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CEKLMS A
« ®U3NKA U ®M3NYHHN TEXHOJIOT UM »

A-JI1

OT HUIIIO HEIMO - U3CJIEJABAHE HA KOCMOJIOT'NTY-
HATA CTPYKTYPA UPE3 KYXNHHU U KOPEJIAIIMATA UM C
KBA3APHU

H. Apcenos'?, A. Kosau?, I'. Kamauo-Cuypana® u JI. CnaBuesa-Muxosal

YUncmumym no Acmponomus ¢ HAO, Bvrzapcka akademus na naykume,
oya. ,, Lapuepaocko woce* 72, 1784 Cogus, Bvreapus
206cepsamopus Konkonu, HUN-REN CSFK, IJenmvp 3a 6bpxosu nocmudice-
Husa Ha YHeapckama axademus Ha naykume (MTA), Byoanewa, yn. Konkonu
Tece Muxnow 15-17, H-1121 Yueapus
SUncmumym no acmpogusuxa na Kanapckume ocmposu, yi. Bua Jlakmea,
38205 Jla Jlacyna, Tenepugpe, Hcnanus

Pesrome:

KocMochT € m3nbiiHeH ¢ 0apHOHHA U ThMHA MaTepusi, HO U3CIEIBaHUS I10-
Ka3Bar, 4e ¥ Ipa3HUTe KOCMUYECKH MIPOCTPAHCTBA (KyXUHH) KPHUAT HHOOpMAITHS
3a KauecTBaTa Ha BCeJIEHAaTa, KOSITO MOKe Ja n3BnedeM. [IpeacraBsame pesynraTu
OT NIPOYYBAHM HA HA TPAaBUTALMOHHA KOHBEPTeHIHATA (K) Ha MUKPOBBIHOBOTO
®onoBo JIpuenne (M®PJI) B KyXuHH, KaKTO U KaTajl03M CBBP3BAIIM IUTBTHOCTTA
B KYXMHUTE C PaJuo IIIyMHOCTTa HAa TEXHU YaCTHLHU (KBa3zapH).

3a u3cieBaHUATA HAcelIMXME CUMYJIMpaHUs KaTalor OT ThMHAa MaTepus
WebSky ¢ yactuium 3a 1a ch3aeM CUMYJIalys Ha TAIAKTHKH (MOK) TO/Ipaxa-
Bamia Ha Habmromaremuaus 0030p WISE-PANSTARRS. M3non3Baxme codryepa
3a HaMHMpaHe Ha KyxuHH Re-volver 3a ma oTkpuem TakuBa B 0030pa M MOKa.
CpaBuuxme pann u3kpussiBanero Ha M®JI e B ceriacue npu jaBara Habopa
JaHHU. AHAJIOTUYHO M3CIIe[BaXMe KyXHHH B Hal-TOJIEMUsSI KaTaJloT Ha KBa3apH,
Quaia, n HeroBu MokoBe. Kpperocaxme Quaia ¢ pammo-karamora VLASS 3a na
HaMepHM OOIIH Paano-IIyMHH KBa3apH.

CymupaHuIT CUTHaAI Ha K, cBbp3aH ¢ KyxuHu B WISE-PANSTARRS, mo-
ka3Ba ammuutyga Ak = 0.81 + 0.12, ceBMecTuMa ¢ odakBaHusITa Ipu z < 0.7.
[Tpu no-Bucoku uepBern ormectBanus (0.8 <z < 2.2) M3BISIKOXME KYXUHH, KY-
TOBE M IUTBTHOCTTA Ha KBa3apu B Quaia M HEroBUTE MOKOBE, U3TOTBSHKH MO/~
pobnu karano3u. Hameprxme OJIM3KH CHOTBETCTBUS Ha KyXHHUTE B Quaia u Mo-
KOBE, MOTBBPkKAaBaliKi HaJIeXKAHOCTTa Ha nocnegHure. OCBEH TOBa, KPbCTOCBA-
Hero Ha Quaia ¢ VLASS npenocrasu Haii-rojeMmust gocera Katajior Ha paauo-
JETEeKTUPAHU KBa3apH, MOTBbpxkAaBaiiky 10 IbTH NO-TOYHO OT NPEAUIIHU TPY-
ZIOBE, Y€ ISTBT Ha paauo-IryMHad kBazapu ¢ G < 18.5 e ~8.04 % + 0.09 %.
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3aeqHO Te3W pe3yNTaTd IOMPHHACAT CHINECTBEHO 3a M3CICABAHUATA HA €I-
poMamabHaTa KOCMHYecKa cTpykTypa. HammTe nanHuM - KaTamo3w Ha KyXWHH,
KyIOBe, KBa3apHH ILTBTHOCTH M PAIHO CBOICTBA - ca IMyOJINYHO JOCTHITHH, 32 Ja
MOIIOMOTHAT OBACIIM M3CICABAHUS.

Kaio4uoBu xymMu: KOCMOJIOTHS; KOCMOJIOTHYHU CUMYJAlMK; erpoMariadHa
CTPYKTYpa; KBa3apu
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A-JI2

CORROSION RESISTANT ORTHODONTIC ARCHWIRES
MADE FROM TINB ALLOY FOR TREATMENT OF PATIENTS
SENSITIVE TO NICKEL

Velizar Georgiev and Angelina Stoyanova-lvanova

Institute of Solid State Physics “Acad. Georgi Nadjakov”,
72 Tsarigradsko shose blvd., 1784 Sofia, Bulgaria

Abstract:

Nickel-containing archwires, such as those made from nickel-titanium (NiTi)
and stainless steel, are staples in orthodontic treatment, especially when treating
children and young adults, due to their favorable mechanical properties, includ-
ing superelasticity and shape memory [1]. The release of nickel ions from these
alloys poses a significant risk of allergic reactions, a well-documented concern
in orthodontic practice. While nickel-containing wires offer a proven range of
mechanical properties for various treatment stages, the ion release issue and sub-
sequent hypersensitivity remains unsolved as an issue. This has accelerated the
development and clinical interest in nickel-free alloy alternatives, such as Beta-
Titanium (TMA), Titanium-Molybdenum (TiMo), Titanium-Niobium (TiNb)
and others. In recent years TiNb alloys have been shown to present a compelling
option (TiNb alloys can include other elements, besides Ti and Nb, such as Zir-
conium, Tantalum, Tin and Molybdenum). This work provides a comparative
analysis of these material classes, focusing on two critical aspects: biomechanical
performance and bio-compatibility. TiNb archwires are highlighted for their ex-
ceptional corrosion resistance, particularly in fluoride-rich oral environments,
which minimizes ion release and elimina-tes the risk of nickel-induced allergies
[2]. Mechanically, TiNb alloys are characterized by a low elastic modulus, sig-
nificantly closer to that of bone, which helps mitigate the stress-shielding effect.
Furthermore, certain thermo-mechanically processed TiNb alloys exhibit non-
linear superelastic behavior and high strength, making them suitable for deliver-
ing controlled, continuous orthodontic forces [3]. This work showcases evidence
to suggest that TiNb archwires represent a superior biocompatible alternative
without compromising clinical performance, offering a safer outlook for long-
term orthodontic treatment, especially for nickel-sensitive patients.

Keywords: Nickel-free orthodontic archwires; nickel; Titanium-niobium
alloys; Superelasticity; Biocompatibility; Nickel ion release
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A-J13

SPECTRAL METHODS FOR ASSESSING THE INFLUENCE OF
ZEOLITE IN SOILS ON CUCUMBER PLANT GROWING

Antoniya Petrova?, Zornitsa Zherkova?, Petya Veleva?, Elena Koleva® and
Stefka Atanassova!

!Department of Agricultural Engineering, Faculty of Agriculture, Trakia
University, 6000 Stara Zagora, Bulgaria
2Department of Biological Sciences, Faculty of Agriculture, Trakia University,
6000 Stara Zagora, Bulgaria
3Department of Automation of Production, University of Chemical Technology
and Metallurgy, Sofia, Bulgaria

Abstract:

Zeolites can be beneficial for plant growth and soil health. They could act as
a slow-release fertilizer, improve water retention, and help purify the soil by ab-
sorbing heavy metals. This study aimed to assess the influence of zeolite additive
on the development of cucumber plants.

A mixture of four soil types was prepared with zeolite at 25 % and 50 %
concentrations. An experiment was conducted to grow Gergana variety cucum-
ber plants in pure soils and soil-zeolite mixtures. The water regime, temperature,
and lighting remained consistent across all variants. The PlantPen model NDVI
300 was used to measure the Normalized Difference Vegetation Index (NDVI),
and the SPAD-502PIus was used to measure the chlorophyll content index (CClI).
A handheld spectrometer, AlbaNIR, was used for spectra acquisition in the 900—
1650 nm region. The cotyledons, the first and second true leaves, were measured.
A Pirouette 4.5 (Infometrix, Inc.) software was used for spectral data processing.
Soft Independent Modeling of Class Analogy (SIMCA) was applied to develop
classification models for distinguishing plants according to the growing media.

The used soils differed in their chemical composition (organic matter, pH,
available N, P, and K) and types. Differences in measured NDVI and CCI were
observed between control (grown in pure soils) and plants grown in soil-zeolite
mixtures for all different soils. There were also differences in the near-infrared
spectra of measured leaves. The performance of the developed SIMCA models
for discriminating plants according to growing conditions was very high.

Keywords: Near-infrared spectroscopy, Zeolite, Cucumber plants, SIMCA
classification

Acknowledgments:
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A-JI4

THE SIMPLE PHYSICS BEHIND MODERN DRONE
WARFARE-PART TWO: MEASURING FEW PHYSICAL
QUANTITIES

Petar Dimitrov, Lyubomir Manov and Vladislav Genoff

Artillery, Ad and Cis Faculty, National Military University Vasil Levski, Shu-
men

Abstract:

The present study analyzes the attack speed of loitering munitions (kamikaze
drones) and multirotor quadcopters against armored vehicles, using real video
recordings from the war in Ukraine as a source of empirical data. The video ma-
terials are processed with the Tracker video analysis software, which is used to
calibrate distances in the frame and to measure the time intervals required to cal-
culate the average speed of the drones relative to the target. The resulting trajec-
tories and speed profiles make it possible to assess the reaction time of the ar-
mored vehicle crew and the effective window for counteraction, depending on
the type of drone, the direction of attack and the initial stand-off distance. The
results show that for low-flying FPV and kamikaze drones, the time from detec-
tion to impact is often within a few seconds, which significantly limits the pos-
sibilities of the human factor for maneuvering, deploying smoke screens and ac-
tivating active and passive protection systems. On the basis of the analysis, re-
quirements are formulated for surveillance and early warning, as well as recom-
mendations for the use of tactics and protective solutions that operate automati-
cally and are independent of the human factor. According to the authors, it is
necessary to implement integrated protection systems controlled by algorithms
with elements of artificial intelligence.

Keywords: combat drones, real combat scenes, physical quantities, drone
usual altitudes
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A-JI5

W3CJIEJJBAHE HA MATHUTHUTE CBOMCTBA HA JIbO-
COBO-ITOYBEH ITPO®NJ KOJIOBbP

boxypxka ['eopruena, /luana Mopnanosa, Henu Mopnanosa
u Jlanuen NumsaMcku

Hayuonanen Unemumym no Ieogusuxa, I'eodesus u I'eoepaghus, bAH,
yia. Akao. I'. Bonues, 6a. 3, 1113 Coghus

Pesrome:

JIbOCOBO-TIOUBEHHTE CETMMEHTH Ha TEPUTOPHsATA Ha bhiirapus 3ama3BaT uH-
(dopmarys 3a I3MEHEHUTa Ha KIuMara Ipe3 KBaTepHepa. B Hacrosiata pabora
€ W3CJIe/IBaHO MTOBEJICHUETO Ha MAarHUTHUTE CBOMCTBA B JI00YHHA O JIbOCOBO-
noyBeH npodui ot paiioHa Ha ceno Konoosp (CU bbarapus) 3a nzyyaBane uz-
MEHEHUSTA B OKOJTHATA cpejia Ipe3 XOJIoleHa U TopHus IuieiictoneH. To3u me-
pHOJI € IPeICTaBeH B pa3pesa OT XOJIOLECHCKa IT0YBa, IBPBH JILOCOB XOPH30HT H
I'bpBaTa UHTEPIIIalKajiHa moYBa. [IpoBeneHn ca u3MepBaHus Ha HAbOp OT Mar-
HUTHH HapaMeTpH, BKIIOYBAIIY MarHWTHA BB3IPHEMUYHBOCT, YECTOTHO-3aBH-
CHMa MarHUTHa BB3IPHEMUYHUBOCT M Ja0OPaTOPHO Ch3IaJeHU Oe3XUCTepe3ncHa
Y W30TePMHYHA HaMarHUTEHOCTH 3a Haii-ropaute 240 cMm ot npodumna. Cpas-
HCHO € TMOBEICHUETO Ha Te3U MArHUTHHU XapaKTePUCTUKH 3a podu ,,Konoosp*
C HSIKOJIKO JPYTH JIbocoBO-nouBeHn npodunu or CU beirapus u rnobanHara
NaJeoKIMMaTHYHA H30TOITHO-KUCIIOPO/IHA KPYBA 32 HUBOTO Ha CBETOBHHUS OKEaH
C 1IeJT aHAJIM3 Ha N3MEHEHUSITA B MAICOKIIMMATa U JIbOCOHATPYIIBAHETO B U3CIIE/I-
BaHMS palioH. YCTaHOBEHO €, Ye JICTalIHOCTTa Ha 3alHCUTE 3aBUCH OT B3aHMO-
OTHOIIEHHETO MEXAY CKOPOCTTa Ha CeJUMEHTAIMs Ha MPaxoBHs MaTepuall U
WHTEH3UBHOCTTA Ha OYBOOOPa3yBaHETO.

Kiao4oBu 1ymMH: J1b0COBO-IIOYBEHH CEIMMEHTH, MAarHUTHa Bb3MPHEMYU-
BOCT, MAarHUTHH CBOM-CTBA, XOJIOIICH, IUICHCTOIICH
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A-J16

NONLINEAR FUSION OF LASER MODES AS A GROUP
ACTION IN A GRADED ALGEBRA

Viktor Pavlov and Hristo lliev
Sofia University “St. Kliment Ohridski”, Faculty of Physics, Sofia, Bulgaria

Abstract:

The work presents a mathematical structure that we call a ‘Y-algebra. It is a
standard graded algebra over an abelian, additive group G in which live the
modes (states) of the lasers where each one is assigned a grade encoding con-
served quantities such as orbital angular momentum, angular frequency, and po-
larization. Using some basic axioms that are derived from the fact that everything
has to have physical interpretation, a bilinear group action that represents fusion
(SHG, SFG, etc.) of modes is born.

The Y-algebra can efficiently predict output amplitudes and interference pat-
terns for arbitrary superpositions of input modes in SHG and SFG processes. In
contrast to conventional approaches (e.g. Maxwell’s equations), this model re-
duces complex computations to algebraic sums over precomputed structure con-
stants and provides full control over amplitude and phase predictions. While for
the time being, current mathematical apparatus makes possible predictions only
in simpler cases (like two modes interacting nonlinearly with idealised physical
approach or Young’s double-slit experiment which is a linear case), future re-
search might allow us to develop even more useful theorems for simplifying cal-
culations.

An interesting result is that using only the light ray ansatz (that is to say that
a light ray can be represented as a mode that is a space function) and Fermat’s
principle - geometric optics emerge naturally from the model, hence the Eikonal
equation. Another thing that is postulated as a theorem is that the Y-algebra can
be represented as a complex Hilbert space which yields even more useful results.

Keywords: Mathematical physics, Mathematical structures, Abstract alge-
bra, Nonlinear interactions, Laser modes
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A-J17

ITPOMEHH B NORADRENLINE-IPUYUHEHA KOHTPAK-
THUJIHA PEAKTUBHOCT HA I'M ITPOBH OT V. PORTAE HA
HJIBbX CJEJ HEJOTEJIECHO OBJI'BYBAHE C IIOTOK YC-

KOPEHU EJIEKTPOHH

Mupocnas Huxonos!, Aunpeit Apmames? Bukrop otos?,
Hatamusa [Ipucanosal, Atanac Kpscres!, Paitna Apmamesat

"Meouyuncra usuxa u 6uogusuxa, Dapmayesmuuen Paxyrmem, Meduyun-
cku ynusepcumem — Ilnosous, ep. Ilnoeous, 6yn. Bacun Anpunos 154
2cmyoenm no ,, Meouyuna *“, Meouyuncku @axynmem, Meduyuncku yHuepcu-
mem — Ilnosous, ep. Ilnoeous, 6yn. Bacun Anpunos 154

Pesrome:

ITopramnaTa BeHa (V. portae) ocpIiecTBIBa CHhI0BA BPB3Ka MEXKIY XpaHOC-
MIJIATEHUS TPAKT M YEPHHUS APOO, OCUTYPsIBAUKH OKOJIO 75 % OT KPBBHUSI I10-
TOK KbM Hero. ['magxute i1 myckyau (I'M) perynupat noToka 4pe3 KOHTPaKILIUH,
KOHTPOJIMPaHU OT CUMITaTUKOBHUS 5T HAa HepBHaTa cucteMa. I'M Ha BeHO3HaTa
CTEHa ca YyBCTBUTEIHU KbM HOHU3UPAIH JIBYSHHUS], KOUTO B 3aBHCUMOCT OT BUJI,
€Heprysl M MMOTbJIHATa /1033 OKa3BaT Pa3HOOOpa3HU e(EeKTH BbPXY KOHTPAKTHII-
HUTE UM CIIOCOOHOCTH.

Lenta Ha mMpoydYBaHETO € Jja MPOCIEAN IIPOMEHNTE B aKTUBHOCTTAa U peak-
THUBHOCTTa KbM HopanpeHannH (NA) Ha I'M npobu oT nopraiHa BeHa Ha IUTb-
XOBe 5 THHM ciiel 00pUBaHe ¢ yCKOpeHH enektponu (9 MeV, 5 Gy).

3a mocTHTraHe Ha IMOCTaBeHaTa 1el rrbXxoBete (Wistar, n = 6) 6s1xa 00IpUCHH
C TIOTOK OT yCKOpeHH enekTponu (Siemens Primus S/N3561, Munich, Germany).
Kontpakrmmaure peakunu Ha I'M npoOn 0sXxa M30METPUYHO PETUCTPUPAHU H
CpaBHEHH C KOHTPOJIHU.

[Tpu NpoGU OT HEOONbYEHH KUBOTHM, Bh3aeiicTeuero ¢ 1.10° mol/L NA
IPUYUHABA TOHHYHHU KOHTpakIuu oT 3.35 + 0.59 mN (n = 9), BppXy KOHTO aMII-
JIUTYyJlaTa U YeCTOTaTa Ha CIIOHTAHHHUTE ChKpAIeHHUs OesIexar n3BeCTHA TeHICH-
LU KbM yBEJIMUEHHE B CPAaBHEHHE ChC CTOMHOCTUTE UM MPEIH JIEKaPCTBEHOTO
nevictsue. [Ipu mpobute OT 0061BpYCHH TTBXOBE (N = 9) MPOMEHHTE, NPEIU3BH-
kaHu oT NA B chljaTta KOHIEHTPALMS Ca C aHAJIOTHYEH XapakTep, HO C JI0CTO-
BepHO mo-m3pa3eHa cuna (5.23 + 0.66 mN). Pesynratute mokassar, 4e 00IpuBa-
HETO C YCKOPEHH eJIeKTPOHU ¢ eHeprus 9 MeV, nipu no3a - 5 Gy, moBumasa pe-
aKTHBHOCTTA KbM NA Ha I7aJKa MyCKyJaTypa OT IOpTajlHa BEHa.

Ki11040BH IyMHU: TOTOK OT YCKOPEHU ENEKTPOHH, HOHU3ALMOHHO-HHAYIIH-
paHu TPOMEHH, TIIAAKO-MYCKYJIHH CBKpalieHus, in Vitro, mopramHa BeHa (V.
portae)

-12 -



IX-ta HALIUOHAJIHA CTYJJEHTCKA HAYYHA KOHOEPEHIIA
. ®U3NKA-MHXEHEPCTBO-TEXHOJIOI'MU*, 04 - 05 AJEKEMBPHU 2025 r., rp. IIJIOBANB

A-J18

INVESTIGATION OF GASB MICRO-ISLANDS DEPOSITED ON
SI SUBSTRATES

Petko Elenkin?, Vesselin Dontchev?, Kiril Kirilov! and Pavlina Ralova?

'Faculty of Physics, Sofia University, 5 blvd. J. Bourchier, BG-1164 Sofia,
Bulgaria
2Central Laboratory of Applied Physics, Bulgarian Academy of Sciences,
61 Sanct Petersburg Blvd, 4000 Plovdiv, Bulgaria

Abstract:

Gallium antimonide (GaSb), with its direct bandgap of 0.726 eV and room-
temperature carrier mobilities around or above 1000 cm?/Vs, is well suited for
various optoelectronic applications and is a promising candidate for Si/ll1-V pla-
nar integration. However, depositing GaSb on Si substrates remains technically
challenging due to the large lattice mismatch (~12 %) and the significant differ-
ence (by a factor of ~3) in their thermal expansion coefficients.

Using Ag nano-dots as catalysts and a simple thermal evaporation technique,
we have obtained microscopic GaSh islands of high crystalline quality on (100)
p-Si substrates. This is supported by structural characterization reported earlier
(AFM, SEM, XRD, Raman scattering).

The present work focuses on the mechanisms of photovoltage generation in
these microstructures. A comparison between the surface photovoltage (SPV)
spectra of the GaSh/Si sample and pure Si reveals a distinct photovoltage contri-
bution arising from the GaSb islands, with a phase opposite to that observed in
pure Si. The possible origin of this inverse-phase SPV signal is discussed.

Keywords: SPV, 111-V on Si, vector model
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A-II1

BIONANOCOMPOSITES STUDIED WITH CALORIMETRIC
AND PHOTONIC METHODS

Angelina Stoyanova-lvanova, Velizar Georgiev, Ognyan Petkov, Todor
Vlakhov, Victoria Vitkova™ and Yordan Marinov*

Huemumym no gusuxa na mewpdomo msino ,, Axao. I'eopeu Haodoxcaros “,
oyn. “Lapuepaocko woce” 72, 1784 Cogus, bvreapus

Corresponding authors: “victoria@issp.bas.bg; *ymarinov@issp.bas.bg

Abstract:

Nanostructured bionanocomposites can be used for the detection and analysis
of biogenic particles and their impacts on the environment and health. The main
goal of the project is to study the interface between solid surfaces and phospho-
lipid membranes containing amide-functionalized single-walled carbon nano-
tubes (SWCNTS), as a model of selective biostructure.

Combined methods were used - differential scanning calorimetry (DSC) for
the analysis of phase transitions, surface plasmon resonance (SPR) for the regis-
tration of optical changes and the electromagnetic echo effect (EMEE) for the
contactless detection of surface reactions, including antigen—antibody interac-
tions.

The results indicate a new intermediate state in bionanocomposites with a
partially cooperative phase transition between laminar gel and liquid crystalline
phases, as well as a vector role of nanotubes in transmembrane transport. The
developed systems demonstrate potential as photonic sensing platforms for vi-
ruses, pollutants and biogenic particles. The EMEE method allows for rapid and
reagent-free diagnostics, which paves the way for portable sensors for real-time
monitoring in environmental and biomedical applications.

Keywords: bionanocomposites; phospholipid membranes; single-walled
carbon nanotubes; differential scanning calorimetry; surface plasmon resonance;
electromagnetic echo effect
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A-TI2

TEMPORIN ANALOGS FOR MODULATING INTERACTIONS
WITH LIPID MEMBRANES

Ognyan Petkov?, Krassimira Antonova!, Velizar Georgiev!, Angelina
Stoyanova-lvanova!, Dilyana Dimitrova?, Dancho Danalev? and Victoria
Vitkoval*

YInstitute of Solid State Physics, Bulgarian Academy of Sciences, Sofia,
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*victoria@issp.bas.bg

Abstract:

Temporins, a family of naturally occurring short peptides, have attracted con-
siderable interest for their diverse biological activities, including antimicrobial,
antiparasitic, and anticancer effects. Their primary mechanism of action involves
interaction with and disruption of microbial membranes; however, their thera-
peutic application remains limited by instability and cytotoxicity. Structural mo-
dification and improved delivery strategies are therefore essential to enhance
their bioavailability and selectivity. In this work, we examined two natural tem-
porins and a series of analogues modified at position 7 with non-proteinogenic
amino acids — citrulline, ornithine, 2,4-diaminobutyric acid, or 2,3-diaminopropi-
onic acid — to explore how such substitutions influence peptide — membrane in-
teractions.

Model phosphatidylcholine bilayers with varying lipid compositions were
characterized using Attenuated Total Reflectance Fourier-Transform Infrared
(ATR-FTIR) spectroscopy to identify specific interaction sites, while Fast Fou-
rier-Transform Electrochemical Impedance Spectroscopy (FFT-EIS) was ap-
plied to probe changes in membrane capacitance and resistivity. Temporin F,
known for its potent antibacterial and antiproliferative properties, exhibited par-
tial penetration near the glycerol backbone and significant perturbation of the
hydrophobic core. The analogue containing a lysine-to-2,4-diaminobutyric acid
substitution, which demonstrated enhanced antibacterial performance, induced
pronounced disruption of the lamellar structure. In contrast, the remaining ana-
logues adopted lateral orientations at the membrane surface with minimal impact
on bilayer organization.

Collectively, these results provide molecular insight into how sequence mod-
ifications modulate temporin - membrane interactions, contributing to the design
of more stable and less toxic temporin-based therapeutic candidates.

Keywords: Temporins, lipid membranes, Fourier-transform infrared spec-
troscopy, electrochemical impedance spectroscopy
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A-TI3

CO-CRYSTALLIZATION OF DNA SEQUENCES, FROM THE
PROMOTER REGIONS OF GENES RESPONSIBLE FOR THE
DEVELOPMENT OF DEGENERATIVE DISEASES, WITH
FLUORESCENT MARKERS

Hristina Shirkova-Dimitrova®, Hristo Gerginov, Rusi Rusew and
Boris L. Shivachev

Institute of Mineralogy and Crystallography “Acad. Ivan Kostov”, Bulgarian
Academy of Sciences, Acad. G. Bonchev str., bl. 107, 1113 Sofia, Bulgaria

Abstract:

The object of the present work is the detection of binding interactions and co-
crystallization of DNA sequences from promoter regions of genes responsible
for the development of neurodegenerative diseases with fluorescent markers and
new/modified ligands.

Neurodegenerative diseases such as Parkinson’s (PD) and Alzheimer’s dis-
ease (AD) are progressive diseases that lead to serious disabilities and impair the
quality of life of patients, which in turn leads to ever higher individual and soci-
etal costs [1]. There is no reliable treatment, so patients rely only on symptomatic
treatment. Current therapies unfortunately do not affect the progression of these
diseases, moreover, they lose efficacy over time, and their adverse effects in-
crease the severity of the disease [2]. For these reasons, the development of new
and safe compounds is of leading importance.

The variety DNA oligonucleotide sequences were crystallized by the vapour
diffusion method. The crystallization conditions contained cacodylate buffer (pH
6.5-7.5), alcohol (2-propanol or methylpentanediol (MPD)), cations (Mg?*, Ba?*,
Zn?"), cobalt hexamine [Co(NH3)s]** and polyamines (Spermine). Crystals were
grown by the “hanging drop” method and 1.5 pl (2 mM) ligand (3 pl total drop
volume) was added to 1.5 ul DNA (2 mM) at room temperature. Crystals suitable
for single crystal X-ray analysis, formed within a month.

