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DETERMINATION OF THE STRESS -STRAIN STATE OF THE
PROTECTION OF LAUNCHER ELEMENTS FROM GAS -DYNAMIC
IMPACT DURING ROCKET LAUNCH

Annotation. An analysis of the stresdrain state of the protection of launcher
structural elements under gdgnamic impact durig rocket launch was conducted.
Two variants of the structural design for the protection of launcher elements were
considered. The first variant is vertical protection using a rubber strip. The second
variant involves the installation of a gdsflecting wél on the launcher structure.

After analyzing the results obtained, a justified technical decision was made to use
a structure based on a rubber strip to protect the launcher structural elements from
gasdynamic impact during rocket launch. The flight testults are satisfactory.
Keywords: finite element model, protection of launcher structural elements, gas
dynamic impact during rocket launch, stre®in state, flight tests.
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TO THE ANALYSIS OF THE STRESS-STRAIN STATE AND STRENGTH
OF CONTACT STRUCTURES

Annotation: An analysis of the stresgain state and strength calculations of
aerodynamic steering wheel with a tongamelgroove type attachment to the
steering drive shaft was performed, taking into account geometric and physical
nonlinearity and contact interagti. Comparison of the obtained experimental and
calculated data is carried ollite test results are positive and confirm the possibility
of implementing the considered design of an aerodynamic steering wheel with a
tongueandgroove fastening, subject passing static tests.

Keywords: finite element modelshaft, aerodynamic steering wheel, strgtsain

state, experimental data.
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IMPACT OF CHANGES IN UAV DESIGN ON NOISE LEVELS

¢ nn ot aThe moise level of quadcopter engines was measured when using
propellers with three and eight blades.
Keywords: quadrocopter, blades, noise.
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FEATURES OF DYNAMIC PHENOMENA
IN ROLLING MILL EQUIPMENT

Abstract. Studies of dynamic processes in rolling stands of various types of mills
and rolling technology during workpiece gripping have been carried out.
Peculiarities of oscillatory processes in the rolling equipment of the draie line

of rolling stands have been established. Methods for reducing maximum dynamic
loads during workpiece gripping by rolling rolls have been developed.

Keywords: rolling stand, drive line, dynamic load, angular clearance, technical
condition, roling technology
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CALCULATIONS OF THE ACOUSTIC FIELD INDICATORS OF THE
GEKSOPTER PROPELLERS

¢ nnot aA rhathematical model for calculating the field from 6 propellers of a
gekocopter is created-he calculations were performed using Python, and the acoustic
field directiity patterns were plotted

Keywords: gek®copter, radiation pattern, indicators, acoustic field.
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CALCULATION OF OSCILLATION IN METAL MILLING MACHINES

¢ nn ot aAtcomputational model of a horizontal machining center (HMC) has been
developed. Calculations of the naturatidorced frequencies of the machine were performed,
and a conclusion was drawn regarding thEdgtor of the oscilartory system.

Keywords: milling, oscillations, QFactor, HMC.
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CONTINUOUS MONITORING OF MECHANOTRONIC SYSTEMS
USING THE METHOD OF VIBROACOUSTIC DIAGNOSTICS

Annotation.A promising method of technical diagnostics of mechatronic systems is
vibroacoustic thgnostics, which allows the received signals from sensors to be
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synchronously recorded in time mode in the form of an ampliftetpiency spec-
trum with subsequent archiving and detailed analyiisanks to diagnostic equip-
ment, speciaprocessing of the vibration signal and measurement of vibration pa-
rameters, signal discretization and anaiogligital conversion, measurement of am-
plitude-phasefrequency characteristics of vibration, determination of the harmonic
spectrum of vibratiomilinear and logarithmic scales, amplitudes and phases of har-
monics are performedThe set of vibration parameters almost completely
characterizes the technical condition of the working mechanism and allows
predicting the occurrence and development of umalfions.

Keywords: mechatronic systemcontrol methods, forecasting, technical condition,
diagnostics.
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ASSESSMENT OF THE TECHNICAL CONDITION OF NODES
MODELING OF THE COMPRESSION PROCESS AND CALCULATION
OF NATURAL FREQUENCIES OF THE COLORADO POTATO BEETLE

LARVA BODY IN THE ANSYS SOFTWARE ENVIRONMENT

Annotation. This study investigates the mechanical properties of the Colorado
potato beetle | arvads body and determ
modulus of longitudinal elasticity and the stiffness of the larva's body were
computed using experimental measueats of geometric parameters and
deformations under compression. The acquired data were utilised to perform
numerical simulation using the finite element method and to build a simplified
geometric model in the ANSYS software environment. The simulatiotiolede
determination of the system's natural frequencies, displacements, and deformation
distributions. The numerical analysis and the experimental results agreed
satisfactorily when compared. The findings can be applied to future research on how
vibration and acoustic fields affect dangerous insects.
Keywords: ANSYS, Colorado potato beetle, larva, natural frequencies, resonance,
mechanical properties, modeling, finite element method, deformation,
biomechanics.
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FATIGUE M ODELS FOR DETERMINING THE LIFE OF CRITICAL
ELEMENTS OF LAUNCH VEHICLES

Abstract. The application of fatigue models for determining the service life of
critical elements of launch vehicles is considered. Results of fatigue tests of wrought
aluminum alloys bdifferent systems are presented. A general durability equation
that accounts for stress amplitude, mean stress, and stress concentration is proposec
for interpreting the results. Specific features of structural strength under cyclic
loading are demonstied.

54



. +LLL e~ho®e”ch® "o  e®” 7e €& ke eg ‘yomaom n 22Hn . te'Y HAaoHC h
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AERODYNAMIC NOISE OF A BLADE SEGMENT WITH A MODIFIED
SERRATED TRAILING EDGE

Annotation. The work investigates the effect of geometric modificationhef t
trailing edge of the blade segment on the characteristics of aerodynamic noise. A
segment with a symmetrical NACA 0012 profile in the baseline configuration and
with a modified serrated trailing edge is considered. Experimental studies were
carried outin an anechoic chamber using -pfinted models in the range of flow
velocities of 7.520 m/s and angles of attack 6fl05 A.  Anal ysi s of
was carried out using fast Fourier transform. The obtained sound pressure spectra
showed a decreasetime SPL level for the modified profile of up to 4 dB in certain
frequency ranges, most noticeable at small angles of attack and moderate flow
velocities. It is shown that with increasing flow velocity and angle of attack, the
overall noise level increaselpwever, in all investigated regimes the modified
serrated trailing edge provides a lower level of acoustic radiation compared to the
baseline profile. The results can be used in the design ehdise wind turbine
blades, unmanned aerial vehicle proped] and fan systems.

Keywords: aeroacoustics, aerodynamic noise, serrated edge, blade systems, spectral
analysis
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OPTIMIZATION OF CPU HEAT SINK GEOMETRY FOR EFFECTIVE
THERMAL MANAGEMENT

Annotation. The author presents the results of development and optimization of the
radiator design for cooling modern CPUs. The influence of the triangular shape of
the radiator teeth on the efficiency of heat $fen is investigated. Modeling
confirmed the possibility of maintaini
Keywords: thermal management, heat sink, CPU, triangular teeth, heat dissipation.
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A METHOD FOR AUTOMATED DESIGN OF HEAT EXCHANGE
STRUCTURES FOR THERMAL CONTROL SYSTEMS OF ONBOARD
ELECTRONICS

Annotation. The paper addresses the problem of designing headmgelstructures

for cooling systems of lowpower electronic devices. Particular attention is given to
applications in compact technical systems, including onboard electronics of
spacecraft, where strict limitations on mass, size, and power consumptibrAexis
method for automated design of finned heat sinks based on parametric geometry
generation and simplified thermophysical models is proposed. The method allows
generating multiple configurations of heat exchange structures, evaluating their
thermal perfomance, and determining optimal design parameters. The results
demonstrate that the automation of the design process significantly reduces the time
required to identify efficient solutions.

Keywords: heat transfer, cooling systems, heat sinks, automatsdrjeonboard
electronics
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MATHEMATICAL MODELING OF THERMAL PROCESSES IN THE
AIRSPACE OF A TRANSPORT VEHICLE IN THE PRESENCE OF
SPECIAL COVERS

Annotation. During stationary operation of a vehicle, there is an urgent need to
comply with strict conditions regarding the payload. It is extremely important to
predict the temperature field inside the air compartment of the vehicle doraegl
ventilation. The use of a special cover in the air compartment is proposed to ensure
the necessary thermal regime near the payload

Keywords: air compartment, temperature field, steady state, thermal.fields
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ODD-VERTEX PROCESSES IN QUARK-GLUON PLASMA.
FORMATION MECHANISMS AND CONTRIBUTION S FROM FURRY
THEOREM VIOLATION

Annotation. The formation mechanisms of naero contributions from oddertex
processes in quatgduon plasma arising due to violation of applicability conditions
of Furry's theorem in the presence of spontaneously generhtechomagnetic
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fields™O "Y,"O “Y andd "Y condensate are investigated. Within the Matsubara
formalism and twdoop effective potential approach foY™, gauge group, the
induced color chargé  and effective thregertex'® [are calalated.The results

are qualitatively applicable to ful¥™6 quantum chromodynamics.

Keywords: quarkgluon plasma (QGP), Furry theorem, chromomagnetic fields,
effective vertices, induced color charge, Polyakov loop.
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PARAMETRIC SPACE ON 2HDM AT HIGH TEMPERATURE

Annotation.We discuss electroweak phase transition beyond Standard Model with
spontaneous generation magnetic and chronomantic fields

Keywords: Two Higgs boson model, electroweak phase transition, spontaneous
magnetization

We discuss theoretical and phenomenologisaleats of tweHiggs-doublet
extensions of the Standard Model. In modern notation the h2HDM is the model with
mh=125.26 GeV, where the lightest neutral scalar particle in 2HDM is the usual
Higgs boson in Standard Model.

The parametric space of this modehery rich and admits many scenarios of
phenomenology of New Physics. But the many restrictions and conditions should be
satisfied.

Another point is the Sakharov's conditions for the formation of the baryon
asymmetry of the Universe in models with exdcalar fields, we try to show that we
can satisfy them in h2HDM and find the region of parametric space where the phase
transition is first order. The Sakharov's conditions are not satisfied in Standard
Model but it is fundamental problem of modeling theiérse so the searching the
New physics this way is relevant.

We present the numerical simulations of parametric space of model.
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INVESTIGATION OF ELASTIC COLLISIONS IN A ONE -DIMENSIONAL
SYSTEM

Annotation. Particle motion in a ondimensional system which initially consists of

two particle groups moving towards each other is described. The mass of each
particle in the first and in the second grouptisandn, respectively. The collisions

are perfectly elds. This problem is a generalization of the problem of the Dnipro
city physics Olympiad of the 2015 year.

Keywords: onedimensional system, perfectly elastic collisions, numerical
modelling, mass ratio.
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Introduction . In 2015 at the Dnipro city physics Olympiad a problem of a particle
motion description a ondimensional system was proposed where the system
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initially consists of a group of identical particles which moves todwanother one
particle (problem No. 5, 8 grade [1]). In this work we propose a generalization of the
corresponding problem for the case where the system initially consists of two
particle groups moving towards each other. The particle size and the absilg

of the velocity of each particle are equile number of particles in the groups is
equal. The mass of each particle in the first and in the second grouisl m,
respectively mQmy. Let us consider that initially the first group is moving to the
right and the second group is moving to the left. The dependda®) is
investigated wherdlier; is the number of particles which move to the left after all
collisions,N is the totahumber of particles in the system.

Numerical algorithm. The time is counted from the moment of the first collision.
The number of particles in each graugni=n». Absolute values of initial velocities
o=oi=. Distance between particle centers in eaclugtel =I..

1. Fill the mass arraym:=m1, 1 Oij n@Fmy,ni+ 1 O i+@ynfill the array of
particle center coordinates by initial valurs=0; x::=x-1+l1, 2 O X=X n1+d;
x:=x"1+l2,m+ 2 O i+@ynfill the velocity array by initial valuesvi:=gi,1 O i1i@;n
Vii=igm+ 2 O i+@n=is theassignment operatiod is the particle diameter

M- my2m (Ody, o _2mu-mO4) m( P
b m+m m+m

formulas (1) are consequences of the skabbwn results for the particle
velocities after th@erfectly elastic collisions [23].

2. At eachiteration

2.1. Rewrite the velocity array to another arréy:=V;, 1 @n..0n

2.2. Find the time to the next collision in the system for each
neighboringparticle pair ifVj>Vj.1 thenGt=(Xj+1i X1 d)/(Vji Vis1), all the neighboring
pairs(1 {O m+nai 1) should be checkedime to the next collsiotk: mm(L,I)

2.3 Rewritearray of particle center coordinates=x+V-(J 1 Oiirn@ n

2 4. Check all theneighboringarticle pairs if the collisiobetween the particle
in the pair took placesa, for 1 @ m+n,i 1if x .=x+d, then the collision took place,
and rewrite the velocities of these particles according,8):[2

\/| mU m+1u -Qmiu Bz\/l+l sz mu+1 +m1}.LIJ 1+q)
m+m, m+my,

Thealgorithm termination conditiois the absence of collisions at the current
iteration. It should be stressed that the proposed algorithm works adequately only of
all the collisions in the system are tparticle ones.

Results and conclusionsThe obtainedresults are shown on Fig. 1 and
Tablel, the numbex,d3,38028in Table 1 is the root of the equation

X +10x -52¢ 22 3+ (@ 601
The numerical investigation is made for the mass rdti@sx #mO 1 0vih
the step equal to 0.001. However, the exact values of the range limits in Table 1 are
derived on the basis of the investigation ofskquence of collisions in the system
The situation is the same f86950 x O 190 We mayhypothesizehat Nies=N if

0O ML

O HI
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x>100. It should be stressed thaiN is fixed, Niert is not necessarily increasing with
increasing ok, becausehte sequence of collisions plays a significant role.
300

250
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100

50

OO 50 100 150 200 250 A300

Figure 1. Obtained dependencies Nleft(N) for different matiss

Table 1. Intervals of the mass ratios for different graphs on Fig. 1.

D NJ i ] D NI ] i
K bl wtyASs (KS Y wkyAas (KS Y
2y x=m/m CA3 x=m/m

M xi [1:3) p | xi((5+2/7)/3:3 &2
ho| xi (3;2 2-J2 &2 } c xi (3+2/2;4 413

o | xi(al2-2 42 )| 1 | xi (42 2 )
n xi (%;(5 +2ﬁ)/$ y x>2 22 ¥4
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THERMAL DISSOCIATION OF AMMONIA AND HYDRAZINE IN
ARCJET THRUSTERS OF SPACECRAFT

Annotation. The paper considers the features of thermal dissociation of ammonia
and hydrazine as promisingitrogerrcontaining working media for power and
rocketspace applications. A comparative analysis of the kinetic regularities and
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decomposition mechanisms of these compounds is carried out taking into account
the influence of temperature, pressure andyitdactors. It is shown that ammonia

is characterized by high thermal stability and an endothermic dissociation process,
while hydrazine has lower stability and the ability for exothermic decomposition.
The possibility of using the dissociation producs these substances for the
formation of a plasma flow in arcjet thrusters of spacecraft is substantiated. The
obtained results can be used in the development of new types of electrothermal
propulsion systems.

Keywords: thermal dissociation, ammonia, hgdine, reaction kinetics, arcjet
thruster, plasma, spacecratft.
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RETROSPECTIVE REVIEW OF STORAGE AND FEED SYSTEMS OF
ELECTRIC PROPULSION SYSTEMS

Annotation. The paper presents the results of a retrospective review of propellant
storage and feed systems for electric propulsion base#ladireffect and ion
thrusters operating on inert gases. Within the framework of the study, 103 systems
developed during the period from 1988 to 2025 were analyzed. The main
development trends were identified, systemic patterns were determined, as well as
advanced technologies and those that are currently rarely used. The obtained results
can be applied to the selection of optimal technical solutions for future systems and
may also serve as a basis for further research.

Keywords: storage system, feed systemiectric propulsion system, propellant
management assembly, propellant flow controller
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ENERGY CONSUMPTION ANALYSIS OF A FEED SYSTEM FOR
GREEN PROPULSION OF CUBESAT SPACECRAFT

Annotation. The study is devoted to the analysis exdfergy consumption in
propulsion system feed architectures for Cubefss spacecraft using green
monopropellants. The paper continues previous research focused on improving the
safety and efficiency of propulsion systems through the use ofstalieichemical
compounds for gas generation. Particular attention is given to the evaluation of
energy requirements associated with heating, activation, and operation of the
proposed feed system. The results are aimed at optimizing power consumption under
strictonboard energy constraints typical for nanosatellites.

Keywords: CubeSat, propulsion system, energy consumption, green
monopropellant, feed system, sefithte gas generation, thermal decomposition
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CURRENT STATE AND CHALLENGES OF CATALYSTS FOR
UNITIZED REGENERATIVE FUEL CELLS

Annotations. A unified regenerative fuel cell (URFC) is an electrochemical device
that can function both as an electrolyzer and faebcell, enabling energy storage
from renewable sources. Excess electricity is used to produce hydrogen, which is
subsequently converted back into electricity. This enhances the stability and
reliability of power systems, but widespread adoption is éichiby high costs. The

main challenges are the use of expensive noble metals and the insufficient stability
of cheaper catalysts. This paper summarizes current research, examines degradation
mechanisms, and identifies promising directions for improvingeffieiency and
durability of UREF.

Keywords: Unitized regenerative fuel cell, hydrogen energgctrolysisfuel cells
catalysts.
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TEST BENCH EQUIPMENT FOR DETERMINING THE
CHARACTERISTICS OF SOLID PROPELLANTS

Annotation. The sulpect of the study is the regularities of solid fuel combustion
under conditions of controlled constant pressure or constant volume, as well as the
influence of thermodynamic and physicochemical parameters on the reaction rate,
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heat release, and processbiity. Experimental and computational methods for
determining the main process parameters are considered, including pressure
variation in a closed volume, heat release rate, and mass transfer coefficients. The
obtained results make it possible to refinatiematical models of solid fuel
combustion and to assess the influence of operating conditions on process stability
and efficiency.

