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incmumym imeni leops Cikopcovrkocoy, m. Kuis, Yrpaina) BIIVINB
HIBUJAKOCTI PI3AHHS HA CTPY>KKOYTBOPEHHS ITPU TOYIHHI
3ATOTOBOK I3 TUTAHOBOI'O CIUIABY TI-6AL-4V
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BCTYIIHE CJIOBO BI{ OPFAHBAIIII/IHOFO KOMITETY
KOH®EPEHIIII

[IlanoBHI ywyacHMKM Ta TOCTI MiXHapOIHOT MOJIOI[DKHOI HayKOBO-
TexHi4HOI KoH(epeHmii «Momona Hayka — pO6OTI/ISaI_[151 1 HaHO-TEXHOJIOTI1
CY4aCHOTO MAIIMHOOYIyBaHHs, BiJl IMCHI OPTaHi3alliifHOr0 KOMITETY MM pai
BITATH BAC y IBOMY 3HAKOBOMY HAyKOBOMYy 310paHHi, w0 mpoxonuts 10-12
kBiTHA 2024 poky. Lla nom;{ 00'€THye BUYEHUX, 1HXKEHEPIB, IOCIITHUKIB,
CTYZCHTIB Ta MOJIOJUX HAyKOBLIB 3 YKpaiHH Ta CBITY, CIIPHSIOYH OOMiHY 1/esMH,
JIOCBIIOM Ta pE3ylbTaTaMd NOCIHIUKCHb 3 MHUTaHb poOOTH3auil Ta HaHO-
TEXHOIIOT1H, sKi HOPMYIOTh MaiOyTHE MaHmH06yI[yBaHH;I

Mu HepeKOHaHl 110 Ballla y4acTh Yy 11 KOH(EpEeHIlii He TUTbKHU 30araTuthb
il 3MicT, ane il copusTuMe NpodeciiiHoMy PO3BUTKY yUaCHHUKIB, BIJKPHE HOBI
MOKJIMBOCTI JIJIsI CIIBIIPAIll Ta HAJIArO)KEHHS INIOBUX KOHTAKTIB. 3HAYCHHS TEM,
SKi OOTOBOPIOIOTHCS MiJ 4Yac KOH(EpEeHIlli, BaXXKO TMEPEOLIHUTH, aJxKe
poGoThsalis ~ Ta  HAHO-TCXHONOTIl  CTAlOTh  KIIOYOBMMH  HAIpPSMaMH
TEXHOJIOTTYHOTO TIPOrPECy, 1110 BILIUBAE HA PI3HOMAHITHI c(hepu HAIIOTO KUTTSI.

Oprasuisatopu KoH(epeHIii, cepesi SKUX MiHicTepCTBO OCBITH 1 HayKH
Ykpainu, JHY «IHCTHTyT MOJIepHi3aIli 3MicTy ocBITH», HalionanbHa aKaI[eMIH
HayK BUIOT OCBITH YKpainu, Jlonbackka aep:kaBHa MalIMHOOY 1IBHA aKajeMis,
BiHHULIBKYI HAllIOHAILHUIM TEXHIYHUI YHIBEPCUTET Ta 1HIII TPOBI1IHI HABYAJIbHI
Ta HAYKOB1 YCTAaHOBH 3 Y KpaiHU Ta 3apyO1OKs, TOKJIAIAaI0Th HAJlIi HA pe3yIbTaTH
1i€i KoHdepeHIii. Mu o4ikyeMo, 110 BOHA CTaHE MIaTGOPMOIO /I 0OTOBOPEHHS
HaHaKTyaJbHINNUX TUTaHb, 3HAXO/KCHHS HOBHUX pIlIEHh Ta BHU3HAYCHHS
HaMPSAMKIB MOJATBIITUX JOCIIIKEHb.

Bamia akTuBHA y4dacTb, 1Jiei Ta MOCHIIKEHHS € HEBII'€MHOIO YaCTUHOIO
HAIIOi CHUIBHOI METH — PO3BUTKY HayKd Ta TeXHOJorid. Bipumo, mo oOmiH
3HAHHSIMU Ta JOCBIJOM Ha IiM KOH(epeHIli He Oyne Oe3IIiHIM, a BUCBITJICHI
HanpsSMKHA JOCHIIKEHb 3HANUAYTh CBOE BTIJICHHS B MaWOyTHIX 1HHOBAIIMHUX
IPOEKTaX Ta po3poOkax. Mwu crmomiBaemMocs, IO I KOH(pEpEeHIlis CTaHe
BaYKJIMBOIO BIXOKO Y PO3BUTKY HAyKOBOi JYMKH Ta BIJIKPUE HOBI TOPU30OHTH IS
MOJAJIBIINX JTOCIIHKEHbD.

30ipHMK HAYKOBUX TMpallb KOH(EpEeHili, SKui MH MyOIiKyeEMO,
0e3CyMHIBHO, CTaHE 3HAYHHM BHECKOM Y HAyKOBY CIIUIBHOTY Ta 3a0C3MCYHUTH
LIMPOKE PO3IOBCIOUKCHHS BaIloi poOOTH cepen (axiBuiB 3 pi3HUX KpaiH. Bari
TOCITIKEHHS, TIPEACTAaBICHI Ha KOH(]epeHIlii, CTaHyTh OCHOBOIO [IJII HOBUX
BIJIKPUTTIB Ta PO3pPOOOK, CIIPUATUMYTh IHTETrpallli HAYKOBUX 3YCHJIb 1 CTBOPEHHIO
HOBUX MDKHAPOJHUX HAYKOBUX 1 HABYAIBHUX MPOEKTIB.

OcoburBa mozska afpecoBaHa yCiM BHUIIIAM Ta HAYKOBHM yCTaHOBaM, K1
B3SUTH y4aCTh y IIIrOTOBLI L€l KoH(epeHuii. bes Bamoi miATpUMKH Ta CIiBIpaLi
LI [TOJList HE Majia 6 TaKOro BUCOKOIO PiBHs OpraHisauii Ta 3HAYCHHS.

Ha 3aBepiicHHs: X04eMO 00aKaTH BCIM y4aCHHKaM KOH(EPEHLIT LTI XHOT
po0OTH, HOBHMX HAYKOBHX IOCSTHEHb, YCINIIHOrO BTUICHHS BAllUX ifei Ta
npoekTiB. CroaiBaEMOCh, IO IIsI KOH(EPEHIIiS CTaHE CTAPTOBUM MaiJaHIMKOM
JUTSL BallliX ManOyTHIX yCHIXiB 1 BIIKPHE HOBI MOKIIMBOCTI JUISI HAYKOBOi Ta
npodeciitHoi peaizaiiii.

3 noBaroto, Cepriii KoBasieBcbknii, ['0510Ba opranizauiifHoro KOMITeTy,
Jleonin Ko3zuoB, CriBrosioBa opratizaiiHoro KOMITETY.
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OPENING SPEECH FROM THE ORGANIZING COMMITTEE

Dear participants and guests of the International Youth Scientific and
Technical Conference "Young Science - Robotics and Nano-technologies in
Modern Mechanical Engineering", on behalf of the organizing committee, we are
pleased to welcome you to this significant scientific gathering taking place from
April 10 to 12, 2024. This event brings together scientists, engineers, researchers,
students, and young scientists from Ukraine and around the world, fostering the
exchange of ideas, experience, and research findings on robotics and nano-
technologies that are shaping the future of mechanical engineering.

We are confident that your participation in this conference will not only
enrich its content but also contribute to the professional development of
participants, open new opportunities for collaboration, and establish business
contacts. The importance of the topics discussed during the conference cannot be
overstated, as robotics and nano-technologies are becoming key directions of
technological progress, affecting various aspects of our lives.

The conference organizers, including the Ministry of Education and
Science of Ukraine, the DNU "Institute for Modernization of Education Content",
the National Academy of Educational Sciences of Ukraine, the Donbas State
Engineering Academy, the Vinnytsia National Technical University, and other
leading educational and scientific institutions from Ukraine and abroad, place
their hopes on the outcomes of this conference. We expect it to serve as a platform
for discussing the most pressing issues, finding new solutions, and identifying
directions for further research.

Your active participation, ideas, and research are an integral part of our
common goal - the development of science and technology. We believe that the
exchange of knowledge and experience at this conference will be fruitful, and the
research directions highlighted will find their implementation in future innovative
projects and developments. We hope that this conference will become an
important milestone in the development of scientific thought and open new
horizons for further research.

The conference proceedings, which we publish, will undoubtedly make a
significant contribution to the scientific community and ensure the widespread
dissemination of your work among professionals from different countries. Your
research, presented at the conference, will lay the foundation for new discoveries
and developments, promote the integration of scientific efforts, and lead to the
creation of new international scientific and educational projects.

Special thanks are addressed to all universities and scientific institutions
that participated in preparing this conference. Without your support and
cooperation, this event would not have achieved such a high level of organization
and significance.

In conclusion, we wish all conference participants fruitful work, new
scientific achievements, successful implementation of your ideas and projects. We
hope that this conference will become a launching pad for your future successes
and open new opportunities for scientific and professional realization.

With respect, Sergiy Kovalevskyy, Head of the Organizing Committee,
Leonid Kozlov, Co-Chairman of the Organizing Committee.
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UDC 65.011.56:004.942
Predrag Dasié¢ (Engineering Academy of Serbia (IAS), Belgrade, Serbia)

RESEARCH TRENDS IN DEVELOPMENT OF MODERN
MANUFACTURING SYSTEMS

Abstract: The work provides an analysis of modern methodologies and technologies
that transform production systems, emphasizing the importance of Integrative Definition
(IDEF) methods for standardization and optimization of production processes. IDEF's
integration with modern manufacturing philosophies and the shift to a model-driven model that
improves adaptability and efficiency are highlighted. Built-in model frameworks and the role
of digital doubles in the development of a unified representation of production systems are
analyzed. A progressive approach to the design of production processes is indicated, which
contributes to the development of more intelligent, responsible and sustainable production.

Anomauina: B pobomi HAOAHO aHANi3 CYYACHUX MemMOOON02ii ma MexHOoN02il, o
Mpanchopmyoms — GUPOOHUYT  CUCEMU,  HALONOWYIOUU  HA  BANCIUBOCMI  Memodi8
Iumeepayitinoco euznauenns (IDEF) ons cmaumdapmuzayii ma onmumizayii 8upoOHu4Ux
npoyecis. Bucsimnioemuvcsa inmeepayiss IDEF 3 ¢inocoghicio cyuacnozo eupobnuymea ma
nepexio 00 OpIEHMOBAHO20 HA MOOEN08AHHA, WO NOKpPAWYeE adanmusHicms ma
epexmuericms. Ananizyromscs 60y008aHi MOOENbHI PAMKU Md POTb YUPPOBUX OBIUHUKIE Y
Ppo3pobyi YHiikoeaHo2o npedcmagients eupoOHUYUX cucmem. Brazyemovcsa na npoepecusnuti
nioxio 00 NPOeKMY8AHHS GUPOOHUYUX NPOYECis, WO CHNPUSAE PO3BUMKY OLlbUL PO3YMHUX,
BIONOBIOALHUX MA CIMANO20 BUPOOHUYMEBA.

INTRODUCTION.

The industrial domain is witnessing a paradigm shift in the architecture of
modern manufacturing systems, propelled by an unprecedented integration of
sophisticated methodologies and cutting-edge technologies. This shift is not
merely incremental; it represents a foundational transformation towards
optimizing the core attributes of productivity, flexibility, and operational
efficiency. Central to this evolutionary process is the strategic adoption of
advanced modeling techniques, particularly emphasized through the application
of Integration Definition (IDEF) methods. These methodologies serve as the
linchpin in redefining the contours of manufacturing systems, enabling a seamless
synthesis of functional and informational components to construct a more
responsive and agile manufacturing environment [1,2].

The inception of IDEF methods, initially designed to enhance the United
States Air Force's operational capabilities, has now permeated the broader
industrial fabric, offering a comprehensive toolkit for addressing complex
manufacturing challenges. By fostering a standardized approach to the
visualization and analysis of manufacturing processes, IDEF methodologies
facilitate a deeper understanding of the intricate dynamics at play, thereby
empowering stakeholders to make informed decisions. This paper delves into the
exploration of contemporary research trajectories within the realm of modern

manufacturing systems. It seeks to unravel the multifaceted impact of IDEF
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methodologies, not only as a tool for process optimization but also as a catalyst
for industrial innovation and growth [3].

In doing so, the paper aims to shed light on the transformative potential of
these methodologies in sculpting the future of manufacturing systems. It
endeavors to articulate how the convergence of functional and information
modeling techniques, underpinned by IDEF methods, is instrumental in charting
new pathways for the development of manufacturing systems that are not only
efficient and flexible but also resilient and adaptable to the rapidly changing
technological landscape. Through this exploration, the paper underscores the
critical role of IDEF methodologies in facilitating the ongoing evolution of
manufacturing systems, setting the stage for a comprehensive discussion on the
emerging research trends and their implications for the future of industrial
manufacturing [4].

BASIC PART.

The evolution of the IDEF family of methods since its inception in the late
1970s for the United States Air Force has been nothing short of revolutionary.
Originally designed to enhance military operations, IDEF methods have
transcended their initial scope to become a cornerstone in the realm of
manufacturing systems. These methodologies provide a structured and
standardized approach to dissecting and understanding the complex web of
interactions that define modern manufacturing processes. By covering functional,
informational, and dynamic aspects, IDEF methods facilitate a granular
exploration of manufacturing systems, enabling a nuanced understanding of their
operational intricacies.

The fusion of IDEF methodologies with contemporary manufacturing
philosophies such as lean manufacturing, total quality management (TQM), and
just-in-time (JIT) production has heralded a new era in manufacturing. This
synthesis extends beyond the mere application of these methodologies; it signifies
a paradigm shift towards a more integrated and holistic approach to
manufacturing. Through this integration, the entire spectrum of the manufacturing
process, from the initial conceptual design to the final product delivery, is
reimagined, laying a robust foundation for continuous improvement and fostering
an environment ripe for innovation.

The transition towards knowledge-based manufacturing modeling marks a
critical inflection point in the trajectory of manufacturing system evolution. At
the forefront of this shift is the application of the IDEFO framework, which
seamlessly integrates detailed, domain-specific knowledge into manufacturing
systems. This integration enables a depth of analysis and decision-making
previously unattainable, allowing for highly informed optimizations and
adjustments.

The impact of this knowledge-based approach is particularly pronounced
in sectors with high demands for precision and adaptability, such as the metal-
cutting industry. Here, the convergence of process planning with production
planning and control through knowledge-based systems has catalyzed a
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transformative change, enhancing the adaptability and efficiency of
manufacturing operations. This revolution underscores the profound value of
integrating detailed, contextual knowledge into manufacturing systems, setting a
new standard for how complex production demands are met.

The pursuit of excellence in manufacturing is an unending journey,
characterized by continuous evaluation, diagnosis, and improvement. Integrated
modeling frameworks, which marry IDEF methods with advanced simulation
techniques, stand out as a critical tool in this quest. These frameworks excel in
pinpointing systemic inefficiencies and bottlenecks, offering a comprehensive
overview of current manufacturing processes. By facilitating the virtual
experimentation of potential changes and innovations, these frameworks
empower manufacturers to preemptively address issues and seize opportunities
for optimization. This proactive approach ensures that manufacturing systems not
only solve existing challenges but also consistently evolve to stay ahead of
efficiency and effectiveness curves.

The ambition to achieve a unified representation of physical processes and
information systems has led to significant advancements in manufacturing
technology, notably through the advent of digital twin technology. By creating an
accurate virtual counterpart of the physical manufacturing system, digital twins
offer an unparalleled perspective on the manufacturing process. This dual
representation enhances predictive analysis, supports nuanced decision-making,
and underpins continuous improvement strategies. The development of
comprehensive simulation modeling systems, capable of embodying both the
physical and informational dimensions of manufacturing, grants manufacturers an
unprecedented level of control and insight. This, in turn, lays a fertile ground for
sustained innovation and enhancement, heralding a new frontier in manufacturing
technology.

The landscape of modern manufacturing systems, as depicted through the
exploration of advanced modeling and simulation techniques, underscores a
pivotal shift towards optimizing the core tenets of industrial operations. The
diligent integration of IDEF methods with knowledge-based systems and
integrated modeling frameworks heralds a new epoch in the design and
enhancement of manufacturing processes. This paper has meticulously navigated
through the intricate layers of these methodologies, unraveling their collective
potential in sculpting manufacturing systems that are not only more efficient and
adaptable but also poised to thrive in a competitive global environment.

The strategic application of these methodologies delineates a path towards
a future where manufacturing systems transcend traditional limitations,
embodying the principles of agility, innovation, and sustainability. By harnessing
the power of IDEF methods, the paper illuminates a structured approach to
dissecting and reconstructing manufacturing processes, thereby fostering an
environment where continuous improvement is not merely an objective but a
fundamental operational ethos.
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Furthermore, the adoption of knowledge-based modeling emerges as a
beacon of progress, offering a nuanced understanding of manufacturing dynamics.
This approach, characterized by its depth and precision, empowers decision-
makers with the insights required to navigate the complexities of modern
production demands. The transformative potential of integrating process planning
with production planning and control underscores the value of embedding
domain-specific knowledge into the operational fabric of manufacturing systems.
The discussion on integrated modeling frameworks elevates the discourse
to a realm where systemic issues and bottlenecks are not just identified but
systematically addressed. These frameworks, through their capacity for virtual
testing and scenario simulation, offer a proactive toolset for refining
manufacturing processes. The emphasis on a unified representation of physical
processes and information systems, particularly through digital twin technology,
marks a significant leap forward. It lays the groundwork for predictive analytics,
decision support, and continuous operational refinement, setting the stage for the
manufacturing systems of tomorrow.

CONCLUSION.

The development of modern manufacturing systems is intrinsically linked
to the advancement of modeling and simulation techniques. The strategic
application of IDEF methods, alongside knowledge-based systems and integrated
modeling frameworks, exemplifies a forward-thinking approach to the design and
improvement of manufacturing processes. This paper has outlined how these
trends contribute to the creation of more efficient, adaptable, and competitive
manufacturing environments. As these methodologies continue to evolve, they
promise to meet the challenges of the 21st century, driving the industry towards
smarter, more responsive, and sustainable operations.
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INVESTIGATION OF POWER MODE PARAMETERS IN THE FINITE
ELEMENT SIMULATION OF LATERAL EXTRUSION

Abstract: Researchers studied cold lateral extrusion of branch-shaped parts using
computer simulations (finite element method) focusing on a single-sided process. They
investigated how different die shapes, initial material sizes, and machine settings (power mode)
affect the flow of the material. The simulations, performed with DEFORM 3D software,
examined the relationship between the force applied (load) and the distance the material is
pushed (stroke). They also looked at how the variable branch radius (Ri) compared to their
starting radius billet (Ro) is affected by the branch height, all while keeping the branch angle
constant. This study aimed to improve the understanding of the cold lateral extrusion process
for branches, leading to better quality branch-shaped components in manufacturing.

Anomauia: Jlocnionuku euguanu xonooHe OiuHe 6u0asniosanHs demanei y ¢hopmi
PO32ANYHCEHHS 3 OONOMO20I0 KOMN T0OMEPHO20 MOOEN08AHHS (MEeMOO CKIHUEHUX elleMeHmie),
30CepeddAHCyIoUUC, HA O0OHOCMOPOHHbOMY npoyeci. Bouu oocnioxcyeanu, ax pisHi ghopmu
Mampuyi, nOYamKosi po3mipu Mamepiany ma HALauimy8aHHs MAUWUHU (DEHCUM NOMYHCHOCHIT)
8nIUBAOMb HA Nomix mamepiany. 3a donomozow npozpamuozo 3abesnevenns DEFORM 3D
0y10  NpogedeHo MOO0eniosanHs, wob O0oCcaioumu 38 130K MIJC NPUKIAOCHOI0 CUNLOI0
(HasanmasicenHam) i IOCMAHHIO, HA AKY mamepian npowmosxyemvcs (xio). Taxooc 6y10
00CNIOMNHCEHO, 5K BNIUBAE BUCOMA PO32ANYHCEHHS HA CHIBBIOHOWEHHS 3MIHHO20 paodiyca
poseanydicenns (Ri) 0o nouamrosozo padiyca 3azomosexu (Ro), npu ybomy Kym po3eanyicenHs
sanumwascs cmanum. Lle oocnioscenus 6yn0 cnpsamosane Ha NOKPAUieHHs pO3YMIHHs npoyecy
XOJI0OH020 OIUHO020 BUOABNIOBAHHA OJIsl PO32ANLYAHCEHb, WO NPU3BOOUMb 00 GUPOOHUYMBA
BUCOKOAKICHUX KOMNOHEHMIB Y (hOPpMI PO32aATYAHCEHD.

1. INTRODUCTION

The metal forming industry has experienced rapid growth in recent decades,
driven by advancements in tools, materials, and powerful presses. This progress
has intensified competition within the industry, demanding improved efficiency
for success. Achieving this requires minimizing scrap, reducing lead times, and
optimizing costs throughout the production process.

Extrusion, a versatile metal forming process, utilizes cold, warm, or hot
forming to create various shapes for industrial applications. Process modeling
predicts material flow, stress and strain distribution, tool forces, and potential
defects. Cold extrusion, conducted at room temperature, offers several
advantages, including: superior surface finish, enhanced mechanical properties
and precise dimensional accuracy.

Driven by the market's demand for cost-efficiency, cold forging has gained
traction in manufacturing. The process utilizes different configurations, including
forward, backward, radial, lateral and combined extrusion. In all cases, a billet
(metal workpiece) is placed within the die cavity and compressed by one or more
rams, forcing the material to fill the desired shape.

The finite element method (FEM) has emerged as a powerful tool in
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computer-aided engineering (CAE) for solving complex design and
manufacturing problems. While historically limited in its ability to address non-
linear problems like metal forming, advancements in high-speed computing have
paved the way for its successful application in this field.

Commercial CAE software leveraging FEM is now readily available and
utilized for analyzing, validating, and optimizing metal forming processes,
ultimately leading to design improvements.

To tackle the challenges of complex die geometries encountered in metal
forming simulations, various numerical techniques have been developed. While
extensive research has been conducted on elastic-plastic approaches, rigid-plastic
and visco-plastic methods offer significant advantages in reducing computational
time, crucial for handling complex 3D problems.

Effective mesh generation is essential for accurate FEM analysis. The
present work employs a modular remeshing technique using hexahedral and
triangular prismatic elements, demonstrating its effectiveness [1, 2].

2. METHOD OF ANALYSIS

This study leverages finite element analysis (FEA), a powerful computer-
aided engineering (CAE) tool, to investigate the lateral extrusion process. FEA
allows engineers to solve design and manufacturing problems numerically,
leading to reduced development time and cost. Specifically, we employ the
DEFORM 3D software, a rigid plastic finite element program, to model the
process.

3. PURPOSE OF INVESTIGATION

This study employed finite element simulations using DEFORM-3D
software to investigate the relationship between load and stroke (load-stroke
curves) and the ratio of variable branch radius to initial branch radius (Ri/Ro) for
single-ended lateral extrusion with branches of varying heights in a constant-angle
configuration. The findings offer valuable insights into the mechanics of the
lateral extrusion process, thereby aiding in the optimization of production
parameters for high-quality branch-shaped components.

4. LATERAL EXTRUSION PROCESS

Fig. 1 illustrates the die scheme, die geometry parameters, axisymmetric
billet dimensions, and the final formed part for the single-ended lateral extrusion
process. The details of the die geometry parameters, billet dimensions, and power
mode parameters are listed below.: Ry — the radius of billet (Ro = 15mm), R — the
branch radius (R/Ro=2), Ri — the variable branch radius, L — the billet height (L=
100mm), h - the branch height (h/Ro=0,5; h/R¢=0,75; h/Ro=1,0),
r — the die tip radius (r/Ro=0,135), a — angled branch (0¢=20°), V — punch velocity
(V=1mm/s), P — punch load, the friction factors between the billet and tools are
constant (Zibel's law, u=0.08).
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a) b)
1 — punch, 2 — billet, 3 — upper die, 4 — lower die 5 — final formed part
Fig. 1. Die scheme of single-ended lateral extrusion process with angled
branch (a) and final formed part (b)

5. MATERIAL PROPERTY
This simulation employed AA 6060 aluminum alloy as the material. The

relationship between flow stress and effective strain for this material can be
approximated by:

— 0.202
6=191.55¢ 2 (MPa) o

6. ANALYSIS OF LATERAL EXTRUSION PROCESS

An FEA (Finite Element Analysis) simulation in DEFORM 3D was used
to design the upper and lower dies, and movable punch for a single-ended lateral
extrusion process with an angled branch. For the simulation, the billet was
modeled with a rigid-plastic material model, while the upper and lower dies along
with the punches were treated as rigid objects. The variation of punch load with
punch displacement (stroke) and the ratio of variable branch radius to initial
branch radius with branches of varying heights in a constant-angle configuration
have been shown in Fig.s 2. As shown in this Fig. stiff rising of forming loads
were commonly observed according to increase of the punch stroke and the ratio
of variable branch radius to initial branch radius along the any stage of the
deformation.
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Fig. 2. The punch load vs. the punch stroke (a) and the punch load vs. Ri/Ro
(b) in single-ended lateral extrusion process with angled branch:

1 —h/Re=0,5; 2 — h/Ro=0,75;3 — h/Ro=1,0; a=20°

7. CONCLUSIONS

This study used computer simulations (3D finite element analysis with
DEFORM software) to investigate power mode in the single-ended lateral
extrusion process with angled branch. The results showed that forming loads
generally increased with both the depth of the punch movement (punch stroke)
and the amount of material being diverted (ratio of variable branch radius to initial
branch radius).
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THE EXPERIENCE OF USING PIV MEASUREMENTS IN
DIMPLES WITH BLOWING THROUGH THEIR CURVED SURFACE

Abstract: The article explores the use of Particle Image Velocimetry (PIV)
measurements on dimpled surfaces, focusing on complex flow patterns. It uses advanced PIV
techniques to capture detailed velocity fields, providing insights for optimizing aerodynamic
performance in engineering designs with curved dimples and controlled blowing through their
surface.

Anomauin: Y cmammi 6uceimaoemubcs BUKOPUCMAHHSA MEXHOI021i BUMIDIOBAHHS NOJIAL
WBUOKOCMI HA OCHOBI AHANI3Y 300PANHCEHb MANECEHbKUX YACMUHOK, AKUMU 3ACI8AEMbCA NOMIK
(PIV) na nosepxusax 3 NOKANbHUMU 3G2TUONEHHAMU — IYHKAMU, NPUOLLAIOUU 0COOIUBY V8A2Y
CKNIaOHum cxemam meuii. Buxopucmoeyiomvcs nepedosi mexnonozii PIV eumiprosans 0ns
OMPUMAHHS OOKIAOHUX NONI8 WEUOKOCmel, Wo 0038018€ ONMUMI3Y8amMu aepoOUHAMIYHI
XapakmepucmuKku 6  IHICEHepHUX  KOHCMPYKYIAX 3  GHYMUMU  3A2NUONEHHAMU 1
KOHMPOIbOBAHUM B0YBAHHIM Yepe3 iX NOGePXHIO.

1. INTRODUCTION

The study of PIV measurements in this unique setting offers valuable
information for engineers and scientists and could potentially pave the way for
innovative solutions and advancements in fields where fluid dynamics play a
crucial role. Dimples, often associated with golf balls and certain aerodynamic
surfaces, have been known to alter the flow characteristics around objects. The
addition of blowing through the curved surfaces of these dimples introduces an
innovative parameter. Understanding how this manipulation influences the flow
patterns can have profound implications for industries such as aviation,
automotive design, and energy production.

2. EXPERIMENTAL SETUP

We used a transparent flat plate measuring 200*300*5 (Fig. 1) mm for the
experiment. Five dimples measuring 60*30*3 mm are carved. Three dimples have
been modified so that the blowing feature can be utilized. One has a series of small
holes running along the midplane, and the second one has two sets of small holes
with a gap of 5mm between each pair of holes. The other one has two sets of big
holes separated by a 4mm space. Two plates, which are connected to a compressor
via a tube, were then compressed using double-sided thick tape. When the
compressor was turned on, air was forced onto the flat plate through the modified
dimples at a certain pressure. We were able to see how various hole configurations
influenced the pressure and airflow distribution on the plate due to the blowing
feature.
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Fig. 1: Experimental model and testing adjustment.

We use a wind tunnel (Fig. 2) certified by Chongging Lantian Co., Ltd. that has
two test sections with an octagonal shape. The tunnel has a high-speed flow area
of 600*600mm with a speed of 60 m/s and a low-speed flow area of
1050*1050mm with a speed of 20 m/s. The turbulence intensity level of flow
homogeneity is 0.02 percent in the low-velocity region and 0.03% in the high-
speed zone. La Vision Co. developed a time-resolved PIV system for ZJNU
College of Engineering in 2018 using an OTS-1100X3 oil-free air compressor
with a nominal volume flow of 300 L/min and a rated exhaust pressure of 0.7
MPa. The compressor and fog generator are used for blowing purposes.

3. EXPERIMENTAL RESULTS

The initial results (Fig. 3) show the presence of blowing inside a dimple.
Then we continue to run the experiment under three different conditions. For the
first experiment, we used 3 m/s wind velocity and then 10 m/s. For the third
experiment, we used a wind velocity of 20 m/s. The wind velocity was gradually
increased to observe the effects on the results. The blowing speed was medium
throughout the experiment. The results we obtained in the vertical section of the
developed flow are presented below.
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4. BRIEF INTRODUCTION TO THE RESEARCH PROJECT

This project will be executed with multiple combinations of blowing holes
inside a dimple. The result varies depending on the diameter of the blowhole as
well as the position of these holes. By experimenting with different types of
dimple structures and blowing hole configurations, we hope to identify the
optimal design that can be further studied and potentially implemented in various
industries. This research will provide valuable insights into the effects of dimples
on airflow and may lead to advancements in aerodynamic technology.

5. CONCLUSION

The preliminary result shows promising findings for the overall efficiency
and effectiveness of the blowing features inside the dimple. This research has the
potential to significantly improve the aerodynamics of high-speed trains,
ultimately leading to reduced drag and increased speed. Further studies will
establish the right combination of the dimple and the blowing hole to enhance the
most optimal performance.
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THE LABORATORY OF INNOVATIVE MACHINING
TECHNOLOGIES IS OPEN

Anomauin: Jlabopamopis innogayiiinux mexnonozit 0opooxu (LITO) na ¢axynomemi
Nico8020 ma 0epesoodbpoOHO20 MaAWUHOOYOY8aHHsA, GIOKpUuma y Oepe3Hi Yb0o2o pOKY, €
nepeoosumM  OC8IMHbO-00CTIOHUYLKUM — NPOCHIOPOM. OcHnawena  HAUHOBIMHIWUMU
mexHon02iAMU 00pOoOKU Oepesunu sapmicmio matidce 1 minviion €épo, 1abopamopis nponouye
VHIKAIbHI MOACIUBOCII OJisL CMYOeHmi8, 00CHIOHUKI6 ma NIONPUEMYIE ) 2any3l 8epCmamis,
npOSPaAMY8AHHs Ma NPOMUCTI080T yugposizayii. Bona ocnawena nepedosum 0o1a0HanHiIm OJist
asmomamuzayii ma yugpposizayii, adanmosarnum 0o cmanoapmis Inoycmpii 4.0, sexnrouarouu
n'AMUOCLO8I YEeHMPU 3 YUCIO8UM NPOSPAMHUM KEePYBAHHAM Ma poOOmMu308ani 006pOOHI
yeumpu. LITO cnpuse ocsimi, HaAyKo80-00CHIOHUYbKIlL pobomi ma cnisnpayi 3
NPOMUCTOBICMIO, 3A0e3neyyouu CIMyOeHmam MOICIUBICMb PO3BUSAMU THHOBAYIUHI NPOEKMU
ma 3000ysamu npakmudnuil 00ceio. Jlabopamopis maxoic 8iOKpuma 0Jis 308HIUHIX KOMNAHIL
0151 Mecmy8anHs HOBUX MEXHON02IU [ pO3pOOKU I[HHOBAYIU HA NPOMUCTIOBOMY DIGHI,
CMUMYIIOI0YU CRIBNPAYI0 MA 0OMIH 3HAHHAMU MIXHC AKAOEMIYHUM CEKMOPOM i NIONPUEMYAMU.

Abstract: The Laboratory of Innovative Processing Technologies (LITO) at the Faculty
of Forestry and Wood Technolog%/, opened in March this year, is an advanced educational and
research space. Equipped with the latest woodworking technologies valued at nearly EUR 1
million, the laboratory offers unique opportunities for students, researchers, and entrepreneurs
in the fields of machine tools, programming, and industrial digitalization. It features cutting-
edge equipment for automation and digitization, adapted to Industry 4.0 standards, including
five-axis centers with numerical control and robotic CJorocessing centers. LITO facilitates
education, research, and industry collaboration, providing students with the opportunity to
develop innovative projects and gain practical experience. The laboratory is also open to
external companies for testing new technologies and developing innovations at the industrial
level, encouraging cooperation and knowledge exchange between the academic sector and
entrepreneurs.

The Laboratory of Innovative Processing Technologies (LITO) of the
Faculty of Forestry and Wood Technology, which opened on March 15 this year,
Is @ modern educational and research space, equipped with the most modern
woodworking technologies available on the market. This groundbreaking venture
will enable students, researchers and entrepreneurs to gain unique experience in
the field of machine tools, programming and industrial digitalization.

The value of the equipment in the Laboratory reaches almost EUR 1
million, and its equipment will be regularly replaced with the latest models,
providing users with access to the latest technological solutions.

The laboratory is equipped with state-of-the-art machines, devices and tools
for processing wood and wood-based materials, from world leaders in their
production. Machines at LITO are characterized by a high degree of automation,
numerical control and adaptation to the latest digitalization standards related to
Industry 4.0. “The equipment includes, among others: a five-axis numerically
controlled center, an automatic transverse optimizer, a four-sided planer, a
numerically controlled narrow surface gluer and a robotic machining center with
a six-axis industrial robot. It sounds complicated, but it is equipment of the highest
standard that not only meets current technical requirements, but is also ready to
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meet the challenges of the industry of the future,” says Dr. Eng. Bartosz Patubicki
from the Department of Machine Tools and Fundamentals of Machine Design.
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LITO will have an educational function, enabling students of the Poznan
University of Life Sciences to acquire knowledge about the most modern machine
tools, their design, control, programming and operation. Students will have the
opportunity to experiment with robot programming, learn about industrial
processes and collect production data. The laboratory is also a place for carrying
out research and development work, which will include engineering and master's
theses and projects of student scientific groups.

The laboratory was created thanks to the cooperation of the Faculty of
Forestry and Wood Technology of the University of Applied Sciences with
leading companies providing solutions for the wood industry. The agreements
cover not only the use of modern technologies at LITO, but also the involvement
of students in research and development work. Future wood technology specialists
will have the opportunity to work on innovative projects, developing their skills
and gaining practical experience.

The Laboratory of Innovative Machining Technologies is also a place
where external companies will be able to take advantage of training opportunities,
test new technologies and develop innovative solutions on an industrial scale. It
Is an ideal environment for cooperation between the academic sector and
entrepreneurs, encouraging the exchange of knowledge and experiences.

27


https://puls.edu.pl/sites/default/files/page/galeria/img_9300.jpg

UDC 532.526

Kandume J., Shkvar Ye. (advisor), E Shiju (College of Engineering, Zhejiang
Normal University, Jinhua, China)

TECHNOLOGICAL DIFFICULTIES AND FEATURES OF
CONDUCTING PIV MEASUREMENTS NEAR A NON-FLAT
STREAMLINED SURFACE

Anomauin: Cmammio NpucesiueHo po3ensady mMexXHON02IUHUX MPYOHOWie ma
ocobusocmetl, a Makolc HAOaHi ioei ma pekomeHoayii Wooo mo2o, K nodoramu npooiemu
ma onmumizyeamu PIV eumipiosanHs nooauzy Heniockux oOMidHuUx no8epxoHb, OCKLIbKU
OO0CTIOHUKU, AK NPABUNO, CUCMEMAMUYHO 3IUMOBXYIOMbCs 3 YyuMu acnekmamu. Buceimneni
NUMAHHA ~ BUKOPUCIMAHHA  PI3HUX — Mamepianie, MexXHON02Ill BUCOMOBIeHH Modeell,
PO3MAULYBAHHAM JlA3epa/Kamepu ma memooamu 00poOKu 300padicenb, wjod NOKpawumu
MOYHICMb  BUMIDIOBAHL MA  3MEHWUMU He2aMmueHull 6naus npoonem, 00YMOBIEHUX
8I003ePKAIeHHAMU A 2eOMEMPUYHOIO CKIAOHICMIO NOBEPXHI.

