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STUDY OF PHASE REACTANCES OF SPECIAL-PURPOSE TRANSFORMERS DURING
DIAGNOSTICS OF THE EXCITATION SYSTEM OF THE ELECTROMAGNETIC SCATTERING
FIELD

The study of phase reactances of special-purpose transformers was conducted for the diagnostics of electromagnetic scattering excitation systems. Special
attention is paid to assessing the technical condition of power transformers that supply energy-intensive technological complexes, as the current and
voltage in them change according to complex periodic laws, leading to asymmetrical modes and accidents. To improve the reliability of transformer
equipment, there is a need to develop specialized microprocessor and software tools for automated analysis and prevention of failures. Accident analysis
has shown that electromagnetic scattering excitation systems are the most frequently damaged elements. A methodology for investigating the phase
short-circuit resistances of power transformers with complex galvanic winding connections without disassembling the tank is proposed. The research
aims to obtain reliable information about the current technical condition of transformer windings based on measured external parameters. The scientific
novelty lies in establishing analytical dependencies between interphase short-circuit resistances and phase resistances. The developed program algorithm
for automated analysis of winding conditions was implemented in “Turbo Pascal”. Experimental studies on a TRDN-63000/150/35 transformer
confirmed the accuracy of the methodology and revealed deformation of the low voltage winding. The predominant causes of winding damage include
charring and polymerization of inter-turn insulation due to excessive electrical load. The proposed method allows for the detection of deformations
without disassembling transformers, which is useful in multi-parameter diagnostic systems to prevent emergencies. Further research is needed to integrate
this approach with other diagnostic and automation methods. The methodology can be applied to multi-winding transformers with a “star-delta-delta”

winding connection scheme.

Keywords: power transformer; phase reactance; diagnostics; electromagnetic scattering; automated analysis; winding damage.

Introduction. In the process of operation and
maintenance of electrical equipment and, to a large extent,
power transformers, very responsible attention is given to
the assessment of the current technical condition [1-10] and
methods of processing the results of the experiment [11-13].
A special attention is paid to these issues when power supply
of power-consuming technological complexes, such as arc
and induction steelmaking furnaces, rolling mill drives, DC
lines and inserts, etc. is carried out from general-purpose
power transformers [14-23]. Their development result was
carried out according to the requirements of state standards
and normative-technical documentation in which current
and voltage change in time according to the periodic law

I =L, sin(wt + ¢).

Non-significant overloads are strictly limited in
multiples and duration due to the limitation of
electromagnetic and high-voltage processes, the excess of
which leads to reliability degradation [23-26, 28].

When powering energy-intensive electrical process
plants in transformers, current and voltage vary in time
according to complex periodic laws

v=N

Iy =1y + Z I, sin(w,t + ¢,).
v=1

In the literature, such regimes are called sharply
variable [13-16].

For more efficient utilisation of electrical energy and
technologies, power transformers with split low-voltage
windings are used. This allows, on the one hand, to forcibly

redistribute the power between electrical and technological
installations, and on the other hand leads to the emergence
of asymmetrical modes and the formation of a number of
undesirable causal factors that lead to cumulative effects
and subsequent accidents. Therefore, to improve the
reliability of transformer equipment, the requirements of
practice formed the need to develop specialised
microprocessor and software devices for automated
analysis of the current technical condition and prevention
of emergency failures.

For a clearer representation of the investigated
problem, Fig. 1 shows a general view of one of the power
transformers that supply energy-intensive technological
installations, and Fig. 2 and 3 show oscillograms of one of
the sharply variable modes [23-26] and a fragment of the
deformation of the excitation system of the electromagnetic
dissipation field of the transformer.

Analysis of the accident rate of electrical equipment
has shown that the most damaged elements of such
transformers are the excitation systems of the
electromagnetic dissipation field, one of the fragments of
which is shown in Fig. 2, and Fig. 3 shows oscillograms of
currents that took place in the transformer when feeding an
arc steelmaking furnace [23-27].

