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In this study, a large-scale magnetic rotator for hydrogen pro-
duction boosting was designed. The study addresses the challenge of
selecting and designing mechanical components for a dynamic mag-
netic field (DMF) magnetic rotator in a green hydrogen electrolysis
power plant, focusing on ensuring component reliability and effi-
ciency under operational stresses. The aim is to determine suitable
machine element materials (shaft, clutch, gears, etc.), allowable shear
stress, and interconnection mechanisms through theoretical and
practical evaluations. The method includes calculating the allowable
shear stress for the spline based on carbon steel tensile strength,
applying safety factors for material properties and load consider-
ations, and determining shaft diameter using torque and shock load
factors. Standard catalogs guide the selection of interconnections
like clutches, gears, and bearings to ensure compatibility and perfor-
mance. The results indicate that a 95 mm diameter S30C carbon steel
shaft, with an allowable shear stress of 7.8 kg/mm?, meets the design
requirements. The chosen spline dimensions and a 12.5 MW, 14-pole
induction motor align with the system’s needs, ensuring reliable ope-
ration. The discussion highlights the critical balance between theo-
retical predictions and practical application in design optimization.
It underscores the importance of incorporating safety factors and
verifying component suitability to ensure robust performance of the
magnetic rotator. This study provides a comprehensive approach to
design optimization, integrating theoretical analysis with practical
considerations to achieve optimal performance and reliability. The
design output of this study can be used to boost the hydrogen evolu-
tion reaction in the STEMENS Sylizer 300 electrolysis cell.

Keywords: magnetic rotator, green water electrolysis, hydrogen
production, design optimization.
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The object of this study is the effectiveness of using three-dimen-
sional printing to train computer vision models for landmine detec-
tion. The ongoing war in Ukraine has resulted in significant landmine
contamination, particularly after russia’s full-scale invasion in 2022.
Given the enormous amount of potentially landmine-contaminated
land, fast and efficient demining techniques are required, as human
probing and metal detectors are labor-intensive and slow-moving.
Machine learning offers promising solutions to speed up the land-
mine detection process by deploying recognition models on robots
and unmanned aerial vehicles. However, training such systems faces
certain challenges. Firstly, the number of annotated data available for
training is limited, which can hinder the model’s ability to generalize
to real-world scenarios. Secondly, the use of real or even defused
landmines is dangerous due to the potential for accidental detonation.

This study aims to overcome the problem of limited data and
the risk of using real landmines. Three-dimensional printing makes
it possible to create safe and diverse training data, which is essential
for model performance. The model trained on replicas, achieved 98 %
and 91 % precision on printed and actual landmines respectfully.
This high precision is attributed to the realism of copies and the use
of advanced machine learning algorithms. This approach successfully
addressed the research problem due to the safety, accessibility and
diversity of copies. The models trained on copies of landmines could
be used in humanitarian demining operations. These operations often
employ unmanned aerial vehicles or robots to identify landmines
that are thrown remotely, exposed on the surface, or partially hidden.

Keywords: landmine detection, humanitarian demining, demining,
unexploded ordnance, explosive remnants of war, landmine clearance.
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In this work, the Quality Function Deployment (QFD) and
Failure Mode and Effects Analysis (FMEA) methodology based on
the "Design for X" concept is studied to define the design criteria of
the mechanical characteristics of an EOD robot and validated with
a virtual prototype of an Explosive Ordnance Disposal (EOD) robot.
The objective is the application of this methodology to obtain a pro-
duct that meets the quality and reliability specifications, considering
the user’s needs as input data. To validate this methodology, the tech-
nicians of the UDEX (Explosive Ordnance Disposal Unit), the me-
chanical characteristics of the previous version JVC 0.2 developed by
the research team of the National University of San Agustin (UNSA),
the minimum specifications of the robots participating in the League
of Rescue Robots and the application to work in real environments
were taken as a case study. The results indicate that the application
of the proposed methodology has significantly improved the quality
and reliability of the design. To validate the effectiveness of this
methodology, a virtual prototype, called JVC 0.3, was created using
SolidWorks modelling software, a significant weight reduction of
27.13 % was achieved and the operating speed was increased to
1 km/h under optimal conditions. Technical analysis of the JVC 0.3
showed significant improvements in several key areas, such as in-
creased modularity for easier assembly and maintenance, decreased
overall weight, increased torque and speed, and increased stability

during operation. These factors are essential for the practical applica-
tion of EOD robots in real field operations carried out by specialized
units such as UDEX.

Keywords: quality function deployment, failure mode and ef-
fects analysis, explosive, robot.
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The object of this study is the technological preparation of the
production of a light aircraft wing using reverse engineering tech-
nology. The subject of research is a quality indicator — the geometric
accuracy of manufacturing the convex-concave parts of acrospace
technology. Calculations of geometric accuracy were performed for
the program-instrumental method of co-ordination. As the experi-
mental part it was taken the worn out wing tip of a light aircraft. The
following results were obtained. An approach for specifying the aero-
dynamic airfoil and cross sections of the wing tip when constructing
its digital model has been proposed. A 3D scanning of the wing tip
with the formation of a digital portrait in STL format, as well as
its refinement into a STEP format, using organic and mechanical
methods, was accomplished. A digital mock-up of the wing tip was
built taking into account the geometry of the aerodynamic airfoil
in cross sections as well as a digital mock-up of the form (mould)
for its manufacture according to the polygonal model, which was



created by the organic method due to it had the highest dimensional
accuracy. It was determined that the maximum deviation of the ac-
tual wing contour from the theoretical one was as follows: the upper
deviation was 0.84 mm, the lower deviation was —0.65 mm. The
maximum deviation of the actual wing contour from the theoretical
one was £0.3 mm. The expected (calculated) errors did not exceed
the specified value of the tolerance on the wing outer contour that
equal to £1.0 mm, thus, the adopted method of assembling the wing
under the conditions of co-ordination by the program-instrumental
method ensured the specified geometric accuracy. The results of ex-
perimental studies confirmed the adequacy of the proposed approach
for determining the aerodynamic airfoil of the cross-sections of the
digital mock-up of convex-concave parts for aerospace technology
during their technological preparation for production with the use
of reverse engineering.

Keywords: technological preparation of production, reverse
engineering, digital mock-up, 3D scanning, geometric accuracy,
aerodynamic airfoil.
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The object of the study is the technological processes of high-
quality crushing of stem feeds, due to the oriented feeding of stems
into the grinding chamber and transportation of the crushed mass
through a rectangular deflector.

A review of the literature sources has shown that at present, the
design and technological scheme of a small-sized forage harvester has
not yet been developed, which in turn ensures high-quality crushing
of stem feeds and reduces operating costs in small farms.

As a result of theoretical studies, analytical expressions were
obtained to determine the mass velocity at the deflector outlet and
the range of mass ejection in the horizontal section.

The combine productivity when mowing alfalfa was equal to
6.22 t/h, the range of mass ejection in the horizontal direction was
within 7.5..8.0 m (theoretical value — 7.8 m), the average size of
crushed particles was 32.89 mm (estimated length — 33.5 mm), the
difference between theoretical and actual values is 1.5 %.

The results of laboratory and field tests showed the efficiency of
the forage harvester, the reliability of the analytical expressions ob-
tained and the efficiency of the stem length orienter was determined.
A distinctive feature of the research results is that a design and
technological scheme of a small-sized forage harvester equipped with
an orienter and a theoretical description of the feed transportation
process through a rectangular deflector were developed.

According to the presented design and technological scheme,
the deflector and orienter have a simplified design and good quality
of crushing stem feeds. All this proves the practical significance and
applicability of the developed forage harvester.

Keywords: forage harvester, rectangular deflector, mass ejection
range, orienter, alfalfa.
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When cultivating the soil, a force of resistance to the movement
of cultivator paw acts on it. It has a variable value and causes a mo-
ment of force applied to the riser of the paw. Under the action of the
moment, the elastic axis of the riser changes its shape. This affects
the position of the paw in the soil. The form of an S-shaped riser
whose elastic axis consists of two circle arcs has been considered in
this study. During cultivator operation, one part of the riser bends,
increasing the curvature of the elastic axis, and the other, on the
contrary, unbends, that is, its curvature decreases.

The modeling of the shape of the elastic axis of the paw riser is
based on the theory of resistance of materials, according to which
the curvature of the elastic axis of the cantilevered band is directly
proportional to the applied moment and inversely proportional to
its stiffness. If the shape of the cross-section of the riser along its



entire length is unchanged and the properties of the metal are also

the same, then the stiffness is constant. In the case of small de-
flections of the band, the linear theory of bending is used, but the
deflections in the riser are significant, so the nonlinear theory has
been used for this case. At the same time, it is taken into account
that the elastic axis of the riser already has an initial curvature, the
sign of which changes after passing through the point of connection
of the component arcs.