Abstract: The article would likely delve into these technological difficulties and features
in more detail, providing insights and recommendations on how to overcome challenges and
optimize the PIV measurements near non-flat streamlined surfaces, researchers would typically
systematically investigate these aspects. They might experiment with different materials,
manufacturing methods, laser/camera positions, and image processing techniques to optimize
measurement accuracy and mitigate challenges associated with reflections and surface
complexities.

INTRODUCTION

It's important to note that the specific details and approaches would depend on the
objectives of the study, the flow conditions, and the available resources.
Conducting pilot experiments and consulting existing literature on PIV techniques
near non-flat surfaces can provide valuable insights and guidance in designing
and executing such measurements.

Particle Image Velocimetry (PIV) measurements near non-flat streamlined
surfaces face several technological challenges. These include surface geometry,
laser sheet placement, particle seeding, and image distortion. Surface geometry
can introduce flow disturbances and complex flow patterns, requiring
understanding. Laser sheet placement can be challenging due to surface curvature,
requiring adjustments and additional optical components. Particle seeding can be
affected by surface geometry, requiring careful selection of particle size and
concentration. Image distortion can occur due to varying optical path lengths,
requiring correction techniques. Data analysis can be more complex than in flat
or simple geometries, requiring advanced data processing techniques. Techniques
like adaptive PIV or alternative methods like Stereo PIV or Tomographic PIV can
help overcome these challenges.

1. INFLUENCE OF REFLECTIONS

When conducting PIV measurements near a non-flat streamlined surface,
reflections can be a significant challenge. These reflections can distort the images
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captured by the camera and interfere with the accuracy of the measurements.
Minimizing or mitigating reflections is crucial for obtaining reliable data.

Reflections can occur when the laser beam or camera captures light that bounces
off the surface being studied (Fig. 1). These reflections can interfere with the clear
visualization of the tracer particles and hinder accurate velocity measurements.
To mitigate reflections, anti-reflective coatings can be applied to the surface or
optical components. Careful positioning and angling of the laser beam and camera
can also help minimize unwanted reflections. Additionally, using polarization
techniques can help reduce the impact of reflections by selectively filtering out
polarized light.

Fig. 1: Blue dimpled insert for initial experiment and it has highest degree of
reflection which doesn 't allow to see the inside of the curvature of the dimple.

Clear materials, like Acrylic or glass and certain plastics, have lower levels of
reflection compared to opaque materials due to their optical properties and light
interaction (Fig. 2). Clear materials transmit light, while the amount is reflected
back, depending on their refractive index and surface characteristics. Opaque
materials have a higher refractive index mismatch with air, resulting in more light
being reflected at the air-material interface. However, even clear materials can
still exhibit some degree of reflection, especially at certain wavelengths or angles
of incidence.

Fig. 2: Clear material chosen after realizing that the
degree of reflection was difficult to avoid completely.
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2. THE CORRECT CHOICE OF THE POSITION OF THE FLAT
LASER BEAM, POSITIONING OF LASER BEAM AND CAMERA:

The precise positioning of a laser beam and camera is crucial for accurate
PIV measurements. The laser beam should intersect with the flow field of interest,
while the camera should capture clear images without obstruction or interference.
To visualize the depth of a dimple curvature, position the laser sheet and camera
at an inclined angle, perpendicular to the tangent of the dimple's surface. This
ensures uniform illumination and captures variations in lighting and shadows.
Adjustments may be needed based on the dimple's properties, distance, laser
properties, camera settings, and image processing techniques. To determine the
optimal angles, consider the dimple's shape, size, material, and potential
challenges in capturing its features. Determine the type of laser sheet and its
characteristics, and set up an experimental setup. Capture and evaluate data, adjust
angles incrementally, and analyze results. Iteratively optimize the setup to provide
the most informative visualization of the dimple's depth. Finally, fine-tune the
positions of the laser sheet and camera within that range, making small
adjustments until the desired visualization quality is achieved.

3. CAMERAWHEN MEASURING INSIDE ADIMPLE

Proper positioning of the laser beam and camera is crucial for successful
P1V measurements near a non-flat streamlined surface. The laser beam should be
aligned to intersect the flow field in a way that allows clear visualization of the
tracer particles and minimizes the influence of surface features. The camera
should be positioned to capture the desired region of interest without obstructions
or excessive reflections. Trial and error, as well as careful adjustment, may be
necessary to optimize the positioning for each specific measurement setup.

To accurately measure inside a dimple using a camera, consider the
following guidelines: angle of view, lighting, depth of field, distance, stability,
calibration, and image processing. Position the camera at an angle that allows a
clear view of the dimple depth, adjust the tilt and rotation to ensure visibility (Fig.
3).

Use additional lighting sources to reduce shadows and reflections if
necessary. Adjust the aperture settings to maintain focus and ensure accurate
measurements. Secure the camera with a tripod for stability. Calibrate the camera
before measuring to ensure accurate results. Experimentation and adaptation to
specific scenarios may be necessary.
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Fig. 3: set-up which allowed us to capture the depth of the dimple.

4. THE EXPEDIENCY OF CHOOSING A TRANSPARENT SURFACE
Transparent surfaces are advantageous for Particle Image Velocimetry

(PIV) measurements due to their ability to visualize flow patterns, streamline
structures, and enable cross-sectional views. They also facilitate the use of
advanced visualization techniques like index of refraction matching, enhancing
accuracy and measurement capabilities. Transparent materials like glass or acrylic
offer better visualization of flow patterns near the surface, allowing researchers to
observe flow from different angles and depths. These surfaces also facilitate the
use of advanced visualization techniques, such as index of refraction matching, to
enhance accuracy and measurement capabilities.

Transparent surfaces are also advantageous for PIV measurements due to
their ease of laser sheet placement, reduced image distortion, and unobstructed
visualization. This allows for a more straightforward setup, reducing the chances
of misalignment and allowing for more accurate velocity measurements. They
also enable simultaneous flow and surface visualization, making them useful for
studying phenomena like boundary layer development, flow separation, or vortex
shedding near the surface.

However, transparent surfaces may not always be suitable for every
application, and factors such as research objectives, flow nature, and availability
of transparent materials should be considered when choosing a surface type for
PIV measurements.

5. EXPERIENCE USING DIFFERENT MATERIALS AND METHODS
OF MANUFACTURING THE MODEL.

The choice of materials and manufacturing methods for the model can
influence the accuracy and reliability of the PIV measurements. Different
materials may have varying optical properties and surface characteristics, which
can impact the quality of the data obtained. Experience with different materials
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and manufacturing techniques can help identify the most suitable options for
specific experimental requirements.

Experience with different materials and manufacturing methods is
beneficial when working with non-flat streamlined surfaces. The choice of
material can impact the optical properties, surface roughness, and transparency of
the model. Different manufacturing techniques, such as 3D printing, molding, or
machining, can yield surfaces with varying levels of smoothness and accuracy.
Understanding how different materials and manufacturing methods influence the
measurement process helps in selecting the most appropriate combination for the
specific study, ensuring accurate results, and minimizing potential artifacts.

6. MEASUREMENT ACCURACY

Measurement accuracy is a critical factor in PV experiments. Factors such
as the resolution of the camera, the size and shape of the tracer particles, particle
distribution, and image processing techniques all contribute to the accuracy of the
velocity measurements. Ensuring high measurement accuracy requires careful
calibration, proper image acquisition settings, and robust data processing
methods.

Achieving high measurement accuracy in PIV experiments involves several
considerations. It starts with selecting an appropriate seeding density of tracer
particles and optimizing their size and distribution for the specific flow
conditions. Calibration procedures should be followed to relate the pixel positions
in the images to physical distances accurately. Image processing techniques, such
as correlation algorithms, should be carefully implemented to track the particle
displacements accurately. Post-processing methods, like interpolation and
filtering, can be employed to enhance the accuracy of the velocity field.
Furthermore, validation and uncertainty analysis should be conducted to assess
the reliability and limitations of the obtained results.

7. DISCUSSION AND CONCLUSION

Clear materials have less reflections than opaque ones, but factors like
refractive index, angles of incidence, and anti-reflection coatings which optimize
refractive index transition, reducing reflection and improving light transmission
in clear materials, thereby reducing unwanted glare or ghost effects must be
considered.

Transparent surfaces for PIV measurements speed up the process, reduce
distortion, and enable simultaneous flow and surface observations.

Camera adjustments ensure visibility, detail, focus, depth of field, lighting
optimization, and balance stability, with distance varying depending on dimple
and measurement requirements.
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EVOLUTION OF THE MAIN MOVEMENT DRIVE OF A LATHE)

Abstract: The article illustrates how, taking into account the achievements in science
and technology, the kinematic chain from the driving force (engine) to the executive body
(spindle) was shortened and became the shortest in the form of a motor-spindle. On the
examples of lathes, places of possible limitation of spindle rotation frequencies are highlighted.
A self-acting motor-spindle, which has rotary and translational motion, is proposed.

Anomayia: Y cmammi nokasamo, AK 3 YPAXy8AHHAM OOCACHEeHb HAYKU [ MexXHIKU
KIHeMamu4Hul 1aHyioe 8i0 pYWIitiHOT cuiu (08U2yHa) 00 BUKOHABY020 OpeaHy (unuroens) 6ys
CKOpOYEeHUll [ cmag HAUKOpOmuumM y 8uensadi momop-ununoena. Ha npuxiaoax moxapuux
gepcmamis BUOIIEHO MICYsL MOJICIUBO2O OOMEICEHHS 4acmom O00epmaHHs WNUHOES.
3anpononosano camooirouull MOMoOp-WnUHOeIb, AKUL MAE 00epManrbHull [ NOCMYNATbHULL DYX.

1. INTRODUCTION

One of the main units of machine tools, which provides form-forming
movements in the process of cutting on lathes and other machines with rotary
movement of the part or tool, has always been the spindle unit, as the main
movement drive. The entire history of the development of machine tools, starting
from the simplest times, from the Stone Age to modern times, is connected with
the evolution of its individual mechanisms, nodes, layouts, and control systems.
According to the laws of development of technical systems (TS), the life cycle is
described by an S-shaped curve, where the ordinate is the technical and economic
indicator (an important characteristic), and the abscissa is time (years). Some parts
of the TS develop unevenly, which is influenced by the achievements of mankind
in science and technology. It is now impossible to imagine the life of Man on earth
and beyond its borders without electricity. Therefore, the future of new generation
machines cannot be imagined without using the energy of electromagnetic
forces[2].

2. Advantages of the electric drive.

The process of using electricity took place in parallel with the progress of
methods of generating and transmitting electricity over a distance, with successes
in the creation of electric motors and in the development of rational electric drive
systems. The electric drive has a high efficiency, since it is possible to directly
obtain rotary motion from its shaft, and the losses are minimal at the same time as
labor productivity increases. In addition, with the introduction of electric motors,
it became possible for the first time not only to provide any machine with its own
engine, but also to put a separate drive on each of its nodes. The electric car has
come a long and difficult way, passing more than a dozen years before it was
introduced into production everywhere and, in particular, in the drives of the main
movement. During the evolution of SHV, the kinematic chain from the energy

source to the final link (part or tool) was shortened and turned into a single node
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that unites the energy source, energy converters, transmission-amplifying circuits
and the executive body - a spindle with a clamping device for the part or tool in
one whole (Fig. 1). These became electric spindles, which were recently named
motor-spindles (M-S) [6,7]. M-S is considered as one of the main elements
representing the machine and becomes a key object on the way to the transition
to smart production, where intelligent machines, systems and networks are able
to independently exchange information and respond to it, manage industrial
production processes. Structural and functional adaptation of machines and
mechanisms to the requirements of automated digital technologies in the context
of the challenges of the fourth industrial revolution "Industry 4.0" [1] and the
approach of the fifth "Industry 5.0" is a key direction on the way to transition to
smart manufacturing. In the process of forming, working translational movements
are performed by feed mechanisms, which are driven by their energy source.
Thanks to the universal genetic operator of crossing [6], it was possible to move
to hybrid systems [10], which became the object of self-acting research data of
M-S. The process of using electricity took place in parallel with the progress of
methods of generating and transmitting electricity over a distance, with successes
in the creation of electric motors and in the development of rational electric drive
systems (Fig.1) [4].
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Fig. 1. The evolution of the electric drive of the main movement on the
example of lathes: a- group for several machines; b — general for one machine
with stepped gears; c- individual with a stepped box; d) - c- individual with
stepless regulation; €) - motor-spindle of ratio

3. Sources of spindle speed limitation.

According to the global trends in the development of machine tool
construction, great attention is paid to increasing the productivity and quality of
processing while reducing costs, which reduces the cost of production. Turning
performance can be expressed through volumetric productivity: Q, =V S t,
m3/min., (1) where V is the cutting speed; S — feed for 1 revolution of the part; t
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Is the cutting depth. The quality of parts manufacturing, which is ensured during
finishing operations, is characterized by dimensional stability, deviation of the
geometric shape, waviness and roughness of the surface. The latter is determined
by the height of the irregularities and depends on the feed S and the radius r of the
rounding of the cutter [3]: Rz = S2/8r. (2) It follows from dependencies (1) and
(2) that in order to increase the productivity and quality of processing parts, it is
necessary to increase the cutting speed V at the expense of the spindle rotation
frequency and reduce the feed S. The increase in the speed of the spindle
assemblies of the lathe group machines is restrained by a number of factors,
among which the following 5 can be singled out (Fig. 2). The drive of the main
movement (source 2) with a short kinematic chain in the form of a motor-spindle
(Fig. 1, e) of various manufacturers is becoming common. The rotation frequency
of clamping cartridges (source 3) is limited by the centrifugal forces Fw of
unbalanced elements (mainly clamping cams) with an open power circuit [7]:
Fw=mw?2Ry, (1)

where m is the mass of the cam; w — angular frequency of rotation of the
spindle; R is the distance from the center of gravity of the cam to the axis of
rotation of the spindle. Even with the introduction of centrifugal force
compensation [4], the maximum rotation frequency is limited by the strength of
the elements of the cartridge and, in particular, its case, which can explode like a

bomb.
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Fig. 2. Spindle assembly of a lathe with indication of the sources-places of
rotation frequency limitation: 1-supports; 2-transmission of revolutions from the
engine to the spindle; 3-clamping cartridge; 4-system "spindle-cartridge-part”
with eccentricity (imbalance) e; 5-clamp drive

The imbalance of the spindle with the eccentricity of the shift e of the mass
M of the clamping chuck (source 4) can lead to vibrations and destruction of the
parts of the chuck and the cutting tool due to the occurrence of unbalanced loads
due to additional forces Pg and moments Mg:
Ps=Mw?e (3)
Mg =Pge =Mw?e% (3)
In the presence of unbalanced elements in the clamp drive (source 5), for
example, with geometric locking, the energy consumption may change (increase
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or decrease) on the clamp-unclamp and disrupt the reliable operation of the entire
clamping mechanism.

4. The proposed motor-spindle solution.

The results of structural and genetic analysis [3] show that the current level
of technical implementation of M-S characterizes them as a complex EM system
that integrates components of different physical nature. Modern designs of drive
spindle assemblies can combine dozens of various subsystems and assemblies,
keeping the actual energy and genetic core — the electric motor — unchanged.
Complex EM systems, the structures of which combine subsystems of different
genetic nature, have the status of intersystem hybrids [3,5].

The appearance of the manufactured self-acting M-S horizontal version is
shown in fig. 3. To study the stiffness characteristics of the high-speed self-acting
M-S, an experimental stand (Fig. 4) was created on the basis of a vertical drilling
machine, installed in the laboratory of the "Machine Design" department of
NTUU "KPI named after Igor Sikorsky".

Fig. 4. Stand for experimental studies of self-acting M-S
5.Conclusions
Using the theory of evolution of technical systems, the process of
improving the drive of the main movement of metal-cutting machines was tracked
and a self-acting motor-spindle was proposed, the efficiency of which was
experimentally confirmed.
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THE INFLUENCE OF BORONIZING ON THE ABRASIVE WEAR
RESISTANCE OF C15 STEEL

Abstract: The abrasion behaviour of boronized C15 steel was investigated using the
pin-on-disc method. The samples boronized at 870 C for 4, 6 and 8 hours were loaded with a
test force of 9.81 N and subjected to abrasion with 80 grit sandpaper as a rotating counter
body. The wear rate was calculated as mass loss per sliding distance, and the results showed
that the samples boronized for 8 hours had the highest abrasion wear resistance. Samples
produced from the as-received base material showed the highest wear, while the 4 and 6 hour
boronized samples showed approximately the same wear rate at the test distance. The
microstructure of the layers obtained was analysed using an optical microscope. The analysis
showed the formation of boride layers with pronounced toothness, with thicker layers forming
with increasing duration of boronizing.

Anomauia: Ilosedinka 0o 3nocy 6oposarnoi cmani C15 6yna doocnioxcena memooom
wmugm-npomu-oucxa. 3pasxu, 6oposani npu 870 °C npomsicom 4, 6 ma 8 2od0umn, O6ynu
Hasanmaoiceni mecmosoio cunoio 9,81 H i niooani abpazusHomy 3HOULYBAHHIO 3a OONOMO20I0
winigpysanvnoco nanepy 3 3seprHucmicmio 80 sk obepmosoco npomumina. [lleuoxicme
3HOWLY8aHHs 0y1a pO3pPAx08aHa sIK 6mMpama Macu Ha oOuHuyr npobicy, i pe3yivmamu
NOKA3aU, Wo 3pasku, 60posani npomseom 8 200uH, Manu HausuUwyy CMitKicms 00 abpa3ueHO2o
SHOWLYBAHHA. 3pa3Ku, 8U20MOGIeHi 3 BUXIOH020 0A308020 mamepiany, NOKA3aniU HAUSUWUL
3HOC, MOOI AK 3pasku, 6oposani npomscom 4 ma 6 200uH, NOKA3AIU NPUOIUZHO OOHAKOBY
WBUOKICMb 3HOULYBAHHA HA mecmositl giocmani. Mikpocmpykmypa ompumanux wapis o6yna
NPOananizoe8ana 3a 00NOMO02010 ONMUYHO20 MIKpOCKOnda. AHaniz nokasae ymeopents 60OpuoHux
wapie 3 8UpPAdNCeHo 3youacmicmio, npu Ybomy moswi wapu opmyeanucs 3i 30i1bueHHAM
mpusanocmi O0pyeaHHsi.

1 INTRODUCTION

Machine elements whose surfaces are in contact and relative motion are
subject to wear during operation, so that the wear resistance of the surfaces is
often crucial for their long and reliable operation. In order to extend the service
life of such parts and thus significantly reduce economic losses, increasing
emphasis has been placed on the heat treatment of surfaces in recent years. In
surface engineering, numerous surface treatments such as carburizing, nitriding
and boriding have been developed to increase wear resistance, reduce the
coefficient of friction and improve corrosion resistance [1,2]. Boronizing is a
thermochemical surface treatment in which boron atoms diffuse from a boron-
containing medium into the surface of the treated part and form a boron-
containing surface layer. The resulting surface layer is characterized by
exceptional hardness and improves abrasion wear resistance. In addition to
abrasion wear resistance, boronizing also improves resistance in acidic
environments and corrosion resistance in molten metals [3-6]. Boronizing of
steels results in layers that can consist of one Fe2B phase or two FeB/Fe2B phases.
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Although the hardness of Fe2B (1400 — 1600 HV) is lower than that of FeB (1800
— 2100 HV), the formation of a single-phase Fe2B layer is preferable due to its
lower brittleness and lower risk of cracking at the FeB/Fe2B interface [7-10]. The
aim of this study was to investigate the effects of boronizing on the abrasion wear
resistance of C15 steel.

2 MATERIALS AND METHODS

To investigate the effect of boronizing on abrasion wear resistance, C15
steel was selected for this study. The samples were boronized at a temperature of
870 °C and for three different durations (4, 6 and 8 hours), so 6 samples with
dimensions & 6 x 20 mm were machined (two samples for each boronizing
treatment). Boronizing was carried out in Hef-Durferrit Durborid 3 powder in the
LHP laboratory furnace without a protective atmosphere. The abrasion wear test
was performed with the Taber Abraser device (pin-on-disc method) using 80 grit
abrasive paper as a rotating counter body. The sample was held vertically against
the rotating counter body and a test force of 9.81 N was applied. The test was
performed with up to 100 revolutions of the counter body (corresponding to a
sliding distance of 22.5 m), with the samples being weighed after every 10
revolutions (sliding distance of 2.25 m). Before each weighing, the samples were
cleaned (washed in water and alcohol) and dried. The mass loss was measured on
a Scaltec SPB 32 balance with an accuracy of 0.1 mg. After each weighing, a new
abrasive paper with the same grit size as the previous one was used. The wear rate
Is calculated as mass loss per sliding distance according to:

O =48 L)

U
O

where:
— W, — wear rate, g/m
— A m;—mass loss at total sliding distance, g
— d¢— total sliding distance, m.

The boronized samples were also examined using a Leica DM 2500 M light
microscope and a Leica Q550 MW imaging solution. Prior to the metallographic
examinations, the samples were mounted in cold mounting acrylic resin, sanded
with emery paper up to 1000 grit, polished with alumina and etched with 3% Nital.

3 RESULTS AND DISCUSSION
3.1 Microstructure of boride layers

The microstructure of the layers obtained by boronizing at 870 °C for 4, 6 and 8
h is shown in Fig. 1.
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a) b) C)

Fig. 1. Microstructure of the boride layer obtained by boronizing at 870 °C,
magnification 200:1,a) 4 h; b) 6 h; c) 8 h

It can be seen that the boronizing of C15 steel leads to the formation of
boride layers with pronounced toothness. This is consistent with other studies that
have confirmed that the toothness of the boride layer is more pronounced in steels
with a lower proportion of alloying elements or in unalloyed steels with a lower
carbon content. The micrographs also show a higher proportion of pearlite in the
diffusion zone. A higher proportion of pearlite is due to an increased proportion
of carbon, which is pushed inwards from the surface during the growth of the
boride layer. The micrographs in Fig. 1 show that an extension of the boronizing
time leads to the formation of thicker layers.

3.2 Abrasion wear resistance

Table 1 shows the results of the abrasion wear of the test sample from the
base material in the as-delivered condition. Tables 2, 3 and 4 show the abrasion
wear results for samples boronized for 4, 6 and 8 h, respectively at 870 °C. In the
tables, A m stands for the mass loss per 10 revolutions (2.25 m), which is
calculated as the mean value of two measurements. The wear rates in Tables 1 to
4 are calculated according to (1), where A W is the wear rate per 2.25 m (10
revolutions), while W; is the wear rate over the entire distance traveled. The results
in Tables 1 to 4 are also shown graphically in Fig.s 2 to 5.

Table 1. Test results of abrasion wear for samples made of C15

no.| dy, m Am,g AW, x10%g/m | my,g |W,x10*g/m
1] 225 0,0067 29,63 0,0067 29,63
2 | 450 0,0065 28,99 0,0132 29,31
3| 6,75 0,0070 30,92 0,0201 29,85
4 | 9,00 0,0061 27,05 0,0262 29,15
5| 11,25 0,0058 25,77 0,0320 28,47
6 | 13,50 0,0067 29,63 0,0387 28,66
7 | 15,75 0,0068 30,28 0,0455 28,89
8 | 18,00 0,0059 26,41 0,0515 28,58
9 | 20,25 0,0070 30,92 0,0584 28,84
10 | 22,50 0,0055 24,48 0,0639 28,41

41



Table 2. Test results of abrasion wear for samples boronized at 870 °C for 4 h

no.| dy, m Am,g AW, x10%g/m | my,g | W, x10*g/m
1| 225 0,0017 7,56 0,0017 7,56
2 | 4,50 0,0013 5,56 0,0030 6,56
3 | 6,75 0,0019 8,44 0,0049 7,19
4 | 9,00 0,0017 7,33 0,0065 7,22
51| 11,25 0,0010 4,44 0,0075 6,67
6 | 13,50 0,0032 14,22 0,0107 7,93
7 | 1575 0,0028 14,67 0,0140 8,89
8 | 18,00 0,0059 26,00 0,0199 11,03
9 | 20,25 0,0033 14,67 0,0232 11,43
10 | 22,50 0,0050 22,22 0,0282 12,51
Table 3. Test results of abrasion wear for samples boronized at 870 °C for 6
no.| dy, m Am,g AW, x10%g/m | my,g | W, x10%*g/m
1| 225 0,0009 4,00 0,0009 4,00
2 | 450 0,0015 6,67 0,0024 5,33
3 | 6,75 0,0014 6,00 0,0038 5,56
4 | 9,00 0,0016 7,11 0,0054 5,94
51 11,25 0,0027 11,78 0,0080 7,11
6 | 13,50 0,0035 15,56 0,0115 8,52
7 | 15,75 0,0032 14,00 0,0147 9,30
8 | 18,00 0,0044 19,33 0,0190 10,56
9 | 20,25 0,0041 18,22 0,0231 11,41
10 | 22,50 0,0034 15,11 0,0265 11,78
Table 4. Test results of abrasion wear for samples boronized at 870 °C for 8 h
no.| dy, m Am,g AW, x10%*g/m | my,g | W, x10*g/m
1| 225 0,0011 4,89 0,0011 4,89
2 | 450 0,0012 511 0,0023 5,00
3 | 6,75 0,0010 4,22 0,0032 4,74
4 | 9,00 0,0021 9,11 0,0053 5,83
51 11,25 0,0017 7,56 0,0070 6,18
6 | 13,50 0,0021 9,33 0,0091 6,70
7 | 15,75 0,0033 14,67 0,0124 7,84
8 | 18,00 0,0020 8,67 0,0143 7,94
9 | 20,25 0,0019 8,44 0,0162 8,00
10 | 22,50 0,0032 14,00 0,0194 8,60
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Fig. 2. Average values of mass loss at 10 revolutions for all samples

Fig. 2 shows the average mass losses after each weighing. It can be seen
that the samples made from the base material exhibit significantly higher mass
losses than the boronized samples. Among the boronized samples, the 8 h
boronized samples showed the lowest mass loss after each weighing, while the 6
h boronized samples generally showed less mass loss than the 4 h boronized
samples. A similar behaviour can be observed in Fig. 3, which shows the wear
rate per total sliding distance.
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Fig. 3. Total wear rates for all samples

Fig. 4 shows the wear rate per 2.25 m. It can be seen that the base material

sample was worn at an almost constant rate (with an average value of 28.41x10*
g/m).
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The data in the tables and in Fig. 3 show that the samples boronized for 4
and 6 hours had approximately the same total mass loss over the 22.5 m test
distance (0.0282 and 0.0265 g), but the data in Fig. 4 show that the wear rate of
the sample boronized for 4 hours was almost the same as that of the base material
samples after 18 m test distance. This indicates that the boride layer is practically
worn away. In contrast, the sample boronized for 6 hours shows less wear, which
means that the layer is not completely worn away. This would mean that if the
test were extended, the difference between the mass losses of the 4 and 6 hour
boronized samples would be greater, i.e. in favour of the 6 hour boronized sample.
The graph also shows that the 8 hours boronized sample degrades more slowly.
These results are consistent with the results of the metallographic studies, which
showed that prolonging the boronizing led to the formation of thicker layers.

4 CONCLUSIONS

The following conclusions can be drawn from the test results:

- Boronizing of C15 steel resulted in the formation of boride layers with
pronounced toothness on all samples, with longer durations leading to
thicker layers.

- The abrasion resistance test showed that the samples made from the base
material were worn significantly faster than the boronized samples.

- The lowest wear rate was achieved with 8 hours of boronizing. Although
the 4 and 6 hour boronized samples showed approximately the same mass
loss, the results indicate that the boride layer on the 4 hour boronized
sample is almost completely worn away and that the difference between the
4 and 6 hour boronized samples would be greater if the test was extended.
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PILOT PROJECT BY IPMA “POLSKA YOUNG CREW”

Abstract: IPMA Young Crew Poland completed its pilot project "Polish Student Project
Excellence Award" aimed at evaluating student projects according to the IPMA Project
Excellence Model. This competition, the first of its kind for students by IPMA Young Crew
Poland, sought to acquaint students with the principles of the model and improve future project
management. Three projects were recognized in the competition, with the first place awarded
to the Neuroinformatics Club from the University of Warsaw. The results were announced on
December 14 at an event at the Krakow University of Economics, which served as a platform
for exchanging experiences and establishing new contacts among young project managers. The
evaluation was conducted by a panel of experts in project management.

Anomauin: IPMA Young Crew Poland 3asepwuna ninomnuit npoexm "Polish Student
Project Excellence Award", cnpamosanuti Ha oyinky cmyoeHmcobkux npoekmie 3a Mooenuio
siominnocmi y npoekmax |PMA. L]eti konkypc, nepuiuii 3i c6oeo pody ona cmyoenmia 6io IPMA
Young Crew Poland, maé na memi o3nauiomumu cmyoewmis 3 NpuHyunamu mooeii ma
noKpawumu ynpagninHi NPOEKMAMU 8 Maudymuvomy. Y KOHKYpci Oyi0 8i03HAYeHOo mpu
npoekmu, 3 AKUX nepute micye ompumas npoekm Knyoy neupoinghopmamuxu 3 Bapuascbkozo
yuieepcumemy. Pezyromamu 6ynu oconoweni 14 epyousa na 3axo0i y Kpaxiscbkomy
VHIgepcumemi eKOHOMIKU, AKUL CMA8 MAtOaHYUKOM 0/ 0OMIHY 00C8I00M i 6CMAHOBIEHHS
HOBUX KOHMAKMIB ceped MOJIo0ux meHedxcepie npockmis. Oyinka npoekmis 30iCHI08ANACH
KOMICIEIO 3 eKcnepmie y 2any3i YAPaeAiHHA NPOEKMAMU.

At the end of 2023, IPMA Young Crew Poland successfully completed its
pilot project, the Polish Student Project Excellence Award 2023. This project
aimed to evaluate student projects according to the guidelines of the IPMA Project
Excellence Model.

The Polish Student Project Excellence Award is the first competition of its
kind organized by IPMA Young Crew Poland specifically for students. The
Ocompetition assessed student projects based o/n the IPMA Project Excellence
Model. The goal was to familiarize students with the principles of the model and
provide feedback and recommendations for future project management
improvement.
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Three student projects were recognized in the competition. The third place
was awarded to the Furniture Science Club from the Warsaw University of Life
Sciences for their project “Research on eco-innovative technology for the
production of fully biodegradable furniture composites. Finally, the first place
was awarded to the Neuroinformatics Club from the University of Warsaw for
their project “Organization of the international conference Aspects of
Neuroscience with the satellite event Brainhack Warsaw.”

The official announcement of the PSPEA 2023 results took place on
December 14, 2023, at the University of Economics in Krakow. During this event,
the awarded project teams had the opportunity to showcase their projects. It was
a fantastic occasion for young project managers to connect, exchange experiences,
and establish new contacts. The event facilitated networking and allowed
participants to learn from each other, fostering a sense of community among
young project management professionals. On 15 December, the PSPEA 2023
finalists had the opportunity to attend the IPMA Young Crew Poland Workshop
‘Modern Project Management — Tools and Trends’.

The projects were evaluated by a panel of assessors, including Ewa
Bednarczyk, Agnieszka Jedrusik, Wojciech Jarosz, Mateusz Trzeciak, Krzysztof
Juszczyk, and Krzysztof Witkowski, who are experts in the field of project
management.

This pilot project has been a great success in promoting and recognizing the
excellence of student projects in Poland. It has provided students with valuable
insights into project management and has encouraged them to strive for excellence
in their future endeavors. IPMA Young Crew Poland is proud to have been a part
of this initiative and looks forward to organizing more successful competitions in
the future.
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Pilot project brought us great satisfaction and achievement. It was not only
an excellent tool for evaluating student projects, but also a great opportunity to
promote excellence in project management and inspire future project leaders. We
are proud of the results achieved and the enthusiasm generated by the event among
students, and hope to continue and further develop similar initiatives in the future.

Participating in the competition gave us the opportunity to look at
organizing events from a different perspective — we were able to test our
organizational skills and learn about the strengths and weaknesses of our
organization. At the same time, we gained a great deal of knowledge in an area
that we were not normally familiar with, which we will certainly use in the
organization of future projects. The award ceremony itself was also a unique
experience, where we had the opportunity to meet many people involved in
project implementation in completely different fields — Kamila Trafna, member
of the Neuroinformatic Club from the University of Warsaw.

48



UDC 620.9:539.2

Mishra Sunil B., Kazi Sultanabanu Sayyad Liyakat, Kazi Kutubuddin
Sayyad Liyakat (Brahmdevdada Mane Institute of Technology, Solapur,
Maharashtra, India)

REVOLUTIONIZING THE MECHANICAL WORLD: THE
PIONEERING ROLE OF NANOTECHNOLOGY IN MECHANICAL
ENGINEERING

Abstract: Nanotechnology, the science of manipulating materials on an atomic or
molecular scale, is pioneering unprecedented advancements in mechanical engineering. This
field's integration has led to the development of stronger, lighter, and more efficient materials
and components, significantly enhancing mechanical systems' performance and energy
efficiency. From nano 3D printing to the creation of nanomaterials with exceptional physical
and chemical properties, nanotechnology is reshaping mechanical engineering's future,
offering sustainable solutions and innovative applications.

Anomauia: Hanomexnonoeis, HAyka npo MAaHinyaayii 3 mamepiaiamu Ha amomMHOMY
abo MONEKYIAPHOMY PIi6HI, BIOKpUBAE Oe3npeyedeHmHi MONCIUBOCHE Y MAUUHOOYOYBAHHI.
Iumeepayisn yiei eanysi npuzeera 00 po3pOOKU MIYHIWUX, Ne2uwux ma epexmusHiuux
mamepianie ma KOMNOHEHMI8, 3HAYHO NIOBUWYIOYU NPOOYKMUBHICIb MEXAHIYHUX cucmeMm ma
eHepzoepexmusHicmy. Bio nano 3D Opyky 0o cmeopenHs HaHoOMamepianieé 3 6UHAMKOBUMU
@i3uuHUMU Ma XIMIYHUMU 61ACMUBOCMAMU, HAHOMEXHONO02IA nepehopmamosye mManudoymHe
Mawuro6y0y8aHHs, NPONOHYIOYU CIAL PileHHs. ma IHHOBAYIUHI 3ACMOCY 8AHHS.

Introduction: Historically, mechanical engineering has driven progress
through the invention and improvement of machinery, from the steam engines of
the Industrial Revolution to today's sophisticated automobiles and aircraft. The
introduction of nanotechnology into this field promises a continuation of this
tradition of innovation, by allowing for the manipulation of materials at the most
fundamental levels. This capability opens up new possibilities for the design,
production, and operation of mechanical systems, making them more durable,
efficient, and adaptable to a variety of applications.

Main Contributions of Nanotechnology in Mechanical Engineering:

1.  Enhancement of Material Properties: Nanotechnology has
enabled the creation of materials with superior strength, durability, and
lighter weight, such as carbon nanotubes and graphene. These
advancements are pivotal in developing mechanical components that are
not only more robust but also significantly more energy-efficient.

2. Nanoscale 3D Printing: The advent of 3D printing at the
nanoscale has revolutionized the manufacturing process, allowing for the
production of highly complex structures with precision previously
unattainable. This breakthrough paves the way for innovative designs and
applications in various sectors, including healthcare, electronics, and
aerospace.
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3. Development of Sensors and Actuators: Nanotechnology has
significantly enhanced the functionality and sensitivity of sensors and
actuators, integral components of mechanical systems. By operating at the
nanoscale, these devices offer unprecedented accuracy and efficiency in
monitoring and controlling mechanical operations, leading to smarter and
more responsive systems.