It should be noted that in electrical equipment and
power transformers there are excessive additive and total
losses in relation to those allowed by normative and
technical documentation, increased electrodynamic forces
and loss of electrodynamic stability of the excitation
systems of the electromagnetic dissipation field.
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Figure 1 — General view of a power oil transformer type TRDN-63000/150/35 with split low-voltage windings (a) and arrangement of
cooling and on-load tap-changer systems (b)

1 is a transformer tank; 2 is a bushing of high-voltage windings (HV); 3 is a bushing of neutral of HV winding; 4 and 5 are bushings
of low-voltage (LV) windings HH1 and HH2, respectively; 6 is a thermosiphon filter; 7 is a fan; 8 is a carriage; 9 is a ladder; 10 is an
oil indicator in on-load tap-changer (OLTC) oil conservator; 11 is an oil indicator in transformer tank conservator; 12 is an OLTC
electric drive; 13 is an oil cooler; 14 is an oil conservator; 15 is a Buchholz relay; 16 is an emergency valve; 17 is a control cabinet;
18 is an OLTC
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Figure 2 — Fragment of transformer winding deformation feeding
arc steelmaking furnaces

Numerous exceedances of current and voltage 0" 0.04 0.08 0127016 020 024 te

multiples, excessive local overheating of inactive and b
active parts of the structure and loss of electrodynamic
stability lead to emergency transformer failures and
significant technical and economic damages [27].

Figure 3 — Oscillograms of sharply alternating currents in the LV
windings of a network transformer of typical capacity 63 MVA
in the mode of two-phase (a) and alternating technological short

circuit (b)

For this reason, the accident rate of transformers
operating under such conditions was significantly higher
than in general-purpose systems. For more optimal energy
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supply of individual technical objects, the transformers
have split low-voltage windings. The high-voltage phase
windings are galvanically connected in a delta in the tank,
and the leads are located on the tank surface. Each of the
low voltage windings are delta connected inside the tank
and the leads are located on the tank. This does not allow
direct measurement and control of phase resistances and
reactances during revisions, various repair works and
control of current technical condition of winding
transformers.

The existing methods of determining the current
technical condition of transformer equipment are based on
the methods of analysing insulation, partial discharges in the
tank volume, chromatographic analysis of transformer oil,
short-circuit resistance measurement, general background
noise (spectral composition is not controlled), tank
vibration, local overheating measurements, etc. The most
acceptable scientific and technical approach to analysing the
current technical condition of transformers is the
simultaneous  analysis of the most informative
electromagnetic parameters, which change with the
formation of initial deviations in the design, as well as the
influence of external factors. These include three-level and
multilevel methods of analysing the current technical
condition of transformer equipment and forced shutdown in
the presence of preconditions of emergency failure [23-29].

The present work deals with the methodology of
investigating the phase short-circuit resistances of power
transformers with complex galvanic connections of the
windings without disassembling the tank. The technical
difficulty in solving the issue is that it is not possible to
measure the phase reactances directly. Therefore, the first
step is to consider a mathematical model to convert the
phase-to-phase resistances in the short-circuit experience to
phase resistances. Then it is necessary to identify the
reactive component by the dynamics of its change to
determine the initial deviations in them (winding pairs).
Then, on the basis of a series of measurements of various
combinations of winding pairs, it is possible to predetermine
the formation of deviations in a particular winding.

The relevance of the work is demanded by the urgent
need of practice — obtaining reliable information on the
formation of initial deviations in the excitation system of
the electromagnetic scattering field to prevent emergency
failures of transformers.

The goal of research is to develop a methodology for
obtaining reliable information on the current technical
condition of power transformer windings based on
measured external load parameters.

The object of research is the system of excitation of
electromagnetic field of scattering at scheme of galvanic
connections of windings “star-delta-delta”.

Scientific novelty consists in the establishment of
analytical dependences between interphase short-circuit
resistances to phase resistances of power transformers with
the subsequent development of an algorithm for bringing
interphase to internal phase reactive components of
resistances.

Research Results. To determine the current technical
condition of power transformers, a number of methods are
used, which are based on the measurement of partial

discharges, overvoltages, vibration processes, multilevel
diagnostic systems, the influence of the quality of electrical
energy, control of dielectric properties of transformer oil
and others. [20-24]. As analyses of the results of
transformer equipment failure have shown, the most
common cause of failure is windings. During operation
they are subjected to thermal, -electrodynamic,
electromagnetic and high-voltage influences. As a result,
there is accelerated ageing of insulation, partial
compression, formation of initial winding deformations
and, finally, loss of electrodynamic resistance with
subsequent accident development. Therefore, the most
effective method of accident prevention is to analyse the
current technical condition of windings, but there is no
denying the use of other approaches depending on the needs
of practice.

