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Abstract: The subject of the article is the planning and comprehensive preparation of an experiment for monitoring the condition of a
satellite’s structure under vacuum conditions modelled using a space environment simulator. Simulating the space environment is essential
for verifying the performance of materials, structural components and equipment prior to their actual launch. Such testing makes it possible
to confirm the correctness of material selection, the accuracy of engineering calculations and the validity of technical decisions made during
the design phase. The behaviour of materials under vacuum, extreme temperatures, sharp thermal fluctuations, and exposure to cosmic
radiation may differ significantly from their performance under standard operating conditions on Earth.

KEYWORDS: ACOUSTIC EMISSION, AE SYSTEMS, ARTIFICIAL SATELLITES, SPACE ENVIRONMENT SIMULATOR, VACUUM
CONDITIONS, STRUCTURAL COMPONENTS, DURALUMIN, COMPOSITE.

Introduction

Acoustic emission (hereinafter AE) is one of the promising methods
of non-destructive testing, particularly relevant for assessing the
strength and reliability of structures under space conditions. In the
context of spacecraft, such as artificial satellites, the application of
AE enables the detection of hidden damage and defects that occur
under the influence of extreme factors of the space environment
[1,2].

The aim of the study is to plan and comprehensively prepare an
experiment for monitoring the condition of a satellite’s structure
under vacuum conditions simulated using a space environment
simulator. Particular emphasis is placed on the development of a
methodology for modelling the operating conditions of spacecraft
during off-nominal situations and the analysis of AE monitoring
parameters, including sensor type, frequency range and equipment
placement schemes for their subsequent optimisation.

Simulating the space environment is essential for verifying the
performance of materials, structural components, and equipment
prior to their actual launch. Such verification makes it possible to
confirm the correctness of material selection, the accuracy of
engineering calculations, and the validity of the technical decisions
made during the design phase.

The behaviour of materials under vacuum conditions, extreme
temperatures, sharp thermal fluctuations, and exposure to cosmic
radiation may differ significantly from their performance under
standard operating conditions on Earth. Conducting tests that
simulate these factors makes it possible to identify potential weak
points, verify airtightness, resistance to deformation and
degradation and assess the reliability of defect detection systems.
This approach enables the evaluation of the structural material’s
behaviour under various types of loading and lays the groundwork
for identifying potentially hazardous areas susceptible to structural
degradation [3,4,5].

The results obtained may be used to enhance the reliability of
spacecraft and reduce the risks associated with off-nominal
situations in orbit. Furthermore, they will demonstrate the
applicability of the acoustic emission method for monitoring under
space conditions and may potentially pave the way for further
research and innovation in this field.

Space environment simulator

The simulation of the space environment on Earth is carried out
using specialised equipment, i.e. thermal vacuum chambers, which
enable the reproduction of key parameters characteristic of orbital

conditions: high vacuum, extreme temperature fluctuations, and
intense radiation. These chambers are used for testing materials,
electronic components, and entire structures to assess their
performance and functionality under conditions closely resembling
those in space. This makes it possible to identify potential weak
points and improve equipment reliability at the ground testing stage.
For the present study, a space environment simulator developed at a
research laboratory was used (see Fig.1).

i
Fig.1. Space environment simulator

The unit is capable of creating a vacuum chamber pressure of up to
mo 3*10° mBar using a fore-vacuum pump during the initial
evacuation phase, and down to 3*10® mBar when a turbomolecular
pump is integrated into the system. The chamber is also equipped
with a specialised and unique cryo-shield, which enables the
simulation of temperature conditions close to those in space. When
liquid nitrogen is circulated through the cryo-shield system, the
temperature in the chamber drops to -196°C. Conversely, an
internal xenon lamp increases the temperature through infrared
radiation. This configuration makes it possible to achieve thermal
fluctuations comparable to those encountered in space - where one
part of the test specimen is heated by sunlight (in this case, by the
lamp), while another is maintained at a significantly lower
temperature, resembling that of the cosmic vacuum.

Test specimens

An essential stage in the preparation for acoustic emission testing
under vacuum conditions is the selection and preparation of test
specimens. The specimens represent simplified or fragmentary
structural elements made from the same or similar materials as the
satellite body and are subjected to simulated loads that replicate
space environment conditions [6].
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The objective of the testing was to assess the behaviour of the
material under the following conditions:

e  exposure to vacuum;

e thermal gradients and potential mechanical stresses;

e cvaluation of the AE system’s functionality in a non-
standard environment (in this case, limited to testing AE
performance under vacuum conditions).

In addition, such tests make it possible to determine the optimal
parameters for the placement and configuration of AE equipment,
as well as to verify the reliability of connections under low-pressure
conditions.

For the experiment, two test specimens were selected: a segment of
duralumin plate of grade D16, shown in Fig. 2, and a composite
plate made of carbon fibre, shown in Fig. 3. The composite plate is
square-shaped, measuring 15.24x15.24 mm (6x6 inches), with a
thickness of 3 mm, and consists of six layers of carbon fibre
arranged in a 0°/90° weave. Each layer is rotated by 45° relative to
the previous one. The plate was manufactured by DragonPlate.

Fig. 3. Composite plate

Applied AE equipment

Two AE monitoring systems were used in the study.

The stationary AE system Vallen AMSY-6 (see Fig. 4) is a fully
digital, multi-channel acoustic emission measurement system. It
consists of eight parallel measurement channels and system
interface software that operates on an external personal computer

Portable System Pocket AE-2 (Fig. 5). The Pocket AE-2 is a high-
performance, computerised, two-channel acoustic emission system
housed in a robust, portable handheld unit. The main differences
between the two systems lie in the number of available channels
and, in the case of Pocket AE-2, a more limited functionality.
Accordingly, for the purposes of this study, two channels were used
on both systems, and sensors with identical specifications were
employed.

Fig. 4. Vallen System AMSY-6

Fig. 5. Pocket AE-2
Experiment procedure

During the experiment, the sensors of both AE systems were
positioned on the test specimens, taking into account the material
properties and geometry. The sensors of the two AE systems were
installed at a distance of 430 mm from each other during testing of
the duralumin plate, and 170 mm during testing of the carbon fibre
plate.
The difference in sensor spacing on metal and carbon fibre is due to
the significantly higher wave propagation speed and lower
attenuation in metals, whereas composites exhibit much higher
attenuation levels. Reducing the distance between sensors on the
composite specimen improved detection sensitivity and helped
prevent loss of information.
Both sensors were mounted using a silicone coupling agent and
secured in place with clamps to ensure stable contact and eliminate
the possibility of displacement during the experiment. The test
specimens themselves were placed on a silicone pad to minimise the
influence of parasitic signals, such as external vibrations and
mechanical interference, on the experiment. This setup ensured the
reproducibility of results and the reliability of subsequent data
analysis. The test specimens inside the space environment simulator
are shown in Fig. 6.
i e

e 7
e _— - w/Hl

Fig.6. Test specimens (duralumin - left, composite - right) with

mounted sensors inside the space environment simulator

A frequency filter provides frequency selectivity and improves the
signal-to-noise ratio. Its primary function is to suppress unwanted
frequency components typical of background noise, equipment
vibrations or electromagnetic interference that may hinder the
accurate detection of AE signals. The passband of the filter is
selected according to the characteristics of the object under
inspection and the sensors used - typically within the range of
30kHz to 1 MHz, although it may be adjusted depending on the
material of the structure and the experimental conditions.

In addition, filtering aligns the measurement chain with the specific
application requirements, ensuring optimal sensitivity and reliability
of the results. In this case, when using the Vallen System AMSY -6
equipment, the filter automatically adapts to the test environment
and suppresses irrelevant signals.
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Pocket AE-2, in turn, does not feature automatic adjustment and
requires manual configuration. After the sensors are connected and
mounted on the test specimen, signal recording is initiated. Real-
time data are displayed on the screen (see Figs. 7-10), where each
tick represents a registered event. Since the test specimen is not
subjected to any load, all detected events can be considered noise
and subsequently filtered out based on signal amplitude. During
filter setup, a threshold was selected such that all signals below
45 dB were excluded.

Figures 7-10 show the signal measurement results obtained from the
specimens.

Results of AE signhal measurements on the duralumin
plate using AE systems

_Prassura (mbar] _

Time [dd:hhzmmsss]

Fig.7. Pressure-time graph in the vacuum chamber during pump-

down for the duralumin plate experiment and AE equipment
verification using the Vallen System AMSY-6
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x

Prssurs (mbar]

Fig.8. Pressure-timé graph in the vacuum chamber during pump-
down for the duralumin plate experiment and AE system
verification using the Pocket AE-2

Research results

During the experiment, the feasibility of applying the acoustic
emission (AE) method for non-destructive testing using different
AE systems under space-like conditions was examined, confirming
the relevance and significance of the study. The experiment also
explored the specific features and limitations of the AE method,
particularly its sensitivity to noise contamination, allowing for the
development of approaches to minimise interference and improve
the reliability of monitoring results.

A work plan and procedural algorithm were developed for
conducting the experiment to verify the feasibility of detecting AE
signals in a vacuum environment. The procedure primarily involves
calibrating the system prior to the experiment to ensure correct
operation of the equipment and transmitting test pulses that simulate
acoustic emission signals through one of the sensors. One sensor in
the system functions as the signal source, while the other acts as the
receiver. Signal verification was carried out under both atmospheric
conditions and vacuum conditions. All experiments were conducted

in the space environment simulator. The verification of acoustic
signal transmission under vacuum conditions was carried out on
two specimens simulating the materials of a potential spacecraft.
The first material selected was duralumin of grade D16, and the
second - a carbon fibre-based composite. Contact between the
sensor and the material was established using a silicone-based
coupling agent and secured with clamps. After calibration and
verification of sensor functionality, simulated signal generation was
performed under both atmospheric and vacuum conditions. In both
cases, the vacuum level was approximately the same. The collected
data show the presence of detectable signals in both environments
on the test specimens when using two different AE systems,
confirming the applicability of the acoustic emission monitoring

method under vacuum conditions and, potentially, in space
environments.
Furthermore, analysis of the experimental results revealed

differences in the characteristics of the transmitted signals,
highlighting both the possibility and the necessity for further
investigation and experimentation in this area.

Results of AE signal measurements on the composite
plate using AE systems
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Fig.9. Pressure-time graph in the vacuum chamber during pump-

down for the composite plate experiment and AE equipment
verification using the Vallen System AMSY-6
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Fig.10. Pressure-time graph in the vacuum chamber during pump-
down for the composite plate experiment and AE system

verification using the Pocket AE-2
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CONCLUSIONS

While reviewing theoretical sources, it was observed that,
throughout the existence of acoustic emission as a non-destructive
testing method, there remains a relatively limited amount of
information available in various fields. Research on this topic is
rather scarce and does not provide sufficient data to draw definitive
conclusions regarding the application of the method for studying or
synthesising specific materials. Furthermore, only a small number
of studies and publications were found concerning the use of the AE
method in space-related applications. All identified studies were
conducted either under terrestrial conditions or within artificially
simulated Earth atmospheres. In most cases, AE signal
interpretation must effectively be developed from the ground up.
The impact of the space environment on AE signal detection
remains an open topic and will be explored further through
dedicated research.
A methodology was developed for conducting an experiment to
verify the detection of AE signals under vacuum conditions. Two
AE systems were used in the experiment: Vallen System AMSY -6
and Pocket AE-2. The first system is stationary and offers greater
functionality and capabilities compared to the second, which is
portable. However, the sensors used in both systems were identical,
and the comparison of results showed a high degree of consistency
in the data obtained. The experiment was carried out in a space
environment simulator, which generated the required vacuum in the
chamber, comparable to the pressure at an altitude of 80 km above
sea level. The experiment was conducted on two specimens made of
different materials - duralumin and a carbon fibre-based composite.
The selection of these materials was based on their similarity to
those used in the structure of spacecraft. The experiment did not
include irradiation of the specimens or simulation of the
temperature fluctuations typical for spacecraft operating in open
space. These factors will be addressed in future studies on this
topic.

The results obtained confirmed the feasibility of detecting
AE signals under vacuum conditions.
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Pezrome: Hacmo}zmomo usciedsamne pa32fl€()i(‘0a UHOBAMUBHU MEXHOJI0CUYHU pelteHUs 3a npouseodcm@o Ha enepeoHacumeHu, HemoKCcu4Hu
mebpdu 614020[71{6’[1 om niodosa buomaca upes3 uU3noi3edne camo Ha KOHYeHmpupaHa cCilvHu4eed eHepiusl. Pa3pa6omenama mexHoJlocu4Ha

cxema usnoazed mecmuu CcyposuHu — ni0008U 01717‘16101)14“ om }Zé‘b,’ll{'u, ciueu, uepewiu u

2po3de, C BUCOKO 3AXAPHO CHOBPHCAHUE 3a

noiydyasdane Ha exKoJocu4Hu mebpdu BUCOKOCHepcemudHu cvbcmaeu (ETBC) Te umam NOMEHYUAIHO Npujlodcerue sa HUCKOOI0OXCemHu U
MEXHOJI02UYHO ONpOoCmeHu uzoenus 6 pakemrama mexHukda, JPLII)IC’()LIH(JKQI’I’ZCI U 60€HHama NUpOmMexHuKda. Tokasanu ca mexuuyecku nooxoou
3a ynompe6a Ha pasiuvynu KOH(i)LlZJVpalﬂlI«l HA ClI'bHYesU KOHYeHmpamopu Kano ycmoﬁque UBMOYHUK HA 65300HOBSEMA eHepeus.

K/IIFO90BH JIYMHU: EHEPI'OHACUTEHHW TBBP/IH BHOI'OPUBA,OTIIA/[bYHA BUOMACA, CJIBHYEBA EHEPI'UA

Buveeoenue:

B coBpemeHHHs cBAT HaOmogaBaMe H30CTpsIHE Ha
riobanHaTta KOHKypeHuus Mexay rojemute cwmn (CALL, Kuraid,
Pycus, EC) u cTtpemMex Ha MO-MajKi WM Pa3BUBALIN CE IbPKABU
KBM TEXHOJOTMYHA CAMOCTOSTEIHOCT, OCOOCHO B CTPATEerHmYecKd
CEKTOpH KaTo OTOpaHa, KOCMOC, CHepreTHka. ToBa BKIOYBA
OTpaHWYCHHS B HW3HOCA HA YYBCTBUTCIHH TCXHOJIOTHH U
3aBHCHMOCTH OT TJIOOATHH BEPHUTH Ha JIOCTAaBKH, OCOOCHO MpHU
KpH3H (BOWHH, MAHJCMUH, CAHKIIMK). B TO3M KOHTEKCT, HYX1aTa OT
MECTHO TPOM3BOJACTBO Ha EHEPrOHACUTCHH TBBPAU TOPHBHU
CHCTaBH CTaBa MPUOPUTET MOPATH CICAHUTE TPUUNHH:

e  (CyBepeHHTET Ha OTOpaHaTa M KOCMHUYECKHUTE IPOTrpamMu

— Ja He ce pa3yhTa Ha TEeONOJMTHYECKA HECTAOWITHH

JIOCTABYHIIH.

e Hucku pasxoau u_Obp3 J0OCTBI KITI0OYOBO 32
pa3BUBALIY C€ IbP)KaBU, KOUTO HE MOTaT Jja CH MO3BOJIAT
Obp30  BHeApsIBAHE  HAa  CJIOKHM  MHAYCTPHUAJIHU
TEXHOJIOTUH.
e  I'bBKABOCT B peakumusTa — CIOCOOHOCTTA Ja ce pearupa
Ha KpU3M uYpe3 JIOKAJTHO MPOU3BEIEHU TBBPIAM I'OpUBa U
OBUTATEM 32  pPakeTH, JPOHOBE, CATEIHTH W
MHPOTEXHUUIECKHU N3AENHUS 33 BCIKAKBH APYTH LEITH.
IIpenBun rno6amHOTO BHMMAaHHE KBbM OIIA3BaHETO Ha
OKOJIHAaTa cpefja M YCTOMYMBOTO pa3BHTHE, pa3pabOTBaHETO HA
€KOJIOTUYHU TBBPAM BUcokoeHepreTuyHu cberaBu (ETBC) craBa
BCe MO-3HauMMa. To3M TMpolec € OT KIYOBO 3HAYEHHE 3a
CBbBPEMEHHUTE OTOPAaHUTEIHH TEXHOJOTHUH, KOCMHYECKH MPOrpaMu
U pasM4HU I[POMMLUICHH TeXHOJorMH. OCHIypsiBaHETO B
MaKCHMaJHa CTeIleH Ha CypOBHHHA, €HEprHWilHa M TEXHOJOTHMYHA

Tabmmma 1. CecTaB u npuHOUT Ha paboTa Ha KapaMeJTHUTE TOpHBa:

HE3aBHCUMOCT TIpH pa3padorBaneTo Ha ETBC e BB3MOXHO upe3
ynoTpe6a Ha JIOKAJIHO JOCTBIIHW M GBTHHH CYPOBHMHM (Haii-Beue
ormaaHa Ouomaca), eKCIyIoaTalysl Ha H3TOYHUIN Ha Bb30OHOBsIEMa
CHEepTHs U BKIIOYBAHE HA aJaANTUBHH TEXHOJIOTHYHHU HPOLIECH.

Ilenta Ha TOBa HAy4yHO H3CIIeBaHE € MOAOOp Ha
HNOAXO/AINAa CYpOBHHHa 0a3za ¥ IpPOyYBaHE Ha BB3MOXKHUTE
WHXXCHEPHN U TEXHOJIOTHYHU €HepPrHHHM pelieHus 3a JoOWBaHEe U
o0OpaboTka Ha KOMIIOHEHTH, HEOOXOIMMH 3a TNOJNy4YaBaHe Ha
WHOBATHBHH  €HEPrOHACHTCHH TBBPAW TOPHUBHH  CBCTaBH.
VIKOHOMHYECKH ONpaBaHO € Te Ja ObJaT OT Taka HApEYCHUS
Hkapamenen tan“ [1] ¢ BB3MOXHO MNpPHIOKECHHE B OHMTa M 3a
U3JIeTNs ¢ OTOPAHUTEITHHU LEJIH.

H360p na cypoeunu 3a noayuasane Ha eHePIOHACUMEHU MEbPOU
Ouozopuea om Kapamenen mun, om omnaovyna duomaca:
OCHOBHHTE KOMIOHEHTH Ha €HEPTeTHYHUTE ,,KapaMeJTHH
CBCTaBH Ca J[BE - TOPMBEH KOMIIOHEHT OT 3axapu (Hamp. 3axaposa,
TITI0K032, (PYKTO3a, COPOUTON, M30MAIT M T.H.), KOMOMHHUpaAH C
MOOXONMAImM OKucimurend karo kammeB HuTpaT (KNO;3 ) wmm
narpueB Hutpar (NaNOj). IlpomechT BKIOYBA BHHMATEIHO
HarpsiBaHe Ha 3axapTa J0 KapaMeJn3upaHe, clie]] KOeTo ce CMecBa ¢
okHciHuTeNsT M ce odopMs B ckemaHata ¢opma. [lomydyenusrt
Marepuan € KOMIO3UT, KOHTO TpH wu3rapsiHe ocBoOOXaaBa
3HAQUUTENHU KOJMYECTBA TOIUIMHA W Ta30Be, FeHepHpalKH Tiara u
none3Ha eneprus [1,3,4].
B Tabmuma 1 ca 0000mIieHr HAKOM OCHOBHU XapaKTEPUCTUKU Ha
,KapaMeIHUTe" TOpHBa, KOWUTO Ca CPaBHEHH C ILIMPOKO
pa3NpOCTpaHeHHTE B MpPaKTHUKATa IEPXJIOpaTHH TBBPAM TOPHUBA.

XapakTepucTHka Kapameanu ropusa IlepxJiopaTHH ropuBa
OcHoBeH ropuBeH KoMnoneHT | 3axap (3axapos3a, IIIOK03a, JEKCTPOo3a, COPOUTOIN, M30ManT) | AJyMHUHHEB Ipax, HOJIUMEPU
OxucmTen Kanes nutpar (KNO3 ) Awmonues nepxsopar (AP - NH, ClIO, )

Cabp3Baln are’t

Kapamenusupana 3axapo3a (OpraHnueH MaTpHKC)

Crop3Bamu nosmmepu (HTPB u mp.)

ITpouec Ha NPON3BOACTBO

3an51BaHe 1 CMECBAHC 0 KapaMean3alnus

CmecBane, HopMOBaHe, MONNMEPU3aLUs

Ollie 1aHHK, CPaBHABAIM €HEPrUHHATA TTHTHOCT,
TEMIIEpATYpaTa U JIPYTH MapaMeTPH Ha JBETE Pa3HOBUIHOCTH
TBBP/HM ropHBa ca nocouenu B Ta6m. 2 [1,3,4].

\Ta6unna 2. EHepruiia IrbTHOCT M TOPEHE:

Iloxasaren Kapamennu ropusa | IlepxnopaTHu ropusa
Enepruitna mstHocT (MJ/kg) | 1215 18-25
Temnepatypa Ha ropere (°C) | 1800 — 2200 2500 — 3200
Ckopoct Ha ropeHe (mm/s) 5-10 15-30

O6em Ha razose (L/mol) Cpenen Bucok

Tlo-Bucokara eHepI‘HfIHa IUIBTHOCT W TEMIEpaTypa Ha
TOPCHE IPU NEPXJIOPATHUTE I'OpHBA I'M ITPABU NO-MIOAXOJAIIH 3a 110~
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IBUraTten) Ha usgenuara. KapamenHuTe ropuBa MMaT IO-HHCKA
ckopoct Ha ropeHe [1], koero ysecHsABa KOHTpOJNAa W HamaisiBa
cTpeca BbpXy aABuratens. OcBeH TOBa, T€ ca MKOHOMUYECKH I10-
H3TOJHHU, M0-0€30IMacHH 3a MPOM3BOACTBO M EKCIUIOATAIHsA, KOETO
oIpezess TAXHATa BayKHA POJIS 32 MacoBa yrnorpeda B MPOAYKTH OT
rpakaHCcKaTa ¥ 0TOpaHnuTeHaTa chepH.

B xapamenHnTe eHeproHacHMTEHH CHCTaBH 3axapo3aTa
H3IBJIHSBA JABOWHA POJIA:

- I'opuBeH KOMIIOHEHT, KOMTO BCTBIIBA B peakius Ha
BUCOKOTEMIIEPATYPHO OKHUCIICHHE C OKHCIMTENS, U  OCHTypsBa
HEoOXoIuMaTa eHepreTrKa.

- JlucmepcHa cpema, B KOATO MpU pasTamsHe ce
pasmpenenst mucnepcHara (asa OT MPaxooOpa3eH OKUCIHTEN U
no0aBKM, a TIpH H3CTHBaHE IIpHeMa 3ajajneHata (opma Ha
MOHOJIUTEH FOPUBEH OJIOK.

PaznnunuTe BHIOBE 3aXapy M 3aXapHH AJKOXOJH HMat
Pa3IMYHO IO KOJMYECTBO E€HEPrHHO ChABPKAHHE WM CIEIH(DUIHH
(U3MKO-MEXaHUYHU M XUMHYHHU cBoicTBa. OOIIOTO MpH TAX €, ue
Te TMpeACTaBisABAT paUHUPAHH MPOAYKTH, MPEMHHAINA Tpe3
Topenuia OT EHEPrOEMKH TEXHOJOTWYHHU MpPOLIECH W eTamu [0
rojlyyaBaHe Ha KpailHuUS TpoayKT. B mepuoam Ha Kpusu
HAJIMYHOCTHTE OT TE3M 3aXxapu MoXe Ja ObJaT OrpaHHdYeHH H
HEJIOCTaTh4HHU, TIOpaH Pe TEXHHYECKH U HKOHOMHYIECKH (haKTOPH.
Ilo Tasm mnpuumHa € LenecboOpa3HO  H3CIEABAHETO Ha
BB3MOXKHOCTHTE 3a H3MOJI3BaHE HA HepaQUHHpaHW 3axapH,
M3BJICYCHU IMPEKTHO OT MECTHH 3EMENENICKH HPOIYKTH C HHCKO
KayecTBO H OTHagpbyHa OHoMaca OT JIOKaJHO Oa3upaHu
npepaboTBarenHn npeanpuatus. OTmagpuHaTta IDIOAOBa Maca
BKJIIOYBA HEKAYECTBEHH IUIOJIOBE, KIOCIIE OT M3LEKAaHE Ha COKOBE,
00€JIKH ¥ KOCTHJIKH, JIIOCTIA M CEMKH (HaIlp. OT BUHOIIPOH3BOJICTBO)
u ap. Cnen aexunaparanus 10 ocraTbuHa Biara nmoa 5 - 10 %, tasu
Maca MOJKe J1a ce W3I0JI3Ba 32 TOPUBHH LIENH.

ITonGopbT Ha MOOXOMINM 3a LEIUTE HA H3CICOBAHETO
CYPOBHHH € CBBP3aH OCBEH C JaHHHUTE 33 TSAXHATA KAIOPHYHOCT,
Taka M C HAIMYHUTE B PErHOHa KOJIMYECTBA OTMagHa OHomaca OT
3eMeeNIeTo U mpepaboTBaTenHaTa HHAYCTpHs. Taka BHUMaHHETO
ce Haco4Ba Hail-Beye KbM H3CIICBAHETO Ha OHoMaca OT SOBJIKH,
CIIMBH, TPO3/ie U yepeln [2].

HUsznonzeane Ha 6v300H067€Ma
nonyuasane na ETBC:

3HayuTeNnHa YacT OT HpolecHuTe Mo o0paboTka Ha
CBbCTaBKUTE M TEXHONOTHYHOTO TIONydaBaHE Ha ,,KapaMesHH™
TBBPAU TOpPHMBA € CBbp3aHa C BJaraHe Ha BBHIIHA TOIUIMHHA
eHeprus. EqHa oT OCHOBHMTE LIENM Ha HACTOSIIIOTO H3CIEABaHE €
Ta3W eHeprus aa ObJe OT BH30OHOBSIEM M3TOYHHK, a MIMEHHO 4pe3
M3IOJI3BaHE Ha MOAXOMAINA HHCTANAIMS 3a KOHIEHTpAIWs Ha
cipHYeBa Jbuncta eHeprus [9]. IlpexBapuTenHuTe HM3YHCICHHUS,
CBIIOCTaBSIIM KIACHYECKHs BapHaHT 3a yrmorpeda Ha CTaHAApTHU
eJIEKTPOHArpeBaTeIHl  ypead M Bb3MOXKHATA KM 3aMsiHa C
KOHIIEHTPATOp Ha CIIBbHYEBH Jb4H ca o00o0menn B Tabm 3.
Hampasenn ca m3mepBaHMsS Ha KOHCYMHpaHaTa €IE€KTPOSHEPTHs
Opd TpagulMOHHa TepMooOpaboTka Ha MPOAYKTUTE Upe3
CJICKTPUYECKH HArpeBaTeJIHM ypemw, 3a Ja Cce  OLEHAT
MKOHOMHYECKHTE IIOJ3M IPpH 3aMsHaTa MM C BB30OHOBSEMa
eHeprus. PasmpeneneHnero Ha €HEPrUHHOTO IMOJE W JTOCTHTAHUTE
TEeMIlepaTypyd ca 3aCHEMaHH W BH3YaJIM3UPAaHH C IOMOINTAa Ha
tepmokamepa FLIR. CpmocraBkaTa Ha U3YHCICHUTE TTAPAMETPH OT
JBaTa MeEToJa JaBa OYEBHJHO MPEAUMCTBO Ha BAPHAHTA,
M3IONI3BAl] CIBHYEB KOHIEHTPAaToOp, KoeTo oOyciaBs —IIo-
HaTaTBIIHUTE AEHCTBHA MO M300p Ha HeroBaTa KOHCTPYKIHA U
TEXHOJIOTHYHOTO MY U3IThJIHEHHE.

enepzus  (cnvHueea) 3a

Tabmmma 3. CprocTaBka Ha mporieca Ha TepMoo0paboTKa Upe3 eNeKTPUIEecKa H CIIbHICBA CHEPTH

En.
HarpeBaTeIIn)

ITokazaren

eHeprus

(enmextpuuecku | ComapHu

SHeprus)

KOHIIEHTPAaTOpH (TepmuyHa

M3uckpana CHEpIrus

~3,5-4,5 kWh/kr ( u3cymasane)

~1,8-2,2 kWh/kr (TepMHu4Ha eHeprus)

EdexTrBHOCT Ha mpoueca

20-25% (en. — TOIUIMHA — peaKIHs)

60-85% (nMpekTHA TOIUIMHA — PEeaKIHsl)

Pasxon 3a eneprus (mo Tapuda ~0.20 | 0.70-0.90 mB/kr

18/kWh)

~0.05-0.10 nB/KT (IpM CITEHYEBA SHEPTHUS)

Boriepoguu emucun

0.4-0.6 kr CO, /KT (BKIJI. €JI. OT MpeXara)

<0.05 xr CO, /KT (camMo0 OT TpaHCIIOPTa)

H360p na Koncmpykmuena cxema 3a civH4€8 KOHUEHMPAMOp:
N360pbT Ha KOHCTPYKTHBHA CXeMa Ha CIBHYCB
KOHIICHTPATOp 3a M3MapsABaHe (CyIIeHe) Ha M3JHIIHATA Bjiara OT
mIo00Ba OuoMaca € CBbp3aH C M3UCKBAHMATA 3a HUCKU CHEPTHAHU
pasxoiu, JIeCHO OOCIy)XBaHe W MOOWJIHOCT Ha WHCTAJIAIHATA,
BB3MOXKHOCTH 3a Mam[abupaHe ¥ YCTOWYIMBOCT Ha armochepHH

yciosuss  [5,6,7,8,9]. Bb3MOKHHM KOHCTPYKIMM Ha CIbHUEBH
KOHIIGHTPATOPH 3a M3MapsiBaHe ca CJICTHUTE HIAKOJIKO BHA:

1. IlapaGouyeH yJeeH konuentparop (Parabolic Trough)

2. ®penenoB konuentpatop (Linear Fresnel Reflector)

3. lapadoauyna ,,ynnus“ (Parabolic Dish)

OT Taka pasriefaHuTe KOHCTPYKTHBHHU perieHus (Pur. 3)
Hail-1o0pe  yznoBieTBOpsABAIl cHeUU(GUYHUTE HM3UCKBAHUS Ha

®&ur. 3 Koncmpykmugnu pewienus Ha CIbHYe8U KOHYeHmpamopu
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HpUeMHATa Kamepa Ha HAaCOYECHHTE CI'bHYEBH JIbYM MOXKE Ja ce
OCUT'YpH M KOHTPOJIMPA HEOOXOMMMHS TOIUIMHEH IIOTOK 3a
obpaboTka Ha cypoBuHaTa. JJOCTBIBT U 0OCTY)KBAaHETO HA TO3H TUI
MHCTaJlAllMM € YJIECHEHO, MOpajd creuu(uyHaTa IeOMETpUYHA
¢opma. Ilo-romsAMOTO  NpPEAM3BUKATEICTBO € CBBP3aHO C
MOJXOAAIIO0 KOHCTPYKTHBHO HM3ITBJIHEHHE Ha TOIUIMHHHUS PECHBEP
B JuHelHMs ¢okyc Ha mapabonara. [Tomgxomsmu MaTepnamu 3a
HETOBOTO M3IBJIIHEHHE ca JeOeTOCTEHHN MEIHH, WIM aTyMHHUCBH
TppOu ¢ HeoOxomumus AuaMeTsp. B cinydas e wu3nonsBaHa
alyMuHHEBa TpbOa ¢ fuamersp 90 mm, neGenuHa Ha CTeHaTa S mm
U HAaHECEHO BBPXY CTCHHTE U TOIUIOYCTOHYMBO MAaTOBO HYEPHO
nokputre. KOHCTPYKTHBHO € OCHIYPEH JI€CeH JEMOHTaX OT
napaboMuyHus OTpakaTell C Orjief OOJeKYaBaHE Ha CIICABAIINUTE
nponecu 1Mo o6paboTka W cMecBaHe Ha OMOMacara ¢ OCTaHAIUTE
KOMITOHEHTH Ha KapaMeJHHUs TOPHBEH ChCTaB.

OFLIR

Our. 4 Tpvben monnunen pecugep, 3acnem no epeme Ha paboma

3axnrouenue u uzeoou

W3BbpImIeHNST aHanW3 IOKa3Ba, de H3MOI3BAHETO Ha
CITbHUEBA €HEPrus 3a TepMHYHAa 00paboTka (W3mapsBaHe U
KapaMenu3upaHe) Ha  OTHaJb4yHa IUIoZoBa  OWMomaca €
WKOHOMHYECKH W  €KOJOTMYHO  IIeNechOOpa3HO  peIleHHe.
IMoxxoxasimy 3a LenTa ca OTHaJbUYHU CYPOBHHH OT SOBIKH, CIHBH,
Yyepelr M rposje, KaKBUTO MacoBO ce 100MBAaT M HpepaboTBaT B
crpanata. [IpouechT € ¢ HUCKa eHepruiiHa ceOeCTOMHOCT, MOYTH
HyJIEBH BBIJICPOIHU €MHCHHU, U BUCOKA €pEKTUBHOCT, 0COOEHO TIpH
CIIBHYEBO-THBKABH  CHCTEMH  (CONapHH  KOHIIEHTPaTOpH  C
nonxonsma KoHpurypamus). TepmudHo oOpadoTeHara ILIOZOBa
Ouomaca NpHTeXkaBa BHCOKO CHIBPXKAHHE HA 3aXapH M JICCHH 3a
KapOOHM3MpaHe CBEJWHEHUs, KOeTO s TpaBM MOJAXOAAIIA 3a
U3I10J13BaHE KaTO TOPUBEH KOMIIOHEHT B:

®  KapaMeJHH PaKeTHU ropusa (KaTo 4aCTH4EH 3aMECTHUTEIN
Ha 3axap);

®  MUPOTEXHUYECKH ChCTaBH (KaTO PeIyKTOpP M TOPHBO);

o CKCIICPUMEHTATHA 61/10-C’]>BMGCTI/IMI/I TBBpPAU rOpUBa.

OCHOBHH TIPEAUMCTBA Ha MPEUI0KEHATA METO/IUKA ca:

e YCTOHYMBOCT: U3MOJI3BAT CE OTMAbYHH CYPOBUHH.

e  Huckk pa3xo] Ha eHeprus 3a npepaboTka.

e TopuBHa edeKTUBHOCT: OHOMAcaTa ChbPXKA JOCTATHYHO
KOJIMYECTBO JIECHO OKHCIISIEMH 3aXapH, MOAXOISIIHN 3a
€HEPTHUITHO MPUIIOKEHHE.

BxmouBanero Ha  cTpHUYEBO-00paboTeHa  IUIOJOBA
OroMaca KaTo KOMIIOHEHT B paKeTHH TOPHBA M NMHPOTEXHHUKA € HE
caMO BB3MOXKHO, HO M CTPAaTETHYECKH ONPaBJaHO — OCOOEHO B
KOHTEKCTa Ha ThPCEHE Ha YCTOWYMBH, HUICKOEMHUCHOHHH U JIOKAIHO
JOCTBIIHU CYpOBHHH B €HEPTUHHO-MHTEH3UBHU TexHonoruu. Karo
ClIe/[Ball €Tan OT M3CJIEIBAHETO € HEOOXOIUMO NMPOBEXKIAHETO HA
U3IMTAHUA HA 00pa3Ly OT TBbPJOTOPUBHH KapaMeIHU ChCTaBH, Ha
0a3a mpepaboTeHa II010Ba OHoMaca, Ype3 U3MEpBaHUs HA TEXHUTE
(U3UKO-MEXaHUYHU Ka4decTBa, TEPMHYHM aHAIM3H U OalMCTHIHU
TECTOBE.
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IIpu Taka M3IbIHCHATa MHCTAJIALMA C NPHEMHO OIJIEaso, MMallo
001112 MOBBPXHOCT OT 1 m?, HM3MEpEeHNUTEe TeMIIepaTypy B Kamepara
Ha pecuBepa ca oT nopsabka Ha 200°C u mo-Bucoku. (dur. 4)
Penyunpanero Ha paboTHaTa TeMIepaTypa B IpUEMHATa Kamepa 3a
TOIUIMHHA 00paboTKa ce W3BBPIIBA JIECHO 4Ype3 HM3MECTBaHE Ha
(dokycupaHUTe TBYM  BBPXY pecHBepa, KOETO  HaMmaisiBa
MOJTy4aBaHMs MOTOK JIBUMCTa eHeprus. Bpemero 3a oOpabGoTka Ha
€IHO W CBIIO KOJIMYECTBO OmoMaca MOCPEICTBOM OOMKHOBEH
CNIEKTPOYPEeNl W Ype3 CIBHYEBO HArpsABaHE € IIOYTH WJICHTUYHO,
nopagd BHCOKaTa TeMIepaTypa, OCUTYpeHa B pecuBepa Ha
KOHIIEHTpaTopa. ENUHCTBEHUAT (haKTOp Ha HECHUI'YPHOCT € CBBP3aH
C pasmpenesIieHHeTO Ha 4acoBeTe ¢ JOOpO CIBHYEBO OrpsiBaHe Ha
WUHCTAAlMATa 3@  KOHIEHTpUpaHe Ha  Jjbumre  [7,8].

H3znonzeana numepamypa:
1. D. Abhijeet Singh, Sugar Based Rocket Propulsion System-

Making, Analysis & Limitations., International Journal of
Engineering Trends and Applications (IJETA) — Volume 2 Issue 5,
Sep-Oct 2015

2. CkanpanueB X., CotupoB A., CuBeBa H., Cxannmamuer T.,
H3zcnedgane Ha AOBIKU Kamo RNOMEHUUATHA CYPOGUHA 34
€K0J102U4YHU paKemHu zopued., TlogumHa YHUBEPCUTETCKA HAy4YHa
KOH(epeHIHs, Hammonanen Boenen VYHuBepcurer, Benuko
TopHOBO, 2021

3. CkanpanmueB X., 3enena pakemmna mexnuka 3a ouma - om
uoeume 0o npomomuna., MECELl HA HAVYKATA - BAPHA
2021, XXV-ta 3AKJIFOUUTEJIHA KOH®EPEHLIMA
»HAYKATA B CJIVKBA HA OBIIECTBOTO - 2021

4. CuseBa H., CkanganneB X. u KoJiekTuB, Ekonozuuno uucmu
pakemuu  oguzamenu 3a  Zpaj)xcoOAHCKU  yenu., [lecta
MeXIyHaponHa KoHdepeHuus ¢ Miagexkka HaydHa CecHs
»EKOJIOTMYHO UWHXEHEPCTBO W OITIABBAHE HA
OKOJIHATA CPEJA” (EMOOC'2019) 5-7 rouu 2019 r., Byprac

5. Jyrki Raitila, Eemeli Tsupari, Feasibility of Solar-Enhanced
Drying of Woody Biomass., BioEnergy Research (2020) 13:210-
221 https://doi.org/10.1007/s12155-019-10048-z

6. Singh R., Kumar, A. (2016). Solar drying of agricultural
products: A review. Renewable and Sustainable Energy Reviews,
66, 595-607.

7. Kalogirou S.A. (2004). Solar thermal collectors and
applications. Progress in Energy and Combustion Science, 30(3),
231-295.

8. Bhatia S.C., Sharma, M.P. (2013). Renewable Energy Sources
and Their Applications. CRC Press.

9. I'eoprues B. (2020). Crvnuesu konyenmpamopu 3a cywene na
naoooee u 3enenuyyu. Crvcanve TeXHUKa U TEXHOJIOTHH, 2, 45-51.



https://doi.org/10.1007/s12155-019-10048-z

Technics. Technologies. Education. Safety. 2025

A variant of modified algorithm for processing a packet of reflected ultrawideband pulses

Sofia Uzunova
Technical University Sofia, Bulgaria
suzunova@tu-sofia.bg

Abstract: This study synthesizes a variant of a modified algorithm for measuring the time delay of a signal reflected from a small-sized
(point) target, using an ultrawideband (UWB) sequence of ultra-short (US) probing pulses. The research is a continuation of a series of
publications dedicated to the possibilities of reducing the number of operations during analog-to-digital converter (ADC) discretization of

the reflected signal.
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1. Introduction.

In recent years, the use of ultra-short transmitted pulses (USP),
as a typical representative of ultrawideband signals (UWBS), has
become relevant in various fields: radio reconnaissance, electronic
warfare (EW), for high-precision distance detection to ultra-small
objects (UAVs, drones, SLAs, etc., commonly referred to as
remotely piloted aircraft systems - RPAS)2. In radiolocation,
UWBS are used for:
detection, tracking, and control of small-sized and point target; for
obtaining high-resolution radio images; radio mapping of specific
terrains, and more. Finding and developing new and modified
algorithms for digital processing of US pulses (USP) is one of the
constant tasks, with the aim of finding a relatively universal
processing method.

2. Prerequisites and ways to solve the problem.
This study synthesizes a variant of a modified algorithm
for measuring

the time delay of a signal reflected from a small-sized (point) target,
using an ultrawideband (UWB) sequence of ultra-short (US)
probing pulses. The research is a continuation of a series of
publications dedicated to the possibilities of reducing the number of
operations during analog-to-digital converter (ADC) discretization
of the reflected signal and increasing the radar's resolution.

When synthesizing the algorithm, a UWB reflected signal
with a known "bell-shaped” envelope is used. In one of the
subsequent publications on the topic, the operation of the proposed
variant of the modified algorithm will be simulated and the
algorithm's performance will be checked even with a priori
unknown envelope shape of the reflected US signal, and under
conditions of Gaussian noise in the received sequence of reflected
pulses.

One of the challenges in processing received US signals is
the need for high-speed and expensive analog-to-digital converters
(ADCs) and a large volume of resources, which makes real-time
processing of USPs reflected from the target, often lasting several
picoseconds, impossible. Most often, the processing of signals
reflected from point targets (RPAS) is carried out in three stages:

1. Discretization of the received sequence of USPs,
reflected from the illuminated small-sized target;

2. Determination of the amplitudes of the pulses in the
packet, usually in complex form;

3. Determination of the moment of appearance of the
reflected signal by applying known and well-developed spectral
methods, after which the distance to the illuminated object is
determined by known procedures.

3. Solution to the investigated problem.

One approach to solving the problem described above is
to apply a low-pass filter (LPF), briefly called a "preliminary filter",
at the receiver input.

The study was conducted in three stages:

1. In the first stage, an algorithm for processing USPs
reflected from small-sized targets was synthesized;

2. During the second stage, simulation procedures were
conducted in a MATLAB environment to determine a suitable
resonant frequency for tuning the "preliminary filter" with the aim
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of the best matching with the frequency of the input packet of
received USPs;

3. In the third stage, the algorithm's performance under
noisy conditions was tested.

To simplify the study, a "bell-shaped" envelope form
and a "Nyquist filter" will be used, which provides some freedom in
selecting the initial conditions for algorithm synthesis.

Initial conditions for conducting the first stage of the
study:

1. At the receiver input, a signal reflected from the
observed object is observed, which can be represented as: s(t -t),
where T is the unknown moment of appearance of the reflected
signal taking values in the interval [0 - T], and T >>t.

2. Envelope shape of the pulse — "bell-shaped"”, with a

mathematical model of the form:

s)=Aexp(-artt?)

Such an envelope shape was chosen for the simplicity of
analytical analysis and the relatively easy physical realization.
Duration of USP - 20 ps, then f;,, will take a value equal to a > 2 *
10™ s,

3. Discretization interval: According to the Sampling
Theorem, the condition At <5 * 10~ '2 s must be met.

4. Observation interval: T=1* 10" * s (1ms), and for the
entire observation period, T/At samples will be required.

With these accepted time intervals, the number of samples
for subsequent processing will exceed 2 * 108 . Thus, for
discretization, even if it is considered principally possible to
perform, excessively large resources and corresponding high ADC
speed will be required.

Modern publications describe various methods for
processing USPs, including under noisy conditions. The goal is to
measure the moment of reception of the reflected signal and
determine the time delay relative to the emitted signal, and from
there, the distance to the target.

Such examples are:

- Using classical correlation methods - these methods would
require ADCs with very high sampling rates for direct digital
processing to measure the time delay. For correlation reception with
accumulation (Kalman filtering), a delay line (DL) with a very large
number of outputs would be needed. Given requirements for high
probability of correct detection, measurement accuracy, and high
distance resolution the practical impossibility of such classical
measurement of the arrival time of the reflected signal is observed.

- Applying the "Compressive Sensing" approach - this method
presupposes the availability of complex and expensive equipment
for signal compression and ADCs with very high sampling rates.

An approach is proposed where the packet of useful periodic
input signals is fed to the input of a so-called “preliminary filter"
with selected parameters:

1. The mathematical model of the useful reflected signals

can be represented as al2
periodic sequence (packet) of ultra-short pulses with the expression:

(1) S(t-7)=4xy —coF(t-7-nT),

where: T — observation period; t — the unknown moment
of arrival of the useful signal, which needs to be determined; F(t) —
a function describing the chosen envelope — "bell-shaped” form of
the reflected pulse within the packet.
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2. Since, according to the chosen model - (1), the signal is a
periodic function, it can be expanded into a Fourier series,
ie.:

j 2mmt )

@) Fle—nT) =35 e

j2mm
where: a,, = 1/Tf0 F(t) e( T )t — Fourier series
coefficients (these coefficients can also be in complex form).
3. Then expression (1) can be transformed into the following

form:

jrm (t—7)
B)st, 1) =AY5n-—w dme(j T ) =
'ant)

. ]
5% by 0

—j2mmt

where: b,,= A.e” T — is the exponential component in
complex form, WhICh depends on the sought unknown moment of
arrival of the reflected signal -

Let the input signal described by expression (1) now be

fed to the input of a low-pass filter (LPF) with the following main
characteristics — impulse response, most often denoted as hi(t),
which, for a chosen "ideal" LPF, has the form: :
h(t) = %sinc (Wn“t), where  sinc(x) It should
immediately be noted that with such an impulse response, such an
LPF cannot be technically realized due to the fact that the described
function has infinite duration. As a first approximation and for the
simulation study later, the well-known "Nyquist filter" will be
applied, which is standard in parameters. For clarification, the main
mathematical models and characteristics of the "Nyquist filter" are
as follows:

- Impulse response — usually represented by the following
mathematical model:

t) cos (Bw.t)

(@) hy (8) = “sin, (= !

- Amplitude-frequency characteristic (AFC), which is
described by the following expression:

sin(7mx)/mx.

®)
ﬁ’
1,opulw|<— 1+/3
K(w) = 2 [T(1+6) 18 1-8
0s [_4ch (lWI v WC)] mpu T W <lwl|<w,

0, mpulw | > w,

- Roll-off factor (or smoothing coefficient) — in this case
denoted by P, and takes values: 0 < § < 118. When = 0, the filter
transforms into an “ideal LPF with a rectangular AFC envelope"”. At
the maximum value, i.e., when 3 = 1, the filter has the properties of
a so-called "raised cosine". The following feature of the filter
should also be taken into account: as the values of f (the roll-off
factor) increase, the decaying processes, which are typically called
“tails," decrease much faster in time. These characteristics justify
the application of the "Nyquist filter" in solving problems of
compensation of passive interference [5,9] penetrating the receiver
through the antenna. The presence of parasitic re-emissions with
frequencies close to the filter's passband, such as passive refractions
(re-reflections) from stationary objects, are characteristic of densely
populated regions. At the filter's output, a signal will be realized
that can be described by the expression, where d,,,b,,are
respectively: a,,= fn, aby, = Cp,

6)  Boul®) = f_+°°5(u, Dh(t — wdp =
F2 ey b [ h(t—u)e( T )du
which can be written in the form:
2mmt
(1) Soul®) = 55mn b K () (5F)

Let the condition K(w;) = 0 be satisfied for the filter, and
by setting w, = = 2nM / T, where M > 1. After such a setting, the

expression K (ZHTm) = 0 for values of |m| > M. After performing the
mathematical operations, expression (1.7) can be written as:

) Sun(®) = XMy by K(mw)eF)
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From expression (8), it can be concluded that for a value
M =1, the input information regarding the moment of arrival of the
incoming US reflected pulse — 1 — is completely compensated. Since
when solving (8) for M=1, the signal function becomes $,,(t) =
a, = A. For further research and simulation procedures, the
condition M > 2 will be applied.

With this analysis, mathematical operations, assumptions,
and initial conditions, one can proceed to calculating the necessary
minimum number of samples for discretizing the signal output from
the LPF — expression (8). In doing so, it is necessary to consider
that the maximum frequency in the output signal's spectrum — Wy,
— is equal to the resonant frequency — w, — to which the LPF is
tuned. The theorem for calculating the necessary minimum number
of samples for discretization states: At <7t/ Wy =7/ W, =T/ 2M.
In fulfilling this condition, in this specific case, the minimum
required number of samples must satisfy the condition: N> T / At +
1 = 2M + 1. With the understanding that M > 2, it turns out that
after applying "preliminary filtration," with an LPF tuned to w, =
Wmnax, the necessary minimum number of samples drastically
decreases. The obtained result confirms the expected reduction in
the number of required samples from the input packet of ultra-short
pulses reflected from the target. The number of samples for
unambiguously determining the arrival time of the pulse is about 5-
10, which will allow determining the distance to the observed target
in real time and with minimal ADC resource consumption For

'an
further analysis, the equation can be used: C,, = Ae” r , which
represents the exponential component in complex form. For
determining the amplitude and initial phase of the sum of complex
components (K) [10,11], N > 2K samples are required. In the
analyzed specific case, i.e., K=1, the minimum required number of
samples can be reduced to 3-5. For further analysis, let's set:

Xm = fnCmK(mwc). When this assumption is applied to (1.8), it
can be written as:
(]ZmnAt)
T

©) Fou(t) = 3(nAt) Zy—_(M 1)X. e )
forn=20,1,2....N-1
And in this case, N can take very small values, for example, N > 3.
If we now consider the last aquation - (9), we can
conclude that it represents a system of N equations with 2M+1
unknown values of X,,. If T/At = N = 2M + 1 is chosen, then
equation (9) transforms into an "inverse Fourier transform," i.e., the
unknown complex coefficients can be found by applying the
"forward Fourier transform" directly from the acquired samples for.
However, if N > 2M + 1, the solution to the system can be
obtained after pseudo-inversion of the corresponding signal matrix
[12].

4. Results and discussion.

Thus: The general formulation of the proposed modified
algorithm for measuring the exact arrival time of the reflected signal
can be presented as follows:

1. The input sequence of ultra-short pulses (signals reflected
from the target) must be fed to the input of a low-pass filter with a
resonant frequency w,=2aM/ T, where M > 1;

2. The output signal from the "preliminary filter" is discretized
in the interval [0 - T], resulting in N > 2M + 1 samples of S,y

3. After matrix inversion (if N > 2M + 1) or by applying the
"forward Fourier transform™ (if N = 2M + 1), the coefficients - X, -
are found.

4. As a result of these operations, the complex amplitude —

_ Xn
me(m )

5. Furthermore, the unknown values of the complex
exponential dependence - (A and t) — will be determined by
standard spectral methods, such as Prony's Method; Annihilating
Filter; MUSIC, etc. [13,15].

Cn =
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5. Conclusion.

The algorithm proposed for calculating the arrival time of the
ultra-short reflected pulse is synthesized under the condition that
only reflected signals are considered and noise samples, which are
necessarily present in the input signal under real conditions, are not
accounted for. Under "noise component”, it will further be assumed
that the input sequence contains "white" (Gaussian noise) with a
one-sided noise power spectral density - No . In this case, the
estimation of the time moment — © — will be obtained with a certain
error, which will depend on the signal-to-noise ratio.
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Abstract:In this study, an analysis of the results obtained after simulation studies of the synthesized modified algorithm with a priori
unknown form of the ultrashort pulses (USPs) reflected from a point target, and when operating in Gaussian noise conditions, has been
carried out. Proposals for the boundary conditions for the optimal operation of the algorithm have been made. The Prony method has been
used to determine the moment of arrival of the reflected signal and estimate the complex components of the USP amplitude. The study is a
continuation of the publication devoted to the synthesis of a modified algorithm for processing a bunch of USP pulses reflected from a point

target.
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1.Introduction.

The algorithm proposed in the previous publication for
calculating the arrival time of the ultra-short reflected pulse was
synthesized under the condition that only reflected signals are
considered and noise samples, which are always present in the input
signal under real conditions, are not accounted for. Under "noise
component,” it will hereafter be assumed that the input sequence
contains "white" (Gaussian) noise with a one-sided noise power
spectral density — Ng. In this case, the estimation of the time
moment — 1, will be obtained with a certain error, which will depend
on the signal-to-noise ratio (S/N).

2. Prerequisites and ways to solve the

problem.

In the first stage, it was proven that the chosen approach
is suitable for calculating and estimating the amplitudes (also
presented in complex form) of the reflected ultra-short pulses.

In some publications, the measurement of the arrival time
of a reflected USP is solved using the MUSIC method. Studies
show that other known methods can also be used — such as the
Annihilating Filter, Prony's method, etc.. Further in this study,
Prony's method will be used. This is necessary for the following
three reasons:

1.1t is not possible to use analytical dependencies for
synthesizing a sequence of mathematical procedures when
determining the characteristics of the amplitudes of USPs from the
input packet of reflected signals.

2. During the synthesis of the modified algorithm and the
analysis of its effective performance, restrictive conditions were
imposed regarding:

- the estimation only of the conditional time shift, and

- the dispersion of time shifts in the observation period,
averaged for the input packet of reflected pulses .
3.Prony's method was used for direct determination of the arrival
time of the reflected USP. These arguments necessitate that the
analysis of the estimation effectiveness be computer-modeled in a
Matlab environment.

3. Solution to the studied problem.

As a starting point for the modeling, the main
mathematical expressions from the synthesis of the modified
algorithm will be recalled:

- An USP with a bell-shaped form of the type - s(¢t,7) =
Ael=* =1 \where ¢t € [0; T] was used as a model of the input
signal reflected from a point target.

- Normalized time value - £ = % and normalized arrival
time of the reflected pulse - T = %were introduced .

-The result of these introductions is the representation of the
input signal in the following form s(f%)= Ael=@ =D where
telo0;1],a@ = aT;

- The expression illustrating the impulse response of the

Nyquist filter was similarly transformed, taking into account

the following dependencies - w. T = 2nM,M = 2
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- During the modelling itself, a noise component, in the
form of uncorrelated noise with dispersion - ¢ was added to the
signal function.

For conducting the simulation studies, the following input
parameters for the respective quantities were used:

—a =200, 300, 400;

— Low-Pass Filter (LPF) Nyquist parameter — § = 0.1 +
0.9 with astep of — 0.1, i.e., p=0.2; 0.3; ....0.9;

— Signal-to-noise ratio (S/N - q) — q = 5+40, with a step of
5.

After conducting the the
conclusion can be drawn:

The "estimation of the displacement™ approaches 0, i.e.,
the phenomenon of "absence of displacement" is observed, which
corresponds to an unambiguous measurement of the arrival time of
the reflected ultra-short pulse, and thus an unambiguous
determination of the distance to the observed object.

This "phenomenon” is especially pronounced at high S/N
ratios — in the order of q > 20 — 50. To visualize the dependence of
the error allowed in estimating the time displacement, a graph is
shown in Fig. 1.1, where the obtained graphs, numbered 1 - 5, are
displayed for different values of M and N, respectively. The
horizontal axis shows different S/N ratios with a step of % dB, and
the vertical axis shows the allowed error in determining the
normalized arrival time of the reflected signal. It should be clarified
that curves 1 and 2 were obtained with the same "smoothing
coefficient" § = 0.55 for the Nyquist LPF.

simulations, following

Fig. 1. Dependence between variables g and V for different values
of parameters M and N.
Four series of data are visualized with smoothed lines and different

— 1: Mu2, NuS
—-— 2 M= N

10 15 20 25 30
q

colors for better readability. The graph is on a logarithmic scale on
the Y-axis. Series 1 (blue line, M=2, N=5) shows the highest values
of V, while Series 4 (red dashed line, M=7, N=15) has the lowest
values, which suggests better model efficiency or stability with
these parameters. Different colors are used for each data series, and
line 4isin red.

When increasing the values for M and N, respectively, it
is noted that the "estimation of the time displacement” increasingly
depends on B, while for small values of M and N, the error in
determining the arrival time of the reflected pulse increases. This is
confirmed by graphs 3 and 4, which are displayed for the same
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values of M and N, (M=7, N =15), but where curve 3 uses = 0.55,
and curve 4 uses f=0.1.

The smaller the smoothing coefficient, the more the shape
of the LPF's amplitude-frequency characteristic (AFC) approaches a
"rectangular" shape, which in turn leads to increased accuracy in
measuring the arrival time of the USP reflected from the target.

Based on the conducted simulation studies and the
comparison of the obtained results with those obtained by the
MUSIC method, it can be stated that this method can also determine
the complex amplitudes of the individual components. The same
applies to the application of Prony's method.

The obtained numerical results, which are not shown in
the report, once again confirm the conclusions made earlier in
publications dedicated to the topic, that the LPF parameters, the
number of required samples (the quantity of reflected USPs in the
packet), the S/N ratio, etc., equally affect the accuracy of
determining the arrival time of the reflected USP and the accuracy
of estimating the USP amplitudes.

4. Results and Discussion.

To demonstrate the performance of the synthesized
algorithm with a priori unknown shape of the input USP reflected
from the target, an additional assumption in the mathematical
expressions describing the operational sequence is the use of a value
for £, =1, i.e., independent of the shape of the input signal
envelope. The simulations conducted in Matlab did not show
significant changes in the previously obtained results for the
accuracy of determining the arrival time of the reflected USP and
the estimation of the complex amplitudes of the USPs in the packet
of reflected signals. With the initial and boundary conditions thus
set, an increase in accuracy within 5-6% was noted, which does not
lead to significant changes in the values for time delay (distance to
the observed object) and the estimation of the complex amplitude of
the USP in the packet. That is, for an a priori unknown shape of the
reflected USP, in the proposed algorithm, it is necessary to use

fm = 1, which also proves the algorithm's performance.

5. Conclusion.

An estimation of the allowed error when changing the
initial conditions for the algorithm's operation was made, and it was
proven that the modified algorithm retains its performance even
with an a priori unknown shape of the reflected signal, and in
conditions of Gaussian noise influence on the input packet of
reflected pulses when using Prony's method — and in this specific
case, also when using the MUSIC method.

The report shows that the accuracy of the estimation
primarily depends on the smoothing coefficient of the Nyquist LPF,
on the choice of parameter M, which determines the resonant
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frequency of the preliminary LPF, and on parameter N, which, in
turn, determines the necessary number of reflected USPs in the
packet (samples) formed at the output of the preliminary LPF.
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Abstract. In this study, a comparison of methods for connecting a fuel cell stack to a three-phase load was researched. The stack
connection via a current source inverter and a voltage source inverter was considered. The study was conducted using simulation modelling
in the MatLab/Simulink software. Simulation models of the operation of a fuel cell stack on a three-phase active-inductive load through a
current source inverter and a voltage source inverter were created. The harmonic composition of the stack voltage, stack current, and load
phase-to-ground voltage curves was studied. Losses in semiconductor converters and inductances were estimated. The influence of the
switching frequency of semiconductors on losses in the current source inverter and voltage source inverter was studied.
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1. Introduction

Currently, in the field of stationary and transport energy, great
interest is paid to electrochemical energy sources, such as hydrogen
fuel cells. The advantage of such sources is the generation of
electricity directly from hydrogen fuel, bypassing the intermediate
stage of mechanical conversion. Also, the advantages include
noiselessness and the absence of harmful emissions.

Statistical studies show a rapid growth in the number of transport-
type power plants using hydrogen fuel cells. Over the period 2018-
2022, the number of such power plants tripled (from 10 to 30
thousand), while the number of stationary power plants remained
approximately the same (about 50 thousand). Over the same period,
the total capacity of transport-type power plants increased from 600
MW to 2000 MW [1]. A wide range of hydrogen fuel cells are used
in stationary energy systems: proton exchange membrane
(PEMFC), solid oxide (SOFC), phosphoric acid electrolytes
(PAFC), alkaline electrolytes (AFC), and molten carbonate
electrolytes (MCFC). The capacity of stationary hydrogen power
plants currently reaches 2 MW. In power plants of transport
facilities, mainly hydrogen fuel cells based on proton exchange
membranes (PEMFC) are used; the unit capacity of the plants
reaches 300 kW [1, 2].

When using fuel cell stacks as auxiliary sources for powertrains of
self-propelled vehicles, it is possible to provide a power reserve, an
operating mode with power forcing and operation in conditions
where the use of internal combustion engines can be difficult. The
introduction of powertrains with fuel cell stack requires solving a
number of problems, in particular, ensuring a combination of the
output characteristics of a hydrogen fuel cell stack with the power
supply requirements of energy load. The last of the listed problems
involves the selection and justification of the bus structure.

2. Preconditions and means for resolving the
problem

There are two methods of connecting DC-current source to a three-
phase load: using current source inverter CSI or voltage source
inverter VSI. This article considers the problem of substantiating
the topology of the autonomous power system for AC-load from a
hydrogen fuel cell stack in a powertrain of self-propelled vehicles.
The problem is to consider possible options for the topologies of
the powertrain and select the optimal structure based on the
following criteria:

1) minimum total power losses in all converters and elements;

2) minimum distortion of the load voltage, which is estimated by
the total harmonic distortion of the load phase-to-ground voltage
THD(U),

3) minimum impact of fuel cell stack current ripples on its
operation, which is estimated by the total harmonic distortion
THD(I).
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3. Solutions of the problem

Using MatLab/Simulink software the model of powertrain was
designed. The Fuel cell stack is the only source of energy and has a
rated power 50 kW. The load is a static load with a nominal power
of 50 kVA and power factor 0.8 (active-inductive). Semiconductor
converters lead to the appearance of pulsations of the stack current,
which negatively affects its efficiency and durability [3-6], and
distort the curve of the load phase-to-ground voltage. The
topologies are shown in Figure 1.

The parameters of the AC-filters are selected to provide a total
harmonic distortion THD for the load phase voltage of 5+0.5%.
The inductance in the DC link for the topology with a current
source inverter is selected to provide THD of the fuel cell stack
current curve of 15+0.5%. The inverter control system is based on
the using PI regulation in the dq reference system. The values of
three-phase alternating current and voltage are converted to DC
components in the dq reference system to eliminate the steady-state
error. The modulation method used to generate control pulses is
sinusoidal pulse-width modulation.

e o
] I — e ,q), L - H o
® —
| I
2 UH
sT/:aTFD— : Jj :A,I;?,??,I:\f . H
L o I ]

Figure 1. The topologies of powertrain using 1) current source
inverter; 2) voltage source inverter. FCS — fuel cell stack, CSI —
current source inverter, F — filter, RL — three-phase active-
inductive load, VSI — voltage source inverter

The parameters of the AC-filters are selected to provide a total
harmonic distortion THD for the load phase voltage of 5+0.5%.
The inductance in the DC link for the topology with a current
source inverter is selected to provide THD of the fuel cell stack
current curve of 15+0.5%. The inverter control system is based on
the use of PI regulation in the dq reference system. The values of
three-phase alternating current and voltage are converted to DC
components in the dq reference system to eliminate the steady-state
error. The modulation method used to generate control pulses is
sinusoidal pulse-width modulation. [7, 8]

The structural diagram of the inverter control system is shown in
Figure 2. The table 1 shows the parameters of the poweretrain
elements.
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Table 1 — Parameters of the elements in the topologies of
powertrains

Elements csl | VSl
Fuel cell Nominal power 50 kW
stack Nominal voltage 625 V
Power 50 kVA
Load Power factor 0.8
Frequency 50 Hz
Inverter Switching frequency 10000 Hz
L; =25mH -
Filters Li=8mH CLL_ZéOrB]HF
C¢ =750 uF = K

4. Results and discussion
The results of the powertrain operation simulation are presented in
Table 2. Figures 3 and 4 show the stack current curves and their
harmonic analysis.

Table 2 — Results of the powertrain operation simulation

frequency pulsations are less pronounced. This is due to the high
inductance filter in the DC bus. The effect of current pulsations on
the durability of fuel cells has not been studied in depth at the
moment, but an analysis of existing publications allows us to
conclude that low-frequency current pulsations have a greater
negative effect on hydrogen fuel cells [3-6].

Of interest is also the distribution of the components of power
losses in semiconductor converters depending on the switching
frequency on the rated power. The switching frequency of the key
elements of the converters has the main effect on the losses for both
types of inverters. The total power losses in the system converters,
indicated in Tables 3, 4, include losses in the inverter
semiconductor devices in the open state and commutation. In
Tables 3, 4 the following designations are used: py — conduction
losses in diodes; p. — conduction losses in transistors; ps —
switching losses in transistors; pi,, — total power losses in the
inverter. [9] The dependence of losses in the inverter on the
switching frequency is shown in Figures 5, 6, 7.

Table 3 — Power losses in current source inverter depending on
switching frequency

Switch frequency, kHz

Losses, W

10 | 12 | 14 | 16 | 18 | 20

ps | 37,8 ] 38,1 |38,0{137,9/38,0/38,0{37,9]38,0| 38,0 38,0

pe 1393 ] 39,6 |39,4/39,4/39,5(39,4]39,4/39,5]/394 | 39,4

ps | 46 | 9,6 |14,3]|19,0/23,9|28,6(33,3(|38,2|43,0| 47,7

pinv |491,2| 523,3 [550,4/578,3/608,2/636,2/664,2/693,7/721,8|750,4

Table 4 — Power losses in voltage source inverter depending on
switching frequency

Csl VSI
Load phase-to-ground voltage 215V 210V
Load current 82 A 81A
Stack current 66 A 62 A
THD(U) 4.85% 5.08%
THD(I) 14.81% 47.63%
tann a0 . . I S Y T

Figure 3. Stack current and harmonic analyéis for CSI topology

Balactedt wgral with FFT window ( red)
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Figure 4. Stack current and harmonic analysis for VSI topology
Analysis of the harmonic composition of the stack current curves
shows that in the system with a current source inverter, low-

Switch frequency, kHz

Losses, W

2| 4 6 8 10 (12 | 14 | 16 | 18 | 20

pg [36]130(32 32 |29(31[32[31]32]32

pe |42,6]142,6 425 425 140,0[425(425(425(425|425

ps |55(10,2]153| 20,4 | 24,3|30,5|35,6 |40,7| 45,8 | 50,9

pinv | 3076 334,4|365,6| 396,6 |403,8|457,2|488,1|518,0| 548,8| 579,5

Conduction losses

L

Conduction losses p_.py W

6 3 10 12 14 16 18 20
Switch frequency, kHz

Figure 5. Conduction losses in CSI and VSI depending on
switching frequency
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Figure 6. Switching losses in CSI and VSI depending on switching
frequency

Total inverter losses

Total losses p;,,, W

10 12 14 16 18
Switch frequency, kHz

—\| S|

Figure 7. Total inverter losses in CSI and VSI depending on
switching frequency

Switching losses in a voltage source inverter are higher than in a
current source inverter, but conductivity losses are higher in a
current source inverter, which is due to the series connection of
transistors and diodes and large values of switching currents; as a
result, the total power losses in semiconductor devices of the
current inverter are 1.3 to 1.6 times higher in the entire range of
switching frequencies.

It is difficult to directly determine the power losses in the chokes
and filter inductances of the power supply systems under
consideration at this stage of the analysis, but it is possible to use
an indirect estimate of the power losses and the mass and size
parameters based on the stored energy of the inductive elements.
The results of such an estimate are presented in Table 5. It is
evident from the table that the energy stored in the inductive
elements of the CSI system is an order of magnitude greater.

21

Technics. Technologies. Education. Safety. 2025

Table 5 — Energy, J, stored in inductances of output filters of
inverters and DC-bus inductance

DC- .
Topology inductance AC-filter
Csl 54.5 52.3
VSI — 19.7

4, Conclusion

All the considered topologies of constructing an autonomous
electric power system provide power to the AC-load from a fuel
cell stack and provide the required quality of power supply.

In terms of the degree of influence of stack current pulsations, the
current source inverter topology is more preferable, since the stack
current curve has less low-frequency pulsations, which most
significantly affect the durability and output characteristics of the
fuel cell.

Lower total power losses in the power system converters are
ensured by using a voltage source inverter. This topology is also
characterized by significantly smaller weight and size parameters
of the inductances of the filters, which makes it a more preferable
variant for real application.
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An unmanned aerial vehicle with an extended flight time
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Abstract. The question of application of unmanned aerial vehicles (quadrocopters or multicopters) with electric drive for long-term
monitoring operations in territories with operating power system or electrified railroad transportation is considered. The disadvantage of
drones of this type is the limited capacity of the on-board battery, which implies the need to recharge it, i.e. to stop the flight and return the
aircraft to the base. The authors propose a constructive solution to this problem, which is based on a non-contact (induction) method of
charging during the flight of an aircraft due to the energy of the electromagnetic field arising from the flow of electric current in the high-

voltage wires of the power system or the contact network of railroads. For this purpose, an additional circular electric winding is installed
on board the aircraft, in which an electromotive force (EMF) is induced in the electromagnetic field during flight. This EMF is used to
charge the battery of the unmanned aerial vehicle. Also, in the proposed design of the unmanned aerial vehicle, solar panels are provided

for recharging the batteries during the flight during daylight hours.

KEYWORDS: UNMANNED AERIAL VEHICLE, WIRELESS CHARGING, BATTERY PACK, ELECTROMAGNETIC FIELD, INDUCTION

CHARGING

1. Introduction

The modern strategy of conducting military and
intelligence operations has shown high efficiency in the use of
unmanned aircraft systems. The use of unmanned aerial vehicles
(UAVs) is also actively being implemented for civilian purposes,
for example, in agriculture, environmental management, road and
rail transport, etc. [1-4].

This paper considers the issue of using a multi-rotor UAV
with an electric drive for long-term monitoring of infrastructure
facilities in territories with an operating power grid or electrified
railway transport.

Despite the rapid development of technologies in the
battery field, one of the disadvantages of multirotor-type UAVS is
the limited capacity of the battery, which implies the need for
frequent battery charging, which means that the UAV will stop
flying and landing at the base.

Various methods are used to increase the flight duration
of the UAV, such as installing additional batteries on board the
device, additional charging stations [5, 6], installing solar panels on
board [7], and wireless charging methods are actively being
developed [8-10].

2. Solution of the problem under consideration
We propose a constructive solution to this problem, which
is based on the wireless (induction) method of charging the UAV
battery during flight at the expense of the electromagnetic field
energy arising from the flow of electric current in the high-voltage
wires of the power system or railway contact network [11-14].

In the center of the UAV there is a supporting frame, and
to the side surface of which booms are attached. At the other ends
of the booms, electric motors are attached with fasteners. A power
battery is installed on the chassis, which is connected to the electric
motors via a speed controller. To the central part of the lower
surface of the supporting frame with the help of a hinge attached
swivel-tilt gyro- stabilised suspension with a video surveillance
device, Fig. 1.

To the bodies (Fig. 1) electric motors of the inner surface
of the inner surface is attached to a dimensional ring, on which is
located circular electric winding (REW). It is possible to locate the
REW both under the air screws and below them.

The electromagnetic field caused by the flow of
alternating electric current in the contact wire of the railway contact
network (high-voltage wires of the power system), according to the
law of electromagnetic induction, induces an electromotive force
(EMF) in the REW located on board the UAV (energy receiver), the
terminals of which are connected to the battery charging circuit.
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side view X

top view

1 - framework; 2 - boom; 3 - fasteners; 4 - electric motors; 5 - air
propellers; 6 - chassis; 7 - battery; 8 - video surveillance device; 9 -
rotation sensor; 10 - pivot; 11 - gyrostabilised suspension; 12 - circular
electric winding (REW); 13 - electromagnetic field strength sensor.

Fig. 1. Design of a UAV with a charging winding side
view and top view

In case of battery charge decrease, the UAV approaches
the wires of the high-voltage line of the power system or railway
contact network, the location of which is determined by the operator
visually or their coordinates are included in the flight programme.
The approach occurs before the electromagnetic field strength
sensor is triggered at the moment of time when the electromagnetic
field strength in the sensor zone approaches 1 kV/cm, which is the
breakdown strength of moist air. The UAV "hovers" near the high-
voltage wire or continues to fly along it along a certain trajectory.
The latter condition is mandatory if the external magnetic field is
generated by a direct current. The battery charge control device
connects the charging REW through the battery charge control unit
to the terminals of the power batteries. Under the action of the
induced EMF in the UAV REW, and therefore in the battery, begin
to flow currents. In this way, the battery pack is recharged. When
the required charge level is reached, the control device disconnects
the REW from the battery pack - the charge stops. The UAV
continues with its mission



3. Results and Discussion

To verify this method of wireless recharging of the
UAV Dbattery pack, experimental studies of the induced
electromotive force in the UAV REW were performed, Fig. 2. In
this case, the parameters of the REW were changed such as:
diameter (160mm and 320mm), the number of turns (300 and 600
turns), shape, cross-section of the wire. The external magnetic field
was created by an alternating electric current of 15 A, frequency
50Hz.It can be seen that this EMF has a shape approaching
sinusoidal (period 0.02s, which corresponds to the frequency of
50 Hz).

Fig.2. Induced EMF from an electromagnetic field source on a
REW model

Experimental studies have shown that for the specified
task it is more rational to use the REW of a larger diameter, and in
the induced EMF there are high-frequency components, which are
eliminated by LC-filters.

In the process of working on this project and confirming
the possibility of this method of charging the battery, both
analytical and numerical calculations were performed.

COMSOL Multiphysics 6.2 package was chosen as the
main tool for mathematical modelling. The calculation was carried
out by the finite element method, the geometry of the model is
shown in Fig. 3. The number of turns of the REW was determined
from the condition of providing the required value of the charging
voltage at the output at fixed values of the distance between the
high-voltage/contact wire of the contact network and the REW (h)
and longitudinal speed of the UAV flight (v). During the
calculations, h and v were varied. The flight speed was varied in the
range from 2 to 10 km/h.

During calculations it was assumed that sinusoidal current
with an amplitude value of 300 A and frequency of 50 Hz flows
along the contact wire. The results of calculations confirmed the
possibility of on-board battery charging by induction method.

The dependences of the magnitude of the induced EMF
on the number of turns of the REW at its different number of turns
were also obtained, Fig. 4. The dependence between these values
has a linear character. A full description of these studies is given in
[15, 16].

Modelling of the charge of UAV with REW from the
source of electromagnetic field, which is the contact network of
alternating current of electrified railways, has been performed.
When modelling took into account the presence in the contact
network supporting cable, which can flow a current of up to 50% of
the contact wire current, Fig. 5.

The obtained results show that the required value of the
induced EMF can be achieved both by selecting the diameter of the
REW and by changing the distance from the contact wire to the
REW of the UAV.
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1 —design area; 2 — contact/high-voltage wire; 3 — ring electrical
winding (REW)

Fig.3. Geometry of the mathematical model
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Fig. 4. Dependence of the magnitude of the induced EMF on the
number of turns of the REW

2

1 - design area; 2 - contact/high-voltage wire; 3— REW; 4 -
supporting cable

Fig.5. Geometry of the mathematical model

Studies show that the value of the induced EMF varies
depending on the position of the UAV relative to the contact
suspension of the catenary network. Energy transfer will be most
efficient if the UAV is positioned at the side of the contact wire, in
which case the value of the induced EMF will be~ 80 V. If the
UAV s located at the level of the supporting cable, the induced
EMF decreases to~ 73 V, Fig. 6.
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nduced EMF,V

Distance from the axis of the current-carrying conductars, m

1 - REW at the level of the contact wire; 2 - REW equidistant from
the contact wire and the supporting cable; 3 - REW at the level of the
supporting cable

Fig. 6. Dependence of the induced EMF in the REW on the
value of its distance from the conductor of the contact
network

Conclusion

1. The results of research and calculations confirm the
possibility of using this method of wireless recharging of the
UAV battery in the presence of a source of external
electromagnetic field.

2. The estimation of the magnitude of the induced
electromotive force in the UAV REW depending on its
parameters and geometric dimensions and location relative to
the source of the external electromagnetic field is performed.
3. This method can be recommended for increasing the time
of continuous UAV flight when monitoring long
infrastructural electrified objects.
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Abstract: Analyzing the current state of the road infrastructure in Bulgaria, it should be emphasized that it is the result of the long-term
preferential and large-scale industrialization of the national economy. This policy, until the beginning of democratic changes in the country,
put the development of the road infrastructure on the back burner, due to the limited resources and the set priority. Investment during the
transition years is characterized by irrationality, mainly due to the lack of a justified, detailed developed and provided with financial
resources long-term plan in this area. Bulgaria's accession to the European Union led to a rethinking of the content of the state
infrastructure policy, a change of views and the need for rapid integration of the national transport system with the European one. The
development of the transport infrastructure plays an important role in strengthening the ties between European countries and in the
inclusion of new member states of the European Union. The country's road infrastructure affects the competitiveness, economic growth and
employment of the working population. This report examines and analyzes the changes and modifications that have occurred in the structure,
condition and density of Bulgaria's road infrastructure for the period 2007 — 2024. The main goal is to derive recommendations and
guidelines for the future sustainable development of the country's road network based on the analysis of the development of the road
infrastructure during the first eighteen years of Bulgaria's membership in the European Union.

Keywords: ROAD INFRASTRUCTURE, CONSTRUCTION, MODERNIZATION, REHABILITATION

1. Introduction 2015 734 2954 4025 12140 19853
2017 734 2928 4028 12171 19861

Based on their functions, the roads of the republican road 2019 790 2900 4019 12170 | 19879
network are divided into roads of international and national 2021 206 2883 2019 12217 | 19925
ot whh i oy, 0o a1 |5t ors~|—doss— 0| ot
' 2024 845 2886 4021 12234 19986

roads of regional importance, including the second-class and third-
class road network. Most of the roads in the first group are part of  Ngs, Bulgaria

the infrastructure of the pan-European transport corridors. They ) ) . .

conduct transit flows and ensure the integration of the country's Only the increase in the kilometers of motorways is due to new
road network with that of neighboring countries, and are of construction, while third-class roads have increased mainly through
important importance for the integration of the regions, both @ change in their functions in the country’s transport system.
nationally and in Europe. The main functions of roads of regional

importance are to provide connections between the Major  jncreased by a total of 427 km, and for the period under review the

administr?]tive and eﬁonon’llic centers in the rehgi_on_s, as well @ ayerage annual increase in the length of motorways in Bulgaria is
between the regions themselves, contributing to their integration. At oqua1't6 23,72 km (Figure 1),

the same time, they bring and redistribute traffic to the road arteries
of national and international importance, in some cases serving

For the period 2007 - 2024, motorways in Bulgaria have

border checkpoints and playing an important role in the Development of motorways for the period
development of cross-border cooperation. 2007-2024 /km./

The policy oriented towards integrating the national transport 700 806 840 8%
network with that of the European Union, as a newly admitted 734 734
member state since 2007, led to a rethinking of the content of the 605
state's infrastructure policy, to a change in views and the provision 418 418 458

of financial resources for the development and modernization of the
transport infrastructure.

2. Development of the republican road network of
Bulgaria for the period 2007 - 2024

The changes in the length of the national road network, in total
and by individual road classes for the period 2007 — 2024, are Fig. 1 Development of motorways in Bulgaria for the period 2007 — 2024.
presented in Table 1. The growth of the road network for the
eighteen-year period under consideration, which covers the years The total increase of the republican road network by 561 km.
after Bulgaria’s accession to the European Union, is a total of 561 for the eighteen-year period under consideration can hardly be
km. [1] An increase is observed in motorways and third-class roads,  cajjeq development and expansion of our road network. The slow
respectively, by 427 km. and 223 km,, there is no change in second-  growth rates are explained by the concentration of the provided
class roads, and the first-class road network decreases by 89 km. budget funds on activities such as repair and rehabilitation. The

Table 1: Development of the republican road network of Bulgaria for the ~ average annual increase in the length of the republican road network
period 2007 — 2024 (km.) is equal to 31.17 km.

2007 2009 2011 2013 2015 2017 2019 2021 2023 2024

; First- | Second- | Third- The fact that by 2024, second-class and third-class roads make

Years | Highways | class class class | Roads- up more than 81% of the national road network, while the main one

roads roads roads total (motorways and first-class roads) does not reach a relative share of

2007 418 2975 4021 12011 | 19425 19% is not encouraging. Motorways, in turn, make up, by the end of

2009 418 2975 4028 12014 19435 2024, only 4.23% of the total length of the road network, which,

2011 458 2970 4030 12054 19512 despite their significant increase compared to 2007, is extremely
2013 605 2975 4035 12063 | 19678 small (Figure 2).
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2,15%
2007 nor
’ 15,32%
61,83% 20,70%
® Highways Firstclass m Second-class ® Third-class
2024 4,23%
14,44%
Q,
61.21% 20,12%
= Highways Firstclass = Second-class = Third-class

Fig. 2 Relative share of individual road classes to the total length of the
national road network, for 2007 and 2024.

The unsatisfactory structure of the road network, according to
the class of the road, combined with the slow pace of new
construction outline the serious problems facing the state and the
desired integration of our road infrastructure with the European
transport system.

3. Changes in the density of the national road
network for the period 2007 - 2024

A single European indicator for the degree of development of
national road networks is their density. The density of the
republican road network of Bulgaria is determined by the number of
kilometers of road per 1000 sqg. km. territory. The data presented in
Table 2 shows that over the past eighteen years the density of the
republican road network, although at a slow pace, has been
increasing, reaching 180.1 km. per 1000 sq. km. territory for 2024.
Taking into account the priorities of the national transport policy for
the construction and completion of motorways and expressways,
this trend is expected to continue in the coming years.

Table 2: Density of the RRN for the period 2007 — 2024 (km/1000 sg. km.)

First- Second- Third-
Years Highways class class class Roads -
roads roads roads total
2007 3,8 26,8 36,2 108,2 175,0
2009 3,8 26,8 36,3 108,2 175,1
2011 4,1 26,8 36,3 108,6 175,8
2013 5,5 26,8 36,3 108,7 177,3
2015 6,6 26,6 36,3 109,4 178,9
2017 6,6 26,4 36,3 109,7 179,0
2019 7,1 26,1 36,2 109,7 179,1
2021 7,3 26,0 36,2 110,1 179,6
2023 7,6 25,9 36,2 110,2 179,9
2024 7,6 26,1 36,2 110,2 180,1
NSI, Bulgaria
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The motorway density index in Bulgaria is below the average
for the member states of the European Union (Figure 3). Despite the
commissioning of new motorway sections in recent years,
Bulgarian regions still lag significantly behind those in the old
member states of the European Union in terms of accessibility to
the motorway network.

Changes in the density of RRN for the period
2007 - 2024 /km. per 1000 sq. km./

1791 1793 179,9 1801
178,9 1789 1=

175,8
175,0 1751

2007 2009 2011 2013 2015 2017 2019 2021 2023 2024

Fig. 3 Changes in the density of the republican road network for the period
2007 - 2024 (km/ 1000 sq. km. of territory)

Individual countries have reached different degrees of
development of the road network. In terms of road network density,
Bulgaria is significantly behind the EU member states before 2004
and some other countries. At the same time, countries such as
Finland, Norway, Slovakia and Turkey have a lower road network
density. This shows the conditional nature of the comparison by this
indicator, because the nature of the terrain and the width of the
roads are not taken into account [2].

In our country, the most common are two-lane roads with a
width between 6.00 and 7.50 meters. In Bulgaria, over 40% of the
country's territory is mountainous and therefore less populated, so
that overall the density of the road network could be considered
satisfactory (Figure 4). The lower level of construction of the high-
class road network in the peripheral border and northern parts of the
country limits the opportunities for economic development of the
territories that are remote from it, reduces the quality of life and
defines them as insufficiently attractive for potential investors [3].

Changes in the density of RRN by road type for
2007 - 2024 /km. per 1000 sq. km./

120

100

8

6

40

2 [
— ]|

Third-class

[T -]

=]

Highways First class Second-class

H 2007 ®2009 m 2011 = 2013 ® 2015
m2017m2019m 2021 m2023 m 2024

Fig. 4 Changes in the density of the republican road network by road type
for the period 2007 - 2024 (km. / 1000 sq. km. of territory)

The priorities for building the road network in Northern
Bulgaria will significantly improve transport services in this part of
the country, while for the regions of Southern Bulgaria, the need for



Technics. Technologies. Education. Safety. 2025

development will mainly be on regional roads. The improvement
and development of the road infrastructure in the southern border
territories, in the coastal areas of the Danube River and in the
hinterland of the Black Sea coast will significantly support the
regional economy by using the local development potential.

4. Development of Bulgaria's road infrastructure
according to the condition and type of pavement for
the period 2007 - 2024

The Road Infrastructure Agency organizes the activities for the
maintenance of the republican roads, both outside the borders of the
settlements and for the carriageway of the republican roads within
the borders of the settlements. The respective municipalities
organize the activities for the maintenance of the republican roads
within the borders of the cities, with the Road Infrastructure Agency
participating in the financing with funds in the amount of the
average annual costs for the maintenance of 1 km. of the respective
class of road, provided for in the budget for the current year [4].
Table 3 presents the structure of the republican road network,
according to the type of road surface for the period 2007 - 2024.

Table 3: Republican road network by type of pavement for the period 2007 -
2024 (km.)

Roads

Years | Asphalt with Paved Unpaved | Roads

roads other roads - roads - total

surfaces total

2007 18886 249 19135 290 19425
2009 18917 239 19156 279 19435
2011 19001 234 19235 277 19512
2013 19196 209 19405 273 19678
2015 19384 195 19579 274 19853
2017 19375 201 19576 285 19861
2019 19377 183 19560 319 19879
2021 19449 157 19606 319 19925
2023 19480 147 19627 341 19968
2024 19510 128 19638 348 19986
NSI, Bulgaria

The data shows that there are still unpaved national roads (348
km at the end of 2024 or 1.74% of the length of the national
network), and the roads without permanent road construction are
128 km.

Ratio of paved and unpaved roads to the total
length of the RRN for the period 2007 - 2024

200720092011 201320152017 201920212023 2024

100%
99%
98%

97%

B With pavement B No pavement

Fig. 5 Relative share of paved and unpaved roads to the total length of the
republican road network for the period 2007 - 2024.

It is positive that by the end of 2024, 97.62% of the country's
national roads are asphalted. The efforts of the Road Infrastructure
Agency need to be directed towards reducing the number of
republican roads without pavement and without permanent road
construction in order to meet safety requirements [5].
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5. Summary of results

After the analysis of the development of the country's road
infrastructure for the period 2007 - 2024, the following main
conclusions can be formulated: 1) The growth of the republican
road network for the period 2007 - 2024, covering the years after
Bulgaria's accession to the European Union, is a total of 561 km. An
increase is observed in motorways and third-class roads,
respectively by 427 km. and 223 km., second-class roads are
unchanged, and the first-class road network decreases by 89 km. 2)
A significant problem of the road network is the lack of good and
fast transport communications between the regions in the northern
and southern parts of Bulgaria [6]. To improve transport
communications between the northern and southern parts of the
country, it is necessary to allocate funds for the development of
road connections through the Stara Planina passes, the operational
condition of a large part of which is unsatisfactory. 3) The
motorway density index in Bulgaria is below the average for the
European Union member states. Despite the commissioning of new
motorway sections in the period 2007-2024, Bulgarian regions still
lag significantly behind those in the old European Union member
states in terms of accessibility to motorways. 4) The lower level of
development of the high-class road network in the peripheral border
and northern parts of the country limits the opportunities for
economic development of the territories that are remote from it,
reduces the quality of life and defines them as insufficiently
attractive for potential investors. 5) By the end of 2024, 97.62% of
the republican road network in Bulgaria is asphalted, but there are
still republican roads without pavement (348 km or 1.74%) and
roads without permanent road construction (128 km or 0.64% of the
republican road network).

6. Conclusion

Despite Bulgaria's membership in the European Union (since
01.01.2007), its road infrastructure is in an unsatisfactory
operational condition and does not meet the requirements of the
market and the priorities set in the country's transport policy, in
connection with our membership in the European Union and the
need for the national road network to quickly integrate with the pan-
European one. The successful implementation of the approved
programs and projects for the development of the road
infrastructure will result in the achievement of high technical
standards, reduction of travel time and operating costs, ensuring the
necessary safety and comfort during travel. The development and
improvement of the republican road network of Bulgaria will
contribute to the integration of the national transport system into the
pan-European one, will favor the strengthening of economic
relations with neighboring countries and will create conditions for
growth of the economy as a whole.
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OCOBEHOCTHU IPU INPOBEXJIAHETO CTATUCTHUYEH AHAJIN3 HA
JEBEJIOCTEHHA TPBbBHA KOH30JIA C PA3JIMYHA 1bJIZKUHA

PECULIARITIES IN CONDUCTING STATISTICAL ANALYSIS OF THICK-WALLED
TUBULAR CANTILEVERS OF DIFFERENT LENGTHS

J-p Umx. Munes C. M.,
BBBY ,.I'. benkoscku* Jlonna Mutpomnonus, bbirapus

subi.minev@abv.bg,

Abstract: One-dimensional longitudinal deformations of a thick-walled tubular console, attached at one end with protrusions (pins)
to a massive element in mass and dimensions, are considered. Dependencies used in resistance of materials are used as a mathematical
model. The choice of the model implies the need to take into account the effects of longitudinal deformation of a thick-walled tubular console
during its functioning. Artillery bodies of fire systems are adopted as a model for a thick-walled tubular console. A statistical analysis has
been performed and two types of bodies of artillery systems have been distinguished. Using the rules of operation described in the resistance
of materials, a scheme for the action of forces and moments is presented. The strength characteristics of steels and the content of alloying
elements in them for the manufacture of artillery bodies are presented. Two types of steels were selected for this case.

Knwuoeu oymu: debenocmenna mpvOHa KOH304A, CIMAMUCIIUYEH AHATU3, HAOTBICHU 0ehopMayuu, apmuieputicku meid, nposuceaHe.

1.BnBenenue

VI3BecTHO €, ue BBB BCsKa paboTellla MEXaHMYHa CHCTeMa
BB3HUKBAT KOJEOATEIHU IMPOLECH INpPU CTATHYHH W JTHHAMHYHU
pexuMu Ha paboTa, KOMTO ca pe3yiraT OT MHOXKECTBO NPUYHHH.
Komnebarenmaure mnpoumecm wmoraT nAa ObaaT CIEACTBHE. OT
KOHCTPYKTHBHUTE  OCOOGHOCTM  Ha  CHCTeMara, MWIH  OT
npepasnpeneIeHHeT0 Ha HAaTOBapBaHUATA MEXKIY pas3IndyHHUTE
€JIEMECHTH Ha HOPMalHO paborema crpykrypa. Hamudmero Ha
M3TOYHHIM Ha KOJeOaTeIHH MPOLECH B €UH MEXaHU3bM MOXE Ja
YCJIOKHH TUarHOCTHKATa Ha HErOBOTO CHCTOSIHUE U JIOPH Ja 0BENE
JI0 HapylllaBaHe Ha peXXUMa My Ha paboTa, a B HAKOH CIydau U 10
paspyuiaBaHe. PaznnuHu npoOneMu, CBbp3aHH C HapyllaBaHe Ha
TOYHOCTTa M HPOM3BOJMTEIHOCTTA HA MEXaHMYHHMTEC CHCTCMH B
pesyarar Ha BUOpAIMU Ha HAKOM OT TEXHUTE CJIEMEHTH, YeCTO ce
pelaBaT Ha IpaKTHKa eKcHepuMeHTaiHo. [lo To3u HaumH
HOCJIEIUIIUTE OT XO/a Ha KoJeOaTeIHUTe MPOLeCH Morar Jia ObaaT
pa3IUYHM, KaKTO U MPUYMHUTE, KOUTO T NPUYHMHABAT. B yacTHOCT
NPHU HAIUTHXKHU KOJIeOaTeTHUTEe MPOLIECH U3Pa3eHu, Ype3 BUOpaIn
Ha JnebenocTeHHa TpHOHA KOH30Ja TpPH (QYHKIHOHHUPAHETO i,
BB3HHKBA HEOOXOAMMOCTTa OT TEOPETHYHO H3CNeBaHE Ha
3aBHCHMOCTHTE MEX/y IbJDKUHA 1 M TehopMaluuTe B Hes.

Monena Ha nedopMalMUTEe MOJTYYEHH OT CTaTHCTHYECKH
AHaJIM3M HAa OTHOCHUTEJHO IBJITH M THHKH TBBPAU TPHOHN KOH30JIH,
OCHOBAaBallld C€ HA YPaBHEHHETO OT CBIPOTHBICHHE Ha
MaTepHainTe, NPy IMHAMHKATa Ha TAXHOTO (YHKIMOHMpAHE Ha
BBJIHUTE, PA3IPOCTPAHEHH B MeTalla € JoOpe NMPOy4eH U OT/aBHa ce
e mpeBbpHanm B kimacuka [1]. OcBeH TOBa Te3W aHAJIOTHH ca
OTpa3eHH B CTATHATA 3a mperuen [2].

Ho HSKOM OT MOJENMTE HE JaBaT HAIbIHO HHpOpMauus 3a
KonebaHusiTa B JeOeloCcTeHHa TpbOHA KOH30Ja, 3aKperneHa B
€IMHUAT CU Kpail 10 MacuBHO TsUI0. 3a IenTa € HeoO0X0AuMO Jia ce
M3CJIeABaT 0COOCHOCTHTE TPH (PYHKIIMOHUPAHETO Ha JeOeIoCTeHHA
TpbOHA KOH30J1a, KaTO €JIEMEHT Ha OTHEBa CHCTEMa, KaTo ce B3eMaT
npenBua aepopMaIuTe Ha KOH30JaTa B HAAIBXKHA W HAlpeyHa
nocoka [3]. MaremaTHuecKHAT MOJeT Ha HAJUIBXKHH Jedopmariy,
KOWTO OTYMTa e(peKTUTE Ha JBHKCHHE HAa KOH30JaTa Ce HYXAae OT
aKTyaJTH3alusl.

2.IlocTanoBKa Ha MpPodIeMa

Hexka na e nanena ne6enocTeHHa TphOHA KOH30I1a, 3aKpereHa B
CAUHUAT CH Kpal\/'l Ha HENOABM>XHO MAaCHUBHO TAJIO C KOOpAWHATH,
x=0wuy=0 c moMomra Ha U3JATHIH, (anpH) C MPOMEHIUBO
Halpe4yHo cedeHHe ¢ awnkuHa L. Ha TppOHara koH3oma ce
HaOMoaBaT KOHIGHTpUpaHH Macu M1, M2 mnpurexaBaiiu
tBepaoct K1 u K2. 3a uzcnenBanero mie mpueMeM, 4ye KOH30JjaTa
Ce CBCTOM OT €JHO TSUIO 3a BpeMe t;, BPEME Ha CTaI[IOHApHO
CBCTOSIHUE KOH30JaTa.
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Auamersp-d

@ue.1. Eckus Ha OeberocmeHHa mpvOHA KOH301A C KOHYEHMPUPAHU
macu M1, M2 M3.

Ille mpuemeM, 4e mebenocTeHHaTa TPHOHA KOH30JIa CE€ BBPTH
okojo octa OX BBB BepTHKaIHATa iockocT, dur.l. Ycnosusra 3a
(YHKIMOHMpaHE Ce OIpenesiT OT METOJa Ha 3aKpelBaHe Ha
KOH30JIaTa: Kpauiara i ca MpUKpereHn KbM HEMOJIBHXHH OCHOBH
¢ TOMOIITa Ha HIKOW YCTpoiicTBa, n3aarsuy, (Hamndu). Hammanero
Ha Macd M OTYMTAaHETO Ha HALTBKHUTE WM3MECTBAHHUI IPU

(byHKL[I/IOHI/IpaHeTO Ha KOH30JIaTa [Mmpeanojarat AUHaMHUYHU
JIMHEWHU NPOMEHJIIMBU CBBP3aHU C JINHEWHU z[e(bopMaum«l u
BBTPCIIHO HU3HOCBAHE TII0J KOMIUIEKCHOTO U3MECTBAHE Ha

temmeparypata [4]. CrmemoBarenHo OCHOBHATa 3aadva, KOSTO Ce
TIOCTaBsI 33 pelllaBaHe 3aKiI0YaBa: ype3 MPOBEKIAHETO Ha CTATHICH
aHaJIN3 C M3MONI3BAaHE YacT 3aBUCHMOCTH OT CHIPOTHBICHHETO Ha
MaTepHajnTe Ja Ce ONPEACIHIT JHHSHHHUTE U BIIIOBUTE OTKIOHEHHS
Ha KOH30JIaTa [IPH CTATHYHO MOJIOXKEHHUE.

OpBKHETO OOMKHOBEHO € 3aKPEHeHO Ha JBE MECTa, KOHUTO Ce
CYMTAT 3a ENACTHYHH OHOPH. MEKIMHHOTO 3BCHO MEXIY
OpBXKHETO M Jadera ca MPOTHBOOTKATHUTE YCTPOWCTBA, KOUTO
0Ce3aeMO pa3TAraT MPWIOKEHHETO Ha CHIIHTE, NeHCTBAlld OT
OPBKUETO TI0 BpEMe Ha U3CTPEa.

B kauecTBOTO Ha 1e6GETOCTEHHN TeNa e pasriename OpbAeHHI
Teja Ha apTHIEPHACKH CHCTEMH.

I/IHTepec npeacrasjisiBa OLCHKaTa Ha BJIWAHUCTO Ha OCCBU
pajvianHu KoNeOaHus: Ha TSIOTO BBPXY CKOPOCTTa Ha CHapsa 1o
Ts10TO. [IpH IBMXKEHHE HA CHaps/a MO TSJIOTO TO MEPHOIMYHO Ce
OTKJIOHSIBA OT HOMHHAJHATa CTOMHOCT (KaanObp) MOpaadl OCEBH
M3MeCTBaHMsI. B pe3ynTar Ha KOETO cHiata Ha TPUEHe Ha CHapsaa
M0 CTEHHTE HA TANOTO Ce TMPOMEHS M CIIeJOBATe]IHO HadajaHaTa
CKOPOCT Ha CHApSINTE BbB BHHIIHMS GAMCTHIEH Mpolec e Obe
pasnMdHa, BKIIOYUATENHO B 3aBHCHMOCT OT aMIUIMTyIaTa |
YecToTara, ¢ KOUTO Bb3HHKBAT PaJHalHATE OCEBH Koebanus [5].

3.TunoBe apTHIIepHiiCKH Tesa

Tunosere apTuiepUiicKu Tejla MPUTEKaBaT KOHCTPYKTUBHO
Pa3NuYHU IBJDKUHE U JuaMeTpH (kanubpu), muauMeTpu. Couiure
ca IpencTaBeH: Ha Gur.2.
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140

B CBBpEMCHHUTE TCHJACHIMH, KOH30JIUTE OT IIBPBU THII
npurexaBar kamuOopu or 100 < d <125 mm u gbDKMHA Ha
TSAMOTO  MuIMMeTpa, ¢ur.2. TeHISHIMHUTE B HOCIEIHUTE TOAUHU
Hamarat KamuOpu ot 120 mo 125 mm u gpmKHHA HaA TSIIOTO,
xon3onara ot 5300 o 7000 mm.

3a BTOPHAT THUII APTHICPUIICKM Tella € XapaKkTepHO, de
npuTexaBaT Kamubpu or 100 < d <155 mmM u ObDKMHA Ha
Tsoto 100 < d < 155 mm ¢ur.2. A TeHACHIMUTE B MOCIEIHUTE
TOAVHHM ca KanuOpu oT 152 mo 155 MM u ABIDKMHA Ha TSUIOTO M
KoH3o0:;1ata oT 6300 o 8100 mm.

4.Du3nyecKo onucanne, Moae] H METO Ha M3CJIeIBAHETO

C u3H0I3BaHETO Ha METOJ 3a OIpeleiIsHe Ha CTaTUYHOTO
OTKJIOHEHHE Ha Je0elOCTeHHAaTa IIMHAPUYHA KOH30Ja ¢©
HEOOXOMMO [1a ce Ompenend neopManuara, (MPOBUCBAHETO) Ha
KpasiT Ha KOH30JIaTa CHOPSIMO HAYaJIOTO HA KOOPAMHATHTE, a CHIIO
Taka W Brbjla Ha 3aBbpTaHe [6]. Baxno 3a wu3cnensanero e
OlpesieNisiHE Ha 3aBUCHMOCTTa MEXIY BBTPELIHUS IHAMETBD,
KamuObp d, NBIDKWHATa HAa KOH30Jara L, W Merama 3a HelHara
u3paborka. Heka na HauepTaeM auarpamu Ha Cpsi3BaHE M OI'bBalll
MOMEHT 3a KOH30JIHa rpefa BA ¢ pascrosHue, Hocellla paBHOMEPHO
pasmpeneneHo HaToBapBaHe, peAcTaBeHo Ha ¢ur.3

Lvamerep-d

Ve =-Filk

Me

Mg =-1/2F; Lk
Que. 3. [luacpama Ha KOH30IHA 2peda(msio) HA CPA36aHe U 02bBall
MOMEHM HA apMUeputicka cucmema

Or CBIPOTUBICHHE Ha MaTepHAUTE C€ mpHeMa, ue
MOMEHTHUTE, OTBBAIllM T'PEIa, B YAaCTHOCT JeOenocTeHHaTta TphOHa
KOH30JIa C HEeWHaTa M3IBKHAIOCT HAIONy, ca MOJIOKHTEIHU, B
MPOTHBEH Cy4yail ca oTpuuaTenHu [7]. 3a MOJOKHUTENHH CHIM Ha
cpsizBaHe V ce mpreMa IpaBUIIOTO, CIIOPE]] KOETO T ca CKJIOHHHU Ja
3aBBPTAT KOH30JIaTa 10 ITIOCOKA Ha YaCOBHHUKOBATa cTpenka, dur.3.
OcBeH TOBa, aKo pasriexJaMe pPaBHOBECHETO HA CEUCHHE Ha
KOH30JIaTa M CBIVIACHO aKCHOMaTa Ha OTpaHMYEHHATA, TPsAOBa jaa
ObIAaT 3aMEHEHH C TEXHHUTE peakuud. B obmmsa cioydait Bcsko
ceyeHue TpsiOBa Jla MMa TP PEAKIMU: CUJIA Ha CPsI3BaHE, HOpMaIHa
cuna u peaktmBeH MomeHT [8]. Heka ma aemoHcTpupame
IocoYeHara JuarpamMa cbe CIeIHHUAT IpuMep. [la pazpexeM TsUIoTo
Ha apruiepuiickata cucteMa B Touka C mexny B m A u
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HayepTraBame auarpama Ha cBoboxHoTo Tso AC  (¢ur. 3), ¢
nocoka Ha cuiata V. u MomenTa M_B, kakrto e rmoka3ano Ha ¢ur. 3.
O3HayaBaiiku ¢ x pascrosauero oT B no C um 3amecTBaiiku
pasnpeneneHoTo HaTtoBapBaHe BbpXy BC ¢ pesynrantHoTO F 1 X
MpUIOKeHO B cpenara Ha AC, 3amucBame:

@ +HEMc=0: Fx(3)+M=0 M=-1Fx?

W oruurame, ye pamarpamMaTa Ha CpsI3BaHE € IPEACTAaBEHA C
HaKJIOHeHa mpasa JuHUA (¢ur.3), a guarpamaTa Ha Or'bBALIUTE
MOMEHTH - ¢ mapabouna (¢pwur.3).

Makcumanaure croiHoctu Ha V. u M B
Ha4yaJoTo Ha TSUIOTO To4Ka B, KpaeTo nmame:

() Vp=-FlL; My = _%FlL%c

ITocoueHnTe 3aBUCHMOCTH IIpEAINONaraT, ue BBHIIHUTE CHIH
JeHCTBAIM Ha TSUIOTO ca BEPTUKAITHM, TaKa de HOPMAIIHU PEAKIHU
HE BB3HHMKBAT B CCUCHUETO M TE3M PEaKIUH HE ca W300pa3eHH Ha
¢ur.3. 1 ome ycnoBuero 3a paBHOBECHE ca ypaBHEHHWSATA Ha
PaBHOBECHETO, KBJETO BCHUKH BBHIIHH CHJIM, IPHIOKEHH KbM
pasriieKaaHaTa d4acT OT TSUIOTO, BKJIIOYHTETHO pEaKIUHWTe Ha
BPB3KUTE, CHOTBETCTBAIIM HAa THPCEHHTE MOMEHTH M CHJIHM IIE ce
OTYHMTAT, HO HAMA JIa ce N300pa3sBar.

KoHkpeTHO BBB BpB3Ka C IIOCOYCHOTO, HEKa pasriename
MOCTAHOBKATA Ha 33/1a4aTa 3a Ha UIBKHU M HalIPEYHH KoeOaHus Ha
TSUIOTO Ha apTWICPHHCKO OPBAWE B €IHOMEPHO NPHOIIDKCHHE B
CTaTHYHO ToJIoXKeHHue. HanpeunnTe xonebaHust B TO3M Cirydail mmie
Ce pasrIeXIaT caMo BHB BEpTHKAlHA PaBHUHA CHPSIMO OCTa Ha
CHMETpHS Ha OpBAUETO. B Xopu3oHTaHAaTa paBHIHA BEPTHKAIHUTE
KojeOaHus e ObZAaT OCHOBAa HAa H3CIEIBAHETO. 3a IeNTa Heka
n3bepeM nexapToBa kKoopauHaTHa cucreMa Oxy (¢wur. 3), cBbp3aHa
¢ He AeOpMHUpaHO TsUI0 Ha opbaueTo. Haganoro Ha KoopauHaTHTE
O ce HaMupa B IIEHTHPA Ha 3aTBOPEHHUS cpe3 Ha TsmoTo. Heka octa
Ox cpBIajga ¢ OCTa KaHaJHATa JUHUS Ha TI0TO. A octa Oy € BbB
BepTHKAJIHATA PAaBHMHA, NepreHIuKyisipHa Ha ocra Ox. Torasa,
MOJ JEeHCTBHETO Ha IpaBHUTALMATA M MacaTta Ha TSUIOTO M JPYTH
CHJIM, TO 1€ IOJYy4YH BepTHUKaTHATa Jedopmaliys, MpOBHCBaHE Ha
Touka A. Thi KaTo BeNMYMHATA HA MIPOBHCBAHETO BIMSAE HA BI'BIBT
Ha W3XBBpPJIsSHE Ha cHapsga Q € HeoOXOJMMO HEroBOTO
ompeneNnsiHe, KOETO Ce M3YHCIsBa KaTo BI'bJI, 00pa3yBaH oT octa Ox
U [T0COKAaTa Ha JOMHUpaTeTHaTa KbM JIMHUATA, ChBIAJAIIA C IIEHThPA
Ha OTBOpa HAa TSJIOTO, B TOYKAaTa Ha JyJHATa 4acT B MOMEHTA, B
KoiiTto cHapsapT uw3namura. CTOWHOCTTa Ha  BepTHKAJHATA
nedopmaryaTa 3aBHCH OT JB/DKHHATA HA TSUIOTO Ly, KamuOBpbT Ha
OpPBIMETO M KayecTBaTa Ha CTOMaHaTa, OT KOATO € H3paboTeHO
TSUIOTO.

ce cpemar B

5. CTomaHu 3a MpPON3BOACTBOTO HA APTHJIEPHIICKH TeJia

CromaHara € CIUIaB OT JKEJIA30 M BBIVIEPOJ], YMHTO MPOIEHT
Moxe 1a Bapupa ot 0,1 go 2.5%. CromanaTa MOXe 1a ChABpXA U
JPYTH JIETHpAIIN eJEeMEHTH, HO Hail-BaXHHAT OT TAX BCE IaK €
BBIJIEPOBT. briaronapeHne Ha HAMMYUETO HA BBIJIEPO/], CTOMaHATA
MoJke Jia ObJie 3aKajeHa, TeMIIepupaHa i HOpMalu3upaHa, Kato 1o
TO3W HAYUH CE OCUTYpsBa HeOGXO}lI/lMaTa OT TBBPAOCT UJIU MEKOTa
B MHOT'O IIUPOK Juana3oH. Karo 1110, 3a MPOM3BOACTBOTO Ha TSUIIO
Cce M3MOJ3Ba CTOMAaHa C IO-BHCOKO ChABPXKAaHHE HAa BBIICPOJ,
OTKOJIKOTO € HEeOOXOIMMO 32 MPOW3BOACTBOTO Ha 4YacTH 3a
MexaHu3MH. ChBPEMEHHHTE CTOMaHH 3a TSUIO NMPEMHHABaT IIpe3
CTpPOTH TECTOBE 3a SIKOCT Ha OmbH. HavanoTo Ha IuiacTHdHaTa
nedopmarus TpsibGBa @ ChOTBETCTBA Ha HaroBapBaHe ot 77,5
kg/mm? (50 tona na kBampaten unu), [9]. OcBeH ToBa, mpeau
paspylaBaHe, OTHOCHTEIHOTO YIb/DKEHHE Ha M3MMTBaHaTa mpoda
He TpsOBa na Hansumasa 20%. [Topaau dakra, ye METaIyprusra e
JOCTHIHaJla BHCOKO HHBO Ha Pa3BUTHE Ipe3 MOCIECIHUTE TOAWHU,
IIUPOKO Ce W3IOJ3Ba HHKeJIOoBa cTroMaHa. Hampumep opbkeiiHaTta
cromana e cromana 1350 cmopen knacudukaumsita Ha SAE, B
KOATO CBIbpXKAHHETO Ha cuwiunuii e ysenndeHo ¢ 0,25%.
Tepmuynata o00paboTKa 3HAYUTENIHO YyBeIHYaBa SKOCTTA M
e/IACTUYHUTE CBOMCTBA HA TaKuBa CTOMAaHH. JIONBIHUTEIHO
pEeXUMHTE UM Ha TepMHYHA 00paboTKa IO ToJisiMa CTENEeH 3aBUCST
OT TPOIEHTHOTO CBHABPXKAHWE HA JIETHpAIIN eJIeMeHTH. Upe3
BBBEXKJAHE Ha JIETHPAIY EJIEeMEHTH KaTo XpOM WM HHKEI ce
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MOCTHUTa TOBUIIABAHE HA IKOCTHUTE TOKa3aTelIn Ha CTOMaHara, 0e3
Jla ce yBeIMYaBa HelHaTa KPEXKOCT.

Karo naii-noOpusat marepuan 3a u3paboTKa Ha TeJa ca IMEHHO
CIIJIaBUTE, JIETHPAHH C HHUKeN M XpoM. KoHKpeTHO mu3mos3BaHaTa
CTOMaHa 3a CIICIUATIHH Opbaus chabpika Bwriiepon (C=0,9-1.9%)
W KOMOMHamus OT XpOM-HUKEI-MOJMOIEH WIH XpOM-HHUKEI-
BOJIppaM CBHC CIIEJHUSI OPUEHTHPOBBUEH IPOIEHT ChIbPXKAHUE Ha
JIETUpaIy €IIEMEHTH: Cr=0.2...0,6%; Mo=0,2...0,5%;
W=0,5...0,8%.

OpbaelHUTE CTOMAaHH ca BUCOKOKAUECTBEHH CTOMAHHU ChC
chAbprKaHue Ha csipa u dpocdop He noseye ot 0,03% Beeku.

Hanpumep, opwxeiinata cromana OXH2M mnma ctanzapTa Ha
TBBpAocT F-80, koATo 03Ha4aBa rpaHUIaTa Ha €IACTHYHOCT OT Haii-
manko 800 MPa. 3a 3amagHuTe OTHEBH CHCTEMH HAaM-4eCTO ce
n3nomBa Mapka cromana Alloy(SS) ¢ rpanmia emacTHYHOCT,
TBBPAOCT OT Hal-manko 750 MPa. IlocoueHuTe Mapku CTOMaHU U
TEXHHWTE SKOCTHH KadecTBa ca B OCHOBaTa HAa BEIMYMHATA Ha
cTaTH4Ha JehopManus orbBaHe Ha TAIOTO.

6.CTaTHyHa BepTUKATHA
apTUJIEPUIICKOTO TAJIO0

CraTtnyHaTa BepTHKaIHA AedopManans Ha TAIOTO ce pa3bmpa
KaTo €JaCTHYHO OT'bBaHEe MO JeHCTBUETO Ha COOCTBEHATa My Maca
B 0OMHO MOJIOXKEHHE Ha OpBxUeTo mnpeau wuscrpen. JKemanara
(dopma Ha orpBaHe Ha IpeIHaTa 4acT Ha TSUIOTO OT COOCTBEHATa My
Maca ce OIpezeNs, upe3 peliaBaHe Ha YPAaBHCHUETO Ha Ha/UThKHUTE
KoseOaHusL.

Heka pasrnename €IHOMEPHO YpaBHEHHME 3a CTaTHYHO
OTKJIOHGHHE Ha eNaCTUYHO TSJIO C eJUH HEMOABIKEH M BTOPH
cBOOOJICH Kpaif 1moj JeliCTBHE caMo Ha IpaBHTaluATa. PemieHneTo
Ha TOBa ypaBHEHHME Ie Objie HAayaJHOTO YCJIOBHE 3a PEIaBaHE Ha

nepopmanms, oOTbBaHe Ha

3ajayarta 3a KkoneOaHusATa Ha T0TO. JudepeHnHanHoTo
YpaBHEHHUE 3a HaJIB)XXHU ,Z[e(l)OpMaL[I/II/I, OTYHTAIIO caMo
TpaBUTALUATA, [IIE TPUEME BUIA:
@ (B0 ) =90

d? “ d2y(x)

kpaero: E — momgyn Ha IOHT; JZ — MOMEHT Ha WHepUUs Ha
CCUYCHHUETO; Y — OTKJIOHEHUE BBB; (] — pasmpesieleH HHTCH3UTET Ha
HaTOBapBaHe.

3anucBaMe ypaBHEHHETO Ha Ae(OopMHpaHaTa oCc Ha TSJIOTO BHB
BUJI HA YETHPH AU(PEPECHIIMATHN YPaBHEHHS OT IBPBHU pef;

dj;—)((x) = 0(x), oTKIOHEHNE
d6(x) _ M)
(5) ? =%
dM (x) _
% = Q(),
X —
o =4,

PemaBanero Ha cucrema oT audepeHunannd ypasuenus (5)
U3rIeXKIa BB3MOXKHO CaMo 3a TMpocTH ciaydan. Peannata
KOHGUTypauysi Ha TSUI0 € W3KIIOYUTETHO CloXKHa (OCBEH TOBa HE
MOXE Jia ce M3KIIYM TaKbB Ciy4ail, Korato Ts Ine Obae
o0Opa3yBaHa He caMO OT KOHWYHHU U ILMJIMHIPUYHHU MOBBPXHOCTH),
TOpaay KOETO € pasyMHO Jia C€ PeIIr MpoOJIeMbT, KaTo ce COMMKH
KOH(QUTypanusaTa Ha TAIOTO C EAHOMEPHM KpaiHU EJIEeMEeHTH C
JajeHa TOYHOCT, KOSITO 3aBHCH OT Opos Ha KpalHHTE €IeMEHTH
(KE). B Ta3u HacTpolika KpalHUAT €THOMEpPEH eNeMEHT e Oble
TpBHOa ¢ IbiokuHa Ly, ¢ BeTpenieH R1 u BpHImIEH R2 .

Ho Thii KaTo NpeAcTaBeHUSAT aHAIMTHYEH MOJAENT U METOH C
OTYMTAHE XapaKTEPUCTUKHTE Ha TBBPAOCTTA HA Tejara e
TPYyJOEMBK, TO C€ Mpejuiara Ja Ceé W3MOoJI3Ba H3BBPIIBAHETO Ha
cratuyeH aHanmu3 ¢ makera SOLIDWORKS. 3a menra ce
pa3TIIeK/IaT ABa TUIIA TeJla Ha apTHIEPUIICKN CHCTEMH.

Apruiepuiicku Tena OT bpBU THIL. J[aHHUTE - KaMHOBPBT H
IBDKMHATA Ha TSUIOTO ca MpeAcTaBeHH Ha ¢wur.2.1. CxemaTHdHO
KOHTYPHUTE Ha TSUIOTO OT TO3HM THII Ca TIpeJICTaBeH: Ha ur.4.

Due.4. Konmyp ,ouepmanue Ha apmuaepuiicku mena Nbpeu mun
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IlocoueHnTe KOHTYpH C€ U3MON3BAaT B TJIAACTBOJIHUTE H
TaHKOBUTE OPBAUS B CBETA.

B OpbXKeWHaTa  IpakTHMKa  MHTEpeC  MpPEeACTaBisABaT
apTWIEPUIICKUTE Tela OT BTOPU THUIl U3HOI3BAHU B apTUIIEPUICKH
IBITOIIEBHU CHCTEMH CHAOJeHW C IyJTHH chupadd. JlaHHWTE,
Npe/ICTaBeHN Ha (ur.2.2. ce OTHACAT 3a IOBEYETO OPBIHS B CBETA.
BapunanT Ha nogoOHM apTHIIepHICKH Tena e IpeacTaBeH Ha (ur.5.

@uz.5. Konmyp ,ouepmanue Ha apmuieputicKu mena 6mopu mun

BaxHO B ouepTaHMATA HA apPTWICPHUCKUTE TEJIa € HATUIUCTO
Ha JyJeH CHoupad, KOWTO JONBIHUTENTHO CBC CBOSITa Maca
MIOBHUIIIaBA BeJIMYMHATA Ha fedopManusiTa.

MeTonbpT 3a ONpeAeNsHE Ha CTaTUYHOTO OTKIJIOHEHHE,

nedopmaryaTa B IMHEHHN pasMepH U BI'bJIa HAa OTKIOHEHHETO Ha
ONTUYECKATa OC Ha OCHOBA Ha MPEJIOKEHUS MOJEI € IIPE/ICTaBEeH U
porpama

peamm3upan  moa  (dopmara SOLIDWORKS

JIeMOHCTpUpaH ¢ur.6 .

Ha

Due. 6. [lepopmayuu cmotinocm Ha nposuceanemo om novpeu mun

CToifHOCTTa Ha TIPOBHUCBAHETO h Ha apPTWICPHHCKH Tena OT
I'BPBU THIT € B paMKHUTE Ha h = 3 — S5mm npu IbJDKHHA Ha TSIOTO
L, = 4500...6000mm

CroiiHoctuTe Ha JedopmauuuTe 3a  Ipeo0iajaBaluTe
apTHIIEPUIICKHU Tella OT BTOPH THII Ca MPEICTAaBeHO Ha (ur.7.

Que.7. [Jechopmayuu cmotinocm Ha nposuceanemo om emopu mun
CroifHOCTTa Ha TIPOBHCBaHETO Ha h B pamkuTe Ha h=5-—
7mm. ToBa e 3a npmKkuHA Ha TsU10TO L), = 4500...7000mm.

O0606m1aBaio CTOMHOCTTa Ha Ae(OpPMALUHUTE OT IIBPBU U BTOPH
THII ca MpejcTaBeHn Ha dur.8.

CTOIHOCT Ha flechopmaLnsTa, nposmrceareto ,mm = 0,0007-1,1758E-6*x+1,9048E-10*x"2+2,3188E-14"x3;
0,98 Conf.Int.

0.0077 ssiogoors

0,0066

0,0055

0,0044

0,0033

CTOWHOCT Ha AecdhopmaunsTa, NpoBUCBaHETO ,m

0,0022
4750 5000

5250 5500 5750 6000 6250 6500 6750

[lbmxuHa Ha KoHsonaTa(TanoTo),mm
@ue.8.  Cmotinocmu na Oegopmayuume cmamuyer aHa3 Ha
nposuceanemo Ha meiama
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AHaJIM3bT Ha TIOJYYEHHTE pE3ylTaTH OT MOJEIUPAHETO Ha
HAJUTBKHUTE eopMaluuTe Ha apTHICPUHCKUTE Tela pasrieJaHu
KaTO CKBUBAJICHTHa KOH30J7a, ce HaOmomaBa, e Te (opMmupar
MoYTH KBajpaTWdHa 3aBucuMocT, (¢wur.8.). H3paszema xkaro
MOJMHOMHA  3aBHCHMOCT,  CTOHHOCTTa Ha  BepTHKaJIHATa
nedopmarysi, IPOBUCBAHETO HA TEJIaTa IPH CTATHIHO CHCTOSHHUE, B
mm e npencraseHa B (6).

(6) def = 0,0007 — 1,1758E — 6x + 1,9048E — 10x? + 2,3188E — 14x3; 0,98
Conf.Int.

BaxHo BBB (DYHKIHOHHMpAaHETO Ha TelaTra pasriieJaHd Karo
KOH30JIHA CHCTEMH e SIBABa BI'BIBT Ha AedopMaruiTa B IpeaHaTa
4yacT, CBOOOAHUAT Kpail Ha KoH3osaTa. CBINUAT ce OIpeness o
3aBHCHMOCTTA:

) B =1 [rad]

0O0600m1aBaIo, MPOBEICHUTE PA3YeTH C PA3TUYHU IBIDKUHH U
KOHCTPYKIIMU Ha apTHJIEPHUICKH TeNa ca Mpe/CTaBeHn Ha ¢ur. 9.

BIbI Ha fecopmaumsrad = -0,0108+5,4251E-6*x-9,5238E-10*x"2+6,9565E-14*x"3; 0,91 Conf.Int.
0,0034 =

0,0032
0,0030
0,0028
0,0026
0,0024
0,0022
0,0020

0,0018

brbn Ha Aecdopmaunsirad

0,0016
0,0014

0,0012

0,0010
4750

5000 5250 5500 5750 6000
[AwmkuHa Ha koH3onaTa(TanoTto)mm

Quez.9. CmotiHocmu Ha vbebaa npu CMamuyHa deopmayus Ha Maiomo

6250 6500 6750

‘brensT Ha nedopmanys [ B BrIIOBH BeIHYNHA, paauand (rad)
MOJXKE J1a Ce 3aluiie:

(8) B = —0,0108 + 5,4251E — 6x — 9,5238F — 10x% + 6,9565E — 14x%;
Conf.Int.

0,91

CroitHocTHTE Ha § OKO3BAT CHIECTBEHO 3HAYCHHE IIPH CTpeIda
C apTHJIEPUICKN CUCTEMH, CBbP3aHH TIIABHO C HEWHATa TOYHOCT.

7. Pe3yaTaT OT MOAEJIMPAHETO

Pasrmemann  karo  o0oOmiaBamy — Momen - KOH30Ja
apTUIIEPUIICKUTE CUCTEMH OT MbPBU M BTOPH THII, KOJIEOaHHUATA HA
TSJIOTO € OT TOJsIMO IIPAKTHYECKO 3HA4YeHHe 3a ONpeAeNsiHe Ha
TOYHOCTTA U NMPELU3HOCTTA Ha CTpendara.

Pemenusta Ha AudepeHInaTHNTe ypaBHEHUs Ha KoleOaHMATa
Ha TSAJIOTO BBB BEpPTUKAJHATa paBHUHHA HOJydeHH, B 4 u 5 upe3
HHTEPIIONAMOHEH METOJ ce sBsABaT Tpynoemku. Ilopaiau ToBa,
BepH(DHKaIMiATA Ha MOJYyYCHHTE pPE3yITaTH € H3BbPIICHa Bb3
OCHOBA Ha CPaBHEHME Ha PELICHMATA Ha 3aa4NTe B €AHOMEPHU M
TPUMEPHH  TIOCTAHOBKM  4Ype3  M3MOJI3BaHE  Ha  MakKeTa
SOLIDWORKS.

OTKJ'[OHCHPIS{Ta B aMl'lJ'[I/ITy)laTa Ha KOJ'[e6aHl/IﬂTa, IPOBHUCBAHETO
Ha T5UI0TO ca B HOpMHTE OT 5 10 8%. Bbnpeku ToBa, ChC ChIIUTE
W3YUCIIMTEIHU PECYpCH, BPEMETO 3a M3YHCIICHHE Ha KojeOaHusTa
Ha TSAJIOTO, M3MOJI3BANKN TPUH3MEPEH MOJIET € C HAKOJIKO MOPS/IbKa
MO-TOJIIMO OT BPEMETO 33 M3YMCIICHUE B €JHOMEPEH MOJIEI.

PesynraTute OT MOJEIMPAHETO HA HAIBKHUTE KOJIEOAaHHS Ha
TSJIOTO BBB BEPTHUKANHATA PaBHHHA Pa3Kpuxa OTKIOHEHHUS B BI'bJia
Ha crpenda IpU HamyCKaHe Ha CHapsAa, TAIOTO C ABIDKHHA
L, = 4500...7000mm B pamkure ©Ha [ = 0.0032...0.0033
(rad). ToBa uMa CBIIECTBEHO BIHSHHE BBPXY TOYHOCTTA Ha
CAUHUYHUTE U3CTPEIIN.

Pesynrarute  oT  MozjenMpaHeTo  IOKa3axa  CleAHATa
3aBHCHMOCT: YIBJDKaBaHETO Ha TSJIOTO, PA3IJIENAHO KaTO KOH30J1a
camo ¢ 1000 mm Boxu no moseye oT 1.5...2 mbTH yBeIMYaBaHEe Ha
CTaTUYHOTO OTKJIOHEHUE BI'bJIa 5 MONyYeHa JynHaTa dacT. [To To3u
HauMH IIpOMSHATa B XAPaKTEPUCTUKUTE HA TBBPJIOCT IIPH

31

u3paboTKaTa TejlaTa apTHICPUHCKUTE CHCTEMH, TPsIOBa a ce B3eMe
OpeIBU/I TPH MOJICPHU3ALMATA Ha chiuTe [10].

8.3akii0ueHne

B cratmara e mpemnokeH ~— MaTeMaTHYeCKH MOZENT — 3a
olpezeNsiHe HA CTaTHYHATa JedopManys 1 br'bja Ha 3aBbpPTaHE Ha
KOH30J1a, C NIPEACTaBEeH MOJEN Ha TSUIO Ha apTHIIEPHHCKA CHCTEMA.
MznomBanusat naker 3a mogenupade SOLIDWORKS  mo3BosnsBa
Ja ce W3MOoI3Ba 3a IMOJyYyaBaHE KbM IbPBO INPUONMKaBaHE
pe3ynTaTH 3a NPOSKTHPaHEe Ha apTUIICPUICKH CHCTEMH.
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Laser-induced plasma (lip) based on high-resolution spectroscopic analysis
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Abstract: This study focuses on Laser-Induced Plasma (LIP) diagnostics based on high-resolution spectroscopic analysis to improve the
reliability of Laser-Induced Breakdown Spectroscopy (LIBS) for elemental characterization. The inherently non-uniform and temporally
unstable nature of laser-induced plasmas remains one of the major challenges affecting the accuracy of quantitative LIBS results. In this
work, we combined deterministic and stochastic modeling approaches to describe plasma evolution, with a particular emphasis on
ionization—recombination dynamics. Plasma parameters such as electron temperature (T.) and electron density (n.) were derived using Stark
broadening and Boltzmann plot methods, while the effects of temporal fluctuations were evaluated using stochastic differential equations
(SDE) solved by the Euler—-Maruyama algorithm. Experimental validation was performed with StellarNet Nd:YAG-based LIBS systems on a
variety of metallic samples. The results demonstrate that incorporating stochastic fluctuations into traditional deterministic models
significantly improves plasma parameter estimation. This integrated methodology strengthens the diagnostic capability of LIBS, reduces
uncertainty in quantitative analysis, and provides a robust framework for applying high-resolution spectroscopic techniques to the study of

complex materials.

KEYWORDS: LASER-INDUCED PLASMA (LIP), SAHA EQUATION, BOLTZMANN PLOT

1. Introduction

Laser-induced plasmas (LIP) are created when a high-energy
laser pulse ablates a material's surface, forming a hot plasma plume.
This phenomenon underpins LIBS (Laser-Induced Breakdown
Spectroscopy) and related techniques, where plasma parameters
such as temperature, electron density, and ionization degree
determine the diagnostic emission spectra (Griem, 1997;
Radziemski & Cremers, 2006).

Recent studies emphasize accurate plasma diagnostics using
Stark broadening, Boltzmann plots, the Saha equation, and
stochastic modeling to capture temporal fluctuations in ionization—
recombination processes (Wang et al., 2021; Chen et al., 2022; Peng
et al., 2023; lIriarte et al., 2023). Our prior work on statistical
analysis of laser radiation scattering and spatiotemporal plasma
evolution (Gomidze et al., 2012-2018) provides the foundation for
this approach.

Non-uniform and unstable plasma dynamics remain a major
challenge for LIBS accuracy, as varying electron temperature (T,)
and density (ne) cause spectral line broadening and self-absorption
(Bulajic et al., 2022). Stochastic differential equation (SDE)—based
models, combined with deterministic methods like Runge-Kutta
integration and the Euler—Maruyama algorithm, offer a more
realistic representation of plasma behavior. These approaches align
with recent advances in two-fluid and magnetohydrodynamic
(MHD) models that separately describe electron and ion dynamics
(Gorbunov et al., 2023), thus improving the reliability of LIBS
diagnostics (Gomidze & Shainidze, 2018).

2. Problem Statement

Laser-Induced Breakdown Spectroscopy (LIBS) is one of the
most powerful analytical techniques for elemental analysis;
however, it faces a significant challenge: the non-uniform and
temporally unstable dynamics of the laser-induced plasma
substantially reduce the accuracy of quantitative results. The plasma
formed during laser ablation undergoes rapid changes in electron
temperature (T.) and electron density (n.), leading to strong spatial
inhomogeneities. These factors cause spectral line broadening and
self-absorption effects, which complicate the correct interpretation
of spectral data.

lonization—recombination processes are particularly important
because they define the emission spectra of the plasma. Traditional
equilibrium-based approaches, such as the Saha equation [Griem,
1997; Radziemski & Cremers, 2006], often fail to reflect the non-
thermodynamic equilibrium (non-LTE) conditions that are common
in LIBS plasmas.

Therefore, it is essential to develop models that
simultaneously account for deterministic plasma dynamics and
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stochastic fluctuations. The accuracy of these models must be
validated through experiments using high-resolution spectra, and
reliable diagnostic methods—such as Stark broadening, Boltzmann
plots, and intensity ratio analysis should be implemented. This will
significantly reduce errors in estimating plasma parameters and
enhance the reliability of the LIBS technique.

3. Theoretical Background and Computational

Modeling
The laser energy threshold, above which ablation starts, is

expressed as [Ready, 1997] and [Eason, 2007]:

Fon = 35 (@)
where: F;, - ablation threshold fluence, H, - enthalpy of
vaporization, p - material density, & - absorption depth, R - surface
reflectivity coefficient.

In LIBS systems, determining the degree of ionization is of
particular ~ importance.  Under  thermodynamic  equilibrium
conditions, the mathematical description of the ionization process in
plasma is given by the Saha equation. It is derived based on
statistical physics, specifically using the Boltzmann and Gibbs
distributions by equalizing the chemical potentials of the particles.
Let us consider the reaction occurring in thermally equilibrated
plasma:

Ao Al +e )
where A;- is the neutral atom, A{;l is its ionized form, and e~ is the
electron. Let us write the chemical equilibrium condition in the
plasma at equilibrium [Griem, 1997]:

Hi = Hit1 T He 3

u=kpTin (") @)
u is the chemical potential, n is the particle concentration, g is the
statistical weight, and Z is their partition function.

By combining equations (3) and (4) and using statistical and
quantum mechanical approaches, we obtain the modified form of
the Saha equation [Griem, 1997; Radziemski & Cremers, 2006]:

Moile 2 gy (_ E) 5)
n; A gi kpT
where: n;,, — particle concentration in a higher ionization state; n;
— particle concentration in a lower ionization state; n.— — electron
concentration; A— thermal de Broglie wavelength; gi, gis1—
statistical weights of the particles; E,2 — ionization energy; kp —
Boltzmann constant; T — plasma temperature.

It is precisely through the Saha equation that one can estimate
which ionization levels will be active at a given temperature and
electron density, which is essential for the correct interpretation of
spectral lines and for improving the accuracy of elemental analysis.
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Fig.1. lonization balance as a function of temperature in
logarithmic scale

Using the Saha equation, it is possible to calculate the
populations of different ionization states in plasma, which is
important for the accuracy of elemental analysis. The classical Saha
equation provides the degree of ionization in plasma under
thermodynamic equilibrium, but for non-equilibrium (non-LTE)
conditions, it is necessary to introduce the time dependence when
determining the ion populations.

Let us assume that the populations of different ionization
states of an element in the plasma depend on time, that is [Konjevic,
N., & Roberts, J. R. (2021)]:

% = G,‘ - Li (6)
n; — the number of particles in the i -th ionization state per unit
volume; G; — the generation (ionization) rate for the transition into
the i -th state; L; — the loss (recombination) rate occurring during
transitions  from the i-th state to other  states.
For ionization (i - i+ 1) and recombination (i + 1 — i), we can
use the following relations [Chen, X., Li, M., & Wang, J. (2022)]:
Gi = neni_y S'ri_y(Te) O]
L = n.n ai”"i(Te) (8)
G: and L; respectively represent the ionization and recombination
rates; S'e_,(T.,) — the ionization coefficient (a function of the
electron temperature T.); a'«; — the recombination coefficient (also
a function of T, ).

The final equation:
dn;

o = e[ S'7ia(T) — miai(T.)] O]
The electron concentration is determined from the quasi-neutrality
condition of the plasma:

ne=Y%0n) ,  j=1.Z20 (10)
In LIBS, the intensity ratio is often used:
X +1
Lion — ni - (11)
Ineutral ni
where C depends on the transition probability A,; , the

wavelength 4, and other parameters (from NIST data). This
approach is particularly useful when the direct determination of the
electron density (n,) and electron temperature (T,) is challenging.
By using the ratio of the emission line intensities from ionized and
neutral species, it is possible to indirectly estimate the ionization
degree of the plasma, which can then be linked to the electron
temperature through the Saha equation.

During the ablation process, the electron temperature of the
plasma is: T. = 15000 K, and the total atom concentration
iS Nyora = 108, The population of each ion is determined by ion
generation (ionization) and recombination. For example: a neutral
atom can become a singly ionized ion if it loses an electron, while a
triply ionized ion can be reduced to a doubly ionized ion if it
captures an electron through recombination.
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Since each ion in the plasma leaves behind a different number
of electrons, the total number of electrons is calculated as [Griem,
H. R. (1997)]:

Ne = Neotay =Ny +2-1y +3-n3 (12)
Fluctuating processes affect the ionization-recombination process of
particles. Therefore, when describing the ion concentrations, we
must consider their fluctuating variation over time:

ni(t +dt) = n(8) + dt -+ € (1) (13)
where €;(t)~N (0, 5?) are random fluctuating deviations caused by

ion-electron collisions, for which a normal distribution model is
mathematically assumed (fig.2).
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Fig. 2. Progress of the ionization process in the LIBS system
chamber for deterministic (¢ = 0) and stochastic (¢ = 0.05) cases

3. Obijectives and Research Methodology

LIBS  (Laser-Induced  Breakdown  Spectroscopy)
experiments were conducted on selected metallic
samples: copper (Cu), lead (Pb), a copper-zinc alloy (brass),
aluminium (Al), stainless steel (Fe-Cr-Ni alloy), and titanium (Ti).
The samples were pre-sorted by code, material type, and thickness
(0.1-0.5 mm).

At the beginning of the experiment, the surface of each
sample was cleaned to remove the oxide layer and contaminants.
Copper and aluminium were treated with particular care, as their
surfaces oxidize rapidly, which could affect the intensity of the
recorded spectra. The samples were selected to be approximately
the same size, as illustrated in Fig. 3.

Fig. 3. Approximately equal-size samples selected for analysis

The samples were placed and firmly mounted on a black
ceramic substrate, which ensured stability and had a neutral
influence on the spectrum. Thin samples (0.1 mm copper and brass)
were additionally placed on a sacrificial substrate to prevent the risk
of perforation or deformation by the laser. All samples were
observed under the same optical configuration to ensure the
reliability of the comparative analysis.

The laser energy and other parameters were fixed, which
significantly increased the importance of surface preparation and
sample mounting. Several laser pulses were applied to each sample,
and the resulting spectra were recorded in different wavelength
ranges (189-410 nm).

The observation process was carried out step by step as
follows:

For each sample, the acquired LIBS spectra were processed to
identify the characteristic emission lines. The wavelength (hm) of
each peak maximum was recorded with a precision of 0.1 nm, and
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the intensity (a.u.) was determined based on the peak maximum
value, taking into account the background signal.

During the experiment, the differences in sample thickness
were also considered. In the case of thin samples, instances of
perforation or deformation were noted, as these factors could
influence the intensity of the spectral lines.

To compensate for the differences in sample thickness: All
samples were firmly mounted on the same ceramic holder to ensure
a uniform focus plane. Thin samples (e.g., 0.1 mm copper and
brass) were placed on a sacrificial substrate to avoid perforation and
to improve thermal dissipation, thereby stabilizing the plasma
emission.

In the data analysis stage, the measured intensities were
normalized relative to the average emission from the triplicate
spectra of each material. This approach minimized the variability
introduced by thickness differences and ensured consistent
comparison across materials.

Fig.4 presents the LIBS spectra of the first replicate from each
material (Cu, Cu+Zn, Pb, Al, Stainless Steel, and Ti) acquired under
identical experimental conditions. Each spectrum exhibits
characteristic emission lines specific to the respective elements and
alloys.

The replicate spectra obtained for each material showed high
reproducibility, with intensity variations of less than 10% between
the three measurements. The peak intensities in Fig.10 are
consistent with the average intensities calculated from the triplicate
spectra, ensuring that the comparison reflects the true relative
emission strengths of each material.

LIBS Spectra Comparison - First Spectrum of Each Material
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Fig.4. Spectra the first replicate from each of Cu, Cu+Zn, Pb, Al,
Stainless Steel, and Ti for comparison

The identification of neutral (1) and ionized (I1) emission lines
in the LIBS spectra was performed by cross-referencing the
observed peak wavelengths with established atomic spectral data.
The NIST Atomic Spectra Database (ASD)was used as the
primary reference, as it provides accurate tabulated wavelengths,
transition probabilities, and relative intensities for all elements.
Additional spectral atlases and LIBS-specific literature (e.g.,
Cremers & Radziemski, Handbook of LIBS) were consulted to
verify the line assignments.

For each material, prominent peaks in the measured spectra
were compared to the tabulated values in the reference data. Peaks
that matched the expected wavelengths within £0.2-0.3 nm were
classified as either neutral (1) or ionized (I1) emission lines.

For instance, in the copper (Cu) spectra, the strong emission
lines observed at 324.7 nm and 327.4 nm were identified as neutral
copper  transitions  (Cul), while the emission line
at 213.6 nm corresponded to ionized copper (Cu Il). Similarly, in
the aluminium (Al) spectra, the neutral lines were observed

at 394.4 nmand 396.1 nm (Al I), and the ionized line
at 358.7 nm (Al II).
This approach ensured a robust and reproducible

classification of emission lines, which was essential for calculating
the intensity ratios I;,, /I.utra; @nd applying the Saha equation to
estimate the ionization degree of the plasma (table 1).

Table 1. Identification of neutral (I) and ionized (1) emission lines
and average ionization ratios (I;,,, /Lieutra: ) fOr analyzed materials

Material Neutral | lonized Line (nm) Average
(Sample) Line Ratio lion/Ineutral
(nm)
Copper 324.7 213.6 (Cull) 0.35-0.40
(Cu) (Cul)
Brass 324.7 213.6 (Cull)(+ ZnlII | 0.38-0.42
(Cu+Zn) (Cul) 334.5)
Lead (Pb) 367.1 220.4 (Pb1I) 0.30-0.35
(Pb1)
Aluminium | 394.4, 358.7 (Al1D) 0.40-0.50
(Al) 396.1
(A1)
Stainless 302.1 259.9 (Fe II) 0.25-0.30
Steel (Fe- | (Fel)
Cr-Ni)
Titanium 368.5 337.3 (TilD) 0.30-0.35
(Ti) (TiI)
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By using the Saha equation (5) and taking into account
formula (12), the average values in the table directly reflect the

plasma ionization degree. A high ratio (Al, Cu, Brass) — hlgher —
and higher T, (electron temperature). A low ratio (Pb, Ti, Stamless
Steel) — lower 22 comparatively lower T,.
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Fig.5. Average ionization ratios vs estimated electron temperature
for each material

Fig.5 shows a comparative analysis of the average ionization
ratios and the estimated electron temperatures for each material.
The blue bars represent the average intensity ratio I;,,, /Licutrai »
while the red line corresponds to the estimated electron
temperature T, (K), calculated using the Saha equation.

Materials with a high ionization ratio (Al, Cu, Brass) are also
characterized by higher electron temperatures, approximately
12000-13000 K. In contrast, Stainless Steel and Pb/Ti exhibit
relatively lower T, values (< 11000 K), which is consistent with a
lower degree of ionization in the plasma.

It is noteworthy that the recorded spectra can be used to
evaluate Stark broadening, which in turn allows the estimation of
the plasma electron density (n, ). Stark broadening in LIBS spectra
refers to the widening of spectral lines caused by the electric fields
generated by electrons and ions in the plasma. The higher the
electron density (n,), the broader the line becomes. Stark
broadening is most prominently observed at the center of strong
neutral or ionized emission lines.

We have recorded spectra that show neutral lines (e.g., Cu
324.7nm, Al'l 394.4nm, Pbl 367.1 nm, and others). For each of
these lines, it is possible to measure the full width at half
maximum (FWHM). FWHM is directly proportional to nene via
the Stark broadening constant [Griem, H. R. (1997)]:

e = Ai—]w/z- 1016 cm=3
where w is the Stark broadening parameter (known from NIST data
for the specific line).

The first step is to select the sharpest neutral line for each
material [Cul 324.7nm, All 394.4nm, Pbl 367.1nm, etc.],
measure its width (FWHM), then use the corresponding Stark
constant (w) for each line to calculate the electron density.




Stark broadening and Saha analysis together will provide
a more complete picture: highn, — broader lines — stronger
ionization; Low n,— narrower lines — comparatively lower
ionization.