4.  Energy Efficiency: A crucial benefit of nanotechnology in
mechanical engineering is its potential to reduce energy consumption. By
enabling the creation of lighter materials and more efficient components,
nanotechnology contributes to the development of mechanical systems that
require less energy to operate, thus promoting sustainability and reducing
environmental impact.

Nanotechnology is poised to revolutionize mechanical engineering,
offering innovative solutions to longstanding challenges and opening up new
opportunities for advancement. Its ability to enhance material properties, along
with the development of nanoscale manufacturing techniques and components,
heralds a new era of efficiency, sustainability, and performance in mechanical
systems. As research and applications continue to evolve, the integration of
nanotechnology within mechanical engineering promises to vyield further
breakthroughs, cementing its role as a cornerstone of future technological
progress.

As we delve deeper into the integration of nanotechnology within
mechanical engineering, the horizon of potential applications continues to expand.
Future prospects include the creation of self-healing materials capable of
autonomously repairing damage, further reducing maintenance needs and
extending the lifespan of mechanical components. Additionally, the development
of nano-lubricants could revolutionize mechanical systems' efficiency,
minimizing friction and wear to an unprecedented extent.

The advancement in nanoscale sensors and actuators is expected to pave
the way for more sophisticated robotic systems and smart materials, capable of
responding to environmental stimuli with high precision. These innovations hold
promise not only for industrial applications but also for enhancing everyday
products, making them more durable, efficient, and adaptable.

However, with great power comes great responsibility. The manipulation
of matter at the atomic and molecular level introduces a plethora of ethical
considerations. The potential impact of nanomaterials on health and the
environment remains a significant concern. As such, it is imperative to approach
the development and application of nanotechnology within mechanical
engineering with caution, ensuring thorough testing and regulation to mitigate
potential risks.

The interdisciplinary nature of nanotechnology also calls for collaboration
across scientific and engineering disciplines. By combining expertise in physics,
chemistry, biology, and engineering, we can harness nanotechnology's full
potential while addressing its challenges and ethical implications.
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Closing Remarks:

Nanotechnology represents a pivotal shift in the paradigm of mechanical
engineering, offering a toolkit for innovation that can address some of the most
pressing challenges of our time, including energy conservation, sustainability, and
the development of high-performance materials and systems. As we continue to
explore the nanoscale, the boundaries of what is possible in mechanical
engineering will undoubtedly expand, leading to advancements that were once
considered the realm of science fiction.

The future of mechanical engineering, powered by nanotechnology,
promises not only enhanced performance and efficiency but also a greater
emphasis on sustainability and responsible innovation. As we venture further into
this uncharted territory, it is crucial to foster an environment of collaboration,
ethical consideration, and rigorous research, ensuring that nanotechnology's
integration into mechanical engineering benefits society as a whole.

In conclusion, nanotechnology in mechanical engineering is not just about
pushing the limits of science and technology; it's about reimagining the future of
how we design, build, and interact with the mechanical world. With continued
research, development, and thoughtful application, nanotechnology is set to
revolutionize mechanical engineering, opening up a new era of possibilities that
will shape the future of industry, technology, and society.
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GEOMETRIC DESIGN EFFECTS ON DRIVE AXLE HOUSING
FATIGUE: AFEM STUDY

Abstract: The study investigates the impact of geometric design parameters on the
fatigue and failure of the drive axle housing using the Finite Element Method (FEM). The work
examines the effects of various factors on the fatigue life of the drive axle housing, such as the
wall thickness of the housing, the rounding radius of the housing cross-section, and the
rounding radius of the central part of the housing. Based on known material properties and
dynamic loads, a CAD/FEM model of the drive axle housing was developed, and a structural
analysis was conducted. From the results of the structural analysis, critical locations on the
housing were identified, and fatigue analysis and life expectancy prediction were performed.
Through a series of simulations, the study reveals that increasing the wall thickness of the
housing can significantly improve fatigue resistance.

Anomauia: J[ocniodxiceHHs aumanizye 6niu8 2eoMempuyHux napamempie Ou3auHy Ha
8MOMY ma 8i0M08Y KOPNycy 6e0y4020 MOCMY, BUKOPUCIOBYIOYU MEMOO CKIHUEHHUX eleMeHmi8
(MCE). ¥V pobomi susueno éniug pisHux ¢haxmopis Ha 6momHe dHcumms KOPnycy 8e0yuo2o
MOCMY, MaKux K MOGWUHA CIMIHKU KOPNYCY MOCMY, paoiyc 3aKpy2elleHHs nepepizy Kopnycy ma
paoiyc 3axkpyelienHs YeHmpaibHoi yacmuuu Kopnycy. Buxooauu 3 gioomux mamepianbHux
gracmugocmell ma OUHAMIYHUX Hasanmaoicenwb, oyna pospoorena CAD/FEM modenv kopnycy
8edyuo2o mocmy, i Oyro npogedeHo cmpykmypuuii awnaniz. Ha ocnosi pezyrvmamis
CMPYKMYPHO20 AHANI3Y OYaU GUHAYEHT KPUMUYHI MICYsl HA KOPNYCI, i Oyau nposedeni anauiz
8MOMU MA NPOSHO3YBAHHA MEPMIHY CAyxcou. Yepes cepito cumynayiti 00CniodceH s NOKA3)eE,
Wo 30LMbUWEHHA MOSUWUHU CIMIHKU KOPNYCY MOXCE 3HAYHO NOKPAWUMUY 6MOMHY CMIUIKICMb.

In the course of a vehicle's operational lifespan, dynamic forces induced by
road irregularities generate dynamic stresses that culminate in fatigue failure of
the drive axle housing. This phenomenon is of significant concern due to the
critical role the drive axle housing plays in maintaining the structural integrity and
operational reliability of the vehicle. Dynamic stresses, if not adequately managed
or mitigated, can lead to the premature failure of the drive axle housing, thereby
compromising vehicle safety and performance. As such, it is imperative that the
drive axle housing is designed to resist fatigue failure over its expected service
life, ensuring that it can withstand the variabilities and unpredictabilities of real-
world driving conditions. This entails a comprehensive understanding of the
factors that contribute to fatigue failure, including the material properties of the
housing, the geometric design parameters, and the spectrum of loads to which the
housing is subjected. By elucidating the interplay between these factors, engineers
and designers can devise strategies to enhance the fatigue resistance of the drive
axle housing, thereby extending its lifespan and, by extension, that of the vehicle
itself.

The development of the CAD/FEM model for the drive axle housing was a
critical step in the study, leveraging the comprehensive capabilities of the CATIA
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V5 software package. The chosen material for the housing, S460N, is known for
its robust mechanical properties, which include a high Young's modulus of
elasticity, yield strength, and Poisson's ratio, among others. These properties were
crucial for accurately simulating the physical behavior of the housing under
various load conditions.

Following the establishment of the material parameters, the next phase
involved meticulous modeling of the drive axle housing. This process entailed
defining the geometric dimensions and shapes in line with real-world
specifications to ensure that the simulations would be as realistic as possible.
Critical to this phase was the accurate representation of the housing's complex
features, such as its wall thickness and curvature, which are vital factors in its
fatigue performance.

After the completion of the modeling phase, the study focused on
identifying the loads and boundary conditions that the drive axle housing would
realistically encounter during operation. This involved applying forces that
simulate the dynamic stresses imposed by road conditions, vehicle weight, and
other operational factors. The loads were carefully calculated based on legal
requirements and the specific axle configuration of the vehicle under study,
ensuring that the simulation scenarios were grounded in practical operational
conditions.

Furthermore, the establishment of boundary conditions was instrumental in
simulating the actual support and constraints that the housing experiences in a
vehicle. This includes the positioning and nature of supports at bearing locations,
which are critical for accurately predicting the stress distribution and deformation
of the housing under load. By meticulously setting these conditions, the study
aimed to create a highly accurate and predictive FEM model that could reliably
inform the fatigue analysis and lifespan prediction of the drive axle housing.

In essence, the development of the CAD/FEM model was a foundational
aspect of the research, setting the stage for in-depth analysis and insights into how
geometric design parameters influence the fatigue failure and lifespan of drive
axle housings. This approach not only allowed for the detailed examination of
stress distribution and critical points of failure but also facilitated the exploration
of design modifications that could enhance the durability and performance of
these critical vehicle components.

The fatigue analysis and lifespan prediction of the drive axle housing were
conducted using the SolidWorks software package, building upon the foundation
laid by the structural analysis. This phase of the study was pivotal in translating
the static stress distributions into meaningful insights regarding the component's
durability and resilience under cyclic loading conditions.

The fatigue limit assessment was meticulously performed by applying
established formulas that reflect the material's fatigue strength at and beyond
1,000,000 (1076) cycles. This critical step involved integrating the material's S—
N curve—a fundamental representation of its fatigue behavior over a range of
stress amplitudes and number of cycles. The S—N curve for the housing material,
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S460N, was derived using a pragmatic approach that utilized data from tensile
testing, ensuring an accurate and reliable basis for fatigue life prediction.

For the purpose of predicting the drive axle housing's service life within the
range of 100,000 (10”5) to 1,000,000 (1076) cycles, the study employed the S-N
curve of the housing material, evaluated through a practical methodology with
tensile test data. This approach allowed for the determination of the fatigue limit
of ideal laboratory specimens. To extrapolate these findings to the actual
mechanical component under real-world conditions, several correction factors
were applied to account for the influences of design, manufacturing, and
environmental factors on fatigue strength.

These correction factors included considerations for surface treatment,
material heterogeneities, and operational conditions, among others, to adjust the
idealized fatigue limit to one that reflects the more complex reality of in-service
behavior. This comprehensive analysis enabled the prediction of areas within the
drive axle housing that are prone to fatigue failure, highlighting the critical zones
where initial cracks may develop and propagate under cyclic loading.

By incorporating the effects of load spectra, including variable amplitude
and mean stress adjustments based on the Goodman mean stress correction, the
study offered a nuanced view of fatigue life expectancy. This was further refined
by setting the analysis to consider the specific load history and operational profile
of the drive axle housing, thus ensuring that the predictions were as representative
as possible of the actual service conditions.

The outcome of this fatigue life prediction phase was a detailed
understanding of how different geometric design parameters and material
properties interact to influence the fatigue resistance of the drive axle housing.
This knowledge not only facilitates the identification of potential improvements
to the design and material selection process but also supports the development of
predictive maintenance schedules and the optimization of component design for
enhanced durability and reliability in automotive applications.

The results of the fatigue analysis conducted on the initial design of the
drive axle housing highlighted key insights into the structural integrity and
expected service life under operational stress. The analysis revealed that the initial
crack occurrence was most likely at points of highest stress, with a calculated life
span of 61,936 cycles before the onset of cracking. This critical finding
underscored the susceptibility of the drive axle housing, particularly the hollow
square cross-section, to fatigue-induced failure, marking it as a focal point for
design evaluation and enhancement.

Given the identification of the hollow square cross-section as a structurally
vulnerable area, the study proceeded to implement design modifications aimed at
extending the service life of the drive axle housing. The approach was twofold:
firstly, to enhance the structural resilience against fatigue failure, and secondly,
to maintain or improve other performance characteristics without significantly
increasing weight or compromising the component's functional requirements.
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The strategic interventions included alterations to the geometric design
parameters, such as increasing the wall thickness and adjusting the rounding radii
at critical sections. These modifications were predicated on their potential to
distribute stress more evenly across the housing, thereby reducing the likelihood
of stress concentration and the resultant crack initiation and propagation. By
systematically varying these parameters and re-evaluating the fatigue life through
simulations, the study was able to delineate the effects of specific design changes
on the fatigue durability of the housing.

The results indicated a notable improvement in fatigue life with each
incremental design modification. For instance, increasing the wall thickness
directly contributed to a substantial decrease in maximum stress levels
experienced by the housing, directly correlating with an extended fatigue life.
Similarly, enhancements to the rounding radii demonstrated their efficacy in
mitigating stress concentrations, further contributing to the durability of the
component.

These results not only validated the effectiveness of the applied design
modifications but also provided quantitative data to support the development of
more fatigue-resistant drive axle housings. Through this meticulous analysis, the
study furnished a comprehensive understanding of how geometric adjustments
can significantly influence the fatigue performance of structural components.
Furthermore, it offered a methodological blueprint for employing finite element
analysis (FEM) in the predictive modeling and design optimization of automotive
components subjected to dynamic loading conditions.

In essence, the outcomes of this research represent a significant step
forward in the pursuit of longer-lasting, more reliable drive axle housings. By
leveraging advanced simulation technigues and a systematic approach to design
optimization, it is possible to achieve significant improvements in component
durability, thereby enhancing vehicle reliability and safety.

The structural analysis of the initial design of the drive axle housing
provided a critical lens through which the inherent vulnerabilities to fatigue failure
were examined and understood. This in-depth analysis identified the transition
area from the hollow square cross-section to the central portion of the housing,
where the final drive is situated, as particularly susceptible to fatigue damage.
This area's proneness to early crack initiation, underlined by the estimated fatigue
life of 61,936 cycles, presents a significant concern for overall component
durability and reliability.

Upon identifying this critical zone, the analysis proceeded to explore the
potential for extending the housing's service life through targeted geometric
modifications. The focus was on adjustments that could ameliorate the stress
concentrations identified in the initial design, thus mitigating the risk of fatigue
failure. These modifications were not arbitrary but informed by a nuanced
understanding of stress distribution within complex structures under load. By
augmenting the wall thickness and adjusting the rounding radii at the identified
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stress concentration zones, the study aimed to distribute the stresses more evenly
across the housing's structure.

These geometric changes are pivotal for several reasons. First, by
increasing the wall thickness, the study leveraged the principle that a greater
cross-sectional area can reduce stress for a given load, thereby diminishing the
likelihood of crack initiation and propagation. Second, the adjustment of rounding
radii, particularly at areas of stress concentration, is grounded in the understanding
that sharp transitions in geometry can significantly amplify stress, thus smoothing
these transitions helps in reducing stress peaks.

Furthermore, this discussion elucidates the critical balance between
structural optimization and practical constraints, such as weight considerations
and manufacturing feasibility. The aim was to enhance the fatigue life of the
housing without unduly increasing its weight or complexity, which could have
adverse implications for vehicle performance and production costs.

This meticulous approach to design refinement, underscored by a rigorous
application of finite element analysis (FEM), represents a sophisticated strategy
for addressing the multifaceted challenge of fatigue in critical automotive
components. The discussion highlights the importance of a detailed understanding
of material behavior and stress response within the context of component
geometry and operational loading conditions. It also underscores the potential of
targeted design interventions to significantly improve component durability,
thereby contributing to the broader goals of vehicle reliability, safety, and
performance.

In essence, the insights gleaned from this analysis not only contribute to the
specific field of drive axle housing design but also exemplify a broader
methodology for enhancing the fatigue resistance of mechanical components. By
integrating detailed structural analysis with strategic design modifications, it is
possible to extend the service life of critical components, thus addressing one of
the key challenges in mechanical and automotive engineering.

Conclusions.

The comprehensive analysis of geometric design parameters for the fatigue
failure of the drive axle housing culminated in several critical conclusions that not
only inform future design strategies but also underscore the intricate relationship
between geometric modifications and their impact on component durability:

. The study vividly demonstrated that augmenting the thickness of the
drive axle housing wall significantly mitigates the stress levels experienced across
the housing, particularly in areas subjected to maximal loading. This reduction in
stress directly correlates to an extended service life and enhanced fatigue strength
of the housing. However, it's important to acknowledge the trade-off presented by
the increased weight of the housing. This finding emphasizes the need for a
balanced approach in design optimizations, where the benefits of enhanced
durability must be weighed against the implications of added weight on overall
vehicle performance and efficiency.
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. By increasing the rounding radius at the housing's cross-section, the
study revealed a marked decrease in stress concentration. This geometric
modification effectively disperses stress more evenly throughout the structure,
thereby diminishing the likelihood of crack initiation and propagation—a critical
factor in fatigue failure. Remarkably, this improvement in the housing's fatigue
life is achieved without a corresponding increase in weight, showcasing the
potential for design efficiency that enhances component longevity without
compromising on weight considerations.

. Similarly, the enlargement of the rounding radius in the central
portion of the housing plays a pivotal role in reducing stress concentration. This
alteration facilitates a more uniform stress distribution within the housing,
contributing to an overall improvement in the structural integrity of the
component. The resultant increase in service life, achieved without an increase in
the component's weight, highlights the effectiveness of strategic geometric
modifications in bolstering the durability of drive axle housings.

These conclusions collectively highlight the significant impact of
geometric design adjustments on the fatigue life of drive axle housings. They
provide a clear indication that through careful and targeted design interventions,
it is possible to significantly enhance the fatigue resistance and overall durability
of critical automotive components. Moreover, these insights pave the way for the
development of design guidelines that can optimize component longevity while
maintaining, or even reducing, the overall weight of the component. This delicate
balance between durability, weight, and performance is crucial in the automotive
industry's ongoing efforts to enhance vehicle reliability, safety, and efficiency.
The study's findings offer valuable contributions to the field, suggesting that even
minor geometric adjustments can have profound effects on the lifespan and
reliability of structural components subjected to cyclic loading and fatigue stress.
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APPLICATION OF NEW TECHNOLOGIES FOR OBTAINING BIO-GAS
FROM MUNICIPAL WASTE

Abstract: Using stored biogas limits the amount of methane released into the
atmosphere and reduces dependence on fossil fuels. Based on a waste-to-wheels assessment,
compressed natural gas derived from biogas reduces greenhouse gas emissions by up to 91
percent relative to petroleum gasoline. In addition to climate benefits, anaerobic digestion can
lower costs associated with waste remediation as well as benefit local economies. Anaerobic
digestion also reduces odors, pathogens, and the risk of water pollution from livestock waste.

Anomauia: Buxopucmanns 36epedxcenoco 6io2azy obmedcye KilbKicmb Memauy, ujo
BUKUOAEMbC 8 amMMocepy, ma 3MEeHULYE 3aledCHiCmb 610 8uKonHozo naausa. Ha ocnogi
OYIHKU BI0 B8I0X00i8 00 KOJIIC, CMUCHEHUL NPUPOOHUL 2d3, OMPUMAHUL 3 0i02a3y, 3HUINCYE
suxuou naprukosux 2azis na 91 siocomoxk nopieusano 3 benzurnom. Kpim nepesae ons knimamy,
aHaepobHe OPOOIHHA MOJCe ZHUUMU GUMPAMU, NO8'SI3AHI 3 OYUWEHHAM 8I0X00I8, a4 MAKOI}C
NPUHOCUMU KOPUCTbL Micyesill eKOHOMIYi. Anaepodne OpOOiHHA MAKOIC 3MEHULYE 3anaxi,
namoeeHu ma pu3uK 3a0pyOHeHHs 600U 8i0 8I0X00I8 MBAPUHHUYMEA.

1. INTRODUCTION

Waste is understood as any material or item that is created during the performance
of production, service or other activities, items excluded from use, as well as waste
materials that are created during consumption and which, from the point of view
of the producer or consumer, are not for further use and must be discarded.
Municipal waste represents household waste (domestic waste), as well as other
waste that, due to its nature or composition, is similar to household waste. Given
that the majority of municipal waste is generated in households, its generation is
related to lifestyle. In Serbia, municipal waste is not managed, but it is deposited
in a total of 11 sanitary and a large number of unsanitary landfills or landfills, and
a significant part ends up absolutely uncontrolled in nature in wild landfills. In
addition to polluting the environment and harming the health of Serbian citizens,
this waste represents an unused resource from which the country could obtain new
values through responsible management: raw materials or produce electricity and
thermal energy. The municipal waste management system consists of sanitary
landfills, recycling centers, waste treatment plants, but also efficient public utility
companies that operate according to models based on economic logic. The system
also consists of experts, professionals, sector workers, but also those who create
waste - citizens and the economy. In order for the aforementioned elements to
function as a well-ordered system, it is necessary to have financial, regulatory and
inspection mechanisms, which should ensure that all costs in the waste
management chain are covered by those who pollute - businesses and citizens, as
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well as the consistent application of the law . The primary system consists of
dedicated containers for separate collection of waste in order to separate fractions
of sufficient quality for further use at the point of origin. As it is not possible in
practice to achieve 100 percent purity of separately collected waste, secondary
separation ensures further separation into waste that can be recycled or used to
obtain electrical and/or thermal energy. The first is economic sustainability, which
Is ensured through the adequate price of utility services, as well as the application
of the principle of extended producer responsibility. Another factor is the
appropriate infrastructure and equipment, namely sanitary landfills, recycling
centers, waste treatment plants, and trucks. The third is the application of
regulations, i.e. penalties for negligent waste disposal and the fact that 100% of
municipal waste can be disposed of at the landfill without any restrictions or
mechanisms that would make the disposal less financially favorable for generators
(economy and population). The fourth factor is professional staff, and the last fifth
is the political will to integrate all the previous ones. When it comes to
infrastructure, Serbia has only 11 sanitary landfills where only 560,000 tons of
waste are disposed of annually, and as many as 138 unsanitary or municipal
landfills, with only sanitary landfills being considered part of the regulated
system. Also, about 13 percent of the territory of Serbia, mostly rural areas, is not
covered by the municipal waste collection service, so it ends up in illegal landfills,
of which there are about 3,500.

2. MUNICIPAL WASTE AND BIO-GAS

The separation of waste reminds us of the hierarchy of waste management,
without which there is no good waste management system: prevention of its
occurrence, reuse, after that separation, recycling, energy recovery, and finally
disposal. But in Serbia, depositing is not the last, it is the first. When we add here
the bad application of laws and by-laws, bad control mechanisms, delays in key
strategic documents, inertness and lack of interest in dealing with substance
instead of form, we get the familiar picture of a huge number of wild dumps, waste
in rivers, lakes and protected areas, polluted land , water and air. Considering that
municipal waste management is inefficient in Serbia, among other things because
it is not economically viable, solving the financing is a priority. An unavoidable
step in the calculation of the future market price is precise data on the
morphological composition of municipal waste, because this way it can be seen
which of the waste can be reused, recycled or used for energy. The following
information best describes the possibilities of energy utilization of waste: of the

2.9 million tons of municipal waste generated annually, 470,000 tons cannot be
used in any other way than to obtain energy (around 50 percent of that waste is
plastic). However, a significant amount of what is in theory recyclable is
extremely difficult or expensive to separate for recycling, so incineration is the
only solution for such waste. Instead of a new product, waste becomes a raw
material for obtaining electricity and/or hot water for heating. Bearing in mind the
current energy crisis and the state of the environment, it could even be said that it
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IS irresponsible to waste precious energy by dumping it in landfills where it
pollutes nature and endangers human health. Biogas is a type of gaseous biofuel
obtained by anaerobic decomposition or fermentation of organic matter, including
manure, sewage sludge, municipal waste or any other biodegradable waste. It
consists mainly of methane and carbon dioxide and could be an important source
of energy in the future. In terms of energy, methane and hydrogen are the most
important from the entire biogas mixture, while the problematic ones are
hydrogen sulfide and ammonia, which must be removed before using biogas so
that they do not aggressively affect the equipment. Biogas is produced in a
biological process in which a mixture of gases, the so-called biogas, is formed
from the organic mass without the presence of oxygen (that is, anaerobically).
This very widespread process in nature takes place, for example, in swamps, at
the bottom of seas and oceans, in pits for liquid manure as well as in the rumen of
ruminants. At the same time, the organic mass is almost completely converted into
biogas by means of a series of microorganisms. Additionally, a certain amount of
energy (heat) and new biomass is generated. The gas mixture formed consists
mainly of methane (50-75 vol%) and carbon dioxide (25-50 vol%). In addition,
biogas contains small amounts of hydrogen, hydrogen sulfide, ammonia and other
trace gases. The composition is mainly influenced by the substrates used, the
fermentation process and various technical solutions. At the same time, it is
Important that the individual stages of decomposition are optimally coordinated
with each other so that the entire process takes place without interruption. In the
first phase, the so-called "hydrolysis", the complex compounds of the input raw
material (eg carbohydrates, proteins, fats) are broken down into simpler organic
compounds (eg amino acids, sugar, fatty acids). For this purpose, the hydrolytic
bacteria involved in this process release enzymes that break down the organic
matter biochemically. The resulting intermediate products are then further
decomposed into lower fatty acids (acetic, propionic and butyric acid) as well as
carbon dioxide and hydrogen in the so-called "acidic phase" (acidogenesis) by
fermentative (acidogenic) bacteria. However, small amounts of lactic acid and
alcohol are also formed. The type of products formed in this phase is influenced
by the concentration of intermediately formed hydrogen. These products are then
produced as part of acetogenesis, i.e. "acetic phase", with the help of acetogenic
bacteria, they convert into precursor substances of biogas (acetic acid, hydrogen
and carbon dioxide). In this context, the partial pressure of hydrogen is of great
Importance. Too high a hydrogen content for energy reasons prevents the
conversion of intermediate products of acetogenesis. As a result, there is an
accumulation of organic acids, e.g. propionic, isobutyric, isovaleric and caproic
acids, and inhibition of methane formation. For this reason, acetogenic bacteria
(which form hydrogen) must form a close living community with methanogenic
archaea, which during the formation of methane together with carbon dioxide
consume hydrogen (interspecies transfer of hydrogen) and thus provide
acceptable environmental conditions for acetogenic bacteria. In the next
"methanogenesis”, the last phase of biogas production, primarily acetic acid as
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well as hydrogen and carbon dioxide are converted into methane by means of
strictly anaerobic methanogenic archaea. Hydrogenotrophic methanogens
produce methane from hydrogen and carbon dioxide, while acetoclastic
methanogens form methane by splitting acids. Under the prevailing conditions in
agricultural biogas plants, the formation of methane in the case of higher loads
with organic matter mainly takes place in the reaction with hydrogen, and only in
the case of relatively small loads with organic matter by decomposition of acetic
acid. The knowledge gained from the sewage sludge fermentation process that
70% of the methane comes from the decomposition of acetic acid and only 30%
from the conversion of hydrogen, is not valid for high-capacity fermenters with
very short retention times typical of agricultural biogas plants. The dominant
reaction path here is hydrogen conversion with syntrophic oxidation of acetate. In
principle, the four stages of anaerobic decomposition in a one-step process take
place simultaneously. However, the bacteria of the individual decomposition
stages have different requirements regarding their living environment (e.g. pH
value, temperature), therefore a compromise must be found here in terms of
process technique. Since methanogenic microorganisms, due to their slow growth
rate, represent the weakest link of the biocenosis and react most sensitively to
disturbances, the environmental conditions must be adapted to the requirements
of methanogens. The attempt to spatially separate the hydrolysis and acid phase
from the methanogenic phase (conducting a two-stage process) with two separate
process steps, in practice, however, succeeds only conditionally, since despite the
low pH value in the hydrolysis phase (pH < 6.5), methane formation still occurs
in part . Therefore, the gas formed in the hydrolysis phase contains methane in
addition to carbon dioxide and hydrogen, which is why this gas must be used or
treated to avoid negative impacts on the environment and safety risks.

3. NEW TECHNOLOGIES IN BIO-GAS PRODUCTION

The term substrate is a widespread name for the raw materials from which biogas
Is produced. If several substrates are combined, then the raw material used in a
smaller part is called co-substrate. When considering the possibility of biogas
production, the quantities and prices of potential substrates are considered first. It
Is important to analyze their characteristics, which determine the potential for
biogas production, and thus the size of the biogas plant. The potential yield of
biogas is expressed per ton of fresh, dry or organic dry mass of the considered
substrate. When talking about the yield of biogas from a substrate, it is said that it
Is potential, since the amount of produced biogas that is realized in practice
depends on the operating conditions and the stability of the process. Agricultural
biogas plants are suitable for the use of by-products of agricultural production
(manure, remains of plant production), or energy plants for the purpose of
decentralized energy production. Biogas plants are particularly suitable for the
disposal of industrial waste (slaughterhouse, turnip noodles, etc.), as well as for
the purification of municipal and waste water from the food industry. Such biogas
plants can only in rare cases achieve favorable energy and financial effects, and
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their main task is waste disposal. Manure, solid or liquid, is, from the point of
view of costs, a very favorable substrate. Most often it is used from its own farm
and it is free. Exceptionally, when it is brought from another farm, the transport
costs should be taken into account. In the event that it is not used as a substrate
for biogas production, the manure must "ripen” before being brought to the fields,
which stabilizes the active organic matter, destroys pathogenic organisms and
transforms harmful substances into those that are not. Manure ripening is a
process that requires time, and on modern farms, equipment, labor and
accommodation. Since biogas production takes place in a process similar to that
in which manure ripens, the rest of the fermentation can be distributed over
agricultural land. From the point of view of environmental protection, manure
fermentation has significant positive effects, because in this way the emission of
methane into the atmosphere is prevented, and the spread of unpleasant odors is
also reduced.

There is a difference between liquid and solid manure. The liquid consists of
animal excrement and is transported by pumps and pipelines. The content of dry
matter is up to 10%. If a mat is used, solid manure is obtained, which has a dry
matter content of up to 40%. The water content in manure is high (68 to 93%),
which is advantageous when manure is combined with other co-substrates with
higher proportions of dry mass, such as, for example, corn silage. Nutrients,
except part of nitrogen, after fermentation are found in the rest of the process, and
can be used for spreading to plots. This means that they are, for the most part,
preserved and available for application in agricultural production, as is the case
for the use of manure. The disadvantage of using manure as a substrate is its low
energy potential, due to its high water content. Compared to corn silage, manure
can have a ten times lower yield of biogas per unit weight, which means that for
the same size biogas plant, a ten times greater amount of manure is needed than
corn silage. One conditional head of cattle, weighing 500 kg, provides only 0.11
to 0.15 kWe of installed capacity. Therefore, for a plant with a nominal electrical
power of 150 kW, at least 1,000 conditional heads would be needed. The number
of large farms that have such a large number of heads in Serbia, as in other
countries, is small. In addition, the economic analysis shows that it is more
profitable to build and use larger plants, with a nominal electrical power of 500 to
1,000 kW. This is the reason that modern biogas plants use a mixture of manure
and other co-substrates. Often, energy plants are not only used as a co-substrate,
but also as the main raw material for biogas production. One ton of corn silage,
which has the greatest potential for biogas production, yields 350 to 400 kWhe.
The above data refer to cogeneration plants with a SUS engine. One hectare of
corn silage, for yields of 40 to 60 t/ha, provides the raw material with electrical
power of 2 to 3 kW. Therefore, for a plant with a nominal power of 500 kWe, 170
to 250 ha would be needed for the production of corn silage. The necessary areas
for the production of biogas substrate can be reduced by realizing two harvests.
For example, after harvesting triticale silage, corn or sunflower is sown, and other
plant species are also ensiled. At most biogas plants in countries with favorable
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levels of feed-in tariffs, the share of biogas produced from silage is 30 to 100%.
Unlike manure, silage has a price, it is paid for, which significantly affects
economic indicators. Every potential investor should consider it and evaluate the
possibilities of silage production and its price. The price of silage depends on the
price of agricultural products, for example, corn kernels. The real price is arrived
at by comparing the yield and price of grain and production costs. Organic waste
from the food industry is generated, for example, in the production of sugar,
alcohol, oil, beer, fruit and vegetable processing, etc. In the event that both solid
organic waste and wastewater are generated at the same location, they are
disposed of in the same biogas plant. The goal of building biogas plants on food
industrial facilities is most often the production of energy from by-products,
electricity and/or heat. This saves energy needed to maintain the production
process. The next, and often the priority goal of building a biogas plant is the
disposal of organic waste - by-products. Biogas plants that use such substrates are
classified as industrial biogas plants. In order to use the by-product from the food
industry as a substrate for biogas production, several prerequisites must be met.
First of all, it is necessary that there is no other more favorable way of using it,
that is, that it represents organic waste that needs to be disposed of and for which
costs are foreseen. For example, in the production of sugar, turnip noodles are
produced as a by-product, which is a very favorable substrate for the production
of biogas, but it can also be advantageously used in the food industry or for
feeding livestock. There is information that the market price of dried beet noodles
Is in the range of 100 - 150 €/t, and its use for biogas production is not worthwhile.
From the technical aspect, it is necessary to have enough organic waste for the
construction of a biogas plant of sufficient capacity, to produce enough energy for
process needs, and thus realize the economically profitable operation of the biogas
plant. In the production of sugar, a favorable substrate for the production of biogas
is represented by beets and other parts of sugar beets and admixtures. The
slaughterhouse industry is classified as a food industry. However, the waste of the
slaughterhouse industry is considered separately due to the specific requirements
for its disposal. Organic waste generated in the slaughterhouse industry is dead
animals and animal parts that remain after slaughter. According to the EU
Regulation, slaughterhouse waste is classified into three categories, and the
requirements for disposal are defined accordingly. In Serbia, the Regulation on
the disposal of slaughterhouse waste is in force, which is a translated version of
the European Regulation. Biogas technology is only one way of disposing of
slaughterhouse waste, and organic waste categories Kll and KIIl are used as
substrates for biogas production. The most common way of disposal of
slaughterhouse waste is in processing plants where meat and bone meal and
technical fat are produced. In the public, such plants are mistakenly called
rendering plants, and the lack of management in them is a high need for energy,
electrical and thermal. In the event that the slaughterhouse does not own such a
facility, it pays compensation for its service management, which roughly amounts
to 170 €/t for KI, about 140 €/t for Kll, and about 95 €/t for blood. Possible
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methods of disposal of slaughterhouse waste are incineration and composting. In
the case of the construction of a biogas plant for the disposal of organic waste
from the slaughterhouse industry, the costs of removal would be significantly
reduced, or if the combustion of biogas would achieve a significant saving in the
energy required for the operation of the slaughterhouse. However, for the
calculation of economic profitability, it is necessary to take into account the
necessary investment for the construction of a biogas plant. In relation to live
weight, about 12-14% of slaughterhouse waste is obtained for pigs, of which 3%
Is blood waste. The mass of organic waste after poultry processing is 32-36% in
relation to live weight, depending on whether the feathers are wet or dry. Dry
feathers account for about 6-7%, and wet feathers account for about 16% of live
weight. The content of dry matter in slaughterhouse waste depends, first of all, on
mixing with water during the process itself in the slaughterhouse, but also on
storage and transport. The characteristic of the biogas plant that uses organic
waste from the slaughterhouse industry is that it has equipment for shredding and
mass homogenization. Before anaerobic decomposition in the fermenter, it is
necessary to process the substrates from the slaughterhouse industry, in special
tanks, for a certain period of time at elevated pressures and temperatures, and the
conditions are defined depending on their condition and assigned classification.
Most of the biogas energy, electrical and thermal, is needed to enable the efficient
operation of the biogas plant itself and the slaughterhouse. Wastewater from the
food industry is waste from the production process that must be disposed of.
Communal waste water can only contain sewage water from households, but also
industrial waste water, if it flows into the sewage network, and atmospheric water
(rainwater) if there is no special network for their removal. Communal and waste
water from the food industry is often discharged into watercourses and lakes and
has a negative impact on the environment. Larger settlements treat waste water
with physical, biological and chemical procedures before discharge into the
recipient.

