity networks, residential premises, high-voltage overhead power line, built-in
transformer substations, cable electric heating system of the floors.

Ilpobnema susnauents KOMIAEKCHO20 GNAUBY SPYNU eNeKMPOoMepedic (306HIUHIX eleKmpomepedic, 80Y008AHUX MPAHCHOPMAMOPHUX
niocmanyiti, cucmem KabeivbHO20 enekmpoobiepiey mowjo) Ha eeruyuHy cymaprnozo maeHimmozo nona (MII) e owcuminosomy
npumingenni OYOuHKy He docmamubo Oocuiodcena. Ile npuzeodums 00 3aeuwjenoi oyinku Genuuunu cymapuoeo MII, wo
CMBOPIOEMbCAL 2PYNNOIO eeKMPOMEPedIC, d MAKodiC 00 3ACHOCYBAHHA MEXHIYHUX 3ax00i6 3i smeHuienns yvboco MII, axi maromo
HAOMIpHY eexmusHicms i cynpogoodcylomscs 3aueumu umpamamu. Memorw pobomu € 00cniodcenHs: KOMIIEKCHO20 6NIUGY
306HIWHIX ™A GHYMPIWHIX eflekmpomepexc Ha pieeHb MII 6 ocumnosux npumilyeHHAX OYOUHKI8, Ma BUSHAUEHHS YMO8, AKI
3abe3neyyioms MIHIMANIbHO HeoOXIOHI obmedsicenns iHOykyii MII oxpemux enekmpomepedc, 3a sKux cymapuui pieens MII 6
JHCUMNIOBUX NPUMIWEHHAX He nepesuwyye HopmamusHull pisenv 0,5 mxTn. Memoouka eusnauenHs KOMNIEKCHO20 6NAUGY 2PYNu
enekmpomepedic Ha pisenv MII 6 scumnosux npuminjennsax bazyemocs na 3axoui bio-Casapa ma npunyuni cynepnosuyii i 0ozeonse
BUSHAYUUMU (DYHKYIOHANbHY 3ANIeAHCHICIG MIJC MUMMEGUMU 3HAYCHHAMU CMPYMIE 6 eNeKmpPOMepedNcax, ix 2eoMempuyHuMu i
Gizuunumu  napamempamu, ma cymapHum Oirouum 3Havenusm HOykyii MII 6 npumiwenni. Haykoea Hoeusna. Bnepuie
3anponoHOBAHO MemO00N02iI0 GU3HAUEHH KOMNIEKCHO20 GNAUEY 2PYNU 308HIWMHIX | GHYMPIWHIX enekmpomepedc Ha pieeny MII 6
orcumnogux npumiwennax. Ilpakmuuna 3nauumicms. BnposaodsceHHs 3anponoHo8aHoi Memooonozii 003601umsb 3MeHUUmu
po3spaxynkosutl koegpiyienm nopmanizayii MI1 okpemux enexmpomepesic na 25-50 %, wo, y ceoto uepzy, cnpusmume 3MeHUEHHIO
EeKOHOMIYHUX 8umpam Ha indicenepHi 3acobu Hopmanizayii cymaprnozo MII y srcumnosux npuminyeHnsax, 3yMOGIeH020 6NAUBOM SPYNU
enexkmpomepedc. bioin. 56, Tabm. 4, puc. 8.

Knouosi cnosa: MarHiTHe moJie TpPYNH eJIEKTPOMepeX, KUTJIOBI NPUMILlEHHS, BUCOKOBOJIbTHI
ejieKTponepenayi, BOyaoBaHi TpancopMaTopHi miacranuii, kadeJbHi cHCTeMH eJIeKTPOOOGIrpiBy miasor.

NOBiTpsiHi  JiHil

Abbreviations
PL power line IPS internal power supply system
TS transformer substation LVB low-voltage busbar
CEHS cable electric heating system EN electricity networks
MF magnetic field

Introduction. Reducing the MF of the industrial
frequency of in residential buildings to a safe level is an
important problem of protecting people’s health from
man-made electromagnetic impact [1-5]. The main
sources of this impact are EN located near residential
premises. As shown by the authors [6], unlike the electric
field, the MF of EN penetrates through the walls in
residential buildings with almost no attenuation.