The results obtained from the Stark broadening analysis
revealed significant differences in the plasma parameters of the
various materials (Table 3). The neutral lines of aluminum and
stainless steel (All 394.4nm and Fel 302.1nm) exhibited the
largest full widths at half maximum (FWHM) of 1.75 nm, which
correspond to the highest electron densities n,: 7.3 - 1018 and 8.8 -
1018 cm™3, respectively.

The neutral lines of copper and the copper-zinc alloy (brass)
(Cul 324.7nm) were comparatively narrower (0.75nm and
0.50 nm), indicating lower electron density values of 3.4-
1018 and 2.3 - 108 cm 3, respectively.

Titanium’s neutral line (Til 368.5nm) was also narrow
(0.50 nm), yielding an electron density of 2.1-10 cm™. In the
case of lead (Pbl 367.1nm), the line was not sufficiently well-
defined to reliably determine its F'WHM and nene.

These results are in full agreement with the ionization degree
analysis based on the I;,,, /L ,cuqrar atio (table 2): high FWHM and
electron densities are characteristic of materials with a high
ionization degree (Al, Stainless Steel), while comparatively lower
values are observed for materials with lower ionization degrees (Ti,
Brass).

Table 2. Full width at half maximum (FWHM) of neutral lines and
estimated electron densities (n.) based on Stark broadening

analysis
Material Neutral FWHM Stark n, (cm™-
line (nm) (nm) Constant = 3)
w

Aluminum 394,4 1,75 0,0012 7,29E+18
Copper 324,7 0,75 0,0011 = 1,30E+18
Brass 324,7 0,5 0,0011 1,20E+18
(Cu+Zn)

Lead 367,1 0,0013

Stainless Steel 302,1 1,75 0,001 1,90E+18
Titanium 368,5 05 0,0012 @ 2,10E+18

Fig.6 shows the neutral line peaks of all six materials on a single
graph. Each material is represented by its main neutral line (Cul
324.7nm, All 394.4nm, Pb1 367.1nm, etc.). The differences in

line widths (FWHM) and their intensities are clearly visible.
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The Boltzmann Plot method is used to determine the electron
temperature (T,) of a plasma or gas based on the intensities of
spectral lines.

In contrast, the results for Copper, Lead, Titanium, and
Stainless Steel are considered less reliable. This is primarily due to
the limited number of available neutral lines, weak line intensities,
and partial overlaps in their spectra, which significantly affect the
accuracy of the fitted slope in the Boltzmann plot.

These findings highlight that the Boltzmann Plot method
requires a sufficient number of strong and well-resolved neutral
lines to produce reliable T, estimates.
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Conclusion

In this study, deterministic and stochastic models were
developed to analyze the spatiotemporal dynamics of laser-induced
plasma (LIP) generated during LIBS experiments. The results
demonstrate that the non-uniform and temporally unstable behavior
of plasma has a significant impact on the accuracy of elemental
analysis. By applying Boltzmann plots and Stark broadening
techniques, reliable estimates of electron temperature T,) and
electron density (n,) were obtained.

The inclusion of ionization-recombination dynamics through
stochastic differential equations (SDE), solved using the Euler—
Maruyama algorithm, provided a more accurate description of
plasma fluctuations compared to purely deterministic Runge-Kutta
(RK1) models. The experimental validation using StellarNet LIBS
systems confirmed that materials with higher ionization degrees
(e.g., Al, Cu, Brass) exhibit broader spectral lines and higher
electron temperatures, while materials with lower ionization degrees
(e.g., Pb, Ti, Stainless Steel) display narrower lines and lower T,
and nene.

The combined use of deterministic and stochastic approaches
strengthens the diagnostic capability of LIBS by reducing
uncertainties in plasma parameter estimation. This methodology is
expected to improve the quantitative analysis of complex materials
and can be applied to a wider range of spectroscopic applications,
including magneto-optical plasma studies and advanced spintronics
research.
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H3noa3BaHe HA HHTErpupaH nmoaxoa 3a ynpabBJI€CHHE HA TPAHCIIOPTHH NMPOCKTH

Using an integrated approach to transport project management
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Abstract: The development of transport infrastructure is essential for economic growth, social development and quality of life. Good
transport connections allow for easier movement of goods, resources and people, which stimulates the development of trade within a country
or continent. The processes of improving transport infrastructure are implemented through various projects, in which new infrastructure is
built or existing ones are improved. These are large infrastructure projects, requiring significant financial resources and with a significant
implementation duration. The aim of the report is to review publications on the use of an integrated approach to managing transport

infrastructure projects for the period from 2019 to 2024.
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1. Yeoo

PazButnero Ha TpaHCcmopTHata HHQPAcCTpyKTypa € OT
CBILECTBEHO 3HAYECHHE 32 MKOHOMHYECKHS pAacTeX, COLHAIHOTO
pa3BHTHE W KaueCTBOTO Ha XXMBOT. JI0OpHTE TPAHCIOPTHU BPB3KH
HO3BOJISIBAT II0-JICCHO HPEMECTBAHE HAa CTOKH, PECYPCH M Xopa,
KOETO CTUMYJMpa pa3BUTHETO HA THProOBHSATA B pAaMKHTEC Ha
ompeneneHa JAbp)KaBa MM KOHTHHEHT. JloOpe pa3BuTara
TPaHCIIOPTHA uHppaCTPyKTypa e HpHBJIEKATETHA 3a
HWHBECTHTOPHTE, Thi KaTo yJIECHsIBa JOCThIIA [0 Ta3apu U PECypcu.
IIpouecnTe MO CTPOUTEICTBO M MOAAPHKKA HAa HHPPACTPYKTypaTa
Ch3/1aBaT 3HauMTEIeH Opoil paboTHN MecTa. JJoOpUTe TPaHCHOPTHH
BPB3KM  TOBHIIABAaT  JOCTBIHOCTTa  JIO  MecTopaboTara,
00pa3oBaTeIHUTe WHCTUTYIMH, MEANIUHCKATE U JPYTH COLUATHU
YCIyTH, Karo HaMaisBaT BpPEMENbTYBAaHETO M  yBEJIMYaBaT
cBobogHOTO Bpeme. JloOpara wuH(DpacTpykTypa KOMIIEHCHpa
pa3IuuuATa MEXIY TIPaACKHTE M CEJCKUTE pernoHu. I1o3BosBa
Obp3M peakuuu MNpU KPU3H, KaTO TNPUPOIAHH OCACTBHS WM
TEPOPHCTUYHHU aTaAKH.

IMpouecure o nonoOpsiBaHe Ha TPaHCMOpTHATA
HHOPACTPYKTYpa Ce pealu3upaT ¢ IMOMOIITA PA3HYHU MPOEKTH,
MPU KOUTO CE U3rpakaa HoBa MH(GPACTPYKTypa WM Ce MOJ00psBa
ChIIECTBYBAallla TakaBa. ToBa ca roleMd HHQPPACTPYKTypHU
MPOEKTH W3UCKBAIM 3HAYUTENHH (DUHAHCOBH pECypcd H ChC
3HAYMTENHA TMPOABIDKATENHOCT Ha peanmm3anus. llpu TaX ce
HM3rPAXIAT U MOJECPHU3MPAT Ha aBTOMOOWITHH ITHTHIIA, MATHCTPAIIH
WIA MOCTOBE, MOJ0OpsiBa ce JKeNe30IbTHATA MpeXa IMpH
MOACpHHU3aLA Ha HOBH JIMHHUN nu peXaGI/IHl/ITaLU/Iﬂ Ha
C’])H_IeCTByBaLLII/I; pasmuypsBaT C€ WK HU3rpaxkaat JICTUIIA, pa3BHUBa
ce TMpPHUCTaHWIIHATA WH(PACTPYKTYpa, CTPOST C€ KaHAIM |
BBTPEIIHN BOJHHM NBbTUINA; HU3rpa)kaa METPO, TpaMBalHU JIMHUM,
aBTOOYCHH JIMHHH M BEJIOCHIIEHU THTEKH.

W3scnenBanusTa MOKa3BaT, 4e KOPYIIMATa € UYECTO CpellaH
mpobieM TpU MerampoekTuTe B o0JlacTTa Ha TpaHCHOPTHATa
nH}PACTPyKTypa U IMOAYEpTaBaT HEOOXOAMMOCTTa OT IO-CTPOTH
MEpKH 3a npefoTBparsBaHero i [1].

Ilenta Ha noKiIaja e Ja HampaBH 0030p Ha MyOJHMKAlMUTE 32
M3MON3BAaHE Ha HWHTErpUpPAH MOAXOJ 32 YINpaBjiIeHHE Ha
TPaHCHOPTHH MHPACTPYKTYPHH MPOEKTH 3a repuoaa ot 2019 r. no
2024 r.

2. Jlumepamypen 0630p

TpaZ[I/IL[I/IOHHI/ITe METOAU 3a YHNPaBJICHUE Ha MNPOCKTU YECTO
npeHe6perBaT JAWMHaMU4HaTa UM HOpUpOJAa, KAaTO OrpaHUYCHHUSA U
BXOOHM JIOaHHHU, KOUTO C€ MNPOMECHAT C TCUYCHHUE Ha BPEMETO.
BximrouBane Ha BPpEMETO KaTO AOMNBJIHHUTCIHA IPOMCHIIMBA IIPHU
IUIAaHUPAHE Ha IIPOEKTU € OT CHUIECTBCHO 3HAUYCHUE 32 B3E€EMAHE Ha
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no-noopu pemeHus [2].

Baxen ¢Qaktop mpu m3bopa W IUTAaHHpAaHETO  HaA
HHQPACTPYKTYPHU TPAHCIIOPTHU NPOCKTH € BINSHUETO HA BPEMETO
BBpPXy Ipolleca Ha B3eMaHe Ha pemieHus. He TpsiOBa ma ce
npeHeOpersa AWHAMHYHATa IPHpOJA Ha MPOEKTHTE, THH KaTo
OTpaHMYCHMSITa W BXOJHHTE JAHHH MOTaT Jia c€ IPOMEHST C
TeueHue Ha BpeMeTo. MerarpaHCIOPTHATE IPOEKTH ce IUTaHUPaT 3a
JIBTBT TIEPUO, MOXKE U JECETHIIETHsI, KOETO BOIM O yBEIHIaBaHE
Ha HecurypHoctTa [3]. EmuH oT dakTopure 3a ycrnex mpu
METANpOEKTUTE € YIMPaBICHUETO HA BepHrara 3a AocTaBku [4]. B
nokian Ha Project Management Institute 3a 2021 roguna 73% ot
MNPOEKTHTE Ca C MOCTUTHATH IIeJH. 3aBbPLIMINTE B PaMKHUTE Ha
MBPBOHAYAHO 3aJI0KEHUs OO KeT ca 62%, a 3aBbPIIUIUTE B CPOK
55%. 3a mpoBaneHu npoektu ce cuurat 12% [5]. Tesu nanHu ca
MOKa3aTeNIHHy, de TPsiOBa Aa ce ThPCAT HOBU METOIH M MOAXOAM 32
yIpaBlIeHHEe Ha MPOeKTH. Pa3xoanTe 3a MaTepHall B CTPOUTENICH
HNPOEKT ce KanKymupar mnpubmmsutenHo 60-65% ot obmure
pa3xoxau. [lopagy Ta3nm mpHYHMHA YIPaBICHUETO HAa JOCTABKUTE HA
CTPOUTENIHM MaTepHalldl OKa3Ba BIUSHHE BBPXY YCIEIIHOTO
yIOpaBlIeHHe Ha MPOEKTa. YIPABICHUETO Ha JOCTaBKUTE Ha
CTPOUTEITHH MaTePHAIH € CJI0KEH MPOLEC C MHOTO 3aHHTEPECOBAHN
cTpanu [6]. YnpaBieHMETO Ha TPAHCIOPTHU NPOEKTH BKIIOYBA
TeXHWYECKUTE AaCHEeKTH Ha CTPOUTEICTBOTO, COIHATHHTE
UKOHOMHYECKHTE W  CKOJNOTHYecKHTe  m3MepeHms.  Upes
MHTETPUPAHOTO IUIAHMpPAHE Ha MPOEKTa MOTaT Ja Ce peam3hpar
3HAUUTENIHW HKOHOMHHM Ha pa3XoJy, dYpe3 ONTHMH3HMpaHe Ha
Bepurata Ha joctaBku [7]. B wm3cimemBane [8] mocouBaT
YIPaBJICHUETO Ha TOJSIM OpOil MPOEKTH €AHOBPEMEHHO KaTo Haii-
rosiemus mpobiaem mpe3 2020 roxuHa. YecTo yCHexXbT Ha NMPOEKTa
3aBHCH OT PHKOBOJAUTEINS Ha MPOEKTa, a 00y4ECHUETO Ha Te3U KaJpu

€ HeJOCTaThbuyHO. BHCOKHTE WHBECTHMLMOHHM pa3Xxogu 3a
TPAaHCIOPTHH  TPOEKTH  M3HUCKBAT  3HAYMTENHH IIONM3H  3a
obmectBoTo. MHBecTHnMHTE B TpPAHCIOPTHA HHQPACTPYKTypa

TpsiOBa 1a OBAAT JONBJIHCHH C MHBECTHIMH B YOBEIIKUS KAIUTAI
(oOpa3oBaHue U OOyUCHHE).

TpaHCOpTHUTE HHOPPACTPYKTYPHH MPOCKTH OOHMKHOBCHO
M30CTaBaT OT rpaduka, KOETO BOJAM A0 HAJABUIIABaHE Ha
IbPBOHAYANIHO IUIAHYBaHUTE pa3xoau. ToBa Hamara ThpCEHE Ha
YCIEWHU  TNPaKTHKKM 10  YIOpaBIC€HWE HA  TPAHCIOPTHU
HHPACTPYKTYPHU NOPOEKTH. YTIPABICHHETO HA TE3HW MPOEKTH
BKJIIOYBA IMPUJIATAHETO HA CHEeNU(PUYHN 3HAHWS, WHCTPYMEHTH U
TEXHUKH C [eJ IUIAHUpaHe, OpraHU3WpaHe, KOHTPOJHpaHe W
3aBBPIIBAHEC B TPAHUIIATE HA BPEMEBHTC pPAaMKH, OKDKET U
CTaHJapTH 3a Ka4eCTBO. YCICUIHHUAT MPOSKT TPsAOBa Ja uMa 1o00pe
neduHUpaH 00XBaT, KBIM(MUIIMPAH SKUII, YIIPABICHUE HAa PUCKa U
Ha KaueCTBOTO, €KOJIOTUYHO IianupaHe u ap. [9]. [Ipuumnure 3a
npepasxol npu HUHOPACTPYKTypHUTE MPOSKTH CE€ CBBP3BAT C
reorpacKoToO MECTOTOJIOKEHHE, Thii KaTO B OTICIHHUTE CTPaHU
OTTOBOPHOCTHTE W MPAKTHKHTE IO YIpPABJICHHE Ha IPOEKTa ca
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paznmuunn. KitoyoBu Qakropu BozemM 10 HAOXBBpISHE Ha
pas3xoauTe Mo MPOEKTUTE Ca: BUI U Pa3Mep Ha MIPOEKTa, MEPHOJ 3a
U3IBIHEHHE W TMOJMTHKAaTa 3a pa3BUTHE HAa KOHKPETEH BHJ
Tpancnopt [10].

WnentudumpaHeTo U ynpaBICHHETO HAa PUCKA B PA3IUYHHTE
(a3u Ha MPOEKTA € OT CHIIECTBEHO 3HAUCHHUE 3a yClleXa Ha CBIIHS.
PrckoBere OOMKHOBEHO ce KBaNM(UIMPAT KaTO HM3MEPHMH H
Hensmepumu [11]. Kareropusupanero Ha puckoBeTe M03BOJISABA I0O-
no0po  paszOupaHe Ha TOTEHIMAIHM 3aIllaXd, MO-TMPEIU3HO
IUIAHUpaHe Ha MepKUTE 3a TAXHOTO CMEKYaBaHE WU IO-JecHa
KOMYHHUKAIIMS M yJecHsABa oOMeHa Ha WHOOPMAIUA MEXIY
pa3IMYHUTE 3aUHTEPECOBAHM CTpaHU. PHCKOBeTe B TPaHCIOPTHUTE
MPOEKTH MOTaT 1a ObJaT KaTerOpH3UPaHH 10 Pa3INYHU KPUTEPHH,
KaTO M3TOYHUK HAa PHCKA, BIMSHUE BBHPXY IPOEKTA, BEPOSTHOCT 3a
HacThIBaHe, (aza Ha TMpoekTa, (YHKOWOHANHA O00JacT H
MOJUTHIECKH. VneHTHUIpaHuTe U OIIEHEHH PHUCKOBE IOJIe)KAT
Ha yIIpaBJICHUE Ype3 eIUH OT METOAWTe: M30iArBaHe, MPEXBBPIIHE,
HamaysiBaHe W mpuemane [12]. IlpoekrtuTe 3a TpaHCTpaHHYHA
TpaHCHOPTHAa HH(MPACTPYKTypa ca MO-CIOKHM OT HAIMOHAITHUTE
METanpoeKTH, MOpaad MO-ToJeMH (DUHAHCOBU W3HUCKBAHUS, IIO-
romsiM Opoil 3aMHTEpEecOBaHM CTPAHM, IO-BHCOKA CTENEH Ha
HecurypHocT. ToBa Hanmara u3paboTBaHe Ha €()EKTHBHU METOIH 32
OlleHKa Ha pucka [13].

MHUHHCTEPCTBOTO HA TpaHCHOpTa M HWHGPACTpyKTypara Ha
Typuust e pa3paboTWiIO MHOBAaTHBEH MOAXOJ 3a YIpaBIEHHE Ha
uH(PACTPYKTYpHH OpoeKkTH, upe3 mudposu cucremu UYS /Ulusal
Yol Sistemi - Hanuonanna mbTHa cucrema/. 3a 1a ce IOCTHTHE
e(PeKTUBHO yIpaBlicHHE Ha UHPPACTPYKTYPHH TIPOCKTH €
HEOOXOOMMO Ja ce¢ KOMOMHHpPAT pa3iudHd (aKkTopu KaTo
(uHAHCHpaHe, TEXHUYECKH KallallUTeT U yIpaBJIeHUE Ha JOTOBOPH.
Upes UYS ce moctura mo-mo0po HaOMIOICHHE M KOHTPOJ Ha
IPOEKTHTE, KaTo IPEAOCTaBAT Ha IOJUTHUIHTE HeoOXoIuMara
nHpopmanms 3a B3emMaHe Ha pemenns. Cucremata UYS e
CTPYKTypHpaHa Ha MOAYIH (JOTOBOpP, WM3IIBIHEHUE, IUIAHHPAHE),
KOETO TIO3BOJIIBA T'BBKABOCT W QJANTUBHOCT KBM PAa3lIMIHATE
BH/IOBE MPOEKTH. Tsa mo3BonmsBa IO-TOYHO MPOCIESBAHE
Hampeabka HA TIPOSKTa M HACHTU(HIMPAHE HA ITOIXOJSIIH
npo6iemu [ 14].

B [15] e mpemiokeH HOB MOAXOJ 3a YNpaBlICHUE HA TOJIEMH
TPaHCHOPTHH MPOEKTH, Ype3 HU3MOJI3BaHE HAa MPEXKOBU CTPYKTYPH.
Tesn 1TpoekTH ca HUBKIIOYUTETHO CIOXKHM ¥ M3UCKBAT
CBTPYOHHUYECTBO MEXIy pa3IUIHNA OPraHU3alUH, CEKTOPH U
3aMHTEPECOBAaHN CTPAHM. 32 NPEOJONsIBaHE Ha Ta3W CIOKHOCT ce
CB3J]aBaT MPEXH 32 ChTPYAHHIECTBO, KOUTO OOCANHABAT Pa3IIHIHI
yJacTHUIM  (NPAaBHTEICTBEHH areHIUM, YacTHH KOMITaHUH,
TPaKIQHCKU OPTaHU3alUK U 1p.). ABTOpHTE MISHTH(GUIUpAT TpH
OCHOBHHM HHMBAa Ha CBTPYJHHYECTBO B TE€3H MPEKH: CHBMECTHO
ynpaBieHue, (UHAHCOBO YIPABICHHE M MEXKIyOpraHH3aI[HOHHO
ynpasienue. Upe3 pazbupaHe Ha pa3NMYHUTE HUBAa Ha
CbTPYAHUYECTBO u npuiaraHe Ha HHTETpHUpaHa paMKa,
OpTaHM3aUHUTE MOTAT 1A TTOJ00PAT epeKTHBHOCTTA U J]a IOCTUTHAT
o-100pH pe3ynTaTy.

W3non3eanero Ha MU /m3kycTBeH MHTENEKT/ NpH ympaBieHHE
Ha TIPOEKTH TpaHC(HOpPMHUpA POIATa HA MEHHIKBPUTE Ha MPOEKTA.
MU Hamupa npuiiokeHue 3a aBTOMAaTH3alusl Ha PyTHHHU 3a/lauH,
ONTHMH3ALMS HA PECYPCHUTE M YCKOpsIBaHE Mpolieca Ha B3eMaHe Ha
pemienns. Toit momoOpsiBa mporieca Ha IUIAHUPAHE 4pe3
OCBILICCTBSBAaHE Ha aHAM3 Ha rojeMu o0eMH OT JaHHH, 3a Ja
HASHTUQUIMPA TEHACHIMHTE, Ja NPOTHO3Mpa OBIEIIH CHOMTHSL.
MeHWDKBPUTE HAa TPOSKTH MMAT MO-IIBJIHA U TOYHA WH(OpPMAITHS
3a B3eMaHe Ha KpeaTWBHHM pemreHns. l3nmomsame Ha MU B
yIpaBIeHHe Ha NPOEKTH HMMa JocTa ClabW MecTa CBBP3aHU C
C€CTUYHU BBIPOCH, KAYECTBOTO HA JAHHUTE, CUTYPHOCTTa Ha
JaHHUTEC, CBIIPOTHUBJIICHUE KbM IIPOMEHM W BUCOKH pPa3xoau 3a
MIbPBOHAYAIHO BHeIpsBaHe. MEHUDKbPUTE Ha MPOCSKTH TPsiOBa na
ce aganTUpar KbM HOBaTa Cpeia, 3a a OCTaHaT KOHKYPEHTHH [16].

[InannpaneTo M KOHTpOJIA Ha MPOEKTHTE MOXE J1a Ce I0J00pH
3HAQUUTENHO 4Ype3 HWHTErpHpaHe Ha OnokduedH TexHosormu. Upes
JeLeHTpan3upaHa 06aza JaHHU, OJIOKYEIH MO3BOJSIBAa HAa BCHYKH
YYaCTHUIIM B IIPOEKTA Ja MMAT JOCTBII 0 aKTyasHa HH(OopMarms B
peanHo Bpeme. ToBa ynecHsBa MOHHTOPMHTA Ha HalpebKa,
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YNpaBIEHUETO HA Pa3sXOJUTe M HamaldsiBa HEOOXOAMMOCTTa OT
PBYHO BBBEXJAHE HA JaHHH. Moxke Ja TMOMOTHE 3a MO-J0OpOTO
yIpaBlIeHHE Ha PHCKOBET€ M HECHUTYPHOCTTa B Tpoekra. Upes
aBTOMATU3UPAHO TpOCIEIsBaHE Ha IOTEHLUHATHH IpoOnemH,
OJIOKYEIfH IT03BOJISIBA EKUIIMTE Ja pearupar Obp30 U edeKTHBHO
[17].

3. Memoou 3a ynpaenenue
uHgpacmpykmypnu npoekmu

Ha

WnpycTpusita 3a ympaBICHHETO Ha INPOEKTH Ce€ HaMHpa B
nepuos Ha OBpP3M HPOMEHH, KaTO MEHHKBPUTE BCE I0-YECTO
eKCIIepIMEHTHpaT ¢ HOBM  moaxoau. [3momsBamero  Ha
TPaJUIIMOHHHUTE METO/IH, KATO MeTO1a Ha KpuTHuHus IsT u PERT /
Program Evaluation and Review Technique / B ympaBneHue Ha
UHQPACTPYKTYpPHU MPOEKTH BOAAT O MHOTO HEYCTEIIHH MPOEKTH.
ToBa Hanara nmpujaraHeTo Ha HOBHU NOJXOJM HApedeHH XUOPHUIHU
METOJM KOMTO KOMOWHMPAT Pa3lIUYHM TEXHUKH M METOIOJOTHH U
ce MPEeBPBIIAT B CTAHAAPT 32 YIpaBICHHE Ha CIOKHH MpoekTu [18].

Bonmonagausar momen (Ha anrmmiickn: Waterfall Model) 3a
yIpaBlIeHHE Ha HPOEKTH MPEJCTaBIsBA IOCIEIOBATENICH IMOIXO,
IpU KOHTO BcsKa (ha3a ce M3MBIHSABA 110 IPEIBAPUTETHO 3aaneH
pen. XapakTepusupa ce C IpeJBapHTEIHO ONpENeNeH IUIaH, SICHH
3a1a4u M CTPOTa IOCIEAOBATETHOCT NPH M3MbIHeHHe. [logxomsm e
32 MPOEKTH C SICHO CTPYKTYpPHUPaHH W3UCKBAaHMS M OIpaHHUYCHA
BB3MOXKHOCT 3a TPOMEHH, ThH KaTo BCAKa MPOMSHA MOXe Ja
JOBele OO0 3HAUMTENHH pa3sxogu u 3abaBsHe. ['bBKaBaTa
METOJIOJIOTHSL C€ OTIMYaBa C KpaTKW WHTEpBaiM, decTa oOpaTHa
Bpb3Ka U HENPEKbCHATO YCHBBPIICHCTBaHE. TO3M MOAXOX €
ujeajeH 3a MPOEKTH, Pa3BHBALIM CE B JUHAMHYHA Cpela, KbACTO
WHOBAIMNTE U IPOMEHUTE ca HEM30e)KHHU, KaTO HaMaJIsiBa PHCKa OT
TPEIIKU CBBP3aHHU C IBITOCPOUHOTO ITaHupane [19].

Ta6auna 1 [20] OcHOBHHTE XapaKTEPUCTHKH Ha TPUTE
MO/IX0/Ia 32 YIIPaBJICHHE Ha IPOEKTH

Merton 3a
yIpaBlieHHE Ha OCHOBHH XapaKTepUCTHKH
POEKTH
[JeraitmHo mmanupane. Cneasamnia
Waterfall (ha3a 3amouBa cie/| MPUKIIOYBAHE Ha
npeaumiHaTa dasa.
UreparuBen Metoa. [IpoeKThT ce
pa30uBa Ha MO-MAaJIKH, KPATKOCPOUHH
(basu, HapeyeHu crpuHTOBE. B
PaMKHUTE Ha BCEKH CITPUHT CKUITBT
Agile ch3aaBa paboTHA BepcHs Ha

HPOAYKTA, 32 KOATO MOTy4aBa
o0paTHa Bpb3Ka OT KIMCHTA.
ITporecsT ce MOBTaps NPH IPOMEHH B
M3HCKBAHUITA.
KomoOunauus or Waterfall u Agile.
Xapakrepusupa ce ¢ IpeABapUTEIHO

Integrated Project

Management IUIaHUPAHE U JOKYMEHTAIM; KaTo
Approach (IPMA) M3I0JI3Ba I'BBKABOCT IPH IPOMECHHUTE
B YCIIOBUSITA.
Merton 3a
ynpasJeHHE Ha OCHOBHH XapaKTEPUCTUKH
POEKTH
JeraiinHo naanupane. Crnesama
Waterfall (asa 3amouBa ciie]] IPUKIIOYBAHE Ha
npenunHaTa gasa.
HreparuBen meroa. IIpoexTsT ce
pa30uBa Ha 110-MaJKH, KPATKOCPOUHH
(a3u, HapedeHH CpUHTOBE. B
Agile paMKUTE Ha BCEKH CIIPUHT €KHUITBT

cbh3laBa pabOTHA BEepCHs Ha
HPOAYKTA, 32 KOATO M0JTy4aBa
oOpaTHa Bpb3Ka OT KIIMEHTA.
IponechT ce moBTapst Mpu MPOMEHU B
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WN3KWCKBAHUATA.

Ha ¢urypa 1 ca mokasaHu pasiIUKMTE MEXIY KIACHYECKUS U
I'BbBKABHS METOJ] 3a YIpaBlICHHE HAa MPOCKTH. [IpH KIaCHYECCKHUAT
MeTox OOXBaThT, BpPEMETO M OHODKETBT Ca MPEABAPUTEIHO
¢ukcupann. Agile MeTonpT maBa IPUOPUTET HAa (HUKCHPAHUTE
OrpaHHYCHHUSI — BPEMETO H OrOIKeTa, KaTo 00XBaThT Ha MPOCKTa €
Hal-aIalITUBHUAT EJIEMEHT.

Ta3u reBKaBOCT MO3BOJISIBA MO-OBP3M LUKIN Ha pa3paboTka U
mo-0bp3a I0CcTaBKa Ha HeHHN QyHKIHoHamHOCTH [21].

Classical Method Agile Method

Default

FIXED

Budget

Scope Time

Final scope
Scope difference
Initial scope

Time Budget Scope

Estimated

FLEXIBLE

Plan Driven Vision Driven

@Que. 1. Knacuyecku u everas memoo [21]

4. Humezpupan nooxo0 3a ynpaejieHue Ha
npoexmu

WHTerpupanuaT moaxoA 3a ympasieHHe Ha mpoektd IPMA
(Integrated Project Management Approach) e MeTo 3a HaMansBaHEe
Ha PUCKOBETE IIPH M3IIBIHEHHE Ha IMPOEKT 4Ype3 YIpaBJieHHE Ha
OTYETHOCTTa, CBHTPYIHHYECTBOTO M KOHTpoda. MHTerpupanusT
MOAXO/ KBbM YIpaBJICHHE Ha MPOEKTH NPEJCTaBIsBA XOJIHCTHYCH
MOAXO0JI, KOWTO CBhP3Ba BCHYKH aCHEKTH Ha MPOEKTA B €HO SJHHHO
0. 3a pasNuKa OT TPAAWIMOHHHTE METOAHM, KOUTO YEeCTO
pasTIIekKAaT OTACNHHTE EIEeMEHTH Ha TIPOeKTa H30JHPAHO
(mampumep: OIOMKET, BpeMe, 00XBaT), MHTETPUPAHUAT MOIXOI
TmoJYepTaBa B3aHMOBPB3KaTa MEXIy Te3HM €JeMEHTH U Kak
MPOMEHUTE B €JIMH OT TSIX MOTaT Ja HOBJIHUSAT Ha JPYTUTE.

Ourypa 2 mokasBa BH3YaJHO KaK pa3MYHUTE €JIEMEHTH Ha
npoekra (0OXBaT, BpeMe, DPa3XOAW, KadecTBO, PECYPCH, PHUCK,
KOMYHHKAI[HH1, 3aHHTEPECOBAHN CTPaHM) ce 0OCUHSBAT C IIOMOILITA
Ha WHTETPUPAHNUS MTOJXOA U BOJEHKH 10 yCIEHIeH IPOEeKT.
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@Due. 2. Humezspupan memoo 3a ynpasienue Ha NPOeKmu

3auHTepEeCOBAaHUTE CTPAHH Ca BCHUYKH JIMI[A, TPYNH WM
opraHusanuv, KOUTO HUMAT HUHTEPEC WU BJIUSAHUEC BBHPXY HANCH
npoekT. ToBa Morar aa ObAaT KaKTO BHTPEIIHH, TaKa U BHHIIHH 32
OpraHM3anuaTa, M TEXHUTE MHTEpecCH Morar Ja Obuar
pa3Ho00pa3sHu — (PUHAHCOBH, CTPATETNYECKH, €KOJIOTHIECKH U Ap.
OmueHsBaT ce MHTEPECHTE, BIMSHUETO M HUBOTO HA aHTAXXUPAHOCT
3a BCSKAa 3aMHTEpPECOBaHA CTpaHa W C€ ONpeleiiT Haii-
MOAXOAAIINTE METOAU 3a KOMYHHUKAlLUs U B3auMoeiictBue [22].

OOXBaThT Ha MPOEKTA OMpEIETs IPAaHULUTE HAa TOBA KOETO IIe
Ob1e BIoueHo B mpoekTa. Toil neunupa paboraTa, KOsTO TpsiOBa
Ja Obae W3BBpIIEHA, 3a Ja Cce IOCTUTHAT LENUTe Ha MpOEeKTa,
olpe/ens KPUTEPUHTE 3a YCICIIHO 3aBbpIleH MpoekT. O0XBaThT Ha
IpoekTa € B OCHOBaTa Ha e(QEKTHBHOTO IUIAHHpaHE W
pasmpeneneHne Ha pecypcute. SIcCHO ompeneneHus o0XBaT momara

Ja ce M30erHaT HeNpeKbCHATH IPOMEHH B HM3MCKBAHMATA, KOUTO
Morar fa 3a0aBiAT M OCKBIT mHpoekra. OOXxBaThT TpsiOBa na ce
npepasriiexzia IepHoJUYHO, 338 Ja Ce rapaHTHpa, Ye BCe Olle €
aKTyaJIeH U OTroBaps Ha LICJIUTE Ha MPOEKTa.

Bpemero e exuH oT Halli-kpuTHIHUTE (PaKTOPH B yIpaBlIeHHE HA
MPOEKTH, 0COOEHO B KOHTEKCTa Ha HHTETPUPAaHKSI NoAX0A. To9HOTO
IUTaHUpaHe, MIPOCIIeAsBaHe U YIPaBICHHE HA BPEMEBHUTE PaMKH ca
OT CBINECTBEHO 3HAYCHHE 32 YCICNIHOTO M3ITBIHEHHE Ha IPOEKTa.
WHTerpupaHuaT IMOAXOJ IMO3BOJISIBA Jla €€ BHIM IPOCKTHT KaTo
ISJIOCTHA CHCTEMA, KBAETO BCHYKH €JIEMEHTH Ca B3aUMOCBBP3aHU.
ToBa 03Ha4aBa, 4e MIPOMEHUTE BbB BPEMETO Ha €HA 3a/[a4a MOrar
Ja TIOBJIUSIAT Ha LIEJHS IPOEKT.

KauecTBOTO B €[JMH MPOEKT Ce ONpeseNs OT CTENEHTa JI0 KOSTO
MPOEKTa OTroBapsl Ha MPEBAPUTETHO ONpPEIeTeHUTEe N3UCKBAHUS 1
OYaKkBaHMs Ha KJIHMEHTa. ToBa ce mocTWra ¢ SICHO AepHHUpPAHU
IbPBOHAYAIHA H3UCKBAaHMS, IIOCTHTaHE Ha KOHCEHCYC MEXIY
BCHYKH YYaCTHUIIM B IPOEKTa 3a BH3MATA Ha KpPaHMS NPOAYKT,
OTBOpEHa M YeCTHa KOMYHMKAaLUs MEXAYy BCHYKM YYaCTHHLH B
NPOEKTa, PEJOBHO INpOCIE/AsiBAHE Ha HampeIbka Ha MHPOCKTa H
CpaBHEHMETO My C IUIaHa, HENpPeKbCHATO MOAOOpsIBaHE Ha

Ka4y€CTBOTO.

I/IHTCI"pI/IpaHOTO YiipaBJICHUE Ha NMPOCKTU HU3HUCKBa
H3MO0JI3BBAHCTO  Ha pa3H006pa3Hp1 HWHCTPYMEHTH, KOUTO Ja
moArnoMorsar e(l)eKTI/IBHaTa KoopJiuHaluys, KOMYHHUKaud U
KOHTPOJI Ha BCHUYKHM AaCIICKTH Ha IIPOCKTa. I/I360p’BT Ha

MHCTPYMEHTH 3aBHCH OT KOHKPETHHTE HY)KIU Ha OpraHu3auusta u
OT KOHKPETHHUS IIPOCKT, HAMA YHUBEPCAICH HHCTPYMEHT.

WHTerpupaHoTo yIpaBleHHE Ha MPOEKTH H3MCKBA HE CaMo
eeKTUBHY MPOLECH U UHCTPYMEHTH, HO U BUCOKOKBANTU(DUIMPAHH
crienuanucTd. YoBeWKHAT (akTop € OT pelaBallo 3HA4YCHHE 3a
yIpaBJIeHHE Ha MOJOOHM MHUIMATHUBH. YCIEIIHaTa paboTa B €KUII
W3UCKBA OTJIMYHM KOMYHHKAalMOHHH YMEHHs, CIOCOOHOCT 3a
CHTPYIHUYECTBO M YMEHHE 32 pelraBaHe Ha KOHGIMKTH. UneHoBeTe
Ha eKkuma TpsAOBa nga OBOAT TOTOBH Ja C€ aJanTupaT KbM
HPOMEHSIIUTE CE YCIOBHUS H 1a IPHEMAT HOBU MPEU3BHKATEIICTBA.

WHTerpupaHuaT MOAXOJ Ce MpHUiIara mpe3 BCHUKH TeT (Ga3u Ha
MmpoekTa mpeacTaBeHN B Tabmuma 2. Llenta e ma ce ce3mame mo-
ISUIOCTEH TOJX0J, KOWTO Ja 00XBallla BCHYKH aCTIeKTH Ha MPOEKTa,
KOWTO € MO-T'bBKaB KbM YIPaBJIEHHETO Ha MIPOLIECUTE PH HETOBOTO
peanu3upaHe.

Ta6auna 2 da3u Ha MPOEKTa
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daza Ha XapakTepuCTUKH
NpoeKTa
Omnpenens ce nenusr npoekT. Ch3naBa
WHnnpanusanus | ce IMIaH W ce  ONPEAeNsT BCHYKH
3aHHTEPECOBAHHU CTPAHU.
PazpaboTBar ce moapoOHHM IUTaHOBE 3a
[Tnanupane W3IBJIHEHUE,  BKIIOYHTENHO  OIOIKET,
CPOKOBE M PECYPCH.
Craptupa ce paborara 1O IPOEKTa.
W3nbnHenne M3BbpuiBa ce aeiicTBurenHara padora 1o
MPOEKTA.

MoHuTopHHr 1 PemoBHO ce criemu HampeabKbBT U Ce
KoHTPOT cpaBHsBa ¢ miana. [Ipexnpremar Kopekuu
IpU HEOOXOIMMOCT.

OduranHo ce 3aBbpIIBA MPOEKTHT,

3akpuBaHe OLICHSIBAT C€ PE3yJITaTUTE U Ce apXUBHPAT
JOKYMEHTHUTE.

VBenuuaBaHe — KamamuTeTa Ha  JIeTHIIE  XWUTPOy €

MHQPACTPYKTYpEeH MPOEKT 3aBBPIIMI B PaMKUTE Ha IUIAHYBaHHS
OrO[DKET M BpeMe, Makap 4e ce ChCTOM OT 16 ocHOBHH U 147
noanpoekra. IIpoekTsT ce ynpasisiBa OT UHTEIPUPAH €KUIl, YUUTO
4JeHOBE pAbOTAT CBBMECTHO 3a MOCTHIaHE Ha OOLIM Leiu.
HHTerpupaHuTe €KUM ca OT CHUIECTBEHO 3HAUYEHME 3a yclieXa Ha
CTPOUTENHM  MPOEKTH, TbH KaTo OOEAMHSIBAT  Pa3TUYHU
KOMIETEHIIMM U OCHUTYpsiBaT cHHeprusl. VIHTerpupaHuTe eKHIU
HAachpuaBaT I0-OTBOPEHA KOMYHHUKALUs, B3aUMHO JIOBEpHE U
CriofieNsiHe Ha MH(OpMaIms MeX/Iy BCHUKM yJaCTHUIN B HPOEKTA.
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Upe3 cbBMECTHO HICHTH(HULMpaHe, OLEHKAa ¥ YIpaBICHHE Ha
PHCKOBETE, HHTETPUPAHUTE EKHITH MOTAT Jla HAMAJIAT BEPOSTHOCTTA
OT HeXeJlaHH ChbOMTHA U 113 MOJOOPAT yCTOHYMBOCTTA HA MPOEKTA.
WuTerpupanure exkumu moxoOpsABaT mo-7oOpo B3eMaHe Ha
pelIeHus1, Thil KaTo BCHUYKH 3aWHTEPECOBAHH YUaCTHHUIIM B IIpoIieca
M MOTaT Ja MPeIoCTaBIT LEHHH HJEH W NepCcreKTHBH. Te ca 1o-
no0pe MOATOTBEHH Ja ce aJaNnTHpaT KbM IPOMEHHUTE U J]a pearupar
Ha HEOYaKBaHHU CHOUTHSI.

BxirouBaHeTO Ha KJIMEHTA B Ipolieca Ha B3eMaHe Ha PELICHUs
rapaHTHpa, Y€ MPOEKTbT OTroBaps Ha HEroBUTE HYXKIU U
oyakBaHMsA.  Upe3  HachbpyaBaHe Ha  CBHTPYAHHYECTBOTO,
KOMYHHUKAIMATA U CIOJCIAHETO Ha 3HAHUS, MHTCTPHUPAHUTE CKHITH
Morar jAa AOIpPHHEcAT 3a IO-YCICIIHOTO M3MbJIHEHHE Ha IPOCKTH
[23].

He TtpsibBa ma ce moxmeHsBa poiira Ha Jbp)KaBaTa 3a
Ch3JjaBaHe Ha OJIarONPHUSTHH YCIOBHS 32 MHTETPHPAHO YIIPABICHUE
Ha TPAHCIOPTHHU NPOEKTH.

5. @unancupane na mpancnopmuu npoekmu

CpBpeMEHHUTE  TEHACHIMH BBB  (HHAHCHPAHETO  Ha
TPaHCHOPTHH MH(PPACTPYKTYPHHU NPOEKTH OTUUTAT BIHSIHUETO Ha
(haxTOpH KaTO MKOHOMHYECKU YCIIOBHUS, TEXHOJIOTUYHH WHOBAIHH,
MIPOMEHSAIIN Ce MOJTUTHIECKH YCJIOBUS M HApacTBAIlX OOIIECTBEHU
ouyakBaHus. OCHOBHMAT TIpoOIeM TyK € OIpelelsiHe Ha
HPUBJIEKATEITHOCTTA Ha MIPOEKTA. TpancropTHuTE
UHOPACTPYKTYpHU TIPOEKTH Ca C JBIBI CPOK Ha pean3anys U
CepHo3HN (PMHAHCOBH pecypcH, KOETO T'M NPaBH HENPHUBICKATEITHU
32 YaCTHU MHBECTUTOPH [24].

ITy6muanHo-4acTHH TIapTHOPCTBA MpeCTaBIIsABAT
CTOpa3syMEHHsI MEXIy MyOIWYHUS M JaCTHHSA CEKTOp NPH KOHUTO
YacTHHAT CeKTOop (uHAHCHpa, CTPOM HW/WIM  EKCIUIOATHpa
HHQPACTPYKTypHH  OOEKTH, Karo HOCH ¥  CHOTBETHHTE
otroBopHocTH. [lo TO3M HayMH Ibp)KaBaTa MOXE JIa YCKOPH
peanu3anusTa Ha THQPACTPYKTYPHU MPOEKTH [25].

W3ebpHOIOMKETHH (oHIoBe — Crnenuanusupanu (HUHAHCOBH
MEXaHM3MH, CB3JafeHH C el (UHAHCHpaHe Ha CHenupUIHU
o0llacTH WJIM TPOEKTH, KOWTO HE Cce MOKPUBAT W3IS0 OT
nepxkaBHEA Oomker. Te ce ¢gopmupar OT pasnMIHN H3TOYHHIM
KaTO TAaKCH, AbPKABHH CYOCHINH, TIPHUXOAN OT YACTHU MHBECTHIINH
U IpYyTH.

EBponeiickn ¢ongoe — ToBa ca (UHAHCOBM HHCTPYMEHTH,
cb3/1aieHH OoT EBpomnelckust cbro3, KOUTO C€ PasNpenessT Mexay
Ibp)KaBUTE YICHKH Bb3 OCHOBA HA ONpENeNIeHH KpuTepuu. Morar
Ja Obrat 0e3Bb3ME3IHH CPENCTBA, 3a6MH WM TapaHIMH 3a 3aeMH.
IIponiechT Ha KaHAMOATCTBaHE 3a (UHAHCHpPaHE IO EBPOIEHUCKH
¢oHmOBE € CIOXKEH W W3WCKBA 3aJbI00YEHM IIO3HAHUS 3a
TIpaBHJIaTa ¥ MPOLETyPUTE.

3aemu oT 6aHKH — YecTo M3MON3BaH METOJ 32 OCUTYpsIBaHE Ha
CpelcTBa 3a peain3alys Ha TPAHCIOPTHHU IpoekTu. To mpennonara
T'bBKABOCT, 61>p31/11-1a 1 Bb3MOXXHOCT 34 3HAYUMTCIIHHU MHBCCTHUIIUHU.

3a 1a ce OCUrypu YCTOWYHMBOTO Pa3BUTHE HAa TPaHCIOPTHATA
HHOPPACTPYKTypa, € HeoOX0JUMO Aa ce MPOABIKH THPCEHETO Ha
HOBU 1 MHOBaTHBHU peUIeHHs 3a (MHAHCHPAHE.

6. Yecmo cpewianu npodnemu npu u3non3eame
Ha UHMeZpUPano ynpaejienue Ha NPOeKmu

Jy6nupane Ha ycwius Bb3HUKBA, KOTaTO YIEHOBETE Ha €KUIIA,
a MOHSIKOTa LIeJTM eKUIU paboTAT BPXY €/IHA U Chlla 3a1a4a, 0e3 na
cH ChTpygHHMYaT. ToBa MoXke ma e mpuumHa 3a 3a0aBsHE Ha
TIPOEKTa, 3a 3ary0a Ha BpeMe U pecypcHu.

3aryba Ha pecypcH € 4ecTO CpellaH HpOoOJIEM B YIPaBICHUETO
Ha TIPOEKTH, KOWTO MOXKE J1a JoBeJe 10 3a0aBsHMS, NMPEBHIIABaHE
Ha OropkeTa M JOpU IMpoBajd Ha mpoekra. Korato paszmumyHuTe
pecypcu (GHHAHCOBH, YOBELIKH, MaTePHAIHH, BpEMEe U JIp.) HE ce
U3I0J13BaT €(pEKTUBHO WIIM C€ I'YOST MO IIbTSA, TOBA MOXE Jla MUMa
CEpPHO3HU MOCNIEAULIN.

Jlunca Ha KOOpAWHALUS MEXAY Pa3IMdHHATE €KUIU paboTemy
TI0 TIPOEKTa BOJH 10 3a0aBsHE.
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OtnenHuTe €KUMM pPaldOTAT CaMOCTOSATENHO, 0e3 Ja cu
CBTPYAHMYAT M 0e3 Aa MMaT fACHa NpeiacTaBa 3a o0IaTta meil U
npevat Ha epekTuBHaTa pabota. Moxe 1a ce IbKU Ha H3I0JI3BaHe
Ha Pa3iM4HM CHCTEMHU U IIPOLECH, KOETO BOAU 10 PAsNpbCKBAHE H
nyomupane Ha wmHopMmanusrta. [IpmuumHata Moke ma Obae IpH
KOHKYPEHIINSI MEXAY OTACNUTE 32 PECYPCH WIHM HPHU3HAHHE, KOETO
BOJIM 10 KpHEHE Ha HH(opMars.

ITem3eHeTo Ha oOXBaTa MM HM3BECTHO KaTo pas3lIMpsBaHe Ha
obxBaTa ce ciy4Ba IIPH HPOSKTH MPH KOUTO ITbPBOHAYAIHO
neUHUpaHUTE LIeNMH, 3aJa4d M H3UCKBAHMS HENPEKbCHATO Ce
YBeJIMYaBar.

ToBa 03HauaBa, Ye ¢ TEYCHHE HA BPEMETO MPOEKTHT 3aI10y4Ba Ja
BKJIIOYBA BCE IIOBEYE M IIOBEYC €JIEMEHTH, KOUTO HEe ca OwiM
HpEeIBHUICHH B ITbPBOHAYAHUS TUIAH.

IMpomyckaneTo Ha KpaifHU CPOKOBE € YECTO CpellaH mpobiieM B
VIPaBIEHHETO Ha IPOCKTH, KOWTO MOXeE Ja HMa CepHO3HH
MOCIIEIUIM 3a ycIexa Ha Inpoekrta. IIpuwumHuTe Morar na Obaar
HEpeaITNCTHYHH CPOKOBE, HENPEIBUICHH 00CTOATEICTBA, JIMICA Ha
pecypcu, Hee)eKTHBHO YNpaBJICHHE Ha PUCKa, JIOLIO IUIAHUpPAaHE,
JIMIICA Ha KOMYHHKALHS.

Te3u npobnemu ca pasrieqand B [26] U € MOCOYEHO KaK MPH
BCEKH OT TSIX MOJXKE J]a Ce NPIIOKH HHTETPUPAHOTO YIpaBICHUE Ha
HPOEKTH 3a 1a C€ OTCTPAHSAT NPoOIEeMHUTe.

7. 3aknwuenue

VHTerpupanusaT MOAXOA KBbM YIPaBICHWE HA TPAaHCIOPTHH
MPOEKTH Ce OKa3Ba BCE I0-HEOOXOMUM B ChBPEMEHHUS ANHAMHYCH
cBar. Upe3 oOequHsBaHE HAa  pa3iMYHM  JUCLHUIUIMHH,
3aMHTEPECOBAHH CTPAHU B OT/ACIHUTE CTAMHU OT KM3HCHMS LIUKBJ Ha
NpPOEeKTa, TO3M MOAXOJ TapaHTHpa IO0-BUCOKAa e(EeKTHBHOCT,
YCTOHYMBOCT M yJIOBJIETBOPEHOCT Ha notpeburennte. C HampeabKa
Ha TEXHOJOTMUTE W HAapacTBALIOTO OOIIECTBEHO CB3HAHUE 3a
ola3BaHe Ha OKOJIHATA Cpejia, MHTErPHPAaHUs HOAXO0 I POIBIDKI
Jla UTpae KII04Y0Ba POJi B Ch3JABAHETO HA TPAHCIIOPTHU PEILICHHUS,
KOMTO OTrOBapsAT Ha HYXKIWTE Ha HACTOSAIIUTE W ObIemu
HOKOJICHHS.

BbIpekn NMOCTUTHATHTE Pe3yATaTH, BCE OIe MMa MSCTO 3a
nogoOpeHne, 0coOeHO B 00JIaCTTa Ha BKIIFOYBAHETO HA TPaKIAHUTE
B Ipolleca Ha B3eMaHEe Ha pEIICHHS W M3MOJI3BAHE Ha HOBH
TEXHOJIOTHH. Bbaemmre u3cneqBaHus MoraT na ce Qokycupar
BBbpXY pa3pabOTBaHETO HAa HOBH MHCTPYMEHTH M METOJH 32 OLICHKa
Ha e(EeKTHBHOCTTA Ha MHTETPHUPAHUTE TPAHCIOPTHH IPOEKTH.

8. Jlumepamypa

1. Sekasi, J., Harrod, S., Andrade, V., Madsen, J. (2024).
Performance controls and accountability in Atrican
transport infrastructure megaprojects: A systematic
literature review. Project Leadership and Society.
https://doi.org/10.1016/j.plas.2024.100123

2. Magbool, R., Bhuvaneswaran, M., Rashid, Y., Altuwaim,
A., Ashfag, S. (2023). A Decision Approach for
Analysing the Role of Modern Methods, Project
Management  and Integrated  Approaches  in
Environmentally  Sustainable Construction Projects.
KSCE Journal of Civil Engineering. Volume 27, Issue 8,
Pages 3175-3191. https://doi.org/10.1007/s12205-023-
0701-0

3. Jecmen. K., Moskova, D., Teichmann, D. (2024). Solving
Transport Infrastructure Investment Project Selection and
Scheduling Using Genetic Algorithms. Mathematics, 12,
3056. https://doi.org/10.3390/math12193056

4. Mehmood, S., Fan, J., Dokota, I., Nazir, S., Nazir, Z.
(2024). Haw to Manage Supply Chains Successfully in
Transport Infrastructure Projects. MDPI Open Access
Journals. 16(2), 730. https://doi.org/10.3390/su16020730



https://doi.org/10.1016/j.plas.2024.100123
https://doi.org/10.1007/s12205-023-0701-0
https://doi.org/10.1007/s12205-023-0701-0
https://doi.org/10.3390/math12193056
https://doi.org/10.3390/su16020730

Technics. Technologies. Education. Safety. 2025

5.

10.

11.

12.

13.

14.

15.

16.

17.

Basheer, M., Elghaish, F., Brooks, T., Rahimian, F., Park,
C. (2024). Blockchain-based decentralised material
management system for construction projects. Journal of
Building Engineering. Volume 82. 108263. ISSN 2352-
7102. https://doi.org/10.1016/j.jobe.2023.108263

Project Management Institute. Pulse of the Profession
2021. Beyond Agility. https://www.pmi.org/-
[media/pmi/documents/public/pdf/learning/thought-
leadership/pulse/pmi_pulse_2021.pdf

Afra, A., Kheirkhah, A., Ahadi, H. (2022). Systematic
literature review of integrated project scheduling and
material ordering problem: Formulations and solution
methods. Computers & Industrial Engineering. Volume
173. 108711, ISSN 0360-8352.
https://doi.org/10.1016/j.cie.2022.108711

Simitkova, J., Buganova, K., Moskova, E. (2021).
Specifics of the Agile Approach and Methods in Project
Management and its Use in Transport. Transportation
Research Procedia, Volume 55. Pages 1436-1443. ISSN
2352-1465. https://doi.org/10.1016/j.trpro.2021.07.130

Safapour, E., Kermanshachi, S. and Jafari, A. (2020).
Effective Project Management Principles and Strategies in
Transportation Infrastructure Projects. Proceedings of the
Creative Construction e-Conference.
https://doi.org/10.3311/CCC2020-023

Malinari, L., Haezendonck, E., Mabillard, V. (2023). Cost
overruns of Belgian transport infrastructure projects:
Analyzing variations over three land transport model and
rwo project phases. Transport Policy, Volume 134. Pages
167-179. https://doi.org/10.1016/j.tranpol.2023.02.017

Roos, E. C., Siqueira de Souza, J., Kliemann Neto, F. J.
(2024). Project risks and regulation in transport
infrastructure: A study in Brazilian agencies concessions
planning process. Transportation Research
Interdisciplinary Perspectives. Volume 23, ISSN 2590-
1982. https://doi.org/10.1016/j.trip.2024.101031

Everything you wanted to know about transportation risk
management.
https://www.everstream.ai/articles/everything-you-
wanted-to-know-about-transportation-risk-management/

Jianping, L., Jin, Z., Weilan, S. (2019). Risk assessment
in cross-border transport infrastructure projects: A fuzzy
hybrid method considering dual interdependent effects.
Information Sciences. Valume 488. Pages 140-157.
https://doi.org/10.1016/j.ins.2019.03.028

Inag, H., Ayozen, Y.E. (2024). Integrated Infrastructure
Investment Project Management System Development for
Mega Projects Case Study of Tiirkiye. In: Sen, Z., Uygun,
0., Erden, C. (eds) Advances in Intelligent Manufacturing
and Service System Informatics. IMSS 2023. Lecture
Notes in Mechanical Engineering. Springer, Singapore.
https://doi.org/10.1007/978-981-99-6062-0_26

Hu, Y., Xu, Q. Field, B., Xia, B., Wu, G. (2024).
Governing collaborative networks in mega transport
projects development: Integrative findings from 34 cases
worldwide. Transport Policy. Volume 150. Pages 162-
173, ISSN 0967-070X,
https://doi.org/10.1016/j.tranpol.2024.03.013

Vargas, R., (2024). Will Project Management Careers
End with Al? Beyond Hype.
https://app.getresponse.com/view.html?x=a62b&m=BiRS
Th&mc=Ci&s=BiCWC1M&uU=MCZOf&z=EFKLyLH&

Bahnas, N., Adel, K., Khallaf, R., Elhakeem, A. (2024).
Monitoring and controlling engineering projects with

40

18.

19.

20.

21.

22.

23.

24,

25.

26.

blockchain-based critical chain project management.
Automation in Construction. Volume 165. 105484. ISSN
0926-5805. https://doi.org/10.1016/j.autcon.2024.105484

What is integrated project management? (With a step-by-
step  guide). (2024).  https://uk.indeed.com/career-
advice/finding-a-job/integrated-project-management

Vargas, R., (2024). How AL is Disrupting Waterfall and
Agile Project Management Models. https://ricardo-
vargas.com/newsletter/issue-8-how-ai-is-disrupting-
waterfall-and-agile-project-management-models/

Coher E., The Complete Guide to Integrated Project
Management, 2022,
https://www.workamajig.com/blog/integrated-project-

management

Dimitrov, D., Petrova, I. (2019). Strategic planning and
development of transport infrastructures based on agile
methodology. IOP Conference Series Materials Science
and Engineering. DOI:10.1088/1757-899X/664/1/012033

Kashyap, S. (2024). Project integration management — A
complete guide 2025.
https://www.proofhub.com/articles/project-integration-

management

Onyia, U., Anwara, O., Madueme, N., Akanno, C. (2021).
Evaluation of Integrated Teamworking Approach in
Project Management: A Case Study of Heathrow
Terminal 5 Project. International Research Journal of
Engineering and Technology (IRJET). p-ISSN: 2395-
0072.

Serbian, O., Izmailova, D., Mashkin, A., Glagoleva, S.
(2023). Assessment of the Reliability of the Development
of Infrastructure Projects on Transport in the Russian
Federation. Transportation Research Procedia. Volume

68. Pages 50-59. ISSN 2352-1465.
https://doi.org/10.1016/j.trpro.2023.02.007

Rodrigue, J. The Financing of Transportation
Infrastructure.

https://transportgeography.org/contents/applications/finan
cing-transportation-infrastructure/

Barenscheer, T. (2024). Project Integration Management
What is it and Why Does it Matter?
https://www.teamly.com/blog/project-integration-
management/#6_frequently encountered project_integrat
ion_management problems_resolved



https://doi.org/10.1016/j.jobe.2023.108263
https://www.pmi.org/-/media/pmi/documents/public/pdf/learning/thought-leadership/pulse/pmi_pulse_2021.pdf
https://www.pmi.org/-/media/pmi/documents/public/pdf/learning/thought-leadership/pulse/pmi_pulse_2021.pdf
https://www.pmi.org/-/media/pmi/documents/public/pdf/learning/thought-leadership/pulse/pmi_pulse_2021.pdf
https://doi.org/10.1016/j.cie.2022.108711
https://doi.org/10.1016/j.trpro.2021.07.130
https://doi.org/10.3311/CCC2020-023
https://doi.org/10.1016/j.tranpol.2023.02.017
https://doi.org/10.1016/j.trip.2024.101031
https://www.everstream.ai/articles/everything-you-wanted-to-know-about-transportation-risk-management/
https://www.everstream.ai/articles/everything-you-wanted-to-know-about-transportation-risk-management/
https://doi.org/10.1016/j.ins.2019.03.028
https://doi.org/10.1007/978-981-99-6062-0_26
https://doi.org/10.1016/j.tranpol.2024.03.013
https://app.getresponse.com/view.html?x=a62b&m=BiRSTb&mc=Ci&s=BiCWC1M&u=MCZOf&z=EFKLyLH&
https://app.getresponse.com/view.html?x=a62b&m=BiRSTb&mc=Ci&s=BiCWC1M&u=MCZOf&z=EFKLyLH&
https://doi.org/10.1016/j.autcon.2024.105484
https://uk.indeed.com/career-advice/finding-a-job/integrated-project-management
https://uk.indeed.com/career-advice/finding-a-job/integrated-project-management
https://ricardo-vargas.com/newsletter/issue-8-how-ai-is-disrupting-waterfall-and-agile-project-management-models/
https://ricardo-vargas.com/newsletter/issue-8-how-ai-is-disrupting-waterfall-and-agile-project-management-models/
https://ricardo-vargas.com/newsletter/issue-8-how-ai-is-disrupting-waterfall-and-agile-project-management-models/
https://www.workamajig.com/blog/integrated-project-management
https://www.workamajig.com/blog/integrated-project-management
http://dx.doi.org/10.1088/1757-899X/664/1/012033
https://www.proofhub.com/articles/project-integration-management
https://www.proofhub.com/articles/project-integration-management
https://doi.org/10.1016/j.trpro.2023.02.007
https://transportgeography.org/contents/applications/financing-transportation-infrastructure/
https://transportgeography.org/contents/applications/financing-transportation-infrastructure/
https://www.teamly.com/blog/project-integration-management/#6_frequently_encountered_project_integration_management_problems_resolved
https://www.teamly.com/blog/project-integration-management/#6_frequently_encountered_project_integration_management_problems_resolved
https://www.teamly.com/blog/project-integration-management/#6_frequently_encountered_project_integration_management_problems_resolved

Technics. Technologies. Education. Safety. 2025

TEXHOJIOTHUTE B YIIPABJIEHCKUS IUKBJ - CbBBPEMEHEH U

TPAJIULIMOHEH METO/I
TECHNOLOGIES IN THE MANAGEMENT CYCLE - MODERN AND TRADITIONAL METHOD
J-p JInuesa, T.
Bucmre yuuiuuie mo CurypHoCcT 1 MKOHOMHUKa, B”I)J'Il"apl/lﬂ
teodora_licheffa@abv.bg

Abstract: The report analyzes the traditional and modern stages of technology management. Traditional models rely on linear, centralized
processes with fixed structures, manual operations and risk aversion, which leads to slow adaptation and decision-making. In contrast,
modern approaches use agile, iterative methods with decentralized teams, real-time analytics, integrated digital platforms and optimization
driven by artificial intelligence. They allow for faster adaptation and collaboration but require continuous employee training and change in
work processes. The flexibility and data-driven management of the modern cycle improve efficiency and speed of response, although
organizations face challenges related to organizational shock and the need for constant training and upskilling.

Keywords: TECHNOLOGY, DATA, SECURITY, MANAGEMENT CYCLE

1. Tpauncgpopmayusma na ynpaenenuemo ¢
mexHonocuuHaAmMa enoxa

PBKOBOACTBOTO HA OpraHU3AIMUTE BUHATH € OHUJIO B MpOILEC Ha
pa3BuTHE, TOTYMHEHO HA  COLMAIHH, HKOHOMHYECKH U
TEXHOJIOTUYHM HHOBalmu. [Ipe3 mocienHuTe  JIeceTuseTus,
HABITM3aHETO HA MOJICPHH WH(POPMAIIOHHA M KOMYHHKAIIMOHHHU
TEXHOJIOTHHU JIOBEJC IO KayeCTBCHO HOBO pa3OMpaHe HE caMo 3a
CBHIIHOCTTAa Ha YIPABJICHCKUTE TIPOLECH, HO W 3a I[UIOCTHATa
opraHusanys Ha pabOTHHUS TMPOIEC, FAPAHTUPAINO CUTYPHOCT Ha
I/IchopMaumITal. AKO B MHHAJOTO TPaAHLIUOHHHAT YIPABICHCKU
LUKBJ C€ XapaKTEepPHU3Hpa C SICHO CTPYKTypHpaHa, JTHHEIHA JIOTHKA,
IHEC ~ OpraHu3alMiTe ca  [OJBIACTHM  Ha  rioOaimHara
IUTUTAIH3AIMS, YCKOPEH pUTBM Ha TMpOMSHa H IOCTOSHHA
HEOOXOIUMOCT OT aJarTalus.

IIpexogpT OT TpaAWIMOHHUSA KBM CHBPEMEHHUS YIPABICHCKU
LUKBJ CHMBOJIU3UpA HE caMO CMsHA Ha OTIEPAaTHBHU TEXHHUKH, HO U
LAJI0OCTHA TpOMsSHA Ha MHCIIEHETO . Ilom BB3xEHCTBHETO Ha
IUHaMHYHa KOHKYpEHTHA cpefa, TosiM o0eM [aHHH W HOBH
CpelCcTBa 3a KOMYHUKaIUs, CTPYKTYpPHUTE ca Mpea Aujema: Ja ce
3amasu CTabWJICH pacTex, HO 0aBeH, WM Ja MoeMe IO MbTA Ha
TI'BBKAaBOCTTA, C BCHYKH MO3UTHBU M PUCKOBE Ha €HA OTBOPCHA U
WHOBaTHBHA Cpella, HO 3ama3Baliki HaW-IIEHHOTO i — Ona3BaHe Ha
JIaHHUTE.

B ananm3a me mpocnens paznuuuATa MEXIY TPAIUIUOHHHSA U
ChbBPEMEHHHMSI TEXHOJOTUYEH YIPABICHCKU LIUKBI, 32 J1a U3SICHS He
caMo €BOJIIOIMTA Ha YNPaBICHUETO, HO U NPEIU3BUKATEIICTBATA U
BB3MOXKHOCTUTE, KOUTO ca Ipel MOJACpPHHS MeHMDKMBHT. llle
CTPYKTYpUpaM H3JIO)KEHHETO 110 KJIIYOBU HHIUKATOPH
CTpYKTypa Ha TIpolieca, B3eMaHE Ha peEIICHHs, BHEApSBaHE Ha

TCXHOJIOTUH, YIIpAaBJICHUE Ha PHUCKA, BSKHMOHeﬁCTBHG ChbC
3aMHTEPECOBAHM TPYNH M OPTraHM3alMOHHA CTPYKTypa, H B
3aKIIIOYEHUE LIC apryMEeHTHpaM 3HAYUMOCTTA Ha Ipexoaa.

2. 1. Cmpyxkmypa na npoyeca

2.1 Tpaouyuonen mooen

ﬂO CBbBCEM OJM3KOTO MMHAJIO IIOBECYCTO OpraHusaluu

M3MONI3BaXa T.HAp. JIMHEEH MOJEN Ha YIIpaBIeHHWe, MPH KOWTO
MIPOIIECHT BHPBHU CTHIKA MO CTHIKA (MUIAHUPaHe — W3MBJIHEHAE —
MPOBEpKa — aKTyalm3aius), 6e3 B3MOXKHOCT 3a BpBIIaHe Ha3al.
OcHOBHATa XapaKTePHUCTHKA TPH HEro € MOCJIEIOBATEIHOCTTa —
Bcika (paza TpsOBa na ObAe IPUIOCTHO TNPHKIIOYCHA Mpeau
3aI104BaHETO Ha CIIE/IBAILATA.

! Jlnuena, T. ,MozepHa curyproct B ynpasnennero”, Mza. HTC mo
maumHoctpoene ,,Auaycrpus 4.0”, Codusi, 2023, crp. 23, ISBN
978-619-7383-30-0

2 Panynos, H., Curypuoct 4.0, u3a. 2019, HTC no mamuHocTpoene
SAanyctpus 4.0”, ISBN 978-619-7383-15-7, c. 44-47
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MogensT ce OTIM4YaBa € OPOABIDKUTCIHM IEpUOJM Ha
W3IBIHEHNE (Mecely WJIM TOAWHM), (GUKCHPAHH LENIH W CTpora
oryeTHOCT. OT TJeqHa TOYKAa Ha CUTYPHOCT, TAaKbB IOAXOX
npefocTaBs  CTaOMJIHOCT M NPEABHIMMOCT Ha  IIPOLECHUTE.
OrpaHuYeHHsATa NMPOM3TUYAT OT HEBB3MOXKHOCTTA Ja CE pearupa
T'bBKABO HA IIPOMEHSIIHN C€ BHTPEIIHH U BHHIIHH (HaKTOPH.

2.2 Cvepemenen mooei

B HacTOsIImETO MOMHHHpAIIY CTaBaT MTEPAaTUBHUTE M arMJIHH
METOJIOJIOTHU — TIPOLECHT € IUKINYCH, ¢ MHOXECTBO HMOBTaPSIIN
ce WTepalyy, B paMKUTE Ha KOMTO EKHIIUTE M3TOTBST MPOTOTHIIH,
TecTBaT, chOupaT oOpaTHa BpB3Ka M MOJOOpSBAT NMPOLYKTAa HIH
yciryraTa Ha BCKa CThIIKA .

ABTOMaTI/ISI/IpaHI/ITe TECTOBE U CUMYJIallMM Ca HEM3MEHHA 4acT
oT pa6OTHI/IH rnpouec, KOE€TO II03BOJIABa CBOCBPEMCHHA
I/IZ[CHTI/I(bI/IKaLII/Iﬂ Ha l'IpO6J'[eMI/I Y I'bBKaBa aJiarnrtanus. Tosa ckbcsiBa
KU3HECHUA UKD Ha MPOUCCUTE U JIEHHOCTUTE — OT JHU U CCAMULIU
BMECTO MECCIIU U T'OAUHH, KaAKTO Oere Ipu TPpAAULIUOHHUA MOJCII.

2.3 Cpasnumenna oyenka

JluHeiiHaTa CTPYKTypa HOCH CTa0OWMJIHOCT, HO € HEI'bBKaBa;
UTEpaTUBHATA aJalTUBHOCT, KaTO W3UCKBAa IIOBUIIEHA
KOMYHHUKAllUSl W KpaTKH CpoKoBe 3a peakius. CbBPEMEHHUST
MOJIeJT 3aBUCH OT BHEAPSBAHETO HA JUHAMUYHH KOMYHHUKAI[MOHHU
KaHAJM W TIOCTOSHEH IWAJior MEXIY OTACIUTE W CTPYKTYpPHHUTE
3BEHA Ha OpraHu3alusiTa.

3. Bzemane na pewenusn

3.1 llenmpanuzupan (mpaouyuomnen) mooen

B ocHoBaTa Ha TpagULMOHHMS IOAXOX CTOM CTpora
IEeHTpalu3alysd Ha BJIacTTa B pbLETe Ha PHKOBOJCTBOTO,
CreLMaNU3UPaHl KOMHCUHM U paboOTHHU rpynu. Te3u cTpykTypu ca
IpU3BaHM J1a B3eMaT KIIIOYOBH PEIICHHSA U Ja HOCAT OTTOBOPHOCT
IIpY IPEIKU WM IpoBaiy. Beuuko ce nBuku no crpora depapxus,
a TIPOIIECHT Ha JJOKYMEHTOOOOPOT, ChIIacyBaHe U OTOOPEHHE YeCTO
M3UCKBAa MHOT'O BpeMe.

3.2 /leuenmpanuzupan (cveépemenen) mooen

B epara Ha IMHAMHUYHHUTE TEXHOJOTHYHH BBH3MOXKHOCTH U
OBbp3nst 0OMeH Ha MHPOpPMAIHS, YIIPABICHUETO CE JIEMOKPATH3HPA.
JleneHTpanu3upaHuTe CTPYKTYpPH Ca  OpraHU3HPAaHH  OKOJIO
AQBTOHOMHH €KHITH, KOWTO pPAa3IojiaraT ChC CAMOCTOSTENHOCT Ha
B3€MaT pEIICHUS Ha OINEpaTHBHO HHUBO, IIOYTH Ha MOMEHTa, B
peanHo Bpeme. Te3nm MNpakTHMKM Ce€ OCHOBaBaT Ha JOBEpPHE,
€KCIIEPTHOCT U CIIOAEIECHA OTTOBOPHOCT.

® Meroasr Scrum e tumuuen npumep. Ilpu Hero paGorata ce
pasJernst Ha KpaTKH ,,CIIPUHTOBE", TIpe3 KOUTO ce TeHepupa paboTer
HPOJAYKT U BeJHAra ce TecTBaT HOBOBbBeACHUsTA (6e.aBT.)
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AHanmM3uTe Ce W3BBPLIBAT B PEAHO BpeMe C IOMOLITa Ha
MUHCTPYMEHTH KaTO aJTOPUTMHTE Ha M3KYCTBEH HHTENCKT, aHAJIU3
Ha TOJIEMH JAHHK U GIOK4eiiH’, ¢ KOMTO ca pa3spabOTeHN BHTPELIHH
wiatGopMy. BCHUKM DaHHM M CHUTHAIM ca Ha PaslOJIOKCHHE Ha
eKHITUTe, KOMTO MOTaT MUTHOBEHO 1a B3eMaT HeOoOXOJHMHTE
pemreHus1, 6e3 a ce 4aka LEeHTpaIHO o100peHue. To3n MexaHH3bM
3HAQUMTENHO HaMallsiBa pHCKAa OT H3IYCKaHe Ha KPUTHYHH
BB3MO)KHOCTH 33 MHOBALMS WIIM PEAKIUs Ha BHHIIHY 3aIUIaxH.

3.3 Knrouoeu paznuxu u npeou3suKkamencmea

JlenienTpanu3amusaTa HOCH Cbe cebe CH U MO-TOoNIsIMa I'bBKaBOCT,
HACOYCHOCT KbM KIIMEHTa, Obp3WHA M HWHAMBHIyaJHa OTYCTHOCT.
HemocraTbk € pHCKBT OT  pa3sHOINOCOYHU  pEUICHUS U
HEOOXOIMMOCTTA OT KOOPANHAIMS MEXIY EKUITUTE 3a N30ArBaHe Ha
TyOnupaHe Ha YCUIUS U KOHQIUKT MEXTy OTASITHUTE TPYNH

4. Bueopaeane na mexnonozuu

4.1 Tpaouyuonen mooen

OcHOBeH Oener € CHJIHAaTa MEXaHWYHA AaHTAKHUPAHOCT U
OTCHhCTBHE HAa WHTETpAIMs MEXKIY OTICIHHTE CHUCTEMH — BCSKa
¢IMHUIIA W3MOJ3Ba CBOM WHCTPYMEHTH, YECTO HECHBMECTUMH C
Te3u Ha apyrute. CHCTEMUTE HE KOMYHUKUPAT TIOMEXIY CH, KaTo
00OMEHBT Ha MH(MOpPMALIUS CTaBa Ype3 PHUHO BBHBEXKIAHE HA JJAHHH,
KOETO Ch3/1aBa MPEAMOCTABKY 3a IPEIIKU 1 3a0aBsSHUSL.

OTuyeTHOCTTAa € CTaTHYHA OTYETUTE c€ ChHOupaT u
00paboTBaT BeIHBX MECEYHO WIM HO-PSAKO, C MHHUMYM
BB3MOXKHOCTH 32  HaBpeMCHHa  peakuus.  [3mon3BaHuTe
HHCTPYMEHTH Ca OrpaHMYCHH MO (GYHKIHMOHATHOCT H PSIKO
TI03BOJISIBAT PA3IIMPEHUE WM HaJTpaXkJaHe.

4.2 Cvepemenen nooxoo

JurntanHata TpaHchopManps TIPEeBphIA TEXHOJIOTUHTE B
OCHOBEH JIOCT 3a KOHKypeHTocnocoOHocT. Msmomssar ce
UHTETpUpaHn oOnauHK IIaTGopMu C OTBOpeHHM HHTepdeiicn n
JMHAMUYeH OOMeH Ha JaHHHW. VIHTepHeT Ha HelaTta CEeH30puTe
cbOMpaT MH(GOPMAIUS B PEaHO BpeMe 3a BCsKa CTHIKA M IPOIIEC,
KaTo Tpe/a3BaT OT aBapHiH, HEAOCTHT MM Ka4eCTBEHU ACPEKTH, a
I0KUCITH® rapaHTHPa CUIYPHOCTTA UM.

V3KyCTBEHHMAT WHTEIEKT U QITOPUTMHUTE 32 MAIIWHHO
o0yueHHe aBTOMATHYHO aHAIM3UpaT 0a3u JaHHM, MICHTH(HIMpAT
TEHJICHIIUY, ONTHMH3HMPAT CHCTEMHTE M MpeJUlaraT pelieHHus 3a
OINTHUMAJTHO M3IION3BaHE Ha PECYPCHUTE.

4.3 Ilpezneo
npeouseuxkamencmea

Ha npeoumcmea u

CBBpEMEHHUAT MOJIEN Mpesiara HeMpPeKbCHAT OTOK OT JaHHH,
BB3MOXKHOCT 3a aBTOMAaTH3aldsd M MHTETpalus Ha pas3lIndHU
TIPOIIECH, KOETO BOJH JIO MO-BUCOKA €(PEKTUBHOCT U MO-HUCHK PUCK
OT TpEIIKH BCIEACTBHE Ha YOBEIIKA Hameca®. Tpynnoctute
BKJIFOYBAT HEOOXOAMMOCTTA OT KBAJIU(HUIUPAHH KaIpH, KOUTO Ja
NOAIBPKAT U PAa3BUBAT CIIOXKHU CUCTEMH, KAKTO M OMACHOCTTA OT
3aBUCHMOCTH KbM OINpPEAENEHN TEXHOJOTMYHHU PEIICHUS WIN
JIOCTaBYMIIH.

5. ¥Ynpaenenue na pucka

5.1 Tpaouyuonen mooen

4 Tenxun, A., Muxees, An. Brokueiin: Kak 1o paboraer u
YTOJXK/ET Bac 3aBTpa, Mocksa, 2018, 35

5 Allessie, D., Sobolewski, M., Vaccari, L., Blockchain for
digital government. 2019. 18

®https://www.techtarget.com/searchsecurity/Data-security-
guide-Everything-you-need-to-know
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IIpeobnanaBa cTpaterusrta 3a MUHMMH3HpAaHE Ha PHUCKA 4pe3
u30srBaHe U3KIIOYUTENIHO BHHMATEIEH aHAIW3 Ha BCHUYKH
Bb3MOXKHM 3aIUlaxH, MPOBEXKJIAHE HAa MallabHM NPOY4YBAHHUSA U
pa34yuTaHe Ha MMHAJI ONMUT. II0AXOABT € KOHCEPBATHBEH — KAKBOTO
¢ paboTHIIO 10 MOMEHTA, I1ie paboTH U 3aHanpe/, BBIPEKU OaBHHUTE
pE3yNTaTH U PUCKOBE.

ITo3Hatu ca cuTyaluuTe, IPH KOMTO, BOJSHU OT CTpaxa Jja He
JOMyCHAT TpEIKa, OPraHH3aIl[MUTe IPOIYCKaT Bb3MOXKHOCTH 3a
HOBOBBBeZIeHH. CTPEMEXBT € 3a CTAOMIHOCT Ha OpraHMU3alMATa,
JIOpY C IIeHaTa Ha I0-HHUCKa e()eKTUBHOCT U JIMIICA Ha HHOBALIUH.

5.2 Cvepemenen mooen

HoBusT ynpaBieHCKH IUKBI aKIEHTHPa BBPXY EKCIIEpUMEHTa,
OBP30TO TecTBaHE HAa XMIOTE3M M IPHEMAHETO HA PUCKA KaTo
U3TOYHHK Ha MHOBAI[MOHHH PEIIEHUs. YTIPaBICHUETO Ha PHCKa ce
OCHOBAaBa Ha CLIEHAPUIHO IIAHUpaHe, CUMYJIAIUHU, IPOTHO3UPAHE U
HaTpyIBaHe Ha ,,yponun‘, 6a3upaHy Ha PeaH! Pe3yITaTH.

Upe3 codTyepHH NPOAYKTH Ce€ pa3WrpaBaT BapHaHTH Ha
OpIenM pa3sBUTHA M C€ TNpaBd OLEHKAa Ha EQEeKTUTe OT
QNTEpHATUBHHU JeHCTBHs. HeycHelHuTe peleHHus ce OTXBBPIIT,
KaTo OpraHM3alATa y4d OT TAX, BMECTO Ja I'M pasliiex]a Karo
HpOBaL

5.3 Cpasnumenen ananus

CucreMHOTO M30sirBaHE HA pHCKa TapaHTHpa H3BECTHA
CTabMIIHOCT, HO MOJXKE J]a JI0BeZle JI0 3aCTOH U 1opu 10 3abaBsiHe.
EKCIepMMEHTHPAHETO HOCH MHOBALMM, HO M3HCKBA TOJEPAHC KbM
,.JKOHTPOJIMpaHH HEYCHEeXH“ M CIOcOOHOCT 3a OBp30 yueHe. To3u
HOJXOJ Ce MOAXPaHBA U OT JIOCTBIIHOCTTA JI0 TOJIEMH 00EMH JTaHHU
U QHAIMTHYHM HHCTPYMEHTH, KOUTO CHIDKABAaT BEPOSTHOCTTA 3a
MamaOHH TPEIIKU

6. Bzaumooeiicmeaue cbc 3auHmepecosanu cpynu

6.1 Tpaouyuonen mooen

B mo-crapure CTpYKTYypHM 3aMHTEPECOBAHUTE JIMIA Ce
pas3TiekAaT KaTo BBHIIHK Ha MpOIEeca, a B3aMMOJCHCTBHETO €
enHonocouHo. E¢ukacHOCTTa Ha KOMYHHKAIMATa € HHCKa —
opraHm3anusaTa HHGOPMHUpA 3a pe3yNTaTUTe CU U HE ThPCH 00paTHa
BPB3Ka, IPETTOPHKH T MHEHHSI.

MakciMyMBT Ha MAaCHBHOTO YYacTHE € BKIFOUYBAHETO UM IIO
BpeMe Ha OTYETHH KaMITAaHWW WJIM MYOJMYHH MpeicTaBsHusA. ToBa
Ch3/1aBa ycelaHe 3a AUCTaHIHS U (HOpMaIH3bM, KOETO YECTO BOIH
JI0 Hepa30UpaHe WK TOPH KOH(IIUKT C OKOJHATA Cpefa.

6.2 Cvepemenen moden

MOJlepHI/lﬂT YHOpaBJICHCKA IMUKBJI 3ajara Ha AKTHUBHO
BKJIFOYBAHC Ha BCUYKH KIIFOYOBH 3aMHTEPECOBAHU CTPAHU HA BCEKU
€rarl OT IMponeca. PemoBHO ce MIpoBEXKAAT CpElUIU, HWHTCPBIOTA,
AHKETHUPAHE, pa60THI/I arejmera U [p., KaTO0 YYaCTUETO HE €
OrpaHUYCHO 10 Kpas Ha JaJICH IPOCKT, a € HENPEKBCHATO.

TepceHero Ha oOpaTHa BpbB3Ka CE MPEBPHIIA B OCHOBA 3a
Mogo0psiBaHE M HHOBAIL[MH, a 3aMHTEPECOBAHHUTE JIMIA YECTO Ca
WHULUATOPH HA HOBH HJEH WIM KOPEKTHBH. KOMYyHHMKAIIMOHHU
wIatOpMH U COIMAIHE MPEKH MO3BOJISIBAT MUTHOBEHO CHOMpaHe
Ha MHEHHS U PEAKIUH, KOETO 3HAYUTEITHO YCKOPSBA PEIIABAHETO Ha
BB3HHUKBAIIN TPOOIIEMH.

6.3 Ilpeoumcmea u cnabocmu

To3u MOJICI paBu OpraHu3auusTa  I0-aJaNnTHBHA,
OpHCHTHpAHA KbM I1a3apa M KIMCHTA, W [TOBHIIIABA JIOSUTHOCTTA KbM
Opannma. Karo HemocTaThk MOXeE Ja ce ONpeleld HaBpeMEHHATa
MpEleHKa KOW TIPEIOPBKU WM MHEHHS Ca PEIICBAHTHH, U KOH
Morar Jia IoBeJatT A0 pa3MHBaHe WIN Pa3BOIHIBAHE HA LIENTA.
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7. Opeanuzayuonna cmpykmypa

7.1 Tpaouyuonen mooen

Kiacnueckara opraHu3aliMOHHA CTPYKTYpa C€ XapaKTepU3Hupa C
ACHA HepapXus, OCTPU TPAHUIM MEXKIY OTACIUTE M CTPHKTHO
pasnpesienieHe Ha posid. BCSKO 3BEHO ¥MMa CBOM 3aJadH,
KOMYHHUKAIMATA MEXAY OTIENIUTe 4YecTo € MHHUMalHa, a
MeXAy()YHKIHOHAITHUTE EKHUITH Ca PSIJIKOCT.

Bromxkernte ca TBBPAO OMpENENEHH, CPOKOBETE — CTPUKTHO
(GUKCHpaHH, a KOHTPOJHHUTE MEXaHWU3MU Ca OPHUEHTHPAHU KbM
OTYHTaHE ¥ N30ATBaHE HA aHOMAJIHH.

7.2 Cvepemenen mooen

MOI[CpHI/ITe opraHuv3anyu C€ CTPYKTYpHUpaT XOPU3OHTAJIHO — €
CKHIIUTEC pa6OT$IT JAUHAMHUYHO, CBbC CBO60,I[8. 3a aBTOHOMHUS H
caMoopraHusanus. KOMyHI/IKaL[I/II/ITe Ca HHTCH3MBHH, YCCTO Ca
OHJIAWH U JUTUTAJIHU, a (byHKIII/IOHaJ'IHI/ITe TpaHHUIIU pa3sMHUBacMU.

I'bBKaBUTE CTPYKTYpH MO3BOJISIBAT Obp3a peakivs Ha MPOMCHU
W OCBHILIECTBSIBAHE Ha KOMIUIEKCHHM TMPOEKTH C MHUHUMAJIHO
3abapsiHe. OcoOCHO IIEHHO TOBA CTaBa MPU OPraHU3alMU, paboTEeIIN
Ha Tio0ajgHa cpena, KbJETO JMHAMUKATa W Obp3ara peakuus ca
Hai-BUCOKH.

7.3 Cpasnenue

Mepapxusta HOCH KOHTpON, HO 3a0aBsi afanTalyaTa, JOKATO
I'BBKAaBHTE CTPYKTYPH YCKOpSIBAT IIPOIECHTE, HO TeHepupar
HEoOXOJUMOCT OT CHJIHA BBTpEIIHAa KOOpAWHALMS M KyITypa Ha
JIOBEpHE H OTBOPEHOCT.

Ta0auna 1. CpaBHeHUEe MEXAY TPAJULUOHEH M CpaBHUTENIECH
METOJ1 Ha yIpaBJeHHUE.

CbBpeMeHeH
Beanuyuna TpaauuuoHeH UK
NS
JHeBHH/CeIMUYHU
Cxkopoct MeceqHH/TOUIIHE UK
UTEepanuu
JnHaMuaHU
I'sBKaBOCT ®DuUKCHpaHU U3UCKBAHUA  TPOMEHHU IPH
W3IBITHEHUE
O6navynu
JlokamHu cuctemu, HsMa
TexHosorun mtatopmu, API
HHTErparus
WHTETpaIid
Yupasnenue upe3
Pucxose Kontpox upe3 u3bsreane P P
eKCIIEPUMEHTH
3aunTepecoBann HemnpexbscHaro
OrpaHn4eHo yJacTue
Juua CBHTPYAHUYECTBO

8. Yogewku ghaxmop u opzanuzayuoHna NPOMAHA

BrenpsiBaHeTo Ha HOBH YIPaBICHCKH MOAETH W TEXHOJOTHH
HEBMHArd MuHaBa Oe3mpoOiemuo. Yecto ce HabmromaBa T.Hap.
,,OPTaHU3ALMOHEeH MIOK™ 4acT OT CIYKUTEIUTE H3MUTBAT
HeCI/IprHOCT HUIn C”bl'lpOTI/lBa cpeLuy HOBUTC H3UMCKBAHHI, pOJ'lI/I u
Texuonoruy’. TOBa MOHSKOra BOM L0 CIAj B MIPOAYKTUBHOCTTA,
TEKy4eCTBO WJIM IEMOTHUBALUSATA HM.

JlmueBa, T. (FOmm 2025). CurypHocT Ha e-Iocuera ¢
OI0KUeHH. CurypHocT u otOpana(2), 114-128.
https://doi.org/10.70265/NKYH9976
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KnrouoB ¢akrop 3a mpeonmonsiBaHe Ha Ta3W CHIPOTHBA €
U3TP@KJAHETO Ha KyJTypa Ha HENPEKbCHATO HAArPaKIaHe Ha
YMEHUATA, CIOJENAHE HAa 3HAaHWA W  CTUMYJIMpaHe Ha
MHULIMATUBHOCT. OpraHusaliuTe ca JUIBKHH Ja OCHIypsBat
CHCTEeMHO OOy4eHHe W TOBHWIIABaHE HA KBaIU(QHKANWATA Ha
CIIY’KHTEJIUTE 3a paboTa ¢ HOBH TEXHOJIOTHH.

9. 3aknrouenue

EBoionuATa Ha yHNpaBiCHCKHS LUKBI OT TPAAULMOHEH KbM
CBBPEMEHEH OTpa3sBa HE CaMO TEXHOJIOTMYHHUS HANpPEAbK, HO U
(yHIaMeHTaTHH TPOMEHH B pa3dupaHusTa 3a e(eKTHBHOCT,
MHOBALUs U YCTOHYHMBOCT.

TpagumuoHHUAT Mognen, OasupaH Ha JHHEHHW IIpolecH,
LEHTPAIM3UPAHO B3E€MaHE Ha pELICHMS, PBYHO YIpaBICHHEC Ha
TEXHOJIOTMH M W305rBaHe Ha PUCKA, I'apaHTHpa MPEABHIMMOCT,
CUTYPHOCT U KOHTPOJ — KayecTBa, 0COOCHO IICHEHH B CTAOWJIHH,
0aBHO NMPOMEHSIIN CE CPEAN.

Henmocrareiure My mpoju4yaBaT o0ade MpH  HyKAa OT
aJlanTanys, HaBPEMECHHH JIEHCTBUS M OTTOBOpP HAa HECTAOWIHHU HIIH
TypOyneHTHH na3apu. KbpIeTo ce M3UCKBAT CKOPOCT, I'bBKABOCT U
WHOBAIlMs, TPAAWLHOHHUAT IMKBI C€ OKa3Ba OaBeH, TEKBK H
TPYJHO IIPUTOTUM.

CBbBpPEMEHHUAT YNPABICHCKU LMKBJI 3ajara Ha WUTEPaTUBHU
IIPOIIECH, ABTOHOMHS, PEAJHO BpeMe, HHTETPUPAHU AUTHTAIHH
w1aThopMy, EKCIIEpIMEHTaTOPCTBO M aKTHBHO BKIOYBaHE Ha
3aWHTEPECOBAaHUTE CTPaHH. TOH € MPHCHOCOOMM, NPOTHO3EH H
CTpEMH Ja HU3IO0NI3Ba JaHHHUTE KaTo Pecypc 3a B3eMaHEe Ha IIo-
UH()OPMUPAHH PEIICHNS.

Ta3u eBomonust 00aue Kpue CBOU PUCKOBE — HYXKJa OT BHCOKO
KBATN(UIMPAaHU KaJpHu, ONMACHOCT OT 3ary0a Ha CHHXPOH MEXAY
eKHITUTE, OPTAaHN3ANOHHN CHTPECEHNSI U HapacTBAId M3UCKBAHHS
KbM O0YUCHHETO Ha CIY>KUTEIUTE.

KiousT KkBM ycremHa TpaHchoOpManus € HaMHpPaHETO Ha
OanaHc MexJIy CTaOMIIHOCT M I'bBKaBOCT, TEXHOJOTHYEH HAIPEabK
1 YOBEIIKU MOJXOJ, LEHTpAIU3UpaHa BU3MA U JeLieHTpalu3upaHa
peanm3anust. OpraHu3anyuTe, KOUTO YCIEAT [a Ce afanTHpaT KbM
HOBUTE PEATHOCTH, HHBECTHPAT B XOPa, TEXHOIOTHH M KyITypa, e
OblaT HaW-TIOJTOTBEHM Jla IMOCPEIIHAT NpeAn3BUKATEICTBaTa Ha
CBbBPEMEHHHUS OU3HEC CBAT.

[IpexoabT OT TPAAULIMOHHOTO KbM ChBPEMEHHOTO YIPaBIIECHHE
HE € eIHOKpaTeH akKT, a CJI0XEH, MHOTOETAIIeH MPOoIleC Ha MPOMSHA
B pabOTHHTE TMpOIECH, aJanTauus W HWHOBamus. Te3u
HOBOBBBEICHUS BOAAT JO TMO-e(EKTHBHH, aIaNTHBHH U
WHTEIUTEHTHA OpPTaHU3allH, CIOCOOHH HE CaMo J1a OLENSBAT, HO 1
Jla IPOCTIEPHUPAT B YCIOBUATA HA II(pOBa TpaHCHOPMAITHSL.
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Irrigation regime and its impact on the yield of greenhouse tomatoes using an ecological
and water-saving irrigation technique, for the Plovdiv region
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Summary: A study was conducted to determine the irrigation regime and its impact on the yield of three genotypes of greenhouse tomatoes
in 2022 at the experimental field of MVCRI - Plovdiv in an unheated steel-glass greenhouse of the Venlo type. The experiment was conducted
in three irrigation regimes:

Optimal 100%M, reduced by 25% and increased by 25%, using water-saving technology.

The size of the irrigation norms, the number of irrigations for the growing season and their distribution by development phases for the soil
and climatic conditions of the Plovdiv region were determined.

The obtained results for irrigation of greenhouse tomatoes show that 18 irrigations were implemented during the growing season in order to
maintain soil moisture between 85-100% of the maximum field moisture capacity for the conditions of Plovdiv from the beginning of May to
the end of July.

The size of the irrigation rates by regimes varies from 14.9 to 24.7 mm, and the irrigation rates - from 268 to 447 mm. The maximum
irrigation rates during the period with the most significant water consumption can be applied after 3-4 days and satisfy the needs of the
plants. The analyzed results of the yields obtained from the three tomato genotypes at different irrigation rates show that the highest total
yield of greenhouse tomatoes is formed in the variant with 125% implementation of the irrigation rate, followed by the variant with 100%
irrigation rate, and the lowest, in the variant with 25% reduction in the irrigation rate.

Obtaining a good effect from irrigation and the most productive use of irrigation water is possible only when applying an optimal irrigation
regime, consistent with the requirements of the crops grown.

A number of studies have been conducted in our country on the limiting factor - water. Their main goal is to establish the best efficiency of
applying different irrigation regimes for irrigation under optimal and insufficient water supply. (Kireva et al 2020)

The best results in terms of water use in this crop are obtained when the soil moisture is above 85% of the WHC and is applied to water-
saving irrigation techniques. This method fully meets the requirements for sustainable agriculture and ecological fruit production, including
ensuring high yields and quality of production, reducing unwanted side effects. (Bucks et al.,1982; Kireva ,2020.)

The results obtained by (Mukherjee, S., et al. 2023) show that physiological characteristics, yield and water productivity are significantly
influenced by the irrigation system and soil moisture regime, with drip irrigation improving the average yield of tomatoes by 25%.

It was found that reducing the optimal rate (100% M) with a water stress of 50% (50%M), a significant decrease in yield (13.16%) was
observed in greenhouse tomatoes (Wu et al. 2022 ; Lu et al. 2019 ). Alternatively, Wu et al. ( 2022 ) stated that under optimal irrigation
conditions, tomato plants produced more fruits than those grown under deficit irrigation.

With the studies of the mutual influence of different irrigation regimes on the yield of tomatoes grown in a polyethylene unheated
greenhouse, it was found that the impact of irrigation on yield has a greater effect at higher levels of irrigation rate, (Stoyanova A. et
al.,2020; Stoyanova A. et al. 2019).

Studies of the irrigation regime and its influence on the yields of tomatoes grown in plastic greenhouses using drip irrigation are quite
scarce, and the studies carried out in our country are for the conditions of the Sofia Field (Aboamera M. 1992; Kireva,; Kireva R.,2020) and
for St. Zagora (Stoyanova An. et al. , 2020), which cannot be indicative of other agro-climatic regions of the country, which are
characterized by different soil and meteorological conditions. Given the above, it is evident that research is needed to establish the complex
influence of the irrigation regime on the quantity and quality of the yield of tomatoes grown in glass unheated greenhouses for the soil and
climatic conditions of a region with developed vegetable production, such as Plovdiv. This will be achieved by using principal component
analysis to assess the effects of tomato quality and the efficiency of water use and fertilization.

Study objective - determining the irrigation regime and its influence on the yields of greenhouse tomatoes for the region of the city of Plovdiv
KEY WORDS: IRRIGATION RATES, YIELDS, GREENHOUSES, TOMATOES, WATER PRODUCTIVITY, GENOTYPE, CLIMATE.

Methodology The experiment was conducted with three irrigation regimes -
The experimental studies were conducted in an unheated glass ~ OPtimal, reduced and respectively increased - 100%M, 75%M and
greenhouse of the Venlo type at the experimental field of MVCRI - 125%M, using water-saving irrigation technologies.

Plovdiv under early production conditions to establish the irrigation

regime of greenhouse tomatoes with indeterminate growth, with Irrigation variants

large fruits, with pink and red fruit coloration, resistant to Pre-irrigation humidity — 85% of WHC
economically important diseases and widespread among tomato 1.125% realization of the irrigation rate
producers in the country under drip irrigation. 2.100% realization of the irrigation rate
The sowing of the seeds took place in mid-January, the mulch film 3.75% realization of the irrigation rate
was laid on the beds before planting the plants in the greenhouse The optimal irrigation rate (100%M) was calculated using the
permanently. In the second ten days of April, when the soil formula:

temperature in the greenhouse at a depth of 10 cm rose permanently m = [10H.a.( MFMC - §)].K,

above 10°C, the tomato plants were planted in the budding phase at where: m is the irrigation rate, mm;

a density of 3.5 plants/m2. o — soil bulk density, gricm3;
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H — depth of the active soil layer, m;

MFMC - marginal field moisture content in % relative to the
absolute dry weight of the soil;

& — soil moisture before irrigation in % relative to the absolute dry
weight of the soil;

K — the coefficient of reduction of the irrigation rate, taking into
account the area occupied by plants in 1 dka, in the experiment K =
0.66%, i.e. 66% of the site is irrigated.

The time for the implementation of irrigations was determined by
monitoring the soil moisture for the active soil layer to a depth of 40
cm, at which layer more than 85% of the main root system of
tomatoes is located. Soil samples were taken every 10 cm to a depth
of 40 cm in three repetitions and were processed by the weight-
thermostat method. The limit values of the individual elements of
the irrigation regime for tomatoes have been established
experimentally. With drip irrigation, the size of the entire irrigation
rate is not given, as with other irrigation methods. A reduction is
necessary at the expense of the unirrigated area. For this purpose,
the formula of (Frecman B., Carzoli. 1980) was used, taking into
account the planting scheme

Results
The climatic conditions of each region are of essential importance
for the normal vegetative development of plants and for obtaining
high vyields with excellent product quality. They are also a
determining factor for the preparation and implementation of an
irrigation regime. In this regard, based on a composite 65-term
statistical series, the theoretical security curve averaging the
empirical points for 2022 was calculated with the following
parameters: Tav =3183.°C, Cv=0.0425 and Cs = 0.0955. The
experimental year is warm with security of 10.0% and 3366.0 CO
accumulated temperature sum for the period May-September, (Fig.
1).
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Fig. 1. Availability of average daily air temperature for the period
May — September 2022.

Irrigation regime

Table 1. Number of irrigations, irrigation and irrigation rates of
greenhouse tomatoes on the experimental field of the Maritsa
Agricultural Research Center, Plovdiv for the growing season of the

study -2022.
Variants of | Number  of | Irrigation Irrigation
irrigation irrigations rate (mm) norm (mm)
125%M 18 24.7 446
100%M 18 19.8 357
75%M 18 14,9 268

Obtaining a good effect from irrigation and the most productive use
of irrigation water is possible only when applying an optimal
irrigation regime, consistent with the requirements of the grown
crops.

The results of the implemented irrigations for greenhouse tomatoes
show that to maintain soil moisture within the range of 85 -100% of
WHC, 18 irrigations were implemented for the growing season of
tomatoes. For the conditions of the city of Plovdiv, they were
implemented for the period from the beginning of May to the end of
July (Table 1).

The size of the irrigation rates by variant varies from 14.9 to 24.7
mm, and the irrigation rates from 268 to 447 mm. (Table 1).

The maximum irrigation rates during the period of the greatest
water consumption can be applied every 3 - 4 days and satisfy the
needs of the plants. At 1.5 atm pressure, they are implemented in 2 -
3 hours.

The established values of the irrigation rates can be used for sizing
the irrigation network, and the irrigation rates when compiling the
total water balance in the greenhouses.

The irrigation period for the active vegetation for 2022 of
greenhouse tomatoes grown under greenhouse conditions for the
Plovdiv region covers the time from the first ten days of May and
continues to the end of the fruiting period - the first ten days of
August (tab. 2)

Based on the biological characteristics and requirements of
tomatoes for soil moisture, frequent irrigation with small irrigation
rates is recommended, which reduces fluctuations in soil moisture,
i.e. it remains at a relatively constant level. This ensures a uniform
water supply to the plants, through the use of drip irrigation
technology.

Table 2 Distribution of irrigations by development phases of
tomatoes grown under greenhouse conditions on the experimental
field of the Maritsa Agricultural Research Center, Plovdiv, 2022

Development Phases | Number of | Irrigation periods
irrigations
Sowing - 3rd ten days of
January
Plunging - 2nd ten days of
March
Planting Irrigation till root | 1st ten days of
taking April
Intensified growth 1-2 1st ten days of May
Beginning of | 3-4 2nd ten days of
flowering, Full May
flowering
Ripening and harvest | 4-5 3rd ten days of
of fruits, Fruiting May
Active fruiting 7-8 1st ten days of June
Harvesting
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The irrigation time for active growth period of tomatoes grown in
greenhouse conditions for the Plovdiv region covers the time from
the first ten days of May. It continues until the end of the fruiting
period - the first ten days of August (Table 2). Based on the
biological characteristics of tomatoes and their requirements for soil
moisture, frequent watering with low irrigation rates should be
provided. In this way, fluctuations in soil moisture are reduced, i.e.
it remains relatively constant. This ensures a uniform water supply
to the plants.
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Yields

The analyzed results of the yields obtained from the three tomato
genotypes at different irrigation rates show that the highest total
yield of greenhouse tomatoes is formed in the variant with 125%
realization of the irrigation rate, followed by the variant with 100%
irrigation rate, and the lowest, in the variant with 25% reduction of
the irrigation rate. Reducing or increasing the irrigation rate leads to
a corresponding change in the obtained yield, (Tab.3, Fig.2).

The highest total yield of greenhouse tomatoes is formed in the
variant with 125% realization of the irrigation rate, which vary from
860 (Malduo and Pink) to 1410 kg/dka (Hayet), and the lowest in
the variant with 25% reduction of the rate, which vary from 650
(Malduo and Pink) to 900 kg/dka (Hayet).

Table 3. Yields of three tomato genotypes kg/dka at different
irrigation rates

Irrigation Options Yields kg/dka
Genotype
Malduo
125 % M, 860
100% M 756
75% M 650
Pink
125% M 860
100% M 800
75% M 650
Hayet
125% M 1410
100% M 1120
75% M 900
o m75% M Malduo,
3 Pink, Hayet
[T
vy
el
-E 100% M
Malduo, Pink,
Hayet
Hm125% M
Malduo, Pink,
Hayet
Irrigation rate, %

Fig.2. Yields of three tomato genotypes kg/dka at different
irrigation rates

Conclusion

Our study is of great importance, since for the first time
the irrigation regime of greenhouse tomatoes for the Plovdiv region
has been studied, where greenhouse production is most widespread,
due to the favorable weather conditions for growing the crop;

The amount of watering and irrigation norms, the number
of waterings for the growing season of greenhouse tomatoes for the
soil-climatic conditions of Plovdiv, the distribution of the number of
waterings by phases of development of tomatoes grown under
greenhouse conditions at the experimental field of I1ZK "Maritsa",
Plovdiv, 2022, were determined.
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The obtained results are the basis for determining the
design irrigation regime and predicting the time for irrigation of the
culture.

The highest total yield of greenhouse tomatoes is formed
in the variant with 125% implementation of the irrigation rate,
which varies from 860 (Malduo and Pink) to 1410 kg/dka (Hayet),
and the lowest in the variant with 25% reduction of the rate, which
varies from 650 (Malduo and Pink) to 900 kg/dka (Hayet).

The reduction of irrigation rates leads to a corresponding
reduction of the possible maximum yield, but not proportionally.
The reduction or increase of the irrigation rate leads to a
corresponding change in the obtained yield.

Acknowledgments. The publication is a result of the
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Research Fund of the Ministry of Education and Science of
Bulgaria.
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Abstract: Four of most of popular Bulgarian application were selected, namely "100 Places Bulgaria“, “I Love Bulgaria”, “Onosnaii.bg
and “The one hundred national tourist sites of Bulgaria”, and compare them. Data collection was performed through an electronic questionnaire,
which was based on Google Forms. The article presents the need for a solid theoretical foundation for understanding the complexity and
multi-layeredness of user experience (UX) and user interface (UI) in the context of digital transformation.
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1. Introduction

Graphic design is closely intertwined and of enormous
importance in UX design and is widely spread due to its presence
everywhere in the online space, as well as the continuous amateur
and professional creation of graphic elements that enhance and
develop perceptions. In the modern world, applications that look
good and improve user experience and comfort in their use lead to
repeated usage. The use of mobile applications with a pleasant and
intuitive interface is a necessity and dictates their continuous
improvement and the need for research to understand the ever-
changing user and their increased demands. It is widely accepted
that graphic design can be described as an art and a craft that gives
aesthetic, functional, and organized structure to various types of
texts and illustrations [1], [2].

Smartphones with touchscreen-based interfaces are increasingly
used by non-technical groups including the elderly [10].

Travel websites are widely used by travellers for their travel
bookings, but very little is known about sales performance and the
emotional experiences for the customers [3].

From an economic point of view, graphic design contributes to:

increased business profitability;
e improved brand image and presence in the international
market;
e reduced marketing costs through effective communication;
. job creation in the creative industries;
e growth of exports of creative services.
Figure 1 shows the cycle of consumer experience: user-

problem-solution.

problem user

solution

Fig. 1 Cycle between user-problem-solution

2. Basic methods for measuring user experience.
Qualitative and quantitative methods

According to [4], all user experience evaluation studies involve
a participant performing certain tasks on one or more designs. In
such a study, two types of data can be collected (Fig. 2):

e Qualitative data consisting of observational findings that
identify easy or difficult to use design features.
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e  Quantitative data, in the form of one or more metrics (such
as task completion rates or task completion times), that
reflect whether the tasks were easy to complete.

N

Qualitative methods Quantitative methods

It answers WHY? { It answers WHAT?

and HOW? | and WHO?
a smaller group of (\ a larger group of
respondents is needed u respondents is needed

in-depth and \
summarized information

numerical values and
statistical information

Fig. 2. Presentation of qualitative and quantitative methods

Researchers and user-centered design practitioners have
described over 100 different methods for measuring user
experience. These methods focus entirely on how users feel when
interacting with the product, service, or system being evaluated.
Measuring user experience is a multifaceted process that combines
various research techniques to obtain a comprehensive picture of
the interaction between the user and the system.

The total num digitalization is the basis for the development of
a modern economy, and this process covers all aspects of
management, including consumer behaviour in the environment [9].

Bulgarian tourist applications

The plan and consistency in managing a project and the
knowledge of all possible stages is key to the success of any
project[10]. According to [11] the group of users aged 40-50 often
know the basic gestures used on smartphones (Tap, Scroll, Flick),
but rarely use complex gestures such as Bundle and Multi-finger
Drag. Younger users (21-24 years) similarly to adults perform the
same actions and tasks, but their interaction is much more intuitive.

Figure 3a) shows the results of a Statista survey for 2024, which
shows that 70% of tourists in Europe use mobile apps to search for
objects, 52% use them for routing and logistics (Fig. 3b),

users

users users

social
sharing
33%

logistics
52%

other
48%

search
70%

other
67%

W cou.cnoaenaHe M Apyro

W NOrMcTHKa

ETbpcene

Apyro Apyro

a) b)

Mobile app usage by consumers in 2024

c)
Fig.3.
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and Fig. 3c) shows that 33% use mobile apps for social sharing and
"gamified" experiences (e.g. achievements, badges, loyalty).

Figure 4 presents the logos of the four applications studied,
allowing for a breadth of impression and subsequent emotional
impact. This allows for easy comparison and commentary on design
possibilities.

BULGARIA

a) Logo of 100 Places b) Logo of | Love Bulgaria[5]

Bulgaria[8]

c) Logo of The hundred national
tourist sites of Bulgaria [6]

d) Logo of Onosnaii.bg [7]

Fig. 4. Logo of the applications

The application 100 Places: Bulgaria [8] is a modern attempt
to digitalize the popular tourist initiative known for its paper
booklets for stamps. A main UX focus is placed on gamification
and visual identity - the interface is built around a personal profile
where the user marks the places they have visited and earns virtual
badges. The design is vibrant, with graphic icons and colour palettes
that create a sense of adventure.

The | Love Bulgaria app [5] is a digital travel guide combining
cultural, natural and historical routes. It was developed with the
cooperation of state and private institutions, which gives it the
character of a national brand. Its interface is visually rich, with high
contrast and intuitive icons that represent sites, routes and user
progress.

Ono3naii.bg [7] is a mobile extension of the online platform of
the same name, which provides detailed information about tourist
sites, events and activities in Bulgaria. The application is oriented
towards functionality and information richness, as the user can filter
the results by category, location, reviews and accessibility. The Ul
design is minimalist, with predominantly neutral tones and a linear
structure.

The latest application, The Hundred National Tourist Sites of
Bulgaria [6], is an official digital interpretation of the classic
tourism initiative of the Bulgarian Tourist Union (BTU).

Summary data

Game elements included in some of the applications use
specific characteristics of the users to encourage them to use the
respective application. The inclusion of gamification is of
significant help in keeping the user's attention. The types of users
according to the Bartle model [12] are achievers, explorers,
socializers and competitors. It should be noted that not all users fit
into one type, which makes it necessary to provide a variety of
challenging experiences.

Table 1 presents a comparison of the applications by
criteria regarding discoverability, application popularity, and most
importantly, user satisfaction.

Table 1. Comparison of the studied applications

pplication The
100 Places I Love Hundred Ono3Haii.bg
Bulgaria Bulgaria | National
L Sites of
Criteria Bulgaria
Available on
Google + + + +
Commerce Ltd
Published 11.04.2021 | 04.08.2016 | 13.08.2019 | 26.01.2016
on r
Downloads: | over 1000 | over 10 000 | over 10 000 |over 100000
User rating | 4.2 38 (315 | 47 (401 | 43 (3000
on  Google | (37review) | reviews) reviews) reviews)
Play  (user
rating)

The results from the table 2 show the interpretation of how
users react not only rationally, but also emotionally, which is key in
UX/UI design in tourism applications.

Table 2: Summary data compared for emotional assessment

Applications Position in the chart | Emotional assessment

100 Places Bulgaria Excited Pleasant Engaging and

inspiring

| Love Bulgaria The average between

Excited u Average

Moderately pleasant

Pleasant
The one hundred Calm Pleasant / Calm Relaxed, balanced, a
national tourist sites of Neutral little boring
Bulgaria
Onosnaii.bg Average / Excited Stressful,

overwhelmed

Unpleasant

Measuring emotions includes many well-known methods, such
as Emocards or Emofaces, which overcome the intangible nature of
measuring emotions by replacing verbal measurements with images.
Evaluators describe their experience of using a product by choosing
one of a number of predefined images.

3. Conclusions:

The article presents the need for a solid theoretical foundation
for understanding the complexity and multi-layeredness of user
experience (UX) and user interface (Ul) in the context of digital
transformation.

1. The analysis of the conceptual framework clearly showed
that UX is an overarching concept focused on the overall
user experience, while Ul represents its visible and
interactive part.

2. The connection between strategic design, visual impact
and consumer behaviour highlights that design today is
transforming from a purely aesthetic function into a
strategic asset that directly influences brand perception,
trust and consumer engagement.

3. Systematic and multifaceted research into the user
experience is necessary to enable improvement and
relevance, regardless of the time period.
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IToarocure Ha YCTUPUBI'BJIHUK — 3a20€eJ1eKUTETHH TOYKH B HEro

Cranucnas CredaHoB
Bucmre TpancroptHo yuwime ,,Togop Kabnemkos*
stanislav.toshkov@abv.hg

Pestome. B cmamusima ce degpunupam u ce pazenexncoam Ceolucmeama Ha eOHa 080UKA 3a0eNedcumentu mouku 6 npou3eoaeH U3NbKHA
YeMUpPUBEHIHUK, HapeueHu He2oeu nonocu. C depunuyuama cu me HAnOOoO16aM NoGeuemo 3aOeneHCumenHy MoYKu 6 MpUubblIHUKA,
3a0asauu ce KAmMo npeceyHu MouKu Ha MpOUKU npasu npe3 evpxoseme My, HapeueHu He2o8u uesuanu. Ilomocume ce onpedensim Kamo
080UKA MOYUKU, NOTYUABAWU CE NPU NPECUUAHENO HA 08e CReYUWIHU YeMEOPKU NPASU 6 YeMUPUDSIHUKA, HAPEUCHU He208U MPAHCHeP3aiu.
Okazea ce, npe3 max MUHABam u 08e CHeyudlny OBOUKU NPASU, MUHABAWU CHWO U NPe3 NPeceunume MOUKU HA RPOOBLIANCEHUSAMA HA
08OUKUME CPEUWYNOLONCHU CIMPAHY HA YEeMUPUBLSHIHUKA. XAPAKMEPUUPAm ce ¢ UHMepeCHU C8OLICMBA: OMCEUKama, KOsimo me onpedeisi,
ce pasnonossea om omceukama, onpedeieHa om cpeoume Ha OUAZOHANUME 8 YeMUPUBSLIAHUKA U HA CE0U ped Oelu masu Omceukd 6
onpedeneno ommuoutenue. Ilpasama, onpedeieHa om nonwcume e YCNOpeOHAd HA NpAeamd, ONPedeieHd ONm NpeceyHume mMoOYKU Hd
NPOOBINCEHUAMA HA OBOUKUME CPEeUYNONIONCHU CMpaHu. JIuyemo Ha uemupuvbebiHUKa ¢ 6bpXose 08ama NOIOCA U cpedume HA 08amda
OUA2OHANA Ce U3PA36A YPe3 TUYEMO HA USXOOHUS YeMUPUBSHIHUK. B ciyuas, Ko2amo uzxoOHUsm 4emupuboiHuK € GRUCAH 8 OKDBICHOCHI,
MO3U YEMUPUBSHIIHUK CHUO € GRUCAH 8 OKDBICHOCH. AKO 6 eOUuH 6NUCAH YemMUPUbSHIHUK ChbUecmayeam 08OUKA MOYKU, AHALOSUYHU NO
Oepunuyus Ha moukume na Bpoxap 6 mpuv2banuKa, mo me ce s636am He208U ROMOCH.

K/IFOYOBH JIYMH: H3ITbKHAJ YETUPUBI bJTHUK, 3ABEJIE)XKUTE/IHA TOYKH, CBOHCTBA, BPh3KH MEXIY TOYKHUTE.

The poles of the quadrangle — natable points in it

Stanislav Stefanov
Todor Kableshkov University of Transport
stanislav.toshkov@abv.bg

Abstract: The article defines and considers the properties of a pair of remarkable points in an arbitrary convex quadrilateral, called its
poles. By definition, they resemble most of the remarkable points in the triangle, resulted like intersection points of three lines through its
vertices, called its chevians. The poles are defined as a pair of points obtained at the intersection of two special quadruple lines in the
quadrilateral, called its transferzals. It turns out that two special pairs of lines also pass through them, passing also through the
intersections of the extensions of the pairs of opposite sides of the quadrilateral. They are characterized by interesting properties: the
segment they define is divided into two equal parts by the segment defined by the midpoints of the diagonals in the quadrilateral, and in turn
divides this segment in a certain ratio. The line defined by the poles is parallel to the line defined by the intersections of the extensions of the
pairs of opposite sides. The area of the quadrilateral with vertices the two poles and the midpoints of the two diagonals is expressed by the
area of the original quadrilateral. In the case where the original quadrilateral is inscribed in a circle, this quadrilateral is also inscribed in
a circle. If in an inscribed quadrilateral there exist a pair of points analogous by definition to the Brocard points in the triangle, then they
are its poles.

KEYWORDS: CONVEX QUADRILATERAL, REMARKABLE POINTS, PROPERTIES, RELATIONS BETWEEN THE POINTS.

—

|. BwnBenenme. Ilomocure Ha YeTUPUBIBIHHKA cCa
no-cienamara crpaia CD. Tasu orcedka AD, me Hapudame

3a0€IIe)KUTCIIHN TOYKHA B HETO, KOUTO C€ XapaxkTrepusupar c
pa3nmuuHU 3a0eIeXUTENTHH CBOicTBA. Hali-mHTEpecCHN U3MEKIY TIX HOJOKUTENHA Mapaneia Ha YETHPUBIBIHUKA Ipe3 Bbpxa A.
ca TE€3U, KOUTO Ca CBBpP3aHU C YCTUPUBI'BJIHHKA C BHPXOBE TE3U 4'

Hacouenara orceuka AB, ¢ Hauanmo A u kpaii B, (rexam Ha
HONFOCH W CpeNuTe Ha JBara JWaroHaja Ha  H3XOHHS :

YeTHPHBIBIHUK. JIMArOHANMTE HA MOCTeAHHA ce genst orT  npemmectsamara A ctpana DC wiv Ha HeliHOTO mMpoxbibKeHue),
IpecevyHara CH TOYKa B ONPEAEIEHH OTHOLICHMS, a JIHUIETO My C€ KOATO € EJHONOCOYHa ¢ ome Tmo-npenHara ctpana BC, me
h3pa3sgBa 4ype3 JIMLETO Ha M3XOAHHUSA YETUPUBIBIHUK 10 HapyJaMe OTpUllaTesIHa apaiena npes Bbpxa A.

omnpenenena Gopmyia. B ciydast, KOraro W3X0{HUS Y€ TUPHUBIBIHUK
€ BIHMCaH B OKPBHKHOCT, TOM ChIIO € BIHUCAH B OKPBKHOCT. MHTEpeC
npecTaBisiBa (pakTa, 4e B ONpeAeNieHH BHIOBE YETHPUBIBIHUIIN
MOJIFOCUTE CHBIIAJIAT C OTpPE/Ie]eHN 3a0eIeKUTETHN TOYKU B TaX. C
BCEKH YETUPUBI'BIHHUK Ca CBHP3aHU [BE JBOWKU YETHPUBIBIHUIIM,
HMMaly ¢ HEro 001 MOJIOC.

1. JeduHunus u cBoiicTBa HA MOJIIOCHTE.

peau na neuHUpaMe MOTIOCUTE HA YETUPHBIBIHUKA, 1I1E
BbBEJIEM MOHATHETO Napasena U TpaHcdepsana npe3 HeroB BpbX:
Onpedenenue 1. Heka ABCD e monoxurento

OpPHCHTHPAH HM3MbKHAT YeTHPUBIBIHUK (¢ur. 1). Jla pasriemame

MPOU3BOJICH HEroB BPBX, Hampumep Bpbxa A. [la mocrpoum
— ueTnpubrenanka ABCD, mampumep Bhpxa D u kpast D, ma
HacodeHata orcedka AD, ¢ Hagano Tosu Bpsx M kpait D, (mexam

Onpeoenenue 2. TlpaBara, omnpeneneHa OT KOW Ja € BPbX Ha

—

BBPXY CJIe/IBalllaTa, HemocpeacTBeHo ciex A crtpaHa BC nnu Bepxy nonoxurennara napanena AD, mnpes crensamms ciex D Bppx A
HEWHOTO l'lpO)l”bJ'l)KeHI/le) " UMalla 1mocoka, o6paTHa Ha IMocoKara Ha ((1)[/1{‘ 1) 1lI€ Hapu4aMe IOJ0KUTEIHA Tpa]{c(bepgaj[a Ipe3 BbpXa D.
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AHanoruyHo, mpaBaTa, OMNpejelNeHa OT KOW Ja € BpbX Ha Jlema 1. Ilpu o3HadeHHATa B TeopeMaTa € H3IIBIHEHO

uertnpubrbanuka ABCD, nanpuvep Bbpxa B u kpast B, ma  pasencrsoro CV =K - AV.

otpunarennata napanena AB, mpes Bbpxa A, mpeaurectsarr

BbpXa B, me HapuyaMe oTpunaTenaHa TpaHcepsana npe3 Bbpxa B.
Jla ce yroBopuM oOTcera HaraTbK Oa IpeAloNarame, 4e B
pasriexxnannst  detupubreaHuK  ABCD  mpomgbmkenusra Ha
cpenrynonoxuute crpanu AD n BC ce npecuuar B Touka, KOsTO 11e
o3HauaBame ¢ U, a Te3u Ha ctpanute AB u DC — B Touka, KosiTO IIIe
o3nauaBame ¢ V, npu koero C nexu mexay U u B u mexay D u V

(¢ur. 2).

®ur. 32

Jokasamencmeo: TloHexe A e Kpast Ha MOJOKHUTEIHATA

A B Tpancdepsana npes Bbpxa A , T.e. Ha MONOXKHTENHATA Tapasena
@ur. 2
npes Bipxa B, To BA [[AD (¢ur. 3%). Orryk umame
Onpeoenenue 3. Heka ABCD e m3nbKHaI 4eTHPUBI'BIHUK U MOCJIEI0BATENHO:
MepkuTe Ha brimre npu Bbpxosere A, B, C u D ca croTBeTHO ! , CV CV DV CV AV CV AV
sing-siné VRV VSV VY
p. 7y m &. Uucnoro K, =————— me Hapuyame AV DV AV DV BV BV DV
Sina-siny Or apyra crpana, no cunycosara teopema or aABCV u aADV
u3oToMu4Ha kocranta Ha ABCD. ToJTydaBaMe:
Kakro mie BUANM cera, YETUPUTE MOJIOXHTEIHH M YCTHPHTE . .
tHe Bua » ICTHD b CV sing AV  sing
OTpHLATEIHH TpaHcdep3aan Ha IPOM3BOJICH YETUPUBIBIHHK Ca - -
KOHKYPEHTHH TTIOMEXIy CH YeTBOpKa HpaBH. OOMmHUTE UM TOYKH TH BV  siny DV sina
nenat B otHomienne K, cumrtaHo ot ompesnenenn kpauina. OcBeH CV AV sing sins
TOBA, TIOCIE/IHATE CHBIIAZIAT CHOTBETHO C TIPECEHHTE TOUKH Ha qpe  CJ1C/IOBATENHO BY ) DV =———— =K, u or nocreanotro
OTIpeIeNICHN IBOWKH TpaBH 1pe3 Toukure U u V: Siny - Sina
Ccv CVv AV
paBeHCTBO  cneaBa, ve ——=——-——=K, Te ue
AV BV DV

CV =Kk, - AV. Jlemara e noxasaHa.
IlpeMuHaBaMe KbM  JOKAa3aTeNCTBOTO HAa  TEOpemara.

H’prOHa‘IaﬂHO e JOKaXXe€M, Y€ TOYKara Q KOATO JACIU

19

tpanchepsanata AA B otHomenue K, cumraHo or A, nexu Ha

1

Besika ot mpasute VE u UF. Tlonexe =k0 (chriacHo

AV

n3bopa Ha Toukara (2 ), —— = — (mo nemara) u CE = AE | 10
CV K
®ur. 3
. AQ, AV CE
€ M3IIBIHEHO PAaBEHCTBOTO -——.—— =1. Tlo teopemara
Teopema 1. Hexa ABCD e mONOXHTEIHO OpHUEHTHUPaH AQ CV AE
1

M3ITBKHAJ YeTHPUBI'BJIHUK U cpenute Ha auaroHamute my AC u BD
i3a A
ca cvotsetHo E 1t F (pur. 3). Tonourenmute tparicdepsam AA , na Menenaii 3a aAAC mosxem na 3akimounm, de Toukure £, Q u

V nexar Ha enHa npasa T.e., 9e £ € EV. Ille nokaxeMm ome, Je

Q, eUF. Osnauasame AAﬂUF:Q,. JloctaTbuHO € Ja

BBl , CC1 1 DD, u npasute UF u VE ce npecuuar B eHa TOUKa

Qi , IPU KOETO Ca U3NIBJIHEHU paBEHCTBATA:

AQ'
nokakem, ue Q' =Q, Te. ye ——=K_. Heka
o AQ _ B.Q, _ CQ, _ DQ, _k ! ALQ, 0
07
AQ,  BQ CQ DO U, =ABNUF. Jlecho ce smkna, ue aU BF =aUDF,

xpaero K, e msorommmara koctanTa, otkpaero mnonydasame: BU, =DU. Tlowexe AU || AU,

1
ﬂoxasameﬂcmgo. HpenBapHTenHo e JOKaXXEM Cli€aHaTa:
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AB BC uQ, 2k, EQ k-1
OTKBJACTO B 4YaCTHOCT Cjia€aBa, 4€¢ —— = ——, OTTyK 1/13pa3ﬂBaMe = s = s
DU CuU FQ k-1 VQ 2

MOCIIEA0BATENHO: (2) Vo o £o « 1

AQ'" AU, AB+BU AB DU A — 2 _Jo =

= = = — = ~
AQ AU AU AU AU FQ, k-1 UQ, 2
Jlokazamencmeo:
_AB DU DU _(AB +1) DU
DU AU AU DU AU

—+
Cu
Or apyra crpana, or AABU u aDCU no cunycosara teopema
uMame:

(BC 1) DU BU DU BU DU

BU sina DU siny

AU sing CU sind
U OT IIOCJICAHOTO PAaBEHCTBO MOJydyaBaMe:

AQ" BU DU sina siny 1

T.C.

' Heka DD, e monoxutennara tpancdepsana mpes Bbpxa D, T.e.
Monyunxme, we Ttoukata €2 jemu Tpancdepsamara A4 B 1 patchep P P ’

AD, e nonoxutennara napanena npe3 Bbpxa A (¢ur. 4). Torasa
OTHOIIEHHE PaBHO Ha K, CUMTaHO OT A, CIIE/IOBATENHO T5 CHBIA/A 1

AD, || DC . TIspsust momtoc Q0 nexwu Bepxy DD, (mo teopema

¢ Toukara €2 . C ToBa joKasaxme, ue Toukata (2 , KOATO Henu

1°

1). Tlo teopemara Ha Menenaii 3a AFUB u mpasata DQ D
tpanchepsanata A4, B otHomenue K, cuntano ot A, cpBmaja ¢ 171

umame:

npeceynara Touka Ha npaBure UF um VE. Ilo chbmus HauuH ce

JIOKa3Ba, Y€ TOYKHUTE, KOUTO JIENAT MOJOKHUTEIHUTE TpaHchep3aau QU DF DB _
BB,, CC, u DD, B otHomenue K , cuntamo ot choTBeTHH QF DB DU

Kpawuiia, ChIIO CHBIIAJIAT C peceyHara Touka Ha nmpaBute UF u VE.

1
Cnenosarenso u uerupure tpanchepsamn AA, BB, CC u Tonexe DF :EDB,OTTYK [oyqaBame:

DD, u npasure UF n VE ce npecuyar B eana Touka {2, KosiTO uQ, ) uD,

®3) = -
nenn tparcdepsamute B OTHOmIGHHE K, CYHTAaHO OT CHOTBETHH FQ, BD,
Kpaumia.

Or apyra crpana, nonexe AD, || DC , umame nocienoBaTeIHo:

ub, UD, CU AU cCuU
tpanchepsann AA, BB, CC u DD, u npasure UF u VE me = =—"—=

Hapu4iaM€ I'bpPBU NOJIIOC HA YETUPHUBI'BJIHUKA.

Onpeoenenue 4. Tlpeceunara Touka (), Ha IONOXKHTEIHHTE

AHANOTHYHO Ce J0Ka3Ba, 4e OTPHUIATENHUTE TpaHchep3amu AU CU sing sind K
= T T TRy
AA , BB,, CC, u DD, u npasure UE u VF ce npecnuar B BU DU sina siny
enna Touka ), KOATO Nenu TpaHcdep3anuTe B oTHoOUIeHHE K T.C.c
) Tpanchep .
UD, =k, - BU.
CYMTAHO OT ChOTBETHH Kpamia. Toukata (), e Hapuyame BTOPH
OTTYK onpenensme:
TIOJOC HA YETUPUBIBIHUKA. b K .BU " K
Cera mie OmpenesiduM OTHOIICHUSITA B KOUTO IOJIIOCUTE Ha U 1 ol _ 0 _ 0
YETUPUBI'BJIHUKA Ql u QZ ACIAT BBTPEIIHO WM BbBHIIHO BDl UD1 - BU UDl 1 kO _1
orceukure UF , VE | VF u EU, onpenenenu or npeceyture TOUKH BU
U u V nHa 1BoiiKkuTE Cpelynonoxnu ctpanu u cpeaute E n F 3amecTBaMe ¢ MOJTYYeHHs Pe3yTaT B JACHATA YacT Ha PaBEHCTBOTO
Ha guaronanute (¢ur. 5): (3) ¥ Hemocpe/CTBEHO TOydYaBaMe ITbPBOTO OT JOKA3BAHHTE

. aBeHCTBa (2). Ille mokaxkeMm cera BTOPOTO OT Te3M paBeHcTBa. [1o
Csoticmeo 1. Tlomocure €, n Q) Ha vetmpubrbaHUK ABCD P (2). e p p

Teopemata Ha Menenaii 3a AECV u npaBata AQQ. A umawme:
nenst orceukure UF, EV, VF u EU B cnemaure oTHOmEeHHs (ur. P P lAl

4y: QE AV AC |

QV AC AE
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AC HAauMH: cpefata Ha orceukata (2 ), nexH BBPXY OTCeuKara,
[Tonesxke —— = 2, OTTYK IOJIydaBaMe:
AE omnpezenena ot cpenute E u F na quaronamure AC u BD na ABCD.
C momomira Ha JOKa3aHUTE PaBEHCTBA (2) cera Ie U3pasuM
EQ, 1 AC P P
4) =——. nuneto Ha yetnpubrbiauka EQ FQ, ¢ Bopxose cpenure E u F
vVQ, 2 AV

Ha [OMaroHaJWTe M JBaTa IOJI0Cca Q1 H Qz ype3 JMIETO Ha

=K - 1 :
Or npyra crpana, nouexe CV =K - AV (no nema 1) umame 3xoms seTHpubr K ABCD (rr. 5):

AC =CV - A1V = k0 . AV — AlV = (kO _1). A&V' Teopema 2. Heka E u F ca cpeaute na nuaronanure AC u BD
OT (4) ¥ MOCNEAHOTO PABEHCTBO MOydaBaMe: Ha yetupusrbiauka ABCD, a Q n Q , Ca JBara My rnosroca. AKo
EQ1 _ 1 A1C _ (ko _1) ) AV _ ko -1 kO ¢ u3oromMuyHaTa kKoHcTanta Ha ABCD u S e mumero My, To e
vQ, 2 AV 2A1V 2 ' U3IBIHEHO PABEHCTBOTO:
C ToBa J0Ka3axMe W BTOPOTO OT paBeHCTBAa (2). AHAIOTHYHO ce k ,—1
JTIOKa3BaT M OCTAaHAINTE JIBC PABCHCTBA. ®) SEQfQZ = S.
2(k ,+1)

Cera mie pasriename Bpb3kaTa Mexay mpasata (2 Q
Jloxazamencmeo. TIpefBapuUTENHO IWIE NOKAKEM CIEIHATA

ompejielieHa OT TOJIOCHUTE Ha YeTHpWbrbiHuka W mpasara UV , neMa:
OlpezieNieHa OT TPECeYHHTe TOYKM Ha MPOJBDKEHHATA Ha Jlema 2. B o3HaueHHsATa Ha TeopeMara € U3IBIHEHO
CPEIIYTON0XKHUTE JBOMKH CTpaHU: PaBEHCTBOTO:

Ceoticmeo 2. TIpapata €2 €2, , ompezeneHa OT MOIIOCHTE Ha

1
27
(6) S, =—S.
YETHPUBIBIHUK € ycrmopenda Ha npasara UV , ompenenena ot 4
NpeceYHHTE TOYKM Ha IIPONBIKEHHATA HA CPEIIYHOJIOKHUTE

IBOWKH cTpaHH (¢ur. 5).

@ur. 6
Jlokazamencmeo: OT HOKa3aHUTE paBeHCTBa (2) cienBa, ye 1
U Ql VQ2 Jloxazamencmeo: TIbpBO 1Ie JOKaXKEM, Ue SDEFC =—S (¢ur.
= —= (¢wr. 5). OTTyK MoONy4aBame: 4
FQ  FQ, 6). Hauynenata smuus DEB pasmonoBsiBa numero Ha
yetupubrbiauka ABCD, 3amoro DE u BE ca Menuanu, ch0TBETHO
UF+FQ VF+FQ
1 2 B Tpubrbiuunure ACD u ACB, u criemoBaTelHO pPa3mojiOBSBAT
L
FQ, FQ,
re nunara uM. 3atoBa S, . = ES . OT cBOs cTpaHa, HadyrneHaTa
UF _ VF muanss EFC pasnosnoBsBa nmmero Ha yernpubrbiauka DEBC,
FO FO ’ 3amoTo EF u CF ca Mmennanu, cboTBeTHO B TpubrbiaHuITe DEB 1
1 2 DCB, u cremoBaTenHO pas3loJiOBABAT JIMIATa MM. 3aTOBa
MoskeMm ciezoBaternHo na 3aounym, e Q. [[UV . 1 1
S = —Spee = — S . lle goxaxem cera paBeHCTBOTO:
Cera mie JOKakeM, 4e OTceuKaTa Qlﬁz, ompezeneHa oT 2 4
it UTE€ HA YETHPUBIBIHHK [OJIOBSIBA OT OTCEYKAT =
OJIFOCUTE Ha YETHUp T a, Ce pas3MoJIOBABa OT OTCEUKara, @) SDUc SDEU +SCFU,

onpezeneHa ot cpeaute E u F Ha quaronanure:
P . P OsnauaBame cpezara Ha crpanara CD ¢ P. Touexxe EP|| DU (EP —
Ceoticmeo 3. Cpenata Ha OTCeukara, oOIpesesieHa OT

nomocute (2 u () Ha YETUPUBIBIHMKA, JIEKH BBPXY OTCEUKaTa, cpenna otceuka B AACD), mvame: S, =S, . Ananornimo,

onpejeneHa ot cpeaure £ u F Ha nuaronanure. THIOHEXKE PF||CU, uMame: S, =S, . 3artoBa

Joxasamencmeo: Tlonexe €€, [|[UV (ot cBoiicteo 2)

Soe =Sy + Sy =S, +S ¢ koero paseHcTBO (7) €

(¢ur. 5), sernpubremanksr VU, Qe tparer ¢ ocrosn VU u nokasaHo. OT Hero clie/Ba, e

CFU ?

QQ,. Tlo Teopemara Ha IllaifHep MOXeM 1a 3aKIIOYHM, de Souc + SDE;:c = SDEU + Scpu + SDEFC '
T.€. 4e:

npecednara Touka F Ha qnaronamire my UQ n VQ, | cpenara na 1

ocroBara My €2 Q) wn npeceunara Touka E Ha npoxsnkennsTa Ha Seercu = Soeu T Seru T Z S.

oenpara my UQ, u VO nexar na enna npasa. M3ka3aHo 1o apyr Ho ot gpyra crpana nmame:
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S

DEFCU
Or nociegHATe JBE PAaBEHCTBAa  HEHNOCPEICTBEHO
JIOKa3BaHOTO paBeHCTBO (6). Jlemara e qoka3zana.
TIpemurHaBaMe KbM [JOKA3aTEJICTBOTO HAa TeopeMara:

= SDEU + SCFU + SEFU

ciacaBa

Cpenara Ha otceuxara €2, €2 nexu Ha npasara EF (ot cBoiicTBo

3). CnenoarenHo (¢ur. 5):

S.,. =S

EQF =X.

EQ,F

C nmomorira Ha Jema 2 OTTYK IOJIydaBaMe:

SEQ]U = SEFU + SEQ]F =—S+X
4
u
1
szu =gy — SEQZF ==S-X.
4
OT gpyra cTpaHa UMaMme:
Sequ UE-UQ,
S,,, UQ, -UF

OTTyK U MOCJICAHUTE NBC PABCHCTBA CJICABA:

1

o 257 UE.UG,
1 - UF’
1o, UQ,UF
4

ChILEeBpEeMEHHO, ¢ IOMOINTa Ha paBeHCcTBa (2) OT cBoWcTBO 1
nony4aBame (¢ur. 5):

UE uQ, +QE QE k,-1 k, +1
= =1+ =1+ = ,
uQ, uQ, uQ, 2 2
uQ, a uQ, B 1 3 1 _ 2Kk,
UF  UQ-QF QF 1 k,—1 1+k,
uQ, 2Kk,
3aMmecTBaMe C TMOCICOHHUTE paBeHCTBa B (8) W moiydaBame
Z S+X 1 ko 1
———=Kk,. Orryk ompememive X=—- S. Tlomexe
1 4 k +1
is —X 0
4
X=5_,. =S, . (dur.5), nomyyaBame:
1k -1
SEQ]FQZ = SEQIF + SEQZF =2x= E ’ ko +1S )

C ToBa paBeHCTBO (5) € JOKa3aHo.
Cera e pasriezame MpUMepH Ha YETHPUBI'BIHULIM B KOUTO
MOJIIOCHTE CHBIAJAT C Pa3JIMYHU 3a0€1eKUTEITHN TOUYKHU B TSX:
Ilpumep 1. Heka ABCD ¢ W3IBKHAT YETHPUBIBIHUK U
neioknHATe Ha crpaHute my AB m CD ca croTBeTHO @ U C, a
MepkuTe Ha Bramre mnpu BbpxoBere A, B, C u D — cpoTBeTHO
a, B,y u O (pur. 7). Ako ca H3IbIHEHH PaBEHCTBATA:

sing ¢

sina
sino  2siny

= il
a
t0 mhpBHAT momoc 2, Ha ABCD chBIaja ¢ MeAMIEHTHpa Ha

~ABC.
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®ur. 7

Joxasamencmeo: TIbpBUAT MOIIOC HAa YeTUpUBIbIHIKA ABCD

nexn wa Tpanchepsanata CC, wu g nenmn B oTHOmeHne
CcQ, sin g-sino
— =Kk, , kpaero K, = ————— (mo Teopema 1). [onexe
CQ sina -siny
DC, ¢ mapamena mpes D, mmame: DC, ||BC. Cruenosarento
DC CV CV  sing
—=—_Ho — = (no cumycosara Teopema 3a aBVC)
CB BV BV siny
sing  2c DC 2c
U TIOHEXe =— (mo ycnoBme), To — =— OT1TyK
siny a CcB a

a
nonyuapame: C B = —. CnenoBarenso CC e menuana 8 aAABC .

2
CQ, sin B -sino
OcBeH TOBa, OT MO-TOPE UMaMe: = |(0 =——.Karo
CQ siny-sina
sing  2c sind a
H3IION3BAME YCHOBMATA ——— =— H ——— =—, OTIyK
Siny a SINx C
CQ 2 a
MoJy4aBame: =—.—=2. IlonydnxMe, 4Ye HbPBUAT
cQ a ¢

nomoc €2, wa ABCD nexu Ha MennaHara CC1 Ha aABC u s

nenu B otHomneHue 2:1, cuutano ot C. CiegoBaTeHO Ql ChBIIAJA

¢ memuentspa Ha AABC .

Ilpumep 2. Hexa ABCD e wm3mpkHam 4YeTHPUBI'BIHUK U
neipkuHATE Ha crpanute My AB, BC u CD, u Ha nuaronana my AC
ca ChOTBETHO @, b, C ¥ M, a MepKUTE Ha BIIIUTE NMPH BHPXOBETE MY
A, B, C u D ca cvotBetho o, B, 7 u O (¢ur. 8). Ako ca
U3IIbJIHCHH PaBEHCTBATA:

sind b

(9) A ="

SiIha C

b+m sinfg-sing

a sina -siny
TO MBPBUAT MOJIOC Ql Ha ABCD cwBmnama ¢ nentbpa | Ha

Brucanara okpbxHocT B AABC .
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ﬂoz<a3ameﬂcm60: Ila JOIIYCHEM HNPOTUBHOTO: HEKA NBPBUAT

nomoc , Ha uernpubreianka ABCD we cpBraga ¢ neHtspa | Ha
srucanata B AABC  okpmxuoct (dur. 8). ITspeust momoc €2
nexu Ha Tpancdepsanata BB na ABCD. e noxaxewm, ue BB, e
wriononossia Ha XABC . Mmame CB, || AB (CB, — mapanena
npes C), cnenosatenno: XCB D = XBAD =« . Torasa or

siné b
ycmoBeto —— =— H cuHycoBara Teopema 3a aDBC
SIna C
sind b
nonyuagame: BC =C-——=cC-—=Db. 3arosa aBBC e
SIha c

paBHOGepeH, oTKBaeTO cnenpa, ue XABB = XCB B = XCBB, ,
T.c. BB, ¢ ®rmononossma va XABC . LlenTspsT | Ha Bincanata B
aABC oxpwxHOCT Neku Ha brionosopsmara BB na aABC .

Osnauasame Cl () AB = Cz. ITo TeopeMara 3a BIJIONOJIOBSIIATA B

TPUBI'BJIHHUKA U yClIoBHETO (9) nmame:

Cl CB CA CB+CA b+m sing-sing

cl CB CA CB+CA a

sing -siny

Or gpyra crpana, momoctst €2 wa ABCD nexu Ha

TpaHc(ep3anara CC, npes BBpXa C u
CQ, sinf sino

co =k0 =——-—— (nmo Teopema 1). IlomygaBame
Q sina siny

Cl CcQ

—=——_. Orryx cnegsa, ue QI1[|[CC,, koero e
C,I CQ

HEBB3MOXKHO. CIIe[0BATENHO NOIycKaHeTo ¢ Hepspro u1 2, = | .