4. MUNICIPAL WASTE AND BIO-GAS IN ENVIRONMENTAL PROTECTION

The disadvantage of most of these procedures is the inadequate disposal of the
sludge remaining after sedimentation, which contains polluting organic
substances. Anaerobic treatment is a suitable way to organically stabilize the
sludge, created by the processing of waste water, and to carry out its hygiene.
After that, it is possible to dispose of it safely in landfills or even, if the analysis
shows that there are no undesirable substances, it can be distributed on agricultural
land. Municipal and food industry waste water in most cases contain a low
proportion of dry matter, sometimes less than 1%. This is mostly influenced by
the origin of waste water, i.e. whether it contains atmospheric water and the
conditions during the production process. Separated sludge can have a slightly
higher proportion of dry matter, about 5%. A high proportion of water affects the
size of all parts of the biogas plant that are used for transportation, storage and
processing of waste water. This is why such biogas plants require a significantly
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higher investment compared to agricultural biogas plants of the same capacity.
Biogas plants that use wastewater as a substrate for biogas production are in most
cases part of a wastewater treatment system. The energy needs of such biogas
plants are high, and by producing electricity from biogas obtained by treating
waste water, it is generally possible to cover only a part of one's own needs. Due
to the inhomogeneous composition of waste water, which reaches the biogas plant
over time, the production and quality of biogas are not uniform. Municipal solid
organic waste means biodegradable waste from populated areas, and includes
waste from households, restaurants and canteens, fruit and vegetable residues
from green markets, as well as residues from care of green areas and any other
solid organic waste. Biodegradable waste also includes woody materials, as well
as paper and cardboard, but due to the high content of cellulose, these materials
are difficult and slow to decompose anaerobically, so they are not a suitable raw
material for biogas production. In order for this type of organic waste to be used
as a substrate for biogas production, it is necessary, first of all, to have a primary
waste separation. Municipal solid organic waste is characterized by
inhomogeneity of composition and non-uniformity in the amounts that reach the
place of disposal. The content of dry matter is significantly higher than that of
manure, and it is comparable to energy plants. A biogas plant that uses this type
of organic waste should have equipment for separating large impurities and
metals, as well as a device for shredding the substrate. The yield of biogas that
can be achieved from this type of substrate is about 100 Stm3/t, and it depends on
the type of biogas plant where it is disposed of and the operating conditions. Most
often, batch fermenters are used, but also continuous ones, similar to those in
agricultural biogas plants. The goal of building biogas plants that use such
substrates is the disposal of municipal solid waste, but also the generation of heat
and electricity from biogas, the use of which can generate income. The
construction of such facilities requires large investments, and operating costs are
high. Therefore, their economically profitable operation is possible with the
payment of the waste disposal service, the appropriate feed-in tariff, and even with
investment subsidies. Primary separation of communal organic waste is not
carried out in Serbia, so its use as a substrate for biogas production is only possible
in the future, after the introduction of a different waste management system.
Currently, in Serbia, it is possible to use landfill gas for the production of
electricity and/or thermal energy, and only at landfills where the conditions exist.

5. CONCLUSION

Biogas is produced after organic materials (plant and animal products) are broken
down by bacteria in an oxygen-free environment, a process called anaerobic
digestion. Biogas systems use anaerobic digestion to recycle these organic
materials, turning them into biogas, which contains both energy (gas), and
valuable soil products (liquids and solids). Organic wastes also generate large
amounts of methane as they decompose. Methane is a powerful greenhouse gas
that traps heat in the atmosphere more efficiently than carbon dioxide. Given
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equal amounts of methane and carbon dioxide, methane will absorb 86 times more
heat in 20 years than carbon dioxide. To reduce greenhouse gas emissions and the
risk of pollution to waterways, organic waste can be removed and used to produce
biogas, a renewable source of energy. When displacing fossil fuels, biogas creates
further emission reductions, sometimes resulting in carbon negative
systems. Some organic wastes are more difficult to break down in a digester than
others. Food waste, fats, oils, and greases are the easiest organic wastes to break
down, while livestock waste tends to be the most difficult. Mixing multiple wastes
in the same digester, referred to as co-digestion, can help increase biogas yields.
After biogas is captured, it can produce heat and electricity for use in engines,
microturbines, and fuel cells. Biogas can also be upgraded into biomethane, also
called renewable natural gas or RNG, and injected into natural gas pipelines or
used as a vehicle fuel.
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NANO-TECHNOLOGY IN MODERN MECHANICAL ENGINEERING

Abstract: Nanotechnology is reshaping the landscape of mechanical engineering,
offering unprecedented opportunities for innovation and advancement. By harnessing the
unique properties of nanomaterials and exploring novel manufacturing techniques, engineers
are pushing the boundaries of what is possible. As the field continues to evolve, embracing the
principles of nanotechnology will be essential for mechanical engineers to stay at the forefront
of technological progress, shaping a future where nanoscale wonders transform mechanical
systems and devices.

Anomauin: Hanomexnonoeii nepegopmamosyroms nanowapm mauuro6y0yeanHs,
NPONOHYIOUU be3npeyedenmHi ModCIUeocmi OJisl inHoeayi ma npoepecy. Buxopucmosgyouu
VHIKAbHI 81ACMUBOCMI HAHOMamepianie ma OO0CAIONCYIOUU HOBIMHI GUPOOHUYI MexXHIKU,
iHOiCEeHepU  PO3UUPIOIOMb MedCi MOod#CIU6020. OCKINbKU 2any3b NPOO0SHCYE PO3BUBAMUCA,
NPUUHAMMS NPUHYUNIE HAHOMEXHON02il Oyoe cymmesum Ona MAWUHOOYOI8HUX [HIICEHeDIS,
wob 3anuwamucs Ha nepeoositi MexXHON02IUH020 npocpecy, Gopmyouu Maubymue, oe
HanoMacuimaoui ousa mpanc@opmyroms MexaHiuui cucmemu ma npucmpo.

1. INTRODUCTION

Nanotechnology, the science of manipulating matter at the atomic and
molecular scale, has revolutionized various fields, and mechanical engineering is
no exception. With its potential to create innovative materials, enhance
manufacturing processes, and develop cutting-edge devices, nanotechnology has
opened up new horizons in the realm of mechanical engineering. Nanotechnology
operates at the nanoscale, dealing with structures sized between 1 to 100
nanometers. At this level, the properties of materials can significantly differ from
their macroscopic counterparts, leading to unique mechanical, electrical, and
thermal characteristics. Understanding the basics of nanotechnology is essential
for engineers to harness its potential effectively. While nanotechnology offers
remarkable opportunities, it also presents challenges related to safety, ethical
concerns, and environmental impact. Addressing these issues is crucial to
ensuring the responsible development and deployment of nanotechnology in
mechanical engineering. The emerging discipline of nano-engineering is
uncovering countless possibilities for advancements in manufacturing, robotics,
health care, energy and other industries by revolutionizing materials, structures
and systems at the smallest scale. Applying individual nano-elements to large-
scale systems is one of the field’s biggest challenges. Doing so often requires a
multidisciplinary approach to systems engineering and problem-solving — a
skillset with which mechanical engineers are well-equipped. Exposure to
nanoparticles present in air pollution — from traffic emissions, forest fires and
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manufacturing processes — can result in health problems including
cardiopulmonary diseases and cancer. The toxic potential of these particles
depends on their size, structure and chemical composition. Nanotechnology is
science, engineering and technology conducted at the nanoscale, which is about 1
to 100 nm where nano denotes the scale range of 10-9 and nanotechnology refers
the properties of atoms and molecules measuring thoroughly 0.1 to 1000 nm.
Nanotechnology is highly interdisciplinary as a field, and it requires knowledge
drawn from a variety of scientific and engineering areas. Nanotechnology has
become an all-embracing term, which means different things to different people.
Nanotechnology is interface technologies that are include many different science
and applications area. Nanotechnology falls into this category and offers
fundamentally new capabilities to architect a board array of the novel materials,
composites and structure on a molecular scale. Here discusses on some of the
applications for nanotechnology and shows a few cases of them. That is believed
to have the highest probability of success in competitive industry. The
nanotechnology that are economically promising for the future include those that
have applications in information technology, electronics, building materials,
household appliances, textiles, cosmetics, food, environmental technologies,
energy technologies and medicine etc., Nanotechnology has slowly yet deeply
taken over different industries worldwide. This rapid pace of technological
revolution can especially be seen in the developed world, where nano-scale
markets have taken over rapidly in the past decade. Nanotechnology is not a new
concept since it has now become a general-purpose technology. Four generations
of nanomaterials have emerged on the surface and are used in interdisciplinary
scientific fields; these are active and passive nanoassemblies, general
nanosystems, and small-scale molecular nanosystems.

2. NANOMATERIALS IN MECHANICAL ENGINEERING

This rapid development of nanoscience is proof that, soon, nano-scale
manufacturing will be incorporated into almost every domain of science and
technology. This review article will cover the recent advanced applications of
nanotechnology in different industries, mainly agriculture, food, cosmetics,
medicine, healthcare, automotive, oil and gas industries, chemical, and
mechanical industries. Moreover, a brief glimpse of the drawbacks of
nanotechnology will be highlighted for each industry to help the scientific
community become aware of the ills and benefits of nanotechnology side by side.
Nanotechnology is a process that combines the basic attributes of biological,
physical, and chemical sciences. These processes occur at the minute scale of
nanometers. Physically, the size is reduced; chemically, new bonds and chemical
properties are governed; and biological actions are produced at the nano scale,
such as drug bonding and delivery at particular sites. Nanotechnology provides a
link between classical and quantum mechanics in a gray area called a mesoscopic
system. This mesoscopic system is being used to manufacture nanoassemblies of
nature such as agricultural products, nanomedicine, and nanotools for treatment
and diagnostic purposes in the medical industry. Diseases that were previously
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untreatable are now being curtailed via nano-based medications and diagnostic
kits. This technology has greatly affected bulk industrial manufacturing and
production as well. Instead of manufacturing materials by cutting down on
massive amounts of material, nanotechnology uses the reverse engineering
principle, which operates in nature. It allows the manufacturing of products at the
nano scale, such as atoms, and then develops products to work at a deeper
scale.Worldwide, millions and billions of dollars and euros are being spent in
nanotechnology to utilize the great potential of this new science, especially in the
developed world in Europe, China, and America. However, developing nations
are still lagging behind as they are not even able to meet the industrial progression
of the previous decade. This lag is mainly because these countries are still fighting
economically, and they need some time to walk down the road of nanotechnology.
However, it is pertinent to say that both the developed and developing world’s
scientific communities agree that nanotechnology will be the next step in
technological generation. This will make further industrial upgrading and
investment in the field of nanotechnology indispensable in the coming years. With
advances in science and technology, the scientific community adopts technologies
and products that are relatively cheap, safe, and cleaner than previous
technologies. Moreover, they are concerned about the financial standing of
technologies, as natural resources in the world are shrinking excessively.
Nanotechnology thus provides a gateway to this problem. This technology is clear,
cleaner, and more affordable compared to previous mass bulking and heavy
machinery. Moreover, nanotechnology holds the potential to be implemented in
every aspect of life. This will mainly include nanomaterial sciences,
nanoelectronics, and nanomedicine, being inculcated in all dimensions of
chemistry and the physical and biological world. Thus, it is not wrong to predict
that nanotechnology will become a compulsory field of study for future
generations. This review inculcates the basic applications of nanotechnology in
vital industries worldwide and their implications for future industrial progress.

Carbon Nanotubes (CNTs) and Graphene: These materials exhibit
extraordinary strength and conductivity, making them ideal for reinforcing
composites, creating lightweight yet robust materials, and improving the
mechanical properties of components.

Nanocomposites: Incorporating nanoparticles into polymers enhances their
mechanical strength, wear resistance, and thermal stability, making them
invaluable for applications in aerospace, automotive, and structural engineering.

Nanofluids: Suspensions of nanoparticles in fluids, such as water or oil,
exhibit superior thermal conductivity, improving the efficiency of heat exchangers
and cooling systems in mechanical systems.

Nanotechnology has taken its origins from microengineering concepts in
physics and material sciences. Nanoscaling is not a new concept in the computer
industry, as technologists and technicians have been working for a long time to
design such modified forms of computer-based technologies that require
minimum space for the most efficient work. Resultantly, the usage of nanotubes
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instead of silicon chips is being increasingly experimented upon in computer
devices. A few years ago, it was an unimaginable to consider laptops, mobiles,
and other handy gadgets as thin as we have today, and it is impossible for even
the common man to think that with the passage of time, more advanced,
sophisticated, and lighter computer devices will be commonly used. The
traditional methods of product resizing, re-functioning, and enhanced
computational capabilities, due to their expensiveness and complicated
manufacturing traits, have slowly been replaced by nanotechnological
renovations. Both private and public spending are increasing in the field of
nanocomputing. The growth of marketing and industrialization in the
biotechnology and computer industries are running in parallel, and their expected
growth rates for the coming years are far higher. Researchers and technologists
believe that by linking the advanced field of nanotechnology and informatics and
computational industries, various problems in human society such as basic need
fulfillment can be easily accomplished in line with the establishment of
sustainable goals by the end of this decade. Most of these technologies have a set
basis in computing, nanotechnology, biotechnology, material science renovations,
and satellite technologies.

3. NANOTECHNOLOGY IN ICT

Nanotechnology offers useful alterations in the physiochemical,
mechanical, magnetic, electrical, and optical properties of computing materials
which enable innovative and newer products. Thus, nanotechnology is providing
a pathway for another broad-spectrum revolution in the field of automotive,
aerospace, renewable energy, information technology, bioinformatics, and
environmental management, all of which have root origins from
nanotechnological improvements in computers. Sensors involved in software and
data algorithms employ nanomaterials to induce greater sensitivity and
processabilities with minimal margin-to-machine errors. Nanomaterials provide
better characteristics and robustness to sensor technologies which mean they are
chemically inert, corrosion-resistant, and have greater tolerance profiles toward
temperature and alkalinity. Moreover, the use of semiconductor nanomaterials in
the field of quantum computing has increased overall processing speeds with
better accuracy and transmissibility. These technologies offer the creation of
different components and communication protocols at the nano level, which is
often called the internet of nano things. This area is still in a continuous
development and improvement phase with the potential for telecommunication,
industrial, and medical applications. This field has taken its origin from the
internet of things, which is a hyperphysical world of sensors, software, and other
related technologies which allow broad-scale communication via internet
operating devices. The applications of these technologies range from being on the
simple home scale to being on the complex industrial scale. The internet of things
is mainly capable of gathering and distributing large-scale data via internet-based
equipment and modern gadgets. In short, the internet of nano things is applicable
to software, hardware, and network connection which could be used for data
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manipulation, collection, and sharing across the globe. Another application of
nanotechnology in the computer and information industry comes in the form of
artificial intelligence, machine learning, and big data platforms which have set the
basis for the fourth industrial revolution. Vast amounts of raw data are collected
through interconnected robotic devices, sensors, and machines which have
properties of nanomaterials. After wide-scale data gathering, the next step is the
amalgamation of the internet of things and the internet of people to prepare a
greater analysis, understanding, and utilization of the gathered information for
human benefit. Such data complications can be easily understood through the use
of big data in the medical industry, in which epidemiological data provide benefits
for disease management. Yet another example is the applications in business,
where sales and retail-related data help to elucidate the target markets, sales
industry, and consumer behavioral inferences for greater market consumption
patterns. Similarly, an important dimension of nanotechnology and computer
combination comes in the form of drone and robotics technology. These
technologies have a rising number of applications in maintenance, inspections,
transportation, deliverability, and data inspection. Drones, robots, and the internet
of things are being perfectly amalgamated with the industrial sector to achieve
greater goals. Drones tend to be more mobile but rely more on human control as
compared to robots, which are less mobile but have larger potential for self-
operation. However, now, more mobile drones with better autonomous profiles
are being developed to help out in the domain of manufacturing industries. These
devices intensify and increase the pace of automation and precision in industries
along with providing the benefits of lower costs and fewer errors. The integrated
fields of robotics, the internet of things, and nanotechnology are often called the
internet of robotics and nano things. This field of nanorobotics is increasing the
flexibility and dexterity in manufacturing processes compared to traditional
robotics. Drones, on the contrary, help to manage tasks that are otherwise difficult
or dangerous to be managed by humans, such as working from a far distance or
in dangerous regions. Nanosensors help to equip drones with the qualities of
improved detection and sensation more precisely than previous sensor
technologies. Moreover, the over-potential of working hours, battery, and
maintenance have also been improved with the operationalization of nano-based
sensors in drone technology. These drones are inclusively used for various
purposes such as maintaining operations, employing safety profiling, security
surveys, and mapping areas. However, limitations such as high speed, legal and
ethical limitations, safety concerns, and greater automobility are some of the
drawbacks of aerial and robotic drone technologies. Three-dimensional printing
IS yet another important application of the nanocomputer industry, in which an
integrated modus operandi works to help in production management.
Nanotechnology-based 3D printing offers the benefits of an autonomous,
integrated, intelligent exchange network of information which enables wide-scale
production benefits. These technologies have enabled a lesser need for industrial
infrastructure, minimized post-processing operations, reduced waste material
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generation, and reduced need for human presence for overall industrial
management. Moreover, the benefits of 3D printing and similar technologies have
potentially increased flexibility in terms of customized items, minimal
environmental impacts, and sustainable practices with lower resource and energy
consumption. The use of nano-scale and processed resins, metallic raw material,
and thermoplastics along with other raw materials allow for customized properties
of 3D printing technology. The application of nanotechnology in computers
cannot be distinguished from other industrial applications, because everything in
modern industries is controlled by a systemic network in association with a
network of computers and similar technologies. Thus, the fields of electronics,
manufacturing, processing, and packaging, among several others, are interlinked
with nanocomputer science. Silicon tubes have had immense applications that
revolutionized the industrial revolution in the 20th century; now, the industrial
revolution is in yet another revolutionary phase based on nanostructures. Silicon
tubes have been slowly replaced with nanotubes, which are allowing a great deal
of improvement and efficiency in computing technology. Similarly, lab-on-a-chip
technology and memory chips are being formulated at nano scales to lessen the
storage space but increase the storage volume within a small, flexible, and easily
workable chip in computers for their subsequent applications in multiple other
industries. Hundreds of nanotechnology computer-related products have been
marketed in the last 20 years of the nanotechnological revolution. Modern
industries such as textiles, automotive, civil engineering, construction, solar
technologies, environmental applications, medicine, transportation agriculture,
and food processing, among others are largely reaping the benefits of nano-scale
computer chips and other devices. In simple terms, everything out there in
nanoindustrial applications has something to do with computer-based applications
in the nanoindustry. Thus, all the applications discussed in this review more or
less originate from nanocomputers. These applications are enabling considerable
improvement and positive reports within the industrial sector. Having said that, it
is hoped that computer scientists will remain engaged and will keep on
collaborating with scientists in other fields to further explore the opportunities
associated with nanocomputer sciences.

4. NANOTECHNOLOGY IN MODERN INDUSTRY

Scientific and engineering rigor is being carried out to the link fields of
nanotechnology with contributions to the bioprocessing industry. Researchers are
interested in how the basics of nanomaterials could be used for the high-quality
manufacturing of food and other biomaterials. Pathogenic identification, food
monitoring, biosensor devices, and smart packaging materials, especially those
that are reusable and biodegradable, and the nanoencapsulation of active food
compounds are only a few nanotechnological applications which have been the
prime focus of the research community in recent years. Eventually, societal
acceptability and dealing with social, cultural, and ethical concerns will allow the
successful delivery of nano-based bio-processed products into the common
markets for public usage. With the increasing population worldwide, food
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requirements are increasing in addition to the concerns regarding the production
of safe, healthy, and recurring food options. Sensors and diagnostic devices will
help improve the sensitivity in food quality monitoring. Moreover, the fake
industrial application of food products could be easily scanned out of a system
with the application of nanotechnology which could control brand protection
throughout bio-processing. The power usage in food production might also be
controlled after a total nanotechnological application in the food industry. The
decrease in power consumption would ultimately be positive for the environment.
This could directly bring in the interplay of environment, food, and
nanotechnology and would help to reduce environmental concerns in future. One
of the important implications of nanotechnology in bioprocessing industries can
be accustomed to fermentation processes; these technologies are under usage for
greater industrial demand and improved biomolecule production at a very low
cost, unlike traditional fermentation processes. The successful implementation
and integration of fermentation and nanotechnology have allowed the
development of biocompatible, safe, and nontoxic substances and nanostructures
with wide-scale application in the field of food, bioprocessing, and winemaking
industries. Another important application is in the food monitoring and food
supply chain management, present in various subsectors such as production,
storage, distribution, and toxicity management. Nanodevices and nanomaterials
are incorporated into chemical and biological sensor technologies to improve
overall analytical performance with regard to parameters such as response time,
sensitivity, selectivity, accuracy, and reliability. The conventional methods of food
monitoring are slowly being replaced with modern nano-based materials such as
nanowires, nanocomposites, nanotubes, nanorods, nanosheets, and other materials
that function to immobilize and label components. These methods are either
electrochemically or optically managed. For food monitoring, several assays are
proposed and implemented with their roots in nano-based technologies; they may
include molecular and diagnostic assays, immunological assays, and
electrochemical and optical assays such as surface-enhanced Raman scattering
and colorimetry technologies. Materials ranging from heavy materials to
microorganisms, pesticides, allergens, and antibiotics are easily monitored during
commercial processing and bioprocessing in industries. Additionally,
nanotechnology has presented marvelous transformations in bio-composting
materials. With the rising demand for biodegradable composites worldwide to
reduce the environmental impact and increase the efficiency of industrial output,
there is an increasing need for sustainable technologies. Nanocomposites are thus
being formulated with valuable mechanical properties better than conventional
polymers, thus establishing their applicability in industries. The improved
properties include optical, mechanical, catalytic, electrochemical, and electrical
ones. These biodegradable polymers are not only used in bioprocessing industries
to create food products with relevant benefits but are also being deployed in the
biomedical field, therapeutic industries, biotechnology base tissue engineering
field, packing, sensor industries, drug delivery technology, water remediation,

73



food industries, and cosmetics industries as well. These nanocomposites have
outstanding characteristics of biocompatibility, lower toxicities, antimicrobial
activity, thermal resistance, and overall improved biodegradation properties
which make them worthy of applications in products. However, it is still
Imperative to conduct wide-scale toxicity and safety profiling for these and other
nanomaterials to ensure the safety requirements, customer satisfaction, and public
benefit are met. Moreover, the advancement of nanotechnology has also been
conferred to the development of functional food items. The exposure and
integration of nanotechnology and the food industry have resulted in larger
quantities of sustainable, safer, and healthier food products for human
consumption, which is a growing need for the rising population worldwide.

The overall positive impact of nanotechnology in food processing,
manufacturing, packing, pathogenic detection, monitoring, and production
profiles necessitates the wide-scale application of this technology in the food
industry worldwide. Recent research has shown how the delivery of bioactive
compounds and essential ingredients is and can be improved by the application of
nanomaterials (nanoencapsulation) in food products. These technologies improve
the protection performance and sensitivity of bioactive ingredients while
preventing unnecessary interaction with other constituents of foods, thus
establishing clear-cut improved bioactivity and solubility profiles of nanofoods,
thereby improving human health benefits. However, it should be kept in mind that
the safety regards of these food should be carefully regulated with safety profiling,
as they directly interact with human bodies.

5. CONCLUSION

Nanotechnology as defined by size is naturally broad, including fields of
science as diverse as surface science, organic chemistry, molecular
biology, semiconductor physics, energy storage, engineering, microfabrication,
and molecular engineering. The associated research and applications are equally
diverse, ranging from extensions of conventional device physics to completely
new approaches based upon molecular self-assembly, from developing new
materials with dimensions on the nanoscale to direct control of matter on the
atomic scale. Scientists currently debate the future implications of
nanotechnology. Nanotechnology may be able to create many new materials and
devices with a vast range of applications, such
as nanomedicine, nanoelectronics, biomaterials energy production, and
consumer products. On the other hand, nanotechnology raises many of the sa me
issues as any new technology, including concerns about the toxicity and
environmental impact of nanomaterials, and their potential effects on global
economics, as well as speculation about various doomsday scenarios. These
concerns have led to a debate among advocacy groups and governments on
whether special regulation of nanotechnology is warranted. Nanotechnology is
the science and engineering of functional systems at the molecular scale. This
covers both current work and concepts that are more advanced. In its original
sense, nanotechnology refers to the projected ability to construct items from the
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bottom up, using techniques and tools being developed today to make complete,
high-performance products.
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MECHATRONICS AND ROBOTICS IN MECHANICAL
ENGINEERING: SYSTEM INTEGRATION

Abstract: The integration of mechatronics and robotics has emerged as a transformative
paradigm in the field of mechanical engineering, revolutionizing the design, implementation,
and operation of complex systems. This study delves into the seamless fusion of mechatronics
and robotics, exploring their interaction, applications, and implications. Through the
integration of mechanical, electronic, and software components, mechatronics and robotics
systems have demonstrated unprecedented capabilities, from precision manufacturing to
autonomous vehicles. This research examines the underlying principles, design methodologies,
and challenges associated with this integration, highlighting how it stimulates innovation,
improves efficiency, and paves the way for the next generation of intelligent mechanical
systems.

Anomauia: lnmeepayis mexampoHiku ma poo60omomexHiKu cmaia mpaHc@OopmayiuHum
napaousmom y 2any3i MauuHoOyo0yeanHs, peeoioyionizyeasuiu nPoeKmy8aHHs, peanizayiio ma
eKCnIyamayito CKiaoHux cucmem. /lane 00cniodxcenHs 3aHyproemMsbCs 8 be3ulo6He NOEOHAHHS
MexampoHiku ma poOOMOmexHiKu, O00CHIONHCYIOUU IXHIO B3AEMOOII0, 3ACMOCYBAHHA Ma
Hacnioku. Yepes inmeepayilo MexamiuHux, eieKmpOHHUX MA NPOSPAMHUX KOMNOHEHMIS,
cucmemu  MexXampouiku —ma — poOOmMOmexHiKu — npoOeMOHCmpyeanu  besnpeyeoeHmHui
MOdACIUBOCME, IO MOUHO20 BUPOOHUYMBA OO0 ABMOHOMHUX MPAHCNOPMHUX 3aC00i8.
Jocniosxcenns usuae 0CHOBHI NPUHYUNU, MEMOOOI02I NPOEKMYBAHHSA MA GUKIUKU, NOG'A3aHI
3 Yier inmeapayieio, NiOKpecoyl, ik 60HA CIMUMYIIOE THHO8AYIT, NOKpawyye epekmusHicmsy
ma npoKAAOae Wisx 00 HACMYNHO20 NOKOJIHHS IHMENeKMYATbHUX MEXAHIYHUX CUCTEM.

INTRODUCTION.

In the continuously evolving landscape of mechanical engineering, the
integration of mechatronics and robotics has emerged as a transformative and
multidisciplinary approach, promising to redefine the way we conceive, create,
and interact with mechanical systems. Mechatronics, the integration of
mechanical engineering, electronics, and computer science, and robotics, the field
of designing and deploying autonomous machines, have merged to create a
powerful synergy that transcends traditional boundaries. This integration not only
enhances the capabilities of mechanical systems but also opens the door to entirely
new realms of possibilities and applications.

METHODOLOGY.

The methodology employed in this study encompasses a comprehensive
and multifaceted approach to investigate the integration of mechatronics and
robotics within the realm of mechanical engineering. Including theoretical
exploration and practical insights, presenting a literature review, case study
analysis, and expert interviews. This multivector approach ensures a
comprehensive understanding of the topic, elucidating current trends, challenges,
and developmental prospects of mechatronics and robotics integration.
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THEORETICAL FOUNDATIONS.

1. Mechatronics: definition and principles mechatronics represents the
integration of mechanical engineering, electronics, computer science, and control
engineering to create intelligent systems with enhanced functionality and
performance. Mechatronics systems combine mechanical components with
sensors, actuators, and computational intelligence, allowing them to achieve set
goals through the collaborative work of various disciplines.

2. Robotics: evolution and key concepts robotics encompasses the
development and implementation of autonomous machines capable of perception,
analysis, and response to the external environment. From ancient automata to
modern intelligent machines, robotics has evolved significantly, enriched by
principles of kinematics and dynamics, perception and actuation systems,
programming, and autonomy.

3. Synergy of mechatronics and robotics the integration of
mechatronics and robotics opens new possibilities for creating systems capable of
precise task execution, adaptation, and learning. This union not only enhances
mechanical components with intelligence but also supports the development of
adaptive systems that can optimize their behavior over time, and expands the
horizons of application in medicine, manufacturing, automation, and many other
areas.

APPLICATIONS OF MECHATRONICS AND ROBOTICS
INTEGRATION.

1. Precision manufacturing and automation the integration of
mechatronics and robotics has radically changed manufacturing approaches,
increasing precision, adaptability, and efficiency of production lines. From
CAD/CAM systems to robotic assembly lines, this integration minimizes human
errors, optimizes processes, and significantly improves product quality.

2. Industrial robotics and automation in the field of industrial
production, mechatronics and robotics contribute to the creation of flexible
manufacturing systems capable of quickly adapting to changes in production
needs and the development of collaborative robots (cobots) that safely cooperate
with humans.

3. Medical robotics and healthcare in medicine, the integration of
mechatronics and robotics opens new horizons for surgery, rehabilitation,
diagnostics, and personalized medicine, providing greater precision in surgical
interventions, minimizing trauma, and reducing patient recovery times.
CONCLUSION.

The integration of mechatronics and robotics is a key element of modern
innovations, transforming various industries from manufacturing to healthcare.
This synergy opens unprecedented opportunities for creating more efficient,
precise, and intelligent systems, promoting technological development and
improving quality of life at all levels.
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RADIAL DISPLACEMENTS IN FGMS ROTATING DISCS - A FEM
STUDY

Abstract: The investigation focuses on the radial displacements in a rotating disc with
uniform thickness constructed from functionally graded materials (FGMs), leveraging the finite
element method (FEM) for calculation. This study introduces two pivotal concepts: the
multilayer disc concept and the equivalent material concept. These methodologies enable the
consideration of material properties' variation, typically simplified or overlooked due to
computational complexity. By integrating these concepts, the study aims to enhance the
precision and accessibility of modeling FGM structures, validated through numerical and
analytical calculations. The findings offer valuable insights for specialists and structure
designers, highlighting the potential for applying these methodologies in diverse engineering
applications.

Anomauia: J{ocniodcenHs 30cepedxcene HA padiaibHUX 3MIWEHHAX )Y POMAyiiHoM)
OUCKY 3 OOHOPIOHOI0 MOBWUHOIO, CMBOPEHOMY 3 (PYHKYIOHATbHO 2PAOIEHMHUX Mamepianie
(DI'M), euxopucmosyrouu memoo ckinuennux eremenmie (MCE) ona obuucnenns. YV yvomy
00CNIONCEHHI 8600AMbCS 08I KNIOUOBI KOHYenyii. KOHYyenyis 6azamoulapogoco OUcKy ma
KOHYenyis eksisanenmuoz2o mamepiany. L{i memooonoeii do3sonaome epaxosysamu eapiayii
gnacmugocmel mamepianie, AKI 3a36u4ai  CNpoOWYIOmMbCs  abo  iHOPYIOMbCA  uepes
004UCTI08ANIbHY CKIAOHICMb. [Hmezpytouu yi KOHYenyii, OO0CNIONCeHHs npazHe Nio8uUmMuU
MoyHicmb ma oocmynnicms mooenroeanus cmpykmyp @I'M, wo niomeepooiceno uucrosumu
ma amanimuyHuUMu po3paxyukamu. Buchoexu Haoarome yinui incatimu Ons gaxisyie ma
ouzatinepie CcmMpyKmyp, RIOKpecuooyu HNOMEeHYIal 3AdCMOCY8AHHL YUX MemoOOoa02it Y
PDIZHOMAHIMHUX [HHCEHEPHUX 3ACMOCY BAHHAX.

INTRODUCTION

The advent of Functionally Graded Materials (FGMs) has sparked
significant interest in their manufacturing and computational analysis due to their
unique properties. Unlike traditional composite materials, FGMs are
characterized by a spatial variation in composition, offering tailored property
gradients that can enhance the performance of engineered structures. This study
addresses the computational challenges associated with FGMs by proposing
accessible and efficient methods for analyzing structures made from these
materials, focusing on a rotating disc model [1,2].
THEORETICAL BACKGROUND

FGMs are distinguished by their graded material properties, such as
Young's modulus, density, and Poisson's ratio, which vary according to
predefined material laws. This study employs the power law for modeling the
material gradient, a common approach in FGM design. The complexity of
accurately representing these gradients necessitates the development of simplified
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yet effective computational models, leading to the introduction of the multilayer
disc and equivalent material concepts.
METHODOLOGY

The multilayer disc concept approximates the graded material by
segmenting the disc into layers with homogenized properties, while the equivalent
material concept models the disc as a homogeneous entity with averaged
properties. These approaches reduce computational complexity, enabling the use
of FEM for analysis. The study validates these methods through a comparative
analysis of numerical and analytical calculations, emphasizing the influence of
material law variations, especially Poisson's ratio, on the model's accuracy.
RESULTS AND DISCUSSION

The analysis revealed that both the multilayer disc and equivalent material
concepts provide accurate and practical solutions for modeling FGM structures.
The application of these concepts in FEM simulations demonstrated their
effectiveness in capturing the essential behavior of rotating discs made from
FGMs. Additionally, the study underscores the significance of considering
Poisson's ratio variation in achieving precise computational results.
CONCLUSIONS

This research contributes to the field of FGMs by offering robust
computational models that simplify the analysis of structures made from these
materials. The proposed methods, validated through comprehensive calculations,
present a significant advancement in the design and analysis of FGM structures,
ensuring high precision and operational convenience. Future work may explore
the application of these concepts to a wider range of FGM structures and loading
conditions.

The authors express their gratitude to the Military Technical Academy
"Ferdinand I" and the National University of Science and Technology Politehnica
Bucharest for their support in this research.
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SURFACE ROUGHNESS MONITORING AND PREDICTION IN
MILLING

Abstract: The development of a surface roughness prediction and monitoring system in
milling processes is a crucial advancement towards enhancing manufacturing quality and
efficiency. This article elucidates a comprehensive study conducted to create such a system,
focusing on its methodology, outcomes, and implications for the field of precision
manufacturing.

Anomauin: Pospobka cucmemu NpoSHO3Y8AHHA MA MOHIMOPUHZY WOPCMKOCHII
noeepxHi y npoyecax ppeszepy8ans € 8ANCIUBUM NPOSPECOM HA ULIAXY 00 NiOBUUEHHS AKOCMI
ma eghekmusrocmi upodonuymea. Lls cmamms suceimiioe gcebiune 00CiodNcen s, npogedeHe
OJis1 CMBOPEHHsL MAKOI CUCIEMU, 30CEPEOAHCYIOYUCH HA il MemOoO0a02ii, pe3yibmamax i 3Ha4eHHI
0J151 2aLy3i MOYHO20 MAWUHODYOVEBAHHSL.

INTRODUCTION

Surface quality, especially surface roughness, plays a pivotal role in
determining the performance of machined components. It influences not only the
aesthetic and functional aspects of a part but also its wear resistance and fatigue
strength. Traditional methods of surface roughness measurement are mostly
offline and can significantly disrupt the manufacturing workflow. Therefore,
there's a growing interest in developing online monitoring systems capable of
predicting surface roughness in real-time during the milling process. Such systems
can potentially offer immediate feedback to operators or automated systems,
enabling adjustments to machining parameters to ensure optimal surface quality.

METHODOLOGY

The study designed a predictive model based on extensive machining
experiments, employing the response surface methodology to relate surface
roughness to various independent variables like cutting parameters and machining
vibration. This model was developed through regression analysis and neural
network approaches to accurately predict surface roughness under different
machining conditions.

The experimental setup included a vertical milling machine equipped with
a tungsten carbide end cutter, machining AlI6061 aluminum alloy blocks. The
cutting parameters—axial cutting depth, spindle speed, and feed rate—were
varied across a wide range to encompass conditions from low-speed rough
machining to high-speed finish machining.
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FINDINGS AND DISCUSSION

The research highlighted the significant impact of machining parameters
and tool vibrations on surface roughness. It was observed that improper selection
of these parameters could lead to increased surface roughness, adversely affecting
the machined part's quality. The study successfully developed a predictive model
utilizing multivariable linear regression analysis and artificial neural network
modeling. This model could predict surface roughness with a high degree of
accuracy, around 90% in some cases, by considering both cutting parameters and
vibration data.

IMPLEMENTATION AND VALIDATION

The predictive model was integrated into a CNC milling machine through
the Virtual Machine Extension (VMX) intelligent software development
platform. This setup enabled real-time prediction of surface roughness and
monitoring of machining quality. The system could alert operators when the
predicted surface roughness exceeded acceptable thresholds or when abnormal
vibrations were detected, facilitating immediate corrective actions.