Keywords: rocket solid propellant engine, solid fuels, combustion processes,
combustion kinetics, constant volume, constant pressure, thermodynamic
parameters, heat release, heat and mass transfer

The design of a solid propellant rocket engine (SPRE) is basedeairofkey
design parameters, among which the total impulse, maximum combustion chamber
pressure, thrust, operating time, and engine mass are the most significant. These
parameters largely depend on the physicochemical and mechanical properties of the
propellant, its composition, and the geometry of the burning surface. The mechanical
properties of solid propellants (such as strength, stiffness, brittleness, homogeneity,
adhesion, and viscosity) are typically determined during the stage of developing the
engine manufacturing technology. This stage generally requires a seriessuifiell
experimental tests aimed at evaluating these characteristics using manufactured
propellant samples. In contrast, physicochemical properties serve as initial input data
atthe preliminary stage of engine design (zero approximation). Therefore, the more
accurately these parameters are determined, the more efficient the iterative process
of selecting the optimal propellant composition becomes. As a result, the engine
operating process can be predicted with greater certainty, which ultimately
accelerates the development cycle and reduces associated resource expenditures.

In the absence of an experimental basis for determining the physicochemical
properties of the propellant, tlomly available approach is to rely on data reported
in the scientific literature or on results obtained in previous developments. However,
this approach introduces a large number of uncertainties, and verification of such
data is only possible through tmeanufacture and testing of a prototype engine
equipped with structural components, a nozzle, an ignition system, and other
necessary subsystems. Furthermore, the geometric dimensions of the combustion
chamber also act as variables in the equations usgetéomine the engine design
parameters. In addition, the variability of propellant properties is influenced by the
composition and concentration of chemical compounds, as well as by the
granulometric characteristics of the components (particle shapeasidespecific
surface area). These parameters may vary between different manufacturers and even
between different production batches from the same manufacturer. As a
consequence, the presence of numerous variables that may vary within certain limits
leads to a significant dispersion of the final performance parameters, which
necessitates a longer experimental cycle involving both simplified andctii
prototypes.

To reduce this variability, experimental methods for determining the
physicochemical proptes of propellants can be employed. For instance, propellant
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samples may be tested in a closed combustion chamber, commonly referred to as a
constanpressure bomb or a sealed constaritime bomb. Such experiments allow

the determination of key paramegeincluding the calorific value, combustion
temperature, adiabatic index at constant volume, and burning rate at various chamber
pressures. These data are subsequently used to determine the combustion profile of
the propellant grain, the maximum combustithamber pressure, and the specific
impulse of the propellant. Consequently, the number of unknown design parameters
in the calculations is reduced, which significantly simplifies the subsequent process
of solid propellant rocket engine development.
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OPTIMIZATION OF COSTS AND EXTENSION OF SERVICE LIFE OF
SOLAR SYSTEMS DEPENDING ON OPERATING CONDITIONS IN
SPACE

Annotation. The paper investigates methods for improving the efficiency adesp

solar systems by optimizing costs and extending their service life in space
conditions. The main degradation factors of photovoltaic converters (radiation,
thermal cycling loads) aranalyzed and a set of mathematical models (K, Etotal,
LCC) for evalating the economic efficiency of design solutions is proposed. The
feasibility of wusing multijunction Aj B
to enhance radiation resistance is substantiated. The results allow optimizing the
costdurability ratiofor long-term space missions at the design stage.
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SIMPLIFIED METHODOLOGY FOR EXPERIMENTAL STUDY OF THE
PROPERTIES OF SOLID ROCKET PROPELLANTS

Abstract.A simplified method for experimental investigation of the main properties

of composite solid rocket propellants is proposed, combining thermodynamic
modeling in ProPEP 3 software with bench fire testsrofllscale motors. The
method allows determining specific impulse, combustion temperature, burning rate
law, and accounting for the influence of the condensed phase in combustion products
with sufficient accuracy. Verification on two types of propellawith different
aluminum content confirmed the deviation of calculated data from experimental
ones within 2.5%. It is shown that for motors with thrust up to 5000 N, it is
mandatory to consider the twihase flow nature, since an increase in the metallic
fuel content does not lead to a proportional increase in specific impulse due to losses
on the condensed phase.

Keywords: solid rocket propellant, bench tests, specific impulse, combustion
temperature, burning rate law, typhase flow, verification.
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SIMPLIFIED CFD MODELING OF MONOMETHYLHYDRAZINE
COMBUSTION AND HEAT TRANSFER IN A SMALL ROCKET ENGINE

Annotation. Low-thrust liquid rocket enginedRE) have occupied a narrow, but
extremely signitcant role- orbital maneuvering and orientation of spacecraft. The
demand oflong er m st orage of fuel in the speé
choice of fuels. Easy storage, energy characteristics aneigsigibn make
hydrazinebased fuels (monontetlhydrazine in particular) a good choice for low

thrust rocket engines. However, the specificity of the chemical reactions of MMH
combustion makes its modeling an extremely complex task. In many cases, it will
be appropriate to use simplified models.
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EVALUATION OF UNDERWATER DRONE LIQUID ROCKET
ENGINE EFFICIENCY BASED ON THE COMBUSTION PRODUCTS
CONDENSATION CRITERION

Annotation. This paper presents a comparative analysis of the energy efficiency of
liquid rocket engines for small underwater drones. The study investigates the impact
of hydrostatic pressure on the specific impulse degradation eéoraensabléuels
versus systems with phagansition combustion products. The thrust preservation
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coefficient is introduced to justify the advantages of using hydrogen peroxide for
depths exceeding 10 meters.

Keywords: underwater drone, liquid rocket engine, speciimpulse, phase
transition of combustion products, hydrostatic pressure.
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PROSPECTS FOR THE USE OF ADDITIVE TECHNOLOGIES IN THE
DESIGN AND PRODUCTION OF ROCKET ENGINES

Abstract: The text considers the application of additive technologies in rocket and
space engine manufacturing, particularly the technology of selective laser melting
(SLM) of metal powder. Therinciple of this technology is based on the laygr

layer melting of netal powder using laser radiation according to CAD models, and
its main advantages over traditional manufacturing methods are highlighted. The
possibilities of creating composite, gradient, and nanostructured materials, as well
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as the prospects of usingr8p forming technology to obtain alloys with improved
properties, are also discussed.

Keywords: additive technologies, selective laser melting (SLM), metal 3D printing,
composite materials, rocket and space engine manufacturing.

102" dz2h fitemMfBC B¢ ldeffadzd GfHIsj m dzsdzse * 2
E tcOCjddds ydesdsk HodehkdesBlkzHEZzZo Odgdzg' 99 O30
odtesBdzdylsoa ® LO HGSfSBRsEsE dZzoL jtedatse 5
BOIsj BOIsd ydedtszoj dvAdpf [ 1] . SLM (SgRezstzsg e
DHlZzZC &z OsitelzC( 3 BB3j Is0Odzts dg) fjtejHBOYO' ]
tetsL f dzOo dzj dedz? f Stesh Coatsets BOIjte' Oz L O
ody tetsdy’ dz¢ 9 Odzdzw . 1 @& w ozt dziRisE s MISd thitcs 8 s
HilkbOdk', L wedr M d&zOHOs 5! v OF Y sdef tetOds
CodemlstczCy" " " Hodh jdets™ dzOH' 2 desfyls’ .

v f st o dagv dzdz' L stcOH dy" 2 dzd dizd Is j ~ dats
ff zOo dzj dedz? BO*' twwH Mkl ' adr fitejoOc [
sjrodsdzse ' ydz' LOHOY' , MCtsttsyk‘ -Htged ‘Hdaf ol
‘ Htsfacdzsmﬁgmstelzglsisteﬁjlgdz s Is, MO’ aB3ts
' dz BCC gl SO fesjClskzo Odzdey SO e dtetse
L &®ijlsOdkkz, L0 Mot d&d *Bj - Odz Y da
jteh s ls! OdZOdsOdH sEBEdGs: ddlslsy OB
fiukz ! qw jCtdts Yydz® HBYy' dz dz fls:
Zdyse ® COMtd Lo Odats’ ftesHEZS Y *
@' 2 HBL O Bdzv' odetslksadvlsd M¢ dzOH
n CtdmstekzSyr 2, wg dzj Bsy zd o 8 wilste
3 OBt hIisO®RY zo Odedz d3. [ sy dzd @ sfiyls®  d3C

L Codif sL dlsdedr  BOj e’ Odz' o, od¢
' Hdzd R fstesh S 9. | B®Mo" dels dgd sdgQls
Bsd3 fsh Ocsosets dzOdzj M dzdzv IsO MY dzOo
L dzd dad d¥ ‘uddftdsf o &zOMmisdoetsMmiswd [ 3] .
edBOdes CtBfsLdy 2d BOjt' Odd, o
Od%' S8 . uvOS' KOl te' Opsts fyly Wishigddyls telz® Isf |
hzo Odzdz? . slso St dzts - dz' 1S Qa3 dAd 19 5 a3 Odstg jodt
1 B des s yd MY 99" Hdatsh j dadgv Ctoj dzdz
&z0e "L LOHOdzdd3 StjW' y'  dasstsds Isjteds
fesmis' 2dzed s E 'Od tsHE sdizj i3y ' BPsEzte) . U j ndats
fllseo stes ° fijtemfjCisded H dzw L OfMssMkze Od
ZOdsMistczS sktctso Odzdladz’ BOEz dzf Ddz' fgf dzOo ' o L
oCdzr yjdedzv &3 His tsB' ‘ dBBdes’ Milstelz € Is [ tyg Is Gexilzis
o Cdzt yos mdJj g ez dz2, tsCMdH' 9 kO ' da

73
Lo
&

“e. O

QS F - 0O FIIST &
FHg=Q@F®- o

"38’1%3(5@—’@@"
=3

7 SROTARI-C g

= Qg
7]

<
L
)
fn

115



I R o I R Cs T s e T 1 T

1" BdZ scteOW " ydz f sd dzO dzdz”

1. Additive Manufacturing. With Amperprint for 3[Printing you Have the
Powder to Create. [ [ dzj € Istets dzdzd 2 to
https//www.hoganasom'en’powdertechnologie/additive
manufacturingdd-printingpowders

2. NASA tests limits of 3Dprnting with powerfull rocket engine check.

[ [ dzd € Is tc 5 dzdziftt://nsg.dplz e ]

3. wdzls j-Bdefi Bdedz? ¢ Design Engineeringéeé, (
printed rocket engi M e dsjpls dzdzd 2 t itajnfm
https//www.desigrengineeringcom/orbexopenslarge scale3d-printed
rocketengineproductionfacility-1004037855/

116


https://www.hoganas.com/en/powder-technologies/additive-manufacturing/3d-printingpowders/
https://www.hoganas.com/en/powder-technologies/additive-manufacturing/3d-printingpowders/
http://nasa.gov/
https://www.design-engineering.com/orbex-opens-large-scale-3d-printed-rocket-engine-production-facility-1004037855/
https://www.design-engineering.com/orbex-opens-large-scale-3d-printed-rocket-engine-production-facility-1004037855/

. +LLL e~ho®e”ch® "o  e®” 7e €& ke eg ‘yomaom n 22N _ te'Y HAaoHC h

- — . o -

L s6297
DOI:10.6271730837057-20261-027

sshd~ 1. w.,
[ dz' lfthSSflngq? dZOy' sdzOdz dzgd?2 kdz' o Jteimdlis] s
[ -mail: kdi.dp.88@gmail.com

1 kzsckztgse w. [ .
rdz’ ftetse ! Cd2zdeOa] sip@lz] zd 2 3. [ dzj v | sdzy

BRYy1éyr1vc vfifJ) wovwssfw tfs1JovrR dluv ]
tdrldrvorovlof 2 f1f YtRuev O vutia 1 ow

pLtr4ovo twrrr 4L todsrovrddd IR
rddrofdloéorrcfd 14rrvetovftrd4d 1670 wvecardd

PdeslsOY'tese jHJ dets Isjtstej Isd yded 2 totsL tc On Iz dats ¢
J M j tod d3j dzls Odz! dzd = HOdzd - tetsB slsd O9 Ists
ftodmlstess (ot ) © Ikt dOchdsdz Octk, |
Ho d
S dzs
(OX¢]

GO (ttr) L HBfOd sOddz" B3 ¢ j dzgj O ste
s MzZcODssBOIsdyuded?2 tosL 9 Odzls O 29 Odz! dzg
tej G0Ols, ' Hddeded?2 ©WOCjlsdzd?2 Hodcekdz, HEGY

D. Kosykh,
Oles Honchar Dnipro National University
[ -mail: kdi.dp.88@gmail.com

S.Bilogurov,
Oles Honchar Dnipro National University

REVIEW OF THE APPLICATION OF AN AUTOMATIC UNLOADING
DEVICE IN THE TURBOPUMP UNITS FOR STAGE COMBUSTION
LIQUID ROCKET ENGINES WITH THRUST UP TO 10 TONS

Annotation: A theoretical calculation of axifbrces and an analysis of experimental
data on the operation of the automatic unloading device (AUD) in the turbopump
unit (TPU) of a liquid rocket engine (LRE) with generator gas afterburning, with a
thrust of up to 10 tons, have been carried out.

Keywords: automatic unloading device, turbopump unit, liquid rocket engine,
generator gas afterburning.
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FIRING TESTS OF SPACE LIQUID ROCKET ENGINES

Annotation. Theresultsof developmenandfiring testsof two liquid rocketengines

with thrust250N and200N are analyzed. Thesmgines were developed for Moon
lander of US compankfirefly AerospacePresentedesultsarebasedon realfacts
which providedon behalfof actualparticipantsand authorsof developmentsThe

need and podsility of publishing such materials is caused by the appearance of
numerous publications containing falsified information, primarily regarding the tests
of the aforementioned engines. The report is based on a critical analysis of
previously published infonation and is focused specifically on the scientific,
technical and economic aspects of ground fire tests with simulateeahiigide
conditions.

Keywords: Liquid rocket engingdesign fire tests
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ANALYSIS OF TRENDS IN THE DEVELOPMENT OF OBLIQUE
DETONATION WAVE ENGINES FOR HYPERSOCIAN AIRCRAFT

Abstract: The prospects for creating engines with an oblique detonation wave for
hypersonic aircrafare analyzed. The advantage of detonation combustion over

di ffusion combusti on, the efficiency ¢
proven. The use of overcompression det
optimize fuel mixture compression is jugti.

Keywords: hypersonic aircraft, oblique detonation wave engine, detonation
combustion, stationary detonation, supercompressed detonation, Mach number.
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METHOD OF PRODUCING CLEAN REDUCING GENERATOR GAS FOR
A LIQUID ROCKET ENGINE TURBOPUMP UNIT

Annotation. The paper conders a method for obtaining clean reducing generator
gas for the turbopump assembly of a liquid rocket engine operating on liquid
oxygen kerosene propellants. A twsiage gas generation process is proposed, in
which ammonia decomposition is used at theosed stage to reduce the generator
gas temperature. It is shown that the proposed approach makes it possible to avoid
soot formation and reduce operating costs during repeated engine use.

Keywords: gas generator, liquid rocket engine, generator gas, ammsnbt
formation
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FEATURES OF THE IMPLEMENTATION OF ADDITIVE
MANUFACTURING FOR THE PRODUCTION OF LIQUID ROCKET
ENGINE COMBUSTION CHAMBER COMPONENTS

Annotation. The involvement of private space companies has led to the active
implementation of new technologies in the field of rocket engineering. One such
technology is the use of additimeanufacturing for producing components of liquid
rocket engines. This paper describes the potential application of these technologies
and the factors that encourage manufacturers to adopt them.

Keywords: additive manufacturing, rocket engine, combustioancher.
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COOLING OF LOW -THRUST LIQUID ROCKET ENGINES WITH
LIQUID AND ALKALI METALS

Abstract: Preliminary calculationsvere performed to evaluate the feasibilitfy
using alkali metals for cooling lowhrust liquid rocket engines in spac&artup
behavior and lowpower operation were analyzed far gascontrolled syste
operating in the potassium vapor condensation.zone

Keywords: liquid and alkali metals, evaporation coefficient, capilpprous
structures, heat pipes, liquid rocket engine.
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IMPROVING THE EFFICIENCY OF WATER ELECTROLYSIS FOR
HYDROGEN PRODUCTION

Abstract This paper examines modern approaches to improving the efficiency of
water electrolysis as one of the main methods of hydrogen production. The main
factors affecting the efficiency of the process are analyzed, including electrode
materials, electrolysigperating modes, and integration of electrolysis systems with
renewable energy sources. directions for the development of electrolysis
technologies for green hydrogen production are identified.

Keywords: hydrogen, water electrolysis, renewaldeergy, energy efficiency,
hydrogen energy.
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EVOLUTION OF APPROACHES TO ROCKET ENGINE DESIGN

Annotation. The paper analyzes the transformation of rocket engine design
approaches: from empirical testing to the implementation of modern technologies
and methodologies. The role of artificial intelligence in the design and manufacture
of structures, awvell as the significance of additive technologies for creating
complex components, are examined. Attention is paid to the specific challenges of
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the Ukrainian rocket and space industry, notably the need to combine high
technology with speed and cafediveness of production. The authors emphasize
that the transition from etal' to "digital" is critical for ensuring predictive
maintenance and the intellectualization of design.

Keywords: rocket engines; artificial intelligence; additive technologies; intelligent
design; modern approaches.
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SPECIFIC ASPECTS OF MATHEMATICAL MODELING OF FILLING
OF BRANCHED FEEDLINES WITHIN A RECONFIGURABLE FEED
SYSTEM DURING LIQUID -PROPELLANT ROCKET ENGINE START -UP

Abstract. A mathematical model for filling complex pipeline networks containing
anarbitrary number of branches during ligtpdopellant rocket engine (LPRE) start

up has been developed. The effectiveness of the proposed approach is demonstrated
using the startip of a test LPRE employing a ggsnerator afterburning cycle as an
example.
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Keywords: liquid-propellant rocket engine (LPRE), stai, filling, reconfigurable
propellant feed system, branched hydraulic line, mathematical modeling
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ASSESSMENT OF THE TECHNICAL CONDITION OF NODES

Annotation..The article presents the results of a mathematical analysis of the
experimental data obtained during the tests of thd®bw-power Hall engie. The
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study of the dependence of the main performance indicators of the éngimest,
specific impulse, and efficienady on the level of electric power of the discharge
was carried out[3]. Methods of regression analysis and approximation of
experimetal dependencies are used to interpret the experimental results. It was
found that in a certain power range, thrust stabilization occurs, which corresponds
to the formation of a quasitationary mode of plasma acceleration in the engine
channel. The obtaed data can be used to optimize the operating modes of low
power electrojet engines for smalhss spacecratft.