To model the shape of the elastic axis of the S-shaped paw riser,
the deformation of the arcs of the circles that form this paw was
calculated separately. Numerical integration methods were used to
find the shape of the deformed elastic axes of both parts of the riser.
They were connected into a whole and a deformed elastic axis of the
S-shaped riser was obtained. Two variants of the riser with different
lengths of their elastic axis, but the same height and the same an-
gle of entry into the soil, were considered. The combination of the
component arcs of the riser shows that, under the action of the same
force, the deviation from the specified movement depth for one riser
is 2 cm, and for the other — 4 cm.

Keywords: tillage, working body, elastic axis, circle arc, moment
of force.
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The object of this study is the process of strip tillage, its effect
on soil moisture in the strip, and subsequent vegetation of sunflower
plants. At the same time, the task to increase the efficiency of strip
tillage was solved.

It has been established that the rational values of the structural
and technological parameters of the strip tillage section in terms of
fuel consumption depend on the speed of movement of the unit, the
depth and width of the tilled strip of soil. One section of the unit
was used for the research. The studies were conducted using the
Box-Benkin three-factor experiment design. It was established that
the rational values of the structural and technological parameters of
strip tillage in terms of fuel consumption have the following values:
the depth of strip tillage £#=20-25 cm, the width of strip tillage
b=20-25 cm, the speed of the unit from 7.5 to 11 km/hours. In this
case, the actual fuel consumption ranged from 4.2 to 6.3 1/ha.

It was also established that an increase in the width and depth
of the strip cultivation leads to an increase in moisture loss in it.
The highest value of soil moisture occurs at the minimum values
of the depth and width of the strip cultivation, and the lowest at
their maximum values. The influence of the width of the cultivated
strip on the height of sunflower plants is more significant than the
influence of the depth of tillage. This applies both to the range of
changes in the height of sunflower plants (12.4—13.6 cm compared to
12.5-13.1 ¢cm) and the intensity of the impact. The greatest influence
on the height of sunflower plants is exerted by the magnitude of the
transverse displacement of the axis of the row of plants. The intensity
of this influence is approximately the same as the depth of tillage, and
the range of changes in the height of sunflower plants is 11.7—14 cm.

Research results could be used in the design of units for strip
tillage and sowing units.

Keywords: fuel consumption, tillage depth, sowing line, tillage
width, movement speed.
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The object of this study is the force parameters of the working
process when cleaning the udder nipples of cows from contamination.
Failure to provide adequate care for a cow, especially concerning its
udder, could lead to significant health and productivity problems.
On the other hand, utilizing modern tools, devices, and materials
could improve the sanitary and hygienic conditions for milking cows
and udder care, thus leading to better overall outcomes. As part of
the research, mathematical expressions were derived theoretically,
allowing the determination of the force parameters of the working
process for cleaning cows’ udders from contamination by expanding
the range of the device’s functional characteristics. Distinctive fea-
tures of the results regarding the solution to this problem is evalua-
tion of the elasticity force exerted by the lint bundles on the nipple
during the rotation of the brush device’s drum and the circular force
generated by the brush lint. The developed algorithm of the work
process aimed at cleaning the nipples and udders of cows made it pos-
sible to combine a set of clearly defined and sequentially performed
operations into a single whole.

It has been demonstrated that the efforts required to retain
different types of contamination on the skin vary significantly. To
objectively determine it, a new device has been designed. Its dis-
tinctive features are the precision of measurement and simplicity
of operation. Following laboratory testing, it was established that
the highest contaminant retention forces were exhibited by solid
manure (F,,,=40%3.21 N), while the lowest values were observed for
sawdust (Fr=19+2.17 N) (p<0.001).

The developments are relevant and could be used at cattle
breeding farms of various forms of ownership, the scientific com-
munity, and at industrial enterprises manufacturing technological
equipment.

Keywords: cows, a device for cleaning udders, the process of
cleaning cows’ udders.
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The object of this study is a mathematical model of a synchro-
nous electric motor, obtained on the basis of experimental data,
which takes into account the temperature mode and uses artificial
features to increase the accuracy of its operation. A characteristic
feature of this work is that the model takes into account the tem-
perature mode as a component of the technical-operational state of
the object. The resulting mathematical model could make it possible
to synthesize an optimal automatic control system in terms of the
operational state of the object.

The problem addressed was to increase the accuracy of the
identified mathematical models by applying the approach of feature
engineering.

The results showed that the identification of mathematical mod-
els by the initial data leads to a low level of accuracy of the obtained
models, namely 65-70 % for the first output channel, 80-85 % for the
second, and 75-80 % for the third, fourth, and fifth output channels.

Accordingly, building models with a higher threshold of accura-
cy requires the use of other, more significant data for identification.
This paper reports a method for reformatting the original data into
artificial features and provides results of their effectiveness in rela-
tion to the original channels.

The resulting artificial features and the original features were used
for further identification; the resulting mathematical model has on
average higher accuracy thresholds, namely 82 %, 93 %, 88 %, 85 % for
the corresponding output channels. The results prove the effectiveness
of applying the principle of feature engineering since the accuracy of
the resulting model is 5-10 % higher compared to the baseline.

The scope of practical application of the results includes the syn-
thesis of automatic control systems based on mathematical models of
control objects obtained as a result of identification.

Keywords: mathematical model of a synchronous electric motor,
mathematical model identification, mutual information, correlation
analysis of electric motor operating parameters, artificial feature
engineering.
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The object of this study is the asphalt-concrete layers of non-
rigid roadbed on ascents and descents of highways before bridges.

Asphalt-concrete layers of highways on approaches to bridges
are one of the most important elements for providing the strength
and durability of the entire structure of non-rigid roadbed. On the
ascents and descents of approaches to bridges, where the speed of
vehicles changes most often, the roadbed is exposed to more in-
tense damage than in other areas. Practical experience shows that
one of the most common root causes of the types of destruction of
asphalt-concrete layers is disruption of their integrity in the form
of cracks, which creates dangerous situations for road users due
to premature and more intensive destruction of all road surfaces.

This paper investigates features of the stressed-strained state
of asphalt-concrete layers of roadbed on ascents and descents in
the areas connecting bridges and overpasses with the embank-
ment. A spatial finite-element model has been considered, which
makes it possible to describe the stressed-strained state of each
element in the road surface structure induced by the effect of
traffic load on it.

Quantitative and qualitative analysis of deformations, displace-
ments, and stresses in asphalt-concrete layers of the structure of
roadbed was carried out. Circumstances that can affect the prema-
ture formation of cracks and lead to a decrease in the durability of
roadbed structures have been identified.

This study makes it possible to identify and eliminate potential
dangers that arise during the operation of roadbed. The results could
be implemented in the design of roadbed in areas with difficult traf-
fic in the area of ascent and descent, in particular before the bridge.
Knowledge of features of the stressed-strained state of roadbed
would contribute to the preservation of road infrastructure, could
make it possible to improve the comfort and convenience when mov-
ing goods and passengers.

Keywords: asphalt-concrete pavement, ascent, descent, non-rigid
roadbed, stressed-strained state, cracking, durability.
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This paper describes a mathematical model built for turbulent
heat and mass transfer processes in the case of electron beam melting
of titanium alloy ingots. The object of research is the conditions that
ensure the quality of ingots. The model makes it possible to calcu-
late the distribution of hydrodynamic flows in the liquid metal and
temperature fields in the ingot, to determine the profile of the metal
crystallization front, taking into account the interphase transition
zones. The model solves the problem of finding the necessary melt-
ing regimes of ingots by calculation, in contrast to high-cost natural
experiments. The thermal and hydrodynamic processes during the
melting of a cylindrical ingot with a diameter of 110 mm of the newest
titanium alloy Ti-6Al-7Nb for medical use were calculated and its
melting parameters were determined. The small diameter of the ingot
significantly facilitates its further machining. The geometry of the
two-phase zone of the liquidus-solidus transition, which determines
the crystallization front of the metal, was calculated. The position
and geometry of this front greatly affects the quality of ingot forma-
tion and the concentration of the distribution of alloying elements
and the homogeneity of the metal across its volume. A sufficiently
flat crystallization front has been obtained, under which the given
conditions are ensured. It was found that heat transfer in the liquid
phase of the metal is mainly caused by heat and mass transfer due to
its movement, and heat and mass transfer significantly depends on
the power of the electron beam and its distribution on the surface
of the bath. According to the calculated regimes, at the Institute of

Electric Welding named after E. O. Paton, the National Academy of
Sciences of Ukraine, high-quality ingots for the needs of the medical
industry were smelted. The castings are used for the manufacture
of light and ultra-strong endoprostheses and implants, which are
chemically neutral and biologically and biomechanically compatible
with the human body and do not cause rejection.

