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Level-Based Classification of Electromagnetic Effects in Certification Tests
of Electric Rolling Stock

Purpose. To develop a conceptual framework for interpreting the results of electromagnetic compatibility (EMC)
certification tests of electric rolling stock using a multi-level classification system. The study aims to establish a struc-
tured method for distinguishing different states of electromagnetic influence based on measured parameters of ampli-
tude and duration, thereby improving the representation and understanding of test data within existing certification
procedures. Methodology. Existing approaches to electromagnetic compatibility testing and data interpretation in
railway applications were analyzed to identify limitations in differentiating levels of electromagnetic influence.
A structured method for precise classification is proposed, based on normalized comparison of interference character-
istics. The developed framework defines transition zones between safe and potentially critical operating conditions
and allows flexible adaptation of threshold parameters depending on test conditions. This ensures compliance with
certification requirements while enhancing the diagnostic depth and informativeness of the results. Findings. A multi-
level classification system for electromagnetic interference has been developed, providing a comprehensive represen-
tation of EMC test results. The approach enables identification of transitional states and trends toward critical operat-
ing conditions that are not detectable under a dichotomous evaluation scheme. It allows a more accurate interpretation
of test outcomes, supports early diagnostics of instability, and provides a quantitative basis for assessing the opera-
tional resilience of railway systems. Originality. A systematic, multi-level framework for interpreting EMC test re-
sults of electric rolling stock has been developed. Unlike conventional methods limited to threshold verification, the
proposed approach accounts for the dynamics of parameter variations and their interdependencies, enabling predictive
analysis and a more complete understanding of electromagnetic behavior under various operating conditions.
Practical value. The developed methodology enhances the accuracy, transparency, and reliability of certification
testing for electric locomotives, multiple-unit trains, and other electrically powered rolling stock. It contributes to
safer and more efficient railway operation by providing engineers and certification authorities with a comprehensive
analytical framework for assessing electromagnetic compatibility. The approach is applicable for optimizing design
solutions, refining certification criteria, and supporting the modernization of railway infrastructure.

Key words: electromagnetic compatibility; multi-level classification; certification testing; rolling stock; interfer-
ence analysis; traction current; predictive diagnostics; monitoring; operational safety; risk assessment

Introduction these conditions, ensuring the stability and reliabil-
ity of electronic system operation becomes a critical
factor for traffic safety.

Certification testing of electric rolling stock for
electromagnetic compatibility occupies a key posi-
tion in the railway transport safety assurance sys-
tem. Such tests are conducted to confirm the ability
of electric locomotives, electric multiple units, and
other types of electrically powered rolling stock
(hereinafter referred to as ERS) to operate within
a complex electromagnetic environment without
causing mutual interference with infrastructure ele-
ments — including signaling, interlocking, and
power supply systems, as well as communication
equipment [1, 2, 7, 16].

Modern railway systems are characterized by a
rapid increase in the level of digitalization and inte-
gration of electronic components. In train control
and centralized traffic control systems, micropro-
cessor-based controllers, converters, diagnostic
units, and communication systems are widely used.
This enhances their functionality but simultane-
ously complicates the electromagnetic operating en-
vironment. The growing density of electronic de-
vices within the limited spaces of rolling stock in-
creases the number of potential sources of interfer-
ence, while the transition to hybrid and digital
power supply circuits strengthens the requirements
for electromagnetic compatibility (EMC). Under
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The purpose of these tests is to determine
whether the electric rolling stock generates inadmis-
sible electromagnetic emissions affecting surround-
ing equipment, while maintaining its own immunity
to external electromagnetic fields.

Certification tests are carried out in accordance
with international standards such as IEC 62236,
CLC/TS 50238-2, and EN 50728, which define the
measurement procedures, control parameters, and
permissible levels of electromagnetic disturbances
[5, 6, 8,9, 10-13, 14].