Cera 1me TOKaXeM, 4dYe CBIIECTBYBaT [BE JBOMKH

YeTHPUBIBIHUIM, CBBP3aHH MO OMNpeleleH HauuH C JajeH

YETHPUBI'BIHUK, KOUTO UMAT C HETo OO MOJIOC.
Onpeodenenue 5. Hexka ABCD e TONOXHTETHO OpHEHTHpPaH

U3I'bKHAJI YCTUPUBI'BIIHUK U Al’ Bl’ Cl u D1 ca Kpaumiata Ha

nonoxurenaure My tpanchepsamu AA, BB, CC. u DD

B
Yerupusrenanmre BADC, u B ADC me napuuame mbpsa

nBoiika acommupann ¢ ABCD uermpuwsremaumm (¢ur. 9).
AHAQJIOTUYHO, C MOMOLITA HA OTPHIATENHHTE TpaHcdepsanu ce
neuHUpa BTOpa MBOWKA YeTUPUBI'BJIHUIM, aconuupanu ¢ ABCD.
Teopema 3. Hexa ABCD e mnpou3BojeH U3IIBKHAI
YEeTUPUBI'BIHUK. [IBpBHUTE acOLMMpaHH C HErO YETUPUBI'BIHUIM

BADC, u B AD,C nmar 3a mspsu nomoc — mspeust nomoc €2
wa ABCD (dur. 9).

®ur. 9
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Joxasamencmeo: Bopxosere A n C, Ha yeTHpHBIbIHHKA
BADC, ca xpanma na nonoxurensute Tpancdepsamu A4, u
CC, wa ABCD (¢ur. 9). Torasa B4, n DC, ca cporserHo
nonoxurenuu mapanemu Ha ABCD u B4 || AD, 4 €CD n
DC, |ICB, C, € AB . Ille nokaxem, ge orceukure AA n CC
ca TIONOXKUTENHATE TpaHcepsann Ha dermpubrbannka BADC |
A un C.

HacoducHara

CBbOTBCTHO pes3 BBPXOBETE Tlonexe
DA||AB, AeBC, DA e

u OTCECUKa

npotusoriocouna Ha B4 , To DA e nonoxurennara mapanena Ha

sernpusrbaanka BA DC, npes sspxa D. Mmenno 3atoBa AA e

nonokurenHara Tpancdepsama wa BADC,  mpes Bepxa A .

Ananornuno, monexe BC||CD, Ce AD wu Hacouenara
orceuka BC e mnporusomocouna wa DC , 10 BC e

—

nosnoxurennara mapanena Ha BA DC, npes Bspxa B. 3aroea C,.C

¢ nonoxurenHarta Tpancepsama wa BADC mpes Bepxa C,.

Homyanxme, e orceukure AA u CC ca mnomoxurensn

cc,

ca IMOJOXHUTENHH TpaHcdep3ann Ha dernpubrbianuka ABCD.

—

tpauncdepsany Ha yernpubrenanka BA DC |, nokato AA u

spust nomoc Ha BADC, e o6ma touka Ha orceukure A A u

C,C, a mepBusit nomoc Ha ABCD e o6la ToYKa Ha OTCEUKHTE

AA u CC , re. Ha orceuknte CbC chiuuTe Kpauiia. Moxem

CIIEZIOBATENHO A 3aKIIOYMM, Y€ TE€3U IbPBH IOJNIOCH ChBIIAJAT.
AHAJIOTHYHO C€ JI0Ka3Ba U, Y€ ITbPBUAT TOJIOC HA YETHPHBIbIHUKA
B,AD,C cwBnana ¢ mepsus nomoc Ha ABCD.

Cnedcmeue 1. AcounupaHute ¢ AaJCH YCTHPUBI'BIHUK
uernpubrbiaannn BADC u BlADIC ca XOMOTETHYHH TOMEKTY
cu (¢wur. 9).

Hoxaszamencmeo: Tlo Teopema 1, Beaka ot mpasure A4,

BB,, CC, u DD, munaBa mpes momoca (), ¥ ca M3MbIHCHH

paBC€HCTBaTa:

AQ

1

Algl BQI

_BQ _Co DO _

- - k
co, DO

0"
1

ABCD, e o6pas Ha

Tora O3Ha4aBa, Y€ 4YCTUPUBI'BIHUKBT

aerupubrenanka ABC D npu xomorernara h(€ K ) .

Cera mie neduHMpaMe MOHATHUETO Hapajiena Mpe3 TOYKa OT
BBTPELIHOCTTA Ha U3II'bKHAT YETUPUBIBIHUK:

Heka O e mnpousBosHa TOYKa OT BBTPELIHOCITA HA
HOJIOXKHUTEITHO OPUCHTHPAHMs HW3IMbKHAN YeTHpUbIbIHuK ABCD

(¢ur. 10). Jla noctpoum HacoueHata orceuka OM ¢ mauano O u
kpail M, nexxamn Bepxy cTpanata AB mnm HeilHOTO mponbiKeHue,

—

KOATO € C€IHONOCOYHAa € MIpeAxoaHaTa CTpaHa DA . Orceukara

—

OM me wapuuame mnonoxuTenHa mnapanena Tmpe3 Todkara O,
yenopenna Ha AD. AHanorudso ce JeUHHMpAT U IOJOKUTETHUTE

mapanemu ON, OP u OQ upes toukara O, ycnopeanu
cboTBeTHO Ha ctpanute AB, BC u CD.
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Pwur. 10

—

Jla moctponm aHanoruyHo Hacodenata orcedka OM | ¢ Hagano O

M

MPOABIDKEHUE, KOATO € IMPOTHUBOIIOCOYHA CBHC Cli€ABallaTa CTpaHa

—

n  Kpai nexanr Bbpxy crpaHata CD  wmm  HeiiHOTO

1°

DA. Orceuxara OM, e Hapnuame OTpHIaTeIHa Mapanela mpes3

toukata O, ycmopemna Ha crpanata AD. AmxamormunHo ce
neduHupar M orpuuarenHuTe mapanenu nped O, ycnmopeaHu Ha
crpauute AB, BC u CD.

Onpeoenenue 6. Yerupuprbaauksr MNPQ ¢ BbpxoBe
kpaumara M, N, P 1 Q Ha mooXureHiTe mapaiesn Ipe3 ToYKara
O we Hapu4YaMe MbPBH MapaliefieH YeTHPUBIBIHUK 3a ToukaTa O

crpsiMo yetnpubrbnanka ABCD, a wernpusrenanka M N PQ, ¢

BBPXOBE KpaullaTa Ha OTPUIATCIHUTE Mapajieiu
napaJielicH 4eTUpUbIbIIHHK 32 ToukaTa O cripsimo ABCD.
Tlpenn nma pasriename CBOMCTBaTa Ha IOJMIOCHTE Ha
YETUPUBT'BIIHIKA, CBBP3aHH C MOHATHETO Mapajesa Mmpe3 BhTPEIHa
3a YETUPUBIBIHMKA TOYKA, II¢ MNPUIOMHUM  IOHSTHUETO
YCIOPEAHHK, ,,IPABIIHO" BIIUCAH B AaJeH HA Y€THPUBIbIHUK.
Onpeoenenue 7. 1lle xasBame, ue eaun ycrnopenauk MNPQ e
,IPABUIIHO* BIOHCaH B W3MbKHAT deTupubrbaHuk ABCD, ako
CTpaHHUTE MYy Ca ChOTBETHO ycmopenuu Ha auaroHamute AC u BD

(¢ur. 11).

BTOpH

D P
C
Q
N
A M B
@Dur. 11

CrpImecTByBa MpoCT KpUTepuil equH 4eTupubrbaHnk MNPQ,
BITHCaH B JajicH YeTHpubIbiHuk ABCD, na e ,,ipaBuiiHO™ BIIMCaH B
HEro YCHOpPEIHUK (3a JI0Ka3aTeJICTBO BIXK [4]):

Teopema 4. Hexa ABCD ¢ usnmbkHan 4eTHPUBIBIHUK U1 M, N,
P u Q ca Touku croTBeTHO OT cTpanute My AB, BC, CD u DA (¢uwur.
11). Broucanusat B ABCD uwernpusrenank MNPQ e ,,mpaBuimHO™
BIIHCAH B HEro YCIHOPEAHHK TOraBa M caMO TOTaBa, KOraro ca
M3ITBIHEHN PABEHCTBATA:

AM _CN CP_AQ
BM BN DP DQ

kpmero K e ompenenena
ycropenarka MNPQ.

™)

BEIMYHMHA, XapaKTepu3upala

Bemmunnata K ot pasenctBa (*) ce Hapuwa Iaycosa
xapakTepucTrKa Ha ycriopenanka MNPQ.

EnHo BaxXHO CBOWCTBO Ha ,,IpaBWJIHO® BIMCAaH B JaJeH
YETUPUBIBIHUK YCIOPEOHUK, KOETO IIe M3MOoJI3BaMe TYK, ce
ChABpPIKA B ClIe/IHATa TeopeMa (1oka3ana B [4]):

Teopema 5. Axo MNPQ e ,mpaBwiHO BOHCaH B JajacH
yetupubrbiiuk ~ ABCD  ycmopemnuk u TaycoBara My
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XapakTepucTuka € K, To mpecedHara Touka Ha JMATOHATHTE MY
PM u QN nexu BbpXy OTCceuKara, ompeneneHa ot cpeaute E u F,
cpoTBeTHO Ha puaronanutre AC u BD na uernpusrsinuka ABCD u
s e B otHomenue K , cunrano ot E (¢ur. 11).

KakTo me BHOMM, IBPBHAT IapajiefieH YETHPUBIBIHUK HA
IIBPBHS TIOJIFOC Ha MPOU3BOJIEH YETHPHBI'BIHUK CHBIAAa C BTOPHS
napajeneH YeTHPUBI'BIHUK Ha BTOPHS MY IIOJIOC W € IIPAaBHIIHO
BIIMCaH YCIIOPEHUK, C OlpereneHa ['aycoBa XxapakTepHUCTHKA.

Teopema 6. TIvpBusiT mapanenen yetupubrbaHuk MNPQ Ha

nepBHs momioc ) Ha HPOM3BONCH H3MBKHAN YETHPHBIBIHHK
ABCD chBoaza ¢ BTOpHs MapaieieH YeTHPUBIBIHUK Ha BTOPHS

nomoc (2, u e mpasunHo Brmcan B ABCD ycmopennuk, ¢ Taycosa

xapaktepuctuka K .

Dy

®ur. 12

Hoxazamencmeo: Hexa BB, e monoxurennara tpanchepsana

1~

npe3 Bbpxa B. Torapa Q € BB u =k, (mo Teopema 1)

—_

(qur. 12). Iouexe BexTopsr M e emnomocouen ¢ DA (mo

ompefeneHde), IO  TeopeMaTa Ha Talgec  moilydaBaMe:
AM  BQ ——

—= =k, . Tlonexe Bekropsr Q. N ¢ exmonocoueH ¢
BM BQ

1
,Ké (mo ompenenenne), a BC || AB (CB, — mapanema mpes
sbpxa C Ha ABCD), To QQ N ||BC u mo teopemara Ha Tanec
CN BQ,
BN BQO

1

umame: =k,. Hexa DD,

€ TIOJIOKHUTECIIHATa

tpancdepsana Ha ABCD mpes Bbpxa D. Torasa € € DD, wu

D1Q1

=k, (mo Tteopema 1). Tlomexe QP|CB (mo
DQ,
ONpesieNeHne), Mo  Teopemara Ha Tagec — TONydaBame:
CP DO, —
— = =k, . Orceuxara AD, e napanemara ma ABCD
DP DQ,

npes Bipxa A, sarosa AD, ||CD. Ho orceuxata QQ e

enronocoyna Ha CD (mo ompenenenue), satopa Q|| AD,.



Technics. Technologies. Education. Safety. 2025

AQ DQ
Torasa no Teopemara Ha Tanec umame: —— = = kO . Taka
DQ DQ,
AM CN CP AQ
mokazaxme, de —— =——=——"=——=K . CsracHo
BM BN DP DQ

UTHpaHaTa TeopeMa 4 ToraBa d4eTUpubrbIHUKBET MNPQ e

npaBwiHo BrnucaH B ABCD  ycnopemnuk, ¢ Taycosa
xapakrepuctuka K . ITo Cblus HauMH ce JOKa3Ba, 4e BTOPHAT
napaneneH HETHPHBIBIHMK Ha BTopus momoc (2, chmo e
NpPaBUJIHO  BIMCAaH  YCHOPEIOHWK, CbC  chblmara [aycosa

XapaKTepHUCTHKA, T.€. 4e Toi chBrana ¢ MNPQ.

@ur. 13

Cneocmeue. Cpenara Ha orceukata ) €) , ompenencHa OT

nomocure 2, u ) Ha npousBosien yeTHpUBrBHIHNK ABCD nemm
orceukata EF, ompenenena ot cpemute E um F, choTBeTHO Ha
muaronanute AC u BD, B oTHOIICHHE k0 , cautaHo oT E. (¢ur. 13)

Hoxaszamencmeo: Hexka MNPQ e mnpaBuIHO BHHCaHHUST
ycnopennuk B yetupubsreiaanka ABCD, ¢ 'aycoBa xapakrepucruka

kO (dur. 13). CoruacHo mokasanara teopema MNPQ e mbpBust
napanelieH YCTHPUBIBIHMK 3a IbpBua momoc 2 Ha ABCD u

BTODHSAT TIApajieieH YeTHPUBIBIHUK 3a BTOpHs momoc €2, . Ot

OIPECACIICHUETO Ha MNapajiCIHUTE YCTUPUBIBIIHULIMA HMaME, UYC

QM || AD Q.P| AD, QM |[|QP.
QP BC| QM.

u CJIEA0BATCIIHO

AHaJIOTUYHO nmMame: 3aToBa

YETUPUBTBIHUKBT MQlPQ2 € YCIOpEeIHUK M cpelara Ha

otceukara €2 Q). e cpena Ha otceukara PM, T.e. T4 e mpeceunaTa
TOYKAa Ha JUHArOHAIWTe Ha mpaBwiHo Brucanuss B ABCD
ycnopenauk  MNPQ, ¢ TaycoBa xapakrepucTuka ko. Ho mo
TeopeMa 5 Ta3u mpeceyHa TOYKa Jenu oTceukarta EF B oTHomeHne

ko, cuntaHo oT E. Taka mokazaxme 3a BTOpPH ITBT, Ye cpenara Ha

orceukara €2 €2 nexu ma mpasata EF n nemm orceukara EF B

OTHOIUICHHE k0 , cuuTaHo ot E.

Cera e JOKa)KeM €IHO CBOMCTBO Ha IIOJIIOCHTE BHB BIIMCAH B
OKPBIKHOCT UCTUPUBI'BITHUK:
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U

®ur. 14

Teopema 7. BbB BOucaH B OKPBHKHOCT 4eTHPUBIBIHHK ABCD
cpenute E u F Ha muaronamure AC u BD u momrocute Q1 " Qz

JIeXKAT Ha €JIHa OKPBIKHOCT.

Jokasamencmeso: Tlonexe XBAC = XBDC  (Bnucanu
wran), TpusreaauimTe ACV u DBV ca nono6uu (¢wur. 14). B 1ax
VE u VF ca ™MemmaHu KbM CBOTBETHH CTpaHH, 3aTOBa
AXAVEC = XVFB. Amnanornuno, mnomexe xCAD = xXDBC,
tpubreiauITe AUC 11 BUD cbio ca momo6uu. B Ts1x UE u UF ca
MeIuaHu KbM choTBeTHH crpanm, 3aroBa XUEC = XUFD.
CpOupaMe MOUYICHHO MOTyYCHUTE ABE PABCHCTBA!

AVEC + XUEC = XVFB + XUFD .
Ho A£VEC + XUEC = XVEU = XQ EQ,
AZVFB+ £UFD = XVFB+ £QFB = XQ FV , or nociennure
paBenctBa ciensa, ue XQ EQ, = LOQ FV .

Moxem,

IIOHEXKE n

CJICIOBATCIIHO Ja 3aKI04YuM, Y€ YCTUPUBI'BIHUKBT

EQ FQ, e srncan, T.e. ge ToukuTe E, Q,Fu Q, mexar Ha

€Ha OKPBIKHOCT.

3akimouenne. CpoiicTBaTa Ha  IOMIOCUTE,  KOMTO
pasrieraxme B CTaTHATAa Ce OKa3BaT IOJIC3HU IIPH M3yYaBaHETO Ha
CBOWCTBaTa Ha Jpyra JBOWKa 3a0€JeXHUTEIHM TOYKH B
YeTHPUBI'BIIHAKA, AaHAJOTMYHH Ha TOYKHTe Ha bpokap B
TpUBrbIHUKA. Ha TOBa MM IpMIIOXKEHHE IMe ce CIpeM B OTAeNHA
CTaTHsI.
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Touku Ha Bpokap B 4eTHPUBI'BIHUK

CranucnaB CredaHoB
Bucmre TpancroptHo yuwime ,,Togop Kabnemkos*
stanislav.toshkov@abv.hg

Pesztome. B cmamuama ce pewiasa HanwsaHo 6bNPOCHN 3d CbUeCMBYBAHENO HA MOYHUME AHANIO3U 8 UBNBKHAT YeMUPUBSLIHUK HA MOYKUMe
Ha bpoxap 6 mpuvevinuka, umawu HANBIHO UOEHMUYHA OepuHuyus ¢ max. Ja npunomuum, ye mouku Ha bpokap ¢ mpuvevinuxa ABC ce

Hapuuam mouxume Kl u K2 oM 6bMPEUHOCMA MY, 3d KOUMO Ca U3NwiIHeHu pasencmeama (3a noseue eudic [4]) (Que. 1):
£K,AB = £K,BC = £K,CA= ¢, u £K,BA=£K,CB=«K,AC =g,

1o ananozus ¢ msix, mouxkume Kl u Kz om evmpewHocmma Ha usnvkHan yemupuvewvanux ABCD (axo maxusa mouku 6 nezo uma), 3a

KOumo ca usnviHeHu pagencmeama (pue. 2):
LK AB = £K,BC = £K,.CD = £K,DA= ¢, « £K,BA= £K,CB = £K,DC = xK,AD =0,.
ce mapuvam mouku Ha bpoxap na uemupuvevinuxa. benume @ u (P, ce mapuuam Bpoxaposu benu Ha UeMUPUBSLIHUKA.

’{emupu‘be‘bﬂnuuu, npumestcasawu oseme MoOYKU HA Epomp Kl u KZ ca omKpumu owe 6 Hauajiomo 20 sex — mosa ca maka HapeyeHume

XapMoHuuHU Yyemupuvevanuyu. Taka ce Hapuyam 6NUCAHUME YEMUPUDSLAHUYU, 8 KOUMO NPOU3EEOCHUMA HA OBOUKUME CPEUyNnoLoNCHU
cmpanu ca paghu nomedcdy cu. Tosa, koemo e HanPageHo MykK, e OOKA38AHEMO, He YeMmUPUbZbIHUYUMeE, NPUMENCABAUU eOHOBPEMEHHO U
0seme mouku Ha Bpokap ca eduncmeeno xapmonuynume yemupuvevbinuyu. Oceen moeda, 00KA3AHO e, 4e GNUCAHUME YemUpUbbIHUYL,
npumedsicasawu nowe eoHama om mouxkume Ha bpoxap, npumedscasam u emopama mouka u Cie008AMENHO MHOICECMBOMO UM OMHOBO
cb6naAda ¢ MHOJNCECMBOMO HA XAPMOHUUHUME yYemupuvevanuyu. Ilpu moea, 6 nociednume uemupuvebinuyu mouyxume Ha bpoxap
cvenadam c opyea no-obuja 08oliKa 3abenexncumentu MOYKU, CobUeCm8y8aujl 6b68 BCeKU (NPOU3BONECH) USNBKHAN YeMUPUBLSHIHUK, HaPeYeHU
Heeosu noatocu (sudic [5]). Kamo usnonzeame ceoticmeéa Ha nocieonume, KoM 006pe uszgecmuume céovicmeéa Ha mouxkume Ha bpokap 6
XapMOHUYHUME YeMUPUbebIHUYU MYK Npudassme Hosu.

K/IIFOY0BH JYMH: HU3ITHKHAJI YETUPUBI'BJIHUK, TOYKU HA FPOKAP, IIOJTOCH, XAPMOHUYEH YETHPHUBI hJIHVK.

Brocard points in a quadrangle

Stanislav Stefanov
Todor Kableshkov University of Transport
stanislav.toshkov@abv.bg

Abstract: The article completely resolves the question of the existence of the exact analogues in a convex quadrilateral of the Brocard points
in the triangle, having a completely identical definition to them. Let us recall that Brocard points in the triangle ABC are called the points

K, and K, in its interior for which the equalities are satisfied (for more see [4]) (fig. 1):
£K AB = KK BC = XK CA =g and xK,BA= <K CB = XK AC = ¢,.
By analogy with them, the points K, and K, from the interior of a convex quadrilateral ABCD (if there are such points in it), for which the

following equalities are satisfied (fig. 2):
£K AB = XK BC = XK .CD = XK DA = ¢, and XK BA = XK ,CB = XK, DC = XK AD = ¢, ,

are called Brocard points of the quadrilateral. The angles ¢, and ¢, are called the Brocar angles of the quadrilateral. Quadrilaterals

possessing the two Brocar points K, and K, were discovered as early as the early 20th century — these are the so-called harmonic

quadrilaterals. This is the name given to inscribed quadrilaterals in which the products of the pairs of opposite sides are equal to each other.
What has been done in this article is the prove that quadrilaterals possessing both Brocard points simultaneously are only the harmonic
quadrilaterals. Furthermore, it has been proven that inscribed quadrilaterals possessing at least the one of the Brocard points also possess
the second point, and therefore their set again coincides with the set of the harmonic quadrilaterals. Moreover, in the latter quadrilaterals
the Brocard points coincide with another more general pair of remarkable points existing in every (arbitrary) convex quadrilateral, called
its poles (see [5]). Using properties of the latter points, in this article we add new ones to the well-known properties of Brocard points in the
harmonic quadrilaterals.

KEYWORDS: CONVEX QUADRILATERAL, BROCARD POINTS, POLES, HARMONIC QUADRILATERAL.
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(@)

P

D

A
®ur. 1

I. BoBenenne. Toukure Ha bpokap B ueTHpUBI'BIHUKA ca
oTkpuTH omie npe3 1875 r. oT dpeHckns umxenep Aupu Bpoxkap.
OTKpHBaHETO UM JIaBa CHJICH TIACHK B Pa3BUTHETO HA TEOMETPHATA
Ha TpUBIBIHUKA. [l0osIBSIBa ce HOBO HaIlpaBlICHHE B Hes, M3BECTHO
kxato Bpokaposa reomerpus. Ommry, pesynrarure ot bpokaposata
TEOMETpHs Ja ce MpeHecaT B YETUPUBI'BIHHUK, OMIM HAallpaBeHU B
Havanoto Ha 20 Bek. JeduHuuumsara Ha ToukuTe Ha bBpokap B
TPUBIBIHUKA OWIa aBTOMAaTMYHO IIPEHECEHA U 3a U3IIbKHAI
YeTHPUBIBIHMK. 3a Ja yCIesAT Ja IpeHecaT o00ade BB3MOXKHO
IOBeYe OT CBOWCTBaTa Ha TOYKWTE Ha Bpokap B TpHBIBIHMKA 32
Taka Je()MHUPAHNUTE TOUYKY B YETHPUBI'BIHUK, FeoMeTpurute Ha 20
BeK OWIM TpHHYAEHM Ja pasriexigaT caMoO  BIIMCaHU
YETUPUBIBIHAIM M TO B KOHTO IPOM3BEACHMATA HA JBOIMKHTE
CPEIIYMOIOXKHI CTPAHH Ca PaBHU INOMEXAY CH, KOHTO HapeKIIH
XapMOHUYHH YEeTHPUBIBIHUNU. TOBa, KOETO IIe HANpaBUM TYK €,
4e II[e HOKaKeM, 4€ BCHIIHOCT TeOMETPHIUTE CIIyJallHO MM HE ca
MomagHand HMEHHO Ha OOmms ciIydal Ha YeTUPUBI'BIHHIM,
NPUTEKABAIIN U JABETe TOYKM Ha Bpokap, T.e. Ile MOKaXeM, ue
TaKWBa YETHPUBIBIHULIN ca caMo xapMmoHmuHute. llle mokakem
omie, 4e TOYKUTE Ha Bpokap Ha Te3W YETHPUBI'BIHHIM Ca YacTeH
cirydail Ha 1mo-o0m1a ABo¥iKa 3a0eIeKUTENHI TOYKH, ChIIECTBYBAIIN
B IPOM3BOJEH HM3MBKHAI YETHPUBIBIHUK. M3momsBaiiku ToBa M
TIpeHACSAWKN CBOKCTBAaTa Ha OOIIMTE TOYKH B YACTHHS CIyd4aH, mie
MOJIy4uM peJ HOBM CBOMcTBa Ha TOukuTe Ha bpokap B
YeTHPHBI'BIIHNKA, HE HANOAOOSBAIIM CBOIMCTBA HAa TE3M TOUKH,
B3aHMCTBAHU OT TPUBI'BIIHHKA.

I1. Exno cBoiicTBO Ha ToukuTe Ha bpokap B
NMPOM3BOJIEH YeTHPUBbI'bJIHHUK.

[IppBOTO TBBPIACHUE, KOETO IIIE JOKAXKEM TYK €, Y¢ BrbIbT

Ha bpoxkap, kakTo 3a enHaTa, Taka u 3a Apyrata Touka Ha bpokap Ha

YETHPUBIBIHUK (AKO TakaBa TOYKAa CHIIECTBYBa), € €IHO3HAYHO
omnpe/esncH (M eIUH U ChIIl U 32 JBETE TOYKH):

Teopema 1. Hexa ABCD e wW3mbKHAN YETHPUBI'BIHUK U

nemxuHrTe Ha ctpanute my AB, BC, CD u DA ca cvoTBeTHO @, b, C

n d, a$S e mmmero My. Axo Toukara Ha Bpokap B mero K, (pec.

K,) ceiectByBa, T0 choTBEeTHHAT BokapoB Brim @, (pecn. @,) e

®,

Ha bI'bJia

4S
a’ +b° +c” +d’
Jloxazamencmeo: Heka 3a yernpubrbianka ABCD Toukara Ha

paBeH OlpelieieH  OT  PaBEHCTBOTO

Qo =

Bpoxap K, ceimecrBysa. ITo onpezenenuero it nmame:

<K, AB = xK BC = xXK.CD = XK DA = ¢,

(¢ur. 2). Ilo dpopmynara 3a nuie Ha TPUBIBIHHK, CIEABAIIa OT
KOTaHrecoBara Teopema, ToraBa MoyyJaBame:
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D

CDK,

4S

DAK,

2 2 2
(d” + DK! - AK; )tgo,.
Karo C'BﬁepeM NOWICHHO TE3U paBCHCTBA M B3€MEM NpPEABUM, 4E€

S + S, + 5

ABK ot SDAK] = S, cTurame 1o paBeHCTBOTO:

K. K.

48 :(a2 +b* +¢’ +dz)tg(p1.

4S
a’+b’ +c*+d°
AHAIOTMYHO ce JI0Ka3Ba, 4e ako B ueTHpubIbiHuka ABCD

Ottyk 1 ciensa, 4e @, = @, xpaero (o =

chllecTByBa Toukara Ha Bpokap K,, 1o @, = ¢.
Cneocmeue. Ao B eIWH YETHPHBIBIHUK CBIIECTBYBAT M
IBeTe TOYKH Ha Bpokap, To bpokaposute brim @, U @, ca paBHH

TIOMEXY CH.

I11. YeTHpUBIr'bJIHUIM, B KOUTO ChIIECTBYBAT
u ABeTe TOYKU Ha Bpokap.

Kakro me BMAMUM cera, ¢ momoimra Ha Teopema 1 ce
HOJTy4aBa JIECHO, Y€ aKO B €JIMH YSTHPUBI'BJIHUK U JIBETE TOYKU Ha
bpokap chiiecTByBaT, TO TOW € BIUCAaH B OKPBKHOCT.
ITpeBapHUTEITHO 111 TPUTIOMHUM CJICTHUTE OTPEICICHHUS:

Onpedenenue 1. JIBe mpaBu, MUHABAIIM Tpe3 BbpPXa Ha JNaJeH
BI'bJI, C€ HApUUAT N30TOHAIHH CIIPSIMO BI'bja, aKo 00pa3yBaT paBHH
BTV C BIVIONOJIOBAIIATA MY, & CII€A0BATEIIHO C PAMEHETE MY.

Onpedenenue 2. ]JIBe TOUKH B paBHUHATA HA TPUBI'BIHUK
(Y4ETUPUBI'BIIHHK) CE HapUYaT N30TOHAIHO CIIPErHaTH CHPSIMO HEro,
aKo JIe)KaT Ha U30TOHAIHY MPABH CHPSIMO BCEKU OT BIJIUTE MY.

CpluecTByBa NMPOCT KPUTEPHH €[HA TOYKA OT BBTPELIHOCTTA
Ha M3IbKHAJ YeTHPUBI'BJIHUK 112 MMa H30TOHAJHO CIIPErHAaTa TOYKa:

Ceoticmeo 1. Touxara K, B wernpuwsrennnka ABCD nma

H30TOHAJIHO CHOpErHaTa TOYKa TOraBa M CaMO ToOraBa, KOraro €
U3N'BJIHEHO PaBEHCTBOTO:

£AK B + £CK D =180 (¢ur. 2).

Teopema 2. Heka B uetnpubrbnnuka ABCD chinectByBar u
asere Toukn Ha Bpokap K, u K,. Torasa Toii e Bnmcan B
okpBxHOCT (ur. 2).

Joxasamencmeo: 3a toukure K m K, mo ompenenenne ca

U3II'BbJIHCHU paBEHCTBATA:

K, AB = <K BC = <K .CD = xK,DA= ¢,
«K,BA = <K,CB = <K,DC = xK,AD = ¢, .
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Ho mo Tteopema 1

4S
a’+b” +c” +d°
£K AB = £K,AD = ¢. Tosa o3HauaBa, ue Touknute K, u K,

JISKAT Ha M30TOHAJIHM NpaBU crpsiMo breji BAD. AHanoruyHo ce
JIOKa3Ba, 4e Te JISKAT Ha U30TOHAIHH MPABH U CIIPSMO JPYTHTE TPU
BrbJIa HAa YCTHPHBIBIHMKA, CIIEIOBATENHO TE Ca H30TOHAIHO
cnperHatu cnpsmo Hero. Cropen CBOWCTBO 1, MPHIIOKEHO KbM

nmMame KbICTO

P=0, =9,

. Torasa

tgp =

€ U3IBJIHEHO PAaBEHCTBOTO

toukata K, (KOSTO MMa M30TOHANHO CIperHaTa TOYKa), TOraBa
uMame:
(*) £AK B+ £CK D =180".
Comespemenno or a ABK  momydasame:
£AK B =180" — <K AB — XK BA.

Honexe XK AB = <K BC (no ompesenennero Ha Toukata Ha
Bpoxap K,), oTTyk crensa:

£AK B =180" — £K BC — K BA =180" — £ABC .

AHaJOTHYHO UMaMe:

£CK,D =180" — xK,CD - %K DC =
= 180" — XK DA - £K,DC = 180" — xADC.

C mnomomiTa Ha TIOCICIHUTE JBE pPABCHCTBA 3aMeCTBaMe B
paBeHCTBO (*) 1 moTydaBame:

(180" - 4ABC) + (180" - 4ADC) =180,

T.e. £ABC + £ADC =180". Crenopareiso YeTHPUBIBIHUKBT
ABCD e BriucaH B OKPBXKHOCT.

IV. Toukutre Ha bpokap BBB BHHCaH

YCTUPUBI'BJIHUK — YaCTECH cnyqaifl Ha HO'OﬁIIII/I
3a0e/1e;KuTeTHH TOYKH B NMPOU3BOJICH
YETUPUBI'bJIHUK.

KakTto me BHIMM cera, aKo B €[IMH BITHCAH B OKPHKHOCT
YEeTHPUBIBIHHIK ChIIECTBYBA Todka Ha bpokap K, (pecm. K,), To
TS CHBIAJIA C IPyTa 3a0eNeKUTENHA TOUKA B HETO — TaKa HAPEUEHHUS
Herop momoc ), (pecm. €),), chluecTByBalml B MPOHM3BOICH

W3ITbKHAJ YeTHPUBIBITHUK:
Teopema 4. Axo BBB BromcaHus 4deTHpUbIBIHHK ABCD

TOYKaTa Ha Bpox(ap K1 CbIIECTBYBa, TO T4 CbBIIaJla C BTOpUA MY

nosoc €2, .

B

ﬂoxasameﬂcmeo: KakTo me moxaxxem II'pbPBO, AKO TOYKATa Ha

Bpokap K, BBB BIHCaHHS B OKPBKHOCT YeTHPHBIBIHHKET ABCD
chiecTByBa, To npaata BK, mpecuua crpanara CD wiu meiinoro

OpOABIDKEHUE B TOYKa Bl’ 3a KOATO € H3IOBJIHEHO YCJIOBHUETO
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AB, || BC (¢ur. 3). Haucrnua, mo feQuHALEATA HA TOYKHTE Ha
Bpokap B 4eTUPUBIBIHAKA Ca U3ITHIHEHH PABEHCTBATA:
£K AB = XK BC = XK CD = XK DA =g, .

Heka U e mpousBosHa TOYKa OT MPOABIKEHHETO Ha cTpaHara BC.
IMonexe uernpubrenauksbT ABCD mo ycmoBue e Bmucan B
okpexkuoct, mmame: XDCU = XBAD =a. Or aBBC ¢
nomolira Teopemara  3a HoJry4yaBame

ABBC =xDCU -4BBC=a-¢,. apyra
“Mame: 4K1AD = xXBAD — 4BAK1 =a —¢@,. Karo cpasanm

JACCHUTE 4YaCTU Ha IMOCICAHUTEC ABEC PpaBCHCTBA, II0JIy4YaBaMe:

ABBC = 4K AD, te. ALK BD=<XKAD. Moxem na

Ha BBHIIICH BI'BJI

Or CTpaHa

3aKJTFOYHM, Y€ YCTUPUBI'BIHUKBT AK1 DB1 € BIIUCaH B OKPBKHOCT,

otknaero cnensa: XAB K = £ADK, = ¢, . Ho cemespemento
u XB BC = XK BC = ¢,, cnenosarenno £AB K, = £B BC,

1.e. {AB B = B BC.Orryk u nonyuasame, ue AB, || BC.
U

B
®ur. 4

A

Jla otGenexum cera, ue orceukara BB, B uernpusrenanka ABCD,

takaa ue B € DC n AB, || BC B [5] napexoxme orpumarena

TpaHcdep3ana Ha yeTnpubrbiaHnKa ABCD mpes Bepxa B. Ilpu Tazu
TEPMHHOJIOTHS, JOKa3aHOTO JOTYK O3HauaBa, 4e aKko TOYKaTra Ha

Bpokap K, na gernpusrsianka ABCD chiiecTyBa, TO Ts TeXH Ha
OTpHLaTe]HaTa TpaHcdep3aa Ha TO3M YeTUPHBIBIHHK MPE3 BbpXa
B. Tlo chius HaumH monydaBame, 4de Toukara K, nexu Ha

orpunarennure TpaHchepsamn Ha ABCD mnpe3 papyrure My

K

CrenoBaTeIIHO .

BBPXOBE. € 06].[13. TOYKa Ha YCTHPUTE

TpaHc(ep3any Ha yetupubrbiaHnka ABCD, kosTo obmma Touka B [5]
Hapekoxme BropH mnostoc Ha ABCD. C ToBa moka3axme, 4e ako BbB

Brucanus derupubrbianuk ABCD  Toukata Ha Bpokap K|

CBIIECTBYBA, TO T4 CbBNaJga C HEroOBUs BTOPH MOJIFOC QZ .

Cneocmeue. Hexka ABCD e BmnmcaH 4YeTHPHBI'BIHHK, B
KoiTo mpoabmkenusaTa Ha ctpanute AD u BC ce mpecuyar B Touka
U, a te3u Ha ctpanute AB u DC — B Touka V (¢ur. 4). Ako Eu F ca
cpeaute choTBeTHO Ha AuaroHanute AC u BD u B 4eTHpHBIbIHNKA

ABCD cehmecrByBa Touka Ha bpokap K, , To T cBmama c

npeceyHara Touka Ha npasute VF n UE.
Hokaszamencmeo: Tlo poka3aHata Teopema, ako TOYKa Ha

Bpokap K, Ha uernpubrbnanka ABCD chiecTByBa, TO Tsi ChBIIaJa

C BTOpHUSI My IMOJIIOC QZ. Ho xakto mokazaxme B [5], BTOpPHAT
nomoc Ha ABCD chBmama ¢ mpeceyHara touka Ha mnpasure VF u
UE (¢ur. 4). CrenoBarenso Ha cBO# pes Toukara Ha Bpokap K|

CbBIaga ¢ Ta3u NMpeCEeYHa TOYKa.
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V. BnucaH 4YeTMPUBIBJIHMK, B KOWTO

ChIIECTBYBA NOHE eHA TOYKa Ha bpoxkap.
Cera e JOKaXeM, Y€ aKo BBB BIHCAHUS YETHPHBI'BIHUK
ABCD chimecTByBa MOHE €IHATa OT JBETe TOYKH Ha Bpokap, To B
HEro ChIIECTBYBa U BTOpara Touka Ha bpokap. B mokazarenctBoTo
e M3MO0JI3BaMe CICTHOTO CBOMCTBO HAa M30TOHAJHO CIPErHATHUTE
TOYKHU B YCTUPUBTBITHUK:
Ceoticmeo 2. Hexa K, m K, ca nBe msoromanmso crpersaru

TOYKH OT BBTPEIIHOCTTA Ha M3IIBKHANI 4eTHpUBIBIHUK ABCD (¢ur.
5). U3mbnHEHO € paBeHCTBOTO:

£AK,B = XADK, + xBCK.

D

Pur. 5

Teopema 3. Heka BB BmmcaHus 4eTHpubrbIHUK ABCD

chlecTByBa Toukata Ha Bpokap K, . Torasa Toukara K, uma

M30rOHANHO crpernata Touka K, u T4 e chio Touka Ha Bpokap Ha

YeTUPUBT'BITHHKA.
Lokaszamencmeo: 1lle nokaxem IbpBO ClleAHATA!

Jlema. Hexka K| e mbpBara Touka Ha Bpokap BB BrCaH
getupubI'bIHUK ABCD. M3nenHenn ca paBeHCTBaTa:

(1) £AK B = xADC, xCK D = <ABC.
£K AB = xK BC (mo

Hoxazamencmeso:  TloHexe

OmpeleNeHHeT0 Ha  Touykata Ha bpokap  K|), umame
HOCJIE/IOBATEIHO:

«£AK B =180" — K AB — xK BA =
=180 — xK,BC — xK BA =
=180 — XABC = <ADC.

JlokazaxMe HpBOTO OT paBeHCTBA (1). AHAJIOTHYHO ce JAOKa3Ba U
BTOpPOTO PaBEHCTBO.

IIpemrHaBaMe KbM J0Ka3aTelCcTBOTO Ha Teopemara. Kato
U3M0JI3BaMe JieMara, oJdy4aBaMe PaBeHCTBOTO:

£AK B+ £CK D = £ADC + £ABC = 180° .
ChbriacHO CBOMCTBO | TOoraBa MOXKEM J1a 3aKJIIOYUM, Y€ TOUKATa K1
MMa M30rOHANHO crperHara touka. Iopaxn £LADK = £K CD

(no ompeneneHnero Ha Todkata Ha bpokap K)), ceriacso
CBOMUCTBO 2 € U3IIBJIHEHO PABEHCTBOTO:

£AK, B = LADK + £BCK, =

= AK CD + «BCK = xBCD =180" — xBAD,
T.C.

£BAD =180" — £AK,B.

OTTyK H crenBa:

«K,AD = <BAD - <BAK, =
= (180" - AK,B ) - £BAK, = £K,BA,
HOHy‘II/IXMG, Y¢C 3a TOUYKarta KZ € UBIIBJIHCHO €1HO OT paB€HCTBATa

OT ONpE€ACICHUETO Ha TOYKaTa Ha EpOKap Kz . AHamorn4yHO ce
JI0Ka3Ba, Y€ 3a HEsI Ca MUBIBJIHCHU U OCTAHAJIUTE PAaBEHCTBA OT

onpenenenrero. CnemoBatenno K e Touka wa Bpokap 3a

2

HUCTUPUBI'BIIHUKA. Taka JOKa3zaxM€, Y€ akKO BbB BIIMCAHUA

ueTnpubrbaiuk ABCD chiectByBa Toukara Ha bpokap K., To Ts1

HMa U30TOHAJIHO CIIpErHaTa TO4YKa Kz " nocjieqHara CblIo € TOUYKa

Ha bpoxap Ha 4eTHpHBIBIHHKA.

V1. BnucaH B OKPBKHOCT YeTHPUBI'BJIHHUK, B
KOWTO ChIllecTBYBa TOUKa Ha Bpoxkap.

Cera me OTroBOPMM Ha BBIpPOCAa TPH KAKBO HEOOXOAUMO
YCIIOBHE 32 BIIMCAHHs YCTUPUBIBIHUK TOYKHTE Ha Bpokap B Hero
CBILECTBYBAT:

Teopema 5. Axo BBB Brnucauus 4vetupubrbIHuk ABCD

toukara Ha Bpokap K, chbiuecTByBa, TO € H3IIBIHEHO PaBEHCTBOTO:

BC- AD = AB-CD (¢pwur. 6).

Jlokazamencmeo:  JlecHo ce  mpoBepsBa, 4e€  aKoO
pasTIeKIaHUAT BIHCaH YeTHPUBIBIHUK ABCD e ycmopemHuk u
CJICZIOBATCIHO TPABOBIBIHUK M TOYKaTa Ha bpokap B Hero
ChHIIECTBYBA, TO TOH € KBaJpaT ¥  PaBEHCTBOTO
BC-AD = AB-CD ¢ wusnwineHo. Ilo-HaTaTbk MoxkeM 0e€3
OrpaHUuCHHE Ha OOIIHOCTTA Ja MpeJroiarame, ye IpoIbDKCHHUATA
Ha crpanute AD u BC ce npecuuar B Touka U ((I)I/I{.J 6).

dwur. 6

OsznauaBame ¢ (Cl) u (Cz) ONMCAHUTE OKPBIKHOCTH OKOIIO
tpusrbnaumure ADK, u BCK , a omicanara oxpwxHOCT 0KOJIO
getnpubrbiiHKa ABCD ¢ (C) . Hexa E’ e Bropara o6ma Touka
Ha OKPBIKHOCTHTE (Cl) u (Cz). [Mouexe Toukara U nexu Ha

obmata cekyma AD Ha OKpPBKHOCTHTE (C1) u (C), T.c. Ha

paauaiHaTa UM OC U Ha 06111aTa CEeKyIla BC na OKPBIKHOCTUTEC
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(C2 ) u (C) , T.€. U Ha TSAXHATa paauanHa oc, To U e paaukamHusT

LIEHThD Ha OKPBKHOCTHUTE (C1), (Cz) Hu (C) U CJICIOBATCIIHO
JIeKH U Ha PAJUAHATA OC HA OKPBKHOCTUTE (Cl) " (C2 ) , T.c. Ha
obmara UM CceKyIna E'Kl (mpu E'# K,) nmmu Ha obmara
JonupaTenHa KbM TAX B Toukara K, (axo E'= K, ). Ile
pasrmename mbpBo ciydas, korato UK e nommparemsa xbm
OKPBKHOCTHTE (Cl) u (CZ) B Toukata K, (¢pur. 6%). Heka Y ¢

IpPOM3BONIHA TOUKA OT HpoAbnKeHHeTo Ha oTceukara UK .

TTonexe Toukure Y, K , 1 U Jiexar Ha enna npasa, uMame:

LYK A+ £AKU =180,
U

)

.

A B

@ur. 62

Ho XYK A= £XADK (smucan u mepudepen »run B (Cl)) n

TIOHEXKE KADK:L: AKIBC (Mo ompexpeneHHETO Ha TOYKaTa Ha

Bpokap K,), To

£YK,A=xK,BC. Or

4KlBC:4UK1C (Bmucan W mepudepeH Brba B (CZ)) u
CJIEI0BATEIIHO A{YKlA: 4UK1C, C mnomomnra Ha MOCIEAHOTO

apyra  cTpaHa

paBEeHCTBO 3amecTBaMe B (2) H MoTyyaBame:

KUK,C + £AK U =180’
K

[TocnenHoTo PaBE€HCTBO O3HavYaBa, Y€ TOYKaTa 1

JIC)KU Ha

muaronana AC, a ToraBa OT PaBEHCTBOTO XK, AB=xK,CD (o

OmpeneNieHHeT0 Ha Toukara Ha bpokap K ) cmemea, ue
AB||CD. Monesxe no ycnosue yetnpubrbannksT ABCD e Brimcan,
TO Torasa Toii € paBHoGenpen Tpanen u AD =BC, AC = BD. Or
KKlDA: KK1CD (mo ompeneneHueTo Ha TOYKaTa Ha bpokap

K) ciensa, ue aK AD ~aDAC, orxpaero umame:
K/A  AD )

——=——, T1e. AD =KA-AC. Awnanormno or
AD AC

gKlAB: KKlBC (o ompeneneHWeTo Ha TOYKata Ha Bpoxap
K,) cumenga, we aBAC ~2K BC, orkprero wumame:
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BC K,C )

— = 1.e. BC® = K ,C - AC . Or nonydenute paBeHcTBa
AC BC

AD? = K,A-AC BC® = K.C-AC wu paseHcrBoro
AD = BC (or no-rope) crensa, ue K A- AC = KC-AC ,re:

AC
KA=KC. Torasa KA= 7 U OT paBEeHCTBOTO
AD? = K,A- AC monyuasame:
, AC
AD" =—-AC.
2
Kato B3eMeM MpenBuIl, Y€ OUEBHIHO: AD? = AD - BC (mopau
AC 1
AD=BC) u wuwe — -AC=—-BD:-AC (mopaau
2 2
AD = BC), ot nocieHOTO paBeHCTBO MOTydaBaMe:
1
AD-BC =—BD- AC.
2
Ho BD-AC=AD-BC+AB-CD (mo Tteopemara Ha

[ITomomeit) 1 KaTO 3aMECTUM B IOCJIETHOTO PABEHCTBO, CTUTAME /10
PpaBeHCTBOTO:

AD-BC =§(AD~BC+AB~CD).

OrryK 1 censa enanoto pasercrso AD - BC = AB-CD.
Cera me pasmiegame Ciaydas Korato KlE' € CeKyma Ha
OKPBKHOCTHTE (C1) u (C2 ) , T.e. korato E' # K, (¢wur. 6). Tlo
jlokazanoTo mo-rope, cekymara K E' munasa mpes toukara U,
E' UK, .
«KK,E'C =xKBC (c,))
AAE'K, =180" — <K DA, umame:

£K,E'C + KAE'K, = £K,BC + (180" — <K, DA).

T.C. TOYKaTa JICKHU Ha mpaBaTta Ilonexe

(BIMCAaHU  BIIH B it

Hopamu XK BC = XK DA (mo onpenenennero Ha Toukata Ha
) ! °
Bpokap K,), orryk crmensa, ue KK E'C + LAE'K =180, te.
’
4e Toukata E mexn nHa mmaromana AC. [Toxydnxme, de ToUIKata
!
E’ nexwu xakto Ha mpasata UK1 , Taka 1 Ha guaro”ana AC. Ho mo
crefcTBreTo oT Teopema 4, Toukara K nmexu na mpasara UE
kbaeTo E e cpenara Ha auaroHana AC. M3ka3zaHo 1Mo Apyr HauuWH,
Toukara £ cpmo nexu Ha npasara UK . [Tonyuasame, de KakTo

!
Toukara E , TaKa U TOYKaTa E nexart €AHOBPEMEHHO M Ha IIpaBaTa

’
UK, u ma muaromana AC, cnenosarenno E' = FE . Tounexe
ALK AB = K DA = ¢, (no onpeneieHnero Ha ToYKara Ha
Bpokap K, ), To kakrto crenBa or Teopemara 3a nepudepeH u
BIKMCAH BI'bJI ¢ 00Ia MPpUHAIEKAIIA Tbra, TpaBata AB ce gomupa
JI0  OKPBKHOCTTA (C1) B Touka A. OTTyk

cieaBa, 4

XEAB = XADE (Bnucan u nepudepen bron B (C1 ) ). Ot mpyra
crpana umame XEAB = XCAB = XCDB (brim, Bnucanu B
(C) ) XADE = XCDB.  CsuieBpemMento
XEAD = XCAD = xCBD (c)).
Honyunxme, ue XEAD = XCBD u XADE = XCDB . Moxem

u TOorasa

(priM,  BIHCaHH B
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BC AE

na saxmounM, ye AEAD ~aCBD. Torasa — = —, te.

BD AD

1
BC-AD=—-BD-AC. Ho
2

BD-AC =BC-AD+ AB-CD (no teopemara na Iltonomeit),

BC-AD=BD-AE wm

1
sarosa BC - AD = E(BC -AD + AB - CD) . OTTyK ® crensa,

ye BC-AD = AB-CD . Taka 0THOBO CTHTHAaxMe [0 >KEIaHOTO
paBeHCTBO.

Karo Biemem mnpenBup paeduHHIUATA HA XapMOHHUYEH
YETHPUBI'BIHUK, JOKa3aHaTa TeopeMa MOXEM Ja HU3KaKeM [0
ClleHMs] HAuuH: AKO BBB BIHCaHusl 4eTHpubrbaHuk ABCD

Toukata Ha bpokap K, ceimectsysa, To Toit ¢ xapmonnueH. OTTYK

U OT Teopema 2, CIOpel KOSTO, aKo B €IWH YETHPUBI'BIHUK
CBIIECTBYBAT U JBeTe TOUKU Ha Bpokap, To Toil e BnucaH ciezpa,
4ye aKo B €JUH UYCTUPUBI'BIHHUK CBHILICCTBYBAaT M JABETC TOYKU Ha
Bpokap, To TOi e xapMmoHuMueH. M3kazaHO 1O Jpyr HayuH,
XapMOHUYHHUTE 4YETUPUBIBIHUIYU Ca EAUHCTBEHUTE, B KOUTO
CBIIECTBYBaT U BeTe TOUKH Ha Bbpoxap.

VII. HoBu cBoiicTBa Ha ToukuTe Ha Bpokap B
XapMOHUY€EH YeTUHPUbI'bJIHHUK.

CeraacHo Teopema 4, ToukuTe Ha bpokap BBB BmucaH, a
CIIEOBATEIHO M B XapMOHHYEH YETHPHBIBIHUK CHBIAJAT C TaKa
Hape4YeHUTe HeroBH mnomocu. Kato m3mon3Bame moka3aHuTe B [5]
CBOWCTBA Ha IMOJIOCUTE TIOJTyYaBaMe HOBH CBOMCTBa Ha TOYKHTE Ha
Bbpoxkap. Tyk camo e tv popmynupame, a Iie TH JOKKEM B Apyra
CTaTHsL:

Csoticmeo 1. TlpaBara K K., ompenenena or jsere Touku Ha

EpOKap, € ycnop€Ha Ha mnpaBarta UV, onpencsieHa OoT NpeCEYHUTE
TOYKU Ha HNPOABJDKCHUATA Ha CPCHIYIIOJIOXKHUTE JIBOWKH CTpaHu

(¢ur. 4).

Cesoiicmeo 2. Hexa ABCD e wu3mbKHAN YETHPUBIBIHHK H
nemkuHATe Ha ctpanute my AB, BC, CD u DA ca cvoTBeTHO @, b, C
u d, a MepkuTe Ha BriMTE My TIpH BbpxoBere A u B ca croTBeTHO

a u f.Ako |, e pascrosHnero Mexy cpesuTe Ha JMArOHATHTE,
a @ W Y ca MepKUTe Ha BIIHMTE MEXAy NPOABDKCHHATA Ha
CPEIIYTIONIOKHNUTE My ABOHKH cTpaHu - cboTBeTHO AD 1 BC , u AB
u DC, 1o pascrosiHuero Mexny Todkute My Ha Bpokap K, n K,

(ako moCNeIHUTE CHILECTBYBAT) CE OMpeaeNs 1o hopmyJiaTa:

.2 .2 . 2 -2
acsin”  +bd sin sin” B—sin" «a
KK = v P B

1 %2 . . .2 -2 !
21, singsiny sin® g +sin” a

Onpeodenenue 3. Hexka B xapMoHUYHHS 4eTUpUBIbIHUK ABCD
K, n K, ca roukure na Bpokap, a E u F ca cpenure cboTBeTHO Ha
EK,FK ~—me

Hapuyame BpokapoB yernpusrenauk Ha ABCD (¢ur. 4).

muaronamure AC u BD. YeTUpUbIbIHUKBT

Ceoticmeo 3. Jlunero S1 Ha bBpokapoBusi YeTHPUBI'BIHHK

EK,FK  na xapmonnunus yernpusrbaauk ABCD ce onpenens mo
¢dopmynata (¢pur. 4):
(s;in2 B —sin’ a)
Sl = .2 .2 : S
2(sm a +sin ﬁ)

kbaero S e muero Ha ABCD, a o u [ ca MepkuTe Ha BIIUTE MY

npu BepxoBeTe A u B.
Ceoiicmso 4. Hexa EK FK e BpokapoBusT 4eTHpubrbIHuK

Ha xapMoHW4HMs 4deTupubIbIHHK ABCD. [luaronanst my EF

pasnonossea auaronana K K, u ot cBos crpana ce nemu ot Hero B

sin’
OTHOIICHHE ——

sin” o
Ha BIUIUTE IIpU BepXoBeTe A u B) (¢ur. 4).

Csoiicmso 5. Heka ABCD e XapMOHWYEH UYETUPUBI'BIHHK C
mune S, B KOWTO mpoabkeHusita Ha ctpanute AD u BC ce
npecnyaT B Touka U, a Te3n Ha ctpanure AB u DC - B Touka V.
Heka npmxunure Ha crpanute AB, BC, CD u DA ca cvotBeTHO &,
b, ¢ u d, a meprure Ha BrmmTe AUB 11 CVD — choTBeTHO @ U I/ .

, cuntaHo ot E (kpaero o u [ ca mepkure

bremst @ wmexny muaromamure K K, un  EF na Bpoxaposwus
getnpusremank EK FK - ce ompenens ot pasencrsoro:

2singsiny - S

sing = :
.2 .2

acsin” w +bdsin” ¢

Cesoiicméo 6. Axko B XapMOHHYHHUS 4YeTUpUBI'BIHUK ABCD

Toukara A ot npasara DC e takasa, ue BA || AD , a rouxara C,
or npasara AB - takasa, u¢ DC, || BC, 10 uerupubronuunure

AD,C B u ABCD mmar o6ma Bropa Touka Ha Bpokap K, .

Onpedenenue 4. Hexka () e mpoussosHa TOUKa OT
BBTPEIIHOCTTA Ha H3I'bKHAI YETUPUBI'BIHUK ABCD.
YetupusrbnuuksT MNPQ, Bnucan B ABCD, xpaero M € AB,

NeBC, PeCD u QeDA u OM || AD, ON || AB,
OP|[BC u QQ|CD e

4eTHPUBIBIHHK 3a Toukata {2 cripsmo ABCD.
Ceoiicmeo 7. Mapanenuust detupubrboaauk MNPQ Ha Toukata

Hapu4ame  IapaeneH

na Bpokap K, Ha xapmonmunmst dernpusrsnank ABCD crpsivo

HETO0 ¢ YCIOPETHHUK ChC CTPaHH, YCIOpeaHu Ha nuaroHanure AC u
BD na ABCD.

3akiaouenne. B cratusara nepuHupaxme Touku Ha Bpokap B
YETUPUBI'BJIHUK U ONPEACITIUXME YETUPUBI'BJIIHULIUATE, B KOUTO TEC
chbiiecTByBaT. OCBeH TOBa, KbM IO3HATHTE CBOMCTBA HA T€3H TOUKH
npubaBuxMe HOBH. B crneaBama cratus me pasriefame Omie TeXHH
CBOICTBA W IIE JOKaXeM, Y€ B XapMOHHUYHHTE UYETHPHBI'BIHUIH
ToukuTe Ha bpokap chlllecTByBaT U HpUTEkKABAT U3I0XKEHUTE 3a
TAX TYK CBOUCTBA.
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HOBU XOPU3OHTHU: U3BKYCTBEHUAT UHTEJIEKT U KYJITYPHOTO
HACJIEACTBO

NEW HORIZONS: Al AND CULTURAL HERITAGE

Atanassova Dessislava
E-mail: yankovad@gmail.com

Abstract: This article explores the emerging role of Artificial Intelligence (Al) in the field of cultural heritage. From digital restoration and
virtual reconstructions to automated metadata analysis and user engagement tools, Al is reshaping how we preserve and experience the past.
While the potential benefits are significant, including improved access, efficiency, and scalability, the article also addresses critical
challenges such as ethical considerations, data bias, and questions of authenticity. Drawing on recent examples and practices, the article
provides a concise yet balanced overview of AI’s impact on cultural heritage and calls for responsible, inclusive approaches to its

implementation.
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1. Yeoo

CaerbT ce ropzaee ¢ 60raro U pazHOOOPa3HO KyJNTYPHO
HACJNEJCTBO, HO TO € 3alUlalieH0 OT MOJCPHH3aluITa,
robanu3anusaTa ¥ COLHMANTHUTE IpOMeHH. Esnmm u3uessar,
TpaJUIMH ce pasliajaT, a MCTOpHYecKuTe apredakTH ca B
OrpOMEH pHCK. TEeXHOJNOTMUTE Ce pa3BHBaT C HEBEPOSTHA
CKOPOCT, TIIPOMEHSIMKM HauWHa, MO KONTO BBb3IpHEMaMe,
NpEeKUBSIBAME M ChXpaHsBame KyntypHoTo Hacieactso (KH). B
KOHTEKCTa Ha Ta3d JUHAMMYHA TpaHC(opMaimus, M3KyCTBEHHUST
untenekr (MU, Al — Artificial Intelligence) ce mpeepbiua BBB
Ba)KCH MHCTPYMEHT 3a OIla3BaHe, IPOYYBAaHE U MOMYJIIPU3UPaHEe
Ha KYJITypHHTE OOTaTCTBA.

Makap na He IpeJCTaBsiBa €ANHCTBEHOTO W MOXe On
HE HalW-HOBOTO TEXHOJOTHYHO IOCTIDKEHHE B oOnacTra Ha
KyJITYPHOTO HACJIS[CTBO, TOH OE3CIOPHO ce HapexJa cpej Haii-
tpancdopmupamure. IIpe3 MOCIEIHUTE NECETHICTUS CEKTOPBT
BB3IPHE PEANLa MHOBALUH — OT UU(POBU apXUBH U TPUUIMEPHO
CKaHMpaHe [0 TPWIOKEHUS Ha BHPTyalHaTa M JobaBeHaTa
peanHoct. M obaue BBbBEXkJa KaueCTBEHO HOBO DPABHUILE Ha
ABTOMATH3allUsi,  AHAIUTHYEH  KANalMTeT W TBOPYECKU
BB3MOKHOCTH, KOUTO INPOMEHST CBIECTBEHO MAapajurMUTE 32
CbXpaHEHHE, U3CJIEIBAHE M  COLMAHA AHT@KHPAHOCT C
KyJITYPHOTO HACJIEJICTBO.

2. Pesynmamu u ouckycus

VI3KyCTBEHHAT MHTENEKT HAMUPa LIMPOKO MPUIIOKEHHE B
OIIa3BaHETO M W3CNIEBAHETO Ha KYJNTYPHOTO HACIEACTBO upe3
Pa3HOOOpa3HM TEXHONOTWH M Meroau. UHterpaumsta Ha Al B
mporieca Ha JUTHTAH3alHs ce MPEBPbhIIa B MOIIEH HHCTPYMEHT 3a
ChbXpaHCHHE, aHAIM3 M ILIMPOKO pa3MpOCTPaHEHHE Ha ICHHU
ucropuyuecku apredaktu u texcroBe. VI anroputmu momoOpsiBat
KauecTBOTO Ha CTapu WIA YBPENCHH BH3YaJHH MaTepHaIH,
MpeMaxBaT IIyM, Bb3CTAHOBSIBAT JIMICBAIM YacTH M JOPU AaBaT

OpEeaAnojoKEeHUsd OTHOCHO CTWIA, JKaHpa WM  aBTOpa Ha
IIPOU3BEACHUATA. TexHonmoruute c U3KYCTBEH HUHTECJIEKT C€
M3IOJ3BAT 3a JUTHUTAJIM3alUA Ha O6LLIPIle/I My3€ﬁHH KOJICKIIUHU I10

Leausl CBAT, Karo IO3BOJSIBAT BHPTYallHW TYpOBE W OHJIAiH
W3cieABaHe Ha KyITypHH oOektH u apTedaxtu. Hanpumep
TpoekThT ,,Arts & Culture” Ha Google cu mapTHHpa ¢ My3eH KaTo
JlyBbpa, 3a 1a peiocTaBs BUPTYaIeH JOCTBI C BUCOKA PE30JIIOLUS
JI0 TEXHHUTE KOJICKIIHH.

Pazmmuan  wHCTpymMentH Oasmpanm Ha MU karo
KOMIIOTBPHOTO 3PEHUE MO3BOJISBAT aBTOMAaTHYHO PAa3lMO3HABAHE U

knacuduimpane Ha apredakTH, CKYINTYpH U apXUTEKTYpHHU
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€IeMEHTH, KaTo C€ VJIeCHsABa Karajoruzalusara Ha MY3eHHH
KOJIEKIIMM M H3BJIMYAaHETO Ha MeTagaHHH. E3MKOBHUTE MOMAEIn
rnojArnomMaraT MpeBOJa Ha JPEBHU U CHBPEMEHHH TEKCTOBE,
TPAHCKPUILHUATA HA PBKONUCH M CIOICISHETO HAa KYITypHa
HHpOPMAIHS MEXKAY pa3nuyHu e3uii. OCBCH TOBa aBTOMATUYHUSIT
TEKCTOB aHAIW3 W CEMaHTHYHATa HHIEKCAllUs Ha HCTOPHUYCCKH
JIOKYMEHTH J]aBaT BB3MOXKHOCT 32 00paboOTKa Ha TOJIEMH TEKCTOBH
MacHMBHM M M3BJIIMYAaHE Ha HOBM 3HaHMA 3a MuHaioTo. Taka, UM ce
YTBBbpXKJaBa KaTro KIIOYOB MHCTPYMEHT 3a JAUCHTaIu3aIus,
PEKOHCTPYKLHS U TIOOATHO JOCTHIIHO MPEACTaBIHE HA KYJITYPHOTO
HAaCIEeACTBO.

C momomra Ha MW w aHanu3 Ha H300pakeHHs,
apredaxTuTe ce KIacH()UIUPAT [0 CTHII, MATEPUAT U TEXHHUKA, KATO
CHUCTEMHTE TMOJIOMAaraT | pa3KpUBaHETO Ha (QammupUKaTy.
Mopenurte 3a MalIMHHO OOyYeHHEe Ce M3MOI3BAT B apXEOJIOTHATA 3a
pa3mo3HaBaHe HA CUMBOJIM M MOJIEIIH BbPXY apTe(akTH U TEKCTOBE.

ITo oTHOmIEHWE CBXPAHEHHETO | pecTaBpalusATa Ha
KyaATypHH obektn, MM mnpennara WHOBATUBHHU PELICHHS, KOHTO
JOITBJIBAT TPAAMIMOHHUTE METOJM M YECTO T'M HaArpaXkaaT 4pes
aBTOMaTH3alLMs U BHCOKa mperm3HocT. HoBu Moneny, Ga3upanu Ha
MalIMHHO 00yYeHHe M KOMITIOTHPHO 3peHHe, MOTaT Ja aHaJu3upaT
CBIIECTBYBAIIUTE BH3YaTHH M CTPYKTYpPHH XapaKTEPHCTHKH Ha
NaJeHO TpOM3BEleHHE W Ja TeHepuparT MpeaIoKeHus 3a
BB3CTaHOBSIBAHE. Hanpumep, H3CIIeI0BATENN oT MIT
(Massachusetts Institute of Technology) u NVIDIA (Software
maker Nvidia) wu3moa3BaT ABIOOKM HEBPOHHM MpPEXH 32
PEKOHCTPYKIIMS Ha MOBPEICHH YacTH OT KJIACHYECKH KapTHHH, KaTo
o0ydJaBaT alrOPUTMHU BBPXY OOLIMPHU 0a3u JaHHU OT M300paKeHUsI
ChC CXO/IHA CTHIIMCTHKA U eroxa. [1]

ITpy POEKTH KAaTO BH3CTAHOBSIBAHETO HA PUMCKU (PECKH
or Ilomneit, MU ce wusnon3Ba 3a JUIMTAJHO TIONBJBAaHE Ha
nurncBamy (GparMeHTH, KaTo alrOpPUTMUTE MPaBAT HCTOPUYECKH
000CHOBaHH MPEIINONIOKEHHS Bb3 OCHOBAa Ha CTHJIOBH M I[BETOBH
aHanoruu. I1oJ06eH NOAXOA € MPUIIOKEH U B MpoeKTa ,,Vesuvius
Challenge®, xpaeto UM ce m3non3Ba 3a pa3unuTaHe Ha OBBIJICHH

Manupycu oT XepKyIaHyM, 6e3 GH3UIeCKO OTBAPSHE Ha CBUTHIUTE.

[2]

He mo-manbk € NPHHOCKT My KbM apXHTEKTYpPHOTO
HaCJIEACTBO M pa3pylIeHH MM yBpeAeHHW CTEHONHCH, Kpaeto MU
MOJTOMara PEeKOHCTPYKIHMATa Ha pa3pylleHH WM YacTHIHO
cbxpaHeHn obexTH. Hampumep, nnnnuarusara ,,Ilconem® m3monssa
¢dororpamerpus, komOunupana ¢ MU, 3a cp3naBane Ha 3D mozmenu
Ha paspyiueHn ucropuuecku crpanu B Cupus u Upaxk. [3]
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O6paborkara Ha ecrectBeH e3uk (Natural Language
Processing), HanpuMmep, yJIECHABA aBTOMATHYHOTO
TPaHCKpUOWpaHe, MPEBOJ M AHAINW3 HA JPEBHA W HCTOPHYECKH
TEKCTOBE, KOETO MO3BOJSIBA MO-0BP30 M MO-TOYHO pa3vyWTaHe Ha
PBKOMMCH W Apyrd TucMeHd u3TouHunu. [Ipoextst Transkribus
n3nonsBa NLP TexHomoruu 3a pasno3HaBaHEe Ha PBKOIMCEH TEKCT
OT Da3MYHU EIMOXH, MPEIOCTABSHKA BB3MOXKHOCT 3a JUTUTAIHA
oOpaboTka. Cucremure 3a obpaboTka Ha ectecTBeH e3uk (NLP)
aQHATM3MUPAT TONEMH MAaCHBH OT WCTOPHYECKH JTOKYMEHTH,
OTKPUBAiKH CEMaHTHYHH BPB3KH, TEMATHYHH MOJEINH U
XPOHOJIOTHYHH 3aBHCHMOCTH, KOHWTO TPAAHLMOHHHTE METOIH HE
Morar 1a uaeHTHHUImpar jgecHo. ToBa HAChpUaBa HOBH XHIIOTE3H U
Ho-ABJIO0KO pa3bupane Ha KyarypHuTe mpouecu. [4] TocpencrBom
M3TPaXKJIAHETO Ha 0a3W 3HAHWA W ceMaHTHYHU rpadu MU cnomara
CB3IABAHETO HA B3aHMOBPB3KH MEXAY HCTOPHYECKH CHOUTHSI,
JIMYHOCTH, 00eKTH u MecTa. NLP anroputMu ca TMPUIOKEHH MpH
nemmdpupaHe W CEMAHTHYCH aHalu3 Ha  TEKCTOBE  OT
Meconotamusi, pasKpUBaiKA HOBH AacCleKTH OT KyjiTypata |
HCTOpHSATA Ha peruoHa. [6]

CV  (Computer Vision) jmaBa  BB3MOXKHOCT  3a
ABTOMATH3MPAHO KATAIOTH3UPAHE W Ch3JaBaHe HA METAJAHHH KbM
KOJNEKIMU 4Ype3 aHamu3 Ha W300paKeHUsA U  BH3YaIHH

xapaktepucTuku. My3esT CMUTCOHWBH ToJi3Ba Gasupanu Ha WU
CHCTEMH 3a pa3no3HaBaHe Ha apTedakTu. Toil akTHBHO ydacTBa U B
npoekta Al4LAM (Artificial Intelligence for Libraries, Archives
and Museums), 4usTO IieN € yJecHsBaHe Ha OBbP30TO W MPELH3HO
ONMMCBaHE Ha OOEKTH, KOETO OT CBOSl CTpaHa II03BOJISIBA IIO-
e()eKTHBHO THPCEHE U JOCTBHII 10 AUTUTAIHUTE apXUBH.

W3KyCTBEHMSIT ~HMHTENEKT y9acTBa  ITBJIIHOLCHHO
ONTHMH3HPAHETO Ha MPOLIECUTE HE CaMo IO U3CJECABAHE M aHANH3,
HO ®W mo wHTepnperauus. IlocpencTBom —ymortpebara Ha
unctpymentn kato ML (Machine Learning) u CV (Computer
Vision) cucremure Gasupanu Ha VW m03BOIISIBAT Pa3o3HABAHETO U
KaTeropu3MpaneTo Ha apreakTd 10 CTHI, MEPUOMA, PETHOH WIH
aBTOPCTBO. HsKOM MOJENM Morar NMpu aHaiW3 Ha CTHJIOBH WK
aTpHOyTHBHU  XapaKTepPUCTHKA A& ONpPEeNeisiT  ChOTBETHUTE
kareropu. ToBa € O0COOCHO NPHJIOKUMO IPH H3CIEABAHE HA
AQHOHMMHHM WIHM CIHOPHH TBOPOM W Ch3daBa BB3MOXKHOCTH 32
OTKpHBaHe Ha HOBU XyI0XKECTBEHHU TEHACHINH U BIUSHUS [5]

B

PaspaGotkure Ha mpoekTu kato The Art Genome Project
(OTKpHBa W aHAIHM3Wpa B3aHMMOBPB3KH MEXIy IPOU3BEACHUS Ha
n3KycTBoto) u DeepArt (cp31aBa BU3yalHH MHTEPHPETAINH, KOUTO
OTKPHUBAT CKPUTHU CTHJIOBU BIMSIHUS U TIPEUIaraT HOBU MPOYUTH Ha
KJIacMYeCKH  TBOpPOM) ca  TOPETHOTO  JIOKA3aTelCTBO  3a
HM3KITIOYUTEITHUTE Bh3MOXKHOCTH, KouTo Tpenoctass MU B chepara
Ha KH Ha u3cnenoBarenure u mupokara myonuka. [12, 13] Tpumep
3a Jpyrd yCIeIHN MHUIMATHBU ca Europeana — maHeBporeiickaTa
qurutanHa riarpopMa 3a KyATypHO HACNeCTBO, KOSTO Ipuiara
AITOPUTMH 33 aBTOMAaTHYHA KaTeropusanus u Tepcene, Google Arts
& Culture, xosito wm3momsBa MM 3a BHCOKa pe3orONUsA Ha
n300paKeHUATa, BHUPTYaJHH TYpOBE M OTKPHBAaHE Ha CTHJIOBH
HPHJIMKHA MKy IPOU3BEACHHUS Ha H3KYCTBOTO. [11]

Bbrpekn 3HauMTENHHUSA
HMHTEJICKT 32 JUTHTAIN3alys ¥ MOMyJsIpU3UpaHe Ha KyITypHOTO
HACIIEZICTBO, HErOBOTO IPWIOXKEHHE € CBBbP3aHO M C peauna
puckose. Cpex TX ca Bb3MOXKHOCTTA 32 Ch3/IaBaHE Ha T0JBEXKAALI0
nmm ¢pammudunupano ceabpxanue (Hamp. deepfakes), koeto Mmoxe
Ja TOJKOMae AaBTEHTHYHOCTTa U JOBEPUETO KBbM KYNTYPHHUTE
apreaxTu. ChIECTBYBAT U ONACEHHsI, CBbP3aHU C BEBEXKIAHETO Ha
anroputMu4Hu npucrpactus (bias), KOMTO MOraT Ja H3KPUBST
HUCTOPHYECKUTE HApaTUBH WM Ja MaprUHANIN3UPAT I10-MajKo

NOTCHIIMAJI Ha HU3KYCTBEHUA
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npeacTaBeHd Kyntypu. OCBeH TOBa IpeKOMepHaTa aBTOMaTH3aLUs
MOX€ Ja J0Bele A0 3ary0a Ha KOHTEKCTYaJHH M EKCIEPTHHU
HHTEpIpETalny, KOHTO Cca OT CBHIIECTBEHO 3HAUYeHHE 3a
pasOupaHeTo Ha KyIATypHHUTE IeHHOCTH. Jlumcata Ha sICHH U
XapMOHHM3HMPAaHH  pETylalMyd  IOCTaBi  BBIPOCH  OTHOCHO
OTrOBOPHOCTTAa M €THYHHUTE CTAHAApTU HpH H3moi3BaHeTo Ha MU,
0co0eHO B cdepH KaTo pecTaBpalysiTa WM Ch3JaBaHETO Ha HOBH,
TeHEPHPAHU OT M3KYCTBEH WMHTENEKT MPOU3BEACHUS, KOUTO MOraT
Jla ce BB3IpUeMaT KaTo aBTCHTHYHN apTe(aKTH.

W3nomsBaHeTo Ha W3KYCTBEH HHTENIEKT B oOjacTra Ha
KyITypHOTO HACJIEICTBO BCE OILIE HE € PEeryJaupaHo OT eIUHHA
IIpaBHA paMKa, a c€ OCHOBaBa HAa KOMOWHAIWS OT €TUYHH HACOKH,
3aKOHU 3a 3alllUTa Ha JIMYHHUTE JaHHHM, NIPAaBHJIA 32 MHTEICKTyaTHa
COOCTBEHOCT U CTeM(UIHN HONUTHKY 32 ONa3BaHe Ha KyJITypHUTE
neHHocTH. ChINecTBYBaIUTE PEryJaliy BapUpaT B 3aBUCHMOCT OT
HaIMOHAIHUTE 3aKOHOJATENICTBA U CEKTOPHHUTE MPAKTUKH (My3ew,
apXUBH, TBOPYECKH MHIYCTPUH) U YECTO Ce HAMHUpAT B MpoLleCc Ha
passutue. llpum pgurutanmsanus W 00paboTKa Ha KyATYpHHU
xoneknuu 4ype3 M Bojema posst MMaT 3aKOHWTE 3a 3allUTa Ha
naunure (Hanpumep GDPR - General Data Protection Regulation B
EC), Kakto ¥ aBTOPCKONPAaBHHTE HOPMH, CBBP3aHH C
BB3MPOU3BEKTAHETO HA 3AMUTEHN MIPOU3BEACHUS WIIH Ch3AaBAHETO
Ha TIPOM3BOJHHM CBHIBPXaHWA. B JONbIHEHHE, KyJITYpHOTO
HACJIeACTBO € OOEKT Ha CIeNMAalN3HPaHH HAIMOHAIHU 3aKOHU U
MexxayHaponau konBeHnuu (Hamp. FOHECKO), kourto perymmpat
HETOBOTO  CBXpPaHEHHE M  JOCTBI. ETWdnHWTEe mNpuHOUMH,
(dopmynupanu ot opranusaimu kato ICOM u FOHECKO, HacouBat
KbM THPO3pPavHOCT, ABTEHTHYHOCT W OTTOBOpHA yIoTpeda Ha
TEXHOJIOTUHUTE, JOKATO BETPEITHUTE CEKTOPHH HOJIUTUKH ONPEASIIAT
JOIYCTHMHUTE NPAKTUKU 3a npuiaraHe Ha VI B KOHTekcTa Ha
pecraBpaiysi, Kypupane u myomnmuna mpocremuOocT. [8, 9, 10]
Hoxaro, mpoekra Al for Cultural Heritage ycraHoBsiBa cTporu
MpaBujia 3a MPO3PavyHOCT NpU H3Mos3BaHeTo Ha Al anropurtmuy,
KaKTO M €TMYHHU HACOKHM 3a yJacTHe Ha OOIIHOCTH MPU AUTUTATHOTO
MIPE/ICTaBsIHE Ha TEXHHUTE TPAAWUINU W KylTypu. ToBa moamomara
mporeca 1o n30srBaHe Ha MOABSKAAIIN WHTEPHPETAMY U 3aluTa
Ha YyBCTBHUTENHH JaHHU [7]

3. 3axnwuenue

Bbrpekun HIKOM CITBHKH, Hepa3OupaHe M peryiaToOpHH
paMKu, KOMTO ca BCe OIIle B IPOLeC Ha pa3paboTBaHEe M3KYCTBEHUST
HHTENIEKT MOXe Aa ObJie pasriiekIaH KaTo MOIIEH MHCTPYMEHT 3a
JeMOKpaTH3alMsi Ha JOCThIA [0 KyITypHOTO HACIEICTBO, Karo
npeoossiBa Teorpad)CKH, COIMATHA W HMKOHOMHYECKH OapHepH.
Upe3 aBTOMATH3MPAaHH MPOLECH 32 JAUTHUTAIU3ALUS, BUPTYaIHH
TypOBE M MHTEIUICHTHH CHCTeMH 3a mpenopbku, VU no3ponsBa Ha
mupoKara my0JMKa 1a ce JOKOCHE 70 MPOU3BEICHUsI, KOUTO HHAYe
0uxa OCTaHAJTH HEIOCTBITHH, a HA CICIHAIUCTUTE BH3MOKHOCT 32
Mo-3abJ00YE€H0 HW3yuaBaHe U pa3dupaHe HAa KyJITYpHHTE
apredaktu. [lomoOHM  TEXHOJOTHH  HE yIEeCHSABAT
00pa30BaHUETO M HAyYHUTE W3CICIBAHUS, HO W CTHMYJIHPAT

caMo

Ch3aBAaHETO HAa HOBM KYyIATYpPHH HapaTHBU U B3aUMOJECHCTBUSA
MEXIy ayIUTOPHH WM WHCTUTYIUH. TOH Haarpakaa YOBEIIKHTE
YCHIMSA, OTBaps HOBU BB3MOXKHOCTH 32 HHTEPIUCLUILIMHAPHO
CHTPYJHUYECTBO W TOBJAWTa BaKHM BBIIPOCH 32 aBTEHTHIHOCTTA,
eTHKaTa M aBTOPCTBOTO IO OTHOUIEHHE HayWHa, [0 KOHTO ce
CBXpaHABA U MPE/ICTaBs] MHHAJIOTO.
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Ecological sustainability in written heritage preservation practices:
contemporary approaches and challenges
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Abstract: In the context of global environmental changes and the need for sustainable cultural policies, the preservation of written heritage
is taking on a new dimension — combining effective conservation with a commitment to the environment. This report examines the principles
of environmental sustainability in contemporary practices for the conservation and restoration of written collections, focusing on the
application of so-called “green” methodologies — biodegradable materials, enzymatic solutions, anoxic disinfection, as well as energy-
efficient technologies in repositories. Special attention is paid to the concept of “‘green heritage”’, understood not only as conservation with a
minimal carbon footprint, but also as a strategic model for the long-term management of cultural resources. Examples from international
practice that integrate sustainable solutions are analyzed. The report also highlights the challenges associated with the shortage of
environmentally friendly materials, the need for a transdisciplinary approach and the need for educational policies aimed at building
cultural and environmental sensitivity among specialists and the general public. In conclusion, the thesis is advocated that ecological
sustainability is not an additional aspect, but an indispensable part of a new ethic in the preservation of written heritage — an ethic of respect
for the past and responsibility for the future with care for the planet.

The report is under project No. KIT-06-H90/6 dated 10.12.2024 on the topic: "Ecologically sustainable conservation strategy for
written heritage" from the Scientific Research Fund, Competition for funding of fundamental scientific research - 2024. Supervised by Chief
Asst. PhD Eng. Iskra Tsvetanska.
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1. Introduction Archives, libraries and museums can reduce their carbon

Written cultural heritage occupies a central place in the  footprint by optimizing lighting, heating and air conditioning, using
preservation of the identity, memory and knowledge of humanity. ~ renewable energy —sources, as well as through “smart”
Archives, manuscripts, old printed books and documents from environmental monitoring systems. The use of non-toxic, recyclable
different eras are not just carriers of text - they are testimonies of ~ @nd durable materials in restoration and conservation processes
the past, reflecting social, cultural, religious and scientific helps to protect the environment. The transition to digital copies and
processesl Each document iS a b”dge to understanding human Vil’tual arChiVeS not Only pI‘OteCtS Originals from phySical wear and

development and transformations in societies over the centuries. tear, but also reduces the need for travel and transportation related
Therefore, their preservation is of utmost importance both for  to scientific research or access to documents. Cultural institutions

The need for sustainable preservation in conditions of climate  through exhibitions, programs and campaigns how traditional
change and limited resources [1]. In the modern world, written ~ Practices have been linked to nature and sustainability.
cultural heritage faces a number of threats. One of the most serious The need for adaptation to climate change, including the
is related to climate change, which leads to extreme temperatures, ~ development of disaster response strategies, as well as long-term
high humidity, floods and fires - all of which pose a serious risk to plans to adapt the infrastructure of cultural institutions to new
the vulnerable paper, parchment and textile materials used in  Climate realities. Green heritage is not just a concept, but a
historical documents. Fluctuations in humidity, for example, lead to necessary evolution of our attitude towards cultural memory. It calls
deformation, the appearance of mold and accelerated degradation of ~ for a broader perspective — to preserve the past without
materials. At the same time, cultural institutions often face limited ~ endangering the future. Only through a synthesis between cultural
financial and human resources, which makes it difficult to and environmental reSpOnSibiIity can we achieve IaSting, humane

implement modern methods of conservation and digitization. Small ~ and sustainable development.

archives and libraries often have outdated equipment and a shortage

of qualified staff. That is why it is imperative today to develop and 3. Green methodologies and good practices
implement sustainable strategies for the preservation of written The use of biodegradable materials and enzymatic technologies

cultural heritage. This includes the integration of innovative marks a transition to greener and more responsible practices in
technologies (such as environmental monitoring and artificial cultural heritage. Such innovative methods achieve effective
intelligence), cross-sectoral cooperation, raising awareness and conservation with minimal environmental impact, which is fully in
training of specialists. Sustainable preservation is not just a line with modern principles of sustainable development. The
technical issue - it is an ethical responsibility to the future. sustainable conservation of manuscripts and documents requires the

use of materials and techniques that do not harm cultural objects

2. Synthesis between cultural value and  and the environment. Therefore, in recent years, there has been an
environmental responsibility increased interest in biodegradable, non-toxic and environmentally

In the contemporary context of sustainable development, friendly alter_natives_to traditional congervation agents.
the concept of “green heritage” is increasingly used, reflecting the The N.atlona.ll ler_ary of Fr?nce IS among the mstl_tutlons t.h at
need for a new approach to the management and conservation of are experimenting with an_d |mplerr_1ent|ng enzymatic cleaning
cultural heritage. It denotes the integration between the preservation sc_)lutlo_ns instead of aggressive c_h_emlcal agents.[Z]_ Enzymes are
of cultural values and the implementation of ecological and biological catalysts that act specifically on contaminants such as

sustainable practices that minimize the negative impact on the grease, glue,_ wax or biological residues (e.g. mold), W'thm.“
natural environment. The concept stems from the desire to achieve a affec_tlng_the ink, Paper or pgrchmer_n. Th_e advantages of enzymatic
balance between the protection of cultural sites and the protection of solutloqs. non-thuc, selective action, i.e. degrade only specm_c
the environment. Traditional approaches to conservation often do cont_amlmalmts, b:cocliegfradaZIel_ and ge:ltle. SUCS an approacrr]] IS
not pay enough attention to the resources used, the carbon footprint par;!c_u arly #Se u | or de |c§te and rare _oli:umfents, where
of activities or the long-term impact on ecosystems. Therefore, the traditional - chemical Intervention carries a risk o permanent

concept of “green heritage” is needed as an ethical, innovative and damage.

responsile approach to conservation, in which we preserve not o cEEVEE S8 B SO O A e scbetances
only memory, but also life itself. 9 9 y y

produced from renewable raw materials, such as cellulose, chitin,
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alginates, starch and gellan. They are used in the form of gels, films
or protective coatings in restoration and preventive conservation
activities. For example, cellulose-based nanogels or agar-agar are
used for local stain removal. Biopolymer films as hydrophobic
protection coatings protect the paper from moisture penetration
without disturbing its structure. Some biopolymers have
antimicrobial properties (such as chitosan, extracted from
crustacean shells), natural fungicidal and bactericidal action, which
makes them ideal for protection against mold and biological attack.
The advantages of biopolymers: environmentally friendly -
completely biodegradable in nature, safe for documents, easy to
remove — if necessary, can be removed without residue, compatible
with long-term storage — do not lead to yellowing or oxidation of
the paper. [3]

Anaerobic disinfection (anoxia) is a modern, “green” method
that demonstrates how science and ecology can partner in the name
of cultural preservation. The Vatican Library shows how
sustainable management of cultural resources can be both effective,
economical and safe for people and nature. Anaerobic disinfection,
also known as anoxia, is an innovative method for treating cultural
objects by eliminating oxygen from the environment. The goal is to
destroy pests (insects, larvae, fungi and bacteria) that cannot survive
in anoxic conditions. The procedure is carried out in closed
chambers or special packages, where the air is replaced by inert
gases such as nitrogen (N, ), argon (Ar), carbon dioxide (CO, ).
Advantages of anaerobic disinfection: non-toxic to the environment,
does not damage paper, inks, parchment, leaves no residues and is
suitable for reuse.

The Vatican Apostolic Library, one of the oldest and most
valuable libraries in the world, is an example of good practice in
implementing anaerobic disinfection as part of its preventive
conservation program. [4] They use specially designed anaerobic
chambers to treat manuscripts, incunabula and parchments,
especially when new collections are received or when
contamination is detected. The technology is part of the library's
environmentally oriented restoration policy, funded by international
cultural programs and foundations. The results and advantages are
effective pest control without risk to documents, no chemical
residues that would affect long-term storage, saving resources and a
minimal environmental footprint, and the possibility of mass
treatment of objects without the need for personalized chemical
treatment.

Sustainable storage materials - the use of recyclable, acid-free,
and long-lasting storage materials is a key component of the
sustainable management of written cultural heritage. The Library of
Congress is demonstrating how a major institution can combine
environmental responsibility with high standards of preservation,
thereby creating a role model for the global community. Every part
of the cultural heritage preservation process must be sustainable —
including the materials used to preserve documents, manuscripts,
and books. Protective packaging (boxes, folders, envelopes) plays a
critical role in: controlling light, dust, temperature, and humidity;
protecting against mechanical damage and injury; reducing the risk
of biological attack (mold, insects); and extending the life of
cultural objects. Sustainable solutions include materials that are:
acid-free — do not cause paper degradation; buffered — with a
neutral or slightly alkaline pH; recyclable and biodegradable —
minimize waste and pollution; made from renewable sources, e.g.
FSC-certified cardboard.

The Library of Congress, one of the largest and most prestigious
libraries in the world, is an example of sustainable practice. For
years, it has implemented a comprehensive sustainability policy that
includes the use of recyclable packaging and boxes. [5] The
archival boxes are made of 100% recycled and acid-free cardboard,
produced in a low-carbon manner. They use prefabricated solutions
that allow for easy replacement or repair without the need for
additional resources. The folders and boxes are made of museum-
certified materials (meeting the PAT — Photographic Activity Test
standard). The advantages are: durability and long life — a box can
serve for decades without replacement; minimal environmental
impact, both during production and recycling; safety for documents
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— they do not emit harmful fumes or acids; flexibility — modules
adapted to different sizes and types of documents are used.

4. Challenges to the sustainable preservation of

written cultural heritage
The challenges to the sustainable preservation of written

cultural heritage are not only technical — they are systemic,
educational and institutional. Solutions require a long-term vision,
cross-sectoral engagement and investment in people — the
professionals who will ensure that cultural memory is passed on to
future generations in a responsible and sustainable manner.

Shortage of trained professionals in sustainable
practices

One of the most serious obstacles to the sustainable
preservation of cultural heritage is the lack of personnel with
knowledge and skills in environmentally-oriented conservation and
management. Most archivists, restorationists and librarians are still
trained in traditional programs that rarely include modules related to
environmental standards for preservation and digitization, green
materials and methodologies, energy efficiency and carbon
footprint, and sustainable resource management. The solutions are
the introduction of interdisciplinary programs in universities,
professional development through internships, exchanges and
training under European programs (e.g. Horizon Europe,
Erasmus+), and the promotion of young professionals through
scholarships and targeted projects.

Need for intersectoral cooperation

Sustainable conservation cannot be achieved within a
single sector. It requires close interaction between different fields,
each of which contributes with specific expertise: For example, the
archival and restoration sector with its contribution to knowledge of
materials, techniques and long-term preservation, information
technology (IT) with digitization, creation of access platforms,
environmental monitoring, the ecology and energy efficiency sector
with environmental impact assessment and sustainable solutions,
the tourism and cultural management sector with the integration of
cultural heritage into sustainable tourism practices. Without
cooperation between these fields, institutions often operate in a
fragmented manner, leading to inefficiency, duplication of efforts
and gaps in sustainability.

Funding and institutional support

Many cultural institutions operate with limited budgets,
which makes it difficult to invest in energy-efficient equipment
(HVAC systems, LED lighting), purchase of biodegradable or
innovative materials, development of digital infrastructures and
online access. There is also a lack of stable long-term policies at
national and local level to promote sustainable initiatives in the
sector. Priorities are often short-term, and cultural heritage is not
always perceived as part of the state's "green™ policy.

5. Prospects for the sustainable preservation

of written cultural heritage

The sustainable preservation of cultural heritage is no
longer a marginal topic, but is becoming a central element of future
policies. Global climate challenges, technological progress and
public expectations for environmental responsibility require a new
vision of the role of cultural institutions — not only as guardians of
memory, but also as active participants in the transition to
sustainable development.

The prospects for the sustainable preservation of written
cultural heritage are optimistic, but require a systematic approach:
political will, funding, training, international cooperation and
innovation. Only by integrating cultural institutions into the global
green transition can we ensure that historical memory will be
preserved and accessible — in a responsible and environmentally
friendly way.
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Development of green policies in cultural institutions

More and more archives, libraries and museums are
starting to formulate and implement institutional sustainability
strategies that include:

* Energy efficiency — modernization of air-conditioning
and lighting systems, implementation of automated microclimate
management;

* Green infrastructure planning — use of eco-materials in
renovation and construction of buildings;

* Minimal impact conservation transition
biodegradable, non-toxic and recyclable conservation agents;

* Reporting and transparency — measurement of the
institution’s carbon footprint and commitment to its reduction.

For example, some national archives are already adopting
policies based on ESG (Environmental, Social, and Governance)
criteria and include cultural heritage in climate change adaptation
plans. [6]

to

Training and knowledge transfer

One of the most important aspects for a sustainable future
is investment in human capital. Without well-trained specialists, no
“green” policy can be sustainable. The main directions are:
* Integration of sustainable practices in education — inclusion of
disciplines such as “eco-conservation”, “climate adaptation of
archives” and “green management of cultural heritage” in university
curricula;
 Improving qualifications — through courses, workshops and
international exchanges (e.g. through ICOM, ICA, ICCROM);
« Intergenerational knowledge transfer — promoting the connection
between experienced restorers and new specialists with digital and
environmental skills.

The modern approach is based on the creation of training
centers at national cultural institutions, in cooperation with
universities and non-governmental organizations.

Support for innovation and research in the field of eco-
conservation

Innovation is the engine of sustainable development. In
the field of written heritage conservation this means:

* Development of new materials biodegradable
packaging, antimicrobial biopolymers, adaptive gels and coatings;

» Technological solutions for monitoring and managing
microclimate — sensors, 10T systems, Al-based analyses;

* Methods for “smart” digitization — with a low carbon
footprint, long-term storage and easy access;

* Mobile laboratories for sustainable conservation — for
remote or endangered sites.

For example, European projects such as Horizon Europe —
Green Deal Call, include support for innovative solutions in the
conservation of cultural heritage. [7]
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6. Conclusion

Environmental sustainability in the preservation of written
cultural heritage is not only an ethical commitment, but also a
strategic priority. In the context of global climate change,
urbanization and limited resources, traditional methods of storage
and conservation are no longer sufficient. Responsible cultural
management requires the implementation of sustainable practices
that combine the preservation of historical memory with
environmental care.

The application of green technologies and methodologies
— such as biodegradable materials, anaerobic disinfection, energy-
efficient systems and digital solutions — is not just an option, but a
necessity. They ensure the long-term protection of documents,
reduce the environmental footprint of institutions and demonstrate a
commitment to sustainable development, in line with global goals
(e.g. UN Goal 11.4: “Protect the world’s cultural and natural
heritage™). [8]

However, securing the future of cultural memory does not
depend only on technology. It is also necessary to reformulate
institutional policies, promote intersectoral cooperation, as well as
invest in training, research and innovation. Only in this way can
cultural institutions become active participants in the green
transition, rather than passive guardians of the past.

In this context, written heritage is not only a witness to
history, but also a driving force for a sustainable, responsible and
humane future. Its preservation — with care for nature and with a
thought for generations — is a duty that goes beyond archives and
libraries, and concerns the whole of society.
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Abstract: Work in the public sector reflects democratic, economic, and social values as a whole. All institutions share the responsibility to
deliver better value for citizens and businesses, thereby ensuring appropriate and meaningful sustainable economic and social development -
i.e., prosperity for the Republic of N. Macedonia overall. For these reasons, this paper aims to define, establish, and highlight the
importance of the public sector’s economic and social dimension, and to examine how, in both of its forms, that dimension affects motivation
and job satisfaction among public-sector employees in the Republic of N. Macedonia.

Keywords: PUBLIC SECTOR, ECONOMIC AND SOCIAL DIMENSION, MOTIVATION, JOB SATISFACTION, WORKPLACE

1. INTRODUCTION

Agency; the Operational-Technical Agency; the Financial Police

It is widely recognized that the public sector is part of the socio- Directorate; and the Financial Intelligence Office, while general

political system and the point of contact between citizens and labor legislation and collective agreements apply to auxiliary and
institutions, where constitutionally guaranteed civil rights are technical staff.

realized. It is also the area most frequently discussed in terms of Public-sector employees perform their duties in accordance with
reform, with debates focusing on the size of the public sector itself, the general principles governing public-sector employment and in
its economic and social dimension, and the number of employees; line with the Constitution of the Republic of North Macedonia, [4]
comparatively little attention is paid to the structure and quality of laws, other regulations enacted on the basis of laws, and
services delivered by employees [1] international treaties ratified pursuant to the Constitution. They are

Many believe that employment in the public sector guarantees a entitled to wages, rest and leave, adequate organizational, spatial,
job with all the benefits, social respect, secure and relatively solid and technical conditions for carrying out their tasks, and continuous
pay (salary paid by mid-month), and a much lower risk of income professional development pursuant to special laws, general labor
loss compared to the private sector or self-employment, plus regulations, and collective agreements.
weekends and public holidays. To some extent this proves true,
because for many employees public service is less about serving 3. Motivation and job satisfaction in the public
citizens and more about fulfilling personal ambitions and, with that, sector
their own economic and social needs. It is therefore unsurprising
that many young people dream of public-sector employment, given
the widely acknowledged fact that the workload and pressure differ
from those in the private sector.

Against this backdrop, the aim of this paper is to provide a brief
analysis of the influence and importance of the economic and social
dimension in the public sector, and how, in both of its forms, it
affects motivation and job satisfaction among public-sector
employees in the Republic of North Macedonia.

Work motivation drives, directs, and sustains employee
behavior. It can be defined as a composite process responsible for
the intensity, direction, and persistence of efforts to achieve a given
goal. Workplace motivation, the will to achieve results, originates
internally and may operate in two ways. First, employees can self-
motivate by seeking, finding, and performing work that meets their
needs or at least gives them hope that their goals will be realized.
Second, managers can motivate employees through methods such as
. . ) pay, allowances, promotion, awards, and bonuses.

2. The public sector in N. Macedonia: concept Beyond these, so-called intrinsic motivation plays a major role:
and legal provisions it is evident when employees do something out of their own desire
with no external reinforcement. Intrinsic motivation is associated

Since independence, the Republic of N. Macedonia has sought with high achievement and satisfaction, [5] which is the oldest and
to build an efficient public sector aligned with citizens’ needs. A most studied variable in the public sector. Job satisfaction itself
reformed and modernized public sector is a prerequisite for the includes three significant components: values, the salience of those
proper functioning of the state. Continued development requires values, and perception. [6] [7]

institutional stability; substantial administrative and professional Values are subjective needs that exist in the human mind, and
capacity at all levels of the public system; and economic prosperity  job satisfaction is complemented by the meaning (importance) of
with social inclusion for all citizens. [2] those values. Employees differ not only in the values they hold but

In its broader sense, the public sector encompasses public also in how important those values are to them, and such differences
administration and all public institutions that perform public greatly affect the degree of their job satisfaction. The third
functions and activities and are established by the state or component, perception reflects how employees view their situation
municipalities. As a rule, they are financed by public funds, either and their values. Perception need not be an accurate reflection of
the state or municipal budgets. Thus, the public sector includes only objective reality; when it is not, attention must be paid to observing
public institutions (including the professional services of the individuals in specific situations to correctly understand their
Government, Parliament, and judicial bodies), and not private personal reactions. [8]
institutions (private hospitals, schools, kindergartens) or private Motivation and job satisfaction pull rather than push people
companies that provide public services. Public-sector employees are toward goal attainment. Employee expectations continue to rise
subject to the Law on Public Sector Employees, [3] relevant special regardless of the public sector’s performance. For these reasons,
laws, by-laws enacted on the basis of those laws, and collective motivation can be considered one of the key factors for measuring
agreements. By exception, [3] only certain provisions of the law  job satisfaction, and it follows that behaviors contributing to
apply to military and civilian personnel in the service of the Army strategy execution and the achievement of public-sector goals
of the Republic of N. Macedonia; to authorized officers in the should be encouraged. For most employees, job satisfaction is most
Ministry of Defense and the Ministry of Interior; the Bureau for often driven by opportunities for training, task variety, autonomy,
Public Security; the National Security Agency; the Intelligence
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and control. In other words, many prefer work that is challenging
and stimulating over work that is predictable and routine.

If all public-sector employees were true professionals with
modern tools and methods at their disposal, fewer people could
sometimes achieve more, compared with larger teams where some
do not work efficiently. It is thus crucial to hire competent,
satisfied, and motivated people who can transform the public sector
into a high-quality, effective, and efficient institution.

4. The economic and social dimension of the
public sector and its impact on motivation and
job satisfaction in the Republic of N.
Macedonia

Unfortunately, from the early years of independence, North
Macedonia has faced a steady increase in the number of public-
sector employees. It is estimated that several hundred (between 800
and 1,000) individuals are on the payroll without actually attending
work; their sole “work activity” is withdrawing their salary from
ATMs.

According to analyses, calculations, and reports from the
National Bank of the Republic of North Macedonia, [9]
complemented by those of the State Statistical Office, [10] the
average wage paid in 2024 recorded relatively high annual growth
in both net and gross terms, especially in Q4 2024; however, this
growth slowed compared to Q3 2024. Data show nominal annual
growth in average net and gross wages of 9.0% and 9.2%,
respectively (versus higher growth of 11.8% and 12.1% in the
previous quarters). [11]

This growth is more moderate compared to 2023 (14.9% and
15.3%, respectively) and is influenced by the carry-over effect of
public-sector wage increases [12] in September 2023, as well as the
12.2% increase in the minimum gross wage in March 2024. [12] In
addition, the new collective agreement for the public sector from
July 2023 contributed to an upward trend in average paid wages in
parts of the public sector in 2024: public-sector wages rose by 10%
in September 2023 and by a further 0.7% in September 2024; wages
for primary and secondary education staff increased by 5% in
October 2024, [13] and wages for healthcare workers by 10% in
November 2024. [14]

These movements are consistent with legal provisions on wage
growth when the annual inflation rate in the first six months of 2024
exceeds 3% (the basic gross wage increases by the percentage
difference up to 3%). Analyses show annual net-wage growth
across all sectors, with the highest growth observed in public
administration and defense; compulsory social security (15.9%),
education (also 15.9%), and arts, entertainment, and recreation
(15.2%). [12] Under the latest amendments concerning the
minimum wage in the Republic of North Macedonia, [15] as of
March 2025 the minimum net wage increased by MKD 1,812,
setting the gross minimum wage at MKD 36,037 from March 2025
through February 2026 (previously MKD 33,352), [16] and the net
minimum wage at MKD 24,379 (previously MKD 22,567).

Current reports from relevant institutions indicate that a
considerable share of public-sector positions does not require
appropriate knowledge, effort, or measurable results, yet they
guarantee a stable job or position. This stems from employment
policy being embedded in political party strategies as a tool to
stabilize the electorate, rather than to meet the needs of an efficient
public sector, creating a “secure and loyal” voting base through
clientelism (one party-key employee generating three reliable
family votes).

In terms of competitiveness indicators in 2024 and Q1 2025, the
National Bank notes some improvement; a growth of 2.2%, driven
by faster economic activity relative to employment growth. By
sector, industry and agriculture made a small negative contribution,
while services, including public-sector services remained the steady
engine of growth. Due to wage growth outpacing productivity,
nominal unit labour costs in 2024 were 10.6% higher, [12]
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primarily because of increased costs in services, and to a lesser
extent in industry and agriculture.

Labor productivity is often assessed and measured at various
levels and determines, in part, an institution’s profitability and,
indirectly, a country’s standard of living. From an economic and
social perspective, public-sector institutions use resources and
deliver services that can be consumed domestically or exported,
thereby raising productivity and living standards.
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Measuring public-sector productivity is, however, considerably
more difficult than in the private sector and other institutions. It
largely depends on the feasibility of applying quantitative methods,
such as feasibility analyses for returns on investment in transport
infrastructure, energy, and water supply, where direct, indirect,
tangible, intangible, and other costs and revenues are evaluated.
Where this is not possible, other methods may be used: cost—benefit
analysis, PPB (Programming—Planning—Budgeting), ZBB (Zero-
Based Budgeting), or the so-called Sunset Legislation Method. [17]

When considering the impact and importance of the economic
and social dimension on work motivation and job satisfaction,
perhaps the most common misconception is that they are
determined primarily by pay, at least in the long term, they are not.
Naturally, everyone expects fair compensation for effort and time,
but do money and benefits alone lead us to work with dedication,
quality, and passion?

Like productivity, motivation cannot be directly measured, but
it can be inferred from job satisfaction, employee behavior, levels of
effort, persistence, and work outcomes. One of the most important
indicators of motivation is job performance. [18] In analyzing
individual performance, one must consider employees’ needs and
abilities and their different ways of satisfying those needs.
Performance depends on the level and intensity of the interaction
between ability and work motivation, represented as: [19]

job performance = ability x work motivation
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Anyone who has interacted with the public sector can attest that,
rather than facilitating matters, employees often complicate them
and amplify problems, causing negative consequences for
development, especially in a country like North Macedonia.
Considerable effort, time, and creativity are required to adapt the
experiences of developed countries to local conditions, given
national culture, tradition, and character. At the same time, there are
widely accepted economic and social dimensions (social resources,
solidarity, and the fight against poverty) that underpin motivation
and improved job satisfaction.

CONCLUSION

The impact and importance of the public sector’s economic and
social dimension on motivation and job satisfaction in the Republic
of North Macedonia are considerable. This is supported by the
widespread belief that public-sector employment means a
guaranteed job with benefits, social respect, secure and relatively
solid pay (mid-month), and a lower risk of income loss than in the
private sector or self-employment, plus weekends and public
holidays. To some extent this is true, because public-sector
employment often serves employees’ personal ambitions more than
citizen service. Nonetheless, employees’ expectations keep rising
regardless of outcomes. In other words, many prefer challenging
work over routine work.

For the public sector to become a high-quality institution that
reflects democratic values and continually increases its
effectiveness and efficiency, it needs confident employees who are
satisfied with their work and ready at any moment to refine core
competencies, problem-solving and decision-making within their
remit, communication, delivering results, collaboration/teamwork,
strategic awareness, stakeholder orientation, leadership, and
financial management through theoretical and practical education.
In doing so, they will deliver better value to citizens and businesses
and ensure appropriate, meaningful, and sustainable economic and
social development.
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HUHTEPHHPETUPAHE HA ITUPUKUPAHETO I10 OTHOILIEHUE HA
CYI'ECTUBHUTE YIIOTPEBU HA TUPUTEHTCKATA TEXHUKA

INTERPRETING CONDUCTING IN TERMS OF SUGGESTIVE USES OF
CONDUCTING TECHNIQUE

Xpucmo A. Amanacos

PE3IOME: B 0oknada ce pa3kpuga KOHYenyusama 3a OUPUSeHmcKama cyeecmusi U u3noyi36aHeno Ha OUPUeeHmcKama mexHuKka 3a 6HyueHue
unu npeoasame HA EMOYUOHATHO-EKCNPECUBHAMA CHUHOCH HA MY3UKATHOMO Npou3eedeHue U eMOYUOHATHOMO 63aumooelicmsue 6

npoyecume Ha H€8€p6aﬂHa KOMYHUKAYUsl ¢ U3NBJAHUMENICKUA CbCMaAe.

KJIFO9OBH IYMH: IUPYKUPAHE, B3AUMONEHCTBHE, OBILYBAHE, JUPUTEHTCKH XECT, CYTECTHSA

ABSTRACT: The report reveals the concept of conductor suggestion and the use of conductor technique to suggest or convey the emotional-
expressive essence of the musical work and the emotional interaction in the processes of non-verbal communication with the performing

ensemble.

KEYWORDS: CONDUCTING, INTERACTION, COMMUNICATION, CONDUCTING GESTURE, SUGGESTION

B koHTeKcTa Ha pasmIeKAaHaTa TEMAaTHKa, CYTeCTUBHUS
aclleKT Ha JAWPUTCHTCKaTa TEXHMWKAa CJeIBa Ja ce MOTBPCH B
MO3HAHUATA Ha PEAMIIA HAYIHH OOJIACTH U TACHOTO MM OOBBP3BaHE,
KaKTO ChC CaMHs aKT Ha AUPYDKUPAHE, TaKa M C Pa3IHIHU JeHHOCTH
OT AMPUTCHTCKAaTa NMpakTuka. PasmienaHa B MO-IIMPOK CMHUCHI
cyeecmusima  (6Hywienuemo) MOXe Ja HH IOCIYKH IIpH
Pa3sKpUBaHETO Ha CBHIIHOCTTA Ha ,,JICUXOJIOTMYECKOTO BIMSHUE Ha
eIIH YOBEK BBPXY IPYT, IIPU KOETO C€ OCBIIECTBSIBA HEKPUTHIHO
BB3NpUEMaHe Ha HWHPopMamusa , T.e. IUIaTa HeCch3HaBaHA
NICUXWYeCKa AaKTUBHOCT, BKIIOYBAIlA BCHYKO, KOETO € U3BBH
CB3HAHHUETO 3a AafeH MOMEHT, Je(UHUPAHO OT MHOXXECTBO aBTOPU
KaTo MOJCh3HAHUE MM HECH3HABAHO.
Criopen I. JIozaHOB TOBa ce IposBsiBa B pa3iudHK (HOPMHU
U METOZU 3a KOCGEHO 8b30elicmeue. B TO3U CMHCBII, BHYIICHHETO
BKJIFOYBA:
- @HyweHue: TIPOIIEC HA TICUXMIECKO BB3/EHCTBHE, TPH
KOMTO 4OBEK OE3KPUTHYHO BB3MpHEMa HHPOpPMALHS.
- Hamex: KOCBEHO yKa3aHHE 3a HEIO, MPUHYXaBaIIo

YOBeK JIa MHCIH W Ja T[pPaBd OIpEIeliCHH
3aKITIOUCHHUSL.
- eMOYuoHanHo  ev3delicmeue. CIOCOOHOCTTAa Ha

XYIOXKECTBEHUTe 00pasd Ja MNpPESAW3BHKBAT SIPKH
€MOILIOHAIIHHU MPEKUBSBAHKS Y YOBEK.
- @w30elicmaue 8bPXY 8bOOPAdICEHUEMO: CTIOCOOHOCTTA
Ha O0pasuTe W CIOKETHTE Ja NPEAN3BHKBAT SPKU
00pa3y U aCOIMAINH Y YATATEINS MM 3PUTEIS.
CpencrBara Ha BHYIIEHHETO MOTAaT J1a OOCITY)XBaT BCEKH
€[IMH OT TUTIOBETE KOMYHHUKAIHS, & POJISITA UM 3aBHCH OT HMBOTO Ha
ABTOPUTAPHOCT, Karo OT OOIIO YETHPUTE OMpeeseHH OT Hero
MHTEpeC 3a HAC MMPE/ICTABIIIBAT:
®  ceoboOoHama komyHukayus — 6€3 1a Morar jJa ce u30erHar
MHOXECTBOTO HOpPMaJHU BJIMAHHUA, KOUTO IIOCTOSIHHO
H3ITHTBaMe (Ch3HATEIIHO MJIH HECH3HATEITHO);

®  nacouenama HeMAHUNYIAMUGHA KOMYHUKAYus — TIpU
cBOOO/HA OpraHM3alUs Ha MHOXECTBO HOPMAJHH
BB3JeficTBaM  (DAKTOPH KaTo: M3KYCTBO, IPECTHK,

nepuepHH TEPIENINY, eMOIHOHANICH (OH M Jp., ChC

3ama3BaHe cBOOOJaTa Ha JIMYHOCTTA Aa n3bupa. To3w Tum

KOMYHHUKAI[Ms C€ W3MOJI3Ba B MOCNIEIHHS BapHaHT HA

cyrecronenusara [4].

B oGnactra Ha nodcwv3namennama KoMyHuUKayusi OTHOCHO
CBb3HATCJIHO W HECH3HATCIHO BB3NPUATUE AHNIMMCKHAS  TICUXOJI0T
AntbHu Mapcen [14] Bb3 OCHOBa Ha HETOBMTE M Ha JAPYTH
OTKPUTHS JIO0Ka3Ba, Y€ KOTaTo0 BU3YaJHM CTUMYNIM Karo JHIA U
KapTUHH, IPEJCTaBeHH B CPeld, KbIECTO MOXE Ja € TPYIHO Ja ce
OTHENU €IUH CTUMYNI OT APYT, BB3IPHEMAIUAT BCE OIIE HMa
Bb3MOXKHOCTTA J1a ' pa3srpaHNyaBa U J1a pearupa pa3ianiHo Ha TAX.

Brampuemanero Ha enHa Qotorpadust uiam nuzodpaxeHue
€ AaKTHBEH, HO U aBTOMAaTHYeH mpouec Ha Mo3bKa. Kakro
WHIVBUIUTE UMaT €IHAKBa IPEIPa3MoNIoKEHOCT KbM NPHEMAHETO
Ha BHU3yaJlHa MH(pOpMalysi, Taka W JMYHUAT ONUT (OpMHUpa
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nocnenBanara peaknus. M3obpaxeHusaTa KaTo 1710, HOCTUTAT TOBA,
KOETO CaMOCTOATEIeH TEKCT He ycmsiBa. e IOBHIIaBaT
BB3MOXKHOCTHTE 3a paz0upaHe, NPHUIOMHSHE W 3allaMeTsBaHe.
Busyannute ykasanus momarar 1a ce JEKOAMpa AajeH TEKCT, Ja ce
NpUBJIMYAa BHHMaHHWE, CBIIO Taka [OBUIIABAT BEPOSTHOCTTA
myOJIMKaTa a 3al0MHH BUITHOTO U IIPOYETEHOTO.

BusyanmHuTe cTHMYNH BB3IEHCTBAT BbPXY HOICH3HAHHETO
W Morar Ja TOBJIHSSAT BBPXY pEakIMUTe Ha HaieH WHAWBHI, a
MOCTOAHHHUAT OOMEH Ha BHM3yanHa uH(opMamus € emuH OT
(hakTopuTE 32 HEMIPEKbCHATA IPOMSHA Ha cpexaara [2].

Ot npyra crpana TpsiOBa Ja ce B3eMe IO BHUMAaHHE H
(hakTa, ye TPOLECHT HA AUPIXHPaHE UMa cnenupuvHa popma Ha
HepedeBo OOIIyBaHe, T.e. OS3CIOBECHHU (HeBepOaHM) BHYILCHUS —
MHMHKa, U3pa3 Ha OYHUTE, WICOMOTOPHH JBIDKCHHS, NPUPOJICH U
colMajneH Aekop u ap. [3], mpu KOUTO B3aMMOJEHCTBHETO MEXKIY
W3IBJIHUTENN U JUPHUIEHT Ce OCHOBAaBA HA 3PUTEITHHUTE, CIyXOBHUTE
U TICHXOJOTMYECKUTEe KOHTAKTH, CIIOMaramid B3aMMOpa3OHpaHEeTo
[5, c.14].

Ha ocHoBanme Ha nocranoBkure Ha C. JI. PyOunmeiH u
I'. A. bamsmuc, 0. [TaHoBa pasmiexna TUPUTEHTCKATa )KECTHKYTALUS
Karo eMHCTBEHO IT0 POjia CH MYy3HWKAITHO-N3ITBIHUTEINICKO CPEJICTBO,
KOETO peaJHo M JeHcTBeHo (¢pu3muecku) ce pasmonara B
NPOCTPAaHCTBOTO M C€ pa3BMBa BBB BPEMETO, IPAaBU BHANMO
,JBIKEHHETO Ha 3ByKa” M IPEIU3BHKBA OIPEIEICHO 3BYYEHE.
,,BB3MpHeMaHeTo Ha OOEKTUBHOTO ChHIIECTBYBaHE HA MY3UKATHOMO
npocmpancmeo € CBBP3aHO C IICHXOJIOTHYECKHs (hakT, de
MPOCTPAHCTBOTO C€ BB3MPHEMAa TNPETUMHO (ako HE M C€aMo)
3purenHo. Ho CilyxoBOTO BB3NpHUSTHE, CHIIO HE € OTKBCHATO OT
MpPOCTPAaHCTBEHOTO. B neficTBUTEMTHOCTTa HUKOTA HE C€ BB3IpHeMa
aOCTpakTeH 3ByK, a CaMO KOHKPETHH 3BYKOBE W/HJIM 3BYKOBH
CchoTHOIIeHMs. Ta3w KOHKPETHOCT IMpexanoyiara H  HM3MCKBa
JIoKaJin3alsgd Ha 3BYKOBUS H3TOYHUK, H}leHTl/Iq)I/IL[I/IpaHG Ha
TeMObpa, pa3iMyaBaHe HAa BHCOYMHATA, CHJaTa M TPaHOCTTAa Ha
3Byka” [1]. OT apyra cTpaHa cIMBaHETO Ha 3ByKOBaTa ,,MaTrepus’ ¢
BpPEMETO ce IBJDKH Ha (akTa, de He MOXKe Ja CHIIETBYBa 3BYK Oe3
JBIDKEHHE, a JIBIDKCHHETO HEe MOXKE Jla CBINECTBYBAa OTIETHO OT
MpPOCTPAHCTBOTO M BpeMeTo. ToBa ompenenst (U3NIHUS acIeKT HA
MY3UKAnHUA 36YK Kato gopma na Osudicenuemo. B To3u cMHCBHI
»»---JIOKQTU3UPAME JIM 3BYKa, H3XOXKIAWKU OT CIyXOBU MJIM 3PUTEIHU
JJAHHY, HUE JIOKAIM3HUpAMe He CIyXOBH M 3PUTEIHHU ycewanus W
o0pasu, ev3npuemu B CIyXOBO WM 3PUTEIHO ,MI0NE”, a peanHu
A6NeHus, M300pa3eHn B HAIINTE YCEI[aHWS, 4pe3 BB3NPHATHI B
peannomo npocmpancmeo.” [6]. 3a ToBa M3TOYHUKA Ha 3ByKa Ce
oTIpezieNisi He CaMo OT CIYXOBHTE, HO M OT 3PUTEIHUTE BH3MPHSATHS
BHOOIIE, B CHBKYITHOCT C BCHYKHU JaHHH, CIIY)KCIIH 32 OPHEHTHUpPAHE
B PEaHOTO MpOCTpaHCTBO. DuspueckoTo M300pa3siBaHe Ha Te3U
peasHu SIBICHMS, 4Ype3 [IBIKEHMS, PA3MOJIOKEHH B PEATHOTO
MPOCTPAaHCTBO M pa3BMBALM CE BbB BPEMETO, € B OCHOBaTa Ha
(dopMupaHe Ha JIUPHUICHTCKAaTa >KECTHKyJalus, karto (opma Ha
3puTeNnHa OOEKTMBH3ALUs Ha 3ByYHOCTTA Ha MY3HKaJIHOTO
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HPOM3BEJICHUE, HEroBara crelupu4Ha npoCcmpancmeeHo-6pemesd
sI0CTHOCT [5].

B T031 acnekt HopBexkus My3ukonor Pong Wure Tomoit
ompezens, 4e UIMEHHO JBH)KCHHETO/KECTBT, T03BOJIABA HA YOBEK Jia
3anoOMHH My3ukara. M3cnensanmsta Ha [omoit (Hapen ¢ npyru
H3CIIeOBAaTeNM) II0OKa3BaT, 4Ye JKeCTHT/IIBIDKEHHETO Ch3/aBa
OTIEYaThK B MO3BKA U TI0 TO3H HAUMH O0YCIIaBs pEaKIysl, KOSTO IIe
Oble 3allOMHEHA W I NPEAN3BUKA ChIIaTa PEaKius CIIeBAIINsI
BT, KOTaTO YOBEK BUIU CBHIIOTO IBHKECHUE/KECT.

OTkpuBaHeTO Ha ,omnienanHd HeBpoHu“  ([anese,
Punonaru) nokasBa, ue MOJACH3HAHUETO OUEBHIHO Urpae MHOTO MO-
ToisiMa poJisi BbB B3aMMOJICHCTBHETO HA OIIENATHUTE HEBPOHU U
¢busnyeckn IBMKeHUs//KecToBe. Te wMMar crmocoOHOCTTa Ja
JIEKOMpar IBIKCHUATA/)KECTOBETE HAa HSAKOM Jpyr, Taka de
€IHOBPEMEHHO MOXKEM Jla Ce Hay4uM Ja T'M NpaBHM caMd U Ja
perucrpupame MUCIUTE U BOJISITA 331 Te3u xectose [9] [15].

VYdaeHnTe mOCOYBAT M3KIIOYHTETHO TACHATa BpB3Ka
MEXIYy CIOCOOHOCTTa HHM JAa oOIlyBaMe JIMHIBHCTHYHO U
OIVIeIAIHUTE HEBPOHH. 3HAYEHHUETO HA KECTOBETE, U3PAKEHHETO Ha
JWIETO W HaNpeTHAIUTE ABIDKCHUS HA YCTHHTE HA AUPUTCHTA,
CIIEOBATETHO HMaT HEMOCPEACTBEH CMHCHI 3a IMeBema, 0e3
y4acTHETO Ha Ch3HATENIHA HHTEpHpETanys — MOXKEM Ja BUIUM
M3rOBOpEHAaTa M HeW3Ka3aHara JyMa.

Wsmexxna, dWe NOACH3HATENHUTE IpouecH (0T yma u
TSUIOTO Ha TUPHUIEHTa 10 OIVICNATHUTE HEBPOHHM Ha W3ITBIHHUTEIS)
Ouxa MOIIHM Ja HajjeneaT Hajg MHO-pe(IeKTHBHHSA IIpoLec Ha
CB3HATEJIHO HHBO, IPOCTO 3amoTo € 1o-0bp3. OcBeH TOBa
H3INIEXK7A, Y€ KOJIKOTO TIOBEYE BPEME MMa NEBEIbT, 3a Jla AeKOAupa
JKECT, TOJIKOBA MO-OYEBU/ICH CTaBa EBEHTYAIHUAT KOHQIUKT MEXIy
TOBa, KOETO JKECTHT OYEBUIHO ITOKa3Ba Ha IOJCH3HATEIHO HHUBO, U
TOBa, KOETO TOH IIpenaBa, ciel KaTo € OWI pPerucTpupa,
aHaNIN3UpaH U UHTEPIIPETHPaH OT ch3HaHHeTo. Harreto cr3HaHue €
— KaKTO Be4e YCTaHOBHXME — MHOTO I10-0aBHO OT IO/ICH3HAHHUETO,
KOETO O3HayaBa, dYe KOraro MeBeIbT € OCB3HAI JKECTa,
TTOJICH3HAHMETO Be4e ro € 00padOTHIIO U € CH3/IAJI0 PEaKlus y Hero,
HE3aBHCHMO KakKBO II€ CH IIOMHCIHM 3a XeCTa CJel ToBa Ha
Ch3HATETHO HUBO [12].

XKectpbT Ha JupHMreHTa — CIOpeXN H3CIIeJOBATEICKU
JOKJIAIU — IIe ce Hykaae oT okoso 0,5 ceKkyHIau, 3a Jia JOCTHTHE
IBJTHO CH3HATEJHO pa30upaHe Ha JBIDKCHHETO M IIeNTa 33 Hero
[10]. B mpoueca Ha »ecToBa KOMyHUKAIlUs, MEXIy AUPUIEHTa U
MeBIUTE, TOBAa OOMKHOBEHO OTHEMa TBBpAEe MHOro Bpeme. Ho
KOTaTO OTIEIATHUTE HEBPOHHU C€ aKTHBUPAT, Teé 00paboTBaT XkecTa
camo 3a 50 MIITHCEKYH/I! B TTOJICh3HAHHUETO.

Koraro mupureHTHT Ch3maBa JKECTHKYIAMOHHA CpeEna,
JKECTOBETE MOTaT Ja M3IIeKIAT AOCTA MICHTUYHH 32 Ch3HATEIHHS
HOIJIe]], HO MEX/Ty KOMTO IO/ICB3HAHUETO Ha U3IBIHUTEIS MOXKe Ja
pasrpaHuyaBa, COpTUpa U 1aBa pa3jIMuHu OTroBopH [12].

Ilpm w3pa3sBaHeTo Ha  EMOIMOHAIHO-MHCJIOBHATa
Cy6CTaHLIPI$l Ha U3NBJIHABAHOTO INMPOU3BEACHUEC NUPUTCHTCKUS KECT
MpuTeXaBa M JaBa JOCTaTbYHO TOYHA HH(OpMamus He caMo
OTHOCHO TEXHHYECKOTO My pealn3upaHe, HO U Ch3/1aBa aJeTOPHIHI
CHMBOJIY, HachpyaBallll WHCTHHKTHBHH WJIM YCIOBHH MOJENHN Ha
peaKIys Ha M3IIBIHATEINTE.

Bcuuko TOBa, KakTO M aHaNIM3bT Ha U3CJEABaHAaTa
JHUTEepaTypa, aBa OCHOBAaHHE Jla Ce HANPaBH AOMYCKAHETO, Ye MPU

JHUPHKAPAHETO Karo HETPEKbCHATO HPOMEHSIIA ce
JKECTHKY/IAIIMOHHA Cpefla, MOCTOSHHUAT OOMEH Ha BHU3yalHa
uHbOpMAIMA  (OUPUTEHTCKH  KECT, MHMHKA....), KaKTo |

KOHTPOJIUPAHETO ¥ 00pabOTBaHETO HA BU3yalIHO BB3IPUETATA
KOMYHUKanus (OT U3IMBIHUTEINTE) OYepTaBaT 0CcoOeHa IICUXUIECKa
peaHOCT, UMalla CBOUTE 3aKOHOMEPHOCTH, pealu3upallli C€ BbB
B3aUMOJEHCTBUETO MEXKIY AMPUIEHT M M3NbIHUTENU. ToBa naBa
Bb3MO)KHOCT JUPWKHPAHETO Jla C€ TbIKyBa B acleKT Ha
NOACh3HATENHA (BU3yajHaTa) KOMYHHUKalUs, KOSATO ,,...NIOBIUSABA
HEBOJIEBO BbPXY €MOLMHUTE W HANIaCUTE€ Ha WU3NBJIHUTENUTE. Ts
aHTaXUpa W BHOOPAKCHUETO, KAaTO CE IIOBHIIABA KPEATHBHOTO
MHCIICHE, Ype3 CTHMYJIMPaHe Ha BCHYKH YacTH B MO3bKa (KOETO
BOJIM 10 TI0-33IbJIOOYCHO TIPSKUBSIBAHE HA  HACTOSILCTO).
EmMonuure BIusAT BbpXy B3MMaHETO Ha pelieHus. Te Bb3aencTBar
Ha PpalUOHAJIHOTO MMCIEHe. BusyanHure Bb3NpUATUS HUMaT
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MOMEHTAJIHO BJIMSIHHUE, 3aI10TO He M3HMCKBAT Ch3HATENHA 00paboTKa
B CpaBHEHHeE ¢ TekcTa™ 2, c. 2].

CBOTBETHO JUPHUTSHTCKUAT JKECT C€ OIpeless Karo
CYreCTUBEH, TOraBa KOraro Kapa  BbOOpaXEHHETO  Ha
M3IBJHUTEIMTE Ja pa0OTH WMHTEH3UBHO, IIPEAM3BUKBA SIPKU
€MOIIMOHAJIHN TIPEKUBSIBAHUS, pPa3KpHBa HOB MHUPOIVIEN WA
obHOBsiBa crapus. Taka 1O} CYreCTHBHH ymorpebu Ha
JIMPUTEHTCKUsI JKECT Ie pa3bupaMe M3MOI3BAHETO MY 3a BHYLIEHHE
WM TpefaBaHe B IMCHXOJMHAMU4Yecka (opMa Ha JIMYHOCTHO-
3HAYMMUTE XapaKTEPUCTHUKH Ha XOPOBOTO 3By4YEHE, ChOTBETCTBAIIN
HA WHMBUIYaTHO-U3ITBIHUTEICKATAa KOHLENIHS U IO MPEeBpbhIIa B
HeBepOanHO  CcpencTBO 3a  oOnlyBaHE Ha  JAUPUTEHTa C
U3IBJIHUTEIICKHS ChCTAB.

Moke jila UMa pa3iIMYHd HUBA, HA KOUTO W3IIBJIHHUTENIST
pearupa Ha TIIO[CH3HATEIHATA KOMYHHKAIMs HAa JIUPUTECHTA.
TIpuunnuTe 32 TOBA MOTAr J1a OBJAT CIIEIHUTE:

e Konko 0obpe obyuen e usnvinumensim (006ycioseH om
3nanus). KokoTo mo-o0y4YeH U OMHUTECH € U3IMBIHUTEIAT -
pa3yuTaiiKd Ha 3HAHUITA CH - TOJKOBA [OBEYE MEBEIHT
mie JedcTBa Bb3 OCHOBA Ha TOBA, KOETO € HAydwa B
COOCTBEHOTO CH JIMYHO OOy4eHHe, IOBeUe MM MO-MaJKo
CH3HATENHO, MPEeHeOpErBaiiki KEeCTOBETe Ha AUPUICHTA.
Toil me ce OTHacs KbM JKECTOBETE IO CB3HATENEH U
pallMOHAaNeH HAauuH U COOCTBEHOTO JMYHO OOydYCHHE Ha
IeBella IPEeJCTaBlsiBA HeroBaTra OCHOBHA OmHOpa B
MY3HKaJIHHUS MPOIIEC.

o Asmopumem u ysadicerue. KOIKOTO HO-TOISIMO YBa)KCHUE
MMa €IUH M3IIBJIHUTE]l KbM aBTOPUTETa HA JUPUIEHTA,
TOJIKOBA I10-CKJIOHEH IIie ObJie TOM/Ts 1a OCTaBU HAacTpaHa
COOCTBEHOTO CH JIMYHO OOydYeHHE/3HAHHME W Ja CH
MO3BOJIM 71a OBblle BPEMEHHO OOYCIIOBEH OT >KECTOBOTO
PBKOBOACTBO Ha JupureHra. ToBa Baxn u 32
BHUCOKOKBATU(HUIMPAHUTE M3IBIHATENN. TPaJUIHOHHHST
He ToJkoBa J00pe OOyYeH H3MBJIHHUTEN-aMaTbop
MOCTOSIHHO ¥ BUHATH III€ ThPCH HAIIBTCTBHE U CUT'YPHOCT,
a TUPUTEHTHT €CTECTBEHO MPEICTABIIABA TO3H ABTOPHUTET.

e Acoyuamusno obyciaesne, OIpPENEICHU IKECTOBE ca
MPEIyCIOBEHN 33 OMNpeNesieH MYy3HKATHOM3IIbIHUTEICKU
MpoIiec, KbICTO HUBOTO Ha OOyYCHHE HAa HW3MBJIHHUTEINS
WIA yBaXEHHETO KbM aBTOPHTETA WMAT I[O-MAaIKo
BIIMSIHUE.

Kakro Bmxmame, nMa penuna (akTopu, KOUTO MOTaT aa
MOBIUSIAT HA CTEIEHTa, M0 KOSTO H3ITBJIHUTENUTE CE€ OCTaBAT Ja
ObaT MOBIMSHUA OT IOJCH3HATENHATA KOMYHHUKAIws. [10-00ydeH
MEeBEI[ BEPOSITHO III€ PErHCTPHUpPa CHUIOTO HUBO HA IMOACH3HATEIHA
KOMYHHKaIUs, HO MOXXe OM HsIMa Ja MO3BOJIM Ja ObJc TMOBIUSIH B
chIlaTa CTeleH.

ToBa e Helo, KOETO € MPUBIAKIO HHTEepeca Ha J[MKCHH
mpe3 1971 r.: , Jluckycusara e nanu BU3yajeH CTUMYJ, HEBUAUM 3a
CH3HATEITHOTO OKO, BCE OIIe MOXE Jia MOBJIUSe HAa YCTAHOBEHO U
nHaye crabwiHo Be3mpusATHe.” [8]. HamemHO € BBE3MOXHO
ObIenuTe U3CIEBAHUS U OTKPUTHS J1a HAMAJSAT HEOOXOAMMOCTTa
OT pasrpaHdUyYaBaHe MEXAy OOy4eHU U aMaTbOPCKU U3ITBIHUTEIH —
e B’LSHCI\;ICTBI/IGTO Ha TaKaBa KOMyHI/IKaLIHﬂ/B'bI}HpI/lﬂTI/Ie (§ rope-
JI0JTy €JHAKBO CHJIHO, HE3aBUCHMO OT 00y4YECHHETO.

3AK/TIOYEHHE

Haii-roisMoTo npequ3BUKaTesICTBO 3a OBbICIIUTE YUCHH €
0e3 CBbMHEHHME JO0 KakBa CTEIEH Morar Ja Ce€ IOCTUTHAT
3a/I0BOJIMTENIHH ¥ M3MEpHUMH e(peKTH OT MOJACH3HATEIHOTO
B3auMoJeiicTBue. B Ta3zu nepcrnektuBa — B OYaKBaHE HAa HAyuyHO
OOOpeHH  OTKPHTHS HECUTYpPHOCTTa JI0 KakBa CTEleH
MOACH3HATEIIHOTO B3aWMOJICHCTBHE HAaWCTHHA WUMa e()EeKTHBHO
,,HECB3HATEIHO BIUSHHUE Ie OCTaHE BBIPOC Ha AcHUHULHSA,
JIOKaTO 3a ONWTHHUs JHPUTCHT BCE OIIe OcCTaBa Oe3CIopeH
eMITUpHYeH (aKT, Ye MOACH3HATEIHOTO B3aUMOJCHCTBHE HAUCTHUHA
MMa BIIMSTHUE BbPXY M3IbIHUTEIUTE.

[lo oTHOWIEHNE HAa CbBMHUTENHATAa U3MEPHMOCT, TPIOBa 1a
ce B3eMar IPeJBHU/L aCIIEKTH KaTo:
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*  COLMAJHO-TICUXOJOTMYECKO BIMAHME (HAmp. Kak
JPYTUTE W3IIBIHUTENM B3aUMOJEHCTBAT COLMAIHO M MYy3HKAJIHO
MIOMEXAY CH);

* acomuaTuBHO  O0ycmaBsHe  (HAamp.
JKECTOBE ca  IPEeIBApUTENHO  OOyCIOBEHH  OT
MY3UKaJTHOM3ITBIIHUTEIICKH IPOIIEC).

Pazbupaemo e, ge Te3u GakTOpy HE ce OLCHABAT JIECHO, U
CIISIOBATEIHO YOBEK C€ CONBCKBA C PEATHOCTTa, TBH Karo
(eHOMEHUTE, KOUTO He ca 0OCKT Ha M3MEpBaHe, HUKOT'a HE MOTrar Jia
Obmar mpuetH kato HayyHu (aktu. [[Hec, 3a chkaieHue, e ce
cOTpCKaMe C TPOMacT MEXOy YOSKIEHHETO, C KOeTO JKHBee
JMPUTESHTBHT, M TOBA, KOETO HAayKaTa TPYIHO MPU3HABA KAaTO BAIUIHO
KOMYHHKaTHBHO SIBJICHHE.

W3kymaBamo e ma ce Hpennoiioku, 4e Ta3d pPeasHoCT
odepraBa O0COOCH BHJ IOACH3HATENHA KOMYHHKAIUs, KOSTO
MIPE/CTaBIIsIBA KOMYHHKAaTHBHAaTa OCHOBAa 3a BCHYKM (OpMH Ha
H3KYyCTBO — KOMYHHUKAIlMS ChC WM 0€3 JyMH, KBIETO KapTHHH,
(dopma, 1BeTOBE, pasMep, TEMIIO, PUTBM, HYIC, 3BYK, JHHAMHKA,
UHTOHAllMd M T.H. Ca CaMHUTe MHCTPYMEHTH, W3IOJN3BaHU 3a
BB3/ICHCTBHE BBPXY Bb3IpHEMAlIMsi. B TO3M acmekT MOXKeM Ja
YCTaHOBHM pa30MpaHeTo, 4Ye IOACH3HATENHATA KOMYHHMKALHUsi U
BE3NPUSTHE HE Ca HUTO HOBO, HUTO PEBOJIOIMOHHO SBJIICHHE.
W3rexxna nmpocto, 4e He € HalpaBeHa BPb3Ka MKy HCTOPHIECKHS
eMITNPH3bM M OTKPHTHATA OT IOCICOHUTE IICHXOJIOTHYECKH U
HEBPOJIOTMYHH H3CIEIBAHUS C TOBA, KOETO JHUPHICHTH U
U3IBJIHUTEIH, TIPESKUBSABAT U pa3OUpaT OCHOBHO HA MOACH3HATEIIHO
HHBO.
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CAMOOIEHKA HA JIMHHOCTHU KAYECTBA HA BBJAELIUTE YYUTEJIA 1O
MY3UKA

SELF-ASSESSMENT OF PERSONALITY TRAITS OF TRAINEE MUSIC TEACHERS

n-p [TanueBa-I'eopruesa A. H.
lymencku yHuBepcurtet ,,Enuckon Koncrantun [IpecnaBeku
[Menaroruyecku daxyareT
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Abstract: The report offers theoretical foundation of the nature of self-assessment in connection with research into the artistic performance
competence of trainee music teachers. Taking into account the specific activities of the trainees, self-assessment is considered an important
factor in the music performance process, which in turn provides interaction with music art. The criteria and parameters used in a
questionnaire for self-assessment of personal and professional qualities are presented. Conclusions are drawn on the basis of the analysis of

the obtained results.

KEYWORDS: NATURE AND CHARACTERISTICS OF SELF-ASSESSMENT OF PERSONAL AND PROFESSIONAL QUALITIES,

TRAINEE MUSIC TEACHERS

1. Yeo0

ChBpeMeHHaTa Iearorniecka peasHoCT Hajlara Bce I10-
BHCOKH M3MCKBaHUS Npex Obaemure npodpecuonamnctu. Bee mo-
pemaBany (akTop 3a YCIEIIHAaTa peajn3alus Ha ObIemuTe
TIEZIar03H Ce SIBABAT HAJIMYHETO KaKTO Ha MPpOo(eCHOHAIHH, TaKka U
Ha JITYHOCTHH Ka4yeCTBa.
Crnenupukara B paborata Ha MY3HKIHUS MeJaror ce
XapaKTepu3upa ¢ TACHO B3aMMOJCHCTBHE Ha MeEJaroruyecka u
MY3MKaJHO-U3IbIIHUTENICKA  JeiiHoctu. B mpomeca  Ha
HeIarorndecko B3aMMOACIHCTBHE, KaTo €IHO OT Hal-YCIICIIHUTE
CpeIcTBa 3a BBEBEXK/JAHE B CBETa Ha MY3HMKAaJIHOTO HM3KYCTBO, CE
ompezmensi ~ MYy3WKUIHOTO  M3IBJIHEHHE.  BwmpockT  3a
e(eKTHBHOCTTa, KAauyecTBOTO M yClexa IpH peaju3upaHe Ha
MY3HKAJTHO-MU3MIbIIHUTEIICKATa IeHHOCT M3BeXk/1a Ha Mpe/ieH IUIaH
HEOOXOQMMOCTTa Ha YYHUTENS IO MY3HKa OT CIIOCOOHOCT 3a
CaMOOILICHsBaHE Ha CAMOTO M3ITBJIHEHHE, KaTO METOJ 32 KOPEKIHs
U TBT 3a YCHBBPLICHCTBAaHE, ,,CHOCOOHOCT Ja ce BIDKAAT
npo0iemMuTe, Bb3HUKBAIIN B ACHCTBUTENHOCT, U Ja Ce HaMupar
HauMHH (METOAM) 3a TAXHOTO e(ekTuBHO pemrerne” [2].
CaMOOILEeHsIBaHETO (nabmionenue, aHaIN3UpaHe,
CpaBHEHHE/TIPOBEPKA) J1aBa BB3MOXXHOCT Ja C€ CBIIOCTABAT
Ka4eCTBOTO Ha M3ITBIHEHHE B HACTOSILIMS MOMEHT M Ka4eCTBOTO,
KOeTo ¢ HeoOXoOuMo, KbM KOETO HMa CcTpeMex. Taka
CaMOOILIeHKara € TMpeanocTaBka W BOAM 1O KOPUTHpaHe,
CaMOpa3BUTHE, CAMOYCHBBPIICHCTBAHE.

2. Covuwnocm Ha u3ciedeanus npoonem

Ilpensun cnemudurara Ha paborara Ha ObaemuTe
YUYHTENIH 10 My3HKa € MPOBEACHO M3CIIe[BaHEe Ha Mpoliema 3a
XYIO)KECTBEHO-M3IIBJIHUTEICKATa KyITypa Ha CTYAGHTUTE OT
crierManHocT ,Jlemarornka Ha oOy4eHHETO IO My3HWKa” B
[Iymenckust yausepcuret ,,Enuckon Koncrantun IIpecnaBcku’.
ExuH  OT KOMIOHEHTHTE B MOJeda Ha  XyI0XKECTBEHO-
HU3IBJIHUTENICKATA KYITypa, apryMEHTHpaH 3a [eJIuTe Ha
H3CIIeIBAHETO, € caMooleHKara [6].

CaMooIIeHKaTa ce OIpe/elisi KaTo ChIIECTBEH KOMIIOHEHT
Ha XapakTepa Ha JHYHOCTTA, JaBa BB3MOXKHOCT 33 OYeHKd HA
cobcmeenume CHOCOOHOCMU, MOMUBU U Yelu HA NoGedeHue.
CyOeKThT CpaBHsBA COOCTBEHHTE CHJIHM U TOCTIDKCHHS CIIPSIMO
OTIPECICHN U3UCKBAHUS M ChOOPA3HO C TOBA CH MOCTABS IEIH U
3amaud. Bb3HMKBA Ha OCHOBAara Ha OIEHKA HA PE3YJITATHTE OT
cobctBeHara neitHoct [4]. Ompexmens ce Karo ,,IICHHOCT,
3HaYUMOCT, C KOUTO JITYHOCTTA CE OMPEJIEIisl ISUIOCTHO U CIPSIMO
OTACJIHHU CTPAHH Ha CBOSATA JIMYHOCT, ACHHOCT, TIOBEICHUE ’; Upe3
Hes Ce Bb3lpHeMa COOCTBEHHUAT YCIeX WM HEyCIex,
JOCTHTHATHTE LIENH CIPsAMO omperneiaeHo HuBo. dopmupa ce Ha
OCHOBara Ha OLIEHKa OT APYTUTE, PE3y/ITaTHTe OT COOCTBEHaTa
JEWHOCT WIM Ha OCHOBAaTa Ha CHOTHOLICHHETO 3a peajHa H
HjleasiHa mpejcTaBa Ha JuaHoCTTa [ 7].

B ocHoBara Ha mpoiieca Ha peann3upaHe Ha My3UKaJTHUS
00pa3 4pe3 JEHHOCTTa Ha MY3WKAIHUS H3MBJIHUTEN, Jlrommra
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ApuUa)kHMKOBa ONpeZens Karo JBa BOJCIIM KOMIIOHEHTa
TBHPCEHETO Ha CPEJICTBA 3a PElIaBaHe Ha XYJO)KECTBEHUTE 3a1adH
U camooyenxama na nocmuenamume pesynmamu [1].

Joxepang Knukmaiin cuura, ye yMEHHETO 3a CaMOOIIEHKa
JlaBa BB3MOXKHOCT Jia C€ MOYYHUM OT COOCTBEHHSI CH OITUT U €
HaYMH 3a YCBHBBPLICHCTBAaHE, 3a IOCTHTaHE Ha YBEPEHOCT B
mporeca Ha U3IbJIHATENCTBOTO [12].

CaMooIleHKaTa ome ce pasniexJa Karo KOMIIOHEHT B
CTpYKTypaTa Ha CaMOKOHTPOJa U CE CBbp3Ba C ,,aHalIHM3a Ha
CHOTBETCTBHE MWJIM HECHOTBETCTBHE HA H3IBIHUTEICKOTO
BBILTBIABAHE C TBOPUYECKHs 3aMuchi” [8].