Let’s consider the physical process of transferring
electrical energy from the high voltage windings to the split
low voltage windings. The high-voltage windings are
galvanically connected in a star inside the tank and the
terminals are located on the tank. The low-voltage windings
are connected in delta and the terminals are also located on
the tank. We consider the scheme of connection of
windings of the excitation system of electromagnetic field
dissipation “star (HV)-delta(HH1)-delta(HH2)”. In this
case, the short-circuit resistance can be represented in the
following form:

ZAB (l' (1)) = ZA (l, (1)) + ZB (l, (1)),
ZAC(lt (1)) = ZA (l, (1)) + ZC(l! (1)),
Zpc(Lbw) =Zg(l,w) + Z:(1, w).

Representing inter-phase short-circuit resistances
through phase resistances and solving the resulting system
with respect to phase resistances we arrive at the following
system:

Zy=[Zpp(l,w) + Zpc(l, w) — Zpc (L, w)] - 0.5;
Zp = [Zpp(l,w) + Zpc (L, ) — Zyc(L,w)] - 0.5;
Ze = Zpc(l,w) + Zyc(l, w) — Zyp(Lw)] -0.5.

It is known that the short-circuit resistance consists of
active R (1) and reactiveX (I, w) components. Due to the
nature of electromagnetic processes, the formation of initial
winding deformations will be reflected on the reactive
component. Considering that the reactive component also
depends on the frequency of the applied voltage, in order to
achieve greater accuracy in measurements it is necessary to
take into account even the smallest deviations from the
specified frequency and temperature according to the
following formula:

Xap(Lw) = [Zip(Lw) —R*(D]°° - kpr,

where ker = 1+ f5q - f,, is the coefficient of reduction to
industrial frequency.

In our case, it is not reasonable to take into account
the coefficient of converting the results by temperature,
because the temperature affects the active component. In
order to obtain reliable results, it is advisable to perform at
least three measurements of interfacial resistances and
bring them to the same conditions according to the
following expressions:

Bicnux Hayionanvrnozo mexuiynozo ynisepcumemy «XIl». Cepis: Enepeemuxa:

12

Haoinicmb ma enepeoepexmusnicmo, No 1 (10) 2025



ISSN 2224-0349 (print)

XAB(l)cp = ZXAB(lﬁw)i n;

XAC(l)cpz ZXAC(l,w),- n;

XBc(l)cp: ZXBc(l,w)i n,

where n is the number of measurements in the short-circuit
experiment.

The rod reactances are determined similarly to the
above approach using the following relations:

X4 (D) = [Xap ey D + Xacey (D = Xpeg, D] - 0.5;
XD = [Xap ey (D + Xpc gy D) = Xacey D] - 0.5;
Xe() = |Xac oy O + Xac gy () = Xang, (D] - 05.

To obtain a reference resistance result, we will use the
normalisation technique a:

XT(I) = [XA(l) + Xp(D) + Xc(l)]/3-

By the absolute deviation of the reactance 4X (1), we
determine the pair of windings used in the experiment, one
of which has a deformation:

AX, (D) = [Xa(D) — Xz (D]: X7 (D;
AXp(D) = [Xp(D) — X7 (D]: X+ (D);
AXc (D) = [Xc (D) — Xr (D]: X (D).

The above approach was used to assess the technical
condition of a power transformer with a typical capacity of
63 MVA.

The algorithm of the programme for automated
analysis of the technical condition of the windings of three-
phase power transformers by current load parameters is
shown in Fig. 4.

Let us consider the sequence of transformation of
interphase load parameters (I, U, P f) in the short circuit
experience to phase reactances (X, R) of the
electromagnetic field excitation system in accordance with
the analytical relations and connection scheme.

The programme for converting phase-to-phase
reactances to phase reactances was developed in the
“Turbo Pascal” language. It was used in the system of
automated assessment of technical condition of power
multiwinding transformers. It converts the phase-to-phase
resistances obtained in the experiment to the industrial
frequency and 200 °C temperature. On their basis, the
current phase reactances are determined, changes in which
inform about the presence of deformations. It consists of
five main parts, which are interconnected by a logical
sequence. The direct text of the programme is given below.