During testing, both radiated and conducted
emissions, as well as the electromagnetic immunity
of systems under various power supply and load
conditions, are assessed. The results obtained make
it possible to confirm compliance with established
norms and thereby ensure the safe and reliable op-
eration of ERS as part of the railway system. How-
ever, the existing practice of interpreting test results
is primarily based on a binary principle — the tested
object is either considered compliant with the re-
guirements or not [4, 15].

This approach, based on a dichotomous evalua-
tion model (or binary classification scheme), en-
sures the formal completion of certification proce-
dures but does not always reflect the full complexity
of electromagnetic interactions occurring under real
operating conditions.

Despite its simplicity and clarity, the dichoto-
mous evaluation system has significant limitations
in terms of analytical informativeness. It does not
allow identification or recording of intermediate
states where the level of electromagnetic influence
approaches the permissible limits but has not yet for-
mally exceeded them. In such cases, the equipment is
considered “compliant”, although the actual interfer-
ence level may already pose a potential threat to the
stable operation of signaling and control systems. The
absence of gradations between acceptable and unac-
ceptable states leads to the loss of valuable diagnostic
information, limits predictive capabilities, and reduces
the effectiveness of preventive measures. This, in
turn, highlights the need to transition toward more
detailed and informative methods for interpreting
the results of certification testing.

Purpose

The objective of this research is to develop
a conceptual framework for a multi-level approach
to the interpretation of EMC test results for electric

rolling stock. The proposed approach is aimed at en-
hancing the informational value of electromagnetic
impact assessment without requiring any modifica-
tions to the existing regulatory framework. It sup-
plements the current binary evaluation system with
more detailed interpretive levels, thereby providing
a deeper understanding of the actual electromag-
netic stability of the tested objects.

The primary goal of the study is to establish
a method that enables the identification of transi-
tional zones between acceptable and critical operat-
ing conditions, the evaluation of EMC parameter
dynamics under various power supply scenarios,
and the utilization of the resulting data to refine en-
gineering decisions and improve certification re-
quirements.

This research does not intend to revise existing
standards but rather focuses on advancing analytical
and interpretative methods within the framework of
current requirements. The main attention is given to
the interaction between electric rolling stock and
signaling, interlocking, and communication sys-
tems, where ensuring electromagnetic compatibility
is of critical importance for traffic safety and the op-
erational stability of infrastructure elements.

To enhance the informativeness of EMC test re-
sult analysis, a multi-level classification system for
electromagnetic impact states is proposed. Unlike
the traditional dichotomous model, the suggested
approach introduces four evaluation levels that re-
flect not only compliance with normative limits but
also the degree of proximity to threshold values and
instances of their exceedance.

Such differentiation allows for the consideration
of transitional states, the detection of trends indicat-
ing the deterioration of the electromagnetic environ-
ment, and timely responses to potentially hazardous
conditions. Each level represents the degree of pa-
rameter deviation from permissible values and char-
acterizes the potential risk to the operation of sig-
naling and control systems, as well as other elec-
tronic components of the electric rolling stock.

Methodology

Analysis parameters. The parameters considered
in the analysis include the root mean square (RMS)
amplitude of the harmonic components of current |
, representing the intensity of electrical disturb-
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ances, and the duration of disturbance t (in sec-
onds), representing the time interval during which
the amplitude exceeds the threshold value.

For guantitative interpretation of the levels of
electromagnetic influence, normalized quantities of
current and duration of interference are introduced:

— i —normative (limit) value of current, A,

— t;, —normative (limit) value of duration, sec.
The values of 1, and t;, are obtained from the

standardized tables of harmonic current components
for different power supply systems of electric loco-
motives and electric multiple units — namely,
3 kV DC, 25 kV AC at 50 Hz, and combined sys-
tems. These data are based on the requirements of
the corresponding standard, which defines the per-
missible levels of harmonic components and the
limiting values of electromagnetic disturbances
within the relevant frequency bands associated with
the nominal signal frequencies of signaling and in-
terlocking equipment (Table 1) [1, 3, 5].