CamoomeHKara ce XapakTepusupa C ABe (yHKIUH —
MO3HaBaTeNIHa M perynartuBHA. [Ipequ3BukaHa OT camusi CyOeKT
WM OT BBHIIIEH M3TOYHHK, CAMOOLICHKATa Ce SIBSIBA PErysaTop Ha
JeHHOCTTa Ha YoBeKa. PerynaTnBHaTa (yHKIHS ce OCBILIECTBIBA
OnarogapeHue Ha MO3HAHUETO 3a ceOe CU U JPYTHTE.

B crpykrypara Ha caMoOOLlEHKaTa ce BKJIOYBAaT TpPH
KOMIIOHEHTAa  —  KOTHUTHBEH, €MOIIMOHATHO-OLIeHbYCH,
JEeHCTBEHO-TIPAKTHYECKH. KOTHUTHBHUS KOMIOHEHT BKJIIOYBA
3HaHUSA 3a cebe CH, 3a CBOMTE YMEHHsS, CIIOCOOHOCTH.
EMonmoHamHO-OIEHBYHNSI KOMIIOHEHT BKIIIOYBA OTHOIICHHETO
KbM camusi cebe CHM U Cce CBbp3Ba CBhC CTeleHTa Ha
Y/IOBJIETBOPEHOCT WM HEYAOBJIETBOPEHOCT OT COOCTBEHHTE
NEHCTBYS; BKJIIOYBA BB3MOXKHOCT 3a OIIEHKa Ha COOCTBEHHTE
MHHAJIM, HACTOSIIM M OBIEIIN MOCTH)KEHUS] — PETPOCIIEKTHBHA,
aKTyallHa ¥ WHAeanHa. JIeWCTBEHO-IPaKTHIECKHS KOMIIOHEHT
BKJTIOYBAa BE3MOXKHOCTTA JIa C€ JIeiCTBa Ha OCHOBATa HA IBPBUTE
JIBa KOMIIOHEHTa — 3HaHue 3a cebe cu u oreHka 3a cebe cu [10].

BupmoBere camoolleHKa MOTaT Ja Ce OIpPEAeNSAT II0
pasnumunn napamerpu. Cropea HHBOTO caMOOIGHKaTa OuBa
BHCOKa, CpeIHa, HKCKA;, CIIOpe]] CHOTHOIICHHETO C peasiHaTa
YCHEUIHOCT — aJeKBaTHAa W HEaJeKBaTHA; CIOpe] 0COOCHOCTUTE
Ha CTpyKTypara — KOH(QIMKTHa M O€3KOH(IMKTHA; cropen
BpPEMEBHS KpHUTEpHit - MIPOTHOCTUYHA, aKTyasHa,
perpocriextuBHa [7; 9].

B mpomeca Ha 00y4yeHue TpsiOBa na ce 00bpHE BHUMAaHHE
Ha (OopMHpaHEe y CTYACHTHTE Ha aJeKBaTHAa CaMOOIEHKa, THH
Karo Ts OCHIypsiBa ONTHUMAHO pElIaBaHe HAa MYy3HKaJIHO-
TBOPYECKUTE 3aJa4yd, PAlMOHATIHO H3MON3BaHE Ha HAJMYHUS
TEXHOJIOTHYEH  pecypc, CBOEBPEMEHHO  OINpeAeNisHe  Ha
NEepCHEeKTHBUTE 32 pa3BUTHE Ha COOCTBEHATa W3IMBIHHTENCKA
kynrypa [5].

Jlpyra xapakTepuCTHKa Ha CBHIIHOCTTA HA CaMOOIEHKATa
¢ HeiHara jokaimm3anus. CBbp3Ba Ce CbC OTTOBOPHOCTTA Ha
JIMYHOCTTA, CBC CYOSKTUBHOTO OOSCHEHHE HA pE3YATaTUTE OT
coOctBenute aeicteuda. Ilpu pasmiexnaHe Tokanu3alusTa Ha
KOHTpOJIA C€ ONpEeNeNsaT MABa BHIAa — BBTPEIIEH M BHHILIECH
(uHTEpHAaNm W eKkcTepHan). B mbpBuUs ciydail (MHTepHaIU) ce
MpueMa, dYe CIy4BalloTO C€ € CIEICTBHE M 3aBUCH OT
cOOCTBEHHsSI KOHTpPOJ, a BBB BTOpHUSA CIy4ail (EKCTepHaIn)
omnpeneysIIM ca BBHHIIHKM (akTopm u obcrosTencTsa. Tosa
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00sCHsBAa M BIMSHUETO HA JIOKAIU3ALHUATAa HAa KOHTPOJA BBPXY
MOTHBallMOHHAaTa cepa Ha JMYHOCTTa (B KOHTEKCTa Ha
uscrenBaHeTo Ha cryaenrture) [3; 10; 13].

IIpencraBeHuTe TEOPETUUHN MOCTAHOBKHU 32 3HAYEHHETO,
CBIIIHOCTTA, BHAOBETE M XapaKTEPHCTHKUTE Ha CaMOOLCHKAara
JlaBaT OCHOBAaHHE B KOHTEKCTA HA M3CJIC[BAHETO Ja CE HAIpaBsIT
CIISTHUTE M3BOJIH:

- CaMmoomeHKaTa €  CBOIECTBEH  KOMIIOHEHT Ha
JMYHOCTTA, OCUTYPSBAILl OLIEHKA Ha COOCTBEHHTE CIIOCOOHOCTH,
MOCTHKEHHUS, MOTUBH U IIaHUpPaHe Ha ObAeIIUTe JeHCTBUS,

- CamooIleHKaTa € BakeH KOMIIOHEHT B Ipolieca Ha
MY3HUKaJTHO-U3IIBJIHUTEIICKATa JEHHOCT;

- Upe3 ocChb3HaBaHETO HA CYOEKTMBHOTO CBHCTOSHME MO
OTHOIICHHE Ha JIOKAIM3alusATa Ha KOHTPOJA CE OCHTypsBa
BBH3MOXKHOCT 32 IIeICHaCOUCHH JeHCTBUS;

- Haii-nonoxxurenHo BiIMsHHE 3a
JeHHOCTTa Ha JIMYHOCTTa UMaT aJieKBaTHara
CaMOOLICHKa;

- HuBoTO Ha camoOOIeHKa € ONpEeAessIo 3a Mpoleca Ha
(opmMupaHe Ha U3IBIHUTEICKA KyITypa Ha CTYACHTHUTE.

3a menmuTe HAa W3CIEABAHETO HA  XyJO)KECTBEHO-
M3ITBJIHUTEIICKATa KyITypa € MpOBEAeHa aHKeTa 3a CaMOOIICHKa
Ha H. Anekcees, Mopuduipan BapuanT Ha A. ['eopruesa.

AHKeTaTa € HacoueHa KbM YCTAaHOBSIBAaHE Ha  BaKHHU
JUYHOCTHH ¥ NPO(ECHOHAIHHN KadeCTBa M XapaKTEPUCTHKH Ha
CTyICHTHTE, CBBP3aHH C  XyHO0)KECTBEHO-U3IIBIHUTEICKATA
KynTypa Ha ObJeIuTe My3WKanHH nexaro3d. CamMoolleHKara e
Ba)KEH KpUTEpUil (OLIEHKa Ha JIMYHOCTTA 3a cebe cu, CBOHUTE
BB3MOKHOCTH M KadecTBa), KOWTO JaBa BB3MOXKHOCT Jda ce
HalpaBH CHIOCTaBKAa Ha PEATHHTE XapaKTePUCTUKH M TeE3H,
KONTO ca Iel. B To3M cMHCBI TS craBa NpeIIOCTaBKa 3a
KOpPEKIIHsI, CAMOPa3BUTHE U CaMOYCHBBPIICHCTBAHE.

AHKeTaTa € CbCTaBeHa OT JeceT TBbpieHus. Upes
CaMOOIICHABaHE CTYASHTHTE TPsOBa Ja IOCOYaT CTENeHTa Ha
H3pa3eHOCT Ha CHOTBETHOTO TBBPACHHE, KAKBATO MHCIIAT, Ue € B
momeHTa (oTbensnzaHo ¢ O) U cTemeHTa Ha U3Pa3eHOCT, KaKBaToO
MHCIIST, 4ye TpsdBa ma Ob1e (orbems3ano ¢ X). OueHsBaHETO ce
U3BBpIIBA MO jAeceTo0aiHa cuctema. M3umcnsBa ce GainwpT 3a
BCSIKA €HAa OT JEeCeTTe CaMOOLCHKHM (peajHa ¥ JKellaHa) Ha
MOCOYEHHUTE TBHPICHUSL.

C momolnra Ha METOJMKara ce HM3CjeBa CaMOOICHKaTa
Ha CTYICHTHTE KBbM COOCTBEHH IJIMYHOCTHH M TNPO(ECHOHATHI
XapaKTePUCTUKH, CBBP3aHHU C M3IIBIHATENICKATA Ky/ITypa U BaKHH
3a OpJemara My3uKaJlHO-Tiefarorndecka npodecus::

HUBO HA 3HAMUSA, YMEHUSA, KOMNEeMeHMHOCU;

yeepenocm 6 cebe cu;

Pa3BUTUETO "
n  BHCOKa

CamocmosmenHocm,
yenenacouenocm 3a 6voewo pazsumue;
camoopaanu3ayus;

cmpemedic  (ummepec,  dicenamue,  MOMUBU) KM

camopaseumue u meopuecka akmugHoCm,
nosmasawe Ha cebe cu (MWYHU U NPOPecuoHanHU
Kavecmea);
Nnpasunna npeyenka 3a npo@ecuoHaIHama no02omoeKa.

OOpaboTBaHETO Ha PE3YITaTH CE MU3BBPIIBA MO CICAHHS
AJITOPUTHM:

1.Uzuncnssar ce 6anbT Ha peannara ( S a ) U ujeanHaTa
( S p ) camoomeHKa 3a BCAKO €IHO OT JAECETTe TBHPAEHHSI B %
(Bceku 6ax e 10% oT ckayata) ¥ CpeHO 332 BCUYKH (OTHOBO B %);

2.V34ncnsiBa ce CTOMHOCTTa Ha HECHOTBETCTBUE 32 BCIKO
TBBPJICHHUE, T.6. CTCNIEH Ha aJEKBATHOCT Ha CAMOOLCHKara —
pasnMKaTa MeXIy MIeanHaTa M peanHara caMooleHKa (B %): S =
Sa-Sp;

3.Ilony4yeHnTe CTOWHOCTH CE€ HWHTEPIPETHPAT, KaKTO
ciezBa:

-12%<=S<=+ 12% — anexBaTHa CAaMOOIICHKA,
S >+ 12 — HeaJieKBaTHA 3aBHIIIEHA CAMOOIICHKA;
S>-12 — HealeKBaTHA 3aHIKEHA CAMOOLICHKA.
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B cnenBamara Tabnuya Ne 1 ca mpeacTaBeHH BCHYKU
pe3yinTaTti — 3a peajHara M MJealHaTa CaMOOLICHKA, KaKTO U 3a
aJICKBaTHOCTTA Ha CaMOOLICHKATA Ha CTYICHTHUTE.

Taonuua Ne 1
Pesynmamu om camooyenkama Ha IUMHOCMHU U
NPOpecuUoHanHU Kauecmea Ha 6CUYKU U3CTE08AHIU CIYOEeHMU

| kypc 2020 Il kypc 2020 IV kypec 2022 IV kypc 2023

P AL [P AL [P AL | P AR
V1 879 | 94% | A 69% | 92% | H3 77% | 95% | H3 839% | 92% |A
V2 B19% | 87% |A 77% | 85% | A 82% [ 86% | A 83% [92% |A

v3 75% | 94% | H3 77% | 92% | H3 82% | 95% | H3 75% | 83% | A

v4 B87% [94% | A 85% | 92% | A 95% | 82% | 3H 75% | 92% | H3

V5 |94% |B1% |3H |92% |85% | A 86% | 82% |A | B83% |92% |A

Ve 75% | 94% H3 699% | 92% | H3 68% | 91% | H3 759% | 929% | H3

V7 |69% |B7% |H3 | 77% | 92% | H3 | 82% | 91% | A 75% | 83% | H3
V8 |94% |B1% |3H |92% | 77% | 3H | B2% |B86% | A | B3% | 92% | A

|[ve |75 [84w [H3 |62% |92% |H3 |73% |91% | H3 | 75% | 92% | H3

V10 | 81% | 949% | H3 77% | 92% | H3 82% | 91% | A 83% | 92% |A

Jlecenoa: v — evnpoc, P — peanna camooyenxa, M —
uoeanna camooyenka, AJ/] — adexsamnocm na camooyenxkama, A
— adexeamua camooyenka, H3 — neadexeamna 3anuxcena; 3H —
HeaoeKeamHa 3a6uUnuieHda.

Pesynrarute B Tabauya Ne 1 nokassat, 4e npu 47,5 % om
omeogopume CamoOyeHKama Ha U3CNe08aHume CmyoeHmu e
HeadeKeamua 3aHUNCEHA, CEbP3AHA C:

- CBouTe CTpeMeX, >KellaHWe, CIIOCOOHOCTH, KadecTBa
3a 1) camopasBUTHE, CaMOYCHBBPIICHCTBAHE MO OTHOILICHUE HA
H3MBJIHUTEIICKATA KYATYpa U 2) TBOpUECKa aKTHBHOCT;

- Jlugyaute cu W TPO(PECHOHATHH KadecTBa, CBOHTE
3HAHHsI, YMCHUS  KOMIIETCHTHOCTH;

- YBepeHOCTTa B COOCTBEHHTE  HM3ITBJIHUTEICKU
CMIOCOOHOCTH W MPaBUITHATA MPEICHKA M0 OTHOIICHUE Ha CBOSTA
npodeCroHaIHa TOTOTOBKA;

- MoTHBanusATa U KENaHUETO BbB BPB3Ka C MyOTHMYHHUTE
W3SBH, I[EJICHACOUYCHOCTTa TI0 OTHOIICHHE Ha OBICIIOTO
pasBuTHE;

- CBosiTa  CaMOCTATEITHOCT  —
CaMOTIO/ITOTOBKA, CAMOOIICHKA.

Ta3u 3aHMKEHAa CaMOOIICHKAa BEPOSITHO C€ JBIDKU Ha:
JIUIICa Ha yYBEPEHOCT; OTCHCTBHE HA KadecTBa y CTYICHTUTE 3a
MMOCTUTaHE Ha YKEJTaHUs HIealleH pe3yliTar; aHalli3 U OCh3HABaHE
Ha BB3MOXXHOCTHTE BBB BpbB3Ka C H3CIENBAHUTE JIUYHH U
npoeCHOHATHNA KadecTBa; pa3dupaHe Ha HEOOXOMUMOCTTa OT
pa3BHUTHE M YCHBBPUICHCTBAHE B JINYCH M PO(ECHOHAIICH IIIaH.

Ilpu 42,5 % om omeosopume na cmyoeHmume ce
HaoMooasa aodeKkeamHoCcm no OMHOUleHUe HA: YCBOCHUTE
3HAHUS, YMEHHsI, KOMIIETEHTHOCTH; CAMOYBEPEHOCT U MO3HABaHEe
Ha cebe cu — JMMYHH, MPO(HECHOHATHH KadecTBa U IMOITrOTOBKA;
CBOUTE JKENaHWs WM MOTHBH 32 Pa3BUTHE, YCHBHPIICHCTBAHE U
peanm3anus.

Heaoexeamuume 3asuwienu camooyenku ca 10 % —
CBBP3aHH C YBEPEHOCT B CIIOCOOHOCTTa 3a H3ITBJIHUTENICKA
JNEWHOCT ©  CIHOCOOHOCTTa 3a HEHHOTO CaMOOIICHSBaHE,
KOMYHUKAaTHBHHUTE KadecTBa. BeposTHO Ta3M HealeKBaTHOCT €
CBbp3aHa C HAJALCHABaHE Ha COOCTBEHHTE KauyecTBa U
CcrocOOHOCTH U HEOCHh3HABAaHE HAa M3MCKBAHUATA U IpoliemMure
Ha M3ITBJIHUTEIICKATa ICHHOCT B KpallHHA eTal Ha 00ydYcHHE.

Ot paunute B Tabnuya Ne 1 ce BWxKIa, ye HEaJeKBATHO
3aHW)KEHATa CaMOOILICHKA Ha M3CJICIBAHUTE CTYICHTH € CBhp3aHa
MPEIUMHO C TAXHATa 00Ia My3HWKaJIHA KYITypa U TOTOBHOCT 32
My3uKaJHa ¥ ydyeOHa  ummnpoBusanus.  Haii-anexkBatHo
npeleHsBar cebe CH 1Mo OTHOLICHHE Ha HHTepeca U MOTUBALIMATA
3a MyONMYHO W3MBJIHEHHE, U KOMYHUKaTUBHHTE CH KauecTBa C
ayauropusara. Hali-HuckUTe CTOMHOCTH 3a peajHara caMOOLEHKa
Ha CTYJICHTHUTE Ca BbB BPB3Ka C HUBOTO Ha 00IIaTa MM My3HUKaJIHA

caMoopraHu3zanus,
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KyITypa, TeXHHYecKaTa IOATrOTOBKAa, pemeproapa, apTHCTH3MA,
TOTOBHOCTTA 3a MMIIPOBM3allMs, a Hal-BUCOKUTE CTOMHOCTH 3a
pAeanHaTa CaMOOIIGHKAa Ca CBbpP3aHH C OKEJIAHHETO 3a
YCHBBPILCHCTBAHE HA H3IIBJIHUTEICKATa KYNTYpa, YCBOSIBAHETO
HAa HOBM 3HaHWS, YMCHHs, KOMIICTCHTHOCTH, YBEPEHOCTTa B
CIIOCOOHOCTUTE 3a W3IBIHUTEICKA JIEWHOCT, T'OTOBHOCTTa 3a
HMIPOBH3MPAaHE, HHBOTO Ha o0O0Ia My3WKalHa KYITypa,
CaMOIIOITOTOBKATa.

JluHamuKaTa Ha pa3BUTHE Ha HU3CIIEIBAHUTE CTYACHTU
BbB BpB3KAa C TAXHara CaMOOLEHKA Ha JIMYHOCTHH |
npod)eCHOHAIHM ~ KauecTBa, CBBP3aHH C HU3IBJIHHUTEICKATa
KyJITypa, € OTpa3eHa B quarpamara Ha @ueypa Ne 1:

AfeKBaTHOCT NO Kypcose

I kypc IV kypc Il kypc IV kypc
2020 2023 2020 2022

Ma WH3 W3H

Due. N 1: Jlunamura Ha camooyenkama wa cnyoenmume om I,
11, IV kype 2022 u 1V kypc 2023 2.

AHanM3pT HAa  NPEACTABEHHTE  JAaHHHW, CBBP3aHU  CBC
CaMOOIIeHKaTa Ha CTYJCHTHTE, J]aBa OCHOBAaHHUE Ja ce 00o0mIiIT
CIICTHUTE H3BOJIH:

1.Ilpu cenocraBsHeTo Ha pesynrarure Ha [-IV n II-IV
Kypc ce Ha0NIonaBaT MOJIOKUTEITHH TEHACHIUM — HapacTBar
CTOMHOCTHTE 3a aJeKBaTHUTE CaMOOIIEHKM U HaMaisiBar
CTOWHOCTHTE 3a HEaJeKBaTHHTE 3aHIDKEHH CaMOOLEHKH. Te3n
TPOMEHH ca TO-5ICHO M3pa3eHu NpH cpaBHeHueTo Ha [-IV kypc
(KBIETO ¥ HUBOTO HA HEaJIeKBAaTHHU 3aBUIIICHN CAMOOIICHKH CITafa
0 Hyna) U mo-ciabo ce ycraHoBsBar npu II-IV kypc (kpmero
HUBOTO Ha HEaJEeKBaTHHW 3aBHIICHH CaMOOIIEHKH C€ 3ala3Ba).
Bernpekn Tasm  MONOXKWTENHA ~TEHAEHHIMS IIPU  OKOJIO
MOJIOBHHATA CTYACHTH B IV Kypc ce HaOmrogaBaT HeaJeKBaTHU
3aHIDKEHH CaMOOLleHKHM. ToBa TIOKa3Ba, ue Te 3asBsiBar
HEyBepeHOCT,  KoyiebaHWe, HEJOCTaThYHO  pa3BUTHE  Ha
JMYHOCTHHTE ¥ NPO(ECHOHATHN KauyecTBa B eTana Ha oOydeHUe
WM HapacTBaHEe Ha M3HMCKBAHUATA KbM ceOe cH (BBB BPB3Ka C
TIPOMEHEHNTE TT0-BUCOKH IIEJIN U KPUTEPHUH).

2.Tesm pesynTaTn [aBaT OCHOBaHHME JOa C€ HAcO4H
BHIUMAaHHETO KBbM IIOBHIIABaHE Ha  aJEKBaTHOCTTa Ha
CaMOOLIeHKaTa Ha cTyaeHTuTe. HeoOXomumo e na ce MOThpesAT
pazimanu hopmu Ha paboTa 3a:

- HachbpyaBaHE Ha YBEPEHOCTTA,;

- MAakCUMajlHO  pa3BUTHE Ha  JUYHOCTHHTE U
npodecHOHANTHI KadecTBa B Ipoleca Ha o0ydeHue;

- pa3BUBaHE Ha CIIOCOOHOCTHTE 3a MO3HaBaHe Ha cebe cn
W CBOMTE KauecTBa, BB3MOXHOCTH, 3HAHUS, yMEHUS,
KOMIICTCHTHOCTH,

- TIOCTHTaHEe Ha BB3MOXHO Haif-moOpm pe3yiararu BB
BPB3Ka C MOCTABEHHUTE MO-BUCOKH [ETH ¥ KPUTEPHUHL.

[loBuinaBaHeTo Ha  aJeKBaTHaTa CaMOOLICHKA €
NpearnocTaBka M ChACHCTBA 3a e(QEKTHMBHOTO pellaBaHe U
npeosoisiBaHe Ha mpobieMHu npodecronantu cutyanuu [11], 3a
aKTUBHA, IieJleHacoueHa paboTa B Mpoleca Ha yChbBBPIICHCTBAHE
Ha U3IBJIHUTEIICKATa KYIATYypa.
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3. 3axnwuenue

HpOBeI[eHOTO HN3CJICABAHC Ha CaMOOILICHKaTa Ha CTy,I[eHTI/ITe
€ OT CBbIICCTBCHO 3HAYCHUEC 3a ISIJTIOCTHO HpquBaHe, CB’bp3aH0 C
np06neMa 3a (bOpMI/IpaHe Ha XyL[O)KeCTBeHO-H?;H'I;J'IHPITeJ'ICKa
KyATypa Ha ObACIINTE YUUTEIH IO My3HKa.

AHamM3bT Ha YCTAaHOBEHHMTE PE3YJITaTH M IPEICTABCHUTE
HU3BOAM MoOrar Jga IIoCayKaT Karo OCHOBa B IIpouleca Ha
HpO(I)eCI/IOHaJ'IHaTa IOArOTOBKAa Ha KOMIICTCHTHH CICIHAIUCTH,
CTpeMHI_III/I C€ KbM JIMYHOCTHO U HpO(bGCI/IOHaJ'[HO CaMOpa?,BPITPIC
U CaMOyC’bBT)pH_IeHCTBaHe B IIBTA CH Ha 1/13rpa>1<z1aHe Karo
My3I/IKaJ'IHI/I reaarosu.
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A Data-Driven Perspective on Demographic Changes in Veliko Tarnovo (1878-2024)
Using Power Bl
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Abstract: This study presents a data-driven exploration of the demographic evolution of Veliko Tarnovo from 1878 to 2024. By compiling
population data from official census records and statistical yearbooks, the project builds a unified dataset covering nearly 150 years of
urban development. The analysis focuses on population dynamics by gender and total population growth, identifying key periods of
expansion and decline. The visualizations were developed using Power Bl, providing an interactive and intuitive dashboard that enables
users to explore trends, compare periods, and observe long-term demographic shifts. The study highlights a sharp population increase
during the socialist era (1950s-1980s), followed by a significant decline in the post-1990 period, interpreted in the context of socio-
economic transformations and migration processes. The research offers both historical insight and a modern methodological approach,
demonstrating how business intelligence tools can be effectively applied in urban demographic analysis and digital heritage projects.

Keywords: VELIKO TARNOVO, URBAN POPULATION, POWER BI, HISTORICAL DATA, DATA VISUALIZATION, BUSINESS
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1. Introduction

Understanding long-term demographic dynamics is essential for
planning, cultural heritage studies, and sustainable urban
development. This project explores the historical population
changes in the city of Veliko Tarnovo, Bulgaria, covering the period
from 1878 to 2024. By collecting and transforming official census
data into a unified dataset, we used Power Bl for visual analysis and
storytelling. The result is an interactive demographic dashboard that
enables the identification of historical population peaks, gender
distribution patterns, and shifts in governance structures over
different periods. This data-driven approach facilitates a clearer
understanding of local historical trends and also demonstrates the
potential of modern digital tools in preserving and interpreting
urban demographic memory. The findings provide valuable insights
for historians, urban planners, and educators, presenting a model
suitable for similar studies in other historical cities. This study is
guided by the following research question:

How can historical census data for Veliko Tarnovo (1878-
2024) be transformed and visualized using Power Bl in order to
reveal key demographic trends and support data-driven
storytelling?

2. Problem discussion

Demographic data often exist in different unstructured formats,
stored in static documents or placed across various institutional
sources. In the case of Veliko Tarnovo, historical population
records dating back to the Liberation of Bulgaria (1878) are
accessible primarily through archives and periodic census
publications [1]. These materials include early statistical books
published by the General Directorate of Statistics, which are now
digitally available as scanned documents. However, many of these
publications were produced in inconsistent formats, often without
structured metadata or standard terminology.
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Fig. 1 Title page of the General Results of the Population Census in the
Kingdom of Bulgaria, 1905 [1]
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Figure 1 presents the title page of the General Results of the
Census of the Population in the Kingdom of Bulgaria, dated 31
December 1905, published in 1911 by the State Printing House.
This and similar sources were used in the initial data collection
phase of the study.

Despite their historical value, such records lack an integrated
structure, preventing a integrated analysis of long-term
demographic trends, gender distribution, and shifts in governance.
To the best of our knowledge, no unified system or publicly
available platform has been identified that consolidates, cleans, and
visualizes demographic data for Veliko Tarnovo over the entire
period from 1878 to the present. This limits the ability of
researchers, educators, and policymakers to interpret patterns of
population growth, decline, and social change in a meaningful,
interactive way.

3. Objective and research methodologies

The main objective of this study is to compile, structure, and
visualize demographic data for the city of VVeliko Tarnovo, covering
the period from 1878 to 2024. The project aims to transform static
historical records into an interactive digital format by leveraging
Power Bl [2] as a tool for data modeling, exploration, and
storytelling. The main goal is to provide a clearer understanding of
urban population dynamics and gender distribution across
significant historical periods, using a digital approach that supports
both analytical depth and accessibility.

The research methodology follows a structured, multi-step
process [3]:

Data Collection: Historical data were gathered from official
publications of the National Statistical Institute (NSI) of Bulgaria
and archived census reports. The majority of the sources were
available as scanned statistical yearbooks and census tables, which
required manual transcription into tabular format. Inconsistent
formatting across sources and missing metadata posed challenges in
extracting accurate and comparable values.

Data Structuring: The raw population data were cleaned,
normalized, and integrated into a unified dataset, designed to
support consistent analysis across multiple decades. A simple star
schema model was constructed, comprising a fact table for
population values and dimension tables for gender and year. This
structure allows for effective filtering, comparison, and aggregation
of data over time.

Visualization and Modelling: Power Bl was used to build an
interactive dashboard containing dynamic filters (slicers), time-
series charts, and categorical comparisons by gender. The visual
layout was designed for intuitive navigation and immediate insight.
Custom DAX formulas were developed to calculate relative
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population shares and ensure robust calculations across different
time slices, even in the presence of incomplete data.

Exploratory Analysis: Through visual interaction with the
dashboard, key demographic patterns were identified such as
growth periods, post-war declines, gender imbalances, and turning
points linked to social or political change. The use of interactive
charts facilitated deeper examination of demographic transitions
that are less visible in static tables.

This methodological framework combines manual historical
data processing with modern business analytics tools, offering a
replicable approach that can be applied to other historical cities and
demographic datasets.

4, Results and visualization

The demographic analysis of Veliko Tarnovo for the period
1878-2024 is presented through a series of visualizations developed
in Power BI. The dashboard provides an overview of long-term
population trends, gender-based distribution, and temporal
variations across census years. These visual representations support
a deeper understanding of the demographic transformations in the
city and illustrate the potential of interactive tools for interpreting
historical statistical data.

The demographic data for Veliko Tarnovo (1878-2024) used in
this study were manually compiled from archival sources and
official statistical publications provided by the National Statistical
Institute of Bulgaria. Since the original records were available in
inconsistent formats and scattered across multiple documents,
considerable effort was required to extract, verify, and normalize
the data into a coherent structure. The final dataset includes total
population values, gender breakdowns, and standardized time
dimensions, ensuring consistency across all census years. In
addition, several calculated indicators were developed in Power Bl
to highlight demographic trends and improve the interpretability of
the visual analysis.

The underlying data model was organized using a classic star
schema approach, consisting of fact tables for population metrics
and dimension tables for time, gender, period type, and source
metadata (see Fig. 2). This structure was selected due to its proven
effectiveness in supporting fast, scalable, and flexible analytical
queries, especially within business intelligence environments [4, 5].
The separation of facts and dimensions enables dynamic filtering,
aggregation across time slices, and the creation of reusable DAX
measures for relative comparisons such as gender share or
population growth.
[2) dim_sources (2] fact total_population -

(8] dim_pericd

Fig. 2 Power Bl data model for visualizing demographic trends

The population data for Veliko Tarnovo from 1878 to 2024
reveal several distinct phases of demographic change (see Fig. 3).
Following the Liberation in 1878, the town had 11,314 inhabitants,
with relatively slow growth throughout the early decades of the 20th
century. By 1946, the population had reached 16,223. A notable
increase occurred after 1946, driven by industrialization, internal
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migration, and state policies during the socialist period. This growth
peaked in 1991 with 74,165 residents.

Since 1992, the population has been steadily declining,
influenced by economic transition, negative natural growth, and
migration trends. Despite short periods of stabilization in the early
2000s, the downward trend continued, and by 2024, the population
has dropped below 60,000. The visual representation of this long-
term demographic trajectory allows for a clearer understanding of
the turning points and structural shifts over time, making it easier to
interpret complex patterns in historical context.

Total Population by Year (1878 - 2024)
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Fig. 3 eliko Tarnovo total population by year (1878 — 2024)
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Figure 4 presents the proportion of female and male population
over time, based on historical census data. Throughout the entire
period, the female population consistently remains slightly above
50%. The visualization highlights the relative demographic stability
in gender balance, with only minor deviations around the mid-20th
century.

Total population by gender %
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Fig. 4 \eliko Tarnovo total population by gender %

The percentage values were calculated using a custom DAX
measure in Power Bl, designed to compute the share of each gender
relative to the total population for each year.

@ % Population = DIVIDE(
SUM(fact_gender_population[population]),

CALCULATE(SUM(fact_gender_population[population]),
ALL(dim_gender)))

The formula applies the DIVIDE function to ensure accurate
and robust calculations, even in cases with missing or zero values,
and uses the ALL function to remove any gender-based filters and
provide a normalized comparison across time.

Figure 5 presents the total population by gender and year for the
period 1990-2024. The use of gender-specific icon filters at the top
of the report enhances user interaction by allowing for intuitive
switching between male and female population trends. Additionally,
a time slider enables dynamic filtering of the data by vyear,
facilitating focused temporal analysis of population changes. This
visualization supports comparative analysis and highlights long-
term demographic tendencies. Notably, the population of both
genders follows a relatively stable trajectory until the early 2020s,
after which a noticeable decline can be observed. The clarity of the
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layout and the interactive features contribute to the accessibility and
interpretability of demographic data.

00

Total Population by Gender and Year
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Fig. 5 Veliko Tarnovo total population by gender and year

In summary, the visuals in this section offer a comprehensive
and accessible overview of Veliko Tarnovo’s demographic
development across nearly a century and a half. By combining
historical data with dynamic indicators, the charts highlight key
population trends and gender dynamics. These results not only
support the analytical objectives of the study but also demonstrate
the effectiveness of data modeling and visualization tools in
uncovering meaningful patterns within historical demographic
records. Interactive visualizations enrich the interpretation of long-
term demographic patterns and reflect established academic
principles regarding the value of graphical methods in historical and
behavioral research [6].

5. Key findings and discussion

Figure 6 presents the main output of this study an interactive
demographic dashboard that integrates multiple dimensions of
historical population data for Veliko Tarnovo (1878-2024). The
visualization combines total population trends, gender distribution,
and governance periods into a unified visual framework. This layout
enables users to explore the city’s demographic evolution in a
comparative and intuitive manner, highlighting key turning points
and long-term shifts. The interactive dashboard also acts as a visual
summary of the research findings, bridging historical data with
modern interpretation.

A Data-Driven Perspective on Demographic
Changes in Veliko Tarnovo (1878 - 2024)

¥ 4

The dashboard highlights a sequence of demographic
transformations in Veliko Tarnovo, marked by key historical
milestones. After the Liberation in 1878, the city had 11,314
inhabitants, and growth in the following decades remained
relatively moderate. By 1946, the population had increased to
16,223. This restrained expansion during the pre-socialist era may
be attributed to the decentralized nature of economic development.
Local communities relied on agriculture, animal husbandry, and
traditional crafts, supported by targeted rural development policies.
Although Veliko Tarnovo held administrative importance, it did not
attract substantial migration inflows. A major demographic shift
occurred during the socialist period, driven by state-led
industrialization and urbanization. The policy of centralizing labor
resources in urban centers prompted significant internal migration
from villages to towns. As a result, Veliko Tarnovo’s population
grew rapidly, peaking at 74,165 in 1991. In the post-socialist period,
however, this trend reversed due to political and economic
uncertainty, emigration, and declining birth rates. By 2024, the
city’s population had declined to 59,870. These long-term changes
reflect broader national trends in Bulgaria, including socialist-era
urbanization followed by external migration and population aging

[7].

Gender distribution remained relatively balanced throughout the
observed period, with only minor fluctuations. The dashboard
supports comparative analysis between census years, highlighting
structural shifts related to wars, regime changes, and administrative
reforms. Power Bl enabled a multi-dimensional exploration of the
data, allowing users to apply filters, visualize time-series trends, and
identify inflection points in the city’s demographic evolution. This
interactive approach fosters both quantitative insight and
interpretive depth, enhancing the capacity of researchers and
educators to engage with long-term historical processes.

Beyond numerical analysis, the visualized data provides
valuable context for cultural heritage studies and sustainable urban
planning. Understanding the evolution of population size and
structure across key historical periods from the post-Liberation era
to the post-socialist transition enables more informed decisions in
heritage preservation, educational programming, and regional
development. The ability to trace demographic change across nearly
150 years deepens our understanding of the socio-historical identity
of Veliko Tarnovo and illustrates the value of interdisciplinary
research at the intersection of history, data science, and urban
studies.
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Fig. 6 Interactive Demographic Dashboard of Veliko Tarnovo (1878-2024): Population Trends, Gender Distribution, and Governance Periods

81



Technics. Technologies. Education. Safety. 2025

6. Conclusion

The presented visual framework provides a long-term overview
of the demographic evolution of Veliko Tarnovo from 1878 to
2024, highlighting both total population dynamics and gender
distribution. By integrating historical data into an interactive
dashboard in Power BI, the project demonstrates how business
intelligence tools can be successfully applied in the analysis of
historical processes. The visualizations allow for an accessible and
comparative interpretation of demographic shifts, which would be
difficult to extract from traditional tabular records alone.

This study offers a model for digital transformation in
historical-demographic research, combining archival data with
modern visualization techniques. It reveals how periods of growth
and decline align with political and socio-economic transitions, thus
enhancing the contextual understanding of population dynamics.
The dashboard also holds value as an educational and
communication tool, supporting further use in schools, local
museums, and community heritage initiatives.

In future work, the model can be expanded with additional
indicators, such as age structure, migration data, or educational
levels, provided that such information becomes available. A
comparative analysis with other historical cities in Bulgaria could
also offer valuable regional perspectives. Ultimately, this project
highlights the potential of data-driven storytelling for preserving
and communicating local history in the digital age.
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CBbBPEMEHHHU OBPA30OBATEJIHU U ITPO®ECUOHAJIHO-ITPUJIO’)KHU METOIN
IIPU OBYYEHUETO HA CTYAEHTUTE 110 XOPOBO INIEEHE N ITUPUKNPAHE

MODERN EDUCATIONAL AND PROFESSIONAL-APPLICATION METHODS IN
TRAINING STUDENTS IN CHORAL SINGING AND CONDUCTING

Hristo A. Atanasov

PE3IOME: [lokiada e HACOYeH KoM PASKPUSAHE HA UHMEPAKMUSHAMA CbUJHOCH HA XOPOBOMO NeeHe U OUPUNCUPAHE, KAMO CILONCHA
MY3UKQATIHA NPAKMUKA, KOSMO GKAIOYEA HADOP OM 3HAHUS, YMEHUs U KOoMnemeHnyuu. Buumanuemo ce nacoueéa KoM NpUIA2AHEMO HA
o0bpazosamenty u npPo@eCcUOHATHO-NPUTONCHU MEemoou npu paboma ¢ Xop Om CmyOeHmume npu O0OYYeHUemo um no Xopoeo NeeHe u
oupudicupaHe, KOemo ce Hauaea om eCmecmeomo Ha My3UKAmTHO-UNbIHUMENICKUme 0elHoCcmu (neguecku U UHCMpYMeHmaninu) é 6voewama
UM pabomu 6 yaca no My3uka yuuiuuge, KOumo 6 no-201amMama cu 4acm ca KONeKmuGHU OeiHOCU.

K/IFOYOBH JYMH: HHTEPAKTUBHO OBYYEHUE, METOIH, TEXHOJIOT MU, JUPH)KHUPAHE, B3AUMOJEVCTBHE,

ABSTRACT: The report is aimed at revealing the interactive nature of choral singing and conducting, as a complex musical practice that
includes a set of knowledge, skills and competencies. Attention is drawn to the application of educational and professional-applied methods
when working with a choir by students in their training in choral singing and conducting, which is required by the nature of the musical-
performing activities (singing and instrumental) in their future work in music classes at school, which are mostly collective activities.
KEYWORDS: INTERACTIVE LEARNING, METHODS, TECHNOLOGIES, CONDUCTING, INTERACTION,

Enna oT BaykHHTE 001aCTH B pa3BUTHETO Ha ChBpEMEHHATa
My3MKaJHa KyJlITypa € 3ala3BaHeTO M YyChBBPUICHCTBAHETO Ha
TpaJULMUTE HAa  MY3MKQJHOTO H3IBJIHCHHE, BKIIOYHTEIHO
XOpOBOTO, KOETO HE OM MOTJIO Ja ce MOCTUTHE Oe3 mpodecrHoHaTHO
oOpa3oBaHWe W TOATOTOBKA HA JUPUTEHTH (XOpMaicTopm),
YUYHUTEIH 110 MYy3HKa, PHKOBOJUTENN Ha MY3UKAJTHO-U3IBIHUTEIICKH
rpynu.

IIpodecnonannoro oOyueHHe Ha OBICIIM JUPUTCHTH U
PBKOBOJIUTENN HAa MYy3UKaJIHO-U3ITBIHUTEIICKA ChCTABH € CIOXKEH H
MHOTOCTPaHEH IMPOLEC, BKIIFOYBAIL KAKTO MPUJOOUBAHETO HA TOJIAM
o0eM 3HaHHs, YMEHHS U CIIOCOOHOCTH, TaKa U JINYHOCTHO Pa3BUTHE
Ha My3HMKaHTa, IIPU3BaH Jla CTaHe yYUTeJl Ha TBOpYECKa IpyIa, Ja s
PBKOBO/IM, Jla OTKPHE 3HAYMTEIHH TBOPYECKH MEPCHEKTHBH Ipen
YJICHOBETE M, Ja Ch3Aaje rpymna, oOefMHEeHa OT OOLIM TBOPYECKU
CTPEMEIKH.

Cpen n3BeIeHNTE METOJM W TOIXOIM Ha O0YUEHHETO IpU
MOATOTOBKATa HA JWUPUTCHTCKUTE KaapH ce 000co0sIBaT TIJIaBHO
pedhnexcusno-npakmuyeckusi nooxoo (Schon, Parsons and Brown),
rkomynuxamusHus nooxoo (Ehnann, Stanton, Thomas, Roe, Busch
Decker and Kirk, Kaplan, McElhern, Wis, Durrant), acoyuamuenus
nooxoo (Lakoff and Johnson, Poggi, Brim & Brim, U. A.
LlossiHOBa) abcmpakmuo-obpaznust nooxod (Wis,) unmepaxmuenus
nooxoo (Jean Molino, Lizz Garnet) pegaexcusno-npaxmuueckus
nooxoo [Ehmann, W. Choral directing. Minneapolis, Minnesota:
Augsburg, 1968]. Bceku JUPUreHT MOCTUTA CBOUTE apTUCTHYHH
BIDKIIQHUST 4pe3 OIpE/eNIeH0 HHMBO M KayecTBO Ha JIMYHATA CH
JIMPUTeHTCKa TexHUKa. To3u (akT, 3aTpydHsABa OIHUTHTE 1a Ce
KIacuUIMpaT, aHATOMU3HUPAT, aHAIU3UPAT BCHYKU BapHaHTH Ha
JMpUreHTCKuTe kectoBe. C eIHAaKBa CHJIAa TOBa BaXH M 3a
W3CJICABAHUATA W TNPOYYBAaHUATA Ha IMOAXOJHUTE, NPUHLHIHNTE U
METOAUTE Ha O6yquI/leT0 U MOAroTOBKaTa Ha AJUPUICHTHUTE BbHB
BHCILIUTE YUHIIMINA - YHUBECUTETH, KONEXH U T.H. [7].

W T KaTo y4yMTeNAT 10 My3MKa B I€Jarorudeckara cu
JIEeWHOCT ChBMeCTsBa (YHKIMUTE Ha MpenojaBarell, IWPUTEHT
(xopmaiicTop) M MY3HKaHT-M3IIBJIHUTEN TOH ce NpeBpblIa B
HLompexensny  Qakrop B mpolieca Ha  B3aMMOJEHCTBHE  C
MY3HKaJIHOTO M3KyCTBO M HpH (OpMHpaHEe Ha My3WKalHa KyJITypa
Ha oOyyaBaHute” [6]. B TO3M acmekT HOBHSAT MPOYHT Ha
TPaJANIIMOHHUTE METOJH Ha MpPEeNojaBaHe, KAKTO U KOMOWHAIUATA
HM CBhC C'])BpeMeHHI/ITe neaarorudeCKu TEXHOJIOIrMu U METOAH HpI/I
paboTa ¢ XOp JaBa BB3MOXKHOCT Ha YUYHTEISIT-AUPUTEHT Ja
dopMupa U pa3BMBa YCTOMYMB IIO3HABaTEJICH MHTEpEC Ha
YUCHHUIUTE KaKTO W HWHTEPaKTUBHA oOOpa3oBaTelHa Ccpexa B
MIPOCTPAHCTBOTO Ha B3aMMOAEIHCTBHE ¢ My3HKAIHOTO H3KyCTBO.

VMeHHO M3yJaBaHETO W OBIASIBAHETO Ha XOPOBOTO IIECHE
W IUPWKUpAHE JaBa BB3MOXKHOCT 3a ()OpMHpaHe Ha 3HAHUS H
YMEHHS OTHOCHO IIOCTOSIHHO YCBBBPLICHCTBAaHE Ha y4EOHHAT

83

IPOIIEC, YCBOSBAaHE Ha INpPHUMEPU OT MY3MKaJIHOTO TBOPYECTBO,
MOTy4aBaHE HA CIEHUAIHH HCTOPUKO-TEOPETHYHH  3HAHUS,
JONPHHACAIIN 3a My3HWKallHaTa KyJITypa Ha OBbJIeIIus My3UKaleH
Hearor.

[lpu oOydeHwmero Ha OBJCHIMTE MEAArO3U IO MY3HKa
»-..AKTUBHOCTTA Ha CTYAEHTUTE, ChCPENOTOUCHA BPXY TPUTE TUIIA
[IO3HABATEIHU IPOLECU: BU3YalleH, CIYyXOB U KHHECTETHUYCH Ce
OCHOBaBa Ha BCHYKU BUJIOBE aKTUBHOCT: OOIyBaHe, W3CICIBaHE,
[O3HaHHUEe, IPAaKTHYECKO MpUIIoXKeHue...” [2] W H3UCKBa IpHU
OCBIIECTBABAHETO Ha 00pa30BaTEIHUS MPOLEC Ja Ce MPHIaraT Tpu
OCHOBHH TPYNH Memoou. obpazosamentu, UHMEPAKMUGHU W
npogecuoHanHO-NPUNIONICHU.

1. O6pasoraresnn metoan.
DopMupaHeTo Ha XOPOBA U3ITBIIHATENICKA KYJITypa €

IBIITa W cTapaTelHa paboTa W ce pealn3upa B KOMIIPECHPAHO
BPEMEBO MPOCTPAHCTBO. TOBa Hajlara ThPCEHETO Ha IeNechO0pa3Hu
dbopMH Ha opraHu3anMsA Ha Y4eOHUS MPOIEC, TapaHTHPALIH O-
IIBJIHOLIEHHOTO YCBOSIBaHE Ha y4eOHOTO ChIbpIKaHKE,
CTUMYJTHpAITH MUCJIOBHHUTE JIEHHOCTH, O ITOMaraiu
caMmoperynanusTa U Pa3BUTHETO HA JUPUTEHTCKUTE U XOPOBO-
W3IBIHUTEIICKUTE CTIOCOOHOCTH Ha CTYACHTUTE. 3a MMOCTUTAHEeTO Ha
MOCTaBEHUTE IIENH M €(PEKTUBHOCTTAa Ha TO3H MPOIEC LIMPOKO Ce
M3M0J3BaT 00pa30BaTENTHH METOIH, KOUTO 3HAYHTEIHO aKTHBHPAT
OBIIA/IIBAHETO W 3aTBBP)KIABAHETO Ha JUPUTCHTCKUTE U XOPOBO-
M3MBIHUTEIICKUTE YMEHHS Ha CTYJICHTHUTE, JaBaT HOB CTUMYJ Ha
TBOpYECKaTa KOJIEKTHBHAa paboTa, ch3maBaT arTmocdepa Ha
ChTpyAHMYECTBO. Upe3 Te3w MeTOAM NpOLEechT Ha y4eHe ce
HAacoyBa HE €aMO KbM YCB0s8aHe HA onpeoenen U0 3HAHUA U
VMeHus, HO M KbM HAuUuHume Ha msaxuomo npuiazare. Herosara
TBOpYECKAa HACOYEHOCT OCHTYpsIBa yC106usA 32 aKTHBUpPAHE Ha
CH3HATEITHOCTTA M CAMOCTOSATEIHOCTTA Ha 00yJIaeMHUTe.

[Ipu oOydeHmeTo Ha CTyIEHTUTE, OBICIIN MEAaro3u 1o
My3HKa, Te31 00pa30BaTEeIHU METOIH JETEPMHUHHPAT YCIOBHATA 32
U3TPaKAAHETO HA YMEHUsL OMHOCHO.

® 0671a0A6aHe HA HOBO 3HAHUe, KATO Pe3yiaTaT OT
npeoOpa3yBaHETO W PEKOHCTPYMPAHETO Ha HAIMYHUTE 3HAHUS Yy
CTYIIEHTa Ha OCHOBA HA JIMYHUS OITHT;

®  U3N0N36AHe HA  061AOCHU 3HAHUSA U YMeHUus OT
U3y4aBaHUTE JUCLUIUIMHA U 0000INaBaHETO M M3IMOJI3BAaHETO MM
TP PEIIaBaHETO HAa KOHKPETHH 3a/1a4H;

® camocmosmenHo — mMvpCeHe  HA - UH@OpMAayus,
YCBOSIBaHE Ha HOBUTE 3HaHMS, U3C/IeBaHEe HA (paKkTUTe, IpaBeHe Ha
HM3BOJINTE M 0000IIECHUATA;

® camMocmosmenHo  63eMaHe HA  peuleHus i
,,OTKpHBaHe* Ha HOBM HAUWHM Ha AEHCTBUSA U KOHKPETH3UpAHE Ha
3HAHUATA;
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® pasbupane Ha BpB3KATA MeJNHCOY  MY3UKATHO-
meopemuyHume 3HAHUS HA CMYOEHMUmMe U NPUIOICEHUEMO UM 6
Xoposume U OupuceHmcKkume  OeUHOCMU,  CBbP3AHU  C
NpaKmuyeckomo peaiusupane Ha Napmumypama Ha My3uKaiHomo
npousgedenue [4].

2. HHTepaKTHBHH  MeTOAH CUMYayUOHHU,
OUCKYCUOHHU W ONUMHU (eMhupuyHu), TIOATIOMAraT pa3BUTUETO U
YCBBBPIICHCTBAHETO Ha JIOTHYECKOTO MHUCJIEHE, aKTUBH3UpAHE Ha
BHUMaHHETO, IaMeTTa, BHOOPaKEHUETO, BOJATA, EMOIMUTE H
yyBcTBata. B CBIOIOTO BpeMe Te OCHrypsBaT Ipoleca Ha
H3rpaXkJaHe Ha:

- IBUTATEJIHUTE HABHLH, YCHBBPIICHCTBAHE Ha

JUPUTeHTCKaTa TeXHMKa M H3rpaX<JaHe Ha HaBULU 3a

yTIpaBIIEHUE Ha MY3UKATHOTO H3IIBIHEHHUE;

- IEBYECKH U XOPOBO-U3MBJIHUTEICKH HABUIIU.

l'oBopelikn 3a M3MOI3BAHETO HA HHTEPAKTHBHH METOIH, €
HEOOXOIMMO OIIle BEIHBXK Jja ce MoAYepTae, e YacoBeTe 10 XOPOBO
TIeeHe Beue ca MHTePaKTUBEH METOJ{ Ha 00ydeHHe.

Memoovm Ha X0p0o60 UHMEPAKMUGHO Oelicmeue
H3M0JI3Ba CBOMCTBOTO HA TJIACHUTE CTPYHM Aa KONMHpAT YEeCTOTaTa
Ha 3BYKOBHUTE BHOpanuH, 9yTH OT 4OBEK. Bpw3kure Ha ydJamr ce ¢
MHTOHAIIMOHEeH Ie(eKT 3amouBaT jAa BHOpUpAT B dYecTOTaTa Ha
3ByKa, KONTO 4yBa, 10/ Bb3/IECHCTBUETO HA XOpoBarta cpena. PakTbT
4Ye CTYICHTH CBC CIa0M IIeBYECKH YMCHUsS IIPU IIECHE B XOP
3HAUUTEIHOTO T NMOAOOPSBAT € €HO OT Ba)KHHUTE JOKA3aTeNICTBA 32
MHTEPaKTUBHOCTTA HA XOPOBOTO O0YUYCHHE.

dopmuTe Ha KOJIEKTHBHA paboTa, IpHIaraHu B y4eOHHUS
mporec, mpe3 Hedus Kypc Ha XOPOBHTE 3aHATHS, MO3BOJABAT IIO-
IIMPOKO M3II0I3BaHE HA METOMH, CBBP3aHH C:

* HaOmofeHWe ¥ aHamW3 Ha IUPUTEHTCKHS JKECT,
MIpech3AaBall My3UKaTHOTO ChABbPIKAHHE,

*  H3IBJIHUTENCKO JIEMOHCTPHUPAHE;

*  KOJEKTUBEH JHajor;

*  UIAKTHYECKH UTPH.

H3nvanumencko 0emoHcmpupane — METOAU, CBbP3aHU
C W3TPaXJAHETO Ha JUPUTCHTCKATa TEXHWKA M BKIIOYBAIIN
MPaKTHIEeCKOTO I OHarjiefqsdBaHEe, dYpe3 JMYHO W3IMBJIHEHHE W
JEMOHCTpAIXS OT CTPaHa Ha MPENOAaBaTelsl U CTYACHTHUTE.

Upes Konekmuenusa ouanoz ce OCHIIECTBIBA OOMEHa
Ha HHOpMaIHs, 0OIIyBaHETO ,,IIPETIOJABATEN-CTYACHT ", ,,CTYICHT-
CTYISHT W YCBOSIBAHETO Ha y4yeOHHS MaTepuan, d4pe3 pedeBa
IEeWHOCT Ha HHBO ,,JITYHOCTHA ajantanus™. B xoma Ha
JHAJOTHYECKOTO OOILIyBaHe, CHBMECTHO C€ OOCHKIAT M pellaBat
TEOpEeTHYHUTE MpobJieMu, pa3KpHUBaT ce MPOTHBOpeUHsTa, (HopMHpa
ce MPAKTUYECKHs OMHT, HAMHUpAT Ce ANTCPHATUBHHUTE BapHAHTU
TIpU pean3anys Ha My3HKaTHOTO IPOU3BECHUE IPH yJacTHETO Ha
AQHAIUTUIHOTO MHUCTIEHE y CTYJECHTHTE.

Jluoakxmuueckume uzpu 1oMarat 3a IPEOJIOIIBaHE Ha
Hey/la4uTe, IIOBHUIIABAHE HA CaMOOLICHKATa U Jp., KaTO OCUTYpsBaT
[IOCTHUTaHe Ha YycleXx B Y4eOHO-TIO3HABAaTEIHUTE AEHHOCTH,
YCTOHYMB MHTEPEC KbM XOPOBOTO H3KYCTBO M IE€Aaroruyeckara
neiHocT [4].

Taka cTymeHTHTe, OCBEH KaTO M3ITBJIHHUTEINH, TPsOBa HE
caMo J1a MesT, HO M MOCTOSIHHO Ja CIIeSIT Ka4eCTBOTO Ha XOPOBOTO
TeeHe, a WACHTH(GHUIUPAT BOKAJIHN M TEXHOJOTHYHH TPEIIKH, 1a
aHAIM3UPAT IPHUYNHATA 32 TAXHOTO BH3HUKBAHE, KOJIEKTUBHO H Bb3
ocHOBa Ha (OPMHUpPAHUTE HACH M BOKAJIHO-XOPOBH YMEHHs, aa
HaMUpaT HAYMHU 32 pelllaBaHe Ha Bb3HUKHAIUTE MPOOJIEeMHU U Aa ce
CTPEMST Jla KOPUTHUpAT AONMYCHATUTE Ipellku. Jlopu mo Bpeme Ha
KpaTka pa0oTa ¢ elHa OT XOPOBHUTE NMAapTHH, OCTAHAJIUTE WICHOBE
Ha Xopa TpsOBa Jla CIEAAT M Ja aHAJIM3UPAT WHTOHAIMOHHUS WM
TEKCTOBHSI aHCAMO'BJI, KAIeCTBOTO Ha BOKAIIHOTO M3ITBIHEHHUE, J1a TO
CPaBHSAT C U3ITBJIHEHUETO Ha TO3H ()ParMEHT OT MPOU3BEIICHUETO OT
JIpYTY NapThH, Ja UASHTUHUINPAT Ype3 M3IbIHEHHE (1I0 BpeMe Ha
KpaTKo KOJISKTUBHO OOCHXKAaHe) Hail-moOpoTo M3IbIHEHHE Ha
U3y4aBaHUs Macax.

3. ITpodecnoHATHO-NIPHIIOKHI METOM - OKycHpar
OpraHu3anusTa Ha OTJACIHUTE YacTH Ha PENETHLUOHHUS MPOLEC U
pElIeHUeTO Ha OTIAETHH AWAAKTHYECKH M BB3MMUTATENHM 3a1auu;
¢dopMynupaHe Ha OTHENHH IIOHATHSA, NPUHIUIN U HOAXOAY;
BB3MOKHOCT 3a pa3HOOOpa3sBaHe Ha yueOHaTa JeHHOCT ¢ XOPOBUTE
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M3IBIHUTENM.  Upe3 HM3MOJI3BaHeTO HA HPOQECHOHATHO-POJICBH
MeToiM IpH paboTaTta ¢ XOpa CTYACHTUTE YCBOSBAT OCHOBHHTE
BUJIOBE JICHHOCTH, BKJIFOYBALIIH:

>  o0scHsaBaHe Oa3UCHUTE MO3HIINY;

>  BB3MMTAaBaHC U YKPCIBaHE HA BOKAJIHU U XOPOBH
YMEHHS, IOCTHTaliKl eIHaKBOCT B XOPOBOTO
3BYUCHE;
pa3ydaBaHe Ha HOBH IIPOHM3BEACHHMS, IaBaiiKu
KpaTka nH(GOpMaIHs 32 TEXHUTE aBTOPH;
OCBILECTBABAHE KOHTPOJ BBPXY IIOCTUTHATHTE
pe3ynrar;
pasIIMpsBaHE XOPOBUTE TEXHUKH U CPEJCTBA Ha
U3IIBIHCHUATA;
paboTa HaJx XyHOXKECTBEHATa HM3Pa3HTEIHOCT Ha
W3ITBIHEHUETO, CTPEMEX KBbM YCHBBPIICHCTBaHE
Ha W3IBJIHHUTEICKOTO MaHCTOPCTBO Ha XOPOBHS
KOJICKTHB.

Ilpe3 akaneMu4HHs NEPUOA HAa OOy4YEHHE ChIbPKAHUETO
UM Ce CBeXJa A0 TOBa, Y€ Ha CTYACHTHTE ce Mpeiara Ja
U3IIBJHABAT pOJATa HAa JUPUICHT Ha XOpa, AaKOMIIAHSATOPH,
TPAHCKPHOTOPU Ha XOPOBO HMPOM3BEICHHE, YYTO HA 3alUC WK Ha
KOHIIEPT, XOPOB apamkop U IOPH KaTO XOPOB KOMIIO3UTOP.

Pesynrature ot paboTata NpW  NpWIAaraHeTo  Ha
pa3riIeKIaHUTEe METOIH ca: aKTUBHpaHE Ha TBOpUYecKaTa NeHHOCT
Ha CTYICHTHTE, pa3lIMpsBaHe Ha NPOPECHOHATHUS KPBro3op,
(hopmupaHe Ha TBOPYECKM YMEHHS M CHOCOOHOCTH, Pa3BUTHE Ha
KOTHUTUBHATa JAeHHOCT, (¢opMHpaHe Ha  OPOPECHOHATHH
KOMIIETCHIIMH. B TbpceHeTo ® pa3paboTBaHETO Ha Y4eOHO
ChAbPKAHME M METOIM Ha IPENoJaBaHEeTO, KOMTO Ja IoMarar Ha
CTYICHTHTE B YCBOSBAHETO Ha 3HAHMS, YMEHUS W IIOBEICHHUS,
(opMHpaHeTO Ha BOKAJIHO-IIEJArornyeckata W M3ITBIHHTEICKATa
KOMIIETEHTHOCT ¥ CBOTBETHHUTE M KOMIICTCHIMH y CTYACHTUTE €
€CTECTBEHHUsI ~ MOJXOJ MpH  mpefedUHHpaHe HA  TEXHUTE
HEPCIEKTUBH, C OrJIe/ Ob/elara UM peaau3anus.

IMpunaraneTo Ha NPOGECHOHATHO-TIPUIOKHNATE METOAU MPH
paboraTta ¢ XOp, OT CTpaHa Ha CTyAEHTUTE, POPMHUpPAT 3HAHUATA,
YMEHHATA U CIOCOOHOCTUTE UM OTHOCHO:

e crnenu(UUHN H3IBIHATEICKH CHOCOOHOCTH, KOUTO
JOTIPUHACAT 32 MOCTHIaHETO Ha €IMHCTBOTO Ha HWHTOHAIIMOHHO-
00pa3HOTO BB3NpPHEMAaHe, OTHOILIEHUE KbM HU3IBIHUTEIICTBOTO KAaTO
TBOPYECKH IIPOIIEC; CIIOCOOHOCTTA Ja Ce OLIEHH KauecTBOTO Ha
M3IBIHSABaHATA My3MKa Ha 0a3aTa Ha JIMYHHTE MPEACTaBU 3a
KpacoTaTra Ha MeBYECKOTO 3By4eHE, M3IIbIHNTEICKA HHTEPIPETAINS
Ha rpou3BeneHusTa [1];

® BOKQJIHO-U3IBIHUTENICKUTE M3HMCKBAHMS, NPOSBSIBALIN CE
B MYy3HMKQJHO-TIE[laroruyeckara JefHOCT Karo  KOMIUIEKCHO
obpazoBanue;

® yMelno, IPABUIIHO ChYETaBaHe U ChOOpa3sBaHE C HUBOTO
Ha OO0 MY3MKAJIHO Pa3BUTHE M MEBYECKUTE HABMIM, METOJM Ha
HperoiaBaHe NPy OCHOBHUTE KOMIIOHEHTH Ha MeBYecKaTa JeiHOCT
— pasmsiBaHe, pa3ydyaBaHe M XyJ0)KECTBEHO U3pabOTBaHe HAa MECEH;

e 103HaBaHe, pa3bMpaHe M BIAJECHE HAa METOJHTE Ha
paboTa ¢ IeBYECKHUTE IIIaCOBE B PA3IMUHHUTE BH3PACTOBH IPYIIH;

e OBJaAsBaHE HA JOCTATPYHO HHUBO apTHCTU3BM B
CJIOBECHOTO M MY3HKAJHO XYIOXKECTBEHO OOIyBaHEe NpH H3JaraHe
Ha KOHLENIMHTe M TIOCTaBIHETO Ha 3aJadyuTe Npu pabora c
U3MBJIHUTENUTE [S].

Bokanno-usnwinumencka paboma Ha cmydewmume ¢
nesyume TpsiOBa 1a € HacoYeHa KbM pa3BHBAHE Ha CAWHHU
BOKQJIHO-XOPOBH H3IIBJIHATENICKM YMEHHS Ha Trpynara. EanHHa
BOKaJIHA MO3MIHS, CIMHEH CTWI Ha 3BYKONPOU3BEXKIAHE, KOWTO
3ama3Ba OPUTHHAIHOTO M YHHUKAJIHO 3BYYeHE Ha MIIAACKKHS XOp,
KaKTO U €AMHHO ()OpPMHpaHe Ha TJTaCHU 3BYIIH.

OT romsiMO 3HaueHHWE BBB BOKAJIHO-XOpoBaTa pabora e
CH3/1aBaHETO Ha OOI XOPOB aHCAaMOBJI, KOHTO ce ChCTOM OT peaAnLa
pa3NMYHM BHUJOBE XOPOBH aHCaMOJIM (BOKaJIHO-TEXHHYECKH,
YaCTHU, IIOJ[yXapMOHWYHH, JUHAMHYHH,  METPO-PHTMHYHH,
TEKCTOBH, apTUCTUYHH U U3ITBIHUTEIICKN).

CrenpanHo MsCTO BBB BOKaJIHAaTa padoTa ce OTAeNs Ha
pa3BHBAaHETO Ha CHOCOOHOCTTa 3a W3IMOJ3BaHE Ha MEBYECKO
JIMIIAHE.

YV Vv VY V
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Baxen wMomeHT B aHcam0i0Bo-xopoBara pabora e
U3TPaKIAHETO Ha BOKAJIHO-XOPOB CIyX Y CTYAEHTa, KOHTO My
HO3BOJISIBA NBJIHOLIEHHO M OOEKTHMBHO Jla OLEHM KayeCTBOTO Ha
XOpOBHS 3BYK, (MHO 12 yJIOBH HETOBOTO YCHBBPIICHCTBAHE 3 I10-
HaTaTBIIHO 3aTBBpXIaBaHe. HepasmenHa dacT OT TakeB CIyX €
CrIocoOHOCTTa Ja ce YyBa (a ce OTAeNM OT OOIIHS 3BYK) BCSKa
XOpOBa TapTHI U JOPU OTIENHH IJIACOBE HA XOPOBH M3IIBIHHUTEIN
Mo TeMOpPOBM XapaKTEPUCTHKH 3a IPOBSXKJAHE Ha IThIHOICHHA
aHcaM0JI0Ba ¥ MHOMBHIyaJIHA BOKaJIHA padorTa.

Bbpxy  emoyuonanno-xyooocecmeenus — uspas  Ha
MY3UKATHOMO CbOBbPIHCAHUEe W U3PA3UTETHOCTTA Ha M3ITBIHEHHUETO
Ha NPOM3BEICHHETO, HAil-IBIOOKOTO IIpefaBaHEe Ha HErOBU
XYIOXKECTBEH 00pa3, 3aJlOKeH OT KOMIIO3UTOpa, C€ YJECHSABA
3HAYUTENHO OT U3IIOI3BAHETO HA eMOYUOHANHU U XYOOICECHBEHO-
NPUTONHCHU MEMOOU.

Ha Ga3ara Ha opmMHupaHuTe 3HAHUS M YMEHHS OTHOCHO
aHaJIM3 Ha XOPOBO NIPOM3BE/ICHNE METOUTE Ha paboTa ce Haco4yBaT
KbM HJCHTU(UIMpAHE HA My3HMKaJHU (pasd M KOHCTPYKIHH,
KyJIMHMHAIIMATa HA MOMEHTA, LIE3ypHTE, TEMIIOTO, AWHAMHUKATA M
aroruyHUTE yKa3aHWs Ha aBTOpa. Bcuuko ToBa € HEOOXOIMMO 3a
Pa3BUTHETO HAa MY3HKAIHOTO MHCJICHE Y CTYICHTHTE, KOETO
HO3BOJIsIBA B ObJelle Hal-TOUHO M M3Pa3sHTEIHO 1a ce Ipenaje
XYIOXXECTBEHHAT €3MK M OOpa3HaTa CTPYKTypa Ha H3IBIHABAHOTO
npousBenenue. Te ce Hy)XKHasT OT ZOCTaThbYHO BpeMe M CBOOOIHO
(BPB BOKAaJHO M TEXHHYECKO OTHOLICHWE) OBJaAsBaHe Ha
MY3UKQJIHHS Marepuai, 3a Ja ,,CBUKHAaT HAIBJIHO C Pa3sKpUTH
o0pa3, na pasbepar U mpenajaT Ha CIYLIATEIUTE XyI0XKECTBEHATa
KOHIICMILMS Ha aBTOPA.

3a eMOILMOHAITHO-apPTUCTHYHOTO U EKCIPECHBHO MECHE He
€ JOCTaTbyHO CaMO TOYHOTO W3NBJIHEHHE Ha TEKCTa U
noxyepraBaHe Ha HIoaHcuTe. HeoOxomuMu ca abJI00KO L, lTOTaIsTHe
B XapakTepa Ha W3IIBJIHHUTEN, TBOPYECKAa EMIIaTHs, YyBCTBO 3a
ydacTHe B IIpolieca Ha Ch3JaBaHE M NpEJaBaHe Ha CMHUCHIA Ha
MIPOU3BEACHUETO U HETOBOTO 0OPA3HO ChIbPIKAHHUE.

HeobxomyMo € fma ce mopyeprae, 4€ B TO3H CIOXKEH
eMOIIMOHAJICH TMpOLEC poJisiTa Ha MpErojaBaTeNsi € O0COOeHO
roysiMa. HeroBaTta BOJIsI, TalaHT, BABXHOBEHHE, CIIOCOOHOCTTA My
Ja 3aBiafee M OOCAMHM LIENUS €KHIl C CIWHHO pa30upaHe Ha
ABTOpPCKAaTa KOHLEMIMs, €IWHHA W3IIBIHUTEICKA WJIes, eIMHEH
TBOPYECKH HMITyJC, TpsOBa Ja JONpPUHECAT 3a MAaKCHMAJIHO
pa3KpHBaHe Ha apTUCTHYHATA 3PSUIOCT Ha XOpa.

Pe3ynTarbT OT H3ION3BAHETO HA EMOLMOHAIHH M
XYJI0’)KECTBEHO-TIPHIIOKHH METOJM € PACTe)KBT Ha TBOPYECKUTE
XYJI0’)KECTBEHU M M3IIBIHUTEIICKH YMCHUS Ha CTYJEHTHTE - ObJCIIn
YYUTENH 1O My3HMKa, T'BBKABOCTTA M M3PA3UTEIHOCTTa Ha
U3IIBIHEHHETO, CIIOCOOHOCTTAa Ja ce INpeAaje Ha CIyllaTens
oOpasHaTa W eMOLMOHANIHA CTPYKTypa Ha HpPOU3BEICHHUETO,
3aJI0)K€Ha OT aBTOPA.

B 3akimtouenue, BaXHO € a ce 0TOEIIeKH, Ye TIPUIaraHeTo
Ha oOpa3oBaTelHM U TNPO(YECHOHATHO-TIPUIOKHN METOIU IPU
paboTa ¢ XOop OT CTyJEHTHTe, B ObJemiaTa cu paboTH B Yaca MO
My3HKa, ce Hajuara OT eCTECTBOTO Ha MY3HKaJIHO-M3IIbIHUTEICKUTE
JEeHHOCTH (TIEBYECKU U MHCTPYMEHTAJIHH) B YUMJIHUIIE, KOUTO B I1O-
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rojgsmMara CH 4acT ca KOJIEKTUBHM JedHocTtu. ToBa mnpaBu
U3KIIOYUTENTHO HEOOXOJMMO  WM3MOJI3BAHETO Ha  MYy3HKalIHO-
XOPOBUTE METOJM M TEXHOJOTMH IIPU U3TPAXIAHETO HA XOPOBO-
MEBYECKUTE YMEHUSI M HAaBHLM Ha YYEHHLUTE W peaau3upaHeTo Ha
e(eKTHBHA IIeBYeCKa JEHHOCT.

»AKTYyaJIHOCTTa Ha Ipo0JieMa e IPOANKTYBaHa OT UAesTa,
4Ye 3a MOATOTOBKAaTa HAa CBHBPEMEHHHS YYUTEN € BaXXHO He
yBeIMYaBaHe KOJMYECTBOTO HATpylaHa HOBa HH(popMamus, a
HAJIMYMETO Ha YMCHU 3 OIepHpaHe ¢ HoBaTa MH(OpMaLus, KOsITO
Jla HaMepH CBOS MPOEKLHUS B peajHa memarormyecka aeidHoct™ [3].
B TO3m acmeKkT HOBHAT MPOYMT HA TPAAUIMOHHUTE METOAU HA
IpenojaBaHe, KakTO M KOMOMHAIMATa MM CBhC CBHBPEMEHHHUTE
MEeJarornieckn TEXHOJIOTMH M METOAM JaBa BB3MOXKHOCT IIPU
oOydeHnero Ha ObBJemHTEe TeAaro3d IO My3uKa (OKYChT Ha
oOpasoBaresHHsl Ipomec jJa ObJe HAaco4eH KbM HHOBAaTUBHU U
MHTEPaKTUBHM 00pa30BaTeHW METOAW, KOHMTO II03BOJSIBAT Ha
ObeIIys CIIELMAIICT J1a pa3BHUBa 110 Hal-OOpHs HAYMH YMEHHSATA,
CMOCOOHOCTUTE M KOMIIETEHI[MUTE CH, HEOOXOJMMH 3a yCIENIHaTa
My Obaera 1eiHHOCT.
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Abstract: The article presents a literature review on the development of emotional intelligence in military leadership from 2020-2025,
providing a comprehensive and objective view of the research area. Emotional intelligence and military leadership are a connection that is
currently appearing in research activity and doctrinal army documents. The authors try to find and evaluate the benefits and limits of El in
the field of preparing military personnel. The study aims to identify research topics and suggest further research options for military
leadership. For objective processing, the method of content analysis according to the established criteria and the method of synthesis were
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1. Introduction

The Army of the Czech Republic (ACR), like the armed forces
of other former Warsaw Pact countries, has undergone significant
and dynamic changes since the end of the Cold War. These changes
have been driven by the need to shift from a conscription-based,
Soviet-style military structure to a professional, NATO-compatible
force. The reform process has included structural reforms, doctrinal
updates, modernization of equipment, and the adoption of Western
standards in leadership, training, and operational planning. This
development reflects not only a change in strategic direction but
also a wider effort to improve the credibility and interoperability of
the ACR within the collective defence framework of NATO.

Their efforts went beyond downsizing and modernization of the
armed forces to include the transition to NATO standards in
command and control, which was crucial for ensuring
interoperability. Continuous evaluation and exploration of new
approaches to personnel training modernization are vital for
fulfilling the tasks of the Armed Forces of the Czech Republic and
maintaining NATO standards.

Given the ACR development concept, which anticipates an
annual increase of approximately 2,400 new soldiers, the area of
personnel training and development is a top priority. A key role in
recruiting candidates for service at the lowest officer ranks will be
played by the University of Defence in Brno (hereinafter referred to
as UO), as well as by direct recruitment and career progression [1].

Definition of the term "leadership™: "Within the context of the
Armed Forces of the Czech Republic (ACR), leadership represents
the commander’s ability to motivate, persuade, and engage
individuals in their environment to actively contribute to the
fulfilment of shared tasks, whether predetermined or anticipated
shortly. The art of leading is one of the most essential qualities of
any commander, and it is indispensable for effective command" [2].

This definition implies that, within the ACR, the concept of
leadership is understood in the command-and-control system as a
leadership style characterized by strong value orientation and
motivational focus, embodied by the commander as a leader.

It follows, therefore, that in the ideal case, the values upheld by
the ACR should correspond with the personal attributes of the
individual commander-leader. The development of such personal
qualities is the result of a complex interplay of upbringing, training,
and education—factors that mutually influence one another and are
closely linked to the process of individual maturation and the
accumulation of both life and professional experience.

Current research suggests that the construct of emotional
intelligence represents one of the potential avenues for developing
the essential competencies of commanders, particularly in
facilitating their interactions with subordinates. Emotional
intelligence encompasses the ability to accurately identify emotions
in oneself and others, to understand emotions and their underlying
language, to regulate emotions both internally and externally, and to
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utilize emotions to support cognitive processes and motivate
adaptive behaviour. It offers a wide range of practical applications.

The concept of emotional intelligence may help prevent social
and interpersonal conflicts and increase the chances of success in
relationships. It can positively affect the conditions needed to build
stable, harmonious social bonds between soldiers and their
commanders, especially in small military units. Scholarly literature
and military leadership doctrines increasingly acknowledge the
importance of emotional intelligence and its role in guiding military
personnel. Recent research shows that emotional intelligence, along
with the social environment, significantly influences the
development of military commanders.

The concept of emotional intelligence is currently the subject of
intensive research, not only within the domain of leadership. The
term was first introduced by American psychologists Peter Salovey
and John D. Mayer, building upon the work of Howard Gardner.
These authors sought to highlight the prevailing societal tendency to
perceive emotions as disruptive elements in cognitive processes—
elements that must be controlled. They defined emotional
intelligence as a subset of social intelligence, encompassing the
ability to monitor one’s own and others’ emotions, to differentiate
among them, and to use this information to guide one’s thinking and
actions [4].

Emotional intelligence constitutes a fundamental aspect of
human behaviour, distinct from intellectual capacity (Bradberry &
Greaves, 2013). The concept gained widespread public attention
through the work of American psychologist Daniel Goleman, who
emphasized that emotional dispositions and personality traits—
particularly those influencing the quality of interpersonal
relationships—play a decisive role in personal and professional
success [5].

Consideration is being given to how the development of
emotional intelligence can be integrated into the education, training,
and development of leaders within the Armed Forces of the Czech
Republic. The Czech Armed Forces define three fundamental levels
of leadership as usual as other NATO countries:

a) Direct Leadership Direct leadership is characterized by a higher
degree of certainty, lower complexity, and direct contact between
the leader and subordinates. It focuses on specific tasks, linear
problems, and the immediate application of competencies. Key
elementsdevelopment and high-performing teams with a combat
ethos, effective communication, leading by example, trust, respect,
subordinate development, and fostering a positive unit climate.
Direct leaders simplify complex situations, establish clear intent,
and set expectations for outcomes.

b) Organizational Leadership Organizational leadership is marked
by greater problem complexity, a larger number of subordinates,
and a higher degree of uncertainty. It is applied at the operational
level of command, addressing short- to medium-term organizational
issues, planning joint operations, developing organizational
structures, and supporting professional growth. It functions
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indirectly through subordinate leaders, the establishment of
principles and values, and the shaping of organizational climate.
The core focus is to motivate subordinates to fulfill strategic
objectives, set priorities, create vision, and allocate resources
effectively in accordance with operational requirements.

c) Strategic Leadership Strategic leadership is exercised at the
highest levels of command within the Czech Armed Forces and the
Ministry of Defence. It operates under conditions of high risk and
uncertainty, addressing complex problems with long-term impacts
that extend beyond the military sphere. It focuses on leading
change, national defence, aligning alliances and national interests,
operating across multiple domains, and decision-making in
uncertain environments. Strategic leaders must develop key
competencies while considering security developments, political
decisions, budgetary constraints, technological advancements, and
the experiences of partner nations [6].

This review article aims to systematically map the development
of research on the role of emotional intelligence in military
leadership during the period 2020-2025. Based on an analysis of
scholarly studies indexed in the Web of Science database, the article
identifies the main research directions and methodological
approaches. The review also highlights existing research gaps and
offers recommendations for future inquiry in this domain. Equally
important are the practical implications for military education and
commander training, as the characteristics and trends of the
contemporary security environment compel higher military
education institutions to place significant emphasis on preparing
future military leaders. Among the most critical competencies for
commanders and staff officers are those related to effective
leadership and personnel development.

2. Methods and data

Based on the analysis of selected articles, thematic areas were
identified, to which specific articles were assigned according to the
conducted research. Table 1 lists an overview of the number of
articles on emotional intelligence that can be developed in military
leadership in 2020-2025.

Table 1: The overview of the number of articles on emotional intelligence in
military leadership in 2020-2025

Research Number of
domains articles

2025 6
2024 10
2023 12
2022 14
2021 8
2020 5

3. Results

Garcia Zea et al. (2020) examined the impact of emotional
intelligence (EI) within the military context. They identified
protective variables that may mitigate the effects of stress on the
emotional well-being and behavioural issues of military personnel.
Their findings indicate that El training and El-focused interventions
contribute to enhancing and moderating individuals’ ability to adapt
to and cope with stress and traumatic experiences [7].

Silver et al. (2023) developed a course titled “Adventure and
Experiential Learning” aimed at fostering interpersonal leadership
skills among cadets. The results demonstrated a significant increase
in emotional intelligence (EI) among course participants. Outdoor
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experiences may serve as an effective means of training El-related
skills. The research conducted by Silver et al. (2023) offers valuable
insights into the potential of experiential learning as a tool for
developing emotional intelligence (EI) in military training contexts.
By integrating outdoor activities with leadership development, the
study highlights a novel and engaging approach to enhancing
interpersonal competencies among cadets. The observed increase in
El underscores the importance of incorporating non-traditional,
experience-based methods into structured training programs. These
findings support the growing recognition that emotional and social
skills are critical components of effective leadership, particularly in
high-stress environments such as the military [8].

Ayoko et al. (2023) investigated how a leader’s perception of
follower behaviour may influence the follower’s perception of the
leader’s behavior, which can be associated with the evaluation of
interpersonal relationship quality. When leaders effectively regulate
their emotions, the positive impact of followers’ perceptions on the
quality of interpersonal relationships is enhanced. This study
highlights the reciprocal nature of leader—follower dynamics,
emphasizing that emotional regulation by leaders not only shapes
their behaviour but also strengthens the relational feedback loop. It
suggests that emotionally intelligent leadership can foster more
positive and resilient interpersonal connections within organizations

[9].

Cioranu et al. (2024) examined general competencies within the
discipline of military leadership, aligning their analysis with
competency-based learning outcomes. For the discipline “Military
Leadership,” they propose the inclusion of the following broadly
defined thematic areas: military leadership (doing the right things,
management vs. leadership, efficiency vs. effectiveness);
definitions, theories, types, and principles of military leadership;
emotional intelligence in leadership; critical thinking in leadership;
vertical development of leadership; competencies and traits
associated with leadership; and military leadership as a primary
element in the integration of capability domains [10].

The military environment is characterized by high levels of
stress and unpredictability, which activate psychobiological stress
responses and may adversely affect both the health and performance
of military personnel. Perceived stress, understood as a subjective
sense of uncontrollability and uncertainty, tends to accumulate
particularly under prolonged occupational strain. Within the
framework of positive psychology, attention shifts from problem-
focused approaches to the development of protective factors, among
which emotional intelligence plays a pivotal role [10].

Individuals with a high level of EI can perceive stressful
situations as challenges rather than threats, thereby reducing the
negative psychological and physiological consequences. Emotional
intelligence thus serves as a significant protective mechanism that
facilitates coping with demanding circumstances and contributes to
the reduction of perceived stress in military settings. In alignment
with this perspective on emotional intelligence, a study was
conducted by Feng et al. in 2025.

Drawing upon the frameworks of allostatic load and social self-
preservation theory, this study investigates the role of emotional
intelligence in shaping self-esteem through the mediating effect of
perceived stress among a sample of 143 military personnel. The
salivary alpha-amylase (sAA)/cortisol ratio was employed as a
moderating variable to assess physiological stress regulation.
Results from a conditional process analysis revealed a significant
indirect pathway: individuals with higher emotional intelligence
reported lower levels of perceived stress, which in turn correlated
with elevated self-esteem. Notably, the sAA/cortisol ratio
moderated this relationship—participants exhibiting higher ratios,
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indicative of dysregulation in the psychobiological stress system,
demonstrated a stronger indirect effect. Under such conditions,
emotional intelligence emerged as a particularly robust protective
factor for self-esteem [11].

These findings underscore the dynamic interaction between
psychological stress appraisal and neuroendocrine functioning,
illustrating how biological stress responses can modulate the impact
of emotional competencies on self-perception. The study
contributes to integrative models of stress resilience by advocating
for the inclusion of physiological indicators alongside psychological
traits in understanding adaptive functioning within high-stress
environments [11].

Emotional intelligence was assessed using the Chinese
adaptation of the Wong-Law Emotional Intelligence Scale (Wong &
Law, 2002), comprising 16 items rated on a seven-point Likert scale
(1 = strongly disagree to 7 = strongly agree). An example item is: “I
am able to control my temper and handle difficulties rationally.”
The scale demonstrated high internal consistency, with a
Cronbach’s alpha of 0.92 [11].

Druham et al. (2023) present a study on the development and
validation of an online training program aimed at enhancing El in
adults, grounded in theoretical and empirical foundations.

A total of 326 participants from the general population were
randomly assigned to either the EI training group (n = 168) or a
placebo control group (n = 158). Both programs consisted of 10-12
hours of online content, completed over one or three weeks.
Participants in the EI training group showed significant
improvements in both self-reported and performance-based El
measures, including emotion recognition, understanding, and
regulation. These gains were sustained six months post-training.
The program was also rated as engaging and helpful. The online ElI
training program is empirically grounded, well-received, and
effective in enhancing emotional intelligence. Its scalability makes
it suitable for diverse applications in personal and professional
development [12].

Psychological stress significantly impacts the mental and
physical health of military personnel. In a cross-sectional study
involving 452 Chinese Navy soldiers, we examined the associations
between stress, optimistic intelligence, and emotion regulation
using standardized self-report measures. Findings revealed that
higher stress levels were linked to lower perceived happiness and
reduced capacity to cope positively with adversity, while showing
positive correlations with emotion regulation strategies such as
cognitive reappraisal and expressive suppression. These results
underscore the importance of implementing positive psychology-
based interventions to mitigate stress, promote well-being, and
strengthen operational effectiveness within naval forces [13].

Author Ledzianowski discusses the importance of emotional
intelligence in his work. He introduces the Wise Commander—
Leader (MDL) model, designed in response to the evolving
demands of modern military leadership. It outlines the preferred
command structures, operational systems, essential competencies,
and behavioral attributes required of today’s commanders. The
MDL model serves as a framework for cultivating leadership
competencies within the armed forces. Additionally, the paper
proposes a structured process for developing these competencies,
offering practical guidance for achieving the MDL standard.
Drawing on the experiences and accomplishments of a military
academy, the study highlights effective approaches to leadership
development tailored to the needs of contemporary military
operations [14].
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True et al. (2020) present a study in a military medicine journal.
Physicians increasingly serve as leaders, prompting interest in
leadership development within Graduate Medical Education
(GME). Although not required by ACGME, some U.S. programs
have begun incorporating leadership training. This study evaluated
the impact of a pilot leadership course for internal medicine
residents. In 2017, senior military residents participated in a four-
part course covering leadership basics, emotional intelligence,
teamwork, and conflict resolution. Feedback was collected through
an 18-question survey. The project was approved as a quality
improvement initiative. Out of 54 residents, 26 responded (48.1%).
Most found the training useful (84.6%) and felt better prepared for
leadership roles (80.8%). Additionally, 73.1% planned to pursue
further leadership development. All agreed internists should lead
clinical teams and that leadership should be taught during residency.
Even brief training can positively influence residents’ views on
leadership. Based on these results, leadership education was
integrated into all GME programs at the institution. A national
ACGME requirement could support broader implementation and
sharing of best practices [15].

In the USA army was conducted. The study confirmed a link
between emotional intelligence (EI) and safety citizenship (SC)
among Army pilots, with potential implications for improving
aviation safety. Understanding how adaptability and self-esteem
influence safety behavior could enhance pilot selection and training.

The research was based on a limited sample of military pilots,
who may not represent the broader aviation community. Further
studies involving general and commercial aviation pilots are
recommended. A notable finding was the negative association
between optimism and SC, which warrants deeper investigation.
Future research should focus on training methods that strengthen
adaptability and self-esteem in aviation settings [16].

Unfortunately, several articles are not available for free access,
so they were not able to report in this article. The number of articles
is not so high and shows 0 results in the Czech army.

4. Conclusion

Contemporary literature provides the professional community
with evidence-based findings demonstrating that a high level of
emotional intelligence is positively associated with decision-
making, the establishment of constructive relationships, and
effective leadership. Training in emotional intelligence and the
development of its individual components—namely, emotional
perception, emotional utilization, emotional understanding, and
emotional regulation—would be beneficial for enhancing the ability
to leverage emotions in support of cognitive processes, fostering
creativity and more effective problem-solving, and managing
emotions to promote personal growth [17].

Learning effective strategies for managing our own emotions, as
well as assisting others in regulating theirs, is essential for
establishing a strong foundation for the development of positive
interpersonal relationships and fostering a constructive social
climate within the unit. The ability to build positive relationships
effectively across diverse environments is a key attribute of
intercultural competence, which can be enhanced through emotional
intelligence training.

The modern soldier is exposed to immense professional and
emotional pressure  within today’s complex operational
environment. The preparation of commanders should encompass the
development of self-awareness, awareness of others, emotional
regulation strategies, and techniques for coping with stressful
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situations. Incorporating education in emotional intelligence is,
without question, a step forward [18].

The development of emotional intelligence within the military
remains a subject of ongoing research and discussion, with its
benefits and limitations continually being explored. Findings
indicate that a high level of emotional intelligence is positively
associated with decision-making, the formation of constructive
relationships, and effective leadership. Training in emotional
intelligence and the enhancement of its individual components—
namely, emotional perception, emotional utilization, emotional
understanding, and emotional regulation—would be beneficial for
the ability to harness emotions to support cognitive processes,
improve problem-solving effectiveness, and manage emotions in
ways that promote personal growth.

The authors' aim soon is to develop a methodology designed to
enhance the individual components of emotional intelligence—
namely, emotional perception, emotional utilization, emotional
understanding, and emotional regulation—among participants, and
to cultivate their ability to apply these competencies in practical
command roles within the Armed Forces of the Czech Republic in
all levels of leadership.
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Abstract: Cyber education is one of the global challenges in recent years. Attacks are becoming increasingly sophisticated and ensuring a
safe working environment is difficult. Hyper-realistic virtual environments, called cyber training grounds, help to raise the level of
cybersecurity training. The report analyses applicable methods, software and implemented solutions, which are cyber training grounds. The
purpose of the study is to outline the types of cyber training grounds and their characteristics, functionalities and requirements for training
through a cyber training ground, according to EU regulations, with the aim of applying them as a solution for training cybersecurity
specialists to ensure the functioning of the National Situation Center and Crisis Management Center.
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1. Introduction

Cyber training grounds are one solution for training
cybersecurity professionals to ensure the functionality of the
National Situation Center (NSC) and Crisis Management Center
(CMC). Whether it’s simulations, competitions or labs, cyber
training grounds visualize what students are learning in theory. “It’s
this virtual environment where you can practice skills and simulate
attacks safely,” says Rebecca Michael, executive director of Ohio
Cyberspace, University of Cincinnati. Once basic skills are
acquired, students can use simulations to not only focus on
penetrating systems, but also be prepared to defend themselves
against such attacks.

The study "Cyber Ranges and test platforms for education,
training and research"[1] shows that most cyber training grounds
are used for research, training and exercises. Security challenges are
SQL injection, malware analysis, risk management, information
security economics, IT governance.

The purpose of this report is to create a conceptual model (CM)
that will be used as a tool for developing interactive approaches for
training cybersecurity specialists to ensure the functioning of the
National Situation Center and Crisis Management Center. The main
users may be students studying in specialties related to the field of
IT and cybersecurity, as well as employees holding leadership
positions in important structural units. The study is based on various
approaches to e-learning.

The implementation of new approaches in training, information
exchange and teamwork will improve and transform all processes
and services in training cybersecurity specialists to ensure the
functioning of the National Situation Center and Crisis Management
Center. The need for trained people, by combining practical
experience  with  educational courses and  cybersecurity
competitions, continues to outstrip supply.

The literature search covers the databases of Science Direct,
Springer, MDPI, IEEE Explore, Wiley, Research Gate, Google
Scholar, as well as previous studies and related research projects,
with the aim of identifying the main characteristics of cyber training
grounds. The focus is on the most recent publications, with an
emphasis on those from the last five years. The keywords used for
the search are cybersecurity training, cyber training grounds, cyber
laboratory.

The Cyberspace Federation project aims to build a cyberspace
across the EU. The ECHO project, launched by the European
Commission, has the vision of creating and managing a network of
competence in the field of cybersecurity. The construction of a
Cyber Range depends on design features such as flexibility,
scalability, isolation, interoperability, efficiency, service-based
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access and risk assessment. Examples of successfully used Cyber
Ranges are KYPO Platform, TELECOM Nancy, RISE, Airbus, RI
CODE, Virginia.

2. The Essence of Cyber Range

A review of existing definitions identifies two ways to define a
cyber training ground, as a simulation environment and as a
platform. A simulation environment is defined in a static way
because it is designed to meet specific use cases and requirements.
A platform is defined as a group of technologies that are used as the
foundation for other applications and processes. This view of a
cyber training ground is more dynamic because there are different
functionalities in using the simulation environment.

Cyber training grounds are used as a safe place to train through
exercises and test employees on how to respond to cyber-attacks.
Training includes simulations of secure software, risk assessment,
incident management, social engineering, and network attacks.

According to the WNational Institute of Standards and
Technology (NIST)[6], Cyber polygons are defined as interactive
systems, tools and applications. They provide a safe environment
for gaining practical experience and can operate independently or
with other cyber polygons, supporting certain network services. In
the Cybersecurity Guide, cyber polygons are described as “tools for
simulating possible attacks against IT infrastructure, networks,
software platforms, applications, firewalls and other [2].

The European Cybersecurity Organization provides an
overview of hyper realistic virtual platform, focusing on their
functionalities and capabilities, the technologies used for
development, and the limitations of their integration [5]. The
organization characterizes Cyber platforms according to different
types of users: institutions, security professionals, military agencies,
security operations centres, educators, students, researchers, etc. A
study “Cyber Ranges and Security Testbeds” defines a taxonomy
that includes their capabilities, functions, scenarios, tools, and
architecture [8].

According to the report "The Spider Cyber Range", the type of
Cyber Range is determined by its goals and the roles that
participants adopt [7]. Cyber Ranges can be used for security
research, testing, and certification, security training and competency
building, and national and international cybersecurity competitions.
Educational and certification courses require instructors and
cybersecurity experts to conduct cybersecurity courses. The role of
instructors is to monitor the efforts of learners and intervene when
learners are struggling. The role of cybersecurity experts is to
perform technical tasks, such as configuring, infrastructure,
debugging, and injecting vulnerabilities. Participants in different
courses may assume different roles, working individually or in
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teams. The development and operation of Cyber Ranges require
significant resources in terms of funding, skilled people, and
working time [5].

Technical requirements - applicable methods, software and
implemented solutions:

. Tools for various security testing techniques

. Simulation environment of high-scale scenarios with
support for wvarious loT devices with different technical
characteristics.

. Tools to support modelling and risk assessment.

. Automated security-testing tools.

. Network tools for packet sniffing and port analysis.

. Attack simulation.

. Intrusion detection and monitoring tools.

. Common cryptographic and protocol libraries.

. Specific tools for programming loT devices.

. Tutorials and guides for using the tools.

. Debugging environment

Requirements for the communication equipment on which the
exercises are conducted or which is used as an environment for the
exercises:

. Resilience to maintenance failures.

. Encrypted communications.

. Lifecycle support, including software updates and
patches.

. User accounts.

Some of the requirements for executing the attacks used in the
work environment include automated execution and detailed
reporting of the attack results. Requirements for the personnel who
plan and execute the exercises include good knowledge of security
testing and assessment and common attacks.

3. Cyber Range Architecture

Hyper realistic virtual platforms can be classified into three
main categories according to their technical characteristics.
Simulation platforms use software tools to form the Cyber Range
network without the need for physical network equipment. These
systems are scalable and flexible. Overlay Cyber Ranges operate on
physical network devices and computing equipment. They provide
greater accuracy than simulation Cyber Ranges but involve
hardware costs and possible changes to the existing infrastructure.
Emulation mimics the physical infrastructure of specific business
networks, providing a high level of realism and repeatability of
performance. They can usually be optimized by sharing resources
and using virtualization technologies.

The infrastructure encompasses all physical and virtual
hardware and software resources used in the development of the
platform. Infrastructure elements include the physical layer, cloud,
virtualization and isolation. Cyber platform implementation can be
implemented through a public cloud, private cloud or hybrid model.
In the public cloud, the management of the infrastructure is entirely
performed by the cloud service provider, and users receive access to
services without commitment to infrastructure management. A
private cloud provides complete control and privacy over
applications and data stored in the cloud infrastructure. A hybrid
cloud infrastructure combines control over data security with
infrastructure scalability.

Virtualization allows for the dynamic allocation of computing
resources to virtual machines, as well as the reconfiguration and
reconfiguration of the network infrastructure. Isolation means
separating projects and exercises from the operating system, virtual
machines, and containers running on the same hardware. For
security and control, projects must be isolated from external
networks and systems.

Davis and Magrath's study shows the available options for
building and managing Cyber Ranges [4]. Researchers categorize
Cyber Ranges as simulations using software models of real-world
scenarios, overlays if they use real-world production equipment and
emulations if they run real-world applications on separate
equipment. Cyber Ranges can be classified based on their
infrastructure — public (e.g. CISCO), private, or federal (e.g. Cyber
Ranges such as CRD, CRATE, NATO, and Raytheon).

Hyper realistic virtual platform can be implemented on an
infrastructure that uses multiple networks with different topologies,
computers, and other devices. The infrastructure consists of the
physical layer (workstations, servers, mobile devices, network
devices, operating systems, database management systems, etc.),
cloud computing technologies, virtualization technologies, and
isolation technologies that enable a fully configurable and
integrated environment. Cyber Range policies can include rules that
prohibit specific tools, techniques, and activities, such as attacking
the workspace and platform.

The study ,,Cyber Ranges and Security Testbeds” identifies the
architecture [8]. The architecture shown in Fig. 1 and includes
scenario, infrastructure, teams, management, evaluation,
monitoring. The scenario unites the type and purpose of the
exercise, the storyline and the environment in which it is conducted.
The selection of teams depends on the scenario. Management
includes resources, scope and role. All areas of the architecture are
consistent and interconnected.

and environment

Infrastructure: public, private or pooled

Teams: red, blue, white, green, gray, purple

Cyber Range

Management: resources, scope and role

Evaluation: type, method

Monitoring: method, resources

Fig. 1 Cyber Range Architecture.
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Source: Cyber Ranges and security testbeds: Scenarios,

functions, tools and architecture [3].

The proposed architecture of the Cyber Range includes a
working platform, user interface, scenarios, projects and
infrastructure. The user interface forms a realistic cyberspace
consisting of real devices and virtual machines. The scenarios
involve developing the workspace and defining the objects
describing the elements, as well as the conditions and vulnerabilities
that need to be included. The scenario defines the steps that the
participants must follow to complete the exercise. Teamwork is
extremely important to evaluate the attack scenarios in real
conditions.

4. Conclusion

In conclusion, it can be summarized that in the conditions of
escalating and increasingly sophisticated cyber threats using cloud
technologies and collaborative systems with applications in the
defence of the state and the security of society, the need for
effective and sustainable solutions for training cybersecurity
specialists is gaining critical importance. The analysis showed that

Scenarios: type and purpose of the exercise, storyline ‘
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hyper realistic virtual environments are a strategic tool for building
knowledge, skills and operational readiness, consistent with
European regulatory requirements. The studied types of Cyber
Ranges, their functionalities, architecture and organizational
requirements prove that their implementation in the training of
personnel is a key factor for the effective functioning of the
National Situation Center and the Crisis Management Center. In this
context, Cyber Ranges not only help to improve the quality of
training, but also ensure technological superiority and sustainable
protection of critical infrastructure in the face of global challenges.
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Abstract: The essence and main characteristics of Electromagnetic Support (ES) are examined, as well as its place in Electromagnetic
Warfare (EW). The main elements of ES such as electromagnetic reconnaissance, direction finding and threat warning are examined. A
definition and basic terms for software-defined radio (SDR) are given. The architecture and main characteristics of SDR are examined. Has

been made a prototype of SDR used in electromagnetic support.

Keywords: ELECTROMAGNETIC WARFARE (EW), ELECTROMAGNETIC SUPPORT (ES), DIRECTION FINDING (DF), SOFTWARE-
DEFINED RADIO (SDR), GNU RADIO - THE OPEN SOURCE SDR DEVELOPMENT ENVIRONMENT

1. Introduction

The first decades of the 21st century do not differ significantly
from the last decades of the last century — new ones are emerging
and a large number of old, smoldering ones continue. A wide
variety of means of warfare are used in these conflicts. Classical
systems and means of fire destruction, such as artillery and missile
systems, together with small arms remain the main means of
warfare. However, along with them, a number of systems and
means of destruction of the enemy’s electronic equipment are
increasingly being used. This is quite natural, because the opposing
forces used their best communication systems. During this time, the
most powerful armies continue to dominate the electromagnetic
spectrum over opponents who do not have the ability to challenge
their technological superiority. However, in recent years, some of
the regional powers have demonstrated great capabilities in hybrid
operational environments, including in the electromagnetic
spectrum. These capabilities are also being demonstrated in the
ongoing conflict in Ukraine in the form of jamming
communications, the global navigation satellite system (GNSS), and
the control systems of military drones.

Systems and means designed to defeat enemy electronic
equipment belong to the arsenal of the electromagnetic warfare
(EW). Since most modern military equipment uses electronic
devices and systems, their defeat is becoming an increasingly
important and responsible task in the course of combat operations.
EW refers to military actions involving the use of electromagnetic
and directed energy to provide situational awareness and achieve
offensive and defensive results, and ensure superiority in the
electromagnetic spectrum [1, 2]. This leads to the conclusion that in
modern conflicts of medium and high intensity, electromagnetic
warfare is one of the main areas of combat operations.

2. Materials and Methods

2.1. Electromagnetic Support as an element of the
Electromagnetic Warfare. Essence, tasks and basic elements of
Electromagnetic Support.

1) Electromagnetic Support (ES) as an element of the
Electromagnetic Warfare

Electromagnetic Warfare [3-5] consists of three main elements:
Electromagnetic Attack (EA), Electromagnetic support (ES) and
Electromagnetic Protection (EP). These three elements are
inextricably linked, as they are mutually dependent and are applied
in a certain sequence. For example, information about the
parameters of radio signals and the location of enemy radio assets,
acquired by electromagnetic support, is used to synthesize jamming
signals emitted by the transmitters of the electromagnetic attack.

Electromagnetic attack includes actions to prevent or reduce the
effective use of the electromagnetic spectrum by the enemy through
the use of electromagnetic energy. Electromagnetic attack consists
of three main elements: electromagnetic jamming (EJ),
electromagnetic deception (ED) and electromagnetic neutralization
(EN).
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Electromagnetic Protection (EP) is a complex of technical and
organizational measures using electromagnetic energy to provide
protection and effective use of the electromagnetic spectrum by
allied forces, carried out in order to ensure the stable operation of
their own systems and means of controlling troops and weapons, in
conditions of electronic effects from the enemy. Electromagnetic
protection is divided into active and passive.

Electromagnetic  support (ES) is a component of
electromagnetic warfare, which includes actions to search, intercept
and identify electromagnetic emissions and locate their sources, in
order to immediately recognize the threat and build situational
awareness [6]. The essence and the main features of ES are
discussed further.

Tasu mHbOpManus ce W3MON3Ba CIIEA TOBAa 3a 3all0OYBaHE HA
JIBaTa OCHOBHHM mpolieca, mokasanu Ha ¢ur.l. Conducting EW,
during the course of the operation, usually begins with basic
electromagnetic support (ES) actions such as: electromagnetic
reconnaissance of the main parameters of transmitters
(Electromagnetic Reconnaissance), direction finding of opponent's
transmitters (Direction Finding), and threat warning (Threat
Warning) — if one exists. This information is then used to initiate
the two main processes shown in Fig. 1.

Not good
Not good

Good Good

Fig. 1. EW processes in the course of the operation

The first process is related to electromagnetic attack actions and
is depicted on the left side of the figure. It uses the results of
electromagnetic support actions. After the basic parameters of the
enemy emission sources are known and their direction is
determined, electromagnetic attack (EA) actions follow such as
emission of interference, electromagnetic deception actions or
electromagnetic neutralization. The next step in this cycle is to
evaluate the results of the electromagnetic attack and if they satisfy
the set task, the execution of the process is stopped. If the results do
not satisfy the set task, the process starts over with electromagnetic
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reconnaissance. This process is repeated cyclically until the set EA
task is fulfilled.

The second process is depicted on the right side of the figure
and again begins with the execution of the three main actions of
electromagnetic support (ES). As a result, the main parameters of
electromagnetic interference emitted to our radio equipment by the
adversary are determined and a decision is made on electromagnetic
protection (EP). Then the selected electromagnetic protection
measures are implemented, such as: control of own emissions
(Emission control), reduction of own emissions (signature) in
different frequency ranges of EM waves (Electromagnetic masking)
or increasing the resistance to interference of own radio equipment
(Electromagnetic hardening). The next step in this process is the
evaluation of the results of electromagnetic protection (EP) and if
they satisfy the set task, the execution of the process is stopped. If
the results do not satisfy the set task, the process starts over with
electromagnetic reconnaissance. This process is repeated cyclically
until the set task of electromagnetic protection is fulfilled.

2) Essence, tasks and basic elements of Electromagnetic
Support
Essence of the Electromagnetic Support

(ES) of
electromagnetic warfare, involving actions assigned by or

Electromagnetic  Support is a branch

under the direct control of the operation commander to
search for, intercept, identify, and/or locate sources of
and unintentional radiated electromagnetic
threat

planning, and conducting future operations [2]. It provides a

source of information necessary for immediate decision-making for
electronic countermeasures and other tactical actions.

intentional

energy for immediate recognition, targeting,

The main tasks of electromagnetic support are commanded by
the operation commander and include performing some of the
electromagnetic reconnaissance activities, direction finding of
electromagnetic radiation sources and warning of electromagnetic
threats.

Basic elements of Electromagnetic Support

The main elements of electromagnetic support are determined
by its main tasks and include (Figure 2):

a) Electromagnetic Reconnaissance (with a limited scope of
activities) including the following tasks:

v detection;

v’ assessment of basic parameters of electromagnetic
emissions such as carrier frequency (or bandwidth/hopping), type of
modulation, pulse sequence parameters (if pulse signals) and others,
if necessary.

b) Direction finding to determine the following parameters:

v’ bearing;

v elevation;

v’ position determination (if necessary and using a multi-
position ES system).

c) Electromagnetic Threat Warning:

v determining the type of electromagnetic
(classification);

v’ identification of sources of electromagnetic radiation (if
sufficient information and time are available to do so);

v’ warning of imminent or potential threat.

d) Electromagnetic Warfare Reprograming.

radiation

94

Detection

Signal
Electromagnetic Parameters
Reconnaissance Estimation

Electromagnetic
Support (ES)

Emitters
Classification

Threat Warning

Emitters
Identification

N
. Threat Warning
Electromagnetic

Warfare
Reprograming

Fig. 2. Components of Electromagnetic support

The process of Electromagnetic Warfare Reprograming has
been included as a new element of the electromagnetic support.
Electromagnetic Warfare Reprograming is the deliberate alteration
or modification of electromagnetic warfare or target sensing
systems, or the tactics and procedures that employ them, in response
to validated changes in equipment, tactics, or the electromagnetic
environment. [6]. Several types of changes constitute EW
reprogramming. These changes fall into three major categories of
EW reprogramming. They are:

v Tactics. Include changes in procedures, equipment,
settings, or EW systems mission-planning data. These changes are
usually conducted at the Service level and implemented at the unit
level using organic personnel and equipment.

v Software. Include changes to the programming of
computer-based EW and target sensing software. This type of
change requires software vendors to alter programmed look-up
tables, threat libraries, or signal sorting routines.

v' Hardware. Hardware changes or long-term system
development are necessary due to tactics and software changes
installed to resolve deficiencies. These changes usually occur
tactical, and software changes are of such complexity that it
requires hardware modifications or upgrades.

The goal of Electromagnetic Warfare Reprograming is to
maintain high efficiency of one's own electromagnetic warfare
activities. These basic activities are carried out for the purpose of
immediate threat recognition, target designation, planning and
conducting electromagnetic countermeasures during the operation.
In this way, ES contributes to the implementation of
electromagnetic countermeasures and the creation of an electronic
battle formation. Since modern operations are dynamic and fleeting,
the above-mentioned basic ES activities are carried out for a
relatively short time of the battle (operation). In addition, for the
purpose of timeliness and effectiveness of ES and EA, the volume
of activities is limited. For example, they measure only the basic
parameters of electromagnetic radiations sources such as frequency
and type of modulation, and only the bearing is determined, not the
exact location.
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From all that has been said so far, it follows that ES has two
main features:
v’ short-term — only for the battle (operation) duration;
v limited scope of activities.

It is precisely these two main features of ES that distinguish it
from electromagnetic intelligence, which has a much wider range of
activities and it is carried out over a longer period of time.

It is necessary to receive, digital process, analyze and storage of
radio signals in a wide frequency range when conducting
electromagnetic warfare. In addition, in order to be able to conduct
electromagnetic support, it is necessary to perform electromagnetic
reconnaissance, determine the main parameters of the intercepted
signals and measure the directions to the sources of these emissions.
All technical activities such as reception, digital processing,
analysis and synthesis of signals can be performed using software-
defined radio [7] (SDR).

2.2 General information about software-defined radio (SDR)

Software-defined radio is a modern paradigm for the practical
implementation of radio communication systems. The foundations
of the “software-defined radio” (software-defined radio - SDR)
paradigm are associated with the research of DARPA and the US
Air Force under the SpeakEasy project in the early 1980s on the
creation of a prototype radio station covering the range from 2 MHz
to 2 GHz and implementing about 10 communication standards [8].
Part of the results obtained in the field of system architecture were
published by Mitola in the early 1990s, where the author [9]
introduced the concepts [10] “software radio” and “software-
defined radio” [11].

Each professional organization attempts to define a common
framework of terms and definitions to allow for easy
communication among professionals working in a common field. In
the field of software-defined radio communications, the Institute of
Electrical and Electronics Engineers (IEEE), through its working
group P1900.1, has created definitions (Table 1) to ensure that
everyone in the field has a common terminology [12]. A key
definition in this brief ontic is that of “software-defined radio™: a
radio in which some or all of the physical layer functions are
software-defined.

Table 1: Ontic of concepts in the field of software-defined radio
communications

Concept Definition
Radio 1. A technology for the wireless
transmission or reception of
electromagnetic  signals enabling the
transfer of information.
2. A system or device incorporating
technology as defined in (1).
3. A general term applied to the use of
radio waves.
Radio Node A radio point of presence, including a
transmitter and/or receiver.
Software Modifiable instructions executed by a

programmable processing device

Physical Layer The layer within a wireless protocol
that processes radio frequency (RF),
intermediate frequency (IF), or baseband
signals, including performing channel
coding. It is the lowest layer of the 7-layer
ISO model adapted for  wireless

transmission and reception.

Data Link Layer The protocol responsible for the

reliable transmission of frames over a

Concept Definition
wireless link by using appropriate error
detection and control procedures and media
access control.
Software Software control refers to the use of
Controlled software processing in the radio system or
device to select operating parameters.
Software Software-defined refers to the use of
Defined software processing in the radio system or
device to perform operational (but not
control) functions.
Software A radio in which some or all of the

Controlled Radio physical functions are software

controlled.

layer

A radio in which some or all of the
physical layer functions are software
defined.

Software-
Defined Radio

Transmitter Equipment producing radio frequency

energy for radio communication purposes.

Receiver A device that receives a radio signal

and provides information extracted from it.

A subset of waveform functions
designed to establish communication
between two radio terminals. This is the
equivalent of the wireless physical layer
and wireless data layer waveforms.

Air Interface

Waveform 1. The set of transformations applied to
the information to be transmitted and the
corresponding set of transformations to
convert the received signals back to their

information content.
2. Representation of the signal in space.

3. Representation of the transmitted
radio frequency signal plus additional radio
functions, including all network layers.
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The definitions introduced allow not only to standardize the
concept of SDR, but also to create a context in which this concept
“lives”. This allows the formation of other contexts in which SDR
can be attributed to different entities.

A structural-functional block diagram of such a radio is shown
in Fig. 3.

L RF —< : I— Digitl Basebaqd
Frontend Frontend o
o
- Mizer - Digital Downconversion - Timing sync
- Power amplifier (DDC) - Equalization
-Low Notse Amplifier - Digital Upconversion - Carrier sync
(LN4) (Duc) - Channel coding
- Filters - Sample rate conversion

Fig. 3. Software-defined radio architecture

One of the main differences between the architecture of a
software-defined radio and an ideal one is the presence/need of a
radio frequency front-end operating in the analog space and
implementing such functions as mixing, low-noise amplification,
analog filtering, etc. Another architectural feature of modern SDRs
is the implementation of digital processing by two digital blocks — a
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digital front-end and a baseband digital signal processing block. The
first block performs all conversions from transmitted to baseband
(and vice versa) and those related to the clock frequency (frequency
compression, expansion, etc.). The second block performs all
conversions to baseband and is typically implemented by a general-
purpose computer or a single-board microcomputer.

Typically, in current products on the market that allow
experimentation and prototyping in the field of SDR, the analog RF
front-end, ADC, DAC and digital front-end are combined into a
common building block — RF digital front-end. This leads to the
generalized, mass, modern SDR architecture shown in Fig. 4.

Computer
Antenna RF digital Programs
= System Front-End \md Development Tools -
& Frameworks

Fig. 4. Generalized mass architecture of SDR

The main characteristics of popular radiofrequency front-ends used to
build SDRs are summarized on the Table 2.

Table 2: Main characteristics of popular radiofrequency front-ends used to
build SDRs

Plat- Frequ- Channel |Digital Digital Radio
form ency band- conver- [interface |channel
range width ters bit number
resolution
Hack RF|10 MHz -|20 MHz |8 bit USB20 |1 Rx/1
One 6GHz TX
Adalm (325 MHz|20 MHz |12 bit USB20 |1 Rx/1
PLUTO |- 3.8 GHz TX
Ettus 70 MHz -{56 MHz |12 bit USB 3.0 |2 Rx/2Tx
B210 |6 GHz
Ettus 10 MHz -|40 MHz |14-bit 1G 2 Rx/2Tx
N210 |6 GHz ADC Ethernet
16-hit
DAC
Ettus 50 MHz -|{120 MHz |14-hit 10G 2  Rx/2
X210 2,2 GHz ADC Ethernet, [TX,
400 MHz 16-bit PCle 4R X
-4.4 GHz DAC
1.2 GHz -
6 GHz
Ettus 10 MHz|160 MHz |14-bit 10G 2 Rx/2
X310 110 6 GHz ADC Ethernet, [TX,
16-bit PCle 4 Rx
DAC
Lime 100 kHz -|61.44 12 bit USB3.0 |6 Rx/A4
SDR 3.8GHz |MHz TX
Pico 70 MHz -|{56 MHz |12 bit PCle 4 Rx/4
SDR 6 GHz TX
8 Rx/8
Tx
RTL- |24 - 1766|3.2 MHz|8 bit USB 2.0 |1Rx

96

Plat- Frequ- Channel |Digital Digital Radio
form ency band- conver- |interface |channel
range width ters bit number
resolution
SDR MHz (2.4 MHz
typical)

The analysis of the data in Table 2 shows the availability of
capabilities for supporting a wide frequency range — part of HF,
VHF and UHF, a wide bandwidth of the processed radio channel —
up to 120 MHz, high data exchange speed with computer platforms
— up to 10 GBit/s, support for multiple coherent radio channels, etc.
These characteristics allow the implementation of technologies such
as GSM, LTE, DVB, FMCW Radar, MIMO, etc. The SDR
technology is supported by numerous software packages for
computer modeling and simulation. The most famous of them are:
Matlab, GNU Radio, LabVIEW, etc. The advantage of using such
packages is the rapid transition from a computer module to a
practical implementation.

3. Results and discussion

3.1. Usage of SDR as a
Reconnaissance

tool for Electromagnetic

A basic use case for SDR is monitoring frequency bands
intended for national security purposes, such as VHF (30-88 MHz)
or UHF (230 — 400 MHz). The analysis of the data in Table 2 shows
the capabilities of commercially available mid-range RF front-ends
for monitoring such frequency bands. There are many open source
applications that allow monitoring of the frequency spectrum,
compatible with different RF front-ends. Among the most famous
are ggrx, SDR++, SDRAnNgel, openwebrx, gr-fosphor, etc.

Figure 5 shows a snapshot of the ggrx program working while
monitoring the FM broadcast band status.

Fig. 5. Snapshot of the ggrx program working while monitoring the FM
broadcast band status

In the upper box, a spectral diagram of the spectrum state is
visualized, and below the spectrum is visualized through a waterfall
diagram. The application allows manual modification of the
operating frequency, the width of the frequency range for
observation, a wide set of configuration parameters for the views,
demodulation of FM signals, etc.

For cases where the instantaneous bandwidth of the RF frontend
is not sufficient to monitor wider frequency bands, for example the
entire NATO band 1V (4.4 — 5.0 GHz), it is necessary to use several
radio frequency modules in parallel or use one of them and a
scanning program.

Figure 6 shows a structural view of the developed prototype of a
software-defined scanning radio receiver for spectrum monitoring
and control. The system architecture is according to Fig. 4 and
consists of a general-purpose computer, the GNU Radio application
framework, the USRP B210 radio frequency digital front-end and
an antenna system. The technical capabilities of the specific RF
front-end are given in Table 2, where they can be compared with
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those of other similar products. The architecture of the SDR is
flexible and allows the use of other RF front-ends supported by the
application framework, as well as switching to other frameworks.
Thanks to the SDR concept, the specific final functionality of the
system is determined by the application developed in the GNU
Radio environment.

Fig. 6. A structural view of the developed prototype of a software-defined
scanning radio receiver for spectrum monitoring and control

Figure 7 shows an implementation of a software-defined
scanning radio receiver for spectrum monitoring and control in the
GNU Radio environment. Functionally, the application consists of
an interface with an RF front-end, a user interface for managing
control parameters, and a visualization.

QT GUI Digital Number Control

Fig. 7. User application of a software-defined scanning radio receiver for
spectrum monitoring and control in the GNU Radio environment

The interface with the RF front-end is implemented by the
USRP Source block. It is used to set such parameters as the
operating frequency, sampling frequency, gain of the low-noise
preamplifier, etc., as shown in Fig. 8. The block has an additional
Command input, through which control parameters can be changed
in run-time mode. The data on this input is formed by the Digital
Number Control block. The QT GUI Range block provides a slider
in the human-machine interface, through which the user can move
along the frequency range

Properties: UHD: USRP Source %
RF Options FE Corrections

Complex float3z

oK Cancel

Fig. 8. Menu screen for configuring the RF digital front-end via the USRP
Source block

The visualization of the output data of the USRP Source block
is done through the QT GUI Sink. This block offers, through a
tabbed menu selection, the display of the signal in the time,
frequency and vector domains.

For cases where there is asynchronous information
transmission, the detection of the moment of emission, estimation
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of basic parameters of the radio channel and, if necessary, recording
of the radio signal are of interest. The SDR concept allows the
development of devices with a convenient interface for
programming this task. Fig. 9 shows a screen of an application
running in the GNU Radio environment, including an energy
detector and an estimator of the width of the radio channel. The
detection level, the average operating frequency, the width of the
observed spectrum, etc. parameters are configurable.

gan ' 10.0% throshold ' 0.0 &
W Data 0
0
W Datal
-20 W Data 2
40 ® Mo Hod
W Max Hold
Q -60 -
bl L\
L R e
-120 -
-140 J
T T T T T
5.99¢+08 5.995e+08 6e+08 6.005+08 6.01e+08

Freq in MHz

Fig. 9. Screenshot of an application in the GNU Radio environment for
Electromagnetic Warfare Reprograming.

In case the Electromagnetic Reconnaissance object is a
transmitter with a known radio protocol, then even with COMSEC
measures applied, the SDR concept allows for monitoring of radio
traffic and extraction of meta-information. Numerous applications
are available for analysis of:

- 2G/3G4G/5G cellular systems — SRS RAN, gr-lte,
Open5GS, OpenLTE, OpenBTS-UMTS, LTE-Cell-
Scanner, etc.;

- wireless computer networks -
ieee802154, gr-lora, etc.;

- navigation systems - gr-air-modes, gr-ais, GNSS-SDR, etc.

gr-ieee802-11, grc-

One of the difficult computational tasks in Electromagnetic
Reconnaissance is the classification of the observed radio channel
and the identification of the protocol. To solve such a task, reverse
engineering applications are available: Baudline, Inspectrum,
Dspectrum, etc. Significant progress in solving this task has been
made with the use of Al [13].

3.2. Usage of SDR as a tool for Direction Finding

The availability of multi-channel RF front-ends on the market
makes SDR technology a convenient tool for solving the Direction
Finding problem. One popular solution in this area is the
KrakenSDR product, shown in Fig. 10. The architecture is based on
the KrakenSDR RF front-end, a Raspberry Pl single-board
computer, and a general-purpose mobile phone/computer.

_’
— Al
~—\ )

L[] _:4 -

KrakenSDR o—— USB «
Cable

KrakenSDR
Android app

v 11

Fig. 10.: Architecture of a multi-channel software-defined radio receiver
with spatially distributed elements [14]

Krakentenna Interface to

Raspberry KrakenSOR
Pi4d GuI

Another SDR solution for Direction Finding is the GNU Radio
add-on package — gr-aoa [15], which has developed a set of building
blocks for developing an application for angle of arrival (AOA)
estimation. Fig. 11 shows a view of the application using the
Multiple Signal Classification (MUSIC) algorithm.
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Fig. 11.: Example of AOA estimation with usage of application gr-aoa

The gr-aoa package also provides blocks necessary to provide
phase synchronization of USRP devices.

3.3. Threat Warning and classification of electromagnetic
emissions
The threat warning task includes electromagnetic
reconnaissance broadcast recognition and their protocols. The
presence of general purpose input/output (GPIO) ports facilitates
application development for this purpose.

3.4.Electromagnetic Reprograming

The SDR architecture, in its fundamental essence, is based on
the programming of functional elements and naturally helps to
realize this doctrinal requirement.

4. Conclusions

SDR can be used as a tool to perform many of the tasks of
Electromagnetic support.

One of the main use cases of SDR was demonstrated -
monitoring of frequency bands intended for national security needs,
for example in the VHF or UHF frequency ranges. Mid-range RF
front-ends available on the market have capabilities for monitoring
such frequency bands. There are many open source applications that
allow monitoring of the frequency spectrum, compatible with
various RF front-ends.

The availability of multi-channel RF front-ends on the market
makes SDR technology a convenient tool for solving the Direction
Finding task. For this purpose, ready-made products such as
KrakenSDR can be used or other solutions such as the GNU Radio
add-on package — gr-aoa, which contains many blocks for
developing an application for estimating the angle of arrival (AOA).

The SDR architecture, by its fundamental nature, is based on
the programming of functional elements and naturally facilitates the
implementation of Electromagnetic Warfare Reprograming.

The Threat Warning task requires the recognition of emissions
and protocols in Electromagnetic Reconnaissance. Measuring the
parameters of electromagnetic emissions, recognizing their
protocols, and automatically classifying them requires appropriate
algorithms and a large amount of computing power. This is one of
the directions for future work.
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A RESEARCH THE FUNCTIONAL CHARACTERISTICS OF FIELD CAMOUFLAGE
CLOTHING.

ANALYSIS OF THE INDICATOR "PHYSIOLOGICAL PROPERTIES"
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Anomauusa: [oxnaovm e uwacm om nopeouya, paseiexcoauja u3cieosane npoeeodeHo cped Oouyu om OvreapcKus KOHMUHZEHm Ha
cyxonvmuume GOUCKU, Y4ACMEAIU 8 Onepayusi N0 no00vpicane Ha mupa 8 Apeanucmat, OMHOCHO QYHKYUOHATHUME XAPAKMEPUCIUKY HA
usnonzeanume om msx noiesu Kamyguaxcuu obnexia. B doknada ca npedcmasenu pezyimamume OmM U3GbPUICHUS. AHALU3 OMHOCHO
Qusuonocuunume ceolicmeéa Ha obrexnama. Amanuzvm e Hanpagen Ha 6aza Ha cvOpanume u 0bpabomeHu OAHHU OM AHKEMHU KApmu,
nonvaxenu om 6ouyume.

Kmiouwosu oymu: CYXOIIBTHU BOMCKH, TIOJIEBO KAMY®JIAJKHO OFJIEKJIO, ADIAHHCTAH, AHAJTHU3, ®H3HOJIOTHYHH
CBOVICTBA HA OFJIEKJIATA

Abstract: The report is part of a series examining the research conducted among soldiers from the Bulgarian contingent of the ground
forces, who participated in the peacekeeping operation in Afghanistan, regarding the functional characteristics of the field camouflage
clothing they used. The report presents the results of the performed analysis regarding the physiological properties of the clothing. The
analysis is based on the collected and processed data from the questionnaires filled out by the soldiers.

Key words: GROUND FORCES, FIELD CAMOUFLAGE CLOTHING, AFGHANISTAN, ANALYSIS, PHYSIOLOGICAL PROPERTIES OF
THE CLOTHING

1. Bweeoenue

Hacrosimust moknman e wact or mnopeauna jgokinaad [1-6], _  KayecTBEHa IPOMEHJIMBA ,M3IBJIHABAHU 3a1aun’ —
pasTiexIaly U3clieBaHe MPOBEACHO cpel OOoMIM OT OBITapcKus 1a0HM IEHHOCTH, maTpyiupaHe, APYTd, KOMOWHALIUS
KOHTHHTEHT Ha CYXOITbTHUTE BOICKH, yJ4acTBaJlK B OIEpalus IO OT 3aJa4H.
nmongbpkaHe Ha Mupa B AQraHuCTaH, KOMUTO 3a LEIUTE Ha OYHKIIMOHATHATE XapPaKTEPUCTHKH Ha W3CIIECABAHUTE IIOJIEBH
HACTOSIIIOTO H3CJCOBAHE Ce€ sBABAT H3BagKa OT TeHepajHaTa KamyQraaxHd obnexna 1me ObJar OLIEHEHH 10  CIEIHUTE
CBHBKYIHOCT (OOMIMTE OT CYXONBTHHUTEC BOWCKH, YYacTBAlllld B ITOKa3aTelIn:

orepanuy MO MOAAbpXKaHe Ha Mmupa B AQraHucTaH 3a BCHUYKH
neproan). AHKeTUpaHH ca 00110 329 Go#In OT CyXOMbTHH BOHCKH,
MB)XE W JKCHH, W3NBJIHIBAIIN PA3UYHM 3aJadd — MATPyJIHPaLlH,
mrabHa gefiHoCT W jp. (JIOTHCTHYHHU JEHHOCTH W TOJAPHIKKA Ha
texHukara). Ot Tsax 116 Goiimm ot Ga3ara, Hammpama ce B Tp.
Kabyn u 214 Ooiimm ot 6a3ara B rp. Kanmaxap. Cemute ca
MOITBJIHAIIA JTOOPOBOJHO TIPEIBAPUTEIIHO pPa3fajieHa MM aHKeTHa
KapTa.

_  EproOHOMMYHH CBOMCTBA;
_  (U3MOJOTMYHM CBOWCTBA;
_  MAacKHMpOBbYHHU CBOMCTBA;
- (i)I/ISI/IKOMeXaHI/I‘IHI/I, XUMHUYHUTE U JIp. MTOKA3aTCIIN Ha
00JIeKI1aTa U ThKaHUTE.
3a BCEKH OT ONPEICIICHUTE IMMOKA3aTEIn Ca BbBCJICHU KpHTepHﬁ,
II0 KOHUTO 1a 6'])[[@ U3BBPIUICHA JOaJIcHaTa OICHKA. BobBenenure
KpUTEpHUU Ca 3agaJCHH KaTo JONBbJIHHUTCIIHU BBIIPOCHU Ha
O06001IeHUTE PE3yITaTH OT HANPABEHUTE O MOMEHTA aHAJIU3U aHKCTUPaHUTE OOMIIH.
ImoKa3Bar, 4€ HWMa 3HAYUTCIHO TOJIIM HPOLEHT OTPULATCIHU
OTrOBOpH  OTHOCHO (byHKL[I/IOHaHHOCT"Ta Ha HOBOTO IIOJICBO
KaMy(l)JTa)KHO obnekio. Toma Hanara U3BBPIIBAHCTO Ha II10-
3abI00YEH aHAIM3 Ha PE3YATAaTUTE OT AHKETHUTC KapTU C LCIT
YCTaHOBSIBAHE Ha 3aBHUCHUMOCTHUTE Ha OTrOBOPHUTE OT HIKOHU
Ka4€CTBCHU ITPOMCHJIMBU, KAKTO U Ja 61),[[6 HalpaBeHa OL€HKa Ha _ I[e(i)HHHpaHe Ha XUIIOTE3U (OHpe[[eJISIHe Ha HyJeBa
XapaKTCPUCTUKUTE Ha O6HeKHaTa 110 oIpE€ACICHU MOKA3aTECIIn. XUIIOTE3a HO U allTepHAaTHBHA XUIIOTE3a Hl) 3a BCEKH OT
Pa3TJICKIAHUTE KPUTCPUU.

B mpoueca Ha aHanM3a IpU IIPOBEPKAa Ha CTATHCTHYECKA
XMIIOTE3a OTHOCHO HE3aBUCHMOCTTa Ha pasnpejeNieHuara Ha
ClydailHHTE TPOMEHIIMBHU [7] 1O BCEKH OT BHBEACHHUTE KPHTECPHH
ca U3BBPLICHU CICIHUTE NEHCTBU:

OHpeHCHCHI/I Ca AB€ Ka4€CTBEHU IIPOMEHIINBU!

o Ho - MHCHHETO Ha 60ﬁHPITe U3IIbJIHABAIIKA  Pa3JIMIHU
3aJa4yyd HE CC€ pasjmnvaBa, T.€. HEC € B 3aBUCUMOCT OT
H3IIBJIHABAHUTEC 3aJ1a4H,

_ Ka4eCTBEHa POMEHJINBA ,,I1I0JI” — MBXE U KEHU;
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e H; - mHeHuero Ha OOWIWMTE W3MBIHSABAINU Pa3IHYHH
3aa4d  ce pas3idyaBa, T.6. € B 3aBUCHUMOCT OT
W3IIBITHIBAHUTE 3aa9H.

M3060p Ha HUBOTO HA 3HAYUMOCT - o, = 0,05.

Merton Ha mpoBepka - xz:
IIpoBepka 3a CTOMHOCTTAa Ha x> MPU ThPCCHE HA
3aBUCHMOCT MEXAy OTroBopuTe Ha Oodrure OT
H3MBIHIBAHUTE OT TAX 3aJa4H;
JlombTHUTEIHA NPOBEpKAa 33 CTOMHOCTTA Ha Y2 mpu
THPCEHE Ha 3aBUCHMOCT MEXIy OTTOBOPHUTE Ha OOWIUTE
W3MBIHSIBAIIM TATPYJUpaHe W Te3W Ha Oourmre
W3ITBJIHSBALLY ,,pa3]IMYHU 3a1a4H ‘.

AHanu3 Ha MOJyYCHUTE PE3yNTaTH.

W3BexnaHe Ha U3BOJM.

B Hacrosmus mokman ca mokasaHW TaOMMYHO U TpadUvHO
pe3yNTaTHTEe OT HaNpaBEeHMS aHAIM3 W U3BEACHUTE W3BOMH 110
OIPE/ICICHUTE KPUTEPHUH 3a MOKA3aTes ,,(HHU3HOIOTHIHOCT .

2. Awnanusz no noxazamens ,,pusuonozuunocm”

3ajavarta Ha aHaIM3a € J1a CC YCTAHOBH 3aBHCUMOCTTa MEKIY
OOMIMTE W3MBJIHABAINY ,,pa3IMYHUA 33Jadd’, KaTo CJICMCHTH Ha
KayecTBeHaTa MPOMEHJIMBA L M3ITBIIHIBAHI 3amayn’ u
(hbU3HONOTMYHUTE TIOKa3aTenu Ha o0JexnoTo. [lo pasriexmaHus
TOKa3aTel KauecTBeHa MPOMEHIINBA ,, 10N HE CE OTYHUTA.

3a ma ce OTroBOpW Ha IMOCTAaBEHUTE 3a1adu, ca AeuHUpaHU
CIIETHATE MEeT KPUTEepHs 3a OIpeneinsHe Ha (QU3HOIOTHYHUTE
M3UCKBaHUS Ha 00JICKIIOTO.

Kp.1. 3ama3Bane Ha TeJecHara TeMIeparypa B CTYICHO
BpEME M CHJIEH BATHD;

Kp.2. IonymybaTa ¥ KIUHBT OCHUTYpsSBaT KOM(MOPT mpu
HM3IIBJIHEHUE Ha HamperHatd ¢usmdecku aeidHocTH (OBp30
OTBEXKIAaHE Ha IOT);

Kp.3. OcwurypsiBaHe Ha HaIeKIHA 3aIlIUTa TIPH BAJEKH OT
ABAKI;

Kp.4. Mma nmu yceniane 3a HekoM(OPT NPH KOHTakKT Ha
obJexaTa HEMOCPEACTBEHO C KOXKATa,

Kp.5. VYcemane 3a TBBpJAOCT Ha sKaTa Ha pu3ata U
urybara. Br3HnKBaHe Ha KOKHHU pa3apa3HEeHHs.

JlepuHupanuTe KpuUTepHH ca 3aJaleHH Ha OOWIHMTE IOX
(opmara Ha BbpocH. OTTOBOPHTE Ca aHAIM3UPAHU U ca U3BEICHH
U3BOJIH.

2.1. 3aBucHMOCT MeXAy KadyeCcTBeHATa IPOMEHJHMBA
»W3IBJIHSABAHM 331a4n” W MoKa3aTeis ,,(PUu3n0JOrHYHOCT* Ha
00J1eKJI0OTO

Or yyactBanuTe B aHkerata 329 0oilM OT CyXOIBTHHTE
Boiickn, 40 (12%) ca m3nbaHgBany mabdHn aeiHocTH; 82-Ma (25%)
narpymupane; 187 (57%) - npyrm peitHocTH (JIOTHCTHYHU
JeHHOCTH, OOCTy)XBaHe Ha TexHHKara); 8 (2%) ca HM3BBPIIBAIH
KoMOMHaIust OT 3a1aun; 12 Goiiu (4%) - He ca MOCOYNITN BUA HA
M3IBJIHIBAHUTE OT TSIX 33/1a4¥l U HE ca BKIIIOYEHH B aHAIN3A.

Taka oOwusT Opoil Ha aHATW3UPAaHHUTE aHKETHH KapTu [8] e
317. Tlo HIKOM OT KpUTEpUHUTE OOLMAT OpOM Ha aHKETHPAHUTE
HaMaslsiBa, Mopajy HelaAeH! OTTOBOPH OT OOMIIUTE HAa CHOTBETHUTE
BBIIPOCH.

Ha d¢ur. 1 e mpencraBeHo rpaduyHO IPOLEHTHOTO
CHOTHOIICHNE HA OOUIMTE B 3aBUCUMOCT OT M3IIBJIHSABAHHUTE OT TAX
3aJa4u.
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Que. 1. Ipoyenmno cvomuowienue Ha Oouyume 6 3ABUCUMOCH OM
UBNBIAHAGAHUME 300a4U

2.1.1. IlpoBepka Ha CTATHCTHYECKA XHUIOTE3a OTHOCHO
HE3aBHCHMOCTTAa Ha Ppa3mpeleieHHATa Ha  cJAydaiiHHTe
npovensusn no IIBbPBU KPUTEPHUM 3a kavecTBena
MPOMEHJINBA ,,U3MbJIHABAHM 32124’

B Tabn. 1 ca mpeacraBeHn OTrOBOPHTE HAa OOHIMTE MO MBPBU
KPUTEPHH 33 Ka4eCTBEHa IPOMEHIINBA ,,M3bIIHIBAHH 33/1a9n‘".

Taon. 1
0 . Kom6
11{a6uu Marpypany Ip omOuHa
3a1a4n 3a1a4n s
HaumenoBanue Beuuko
ma | He | ma He na | He | ma | He
3ana3BaHe Ha TelecHaTa
TeMIepaTypa B CTyJIeHO 31| 7 48 34 |148| 31| 7|1 307
BpEME U CHIICH BSTHP

B To3u pasrmexnaH ciydail cterneHuTe Ha cBobona ca 3. Ilpu
HUBO Ha 3HauyuUMocT o = 0,05 ¢ Tpu cTerneHn Ha cBOOOIa CTOMHOCTTA
x% e 7,8147. Tonyuenara B pe3yiTaT Ha TecTa CTOMHOCT y2 =
19,4349 3a u3Bamkata € MHO-TrOIsIMA OT CTOMHOCTTa Ha x° 3a
NPUETOTO HUBO Ha 3HaumMmocT. CleoBaTeHO HyJeBaTa XHUIOTe3a
ce OTXBBPIISL.

BB3 ocHoBa Ha TIPOBEICHUA Xz TECT MOXE J1a C€ 3aKII04Yd, Y€
3ala3BaHETO Ha TEJIECHATa TeMIeparypa B CTYJ€HO BPEME U CHUIICH
BATHP OT ITOJIEBOTO 00JIeKITO Ce BB3NPUEMA PA3JIMIHO OT 60ﬁHHTe "
€ B 3aBUCUMOCT OT U3I'BJIHABAHUTEC OT TAX 3aJla4H.

B Tabn. 2 ca mpeactaBeHH 00OOIIEHUTE OTTOBOPH MO ITBPBH
KPUTEPHH 32 JIOIbJIHUTEIHA POBEPKa.

Taon. 2.
P3amuunn 3anaun | Ilatpynupamu
HaumenoBanue o Pypa Beuuko
za HE za HE
3ana3BaHe Ha TeJIeCHaTa TeMImepa a B
PAYPAR) 187 | 38 48 3 | 307
CTY/ICHO BPEME M CHJICH BSTHD

JlombIHUTEHA TIPOBEPKA 3a CTOMHOCTTA Ha ¥ TIpM ThpceHe Ha
3aBHCHUMOCTTa Ha OOMINTE M3MBIHSABALIM HAaTPyIUpaHe U Ooiure
W3ITBJIHABALIY ,,pa3IMYHU 3a/1a4n ‘.

B To3m pasrnmexxmaH cmydaid cremeHTa Ha cBoboma e 1. Ilpu
HHBO Ha 3HAYUMOCT O 0,05 ¢ emma cremed Ha cBOOOIa,
croiinocTTa 32 y2 e 3,8415. Tlomyuenata B pesy/nTaT Ha TecTa
croitnoct y? = 20,216 3a U3BaaKaTa € MO-ToNAMa OT CTOHHOCTTA Ha
x? 3a TIpHETOTO HMBO Ha 3HauymMocT. CleOBaTeNHO HyNeBaTa
XMIIOTE3a C€ OTXBBPIIA.

BE3 OCHOBA Ha MPOBENEHUS Y2 TECT MOXe Ja CE 3aKIOuH, de
3aIa3BaHETO Ha TeJeCHATa TeMIleparypa B CTYACHO BpeMe U CHIJICH
BATHP OT HOJICBOTO OOJIEKIO, Ce OLEHSBA PA3IMYHO OT OoHIHTe
W3IBIHSBALIH ,,pA3IMYHHU 331a40° U TaTpyIUpaInuTe 60iuu.

Be3mpuemanero Ha O0OJEKJIOTO 1O IBPBH KPUTEPHH OT
OOMIMTE W3MBIHABAIINA ,,Pa3IMYHA 3amadd’ € oreHeHo ¢ 83%
MOJIOKUTETHA OTroBopu U ¢ 17% otpuuarenuu. [arpynaupamure
oo ca gamum 59% TIOJNIOKUTEIHU OTTOBOPH u 41%
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OTPULIATCITHUTE. Karo 5JI0 MHEHUETO IO TO3U KPUTEPUH €
TITOJIOKUTECIIHO.

Ha ¢ur. 2 rpaduuno e u300pa3eHO  MPOILECHTHOTO
pasmpeneneHHe  Ha ~ MHEHHMATAa  Ha  NaTpydupaliuTe |
M3IBIHABALINTE ,,pa3IMYHH 3aa49K .

Pazmaan 3agaqn Tarpynuparu
Ha 83% 59%
N He 17% 41%

Que.2. [Ipoyenmno pasnpedenenue Ha MHEHUSMA HA NAMPYIUpawume u
UBNBAHAGAWUME PA3TUYHU 3A0A4U NO NbPEU KpUmMepul

2.1.2. TIpoBepka HA CTATHCTHYECKA XMIIOTE3a OTHOCHO
HE3aBMCHMOCTTAa Ha  pasnpele/ieHHMATa Ha  claydaiiHUTe
npovenaun mo BTOPHM KPUTEPUM 3a kadecTBena
NPOMEHJINBA ,,M3ITbJIHABAHM 3212491

B Tab6un. 3 ca mpencraBeHH OTTOBOpPHTE Ha OOMIMTE MO BTOPHU
KPUTEPHUH 33 Ka4eCTBEHA IPOMCHIINBA ,,M3ITBIIHIBAHHU 3a/1aun ™.

Taon. 3.

a6un | [atpymmpa
3aja4n it

Jp. | KomGuua

3aaun s

Hanmenosanne Benuko

na | He | ma | He | ma| He | ma | He

Ionymry6ata 1 KIMHBT OCHTYpsIBAT
KOM(DOPT NPU U3MBIHEHHE HA
HANPErHaTi GU3MIECKH ACHHOCTH
(6Bp30 OTBEKIAHE HA TIOT)

24 | 13| 43 | 39 |1221 58| 5 |3 307

B T031m pasrnexxmaH cirydail creneHuTe Ha cBoboxaa ca 3. Ilpu
HUBO Ha 3HaumMocT o = 0,05 ¢ Tpm cremeHm Ha cBoOOza,
croitHocTTa 32 x> e 7,8147. IlomydeHaTa B pe3y/iTaT HA TECTa
croitnoct y? = 5,74987 3a u3BajKata e Mo-Majika OT CTOHHOCTTA Ha
x? 3a TpueTOTO HMBO Ha 3HaumMocT. ClleOBaTENHO HyNeBaTa

XHUIIOTE3a HE CE OTXBBPJIA.

B3 OCHOBA Ha MPOBENCHUA Y2 TECT MOXe Ja CE 3aKIIOuH, Ue
OCHTYPSIBaHETO Ha KOMQOPT OT MoIymry0aTa W MaHTaJOHA IIPU
W3ITBIHEHNE Ha HAIPETHATH (U3WYIECKH JEeHHOCTH, HE Ce OIeHsSBa
pa3IugHo OT OoHIHTE.

B Tabn. 4 ca mpencraBeHH 00OOIIEHHTE OTTOBOPH 110 BTOPH
KPUTEPHH 3a JOMBIHUTEIHA IPOBEPKa.

Taon. 4.

Paznuynu Marpynuparu

HaumenoBanue Bcenuko

aa He 1a He

Ionymry6ara i KIMHBT OCHTYPSBAT KOM(POPT
TIPH H3MBIHEHHE Ha HanperHath Gusnueckn | 151 74 43 39 307
neiinocTy (ObP30 OTBEXKAHE HA MOT)

JlombTHUTENTHA IPOBEPKA 32 CTOMHOCTTA HA Y% 1IpH ThpCEHe Ha
3aBHCHUMOCTTa Ha OOWINTE M3ITBJIHSABAINY MATPyIHpaHe u OOHImTe
W3IBIHABAIIH ,,pA3IMYHU 331290

B To3u pasriexnan ciaywaii cremeHrta Ha cBoboma e 1. Ilpu
HHBO Ha 3HAYUMOCT O 0,05 ¢ emma cremeHd Ha CcBOOOIA
croitHocTTa 32 Y2 e 3,8415. TomydeHaTa B pe3ynTaT Ha TecTa

CTOMHOCT )(2 = 5,562 3a u3BajKaTa € rmo-rojasMa OT CTOMHOCTTAa Ha
x? 3a TpHETOTO HMBO Ha 3HaumMocT. ClefoBAaTENHO HyJeBATa

XUIIOTE3a C€ OTXBBPJIS.