The improvement of the optimal conditions for crystallization and co-crys-
tallization of selected sequences from the promoter region of the APP gene as
well as their subsequent co-crystallization include markers such as Thioflavin T,
Hoechst, DAPI, TO, Berenil and some new homologous Thioflavin T molecules
(RR1 and XRB) [3]. Single crystal samples of the co-crystallized DNA sequence
d(CGTGAATTCACG) with the Hoechst 33342 (HT1) and d(CCGGGG-
TACCCCGG) with the XRB (structural homolog of Thioflavin T) markers were
structurally determined. The experiments were performed at low temperature
(130 K). The structure including HT1 marker is solved by single crystal X-ray
analysis, in (19) P2:2,2; space group, at a 1.9 °A resolution. The structure in-
cluding XRB marker is solved by single crystal X-ray analysis, in (19) P412:2;
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space group, at a 1.84 °A resolution. The coordinates and structure factors are
deposited in the RCSB Protein Data Bank (PDB) under entries 9FT8 and 8ASH
respectively. HT1 lies in the minor groove at the centre of the B-DNA fragment,
positioned over the A-T base pairs, with the ends approaching the G4-C21 and
the G16-C9 base pairs, while XRB inserts itself at the end of the DNA sequence
over the C-G base pairs. In addition, FID analyses were used to confirm the in-
teraction of XRB and Hoechst 33342 with DNA [3, 4].

[1] Sosa-Ortiz, Ana Luisa, Isaac Acosta-Castillo and Martin J. Prince (2012).
Epidemiology of dementias and Alzheimer’s disease. Archives of medi-
cal research, 43, 8, pp. 600-608.

[2] Winslow, B. T., Onysko, M. K., Stob, C. M. & Hazlewood, K. A. (2011).
Treatment of Alzheimer disease. American family physician, 83 (12), pp.
1403-1412.

[3] Sbirkova-Dimitrova, H., Rusew, R., Kuvandjiev, N., Heroux, A., Dou-
kov, T. & Shivachev, B. L. (2022). Structural Characterization of Alz-
heimer DNA Promoter Sequences from the Amyloid Precursor Gene in
the Presence of Thioflavin T and Analogs. Crystals, 12, pp. 1717.

[4] Sbirkova-Dimitrova, H., Rusew, R., Gerginov, H., Heroux, A. & Shi-
vachev, B. L. (2024). Structural Characterization of B-DNA d
(CGTGAATTCACG) 2 in Complex with the Specific Minor Groove
Binding Fluorescent Marker Hoechst 33342. Crystals, 15 (1), p. 20.
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A-T14

VISIBLE-NEAR-INFRARED SPECTROSCOPY AND
AQUAPHOTOMICS FOR DETECTION OF DROUGHT-STRESS
INDUCED CHANGES IN MAIZE PLANTS

Daniela Moyankova?, Petya Stoykova!, Petya Veleva?, Nikolai K. Christov?,
Antoniya Petrova?, Vanya Skila? and Stefka Atanassova?

!AgroBiolnstitute, Agricultural Academy, Sofia, Bulgaria
2Trakia University, 6000 Stara Zagora, Bulgaria

Abstract

The productivity of plants is considerably affected by various environmental
stresses. Exploring the spectral information in the visible and near-infrared re-
gion acquired from plants subjected to stress can contribute to a better under-
standing of biophysical and biochemical processes in them.

Two maize lines were used: US corn-belt inbred line B37 and a mutant inbred
XM 87-136, characterized by very high drought tolerance. After reaching the 4-
leaf stage, 10 plants from each line were subjected to water stress, and 10 plants
were used as controls, kept under a regular water regime. The drought lasted until
day 17; after that, plants recovered by watering for 4 days. A MicroNIR Spec-
trometer was used for in-vivo measurement of each maize leaf’s spectra in the
region 900-1700 nm. Additionally, the PlantPen model NDVI 300 was used to
measure the Normalized Difference Vegetation Index (NDVI) of plants. Pirou-
ette 4.5 (Infometrix, Inc.) software was used for spectral data processing. Soft
Independent Modeling of Class Analogy (SIMCA) was applied to develop clas-
sification models for distinguishing control, stressed, and recovery plants. Aqua-
grams were calculated to visualize the water spectral pattern in maize leaves.

Differences in absorption spectra, NDVI values, and aquagrams were ob-
served between control, stressed, and recovered maize plants, as well as between
different measurement days of stressed plants. The performance of the developed
SIMCA models for classification was very high - the accuracy of determination
was between 78.94 % and 100 %. Spectral measurements could be used as an
additional approach in breeding programs for the selection of drought-tolerant
maize varieties.

Keywords: Maize plant, Drought stress, Near-infrared spectroscopy, Aqua-
grams, NDVI, SIMCA classification
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A-TIIS

MN3CJEIBAHE HA XAPAKTEPUCTHUKUTE HA KJIETBbYHU
MOHOCJIOEBE YPE3 ABTOMATHUYHO UBMEPBAHE HA
NMIIEJAHC C IOMOIITA HA RTCA xCELLigence CUCTE-
MATA

Anppeit Aprames?, Bukrop Motos?, Paiina Apnauresa?,

Banentun Typuiicku? n Exarepuna 3aiinepa’

1cmydeHm no ,, Meouyuna ", Meouyuncku @axynmem, Meouyuncku yHugepcu-
mem — Ilnosous, ep. Ilnoeous, 6yn. Bacun Anpunos 154
2Meouyuncka gusuxa u 6uogpusuxa, Papmayesmuuen Paxyrmem, Meduyun-
cku ynusepcumem — Ilnosous, ep. Ilnoeous, 6yn. Bacun Anpunos 154

Pesrome:

KierpunuTte KyaTypH ca LIEHEH eKCIIepIMEHTaJIeH MOAEIN 3a M3yJaBaHe Ha
(1)I/I3I/IOJ'IOFI/I‘IHI/I IMpoueCH Ha KJIIETBYHO U MOJICKYJIAPHO HUBO, KaAKTO U 3a OLI€HKA
Ha e(eKTHTE OT JIEKapCTBa U OMOaKTUBHH MOJIEKYIIH, Thil KAaTO IPOMSIHATA B TEX-
HUTE OHO(DU3NYHN U (PU3MOJIOTHYHHU TTapaMETPH KOPEIUpa ¢ MPOBEACHOTO Bb3-
JelicTBHe M NaBa MH(OpManus 3a KIeThbUHHTe MexaHu3Mu. Llenta Ha HacTos-
niaTa paboTa e Ja ce mpoydar Bb3MoxkHocTHTEe Ha Real-time cell analyzer —
RTCA xCELLigence cucremara (ACEA Biosciences, CAILl) na npocnensisa B
peasHo BpeMe KIEThYHOTO Pa3BUTHE, KIeThYHATA POIH(Eepalys U IITBTHOCTTa
Ha KJIETHYHMSI MOHOCJION. 3a IMOCTHraHe Ha I1eiTa Oelle N3MoI3BaHa MbPBUYHA
KyITypa OT INIaJIKOMYCKYJTHH KJICTKH, TIOJIy4eHa OT H30JMpaHa ThKaH Ha CTOMaXx
(corpus) ot Wistar rurbxoBe upe3 eH3UMHHU MeToau. [loaydeHnTe KIeThYHN CyC-
niensun 0s1xa mocetd B E-VIEW mnaku (ACEA Biosciences, CAII) B KOHIICHT-
pauus 5.10° knerku/amMka B xpanutenHa cpepa. Cuctemara RTCA wusnonssa
MHKPOEJIEKTPOHHA OMOCEH30pHA TEXHOJIOTHS 332 M3BBPIIBaHE HA JWHAMHUYHO,
HCMHBA3MBHO U3MEPBAHE W aHAU3 HA KJICThYHU CHOUTHS B pealiHO Bpeme, 0e3
Jla € HeoOXO0IMMO PaInOAKTUBHO MapKUpaHe WITH OLIBETsIBaHe Ha KieTkuTe. [1o-
JIy4EeHUTE JaHHH [TOKa3BaT, Ye TO3H METO/I €(hEKTHBHO OLICHSBA KIJIEThYHATA JKH3-
HECTOCOOHOCT, IUTBTHOCTTa Ha MOHOCIOS, a/JIXe3MOHHHUTE XapaKTEPHUCTHKH U
nposupepaTHBHUTE U KIIOHOTCHHHUTE CBOCTBA Ha KIICTKUTE.

KiouoBu aymm: aBTOMaTH4YHO H3MeEpBaHe, KieTbueH MoHociol, RTCA,
TJIAZAKO-MYCKYIIHH KJIETKH, in Vitro
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A-T16

MECHANOCHEMICAL SYNTHESIS OF N-(2-(1H-INDOL-3-
YL)ETHYL)-2,6-DIFLUOROBENZAMIDE

Diyana Dimitrova, Stanimir Manolov, Iliyan lvanov and Dimitar Bojilov

Department of Organic chemistry, University of Plovdiv “Paisii Hilendarski”,
24 “Tzar Assen” Str., Plovdiv 4000, Bulgaria

Abstract:

One of the central objectives of modern chemistry is the development of sus-
tainable and environmentally benign techniques for organic synthesis. Mechano-
chemical methods are emerging as viable alternatives to conventional solvent-
based approaches. In the present report, we describe the mechanosynthesis of N-
(2-(1H-indol-3-yl)ethyl)-2,6-difluorobenzamide via direct coupling of 2,6-
difluorobenzoic acid with tryptamine, a naturally occurring monoamine alkaloid
and a key structural motif in neuropharmacology. The potential antidepressant,
anxiolytic, and neuroprotective properties are supported by the strong neuromod-
ulatory activity of tryptamine through interactions with serotonin (5-HT) and
trace amine-associated receptors (TAARs). At the same time, the 2,6-difluoro-
benzoic acid moiety is expected to enhance blood-brain barrier permeability and
resistance to metabolic degradation.

o
HO o DCC 1
NH, N
& H
CE\C\ *OF Fo— \

Scheme 1. Mechanosynthesis of N-(2-(1H-indol-3-yl)ethyl)-2,6-difluoroben-
zamide.

The resulting hybrid molecule represents a new class of multifunctional com-
pounds that may be applied in the treatment of neuropsychiatric and neuroin-
flammatory disorders by combining improved pharmacokinetic properties with
central nervous system activity. This transformation was successfully achieved
through ball milling, a scalable and sustainable mechanochemical technique that
requires no organic solvents and enables the rapid formation of amide bonds in
high yields.

Keywords: Mechanochemistry, Tryptamine Derivatives, Amide Bond For-
mation, Neuropharmacology, Sustainable Organic Synthesis
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A-I17

GREEN MECHANOSYNTHESIS OF NOVEL DROTAVERINE-
PROFENS

Diyana Dimitrova, Stanimir Manolov, Iliyan lvanov and Dimitar Bojilov

Department of Organic chemistry, University of Plovdiv “Paisii Hilendarski”,
24 “Tzar Assen” Str., Plovdiv 4000, Bulgaria

Abstract:

The mechanochemical method of synthesis has been successfully applied to
the preparation of various classes of organic compounds, with green chemistry-
particularly the need within the chemical and pharmaceutical industries to de-
velop more sustainable synthetic methodologies-serving as the primary driving
force behind this pursuit. These approaches exploit physical forces to promote
chemical transformations, and are characterized by improved energy efficiency
and reduced solvent consumption. The synthesis of new hybrid molecules inte-
grating drotaverine-a potent, non-anticholinergic smooth muscle spasmolytic-
with various nonsteroidal anti-inflammatory drugs (NSAIDs), such as ibuprofen,
ketoprofen, flurbiprofen, naproxen, and carprofen, all possessing analgesic and
antipyretic properties, represents a rational pharmacological strategy aimed at
simultaneously addressing the spastic and inflammatory components of visceral
pain.

0. 0.
\/ O o \/ O
NH & N o
o 2a-e o i
\/ R= ibuprofen, ketoprofen, \/
flurbiprofen, naproxen,
/\O carprofen /\o

1 3a-e

Scheme 1. Mechanosynthesis of drotaverine derivatives 3a-e.

By combining the ability of drotaverine to alleviate smooth muscle hypercon-
tractility with the capacity of profen-based agents to suppress prostaglandin-me-
diated inflammation and pain signaling, these hybrid molecules hold promise for
enhanced efficacy in both acute and chronic abdominal pain, while minimizing
side effects through a targeted dual mechanism of action.

Keywords: Mechanochemistry, Green Synthesis, Drotaverine Hybrids,
NSAID Conjugates, Visceral Pain Modulation
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A-TI8

PHYSICAL-FORCE-DRIVEN SYNTHESIS OF (3 4-
DIHYDROISOQUINOLIN-2(1H)-YL)(4-
NITROPHENYL)METHANONE

Diyana Dimitrova, Stanimir Manolov, lliyan lvanov and Dimitar Bojilov

Department of Organic chemistry, University of Plovdiv “Paisii Hilendarski”,
24 “Tzar Assen” Str., Plovdiv 4000, Bulgaria

Abstract:

Chemical reactions can proceed in solvent-free or low-solvent environments
through mechanosynthesis, which involves processes such as grinding, milling,
and shearing, driven by physical forces. This approach enables distinctive reac-
tion pathways and enhanced selectivity, achieved through precise mechanical
control, leading to a more sustainable and energy-efficient synthetic technique.
The mechanochemical synthesis of (3,4-dihydroisoquinolin-2(1H)-yl)(4-nitro-
phenyl)methanone is described in this work as both robust and efficient. The re-
action was conducted in a Retsch PM 200 planetary ball mill without the use of
solvents. The starting materials included para-nitrobenzoyl chloride and 1,2,3,4-
tetrahydroisoquinoline hydrochloride in stoichiometric amounts, with sodium
carbonate acting as the base.

cl o)
cr + _>§b
£N— Na,COs,, N o}
Smin, r.t.
"
_/’3 \
o o

B/Tko
Scheme 1. Mechanosynthesis of (3,4-dihydroisoquinolin-2(1H)-yl)(4-nitro-
phenyl)methanone.

By reducing reaction time and increasing efficiency, this approach eliminates
the need for external heating and organic solvents. In accordance with the prin-
ciples of green chemistry, conducting the synthesis in the solid state significantly
lowers energy consumption and waste generation. The structure of the compound
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was confirmed using IR, UV, 'H- and *C-NMR spectroscopy, and mass spec-
trometry. The presented method demonstrates how mechanochemical tech-
niques, driven by physical forces, can be employed to synthesize functional or-
ganic compounds in a sustainable and environmentally friendly manner.

Keywords: Mechanosynthesis, Physical-Force-Driven Reactions, Solvent-
Free Synthesis, Green Chemistry, (3,4-Dihydroisoquinolin-2(1H)-yI)(4-nitro-
phenyl)methanone
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A-T19

THERMOPHYSICAL DATA ANALYSIS FOR SUBCHANNEL
MODELING OF THE CORE OF A SMALL MODULAR
REACTOR

Sonia Hammachit and Plamen Petkov?
!School of Science, Aalto University, PO Box 15400, 00076, FINLAND
2Faculty of Physics, Sofia University “St. Kliment Ohridski”,
5 James Bourchier Blvd, Sofia, BULGARIA

Abstract:

Small modular fast reactor, STAR-PLUS(M), is being currently under devel-
opment by a team in Sofia University “St. Kliment Ohridski”. The current report
presents collected, analyzed and summarized thermophysical data of selected
possible coolants: liquid tin/liquid tin-lead alloys, Pb40Sn60 and Sn40Pb60 with
the purpose of further adding of this data to a selected subchannel computer code
internal database. The density, viscosity, thermal conductivity, specific heat ca-
pacity and specific enthalpy of pure tin, as well as the selected alloys were stud-
ied. Both experimental and theoretical data from literature since the 1960s up to
the present days was compared to one another, aiming to provide more accurate
approximations to real values and analyze uncertainties. There was found that
while the correlations for some properties (like density) offer high precision, ac-
curate measurements for others are more challenging. (2) In addition, the study
largely concerns the thermophysical data for the UN (uranium mononitride) fuel
and a simplified subchannel model of the STAR-PLUS(M) reactor core. The
characteristics of the reactor core and the UN fuel were summarized and the re-
actor’s channel properties were calculated.

Keywords: STAR-PLUS(M), thermophysical, subchannel, reactor core, tin,
Pb40Sn60, Sn40Pb60
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A-II10

HUMIIEJAHCHATA CIHHEKTPOCKOIIUS KATO UHCTPY-
MEHT 3A AHAJIA3 HA CBOMCTBATA 1 KAYECTBOTO HA
KEJINPAHU BOHBOHH

I'eopru Tankorcku?, ['vuka Excuep?, Paitna Xamxukunosa? u Visan boxypos?

L@usuro-mexnonocuuen Gaxyamem, 11V ,, [laucuit Xurenoapcku “,
ya. ,,Hap Acen ™ Ne 24, 4000 [Inosous, bvrcapus
2YVuueepcument no xpanumennu mexHoi02uu,
oyn. ,, Mapuya“ Ne 26, 4002 I1noeous, bvieapus

Pesrome:

XKenupanute 3axapHU H3AENUS TPEICTABISBAT CIOXKHU XUAPOKOJIOUIHH
CHCTEMH, YHUTO QU3HIHU U PU3MKO-XUMHYHH CBOICTBA 3aBUCST CHUITHO OT ChC-
Tapa Ha MaTpHIaTa W W3MOJI3BaHUTE MOJCIAINTENIN. B Hacrosmmara paboTa ce
n3cleBa Bb3MOXKHOCTTA 3a MPUJIaraHe Ha eNEeKTPUYHATa WMIICJAHCHA CIIEKT-
POCKOTIHS KaTo Hepa3pyIIUTENIeH METO 32 OXapaKTepH3upaHe Ha CTPYKTypaTa
1 ChCTaBa Ha Te3U cucTeMHu. M3cnenBanu ca 1Be rpymnu oopasmu: 1. mabopatopHo
NPUTOTBEHH KEIUPAHN CUCTEMHU Ha 0a3aTa Ha JKENaTHH C BapHAIH B ChCTaBA;
2. THPrOBCKH KeNupaHu O0HOOHH ,,Xapru0o0“, H3M0I3BaHK KaTo peepeHTeH 00-
paseil. EnekTpuueckuTe M3MEpBaHUs Cca MPOBEICHH C MPEIU3CH WMITCIAHCCH
ananuzatop QuadTech 1910 B wecroren auamaszon ot 20 Hz mo 1 MHz mpu
craitHa Temmneparypa. [lomy4yeHn ca YeCTOTHUTE 3aBUCHMOCTH Ha MOJTyJIa Ha UM-
nenanca Z ¥ ‘brbjia Ha JedasupaHe ¢ MpH cTaiiHa TeMIeparypa.

AHaNU3bT Ha CIIEKTPHUTE MI0OKA3Ba, Y€ CICKTPHYHUTE XapAKTEPUCTUKH Ca YyB-
CTBUTEIIHH KbM ChCTaBa Ha MaTpuuara. HaOnrogaBaHnuTe pas3iivKy ce AbJDKAT Ha
pas3nuyus B HOHHAaTa MPOBOJUMOCT.

Pesynrarure NOTBBpKAABAT, Ue HMIIEAaHCHATA CIIEKTPOCKOITHS € e()eKTHBEH
METOJ] 32 pasrpaHWYaBaHe Ha KEIUPAHU U3JCNHUS C Pa3iM4eH ChCTaB. Y CTaHO-
BCHHUTEC KOpC€Iallui MEXKAY MMIECAAHCHUTE CIICKTPU W CbCTaBa Ha MaTpuliaTa
IPEIOCTABSIT OCHOBAHUE 32 pa3paboTBaHe Ha OBP3H MPOTOKOIM HAa KaUYeCTBOTO
Ha JKeITUpaHu O0HOOHU B XPaHHUTEIHO-BKYCOBATA IPOMHMIILICHOCT.

KiaouoBu JAYMH: UMIICJIaHCHA CHCKTPOCKOIIMS, KCIIMPAHU U3ICIIUs, XKela-
THUH, AUCJICKTPUIHU CBOIiCcTBa

Baaronapuocru:

ABropuTe n3kaszBar OsaromapHocT KeM npoekt MYIIJI25-OTd-006 xbpm
HITA wa ITY ,ITancuit XuneHgapcku* 3a GUHAHCHPAHETO HA HACTOSIIOTO H3C-
JeqBaHe.
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CEKLMS B
« UHZKEHEPCTBO, KOMYHUKAIIMM M ETEKTPOHUKA »

B-/I1

N3KYCTBEH UHTEJIEKT 3A U3CJIEABAHE U MOJEJIN-
PAHE HA PEAJIHU ITPOIIECHU

Kpacumup I'. I'eoprues

Huemumym no mexanuxa - BAH, ep. Cogusi, yn. Axao. I'. Bonues, 611. 4

Pe3rome:

B nocneaaute roquan u3kycTBeHUT HHTENEKT (M) ce yTBBpAM KaTo KIFY0Ba TEX-
HOJIOTHSI U MHCTPYMEHT 3a aHaJIi3, U3CJIeIBaHE U MOJICIHpPAHe Ha CIOXKHH PEaHU Mpo-
LIECH B Pa3IMYHU HAYYHH U MHXEHepHH o0mactu. [IpuiaraneTo Ha MalIMHHO 00yUYCHHE
U IBJIOOKH HEBPOHHHM MPEKH, 3a¢IHO C M3Mo3BaHeTo Ha M mocTura Brcoka TOUHOCT
IIPU MPOTHO3MPAHETO U ONTUMH3ALMATA HA CUCTEMH C TPYIHO OIHCYEeMO IOBEICHHE 3a
KJIACHYECKUTE MaTeMaTUYecKu MoJenu. TexHonorusTa ¢ u3nonspaHero Ha MU ycns na
CTaHe BOJEIl WHCTPYMEHT M HaMEpPH CBOETO NPHIIOKEHHE B O0JACTH KaTO MEIHIMHA,
eKoJorus, 00y4eHne U eHepreTHKa, IIOAIIOMaraiikiu B3eMaHeTO Ha 0OOCHOBAaHH PEIICHUS,
4ype3 00pabOTBAaHETO HA TONSAM 00eM OT MH(POPMAIWS ¥ ONTHMU3UPAHETO HA TOJIEMH
obemu ot qaHHU. OcOOEHO TOJIIM MPUHOC UMa H3Moi3BaHeTo Ha U npu ch3naBaHeTo Ha
CHUMYJIAIIMOHHU MOJENH 3a U3CJIeBaHe AUHAMUKATA Ha PEaHUTE IPOLECH.
HacrosoTo uscnensane pasriex/a NpuiokeHueTo Ha chBpeMeHHu MU metoau — ma-
IIMHHO U JBJI00K0 00y4eHHe, HeBPOHHU MPEKH U XUOPHIHH MOJIEIH — 38 OTKPHBaHE Ha
3aKOHOMEPHOCTH U ITPOTHO3HUPAHE HA TUHAMUYHHU CUCTEMHU.

Pesynrarute nokassar, ye usnons3BaHetro Ha MU no3BossiBa mo-Bucoka TOYHOCT, MO-
HUCKH M3YUCIUTENHN Pa3X0JH U MO-100po pa3dupaHe Ha HEIMHEHHUTE 3aBHCUMOCTH B
peanmHuTe cucteMu. M3cnenBaHeTo odepTaBa MEpPCIEKTHBUTE 32 KOMOWHHPaHe Ha QH3H-
YECKH MOJICITH M QJITOPUTMH C U3KYCTBCH UHTEJICKT B IOCOKA MO-e()EKTHBHO YIPaBICHUE
U IPOTHO3UPAHE Ha PEalIHU MPOLIECH.

OCHOBHHUTE NpeaU3BUKATENICTBA IIpe3 u3non3BaneTo Ha MU BkiIouBaT: ocurypsisaHe
Ha nonyquMTe JAHHU U €TUYHUTC BB3MOXXHOCTH 3a U3IIOJI3BAHC U npunaraHe Ha I/H/I

B 3akiroueHne, U3KyCTBEHHAT WHTEJIEKT MPENICTABIsBA KIIOYOB (PAKTOp 32 YCHBBP-
[ICHCTBAaHE Ha HAYYHUTE METOIM U Pa3BUTHETO HA HHOBATUBHU TEXHOJIOTHH 32 aHAIN3 U
yIpaBIICHHE HA PEATHH MPOIIECH.

Kiro4oBu 1ymMm: W3KyCTBEH MHTEICKT, MOJICIUPAHE, MAIIUHHO O0ydYeHUE, PCaTHU
MPOLIECH, CUMYJIAIIIH
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B-/12

TEPMUHAJI 3A U3BbPIIBAHE HA BbP3U IIOPBYKU B
3ABEJIEHUE

T'anuo "'anueB u Hukonait Bakpuiios

Qusuro-mexnonocuuer axyrmem, Ilnogouscku ynusepcumem ,, Ilaucuti Xu-
nenoapcku“, yn. ,, Llap Acen* No24, I1noeous, Bvieapus

Pesrome:

BypHOTO pa3BuTHE Ha TEXHOJIOTHUTE YCKOPSBA TUTHTAIH3AIUATA BbB BCHIKH HHITYC-
TPUAJHU CEKTOPH, BKIFOYUTEIHO U B TPAJUINOHHO KOHCEPBATHBHH 00JIaCTH KaTO PECToO-
PaHTBOPCTBOTO. 3a J1a OCTaHe KOHKYPEHTHOCIIOCOOCH, OM3HECHT € PUHYICH 1a BHEAPsIBA
WHOBATHBHHU TEXHOJOTUYHH PELICHHs, KOMTO J]a OTrOBapsT Ha HApacTBAILIUTE M3HCKBaA-
HUS 32 OBP30, KAYECTBEHO U epeKTHBHO 00CiTy)BaHe. MOIepHUTE KOMIICKCHH MHTET-
PHMpaHU CHCTEMH MTPASsT KII0UOBA POJIS 33 TOBHIIABAHE HA ¢()EKTUBHOCTTA, KaTO MPe0C-
TaBAT Bb3MOXKHOCTH 3a TIPOCIIEIIBAaHE HAa BCHYKHU OIIEPATHBHU MIPOLIECH - OT yIpaBJIeHHU-
€TO Ha CYPOBMHH U HAJIMYHOCTH JI0 aHAJIM3 Ha yJOBJIETBOPEHOCTTA Ha KineHTHuTe. Crie-
LHATH3UpaH coPTyepHH IaTGOPMH MOTAT Ja MOANIOMArat CITyKUTEIIUTE Ype3 yIeCHs-
BaHE Ha KIIIOYOBH JICHHOCTH KaTo M3BBHpIIBAaHE HA pe3epBalliy, H3pamniane n 00paboTka
Ha MOPBYKY, BU3yalH3HUpaHe Ha MEHIOTA, KaKTO M OCHIIECTBIBAaHE Ha OBP30 M yHOOHO
pasmiamane. Hacrosimara paboTta mpencraBsi HHTErpUpaHa CUCTEMa, ChueTaBalla Xap-
ayep u codTyep 3a ONTUMH3ALMS Ha TPOLIECHT Ha 00CITy)KBaHE B PECTOPAHTHOPCKHUS OH3-
Hec. CucTeMa MMa 3a 1ieJT 1a HAMaJId BpeMeTO 32 KOMYHHKAIMsl MEX/y KIHEHTUTE H Tep-
COHaJa Ype3 TePMHUHAT 32 U3IpalllaHe Ha TIOPBYKH U IIEHTPaIM3UpaHa CHCTeMa 3a TAXHATa
obpaboTka. UHTYHTHBHHUAT HHTEp(EliC U I'bBKaBa apXUTEKTYpa Ha pa3paboTeHaTa HHTeT-
pupaHa cHcTeMa, [03BOJIsIBA JIECHATA afalTallks M BHEIPSBAaHE B PA3JIMYHH PECTOpaH-
TBOPCKH OOEKTH.