Keywords: electron beam melting, titanium alloys, mathemati-
cal model, heat transfer, mass transfer, technological modes.
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PO3POBKA MATHITHOTO POTATOPA JIJIsI TOCUJIEHHA PEAKITI BUALJTEHHA BOIHIO B EJTEKTPOJII3EPI BOJIU
3 IPOTOHOOBMIHHOIO MEMBPAHOIO (c. 6-16)

Purnami Purnami, Willy Satrio Nugroho, Lukman Hakim, I Nyoman Gede Wardana

VY panomy pocuipkenni 6ysio po3pobieHo BeJIMKOMACIITaOHIIT MATHITHIIT POTATOP /ISt TIPUCKOPEHHS BUPOOHUIITBA BOAHIO. Y POGOTI po3-
[USIIAETHCS 3a/1a4a BUOOPY Ta IPOEKTYBAHHS MEXaHIYHIX KOMIIOHEHTIB JIJisi MAarHiTHOTO POTATOpa 3 ANHAMiyHIM MarHiTHuM mosem (DMF) Ha
EJIEKTPOCTAHIIT €JIEKTPOJIIZY 3€I€HOT0 BOAHIO, MTPUJJISIOUN 0COOMMBY yBary 3abe3nedeHHIo HagiiiHOCTi Ta eeKTUBHOCTI KOMITOHEHTIB B yMO-
Bax eKCILIyaTalilHuX HAaBaHTaKeHb. MeTa ToJiarac y BU3HaYeHHi Bi/IMOBITHIX MaTepiaiB eJIeMEHTIB YCTAHOBKY (BaJI, 3UCTJICHHS, IIECTEPHI
TOILO), JOIIYCTUMOTO HAIIPY>KEHHS 11PN 3CYBi Ta MEXaHi3MiB 3'€/[HAaHHS 32 JOIIOMOTrOI0 TEOPETUYHUX i IIPAKTUYHKX OLIHOK. MeToJ BK/IOUae
B cebe Po3paxyHOK JAOMYCTHMOTO HAIPYKEHH TIPH 3CYBI JIIsT TIJTIa Ha OCHOBI MITTHOCTI Ha PO3PHB BYTJIEIEBOI CTaI, 3aCTOCYBaHHs KoedillieH-
TiB 3aracy MIITHOCTI 3 ypaxyBaHHSIM BJIACTUBOCTEN MaTepiasly Ta HaBaHTaKEHb, a TAKOK BU3HAUCHHS JliaMeTpa Basly 3 BUKOPHCTaHHAM Koedi-
LIE€HTIB KPyTHOTO MOMEHTY Ta Y/[aPHOTO HaBaHTaxkeHHs. CTaHAaPTHI KaTaJIor MICTSTh PEKOMEH/AIIT 1110710 BUOOPY 3'€/IHYBAIBHUX €JIEMEHTIB,
TaKMX K 3UElVIeHH, IeCTepHi i IAIUITHIKK /1 3a0e31edeH s CyMiCHOCTI Ta POAYKTUBHOCTI. Pe3y/ibraTi 1oKasyIioTh, 110 BaJl i3 ByrJeleBoi
crami S30C giameTpom 95 MM i3 IOTMyCTUMIM HAMPY KEHHsIM TIPH 3CyBi 7,8 Kr/MM? Bi/ImOBiTac TpoeKTHIM BuMoraMm. Bubpani posmipn muriia ta
14-noMoCHNIT ACHHXPOHHKH ABUTYH MOTYsKHicTIO 12,5 MBT BiAnoBifaioTh BUMOTaM crcTeMH, 3a0e31edyioun HagiiiHy poboTy. ¥ xoii 06roBo-
PDEHHSI HArOJIOIIYETHCS HA BAJKIMBOCTI OAIaHCy MiXK TEOPETHYHUMU IIPOTHO3aMU Ta IPAKTHIHIM 3aCTOCYBAHHSIM [IPH ONTHUMI3aIlii KOHCTPYKIIIL.
Tle miaxpecioe BaKIMBICTH BpaXyBaHHs KOe(DIIi€HTIB 3aacy MIIIHOCTI Ta TIepeBipKU TIPUAATHOCTI KOMITOHEHTIB /ist 3abe3neyeH st HaiiiHol
POBOTH MarHiTHOrO poTtaTopa. Y MAOCIKEHHI TIpeACTaBIeHU KOMIIEKCHUIT MiAXi/ 10 onTUMi3allii KOHCTPYKIL, 110 TTOEAHYE TeOPETUYHIN
aHAI3 i3 MPaKTUYHNMI MIPKYBAaHHSIMU JUIST OCSITHEHHS ONTUMAJIBHOI IPOYKTUBHOCTI Ta HafiiHOCTI. Pe3yssraTit MpoeKTyBaHH:, OTPUMAaHi
y JIOCTKEH I, MOXKYTh Oy TH BUKOPUCTAHI ISt TIOCUJIEHH ST PeaKIlii BUiIeH s BoaHIO B enekrposizepi SIEMENS Sylizer 300.

K1040Bi c10Ba: MarHiTHUA pOTaTop, 3eJI€HNUIT €IeKTPOJIi3 BOAM, BUPOOHUIITBO BOHIO, ONTUMI3aIlisi KOHCTPYKIIIL.
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BIU3HAYEHHA E@EKTHUBHOCTI BUKOPUCTAHHA TPUBHUMIPHOTI'O IPYKY IJId HABYAHHA CICTEM
KOMIT'IOTEPHOTO 30PY 3 BUABJIEHHA MIH (c. 17-29)

O. B. Kysiuik, B. M. Tepemenko

O06’eKTOM [IaHOTO OCIKEHHS € e(heKTUBHICTD BUKOPUCTAHHS TPUBUMIPHOTO IPYKY /IJIsl HABYAHHS MOJIEJIEll KOMITIOTEPHOTO 30pY 3 Me-
TOIO BUSIBJICHHS HazeMHKX MiH. TpuBasia Biiina B Ykpaini npusBesia 10 3HA4HOTO MiHYBaHHsI TEPUTOPiii, 0COOIMBO Mic/Ist TOBHOMACIITAGHOTO
BTOpPrueHHs pocii y 2022 porri. 3navna 1soIa moTeHI[iiiHO 3aMiHOBAHMX TEPUTOPIll KpaiH! BUMAra€ NMIBUAKUX Ta e(heKTUBHUX METO/IB PO3Mi-
HYBaHH#, OCKIJIbKI TPAANIIiITHI METO/H, TaKi K MeTaloNIyKadi Ta py4yHe 30HyBaHHs, € HOBIIbHUMA Ta TPyoMicTKuMI. MaimnHe HaB4aHHA
MIPOTIOHYE TIEPCIIEKTUBHI PIllleHHsI 7T TIPUCKOPEHHST TPOIIECY BUSBIEHHS MiH MIISIXOM PO3TOPTAHHST MOJie/iell PO3ITi3HaBaHHs Ha POOOTAX Ta
6e3MiIOTHNX JieTalbHUX anaparax. OHaK TPEeHYBaHHsI MOJIEJIEN [/l BUSIBJICHHS BUOYXOHEOE3IEUHUX MIPEMETIB CTUKAETHCS 3 CePUOZHUMU
TpyaHommamu. ITo-tiepiie, icnye oOMeKeHa KiIbKICTb BIAKPUTUX AAHUX I TpeHyBaHHs. [1o-ipyre, BAKOPUCTAHHsI CIIPaBKHIX a0 HaBiTh
3HEIIKOJKEHNX MiH € HeOe3[eYHUM Yepe3 MOKJIMBICTD BUIIAJKOBOI JI€TOHAIIIL.