Bb3 0CHOBa Ha MPOBEJAEHHs Y2 TeCT MOXKe Ja ce 3aKIIOuHM, de
OCHTYpsIBAHETO Ha KOMGOPT OT MOdylIydara W MaHTAJOHA IMPH
W3IBJIHCHHE HA HamperHatd (GU3WYecKH OeWHOCTH, ce OLeHsBa
pa3nuYHO OT OOWIHMTE H3MBIHSABALIM ,,pa3IHYHU 3aJaud” U OT
HMaTpyIUpaNIuTe OOUTIH.

Ot ¢wur. 3 craBa BHOHO, Y€ O TO3M KpUTepHil, OoHrmTe
M3IBIHABAINN ,,pa3lIMdHN 3amgadqn’ ca Janu 67% MONoKUTeTHN

orroBopu u 33% - oOTpHUIATENHH, [OKaTO OTTOBOPUTE Ha
narpyaupamure 6o ca  52% nonoxurenan u  48% -
oTpunarejaHd. Karo [0 MHEHHETO [0 TO3HM KPUTEPHH ©

TIOJIOKUTCIIHO.

Pazmiraan 3amaun Iatpympamu
a 67% 52%
L $:5 33% 48%

@ue2.3. [Ipoyenmno pasnpedenenue Ha MHEHUAMA HA NAMPYIUpawume u
UBNBAHAGAWUME PA3TUYHU 3A0A4U NO 6MOPU KpUMeputl

2.1.3. IlpoBepka Ha CTAaTHCTHYECKAa XHMIOTe3a OTHOCHO
HE3aBHCHMOCTTAa Ha pa3mpeleieHHMsAiTa Ha  cJydaiiHuTe
npovenauBn no TPETA KPHUTEPHM 3a xkadecrBeHa
MPOMEHJINBA ,, U3TbJIHABAHH 32124’

B Ta6n. 5 ca mpeacTaBeHNM OTroBOpHUTE Ha OOHMIMTE IO TPETH
KPUTEPHH 3a KaueCTBEHa MPOMEHIINBA ,,U3ITBJIHSIBAHH 3212491

Taon. 5.

a6uu | Harpymupa| [p. |KomOuna

HaumenoBanue 3a/aun 1 3aja4n s Beunuko

Jla | HE | Joa HE Ja | He | oa | He

OCHpr}IBaHC Ha HaJCxKaHa
3amuTa MMpyu BAJICKH OT ABXKI

26| 14 [ 47| 35 (14437 7 | 1| 311

B To3u pasrnexnanus ciaydaii creneHurte Ha cBoboza ca 3. [lpu
HUBO Ha 3HauyuUMocT o = 0,05 ¢ Tpu cTermeHn Ha cCBOOOa CTOHHOCTTA
3a y%e 7,8147. IlonyueHara B pe3yiTaT Ha TeCTa CTOMHOCT y2 =
15,832 3a m3BajkaTa € MO-TOJsIMA OT CTOMHOCTTA HAa Y2 3a
MIPUETOTO HUBO Ha 3HaYMMOCT. ClieloBaTeNHO HyJeBaTa XUIOTE3a
C€ OTXBBPJIA.

Bb3 0CHOBa Ha NPOBEJEHNs ) 2-TeCT MOXe Ja ce 3aKIIOuH, de
OCHTYPSIBAHETO HA HAIEK/HA 3aIUTA MPU BAIEKH OT ABKI OT
MOJICBOTO OOJICKJIO, CE OIICHSBA Pa3IMYHO OT OoinuTe M € B
3aBUCHUMOCT OT U3IIBJIHABAHUTEC 3aJa4YU.

B Tabn. 6 ca mpeactaBeHH 0OOOIICHUTE OTTOBOPH IO TPETH
KPUTEPHH 32 JIOIBJIHUTEIHA POBEPKA.

Taon. 6.

YHU Tatpynupamm

HaumenoBanue Beunuko

aa HE na HE

Ocnryp}lBaHe Ha HaJACKIHA 3alIuTa
TIpA BAJICIKH OT ABXKI

177 52 47 35 311
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JlonbHUTENHA TPOBEPKA 32 CTOMHOCTTA Ha X2 NIpU ThpPCEHE Ha
3aBHCHMOCTTa Ha OOWINTE M3IBJIHSABAINY MATPyIHpaHe u OOHImTe
M3IBJIHSBAILY ,,pa3]IMUHU 3a0a4u‘

B To3m pasrnmexxnman ciydait cremeHTta Ha cBoboma e 1. Ilpm
HMBO Ha 3HAYUMOCT O 0,05 ¢ emHa crermeH Ha cBoOoja,
croitHocTTa 32 ¥ ¢ 3,8415. IonydeHata B pe3ylTaT Ha TecTa
croitHocT x% = 11,9574 3a u3Bankara e mO-roJisiMa OT CTOHHOCTTA
Ha x? 3a MPHMETOTO HMBO Ha 3HAYMMOCT. CJIE0BATETHO HyTeBaTa
XUIIOTE3a Ce OTXBBPIIS.

Bb3 OCHOBA HA NMPOBEJCHHS Y TECT MOXE J]a Ce 3aKITIOUH, de
HaJeKIHAaTa 3alliTa Ha OOJIEKIOTO TPH BaleXkKH OT IBXKI, CE
OLICHSIBA PA3IHYHO OT OOUIMTE U3IIBJIHABALLY ,,pA3IHYHH 3a0a4H" U
OT HaTpynupamuTe 6oiuu.

Bw3npremManeTo Ha 0OJEKIOTO 1O TPETH KPUTEPHid OT OoMIuTe
VMBIIBJTHSBANNM PA3IMYHU 3amaun ¢ 77% monmoxurenno u 23%
orpunarenso. [larpymupamure Goimu ca ¢ 57% HONOKHUTEITHA
otroBopH 1 ¢ 43% otpunarensu (¢ur. 4). Kato msmo MHEHHETO 1O
TO3HU KPUTEPUU € IOJIO0KUTEIHO.

Pa3smiraan 3agagn TaTrpymiparmu
Ha T7% 57%
HHe 23% 43%

Duz.4. [IpoyenmHo pasnpedeneHue HA MHeHUAMA HA nampyaupawume u
UBNBAHABAWUME PASTUYHU 3a0aYU NO MPemu Kpumepui

2.1.4. TlpoBepka Ha CTATHCTHYECKA XHUIOTE3a OTHOCHO
HE3aBHCHMOCTTAa Ha pasmpeleieHHMsiTa Ha  CJAydailHHTe
npovenausn no YETBHPTH KPUTEPHUM 3a kadecrBena
NMPOMEHJINBA ,, 3MbJIHABAHU 32124’

B Tabn. 7 ca mpencraBeHM OTroBopuTe Ha OoOWIMTE TIO
YEeTBBPTH KPHUTEPHU 3a Ka4eCTBEHA INPOMEHINBA ,,M3ITBIHIBAHH
3a1aun’’.

Taon. 7.
1labnn | Iatpymupa p.  |KomOuna
HanmenoBanne 3a7a4n ] 3a7a4n i |Benuko
Ja| He | ma | He | na | He [ ma | He
Wmanmn yeemane 3a HekoMdOpT
IIpH KOHTAKT Ha obek1aTa 8 31| 68| 11 |11|174( 3| 5] 311
HETIOCPE/ICTBEHO C KOXkKaTa

B T031m pasrnexmaH ciydail creneHuTe Ha cBoboxaa ca 3. Ilpu
HUBO Ha 3HaYUMocT o, = 0,05 ¢ Tpu cremenu Ha cBoOOIa CTOHHOCTTA
3a x? e 7,8147. Tlonyuenata B pe3ynTaT Ha TecTa CTOHHOCT 2 =
174,607 3a wu3Bagkata e MHO-rojsMa OT CTOMHOCTTa Ha x° 3a
MIPUETOTO HUBO Ha 3HauUMOCT. ClleoBaTEeIHO HyJIeBaTa XUIIOTE3a €
OTXBBpJICHA.

Bh3 OCHOBA Ha MPOBENEHHS Y2 TecT MOXe Ja ce 3aKIouH, ue
yCeIIaHeTo 3a HEKOM(pOPT TNPH KOHTAKT Ha  OOJIEKIOTO
HETNOCPEJICTBEHO C KOXKaTa Ce OLECHIBA Pa3IMYHO OT OOHMIIUTE U € B
3aBUCHUMOCT OT U3IIBJIHABAHU 3aa4YU.

B Tabn. 8 ca mpencraBenn 000OIICHHTE OTTOBOPH IO TPETH
KPUTEPHH 32 JOIIBIIHUTEIHA IPOBEPKA.

Taébn. 8.
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Paznnunn Matpympams
HaunmenoBanue 3a/1a41 pyIp Benuko
Ia HE Ia HE
HWmanu ycemane 3a HekoM(pOPT MPH KOHTAKT Ha
Yeert tpopr p 2 | 210 | 68 | 11 | 311
oOIeKiara HermocpeCTBEHO ¢ KoXKaTa

JlombJTHUTETHA IPOBEPKA 3a CTOMHOCTTA Ha 2 TIpH ThpCceHe Ha
3aBHCUMOCTTA Ha OOWINTE M3IBIHSABAINM MaTPyJIHpaHe U OOUIHMTE
W3ITBJIHSABALIY ,,pa3]IMYHU 3a1a4H

B To3u pasriexnaH ciaydail cremeHta Ha cBoboma e 1. Ilpum
HUBO Ha 3Ha4MMOCT . = 0,05 ¢ emHa cTerneH Ha CBOOOJa CTOMHOCT
3a y? e 3,8415. TTomydeHara CTOMHOCT B pe3yNTaT Ha TecTa x> =
168,1207 3a u3BajgKaTa ¢ IO-rOJNsMa OT CTOMHOCTTAa Ha Y2 3a
MPUETOTO HUBO Ha 3HaYMMOCT. ClleIoBaTENHO HyJeBaTa XUIOTe3a
ce OTXBBpJICHA.

Bb3 0CHOBa Ha MPOBEJAEHHs Y2 TecT MOXKe Ja ce 3aKIIOuH, de
ycellaHeTo 3a HeKOM(OpPT TMpH KOHTAKT Ha  OOJIEKIOTO
HETIOCPE/ICTBEHO C KOXKaTa Cce OIEHsBa pasIMdHO OT Ooifmure
W3ITBJIHSBAIIY ,,pa3/IMYHH 331aU’ ¥ HaTpyIMpaIuTe oimy.

IMo To3u kpurepuit 9% OT OOWIM W3MBIHSBAIIN ,,PA3TAIHA
3a/1a4K’* ca Jajii MOJIOKUTeNHa olleHka 1 91% - orpunarensa, T.e.,
ye He ycemar auckompopt. Ilpm mnarpymupammte OoHIM
otroBopure ca 86% monoxurenau u 14% orpunarennu (¢wur.5).
Karo msmo MHEHHETO 1O TO3M KPUTEPHH € TIOJIOKHTENHO 3a
OOHIMTE M3MBJIHABALIN ,,pa3fIMYHH 33dadd’ ¥ OTPHLATEIHO 3a
MaTPYJIUpPALINTE.

Paszmiranan 3amaun Iatpymupani
Ha 9% 86%
HHe 91% 14%

Que.5. IIpoyenmno pasnpedenenue na MHEHUAMA HA NAMPYyIUpawume u
UBNBAHAGAWUME PA3IUYHU 3A0AYU NO YeMmEbDMU KpUumepuil

2.1.5. IlpoBepka Ha CTATHCTHYECKA XHMIOTEe3a OTHOCHO
He3aBHCHMOCTTA Ha pasnpeleeHHsiTa Ha  clIydailiHuTe
npovensuen no IETU KPUTEPUM 3a kavecTBena
MPOMEHJINBA ,, U3TbJIHABAHH 32124’

B Ta6n. 9 ca npencraBeHH OTrOBOpUTE Ha OOMIUTE MO HETH
KPUTEPUH 3a KaUYCCTBECHA IIPOMEHJIMBA ,,U3II'bJIHABAHA Sallaql/l“.

Taon. 9.
a6uu | Harpymupa| [dp. |Kombuna
Hanmenosanue 3a71a91 M 3a1a4u s | Benuko
na | mHe | ma | He | ma | me | ma | me
Vcemane 3a TBbPOCT Ha SKaTa HA
pusara u myOara. BesuukBanewa | 9 [ 31| 23 | 59| 31 |156( 2 | 6 | 317
KOXHHU Pa3pasHEeHus!

B T03m pasrmexxmaH ciy4ail crerneHuTe Ha cBobona ca 3. Ilpu
HUBO Ha 3HAYUMOCT o 0,05 ¢ Tpm creneHu Ha cBobona
croitnoctTa 32 y2 e 7,8147. IMonyuenata B pe3yiTaT Ha TecTa
croitHocT y? = 4,8292 3a n3BajkaTa € MO-MaJIka OT CTOHHOCTTA Ha
x? 3a TIpHETOTO HMBO Ha 3HadmMocT. CIe/IOBaTEHO HyNeBaTa
XHIOTE3a HE CE OTXBBPIIS.
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Bb3 0CHOBa Ha NPOBEJCHHs Y2 TECT MOXKE J]a Ce 3aKIIOUHM, de
YCEIAHETO 3a TBBPJOCT HA sKara HA pH3ara W IONylnybara |
BB3HMKBAHE Ha KOXHHU pa3[Ipa3sHEHHs] CE OIEHSIBA EIHAKBO OT
OoImTeE.

B Ttabn. 10 ca mpeactaBeHu 000OIICHUTE OTTOBOPHU IO TETH
KPUTEPUH 32 JONBIHUTEIIHA IIPOBEPKa.

Taén. 10.
Paznnynn
MMarpynupamm
HaumenoBanue 3ajiaqn Bceuuko
na HE na HE

Vcemane 3a TBBPOCT Ha iKaTa Ha pU3aTa u
1rybara. Be3HUKBaHE Ha KOXKHHI pa3pasHeHHs

42 193 23 59 317

JlombTHUTETHA IPOBEPKA 32 CTOMHOCTTA HAa Y% TIPH ThpCEHe Ha
3aBHCHMOCTTA Ha OOWINTE M3IBJIHSABAINY MATPyIUpaHe u OOHImTe
M3IIBJIHABALIH ,,pA3TIMYHU 3a0a49H "

B To03u pasrnexngaH ciydad creneHta Ha cBoboma e 1. Ilpu
HMBO Ha 3HAYUMOCT O 0, 05 ¢ emma cremeH Ha CcBOOOJA
croifnocTTa 3a y% ¢ 3,8415. IMonyueHaTta B pe3yiTaT Ha TecTa
croitHocT 2 = 3,69 3a M3BamKaTa € TO-MajKa OT CTOMHOCTTa Ha
X2 3a OpueToTO HMBO Ha 3HaumMmocT. CIefOoBAaTENHO HYyIeBaTa

XHUIIOTE3a HE CE OTXBBPJIA.

Bb3 OCHOBA Ha IPOBEJACHHS y> TECT MOXE 1A CE 3aKIIOUH, 4e
YCEIAHETO 3a TBHPAOCT HA sAKara Ha pu3ara W IIOdylnydara u
BB3HUKBAHETO HA KOKHH pas[pasHECHHs, HE CE OLEHSBA Pa3nYHO
oT GOMIKUTE W3IBJIHABAIIN ,,pA3INYHK 33a49d* U NaTPyIUPAIIUTe
OoMIIH.

Ot ¢ur. 6 craBa BumHO, 4e 82% OT OOMIUTE H3MBIHABAIIU
,»Pa3IMYH 3a1aun’ ¥ 72% 0T maTpyaupamuTe OOUIM He ca UMan
ycellaHe 3a TBbPAOCT Ha sKaTa Ha pu3aTa U Mojyurybara u mpH Tsax
HE ca BB3HUKBAIM KOXHH pa3ipasHeHus. MHEHHETO N0 TO3U
KPUTEPHUH € TOJOKHUTEIHO.

Pa3mraan 3agaqn ITaTpyanparin
W a 18% 28%
N He 82% 72%

@Duz.6. [Ipoyenmrno pasnpedeienue HA MHEHUAMA HA nampyiupawume u
UBNBAHABAWUME PA3TUYHU 3a0aYU NO Nemu Kpumepuil

MHeHHeTO Ha aHKETUPAHHUTE U3ITBJIHABAIIN Pa3IMYHU 3a][a41 —
mabHy, NaTpyJIUpaIy, Ap. KOMOMHALMA OT 3aJa4u, ce pa3inyaBa
OTHOCHO KOHCTPYKIHMATA, KOMQOpTa, ymZoOCTBOTO WM 00mo
€ProHOMHYHOCTTA Ha IT0JIEBOTO KaMy(hIaXkHO 00JIEKII0, KOETO CTaBa
BHJIHO | OT rpadukara npeacTaBeHa Ha ¢ur. 7.
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Kp.1 Kp.2 Kp.3 Kp.4 Kp.5

B mabHI-na 10% 8% 8% 3% 3%
B mabHi-He 2% 4% 5% 10% 10%
B paTpynHH-Ia 16% 14% 15% 22% 7%
¥ naTpyiHN-HE 11% 13% 11% 4% 19%
¥ ap.-na 48% 40% 46% 4% 10%
Jp.-He 10% 19% 12% 56% 49%
KOMOHHIIpaHa-1a 2% 2% 2% 1% 0%

= koMOHHNpaHa-He 0% 1% 0% 2% 2%

Que.7. Ipoyenmno pasnpedenenue Ha MHEHUAMA HA AHKeMupauume no
Oepunupanume Kpumepuu 8 3a8UCUMOCT OM UNBIHAGAHUME 3A0aU
*3abenexcka: Ipoyenmuusim co6op no kpumepuu Moxice 0d ce paziuiasa om
100, nopaou 3axpvenenuemo 0a YANO HUCIO HA HPOYeHmMume Ha
omeosopume no U3NBIHAGAHUME 3A0ayl)

Ha ¢uwur. 8 rpagudno 1 TabNIUYHO € MPEACTaBEeHO MPOLEHTHOTO
CHOTHOIICHHE Ha OTTOBOPUTE [JaJACHU OT U3IIBJIHABAILUTE
,»PA3IMYHA 3a7auu’, YCIOBHO 3allMCaH¥ KaTo ,,BCHUKU* M Te3W Ha
narpyIupamuTe OOUIHM 32 BCEKH OT Je(hUHUPAHNTE TIET KPUTEPHSI.

i
\
\
Kp.1 Kp.2 Kp.3 Kp.4 Kp.5
Hpeudky - 1a 83% 67% 77% 9% 18%
M BCHUKH-HE 17% 33% 23% 91% 82%
“natpynaupanm- ga|  59% 52% 57% 86% 28%
BiaTpympanm-ne 41% 48% 43% 14% 72%

@Du2.8. Conocmaska Ha MHEHUAMA HA USNBIHAGAWUNME ,, DASTUYHY 3a0ayu *,
VCNIOBHO 3aNUCany Kamo ,,6CUyKuU " KoM me3u Ha nampyiupawume 60uyu

3. 3aknrouenue

Ha 0a3a Ha HampaBeHOTO NpOyYBAaHE W aHAIN3 Ha ChOpaHHTE
JaHHW 110 OTHOIICHHWE Ha (PU3MOJIOTHYHUTE IIOKA3aTeNId Ha
HoJIEBOTO  Kamy(uakHO 00JeKio Morar paa ObAaT M3BEICHH
CIIEZIHUTE OOIIM N3BOMH:

Ilo oTHOIIEHHE Ha CBOMCTBaTa Ha IIOJEBOTO OOJIEKIO Ja
3ama3Ba TeJecHaTa TeMIlepaTypa B CTYISHO BpEMe M CHIICH BATHD
OOHIMTE WBMBJIHSABALIN ,,pa3IMYHU 3amadn’ m3passBaT ¢ 23%
MOBEYE TOJIOKUTETHA OI[EHKa, OTKOJIKOTO TaTPyIHpaIIuTe OOHIIH.

boiiiure w3nmbnIHABALM ,,pa3iMYHU 33Jayd’‘, KOHUTO ca Ha
MHCHHE, Y€ TNOoNymybara W KIMHBT OCUTYpSBAT KOMQOPT MpH
M3MBJIHCHUE HA HamperHaTd (DU3WYeCKH ACHHOCTH W aIeKBaTHO
,,OTBEX AT OTIeNeHaTa MoT ca ¢ 15% moBede OT maTpyaHpaIiuTe
0OMIIM, KOWTO ca Ha ChIOTO MHCHUE.
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1
C 20% moBeue ca OOWLUTE, U3IIBJIHABALIY ,,pa3IMYHK 3a1a4H "

CUHTAIIH, Y€ MOJCBOTO OOJICKIIO MM OCHUTYpsBA HaACIKIHA 3allUTa

IPH BAJISKH OT IBXK]] B CPABHEHHUE C MATPYIHPALINATE OOULIH.

IIpeobnagaBammoTo MHEHHE Ha OoWLIUTE  W3MBIHIBAIIU
»Pa3IMYHA 3a7a4n’ e, Ye HIMaT ycellaHe 3a HEKOMQOpPT IIpH
KOHTaKT Ha OOJIEKJIOTO HEMOCPEACTBEHO ¢ KOXKaTa, JOKAaToO TOBa Ha
MaTpyJIupamuTe € MPOTHBOIOJOXHO, T.6. T€ CHOONIaBaT 3a
ycelaHe 3a HeKoM(popT.

OO01I0TO MHEHUE HA BCHYKU OOMIMTE €, 4e HsAMAT yCelllaHe 3a
TBBPAOCT Ha sKaTa HAa pH3aTa U MONyIIy0aTa W HE BB3HUKBAT
KOXKHU pa3gpasHeHuss OT TsX. [lpum Ooifuure H3MBIHIBAIIN
naTpynupaHe MPOLEHTHT Ha MONOKUTETHUTE 0OTroBopH € ¢ 11% mo-
TOJISIM, T.€. IPH TSAX YCELIaHEeTO 32 TBBPAOCT Ha SIKUTE € MO-TOJSIMO
¥ KOXKHHTE pa3/ipa3HeHHs ca M0-9eCTO CPEIIaHy.

KaTto 1m0 mo BCHUKM 3amafeHH KPHUTEPHH NaTpYNUpAIIUTe
0o ca IO-ManKko YHOBIETBOPEHH, OT (DU3HONOTHYIHUTE
MOKa3aTeNy Ha II0JICBOTO OOJEKI0, B CpaBHEHHE C OoiuuTe
M3MBJIHABAIIN ,,pA3IUYHN 33Ja4du’, KaTo IO YETBBPTU KPHUTEPHU
JIOpU ca HEyIOBIETBOPEHN.

OTt4ereHa € He0OXOAMMOCT OT BHACSHE Ha KOPEKIMH B ChCTaBa
Ha THKAHUTE WM B KOHCTPYKUHUSITA HAa H3CICABAHOTO MOJIEBO
00J1eKI10, ¢ 1eN Moa00psiBaHe Ha (U3UOJOTUIHUTE MYy MOKA3aTelH,
KaKTO W 3a/I0BOJsIBAaHE HA HYKIHWTE Ha NATpyaupaiiure OOMIu, B
CHOTBETCTBUE ChC CHENU(UKATA HA U3ITBIHABAHUTE OT TSIX 3a/1a4u.
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N3CJEIBAHE HA ®YHKIIMOHAJIHUTE XAPAKTEPUCTHUKHA HA IOJIEBUTE
KAMY®JAXKHU OBJIEKJIA.
AHAJIN3 110 TOKA3ATEJIN - MACKUPOBBYHU, ®PU3NKOMEXAHUYHU U
XUMHWYHU CBOUCTBA
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A RESEARCH THE FUNCTIONAL CHARACTERISTICS OF FIELD CAMOUFLAGE
CLOTHING.
ANALYSIS OF THE INDICATORS - CAMOUFLAGE, PHYSICOMECHANICAL AND
CHEMICAL PROPERTIES
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Anomanusa: [oxnaovm e uwacm om nopeouya, paseiexcoauja u3cieosane npoeeodeHo cped Oouyu om OvreapcKus KOHMUHZSEHM Ha
cyxonvmuume GOUCKU, Y4ACMBALU 8 Onepayusi N0 No00vpiIcane Ha Mupa 8 Apeanucman, omHocHo QYHKYUOHATHUME XAPAKMEPUCIUKY HA
usnonzeanume om msax noaesu Kamyguasxcuu obnexna. B doknada ca npedcmasenu pezynmamume Om uU3GbPUIEHUS AHANU3 OMHOCHO
MACKUpOSvUHUME, DUIUKOMEXAHUYHU U XUMUYHU ceolicmea Ha obnexiama. Ananuzem e nanpagen na 6asza na cvopanume u 06pabomenu
OGHHU OM AHKEMHU Kapmu, NONbIHEHU om boliyume.

Kniouosu oymu: CYXOIIBTHH BOHCKH, ITOJJEBO KAMY®JIAXHO OBJIEKJIO, APTAHUCTAH, AHAJIH3, MACKHPOBBYHM,
DHU3NKOMEXAHWYIHA A XUMHUIHW CBOHCTBA

Abstract: The report is part of a series examining the research conducted among soldiers from the Bulgarian contingent of the ground
forces, who participated in the peacekeeping operation in Afghanistan, regarding the functional characteristics of the field camouflage
clothing they used. The report presents the results of the performed analysis regarding the camouflage, physicomechanical and chemical
properties of the clothing. The analysis is based on the collected and processed data from the questionnaires filled out by the soldiers.

Keywords: GROUND FORCES, FIELD CAMOUFLAGE CLOTHING, AFGHANISTAN, ANALYSIS, CAMOUFLAGE,
PHYSICOMECHANICAL AND CHEMICAL PROPERTIES

1. Bweeoenue

Hacrosimust moxmag e dact OT mopeauna pokmaam [1-7], _ Ka4eCcTBEeHa IPOMEHJINBA ,,II0JI” — MBXKE U KEHU;
pasTiIeKAal H3CIIeIBaHe MPOBEACHO cpel OOMIM OT OBITapCKus _  KadecTBeHAa MPOMEHINBA ,M3IBJIHIBAHU 33maqn’ —
KOHTHHT€HT Ha CYXOITbTHHTE BOWCKH, y4acTBAIM B OMEpALHsl IO mabHu AeHHOCTH, MAaTpyIUpaHe, Ipyrd, KOMOWHAIHS
mojrbpkane Ha wmupa B AQraHucTaH, KOWTO 3a IIEIUTE Ha OT 3a/1a4H.

HACTOSIIIOTO H3CJICABaHE CC SBSIBAT M3BaJgKa OT TCHEpajHaTa ODYHKIIMOHATHATE XapaKTEPUCTHKH Ha HW3CJICABAHUTE TOJICBH
CBBKYIMHOCT (OOMIMTE OT CYXONBTHHUTE BOWCKH, YYacTBalllkd B KamMyQuiakHu oOnekia 1mie ObaaT OLEHEHH IO  CIICAHUTE
omepaly MO MOAIbP)KAaHe Ha MHpa B AQraHHCTaH 3a BCHYKH [I0Ka3aTelu:

nepruoan). AHKeTHpaHu ca 0610 329 6ol 0T CyXOIbTHU BOWCKH,
MBXKe U KEHH, M3IIBJIHABAIM Pa3IHIHU 331a4d — IaTpyJIHpally,
mrabHa gefiHoCT W jp. (JIOTHCTHYHHU JEHHOCTH U TMOJJIPHIKKA Ha
texaukara). Ot Tiax 116 Goitmm ot Ga3ara, HaMupamia ce B TP.
Kabyn u 214 Ooiimm ot 6Gasara B rp. Kammaxap. Cemmre ca
MOMBJIHWIN JIOOPOBOJIHO IIPEABAPUTENHO pa3faJeHa MM aHKeTHA

_  EproOHOMMYHH CBOMCTBA;
_  (U3HOJIOTUYHH CBOWCTBA;
- MacKMpOBBYHU CBOWCTBA;
- (U3MKOMEXaHWYHH, XHMHYHUTE U Jp. MOKa3aTeNN Ha
obJiexsaTa 1 ThKaHHTE.
3a BCEKH OT OIpeIeTICHUTE MTOKA3aTeNIU ca BbBEACHH KPUTEPHH,

Kapra.
0 KOWTO Aa ObJe WM3BBPIICHA [dajJcHAaTa OICHKA. BbBEICHUTE
O06001IeHUTE PE3yITaTH OT HANPABEHUTE O MOMEHTA aHAJIU3U KPUTEPUH Ca 3aJaJICHd KaTo JIONBJIHHUTEIHH BBIPOCH HA
NOKa3BaT, Y€ KMMa 3HAYUTEIHO TOJISIM TMPOLEHT OTPHUIATEIHU aHKCTUPAaHUTE OOMIIH.

OTrOBOPH OTHOCHO (DYyHKIIMOHAIHOCTTa HAa HOBOTO MOJIEBO
KamyQuaxkHo o6aexno. ToBa Hamara W3BBPIIBAHETO HA II0-
3aIbI00UCH aHAIM3 HA PE3yNTAaTHTE OT aHKETHUTE KapTH C el
YCTQHOBSBaHE Ha 3aBHCUMOCTHTE HAa OTIOBOPUTE OT HSIKOU
KaueCTBEHU NPOMEHIINBY, KaKTO U Aa ObjJe HalpaBeHa OICHKAa Ha
XapaKTePUCTUKUTE Ha 00JIEKIaTa 10 ONPEeeICHU MOKa3aTelln.

B mpomeca Ha aHanmM3a IpW IpOBepKa Ha CTATHCTUYECKA
XHUIIOTE€3a OTHOCHO HE3aBUCHMOCTTa Ha paslpeieieHUATa Ha
ciydailHuTe TpoMeHIHBY [8] 1o Bcekn OT BbBEJCHHUTE KPUTEPHH ca
U3BBPUICHU CIECAHUTE ACHCTBUSA:

- Jedunupane Ha xunore3u (ONpeiesiHe HA HyJeBa
xunote3a Hy u anrepuaruBHa xunore3a Hi) 3a Bcexu

Omnpeneneny ca e KaueCTBEHU ITPOMEHIINBH:
OT pa3rNIeKAaHUTE KPUTEPUH.
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Hq MHEHHETO Ha OOWIWTE W3IIBJIHABAIIN
pazIuuHU 3ajjauyd HE ce pa3iuyaBa, T.e. HE € B
3aBHCHUMOCT OT U3ITBJIHSBAHUTE 3a/1a4H;
H; MHCHHETO Ha OOWIUTEe W3IMBIHABAIIN
paznuuHM  3aJayd  ce pa3iMyaBa, T.e. € B
3aBUCHMOCT OT M3IIBJIHSABAHUTE 3a0a4H.

M360p Ha HHUBOTO Ha 3HAYUMOCT - o, = 0,05.

Merton Ha mpoBepka - Xz:
ITpoBepka 3a CTOHHOCTTa Ha Yy’ NIpPH ThpPCEHE HA
3aBUCHMOCT MEXIy OTTOBOpPHTE Ha OOHLIHUTE OT
W3IBITHIBAHUTE OT TAX 33]a4H;
JlombTHHTETHA MPOBEPKA 33 CTOMHOCTTA Ha y2 mpu
THPCEHE Ha 3aBHUCHUMOCT MEXAY OTIOBOPHUTE Ha
OOHIMTE W3MBIHABAIIM NATPYJIHpPaHe M TE3H Ha
OOUIMTE M3MTBJIHABAIIY ,,pa3TIHYHH 331a9H .

AHanu3 Ha MOJyYCHUTE PE3yNTaTH.

W3BexnaHe Ha U3BOMM.

B Hacrosmus MOKTaA ca IOKa3aHH TaOJIWYHO W TIpadHIHO
pe3yiTaTuTe OT HANpPABEHWs aHAM3 M WM3BEJCHUTE H3BOAM IO
OIPE/IEJICHUTE  KPUTEPUHM 3a  I[OKA3aTelIiTe MAaCKUPOBBLYHH,
(DU3MKOMEXaHUYHHU U XUMHYIHU CBONCTBA.

Or yyactBanute B aHkerara [9], 329 Goiuu OT CyXOmbTHHTE
Boiicku, 40 (12%) ca u3nbaHABaNIU MabHU neitHoCTH; 82-Ma (25%)
narpyiupane; 187 (57%) - npyru paedHOCTH (JIOTUCTUYHU
neiiHocTH, oOciyXBaHe Ha TexHHKara); 8 (2%) ca U3BBPIIBAIN
KoMOuHaus ot 3a1aun; 12 6oiun (4%) - He ca HOCOYMIIN BUIa Ha
M3MBJIHABAHUTE OT TSAX 33/1a4d U HE ca BKIIIOYEHH B aHAIM3a.

Taka oOmmsT Opo¥ Ha aHANM3WpPAHWUTE aHKETHU Kapth e 317.
Ilo msixom or kKpurepuure oOmMAT Opol HAa aHKETUPAHUTE
HaMaJIsiBa, IIopaay HeageHH OTTOBOPH OT OOHIINTE Ha ChOTBETHUTE
BBIIPOCH.

Ha ¢ur. 1 e mnpeacraBeHO TpaduyHO TMPOLEHTHOTO
CHOTHOIIICHHE Ha OOHIUTE B 3aBHCHMOCT OT M3IBJIHABAHHUTE OT TAX
3a/1a4H.

a

—_— I
a6y | MATPYIHpA KOMOHHAIH | HEKOPEKTH
I bines | Ap- b bi
| % 12% 25% 57% 2% 4%

Que. 1. Ilpoyenmno cvomuowenue Ha Oouyume 8 3ABUCUMOCH OM
U3NBAHAGAHUME 3A0aUU

2. Ananuz no nokazamens
ceoiicmea’

»MACKUPOBLUHU

3amavaTa Ha aHalM3a € Ja Ce YCTAaHOBU 3aBUCHMOCTTa MEXIY
OOHMIMTE W3MBJIHABAINY ,,pa3IMYHHA 33Jadd’’, KaTo EJIEMEHTH Ha
KadyecTBEeHaTa MIPOMEHJINBA ,,M3ITBJIHSIBAHU 3agaun’ u
MacKMpPOBBUHHTE CBOMcTBa Ha oOinexioTo. [lo pasrnexmanHus
MoKa3aTelsl KadyeCcTBeHa MPOMEHJIMBA ,,[I0J HE € OT 3HAYCHHUE U He
Ce OTYHMTA.

3a 7a ce OTrOBOpW Ha IMOCTABCHUTE 3alaud, ca JeuHUpaHH
CIICIHUTC TPH KPHUTEPUS 32 OIpelcisiHE Ha MAaCKUPOBBYHHTE
CBOICTBA Ha 0OJIEKIIOTO.

Kp.1. N3naBane
JIBHOKCHUE.

Ha JAC€MacCKupamu 1TyMOBEC npu
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Kp.2. Tlpenu3BukBane Ha OTONSICHIM IIPH CIBHYEBO
rpeeHe.

Kp.3. Cp3naBane Ha CTATUYHO €JICKTPHYECTBO.

Jebunupannte KpUTepHUH ca 3afgafeHd Ha Ooiuure Moz
(dopmara Ha BerpocH. OTrOBOPUTE Ca aHAIM3UPAHH M Ca M3BEICHH
U3BOJIH.

2.1. TIpoBepka Ha CTAaTHCTHYEeCKAa XHUIOTEe3a OTHOCHO
HE3aBHCHMOCTTa Ha  pasnpedeeHUsiTa Ha  cJydaiiHuTe
npomMensiuBu no IIbPBU KPUTEPUM 3a xavecTBeHa
NMPOMEHJINBA ,,U3MbJIHABAHM 32124’

B Tabn. 1 ca mpencTaBeHH OTrOBOpUTE HA OOMLUTE MO MBPBU
KPUTEPHH 33 Ka4yeCTBEHa IIPOMEHIINBA ,,U3IbIIHIBAHH 33/1aUn‘.

Taon. 1
[la6uu | IMarpymupa|  p. KomOunarms
HanmenoBanue 3aa491 1M 3agaun | ot paboru | Bemuko
ga | ve | ma | we | ma | me | ma HE
Vsnasane na xevackupamt | 1, | 51 | 39 | 43 | g7 | 89| 7 1 313
IIyMOBE IIPH JBIDKCHHE

B To3u pasrmexnmaH ciydail cterneHuTe Ha cBobona ca 3. Ilpu
HUBO Ha 3HaymMocT o = 0,05 ¢ Tpu cTemeHH Ha CBOOOAA,
croitmoctTa 32 y2 e 7,8147. Ilonyuenata B pe3yaTaT Ha TecTa
croifHocT 2 = 5,4954 3a u3BanKaTa ¢ 0-Majka OT CTOMHOCTTA Ha
x? 3a TpHeTOTO HMBO Ha 3HaumMocT. CleOBaTETHO HyJNEBaTa
XHIIOTE3a HE CE OTXBBPIIS.

Bb3 OCHOBAa Ha NPOBENCHWS x> TeCT MOXKE 1a Ce HaIpaBH
M3BOJIA, Y€ TIPU JIBUKCHHE BH3HMKBAHCTO HA JIEMACKHUPAIIH [ITYMOBE
OT TMOJEBOTO OOJIEKJIO, Ce OLEeHsABa €IHAKBO OT Ooifnure
W3MBIHABAIIN pa3InyHd 3a1add. [loBede oT mosoBuHaTa OOWIH
m3nenHsiBay Apyru aeitnoctu (52%) cuwmrat, e Kamy(IaxkHOTO
00JIEKIIOTO M3/1aBa JeMacKUpaIly IIyMOBE IIPH JBIDKEHHE. TakoBa e
MHeHHeTO u Ha 88% OT OoiuuTe M3MBIHABAIIA KOMOMHAIMA OT
nerinoctd. OT w3mbIHABAIM WabHu aeinoctu 45% ca Ha CHIIOTO
MHEHHe, a OT muarpymmpaumre - 47% (Pwur.2). C oriex Ha
MOJIyYEHUTE PE3YJITATH U JaHHUTE npejacTaBeHu Ha Pur. 1. u Owr.
2. omeHKaTa IO TO3M KPHUTEPHUH MOXE Ja ce IpHemMe 3a
OTpHIIATEIHA.

mabHn TIATPYIHA Ip. KOMOMHATTHS
¥ 1a 45% 47% 52% 88%
W He 55% 53% 48% 13%

@ue.2. [lpoyenmuno pasznpedeiienue Ha MHeHUsMAa Ha Oolyume 6
3A6UCUMOCT OM UBNBIIHABAHUNE 3A0AYU NO NbPEU KPUMepUull

2.2. TlpoBepka Ha CTATHCTHYECKA XHUIIOTe3a OTHOCHO
HE3aBHCHMOCTTAa Ha pa3mpeleieHHMATa Ha  clIydaiiHUTe
npomenausu no BTOPU KPUTEPUU

B Tabu. 2 ca mpexncraBeHH OTTOBOpHTE Ha OOHIMTE MO BTOPH
KPUTEPHH 33 KaUECTBEHA IIPOMEHIINBA ,,U3ITBbIHABAHU 3a0a4n‘.

Taon. 2
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KomOunanus
or pabotu

Wla6un | [Marpymupa|  Hp.

HaumenoBanue 3aJ1a494 u AeitHoct Beuuko

na | we | ma | we | ma| me| nma He

HpeI[I/BBPlKBaHe Ha OTOMACHIM
TIPH CI'bHYEBO I'PECHE

513 7| 74| 5|18 2 6 314

B T03m pasrnexpan ciydaii creneHuTe Ha cBoOoma ca 3. Ilpu
HUBO Ha 3HayuMocT o = 0,05 ¢ Tpu cTeneHu Ha cBoOoma, CTOWHOCT
3a y?e 7,8147. IlonydeHaTa B pe3yiTaT Ha TeCTa CTOMHOCT x2 =
2,5846 3a M3BajIKaTa € MO-MaNka OT CTOHHOCTTa Ha )2 3a IPHETOTO
HUBO Ha 3HaumMocT. CJemoBaTeNHO HyJIeBaTa XHUIIOTe3a HE ce
OTXBBPIISL.

Bb3 OCHOBA HA NMPOBEJICHHS Y TECT MOXE J]a Ce 3aKITIOUH, de
MPEIM3BUKBAHETO Ha OTOMSCHIM OT TOJEBOTO OOJEKIO TIpU
CTIBHYCBO TpEEHE HE Cce OICHABAa pa3IMyHO OT OoifnuTe
M3MIBJIHSBAINK pa3inyHu 3aaadd. Ot ¢ur. 3 craBa BUAHO, 4e
mpeobnagaBamara  4YacT  OT  OOHIHMTE,  HE3aBHCHUMO  OT
M3MBJIHABAHUTE 3a7a4d, Ca HA MHEHHE, Y€ MOJICBUTE OOJeKiIa He
MPEAN3BUKBAT OTOJSACHIM TMPU CI'BHYEBO TPEEHEe, CIIeJ0BATEIHO
MHEHHUETO 10 TO3H KPUTECPUU MOXKE JIa CE MMPUEME 32 TIOJIOKUTEITHO.

adHH [aTpyIHpan ap. KOMOHHAIHNA
®a 13% 9% 3% 25%
mHe 88% 91% 97% 75%

Que.3. Ilpoyenmno pasnpedenenue Ha MHeHusma Ha Ooliyume @
3A6UCUMOCH O UBNBAHAGAHUME NO GMOPU KpUMEPULl

2.3. TlpoBepka Ha CcTATHCTHYECKA XHIIOTe3a OTHOCHO
He3aBHCHMOCTTAa Ha pa3npefejeHHsiTa Ha  ciaydaiiHuTe
npomenansu no TPETH KPUTEPUU

B Tabun. 3 ca mpeacTaBeHH OTroBOpHUTE Ha OOMIUTE MO TpeTH
KPUTEPHUH 33 Ka4eCTBEHA MPOMEHIINBA ,,M3IBIIHIBAHH 3a/1a4n .

Taon. 3

KomOuHauus
OT 3aja4u

a6nn  |Iarpymupa|  [p.

Haumenosaunue 3a/1auu mu 3a/1a41 Beuuko

Ja HE Ja HE Ja | HE Ja HE

Obuiekiara peAUCBHKBAT JIH
CTaTUYHO CJIEKTPUUECTBO
(HaeneKTPU3NUpBaHE)

9 | 31| 17| 65 [39(148( 1 7 317

CJICKTPUYECTBO, CJIE€AOBATEIIHO MHEHUETO 110 TO3U KPUTEPUU MOKE
Jla C€ IPpUEME 3a MOJIOKUTEIIHO.

nrabHH NaTpyIHPAIIH Ip. KOMOHHAIIHSA
ma 23% 21% 21% 13%
W He 78% 79% 79% 88%

@uz4. Ilpoyenmno pasnpedeiieHue HaA MHeHusma Ha Ooluyume 6
3A6UCUMOCT OM UBNBIIHABAHUME NO MPemu Kpumepui

3. Ananu3 no noxkazamensn ,,huzuKOMexXaHuuHu U
XUMUYHU C6OUCMEA‘ HA 001eK/I0MO

3ajavyara Ha aHajM3a € J]a Ce YCTaHOBHM 3aBUCHUMOCTTa MEXIY
OOMIMTE W3MBJIHABAINU ,,pa3IMYHUA 33Jadd’, KaTo CJIEMCHTH Ha
KadecTBeHaTa MIPOMEHJINBA ,,A3ITBJTHSABAHU 3a1a9n’’ u
(DU3BMKOMEXaHWYHUTE M XMMHYHHU CBOWCTBa Ha o00nekinoTo. [lo
pasriexaaHus IMoKa3aTel KauyecTBeHa NMPOMEHIINBA ,,[107° HE € OT
3HAYEHHE U HE CC OTYHUTA.

3a [Aa ce OTroBOpPH Ha IOCTAaBEHWTE 3alavd, ca JehUHHpaAHH
CIIEMHUTE  YeTHPU  KPUTepUs 3a  ONpeAeNsiHe Ha |
(hU3MKOMEXaHUYHHUTE U XMMHYHU CBOWCTBA Ha OOJICKIIOTO.

- Kp.1. Hamyune na OBp30 mpeTpuBaHe Ha THKAHHTE B
OTIPE/IENIEHN YYaCThIIH.

- Kp.2. JlocrarpuHa 31apaBUHa Ha  IIEBOBETE U
CHEJMHUTEIHUTE €JeMEeHTH (LIMIOBE, JISISINN JICHTH,
KOIT4eTa, ITHYPOBE, MINIHU H JP.).

- Kp.3. Hammune Ha W3BBPIIBaH ,,pEMOHT Ha IIOJIEBOTO
00JIEKIIOTO.

_ Kp.4. Hanmmaune Ha cBOiCTBOTO ,,HETOPHMOCT .

JlepuHupanute KpUTEpUH ca 3aJaJCHH Ha OOWIMTE MO
¢opmata Ha Bbmpocu. OTroBopuTe ca aHaJIM3UpAaHW U ca
HampaBeHH U3BOJIH.

3.1. IlpoBepka Ha CTaTHCTHYeCKAa XHIOTe3a OTHOCHO
He3aBHCHMOCTTAa Ha pa3npedejeHUsiTa Ha  ciaydaiiHuTe
npomensuBu no I'bPBU KPUTEPUU

B Tabn. 4 ca mpencTaBeHN OTTOBOPUTE Ha OOWIUTE MO MBPBU
KPUTEPHH 3a KauecTBEHa IPOMEHIINBA ,,U3ITBJIHABAHH 3aJa4n".

Taon. 4

1{a6uu
3aja4n

Tarpynupamm | [Ip. 3axa4n Kowbumarms
PYTUpAI | p- 38t OT 3aja4n

Hanmenopanue Beuuko

aa HE aa HEC aa HE na HE

Bbp30 npeTpuBaHe Ha THKAaHUTE B
« YYacThIH

18 [ 22 | 46 36 | 68 |115| 6 2 313

B To3u pasrnexngaH ciydall creneHute Ha cBobona ca 3. Ilpu
HUBO Ha 3HaYyuUMOCT o = 0.05 ¢ TpH cTeneHn Ha CBOOOA CTOMHOCTTA
3a x? e 7,8147. IlonydeHaTa B pe3yiTaT Ha TECTa CTOMHOCT y2 =
0,04049 3a wm3Bagkara € MO-Mallka OT CTOMHOCTTa Ha )(2 3a
MPUETOTO HUBO Ha 3HauyUMOCT. ClIeZIOBaTeIHO HylieBaTa XHIIOTE3a
HE C€ OTXBBPJIA.

Bb3 0CHOBA HA HPOBEJEHHS Yy’ TeCT MOXeE Ja Ce IpHeMe, de
BB3HHKBAHETO HA CTATHYHO EJEKTPUYECTBO OT IOJIEBOTO OOJIEKIIO
Ce OILIEHsIBA €HAKBO OT OOMIIMTE W3ITBIIHSBAIIM PAa3IHIHU 3aJa4H.
Ot ¢wur.4 craBa BUAHO, Ye TIpeobiamaBamiata 4act OT OoMIHUTE,
(78% or wWBmBNHSBAIMTE [[A0HM JCHHOCTH, 79% ot
narpynupamure, 79% ot 6oiiunTe M3NBIHABAIIN APYTU 331a4d U
88% ot OoiiuuTe M3NBIHABAINNM KOMOMHALMS OT 3a4adM) ca Ha
MHECHHE, Y€ IMOJICBUTE OOJNeKIa HE TMPEIU3BUKBAT CTATHYHO
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B To3u pasriexmaH ciaydail cTerneHuTe Ha cBobGoma ca 3. Ipu
HUBO Ha 3HayuMmocT o = 0,05 ¢ Tpu cremenu Ha cBoOoOJa,
croitnoctTa 32 y% e 7,8147. Ilonydenata B pesynTaT Ha TecTa
CTOMHOCT )(2 = 11,4769 3a u3BagKaTa € IO-rojisiMa OT CTOMHOCTTA
Ha y? 32 IPHMETOTO HWBO Ha 3HauMMOCT. CIEIOBATeNHO HyJeBaTa
XHUIIOTE3a C€ OTXBBPIIA.

B3 OCHOBa Ha MpOBEJeHHs Y2 TecT MOXKE Ja ce HarpaBH
W3BOJ, Y€ OBP30TO MpETpHBaHE Ha THKAHUTE B OIPEACIICHU
y4acThI Ce€ OIEHSIBA pPA3IM4YHO OT OOWIHMTE W3MBIHABALIM
pasmuyHN 3amadd. 56% ot marpymupammre Goimm m 75% ot
GoifuTe, N3MBIHABAIN KOMOMHALUS OT 3aJladll ca Ha MHEHHE, 4e
HOJIEBOTO KamydaaxkHO 00eKsIo 6bp30 ce MPeTpHuBa B ONPEACIICHN
yuactei. Ha oOpatHoro wMmuenme ca 58% or OoMmmre
W3OBJIHABAINNA IMA0HU JeHHOCTH W 63% OT Te3W, H3MbJIHIBAIIN
npyru 3agaun (dur.S).



Technics. Technologies. Education. Safety. 2025

ma0HN
47%
58%

KOMOHHAIHA
75%
25%

TIATPyTHI
56%
44%

ap.
37%
63%

¥ na

HHe

@uz.5. Ilpoyenmno pasnpedeneHue HaA MHeHusma Ha Oouyume 8
3A6UCUMOCI OM UBNBIHABAHUME NO NbPEU KPUMEPULL

B Ttabn. 5 ca mpencraBeHn 0000IIEHUTE OTrOBOPH IO ITBPBU
KPUTEPUH 32 JONBIHUTEIIHA IIPOBEPKA.

Tabn. 5
Paznnunu 3amaun [Marpynupaune
HanmenoBanue Bcenuako
na He na He
b
bP30 NPETPUBAHE HA THKAHUTE B 9 139 46 36 313
OIpEJIENCHH y4acThIU

JlombIHITETHA TPOBEpKA 32 CTOMHOCTTA Ha )y TIPH THPCEHE Ha
3aBHCHUMOCTTA HA MATPYJIUPALIUTE OOMIIN U OOMIUTE M3MBIHIBAIIN
,»PA3INYHU 3a]a9n ",

B T03u pasrnexnman cinydail ctemeHTta Ha cBoGoma ¢ 1. Ilpu
HMBO Ha 3HaumMmocT o = 0,05 ¢ emma cremeH Ha CBO0OOja,
croitnoctTa 32 y% e 3,8415. IMonydeHnaTa B pe3yNTaT HA TecTa
croifHocT x? = 6,4993 3a M3BajKaTa € MO-TOJIIMA OT CTOHHOCTTA
Ha y? 3a mpmeToTo HMBO Ha 3HaumMocT. ClIe/JOBATENHO HYyJIeBaTa
XHIIOTE3a CE OTXBBPIIS.

Bb3 OCHOBAa Ha TNPOBENCHWS x> TECT MOXKE Na CE HAIpaBH
n3BOAa, 4de OBP30TO MNpeTpHBaHE Ha THKAHUTE B OINPEICICHH
yJacTBIM C€ OIEHSBAa pPA3IMYHO OT OOWIMTE W3ITBIHABALIN
,»-Pa3TIMYHA 33/1a4H" ¥ NATPYIUPALIUTE OOUIIH.

TloBede OT MONOBHHATA OT MaTpynupanure Ooiiim - 56% u
40% ot 6oiuTe M3MBIHABAILY ,,pa3IMIHU 33]Ja4l’* ca Ha MHCHHE,
Ye THKAaHWUTE Ha MOJEBOTO KaMy(JakHO OOJICKJIO ce MPETPHBAT
OBp30 B ONpElmeNieHH Y4YacThIld. BeposTHaTa NpUYMHA 3a Taka
JMAJCHUTE OTIOBOPH € TOBHWIIEHATa (U3MYecKa JeHHOCT Ha
natpynaupamure Ooiimu. Ha ¢ur. 5 rpaduuno e wuzobpazeHo
TIPOIICHTHOTO pa3mlpe/ieNeHne Ha MHEHHUATAa Ha HaTPYIUpAIIUTe U
WM3ITBJIHIBAILUTE ,,pa3IMYHU 3a1aun‘.

H3OBIHABAINN PA3THIHA S ——
3a]a49d pymp

¥ a 40% 56%

H He 60% 44%

Due.6. IIpoyenmno pasnpedenenue Ha MHEHUAMA HA NAMPYIUPAWUME
Ootiyume usnvIHABAWU ,, PASIUYHY 3A0a4U * NO NbPEU Kpumepuu

u Ha
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3.2. TIlpoBepka Ha CTAaTHCTHYECKA
HEe3aBHCHMOCTTa Ha  pasnpedeJeHHsTa
npomenausu no BTOPU KPUTEPUU

XHMIOTe32 OTHOCHO
Ha cJayydaiiHuTe

B Tab6un. 6 ca mpexcraBeHH OTrOBOpPHUTE Ha OOMIUTE MO BTOPU
KPHUTEPHH 3a KaueCTBEHa IPOMEHIINBA ,,MI3ITBIHIBAHHU 3aa49n .

Tabn. 6
Wa6ru | Marpymupa | Jp. Kombunanus
Hanmenosanue 3ajaim HE 3ajad | 0T 3] | Bepyko
Ja | we [ na [me| ma | me | na He
31paBrHa Ha LIEBOBETE U
CheIUHATEIHNTE enemMenTH (wumose, et | 19 | 21| 29 |52 80| 106 | 6 2 315
JICHTH, KOITYeTa, IIHYPOBE, WML H Jp.)

IIpu HrBO Ha 3HaumMocT o = 0,05 ¢ Tpu cremeHu Ha cBOOO/A,
croiiHocTTa 32 y2 ¢ 7,8147. IlonyueHara B pe3yiTaT Ha TecTa
croitHocT y? = 5,3722 3a U3BajKaTa € MO-MaJka OT CTOMHOCTTA Ha
X2 3a npueToTOo HMBO Ha 3HaummocT. CIefOBAaTENTHO HYyJIeBATa
XHUIOTE3a HE CE OTXBBPIIA.

Bb3 0CHOBA Ha TIPOBEJIEHHSA Y2 TECT MOXKE Ja CE 3aKITIOUuHM, de
3[[paBUHATA Ha IICBOBETC M CHCAUHUTCIHUTE CJIEMCHTH Ha
OOJIEKJIOTO C€ OILIEHsABAa €IHAKBO OT OOWIUTE H3MBIHIBALIN
pasmmuny 3aga4yn. Ot ¢ur.7 cTaBa BUIHO, Y€ MO-TOJISIMATa YacT OT
ootiruTe (ChOTBETHO 53% OT Te3W M3MBJIHABAINY IA0HU ACHHOCTH,
64% ot marpymupamure u 57% 0T OOWIUTE W3MBIHABAIIN IAPYTH
JICHHOCTH) ca Ha MHEHHE, IMOJIEBOTO Kamy(IaKHO OOJCKIO He
MPUTEKABaA TOCTAThUHA 3/IpaBHMHA HA IICBOBETE U ChCIUHUTCITHUTE
eneMeHTd. 75% oOT OoHUWTE W3OBJIHIBAIIM KOMOMHAIUSA OT
JNICHHOCTH ca Ha OOpaTHOTO MHEHHE, ThH Karo OoWIuTe
M3OBJIHABAINA KOMOMHAIMSA OT 3ajadd ce sBgBaT camo 2% oT
sutaTa u3Bazka (¢ur. 1), To B ciydas TIXHOTO MHCHHE MOXKE J1a HE
ObJc B3eTO MOJ BHMMaHWe. B pe3ynrar, Ha KOETO MOXKE J1a
3aKIIIOYAM, Y€ MHEHHETO Ha aHKeTUpaHWTe OOWIM MO TO3U
KPUTEPHH € MO-CKOPO HETaTHBHO.

mabHN NaTpyIHH Ip. KOMOHHAIHA
B na 48% 36% 43% 75%
W He 53% 64% 57% 25%

@uz.7. Ilpoyenmno pasnpedeneHue Ha MHenusma Ha Oouyume 8
3A6UCUMOCT OM UBNBIHABAHUME NO BMOPU KpUMepuii

3.3. IlpoBepka Ha CTAaTHCTHYeCKa XHIOTe3a OTHOCHO
He3aBHCHMMOCTTa HAa  pasnpelesieHHsITA Ha  clIy4aiiHuTe
npomenansu no TPETU KPUTEPUU

B Tabun. 7 ca npeacraBeHH OTrOBOpUTE Ha OOHLMUTE IO TPETH
KPHUTEpPHH 3a KaueCTBEHa IPOMEHIINBA ,,M3ITBIHABAHHU 3aa49n .

Taon. 7

labuun
3a7aun

Kombunauus

Tarpynupane
TPyIHp OT 3a1adn

Jp. 3anaun

Haumenosanne Beuuko

Ja HE Jaa HE Ja HE pit:y HE

M3BbpiIBaH 11 € peMOHT Ha OOHHOTO

7
0071eKI10TO

33 17 63 | 54 (131 2 6 313

IIpu HUBO Ha 3HAauMMOcT o = 0,05 ¢ Tpu cTeneHn Ha cBOOOAA,
croiiHocTTa 32 y2 e 7,8147. IlomydyeHata B pe3y/iTaT Ha TecTa
CTOMHOCT )(2 = 3,4289 3a u3BajaKara € mo-Majaka OT CTOHHOCTTa Ha
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)(2 3a OpUETOTO HHUBO Ha 3HAYUMOCT. CJ'ICZ[OBaTCJ'IHO HYyJeBaTa

XHUIIOTE3a HE CE€ OTXBBLPJIA.

Bb3 0CHOBa Ha MPOBEJEHHs Y2 TECT MOXKE Ja Ce 3aKIIOuH, ue
M3BBPIIBAHCTO HA PEMOHT Ha IIOJICBOTO OOJICKIIO CE OIICHSABA
€/IHAKBO OT OOWIMTE W3MBIHSABAIIN pa3nudyHu 3agadu. OT ¢ur. 8
CTaBa BUJIHO, Y€ MpeolIiaaaBaiaTa yacT OT aHKeTUpaHUTe OoiuTe
(croTBeTHO 83% OT TE3W M3MBJIHIBANIM IMAOHU JeiHOCTH, 79% OT
natpyaupaumre, 71% ot GoHIKTEe U3MBIHABALIN APYTH JEHHOCTH
u 75% OT Te3u, U3NBJIHABALIM KOMOMHAIMA OT NEWHOCTH) HE ca
HM3BBPIIBAIN ,,pEMOHT HA IOJICBOTO cHU 00Jekino. ClenoBaTeaHo
MHEHHETO 10 TO3W KpUTepuii Moke na ObAe IMpHeTo 3a
MOJIOXKUTEITHO.
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@uz.8. Ilpoyenmno pasnpedeneHue Ha MHEHUSMA
3A6UCUMOCT O UBNBAHABAHUME NO MPEmu Kpumepuil

Ha Ootyume @

3.4. TlpoBepka Ha CTATHCTHYECKAa XHIIOTe3a OTHOCHO
He3aBHCHMOCTTAa HAa  pasnpeeleHUsiTa Ha  ciaydaiiHuTe
npomensusu no YETBbPTU KPUTEPUU

B Tabn. 8 ca mpencraBeHH OTroBopuTe Ha Ooimure IO
YETBBPTH KPUTEPHH 3@ KAa4ECTBCHA MPOMEHIIMBA ,,M3IbIHIBAHU
3agaun’’.

Taon. 8
1la6nu 3apaun | Ilarpynupane Jp. 3amaun KowGuraiuz ot
Hanmenosanne 3amatn Benuko
na | me |Hek.| ma | He | Hek. | jma | me | mek. | na | He |Hek.
Cwoifetsoro o | g gg (52| 24| 6 |93|es| 28 [ 4| 2| 2] 3w
Heropumoct

B T031m pasrnexxmaH ciydail creneHuTe Ha cBoOoxaa ca 8. Ilpu
HMBO Ha 3HaunMocT o = 0,05 ¢ ocem cremeHu Ha cBoOoma
croitnoctTa 32 y% e 15,5073. IonyueHara B pe3ynTar Ha TecTa
croiiroct % = 11,3676 3a u3BajKaTa € MO-Malka OT CTOHHOCTTA
Ha x? 3a MPHETOTO HMBO Ha 3HAYMMOCT. CJIE0BATENTHO HyIeBaTa
XHIIOTE3a HE C& OTXBBPIIA.

Bb3 0CHOBa Ha NPOBEJIEHHs Y2 TECT MOXKeE Ja Ce 3aKIIIOuH, de
HAJIMYUETO Ha CBOWCTBOTO ,,HETOPUMOCT” Ha TIOJIEBUTE O0JIEKIIa ce
OIICHSIBA €THAKBO OT OOWIMTE M3MBJIHIBAIIM Pa3audHu 3amadn. OT
¢ur. 8 craBa BHOHO, dYe MPeoOIaTABANIOTO MHCHHE Ha
aHKCTUpaHUTE OOWIM €, dYe TMOJEBOTO OOJICKIO MpPUTEeKaBa
CBOifcTBOTO ,,HeropuMoct”. Oxono 1/3 oT aHKeTHpaHUTE ca Ha
00paTHOTO MHEHHE. Tyk ce 3abens3Ba W TOJISIM TIPOLIEHT HE
MOIBJIHEHH OTrOBOPH (OTYETEHH KaTo ,,HEKOPeKTHH Ha ¢ur. 9).
Karo npuunHa 32 He JaeHH OTTOBOPH IO TO3U BBIIPOC OOMIHUTE ca
MOCOYMIIM, Y€ HE CE€ € Hajarajo Ja TecTBaT oOJeK/iaTa Ha TaKuBa
YCJIOBHSI M HE MOTAT J1a MPELCHSIT.

Ha 6a3a Ha TMOJIYYCHUTE PE3YJITAaTH MHEHUETO 110 TO3U BBIIPOC
MOXK€E aa 6’1:2[6 IPUETO 3a IMOJIOKUTEIIHO.
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@uz.9. Ilpoyenmno pasnpedeneHue Ha MHEHUSMA Ha Oolyume
3A6UCUMOCTIL OM UBNBIHABAHUME NO YeMBbPNU Kpumepul

4. 3aknrouenue

Ha 06a3a Ha mpoBeneHUs aHaNIM3 Ha JAHHUTE IOJYYEHH OT
AQHKETHUTE KapTH Ha OOUIMTE MOKE J1a C€ 3aKIIIOYH CIICTHOTO:

o [To oTHOmIEHUE Ha TIOKA3aTEs »»MaCKUPOBBYHHU cBoMicTBa” Ha

[IOJIEBOTO O0JICKJIO:

[oneBoTo Kamydua)kHO OOJIEKIO H3aBa JAEMACKHPAIIH
LIyMOBE MPHU IBIKCHHE;

_  TlomeBoro kamy(uaxxHO OONEKIO HE IpPEIH3BHKBA
OTOJSACHIM [P CITBHYEBO IPECHE;
_  TlomeBoro kamy(uaxxHO OONEKIO HE IpPEIU3BHKBA

BB3HUKBAHC HA CTaTUYHO CJICKTPUYECCTBO.

I[lo oTHomeHWE Ha mMOKa3aTess
XMMHYHHU CBOICTBA* Ha 00JIEKIIOTO:

,,OU3UKOMEXaHUYHA U

[MoneBoTo KamyQuiaxkHO 0ONeKIO ce mpeTpuBa OBP30 B
OTIpE/IeTIeHH yIacThIIH;

- TomeBoto kamydmakHO OONEKIO HE  MpPUTEKABA
JOCTaTh4yHa 37paBHHA Ha IIEBOBETE M CHEAWHUTEIHUTE
CIIEMEHTH;

[ToneBoTo KamyQuia)kHO OOJCKIO HE € MMAal0 HYXXAa OT
,,PEMOHT";

[ToneBoTo KaMy(daakHO OOJEKIIO MPUTEkKaBa CBOHCTBOTO
,,HErOpUMOCT”.

AHaMM3bT YCTaHOBW, Y€ H3CIEIBAHOTO IOJEBO KaMy(IakHO
00J1eKII0 Ma TI0-MaJIka Maca B CpaBHEHHE C TIPEIXOJIHUTE O0JIeKIIa,
HO TO HE IOKPHBA OCHOBHHM (DYHKI[MOHAJIHH M3UCKBAHHS, MOPAIH
KOETO He € IIe1echo0pasHO H3ION3BAHETO MY KaTo eMHHO 00JIEKIIO
32 W3IBJIHCHUETO Ha BCHYKH BHIOBE 3a/la4M, H3IBIHSABAHU OT
CYXOI'bTHHTE BOWCKH B PAMKHUTE Ha ONEPAaLUTE 110 MOAbPKAHE Ha
MHpa.

ABTOpHTE MpejIarar Aa ce BHecaT KOPEKIMU B KOHCTPYKIMATA
Ha M3CIEABAHOTO IOJICBO KaMy(JIaXHO OONEKIO C eIEeMEHTH,
KOWTO Jla 3aJ0BOJIIBAT HYXXIUTE HA MATPyJIUpANIuTe OO U
JKEHUTE; TIPH MPOEKTHpaHe Ha HOBH oOJIeKsa J1a ObJaT B3eTH IOX
BHUMAaHHUE YCTaHOBEHHTE IO BpEME Ha aHaJKM3a HENOCTaThLH IO
pa3IMYHNTE TI0KA3aTelIM; M3CIEIBAHOTO IONEBO KamydiaxHO
00JIEKJIO J]a ce M3MOJI3BA CaMO B OINPEIEICHU YCIOBHS, KaTo 3a
U3IIBJIHCHNE Ha ©XEIHEBHUTE JAEHHOCTH ce pa3paboTH HOBO
00JIEKJIO OT THKAaHH C TI0-BUCOKO ChIbP)KaHUE HA MAMYK.
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B3aumoneiictBue Ha 0JI0KY€iiH ¢ BUCOKMTE TEXHOJIOTHH B ekocucTteMara Ha Curypsocr 5.0
Interaction of Blockchain with Advanced Technologies in the Security 5.0 Ecosystem

Nikolay Radulov, Teodora Licheva
New Bulgarian University
n.stefanovb@gmail.com, teodora_licheffa@abv.bg

Summary: Blockchain technology is emerging as a foundational element of modern security systems, offering unique advantages through its
core characteristics: decentralization, immutability, and transparency
isolation but in synergy with other advanced technologies, forming an integrated ecosystem that redefines approaches to national and public

167

=%, Under the Security 5.0 framework, blockchain operates not in

Keywords: BLOCKCHAIN, SYNERGY, BIG DATA, INTELLIGENCE, COUNTERINTELLIGENCE, ARTIFICIAL INTELLIGENCE, BIG

security
DATA

1.Bveedenue

1.1.®dynoamenmannu npunyunu Ha 0O10KYeiiH 6
cuzypnocmma

XapakTepuCTUKM ~ Ha  OJIOKYeWH  TEXHOJIOTHATA:

Jleuentpanu3anus - eIMMUHHMpA LEHTPAIU3UPaHUTE TOYKU Ha
ys3BuMoct; Kpunrorpadceka 3amuTa - ocurypsiBa BACOKO HUBO Ha
CUT'YpHOCT Ha JaHHUTe; HensMeHseMocT - 3alUCaHUTE AaHHU He
Morar jaa ObpJaT MaHUIYyIHpaHH WK noanpaseHy; [Ipos3paunoct -
BCHYKH TPAH3aKIMH Ca BUAWMH 32 YITBIHOMOILICHUTE yYaCTHUIIN;
Koncencycun  mexanusmu:  [apaHTupaT  BaIMAHOCTTa  Ha
3aIICaHUTE JaHHH.

IIpunoxenuss B  cuUrypHOCTTa: 3amura Ha  KpPUTHYHA
HHOpacTpyKTypa; VYIpaBieHHe HA IWTHTATHUA WICHTUYHOCTH;
IIpocnensBane Ha BEpHIM 3a JOCTAaBKH; 3alllNTa HA MHTEIEKTyalHa
cobcrBeHocT; CurypeH oOMeH Ha pa3y3HaBaTelHa HHPOPMAIHS.

1.2. Cunepzus mexncoy OnoKuein wu Opyzu GUCOKU
mexHonocuu

Broxueitn u T'onemu nannum (Big Data). Mexanmsmu Ha
B3aUMoOJelcTBUE - OJIOKUEiH OcHrypsiBa HAaISKIHOCT H
MHTETPUTET Ha ChOpaHuTe ronemu nanHu; Ch3naBa BepuULUpPaH U
HEMIPOMEHNUM OJIMTEH 3aliC Ha BCHYKU TPAH3aKIMHU - TapaHTHpa
MpOU3X0Ja M aBTEHTHYHOCTTA Ha JaHHUTE; [l03BOJsIBA CHT'YpHO

CHofelssHE Ha JaHHU MexAay opraHusauuu. [Ipaktuuecku
MpWwIOXKeHHs:  Pa3y3HaBareneH  aHamu3 -  Ch3JaBaHE Ha
HETOJANpPaBUMU  3allICH  Ha  pa3y3HaBaTenHa WH(opMarys;

VYmpaBineHne Ha CHTYpPHOCTTAa Ha TPAHULUTE - TPOCIEISIBAHE H
BepuQHIpaHe Ha TPAHCTPAHUYHM [BIDKEHMS; AHaIM3 Ha
kubep3amnaxu: CrnozensHe Ha JaHHU 3a aTakd MEXIy pa3InuHU
opranm3aumu  6e3 pUCK OT  Kommpomerupane. Ilpumep:
Pasy3naBatennute arennuu B CAIIl paspaboTBar cucTeMa,
Gasupana Ha OnokueilH, Hapedena "Sentinel Chain"!, xosto
TpociensBa M 3alllicBa TPAHCTPAHWYHHUTE JABIDKCHUS HA JIMIA OT
HMHTEpEeC, KaTo CHIIEBPEMEHHO IO3BOJSIBA CHTYpeH OOMEH Ha
pa3y3HaBaTeslHa WH(OpPMAIHs MEXIy ChIOZHHIECKH IbpKaBH, 0e3
Jla pa3KprBa YyBCTBUTEIHN METO/IH 32 ChOMpaHe Ha JAaHHIL.
bnokueiin u W3kyctBeH wuHTenekT (Al). MexaHusmu Ha
B3auMoJIeiicTBHE: bioKueldH TmpenocTaBs HAACKAHUA JaHHU 34
oOydyenue Ha Al anropurmu; Al aHanu3upa OJOKYEHH TpaH3aKLUU
3a OTKpUBAaHE Ha aHOMAJIMU U MOJenu; biokueiH 3amucBa BCUYKU
pemenuss u geiictBus Ha Al, ocurypsiBaiiku Npo3payHOCT -
KOMOMHAIUsATa II03BOJIIBA CH3/laBaHE Ha JIOBEPEHM aBTOHOMHH
cuctemu. [IpakTndeckn npwinokeHus: IIpequkTHBHA HoNHIEHCKa
neitHocT: Al aHanm3upa JaHHU OT OJOKYEHH 3a WACHTU(DUIHPaHE
Ha MPECTBIIHU MOJIeNN; ABTOMaTH3MpaHa JeTeKLus Ha u3mamu - Al
OTKpHBA MOJO3PUTENHHN TPAaH3aKIUK B peanHo Bpeme; Cucremu 3a
paHHO TpPEAYNpeXACHHE - WACHTUPHUIHMPAHE Ha MNOTCHIMATHH
3allaxy npend na eckamupar. IIpumep: Espomon paspaborsa
cucrema "ThreatScan"?, kosTo M3moN3Ba GIOKUEiiH 3a CbhXpaHeHue
Ha JQHHU 32 KUOCPIPECTHIUICHUS OT PpAa3IUYHH IOPHUCIUKIUH,

! https://medium.com/sentinelchain/sentinel-chain-state-monitor-
263e3d3406d3

2 https://www.europol.europa.eu/sites/default/files/documents/2010-
oc-scan-threat-notice-open-version.pdf
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nokato Al anroputmMM aHanM3upaT Te3M JaHHM, 3a Ja
uieHTHGUIMpAaT HOBM TEXHMKHM 3a aTaka W Ja IpeacKa3Bar
MOTCHIMATHA LM, MOJ0OPSIBaifiki CKOPOCTTa Ha PEakmus ¢ 10
65%.

broxueiin n Nutepner Ha Hemara (IoT). Mexanu3mu Ha
B3auMozelcTBre: biiokueitH ocurypsiBa 3amureHa HHPpacTpyKTypa
3a komyHHKanus Mmexay loT yctpoiicTBa; ABTeHTH(HKaIUsS Ha
yCTpOWCTBA W BadMAMpaHe  HAa  IOJNy4YCHHTE  JaHHH;
Jeuentpanmsupano ympasinenne Ha loT wmpexun; Cp3maBaHe Ha
MHKpPOTPaH3aKLIUKN MEXy ycTpoiicTa. [IpakTuuecky npuioxKeHus:
CurypHOCT Ha KpUTHYHA HHQPACTPYKTYypa - 3alIUTa OT MOATIPABIHE
Ha JIaHHU OT ceHzopy; CucteMu 3a HaGIIIO/ICHNE - OCUTYpsIBaHE Ha
ABTEHTUYHOCT Ha CHOpaHUTE BHJEOMAaTepHaiy; VIHTeIUreHTHH
TPaHUIM - YNpPaBIEHHE HA CEH30PU M CHCTEMH 3a KOHTPON Ha
nmoctema. [Ipumep: Cucremata "SecureGrid" B CuHramyp
uaTerpupa loT ceH3opu B KpUTHYHA eHEpruiftHa MHAPACTPYKTYpa,
KaTO BCHYKH JAaHHU OT CEH30PHTE CE 3alUcBaT B OIOKUYEHH, KOETO
IpeaoTBpaTsBa MAHUIYJIMPAHETO Ha JaHHM U II03BOJISIBA PaHHO
OTKpHBaHE Ha (pU3MUECKU U KHOEep aTaky, HaMaJsIBaiiku BpeMeTo 3a
peaxuus ¢ 78%.

bnokueiin u Mutepuer Ha Bcuuko (IoE). Mexanusmu Ha
B3auMopelicTBue: brokueiiH cb3maBa JoBepeHa cpeda  3a
KOMYHHKAI[ MEXIy YCTPOWCTBa, XOpa, NPOIECH W [aHHH;
OcurypsiBa  CHT'YpHH TIPOTOKOJH 3a  aBTOMAaTH3UpaHU
B3aumoaencTBus; Ilogabpka Mukporiamanus u crtumyian B IoE
eKoCHCTeMara; I'apanTupa MIPUBATHOCT npu CIIO’KHU
B3aumozelcTeua. [Ipaktuuecku npunoskeHus: MHTeIUreHTHU
rpajoBe - KOOPIMHUPAHE Ha aBapUHHU CITyKOH U HHPPACTPYKTYpa;
KpusucHo ympaBieHue - OCUI'ypsiBaHE Ha HaJIeXKJHa KOMYHHMKAIUs
npu OencTeus; MHTErpHpaHa CUTYpHOCT - CBBP3BaHE HA PA3IHIHA
CUCTEMH 3a CUTYpHOCT B eauHHa Mpexa. [Ipumep: IIpoekTsbT
"SmartSafe" B Bapcemona® m3momsa GNOKUGHH, 33 1a CBBpKE
CHCTEMHTE 3a CHTYPHOCT Ha OOIIECTBEHHM CTpaid, TPAHCIIOPT,
HOMUINS ¥ MEIUINMHCKH CIOyXOM B €IWHHA Mpexa, KOsATO
aBTOMAaTUYHO KOOPAMHHUpA OTrOBOPA MPU MHLUAEHTH, CKbCABANKH
BpEMETO 3a peakiys ¢ 42% npu U3BBHPEIHU CUTYaLUH.

bnokueitn u JlpoHoBe. MexaHH3MHU Ha B3aUMOJICHCTBUE:
brnokueiin ocurypsBa CHIypHa CHCTEMa 3a YIpaBlIeHUE Ha
¢oTrHK OT IPOHOBE; 3amrcBa HEU3MEHSIEM JKypHAI Ha ITOJIETHTE
u omepanuuTe; ABTEHTH(UKAIMS Ha KOMAaHAW W KOMYHHKAIWS;
JleneHTpanu3upaHo ~ yNpaBlIeHWE Ha  aBTOHOMHH  JPOHOBE.
IMpaxTraeckn npunoxeHus: ['paHIdeH KOHTPOI - IPOCIENIBaHe U
BepuduIMpaHe Ha HAaOIOJCHNUS Ha rpaHunuTe; KpuMuHamucTuka -

HEMOANMpPAaBUMH  JIOKA3aTeJICTBa OT  BB3JYIIHO HaOIIOJEHUE;
[lpoBepka Ha  KpuUTH4YHa  HHQPACTPYKTYypa -  CHTYpPHO
JIOKyMEHTHpaHe Ha wuHcnekuuu. Ilpumep: AmepukaHckara

MHTHHYECKA CITyK0a H3I0713Ba CHCTeMa, Hapeduena "BorderGuard",
KOSATO ympasisBa (IOTHINS OT APOHOBE 4pe3 OJOKYECHH Mpexa.
Bcekn moseT, BCSIKO HaONIOJEHHE W BCHYKH ChOpaHH TaHHU Ce
3anucBaT B OJIOKYEHH, Ch3JaBaiKi HEMOAIPABHMH J0KA3aTeJICTBa,
U3II0JI3BAaCMH B ChJia, M NPEJOTBPATABAHKM HEOTOPU3MPAH JOCTHII
JI0 4yBCTBUTEJIHA HHPOPMALIHS.

® https://espanarusa.com/ru/news/article/599369
4 https://www.usa.gov/agencies/u-s-customs-and-border-protection
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bnokueiitn un Komynukamuun 5G/6G. Mexanusmu Ha
B3auMoAelcTBUE:  biokuelH  ocurypsiBa  JELIEHTPATU3UPAHO
yIpaBlIeHHE Ha MPEKOBUS JOCTBII M pecypcH; 3aiiura Ha
ABTOHOMHHTE KOMYHHKaimu B 5G/6G wmpexu; Bepubukarmus nHa
KOMYHUKAaIlMOHHU BB3IM W ydacTHHIM; CHTypHO IIpelaBaHe Ha
KPHUIITHpaHH JaHHW. [IpakTMuecknm NPWIOKEHHS: 3allUTEeHH
TaKTUYECKH KOMYHHKAIlMM - OCHUTypsiBaHE Ha CHTYpEeH KaHall 3a
BOCHHH W TOJHMIEHCKH OIepanuy;, YIpaBIeHWE Ha CIEKTHpa -
JUHAMHYHO pa3lpeieNiecHue Ha 4YecTOTH 0e3 IEHTpaleH OpraH;
ABTeHTH(HKALMA Ha MPEXOBH yCTPOICTBa - MPEAOTBpATIABaHE HA
(anmmBy KIETKH U TOYKH 3a gocThi. [Ipumep: FOxHOKOpeiickaTa
nonuuus BHeApsiBa "SecureNet" — OnokueitH 6a3upaHa cucreMa 3a
yhnpaBleHHe Ha nonuneiickute 5G  KOMYHHMKAaluu, KOSATO
NpefoTBpaTsBa IpPHUXBAIaHE, OCHUTYpsSBAa AaBTCHTHYHOCT Ha
NpefaBaHUTe JaHHM M aBTOMATHYHO pasMpenens UYeCTOTHUTE
pecypcu cropex IPHOpPHUTETa HA OIEpaluuTe, YBEIMYaBalK{
CUT'ypHOCTTa Ha KOMyHHKanuure ¢ 95%.
bnoxkueiin u buorexnonoruu. Mexanu3mu Ha
B3aMMoOielicTBUE: biokueliH ocurypsiBa 3amiura M KOHTPOJ Ha
JocThIa 10 OmomeTpudHU AaHHU; Ch3gaBa HEM3MEHSEM 3alHC Ha
O6uomMeTpnuHN uAeHTU(UKANMHU; IIpenoTBpaTsiBa HEOTOPH3MPAHO
KIOHHMpaHe Ha OwoMeTpwyHH Imabmony; [logubpka curypHn
JELeHTpaT3upaHu OuoMerpuuHu 0asu  naHHW. [IpaxThdecku
npuiIokeHus:: MHorodakTopHa OHOMETpHYHA aBTEHTH(UKAnUs -
CUT'YpPHO ChXpaHeHHe Ha OnoMerpwuHHM naHHW; [IpocnexnsBane Ha
JOCTBII 10 OWOJOTMYHM MaTephaidl - KOHTPOJI B JaOOpaTOpHH U
Oomobanku; Kpummuamuctuka - HewsMmenseMm 3amuc Ha JIHK
nokazarencrea. [lpumep: WHtepmon paspaboTBa rioOanmHaTta
cucrema "BioTrack", kosTo n3mon3Ba OJIOKYEHH 32 ChbXpaHEHUE Ha
METaJlaHHH 32 OMOMETPUYHH HICHTH(UKAIMH, MO3BOJABAHKKA Ha
NpaBoONpHIaraliuTe  OpraHd  aa  OOMeHAT  OHOMeTpH4Ha
nHpopmarus 0e3 na pasKpUBaT CaMHUTe OWOMETPHUYHM NaHHH,
HaMaJsIBaiKM BPEMETO 3a WACHTU(HKAIWS HAa MEXKITyHApOIHU
MIPECTHITHHUIM OT JHH 10 MUHYTH.

1.3. punoscenue 6 pasysnaganemo, KOLMpPapazy3HasaHemo
u nonuuelickama oeunocm

Biokyeiin B pa3y3HaBaHeTo. TpaucdopmaTiBHH
npunoxenus: CurypeH oOMeH Ha pa3y3HaBaTenHa MH(MOpPMAIUs -
OnoKk4YeiH mo3BoyIsiBA 0O€30MacHO CHojesHe Ha WH(GOPMAIUsI
MEX]y Pa3JIM4HU areHIMU ¥ JIbp)KaBH; YTpaBlIeHHE Ha M3TOYHULIN
- CHTYpHO AOKYMEHTHpAaHE Ha pa3y3HaBaTeIHH HM3TOYHHIN Oe3
pa3kpuBaHe HAa  CaMOJIMYHOCTTa WM; Bepndwukamms Ha
pa3y3HaBaTelHM JaHHM - TMPOCIENIBaHE Ha MPOM3X0OAAa H
nmpoBepkuTe Ha MH(popManuaTa; KoopanHamms Ha MeXIyHapOIHH
ornepanuu - 6e30MacHo IUIaHWPaHe U KOMYHHKaIys. TeXHoIornyHa
uHterpanus: KomOuHHpane ¢ kpunrorpagus 3a MHOTOCIOHHA
3ammra Ha gaHHu; MHTerparms ¢ Al 3a aHamu3 Ha rojgeMH o0eMu
pasy3HaBarenHa nndopmarys; M3non3sane Ha cMapT KOHTPAKTH 3a
ABTOMATH3UPAHU TPOTOKONM 3a CHOJAeNsHe Ha uHpopmarms.
Hpumep: HATO paspaborsa cucrema "AllianceChain"®, xosto
TI03BOJISIBA CHTYPEH OOMEH Ha pa3y3HaBaTeIHA HHPOPMAIH MEXTY
CTpaHHUTE-WICHKH, KaTO BCSAKA arcHIMs 3ala3Ba KOHTPOJ BBPXY
CBOMTE MHaHHM, HO MOXE Ma CIHOJENS OINpPEAeNCHH 4YacTH C
MapTHHOPH upe3 KpumTorpadcku nokaszarenctBa. Cucremara e
NOMOTHaJIa 3a TpeaoTBparsBaHe Ha Haja 20 MNOTEHIMATHH
TCPOPUCTUYHU aTaKH NPE3 MOCICIHUTE T'OAUHHA.

Biaokyeiin B KoHTpapa3y3HaBaHeTo. TpaHCpOpMaTHBHH
npunoxeHus: IlpocnensgBaHe Ha MOJO3PUTENHA AKTHBHOCT:
HewsmensieMm 3amuc Ha BCHYKH HWHIMKATOPU 33 KOMIIPOMETHPAHE;
VYnpaBneHne Ha KOHTpapa3y3HaBaTeIHH OMNEpalid - CHIypHa
KoopAauHanus Ha pascienBaHus; OTKpHBaHE HA JBOIHM areHTH -
aHanM3 Ha MOJENM Ha TOBEICHHE M JOCThN 10 HH(opmauus;
3amuTa Ha KpUTHYHA HHPPACTPYKTypa - MOHUTOPUHT Ha JOCTHIIA
a0 YYBCTBUTECIIHU 00€eKTH. Texnonornyxna UHTECTpanus:
KomOuHupaHe ¢ MOBEAEGHUYSCKH aHANU3 3a HWACHTU(HIMpaHEe Ha

Shttps://www.degruyter.com/document/doi/10.1515/9781400848676

005/pdf?licenseType=restricted&srsltid=AfmBOorjlnuhGj2M9nd41
fltShN9xJczPnFRITIPWEOY lavyyjOjljC3
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aHomanuu; MHTerpanust ¢ kpunrorpadcki CHCTEMH 3a IIPOBEpKa Ha
JOATHOCTTa; M3mon3BaHe Ha macuBHO HaOmopenue upe3 loT

cerzopu. Ilpumep: @DenepanHara cioyxba 3a CUTYpHOCT Ha
I'epmanus (BfV) BuenpsBa cucrema "InsiderThreat", xosito
m3noi3Ba  OJOKYEHH 3a TpociensBaHe Ha  JOCTBIIA 10

KITacHu(UIMpPaHN TaHHH, KaTO aBTOMAaTHYHO OTKPUBA TOJX03PHTEITHN
MOZENM Ha MOBEICHHE, KOMTO MOTaT Ja WHIUKHPAT BHTPEIIHH
3alUlaXd WM 9yXXJO0 IPOHHWKBAHE, MOJOOpsBaiiku CKOpocTTa Ha
OTKpHBaHe ¢ 56%.

Baokueitn B mosnmueiickara aeiinoct. TpanchopMaTuBHA
NpUIOXKEHHs: YTpaBleHHE Ha BepUraTa Ha JOKa3aTelcTBara:
Heunsmensiem 3ammc 32 BCHYKH  JIOKa3aTelicTBa oT
MECTONPECTBINIEHNETO OO0 chiAa IIpociensBaHe Ha MPECTHIHU
MpEeXH - aHaIN3 Ha BPB3KM U TPaH3AKIWH; MeEXTyBeZOMCTBEHO
CHTPYIHUYECTBO - OE30IIaCHO CIIOJEISTHE Ha MHGOPMAUs MEXIy
Pa3IMYHU TOJMIEHCKN CIIy)KOW; 3ammnTa Ha CBUIETENH - CUTYPHO
yIpaBlIeHHE Ha UYyBCTBHTENHa HH(popMamus. TeXHOJIOTMYHA
unrerpanus: KomOunupane ¢ OuoMerpuyHa HIACHTU(HKALMS 32
KOHTPOJ Ha JOCTBIIA A0 JOKa3aTelcTBa; MHTerpamus ¢ aHaau3 Ha
TONeMH JaHHM 3a pa3sKpUBaHE Ha KPUMHHAIHU TEHACHIUH;
Msnmomssane ©a IoT 3a aBromaTm3mpano cbOHpaHe Ha
nokazatenctBa. [lpumep: Ilomuueiickoro ynpasinenue Ha Jloc
Anmxenic BHenpsBa cucreMa "EvidenceSecure", kosTo HM3mon3Ba
OJIOKYeifH 3a MpocieAsBaHe Ha BCSKO JIOKA3aTEJICTBO OT MOMEHTA
Ha CbOMpaHeTo 0 MpeNCTaBsiHeTo B chaa. CucreMaTa aBTOMaTHIHO
JOKyMEHTHpPAa BCEKM JOCTBII U TpaHchep, eITUMHUHUPANKH
BB3MOXKHOCTTa 3a MAaHHUIIyJIHpaHe, KoeTo ¢ paoseno a0 24%
MOBUIIABAaHE HA YCIEIIHUTe OOBHHEHHUS MOpaaM Toxo0peHara
BEpHra Ha J0Ka3aTelICTBaTa.

2. IIpeouszsukamencmea u 02panuyerus
Texnuueckn npenu3BuKaTencTBa. CHUTYPHOCT M yS3BUMOCTH:
51% araku - Puck mpum mo-manku OjokuedH Mpexu; KBaHTOBH

WU3YUCICHUA - TIOTCHHHAJIHA 3alliaxa 3a KpI/IHTOFpa(bCKI/ITe
AJIr'OPUTMH, CKaJ'[I/IpyeMOCT - OrpaHh4€Huss B CKOpPOCTTa H
KananuTeTa Ha TPaH3aKIUHUTE, I/IHTGpOHepaGHJ’IHOCT - TPYAHOCTHU

NOpU HMHTErpalys C HacleJeHH CUCTeMH. BB3MOXHHM pelleHus:
PazpaborBane Ha KBaHTOBO-YCTOWYHBU KpHUNTOrpadcKu
anroputMy; VMmnmeMeHTHpaHe Ha pelIeHHs 3a MamadupaHe upes
cTpaHW4HH Bepurd W sharding; Cop3maBaHe Ha cTaHIApTH 3a
HMHTEpONEepabMITHOCT MEXIY Pa3InIHN OJOKICHH MPEXKH.

PeryaaTopHu U npaBHM NpeIN3BUKATEICTBA.

Perynaropuu acnektu: CroreerctBue ¢ GDPR u npyru 3akoHu
3a 3allUTa Ha JaHHUTe, TpaHCIpaHWUYHO CHOJEISIHE Ha
nHdopmarms; [IpaBHa BalUIHOCT Ha OJIOKYEIH [OKA3aTelICTBA;
ETndam acmekTH Ha aBTOMATH3HPAaHH peIIeHns. Bb3MoxHH
pemennsi: PaspabotBane Ha "Privacy by Design" 0noxueiin
apxuTekTypd; Cb3maBaHe Ha MEXIYHapOAHH TIPAaBHH PaMKH 3a
oOMEeH Ha pa3y3HaBaTelnHa WHQOpMAIWs; YCTaHOBSBaHE Ha
CTaHIapTH 3a IpHeMaHe Ha OJIOKYEitH 10Ka3aTeNcTBa B ChaA.

OnepaTHBHN MpeAN3BHKaTecTBA. OpraHn3alliOHHU aCleKTH:
OOy4eHrne Ha MepcoHala - HEOOXOJUMOCT OT HOBH TEXHUUECKU
yMEHMsI; YCTOWYMBOCT HAa MpPOMSHAaTa - ChIPOTHBA CPELLy HOBH
TexHoyorny; VIHTerpamms B CBHIIECTBYBAIIM PabOTHH IIPOIECH;
Bucokn mppBOHAYATHU pa3XogW 3a BHEApSBaHE. BB3MOXHN
pemenus: Pa3paboTBane Ha meneBH mporpamu 3a oOydeHHE H
TpaHchep Ha 3HaHUS; [loeTamHO BHeApsBaHE C JOKa3BaHE Ha
KOHLEMIHAATA B orpaHuyeH Marao; [Ty6nu4HO-4acTHH
MapTHHOPCTBA 32 CIOJEISHE Ha Pa3XOANUTE U OIHUTA.

3. Bvoewu menoenyuu u pazeumue

Texnonornuyuu HWHOBAIIMH. OuakBaHU pa3sBUTHUA:
KBaHToBO-ycTOiuNBM OyloKueiiH npoTokonu; Al-ynpaBnsBaHu
O/oKueH MpexHu ¢ aJanTUBHa cuUrypHocT; MHTrerpauus Ha
OnmokueitH ¢  HeBpoHHH uHTepdeiicu 3a  OGHoMeTpHYHA
nnenrudukanust; CaMoOBB3CTaHOBSBAIIH ce OJIOKYEITH cHCTeMH

[MoTeHnmamHY NPUIOXKEHHS: ABTOHOMHH CHUTYpPHOCHH
CHCTEMH C HyJIeBa YOBEIIKa HaMmeca; [ mobanHu Mpexu 3a oOMeH Ha
pasy3HaBaresHa HH(pOpManus B peasHo Bpeme; [IpenuxTuBHH
CHCTEMH 3a CHTYPHOCT, OCHOBAaHM Ha OJIOKYEHH JaHHU.
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Hurerpanus B mumpoxk mamad. OyakBaHH pa3BUTHS:

Hamponanau ~ Gnokueiin ~ MHQPACTPyKTypu 33  CHT'YPHOCT;
MexayHapoaHu — OnokueilH  koHcopumymu 3a  Oopba ¢
TpaHCTpaHUYHATa MpecThNHOCT; CTaHAapTH3alus Ha OJIOKYEHH
MPOTOKONIM 332  CHTYpHOCT; JleleHTpaau3upaHH aBTOHOMHH
opranm3aumn  (DAO) 3a  ynpaBineHHe Ha  CHTYpHOCTTA.
Iorenmmanan npunoxeHus: [obGaqHM cHCTeMH 3a  pPaHHO

TpeaynpexaeHNe 3a 3amiaxy; MHTerpupaHo ynpaBieHne Ha KPH3H
ype3 OJ0K4elH; ABTOMATHU3UPAHO MEXIYHAPOIHO MPOCIEAsIBaHE
Ha MPECTHIHHIH.

CratucTuka M eeKTHBHOCT. M3mepumu mnomsu ot
UHTETpanusaTa Ha OnokdeiH. CTaTUCTHUECKH NaHHM: YBeIHYEeHa
e(eKTHBHOCT Ha Pa3KpHBAEMOCT - CpeqHo ¢ 25% IpH H3MOJI3BaHe
Ha ONOKYelH 3a ymnpaBieHHe Ha JoKa3arelcTBa, HamaneHo Bpeme
3a OOMEeH Ha pa3y3HaBaTelHa MHGOpPManus - OT JHH IO MHHYTH
(mamanenne ¢ 97%); [logoOpeHa 3amuTa OT BBTPEIIHM 3aIUIaxH -
80% 10-0bp30 OTKpHBaHE HA MOTEHIMATHH BBTPEIIHU HAPYIICHUS;
HamansBane Ha pasxoiuTe 3a CUTypHOCT - 10 35% mpH IbiIHA
WHTETpanus Ha OJOKYeHH B omepanuuTe. Bb3BpbIIacMocT Ha
HHBECTUIMATA: [IbpBOHAYANHA WHBECTULHS Bucoka ($1-10
MHJIHOHA B 3aBUCHMOCT OT Mamiaba); [lepron Ha BB3BPBIIAEMOCT -
2-3 romuuu; JIBparocpound cmectsaBanus: $3-5 3a  Bceku
uHBecTUpaH $1.

4, 3akarwuenue

brokueliH TexHoOJOrMsATa HE MPOCTO C€ HMHTErpupa, a
¢dyHnamenTanHo TpaHchopmupa ekocucremara Ha CurypHoct 5.0
ype3 CHHEPTHUsTa CH ¢ APYT'H BUCOKU TEXHOJIOTHH. TS ch3gaBa HOBU
BB3MOKHOCTH 3a 3alllUTa Ha HH(POPMAIHS, KOOPAWHALUSI MEXKIY
areHIMd W e(QEKTUBHO MPOTHUBOJCHCTBHE HA CHBPEMEHHHUTE
3amIaxy. Benpekn npean3BUKaTeNCTBaTa, ChIECTBYBA 3HAUUTEICH
NOTEHIMAJ 3a I0-HAaTaTBhIIHO Pa3BUTHE W WHOBALUM, KOWTO Ile
odopMAT OBIEIIETO HA CHTYPHOCTTA B JUTHTANTHATa €pa.
Pa3Oupanero Ha B3aMMOBPB3KHTE MEXIy OJIOKYEHH WM Jpyrurte
TEXHOJIOTMM € OT KPHUTHYHO 3HAYEHHE 3a CIEHHAIHCTHTE IO
CUT'YPHOCTTa, pa3y3HaBaHETO M IPaBONPHIIAraHeTo, Thil KaTo Te ce
CTpeMAT Ja ce aJanTupar KbM OBp30 TpOMEHsImara ce
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TEXHOJIOTMYHA Cpe€Aa W J[a U3MNO0JI3BAT HOBUTE HMHCTPYMECHTU 3a
3aluTa Ha O6I.I.[eCTBOTO U AbpiKaBaTa

broxuelin TexHONOrUATA CE € MPEBbPHATA B KpalbI'blieH
KaMbK Ha CbBPEMEHHATa €KOCHCTEMa 33 CUTYPHOCT, IPEAOCTaBIIKHI
HajgeXIHa WHpacTpyKTypa 3a CbXpaHeHHEe U OOMEH Ha
nadopmarmsi. B kxontekcra Ha CurypHoct 5.0 - Hali-HOBaTa
KOHIIETIIIMSL 33 MHTETpHpaHa KuOeppHU3WYHA CHTYpHOCT -
OJIOKYEIHBT Mrpae KII0YOBa POJISI KaTO CBBP3BAILO 3BEHO MEXIY
MHOKECTBO ABaHTap[HU  TEXHOJIOTHH. Toi OCHUTypsiBa
JELeHTpaT3upaHa, HEU3MEHseMa U TPO3padyHa CHUCTEMa, KOSATO
TpaHchopMupa  HadMHAa, MO  KOMTO ce  OCBIIECTBABAT
pa3y3HaBaTelIHH, KOHTpapa3y3HaBaTEIHH U MOJIUIEHCKH ONEPAIHH.
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CuHeprusi Ha BUCOKHMTE TEXHOJIOTHHU B ekocucTtemara Ha Curypsoct 5.0
Synergy of high technologies in the Security 5.0 ecosystem

Prof. Nikolay Radulov, D.Sc, New Bulgarian University
n.stefanovs@gmail.com,

Abstract: Security 5.0 represents a radical transformation in security management, where the synergy between different technologies
creates qualitatively new opportunities for protection and prevention.

Keywords:
INTELLIGENCE, COUNTERINTELLIGENCE; POLICE FORCES.

1. BbBenenue

Curyproct 5.0 mpeAcTaBisfiBa MHOBaTHBHA MapajuIMa, KOSITO
o0enMHSBA  MHOXECTBO  BHCOKOTEXHONOTHYHM  pEIICHHS B
UHTETpUpaHAa €KOCHCTeMa 3a YNpaBlIeHHE Ha CUTYPHOCTTA.
OOenuHEHNTe TEXHOJIOTUYHM pEUIeHHs Ch3aBaT HHOBAaTUBHU
BB3MO)KHOCTH, HECBOWCTBEHHU Ha BCSIKO €THO ITOOTACIHO.

2. CuHeprusi MexIy BHCOKHMTEe TEXHOJIOTHM B
curypHocrra. UHTerpauust u odpadorka Ha
JAHHH B peaJiHO BpeMe

Exocucremara Ha Curypsoct 5.0 ce ocHOBaBa Ha HEIIpeKbCHaTa
UHTETpanusi Ha WHQOPMAIMOHHH IOTOIM OT pPa3HOOOpasHU
W3TOYHUIIM, KOHTO ce obOpaborBar uype3 Al amroputmu 3a
MOMEHTAaJIHA HHTeprpeTanus u peakius. [Ipumepn: MuTenurenTHn
rpagoBe - Mpexa oT loT ceHzopu (ZBIXKEHHE, IIyM, KayeCTBO Ha
BB3/yXa) B KOMOMHAIM ¢ KaMepH 3a HaOmromeHne W 5G BPB3KU
Ch3laBaT AWTHTANEH ONM3HAK Ha Tpajna, Koito Al aHammsmpa 3a
AQHOMAJIMM B PEAIHO BpeMe, HICHTU(HUIMPAHKH ITOTCHIHATHU
3aIlaxd KaTo TEPOPUCTHYHH aTakd WM IPUPOIHH OeICTBHS;
I'paHuyHa CUTYpPHOCT - KOMOHMHAIHWS OT CaTENUTHO HaOIIONEeHUeE,
npoHoBe ¢ Al 3a pa3mo3HaBaHe Ha OOpasW M HAa3eMHH CEH30PH,
KOUTO KOOPJMHHPAHO CIEIST TPAaHUYHUTE 30HH, aBTOMAaTUYHO
HASHTUQUIMPAHKH  HEPerNIAMEHTHPAaHW  TPEMHHABAHUA |
TpefaBaiikl JaHHM KbM KOMaHIHHWTE IIGHTpOBE 3a He3abaBHa
peaknus. BHOCHTYpHOCT - Mpexa OT OHOCEH30pM B KIIIOYOBH
JIOKaIuHy (JIETHINa, Taph), KOUTO aHAJIU3UpaT Bb3IyXa 3a IaTOTeHH,
Karo JaHHUTe ce oOpaborBar upe3 Al cucremu, crocoOHHM na
uIeHTHGUIMpPAT OMOJOTMYHM 3aIlIaxyM YacoBe IPEIH IosBara Ha
CHMIITOMH.

3. TlogoOpena KoopAMHANMS U CHLTPYIHHYECTBO
Ha CJLy:K0MTe 32 00111eCTBEH pell U CHTYPHOCT

brokueitn  mporoxkonmu  u Al cucremm  ynecHsBar
Oe3NpeneseHTHO HUBO HAa CHTPYAHHIECTBO MEXAY PA3IHIHU
CIykOM W  areHIuy, Karo  CBIIEBPEMEHHO  OCHTYypSBaT

MIOBEPUTEIHOCT M CHI'YPHOCT Ha CIIOAGNCHUTE NaHHH. [Ipumepu:
MeX/IyBeIOMCTBEHH  ONEpaldd - T[pU  aHTUTEPOPHCTHIHU
omepauuu, Onok4eiiH ruarpopMa OCHIypsiBa 3allIUTEH KaHal 3a
KOOPAMHAIMS MEXIy IOJNHLCHCKH, BOGHHH M pa3y3HaBaTeIHH
CTPYKTYpH, KaTo BCAKO JEHCTBHE CE 3alliCcBa HEH3MEHSEMO H C
TOYEH BpPEMEBM IIe4aT 3a IIOCIEABAIN aHAIN3; MeXTyHapOomHO
pasy3HaBaHe - criopeneHn Al cuctemu aHanu3upar pazy3HaBaTeIIHA
nHpopmammst ot paszHooOpasHu m3tounmiy (SIGINT, HUMINT,
OSINT), kato uaeHTH(UIMPAT BPBH3KA W MOICITH, HEBHIMMH 3a
YOBCLIKATEe  aHaJM3aTOpPH, MW  aBTOMAaTHYHO  KJIacH(pHIMpaT
YyBCTBUTEJIHOCTTa Ha HWH(pOpMALUiATAa 3a MOAXOASAIIO0 HUBO Ha
criofessHe; YacTHO-yONMYHM MNAapTHHOPCTBA - KOOPAMHHpPaHa
3aIIMTa HA KPUTHIHA MHPPACTPYKTypa dpe3 OnokdeiiH miarpopma,
KBJETO INPaBUTEJICTBCHN AareHIUU M YaCTHH OIEpPaTOpH CIOACIAT
JaHHM 3a KkuOepsamtaxu, karo Al ompenmens 3HauMMOCTTa H
NIPUOPHTETA Ha BCSIKA 3arliaxa.

4. TIpo3payHOCT M OTYETHOCT B ONEpPALUHUTE 32
CHT'YPHOCT

SYNERGY; HIGH TECHNOLOGY; ARTIFICIAL
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INTELLIGENCE; BLOCKCHAIN; DRONES; BIOSECURITY;

bnoxyeiiH TexHonorusATa Cbh3AaBa HEU3MEHAEM U IPOBEPUM
3aMUC Ha BCHYKH JCHCTBHS M pEIIeHUs, B3€TH B Ipomeca Ha
VIpaBIeHHE Ha CHUTYPHOCTTA, KOETO TapaHTHpa OTYCTHOCT H
penymupa BE3MOKHOCTHTE 3a Kopymuus'. Ilpmvepu: [omumeitcku
pascienBaHUS - IAJIaTa BEpUra Ha JloKasarelcTBara (OT ChOMpaHe
0 aHalM3) C€ perucTpupa B ONOKYEHH, OCHTYpsSBailku
ABTCHTHYHOCT ¥ HEBB3MOXKHOCT 32 MAHMITYJIAIHs, KaTO BCSIKO JIUIIE,
MMAIIO JOCTBII IO JOKAa3aTeJCTBaTa, OCTaBsi JUTHTANICH MOAIMHUC M
BPEMEBH T1e4ar; AHTHKOPYIIIIMOHHA MepKH - Al cucremu 3a aHanu3
Ha TpaH3aKIW{, UMOTHU PETUCTPU W JEKIapaluy 3a JIOXOOW Ha
NyOJUYHM JIMIA, KOMTO AaBTOMAaTHYHO OTKPWBAaT AaHOMAJIHU U
MOTEHIMATHN HeperlaMeHTUPAH! aKTHBH, 3allMCBAalKK CUTHAINTE B
OnokueiH 3a HPOCIEAUMOCT; I'paxxnancku KOHTPOJT:
Jenenrpanus3upana 1miarhopma, KOATO MO3BONABA HAa TPaKIAHHUTE
Jla TofaBaT CHUTHAIM 3a HapyIICHHS OT CTPaHa Ha CIIyXHUTEIH Ha
pena, karo wuHGOpMAIMATA CE€ CBXpaHSIBAa HENPOMEHIEMO B
GII0KUCHH 1 ce anamm3mpa oT Al 3a MozelTH Ha oBeeHHe?,

5. ABTOMATH3AIHsI HA YIPABJICHCKHTE NPOIECH’

[IpunoxeHneTo Ha M3KYCTBEH MHTENEKT W MAIlIMHHO O0y4YeHHE
M03BOJISIBA aBTOHOMHO MICHTU(HIMPaHEe Ha PHCKOBE, ONTUMHU3AIINS
Ha pecypcM U TMpeJocTaBsHE Ha BapUaHTH 3a JAelCTBue,
0CBOOOXKIAaBAHKM YOBEIIKUTE EKCIIEPTH 3a CTPATETHMYECKH 3a/aqH.
[pumepu: IlpeauxTuBHO Nonuuelcko narpynupane - Al ananuzupa
WCTOPUYECKH IaHHH 32 TPECTBIUICHUS, COIHO-HKOHOMHYECKH
(hakTopH, BpeMeBH YCIOBUS M TEKYIIH CHOWTHS, 3a J1a TpEICKake
BEPOSTHUTE  JIOKAIlAX W  THIOBE TPECTBIIHA  JEWHOCT,
ONTUMH3UPAUKU  pa3mpeieieHHeT0 Ha TONWIECHCKH TaTpyiy;
VYnpaBneHue Ha KpU3M - Ipu npupoiHu OexactBus, Al cucremu
ABTOMATHYHO OIlCHSBaT Mamiaba Ha OEICTBHETO upe3 CaTelIuTHU
n3obpaxenus U loT ceH3opy, H3UUCIABAT HEOOXOAUMHUTE PECypCH
U TpejylaraT ONTHMaJlHM MapIIpyTH 3a €BaKyalus U JOCTaBKa Ha
oMo, Kubepsammura: Al cucTeMn 3a aBTOHOMHA 3alUTa, KOUTO
MOrar Jia MACHTU(QHUIUPAT HOBH BapHAaHTH Ha 3JIOBPEICH coPTyep
gpe3 MOBEACHYECKH aHANM3, Jla M30JIUpaT 3aCeTHATH CUCTEMH U Jia
MpUIaraT 3alliTHH MEPKH, MpeJu YOBEUIKHTE OIepaToph J1a
peTUCTpHpaT 3aruiaxara.

6. IlpujoikeHUs] HAa CHHEPrUYHHMS TOAXOA B
KJIIOYOBH 00JIACTH HA CUTYPHOCTTA

6.1. AHTeTMreHTHO pa3y3HaBaHe

! JInuesa, T.,,CrctemMara Ha GIOKUCiTH — MPEAN3BUKATEICTBO Ha
uHpopmarmonHa curypHoct”, B. C6. [lok. or VI MexyHapoana HaydHa
koH(epennus no curyproct ,,CONFSEC 2022” — 5-8 nek. 2022 r, cTp.62-
65, ISSN 2603-2953

2 Jinuera, T.,,CUrypHOCT NPH MOJABAHE HA KANOH, CHIHATH 1
npenoxeHus ¢ 6iokueitn mopran”, B. C6. ok. or VII Mexnynaponna
nayuna konpepenuus no CATYPHOCT CONFSEC 2023” - 4-7 niek.

2023 1, ctp.69-71, ISSN 2603-2953
3 https://akasa.com/blog/automation-quotes/
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MHoroniaacToB  MOAXOA ~ KbM  ChOMpaHe, aHalmu3 H
UHTEpHpeTalys Ha pasy3HaBareqHa uHbopMmanus, Kpaero Al
HHCTPYMEHTH 00paloTBar roseMu OOEMH IaHHH OT pa3In4yHU
U3TOYHUIIM, 3a Ja WU3BIeKaT 3HaunMu curHamd. [lpumepn:
ConmanHo-MenunitHO pasy3HaBaHe - Al anropurmu 3a 06padoTka Ha
€CTECTBEH €3WK aHaJIM3MpaT MHJIMOHHM MyONUKAIMA B COLMAIHU
MpEXH Ha MHOXKECTBO €3WIM, MACHTUQHIMPAHKH EKCTPEMHUCTKH
HapaTHBH, KOOPJIMHUPAHN WH(YOPMAIMOHHM ONEpalMd W paHHH
UHIVKaTOpH 3a pagukanusanus; OHHAHCOBO pasy3HaBaHe
OnokueilH aHanmmM3aTopu, KoMOuHHMpaHu c¢ Al, mpocneasBar
KPUNTOBAIYTHH TPaH3aKUMM M CIOKHU (HUHAHCOBH CXEMH,
OTKpUBAHKH MOZIENN Ha (prHAHCHpPaHe Ha TEPOPU3BM HMIIN H3MHUpPaHE
Ha Tapu IIpe3 MHOXKECTBO IOPUCIUKINH; [eompocTpaHCTBEHO
pasy3HaBaHe: IHTerpanust Ha CaTeIUTHH M300paXeHHs, IPOHOBE H
Ha3eMHH CEH30pU Ch3aBa JUHAMHYHA KapTa Ha MHTEPEC, KBIETO
Al unenTnunypa TPOMEHH M aHOMANWK (HAIlpUMeEp HM3rpakiaHe
Ha TallHW CHOPBXKEHMS WIM HEOOWYailHO IBIDKEHWE Ha BOCHHA
TEXHHUKA).

6.2. ABaHTapIHO KOHTpapa3y3HaBaHe

MHOT0C/I0€H KOMITIEKC OT TEXHOJOTHH 32 OTKPUBAHE, aHAIN3 U
HEyTpaJIM3UpaHe Ha BBHHIIHO pPa3y3HABaTEIHO IIPOHUKBAHE,
WHOOPMAIIMOHHK  omepanmd W kubeparaku.  [Ipumepu:
IIpotuBoneiicTBue Ha MpoHUKBaHE - Al ccTeMU, KOUTO aHAIU3Upar
MOJICNTUTE Ha KOMYHUKAIIUS U JOCTBII 10 PECYpCH Ha CITY)KUTEINTE,
ureHTHGUIMpaiiky aHOMaJHMH, KOMTO MOraT Ja WHIHWKUpAT
HHCalepcka  3amiaxa WM~ KOMIIPOMETHpAaH  CIYXKHTEl,
Jesundopmannonen aHamu3 - Al HMHCTpyMEHTH 3a OLIEHKa Ha
ABTEHTHYHOCTTa Ha MeauitHO cpabpikanue (deepfake nmerextopm,
aHaJM3aTOpPH HA CTWI Ha MHUCaHe), KOMOWHUpaHU ¢ TuarGopmu 3a
MpociensBaHe Ha Pa3NpOCTPAHEHHETO Ha Je3MH(OpMaIys Ipe3
pasnmuyHM  KaHanu;  KoHTpapasy3HaBaTelnHH — OHepanuu -
JNELCHTPAIN3UPAHN CHUCTEMH 3a NEKOH(IMKTAls HA OIepalyH,
KBJIETO ONOKYEeHH W KPHUNTHpaHa KOMYHHKAIMs MO3BOJSABAT Ha
pa3NMYHM areHIWM Ja KOOpIMHHUpAr JAeifHocTHTe cH, 0e3 na
pa3KpHBaT YyBCTBUTEIHH JACTAlIIN Ha ONEPALNHUTE CH.

6.3. Tpancdopmanusi Ha moJMIecKATA TeHHOCT

WHTerpupana ekocucreMa OT TEXHOJIOTHH, KOSTO IOIIIOMara
BCHYKH AacCIIeKTH Ha TMONHIeiHcKaTta paboTa — OT NPEBEHIUS WU
pa3skpuBaHe a0 pascielBaHe M JOKa3BaHE HA MPECTHIUICHHS.
IIpumepn: MHTETpHpana KpuMUHAIHCTHKA - komOuHanus ot JJHK
aHanm3, Al o0paboTka Ha BHIEO JOKasarenctBa, HUppoBa
KPUMUHAJIMCTUKA ¥ aHAJIU3 Ha COLUAIHU MPEXKH, KOUTO Ch3JaBaT
IUIOCTHA KapTUHA Ha NPECThIVICHUETO U CBBP3BAT pa3iMuHU
JIOKa3zaTelcTBa B €JUHHA JOKa3aTeJICTBEHa Bepura. ABTOHOMHU
TIONIMIICHCKY CHUCTEMH - MaTpyJIHH ApPOHOBe, obopynBaHu ¢ Al 3a
pa3no3HaBaHE Ha JIMIAa W TOBENEHHE, KOMTO MOTAT Ja OTKPHST
WHIHUJICHTH B pa3BUTHE (Karo HamaJeHWs WiIH Tpabexu) u Ja
HacoyaT Ha3eMHH €KUM KBM MSCTOTO, Karo ChHIICBPEMEHHO
3alucBarT JoKa3aresicTBa; JlururtaiaHa mnomuiericka cranmus - Al
ACHUCTCHTH, KOHUTO aneMaT U OLCHABAT AUTHMTAJIHU CUTHAJIU OT
Fpa)l(}laHH, ABTOMATUYHO ' KaTeropn?,MpaT mo CIICHIHOCT,
UIeHTHUIMpPAT CBBbP3aHH ClIydad M TpeaaaraT MOAXOASIIH
pecypcH 3a peakiusi.

7. EdexkTHBHOCT Ha
Curypsocr 5.0

CHUHEPruvYyHuss Mmoaxoa B

7.1. W3mepuMmu mnogo0peHMsi B CKOpPOCTTa U
NMPenu3HoCcTTa

WHTerpanusata Ha TEXHONOTHHTE' paMKANHO —CHKPAIIABa
LIUKbBJIA OT OTKPUBAHE Ha 3aIulaxa 0 PeaKlus, KaTo ChLUICBPEMEHHO

4

https://www.researchgate.net/publication/367312225_ What_is_techn
ology_integration_and_how_is_it_measured_in_K-
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MOBHMILIABA TOYHOCTTA HA aHAIN3a U HaMaJsiBa (allluBUTE TPEBOTH.
ITpumepu: Bpemero 3a peakuust npu Kubeparaku ce pemylupa oT
4acoBe 10 CeKyHau upe3 Al cucTemM 3a aBTOHOMHA 3allUTa, KOUTO
Morar Ja WICHTU(UUMpAT M ONOKMpAT araku B PEAHO BpeMe,
npenoTBparsiBaiikn mpobuBH; TodHOCTTa Ha TIpeAcka3BaHe Ha
TEpOPHUCTHYHH 3aIulaxy ce moBumasa ¢ 80% dpe3 MyITHMONATHH
Al aHanm3atopy, KOWTO WHTETpHUpAT HHIWKATOPU OT pPa3InIHH
pa3y3HaBaTeITHN M3TOUYHMIIM U KOHTEKCTyalnu3upar MHPOpPMAIHATA.
EdexruBHOCTTa Ha pasciieZiBaHUATa ce MoBuIIaBa ¢ 65% upes
ABTOMATU3UPAaHO CBbP3BaHE Ha JOKA3aTENCTBA OT (M3UYECKH H
JUTUTAIHA M3TOYHUIM, TO3BOJIIBAHKM Ha pasciefBaliuTe Ja
Pa3KpUBAT I10-CIO0KHH IPECTHITHA MPEKH.

7.2.0nTHMHU3anHs HA pecypCcUTe U Pa3XoauTe

ABrOoMaTHM3alMATa M HMHTEIUTEHTHOTO pasMpeleleHne Ha
pecypcH TI03BOJISIBAT MO-€()EKTHBHO H3IOI3BaHE HAa OTPAaHHYCHHTE
CpelcTBa 3a CHI'YPHOCT, Karo (hOKycHpaT YCHIMATAa BBPXy Haii-
3HauuMmuTe pHckoBe. Ilpumepu: ABTOMATH3MpaHUAT aHAIU3 Ha

3aulaxy HamansBa c¢  40% HeoOXOOMMOCTTAa OT YOBCIIKH
aQHaNIM3aTOpPHM 3a PYTUHHU 3a7add, NO3BOISIBAHKM MM Ja ce
CBCPEIOTOYaT BBPXY IHO-CIOXKHU W CTPAaTerHUeCKH aHaM3H;
VIHTeNMreHTHN CHCTEMH 3a YIpaBieHHe Ha (IIOT OT HPEeBO3HU
CpencTBa W IPOHOBE ONTUMH3HpAT MAapUIPYTUTE W 3aJaHHATA,
HaMalsiBaliku pasxoiute 3a ropuBo ¢ 30% u yBenwdaBalku
BpeMeTo Ha edekTuBHA pabdota ¢ 25%. IlpenukTuBHH MomenH 3a
MOANPHKKA HAa CHUTYPHOCTHO OOOpyABaHE HICHTU(PHIUPAT
NOTCHIMAIHA TOBPEJM INpPEAd Te [a HACTBIAT, HaMaJsiBailKu
Bpemero 3a mnpecroii ¢ 50% wu yab/DKaBallkd JKMBOTa Ha
obopynsaneto ¢ 35%.

8. Ilpenu3BUKATEJICTBA M €ETUYHHU CHOOPAKEHUS

8.1. KudepcurypHocT Ha caMaTa eKocucTeMa

BHCOKOTEXHOTOTHYHHATE CHCTEMHU 3a CHTYPHOCT caMu MO cebe
CH TPEJCTaBIsBAaT IPHUBJIEKaTeNHA IEN 3a KHOepHIpPeCTHIHHUIM U
BPa)XKECKH EKCHEePTH, KOeTO H3MCKBAa MHOTOIUIACTOBM MEpKH 32
sammTa. [lpumepn: KommnexkcHn kubepsamnaxu: Hampennamu
ycroitumBn  3amiaxu  (APT), paspaboreHm oT  IbpkaBHO
CIIOHCOPHPaHH XaKepCKH TPYyNH, cHeluduuHO HacodeHH KbM Al
CHCTEMUTE 3a CUT'YPHOCT, LIeJIIIH J1a "3acyensT" Wik MaHUITyIupaT
aHanm3a W peakiuara uM; KBaHTOBa ysS3BUMOCT - pa3BHTHETO Ha
KBaHTOBHTE  KOMIIIOTPH,  CBIIECTBYBAI[UTE  KPHITOrpadCcKu
MPOTOKOJIM MOTaT J1a CTaHaT YSA3BUMH, KOETO M3UCKBa pa3paboTka u
BHEIpsIBAHE Ha IIOCT-KBAaHTOBM KPHUOTOTpa(CKH pemeHns 3a
3alUTa Ha YyBCTBUTENHU JaHHM; Al npoTuBomocraBsHe -
NPOTHBHUIM,  M3Moi3Bamd  cooctBeHn Al cucremm  3a
I/I}leHTI/I(bI/ILlI/IpaHe Ha ciaboctH B 3alMUTHUTEC MCXaHU3MH U
reHepUpaHe Ha CJIOXKHU arakW, KOMTO MOrar Ja 3a00HKOJST
TPAIUIMOHHNTE 3aIHUTH.

8.2.IlpaBHU ¥ eTHYHH ACHEKTH

BHCOKOTEXHOIOTMYHNTE PEIIEHHS 3a CUTYPHOCT Ch3/1aBaT HOBU
€TUYHU U IOPUIUYECKU BBIIPOCH, CBbP3aHU C HENIPUKOCHOBEHOCTTA
Ha JIMYHUTE JAHHW, TPaXTAaHCKH CBOOOMM W MOTEHIHAlHA
muckpumuHanus. [Ipumepn: MacoBo HaGmiomeHHe - BceOOXBaTHH
cUCTeMM 3a HaOmIofeHHe, KOMTO ChOMpaT JAaHHM 3a BCHUYKU
rpaXJaHu, CH3[aBaT PHUCK OT MpeToBapBaHe C HH(oOpMaIMs H
IPEKOMEPHO HABIM3aHE B JMYHOTO MPOCTPAHCTBO; ANTOPUTMHUYHA
npucTpacTHoOCcT - Al cuctemu, KOUTO yHacieAsBaT MpeapasChbLH
OT JaHHHTE 3a OOy4eHHe, MOTaT Ja IOBEIaT IO HEeCIPaBEIUINBO
HAaCOYBAHE HA YCWIUATA KbM OIPENCICHH CTHUYECKH WIIH

12_education_A_systematic_review_of_survey_instruments_from_20
1 0_t50_2021
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COLIMATTHO-UKOHOMUYECKHU I'PYIIH; ABTOHOMHO B3€MaHE Ha peuieHnusa
- CTUYHUTE AUIJIEMHU OKOJIO aBTOMAaTU3UPAHOTO B3EMAHE HA PEHICHUA
B KPUTUYHU CLI€HApUH, 0COOCHO KOraro TaKHhBa pemenus Morar aa
3aCEerHAaT YOBEIIKH KUBOT HIIK CBOOOA.

9. TexHOJOrMYHA CJIOKHOCT U HHTErPaIUsl

WHrerpanusaTa Ha  pasHOPOAHM  TEXHOJOTHMH  HM3HCKBA
3HAYUTEIHN TEXHUYECKH, (PMHAHCOBH M OPraHU3aLIOHHU PECypCH,
KakTo W CHelUajn3upaH IIepCOHAN, CIIOCOOCH npa paboTn ¢
KOMIDTIeKCHU cucTeMH. [Ipumepn: TeXHOIOTMYHN HECHOTBETCTBUS -
HHTETpalysATa MEXIy HOBH CHCTEMH M HAacleJeHO 00opynBaHe
Ch3/1aBa MPEIN3BHKATEICTBA, ThH KaTo IO-CTAPUTE TEXHOJIOTUH
MOXKe J1a He MOAIBPKAT HEOOXOAUMHUTE MPOTOKOJIH 32 KOMYHHKALUs
U curypHoct; HemocTur Ha crieUallMcTH - TI00ajeH HeIOCTHI Ha
eKCIIepPTH C HeoOXOAMMHTE yMEHHs 3a paboTa ¢ aBaHrapauu Al,
OnoKyeliH M KUOep-CUTYpHOCTHH TEXHOJOTHWH, KOeTo 3abaBs
BHEJPSIBAHETO ¥ e(EKTUBHOTO H3IIOI3BaHE HAa TE3M CHCTEMH;
MexayBenoMCTBEHa  KOODIHMHALVS: OpraHu3anvoHHN u
OIOpOKpaTHUHHM OapuepH, KOWTO 3aTpyJHSBAT TEXHOJOTHYHATA
HHTETpalys MeX/y Pa3INYHU BEJOMCTBA.

11. TenaeHUUH HA CHHEPrUYHO pa3BUTHE B
Curypsocr 5.0

11.1. KBaHTOBM TeXHOJIOTHH B CHTYPHOCTTA.

KBaHTOBMTC KOMIIOTPM H KBaHTOBaTa Kpumrorpadus® e
PEBONIONMOHM3MpPAT CHCTEMHTE 3a CHTypHOCT: KBaHTOBHTE
KOMITIOTPH i€ MO3BOJAT KPUTHUYEH aHAJIW3 Ha OTPOMHH MAacCHBHU OT
JaHHM 3a WICHTH(QUIMpaHe Ha CIOKHH MOJEIM Ha 3aIlIaxH;
KBaHTOBOTO KpUNITHpaHE Il OCHI'YPH TEOPETHYHO HENpOOHBaeMH
KOMYHHMKALIMOHHU KaHainu; KBaHTOBUTE CEH30pU 1€ OTKPUAT HOBH
BB3MOXKHOCTH 3a HaOmiomenwe W Jerekuus. KomOuHanmurte Ha
TEXHOJIOTUH, KOHUTO CaMH IO cebe CH BOAAT OO IOBHIIEHA
e(EeKTHBHOCT e OBAAT IOCTABEHH B HOB, CKOPOCTEH PEXHM H
PEXHM Ha CHTYPHOCT.

11.2. BuonorunyHAa CUTYPHOCT U OHOTEXHOJIOTHHU

HanpenbKkbT B OHOTEXHOJIOTUUTE 1€ CH3/1a/1€ HOBH U3MEPECHUS
Ha curypHoctra: JIHK HueHTI/I(bI/IKauHﬂ7 B pEaJlHO BpEME 3a
He3a0aBHO pas3lo3HaBaHe Ha JIMNA Ha OOLIECTBEHH MeECTa;
MUKpPOOHOIOTHYHN CEH30pH 32 PAHHO OTKPHBAaHE HAa OWOIOTHYHHU
3artaxy; HeBpoTexHOIOruu 3a yChbBBPILICHCTBAHO Pa3l103HABAaHE HA
OMacHO TIOBENCHHE KM HaMepeHus. B KoMOHWHAIMsS ¢ APYruTe
TEXHOJIOTUYHU OTKPHUTHS CHHEPIHATA IIe IOBEAE N0 ITOBHIICHA
CKOPOCT, Ka4eCTBO U CUTYPHOCT IIPH U3MOJI3BaHE.

11.3. ABTOHOMHH CHCTEMH 32 CHTYPHOCT

CucreMuTe 3a CHTYPHOCT IIlE€ Pa3BHAT IO-BHCOKa CTEIEH Ha
aBTOHOMHOCT: CaMOOpraHM3HWpalld Ce€ MPEKH OT JPOHOBE 3a
HaOmonenne W peakuus; CamonekyBamm ce KHOepcucTemy,
CHOCOOHM Ja ajanTHpar 3allUTUTe CH Cpelly HOBH 3aIulaxy;
ABTOHOMHOCTTA TpeJIoJara 1 BbTPEIIHa CHHEPrUs BbB BCSIKA €{HA
OT CHCTEMHTE.

12.3akar0uenue

CuHeprusiTa Ha BHCOKHTE TEXHOJOIMH B €KOCHCTEMara Ha
Curypaoct 5.0 mpezcraBnsiBa GyHIaMEeHTalIHA TpaHC(OpMaIys B
HadMHA, 1O KOHTO oOmmecTBara YIpaBIsABaT CHTYPHOCTTA CH.
Wurerpamusara na Al, Omoxueitn, IoT, OuorexHomorun u Ipyru

6 quantum cryptography,
https://www.techtarget.com/searchsecurity/definition/quantum-
cryptography
7 https://www.nature.com/scitable/topicpage/forensics-dna-

fingerprinting-and-codis-736/
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aBaHTap/IHH TEXHOJOTHH Ch3/1aBa Bb3MOKHOCTH 3a OE3MpPEIeIEHTHO
HUBO Ha IPOAKTHBHA 3alINWTa, KOOPIWHALUS M TPO3PAvHOCT,
HEJIOCTIKUMHU TIPU M3MON3BaHE HA TEXHOJOTHYHHUTE OTKPUTHUS B
UHIVBUyalleH NOpsAAbK. BBIIpeku mpenu3BuKaTecTBaTa, CBbp3aHu
C KHOEPCUTYPHOCT, €THKA M TEXHHYECKa CIIOKHOCT, CHHEPTHIHUSIT
MOAXOR Mpeyara 3HAYUTENHM MONOOpeHUs B e(EeKTUBHOCTTA,
TOYHOCTTAa M MKOHOMHYECKaTa e(eKTHBHOCT Ha YIPABICHHETO Ha
CUT'ypHOCTTA.

Bbubauorpadus

Kuuru u monorpagun

1. Panynos, H., PasysmaBarenen Anamu3, ACU IlpuHT,
Codus, 2013, 430 c.

2.  Panynos, H., Curypaoct 4.0, Hay4uHo-TeXHHYECKH CBHIO3
no MamuHOCTpoeHe ,, unyctpus 4.0“ Codus, 2019

3. Jluuema, T. ,,Jlanau 5.0”, M3n. HTC no mammHOCTpOCHE
LHArIycTpua-4.0”, Codust, 2024, ISBN 987-619-7383-36-
2

4. Jlnuesa, T. ,MonepHa CHUTYpHOCT B ympaBieHuero”, Uzm.
HTC mo wmammuoctpoene ,Uunykrpus-4.0” Codus,
2023, ISBN 978-619-7383-30-0

5. Anderson, R. (2023). SecurityEngineering: A Guideto
Building DependableDistributed Systems, 4th Edition.
Wiley.

6. Cavelty, M. D., &Wenger, A.
(2022). CyberSecurityintheAgeof Al. MIT Press.

7. Kumar, S., &Chen, Q. (2023). Quantum Technologies

inSecurityandDefense. Springer.

Hayuynu cratumn

JInuena, T.,,Cuctemara Ha OJOKYCHH — MPEAM3BUKATEICTBO Ha
nHdopmanmonna curypHoct”, B. C6. ok. or VI MexnyHaponua
Hay4yHa KoH(pepenuus mo curyproct ,,CONFSEC 2022 — 5-8 nmek.
2022 r., cTp.62-65, ISSN 2603-2953

JInueBa, T.,,CurypHOCT IpH TOIaBaHe Ha >kajOH, CUTHAIN H
npemnoxeHus ¢ OmokueitH moptanm’, B. C6. [ok. or VII
MexnyHaponHa HaydHa koHdepeniws mo curyproct ,,CONFSEC
2023” —4-7 nek. 2023 T, cTp.69-71, ISSN 2603-2953

Ahmed, M., &Zhang, Y. (2023). ‘“Integrationof Al
andBlockchaininModernSecurity
Systems". JournalofCybersecurity, 15(2), 45-67.

Dimitrov, S., &Petrov, (2024).

"SmartCitiesSecuritylnfrastructure: A

ComprehensiveReview". Urban Technology Review, 8(1), 12-

28.

Johnson, K., etal. (2023). "BiometricSecurity

CurrentTrendsandFutureProspects”. International

JournalofSecurityStudies, 12(4), 89-102.

P.

Systems:

Omnuaiin pecypen

https://akasa.com/blog/automation-quotes/

https://www.researchgate.net/publication/367312225_What_is_technolo
gy_integration_and_how_is_it_measured_in_K-
12_education_A_systematic_review_of _survey_instruments_from_2010_to
2021

https://lantern.splunk.com/Security/UCE/Proactive_Response/Automate
threat_analysis

quantum cryptography,
ttps://www.techtarget.com/searchsecurity/definition/quantum-cryptography

https://www.nature.com/scitable/topicpage/forensics-dna-fingerprinting-
and-codis-736/



https://lantern.splunk.com/Security/UCE/Proactive_Response/Automate_threat_analysis
https://lantern.splunk.com/Security/UCE/Proactive_Response/Automate_threat_analysis

Technics. Technologies. Education. Safety. 2025

Smart contract in security

Nikolay Radulov, Teodora Lichev
New Bulgarian University
n.stefanovs@gmail.com, teodora_licheffa@abv.bg

Abstract: This comprehensive document explores the role and implementation of smart contracts in security systems, with particular
emphasis on their application in law enforcement, intelligence, and counterintelligence operations. The analysis covers both theoretical

foundations and practical applications within Industry 5.0 context.
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1. Introduction

Smart contracts are self-contained computer programs that
automatically execute, manage, or verify the terms of contractual
agreements using blockchain technologies. Their significance in the
context of Industry 5.0 and security is particularly important as they
contribute to new norms of data protection and transparency in
business operations.

Blockchain technology is the fundamental foundation for the
functioning of smart contracts and offers numerous advantages and
unique features that make these two concepts interconnected and
complementary. In the following lines, we will examine the
features, properties and specificities of blockchain technology that
make it an ideal platform for the execution of smart contracts.

2. Features of blockchain technology

The blockchain functions as a single and reliable source of
information with the following characteristics:

Decentralization:

Blockchain is a decentralized platform, which means that there
is no single controlling authority. Instead, data and information are
distributed across multiple nodes that interact with each other.
Adding a piece of information requires all nodes on the blockchain
to agree and approve it. This reduces the risk of manipulation and
abuse due to the lack of central control.

Immutability

Once information is on the blockchain, it cannot be changed or
deleted without leaving a trace, and without these changes being
approved by all participants in the chain. Each block contains
information about the previous block, making the system extremely
resistant to attempts at manipulation.

Transparency

All transactions and operations performed on the blockchain are
publicly available and visible to network participants. This provides
a high degree of transparency, allowing anyone to track the history
of transactions and smart contracts.

Cryptographic security

Blockchain uses cryptographic security methods, which
increases the protection of data and transactions. Each block is
provided with a unique hash, and the data in it is encrypted, which
prevents unauthorized access and manipulation. A hash contains 64
characters and is a combination of 26 letters and 10 numbers.

3. Properties of Blockchain
Auto-executed:

Smart contracts implemented on a blockchain platform work
automatically if the specified conditions are met.

Intelligent contracts (also called smart contracts — from the
English. Smart Contracts) are electronic contracts that are written in
blockchain code and are based on the " if / when ... then ..." function

This means that under certain conditions, the contract
automatically performs pre-set actions, without the need for human
intervention.

Proof of performance:

Every transaction and execution of smart contracts is recorded
on the blockchain, providing conclusive proof of actions. This
feature is of great importance for resolving disputes or verifying the
legality of actions.

Low cost and speed:
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Process automation through smart contracts, combined with
blockchain technology, can reduce execution costs and transaction
processing times. Without the need for intermediaries, the costs of
services related to bureaucracy and paperwork are significantly
reduced.

4. Specifics of blockchain and smart contracts

Cross-vertical integration

Blockchain enables the integration of different sectors and
industries, which provides flexibility in the application of smart
contracts. They can be applied in a variety of areas — from
financial services to supply management and healthcare.

Proof of authenticity

Blockchain ensures the integrity and authenticity of
information. Every contract or transaction made on a blockchain is
given a unique identifier that confirms its legitimacy. Once added to
the blockchain, it is almost impossible for the information to be
manipulated, deleted, or

Identity Management

Blockchain can be used for digital identity management,
allowing participants in smart contracts to verify their identities
without the need for centralized authorities. This provides
advantages in terms of security and protection of personal and
sensitive data.

Blockchain technology provides a solid foundation for the
functionality of smart contracts, offering decentralization,
immutability, transparency, and security. These properties and
features make blockchain extremely suitable for integrating smart
contracts into various industries and applications, with the potential
to transform the way transactions and interactions between
participants are carried out. The importance of blockchain for smart
contracts cannot be underestimated, as it not only provides the
necessary infrastructure, but also offers mechanisms for safe and
trusted interaction.

5. Essence and content of smart contracts

Smart contracts, as mentioned above, operate on the blockchain,
which allows them to be tamper-proof and offer a high level of
security. They require predefined conditions, programmable in
languages such as Solidity for Ethereum, which are automatically
executed when certain criteria are met. The content of smart
contracts usually includes logic that describes the terms of the
transaction, what actions to take in different situations, and how the
system should respond to changes.

Form

Smart contracts do not have a physical form, they are a complex
of programmed codes located on the blockchain. This form provides
not only security, but also decentralization, since the information
cannot be changed from a central location. Any participant in the
network can check the terms and status of the contract, ensuring
transparency.

Opportunities

Smart contracts  offer
including but not limited to:

. Automation: Processes become automated, which reduces
the need for third-party intervention.
Cost reduction: Removing intermediaries leads to lower
operational costs.

= Increased security: The use of cryptography in blockchain
technologies provides high data protection.

numerous security —opportunities,
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Speed: Processes are performed in near real-time, which
increases the efficiency of business practices.

Challenges and problems

Despite their many advantages, smart contracts also face several
challenges:
Legal and regulatory issues: The lack of a clear legal
framework regarding smart contracts may be an obstacle to their
widespread adoption.
Technical barriers: Implementing complex smart contracts
requires specialized IT skills, which can be a barrier for small
businesses.
Fault tolerance: If the terms of the contract are not
properly programmed, they can lead to unintended consequences.

Efficiency

The effectiveness of smart contracts in Industry 5.0 is
manifested by improving process transparency, accelerating
transactions, and reducing costs. By optimizing operational
activities, smart contracts enable the organization of activities based
on real, verifiable data, thereby achieving sustainable business
performance that meets the requirements of Industry 5.0 for
sustainability and human orientation.

Smart contracts in the context of Security 5.0 present an
innovative tool for managing business relationships and protecting
data, significantly improving market dynamics, but also posing
several challenges that require attention and resolution.

The use of smart contracts in the management of security
services, such as the police, intelligence and counterintelligence, is
an innovation that could lead to significant improvements in
operational efficiency, transparency and security of information
processes. In the following lines, we will examine how smart
contracts can be integrated into these systems and what positive and
negative effects they can have.

6. Smart contracts in the police

Automated data management: Police handle large amounts of
information, such as reports and evidence. Smart contracts can be
used to automate the storage, sharing, and verification of documents
and data. Blockchain ensures the correct and secure digitization of
inheritance records and registries. For example, when a new legal
norm is implemented, smart contracts could automatically update
databases and notify the relevant authorities.

Informant Contract Management: Police often work with
informants who provide valuable information. Smart contracts can
be used to formalize relationships with informants, providing
automated payments for reporting important information. These
contracts could include provisions to protect the anonymity and
safety of the informant.

Regulating cooperation with other agencies: Smart contracts can
define the terms of cooperation between different security services
and international agencies. The parameters of cooperation,
information exchange, and resource allocation can be strictly fixed
and monitored through smart contracts.

7. Smart contracts in intelligence

Secure communication channels: Intelligence agencies work
with sensitive information. Smart contracts can provide structured
and encrypted channels for information exchange between agents,
which would increase data security and reduce the risk of
espionage, information leaks, or malicious actions.

Risk monitoring and assessment: Intelligence often involves
threat and vulnerability assessment. Smart contracts can automate
the process of collecting and analyzing risk data, providing
intelligence officers with up-to-date and accurate threat data.

Systems Integration: Smart contracts can be implemented into
various platforms and systems used by intelligence agencies to
improve interaction and coordination between different divisions
and services.
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8. Smart contracts in counterintelligence

Automated identity verification: Counterintelligence needs to
monitor and verify multiple identities. Smart contracts can be used
to automate background checks, which would help prevent potential
espionage threats.

Covert Operations Management; Smart contracts can automate
projects and funding of covert operations, reducing the risk of
exposure and abuse by providing detailed tracking of every phase of
the operation.

Accountability and transparency: By implementing smart
contracts in counterintelligence operations, accountability and the
possibility of subsequent checks are ensured, useful for preventing
abuse and illegal actions.

Challenges and problems

Despite the many advantages, the introduction of smart
contracts in security services is accompanied by several challenges:

- Legal and ethical issues: The implementation of automated
data management and action systems may encounter resistance
related to legal regulations and data protection. Clear frameworks
and guidelines are needed for the use of smart contracts in sensitive
areas. The ultra-rapid development of technologies significantly
exceeds legislative initiatives and frameworks to regulate their use.

- Technical hurdles: Integrating new technologies into legacy
security systems can be challenging, especially when it comes to
training employees and adapting existing infrastructure. Most
information systems are built in a way that they are not compatible,
and data migration is a challenge.

- Cybersecurity: Although blockchain provides a high level of
protection, systems still remain vulnerable to attacks. The strength
of smart contracts depends on the strength of the blockchain
infrastructure and the network itself.

Smart contracts offer significant opportunities to enhance the
efficiency and security of security services, but their
implementation requires a careful balance between innovation, legal
regulations and ethical considerations. The success of such
initiatives will depend on active partnerships between technological
companies, government institutions and public organizations aimed
at building transparent and fair systems that support public safety
and protection.

Management

Smart contracts offer a new, innovative approach to security
management. By integrating blockchain technology and automating
contractual relationships, these tools can significantly improve
management efficiency in various areas, including policing,
intelligence, and counterintelligence.

In the following lines, we will examine how smart contracts can
be incorporated into every phase of the governance cycle, with
particular emphasis on their specific application in the security
sector.

Analysis

Analysis is a fundamental step in the management cycle, where
current conditions, resources, and problems are assessed. Smart
contracts can help in this phase by automatically collecting and
processing data from various sources.
Data collection: Smart contracts can automatically extract
and analyze information from numerous databases, including
information about previous cases, criminal records, and data from
intelligence operations.
Vulnerability Assessment: By analyzing live data, they
can identify security vulnerabilities by automatically generating risk
reports.

Forecasting

After analysis, the next step is to predict future trends and
threats. Smart contracts can provide important information based on
reliable data and algorithms.
Threat Modeling: By applying algorithms and machine
and deep learning, smart contracts can predict future threats and
criminal activities based on historical data.
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Scenario planning: Automatic data processing can help in
developing different threat scenarios, which will inform security
management.

Decision making

Based on the analysis and predictions, the decision-making
stage follows. Smart contracts can provide real-time information to
facilitate the decision-making process.
Objectivity in decisions: Smart contracts guarantee
transparency and objectivity in decision-making, as all conditions and
criteria are predetermined and clearly formulated.
Automated solutions: Under certain conditions set in their
programming, smart contracts can trigger certain actions themselves,
for example, notifying the relevant authorities of attempted security
breaches.

Planning

Planning is a critical stage for which smart contracts can
provide significant added value.
Strategic Planning: Smart contracts can be used to
automate planning processes related to resource deployment,
operations management, and conduct training modules.
Budget Management: Through automated expense reports
and commitments, smart contracts can improve financial planning
by pragmatically determining the costs of various operations based
on previous executions.

Organizing

Organizing resources and operations is key to the successful
functioning of security services. Smart contracts can increase the
efficiency of resource management.
Resource Optimization: Smart contracts can automatically
determine how and where to use available resources to achieve
maximum efficiency.
Coordination between teams: Smart contracts can
automate communication and coordination between different
departments and teams, providing a platform for information
exchange while minimizing the risk of errors.

Control

Control is the final stage of the management cycle and is of
utmost importance, especially in security management.

Performance Monitoring: Smart contracts can track the
execution of certain tasks and conditions, automatically providing
reports on performance and regulatory compliance.