KarouoBu aymu: TepMuHan 3a u3lpaliaHe Ha MOPBUKU, MHTEIPUpPAHa CHUCTEMa 32
00paboTKa Ha MOPBHUYKH, ONTUMHU3ALKS HA TIpoleca Ha 00CTyKBaHe
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B-J13

JUCTAHIIMOHHO U3CJIEABAHE U XAPAKTEPU3UPAHE
HA ATMOC®EPHHU AEPO30JIM C U311OJI3BAHE HA MHO-
I'OKAHAJIHA JIMJAPHA CUCTEMA

Banentun Kuuykos'?, 3axapu Ilemes?, Anemus Jlakoa-Momnosal?

Ydusuro-mexnonozuuen paxynmem na I1Y ,, Iaucuti Xunendapcku, ya. Llap
Acen 24, ITnosous, bvreapus
2Hucmumym no enekmpoHuxa ,, Axkademux Emun [Jocaxos“, Bvieapcka akade-
must Ha Haykume, 6yn. “Llapuepadcko woce* 12, 1784-Cogusi, Bvacapust

Pesrome:

ATMochepHUTE aepo30IIH MPEACTABIABAT CI0KHU CMECH OT TBBPAU U TE€YHH MHUKPO-
YaCTHIM C pa3HOOOpa3eH MPOU3X0 — MHHEpaJIeH, OHOIOrU4eH, MOPCKH, HHIyCTpUAIeH
WU CBBP3aH C TOPUBHU Ipolecu. TsIXHaTa pois B KIIMMaTHYHATa CHCTeMa € GyHIaMeH-
TaJlHA: aepO30JIUTE BIHUSAT BBPXY PaJHAllMOHHKS OamaHc, GOpMUpaHETO HA OONaIM, XH-
MHYHHATE [IPOLIECH B aTMOC(epaTa 1 Ka4eCTBOTO Ha Bb3ayXa. Upe3 HaBIIM3aHETO CH B pec-
MTIPATOPHUS TPAKT TE ca M BaXkeH (GakTop 3a OOIIECTBEHOTO 3/[paBe, KaTo MOrar Jia Ipe-
JM3BUKAT WIH YCIOKHAT PECIUPATOPHHU, KapAHOJIOTUYHH 1 UH(EKIINO3HH 3a00JIsIBaHMSI.
ToBa omnpenenst HeOOXOAUMOCTTa OT BHCOKOTOYHH METOAM 33 MOHHTOPHHI, aHAIU3 U
uieHTHUKALNS Ha aepO30JIHUTE ciloeBe B arMocdepara. [IpencraBenu ca pe3ynTaTu oT
JHMCTAaHIIMOHHO JIA3epPHO COHJIMpaHe Ha aTMocdeparTa, MPOBEIEHO C MHOTOKAHATHATA ae-
po3oIHO-Aenospu3annoHHO-PamManoBa muaapHa cuctema LR332-D300 na Raymetrics,
pasnonoxeHa B 1aboparopus ,,JlazepHa nokanus Ha MHcTHTYyTa 1O enekTpoHnka — BAH.
JInpapsT e cepTudUIPaH HHCTPYMEHT Ha eBpOIIeiicKaTa H3ClIe[OBaTeNICKa HHPPACTPyK-
typa ACTRIS u yuacta B munapHara mpexxa EARLINET, xoeto ocurypsiBa cTangapTu-
3UpaHu NPOLEAYPHU, BUCOKA HAJEKAHOCT U BB3NPOU3BOJUMOCT Ha pe3ynTtatute. B pam-
KUTE Ha U3CICIBAHETO Ca M3BBPILICHH JMIAPHU U3MEPBaHUs, OCIESIBAHU OT 00paboTKa
Ha IJaHHWTe 4pe3 cTaHaapTusupanara miarpopma Single Calculus Chain (SCC), upes ko-
SITO Ca TeHePHPAaHH BUCOUYMHHO-BPEMEBH KapTH Ha aepo30JIHATa ITTHOCT, KaKTO U Bep-
TUKAJIHU TPOQIITH Ha Koe(UIIeHTHTE Ha 00paTHO pa3ceiiBaHe, Oa3upaHUTE Ha TSAX €KC-
TIOHEHTH Ha AHTCTPHOM, KaKTO U 00EMHHTE M Ha JaCTUIUTE JCTIOSIPH3AOHHE OTHO-
mreHus. Te3n mapaMeTpy MO3BOJISBAT OLEHKA C BUCOKA IMPOCTPAHCTBEHA PE3ONIONHS Ha
ONTHYHNTE W MUKPO(U3NYHN CBOHCTBA Ha aepo30JINTE, BKIIOYUTEIHO TSAXHATa Gopma,
pa3MepHa HACHTH(PHKAIMS ¥ BEPTUKAUTHH CTPATH(HUKALMN U TUHAMHKA.

KomOuHanumsaTa Mex 1y TuaapHu HaOIOACHNS M TOBIHUTEIHA MOJICIH 32 BB3AYLLICH
tpaucnopt (HYSPLIT, NCEP/NCAR, CAMS, MONARCH, SKIRON) mo3BosisiBa uacH-
TH(UKanus Ha TUMA U IPOU3X0/(a Ha TUIAAPHO JETEKTHPAHUTE aePO30ITH - KaTo IyCTHHEH
Mpax, MOPCKH COJIH, MOXKapeH AWM H/WIIM aHTPOIOTeHHU 3aMbpcutenu. [Ipencrasen e
aHaNN3 Ha BE3MOJKHHTE BIIMSHIS Ha YCTAHOBEHHUTE aePO30JIHHE CHOUTHS BEPXY JIOKAIHaTa
METEOPOJIOrHs, KAUeCTBOTO Ha Bb3/yXa U IOTCHIIUATHUTE PUCKOBE 33 YOBELIKOTO 3/[paBe.
Paborara neMoHcTpypa BE3MOKHOCTUTE HAa ChBPEMEHHUTE MHOTOKAaHAIHH JINIAPHH CUC-
TEMH 32 HaJEXKIHO M3CIIe(BAaHE U MOHUTOPHMHT Ha aTMOC(EpHHUTE aepo30iH U TIXHOTO
3Ha4YEHHE 32 III00aTHHA/PETMOHHS KAKIUMAT, €KOJIOTHSI i YOBELIKOTO 3J[paBe.
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KarouoBn qymu: MHorokananen aunap, Atmocdepuu aeposony, Enacriuyno u Pa-
MaHoBo pasceiiBane, Single Calculus Chain (SCC), Aepo30HHU BepTHKAIHE TPOGIIIH
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B-/14

BBb3MOXHOCTHU HA U3KYCTBEHUS UHTEJIEKT 3A OBPA-
BOTKA HA N30BPAKEHUA

Jumutsp Bacunes

HBY ,,Bacun Jlescxu “, @axynmem ,, A, [IBO, KUC*, yn. “Kapen llkopnun* I,
LIymen, Bvreapus

Pesrome:

Tazu cratust npeAcTaBst OOLI IPEIie/ Ha Bb3MOKHOCTHTE Ha M3KYCTBCHHUS HHTEIICKT
(MN) B obpaboTkaTa Ha U300paxkeHHs1, Kato ce (hokycupa Bepxy Bunosere MU, omepa-
THUBHUTE MOJIENM, TEXHUTE NpeJuMCTBa M orpaHuueHus. Llenra e ma ce mpemocTaBu
CTPYKTYpHPaHO U TOCTBHITHO 00001IeHne Ha ChBpeMeHHUTe noaxonu ¢ M, m3non3Banu
npu oOpaboTKaTa, aHaIM3a U TeHepUPaHeTo Ha U300paxeHus. CTaTHsATa I NPEACTaBU
CpaBHHTEJICH aHAJIM3 HAa Bb3AMOXKHUTE MPUIIOKEHHs 3a reHepupane Ha TN u3obOpaskeHus.

KarouoBu gymu: M3kycteern MaTenekr, O6paboTka Ha m300paskenns1, KoMmoTspHO
3penue, JIbn60ko 00yyeHne, HeBpoHHH MpexH
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B-]15

TEPMOT'PA®CKHU MOHUTOPHUHI" HA IOBBPXHOCTHATA
TEMITIEPATYPA HA JINTUEBO-HOHHA BATEPHSI 11O

BPEME HA PA3PAJ
Credan 3axapues, JIazap Cranes, Epaii Canyna, ['eopru EBrumoB u Kocramun
Iepes
Inosouscku ynusepcumem ,, Ilaucuii Xunenoapcku “, Ilnoeoue 4000, ya. Lap
Acen 24
Pesrome:

Ha6nronenuero Ha crenenTa Ha 3apsiz (SOC — State of Charge) Ha IHTHEBO-HOHHHTE
OaTepuy € OT roJIsIMO 3HAYCHHUE 33 OCUTYPsIBaHE Ha 0€30IIaCHOCT, ABIATOTPAHOCT U edex-
THBHOCT IPH TsIXHATA paboTa. HacTosAmmaAT ekcriepuMeHT € QOKyCHpaH BbpXY M3CIeIBa-
HETO Ha TEMIICPaTypHOTO M3MEHEHHE Ha MOBBPXHOCTTA Ha OaTepHsATa MO BpeMe Ha pas-
PsLI, KaTo ChHIIECTBEH HHAMKATOP 32 BBTPELIHH JIe()EKTH HIIH MOTCHIHAIHI PUCKOBE TIPU
paboten nporec. LlenTa Ha M3ciaeaBaHeTo € a ce aHAJIM3Upa BPH3KaTa MKy CTEIEeHTa
Ha 3apsi ¥ HOBBPXHOCTHATA TeMIlepaTypa Ha JINTHEeBO-iloHHaTa OaTepus, N3MepeHa moc-
pencTBoM MH(ppadepBeHa KaMepa, [0 BpeMe Ha pa3psiji Ha 6aTepusiTa ¢ MOCTOSHEH TOK U
3a OmpezesieHo oT BpeMe. TepMokamepara 3acHeMa H300paXeHHs Ha ITOBBPXHOCTHATA
TeMIIepaTypa Ha BCEKH 5 MHHYTH OT Pa3psAAHMS LIUMKBJI U MOJTy4YEHHTE TepMorpadcku
n300paxkeHus ce 00paboTBaT Upe3 CrieHaNHO pa3paboTeH 3a 1enrta copryep. zcnenpa-
HETO MOTBBPIKIaBa, ye HH(pauepBeHaTa TepMorpadus NpeACTaBisBa HAaICKACH METON
3a 0E3KOHTAKTHO M3MEpBaHE Ha TEMIIEpaTypHH IPOMEHH Ha IIOBBPXHOCTTA HA JINTHEBO-
HOHHHTE OaTepyuy B peallHO BpeMe, KaTo MOJIydeHHUTe JJaHHH MTOKa3BaT TeMIIepaTypHUTE
BapHallMM Ha NOBBPXHOCTTA Ha Garepusra. M3cienBaHeTo H0Ka3Ba MOTEHIMANA HA Tep-
MorpadusTa KaTo JHarHOCTHYEH, CUTYPEH H JIECHO MPHIOKHAM HHCTPYMEHT 3a OIpe/ie-
nsHe Ha SOC Ha Li-lon Garepun m MOHUTOPHHT Ha TeXHHUS ocTtaThyeH kuBoT (RUL —
remaining useful life). ToBa goka3Ba MpUIOKUMOCTTA HA METO/IA HE CaMO B CTPOTH J1a00-
paTOpHHM yCJIOBHS, a U B 00pa30BaTEIHHU AEMOHCTPALMN 1 MIPAKTHYESCKH 3aHSITHS.

KnrouoBu xymm: nuTHEBO-HOHHHM OaTepuy, MOBBPXHOCTHHM TEMIEpaTypHHU BapHa-
1iH, nH}ppadepBeHa TepMorpadus, CTeIeH Ha 3apsiz
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B-/16
CPABHUTEJIEH AHAJIU3 HA BE3NMUWJIOTHU CUCTEMH C

PAINO KOMYHUMKALMUSA, OITUYHA BPB3KA U CATE-
JINTHA KOMYHUKALUSA

Henuc [lenes

HBY ,,Bacun Jlescku “, @axynmem ,, A, [IBO, KHUC*, yn. “Kapen Lllxopnun* I,
Llymen, bBvreapus

Pe3rome:

HaCTOHH.IOTO M3CJICABAHC HpCZ[CTaBﬂ CpaBHI/ITeHeH AQHaAJIN3 Ha 663HI/IJ'[OTHI/I CUCTEMU,
M3I0JI3BAlll TPU OCHOBHH THUIIA KOMYHHUKAIMOHHU TCXHOJIOTUU: paauO KOMYHHUKAIUS,
OIITUYHA BPB3Ka U CaTCIIMTHA KOMYHHKAIIUA. AHaIN3bT pasriuexaa TEXHUTC TEXHUICCKU
XapakTEPpUCTUKHU, 06XBaT, ycTOfI‘«IPIBOCT Ha CMYHICHUS, CKOPOCT Ha NMPECJIaBaHC Ha JaHHU
U MIPUWJIOKUMOCT B pa3JIMYHU ONIEPATUBHU CIICHAPUH. Pa,I[I/IO KOMYHUKalusiTa € Haﬁ-pa31'[-
POCTPAHCHUAT METO/, OTIIMYaBaIl] C€ C HAACKAHOCT, OTHOCUTEIITHO I'OJIAM 06XBaT u 2[06pa
paboTta mpu pa3INYHH METCOPOJOTHYHH YCIOBHUS, HO € TO-TIOaT/IMBA Ha EICKTPOHHU
CMYIICHHUSI H UMa OTpaHHYeHa MPOIyCKaTedHa CocoOHOcT. OnTHYHATa KOMYHHKALUS
(BKJIIOYMTEINIHO JIa3epHU JIMHKOBE) Mpeiiara BUCOKOCKOPOCTHO MPEHACOYBAaHE HA JaHHH
" MNOBUIICHA CUTYPHOCT, HO HM3UCKBA IpPAKa BUAUMOCT U € UYBCTBUTCIHA KbM aTMOC-
q)CpHI/I BJIMAHHUA KaTO MbIJIa, AbXK/ U MIpax. CaTeHHTHaTa KOMYHHUKaAIUs OCUTYpsiBa IJ10-
6aneH 06XB8.T 1 Bb3MOJKHOCT 3a YIIPpaBJICHUE Ha 6C3HI/IJ'IOTHI/I CHUCTECMH Ha roJIc MU JUCTaH-
WU, KOCTO S MpaBU KIIFOYOBA B CTPATCTHYCCKH U BOCHHU ONI€palliy, KaKTO U B OTHAJIC-
YCHU PETUOHM. HCJIOCTaT"bLIl/ITe " BKJIFOYBAT BHCOKA IICHA, JIATCHTHOCT HAa CUIHaJia " 3a-
BHCHMOCT OT HaJIMYHATa MHpacTpyKTypa. M3cnenBaHeTo nokasea, ye u300pbT HAa KOMY-
HUKAIIMOHHA CUCTEMA 3HAYUTCIIHO BIIUSIC BLpr e(bCKTI/IBHOCTTa, 6630HaCHOCTTa " Oo11e-
paTHBHATa MPUTOJHOCT Ha Oe3MUIOTHHUTE IUTaThopMu. B 3akimroueHune ce nmogueprasa, e
OIITUMATHATA KOMYHUKAIITUOHHA apXUTCKTYypa Y€CTO BKIIIOYBA XI/I6pI/IIIeH noaxond, KOWTO
KOMGHHHpa npeanuMcTBaTa Ha HAKOJIKO TEXHOJIOIMU 3a IMOCTHUIaHEC Ha MaKCHUMaJIHa Ha-
JEXKTHOCT M (YHKIIMOHATHOCT.

Kiro4oBu xymu: O€3MMIOTHH CHCTEMH, PaJIM0 KOMYHHKAIUs, ONTHYHA BPb3Ka, Ca-
TENUTHA KOMYHHUKAIUs, aHalIu3, 00XBAaT, POITyCKAaTeIHa CIOCOOHOCT, CUTYPHOCT, YCTOM-
YUBOCT Ha CMYIIEHUs, XUOPUIHU CHCTEMU
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b-7

CBBMECTHA PABOTA HA EMYJIATOP HA AKYMYVIJIA-
TOPHA BATEPUSA U I'OPUBHA KJIETKA

Humutsp boitues, bnaroit bypaun, Jlapus Biagukosa

Hnemumym no Enexmpoxumusi u enepeutinu cucmemu, yi. “Axao. I'eopeu Bon-
yeg "™, o110, Cogpus, 1113, bvacapus

Pesrome:

Pa3BuTHETO M YCHBBPIICHCTBAHETO HAa TEXHUYECKATa CpPesia, B KOATO paboTsT eIeKT-
POXHMHYHHUTE H3TOYHHUIM HA TOK € CBBP3aHO ChC CTPEMeKa 3a BCe MO-ITBJIHO YCBOSIBAaHE
Ha peaTU3HPYEMUSIT eJICKTPOXUMHYCH MTOTSHIHAN Ha akyMyJaTtopHarta Garepus. Coinec-
TBEH MHTEPEC MPEICTaBIIBAT KOMOMHHPAHUTE SHEPIrUHHNA U3TOYHULH, U3TPAJICHU OT T0-
pHBHa KJIeTKa U Garepus. Te HaMUpaT BCe MO-IIHPOKO MPUIIOKEHHE B CUCTEMHTE 3@ Tsi-
TOBO €JIEKTPO-3aABIKBaHE. B mpeIBuI ekcriaH3uATa Ha eJIEKTPUUECKUTE IPEBO3HH CPeJI-
CTBa aKTYaJIHOCTTa Ha Pa3MNICKIAHUAT Mpo0iieM He Mpeau3BUKBa CbMHEHHE. BaxHo e na
ce OTOEeNeKH, U OCHOBHUSAT CHEPTUECH H3TOYHHK BCHITHOCT € TOPHBHATA KIIeTKA. AKyMY-
naTopHarta Oarepusi urpae poisaTa Ha eHeprueH Oydep. Ts obade MMa CHIIECTBEHO 3HA-
YeHHEe B PeXKUMHTE Ha PSA3KO YCKOPEHHE KAKTO H IIPH PEKyHepariis.

B nacrosimata paboTa e u3ciaeaBaH KOMOMHHMpPaH €HEPTHeH M3TOYHUK, ChCTaBeH OT
rOpUBHA KJIEeTKa U OaTepus. AKyMyJiaTOpHaTa 6aTepus € pealn3upana HoCPEICTBOM eMy-
natop. ToBa mo3BosisiBa 3a1aBaHe U HACTPOHKA Ha EKCIJIOATAI[HIOHHUTE ITapaMeTpH Ha Oa-
TepusATa Kato cheTosiHue Ha 3apase (SOH), ceerosHue Ha 3apeaeHocT (SOC), HoMuHaIeH
kamamureT (Cn) U T. H. IUPEKTHO B X0/a Ha ekcrepuMmeHTa. OCBEH TOBa CHIIECTBEHO
MPEIMMCTBO Ha U3IMOJI3BAHETO HA EMYJIaToOp €, Bb3MOXKHOCTTA J1a ObJIe Ipe3ape/ieH MUT-
HOBEHHO, 32 pa3liiKa OT peajiHaTa 0aTepusi, KOETO MO CHIIECTBO MPABH EKCIIEPHUMEHTHT
HETIPEeKbCBAeM OT €/IHa CTpaHa U Pa3IInpsBa BE3MOXKHOCTHTE 32 U3CJIE/[BaHE Ha CIEIH-
(uKaTa HanpOIECUTE OT ApyTa.

KiiouoBu a1ymu: emynatop Ha OaTtepusi, KOMOMHHUpPAH €HEPTUeH M3TOYHHK, TATOBO
3a/IBKBaHE
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B-/18

DESIGNING A 3D DIGITAL MAP OF AN OPERATIONAL
ZONE

Elena Karadzhova and Krasimir Slavyanov

Artillery, Air Defense and CIS Faculty, Bulgaria, Shumen, 1st Karel Shkorpil
str

Abstract:

The application of 3D terrain maps has always been a challenge for any type of design
based on geographic information systems. This report offers an easy way to create three-
dimensional maps for various types of analysis using basic map design software. For the
needs of the study, a terrain model was created in the area of the town of Asenovgrad,
Bulgaria.

Keywords: 3D terrain maps, Geographic Information Systems, Asenovgrad

B-/19

TECHNIQUES FOR LIMITING THE DEGREE OF WEAR IN
THE GUN BARREL DURING FIRING

Nikoleta Pehlivanova, Krasimir Kalev and Tsonyu Tsonev

Artillery, Air Defense and CIS Faculty, Bulgaria, Shumen, 1st Karel Shkorpil
str

Abstract:

In this paper is made an attempt for more detail explanation of the mechanism of the
wearing process at high speed friction in the rifled barrel. It considered heat conductivity
as a result of high speed friction and heating influence on the wear of barrel. It is given
some parameters for complete evaluation of work condition at high speed friction. It is
analyzed wearing process in function of the rifled barrel heating. Key words: ballistics,
wearing out of cannon artillery with rifled barrel.

Keywords: ballistics, wearing out of cannon artillery with rifled barrel
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B-110

KOMIAKTEH TPOTPAMUPYEM MYJITUMEJAUEH KOHT-
POJIEP 3A TBOPYECKU NPUJIOKEHUSA

Huan bparoes

Hayuonanen 6oenen ynusepcumem ,, Bacun Jlescxu “, @axynmem ,,A [1BO u
KUC*, Ulymen

Pesrome:

IIpoexThbT mpeacTaBs KOHIETIHS 32 KOMITAKTEH NTPOrpaMUpPyeM MYJITHMEIUEeH KOHT-
posep, npenHa3HadeH 3a paboTa ¢ mpodecruoHaneH codryep 3a hoTo- 1 BuIeoobpadoTKa,
ayAno MPOIYKIHS U IPYTH TBOPYECKH NpHiokeHus. OCHOBHATA I1eI € J1a Ce HaMaJIH Bpe-
METO 3a U3IIBJIHEHHE Ha YeCTO M3MOJI3BAaHM KOMaHM upe3 GU3HIECKH OpraHHy 3a yIpaB-
JICHUE U I'bBKaBH MOTpeduTencku npodunn. [IpeaBmxkaa ce ycTpoicTBO ¢ Ge3KUYHA U
kabenHa CBBP3aHOCT, MPHAPYKEHO OT KoHpurypauunoHeH copryep 3a Windows u
macOS, Ko#To N03BOJIsIBa HA MOTPEOUTENs /1a 3aJaBa PYyHKIHH Ha OTISTHUTE KOHTPOIU
U 1a cb3aaBa NpoHIM 3a pa3IuyHU HporpaMu. PaspaboTkara ce MiaHHpa MOETaHO —
KOHIICMIHS M TPOEKTHPaHe, XapayepeH MPOTOTHI, cOPTyepHa HHTErpauus, MajKa M-
JIOTHA CepHsl U ITa3apeH TecT. 3a pean3alysiTa ca HeOOXOIUMH Xap.lyepeH HHKeHep, pa3-
paboTumK Ha BrpajeH copTyep, JeCKTOI copTyepeH pa3paboTIHK, HHIYCTPHAIICH JU3aii-
Hep 1 UX/UI cnennainct, Kato Ha MO-KBCEH €Tall ce BKIIOYBAT €KCIEPTH 10 IPOU3BOJI-
CTBO, JIOTUCTUKA ¥ MapKeTHHT. OpUEHTHPOBBYHUAT OIOJDKET 3a JOCTHraHe JI0 Ma3apHo
TOTOB MPOAYKT € B AnamazoHa 25 000 — 50 000 nB, B 3aBUCHMOCT OT U30paHHUTE TEXHH-
YECKHM pelIeHus U 00eM Ha MbpBOHAaYaIHaTa ceprs. [IpOeKThT MMa MOTEHIMAI J1a ce pas-
BHE KaKTO KaTo y4eOHO-M3CIIeI0BaTENICKa JCHHOCT, Taka U KaTO peaieH Ia3apeH Ipo-
IyKT, HACOYCH KbM OBJIrapCKH H MEXIyHAPOJHH HOTPEOUTEIH.

KiarouoBn agymm: MyntumenueH KOHTpOJEp; MPOrpaMUpPyEeMO yCTPOMCTBO; TBOP-
4eCKH COPTyep; MPOTOTUIHPAHE
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IMPLEMENTATION OF AN ARDUINO-BASED ROBOTIC
HAND FOR EDUCATIONAL USE WITH REMOTE CONTROL
AND SERVO ACTUATION

Nikolai Tsvetkov and Elena Tolstosheeva
Plovdiv University “Paisii Hilendarski”, Tsar Asen 24, Plovdiv 4000, Bulgaria

Abstract:

In extremely hazardous environments, such as areas with explosion risk, chemical
contamination, or radioactive exposure, the use of remotely operated robotic arms is es-
sential for protecting human life. Such systems enable the execution of complex tasks
from a safe distance, eliminating the need for direct human presence in dangerous condi-
tions. Recreating real-world technological applications is essential for building a solid
foundational understanding of the electromechanical concepts used in automation engi-
neering. In this context, Arduino is an ideal choice because of its open-source program-
ming environment, affordability, plug-and-play hardware, and the abundance of examples
and community support available worldwide. In the context of robotics education, servo
motors are widely used because they offer high precision in angular control, making them
well suited for approximating and mimicking human hand gestures and movements.

In educational settings, this concept can be straightforwardly implemented in an Ar-
duino environment using conventional potentiometers controlling 5 servo for mimicking
basic hand gestures, combined with a Bluetooth connection for remote control. This ap-
proach provides an accessible and hands-on introduction to robotic manipulation and
wireless communication. In our setup, this functionality was realized using the HC-
05/HC-06 Bluetooth modules, enabling reliable and simple remote operation of the sys-
tem. Students will gain hands-on experience in building such systems and will develop
practical skills in remotely controlling servo motors.

Keywords: automation education, robotic arm, remote control, automation, Arduino,
servo motor, potentiometer, Bluetooth module, HC-05/HC-06, wireless communication.
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SMART CUCTEMA 3A OTKPUBAHE HA AJIKOXOJI ITPHA
MOPbOPU CBC SMS/TEJIE®@OHHU U3BECTUA KBM
BJIN3KU U OHJIAVTH MOHUTOPHUHT B PEAJTHO BPEME OT
HOJIMIOUATA: IINVIOTHA PEAJIN3AIISA B ARDUINO

Maptun Unues u Enena Toncromeena

IInogouscku ynusepcumem Ilaucuti Xunenoapcku, ya. ,,Llap Acen* 24, 4000
IInosous

Pesrome:

bbarapust 1 PymbpHES 3aeMaT KbM MOMEHTA BOJCLIM NOo3uLuK B EBponelickus cbi03
1o Opoii 3arMHANIM 10 MBTHIATA, C TPUOTU3UTENHO 80 CMBPTHH ClTy4ast Ha €IUH MIJIHOH
JKUTENH, B CPaBHEHHUE ChC cpeaHaTa ctoiHocT 3a EC ot 51 Ha eaun munuoH. Tasu Tpe-
BOKHA pa3lifKa IOJ4epTaBa CICNIHATa HyXAa OT €(heKTHBHHU TEXHOJIOTHYHU PEIICHUS,
KOHMTO MOTAaT Ja HaMaJISAT IPOM3IIECTBHUATA, CBBP3aHH C aIKOXOJa, ¥ a HOXOOPAT IbT-
Harta 6e30I1acHOCT.