Tle ocmiKeH ST CIPSAMOBaHE Ha TTOI0IAHHS TTPOOIEMI OOMEKEHOT KIJTBKOCTI IAHNX Ta PUBUKY BUKOPHCTAHHS CTIPaBKHIX MiH. TpusuMipHuMit
JPYK JIO3BOJISIE CTBOPIOBATH Ge3IeyHi Ta PIsHOMAHITHI faHi, 1110 € KI0Y0BUM (haKTOPOM IS HABUIIEHHS eeKTUBHOCTI MOZIe/Iell BUSIBIICHHST MiH.
Mogesb, HaBdena Ha Komisx MiH, gocsiria 98 % ta 91 % BirydHOCT Ha APYKOBAHUX Ta PEATbHIX MiHAaX BiamosigHO. Brucoka BiyuHicTs Mozeli osic-
HIOETHCS PeasliCTHYHICTIO KOMiii Ta BUKOPUCTAHHAM Hepe/IOBIX alTOPUTMIB MAIIMHHOTO HaByania. OTpuMari pesysabraTi JO3BOIUIN BUPIIUTH
JOCTIEKYBary mpo0sieMy 3aB/Iski OesIiel, J0CTYIHOCTI Ta PisHOMaHiTHOCTI Komiit. Mogesti, HaBueHi Ha KOTAX MiH, MOKHAa BUKOPHCTOBYBaTH
TIPH TYMaHITApHOMY PO3MiHYBAHHI, BU3HAYAIOUN Ti MiHH, SIKi 3aKIIAIOTCS AMCTAHIINHO, BUCTAB/ISIOTHCS HA MOBEPXHI 00 YaCTKOBO MPHXOBAHI.

KiouoBi ciioBa: BUsIBJICHHs HA3eMHUX MiH, PO3ITi3HABAHHS MiH, TyMaHiTapHe PO3MiHyBaHHsI, BUOYXOHeOe3IIeu i peaMeTH, PO3MiHyBaHHSI.

DOI: 10.15587,/1729-4061.2024.306986
3ACTOCYBAHHSA METO/IOJIOTTIA QFD TA FMEA VI PO3POBKH TA BJIOCKOHAJIEHHS KOHCTPYKIIIf POBOTA
31 SBHEHIKO/I"KEHHA BOEIIPUIIACIB (c. 30-42)

Brayan Alex Apfata Limachi, Frank Alexander Cari Mora, Yuri Saul Sivincha Quispe, Erick Valdeiglesias Flores,
Yuri Lester Silva Vidal, Erasmo Sulla Espinoza, Lizardo Pari

V wiit po6oTi BUBYAETHCS METOI0JIOTIsE po3ropTantst yHKiii sikocti (QFD) i anamnisy pesxumy Ta Hacaiakis Biamosu (FMEA), 3acHo-
Bana Ha Kouueniii "TIpoekrysanus ayist X", o6 BUBHAYMTH KPUTEPIl MPOEKTYBAHHS MEXaHIYHUX XapaKTePUCTHK POOOTA 31 3HENIKOKEHHS
6oenpurnacis (P3B) i nepesipserbest 3a gonomoroio BipryaibHoro nporotuit P3B. MeToio € 3actocyBais 1iel MeToA0IO0rii /7 OTpUMaHHs
TIPOLYKTY, SIKUH Bi/imoBizae criermgikaiiisiM sIkocTi Ta Ha/iiiiHOCTI, BpaXoBy0ul MOTPeOH KOpHCTyBava sk Buxiami gani. [1lo6 mixTBepauT 110
MetozoJorio, textiku UDEX (migpos/iny sHemkopKeHHsa BUOYXoHeOe3edHIX TIPEAMETIB), MeXaHiuHi XapaKTepUCTUKU MOTEePeHbOI Bepcil
JVC 0.2, pospobaenoi pocigauibkoio rpynoo Hamionanbroro yHisepeutery Can-Arycrina (UNSA), MiHiMaIbHI XapaKTepUCTUKK POOOTIB,
stki 6epyTh yuactb y JIi3i pobOTiB-PATYBAJBHUKIB 1 3aCTOCYBaHHS JIJIsl POOOTH B PEaTbHOMY CEpPegoBHUI Oyin B3sITI sIK TpuKIa. Pesyibra-
THU CBiZYaTh MPO Te, 10 3aCTOCYBAHHS 3alIPOINOHOBAHOT METOAMKM 3HAUHO THABUIIUIIO AKICTH i HailiHicTh KoHeTpyKii. o6 niarBepanTn
eeKTHBHICTD IIi€i MeTO0IOrI], 32 TOMOMOTOI0 POTPaMHOTO 3abesnedenHst 1yst MoxemoBants SolidWorks 6yso cTBopeno BipTyasbHmit
npororu i Hazsoto JVC 0.3 Ta GyJi0 [0CATHYTO 3HAYHOTO 3MeHTIeHHs Baru Ha 27,13 %, a pobody 1BuaKicTh 6yI10 36ibImeH0 10 1 KM/Tox



3a onTuManbuux ymoB. Texuiunuii ananiz JVC 0.3 nmokaszas 3HauHi MOKpaIeHHs B KiJIbKOX KJIIOYOBUX 00JIaCTsX, TAKUX K 301JIbIICHHS MO-
JLyJIGHOCTI JUUIs TIOJIETTIIEHHS CKJIA/IaH s Ta OOCJTYTOBYBaHHS, 3MEHIINEHHs 3arajibHOl Bar, 30iIbIIEHHST KPYTHOTO MOMEHTY Ta IIBUJIKOCTI,
a TaKoXK IMiBKIEHHs cTabiibHOCTi i yac poboTu. I1i hakropu € BaKIMBUMMU IS TPAKTHYHOTO 3acTocyBaHHst P3B y peasbHux moboBux
oneparisx, sSiKki BUKOHYIOTbCS CllelliasizoBaHuMu 11iipo3isamu, Takumu sk UDEX.

Kiro4oBi ciioBa: posropranus GyHKITII SKOCTI, aHATI3 PEKUMIB Ta HACTIAKIB BiIMOB, BUOYXOBa pe4OBHMHA, POGOT.
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PEAJII3AIIISI PEBEPC-THXKUHIPHUHIY TIPU TEXHOJIOTTYHII NIZITOTOBINI BUPOBHUIITBA 3AKIHITIBKU KPUJIA
JIETKOT'O JIITAKA HA BA3I CTBOPEHHA IU®POBOI'O MAKETY (c. 43-53)

K. B. Maiioposa, B. B. Hikiuanos, I. M. Jlucouenko, C. ¥0. Muponosa

OG’'eKTOM JIOCIIJUKEHHST € TEXHOJIOTTYHE Mi/IFOTOBJICHHS BUPOOHHUIITBA KPHUJIA JIETKOTO JIiTaKa 3 BUKOPUCTAHHSIM TEXHOJIOTIT peBepC-iHKNHI-
punry. [IpenveTom H0CTiPKEeHHST € TIOKA3HUK SIKOCTi — TeOMETPUYHA TOUHICTh BUTOTOBJICHHST OITYKJIO-BIHYTUX JleTasiell apiariiinoi texuikm. Pos-
PaxyHKHU 3 TeOMETPUYHOI TOYHOCTI BUKOHAHO 32 IIPOIPAMHO-IHCTPYMEHTAJIbHUM METO/IOM YB 13y BaHH. 3a J0CJI/IHY JIeTaJlb IIPUIHATO 3aKiHIIBKY
KpWUJIa JIETKOTO JiTaka, 1o 3uomnreHa. OTpUMaHO Taki pe3yssraTi. 3armporoHoBaHo Mi/IXi/l 3 YTOUHEHHS aePOIITHAMITHOTO TIPO(dIJIio Ta TepepisiB
3aKiHIIBKY KpuJia pu moOyaoBi ii 1mdposoro Makery. PeanizoBano 3D-ckanyBaHHs 3aKiHIIIBKU KPUJIA 3 YTBOPEHHAM IIM(BPOBOTO MOPTPETY
daity popmary STL, a Takosx fioro yrouneHns Ta goonpaiioBanis B ¢aiin opmaty STEP opramiunnm Ta mexaniuamM Metogamu. CTBOpeHO
1dPOBUIT MaKeT 3aKiHITIBKH 3 yPaXyBaHHIM reOMeTpii aepoAnHaMiYHOoro Podisio B Tepepizax Ta I poBuii MakeT (POPMU /IS ii BUTOTOBJIEHHS
32 TIOJIITOHAIBHOK MOJIEILIIO, 110 CTBOPEHA OPraHiYHUM METOJIOM i Masia HaiiGiIbIny TOUHICTh PO3MIpiB. BusHaueHo, 110 BeJTMYUHA TPAHIYHOTO
BIJIXUJIEHHST AIHICHOTO TIOJIOKEHHST KOHTYPY KPUJIA BiJl TEOPETHYHOTO cTaHOBUIIA: Bepxue Biaxuuenust 0.84 mm, niskue Bigxunents —0.65 Mm.
Besmmunza rpaHnYHOTO Bi/IXWJIEHHS JiHICHOTO MOJIOKEHHS KOHTYPY 3aKiHIIIBKY BiJ| TeopeTnuHOro craHosmia 0.3 mm. OuikyBaHi (po3paxyHKOBi)
TIOXHOKI He TIEPEBUIILYBAIN 33/IAHOTO 3HAYEHHSI IOMYCKY Ha 30BHIIIHIN KOHTYP Kpruta +1.0 MM, TO6TO IPUIHSTHIT METO/ CKIIA/IAHHST KPIJIA 38 YMOB
YB'SI3yBaHHsI MPOTPAMHO-IHCTPYMEHTATIbHIM METOIOM 3a0e3MeuyBaB 3a/[aHy IeOMETPIYHY TOYHICTb. Pe3ysbratit eKCrepUMEHTAIBHUX I0CIi-
JUKEHb TTATBEPNIIN a/IeKBATHICTh 3aITPOIIOHOBAHOTO Mi/IXO/TY BH3HAUEHHS aePOANHAMIYHOTO MTPODITTIO MOTepeyHNX epepisiB 1nhpoBoro MakeTy
OITYKJIO-BIHYTHX JleTajiell aBialliiiHol TeXHIKM [PH X TEXHOJIOIYHOMY ITATOTOBJICHHI BUPOOHUIITBA IIJISIXOM BUKOPUCTAHHS PEBEPC-IHKUHIPUHTY.