In the first step the constant coefficients of the
measuring instruments and the current values of the
measured currents, voltages, power and frequency are set:

50 :=50 Ipr:=20 Npri:=100 Upr :=50
Npru =100  Ppr =100 Nprp =100

ai = Ipr, = BT ap:
Npri Npru
Ppr :=IwUw
M :=D\Sse\mcd\dat.txt
Nlab ;= M~"> NIbc := M~>*
Tab :=ai-Nlab Ibc :=ai-NIbc
1 0.8
Iab=1{1.1 Ibc=(1>
1.2 1.2
NUab ;=M™ NUbc := M~
Uab :=au-NUab Ubc :=au-NUbc
4.5 5
Uab =1 4.75 Ubc=1| 4
5 4.5
NPab := M7~ NPbc := M%
Pab :=ap-NPab Pbc :=ap-NPbc

1.3
Pab = (1.2)
1

0.8

Pbc = (0.9)
1

C s>

Ppr

Calculation Z, R,
X, X1, Xff

Calculation Xcp

Calculation dX
Qutput dX

-0.1
Nprp

M =MT

Nlac .= M~>

Iac :=ai-Nlac

1.2
lac = ( 1 )
09

NUac := M~¢>
Uac :=ou-NUac

5
Uac =155

6
NPac := M~
Pac :=ap-NPac

1.1
Pac = (1.2)
1.3

Figure 4 — Algorithm of the programme of reduction of external
electromagnetic parameters to phase reactances for estimation of
technical condition of the excitation system of the
electromagnetic dissipation field of a three-phase transformer
with split low-voltage windings
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This part of the programme can be partially
modernised in relation to the devices to be used, as well as
other winding connection schemes.

At the second stage the calculation of interphase rod
resistance, its active and reactive components is carried out
according to the following expressions:

Uab Pab
a a
a. Zab: = (E) Rab: = (Iabz)
4.5 1.3
Zab:= | 4.318 Rab:=10.992
4.167 0.694
Xab = ,72611)2 —Rab? Xabf — Xab11+Xab1,+Xablz
3
_ S0 _
kf =1 Xabf = 1.052
TUacy TPacy
ac ac
b. Zab: = (E) Rab: = (m)

Xac =+VZac? — Rac? Xacl = Xac * kf

Xacl, + Xacl, + Xacls

Xacf =

3
Xacf = 1.328
—
c. Zbc:= (%) Rbc: = (%)

6.25 1.25
Zbc: = <4- ) Rab: = (0.9 )
3.75 0.694

Xbe = ,—Zb(,‘z — Rbc2 XbCf — Xbcl1+Xbcl+Xbclg
3
Xabf = 1.142

The third stage of the automated analysis programme
allows the technical condition of the power transformer
winding pair to be assessed from the current measured
parameters. Here the core reactive components of the
coresistance are determined on the basis of the interfacial
ones according to the following relations:

Xaf = % - (Xabf + Xacf — Xbcf)
Xaf = 0.619
Xbf = % - (Xabf + Xbcf — Xacf)
Xaf = 0.433
Xcf = % (Xbcf + Xacf — Xabf)Xaf = 0.709

_ (Xaf + Xbf — Xcf)
- 3
Xaf = 0.587

Xcf

At the fourth stage of the programme for automated
analysis of the technical condition of the windings of power
transformers, the phase reactive components of the short-
circuit resistance are adjusted and analysed with respect to
the initial ones (or those given in the technical
documentation). If such data are not available, it is

necessary to use the method of averaging the data obtained
in the experiment according to the following formulae:

Xaf

AXa: =242 100  AXa=5.399
Xf
AXb: = X”f{ ;Xf 100 AXb=-26.232
AXc:= XC’; ;Xf 100 AXe =20.833
range (10, up, xa, xb, xc):= | s«

s<«—concat(s, “deltaXa”) if
(|xa|210)/\(|xa|<up)

s<«—concat(s, “deltaXb”) if
(| xb|=lo) A (| xb | <up)

s<«—concat(s, “deltaXc”) if
(|xc|zlo)/\(|xc|<up)

s<—concat(num2str(lo),
“%<:7” s’ G‘<3”
num2str(up), “%”) if
S ¢ (134}

At the fifth stage of the programme the classification
of overhangs (changes) of reactive components of
resistance is carried out in the following gradation: from
0,0+1,0; 1,0+1,5; 1,5+2,0; 2,0 and more. These boundary
limits indicate the presence of corresponding deviations in
the geometrical dimensions of the winding pairs and
characterise their technical condition. It is practically
unsafe to operate the transformer within the limits of
1.5+2.0. At such values there are deformations in the
windings, at which further operation will lead to loss of
electrodynamic stability and emergency condition of the
transformer.