Keywords: electrojet engine, Hall thrust, electric thrust, specific thrust, efficiency.

Hall thrusters are indispensable in modern space apiplis, offering high
specific impulse and efficient propellant use. Among electric propulsion systems,
Hall engines are widely deployed for satellite orbit maintenance asgace
operations. The burgeoning fields of small spacecraft and nanosatalitessitate
the development of compact, enemgfjicient, low-power propulsion systems. The
ST-40 Hall engine is a promising example of such a system, and its operational traits
have been determined through experimental stdi@s This researclendeavors
to mathematically analyze the SID's experimental characteristics, elucidating the
patterns of change in its thrust and energy parameters as a function of discharge
electrical power.

Mathematical processing methodology

The key indicators desbing the performance of a Hall thruster include thrust
(T), speci fic i mpul se (lI'sp), an
Specific impulse is calculated using the expression:

of A—,

where T represents the engine thruiststands for the propellant mass flow

rate, and g denotes standard
Thrust efficiency is defined by the formula:
Yoo
- ﬁh
¢ v

with P being the electrical power input to the discharge.
To interpret the experimental data, mathematical approximation technigques and
regession analysis were utilized, enabling the identification of functional
relationships among the engiparameterf4].

Results and discussion

Experimental data analysis reveals a direct correlation between increased
discharge electrical power anehhanced engine thrust. This phenomenon is
attributed to greater energy transfer to ions during plasma acceleration. Within the
approximate power range of 275 W, a thrust plateau emerges, where further
power increments yield negligible thrust gainsisTs$tabilization likely stems from
the saturation of ionization and plasma acceleration within the engine's discharge
channel. Regression models successfully characterized the variations in thrust and
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efficiency across the investigated operational spectitimese findings align with
established principles governing lqgower Hall thruster performangg,5].

Conclusions

Mathematical analysis was performed on the experimental data collected from
the tests of the SA0 Hall thruster.

Relationships between thrust, specific impulse, and engine efficiency relative
to the electrical power of the discharge were determined.

A zone of thrust stabilization within the power interval of 238 W was
identified.

It has been demonstrated thatmoying regression analysis techniques allows
for effective characterization of experimental correlations and assessment of
operating conditions in electrojet thrusters.
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METHOD OF CONTROLLING THE POSITIONING OF MOBILE
STATIONS OF GROUND-BASED SYSTEM FOR OBSERVATION OF
ORBITAL OBJECTS

Abstract. A method for controlling the positioning of mobile stations gfraund

based system for observing orbital objects is proposed. The first part of the method
is implemented before the start of controlling the ground system and is actually the
task of designing the minimum required number of stations and their placement i
such a way as to ensure continuous coverage of a given altitude range above a given
territory by zones of possible application of ground station devices (it is a search for
a solution to the problem in an ideal formulation). The second part of the method
provides for the current adjustment of the found design solution to the features of
the set of orbital objects specified for observation, but in such a way that deviations
from the found design solution do not exceed certain given limits.

Keywords: groundbased system for observation of orbital objects, positioning con-
trol of ground moHkz stations, traditional and intelligent methods
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SOFTWARE FOR LAUNCH VEHICLE INJECTION ACCURACY
ANALYSIS USING PARALLEL COMPUTING

Annotation. The aim of this work is to develop software for mathematical and
computational support of automation for compleavigation systems of launch
vehicles. The software performs a priori accuracy assessment of strapdown inertial
navigation system (SINS) for super light class launch vehicles during spacecraft
injection into orbit. A mathematical model of launch vehicletioro under the
influence of SINS errors is presented. The software is developed in C++ using
OpenMP parallel computing. Deterministic factor analysis of 36 error sources
influence on injection accuracy is performed. The analysis determines dominant
error factors: gyroscope drift and initial alignment errors. The use of parallel
computing reduces computational time by a factor equal to the number of available
processor cores.

Keywords: software, launch vehicle, strapdown inertial navigation system, injection
accuracy, factor analysis, parallel computing.

IfMsfd ‘¢ L thdssddn LOHOY KBOlj BOIsd
f4ud dzgdzv Qo lstsBBOIsdL Oy* ° Costf dzj Gefgdipd » o dzQ P
&ZOHdzj e Cts@ts S dzOMk ' By 2¢O Isydesfifds 'y o-de
dz' seolz tstB ' skZ. 1 OQoHWCd dz 2 LOBJLYJykz® Is
LjRdzsets SO Bstcltso et ftosctcORbSEts L OB j L
fMlsj 8 MeyOmdedrs 1. ¢d2Odz' L €' dzr €' fpdad = toj
LdzOydlsd wC' Mbj df tcfDdzmtf P dzled OIsd 3" t6d h s
&ZO odt' M jdedgw y' ' LOHOY' Hdw 11 dzOHdzj @
dz' dzgss  dz@o ' Oy 2dzts¥ MdMmisj dtss (4w &) MYt
Nddede" 3 I s jteiHd 7 HBMd wyjdz [ 1].

1 sadB S d 11Qued. Y02 MNeuy@@dedzj ¢ S scts § dzOMm

BJLY &zOIsW stodgded i3 * dzj ey’ Odz! dzgd 3d dz@o9 ' ¢ OyY"
f4dukze sy Oolstsdesdzdzi odL dzOyd dzdz? § OOy st
BOMse ' ROLOSCIjtedMisdSCd SO d3 dz' G3Odz' dzgj J dz
Jug ftedLrotsHdIs! HB o' Haddzjdz t1 o' H dzs5df3
9 ' Haddzj dz2 fOLORBi st @ tekkrnlkz s¢ o BB dls
HYyjtejdz fsadBtsS tetsLedzvHOs Is! iw ' dzfmistclz 3§ d
sdzdodrm | dzj d3j dzls0oo IsEOGHjeME g IotE’, O ISOC T
f syobkStse s’ ao[fnlsOagq #jtejH dadr: Htej 2W
sOBdsets S5 W' y sz, ftsndBCO o MmlsOdzse dzj
4 dedzgv, Istsh 5.

rdlsjited3’ dz' misd ydzed 2 Y X lots taiddy 2dzRAzda die dzbj |
sOtedzts, HJiljtd' d& fMmilsdyded 2 "HR' H HBL 9 fsdzw
BSCd dzO bktydz Mis! odojHjdzdzw t1 dz2O y' dz ts5¢
~nOtOCIsjtedL iz Is! Mw GctOdzd yded 5 L dzOyj dedav d3 (
dzsfls® 0, 997 3 sz tstc P d @ Is 9 ¢ dzs yoO* : 1)
dzts’ IstcO' Clsste’ BJL ofdzdebk ftsmndeB¢; 2)



. +LLL e~ho®e”ch® "o  e®” 7e €& ke eg ‘yomaom n 22Hn . te'Y HAaoHC h

H'W SCBydes’ L fssadetst BCtej @3s; 3) e ydmd
s 3 dzOdz! dzgd - L dzZOyd dz2 o Itsyy' t®" @lst ) 2zdw

] et OR3dz0 wWOEL et ®@dgdzy . L OB J L § j yd dedzv
C++ L oditttdMmMlsOdgdg" @3 B Bdz' sIsj $d OpenMP
ChizteO fscteOBd §BSBEZHGO CED * dfs st OfRGdsy QfF
pOdzdlz?, hts LOBJLY Uk Odidsimidrd: 60 Ms" v Is tedsdzb?
[MmMdzseodz Ctf3f sdzj dzsd toj Odz' L s9 Odz' Bk o d @G dzw
Cofmezdzvy' °, dOMdz' Hzo Odedz? O ff sdz® BsteW ' L
' 2 tjOd LsoOdts yitejL OpenMP L HBlsted 3O
SssEas f oesctcOd3lzo Odadaw .

tdLizd OId |u0s oofdjodigo Yfe s teOd3dzj L OB L
Ydes s Jul g {1 dOHAZicEers CdzOmMEz o
st sk "L LOMktsMkzo Odzdz" &3 i3 stsH'™ 9 W OC st
dzj dzdzv Op en MP.

[Mdzseo dz' s@fd iz SIs(:

1. 102 L9 Odets Odzestedlsds Hjlsjted3 dz' Mls
LdzOyj dedz? otfdzdolz ftsrndetsS ' dgjtey’ Odz' dedr
odojHjdedz" s¢ (1 dOHAEZjESCtsEets C dzOMEkz O vy

2. 18C0LOds, ht odS ttedmlsOpzzy MA OffOEAg
Yk yof sy d&td boydssmlsi ¢ fdeds digfls  dztsH ®) Nz
yd Mstedzdn WHJ 5.

3. I dwodzjdzs HBAE dzzt y' WOCIktsted - dB
ez o Olsd oaddsed HB bkydtsMmls' * dzj ey’ Odz' dad
sz o Odzdzv Cfj dehiple jOdgzfizw .

4. 1lwtscteOddzj LOBjLY jyjdedz" OolstsdizOlsdy
dedydzedrs © ' Hoddzjdz IO tj2lsddzettdz HBR dalzs
LEdz sOIs" 9.

ljtemMf jClsdotss fBSHOM htsets tesLoadlkCl °
sdudzse s SO foscOBREEsBOOEy O Ui Stedst dz
dzd 5 M d i lsgetelhn 6Ok ,j sL s5Ctej BO, toj Odz' L OY' v 3]
9 0dzdz? Hdzw By ' deSd bktsydssmls' .

1" Bdz s6teOW "' ydz' f tsfmd dzO dzdz™

l.stedojdeSts 1. 1., 1Bd&EBJSC [. J. (6LEGBG
BsH j dzs 9 Odgdzy tetsBtslsd BJL Y dzOIsW tstedgdaets”  °
tcOC-pdsdh W dzOH dzj QuGestcstate &ndz@efrelopment trends of

science and educationzQls j telfl P dzof dzO tc Hz2® tz&-fste &S Is d Yy dzts
C tsda¥ j tdfj dgytfoints \pA26tc).Resear ch Eur adpod.. 20
2. sz j ¢ ¢. 1., vOkOjeMEd2 s. .., A
ssydetsisd or o jHjddY CtshdduimMcdn - O0f4fC
dsdlsj dzv &k 3 1 R & SH desjdets @ Gev.. /1 .
ricbwty o0, rdajfte : [RtOG, 2020. 187

155



7T os .s Y xs ., e'“‘SVS\J“Cs"

3. Titterton D. H., Weston J. L. Strapdown Inertial Navigation Technol2gg.
ed. London: The Institution of Electrical Engineers, 2004. 581 p.

4. Stroustrup B. The C++ Programming Languagfé. el. Boston : Addison
Wesley, 20131360 p.

156



. +LLL e~ho®e”ch® "o  e®” 7e €& ke eg ‘yomaom n 22Hn . te'Y HAaoHC h

U $629.78
DOI:10.627173083 70572026 1-039

] Of - Odets ®

wdzhmisdlskzls Isj ndz ydats’ B rOdz € 1 Oy’ sdzOdz' o
[ 6y Qo dzsets CsMd3’ ydzse s Oc j dzsflsoa © v € t6C

ORCID 000600033821-9254

E-mail: ericksaavedralim@gmail.com

td1t {10l RY\LRMEO/ O}t WLt L H1L HS wyv
svwes @l [ w plEPYuwy [ty ws ¢ PR [ [ R
rfafrrvzervdodswfrcyrfdour wohddwl It myd

i w
O s ONOf oy sdzso Odets C a3 dzj S fdzz 3Ol j OIS g
QO Lk Ml 2C¢sMs’ tSLYisH' d&j ds  sts' IS
Ldgj dz" j dzdz" fslstsCbk Medw ydes'® ©OH' Oy' ° dz0

BSH,j dzs 0o Oczgdz" B’ sOdz dase s ok bkewkzftse
OOz’ L yYOfmset’ M’ 2¢ MW sEBES Oty dzdiZD &
jdzj BjdEls' & dzO ®HdZ 2 ®teB' k' (S d yj), C
tttsL o ddzj dzadn S BOtdzd R MbsttkSlkt, MY stedss O
tetsL f sH' dzj dad LO dzOr ddzj dzdzv d3d . ltesMistste
sy  dsls! " LvHBJEBHYEHE®dadz "HiIcO ( Gaussian
S dzs ytse ' LigggsishQ): dzdzy  f SlstsClz Msday ydets’ e OH
Ctif dzj CMdz® ROk j BOdUdO dtsHjd , oj2odjls

E. Lapkhanov,

Institute of Technical Mechanics of the National Academy of Sciences of
Ukraine and the State Space Agency of Ukraine

ORAD 0000-00033821-9254

E-mail: ericksaavedralim@gmail.com

DEVELOPMENT OF METHODOLOGICAL FOUNDATIONS FOR THE A

PRIORI STABILITY ANALYSIS OF A DISTRIBUTED ORBITAL SPACE

SYSTEM FOR REDUCING THE SOLAR RADIATION FLUX REACHING
THE EARTH6S SURFACE

Abstract. A comprehensive mathematical model is proposed for the a priori stability
analysis of a distributed orbital system intended to reduce the solar radiation flux
reaching the Earth's surface. The model integrates orbital motion modeling of a
constellation of sysim elements, wavelet analysis of the temporal stability of orbital
clusters formed by sets of elements on a single orbit (ring), and cluster analysis of
spatially extended cloulike structures composed of multiple orbital rings
distributed across differérinclinations. The spatial coherence of such clusters is
evaluated using a Gaussian kernel.
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VEHICLE CONTROLLABILITY ANALYSIS AT THE INITIAL
FLIGHT PHASE

Annotation. The calculationof vehicle movement parameters after exit from
container at the initial flight phase was carried out taking into account the entire
spectrum of active disturbing factors. The most stressful calculation cases for
ensuring controllability were identified. An assessment of the sufficient
effectiveness of the elected control units was carried out. Controllability analysis
was carried out fodifferent main engine operating modes taking into account the
variations in its parameters.

Keywords: controllability, disturbed movement aerodynamiccontrol surfaces
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CONTROL AND YAW ORIENTATION SUBSYSTEMS FOR SMALL
SUBORBITAL ROCKETS

Annotation. The paper presents the development and experimental validation of a
roll control and orientation subsystem for a small suborbital rocket using
aerodynamiaontrol surfaces. The subsystem is intended to provide both angular
rate stabilization and commanded roll angle positioning during the active phase of
flight, which is necessary for payload orientation tasks and overall vehicle
controllability.

Experimenta validation was carried out using a specially developed
aerodynamic test bench simulating rotational motion of a rocket model about its
longitudinal axis in an airflow. The subsystem performance was investigated over a
wide range of initial deviations,laiving assessment of stability margins and control
authority. The obtained results confirm the feasibility of using the proposed
subsystem as a component of a-Bdhle attitude control and orientation system for
a suborbital rocket.

Keywords: suborbitalrocket, attitude control, roll control, aerodynamic control
surfaces, control algorithm, onboard control system
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VANE-TYPE SENSOR FOR ONCOMING FLOW PARAMETERS IN
SUBORBITAL ROCKETS

Abstract. Suborbital rockets are an important tool for conducting scientific research
of the upper layers of the atmospheesting new technologies, and performing
experiments in shoterm microgravity conditions. A key task during the flight of
such rockets is the determination of the parameters of the oncoming airflow.
Traditional methods using a Pitot tube require addii@morrections due to angles

of attack and sideslip. The use of a vay@e airflow sensor is proposed, which
makes it possible to improve measurement accuracy, reduce errors, and simplify data
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processing, while ensuring stable operation of measuringimstrts during rocket
maneuvering.

Keywords: Suborbital rockets, vantype sensor, aerodynamic measurements, Pitot
tube.
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ENGINEERING SPECIFICS OF ULTRALIGHT
SUBORBITAL ROCKETS

Abstract: Suborbital rockets ultrlight class are widely used for studying the upper
atmosphere and conducting scientific experiments. One of the key aspects of their
design is ensuring aerodynamtalslity during flight. Since such rockets typically

lack active control systems, stabilization is achieved through the rational selection
of design parameters, particularly the characteristics of thértaiChanges in the

tail fin geometry affect thegsition of the center of pressure relative to the center of
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mass, increasing the rocketds static s
namic drag, which requires finding an optimal solution during the design process.
Keywords: Suborbitalrocket, tail fins, static stability, aerodynamic drag.
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ENGLISH -MEDIUM PROFESSIONAL TRAINING OF STUDENTS IN
ROCKET BALLISTICS: METHODOLOGICAL CHALLENGES AND
INNOVATIVE SOLUTIONS

Annotation. It has beenstudied that Englisimedium professional training of
students in rocket ballistics requires an interdisciplinary approach that combines
advancedmastery of specialized terminology, the development of academic and
professional communicative competence, adl &s the integration of authentic
materials from the fields of rocket engineering and space research. The necessity of
implementing innovative methodological solutions, including CLIL technologies,
digital educational platforms, simulations of profesalosituations, and project

based research tasks, has been substantiated, as these approaches contribute to th
development of critical thinking and professional mobility of future specialists. The
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application of modern pedagogical approaches will enhdrecquality of language
training and increase graduates6 compe
technical environment.

Keywords: English professional training, rocket ballistics, professional
terminology, CLIL, innovative teaching methods.

English-medium professional training of students in rocket ballistics is
becoming increasingly relevant in the context of globalized aerospace research,
multinational engineering teams, and the rapid exchange of scientific knowledge
across borders. Rocket bsfics as an academic and applied field integrates
advanced mathematics, theoretical mechanics, aerodynamics, control systems,
propulsion theory, and computational modeling. When this highly specialized body
of knowledge is delivered in English to student®se first language is not English,
the educational process involves not only the transmission of disciplinary content
but also the development of academic literacy, professional communication skills,
and intercultural competence. The methodological lengés arising from this
integration are complex and multidimensional, yet they also open space for
innovative pedagogical solutions capable of transforming both language education
and engineering training].