Ki1040Bi €10Ba: TEXHOJIOTIYHE MiZATOTOBJICHHsT BUPOOHUIITBA, PEeBEPC-IHKUHIPUHT, 1dpoBuii MakeT, 3D-CKaHyBaHHSI, FEOMETPUYHA TOY-
HICTh, aePOANHAMIYHUI TPODiIb.
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PO3POBKA MAJIOTABAPUTHOTO KOPMO3BUPAJIbHOTO KOMBAVHY, OCHAIIIEHOTO MIPUCTPOEM
OPIEHTYBAHH¢ 3A TOBKHMHOIO CTEBJIIB TA ITIPIMOKYTHUM TE®JEKTOPOM JJISI MAJINX @EPMEPCBKUX
TOCIIOJIAPCTB (c. 54—64)

Tokhtar Abilzhanuly, Serik Nurgozhayev, Daniyar Abilzhanov, Olzhas Seipataliyev, Darkhan Karmanov, Dauren Kosherbay,
Ruslan Iskakov, Nurakhet Khamitov

O06’eKTOM OCITIUKEHHST € TEXHOJIOTIUHI MTPOIECH BUCOKOSKICHOTO MOAPIOHEHHST CTEOI0OBIX KOPMIB 32 PaXyHOK OPi€HTOBAaHOI Io1aui cre-
6eJt y TIOMOJIBHY KaMepy Ta TPAHCIIOPTYBAHHS MOAPIGHEHOT MacH depes MPSIMOKY THHIT iehIekTop.

Oruisizt JiTepaTypHUX JZKepest OKa3as, 10 B JaHui Yac 1ie He GyJI0 POo3po6IeHO KOHCTPYKTHBHO-TEXHOJIOTIUHY CXeMy MaJIorabapuTHOTO
KOPMO3OHPATEHOTO0 KOMOAIHY, SIKHUIl, Y CBOIO Yepry, T03BOJIsIE€ 3a0€3MeUNTH SIKiCHE MOAPiOHEH s CTeOIOBUX KOPMIB Ta 3HU3UTH €KCILTyaTa-
LifiHI BUTpaTH HAa MaJIKNX (pepMepChbKUX rocroaperBax.

B pesyabrari TeopeTnyHmX J0CI/KEHb OTPUMaHi aHATITHYHI BUPA3H /TSl BUSHAYEHHS MIBUIKOCTI PyXy MacH Ha BUXO/I 3 iedhirekrtopa ta
JAJILHOCTI BUKW/IY MacH B TOPU30HTAILHOMY TIepepisi.

[TposykruBHiCTL KOMOAITHY TIPU CKOIITYBAHHI JIOIEPHU CKJiaia 6,22 T/T0j1, JaIbHICTh BUKH/Y MACH B TOPU30HTAIILHOMY HATIPSIMKY Iepe-
OyBasa B Mekax 7,5..8,0 M (Teopernure 3HauenHs — 7,8 M), cepeiiii poamip moApiGHIOBAaHNX YacTHHOK ckjaB 32,89 MM (po3paxyHKoBa
JOBKIHA — 33,5 MM), PI3HUIL MK TeOpeTHYHUMHU Ta (HaKTHIHUMU 3HAUYeHHSAMHU JopiBHIoE 1,5 %.

Pesynbratt 1ab0OPaTOPHUX Ta TIOJBOBUX BUIPOOYBaHb TOKazaan e(heKTUBHICTh POGOTH KOPMO3OMPATBHOTO KOMOAliHY, 10CTOBIpPHICTD
OTPUMaHKX aHAJITHYHUX BHUPaA3iB, a TaKOK OyJO BU3HAYEHO e(DEKTHBHICTH IPUCTPOIO OPIEHTYBAHHS 3a MOBKUHOIO cTebuiB. BiaminHO©
OCOOJIMBICTIO PE3YJIBTATIB MOCIKEHD € PO3POOKA KOHCTPYKTUBHO-TEXHOJIOTIUHOI CXeMU MaJlorabapuTHOTO KOPMO3OUPAIbHOTO KOMOaiiHy,
OCHAII[EHOTO OPIEHTYIOUNM IIPUCTPOEM, i TEOPETUYHOTO OIIMCY TIPOIIECY TPAHCIIOPTYBAHHS KOPMiB 4epe3 MPSMOKYTHUI JieIeKTop.

3rijIHO IPe/ICTAaBIeHOI KOHCTPYKTHBHO-TEXHOJIOTTYHOI cXeMH, 1e)IeKTOp Ta OPIEHTYIOUMIT IPUCTPiil MAIOTD CIIPOIIEHY KOHCTPYKIIIIO Ta FapHy
SKICTB TIOAPIGHEHHsT CTeOMOBUX KOPMiB. Bce 11e I0BONTD MPaKTUYHY 3HAYMMICTb i 3aCTOCOBHICTH PO3POOIEHOTO KOPMO3OMPATBHOTO KOMOAIHY.

KiouoBi cioBa: kopMo3OupaibHuil KoMOaiiH, IPAMOKYTHUI fedieKTop, JaabHicTh BUKUAY MacH, OPIEHTYIOUUil IPUCTPiii, JoepHa.
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PO3POBKA MOJIEJI ®OPMU OCI S-MTOAIBHOTO CTOSAKA KYJIBTUBATOPHOI JIATIH (c. 65-71)

C. ®@. ITninnaka, B. 1. Xponocr, T. M. Boxina, M. B. Kanenuk, 3. B. Py:xuno, C. C. [lenexxnikos, H. B. Tapensnuk, O. B. Tanenxo,
C. JI. Cemipuenxko, C. I. Monak

IIpu 06poGITKY IPYHTY Ha KyJILTUBATOPHY JIAIly Ji€ CHJIa CIIPOTHUBY ii iepeMitenio. BoHa € 3MiHHOT BeJIMUMHU i BUKJINKAE MOMEHT CH-
JIU, TIPUKJIafeHnit 1o crosika jamu. [1iy giero MoMeHTy 1pyskHA Bich cTosiKa 3MiHIOE €BOIO (hopmy. Lle BrInBae Ha MOJIOKEHHS JIalN Y TPYHTI.
PosrusinyTo hopmy S-TI0iOHOTO CTOsIKA, MPYsKHA BiCh SIKOTO CKJIAMAETHCS 13 ABOX AYT Ki. [Ipu poboTi KyJIsTHBATOPa OHA YaCTHHA CTOSKA
3TMHAETHCS, 301IbIIYIOUN KPUBUHY IIPY/KHOI OCI, a iHIIIa HABIIAKU, PO3TMHAETLCs, TOOTO i1 KpUBUHA 3MEHIITYETHCS.

B ocnoBy mozemoBanns (GopMu IPYKHOI OCi CTOSIKA JIalli MOKJIAIeHO MOJIOKEHHS Teopii 0mopy MaTepiasiB, 3TiZIHO SIKOTO KPHUBHHA
MPY’KHOI OCi KOHCOJIBHO 3alleMJIEHOI CMYTH TIPSAMO MPOHOPIiOHaNbHA TIPUKJIAJIEHOMY MOMEHTY i 06epHEHO MPOMOpIioHaIbHa 11 JKOPCTKOCTI.