Volvo, kaTo yHHKaJIeH BOJEN] IIPOM3BOIUTEI Ha aBToMOOMH, ome npe3 2002 r. 3a
kamuonute Volvo u npe3 2008 T. 3a 1ekuTe aBTOMOOWIIN IpeJyiara CUCTeMa 3a JISTEKINS
Ha ynoTpeba Ha amkoxoi. To3u Tpya e pealu3ipaHa yMHa CHCTEMA ChC CEH30p 3a alIKO-
xo1 1 2G-6a3upana KOMyHHKanus 4pe3 Arduino 3a aBTOMaTUYHO OTKPHUBAHE HA aJTKOXOJL.
[Ipu mpeBuIaBaHe Ha OIMpEZETICH Mpar, cucremMara usnpama SMS/TenedoHHO U3BecTHE
JI0 oTIpefieNieH OJM3BK U aKTyalH3Hupa OHJIAHH TabJIo 32 HAOIIOeHNE OT IOJIMIHUATA B pe-
aiHo BpeMe. AnkoxoneH cer3op (DFRobot Alcohol Gravity, nuanason 0-5 ppm) ce u3-
OJI3Ba 32 IEMOHCTPAIIMOHHH 11eITH, 3ae1HO ¢ Moyt SIM8OOL EVB 3a 2G xoMyHUKaIHs,
HMHTHPANKY (QYHKIIMOHATHOCTTA Ha CTaHIAapTeH MOoOMIIeH TenedoH 3a SMS/obaxnanns
n 2G mpeHoc Ha naHHW. M3MepeHute naHHM ce kauBarT B miatgopmata MATLAB
ThingSpeak, koeTo mo3BosiBa Ch3AaBaHETO Ha TabJI0 332 MOHUTOPHHT B pEaHO BpeMe 3a
nonuueiickute opranu. Llenta Ha To3u 00pa3oBaTeNieH MPOEKT € A3 AEMOHCTPHPA Bb3-
MOXHOCTTA 3a MpHJIaraHe Ha MoJj00Ha CHCTeMa B PeaHH YCJIOBHS U J1a TIOBHIIHN OOIIec-
TBEHATa OCBEIOMEHOCT OTHOCHO IThTHATa 0€30IIaCHOCT U PUCKOBETE, CBBP3aHH C YIOTpe-
0ara Ha aJTKOXOJ.

KnrouoBn aymm: yMHa cucreMa 3a JETEKIMsS Ha ajKOXOJ, NMbTHAa OE30IIacHOCT,
SMS/TeneponHn U3BECTHUs, OHJIAIH MOHUTOPHHT OT monunumsaTa, Arduino, MATLAB,
ThingSpeak, nparoo HuBoO 5 ppm, Volvo cuctemu 3a 6€30MacHOCT, XKUBO HaOMIOACHNE
(live monitoring), o01iecTBeHa OCBEJOMEHOCT

-38-



IX-ta HALIUOHAJIHA CTYJJEHTCKA HAYYHA KOHOEPEHIIA
. ®U3NKA-MHXEHEPCTBO-TEXHOJIOI'MU*, 04 - 05 AJEKEMBPHU 2025 r., rp. IIJIOBANB

b-111

YCTOWYUBHY MPUHIIUIIA HA KPbIOBA HKOHOMMUKA:
HOTPEBUTEJICKHU HAT'JIACH U ITIOJIMTUKU 3A PELIUKJIN-
PAHE HA YCTPOMCTBA B BbJII'APHSA

Bukropus Muresa, Teogopa JlykanoBa u Meru JlakoBa

Ldusuko-mexnonozuuen Gaxyimem, 11V ,, [Taucuu Xunenoapcku “,
ya. Lap Acen 24, ep. IInogous, bvieapus

Pesrome

B ycnoBusTa Ha ycKOpeHa AUTUTAIM3ALMS U TOCTOSTHEH TEXHOJIOTYEH Hall-
penbK IpoOJIEMBT ¢ HATPYIIBAHETO HA EJIEKTPOHHH YCTPOMCTBA NMPUI00MBa BCE
TIO-TOJISIMO COLIMATTHO, HKOHOMHYECKO M €KOJIOTUYHO 3HaYeHHUE. TeleKOMyHHKa-
LUOHHMAT CEKTOp B bhirapns mocreneHHO MHTETpHpa MPHHIUIINTE HA KPBIo-
BaTa NKOHOMHKA, HACOUBANKY yCHIIMATA CH KbM YABJDKABAHE HA JKI3HEHHS U~
KBJI Ha MpoayKTuTe. HacTosmoTo u3cnensane nMa 3a LieJl 1a aHJIM3Upa Harja-
cute, HHGOPMHUPAHOCTTA M OBEJCHUETO HAa OBITapCKUTE TOTPEOUTENH 110 OT-
HOIIIEHHE Ha PEIMKIMPAHETO U TOBTOPHATA YIOTpeOa Ha MOOMIHN yCTPOHCTBA
— cMapTQoHH, TabaeTH U APYrH. Upe3 aHKETHO MPOYUYBAHE CPEll PA3IUYHU Bb3-
pacToBU IpyIU Ce M3CJe[Ba CTENEHTa Ha WHPOPMHUPAHOCT, MOTHBALMOHHUTE
(dakTopu u OGapuepuTe Mpea aAKTUBHOTO BKIIIOYBAHE M yYacTHE B MPOrpaMH, Ha-
COYEHHM KbM YCTOWYMBO yIIpaBJIEHHE Ha CIEKTPOHHHUTE OTnaabuu. CrieruaneH
aKIEHT € TIOCTAaBeH BbPXY WHULUATUBH, KOUTO KOMOWHHUPAT EKOJIOTHYHUTE LIEITH
Ha TEJIEKOMYHHKAIIHOHHUTE OTIEPAaTOPH ChC COLMAIHA aHTAXHPAHOCT, KAaTO Ja-
psiBaHE Ha CpEACTBa WJIM yCTPOWCTBA 3a Xopa B Hykaa. [lomryepraBa ce 1 HE0O-
XOAMMOCTTA OT NpHJIaraHe Ha MHTETPUPAHH CTPATETHH 32 YCTOHYUBO MOTpedIe-
HHE, HACOUYCHN KbM MIIAZIUTE MTOTPEOUTEINH, C IIET YCKOPSIBAHE HA IPEX0a KbM
KpPBroBa NKOHOMHUKA B CEKTOpa Ha NH(POPMAIMOHHUTE U KOMYHHKAIIMOHHH TEX-
Hosoruu B bearapus.

KarouoBu qymu: yctoitunBo notpedieHue, CbTpyAHUYECTBO, KPbroBa UKO-
HOMUKA, HHTETPUPAHH CTPAaTETUN
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INIPOEKTUPAHE U U3PABOTBAHE HA AKYMYJIATOPHA
BATEPUS 3A 3AXPAHBAHE HA EJIEKTPOMOBNJI

Hukona /leueBcku, Xpucro Kanescku n Tuxomup Kotnuiicku

1Y, Iaucui Xunrenoapcku *, @usuxo-mexnonio2uyer gaxyimem

Pesrome:

Pa3BuTHeTO Ha €1EKTPOMOOMIINTE Mpe3 MOCIEAHUTE AECETHIIETHS MOCTaBs
HOBH NIPEIN3BUKATENICTBA TIPe]] HH)KEHEPUTE, CBBP3aHU ¢ e()eKTUBHOTO yIpaB-
JIHWE Ha EHEeprusTa M ONTHMH3ALMUITA Ha 3aXpaHBalIUTe CUCTEMH. AKyMyJia-
TOpHaTa OaTepusi € KJII0YOB KOMIIOHEHT B €JISKTPHUECKHUTE ITPEBO3HU CPE/ICTBA,
KaTo HEHHMAT M300p, KOH(UTypanus W yrnpaBjeHHE OKa3BaT NPSKO BIIUSHHE
BBPXY npobera, 6€30MacHOCTTa ¥ €KCIUIOATAMOHHATA HA/ISKIHOCT Ha €JIeKT-
pomoowa.

Hacrosmms noxiax € HacodeH KbM NPOEKTHpaHe M U3padOTBaHE HA aKyMy-
JatopHa Oarepus, NpeHa3HavYeHa 3a 3aXpaHBaHe Ha eJIEKTPOMOOMI, KaTo ce aK-
LICHTHPA BBPXY TEXHHYECKHUTE MapamMeTpu, KOH(GurypanusTa Ha KIETKUTE, U3-
6opa Ha cuctema 3a ympasienne (BMS), kakTo u BpXy mporieca Ha pu3nIecKa
peanu3anys ¥ TECTBaHE Ha MPOTOTHUNA. B paMkuTe Ha IpOeKTa ca M3MOI3BaHU
cbBpeMeHHU JuTHEBO-HOoHHU KieTkd Tesla Cell T-13-5-243 u BMS moayn
DMO020240720001, xouTo OTroBapsAT Ha M3UCKBAHUATA 32 BHCOKA CHEPrUilHA
IUIBTHOCT, TEPMUYHA CTAOMITHOCT U HA/ICK/IHOCT.

CrarusiTa BKJIIOYBA TEOPETUUEH aHAIM3 Ha CHUIECTBYBAIUTE TEXHOJIOTHH,
W3YHCIICHHS 32 ONITUMAIHA KOH(QUTYpalys, IPaKTUIECKH eTaIy Ha CIio0sBaHe,
KaKTO U OLIEHKa Ha pe3yirarute oT TectoBere. LlenTa e na ce cw3nmane edek-
THBHA, Oe30MacHa W NpHIOXKHMa Oarepusi, KOSATO Ja OTroBaps Ha PEaTHUTE
HYXJIM Ha eJIEKTPOMOOWII C TPaJICKO IpeTHa3HAYCHHE.

Ki1104oBH IyMH: akyMyJaTOpHH OaTepuH, €IEKTPOMOOWIN, MIPOEKTUPAHE,
CHCTEMA 3a yIPAaBIICHHUE.
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YCTOWYUBHU CTPATEIYM 3A TIOBUIIABAHE HA E®EK-
TUBHOCTTA U 3AABbP/KAHE HA JIOAJIHU IIOTPEBUTEJIN

xecuka MBanoBa, Meru /lakoBa n Arna TokmakoBa-bekspoBa

Inosouecku ynusepcumem ,, Ilaucuii Xunenoapcru *,
ya. Lap Acen 24, ep. Ilnosous

Pesrome:

Hacrosimoro uzcnensane npeactaps 3aapi0oueds SWOT aHamu3 Ha nporpa-
MHTE 32 JIOSUTHOCT Ha TPUTE BOJICIIN TEJIEKOMYHUKAIIMOHHH onieparopa B brira-
pusi: Al Club, Yettel SAEJJHO u Vivacom Club. L{enra ¢ na ce onenu crpare-
ruyeckata eeKTUBHOCT Ha TE€3U MPOrPaMH Ype3 CUCTEMATUYHO MICHTH(UIH-
paHe Ha BBTPEIIHUTE CHJIHK U CTa0K CTPaHU, KAKTO M Ha BHHIIHUTE BH3MOXK-
HOCTH M 3aIlIaX, KOUTO (POPMHpAT TAXHATA Ma3apHa YCTONYUBOCT. AHAITUIBT
obxBaila KIIFOY0BH MApaMETPHU KaTo CTPYKTYPa U aTPAKTHBHOCT HA HArpaJHUTE
MEXaHHU3MH, CTETICH Ha EPCOHATM3AIIHS, HHTETPAIlUs C TUTHTAIHY IIaT()OopMH,
MOTPEOUTENCKO M3KHUBSBAHE M CTPATETHUECKO MO3UI[MOHUPAHE B KOHKYPEHT-
HaTa cpela.

Pesynrarure mokaspar, ue TPUTE MPOrPaMH BB3MPHEMAT PA3IUUHH MOJICIN
Ha 100aBeHa CTOMHOCT: OT HO-IIKMPOKO NAPTHROPCKO MOPTHOIHO U redMuduIm-
paHHU CTHUMYJIH 10 MO-IeJICHAacCOYeHH o(epTH, 0OBBP3aHH C MOTPEOICHUETO Ha
TCICKOMYHUKAITUOHHU YCITYTH. CI/IHHI/ITC CTpaHHu BKJIFOYBAT BUCOKO HUBO Ha pas-
MM03HABAEMOCT Ha MapKara, JUTHTalIHa JOCTHIIHOCT M MOTEHIMAN 3a 3a1bJ100-
YeHa MepCOHAN3alns Ype3 aHaIn3 Ha norpeduresickure nanau. Cpes OCHOB-
HUTE cJIa0O0CTH Ce OTKPOSBAT OrpaHHYeHa JudepeHmalys Mex 1y IporpamMuTe,
PHCK OT HaMaJsIBallld aHTAXXUPAHOCT MPHU JIMIICA HA JOCTATHYHO PEICBAHTHH
Harpajgd ¥ HeoOXOMUMOCT OT MO-TUHAMHYHO OOHOBSIBAHE HA ChIBPIKAHUETO.
BBHIITHUTE BE3MOXKHOCTH Ca CBBP3aHU C PA3IIMpPSBAaHe HA MAPTHHOPCKUTE €KO-
CHCTEMH, M3MOA3BaHE HA U3KYCTBEH WHTENIEKT 32 MEPCOHATM3UPAHU MPEIONKE-
HUSI ¥ HAPACTBAIO ThPCCHE HA JUTUTATHU (POPMH HA MOTPEOUTEIICKO B3AHUMO-
JeiicTBHe. 3aliaxuTe MPOM3THYAT OT Ma3apHO HACHINAHE, MHUTPAlUs KbM I0-
KOHKYPEHTHH O(epTH U MPOMEHSIIM CE OYaKBAHUS Ha KIIMCHTHTE B yCIOBHSATA
Ha YCKOpEHa AuruTanu3auus. M3ciensaHeTo mpeiara aHajlMTHYHA pamKa 3a
CTPaTernvecko yChBbPIICHCTBAHE Ha TPOTrpaMHTE 3a JIOSUTHOCT U OYepTaBa Hafl-
paBiieHus 3a ObACIIN N3CIIEABaHNS, CBBP3aHH C ONTHMHU3AIMATA Ha KIIMEHTCKATa
CTOMHOCT M IBJITOCPOYHOTO KOHKYPEHTHO IPEIUMCTBO.

Kiaro4uoBu ayMH: TEICKOMYHHKANUHU, €()EKTUBHOCT, JIOSUTHH IPOTPAMH,
SWOT ananus
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ABTOMATU3AIIUA HA IIPOHECUTE 11O MUKCUPAHE 1

MACTEPHUHI YPE3 AJITOPUTMMU 3A MAILIMHHO OBYYE-
HHUE

Anekcannpa Jlouesa u Jlanuen Jlenen

Llymencku ynusepcumem ,, Enuckon Koncmanmun Ilpecnascku “,
ya. ,, Yuueepcumemcxa “ 115, lllymen 9700, bvrcapus

Pe3ome:

Hacrostmusr qoknaj pasriexaa NpuiiokKeHHETO Ha ajrOpUTMHU 32 MAIIMHHO
o0ydeHwHe IPH aBTOMATH3UPAHETO Ha IPOIIECUTE IO MACTEPUHT U MHUKCHPaHE Ha
My3UKAIHA TPOU3BEACHUS. AHATM3UPAT Ce CHBPEMEHHHU TEXHOJOTHA U COPTY-
€PHU pelIeHHUs, KOUTO M3M0I3BaT U3KYCTBeH HHTENEKT (Al) 3a onTrMu3amus Ha
ayJuo mapaMeTpuTe, JMHAMUKATa U 9ecTOTHHA Oananc. OOCHKIAT ce mpeIuMC-
TBaTa Ha aBTOMAaTU3UPAHUTE CHCTEMH CIPSMO TPAIUIINOHHUTE METOAH, KAKTO U
OTPaHUYEHUATA, CBBP3aHHU C XYJOXECTBEHUS KOHTPOJ W aJalTHBHOCTTA KBM
pa3IMYHE MY3WKaJIHH JKaHpoBe. V3cienBaHeTo IeNnd Ja MOKaXe KaK MalluH-
HOTO 00YyYEHHE IPOMEHS POJIATa Ha 3BYKOPESIKUCHOPA U J1a 0UepPTae TCHACHIMU
B OBJICIIIOTO pa3BUTHE HA MY3HKAIHATA TIPOIYKIIHSL.

KiaouoBu AYMHU: U3KYCTBCH MHTCJICKT, aBTOMATU3alusd, MaCTCPUHT', MUKCH-
paHe, My3UKa, MAlIMHHO o6yquHe
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B-1I5
HUHTEI'PUPAHE HA IPV6 B JIOKAJIHU MPEKU

Anexc [laneB u ['eprana Huxomnosa

UIymencxu ynusepcumem ,, Enucxon Koncmanmun Ilpecnascxu
yr. ,, Yuueepcumemcxa “ 115, llymen 9700, Bvreapus

Pesrome:

JoxmaasT pasriiexna HHTerpupaneTo Ha Internet Protocol Version 6 (IPv6)
B nokanauTe Mpexku (LAN), kaTo akmeHTHpa BBPXY HErOBOTO apXUTEKTYPHO,
OIIEpaTHBHO M TEXHOJIOTHMYHO 3HaueHue. IPv6 e paspaboteH, 3a ga mpeojonee
OCHOBHHTE orpanuueHus Ha [Pv4, Hali-Beue n34eprnBaHeTo Ha HErOBOTO 32-01-
TOBO aJJPECHO MPOCTPAHCTBO U OrpaHNYEHAaTa MOJAPHKKA Ha HEpapXUYHO Map-
mpyTusupane u curypsoct. C 128-6utoBaTa cu agpecHa apxurekrypa [IPv6 ocu-
rypsiBa MPakTHYECKH HEU3uepraeM Opoi YHHKAIHHU aJpecu U BbBEXK/Ia 10700~
peHHUsl B CKAJIMPYEMOCTTa, €()eKTHBHOCTTa Ha MapLIpyTH3aLUATa, aBTOMaTHY-
HaTa KOH(UTypalys U BrpajeHara curypHoct upe3 [Psec. JleTainuust anamus
Ha ajipecHarta cTpykTypa Ha [Pv6 mogueprasa ponsta Ha Global Routing Prefix,
Subnet ID u Interface Identifier (1ID) — Tpute KOMIOHEHTA, KOUTO TO3BOJISIBAT
n3rpakAaHe Ha HepapXWdeH MPEXXOB AN3aiiH, arperupaHe Ha MapIIpyTH U eek-
THUBHO YIPaBIICHNE HA TojeMn HHYPACTPYKTypH. Tazn cTpyKTypa MHHUMHU3UPA
pa3Mepa Ha TaONIHMIUTE 3a MapIIPYTU3AIWs, ONTUMU3Upa paborara Ha Border
Gateway Protocol (BGP) u noBuiiaa obmiata craduiHocT Ha MatepHer. B mok-
Jlajia ca OuepTaHW CTpaTeruuTe 3a npemuHaBaHe oT [Pv4 kpm IPv6, BKITIOUM-
tenno Dual-Stack, TyHenaupaHe W TPAHCTAIMOHHH MEXaHH3MH, MOIKPEIICHH C
MIPaKTHYECKH IPUMEPH 3a KOHQUTyparys. Pasrienanu ca BHeIpsiBAHETO HA IPO-
TOKOJIM 32 MapuipyTusaims, padorenu ¢ IPv6, karo OSPFv3, EIGRP for IPv6 u
BGPv6, kakTo 1 ocHOBHU Mepku 3a curypHocT kato ACLs, [Psec u RA Guard.
B 3aximouenue, npemuHaBaneTo KbM [Pv6 nipesicTaBisiBa He mpocTo OOHOBSIBaHE
Ha MIPOTOKOJI, a pyHIaMEHTAIHA TpaHcopManus Ha MpeXXoBaTa apxXUTeKTypa 1
orneparuuTe. Upes MHTErpupaHe Ha HepapXuueH An3aiiH, aBTOMAaTH3alus U Te-
nemetpust IPv6 cp3maBa ocHOBaTa 3a CKalMpyeMH, CUTYPHH M MHTEIMTCHTHH
MpPEXOBH HH(PPACTPYKTYPH, CIIOCOOHH /1a OTTOBOPAT HAa M3NCKBAHMATA HA CHB-
peMEHHaTa JUTHTaIHa EKOCHCTEMA.

Kiro4oBu aymu: Mpexu, MapuipyTusanus, JoKamHu MpexH, [Pv4, IPvo6,
IIJT103, IPOTOKOJI, FIHTepHET Ha Helara
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b-116

OIITUMM3ALMA ITPU JOCTABKATA HA CODPTYEP B I'O-
JIEMU CUCTEMHU C MUKPOYCJIYTH

Amnatomm Jlumos u Ban Bopucos

Llymencku ynusepcumem ,, Enuckon Koncmanmun Ilpecnascku “,
yn. ,, Yuueepcumemcxa “ 115, lymen 9700, bBvreapus

Pesrome:

B ronemure CUCTEMHU, U3IrPpaICHU OT ACCCTKH U ITOHAKOTI'a CTOTUIIX MUKPOYC-
JIyTH, CaMUST IPOIIEC 110 JOCTaBsiHE Ha cOTyep YecTo ce 0Ka3Ba MO-TPYAEH 3a
OBJIAJIIBaHE OT Pa3BUTHETO HA Koja. B crarusra ce oOckkaar HaOI0qaBaHu B
MIpaKTHKaTa 3aTpyJHEeHHs — 0aBHU KOHBEHEepH, TyOJIMpaHy CTHITKH, HEKOODIH-
HUpaHW KOH(QUTYPALMK U PA3IMYHU [TOJXOIM KbM NaKeTUpaHe, KOUTO HaToBap-
BaT SKHUITUTE M YIBJDKABAT LIMKIUTE 3a BHepsiBaHe. Ha Ta3u ocHOBa ce Gopmy-
JMPAT HAKOJIKO pabOTEeIIN TEXHHKHU 32 YCKOPSABaHE HA JOCTABKUTE, CPE KOUTO
KeIIMpaHe, Mo-T'bBKaBa Iapaelli3alis, U3II0JI3BaHe Ha 001y IabIoHH 3a OUIIT
U TECT, KaKTO M OrpaHHYaBaHe Ha PHYHUTE HAMECH IIPU IPOMsHA Ha KOHQUry-
pamun. Pasrinexxnar ce KOHKpeTHH e()eKTH OT CTATUYHHMS aHAIIM3, KOHTeHHepH-
3anuATa ¥ apTedakTHATE XPAaHWINIIA BEPXY BPEMETO 3a OMIA M CTa0MITHOCTTA
Ha HOBUTEC BEPCHU. HpezmonceHHTe MOAXO0aU LEJIAT HE MPOCTO CKBbCABAHC HA ITU-
KbJIa, a MO-TIPEIBUMMO MOBECHUE Ha OTACIHUTE YCIYT'H U MO-JIECHO yIpaBie-
HHE Ha ToJisiMara KapTUHa B €[JHa HaTOBapeHa MUKPOCEPBU3HA Cpe/ia.

Karouosu aymu: CI/CD, mukpoycnyru, DevOps, ontumuzanust Ha J0c-
TaBKU, aBTOMATU3alUs, CKaJIUPYEMOCT, IPOIYKTUBHOCT
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EBOJIIOLUS HA MOBUJIHUTE KJIETBbYHHM MPEXH OT
H'BPBO 10 IHECTO NOKOJIEHUE U TEHAEHIIUU B Bb/IE-
IMATE KOMYHUKAIIMOHHU CUCTEMH

I'amun Ieitues, Benucnas CtosiHOB 1 bepk AnsiinuHoB

Llymencku ynusepcumem ,, Enuckon Koncmanmumn Ilpecnascrku “,
ya. ,, Yuueepcumemcxa “ 115, lymen 9700, bvrcapus

Pesrome:

Hacrosmums nokian npeacTaBst aHaTUTHYEH 0030p BBPXY Pa3BUTUETO HA MO-
OwiHuTE KIeThbuHH Mpexu oT 1G no Oppemute 6G cucremu. Pasriexnar ce
KITIOUOBHTE TEXHOJIOTUYHH XapPAKTEPUCTUKU HA OTAEIHHUTE TTOKOJEHUS, BKIIO-
YUTEIIHO OCHOBHH CTaHJApPTH, YSCTOTHH AMAIA30HH, MPEXKOBH apXUTEKTypH U
IprIokHY 00mactu. OOpbINa ce BHUMaHHUE HA TpaHC(opManusITa OT aHAJIOTOBH
TJIACOBH YCIIyTH KbM MHTEIUT€HTHU BUPTYAIN3UPAHN MPEXKH, OIbPKAIU Ma-
coBu [oT KOMyHMKaIH, KPUTHIHU NIPUIOKEHHS C yITPAHUCKO 3aKbCHEHUE U
MHTErpHpaHa U3KyCTBEHA HHTEIIUTEHTHOCT. AHANIN3UPaT CE€ OCHOBHUTE TEH/ICH-
MY U TPEeIN3BUKATENICTBA, CBBP3aHU ChC CHEKTpaIHaTa e(heKTUBHOCT, HH(OP-
MalMOHHATa CUTYPHOCT, HHPPACTPYKTYPHATA CIOXKHOCT M EHepriuiHaTa YCTOM-
ynBocT. [IpencraBenu ca nepcrekTuBy 3a 6G, BKIIOYUTETHO H3I0I3BaHE Ha Te-
paxepLoBU YECTOTH, CEH30PHO UHTETPUPAHU MPEXH, KBAaHTOBA KOMYHHUKALIUS 1
xonorpadcku npunoxenus. Lenra e 1a ce gane nsuiocTeH Hay4YeH MOTIe] BbPXY
€BOJIFOLIMOHHMS ITBT HA MOOMIHUTE KOMYHHKAIlMK ¥ OYaKBaHUTE OBbACIIN Harl-
paBIICHUS B Pa3BUTHETO Ha TI00anHaTa 0€3KWIHA CBBP3aHOCT.