In Ukraine, the maximum permissible level of power
frequency MF flux density in residential premises is
regulated by normative documents [7, 8]. According to
them, the effective value of MF flux density should not
exceed of 0.5 uT inside the premises and of 3 uT at a

distance of 0.5 m from their walls. Therefore, when
designing new or modernizing existing EN, technical
measures are applied [9, 10], are aimed at limiting the MF
flux density inside residential premises to the normative
level of 0.5 pT. Now the measures are aimed at
individually reducing the MF flux density of each EN to
the normative level (0.5 uT).

The greatest impact on residential buildings
according to MF is exerted by EN located closer than
100 m from them (Fig. 1). These high-voltage overhead PL
of 0.4-330 kV [11], LVB of built-in TS of 6/(10)0.4 kV
[12], CEHS of the floors [13], and IPS of residential
premises [14, 15].
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Many scientific researches have been devoted to the
creation of effective methods for modeling, calculating
and normalizing the MF of EN [10, 16-52]. However,
still remains insufficiently researched the distribution of
MF in residential premises of buildings under the
condition of simultaneous the complex influence of
several (n) different EN (Fig. 1).

Even if the influence of each of these EN will be

= 0.5 uT (normalized), then

with their complex influence, the summary MF flux
density can significantly exceed the normative level of

0.5 uT. Since the level
parameters of the EN, its magnitude can vary within
EE € (§ ln)) and will approach the maximum
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Fig. 1. The residential building with the built-in transformer
substation (TS), which is an element of the electrical complex
consisting of the external (PL) and internal (TS, CEHS, IPS)
electricity networks

There is no possibility to determine the real level of
the summary MF EE forces us to take into account its

maximum limit value nB This leads to its excessive

norm *
reduction (Ez <0.5 uT), as well as to the unjustified

increase in the cost of engineering means of the MF
normalizing.

Therefore, it is relevant to study the complex
influence of a group of EN at the MF level in residential
premises in order to determine cost-effective limitation of
the MF flux density for individual EN, at which the
summary value of the MF in residential premises
corresponds to the normative level B =0.5 uT.

norm

The goal of the work is to investigate the complex
influence of external and internal electricity networks on the
MF level in residential premises of buildings and definition
of conditions, which provide the minimum necessary
limitations on the MF flux density of individual electricity
networks, at which the summary level of MF in residential
premises, does not exceed the normative level of 0.5 uT.

Assumptions adopted during the analysis.

1) The effective value of the MF flux density and its
spatial components are investigated.

2) The supply voltages of the EN are synchronized,
have a frequency of 50 Hz, and cosgp = 1.

3) The current conductors of all EN are oriented
parallel to the coordinate axes.

4) The currents in EN are sinusoidal, symmetrical,
and modeled by current filaments with different directions
of power transfer.

5) There are no ferromagnetic and electrically
conductive elements and the additional sources of MF in
the studied area.

6) The MF flux density of each of the n EN is
independent on the MF of other EN and depends linearly
on its current.

7) The PL MF is three-phase two-dimensional, the
TS MF is three-phase three-dimensional and is modeled
by its LVB, the CEHS MF characterized by the vertical z
component and is modeled by straight sections of two-
wire heating cables, powered by a voltage of 220 V.

8) The IPS is powered by a voltage of 220 V, modeled
by standard two-wire cables with a current of up to 30 A,
which are mounted in the walls of a residential premises.

The adopted assumptions do not introduce a
significant error in the analysis and allow us to take into
account the worst cases when the impact of EN on
magnetic field of premise is maximized.