One of the primary challenges concerns the cognitive load experienced by
students who must simultaneously process complex scientific concepts and operate
in a foreign language. For example, when students are introduced to trajectory
modeling, they are reiped to interpret definitions, formulas, and theoretical
explanations in English while also performing mathematical reasoning. A typical
classroom explanation may include a sentence such as The trajectory of a ballistic
missile is determined by gravitatiainforces, aerodynamic drag, and initial velocity
parameterf?]. For a student with intermediate English proficiency, difficulties may
arise not only from understanding the physics but also from parsing terms such as
trajectory, aerodynamic drag, and waty parameters. The methodological
implication is that language scaffolding must be embedded directly into content
instruction. Instead of translating terminology mechanically, instructors can design
structured lexical frames, glossaries with contextedlizxamples, and guided
analytical tasks. When students analyze the sentence structure of a definition like
Ballistic motion occurs when an object moves under the influence of gravity alone
after the propulsion phase has ended, they learn to identifwpassnstructions,
causeandeffect relations, and temporal clauses that are typical of scientific
discourse. Such microanalysis enhances both conceptargtly cand linguistic
awareness [3].

Innovative solutions to these challenges increasingly invohigatitgols and
interactive technologies. Simulation software that visualizes projectile motion or
atmospheric reentry provides multimodal input combining text, graphics, and
numerical data. When a simulation displays the statemmen¢asing the launch
ande above 45 degrees reduces horizontal range under standard atmospheric
conditions students can immediately observe graphical changes in trajectory plots.
This alignment of linguistic input with visual representation reduces abstraction and
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supports duakoding of information. Teachers can design tasks where students
predict outcomes verbally before running the simulation, thus linking hypothesis
formulaion with empirical observation.

Projectbased learning offers another promising strategy. Insteaslatiisy
language exercises from engineering tasks, students can be assigned collaborative
projects such as designing a conceptual suborbital flight mission.

Intercultural communication is another dimension often underestimated in
technical education. Inteational aerospace collaboration requires sensitivity to
different academic conventions and communication styles. For instance, in some
cultures direct criticism is avoided, whereas engineering probtEwing may
demand explicit identification of error€lassroom debates in English on case
studies such as trajectory miscalculations foster not only analytical thinking but also
pragmatic competence. Students learn to phrase disagreement constructively, using
expressions such #ismay be more accurate tomsider an alternative assumption
regarding air resistance coefficientSuch phrasing demonstrates how linguistic
mitigation suppds professional collaboration.

Ultimately, Englisamedium professional training in rocket ballistics is not
merely a linguist adaptation of existing curricula but a transformative educational
model. It fosters access to global research networks, enables participation in
international conferences, and prepares graduates for employment in multinational
aerospace industries. Bystematically integrating language development into
disciplinary instruction, educators can mitigate cognitive overload, enhance
conceptual understanding, and cultivate the communicative agility required in
contemporary engineering practice. The methodo&dghallenges are substantial,
encompassing terminology management, discourse competence, assessment reform,
and teacher training, yet innovative solutions grounded in interdisciplinary
collaboration, digital technologies, and projeeised methodologiedemonstrate
significant potential. In this context, English functions not only as a medium of
instruction but as a strategic tool that shapes professional identity, epistemological
access, and the global mobility of future specialists in rocket ballistics

List of references

1. Airey J., Linder C. The Social and Linguistic Ecology of Enghdladium
Instruction in Higher Educatiorlournal of Multilingual and Multicultural
Development. 2022. Vol. 43, No. 7. P. 5887.

2. Dafouz E., Smit U. ROAEMAPPING EnglishMedium Education in the
Internationalised UniversityfCham: Springer, 2020. 205 p.

3. Macaro E. English Medium Instruction: Content and Language in Policy and
Practice Oxford: Oxford University Press, 2021. 312 p.

174



. +LLL e ~ho®e”chaB "o  e®” 7e €& ke g ‘yYyomaomp 22Hn . te'Y HAaoHC h

Ul s 66219391
DOI:10.62717308370572026-1-045
U

Cdw Ctse )L .,
rdz ftesofm! €Cd2 dzOy' sdzOdz! dzgd?2 Ekdz' 9 jtemdisy s
E-mail: vtinako®8 @gmail.com

[ OBEIEC &0 u. I .,
rdz ftetsofm! €d2 dzOy' sdz2Odz dzgd?2 bBdz' 9 jtemdlsils
ORCID 000000023333 3296

E-mail:tvlabut@ukr.net

10J wesvsrRY L[ [fJ7tuvrvuvlérrc sttuvldérrc
s{defwyr 1L o1 ot dvu [ wuvluvuvyrs{Ilw [

SoOybY tesBdzj dets J Ctsdesd3dzd?2 L O odlstcOIlsOd
FoOdzdzw HBMskzftsd S ydesets Of OtcOIskz
EHtso Odzts” ZzO0 tshdtse Hy G dz €BR ML’
dZzOyJ dedzv tetsL §C dzOH Iz 4 dzj d3j dzsGHe@izdIs fiffyyj Ofigt
Edz COy 2des’™ 9L 0O d3sH" ° CEMdz ydesets Of
Coydsets Jjdzj 3f dzlsOQtedzse s M OdzmMlz L o
JoaOdz SO obkLBd d&jttd " , HS wWOCBEB BE
SH dzj fslsis PeddzY GERA pdzsC sMd3' ydzed= O O
' E BOtedyd destedydz' 2 Bt ' IsOdzt dz- 2 f(
tedmlskze Oy O, O tj Odz' L tso Oded ? dz0 Mmdzse
CsmMdz’ ydedr Of OtcOIls* 9 sO tetsLteORkzdsC & Hdzv
szt yso ' st Oy dzd 2 Of O OIls, @it 30 Mkzf Ezlsc
sB thkzdziskzo Odzdzw , CtsMmdz" ydzed?2 Ctstedmlsizo Oy 34

V. Tiniakoy,
Oles Honchar Dnipro National University
E-mail:vtinakoWW8 @gmail.com

&

=

e e NI ok =3

SO~ 80

F--gTIFaF-
Q—
4

D&H

v Labutking

Oles Honchar Dnipro National University
ORCID 0008000233333296
E-mail:tvlabut@ukr.net

BALLISTIC JUSTIFICATION OF ACCESS CONTROL OF A SPACE
VEHICLE TO THE SATELLITE COMMUNICATION NETWORK

Abstract. A time-efficient method of software control of spacecraft access to a
satellite communication network built on the basis of several Walketatati®ns

has been developed. The method provides for determining the schedule of
elementary communication sessions that make up a session of communication
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interaction of the spacecraft with the satellite communication network (for each
elementary commuaoation session, its time interval and the network node to which
the spacecraft will connect are determined). The method does not require modeling
the motion of spacecraft of the satellite network intthgycentricorbital coordinate
system of the user specraft, but is implemented on the basis of using the valfues

the spacecraft parameters and calculating the valfidse latitude argument for
them.

Keywords: spacecraft, satellite communication network, ballistic justification,
space user of sdliee comunication network
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ENERGY SUPPLY SYSTEM FOR A LUNAR BASE BASED ON
PHOTOVOLTAIC POWER GENERATION AND ENERGY STORAGE
SYSTEMS

Annotation. This paper examines the problem of power supply for consuorer

the Moon and proposes a combined power system based on photovoltaic modules
and chemical energy storaggstems The operational characteristics of such a
system are analyzed, taking into account the extended light and dark phases of the
lunar day. Tle possibility of using lithium batteries and protexchange membrane

fuel cells operating on hydrogen and oxygen obtained from regolith is investigated.

It is shown that the proposed approach increases the energy autonomy of the base
and reduces dependeneon resource supplies from Earth.

Keywords: lunar base; photovoltaic modules; energy storage systems; fuel cells.
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PROMISING METHODS OF EXTRACTING FERRUM REGOLITH ON
THE MOON

Abstract. The paper examines promising methods for iron extraction from lunar
regolith in the context of extraterrestrial infrastructure developmedt |SRU
technologies. The study analyzes magnetic separation, hydrogen and carbothermal
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reduction, molten regolith electrolysis, and sqgiasma technologies. Special
attention is given to their technological feasibility, energy efficiency, and integration
into autonomous production systems for future lunar bases.

Keywords. lunar regolith, iron extraction, ISRU, hydrogen reduction, molten
regolith electrolysis, lunar infrastructure, space technologies.
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FEATURES OF METAL USE IN MOON BASE CONDITIONS

Abstract. Some features of metal use on the Moon are described. The influence of
lunar natural conditions and methods of metatipod manufacturing on their use is
shown. A comparison with metal use on Earth is made.

Keywords. Metal products, lunar natural conditions, comparison of use.
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FEATURES OF THE LOCATION OF THE TAKEOFF AND LANDING
PADS OF THE MOON BASE SPACEPORT, TAKING INTO ACCOUNT
THE TERRAIN

Abstract. The algorithm for placing takeoff and landing pads at a moon base
spaceport is described. It shows how the location of craters on the Moon's surface is
taken into account. Examples of pad placement options are provided.

Keywords. 2D geometric objects, ptement algorithm, takeoff and landing pads,
moon base spaceport.
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ASSESSMENT OF THE TECHNICAL CONDITION OF NODES

Annotation. The development of the Moon requires the extraction of natural
resources in situ. The most valuable resources are oxygen and metals: iron,
aluminum, titanium, which can be extractedri the regolith by reducing oxides.

The main technologies for producing oxygen from the regolith on the Moon include
chemical reduction of ilmenite and silicates, electrochemical reduction of molten
silicate, hightemperature pyrolysis. Direct electrolysif the molten regolith is the
most attractive technology for obtaining useful substances. Innovative non
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destructive anodes with a coating of composite ceramics of thei AvB&i2 system
are proposed.
Keywords: chemical reduction, electrochemical redoict
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DETERMINATION OF MAXIMUM ANGLES OF INCLINATION OF THE
TAKEOFF AND LANDING PADS OF THE MOON BASE SPACEPORT

Abstract. Thei nf | uence of the Moonds surface
base spaceport and its main elemértekeoff and landing padsis describedThe
permissible limits for surface deviations from the horizontal plane are shown.
Calculation results angrovided.

Keywords. Takeoff and landing pads, angle of inclination, moon base spaceport.
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SECTIONAL SCREW CONVEYOR FOR TRANSPORTING MOON
REGOLYTH

¢ n n ot arheipmspects of using a screw sectional conveyor for magggith

from the extraction site to the processing site and sending it to Earth in the lunar
conditions are substantiated. This conveyor consists of separate sections, consisting
of a pipeline with a screw located in the middle. Formulas are proposeadrtttad

first time allow calculating the geometric parameters of a screw conveyor section,
depending on the power and electrical characteristics of the selected engine, and the
regolith flow rate for different values of the degree of filling of the screw.

Keywords: Moon, regolith, auger, electric motor, flow rate, power
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Annotation. Lunar and Martian ecological settlements are considered from the
standpoint of a quantum approach, from the standpoint of modern ideas about the
essence of the material world and man in it.
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INVESTIGATION COMPUTATIONAL EFFICIENCY IN EMBEDDED
CONTROL SYSTEMS WITH A COMPUTER VISION MODULE

Annotation. The paper addresses the problem of increasing the overall efficiency of
embedded control systemsngs computer vision algorithms as a virtual measuring
sensor in the feedback loop. Existing approaches to neural network compression are
analyzed, and the lack of a methodology linking model optimization parameters with
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control system stability criteria substantiated. The aim and tasks of the research
are defined to establish the optimal balance between inference latency and accuracy.
Keywords: embedded control systems, computer vision, virtual sensor, neural
network adaptation, TinyML, model compression
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SEMANTIC INTEROPERABILITY IN SPACE INFORMATION
SYSTEMS: AN ANALYTICAL REVIEW OF TECHNOLOG IES

Annotation. An analytical review of the application of ontological modeling and
semantic technologies in space information systems has been conddati=in
satellite constellations, interplanetary missions, and autonomous orbital platforms
form a canplex and increasingly digitalized space infrastructure. The growing
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number of spacecraft and volumes of telemetry data require new methods for
information processing and harmonization. Semantic data models and ontological
modeling provide unified data #rpretation, crossystem interoperability, and
formalization of causandeffect relationshipsThe ontological approach enables
onboard systems to analyze telemetry as an interconnected set of parameters,
enhancing autonomy in despace missions anceducing reliance on ground
control. Semantic integration eliminates ambiguities in interactions between systems
from different operators, facilitates standardized descriptions of hardware
characteristics, and improves orbital safeButure developmentsn¢lude the
adoption of international standards (CCSDS SOIS, EDS), integration of semantic
protocols into satellite mesh networks, optimization of data formats to reduce
computational load, and application of semantic autonomy for local decision
making. Th, semantic interoperability becomes a key factor in the resilience,
scalability, and efficiency of space information infrastructure.

Keywords: semantic interoperability, ontological modeling, space information
systems, telemetry, autonomous spacecraf§ Q€ standards.
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ANALYSIS OF F PRIME FRAMEWORK APPLICABILITY
FOR KHAI1 -SAT UNIVERSITY NANOSATELLITE

Abstract. The issue obelecting a software environment for developing onboard
software for the KhAliSatuniversity CubeSatlass nanosatellite is considered.
Functional and technical requirements of the satellite project for onboard software
are analyzed. The architecture amdin capabilities of NASA JPL's F Prime
framework are studied. A comparative analysis of F Prime's compliance with
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KhAI1-Sat project requirements is performed, and the feasibility of its use is
substantiated.
Keywords: F Prime,KhAI1-Sat CubeSat, onboamsbftware, framework.
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THE THUNDER ECOSYSTEM

Annotation. This paper presents the concept of a new programming language,
Thunder, designed to overcome limitats of modern toolchains and enable
deterministic crosplatform development. The study justifies the use of a self
hosted compiler independent of large infrastructures such as LLVM, ensuring
portability, lightweight architecture, and auditability. The gpwsed sourcbased
dependency model supports interprocedural optimization while eliminating the need
for complex linktime optimization and the traditional header file model. Thunder
also introduces standardized package management and a concise langumagg gr
enabling alternative implementations without losing compatibility. Special attention
is given to metaprogramming, reducing the gap between cotnpidéeand rurtime

code and improving execution efficiency. Overall, Thunder proposes a new
approach toprogramming language ecosystems that combines portability,
optimization, and security.

Keywords: Thunder; programming language; crgdatform development; self
hosted compiler; sourdeased optimization.
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ANALYSIS OF MODERN DIABETES MONITORING SYSTEMS AND
JUSTIFICATION FOR THE USE OF ARTIFICIAL INTELLIGENCE IN
CLINICAL FORECASTING

Annotation. The paper presents a comparative analysis of popular digital platforms
for glycemic control It identifies theirlimitations in the field of longerm clinical
forecasting The necessity of developing a web application based on Symfony (PHP)
that utilizes the Random Forest algorithm for hospitalization risk assessment is
justified.
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COMPARATIVE ANALYSIS OF MQTT AND HTTP PROTOCOLS FOR
THE INTERACTION OF CUBESAT NANOSATELLITES WITH CLOUD
SERVICES

Annotation. The paper investigates the efficiency of using MQTT and HTTP
application protocols for transmitting telemetry data from CubeSat nanosatellites to
cloud services within the context of IoT architecture. The research aims to compare
the efficiency of these protols based on overhead, power consumption, and data
transmission latency in low Earth orbit (LEO) communication channels.
Comparative analysis results demonstrated that MQTT has significantly lower
overhead (less than 5% versus over 60% for HTTP whenntitiimg a 50byte
packet) and ensures more efficient use of onboard system energy resources.
Furthermore, a reduction in the average data transmission latency during high
frequency telemetry was established. The findings indicate the feasibility of using
MQTT as a base data exchange protocol for resaxoustrained CubeSat systems.
Keywords: CubeSat, MQTT, HTTP, telemetry, 10T, LEO communication channels.
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state based on nonparametric models of the eye movement system (EMS) in the form
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of seconedorder Volterra polynomials iproposed. A new diagnostic feature space

has been formed basedonat#d mensi onal representatio
characteristics, reflecting integral and geometric properties of the signals.
Classification performance was evaluated using thpaapector machine (SVM)
method with Stratified Hold crossvalidation (8fold), which enabled achieving

high accuracy in identifying the neurophysiological state.

Keywords: eye movement system, modeling, Volterra models,-teaeking
technology, neuropfsiologicalstatecondition support vector machine method
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METHODS OF PHYSICAL AND SOFTWARE -ORIENTED TESTING OF
RADIATION RESISTANCE OF COTS AVION ICS COMPONENTS FOR
UAVS AND NANOSATELLITES

Abstract. This paper presents a comprehensive review of physical and seftware
oriented methods for radiation hardness testing of avionics systems in unmanned
aerial vehicles (UAVs) and eboard computers (OBCs) afanosatellites. The
principal radiation test categorie3 otal lonizing Dose (TID), Singk&vent Effects
(SEE), and Displacement Damage (DDyre systematized with emphasis on their
application to the qualification of modern commercial -thi-shelf (CO'S)
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components. Particular attention is given to embedded software diagnostics, fault
injection techniqgques, and combined fra
enhance experimental observability and enable quantitative evaluation of fault
tolerarce mechanisms. It is demonstrated that an integrated approach combining
physical irradiation campaigns with embedded monitoring and softassed
mitigation strategies enables a transition from empirical qualification toward
predictive longterm reliabilty assessment of COft&ased avionics and spaceborne
computing systems.

Keywords: radiation hardness; avionics; -board computer (OBC); commercial
off-the-shelf (COTS) components; Total lonizing Dose (TID); SiFglent Effects
(SEE); fault injection; fawolerant software.
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# OMPARISON OF SOFTWARE FOR WINDING MACHINES USED IN
THE MANUFACTURE OF POLYMER COMPOSITE PRODUCTS

Abstract: The paper examines software packages for automating the winding
process of polymer composite materials on machindsdifferent configurations.

A comparison is made between the commercialVidder package for a-éxis
machine and a custedeveloped software package. The analysis highlights the
strengths and weaknesses of each approadinder provides ease of use aad
userfriendly interface, while the custom package offers greater flexibility in forming
mandrel geometry but requires a complex rrstiéip Gcode preparation. Based on
these findings, a concept for a new software package is proposed, combining user
friendly interface, active guidance, automaticc@de cycle management, and
support for technical pauses.