KirouoBu nymu: MoOmitar KoMyHHKAIWH; 1 G—6G; KIIeTHUHN MPEXKH; CTICK-
TpasHa e(eKTUBHOCT, M3KYCTBEH HMHTelekT; 1oT; MpexoBa BHpPTyaaH3alus;
URLLC; eMBB; mMTC; TepaxepoBH YeCTOTH; XOJIOTPaPCKi KOMYHUKAIIH
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Bb-118

BUPTYAJIHA PEAJTHOCT KATO CPEJACTBO 3A PEAYLU-
PAHE HA CTPECA ITPU MJIAJIX XOPA B IUT'UTAJIHATA
EIIOXA

I'eprana Hukonosa u Anaronu Ilerpos

Llymencku ynusepcumem ,, Enuckon Koncmanmun Ilpecnascku “,
ya. ,, Yuueepcumemcxa “ 115, lllymen 9700, bvrcapus

Pesrome:

JokimanbeT pasriiexaa poisita Ha BupTyanHara peatHocT (VR) xaro mHoBa-
THUBHO CPEACTBO 32 YNpaBJI€HHE U pelyLipaHe Ha CTpeca Cpes MIIAIUTE XOopa.
AHanm3upaHu ca JaHHHU OT M3CJIEBAHMUS, KOUTO IOKa3BaT 3HAYNTETHO HAPACT-
BaHE Ha CTPECOBHUTE HUBA B Ipynara 18-24 roanHu, KaT0 OCHOBHUTE CTPECOPH
ca (MHAHCOBOTO HAINpeXeHHe, HECUT'YPHOCTTa B 3a€TOCTTA, aKaJAEMUYHHAT Ha-
THUCK U COLIMAJIHOTO cpaBHEeHUE. [IpencraBenu ca cpiectByBamiy VR pemienns,
BrurtounteTHo VRelax, VR 6asupann ncmxorepaneBTHYHN ITOAXOIN U BHPTY-
QJIHU IPUPOIHU CPEAN, KOUTO JEMOHCTPHUPAT CIIOCOOHOCT Jja HaMallsiBaT cTpeca,
Jla TIoA00pSIBaT EMOLIMOHAIIHATA PETyJIalus U B HAKOU CITyYau JOpH Ja TOBHIIa-
BaT aKkaJeMUYHAaTa yCIIeBaeMOCT. Pa3rienanu ca TEXHUKH KaTo BOJIEHA BU3yall-
3a1ust, KOHTPOJIMPAHO JUIlaHe, 6000paTHa Bpb3Ka U HHTEPAKTUBHH NPUPOIHU
cueHu. M3BoauTte nmoauepraBar noreHnuana Ha VR kato 10CTBIHO U epeKTUBHO
CPE/ICTBO 3a MOJKpena Ha NMCHXMYHOTO 3J[paBe, HO M OTOENSI3BaT Mpeau3BHKa-
TEJICTBATa, CBBP3aHN C KPAaTKOTPAHHOTO 3aabp’kaHe Ha WHTEpEC M HEO0OXOIH-
MOCTTa OT IEPCOHATU3UPAHY, aAaNnTUBHU VR npexuBsBaHus.

KirouoBH AymMu: BUpPTyaJHa pPEalHOCT, CTPEC, pENaKcanus, MCHXHIHO
3/[paBe, MHTEPAKTUBHU CPEIH, TUTUTAIHH Tepanuy, VR TexHomornu
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CTPATEI'HYECKOTO 3HAYEHUE HA CUCTEMMTE 3A PA-
BOTA B PEAJIHO BPEME

Hparan ToHues

Llymencku ynusepcumem ,, Enuckon Koncmanmumn Ilpecnascrku
ya. ,, Yuueepcumemcxa “ 115, lymen 9700, bBvreapus

Pe3rome:

JloknaasT pasriiex/a 3aio CUCTEMHUTE, Pa0OTEIH B PEaiHO BpeMe, ce mpe-
BbpHaxa B ONOpa Ha ChbBPEMEHHATa MHAYCTPUs U NU(POBU TeXHONOTHH. Tsx-
HaTa CTOﬁHOCT CC MpOoABsABa Haﬁ-CHHHO TaM, KbACTO 3aKbCHCHUCTO HE € MPOCTO
Hey,Z[O6CTBO, a peajicH pUCK — KaTo IMpHU aBTOHOMHUTE aBTOMO6I/IJ'II/I, aBTOMATUu-
SUPAHUTC MMPOU3BOACTBA U JTUHAMHUYHHUTEC (bHHaHCOBI/I nasapu. Hoxa3aH0 € KakK
HaBpEMCHHOTO O6pa6OTBaH€ Ha JaHHU JaBa HA OPraHU3allUMUTE I1O-ToJIsIMa CHU-
TYPHOCT, no-zlo6pa OICPATUBHOCT U Bb3MOKHOCT J1a p€arupar aaA€KBAaTHO B CU-
Tyallun, KOUTO CC IMMPOMCHSAT OT CEKYH/1da Ha CEKyHa.

Ki11040BH IYMH: CHCTEMH B PEATHO BPEME, HAJISKIHOCT, BDEMEBH OTPaHU-
yeHns1, HHAycTpruanHa aBromarmzanus, loT u IloT, omeparuBHa edekTUBHOCT,
CUTYPHOCT

-47 -



IX-ta HALIUOHAJIHA CTYJJEHTCKA HAYYHA KOHOEPEHIIA
. @U3NKA-MHXEHEPCTBO-TEXHOJIOI'MU*, 04 - 05 AJEKEMBPHU 2025 r., rp. IIJIOBANB

B-1110

HNPUJIOXKXEHHUE HA IPOI'PAMUPYEMMU JIOTTHYECKH KOH-
TPOJIEPU B UHAYCTPUAJIHU CUCTEMU 3A ABTOMATMU-
3AIUA B PEAJIHO BPEME

3apaBko 3apaBkoB U Emunu JlumMutposa

Llymencku ynusepcumem ,, Enuckon Koncmanmun Ilpecnascku “,
ya. ,, Yuueepcumemcxa “ 115, lllymen 9700, bvrcapus

Pesrome:

To3u moxiaz pasriexaa CbBpeMEHHHUTE TEHASHIMHI U IPUHIUIH B HHTYCT-
pHaHaTa aBTOMaTH3aLusl, ChC CIIEUAJICH aKLIEHT BbPXY IIPOTPaMHUPYEMHUTE JI0-
rudeckn KoHTposnepH (PLC) n TsxHarta paboTa B CHCTEMH 3a YIpaBJICHHE B pe-
anHO Bpeme. lIpencraBeHn ca OCHOBHHTE NPHHIMIN Ha (YHKIMOHHMpPAHE Ha
PLC, BkIIOUNTETHO IMKBIBT Ha U3IBIHEHHE (scan cycle), KakTo 1 KITI0Y0BUTE
UM XapaKTEePUCTUKU — MPEJCKAa3yeMOCT, HaJISKAHOCT U BUCOKA CKOPOCT Ha pe-
akrus. JJoxmageT pasrpanndaBa TBepaute (hard) m mexute (soft) cucremu 3a
peanHo BpeMe, KaTo MoYepTaBa TEXHUTE PA3IH4HA U clienn(UIHE 00J1acTH Ha
WH]yCTPHAIHO NPUIIOKEHNE. AHAIM3UPAT CE KOMYHUKAIIMOHHHUTE apXUTEKTYpH
U MHJYCTPHAIHUTE MPEXoBH IpoTokonu karo Profinet, EtherCAT u OPC UA.
OT}IeJ’[eHO € BHUMaHHEC Ha CbBPEMCHHH MHOBAIIMHU, BKIIFOUUTCIIHO UHTCTPHUPAHE
Ha edge computing, Buptyanau PLC (VPLC), uskyctBen nnrenexr (Al) u Un-
nycrpuaiHus untepHet Ha Hemata (I1oT), kouTo 3HauUTENHO MOBHIIABAT €eK-
THUBHOCTTa W I'bBKABOCTTa Ha aBTOMAaTHU3MpPAHHUTE CUCTEMH. Pasrienanu ca n
KITIOUOBH TIPEIM3BUKATEINICTBA KaTO KHOEPCUTYPHOCTTA, HEIOCTUI'GT HA KBAJIH-
($UnMpaHu crienuaIMCTH M He0O0XOIMMOCTTa OT CTaHJapTH3alys. B 3akmrouenne
ce mogueptasa, ye PLC cucremure octaBaT OCHOBEH CTBHJIO Ha ChBpEMEHHATA
WHIyCTpHaTHa aBTOMATH3aLHsl, @ OBACIIOTO UM PA3BUTHE 1€ OBJE TSICHO CBBP-
3aHO C BHEAPSIBAHETO HAa MHTCIUTCHTHH TEXHOJIOTHH, aHAIN3 B PEATHO BpEME U
ABTOHOMHO YIPAaBJICHUE HAa MPOU3BOJICTBEHHUTE MPOIIECH.

Karouosu nymu: Profinet, EtherCAT, IoT, nporpamMupyemMu JIorH4ecKy KOH-
TPOJIEPH, KHOCPCUTYPHOCT
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b-1111

MPEKOBHU IOAXOIU B MY3UKAJIHOTO TBOPYHECTBO U
AKYCTUYHUTE TEXHOJIOT'MH

Wgaiino Ilerposa u [lersp CoTupor

Llymencku ynusepcumem ,, Enuckon Koncmanmumn Ilpecnascrku
ya. ,, Yuueepcumemcxa “ 115, lymen 9700, bBvreapus

Pesrome:

HacrosimoTo n3cnenane pasriexaa TPy HalpaBlIeHUs B MIPIIIOKEHUETO HA
MpPEKOBUTE KOHIICTIIMK B o0iacTTa Ha My3ukata. [IspBo, aHamm3upa ce akyc-
TUYHATa IPHUPOJIa Ha My3UKAITHUTE HHCTPYMEHTH, BB3IIPUEMAaHH KaTO MPEXH OT
PE30HATOPH U BUOPHUPAIIHY eIeMEHTH. BTOpPO, MpecTaBeHO ¢ MPUIIOKESHIETO Ha
TeopHsITa Ha TpaduTe 32 MPEKOB AHAIN3 HA MY3UKATHU CTPYKTYPH — aKOPIIH,
MEJOANY U XapMOHHYHH IIporpecud. Tpeto, u3cnenBaHeTo ce pokycupa BEpXy
KuOepOU3NIHE My3UKATHU CUCTEMHU, TIPH KOUTO CEH30pHU Mpexu u HTepHeT
Ha HellaTta MO3BOJIABAT HOBH (DOPMH HA WHTEPAKTHBHO M3ITBIIHEHHE. B 3akiio-
YeHHEe ce MOTYepPTaBa, Y€ MPEKOBHUAT IOAXO] CHh3AaBa KOHIETITyaJeH MOCT
MeXIy (PU3UIHUTE CBOMCTBA Ha 3ByKa, TEOPETHYHIS aHAJIN3 HA My3UKaTa 1 TE€X-
HOJIOTUYHUTE WHOBAIIUH B HEITHOTO Ch3/IaBaHe.

Kiro4oBu aymu: Mysuka, MpeXu, HHCTPYMEHTH, XapMOHUYHHU TIPOTPECHH,
knbepdusnunu cuctemu, MIHTepHET Ha HellaTa, aKyCTUYHH MPEKH, TEOpHs Ha
rpadure, My3UKaJleH aHaJIu3, MHTEpPaKTHBHA My3HKa
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b-1112

MAIMABUPYEMA OBJIAYHO-OPUEHTUPAHA YCJIYTA 3A
OTYETHOCT BbB ®PUHAHCOBU CUCTEMUA

WBan bopucos u Anatonu J[umos

Llymencku ynusepcumem ,, Enuckon Koncmanmumn Ilpecnascku
yn. ,, Yuueepcumemcxa “ 115, lymen 9700, bBvreapus

Pesrome:

HacrosimusT goknaza npencrass 001aq4HO-OpHEHTHPaHa apXUTEKTypa 3a (u-
HaHCOBHU CIIPABKH, KOATO pa6OTI/I BBPXY BCUC CHUICCTBYBAIO XPAHUIIUIIEC HA UC-
TOPHS Ha TPaH3aKIMUTE U MPEONOJISIBA XapaKTEpPHUTE OIPaHUYCHHs] HA MOHO-
JIUTHOTO, CHHXPOHHO TeHepHpaHe Ha oTueTH, kato u3rnyaHe Ha HTTP 3asaBkwy,
TOJIEMH OTTOBOPH B ITaMETTa KbM MHTEP(EHCHNUS CIION M JIMMUTH Ha €JIeKTPOH-
HUTE TIOIH 32 pa3Mep Ha mpukadeHu Qaiinose. [IpenokeHoTo pemeHne oTaems
mpoleca Ha 3alic OT OTYETHOCTTA 4Ype3 MEKAWHEH CHhOMTHHHO-OPHEHTUPAH
CIIOH. 3asBKUTE 32 OTYETH C€ MyOJIMKYBAT KaTO CHOOIICHUS, ChABPIKAIIM CAMO
UOCHTU(UKATOPH B OTAIIKA WIH MOTOK, JOKATO PabOTHHU YCIIyTH 06€3 BBTPEIIHO
W3BJINYAT U CTPAHHUIMPAT JAHHUTE IPH HEOOX0UMOCT. [ oeMuTe H3X0JHU AaH-
HHU ce TeHepHpar 4pe3 MaKeTHO WM NoTokoBo reHepupane B CSV u PDF ¢op-
Mar, 3alliCBaT ce B 00CKTHO XPaHWIIHMILE U CE Pa3IPOCTPAHSIBAT KATO BPEMEBO-
orpaHuYeHH JIMHKOBe. Jleka yciyra 3a yBeIOMIICHHS M3Mpaia ChOTBETHHTE
JIMHKOBE IO €JIEKTPOHHA moma 0 notpedutenure. [loaxoasT npenorepatspa
nperoBapBanero Ha OLTP cucremure u ocTaBa HE3aBUCHM OT KOHKpPETHa 00-
nayHa mwiatdopma. B noknaza ce pasriexaar untepdelicute Ha cucTeMara, Io-
JIUTUKUTE 32 TaKeTHpPaHe M MJEMIIOTEHTHOCT, KOMTO TO3BOJISIBAT MPAKTHUECKH
HEOTpaHNWYEHH 110 pa3Mep OTUETH, U OOCHXK/Ia ONIepaTHBHU aCIEKTH KaTo aBTO-
MaTH4YHO MamabupaHe Ha cHCTeMaTa, YIpaBJICHHE Ha HaTOBAapBaHETO M 0Opa-
00TKa Ha IPEIIKH.

Ki1rouoBH JyMH: CEOUTHIHO-OPHEHTHPAHA ApPXUTEKTYPa, MUKPOYCIyTH 0e3
CBCTOSIHHE, TTAaKeTHA U IMIOTOKOBa 00paboTka, renepupane Ha PDF, Bpp3ku kbM
00EKTHO XpaHUJIMIIEC, ABTOMATHYHO Maradbupane
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b-1113

HUHTEJIUI'EHTEH AHAJIU3 U BU3YAJIU3ALUSA HA CATE-
JIMTHU JAHHU YPE3 U3KYCTBEH UHTEJIEKT B PEAJIHO
BPEME

Wnkep Xarn6 u danuen [enes

Llymencku ynusepcumem ,, Enuckon Koncmanmumn Ilpecnascrku “,
ya. ,, Yuueepcumemcxa “ 115, lymen 9700, bvrcapus

Pe3rome:

[Ipe3 nmocnequnTe rOqMHA 00EMBT U YECTOTATA HA CATEIIUTHUTE HAOIIOICHHS
HapacHaxa 3HaYMTENTHO, OCUTYpSIBaKK Oe3NpereIeHTeH TOCThII 10 HHpopMa-
st 3a 3eMATa M HEHHMTE MTPOIECcH. 3a /1a Ce U3BJIeUe PeayHa CTOHHOCT OT Te3H
OTPOMHH MacWBH OT JaHHH, ca HEOOXOAMMH HOBH ITTOJXOIM 3a TSXHaTa oOpa-
6oTka n aHanm3. M3kyctBeHusaT naTenekT (Al) npeanara eeKTHBHE METOIH 3a
aBTOMAaTH3alMs Ha aHAJM3a U 32 U3BJIMYaHE HA CMUCIICHA HH(GOPMAIHS OT caTe-
JTUTHA N300pakeHnss. MammHAOTO 00y4YeHHe U ABIOOKOTO 00yUeHHe MO3BOIS-
BaT aBTOMATHYHA KacH(puKaIys, OTKpHBaHE Ha 00EKTH, IPOTHO3UPAHE Ha MPO-
MEHHU W JIOpH OIleHKa Ha MPUPOJHU pecypcu. MHTerpupaneTo Ha momobuu Al
AJITOPUTMHU CHC CATCIIMTHU CUCTEMU AaBa Bb3MOKHOCT 3a UHTCIIMT'CHTCH aHAJIN3
B PEaIHO BpeMe, MPH KOHTO pe3yJITaTHTE Ce FeHepUpaT M BU3yaIM3UPAT HOYTH
MUTHOBEHO. Busyanuszanusirta B peaqHo BpeMe JIOMBIHUTEIHO MMOBHIIABA CTOM-
HOCTTa Ha aHaJIM3a, KaTo M03BOJIsIBA OBP30 pa3OKpaHe n HHTEPIIpETalus Ha Hao-
JIIo/1aBaHKTE sIBIICHNUS. Ts nTpae KIrouoBa poJis B IIPUIIOKEHUS KaTo yIpaBJeHUE
mpu OeACTBHS, €KOJIOTHYCH MOHUTOPHHT U 3eMezenue. Mutepdeiicure 3a Bu3y-
anm3anys Morar ga Obaat BHeApenn B GIS mumatdopmu, yebd npunoskeHus wim
MOOMITHA CHCTEMH 3a ONEpaTHBHA PEaKs. BBIpekn TEXHOJOTHYHMS Harpe-
IbK, CBIIIECTBYBAT PEANIIA IPEIU3BUKATEIICTBA, BKIIOUMTEIHO HEOOXOMMOCTTa
OT HaJASKIHW TPEHHPOBBYHM IAHHH, 3HAUYMTEIHW W3UHCIUTEIHU PECYpcH U
CTpaBsiHE C HeOJIaronpusITHU aTMoc(epHH yCoBHs. BhIpexu ToBa TEHICHIH-
ATa KbM aBTOMATH3alMs M M3MOJ3BaHE HAa M3KYCTBEH MHTEJEKT 3a CaTeIMTEeH
aHaJIM3 B PeaJHO BpeMe € HeoOpaTHMa M Ce O4aKBa Jla UTpae BCe MO-BakHa POJIs
B HayKarta, HHIYCTPUSITa U YIPaBICHHETO.

KiaouoBu AYMU: CaTCIIUMTHU JaHHU, U3KYCTBCH UHTCJICKT, MAallIUHHO o6yqe—
HUC, BU3yalin3alnus, peajlHO BpEMC, JTUCTaHIUOHHHA Ha6J'IIO)ICHI/I$I, I[’I)J'I60KO 06y-
YCHUC, 06pa60T1<a Ha I/I306pa)KeHI/I${, TCOIMMPOCTPAHCTBCH aHAJIN3
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b-1114

CBBPEMEHHMU ITOAXO/M 3A OIITUMAJIHO, AJAIITUBHO
N POBACTHO YIIPABJIEHUE HA IUHAMUWYHU CUCTEMH

Mynma Hussun u Anexc Jlanes

Llymencku ynusepcumem ,, Enuckon Koncmanmumn Ilpecnascku
yn. ,, Yuueepcumemcxa “ 115, lymen 9700, bBvreapus

Pe3rome:

HaCTOHH.II/ISIT JOKJIaJ pasryiexaa TpyU KIFOYOBU HAIIpaBJICHUSA B CbBPEMCH-
HaTa Teopm[ 3a praBHeHI/Ie Ha JTMHAMWUYHU CUCTCMU:. OIITUMAJIHO, aJalITUBHO U
pO6aCTHO yrpaBJI€CHUEC. Hpe,Z[CTaBeHI/I Ca OCHOBHUTC IIPUHIIUIINA, KPUTCPUHU U ME-
TOJAU, KOUTO XAPAKTECPU3SUPAT BCAKO HAIIPABJICHUEC, KAKTO U TEXHUTEC MPAKTH-
YCCKU IMPUIIOKCHUA B MHKCHCPCTBOTO. HanpaBeHa € CpaBHUTCJIIHA OLICHKAa Ha
TCXHUTEC BB3MOXHOCTHU IO OTHOIICHUEC HA YCTOP'I‘IPIBOCT, YYBCTBUTCIHOCT KbM
HCEOIPCACIICHOCTH U HCO6XOJI[I/IMOCT OT IpeABapUTCIIHA I/IH(bOpMaLII/Iﬂ 3a CUCTEC-
Mmara. I[OKJI&I[BT noa4epraBa 3HAYCHUCTO Ha TE3U MOAXOAN B CbBPEMCHHUTEC HE-
TUHEWHU, ObP30IPOMEHIINBY M HEOTIPEIEIIEHH CPEIH.

Knio4oBH AymMu: onTHMalHO YIpaBiIeHHe, aallTHBHO yIpaBieHue, pobac-
THO YIPaBJICHUE, TMHAMUYHU CUCTEMU, HEOIIPCACIICHOCTH, HEJIMHEHHU CUCTEMU
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b-1115

HN3IOJI3BBAHE HA KOMITIOTBHPHO 3PEHUE 3A OTKPHU-
BAHE HA II'bTHU 3HALIN

Hussu Szamxues u [Tasen Togopos

Llymencku ynusepcumem ,, Enuckon Koncmanmumn Ilpecnascrku
ya. ,, Yuueepcumemcxa *“ 115, lymen 9700, bBvreapus

Pesrome:

Hacrositus goknaza npeacrassi MoJIepHa apXUTEKTypa 3a OTKpUBAaHE U Kila-
cuduKalys Ha TbTHH 3HAIM Ype3 KOMITIOTHPHO 3pEHHUE, HACOUeHa KbM IPHIIO-
JKEHUSI KaTO MHTEJIUTC€HTHA aBTOMOOMIIH, CHCTEMH 3a MoJIIIoMarane Ha Bojiada 1
aBTOMAaTHU3HMpaH KOHTPOJ Ha TpaHCIIOpTHaTa HHpacTpyKTypa. Pemennero mnpe-
0JI0JIIBa OTPAaHUYEHUSITA Ha TPAJAUIIMOHHUTE METOIH, KOUTO Pa3unuTaT OCHOBHO
Ha PBYHM (QUITPH M LIBETOBH CEIMEHTALINH, U TIpeyIara JbI00K0-00y4aeM moj-
XOJI, YCTOHYHB Ha Pa3iIMYHHU YCIOBHS — MPOMEHIMBO OCBETIICHHE, aTMOChHEpHH
BJIMSTHUS M HUCKO KQ4eCTBO Ha 3acHeTHs o0pa3. B nmpennoxkeHaTa cucremMa BXO-
HUTE H300pakeHUs: ce 00paboTBaT Upe3 ABIOOKH KOHBOJIOIMOHHH HEBPOHHH
MPEXXH, KaTo JSTEKIMATAa Ha 3HALUTE Ce M3BBPIIBA upe3 monenu karo YOLO
i SSD, xouto paboTAT B pealHO BpeMe U OCUTYpSIBAT BUCOKA TOUHOCT. Crent
UACHTH(UIIMPAHE Ha O0JIACTHTE OT MHTEpEC, CICIHAIM3UpaH KIaCH(PHKATOP
pa3no3HaBa KOHKPETHUS BUJ IIbTEH 3HaK. APXUTEKTypara Mo3BoisiBa padora
KaKTo B o0JIauHa cpejia, Taka M Ha KpaitHu ycTpoiicTsa (edge) upe3 onTUMHU3aiuu
KaTto quantization u MonenHa komrpecus. CrcreMaTa HaMalsiBa HATOBAPBAHETO
BBPXY LEHTPAJIHK CHPBBPH Upe3 JIOKaTHa 00paboTKa, a mpu padoTta B 00I1aK 1mo3-
BOJISIBA Malabupane criopes Tpaduka Ha BXOAHU M300pakeHus. B nokiana ce
pasriexaar chllo JaHHU oT TpeHnpoBbyHN Habopu (GTSRB, Mapillary), crpa-
TETHH 32 1o/100psiBaHe Ha TouyHOCTTa (data augmentation, 6anaHc Ha KI1acoBeTe)
1 OTICPAIIIOHHH TIPETU3BUKATEIICTBA KaTo 00pabOTKa B pealHO BpeMe, TPEeIlKn
npH Kiracudukanus ¥ paboTa B CJI0KHH ITBTHH CHTYalUH.

Knio4oBH IyMH: KOMITIOTBPHO 3pEHHE, ACTEKIHMs Ha ITBTHU 3HAIH, HEB-
POHHHU MpeXH, 00paboTKa Ha N300paKEeHUsI, ABTOHOMHH CUCTEMH, ABJIOOKO 00Y-
yeHwue, edge ycrpoiicTa
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b-1116

PA3BUTUE U YTBBPKIABAHE HA HTTP/3 KATO OCHOBA
3A I1IO-BBbP30 U HAJJEXK/HO INPEJJABAHE HA IAHHU B
CBbBPEMEHHATA UHTEPHET CPEJA

ITaBen Tomopor u Huszu SAzamxuen

Llymencku ynusepcumem ,, Enuckon Koncmanmun Ilpecnascku “,
ya. ,, Yuueepcumemcxa “ 115, lllymen 9700, bvrcapus

Pesrome:

Hacrosmus noxnan npeacrass kintogoBute nHoBanmu B HTTP/3 — HOBOTO
MIOKOJICHHE Ha Hall-W3MOJI3BaHUs MPEKOB MpoTokon B uHTepHeT. HTTP/3 e Oa-
3upaH Bepxy QUIC, TpancnopTeH MpoTOKoI pa3pabOTeH 3a HUCKA JaTeHTHOCT,
I0-BUCOKA CUTYPHOCT U MO-100pa YCTOHYMBOCT IIPU HECTAOMITHH MPEXKOBH yC-
noBust. 3a pasnuka or HTTP/1.1 u HTTP/2, xouto pazuuratr Ha TCP u crpagar
ot head-of-line blocking, HTTP/3 u3nonzea UDP u uHTErpHpa KPUIITHPAH TPaH-
cnopt ype3 TLS 1.3, koeTo yckopsiBa yCTaHOBSIBAHETO Ha BPB3Ka U 3HAUUTEITHO
moJo0psiBa MOTPEOUTENCKOTO H3KUBsiBaHE. [IpOTOKONBT MOAIBpIKa HE3aBH-
CHMO MYJTHIUIEKCHpPaHE Ha MOTOIM, KOETO MO3BOJISIBA MapalielHu 3asBKH 0e3
B3aUMHO OJIoKHMpaHe. Brpajenure MexaHn3Mu 3a KOPEKIIUs Ha 3ary0eH! TaKkeTH,
MHTpUpaHe Ha BPb3Ka NpU cMsiHa Ha Mpexu (Hanpumep Wi-Fi kbM MoOMIHH
JIaHHM), KaKTO ¥ ONITUMHU3UPAHOTO Kpunrorpadeko noroapsiae npasat HTTP/3
0CO0EHO MOAXOSI 32 MOJIEPHH yeO TPHIIOKEHUs], CTPUHMUHT, MOOMITHH YCT-
povictBa u loT. HdoknansT pasraexaa apxutekrypara Ha QUIC, mpomenute
cupsimo HTTP/2, peannn mpumepn 3a MHTETpamyst OT TOJEMH JIOCTaBUHMIIN
(Google, Cloudflare), kakTo 1 IpeJU3BUKATEICTBA KaTO MpexxoBH (puntpu, NAT
cpeza ¥ MUTpaIys Ha ChIIECTBYBAIN CHCTEMHU.