Table 1

Permissible values of harmonic current components
for electric locomotives and electric multiple units

Continuation of Table 1

Power Harmonic Nominal RMS har-
signal monic cur-
supply ft:eqléer:y frequency rent in
system and, Hz Hz ' band, max
19-21 11.6
21-29 25 1.0
29-31 116
40-46 5.0
3kv DC 46-54 >0 L3
54-60 5.0
4 5074
583 4 545 0.2
5517-5
503 5555 0.2
15-21 4.1
21-29 25 1.0
29-35 4.1
25kV AC 65-68 75 4.1
(50 Hz)
44624
538 4 500 0.2
5 462-5
538 5500 0.2

Power Harmonic Nominal RMS har-
supply frequency signal monic cur-
167-184 175 0.4
408-432 420 0.35
3KV DC 468-492 480 0.35
and 25 kV | 568-592 580 0.35
AC (50
Hz) 708-732 720 0.35
768-792 780 0.35
4 962-5
038 5000 0.2

The tables provided in the standard specify the
root mean square (RMS) current levels calculated
for all harmonic components simultaneously pre-
sent within a given frequency band, for a disturb-
ance duration exceeding 0.3 seconds. This duration
criterion serves as the regulatory basis for determin-
ing the limiting value of disturbance duration t;,,
which is used for the normalization of exposure du-
ration in the proposed classification system [3, 5].

The main evaluation parameters are as follows:

— harmonic component current — | ;

— maximum permissible current — I, ;
— disturbance duration — t;
— maximum permissible duration — t;,, .

The following normalized parameters are intro-
duced:

1:Iim

wherek, resents the relative exceedance of the cur-
rent amplitude with respect to the permissible value
and k; denotes the relative exceedance of the dis-
turbance duration.

Thus, the introduction of the variables k, and
k; makes it possible to construct a classification

system in which the system states are evaluated
comprehensively according to two key characteris-
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tics — the magnitude of the harmonic current com-
ponents and the duration of their impact. This pro-
vides a precise and unambiguous determination of
the risk level associated with electromagnetic dis-
turbances.

Levels of Stability and Risk. To analyze system
stability, it is proposed to distinguish four stability
levels depending on the amplitude and duration of
electromagnetic disturbances.

Level 1 (Safe — Green) — the zone of stable op-
eration, where both the amplitude of harmonic cur-
rent components and the disturbance duration are
significantly below the regulatory limits.

Condition of membership:

K, e(O,kll] e e(O, le],

where k|, is the amplitude threshold coefficient de-
fining the upper boundary of the safe zone and ki,
is the time threshold coefficient defining the maxi-
mum disturbance duration for this level.

Using the limiting current amplitude 1, and

limiting duration t;,, the amplitude and duration
corresponding to the safe level are determined as:

I1=k|1'||im; (1)
t=Kry b @)

The values I, and t, represent the actual bound-

aries of the safe zone, within which the system op-
erates stably and the observed disturbances do not
have a significant impact on the equipment or sig-
naling devices.

Level 2 (Advisory — Yellow) —the early warning
stage, in which the amplitude of harmonic current
components and the duration of the disturbance ap-
proach critical values but remain within the permis-
sible range.

Condition of membership:

k, E(kllvklz]/\kT e(le,sz]

where K, is the amplitude threshold coefficient de-
fining the upper boundary of the advisory level and
k;, is the time threshold coefficient defining the

maximum allowable duration for this level.
The real amplitude and duration for the advisory
level are calculated as:

|2=k|2‘|lim; (3)
t, =k, ‘tnm_ 4)

The values |, and t, define the boundary of the

region in which the system still operates correctly
but is approaching a state that requires monitoring
and possible intervention to prevent transition into
critical modes.