Determination of the complex influence of the EN
group. The complex influence of n different EN (PL, TS,
CEHS, IPS) on the MF flux density distribution in a
residential premise can be determined by summing the
instantaneous values of spatial components b(¢), b,(?),
b.(f) of MF flux density of each of these EN according to
relations:

bZlﬁ,th Zﬂbﬁ,xpt) (1)
i=1

bZl/lyPt Zﬂb/lypt) ()

byi 2 (P.0)=3 by (). (3)

i=1
In this case, the parameters of the studied EN are
determined by the relations:

S e(=1,+1), ® = 2pf. f= 50 Hz; 4)
A=AB,C;i=1=PL,i=2=TS,i=3=CEHS, (5)
A"~ sin(wt — ;) (6)

B’ ~sin(wt +27/3-¢;), (7)

C' ~sin(wt —27/3-¢;), (8)

where A, B, C are the phases of EN; i, n are the number
and quantity of EN; /' is the current direction coefficient;
¢; s the current shift angle respectively to voltage; x, y, z
are the coordinate axes; P is the observation point.

We also take into account additional conditions
caused by the above assumptions:

opr = 0; @rs = 0; @cens = p/6, )
ber y(p) = beens +(P) = begus y(P)=0. (10)

The magnitude of the influence of the EN group on
the population through the MF 1is determined by
calculating the effective value of the MF flux density,
which is subject to sanitary regulation [7, 8] and physical
measurements. The MF flux density effective values are
defined as [17, 49]:
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T
Bi(P)= %j[b,.(P,t)]zdt, T=2z/w. (11)
0
Then, using (1-3) and (11), we get:
T
~ 1
By (Pot)= ;I(bZi,i,x(P»f))zdfa (12)
0
~ 1 r
By, (P)= 7j(bz,M (P.o)fPde,  (13)
0
N T
By (Pt)= Ibzl se(Pofd (14)

The integration operanon in the ratios (12-14)
according to (11) can be carried out by numerical methods,
based on specialized computer programs, or analytically.

The searched effective value of the MF flux density

module for n the group of EN EZ(P) is defined as rms

sum of effective values of the spatial components x, y, z
of (12-14):

By (P)= \/ [EZi,/i,x(P )]2 +[§Zi,/1,y(P )]2 +[§Zi,/1,z(P )]2 -(15)

In accordance with current normative [7, 8],

effective value of the MF flux density EZ (P), given by

(15), should not exceed the normative B,,,,,= 0.5 uT

norm —
value inside the residential premise.

Research of the impact of individual EN. Based
on the obtained relations of (1-15), we will determine the
individual influence of the PL, TS, and CEHS on the MF
level in a residential premise (Fig. 1). To do this, we will
determine the instantaneous values of the spatial
components x, y, z the MF flux density of the individual
EN under consideration.

For overhead power line the instantaneous values of
the spatial components, their MF flux density are
determined according to the results obtained by the
authors in [12, 22, 25] relations:

I .
ba(P)=EL = sin(ot=p),  (16)
A
I .
bas(P)=2 xr—/‘sm(wr—co), (17
A
bB’x(P):%-Z:;Bsin(a)t+——goj, (18)
B
Holp x—xp . 2r
bB,Z(P):Y. rz Sin a)t+T—¢) . (19)
B
bc,x(P)=%~%sin(a}t——ﬂ—¢j, (20)
C
bCZ(P):%-x;zxcsin[a)t———(pj, 201
C
ri=(r-xg P +(z-z4),
FéZ(x—xB)er(Z—ZB)z»
iE=(x—xc P +(z-zc) (22)

For the built-in TS, the instantaneous values of the
spatial components are determined according to [13]
based on the Biot-Savart’s law and the superposition
principle [53, 54]. They are obtained by summing the
components of the MF flux density, which is created by
each of the straight-line sections L1-L5 (Fig. 2) of LVB
TS. For example, the components of the MF flux density
for the A phase are defined as [13]:

N
bA,x(P) = szx ([A,z,n >X0,n5Y0,n>21,2,n )Sin(a)t + ¢)+
n
K
+D by (IA,x,kaxO,kaJ’l,Z,kaZO,k )Sin(wf +9),
k

(23)

N
bA,y (P): zbzy<1A,z,n’x0,n7yO,nizLZ,n )Sin(a)t + ¢)+
n

Vv
+ Z bxy ([A,x,v >X1,2,v2Y0,v220,v )Sin(a)t + @) > (24)
v

v
bA,z (P) = Z bxz (IC,x,v > X1,2,v5 Y0,v520,v )Sin(a)t + (D)J"
v
K

+>'by, ([C,y,k 2 X0, V1,2,k 20,k )Sin(a’f +9), (25
;

where 1., X0 You Z12. are the current and coordinates
of the ends of the n-th straight-line section of the parallel
Z-axis; Lyyk Xog V124 Zox are the current and coordinates
of the ends of the k-th straight-line section of the parallel
Y-axis; Icxv,s X124, Yous Zoy are the current and coordinates
of the ends of the v-th straight-line section of the parallel
X-axis; N, K, V are the number of straight-line sections
parallel to the axis Z, Y, X respectively.