Keywords: automation, &Gode, filament winding, composite materialsaxs
machine, optimizatiorsoftware package
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ROUTING CONTROL IN A PACKET SWITCHING SATELLITE
NETWORK TAKING INTO ACCOUNT THE REQUIREMENTS TO
MINIMIZE THE NEGATIVE IMPACTS OF TOPOLOGY

ARECONSTRUCTI ONSO

Abstract. The development of a method for controlling data routing in a software
defined packeswitched satellite network is gsented, according to which the
controlling influence is set by the formula for the cost of an elementary segment of
the network topology (between adjacent nodes). In the original method, the "control
formula" is adaptive to the dynamics of the distanceveen the corresponding
adjacent network nodes and to the current indicators of information delay in the
network nodes. It is proposed to take into account when determining this formula
also the aproaching of the time of elementary restructuring of therketopology
associated with a change in the nodeeiving information in a pair of switched
nodes. A satellite network is considered, built on several diffdreight Walker
constellations (network segments). Taking into account the approaching ftime o
connection switching in the cost of an elementary communication line may lead to
an increase in the time of transmission of information blocks for certain pairs of
users, but has a positive effect on the average characteristics of information delivery
by the network and increases the reliability of network operation.

Keywords satellite packet switching network, spacecraft, network topology,
routing, program control.
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THE ROLE OF INFORMATION TECHNOLOGIES AND
TELECOMMUNICATIONS EQUIPMENT IN MODERN ROCKET AND
SPACE SYSTEMS

Annotation. The paper scrutinizes contemporary information technologies,
telecommunication systems, and radlectronic equipment employed in rocket and
space systems. Particular emphasis is placed on data transmission and processing,
alongside the assurance of rbl@a communication and spacecraft control. The
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fundamental principles underlying the design of such systems and their significance
in enhancing the efficacy of spacgmissions are thoroughly analyzed. These
technologies facilitate the advancement of the epawustry and augment
capabilities in navigation, monitoring, and space exploration.

Keywords: information technologies, telecommunication systems, ral#iotronic
equipment, rocket and space systems, data transmission.
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DEVELOPMENT OF A SMART TELESCOPE FINDER

Abstract. This work is dedicated to the development of a compact anaffestive
astrotracker designed for amateur astrophotography. The device is implemented as
an equatorial platform that compensates for théhEarotation and enables long
exposure imaging of deegky objects without the need for expensive telescopes or
complex pointing systems. The mechanical system is based on a NEMAL17 stepper
motor with a TMC2208 driver supporting microstepping, and a 5@4artpx,
ensuring high precision and smooth motion. The housing is fabricated using 3D
printing, and power is supplied by 1868(e batteries with expansion capability.

An ESP32 controller manages pulse generation and communication with a mobile
application via Wi-Fi or Bluetooth. Alignment of the system using the Polar Star
makes it usefriendly even for beginners. The proposed astrotracker combines
portability, autonomy, and operational simplicity, opening new opportunities for
amateur astrophotographgdiexperimental astronomy.

Keywords: astrophotography, astrotracker, stepper motor, microstepping, gearbox,
ESP32 controller, WFi, Bluetooth, portable astronomical device
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INFORMATION TECHNOLOGY FOR DECISION SUPPORT IN SPACE
OBJECT VIDEO SURVEILLANCE TASKS USING ARTIFICIAL
INTELLIGENCE

Abstract. This work examines information technologies for decision support in
space object video surveillance tasks using artificial intelligence methods. The role
of intelligent video data processing within the framework of the Space Sitahtio
Awareness (SSA) concept is analyzed, as well as its impact on improving the
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detection, tracking, and analysis of space objects. The main advantages and
prospects of using artificial intelligence to enhance the safety of space activities are
identified.

Keywords: decision support information technologies; video surveillance; space
objects; artificial intelligence; monitoring systems.

The use of modern digital technologies, particularly artificial intelligence
based solutions, facilitates tleeeation of innovative products and services while
opening additional opportunities for economic and societal development [1, p. 54].

The rapid development of the space industry, coupled with the increasing
number of artificial and natural objects in né&zrth space, requires enhanced
monitoring and information analysis systems. Within the framework of Space
Situational Awareness (SSA), decision support information technologies (DSIT) are
of particular relevance, providing integration of video surveillatheia, intelligent
processing, and the generation of welinded recommendations for operators or
automated control systems [2, [H 63

DSIT in space object video surveillance tasks are reutl complexes
combining video and sensor data collectionlgpdata preprocessing algorithms,
analytical modules, and decision support interfaces. The use of such technologies
improves the efficiency of information flow analysis, reduces human factor
influence, and ensures consistency in management decisions comditions of
high uncertainty and dynamic space environments.

The application of artificial intelligence methods, particularly machine learning
and deep learning, is of significant importance for DSIT development. Algorithms
based on convolutional neuratworks enable automated detection, classification,
and tracking of space objects in video images obtained from optical, infrared, or
combined sensors. This allows for efficient processing of large data volumes and
increases the accuracy of object redtign even under unfavorable observation
conditions [2, p. 711].

Within DSIT, artificial intelligence is also applied to tasks such as predicting
the movement of space objects, assessing collision risk, and supporting decision
making regarding preventivenaneuvers. Machine learning and reinforcement
learning methods enable the development of adaptive strategies for managing video
surveillance systems, optimizing the use of computational and sensor resources, and
improving the overall efficiency of space nitoring systems.

A key advantage of Abased DSIT is the ability to comprehensively analyze
heterogeneous data from multiple observation sources, subsequently generating
analytical conclusions and recommendations for decisiaking. This approach
enhancse the accuracy of assessing the current situation inEedn space and
reduces response time in critical situations.

At the same time, implementing DSIT in space object video surveillance tasks
presents technical and organizational challenges. The notailtenges include
limited computational resources, the need to process large data volumegimeeal
and ensuring the reliability, robustness, and interpretability of artificial intelligence
algorithm results [2, p. 1&1; 3, p. 710].
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Thus, decision wpport information technologies combined with artificial
intelligence methods form a promising direction for the development of space object
video surveillance systems. Further advancement of these technologies will enhance
space activity safety, improveearEarth space management, and reduce risks
associated with the growing number of space objects and debris [2,24]22

Decision support information technologies are a key component of modern
space object video surveillance systems, providing effigimtessing and analysis
of large data volumes within the Space Situational Awareness framework. The use
of artificial intelligence methods increases the accuracy of space object detection
and tracking and contributes to wédlunded management decisions.

The further development of DSIT is associated with improving artificial
intelligence algorithms, optimizing computational resources, and enhancing the
autonomy of video surveillance systems, which overall will contribute to increased
safety in space activs.
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APPLICATION OF MODERN ARTIFICIAL INTELLIGENCE
ALGORITHMS IN THE HUMANITIES

Abstract. This work is devoted to the study of the application of modern artificial
intelligence (Al) algorithms in the humanities for analyzing, modeling, and
forecasting complex socicultural and historical processes. The use of neural
networks, machine learning algorithms, and other intelligent methods for processing
large volumes of textuahistorical, archival, and sociological data is examined.
Special attention is given to the integration of quantitative and qualitative data to
identify hidden patterns, establish cauaseleffect relationships, and forecast the
development of socipolitical, cultural, and economic phenomena. The application
of Al algorithms enhances the accuracy of analysis, automates routine research tasks,
and opens new prospects for interdisciplinary studidse proposed approach
demonstrates the effectiveness of @iwdAl methods in the humanities, facilitates
the development of digital tools for researchers, and provides a foundation for new
integrated methodologies for analyzing secidtural phenomena.

Keywords: artificial intelligence, neural networks, machireatning, humanities,
socio-cultural analysis, historical processes, integrated analysis, forecasting
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EXPERIMENTAL DETERMINATION OF THE OPTIMAL VARIANT OF
A HERMETIC FLANGE CONNECTION

Annotation. Experimental determinatiof ensuringthe tightness of flanged
pipeline connections in rocket and space technology, taking into actimeint
operating conditions, in particular temperatures (especially for cryogenic fuel
components), cyclical loads, flange materials (primarily made of composite
materials), etc.
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EXPERIMENTAL SAMPLE OF A COMPOSITE PIPE USED IN THE
FUEL SUPPLY SYSTEM OF A SPACE LAUNCH VEHICLE

Annotation. The cost of conductingground development testing are
significant in development of rocket and space technology products. Therefore, the
authors have proposed a design of the prototype, which makes it possible to reduce
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the cost of resources and time spent on both manufactiméngrototype itself and
conducting ground development testing.

Keywords: pipe, composite material, tightness, experimental design, ground
development tests (GDT).
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EXPERIMENTAL DETERMINATION OF THE OPTIMAL  DESIGN
VARIANT FOR CONNECTION A FLANGE OF ACOMPOSITE PIPE
WITH A POWER SHELL

Annotation. Experimental determination of the tightness oftomposite pipeline
structuresin rocket and space technology, taking intocact their operating
conditions, in particular temperatures (especially for cryogenic fuel components),
cyclic loadsmanufacturing technologtc.
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Keywords: experimental determinationarbon fiber composite pipe.
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ANALYSIS OF THE CURRENT STATE OF RESEARCH IN RAPIDLY
QUENCHED METALLIC ALLOYS AND PROSPECTS FOR THE
DEVELOPMENT OF MULTIFUNCTIONAL MATERIALS

Abstract: At the current stage of materials science development, rapidly quenched
metallic alloys (RQMA) occupy a significant place among Higth materials due

to their unique structural characteristics combined with superior physical and
mechanical properties.aRid melt quenching at rates exceeding 10° K/s enables

the formation of amorphous, nanocrystalline, or metastable structures that are
unattainable through traditional casting methods. Such materials are distinguished
by ultrahigh strength, corrosiomsistance, increased hardness, and unique magnetic
and electrical properties, which open wide prospects for their application in the
aerospace, energy, transport, and medical indudtniesest in RQMA has recently
grown significantly due to the developmt of the higkentropy alloys (HEA)
concept. In these systems, a high entropy of m&iaghieved through a large
number of componentsi(8 or mored stabilizes solid solutions and promotes the
formation of a homogeneous structure during rapid cooling. Prisides the
opportunity to combine mechanical strength, ductility, thermal stability, and
functional properties (magnetic, electrical conductivity, catalytic) within a single
material. The objective of this study is to analyze the current state ofifscient
research in the field of rapidly quenched metallic alloys, identify patterns regarding
the influence of composition and technological parameters on the formation of
structure and properties, and determine promising systems for the development of
nextgeneration multifunctional materials.
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ANALYSIS OF THE INFLUENCE OF SOLID FUEL CHARACTERISTICS
ON THE ENERGY CHARACTERISTICS OF ROCKETS, TAKING INTO
ACCOUNT FLIGHT TESTS

Anotation. Flight tests are a key factor in determining the directions of
improving the tactical and technical characteristics of multiple launch rocket
systems. The authors highlight the importance of increasiadfiting range of
MLRS without changing the mass and dimensions of rockets in order to use existing
launchers, which requires experimental confirmation. The influence of fuel
characteristics on the firing range is studied.

Keywords: multiple laurch rocketsystem (MLRS), rockesolid fuel SF.
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ANALYSIS OF THE INFLUENCE OF SOLID FUEL CHARACTERISTICS
ON THE ENERGY CHARACTERISTICS OF ROCKETS, TAKING INTO
ACCOUNT FLIGHT TESTS

Anotation. Transport unmanned aerial vehicles (TUAV) are becoming increasingly
popular for cargo delivery due to their autonomy, cost effectiveness, and ability to
operate in remote areas. Authors have developed a concept for an -ayyaft
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transport unmanned aerial vehicles. Experimental testing allows us to evaluate the
technical characteristics and performance of new UAV models.
Keywords: Transport unmanned adrigehicles (TUAV), experimental testing.
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ASSESSMENT THE IMPACT OF AERODYNAMIC CHARACTERISTICS
DETERMINATION ACCURACY ON THE MASS EFFECIENCY AND
ENERGY OF THE LAUNCH VEHICLES

Abstract. The paper provides an estimation of how aerodynamic uncertainties affect
the massefficiency and energy performance of a launch vehicle. Numerical
modeling of environmental parameter dispersions for a 4500 kg payload mission was
performed. The results demonstrate that increasing aerodynamic data accuracy from
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25% to 5% significantly raetes contingency fuel mass and enhances payload
capacity.

Keywords: launch vehicle, aerodynamic characteristics, energy performance,
contingency fuel, mass efficiency.
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BASICS OF OPTICAL MEASUREMENTS

Annotation High-speed video recording is a common means of solving problems
involving fastmoving phenomena: detonations, gunshots, spark discharges.
Consider the basics of opticaeasurements (videogrammetry), using the example
of a moving object in a given plane and determining its kinematic parameters.
Keywords: high-speed video recording, reference marks, optical measurements,
Tracker.
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EXPERIMENTAL TESTING OF THE PROMISING ORBITAL PLANE
WITH ITS SHOWPIECE APPLICATION

Annotation. One of the promising direction is design of the orbital planes such as
X371, Dream Chaser, I XV, Sp-ax etc. e der
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ORV-Y is one of the promising orbital planes. Testing of the systems, materials and
design slutions will be implemented for the showpiece on the primary phases of the
development. Systems testing by the showpiece provide decrease of the orbital plane
ORV-Y development cost.

Keywords: orbital plane (OP), payload, experimental testing.
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CAVITATION PHENOMENA AT PROPELLANT
MANAGEMENT DEVICES

Annotation. One of the important tasks in designing propellant management slevice
(PMDs) that feed liquid propellants to spacecraft propulsion systems is to prevent
cavitation from occurring on the structural elements of these devices. The author
presents the results of the experimental determination of cavitation occurrence and
advartement pattern, particularly their dependence on the temperature of the test
liquid and the pressure drop in the PMD, as well as the influence of cavitation on the
flow rate,for several types d?PMDs.

Keywords: spacecraft; propulsion system;propellant maagement devices;
hydrodynamic processes; cavitation; experimental tests.
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THE POSITIVE EXPULSION DIAPHRAGMS PARAMETERS
REVERSING PROCESS CALCULATION WITHIN FRAMEWORK OF A
RIGID PLASTIC BODY

Annotation. The deformation behavior of shells, particularly expulsion diaphragms,

is investigated using a rigiglastic model. Thefficiency of the model in solving
typical problems of solid mechanics is evaluated. The limitations of the approach
and possible directions for its improvement are also discussed. Practical examples
of the application of the rigiglastic approach in enggering calculations are
presented, together with a comparative analysis with alternative models.

Keywords: aerospace and rockepace engineering; mathematical modeling;
propellant tank; expulsion diaphragm; shells; limit state; deformation; plasticity;
buckling.
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JUSTIFICATION FOR THE USE OF A PRESSURE-FED PROPELLANT
SUPPLY SYSTEM IN PULSE DETONATION ENGINES

Annotation. The feasibility of employing a presstigd fuel supply system in pulse
detonation engines is examined. It is demonstrated that structural simplicity, high
reliability, low dynamic inertia, and resistance to shaave loadsnsure stable
fuel mixture composition and effective synchronization of the detonation chamber
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filling process. These advantages make the pregsdreupply system a promising
solution for smaliscale and experimental pulse detonation engines.

Keywords: aerospace and rockspace engineering; pulse detonation engine;
pressurded fuel supply system.
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NON-DESTRUCTIVE METHODS FOR ASSESSING THE INTEGRITY OF
FIBERGLASS

Abstract: Modern polymer composite materials, in particular fiberglass, are widely
used in the aviation, mechanical engineering, construction, and energy industries due
to their high strength, stiffness, and resistance to aggressive environfeatsf

the key factors determining the reliability and durability of fiberglass products is the
materialds integrity, t hat i s, the ab
delaminations. Traditional quality control methods often require destrucfithe
sample, which makes their application to finished products impossible. Therefore,
nondestructive testing methods are of particular importance, as they allow the
evaluation of the structure and homogeneity of the material without loss of its
operdional performance.