Karouosu aymu: HTTP/3, QUIC mpoTtokost, MoiepeH HHTEPHET, HUCKA JIa-
TEHTHOCT, MyJTuIuIeKcupane, TLS 1.3, MpexxoBa onTuMu3aus
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b-1117
METOAOJIOTUATA 5S — CUCTEMA 3A IOBUIIIABAHE HA

E®EKTUBHOCTTA B IIPOU3BOJACTBEHMTE IIPEIIPUSI-
THA

ITers Bemuesa-Tonoposa, IleTsp Ilerpos u Becenuna KomxelikoBa

Llymencku ynusepcumem ,, Enuckon Koncmanmun Ilpecnascku “,
ya. ,, Yuueepcumemcxa “ 115, lymen 9700, bvrcapus

Pesrome:

Hacrosmums nokian m3ciienBa NPUIIOKEHUETO Ha METOAOJIOrHsATa 5S Kato
WHCTPYMEHT 32 MOBHUINIABaHE HA MPOM3BOICTBEHATa €()EKTUBHOCT B MPEIIIPHS-
tuaTa. [IpeacTaBeHn ca TEOPETUYHHTE OCHOBH Ha CHUCTEMATa, METTe OCHOBHU
eTara Ha BHEIpsBaHE M KOHKPETHH METOAM 32 KOJIMYECTBEHO H3MEpBaHE Ha
edexrute upe3 uAMKaTopu kato ROI (Return on Investment) u OIP (Overall
Improvement Performance Index). B mokmanga ce anamm3mpaT mpakTHIECKUTE
pE3yNTaTH OT BH3MOXKHOCT NPWJIAraHeTo Ha 5S B OBIrapcKH MPOU3BOACTBEHH
NPeNNpHUATHS, BKIIOYUTEIHO HAMAJIIBaHe Ha 3aryOuTe, ONTHMH3AIMSA Ha Bpe-
MeTo 3a paboTa M MOBHIIABaHE HA Ka4eCTBOTO. BKIIlOYeHH ca mpuMepH, KOUTO
JeMOHCTpHpAT e(heKTUBHOCTTA Ha CUCTEMAaTa U TOTEHIIMAlIa H 32 yCTOWYHBO pa3-
Butue. [IpescTaBennTe TaHHYU MOKA3BaT, Y€ CUCTEMHOTO MpHJIarane Ha 5S Bonu
JI0 3HAYUTEITHM NKOHOMHUYECKH ¥ OPTaHU3allMOHHH T10JI31, KaTO ChIIEBPEMEHHO
moJ00psiBa AMCUMIUIMHATA U CTaHIapTH3alusITa Ha paboTHaTa cpefa.

KuarouoBu xymu: 5S, mpou3BoacTBeHa epeKTHBHOCT, Lean, opranmusanys Ha
PaboOTHOTO MSICTO, MHIYCTPHATHO HHXCHEPCTBO, IOTHCTHKA
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b-1118

MN3CJEJOBATEJICKA HAIIPABJIEHUSA B MH)KEHEPHOTO
IPOEKTUPAHE M M3I'PAXKJIAHE HA T1bJTIOTPAMHHA OBH-
TAEMMU CPEJU HA JIYHATA U MAPC

Cepniun Canu u Enuc XrocenHoBa

Llymencku ynusepcumem ,, Enuckon Koncmanmun Ilpecnascku “,
ya. ,, Yuueepcumemcxa “ 115, lllymen 9700, bvrcapus

Pesrome:

PazpaboTBaHeTo Ha MOCTOSIHHYM OOUTaeMH CTPYKTYPHU N3BBH 3eMsTa HOCTaBs
peAnLia TEXHOJIOTUYHY ¥ MHKEHEPHHU MIPENATCTBUSL, YUETO NPEOJOISIBaHE € KITI0-
YOBO 32 OBJEIIOTO YOBEIIKO IPUCHCTBHE B KocMoca. JIynara n Mapc mpezacras-
JSBaT Hal-pealMCTHYHMTE LENU 3a pa3lIMpsBaHe Ha YOBENIKAaTa JICHHOCT, a
CPaBHIBAHETO Ha TEXHUTE CPeIH pa3KpuBa 00N WH)XEHEPHH NPUHIUIIN U B3a-
HMMHO JIOIIBJIBAIM c€ pemeHns. HacTosmmsaT 1oKIax aHaIu3upa MpeIu3BUKa-
TEJICTBATA IIPH U3TPAKJaHe Ha IyHHH 0a3 — KaTo paJialliOHHA 3aIIUTa, U3M0J-
3BaHE HA MECTHHU PECYPCH, TEMIIEPATYPHU EKCTPEMH U Ch31aBaHE Ha HAaJICKIHU
3aTBOPCHU KMU3HCHU CUCTEMU — U T'M CHIIOCTAaBA C TCXHOJIOTHUUTE, H€O6XO)II/IMI/I
3a 0e30MacHoO KallaHe 1 NOAIbpKaHe Ha YOBELIKH )KHUBOT Ha Mapc. O0enuHsBa-
HETO Ha JIBeTe HaNpaBJIeHUs OKa3Ba, 4e OMUTHT, HATPYIAH OT JYHHU UHppACT-
PYKTYpH, MOXe€ Jia OCIYXH KaTo ,,TEXHOJIOTUYEH MOCT* KbM JBITOCPOYHUTE
MHCHH 10 Mapc. AKIEHTBT € BbpPXY UHTETpUpaHH PEeLIeHHUs: HH- situ J0OUB Ha
pecypcH, aBTOHOMHU CTPOUTENHU MIPOLECH, MOJEPHU CUCTEMH 3a MOJAPBKKA HA
KM3HEHATa cpelja W MHTEIMI'CHTHH apXWUTEKTypHH KOHIEMIMH, CIIOCOOHM Ja
(YHKIIMOHHMPAT B YCJIOBUS Ha N30JIallMsl M eKCTPEMHH HATOBAPBAHUSL.

KurouoBu qymu: qTyHHHE 0231, MapCHAHCKH MICHH, HH)KEHEPHU TPEIN3BH-
karenctBa, ISRU, xu3HeHa moaqpHKKa, aBTOHOMHH CHCTEMH, KOCMUYeCKa HH-

bpactpykrypa

-56 -



IX-ta HALIUOHAJIHA CTYJJEHTCKA HAYYHA KOHOEPEHIIA
. ®U3NKA-MHXEHEPCTBO-TEXHOJIOI'MU*, 04 - 05 AJEKEMBPHU 2025 r., rp. IIJIOBANB

b-1119

HUHTEJIM'EHTHA ABTOMATHU3UPAHA ITAPKUHI" UH®-
PACTPYKTYPA C HHTEI'PUPAHU Al CUCTEMMU 3A HAB-
JIIOAEHUE U BE3OITACHOCT

CunBus Hukonosa u L[Betocnas [{ankoB

Llymencku ynusepcumem ,, Enuckon Koncmanmumn Ilpecnascrku “,
ya. ,, Yuueepcumemcxa “ 115, lllymen 9700, bvrcapus

Pesrome:

HacrosmusaT goknan npencTaBsi KOHIENTYaleH MOJe Ha aBTOMaTH3HpaHa
MApKUHT CHCTeMa, XapaKTepU3Hpalla ce ¢ MHTErPalis MEXIY yChbBBPIICHCT-
BaHM MEXaHWYHH PEIICHUS U WHTSIUICHTHH MOIYJIH 32 BUACOHAOIIOIeHUE, Oa-
3MpaHM HA W3KYCTBEH HHTEJNEKT. [IpoeKTMpaHaTa MUCTOBHIHA ApPXHTEKTYypa
mpeJyiara alTepHaTHBa Ha TPaJUIHOHHUTE IIJIHHIPUYHE KOH(PHUTYpaLiH, KaTo
ONITHMH3HUPA IIPOCTPAHCTBEHOTO PasNpeeeHHe, ChbKpallaBa BbTPEIIHUTE Map-
LIPYTH W NOBHIIABa OorepaTuBHATa eeKTHBHOCT. LIeHTpamHO MACTO B KOHCT-
PYKLHATA 3aeMa JBOWHATAa MOAEMHA CHCTEMa C B3aUMHO ypPaBHOBECSABAIIU CE
wiaTGopMu, KOATO pelylHpa €HEPrUiHUTE Pa3XoAud M OCHTYpsBa YCKOPEHHU
UKJIA Ha o0ciykBaHe. ChINECTBEH MPHUHOC 3a MOBHUINCHATa (DYHKIIMOHATHOCT
Ha cucremara umat Al-O0asupaHuTe BHACOHAOIIOAATEIHHA MMOJCHUCTEMH, KOUTO
W3BBPIIBAT HEMIPEKbCHATA CEMAaHTHYHA HHTEPIIPETALUSI Ha BU3YATHUTE MTOTOLH,
OTKPHUBAT OTKJIIOHEHHSI OT HOPMAJIHUTE MOJICIH Ha IBH)KCHUE M HICHTU(DUIUPAT
PHCKOBH CHTYallMH B peaHO BpeMe. Upe3 MexaHU3MH 3a CaMOOOYYCHHUE U aJall-
THBHA ONTHMH3ALMS TE3W MOIYJIN MOJNOMAraT AMHAMHYHOTO YIpaBicHHE Ha
ABTOMOOMITHHS OTOK, 6aTaHCHPAHETO Ha HATOBAapBAHETO BbPXY MOAEMHHUTE Me-
XaHM3MH W TIOBHIIIABAHETO Ha OOILIaTa CHUTYPHOCT Ha oOekra. Pesynratute oT
aHAJIN3a I0Ka3BaT, Ye WHTETPUPAHETO HAa M3KYCTBCH MHTEJIEKT BB BHICOHAO-
JIIOJICHUETO, B ChUETAaHUE C PEU3HN MHXEHEPHH MOJ00pEHHs, Ch3/1aBa Ipe/-
NOCTAaBKU 3a U3TPpa)KIaHe Ha Mo-e(eKTHBHA, YCTOHUMBA M Oe30macHa rpajacka
HNapKUHT HHPPACTPYKTYpa.

KiIro4oBu AyMH: MHTCIUTCHTCH MAPKUHT, aBTOMATH3HPAHO YIIPaBIICHHE,
BUICOHAOIIO/ICHNE, caMO00y4eHHe, OJeMHH IJ1aThOpMu, rpajicka cpeaa, 6e3o-
MACHOCT, e()eKTUBHOCT
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B-1120

UHTEJIMT'EHTHU MPEXXOBU APXUTEKTYPH 3A AHAJIN3
HA COLUAJIHU B3AUMOJAEUCTBUA

Credanns Yepsenkosa u [lanuen Jlenes

Llymencku ynusepcumem ,, Enuckon Koncmanmumn Ilpecnascku
ya. ,, Yuueepcumemcxa “ 115, lymen 9700, bBvreapus

Pe3rome:

HaCTOHH.II/ISI JOKJIad pasriiexkxJaa KOHICHIUATAa 3a UHTCIPUPAHEC HAa UHTCIIU-
T'CHTHU MpC)KOBI/I apXI/ITeKTypI/I B aHaJIM3a Ha COIUMAJIHUTEC B3aHMOHeﬁCTBHH.
‘-Ipe3 Impujrarane Ha noaxoAau OT U3KYCTBCHUS UHTCIICKT, TCOpUATA HaA I‘pa(l)I/ITe
1 pasnpeacICHUTC U3YUCITUTCIIHA CUCTEMU CC€ U3CJICABA KaK JTMHAMUKaTa Ha 410-
BCIIKOTO IMOBCACHUEC MOXKE Oa 6”[:[[6 mMozeipana, HaGJ’IIO)IaBaHa U OIITUMU3HU-
paHa B peanHo Bpeme. [IpencraBeH e XHOpHICH MOZET, KOMTO KOMOWHIpa Ma-
OIMHHO OOyYeHHE W CEeMaHTHYHH MPEKOBH CTPYKTYPH, TO3BOJIABAUKH e(eK-
THUBHA 06pa60TKa Ha CJIOKHU JaHHU C COOUAJICH KOHTEKCT. HBCJ’ICZ{B&HGTO Inona-
yepTraBa poJIATa HA MHTEIUMI€HTHUTE apXUTEKTYPH KAaTO ITOCPEIHHUK MEXKIY KO-
MYHI/IKaLII/IOHHI/ITC TEXHOJIOTHUU U COIMAJTHUTC HaYKI/I, Z[CMOHCTpPIpS.fIKPI TEXHUA
MOTEHIIMAJ 33 aBTOMATH3HPAHO pa3dupaHe Ha COI[AIHU MPOLIECH KaTo JIOBEpHE,
BIIMSAHHUC U C’pry}IHI/I‘IeCTBO B JUTUTAJIHU cpe;m. Pasrneﬂam/l caun HpeHHSBI/IKa-
TCJICTBATa, CBbpP3aHU C CTUYHOTO M3IOJI3BAHC Ha 1'[0}106HI/I CHCTCMHU, 3a1urara
Ha JIJUYHUTC OJAHHU U HGO6XO}II/IMOCTTa oT I/IHTep)II/ICLII/IHJ'[I/IHapeH moaxon l'lpI/I
pa3paboTBaHETO HA ATOPUTMHU, KOUTO HE CaMO aHATM3UPAT, HO U YBa)KaBar CO-
IuajiHarta CTOﬁHOCT Ha YOBCUIKUTC B3aHMOZ[eﬁCTBPIH.

KiaouoBu AYMM: UHTCIUMICHTHA MpEXKa, COOHATHU B3aHMOHeﬁCTBHH, pe-
AJIHO BPEMC, JUTUTATIHU CPEAN
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b-1121
MN3CJIEABAHE HA TABAPUTHHM OTKJIOHEHUS I1PU FDM

YPE3 BAPUPAHE HA BUCOYUHA HA CJIOA U BUCOYMH-
HATA HA JETAMJIA 3A PLA, PETG 1 ASA

AmnTtoH bames u 3npasko CTossHOB

Qusuxo-mexnonoeuuer axyimem, I1nogouscku yHugepcumem
,Haucuti Xunenoapcku ™, 4700 Cmonan, ya. ,, uuo [lempog** Ne 28

Pesrome:

ToBa nmpoyuBaHe M3cleABa TOUHOCTTa Ha pasMepute npu 3D npuntupane
ype3 FDM TexHoJ0rns ChC CUCTEMaTHUEH aHali3 Ha TECTOBH 00pasiy, Npou3-
BEZCHH C pa3IMYHA BUCOYHMHA Ha CIIOEBETE M MaTepHainuTe. M3roTBeHn ca tpu
CAD mogena ¢ HoMuHanHu BUcOYMHM OT 20 mm, 30 mm u 40 mm ca npuHTH-
paHH C TPH YECTO M3IMON3BaHU TepMolniacTHUHU ¢mramenta - PLA, PETG u
ASA. 3a Bcekn MoieN ca Ipor3BeIeHH 00pa3Iiy ¢ BUCOYHHA Ha cioesete 0T 0,12
mm, 0,20 mm u 0,28 mm npu KoHTponupaHu yciaoBus Ha 3D medar. LlenTa Ha
EKCIIEPUMEHTAIHNS AU3aifH € 1a CE OINIPEAETH KOJMUECTBECHO BIMSIHUETO HA BH-
COYHMHATA Ha CJI04, CBOMCTBAaTa Ha MaTepuasa M BUCOUYMHATA Ha HAHACSHE BBPXY
OTKJIOHEHUATA Ha pasMepure, npuchbiiy Ha FDM nponeca. Pesynrarure nonpu-
HacCsAT 33 YCTaHOBSIBAHE Ha PEAJMCTUYHU pa3MepHU ponycku 3a FDM-orneua-
TaHW KOMIIOHEHTH ¥ MIPEAOCTaBIT HACOKH Ha MHXXEHEPUTE MPH U300pa Ha ONTH-
MaJIHM [TapaMeTpH Ha reyaT 3a mo100peHa reoMeTpUYHa TOYHOCT.

KirouoBu xymu: ['abaputHu pasmepu, BUcounHa Ha cios, 3D nmeuat
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HAIPEABK B AJUTUBHOTO INPOU3BOJACTBO TEXHOJIO-
', MATEPUAJIA, TPOMUILJIEHU ITPUJIOKEHUA U B'b-
JEIINK TEHAEHIUHA - OAJTOCTEH IIPEI'JIE/]

Amnron BarieB

Quszuxo-mexnonocuuer axyimem, Inogouscku yHugepcumem
,Haucuti Xunenoapcku ', 4700 Cmonsan, ya. ,, quuo [lempog ™ Ne 28

Pe3ome:

AJTMTUBHOTO MPOU3BOJICTBO CE€ € Pa3BWJIO OT HUIIOB MHCTPYMEHT 3a Ch3/a-
BaHE Ha MPOTOTHUIH B TpaHCHOPMUpAIIIA HHyCTPUATHA TEXHOJIOTHS ChC CTpa-
TErm9IecKO 3HAUYCHUE B MPOU3BOACTBOTO, MEAWIIMHATA, aePOKOCMHUYECKATa HWH-
IyCTpHUs, aBTOMOOWMIIHOTO WH)KEHEPCTBO M €KOCHCTEMUTE 32 II(PPOBO MPOM3-
BoACTBO. T03M Tperiies MpeaoCTaBs CTPYKTYpUPaH U H3UepIaTeNieH CHHTE3 Ha
AQIUTUBHUTE TEXHOJOTHH, MaTEPHAIH, MHIYCTPHATHN HPUIOKEHUS, HKOHOMH-
YEeCKH MPEeIUMCTBA, OTPAaHIMYCHHUS W HOBOBB3HHKBAIIM HACOKH Ha HM3CIIEIBaHE.
AHaNM3BT HHTETPHUPA MIPUHOCH OT HAYYHHU U3TOYHHUIIH, KaTO IIOAYepTaBa pa3Bu-
THUETO Ha aIUTUBHUTE MPOIIECUTE, PA3LIUPSIBAHETO HA KJIACOBETE MaTepuaI U
UHTETPALMSITA HA U3KYCTBEH WHTENEKT, IM(POBH OJIM3HAIM U MOJIENTU Ha YCTOM-
YHBO MPOU3BOACTBO. OCBEH TOBA, TOW MACHTH(HUIINpPA CHIIECTBYBAILIUTE Orpa-
HUYCHUS, KATO aHU30TPOIHUs, TOYHOCT, MOBTOPSICMOCT U MalabUpyeMoCT |
MPEeAOCTaBsl MEPCIEeKTUBHA TMEPCIEKTHBA 3a MHOTOMAaTepUajeH Ieyar, aBTo-
HOMHHU MPOU3BOJCTBEHU CUCTEMH M PaMKH 3a KpbroBa UKOHOMUKa. [Iperneast
3aK/II04aBa, Y€ aJUTUBHOTO MPOM3BOJICTBO € JOCTUTHAIO MHAYCTpHallHA 3psi-
JIOCT, HO M3HMCKBA MO-HATATHhYHA CTAaHAapPTH3ALNUS, TOJ00peHa KBanu(uKaus Ha
MaTepHaiTe W TMOJ00PEH KOHTPOJ Ha MPOIECUTE, 3a J1a Pean3upa HaIThJIHO
CBOSI PEBOJTIONIMOHEH TTOTEHIIHAIL.

Ki1r040BHM 1yMH: aTuTHBHO NMPOU3BOACTBO, 3D meuat
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PHOTOCATALYSIS WITH TS-1/0.5ZR: PERFORMANCE AND
MECHANISM

Gergana Velyanova'?, Borislav Barbov!, Elena Tacheva®? and Hristina
Lazarova!

Unstitute of Mineralogy and Crystallography “Acad. Ivan Kostov”- Bulgarian
Academy of Sciences (IMC-BAS), Acad. G. Bonchev Str., Bl. 107, 1113 Sofia,
Bulgaria
2"National Centre of Excellence Mechatronics and Clean Technologies", Sofia,
8 bul. Kliment Ohridski, P.C — 1756

Pe3iome:

A Zr-modified TS-1 zeolite (TS-1/0.5Zr) was synthesized through a con-
trolled in-situ hydrothermal route and evaluated as a photocatalyst for the degra-
dation of four representative dyes — crystal violet (CV), methylene blue (MB),
rhodamine B (RhB) and methyl orange (MO) — under white-light irradiation.
Structural analyses (XRD, FTIR, N: sorption) confirmed the successful incorpo-
ration of a small amount of Zr into the MFI framework without the formation of
extra-framework ZrO., while preserving the microporous—mesoporous textural
features. TS-1/0.5Zr showed enhanced photocatalytic performance compared to
unmodified TS-1, achieving degradation efficiencies of 96.7 % (CV), 98.2 %
(MB), 95.7 % (RhB) and 41.2 % (MO). Kinetic modelling demonstrated that all
degradation processes follow pseudo-second-order behavior, indicating surface-
controlled chemisorption and improved charge-transfer dynamics. Radical-trap-
ping experiments identified hydroxyl radicals (*OH) as the dominant reactive
species, enhanced by synergistic Ti—Zr interactions that promote more efficient
charge separation. Reusability tests revealed partial activity recovery after etha-
nol washing, confirming acceptable stability of the material. The results highlight
TS-1/0.5Zr as an optimally modified titanosilicate with improved photocatalytic
efficiency under broad-spectrum illumination, making it suitable for dye-con-
taminated water-treatment applications.

Keywords: TS-1/0.5Zr; photocatalysis; dye degradation; hydroxyl radicals;
water treatment

Acknowledgement: This work was financially supported by the Bulgarian
National Science Fund, contract KP-06-COST/28, research equipment of the
project Ne BG16RFPR002-1.014-0006 “National Centre of Excellence Mecha-
tronics and Clean Technologies” was used for experimental work financially sup-
ported by European Regional Development Fund under “Research Innovation
and Digitization for Smart Transformation” program 2021-2027.
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KPUIITOI'PA®CKU AJITOPUTMU — OCHOBHU IOHATUSA

Cesrun Xacan u MromxrsH FOcyd

UIymencxu ynusepcumem ,, Enucxon Koncmanmun Ilpecrascru
yr. ,, Yuueepcumemcxa “ 115, llymen 9700, Bvreapus

Pesrome:

HacrosmmsaT noxinan npencrass 3aabI004eH Iperiie]l Ha KpUnTorpad)cKure
QJITOPUTMU U OCHOBHUTE NOHATHA, BBPXY KOHTO C€ M3rpakla ChBpEeMEHHaTa
Kpunrorpadus. AHaTU3UpaHu ca GyHIAMEHTATHUTE MPUHIUIIN Ha CUMETPHY-
HaTa M aCUMETpHYHaTa Kpunrorpadus, ocoOEHOCTUTE Ha XeumupamuTe QyHK-
MM U KJIF0UOBaTa pojsi Ha KpuiTorpadckute Kitodose. Pasriexnar ce OCHOB-
HHTE LU Ha Kpunrorpadusita — KOHOUISHINATHOCT, LSUIOCT, yIOCTOBEpsIBaHE
1 HEOTpHYaHE — M TSIXHOTO 3HAaYeHHE B KOHTEKCTa Ha MOJICPHHUTE CHCTEMH 32
knbepcurypHocT. JlokaabT mouepTaBa 3HaueHUETO Ha KpunTorpadusira Kato
KPUTHYEH KOMITOHEHT 32 3aluTara Ha MH)OPMALMOHHN CUCTEMH, IIM(POBH KO-
MYHHKAIMHU ¥ JaHHH, IOCTABSIMKN aKIIEHT BbPXY MPAaKTHYCCKHUTE IPHIOKCHHS 1
aKTyaJIHUTE NPEAN3BUKATEICTBA Mpell ChBPEMEHHUTE TEXHOJIOTHH 3a CHTYp-
HOCT.

KiouoBu aymm: kpuntorpadusi, KpUNTOAHATIH3, KPHITOTpadCKu anro-
pUTMH
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N3CJIEJABAHE KAK IIAPAMETPUTE HA OKOJIHATA
CPEJA BJIMAAT BbPXY UYECTOTHUTE XAPAKTEPUC-
THUKHU HA )KYKEHETO HA ITYEJIHO CEMENACTBO B
CPEJA ARDUINO

Exarepuna ['pozeBa

11V “Haucuii Xunenoapcku “, 2p. Ilnosous, yn. “Llap Acen* No24

Pesrome:

B mocnenHuTe 5 roAWHM, CMBPTHOCTTA Ha IMYENUTE AOCTHTa BUCOKHTE 80 —
90 % B cBeTOBEH MaIad, KOETO 3acTpaniasa OHOPa3HOOOPA3UETO, OTIPALIIBAHETO
Ha KyJITYpUTE U Ch3aBa CEPHO3CH PHCK HE caMo 3a CaMHs IUeNlapcKu CEKTOp,
HO W 32 XpaHHUTEIHATa CUTYPHOCT Ha OOLIECTBOTO HU KaTo Lsuio. B Bbearapus
CHTHAJINTE 32 BHCOK IIPOLIEHT 3aryOeHH ITYEeTHH CeMEWCTBA MIBAT OT IisulaTa
CTpaHa, KaTo 3a MOMEHTa Haii-3acerHaru ca CeBepHa u CeBeponsrouna bwira-
pusi, KbAETO Ha MecTa TaM ce HaOmoaaBa 90 % CMBPTHOCT MPH IMYEIUTE, a Ha
rpanuiara Mexay Pasrpaacka u Twprouiika obmact pekopauure 100 %. B
IpyrH paiioHu kato [InprHCKo ca moxaseHu curHaiu 3a Haja 50 % 3aryomu.

ChIiecTBYBaT HAKOJIKO MPUYMHH, KOUTO OMXa MOTJIH J1a BIMSST IO TAaKbB Ka-
TacTpodasjeH HaYMH Ha IMYENINTe, 32 J1a Ce HaMaJIu TIOITyJIAlMsATa UM KaTo BCSKa
enHa 1o cebe cu He € 3a MOALEHSIBaHe, HO CHIO Taka U ChBKYITHOCTTA OT JIBE
WM TTOBEYE PUYMHYU O MOTJIa J1a JoBesie 10 3aryoara uM. Tosa ca: KinmumaTtnd-
Hure npomeny; [apasury, 6onectu u xumunny; CHHIAPOM Ha IPa3HUs KOIIep U
Poene.

VImeHHO mopaayl Te3W NMPUYMHU B IPOEKTA ca BKIIOYECHH OIPEICTICHH CEH-
30pH, KOMTO J1a 3acCHYaT CTOHHOCTH BayKHH 3a Koluepa. ToBa ca: 3BYK, BbTpEIIHA
TeMIlepaTypa, apaMeTpH Ha OKOJIHATa cpefia 1 ocBeTeHOCT. lenrta Ha nu3mepBa-
HUSTA € OT eIHa CTpaHa Ja ce u3cnensa (1) peaknusaTa Ha MUESTHOTO KYKEHE
CIPSIMO €CTeCTBEHa MPOMSHA Ha MapaMeTpy Ha OKOJHATa Cpelia U OT Apyra, (2)
3aBHCHMOCTTA Ha BbTpEIIHATA TEMIIEPATypa, PeryJiupaHa OT IMYeINTe, C Ta3H Ha
okounHara cpeza. TecToBere B peanHa cpejia (B MYeJIeH Kolliep) II0Ka3Bar, 4e CUc-
TeMaTa OTYMTA H3MEHEHHE Ha 3ByKOBUTE XapaKTEPUCTHKU PU NPOMSHA Ha BbH-
LIHUTE TAPAMETPHU U TIPEIOCTaBs HaJAEK THA JAHHH 32 ChCTOSIHUETO Ha ITYEITHUTE
KOILICpH.

KuarouoBu aymm: ITuenu, [Tapamerpu, Komepu, ITuennu komepu, Knumar,
Kmumarnaan npomenw, ['mobanno 3atomsiae, Poerne, Temmeparypa, M3mepsa-
Hus, U3cnensane, 3Byk, BepHIIHA Temneparypa, Berpemnna remnepatypa, Ocse-
TeHocT, [lapamerpu Ha okonHara cpena, CBeTnnHa
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AHAJIN3 HA KAYECTBOTO HA EJIEKTPUYECKATA EHEP-
I'mnst BAAIMUHUCTPATUBHU CI'PAJIN C LED OCBET!JIE-
HHUE

Mas TaueBa! u CtosiH BoxkoB?