Level 3 (Pre—Critical — Red) — the heightened
alert zone, where the amplitudes of harmonic com-
ponents and the duration of disturbances are close
to the limiting values but do not yet exceed the nor-
mative limits |, and t;,,.

At this stage, the system operates in a condition
close to the critical state, requiring increased atten-
tion and parameter monitoring.

Condition of membership:

ki €(kip Ak e(kpp].

Thus, the «Pre—Critical» level denotes a condition
in which the influence of harmonic components
and their exposure time reach the admissible limits,
indicating the need for control and possible load
reduction to avoid transition into the critical zone.

Level 4 (Critical — Black) — the danger zone, in
which the amplitudes of harmonic components and
the duration of disturbances exceed the regulatory
limits.

This condition indicates that the system has ex-
ceeded the permissible values, which may lead to
malfunctions in equipment or signaling and inter-
locking systems.

Condition of membership:

ki €(Loo) Ak e(Lo0)

Therefore, the “Critical” level corresponds to the
state in which system parameters surpass the allow-
able norms, and operation occurs under conditions
of potential danger to stability and reliability of the
equipment.

To ensure the consistency of classification, the
normalization coefficients for amplitude and dura-
tion are selected so as to satisfy the inequalities:

0<k; <k, <1. 5)

0<kry <kpp <1 ©)
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This guarantees a logical progression from the
safe zone to the critical state. Such a dependence re-
flects the coherent variation of parameters: as the
amplitude of harmonic components increases and
the duration of the disturbance grows, the system
gradually transitions to a higher risk level.

This relationship reflects the coherence in the
variation of parameters: as the amplitude of the har-
monic components increases and the duration of ex-
posure grows, the system gradually transitions to
a higher risk level.

The classification function for the risk level

L(1.t) takes the following form:

LI<Il Attt

2,1, <1<, At <t<t,
31, <<l
4,1 >1

L(l,t)=
( ) im Al <U<t,

tim A > Gy )

Findings

The input parameters for the classification are
lim @nd t,;, — the limiting values of current and dis-

turbance duration as regulated by the relevant stand-
ards [1, 3, 5].
The coefficients k,;, K,,, k;;, k;, are deter-

mined either experimentally or set by a specialist
during testing, allowing the classification system to
be adapted to actual operating conditions and the
specific characteristics of the equipment.

This approach provides methodological flexibil-
ity: by adjusting the coefficient values, it is possible
not only to modify the boundaries of existing clas-
sification levels but also to introduce additional lev-
els if required for a more detailed assessment of sys-
tem status, provided that the consistency of the ine-
qualities between coefficients is maintained.

The proposed classification system enables the
automatic determination of the criticality level of
electromagnetic disturbances based on the meas-
ured amplitude and duration parameters | and t.

Figure 1 presents a binary representation of cer-
tification test results. The colored areas indicate re-
gions corresponding to permissible and non-permis-
sible values, providing a clear visual representation
of the system’s compliance with electromagnetic
compatibility requirements.

lim

Fig. 1. Binary representation of certification
test results showing compliance
and non-compliance regions

Despite its visual clarity, the binary representa-
tion does not reflect the degree of proximity of the
parameters to the threshold values and does not al-
low for a detailed assessment of the system state. In
the figure, this is manifested as abrupt transitions
between permissible and non-permissible zones,
which complicates the analysis of trends and hidden
dependencies in the data.

To increase informational content, a multi-level
approach is employed, enabling a more precise clas-
sification of test results.

Figure 2 presents a multi-level representation of
certification test results. Unlike the binary scheme,
the multi-level approach provides a more detailed
classification of the data, distributing parameter val-
ues across several ranges (Level 1-4) depending on
the degree of compliance with regulatory require-
ments.