CONCLUSION

The developed system represents a significant stride towards intelligent
manufacturing, where quality control is integrated seamlessly into the machining
process. It not only enhances the efficiency and quality of production but also lays
the groundwork for further research into adaptive control systems for machining
processes. The successful implementation of such predictive and monitoring
systems can lead to significant improvements in manufacturing operations,
pushing the boundaries of what is currently achievable in terms of precision and
quality.

The research team acknowledges the support from the Intelligent
Machinery Technology Center, Industrial Technology Research Institute, Taiwan,
highlighting the collaborative effort behind this significant advancement in
machining technology.

The article builds upon previous studies in the field, citing works that have
explored the relationship between surface roughness and various machining
parameters. It also references methodologies for developing predictive models
using regression analysis and neural network approaches, showcasing the
interdisciplinary nature of the research.

This study, through its rigorous approach and innovative implementation,
serves as a valuable contribution to the fields of mechanical engineering and
manufacturing technology. It demonstrates the potential of integrating advanced
predictive models with CNC machinery to enhance manufacturing processes,
aligning with the broader goals of Industry 4.0 and smart manufacturing.
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ENHANCING ROTOR BEARING CASINGS: ASTUDY ON POLYMER
PARTICLE COMPOSITES FOR ACOUSTIC EMISSION REDUCTION

Abstract: This study explores the implementation of polymer particle composites within
rotor bearing casings to mitigate acoustic emissions and vibrations in high-speed production
machinery. Faced with the challenge of increased operation speeds leading to higher vibration
amplitudes and acoustic emissions, this research proposes a solution through the integration
of high-damping polymer composites. By filling the voids in rotor bearing casings with selected
polymer composites, the study aims to reduce acoustic emissions and improve machine
performance. The selection of the composite material was determined through an analysis of
four samples, with a focus on their damping characteristics measured via logarithmic
decrements. The findings reveal a significant reduction in acoustic emissions, contributing to
the advancement of material applications in mechanical engineering and offering a cost-
effective method for enhancing machinery reliability and performance.

Anomauia: Y ybomy 00CHiONHCEHHI OOCHIONHCYEMBCL BUKOPUCMAHHL KOMNO3UMIE HA
OCHOBI NONIMEPHUX YACMUHOK Y KOPNycax RNIOWUNHUKIE poOmopie Ons NOM SAKUEHHS
AKyCMUYHUX BUNPOMIHIOBAHbL [ GIOpayill y BUCOKOWBUOKICHUX BUPOOHUYUX MAUUUHAX.
3imkHyswucy i3 npooaemoro Nio8UUeHHs: poOOYUX WEUOKOCMEU, WO NPU3800ums 00 GUUUX
amnaimyo eiopayii ma aKyCmuyHux 6UNPOMIHIOBAHb, Ye OOCHIONCEHHS NPONOHYE DIileHHs
wsxom iHmezpayii NONIMEPHUX KOMNO3UMIB I3 SUCOKUM OeMN@ipy8aHuam. 3anosHioouu
NopodicHe4l 6 KOpnycax NiOWUNHUKIE pomopa 6UOPAHUMU NONIMEPHUMU KOMNOZUMAMU,
00CNIONHCEHHS MAE HA MeMi 3MEeHWUMU aKyCmMUYHy emicito ma noxpawumu npoo0yKmueHicmy
Mawunu. Bubip xomnoszumnoeo mamepiany USHAYANU WLIAXOM AHANIZY YOMUPLOX 3PA3KIE,
30CepeoHCyIouUCy, HA IXHIX XApAKmMepucmuxax OemMn@ysauHs, SUMIDAHUX 34 OONOMO2010
nozapu@miunux Oexpemenmis. Ompumani Oami ci0uamv Npo 3HAYHE 3HUINCEHHS pPi6HA
AKYCMUYHUX BUNPOMIHIOBAHb, CHPUSIOYU BOOCKOHANIEHHIO 3ACMOCYBAHHA Mamepianie y
Mawuno0y0y8aHHi ma nPonoHyrYlU eKOHOMIYHO e(heKMUHULL Memoo Ni08UUeHHs HAOIUHOCI
ma npooyKmMueHOCMi MAuiuH.

The advent of high-speed production machinery has underscored the
importance of addressing increased vibration amplitudes and acoustic emissions,
which compromise machine integrity and performance. Traditional solutions
often involve augmenting the mass and stiffness of the mechanical system, yet
these approaches can be impractical due to design and weight constraints. This
research pivots towards utilizing high-damping polymer particle composites,
aimed at not only enhancing the mechanical system's damping properties but also
providing a novel approach to vibration and noise reduction in rotor bearing
casings.

Initially, the study embarked on analyzing four polymer composite
samples, each with distinct compositions, to identify the most effective material
in terms of damping capability. The selection process was grounded on measuring
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the logarithmic decrements of the composites, employing two experimental
methodologies to ensure accuracy and reliability. The chosen composite exhibited
superior damping characteristics, making it an ideal candidate for application in
the rotor bearing casing.

The integration of the selected polymer composite into the rotor bearing
casing was meticulously designed to fill the spaces between the casing and the
housing body. This strategic placement was critical in achieving the desired
damping effect while minimizing modifications to the machine's design and
operational parameters. The outcomes were promising, showing a considerable
decrease in acoustic emissions across different excitation amplitudes, particularly
at lower frequencies where the reduction was most pronounced.

These results signify a leap forward in the application of polymer
composites in mechanical engineering, particularly in scenarios involving high-
speed machinery susceptible to vibration and noise issues. The study not only
provides a practical solution to a longstanding problem but also opens avenues for
further research in composite materials and their applications in various
mechanical systems.

In conclusion, the research underscores the efficacy of polymer particle
composites in reducing acoustic emissions in rotor bearing casings, highlighting
their potential as a versatile and efficient material for enhancing machinery
performance. The success of this application bodes well for the future of
manufacturing technologies, where material innovation plays a pivotal role in
overcoming operational challenges.

The authors extend their gratitude to the Slovak Research and Development
Agency and the Scientific Grant Agency of the Ministry of Education of the
Slovak Republic and the Slovak Academy of Sciences for their support. Special
thanks are also directed to Technickd Diagnostika Ltd. for their assistance in the
experimental measurements.

The exploration into the use of polymer particle composites for acoustic
emission reduction in rotor bearing casings represents a significant contribution
to the field of mechanical engineering. It demonstrates a practical approach to
mitigating the challenges posed by increased operational speeds in production
machinery, marking a step forward in the quest for more efficient and reliable
mechanical systems. The findings of this study not only provide a solution to a
specific engineering challenge but also open the door to further innovations in the
use of composite materials for vibration and noise reduction.

83



VJIK 629.361:628.4; 621.3.049.77

AaexceeB A.€., I'ap0y3 €.C., fABopcbknii B.€., HaykoBuil KepiBHUK: 1.T.H.,
npodecop bepestok O.B. (Binnuybkuii HayioHanbHuti mexHivHull yHisepcumemn,
M. Binnuys, Ykpaina)

YAOCKOHAJIEHHSA KEPYBAHHSA MEXAHI3SMAMUA POBOYNX
OPT'AHIB CMITTEBO3IB 3A 10ITIOMOI'OI0O MIKPOKOHTPOJIEPIB

Anomauin: Ilposedeno awnaniz  nimepamypHux Odxcepel 3  NEPCHEKMUBOIO
VOOCKOHANEeHHsl KePYBAHHA MEXAHI3MAMU poOOYUX Op2aHie CMIMMEBO3I8 3d O0NOMO20I0
MIKpOKOHmMpOepis. Y pobomi po3eisaHymo npuKkiaou 3acmocy8anHs MiKpOKOHmMpoaepie 0
KEePYBAHHs MeXAHI3MaMU poOouux opeamie cmMimmesosie ma egexm 6i0 ixHboi pobomu.
Ilpoananizosano 6naue MIKpOKOHMPOAEPi6 HA YHKYIOHATIbHICMbL MAd  eeKxmueHicmy
MexaHizmie pooouux opearie cMimmesosis.

Abstract: An analysis of literature sources has been conducted with the perspective of
improving the control of mechanisms of garbage truck working bodies through the use of
microcontrollers. The paper examines examples of microcontroller applications for controlling
the mechanisms of garbage truck working bodies and the effect of their operation. The impact
of microcontrollers on the functionality and efficiency of garbage truck working body
mechanisms has been analyzed.

Ilocmanoska npobnemu 6 3azanbHomy 6uensodi. Y MiCTax 3 PO3BUHEHUM
CIICLIaBTOTOCIIOAPCTBOM ICHY€E rocTpa IpobJiemMa, MOB's3aHa 3 OpraHi3alli€ro
poOOTH CMITTEBO3IB, 1110 JO3BOJISIOTH BUBO3UTH TBep Al Mo0yToB1 Biaxoau (TIIB),
SIK1 CTBOPIOIOTH Cepiio3Hy mpobiemy moBkiuto [1, 2]. EdhexruBhe 30upanns TI1B
3a0e3neuye Oe3neuHy KOHTEHHEpH3alllo 1 3a1modirae iXHpboMy PO3KUJAHHIO MTPU
MEPEBE3EHHI CMITTEBO3aMH, BUKOHABYlI OpraHU SKUX OCHAILEHI T1IpaBIIYHUM
npuBoioM [3-11]. EdexTuBHICTh 30MpaHHs 3aJI€KUTDH BiJl CTYNEHS YIIUTbHECHHS
TIIB: BuIMiA piBeHb YIIUIBHEHHS 3a0e3leuye OUIbIly KIIbKICTh MEPEBE3CHUX
Bigxomdis [12-14].

JocnimpkeHHs: B 007aCTl 3aCTOCYBaHHSA MIKPOKOHTPOJIEPIB JJI KepyBaHHS
MEXaHI3MaMH POOOYMX OpraHiB CMITTEBO3IB MOKA3yIOTh BEJIMKUN TMOTEHIIAT
iXHPOrO BUKOPHUCTaHHS [JI TMIJBUIICHHS €(EeKTUBHOCTI Ta HaAIHHOCTI.
BnpoBamxkenus ITUX TEXHOJIOT1H CIIPUSATUME T IBUTIIEHHIO
KOHKYPEHTOCTIPOMOYKHOCTI KOMyHAJTbHUX MaIITHH.

Ocnosnuit mamepian. B po6orti [15] 3anpornonoBano BumiproBau pisus TITB
B YpHI, IO siBJIsiEe cOOOI0 aBTOHOMHY CHUCTEMY, JUIsl BUMIPIOBAHHS Ta mepenadi
JAHUX J0 cepBepa Iyl MoAalbiinoi 00poOku. Cxema BUMiproBaua piBHS YPHU Ma€e
HACTyMHI €JEMEHTH: JIa3epHUN NaT4uK piBHA, AaTduk Temrepatypu, Global
system for Mobile Communication moxyns (GSM), nudpoBi nepemmukadi,
PETYNATOP HANpyTH, KOHTPOJEp 3apsday, COHsSUHI TaHeNdi, NepeTBOPrOBadY
Hampyra-cTpyM, aKyMyJsITOp, MIKPOKOHTpOJIep, OJIOK  MOXKeXeraciHHsl.
ABTOHOMHICTb CUCTEMH JIEKUTh Y BIIACHOMY JDKEPEJI )KUBJICHHS (aKyMyJIsiTOpa),
AKUI KUBUTh yCIO MepUdepito, Ta COHSYHOTO MOAYNS AJI 3apsily caMoro
akyMmyJssiTopa. Tak sk cucTeMa Mae 0COOMCTE KHUBJICHHS, JJIs1 11 eKOHOMIT Ha cXeMi
npeacTaBieHi 1u@poBl KiIOYi, ab0 MepeMuKadl >KUBJICHHS, $KI MOJA0Th
xuBneHHs 10 GSM Moay:to, naTurka piBHS Ta IEPETBOPIOBAYA HAMIPYTa-CTPYM.
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Takox st ekoHOMIi eHeprii, MIKpOKOHTPOJIEp MEPEXOIUTh Y PEXKHUM CHY Ta
MPOKUJIAETHCS 3aBASKM CHUTHATY MepepuBaHHs, ke HagxoauTh Big Real Time
Clock (po6otu roguHHUKIB peanbHOro Yacy). OCHOBHI JaHi, sSIKi IepeaaroThCs Bijl
GSM monyito 10 cepBepa, SIBISIOTHCS MEPIII 32 BCE BUMIPSHA BIICTaHb IATYUKOM
PiBHS Tpe/ICTaBlIieHa y mm, Ta iHIII JaHl TUITY: TeMIlepaTypa B YpHi, Hampyra Ta
CTPYM IO BUJIA€THCS COHTYHUMU MaHENISIMHU, CUTHAJI TPUBOTH MPO MOXKEXKY, CTAaH
3apsiny Oatapei. SIKIO cepeliHi piBeHb 3allOBHEHHS JICKIIBKOX YpPH BHIIE
3aJIaHO1 TPaHUII, OJIpa3y HaIa€ThCs HaKa3 PO BiAPABICHHS CMITTEBO31B HA TOU
paiioH e po3TalloBaHi YpHH, 3 AKUX OyJIM MPUHHSATI JaHi.

Texnonoris GPS-cTexxeHHS JO3BOJIMTH B pEalbHOMY 4Yaci 3J1HCHIOBATU
KOHTPOJIb pO6OTI/I CMITTEBO3a, a caMe 3J1HCHIOBATH KOHTPOIIb MapILIpyTYy,
MIBUKOCTI, 1 KOHTPOJb BUTpaTu manua [16]. Jlns B3aeMoaii eleMeHTIB, IO
O0epyTh y4acTb y JAOPOXHBOMY pycCi (TpaHCHOPTHI 3aco0M, TOPOXKHI 3HAKH,
CBlTJ'IO(i)OpI/I CUCTEMHU KOHTpPOIIO 1 Oe3nexku Tomo) BHKOPHCTOBYIOThCS
ctinbHUKOBI Mepexi 3G, 4G, LTE, 6e31poToBi TeXHOJIOTIT epenayl JaHUX Taki
sk: Wi-Fi, Bluetooth, LoRa, NB-I0T, pi3ui moyiti i natuvku, Hanpukian, RFID,
GPS / TJIOHACC Ta iHmmi.

Ha puc. 1. mnokazaHo cxemy mnOpuiagy Uil BIJACITIAKOBYBaHHS
MICIIE3HAXOUKECHHS CMITTEBO31B.
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Puc. 1. Cxema npunady 05151 8I0c/i0K08y8aHHs MIiCUEe3HaX00XEHHS
cMimmeaso3ie

BaxxnuBuMH KOMITOHEHTaMU 1HTEJEKTYyalbHOI 1H(GOPMAIIITHOI CUCTEMU €
MmikpokoHTposuiep, GPS moayns, moayns [oT.

GPS wMonynb  BUKOPUCTOBYETHCS  JUJIi  BHU3HAYCHHS  MOTOYHOTO
MICIIE3HaXOKEHHS CcMITTeBO3a. [Hpopmariisa Big moayias GPS Hancunaerbes
KOHTpPOJIEPY, SAKUW BUBOJMUTH JaHI MPO 4Yac Ta MICIIE3HAXO/HKEHHS Ha €KpaH,
BCTAHOBJICHUH Ha CMITTE€BO31 Ta MoAysto 0T, sikuil HajCcuIae oTpuMaHi JaHl 110
B1/IJIAJICHOTO CepBEPY ISl MOAANBIIOI iXHBOI 0OPOOKH.

J1J1s IoKpaIeHHs: poOOTH CMITTEBO3a B po00TI [17] 3anipornoHOBaHO MOIEITH
upoBOro mpuiagy, MO J03BOJSE 3 BUCOKOIO TOYHICTIO BHUMIPIOBAaTH Mai
JMHIAHI TEepeMIlIeHHs WOro poOOYMX OpraHiB 3 BHUBEIACHHSM pE3yJIbTaTiB
BUMIPIOBaHb Ha €KpaH KOMIT'IOTepa B pEaJbHOMY 4Yacl Ta MiHIMaJIbHUMHU
pecypcHuMH 3arpatamu. [IpuHIuN nii gaTyvka Majaux JIHIAHUX MEepeMillleHb
3aCHOBAaHO Ha MyapoBOMYy eQeKkTi, 1o sBiIsie co0or0 iHTEepdepeHITITHII
BI3€pPYHOK, yTBOPEHUH TIPH HAKJIAJIEHHI JBOX MEPIOUIHUX CITYACTUX MAJTIOHKIB.
EnemMentn nBOX MaltOHKIB, $IKI TOBTOPIOIOTHCS, CIIAYIOTH 3 JICIIO Pi3HOIO
IPOCTOPOBOIO YACTOTOIO 1, HAKJIAJJAIOUKCh OJMH HAa OHOT0, YTBOPIOIOTH TEMHI 1
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CBITJII MyapoBi cmyru. [Ipu nepeminienHi ofHiel 3 PEIIiTOK BIIHOCHO 1HIIOT a0o
IpU MOBOPOTI HAa MEBHUW KYT BUHUKA€E MEPEMIIIEHHS 00JacTeil MepeKpUutTTs 3
MEeBHOI mepioanyHicTiO. [Ipu Manux BIJHOCHUX TMEPEMIIIEHHAX PEIITOK
BUHHMKA€E CYTTEBO OUIbIIIE TEPEMIIEHHs CaMHUX O00JacTed MEepeKpuTTs, 1o 1
no3Bosisie iX (ikcyBaTu [18]. 3arayibHMI BUTIISIT AaTYMKA JTIHIHHUX TTEPEMITIICHD
Ha MyapoBoMy e(eKTi mpecTaBlieHri Ha puc. 2.

-

Puc. 2. 3aranpHuii BUTIISIT JaTYMKA JTIHIKHUX TIEPEMIIIICHb HA MyapOBOMY
edexTi

Jliro4a MOzienb JaT4HKa TiHIHHAX MEePEMIIIeHb Ha MyapoBOMy €(peKTi MoXKe
OyTH BCTAaHOB/ICHA Ha MaHEI KePYBaHHs POOOYMMH OpraHaAMH CMITTEBO3A.

B crarri [19] Ha ocHOBI aHami3y MeETOMIB OOpOOKH CHTHATIIB Ta
BHMIPIOBAHHS (1)13H‘{HI/IX BEJIMYMH  3alporloHOBaHO  3aci0 Ha  0asi

MiKPOKOHTPOJICPHOI ILIATH Arduino Uno R3 Tta Y/IbTPa3BYKOBOIO CEHCOpa
Bimctani HC-SR04 mist BUMiproBaHHS BiICTaHI MK CMITTEBO30M 1 KOHTEHHEPOM
TIIB, sxuii BpaxoBye MapaMeTpu CEPEJOBHINA CEHCOPOM TEMIEpaTypu Ta
BiiHOCHO1 BoJiorocTi moBiTpst DHT11, 3axumennii matentom [20] Ta Moxke OyTH
BUKOPUCTAHHII M1 9aC PO3POOKH BI/ICOKOCCbeKTI/IBHI/IX CTICLIaBTOMOOLIIB 1Uist
TPAHCTIOPTYBAHHS BIAXOMIB, SIK OCHOBHOI JIAHKM B CTPYKTYpl MAalluH IS
30upaHHs Ta nepBuHHOI nepepodku TIIB. 3anpononoBano CTPYKTYpPHY CXeMy
3ac00y Ta OJIOK-CXEeMy alrOPHTMY IIPOrPaMu [21] kepyBanHs MiKPOKOHTPOJICPOM
MPUCTPOIO JJI BUMIpIOBaHHs BijcTaHl. HaBeneHO OCHOBHI XapaKTEPUCTUKHU
3alpOIIOHOBAHOTO 3ac00y, a TAKOXK MOKA3aHO Pe3yIbTaTH EKCTIEPUMEHTATBHUX
BUTMIPOOYBaHb Ui BHUMIPIOBAaHHS BIJICTAHI 13 ypaxyBaHHSIM TapameTpiB
CEpEeIOBHUILA, K1 MMATBEPIUIN JOCTOBIPHICTh nmapameTpy, 1o BUMIPIOETHCS [19].
B crarti [22] 3alPOMOHOBAHO yI[OCKOHaJIeHI/II/I 3aci0 I BUMIpIOBaHHS
BiJCTaHI MDK cMirreBosoM 1 KourediHepom TIIB, B sikomy mapamerpu
Cepe/IoBHIIA BPAXOBYIOThCSA CCHCOPOM TEMIEpATypH Ta BiJTHOCHO1 BOJIOTOCTI
HOBlTpH niaBuieHoi Tounocti DHT22 1 BUCOKOTOUHHIT CEHCOPOM aTMOC(bepHoro
TUCKY 1 TeMIlepaTypyu HaBKOJIHUIIHbOrO cepenoBuma BMP280, 3axwumenuit
narenToM [23], a kepyroua mporpama cBigorreom [24].

B marepianax crarti [25] 3anmpononoBaHo 3acib Ha 0a31 MiKpOKOHTPOJIEPHOT
miatd  Arduino Uno R3 Tta iHkpemeHTanmbHOro enkoaepa KY-040 s
BI/IMip}OBaHHH HapaMeTpiB o0epTanbHOro pyxy miHeka s 3ueBonHeHHs TIIB,
KA 3aXUIIECHUN aTEHTOM [26] 1 MOXe OyTH BUKOPUCTAHUH IMiJT Yac p03p061<1/1
BHCOKOS(EKTUBHUX CMITTEBO3iB, K OCHOBHOI JJaHKH B CTPYKTYpPl MaIlIWH JIsI
30upaHHs Ta MEPBUHHOT nepepo61<1/1 TIIB. 3anponoHOBaHO CTPYKTYpHY CXeMy
3aco0y Ta OJIOK-CXeMy aJTOpUTMY nporpamu [27] KepyBaHHsI MIKPOKOHTPOJIEPOM
JUTSL peai3allii IprCTPOrO JJIi BUMIPIOBAHHS IMapaMeTpiB 00CpPTaIBHOTO PYXY.
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HaBeneHO OCHOBHI TEXHIYHI XapaKTEPHCTUKH 3alPOIOHOBAHOTO  3acoQy.
IlokasaHo pe3ynbTaTH CKCICPHMEHTalbHUX BHIPOOYBaHb Ui BHMIPIOBAHHS
napameTpiB 00epTAaNbHOTO PYXY, sSKi MiATBEPAMIN NOCTOBIPHICTH Mapamerpis,
1110 BUMipIOIOTHCSI.

BUCHOBKM!.

PosrnsnyTi 3acobu yAOCKOHAJCHHsS KEpyBaHHS MEXaHi3MaMu poOOUnX
OpraHiB  CMITTEBO3IB 3a  JOMOMOTOK  MIKPOKOHTPOJEPIB  J03BOJISIOTH
3a0€3MeYNTH OLIbIIY TOYHICTh KEPYBAHHS, IIJABUIIMTH HAIHHICTE 1 3HU3UTH
PH3UK IOJIOMOK, a TaKOX 3HAYHO MOKPAIIUTH SKICTh IOCIYr KOMYHAIbHHX
MAIPUEMCTB 31 36I/IpaHH}I Ta TPAHCIOPTYBAHHS TBEPAMX MOOYTOBUX BiIXO/IIB.
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VJIK 681.1:004.8

Anapienko €.A., HayKOBUH KEpIBHUK: K.T.H., JOLEHT 3amopoxHs [. M.
([lonbacvka Oepoicasna mawunoodyoiena axaoemis, mm. Kpamamopcox —
Tepuoninw, Yxpaina)

IHTEJIEKTYAJIBHA OIITUMI3ALIA TA ITIEPEABAYEHHA
BUPOBHNYUX MPOLHECIB BUPOBHULITBA

Anomauyia: Cmamms  po3ensioae  BUKOPUCMAHHA — CYYACHUX — MEXHONO02I Y
MawunoOyoyeanni O onmumizayii  ma  nepedbayeHHs  BUPOOHUYUX — NPOYecis.
3ocepeoaicyrouucy Ha 6nposaddcenHi wmyuHo2o inmenexkmy ma Iumepnemy peuetl,
00CNIONCYIOMbC MeMOoOU aHANi3y ma MOHIMOPUHZY CMAHY O00JNAOHAHMSA, CNPAMOBAHI HA
nio8UeHHs eqheKMUBHOCT A SHUNCEHHS umpam y eupooHuyux ymosax. Poboma npononye
nioxio 00 BUKOPUCNAHHS IHMENeKMYAIbHUX cucmem OJist nepeddayents iOM0O8 ma NiOMpUMKU
NPOAKMUBHO20 MEXHIYHO020 00CTY208)8aAHHA 0ONAOHAHHSA, WO MOdHCE CHPUSMU NOKPAULEHHIO
AKOCmI UPOOHUYMEA MA 3MEHULEHHIO He3ANIAHOBAHUX 3VNUHOK.

Abstract: This article examines the use of modern technologies in mechanical
engineering for the optimization and prediction of manufacturing processes. Focusing on the
implementation of artificial intelligence and the Internet of Things, it explores methods of
analysis and monitoring the condition of equipment aimed at enhancing efficiency and reducing
costs in production environments. The work proposes an approach to using intelligent systems
for predicting failures and supporting proactive equipment maintenance, which can contribute
to improving production quality and reducing unplanned downtimes.

IHocranoBka npodJiemMu Ta ii 3B'I30K 3 HAYKOBUMHM i NPAKTUYHHUMU
poGorammu. VY cyyacHOMY MalIMHOOy/AyBaHHI €(QEKTUBHE KEpyBaHHs
oOnagHaHHAM Ta nepeadoadanbHe 00CTyroByBaHHS BiIITPAIOTh BUPIIAIBHY POJIh
y 3abe3reueHHi Oes3nepeOiiftHOi poOoTH BupoOHUYUX mpoiieciB. [Ipore Ha
MIPAKTHUIIl TTepe0aueHHs] MOKIIMBUX BIIMOB O0JIa/IHAHHS Ta BYaCHE MPOBEICHHS
HOTr0 TEXHIYHOTO OOCIYrOBYBaHHS 3alIMINAEThCS CKIATHOIO 3amadero. lle
0oOyMOBJIEHO KITbKOMa (paKkTOpaMH, BKJIIOYAIOUM 3MIHHICTH  poOOYOro
HABAaHTAXXCHHS, TEXHIYHI OCOONHMBOCTI OOJaJHAHHS, a TaKoXX OOMEKEHHS B
pecypcax Ta Jacl.

OTxe, OCHOBHOIO TIPOOJIEMOI0 € TMONIYK Ta 3HAXODKCHHS PIllleHb IS
onTuMmi3zaii 00cayroByBaHHs oOJaAHAHHS Ta IHTErpauli ITYYHOrO 1HTENEKTY B
CydacHe MallMHOOYyBaHHS.

AHaJIi3 OCTaHHIX JocaixxkeHb i TenaeHuiil. [Iporsarom Garatbox pokiB
3acTocoBytoThesa cucteMu SCADA, siKl J03BOJIAIOTH Bi3yalli3yBaTH BUPOOHUYUI
polLiec Ta BCl HOTo eTanu JJig orneparopa ynpasiiHHs. Jig HbOro BUPOOHUYHI
IpoLec  BOPOBAKYIOTh  JAaTYUKM Ui 300py  TNOKa3HUKIB  CTaHy
BUKOPHCTOBYBAaHMX MAallIMH Ta BUPOOJIEHOrO TOBapy. Y nmaneMCTBax TUTSE
00pOOKH LIMMH TaHUMH BUKOPHUCTOBYIOTHCS Harlepe.l MiArOTOBICHI KOMIT' IOTele
QITOPUTMH, AKI MOXYTh 3a HEOOXiTHOCTI pearyBaTH Ha 3MiHYy TEXHIYHOTO
3aBJIaHHs, BUKOHYBAaTH 3allporpaMoOBaHi 1ii y BHUIAAKy aBapiii abo MOMMIIOK
ormepaTtopa. 3a3BHuail 3 TaKMMH CHCTEMaMU BHKOPUCTOBYEThCS 00'€qHaHA
iH(dopMmaliiiHa Mepexa, sKa JO03BOJIAE€ JIIOJWHI JUCTAHIIMHO KepyBaTH
oOJIalHaHHSAM Ta PEECTPYBaTH BCl 3MiHH, sKiI BiaOynucs Ha auisHii. Lle
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J03BOJIUTH CIEIIANICTOBl Yy MalOyTHbOMY MpoaHalli3yBaTW BCl MOii Ta, 3a
noTpedu, BHECTU 3MIHH Y TEXHOJIOT1UHI MPOLeCH BUPOOHUIITBA a00, HAPUKIIA,
3MIMCHUTH 0OCIIYyTOBYBAaHHS POMHUCIIOBOTO BY3JIA.

Takuit miaxia A03BOJISIE ONTUMI3YBaTH OOCIYTOBYBAaHHSI Ta B3aEMOJIIO 3
oOJjaiHaHHSM, a TAKOXK BECTH CTAaTUCTUKY poboTu. IIpoTe, B Toil 5xe yac, Benuka
KUIBKICTh OpraHi3aliiHuX Ta TEXHIYHMX IUTaHb JISITa€ Ha IUIeYl OKPEMOTO
¢axiBId, K1 BiH MOXK€ BUPIIIUTH, ONUPAIOYKNCH HA CBIM JOCBiA poOOTH Ta JesKi
yCEpeIHEHI CTaHapTH30BaH1 JaHi.

@opMyJI0BaHHSI HeBHUPIlIEHUX YACTHH 3arajbHoi mpoodJemmu. J[is
BUPOOHUIITBA BaXJIWBO, MO0 CTIHKICT, J0 BIAMOB oOJagHaHHS Oyna
MaKCHUMaJIbHOI0, a 4ac WOro PEeMOHTYy Ta HenepeadadyBaHOrO MPOCTOI —
MiHIMQJIBHAM. 3a CTaTHCTUKOIO, BUTpPATH Ha TEXHIYHE OOCITyroByBaHHS 3a
PI3HHMH JDKEpEIaMH OIlIHIOIOThCS y miama3oHi Big 15% mo 40% Big 3araibHHX
BUPOOHWYHUX BUTpaT. KpiM 11OT0, 4acTO Ha MIANMPUEMCTBAX € BUPOOHUYI JiHIT,
SAKi HEOOXITHO YacTO 3MIHIOBATH Ta MPUCTOCOBYBATH IIiJl HOBE TEXHIUHE
3aBAaHHS Ta BUMOTH BHUPOOHHWIITBA. 3a3BHYail, y TaKWX BUIAIKAaX 3HOBY
HeoOXx1HuM (axiBellb, sKuil Oye MPOeKTyBaTH HOBE BUPOOHHUIITBO.

Iini crarri Ta mocraHoBka 3agadyi. Llink cTarTi € PO3MOBCIOKEHHS
Cy4yaCHHUX MIJXOMIB JO0 BHPINIEHHS MHTaHb OOCIYrOoBYBaHHs 0OOJagHAHHS,
MacoBO1 ONTHUMI3allli Ta KOMII toTepu3alii. MeTra noJsrae y BUBYEHHI BIUIUBY
IHHOBAIIHHMX TEXHOJIOT1H, Takux K [HTepHeT peyeit (10T) Ta IITyYHMIA IHTEIEKT
(Al), Ha BUpOOHMYI TIpollecH B Taily3i MamHOOyAyBaHHS. OCHOBHOIO METOIO €
JOCIIJKEHHSI MOJKJIMBOCTEH BHUKOPHUCTaHHS naTtyukiB [oT 11 MOHITOpUHTY
CTaHy OOJIaJJHAHHS, a TAKOXK 3aCTOCYBaHHA METOMIB Mepen0adeHHs] BIIMOB Ta
npo(UIaKTUYHOTO OOCITYrOBYBaHHS Ha OCHOBI aHAJI3y JAHMX 3 IMX JAaTYUKIB.
JlocnipkeHHsT BKJIIOYae aHali3 €()eKTUBHOCTI BUKOpUCTaHHS TexHouorii [oT Ta
Al B 3a0e3nedyeHH] HaIIMHOCTI Ta MPOJYKTUBHOCTI BUPOOHMYMX MIPOLECIB, a
TaKOXX PO3MISI MOXJIMBOCTEH 3aCTOCYBaHHS ITMMPOBHX ABIMHHKIB IS
MOJICTFOBAHHS Ta ONTUMI3allii poOOTH 00Ia HAHHS

Buxiaa ocHOBHOro Marepiajy A0C/izKeHHs. Y €MoXy aBTOMAaTH3allii,
PO3yMHO SIKOMOTa HIBUJIIE BIOPOBAKYBAaTH HOBI TexHojorii. Hampuknaza, Taki
ak 30ip Ta 30epiranHs iHdopmamii. Tak, cymikHuM kpokom i3 SCADA
cuctemMamu € noOynoBa Iarepuery peueit (IoT). Buxopucranns natuukis loT
PI3HMX THUIIB JUISl BiAJAJIEHOTO MOHITOPUHTY CTaHy OO0JIalHaHHS B KOMILIEKCI 3
MOJIMBICTIO MPOBOAMTH AHANITHKY €KCIUTyaTallli MalluH Ta poOOTIB 3HAYHO
CKOpOYY€ dYac MPOCTOI OOJagHAaHHSI, TUM CaMUM MIHIMI3yeE BHUTpAaTH Ha
yTPUMAaHHS MalllMH Ta ONTUMI3Y€ MPOTYKTUBHICTH POOIT.

IlepeBaramu I[HTEpHETY pedeil MOPIBHSIHO 31 3BUYAMHUMH AaTUYUKAMU €
Horo nmoctym 10 00'€eTHAHOI MPOMMCIIOBOI Mepeki BHUPOOHHUIITBA Ta IMepeaaya
iHdopmarii y migroroBieHomy nudpoBomy Burmsimi [1]. Ile 3menmye
HAaBaHTAXXEHHA Ha po3mu@pyBanHs iHGopmaiii "Ha iHmoMy Oomi". Takox
3aBASKUA bOMY OyAb-sIKHUWA MPUCTPIN y L1 Mepexki MOXe y OyIb-IKHUil MOMEHT
OTpUMATH TIOKA3aHHS 3 HEOOXIMHOTO JaTdyvKa ISl TOAANBIIOr0 HOro
3actocyBaHHs. [[ns 3a0e3medeHHs HAAIMHOTO CHTHAIy Ta Mepefadi JTaHuX,
HEO0OX1/THO, 11100 BC1 MPUCTPOT Mepeadl TaHuX IPaIoBaIv 3a OJHUM 1 THM CaMUM
nporokosioM. Hanpukinan, B VYkpaini, KuiBcTtap Hamae MOXIHUBICTb
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BukopuctanHsa TexHonorii NB-IoT na 6a3i LTE. A npoexr iotji kommnanii DEPS
MPOIOHYE JATYUKH 3 BLAKPUTUM CTaHAapTOM O0e31poToBoro 3B's13ky LORaWAN.
Ha mit 6a31 jpoctymHuM 10 peamizaiii Moxe OyTH NpeIuKTHBHE
oOciyroByBaHHs, a00 IHIIMMH clioBaMH, IepenbauyBane (anri. Predictive
Maintenance), a TakoX TpoQULIaAKTHIHE OOCITyrOBYBaHHS, 3aCHOBaHE Ha
dbakTHyHOMY CcTaHi 00'ekTa. BOHO mosdrae B aHamizl JaHUX, SIKI HAIXOMSTh 3
JaTYMKIB, BCTAHOBJICHUX Ha MaIuHi, po0oTi To1o. Ha X ocHOBI komm'toTep 3a
JIOTIOMOTOI0 T'OTOBOTO AJNTOPUTMY MOXE BUABHTH BigxuieHHs B poo6orti. Lli
METOAM BKJIFOYAIOTh B ce0€ MOHITOPHHT BiOpariii, TepMorpa(buo TpUOOJIOTIIO,
napameTpH MpoIiecy, Bi3yallbHUI KOHTPOJIb, Y/IbTPa3BYK Ta inme. Ha PyXOMHX
MalllMHAX  3a3BUYail  BUKOPUCTOBYIOTH  aHaN3  BIOpaliifHMX  CHUTHAJIB,
TEPMOMETPIIO Ta aKyCTUYHUN MOHITOPHHT. Lle Moy Th OyTH 3HaUeHHS BiOparriii
TOJIOBKH (ppE3EPHOTO BepcTaTa, HECTaHAAPTHI KOJMBAHHS TEMIIEPATypH TyTrOBO1
neul Ta iHie. i BIAXuIeHHs MOKYTh BKa3yBaTH Ha MOTEHIIIHI MPOOJIeMH, Taki
K 3001, TOMWIKH, AePEKTH YW HECHPABHOCTI, SKI HEOOXiAHO BHUSBHUTU Ta
YCYHYTH, TIEPII HI’)K BOHH TPHU3BEAYTHh O CEPHO3HOTO MOIIKOKEHHS a0o
npoctoro. PeecTpallis Takux aHoMasii 103BOJIsIE TONIEPEIUTH HECTIPABHICTS, a HE
J3HATHUCS MPO Hel MOCT(HAKTyM, KOJU 4Yepe3 MOJOMKY HEMOXJIMBO BHUKOHATU
TEXHIUHE 3aBJaHHA a00 B1JI0OYBAETHCS HEBIAKIAHUNA PEMOHT.
BuauisroTe Tpu OCHOBHI TUIIU MPEIUKTUBHOTO 00OCITyTOBYBAHHS:
- Henipsime nepenOaueHHs BIIMOB
- BusiBnenns anomarii
- 3aUIICHNH TepMiH KOPUCHOTO BUKOPHCTaHHs (3 aHri. Remaining useful
life — RUL)
IOT Analytics y cBoemy 3BiTi 300pa3uia iX OCHOBHI BiaMiHHOCTI [2].
LmrocTpattist 3 bOTo 3BITY HaBeACHA HA PUCYHKY 1.