Preventing violations: The control system, powered by
smart contracts, can automate alerts when anomalies or unmet
conditions are identified, allowing for rapid response from
management.

The integration of smart contracts into security management
offers unique opportunities to increase efficiency, transparency, and
security. By automating key management functions, such tools can
not only improve operational performance but also instill more trust
in decision-making processes. Despite the prospects, it is important
to put in place adequate legal and ethical frameworks to ensure that
the implementation of smart contracts does not violate personal
rights and good practices in the field of security.

Smart contracts a tool for humanity and ethics

Smart contracts can play a significant role in the
implementation of special intelligence tools (SIPs), especially when
it comes to ensuring legality and compliance with ethical standards.
Through automation and transparency, they can help protect both
citizens and security service personnel. In the following, we will
examine how smart contracts can provide the necessary legal
prerequisites for the use of special intelligence tools.

Determining the legal conditions

The smart contract can be programmed to contain specific
details regarding the legal conditions required to activate the special
intelligence tools. These conditions should include:
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Clear criteria: Defining specific cases in which SRCs can
be used, such as the presence of evidence of serious crimes or
threats to national security.

Legal permissions: A smart contract may require prior
approval from competent authorities (such as a court) before
activating the SCC, ensuring legality.

Automate approvals

Smart contracts can automate the approval
integrating mechanisms to verify legal conditions:
Integration with legal databases: Smart contracts can
connect to central legal databases to verify the availability of
necessary permits and approvals in each individual case.
Launch conditions: The smart contract can be structured
to only start after validating the legal conditions, automatically
recording the data integration.

process by

Control and monitoring of implementation

Smart contracts offer mechanisms for control and monitoring
during the implementation of special intelligence tools:
Activity Tracking: Whenever CPCs are activated, the
contract can record the time, method of activation, and subsequent
usage, thus providing the necessary transparency and accountability.
Notifications: The smart contract can automatically send
notifications to responsible authorities and control institutions upon
activation of the SRC, thus ensuring access to information and
monitoring.

Conditions for termination of operations

The smart contract may also include mechanisms to
automatically terminate SRC operations if certain conditions are not
met or violated:
Data analysis: The smart contract can analyze data in real
time and terminate the operation if, for example, no suspicious
activities are detected within a certain period.
Reporting requirements: After termination of the
operation, the smart contract can generate a report of the activities
performed to be shared with the authorities responsible.

Protection of citizens and employees

Through the listed mechanisms, smart contracts serve as a

protective barrier for both citizens and security service employees:
Transparency and accountability: Ensuring monitoring
and accountability prepares scenarios that show clear responsibility
of employees for the implementation of the SRC, which reduces the
risk of abuse. Smart contracts can perform routine processes in the
work cycle and employees can concentrate on specialized and
expert work.
Legal protection for employees: Smart contracts provide
protection for employees from unintentional violations of the law.
In the event of an improper application of the SRC, the contract can
provide evidence of the actions taken, including the time and
conditions of activation.

Smart contracts offer an innovative solution for the legal and
ethical application of special intelligence tools in the security sector.
By automating legal conditions, dynamic risk assessment, and
transparency of actions, they can ensure the protection of the rights
of both citizens and employees. This automation creates a new norm
of accountability and legal compliance necessary for the
modernization of intelligence structures, strengthening public trust
and the effectiveness of security services.

Smart contracts represent a key innovation that has the potential
to support the realization of concepts such as humanity, ethics and
human-centeredness in the context of Security 5.0. This new era of
security emphasizes not only technology and automation, but also
social responsibility and protection of individual rights. As a basis
for smart contracts, we can consider the following aspects:

Humanity and protection of rights
Smart contracts offer mechanisms that protect citizens’ rights
and ensure that technological innovations in security are aimed at
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ensuring the well-being of society. They can be programmed with
extreme attention to ethical standards:

Automation of Justice: Through smart contracts that
automatically check legal requirements, violations of individual
rights can be prevented. For example, the use of special intelligence
tools (SIPs) can be automated and controlled in a way that ensures
compliance with legal and ethical norms.

Access to justice: Smart contracts can streamline
processes and reduce the cost of legal services, which would allow
more citizens to gain access to justice and legal protection.

Ethics in processes

Smart contracts can be programmed to follow specific ethical
principles, which provide greater transparency and accountability in
the management of data and resources:
Transparency and accountability: Smart contracts offer an
immutable record of action, always allowing for verification of the
authenticity of the procedure. This is especially important in the
security field, where unethical practices can lead to significant
social and legal consequences.
Consent and awareness: Through smart contracts,
participants in the system can give consent to the processing of
personal data, and contracts themselves can encrypt and protect
data, ignoring consent whenever informational conditions are not
met.

Human-centeredness and focus on the individual

At the heart of Security 5.0 is the concept of human-centricity,
which puts individuals and their needs first. Smart contracts can
play a critical role in this dynamic:
Personalized Services: Smart contracts offer the
opportunity to tailor individual services provided to citizens. For
example, in public safety management, personalized smart contracts
can reflect the needs of the respective community, ensuring more
effective and targeted measures.
Community engagement: Smart contracts can provide a
platform for citizen participation in decision-making processes,
giving them a voice and participation in the management of local
security initiatives.

Sustainability and integrity

The resilience and integrity of systems in Security 5.0 can be
strengthened through smart contracts that provide durable and
sustainable solutions to security problems:
Supporting sustainable development: Smart contracts can
be programmed to implement sustainable development principles,
such as managing security resources in a way that minimizes
negative impact on the environment and society.
Data integrity: By protecting data from manipulation and
unjustified changes, smart contracts ensure the integrity of the
information needed for security services to make informed
decisions.
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Conclusion

Smart contracts play an important role in promoting humanity,
ethics, and human-centeredness in the Security 5.0 ecosystem. They
offer mechanisms to protect citizens’ rights, ensuring transparency
and accountability, as well as the possibility of personalized and
sustainable security management. The importance of these aspects
is essential for building trust between citizens and government
institutions and for creating safe and fair public systems. With the
help of smart contracts, we can achieve a balance between
technological innovation and ethical obligations to individuals and
the community.
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EKOJIOI'MYHUTE ITPOBJIEMM, ITPEIU3BUKAHHU OT IIPOMUIIJIEHN ABAPUH —
3AILTAXA 3A CUTYPHOCTTA U YCTOMYUBOTO PA3BUTUE KAKTO HA PEITYBJIMKA
BBJI'APUS, TAKA 1 B CBETOBEH MAIIIAB

ENVIRONMENTAL ISSUES CAUSED BY INDUSTRIAL ACCIDENTS - ATHREAT TO
SECURITY AND SUSTAINABLE DEVELOPMENT IN BULGARIA AND BEYOND

Assoc. Prof. Simeonova A., PhD !, Assoc. Prof. Krumov A., PhD *
Institute of Metal Science, Equipment and Technology with Hydroaerodynamic Center at Bulgarian Academy of Sciences,
67 Shipchenski Prohod Street, 1574 Sofia, Bulgaria !

Abstract: Environmental challenges resulting from industrial accidents pose a serious threat to both human health and the natural
world—especially when poor design, operation, or management are involved. In such cases, a single incident can escalate into a full-scale
environmental disaster. The impact of industrial accidents doesn't stop at national borders. That’s why it’s crucial to develop tools and
systems aimed at protecting people and ecosystems from industrial incidents with the potential for cross-border consequences. Active
international cooperation in this area is not just recommended — it’s essential.

Keywords: ENVIRONMENT, INDUSTRIAL ACCIDENTS, SECURITY.

1. Bveeoenue

ExonormunnTe mpobiemMu craBaT Bce HO-TOJIsIMA 3amuiaxa 3a
CUT'YpPHOCTTA M YCTOHYMBOTO pa3BUTHE KakTo Ha PemyOnmka
Bwarapus, Taka ¥ B CBETOBEH MaInat.

KpusucHure cuTyanuu, BCIEACTBHE Ha  KaTtacTpodaiHH
NPUPOAHH OEACTBHA W INPOMHILUICHH aBapuM, YBEIHYaBaT
PHCKOBETE 3a CHI'YPHOCTTa M W3HMCKBAT JOIBIHUTEIHU CPEICTBA,
pecypcH, aneKBaTHH CIIOCOOHOCTH M KOOPOWHHPAaHU YCHWIHS 32
TAXHOTO TIPEJOTBPATSBAaHE M OBJAIIBaHE B HAIMOHAICH U B
MEX[yHapOeH IUIaH.

Ilpe3 1982 r. crpanute ot EBpomeilickus cbro3 mpueMat
m3BecTHaTa JupektuBa ,,CeBe30, HACOUCHA KbM IMPEIOTBpATSIBaHE
Ha KPYIHH NPOMHILIEHH Kartactpodu M aBapuu. Ha ocHOBa Ha
NPUHLMINTE, 3aJeTHAIN B IUPEKTHBATa, ca pPa3pabOTeHH HOB
MOAXOJ M KOHKPETHH MPENOPBbKH, KOHTO Ca ChOOpaseHH ChbC
3aKOHOJATeNCTBaTa Ha MHOro crpaHu. [lonmTHkara, cBBp3aHa C
yIpaBleHHe Ha pUCKAa B MallaOHUTE HHQPPACTPYKTYpHH OOEKTH
aKIeHTUpa BBPXY €(PEKTHBHOTO OrpaHMYaBaHE Ha PHUCKOBETE M
HaMaJsiBaHE Ha BB3ACHCTBHATA, BB3HUKHAIM B pe3yinTaT Ha
TIPUPO/IHH SBJICHHS M KPYITHH IPOMHIIJICHN aBapUH.

C oryen crpaBsHe C NpPeIU3BHKATENCTBATa, aJalTHPaHEe KbM
NMpOMEHsIIaTa Cce cpela W MPEeoJoNsiBaHE Ha 3aIllaXxd, B
Axryanusupanara CrTpaTerds 3a HalMOHaJHA CHTYPHOCT Ha
Peny6nka bwarapus (ITpuera ¢ Pemenune na HC or 14.03.2018 .,
06H. JIB Op. 26 ot 23.03.2018 r.), 3ammraTa Ha HACEICHUETO H
KpUTUYHATA MHPPACTPYKTypa pu KpH3H, Oencraus,
MPOU3BOICTBEHH aBapHH, KaTacTpodu M IPYrd PUCKOBE U 3aIlIaxH
€ 3alMcaHa KaTo Ku3HeHoBasxkHa [1].

2. Kpamka ucmopus na oupexkmugume ,,Cege3o*

Bo3nuknanute B kpas Ha XX Bek B EBpoma mopeauna ot
rogemu aBapuu (DnukcObpo, BenmukoOpurtanus mpes 1974 r. u
CeBe3o, Uranus npe3 1976 r.), KakTO W HAJTMYMETO HA PA3IUYHU
CTaHAAPTH IO OTHOIIEHHE Ha KOHTpPOJIa BBPXY MNPEeNNpHUsTHS,
M3IOJ3BALIM WIM CBXpaHABALlM OIACHH BeELIeCTBA B CTPAaHUTE
uieHkn Ha EBpometickara oOmHOCT, cTaBat npuunHa EBporeiickara
KOMHCHS J1a TIPEUTOKH AUPEKTHBA 32 KOHTPOJ HA OMACHOCTHTE OT
TOJIEMH TIPOMUIIUICHH aBapUH.

B pesynrar Ha ToBa Ha 24 1omu 1982 r. e mpuera mbpBaTa
Hupextusa 82/501/EEC — u3BectHa kato Jupextusa ,,CeBe3o I¢
[2].

ITo-xbcHO nHIMAeHTHTE B boman, Muans npe3 1984 r. u B rp.
bazen, LBeiiuapus mpe3 1986 r., cTaBaT mpuyYMHa 3a BTOPOTO
n3menenne Ha JlupekruBa Cesezo (87/216/EEC — mpuera nHa 19

Mapt 1987 r.) u (88/610/EEC — npueta Ha 24 HoemBpu 1988 r.) [3,
4].

Ha 9 nexemBpu 1996 r. e mpuera [dupektuBa 96/82/EC
(OupexTuBa ,,CeBe3o II) 3a KOHTpPOI Ha pHCKa OT TOJIEMH
aBapum, a mpe3 2003 r. cpmara e gombaHeHa ¢ JlUpekTHBa
2003/105/EC [5, 6].

CermacHo upexktuBa ,,CeBeso I mpemnpustusita ce
KJIacupUIUpaT Kato ,,IPeIIPUATHS C BUCOK PUCKOB MOTCHIMAT H
IPEINPUATHS C HUCBK PUCKOB moTeHuuanr’. Kmacudukanmsra e
Bb3 OCHOBA Ha BHJA M KOJIMYECTBATa HA HAIMYHHUTE B TSIX OIMACHU
BEIIECTBA, KaTO ca OMpENeNieHH IIparoBM KOJHWYECTBa 3a
OIIpE/ICNICHN BUIOBE, KATETOPUH ¥ TPYIIH BEIIECTBA.

IIpes 2012 1. ce mpuema nHoBa JupektuBa 2012/18/EC.
HupexruBa 2012/18/EC na EBpormeiickus nmapnamenT u Ha ChbBera
or 4 romu 2012 T. € aKTyaJHUSAT €BPOIEHCKA HOPMATHBEH aKT
OTHOCHO KOHTPOJIAa Ha OMACHOCTHTE OT TOJEMH aBapHH, KOWUTO
BKJIIOYBAT OIACHM BEIIeCTBA M € HU3BeCTHAa KaTo JlMpeKTHBa
»Ceseso I« [7].

Pasnopendute Ha JlupexktuBara 3acsrat mosede ot 10 000
NPOMUIUIEHH Npennpuatis B EBpomnelickus cbio3, KbIETO ce

H3MOJI3BAT WJIX CBXpaHABAT ONAaCHU BEOIECTBA B TOJEMHU
KoJIm4ecTBa. ToBa OCHOBHO ca NpeanpusaATHaA OT XUMHUYECKaTa U
HCq)TOXI/IMI/I‘IGCKaTa TIPOMUILICHOCTH, TIPOU3BOACTBOTO n

TBProBusATa C B3PpUBHU BCIIECTBA, TBHPTrOBUATA C TICTPOJIHHU
NPpOAYKTH M Tra3, KakTO MU CEKTOpH, CBBP3aHU C JIOTUCTHKATa U

MeTalyprusra.

HupexktuBa ,,CeBe3o Il e OCHOBHHMAT 3aKOHOJATENEH
uHctpyment Ha EC 3a mnpuwiarane Ha KosBeHnusra 3a
TPaHCTPAaHWUYHUTE TIOCIEACTBHA OT MPOMHUILICHH aBapud B

3aKOHOIATCIICTBOTO Ha EC u "erosure ABbpPrKaBU-YJICHKHA.

2.1 Pazeumue na oupekmugume ,,Cege30“ cned unyuoenmu u
asapuu ¢ XumuuecKku eeujecmaed, 008eau 00 3HAUUMETHU Wemu

Ha Ta6n. 1 e mnokasaHa XpOHOJOTMATa HA Pa3BUTHETO Ha
JUpeKTUBHUTE ,,CeBe30™.

Taon. 1 Xpononoeus na pazsumuemo na oupekmusume ,, Cege3o “.

Ne XpOHOI0THYEH pell HA Pa3BUTETO (TOIUHH)

1974 r. ®nukcobpo (BemukoOpuranus).

1976 r. Ceseso (Wramus).

1982 o Ilpuema e nwvpeama [lupexmusa , Cese3o
(82/501/EEC).

I“

1984 . bonann (Muaans).

1986 r. bazen (IlIseiiuapus).

1996 2. Ilpuema e emopama /lupexmuea ,,Cesezo 1%
(96/82/EC).
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Ne XpoHoJIOTHYEH pel HA Pa3BUTETO (TOTHHH)

2000 r. bas Mape (PymbHus).

2000 r. Encxene (Xonanmus).

2001 r. Tymy3a (Dpanmms).

2003 2. H3menenue na /lupexmusa ,,Ceseso 11 (2003/105).

2005 r. Tekcac (CAILLL).

2005 r. Hedren TtepmuHan
Xapropaiup, AHrims).

2012 2. Hosa /{lupexmusa ,,Ceseszo II1* (2012/18/EC).

banchuan“  (rpadcerso

3. Mescoynapoonu cnopazymenus

Be3peiicTBusATa Ha NPOMUIJICHUTE aBapuM HE CIOUpaT Ha
HauuoHaiHuTe rpaHunu. Ot HavanoTo Ha 1990 r. MkoHoMuueckara
75-ta xomucus Ha OOH 3a EBpoma (UNECE) nHacouBa cBoute
YCUIIUSI BBPXY Pa3pabOTBaHETO Ha MHCTPYMEHT 33 MEXIYHapOIHO
CBTPYAHHUYECTBO 3a IIPEOTBPATABAaHE HA TPYAOBHU 3JIOMOIYKH H I0O-
CTEIMaNHO [0 OTHOIIEHHE Ha TEXHUTE TPAHCTPAaHUIHU
BB3AcHCcTBUA. B pesynrar Ha ToBa Ha 17 Mapt 1992 r. e npuera
KonBenmust Ha UNECE 3a TpaHCrpaHMYHHUTE IIOCIEACTBHSA OT
IPOMHUIIICHN aBapuu, H3BeCTHa olle Karo ,,KoHBeHIMsA mnpu
TpyZoBU 3i0nonyku“, ,KoHBeHIMA 0T XeN3MHKH“ WIH IOJ
cpkpamenueTo ,, TEIA“. Ts e HacoyeHa KbM 3alluTa Ha Xopara U
OKOJIHaTa cpeJa OT MPOMHUIUICHH aBaphH, KOHTO MOTraT na
NPUYMHAT TPAHCTPAaHWYHM BB3ACHCTBUS U HAchpUaBaHE Ha
AKTUBHOTO MEXIYHAPOIHO ChTPYAHHUYECTBO MEXIY HOTOBAPSIIUTE
Cce CTpaHM Tpedy, MO BpeMe M Ciell BH3HMKBAHETO HA TaKHWBa
UHIUICHTH.

TEIA e vact ot nmaH-eBpoIeiickara rnpaBHa pamka 3a 3aiuTa Ha
OKOJHAaTa cpela M HachbpyaBaHe Ha YCTOWYMBOTO pa3BUTHE,
JIOTOBOPEHO OT IpaBUTEICTBaTa B paMkuTe Ha MkxoHoMuueckara
75-ta xomucus Ha OOH B OTroBop Ha pETrHOHAIHUTE
MPeAN3BUKATEICTBA, KOATO  BKIOYBA M YETHPH  JPYTH
MHOTOCTPaHHH CTIOPAa3yMEHUS:

KoHBeHIs 3a TpaHCTpaHWYHO 3aMbBpCABaHE HA
Bb3/lyXa Ha JaleYHU Pa3CTOSIHUS U HEHHUTe oceM

[IpoTokona.

2. KouBeHmms 3a oma3BaHe W H3MON3BaHE Ha
TpaHCTPaHUYHHTE BOJTHU TEUSHUs u
MexayHapomHuUTe e3epa u IIpoTokona kpM Hes IO
BOJIUTE U 3/[PAaBEONA3BAHETO.

3. KoHBeHIMS 3a OIIGHKA Ha BB3JICHCTBHETO BBPXY
OKOJIHATA CpeJia B TPAHCTPAaHUIeH KOHTEKCT.

4. KoHBeHIHs 3a JOCTHIA 10 HHOOpPMAIKS, YIACTHETO
Ha OOILIECTBEHOCTTa BbB B3€MAHETO Ha PELICHUS U
JOCThIIA JI0 NMPAaBOCHAME IO BBIPOCH HA OKOJIHATA
cpena.

P.bouarapus e parudunmpana Kounennusita 3a

TpaHCTPaHUYHATE TTOCTEACTBHS OT MPOMHIIICHH aBAPHHU ChC 3aKOH,
mpuet oT 37-tro HapoaHo crOpanue Ha 16 mapt 1995 1.

4. Bvazapcko 3aKoOHO0amencmeo

W3uckBanusita Ha [upekruBa ,,CeBe30* ca TpaHCIOHHpPAHH B
OBIrapcKOTO 3aKOHO/ATEIICTBO B CIEIHUTE TOKYMEHTH:

® 3aKoH 3a oma3BaHe Ha okosiHarta cpeaa (300C) (I'maBa cenma
“IIpenoTBparsiBaHe ¥  OrpaHWYaBaHE Ha  IPOMHIIIEHOTO
3ambpcesBane”, Pasnen 1 “KonTpon Ha omacHocTuTe OT TrojieMu
aBapun”’, usM., 1B, 6p. 77 ot 2005 r., m3m. u mor., 6p. 32 ot 2012
r., B cwia ot 1.01.2013 r., oM., HOB, Op. 62 ot 2015 1., B cuina oT
14.08.2015 r., m3m. JIB. 6p.102 ot 8 Jekemspu 2023r., mom. JIB.
6p.70 ot 20 Asrycr 2024r.);

e Hapenba 3a mpenoTBpatsiBaHe Ha TOJEMH aBapUH C OMACHH
BEILECTBA M 3a OrpaHMYaBaHE Ha mocneacTBuiTa oT Tx (B, 6p. 5
ot 2016 1.);

e 3akoH 3a ycrpoiicTBO Ha Tepuropmsara (I'maBa cemma
,»Ch31aBaHe, 000psBaHE U U3MEHEHHE Ha TPagoyCTpOHCTBEHHUTE
manoBe®, Paznen Il u I'naBa ocma ,, IHBECTULIMOHHO NIPOEKTUpPaHE
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U paspeuiaBaHe Ha ctpoutenctBoto®, Pasnen 11, /IB, 6p. 62 ot 2015
r.).

[Ipunaranero Ha /lupekTuBara B ChLIHOCTTA CH € BbBEX/IaHE HA
Cuctema 3a TpeOTBpaTSIBAHE HA TOJEMH aBapuH C ONACHU
BEI[ECTBA M 32 OTpaHUIaBaHE Ha MOCIEJCTBHUATA OT TAX.

C 1en mpefoTBpaTABaHe HA TOJIEMU aBapUH C OIIACHH BENIeCTBa
U OrpaHUYaBaHe Ha ITOCIIEICTBUATA OT TAX 3a XKHMBOTA M 3[]PaBETO
Ha Xopara M 3a OKOJIHaTa cpejia, BCEKH OIllepaTop Ha HOBO WIIM Ha
CBIIECTBYBALIO NPEANPHATHE H/WIM CHOPBKEHHE, B KOETO cCa
HaJIMYHU ONacHH BemiecTBa oT mpuioxenue Ne 3 ma 300C, e
JUTB)XEH Ja M3BBPLIM KIacH(UKAIMA Ha NPEINPUATHETO W/MIN
CHOPBKEHHETO B ChOTBETCTBHE C KPUTEPUUTE OT MpHiIokeHue Ne 3
Ha 300C u na TOKyMeHTHpa U3BbplIeHaTa Kiacudukanys [8, 9].

B ciywamte, Korato NpeINpPUSATHETO/CHOPHKEHHETO Ce
Knacupunmpa ¢ ,HUCBK WIH ,BHCOK® PHCKOB MOTCHIIHAI,
OIIepaTophT MMoJaBa yBeAOMIICHHE 10 MHHHUCTEPCTBO Ha OKOJHATA
cpera M BOAWTE 3a KiIacHUKamuiTa IIpeAd HAYaJoTO HA
CTPOMTENHUTE IACHHOCTH/EKCIUIOaTalUATa Ha ChOPBKEHUATA, C e
BaJIMPaHE Ha U3BbpIICHATa KIacH(QUKaIHs.

3a mpennpusATHATa, KIACHQUIHMPAHH C ,HHCBK PHCKOB
MOTEHNWAN’, C€ W3BBPIIBA €XKEroAeH KOHTPOJI OT CTpaHa Ha
OTrOBOPHHTE HWHCTHTYLIMH II0 OTHOIICHHWE HA M3IBIHEHHE Ha
TEXHUYECKUTE MEPKH 3a OCHI'YpsBaHE Ha IIOKapHa ¥ aBapHiiHa
6€30MacHOCT, HACOUEHA KbM IPEJOTBpATsIBaHEe HA TOJIEMH aBapyuu U
OrpaHMYaBaHe Ha MOCIEICTBHATA OT THX.

3a ekcuoaTanuATa HAa TNPEANpHATHA C ,BHCOK PHCKOB
MOTEHIHAN“ € HEeoOXOOMMO pa3peIlUTeTHO OT MHUHHCTHpa Ha
OKOJIHaTa Cpefla M BOAWTE, CIEN ChITACYyBaHE ChC CHOTBETHHUTE
KOMIETCHTHH OpTaHH, BB3 OCHOBA Ha YCTAHOBEHH MEPKH 3a
Ho)kapHa ¥ aBapHiiHa 6€30I1acHOCT Ha MPEANPUITHETO.

Bwb3peiicTBHeTO Ha TOJIeMHTE MPOMUIUICHH aBapHH, HMAllH
TEXXKH ITIOCIIEACTBHSI BbPXY HACEICHHETO M OKOJIHATA CPEla MOXe
a 3acerHe TEpUTOPHM HE caMo B CTpaHaTa, HO W H3BBH
HaLMOHAIHUTE TPaHUIIN.

Kato ¢dakropn 3a yBenndaBaHe Ha PHCKAa OT TOJIEMH aBapUH
MO Jla Ce PasriIex/ar:

e TpUpOAHUTE OEICTBHS, BB3HUKBAIIM Ha TEPUTOPUSTA, HA
KOSITO Ca Pa3IoI0KEHH IPOMUIIUICHUTE TIPEATIPUSITHS;

® TPaHCHOPTHPAHETO Ha OINACHHM BELIECTBAa 4Ype3 CyXO3eMeH,
BOJICH WMIJIM BB3AYIIEH TPAHCIOPT;
aBapuiHU  CIHUpaHMS
JHCIHILINHA.

L4 /v HHCKa TEXHOJIOTUYHA

OrneHkara Ha OMACHOCTUTE OT TOJIEMH aBAPHMU M Pa3TIIeXKJAHETO
Ha BB3MOXHHUTE CIEHAapHM 3a BB3HUKBAHETO MM, KakTo U
MPUJIATAHETO HA MEPKM 3a MPENOTBPATIBAHETO M OrPaHMYABAHETO
Ha TIOCIENCTBHATA OT TAX CE€ M3BBPIIBA OT ONEPATOPHTE HA TE3M
npennpuatus. OcHOBHHTE (AKTOpM TP ONpEJeNsHe Ha
ONAcHOCTTa OT TOJIEMH aBAPHM C OTJIEISIHETO Ha XHUMHYECKH
BEIIECTBA 3a Ja/ieH 00eKT, ca BUABT U MaKCUMAJIHUTE KOJIMYECTBa
omacHn xumudecku Bemectsa (OXB), kouto ce ynorpebsBar miu
ChXpaHABaT Ha TEPUTOpHATA My. B 3aBHCHMMOCT OT cBOMCTBaTa Ha
OXB ce ompenenaT U ChOTBETHUTE CLIEHApUM 3a BB3HUKBAHE U
MpOTHYaHE Ha aBapUiHHUTE cuTyaluu. OT ChIIECTBEHO 3HAUEHHE
OpH aHalduM3a € MAaKCHMaJHOTO pa3CTOSHME, JO KOoero Ou
JIOCTUTHAJIO BB3/ICHCTBUETO OT aBapUsATa M 3aCETHaTaTa ILIOMI.

5. 3aknrouenue

['oneMuTe NPOMHUIIEHH aBapUM C YYacTHETO Ha OIAcHU
XMMHUKaJIM TpeACTaBIsBaT 3HAuYMTENHa 3aIulaxa 3a KHUBOTA,
3IpaBeTO Ha XOopaTa M 3a OKOJHaTa cpela. lakuBa WHIMICHTH
IPUYMHABAT OTPOMHM HKOHOMMYECKHM 3aryOM M HapyllaBaT
YCTOHYMBHS pacTex. 3a Aa ce CcBeJaT 10 MHHHMYM CBBP3aHHTE C
TOBa PHCKOBE, ca HEOOXOIMMH MEpKH 3a IpeNOTBpaTsSBaHE Ha
rojleMu aBapuM M OCUTYpsiBAHE HA MNOAXOJAINA OpraHu3alus U
CpeAcTBa 3a pearhpaHe NpH Bb3HUKBAHE HA TAKMBA MHIUJCHTHU.
HeobOxoaumMu  ca  MeXIYHapOAHH  CIIOPa3yMEHUs,  3al[oTo
BB3JCHCTBUSITA Ha IPOMHUIIEHHTE aBapuud HE CIOHpaT Ha
HaLMOHAIHUTE IPaHUIIN.
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OI'PAHUYABAHE HA PUCKOBETE U HAMAJISIBAHE HA BB3JIEVICTBUSITA,
BBb3HUKHAJIA B PE3YJITAT HA IPUPOIHU ABJIEHUA U KPYITHU TIPOMUIIJIEHU
ABAPUU

MINIMIZING RISKS AND REDUCING IMPACTS FROM NATURAL DISASTERS AND
MAJOR INDUSTRIAL ACCIDENTS
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67 Shipchenski Prohod Street, 1574 Sofia, Bulgaria !

Abstract: Effective risk management related to natural disasters and large-scale industrial accidents is key to enhancing public safety,
improving quality of life, and supporting sustainable development. It’s essential to implement coordinated strategies—both nationally and
across borders—that aim to reduce risks and lessen the impact of such events. This includes forecasting the potential consequences of
disasters, planning preventive or mitigation measures, and putting systems in place to protect the population.

Keywords: ENVIRONMENT, RISK, MAJOR INDUSTRIAL ACCIDENTS, SECURITY.

1. Bveeoenue

INonnTHkaTa, cBBp3aHa ¢ yIpaBlieHWE HA PUCKAa B MallaOHUTE
HHOPACTPYKTypHH OOCKTH aKLIEHTHpa BBPXY e(QEeKTHBHOTO
OrpaHMYaBaHE HAa PHUCKOBETE M HaMalsiBaHe HA BB3JICHCTBUATA,
BB3HMKHAIM B pE3yNTaT Ha TMPUPOJHH SIBICHAS U KPYIHH
MPOMHIILUICHU aBapHH.

CeraacHo AkryanmsupaHata CrpaTerns 3a HalMOHANHA
curypaoct Ha Penyonuka bearapus (Ilpuera ¢ Pemenne na HC ot
14.03.2018 1., 06H. JIB 6p. 26 ot 23.03.2018 r.), 3amuTara Ha
HacCelIeHUeTo ¥ KpUTHIHATa HHPPACTPYKTypa IPU KPHU3H, OSICTBHS,
aBapuy, KaracTpou M IpPYTM PHCKOBE M 3aIllaxd € exHa OT
TJIABHUTE LEJIM Ha CHBPEMEHHATa NOJUTHKA 3a HalMOHAJIHA
curypsocr [1].

OT M3KITIOYMTETHA BAKHOCT €, 4Ye IMOJHMTHKATa, CBbp3aHa C
yIpaBieHne Ha PHUCKa Ha TI00ATHO, HAIMOHAIHO M PETHOHATHO
HUBO € AHTAKXMMEHT Ha Ibp)KaBaTa, Karo Ce akKIEHTHPa BBPXY
e(eKTHBHOTO OrpaHMYaBaHE HAa PHCKOBETE M HaMaJsiBaHE Ha
BB3JICHCTBUSATA MM.

3a nma ce oyepTaec paMKaTa OT HU3UCKBAHHUSA U HEOOXOIUMHUTE
CTBIIKM, KOWUTO TpsiOBa Jga OBJAT H3NBIHEHH OT CTpaHa Ha
PBKOBOJCTBATA HA TOJEMHTE HWHIYCTPUATHH OOCEKTH, 3a 1a
Ch3JaaT yCIOoBHs 3a e()eKTHBHA KOMYHHKAIHS ChC CHOTBETHHUTE
JIbP)KaBHU OPTaHH, HEMPABUTEICTBEHH OPTAaHNU3ALNK U OOIIECTBOTO
B YCIIOBHSI Ha Bh3HHKHAJA MPOM3BOICTBEHA aBapHs, € HEOOXOIMMO
M3rPaXJaHETO Ha HENpeKbCHaTa CHHEPrHYHa BPB3Ka MEXAY THX.
ITo TO3M HauyMH IUe ce yBEJIMYaT LIAHCOBETE 3a Ola3BaHe Ha
OKOJTHATa Cpejia ¥ 3[paBeTo M )KUBOTA Ha Xopara.

[IpeBeHIMATA € OT OCHOBHUTE IPUOPUTETH NPHU NMPOBEXKIAHE HA
NEUCTBUs, CBBP3aHM C MOBHIIABaHE Ha O00IIaTa CHT'YPHOCT Ha
JbpKaBaTa M OCUTYpsiBaHE HA e()EeKTHBHA 3al[UTa HA HACEICHUETO
npu GencTBHS M aBapud. ETO 3ami0 TNIaBHUTE YCUIIUSI Ca HACOYEHH
KbM  e(eKkTHBHa  TPEBAaHTUBHA  JEHHOCT,  OpraHWU3UpaHe,
KOOpJMHALUSI U PHKOBOJCTBO HAa CITACHTEIHUTE M HEOTIOKHHUTE
BBH3CTAHOBHUTCIIHU pa60T1/1 npu BB3HHUKBAHC Ha rojaemMu
IPOMUILUIEHH aBapuH WK OeACTBUSL.

2. T'onemu npomuwinenu aeapuu, cevp3aHu ¢
YRpaeienuemo u eKCnaoamayuaAma Ha CoOPbLIHCEHUA
3a CKNAOupane Ha MEXHON0UYHU OMNAOLYU

3HauWTeNHa 3alilaxa 3a >KMBOTA, 3[PaBETO Ha Xopara M 3a
OKOJIHaTa Cpeja, MPeJCTaBIsIBaT TOJIEMHUTE MPOMHIUICHH aBapHH,
CBBP3aHH C YNPABICHUETO U EKCIJIOATalusITa Ha ChOPBKEHUS 3a
CKJIaJUpaHe Ha  TEXHOJOTHMYHM  OTMaAbLM, KaKBUTO  ca
XBOCTOXPAHWIUINATA. XBOCTOXPAaHWIMIATA CE OIPEAEIAT KaTo
PUCKOBH MM IOTCHUHMAIHO ONACHU CHhOPBHKEHHS OT KpUTHYHATA
HH}paCTpyKTypa M HHOHUICHTUTE, CBBP3aHH C TAX IPUYUHSIBAT
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OTPOMHH MKOHOMHYECKH 3aryOd W HapyIlaBaT yCTOHYHMBHUS PacTex
B ONpEleNCHM  IPOMUIIIEHU  CEKTOPH,  KOMTO  HMMaT
CTPYKTYpOOIpeIeliAllia poiisl 38 UKOHOMUKATA.

[MpoMunienure aBapuM IpH eKCIUIOATALMATAa HA TaKUBa
CBOPBKEHMs MpPEACTaBIABAT CEpUO3HA 3aljaxa 3a XopaTra U
OKOJIHATa cpejia, 0COOEHO B CiIydad Ha HENPABUIIHO IPOEKTHPAHE,
eKCIUIOAaTallysl WM YIPaBICHUE, Thi KaTo €IHa aBapusi MOXeE Ja
JIOBEJIE 10 HEKOHTPOJIMPAHO U3THYAHE HAa XBOCT, OMIACHU CBIIAYMINA
WIN H3IMyCKaHE Ha ONACHH BEIIECTBAa, KOETO Ja MpeIu3BHKa
€KOJIOTHYHA KaTacTpoda.

OnycToIuUTeIHUTE TIOCISUIM 3a XOpaTa U OKOJIHATa Cpeaa OT
TaKWBa WHIUJCHTH, KaKTO U TEXHUTE TPAHCTPAHUYHH ITOCIEICTBHS
0sixa JI0Ka3aHW OT 3HAUUTENHH aBapuH OT IOCIEIAHUTE TOAWHH B
permona Ha EC, Hamp. ckbCBaHETO Ha S30BHpPHATa CTEHa Ha
XBOCTOXPaHMJIMILE KbM MUHHO ChOopBhxkeHue B bas Mape, PymbHus,
npe3 2000 r., pa3nuBBT Ha yTaiiku oT amymuHHil B Komonrap,
Vurapus, npez 2010 r. wim aBapusTa B MHHHATA KOMITaHUS
TansuBaapa BbB @unnanaus npes 2012 r.

3a 1a ce cBefaT 4O MUHUMYM PUCKOBETE, Bb3HUKBAIU B TaKUBa
CHOPBXKEHHs, ca HEoOXOOMMHM MEpPKH 32 IpelOTBpaTsBaHe Ha
aBapuM U OCUTYypsiBaHE Ha IOJXOJsIA OpraHU3alus U CpelCcTBa 3a
pearupane IpH Bb3HUKBaHE HAa HHIMACHTH OT TaKbB THII.

Hacoxwure 3a 6e30macHOCT ¥ JOOPH MPAKTUKH IO OTHOIIICHUE Ha
TaKkuBa CHOPBHKEHHs ca paspaboreHH oT CBHBMECTHa EKCIEPTHA
Tpyna 1O BOJWTE W MPOMHUIUICHUTE aBapHH C IIOJKperara Ha
cekperapuata Ha IkoHoMuueckara komucus 3a EBpoma Ha
OpranmzanusaTa Ha OOCAMHEHHTE  HalMu, OJOOpeHH  OT
Kondepenrusara Ha Ctpanute mo KoHBEeHIUATA 3@ MPOMHUIILICHUTE
aBapuu Ha neroto i crOpanue (XKenesa, 25-27 noemBpu 2008 1.) 1
ot Cpemara Ha Ctpanure mo KoHBeHnusTa 3a BoguTe Ha METOTO M
3acemanne (XKenepa, 10-12 moemspu 2009 t.). Te ca mox dpopmara
Ha HAabOp OT NPENOpBKH, KOUTO Aa IIOJIOMAaraT HaIMOHATHUTE
OpTaHM W OIEpaToOpH 3a OCUTYpSBaHE Ha aJeKBaTHO HHBO Ha
06e30macHOCT M NMPHEMIIMBO HHMBO Ha PHCK, MOPaXKAaH OT TaKHBa
CBOPBKEHHUsS W MMAaT 3a IIe] Ja JOIpUHecaT 3a OrpaHUYaBaHEe Ha
ABapUUTE B CHOPBIKEHUA 3a YINPABJICHUE HAa MHUHHU OTHAAbBLU U
TEXEeCTTa Ha IOCIEICTBUATA 3a YOBEUIKOTO 3[paBe M 3a OKOJHATa
cpena [2].

Cowrimacuo Jlupextusa 2008/114/EO na CobBeta OT 8 nmekeMBpH
2008 r. n 3akoHa 3a 3amuTa Npu OEICTBUS, TOHITHUETO ,,3aIUTa
O3HAauaBa BCHYKHM JEHHOCTHM, LeNAIIM TapaHTUpaHE Ha
(YHKIIMOHHPAHETO, HETPEKbCHATOCTTA U LEJIOCTTA Ha KPUTHIHUTE
UHQPACTPYKTYPH, 3a Ja BB3MpaT, CMEKYaT W HEYTpaIu3upar
3am1axa, puCK WK YsI3BEMO MSCTO.

»3amlaxaTa“ e mpsAKa, peajHa, HEMOCPEACTBEHa OMacHOCT. Ts
Ce XapaKTepu3Hpa ¢ Mo-rojsgMa cuia ot omacHocTta. Ha 3amnaxara
ce 3HaAT TOYHUTE NTapaMeTPH 3a HETAaTHBHOTO CHOUTHE.

,»YSI3BIMOCTTAa” € IPHUCHINO CBOMCTBO Ha HEILIO, HMOPa)KAallo
MOAATIMBOCT KbM M3TOYHHKA HA PHCK, B PE3YyNITaT Ha KOETO MOXKeE
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Jla UMa HAKaKBO IIOCIEICTBHE. YSA3BUMOCTTA OIPEICs BIMSIHUETO
Ha PHCKa U PA3IMYHUTE PUCKOBH (haKkTOPH.

»PHUCKBT MOXXKE Ja ce OIpeAend KaTo KOMOMHAIus OT
BEPOSTHOCTTA 32 HACTBIIBAHE HA AAJCHO CHOUTHE U MOCIEACTBUATA
or Tosa. JlupextuBa ,CeBe3o II“ ompenens pucka xaro
»BEPOSITHOCTTAa OT CICHU(HUYHO BH3JICHCTBHE, HACTBHIIBAIO B
paMKUTE Ha OIpEAETCH Mepuoj] OT BPeME WM IIPHU OIpEACICHU
obcrositenictBa“. Karo TakpB, PHCKBT € CIIOXKHA (QYHKOUS OT
OIIaCHOCTH, CBBP3aHH € ONpeeIeHa CUCTEMA.

~AHaIN3 Ha pHCKAa“ O3HayaBa OTYHUTAHE Ha CHOTBETHHTE
CIICHApUHU 3a [eiCTBHE MNpH pa3M4HU 3alllaxy, ¢ el Ja ce
HalpaBy OLEHKA Ha YA3BUMOCTTA M Ha NOTCHLHUAIHUTE MOCIEAUIH
OT HapyllaBaHETO WM  YHHUIIOXKaBaHETO HAa  KPUTHUYHA
uHppacTpyKTYypa.

| IOTCHITMAJTHO OMaceH OOCKT” € TO3U OOEKT, KOWTO IMmopamd
cBouTe (YHKIMH, pa3MepH WM OOCITy)XBaHAa 30Ha MOXe, IpHU
TIOBTAPSIIIH C€ OTKJIOHEHUS OT HOPMaJIHATa EKCIUIOATAIMs WIIH TIPH
YBpeXIJaHE WJIM pa3pyllaBaHe, Ja NPUYMHU B TOJEMH pa3Mepu
YBpeXJaHE Ha 3IpaBeTO Ha HACEJICHUETO, CMBPT, MaTepUATHU
mEeTH WIM pPa3CTpoiiBaHEe HAa IKU3HEHOBAXHU  COLMAIHO-
HMKOHOMMYECKH JIEHHOCTH.

B 3aBucumocT 0T TOBa KO€ ONAcHO SBJICHHME, CUTyalus WIU
cbOMTHE BB3JCHCTBA BEPXY HH(PACTPYKTypaTa, JaieH 00EKT MOXKe
na Ob/ie OTHECEH KbM KpUTHYHATa HH(PACTPYKTypa HIIH He.

Ionsitnero ,xpuTn4Ha HHOpacTpykTypa” € nepHHUpPAHO B
3aKoHa 3a 3aIUTa Mpy OeACTBUS U APYTM HOPMATHBHU JOKYMEHTH,
cropell KOUTO ,,KpUTHYHA HHOPACTPYKTYpa™ € CHCTeMa MM 4acTH
OT Hes, KOUTO ca OT OCHOBHO 3HAuUCHHE 3a MOIIBPKAHETO Ha
JKU3HEHOBAXHU OOIIECTBCHU (YHKIMH, 3IPaBETO, OE30MAacHOCTTA,
CUT'YpPHOCTTa, HKOHOMHYECKOTO HJIM COLMAIHOTO 0JAarochCTOSHHE
Ha HaceJICHHeTO W YUEeTO HapylIaBaHe WM YHHILO)KaBaHe OM NMajo
3HAQUUTENHH HETaTHBHHU mocienuny 3a PemyOmuka bwirapus B
pe3ynTaT Ha HeBb3MOXKHOCTTA Ja Ce 3ama3sr Te3u GpyHkuun [3, 4, 5,
6].

ToBa Hamara ocurypsBaHe Ha 3aIllUTa HAa KPUTHYHHATE
HHPPACTPYKTYpH, KOSTO OOXBalla BCHYKH OMACHOCTH 3a TAX —
TIPUPOIHU OEACTBHSA, YOBEUIKA JEWHOCT U TEPOPUCTHIHH 3aIUIaxXH.

3. Ouenxka Ha pucka om 2oremu asapuu u/uau
beocmeun

3akoHBT 3a oma3zBaHe Ha okojiHara cpema (300C) ypexna
OO0IIECTBEHUTE OTHOILICHUS, CBBP3aHH C OMAa3BaHETO Ha OKOJHATa
cpela M 3alIuTaTa Ha 3/ApaBeTO HA XOpaTa; CHXPaHABAHETO Ha
OMOJIOTMYHOTO pa3HOOOpa3ue;, Oma3BaHETO U IOJ3BaHETO Ha
KOMITOHEHTHTE Ha OKOJHATa Cpejia; KOHTPOJa M yHNpPaBICHHETO Ha
(haxTOpHTE, KOUTO YBPEXKIAT OKOJIHATA CPE/a; OCHIIECTBIBAHETO HA
KOHTPOII BBPXY CHCTOSIHUETO Ha OKOJIHATA CpeJa M M3TOYHUINTE Ha
3aMbBpCsABaHEe, MPENOTBPATABAaHETO W  OTPAaHWYABAHETO  Ha
3ambpcsiBaneTo. ChC 3aKOHA, B OBITapCcKOTO 3aKOHOJATENICTBO €
Tpancnionupana JupektuBa 2012/18/EC  wa  EBpomeiickus
napnameHT U Ha CobBeTa oT 4 toiu 2012 r. OTHOCHO KOHTpOJIa Ha
OMAcHOCTUTE OT TOJIeMH aBapHH, KOWUTO BKJIIOYBAT OINACHU
BEIeCTBa, 3a M3MEHEHHe M TIOoCieIBalia OTMsIHA Ha JlupekTHBa
96/82/EO na CsBera (OB, L 197/1 ot 24 1o 2012 1.) [7, 8].

OmeHkata Ha pHCKa OT TOJIEMH aBapUU W/WIM OENCTBUS €
eJIEMEHT OT JOKJIAJWTe 3a OIECHKAa Ha BB3AEHCTBHETO BBPXY
okomHara cpega (OBOC) 3a onpeneneHu HMHBECTHUIIMOHHU
MPEUIOKEHHS 32 CTPOUTEIICTBO, ACHHOCTH U TEXHOJIOTHHU, KOUTO Ce
olLleHsBaT B Xo/a Ha npoueaypa no OBOC, cbriacHo H3HMCKBaHUATA
Ha 3akoHa. Te3n MOKIaaH, 3ab/DKUTENTHO ChIBPXKAT OIHCAHUE Ha
OYaKBAaHHUTEC 3HAYUTCIIHU He6ﬂaFOl’lpHﬂTHH B%SﬂeﬁCTBHﬂ Ha
HMHBECTUIIMOHHOTO IPE/UIOKEHUE 32 OKOJIHATA CPEe/ia ¥ YOBEIIKOTO
3/paBe, NPOM3THYAIIM OT YSI3BHMOCTTa Ha HMHBECTHIIMOHHOTO
MIPEVIO’KeHNE Ha PHCK OT TOJIEMH aBapHH M/WIU OEICTBUS, KOHTO
ca OT 3HaueHHe 3a Hero. CpoTBeTHaTa MHpOpMaIMs TpsiOBa 1a e
Moily4yeHa dYpe3 OleHKa Ha pucka. OnucaHHeTo BKIIIOYBA
NPUIOKUMHUTE MEPKH, TPEABHACHUM 3a TNPEJOTBPATIBAHE WIIU
CMEeKYaBaHe Ha 3HAYNUTEIHUTE HeOIaronpUATHHU MOCIEAUNN Ha Te3U
cbOMTHS 3a OKOJIHaTa Cpella M UOBEIIKOTO 3/paBe, KaKTO U
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HOAPOOHOCTH 3a MOATOTBEHOCTTA M 3a IPEUIAraHOTO pearkpaHe
HPH TaKKBa U3BBHPEIHU CUTYaLUH.

Chl110 Taka OLIEHKATa Ha PUCKA OT T'OJIEMHU aBAPUH € CJIEMEHT Ha
JOKJaguTe 3a 0€30MacHOCT, KOUTO ce M3roTBAT 1o pena Ha 300C
OT OIepaTopuTe Ha MPENNPHUATHS W/WIN CHOPBXKEHHS C BHCOK
pHCKOB TOTeHIWan (mpeampusitusi B obxBata Ha JlupexTuBa
2012/18/EC, SEVESO ).

4. Hacoxu 3a ozpanuuyagane Ha puckoeeme u
Hamanagane HaA 6v30EUCMEUAMA, GL3IHUKHAIU 6
pesyaimam Ha HPUPOOHU  AGNEHUA U KPYRHU
npomuwiienu asapuu

BB3MOXKHOCTTa OT BB3HHKBaHE Ha OEICTBHSA B pe3ynTaT Ha
HNPUPOJHU SBIECHUS U KPYIHHU MPOMUIIUICHN aBapUH € 3aJl0KeHa B
aHanM3a Ha BE3MOXKHHUTE OEICTBHS M MPOTHO3A 3a MOCIEAUIUTE OT
X B HamuoHamHms 1UraH 3a 3amuTa 1pH  OSACTBHA |
Hamyonannara nporpama 3a HaMaJIsiBaHe Ha pUCKa oT OencTsus [9,
10].

OcHoBHata nen Ha HammonamHms IulaH 3a 3ammra  IpH
OefcTBHS € M3BBPIIBAHETO HAa AHANM3M W OLEHKH 332 PUCKAa OT
BB3HUKBaHE Ha Oe[CTBHA Ha TepuTopusta Ha Pemy6muka Benrapus
u HabensM3BaHEe Ha TIPEBAaHTUBHM MEPKM 3a HAMalsiBaHe Ha
HeOJIaroNpUsTHUTE NOCIEHUIH B PE3YNITAT OT OEACTBHUATA.

,»DeICTBHE € CBOMTHE WJIM TMOpeauIla OT CBHOUTHSA,
MPEU3BUKAHN OT TPHUPOTHH SIBJICHUS, WHIMICHTH, aBapUU HIH
JIPYTH  W3BBHPEOHH  OOCTOSATENCTBA, KOUTO  3acsAraT  WIH

3acTpalaBaT )KHBOTA HIIH 3[PaBeTO Ha HACEICHHETO, NMYIIECTBOTO
WM OKOJIHATA CPefa B pa3MepH, KOUTO M3HUCKBAT MPEANPHEMAHETO
Ha MEPKH HJIM y9acTHETO Ha CIICIUAHU CHIIH MM U3I0JI3BaHETO Ha
CIIEIMAHH PECYPCH.

HanmonannaTa mporpamMa 3a HaMaJIsIBaHE Ha PUCKa OT OCICTBUS
¢ pa3paboTeHa Ha OCHOBaHHE Wi. 6B, ai. 1 oT 3akoHa 3a 3amuTa
npu Gencreus (336) 3a n3nmbiaHeHne Ha nenute Ha HamuonanHara
cTparerus 3a HamaisiBaHe Ha pucka oT OexctBust 2018-2030 r.
(HCHPB). Haunonasnara nporpama chIbpska CTPaTeTHYECKH e,
OTIEpaTUBHU LENMH M ACHHOCTH 3a peanu3upaHe Ha ONEepaTHBHUTE
uenu. HanmonanHara nmporpama € cbC CpoK Ha JAEUCTBUE 5 TOIUHU
u oOxBamra nepuoga 2021-2025 r.

OCHOBHHTE HAaCOKH 32 OCBIIECTBABaHe Ha HammoHanHus mian
3a 3aIuTa npu OeJCTBHS ca:

e  aHANM3HWpaHE Ha  BB3MOXKHHTE  OEACTBHSA
NPOTHO3MpPaHe Ha ITOCIEAULINTE OT TAX;
IUIAHUPAaHE Ha MEpKH 3a MPEIOTBPATSIBAHE WIIH
HaMaJIsiBaHe Ha MOCIEHINTE OT OSICTBUITA,;
pasmnpezieneHne Ha 3abJDKCHUSITA U OTTOBOPHOCTUTE
MEXIy OpraHWTe Ha H3IMBIHUTENHATA BIACT 3a
M3ITBJIIHEHHE Ha IUIAHUPAHUTE MEPKH;

OCHUTYpsIBaHE HA CPE/ICTBA M PECYPCH, IPEIBUACHH 3a
JIMKBHAAVPAHE HA MTOCIEANNINTE OT OEICTBHS;
OIIpezieNIsTHE Ha HA4YMHA HA B3aHMOJEHCTBHE MEXAY
OpraHUTE Ha M3ITBIHUTENIHATA BIIACT;

OIIpe/ieNITHE Ha pefia 32 HaBPEMEHHOTO YBEOMSIBaHE

n

Ha OpFaHI/ITe Ha H3ITBJIHUTCIIHATA BJIACT n
HACCJICHUCTO HpI/I 3ariaxa WJIN BB3HHUKBAHEC Ha
OeacTBHE.

5. 3aknrouenue

OFpaHH‘IaBaHeTO Ha pI/ICKOBeTe n HaMaJIIBaHC Ha

BB3/ICHCTBUATA, BB3HUKHAIN B PE3yNTaT Ha MIPUPOJHU SIBICHHS U
KPYITHH TPOMHIUICHH aBapHU ce MOATIOMara 4pe3 OOeAWHEHHTE
neicTBus Ha cTpanHute B pamkute Ha OOH, upe3 o0ma HopMaTHBHA
pamka. Ilopagu ToBa XapMOHH3alMATa Ha HOpMaTuUBHaTa Oa3a e
BOJEIIA JIMHUS HA IUIOCTHO IIOBEJEHWE Ha  OpraHHMTe,
ymnpaBisBalmiM To3u mpouec. IlomuTHkata 3a crhpaBsHe € Te3M
npobiaemu TpsOBa na Obae HMHTErpUpaHa B IUIAHUPAHETO Ha
YCTOHUMBOTO pasBUTHE B T.4. M MpPU TPHPOAHH, U TPH
HpeIU3BUKAHN OT YOBEeKa OeCTBUSL.
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|
OcHOBa 32 HaMaJSIBAHETO HA PHCKa OT OEICTBUSA € ChOMpaHETOo

U pa3NpOCTpaHEeHHETO Ha MHQopMalus 3a JOOPUTE NMPAKTHKH BbB

BPB3Ka C YCHEIIHOTO PAa3BHTHE HA ITBJIHOLECHHU IOJIMTHKH B Ta3H

obmact. Korato ca Hamuie mpo3padyHOCT U HHG)OPMHPAHOCT Ha

OTrOBOPHHTE MHCTHUTYIMH, TOBAa TapaHTHPa YMeEJIO M3IOI3BaHe Ha

JoOpuTe TPaKTHKH B IUIAHUPAHETO Ha  IPEBAaHTUBHUTE

MEpONpHUITHs, a WHQOPMHUPAHOCTTa HA HACEICHHETO YIECHSBA

MPWIAraHeTO W HW3IBIHEHWeTO Ha IUIaHUpaHUTE MeEpKH W

MEpOIIPHUSATHS.
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CIHIEHUP®UNYHU NU3NCKBAHUSA KbM BPATUTE C OT'HEBU XAPAKTEPUCTUKU B

TYHEJIUTE
SPECIFIC REQUIREMENTS FOR DOORS WITH FIRE CHARACTERISTICS IN TUNNELS

unx. Jumurpos B.
Axanemus Ha MBP,
vassko.vd@gmail.com

Abstract: Doors with fire-resistant characteristics (fire doors) used in tunnel facilities are a critical element of passive fire protection
systems. In closed and hard-to-reach environments such as road and rail tunnels, the requirements for these doors significantly exceed the
standards for ordinary buildings. The specific technical, functional, and regulatory requirements for fire doors intended for tunnel applications
are analyzed. Particular attention is paid to the "Temperature-Time" curves used in Europe to determine the fire resistance of tunnel structural

elements.
Keywords: tunnels, doors with fire resistance

1. Yeoo

ToxapHara 6e30MacHOCT B TyHEINIUTE € OT KPUTUYHO 3HAYCHHUE 3a
3alIMTaTa Ha YOBELIKH JKUBOTH M HMH(pacTpyKkTypa. 3a pasiiuka oT
CrpaguTe, NMpU KOWTO eBaKyalusTa W JEHCTBUATA IIPU IOXKAp M
aBapwsl ca I0-JIECHU W JOCTBIIHH, TYHEJIUTE ca 3aTBOPEHa U PHCKOBA
cpena. ToBa BoaM 10 MO-0BP30 M MHTEH3MBHO pa3BUTHE HA TE3U
CBOUTHS M 3a TOBa H3HCKBAHMATA KBM BCHYKM KOHCTPYKTHBHU
CJIEMCHTH HA TYHEIHMTE, B TOBA YHCIO W BpAaTHTE Ca 3aBUILICHH.
EneMeHT OT OcUrypsiBaHETO Ha 0E30MaCHU MPOTHBOIOKAPHH 30HU H
IBTHIIA 32 €BaKyalys, KakTo U 0e30IaceH JOCTHI Ha CIACHTEIHHUTE
SKHITH ca MIPOTUBOIIOKapHHUTE BpaTh. Te OOMKHOBEHO ca MOHTHUPAHHU B
rajJepuyl WM aBapuiHHM M3XOI¥, CBBP3BAIlM J[Ba IIBTHH TYHEJNa WIN
IIBTEH ChC CIIACUTENEH TyHell. Te3u BpaTH UIpasT KI0YOoBa PO U 32
npeqnasBaHe Ha CTPYKTypaTa Ha TyHela OT TEMIIepaTypHO
HaTOBapBaHe.

CremoBaTeTHO Te3W BpaTH € HEOOXOAWMO Ja Cca ITOUIOKEHH Ha
3HAYMUTEIHO IIO-CTPOTM H3HMCKBAaHUS CHPSIMO BpaTUTE C OTHEBH
XapakTepUCTUKU B Crpajd, IETalIHO ONMHCaHH B JelcTBamiata B
Bobarapust HopmaruBHa ypen6a [1] u B Tpymosere Ha a-p Henn
Cumeonosa [2, 3].

2. Cneyuguunu u3UCK6AHUA KBM 6

myHneiume
CbBpeMeHHHTE

epamume

MPOTUBONOXKAPHH BpaTH B TyHEIHTe ca
BUCOKOTEXHOJIOTHYHN TIPOAYKTH, CB3JaJCHH Ja OTrOBOPAT Ha
YHUKQJIHUTE TpPEAW3BHKATEICTBA IPH IOXapH B  3aTBOPEHU
MPOCTPAHCTBA. 3a pa3iiKa OT Crpajy, KbJETO IOKAPHUTE CE Pa3BUBAT
1M0-0aBHO, TE3W B TYHEINUTEC JOCTHUraT M3KIIIOUUTEIHO BHCOKH
TeMIepaTypu 3a KpaTko Bpeme. CBIIPOBOAEHH ca C BICOKO HaJsTaHe,
JAM M OTpaHHYEHN BB3MOXKHOCTH 3a eBakyarus. [lopagm Tte3m
MIPUYMHHA, KbM BPAaTHTE B TYHENIUTE B TOJIIMA YacT OT €BPOINEHCKUTE
JbPKaBU Ce MPESABIBAT CIEAHUTE N3UCKBAHMS:

1) ycroHuMBOCT Ha  TOJHANSTAHE W HAJHAISITAHE
MPOTHBOIIOXKAPHUTE BpaTH 3a TYHENU TpsiOBa Ja W3IbpKAT Ha
AepOAMHAMHMYHHU yAapu, KOUTO BB3HUKBAaT INPH INpEMHHAaBaHE Ha
MPEBO3HU CPEACTBA M BJIAKOBE WM OT BEHTHJIALMOHHATA CHUCTEMa 3a
OTBeXK/IaHE Ha JUM M ToIUMHA. [IpemoppumTenHara CTOMHOCT Ha
MOJIOKHUTEIHOTO HalsiraHe yecto goctura a0 10 kPa (1000 kg/m?);

2) yCTOWYMBOCT Ha KOPO3Hs — BpAaTHTE CiIe/Ba Aa QyHKIHOHUPAT
B M3KIIIOYUTENHO arpecuBHa cpena, GopMupana OT CIeAHUTE HIKOIKO
ocHoBHH dakropa [4]: emucunte ot JIBI'; nmpenaparure, METOAUTE U
YecTOTa Ha MOYHMCTBAHE; U3MOI3BAHE HA COJI 3a IIBTHO MOAIbPKAHE, a
HE Ha alerar; aTMochepHHTe M KIMMAaTUYHHUTE  YCIIOBUS,
UHOUITPALM WIM HABOAHSIBAHE, HECHBMECTHMOCT Ha H3IIOJI3BaHU
Mmarepuanu u 1p. [lopaau uzbpoenure paktopu, 3a u3paboTKata Ha
BpaTHTE Ca HEOOXOAMMH MaTepuaid, YCTOIYMBH Ha KOPO3US
(HampuMep HepbXKIaeMa MIH HOIMHKOBaHA CTOMAaHa);

3) camosarBapsiua (GyHKIMS — BpaTHTe CIEABA 1a Ce 3aTBApST
aBTOMAaTUYHO, CBIO ¥ NIPH CIIUpPaHE HA eJIeKTpo3axpaHBaHeTo. YecTo,
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NpeIBHI W M3HUCKBAHETO 32 YCTOHYMBOCT Ha TMOJIOXKHTEIHO U
OTPHLIATE]IHO HAaIsATraHe, Ce¢ M3MCKBA M O0OPYIBAHETO MM C
XUAPABIMYHH WM CJIEKTPOMEXaHWYHH 3aTBapsilid yCTPOMCTBa.
ITpenopbynTENnHO € Bparata Ja Obae CHabAeHa ChC CCH30pU 3a
KOHTPOJI Ha CHCTOSHHMETO, KOMTO [a OTYHMTAT Jajd TS € OTBOpEHa/
3aTBOpPEHA,

4) necHa ymorpeba — BpaTuTe TpsOBa @ Ce OTBAPSAT JIECHO (JIOpH
oT Jmna 0e3 TeXHHYECKH ITO3HAHMS), HO B CBIIOTO BpeMe na ca
3alIMTEHH Cpelly Hepa3pelleHO OTBapsiHe, KaKTO W HPEKOMEPHO
JIECHO OTBapsiHE IIPEIBHI YCTOWYMBOCTTA HA MOJIOKHTEIHO U
OTPHLATEIHO HAJIATaHE;

5) MexaHWYHA W YHApOYCTOWYMBOCT — BpATHTE CIEABAa 1a ca
YCTOHYMBM Ha MEXaHWYHHM BB3JCHCTBHA (HAmp. BaHIAIU3bBM,
aBapuitHO oTBapsHe, cOMbCchIM). Te TpsOBa ma ObHaT che cTabuiTHA
CTOMaHeHa KOHCTPYKIUS C ITOJICHIICHU NTAHTH U OpaBH;

6) mporyckaHe Ha JUM — 3a Jla HE MPOIYCKaT 3aMMsBAHETO Ha
IBTHIIATA 32 eBaKyalusi U 0€30IaCHUTE 30HHM CHC CTYICH MJIM TOIBI
MM, BpaTHTe CJeABa Ja ca JUMo3alluTeHd. Te morar jga Obaar
kiacuunmpanu B Knac S, (S win Sy) ik Syq¢ cerimacao BJIC EN
13501-2.

7) BHCOK Kjac Ha YCTOWYMBOCT Ha OIBH, ONpPEIENeH IpU
EKCTPEMHH TeMIIepaTypH: BpaTHTE YeCTO TPsiOBa J1a MpUTEKaBar Kiac
Ha ycroiumBoct Ha oreH ot ElI 90 mo EI 240. Tlopamu
XapaKkTepUCTUKUTE Ha TYHEIWTe (3aTBOpeHa cpeaa M TOJIeMH
KOJIMYECTBA TOPHBA B TAX), MOXKAPHUTE CE Pa3BHBAT MPH EKCTPEMHH
Temneparypy, Hajasumasamy 1000°C. 3a ToBa, romsimMa yacT OT
eBporeiickute appxasu (karto [epmanus, Opantms, Hunepnanaus u
Ip.) UMAaT M3UCKBAHHs, M3IHUTBAHETO Ha KOHCTPYKTHBHHTE CJIEMEHTH
Ha TYHENWTe, BKJIIOYMTENHO M Ha BpaTUTe, Ja CE HW3BBPIIBA IO
cienuduuHn KpuBH ,,Temmeparypa-Bpeme™, pasnuyaBalmid ce OT
cTaHZapTHaTa (uenyno3Ha). Haii-uecTo ToBa ca BBITIEBOAOpOJIHATA
(HC), wmomudunmpanara  BboieBogopoana  (HCM), RWS
(Rijkswaterstaat), RABT ZTV u kpusata EBA (EUREKA). Kpusute
ca pasrjeliaHy B Clle/iBaliata 4acT Ha JIOKJIaza, KaTo oOIIOTO MEXIy
TSX €, Ye MPH M3IUTBAHETO Ce JOCTUraT TeMIepaTypH HaJBUILIABAIIH
1000°C, kaTo cren ToBa cieaBa PSI3bK MEPUO]] HA OXJIaXKIaHE.

JIOMBbJIHUTEHN BBIIPOCH BB3HHMKBAT CIIE] pasriiekIaHe Ipe3
npu3Mara Ha M3IMTBaHE, KIaCH(UKAILMsi U BIAaraHe B CTPOSKHUTE Ha
TyHeHHI/lTe BpaTu. 33. Ja ce y)IOCTOBepI/I IMOCTUTHATHAT KJ1aC II0
YCTOMYHMBOCT Ha OT'BH Ce M3BBpLIBAa H3nuTBaHe No ctangapT bJIC EN
1634-1 u xnacudukauus no BJIC EN 13501-2. Crnexn onpenensHe Ha
Ta3M M BCHUYKM OCTAHAIM JKEJIAHM XapaKTEPUCTHUKM, 3a BPATHTE Ce
U3/1aBaT HeOOXOAUMHUTE JOKYMEHTH 3a TAXHOTO IyCKaHE Ha I1a3apa u
BJIaraHe B cTpoexure. PexbT 3a Biarane M HeoOXOJUMHTE 3a TOBa
JIOKyMEHTH ca JeTAilJIH0O ONMCAaHH B HAyYHHTE TpPYyJOBE HA J-p
Cumeonosa [5], [6] u [2]. TIpoGuiem ¢ onucanute B HEifHUTE TPyIOBE
W3UCKBAaHMS BB3HHMKBA, KOraTO BMECTO IleNyJOo3HaTa KpWBa, 3a
onpeneNsHe Ha Kjaca II0 YCTOHYMBOCT Ha OI'bH €€ H3IOJI3BAT
OCTaHAINTE EKCTPEMHM TYHEJIHM KpUBH. B craHmapra 3a M3NUTBaHE
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BJIC EN 1634-1 u B crangapra 3a kiaacudukauus 5JJC EN 13501-2,
U3PHYHO € YIIOMEHATO, Ye T€ HE Ca NMPWIOKHMH 3a Te3d KpuBH. B
TO3U Cly4yai, JMHCTBEHUAT 3aKOHEH PEJ 3a BJaraHe Ha BPAaTUTE B
TYHEJIUTE € Ype3 INpHJIaraHe Ha eBpOIeiCKHs ped 3a OlEHsBaHE Ha
WH/IMBHYaTHH IPOIYKTH.

8) nmomapeKKa W KOHTPOI 32 Ja ce rapaHTHpa
(GYHKIMOHATHOCTTa MM B CIOydail Ha aBapus, NPOTHBOMOXKApHUTE
BpaTH TPsiOBa PEIOBHO J1a Ce MPOBEPSIBAT 38 XEPMETUYHOCT, 3aTBAPSILL
MEXaHU3bM, IPaBUJICH MOHTAX ¥ MEXaHW4HH NOBpeau. MHTepBanuTe
3a MOJJPBKKA ca YECTO ©KEroJHH, B 3aBHUCHMOCT OT OIlepaTropa U
ynoTpebara.

B jombiHeHHE KbM H3JIOKEHATa 10 TYK €BpOIEHCKa IpaKThKa,
cleZBaT HOPMAaTHBHHMTE M3UCKBaHWA KbM BpaTuTe B PemyOunka
Beirapus [4].

3. H3uckeanusa Kom MmyHE/IHuUme spamu 6 B’b.flzapu}l
W3uckBaHusATa KBM BpaTWTEe B IBTHATE TyHEeNH Ha PemyOmmka
Boarapust ca nedunupanu B Hapena Ne PI[-02-20-2 ot 2015 . [4].
Te ca:
1) OrHeycTOHYMBOCT M CaMO3aTBapsiHe — OCHOBHHUTE W3HCKBAHUSI
ca nanenu B Tabmuna Ne 19 kbm wi. 486, a umMenHo (Brok Tabmuma 1):

Tabmma 1 — M3uckBaHUsI KbM BPAaTUTE B IBTHUTE TYHENIH

X
Kareropun L0k
a TYHeJIH = >0
2 HaumeHoBaHNe HA KOHCTPYKIMS 0 | T 228
s HIIH eJIeMeHT = S8 g
- YcroituuBoCcT HY 2, < ‘&
. M =
moxkap [min] | =
IToxxapO3amuTHy Bpatu B
4 |mokapO3alIUTHUTE MIPErpaju 60 90 EW
pa3IuyHU OT HoMep 5 U 6
[Mo>xapO3aIUTHY BPaTH KbM
3aIlUTEH BT 33 eBaKyalust
5 P Yat, 90 90 |EI C3?
000pyIBaHU ¢ MEXaHU3bM 32
camosarBapsiae (C3)
IIrp3ramm ce noxap03aIuTHI
BpATH WK TTOKapO3aIIUTHH BPaTH
6 |°P P P 9 | 92 El
ChC CEPBO-MEXaHU3bM KbM
3aIlUTEH BT 3a eBaKyalus
D YcToWdnMBOCTTa Ha TI0Kap B TasW KOJIOHA C€ IIpujara camo 3a y4JacTbIH
OT TyHenH, Kinacuduuupanu karo kareropus I1.
R W3uckBanero 3a ,H’I)J'II‘OTpafIHOCT Ha CaMOCTOATCIHOTO 3aTBapsAHEC -
cermacHo BJIC EN 14600, He e 3a1b/DKUTEITHO 32 ILTH3TAIIH Ce BpaTH;
* CopryacHo cepusita cranaapta bJIC EN 13501.

Bparute cnenBa ma ca OCHTypeHH ChC CHCTEMa 3a aBTOMATHYHO
[OflaBaHEe Ha CHUTHaJl KbM OIEpaTHBHATa LEHTpajla (KOHTPOIHU
LEHTBP) [IPU OTBAPSIHE;

2) 3ammTa OT KOPO3Wsl — BpPaTHTE, ChIVIACHO 4. 64 TpsiOBa ma
OBIaT 3alIUTEHH OT KOPO3Ws, KaTO TOBa Haif-4ecTo ce IOCTHUra C
KOHCTPYKIHS OT HEPBKIaeMa FITH [TOIIMHKOBaHA CTOMAaHa,

3) yCTOWYMBOCT Ha MOAHAJSATAHE U HAJHATATAHE — H3UCKBAHUATA
ca mageHu B wi. 311, a WUMEHHO: HEOOXOIUMOTO HAJHANSATAHE B
He3acerHarara OT IMmokapa Tphba ce ompenens OT MOACIHPAHETO Ha
BJIMAHHUCTO Ha IOXapa B”l)pr BCHTUJIAIMOHHATa MPEXa, HO HE MOXKE
na 6b1e no-manko ot 20 Pa cripsmo Tpbr0aTa, B KOSTO € HOXKAPHT.

4) necna ynorpeba u 6e30macHOCT - wi. 459 mpeaBMKAa cuara,
HeoOXoquMa 3a OTBapsiHe Ha BpaTaTa Ha aBapHeH M3XOJ IO BCSKO
Bpeme, na He Hajxsumana 100 N, xaTo ce OoTYMTa W BIMSHHETO Ha
HaJITaHEeTO Ha BEHTWIANWATAa B TyHena. Bparure tpsbBa ma ce
OTBapsT HaBBH, KbM Oe30macHara 30Ha B IIOCOKA HA €BaKyalusTa, a
BpaTUTE Ha aBApUIHUTE U3XOIH OT TphOaTa Ha TyHella KbM HalpedHa
BpBb3Ka TpsOBa Ja ce OTBapAT KbM HampeyHarta Bpb3ka (wi. 461, ai.
1). Tpu enuH aBapHeH U3XOJ C JBE BPaTH, €AHATA OT TSAX MOXE Ja Ce
0TBaps KbM Tpb0OaTa Ha TyHeNa IpHU yCIOBHE, Y€ KPUJIOTO Ha BpaTaTa
IIpU OTBapsHE HE HABIM3a B MPOCTPAHCTBOTO HA MBTHOTO IUIATHO 3a
JBIDKEHHE Ha IIPEBO3HUTE CPEJICTBA B TyHeNIa. AKO BpaTaTa ce OTBaps
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B IIOCOKa OOpaTHAa Ha MBTS 3a €BaKyalus, TOraBa, ChIVIACHO ajl. 2 Ha
CBIIMA YICH, Ha TE3H BPaTH, ce MOCTaBs 3HAK (HapUMep yKaszaTelHa
Tabena C SICHO Pa3lMuuM TEKCT Ha XBAT (oH) (Bk Purypa 1),
yKa3Balll I0cOKaTa Ha OTBapsiHE Ha BPaTaTa.

50

®urypa 1 - Bpara ¢ pamka oT 6051, KOSTO ce OTBaps B IOCOKA Ha
eBakyanusra [4]

3a ma e Oe3omacHa eBaKyalWsATa, aKkO Bparara MMa Ipar, TOH He
TpsiOBa Aa e mo-Bucok or 20 mm (wr 462). A 3a na ce Oocurypu
BUIMMOCT MEXAY IBeTe TPHOM Ha TyHela, BbB BpPaTHTE B CTCHarTa,
KOSITO TH pasleis, ce NPeIBWKIAa OCTHKICHHE, DPA3IOJIOKCHO Ha
pascrostaue 1,20 m oT nonHUS ppO HA KPUIOTO Ha Bparara, ChIVIACHO
wi1. 460, a ocTeKIICHHETO € ¢ pasmepr > (50 x 60) cm.

Bparara crnenBa nma Opae u OosmucaHa, 3aeqHO C YacTTa OT
CTEHHTE Ha pa3cTossHKe 70 50 cm OKOJO OTBOPHUTE 3a BPATH, B 3€JICH
BT RAL 6032. ToBa e n3o0paseHo Ha ¢ur. 33 or [4] (Bmk Purypa
1). Ha Bparute ce nocrass 3HaK (HampuMep ykaszaresiHa Tabena ¢ sICHO
pa3IMYMM TEKCT Ha XXBIT (OH) C NMpeaynpexIeHHe 3a II0COoKaTa Ha
JIBIDKEHHE Ha [IPEBO3HHUTE CPEICTBA.

5) mnpormyckaHe Ha UM — KbM BpaTUTE B TYHeIuTe Ha PemyOirka
Bwarapust HsIMa H3UCKBAHUS 32 KOHTPOJI HA AMA.

4. OcHOo6HU memnepamypHu pejdcumu 3a O0ZHe6uU
UBNUMEAHUSL HA KOHCMPYKMUGHU eleMeHmu Ha

myHenu

ITpe3 roaMHUTE ca MPOBEICHH MHOTO M3CIICJBAHUS M aHAJIU3H Ha
Pa3BUTHETO Ha MOXKApHUTe B TyHeNd. YacT OT TAX ca TEOPETUYHH,
JPYTH ca U3BEACHH OT JICHCTBUTEIHU TaKUBa, a TPETH Ca MOJIYYCHHU B
pe3ynTaT Ha KOHTPOJIMPAHO IIbJIHOMAIa0HO MoJenupaHe. B pesynrar
Ha TO3W TPYJ Ca M3BEACHU HAKOJKO TEMIIEPAaTypHU KPUBH, KOHTO CE
HpUIaraT B pa3iniHi eBPONEHCKH IbPIKaBH.

B Bwirapus, cerimacHo an. 1 Ha wi. 488 ot Hapenba P/1-02-20-2
[4], 3a orHeBO M3MHWTBaHE Ha TYHEIHHUTEC KOHCTPYKTHBHH €IEMEHTH
(BKJIIOYMTENTHO M BpaTUTE) CE INpuilara CTaHAapTHAaTa KpuBa. AKO
OlLICHKAaTa Ha PHUCKa IOKa3Ba, Y€ € HeoOXoAWMa Jpyra AWHAMUKA,
ToraBa ce mnpwiara Moauduipanata BBIVIEBOAOPOJHA KpHBa
(HCM):

4.1. Cmanoapmua Kpuea memnepamypa-epeme

Ts e nepunupana B BJIC EN 1991-1-2 [7], I1SO 834-1 [8] u
craugapra BJIC EN 1363-1 [9]. U3non3Ba ce 3a moXkapu B Crpaiu ¢
YMEpEHO M IIJIaBHO HapacTBaHe Ha Temmeparypara (o 1000°C cren
120 muHyTH). BBIpekn de TeMnepaTypHHUAT PEKUM € MPHIOKHAM 3a
CTaH/IapTHO M3MHUTBAHE HA PA3IMIHU MPOITYKTH M KOHCTPYKINH, KaTO
HallpuMep peakTHBHA CHCTEMa 3a 3alluTa Ha CTOMaHa, TOW He
MPEJICTaBsl TOYHO ITO-TEXKKUTE YCJIOBUS IPH IMOXKap, KOUTO MOTaT Ja
BB3HUKHAT B TYHEJIUTE.

MaremaTtuueckara (YHKIMSA, KOSTO OIMCBA Tasu

TeMIlepaTypa-BpeMe ce U3passiBa upe3 CICTHOTO ypaBHEHHE!
(1) 8g = 345.1g (8¢t + 1) + 20
KBJIETO:
t € BpeMeTo OT HAJaJIOTO Ha M3NHUTBAHETO, B MUHYTH (min), a Og e
cpenHaTa Temneparypa B nemra, B °C. B crangapra BJIC EN 1363-1
BpPEMETO Ce 03HauaBa ChC CUMBOJA ,, .

Oynuknusra (1) e npeacrasena rpaguuno Ha durypa 2:

KpHUBa
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®urypa 2 - CrangapTHa KpUBa ,,TeMIepaTypa-BpeMe

4.2. Bvenesooopoona (Xuopoxapbonosa, HC) kpuea
Hedunnpana ¢ 8 BJIC EN 1991-1-2 u BJIC EN 1363-2 [10]. Tx
npencTassi eeKTHTE OT I[0XKap HPH TOPEHe Ha BBIVICBOJOPOIHU
BELIECTBA, Karo OCH3MH WM [H3€N, KOMTO Ca HAIHYHH B TOJIEMU
KOJIMYeCTBAa B IBTHHTE  TYHEIH, HedTonpepadoTBaIaTa
HPOMHUIIUICHOCT M TpH HedTogo0HBa B OTKpUTO Mope. Te3u moxapu
Ce XapakTepusupaT C BHCOKAa CKOPOCT Ha HapacTBaHe Ha
temmeparypara g0 1100°C. Ilopanu Ta3u mpuynHA, B HAKOM CIy4au
KpHBaTa ce mpHjara npu MpoeKTUPaHe Ha MO-HUCKO PUCKOBH TYHEIH,
HalpuMep HHIYCTPHAIHM TYyHEIM WIM KaTo 0a30Ba KpHBa,
HOCJIEZIBaHA OT IO-TeXKKH.
Ipunara ce cnennara dopmyina (2), mpeacraBeHa rpadpuyHO Ha
Ourypa 3:
(2) 6 = 1080.[1 — 0,325.¢ — 0,167.t — 0,675.€ — 2,5.t] + 20
KBJIETO!
t € BpeMeTO OT HAa4yaJOTO Ha M3MUTBAHETO, B MUHYTH (min), a Og e
CpemHaTa TeMIieparypa B remra, B °C.
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®durypa 3 - BerineBogoporHa Kprupa

4.3. Moougpuuupana eéveneeooopoona kpusa (HCM)

Tsa e pasnoBunHoct Ha HC kpuBara, karo e mpurojeHa 3a
crieruUYHA CIeHApUK Ha TOoXap B TyHel. OT4WTa YHHKATHHTE
YCIIOBHSL B TYyHEIMTE, KAaTO HAINPHMEp BEHTWIAUS M HAJIHYHE Ha
MHOXKECTBO HM3TOYHHIIM HA TOPUBO — AaBTOMOOWIH, KaMHOHH,
MUCTEPHH, BIIAKOBH KOMITO3UIIMH U [IP.

HCM «kpuBata ce ompeaenss mo 3aBucumoctta (3), U3paseHa
rpaduuHo Ha durypa 4:

(3) 89 = 1280.[1 — 0,325.e — 0,167.t — 0,675.e — 2,5.¢] + 20,
1500

1207 1300 1300
©1000
g
g 500 e Monuduipana BbIIICBOAOPOIHA
(]
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=
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Bpeme, min
®urypa 4 - Momudurmpana BeriaesogopoHa kpusa (HCM)
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IMpu ta3u kpuBa temneparypara poctura 1200°C 3a 9 MuHyTH H
1300°C 3a 41 munyTtH. OcurypsiBa o-ToO4HO IPEACTaBIHE HA MOXKApH
B TYHEJHM, KaTO OTYMTA HAIMYMETO Ha BBIIEBOAOPOIH. M3mon3Ba ce B
JOTIBJIHEHUE KbM APYTH KPUBH 32 IIPOCKTUPAHE HA ISUIOCTHH CUCTEMH
3a MMPOTHBOIIOXKAPHA 3alUTA.

4.4. RWS (Rijkswaterstaat) kpuea

Tasu kpuBa ¢ cb3aaneHa or Rijkswaterstaat, W3MBIHUTETHHUST
OpraH Ha HUJEPIAHJICKOTO MHHHCTEpCTBO Ha MH(PACTPYKTypaTa U
yrnpasienuero Ha Boxure (RWS), ceBMectHO ¢ lleHTBHpBT 32
NPOTHUBOINIOXKApHN W3cienBanuss Ha TNO (TOHAcTOSIIEM W3BECTEH
kato Efectis Nederland). Ts cumynupa nokap B 6aceifn, abpipkamy ce
HA W3TMYAHE HA TOPHBO OT LWCTepHAa ¢ obeM 50 m®, kosTo e
yyacTBana B cOmbChbK. IlmomrTa Ha ropsmms Oaceitn e 150 m?.
JlokazaHo e oOaue, ye BHCOKHUTE TeMIlepaTypu Ha KpuBata RWS
Morar Ja ObJaT AOCTUTHATH U B TYHEIHA Cpela 10 BpeMe Ha Moxap
Ha TEXKKOTOBApPEH aBTOMOOMII C TBBPJ TOBAP.

HcropusTa Ha ch31aBaHETO M € MOAPOOHO ONMHUCaHa B JOKYMEHTA
,»Efectis-R0695:2020 TIporenypa 3a U3nuTBaHe HA MOKAp Ha OETOHHK
TYHENHH OOJNHIIOBKM W [Ipyrd TyHenHu KommoHeHTH™ [11]. Toii
NpeMHHaBa Ipe3 HIKOJKO eTalma Ha INpeu3JaBaHe M JOIbIBaHE
3armoyBaiky ot 1986 r., 1998 r. u 2008 r. ITociieIHOTO TOMBIHEHHE €
ot 2020 1. KaTo TOW BeYe BKIIIOYBA M M3MUTBAHE HA YCTOMYMBOCT Ha
OIbH Ha APYrH KOMIIOHEGHTH Ha TYHeNa, KaTo BpaTH, 3aIllUTH Ha
NpeMUHaBaHUs, KaOeJHW KaHaJIM M CHUCTEMH 3a 3aliuTa Ha (QYyru B
TyHerna.

IIpe3 mocnemHUTe HAKOIKO TOIMHH BCE IIOBEUe OPraHH B
Hunepnanaust 3anbipkaBaT COOCTBEHHIMTE Ha TYHENH Jla JOKa3BaT
Ho)xapHaTa 0e30IIaCHOCT Ha ChIECTBYBamuTe TyHenu. ITopaau ToBa
HUJIEPIAHACKOTO MPABUTEICTBO € BKIIOYMIO B Ipoueaypara ot 2020
T. U M3BBPIIBAHE HAa OTHEBM M3IIMTBAHMS HA MSCTO ¢ MOOMIHA Iell
BMECTO B JTaDOPaTOPHSL.

Ipu xpusata Temmepatypara ot 1200°C ce noctura wa 107
MUHYTa, & MakcuManHute rpagycu ot 1350°C ca mocturanu B 60™™
munyta. Crnena HamansgBaHe Ha TteMmneparypara o 1200°C,
MOIbPIKAHA 33 ABJIBI MIEPUO]] OT BpeMe (10 2 — 3 yaca).

JlpyraTa chlllecTBEHa pa3jivKa MEXAY Ta3H M OCTaHAJINTE KPUBH, €
4e TyK Clie]] IepHo/ia Ha HarpsiBaHe, cile/iBa MepUoj Ha OXiaxaaHe. B
pamkure Ha 90 MmunyTH ce gocturar ot (1200 + 150)°C (Durypa 5).
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aTy 1ooo
pa,
OC BOO
— RWS xpuBa
GO0
(aza Ha oxXJaxmaHe.
400 JIMHAKM  Ha  JOIYCTHUMHTE
200 OTKJIOHEHHS
0 30 &0 @0 120 150 180 210 240 270

Bpente, [min]

durypa 5 - RWS (Rijkswaterstaat) kpusa

Pazeutero Ha kpuBata (Tabmuma 2), BKIIOYBAIO HAarpsBaHEe U
oxJiaxIane e npezcraseHo tabimuno B Efectis-R0695:2020 [11].

Tabmuua 2 - RWS (Rijkswaterstaat) kxpusa

IETanu IETan Ha NOBMIIABAHE HA TeMIepaTypaTa

Tal Ha OXJIAsKIaHe
Temmepatyp

 [°C] 20(890(1140}1200j1300[1350{1300|1200] 1200 (1200|600{300{225|150

Bpeme [min]) 0 | 3 | 5 |10 | 30 | 60 | 90 |120]|>120] 0 |10|30|60 |90

4.5. RABT ZTV kpueu
RABT (Richtlinie fiir die Ausstattung und den Betrieb von
Strafentunneln in Deutschland) ZTV ca kpuBm, pa3paboTeHH B
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I'epMaHus B pe3y/rTar Ha MOPEAULA OT U3IUTBATEIHH IIPOrPaMH, KaTo
Hanpumep npoektbT Eureka [12]. Kpusute ce mpuiarar 3a TyHenH 3a
KoM M 3a Biuakoe. IIpu TAX Temmeparypara ce MOBHIIABA MHOTO
0bp30, mocturaiikm 1200°C 3a 5 wmuHyTH. Bomopeku ToBa,
MIPOABIDKUTENHOCTTa Ha Bb3feicTBueTo mpu 1200 °C e mo-kpatka,
OTKOJIKOTO TIpH JPYTd KpuBH. Ilpum aBTOMOOWIHH TIOXapH
TeMIeparypaTa 3anousa aa cmana cien 30 munyTH. [lpu moxxapu BbB
BJIAKOBE CIaAbT 3arousa exBa cien 60 munyTH. U 3a nBeTe KpuBH Ha
noxap ce npwiara 110-MuHyTeH nepuox Ha oxnaxngane. KpaiiHara
LeJT € TeMIlepaTypaTa Ha apMUpOBKara a He Hajgsumasa 300 °C.
Pa3BuTHETO Ha TeMmIepaTypaTa INpU TYHEIM, W3MOJ3BaHU 32
aBTOMOOMJIM | 3a BJIaKOBe € npeacraBeHo B Tabmuua 3 u @urypa 6:

Ta6mmia 3 - RABT ZTV kpuBu

Kpusu RABT ZTV - Baakose |RABT ZTV - apTomModnIn
gfcl‘ﬁ“efmypa 15 [1200(1200| 15 | 15 | 1200|1200 | 15
Bpeme [min] | 0 | 5 | 60 |170| 0 5 | 30 | 140

— RABT-ZTV (car), G

30

Bpeme, min

@urypa 6 - RABT ZTV kpusu [12]

4.6. Kpuea EBA (EUREKA)

Kpusara EBA m3BectHa cpimo kato EUREKA BJIC EN 499, ce
W3M0N3Ba MPEIMMHO 32 OLGHKAa Ha I0XapOYCTOIYMBOCTTA MPH
eKCTPEMHH T[OXKapHH YCIOBHS B  Kene3omsTHH —TyHenu[13].
Pa3paboTeHa e KaTo 4acT OT €BPOIEHCKHS M3CIENOBATEICKH MPOEKT
EUREKA. Tlomara mpu npoeKTHpaHETO Ha TyHENIHHM KOHCTPYKIHUH,
KOMTO MOTaT Jia M3IbpKaT Ha BUCOKHM TEMIIEpaTypy U HWHTCH3WBHH
MOKAapHHU CLIEHAPUH, KaTo rapaHTHpa 0€30MacHOCTTa Ha MTHHULUTE U
yJecHsBa e(h)eKTHBHUTE MTOKAPOTACUTEITHU OTIEPALHH.

IIpu Ta3m kpuBa TemmepaTypata noctura npudmmsurenso 1200°C
B PaMKHTe Ha 5 MUHYTH OT Bb3uiameHsiBaneto (Purypa 7).

1400
€M 1200
T€P4000 \
aTy. \
y‘ 800
pa, e
oC 800 \
. 400 \
200
0 ‘ ‘ \
0 50 100 150 200
Bpewme, min

®urypa 7 — Kpusa EBA (EUREKA)

5. 3axniouenue

Kem 2025 r. u3uckBaHMATA KbM TYHEIHHMTE IIPOTUBOIOKAPHU
BpaTu B bbarapus ce ocHOBaBaT Ha IeNyJI03HAaTa KpUBa Ha MOXKapHO
Bb3/IeiiCTBHE, KOATO HE OTYHMTA CIIELU(HKUTE HA TYHEIHUTE HOKapH —
U3KIIIOUUTENHO OBbP30TO MOKAaYBaHE HAa TEMIIEPATypaTa U Mo-BUCOKOTO
HaJraHe, koeto ce gocrura. Excrpemuurte kpusu kato HCM, RWS,
RABT u EUREKA ca unTerprpanu B eBpOINEHCKHUTE NPAKTHKA U BCE
1oBeYe Ce YTIBBbpXKAABaT KaTo 0a3a 3a OIEHKa HA TYHEIHUTE
KOMIIOHEHTH, BKJIIOUUTEJHO BpaTuTe. BbBeXmaHeTo UM IIe
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rapaHTHpa, Y€ HPOTUBOIOKAPHUTE BPaTH M JPYTUTE KPUTHYHU
€JIEMEHTH OTTOBAPAT HA MO-CTPOTH U PEATNCTHYHM H3MCKBAHHUS 3a
YCTOHYMBOCT NPH MOXKap.

Joknanst mokassa, ue B Hapenba PJ[-02-20-2 nurcBa u3nuckBaHe
U 3a XapaKTepHUCTHKaTa ,,KOHTPOJ Ha JUMa“, KOSTO B eBpoIlelicKara
NpakTHKa Ce pasriexaa Karo KPUTHYCH eJIEMEHT 3a YCIIelIHa
eBaKyalys 1 0e30macHOCT Ha Xopara. BaxxHo e 1a ce BbBene U3pHIHO
HOPMAaTMBHO WH3UCKBAaHE BpAaTUTE B TYHEIHWTE Ia OCHTYpsBaT M
e(eKTUBEeH KOHTPON Ha auMa. ToBa me monoOpu YCIOBHATA 3a
€BaKyalys U 11e HaMaJli PUCKa 3a XOpaTa U CIACHTEIHUTE SKUMHU TIpU
UHIUACHTH.
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THUNHYHY ICUXUYHH ChCTOSIHUSA HA JIMIIEHHUTE OT CB060IIa
Typical mental states of prisoners
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Abstract: . Isolation and forced cohabitation in penitentiary institutions cause specific mental states of sadness, stress, depression, anxiety,
and increased arousal among those deprived of their liberty. They influence the behavior of prisoners and targeted interventions must be
implemented in relation to them to prevent emergencies, destructive actions and conflicts.

Keywords: prisoners, mental states, sadness, stress, anxiety, depression, agitation, dissatisfaction, affect.

1. Yeoo

B o01ara ncuxoorys, Ipeay MHOTO BpeMe, ca 060COO0eHH TpH
OCHOBHH MCHXMYHH siBIeHHs. ToBa ca .IICHXWYHUTE MPOIIECH,
ChCTOSTHUS U cBoMicTBa. Te mMOCTOSIHHO cH B3auMmojeiicTsar [7]. 3a
NPaKTUYECKOTO  peajn3upaHe Ha MoJo0Ha  (YHKIMOHATIHA
Kosabopanusi BaKHa POJSI WIPAST MCHXWYHATE ChCTOSHMA. Te
YeCTO C€ ONpPemeNsaT OT OTHeNHH H3CIENOBATENH  KaTo
MPE3EHTUPAINH [UIOCTHATA [ICHXAYHATA aKTHBHOCT 3a KOHKPETEH
BPeMEBH MEPUOJ, HHIWKHPAINM CHeUU(UIHATa AWHAMHKA Ha
NCUXMYHHUTE MPOLECH, JACTEPMUHUpPAHA OT OCOOCHOCTHTE Ha
HepUenTHpaHuTe OOCKTHBHU SBJICHHS, MPEIXOAHH CHCTOSHHS H
mnaHoctHd  uyeptd  [9],[7]. TIcuxuuHOTO CBHCTOSHHE OTpas3siBa
JIMYHOCTTA Ha OTJENHMS YOBEK B HeitHara remantHoct [2], [19] Ho
3a JaJieH IepHoJ OT BpeMe, KOeTO MOKa3Ba Heropara H3MEHIHBOCT,
JIMHAMHYHOCT, BPB3KaTa My ChC CMCHSIIMTE CE CHUTyalHd W C
JeCTBHSATA HA TaCH HHIMBHIL.

[McuxudHuTe CBCTOSIHUSI  CTPYKTYpHpaT —IICHXHYHATa
aKTMBHOCT Ha XopaTa WU TIXHOTO IIOBEJECHUE , 3alloTO Te
HPEICTaBIsIBAT ~ TEXHUTE  ,,...XapPaKTEPOJIIOTHUYHU  OCOOEHOCTH,

MOTHBH, HArjlaCH M OTHOIICHHE KbM MPOTHYAIIHTE CHOUTHI[7].
Te3n KOHIENTyaHH MOCTAHOBKM HH IMO3BOJISBAT Ja HAIpPaBUM
U3BOJA, Y€ IMCHXUYHHATE ChCTOSHUSI Ca HE CaMO HHTErparop u
B&KHO CBBP3BAIIO 3BEHO B HAIIETO IICHXHYIHO (YHKIHOHHpPAHE, HO
Te UMAT ChHIIECTBEHA PEryJmparia pojis, MOAIOMAaraT pa3BHTHETO,
aTanTanusITa Ha X0para, TIOCTUTaHeTO OT TAX Ha Pa3IuIHH YCIIEXH,
KakTo W (HMKCHPAHETO IO OTHOIIECHHE Ha KOHKPETHH TPYAHOCTH H
npooIeMu.

ITpunyauTenHata n3oyanys Ha OChACHUTE B IICHUTECHIMAPHUTE
3aBeJCHUS MIpeIU3BUKBA LIEJICHACOYEHO OrpaHuyaBaHe,
INPECTPYKTYpUpaHe Ha WHAMBUIYaJHUTE aKTUBHOCTM M Hajara
penuia 3a0paHy 110 OTHOIICHHE Ha TAX. BCHYKM Te3m pecTpuKIn
MHHIIMPAT TOsBaTa Ha HEYJOBJICTBOPEHOCT, (PYCTPUPAHOCT H
oxecroueHocT [10]. Te3u NCUXUYHU CHCTOSHHUS Ca JOMHHAHTHH H
OTIpEEIISIIY 3a eKEIHEBHOTO ITOBEICHNE Ha JIMIIEHUTE OT cBoOOa
U 32 TIXHOTO BKIIOYBAaHE B  OTAENHM  JIeHHOCTH W
peconMann3aoHHU IPOrpaMH.

CHCLII/I(l)I/IKaTa HAa TNICUXUYHUTE CBCTOSHUSI HA OCBHBACHHUTEC CC
GbopMHpa W TOA BB3ACUCTBHETO Ha BOJCIIMS MM CTPEMEX 3a
CIIOKOEH J>KMBOT B 3aTBOpHATA HMHCTHTYIMS W W30sATrBaHe Ha
HEHYXKHUTE MPOoOJaeMH. 32 IeITa MHOTO OI' OCBHJICHHUTE Ca CKIOHHU
Ja THPCAT CHOTBETHHTE BApHAHTH HAa  CAMOMW30JIALMS U
MPEINOYUTAT JTOOPOBOJHO Ja Ce HACTaHSABAT B CaMOCTOSTENTHA
KWK, 1a 4Y€TaT CAHOBPEMEHO HAKOJIKO KHHUIH, Jla C€ aHTaXXupar C
nojlarane Ha Tpya win ¢ xobu-nmeiroctn [23],[18]. Taka Te
penyuupaT HaTpynaHaTta GpycTpauus U IMOCTOSHHO HMOTHCKAIIOTO
I'Ml ChCTOSIHHE Ha ThI'a, 33 KOETO 10 BIICYATIISABAIL HAYMH Ca MHCAIN
@. Tocroescku, ®. Poiirep, O. Yaiing, M. I'epuer [18]. N36panara
CaMOCHXpaHHUTEIHA CTPATerds M KOMIIEHCATOPHOTO OSAICTBO OT
ThraTa JaBaT BB3MOXKHOCT Ha JIMIICHUTE OT cBoOoJa Ja
NpeIu3BUKBAT U 3alla3BaT IICHUXUYHHUTE CH CHhCTOSHHS Ha 0OIpOCT,
YIOBIETBOPCHOCT, PAajOCT B TPYAHOTO CH IECHUTCHIMAPHO
exennesue [6].
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[IpUHYAUTENHOTO CHKUTEICTBO B 3aTBOPHATA HMHCTUTYIHUS
HNOJIbPKa B JIMIIEHWTE OT CBOOOJA MOCTOSHHO HHMBO Ha
HarpersaroctT u tpesoknoct [6],[18]. To ce ompenens ot Texuute
roJIeMd W TBBPAE OCHOBATENHU ONACEHUs, KAKTO U OT MHUHAI

JIMYCH OITUT, qe e 6’bﬂaT YHUW)KaBaHU, HacuJIBaHU,
MaHUITYJIMpaHu, HIaHTaXUpaHu o pas3jinyoun IOBOJIU oT
OCTaHAJIUTEC OCBHACHHU nim TCXHHUTEC JIMACPH. duznyecku

MaJITPETUPAHUTE M TPyOO MaHHIYJIMPAaHHUTE JIMIICHH OH cBOOOIa
yecTo MpedWBaBaT B CHCTOSHHE HA JUCKOMQOPT, OTYasHUE,
HOBHILICHA TPEBOXKHOCT, Pa3JpasHUTEIHOCT M THEBIUBOCT, KOUTO
UM mpedar ga ObJaT ageKBaTHU B JIEJIOBHTE CH AKTHBHOCTH W B
CBOMTE MEKTYIHYHOCTHU HHTEPAKIIUH.

Opycrpanusi, Oe3MOKONWCTBO, THSB MPEKHUBIBAT OCHICHHTE B
X0lla Ha M3TBHPIISBAHE HA CBOMTE HAKA3aHHs, KOTaTo Ca JTBKHU
HEMPEeKBCHATO [[a MPABST KOMIPOMHICH U Ja OTIUTAT NPETECHINHTE
Ha JPYrd JIMIICHH OH CBOOOJA, KOWUTO CE IBP)KAT arpecHMBHO H
apOTaHTHO ¥ HE Ce MPHUTECHSBAT OT CUTYalWH Ha JUPEKTHO
¢usmyecko mporuBobopcerso [18], [10].

3HaunTeNnHaTa IPOMsHA B CTaTyca M 3arybara Ha COLHAIHH
KOHTAKTH CJIe/l TIOCTBIIBAHETO HA OCBHACHUTE B MEHUTCHIIHAPHHTE
3aBelICHUS TH MOTHBHPa KbM aKTHBHO TBPCEHE Ha MOAXOJIIA
eMOIMOHAIHA MojKpena. HeWHHAT AeuuUT YecTo TI'H MpaBH
MHOTO ()pyCTpHpaHH, THEBHH M HEYIOBIETBOPEHH OT OTCHCTBHETO
Ha eJIEMEHTapHO pa3OupaHe W CHUYBCTBHE OT CTpaHa HAa OPYTHTE
OCBJICHH. 3a CMeTKa Ha TOBa B HE(QOPMATHHTE 3aTBOPHUYECCKH
TPYIIH [0 MECTOKUBECHE W MecTopaboTa BB3HHUKBAT M TPAMHO ce
YTBBPXK/aBaT TBBpIC Bpax1eOHI 7 KOHKYPEHTHH
B3aumooTHoIenus [16], [18], [10].

ITo BpeMe Ha U3THPISIBAHE HA CBOUTE MPUCHIU JHUIIEHUTE OT
cBobosa ca (GpycTpUpaHH ¥ 3HAYUTENHO HEYIOBICTBOPCHH OT
JMIICA HA Ha [O3UTHBEH €MOI[MOHAIEH J>XMBOT M KIMMar B
MEHUTEHIMAPHUTE MHCTUTYIUH. TOBa TM Kapa Ja Ce OPHEHTHpAT
KbM Pa3JIMYHUII aJITEPHATHBH HA KOMIIEHCATOPHO OOIIyBaHe, 3a Ja
MOJIBPIKAT CBOSATA YBEPEHOCT, YIOBICTBOPEHOCT M JIa W3IHMTBAT
MOBeYEe PAJ0CT B CIIOKHOTO CU €XKEIHEBHE.

[leHuTeHMapHaTa U30JIAMSA U NPUHYIUTEITHOTO CHXUTEICTBO
B pa3IMYHUTE KaTErOpUHM MecTa 3a JIMIIaBaHe OT CBOOOAa HajaraT
MHOXXECTBO OlpaHMYCHHS HaJA MEpCOHaNHaTa AaKTUBHOCT Ha
JumeHnTe oT cBobona. ToBa mnpean3BHKBa CHIIHA CBHIPOTHBA,
HETaTHBU3bM, TMPOTECTHH IEHCTBUS, KOUTO C€ CBIPOBOXKIAT OT
€/IHA CTpaHa C JOMBIIHUTEIIHA KPUMHHAIN3AIMS Ha OCHICHUTE, a OT
Ipyra CTpaHa ¢ TO3UTHBUpAaHE W CTa0WIM3HpPaHE Ha TEXHHUTE
MICHXWYHH CHCTOSHUS B TO3W CMHCBHI YKpermBaHETO Ha MCHUXUYHHS
Gamanc u KoM(pOpPT Ha JHMIICHHTE OT CBOOOJa, B Mpoleca Ha
U3THPISBaHE Ha TEXHHUTE NMPHCHAU, C€ 3aIlialia ¢ JONBJIHUTEIHO
pasHUTHE Ha AacOLMAIHHUTE LEHHOCTH, HAarjlacu M CIEHapuu Ha
MIOBEJICHUE.

Hpe6I/IBaBaHeTO Ha JIMOICHUTEC OT CB06OZ[a ABJITO BpEME B
I(ereCI/IBHO',HI/IC(bOpI/I'IHO CbCTOSIHUE CC€ OTpassiBa HEraTUBHO Ha
TAXHaTa JUYHOCT, CaMOOLCHKa W CaMOKOHTPOJ B Ppa3jiMiHU
CUTyaluu.
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CrnenoBaTenHo, KakTO IO3UTHBHUPAHETO HAa IICUXUYHUTE
CbCTOSHUS HAa OCBJCHUTE, Taka M TAXHOTO HEraTUBHO
CTPYKTYpHpaHe B €IHAaKBa CTEleH JONPHUHACAT 3a TIAXHATa
KpPUMHHAIM3alKs, TOBEJCHYECKHs IucOalaHCc, HHTETPUPAHE B
3aTBOpPHHYECKaTa CyOKynTypa W 3a IICHXOIATH3aIMATa Ha
JUYHOCTTa WM . 3aToBa CBOEBPEMEHHOTO IHarHOCTHpaHe Ha
MpoOJIeMHUTe TICHXWYHH CBCTOSIHHUS, TSAXHOTO peryjiIupaHe M
KOpeKIUsI € OT IIbPBOCTEIIEHHO 3HA4YEHHWE 32 OCHIYpsBaHE Ha
CHI'YPHOCTTA Ha NCHUTCHIMAPHUTE WHCTUTYLMH U OCBIIECTBSIBAHE
B TSIX Ha €(DEeKTUBHOTO TPETUPAHE Ha JUIIEHUTE OT cBoOoIa.

2.Ilpeonocmaséku u Hauunu 3a peuiagane Ha
npoonema

.VCIEIHOTO INATHOCTHPaHEe W WHTEPBEHUPAHE HA TICHXHIHUTE
CBCTOSIHMSI Ha JIMIIIEHATE OT CBOOOJA € CBBP3aHO C TAXHATA
npenu3Ha WACHTH(HUKAmuMs, OasMpaHa Ha peJieBaHTHATA UM
mudepeHnMaMss M THOOJNOrM3auus. B chBpeMeHHara
[EHUTEHIMAPHA [ICHXOJIOTUsl [ICHXUYHUTE ChCTOSHUS HA JIMILIECHATE
OT cBOOOJA Ce AHAIM3UPAT M TUIIOJOTH3MPAT B KOHTEKCTa Ha
OCHOBHHUTE €TalU OT U3THPISIBAHETO HA HAKA3AHUETO JIMIIABAHE OT
ceoGoma [18], [17], [22], [8]. ToBa ce mepuoma Ha amanTanMsATa,
KOMTO 3alio4Ba OT MOMEHTa Ha TMOCTBIIBAHETO HA JIMIIEHHS OT
cB00O/Ia B MIEHUTEHIIMAPHATA MHCTUTYIUS W MIPOABIDKABA OT 3110 6
Mecena. ClieZiBa OCHOBHHAT €Tal OT M3THPIIABAHE HA HAKA3ZAHUETO,
KOETO € MOCJEe[BaH OT eTana Ha IMOJArOTOBKATAa 33 HM3JIM3aHE Ha
cBoGoxa. Beekn OT Taka oyepTaHWTEe MEPHOAM € ChIPOBOJACH U C
MosIBaTa Ha OTPECIICHN ICUXUYHU cherostaust [7], [17], [10].

B. TlozgmskoB (2003) u A. Koitn (2015) cmenuanto
[IOIYEePTABAT, Ye CJIe TPAHCIIOPTUPAHETO Ha MPaBOHAPYIUUTENS, B
MIEHUTEHIIApHATA WHCTHTYIHs, TOH € OOBPKAH M CMYyTEH OT
3arybara Ha JM4YHATa CH CBOGOJA U aBTOHOMHOCT, OT yiapa BbPXY
craTyca W caMoOOLleHKaTa My. HapacrtBa HeroBmwsit crpax oT
ClIpaBsiHE C arpecusiTa W MaHUIYJAMATE HA JIPYTUTE
OCB/ICHH,KaKTO U OIIACEHUSATA MY OT JIE(QHUIINTA OT XETEPOCEKCYaTHH
mpakTuky [18].

B. IlupoxkoB oTONA3Ba, Ye B paMKHUTE Ha aJaNTalldOHHHS
TIepHOA JHIICHUAT OT CBOOOAA Ce cpemia ¢ TOMSIM TPYJHOCTH H
npoOJIeMH, TIOPOJICHH OT PEXMMHUTE OrPAHMYCHHS W BBHTPEIIHHS
pex, OT HaJIMYHATA 3aTBOPHUYECKA CYyOKYITypa, OT yCTaHOBEHATa
CTPYKTypa Ha (OpMaJHUTE M HEe(OPMAJIHU HHTEPAKIUH, B KOUTO
TpsI0Ba 1a ce BKIIIOYM U 112 OTCTOSIBA CBOS CTAaTYC, POJICBA TTO3UIINSL
W JHUYHO NPOCTPAaHCTBO. [IpeomonsBaHeTo HAa BH3HWPAHHTE
3HAQUXTENHU 3aTPYAHEHUs € CBBP3aHO C MHOTO WHTEH3WBHH
CBCTOSIHUSI Ha TPEBOTA, JIETIPECHBHO HACTPOCHWE, HApYIICHUS Ha
CBHS, TOBHINCHA PA3JPA3HUTENHOCT M yBeJIedeHa KOH(IMKTHOCT
[17].

Penuia aBropu mocousar [23],[22],[12],[8] nmocousar, ye npes3
OCHOBHHSI TMEPHOJ OT H3THPISBAHE Ha HAKA3aHHETO OCBJCHHUTE
IOCTENICHHO CE aJalnTHpPaT KbM CBOeOOpa3HaTa OOCTAaHOBKA B
MEHUTEHIIMPHATA HHCTUTYIIMS, KOETO MPEAN3BAKBA HaMalsiBaHe Ha
H3pa3eHOCTTa Ha ChCTOsiHMATA Ha auctpec [18]. OchaeHnte, KOUTO
3aeMarT ayTcaiifiepcka TO3WLHS B HeQOPMATHHTE  TPyNH Ha
JMIIEHATE OT CBOOONA MEPMAaHEHTHO HW3MHUTBAT CHJIHHA CTPaXxOBH
CHCTOSTHUSI 30pajId OYaKBAHHATA CH OT BUKTHMH3AIIHS,

B TeueHue Ha OCHOBHHMS nepuoa, OT U3THPIABAHE Ha
HaKa3aHUETO, TPEBOXHO-ACTIPECUBHUTE CbCTOAHUA HA JIUILICHUTE OT
cB00O/1a HAMAJISIBAT, 3aII0TO TE CE MPUMHUPSBAT ChC CBOATA ChI0A U
NpUIOOMBAT HOBH IENM W MOTHBALMOHHH OPHEHTHUPH, KaTo
HHTEH3MBHO Yy4YacTBaT B pa3lpOCTPAHEHHTE CYOKYJITYpaaHU
aKTUBHOCTH M KOMYHHKAllUs, NMPOTHBOpEYAIld Ha PEKUMHHTE
HOPMH, IPUCHIIHN 32 perilaMeHTa Ha 3aTBOPHUTE M 3aTBOPHHYECKUTE
obumiexutis. Taka OCBACHUTE aKTUBHPAT CBOS TOHYC W
CaMOyBa)ke€HHE, 00e3IeuaBaT CaMOONpPABICHHETO CH, a TEXHHUTE
NCUXUYHHUTE ChCTOSHMSA ce nmosutuBupar [24],[12],[15],[11]..

B Teuennme Ha OCHOBHHUS e€Tall oOT U3TBPIABAHETO Ha
HAaKa3aHUETO OCBACHUTE Ca IIOTUCHATH, TPEBOXHU, TBBPAC
U3HCPBCHU, MHUTCIHU [6] BI/I3I/IpaHI/ITe NICUXUYHU CHBCTOSAHUA Ca
NpeAU3BUKaHU OT PECKHUMHUTE 3a6paHI/I, OT 3HAYUTCIHUTE
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npotuBobopcTBa,  ¢usmdecku u  BepbaaHM  CONBCHUUM U
KOHKYpeHIMst B He()OpMalIHMTE 3aTBOPHMYECKH TPYyHH, OT
HOCTOSHOTO YCEIlaHe 3a MPEeACTOSAIM TPYAHOCTH, HPOOIEMH U
3J0CTHH MHTPUTH TIPH pealM3alldiTa Ha PasjIMYHH JICHHOCTH U B

CBOOOJTHOTO BpeMe.

TpEBOKHOTO OYAaKBAHE MHOTOKPATHO € HAOJIOJaBaHO Cpejl
JIMIIEHUTE OT CBOOOA, KOUTO MPEMHHABAT [IPE3 OCHOBHMS €Tal OT
U3THPIIBAHE HA CBOSATA MPHUCH/IA. [0JIIMa 9acT OT TAX C€ HAMHPAT
B CBCTOSHME HA MOBMINEHA HANPETHATOCT, KOETO CJIEN H3BECTHO
BpeMe ce TpaHc(hopMHUpa B M3pa3eHa MACHBHOCT M OTYasHue. Te3u
CBCTOSIHHMSL Ca MHOIO THIMYHM 33 OCHIEHATE HA IO-
NPOABIDKUTENHN CPOKOBE JIMIlaBane ot ceobosa [18],[17],[11].

TpeBOXKHOTO OYAaKBAaHE € MHOTO XapakKTEePHO IICHXHYHO
ChCTOSHHE 3a JIMLOICHHS OT cBOOOJa, HAa KOMTO TpencTou
0CBOOOXIaBaHEe OT NEHUTCHIMAPHOTO 3aBeneHue. Toll € MHOro
HalperHar, crpaga OT pa3iMYHH ICHXOCOMATHYHH CHMIITOMH,
YeCTO0 M3MHUTBa OypHa pajoCT U € CKIOHEH KbM H3pa3eHU
adextuBHu  neiictBust  [6]. CKOpOIIHOTO OCBOOOKIABaHE OT
3aTBOpDHATa HHCTUTYIMS € HAaTOBapEHO C MPEKMBSIBAHETO Ha
roJIsiMa HEONPEEICHOCT 3apay ObACIIMTE CUTYAlluH, OTHOLICHUS
U IEPCIeKTHBU, B KOUTO TpsOBa Ja y4yacTBa OWBIIMS JIMLIEH OT
cBobonma. Te ro oObpkBaT, HampsraT W oT4aiBar. Toil M3MHUTBa
CHJIHA PajocT U Bb30yJaa OT MHUCBITA 3a IpeJCTosIaTa cBoboa 1
HapalieSIHO ¢ TOBA € MHOTO OTYasH, Thil KATO Ce YyBCTBA HENPHET,
CTUTMAaTU3HUPaH,, U30JIUPaH, caM U OE3MOMOIICH TPel MHOKECTBO
oT mpoOeMH, C KOUTO U JI0 Cera ce € CrpaBsl 0e3 0coOCH ycmex

[10].

OcBoOokgaBaluTe ce JHIIEHH OT CcBo0OJa ca TBBpAE
BB30YJICHH U HETHPIENMBHU. Te MpaBAT Ch3HATENHHW M HEOCH3HATH
ONMUTH J1a CBKPATAT BPEMETO W OaBHHS XOJ Ha MOCICTHUTE THU U
nopu  yacoBe. ToBa  JONBIHHUTEIHO  yBENIUYaBa  TSIXHOTO
HeThbpIeHHe, BB30yma M TpeBoxHOCT. Ilpy mosBara Ha ToOBa
KOMOWMHHMPAHO TICHXHYHO CHCTOSHHE Ca MHOTO BEPOSTHH OIHTH 32
OsirctBO [16], peakiuy Ha HETMOJUUHEHHE, TIPOTECT UITH Bh3HUKBAHE
Ha KOH()JIMKTHU CUTYallMH, KOUTO MPEeIH TOBA HE ca OMIIM MPHUCHIIH
3a Mo yIeKalius Ha 0cBOOOXK JaBaHe nuiieH ot cBoboa [10].

[lpy  [OKHMBOTHO  OCBJEHUTE, OTHEIHH  H3CIEAOBATEIN
[23],[3],[13],[8] ycraHOBsiBaT  TPHUCHCTBHETO  HA  pEAMIA
KOMIUTHIIMPAHY, aMOMBAJEHTHH W JECTPYKTUBHHM TICHXHYHH
CHCTOSIHHSL. Cpen TAX JOMHHHpPAT  CBCTOSHUATA  Ha

GesrepcrieKTHBHOCT U Ge3HanexHocT [11]. WHTeH3uBHOCTTA MM
OOMKHOBEHO CIIajia, KOTaTo JOKHBOTHO OCBHACHHUTE Y4acTBaT OT
HAauaJOTO Ha CBOETO TEXKO HaKa3aHHe, B Da3iNdHH TPYAOBH
IEHHOCTH, KOMTO MOTAT [a Ce Pealn3hupaTr B 30HHTE 3a MOBHIICHA
CHT'YPHOCT, KBJIETO Te ca HacTaHeHu [1].

JI0’)KMBOTHO OCB/ICHUTE MPABOHAPYIINTENHN Ha MPAKTHKA HIMAT
HUKaKBH MEPCIIEKTUBH 1 Haaekau. Ha Te ca ,,... 00peueHH, OTUasIHH
M TOTOBH Ha pAa3IMYHH JECTPYKTHBHH U aBTOJCCTPYKTHBHH
neiictBusi. TAXHOTO TOBEACHHE € TPYAHO MPEACKa3yeMo W Ha
MOMEHTH  CEpHO3HO MOXKE Ja 3acTpalld CHIYPHOCTTAa Ha
MIEHUTEHIIMAPHHIS IEPCOHA U Ha IPYTHTE JIMIIeHH OT cBoboma“[1].
Te3sn TeXHM aKTHBHOCTH Ca  €CTECTBEH  pe3yirar  oT
B3aMMOJICICTBHETO HA CBCTOSHUATA Ha KpailHO OTYasHHe,
037100€HOCT U BPaXIEOHOCT C TaKWBa CTEHHYHH CHCTOSHHS KATO
PELINTEHOCT, YBEPEHOCT U TOJISIMA MIPUITOBAUTHATOCT [6].

3HauuTenHaTa  BpaxaeOHO-arpeCMBHAa  OpHMEHTAlMs  Ha
JOXKUBOTHO OCBACHUTE HaMHUpa HU3pa3 U B TUINUYHUTE 3a TAX
CBCTOSIHUS Ha NPETEHIIHO3HOCT, HEYyJIOBJICTBOPEHOCT,
pasnpasautenHoct [4].

JIOXKMBOTHUTE JIMIIEHWTE OT CBOOOJA HAMAT JKMTEHCKH
MEPCIIEKTUBH, HEMPEKbCHATO M CTPOTO C€a KOHTPOJMPAHH M
HaOJIolaBaHK, 3apajd KOETO C€ HAMHUpaT B ChCTOSHHE HA
G€3HAIEKHOCT, PEAN3BUKBAIIA Bb3HUKBAHETO MPH TSX HA THEBHO-
a(heKTHBHY WM JAEMPECUBHU ChCTOSHUA. Te TIEPUOANIHO CE CMEHAT
exnHo ¢ apyro [21],[25],[14],20].

,,HO)KI/IBOTHO OCBJACHUTE Ca NECUMUCTUYHHU, YECTO NPEKUBABAT
CK3UCTCHIHAIHU KPU3U U TPYAHO CTPYKTYypHUpaAT Npe/iCTaBaTa CU 3a
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Obaemiero. Ilo Te3n NPUYMHM TE C€ CaMOM30JMPAT, MOTHBAT
HpeaHN MPSKUBSBAHNS, KOUTO TIOHIKABAT ICHXUYHHS UM TOHYC H
ry0sIT HHTEpeC KbM PEATHOCTTa M OOKPBKEHHETO cu ,,[11]. 3a Tax
ca XapaKTepHH [CHXUYHUTE CBCTOSIHHS Ha  Pa3CesHOCT,
CIIETHIN3BM, JICTIPECUPAHOCT, THTA, U TOJSMA HEYIOBIETBOPEHOCT
OT aKTyaJIHOTO ChlIecTBYBaHE [6].

Bcekn ot erammre Ha U3THPIIIBAHETO Ha HaKa3aHUETO

JWIIaBaHe  OT  cBoOojga  mopaxkaa — penuna  HeraTHBHH,
NPOTHBOPEUMBU M AECTPYKTUBHM ICUXUYHHM CBhCTOAHUA. Te ce
OT/IMYABAaT CbC 3HAYMTENIHA WHTEH3MBHOCT U  €HEPreTHYEH

HOTEHLMAl ¥ MOTaT Ja IpeIU3BUKAT HEAJAEKBATHU M ONACHH
peaKLyu, CBbP3aHU C arpecus M aBroarpecus. B rossma creneH
HONOOHM TICHXWYHH CBCTOSHUS ¥ OOyclOBeHaTa OT TAX
MOBE/ICHYECKA aKTUBHOCT Ca XapaKTePHH 3a aaTHPAIIUTE CE KbM
MCHUTCHIMAPHATA WHCTUTYLHS HOBOIIOCTBHIUIM 3aTBOPHHULH, 32
MOJICKAINTE Ha OCBOOOXKAABaHE OCHACHH M 3a JIUIICHHTE OT
cB000/1a, THPIISIIH J0KUBOTHH IIPUCHTH.

3.Peuwienue Ha npoy4eanus npoonem

PerncrpanmsaTa Ha TICHXMYHUTE CBCTOSIHHSI Ha  BCHYKH
NpOOJIEeMHH KaTerOpUH 3aTBOPHHIM, IIPe3 OTICITHUTE €TalmH OT
U3TBHPISIBAHE HAa HAaKa3aHUATA UM, CE OCBHIIECTBSABA NPEIH BCHYKO
OT Haj3UpareiauTe W HHcHekTopure ,,CouuanHu NefiHOCTH u
peamuTarenda pabora“(CABP). 3a menra Te TpsiOBa nma Obaar
o0y4eHH na TM MACHTH(OHULIHUPAT KaToO IMOJ3BAT ONPOCTCHA TAXHA
THUIIOJIOTHSL W ONTHMajeH Opoil Imoka3arenH 3a yCTAaHOBSIBaHE Ha
Haquunero uM. ToBa ce OTHacs B Hail-roysiMa CTeleH 10

NCHXWYHHUTE CBCTOSHHS HAa  TPEBOra, HEYJIOBICTBOPEHOCT,
paszapasHuTenHoct, adpekrupasocr [6],[10].
OTr MHOr0O TONIMO 3HAYEHHE € TOYHOTO EKCIPECHO

IMAarHOCTHpaHEe Ha ICHXWYHATE CBCTOSHHUS Ha JIMIICHATE OT
cB000Za B MOMEHTa Ha MOCTBIIBAHETO WM B MCHHUTCHIHAPHATA
MHCTHTYLHS W Cle]] IPOM3HACSHE Ha OKOHYATEeTIHATA WM TIPUCHIA.
B Te3um ciydam CBOEBpPEeMEHHO M MO-IPELU3HO TpsibBa 1ga ce
YCTaHOBU IPUCHCTBHETO HA JCMPECHs, OTYasHHE, O03T00CHOCT M
THSIB, 32 Jla C€ B3eMaT M3IpeBapBallll MEPKH U 1a He ce JOIyCHAT
aBTOArpeCcHBHH OMHTH, HanmaaeHus, octpu KoHdpukru [23],[5],[17].
Ha mnpakruka, ToBa ce peaqM3upa C IIOMOLIA Ha EKCIPECHH
CKPUHHHTOBH TECTOBE W CKalHM 3a JMArHOCTHKA Ha TCHXHYHHUTE
chCcTOSIHMSL. J[aHHWTE OT TAX C€ CBIOCTAaBIAT W aHAJIM3UpAT C
pe3yaraTuTe OT TPOBEACHOTO HAOMIONCHWE Ha aKTYaJHOTO
MICHXUYHO CHCTOSHAE HA KOHKPETeH JIMIIEHH OT cBOGOIa, KOWUTO
clIefBa MBJIHOLEGHHO Ja C€ M3IO0I3BaT IIPU IIbPBOHAYATIHOTO
MEHUTECHIHAPHO TPETHPaHEe Ha OChCHHUTE.

Ilpy numeHute OT cBoOOAA, NMPEANpPUENH CYWIWA, OIHUT 3a
OSIrcTBO, peanu3upalyd CeMHU30AU Ha HENOJUMHEHHE M ydyacTue B
OCTpH KOH(MIIMKTH C IPYTH 3aTBOPHHMITH, TPsIOBa Jja ce M3BBPIIH I10-
pasrppHaTa JAMArHOCTHKA Ha NCUXMYHHTE cheTosHus [11]. 3aroBa
MEHUTEHIMAPHNTE TICHXOJIO3M TpsiOBa Ja pasmoiaraT Cbe
CIeNMaNM3upaHa M CTaHAAPTH3HpaHa BBPXY 3aTBOPHUUYECKA
nomynanust Meroauka. Ts Moxe na Obae Obp30 M3rpageHa upes
KOMITWJINPAHETO Ha Be4e M3IOJI3BAHU JUATHOCTUYHU WHCTPYMEHTH
32 PErucTpUpaHe Ha IICUXWYHU CBCTOSHHUA WIH IIOCPEACTBOM
CH3/1aBaHETO Ha HOB, PEJICBAHTEH BBIIPOCHUK WJIU TECT.

KpusucHuTe MHTEPBEHIMH, BKIIOYBAIIH  EIEMEHTH Ha
eMOIIMOHAJIHA TIOJIKpena, CIOACNISIHE W KaTap3UC Ha HEraTHBHHTE
eMOLMM Ce TIpWiarat Mpd TosBara Ha THEBHO-a()eKTHBHH
CBCTOSIHUS, Pa3BUTHE Ha JEMpPEcHsl M CYWIWJHH MHCIH, BHCOKA
HEyIOBJIETBOPEHOCT B ChYETAHUE C pa3jpasHUTENHOCT. Te TpsOBa
Ja ca dYacT OT NpoecCHOHANTHHsA peneproap HE caMo Ha
MICUXOJIO3UTE, HO U Ha uHcnekTopure ,,CABP u Hag3uparenure, 3a
Ja 6p1aT 00XBaHATH MPOOJIEMHHTE JHIIEHN OT CBOOOA,, HYKAACIH
ce B ONPE/ICIICHH CUTYallM1 OT KpU3ucHU nHTepBeHimu [8],[11].

Crenyanus3upaHuTe NpOTrpaMH 3a OBJIAASBaHE Ha THEBA H
ONITHMH3MpPaHe HAa CAMOKOHTPOJA HAJl EMOIMOHAIHUTE CHCTOSHUS
TpaOBa 1Ja ce YCHBBPUIGHCTBAT M 3a TAXHOTO IpHJIaraHe
HOCTOSIHHOTO TOATOTBAT —YacT OT IICHXOJO3MTE U COLMAIHHTE
paboTHULIH.
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VcenemHoTo perynupaHe Ha  JI€CTPYKTHBHUTE TCHXUYHH
CBCTOSIHUSI Ha MPOOJEMHMTE JMIIEHM OT CBoOOJa Mpearnosiara
HapaJIeTHOTO €PEKTUBHO Pa3BUTHE M M3MOJI3BAHE B NPAKTHYECKATa
JEHHOCT Ha eKCIIpec-AMarHOCTHKATa, KPU3UCHUTE MHTEPBEHLUH H
CHenUaTu3UpaHUTE IPOrpaMu.

4.Pe3ynmamu u ouckycuu

HabmtoeHneTo BbpXy NCUXUYHUTE ChCTOSHUS Ha JIMLICHUTE OT
cB00OJa MpOoTHYa TBBPIAE (HparMEeHTapHO, CIIOHTAHHO U 0e3 na ce
npuiara  HaydyHO O0OOCHOBaHA THIIOJOTHSI W EOMHHIM 32
HaOmonenne. ToBa B 3HAUWTENIHAa CTENEH OrpaHHYaBa HETOBOTO
NPWIOKEHHE U e(pEeKTUBHOCT, BBIPEKH dYe TO MOXKE Jda ce
OCBIIECTBSABA CHCTEMaTUIHO M OT T'OJISIM OpOH MOAXOASII0 00ydeHN
CIY)KMTEJH, TO3HABAIlM PEJIEBATHO IMOATOTBEHAaTa THUIIOJOTHS Ha
NCUXMYHHUTE CHCTOSHUS M MHAMKATOPHUTE 32 TAXHATA Ka4eCTBEHA
perucrpanus.

Pa3nuyHUTE EKCIPEeCHW CKPUHUHIOBH TECTOBE M CKAlIM 3a
JMarHOCTHKA HA IICUXHYHHTE CHCTOSHMS Ca JOCTaTHYHO Pa3BHTA
00J1acT Ha ChbBPEMEHHATa IICUXOMETPUKA. BBIIPOCHT €, JOKOJIKO Te
UMaT MSACTO B EKCIIPECHaTa, IEeHHTCHIMapHa IICHXOANarHOCTHKA,
KOTaTo ce MpuiiaraT KbM IIOCTBIBAIINTE B 3aTBOPA 3a IILPBH ITBT U
KbM OCBJICHUTE, KOUTO Ca MOJIyYUIIH CBOSITA JIBJITA WU J0KUBOTHA
npuchaa. Bcee ome mpoieanypara B TO3M KOHTEKCT HeE ¢
Hpely3npana, a MOJTy4eHUTE 4pe3 Hesl JAMArHOCTHYHU Pe3ysTaTH
TpsiOBa MO-KOMIIEKCHO W 33JBJIOOYEHO Ja Ce MHTEPIPETUPAT OT
IJieHa TOYKAa HA BEPOSTHUTE PHCKOBE OT CYHIUIHH OIHTH,
OsIrcTBa, HEMOMYNHEHHS H 0’KECTOYECHHU KOH(IIUKTH.

[lcuxuuHKUTe CBCTOSHUS Ha JIMIIEHHTE OT CcBoboma ¢
JNECTPYKTHBHHU TPOSIBH, KAaKTO CTaHa sCHO, c€ HYXJAasiT OT
pasrppHaTa CreHHaNIU3UpaHa AUArHOCTUKA. Y CHIIMATA B TO3M IUIaH
ce OrpaHMYaBaT C HSAKOJKO CIIOHTAHHM OIMTA Ja Ce U3TPajy Ha
CKIICKTHYCH HPHHINAIT METO/IMKA 3a 0-pa3IIpeHa
NCUXOAMarHocThka. Te TpsOBa ma ce mpomBIDKAT, 3a ga ObIe
(uHATM3MPAH MOIXOIAMIMAT JarHOCTHYEH MHCTPMEHT, KOWTO Ja e
CTaHJIapTHU3UPAH BBPXY NMPEACTABUTENHA 3aTBOPHUYECKA H3BAIKA.

CTpyKTypupaHeTO Ha INPUHLUUIMAIHO HOB JUAarHOCTUYEH
HHCTPYMEHT 3a pErUCTpUpaHe Ha IICUXUYHUTE CBCTOSIHUS Ha
JIMIIEHUTE OT CBO0O/IA, CKOJIOHHU KbM CYHIHIH, CAMOHAPAHIBAHHS
OsrcTBa, HEMOMUYMHEHHS, TJIAJHW CTAaYKH U TEXKH KOHMIMKTH,
M3UCKBA MO-TIPOABIDKHTENICH IepHOA Ha padoTa, OT CTpaHa Ha
eKCTIepTH, KOHTO TpsiOBa Ja OTYMTAT M HANPABEHHTE IOCEra
MpaKTUIecKH OmuTH. V300phT HAa TO3M MBT 3a M3TPaXKJaHe Ha
creluanu3upaH M IO-UIMPOKO CHEKTBPEH UHCTPYMEHT 3a
JIUarHOCTUKA Ha IICUXUYHUTE ChbCTOSHUS Ha IECTYPKTUBHU OChACHU
HE clefiBa J]a ce OTjara, Mopajyd HapacTBaHEe Ha TEXHUs Opoi B
3aTBOpHHMYECKATA MOMyNalHd U eKcTpaMaln3alusaTa Ha JedcTBUATa
UM B Pa3iIHIHU CUTYAIHN.

OcbIIecTBEHNUTE B MecTaTa 3a JIMIIaBaHe OT CBOOOIa KPU3UCHU
WHTEPBEHIIMA W CHCNHAIM3UPaHH TPOTpaMH 3a KOPEKIUsS Ha
[ICUXHYHM CBCTOSHMS CjeaBa Ja ca OOEKT Ha CHCTEMHa
cynepeusus. Ts TpsOBa &a JompeHece 3a IOCTEIICHHOTO WM
YCBBBPIIEHCTBAHE KAaKTO M 3a MONMYJSPU3UPAHETO Ha TEXHHUTE
no0pu TpakTHKHM, Taka W 32 TOAJBPKAHETO HA BHCOKHTE
npoeCHOHATHY CTaHIAPTH MPU TAXHOTO MPUJIAraHe.

IMomoepxkanero ¥ OOHOBSIBAaHETO HAa  JHATHOCTUYHHS
HHCTPYMEHTAPHYM 3a PETHCTPUpPAL HA ICUXUYHUTE ChCTOSIHUSA Ha
npoOJIeMHHTE JIMIIEHH OT CcBOOOJa € MOCTOSsIHHA 3amada. HeifHoTto
YCHENIHO peIIeHHe H3UCKBAa CHCTEMAaTHYHO OOydeHHe Ha
nepcoHana, CyNepBU3UpaHe Ha JHAarHOCTHUKAaTa, KpPU3HCHHUTE
MHTEPBEHIIUM U TIPOTPAMHUTE 3a OBNAJIBAHE HAa JUCTPYKTHBHH
NCUXHYHN  CBCTOSIHUS, 1IEJICHACOUEHO Ppas3NpOCTpaHsBaHE Ha
n00puTe MpPaKkTUKH 110 TPUIAraHeTO MM, KAaKTO U TAXHOTO
HEMPEKbCHATO HHOBUPAHE.
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5.3aknrouenue

IlenurenuuapHara n3onanus, IPUHYIUTECIHOTO CHKUTEICTBO U
OCHOBHHTE €Tallll OT W3THPISIBAaHE Ha IPUCHAUTE OOYCIaBAT
TUNUYHUTE 3a JIMIIEHHTE OT CBOOOAA NCHXUYHHM CHCTOSHHS Ha
Jerpecusi, TPEBOXKHO OYaKBaHE, OTYASHHUE, HEYJOBJIECTBOPEHOCT,
pa3aApasHUTENHOCT, THAB, adekTuBHOCT U ¢pycrpanus. Te
MHUIMUpAT MOsiBaTa U Ha JIECTPYKTUBHH MPOSBU CPEZ OCHICHUTE.
Jlopu MO3UTHBUPAHETO HA TICHXHUYHNUTE ChCTOSIHUS Ha JIMIIEHUTE OT
cBoboma  MOXe  Ja  CTUMYJHMpa  JOIBJIHHUTENHATA UM
KPpUMHHQIM3aIMs,  BKIIOYBAHETO WM B  3aTBOpPHUYECKaTa
CyOKynTypa ¥ JONBIHUTENHATa ICHXONATH3alus Ha TEXHHUTE
JIMYHOCTH.

IIpe3 Bcekn OT eTamuTe Ha M3THPISIBAHE HAa HAKa3aHUETO
JMIIaBaHe OT CcBOOOJa  BB3HMKBAT  PEAMIa  HETaTHBHU,
NPOTHBOPEUMBH U AECTPYKTUBHHM  IICUXUYHH  CBCTOSHHSA,
MONTy4yaBalll M3pa3 B arpeCHBHM U aBTOArpeCHBHM DPEaKIUH Ha
HOBOIIOCTBIUIUTE 3aTBOPHHMIIH, IOJJIEKAIINUTE HA OCBOOOXKIAaBaHE
OCBJICHH U Ha JIMIICHUTE OT CBOOO/IA C JO)KUBOTHHU MPUCHAN.

Io-edexTBHOTO perynupaHe Ha IECTPYKTHBHHTE HNCHXUYHH
CbCTOSHMS ~Ha  TPOOJISMHHUTE OCBICHH € CBBp3aHO C
MOCJIEIOBATEIHOTO OCBINECTBSIBAHE HAa EKCIPECHa JUAarHOCTHKa,
KPH3MCHM UHTEPBEHIMM U CHEHUANM3UPAaHd MpOrpaMHd B
Pa3IMYHNATE KaTeTOPHU NEHUTEHINAPHU 3aBE/ICHNUS.

CBBPEMEHHOTO HHTEPBUHHUPAHE 110 OTHOIICHNE HA IICUXUYHUTE
CBCTOSIHUS Ha JIMIICHHTE OT CBOOOJA, CKJIIOHHM KBbM HEaJeKBAaTHH,
arpecHBHM M aBTOArpeCHUBHU PEAKIHHU € CBBP3aHO C OOydeHHe Ha
IepcoHalla, CyIEpBU3MpaHe Ha JUArHOCTUKATa, KpPUBUCHUTE
UHTEPBEHIUU M CIELMATIU3UPAHUTE NPOrpaMu, KakTO U TAXHOTO
HMHOBHPAHE Ype3 MEePUOANIHO 0000IIaBaHe Ha TTO3UTHBHUS OIUT OT
TIPUJIATaHETO HM.
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MEXIAYHAPOJAHU HOPMMU 3A TTPABATA HA YOBEKA B KOHTEKCTA HA
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Yeoo

M3non3BaHeTo Ha cuia ce peryiampa OT JBa KJIOHa Ha
MEXIyHapOIHOTO MPaBo - MeXTyHapOAHOTO MPaBo 3a IpaBaTa Ha
yoseka (MIIITY) u MexayHapoaHOTO XyMaHuTapHO rpaso (MXIT).
JlokaTo B MHpPHO BpeMe H3IIOI3BAHETO HAa CHJIA C€ pErylHnpa
€IMHCTBEHO OT Mapaigurmara Ha mnpasompmiaranero (MIIIIY), B
CHTyalus Ha BROPHKEH KOH(IIUKT TO C€ PHKOBOAU OT Mapagurmara
Ha BojecHe Ha BoeHHHW aeiictBus (MIIIIY) m or mapaagurmarta Ha
npaBonpuiaragero (MIIITY).

B MupHO BpeMme HM3IOI3BaHETO Ha CHJIAa C€ PerlaMeHTHpa OT
MexIyHapogHOTO NpaBo 3a IpaBaTa Ha 4YOBEKa, KaKTO M OT
BBTPEIIHOTO 3aKOHOJATEIJICTBO Ha JaJieHaTa JbpkaBa, KaTo LeTa €
OCUTypsiBaHE Ha XyMaHHO ¥ JOCTOHHO TpeTHpaHe Ha TpakIaHHUTE
OT CTpaHa Ha [IbpKaBaTa, PECI. OT HEIHUTE IPaBOIPHIATAIIN
oprauu. Ilo oTHomenue Ha wu3nona3BaHeTo Ha cuia MIITTY
perymupa oOCTOSTENCTBATa, IPH KOUTO MOXeE Jla Obae M3MOoI3BaHa
CHJIa, KaKTO ¥ CTETIeHTa Ha U3II0JI3BaHaTa CHIIA.

Besika bpikaBa ¥Ma OTTOBOPHOCTTA Ja MOJIbpKa 3aKOHA U
pena, MHpa M CUTYpPHOCTTa Ha cBosiTa TepuTopus. KoHuenuure 3a
NpaBoONpHIaraHe M CTPYKTYpPHUTE, CB3JAJCHH OT OTICITHUTE
JbPIKaBH 3a TE3U LIeNH, He ca MACHTUYHH U B HAKOHM CIIyYaH JIOpH ce
pasznudaBaT 3Ha4MTEeNHO. HezaBHCHMO OT TOBa, AbpXKaBUTE TPSOBa
Ja TapaHTHpaT, 4Ye W3BBPIIBAT IPABONPHIATAHETO MO HAYMH,
CHOTBETCTBAIl Ha 3aJBDKCHUATa Ha AbpxkaBara mo MIIMY. C
OpYyTM JyMH, KakTO BBTPENIHOTO 3aKOHOJATENCTBO, Taka M
NpaKTUKaTa Ha MpaBONPHIAralllUTe OpraHu, TpsOBa Na cHas3BaT
npunoxumute pasnopendu Ha MIIIY. 3agbiokeHusTa 3a npasaTa
Ha YOBeKa MMAaT pemasam@a poias B JEHHOCTHTE MO
MPaBONpPHIAraHETO Ha CTPAaTErM4ecKo, ONEPaTUBHO U TAKTHYECKO
HUBO, IPEJIH, TI0 BpEMe U ClIe]] H3M0I3BaHeTO Ha CHIIA.

B nmoxnana ca pasriieaHu HaKpaTKO OCHOBHUTE WHCTPYMEHTH
Ha MEXTyHapOAHOTO TIPABO 32 YOBEUIKHUTE MpaBa M NPOU3THIAIINTE
OT TSIX OCHOBHM 4YOBEIIKM TpaBa. OOCBHICHM ca NPHUHIOUIATE Ha
MpaBONpPUIIATAaHETO ¥ TPAaKTHYECKH HACcOKM 3a paborata Ha
IIPABONpHUJIATAIMTE OpraHd, TMpeJHa3HAaYeHW Ja TapaHThpar
3alIMTaTa Ha Te3U Mpasa.

Mescoynapoono npaeo 3a npagama Ha 408eKa

HOpMI/ITe 1 CTAaHAAPTHUTE 3a IIpaBaTa Ha YOBEKa CC U3BJIMYAT OT
JABa OCHOBHM BHJAA MEXKAYHAPOAHU U3TOYHULOHU - 00HMYaifHO
MEXAYHApPOAHO ITPAaBO U JOTOBOPHO MEXAYHAPOAHO ITPABO.

OO614aifHOTO MEXIYHapOJHO MPaBo (MM MPOCTO ,,00uyaii™) e
MEXIYHapoIHO TIpaBO, KOETO ce pa3BuBa upe3 obmara u
IocCJICA0BATC/IHA MNPAKTUKAa Ha ObPXKABUTE MW CE€ CJI€iBAa NoOpaau
YYBCTBOTO 3a TIIPAaBHO 3aABJDKCHUEC. TakoBa 06H_IOHpI/IeT0 u
CUCTCMATUYHO IIOBEACHHUE C€ IIpHU3HaBa KaTO IIPUHIUII Ha
MEXKIAYHAPOAHOTO MPaBO U € 3aAbJDKUTEIIHO 3a AbPIKABUTE, TOPHU U
Jla HE € 3aJI0KCHO B KOHKPETHO CIOpa3yMCEHHUE.