Axio opma morepeyHoro nepepisy cTosIKa Mo BCili HOTOo OBKUHI € HE3MIHHOIO 1 BJIACTHBOCTI METAITY TEK OJJHAKOBI, TO JKOPCTKICTD € CTAJIOIO.
[Tpu HeBeMKUX POrMHAX CMYTU 3aCTOCOBYIOTH JIIHINHY TEOPilo 3THHY, O/[HAK Y CTOSKA IIPOTMHU 3HAUHI, TOMY /IS I[bOTO BUIIQJIKY 3aCTOCO-
Bama HeJiHiiina teopist. [Ipu nbomy GepeTbest 10 yBaru, 1o IpysKHa Bich CTOSIKA YyKe Ma€ MOYaTKOBY KPMBUHY, 3HAK SIKOT 3MIHIOETLCSI TCJIsSt
[IPOXOJIKEHHS Yyepe3 TOUYKY 3'€/IHAHHS CKJIAJI0BUX JIYT.

Jlist MoztesioBatHst GopmMu MPYsKHOI 0ci S-mogiGHOTO CTOSIKA JIAH OKPEMO PO3PaxoByBasiacst Ae(opMaliist YT KiJ, siki yTBOPIOIOTH IO
nary. Jlust 3HaxomkeHHst hopMu ehOPMOBAHUX TIPYKHUX OCell 060X YACTHH CTOSIKA 3aCTOCOBYBACS YHCEJbHI METOIM IHTErpPyBaHHSI.
Ix 8’eanyBamm B ofHe 1ise i oTpuMyBau 1eopMoBaHy HPYKHY Bich S-110Ai6HOTO cTosIKA. POSIIAHYTO /IBa BAPiaHTH CTOAKA 3 PISHUMH JI0B-
JKUHAMH 1X TIPYSKHOI OCi, aie OTHAKOBOI BICOTH i OIHAKOBOTO KyTa BXOUKEHHs y IPyHT. KoMbiHAaIi€I0 CKIAI0BUX IyT CTOSKA MOKA3aHO, 0
T1i/1 Li€10 OJTHIET 1 Ti€l 3K UM BiIXWJIEHHS BiJl 33/1aHO1 TJIMOMHU XOJLY JUUIS1 OJTHOTO CTOSIKA CKJIAJIA€ 2 CM, a ISt IHIIOTO — 4 CM.

Kimo4osi cioBa: 06po6iTok rpyHTY, po60oumii opraH, IpysKHA BiCh, IyTa KOJIA, MOMEHT CHJI.
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BU3HAYEHHS BILIUBY KOHCTPYKIIITHO-TEXHOJIOTTYHUX TAPAMETPIB CMYTOBOTO OBPOBITKY TPYHTY
HA BETETAIIIIO COHAITHUKA (c. 72-82)

I. A. Toay6, B. T. Hagukro, A. B. /Isopuuk, H. M. IluBenkosa, 1. B. Ilapyk, B. B. Uy6a, H. M. Kpyna, O. B. Kamineupka,
Ivan Chuba, €. M. OmenbuyeHKO

OG6’ €T MOCTIIFKEH ST — MPOIEC CMYyTOBOTO 06POOITKY IPYHTY, HOrO BILUIMB Ha BOJOTICTH IPYHTY B CMY3i Ta MOAAJIBIITY BEreTal[iio POCIUH
constinHuKa. [Tpu 1boMy BUpilyBasacst pobJieMa MiBUIIeHHs e(eKTUBHOCTI CMyTOBOr0 0OPOOITKY IPYHTY.

Beranosiieno, 1o panioHa bHi 3HaYeHHsI KOHCTPYKIIHHO-TEXHOMOTTYHIX TTapaMeTPiB CEKIi CMyroBoro o6pobiTKy TPYHTY 3a BUTpaTaMu
MaJaMBa 3aJlesKaTh BiJl MIBUIKOCTI PyXy arperary, uOuHU i mupuHu 06po6IIOBAHOT CMYTH IPYHTY. [[JIs IPOBEAEHHS MOCHIKEHb BUKO-
PHUCTOBYBaJIACS OJTHA CEKIList arperary. JlociskeHns poBe/ieni i3 BUKOPUCTAHHSM IIJTaHy TPhoX(aKTOpHOTo ekcriepuMeHTy Boxca-Benkina.
BeraHoBiieHO, 10 palioOHAIbHI 3HAYEHHST KOHCTPYKI[ITHO-TEXHOJIOTTYHIX TTapaMeTpiB CMYTroBOro 006poGITKY IPYHTY 3a BUTPATaMU TaJBa
MaIOTh HACTYIIHI 3HaueHHs: rnbnHa 06pobiTKy cmyru h=20-25 cM, umpuna 06pobiTky eMmyru b=20-25 cM, MBUAKICTb PyXy arperary Bif
7,5 1o 11 km/roz. [Ipu iboMy hakTHYHI BUTpATH TATMBA CTAHOBUIN Bifx 4,2 /10 6,3 71/Ta.

TaKo’ BCTAHOBJIEHO, 110 301/IbIIEHHS IUPUHY Ta TAMOUHN 06pOGITKY CMYTH IPUSBOAKUTD 110 301/bIIeHHST BTPAT Bosiory y Hiil. HaiiGinbie
3HAYEHHsI BOJIOTOCTI IPYHTY Ma€ MicIie TIPH MiHIMAJIbHUX 3HAYCHHSAX IIMOUHK i PpUHKI 0OPOGITKY CMYTH, & HAMEHIIe — TIPU iX MaKCUMAJlb-
HUIX 3HAUYEHHsIX. BIUMB mupuau 06po6ieHol CMyTH Ha BICOTY POCJIMH COHSIIITHUKA € GiJIbIIT 3HAUY MM, HiK BIUTMB IIINOMHI 0OPOGITKY IPYHTY.
3asHauene Ma€ MicIie SIK B J[ialla30Hi 3MiH 3HaueHb BUCOTH POCJUH constianka (12,4—13,6 cm nopisasito i3 12,5-13,1 ¢m), Tak if iHTeHCHBHOCTI
BrutiBy. HailGiibImii BIJIMB HA BUCOTY POCJMH COHSIITHUKA MA€ BEJMYIHA MOMEPEYHOTO 3MIIIEHHsT OCi PsIIKa POCTUH. [HTEHCHBHICTD 1[OTO
BILUIMBY MPUOJIM3HO TaKa cama, sIK i rinbuHu 06poGITKY TPYHTY, a MianasoH 3MiHM 3HAYEHb BUCOTH POCJMH COHSIIIHUKA cTaHoBUTh 11,7—14 cM.

Pesysbratit TOCTiKEeHb MOKYTh Oy TH BUKOPICTaH| TIPH TIPOEKTYBAHHI arperaTiB JIsi CMyTOBOTO 0OPOOITKY TPYHTY Ta MOCIBHIX arperaris.

Kio4oBi cioBa: Butpara nanusa, rianbuaa o6po6iTKy, JTiHis 10CiBy, mupuHa 06poGITKY, IBUAKICTD PYXY.
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BU3HAYEHHS CUJIOBUX ITAPAMETPIB POBOUYOT'0 IIPOIECY OYUIIIEHHS JIIITOK BUMEHI KOPIB (c. 83-90)

I. B. Kopx, A. II. Ianiii, O. B. Kopx, P. B. Ilerpos, O. M. Yekan, I. A. @orina, II. M. Cxusipos, 10. B. Topiok, H. B. Tumkiscbka,
1. A. Cononka