0%80 I1I0OT ANALYTICS Your Global IoT Market Research Partner
The 3 different predictive maintenance types

1. Indirect failure prediction 2. Anomaly detection 3. Remaining useful life (RUL)
F i Sdata” ) ’T i ee 3

\
| 1 1
1 1 1
1 . 1 1
] 1 - 1 1
1 1 1 ]
1 i 1 1
! 1 1 1
: I I 1
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| 1 i ‘ .
1 [} 1 1
[ T 11 \ C . i I
LI @ A \ s + operational
+  Scalability +  Low data and hardware requirements =+ Failure prediction time-window
-+ Cost effective -+ High scalability and model +  Output robustness
transferability

— Complex data analysis — Failure time-window accuracy — Resource demand
Dependent on historical data Presence of false positives Model transferability and scalability

Source: loT Analytics Research 2023-Predictive Maintenance Market Report 2023-2028. Please cite the source and link to the original post and our website if you republish our images.

Puc. 1 — Ilinxoau 10 BUSIBICHHS HEOOX1THOCTI MPODITAKTHIHOTO
00CITyrOoBYBaHHS
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30ip iHpopmarlii y BUrIsSAl Oe3MEpepBHOTO MOTOKY TAHWUX 3 JATUYMKIB
J03BOJIIE HAJATH aHadi3 i€l 1HpopMmarlli creliajbHO HABUCHOMY IITYYHOMY
iHTenekTy. OCHOBHUM IUIIOCOM TaKOro MiAXOAY € IIBUIKICTh BHUSBJICHHS
nedexTiB y poboTi 06J1alHaHHS Ta IPOTHO3YBAHHS MOT0 CTaHy B HAMOMIKUIOMY
MaOyTHBOMY, III0O MOJKE OITHUMI3YBaTH MpodiTaKkTUUYHE OOCIYyroBYyBaHHS,
3aCTOCOBYIOYM HOro Tam, /i€ BOHO MIMCHO HeoOXijHe. MaluHHe HaBYaHHS
JI03BOJISIE BUSIBUTH ONTUMATBHUN TIAXIJ Mg KOXXHUNA OKpEeMHM BHITaIOK. Tak,
HaMpUKJIaj], aHam3 JaHUX PO BIOpaIiio € CKIAIHAM TMPOIECOM OOpOoOKH
iH(dopMartii, OCKIIbKM 3HAYEHHS Iy)X€ JWHAMIYHI 1 CKJIQJAIOTHCS 3 BEJMKOL
KUTbKOCTI 1ryMiB [3]. HaBueHuil IITy4YHUN 1HTEIEKT MOXKE BUSBIISATH IIYMH Ta 1X
JDKepesa Ha OCHOBI MOMEPEIHbOTO JOCBITY, 3aBASKH YOMY MOXKE €(EeKTHBHO
MPOBOAMTH aHAI3.

3rimHo 3 Opomryporo Deloitte, momiOHa MeToaMKa MOXE 3HH3UTH
He3aIIaHOBaHUM Yac MpocToro 10 53%, 3MEHIIUTH KUIbKICTh Opaky Ha 21%, Ta
3HU3UTHU BUTPATH HA 30€piraHHs Ta Ipua0aHHs 3alaCHUX YaCTHH 00JIaTHAHHS 70
2 pa3siB [4].

JIist 1IbOTO IITYYHUN 1HTENIEKT HEOOXIJHO MIATOTYBaTH — «HABUYUTHY.
[cHYIOTH Pi3HI MAXOAW JI0 MAITMHHOTO HAaBYaHHSA [5], MK SKUMH BHOMPAIOTH
M1IXOISIIIE PIICHHS JJISI KOMIIPOMICY MK TOUHICTIO Ta THYYKICTIO. /{7151 11p0TO,
SK BXKE 3ralyBajiocsi, BAKOPUCTOBYIOTh MTOKa3aHHS JAaTUYMKIB Y PEaATbHOMY Yaci,
3amucH 0a3u JaHux. J[Jis 3MEHITICHHST BUTPAT Ha HABYaHHS IITYYHOTO IHTEIEKTY
Yy KO)KHOMY 1HAMBITyaJJbHOMY BHUIAJAKy MOYKHA BUKOPHUCTOBYBATH MEpPEI0aYCHO
MIATOTOBJIEH], HABUYEHI MOJIENI IITY4YHOIO 1HTENeKTy. Lli Moaeni BKIOYaloTh B
ceOe 0a30B1 MIA0JIOHHU ISl KOHKPETHUX aKTUBIB a00 BUIB B1JIMOB.

JUIsi TOYHOTO YSIBJIEHHSI CTaHy IIJILOBOTO O0'€KTa IITYYHOMY IHTEJIEKTY
HaJla€ThCsl MaTeMAaTHYHY MoOJenb oOnanHanHs. s a”amizy poOoTu
€JICKTPOJIBUTYHA, PO3PAXYHKOBI MaTEMaTUYHI MOJI€NIl BUKOPUCTOBYIOTh JOCUTh
noBro. IcHye BenWKa KUIBKICTh JOCTYMHUX IHCTPYMEHTIB IU(POBOTO
npoektyBanHs CAIIP. Hampukiaz, 4acToro MpakTHUKOIO € CUMYJISIIS MOBEIIHKU
€JIEKTPOJBUTYHA 3a gornomMororo Matlab Simulink. Otpumytoun Taki Mojeni Ta
MOB'S3YI0UM iX MDK COO0OI0, IITYYHUW IHTENIEKT OTPUMYE TOBHY BIpPTYyaJbHY
MOJIeNIb KepoBaHOTO 00'ekta. BipTyamizarmis ¢i3udHoro o0'ekta y BHIJISIL
uudpoBoi Komii J103BOJIsIE CTBOpUTH IUdpoBoro npidHuka. Iledt miaxin
BBAXKAETHCA OJHIEID 3 TMEPEJOBUX TEXHOJIOTIH PO3BUTKY aBTOMaTH3aIlil
MaIMHOOYAyBaHHS Ta BUPOOHUIITBA B3araji. TexHosoris nudpoBux IBIMHUKIB
MOX€ 1 TMOBHHHAa MAaKCHMaJIbHO TOYHO MOJIETIOBaTH (PI3MYHI KOMIIOHEHTH,
CTPYKTYpH, CTaHU Ta omnepaiii 00'exTiB. OnTHUMalibHI NapamMeTpu, OTpUMaHi
[UIIXOM aHali3y Ta MPOTHO3YBAaHHSA JUHAMIYHUX 3MIH BIPTYyaJIbHUX MOJIENEH,
nepeHocsAThCcsl Ha (Pi3uuHi 00'€KTH Uil ONTUMI3allli BChOIO BUPOOHUYOTO
nporiecy. [ludpoBuil NBIMHUK MOXE BHKOPUCTOBYBATHCS SIK JIJIsi HaBYAHHS
MITYYHOTO 1HTEJIEKTY — HABYUTH WOTO IUISTXOM KOIIIOBAaHHS PEaTbHOTO 00'€KTa,
TaK 1 JUIsl PEryIroBaHHS (PI3MYHOT MOJETIl Ha OCHOBI MPOBEICHOT CHUMYJISAIT y
nudposiit xomii [6]. JlogaTKOBUM ILIIOCOM IN€l TEXHOJOTII € HallaromKeHHS
TOTOBOTO IITYYHOTO IHTENEKTY HE Ha CIPaBXHbOMY OOJaJHAHHI, BIJl YOTO
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MIITPUEMCTBO MOKE 3a3HaTh 30WTKIB, a Ha BipTyanpHId Mozmemi. lle
nepcrekTuBHa TexHoJoris. Ouikyerbes, 1o a0 2025 poKy CBITOBUH PHHOK
HUGPOBUX ABIHHUKIB AocsarHe $26,07 Mp/a MpH 3arajibHOMY IIOPIYHOMY TEMITI
3poctanHs 38,2% [7], a 3a gociiDKeHHSAMH J{OCHITHUIIBKOTO 1HCTUTYTY
Capgemini, na ocuosi onutyBanus 800 oprauizaliiii, BOHH II0YaJId CIIOCTEPIraTh
MOKpAIIIeHHs MOKA3HUKIB CTAJIOr0 PO3BUTKY B cepeqHboMy Ha 16% 3a paxyHOK
BIIPOBAKEHHS IMPPOBUX IBIMHUKIB Y pi3HUX chepax BUKOpPUCTAaHHA [8].

BucHOBKH Ta mnepCcHeKTHMBH NOAAJBIIUX JAOCTIAXKEeHb. Y CyMi,
BUKOPUCTAHHS CyYaCHHUX TEXHOJIOTIM B MAaIIMHO- Ta BHUPOOHUYOMY TIpOIIECi
J03BOJISIE TIABUIIUTH €(EKTHUBHICTh OOCIIYyTOBYBAaHHS, 3HHU3UTH BUTpATH Ta
3a0€3MeYnTH TOYHE YIPaBIiHHA. 3aCTOCYBaHHS IITYYHOTO IHTEJEKTY Ta
IHTEpHETY pedel CIpHsie MOKPAIICHHIO MPOIECIB MOHITOPUHTY Ta MiATPUMKHU
oOnagHaHHS, 3MEHIIIYIOUN Yac mepedoiB Ta BUTPATU. A MOAJBIINE JOCTIHKCHHS
UX TEXHOJOTrIH MOXe CHPSIMOBYBAaTHCS Ha PO3BUTOK aJalTUBHUX CHCTEM
yIPaBIIiHHS, 110 JI03BOJIUTH MPUCTOCOBYBATH MPOIIECH BUPOOHUIITBA /10 3MIHHHUX
yMoB. Tako BapTO JOCIIKYBATH MOKIIMBOCTI MOEAHAHHS PI3HUX THIIIB JIAHUX
JUTSI 111€ TOYHIIIOTO aHai3y Ta MPOTHO3YBaHHS poOOTH 00IaHAHHS.
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Bbaoakos /1.0., HaykoBHii KepIBHUK: K.T.H., 1o1leHT KoBaneBcrka O.C.
([lonbacvka depoicasna mawunooydiena akademis, mm. Kpamamopcok —
Tepuoninw, Yxpaina)

PO3POBKA MEXAHOCKJIAJIATBHOI'O KOMILTEKCY JUIA
METAJIYPTIMHUX MEXAHI3MIB TA YIOCKOHAJIEHHS
TEXHOJIOI'TI

Anomauia: Y cmammi npeocmasneno pe3yiomamu 00CHi0HCeHHs, CNPAMOBAHO20 HA
PO3POOKY eekmugHo2o ma OnmumMaibHO20 MEXHON02IYHO20 Npoyecy O 6USOMOGIEHHS.
MexaHizmie aucmoeubie. Poboma akyenwmye Ha aHanizi NOMOYHO2ZO CMAHY BUPOOHUYMBEA Md
BNPOBAOIICEHHT [THHOBAYIIHUX MEXHON02Il | asmomamusayii, sKi 00380410Mb NIOSULUNU
NPOOYKMUBHICMb MA 3HUZUMU cOOIeapmicms npooyKyii.

Abstract: This article presents the results of research aimed at developing an efficient
and optimal technological process for the manufacturing of bending machines. The work
focuses on the analysis of the current state of production and the implementation of innovative
technologies and automation, which allow for an increase in productivity and a reduction in
the cost of production.

Y chept  mammHOOYIyBaHHS,  PO3BUTOK  TEXHOJOrIA  TICHO
B3a€EMOIOB'SI3aHUNA 13 TOCTIMHUM YAOCKOHAJIEHHAM BHUPOOHUYHUX MPOILIECIB,
0COOJIMBO B KOHTEKCTI BUPOOHUIITBA CKIAJHUX MeXaHi3MiB. Baxkiuse wmicie B
IbOMY TMpOIlECi 3aiiMa€e BIOCKOHAJIEHHS OOJIaIHAHHA [UJIi METaldypriitHOro
BUPOOHUIITBA, HAIIPUKJIAJI, JINCTOTHUOIB, JI¢ BUMOTH JIO TOYHOCTI Ta HaJIHHOCTI
0COOJIMBO BUCOKI.

Posmmpena ananiTHKa MOTOYHOTO CTaHy BUPOOHMIITBA: JleTanbHUI Orsij
Cy4aCHOTO CTaHy B METaNypriiHI{ rajly3i BUSBJISE€ KPUTHYHI BUKIUKHU: 3aCTapiiie
oOnaHaHHs, HEIOCTATHS aBTOMATH3allisl, 1 HU3bKa MPOAYKTUBHICTD. LI BUKIHMKHN
BUMAaraloTh HETAWHOTO BIIPOBA/PKCHHSI TEPEIOBUX TEXHOJIOTIH I OOpPOOKH
MarepiayiiB, PO3BUTKY POOOTHM30BAHUX CHUCTEM Ta MiJBUILECHHS EKOJOTIYHUX
CTaHAapTIB BUPOOHUIITBA.

[HHOBAII}iHI pllIeHHS Ta iXH1M BIUIMB: Po3po0neHnii MexaHOCKIaAaIbHHUM
KOMIUIEKC € BIAMOBIAAI0 Ha Il BUKJIUKU, THTETPYHOUM B cebe BUCOKOTOYHE
obnagHanHs 3 YIIY, aBTOMaTHM30BaHl CUCTEMH KOHTPOJIIO SIKOCTI Ta THYYKI
BUPOOHUY1 JHII. 3aBASKM IIMM 1HHOBAIISIM 3HWXKYETHCS PHU3HUK JIFOJACHKHX
MOMIJIOK, TIJBUIYEThCS SIKICTb TPOJYKIli, Ta ONTUMI3YEThCS 3arajibHa
MPOYKTHUBHICTb.

ExoHomMiuHa Ta ekoJioriuHa e()eKTUBHICTh: BpoBa’KeHHS iHHOBAIIITHOTO
KOMITJICKCY JIO3BOJISIE 3HIKYBAaTH BUPOOHWYI BUTPATH, CHEPTOCIOKMBAHHS, Ta
Jac Ha BUTOTOBJICHHs MPOAYKIii. EkojoriyHa CklazjoBa TaKOXK T'pa€ BaKIUBY
POJIb, OCKUIBKY BUKOPUCTAHHSI €HEProe(eKTUBHOTO O0JIaHAHHS Ta 3MEHILICHHS
00CsTY BIIXO/IB CIPUSIIOTH MiABUIIEHHIO €KOJOTTYHOI O€3MEeKH.

[lepcnexkTuBM  nis  MeTanypriiHoi  mpoMucioBocTi:  Peamizaris
PO3pO0ICHOTO0 1HHOBAIIHHOTO KOMIUIEKCY BIIKPHBA€E HOBI MOMJIMBOCTI JIJIS
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METaTypriiHOT MIPOMUCIIOBOCTI, BKJIIOUAIOYH T ABUIIICHHSI
KOHKYPEHTOCTIPOMOXHOCTI, 3MEHIIICHHS 3aJIe)KHOCTI BiJ] JIIOJICHKOTO (haKkTopa, Ta
3a0€3IMeUeHHs] BUCOKOTO PIBHSA SKOCTI IPOYKIIi.

Maiibytai  gocmimkenHs: s momampmioro  yIOCKOHAJICHHS
MEXaHOCKJIQIaJIbHOTO KOMIUICKCY aKTyalbHUMH € pO3poOKa 1 iHTerparfis
IHTEJIEKTYaIbHUX CHCTEM YIPaBIiHHS BHPOOHUIITBOM, BHBUCHHS HOBHX
MarepiaigiB JJii BHUKOPHUCTAHHS B IIPOIECaX BUTOTOBJICHHS, Ta PO3IIUPEHHS
MOKJIMBOCTEH POOOTHU30BAHUX CUCTEM IS 3a0€3MeUeHHS OUTBIIOT aIalTHBHOCTI
BUPOOHUYHX MPOIIECIB.

BuCHOBOK: Po3polOka Ta BIIPOBAKCHHS IHHOBAIIIITHOTO
MEXaHOCKJIAAIbHOTO KOMILIEKCY CTa€ KIFOUYOBHUM €JIEMEHTOM IS TOCSTHEHHS
HOBUX PIBHIB TPOIYKTUBHOCTI, €(PEKTUBHOCTI Ta €KOJOTi4HOi Oe3MeKku B
MeTanypriiHomy BUpoOHUITBI. Lle HE numie crpuse onTUMIi3amii BUPOOHUIHMX
NPOIIECiB, ajie W BiIKPUBAE IIUPOKiI MEPCIEKTUBH ISl TOJAIBIIOTO PO3BUTKY
rajry3i, 3MIITHEHHS ii [MO3UIII Ha CBITOBOMY PUHKY Ta BIPOBAKECHHS TPUHITUITIB
CTaJIOr0 PO3BUTKY.

[le y3aranbHEHHSI TMIJKPECTIO€ 3HAYCHHS 1HHOBAIId Yy PO3BUTKY
METaTypriiHOi TMPOMHUCIOBOCTI, HATrOJOIIYIOYM Ha HEOOXIAHOCTI MOCTIMHOTO
MOITYKY HOBHUX IUIAXIB JJIS ONTHUMI3aIlii BUPOOHMIITBA, IMIABUILICHHS HOTO
€(DEeKTUBHOCTI Ta €KOJIOTIYHOT OE3MEKHU.
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VJIK 621.333.2

babam A.B. (/Joubacvka Oepoicasna mawunoOyOi6Ha — aKaoemis, — MM.
Kpamamopcvk — Tepnonine, Ykpaina)

PO3POBKA, AHAJII3 TA JTOCJIIIXKEHHSA MATEMATHUYHOI
MOJAEJII CUCTEMHU BEKTOPHOI'O KEPYBAHHA ACHHXPOHHUM
EJEKTPOIIPUBO/JIOM IIPHU PI3BHUX PEXKUMAX POBOTH

Anomauyin: Hasedeno onuc icHyrnuux cucmem — Kepy8aHHs  ACUHXPOHHUM
enekmponpugooom. Ilpeocmaeneno ananiz ma ocooau80Ccmi YYHKYioHarbHoi cxemu cucmemu
BEKMOPHO20 KEPYBAHHS ACUHXPOHHUM elleKmponpueooom. Haeedeno onuc cmpykmypHoi
cxemu cucmemu 8eKmMOPHO20 KePY8AHHS ACUHXPOHHUM eleKmponpueodom. llpeocmaeneno
MaAmemMamuyHy Mooelb —CUucmemu 8eKmMopHo2o Kepysawus. Hasedeno pesyromamu
MOOENIOBAHHS BEKMOPHOI CUCmeMU KepPY8AHHS ACUHXPOHHO20 eNeKmMpPOnpusody y 6undi
epaghixie nepexionux Xapaxmepucmux euxionux xkoopouram. llpedcmasieno 00CniodHceH s
pobomu  mamemamudnoi  MoOeni  cucmemu  BeKMOPHO2O  KePYBAHHA  ACUHXPOHHUM
eNIeKMponpU8oOOM NPu 3HUNCEHHT CUSHATLY 3A80AHHSL 3 WBUOKICTIIO.

Abstract: A description of the existing control systems of the asynchronous electric drive
is given. The analysis and features of the functional diagram of the vector control system of an
asynchronous electric drive are presented. A description of the block diagram of the vector
control system of an asynchronous electric drive is given. A mathematical model of the vector
control system is presented. The results of modeling the vector control system of an
asynchronous electric drive in the form of graphs of the transient characteristics of the output
coordinates are presented. An investigation mathematical model’s of the vector control system
of an asynchronous electric drive work when the speed task signal is reduced is presented.

Beryn. ACMHXpOHHUW JABUTYH Mae OaraTo IepeBar Iepel JBHUTYHOM
nocTiiiHoro cTpyMmy. IIpr 0JTHaKOBIM MOTYKHOCTI AaCHHXPOHHUM JBUTYH 3HAYHO
Jermuii Ta Mae MeHin rabaputd. Takok aCMHXPOHHUW JBUTYH HE Mae
KOJIEKTOpa. AJie JOBTUN 4Yac PEryJIOBaHHS IIBUIKOCTI OOEpTaHHS poTOpa
ACUHXPOHHOTO JIBUTYHa OYJI0O CKJIQJHUM 3aBJIaHHAM. 3 TIOSIBOIO YaCTOTHUX
NEPEeTBOPIOBAYIB  Mpo0jemMa pEryjioBaHHS IMIBUAKOCTI oOepTaHHs Oyra
BupineHa. Ha choroH1 cydacHi 4acTOTHI EPETBOPIOBAYl MICTATh Y COO1 TaKOXK
NEBHI aNTOpUTMU KepyBaHHsA. Jlis 3amad, e He MOTpiOHA BHUCOKA TOYHICTh
MO3UI[IOHYBAHHSI ~ BUKOPUCTOBYIOTHCS  CKajsipHI  CHUCTEMH  KEpyBaHHS
ACUHXpPOHHUM eJnekTporipuBojgoM [1]. Skmo mnoTpiOHa BHCOKA TOYHICTH
MO3ULI10HYBaHHS, BUKOPUCTOBYIOTHCSI CUCTEMH BEKTOPHOT'O KEpyBaHHA [2].

MeTta poGoTu — aHaii3, po3poOKa Ta JOCIIKEHHSI MAaTeMaTUYHOT MOJIE1
CHUCTEMH BEKTOPHOTO KEpPYBaHHS ACHMHXPOHHHM EJEKTPOIPUBOJOM Yy PI3HUX
pexumax poOoTH.

3amayl JOCIIHKEHHS:

-OIJISI/ Ta aHAJII3 ICHYIOUHMX CUCTEM BEKTOPHOTO KEpyBaHHS;

-po3po0Ka Ta JOCHTIPKEHHS MaTeMaTUYHOI MOJIeNIl CUCTEMH BEKTOPHOTO
KEpYyBaHHSI aCHHXPOHHUM €JIEKTPOIIPHUBOJIOM y PI3HUX PEKUMaX pOOOTH.

O0'exkT mOCHIAKEHHSI — MaTeMaTU4YHAa MOJENIb BEKTOPHOTO KEpPYBaHHS
ACUHXPOHHUM €JIEKTPOIPUBOIOM.
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IIpeamer nociigzKeHHs1 — aHami3, JAOCTIIHKCHHS MaTeMAaTHUYHOT MOENi
CHUCTEMH BEKTOPHOTO KePyBaHHS y Pi3HUX PEKUMaX.

OIUC ®YHKIIOHAJBbHOI CXEMU CUCTEMUA
BEKTOPHOI'O KEPYBAHHS

BekropHa cucremMa KepyBaHHS 3TiIHO 13 3aKOHOM y » const Ja€
MOYJIMBICTh OTPUMATH €JIEKTPOMEXaHIuHi BIACTHBOCTI ACHHXPOHHOTO JBUTYHA
aHaJIOT1uH1 JABUTYHY MOCTIMHOTO cTpyMmy. Ilpu 1npomy 3HAUHO 301IBLIYETHCS
IIBUJIKOT1sT Ta 301IBIITYETHCS HAIMHICTh IPUBO/TY.

DyHKIiOHATbHA CXE€Ma CHCTEMH BEKTOPHOTO KEpyBaHHS YacCTOTHUM
CIIEKTPONPUBOIOM 3TiJIHO 13 3aKOHOMy , —const Yy KOOpIMHATAX X-y 3

BUMIPIOBaHHSM IBHAKOCTI [3] HaBeaeHO Ha puc. 1.
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Puc.1 — ®@yHKIll0OHAJIbHA CX€Ma BEKTOPHOI CUCTEMHU KepyBaHHS

Ha ¢ynkuionaneHii cxemi (puc.l) HaCTyIHI TO3HAYEHHS:

— PIII — perynarop mMBUAKOCTI;

— PII — perynsiTop NOTOKO3UYEIIIEHHS;

— BOII — 0510k 004YHCIIEHHS TOTOKO3YEIIJICHHS,

— BOK — 6710k 004YHCIeHHS KOB3aHHS,;

— PC — perynsarop cTpyMis;

— 1K1 — nepeTBOproBa4 KOOPAMHAT 13 TpU(DA3HOI CUCTEMHU Y ABO(A3HY;

— [1K2 — nepeTBOproBau koopauHaT 3 1B0(a3Hoi cuctemMu Ha TpudaszHy;

— BR — maTunk mBuaKocCTi;

— M — acUHXpOHHUI IBUTYH.

Ctpymu ctatopa B Tpbox (ha3ax BUMIPIOIOTHCS JaTYMKAMU CTPyMy 1 B
nepetBoproBaul koopauHaTt [IK1 mepeTBoproroTbesi Ha ABOGA3HI, MPU LBOMY
BU3HAYAIOTHCS MPOEKIIiT CTaTOpa CTPyMy Ha OC1 X 1.

VY 6roui BBII 06uucnoeTbes moToUHE 3HaYSHHS! TOTOKO3YETIIICHHS.
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Cucrema KepyBaHHS INBHUIKOCTI TMOOyJOBaHAa 3a JIBOKAHAJILHUM
HiAMOPSIAKOBAHUM MTPUHIIMIIOM PETYyTIOBaHHS.

ITijuternumMm KOHTypaMy PErysIoBaHHS € KOHTYD PETyIIOBaHHS CTPyMY |y,
Ta KOHTYD PETYJIIOBAHHS CTPyMY i -

TakuM YMHOM CHUCTEMa peryJIIoBaHHs 3abe3reuye cTadimi3allio 3a1aHoTo
MMOTOKO3YETJICHHS Ta PETYIIOBAHHS TUHAMIYHOTO MOMEHTY.

OIIIC CTPYKTYPHOI CXEMH CUCTEMHA
BEKTOPHOI'O KEPYBAHHSA

BignoBigHo 10 MareMaTHYHOI MOJEIl CHUCTEMH YMPABJIIHHA Ta
BEKTOPHHMX JllarpaM BCTaHOBJICHO, [4] 1110:

— HOTOKOCYCTICHHS POHOPIIHHO CTpyMY liy (W2 =15y );

—€JIEKTPOMATHITHUM KPYTHHI MOMEHT M miporopuiiinuii iy (M =iy);

—ctpymiyy = Uy, ;

—CTpyM ily = Uly.

3 ypaxyBaHHSM CITiBBIIHOIIEHb Ta (PYHKI[IOHAIBHOI CXEMU CUCTEMHU
KEpyBaHHsS EJEKTPONPUBOAOM 0O€3 ypaxyBaHHS MPSIMHUX Ta 3BOPOTHHUX
KOOPJIMHATHUX I€PETBOPEHb, OOYMCIEHb 1@, CTPYKTypHA CXeMa €

AQHAJIOTIYHOK  CTPYKTYpPOIO  JTBO3OHHOTO  E€JEKTPONPUBOJY MOCTIHHOTO
ctpyMmy. CTpYKTYypHY CXE€MY MIPEACTABICHO Ha PUC.2.

[ (p>
1vp

WP = VEl(p) %
ch(p)
uulp?
Wulpd
1 <p>
Usg 1vp 5
—a-oTo- \J,wgzo) - 3 \\{msp) " an(m =t sz(p) \’/ufz(p) 4 W 2(p)
u_(p>
X
WexP?
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1 - Ce 1 &
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Puc.2 — CTpykTypHa cxeMa BEKTOPHOI CUCTEMHU KEPYBAHHS
B ocHOBY MateMaTH4HOI MOJIE/I1 CUCTEMHU BEKTOPHOTO KEPYyBaHHS Y SIKOCTI
npukiany OyB obpanuii acuaxponauit a1BUryH AIP280S4 [5] motyxnictio 110
kBT. Takoxx Oyno ypaxoBaHO BIUIMB JIPyroi Macu Ha JUHAMIKY HEPEeXiJIHUX
npoueciB. IlapameTpu cxemMu 3aMilIEHHSI ACMHXPOHHOIO JBUTYHA, TakKi SK

98



aKTUBHUH, pEAKTUBHUI O1ip 0OMOTOK CTaTopa Ta poTopa, a TAKOK 1HIyKTUBHOCTI
po3citoBaHHs OyJM BHU3HAYEHI 3 BUKOPUCTaHHSAM METOJUKHU [6]. MartemaTtuuHa
MOJIeTb IBOMACOBOi CHCTEMH BEKTOPHOTO KepyBaHHS MpeJCTaBlIeHa Ha puc.3.

Puc.3 — MaremaTtnyHa MOJENb BEKTOPHOI CUCTEMH KEPYBaHHS
ACUHXPOHHUM €JIEKTPOIIPUBOAOM

[TepexiaHi xapakTEPUCTUKU KYTOBOI IMIBHUAKOCTI MepIioi (aCUHXPOHHUI
JABUTYH) Ta Apyroi Mac (BUpOOHMYUI MeXaHi3M), MOMEHTY, CTpyMy OOMOTKH

cTaTopa, MOTOKO3UYCIJICHHS HaBeIeH] Ha puc.4.

10*e,c! M,H'Mm I, A 100*y2, B6

Puc.4 — IlepexiiHi XapaKTEpUCTUKHU KyTOBOI MIBUAKOCTI MEPIIIOT Ta IPYroi Mac,
MOMEHTY, CTPYMY OOMOTKH CTaTOpa, MOTOKO3YETIIICHHS
3aNeXHICTh KyTOBOT HMIBHAKOCTI TMEpIIoi Macu Big MoMeHTy (‘“‘pa3zoBuit
MOPTPET’’) HABEJEHO Ha PHUC.5.
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1 | | | L | |
1500 1000 600 [] 500 1000, 1500

e M, HM
Puc.5 — 3anexHicTh KyTOBOI IBUIKOCTI MEPIIOT BiJ MOMEHTY
(“dpazoBuii moptper”)

JocnixeHHs: poOOTH BEKTOPHOI CHCTEMHM KEpyBaHHS ACHHXPOHHUM
€JICKTPONIPUBOJOM TIpU 3MIHEHHI CHUTHalIy 3aBAaHHs 1mBuiakocti U,=7 B.
[TepexiaHi XapaKTEPUCTUKHU KyTOBOI IITBUJIKOCTI MEPIIIOi Ta IPYroi Mac, MOMEHTY,
CTpyMy OOMOTKH CTaTopa, MOTOKO3YEIJICHHS IPU 3MIHCHHI CUTHAJIy 3aBJIaHHS
mBuakocTi U,=7 B HaBeneHi Ha puc.6. 3aleXHICTh KyTOBOI IIBUIKOCTI MEPIIOi
B1J1 MOMEHTY (“‘Da3oBuii mOpTpeT’’) HABEJACHO Ha pUC.7.

10*o, ¢! M, H-M [, A 100*y2, B6

Puc.6 — [lepexigHi XapakTeprUCTUKUA KyTOBOI IMIBUIKOCTI MEPIIOi Ta JPyroi Mac,
MOMEHTY, CTpyMy OOMOTKH cTtatopa, notoko3ueruieHss (U,=7 B)
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Puc.7 — 3anexHicTh KyTOBOI HIBUKOCTI MEPIIOT BiJ] MOMEHTY
(“dazoBuii noprper”’) npu U,=7 B

JlocmixeHHs: poOOTH BEKTOPHOI CHCTEMHM KEpyBaHHS ACHHXPOHHUM
CJICKTPONPUBOAOM TNpU 3MIHEHHI CUTHay 3aBiaHHsa mBuakocti U,=2 B.
[TepexinHi XapaKTepUCTUKHN KYTOBOT IIBUKOCTI MEPIIOT Ta APYroi Mac, MOMEHTY,
CTpyMy OOMOTKH CTaTOpa, MOTOKO3YEIJICHHS MPU 3MIHEHHI CUTHAIYy 3aBJaHHS
mBuakocti U,=2 B HaBeneHi Ha puc.8. 3aJIeKHICTh KyTOBOT IIBUJIKOCTI TIEPIIOT
B1J1 MOMEHTY (“‘Dba3oBuit mOpTpeT’’) HABEJACHO Ha pUC.9.

10*0, ¢! M,HMm L A 100%y2, B6

Puc.8— [lepexinani XxapaKTepUCTUKH KYTOBOT IIBUIAKOCTI MEPIIIOi Ta APYTOi Mac,
MOMEHTY, CTpyMy OOMOTKH cTatopa, morokozueruieHds (U,=2 B)
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BUCHOBKHA

B pe3ynpTaTi BUKOHaHOI poOOTH OyJIO MPEACTABIEHO Ta MPOaHaI130BaHO
(YHKIIOHAaJIbHY Ta CTPYKTYpHY CXE€MHU CHCTEMU BEKTOPHOIO KepyBaHHS
ACUHXPOHHUM €JIEKTPOIIPUBOIOM.

Ha ocHOBI (yHKIIIOHANBHOT Ta CTPYKTYpPHOI cXeM Oyio po3poOseHO
MaTeMaTU4Hy MoJieib. Pe3yiapTaTH y BUIVIAMl MNEPEXITHUX XapaKTEPUCTHK
BHUXIJTHUX KOOpJAMHAT (KyTOBa IIBMIKICTH MEPIIOI Ta APYroi Mac, MOMEHT Ta
CTPYM CTaToOpa, MOTOKO3YEIJICHHS) OyJiM OTPUMaHHI NMpU MOAeoBaHH1. Takox
OyJi0 3AIMCHEHO MAOCHIKEHHSI MAaTeMaTU4YHOI MOJIeNIl CUCTEMHU BEKTOPHOTO
KEepyBaHHS NP 3HW)KEHHI 3HAUEHHs] CUTHAIY 3aBJaHHs 3a mBHKicTio (10, 7, 2
B).

Ha noHmxeHnx MBUAKOCTAX MaTEMAaTUYHA MOJENb CUCTEMH BEKTOPHOTO
KEpYBaHHsI [T0Ka3ajia a/IeKBaTHI pe3yJIbTaTu MOJICITIOBAHHS.
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VJIK 004.5 : 621.3 : 658.3.

bamnubkuii K. E., nayxosuii kepiBauk: Kpvoka C. B. (BCII «/lpyoickiecokuii
Gaxosuii konedrc [JonbacvKkoi 0epaiwcasroi MauunoOyoi6Hoi akademiix
m.pyockiexa, Ykpaina)

OPTAHIBALIA TPOITYCKY HEPCOHAJIY HA TEPUTOPIIO
HIAITPUEMCTBA HA BA3I IINTAT®OPMHU ARDUINO

Anomauia: /locniosxceno 6yoosy naamgopmu Arduino, na 6azi axoeo
po3pobnena cucmema YNpasiiHHi Op2aHi3ayi€lo NPONnycKy NepcoHany Ha
mepumopiro nionpuemcmea. Buxonanuii npoexm cyuacHnoi nedopocoeapmicmHoi
cucmemu KoHmpoaio npayienuxie Ha nionpuemcmei 3 NFS pidepom na 6a3i
Arduino.

Abstract: The structure of the Arduino platform was studied, on the basis
of which a management system for the organization of personnel access to the
territory of the enterprise was developed. Completed project of a modern low-
cost employee control system at the enterprise with NFS reader based on Arduino.