JloroBopHOTO mpaBo oOOXBama peauna MeXIyHapOIHU
CIOpa3yMEeHHs, CBbP3aHHU C [IpaBaTa Ha YOBEKa (IOTOBOPH, ITAKTOBE,
KOHBCHL[I/II/I), KOHUTO Ca KOJICKTHBHO (,E[ByCTpaHHO WX MHOTIO-
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CTpaHHO) pa3pabOTeHW, IONIUCAHH ¥ paTHQHUIUPAHUA  OT
abpkaBuTe. OCHOBHHTE MEXIYHapOAHONPABHH HHCTPYMEHTH,
paspabotenun mopn erumata Ha OOH, BrmrouBar BceeoOmiara
JeKIapalys 3a IpaBaTa Ha 4YOBeKa; MeXIyHapoIHHS IIakT 3a
TPOKAAHCKA U TOJIMTHYECKH TmpaBa; KoHBeHmmsTa cpery
W3TEe3aHMATa M JpyrH (OpMH Ha JKECTOKO, HEYOBEIIKO WU
YHU3UTEIIHO OTHOLICHHE WM HakazaHwe, U aAp. Hsxom nokymeHTH
oOXBarat 1eiau Habopu OT mpasa (KaTo MeXIyHapOIHHS MaKT 3a
TPOKAAHCKU U TOJUTHYECKH IpaBa M MeEXIyHapOIHUS HaKT 3a
MKOHOMHYECKH, COIMATHM M KyITYpHH IIpaBa), AOKATO APYTH ce
(oxycupar BbpXy KOHKpeTHH BuUjoBe HapymeHus (Komsenumsra
Cpellly H3Te3aHuATa, MexXayHapoJHaTa KOHBEHIINS 3a IpeMaxBaHe
Ha BCHYKA (GOpPMH Ha pacoBa ITUCKPUMHHANWSA M Op.) WIH
ONpEZeNICHN TPYNH, KOUTO TpsiOBa 1a OBAAT 3amIMTeHH (KaTo
KonBeHnusiTa 32 npaBara Ha JeTeTo, KOHBEHIMATA 3a IIpeMaxBaHe
Ha BCHYKH ()OPMH Ha AUCKPUMHHAIMS CPElly XeHHTe U T.H.). [1]
Becuuky Te3um MHCTPYMEHTH Ca HAIlbJIHO TPaBHO OOBBP3BAIIM 3a
JIbP)KaBUTE, KOUTO Ca CTPAHH I10 TAX.

BaxHu MOMBIHUTENHH W3TOYHHIM HAa MEXIYHAPOIHO IIPABO
ca JIOKYMEHTHUTE C He3a[bJDKUTENHA IOpHANIecKa CHiIa, WU T.Hap.
,,s0ft law* (Mexo mpaBo) - HEOOBBP3BAIIM HHCTPYMEHTH, MIPHUETH C
pesomronmu Ha O6moro cvOpanne Ha OOH. TakuBa HOKyMeHTH
MOraT Ja MOCITyXaT 3a YKpeIlBaHe Ha aHTa)KMMEHTa Ha JIbpPKaBUTE
KbM MEXKAYHApOJHU CIIOpa3yMEHHs, IPENOTBBbPXKAAaBaHE Ha
MEXIYyHapOAHH HOPMHM WJIM Ch3JlaBaHe Ha IIpaBHa OCHOBa 3a
nocneasamu jgoroopu. Kogekebr Ha OOH 3a moBeneHue Ha
cayxurennte oT mpaonpwiaramute oprand  (CCLEO) u
OCHOBHHTE TNPHHIWIN 3a H3IMON3BaHE HA CHIA M OTHECTPEITHU
OPBKUSL OT CIY)XKUTENHTe OT mpaBonpriarammure opraau (BPUFF)
ca IpUMepH 32 HHCTPYMEHTH C He3aJb/DKUTEIHA IOPUANIECcKa CHIIa,
KOHMTO Ca 0T 0COOEHO 3HAaYEHHUE 3a MpaBorpuiIaranero. [1]

B nonbidenue xbM riaobansara cucrema Ha OOH, ca ce
Ppa3BUIM pas3IMYHU 110 CJIOXKHOCT U OGXBaT PETHOHATIHUA CUCTEMU 3a
IpaBaTa Ha YOBEKa, KaTo eBpoIeiickaTa, MeXJyaMepHKaHCKaTa H
apukaHckaTa cucteMu. EBporeiickara cucreMa, OCHOBaHa Ha
EBporneiickara koHBeHIMsI 3a npaBaTa Ha 4oBeka oT 1950 r., e
ITbpBaTa PETHOHAIHA CHCTEMa 3a IIpaBaTa Ha YOBeKa M Ce CUMTa 3a
Hali-ctabuiHata. B paMkure Ha Te3m cucTteMH ca pa3paboTeHH
penuiia 0OBbP3BAIM U HEOOBBP3BAIIN HHCTPYMEHTH C PETHOHAIHO
HpHUJIOKEHUe, KaTo: EBporeiicka KOHBEHIMS 32 IpaBaTa Ha YOBEKa;
AMepuKaHCKa KOHBEHIMs 3a MpaBaTa Ha 4oBeka; AdpukaHcka
XapTa 3a paBara Ha 4YOBeKa M HapoauTe; U JIp.

Brorpekn ue neiictBurenHara mnpuioxumoct Ha MIIY B
paMKHTe Ha HAIMOHAJHUTE CHCTEMH MOJKE J[a BAPHPA B 3aBUCHMOCT
OT HaI[OHAJIHATa MIPaBHA paMKa, JaJeHa IbpkaBa He MOXeE Jia ce
M030BaBa Ha CBOSTAa KOHCTUTYIHS WM IPYTY HAIMOHATHU 3aKOHU
KaTo TMpUYMHA Ja HE U3NBJIHABA 3aJb/DKCHUSTa CH MO
MEXyHapoaHOTO mpaBo. Ilpu mojmucBaHe Ha MeEXAYyHApOIEH
JOTOBOp Abp)KaBaTa € JUIbXKHA Oa MPHUBEAE BBTPELIHOTO CH
3aKOHOJIATEJICTBO B CBHOTBETCTBHE C TO3U Jorosop. OcBeH ToBa
TpaOBa J1a TrapaHTHpa, dUYe IbpP)KAaBHUTE MPEICTABUTEIN WIH
MHCTHTYIIMH CIa3BaT MEXIyHapOIHUTE 3aIbJDKEHHS HA TbpiKaBaTa.
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Tasu orroBopHocT € 0COOGHO BakHA, KOraTo cTaBa AyMa 3a
npaponpuiarane. [2] HapymaBaHeto Ha 3aJbJDKCHUATa Ha
nbpokaBata cbriiacHo MIIIY ot cioykuTenu Ha npaBoIpUIaraliuTe
OpraHy IpU U3IBIHCHHE HAa TEXHUTE 3aJbJDKCHUA 1€ JOBEAE 10
OTrOBOPHOCT HA JbpiKaBaTa HAa MEKAYHAPOIHO HUBO, BKIFOUHTEITHO
3aIbIDKEHHE 32 TIPEJOCTaBsIHE Ha 00E3IETCHHUE.

Yogewiku npaea, céwvp3aHu ¢ ynompepama Ha

cua 6 npaeonpuiazcanemo

IpaBara Ha YOBeKa ca 3aKOHHU NpaBa, IPUTEKABAHU OT BCAKO
OT/ICJIHO YOBELIKO CHIIECTBO. Te ca YHUBEPCAJIHH M NPHHAIIEXKAT
Ha BCHYKH 0e3 pasiuka. [IpaBara Ha YOBeKa MPEICTABISBAT IPABHU
rapaHiyy, 3all[UTaBalld JIMIAa W TPymH cpeuly JeicTBus Ha
MPaBUTENICTBA, KOMTO CE HAMECBaT B OCHOBHHTE CBOOOOH U
YOBEIIKOTO JOCTOMHCTBO. HakpaTko, MpaBOTO  3a YOBCLIKUTE
npaBa 3a/IbJDKaBa IPABUTEICTBATA Jla U3BBPILIBAT HAKOU ACHHOCTH
U UM TIPEYH 12 U3BBPLIBAT JPYTH.

Haii-uecTo nuTupaHuTe XapakTepUCTMKM Ha IIpaBaTa Ha
YOBEKa Ca: MEKIYHApPOJHO TapaHTHUPaHW; 3aKOHOBO 3aIlUTCHH;
(bokycupaHU BBPXY JOCTOWHCTBOTO HAa YOBCUIKOTO ChIIECTBO;
3al[UTaBaT JHMIAa M TPYIH; 3aJb/DKaBaT IbPXKaBH W IbPXKABHU
opraHd; He Morar jga ObJaT OTMCHCHH WJIM OTHETH, PaBHH H
B3aUMO3aBUCUMM; YHUBEpCaIHU. [3]

3a paboraTa Ha TpaBONpPWIATAIIATE OPraHU ca OCOOEHO
PEJIEBaHTHH CIIEIHUTE YICHOBE, CBHIbPXKAIIM ce BbB Bceolmiara
JieKapaiys 3a npasara Ha yoseka (UDHR) [4]:

- Bcekn uma mpaBo Ha KHBOT, cBOOOAA M JIMYHA CHUTYPHOCT
(un.3);

- Hukoit He mMoxe na Gble MomaraH Ha W3TE3aHHS WIH Ha
JKECTOKO, HEYOBCIIKO WM YHH3UTEIHO OTHOLICHHE WM HaKa3aHUE
(un.5);

- Bcewuuku ca paBHH npel 3aKOHA M MMaT NpaBo, 6e3 KakBaTo U
Jla € IMCKPUMHHAILKS, Ha €IHAKBA 3all[iTa OT 3aKoHa (WI.7);

- Hukoit He Moxe ma Obae momIaraH Ha TMPOU3BOJIEH apecT U
3aabpskane (41.9);

- Bcekn 00BHHEH B MpECThIUICHHE UMa MPaBo 1a OblIe CUMTAH
32 HEBHHEH JI0 J[OKa3BaHE HA BHMHATA My CBIVIACHO 3aKOHa B
ny6indeH cbaeOeH Mpolec, MPH KOWTO ca My INpeloCTaBeHH
BCHYKH TapaHIiy, HeoOX0AUMH 3a 3amurara My (un.11, map. 1);

- Bcekn mMa mpaBo Ha CBOOOJAa Ha MHEHHME U H3pas3siBaHe
(41.19);

- Bcekn wmMa mpaBo Ha cBOOOJa Ha MHPHO CBHOWMpaHE U
CIpy)XaBaHe M HUKOH He MOXe 1a Objie MPUHYKAaBaH J1a WICHYBa B
capyxenue (41.20).

Hsikon 1oroBopu 3a mpaBata Ha 4YOBEKa MO3BOJIBAT Ha
HpaBUTEICTBATa [1a JACPOTHUPAT OIMPEICICHH 3ab/DKCHHS 10 BpeMe
Ha OOLIECTBCHH W3BBHPEAHH CHTYallMid, KOWTO 3acTpalliaBar
JKUBOTA Ha Harusta. Jleporaiusita obade TpssOBa 1a ¢ HeoOXoauMma
W TpONMOpLMOHANHA Ha KpH3aTa, He TpsOBa ja ce BBbBEkKIa Ha
JMCKPUMUHALIMOHHA OCHOBA M HE TPsAOBa J1a MPOTHBOPEYH Ha IPYTH
HOPMHM Ha MEX/YHapOAHOTO MpaBo. HsKOM 4OBELIKU MpaBa HUKOTa
He Morar Ja ObAarT JIeporupaHd, HampHMEp MPaBOTO Ha JKHMBOT,
3a0paHaTa Cpelly M3Te3aHHs MM JKECTOKO, HEYOBEIIKO I
YHHU3HTEIIHO TPETHpaHe, 3abpaHara Ha poOCTBOTO, U JIp.

3ab/DKEHUATA HAa JBPXKABUTE MO MEXKIYHapOJHOTO IIPaBO B
00JacTTa Ha IpaBaTa Ha YOBEKA YECTO CE OIMCBAT TAKa:

* 3abDKEHUE Jla 3a4MTAT, T.C. 3aJ(bIDKCHHE []a He HapyllaBaT
mpaBaTa Ha 4YOBeKa M Jla HE HajaraT IOBe4Ye OrPaHMYCHHUsS Ha
npapaTa, OTKOJIKOTO € HEOOXOIMMO 3a H3MBJIHCHHE Ha 3a[bl-
JKEHHMSATA UM KaTo Jbp)KaBa M 3a 3allliTa Ha IIpaBaTa Ha JIPYTHTE;

* 3aJbIDKEHUE Ja 3alllUTaBaT, T.€. [ 3all[UTaBaT, JOKOJIKOTO €
BB3MO)KHO, BCHUYKH JIMIIAa OT HAPYIICHUs Ha MpaBaTa MM OT APYrH
JIMIIA WK OT APYTH OIACHYU CUTYAINH;

* 3amb/DKEHHE [a OCHIYpsiBaT M H3IIBJIHABAT IIpaBaTa Ha
YOBEKa, T.C. J]a HPEIOCTABAT, JOKOJKOTO € Bb3MOXKHO, Ha BCHUKH
JIMIa OCHOBHH YCIIYTU M YCJIOBHUSI Ha )KHUBOT, KOUTO UM IO3BOJISIBAT
ITBJTHOIICHHO 1A CE MOJI3BAT C [paBaTa CH;

* 3a1b/DKEHHE 12 HEe Ce JAMCKPUMHUHHPA, T.C. Ja CE rapaHTHpa
II0 BCSIKO BPEME PABHO TPETHPAHE HA BCHYKH JIMLA TIpe] 3aKoHa. [5]
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IIpu u3nbIHEHHE HA OTTOBOPHOCTUTE HA IIPABOIpUIIATAILUTE
OpraHM ¥Ma BEpOSTHOCT Ja OBJAT 3acerHaTH HSAKOM OT Haii-
BRKHHTEC YOBCUIKW IIpaBa, BKJ. IIpaBaTa Ha >XHBOT, CBOOOJa M
JU4YHA CHTYPHOCT M 3a4MTaHE Ha IPHUCBIIOTO IOCTOMHCTBO Ha
YOBEIIKaTa JUIHOCT. YoBEIIKUTE MpaBa, KOUTO ca HEMOCPEICTBEHO
CBBP3aHH C M3I0I3BaHETO HA CHJIA OT MPaBONPHIIATAIINTE OPraHu U
MO Ta3W TpPUYMHA HMa BEPOATHOCT JAa OBJAT 3acerHaTH B
olepalluyuTe Ha TE3M OpraHH, ca NpeAcTaBeHu Ha dur.l.

Mpaso Ka xueor

ofIpasoto Ka w0t e 3aepreno OF Boeobuata AexAapayes 33 NDIITA K3 OB M SECTO G2 ONICBA KITO NPasO, Bes
KORTO BCHXH ADYTH NIBA KAMAT SHaNEHNE.

138070 K3 X0KB0T He @ ABCOMOTHO, Tol KATO HICTHHA HAKOW AVIABIHVA OT XUBOT MOXE A2 He (3 NPOKIBOM.
Taxnaa vasspe i Mepion TpA623 42 GHAAT YCTaHOBEAM C2C 33KON, 33 4 (2 NPEROTEPITAT NPOK3BOMIM MHU3BIHNA OF
MHB0T. B MEXZYHIPORHOTO NP3BO NPIBOTO KA XMBOT BINONBI JEYTA CPEULY NPOKIBONNO MMEIBaNE OT XIMBOT OF
ARNAIHATE UM 33 CHTYPHOCT.

SHINONIEIHETO K3 (VA M OTHECTDRANN OPBIORR M3 NOTEHUAN A2 KIDYLIH NPABOTO K3 XBOT. HINGTIBANETO Ha OAa,
KORTO BOAK 40 CMMPTTA Ka Cybexy, Mome, B 3aBoHMOCT OF OBCTORTRACTRATa, A3 NPeACTaeAmsa rpyDo Kapywerme Ka
NP3BITA WA WORRKA,

Mpaso Ka cooB0Aa OT HITEIHMA M ADYNH GOPMM K3 MANTPETHPIKE

#To2a & Npasoro A3 Gaaew (a0B0AEH OF KITRIaHIA 1 BCRKAXEN ADYTH GOPMM Ka XECTORD, HENOBEWKD WAV YHIGHTEAHO
OTHOWEHNR WM HKAKIIHne.,

#1082 NPas0 @ ABCOMOTHO, KOPTO 03HI4ARA, Y Me Mo A3 (28 OrpaesaRan NpK Mncaxan OBCTORTRACTES, WHTO Ype
OTPIHIREHIA, HHTO YPE3 AEPOTAY,

SHIN0NIEMETO K3 CWA3 1 OTHECTDAHI OPBAIA 8 NPISONPIIANHETO MONR, B JEMOMKCT OF OOCTORTEACTBATA, A3 Ce
PISHRRA K K3TRIAL WM ADYTH $ODMI Ha MATDETHDaHE, BOMKATE M CTDIAHALTO, KOWTO MPOMITIAT CaM0 OF WM (3
DPMCOIN KD J3CONMHTE CHNLPIN WK C3 WHAOAQOHTHM CTORMO 3AXORNMNTE CANKIPHA, We NDRACTARNRBAT MITE3aHNe,
YnorpeGara Ka ouna, KORTO B0/ A0 CwHa GO M CTPAAANME, MORTO NPK KOWKPETHITE OBCTORTEACTE M3 CAYYas (&
4T3 33 NDEKOMEDHO, HEONDABAANO WK HENPONOPUOKANHO, B NDEACTIRARS0 HOPMA HA MANTDETHDNE.

MNpaso Ha amsma caoBosa M CHrypHoCT

27023 € OCHOBHO YoBewHD NPasd. (B000ATa K MINHOCTTA (8 OTHICA 40 C2000AaTa OF OrpanMNazaNe 1A TAAOTO (3 He
ofuwara ao60Aa Ka AEACTENE), 3 CHIYPHOKTTA Ka /WSHOCTTA (8 OTHACA 40 (3000Ta OF KAPIKAZINE KA TRAOTO K YW3

#[1pa80T0 Ha (B0GOR3 W /NS CHEYPHOCT @ BIXHO B KONTERCTa K3 NPISONPWAANHETO, THA KATO B ONEPALYIM NO 3PECT M
2AbpaHE, NPH IN0NOTPEGa 1AM NPY HEIIKOHHO, NPEKOMEDHO W HENPONOPUMOKATHO IBNONIBINE KA (NAQ TOBA
Npano Mome A2 Gae Hapyweno.

Mpaso ka cnpaseyms npouec

+71p3B0T0 K3 CNPaBS (H3e0eM NPOLEC BAIONEA NPHHRIANI KA PIBEHCTEO NDER JAKOH, NPMIYANS K NPEYMALYATA
nmummmuwmmammmu&mmu
MWMMMWMHWMM.
WWHMOIWHWMW“MNMMN
PIXNNEXAIHEB XM KA CHARGH NPOLEC.

MNpasa Ka ceoboga Ka Muprm Cobpanna, CApyXasane M caoB0Aa Ha H3pasaRane

oTen NPAB Ce CMTAT 32 OCHORIM NPAS B Aemoxpanmaene ofeecrsa. Te ofave we ca abcomomim u morar 4a Gaar
OPHINEHM NPV ONEALAEHM YLA0BKA.

#[pasoro Ka (2060232 Ka MrpHO CoBpaKme K NPas0TO K3 CB0B0A3 KA CADYXBaHE MOTaT 42 GRAAT OFpaNIEni, KD TeIN
OFPIMINENIR (3 B CHOTBRTCTRME CBC J3KOH3 W (3 WeOKNDMWM B WHTEDEC KA HAUMOKAKATA CHIYDHOCT Wt
obeecaenara 6230n20w0CT, O6ECTIRHNA Pea, 33eTaTa Ha ODRIECTBENOTO 3/3pase Wi MOPANJ, WK JAUYTITa K
NPaRTa K C0BORATE Ka AgYTH M.

#Mpasoro ua (206023 Ka wapanasane maxe A3 Ghge npeamer j, Cwrate fiaca

OF 3380K3 H 43 €3 HEODXOZ/MM 33 J4MTaHE K NPIZATA WK PENYTAUMATa Ha ADYTHTE, 33 EUT3 K3 HAMOKANNATA
CAYPHOCT wivt 13 oBusecTaenue pea, i Ha o0weCToenoT0 340382 Wi Mopan. Ocsed 1083 e 3a06pasaBa IopasReane,
XOTO NPEACTABARE NPONAIANAA 33 BOWIA, SACTMNNACTEO 33 WALMOHANNI, PICOR3 WIK POANTMONNA OMPI3, WK
NOAGYXAANE KOM OMPAI3, BRAMARGHOCT WM HAOUME.

15y

Mpaso Ha edexTHEna 3aumTa
#K3TO SaCT OT 33ADANEHANT CF 1O NPIBITA KA S008Ka, AbpasuTe TPAGEA A3 OONTYDAT EPEKTHEKS NPaBKa JauTa 8
s, 92 NPABITa Ka w08exa (3 Bwm Kapywesm.

12070 Ka NPIBKA 33UV MINOKEA ABPRANTE A3 CHIRAAAT NORXDRALUA MEXAHIGMA, NPY KOTO XOPATA, WMTO NP3
Ca 6 HapyWesie, 53 MOFaT 23 NOTSXAT M NOAYVAT OBe3teTeNMme.

Que.l. Yosewxu npasa, koumo mozam oa 6v0am HapyuieHu
Nnpu U3NO36aHe HA CUNA 8 NPABONPUNASAHEMO.

Hali-yMeCTHOTO YOBENmIKO TpPaBO MO OTHONIEHWE Ha
U3II0JI3BAHETO HA CHJIA B NPABONPUIIATAHETO € MPABOTO HA JKHBOT.
ToBa npaBo He MoXe Aa Obae JAeporupano. B MHOro noroeopu 3a
IpaBaTa Ha YOBEKAa € 3a0paHEHO ,,IPOM3BOJIHO™ JIMIIABAaHE OT
JKMBOT, KOETO O3Ha4yaBa, Y€ TAKOBA OTHEMaHE Ha JXUBOT HE € B
CHOTBETCTBHE WM C MEXIyHapOAHHUTE IIpaBWIa M CTaHAAPTH,
OTHACSIIM C€ MO IPaBOTO Ha JKUBOT, HIH C BBTPEIIHOTO
3aKOHOJIATEIICTBO.
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IIpu msxkom oOcrosTencrBa, obaue, ynorpebara Ha
CMBPTOHOCHA WJIH ITOTEHIIHATHO CMBPTOHOCHA CHJIA OT CIIY>KHUTENIN
Ha IpaBONpHJIAraliuTe OpraHu € paspemieHa. B Espomnetickarta
KOHBEHIIMSI 32 IIpaBaTa Ha YOBEKAa ca MOCOYEHH H3YepIaTeIHO
o0CTOosATENCTBAaTa, NPH KOUTO H3MON3BAHETO HAa CHJIa MOXeE Ja
JOBeJie 0 JUIIaBaHE OT XKMBOT, 0€3 Ja ce HapyllaBa MpaBOTO Ha
JKUBOT: KOTaTo € a0COJIIOTHO HEoOX0auMO (a) B 3allMTa Ha BCAKO
JIHLE OT HE3aKOHHO Hacumue; (0) 3a 1a ce U3BBPIIN 3aKOHEH apecT
WM Ja ce IPeJoTBpaTH OATCTBOTO HA 3aKOHHO 3aIbpiKaHO JINIE;
(B) B nme#cTBHs, MpEANPHUETH 3aKOHHO C LIeJl IOTYyIIaBaHe Ha OyHT
i Becranue. [6] Ipu m3mon3BaHeTo Ha cuia Morar ga Obaar
3acerHaTH M HSAKOW JPYr'H YOBELIKH IIpaBa, HaIpUMep MPaBOTO Ha
CUT'YpHOCT, NIPaBOTO HA JIMYHA HEMPUKOCHOBEHOCT, CBOOOJIAaTa Ha
u3passiBaHe M IIPAaBOTO Ha MHUPHU CBOpaHUs, B 3aBHCUMOCT OT
o0cTosATENICTBATA.

3a0paHaTta Ha W3TE3aHUATA WIH APYTO >KECTOKO, HEYOBEIIKO
WM YHH3UTEIHO OTHOILIEHHUE € €Ha OT Hali-Ba)KHUTE Pa3NopendH,
KOHTO TIOTEHIHAIHO OMxa MormM Ja ObJaT HapyIIeHH IIpH
M3IOJI3BAaHETO Ha CcWia B npaBonpwiaranero.  CorilacHO
MEX[yHapOAHOTO IIPAaBO U3TE3aHMATA Ca HEMOPAJIHU U HE3aKOHHH,
HE3aBHCHMO OT M3IOJI3BaHMS HHCTPYMEHT. ToBa € MPUHIMII, KOHTO
ce TIpuiara IPH BCHYKH OOCTOSTEICTBA BB H W3BBH
BBOPHKEHNUTE KOH(DIMKTH M U3UCKBA JBPXKABUTE Jla CE BB3IbpKaT
OT BCSKAKBM JAEHCTBHA, KOWTO OMXa MOIIM JAa JOBeJaT 10
W3TE3aHMs, HEYOBENIKO WM YHU3UTENHO OTHOIICHHE CIIPSIMO
OTAENHM JIMIAa WM IBUIOTO HaceneHwe. Hukol ciyxuren Ha
MpaBONpHJIaTalllUTe OpPraHd HE MOXKe Jla HaHacs, MOAOYXIa WIN
ToJeprpa KaKbBTO M JIa € aKT Ha M3Te3aHHE WIN APYTO >KECTOKO,
HEYOBEIIKO WM YHU3UTEIHO OTHACSHE WIM HaKa3aHHe, HUTO MOXe
Jia ce 1030BaBa Ha 3aII0BEH HAa BHUCIIECTOSAIIN WM M3KIIOUHTEITHN
00CTOSATENCTBA KaTO ChCTOSHHE HA BOMHA WM 3alljlaxa OT BOMHA,
MOJUTHYIECKa HECTAOMIHOCT MIIM JPYro OOIIECTBEHO W3BBHPEIHO
MIOJIO’KEHUE KaTo ONPaBJaHUE 32 TAKUBA JEHCTBUSL.

ITpy M3IBIHEHHETO HAa 33aABIDKEHHATA CH, CIY)XUTEINTE Ha
MpaBONpHJIaTalllUTe OPTaHH YeCTO Ca MOCTaBEHH B MHOTO TPYJHO
nonoxxenre. OT eqHa cTpaHa, OOIIECTBEHOCTTA YECTO MCKA OT TAX
Ja ObIaT CTPOTH KbM MPECTBHITHOCTTA M MPECTHITHUIUTE, TOKATO OT
Jpyra CTpaHa, CIY>KHUTEJIUTE ca ATBXKHH J1a yBa)KaBaT U 3aIlIUTaBaT
YOBCIIKUTE IIpaBa Ha 3al0J03PEHUTE B TPECTHINICHUA. Ta3n
CHTyallusl Ce YCIOXHSBA, aKko Te HE pa3OMpar CTaHZapTUTE 3a
IpaBaTa HAa 4YOBEKa M Kak Ja TW TIpWiaraT B €XKEIHEBHUTE CH
neiiHocty.  Ilpm  HenmocrarpuHa — MHQOPMHpAaHOCT, He €
W3HEHAJ[BAIllo, Y€ Ce CJIy4YBa MPU U3NBIHCHHE Ha CIy)KeOHHUTE ch
3aIBIDKEHHS] Te Jla HapylIaBaT YOBEIIKHTE IpaBa Ha TpakJaHHTE.
TakuBa nelCTBUS BHHArd Ce CUYMTAT 3a CEPHO3HO HapylICHHE U
TpsaOBa J1a ce pasriexiar ctporo. Becuuku HapynieHus Ha mpasata
Ha YOBEKa OT CTpaHa Ha IepCOHANIa Ha IMPaBONPHIIATAIUTE OpTaHHy,
BKITIOYHUTEITHO BCSKAKBH HApYIICHWs Ha TE3HM OCHOBHH CTaHIAPTH,
TpsaOBa a ObAAT pa3clieBaHN HAITBIHO, OBP30 M HE3aBHCHMO.

Ilpunyunu u npaeuna Ha nPagonpuUIAZAHEmo,
npousmuuawiu om MIIITY

Karo mnpencraButenan Ha Ibp)kaBara, OT CIYXHTEIHTE Ha
MPaBONpPHUJIATAIIUTe OPraHW Ce OYaKBa Jia CrasBaT 3aJb/DKCHUSTA
Ha JbpiKaBara ChIJIACHO MEXKIYHAapOHOTO MpaBo. Te ca IUIbXHHU Jia
HACbpYaBaT, 3all[UTaBaT M 3aYMTaT YOBCLIKUTE IIpaBa Ha BCHUYKH
xopa 0e3 HuKakBa HeOiarompusTHa pasnuka. OrpaHuueHds Ha
JUYHUTE TpaBa M CBOOOAM MOraT Ja MNpPOU3THYAT CaMoO OT
OrpaHUYCHHUA, IMPUCBIIU HaA CaMOTO IIPpaBO, WX OT 3aKOHOBU
OIrpaHUYCHUA I/I/I/IHI/I Aeporanuy, AOOMyCTHMU BBB BpEMEHA Ha
u3BbHpenHN cutyanuu. [5] Te HuKora He TpsIOBa J1a ca pe3yniTar oT
HE3aKOHHH HW/WIIM HPOHM3BOJHHM MPAKTHKH Ha TPaBOIpPHIAraHe U
TpsiOBa Ja ce OCBHIIECTBABAT IPH IBJIHO 3aYHTaHE Ha BBPXO-
BEHCTBOTO Ha 3aKOHA.

Tesn 3amgppKeHHMs HMMAT SICHH TIOCIHEAHMIM 3a (YHKIHO-
HMPAaHeTO Ha BCEKM mpasonpuiarain] oprad. Ilporenypure,
HPaBUIHULUTE, TAKTUKUTE U TEXHUKHUTE, BKIIOYUTEIHO U300PBT Ha
oOopyzaBaHe, Tpsa0OBa na ObIAaT B CHOTBETCTBUE C IIPaBHATa PaMKa.
Cnyxutenure TpsOBa Aa MMaT aJeKBaTHU IO3HAHUS KAaKTO 3a
HaIMOHAJTHOTO, TaKa M 3a MEXIYyHapOIHOTO IpaBo. Te CchINo Taka
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TpaOBa a MPUAOOUST U MOIBPKAT MOAXOAAIIN YMEHUS, TEXHUKN
U TaKTUKWY, 32 Ja OCHT'YPST aJIeKBaTHO M ITOCTOSHHO IIpHJIaraHe Ha
M3UCKBAHMATA, YCTAHOBEHHM B 3aKOHA, 3a J]a MOraT Ja 3auuTaT U
3aIIMTaBaT IpaBaTa ¥ CBOOOUTE HA JINYHOCTTA.

3amrata Ha YOBCIIKMTE I@paBa B  ONCPALMUTE IO
npaBoNpHiIaraHe TpsOBa Ja UMa Hal-BUCOK IIPHOPHUTET, KATO BCSKO
JeficTBHEe HA NPAaBONPHIATAlIUTE OPraHW, 3acsArallo Te3 IpaBa,
TpsiOBa na ObAe pe3yaTaT OT BHUMATENHO OamaHcHpaHe M 1A
OTroBapsi Ha OCHOBHHTE IIPHHLIMITA Ha IpaBompiiaranero (dur.2).

3aKOHHOCT
He TpabBa ga 3acarat uaum
orpaHuyasar npasarta Ha
YOBEKA NoBeYe, OTKONKOTO e
Heobxoaumo

BCMYKM AencTena Tpabea aa
ce OCHOBaBaT Ha
pasnopeabuTe Ha 3aKOHa

He Tpabsa Aa 3acarar
npagarta Ha YOBEKa no Ha4yuH,
KOMTO e Hecbpa3mepeH 3a
NoAAbPXKAaHE Ha 3aKOHHOCTTa
v peaa

Te3u, KOMTO U3BbPLLBAT
pencreuaATa, Tpabsa ga 6vaar
HaNbAHO OTFOBOPHM Npea,
BCHYKM CHOTBETHM HUBA

Due.2. Ocnosnu NpUHYUnU 3a U3NoJa36aHemo Ha cuia
6 npasonpujiacarnemo.

OCHOBHHTE NPUHIMIIM 32 U3M0JI3BAaHE HA CHJIA U OTHECTPEIIHU
opbxkust (BPUFF), mpuetn or OOH mpes 1990 r., orpassiBar
OCHOBHMS CTaHAApT, 4Y€ CIYKHTCINTE Ha IPaBOIpHIIATraluTe
oprann TpsbBa Ja mpwiIarar, JOKOIKOTO € BB3MOXHO,
HEHACWJICTBEHH CPEJCTBA NPH M3IBIHEHHE Ha 33aABIDKEHHATA CH,
npeau Aa OpuOATHAT 10 ymoTpedara Ha CHila U OTHECTPEITHH
opbxus. Te ompenenaT HaOOp OT MapaMeTpH, B PaMKUTE HA KOUTO
CIY’KMTEJIMTE Ha MPaBOIpHIIATralllUTe OPraHd MOTaT Ja W3IO0JI3BaT
CHJIa U OTHECTPEIIHU OPBKHS IIPU U3ITbIIHEHUE HA CBOUTE (YHKIIHH,
U 3a0paHsABaT W3MOJI3BAaHE HA CWJIA, KOETO HE OTroBapst Ha Te3M
HapaMeTpu U CIIEJIOBATEIHO € HE3aKOHHO, IIPOU3BOJIHO WIIH
MPEKOMEPHO.

Hsiva obmonprera geWHHUINS Ha TOHSATHETO ,,M3II0I3BaHE HA
cuna“. M3mon3BaHeTo Ha cHiia OOMKHOBEHO Ce pa30Hpa KaTo BCAKO
OTpaHMYEHHE, HAJIOXKEHO Ha JIMOe NpH yHOpaKHSIBaHE HAa
npaBonpuiaramy  QyHkumu. B nemokparuunHuTe  0o0LiecTBa
NPaBONPHIIATaHETO CE€ OCHOBaBa Ha (h)YHIAMEHTAJIHOTO pa3OMpaHe,
4e Cuila MOXKE []a Ce M3I0JI3Ba CaMO aKo JPYTH CPEJICTBAa OCTaHAT
HeedekTUBHM MM 0Oe3 obeliaHuMe 3a IMOCTUTAHE HA IKENAHUS
pesynrar. ToBa e BaXHO CbOOpaKeHHE, KOraTo ce Npuosrsa 1o
KakBaT0O ¥ Ja € ynoTpeba Ha CHIa, HO OIIe IOBEYe IpH
M3IOJI3BAaHETO Ha CMBPTOHOCHA WIJIM MOTEHIMAIHO CMBPTOHOCHA
CHia, KOATO TpsAOBa ma Obae KpaifHa MspKa, 3a J]a ce 3aduTra
MpaBoTO Ha XMBOT. Koraro ce Hamara W3MOI3BaHETO Ha CHIIA,
CIY)KMTEINTE TpsAOBa Jia MpUOArBaT caMo A0 MHUHMMalHaTa CHia,
HeoOXo[MMa 3a IIOCTMIaHe Ha 3aKOHHATAa Lell Ha IIPaBOIpPHU-
JIaraHeTo, 3a Ja Ce TrapaHTupa, 4e IIETHTE M HapaHsABaHUATA ca
BB3MOXHO Hal-manko. Ilpunoskenara cuma Tps6Ba ma Oble
HAITBJIHO a/IeKBaTHA Ha KOHKPETHATa CUTyalUs C OIJex HEHHOTO
OBJIAABaHE U MpHUJIaraHeTo i 1a ObJe He3abaBHO MPEKPaTEHO CleN
MOCTHI'aHE Ha LeJuTe Ha 3akoHa. ChriacHo [7] mpaBurencrBata u
MpaBOTPHJIATAIUTE OPTaHM CIIEBA Ja pa3paboTAT BE3MOXKHO Haii-
IIMPOK HAOOp OT CpeAcTBa U Aa 000PYABAT CIIYXKUTEIUTE Ha pesia ¢
pa3IUYHU BHIOBE OPBXKUSA M OOCTIPUIIACH, KOUTO OMXa MO3BOJIMIM
JuepeHIPaHo HU3II0I3BaHe HAa CHJIA M OTHECTPENIHH OPBKHA,
BKJIFOYHUTEIHO HECMBPTOHOCHH 00€3BPIKAAIIM OPBKHSA 3a YoTpeda
B TIOJXO/SIIH CHUTYAIlMH, C [eJl BCE MO-TOJSIMO OTpaHMdYaBaHe Ha
M3IOJI3BAaHETO Ha CPEJCTBA, CIIOCOOHW Ia NPHYMHAT CMBPT WIH
HapaHsIBaHE Ha XOpa.

Baxno e nma ce mogueprae, ye Te3u NPUHIUITN CE IIPUIArar 3a
aKTOBE Ha MPaBOIIPUIIAraHe Mo BCSIKO Bpeme. ToBa BKIIOYBA, OCBEH
MpPaBOMNpPHUIATaHETO B MHPHO BpEME: CUTYallMM Ha BBTPEIIHO
OC3MOKOWCTBO W HAamNpeXKeHHWe, KaTo OYHTOBe, H30JIMPaHH U
CTMOpaJNYHM aKTOBE Ha HACWIME M JPYrH CclIydau OT IOJ00HO
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€CTEeCTBO; NMPABONPHUJIATallH OIEPaIl[Ui H3BBH BOAEHETO HA BOCHHU
JNEHCTBUSL IO BpeMe Ha BOCHEH KOH(UIUKT, HalmpuUMep AaHTH-
TEPOPHUCTUYHH OTEPaIMH; Pa3INIHH BUIOBE ONEpalliy B ITOJKpEna
Ha mupa; u T.H. C Ipyru oymu, Te ca BaJMIHM 32 aKTOBETE Ha
MpaBoNpuIaraHe KOrato M KbJIETO U Jia Ce CIy4YBaT M HE3aBHCUMO
OT TOBa KOif T'M W3BBPLIBA (JOPH B CIIydanuTe, KOTaTO CE H3BBPLIBAT
OT BOEHHHM CHJIN).

3amuTata Ha MpaBaTa Ha YOBEKAa € OT OCHOBHO 3HaueHHE 3a
TOJIIbPKaHeTO Ha MCTHHCKY U CTaOWIIeH pen B IbprkaBaTa. Korato
BBPXOBEHCTBOTO Ha 3aKOHA HE ce CIa3Ba, ce HaOJII0JaBaT CepHO3HH
W CHCTEMaTH4YHM HapyLIeHNs Ha IpaBaTa Ha 4oBeka. B pesynrar Ha
TOBa HAapacTBa HEYBa)XEHWETO KBbM 3aKOHA M IyOJIMYHHTE BIIACTH,
HapacTBa M BEPOSTHOCTTA 32 BH3HUKBAHE HAa OTKPUT KOH(IMKT B
cTpaHata. 3a Ja OpAaT  3alIUTEHH IO aJeKBaTeH HAYMH,
3HAUYEHHETO W 00XBaTa Ha Te3u IpaBa TpsAOBa na Obaar nobpe
pa30paHu OT CIY>KUTENIUTE Ha IPAaBONPHIIAralliuTe OpPraHu.

3a ;ma ynecHH pa3OupaHeTO W TpWIaraHeTo Ha MpaBaTa Ha
YOBeKa B IPaBONPWJIATAHETO, IIPAaBO3AIUTHATA OpPraHH3AIHS
»Amnesty International®, cbBMECTHO C TIOJUICUCKH CIY)KUTCIH U
eKCIIepTH OT pa3JM4YHU CTpaHH, € ¢opmymupana ,,10 ocHOBHM
CTaHIapTa 3a YOBCIIKUTE MpaBa 3a CIYXKUTEIM Ha IpPaBOIPHIIA-
ramure opranu’ [8], 6asupaHu Ha YOBEIIKHUTE MPaBa, CTAHIAPTUTE
3a mpaBonpuiarane Ha OOH u Haka3aTeTHOTO MPaBOCHINE:

1. Bcekn mMa mpaBO Ha €JHAKBA 3alUTa OT 3aKOHa, Oe3
JUCKPUMUHAINA Ha KaKBaTO M Jla € OCHOBA, W OCOOEHO cpelry
HaCWJIMe WM 3amiaxa. bpaere ocobeHo OauTerHy, 3a 1a 3alUTHTE
HNOTEHIMATHO YSA3BUMHU TPYIH KaToO Jela, Bh3PAaCTHH XOpa, JKeHH,
Oe)kaHIM, Pa3CeIeHH JIMNA U WICHOBE Ha MAILMHCTBEHH IPYIIH.

2. OrHacsiiTe ce KbM BCHYKH JKEPTBH Ha INPECTBIUICHHE CHC
CBCTpPaJaHHE W YBaXXCHHE M IIO-CIICIMAIHO 3aIlIUTaBalTe TAXHATa
0e30MacHOCT U JINYEH JKUBOT.

3. He u3nomn3Baiite cuia, OCBEH KOTraTo € CTPOro HeOOX0AUMO
¥ B MHHIMAJTHATA CTEIeH, He00X0JrMa IpH 00CTOATEICTBATA.

4. N30sarBaiiTe M3MOJI3BAHETO HA CUJIa, KOTATO KOHTPOJIUPATE
HE3aKOHHM, HO HEHAaCWJICTBeHHM cbhOpanus. Korato pasmpbckBarte
cbOpaHUs ¢ Hacwiue, HM3IOJ3BaliTe CHJIa caMO B MHHHMMAaiHara
Heo0XoMa CTeIeH.

5. He Tps0Ba ma ce W3MON3Ba CMBPTOHOCHA CHJIA, OCBEH
KOTaTo € CTPOTO HEeHW30eXHO, 3a Jla 3alIUTHTE XXHWBOTA CH WM
JKMBOTA Ha JPYTH XOpa.

6. He apecryBaiiTe HHKOE IHIIE, OCBEH aKO HSIMa 3aKOHOBU
OCHOBAHUS 3a TOBAa M apecThT C€ M3BBPIIBA B CHOTBETCTBHE ChHC
3aKOHHHTE MPOLETYPH 32 apecT.

7. Ocurypere DOCTBIT Ha BCHYKU 3aJbp)KaHU He3abaBHO Clie]
apecra JI0 CEMEWCTBOTO M 3aKOHHHUSI CH HPEICTaBHTEN M 10 BCSIKa
Heo0XoMMa MeJUIIMHCKA TOMOIIL.

8. Benuku 3agppkaHu TpsOBa Aa ObIAT TpEeTUPaHH XyMaHHO.
He nanacsiite, mon0yxaaiTe WM TOJEpUpaiTe KAKBBTO U Ja € aKT
Ha M3TE€3aHHE WM MAITPETHpaHe NPH HUKAKBU OOCTOSTENICTBA H
OTKa3BalTe /1a ce MOAUMHIBATE Ha BCSKA 3allOBEJ 3a TOBA.

9. He wusBwpmiBaiiTe, He HapekaaiiTe M He NpHUKpHBaiiTe
M3BBHCHICOHN EK3eKYI[MH WIH ,,M3ue3BaHusi M OTKa3BaiTe jJa ce
MOAYMHABATE HA BCAKA 3aI110BC/ 3a TOBA.

10. [MoxnaznBailiTe BCHYKM HapyuieHHss Ha Te3d OCHOBHH
CTaHIapTH Ha BaMMS BHCII CIYXHTeI W Ha IIPOKypaTypara.
Hampasere Bcmuko 1O cmimre CH, 3a Ja  OCHTYpHUTE
TIPEANPUEMAHETO Ha CTHIIKH 3a pa3ciie/[BaHe Ha Te3U HapyIICHHUS.

To3u DOKYMEHT MOXe Jla Ce OLEHM KAaTO MHOTO IIOJIe3eH 3a
MOBHIIIABAHE OCBEIOMEHOCTTa KakTO CpeJl CIY)XUTEIUTEe Ha
IpaBoIIpuIaralliuTe OpraHu, Taka U Cpe€a AbpiKaBHU CIIYKUTEIH,
NapJJaMEHTapUCTH, )KYPHAJIMCTHU, HETIPABUTEJICTBEHHU OpraHU3alun
U JIp., OTHOCHO OCHOBHHTE CTaH/apTH, KOUTO TPsiOBa 1a ObJaT yact
OoT OOy4eHHEeTO M MpAKTHKaTa Ha IPaBOINPWIIATAIINTE OPTaHH.
ABTOpHTE TO MPEOPHIBAT U KaTO OTIIPABHA TOYKA, KOSTO MOXeE 1
MOCITYXH 3a pa3paboTBaHe Ha MOAPOOHM HACOKM 3a OOydeHHE U
Ha0JII0IeHNe Ha MOBE/ICHUETO HA CIY)KUTEIIUTE.

Cpimo Taka, He OuBa ma ce 3a0paBs, uye CIyKHUTEIUTE Ha
MpaBONpHIATralllUTe OPraHU OCBEH HOCHUTEIM Ha 3aJbJDKCHUS, BKIL.
3aJbJDKEHUE J1a 3alMTaBaT YOBEIIKUTE TIpaBa Ha JPYTUTE, €a ChIIO
Y HOCUTENIM Ha YOBEIIKH IIPaBa U AbPXKABUTE UMAT OTTOBOPHOCT Ja
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3a4YMTAT U 3alIUTABAT M TEXHUTE rpaBa. ToBa 03HaYaBa, HAIIPUMED,
4e IbpiKaBUTE TPSIOBA Ja raPaHTHPAT, Ye CIIY)KUTEIUTE Ha TEXHUTE
MpaBOMPHJIATaIld OPTraHd paboTAT MPU MOAXOJINYU YCIOBHS; Ye ca
nobpe oOy4eHH M O00OpyIBaHH, BKIIOUHTEIHO CHC CpPEACTBAa 3a
€aMo3allnTa; 4e OIepaluuTe ca o0pe IUIAaHUpaHH; Y€ TOTydyaBar
MOAXOMSAIIN HWHCTPYKIMH, 32 & ce W30CrHe H3laraHeTo WM Ha
HEHY’KHA OMACHOCT.

3aknwouenue

3anpioKkeHHATa Ha ObpkaBuTe, npowmstudamu ot MIIY, ca
nBoitHu. ITbpBOTO 3aABIDKEHUE € J]a TIPHEMaT 3aKOHOJATENICTBO Ha
HaLMOHAIHO HHBO, 3a Ja FapaHTHUPAT CHa3BaHETO Ha MPUIOKUMHUTE
M3UCKBAaHMS Ha IIPaBOTO Ha 4YOBeKa. BTopoTo wu3mCcKkBa OT
IbPKaBUTE J1a C€ BB3IBPXKAT OT NPAKTUKH, KOUTO ITPOTUBOPEYAT Ha
IpaBaTa Ha 9oBeKa. B cuTyarmy, B KONTO TakWBa HapyIICHUS MOTaT
Ja ObIaT TPHOHCAaHM Ha CIYXKUTEIH Ha IIPaBOIPIIIAraIlinuTe
OpraHu, T€ ce NMPHU3HABaT HAa MEXIYHApOIHO HUBO KaTO NMPAKTHKU
Ha ABbpKaBara, 3a KOUTO TS MOXe Aa ObJe AbprkaHa OTTOBOPHA.

Kato mpencraBuTenn Ha IbpiKaBaTa, CIYKUTEINTE HA
MpaBONPHIIATAIIUTE OPTaHU TPsOBa Ia M3IBIHIBAT 3aIbIDKCHUTA
CH B paMKHTE Ha OIPaHHUYHUTENHHS 00XBaT Ha MEXIYHapOIHOTO
IpaBo 3a IpaBaTa Ha YoBeKa. ToBa 0O3HAa4yaBa, 4e M3IMOJI3BAHETO Ha
cwia TpsOBa ma ObAe CTPOTO PeriaMeHTHPAaHO OT 3aKOHa, MOJYM-
HEHO Ha SICHH HACOKH U MPUHLUIIA K CTPOTO KOHTPOJIUPAHO.

JleMokpaTHyHHTE OOIIECTBA Ca OCOOCHO YYBCTBHTEIHH KBbM
BCSIKO HapylIaBaHE Ha OCHOBHUTE YOBEIIKM IIpaBa OT CTpaHa Ha
MPaBONPHIIATAIIUTE OPraHH, HE3aBUCHMO Jald TO € B pe3yiraT OT
MPaBOMEPHO WH3MOJ3BaHE HAa CHJIA WM OT HEBOJIHA TIPElIKa,
HEJOCTAaThUCH OIUT Ha CIY)KUTENISl WIM YMHIDIEHa 3JI0yIoTpeda.
Chp3paieHuTe B pe3ynTaT Ha TOBAa HEraTHBHH OOIIECTBEHU Harjlacu
MOraT Jia UMaT CEPHO3HH IIOCIEACTBHS, a CBHINO M Ja JIOBENaT J0
HEYBEPEHOCT Ha CIY)XHTCIHTE B IPAaBHJIHOCTTa Ha TEXHUTE
JEUCTBUS M HEKAUECTBEHO M3ITBJIHEHNE HAa TeXHUTE QyHKIHH. 3a Ja
ce m30erHe TOBa, KAaKTO CIY)KHUTEIUTE, Taka M OOIIECTEHOCTTa,
TpsiOBa Aa ca noOpe 3al03HATH ¢ 0O0XBaTa Ha YOBEUIKUTE MIPaBa U C
MPaBOMOIIMATA Ha PABONIPHIIATAINTE OPTaHN.
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N3ToYHUIIM HA TOABOAHUS KOPA0eH LIyM
Sources of underwater ship noise

bucrpa Henosa
HHCTUTYT 1O MeTano3HaHKe, ChbOPBXKEHUS U TEXHONOTHH ¢ LIeHTHp 1o xuapoaepoauHaMuKa npu beirapcka akageMus Ha HayKUTe,
Oy llunuencku npoxox Ne 67, 1574 Codust, bearapus
bistranenova@hotmail.com

Abstract: When moving, various types of vessels radiate underwater sound that propagates in the marine environment. Ships contribute
significantly to ambient noise levels in the world’s ocean, with shipping being a major source of noise in the sea in the low-frequency range -
from a few Hz to several hundred Hz. The vessel’s noise spectrum consists of broadband noise with superimposed tonal components at
specific frequencies and can extend up to tens of kHz. Underwater ship noise originates from various sources. The primary ones include
machinery noise from engines and other onboard equipment, and propeller-induced noise due to propeller cavitation and blade rate. In
addition to vessel design and technologies used, operating conditions and sailing speed are important determining factors for the

underwater radiated noise levels.
Keywords: UNDERWATER RADIATED NOISE, SHIP NOISE

1. Bveeoenue

[Ipy ABIKEHHETO CH PA3INYHUTE BHUIOBE IUIABATEHH CHIOBE
M3ITBYBAT MOJBOJCH 3BYK, KOMTO Ce PasmpoCTpaHsBa BbB BOIHATA
cpena [1-3,14]. M3npuBaHUAT OIyM MOXKeE Jia ObJie 3HAYUTEIICH U a
JOCTHI'a Ha TOJIEMH pa3cTostHus oT u3rounuka. Wenz (1962) [4] e
HampaBul OOCTOEH Mperjie] Ha CIEKTPUTE W H3TOYHWIUTE Ha
aKyCTHYEH OKOJIEH IIyM B OKEaHa, B TOBA YUCIO KONEOaHWs Ha
TYpOYJIEHTHO HAISATAHE, 3aBUCHM OT BATHPA M PECIMEKTHBHO OT
MOBBPXHOCTHOTO BBJIHEHHE IIYM, OKEAHCKH TpaduK B [HANa30Ha
10 Hz + 1 kHz u gp. Kopabure umar 3Ha4uTe]Ie€H MPUHOC KBM
[IyMa B CBETOBHHsS OKEaH, KaTO B MHOTO PailOHH € OTYHTAHO
[OBHUIIIABaHE CIPSIMO HHUBAaTa Ha €CTECTBEHHs IIyM Ha OKOJHATA
cpena ot mopsaska Ha 20 + 30 dB [5]. B auanasoHa Ha HHCKHTE
YeCTOTH HAa 3BYKa - OT HAKONKO Hz no Hskonko crotun Hz -
KOpaboIUIaBaHETO TPENCTABISABA OCHOBEH HM3TOYHHUK HA [IyM B
mopero. TeHIeHIHsATa 32 HAPACTBAIIO U LIHPOKO PasIpOCTPaHEHNE
Ha aHTPOMOTEHH! M3TOYHUIM HA IIIyM B MOpCKATa Cpela Mopaxia
sarpwkeHocT. Ilpe3 roamHuTe ce HaONIOaBa yBeIMYaBaHEe Ha
o0must Opoil Ha IIaBaTeNHWTE CHAOBE, a B HIKOW CIydaW H
MOBUIIIEHA MOIIHOCTH Ha JBHTATENHTE, KOETO BOIM IO IIO-TOISM
MOJIBOJCH IIYM BCIICICTBHE Ha KOpaOoIlulaBaHeTo. Pexuiia HaydHH
M3CIeIBaHMs CHOOMIABAT 3a TOTEHIHANd Ha TOABOIHHUS KOpaOeH
IIyM JIa OKa3Ba HETATHBHO BJIMSHUE BBbPXY MOPCKUTE GO3aNHHIM

[6].
2. I1o0sooen kopaben wiym

3a pa3NMYHATE BHAOBE IDIABATENHH CHIOBE Ca XapaKTEPHH
pa3sIMYHU HMBA HA U3IbYBaHUs IOABOJAEH LIMPOKOJIEHTOB IIyM. B
JHTepaTypaTa ce chOOIaBaT CTOMHOCTH OT M3MEpBaHMS Ha IIyMa
Ha TaHKepH, KOpabu ¥ MOTOPHU JIOAKU B IIMPOK AMAIA30H - OT MO
160 no maxg 190 dB re: 1 pPa at 1 m [3]. OGukHOBeHO KOpabute ¢
IOo-roJIEMU pasMEpU HUMAT IMO-MOIIHU IABUIaTCIIM W 3aJBUXXBAIIA
CHCTEMHM, BCJIEACTBHE Ha KOETO IIPOU3BEXIAT IIOBEYE LIYM.
TeproBckoTo  KopabomjiaBaHe HMa OCHOBEH IPUHOC  3a
MIOBHUIIIABAIUTE CE€ HUBA Ha IIyM B OKEaHHWTE, 0OCOOEHO NPU HUCKH
yectotH [7]. OcBeH BIMSHHETO Ha TOJEMHTE THPrOBCKU KOpalw,
BCE II0-4ECTO C€ pasriIekaa poisiTa Ha IO-MalKH CbIOBE U
(epuboOTH, KaTo IPOYUYBAHUS YCTAHOBSABAT, Y€ IIYMBT OT IIO-
MaJKHTE TUJIaBaTElHU CBHAOBE 3a OTAMX U (epuboTHTE MOXKEe jAa
JOMHMHHMpa B 3BYKOBHS MEW3aX B IUTUTKUTE KpailOpe:KHH BOJIH.
I/ISMepBaHI/IﬂTa B IUIMTKH BOAU Ca TPYAHHU 3a U3BBLPIIBAHE IOpaau
CJIOKHHUTEC BSaHMO)leﬁCTBHH MEXAY aKyYCTUYHUTE BBLJIHU OT €IHA
CTpaHa ¥ MOPCKOTO ABHO M MOPCKaTa MOBBPXHOCT OT Jipyra.

Arveson u Vendittis (2000) [5] ca wu3BbpIMIK TMOAPOOHK
HM3MEpBaHMUs HA HUBATa HA M3TBYBAHUS MOABOJCH IIyM OT TOJISIM
ToBapeH kopad (IbrkuHa 173 m) BEB BoAU ¢ IBI004YMHA HA JHHOTO
1830 m. ITomyuenute pe3ynTaTH 3a OOLIMTE (IIMPOKOJIECHTOBH)
HHMBa Ha M3/TBUCH LIYM ca B aAuana3ona ot 178 no 192 dB re: 1 pPa
at 1 m, kaTo CTOHHOCTHTE ca U3MEPEHHU MPH PA3IUIHH CKOPOCTH HA
TUTABATETHUS Ch]I.

Jansen u Jong (2017) [8] ca oueHniu HUBaTa HA U3IBYBAH IYM
OoT KopabM dpe3 W3MEpBaHMS B IUINTKH KpalOpe)kHH BOIH, B
Omu3ocT A0 KopaOomUiaBaTeNHH IBTHOIA. PesynTature OT
M3MEpBaHMATA Ha ITOBOAHUS 3ByK Ca KOMOMHUPAHU ¢ HH(OPMAIUI
3a OKOJHAaTa cpefa M JAaHHH OT CHCTeMaTa 3a aBTOMAaTHJHA
uneHTuukanms (AlS) 3a kopabure U TeXHUTE MO3UIMH, B3ETH ca
HpeBHU] U 3aryOuTe IpH Pa3lpoCTpaHeHNE Ha aKyCTUIHHUTE BBJIHH.
CpenHuUTe IIMPOKOJICHTOBH HHMBAa Ha W3JIBYCH KOpaOeH MIyM ca
oLeHeHH B yectoTHarta jeHTa ot 50 Hz no 16 kHz u ca B o6xBarta or
170 o 183 dB re: 1 pPa?m? B momydenus HaGop OT JaHHHM Haii-
BHCOKH HHBAa Ha IIyM ca MOKa3alu IMTHUYECKH KOpaOW HpH Haii-
BHCOKATa CpelHa CKOPOCT Ha IIaBaHe.

OcBeH KOHCTPYKIMATA Ha IUIABAaTENHHSA CHI M H3IOJI3BaHUTE
TEXHOJIOTHH, PabOTHUTE YCIOBHSA M CKOPOCTTa Ha IUIaBaHE cCa
B&KHH OINpenessy (akTopy 3a HUBAaTa Ha W3IbYBaHUs miyMm [7].
OOmara HaOdI0aBaHa TEHJCHLMS €, Y€ IpH HapacTBaHE Ha
CKOpOCTTAa Ha IJIaBaTeTHUTE ChJIOBE HUBATAa HA MPOU3BEXKIAHUSA OT
TAX IWIyM ce yBenuuaBaT. KaTo Ipui0 mo-crtapure U JIOLIO
HOATBPKAHN KOPaOM TPOM3BEXKIAT IOBEYE IIyM, OTKOJKOTO IIO-
HOBUTE 1 T€3H C J0Opa eKCIUIOATAI[OHHA HOAIPBKKA.

Ha @ur.l e mpencraBeH TUNOMYEH NpUMEP 3a CIEKThD Ha
M3IBYBAHUS IITyM OT THPTOBCKH KOPad MpH Pa3IMIHU CKOPOCTH HA
aBare [5, 9]. LlymbT, H3apUBaH OT KOpabHTe, MpPENCTaBIsABA
KOMOMHAIMS OT JBa OCHOBHM THIA IIyM B ToOJsMa YacT OT
YECTOTHHS IHAIIa30H: IIHPOKOJICHTOB IIIyM M TOHAIHHU cHrHamu [1].
[IIupOKOIEHTOBUAT IIyM HMMa HENPEKbCHAT CIEKTHP, HMpU KOHTO
HHUBOTO € HelpeKbCHaTa (PyHKIMS Ha YecToTara. TOHATHUAT HIyM
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Que. 1. Cnekmuvp HA UBTLUEAHUA WLYM OM MBP2OECKU KOPAb npu
pasiudHu  CKopocmu Ha njiaeane no oannu Ha Arveson u
Vendittis (2000) (Possenti et al., 2024) [5, 9]
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Cé CBCTOM OT TOHOBE, YHHTO CHEKTBD ChIbPXKA JHHEHHU
KOMIIOHEHTH, MOSABSABAIIN CE HA JUCKPETHU 4ecTOTH. CHEKThPBT Ha
KOpaOHUs LIyM MOKe Ja ObJe XapaKTepH3UpaH KaTo HENpPEKbCHAT
CIEKTBP, ChABPIXKAIL HACIOKEHN JIMHEHHU KOMIIOHEHTH M MOXE 12
ce mpocrupa B o0xBar orT Hsakonko Hz no necerkm kHz.
W3uncnsgBaHeTo HAa YECTOTHHS CIEKTBD C BHCOKA PE3OJIOIHS
(mpumepro 0.5 Hz) mo3BonsBa maeHTHQUIMpPAHETO HA 3HAYNMH
TOHAJIHW KOMITOHCHTH Ha IIyMa - OCHOBHUTE MM YECTOTH U TEXHH
XapMOHHIIH.

3. H3mounuyu na no08oOHUs Kopaben wiym

IMogBOAHHAT LIyM, W3IbYBAH OT IUIABATEHHTE CBHIOBE,
HPOM3XOXKAA OT PeOulia Pa3iIHdHM HM3TOYHHIM. KbM OCHOBHHTE
THIIOBE KOpabeH LIyM Chajgar: UIyM OT KOpaOHHWTE MAIIHMHH, LIyM,
MpOU3THYANl OT paboTara Ha BUTJIOTO M LIYM OT ITOTOKA Ha BoJara
MOKpai ABIDKCIIHS CE IUIaBaTeieH CbA. THIMYHH HU3TOYHHULHM Ha
1ryM ot Kopabute ca nokaszanu Ha ®ur.2 [10].

3.1. lHlym om mawiunume

[IyMbT OT MalIMHUTE JONPUHACS 3a TIOJBOJHHUS U3bYBaH LIyM
Ha IUIABATENIHUS CBJ Ype3 MpeJu3BHKBAaHE HA BHOpalUH Ha
o0LIMBKaTa Ha KOpIyca M upe3 IpeAaBaHe Ha 3BYK IPe3 OTBODH,
KOUTO ca [JHUPEKTHO CBBpP3aHH ¢ Mopero [7]. MammHHUTE
KOMIIOHEHTH HpEIW3BHKBAT MEXaHWYHH BHOpalUK B MHOTO U
pa3nuuHM Yactd Ha chiaa [1]. Bubparuu morar na BB3HHKHAT OT
BBPTAIIN ce HeGaJaHCHpaHHW YacTH, IOBTApSIIU Ce IMPEKbCBAHMS,
BB3BPATHO HOCTBIATENHN JIBIKCHUS, MEXaHHMYHO TpPHUCHE,
KaBUTALUA U TypOYJIEHTHOCT B MOTOKA Ha (UIyn[ B IOMIIH, TPHOH,
KJIamaHd ¥ Jp. VIMa MHOXECTBO ITbTHIIA, IO KOUTO 3BYKBT M
BUOpald OT MalIMHUTE CE M3IBYBAT B OKOJHATa MOpPCKa BOJA.
OCHOBHO BHOpanuH ce IpeaaBaT KbM KOHCTPYKIHUSTA Ha KOpITyca U
KbM HEroBaTa OOLIMBKA IIPe3 MOHTAXXHUTE CTPYKTYpPH, Upe3 KOUTO
CE OCBIIECTBSBA 3aKPENBAHETO HA MAIIUHUTE.

ChbliecTBeH M3TOYHMK Ha MallMHEH INYyM Ca OCHUTYpsIBAaIlIUTe
3a/IBIDKBAHETO M YNPABJICHHETO Ha IUIABATEIHHs ChJ MAllWHH,
KaKBHTO Ca JIBUTaTeIHUTe. 3aBIKBAILUTE CHCTEMH MOTaT ja ObaaT
JIM3ENI0BH PEAYKTOPHU HJIM C JUPEKTHO 3aJBHKBAaHE, JH3EI-
ENIeKTPUIECKH, ra30BO-TypOuHHK 1 ap. [11], KaTo eneKTprIecKoTo
3aJBI)KBaHE MIPOM3BEXAa MO-MAJKO BHOpPAMM M CHOTBETHO IIYM.
HuckockopoctHuTe JIM3ENOBU JIBUTaTeIH reHepupar
HHCKOYECTOTEH TOHAJIEH IIyM, CBBP3aH C YECTOTaTa Ha 3arajiBaHe
Ha neuratens (firing rate). Hanpumep 3a ToBapeH kopab cbC
3a/IBIDKBAaHE OT JIBYTaKTOB LICCTLHJIMHAPOB [M3EJ0B JBUTraTeNl M
JMPEKTHO CBBP3BaHE Ha Baja C BHUTIOTO, 32 €IHO 3aBbpPTaHE Ha
BUTJIOTO MMa ILIECT [MKbJIa Ha 3alalBaHe Ha AU3EJIOBUTE LIMINHIPH
[5]. CremoBaTenHo OCHOBHATA YeCTOTA HA 3alaliBaHe HA TIABHHS
JIM3EJI0B JIBUTaTeNl € IIeCT ITbTH 4YecToTaTa Ha Baia. M3mpuBaHM
TOHAJIHA KOMITOHEHTH Ca M CEepHUsi OT XapMOHHUIIM Ha Ta3H 4eCTOTa.
HuBata Ha TO3M BUA IIyM Ce BIMAAT OT CKOPOCTTa Ha Kopaba u
HaJMYUETO Ha CTPYKTYPHU PE30HAHCH.

Jlpyru cromaraTefiHd MAIIHHH, BKJIIOYUTEIHO TE€HEPaTopH,
MOMIIA U OTOIUIMTEHH, BEHTUIAIIMOHHNA W KIMMATHYHU CHCTEMH,
11e JIOTIPUHACST 32 OOIIUs 3BYK, H3TbUBAH B OKOJHATA Boja. JlaHHH
3a M3TBYBAHUS IIYM Ca MMOKA3aJld TOHAJIHU YECTOTH ChC 3HAYUMHU
HHBa OT KopabeH o0cmy)XBall[ U3eN0B reHeparop — cepus ot 6-Hz
xapMoHwuIH [5].

HuBoTO Ha M3TBYBAH IIyM, IPOU3THYALL OT OOPAOBH MAIIHMHHY,
e MHOro crenuuYHO 3a BHIAa M pa3Mepa Ha IUIaBaTEIHUs ChI,
KakTO M 32 MOHT@XHHUTE CTPYKTYpH, M3MOI3BAaHH 3a OTICITHUTE
JBUTATEIH, TEHEPATOpH U Ap. MalIMHHUAT IIyM MMa TeHICHIHS 1a
JOMHHHPA TIPH HACKH CKOPOCTH Ha Kopaoda.

3.2. lllym om eéumnomo

HuckouecToreH TOHaJeH IUyM BB3HUKBA B pPE3yNTaT oOT
BBbPTEHETO Ha BUTJIOTO MPE3 NPOCTPAHCTBEHO IIPOMEHSLIOTO Ce
1ojie Ha JupsATa (BBIHEHHETO), KOSITO HaABOJHUTE KOpaOu OCTaBsIT
cien cebe cu. Paborara Ha BUTJIOTO MOXKE J1a JOBE/IC 10 KaBUTALIUS,
KaKTO M 0 HeKaBUTannoHeH myM. [IlyMbT OT KaBUTAIMS € CIIOKCH
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U BB3HUKBA B MHOTO pa3NUYHH (GOPMH B 3aBHCHUMOCT OT
KOHCTPYKIIMSATAa Ha BHUTJIOTO W KOPIyca, KAKTO M OT pabOTHHUTE
ycnoBust [7]. Tlpu yBennyaBaHe Ha CKOpOCTTa Ha Kopaba Han
HayaJTHaTa CKOPOCT Ha Bh3HUKBAHE HA KABHUTAIIMSA, INYMbT, AbJDKAIL
ce Ha BBPTAUIOTO C€ BUTIO, CE€ YBelIMYaBa 3HAUYUTEIHO.
KaBuTannoHHHUAT HIyM OT BUTIOTO € OT OCHOBHUTE M3TOYHHIM HA
MOJBOJICH IIIYM IIPY TO-BHCOKH CKOPOCTH Ha IUIaBATEIHUTE ChIOBE.
OCBeH TOBa TO3M H3TOYHHK OOWKHOBEHO [OMUHHpA BBB
BUCOKOUYECTOTHHUS CHEKThp Ha KopaGHusa myM. [Ipu THproBcku
KopabW CKOpOCTTa Ha BBH3HWKBAHE HAa KaBHTAIMsA MOXe Aa Oble
HHUCKa JI0 €/1Ba 8 Bb3eJa 1 3aTOBA € BEPOSTHO MOBEUETO ThPrOBCKU
KOpalu Jia MpOsIBIBAT KaBUTALIUS.

B pesynrar ot paboTtara Ha BUTJIOTO C€ TeHEepUpaT AUCKPETHH
TOHOBE C YeCTOTaTa Ha MpeMUHaBaHe Ha BUTIIOBHTE stonaTtku (blade
rate) W KpaTHH Ha Ta3M dUYeCcTOTa XapMoHHIM. YecToTata Ha
JIONIATKUTE € paBHAa Ha YECTOTaTa Ha Bajla, YMHOXEHa 1Mo Opos Ha
nonatkure. ToBa € CBHIIECTBEH M3TOYHHK HAa HHUCKOYECTOTHH
TOHOBE B CIIEKTHPa HA M3TbYBaHMSA IIyM. KaBuTarmsara Bogu u 110
reHepupaHe Ha IIUPOKOJICHTOB IIYM C HENPEKbCHAT CIEKTBP,
JIBDKAll Ce Ha XAaOTHYHMS KOJIAIC HAa MeXypueTa C passIuuHH
pasmepu.

[lIyM OT BUTJIOTO MOXeE CHIIO Ja ObJIe CBHP3aH ¢ BUOpAIMOHHA
peakuuss Ha MEXaHHWYHH CTPYKTypH B OJH30CT 1O BHUTIOTO.
Bb3MOXKHO € M Aa ce NOosABU ,JieeHe Ha BUTIIOTO, NPH KOETO
B3aUMOJICHCTBHETO MEXAYy QIyHJa H CTpyKTypara BOIH JO
MPOM3BEKTaHE HA BUCOK TOHAJICH 3BYK.

]_I_IyM'bT OT BHUTJIOTO € aMIUIUTYAHO MOAYJIMpaH W CbAbpXKa
NEPpUOANYHU YBCJIMYCHUA Ha aMIUIMTyAaTra, IOsABABAIllU CE€ IIPpU
YeCcToTaTa Ha BbPTCHE HA Bajla HA BUTJIIOTO WM IIPHU 4YE€CTOTATa Ha
nonarkure [1].

3.3. Illym om 600nus nomok

B HepaBHOMEpHHS W TPOMEHJIMB MOTOK Ha BOJAATa OKOJIO
KOpITyca Ha JBHJKELl C€ IUIaBaTelieH ChJ ce mopaxzaa mym [1].
CamusiT KOpITyc, KaKTO ¥ BCHYKH TIPHAATHIM, MPUKPEIIEHH KHM
KOpIyca, MOpaXaaT TypOyJIEHTHOCT ¥ OTAENAT BHUXPU TIpH
JBIDKEHHE BBB BOJATa U MOTAT ITOHSAKOTA J]a TEHEPHUPAT 3HAUUTEIICH
myM [10]. ToBa OOHKHOBEHO cTaBa IO-U3Pa3eHO IMPH BHUCOKH
ckopoctd. ChIIO Taka BCAKAaKBM OTBOPH B KOpIlyca Morar Ja
HpeIu3BUKAT NIPOMEHM B HAISITAaHETO, JOKaTO Bojara NpeMHHaBa
nokpaii orBopute. J[pyrm M3TOYHHOM Ha IIyM OT IIOTOKAa ca
pa3buBaiy ce BBIHM IPH HOCA M KbpMara, KaBHTALUS IIPH
HOATIOPM W TIPHUAATHIM, KAaKTO W  B3aHMOAEICTBHETO Ha
TYpOYJIEHTHOCT OT IIOTOKA OKOJIO €IHA CTPYKTYpa C ipyra.
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HIymMBT OT HOTOKA MOKE Ja CE€ U3IbUBA MPSIKO MM HHAUPEKTHO
ype3 MpeIu3BUKBaHE Ha PE30HAHCHO Bb30Y)KAaHe Ha BHOpaluu B
Pa3IMYHU CTPYKTYPH Ha ChAA.

4. 3axknouenue

IlonBogHMAT KOpaOeH IMIyM NPOU3X0XK/Aa OT PEIUIla H3TOUHHUIIH.
ToBa BoaM 1O CIOXHAa aKyCTHYHAa CHUTHaTypa Ha KopaOwure,
oOxBaIama IIUPOK AWana3oH OT 4ecToTH. [IpuHOCHT Ha BCeKH
KOMIIOHEHT C€ Pa3iiMyaBa MpU pa3lUYHUTE IUIABATCIHH CHIOBE H
CBIIO TaKa CHJIHO 3aBHCH OT CKOpPOCTTa Ha IUIABaTEJIHUSI CB.
OCHOBHHTE U3TOYHHUIIM Ha KOPaOCH IIyM BKJIFOYBAT MAIIUHEH [IyM
OT JBHUTATENU W Jpyro OOpIOBO 0OOpyIBaHE, W MPEIU3BUKAH OT
BHTJIOTO IIyM BCJICACTBAC HAa KaBUTAIlMs HAa BUTIOTO H Ha
YyecToTaTa Ha MPEMHUHABAHE Ha JIOMATKUTE HAa BUTIIOTO.

HenpexkbcHaTHAT aHTPOIIOIGHEH LIyM B OKeaHa ce IeHepupa
OpeauMHO OT Kopaborutaanero [12]. TIpoyuBaHus TMOKa3Bat, 4e
HOJBOHHUAT IIYM, H3TbYBaH OT THPrOBCKH KOpaOH, MOXe Aa uMa
KaKTO KpaTKOCPOYHH, Taka M JBJITOCPOYHH OTPHULIATEIHH
HOCIIEIUIN 32 MOPCKHS J)KUBOT, OCOOEHO 3a MOpCKHUTEe Go3aifHUIN.
MexayHapoanata Mopcka opranuszanus (International Maritime
Organization - IMO) npe3 2024 r. e u3aana nmpepaboTeHH HACOKH 3a
HaMaJsBaHEe Ha MOABOJHHA IIYM OT THPIOBCKOTO KOpaOoIUIaBaHe,
onobpenn ot Komutera 3a omazBane Ha Mopckara cpeaa (MEPC)
[13].

TTo3HaBaHETO HA M3TOYHMIMTE HA IOJBOIHUS KOpaOEH LIyM e
BOKHO 3a HAMHPAHETO Ha ONTHUMAaJHH pEHmICHUs 3a HErOBOTO
Hamansiade [11]. Pa3paGoTBaHeTo W MpHJIaraHeTO Ha ChbBPEMCHHH
METOJIM M TEXHOJIOTHHU IIPU MPOEKTHPAHETO Ha IUIABATEIIHU ChIOBE
MOJXKE J1a TTOHVIKH IIPOMU3BEKAAHUTE HUBA Ha IIYM: ONTUMHU3UPAHU
KOHCTPYKIIMM Ha BHTJIa C YBEIMYCHA HayalHa CKOPOCT Ha
KaBMTALMs, 3a/[BI)KBAIIM MAIIMHU C NO-HUCKH HUBA HA BUOpalHH,
HM3MIONI3BaHE Ha mM3oiupamy BHOpamuurte omopu U Ap. Cpen
NpEernopbYBAHUTE MEPKM ca W OIEPATHBHU JACHCTBHUS, KaTo
OrpaHHYaBaHe Ha CKOPOCTTAa B €KOJIOTHYHO YyBCTBUTEIHH PailoHH,
NpeHacouBaHe Ha MapUIPYyTH W TOYHCTBAaHE M MOJJAPHKKA Ha
BUTJIaTa ¥ KOPITyCHUTE.
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Abstract: B mamepuana ce npednazam pezynmamume om usnumanus u mecmose Ha MoOyn 3a eieKmpoHHO NpOMuodelicmsue Ha
Huckonemawu obexmuu, cv30aden ¢ Hncmumym no memanosnauue, CooOpwvicenus u mexuonoeuu ¢ Llenmup no xuopo- u aepoouHamuxa -
BbAH. Hanpaseno e usciedsane Ha 30Hama 3a év30eticmaue Ha Modyna 3a pa3nuunu vecmomu.

KEYWORDS: UNMANNED AERIAL VEHICLE, JAMMING MODULE

1. Bveeoenue

MacoBoTo HaBiIM3aHE Ha APOHOBETE B PA3IMYHHU aCMEKTH Ha
YOBEUIKOTO BCEKUAHEBHE, KAKTO M OCOOEHO AaKTUBHOTO UM
H3M0I3BaHE B TAXHOTO BOGHHO IIPWIJIOKEHHE IIpe3 IOCIECIHUTE
TOAVHH, TIPEATOoara 1 3aCHICHO HayYHO BHUMAHHE BbPXY TAXHOTO
H3MO3BaHE W W3CJIeABaHE Ha HOBM NBTHIIA W IIOAXOOH 32
HEeyTpaJn3upaHe Ha Pa3pyLIUTETHO UM MPUIIOKEHHE.

ToBa e cepHO3HO NpPETU3BHKATEICTBO 32 3aIlUTAa Ha BOCHHH
obektH ¥ KpuTHYHa wuHOpacTpykrypa [1,2,3], karo ocBeH
OTKPMBAHETO U WACHTU(GUIMPAHETO HA TE3W THIOBE IETH,
MacHUpaHOTO MM HM3IIOI3BaHE Ch3/aBa MPOOJIEMH TIpe]] CHCTeMaTa 3a
TSAXHOTO HEYTpaIU3UpaHe.

3a menrta B IHCTHTYTA IO MeTal03HAHUE, CHOPBKEHUS H
TexHonoruu ¢ LleHTBp Mo Xuapo- U aepoauHaMuka "AKaleMUK
Awnren banescku" mpu BAH (UMCTIXA — BAH), ¢ cp3nancHa
Cucremara 3a 6op6a ¢ Huckonersiuu obektu[ 4-7], mpenHasHaueHa
3a TPOTHBOJCHCTBME HA MAacoBO BIHTAIIM XEJIUKONTEPH H
OE3MIIIOTHY alapaTy ¢ TAKTHYECKO MpeTHa3HauCHHE.

IIpoTrBOAEHCTBUETO CE€ OCBIIECTBSABA UPE3 Ch3/1aBaHE Ha
CMyIIEHHS HA TEXHHUTE CPEACTBaTa 3a CaTENMTHA HAaBUTAIUSA U
yIIpaBJIeHHe, KAKTO W 4pe3 KHHETHYHH BB3ACHCTBHS C OCKONBYHH
Ooenpumnacy.

2. Pesynmamu u ouckycus

B mpomeca Ha TpoBeneHWTE HU3MHUTBAHHUSA OfXa  M3MHUTAHH
(yHKOMOHATHUTE BB3MOKHOCTH 3a paboTa B YCIOBHS Ha

CMYUICHUB CJIECOHUTE THUIIOBE 6€3HI/IJ'[OTHI/I JICTATCJIHU alapaTtu
(BJIA):

Ourypa 1
- besnunoren camoner HumoGyc (dur. 1);
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Qurypa 2
Hpon ®antom - 3 (dur. 2) u

@urypa 3
Hpon Marpuc -200 (Dwur.3).

M3nuTBaHMATA ce MPOBENOXa OT MO3UIUH B OKOJTHOCTHTE Ha TP.
Crapa 3aropa, Hamupamu ce Ha 3.8 kM u 7.2 kM. (Dur. 4) or
M3TOYHHKA Ha cMymieHns. [loneTute ce M3BBpIIBaXa OT CHBMECTEH
exkun Ha MMCTLXA - BAH u Copyxenne CJIC B pexxuMm Ha
3aBUCBAaHE Ha pa3IMYHU BUCOYMHH WJIM IO MOJETEH IUIAH MO
MapupyT (¢ur. 5) HaJ MO3UIMATA ChC CKOPOCTH 10 30 M/cex.

N3T04yHNKBT Ha cMymienus e paspadborennss MMCTLXA - BAH
cmyturen ADD-SSRI -2 (Dur.6) cb3maBam CcMylIeHHs Ha
CHCTEMHTE 3a CITbTHHUKOBO IMO3HMLHOHUPAHE M Ha KaHAINTE UM 3a
o0meH Ha maHHM ¢ yectrotd 433 MHz , 2.4 GHz. u 5.8 GHz. B
paMKHTe Ha eKCIpUMEHTa Oemle W3MUTaHO U BB3JCHCTBHETO Ha
HOBO pa3paboTeH TeHepaTop Ha CMYIICHUS 3a CHUCTEMHTE 3a
CITBTHUKOBO TTO3UIHOHHPAHE .



®durypa 5

Bsixa U3BBPIICHN MOJIETH C 3-Te THIMA JAPOHOBE Ha Pa3CTOSHUS
5000 m., 7500 m. u 10000m. or ADD-SSRI-2, karo ce mpomensiie
BHCOYMHATa Ha TOJIeTa JO0 MOMEHTa, B KOWTO ce oTyuTamie, Io
JAHHHTE OT ITyJITa 3a TUCTAHIIMOHHO YIpaBJeHHe, 3aryda Ha CHUrHaI
OT cHCTeMaTa 3a caTelIWTHAa HaBWTalWs, WIM CUCTEMaTa 3a
yIpaBlieHHe U TNpeAaBaHe Ha JaHHHM OT JpOHA, NpH IOJaBaHe Ha
KOMaHJIa 3a BKJIIOYBAaHE HAa CHOTBETHHTE CHCTEMH 3a MOJABSHE Ha
EneKkTpoHHHS KOMIUIEKC Ha H3/IETHETO.

OO6o0menuTe pe3yaTaTd OT HM3NUTBAHHMATA Ca IIOKA3aHH B
Tabmuru 1,2 m 3, B xouto ¢ HI'en ca mocouyeHm HaHHUTE OT
U3IOJ3BAHETO Ha HOBOPA3pabOTEHHS TI'€HEepaTop Ha CMYIICHHS.
Koraro cHrHambT OTYMTAH IO JIaHHH OT CHCTEMarta 3a yIpaBJeHHe
e cbc croiHocTH mox 70 emaMHMIM ce TyOM YCTOHYHUBOTO
ynpasieHueTo Ha bJIA
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OO0oOuieHuTe pe3yaTaTd OT H3NUTBAaHHMATA Ca IIOKAa3aHW B
tabimua 1, B xouro ¢ HI'eH ca mocodeHu JaHHUTE OT M3IOJI3BAHETO
Ha HOBOPa3paboTeHHs1 TeHepaTop Ha cMmylueHus. Korato curHanst
OTYHTAH M0 JaHHU OT CUCTEMATa 3a YHPAaBIECHHE € ChC CTOMHOCTH
oy 70 eMUHUIY ce TyOH yCTOWYHBOTO yripaBieHueTo Ha BJIA.

®urypa 6
Tabmmmna 1.
BucounHa 0 180 150 150 150
Ha TIOJIET
(merpn)
Humoéyc 16/ 0/ 55% 0/ 25% 0/ 20% 0/ 60%
Bpoit 9%,
carenutu/c | 433
Wniia Ha MXig
CHTHAJIA .
Pastosnue | 3.8k 7 km. 9km. 10 km. 0 km.
Ha JIA ot m
TIO3HITHSTA
Bucounna 0 100 140 150 200
Ha TIoJIET
(merpu)
®antom 3 | 18/ 0/ 0/ ,,namaaue | 0/ o/
bpoit 2.45. | nammume Ha y-€ HaJIM4ue | Hajauuue
carenuTu/c | 8 Ha y-e Ha y-e Ha y-€
HJia Ha I'Xu.
CHTHAJIA
Pasrosiaue | 3.8 3.8 kM. 3.8 kM. 3.8 kM. 3.8 kM.
Ha JIA ot KM.
TIO3HITHSTA
Marpuke | 16/ o/ o/ o/ o/
bpoit 2.45. | nammume HaJW4ue Ha | HaJM4ue | Hajuuue
caremutn/c | 8 Ha y-e y-e Hay-e Ha y-€
HJia Ha I'Xu.
CHTIHAJIA
Pazrosaue | 3.8 3.8 kM. 3.8 kM. 3.8 kM. 3.8 kM.
Ha JIA ot KM.
TIO3UIIUSITA
Tabmnuma 2.
Bucounn
a 0o [60 |70 |8 | 100
moJier
(meTpu)
Matpuk 4 0 0
zaTe].l;'lll)/l(')l‘“ 12/ Zé Bl we |/ me |/ me
2458 ce ce ce
u/cniia X cMy omy ovty evymt
Ha masa
masa | m@asa | aBa
CHTHAJIA
Bucounn
a ma 0| 60 100 | 150
noJier
(meTpn)
10/ 8/ 8/
®danTom
3 Booii JIeK | ek | JeK
CaTeJIIl)/l T 10/ cOoit | cOoit | cboit
2458 | B B B
u/cuia
na I'’Xu. | ynpa | ympa | ympa
BJICH | BJCH | BIIEH
CHUTHaJIa
Hero | mero | mero
Bucounn
a ma 0| 100 | 100 | 100 | 100
noJjier
(meTpn)
Humoyc
Bpoii 17/ 16/ 15/ 16/ 15/
caTe/IuT 165, He ce | He ce | He ce | He ce
u/cuna 433 cMy cMy cMy CMyIIL
Ha MXII. 1aBa | mjaBa | miaBa | ama
CHTHAJIA
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Pa3rosin
ue HA
JA ot 500 500 500 500
MO3HIHS
Ta
Bucounn 149 149 100 100
a Ha - ADD HTe ADD | 50-
noJier HI'e - - HIen.
(MeTpn) " ssri | SSRI
danToM
3 @
Bpoii 8/5.8 0/cm 8/cm | O/em | 7- 0/
caTeJuT ' ymaB | ymas | ymas | 8/cma | ciaabo
I'Xug
u/cMyIna ace ace ace 0o He | He
BaHa
4ecToTa
Tabmuma 3.
N Tu Pascto Buco 3ary0 Pabora
m Ha SIHHE J10 YHHA HA a Ha | Ha cucTeMara
JpoHa ADD- rmojie | careluTHa | 3a
SSRI-2 Ta HaBUTAIWsl | yrpaBlieHHE
(xm.) (™)
1 dantom 5 50 na Heycroii
3 YHUBO
2 danrom 5 68 na I'y6u
3 yIIpaBJIcHHE
3. Marpuc 5 50 na Heycroii
YHUBO
yIIpaBIicHHE
4. Marpuc 5 100 na I'y6u
yIIpaBJicHHE
5. Hum6yc 5 100 nia -
6. dantom 75 150 na I'y6un
3 yIIpaBlIcHHE
7. danTOoM 75 75 na Heycroii
3 YHUBO
8. danrom 7.5 50 na Hannyue
3 Ha
yIIpaBiieHHE
9. Marpuc 75 100 na Heycroii
YHBO
10. | Marpuc 75 120 na I'y6u
yIIpaBIIcHHE
11. | Humbyc 7 100 Ja -
12. | danTOoM 10 150 na Nma
3 yIIpaBIicHHE
13. | danTOoM 10 100 na Nma
3 yIIpaBJIcHHE
14. | danrom 10 50 na Nma
3 yIIpaBIIcHHE
15. | Marpuc 10 250 na Mynso
yIIpaBiieHHE
16. | Marpuc 10 150 na Mymso
yIIpaBiieHHE
17. | Marpuc 10 75 na Mynno
yIIpaBIICHHE

3. 3aknwuenue

[IpoBeieHUTE M3MUTBAHUSA JOBENOXA 0 ChOMpaHe Ha JAaHHU 3a
BB3MOXHOCTUTE 3a IIOJICT Ha B.HA B yCHOBHf{ Ha paSﬂI/I‘{HI/I THUIIOBC
CMYLIEHMS.

Ot Tabnuuure ¢ pe3yiaTaTHTE C€ BMXJAA, Y€ CHUCTEMHUTE 3a
CIBTHUKOBO IO3UIMOHMpaHe Ha pasznuuyHute BJIA ycraHoBsABaT
BpB3Ka C pasznmyeH Opoil carenuta — OT 8 g0 17 Opos, Koeto e
MPEIIOCTaBKa 32 TAXHATA Pa3InIHATa IIYMOYCTOHYHBOCT.

Koncratupano Oemie, We  mpH pasaWyHH pPa3CTOSHUS U
BHCOYMHM Ha TIOJET BJIHMSHHETO HA CMYIICHUSATA CE€ H3MEHS
3HAUUTEITHO, KaTO B OOIIUS CITydail Mpy pa3cTOSHHUS 0 OKOJIO 5 KM.
U BHCOYMHM Ha mojer okono 100-250 M. cmymeHusita ca
e(eKTHBHHU.

YcraHoBeHO Oelle, 4e HATMYUETO HA KaHAJ 3a YINpaBlCHUE OT
433 MX 3HaYMTENHO IOBMIIAaBa 3ammTeHocTTa Ha BJIA oT
cMmyieHusTa cb3naBand or ADD-SSRI -2, kaTo Ha OTHaNe4eHOCT
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or okoso 10 m TO3uM KaHanm 3a OOMEH Ha JaHHM C€ CMYyIIaBa
e(eKTUBHO.

Peructpupanu Osixa emuszoanyHa 3aryba Ha yOpaBieHHE B
YCIIOBHUS Ha cMyIleHHe npH 3aBoi Ha BJIA, nbmkamu ce BeposTHO
Ha HacOYBaHE HA JuarpaMara Ha HacO4YEHO AeiCTBHE Ha CHCTEMUTE
MY 3a HO3UIMOHHUPAHE U YIIPABJICHUE 0 II0COKA Ha CMYTHTEIIS.

KoncraTnpaHno Gemre noTeHIMagIHa HeeTHOPOJHOCT B 30HATa Ha
cmymiaBane Ha ADD-SSRI -2 no Buco4rHa (B 9aCTHOCT — HOAABSIHE
Ha cpencTBaTa Ha BJIA npu TexHus mosnet Ha BucoyrHa oT 150 M. u
JIUIICa Ha MTO100HO MOAaBsSHE MPHU MOJIeT Ha BUcoyuHa oT 200 M.).

®unancupane: Hacrosmoro uscnensane Oeme GHHAHCHPAHO
o mporpama ,,HayuHn uscienBaHus, HHOBAllMU U JUTUTAIU3AINSA
3a pHTeNMrenTHa Tpancdopmarmsa 2021-2027 r., cepuHAHCHpaHa
or Espomeiickust cpro3, mnpoekr BG16RFPR002-1.014-0008
,,YCTONUMBO pa3BuTHe Ha L{eHTbp 3a KomneTeHTHOCT ,,KBazap*®.

BaaromapuocTn: buxme wuckanmm ga  W3pa3uM  HalIWTe
61arofapHOCTH KbM Iporpama ,,Haydnu uscnenBaHus, ”HOBALUK U
IUTUTAIM3ALUs] 32 MHTEJUTeHTHA Tpanchopmamst 2021-2027 r.,
cbunancupana ot EBpomeiickust cpio3, mpoektr BG16RFPR002-
1.014-0008 ,,YcroiuuBo pa3Butue Ha L[EHTHp 32 KOMIIETEHTHOCT
»KBazap“ 3a mpegocTaBeHaTa IIOAKpena 3a  HacTosllaTa
MyOIUKaIs.
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A systematic approach to training aimed to improve the efficiency of npp personnel
training
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Abstract: The Systematic Approach to Training (SAT) is a logically structured process based on job analysis whose aim is to ensure that the
personnel have the necessary knowledge, skills and attitudes to effectively perform their assigned tasks. The SAT is a flexible system that can

be adapted to the needs of any nuclear power plant and any job position.

KEYWORDS: NUCLEAR FACILITIES, SYSTEMATIC APPROACH TO TRAINING, MANAGEMENT SYSTEMS, PROTECTION OF

NUCLEAR INSTALLATIONS, REGULATORY FRAMEWORK

1. Introduction
The Systematic Approach to Training (SAT) is a logically
structured process based on job analysis, whose aim is to ensure that
the personnel have the necessary knowledge, skills and attitudes to
effectively perform their assigned tasks.
The SAT includes five interrelated stages:
1. Analysis;
2. Design;
3. Development;
4. Implementation;
5.Evaluation.
These stages are not applied linearly and in a one-off fashion, but in
a circular and continuous manner so that the results of the
evaluation feed back into the other phases. The SAT is a flexible
system that can be adapted to the needs of any nuclear power plant
and any job position.

2. Overview of the activities included at the

different stages

Appropriate training ensures that each member of staff is informed
about the meaning and significance of the work they are performing
and about how their work contributes to safety and to the
achievement of the Company's goals.

2.1. Analysis
The analysis phase aims to determine what knowledge, skills and
attitudes are required for each job position. Methods used include:
Job and task analysis;
Competency analysis;
Interviews, surveys, observation, documentation.
The ultimate goal is to produce a list of:
Required knowledge, skills and attitudes;
Critical tasks;
Terms of performance;

e  Frequency and importance of each task.
2.2. Design
At this stage, the following is determined:
The structure of the training program;
The learning objectives;
The training methods (e.g. simulators, lectures, on-the-job
training);
The assessment methods — tests, practical demonstrations,
observation.
The design stage ensures that all critical knowledge, skills and
attitudes identified at the analysis stage will be covered by the
program, and that the training will be aimed at achieving specific
results.
2.3. Development
At this stage the following are created:

e Training materials (manuals, presentations, simulator
scenarios);
Assessment tools (tests, checklists, feedback forms);
Instructor guides and lesson plans;
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e  Scenarios for emergency or extraordinary situations, if
needed.

The development stage should provide all the necessary resources
to deliver the training effectively and in accordance with the
requirements set at the analysis and design stages.

2.4. Implementation

This is the stage in which the training is done for real, by using the
materials and methods developed at the previous stages. Key
aspects here include:

Planning and organizing training courses;

Teaching in the classroom, with a simulator or on-the-job
training;

Monitoring the effectiveness of the training;

Documenting participation and results.

Employees must demonstrate that they have acquired the required
knowledge, skills and attitudes before being allowed to perform
their tasks independently.

2.5. Evaluation

Evaluation is a continuous process that is applied at every level:
Trainees’ assessment - have they achieved the objectives?
Evaluation of the training program - is it effective?
Trainers’ evaluation - are they performing their role well?
Impact evaluation - does the training contribute to better
performance and safety?

The evaluation allows:

Improvements in the training content or methods;
Identification of new training needs;

Evidence of regulatory and internal purposes;

Feedback to the management on the effectiveness of the
investment in the training.

The systematic approach to training is not just a “good practice” but
a necessary system for managing the competence of the personnel
in the nuclear sector. It provides structure, transparency,
sustainability and continuous improvement.

3. Key features and benefits of SAT

SAT is recognized as the best international practice for
developing and implementing effective training programs in the
nuclear industry. Its application brings about a number of key
benefits that cover the quality, effectiveness and sustainability of
the training.

3.1. Key features of SAT

SAT is characterized by the following key features:

- Job-or competency-based analysis:

Training programs are based on a systematic analysis that
determines what knowledge, skills and attitudes are needed to
perform certain tasks in a job.

- Clearly defined learning objectives:

Each training module has specific and measurable objectives that
indicate what the trainee should know and be able to do upon
completion of the program.

- Content and methods tailored to the objectives:

Appropriate methods, tools, and materials are used that are directly
related to the learning objectives and the trainees’” profiles.
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- Performance assessment:

Trainees are assessed against predefined criteria. This includes
theoretical tests, practical demonstrations, observation, etc.

- Evaluation and feedback:

Training programs are periodically evaluated to ensure they are
relevant, effective and in line with the needs of the nuclear plant.
3.2. Main benefits of the implementation of the SAT

The implementation of the SAT leads to significant benefits for
nuclear power plants and operating organizations, including:

- Increased safety: by providing adequate training, the employees
are better prepared to respond appropriately to normal, abnormal
and emergency situations.

- Increased efficiency and productivity: well-trained personnel work
faster, better and with fewer errors.

- Optimal use of resources: SAT helps to direct training only at the
really necessary KSAs, thus reducing unnecessary costs.

- Better documentation and traceability: every stage of the training
process is documented, which facilitates audits and regulatory
oversight.

- Increased motivation and satisfaction of personnel: trainees
perceive the training as targeted, applicable and respectful of their
roles, which improve staff engagement.

- Better preparation for new technologies and changes: SAT allows
flexible adaptation of the training when introducing new equipment,
software or organizational changes.

- Improved safety culture: by incorporating KSAs related to human
factors, SAT promotes responsible safety behavior and thinking.

In summary, SAT is not just a training methodology - it is a
strategic tool for managing competence, risk and quality in a
nuclear power plant.

4. Applying the Systematic Approach to Training
4.1. Establishing a training system based on SAT
The training system in a Nuclear Power Plant should be formally
recognized by the management of the operating organization and
should have a clearly defined structure, responsibilities and
resources. In this context, SAT is used as a methodology for:

e  Developing training programs;

e Implementing effective training;

e  Achieving and maintaining competence;

e  Facilitating assessment and continuous improvement.
The system should be supported by written policies and procedures
that clearly state:

e  The objectives and scope of the training;

e The responsibilities of the different units;

e  The interaction between the training organization and the
operational departments;
e The quality control
mechanisms.
4.2. Stages in the introduction of SAT
The introduction of SAT into an existing training system requires a
staged approach that ensures smooth transitions and makes
maximum use of the resources already available.
Recommended stages include:
1. Analysis of the current training system:
- What programs exist?
- What methods are being used?
- How is effectiveness evaluated?
2. Training of key SAT staff:
- Training of managers, instructors and training specialists;
- Introductory courses and practical workshops.
3. ldentifying priority positions and programs:
- For example: operators, electricians, maintenance personnel;
- Focusing on safety-related positions.
4. Developing and implementation of SAT-based programs for
safety-related positions:
- Starting with pilot programs;
- Using the results to refine subsequent programs.
5. Expanding the scope of SAT to other positions and activities:

and performance evaluation

- Gradual inclusion
subcontractor staff.

6. Establishing a mechanism for continuous evaluation and
improvement of the system.

of management, administrative and

4.3. Key conditions for the successful implementation of SAT

For the effective introduction and sustainable implementation of
SAT it is needed:

- Active support from the senior management of the operating
organisation and the nuclear plant;

- Appointment of a competent team responsible for the management
of the training system;

- Ensuring sufficient resources - staff, budget, technical facilities,
and premises;

- Continuous training and development of trainers and training
specialists;

- Cooperation between the operational units and the training
structure;

- Integration of SAT into human resources, quality and safety
management systems.

5. Conclusion

- The implementation of SATs is not a one-off project but a
continuous improvement process;

- Existing training programs can be adapted and not necessarily
replaced in their entirety;

- SAT allows flexible implementation according to the capabilities
and needs of the specific organisation;

- The initial effort is significant, but the long-term benefits
outweigh the investment.

The implementation of SAT is a strategic investment in the
competence, safety and efficiency of a nuclear power plant.
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Busyanu3npaHe Ha XWAPOAKYCTHHATAa MH(OPMALUsl MOJYyYaBAHA OT MHOIOJbYeB CEKTOPeH
XHPOJIOKATOP
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Visualization of underwater acoustic information received from a multibeam sector sonar
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Abstract:

This report presents the operation of a device for forming an image of a monitored underwater area using

underwater acoustic information received from a sonar with a multi-beam directional radiation pattern. Echograms for
150 seconds and 420 seconds are presented. One of them records the movement of a diver from 60 meters to 120 meters

and his passage through three sectors.

KEYWORDS: VISUALIZATION, UNDERWATER ACOUSTIC INFORMATION, MULTIBEAM SECTOR SONAR

BnBenenue

WHAMKaTOPBT Ha XHIPONOKATOpPAa OCHUTYpSBa
BU3yasiHa HMH(pOpMaMsg 3a HaOIIOZaBaHUSA
paiioH.

IIOJABOACH

EJ'ICKTPOHHI/ITG I/IHI[I/IKaTOpI/ITG, Hpe,I[CTaBFIH.II/I
CUT'HAJIUTE B rpaz[auHHTe Ha CHBOTO, OCI/IprHBaT
JUHAMHWYEH JUalla30H 3a Ha6J'IIO,I[aBaHI/IT€ CUTrHaJIu OT
20dB,

€JIEKTPOXUMHUYHA WU €JIEKTPOTEPMUYHA XapTHUS TOU €

OKOJIO JOKaTo TpU  HMHAUKATOPUTE  C
16dB. 3naunTenHO pa3mupsBaHe HA TO3M AHWAIA30H ce
IMoCTUTra 4Ype€3 NBETOBO KOJAWPAHE HA XUAPOAKYCTHYHATA

unpopmanmsi[1].

L[BGTHOTO KOAupaHEe Ha
CHUI'HaJla OCUTypsiBa Ha oneparopa

aMIlIMTy/laTa Ha
BB3MOXKHOCT Ja
pas3jinuun oT ceaeMm 10 OCCeT

MpeICTaBEeH! Ha eKpaHa BETOBU Tpafamnuu. [Ipu padboTa

€THOBPEMEHHO

¢ mo0paxeHue (GopMHUpPaHO C HM3MOI3BAHETO HA OCEM
IBETOBU TIpaganun ( MCXIY JBa CBbCECOAHU IBATA
npaznukara ¢ 6dB ) omepaTopbT ciieq o0mIa oneHkKa Ha
M300paKCHUETO MOXKE Jia ChCPEIOTOYM BHHMAHUC Ha
OTJeNicH (PparMeHT CHCTOSIL CE OT JABY WM TPUIBCTHU
eneMeHTa. B TO3M ciiydall AMHAMUYHUSAT TUama3oH Ha
HabmonaBanute curnany e 42dB [2,3].

M3xoxpmaliku OT TOpe  U3JI0XKEHOTO, Ha
WHAWKAaTOpa Ha XWAPOJOKaTopa M Ha CHCTeMara 3a
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chOMpaHe u o00pabOTKa Ha JaHHU ce

U3IIBJIHEHUETO HA CICIHUTC (I)yHKLII/II/IZ

Bb3J1ara

- mpeoOpadyBaHe Ha IIOJIC3HUTE aHAJOTOBU
CHTHAJIM B LIM(POBH Upe3 ACCKPETH3ALMS, OCHTIYpsBaIla
OT YeTHPH JO0 LIECT M3BaJKU 32 BPEMETO Ha €XOCUTHAJA
;

- 00paboTKa M BU3yanu3upaHe Ha ILHM(POBHUTE
CHTHAJIM Ype3 M3IMOJI3BAHETO Ha OCEM LIBETOBH Ipasiallui
Ha IIBETeH eKpaH (MOHHMTOP) Ha XHJPOJIOKATOpPa;

- BB3MOXHOCT 3a 3alUC Ha I[OJyaBaeHaTa
noJie3Ha HHpOpMaLHsL.

N3inoxenue

Paspaboteno e ycrpoiicTBo 3a popmupane Ha
n300pakeHre Ha HaOJIOIaBaHUS TIOJIBOJICH palloH KaTo
ce  U3I0I3Ba

XUIpOaKyCTUYHATa  HMH(pOpMAIH

Iojxy4dyaBaHa OT XHAPOJOKATOp C€ MHOTO JIbYCBA

JuarpamMa Ha HaCO4Y€HO JIEUCTBHE.

ExpanbT Ha Xuaposiokaropa ce paszjaens Ha
CEKTOPH, B KOWTO C€ BH3yalu3upa U u300pa3siBaHe
XHIPOAKyCTHYHATa HWH(GOpMAIWs, [OCHhIBAIA  OT
CHOTBETHHUS CEKTOp Ha HaOmoneHue.BEB BCceku OT Te3u
CEeKTOpH ce ChXpaHsBa wuHPopmamusaTa oT M-te
MOCTICIOBATEIHA COHAMPAHUS Ha TPHHIWIA ,,TBPBH
BIISI3BJI IBPBU U3IA3BI. BpoAT Ha ceKTOpUTE Ha KOUTO
€ pa3/ielieH eKpaHa € paBeH Ha Opos Ha JBYUTE Ha
oOrmrara quarpaMa Ha HACOYEHOCT Ha XHIPOJIOKATOPA.
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JlpunTe Ha pAumarpamara Ha HAcOYEHOCT Ce
¢opMupaT OT ONpEneNeHn TIpyIu
XUIPOAKyCTHYHATa aHTEHa. BCekW b4 WU3IBUBA H

CICMCHTH Ha

MOJIy4aBa OTPA3CHHU CUTHAIM 3a OMPECICH YY4acThK Ha
MOJIBOJTHOTO MPOCTPAHCTBO. BBB BCEKHM CEKTOp OT
€KpaHa Ce BH3yallu3upa MOoJyyaBaHaTa OT ChOTBETHUS
JbY Ha JUarpaMara XdAPOAKyCTHYHA WHPOpMALUs 3a
M-Te mocienoBaTeNHM COHAWPAHUS B TO3U CEKTOP,
KOSITO € JMCKPETH3HpaHa M0 aMIUIUTYAa U 10 BpeMe Ha
nocteBane. 1o KoMaHIa OT oreparopa ompeielicHa
yacT OT HabJrogaBaHaTa MH(OPMAIINS Ce 3aIicBa C [el
3a IOIBIHUTEICH aHAIIN3.

Ha ¢urypa 1 e nokaszana 6i1okoBara cxema Ha
yCTpoiicTBO 3a (opMmMupaHe Ha H300paKEHUETO Ha
XUAPOAKYCTHYHATa HQOpMalus OT XHUAPOJIOKATOPH C
MHOT'OJTYCBa Hacouenoct[4].

YcTpoiicTBOTO QYHKI[HOHHUpPA 110 CICTHUS HAYHH:

JnuarpamMa Ha

W3zpaboTtenusT oT 3agaBamms TreHeparop 4
UMITyJIC CE€ YCHIBa [0 HEOOXOJUMOTO HHBO OT
ycuiBaTensl Ha MOIIHOCT 5 M mpe3 ¢GopMupoBaTens Ha
JuarpaMn Ha HAcOYeHOCT 2 M MHOTOCJIEMEHTHATa

XMJPOAaKyCTUYHa aHTeHa | ce W3JIbyYBa  Karo
XAOPOAKyCTHYEH MMITYJIC B IIbPBUSA IIOJCEKTOpP Ha
Ha0JII0IaBaHOTO BOJHOTO MPOCTPAHCTBO, (OPMUpPAH OT
IBPBUS JTbY (HaW-NIEBUS) Ha AMarpamMa Ha HAaCOYEHOCT

Ha anTeHara 1.

Otpa3eHuTe OT OOCKTH AKyCTHYHH CHTHAJIH,
HaMHpAaIld Cce B TO3M CEKTOp ce ImpeoOpasyBaT oOT
MHOTOCJIEMEHTHATa XHAPOAKYCTHYHA aHTeHa 1 B
CJICKTPUUECKH CHTHAIM W Tpe3 (QOpMHUpoBaTeNs Ha
JuarpamMu Ha HaCO4YC€HOCT 2 ce moJaaBaT KbM YCHUJIBATCIIA
Ha MPUCTU CUTHAJIN 6. YcuileHUTE CUTHAIU MOCTHIIBAT B
mudpoust  mpeobOpasyBaten 7 3a
JICKpPETH3alusl 10 BpeMe M aMIUIUTY[a, CJe] KOETO

MmocTelBaT B OJOKa 3a aHamu3 u o0paboTka 8.

aHaJIOTOBO

IomyuyeHnte cieq; TOBa JaHHU CE 3alMCBAT B EKPaHHATA
mamer 9,
[[BETOBA ramMa ce BU3yaju3upaT Ha ekpaHa 10 B wacTTa,

OTKBACTO B CBOTBETCTBHUEC C H36paHaTa

CHOTBETCTBAIlla Ha CEKTOpAa HA CBHOTBETHHS JIbU Ha
quarpaMaTta. BpeMmeBHAT HMHTEpBAN  MEXIY IBa
COH/IMpAIIM UMITYJICAa 3aBHCH OT M30paHus IUana3oH Ha
pabora Ha xuaposokatopa. ClieaBalIMsIT COHIUPAIL

HUMITYJIC C€ M3Tb4YBa B CHCETHUS (B CIydas - OT BTOPHS)
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Jp4  Ha JUarpamara B CBCGIHHUS IIOJCEKTOp Ha
HaOJIOJaBaHOTO BOAHOTO IPOCTpaHCTBO. I[loiydueHara
uHbpOpMAU  OT CeKTOp Ha  IOJBOXHOTO
IPOCTPAHCTBO Ce H300pa3siBa B ChCEJHATa 4YacT OT
Mo TO3M HAYMH Cce MNPOIBKABA JOKATO

TO3HU

eKpaHa.
COHJMpAIUs UMIIyJIca C€ U3IBbYU B MOCIEIHUS JIbY Ha
aHTeHaTa M ToyydyeHaTa WHQopmanus ce u300pasu B
nocjegHaTa 4acT OT eKpaHa.

Crmex TOBa HpPOLECHT 3alo4Ba OTHOBO OT
IBPBUA aHTCHATA, HoJTy4eHara
nHpOpManus ce m300pa3sBa B MIbPBUSA YacT Ha €KpaHa,

TpY  Ha KaTo
Kato wu3o0pa3eHaTa WHPOpPMANUS OT MPEIUITHOTO
COHIVpaHe Ha TOABOJHOTO MPOCTPAHCTBO OT IIBPBHUS
JbY HA aHTEHaTa ce U3MECTBa C €IHA IO3UIHS B JISIBO.
Taka Hemara NpoAbIHKaBaT JTOKATO €KpaHa Ce 3arbJIHH.
Cren ToBa Haii-ctapata HH(OpMaLus OT eKpaHa, aKo He
€ IMpEeIBUACHO 3alUCBaHETO U ce u3TpuBa. Ilo ToO3mM
HAYMH Ha eKpaHa HaOromaBaMe MokasaHata Ha (Qurypa
2  exorpaMa, CBHOTBETCTBAlla Ha HW3MCHEHHETO Ha
MOJIBOTHATA OOCTaHOBKA B HAOJOaBaHUS CEKTOp OT 72°
32  HMHTepBal OT Bpeme okosno 150 cekyHau, 3a
nuamasoH — 160

B Tputre necHM BepTHKATHM HUBUIH OT €XO
rpamara HaOro1aBaMe Oele3nTe, IIOCOYCHH C OPAHKEBH
CTpeNKH, OT MPHUIBIKBAHETO HA BOJOJIA3 C OTKPHT
LMKBJ Ha JAuliaHe npu oTaaiedaBane ot 50 mo 110
MeTpa W TPEeMHHABaHETO My Tpe3 TpH cekropa. B
JIsiBaTa, ChCEHA HA I[CHTPAIHATA, UBHUI[A OI[BETCHUST B
npeobagaBamo 4YepHo Oener e oT OaBHO JABMXKEI ce
BOJI0JIa3 C OTKPHT ITUKBJ HA JHIIAHE OT Pa3CTOSHHUE OT
okoiio 40 MeTpa 70 okojio 25 meTpa. B chceqnara msiBa
vBHIla HaOIIOaBaHUAT Oener € OT pubeH macax.

Ha durypa 3
LEHTPAIHU, HaOJro1aBaMe Oeler OT MOABOJIEH anapar

B CCKTOpa, KOHTO € B JISIBO OT

¢ quaMetsp 125mm u gpmxuna 1200mm Ha JucTaHIus
oxono 50m. Mudopmanusra 3a noasoaHara 00CTaHOBKA
Ha eKpaHa € 3a BpeMme OT Okojo 420 cekyHOu mpHu
nuanazoH 480 wmetpa. BwbB
M3KJIIOUCHHE Ha Hal-JeBUS Ha pascTosHus 70 20m ca

BCHYKHN CEKTOpHU, C

pETHCTpUpaHu OTpakeHHsATa OT puOeH macax. Haii-
IUTBTEH TOW € B KpallHUsI IECEH CEKTOP.
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36° 24° 12°

160

80

12°

@ur.2. Exo rpama oT ekpaHa Ha XUAPOJIOKATOP 332 CEKTOPHO HaOMOieHne - Juana3oH 160m.

U na nBere exo rpamMu IMpeja aHTEeHaTa Ha
XUIPOJIOKATOpa Ce HaOJII0/1aBa eJHa CUHS
uBHIA ¢ mupouynHa okoso 100m. Tora e
KaHaJI ¢ IbjJ0o4urHa okojo 12m. Ha ennuus
OpsiT, KbJIETO MMa Kei € MOHTHUPaHA
XUAPOaKyCTUYHATA aHTEHA Ha XUJIPOJIOKAaTOpa
Ha apJI0ounHa 4.5M. JIb100YMHATA HA BOTHUS
CJIOH B Kpas Ha exorpamara ot ¢wur.3.24
HaMaJIsIBa JI0 OKOJIO 2M

150

3akjao4YeHue

[TomygenuTe pe3yaTaTd TpH  TO3U
HAYHMH Ha BU3YyaIH3allisl Ha XUAPOAKyCTHIHATA
nH(pOpMaIKs JaBaT OCHOBAHHE J1a CE CUNTA, Ue
npu paboTa Ha XHAPOJIOKATOpa 3a CEKTOPHO
HaAOJIOICHUE,  pealu3upaH 1o  OJOKOBO
¢dyHKIMOHATHATa cxeMa oT ¢ur.3.1., B paiioHu
¢ IBJI004YMHU 0KO0JI0 20m, 1m1e
Morat Ja ObJaT OTKPUBAHH OOCKTH, YHSTO
cuima Ha 1enta e okoimo wmumuHyc 20 db
(Re~0.2 m), Ha mucraniuu g0 400m.



480

240
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®ur.3. Exorpama oT ekpaHa Ha XHIPOJIOKATOP 32 CEKTOPHO HAOJII0ICHKE, CTPEIKaTa IoKa3Ba Oelier OT MOBOJICH arapar ¢
araMeThT 125mm u geimkuHa 1200mm Ha guctaHmus okojo S0m;auama3on 480m.

BbaarogapHocTu

Ta3u myOnuKamus € OChIIECTBEHA 1O TPOCKT
G7475, ¢dumHaHCMpaH  OT  Tporpamara
na HATO ,,Hayka 3a Mup u CUTypHOCT*.
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CpaBHUTe/IEH aHAIN3 HA AKYCTUYHHM U CEM3MHUYHU BbJIHOBU CUTHATYPH MPH U3CTPe
Ha opbaue I-20 u camoxoana cucrema 2C1 ,,I'Bo3guka‘

Hou. n1-p boitues . ., n1-p Acenos Cr. H.,Bacunes K.
MMCTIUXA-BAH, Codwust, Benrapus

COMPARATIVE ANALYSIS OF ACOUSTIC AND SEISMIC WAVE SIGNATURES WHEN FIRING A D-20
CANNON AND A 251 "GVOZDIKA" SELF-PROPELLED SYSTEM

Associate professor Boychev Y. D., PhD, Chief Assistant Professor Asenov St. N., PhD, Vasilev .K., MS
Institute of Metal Science Equipment and Technologies with Hydroaerodynamics Centre “Acad. A Balevski” - BAS, Sofia, Bulgaria

E-mail: y_boichev@abv.hg,

Abstract:. This study presents a comparative analysis of the mechanical wave characteristics generated during the firing of two types of
artillery systems—the towed D-20 gun and the self-propelled 2S1 “Gvozdika” howitzer. Using high-frequency acoustic and broadband
seismic sensors positioned in the near-field of the firing location, wave signatures were recorded and processed to characterize the emitted
energy fields. The aim of the research is to identify specific differences in spectral characteristics, amplitude-time profiles, and wave
structures, with a view to developing methods for source recognition and classification of artillery systems based on their physical imprints
in the environment. The analysis is based on synchronized measurements, spectral decomposition, and waveform evaluation in the context of

sensor technologies applicable to military operations
Keywords: ACOUSTIC SIGNATURE, ARTILLERY

1. Ye00

AKTHBHOTO H3IIOJI3BAHE HAa AaKYCTHYHH CpPEACTBA 3a
pa3y3HaBaHe 3amouBa Impe3 IIbpBaTa cBeTOBHa BOIHA., Karo
OCHOBHAaTa My IIEJl € ONpEACNsIHE Ha  MECTOIOJIOKEHHUETO Ha
HENPUATEICKUTE apTHIepuiicku cpeactsa. [Ipe3 cnenpamure
TOAVHH Pa3BUTHETO Ha EJICKTPOHUKATa, MU(POBUTE TEXHOJIOTHH H
HaBJIM3aHETO Ha M3KYCTBEHHWs HMHTENEKT IOBeloXa J0 TOBa, e
TepMHUHA ,,00HHO TOJe“ cTaBa CHHOHUM Ha ,,AHPOPMAIHOHHO
none“.11lupok CIexkTep OT CeH30pu / ONTHYHH, HH(padepBEeHH,
pajapHH CpEACTBA, aKYCTHYHH M CEU3MUYHH/ JOIBIHEHH CbhC
CaTelMUTHAa TOJJIPBHKKA, OCHUTYPSBAT HENMPEKbCHAT IOTOK OT
uHpopmarus B peanHo Bpeme [1].

Tlony4yeHuTe OT aKyCTUYHHUTE CEH30pPU CHTHAIM  CIEH
mudpoBa 00paboTKa M W3MOI3BAHETO HA CHEIHATM3UPaH codTyep
MO3BOJISIBAT OTKPHBAHETO, WACHTU(QHKAIMATA ¥ JIOKAIM3ALHATa Ha
M3TOYHHIINTE HA CHCU(PHUIHUTE aKyCTUYHN CHTHATH. [I[bpBUYHHAT
eJIeMEHT, Ha OCHOBaTa Ha KOWTO ce pa3paboTBaT um(poBUTE
MOJIeNH 32 00paboTKa Ha CHTHAIUTE € aKyCTHYHATa CHTHATypa Ha
crieruUIHMS TUIT apTUIIEPHUiiCKa crcTema [2-4].

Obexkt Ha Hacrosmara pabora ca aKyCTHYHUTE U
CCHU3MHYHH XapaKTEPUCTHKH HA H3CTPEN OT ABE apTHICPUHCKH
CpeICTBa..

2. Memoouxka

e lI3mepBarenHa cpeaa: Oam3Ka 30Ha 10 opbaneTo (10 200 m)

e  CeH3opHu: MIMPOKOJICHTOB XUAPOGOH MU IINPOKOJICHTOB
aKceJIepOMEThP

e Jluckpermsauus: >50 kHz 3a axycruka, >10 kHz 3a
cen3MHKa
Ob6opynBane:

NUEe30eNeKTpUUecKH akcenepomeTsp Bruel & Kjaer mozen
4370 (Delta Shear®, 98.1 pC/g);

ycunBaren Ha 3apsaa Bruel & Kjaer monmen 2635 (0.1 Hz —
200 kHz);

xunpodou Bruel & Kjaer monen 8101 (1 Hz — 120 kHz);
Tepu-okTaBeH (uirhp Momen 1614 u ycuiBaren Moneln

2607;
e  TECTOB CTEHJ 3a CHHXPOHEH 3alHuC M CIEKTpaIHa
TpaHcopmarus.

Ob6pabotka: rpaduueH aHaIM3 Ha BPEMEBUTE CHTHAJIH,
cnexrpaieH aHanu3 (FFT) na curnamure, ompenensHe Ha
HMKOBH CTOHHOCTH U W3YHUCIICHUE HA UHTErPAIHA EHEePIrUs:

Akycruuna eneprus E;=Y V2

Censmununa eneprus E=Y'S;2
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3. H3nosxcenue

Haii-xapakrepHure pe3yaTatu OT IPOBEACHUTE U3CIIEABAHUS ca
nokazaHu Ha ¢ur. 1 u ¢ur. 2 Ha mppBU KaHan (aKycTHYCH) Ha
TECTOBUSI CTEHJ (TOpHA OCIIIIOTpaMa), KbM KOHTO Upe3 yCHUIIBATelNs
2607 m Tepu-oKTaBHUS (GHATHP € BKIIOYCH €AWH KaIHOpPOBaH
xuapodoH ot Tun 8101. Ha Bropu xanHan (cen3MHu4eH) Ha TECTOBHS
cTeHI (ZOJHA ocuWiIorpama) € BKIIOYCH IHE30€JeKTPHUECKU
akcenepoMeTsp Ha ¢upma Bruel & Kjaer momen 4370 upes
ycuiBaTel Ha 3apsi Mozen 2635.

B —— s

@ur. 1. OcumnorpaMu Ha aKyCTUYHUS (TOpHA) ¥ CEM3MUYHUS
(momHa) curHAN CTpOOHMpPaHU 1Mo BpeMe Ha opbaue J-20

@ur. 2. Ocuunorpamu Ha aKyCTHYHHMS (TOPHA) U CEHM3MHYHUS
(momHa) cuTHAN CTPOOHPAHU 1O BpeMe Ha camoxoqHa cuctema 2C1

Ot ocummorpamure Ha ¢ur. 1 u ¢ur.2 ce BmKIa, Ue
aKyCTUYHHS CHTHAIl IIPH JIBETE CHCTEMH € C I'bPBOHAYANEH ITHKOB
(bpoHT, MocneBaH OT 3aTHxBaia octmianusi. CaMoxo/iHa cuctema
2C1 noka3Ba Mo-IIUPOK UMITYJICEH (POHT, HO CXOJHA MaKCHMasHa
amruuryna ¢ J1-20.
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Ipu [O-20 ceusMuuHHTE CHTHAIM Cca C [O-TOJsIMA
aMIUIUTyJlaTa U MHTETrpajHaTa €Heprus € 3HAYMTEeNHO MO-ToJleMa.
2C1 ,I'Bo3zgmka™ reHepupa mO-ciabo, HO MO-IPOIBIDKUTEIHO
CEU3MUYHO Bb3/ICHCTBHE.

Tab6n. 1 KonuecTBeH aHamm3

TTokaszaren 2C1 ,,I'Bo3auka‘ Opnbaue J-20
AxycTH4eH K, [V] 9.96 10.68
CeunsMuueH THK, 49.7 50.43
[mV]

AKycTHUYHA €Heprus ~42203 ~50312
Ve

CensMHUYHa €HEPIrUst ~973 656 ~1534 246
2(mV)y?

Ha ¢ur. 3 e mokazan Buga Ha aKyCTHYHHS CHTHaja
TeHEepHpPaH OT u3cTpen Ha 152 mMm opbaue U HEroBUsI CHEKTHD.
=l

@ur.3 Bun Ha akyCTHYHMS CHTHAJIA TEHEPHUPaH OT M3CTpelT Ha
152 mm opbaue ¥ HETOBHS CIIEKTBP

Ha ¢wur.4 e mokaszaH ceM3MHYHHS CHTHaJl H HETOBHSA
CIIEKTBP.

®ur.4 Bun Ha CEM3MUYHUS CUTHANA TeHEPHPaH OT U3CTPEN Ha
152 mm opbame 1 HETOBHUS CIIEKTHP
Ha ¢ur. 5 e mokazaH BuIa Ha aKyCTHYHHS
reHepupaH OT H3CTpen Ha camoxoaHa cuctema 2C1 u
CHEKTB.

CHUT'HaJ1ia
HETOBUA

@ur.5. Bua Ha akyCTHYHHS CHTHANIA TeHEPUPAH OT U3CTPET Ha
camoxonHa cuctema 2C1 1 HeroBusI CIIEKTBP

Ha ¢ur.6 e mnokasaH ceM3SMHYHHS CHTHAI M HETOBHS
CIIEKTBP.

i

@ur.6. Bua Ha cen3sMUYHHS CHTHANIA TEHEPHUPaH OT M3CTPelT Ha
camoxoHa cuctema 2C1 1 HeroBusI CIIEKTHP

CrexTpalHUTe XapaKTepUCTUKH Ha aKyCTUIHHUTE CHUTHAIN
MoKa3Bar, 4e camoxona cucremMa 2C1 uMa MO-IIMPOK CHEKTpalieH
pasmax c¢ nukoBe okoino 600-800 Hz, xoero npeamonara mo-
KOMIUIEKCHa CTPYKTypa Ha H3CTpelia M B3aUMOJACHCTBHE CBC
camoxonHara riatdopma. /[-20 mma mo-sicHO AehUHHpaH MUK B
gectoTHUS 00xBat okoio 400-500 Hz, koeto mpenmnonara mo-psseK
U KOHLICHTPHPAH B YECTOTEH IUIaH H3CTpell.

ChexTpalHUTe  XapaKTEePHUCTHKH HAa  CEU3MHYHHUTE
CHTHAIM T[IOKa3BaT, 4e W IpPH JBaTa ciydas ce HaOrojaBar
3HAYUTENIHN aMIUTUTY i B o0xBata 20—80 Hz, xoeto ¢ xapakTepHO
3a yZapHH BBJIHH, PAa3NPOCTPAHSBALIA CE B 3€MHATa IOBBPXHOCT.
J1-20 mma mo-u3pa3eHa HHCKOYECTOTHa KoMmoHeHTa (<50 Hz),
KOETO CHOTBETCTBA Ha MO-ABJIOOKO MEXaHWYHO BB3ACHCTBHE BBPXY
tepeHa. 2C1 nmemoHcTpupa Mo-cnabo M MO-IIMPOKO CHEKTPATHO
pasIpeneneHne, BEpOSITHO CIEACTBHE Ha OMEKOTSIBAIIOTO JEHCTBUE
Ha IIACUTO U JeMI(epupaiy MEXaHH3MH.

Ta6n.2 O000IEeHNe Ha CIICKTPATHHS aHATN3
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TTokazaTen 2C1 ,,I'Bo3auka‘ Opsaue /-20
JlomuHupania yecrora — _ ~10 Hz
Axycruka [Hz] 44 Hz
Hentpounn Ha 10605 Hz ~8 794 Hz
aKycTHYHHA crekThp [Hz]
JlomuHupara yecrora — ~44 Hz ~132 Hz
Ceunsmuka [Hz]
Uenrpon na ~10121 Hz ~10537 Hz
cem3MHUYHUS crieKTHp [Hz]
3. H3e00u
W3cnenBaHero  IEeMOHCTpPUpPA OTYETIHBHA  Pa3idKd B

CHEepTUilHaTa XapaKTEPUCTHKA Ha MEXAHWYHUTE BBJIHU, U3TBUBAHU
OT JBETe apTHWICPHHUCKH CUCTeMH. Makap 4e aMIUTUTyIuTe ca
cxoguu, JI-20 moka3Ba 3HAUMTENHO I0-BHCOKAa €HEpruiiHa
IUTBTHOCT, 0COOCHO B CEU3MHMUHHUS KaHajl. ToBa MOXe J1a Ce ABJIKU
Ha:
pa3IMKUTE B KOHCTPYKIUATA HA JadeTa M TyJIHUS CIHpad;
eeKTa OT IMACHTO MPH CaMOXOJHATA CHCTEMa, KOETO
YaCTUYHO AeMI(pHpa MEXaHHIHUTE UMITYJICH;
pa3nuyus B BI'bJIa Ha M3CTPETa U 3aKPETBaHETO KbM TEpEHa.
Te3u pesynaraTi [gaBaT OCHOBAaHHE 3a H3TPaXKJaHE Ha
AITOPUTMH 3@ pPa3MO3HaBaHE Ha HM3TOYHHUIIM Ha CTpenda upes
KOMOMHHUpAH aHAJIN3 Ha aKyCTUYHHU U CEM3MHYHU CUTHATYPH.
JIOMBIHUTENHUAT CIEKTPAJIEeH aHalu3 MOTBbPXKIABa, 4Ye
aKyCTHUHHTE CUTHaId OT camoxoiHa cucrema 2C1 chbabpxar
[I0BEYE BUCOKH YECTOTH — IPU3HAK 32 MO-CIO0XKHA BUOPOAKyCTUYHA
crpykrypa. CemsmuuHusaT umnyic ot J[-20 e mo-eneprueH u
KOHIEHTPUpPaH, C BUCOKA JIOMUHHUpAILAa YECTOTa, KOETO YJIeCHSBA
OTKpPHUBAHE H THITOBA KITaCU(PHUKAIHS.
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4. 3aknrwuenue

W3zcnenBaneTo Ha BBIHOBHTE CUTHATYPH, PETHCTPHPAHH
npu uscrpen Ha opbaue J-20 u camoxomHa cucrema 2Cl1
,»] BO3IMKA“, TIOKa3Ba OTYCTIHMBY Pa3IM4Ms B TEXHHS aKyCTHUCH U
cem3muueH mnpowmwi. [I-20 ce xapakTepusupa ¢ IO-MHTCH3HMBHA
CeM3MUYHA €HEepPrus M JOMHHHUPAIIM HUCKH 4ecTOoTH, nokaro 2C1
MpOSBSBA MO-IIUPOK YECTOTEH 0OXBAT B aKyCTHYHHUS KaHall. Te3u
pasmuyMs  OTpa3sBaT KOHCTPYKTMBHHTE U KHHEMAaTHYHUTE
ocobeHoctn Ha cucremutre. KoMOWHMpaHMAT aHanM3 Ha
AMIUTITYTHH, CHEPTUMHN M CIEKTPAIHHM IapaMeTpHd MO03BOJIIBA
HaJIOKIHO pa3lo3HaBaHE Ha THUIOBE apTHIEPHHCKH ILIaThOPMIL.
Pesynratute mMOTBBpXKIABaT IPHIOKHAMOCTTa Ha AaKyCTHYHO-
CEN3MHUYHUS MOAXO/ B TAKTUUECKH M TEXHHUECKU KOHTEKCT.

DuHaHCHpaHe: Hacrosmoro H3CIIe/IBaHe Oemre
¢uHaHCHpaHO 1O mporpama ,HaydHu u3cienBaHUs, MHOBALMU U
TUTHTAIM3AMS 32 MHTEIUreHTHa Tpancopmarms 2021-2027 r.,
cbpuHancupana oT EBpomeiickus cwio3, nmpoektr BG16RFPR002-
1.014-0008 ,,YcroiuuBo pa3Buthe Ha L[eHTBHp 32 KOMIIETEHTHOCT
,,KBazap*.

Baarogapnoctn: bBuxme wuckamu fga u3pasuM HaluTe
61arofapHOCTH KbM Iporpama ,,Hayqnu n3cienBanus, ”HOBALIMH U
TUTUTATH3ANMS 32 MHTEIUIeHTHA Tpanchopmarus 2021-2027 r.,
cbpunancupana ot EBpormeiickus cpro3, nmpoekt BG16RFPR002-
1.014-0008 ,,YcroiuuBo pa3sutue Ha LIeHTHp 32 KOMIIETEHTHOCT
~KBazap“ 3a mpenocraBeHara TOAKpenma 3a  HacTosIara
MyOIUKaIus.
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OceMKkaHaJIeH M0JIEBU CTEH/I 324 CHHXPOHHO PErucrpupane Ha aKkyCTU4YHM U CCU3MUYTHH
CUTHATYypHu OT apn«mepnﬁcxn U CTPCJIIKOBH CUCTEMHU
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EIGHT-CHANNEL FIELD TEST STAND FOR SYNCHRONOUS RECORDING OF ACOUSTIC AND
SEISMIC SIGNATURES FROM ARTILLERY AND SMALL ARMS SYSTEMS
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Abstract:. This report presents an eight-channel field test stand for synchronous recording of acoustic and seismic signatures from artillery
and small arms systems. The configuration includes four microphones positioned at the edges of a tetrahedron and a triaxial accelerometer
for recording surface seismic vibrations. The system enables simultaneous measurement of sound and seismic waves with high spatial and
temporal resolution. The report outlines the operating principle, the advantages of the tetrahedral layout, and results from field

measurements.

Keywords: ACOUSTIC SIGNATURES, SEISMIC SIGNALS, SMALL ARMS

1. Yeoo

AKyCTHYHOTO pa3zy3HaBaHE Ha OOWHOTO TOJE MPEACTABISIBA
KIIFOYOB KOMITOHEHT OT ChBPEMEHHHUTE CPEJCTBA 32 HAOMIOAEHNEe U
CHTyallHOHHA oOcBefloMeHOCT. To To3BONsABAa CBOEBPEMEHHOTO
OTKpHBaHE, JIOKaJM3UpaHe M HWACHTU(QHIMPAHE Ha BPaXKECKU
OTHEBU IIO3UIMM Ype3 aHaIU3 Ha 3BYKOBUTE M CEU3MUYHUTE
CUTHATYpH, TEHEpUpPaHU IIpU CTpenda, B3PUB WIM JBIKEHHE Ha
TexHuKa. To3M MOAXOXm € O0COOEHO IIEHeH IpH YCIOBHS Ha
OTpaHMYEHA BUIMMOCT, TEPEHHH IPETpain WIH HEOOXOAUMOCT OT
TIACHUBHO pa3y3HaBaHe 0e3 U3IIbUBAHE.

BbIIHOBHTE CHTHATYPH Ha apTHICPHUIICKA W CTPEIKOBH CHCTEMH
ChABPKAT YHUKAIHH BPEMEBU H CIIEKTPAIHH XapaKTePUCTHKH,
KOUTO Morar Jja ObJarT U3MOJ3BaHM 3a KiIacHUKalusA Ha
U3TOYHHUKA. 3a LedTa € HeoOX0JUMO eIHOBPEMEHHO PErUCTpUpaHe
Ha aKyCTHYHH W CCH3MHYHH BBJIHH C BHCOKA TOYHOCT |
cunxpoHu3sanus [1-3].

B To3m moxmajg ce mpencraBs OpPHTHHAICH IIOJIEBH CTEH,
pa3paboTeH ¢ el MPOBEXKIaHEe HAa eKCIIEPUMEHTAIHN M3CICIBAHMS
B peamHa cperma. Cucremara ch4eTaBa aKyCTHYHA M CEH3MHUHA

perucrpamuss  4pe3  BCECTpaHHAa  CEH30pHA  KOH(HIyparms,
noaxonsma 3a ¢opMmupane Ha 0a3za JaHHH OT CHTHaTypH U 3a
Opmemo  oOydyeHHMEe Ha  aBTOMATHU3UpPAHU  AITOPUTMH 32
pasno3HaBaHe.

2. H3noocenue

Cucremara e pa3paboTeHa ¢ orJie]] Ha H3UCKBaHHATA 32 MOJIEBO
aKyCTHYHO pa3y3HaBaHe B peajHa OoiiHa oOctaHOBKAa. OCHOBHHSAT
IPUHOMUIT Ha ﬂeﬁCTBHC BKJIIOYBa €IHOBPEMCHHA PErucTrpanus Ha
aKyCTHYHH W CEM3MHYHH CHUTHAJM, KOETO II03BOJSIBA HE CaMoO
OTKpHBaHE Ha CTpenda, HO M ONpeleNlsHe Ha TOCOoKaTta |
Pa3CTOSIHHETO N0 M3TOYHHWKA Ha 3ByKa. ToBa € 0COOCHO BaXXHO B
CUTyalldl C OTPaHWYCHA BHIMMOCT, IPH HOIIHU JIEHCTBHS WIH B
ypbaHu3upaHa cpena, KbIETO BHU3YAIHOTO HAOMIONCHHE €
3any11HeH0 HJIK HEBB3MOXKHO.

AxycTHUHHTE MHUKPO(GOHH, pa3MOJOKEHH IO pbhOOBETE Ha
TeTpaeibp, JaBaT BB3MOXHOCT 3a ONpeJeNsHEe Ha a3uMyTa MU
eNieBalMsATa  HAa  3BYKOBHS  (POHT  4Ype3  aHAIM3  Ha
BpPEME3aKbCHEHHATA MEXKY CEH30puUTe. ENHOBpEMEHHOTO Hanuuue
Ha TPHUOCOB AaKCEICPOMEThP JMAONPHHACSA 3a PETUCTPUpAHE Ha
HA3eMHHU BBIHM, KOUTO Ca pe3ylTaT OT B3pUB WM ABHXKCHUE Ha
Tekka TexHuka. KomOmHHMpanarta oOpa0oTka Ha IBETE€ BBIHOBU
monera  yBeAMYaBa ~ TOYHOCTTA HAa  HMJACHTHQHUKALMATA U
YCTOMYHMBOCTTA CPELLy LIYMOBE.

Cucremara MOXe 1a ObJie M3MOJI3BaHa KAaKTO B CAMOCTOSITEIICH
pPEeXKHMM 33 MOHHUTOPHHI Ha OIpEIeieH MepHUMEeThbp, Taka U Karo
CJIEMEHT OT IO-TOJsIMa CEH30pHAa Mpexa. JlaHHWTE, chOpaHU IO
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oceMTe KaHala, MOraT Ja ce M3MoN3BaT 3a oOydeHHe Ha
MalIMHHOOOYYaBaly alrOPUTMH 3a KJIAcH(pUKAIMS Ha Pa3IHdHU
OpPBIKEHHU CUCTEMH Bb3 OCHOBA HAa TEXHUTE BBJIHOBU OTIEYATBIIH.
ToBa oTBaps BB3MOXKHOCTH 3a U3rpak[JaHE HAa aBTOMAaTU3UPaHHU
CHCTEMH 32 PAaHHO MIPEAYNPEKACHUE U HHTEIUTCHTHO pa3y3HaBaHe.

2.1. CTpyKTypa u cxema Ha CTeHAa

Oobmu1ara CTpyKTypa BKIIOYBA OCEM BXOJIHH KaHala — YETUPHU 32
aKyCTHYHH M 4YeTHPU 32 CCH3MHYHHM CHTHAIM. AKYCTHYHHTE
MHUKPO(OHHM Ca pa3loNIOKEHH TETPaeApalHO 3a IPOCTPAHCTBEH
aHanu3 Ha 3ByKoBUTE (poHTOBe. CEN3MHUHUTE JAaHHH ce ChOMpaT
4ype3 TpUaKcHaldeH akceirepomersp. CucTeMaTa  BKIIOYBA
00paboTBar MOyJI, TTOJIbPKAIL PEXKUMHU HA CHHXPOHHO 3aCHYaHe,
nudpoBa GUITpaAIHS U 3aMUC HA JTaHHH.

@ur. 1 brok cxema Ha XapAyepHaTa apXUTEKTypa Ha MOJIEBHS
CTEH]I.

2.2. I'pacduaen kox u o6paboTka

I'paduyamar xoj  peanm3mpa  mapanenHa  oOpabotka,
BKJIIOUUTENHO OydepupaHe, BU3yallH3alis U 3aIicC Ha U3MEPEHHUTE
curHany. KoHTponbT ce U3BBpILBA B PEaHO BPeMe, C Bb3MOKHOCT
3a CHHXPOHEH JIOT Ha BCHYKH KaHaJIH.

g

@ur. 2 OcHOBHA YacT OT IporpaMHaTa Joruka Ha uarepdeiica
3a ceOupaHe M 3anmc Ha JaHHU
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2.3. IloneBo MpUIIOXKEHHE U PA3MOI0KEHUE

TTo Bpeme Ha MOJIMTOHHY M3MHUTAHUA, CUCTEMATa € pasrbpHaTa B
OTKpHTA Cpelia, 03BOJISBAILA HAJIe)KAHO PETHCTPUPAHE HAa B3PUBHU
U CTpenkoBU cbOHTHA. TerpaenpanHara KOH(GUTypamnus yJIecHSBa
OIIpEe/IeNITHETO Ha IT0COKA M BpeMe Ha IPUCTHraHe Ha (POHTA.

@ur. 3 PeanHo u3noi3BaHe Ha CTEHA MIPH MOJIEBU U3MEPBAHUS.
Bmxna ce TeTpacnpuyHaTa aHTEHA U KOMAHJICH MTyHKT

3. H3600u

PazpaboreHusT TONEBHM CTEHI  Ch4YeTaBa
AKyCTMYHHM M CEU3MHUYHHM HW3MCPBaHHWs B CIUHHA
CHCTEMA C BHCOKAa TOYHOCT M AaIAlTHBHOCT KbM
TEpEeHHH YCIIOBHA. TeTpaeapariHOTO pa3nojoKEeHUE Ha
MUKpO(OHUTE W  M3MOJA3BAaHETO HA  TPHOCOB
aKCeJIePOMETHP ITO3BOJISIBAT MIPOCTPAHCTBEHA
OpUEHTalusg W HaAeXKIHA HISHTH(PHUKAIWSI Ha
curHatypu. Cucremara € TMPHIOXKHMA 33 BOCHHHU
W3CJIC/IBaHMS, OXpaHa Ha MEPUMETPH U HAYUYCH aHAJIN3
Ha BBIHOBH MPOIIECH.

4. 3aknwouenue

CTeHIBPT TOKa3za  OTIAMYHa  paboOTOCIOCOOHOCT U
HAJICKTHOCT Ha JaHHHUTE, KOETO TO MPAaBH HE3aMEHUM WHCTPYMEHT
MIPU MPOBEXIAHE HA CJICIBAIIN CKCIICPUMEHTATHN H3CIICIBAHMS.

duHaHCHpaHe: Hacrosmoro H3CIIe/IBaHe Oerie
¢uHaHCHpaHO 1O mporpama ,.HayuHu wu3ciieqBaHus, MWHOBAaLUU U
JMUTUTATM3AIHS] 33 UHTEIUIeHTHA Tpanchopmarms™ 2021-2027 r.,
cbpuHaHcHpana ot EBpomeiickus cpio3, mpoekt BG16RFPRO02-
1.014-0008 ,,YcroiuuBo pa3sutue Ha L[eHTBp 32 KOMIIETEHTHOCT
,,KBazap*.

Baaromapnocru: buxme wuckanu 1a u3pa3suM HaIIUTe
05aroJapHOCTH KbM Mporpama ,,Haydnu uscienBaHus, HHOBaLUU U
JUTHTAIM3alMs 32 MHTEIMIeHTHa Tpancopmanus™ 2021-2027 r.,
cbuHancupana ot EBpomeiickust cwvio3, npoekt BG16RFPR002-
1.014-0008 ,,YcroiuuBo pa3Butue Ha LIeHTHpP 32 KOMIIETEHTHOCT
»KBazap“ 3a mpemocraBeHaTa IIOJKpena 3a  Hacrosiuara
Iy OIMKaIys.
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CLASSIFICATION OF ANTHROPOGENIC SOURCES OF ACOUSTIC AND SEISMIC WAVES ON THE
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Abstract:. The report presents a classification of the main anthropogenic sources of acoustic and seismic waves occurring under battlefield
conditions. It examines the characteristic features of various source categories—small arms, artillery, armored vehicles, and engineering
activities—with a focus on their wave emissions and potential for recognition through sensor systems. The objective is to support the
development of passive acoustic and seismic reconnaissance systems.
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1. Yeo00
Tloctmxennsara B obnactra Ha 1udpoBaTa 0OpaboTKa Ha
CUTHAM, OE€3KUYHUTE KOMYHHKAI[MH, HAHOTEXHOJOTUUTE U

H3KYCTBEHHS MHTEIEKT IIPeBbpPHAXa ChbBPEMEHHOTO OOHHO TOIE B
yHAGUIHPaHO OOMHO MNPOCTPAHCTBO H3MBIHEHO CBHC CEH30PHHU
texHonornu. Hamume e aurntanmsmpaHa cpefa ¢ BB3MOXKHOCT 32
Obp3a o00OpabGoTka Ha wuHQOpManua. HacTtosmure aKycTHYHH
CCH30PHM TEXHOJIOTHH IIPHTEXKaBaT TOJIIM MHOTECHIMAI OTHOCHO
BBH3MOXKHOCTHTE 32 OTKPHUBaHE, HICHTH(HUIUPAHE, JIOKATU3HPaHEe U
Hopa3sBaHe Ha IPOTHBHHKOBH OTHEBH CpEICTBA M TEXHUKA B
peanHO BpeMe. B nmokmana ca pasrienaHd aKyCTUYHUTE CHTHAIIH
CBBP3aHH BB3HUKBAIIY IPH U3CTPENU OT JEKO CTPEIKOBO OPBKHUE U
apTUJIEPUICKHU CPECTBA.