Keywords: nondestructive testing, fiberglass, composite materials, defect
diagnostics, quality control

1ittk2dz odz BjlssHd H' Ocdsmlsdsd, W
odtetsBdedydr Lkdise Of, Hdzw Cdastetsdzse flky' o
Zdz stcOLo kS8 0O HjWjChtsMmMEs " w, T deW e Oy toe
OCkmlsdudzO3] & HEYjdelL 3jlstsH' o KO fots’
ZOfted S dZOH, bd kOLokS HBt] od¥yasdy ko
5O k' hddzd, Odzj tfesE@da@®dzdz"}S &ZOH dz ¢ s

[ Odz H' Oc dzsfis d ydz B34 IssH LOBJ LY JY
fedrsoOdzdrn HIWjiCl' o, s WsttdRBkzsls: Mw ¢
Jer]l]’dzIzOlsOu " eodtsB' 9. | OMmMktsmize Odzdzy sOC
we fyls CoBBf sLdbksdzs sqydz’ L isg @ dzd Is 2 Bdzts
f' H acth’lsq’ ZOH " 2 dz6fls! I C @Bz yl12fcdHmlis
dzj ez2 dz' adedr BilstsH 9 Ctdistetsdzs dzj d3j IsOdzj o

295


mailto:DereviankoAI@science.yuzhnoye.com
mailto:galaganpo@gmail.com
mailto:DereviankoII@science.yuzhnoye.com
mailto:Subachne@77@gmail.com

:J"‘lv L - ¢ - 1 N . " ~ ¢ »

vOBd&dYY 1 16t odWdz dz@ R OwLOCIkjtedflsds
dzj Bijlw@® (CBfsLdy 2ddR) BObjtE’ Od o .
[ ilstsH Jteddeyg 1 jtej o0 1 4 HiSdZ' § vdf tsej
Ctsdzlste s L Ofnls ts 7
1 J‘le@dzJ(I G dz" H ltesMmistsis|{ [ dhj fo|l jtce ddeda
sflsdyded{fsojternruihjodL|iWiCld Cdzste s dz
B Ctetsfg zOB 5t Ols
Hisfdz' HY
2 |lvdz IscOL g1 " HBdIY ]l dwedw"® [} SlIstejBlZ' |doO' OYy' W
2 Ctdalstet 7o ddz odzzlstc' M {CoOdz W' S| BEH" 9 dad 1
dzj sSHAeBY HIWiCIsd|ftOy oded| jdai G i ls
detsfisj 2 |ste" " ddzd | e d S sted Mlis
tetsLh Otclz{ w H dzw
BOIsj ' Odz
3 |tddascijdef) esatsHY I dfMsC O [ SteSC J do' OCtsM
w ftets(Istsydz fMils|{ 5B &ZOH dzgOdz| e Oczlz L !
Cte' L/ HELosdY |teOH' Oy' 2| B H] yd dz
BOIjte" (odwodwis{dzj BJ LY J S
HiWgSClsd
¢ 5 dzls ts s dz,
Lisdzd L O
SO 6j Xy
4 |vjteRsete() dvedz J jLECBdIS{1 dL! €O i stddstesdz
Isj f dztso ( hodHC | ted adw o jddSdn
O dzts 30 dz czdBtsCdn|BEH" 8] dz
BOIsj 6" ( HiWjiCls' 9| Ctsdaimlstelz
0CEMIsdyqt i Mte(utsyded?2, |8 ¢ zOHdz' M| [ sdz' Istste
Ja3 ' w 9" HBdIl " " dWstedglz|" " delsjteftej | tfH
~noddz tesL 9 dIsts| dzOe Odzls ©
HiWjcCls' | a3
tcJ Odz! dafs|
O dzOdz' L dzO2ftsh dtej dz "dr d3j StSH' ® dzj telz?2 d
fs¢OL 09, h 5 H S

LOHtso sdz! dgv s yd n
H' OcdesMisdCd o dzzlste" h d
ColiBf sLdlsdzd = BOISJ 6’ Oc

tss., Odj y' 2 (&jlssH
fslstejBlz: dzOw o dzs fls
tsB dzOH dzO dzdz™ Is © my .

tesBtsysets &3 myw. [ dzw
we' mdzise s ¢ 5 dzlstisfipls?s
M dzco sdztsC dg' sz ( dz0
Me dzso sdztsC dz' Is22 ) ZOBEdts [tutdtse j H | dets f stc' o o
Fdz IstcOL £ bisCifdsdetisalts SO IsjtedZgsctcOW © 7 .
UjtlodRseteOW " w (lsj{f dztso 2 " daW e Oy j oo tsdad
destedMmlsOdedz dz Isj §f dztso AR 2 Q dz0 dz@ dipts Dol ac Y @) Is
(1l L ftoscteOiss | mageld. JIsted 3O dz tej L
detstedmisOdzdz? diBjIssHlkz Hdzvw oadwedz dedzv ¢ Sts,
OdB mLlA sH" dzz Isj B jcOlskztcd dz0 f tso j ter dz

)
1
)
0]

296



. +LLL e~ho®e”ch® "o  e®” 7e €& ke eg ‘yomaom n 22Hn . te'Y HAaoHC h

dzj sB R Hdz fls: Hissidstte) dsChdmided & C s e dzOG t
GOl jto' Odzlz Istot Gz 2 Is ! Chyvdz  3j IstsH H dg¥ dzhe dzgf % €
pdzzlste' M dz i leigeliSits sUkisdde * Mls! Mk s & ekid B d
LOdY ¢Odzdzy Hj%jChk

{ Mz dBg tsccORO S sdstetd My’ @2 detzhls"
dzj M y' dz desfls' o Iktsty' CokfsLdldscs odt
MftcOo ©® o' HAB YJ des’ L sded.

[ dzw ftetso j Hj dada? C tsdzls to ts dz8 Edz stcOL o kz¢€
Edz stcOLobkzStsad?2 HJWjChtsmMSts Lkd&2wj tcfifidd dd
HiWjCShhtsMmMStsy) OCetsCBgfidPCls’ L fjtcjlsotstes 9 O
HiWjGCls' o E o' HY B "[HAGESHE2 . L) ez T SEE ~ |

LOMmdzse Odzts 2O o] ' MisteOy' ~ o' Hd3 dadzsfls j 2
HiWjiCldle (dgjfky' d dz Mis!, oLl @@Ekg O dedek
H'  dZ"deSE HjlkOd . [ jlsBSH HOs dzO2CwLON"' tg]

¢ dzts o sdizts € dgO 68X )], [(Bddsj HsH By dzdots o dC tsted:
Hdzw ttisdils dzOw o detsfls” dz:iz;dzylzuhtﬂztdztsﬂ;k{éqdalzq’wa
LOdZW G Odzdzy IsO IsTslydd . tetsL d3' tsd HJ W4

[ dzv  LOBjLYJjujdedzv CoBdif dzj € Mdets’ sy’ dz€ d
o dCttedMisOdzdzy CtBB' datso Odgsets ' HRBHE, 6

toj dzlsG j descteOW ' 8 SO bjttRsctOW " ‘s,  hts
GjLizd SOk o SCtdlstesdzs . ‘[ jds's & jstells jickstazv
LB ' o, odBsE StdhbtezClstteh! ¢’ HBCEC
(oddstse HEs dzgj ), Odzj Gtod MS zOH dsMls"

HSLotsdvels! sy ddkd MsekzClkztkz kO SHAESE
fOyjLHOBsMisd FOLo kS co 5E 5 S oidsdeas dry!
jWjCldodsd? k@2 j R teseg' Codistesds Mky' d d
odtetsB ' 8 L 'Isflp dztRotssds Codsf € stod fls Odzdz H sy * dz
slstod BOdzd R HOdzd R L &' Hfgfsdzsy tsdstoC dzr dzO@ o dts

1" Bdz seteOW ' ydz f sfd dzO dzdaw

1.1 Qs dz' 2 . 1., stes CsS0 0O [ . ¢ . [ dIstsH
Bsy dzd o sfyls n 9dSttedMmlsOdedzy Hdzv € 5dzls
sjrdsdzse’ 2. sd oaf! €d2 dOyY' s5dzOdz ded 2
2023.

2.4zyomdR dzlagjuglz d3j ssHd HBMdz HY J dzdzgv W E K
Ckztecnp COWJjHtd BOIjte' OdzsL d&zOoa Mlsoa © SO
3.Simvolt. 1 Jjtk2ds aded?2 Ctdzlstetsdz : Htsmw
BOIsj e’ Odz' 9 C tsdzls e 5 dz' wetsfls' . 1 dzts ¢

sj ~dlz" €202 3.
4. Hellier, C. Handbook of Nondestructive EvaluatiodMcGraw-Hill
Education, 2012.

297



R IR LGN SO ST S

5. Balasubramanian, T. NebDestructive Testing of Fibre Reinforced

CompositesWoodhead Publishing, 2019.
6. ASTM International. ASTM E2580 Standard Practice for Ultrasani

Testing of Composite MaterialaBSTM Standards, 2020.

298

X *



. +LLL e ~ho®e”chaB "o  e®” 7e €& ke g ‘yYyomaomp 22Hn . te'Y HAaoHC h

uvrs 629.7.018
DOI:10.6271730837057%20261-081

4 &3 Iudfe. ,
'l "stdmbstckzSIststefm! ¢ j BB tets "1 ' oHjdedgj " * &
[ -mail: info@yuzhnoyeom

¢ ¢! Bdej dzb
rl "sodmteizCIststem! Cdgd de’™ tefts. 8.1 ' @ded joati ™
[ -mail info@yuzhnoyecom

r bz tc B @y
'l "stdmbstckzSIststem! ¢ j BB tets "1 ' oHjdedgj " * &
[ -mail info@yuzhnoyecom

ALOfwy [selrtrRI1UBO?LRM Jrufrwl 1R
trtfroryr sdduw T ror Wy VIR W Wy HU

¢ deslsOYy'uw osBsls’ WL edzv dzzlsts B IstsHd  Jjtcj o
stclzB , s LOMbsmMseokzesls! Mv o 0Ojtslsihmd yd
9 tsH dzd 2, Gjdz' " 9d2 IO dz¢t 3 dgj Myd dalsded 2 d3J

dzj H szl SCH.L Odzets, h ts dz¢ a3’ dzj Myd dzls dzd 2 34 ks
pdStedMlsOdedz’ tisL yddeze EkteOdz dez © dz028 " dz
dzdL ! €' 2 o0Otlstsmils' , JCtsdztse " Yydetsls ' SO BJL
sdzg ysoe ' : M&tsak® sL dlsded 2, stclzB O, G ez Is d 1
®jlssH, Isdme.

V. Semichev,

Yuzhnoye State Design Office
[ -mail:info@yuzhnoye.com

O. Axonenko,
Yuzhnoye State Design Office
[ -mail:info@yuzhnoye.com

S.Zhurba
Yuzhnoye State Design Office
[ -mail:info@yuzhnoye.com

ANALYSIS OF EXPERIMENTAL METHODS FOR DETERMINING THE
TIGHTNESS OF A COMPOSITE PIPE AND ITS JOINTS

Annotation. The paper considers the methods for testing the tightness of composite
pipes used in the aerospace industry. The water, helium and luminescent methods
are analyzed with th determination of their advantages and disadvantages. It is
shown that the luminescent method, which is based on the use of a uranine solution
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and leak control under ultraviolet lighting, is the most promising due to its simplicity,
low cost, environmentdriendliness and safety of testing.
Keywords: composite, pipe, tightness, experimental method, pressure.
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GROUND STATION ANTENNA DRIVE

Annotation. The aim of the work is to modernize the ground antenna drive with
software control, which provides the possibility of software support of spacecraft,
reception and processing of satellite informatifime structural diagram of the drive
design was chosemyhich includes the MC, optical isolation and driver, which
ensure the simplicity of the design. The most important advantage of the developed
scheme is the high level of integration of elements and the simplicity of the scheme.
The developed drive can bised in creating drives for various automated systems
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INTELLIGENT POWER SUPPLY SYSTEM FOR
MICROSATELLITE -CLASS SPACECRAFT

Annotation The use ofntelligent systems for forecasting and controlling the power
supply system of a small spacecraft is considered.
Keywords: spacecraft, power system, intelligent system, battery rechargeble
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LABORATORY COMPLEX OF MISSILE CONTROL SYSTEMS

Annotation. The aim of this work is to modernize the laboratory facilities for
studying theprinciples of controlling missile inertial systems using gyroscopic
devices, taking into account current challenges and the recommendations of leading
experts. An advantage of inertial systems is their resistance to electronic warfare
(EW) measures.

Keywords: Rocket, inertial systems, gyroscopes, laboratory setups
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USER MANUAL FOR PROGRAMMING THE OBC OF A UNIVERSITY
SATELLITE

Annotation. The purpose of this work is to develop a user manual for programming
the onboard computer (OBC) of a university satellitee manual describes the main
stages of preparation, uploading, and configuration of the OBC software, which
ensures the correct operation of t he
reception and processing of data. The developed manual simiplgipsogramming
and operation of the system and increases the reliability of satellite systems. The
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proposed recommendations can be used in the development and maintenance of
software for small spacecraft.
Keywords: Onboard computer, universigatellite, programming, user manual.
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ORBITAL ECOLOGY: WHY SPACE IS NO LONGER BOUNDLESS

Annotation. This paper examines the issue of space debris as a global threat to the
further exploration of space. The text asserts that Earth's orbit stetdddrded as

a finite resource and clarifies the danger posed by the accelerated movement of
objects in orbit. Special emphasis is placed on the "Kessler syndrome," which is a
hypothetical cascade of collisions with the potential to entirely obstructrity'sa
access to space. A variety of measures aimed at preventing orbital pollution are
explored, including the imposition of limits on the operational lifespan of spacecratft,
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the introduction of environmental levies, and the creation of an internatiomal f
for space remediation.
Keywords: space debris, Earth orbit, Kessler syndrome, kinetic energy
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ADEMICIAN S.[ . KONYUKHOF AS HISTORIAN OF SPACE -ROCKET
TECHNIQUE

Annotation. On a background very scale scientific and technical work of
academicianS. [Konyukhof to this time not appraised him ponderable
contribution to philosophy and history of spaceket technique. The purpose of
lecture is determination of payment of academictan Kanyukhofin area of
history of technique. To thmost ponderable historical labours makes sense to take
[1] - [3]. In them the general line of development of spameket technique is very
laconically and concentrated expounded in SDO "Yuzhnoye ", and with him and in
Ukraine. These works became a shewel actual source practically for all next
historical researches.

Keywords: history, spaceocket technique, space rock#tansmitters, space
vehicles
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MODELING OF G AS FLOW IN PNEUMATIC SYSTEMS OF LIQUID
ROCKET ENGINES WITH ACCOUNT FOR HYDRAULIC LOSSES IN
FLOW PATHS

Abstract. This paper presents a mathematical model describing processes in the
pneumatic systems of liquid rocket engines. The flow parameters wereatadcul
using a new expression that accounts for hydraulic losses due to local resistances.
The proposed model can be used in the design of tank pressurization systems for
liquid-propellant rockets.
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APPLICATION OF NUMERICAL SIMULATION ALGORITHMS FOR
THE PENETRATION OF A STRIKER INTO A MULTILAYER BLOCK

Annotation. In report, consider the algorithm fomumerical modeling the
penetration of tungsten striker at hypersonic speeds into reinforced concrete and soil.
The modeling was performing in the Ansys software package using strength models
and equations of state of materials.

Keywords: impactor, numeridamodeling,soil.
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THE HYDRAULI C FRICTI ON6S | NFLUENCE ON
RESIIDUE OF THE PROPELLANT COMPONENTS IN THE FEED
SYSTEMS OF THE LAUNCH VEICHLES.

Annotation. The hydraulic fri dydiadiarésgdues of the uen
propellant components in the feed systems of the space rockets is researched in this
paper. The hydraulic residue is suggested determining as a function that depends on
the hydraulic residue in the tank and the relative velodityada he bubbl eb6s
The formula that estimates of a quant:.
hydraulic residue of the propellant component in the systamobtainedbasing on

a dynamic equation of the bubbl eds mov
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APPLICATION OF THE AEROSTAT SYSTEM AS A BASIC
ELEMENT FOR DEPLOYMENT OF THE AIR DEFENSE SYSTEM

Annotation. Strike unmanned aerial vehicldgve radically changed the modern
battlefield. Existing and promising models of armored vehicles no longer meet
today's requirements in terms of real threats and the most common tactics of use.
The concept of a heavy armored fire support vehicle is peahaghich would take

into account the modern experience of military conflicts and the capabilities of the
military-industrial complex of Ukraine.

Keywords: strikeunmanned aerial vehigleeavy armour vehicle
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DOUBLE APPLICATION OF THE DIJKSTRA ALGORITHM IN
IMPLEMENTING CONTROLLING INFLUENCE ON INFORMATION
FLOWS IN A COMMUNICATION NETWORK, COSMIC ASPECT

Abstract. A method for implementing control influence on information flows in a
packet switching network is proposed, based on the dual application of a centralized
algorithm for selecting the leasbst path (Dijkstra's algorithm). The first
implementation of Dlstra's algorithm gives a set of shortest path trees in the
network. The number of these trees is equal to the number of network nodes (each
tree has a root in one of the network nodes and branches leading to all other network
nodes). Analysis of the suparsition of these trees makes it possible to find majority
estimates of the first reaction of the network to the selected set of shortest paths and
determine the corrections to the valwéslementary communication lines. Based

on the new valuesf elementary communication lines, the shortest paths for each
pair of network nodes are again found (Dijkstra's algorithm is used for the second
time). The method is relevant and shown for satellite packet switching networks, but
has a much wider applicatiorit is suitable for use in control problems of network

type systems that can be described by models of mass service networks

Keywords: communication networks, packet switching networks, satellite
communication systems, network load flow control, least patt selection.
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ACADEMICIAN S. M. KONYUKHOF AS PHILOSOPHER OF SPACE-
ROCKET TECHNIQUE

Annotation. Scientific and technical work of academician S. M. Konyukhof is
known very scale, but until now not appraised him considerable payment in
philosophy of spaceocket technique. The purpose of lecture is determination of
payment of academician S. M. Konyukhof in philosophy of spacket technique.
Practically all his labours have a philosophical value. However to labours which
have the most concentrated payment in general philosophy of this technique, there
is sense tdake [1]- [3]. In them reasons of appearance and perfection, forming of
requirements to the spaocecket technique and ways and concrete innovative
decisions of their achievement are very laconically and concentrated expounded in
SDO "Yuzhnoyé, and withhim and in Ukraine on the whole. These labours became
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an actual information generator for the further search of decision of thorny technical
problems for the next generationsro€ket launchers

Keywords: philosophy, spaceocket technique, space rockétansmitters, space
vehicles
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EXPERIMENTAL DETERMINATION OF THE OPTIMAL LSC FOCAL
DISTANCE USING THE GRADIENT GAP METHOD

Annotation. The paper presents a method for optimizing the focal distance of linear
shaped charges by installing thenaamall angle to the obstacle. The method allows
transforming discrete measurements into a goastinuous function, reducing the
number of fullscale experiments byi B times while increasing accuracy.

Keywords: linear shaped charge, focal distancedignt gap, separation systems,
cumulative effect.
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RUBBER DIAPHRAGMS AS ONE OF THE EFFECTIVE TYPES OF
PRODUCTS FOR ROCKET AND SPACE ENGINEERING OBJECTS

Abstract. The report presents some technical properties of rubber as a structural
material, which is widely uskin rocket and space technology objects and their
components. The advantages of certain technical properties of rubbers compared to
metals are demonstrated, which made it possible to use rubber specifically for
diaphragms. Rubber diaphragms in construngtiprovide reliable operability while
simultaneously performing several functions.
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PHYSICS OF ENERGY DEPOSIT PROCESSING PARAMETERS

Annotation. The physics of processing parameters using the technology of energy
deposition in threglimensional metal printing is considered. The main physical
parameters that affect the quality of the manufactured part are listed. Methods of
influencing processing modes in additive manufacturing using the technology of
energy deposition are investigated

Keywords: manufacturing process, energyeposition technology, 3D metal
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RENOVATION OF MACHINE PARTS

Annotation. The paperconsiders methods of renovation of aircraft parts and
technological equipment for the manufacture of aircraft. These methods are focused
on short life cycles of innovations and reducing costs for the development of new
product production. The main methaafgenovation of parts: surfacing, spraying of
coatings and restoration with metadlymer compositions.