OnHMM 3 HaWBaXJIMBIIIUX IYHKTIB HAILIOTO JKUTTS € HOro 30epeKeHHS.
JUis 11bOro BHUKOPHUCTOBYETbCA Oarato TEXHOJIOTIM sIK BIOMa Tak 1 3a HOro
MEXaMH 1 HE BAXKJIUBO YU TO EJIEKTPOHHI JBEpl, KamMepu YU IHIIl CIIOCOOU
3a0e3neunTH Oe3neky cede Ta oTouyrouux. | skmo Ha Oe3neKy Ha BYJIMII MU
BIUIMHYTH MM HE MOKEMO TO Ha MIANPUEMCTBI € 0arato 3axoiiB O€3MeKH fAKi
CITykaTh JU1sl 3a0€3MeUEeHHS IKICHOTO poO040ro NpoCTOpy Taki Ik KAMEpPHU, BUCOKI
MapKaHu, OXOPOHLI Ta 6araro iHmoro. [TpoxigHa - e npuMilieHHs Ipyu BXO/1 Ha
MIIITPUEMCTBO, YEPE3 AKE MPOXOATh pOOITHUKH Ta ClIy>k00B11. MeTa npoxiHoi:
HE JT03BOJISITY TIOTPATUISIHHS JIFo/Iel 0€3 HaJIeKHOTO JO3BOJIY Ha MOTO TEPUTOPIFO.
[IpoxigHa MOKe BUTIJIAIATH MO PI3HOMY 1 B HEI MOXYTh OyTH Pi3HI MEXaHI3MHU
KOHTPOJIIO 32 MIEPCOHAJIOM.

OpuH 13 BUAIB opraHizaliii npoxigHoi 1e - TypHikeT 3 NFC punepom sikuii
JI0TIOMara€e He TUTBKM HE MyCKaTH HE3HAWOMIIIB ajie 1€ Moxke (IKCyBaTHU Yac
po0OoTH ab0 yac KoM poOITHUK MPUNAIIIOB a00 BUUIIOB Ha poOoTy. Lle He Tinbku
MBULITUTE O€3MEKy a i 1€ MOJIETIIUTh 1 YTOYHUTH MiPaxXyHOK pob0Yoro yacy
POOITHUKIB 1110 B CBOIO YEPry MOKPAIIUTh TOYHICTH 1 CIPABEIJIUBICTh OILIATH,
AKILO 3apIulaTa HapaxoBYETbCA BiJ 4acy poOOTH. A TaK0X TYpHIKET MO>KHa
KOMOIHYBaTH 3 KaMepol CIOCTEPEeKEHHS M0 3a0e3MeunuTh KOHTPOIb
CIIBpOOITHUKIB 0€3 ydacTi JOJATKOBUX JIIOJIEH SIKUM TOTPIOHO 3a HUMH
CIIOCTEpIraTHu.

3arajibHUi ONUC TA MPU3HAYCHHS MPOEKTOBAHOI CUCTEMHU

[Tpu3HaueHHsT MPOEKTOBAHOI CUCTEMHU TOJIATAE B TOMY, 1100 310paT Ta
JOCIITUTH CXEMy pOOOTH CHCTEMH KOHTPOJIO pyXy TMpaiiBHUKIB Ha
miANpUEMCTBI Ha 6a3i MikpokoHTposiepa Arduino. TIpoext Oyae peatizoBanuii Ha
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cuctemi Arduino B emynaropi Tinkercad, ne Oyne MOBHICTIO (QYHKIIOHYHOYa
cxema, sika Oyne ¢ikcyBath yac Ta (DAKT MPUCYTHOCTI TOTO UM 1HIIOTO
IpalliBHUKA.

JlaHa cuctemMa KOHTPOJIIOE MPOITYCK MEPCOHATY Ha BUPOOHUIITBI a TaKOX
bikcye yac nepeOyBaHHs JIIOJMHU B poOOUii 30H1 1 BUKOPHUCTOBYE TaKi €JIEMEHTH
SK:

1. Buumyrouuii npucmpiu « RFID RC522 ArduinoKit».

3aCcTOCOBYETHCS ISl YATAaHHS O0COOMCTOI KapTKH mpailiBHuKa. Homep 3
KapTKU 3a3/1aJIeT1Ib 3aKPIIJICHHU 3a MPAI[iIBHUKOM B CHCTEMI.

e in m
| e i

€10 C8 C6 c7 €3 Cit

@ RFID-RC522 @

Puc. 1 - 3osuimmii surisig RC522 ArduinoKit

2. Poszxionuxu « NFC kapmka NTAG213».

BunaroThcs 0cOOMCTO KOKHOMY MPALiBHUKY JUJIS 11€HTU(DIKALIT HOTO
CUCTEMOIO. 3 IUIIOCIB JJAHOTO pIIIEHHS € JelIeBU3HA KapTKH, ii KOMIAKTHI
po3mipu 1 HagiliHicTh NFS aHTeHH SKy HEMOXJIMBO BIIJIIIWTH BiJ KapTKH. 3
MIHYCIB MOKHa BUJUIMTH BEJIMKY BIPOT1IHICTH 3aryOuTu abo mMeperuryTatd 3
IHITMMU KapTKaMu 4epe3 yHiBepcaiabHuil po3mip. I1o06 BiIHOBUTH KapTKy
MOTPIOHO CKOMIIOBATH YHIKAJIBHUI KOJI CIIBPOOITHUKA Ha 1HITY KapTKy 1 BUAATH
HOBY Ta BBECTH HOBI J1aHi B 0a3zy.

Puc. 2- «NFS kaptka»

3. Inouxayis « RGB 0iooy.

CeiTiogion Oy/e moka3zyBaTH sIKY OIepallito BUKOHY€E MIKpOCXeMa B TaHHM
MOMEHT CHHIW - 4YeKae, 3€JeHHM - MATBEP/UKYE Ta BIJKPUBAE, YCPBOHHMN —
MTOMMJIKA.
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RGB LED
(3i cninbHUM KaTOOM)

Puc. 3 - «RGB niox 31 CriijibHUM KaTOIOM)

AHaJIi3 ICHYI0OYHX CHCTEM YIPaBJIiHHSA

OnHuM 3 oBOJI mony/sipHuX pinieHb € «PM 6000 Drop Arm Turnstile
System Technical Features» ta «PM 5000 Drop Arm Turnstile System Technical
Features». HaiironoBuimoi mpo6ieMor0 MpeAcTaBIeHUX IHMX amapariB € ixX
CKJIQJHICTh Ta TOPOrOBapTicTh. MOHTaX MOXYTh BUKOHYBATH JIUIIIC TOCBITICHI
JIOJIM, a TAKOXK 3@ X CTAHOM BaXXKO JOTJISAATH TaK SK MPU HE3HAYHINA MOJIOMII
Tpeba BHU3MBATU JOCBIAYEHOTO MaWCTpa, TOMY IO BTPY4YaHHS B iX CHUCTEMY
MoTpedy€e BUCOKMX TEXHIYHUX 3HaHb. Takoxk € Taki Buau gk «DPS bizant-5.1».
MiHycOoM Takux MNPOXIJHUX € MIAKIIOYEHHS iX A0 KOHKPETHOI KHOMKU abo
MyJbTY, 0 30BCIM HE BXOAHWTH B KOHIICTIIIO CAMOCTIMHOI MPOXITHOI, TaK SK
noTpedye BTpy4aHHs IPYroi JIFOJIMHU : TaKOi K OXOPOHEIb ad0 TOLI0. A TaKOXK
HE JI03BOJISIE BBEJICHHS aBTOMAaTUYHOI'O €JIEKTPOHHOTO OOJIIKY.

[Mapuum BubGopom Oyne HOC pupep depe3 Oesmexky Ta KOMQOPTHICTH
BUKOPUCTAHHS, TaK SIK HaBiTh Cy4yacHI cMapTdoHU MOXyTh mnopaBatu HOC
CUTHAJI TaKUM YMHOM TMPAI[IBHUKH 3MOXYTh 3aXOJIUTH Ha BHUPOOHUIITBO 3a
JOTIOMOT'OK0 CBOTO Tele(oHa, 10 B HALIMX PealisiX € BEJIUKUM OOHYCOM, TaK SIK
KapTKy MO’KHA 3JJaMaTH 4M 3aryOuTH, a TeaedoH 3HaXOJUThCs OIS HAC MOCTIMHO
1 BaXKKO YSIBUTH 1110 XTOCh IpHile Ha poboTy 6e3 cmapTdoHy.

BigmiHHICTH BiJl IHIIUX BUPOOHUKIB TaKHUX CHUCTEM IIOJISATA€ B MPOCTOTI
MOHTaXy Ta Hajadlli. 3MiHa JaHUX 3a MOTPeOM HE CTaHe MPOoOJEeMOI0 Yepes
Croci® MiAKIIOYEHHS O MIKPOKOHTPOJIEpa, SKUH Ma€ Cy4acHHUH Ta MOMyJIspHUIN
po3'em USB-B, sikuii BUKOPUCTOBYETHCS B BEJIMKIM KIJTBKOCTI MOBCSKICHHOI
TexHIKd. Yepe3 10 JOCTYNMHICTh HOTO MOXIJIMBO MIAKIIOYUTH 10 OyAb-sSKOTO
KOMM'toTepa sl Halagku Ta 3MiHU JaHux. OJHI€0 3 TepeBar Ii€i cXxemu
Oe3MepeyHo € ii JeleBr3Ha yepe3 MPOCTOTy Ta JOCTYIHICTh. L{fo cucremy Moxe
JO3BOJIUTU €001 Oyab-SKE MANMPUEMCTBO. TakoX BaXKJIIMBOIO OCOOJIMBICTIO Oy/Ie
MaKCHMaJbHO MPOCTa Ta HE 3aHAATO BUTPATHA POOOTa CXEMU NPU HAJIECIKHOMY
BUKOPHUCTaHHI, 1 BOHa OyJ€ MpalfoBaTh JOCTATHHO JOBIO Ta CTAOUIBHO.

IlocTanoBKa 3aBIaHHSI MIPOEKTYBAHHS:

VY mporeci KOHCTPYKTOPCBKOiI pO3pOOKM CHUCTEMHU KOHTPOIIIO PYXY
IpaliBHUKIB Ha MIANPUEMCTBI Ha 0a31 MIKpOKOHTpoJiepa Arduino mpoBeaeHO
JOKJTaJIHMA TIOPIBHSUTBHUM aHaJi3 PI3HUX THUIIIB MIKpPOKOHTpoJiepiB. OOpaHo
Arduino yepe3 HOro ONTUMalbHI TEXHIYHI XapaKTEPUCTUKU, BUCOKY HIUPOTY
(GyHKIIOHATY Ta IIMPOKY CHUIBHOTY KOPUCTYBauiB, IO CHPHUSAE AOCTYIHOCTI
1H(MOpMaIIi Ta MOKIIUBOCTI OTPUMAHHS i ITPUMKH.

Jlnst 3abesneuenHs OesnepeOiiiHOT poOOTH cucTeMu Oysi0 BHUBUYCHO
MATaHHS JKUBJICHHS €JIEKTPOHHO-0O0uncmoBanbHoi Mmamuau (EOM). O6pano
ONTUMAaJbHE JHKEPENo >KMBJICHHS, BPaXOBYIOYM BHMOTH MIKPOKOHTpoOJIepa Ta
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IHIIMX KOMITOHEHTIB CUCTeMH. P03po0sieHO epEeKTUBHY CHUCTEMY >KUBJICHHS,
3a0e3neuyroun HaJA1MHICTh Ta JOBIOBIUHICTh POOOTH.

JleTanbHO pO3IJSHYTO Ta OOpaHO ONTHUMAJIbHI MapameTpu mam'sTi
MIKpoKoHTpoJiepa Arduino, BpaxoByw4u oOcsar iHdopmarlli, sSKy cucTeMa
noBUHHA 00po0sITH Ta 30epiratu. BusHaueHo cTpaTerii BUKOPUCTaHHS MaM'siTi
U151 €DEKTUBHOI pOOOTH CUCTEMH KOHTPOJIIO PyXY MpaIliBHUKIB.

PerenbHO BUBYUEHO Ta JOKYMEHTOBAaHO XapaKTEPUCTUKU IMOPTIB
MIKpOKOHTpoJsiepa Arduino, BH3HAYEHO IXHIO MPUAATHICTH Ji B3a€MOAIl 3
pPI3HHUMH  KOMIIOHEHTaMH  CHCTeMH. Po3po0JeHO  ONTUMalbHI  CXEMHU
M1IKJIF0YEHHS, 3a0e31euyoun epeKTUBHUM OOMIH IAaHUMU Ta YIPaBIiHHS.

BuznaueHo npuHIMNOMN B3a€MOJIIi CHCTEMH 3 30BHILIIHIMU MPUCTPOSIMH,
TaKUMHU SIK JATHUKH, KapTpiaepH Ta iHmi. Po3pobieHo MexaHi3Mu BBEICHHS Ta
BHUBCJCHHS JaHWX, 3a0e3medyroun CcTaOuTbHUN OOMIH 1H(MOpMAIIED MK
CUCTEMOIO Ta 30BHILIHIMU IPUCTPOSIMH.

BuBueHo Ta peanizoBaHO MEeXaHI3MHU 3aBaHTAKEHHS Ta Mepe3aBaHTaKECHHS
MpOTpaMHOro 3a0e3neueHHs cucteMu. Po3poOiieHo inTepderic Ta npoueaypu, o
3a0€e3MeuyIoTh JIETKY Ta HaJliHY aKTyaji3alliio MporpaMHOro 3ade3neueHHs 0e3
nepepBu y poOoTi.

Omnucano CTPyKTypy JabOpaToOpHOTrO CTEH]y, BKIIIOUAIOUW TPU3HAYCHHS
OCHOBHUX (PYHKIIOHAJIbHUX Tpyn. BuszHaueHo BXI1JHI Ta BHXIJHI CUTHaJH,
pO3pO0JICHO CXeMy B3a€EMOAII MIXK KOMIIOHEHTaMH CTEHIy, IO JO03BOJISE
e(eKTUBHO KOHTPOJIIOBATH PYX MPAIIBHUKIB Ha MIAMPUEMCTBI.

JleTanbHO BH3HAUYEHO YMOBHM €KCIUTyartauii J1a0opaTOpHOro CTEHAY,
30KpeMa, TeMIIepaTypHI Ta BOJOTOCHI MapaMeTpH, IO TapaHTyIOTh CTaOlIbHY
poOOTY CHUCTEeMH KOHTPOJI0. 3a0e3NnedeHo HeoOX1aHI 3ax0au NI 30epeKeHHS
e(eKTUBHOCTI CTEH]Iy B PI3HUX YMOBAaX €KCILUTyaTaIlii.

Po3pobneno mnporpaMue 3a0e3nedeHHs g Ja0OpaTOPHOIO CTEHAY,
BPaxOBYIOUM BHMOTM CHCTEMH KOHTPOJIIO pyXy MpaliBHUKIB. PeanizoBaHo
anropuTMu 0OpoOKH JaHUX, B3AEMO/I1i 3 BBEJICHHSIM/BUBEICHHSIM Ta 3a0€31E€UCHO
MOXKJIMBICTh HAJIArOHKEHHS Ta MOM(ikarii mporpamu.

BuBueHo Ta peani3oBaHO ONTUMAJIbHUM aQJITOPUTM MPOrPAMHOTO
3a0e3nedeHHs CTeHAY, 3a0e3neuytoun e(peKTUBHUI KOHTPOJIb PYXy MPAaIliBHUKIB
Ta BUABJICHHS aHOMaiiii. Po3po6ieHo anroputMu oOpoOKU JaHUX ISl TOYHOTO
BU3HAYEHHSI MICII€3HAXO0I)KEHHS MPalliBHUKIB.

BukoHaHO HanmaroJkeHHs J1a0OpaTOPHOTO CTEHIY B pEalbHUX YMOBax
eKCIUTyaTarlii, 3a0e3MeunBIIN HOoro cTabuibHy Ta HaailHy poboty. IIpoBeneHo
TECTyBaHHS Ta BWIIPABIEHHS HEMOJAA0K I 3a0e3MedeHHs] ONTUMAaIbHOI
MPOJYKTUBHOCTI CUCTEMH KOHTPOJTIO.

JleTanbHO MpOaHaNi30BaHO MOKJIMBI BUAM  HEMOJAIOK MiJ 4Yac
eKCIUTyaTarlii CTeHAy Ta po3pobieHo e(heKTHUBHI METOAM iX BHUSBICHHS Ta
ycyHeHHs. Po3po0iieHo cucTeMy MOHITOPUHTY, IO J03BOJISIE OINEpPaTUBHO
pearyBatu Ha Oyab-siki mpoOiemu Ta 3a0e3neuye HaAliiHy poOOTy cHCTEMU
KOHTPOJIIO PYXY MpaliBHUKIB.

OO0rpyHTyBaHHSI BUOOPY MiKPOKOHTPOJIEPA TA NOPiBHAJILHUI aHAJI3
HaiikpamuM BapianTOM Oylie BHUKOPHUCTAHHS KOHTPOJEPY MapKu
ApnyiHo, 00 BOHU HallKpare miJIxoaTh A OI0/PKETHUX CXEM Yepe3 JIEIICBU3HY
Ta TMPOCTOTY BUKOPUCTAHHS, TAKOXK 111 KOHTPOJIEPU IOCUTH YHIBEPCAIbHI Yepe3
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CYMICHICTb 3 BEJTUKOIO KUIBKICTIO KOMIIOHEHTIB Ta BEJTUKY CHUIBHOTY 4epes3 sIKy
€ Oararo 010J110TeK y BIAKPUTOMY JOCTYTII.

MopensHuii psin ApAylHO TOCUTh BEJIUKUH 1 BKJIIOUA€E B ce0e Taki MO
sk: Mega, Nano, Leonardo, Uno, Due, YUN, Micro, Esplora, LilyPad ta 6araro
inmmx. IX ocHOBHI BimMiHHOCTI TonsAraroTs y (OpMi, KiIBKICTh MOPTIB,
KOMITOHOBKA CXE€MH, CIIeIlialbHl MOXKJIUBOCTI a00 HasIBHICTh YHIKAJIBHUX MOPTIB
€ me 6arato BIIMIHHOCTEW MK MOJIEJISIMU aJie JIesiKi 3 HUX HE CYTTEBI AKIIO Ha
[IUX JETAJSAX HE 3aB’sA3aH1 KIIFOUOBI €JIEMEHTH TPOEKTY.

Icaye kinpka BuAiB Arduino-miaT, KOXHa 3 SKUX MpHU3HAYCHA Jis
KOHKpETHUX 3aBlaHb. Hanpuknan, yHiBepcanbHi Mozedi, Taki ssk Uno, Mega Ta
Nano, mpusHadeHi 1l pi3HOMaHITHUX 3aCTOCYBaHb. JJIs TEKCTUIILHUX MPOEKTIB
BukopucTtoBytoTh LilyPad, Leonardo Ta Esplora moxHa BHKOpPHCTOBYBAaTH SIK
USB-mipuctpoi, a Due miaxoauTs 11 CKIaTHAX 3aB/IaHb.

Kpim Toro, icHyt0Th crieIiagbHi eJIeKTPOHHI IIJIaTH, BigoMi Sk muaau. L
IJIaTH BIAPI3HAIOTHCS THM, IO BOHU MOXXYTh 3MIHIOBAaTH TOJIOKEHHS BCIX abo
MEBHUX MOPTIB BIAHOCHO I'OJIOBHOI IJIATH MIKPOKOHTPOJIEPA, JOIAF0UH HEOOX1AH1
enekTpoHHi komrnoHeHTu. OauH 3 mpukiaaaiB - CNC Shield (Iwung s YITK).

[TopiBHtoemo Uno, Leonardo, Mega ta Nano. Mega mpusHaueHa s
MIPOEKTIB OUIBIIOI CKIAAHOCTI, HIX YHO Ta Hano a y Leonardo nHaiiOutbmia
npobJiemMa 11e BIACYTHICTh MOTPiOHOTO JyuIs miakiatoueHHs nmopta USB. Piznuns
Mk YHO Ta Hano nomsirae y dopmi. Hano (Puc. 4,6) menma 3a Yo (Puc. 4,B),
IPOTE PO3paxoBaHa HA Ty K CaMy CKJIQJHICTh MPOEKTIB. TaKoX I MPUKIIATY
npuBeneHo Jleonapno (Puc. 4,a). Ilin odunBa MK po3pobseno UIIK .
JlanHi B3sT1 3a mocujiaHHsM [1].

Ooupaemo Arduino Uno, tax stk i UITK g Oiabln gemieBuii Ta Mae
MO>KJIUBICTh y KepyBaHHI Ha | npusijg Outelie. [IpoekToBaHa cuctema notpedye
BUKOPUCTAaHHA OAHOro Jypkepena xuBieHHs 12 B. ILle immynscHe mxepeno
JKUBJICHHS , TaK sIK BOHO Ma€ 3aXUCT B1JI pi3HUX MPOOJIEM, III0 MOXKE 1aTH MEPEKA.
Hampuknazn, BiacyTHICTh cTabumi3alli HaNmpyru MOKe MPU3BECTH JO MOJIOMKHU
CHCTEMH.

Mikpoxontposiep ATmega328P, 3riqno 3 iHdopMmalie 3 mKepena [2],
BOJIOJII€ HACTYITHUMH ITapaMeTpaMu MaM'aTi:

1. O06'em Quemr-nam'siti: 32 kuoOaiitu. g mam'sTe npusHaveHa s
30epiraHHsl IPOrpaMHOro KOy (CKETUY), 1110 BUKOHYETHCS HA MIKPOKOHTPOJIEPI.
2. O06'em cratnunoi omepatuBHOi mam'ati (O3VY): 2 kinmobaiitu. [s

naMm'saTh BUKOPUCTOBYETHCS JIJIs 30€piraHHs 3MIHHUX Ta 00OpOOKH PI3HOMAHITHUX
JAaHUX I11]1 YaC BUKOHAHHS MPOTPaMHU.

3. O0'em eHeprone3ayiexHoi mocrtiiHoi mam'ati (EEPROM): 1
kinoOaitT. Lleil Tun mam'aTi BUKOPUCTOBYETbCA MJisi 30€piraHHs MOCTIMHUX
3HAYCHb, SIKI MOXYTh 30epiratucsi HaBiTh TPH BUMKHEHHI >KUBJICHHS
MIKPOKOHTpOJIEpa.

TakuMm yuHOM, AaHi crienudikallli mam'sTi HaIarTh BAXIUBY 1H()OpMAIIito
npo moxnuBocTi ATmega328P nns 30epiranHs Ta 0OpoOKM KOy Ta JaHUX Y
cUCTEMI.
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7 R

ARDUINO

k2

a) Arduino Leonardo | 0) Arduino Nano B) Arduino Uno
Puc. 4- 30BHilIHII BUTIISAT KOHTPOJIEPIB ApIyiHO

IHopTu MiKpOKOHTpOJIepa Ta iX XapaKTepuCTUKA

[Tinu 3 HoMepamu Bix 0 10 13 € nudpoBumu. Lle o3naudae, 1110 Bu MoxeTe
3YNTYBAaTH Ta MOJAaBAaTU Ha HUX Juiie aBa Buau curHamis: HIGH ta LOW. 3a
goromororo IIIIM Takok MOXHa BHKOPHUCTOBYBATH LHUQPPOBI TMOPTU TS
KepyBaHHS IMOTYKHICTIO i IKITIOYEHUX TPUCTpoiB. AHanorosi miau Arduino Uno
MpPU3HAYEHl IS MIJKIIOYEHHS aHAJOrOBUX NPHUCTPOIB 1 € BXOAAMHU IS
BOYZI0BaHOTO aHAOro-1nMppoBoro nepersoproBaya (ALII), skuit y Arduino Uno
necstupospsinauid. Jlomarkoi minu Ha miati: AREF — Bugae onopny Hanpyry
st BOynoBanoro AIIIl. Moke kepyBatuca ¢ynkiiero analogReference().
RESET — mnojmaya HU3BKOTO CHUTHATy Ha IIbOMY BXOJ1 TpHU3BEIE [0
nepe3aBaHTaXKEHHS IPUCTPOIO.

CTpyKTypHa cXeMa NPONyCKHOI0 MyHKTY

VY mporect po3poOKHM CUCTEMHU KOHTPOJIO PyXy MpalliBHUKIB Ha 0asi
MIKpOKOHTpoJiepa Arduino BaXJIUBO OOTOBOPUTH CIOCOOM 3B'A3KY 3
KOMI'FOTEPOM Ta IHIIMMHM eJeMeHTaMu cuctemu. Ha wnpomy erami
BUKOPUCTOBY€EThCs iHTepdeiic USB nist 3abe3nedeHHs 3py4HOro mporpaMmyBaHHs
MIKpPOKOHTpOJIEpa Ta 0OMiHY JaHUMH Mi’K HUM Ta KOMITFOTEPOM.

Jlns  B3aemonii 3 MIKpPOKOHTpoJiepoM Arduino BHUKOPUCTOBYETHCS
cranaaptHa nporpama ArduinolDE (Integrated Development Environment).
ArduinolDE Hanae 3pyunuii rpadiuynuil iHTEpdeEiic 1 HanucaHHs, KOMIUISIIT
Ta 3aBaHTaXEHHS MpOrpaM Ha MIKpPOKOHTpoJsiep. B mpomeci po3pooOku,
posmpenuit ¢yHkiioHan ArduinolDE Takox m03BOJIsSi€ MOHITOPUTH BUBIJ
MIKPOKOHTPOJIEpA, 110 I03BOJISI€ 3/[1HCHIOBATH HAIArOXKEHHS Ta BIAJIAIKY.

Oxpim mporpamyBanHs, iHTepdeiic USB moxxe BUKOPUCTOBYBATHUCS IS
OOMIHY NaHMMH MDK MIKPOKOHTPOJEpOM Ta KoMmm'iotepoM. lle Moxe Oytu
KOPUCHO JUIsl mepenadi 310paHMX JaHUX, Takux sSK 1Hopmalis mpo pyx
MpaliBHUKIB a00 CTaH CHCTEMH, JIs MOJAIBIIOr0 aHajizy Ha KOMI'toTepi. Y
MpoIieci po3poOKU MPOrpaMu Ik CUCTEMH KOHTPOJIO PyXy MPaIliBHUKIB Ha 0asi
MIKpOKOHTpoJiepa Arduino BHUKOPUCTOBYETHCS 1HTETPOBAHE CEPEIOBUIIE
po3pobku ArduinolDE. Lle cepenoBuiie Hajae 3py4yHICTh y MporpaMyBaHHI Ta
B32€EMO/I11 3 MIKPOKOHTPOJIEPOM.

ArduinolDE - ne creniaabHO po3po0JieHe IHTETPOBAHE CEPEIOBHUIIEC IS
nporpaMmyBaHHsI MIKpOKOHTposepiB Arduino. BoHo 3a0esnedye 3pydyHuUit
rpadiuauii 1HTepdeic s HamuMcaHHA KOJy, KOMMUISIIT HporpamMu Ta ii
3aBaHTa)XCHHS Ha  MIKpokoHTpojep. ArduinolDE  mintpumye  MOBY
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nporpamyBanHs C/C++, cnemiaibHO aJanToBaHy A MIKpOKOHTpoisiepiB AVR,
SIK1 BAKOPUCTOBYIOThCSI B Arduino.

V¥ cuctemi Ha ocHOBI RFID TexHomirii 3acTOCOBYIOTHCS HACTYIHI MOJTYII:
MikpokoHTpoJiep, RFID-pigep, pene , coneHoin, mkepeno >kuBjaeHHS Ha 12B,
KOMIT FOTEp, 1HAUKAITIS.

MIKpOKOHTpOJIEP 3B’SA3yEMO 3 KOMIT FOTEPOM JIUIIE TOA1, KOJIU HEOOX1THO
3aBAaHTAXKUTH a00 TMEepe3aBaHTAKUTU MPOrpamMy. TOMY Ha CTPYKTYpHIH cxemi
3B’A30K 3 MIKPOKOHTPOJIEPOM TOKa3aHO MYHKTUPHOIO JiHi€I0, 60 y poOoTi
cuctema He Oyzae moB’si3aHa 3 komm'rotepoMm. RFID-pigep yci curHamu, siki
3’ SIBIISTFOTHCS TiCIis YUTaHHS KapTKH, nepenae Ha
MIKpOKOHTpoJIep. MIKpOKOHTpOJIep Kepye TMOJIOKEHHAM pene. Skio pene
BKJIFOYEHO, TOJ1 >kuBiieHHs Bix bXK #ine Ha comenoin. J[kepeno XKUBJIEHHS 10
COJICHOIY MIAKITIOYAETHCS Yepe3 peie, 1 MeH 3B’ SI30K MOKa3aHO TOHKOIO JIHIETO.
MiKpOKOHTpOJIEP )KUBUTHCS Bijl OJIOKY KUBIICHHS. [HIUKAIIISI OTPUMYE KUBJICHHSI

Ta CUTHAJIM Ha OCHOBI JaHUX oTpuMaHux abo He otpuMmanux 3 RFID-pinep (Puc.
5).

KomnerTep ENoK ¥MENSHHA 12B

:
LB

. .| MikpokouTponep | N -
Datuuk RFID Arduino Uno IHgMEauia

¥

ConeHoig

Puc. 5 - CtpykTypHa cxema mpoIyCKHOTO MTyHKTY

CIIHCOK IIOCHJIAHB

1. Grbl, 3a mnocunmanasm Ha caiit GitHub .Enextponnuit pecypc
[https://github.com/gnea/grbl].

2. UGS Platform, 3a mocunanasm Ha caiit UGS. EnextpoHHut pecypce
[http://winder.github.io/ugs website/download/].
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YV JIK 621.873.3:004

baxtin L. (/ounbacvka Oepoicasna mawunob6yOieHa — axkademis, MM.
Kpamamopcok — Tepronine, Yxpaina)

MOJAEPHI3ALIA BAIITOBUX KPAHIB JIJIA NI IBULIEHHSA
E®PEKTUBHOCTI TA CTAJIOCTI

Anomauyia: Cmamms npuceésyeHa aHanizy OCHOBHUX HANPAMKIE MOOepHI3ayil
OAUMOBUX KPAHIB, 3 AKYEHMOM HA 6NPOBAONCEHHI A8MOMAMUZ0BAHUX CUCTEM YNPAGIIHHA,
BUKOPUCTNAHHI ~ NIe2KUX Mamepianie, eKoNo2IYHOCmI ma iHmezpayii 3  CYYACHUMU
iHopmayitinumu mexuonociamu. Pozensnymo eadiciugicmo agmomamuzayii ons adanmayii
KPaHié 00 3MIHHUX YMO8 pobomu, nioguujeHHs ix npooykmuenocmi ma desneku. OKpecieHo
POJIb BUKOPUCMAHHS HOBIMHIX Mamepianie i albmepHamueHux oxcepell enepeii y 3MeHUeHHI
eKOJI02IYH020 6NIUBY ma eKcnayamayiunux eumpam. lliokpecieno 3uauenws oceimu ma
MINCHApOOHOI cnignpayi O YCniwHoi MoOepHizayii ma 6npo8aoddCeHHs IHHOBAYIL Y
0y0isHUYmMEi ma MawuHo6y0y8anHi.

Abstract: This article focuses on the key directions for the modernization of tower
cranes, emphasizing the implementation of automated control systems, the use of lightweight
materials, environmental considerations, and integration with modern information
technologies. It highlights the importance of automation in adapting cranes to variable working
conditions, enhancing their productivity and safety. The role of using cutting-edge materials
and alternative energy sources in reducing environmental impact and operational costs is
outlined. The significance of education and international collaboration for successful
modernization and innovation in construction and engineering is underscored.

Ha ocHOBI HagaHOTO TEKCTYy MPOEKTYBaHHS Ta MOJEpHi3alli OalmToBUX
KpaHiB, MOXKHA CKJIACTU JI€TaJIbHUN OTJISAJ, aKIIEHTYIOUM yBary Ha KIFOUOBUX
acrieKTax, TaKMX SK aBTOMATH3allis, BHKOPUCTAHHS JIETKUX MaTepialis,
€KOJIOTIYHICTh, Ta IHTETpallisi Cy4yacHUX TexHoJoTii. lle mo3Boisie He TUIbKU
1BULITUTH MTPOIYKTUBHICTH 1 0€3MeKy poOOTH KpaHiB, aji€ il CIIpHUsie€ 3SMEHIIICHHIO
BUTpaT Ha 0OCITyroByBaHHA Ta €KCIUTyaTalito. Hikde npejcTaBieHo neTaaibHui
OrJIsi[i OCHOBHUX aCIEKTIB MOJIEpHI3allii OalITOBUX KPaHIB.

BnpoBakeHHS! aBTOMaTU30BaHUX CUCTEM YIPABIIHHS Ha 0a31 IITYy4HOTO
iHTenekty Ta IntepHery peuedt (IoT) B OamToBMX KpaHax BIAKPUBAa€E HOBI
MOXJIMBOCTI JJIsi ONTUMI3alli poOOYMX MpoIleciB. ABTOMaTH3aIlisl J03BOJISE
KpaHaM  aJanTyBaTUCid 10 3MIHHMUX yYMOB  po0OTH, e(EeKTHUBHILIE
BUKOPHCTOBYBATH €HEPril0, a TaKoXk 3a0e3reuye BUCOKY TOUYHICTh Ta Oe3meKy
MIPY BaHTAXOMIIHOMHUX OIepauisx.

3amiHa TpaJUIIHUX MaTepialiB Ha JIETKI, TaKl K aJTIOMIHINA Ta BYTJCIeBl
KOMITO3UTH, 3HAYHO 3MEHIITYy€ 3arajibHy Bary KpaHiB. Lle He nuiie nmonermye ix
MepecyBaHHsl Ta MOHTaX, ajie¢ ¥ CIpHUsi€ MIABUIICHHIO €HEProeeKTUBHOCTI Ta
3HMKY€ HaBaHTa)XCHHSI Ha 1H)KEHEPH1 KOHCTPYKIT OyAiBEIbHUX 00'€KTIB.

MopepHizaiiss 0amToOBUX KpaHIB 3 aKIEHTOM Ha EKOJOT14HICTh
nependavae 3HIKCHHS EHEPrOCIOKHBAHHSI Ta BIPOBAKCHHS EKOJOTIYHO
YUCTUX TEXHOJIOTi. BUKOpHCTaHHS anbTepHATUBHUX DKEPEN EHEPrii, TAKUX K
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COHSIYHI MTaHeJIl Ta BITPOBI T€HEPATOPH, a TAKOXK ONTUMI3allisl MACH KPaHiB CIIPUSIE
3HM>KEHHIO BUKHIIB BYTJICIIIO.

MopepHizaiiisi 6aITOBUX KpaHiB HE OOMEXY€EThCS JIMIIE MEXaHIYHUMHU Ta
EHEePreTUYHUMHU aCTIEKTaMH, a TAaKOXK OXOIUTIOE 1HTerpaliio 3 iHGopMaliiHUMU
TEXHOJIOT1SIMU, TakuMu sIK cuctemMu BIM Ta aBTOMaTH30BaHE YIpPaBIiHHA.
Bukopucranus 1u@poBUX TEXHOJOTIM 1 aJrOPUTMIB IITYYHOTO 1HTEJICKTY
JI03BOJISIE€ ONITUMI3YBaTH poOOUi MPOLIEeCH, OKPAIIye KOOpI[I/IHaI_IIIO MDXK PI3HUMHA
eTanaMu OyIiBHHUIITBA, Ta CHPHUSIE TOYHOMY IUTAHYBAHHIO 1 BUKOPHCTAHHIO
pecypciB.