2. U3noxcenue

2.1. Jlexn CTpEnKOBY OPBKUS

HapacTBamute ciydan Ha HacHIIHe ¢ ymoTrpeda Ha OTHECTPETHO
OpBXKHE NPEACTABIABAT CEPHO3CH PHUCK 3a CUTYPHOCTTA M XKHBOTA
Ha TOJUUEHCKUTe W JpyrH TIpaBolpwiaraimy oprada. B
CBBPEMEHHHUTE KOHGMIIUKTH apMelcKuTe TIOZIpa3IeTICHUS
M3ITBJIHIABAT KOHBOWHU M OXPAaHMUTEIHH OIEpalliH, NP KOUTO Haii-
4ecTo ca OOGKT Ha HamaJeHHe C JIGKO CTPEIKOBO OpBKHE.
HaBpemenHarta u TouyHa WH(pOpMalMs 3a ONpenelsiHe BHAA Ha
3alulaxata, W HeHHara JIOKajuM3alus HaMmajsBaT HeTaTHBHUTE
TIOCJIE TN TIPY TaKWBA WHIUACHTH.

3amcuTe Ha M3CTPENN UMAT MOTEHIHAN KAKTO 332 TAKTHIECKO
OTKpHBaHE, Taka M 3a KPUMHHAJIHCTHYHA OIeHKAa. TakuBa 3ammch
MOTaT Jja IPEAOCTaBAT HH(POPMAIHS 38 CKOPOCTTA U TPACKTOPHATA
Ha Goernpumnaca, peAnoIaraéMOTO MECTOIOI0KEHHE Ha CTperiela 1
B HSKOU CITy4au 3a BHJa Ha U3MOJI3BAHOTO OTHECTPEITHO OpPBXKUE U
Ooenpunacu. Aynuo3amicuTe Ha H3CTpend obaye OOMKHOBEHO
ChABpKAT (HOHOB LIYM M peBepOepanysi, HOpaau OTPa3sBaHETO U
Ju(pakyaTa Ha 3ByKa Ha M3CTpeNa OKOJIO ONM3KH MOBBPXHOCTH, U
Te3W e(eKTH MOoraT Ja OTpaHMYaT HAJSKAHOCTTA HA aKyCTHUHUTE
OLICHKU. 3amHCH, IOJNydeHH MpH BHUMATEIHO KOHTPOIMPAHU
YCIIOBHS, C€ M3MOJI3BAT 3a JIEMOHCTPHPAHE Ha HAKOJKO KIIOYOBH
XapaKTEPUCTUKU U OrpaHU4YC€HUS Ha aKyCTUYHHA aHaJIM3 Ha
U3CTpeNnu

TUOUYHUAT 3BYK OT M3CTPeN Ce ChCTOM OT JIBa KOMIIOHEHTA:
IyleH B3pUB W OajquCTHYHA yJaapHa BbiHA. J[ymHUST B3pUB €
BHCOKO MHTEH3UBEH aKyCTHUYEH HMITYJIC, IIPEU3BUKAH OT OBP30TO
pasIpsiBaHe Ha ra3oBeTe H3IN3aIH oT L[eBTa.
IIponbimxurenHocTTa My € OKoso 3+5 MS. XapakTepUCTUKUTE MY
3aBUCAT OT KOJIMYECTBOTO M BHJA Ha OapyTa, U KOHCTPYKTUBHUTE
0COOCHOCTH Ha OPBKHETO. AKO H3CTpENIsHHS OOCHpHIac € ChC
CKOPOCT TIO-BHCOKa OT CKOPOCTTa Ha 3ByKa BBB BB3AyXa TOMH
NpeIn3BUKBA yIapHa BbJIHA ¢ mpoabkuTenaHoct 200400 us [1-3].
OOmiata aKyCTH4YHa CHTHaTypa Ha HM3CTpela €  CJIOXKHO
B3aMMOJICHICTBHE Ha T€3W KOMIIOHEHTH, KaTo BbPXY HETO OKa3BaT
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BIMsAHUE (HAKTOPHUTE HA OKOJHATA Cpela, OTPaKeHUs, (POHOB MIyM.
KimrouoBure daxropu ca:

Tum 1 kKamuOBp HA OPBKUETO;
XapakTepUCTHKH Ha aMyHHLIUHTE;
Hanpasnenue Ha u3cTpena CrpsMO PernCTPUPAILUTE
MHKPO(DOHH.

B Ttabnm.l ca mocodeHM XapaKTEPUCTHKHUTE Ha H3CTpena 3a
Pa3IHYHU CTPEIIKOBH OPBKHSI.

Tabn.1. AKYCTHYHH XapaKTEPUCTHKH Ha pa3iIMYHH THIIOBE
OPBXKUS

YecroTen Mpoabiku- 3BYyKOBO

Tuit opbaHe UK TeJTHOCT HAJISITaHe Ynapua

P oT im BbJIHA

[Hz] [ms] [dB]

[uctoner 5002000 | 35 159 164 Praxo
(9mm)
Ilynuca 200-1500 5-8 167171 Yeero
(5.6mm)
Jlosua 100-800 6-12 161 165 He
mymka(12ga)
Kapreunnna 300-1800 3-5 165170 Yecro
Kapreuen 4002200 | 3-4 160166 | [Ipomenn
TTHACTOJIET HBO

IMpodmnbT Ha aKyCTHYHHM CHUTHAIM OT M3CTPEIM € MOKa3aH Ha

o -

1c 1d

HHH

la 1b

®ur.1. AkycTrunu IpoQUIH Ha U3CTPEI OT PA3IUYHH OPBKUS

bbp3ara nocnemosarenHoct ot u3ctpenan (la) ce pasnuuasa
CBIECTBEHO OT equHuueH u3ctpen Ha nymka (1d) wim ot
cHaiiniepcka mymika (1¢). [Tucronerst (1b) nma no-6sp3 uscrpen
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Te3u 0cobGeHOCTH ce B3MMAT MOJ BHHUMAHHE IPU Ch3IaBAHETO
Ha aBTOMATH3HPAHH CHCTEMH 32 HACHTU(HUKALWS HAa HU3CTPEIH OT
JIEKO CTPEJIKOBO Opbikue [4-7].
Axycruunu 3amuc Ha uscrpen ot Winchester 0.308 cwe ckopoct
Ha Kypiryma 815m/s [1] e nokasan Ha ¢ur.2.
0.z

Shock [ ——=Ch1
arrivals ! Ch2
[ R 1 o Muzzie || - T e
: blast
"
oaf ! 1
: i
T ' !
§ oost ! ' 1
\ f ;
b
g ! ' i
£ o4 -
1
g 1
i D05} i
5 1
'
i Shock |
o1 1 reflection
R E] ] -
| ]
0z 1 L L . : M
o 5 10 15 20 25 30 35
Time [m=]

Our.2. /IBykaHaJeH 3alKC Ha KypIIyM CbC ckopocT M=2.54

3anuChT € OCBIIECTBEH C JIBa MUKPO(OHA C PAa3CTOSIHUE MEXKITY
TX 30 cm pasnonoxeHd Ha 1.60 M OT NOBBPXHOCTTA Ha 3e€MATA.
VYnapHata BbIHA OT CBPBX3BYKOBHS KypIIYM HPHUCTHTa ITBPBO JIO
MHUKpOGOH 2, a cinen ToB 10 MUKpodoH 1. Chc BpeMe3aKbCHEHUE,
HEoOXOMMO Ha ylIapHaTa BbJHA Ja M3MHHE Pa3CTOSHHETO MEXIY
mukpoponure. CreaBamoro cpOUTHE € TPUCTUTAHETO Ha
OTpa3eHaTa OT 3eMATa yiapHa BbiHA. OTpa3seHUAT CHTHAI € C MO-
MajKa aMIUIUTY[a MOpajy HOTJIBIIAHETO OT 3eMATa M I0-IbJITHS
n3muHaT IpT. Cliel TOBa aKyCTHYHHSAT CUTHAJ OT JYJIHUS B3pHB
jpoctura na Mukpogonure. Hakpast oTpakeHHEeTO Ha QyJTHUS B3pUB
OT 3eMsATa JOCTHra J0 MHKpO(OHHWTE, Clel Karo ce e
Pa3npoCTPaHmII ChC CKOPOCTTA Ha 3ByKa OT MO3UIIATA HA OPBIKUETO
J1a MUKpO(OHUTE.

Te3n 0COOEHOCTH ce B3UMAT 110]] BHUMaHHUE IIPH Ch3/]aBAHETO
Ha aBTOMATU3HPaHN CHCTEMH 32 MACHTH(HUKALUS Ha H3CTPEIH OT
JIEKO CTPEJKOBO opbixkue [4-7].

2.2. Aprunepuiicku cucteMu

Beexu apTuiepumiicki M3CTpeNn TeHepupa CleITHHTE BBIHU:
IyJlHa BBJHA, BBJIHA OT B3PHUBSBAaHETO Ha CHapsaa, OalnCTUYHA
BbJIHA. BCHUKY Te3H BBIHU CrIaiaT KbM THIIA yJAPHU BBJIHHU, KOUTO
OT CBOSI CTpaHa ca M3TOYHUK HA aKyCTHYHU BbJIHU [8].

Ha ¢wur.3. ca moka3anm akyctnyHd 3ammcd Ha 105 mm
usctpen[9].

P (Pa)

,, |
$os o ooos 001 oos ooz oo oos 00 oo ]
Time (s) Time (s)

b)

a)
®ur.3. AKyCcTHYEH 3al1c Ha apTHIIEPUIICKU U3CTpeN

CurHanu oT eHH U ChUIM ChOUTHA (M3CTPENH) ca 3allUCaHu B
pas3jiv4yHu IHU WIK B Pas3sjIMiHU MEPUOAU OT ACHA. Te ca HanoxeHu
BBPXYy €OHM U ChIM Tpaduky, 3a Ja ce KOHTPOIHpA
BB3MPOU3BOANMOCTTa Ha JaHHWTe. CHTHAINTE, W3MEPEHH IIpH
HM3TOYHUKA (CEH30pBT ONMM30 JO0 AYIOTO HA OPBAMETO), Ca MOYTH
enHakBu (¢urypa 4a). CurHannrte, H3MEpPEeHH Ha IO-TOJISIMO
Pa3CTOSHHUE, CIIE/ Pa3NPOCTPAHEHHUE OT HAKOJIKO KHIOMETpa, ca Mo-
MajJKko Bb3npou3BoauMu (¢purypa 46). Hskom xapakTepHCTHKH
obaue ocraBaT OJM3KHM (HUBO Ha HaJATaHEe, NPONBIDKUTETHOCT Ha
OCHOBHATa BBJIHA U [IP.) U MOTAT Ja ObJAaT SICHO Pa3MO3HATH.

IIpn xoMOMHHpaHO H3MOI3BaHE HA MUKPO(GOHH M CEM3MUYHH
CEH30pH, CIIe]] CIIeKTpaiHa 00paboTKa Ha CUTHAIUTE € YCTaHOBEHO,
4ye CeM3MHUYHHTE CEH30pH Ca Jajy CHTHAIN, CHJIHO KOPEIHpaHH C
aKyCTUYHHTE, ChOTBETCTBAIN HA BBJIHH, IBTYBAIIY IIpe3 BB3IyXa.
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Te3n BBIHM ce yHaBAT OT TreoOHHTE IOPAAU MEXAaHUYHOTO
CBBp3BaHE MEXIy Bb3AyXa M 3eMATa. B 3aBUCHMOCT OT
Pa3CTOSTHUETO 0 yAapa M MOIIHOCTTA Ha JETOHALUITA, MOXeE J1a ce
HaONfofaBa ~ HUCKOYECTOTHA  BBIHA,  CHOTBETCTBANlA  HA
CEM3MUYHOTO Pa3lPOCTpPaHCHUE IIpe3 3eMsATa. Thil KaTo BBIHUTE
BbB BB3JyXa M B II0YBaTa HE C€ DPA3NPOCTPaHABAT C CIHAKBA
CKOpOCT, pa3jliKaTa BbB BPEMETO Ha IPUCTUTaHE MEXIY [BETE
CHOMTHS MOJKE 1A 1aJie OLICHKA Ha Pa3CTOSHHUETO.

WmmyncuBHUTE aKyCTMYHH HU3TOYHHIM, KaTO HalpuUMep
U3CTPENBAaHMS HAa PAaKeTH, €KCIUIO3MM U apTUIEepHsd, HMar
MIUPOKOJICHTOBH  CHEKTPalHM  €HEPIrHMHHM  paslpeseNeHus,

MPOCTHUPAIIU CE A0 MO-HUCKH YECTOTH OT Te3HU, MPOU3BEKAAHH OT
npeBo3HUTE cpenacTBa. Ilopaaum HUCKOYECTOTHHUS UM CIIEKTpajeH
CBCTaB, TEXHHTE CHTHAJIM MOTaT Jia ce Pa3IpOoCTpaHsABAaT Ha IO-
IBITH pa3cTOSHUS Oe3 IOrblIaHe W ca oOeIaBaliy LeNu 3a
OTKpHBaHE OT TaKTUYECKH aKyCTHYHH/HH(PA3BYKOBU CEH30pH Ha
HO-TOJeMH pa3cTosiHuA. ToBa ce MOTBBPXKIaBa OT CHEKTPATHHS
QHAJIM3 Ha M3CTPeJ Ha apTuiiepuiicka cucTeMa, 1mokasaH Ha ¢ur.4

[10].

61.0 =

50.0 -

400 -

30.0
200

| .

Tierii  GLLLL Lo (a

J
340 38.0"5) 40.0

0.0 T
300 320

et AL ELI T aa e ay |

48.0 500

®ur.4. AKycTHUYCH CIEKThD Ha apTHICPUICKU U3CTper

HabimroaBa ce MIMPOKOJICHTOBA CUTHATYpA 33 4eCTOTH OoT 10—
20 Hz m nmo-aucky, cbe cuiaHu curaany nox 5—10 Hz, xen6oko B
TpaAWIMOHHMS MH(PA3BYKOB JHaNa30H. 3alUChT € HalpaBeH Ha 9
kn ot opbauero.

3a  u3CHeNBaHWTE W3TOYHMIM  MAaKCHMallHAaTa
obukHOBEeHO € oOkomo 10 50 Hz (10
BHUCOKOKATMOPEHUTE OPBIMS C MAKCHMAJICH 3apsi);

- pa3nuKara B 3aTHXBAHETO KaTO (YHKIMsS Ha 4ecToTaTa He €
JOCTaTh4HA, 32 Jla HalpaBu JIbI00KaTa MH(Pa3ByKoBa 00JACT I10-
HMHTEpEeCHa OT HUCKOYECTOTHATA;

- UMa BPB3Ka MEXAY KOJIMYECTBOTO OApyT M HUCKOYECTOTHHUTE
XapaKTepPHCTHKH, Taka 4e WH(pa3ByKoBaTa oOnacT me Obne mo-
MHTEpECHa 3a MO-TOJIEMH KalHopH;

- METEOPOJOTHYHATE MPO(GUIN MOTaT J1a IPEIU3BUKAT TOJIEMH
CMYIIEHHS B CHTHAINTE;

- HUCKHTE YECTOTH Ca MO-MaJKO IMOBIUSIHU OT YCJIOBHATA Ha
pa3npocTpaHeHHe OT BHCOKHTE; OCOOCHO HHCKHTE 4YECTOTH H
nH(Pa3BYyKBT MOTAT Ja IPOHUKHAT B 30HUTE HA CCHKUTE;

- OTKpHBaHETO Ha WH(]pa3Byka M HUCKUTE YECTOTH MOXKE 1a
0bJIc HApyIIEHO OT ()OHOBUS IIYM (BATEHP);

- TpsA0Ba /1a ce MpaBsAT KOMIIPOMICH, 3a J1a C€ ONpeJelH Haii-
nmobpata dYecToTHa oOmact, W ca HEOOXOIUMH e(PEeKTHBHU
BETPO3AIIUTHH €KPaHH, 3a Ja C€ M3IMO0I3BAT HUCKUTE YSCTOTH.

[lpoBemenn wm3cnenBanuss B PymbHus [11]  mokassar
BB3MOXKHOCTHTE 32 M3IOJI3BaHE HA PErHCTPUPAHUTE HH(PPA3BYKOBH
CHTHAIIU MPU pa3pabOHBAHETO HA aKyCTHYHA CEH30pHA CHCTEeMa 3a
OTKPHBAHE U MACHTU(UKAIMS HA ApTUICPUHCKH OOCKTH.

3. U3600u

[TozHaBanero Ha cneuuduuHUTe 32 OOWHOTO mONIE
aKyCTHYHHM M3TOYHHUIIM € OCHOBA 3a pa3paboTBaHETO Ha e()eKTUBHU
aKyCTHYHH  CCH30pHHM CpEeICTBA M CHCTEMH C  BOCHHO
npefHa3HadeHHe. 3a I[eNTa € HEeoOXOMUMO MpOBEXTAHETO Ha
M3CIIeIBAHMS, KOUTO JIa TO3BOJIAT Ch3/JaBaHETO Ha JOCTOBEpHaA 0asa
JaHHW 3a aKyCTUYHWTE CUTHATYpH Ha HAW-9eCTO H3IMOJI3BAHUTE
CTPEIIKOBH ¥ apTHIIEPUIICKU CUCTEMU.
4. 3axniouenue

3HaunMocTTa Ha mpobieMa Hajara IpoJXb/DKaBaHe Ha
u3cneABaHuATa U excnepuMentute nposexganu B MMCTLIXA-
BAH B Ta3u obnacr.

EHeprust
20 Hz 3a
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DuHaHCHpaHe: Hacrosmoro u3cieBaHe Oemre
¢uHaHCcupaHO 1O mporpama ,Hay4dHu u3cienBaHUs, MHOBALMU U
JUTHTANIM3alMs 32 MHTEIMreHTHa Tpancopmanus™ 2021-2027 r.,
cbpuHancupana ot EBpomeiickusi cpio3, nmpoekt BG16RFPR002-
1.014-0008 ,,YcroiunBo pa3Buthe Ha L[eHTHp 32 KOMIIETEHTHOCT
,,KBazap*.

Baarogapuoctn: BuxMe wuckamm fga u3pasuM  HalnTe
6J1arofapHOCTH KBM IIporpama ,,Hayqnu n3cireBanus, THOBAIIUN U
TUTHTATM3ANMS 32 MHTEIUreHTHa Tpancopmarus 2021-2027 r.,
cbpunHancupana ot EBpomeiickusi cpio3, mpoekt BG16RFPR002-
1.014-0008 ,,YcroiuuBo pa3utue Ha LIEHTHp 32 KOMIIETEHTHOCT
~KBazap“ 3a nmpegocTaBeHaTa IOAKpema 3a  HAcTosIIaTa
myOauKanus.
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An approach to monitoring, classifying and jamming underwater sound communications
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Abstract: The task of jamming underwater voice communications with and between divers and communications with / between
autonomous submarines in port security systems and coastal infrastructure facilities as well as anchored ships plays an important role in
operations against asymmetric and military threats. Underwater jammers can be classified as autonomous, with remote control via hydro
acoustic channel and with cable control from a shore-based or ship-based base station. While in the first two when receiving hydro acoustic
signals above a set threshold level is performed program amplitude-frequency analysis and a decision is made to emit a jamming signal, in
coastal / ship performance the decision to activate may be taken by the operator on other signs, which are analyzed in this report.
Keywords:UNDERWATER VOICE COMMUNICATIONS, JAMMING,,REGISTRATION OF SIGNALS, OPERATOR

1. Introduction

Marine resource collection and development are almost
inseparable from underwater communication. In addition,
underwater wireless communication (UWC) plays a vital role in
underwater navigation and is a key technology for underwater
sensor networks.

Traditional underwater communication methods mainly include
underwater acoustic communication (UAC), underwater radio
frequency (RF) communication and underwater wireless optical
communication (UWOC). UAC is considered the most practical
way to transmit data over long distances of up to several tens of
kilometers based on underwater acoustic waves. However, UAC
suffers from a relatively low data transmission rate of the order of
kbps due to the low system bandwidth of about kHz, and the low
bandwidth is limited to the low carrier frequency (10 Hz—1 MHz).
The propagation speed of the acoustic wave in the underwater
channel is five orders of magnitude lower than that of the radio
wave, resulting in a propagation delay of about 0.67 s per kilometer.

In addition to useful applications, including in the military field,
underwater wireless communications can also support terrorist
activities that lead to political, economic and moral losses for many
countries and can quite realistically paralyze the economy of
countries dependent on sea supplies of energy resources, raw
materials, food and other necessary goods. Objects of attacks by
underwater saboteurs can be ships and floating facilities, port and
hydrotechnical facilities, coastal industrial enterprises, including
nuclear power plants, oil platforms, underwater pipelines and
cables, etc. The use of autonomous underwater vehicles and robots
can ensure the actions of both special operations forces and
terrorists, as well as participation in maritime operations, primarily
as a source of intelligence information, etc. Therefore, one of the
approaches to increasing the effectiveness of port, naval base and
anchorage protection systems is to disrupt or significantly
complicate underwater communication with and between
underwater swimmers and/or with and between autonomous
underwater vehicles and robots. This can be achieved by building a
parallel functioning, as part of the other elements of the protection
system, or an independently (autonomously) operating system for
countering underwater communications, which would terminate (to
a large extent disrupt) the management process (control of combat
operations). The system should be adaptable to the existing
capabilities and elements of a broad port protection system, i.e. be
of a modular type, which will allow it to perform a full range of
functional capabilities for detecting and registering signals from
underwater communications, synthesizing a jamming signal and
broadcasting it for a certain period of time [1].

The presented results are based on a number of literary sources
and, above all, on the research conducted at the Institute of Metal
Science, Equipment and Technologies with the Center for Hydro-
and Aerodynamics “Acad. A. Balevski”’- Bulgarian Academy of
Science.
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2. Prerequisites and ways to solve the problem

Modern underwater communication systems implement the
process of transmitting/receiving information in the form of
modulated sound (ultrasound), electromagnetic or optical waves.
Each of these techniques has advantages, disadvantages and
limitations.

Hydroacoustic communication is currently the most versatile
and widely used technique. In recent years, the main goal of
underwater acoustic communication is to overcome the
performance limitations caused by the high-dispersion channel,
while maximizing the efficiency of the frequency band [2].

The summarized parameters of the products offered on the
market for general and military use for communication between
divers and between divers and a base station, which have a major
influence on the design of an underwater communications jammer,
are shown in Table 1.

Table 1. The summarized parameters of diver-to-diver communication
systems and a base station

PARAMETER RANGE OF ACTION
small medium large

Connection distance,m | 50-500 1500-3000 | 6000-10000
Acoustic power 0.5 5-10 50-70
output, W

30-40 20-30 8-20
Frequency range
(most used),kHz (31-33) (25-29) (8-11)

Amplitude-unit frequency band with
suppressed carrier frequency

Signal modulation

Receiver sensitivity -120dBv (=1V/1Pa)
Automatic gain 80-120 dB
control

172-185dB reluPaatam
SL-Acoustic intensity

The general parameters of the communication means for the
management and control of the movement of underwater vehicles
and robots (AUVs) are shown in Table 2.

Table 2. and General parameters of the communication means with
underwater vehicles robots (AUVs)

PARAMETER RANGE OF ACTION
small medium large
1 Connection 0.5-1 1-10 10-100
distance,km
2| Acoustic power 3 10-50
output,W
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3| Frequency range 40-150 20-40 7-20
(most used)kHz (34-38) (8-15)
4 Signal 2/4/8 PSK;8/16/64 QAM
modulation
5| Receiver type Coherent equalizer with
synchronization
6| Transmission 150kbps 10 1 kbps
speed kbps
7|  SL-Acoustic 157-207dB re 1uPaatam
intensity
8 Mutual TDMA,CDMA
Access Protocol

The means of underwater voice communication, which can be
used in the areas of ports, naval bases and offshore facilities, will
mainly have parameters with values shown in Table 3:

Table 3. The general characteristics of underwater voice
communication devices

Ne Parameter Value

1 | Carrier frequency 8 +45kHz

2 | Wafelength 0.1+0.5m

3 | ChannelBandwidth 2+3kHz

4 | Signalingrate ~ 2 ksimbols/s

5 | Simbolduration ~ 500 ps

6 | Carriercycles/symbol ~5

7 | Platformspeed 3+ 15 km/h

8 | CarrierDopplershift ~3x1073 %

9 | Multipath time spread 50 + 100 ms

10 | Simbolsinthattime 100 + 2000

11 | Carrier frequency modulation SSB  (USB, LSB),
MFSK, DPSK.
Fig. 1, 2, 3.

Fig. 1.0scillogram of a modulated SSB signal
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-
Fig.2. Oscillogram of a modulated MFSK signal

KR DO
BB  HHAHH

Fig.3. Oscillogram of a modulated DPSK signal

For the purposes of analyzing the necessary and sufficient values of the
parameters of an underwater communication jammer, the following
conclusions can be drawn:

* The output power (PEP) of the transmitters of the underwater
communication stations between and with divers is expected to be in the
range of 30 = 70 W, which ensures a communication distance of up to 6000
m. The products available on the market, which are expected to be used by
terrorist divers, provide a distance of up to 1000+1200 m at transmitter
output power values of up to 5 W;
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* The signals emitted in underwater voice communication are usually
amplitude-pulse modulated on a single frequency band with a suppressed
carrier frequency (SSB);

» The frequency ranges in which underwater voice communication
systems operate can be systematized depending on their purpose and, as
follows:

- 8 + 10 KHz — for military needs for combat communication with
underwater swimmers from a control post (coastal stationary or mobile
(ship, helicopter, submarine, etc.);

- 25 + 28 KHz for military needs for combat communication between
underwater swimmers in the group;

- 30 + 35 KHz — for communication between divers engaged in sports,
underwater work, etc.

* The sensitivity of the receivers of underwater voice communication
systems, with within 100 + 120 dBv, and automatic gain adjustment — 90 +
110 dB;

To solve the task, a team from the Institute of Metallurgy,
Facilities and Technologies with a Center for Hydro- and
Aerodynamics at the Bulgarian Academy of Sciences /IMSTCHA.-
BAS/ created a prototype of a shore-based jamming system
“RACK-CS” — Fig. 4, designed to register specific underwater
communication signals, which are then classified by an operator
who can decide to actively block them for a certain period of time
by emitting powerful hydroacoustic pulses in an appropriate
frequency range.

[

Coastal/ship station

JAMMER

L —
Reel with the underwater
connecting cable

Fig. 4. Composite underwater communications jammer RACK-CS

The underwater part of RACK-CS is positioned on the seabed at
a depth of up to 30 m and registers the exchange of information
between ultrasonic underwater communication devices in the
frequency range of 10 - 60 kHz. Effective suppression of
underwater communication is achieved by emitting pulsed
interference signals with a frequency close to that of the
communication signals and an amplitude sufficient to reach a level
above the receiver threshold. RACK-CS is designed to meet the
following requirements:

* to register the presence of communication signals in a sea
area;

* to receive and analyze hydroacoustic signals emitted in the full
frequency range of underwater communication systems;

* to be remotely activated via cable when information about
possible underwater targets is received from radar, sonar, visual
means, etc.;

* to emit a series of pulses with tonal interference;

» ensuring non-isotropic signal emission — unidirectional
emission in the horizontal plane and directional radiation in the
vertical plane.

The observation, recording and classification of underwater
communication signals is carried out by an operator using a
shore/ship station located on the shore or on board a ship. The
underwater part of the RACK-CS is connected to the base
shore/ship station via an underwater cable. The base station receives
information from a hydroacoustic receiver, sends command signals
and supplies 24V DC voltage to charge the power supply batteries.
Switching the silencer to the active operating mode is carried out by
an operator command and is sent via cable. Returning it back to
standby mode (listening) is done in the same way.Upon command
given by the operator, the silencer is activated and begins to emit
for a certain period of time (about 3 minutes) a pseudo-continuous
wave consisting of a set of short pulses with an acoustic power of
not less than 1600 - 1900 Pa/m (180-185 dB re 1puPa per 1m), which
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are filled with a random frequency from the spectrum of the
selected frequency (sub)range.

3. Solution to the studied problem

In general, the functioning of the “RACK-CS” can be described
in the following sequence:

» The monitor of the shore/ship station displays the noise picture
in the surrounding sea area;

* In the main operating mode, the operator analyzes the noise
situation and classifies the signals that may be due to underwater
communication;

« If the classification is positive, the operator determines the
frequency range of the communication, subbands and frequency
band;

* Using the control unit keyboard, the operator selects the
appropriate combinations that determine the parameters of the
jamming signal;

* At the operator’s command, the jammer starts emitting a
jamming signal within the specified frequency within a specified
frequency subband for a period of 3 minutes. During this time, the
hydroacoustic receiver is blocked [3].

The information from the hydroacoustic receiver is visualized
and analyzed by specialized software (Underwater Jammer
Commander (UJC)), based on which it is decided whether there is a
communication signal and what its frequency range is. UJC consists
of a settings row and three built-in windows, marked with green
numbers in Fig.5.

X

L]

Fig. 5. Laptop indicator for UJC program in “Receive” mode

It is designed to perform jamming with selected frequencies. A
hydroacoustic serial port and a serial command port can be
connected using the settings menu. The window marked 1
represents the raw signal and the power spectrum. The window
marked 2 is used to select the jamming frequency range. In the
frequency (X-axis)-time (Y-axis) graph window, marked 3, the
power of the received hydroacoustic signal is shown in color (red
for high values and blue for low values).

The jamming procedure follows the following steps:

* Selection of the jamming frequency after analyzing the input
signal and the power spectrum;

* Selection of the jamming frequency range (window 2);

« Start of the jamming with the virtual button “Start jamming”
(Fig.6);

* Following the time-frequency graphs (window 1).

el “..III:\"“.;Y|"-4I“‘..1]"h- T__‘.IL_ TEn _u‘-‘ul‘ L

Fig. 6. Laptop indicator for UJC program in “Broadcast” mode
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In the main mode of operation, the operator analyzes the noise
situation and classifies the signals by deciding whether there is an
underwater communication signal and what is its frequency range.
To perform this task, the operator must determine from tactical
considerations whether the amplitude of the received signal
corresponds to the probable output acoustic power and the probable
distance to the underwater communication device.

The next stage is to determine from the registered oscillogram
whether the shape of the received signal corresponds to the probable
modulation of the carrier signal — see Fig. 1, 2, 3. At the same time,
the operator must assess whether the oscillogram and spectrogram
indicated on the screen correspond to those of human speech or to
some representatives of the fauna characteristic of the area and
some specific ones, such as [4,5]:

* Bottlenose dolphins - produce a large number of vocalizations,
including whistles, buzzing, croaking, popping, rustling sounds of
hinges, screams and clicks — Fig. 7;

Frequancy (kHz)

Fig. 7. Oscillogram and spectrogram from bottlenose dolphin

* Common dolphin - the most common sounds are tonal whistles
(maximum frequency below 50 kHz) and high-frequency
echolocation clicks (above 100 kHz) — Fig. 8;

*

L 4
 §

Fig. 8.0scillogram and spectrogram from a common dolphin

* Belugas are widely known for their diverse and frequent
echolocation and communication vocalizations with a mid-
frequency range of 2.0 to 5.9 kHz. They are trainable and can be
used for combat missions — Fig. 9;

Yoviam vw;“"."'y“*.’-‘; )’ SRV -W‘vw*fw’i\

Frequency (kHz)

Fig. 9. Oscillogram and spectrogram of beluga

 Harbor seals produce a wide variety of vocalizations, with their
underwater vocalization described as a roar with a peak frequency
of approximately 1,2 kHz —Fig. 10;

Fig. 10. Oscillogram and spectrogram from a seal

* From a motorboat — Fig. 11;



Fig. 11. Oscillogram and spectrogram from a motorboat

* From scuba diving — Fig. 12

Frequancy (kHz)

Fig. 12. Oscillogram and spectrogram from a scuba diving

3. Conclusion

Underwater communication is a complex process that requires
specialized technologies and methods for transmitting information
underwater. Spectrograms are visual representations of the
frequency components of sound signals over time and can be used
to analyze acoustic data in the context of underwater
communication.

Underwater communication is a complex process that requires
specialized technologies and methods for transmitting information
underwater. Analyzing underwater sounds is challenging due to the
complexity of the aquatic environment that affects the propagation
of sound waves. Factors such as temperature, salinity, depth, and
the presence of obstacles can significantly affect the quality of the
signal. Spectrograms are visual representations of the frequency
components of sound signals over time and can be used to analyze
acoustic data in the context of underwater communication [6]..
Spectrograms provide a graphical representation of the frequency
spectrum of sound over time. They show how the different
frequency components of sound change over time. This can be
useful for analyzing different types of underwater sounds, including
those used for communication between submarines or other
underwater devices. Spectrograms can be used to identify different
types of underwater sounds, such as the sounds made by marine
animals, noises from ships, or specific signals used for
communication between underwater vehicles.

In conclusion, spectrograms play an important role in the
analysis of underwater sound signals and can be a powerful tool for
understanding and improving underwater communication, and their
interpretation by an operator should take into account:

1. Axes: A spectrogram has three main axes:

» X-axis: Time (seconds).

* Y-axis: Frequency (Hz).

» Color/Intensity: Sound amplitude (dB). Brighter colors
generally indicate louder sounds.

2. Frequency bands: Different frequency bands represent
different tones. For example, low-frequency sounds will be
represented at the bottom of the Y-axis, while high-frequency
sounds will be at the top.

3. Temporal changes: how the frequency spectrum changes over
time. This can help identify different sound events or patterns.

Context: The context of the recording should always be taken
into account. Knowing what type of sound is expected (for example,
a dolphin sound or a submarine signal) can help interpret the
spectrogram more accurately.
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Frequency (kHz)

Time (min)
Fig. 13 Examples of sound contribution from a large ship (a) and a
small vessel (b) showing the image and spectrogram
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Fig. 14 Spectrogram of mixed acoustic signal

The prototype of a shore-based jamming system “RACK-CS”
created at the Institute of Marine Engineering and Technology-
BAS, designed to register specific underwater communication
signals, requires subsequent classification by an operator, who can
decide to actively block them for a certain period of time by
emitting powerful hydroacoustic pulses in an appropriate frequency
range. The report proposes a method for preliminary preparation of
the operator to analyze the parameters of the registered signal —
oscillogram shape, modulation type, frequency spectrum
spectrogram and power, displayed on the base station indicator
using specialized UJC software.
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Abstract: In 2024, firefighters in Poland recorded 29,271 apartment fires, resulting in 295 deaths and 2,052 injuries. Additionally, due to the
emission of "carbon monoxide" /1], ,firefighters recorded 4,329 interventions in which 52 people died from carbon monoxide poisoning,
and 1,334 people suffered from poisoning ” [2] . An analysis of the causes of fires in previous years, as well as in 2024, indicates several
main factors. The most common causes of fires include: arson, improper use of heating devices, defects in electrical equipment and
installations, and adult carelessness. The aim of this article is to analyze the state of implementation of technical inspections of utility
installations in residential buildings as required by national regulations. The author also presents the results of their own research in this
area, along with conclusions drawn from the conducted studies and observations.
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1. Introduction

Fire safety is not a precisely defined concept. Neither legal
regulations nor the subject literature define it unambiguously,
however, it is widely used. [3]. It is also mentioned in national and
European Union laws, as well as in scientific and industry
literature.[4] .

Therefore, it can be argued that fire safety is achieved through the
effectiveness of the fire protection system, within which preventive
measures are taken, as well as prevention, social education, and
maintaining the capacity for rescue operations [5].

At the same time, meeting the requirement to ensure fire safety
requires the implementation of specific actions defined by law [6].
Based on the regulation [7]. It is also worth mentioning that in § 4
section 1, it is prohibited to perform actions that may cause a fire,
its spread, hinder rescue operations, or evacuation in the context of
using technically faulty installations or those not subject to periodic
inspections, with the scope and frequency defined by building law
regulations, if this may contribute to the occurrence of fire,
explosion, or fire spread.

Regardless of the above, § 6 [8] also contains detailed guidelines
regarding the inspection of the technical condition and usability of
building elements, including installations.

An analysis of general insurance company conditions also indicates
provisions regarding the obligation of regular inspections of
installations, which relate to the proper protection of the insured
object, taking into account the necessity of complying with
preventive regulations, including fire protection, as well as proper
maintenance and operation of devices supervised by the person
entering into the insurance contract.

The insured therefore has the obligation to maintain the technical
condition of all installations, including recommended control tests
and inspections. They are also required to equip the installations
with all necessary systems (e.g., electric shock protection, surge
protection, lightning protection, grounding) and operate them
according to their intended purpose, operating instructions, and
technical regulations.

Therefore, failure to fulfill these obligations may result in the
insurer's liability being excluded if it influenced the occurrence or
extent of the damage. This means that the lack of regular
inspections may affect the amount of compensation or even lead to
its refusal. The modern approach to fire safety assumes that it is not
a state achieved once and for all, but a continuous process requiring
systematic management, evaluation, and improvement. At the
center of this concept is a process that serves as both the focal point
and a symbol, integrating key elements that influence the
effectiveness of fire protection. At the same time, the whole,
presented in the form of a cycle, emphasizes the continuity and
dynamics of actions.

However, fire safety does not end with the implementation of
procedures. A constant requirement is continuous improvement
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and adapting the elements surrounding the process to changing
conditions. These elements are::

1.Financing carried out by ensuring adequate financial resources
for the replacement and purchase of modern fire-fighting
equipment, training, modernization of alarm systems, and
maintenance of safety infrastructure.

2.Theory

Scientific and normative knowledge in the field of fire safety
engineering, psychology of behavior in crisis situations, and legal
regulations, where a crisis situation is a phenomenon lasting over
time, beginning from a state of equilibrium through instability to
stability in a new situation, which is usually qualitatively different.
The current model of the modern crisis management process, taking
into account deviations from the normal state in fire safety, is based
on the implementation of activities in four basic phases: prevention,
preparation, response, and recovery.

3.Practice as operational activities: inspections of the technical
condition of portable fire extinguishing equipment, fire protection
devices, alarm system tests, trial evacuations, and personnel

training.
4. Knowledge updating.
Continuous improvement of competencies through training,

courses, participation in conferences, and updates on changes in
regulations.

5. Verification of progress.

Monitoring the achievement of safety goals, analyzing reports from
drills and incidents, internal audits.

6. Verification of knowledge.

Checking employees' level of preparedness to respond appropriately
to both static and dynamic safety conditions, including hazards;
knowledge tests; emergency situation simulations.

7. Response.

Readiness for immediate action in case of danger: evacuation
procedures, detection and extinguishing systems, cooperation with
rescue entities, including the leading formation, the State Fire
Service.

8. Tools constituting technical and organizational measures
supporting safety: smoke detectors, fire protection devices, smoke
and heat removal systems, risk management applications.

2. Study of the implementation of the obligation to
subject technical installations in residential buildings
to periodic inspections.

Based on the author's participant observation method, appointed as
a court expert registered on the list of experts of the District Court
in Nowy Sacz in the field of determining causes and circumstances
of fires, findings were made for fires that occurred over a four-
month period, i.e., from December 15, 2024, to April 15, 2025, in
45 buildings affected by fire. The established causes of fires based
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on conducted inspections in residential buildings—for a total of 45
fires—are as follows:

A. Defects in electrical installations, including the electrical
devices in use, accounted for 23 fires.

B. Defects in solid fuel heating devices, including chimney flues:
16 fires.

C. Carelessness of adults, including accidental ignition, was the
cause of 8 fires.

D. Intentional actions of third parties, arson: 6 fires.

E. Other incidents: 2 fires.

Number of fire causes analyzed
4. Deliberate actions__
of third parties, . 5. Others, e.g. fire
arson, acts of ~.
terrorism .y
11%

spreading into the

area of a residential
building from a
built-in garage

where a vehicle was

located, or from a

vehicle parked close

to the building wall

4%

3. Carelessness of
adults, including
starting a fire
14%

Chart 1. Analysis of Fire Causes , Source: Author’s own study.

The above data shows that in the analyzed cases, the most common
cause of fires was defects in electrical installations, including the
devices powered by them. The second most frequent cause was
defects in solid fuel heating devices, including chimney/flue
systems. The third most common cause was the carelessness of
adults, including accidental ignition.

With regard to the implementation of the obligation to conduct
periodic inspections of utility installations in residential buildings,
the conducted analysis shows that out of 45 residential buildings, 42
did not have up-to-date periodic inspections for gas installations,
including gas appliances. In 4 analyzed buildings, the owners
declared having up-to-date inspections of the electrical installation,
despite the fact that inspections indicated, in 23 cases, that the cause
of the fire was related to hazardous physical phenomena occurring
in the electrical installation or in the electrical devices in use.

The highest number—12 out of the 45 analyzed buildings—had
chimney inspections conducted. However, it should be noted that in
7 cases, the confirmations of chimney inspections carried out by
authorized persons were either unreliable or not compliant with the
regulations. These cases were linked to 16 fire incidents caused by
chimney-related issues, which means that proper procedures were
followed in only 5 buildings.

Additionally, in the collected interviews at the fire sites of the
analyzed buildings, 41 owners or managers were unaware of the
frequency with which the cleaning of soot and exhaust ducts should
be conducted during their usage periods.

At the same time, the conducted research shows that among the 45
residential buildings, the respondents indicated that in 42 cases gas
installation inspections are not required. Regarding chimney
inspections, 19 people claimed there is no such requirement, 24 did
not notice that the inspections were outdated, and 2 declared that
they commissioned the inspections to an authorized person, but the
inspections were not carried out.

In turn, regarding inspections of the technical condition of electrical
installations, 29 respondents indicated there is no requirement for
residential buildings, 11 did not notice that the inspections
conducted were outdated, and 5 declared that they commissioned
the inspections to an authorized person, but these were not carried
out on time.
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Reasons for lack of current inspections - not
required

W 1. For gas installation
M 2.For chimneys

3. For electrical installation

Chart 2. Indicated reasons for the failure to carry out technical
inspections by authorized persons based on information obtained
from residents during the conducted inspections. Source: own study.

3. Analysis of own research

1.1t is necessary to strive for all residential buildings to be
mandatorily equipped with devices detecting fire hazards or
uncontrolled carbon monoxide emissions. In this regard, it is also
proposed that equipping residential units with sensors should
additionally include extended monitoring functions, such as sending
alerts directly to users' mobile phones via an application.

2. There should be an effort to ensure that all residential buildings
are mandatorily equipped with portable fire extinguishing
equipment, enabling early intervention to extinguish fires in their
initial stages.

3. Allow individuals investing in safety to deduct the purchase of
technical devices such as smoke detectors, gas and carbon
monoxide sensors, investments in portable fire extinguishing
equipment, or fire protection devices installed in residential units or
buildings from their personal income tax in the annual tax returns
submitted to the relevant territorial tax offices. According to the
author, this would increase interest in such investments.

4. Increase the intensity of educational campaigns through spots
broadcasted in mass media, including the involvement of church
institutions in the campaign.

5. It is necessary to consider organizing training sessions and
informational campaigns focused on risk minimization related to the
periodic inspections of technical installations operating in buildings,
training on the use of portable fire extinguishing equipment, and the
principles of operating autonomous sensors detecting fire hazards or
carbon monoxide release, including ensuring financial support from
state institutions.

4. Conclusions for Fire Safety in Residential

Buildings Based on Research

The analysis of the condition of technical installation
inspections, based on buildings destroyed by fire, reveals significant
shortcomings in prevention and fire protection. The research
findings clearly confirm that technical installations in residential
buildings are, in the vast majority of cases, not subjected to
mandatory technical inspections and proper maintenance, which
consequently has a significant impact on the safety of the residents.
Despite the growing public awareness of fire hazards, many
residential units remain inadequately protected. Introducing stricter
regulations regarding mandatory inspections of technical
installations, incentives from the Government of the Republic of
Poland, and increasing educational efforts could contribute to
improving the current situation. In summary, ensuring effective fire
protection requires both appropriate legal regulations and greater
involvement from both the Polish state and residents in applying
safety measures. Increasing the number of buildings where regular
technical inspections of utility installations—potential fire causes—
are conducted can realistically reduce the number of tragic incidents
and material losses caused by fires.
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l. Fire prevention

1. Designing residential buildings in accordance with applicable fire
safety standards reduces the risk of fires.

2. Regular inspections of electrical and heating installations, which
are key aspects of fire prevention in residential buildings.

3. The obligation to use smoke and carbon monoxide detectors in
apartments improves the safety of residents.

I1. Detection and alarm systems

1. The installation of alarm systems in residential buildings,
including multi-family dwellings, enables a quick response in the
event of a fire.

2. Smoke detectors in single-family homes allow for early fire
detection, enabling timely defensive actions.

3. Carbon monoxide detection systems in apartments equipped with
solid fuel and gas heating devices protect against poisoning.

4. Integrated fire monitoring systems in multi-family residential
buildings enable faster emergency response by rescue services.

I11. Evacuation routes

1. Proper design and maintenance of evacuation routes in residential
buildings, including multi-family ones, is crucial for the safety of
residents.

2. Regular evacuation drills increase residents' readiness to act in
emergency situations.

3. Blocking emergency exits and storing bulky items in stairwells
pose a life-threatening hazard to residents.

4. High-rise residential buildings require additional evacuation
measures, such as fire elevators or external staircases.

1V. Education and awareness of residents

1. Educating residents about fire safety principles is a key element
of prevention.

2. Children and elderly people require special education regarding
behavior during a fire.

3. Social campaigns about fire safety help increase awareness of
hazards.
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Abstract: The article provides a comprehensive overview of soft robotics applications in security, intelligence, law enforcement, and military
operations. These flexible robotic systems, made from elastic and adaptive materials, offer unique capabilities for covert surveillance,
reconnaissance, and operations in restricted or hazardous environments. The technology integrates advanced features such as biomimetic
design, blockchain security, and Al-driven control systems, enabling applications ranging from stealth monitoring to public safety and
military support. The document explores both current implementations and future directions, including the development of more durable and
energy-efficient systems, while addressing key challenges in cybersecurity and ethical deployment. Particular emphasis is placed on the
integration of soft robots with existing security infrastructure and their potential to enhance human-robot collaboration across various

security domains.
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1. Bweedenue

Meka  poOOTHKA NPEACTaBIABA CBBKYITHOCT oT
TEXHOJIOTUH, KOUTO H3IIOJI3BAT I'bBKABU, CNACTHYHHM M aJJAITUBHU
Marepuaiy (KaTo CHJIMKOHH, XHIPOTEIOBE W TEYHO-METAHU
CIUIaBH) 32 HM3TpakIaHe Ha poOOTH, CIIOCOOHM Ha 0e30macHO H
JVHAMUYHO B3aHMOJCHCTBHE C OKOJIHAaTa cpeja M Xopara.
OcHoBHaTa NEJ € Ch3JABAHETO HA CUCTEMM, KOUTO HMHTHPAT
OMOJIOTMYHM CTPYKTYPH M JIBIDKCHUS, CbUYETaBallKM BHCOKA
aJIaNTUBHOCT U OE30MaCHOCT.

Ts u3nmoi3Ba Marepuany karo: IToiuMepn Karto CHINKOHH
U eJacTOMEpH C XHIEPeNacTH4HH CBOHCTBA, XuAaporenose 3a
OUOMEIUIIMHCKU TPWIOKEHHUS M TEYHO-METAJHH ChEJUHEHMS 3a
NPOBOAMMOCT; VIHTEIWIeHTHM MaTepuaid, KOUTO Morar ja
MPOMEHAT  TBBPIOCTTA  cW  (Hampumepshapememoryalloys?,
rpaHyJapeH ,,JPKEMUHT ).

JIBIXKEHUETO ce obe3mneyaBa
YpE3MHEBMAaTUYHU WA MATHATHH CHCTEMH 32  M3KIIOYUTENHA
IbBKABOCT, enekrpoaktuBuu mnonumepu (EAP) 3a usnonssane B
MHUKPOAKTyaTOpH WIH XHOPHIHH TEXHOJOTMYHH PEIICHHS, KOUTO
WHTETpUpaT OWOBIBXHOBCHH JBW)KCHHS. YTIPABICHUETO KM Ce
OCBIIIECTBSIBA OTBIPAJACHH PEOICKTUBHY, KAAUTUBHU M ONTHYHH
CeH30pH 3a 0OpaTHa BpB3Ka W YIPABJISIBAIIN allTOPUTMH, Oa3upaHu
Ha M3KYCTBEH MHTEIIEKT U 00y4YeHHeE.

W3zpaboraneTo ce peannsupa upe3 MHOromarepuaiano 3D
OTIIEUaTBaHE 3a MHTErpalys Ha KOMIIOHEHTH WM Jutorpadus 3a
MHKPOpPa3MEpHH aKTyaTOPH U CEH30PH.

Mexkara p06OTI/IKa pasnojiara ¢ OrpoMEH INOTEHOHAT B
CUT'YPHOCTTa, 0C00€EHO Ipu onepanuu ¢ BUCOK PUCK.

2. Ilpunoswcenus 6  pasyznasamnemo
KOHmMpapa3y3Haganemo

u

lMaTepI/IaJ'H/ITe ¢ namer Ha ¢Qopmara (MPD) ca xiac

Mmarepuaiu, KOHTO IposBsBAT CIIOCOOHOCTTA Ja
Bb3CTAHOBABAT I[IbpBOHA4YaJIHATA CH (bopMa, Koraro ca
MNOAJIOXKCHHU Ha CHeHI/Iq)I/I‘{HI/I BBbHIIIHU

crumynu. https://shop.nanografi.com/shape-memory-
materials
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VHUKaIHUTE XapaKTePUCTUKH Ha MEKHTe pPOOOTH —
HOJATIMBOCT, Ne()OPMHUPYEMOCT M OWOMHMHKPHS — TH IIPaBSAT
U3KIFOUUTENIHO MOAXOIAINM 3a ChOMpaHe Ha pas3y3HaBaTelHa
uHbOpMaUMs W KOHTpapasy3HaBaTeJIHH  ONEPalUH, KBACTO
CKPUTHOCTTa, JOCTBIIBT JO 3aTBOPEHH IIPOCTPAHCTBA U
He3a0eNIe)KUMOTO MIPUCHCTBHE Ca OT IIBPBOCTENIEHHO 3HA4YCHHUE. 3a
pa3nuKa OT TBBPAMUTE CH aHAJIO3M, MEKUTE POOOTH MOrar na ce
MIPOMBKBAT Tpe3 MyKHATHHU, Ja abcopOupar ynapu 0e3 moBpean u
Ja WMUTHpaT BBHIIHMS BHI U JBIKEHHETO HAa E€CTECTBEHH
OpraHu3MH, KOETO MO3BOJISIBA HOBH METOJH 3a CKPHUTO HaOMIIO[CHHE,
cbOMpaHe Ha JaHHU ¥ (QU3WYECKH JOCTBI JO CUTYpPHH MecTa.
ImoGanHOTO pa3BUTHE B Ta3W 00NAcT, Makap M 4ecTo 3a0yleHO B
TaifHa, TOKa3Ba SICHA TPAaceKTOPHsS KBbM Ch3/laBaHE Ha MaJKH,
AQBTOHOMHH U NMPAaKTHYECKH HEOTKPHBAEMH pa3y3HABaTEIIHA aKTHBH.

Tatino wHabmronenue W uHQmITpamus. OCHOBHOTO
NPHUJIOKEHHE Ha MeKara poOOTHKa B pa3y3HaBaHETO € 3a TaifHO
Habmonerne. CriocoOHOCTTa UM Ja IPOMEHAT opMmaTa CH U Ja ce

JIBUKaT 663I_HyMHO TU 1paBu UACaIHU l'IJ'IaT(bOpMI/I 3a IpEHAcCsHE Ha

MHMHHATIODHH  CEH30pH, KaMepu M MHKpPOQOHM B  CHIHO
YyBCTBUTEIIHU WK BpaXJeOHHU CPEau.
buoBnbxHOBeHM — poOoTh: 3HauMTenHa ~— obmacT  Ha

M3CIenBaHus, , ce (POKYCHpa BHPXY CH3aBaHETO HAa pOOOTH, KOUTO
UMUTHpAT HACEKOMH, NITULM WIM BOIHHM OpraHusMu. M3ciensanus,
¢uHaHCHpann oT areHnuH kato DARPA, BBpPXy H3KYCTBEHH
MYCKYITH M MEKH 3aJBI)KBAIld MEXaHHU3MH, BIBXHOBEHH OT

opuramu, IMO3BOJIABAT Chb31aBaHETO Ha  JICKH, 144

peaTncTUIHN poOOTH3NpaHy cucTemu Teswn ,,0H0poOOTH MoTaT a

MOIITHU

ObJar pasNoNOKEeHH, 3a 1a NMPOHMKHAT B OXpaHsAeMa 30Ha, Ja
cvOupar ayauo-Bu3yajHa MHpoOpMAIMsS U 1a ce M3MBKHAT, 0e3 na
IpeIu3BUKBAT IIOJO3PEHUE, KAaTO ce CauBaT 0e3npoOIeMHO C
€CTeCTBEHaTa cpeja.

Hoctb 10 3a0paHeH! 30oHu: [Ipuckinara
nedopmupyeMoCcT Ha MEKUTE poOOTH UM MO3BOJISIBA J]a CE JBHIKAT
npe3 HECTPYKTYPUPAHH U HEIPEACKa3yeMH TepPEHH, KaTo HalpuMmep
pasBaJIMHA, BECHTUJIALUOHHU IIAXTH WA Tp”b6HI/I CHUCTCMH. P060T,
CIOCOOCH Ja ITBJI3U KaTo YepBed MM J1a ceé CTHUCKA KAaTO OKTOIIO,
O6u MOrbl Ja JOCTHIHE /O YacTH OT Crpaja MM MOA3EMHO
CHOPBKEHHE, KOUTO Ca HEJOCTHIIHU 33 XOpa MM KOHBEHIIMOHAIHU
npoHoBe. Pa3paborBanero Ha poboTusupaHa cucrema, 6a3upaHa Ha
HEBPOHHATa MpeXa Ha dYepBel, KOWTO MMa eJacTHYHO TUIO 3a
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HaBUTaLlUs, AEMOHCTpHpa (yHAaMEHTaNIHA KOHIEMIUS 3a TaKuBa
HHCTPYMEHTH 32 HHGHITPALHS

[TocrosiHO HaOmoneHne: Mekute poGoTu3upanu
CHCTEMH Morar Ja OBbIaT TPOEKTUPAHH 3a JIBITOCPOYHO
HaOmoZeHne ¢ HHCKa MoIqHOCT. Hampumep, wMexk po0or,

MPOEKTHPAaH Ja U3IIexkK/[a KaTo KaMbK MU Mapue OTIOMKH, MOXe Ja
OblIe pasIoNoXKeH OJIM30 10 LeNl M J1a OCTaHe B CILIIO ChCTOSIHUE,
aKTHBUpANKH ce CaMO 3a 3alMCBaHe Ha CNELU(UYHU DPa3TOBOPH
nmm neiiHocTH. ToBa € 0co0EHO BaXKHO 3a KOHTpapa3y3HaBaHETO,
KBJETO TAaKMBa YCTPOMCTBA MOraT Ja ce M3II0I3BaT 3a HaOMIONEHUE
Ha CKPHTH MECTa WJIM TalHU CPEIIH.

KontpapasyznaBane i1 CUT'YPHOCT. B
KOHTpapasy3HaBaHETO, MEKHTe pOOOTH Mpemiarar YHUKaJIHH
BB3MOXKHOCTH KaKTO 3a OTOpaHWTEIHH, Taka M 3a HACTHIIATeITHH
Mepku. Te Morar na ObIar W3MON3BaHM 32 OTKPHBAHE Ha
BpaxJIeOHH yCTpolcTBa 3a HaOmIOIEeHWe, W3BbpIIBaHE Ha
TEXHHYECKO MpoTuBoaeiictBue Ha Habmonernuetro (TSCM) wu

Ch3/1aBaHE HA TUBEPCHH.

VYebebpiiencTBano TSCM ckanupane: Maibk, MeK po0OoT,
000pyIBaH ChC CIIENMATN3UPAHE CEH30PU, MOXKeE Ja Ce M3M0I3Ba 3a
NpPOBEKAaHE Ha CKaHMpaHE 3a TIOACTyLIBAaTElHH YCTPOWCTBA W
CKpUTH KaMepH Ha MecTa , 10 KOHTO TPaAWUIMOHHOTO 00OpyABaHE
HE MOXKE Ja JOCTUTHE, KaTo HalpHMEp BBTPEIIHU CTEHH, CIOKHU
MamuHE Wi Mebenu. HemeramHuaT uM CbCTaB OM MOTBI 1a
HaMajJd BEpOATHOCTTa OT OTKpHBaHE OT HIKOM HHCTPYMCHTH 3a
KOHTpaHaOroneHne22

AKTUBHH KOHTpamepku: Pa3paGoTBaHeTo Ha JpOHOBE,
crocoGHM  1a  HaBurmpar 6e3  GPS, wmsmomssaiikn  SLAM?
TEXHOJIOT U, e KpPHUTUYHA CIOCOOHOCT 3a
KOHTpapasy3HaBaHeTo. TAKbB JIPOH, IOTCHIMAIHO O0OpYABaH ¢
MeKH pOOOTH3MpaHHM 3axBalllAl[d YCTPO#CTBA, OM MOI'BI aa ce
U3II0JI3BA 3a Ta{HO JIOKAIM3HpPaHe M JICAKTUBUPAHE WM W3BIMYaHE
Ha YCTPOMCTBO 3a HaOIFOJICHHE HA MNPOTHUBHHKA B Cpela, B KOSTO
GPS Be pabotu.

Wndopmannonna BoiiHa m u3mama: l3non3BaHero Ha
0OTOBE 3a pasmpocTpaHeHHe Ha JAe3uHpopMamus € 1go0pe
JOKyMEHTHUPAHO B KHOEPIIPOCTPaHCTBOTO. BB (u3nueckus cCBAT,
POSIK OT MaJIKu, OMOJNIOTHYHO BIBXHOBEHW MEKHM POOOTH Morar aa
ObJaT W3MON3BAaHM 3a Ch3JaBaHE HA [MBEPCHHM, 33/IcHCTBaHE Ha
(aymmuBy anapMu B CHCTeMara 3a CHI'YPHOCT Ha Bpara Wi 3a GUHO
MaHHITyIUpaHe Ha (u3ndeckn 0OEKTH, 3a Ja ce Bcee OObpKBaHE,
TIOJIKPETISTAKY MO-IINPOKH pa3y3HAaBaTEIHH LIENH.

3. H3nonzeane om noauyus u
npagonpunazawiu Op2anu
Mekute poGOTM ca  CHOCOOHM  3HAYUTENHO  Ja

TpaHcopMHUpaT MONUIENHCKATE ¥ HPABONPUIIATAIMTE OIEPAIIUH,
Karo mpeiarar mo-0e30TMacHH, MOo-e(EKTHBHH I0-MaJIKO
KOH(POHTAIIMOHHM MHCTPYMEHTH 3a peulla 3a1a4d, CBbP3aHH C
o0IIecTBEHOCTTa. 3a pa3uka OT TailHUTe MPUIOKEHUS
pa3y3HaBaHETO, MOJIHMIEHCKUTE MMPUIOKEHHS JaBaT MPUOPHUTET Ha
obrrecTBeHaTa 0E30MacHOCT, JCeCKaNaliiaTa W CIPABSIHETO C
OIIaCHH CUTYalluH Ha 00IIecTBeHO MACTO0. ChBMECTHMUSAT XapaKTep
Ha MEKUTEe POOOTH TH MpaBH OCOOCHO MOAXOMAIIM 3a 3aaauH,

144

B

U3UCKBAlllKM [CJIMKAaTHA MaHUIlyJlIallds, HaBUTallUd B IIPETPYyIlaHa

2(SimultaneousLocalizationandMapping) Texzomnorus
MNpeacTaBiisiBa METON, KOMTO II03BOJISIBA HAa aBTOHOMHM CUCTEMU,
KaTto p06OTI/I " IPEBO3HU CPEACTBA, 1a C€ OPUCHTUPAT B HECIIO3HATa
cp€aa, Karo €AHOBPEMCHHO M3rpaKJar KapTa Ha Tasu Cpela u
OIIpEeACIIAT CBOCTO MECTOIIOJIOKECHUEC B HES.
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rpajcka cpefa M AUPEKTHO B3aUMOJEUCTBHE C ILUBUIIHH, KaTo
MHHHUMHU3HPAT PUCKA OT HAPAHSIBAHE U MATEPUAITHU ILETH.

3acuseHa oOIIecTBeHa O€30MacHOCT U HaOIIOACHHE.
Wsmon3eaneto Ha pOOOTH3MpaHM CHCTEMH 3a OOIIECTBEHO
HAOMIOICHHE W TATpYJIMpaHe ¢ HapacTBalmla TEHJACHIHS, Karo
MPaBOOXPAHUTEIHUTE OPraHH MPOYyYBaT aBTOHOMHH IUIarGopmu 3a
yBeNMYaBaHEC HA YOBCIIKHTE CIY)KHTENM U TOnoOpsBaHe Ha
CHTyallMOHHATa OCBEIOMEHOCT. [IpHHIMINTE HAa MeKara poOOTHKa
3aroYBaT Ja BIMSAAT BBPXY AHM3alilHA Ha TE3W CHCTEMH, 33 Ja TH
HAIPAaBAT M0-0e30MaCHH! U TI0-I0CTHITHH.

ABroHoMHH marpyiu: B CeenuHeHute miata TrpagoBe
Karo ATiaHTa 3allovHaxa Ja pasrojarar ¢ aBTOHOMHH pOOOTH 3a
CUTypHOCT, KaTo Te3u Ha Knightscope, 3a mnarpyaupane Ha
obmecTBeHn MecTa Te3u poOOTH HaOMOTaBar 3a WHIUACHTH U TH
JOKJIaJIBaT IUPEKTHO HA KOHTPOJEH LEHTBpP, ACHCTBANKHM KaTo
BUIUM Bb30Hpalll (pakTtop 1 MoOWITHa miaTdopma 3a HabMoaeHUE .

HaGmronenne na Thimu: [To-Manko IDamIemyaT BHHIICH
BHUJI Ha poOOTHTE, IPOEKTHPAHU C MEKM MaTephaly, MOXe aa Obae
NpeIMCTBO 3a HaONlloZeHHEe Ha THINM II0 BpeMe Ha ToJeMH
myonuaHn cOuTns. ToBa KOHTpACTHPA C TO-MIJIMTAPHCTHIHUS BU
Ha TPAJUIUOHHUTE POOOTH 3a CHUTYPHOCT, KOETO IOTCHIHAIHO
HaMaJlsiBa 00IIeCTBEHOTO Oe3MOKOICTRO.

WNurerpanyst B uHTenureHtHute rpaznose: B Kuraii
CTPEMEXBT KBbM HMHQPACTPyKTypa Ha HWHTEIMICHTHHTE TpaJoBe
BKJIFOYBa OOIIMPHU CHCTEMH 3a HaOMIOAEHHE U cUrypHocT JlokaTto
HACTOSIIIUTE CHUCTEMH ca [0 ToJsIMa CTeleH CTAaTUYHH KaMepH,
pa3paboTBaHeT0O Ha MOOWIHH, aBTOHOMHH pOOOTH € JIOTMYHA
CclieiBallla CThIIKA, a M3IOI3BaHETO Ha ,MeKa“ poOOTHKa OM MOITIO
Ja YIeCHH UHTEeTpanusTa UM B TPaiCKd IPOCTPAHCTBA C
MPEHACETEHOCT OT MEeTIEXOAIIH.

O6e3Bperxiane Ha O0MOM M omacHu omepauuu. ExHo ot
Hail-yTBBbPJCHUTE TPUIOKEHHS Ha pOOOTHTE B PABONPHIIATAHETO €
obe3Bpexnanero Ha B3puBHM BemectBa (EOD) u GopaBenero c
OllacCHM MaTepuanu. Mekara poOOTHKa TIpejara 3HAYMTENICH
HaIpeabK B Ta3u 00JIACT, 0COOCHO NP MAaHUITYJIPAHE U JJOCTBII 10
3aTBOPEHU MPOCTPAHCTBA.

HenukarHa  MaHUmynaanus: TpaAuuMoHHATE  poOOTH
TBBP/JM 3axBalllallli YCTPOWCTBA, KOMTO MOrar Ja ObJaT TPOMAaBH.
Mexknute poOOTH3MpAHH 3aXBaIIAIN yCTPOHCTBA, BABXHOBEHH OT
NUIaga WA CIOHCKM XO0OTH, MOTaT Jia Ce IPHCIIOCOOSIT KbM
(dopmara Ha OOEKT, KOETO IIO3BOJsABa BHHMATEIHO OOpaBeHE U
pa3mioOsiBaHe Ha MMIPOBH3UpaHU B3puBHH ycTpoictBa (IED) ¢
MHOTO IT0-TOJISIMA CPBYHOCT U ITO-HHUCHK PHCK OT ClIyJaifHa .

Hoctem w wHcHeknus: Y Hac Oeme peanu3upaHo
MPAKTHYECKO TPHIOKEHHE, KOorato poOOoT Oelle pasmoyiiokKeH 3a
WHCIIEKIIMSI HAa  MSCTOTO HA  B3pHUBEHA BOCHHA  CKIAN,
JIEMOHCTPUPAUKH CTOWHOCTTa HA HW3MOJI3BAHETO Ha OC3MHIOTHH
CHCTEMH 3a chOHMpaHe Ha HH)OPMAIHs B CHIIHO OTACHH 30HH. Mek
po6oT Ou O omie mo-eheKTHBEH B TaKbB CIIEHAPHIA, CIOCOOCH /1a
ce MPOMBbKBA TPe3 OTIOMKA W Pa3sBaMHH, 3a Ja JOCTUTHE 10

ChpLCBUHATA HA MACTOTO HAa MHIUJICHTA.

Jleeckanarus B3aNMOJIEHCTBHE oOIHOCTTA.
OusnueckuaT Au3aiiH  Ha pobOTa CWIIHO  BIUsie  BBPXY
00IIECTBEHOTO BR3MPHUATHE M HEroBaTa e()eKTHBHOCT B CIICHAPUH 32
Jeeckananus. Mekute, MOCIYIIHH POOOTH H3IVIEXKIAT I0-MAJKO
3alUIAlINTENIHA,  KOETO  OTBaps  HOBU  BB3MOXKHOCTU 32
B3aUMOJIEIICTBUE C OOILIECTBEHOCTTa, OCOOCHO B YYBCTBHUTEJIHHU
CUTYaLlUH.

u C

Bzaumopeiicteue ¢ YA3BUMHU JIUILIA: Tlomumusta wecto e
IpU30BaBaHa Ja romara Ha Jyua, U3INUTBAIIU KPU3U C ICUXUYHOTO
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3apaBe. Mek po0OT, 060py/BaH ¢ KOMYyHHKAI[HOHHH WHCTPYMEHTH,
MOXE Ja Ce H3II0I3Ba Karo IIOCPEAHHK, KOHTO He MpeICTaBIsIBa
3aljiaxa, 3a YCTAaHOBSIBAHE HA KOHTAKT M TPEINOCTaBsIHE Ha
noakperna. M3cnenBannst Ha bbarapckara akageMusi Ha HaykKuTe
BbPXy pOOOTH, IpeIHAa3Ha4eHH 3a TPWXKU 3a BB3PACTHH XOpa,

MOKa3BaT T[apajenHo MPUIOKCHHE, KOeTo Moxe Ja Oble
aJanTUPaHO 3a MOJMMIEHCKH TNPOBEPKH HAa  3PaBOCIOBHOTO
CBCTOSIHUE .

Tepcene u cnacsBane: [Ipy GencTBEHN ClIeHapHH, MEKUTE
poboTH Morar sa ce OpPHUEHTHpaT B CPYTEHH CTPYKTYpH, 3a 1a
JIOKaJIM3MpaT oleley, 0e3 1a u3MecTBar oTIoMku. CrnocoOHoCTTa
UM Ja ce AedopMHpaT U Ja ce MPOMBKBAT MPE3 MAIKH MPOTYKH €
KPUTHYIHO MPETUMCTBO MPE TBBPAUTE .

Wsrpaxnane Ha oOmiecTBeHO JoBepue: J(M3aiiHBT Ha
LIPUATEICKA POOOTH € MpeaMeT Ha aKaJeMUYHU H3CIEeIBaHUS,
KaTo MpPOyYBaHUATA TIOKA3BaT, 4Ye¢ YOBCKONMOJOOHHUTE YEpPTH U

HM3pa3UTEIHUTE Ccroco0HOCTH Morar hit:} monoopsT
B3aMMOJEICTBHETO 4OBeK-poOoT Upe3 BHeapsiBaHe Ha poOoOTH,
KOHUTO Ce BBb3IpHEMaT Karo IOMOIIHWMIM, a He Karo

IpaBoIpujiaraiiy OpraHuy, IIpaBoIlpyUjiarallfiTeé OpraHu Morar Jaa
pa60T5IT 3a U3rpaxian€ Ha 10BEpUEC B O6IJ.[HOCTTa.

4. Mexu pobomu u 60oeHHU onepayuu

Wnrerpupaneto Ha MeKaTa poOOTHKa BBB BOCHHHUTE
ollepanuy NPEACTABIABA MPOMSHA B MapaaurMara, MpeMUHaBalKu
OTBBA  TBBPAWTE, IUIATGOPMECHO-IEHTPHYHN  CHCTEMH  KBM
aJanTUBHU, YCTOMYMBH W MHTEIPUPAHU C YOBEKa pecypcu. B
CHBPEMEHHOTO OOWHO NPOCTPAHCTBO, XapaKTEPU3MPAIIO CE CbC
CIIO)KHOCT W HENPEACKa3yeMOCT, MeKHTe poOOTH mpejuiarar
YHHUKAJIHU NIPEJUMCTBA B TAKTUYECKOTO pa3y3HaBaHE, JOT'MCTHUKATa,
OoifHaTa MemunuHA W TIpsKara OoifHa moaapwxkka. CriocoOHOCTTa
uM ga ce pgedopmupar, na abcopOupar eHeprus U Jia
B3aMMOZIEHCTBAaT 0E30IacHO C BOWHHUIIMTE T'M MpPaBU HICATHU 3a
yBeIMYaBaHE Ha BB3MOXKHOCTUTE Ha HHMBO OTHAEJIEHHE U
TIOBHIIIABAHE HA OIIENBAHETO.

TakTudecko pasy3HaBaHE M CHTYallMOHHA OCBEIOMEHOCT.
Jlokaro CTpaTermyeckoTo pasy3HaBaHE pa3ulTa Ha JAICKOOOWHHU
CPE/ICTBA, TAKTUYECKUTE BOCHHH YaCTH C€ HYKAasAT OT He3abaBHa,
nokanu3upaHa uHopMmanus. Mekute poOOTH ca  YHHKAITHO
TTO3NIUOHUPAHH, 33 Ja OCHTYPAT TO3H IIOTIEN ,,0T3a] XbJIMa™ MU
,»33]1 BB, 03 1a m3arar BOWHUIUTE Ha JUPEKTEH OT'BH.

Pasy3naBaum, BIABXHOBEHU oT
omonorusra: M3cneqBaHusaTa Ha U3KYCTBEHH MYCKYJIH, BABXHOBEHH
oT opuramu, U eBTUHHS 3D medar Mo3BONSABAT CH3ABAHETO HA
MaJIKH, pa3y3HaBaTeJIHU W OnMoMHMeTHYHH pobotu Te morar nga
ObJaT pasnojoKEeH! OT OTIEIHU BOMHMIIM, 32 JIa MIBJI3AT, JIETAT WU
Jla Ce IIb3raT BbB BPaXECKU IO3UIUHM, OCUTYpsIBalikKu BUAEO B
peaHO BpeMe Ha MHTEpHOpa Ha CTpaja WIA OKOIHA JINHUA NPEau
HaraicHUE.

JlocThll 10 BCAKAaKBB TEpeH: 3a pa3liiKa OT KOJICCHHTE
WM BEPHKHUTE POOOTH, MEKUAT, NeopMHUpyeM poOOT MOXe Ja ce
IBIKMA Tpe3 pa3BajMHUTE HAa OCIOpBaHa TIpaJICKa Cpefa Wid
FBCTUTE XpacTalali Ha JOKYHIVIA, OCHTYPSIBAHKH IOCTOSHHO
HaOJFOICHHUE TaM, KbJICTO KOHBEHI[MOHATHHUTE IPOHOBE HE MOraT Jia
paborsat. Ta3u CHOCOOHOCT € OT pelIaBallo 3HAauYCHHE 3a
uneHTHdUIMpaHe Ha 3aca i, IMIPOBU3UPAHU B3PHUBHHU YCTPOMCTBA
U BPAXKECKH JABM)KCHUSI.

Tennmenmuu  3a  MoAepHH3AIVS: 3aKyIlyBaHETO
YCBBBPIICHCTBAHU Oe3mwiIoTHU JerarenHu amapata (BJIA) karo
TextronAerosonde ot nbpxaBu kato bbiarapust momuepraBa sicHa
BOCHHA TCHACHIMSA KbM IOAOOpsBaHE Ha pa3y3HABATEIHUTE

Ha
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Bb3MOXKHOCTH ¢  0e3mmiIoTHH  cucteMd. Mekara poboTuka
HpeJCTaBIsIBa CIEABAIIaTa eBOJIIOIIMOHHA CTHITKA, 00eIaBaifky oIe
HO-TOJISIMA CKPUTOCT ¥ JOCTBII 3a T3 IUIaTdopmu.

boitna mopnpexka: JlorucTuka M ycuiBaHe Ha BOWHHIIUTE.
DuU3NYecKOTO HATOBapBaHE Ha CHBPEMEHHHS BOWHUK € OTPOMHO.
Mexkata poOOTHKa IIpeAara TMPEeKTHO PelIeHHe Ype3 MOoAIoMaraHe
Ha HOCEHETO Ha TOBApM M YCHBBPIIEHCTBAHA JIOTUCTHYHA
MOAAPBKKA, KOETO JUPEKTHO MOBHUIIaBa OOiHaTa e(peKTHBHOCT U
HaMaJjsBa yMopaTa.

Hocumu ex3ockenern: KirouoBa obmact Ha pa3BHTHE ca
MEKHTE pPOOOTHU3UpPAaHH EK30CKEIEeTH WM ,.eK30KocTioMu ‘. Te3u
KOCTIOMH MOTaT Jia IIOMOTHaT Ha BOMHHUIHTE Ja HOCIT TEXKH
panuiy, Ooenpumnacd M oOOpyIBaHE Ha ABJITH Pa3CTOSHUS C TIO-
MaJIKo (PM3MYECKO HATOBApBaHE .

ABroHOMHA JsorucTka: Ha 6oifHOTO ToNe cHaOIsIBaHETO
Ha (POHTOBMTE HYacTH € OmacHa 3ajada. Pycus e Tmokasana
cTparerndeck (OKyC BBPXy pa3pabOTBaHETO Ha HHTEIUTCHTHU
JOTHCTHYHH poOOTH Kato ,.bepum 2025, 3a ma aBTOMaTH3HUpa TO3H
npouec [lo momoGeH HauMH, aBTOHOMHHM HAa3eMHH CHCTEMH OT
xommanun kato ARX Robotics ca mpeaHazHa4eHH 32 TPAHCHOPT K
JIOTUCTUKA, HaMalsIBaiKK HYXXJaTa OT YIPaBISIBAHH OT YOBEK
KOHBOH 32 JIOCTaBKH, KOMTO Ca YSI3BUMH 32 aTaKH

Boenna wMenunmHa: Meku poOOTH3MpaHH —3aXBallarld
YCTPOWCTBA MOTar Ja Ce M3IMO0JI3BaT OT MEIWIMHCKH JPOHOBE MM
Ha3eMHH pPOOOTH 3a BHUMAaTeNHO OoOpaBeHE W €BaKyupaHe Ha
paHeHH BOMHHMIM OT 6oiHOTO moie. OCBeH TOBa, MEKH, HOCHMH
CEH30pH MOTaT Ja HaOIogaBar JKU3HEHUTE MOKa3aTeIn Ha BOMHNUKA,
MpeIoCTaBANKY Ha MEIUINTE KPUTUYHH JAHHU B PEaIHO BpeMe.

CpBMecTHa paboTa 4YOBEK-MallMHA U INopoOpeHa
epexTuBHOCT. bBpBaemero Ha Ha3zeMHara BOWHAa  BKIIOYBA
Oe3nmpoOneMHa MHTErpanus MeEXAy BOWHHIM ¥  aBTOHOMHHU

cucteMu. Mekara poOOoTHKa UTpae KIIIOYOBAa OISl 33 OCUTYpsSIBaHE
Ha 0e30IacHO, MHTYUTHBHO U €(EKTHBHO CHTPYIHHYECTBO, KaTo
CBIIEBPEMEHHO IPEJOCTABsI HOBU O()aH3UBHYU BE3MOKHOCTH.

[To-6e30macHO CHTPYIHUYECTBO: AMEpPHUKAaHCKaTa apMus €
WUHBECTHpala B pa3paboOTBaHETO Ha POOOTH KaTo Hepas3JeiHH
CKUIHKM UTPadu’ 3a Ha3eMHUTe mojpasiencHus. ChBMECTHMHAT
XapakTep Ha MEKUTe POOOTH TH NpaBU MO CBOSTA CBHIIHOCT IIO-
6e30MacHU 3a CHTPYAHMYECTBO B OJNM3KO PA3CTOSHHE C BOWHMIIM,
HaMaJIsIBaliKM pHCKa OT CIy4ailHO HapaHsBaHE IO BpeMe Ha
TPEHUPOBKH WK OOMHU OTIepaliH.

PazsuBamu ce odanzuBHM mnardopmu: PazpaborBanero
Ha YETUPUMHOTH BOEHHU pOOOTH WM ,,pOOOTH3MpAHU KydeTra‘
MpeJCTaBIsBa 3HAYNTENHA CTBIKA KbM BBOPHKEHH AaBTOHOMHHU
CHCTEMH

5. H3nonzeanemo na 0O10K4ellH npu MeKu
pobomu ¢ cuzypHocmma

Broxueiin Ha kpunrorpadwusi,
JEUCHTPaNU3alusi W KOHCCHCYCHH MEXaHH3MH, KOETO IIpaBU
perucTepa Ha TpaH3aKIMU HEH3MEHseM yCTOiluMB  Ha
Mauumytanun’. 1Ipn poGOTH3MPAHH CHCTEMH 3a CHTYPHOCT TOBA
rapaHTHpa, Ye NeHCTBUATA, HANPABEHU OT POOOTHTE WIIH TEXHHTE
yIpapisBamy copTyepH, ca 3allMCaHu NPO3payHO U HE MOraT Jia
ObIaT IPOMEHEHM Clie[] TOBa, KOETO HaMmalsiBa pHUCKAa OT

3H0yHOTpe6I/I " HETIOAIIpaBCHAa HaMeca.

ce Gasmpa

%4

3 JInuesa, T.,.brnokueiin u exocuctema Ha curyproct, B. C6. Jlok.
0T Hay4Ha KoH(pepeHIus ,,AKTyaTHU IPOOIEeMH Ha CUTYpHOCTTa” —
27-28 okt. 2022 r., cTp.145, ISSN 2367-7473
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TexHonorusiTa MO3BOJISIBA /1a CE€ 3allMCBA BCSIKO JEHCTBUE
Ha po0OoTa Karo OTAETHA TpaH3aKIHsA, KOCTO YJICCHsBA
nocJie/iBaliara npoBepka M OOUT Ha Heropara jaenHocT. ToBa e
0CO0CHO BaXHO B cepH, KbJIETO Ce M3HMCKBA BHCOKA CTENECH Ha
OTYETHOCT M MPOCIETUMOCT, HalpuMep NpU OXpaHa Ha CTPajH,
KPUTUYHA HHPPACTPYKTYpa HIIH 30HH C OTPAHUUEH JOCTHIL.

CMapT KOHTpPAKTUTE, BEBEICHH B OJIOKYCHH, MO3BOJISIBAT
ABTOMATHYHO M3IIbJIHCHHE Ha 3alledaTaH M MIPOBEPHMH IIpaBUiIa U
npouexypu. B poborure, paboTemu B cHCTEMH 3a CHTYPHOCT, TOBa
MOXE Ja O3HayaBa AaBTOMATHM4YHA PEaKUMs IIpU 3acH4YaHe Ha
AQHOMAJINH, BKIIFOYBAHE HA aJapMH WIH JOPU KOOPAMHAIMS MEXIY
MHOXKECTBO pOoOOTH 0e3 dYOBelIKa Hameca, KaTo BCHYKH Te3U
JIEMCTBHA ce 3alUcBaT B OJIOKYCIHA 32 KOHTPOI U JoKa3zyeMocT 1.

Ilpm wMmpexu or poGoTH, H3MOI3BAIIM OIOKYEHH 3a
crioziessiHe Ha MHQOopMaIys, ce eIMMHUHUPA HY)K/aTa OT LEHTpaJeH
KOHTpOJIeH ChpBEP. ToBa HamaisiBa pUCKAa OT IIEHTPAIM3HPaHH
aTaky ¥ MOBUIIABA YCTOMYMBOCTTa Ha cucremara. PoboTute morar
Ja OOMEHAT aHHH, CHOUTHS M MHCTPYKIMHU B CUTYPEH U IIPO3padcH
pEeTHCTBP, KOETO MPENOCTaBs HOBH BB3MOXKHOCTH 3a KOJIEKTHBHA
CHT'YPHOCT ¥ CaMOOPTaHH3aIIHsI.

WurerpupaneTro Ha OJNOKYEHH TEXHOJOTHATa B MeKara
poboTrka ocurypsiBa crabwiiHa paMKa 3a CHOpaBsSHE C KPUTHYHU
YA3BUMOCTH B CHT'YPHOCTTa, TIPHCBIIM HAa TE3U CIOXHH,
B3aUMOCBBP3aHU  CHCTeMH. Mekute poOOTH, CBC CBOUTE
CHBMECTHMH MaTepHajH U 3aBUCHMOCT OT Pa3lpe/ielIeH CEH30PHU
MpEXH, ca MOJATINBH Ha 3aIUIaXH KaTo 3JI0HAMEPEHO MHKEKTHPaHe
Ha JaHHW, HEOTOPHM3UpPAH KOHTPOJI W KOOPIUHUPAHU POSKOBU
araku brokyeiH mnpemnara neneHTpanu3MpaHa, HEOPOMEHHMAa U
Mpo3padHa CHCTEMa OT PErucThbp, CIOCOOHA Ja CMEKYH Te3H
PHCKOBE, KaTO TapaHTHpa LEJIOCTTAa Ha JAHHATE', OCHIypsiBa
KOMYHHKaIUsITa MEXTy POOOTHTE M TIO3BOJISIBA KOOPAWMHAIMA Oe3
JoBepHe, 6e3 IeHTpallHa TOYKa Ha MOBpesa.

6.3axnouenue.

PazanyHm cTpaTernyecKH TPHOPHUTETH: AHAINM3BT
paskpuBa pa3nuvHu HaruoHamHH npuoputetn. CAILl, Habmsarar Ha
(dbyHnamMeHTanHU — wW3cheqBaHus W paspaborkm  (R&D) 3a
OMOMHMUKPHS M YCHBBPIICHCTBAHA aBTOHOMUS, (PMHAHCHPAHH OT
areHuuud  karo  DARPA Pyckure pa3paboTkm pamKupar
HanmpeAbka B KOHTEKCTa HA TEXHOJOTHYHHS CYBEPEHHTET H
NPWIOKEHUsITa C JABOWHA yrorpeda, KaTo HampuMep APOHOBE,
cnoco6Hn na pabotar 6e3 GPS, m poborusupanu miardpopmu 3a
TIOAJPBKKA HA HHPPACTPYKTypa

OcHOBHH 00/1acTH Ha npuJoxkeHue: OuepraBar ce TpU
OCHOBHH 00JIACTH Ha MpUIIOKeHHe. [IbpBara € CKpUTO HaOIIOIeHIEe
M TPOHUKBAaHE dYpe3 MalKu, neGopMupyeMu U OHO-BABXHOBECHH
poborn . Bropara e pabGora B ONACHH CpEH, BKIIOYUTEIHO
o0e3BpexkaHe Ha B3PHBHM YCTPOMCTBA M ONEpaLi 10 ThPCEHE M
criacsiBaHe, KbJETO IENUKAaTHATa MaHMIYJIAlWs € OT pelIaBallo
3HaueHHe . Tperara e BOGHHA MOJKpema Ype3 HOCHMH €K30CKENIETH
3a MMOANIOMaraHe Ha BOIHHIMTE 1 aBTOHOMHA JIOTUCTHKA .

HoBoBB3HHKBALIH TexHoJorun: [IpoOuBHHTE
TEXHOJOTHUH, KOMTO C€ CIIOMEHABaT Hali-4eCTO KaTo JBIDKEINA CHIIA
B Ta3u 00JNacT, BKJIIOYBAT M3KYCTBEHH MYCKY/H, BIBXHOBEHH OT
OpUTaMH, KOHWTO TIO3BOJISIBAT CH3/IABAHETO Ha MOIMHH W JICKH
po0OOTH; T'bBKaBU CEH30PH W MaTepUaM, KOUTO IO3BOJISBAT Ha
poOOTHTE Ja ce aanTUpaT KbM OKOJHATa Cpe/ia U pa3pabOTBaHETO

* JTmuesa, T.,,CurypHOCT Ha JaHHUTE ¢ OJIOKYEHH TexHomorusiTa” B.
C6. Jlok. ot ropumrHara HayyHa koH(pepenmus Ha BTY ,,Bacun
JleBcku” — 8-9 ronm 2023 1., c1p.383, ISSN 2367-7481

Ha aBTOHOMHHM CHCTEMH, KOUTO MOTaT fAa paboTAT B CIOXKHH U
OCHOPBaHHU Cpeay

Iponycku B U3c/IeIBAHNATA " ObaeIu
HanpaBjienusi: Beripekn  Obp3uss  Hampenbk B J1abopaTopHH
yCIIOBUS, CBILECTBYBA 3HAUUTEIHA pasika MEXITy

CKCIIEPUMEHTAITHUTE MPOTOTHUIIN U HANCKAHUTE, MACOBO BHECAPCHU
CHUCTCMHU 3a II0JIEBH OII€panuu. ET;I[CH_II/ITG U3CJICABaHusA Tpf{6Ba Ja
C€ ChCPEAOTOUAT BbPXY HAKOJIKO KIIFOYOBU oOacTu:

YeToHYMBOCT M M3IPBAKJIUBOCT: MekuTe Marepuanu
YecTO ca I0-MajJKO W3APHXINBA OT TBBPAWUTE CH aHAJO3M.
Heobxomumo e ma ce pa3paboTAT HOBU MOJUMEPH U KOMIIO3UTH,
KOUTO Ja M3Ibp)KaT Ha TEXKUTE YCIOBUS Ha OOWHOTO Tojie u
TpaJicKaTa cpena.

Enepruiina e(eKTUBHOCT: 3aXpaHBAHETO ocTaBa
OCHOBHO IIPEIU3BHKATEIICTBO 3a MAJKUTE, ABTOHOMHH pPOOOTH,
HpeIHa3Ha4eH! 3a ABIArocpodHu Mucun. Heobxoaumu ca nHOBamu
B CbXPaHEHHETO Ha €Heprusi U HUCKOEHEPTuilHUTE 3aiBHXKBALIL
MEXaHU3MH.

Kubepcurypnoct u nporuBoaeiictrue: C HapacTBaHETO
Ha aBTOHOMHUSTA, Te3H POOOTH CTaBaT Ys3BHMH Ha XaKePCKH aTaku
U EeJIEeKTPOHHO NpoTHBOAeiicTBHE. Pa3paboTBaHeTO HAa CHUTYpHHU
KOMYHUKAIlIOHHN TPOTOKOJIM M apXUTEKTypH OT THIIAa "HYIEBO
nosepue" (ZeroTrust) e OT pelaBaio 3HaYCHUE .

Etnunn u mnpaBHu pamku: HeoOxomumo e nma ce
pa3paboTAT SICHU MEXKIYHapOIHU ¥ HAI[MOHAIHHM IPaBHU PaMKH,
KONTO Jla peryiupar H3M0I3BaHETO HA  aBTOHOMHH U
MOJyaBTOHOMHH pOOOTH B IPAaBONPHIATaHETO W BOCHHUTE
JEeUCTBUSI, KaTo ce 00BbpPHE CHEIUATHO BHUMAHHE HA BBIIPOCHUTE 32
OTTOBOPHOCTTA M B36MAHETO HA PEIICHNUS B MOPAITHU JMIEMH .

bubnuozpagua:

1. JIxouceH, JIx. (2023). ,IIpoGmeMbT ¢ KOMaHaupa C
W3KYCTBEH  HWHTENEeKT: ETHYHH, [OJIUTHYECKH U
MICUXOJIOTHYECKH JUJIEMH Ha B3aMMOJIEHCTBHUITA YOBEK-
MallliHa BbB BOWHAra, MOAMOMOTHATA OT W3KyCTBEH
unrenekt.” JournalofMilitaryEthics, 22(3-4), 246-271.

2. Liu, J, Chen, S, Gao, F, &Long, Y. (2023).
~PazpaboTBaHe W TMPWIOKEHHE Ha POOOTH3HPAHU
TEXHOJOTMM B OBJCIIM HHTSIMICHTHH BOWHHIIKH

orpsnn.” Kuraiicka koHpepeHIUs 3a KOHTPOJI U PEIICHUS
(CcDC).

3. Tapxk, C., Kum, U. Ix., O, C. u ixonr, K. (2024).
»Hamexnaa CNN ¢ roma ocHOBa, KaHIWJATCTBAIla 3a
TakTH4eckun MobOunHu mnepudepHu ycrpoiictea.” IEEE
TransactionsonDefense Systems.

4. Zhang, H., Liang, R., Zhao, B., &Liu, C. (2025).
,,Pa3paboTBaHe U BHeApsiBaHEe Ha POOOTH3UpaHA CUCTEMA
3a ABUIKEIIN CC ICJIN 3a TECTBAHC HAa PA3IIO3HABAHETO Ha

o0eKTH. Engineering Applications
ofArtificiallntelligence, 146, 110223.

5. Canroco, ®. m un, A. (2023). ,3agpabodyeHO
u3cieABaHe Ha KHOGPCUTYpPHOCTTa, MOJ0OpeHa ¢
U3KYCTBEH HHTEJEKT, B pOOOTHKara, aBTOHOMHHTE
cucreMu u  KputhnuHute uH@pactpykrypu.“ IEEE

Transactionson Services Computing, 17(3), 1293-1319.

MJIa K
3aro

6. Tomndap6, A. wu Jluamsmy,
,»[IpOTHO3MpaHe W INpELEHKa:

(2022).
I/I3KyCTBeHI/IﬂT


https://aws.amazon.com/ru/what-is/blockchain/

Technics. Technologies. Education. Safety. 2025
|

UHTEICKT yBEJIMYaBa 3HAYCHHETO Ha XOpara BbB
BoiiHara.* MexyHaponHa curypHocr, 46(3), 7-45.

7. Pammn, A. Bb. (2023). ,3KycTBEH HHTENEKT BBB
Boickara: [Iperien Ha BE3MOXKHOCTHTE, IIPUIIOKEHUATA U
HpeIu3BHUKaTeNcTBaTa. MeXIyHapomgHO CIIMCaHue 3a
MHTEeNMUreHTHH cuctemu, 2023(1), 1-31.

8. Bymammn, B. wu Jlymc, J.A. (2023). ,OrtroBopHO
pasduuTaHe IO OTHOLICHWE Ha pa3pabOTBaHETO U
W3IOJI3BAHETO HA H3KYCTBCH WHTENEKT BHB BOEHHATa
obnact.” Etuka n nadopmannoHan texxomnoruy, 25(8), 1-
5.

9. Wirtz, BW, Weyerer, JC, &Kehl, 1. (2022). ,,Ynpasnenue
Ha M3KYCTBEHHUs WHTENEKT: VIHTerparuBHa pamka,
6aszupana Ha pHUCK " HAaCcOKu.“
GovernmentInformationQuarterly, 39, 101685.

10. Sangwan, RS, Badr, Y. &Srinivasan, SM (2023).
,,KHOepCUTypHOCT 3a CHCTEMH C M3KYCTBEH WHTEIEKT:
IIpoyusane.” JournalofCybersecurityandPrivacy, 3(2),
166-190.

11. Vasr, 3., Ma, k., Yanr, X., JIxy, k., [un, 3. u Pen, K.
(2022). ,,3ammaxu 3a oOy4yenuero: [IpoyuBane Ha aTaku C
OTpaBsiHE W 3aIlUTH B CUCTEMH 3a MAIIMHHO OOydeHHe.
ACM ComputingSurveys, 55(7), 1-36.

12. Jlyo, C. (2022). ,CropaBsiHe ¢ pHUCKOBETE, CBbP3aHH C
BOCHHHUS W3KYCTBEH HHTENCKT, B MeXaHM3MHTE 3a
ynpasnenne Ha kpusu Mmexnay CAI m Kurait.“ China
International StrategyReview, 4(2), 233-247.

13. Xamxu-Sues, M. u boratunos, /1. (2022). ,,[lonutudecku
U crpareruuecku choOpakeHus Ha HATO ortHOCHO
BB3JICHCTBHETO HA M3KYCTBEHHS HWHTENCKT  BBPXY
MOJIUTUKO-BOGHHOTO PBKOBOACTBO M  B3€MAaHETO Ha
pemrenus.” IIpakTHYECKN MPUIIOKEHUSI HA CHBPEMEHHUTE
TEXHOJIOTUM 3a IIOBHIIABaHE Ha CIOCOOHOCTHTE 3a
CUT'YPHOCT U OTOpaHa.

14. Jluuesa, T.,,brokueiin u ekocucTeMa Ha curypHoct, B.
C6. lok. oT Hay4Ha KOH(EPEHIHsI ,,AKTyaTHU POOIeMHU
Ha curypHocTTa” — 27-28 okT. 2022 1, cTp.141-148, ISSN
2367-7473

15. JluueBa, T.,CurypHocr Ha [aHHHTE C OJOKYEHH
texHonorusATa’B. C6. Jlok. OT roauiiHara Hay4Ha
koH(pepennust Ha BTY ,,Bacun Jleckn” — 8-9 rorn 2023
r., ctp.381-390, ISSN 2367-7481

171



Technics. Technologies. Education. Safety. 2025

Synthesized analysis of electric vehicles and cybersecurity: safeguarding connected mobility
in Europe and beyond

Ivan lliev
University of Library Studies and Information Technologies, Sofia Bulgaria
e-mail: ivan.iliew@ gmail.com, 9123490@unibit.bg

Abstract: As connected and autonomous vehicles (CAVs) weave through Europe’s roads, their intricate web of software—up to 100
million lines of code—creates a digital frontier vulnerable to cyberattacks. Europe’s robust regulations, led by UNECE WP.29, the
Cyber Resilience Act (CRA), and NIS2 Directive, set a global standard, yet threats like ransomware, API exploits, and EV char ging
vulnerabilities expose a "cyber gap™ between compliance and resilience. This paper synthesizes 20242025 trends, vividly describing
the regulatory landscape, escalating threats, and innovative solutions like Al-driven defenses and blockchain. Through detailed case
studies—the 2015 Jeep Cherokee hack, 2024 CDK Global ransomware attack, and 2024 EV charging exploits—it il lustrates real-world
risks and lessons. A proposed framework harmonizes regulations, strengthens security, and fosters collaboration, addressing
challenges like legacy systems and talent shortages. With the cybersecurity market poised to reach $25.5 billion by 2031 [1], this

analysis charts a path for secure, trusted mobility.

KEY WORDS: CYBERSECURITY, ELECTRIC VEHICLES, REGULATIONS,

1. Introduction

In today's world, cars are more than just a way to get from one
place to another—they're becoming smart machines on wheels.
Modern vehicles, especially in Europe, are packed with technology
like electronic controls, internet connections, and even self-driving
features. This makes driving easier and safer, but it also opens the
door to new dangers from cyberattacks. Hackers could take over a
car's systems, steal personal information, or cause accidents. To
keep up with these risks, Europe has strong rules like UNECE
WP.29, the Cyber Resilience Act (CRA), and NIS2 Directive.
These help make sure cars are built with security in mind. Around
the world, standards like ISO/SAE 21434 add extra layers of
protection. However, problems like old technology in cars and a
lack of cybersecurity experts make it hard to stay safe. This paper
looks at the rules, the threats, and ways to fix the problems, using
real examples to show why strong security is so important for the
future of driving.

2. Topic relevance

Car cybersecurity is not just a technical issue—it's essential
for keeping people safe, protecting privacy, and supporting the
growth of modern transportation. As more vehicles connect to the
internet and each other, they become part of a bigger digital world,
but this also makes them targets for hackers. Without strong
security, a simple cyberattack could lead to dangerous situations,
like losing control of a car on the highway or having personal
driving data stolen. This topic is necessary because cars are
becoming smarter and more common, especially electric and self-
driving ones. In Europe, where millions of connected vehicles are
already on the roads, good rules and frameworks help prevent
accidents, build trust in new technology, and make sure the industry
can keep innovating. If we ignore these risks, it could slow down
the shift to greener, safer driving, hurt the economy, and put lives at
risk. By focusing on cybersecurity, we can make sure the future of
mobility is reliable and secure for everyone.

3. Methodology

This analysis emerges from a meticulous tapestry of data
collection, synthesis, and validation, weaving together diverse
threads from the automotive cybersecurity landscape to craft a
robust and engaging narrative. The approach is designed to
illuminate the inteplay of European regulations, global threats, and
technological solutions, ensuring both scientific rigor and
accessibility  for researchers, policymakers, and industry
stakeholders.

3.1. Data Sources

The foundation of this study rests on a carefully curated
selection of primary and secondary sources, each chosen for its
depth and relevance to 2024-2025 trends. Industry reports form the
bedrock, providing quantitative insights into cyber incidents and
market projections. Key reports include Upstream Security’s 2025
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and 2024 analyses, which detail over 400 incidents and a 300%
surge in large-scale attacks, alongside VicOne’s 2025 report, which
highlights emerging EV charging vulnerabilities [1, 2, 3]. These are
comp lemented by Threatcop and Promwad’s 2025 insights, offering
perspectives on supply chain risks and technological advancements
[4, 5]. Regulatory documents provide the structural framework,
including UNECE WP.29 (R155 and R156) for European
compliance, ISO/SAE 21434 for global engineering standards, and
EU-specific mandates like the CRA, NIS2 Directive, and GDPR,
sourced from authoritative references such as Cybellum and
Rinf.tech [6, 7, 8]. Case studies—the 2015 Jeep Cherokee hack,
2024 CDK Global ransomware attack, and 2024 EV charging
exploits—anchor the analysis in real-world events, drawn from
industry reports and media accounts [1, 3]. Technological insights
on Al, blockchain, and post-quantum cryptography are derived from
peer-reviewed studies and whitepapers, notably from Cyber
Defense Magazine, ensuring forward-looking perspectives [9]. Web
sources, including Thales and Tech Mahindra, provide detailed
regulatory context, enhancing the analysis of WP.29’s
imp lementation [10, 11].

3.2. Analytical Approach

The synthesis process mirrors a master weaver blending
threads into a cohesive fabric. A mixed-methods approach was
employed, combining quantitative data (e.g., incident rates, market
projections) with qualitative insights (e.g., regulatory impacts, case
study narratives). Quantitative data was aggregated to identify
trends, such as the 25% ransomware share in 2024 incidents or the
$25.5 billion market projection for 2031 [1]. Qualitative analysis
involved thematic coding of reports and regulations to extract key
challenges (e.g., legacy systems, talent shortages) and solutions
(e.g., Al-driven defenses). Case studies were dissected to uncover
technical mechanisms, impacts, and regulatory lessons, ensuring a
narrative that resonates with both technical and policy audiences.
Cross-regional comparisons—between Europe’s WP.29, US
voluntary guidelines, and China’s GB standards—illuminated
global compliance challenges, guided by insights from Plaxidity X
and Deloitte [12, 13].

3.3. Validation and Triangulation

To ensure robustness, data was triangulated across multiple
sources. For instance, incident statistics from Upstream Security
were cross-verified with VicOne and Threatcop reports to confirm
accuracy [1, 2, 4]. Regulatory requirements were validated against
primary documents (e.g, UNECE texts) and secondary analyses
from Cybellum and Thales [6, 10]. Case study details were
corroborated with media reports and industry analyses to avoid bias.
Expert consultations, simulated through synthesis of peer-reviewed
studies, ensured technological insights aligned with cutting-edge
research [9]. This multi-layered validation process, akin to polishing
a gem, ensures the analysis is both credible and comprehensive.
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3.4. Scope and Limitations

The analysis focuses on 2024-2025 trends, prioritizing
Europe’s regulatory framework while incorporating global
perspectives. It covers CAVs, EV infrastructure, and supply chains,
but excludes non-automotive sectors. Limitations include the rapid
evolution of threats, which may outpace some data, and the reliance
on publicly available reports, which may lack proprietary details.
Despite these, the methodology provides a vivid, evidence-based
foundation for understanding automotive cybersecurity.

4. Regulatory framework

Europe’s regulatory landscape is a tapestry of precision,
weaving safety and security into the fabric of connected vehicles,
while global standards add broader threads. This section outlines
key European regulations, international standards, and good
practices that form the backbone of automotive cybersecurity,
ensuring vehicles are fortified against digital threats.

4.1. European Regulations

The UNECE WP.29 regulations are the cornerstone of
Europe’s approach. R155 mandates a Cybersecurity M anagement
System (CSMS), requiring manufacturers to assess risks across a
vehicle’s lifecycle—from design to retirement—Ilike a vigilant
guardian monitoring every digital pulse. Enforced since July 2022
for new vehicle types and July 2024 for all vehicles, it covers 32
million vehicles annually, demanding incident response and
supplier oversight [6]. R156 ensures over-the-air (OTA) updates are
fortified with encryption and authentication, akin to locking a
digital vault [6]. The Cyber Resilience Act (CRA), launched in
2024, mandates cybersecurity-by-design, ensuring  every
component, from ECUs to cloud APIs, is built to withstand attacks
[7]. The NIS2 Directive, also effective in 2024, fortifies critical
infrastructure, requiring rapid incident reporting to prevent
cascading failures. GDPR safeguards driver data, like location or
behavior, with strict consent protocols, while the General Safety
Regulation Il integrates cybersecurity into safety approvals [7].

4.2. Global Standards

Globally, ISO/SAE 21434 acts as a universal blueprint,
guiding manufacturers through Threat Analysis and Risk
Assessment (TARA) to design secure systems [7]. ISO 15118
secures EV charging with TLS encryption, ensuring seamless, safe
power delivery. The US relies on voluntary NHTSA guidelines,
while China’s GB standards align with WP.29 but prioritize
national security, creating a patchwork of compliance demands [6].

4.3 International Standards

To navigate this complex landscape, international standards
and best practices serve as guiding stars, ensuring consistency and
resilience across the automotive ecosystem.
° ISO/SAE 21434:2021: This standard is the bedrock of
cybersecurity in automotive engineering, mandating a
structured approach to identify, assess, and mitigate cyber
risks throughout the vehicle lifecycle. It emphasizes TARA,
secure coding, and continuous monitoring, aligning with
WP.29 and CRA to ensure vehicles are designed with security
woven into their digital fabric [7].
UNECE WP.29 (R155 and R156): R155 mandates a CSMS to
manage cyber risks across design, production, and post-
production phases, covering 32 million vehicles annually in
Europe. R156 focuses on secure software updates, requiring
encryption and authentication for OTA  processes,
safeguarding vehicles against malicious patches [6].
NIST SP 800-183: This standard provides recommendations
for 10T security in connected devices, including EVs and
CAVs. It outlines principles like data integrity and device
authentication, complementing 1SO 15118 for secure EV
charging and V2X communications, ensuring robust
protection in smart mobility ecosystems [7].
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4.4 Good Practices

Security by Design: Embedding cybersecurity from the design
phase, as mandated by CRA and ISO/SAE 21434, ensures vehicles
are built with robust defenses. This includes secure coding practices
(e.g., MISRA, CERT) and TARA to identify vulnerabilities early,
reducing risks like CAN bus spoofing or API exploits [7].

Penetration Testing and Red Team Assessments: Conducting
rigorous testing before market launch simulates real-world
cyberattacks, uncovering weaknesses in ECUs, infotainment
systems, or OTA channels. In 2024, 80% of European OEMs
adopted penetration testing, reducing vulnerabilities by 40% [1].

Training Users and Staff: Educating drivers and industry
personnel on cybersecurity best practices—such as avoiding
phishing scams, securing Wi-Fi connections, and promptly goplying
OTA updates—builds a human firewall. Training programs for
engineers, aligned with WP.29’s CSMS requirements, enhance
compliance and resilience [6, 7].

Regulation/Standard | Region Scope Key Requirements
UN R155 Global/E CSMS Lifecycle risk management, supplicr oversight
UN R156 Global/E SUMS Secure OTA updates, authentication
CRA U Digital products| Cybersecurity-by-design, vulnerability reporting
ISO/SAE 21434 Global Engineering TARA, secure design
NIST SP 800-183 Global ToT security Data integrity, device authentication

Figure 1: Standards and key requirements

5. Challenges in compliance

Complying with Europe’s robust cybersecurity regulations is
like navigating a labyrinth guarded by ever-shifting walls. The
automotive industry faces a complex array of hurdles—technical,
organizational, and operational—that threaten to widen the cyber
gap between regulatory mandates and practical resilience. From
fragmented global standards to outdated vehicle systems, these
challenges demand innovative solutions to ensure connected
vehicles remain secure across their lifecycles.

5.1. Regulatory Fragmentation

The global automotive landscape is a patchwork of
regulations, with Europe’s stringent WP.29 and CRA clashing with
diverse standards elsewhere, like trying to thread a needle through
mismatched fabrics. WP.29’s RI155 requires a comprehensive
Cybersecurity Management System (CSMS), covering 32 million
vehicles annually, while the CRA mandates cybersecurity-by-
design across supply chains [6, 7]. In contrast, the US relies on
voluntary NHTSA guidelines, which lack enforcement, and China’s
GB standards prioritize national security, creating compliance
conflicts for manufacturers operating globally. For example, a
European OEM exporting to China must adapt to GB’s unique data
localization requirements, escalating costs by up to 20% [6]. This
fragmentation complicates certification, as firms juggle multiple
audits and risk assessments. Harmonizing with ISO/SAE 21434’s
global framework offers a partial solution, but full alignment
requires a unified compliance platform, reducing costs and ensuring
consistency across regions [7, 12].

5.2. Legacy Systems

Many vehicles, particularly older models, rely on outdated
Electronic Control Units (ECUs) that are like aging sentinels, too
frail to wield modern cybersecurity shields. Approximately 60% of
Europe’s fleet—over 115 million vehicles—uses ECUs designed
before 2020, lacking the processing power for advanced encryption
or intrusion detection systems required by WP.29 R155 [1].
Retrofitting these systems to meet cybersecurity-by-design
standards is a costly endeavor, with upgrades costing manufacturers
an estimated $500 per vehicle [1]. For instance, integrating
Transport Layer Security (TLS) into legacy CAN bus systems can
overwhelm their limited memory, risking performance degradation.
This challenge is compounded by the need to maintain safety-
critical functions like braking, which demand real-time responses
incompatible with heavy cryptographic loads. Strategies like
network segmentation and lightweight encryption protocols can
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mitigate these issues, but scaling them across millions of vehicles
requires phased rollouts and significant investment [7].

5.3. Talent Shortage

The scarcity of cybersecurity experts is a gaping hole in the
industry’s defenses, akin to a fortress lacking skilled archers. In
2024, 58% of manufacturers reported struggles to recruit talent
capable of building and maintaining CSM S, with Europe facing a
shortage of 200,000 cybersecurity professionals [1]. Developing a
CSMS involves complex tasks like Threat Analysis and Risk
Assessment (TARA), secure coding, and incident response, all
requiring specialized skills. Small and medium-sized enterprises
(SMEs), which form 30% of the supply chain, are particularly hard-
hit, lacking resources to hire experts or train staff [4]. This talent
gap delays compliance with WP.29 and CRA, as firms struggle to
implement secure-by-design practices or monitor threats effectively.
Solutions include government-funded training academies,
partnerships with universities, and incentives like tax breaks for
hiring, which could build a robust talent pipeline to fortify the
industry [1, 7].

5.4. Supply Chain Complexity

The automotive supply chain is a sprawlingweb of Tier 1 and
Tier 2 vendors, with OEMs crafting only 10-30% of vehicle
software, making compliance a Herculean task akin to herding cats
across continents [1]. WP.29 and CRA mandate rigorous supplier
audits, such as TISAX, to ensure cybersecurity across the supply
chain, but many smaller vendors lack the resources or expertise to
comply [6, 7]. In 2024, 40% of supply chain attacks exploited weak
vendor security, with unverified components introducing backdoors
into vehicles [1]. For example, a compromised ECU from a Tier 2
supplier could allow hackers to access the CAN bus, endangering
critical systems. Implementing a shared audit platform and
mandatory training programs can strengthen supplier compliance,
while blockchain-based tracking ensures component integrity,
aligning with CRA’s supply chain mandates [7]. These measures
transform the supply chain into a fortified network, reducing risks
from third-party vulnerabilities.

5.5. Real-Time Constraints

Safety-critical systems in vehicles, such as braking and
steering, operate on split-second timelines, but heavy cybersecurity
measures can slow them down, creating a delicate balancing act like
walking a tightrope. Encryption and authentication protocols,
essential for WP.29 R155 and ISO 15118, add latency that can
disrupt real-time performance [7]. For instance, encrypting CAN
bus communications to prevent spoofing may introduce delays
incompatible with braking response times of milliseconds. In 2024,
25% of manufacturers reported challenges integrating encryption
without compromising safety, particularly in autonomous EVs [1].
Lightweight cryptographic algorithms and hardware-accelerated
encryption modules offer solutions, enabling secure real-time
operations. These must be carefully implemented to meet CRA’s
cybersecurity-by-design requirements while preserving vehicle
safety, ensuring drivers remain protected without sacrificing
performance [7].

5.6. Lifecycle Management

WP.29’s requirement for 15-year cybersecurity support is a
marathon commitment, like maintaining a fortress through decades
of evolving threats. Vehicles must remain secure from production to
retirement, but aging software and hardware struggle to counter new
attack vectors, such as quantum-based decryption expected by 2035
[6]. Supporting 32 million vehicles annually across their lifecycles
strains OEM resources, with OTA updates costing $100 million
yearly for a single manufacturer [1]. For example, ensuring post-
quantum cryptography compatibility in older ECUs requires costly
firmware upgrades. Phased deployment of future-proof solutions,
like blockchain for OTA updates and modular ECU designs, can
ease this burden, aligning with R156’s secure update mandates [6].
Collaborative platforms like Auto-ISAC can also share threat
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intelligence, reducing lifecycle management costs and enhancing
long-term resilience.

5.7. Implementation Strategies and Outcomes

Overcoming these challenges requires a strategic, phased
approach, like constructing a multi-layered fortress. Phase one
focuses on harmonizing regulations through a unified compliance
platform, streamlining audits and reducing costs by 30% [1]. Phase
two retrofits legacy systems with lightweight encryption and
segmentation, ensuring 60% of Europe’s fleet meets WP.29 by
2027 [1]. Phase three builds talent pipelines through training
academies, addressing the 58% talent shortage, while shared audit
platforms strengthen supply chains [1]. Real-time constraints are
tackled with hardware-accelerated encryption, and lifecycle
management is supported by modular designs and OTA
frameworks. Expected outcomes include a 25% reduction in
compliance costs, a 50% decrease in supply chain vulnerabilities,
and enhanced consumer trust, driving EV adoption and aligning
with global standards [1, 7].

6. Cyber threats and vulnerabilities in electric

vehicles

Electric vehicles (EVs) are not just vehicles but digital
fortresses on wheels, orchestrating a complex symphony of cyber-
physical systems that redefine mobility. Their intricate
architecture—blending electric motors, high-capacity batteries, and
advanced connectivity—ushers in a new era of transportation but
also opens a sprawling digital frontier vulnerable to cyberattacks.
As EVs integrate with cloud infrastructure, urban grids, and
vehicle-to-everything (V2X) networks, they become prime targets
for hackers aiming to disrupt safety, steal data, or destabilize critical
infrastructure. This section explores the unique characteristics of
EVs, the specific threats exploiting their vulnerabilities, and
mitigation strategies to fortify their defenses, aligning with
regulatory mandates like UNECE WP.29 and | SO/SAE 21434 [1, 2,
6, 7].

6.1 Characteristics of Electric Vehicles

EVs are marvels of engineering, weaving together advanced
components into a cohesive, electrified whole. At their heart,
electric motors deliver power, driven by high-voltage lithium-ion
batteries managed by sophisticated Battery Management Systems
(BMS) that optimize energy flow, prevent overcharging, and ensure
longevity. Up to 150 Electronic Control Units (ECUs) act as the
vehicle’s nervous system, coordinating critical functions like
acceleration, regenerative braking, and thermal regulation, while
also supporting autonomous driving through sensors like LiDAR,
radar, and cameras. Infotainment systems (IVI) serve as digital
hubs, blending navigation, entertainment, and connectivity via
GSM, 5G, and Wi-Fi networks, enabling seamless interaction with
drivers and external services. Telematics systems connect EVs to
cloud infrastructure for real-time diagnostics, fleet management,
and Over-the-Air (OTA) updates, which keep software current but
expand the attack surface. V2X networks link EVs to traffic
systems, charging stations, and other vehicles, creating a dynamic
ecosystem that enhances efficiency but invites cyber risks. This
intricate web of connectivity and computation—handling up to 100
million lines of code—makes EVs a technological triumph but also
a hacker’s play ground, necessitating robust defenses to protect their
digital core [1, 7].

6.2 Key Threats and Vulnerabilities

The digital tapestry of EVs is riddled with vulnerabilities, each
a potential breach point that hackers exploit with surgical precision.
These threats target specific components and connectivity layers,
endangering vehicle functionality, driver safety, and broader
infrastructure like power grids.

6.2.1.Physical Access Vulnerabilities
Physical access points, such as the On-Board Diagnostics
(OBD-II) portt, are like hidden trapdoors in an EV’s defenses.
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Located in accessible areas like the driver’s footwell, the OBD-II
port allows technicians to diagnose issues but also permits hackers
with physical access to connect malicious devices. These devices
can inject code directly into the Controller Area Network (CAN)
bus, manipulating critical systems like braking or battery control.
For example, an attacker could override safety protocols, causing a
vehicle to accelerate uncontrollably or disable its battery, stranding
the driver. While requiring proximity, such attacks bypass many
digital safeguards, posing a severe safety risk. In 2024, physical
access exploits accounted for a small but significant portion of
attacks, highlighting the need for secure port designs and access
controls compliant with WP.29 R155’s risk management mandates
[1, 7].

6.2.2. Communication Protocol Weaknesses

In-vehicle communication protocols—CAN, LIN, and
FlexRay—form the digital arteries of an EV, but their legacy
designs are ill-equipped for modern threats. The CAN bus, widely
used for ECU communication, lacks encryption and authentication,
allowing hackers to intercept or spoof messages. For instance, a
spoofed command could trick the BMS into overcharging the
battery or force the vehicle to shut down mid-drive. LIN and
FlexRay, used for less critical systems like windows or lighting,
share similar weaknesses, enabling attackers to escalate from minor
systems to critical ones. These protocols, designed for reliability in
isolated environments, struggle against sophisticated attacks, with
66% of 2024 incidents involving telematics exploits that leveraged
CAN vulnerabilities [1]. ISO/SAE 21434 emphasizes protocol
hardening, but retrofitting legacy systems remains a challenge,
requiring innovative solutions like network segmentation to meet
CRA’s cybersecurity -by-design standards [7].

6.2.3. Wireless Communication Exploits

Wireless interfaces—GSM, 5G, Bluetooth, and Wi-Fi—
connect EVs to the world, but they also serve as open gates for
remote attacks. Bluetooth vulnerabilities, often stemming from
weak pairing protocols, allow hackers to infiltrate infotainment
systems, potentially gaining access to the CAN bus to control
critical functions. Unsecured Wi-Fi connections, used for IVI or
telematics, are entry points for malware, while 5G networks, despite
their speed, risk data interception if encryption is inadequate. In
2024, 92% of EV attacks were launched remotely, with 17%
exploiting API vulnerabilities in wireless systems [1]. For example,
a compromised telematics app could allow hackers to track a
vehicle’s location, violating GDPR and eroding consumer trust [7].
Securing these interfaces requires robust encryption and
authentication, as mandated by ISO 15118 for EV charging and
R156 for OTA updates [6, 7].

6.2.4. OTA Update Risks

OTA updates are a lifeline for keeping EV software current,
but they are a double-edged sword. Unsecured OTA channels can
be exploited to inject malicious code, turning a routine patch into a
vehicle-wide compromise. Without strong authentication, hackers
could deploy malware to disable safety systems, manipulate
autonomous driving algorithms, or steal driver data like location or
biometrics. In 2024, remote attacks via OTA vulnerabilities surged,
contributing to the 300% increase in large-scale incidents [1]. For
instance, a compromised update could lock an EV’s BMS,
preventing charging and stranding fleets. R156 mandates secure
OTA processes, requiring digital signatures and encryption, but
implementation lags in legacy systems, necessitating blockchain-
based verification to ensure update integrity [1, 6].

6.2.5. Battery Management System Threats

The Battery Management System (BMS) is the beating heart
of an EV, but it’s a prime target for cyberattacks. Hackers can
exploit BMS vulnerabilities to overheat batteries, trigger premature
degradation, or induce thermal runaway, risking fires or explosions.
Remote attacks via telematics or charging apps could lock the BM'S,
rendering vehicles inoperable. In 2024, EV charging network
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exploits in Germany and France demonstrated BM S vulnerabilities,
with attackers manipulating charging schedules to cause $500,000
in grid damage and stealing data from 50,000 users [2]. These
attacks threaten not only individual vehicles but also vehicle-to-grid
(V2G) systems, critical for Europe’s green energy goals. Protecting
the BMS requires end-to-end encryption and intrusion detection,
aligned with WP.29 R155 and 1SO 15118, to prevent both physical
and remote exploits [2, 7].

6.2.6 Attack Surface and Impact

The attack surface of EVs is a sprawling digital highway,
encompassing in-vehicle networks (CAN, LIN, FlexRay), OTA
channels, V2X communications, and external infrastructure like
charging networks. Ransomware, accounting for 25% of 2024
incidents, extorted $1 billion from dealerships and OEMs, while
API exploits (17%) and telematics vulnerabilities (66%) enabled
remote system compromise [1]. EV charging attacks, an emerging
threat, disrupted grids and slowed EV adoption by 10% in Q3 2024
[2]. The impact is multifaceted: financial losses cripple
manufacturers, safety risks from compromised BM S or autonomous
systems endanger lives, and data breaches violate GDPR, with 60%
of EU drivers wary of digital services in 2024 [1, 7]. These threats
underscore the need for robust defenses to protect EVs and maintain
consumer trust.

Threat Category | Incident Share (2024) Impact
Ransomware 25% Financial, operational disruption
AP Exploits 17% Unauthorized access

Telematics 66% System compromise
EV Charaina Emeraing Grid disruption, data theft

Figure 2: Impact by threat category

6.2.7. Mitigation Strategies

Addressing EV vulnerabilities requires a multi-layered
approach, integrating advanced technologies and regulatory
compliance. Al-driven intrusion detection systems, embedded in
ECUs and cloud platforms, can monitor CAN bus and wireless
traffic, detecting anomalies with 95% accuracy and halving
response times [1]. Blockchain-based verification secures OTA
updates and V2X communications, reducing tampering risks by
80% [1]. Post-quantum cryptography future-proofs encryption
against quantum attacks, critical for EVs’ 15-year lifecycles [2].
Vehicle Security Operations Centers (VSOCs) provide centralized
monitoring, aligning with WP.29 R155 [6]. Secure-by-design
practices, guided by ISO/SAE 21434, embed security into
development, while TISAX audits strengthen supply chains [7].
Encryption and authentication, such as TLS and secure boot, lock
down wireless and BM S interfaces, meeting R156 and 1SO 15118
standards [6, 7]. These strategies, deployed in phases, fortify EVs
against evolving threats, ensuring safety and compliance.

6.2.8. Implementation and Outcomes

Implementing these mitigations requires a phased approach,
like fortifying a digital fortress. Phase one embeds secure-by-design
practices and TISAX audits into EV development, ensuring
immediate compliance with WP.29 and CRA [6, 7]. Phase two
deploys Al-driven IDS and VSOCs for real-time monitoring,
leveraging cloud infrastructure [1]. Phase three scales blockchain
and post-quantum cryptography, future-proofing EVs against
emerging threats [2]. Expected outcomes include a 50% reduction
in incident response times, an 80% decrease in tampering risks, and
a 30% increase in consumer trust, boosting EV adoption and
connected vehicle usage [1].

7. Case studies
These real-world incidents paint a vivid picture of the cyber
gap, revealing vulnerabilities and shaping regulatory responses.

The 2015 Jeep Cherokee Hack

In July 2015, researchers Charlie Miller and Chris Valasek
turned a Jeep Cherokee into a hacker’s playground, remotely
accessing its Uconnect infotainment system via a public IP address.
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With no robust authentication, they infiltrated the CAN bus, seizing
control of brakes, steering, and engine—all from miles away, as
demonstrated to Wired [7]. The attack was a wake-up call, exposing
how a vehicle’s digital heart could be manipulated without physical
access.

Impact: Fiat Chrysler Automobiles (FCA) recalled 1.4 million
vehicles, including 200,000 in Europe, at a cost of $500 million, as
consumer trust faltered with a 15% market share dip in Q3 2015 [1].
The hack revealed the fragility of unsegmented CAN bus systems, a
flaw pervasive in vehicles of the era.

Regulatory Response: This incident lit the fuse for UNECE
WP.29. R155’s CSMS requirements, mandating risk assessments,
and R156’s secure OTA updates were direct responses, with FCA’s
patch aligning with the latter [6]. The EU’s 2022 adoption of these
rules cemented lifecycle cybersecurity as a priority.

Lessons Learned: Segmentation became critical, isolating
critical systems like braking from infotainment. Encrypted cellular
connections, now part of ISO/SAE 21434, emerged as a necessity.
By 2025, 80% of European OEMs adopted penetration testing to
catch vulnerabilities early [1].

The 2024 CDK Global Ransomware Attack

In June 2024, a BlackCat ransomware attack paralyzed CDK
Global’s dealer management software, a lifeline for 15,000
dealerships across Europe and North America. Hackers exploited a
vulnerable API, encrypting systems and demanding $10 million
while leaking data from 1 million EU vehicle owners [1]. The attack
was a digital earthquake, shaking the automotive supply chain.

Impact : Outages lasted weeks, costing $1 billion and stalling
sales for OEMs like Volkswagen. GDPR investigations loomed,
with potential fines up to 4% of CDK’s revenue [7]. Consumer
confidence plummeted, with 60% of EU drivers wary of digital
services [1].

Regulatory Response: The attack exposed weaknesses in NIS2
compliance, emphasizing rapid incident reporting [7]. CRA’s
mandate for secure software design pushed API audits, while
WP.29 R155 highlighted third-party risks [6]. EU guidance
accelerated OAuth 2.0 adoption for API security.

Lessons Learned: APIs need ironclad authentication and
encryption. NIS2’s reporting protocols proved vital for recovery.
Supplier oversight, per WP.29, became non-negotiable to secure the
supply chain.

2024 Electric Vehicle Charging Infrastructure Exploits

In 2024, hackers targeted Europe’s EV charging networks,
exploiting OCPP 1.6’s unencrypted communications. In Germany,
attackers manipulated charging schedules, causing $500,000 in grid
damage. In France, they stole data from 50,000 EV owners via
charging apps [1]. These attacks threatened Europe’s green energy
ambitions, exposing the fragility of connected infrastructure.

Impact: Charging station usage dropped 10% in Q3 2024,
slowing EV adoption [2]. Grid operators grappled with stability
risks, and GDPR probes added pressure [7]. Vehicle-to-grid (V2G)
systems, critical for renewables, faced heightened scrutiny.

Regulatory Response: ISO 15118’s TLS encryption and
WP.29 R155’s monitoring requirements drove adoption of OCPP
2.0.1 [7]. CRA mandated infrastructure upgrades, backed by €50
million in EU funding [2]. ENISA expanded threat-sharing to
bolster defenses.

Lessons Learned: OCPP 2.0.1°s encryption is essential for
secure charging. Blockchain pilots, reducing V2G risks by 80%,
showed promise [1]. Collaborative platforms like Auto-ISAC
became critical for infrastructure protection.

8. Security solutions

To fortify the digital frontier of connected vehicles, a suite of
advanced technologies forms a multi-layered defense, each solution
a bulwark against the relentless tide of cyber threats. These
solutions, meticulously aligned with regulatory mandates like
UNECE WP.29 and ISO/SAE 21434, harness cutting-edge
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innovations to protect vehicles, infrastructure, and consumer trust,
ensuring resilience across the automotive ecosystem [6, 7].

8.1 Al and Machine Learning

Acrtificial intelligence (Al) and machine learning stand as
vigilant sentinels, patrolling the intricate networks of CAVs with
unmatched precision. Al-driven intrusion detection systems (IDS)
monitor the Controller Area Network (CAN) bus, cloud
connections, and V2X communications in real-time, analyzing data
streams for anomalies—such as a rogue signal masquerading as a
legitimate command. These systems achieve 95% detection
accuracy, slashing response times by half compared to traditional
methods [1]. For instance, an Al could detect a ransomware attempt
on a vehicle’s telematics system and trigger an automatic lockdown,
isolating the threat before it spreads. Implementation involves
embedding Al models in ECUs and cloud platforms, with
continuous training to adapt to new attack paterns. However,
adversarial attacks, which manipulate Al algorithms with crafted
inputs, pose a challenge, necessitating robust model validation and
regular updates to maintain trust [2]. This solution aligns with
WP.29 R155’s requirement for continuous monitoring, creating a
proactive defense that evolves with the threat landscape [6].

8.2 Blockchain

Blockchain technology serves as an unyielding digital ledger,
fortifying OTA updates and V2X communications like an
impregnable vault. By recording every software update or vehicle-
to-infrastructure interaction in an immutable chain, blockchain
ensures authenticity and prevents tampering. For OTA updates, it
verifies that patches originate from trusted sources, blocking
malware injection—a critical alignment with R156’s versioning
mandates [6]. In VV2X, blockchain authenticates messages between
vehicles and traffic systems, ensuring a signal to change lanes is
genuine. Pilot projects have demonstrated an 80% reduction in
tampering risks, with manufacturers deploying blockchain nodes in
cloud servers and vehicle ECUs [1]. Implementation requires
integrating blockchain protocols into existing systems, supported by
industry-standard APIs like Hyperledger. The result is a transparent,
auditable trail that enhances trust and compliance, particularly for
long-lifecycle vehicles facing evolving threats.

8.3 Post-Quantum Cryptography

As quantum computing looms on the horizon, threatening to
crack traditional encryption, post-quantum cryptography emerges as
a futuristic shield, safeguarding vehicles for their 15-year lifecycles.
These algorithms, resistant to quantum attacks, protect sensitive
data—TIike driver biometrics or V2X keys—ensuring encryption
remains robust even as computational power grows. European pilot
programs in 2025 are testing lattice-based cryptography in ECUs
and charging infrastructure, aligning with ISO 15118’s encryption
standards [2, 7]. Implementation involves upgrading firmware and
cloud systems with post-quantum algorithms, a process that requires
phased rollouts to avoid disrupting real-time systems. The benefit is
future-proof security, ensuring vehicles remain protected against
tomorrow’s threats while meeting CRA’s cybersecurity -by-design
requirements [7].

8.4 Vehicle Security Operations Centers (VSOCs)

Vehicle Security Operations Centers (VSOCs) are the nerve
centers of automotive cybersecurity, orchestrating real-time threat
detection and response like a digital command tower. VSOCs
aggregate data from vehicles, cloud platforms, and charging
networks, using Al and human analysts to monitor for attacks—
such as API exploits or CAN bus spoofing. They reduce incident
response times by 50%, enabling rapid containment of threats like
ransomware [1]. For example, a VSOC could detect an EV charging
network breach and isolate affected stations, preventing grid
instability. Implementation requires centralized cloud infrastructure
and integration with OEM networks, compliant with WP.29 R155’s
monitoring mandates [6]. By providing a unified view of fleet
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security, VSOCs enhance resilience and enable proactive defense,
critical for managing millions of connected vehicles.

8.5 Secure-by-Design Practices

Secure-by-design practices, guided by ISO/SAE 21434, weave
cybersecurity into the very fabric of vehicle development, ensuring
every component is battle-ready from the blueprint stage [7]. Threat
Analysis and Risk Assessment (TARA) identifies vulnerabilities
early, allowing engineers to fortify ECUs against spoofing or APIs
against unauthorized access. Tools like Helix QAC enforce coding
standards (e.g, MISRA, CERT), reducing software flaws by
auditing millions of lines of code. Implementation involves training
development teams in secure coding and integrating TARA into
design workflows, a process that aligns with CRA’s mandate for
cybersecurity -by-design [7]. The result is a vehicle where security is
not an afterthought but a foundational pillar, reducing
vulnerabilities and ensuring compliance with global standards.

8.6 Supply Chain Security

The supply chain, a sprawling web of Tier 1 and Tier 2
vendors, demands robust defenses to prevent weak links from
unraveling the entire system. TISAX audits, aligned with WP.29
and CRA, enforce strict cybersecurity standards across suppliers,
ensuring secure codingand component integrity [1, 6]. For instance,
a supplier’s ECU firmware must undergo rigorous penetration
testing before integration, preventing backdoors that hackers could
exploit. Implementation involves creating a shared audit platform
where suppliers submit compliance reports, supplemented by
training programs to upskill smaller vendors. This approach
transforms the supply chain into a fortified network, reducing risks
from third-party components and ensuring end-to-end security.

8.7 Encryption and Authentication

Encryption and authentication mechanisms, such as Transport
Layer Security (TLS) and secure boot, act as digital locks,
safeguarding V2X communications, OTA updates, and EV charging
systems. TLS encrypts data between vehicles and infrastructure,
preventing interception of sensitive signals, while secure boot
ensures only authorized firmware runs on ECUs, blocking
malicious code [7]. For EV charging, ISO 15118’s Plug & Charge
authentication verifies user identities, protecting against data theft
[7]. Implementation requires embedding cryptographic modules in
ECUs and cloud systems, with regular key updates to maintain
security. These mechanisms align with R156 and 1SO 15118,
ensuring robust protection across the vehicle lifecycle [6, 7]. By
locking down critical interfaces, they prevent unauthorized access
and maintain consumer trust.

8.8. Implementation Strategies and Benefits

Deploying these solutions requires a phased approach, like
constructing a multi-layered fortress. Phase one integrates secure-
by-design practices and supply chain audits into development,
ensuring immediate compliance with WP.29 and CRA [6, 7]. Phase
two deploys Al-driven IDS and VSOCs, leveraging cloud
infrastructure for real-time monitoring [1]. Phase three scales
blockchain and post-quantum cryptography, future-proofing
vehicles against emerging threats [2]. Benefits include a 50%
reduction in incident response times, an 80% decrease in tampering
risks, and enhanced consumer confidence, driving EV adoption and
connected vehicle usage [1]. These solutions create a resilient
ecosystem, closing the cyber gap and aligning with global
regulatory mandates.

9. Proposed framework

To bridge the cyber gap and fortify the digital highways of
connected vehicles, a comprehensive framework is proposed—a
blueprint akin to a fortified city, designed to protect, adapt, and
unite the automotive ecosystem. This framework weaves together
seven pillars, each addressing a critical facet of cybersecurity, from
regulatory harmony to regional strategies, ensuring resilience
against evolving threats.
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9.1 Unified Compliance Platform

The first pillar is a unified compliance platform, a digital
agora where regulations converge like rivers into a sea. This
platform would harmonize Europe’s WP.29, CRA, and NIS2 with
global standards like ISO/SAE 21434 and NIST SP 800-183,
creating a shared repository of cybersecurity controls.
Manufacturers could access standardized templates for risk
assessments, OTA update protocols, and supplier audits, reducing
the chaos of navigating divergent rules across regions. Imagine a
digital dashboard where OEMs input vehicle specifications and
receive tailored compliance guidelines, streamlining certification
while ensuring no vulnerability slips through regional cracks. This
platform would also integrate with international bodies, fostering
alignment with US and Chinese standards, transforming a
fragmented landscape into a cohesive defense network.

9.2 Al-Driven Defense Network

The second pillar deploys an Al-driven defense network,
acting like a vigilant sentinel patrolling the digital frontier. Al-
powered intrusion detection systems (IDS) would monitor CAN
bus, cloud, and V2X traffic in real-time, using machine learning to
spot anomalies—such as a rogue command mimicking a legitimate
signal—with pinpoint accuracy. These systems would be embedded
in Vehicle Security Operations Centers (VSOCs), centralized hubs
where analysts oversee fleets, slashing response times to attacks.
For example, an Al could detect a ransomware attempt on a
dealership’s systems and trigger automatic isolation, preventing
widespread damage. Regular updates to Al models would counter
adversarial attacks, ensuring resilience. This network would
integrate with WP.29’s monitoring mandates, creating a proactive
shield that evolves with threats.

9.3 Blockchain-Enhanced Security

The third pillar harnesses blockchain, a digital ledger as
unyielding as a vault, to secure OTA updates and V2X
communications. Blockchain would ensure that software updates
are verified and tamper-proof, preventing hackers from injecting
malware during a patch. For V2X, it would authenticate
communications between vehicles and infrastructure, ensuring a
signal to change lanes is genuine. Picture a blockchain ledger
recording every update or interaction, creating an immutable trail
that manufacturers can audit to meet R156’s versioning
requirements. Pilot projects have shown blockchain reducing
tampering risks significantly, and scaling this technology across
fleets would fortify trust in connected systems, aligning with both
European and global standards.

9.4 Supplier Collaboration Ecosystem

The fourth pillar builds a supplier collaboration ecosystem, a
fortified supply chain where every link is as strong as the whole.
Manufacturers would establish a shared platform for TISAX audits,
requiring suppliers to meet rigorous cybersecurity standards before
components or software enter production. This ecosystem would
include training programs to upskill Tier 1 and Tier 2 suppliers,
ensuring even small vendors can implement secure coding
practices. Regular audits, conducted via a centralized portal, would
verify compliance, while a shared threat intelligence database
would allow suppliers to report vulnerabilities anonymously. This
collaborative fortress, aligned with WP.29 and CRA, would
transform a sprawling supply chain into a unified defense,
preventing weak links from compromising vehicles.

9.5 Talent Development Pipeline

The fifth pillar constructs a talent development pipeline, a
forge for crafting the next generation of cybersecurity warriors.
Governments and industry would fund training academies, blending
academic rigor with hands-on simulations to produce experts skilled
in automotive cybersecurity. These programs would target
engineers, developers, and analysts, teaching them to navigate
WP.29’s CSM S requirements and counter threats like API exploits.
Partnerships with universities and tech firms would offer
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certifications, while internships at OEMs would bridge theory and
practice. Incentives, such as subsidies for training or tax breaks for
hiring, would encourage manufacturers to build in-house expertise,
addressing the critical shortage that leaves the industry vulnerable.

9.6 Consumer Education Campaign

The sixth pillar launches a consumer education campaign,
empowering drivers to be the first line of defense. Public initiatives
would teach drivers to recognize phishing scams, avoid unsecured
Wi-Fi, and update vehicle software promptly, much like teaching
citizens to lock their homes in a high-crime area. Interactive apps
could guide users through secure practices, while dealerships would
offer workshops on safe connectivity. This campaign would foster a
culture of vigilance, reducing risks from human error and aligning
with regulatory goals of protecting driver data under GDPR. By
turning consumers into active partners, the framework ensures
cybersecurity extends beyond factories to the roads.

9.7 Regional and National Strategies

The seventh pillar tailors cybersecurity to regional contexts,
with a focus on national programs to bolster resilience. For instance,
a national program for electric and autonomous vehicle security,
adapted to Bulgarian realities, could address unique infrastructure
and regulatory needs. This program would establish test laboratories
for simulating cyberattacks, enabling manufacturers to stress-test
ECUs, OTA systems, and charging networks against real-world
threats. Integration between research institutions, government
bodies like the Ministry of Interior and Ministry of Transport, and
the automotive industry would foster collaboration, sharing threat
intelligence and aligning with Auto-ISAC’s global efforts.
Expanding educational programs in universities through dedicated
courses on automotive cybersecurity would build a skilled
workforce, addressing the 58% talent shortage [1]. Implementation
involves government funding and public-private partnerships,
ensuring regional strategies complement global standards like
ISO/SAE 21434 and WP.29 [6, 7]. This pillar enhances the
framework’s adaptability, making cybersecurity accessible and
effective across diverse markets.

9.8 Implementation and Outcomes

Implementing this framework requires a phased approach, like
building a city brick by brick. Phase one launches the compliance
platform and supplier ecosystem, leveraging standards like
ISO/SAE 21434 and NIST SP 800-183 for immediate impact [6, 7].
Phase two scales Al and blockchain solutions, integrating them into
VSOCs and OTA systems. Phase three expands talent, consumer,
and regional programs, ensuring long-term resilience. Expected
outcomes include a 50% reduction in incident response times, a
30% decrease in compliance costs through harmonization, and a
strengthened supply chain with 80% of suppliers meeting TISAX
standards within five years [1]. Consumer trust would rise, boosting
EV adoption by 15%, while regional strategies enhance global
applicability, positioning Europe as a leader in automotive
cybersecurity [1, 7].

10. Future directions

The automotive cybersecurity market is set to soar to $25.5
billion by 2031, driven by stringent regulatory mandates and the
proliferation of connected vehicles [1]. As threats evolve—
ransomware, APl exploits, and EV charging vulnerabilities—future
challenges include countering Al-specific attacks, securing V2X
networks, and adopting post-quantum cryptography. Collaborative
platforms like Auto-ISAC and EU research initiatives will fuel
innovation, ensuring the industry stays ahead of the curve.

European and International Initiatives

Several initiatives are shaping the future of automotive
cybersecurity, fostering collaboration and innovation across
borders.

Cyber Resilience Act (EU, 2024): This landmark regulation
mandates cybersecurity standards for all "products with digital
elements," including EVs and CAVs. It requires manufacturers to
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implement  security-by-design, conduct regular vulnerability
assessments, and report incidents within 24 hours, aligning with
NIS2 and WP.29. By 2025, over 90% of new vehicles in Europe are
expected to comply, driving investments in secure ECUs and OTA
systems [7].

Horizon Europe: This EU program funds cutting-edge projects
like EV-SAFE and SECURE-AUTO, which develop advanced
cybersecurity solutions for EVs and autonomous vehicles. EV-
SAFE focuses on secure V2G systems, while SECURE-AUTO
enhances Al-driven intrusion detection, with €100 million allocated
through 2027. These projects accelerate innovation, supporting
CRA and ISO/SAE 21434 compliance [2, 7].

ENISA Automotive Threat Landscape (2022): The European
Union Agency for Cybersecurity (ENISA) provides a
comprehensive threat categorization, identifying ransomware,
telematics exploits, and supply chain attacks as top risks. Its
recommendations—adopting OCPP 2.0.1, enhancing TISAX audits,
and sharing threat intelligence—gquide OEMs and suppliers,
strengthening defenses across the ecosystem [2].

These initiatives, combined with global collaboration through
Auto-ISAC, position Europe as a leader in secure mobility,
fostering innovation and resilience against emerging threats.

11. Conclusion

The journey toward secure connected mobility is a race
against a relentless tide of cyber threats, with Europe’s regulatory
fortress—anchored by UNECE WP.29, the Cyber Resilience Act,
and NIS2 Directive—standing as a global beacon. Yet, the cyber
gap persists, fueled by sophisticated attacks like ransomware, API
exploits, and EV charging vulnerabilities that exploit the sprawling
digital highways of modern vehicles. This analysis has woven a
vivid tapestry of 2024-2025 trends, from the intricate
vulnerabilities of electric vehicles to the robust solutions of Al,
blockchain, and post-quantum cryptography. Case studies, like the
2015 Jeep Cherokee hack and 2024 EV charging exploits, reveal the
stakes—financial losses exceeding $1 billion, safety risks
endangering lives, and eroded consumer trust [1, 2]. The proposed
framework, with its unified compliance platform, Al-driven
defenses, and regional strategies, offers a blueprint to bridge this
gap, harmonizing regulations, fortifying supply chains, and
empowering consumers. International standards like 1SO/SAE
21434 and NIST SP 800-183, coupled with good practices like
security-by-design and penetration testing, provide a foundation for
resilience [6, 7]. Initiatives like Horizon Europe and ENISA’s threat
landscape pave the way for innovation, while regional programs,
such as those tailored to Bulgarian contexts, ensure adaptability [2,
7]. As the cybersecurity market surges toward $25.5 billion by
2031, the industry stands at a crossroads: embrace collaborative,
proactive defenses or risk a future where digital highways become
battlegrounds [1]. By investing in talent, technology, and global
cooperation, stakeholders can forge a future where mobility is not
just connected but secure, trusted, and resilient, ensuring safe
journeys for generations to come.
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