OG6’eKTOM JIOCTIIIZKEHHSI € CUJIOBI TTapaMeTpu poboYOro mpolecy OYrIneHHs AIHOK BUMeHi KopiB Bijl 3abpyaHents. Bizcythicts HatexHO-
TO JIOTJISILY 32 KOPOBOIO, 0COOJIMBO TO/I0 i1 BUM'sT, MOKE 3HAYHO TIOTIPIIATH 3/I0POB’ST Ta MPOYKTUBHICTH. 3 iHIIOr0 GOKY, BUKOPHCTAHHS CY-
YaCHUX IHCTPYMEHTIB, TIPUCTPOIB i MaTePiaiB 03BOJISIE MOMIIIIATH CAHITAPHO-TIri€HIYHI YMOBH JOIHHS KOPIB i OTJISTY 32 BUM SIM, IO TTPH-
3BO/JIUTD /10 KPAIlUX 3arajlbHUX Pe3yJIbTaTiB. ¥ paMKax IIPOBEAECHUX JOCIIPKEHb TEOPETUYHIM LIJIIXOM O/IePsKaHO MaTeMaTU4Hi BUpa3H, sKi
TN 3MOTY BU3HAYNTH CHJIOBI ITapaMeTpr po6OYOro TIPOIeCy OUMIIEHTS [IHOK KOPIiB Bil 3a0pyIHEHHS 32 PAXyHOK PO3NINPEHHS Aiama3ony
#oro (hyHKIIOHANBHUX XapaKTepUCTUK. BiMIHHUMU prcaMi pe3yJIbTaTiB BUPIIEHHS i€l MpoOaeMy € OIIHIOBAHHS CHJIK TIPY/KHOCTI IyUYKiB
BOPCY, 10 AIOTh Ha AIHKY 32 MOBOPOTY GapaGaHy MIITKOBOTO MPHCTPOIO Ta KOJOBOTO 3yCHJLIS, IO YTBOPIOETHCS BOPCOM TITOK. Po3pobienmit
aJTOPUTM POOOYOTO MPOIIECY, CIPSIMOBAHOTO HA OUYMIIEHHST MiOK BIMEHI KOPiB, 3yMOBHB MOEAHATU B €MHE IiJie Habip YiTKO BU3HAYEHUX
i MOCJIIOBHO BUKOHYBaHUX oriepaliiil. KoncraroBano, 1110 3yCHILIs yTpUMaHHsT PI3HUX BU/IB 3a0py/IHEHHSI HA MIKIPSTHOMY TIOKPHBI HEOIHAKOBI.
Jliist 06’ €KTUBHOTO MO0 BU3HAYEHHS PO3POOJIEHO KOHCTPYKTUBHO HOBUIA IpucTpiil. OcobMMBICTIO HOTO € TOYHICTh BUSHAYEHHS Ta 3DYYHICTh
B eKcIuryaraifii. SIk pesyJbrar JabopatopHUX BUIPOOYBAHb YCTAHOBJIEHO, 110 HANOLIBINT BEJIMUMHY 3YCUILIISE yTPUMAHHS 30Dy IHEHD BJIACTH-
Bi TBepOMY THOIO (Fy=40%3,21 H), Toni ak naitmenmi tupci — Fi,=19+2,17 H (p<0,001).

Po3po06Ku € akTyaJibHUME | MOKYTh OyTH BUKOPUCTaHI TOCIIOAAPCTBAMU 3 PO3BEAEHHS BEJIMKOI poratoi Xy100u pisHux Gopm BJIaCHOCTI,
HAyKOBOIO CITJIBHOTOIO 1 TIPOMUCJIOBMM MiIPHUEMCTBAMHE 3 BUTOTOBJIEHHSI TEXHOJIOTTYHOTO OOJIaTHAHHSL.

Kuro4oBi ciroBa: KOpOBH, MPUCTPITl /1T OYUIIIEHHS TITOK BUMEHI, IPOIEC OUUIIEHHST BUM'ST KOPIB.
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IIEHTU®DIKALIS MATEMATUYHOI MOJIEJII EJIEKTPO/IBUTYHA HA OCHOBI BUBIPKU 31 IITYYHOIO IIOBY LOBOIO
O3HAK (c. 91-98)

A. I1. Koporuncekuii, JI. K. ’Kyuenko, B. C. Ilanap, A. A. CaByia

O06’€KTOM JaHOTO TOCII/KEHHS € MATEMATHYHA MOJIENb CHHXPOHHOTO €JIEKTPOIBUTYHA, OTPUMAHA Ha OCHOBI €KCIIEPIMEHTATIBHIX TAHNX,
sIKa BPAXOBYE TeMIICPATYPHUIT PEKUM Ta BAKOPUCTOBYE HITYYHI O3HAKY /IS HiBUIIEHHS TOYHOCTI ii po6oTH. XapaKkTepHOIO PUCOIO aHOT POOOTH
€ BPaxyBaHHsI B MOJIEJN TEMIIEPATYPHOTO PEKUMY SIK CKJIAI0BOI TEXHIKO-€KCILUIYaTAIiitHOTO cTany 00’ekTy. OTprMaHa MaTeMaTHIHA MOJETh
JI03BOJIUTD, Y TIOAJIBINIOMY, CHHTE3YBATH ONTHMAJIbHY CHCTEMY aBTOMATHYHOTO KEPYBAHHSI 3 TOYKU 30PYy €KCILTyaTalliiiHOro cTaHy 00’€KTa.



[TpoGJiema, 110 BUpilIyBajiacs, MOJATae y MiABUINEHH] TOYHOCTI i1eHTH(hIKOBAHUX MaTeMaTHYHIX MOJEJIEH, IJISIXOM 3aCTOCYBaHHST ITi/-
XOJLy HITYYHOTO KOHCTPYIOBAHHS O3HAK.

OrpuMani pe3yJsbTaTH OKa3aJid, 10 iZeHTudIKaIis MaTeMaTHUYHUX MoJesleli MOYaTKOBUMHU JaHUMU MPU3BOIUTH /10 HU3BKOTO PiBHS
TOYHOCTI OTPUMAHKX Mozesield, a came 65—70 % 1o nepuiomy BuxigHomy Kanaiy, 80—835 % no apyromy i 75-80 % 10 TpeTbOMY, 4eTBEPTOMY
1 AITOMY BUXIZHIX KaHaIax.

Bianosiano, orpuManis Moesieil 3 6iIbII BECOKUM TIOPOTOM TOYHOCTI BUMATa€ BUKOPUCTAHHST IHINMX, GiTbII 3HAYYIMX AAHUX JJIS i1eH-
tudikariii. Y crarTi npejcraBieHo MeTo/ iepehopMaTyBaHHS IOYATKOBUX JAHKX Y IITYYHI O3HAKN Ta HABE/IEHO KOPEJISIiHY MaTPUILO JIJIs
BU3HAYEHH X e()eKTUBHOCTI 10 BiZIHOMIEHHIO 0 BUXIiIHUX KaHATiB.

OtTpumani B pe3yJIbTaTi IITYYH] 03HAKN Ta BUXi/IHI OPUTiHAIBbHI O3HAKM, BUKOPUCTAHI 1P MOAJIbIII ieHTHdIKallii, OTpUMaHa B pe3yJib-
TaTi MaTeMaTHYHA MOJIEIIb MA€ Y CEPEIHbOMY BHII MOPOTOBi 3HAUEHHS TOYHOCTI, a came 82 %, 93 %, 88 %, 85 % na Bi/IOBiAHI BUXiAHI KaHAJM.
Otrpumani peayJibraTu J0BOAATH e(heKTUBHICTb 3aCTOCYBAHHS PUHIIUITY HITYYHOI HOOYA0BU 03HAK, OCKIILKI TOUHICTD PE3yIBTYI0u0i Mojesi
Ha 5—10 % Bua B mopiBHsHHI 3 6a30B0IO.

Cbepa pakTHYHOTO BUKOPUCTAHHS OTPUMAHNX PE3YJIBTAaTiB OXOIJIIOE CHHTE3 CUCTEM aBTOMATHYHOIO KepyBaHHsl Ha 6a3i MaTeMaTHYHIX
Moyziesieil 00’€KTiB KepyBaHHs OTPUMAHUX B Pe3yJibraTi ieHTudikartii.

KorouoBi cioBa: MmaTeMaTnuHa MOJIe/Th CHHXPOHHOTO €JIEKTPO/IBUTYHA, i/leHTH(hiKaIlisi MaTeMaTIHOl MOJIesTi, B3aeMHa iHgopMmartisi, Ko-
pesAniiHuil anasis mapamMeTpiB poOOTH eleKTPOABUIYHA, HITYYHE KOHCTPYIOBAHHS O3HAK.
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BU3HAYEHHS OCOBJINBOCTI HAIIPYKEHO-IE®@OPMOBAHOTI'O CTAHY HE;KOPCTKOTI'O TOPOKHBOI'O OIATY
HA NIIAOMAX TA CITYCKAX ABTOMOBIJIbHUX JIOPIT (c. 99-109)

B. B. Mosrosuii, O. B. Kymip, JI. B. JIeBkiBcbka, O. M. Kynman, C. A. JleBkiBcbkwii, I. I. Ipunuak

O6’ekt ocmipkertst — achansro6GeTOHH I Iapu HEAKOPCTKOTO IOPOKHBOTO OJATY Ha MiHOMAX i CITyCKax aBTOMOOLILHUX 0PI [IEPEl MOCTAMH.