For the phases B and C of the busbar, the MF flux
density components are determined similarly [13].
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Fig. 2. The investigated low-voltage busbar TS 100 kVA
6(10)/0.4 kV

The cable electric heating system. In order to
simplify the analysis and consider the worst case with
maximum of the MF [10]. The CEHS is replaced by two
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straight sections of two-core heating cables (Fig. 1), laid
under the floor of the premise, which are parallel to the
y-axis: the first section is located at a distance of 0.5 m
from the wall (point P1), and the x coordinate of the
second segment axis (point P2) coincides with the
x coordinate of the middle phase of the LVB TS (Fig. 2).
If the CEHS is made of a two-wire heating cable with
current /cgys then instantaneous maximum value of the
CEHS MF flux density is determined by its spatial
component z [12].

When powered from a single-phase EN of 220 V,
this flux density will be:

b, .(r,P)=L0 V2-Icpps d
4.2 27 | 2

[r +(0,5d )
where 1y =47107 H/m; d is the distance between the
axes of the cable cores; r is the distance from the cable
axis to the observation point P, ¢ = /6 is the phase shift
between the linear current of phase A of the PL (TS) and
the corresponding phase current of the CEHS.

The internal EN 1PS has the current of up to 30 A
and powered by one of the 220 V phase of the EN of
building. The IPS is executed from standard two-wire
cables laid in the walls with a distance between the cores
of no more than 4 mm. At the same time, according to
(26), the maximum value of the MF flux density
generated by the cable at the current of 30 A at the
distance of 0.5 m from the wall of the dwelling will not
exceed of 0.1 pT. Therefore, in further analysis, the
influence of IPS can be neglected due to the insignificant
level of flux density of their MF.

Investigation on the complex influence of EN. The
above analysis and obtained relations of (1-21) allow us
to investigate the distribution of the effective value of the
MF of PL, TS, CEHS in residential premise (Fig. 1).
When studying, the complex influence of MF from the
group of n EN, the most likely is the occurrence of this
influence from the pair PL+CEHS EN. Less likely is the
influence of the combination TS+PL or TS+CEHS, as
well as from three EN PL+TS+CEHS. However, from the
point of view of ensuring the safety of the population’s
health, it is expedient to study all the mentioned variants
of complex influence.

Parameters of the investigated EN. As an external
EN, we consider the typical overhead of the 110 kV PL,
250 A with a triangular suspension of phase wires
oriented parallel to the y-axis (Fig. 1). The wires
coordinates are: A (—6.3m;7m), B (-2.1m;13 m),
C (0 m; 7m), x1 =20 m.

We consider the TS with the 100 kVA power as, an
example of the built-in TS (Fig. 1), which is modeled by
the LVB (Fig. 2) in accordance with [10]. The LVB
parameters: dl1=0.16m, d2=005m, L1=0.5m,
L2=22m, L3=14=09m, L5=2m, the nominal
current of /=150 A, the currents of straight-line sections
of the busbar (L1-LS): I1=R=1I 13=12/3,
14=15=1/3.

The CEHS is executed from standard two-wire
heating cables oriented parallel to the y-axis with the
distance between the wires 2.2 mm, has a nominal current
of 10 A, z5=0.05 m, powered by the phase voltage of

sin(wr — ),  (26)

one of the phases (a, b, ¢) of the apartment EN of 220 V.
The CEHS cables is represented as straight-line segments
oriented parallel to the y-axis that according to [10]
allows modeling the maximum CEHS MF in the place of
laying the cable. The observation points P1, P2 (Fig. 1)
are located between current conductors PL and busbar TS,
CEHS. The residential building (Fig. 1) has the TS room
located on the 1st floor, and the residential premise on the
2nd floor above the TS, z1=35m, z2=25m,
z3 =2.5m, z4 = 13 m. When calculating the summary MF
it is taken into account that the observation points P1, P2
(Fig. 1) are located between current conductor PL and
busbars TS.