The programme grading of exceeding limits of
reactive components of resistances takes the following
form:

range(0, 1.0, AXa, AXb, AXc) =~
range(1.0,1.5 , AXa, AXb, AXc) ="
range(1.5, 2.0, AXa, AXb, AXc) ="
range(2.0, 100, AXa, AXb, AXc) =~

The listing of the programme for determining the
technical condition of the windings of a power transformer
with split low-voltage windings is shown below:

USES crt;

var

i,j,k:integer;
xa,xb,xc,dxa,dxb,dxc,a,Xcp:real;
name: array [1..3] of string;
Xf,Xff,dX:array[1..3] of real;
matr: array[1..3,1..3,1..4] of real;
z,R,X: array[1..3,1..3] of real;

begin

textcolor(white);
name[1]:="ab’;name[2]:=’ac’;name[3]:="bc’;
clrscr;

for i:=1 to 3 do

begin

writeln(‘enter the data for’,;name[i]);
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for j:==1 to 3 do
begin
writeln(‘enter sequentially I,U,W.f for ‘j,”option’);
for k:=1to 4 do
read(matr[i,j,k]);
end;
clrscr;
end;
fori:=1 to 3 do
begin
for j:==1 to 3 do
begin
Z[1,j]:=matr[i,j,2]/matr[i,j,1];
R[i,j]:=matr[i,j,3]/((matr[i,j, 1 ])*(matr[i,j,1]));
XTij1:=(sqrt(z[i 7*2[1.1-R[L TR [ ) *(50/matr{i,j.4]);
XATi]:=XATi]+X[i,j1/3;
If i=(4-j0 then a:=X{[j]*(-1) else a:=X{[j];
Xfii]:=Xff[i]+a;

Experimental research was carried out on a power
transformer of typical capacity 63 MVA using the
methodology given in GOST 3484.3 [30]. On the basis of
the obtained research results, which are given in Table 1, it
was decided to dismantle the transformer with the
conventional designation T3 for revision. Taking
advantage of this, it was experimentally measured phase
reactances in order to verify the accuracy of the results
obtained using the proposed method. In the experiment, this
transformer was powered at reduced voltage from the side
of a pair of the corresponding high-voltage windings
according to the method of GOST 3484.3 [30], with short-
circuited corresponding low-voltage windings and schemes
of their connection, as shown in Table 1. The results of the
study are given in the same table. The results of T1 and T2
transformers corresponded to the passport results. In the
experiment, this transformer was powered at reduced
voltage from the side of a pair of the corresponding high-
voltage windings according to the method of GOST 3484.3

[30], with short-circuited corresponding low-voltage
windings and schemes of their connection, as shown in
Table 1. The results of the study are given in the same table.
The results of T1 and T2 transformers corresponded to the
passport results.

A comparative analysis of the results of the studies
showed that the discrepancy between the phase reactances
in transformers T1 and T2 are within acceptable limits.
Recall that in these measurements three windings on each
core are used. At transformer T3, when the windings are
connected similarly to T1 and T2 (HV-HH1+HH2), some
discrepancies between the phase reactances are observed
and are +1.19 and —1.27. From these results, it is not
possible to determine in which winding the fault occurs.
However, these results inform about the presence of a
deformation in one of the pair of windings of phases “B” or
“C” (The presence of a winding is excluded). The presence
of winding short circuits or shorting out of individual
windings or disturbance of galvanic connections between
the windings would lead to emergency consequences.
Therefore, it was decided to perform measurements of
paired reactances, the results of which will make it possible
to specify the winding damage. In the HV-HHI1 circuit
mode the deviations in phase reactances reach 2.51 %, and
in the HV-HH2 circuit mode the deviations in reactances
are +0.86 and —0.33. This indicates that there is damage to
winding HH1 of phase “B” and further operation of the
transformer is not acceptable.