The use of color coding allows for a visual as-
sessment not only of compliance or non-compliance
but also of the degree of proximity of parameters to
threshold values. This visualization method makes
the structure of the results distribution more trans-
parent, facilitating the analysis of trends, the identi-
fication of transitional areas, and the detection of
potential risk zones.
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Fig. 2. Level-based representation
of certification test results with color-coded Levels 1-4

Thus, the multi-level approach provides a foun-
dation for a more flexible and informative interpre-
tation of test results, offering enhanced support for
engineering and certification decisions. When pro-
cessing real test data, this approach enables a tran-
sition from the dichotomous “compliant / non-com-
pliant” evaluation to a multi-level classification sys-
tem, reflecting both the degree of proximity of pa-
rameters to threshold values and the dynamics of
their change over time.

Practical application. Example calculation for
frequency 420 Hz. To demonstrate the operation of
the classification system, the following coefficients
are proposed for the first two levels.

Level 1 (Safe):

k, =0.9.
Ky, =0.9

Level 2 (Advisory):
k;, =0.95

kr, =0.95

The coefficients k,,, k;,, kr; and K, were se-
lected to satisfy the conditions (6) and (7).

For a frequency of 420 Hz, the following limit-
ing values are established [1, 3, 5]:

lim =0.35 )

tim =03 (ec).

Using the proposed coefficients k,; and k;,, the
actual threshold values I, and t, for Level 1 are cal-
culated according to formulas (1) and (2):

=Ky Iy, =0.9-035=0.315 5, .

=Ky iy =0.9-03=027 (o0

Using the proposed coefficients k,, and k;,,
the actual threshold values I, and t, for Level 2
are calculated according to formulas (3) and (4):

1, =Kl =0.95-0.35=0333 (.

lim

t, =K, -t =0.95-0.3=0.285 (sec)
Figure 3 presents the calculation results for

420 Hz using a linear scale, on which the boundaries

of all classification levels are visually represented.

LA

0350 f
0.333 f=----------------e-
0315 [

Fig. 3. Level-based visualization for 420 Hz showing
calculated classification boundaries on a linear scale

Thus, the classification level zones for a fre-
quency of 420 Hz are determined according to for-
mula (7):
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1,1<0315A1<0.27
2,0.315<1<0.333A0.27 <t <0.285
3,0.333<1<0.35A0.285<t<0.3
4,1 >0.35A1>0.3

I—420(|vt):

Originality and practical value

The proposed methodology for interpreting elec-
tromagnetic compatibility test results differs from
traditional approaches by replacing the binary eval-
uation model — “compliant / non-compliant” — with
a multi-level classification system. This approach
allows for the consideration of the degree of prox-
imity of parameters to threshold values, the duration
of disturbances, and cumulative effects, providing
a more detailed assessment of the system state dur-
ing certification testing.

The scientific novelty of this work lies in the im-
plementation of a multi-level analytical model that
introduces several gradations of system state — from
safe (green) to critical (black). This enables a more
precise and informative differentiation of test re-
sults compared to the conventional dichotomous
scheme.

The methodology is based on standardized nor-
malized indicators of disturbance amplitude and du-
ration and incorporates them within the framework
of a level gradation system. This allows for compar-
ison of measured results with regulatory limits, ac-
counting for the degree of proximity to critical val-
ues, and forming a more accurate representation of
EMC status throughout operational use.

The practical significance of the methodology
lies in its ability to enhance the accuracy of analysis
and the reliability of EMC diagnostics while re-
maining fully compatible with existing standards.
The limiting values |, and t;, are retained, while

the introduced adjustable coefficients K,,, K,,, Ky,

k;, allow the level boundaries to be adapted to real

testing conditions, providing flexibility and scala-
bility for different electric rolling stock systems and
infrastructure.

Particularly important is the application of this
method in operational monitoring. Data visualiza-
tion in the form of level maps and zonal diagrams
enables clear and timely representation of the EMC
state.