Tnosousecku yrusepcumem ,, [aucuii Xunenoapcku *, @uzuxo-mexHonrocuien
Gaxyamem, yu. ,,Lap Acen* 24, [Inosous 4000, bvreapus
TV — Cogpusa, UTID — Cnugen, 6yn. “bypeacko woce” Ne 59, Crnugen 8800,
bvneapusa

Pe3ome:

KauecTBOTO Ha enekTpuyecKara eHeprus € onpenesi (akTop 3a MpaBHIl-
HOTO ¥ HaJSKIHO (QYHKIIMOHMpaHE Ha eIeKTpHIecKuTe KoHCyMaTopu. OcobeHo
YyBCTBUTEITHH KbM M3MEHEHHETO Ha TIapaMEeTPHUTE Ha HANPEKEHUETO ca ChBpe-
MEHHHTE eJIEKTPOHHH CUCTEMH 32 YIPaBJICHNE M KOHTPOJ Ha OMTOBH, TPOMHUIII-
JICHW TEXHOJIOTHYHHU W MPOW3BOJCTBEHH CHCTEMH, KOMITIOTPH, CHCTEMH 3a OX-
paHa u BuacoHaOmoneHne. B penuma ciydan OTKIOHEHHATAa B HOPMHPAHUTE
M3UCKBAHUs 32 KAYE€CTBO BOJST JI0 HENMPAaBUIIHO (DYHKIMOHWPAHE HA YYBCTBH-
TeJHaTa eJeKTPOHHA anaparypa, JILKIMBO 33/IeCTBaHe Ha CUCTEMHU 3a IMOKapO-
U3BCCTIABAHC U llp. B HACTOAIIUA OO0KJIaa ca pasrnenam/l HSAKOU OT OCHOBHUTC
MOKa3aTely 3a KaueCTBO Ha eJIeKTpudeckaTa eHeprus. HanpaseHo e uscnenBane
Ha KaueCcTBOTO Ha eJl. eHeprus B crpana ¢ LED ocBetnenue. Peanusupanu ca nBe
MOCTaHOBKH, MIPU KOUTO E€JIEKTPUUYECKUTE M3MEPBAHUS Ca HAIIPABEHH HA BXOJAA
Ha ocBeTUTeNHUTE Tabna. [Ipu mppBaTa MOCTAaHOBKA Ca H3MEPCHH MapaMETPUTE
Ha HaIPE)KEHUETO Oe3 HAaIM4Ke Ha KOHCYMATOpH B CTpajiara, a py BTopaTa Imoc-
TAHOBKA € BKJIFOUEHO SIWHCTBEHO OCBETIICHHWETO, MpeaIMeT Ha aHanm3. Hampa-
BEHO € CpaBHEHHE MEXAy IBETE ITOCTaHOBKH, (OPMYIHPAaHU Ca W3BOAH H Ca
TIPEICTABEHHU MPETIOPHKU.

KirouoBu gymmu: LED ocBetiienne, kauecTBO Ha elleKTpUYecKara eHeprus,
XapMOHUILI
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YCTOWYUBU CTPATETVH 3A UTH®OPMAIMOHHA CUTYP-
HOCT B JUTUTAJIHATA EITIOXA

Credan Credanos u Crau JIrobomupos

Inosouscku ynusepcumem ,, [laucuti Xunenoapcku *, Qusuxo-mexnonocuuen
gaxyimem, yu. ,,Lap Acen* 24, [Inosous 4000, bvrcapus

Pesrome:

Wudopmannonnara curypaoct (MC) mpencramisiBa KpUTHUEH acleKT 3a
OLIEJISIBAHETO U ycliexa Ha ChbBPEMEHHHUTE OpraHU3alliy, H3IIPaBeHH Mpea Obp30
€BOJIFOMpAIll TIeH3ax OT knoep3aruaxu. Hacrosimara craTus aHanu3upa npeams-
BHKATEJICTBATa, KOUTO IUTUTATHATA TPAaHC(QOPMAIHs [TOCTABS TIPe]] TPAAUIHOH-
nure monesi Ha MIC, u peasniara pamka 3a pa3paboTBaHe Ha YCTONYMBH U aall-
THUBHH CTPATETHH.

Wzcnensanero ce hokycupa BbPXY TP KIFOUOBH CTHJIOA: IIPEBEHIINS, T€TEK-
LU ¥ OTTOBOP Ha MHIMJCHTH, KaTO ce MoAYepTaBa HEOOXOMMMOCTTa OT HHTET-
pHUpaH IMOAX0, KOMTO BKIIFOYBA TEXHOJOTHYHH pemierns (Hanp. M3kycreen Un-
TenekT 1 MammaHo O0y4yeHne 3a aHaJN3 Ha 3aIjIaxy), OpraHU3aIOHHY ITOJTH-
TUKU ¥ 00ydeHHe Ha mepcoHana.

PasrnexaT ce 1 ChbBpeMEeHHHU KOHIeNIMHU KaTto Zero Trust apxuTtexkrypara u
yIIPaBJICHUETO HA pUCKa, 0a3upaHo Ha JaHHHU. LlenTa e na ce mpempocTaBu Ha pPb-
KOBOAMUTENHUTE U crienuaiuctute nmo MC npakTuiecko phKOBOJCTBO 33 H3TPaXK-
JlaHe Ha TPOaKTHBHA KHOep3alnTa, criocoOHa e()eKTHBHO J1a MUHUMH3HPA I10-
TEHUIMATHNUTE (PMHAHCOBH M PEIYTALMOHHH LIETH, IPHYUHEHH OT NPOOUBH B CH-
TypHOCTTA. 3aKiIloueHusTa 0000IaBaT NPEHNOPBKU 3a IpHUIaraHe Ha XOJHUC-
THUYHH CTPATEr'nH, KOUTO Jia TapaHTHPAT KOH(PHUICHIMATHOCTTA, [IEJIOCTTA U Ha-
JIMYHOCTTA HAa HHPOpMAIMATA B INHAMUYHA OTIEpaTHBHA Cpea.

KimrouoBu gymu: Muadopmarmonna curypraoct, Kubepzarmnaxu, Zero Trust,
VYupasnernne Ha pucka, Jururanna tpanchopmarst, Konpunennnamaoct
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MN3CJIEABAHE U BHEJIPSIBAHE HA IU®POBU TEXHOJIO-
' 3A ABTOMATHU3UPAHO ITPOU3BOJACTBO B KOHTEK-
CTA HA UHAYCTPUA 5.0

Crosin lackanoB

IInogouscku ynugepcumem ,, Iaucuti Xunenoapcku , Qusuxo-mexnonocuieH
Gaxyamem, yu. ,,Lap Acen* 24, [Inosous 4000, bvreapus

Pe3rome:

Hacrosmusar mmtepaTypeH 0030p pasriiexka ChBPEMEHHHUTE TOAXO0/TH 32 U3-
CJIeJIBAHE U BHEAPSABaHE Ha NU(POBU TEXHOJOTHH B aBTOMATU3UPAHOTO TPOH3-
BOJCTBO B KOHTeKcTa Ha Munyctpus 5.0. CbBpeMEHHUTE U3TOUHULIA OUEpPTaBaT
SICHO TIPEMHUHABaHE OTBBJ YMCTATa aBTOMATH3AIMSI KbM IPOHU3BOACTBEHH CHC-
TeMH, KOUTO KOMOWHUPAT U3KyCTBEH HHTEJICKT, pOOOTHKA ¥ TU(PPOBH TBOWHUIIH
C aKTHBHATa POJS Ha YOBEKa, YCTOWYMBOCTTA M ONEpaTHBHATa HAIEKTHOCT.
AHaNM3BT MOKA3Ba TPU KITIOYOBU HANIPABICHUSA: HHTETPUPAHO B3aUMOACHCTBHE
YOBEK—MAIllHA Ype3 aJanTUBHU HHTepQeiicy; m3rpakjane Ha aBTOHOMHH U yC-
TOWYUBH HHPPACTPYKTYpH Upe3 edge U3YUCICHHS, UHTSIUTCHTHA KOMYHHUKAITU-
OHHHU BB3JU U KHOEp-(QU3NYHU CHCTEMHM; KAKTO M TEXHOJOTMH 3a CHEprHitHA
e(eKTHBHOCT U KPbroBa HKOHOMUKA. JIuTepaTypara nmogdeprasa, ue Mumycrpus
5.0 ctenBa BbpXy MHCTpyMeHTUTE Ha MnaycTtpus 4.0, HO mpeHacouBa TsXHaTa
ynoTtpeda KbM MO-T'bBKABH, MEPCOHATU3UPAHN U OOIICCTBEHO 3HAYUMH MPOU3-
BOJCTBEHHU Mojenu. MneHTH(HuIpaHu ca U ChIICCTBEHHU MPEIN3BUKATEIICTBA,
CBBP3aHU C OlepaTUBHATa CbBMECTHUMOCT, HAJIEKAHOCTTA HA TaHHUTE U UHTET-
panmsTa Ha aBTOHOMHH CHUCTEMH B pasmnpeznencHu cpenu. O030pbT MOKa3Ba, de
passutnero Ha ManycTpus 5.0 € HACOYSHO KBbM Cpefia, B KOSITO TEXHOJIIOTHUTE U
YOBEIIKUTE YMEHHS Ce IOITBJIBAT, 33 Aa CHh3IaAaT IIO-UHTEIUTEHTHO, YCTONYNBO
¥ aIallTHBHO TPOU3BOICTBO.

Karouosu aymu: Uupyctpust 5.0; aBTOMAaTH3UpaHO MPOM3BOACTBO; IH(-
POBH TEXHOJIOTUH; KHOEP-(QU3MYHH CHCTEMH; B3aUMOJICHCTBHE YOBEK—MAaIlINHA;
edge M3YUCIICHNUS; MHTEIUTEHTHA KOMYHHKAIMOHHH BB3JIH; YCTORYUBOCT; 1M (-
POBH JIBOWHHIIN; OTIEPATHBHA HAEKTHOCT; I'bBKABH MIPOU3BOICTBEHU CUCTEMH;
poboTtu3aius
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KOI'ATO IIOTOKBT 'OBOPU: SMEMA KATO UHCTPY-
MEHT 3A OIITUMM3ALIUA B INDUSTRY 5.0 IPOU3BOACT-
BEHU JIMHUN

Crosin [lackanos, Cranucnas Aceno u Cnasu Jlto6omupoB

Inogouscku ynugepcumem ,, [laucuti Xunenoapcku , Qusuxo-mexnonocuieH
Gaxyamem, yu. ,,Lap Acen* 24, [Inosous 4000, bvreapus

Pe3iome:

Tpa AWMIMOHHUAT TOAXOJ] 32 MOHUTOPHWHI Ha JIMHWU 3a MPOU3BOJCTBO Ha
eJleKTpoHuKa pa3zuuta Ha MES cructemu, KOUTO ca e)eKTHBHH 3a MPOCICTUMOCT,
KOHTPOJI Ha KaYeCTBOTO W ITOCIIEABAII aHAIIN3, HO HE OCUTYPSABAT He0OXoanMaTa
BpEMEBA PE3OIIONHMS M PEAKTUBHOCT 32 ONTHMH3ANUSA B peaTHo Bpeme. B koH-
TekcTta Ha Industry 5.0 — KpIETO IPOM3BOACTBOTO TPAOBA 1@ OBJIE MO-YOBEKO-
LIEHTPUYHO, YCTOMYMBO M CIIOCOOHO /1a B3aMMOJIEHCTBA TUPEKTHO C OIepaTo-
pute — MES cam 1o cebe cu He MOXKeE /1a OTKpHBA KPaTKH NMPEKHCBaHUS Ha I10-
TOYHATA JIMHUS WM JUHAMUYHO TPOMEHSIIH ce 3a0aBSHUS 110 JINHUATA.

B ToBa wm3cnemBaHe ce mpeiyiara moaxon, OasWpaH Ha HaONIOIEHHE Ha
SMEMA curnanmte, KOUTO OTpa3sBaT peaqHoTo (PU3UUECKO TOBEICHNE Ha JIU-
HUSTA Ype3 CHOUTHS ,,IIaTKa HAIMYHA U ,,MallIMHATa € TOTOBa*. MEeToabT mo-
Ka3Ba B PEAJIHO BpEME Kora J1aJicHa CTaHIUs OJIOKHpA T U3YaKBa IJIaTKa, KO-
€TO TIO3BOJISIBA MIPEIU3HO OTKPHUBAHE HA M3TOYHHMKA HA 3a0aBsIHETO, KAKTO U KO-
JIUYECTBCHA OLICHKA Ha TAXHOTO BIUsAHUE. IHTEerpupaHuTe HOTH(PHUKAIINHA MOTAT
He3a0aBHO J1a MHPOPMHUPAT HACTPOHYUITNTE U TEXHHUIIUTE KOS CTAHIIHSI U3UCKBA
MIPHOPUTETHO BHUMAHUE, BKIIOUYHATEIHO B CUTYAIHH, KOTaTO HIKOJIKO MAITIMHH
CIHpaT eTHOBPEMEHHO.

Kombunammsra ot Hucko6opxeTtHo SMEMA Habmronenue u edge nzuncie-
HUS TIPENICTABIIIBA JIECHO BHEAPUMO pelieHne B 1yxa Ha Industry 5.0, koeto mo-
1106p$[Ba B3aHMO}IeﬁCTBHeTO YOBCK—MalllMHa, moArnomMara npoakKTHUBHOTO B3€-
MAaHC Ha pCIICHUA U MOBUILIaBa yCTOﬁ‘IHBOCTTa )51 e(beKTI/IBHOC’ITa Ha CbIICCTBY-
BalIUTE MPOU3BOJACTBCHU JIMHUU, 663 Jla U3NUCKBa MMPOMEHHU 110 MES W MalllnH-

Hus QBpMyep.

Kiarouon nymu: SMEMA MOHUTOpPUHT; KpUTUYHH Y9acThLU B IPOU3BOJ-
CTBOTO; aHAJIN3 Ha TIOTOKA B PEaTHO BPEMeE; eJICKTPOHHO NPOU3BOACTBO; Industry
5.0; B3anMo/IeHicTBIE YOBEK—MallInHa; edge N3YHMCIIEHHS; IPECTON U M3UaKBaHE;
aHaJIM3 Ha UKJIOBO BPEME; OITUMH3ALIMS Ha TPOU3BOACTBEHH JINHUN; PETPOPHUT
cucremMu 3a MoHUTOpUHT; SMT acemMOnupane; JUTHTAIN3ANS HA IPOU3BOJICT-
BOTO; B3EMaHE Ha pelIeHHs1, 0a3paHu Ha JaHHU; OTIEPATUBHA YCTOHIMBOCT
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b-I130

NEXT-GENERATION AUTOMOTIVE NETWORKING: FROM
CAN AND LIN TO ETHERNET-BASED ARCHITECTURES

Stanislav Asenov, Hristo Kanevski, Anatoliy Parushev and Angel Chekichev
University of Plovdiv ,,Paisii Hilendarski”, Smolyan, 28 Dicho Petrov Str.

Abstract:

This paper presents a comprehensive and integrative analysis of the evolution
of in-vehicle communication architectures, combining foundational insights
from classical bus systems such as Controller Area Network (CAN) and Local
Interconnect Network (LIN) with the latest developments in Ethernet-based ar-
chitectures. The study highlights the technical, architectural, and functional
transformations driving the transition toward high-speed, software-defined ve-
hicular networks capable of supporting data-intensive applications such as Ad-
vanced Driver Assistance Systems (ADAS), autonomous driving, and vehicle-
to-everything (V2X) communication. Comparative evaluations of legacy and
emerging communication standards are provided, along with an overview of
zonal E/E architectures, Time-Sensitive Networking (TSN), and gateway inte-
gration strategies that enable interoperability across heterogeneous domains.

Keywords: Automotive networks, CAN, TSN, FlexRay, Automotive Ether-
net.
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b-I131

LITERATURE REVIEW ON PARAMETERS AFFECTING
ELECTRIC POWER QUALITY

Stanislav Asenov, Hristo Kanevski, Anatoliy Parushev and Angel Chekichev
University of Plovdiv ,,Paisii Hilendarski”, Smolyan, 28 Dicho Petrov Str.

Abstract:

This literature review presents contemporary trends, models, and research ap-
proaches related to the parameters affecting electric power quality in low-, me-
dium-, and high-voltage distribution networks. The analysis covers the main in-
dicators defined in international standards such as IEC 61000 and EN 50160,
including voltage deviations, frequency variations, harmonic distortions (THD),
flicker, asymmetry, transient phenomena, impulse disturbances, and short inter-
ruptions. The review synthesizes findings from recent scientific publications, ex-
perimental measurements, and power system modeling, with particular emphasis
on the influence of nonlinear loads, renewable energy sources, power electronics,
and grid loading conditions. Additionally, it highlights modern methods for real-
time monitoring, spectral analysis techniques (FFT, wavelet transforms), smart
grid solutions, and loT-based systems for observation and control. The objective
of this review is to systematize the key factors determining electric power quality
and to outline existing scientific challenges and future research directions within
the context of increasing electrification, decentralization, and digitalization of
power systems.

Keywords: power quality; harmonic distortion; FFT; smart grids; loT moni-
toring
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CEKLIMS B
« OBPA3OBATEJIHM TEXHOJIOT AU »

B-/I1

NHOBATUBHU METOJH 3A ®OPMUPAHE HA YMEHUSA 3A
OPUEHTHUPAHE 110 3BE3JIUTE B HAYAJIHUSA ETAII HA
INPOI'MMHA3HNAJTHOTO OBPA30OBAHUE

Ligetenuna enuepa’? u XKensska Paiikosa®

Y06wuncku xkynmypro-obpazosamenen yenmop ,, Ilnanemapuym ¢ acmponomu-
yecka oocepsamopus *“ ep. Cmonau
2Qu3uUKO-MeEeXHOI02UYEH Gaxyamem, 11V ,, [laucuu Xunenoapcku

Pesrome:

B macrosmus moximaj e mpeAcTaBeH HHOBAaTHBEH METOJ 3a IpeToaBaHe Ha
3HaHUA U (HopMUpaHEe Ha YMEHHS 32 OPHEHTAIHS 110 3BE3THOTO HeOe, MpeTHa3-
HA4YeH 32 YUCHHUIM OT 5. u 6. xiac. [IpemnoxxeHaTa pa3paboTka Ha ypOIHO 3aHS-
THE UHTETPHPA MYITHIUCIUIUINHAPEH ITOAX0]], HHTEPAaKTUBHH TUTUTATHH HHC-
TPYMEHTH W TPAKTHUYECKH AeHHOocTH. LlenTa Ha 3aHATHETO € HEe caMo Ja ce yc-
BOSIT TEOPETUYHH 3HAHUS, HO U Ja ce POPMHUPAT YCTONYNBH YMEHUS 33 OpHCH-
THUpaHe, KPUTUIHO MUCJICHE U €JICMEHTH Ha a0CTPaKTHO MHUCIICHE, ChOOPa3eHU C
MO3HABATEIHUTE CIIOCOOHOCTH Ha YUCHHIIUTE B Ta3u Bb3pacToBa rpymna. [Ipenc-
TaBeHaTa METOOJIOTHS BKJIIOUYBA HATJICTHOCT (BU3yallHU MaTepuaiy 1 3D Bu3y-
anu3aius B 3BE3HA 3ay1a), Oece/ia U MPAKTHYCCKH METOAM (CUMYJIAlUU, MOJIC-
JIMpaHe).

KiaouoBu AYMHU: MYJITUOUCOUIUIMHAPEH MTOAX0, AUTUTATHU HHCTPYMCHTH,
OPUCHTHPAHC 11O 3BE3ANUTEC, MECTOAUKA HAa ACTPOHOMMUSA
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B-/12

MN3KYCTBEHUSAT UHTEJIEKT KATO JUJAKTUYECKHU UH-
CTPYMEHT B IIOAI'OTOBKATA HA CTYJIEHTHU - BBJIEIIIN
YUUTEJIN 11O BUOJIOI'UA U PUSNYECKO Bb3IIUTAHUE
(ITPEABAPUTEJIEH EKCIIEPUMEHT)

Couns Usaiinosa JIro6oBa

1y, Haucuii Xunenoapcku “, ya. ,,Llap Acen I-eu* 24

Pesrome:

JloKIagbT npencTass MpeaBapuTeIeH Me1arorHIeck eKCIIEPUMEHT, ITPOBe-
JIeH B paMKHUTE M3CJIeIBAHE IO JCepTalioOHHAaTa TeMa: ,,JInIaKTHIeCKH MOJIel
3a MPUJIOKEHUE Ha M3KYCTBEH MHTEJIEKT IPH MOATOTOBKATa HA CTYIEHTH — Ob-
JETIH YIUTENH 1o 6uonorus u pusnyecko Bp3nuTanue”. B KoHTeKkcTa Ha Hapac-
TBAI[aTa aKTyaJHOCT Ha M3KYCTBEHHUS HHTENIEKT B 00Pa30BAHUETO, EKCIIEPHMEH-
THT € HACOUYCH KbM OIICHKA Ha 3HAaHUATA U YMEHHUATA HA CTYJCHTUTE OT YCTUPU
Pa3JINYHU CIICHHUATHOCTH OTHOCHO HETroBaTa ChbUIHOCT, Bb3MOXXHOCTH U ITOTCH-
oyaJl 3a UHTCTpUPAHC B MEaarorudyeckara InpakKTHUKa. HonyquHTe pe3yaTaTtu
MoJJUepTaBaT Hy’KAaTa OT IeJIeHacOueHa MOATOTOBKA Ha OBACHINTE Nelaroru-
YeCKH KaJIpH, CBbp3aHa ¢ yrnorpedara Ha H3KYCTBEH HHTEJIEKT U IIOTBBPXKIaBaT
HETOBHs MOTEHIMAN KaTO WHCTPYMEHT 3a MOJAEPHHU3alysi Ha 00pa3oBaTeIHUS
MpoLEC.

KiaouoBu AYMH: U3KYCTBCH MHTECIICKT, TUIAKTUICCKU MOIECII, MPEABAPUTE-
JICH IEJATOTNYECKU €KCTICPUMEHT
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B-13

OBPA3OBATEJIHU TEXHOJIOI'MA U TPOEKTHO-
BA3BUPAHO OBYYEHHUE

3opauna Tonoposa KeHeBa

1y ,, Haucuit Xunenoapcku “, @axyimem no Mamemamuxa u UHQOpMamuxa,
oyn. “bvreapus’” 236, 4027 IInosous, bvreapus

Pe3rome

Hacrosiiata craTust IpeacTaBst OMKMTA OT PEaU3UPaH MPOCKT MO MPOSKTHO-
6azupano oodyuenue (I1bO), HacOYeH KbM Ch37aBaHE Ha JAUTMTATHO IpEaCTa-
BSIHC Ha YYWIWIIETO OT YYCHHIM B 5. kiac. TeopeTHuHaTa pamka akICHTHpPA
BBPXY poJIATa Ha 00Pa30BaTEITHUTE TEXHOJIOTHH KAaTO CPEICTBO 33 CTUMYJIHPAHE
Ha aKTHUBHOTO y4YCHE, TBOPUECKOTO MHCJICHE M CHTPYIHUYECTBOTO. B mpakTu-
YecKaTa 4acT € OMUCAH MPOIIEChT Ha pa3paboTBaHe HA MPOEKTA — OT U3CIIC[BAHE
U chOupane Ha HHPOpMAIIKs, TIpe3 Ch3/IaBaHe HAa MYJITUMEIUEH MPOIYKT, 10 He-
TOBOTO MyOJIMYHO MTPECTaBSIHE.

3a ma Oble OLEHEHO BB3IEHCTBHETO Ha TEXHOJIOTHUTE BBPXY paboTraTa Ha
YUCHHUIUTE, Ca M3CJICJBAHU JBa KIIOYOBH MOKA3aTENsl: JUTHTAIHA aHTaXKHpa-
HOCT ¥ MOTHBAIIMS U IPUHAISKHOCT. [IUruTanHaTa aHraXKupaHoCT U3MepBa Ka-
YECTBEHOTO M KOJUYCCTBCHOTO H3IMOJ3BaHE OT YUCHHUIMTE HA 00pa3oBaTEIHU
TEXHOJIOTHH 3a Ch3AaBaHe, PeIaKTHPAHE U CTPYKTypUPaHE Ha ChIbpikanue. Mo-
THBAIMSITA ¥ MPUHAIJICIKHOCTTA CE OICHSBAT Ype3 aHKETHO MPOydYBaHEe U HAO-
JIIOJICHUE, KaTO (POKYCHT € BhPXY OTHOIICHUETO HA YUCHUIIUTE KbM YUMIIHIIICTO
Y KaK MPOCKTHT YBEIMYaBa 3HAYCHUCTO UM 33 YYUIIUIIHATA OOIIHOCT.

Pesynratute mokasear, 4e HHTEIPUPAHETO HAa 00Pa30BATCIIHH TEXHOJIOTHH B
[IBO 3HaunTETHO yBENNYaBa YYCHIICCKATA aHTAXUPAHOCT, YICCHABA CKUITHATA
paboTa 1 BOJM 10 MO-BUCOKA BRTPENTHa MoTHBAIMs. Ha0OronaBa ce u 3acHiIcHO
YYBCTBO 32 IPUHAUICKHOCT, CBHP3aHO C BE3MOXKHOCTTA YUCHUIIUTE aKTUBHO Ja
MpeCTaBsIT COOCTBEHATA CH YUMJIMIIHA cpena. [IpoydBaHeTo MmoaKpers Te3ata,
4ye xomOuHanmsata Mexay [1bO u neneHaco4eHo M3MOJI3BAHE HA TEXHOJIOTHU
Ch3/laBa YCJOBHS 3a MO-AbJIOOKO Y4eHE, Pa3BUTHE HA JUTUTAIHUA KOMIICTCHT-
HOCTHU U ITO3UTUBHO OTHOILICHUEC KbM y‘II/IJ'II/IH_IeTO.

Ki1i04oBH IyMH: IIPOEKTHO-0a3upaHo 00ydeHue, 00pa3oBaTeIHH TEXHOJIO-
THH, JUTUTATHA aHTQKHUPAHOCT, MOTHBAIIMS, TIPHHAUISKHOCT, YICHUYECKa aK-
THBHOCT, JWUTUTAIHH KOMIICTCHTHOCTH, YYWJIHIIHA OOIIHOCT, MYJITHMEIUCH
MPOCKT, HHTEPAKTUBHO 00y4eHHe
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B-/14

CUMYJIALIUS HA APUTMUMU 3A IIOJOBPABAHE HA TEO-
PETUYHATA U IPAKTUYECKATA IIOAI'OTOBKA HA CTY-
JEHTH 11O MEJUIITUHA

Becena leopruesal?