Dismantling of this transformer confirmed the
deformation of winding HH2, which is shown in Fig. 2.

The predominant causes of winding damage are:
Charring and polymerisation of the inter-turn insulation due
to excessive electrical load in relation to the standard values
and, as a consequence, an increase in added losses, local
overheating in active and inactive parts of the structure, as
well as the development of relaxation and cumulative
processes.

Table 1 — Reactive phase resistances of network transformers with typical capacity of 63 MV A, which supplied electrical
technological complexes with sharply variable loads

C Connection
é Transformer Wmdn}g lrg’ . A\{eraged Relative diagrams of LV
g No. cor}necﬂon = Phase resistances, Ohm. resistances deviation. % windines in the
M diagram R~ Ohm. ’ &
experiment
A |38,36 pro. 0,07. pro. L
1 Tl HV—LVI+LV2 | B |38,36 pro. 38,43. pro 0.07. pro. |V Windings short-
C [38,37 pro. 0.08. pro. _|cireuited
A [38,46 pro. 0,00. pro. L
2 T2 HV—LVI+LV2 | B |38,46 pro. 38,46. pro 0,00. pro. (Ei\rfcztfgmgs short-
C 38,46 pro. 0,00. pro.
A 139,03 pro.  39,01. ex. 38,99. pro 0,08. pro.  [LV windings short-
3 T3 HV—LVI+LV2 | B 39,46 pro. 39,39.ex. 1.19. pro.  |circuited
C 139,50 pro.  39/45. ex. —1,27. pro.
A 71,96 pro.  71,94. ex. 72,04. pro 0,11. pro. LV windings short-
4 T3 HV —LV1 B [73,85pro.  73,83.ex. 2.51. pro. |circuited
C 170,30.pro. 70,27. ex. —2.41. pro.
A |71,71 pro.  71,69. ex. 72,1. pro. 0,54. pro. LV2 short-
5 T3 HV —LV2 B [72,72 pro.  72,70. ex. 0,86. pro. [circuited, LV1 is
C |71,86 pro.  71,81.ex. —0,33. pro. |not
The indices ‘pro’ and ‘ex’ denote the results obtained using the developed programme and experimental measurements on the
dismantled transformer, respectively
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Conclusions. The obtained research results allow us
to formulate the following conclusions.

1. The proposed method of determining phase reactive
resistances by current (measured) interphase supply
parameters allows to determine the presence of
deformations in the corresponding pairs of windings of the
excitation system windings of the electromagnetic
dissipation field without resorting to disassembly of
powerful transformers.

2. It is expedient to use the methodology in multi-
parameter systems of automated analysis and diagnostics of
the current state of energy-intensive transformers operating
in systems with sharply variable loads to prevent
emergency failures and technical and economic damages.

3. It is expedient to continue researches with the
purpose of integration of this approach with other methods
of diagnostics, modern microprocessor and software
methods of automation and optimisation of current load in
the process of power supply of energy-intensive
technological complexes.

4. It is seen that in further researches it is most
effective to use physical processes of electromagnetic
character such as magnetostrictive, ferroresonance,
electrodynamic, formation of streamers of electric field in
insulation, etc., which in aggregate reflects the formation of
occlusions in the structure and allows to determine the
formation and predetermine the further development of pre-
accident situations of transformers.

5. The above methodology can be used for
multiwinding transformers with star-delta+delta winding
connection. For other winding connection schemes, it is
necessary to consider the mutual electromagnetic
couplings, taking into account the relevant galvanic
connections and the subsequent development of the
programme and algorithm.
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HarmionansHuii yHiBepcUTeT «3amnopi3bka HOMITeXHIKa»; M. 3amopixoks, YKpaina.