Complex influence investigate methodology. The
investigation of the complex influence is carried out by
the relations (1-26) applying computer modeling in the
MATLAB software environment [55].

1. We set the initial values of the currents (/;,) of PL,
TS, CEHS, at which each of these EN separately creates
the MF in the premises (Fig. 3), flux density which is
equal to the normative level of 0.5 puT:

Bpy = Brs = Bcenus = Buorm - (27)

At the same time, the control point for the PL is the

closest point to it P1 (Fig. 1), and for the TS and CEHS

this is a point P2 (Fig. 1), the x coordinate which

coincides with the x coordinate middle phase of the

busbar L2 of TS (Fig. 2). At these points the summary MF
flux density will be maximum.

B, uT
1 PL
0.5uT

1 CEHS
0.5uT
0.5
/_2
0 sl : " 0a
0 1 2 3 4 5 g 247

X,m
c
Fig. 3. Distribution of the MF flux density in the residential
building under the individual influence of different EN,
the flux density of which corresponds to the normative level
(a—PL,b-TS, c — CEHS)
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2. Calculate the summary MF Ez, created by the

PL, TS, CEHS when the condition (27) are fulfilled. The
results obtained for different combinations of EN
parameters are included in Table 1.
3. We reduce the current proportionally /;,, of each
EN according to point 1 of the methodology to the level,
when their summary value 521 decreases to the level
Enorm =0.5 uT for each item in Table 1. At the same
time, the MF flux density each of the EN EZ norm 18 the
same in accordance with (27):
BZnorm = Bp = Brs = Bcgps - (28)
Next, we determine and enter into Table 1 the MF
flux density value ZN?Z subject to (27) and Ez norm €ach

of the EN. Also we determine and fixate in Table 1 the
values of the normalization coefficient K,

K, = BZ/Bnorm Ky € (1 +n) > BZnorm = Bnorm/Km (29)

It defines the necessary amount of reduction of the
summary MF flux density EZ to achieve the normative
level. Also we define the normalized summary MF flux
density EZ norm OF €ach of the EN, when reaching which
their summary level is reduced to 0.5 puT.

4. Similar actions under p. 1-3 are carried out when
studying the complex influence of two different EN in
combination PL-TS, PL-CEHS, TS-CEHS. The
calculation results are entered in Tables 2—4.

The most characteristic investigate results are

presented in the form of graphs in Fig. 5-8.
Analysis of result. For the TS-PL pair (Table 2,

Fig. 5) the maximum value Ez reaches 0.85 uT with
opposite signs of currents EN and requires reduction of
the MF flux density each of these sources to 1.7 times
(from 0.5 uT to 0.29 uT), and the minimum value EZ is
0.7 uT occurs when the direction of the TS and PL. For
the TS—CEHS pair (Table 3, Fig. 6) the maximum value
Ez reaches 0.86 uT at supply of CEHS from phase
+A (+B) and minimal (0.57 uT) at supply of CEHS from
phase +C (-B). For the PL-CEHS pair (Table 4, Fig. 7)
the maximum value EZ is 0.89 uT at supply of CEHS
from phase +A (—A) and minimal (0.59 uT) at supply of
CEHS from phase —C. Thus, for groups of two considered
EN, the maximum value EZ is 0.89 uT, and minimal is
0.57 uT. At the same time, for the normalization of MF of
these EN, the necessary normalization coefficient K,, will
be from 1.06 to 1.96 units and at n =2 approaches the

limit values — 1 or 2 units.
For the group of TS, PL, CEHS (Table 1, Fig. 8)

maximum value EZ is 1.32 uT and occurs with opposite

currents of TS and PL and supply of CEHS from the —-C
phase, and the minimum value is 0.66 pT at the direction
of the currents coincides of TS and PL and supply of
CEHS from the +B phase. At the same time, for the
normalization MF these three (n = 3) EN, the necessary
normalization coefficient K,, consists of 1.32 to 2.64

units. Changing the order of phase alternation does not
significantly affect the MF level.