This provides opportunities for:

— early detection of potential issues before pa-
rameters exceed threshold values,

— support for maintenance and preventive deci-
sion-making,

— integration into existing monitoring systems,
where state levels can be updated automatically.

Thus, the methodology offers a scientifically
grounded interpretation of test results and can be ap-
plied both in certification procedures and opera-
tional monitoring, providing an informative tool for
assessing the EMC status of modern railway sys-
tems.

Conclusions

The developed methodology is aimed at improv-
ing the process of evaluating electromagnetic ef-
fects that arise during testing and certification of
electric rolling stock. In modern power supply and
control systems, even moderate electromagnetic dis-
turbances can have a noticeable impact on the opera-
tion of electronic control units, safety systems, and
diagnostic modules. This highlights the necessity of
employing reliable and detailed analytical methods.

The proposed multi-level approach transcends
the traditional dichotomous evaluation framework
by introducing a graded classification system that
accounts not only for the exceedance of regulatory
limits but also for the degree of proximity of param-
eters to critical thresholds. This enables a more nu-
anced differentiation of the system’s condition and
allows for the identification of pre-failure or poten-
tially adverse scenarios before actual malfunctions
occur.

The introduction of a tiered classification pro-
vides additional opportunities for forecasting the
development of electromagnetic processes, as-
sessing high-risk zones, and correctly interpreting
the cumulative effects of interference. The method-
ology can be integrated into modern automated sys-
tems for monitoring and data analysis, thereby en-
hancing the accuracy of control, the speed of diag-
nostics, and the overall operational reliability of
equipment.

Thus, the proposed approach represents an ef-
fective and scientifically grounded tool that ensures
a comprehensive assessment of electromagnetic
compatibility and contributes to improving the
safety, resilience, and functional reliability of elec-
trical systems in electric rolling stock.
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PiBHeBa kinacudikanis eJ1eKTPOMAarHiTHOro BILIMBY y cepTH(iKkaniiiHuX
BUIIPOOYBAHHSIX €JIEeKTPOPYXOMOI0 CKJIAXY