Keywords: machine parts, aircraft, renovation, technological equipment.
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COMPARATIVE ANALYSIS OF ELECTRON BEAM SINTERING WITH
OTHER TECHNOLOG IES FOR CREATING RCT PARTS AND
COMPONENTS

Annotation. The paper considers the potential application of electron beam melting
for manufacturing components used in aerospace engineering. A comparative
analysis of this technology with conventional manufaogirmethods and other
additive technologies, particularly selective laser melting and selective laser
sintering, is carried out. It is shown that the use of a vacuum environment during the
electron beam melting process provides more favorable conditiopsdoessing
reactive materials such as titanium alloys, which are widely used in aerospace
applications. The main advantages and limitations of the technology are identified,
and its position among modern additive manufacturing methods for producing
complex geometry components is defined.

Keywords: electron beam melting, additive manufacturing, aerospace engineering,
vacuum technology, selective laser melting
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ON DETERMINING THE DEPTH OF PENETRATION OF THE
WORKING ENVIRONMENT INTO RUBBER

Annotation Means of defeat in their design, as a rule, contain rocket engines on a
solid propellant as a propulsion system for delivering a warhead to a given point. In
addition to high strength and hi¢gngitudinal stability under the influence of high
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temperatue when burning solid mixed fuehe rocket engines on a solid propellant
body must have an internal heasistant covering, since the strength characteristics
of the body material are signifiody reduced when exposed to high temperatures

It is obvious that the material for the internal hesttistant covering must be a
material with appropriate technical properties, in particular: low density and
coefficient of thermal conductivity, satistacy strength and technological
properties, ability to connection without delamination with other structural materials
in the multilayer structure of the rocket engines on a solid propellant with the
possibility of its production in Ukraine.
Keywords: rubber, internal thermal protective coating, means of damage, composite
solid rocket fuel.
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INSTALLATION OF MECHANICAL GROUND TECHNOLOGICAL
EQUIPMENT OF SPACE LAUNCHERS: REQUIREMENTS AND
CONTROL METHODS

Abstract. The issue of the accuracy of installation of mechanical grinased
technological equipment of the RKN is considered. The main requirements for the
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mutual positioning of units and methods of their control are analyzed. It is proposed
to carry out adesign calculation of dimensional chains to specify the design
requirements for technological equipment, as well as a tool for project support at all
stages of research and development work.

Keywords: groundbased technological equipment, dimensional aiglyaccuracy

of mutual location.
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MANUFACTURING OF STEPPED SHAFTS USING MODERN
METALCUTTING EQUIPMENT

Annotation. The paper considers methods for manufacturing stepped shafts using
modern metatutting equipment. The main attention is paid to thesibdgties and
conditions for manufacturing shafts on one machine in one operation. The
requirements for equipment that allows such processing are given.

Keywords: stepped shaft, machining center, typical technological process
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NEW APPROACHES TO PROCESSING THERMAL INSULATION AND
THERMAL PROTECTION MATERIALS

¢ n n ot aA modehof a facemilling tool was developed for conducting
experiments to optimize machining parameters. The tool masufactured
according to the model to determine the optimal parameters for applying the sliding
cutting principle.

Keywords: milling, afacemilling tool, sliding cutting
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MANUFACTURING OF WORKPIECES FOR THE PRODUCTION OF
AIRCRAFT PIPELINE PARTS

Annotation. The paper considers methods for manufacturing blanks for the
production of aircraft pipeline parts. These methods are aimed at use in production
facilities of limited siz. The use of casting modules and pressure processing
modules is envisaged
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ANALYSIS OF THE CURRENT STATE OF MANUFACTURING
PROCESS PREPARATION IN THE SPACE INDUSTRY

Abstract. The paper presents an overviefvthe current state of manufacturing
process preparation in the space industry, focusing on the growing role of
digitalization, automation, and integrated production management systems. Modern
enterprises actively implement PLM platforms, digital twinsd avirtual testing
methods, which significantly reduce production preparation time and improve
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for technological modernization are proposed.
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INTELLIGENT UNMANNED SYSTEMS FOR AUTONOMOUS
AVIATION COMPLEXES

Annotation. This paper presents an approach to the development of autonomous
unmanned systems intended for operation in dynamic aoertan environments
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while solving complex spatitemporal tasks. Particular attention is paid to the
integration of intelligent datprocessing algorithms and mechanisms of cooperative
interaction between aerial vehicles. A conceptual model of an unmagstn is
proposed, combining sensory perception, decigiaking processes, and adaptive
behavioral strategies. The obtained results demonstrate the potential of information
technologies to enhance the autonomy and robustness of unmanned systems under
practical operating conditions.

Keywords: unmanned systems, autonomous control, intelligent algorithms,
cooperative interaction, data processing
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INFLUENCE OF WING GEOMETRIC PARAMETERS ON AIRCRAFT
EFFICIENCY

Annotation. The main parameters of the wing that affect the flight of the aircraft are
considered: aerodynamic aspects, design part and the irdludntechnological
limitations on the aerodynamics of the wing.
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COMBINED METHOD OF MANUFACTURING IN THE PRODUCTION
OF COMPLEX AEROSPACE TECHNOLOGY ASSEMBLIES

Annotation. A combined method for manufacturing compéarspace technology
components, combining additive technologies and mechanical processing, is
considered. The main technological stages of this approadtsatifferences from
traditional manufacturing methods are described. Possible areas of application for
combined technologies in modern aerospace engineering are presented.
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ECONOMIC EFFICIENCY OF SYNTHETIC DATA USE FOR TRAINING
COMPUTER VISION SYSTEMS IN AUTOMATIC VISUAL TRACKING
OF AERIAL VEHICLES

Annotation. The use of synthetically generated data as aaftesttive alternative

to real image collg®mn for training computer vision algorithms in automatic visual
tracking systems for aerial vehicles is considered. A comparative cost analysis of
real and synthetic training datasets is performed by criteria of cost, time, and
scalability. It is shown tat the synthetic approach significantly reduces resource
consumption for data preparation while retaining the potential to achieveaadar
quality through improved generation methods.

Keywords: synthetic data, computer vision, visual tracking, econorfficiency,
unmanned systems.
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PERSPECTIVES OF ARTIFICIAL INTELLIGENCE APPLICATION FOR
AUTONOMOUS UNMANNED VEHICLES IN EXTRATERRESTRIAL
ENVIRONMENTS

Abstract: Dust on the Moon and Mars creates significant obstacles for the operation
of unmanned vehicles, affectisgnsors, optical elements, and moving mechanisms.
To improve navigation accuracy and stabilization, the use of artificial intelligence is
proposed. Al algorithms analyze data from cameras, LIiDAR, and inertial sensors,
predict the impact of dust on vehiafeotion, and adapt trajectory and stabilization
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in real time. Methods of sensor data fusion and machine learning are also considered
to enhance system autonomy and reliability. The application of these approaches
opens prospects for creating autonomous swarf unmanned vehicles for effective
exploration of the Moon and Mars surfaces.

Keywords: unmanned systems, artificial intelligence, autonomous navigation
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INVESTIGATION OF PHASE COMPOSITION AND THE FINE
STRUCTURE OF ALLOY 1.4859 AFTER PBF-LB/M PRINTING

Abstract. The causes of reduced ductility in the hesgtistant 1.4859 alloy
produced by the PBEB/M method were investigated. -day diffraction
analysis revealed an FCEi3m)-phase with a lattice parameter of 0,3582 nm
along with traces of phases correspo
electron microscopy confirmed thegsence of an oriented celleolumnar
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dislocation structure with a cell size 200...800nm. It was determined that
PBFLB/M promotes the precipitation of dispersed particles up to 100 nm in
size, which enhance strength but lead to a decrease initguctil

Keywords: laserbased powder bed fusion of metals, umiokel alloy, fine
structure, phase composition, ductility.
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PHYSICAL PROPERTIES AND STRUCTURE OF RAPIDLY
QUENCHED MULTICOMPONENT ALLOY AL 0sCOCUFENI

Annotation. The  structure magnetic and mechanial properties of the
multicomponent higfentropy alloy AbsCoCuFeNiin the ascast and melt
gquenched state were investigat¥eray diffraction showed that both cast and splat
gquenched samples havesiaglephase FCC structure, which is not affected by the
cooling rate. The alloy exhibits soft ferromagnetic behavior, with coercivity
increasing after rapid solidification, while the saturation magnetization remains
nearly unchanged. The microhardnesshaf rapidly solidified samples increases
from 1400 MPa to 800 MPa, which is attributed to the formation of figeained
structure and higher internal stresses.

Keywords: multicomponent high-entropy alloy, structure, medjuenching,
microhardness, magneficoperties.
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INFLUENCE OF BASALT FIBER PRODUCTION WASTE ON THE
ABRASIVE WEAR RATE OF AROMATIC POLYAMIDE PHENYLON E

Annotation. The study investigates the effect of basalt fiber production waste on the
abrasive wear resistance of the aromatic polyamide phesykmown under the

trade name Nomex. It has been established that the introduction of this filler reduces
the abrawe wear rate by a factor of two while simultaneously decreasing the
manufacturing cost of phenyldmased products by approximately 30%.

Keywords: aromatic polyamide phenylone, waste, basalt fiber, abrasive wear rate
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THERMODYNAMIC CALCULATION OF THE SATURATED VAPOR
PRESSURE OF A BRAZED JOINT BETWEEN CARBON-CARBON
MATERIAL AND TUNGSTEN

Annotation. Thermodynamic modeling in HSC Chemistry 6 was used to
characterize phase formation processes and evaluate the stability ofjbhatzeid
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a carborcarbon composite material (CCCM) using aNli tungsten based brazing
system in a vacuum. Usinthe Equilibrium Compositions and THBagrams
modules, the equilibrium composition of the system and the partial pressures of
saturated metal vapor above the main phases of the joint were determined in the
temperature range of 13008 4 0 A C.  bhed thabasa beang terogerature

of 1840 AC, the totall0 vjapToor rp,r evwshseurreea sr
13001400 AC, it decreasesldo axlkt@ pd abdre
respectively.

Keywords: CCCM, vacuum brazingsaturated vapour pressure, thermodynamic
modelling
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TESTING AND DEVELOPMENT OF SOLID ROCKET FUELS BASED ON
ALTERNATIVE BINDERS

Abstract. A comparative analysis of alternative binders for solid rocket propellants
based on thermodynamic modeling was performed. It was established that the energy
characteristics of thermoplastitrystalline, and metallic binders are at the level of
traditional thermosetting polymers (2287 s of specific impulse), which shifts the
focus to technological criteria. The permissible processing temperature range of 50
150AC was det er nby rthe dhase ctransitibn tofi ammenium
perchlorate. The prospects of thermoplastic elastomers for 3D printing and urea as a
cheap alternative requiring solving the brittleness problem were substantiated.
Metallic binders based on indiugallium alloy showedow energy efficiency due

to the predominance of condensed combustion products.

Keywords: solid rocket propellant, alternative binders, thermoplastic elastomers,
urea, specific impulse, 3D printing.
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ASSESSMENT OF THE POSSIBILITY OF USING POLYOLEFINS FOR
HULL ELEMENTS OF ULTRALIGHT CLASS LAUNCH VEHICLES

Annotation. The article examines the potential of using polyolefins as alternative
structural materials for ultrbght launch ehicles to reduce overall mission costs.
The authors conducted an experimental study on the mechanical properties of PE
100 polyethylene, comparing its specific strength and stiffness with traditional
aluminum alloys. The findings suggest that despite tospecific parameters, the
high processability and low cost of polyolefins make them a viable option fer low
load structural components in space applications.

Keywords: structural materials, polyolefins, mechanical characteristics, specific
parameters.
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MATHEMATICAL MODELING OF PHASE STABILITY INFE -MN-AL
SYSTEM AUSTENITIC ALLOYS FOR AEROSPACE ENGINEERING

Annotation. Structure formation processes in austenitic steel were investigated,
significantly reducing the costs of finding optimal heat treatment regimes through
mathematical modeling. A thregage aging mechanisfrom initial segregation to
coherent strengthening and overagwas established, with specific temperature
time intervals for phase transformations identified. Predictive geometric models
were constructed as contour maps of property isolines for the rapid selection of
strengtheningarameters. The proposed practical recommendations ensure effective
control over the structure and properties of spgmigpose steels in accordance with
modern operational requirements.

Keywords: austenitic steel, aging, phase transformations, mathemhatbdeling.
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ASSESSMENT OF THE TECHNICAL CONDITION OF NODES

Annotation. The study focuses on investigating the structural integrity diora

fiber reinforced polymer (CFRP) composites in areas of mechanical machining. The
inspection was performed on fragments of a maiter thickwalled shell with
drilled holes. The research was conducted using structurally similar specimens
containing enbedded typical defects. Requirements and technological parameters
were determined for the ultrasonic testing process of #aylér composite shells
manufactured by the wet winding method.

Keywords: manufacturing technology, composite shettsmposite materials, nen
destructive testing (NDT), carbon fiber reinforced polymer (CFRP).
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EXPERIMENTAL VERIFICATION OF THE PERFORMANCE OF THE
FLANGE ASSEMBLY OF A SOLID COMPOSITE LINERLESS
CRYOGENIC PIPELINE

Abstract. This paper presents a method for the experimental assessment of the
operability of a flangedajnt in an allcomposite linerless cryogenic pipeline. The

study was conducted using a structurally representative specimen, enabling a
detailed reproduction of the effect of operating conditions on the structural state of
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the component. An approach to eximental testing and analysis of the structural
behavior under loading is also presented.

Keywords: composite materials, cryogenic pipelines, flanged joints, tightness,
structurally similar specimen method.
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MODERN APPROACHES TO ENHANCING THE THERMAL
CONDUCTIVITY OF POLYMER COMPOSITE MATERIALS

Annotation: The paper considers modern approaches to improving the thermal
conductivity of polymer composite materials, which is an important task due to the
increasing thermal loads in electronics, energy systems, and aerospace engineering.
The main factes affecting heat transfer efficiency are analyzed, including the type,
concentration, size, and morphology of fillers, as well as their distribution within the
polymer matrix. The use of ceramic and carbaised fillers, including graphene,
which enable he formation of effective thermally conductive structures, is
discussed. Special attention is paid to the formation of continuous thermal
conductive pathways, interfacial interactions, and the application of nanomaterials.
It is shown that optimization afomposite composition and structure, as well as the
use of mathematical modeling, significantly improves thermal conductivity and
expands the range of practical applications.

Keywords: polymer composite materials, thermal conductivity, heatsfer, fillers,
graphene, nanomaterials, interfacial interaction, thermal interface materials.

4 Iz y O fielzs/L2o djlsitg € Is e s daj © d JsICtefts C ts frislg’ RuddatsC df
f tots 0 ts Hipjtizfi) ds™/LAMpits( fighds @ gadzeiztizO @ © dzlsdaq) gz plzeiz Js @ls d
Lz £ d3soddge s B 7 HUg Misdls fdAsdetse * Hwtg @H diagdy 2 dz
&z iBj ede’ RO jtc' Odzd R OwOCIsjtedL s s Mw o
Biykz: '8 odittdmsOddy b odmtsCtljn das
H hJ dzdaw Isj f zsf tetse " H dzs b = § tgrls g3fs to @c
Is dz dzd 5| BzCelz Qtzg F L Oo H Odadz” d3, M oW dRBtso C
Mssmizo Odzdz SO § ' Hoadh j dedz? dzOH ' 2 dzts
I HOdzs® tsetlsd 2 Od&Odz L MEzyofm
ftotse ' Hdtsfls® f s dzn o3 dp@isfjntc ' ©tztkYy tsLikfQ)"
dZdn WOSCktst' o, hts sfddoOsis: dO jWj
deso dzgd a3 dzOff toWw Bsd3 f * Hoadh jdadzw Isj ff dztstf te
sfteso Hdedrn dOftseodzs 90Oy © £k §od &3 to
sHE o dL dzOyQ ‘{flsizsfif e sdz] H diZd My lg & lsdzou’tsadz“
J
1

&3
p
qd
o
o
Is
s
o

s

S+
-ﬁ' I e ﬁ.qu—.

dzZlstcOy ' ‘8, Wsttdtss, L@ Odd SO tf
O02B' &z M fshdtejdddd * CJjtwOd3 ydz - daC
Isted H Btstslz, O SOCBY olkcdzjeyjjLoff j WiHsly:
9 Odzdzv j W J SIsdo ded n Ile]’dztsl;’tslsa'Hdzq’” L]
dzd d3 L Cdz¢ yssodn f" HARBH' W tste
BjLYJjtojtco dad lSJUdzistthtsa‘Hdzdn COdUzO«
s’ CtedIsd ydets”’ QtsdqudzLStGOutéaO dzO0f dz® iz
' s mw Isjfdztsead? Y t ' LEt Lt
sYOfl d2OH B tedzj LB" dzr h jdedaw o B Mislz d
toh j dzdzv 3§ = Odz' ydad A o &zOMiIsd o sMmisj 2 '
ttijBlk’ Blsdd Loy’ ME &zZOHLE.