Additional studies also show that changing the
geometry of the 110 kV PL wire suspension from
triangular (Fig. 1) to horizontal or vertical does not

fundamentally affect the value ZN?Z .

For all groups of EN, the values and K, significantly
depend on the CEHS supply parameters (current sign and
supply phase), which creates conditions for minimizing
the MF value in the premise by the consumer.

The results of modeling using the developed
methodology of (1-29) were confirmed by experimental
tests (Fig. 4), carried out at the magnetic measuring stand
Anatolii Pidhornyi Institute of Power Machines and
Systems of NAS of Ukraine (IEMS of NAS of Ukraine)
[56]. The deviation between the results of modeling and
experiment did not exceed 10 %.

Thus, to normalize the complex influence of two
normalized MF EN, it is necessary to reduce the MF flux
density of each of them from 1.06 to 1.96 times, and for
three normalized EN — reduction from 1.32 to 2.64 times.
The implementation of the proposed methodology will
reduce normalization coefficient K, their MF from
maximum values of 3 (2) units to minimum values of 1.32
(1.06) units, what provides reduction of this coefficient by
25-50 % and accordingly reduces economic losses on the
MF normalization.

Peculiarities of normalization of the complex
influence of the EN group on MF. To normalize the
complex influence of the group of n already pre-
normalized EN, the MF which does not exceed 0.5 uT,
the use the above research methodology. For this, such
well-known engineering methods of reducing the MF of
EN can be introduced [9, 10]. They include: protection by
distance, active and passive shielding, constructive-
technological measures.

The choice of these methods is based of the
technical and economic analysis.

Obviously, the smaller normalization coefficient K,
the lower the economic costs of practical implementation
of the normalization will be needed.

Therefore, the minimization of the K, is the important
task of MF normalization, which, first of all, it is advisable
to implement by means of the proposed methodology based
on the determination of all actual parameters of the group
of EN given in Tables 1-4. Significant reduction K,, also
possible through the implementation of an optimal power
supply regime CEHS.

More difficult will be the normalization of the
complex influence for the EN group, the each of which
have not yet been normalized and have an excess of the
MEF above the normative level of 0.5 uT. In this case, the
required initial normalization coefficient of the MF

Km’n’,-:ﬁi/ﬁnorm for the each i-th EN is first

determined. At the second stage, the final normalization
coefficient K,,; is calculated:
Kpi =KpniKpy -

m,n,1

(30)
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Fig. 4. Laboratory installation for the study of the complex effect of PL+TS, created on the magnetic measuring stand
of the IEMS NAS of Ukraine (a — physical model of a low-voltage busbar of the TS, 150 A; b — physical model of the PL 150 A)