Meta. Po3po0Oka KOHIeNTyalIbHOT OCHOBH AJIsl IHTEpIIpeTalii pe3yabTaTiB cepThdikaliiiHuX BUNPOOYBaHb eJeK-
TpoMmartitTHoI cymicHocTi (EMC) enekTpopyxoMoro ckianay i3 3aCTOCYBaHHIM 0araTopiBHEBOT CHCTEMH Kiachdika-
ii. Po3po0ka CTpyKTypOBaHOTO METOAY PO3Pi3HEHHS Pi3HUX CTaHIB €IEKTPOMATHITHOTO BILIMBY Ha OCHOBI BUMIips-
HUX MapaMeTpiB aMIUTITYIH Ta TPUBAIOCTI. [loKpameHHs peICTaBIeHAS Ta PO3yMiHHS TaHUX BUIIPOOYBAaHb y pam-
Kax iCHyIoUnX cepTudikaniiianx nporeayp. Meroauka. [IpoaHanizoBaHO iCHYIOUI IiIX0AH 10 BUMPOOYBAaHb €IIEKT-
POMarHiTHOI CYMICHOCTI Ta IHTepHpeTamii MaHWX Yy 3aJi3HAYHUX 3aCTOCYBAaHHAX MU BHUSBJICHHSI OOMEKCHb
y nudepeHmiarii piBHIB eIEKTPOMArHiTHOTO BILTUBY. CTPYKTYpOBaHHN METOJ TOYHOI Kiacu(ikaiii Ha OCHOBI HOp-
MaJli30BaHOTO TIOPIBHSIHHS XapaKTEPHUCTHK INEepeInkos. Bu3HaueHHs NepexiHUX 30HH MK O€3leUYHNMHU Ta HOTEH-
LiIfHO KPUTHYHUMH PEeXHMaMH POOOTH, MOXKIIMBICTh THYYKOI aJanTaiii MOpOroBUX MapameTpyu 3ajeXHO BiJl yMOB
BUIIPOOYBaHb. 3a0e3nedeHHs BiIIIOBITHOCTI cepThdikaliiHUM BUMOTaM Ta MiIBUILEHHS JiarHOCTHYHOT iH(pOpMaTH-
BHOCTI pe3yinbraTiB. PesyabraTn. Po3pobieHo OaraTopiBHeBy cucteMy Kiacugikaiii eeKTpoMarHiTHUX MEpeIKo],
110 3abe3eyye MOBHE MPEACTaBIeHHS pe3ynbTatiB BulpoOyBanb EMC. Inentudikanis nepexiJHuX CTaHiB Ta TeH/e-
HIIT 10 KPUTHYHUX PEKHUMIB, SKi HE BUSIBIISIOTHCS MPH BUKOPUCTAHHI JUXOTOMIYHOI OIiHKH. [1iBUIIIEHHS TOYHOCTI
iHTepHpeTalii pe3ynbTaTiB BUIPOOYBaHb, MIATPUMKA paHHBOT JIarHOCTHUKHN HECTAOUTFHOCTI Ta OCHOBA TSI KITBKICHOT
OIIIHKH €KCIUTyaTalliifHOl CTIHKOCTI 3aimi3HIYHEX cucteM. HaykoBa HoBu3Ha. Po3pobieHo cuctemaTn3oBaHy Oara-
TOpIBHEBY METOAMKY 1HTEpIIpeTalii pe3ynbTatiB Bunpodysans EMC emextpopyxomoro ckiany. Ha Biqminy Bix Tpa-
TUIIIHAX METOMIB, 0OMEKEHIX TEPEBIPKOI0 IIOPOTOBUX 3HAUCHb, 3aIIPOIIOHOBAHUH ITiAXi BPaXOBYe TUHAMIKY 3MiH
IapaMeTpiB Ta X B3aEMO3AJIECKHOCTI, 110 T03BOJISIE 3AIHCHIOBATH POTHO3HUH aHAIII3 Ta OTPUMYBATH OUIBIIOTO ysB-
JICHHS TIPO €JIEKTPOMATHITHY ITOBEIHKY B Pi3HHX yMoBax ekciuryaranii. [IpakTuuna 3HaunMicTs. Pozpobiena me-
TOJIMKA IMiBUIIY€E TOYHICTb, IPO30OPICTh Ta HANIHHICTh CepPTU(IKALIHHUX BUIPOOYBaHb €JIEKTPOBO3IB, ENEKTPOMOI3-
B Ta 1HIIOTO €JIEKTPUYHOTO pyXxoMoro ckiay. Crpusie Oubi Oe3neuHii Ta epeKTHBHIIIIN eKcITyaTanii 3a1i3HHIIb,
HAJIAI0u ¥ iHXKeHepaM Ta cepTHdiKaliifHUM opraHaM IOBHY aHAIITHYHY OCHOBY JUIsl OL[IHKH €JIEKTPOMArHIiTHOI CyMi-
CHOCTI. 3aCTOCOBYBaHHS JJIsl ONTUMI3allii IPOEKTHUX PillleHb, YAOCKOHAJICHHS cepTU]IKaLiiHUX KPUTEPIiB Ta MiaT-
PHMKH MOJIepHi3allii 3ai3Hu4HOI iH(pacTpyKTypH.

Knrouosi cnoea’ enektpoMarHiTHa CyMICHICTb; OaraTopiBHeBa kiacudikais; ceprudikariiini BUnpoOyBaHHs; py-
XOMHMH CKJIaJ]; aHaji3 MEepeIIKo/l; TATOBUH CTpyM; MPOTHO3HA JIIarHOCTHKA; MOHITOPUHT; eKCIUTyaTaniiiHa Oe3meka;
OIliHKA PH3HKIB
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