"Meouyuncku gpaxynmem, Meduyuncku ynueepcumem Ilnesen,
ya. ,,Ce. Knumenm Oxpuocku 1
2Meouyuncxu paxyrmem, Tpaxuticku Yuusepcumem,
ya. Apmeticka 11, Cmapa 3azopa

Pesrome:

BnBenenue: Enexrpokapanorpamara (EKI') e BakeH IHarHOCTHYCH METO,
MTOYMBAI HA (PM3HUYEH IIPUHIINI, KOHTO OT MOMEHTA Ha MPWJIATaHETO CH 10 HAIIN
JHY OCTaBa 3J1aTeH CTaH/AApT 3a JUAarHOCTHKA HA ChpICYHNUTE apuTMuu. VHTEp-
mperarusata Ha EKD e BaxHa yacT oT 0O0ydeHHeTo Ha OBAEIINTE MEIUIIH, HO
cpella peuna TPYJHOCTH, JacT OT KOUTO Ca CBbP3aHH C HEBB3MO)KHOCTTA Pei-
KWTE WIN NOTEHIMATHO (aTamHu apuTMHUM Aa OBJAT IMPEICTaBEHH Ha CTYJICH-
TUTE B peaJHa KJIMHUYHA Cpefa.

Hacrosimoro npoyuBaHe 1elH Jia OLleHH e(pUKacCHOCTTa Ha U3MOJI3BAHETO Ha
EKI" MoHuTOp ¢ pyHKIMS 32 CUMYyJalusl HA apUTMUH KaTO MHOBATHBEH METO/I
3a mojo0psiBaHe Ha TEOPETUYHATa M IPAaKTUYeCKaTa KOMIIETEHTHOCT Ha CTy-
JICHTHU TI0 MEJUIMHA IPU Pa3MO3HABAHETO U JICUEHHETO Ha ChPJICYHU apUTMHUU.

Pesyaratu: B npoy4Banero yuactBaxa 80 CTyI€HTH, pa3fie]ICHU B €KCIIEPH-
MeHTanHa (00y4YeHHe ChbC CUMYJIATOp) M KOHTPOJIHA IpyTa (cTaHIapTHO 00yde-
Hue). CTyIeHTUTE OT eKCIIepIMEHTAIHATA TpyIa [0Ka3axa CTATUCTHYECKU 3Ha-
YMMO TO-BHCOKH PE3YJITATH MIPU TECTBAHE HA TEXHUTE yMEHHMS JIa AUATHOCTHIU-
pat EKI 3anucu ¢ puTbMHU HapyLIEHUS U [IO-TOJIIMA YBEPEHOCT NPU B3EMaHe
Ha KJIMHUYHU PELICHUSL.

M3Boau: M3nonzsanero Ha EKI cumynatop mono0OpsiBa TeopeTHdyHaTa U
NpaKTHYHATA MOJrOTOBKA MO apUTMOJIOTHS, MPAaBU OOYYUTENHHAT TPOLEC MO-
MAJIKO 3aBHCHM OT PEaJHH KJIMHUYHHU CIy4dad U MMOBHIIABa yBEPEHOCTTA U yIOB-
JIETBOPEHOCTTA HA CTYACHTHTE MEIUIIH.

Koarouosu aymu: EKT, cumynanusi, apuTMuu, MeTUIIMHCKO 0Opa3oBaHue
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B-/15

OHATVIEJABAHETO B OBYYEHHUETO 110 ®U3UKATA B
KOHTEKCTA HA TH®OPMALINOHHUTE TEXHOJIOT'UA N
N3KYCTBEHUS UHTEJIEKT

Cumust [Tonosa! u XKemsizka PaiikoBa?

YCpeono yuunuye ,,JToben Kapasenos*, 2p. [lioeoue
2[Tnoeduecku ynusepcumem ,, Iaucuti Xunenoapcku “, 2p. Inosous

Pesrome:

ToBa u3cnenBaHe pasriexna OHArJIeAsBaHETO B 00y4eHHETO Mo (hU3UKa B
KoHTeKcTa Ha uHpopmannonuute texHonoruu (MT) n U3KyCTBEHUsS] WHTEIEKT
(MN). OnarnensiBaHETO € BA)KEH €TaI OT IpOoIieca Ha MPeXo/1a OT KOHKPETHO KbM
abCTpaKTHO MUCIICHE ¥ IMa 3HAYCHNUE 33 CTUMYJIMPAHE Ha KOHIIETITYaTHOTO pa3-
Ompane.

CratusiTa aKIeHTHpa BbPXY HHTEPAKTUBHUTE CUMYJIAINN, BUPTYaITHUTE JIa-
6oparopun (BJI) n mpunoxenunsra ¢ fodaBeHa u BUpTyaiHa peamHocT (AR/VR).
Bupryannute mabopaTopuu NpeacTaBisiBaT MOLICH HHCTPYMEHT, KOWTO OCHUTY-
psiBa 6€30IaCHOCT, IOCTHITHOCT A0 CKbIIa anapatypa ¥ BU3yaiu3upaHe Ha abcT-
PaKTHH KOHIENUWHU (Hamp. eNeKTPUYHH U MarHUTHH rnoyieta). M3cnensanusara
NOKa3BaT, Y€ Hali-e)eKTHBHA € CTpaTerusiTa 32 KOMOMHHUPAHE Ha PeallHi U BUP-
Tyannu excriepumenTd. AR/VR npeoOpazsBaT 00y4ueHHeTo, o3BoIIsIBAKH TPH-
W3MEPHO BU3yaJM3MpaHe Ha MPOILIECH, KOUTO Ca HEBUIMMH WIIU C HETIOIX OIS
Maiad 3a KjlacHaTa crasl.

W3KyCTBEHHMAT MHTENEKT Pa3IIMpsiBa BB3MOXKHOCTHTE Ype3 INEPCOHAIN3H-
paHe Ha BU3YAJIHOTO ChABpPXKAHHUE, NPEJOCTaBSIHE Ha WHTEIMTEHTHA oOpaTHa
BpPB3Ka M TCHEPATHBHU BU3yann3anuu. 3a e()eKTHBHA IeJarorndecka HHTerpa-
sl € Ba)KHO BH3YAJIHM3AI[MHTE 3 MAT sICHA TI03HABATEIIHA LIEN M JIa U3UCKBAT
aKTHBHO €KCIIEPUMEHTHpaHe OT ydeHunute. Heobxoaum e 6amaHc Mexmy Tex-
HOJIOrM4YHaTa C(I)CKTI/IBHOCT U nnegaroruycckara CTOMHOCT.

W3cnenBaHeTo akiEHTHPA BBPXY MEAarOrHYCCKUTE MPUHITUIIH 3a €)EKTHBHO
UHTETPUPAHE HAa T€3U MHCTpyMEHTH. IIpennoxkeHu ca U HIKOM METOIUYECKU
MIPENOPBHKU Bb3 OCHOBA ONUTA Ha aBTOPUTE.

KiarouoBu gymm: Busyanusanus, o0ydeHue mo gusuka, nHHOPMAIIMOHHU U
KOMYHUKAITMOHHU TEXHOJIOTHH, H3KyCTBECH HHTEIICKT, BUPTYaITHH J1a00paTopuH,
CUMYITallnU
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B-/16

METHODS OF TRAINING IN SPECIALIZED PERSONAL SELF
DEFENCE: HISTORICAL OVERVIEW AND MODERN
DEVELOPMEND

Georgi Kutev

Artillery, Air Defense and CIS Faculty,
1st Karel Shkorpil str., Shumen, Bulgaria

Abstract

The paper examines the need for enhanced personal protection training in the
Bulgarian Armed Forces amid rising asymmetric threats. It outlines the historical
development of military hand-to-hand systems, including the 1981 Specialized
Hand-to-Hand Combat System, and their evolution into today’s Specialized
Personal Protection methodology. This modern system combines police self-
defense principles, biomechanics, and Eastern martial arts to provide simple and
effective techniques for self-defense and detention. The study concludes that
strengthening these capabilities is essential for effective performance in high-risk
missions and joint security operations.

Keywords: Special personal selfdefence, specialized hand-to-hand combat
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B-17

NNPUIIOKEHUE HA METOJA OFBbPHATA KJIACHA CTAA
HPU ITPEIIOJJABAHE HA UHTEPJIUCHUIIJIMHAPHATA
TEMA ,,0U3NKATA U MATEMATHUKATA, KOUTO HU JIE-
KYBAT*

Crosiaka Kocraguaosal? u ['naKa EKCHepl

Y @usuxo-mexnonozuuen gpaxynmem, Inosouscku ynueepcumem ,, Haucuii Xu-
nenoapcku “, ep. Ilnosous, yu. Llap Acen Ne24
2Yacmuo cpeono yuunuwe ,, pyscoa “ 2p. Inosous, 6yi. Pycxu Ne 18

Pesrome:

Oo6wprararta xiiacHa cras (flipped classroom) € megarorndecku moaXom, Mpu-
Mep 3a aKTUBHO Y4€He, OJXOIAI U 3a mpenmeTa ¢usuka [1-4]. B mactosamms
JOKJIa] TOM ce Ipuiara mpu MpenofaBaHe Ha MHTEPAUCLUIUIMHApHATA TeMa:
,»Dn3nKaTa 1 MaTeMaTuKara, KOUTO HH JIEKyBaT: OT KOCHHYC JJO KOMIIOThbpHATa
ToMorpadus. B Hes ce peann3upaTt MeXAyNpeIMETHH BPb3KH, HHTETPUPAKU
3HAHUA OT (1)I/I3I/IKa, MaT€MaTHuKa, 6I/IOJ'IOFI/I$[ 1 TEXHOJIOTHH, OTTOBApAIINA Ha BbII-
poca Kak ,,BIbKAaMe’ BbTpe B YOBEIIKOTO TSUIO. YUYEHHUIIMTE Ce MOJTOTBAT ca-
MOCTOSITETTHO BBPXY Pa3lWYHU JUATHOCTHYHH MEIUIMHCKH METOIH, TaKHhBa
KaTo yJITPa3BYKOBHUTE, PEHTTEHOBUTE U Jp. AKLIEHTHT HA YYECHETO € Y JIoMa, KaTo
BCEKH YYEHHK IpHjiara TBOPUECKH IOJIX01 pH pa3zpadboTkara cu. I1o Bpeme Ha
Yaca, yYeHUIIUTE MPE/ICTaBAT HAYYEHOTO, a YUUTEIISAT BIIM3a B POJIATA HA MEIna-
TOp M yJacTHHK B ITpolieca Ha AUCKYCHs U aHann3 Ha nHpopmarnusara. O0bpHa-
TaTa KJIacHa CTas Mpeasiara Bb3MOXKHOCT 3a Pa3IMYHU CTPATErnu Ha 0OydeHHe
[4], xaTo B ciaydas € W3MOJI3BaHA, KaTO YUUTENAT HaArpakia 3HAHUS, BHBEXK-
JalKyi MaTeMaTHYHHS anapat, U3M0I3BaH MPH MPaKTHIECKOTO peaTu3upaHe Ha
MenuuuHckuTe Metoau. Hampumep JlonnepoBute ynTpa3ByKOBUTE METOIH, U3-
NOJI3BaHU 32 M3CJEBaHE HA KPBHBHHUS MOTOK CE CBBPKAT C TPUTOHOMETPHSATA
(xocuHycOBa (yHKIIUS ), a KOMIIIOTbpHaTa TOMOrpadus, 4pe3 KoATo ce BU3yasu-
3Mpa IUIOTO YOBEMIKO TSUIO — ChC CHCTEMA OT JIMHEWHH ypaBHEHHUS.

KiaouoBu AyMuU: O6’praTa KJIaCHA CTasA, aKTUBHO YUCHC, UHTCPAUCIIUILIIN-
HapHO 06yquI/Ie, MCEIUIMHCKA JTUarHOCTHKa

[1] J. M. Limueco, M. S. Prudente (2018). Flipping classroom to improve physics
teaching. Advance Science Letters, 24 (11), pp. 8292-8295.

[2] S. S. Amanah, F. C. Wibowo, I. M. Astra (2021). Trends of Flipped
Classroom Studies for Physics Learning: A Systematic Review. J. Phys: Conf.
Ser., 2019, 012044.
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[3] B. D. Prasetyo, N. Suprapto, R. N. Pudyastomo (2017). The effectiveness of
flipped classroom learning model in secondary physics classroom setting. J.

Phys.: Conf. Ser., 997, 012037.

[4] M. Tunggyshbay, N. Balta, W. Admiraal (2023). Flipped classroom strategies
and innovative teaching approaches in physics education: A systematic review.
EURASIA J Math Sci Tech Ed, 19 (6), em2283.
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B-I11

HHOJOBPABAHE HA JOCTBIIA 10 CUMYJAIIMOHHU PE-
CYPCHU B MEJNLHHUHCKOTO OBPA30OBAHUE YPE3 LIEHT-
PAJINBUPAHA BA3A TAHHU

Xpucro Tonopos, Pocen Bacunes u Aranac 3anes

Meouyuncku ynusepcumem ,, Ilpog. 0-p Ilapackes Cmosnog* - Bapha,
ya. Mapun Jl[punos Ne 55, 9002 Bapna, bvaeapus

Pesrome:

CUMyNalIOHHOTO 00YYeHHE Ce YTBBPAN KAaTO KIFOUYOB EIEMEHT B MEAUIIMH-
CKOTO 00pa3oBaHue, IPEA0CTaBANKH Oe30MacHa M KOHTPOJIMPaHa Cpefia 3a yCBO-
sIBaHe Ha MPaKTHYCCKH YMEHHS M Pa3BHBaHE Ha KIMHUYHA KOMIICTEHTHOCT. B
MeauuHCKH YHUBEPCUTET - BapHa ce U3MMoa3BaT ChbBPEMEHHU CHMYJIATOPH - OT
0a30BH TPEHAXXOPH J0 BHCOKOTEXHOJOTMYHU CHCTEMH 3a OOy4eHHe Ha CTy-
JeHTH, CICLHAN3aHTH | crienuanucTd. Hactosmiara pabora npencrasst npoyd-
BaHe, HACOYEHO KbM CHCTEMATH3HUpaHe HA HAJIMYHUTE CHMYJIaTOPH U Ch3aBaHe
Ha eIMHHa 0a3a JaHHHU, KOATO YJIECHSIBA JOCTHIIA 1O HHPOPMAIHS 3a TSX.

[IpoBemeHOTO aHKETHO M3CIICBAHE CPEi IMperoaaBaTeqd MMa 3a Ien Ja
OIICHHU CTETICHTA Ha TO03HABAHE W HM3IOJI3BaHE HAa CHMYJAIMOHHHTE PECypCH B
o0yuenuero. Pesynrarure mokassat, ue 70.7 % (n = 87) oT aHKeTHpAHHUTE ca
3aM03HATH C HATMYUETO HAa CHMYJAIIMOHHA TEXHHKA 32 MPAKTHYCCKH yIpaKHe-
HUA, HO e1Ba 46.3 % (N = 57) 3HaAT KbJie MOTAT Jla HAMEPAT MOAPoOHa HHDOP-
Manust 3a Te3u pecypcu. Hall-HUCBK € MPOLICHTHT Ha MPENoIaBaTeNIUTe, KOUTO
W3M0JI3BaT CUMYJIATOPH PEAOBHO B PAKTHYECKUTE 3aHATHSA - camo 29.3 % (n =
36). [lanHKTE OYepTaBaT HEOOXOJUMOCTTA OT Ch3IABAHETO HA CHCTEMaTH3UPaHa
U JIECHOIOCTBITHA 0a3a JaHHHM C HaIMYHATA TEXHUKA.

Pa3paboTenara 6a3a maHHH CHABpPKA aKTyaTHa WHPOPMANKS 32 BCHUKH Ha-
JMYHU CHMYJIaTOPH U Npeyiara Bb3MOXKHOCTH 32 THPCEHE M0 KIIFOYOBH JTyMH,
¢bunTpupane o KaTeapa H Iperie] Ha XapakTepPUCTUKUTE U HAIUYHUTE KIIH-
HUYHU CIIeHApUH. B paMKuTe Ha MPOYYBAHETO € Ch3MaqcHa ABTOPCKa KitacH(pu-
Kallusi Ha CHMYJIATOPUTE B TIET OCHOBHU rpynu: [layuenmuu cumynamopu, Kom-
naexcru mpenasicopu, basosu mpenasicopu, Cogpmyepnu cumynamopu u Cman-
oapmusupany nayueHmu.

Hacrosimata paborta gonpuHacs 3a mo-e()eKTUBHO H3IOJI3BaHE HA CHMYJIa-
LUOHHATa MHPACTPYKTypa W M3rpakJaHe Ha WHTEIMICHTHAa 0Opa3oBaTeNHa
cpena, HaCOYCHA KbM MOBHIIABAHE KAYECTBOTO HA MEIUIMHCKOTO 00y4YeHHE.

KarouoBu aymm: CumyrnannoHHO-0a3mpaHo oOydueHme, CHMyIannoHHA
TEXHUKA, MeIUIMHCKU cuMyaTopH, basa nanuu
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B-112

AJJAIITUBHA IVIAT®OPMA 3A IIEPCOHAJIM3UPAHO OBY-
YEHUE 110 MATEMATHUKA B ITIPOIC'NMHA3UAJIEH ETAII

Wnusn Jannenos Anroscku, Anaronuii [lapymes u bopucnas Kypmxues

Inosouscku ynusepcumem ,, [laucuti Xunenoapcku *, Qusuxo-mexnonocuuen
gaxyimem, yu. ,,[Juuo Ilempos” 28, 4700 Cmonsn, bvreapus

Pesrome:

Pesynrature oT MexmyHapomgHoTo u3cieasaHe PISA 2022 moxa3BaT Tpe-
BOKHA cUTyalus: bbarapckure 15-roauiiHu y4eHUIN ca NOCTUTHaNU eiBa 417
TOUKHU MO0 MaTeMaTHKa, KaTo okoJo 53,6 % OT TAX He JOCTUraT MUMHUMYM HUBO
Ha KOMIIETEHTHOCT. B 0TroBop Ha TOBa 00pa30BaTeIIHO MIPEAN3BUKATEICTBO HAC-
TOSIIIMAT JOKJAJ IpeacTaBsi pa3pabOTBaHETO Ha JAWTUTAIHA 00pa3oBaTeIHA
raTdopma, HacoueHa KbM IoAnomMarane Ha yaeHunu ot VII xiac mpu npeomo-
JsIBaHE HA IPOITYCKH B OOYYEHHMETO IO MaTeMaTHKa Upe3 aJalTHBEH MOAXO.
Cucremara OLIEHSIBa H3IIBIHEHUETO HA YYEHHUKA Ype3 WHAMBUIYAIHU 33a4U U
aBTOMATHYHO WAECHTU(HUINPA MTOBTAPSIIN CE TPELIKH, TPYNUPAHU B KaTETOPUU
KaTo 3aTPYIAHEHHS C OpOOH, JIMHEHHN ypaBHEHHS WM F'€OMETPUYHO MHCIIEHE.
Ha 6a3a To3n aHanu3 miardopMaTta JMHAMUYIHO MPENOPBYBa IEPCOHATU3NPAHN
YIPaXHEHHUS ¥ KPATKH OOSICHUTEIHU MaTepualii ¢ 1el No-e(eKTHBHO OBJIaIs-
BaHe Ha y4yeOHHs Marepuall M TpailHO MOBHWIIABaHE Ha 3HAHUATA. [IPOEKTHT
WITIOCTpUpa MOTEHIMANa Ha aJalTHBHOTO OOy4YeHHE B yUYWJIHMINHA Cpelia dpes
o0eMHSBaHE Ha EJIEMEHTH HAa MHTEPaKTHBHU BHU3yajH3allM U 00paTHa Bpb3Ka
B peanHo BpeMe. O4akBaHUTE Pe3yITaTH BKIIIOYBAT IIOBUIIEHA MOTHUBAIUS U aH-
Tra)XMPaHOCT Ha YUYCHUIUTE, HAMaJICHA TPEBOXKHOCT MPH padoTa ¢ TPYIHH TEMU
U MOCTENEHHO M3rPa)<IaHE Ha yBEPEHOCT B MaTEeMAaTUYECKUTE CU yMeHus. B
TIEPCIIEKTHUBA CHCTEMaTa MOXe J1a Obie HaArpaseHa ¢ ajJropuTMH 3a MAIHHHO
caM000yUYeHHE 1 pa3lIupeHa A0 APYrH yuyeOHH IIpeIMeTH.

KurouoBu 1ymMu: agantuBHO 00ydeHHe, 00pa3oBaTeieH coPpTyep, aHaIn3 Ha
IPELIKH, HABaKCBaHE M0 MAaTEMaTHKa, MHTEPAKTHBHH YIPAKHEHHS
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B-I13

BOAOPOABT —-T'OPUBOTO HA BBAEIIETO:
MOJEJI 3A ITPUJIATAHE HA STEM OBYYEHHUE B 6. KJIAC

Enxa Mutkosa CtosHoBa u Mopnanka IlerpoBa Credanosa

Inosouecku ynusepcumem ,, Ilaucuii Xunenoapcru
ya. ,,Hap Acen ™ 24, Ilnosous, bvreapus

Pesrome:

B HacrosimiaTa cratus € apryMeHTupaH u300pbT Ha H3CIIeI0BaTEICKUS MO/
XOJ1 33 peaJlu3upaHe Ha JIMYHOCTHO OpueHTUpaHo ooyuenue. [IpeacraBeH e Mo-
nen 3a npuiarane Ha STEM 6azupaHo oOydyeHne npyu n3ydaBaHe Ha BellecTBaTa
1o YoBekbT U mpupoaara 6. Kjac U € KOHKPETU3UPAH 3a BOJOPO/JIa.

PazpaboTeHusT Mozien, ce 0CHOBaBa HAa KOHCTPYKTUBUCTKATA TEOPHS 3a yUe-
HE Ype3 aKTHBHA AEHHOCT 1 BKJIIOYBA €TAlNTE aHTAKUpPaHe, U3ClieBaHe, 00sic-
HEHHe, pa3paboTBaHe U OIIeHKA. B Hero ce mocrapst akIIEHT BbPXY TEMH OT y4e0-
HOTO ChABPXKAHUE 10 MAaTeMaTHKa, IPUPOJHHA HAYKH (XUMUs, (HU3HKA, OHOIIO0-
T'Hsl), TH)KEHEPCTBO, TEXHOJIOTUH U C€ Ch37aBaT YCIOBHUS 3a pa3BUBaHE Ha KO-
YOBH 3a 00pa30oBaHUETO Ha 21. BEK yMEHHS.

Karwuwou xymu: STEM, uscienoBaTelicKus MOAX0A Ha 00ydeHHE, BOIO-
pO)]HO FOpI/IBO, I/IHTep}lI/ICHI/IHHI/IHapHOCT, HpI/IpOJIOHay‘{HI/I KOMIICTCHTHOCTH.
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B-114

INPUJIOXKEHUE HA UHTEPHET HA HEIIATA 1 CEH30PHU
TEXHOJIOTI'M 3A Cb3IABAHE HA ITPAKTUYECKHA OPHU-
EHTUPAHU YUEBHMU 3AJAYHA 110 ®PU3UKA U UHKE-
HEPHU JUCIUAITIJIMHHN

Kenszka PaitkoBa, [luana CtosHoBa, L{BeTenuna lBanoBa-Bapanunosa,
Enncasera Mapekosa, Meru [lakoBa, Ctedan Hukomnos, Jumutsp TokMakos,
Cnasu JIro6omupos, UBan bonypos n Anaronu [lapymnies

Qusuro-mexnonocuuern gpaxyimem, 11V ,, [aucuit Xunenoapcku “,
ya. Lap Acen Ne 24, 4000 I1nosous, bvreapus

Pesrome:

HacrosmioTo u3cnenBane npeacTass KOHIENTYalHa U ITPAaKTHYECKA paMKa 3a
BHezApsBaHe Ha Internet of Things (IoT) u HHTETNMTreHTHN CEH30PHU CHCTEMH B
YHUBEPCUTETCKOTO 00y4eHue 10 (Ppr3nKa U MH)XEHEPHU TUCHUILIMHY, KaTO HHC-
TPYMEHTH 32 aKTHBHO M KOHCTPYKTHUBHCTKO yueHe. OCHOBEH aKIeHT Ce IIOCTaBs
BBPXY Cb31aBaHECTO HA y‘-IC6HI/I HeﬁHOCTH, KOUTO mnoamnomMarat CTyA€HTUTE B IIPC-
MHHABaHETO OT MAaCHBHO BB3MPHEMaHe Ha TEOPHsl KbM CaMOCTOSTEIHO U3CIIe/-
BaHe, eKCIIEpUMEHTHPaHe U UHTEPIpPETHpaHe Ha JaHHU B KOHTEKCT OJIM3BK 10
peaHM NMPaKTHUKH.

PazpaboTenute 3a1aun ca HACOYECHU KbM pa3BHBAHE HA KIIFOYOBH Ie/Iarorv-
YecKd 1enu: popMHUpaHe Ha MPaKTUYECKH YMEHHs 3a paboTa ¢ TEXHOJOTHYHU
YCTPOMCTBa, M3rpakaHe HAa HAyYHO-U3CIIEI0BaTEICKa KOMIIETEHTHOCT, HAChp-
YaBaHE Ha KPUTUYHO MHCIICHE U MTOJIIOMaraHe Ha MpoIieca Ha yueHe.

Be3aelicTBreTo Ha IpEeIIOKEHUTE TIOAXOAN C€ OLECHBA YPe3 MIOTHH 3aHs-
THUSI CbC CTYJCHTH OT Pa3JIMdHH CIICIHATHOCT U MPO(ECHOHATHN HANPABICHUS.
AHanu3bT 1eM Ja uaeHTHduIMpa GakTopuTe, KOUTO ONPEENsT YCIEIHOTO
npuiarase Ha [oT u cenzopuu Texnonoruu B STEM o6ydenueTo.

Baaropapuocru:
ABTOpUTE W3Ka3BaT OJIATOAAPHOCT 3a (pUHAHCOBATA MOJKPENa Ha MPOCKT
OI125-OTD-007 xpm HIIJ na [TV , ITaucuit Xunenpapcku®.

KirouoBu aymu: STEM obpasoBanne, IoT B 00ydueHnero, KOMIeTeHTHOC-
TEH TOIXO0JI, TPOEKTHO-0a3npaHo oOydeHue
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(AP

OOHJALMSA ,,EBPUKA”

Ddonpanus ,,EBprka” e HeMpaBUTEICTBEHA, HEPEITUTHO3HA U HEMOJIUTUIECKA
OpraHM3aIysl, FOPUIUYECKO JIHIIE MO OBJIrapcKOTO 3aKOHOATENCTBO. BriucaHa e
B LIeHTpasHUs PEruCThpP 32 OCHUIECTBSIBAHE HAa OOIIECTBEHOMONE3HA JEHHOCT.
OcnoBana e pe3 1990 roanHa OT IBP>KaBHU U OOIIECTBEHH OPTaHU3AIIIH C eI
MOJIIIOMaraHe Ha TapoBUTH JCla ¥ MIIaH XOpa IPU PeaIu3uPaHeTO Ha MIPOCKTH
B 00J1acTTa Ha HayKaTa, TSXHUKATa U YIPaBICHUETO, MOIKPENa Ha MIaJuTe HO-
BaTOPH U MpeIIpUeMadu, Pa3pOCTPAaHCHUE HA HAYYHH, TEXHHYCCKH U UKOHO-
MUYECKH 3HAHHS, YChBBPIIICHCTBAHE HA MaTepUaTHATa 0a3a 32 HAYYHO U TCXHU-
YECKH TBOPYECTBO, MOAMIOMAraHe Ha O0YYCHUETO U CICHUAIN3AIUATA, HA MCK-
JIYHAPOJHOTO CHTPYIHHUYCCTBO B 0OJIACTTA HA HAYKATa M TEXHUKATA U IPYTH.
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