)
74

L

J

dz
m
dz
Y
dz
3
H
L

dz
j dzh
dz

sEFwrsSr #FO

#TO—a

iz

(<]
BaT—0QmE

o = o )
R =X

432



. +LLL e~ho®e”ch® "o  e®” 7e €& ke eg ‘yomaom n 22Hn . te'Y HAaoHC h

oz yoOmdeddz dzOf cw B3 * odStstedMmls O
&z mMlss SO dBsteW sdkse' ' 5. | MisOdzso dzj
o dets 3" te dzd 2 tesLftsH' &z Mftedws Is! W s
Jtej dzgsfpkz, IstsH' wW¢ Oc¢tj ¢ Q@3 YW Oy Qs
56t sf stclz Is © L dzd 3 J dzdzW iWicSlkde
ZoOdzdzw yYOMstsS o' Ldeses L @ tolkz |
skzted 5O fsCtcOh o Od bkjfdsftese ' Hd
z e Ock ftodH ' dzv e sOlsj o Ddc g ) ls Owck
wed2 oo dZOHL 9 dyoO2des o dMtsC Lz
f " HodhkzoOld Ijtfdasfttseo' Hdz' Mls!
Ctsdzyj destc Oy "' [5]. l Oy dzdolz ¢
d3' N dz@ fstr dig do@af 3 BOted Y, €
dWiClsdadz s HjtejHOY Isjf dzO
dz' "  HatsH( sOC 5y 9 ¢ dzt yoO¥ Is 9
Odedz? Hdzv ftosedesL 2o Odedzy Isj f dztstf tots
Yy dz' IsHQj da] d frHjtxie! odis dzvdgtds ¢ o tc O tso kz o Ols
' SO tetL ftsH" dz dzOf tso dzs 9 OY' ¢
LdBsclkz sflsddi3" LzeaOlsd "7 MECdzOH hj dzO
1tcOCIsdydz Hefmdz' vy jdedzw 85C0OLEE IS, h to
fso dzoo @sL o tSdzw f " Hodhdlsd Isjtf dzsftctso ' t
o' odgv dats L odnrn  Hdzd 3d dBOIsj tc’' OdzO ] . 1t
dzs 9 fsdz " &g H' ‘ Mdd Csdz @ "L CJjt0
Oy dadzv Isj f dztsqf

j dzj Cstetsdzdzd = ted i)
0]

v I
=0
"B @B
&
sé;

WGQ—.L.]]Q
ISE%a U:o‘d mgmﬁ_q_ W&@q

SV EE
SOIQ:'_O@UTOHE{&‘:“:‘ 3 =
&

T ENND GG
LS

omg_gm.
D0 xQINHEN
s 0

II-S-&
=y
&
@
=
7}

6
z
J
L
q
s
dz
q
o
o]
ts
fy
dz

o' HdsSMi’ 2 HBfsOEEON
W e  kjfdsedn ¢ didsjt
l]"H.-.tSHcf Hts " Hoadh j dzdz
J
d
[

“—"m@-g-

{I3j, MmMzyomds
Cod3f sL dy' 2 ded A d3
RO so dzs 9Oy &8, Y
1] sSHOdz M d2 esL o d
ZOdZsE BO jt6* Odz' &
o zOMisdo smisw d3d , h
o d S stedflsOdadzw .

tc' Odz'" &9 BOLEE IS Mw d&zO
B LOY" T BRW GiLddE ] teof.das
¢ Yy! 5@ ts dz0f v d3kz i
Mlso stcj dzdz?" A3 B OG Ols 5% Iz dz
s 9" HCtcdoe O hdes¢

9
tc
Is
Is
Is
Is

1 BdZ sctOW " ydz f sid dzO dedz”

1.J] " MbteOlsjdss [. [., zifjbse 5. [., s
1 sH dz' fdzd 2Themmal inteuface composite polymer materials //
do' O'SdHpdes ydzO Isj - dz' C(RO265.0° I[s3 & dztsbezB G * W
DOI: 10.32620/aktt.2025.2.05

2. Burger N., Laachachi A., dfriol M., Lutz M., Toniazzo V., Ruch D.
Review of thermal conductivity in composites: mechanisms, parameters
and theory // Progress in Polymer Science2016.- Vol. 61.- P. 1:28.

3. Huang X., Jiang P., Tanaka A.review of dielectric polymer composites
with high thermal conductivity // Progress in Polymer Science2016.-
Vol. 59.- P. 4185.

433



s -

4. . Kosbe P., Patil FEffective thermal conductivity of polymer composites:
a review of analytical methodd/ International Journal of Ambient Energy
-2021.- Vol. 42, No. 8- P. 961972,

5. Shahil K. M. F., Balandin A. AGraphene-based nanocomposites as highly
efficient thermal interface materials// Nano Letters- 2012,

434



. +LLL e ~ho®e”chaB "o  e®” 7e €& ke g ‘yYyomaomp 22Hn . te'Y HAaoHC h

L[ $629.78.064.5
DOI:10.627173083 70572026 1-123

Il sHdz Mdzd 2 1. w. ,
1 0y BdzOdz' degd?2 OjteCMd3 Yyded?2 kdz 9 jtemdls
cmOte afm! €d2 O Oy' 2ded?2 ' demisdlklsée (
E-mail:bogdanpodliesniy@gmaicom

zdfdbtse 5. [.,

1 0y sdz2Odz! dzed?2 OJjtetsC s
cmOtes ' oM € d2dzPed 1ORYls &
E-mail:i.shepeto@khai.edu

d s
o v

B udd?2 bdz o jtemdljls
N2 v ¢cmop we)

t in1¢i151¢w
v? P{fwlrtirm s}

Y
{ I
y'w ttsBtsls Hsfpdz' vy jdets off dzd o HdMm

¢ dztsls ©

sjf dzsf tetse ' H df AL 5 dffde’ dd3yi" tRRddzd = RBOIs j t6' Odz' ¢
mMdd Csdz o. ltesOdzOdz' L 59 Odzts sfmtse dzd © s Mls
CoBfsLdls' 9 LOdzjydzs o' H L d3 telz yomlsse
I Mis Odzts o dzj dzts, s Lod3gd dgh j dzdzv tetsL &3’ oz yOf
tesL f sH' dzz dzOf so dzes 9 OYO kO ko tstej dades j W
SHdOS dOHMB ttdd Hdmfjtehd Mmis! By d fHtedL
dWiClkdodesfmls’ sjfdztsf jtej desimiz. J Isted &30 dz'
sflsdg’ Oy v HdMfjtehdsects MWZOFEHo'd" jCda
sjtfdzsftctso ' Hdesfls' fsdz’ a3 ededm S B SL IS ¢
Ojtsimdy Yydg' 2 Isjnmdz y' .

sdzt ysoeo ' Mg Asitese Hdz Mis! f sdz’ d3j tedz'
ZOf sodzk 90Oy, dg IstedH Odzt B dz' ¥, §tsdz' ' B H

B. Podliesny,
National Aerospace University "Kharkiv Aviation Institute" NAU "KhAI"
E-mail:bogdanpodliesniy@gmaicom

Yu.Shepetov,
National Aerospace University "Kharkiv Aviation Institute" NAU "KhAI"
E-mail:i.shepeto@khai.edu

INFLUENCE OF FILLER DISPERSION ON THE THERMAL
CONDUCTIVITY OF POLYMER COMPOSITES

Annotation: The paper investigates the influence of filler dispersion on the thermal
conductivity of polymer camposite materials based on polyimides and silicones. The
formation of the composite microstructure depending on the particle size and
concentration of aluminum nitride is analyzed. It is shown that a decrease in particle
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size promotes a more uniform distuition of the filler and the formation of effective
heatconducting pathways, while excessive dispersion may lead to particle
agglomeration and reduced heat transfer efficiency. The obtained results confirm
that optimization of the dispersion parametersiikey factor in improving the
thermal conductivity of polymer composites for applications in electronics and
aerospace engineering.

Keywords: thermal conductivity, polymer composites, dispersion, fillers, aluminum
nitride, polyimide, silicone, heatansfer, electronics.
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ADDITIVE -ORIENTED NICKEL SUPERALLOYS: ANALYSIS OF THE
ABD900 ALLOY EXAMPLE

Abstract: The paper considers the relevance of creating nickel superalloys
specifically designed for additive manufacturing technologies. It is shown that
traditional alloys optimized for casting and deformation processing do not fully take
into account the specifics of LPBF processes. The ABD900 alloy, developed using
the alloyby-design approach with consideration of higeed crystallization and
thermal cycles of additive growth, is considered. The alloy is characterized by a high
content ob -phase (~33%), a wide technological printing window, and the potential
for optimizing heat treatment.

Key words: nickel superalloys; alloyy-design; LPBF; ABD90O.
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MECHANICAL PROPERTI ES OF INCONEL 718 ALLOY DEPENDING
ON THE SPECIFIC ENERGY DENSITY OF THE LPBF PROCESS
UNDER CONDITIONS OF STABLE HIGH MATERIAL DENSITY

Abstract: The work investigates the effect of different values of specific energy
density (VED) on thenechanical properties of Inconel 718 alloy, manufactured by
laser powder bed melting (LPBF) while ensuring the same high relative density
(~99.8%). It is established that the change in VED does not lead to significant
differences in the temporary resistandut affects the plastic characteristics
relative elongation and narrowing. The results obtained indicate the need for further
research into the relationship "VEDelative density mechanical properties”.
Keywords: LPBF, Inconel 718yolumetric enegy density YED), mechanical
properties, relative density.
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INFLUENCE OF FORMING CONDITSONS ON THE PHYSICO -
MECHANICAL PROPERTIES OF A COMPOSITE WITH PHENOL -
FORMALDEHY DE BINDER

Annotation. The modesof forming phenotphormaldehydeglassfiber reinforced
with functional fibers by pressingare considered. The effect of the duration of
exposure at elevated temperature in the mold on the deforrsateargth properties
of the fiber is studied. The temperaturgegimeof forming a polymercomposite
materialbasedon phenotphormaldehydeesin is gtimized.

Keywords: polymer composite materials, fiber reinforceghenotphormaldehyde
resin, deformatiosstrength properties.
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3D MODELING OF OXIDE COATING FAILURE
UNDER CAVITATION EROSION

Annotation. this study focusesn the failure of oxide coatings under cavitation
erosion using thredimensional numerical modeling. Tletresgstrain state of
lamellar coatings under cavitatidmduced impulses is analyzed considering
porosity and interfacial boundaries. It is shown that 3D modeling enables
identification of crack initiation zones and can be applied to predict coating
durability and optimize their structure.

Keywords: cavitation erosion, oxide coatings, 3D modeling, stretsain state,
microcracks.
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QUANTITATIVE METHODS OF ANALYSIS OF THE STRUCTURE OF
COMPOSITE MATERIALS

Annotation. This paper addresses the problem of quantitative analysis of the
microstructure of fibereinforced composite materials. Attention is paid to
difficulties associated with metallographic analysis of composites, including unclear
fiberi matrix boundaries andistortions caused by fiber damage during sample
preparation.

Keywords: composite materials, microstructure analysis, fitsénforced
composites, image segmentation
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INFLUENCE OF THE AL 7 NI BINARY ALLOY ON THE
THERMOPHYSICAL CHARACTERISTICS OF ULTRA -HIGH -
MOLECULAR -WEIGHT POLYETHYLENE

Annotation. The paper considers the influence of a sifgdllase meljuenched Al

10 wt.% Ni binary alloy with an FCC lattice on the thermophysical characteristics
of ultra-high-molecularweight polyethylene. It was established that the introduction

of this filler in an amount of 630 wt.% leads to a decrease in the specific heat
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capacity of ultrehigh-molecularweight polyethylene by approximately 25% and an
increase in its thermal conductivity by a factor of 1.8.

Keywords: AlT Ni binary alloy, ultrahigh-molecularweight polyethylene, specific
heat capacity, thermal conductivity
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EFFECT OF MELT -QUENCHING ON THE METASTABILITY AND
PHASE COMPOSITION OF THE CO -P ALLOY

Abstract. The structure and phase c-pmpdysi ti
quenched from the liquid state have been studied . According to the dateapf X
structural analysis, the possibility of forming both a metastable phase directly from
the liquid state due to significant supercooling at crystallization rates f100°

K/s, and obtaining a highly supersaturated solid solution based on cobalt has been
established. The metastable phase diagram of the specified alloy has been
constructed and the level of supercooling for the implementation of metastable
crystallizaton has been determined.

Keywords: binary alloy, metastability, supercooling, phase, cooling rate, liquid
guenching.
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I DA P

CORROSION AND ELECTROCHE MICAL PROPERTIES OF HIGH -
ENTROPY BRASSES OBTAINED BY QUENCHING
FROM THE LIQUID STATE

Annotation. A study of the corrosion and electrochemical behavior of-kighopy
brasses QuFe NiTt Mni AlT Si and CiiFe Nii Mni Al Cr obtained by quenching
from theliquid state in a 3.5% neutral NaCl solution was carried out. The values of
their stationary potentials were determined, the regions of electrochemical inertness
were identified, and the corrosion current densities were calculated. According to
the resultof model corrosion tests, samples of both alloys exhibit sufficiently high
corrosion resistance.
Keywords: high-entropy brasses, quenching from the liquid state, corrosion
resistance, electrochemical properties.
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PROMISING ENERGY -STORING MATERIALS BASED ON
HYDANTOIN SYSTEMS

Annotation. A simple and environmentally friendly method for the synthesis of 2,4
imidozolidine diones and-thioxo-imidozolidinones is proposed
Keywords: Imidozolidinones Energijntensive materials
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THE (1H-1,2,4TRIAZOL -5-YL)ANILINE AND ITS HETEROCYCLIC
ANALOGUE 7 PROMISING INHIBITORS OF ACIDIC CORROSION OF
IRON

Abstract. A study of (1H-1,2,4triazol -5-yl)aniline and
benzole][1,2,4]triazolo[1,5c][1,2,3]triazine as corrosion inhibitors of iron in a
sulfuric acid solution &s carried out. It was shown that the mechanism of their
action is similar to that dfH-benzo[d][1,2,3]triazoleand has an adsorption nature.
The corrosion potentials were determined and the corrosion current densities were
calculated.

Keywords: triazoloanilines, condensed analogues, acid corrosion, iron, inhibitors.
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FOREST RESOURCES CONTROL USING REMOTE SENSING OF
THE EARTH

Annotation. The main advantages of using remote sensing data for operational
control of forest resouss are presented. Examples of satellite monitoring of forest
areas for the purpose of monitoring laigmale deforestation and detecting forest
fires are shown.

Keywords: remote sensing of the Earth, multispectral imaging, monitoring oflarge
scale loggingdetection of forest fires.
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COMPREHENSIVE USE OF OPTICAL AND RADAR DATA
IN THE LANDVIEWER WEB SERVICE

Annotation. Modern web services for online processing of satellite images allow
solving a wide range of current applied problems. The main advantages of the
LandViewer web service are presented, which allows working with both
multispectral optical range data and dpalarization Gband radar data.

Keywords: web services for online processing of satellite images, LandViewer,
multispectral data, dugdolarization radar data.
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SOLVING APPLIED PROBLEMS USING ARCHIVED DATA FROM
THE ASTER SPECTRORADIOMETER

Annotation. The main characteristics and areas of use of the ASTER
spectroradiometer data of the Terra satellite are presented. Examples of the use of
ASTER multispectral data for monitoring the dynamics of bridge construction,
controlling deforestation, monitoring the condition of artificial reservoirs, creating
field plans and spatial modeling are shown.

Keywords: remote sensing of the Earth, archival satellite images, Terra satellite,
ASTER spectroradiometer.
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ANTENNA DESIGN AND MODELING FOR REMOTE SENSING
SATELLITE

Annotation. The main features of the FEKO antenna design and modeling program
are presented. Examplef effective use of FEKO for the development and research
of modern types of remote sensing satellite antennas are shown. The results of
calculations, geometric and electrical modeling of the components of the quadrifilar
antenna structure are presented.

Keywords: remote sensing of the Earth, FEKO electromagnetic design program,
quadrifilar antenna.
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USE OF MULTISPECTRAL DATA PLEIADES -1A
AND PLEIADES-1B

Annotation. The main technical characteristics of the ulirgh spatial resolution
satellites Pleiade$A and PleiadedB are given. The areas of practical use of remote
sensing data from these sdteB are determined. Examples of the use of
multispectral images for inventory and control of construction sites, as well as for
inventory and monitoring of the state of transport communications are shown.
Keywords: remote sensing of the Earth, ulrggh spatial resolution satellites,
multispectral images.
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USING OPENCV FOR AUTOMATED PROCESSING
OF REMOTE SENSING DATA

Annotation. The main functionalities of the OpenCV image processing library of
functions and algorithms apresented. Examples of effective use of OpenCV for
automated processing of multispectral satellite images are shown.

Keywords: remote sensing of the Earth, multispectral satellite images, OpenCV,
automated image processing.
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SEASONAL CORRELATION BETWEEN SPECTRAL VEGETATION
INDICES AND CHLOROPHYLL CONTENT IN SWEDISH WHITEBEAM
(SORBUS INTERMEDIA) BASED ON MULTISPECTRAL IMAGERY

Annotation. Multispectral imaging of trees enables w@structive assessment of
chlorophyll content changes without any impact on plant physiology. Establishing reliable
guantitative relationships between vegetation indices (VIs) and chlorophyll content allows for
rapid, noninvasive monitoring of tree physiological condition without laboratory analysis. In

a previous study [1], 19 VIs were selected for stegme conditions; the goal of the present
work is to quantify seasonal correlations between Vis and chlofapimgent in Swedish
whitebeam$orbus intermedia Ehrh. Pers., 13@ased on field data collected in 2025.
Keywords: vegetation indices, chlorophyBprbus intermedjanultispectral imaging, crown
masking, remote monitoring.
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CAPABILITIES OF MODERN REMOTE SENDING RADAR
SATELLITES

Annotation. The advantages of radar satellite imaging compared to multispectral
imaging in the visible and infrared ranges are presented. Examples of the effective
use of duabolarization radar satellite imaging are shown to determine temporal
changes irthe shoreline of a water body during drought, to determine the dynamics
of deforestation, and to detect metal industrial structures.

Keywords: remote sensing of the Earth, spdi@esed radar systems, onboard radars
with a synthesized aperture.
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MULTIPURPOSE USE OF INFRARED REMOTE SENSING DATA

Annotation. The results of automatic extraction of water and vegetation objects by
calculating normalized difference index images NDVI and NDWI from
multispectral remote sensing data from high (dljnand medium (Sentin@A)
spatial resolution satellites are presented.

Keywords: remote sensing of the Earth, normalized difference index, NDVI,
NDWI, Jilin-1,Sentinel2A.
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DEVELOPMENT OF A UNIVERSAL SOFTWARE TOOL FOR
ASSESSINGTHE IMPACT OF MILITARY ACTIONS ON LANDSCAPE
AND URBAN AREAS USING CLOUD TECHNOLOGIES

Abstract. The study presents an automated cibaded tool built on Google Earth
Engine for monitoring environmental and infrastructural damage in conflict zones.
The deeloped hybrid algorithm enables the analysis of Senrfirsgtellite imagery
using spectral indices and adaptive thresholding for various landscape types.
Practical testing of the method on the Kakhovka Reservoir and the city of Mariupol

505


mailto:lkroft451@gmail.com

'l“e’%rv””., :"("hnr~| L

confirmed high aagracy in autonomous damage map generation. The
implementation of this system minimizes computational requirements and
eliminates the subjective factor in documenting war consequences.

Keywords: Remote sensing, Google Earth Engine, automated damage nmapitori
spectral indices, Sentinél
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