Table 1
The effective value of flux density of the summary MF

TS+PL+CEHS EZ , value EZ norm and coefficient K, when

changing the currents signs, the order of phase alternation

Table 2
The effective value of flux density of the summary MF TS+PL

EZ , value EZ norm and coefficient K, at changing the order of

phase alternation and current signs

(ABC-ACB) and the power supply phases of CEHS Ne TS PL B B K,
= = n n 2 2. norm
N[ TS [ PL [ CEHS | 5. | B K, ;i i
ﬁn ﬁm ﬂn z X norm uT uT
ABC | ABC | phas uT uT 1 | +ABC | +ABC | 053 0.47 1.06
1 + + +,a 0.84 0.3 1.68 2 + ABC -ABC 0.85 0.29 1.7
2 + + —a 0.84 0.3 1.68 3 + ABC + ACB 0.7 0.36 1.4
3 + - +,a 1.14 0.22 2.28 4 +ABC - ACB 0.7 0.36 1.4
4 + -,a 0.97 0.26 1.94 Table 3
5 N b 066 038 132 The effective value of flux density of the summary MF
6 N ~ : b 0: 6 0: 36 1: 38 TS+CEHS EZ , value EZ norm and coefficient K, at changing
7 7 current sign and power supply phase CEHS
+ +,b 1.22 0.2 2.44 o TS CEHS 3 3 X,
8 + —,b | 094 | 027 | 188 ra ra z Znorm
91 + +,.¢c | 093 | 027 | 186 ABC | phase T uT
10 + —.c 0.79 0.32 1.58 1 + +,a 0.87 0.29 1.74
11 T _ +.c 0.91 0.28 1.82 2 + -,a 0.56 0.45 1.12
2] + —c 132 | 019 | 2.64 3 + +,b 0.86 0.29 1.72
B3| + +,a 1.09 023 | 2.18 4 + -,b 0.57 0.44 1.14
14 + —a 0.91 0.28 1.82 5 + +.,c 0.57 0.44 1.14
5 + - +a | 112 | 022 | 224 6 + -, 0.98 0.26 1.96
16 |+ - 079 | 032 | 1.58 Table 4
7 - E s The effective value of flux density of the summary MF
il * 0.77 0.33 = PL+CEHS §Z , value EZ norm and coefficient K, at chan ging
181+ —,b 1.09 023 | 2.18 .
current sign and power supply phase CEHS
19 + — +,b 0.87 0.29 1.74 No PL CEHS fgz EZ K,
20 + -,b 0.87 0.29 1.74 £, B, T ”If””
e +.c | 096 | 026 | 192 1 ABC | phase " "
2] & —c | o081 | 031 | 162 . toa | 077 | 033 | 14
S — | +c [ o7 | 034 | 148 - - —.a | 0P | 032 | 158
24| + - —c | 1| 023 | 222 . - b 0.64 0.39 128
+ -,b 0.9 0.28 1.8
Thus, proposed by the authors the methodology for 5 3 "
determining the complex influence of the EN group on * t.c 0.89 028 78
the level of MF in residential premises is based on (1-30) 6 + -,C 0.59 0.42 1.18

and includes analytical methods, calculation and
assessment of the impact of external and internal EN (PL,
TS, CEHS). It allows to identify and implement
conditions for economically feasible limitation of the MF
flux density of individual EN, at which the summary level
of MF in residential premises does not exceed the
normative level of 0.5 puT.

Taking into account the importance of the practical
implementation of the proposed methodology to reduce
the complex influence of external and internal EN on the
MF level in residential premises of buildings, it is
necessary to consider the draft amendments to the
regulatory documents of the Ministry of Energy [7, 8, 22],
and State Building Standards [15].
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Conclusions.

1. Uncertainty of the processes of complex influence
of the magnetic field of the group with n electricity
networks on the level of the magnetic field in residential
premises may lead to the usage of methods to reduce the
induction of their magnetic field with overefficiency, and
cause irrational economic losses.

2. The methodology for determining the complex
influence of the group of electricity networks on the level
of the magnetic field in residential premises is proposed.
This approach is based on Biot-Savart’s law and the
principle of superposition. At the same time, the
functional dependence between the instantaneous values
of currents in electricity networks, their geometric and
physical parameters, as well as the total effective value of
the magnetic field flux density in the premise is taken into
account. The technique makes it possible to establish the
minimum necessary limits of the magnetic field flux
density for individual electricity networks to normalize
the summary magnetic field in the premise.

3. The method for normalizing the summary
magnetic field is proposed, which is formed by the group
of electricity networks in the residential premise, based on
the above methodology. This method allows you to
determine the actual level of the summary magnetic field
in the premise and, on this basis, develop cost-effective
measures to normalize the magnetic field in the premise.

4. It is theoretically substantiated and experimentally
confirmed that the implementation of the proposed
methodology for determining the complex influence of real
electricity networks (overhead PL of 110 kV, built-in TS of
6/10 kV, cable electric heating system of 2.2 kW) allows
reduction of the normalization coefficient K,, of magnetic
field of individual electricity networks on 25 — 50 %, which
allows to reduce the economic costs of normalizing the
magnetic field in the premise accordingly.

5. Taking into account the importance of the practical
implementation of the proposed methodology for cost-
effective reduction of the impact of the group of electricity
networks on the magnetic field level in residential premises
to values that are safe for the population, it is planned to
prepare draft amendments to the regulatory documents of the
Ministry of Energy and the State Construction Standards.
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