JOCIIIXKEHHA ®A30BHX PEAKTUBHHUX OHNIOPIB TPAHC®OPMATOPIB CIIEHIAJIBHOI'O
INPU3HAYEHHA B ITPOLECI JIATHOCTUKHU CUCTEMMU 3BY I KEHHA EJIEKTPOMATHITHOI'O
IOJIA PO3CIIOBAHHA

JocnimkeHHs (pa30BUX PEaKTUBHOCTEH CIIeIiani3oBaHUX TpaHcHOopMaToOpiB OyII0 MPOBEACHO VIS JIarHOCTUKH CUCTEM 30YIXKEHHS €IEKTPOMArHiTHOTO
poscitoBaHHs. Oco0nuBa yBara HNPHIIISEThCS OLIHII TEXHIYHOIO CTaHy GHEPreTHYHHX TpaHC(hOpPMATOpiB, IIO JKHBISATH €HEPrOEMHI TEXHOJIOTIUHI
KOMIIJIEKCH, OCKIJIBKM CTPYM 1 Hampyra B HUX 3MIHIOIOTHCS 32 CKJIQJAHUMH MEPiOJUIHIMH 3aKOHAMH, IO MPU3BOJHUTH 10 ACHMETPHYHUX PEKHUMIB Ta
aBapiif. [Insg mifABUINEHHS HaIiifHOCTI TpaHC(HOPMATOPHOrO OONAaTHAHHS BHUHMKIA MOTpeda y po3poOIli Creriani3oBaHUX MIKpOMPOIECOPHUX Ta
MPOTPaMHUX 3ac00iB JJIsi aBTOMaTH30BaHOTO aHAJi3y Ta 3amo0iraHHs BiMoBaM. AHaii3 aBapiifHOCTI MOKa3aB, IO HAWYACTIIIE MOIIKOKYIOTHCS
CHCTEeMH 30yDKCHHSI eICKTPOMArHiTHOTO PO3CiIOBaHHS. 3alPONOHOBAHO METOMVKY IOCII/DKeHHS (a30BHX ONMOPIB KOPOTKOrO 3aMHKAaHHS CHIOBHX
TpaHcOpPMATOPIB 3i CKIAAHUMHU TaJbBAaHIYHUMM 3 €THAHHAMH OOMOTOK Oe3 po30OupaHHs Oaka. Mera IOCHIIKEHHS — OTPUMAaTh JOCTOBIPHY
iH(opMamito Ipo NOTOYHUI TEXHIYHHII CTaH 0OMOTOK TpaHC(opMaTopa Ha OCHOBI BUMIPSHUX 30BHINIHIX mapamerpiB. HaykoBa HOBU3HA Hoisrae y
BCTaHOBJICHHI aHAJTITHYHHX 3aJISKHOCTEI MK MiXk(a3HUMH OITOPaMH KOPOTKOT0 3aMUKaHHs Ta (ha30BUMH onopamMu. Po3pobiieHnit anroput™ nporpamMmu
Ul aBTOMaTH30BAHOTO aHaNi3y CTaHy 0OMOTOK OyB peanizoBanuii Ha “Turbo Pascal”. ExcnepumenTanbHi gociipkeHHst Ha Tpancdopmaropi TPJIH-
63000/150/35 migTBepAHIN TOYHICTE METOUKH Ta BUABHIN Je(opMarliio 0OMOTKH HH3bKOI Hanpyrd. OCHOBHUMH NPHYNHAMH MOIIKOIKEHb 0OMOTOK
€ OOBYIIIOBaHHS Ta IMOJiMepH3allis MXKBUTKOBOI {30111l Yepe3 HaMipHE eeKTPUYHE HaBAHT)KCHHS. 3alPOIIOHOBAHUH METO] 103BOJISIE BU3HAYATH
nedopmartii 6e3 po3oupaHHs TpaHCHOPMATOPIB, IO JOLUIBHO BUKOPUCTOBYBATH B OararornapaMeTpUYHUX CHCTEMaxX JIarHOCTHKM JJIs 3amo0iraHHs
aBapissM. HeoOXinHO IPOJOBKHUTH TOCTIIKEHHS ISl iHTerpamnii Hboro MiXomy 3 iHIIMMH METOJAMH AIarHOCTHKY Ta aBToMarm3anii. MeToxuka Moxe
OyTH BUKOpHCTaHA I 6araTo0OMOTKOBUX TPaHC(HOPMATOPIB 31 CXEMOIO 3’ €JHAHHS 0OMOTOK «3ipKa-TPHKY THUK-TPHKYTHHKY.

KurouoBi ciioBa: cuioBuit Tpancdopmarop; (azoBa peakTHBHICTB; JIarHOCTHKA; EIEKTPOMArHiTHE PO3CIFOBAHHS; aBTOMATH30BaHUI aHali3;
HONIKOKEHHST 0OMOTOK.
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