AcdansrobeToHHi mapu aBTOMOOLTEHIX OPIT HA MIAXOAAX 0 MOCTIB € OJHUMH i3 HAOLIBII BAKINBUX €JIE€MEHTIB vy 3a6e31eueHH] Mill-
HOCTI i JIOBTOBIYHOCTI BCi€l KOHCTPYKITiT HEKOPCTKOTO OPOKHBOTO o/:ATY. Ha TigitomMax Ta ciryckax TiIXo/iB 10 MOCTiB, /ie HaifqacTilre Bif-
GyBaeThCs 3MiHA MBUIKOCTEH PyXy TPAHCIIOPTHUX 3aCO0IB, TOPOKHII OAT MiALAETHCs GliIbIl IHTEHCMBHOMY MOIIKO/KEHHIO, HIXK Ha THITUX
missHKax. [IpakTHaHuil 0CBI/ CBIAYNTD, 110 OAHUMHU i3 HAFOLIBII MOMUPEHUX TIEPIIONPIYMH BU/IB PYHHYBaHb achaabroOeTOHHUX MIapiB
€ NOPYIIEHHS iX CYIIJIBHOCTI Y BUTJISI TPIIIMH, UM CTBOPIOIOTH HeGeaneu i CUTyartii s y9aCHUKIB PyXy BHACIIIIOK TIEPEYaCHOTO Ta OibIi
IHTEHCUBHOTO PYHHYBaHHSA BChOTO JOPOKHBOTO OJIATY.

B paniit po6oTi 10CiKyI0THCS 0COOIMBOCTI HANIPYKEHO-1e(OPMOBAHOTO cTany achaJbToO0eTOHHUX IHAPiB JOPOKHBOTO OJIATY Ha Mifio-
Max Ta CIIyCKaxX Ha JiJISHKAX CIOJIYYeHHS MOCTIB Ta IISIXOIPOBO/IB 3 HACUIIOM. PO3IJISIHYTO IIPOCTOPOBY CKiHUEHO-EJIEMEHTHY MO/IEJIb, SIKa
JI03BOJISIE OIMCATH HATIPYKeHO-/1e()OPMOBAHII CTaH KOKHOTO esleMeHTa KOHCTPYKIIil JOPO’KHBOTO MOKPHUTTS Bift /il Ha HBOTO TPAHCIIOPTHO-
IO HaBaHTaKEHHSL.

TIposesenuii KimbKicHO-sIKicHMI anani3 aedopmaliii, mepemimens i HanpysKeHb B achaasroOeTOHHNX MapaX KOHCTPYKILT A0POKHBOTO
ofisiry. Busiiieni o6cTaBUHM, 110 MOKYTh BIUTHBATU HA TIePeYacHe YTBOPEHHS TPIIINH i TIPU3BECTH 10 3MEHIIIEHHST IOBIOBIYHOCTI KOHCTPYK-
11ili IOPO’KHBOTO OJIATY.

BuikoHaHi 10CTiKEHHST T03BOJISIOTH BUSIBUTH Ta YCYHYTH HOTEHIIITHI HeGe3meKku, iKi BAHUKAIOTh B TIPOIIeCi eKCITyaTallii 10posKHbOro
ozsary. OTpuMaHi pesyJIbraTii MOKYTh OyTH BIIPOBAJIKEH] TIPU MIPOEKTYBAHHI I0POKHBOTO OJIATY Ha AIISHKAX 3 YCKIAIHEHUM JIOPOKHIM PYXOM
B 30HI MIHOMY Ta CIIyCKY, 30KpeMa Mepel MOCTOM. 3HAHHS 0COOIMBOCTEl HATIPYKEHO-Ie(hOPMOBAHOTO CTAHY TOPOKHBOTO OSTY CIPHSITH-
Me 30epeREHHIO aBTOIOPOKHBOT 1HGOPACTPYKTYPH, H03BOJIUTD MiABUILYBATH KOMMOPT Ta 3PYUHICTb MePeMillleHHs] BAHTAKIB Ta TaCaKUPIB.

KiouoBi cioBa: achaisrobeToHHe MOKPUTTSI, MiHOM, CIIyCK, HEKOPCTKII OPOKHIN OJIST, HAITPYKeHO-11e(hOPMOBAHUIT CTaH, TPIIIHO-
YTBOPEHHS, TOBTOBIYHICTb.
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PO3POBJIEHHA MATEMATUYHOI MOJIEJII TYPBYJIEHTHHUX [IPOILECIB TEILJIO- TA MACOIIEPEHECEHHSA
Y BUITAZIKY EJJEKTPOHHO-ITPOMEHEBOTO IIJIABJIEHHSA 3JIMBKIB TUTAHOBHX CIIJIABIB (c. 110-126)

I. B. Kpisuyn, C. B. Pumap, P. C. Iy6atiok, B. O. Bepesoc, [I. C. AxoHin

Pospobiiena MateMaTnIHa MOZIESTH TYPOYJIEHTHIX TIPOIECIB TETJIO- Ta MACOTIEPEHECEHHST Y BUMA/IKY €TeKTPOHHO-TIPOMEHEBOTO TLIaBIEHHSI
3JIMBKIiB TUTAHOBUX cILIaBiB. O6’€KTOM JOCIIKEHHS € YMOBH, 1110 3a6e3ueqy10'rb SIKICTD 37IMBKiB. Moziesib Ja€ MOK/IMBICTb PO3PaxXOByBaTU PO3-
TIO/TITTEHHS TiZIPOANHAMIYHIX TTOTOKIB B PIZIKOMY MeTaJi i TeMIlepaTyPHUX OB Y 37UBKY, BU3HAUATH MPoGias (GpoHTY KpuCTaisalii MeTay,
3 ypaxyBaHHsIM Mixkda3oBHX nepexiHux 30H. Mojiesib Bupiiirye npobJiemMy momryKy HeoOXiIHIUX PeKUMIB TIJIABJIEHHS 3JIMBKIB PO3PAXyHKOBUM
IIJISIXOM, Ha BiZIMiHY Bi/l BUCOKOBAPTICHUX HATYPHUX €KCIIePUMEHTIB. By po3paxoBani TemsIosi i TifipoinHaMivyHi IIPOIIeCH MijT Yac IJIaBIeHHS
MUJITHAPUYHOTO 3/MBKY AiameTpoM 110 MM HOBiTHBOTO THTanoBOrO criaBy Ti-6Al-7Nb Meanunoro npusnadenis i BUSHaueHi mapamMmerpu Horo
nuiaBJeHHss. Masinii liaMeTp 3JIMBKY CYTTEBO MOJIETIIY€E HOTo Moajibliie MexaHiune 00pobienHst. Po3paxoBaHo TeoMeTpito aBoGhasHOl 30HU
TIepexoy JIKBILYC — COMIyC, SKa BU3Hadae GpoHT KprcTaizaiii metamy. [lomokeHHs i TeoMeTpis 1[bOro (HPOHTY 3HAYHOIO MipOIO BILTHBAE
Ha AKicTh (hOPMyBaHHsI 3JIMBKY 1 KOHIIEHTPAILIO PO3IOLTY JIETYIOUNX eJIeMEHTIB Ta OHOPIAHICTD MeTaty B ii0ro 06'emi. OTpUMano 0cTaTHbo
MIacKuil (bpoHT KpucTasisailii, 3a sikoro 3abe3nevyioThest Jani yMoBu. Beranosieno, 1mo teronepeaada B pijkiil hasi Metasia B OCHOBHOMY
06yMOBJIEHA TETITIOMACOOOGMIHOM 32 PaxXyHOK HOTO PyXY, & TEMIOMacOOOMIH CYTTEBO 3ATIEKHUTD Bijl MOTYKHOCTI €IEKTPOHHOTO TTPOMEHIO 1 110r0
PO3II0IiJIeHHs Ha OBepXHi BaHHU. BiosizHo 110 pospaxoBanux pexxuMiB B [HeTuTyTi enekrposBapioants iM. €. O. [Tatona HAH Ykpainn
BUIITABJIEHO BUCOKOSIKICHI 3B /7SI TOTPEO MENYHOI TasTy3i. 3IMBKY 3aCTOCOBYIOTBCS JIUIsI BUTOTOBJIEHHST JIETKUX 1 HAIMIITHUX €HIOTPOTe-
31B I IMILIAHTATIB, SIKi € XIMIUHO HelATpaIbHUMU 1 610I0TTYHO I HioMeXaHIYHO CYMICHUMM 3 OPraHi3MOM JIFOAWHH i He BUKJIMKAIOTH BIATOPTHEHH.

KimouoBi cioBa: esleKTPOHHO-IIPOMEHEBE TUIABJIEHHS, THTAHOBI CILIABHM, MATEMaTHYHA MOJIEJIb, TEIJIOTIEPEHECEHHs, MacOIlePEHECEHH S,
TEXHOJIOTIUHI PEKIMU.