BpaxoByroun r106abHI TEHACHINT 0 3MEHIICHHS BIUIUBY Ha JTOBKIJUIA,
EKOJIOTIUHICTh CTa€ KIIOYOBHM AaclEeKTOM Yy MOJEpHizalii 0amToBUX KpaHiB.
Buxopucrtanss maTepianis, siKi MEHII HABAHTAXYIOTh JTIOBKULJIS, Ta 3aCTOCYBaHHS
aNbTEPHATUBHUX JDHKEPEN CHEprii, HampHUKIaa COHIYHUX TMaHEeIeH Ta BITPOBUX
reHEepaTopiB, JOMOMAraroTh 3HU3UTH €HEPrOoCHOKMBAHHS Ta BYIJICLIEBUU CIII.
Kpim Toro, BHpOBaJ’KEHHS CHUCTEM peKyrepailii eHeprii Moxke J0JaTKOBO
MBULIUTH €HEPTroePEeKTUBHICTH Ta 3MEHITUTH BUTPATH HA €KCIUTyaTallilo.

Po3BUTOK TeXHOJIOTIM 1 MojepHi3allis O0JaJHAHHS TaKOXX BUMAararoTh
yBaru J0 COLIAIBHUX acMleKTiB Ta ocBiTA. IligBumieHHs kBamidikamii
IpAIiBHUKIB, OCBITHI MPOrpaMH Ta TPEHIHTH II0JI0 HOBITHIX TEXHOJIOTIHM 1
METOJMK O€3MeKH € BaXJIUBUMH [JIsi 3a0e3nedyeHHs Oe3lekd Tmpail Ta
e()eKTUBHOTO BHKOPHUCTAHHS HOBUX MOKIMBOCTEH KpaHiB. Lle Takox cmpwsie
M1JIBUIIICHHIO PIBHS 3a/I0BOJICHOCTI MPalliBHUKIB Ta IXHbOI MOTHUBAIII].

MopepHizailisi 0alITOBUX KPaHIB Yy KOHTEKCTI IJI00aIbHUX CTaHAAPTIB Ta
TEHJICHIIIl BUMAarae akTHUBHOI MIXKHApOJHOI CHiBIpalli, OOMIHY JOCBIJOM Ta
iHHOBaulid. CmiBhnpans 3 MIDKHApOJHUMHU MapTHEPaMH, Y4YacTb y HAyKOBUX
KOH(EpEeHIIIsSIX Ta BUCTaBKaX JO3BOJISE HE JIUIIIE CJIITyBaTH CY4YaCHUM TPEHJIaM, a
I ajmanTyBaTH TIEPENOBI CBITOBI MPAKTHUKUA JI0 MICIIEBUX YMOB, CIPUSIOYH
TEXHIYHOMY MPOTrpecy Ta iIHHOBAILISIM B Tary3i.

MopepHizariist 6aImTOBUX KpaHiB € KOMILUIEKCHUM IPOIIECOM, IO OXOILTIOE
HE JIMIIE TEXHIYHI YAOCKOHAJIEHHSA, a M IHTerpamio 3 1HPOpMaLIHHUMU
TEXHOJIOT1SIMH, €KOJIOT1YH1 1HIIIaTUBH, COILIaJbHy BIAMOBIJATBHICTh, Ta
MDKHapoJHy criBopaiito. Llei mpouec BuMarae CHCTEMHOTO MiIXOAY Ta CHUIbHUX
3yCWJIb HAyKOBOi CHUIBHOTH, MPOMHUCIOBOCTI, Ta OCBITHIX IHCTUTYIIN [JIst
peanizalii 1HHOBAILIHUX pillIeHb, 3a0e3MeyeHHs Oe3NneKu Ta ePEeKTHUBHOCTI
poOOTH KpaHiB, Ta CTBOPEHHS CTAJIOr0 MallOyTHHOTO B raiy3i OyJIBHHUIITBA Ta
MalIMHOOYTyBaHHS.
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VIIK 621.865.8

Be3poaniii 1.0., HaykoBuil KepiBHUK: I.T.H., npodecop Kopanerchkuii C.B.
([lonbacvka Oepoicasna mawunoodyoiena axaoemis, mm. Kpamamopcox —
Tepuoninw, Yxpaina)

THHOBAIIHHUI MEXAHOCKJIATAJIBHUM TEXHOJJOT' TYHUA
KOMILIEKC JJIs1 BAPOBHUIITBA I'YCEHUYHUX XOJOBHUX
YACTHUH

Anomauin: 1{s poboma npucesuena po3pobyi IHHOBAYIUHO2O0 MEXAHOCKIAOAIbHO2O0
MEXHON02IUHO20 ~ KOMNIEKCY — Ol BUCOMOBIEHHA  2YCEHUYHUX  X0008UX  YACMUH,
BUKOPUCMOBYBAHUX ) 2IPHUY0000Y8HIU npomuciosocmi. J{ocniodcenHs 30cepedlceHo Ha
inmezpayii nepedosux memooié 00POOKU, POOOMUZOBAHUX CUCTNEM [ SHYUKUX SUPOOHUYUX
cucmem, @ MaKkoMC Ha ONMUMI3AYIT MEXHOJI0IYHUX npoyecis. Bkioueno mexHiko-eKoHoMIuHe
OOIPYHMYBAHHS NPOEKMY, OYIHKY KOHKYDEHMOCNPOMONCHOCMI, a MAKONC AHANI3 8UMpPAm i
exoHoMmiuHOI egexmusrocmi. Ocobaugy yeazy npuoileHO OXOPOHI npayi ma exKon02iuHill
besneyi. Peanizayis npoexmy moodice 3HAYHO NIOSUWUMU NPOOYKMUBHICMb GUPOOHUYMEA MA
AKicmb  npooyKkyii, 3abesneuumu 06e3neKy pobouUx ymos ma 3MeHwUumu coodieapmicmo
NPOOYKYIi.

Abstract: This work is dedicated to the development of an innovative assembly-
technological complex for the production of tracked undercarriage parts used in the mining
industry. The study focuses on the integration of advanced processing methods, robotic systems,
and flexible manufacturing systems, as well as the optimization of technological processes. It
includes a techno-economic substantiation of the project, an evaluation of competitiveness, and
an analysis of costs and economic efficiency. Special attention is paid to labor protection and
environmental safety. The implementation of the project can significantly increase production
productivity and product quality, ensure the safety of working conditions, and reduce the cost
of production.

Cyd4acHuii mporpec B MaIHI/IHO6YI[yBaHH1 TiCHO IIOB'SI3aHHIT 3 PO3BUTKOM 1
BIIPOBA/UKCHHSAM IHHOBAIINHAX TEXHONOTIH, IO 3a0e3medyroTh IIiABUIICHHS
MPOJYKTUBHOCTI BUPOOHHUIITBA Ta ONTUMI3ALIII0 BUPOOHMYMX MpoueciB. OaHie0
3 Tally3ei, Jie aKTyaJbHOIO € MoTpeda B IHHOBALIISIX, € BAPOOHUIITBO TYCEHUYHUX
XOJOBHUX YaCTUH JUIA HpOXi,Z[HI/IHBKI/IX KOMOaHIB, sIKI BUKOPHUCTOBYIOTBCS Y
TIpHUYOA00YBHINA TPOMHCIOBOCTI.

JocmimxeHHs CIIPSIMOBAHE Ha pPO3pOOKY IHHOBALIHHOTO
MEXaHOCKJIaJaIBHOr0  TEXHOJIOTTYHOIO KOMIUIEKCY, IO IHTEIpye MepeoBi
METOH 00pOOKHU, POOOTH30BaHI CHCTEMH Ta rqum BUPOOHHMYI CHCTEMH ISt
BHTOTOBJICHHS MEXaHI3MIB I'yCCHHYHOI XOJOBOI YaCTHHH. AHAIi3 MOTOYHOrO
CTaHy BUPOOHUIITBA BUSBUB OCHOBHI IMPOOJIEMH, K1 BIUIMBAIOTh Ha €PEKTUBHICTh
BUPOOHUYOTO MPOIECY, Ta 30CEPEKEHO yBary Ha ONTUMI3allli TEXHOJOTTYHUX
MIPOIIECIB BUKOPUCTAHHS.

BaMBOIO 4aCTHHOIO POOOTH € TEXHIKO-eKOHOMIYHE o6rpyHTyBaHH51
JOCII/UKeHb, SIKe BKIIOYA€ aHami3 BHUTPAT 1 MiIBHUIICHHS CKOHOMIYHOI
e(peKTHBHOCTI MPOCKTY, OLIHKY KOHKYPEHTOCIIPOMOKHOCTI BUPOOHHITBA. Kpim
TOro, Oy/n0 NMPUIINCHO YBAary MHUTAHHSAM OXOPOHH IMpali, IO € aKTyalbHUM
aCIeKTOM TIpH po3po0Ili Ta BIPOBAIHKEHHI HOBUX TEXHOJOTIYHUX PIIICHb.
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Peamizamiss  1HHOBAIIMHOIO  MEXAHOCKJIAIAJILHOTO  TEXHOJIOTTYHOIO
KOMIIICKCY Ui BATOTOBJICHHS MEXaHi3MIB I'yCCHUYHOI XOIOBOI YaCTHHU MOXE
3HAYHO IiABUIUMTH MPOAYKTHBHICTH Ta 3HH3UTH COOIBapTiCTH BHPOOHHIITBA,
3a0€3MeUYUTH BHCOKY SIKICTh TOTOBOI MPOMYKIII. BHpOBazm(eHH;I nepe10BUx
TEXHOJIOTH, pobOTH3aNil CHCTEM 1 THYYKMX BHPOOHMYHX JIHIH CTaHOBHTH
OCHOBY IS AOCSTHEHHS 11i€i MeTH. OKpiM TEXHIYHOTO BIOCKOHAJICHHS, TTPOCKT
HaroJIoniye Ha HCO6Xi,ZIHOCTi E€KOJIOTIYHOI Oe3rekn Ta 3a0e3rneyeHHs
ONTUMAIBHAX yMOB ALl JUIst onepaToplB 00J1a/{HAHHS.

3acTocyBaHHs IHHOBALIMHUX MarepiaiiB i METOAiB 0OPOOKH, 30KpemMa
BHKOPHCTAHHI TEXHOJIOT1/ [IOBEPXHEBOTO 3MILHCHHS, LIaHyBaHHSL, H1prBaHH;{
Ta J1a3epHOi 00poOKH, 3abe3medye HII[BI/IHICHHSI MIITHOCTI, 3HOCOCTIHKOCTI Ta
TPUBATIOCTI CIIy)KOM I'yCCHUYHUX MEXaHi3MiB. TaKOK Ba)KIHBUM aCIICKTOM €
po3pobka eheKTUBHUX METOAIB KOHTPOJIO SKOCTI BUPOOIB, SIKi JO3BOJSIOTH
CBO€YACHO BUSBJIATH A€(PEKTH Ta 3a0€31euyBaT BUCOKY HAIIHHICTh MEXaHI3MiB.
[aTerpamis poOOTH30BAHMX CHUCTEM B TPOLIEC BUPOOHUIITBA HE JIUIIE
3HIDKY€E TPYJOMICTKICT BUPOOHHMYMX OIepalliif, ane i MiJBHILYe TOYHICTB i
MOBTOPIOBAHICTH IPOLECIB, IO € KIFOYOBUM ISl BATOTOBIICHHS BHCOKOTOYHHIX
KOMITOHEHTIB TYCEHUYHHMX MEXaHI3MiB. ABTOMATHU3allisl TMPOIIECIB 03BOJISE
3MCHIITUTH BUPOOHWYI BUTpPATH Ta TMIABUIIMNTH KOHKYPEHTOCIPOMOXKHICTh
POYKIlli HA PUHKY.

TexHiKO-eKOHOMIYHE  OOIPYHTYBaHHS  JIOCHIDKEHb  IOKazye, IO
BIIPOBA/DKEHHS PO3POOJICHOTO KOMIUIEKCY JO03BOJUTH HE JIUIIEC MOKPAIIUTH
AKICTh Ta €()EeKTUBHICTh BUPOOHHUIITBA, ajie ¥ 3a0€3MEeYUTH 3HA4YHI €KOHOMIYHI
nepeBart s BUPOOHHKA. OIiHKa KOHKYPEHTOCIPOMOXKHOCTI IPOCKTY BKA3ye Ha
Or0 BHCOKHMH IIOTCHIIIaN Ha BHYTPIIHBOMY Ta MKHAPOJHOMY PHHKAX.

Bee mne cBimuuth po BOKIMBICTb Ta aKTyalbHICTH PO3POOKH i
BIPOBA/UKCHHS ~ iHHOBAIWHMX  TCXHONOTIYHMX  pimileHb y  cbepi
MaIuHOOYAyBaHHS, IO CIPUATAME HE TUTBKH ITiIBUIIICHHIO TTPOTyKTUBHOCTI Ta
e(eKTUBHOCTI BUPOOHUILITBA, ajie¢ ¥ 3MIHEHHIO MO3MII BUPOOHHKA HA PUHKY,
BIJIKpUBAIOYM HOBI MOXJIMBOCTI Ui PO3BUTKY Tranmy3i. OcoOnuBe Micie y
JI[OCJIiJI[)KeHHi 3aiMarOTh METOIU TIOBEPXHEBOTO 3MiL[H€HH}I Ta XIMIKO- TepMquo'l'
o6po61<1/1 K1 CHIPUSIOTH 3HAYHOMY M1JBUIIEHHIO 3HOCOCTIMKOCTI Ta KOPO31iHOT
CTIHKOCT JIeTaneii ryCeHMYHUX XO0BHX YaCTHH.

TexHONOryH1  1HHOBAllli, 3ampoONOHOBaHI y poOOTi, BKJIOYAIOThH
BUKODHCTAHHS ~CY4aCHHX MarepialiB, ©(QCKTHBHMX METOIIB JHUTTI Ta
MITaMITyBaHHS, IO J03BOJISIE OTPUMYBAaTH BUCOKOSKICHI TYCEHHUYHI Tpakd 3
MIJBUILIEHUMH EKCIUTyaTallliHUMHU XapaKTepUCTUKaMu. AHam3 Ta po3poOka
IHHOBALIHHOTO MCXAaHOCKIAJAIbHOIO KOMIUICKCY TAKOX BKIIOYA€ PO
MOXIIMBOCTCHi 3aCTOCYBAaHHS OOpYBaHHSI, ILiaHYBaHHs, HITPYBAHHs Ta IHIIHX
METO/IB 3MIL{HCHHSI HOBerHl 110 3a0€e31euye J0JaTKOB1 IEpeBaru y miABUIICHH]
JIOBTOBIYHOCTI Ta HaAIMHOCTI TOTOBUX BUPOOIB.

IIpoeKT TakOX aKLEHTYE Ha BAXIMBOCTI OXOPOHM IIalli Ta CTBOPCHHS
OesIeYHNX YMOB Ipalli Ha BUPOOHHUTBI, BKIIOYAIOYH BIPOBALKEHHS CHCTEM
BEHTWJIALIT, 3a0€3MeUeHHs BIAMOBITHOCTI OONaqHAHHS CTaHIapTaM O€3MeKu Ta
Oprasizailiro HaB4YaHHS TIEPCOHAITY 3 MUTaHb JOTPUMAHHS HOPM OXOPOHH TIpaIl.
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Binsxk K. C., HaykoBuii kepiBHUK: 11.T.H., ipodecop Hosikos @. B. (Xapxiscvkuii
HayioHanvHuti ekoHomiunut ynisepcumem imeni Cemena Kysneys, m. Xapkis,
Vkpaina)

POBOTHU3ALIA I IITYYHUM IHTEJIEKT B CYYACHOMY
MAIINMHOBYAYBAHHI

Anomauin: Cyuacne mawuno6y0y8aHHsa XapaKmepusyemvcs CmMpiMKUM pO3GUMKOM
ma 6NpoBAONCEHHAM HOBIMHIX MeXHOI02IU, makux sk pobomomexunika ma LI 1]i mexnonoaii
Marome 3HAYHUL NOMeHYyian OJisi NiIOBUWEHHs NPOOYKIMUBHOCT, 2HYUKOCMI Ma ephexmusHocmi
supooHuyux npoyecie. Ocmanuim 4acom 6ce Oiibule HAYKOBUX O0CHiONCeHb ma nyoniKayiu
npucesueno memi gukopucmauns pooomomexuixu ma LI 6 mawunob6yoysanni. /locrionuxu
BUBYAIOMb HOBI CNOCOOU 3ACMOCY8AHHA YUX MEXHONO02IU 0N A8momamu3ayii 6UPOOHUYUUX
npoyecis, niosuweHHs NPOOYKMUBHOCMI Ma NOKpaujeHHs skocmi npoodykyii. Mema cmamms -
oxapaxmepuzyeamu OCHO8HI nepegazu ma HedoaiKu uKopucmanusa pobomomexuiku ma LI 6
MawuroOy0y8aHui, ONUCAmMU OCMAHHI O0CIONHCeHHs: ma nyonikayii 6 yiti eany3i, 8UHavyumu
HesupiweHi npobremu, no8'sizani 3 euxopucmaHuam pobomomexuiku ma LI &
MAwuHo0y0y8aHHI.

Abstract: Modern mechanical engineering is characterized by rapid development and
introduction of the latest technologies, such as robotics and Al. These technologies have
significant potential to increase the productivity, flexibility and efficiency of manufacturing
processes. Recently, more and more scientific research and publications are devoted to the
topic of using robotics and Al in mechanical engineering. Researchers are studying new ways
to use these technologies to automate production processes, increase productivity, and improve
product quality. The purpose of the article is to describe the main advantages and
disadvantages of using robotics and Al in mechanical engineering; describe the latest research
and publications in this field; identify unsolved problems related to the use of robotics and Al
in mechanical engineering.

IHocranoBka mnpoOseMu Ta i 3B'A30K 3 HAYKOBHUMM | NPaKTHUYHMUMH
podoramu

CydacHe MamIMHOOYIYBaHHS XapaKTEPU3YEThCS CTPIMKUM PO3BUTKOM Ta
BIIPOBA/PKCHHSIM HOBITHIX TEXHOJIOTIH, TaKMX SK POOOTOTEXHIKA Ta IITYYHHM
iarenekt (II). Ili TexHoyorii MarOTh 3HAYHUN IMOTEHINAT JJIs ITiABUIICHHS
MPOJYKTUBHOCTI, THYYKOCTI Ta €()€KTUBHOCTI BUPOOHUYMX MPOILIECIB.

PoGoTtu3ariss Bxke JaBHO BUKOPUCTOBYETHCA B MAIIMHOOYAYBaHHI JUIs
aBTOMAaTH3alli PyTMHHMX Ta HeOe3NeYHHX 3aBAaHb. 3aBIAsiku po3ButTky LI,
MOXJIMBOCTI pOOOTIB 3HAYHO pO3MIUPIOIOTHCS. PoboTu cTaroTh  OUIbII
aBTOHOMHUMHU, THYYKUMH Ta 3AaTHUMU JI0 aJanTauli 0 MiHIUBUX YMOB.

I Takox BUKOPUCTOBYETHCSA MJIsi AaBTOMATH3allli I1HIIMX AaCIIEKTIB
MalIMHOOYyBaHHS, TaKUX SIK [POEKTYBaHHsS, IUIaHYBaHHS BHUPOOHMIITBA,
KOHTPOJIb SIKOCTI Ta TexHiuHe oOciyroByBaHHs. Bmposamxenns LI moxe
IPU3BECTU JO0 3HAYHOI'O CKOPOUYEHHSI BUTPAT, IMiJIBUILEHHS SIKOCTI MPOAYKIIT Ta
MOKpAIIEHHS] KOHKYPEHTOCITPOMOXHOCTI MAIIMHOOY TIBHUX MITPUEMCTB.
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AHAaJI3 OCTAHHIX J0CTiTAKeHb | myOaikanii

OcraHHIM YacoM Bce OUIbIIE HAYKOBUX JOCHIKEHb Ta IyOJiKaIii
MIPUCBSIYEHO TeMl1 BUKOpHCTaHHs poOoroTexHiku Ta Il B mamumHOOyyBaHHI.
JIOCTiTHUKY BHBYAIOTh HOBI CIIOCOOM 3aCTOCYBaHHS IIMX TEXHOJOTIH st
aBTOMAaTH3allli BHPOOHWYUX TIPOIIECIB, MIABUILECHHS MPOJAYKTUBHOCTI Ta
MOKpAaIIEeHHsI IKOCT1 MPOAYKITIi.

Jlesiki 3 OCTaHHIX JOCTIKEHB B II1H TaTy31 BKIIOYAIOTh:

o Po3po0Oky HOBUX aNropuTMiB yrmpaBIiHHS AJs POOOTIB, K1 I03BOJISAIOTH IM
OUIBII TOYHO Ta THYYKO BUKOHYBATH 3aBJIaHHS.

o BrpoBamkeHHS CHCTEM MAIIMHHOTO Oa4eHHS I KOHTPOJIO SKOCTI
POJTYKIIIi.

o Buxopucranns LI s mporHo3yBaHHS TIOJOMOK 00JIaTHAHHS Ta ONITUMI3aIlii
TUTaHYBaHHS TEXHIYHOTO 00CTYyTrOBYBaHHS.

®opmyJI0BAHHSA HEBUPILLIEHNX YACTHH 3araJibHOI MPo0JieMu

He3Baxaroun Ha 3HAYHMI TIpOrpec, BCE L€ ICHYE psii HEBUPILIEHHUX MPOoOJeM,
MOB'SI3aHUX 3 BUKOPUCTaHHSAM poOoTtorexHiku Ta 11l B MammnoOyyBanHi. Jleski
3 HUX NMPOOJIEM BKIHOYAIOTh:

« Bucoxka BapTticTh po6oTiB Ta cuctem 1.

o HeoOximHicTh y KBamiQikoBaHUX KaApax sl OOCIyroByBaHHS Ta
IporpamyBaHHs pOOOTIB.

o ETuuHI nuTaHH4, NMOB'A3aH1 3 BUKOpUCTaHHAM po0OoTiB Ta LI, Taki gk pusuk
3aM1HH JIFOJICHKOI Mpallii.

Iis1i craTTi Ta MIOCTAHOBKA 3aa4i

Mertoro 1i€i cTaTTi € JOCHIKEHHS Ta aHall3 Cy4yaCHMX TEHACHIN
BIIPOBaXKeHHsI poOoToTexHiku Ta I B MammmHoOy1yBaHH1. 3aBAaHHAM CTaTTI €:
o Oxapakrepu3yBaTh OCHOBHI TiepeBard Ta HENONIKH BUKOPUCTAHHS
pobotorexniku Ta Il B MammHoOy 1yBaHHI.

o OmnucaTtu OCTaHHI TOCTIKEHHS Ta MyOJIiKallii B il ramysi.

o BusHauutm HeBupimieHi TpoOieMH, TIOB'I3aHI 3 BUKOPHUCTAHHAM
pobotorexniku Ta Il B MammHoOy 1yBaHHI.

BuxJjiag 0CHOBHOTO MaTepiaJjty 10CJIi/IzKeHHA

IlepeBaru Bukopucranus pooororexniku ta I B MammmHoOyyBaHHi:

o Iliosuwennsa npoodykmusnocmi: poOOTH MOXYTh TPAIIOBATH IIOJ000BO
Oe3repepBHO, 10 3HAYHO M1JBUILYE MPOTYKTUBHICTb.

o Iliosuwenna 2uyukocmi: poOOTH JIETKO TMEPEHANAIITOBYIOThCS — Ha
BUKOHAHHSI PI3HUX 3aBJaHb, 110 POOUTH BUPOOHUIITBO O1IbII THYYKHUM.

o Iliosuwennsn axocmi: pobOTH MOKYTh BUKOHYBATH 3aBJaHHSI 3 BHUCOKOIO

TOYHICTIO

115



Henousiku Bukopucranis podororexiku ta I B MammmHoOy1yBaHHi:

o Bucoxa eapmicmp: podotu ta cucremMu LI MoxxyTh OyTH Ay*ke HOPOTrMMH,
10 POOUTH iX HEJAOCTYIMHUMHU IS JESKUX MIIITPUEMCTB.

o Heooxionicmo y keanighixosanux kaopax: Jlis oOCIyroByBaHHS Ta
nmporpaMmyBaHHs poOOTIB MOTPIOHI KBajipikoBaHI Kaapu, SIKUX MOXKE OyTH HE
BUCTAYaTH.

o Emuuni numannsa: Buxopuctanus po6otiB Ta Il moxke mpusBectu 10
3aMIHU JIFOACHKOT TIpalli, 0 BUKIUKAE €TUIHI TUTAHHS.

[lepeBaru Henomniku

[TiaBuIeHHS

: Bucoxka BapTicth
MPOTYKTUBHOCTI

HeoOxinHicTh y

[TigBUIIEHHS THYYKOCTI .
FBHIIL y KBaT(piKOBAHHUX KaJipax

[TigBuIIEHHSA SIKOCTI Etnuni nuranas

3HWKEHHSI PUBHKY

IpaBMyBaHHA Pu3uk 3amiHm JTFOACHKOI TTpari

MoxnuBi IpooIeMH 3

CKOpOUYeHHSI BUPIIICHHS :
a/lanTalli€ero

OcTaHHi g0c/ixxeHHs Ta myOJiKkamii

OcTtanHiM 4YacoM Bce Oulbllle HAYKOBUX JOCHIKEHb Ta MyOsikarii
MPUCBSYEHO TeMi BUKOpHCTaHHS poOotoTexHiku Ta I B MamumuoOyayBaHHI.
JIOCHTHUKA BHWBYAIOTh HOBI CIIOCOOM 3aCTOCYBAaHHS IIUX TEXHOJIOTIH IS
aBTOMaTHU3allli BUPOOHWYUX MPOLECIB, MIJBHUILEHHS MPOAYKTUBHOCTI Ta
MOKPAIICHHS SIKOCTI POIYKIIIi.

Jlesiki 3 OCTaHHIX JTOCHIIKEHb B 111 rany31 BKIIOYAIOTh:

o Po3po6Ky noeux anzopummie ynpasiinnsa 0111 pooomie, aKi 003601410ms im
Oinbuw MOUHO ma ZHYYKO GUKOHyeamu 3ae0anHsA. Hanmpukiaa, TOCTITHUKA 3
KamidopHniticekoro yHiBepcuteTy B bepkii po3poOuian HOBUN alTOpUTM, KU
703BOJISIE  POOOTaM BHKOHYBATH CKJIaJHI 3aBlIaHHS 30UpaHHS 3 BHCOKOIO
TOYHICTIO.

o Bnpoeaoscenna cucmem mauwiuHno20 0aueHHA ONA KOHMPOIIO AKOCHI
npooykuii. CucteMH MalIMHHOTO OayeHHs MOXYTh BHUKOPUCTOBYBATHCS MAJIs
ABTOMATUYHOTO BUSBJICHHS A€(EKTIB MPOAYKIIii, 10 3HAYHO MIABUIIYE SKICTh
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npoaykuii. Hanpuknaza, kommanis Siemens BUKOPUCTOBY€E CUCTEMH MAIIMHHOTO
OadeHHs 711 KOHTPOJIIO SIKOCTI JIOMATOK TYPOiH.

o Buxopucmanna IIIl ona npocno3yeanus noJAOMOK 001A0HAHHA maA
onmumizayii NnJaaHyeaHHA  MmexHiuHo2o  oocayzoeyeannsa. 1l  Moxe
BUKOPUCTOBYBATUCS JUIsl aHaNi3y JaHUX TMpo poboTy oOnaaHaHHS Ta
NPOrHO3yBaHHS WMOBIPHOCTI mosioMOK. Lle mo3Bojsie  miAnmpueMcTBam
ONTHUMI3YBaTH IUIAHYBAHHS TEXHIYHOTO 0OCITyrOBYBaHHS Ta 3a100IraTu aBapisim.
Hanpuxnan, kommanis General Electric BukopucroBye LI ans mpornosyBanHs
MOJIOMOK aB1aJIBUTYHIB.

HeBupimeni npodaemu

He3Baxkatoun Ha 3HAYHHUI Tporpec, BCE 1€ ICHYE PsAJ HEBHUPIIICHUX
npoOsieM, TOB'I3aHUX 3 BUKOPUCTaHHAM poOoTtorexniku Ta Il B
MamnmHOOyAyBaHHI. J{esKl 3 HUX IpoOsIeM BKIIOYAIOTh:

o Bucoka seapmicmv pooomie ma cucmem IIII. Po6otn ta cuctemu I
MOXYTb OYTH IyK€ IOpPOTMMHM, L0 POOUTH iX HEAOCTYIIHUMH Jis JEIKHX
1 IITPUEMCTB.
o Heooxionicmo y keanigpikosanux kaodpax. Jlns o0O0CIyroByBaHHS Ta
nporpamMmyBaHHsl poOOTIB NOTPIOHI KBami(iKOBaHI KaJpH, SKUX MOXKE OyTH HE
BHCTAYaTH.
o Emuuni numanna. Buxopuctanus po6oriB Ta Il mMoxxe mpusBectu 10
3aMI1HHU JIFOJICHKOI TMpalli, [0 BUKJIMKAE €TUYHI MUTaHHSI.

BucHoBok

PoGotuzamiss ta Il maroTe 3HaYHUN NOTEHIian AJid TpaHchopmanii
MammmHOOyayBaHHsa. Ili  TexHoJorii  MOXKYTh  JIOMIOMOITH  IiJBUILMUTH
MPOJIYKTUBHICTh, THYYKICTh Ta €)EKTUBHICTh BUPOOHUYUX MPOLECIB

Iiosuwennsa npooykmusrnocmi: poOOTH MOXKYTh BUKOHYBATH PYTHHHI Ta
HeOe3MeYH1 3aBJaHHSA 3HAYHO IIBHJIIE Ta TOYHIIIE, HIXK JIFOAH, IIO BeAc J0
KpaIoro BUKOPUCTAHHS PECYPCIB Ta CKOPOUEHHS Yacy MpOCTOIO.

36inbuienns enyuxocmi: poOOTHU30BaHI CUCTEMHU JIETKO aJaNnTyIOThCS 10
HOBUX 3aBJaHb Ta MPOAYKTIB, 110 POOUTh BUPOOHUUTBO OUIBLI THYYKHM Ta
TUHAMIYHHAM.

llokpawenns egexmuenocmi. II-anropuTMu MOXYTh OINTHMI3yBaTH
BUPOOHMUYI TPOLIECHU, TPOTHO3YBATH TMOJOMKK OONagHAHHS Ta MIHIMI3ZYBaTH
BIJIXO/H, 110 BEJIE A0 3HAYHOIO €EKOHOMII KOIITIB.

Iiosuwennsn 6esnexu: podotu ta Ill-cuctemu MoxyTh OpaTu Ha cebe
HeOe3MeyH1 Ta MIKIATUBI U1 3I0POB'Sl 3aBJaHHs, poOJITun poboUe CepeIoBUIIe
Oe3meYHIIINM 15 JTIOEH.

Cmeopenns Hosux pooouux micys: podortuzaiis Ta LI cTBopror0Th HOBI
MO>KJIMBOCTI JUIsl KBali(pikoBaHUX (haxiBIIiB, sIKI BOJIOJIIOTh 3HAHHSIMHU B raiysi
IporpaMmyBaHHs, pOOOTOTEXHIKH, OOPOOKH JIaHUX Ta IITYYHOIO IHTEJIEKTY.
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IlepcnekTHBY MOJANBIINX JOCTITIZKEHD

[lomganpini  gocmikeHHs B Taimy3l  pobGororexHiku Ta LI ga
MAaIIHHOOY/TyBaHHS
o Po3po0Oka 6inbmr qoctynmHUX po6oTiB Ta cuctem 1.

o [IlinroroBka kBamiQikoBaHUX KaJpiB JJis poOOTH 3 poOOTaMHU Ta CUCTEMaMU
L.
o Po3pob6ka eTnuHUX HOPM BUKOpHCTaHHS poOoTiB Ta I11I.
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bauznwok  O.0., HaykoBWIl KepiBHUK: K.T.H., mpodecop Tpersk B.B.
(Hayionanvnuti aepokocmiynuti yrisepcumem im. M.€. Kykoscvkoeo «XAD»,
Xapxis, Ykpaina)

ABTOMATHUYHE ®OPMYBAHHA EJIEMEHTIB 1 CTPYKTYPU TII
3A TOIMTOMOT'OIO CTPYKTYPHO-AHAJIITUYHUX MOJAEJIEU
PO3III3BHABAHHA OBPA3IB

Anomauin: Busnaueni xnacu @yHKyitl i MOJCIUBOCMI MAMEMAMUYHUX MOOenell O/
BUpiWEeHHs 3a0ay asmomamuino2o npoekmyeanus TI1. Buoinewi epynu ancopummie O
Memooi8 po3Nni3HA8AHH 00paszie 01 3a0ay asmomamuynoco eenepysauns TII. Hazeawi
HeOoliKU eusagieHux aneopummis. Hazeani nepesacu cmpyKkmypHO-AHANIMUYHOO MemoOd
PO3NI3ZHABAHHS 00paA3i6 015 3a0ay MEXHON02IUHO20 NPOEKMYBAHHs. Busnaueni 0cHO8HI emanu
pobomu memooa. IIpedocmasneno po3pobaenuii npoepamuuii mooyav. Ha npuxiadi epynosozo
TTI «Koneco 3ybuacme» agmomamuino cqhopmosana maobaiuys npedikamia i Mmapupym.

Abstract: Definite classes of functions and possibilities of mathematical models for the
decision of tasks of the automatic planning TP. Selected groups of algorithms for the methods
of pattern recognition for the tasks of automatic generation TP. Adopted lacks of the exposed
algorithms. Adopted advantages of structural-analytical method pattern recognition for the
tasks of the technological planning. Definite basic stages of work of method. The developed
program module is presented. On the example of group TP «Wheel toothed» automatically
formed table of predicative and route.

3ajaya cMHTE3a 1 aBTOMAaTUYHOTo reHepyBaHHs TI1 € HaillOUTbII CKIaAHOIO 1
BAXKO(OPMATI30BAaHOIO 3a/1auy€l0 B TEXHOJIOTIYHOMY MpoeKTyBaHHI. [lpu
BUSBJICHHI PI3HOMAHITHUX (DYHKIIOHAJBHUX 3aJE€KHOCTEH TEXHOJOTTYHOI
CUCTEMHU MOXXYTbh OYTH BUJILICHI Pi3HI MOCTAHOBKH 3a/1a4, SIK1 3BOJISITHCS 10 OJTHIET
1 Ti€1 %K MaTeMaTUYHOI CXeMH — MIHIMI3allli CEPEeTHbOTO PU3HKY 33 EMITIPUYHUMU
naHuMu. Lli mOCTaHOBKHM PO3PI3HSIOTHCS TUM, B IKOMY KJaci QyHKIIH BeAEThCS
BIJIHOBJICHHS BUIITYKAHOT 3aJI€KHOCTI.

1. Skmo BupillyeTbcs 3amaya il HAWMPOCTINIOTO Kiaca — KJac
IHAUKATOPHUX (YHKIM — IIe THMOBA 3a/Jadya po3Mi3HaBaHHS oOpa3iB. B Takiit
3aaul BUXigHa QYHKIISI MOXKe OyTH MpEACTaBJICHA JIUIIE CTPOKOBOIO O3HAKOIO
(Ha3Ba ormepailii, mepexoa, TUI OCHAIIEHHS TOLLO).

2. Slxmo B kiaci GyHKIIA CKIAHINIO! IPUPOIH, IO HAJIEKUTH MHOKUHU 3
KBaApaToM (YHKIIH, 10 IHTErpyrOThCs (3a1a4a BIJHOBIECHHS perpecii). B Takux
3a/1a4ax BUX1JAHA (QYHKIIIS IpeACcTaBeHa JUIle KUIbKICHOI 03HaKoo[ 1].

3. A sKmo 3a7ada B Kiaci QyHKLIN, SIKI € YAHOM JIEIKOTO 1HIIOTO KJIacy
GyHKUIN (3a7a4a iHTEpHpeTaLii pe3ybTaTiB HeNPsAMUX eKkcrepuMeHTiB). [Ipote
111 OCOOJIMBOCTI 33/1a4 BiTHOBJICHHSI 3QJIKHOCTI € TPUBATHUMHU, 1 TOMY OCHOBHUH
HaIpSIM JOCIIJDKEHb B KOXKHIN 3 HUX MOB'A3aHUI 3 BUBUEHHSM 3arajbHOi CXeMHU
MiHIMi3allii CepeTHLOTO PU3UKY 32 EMITIPUIHUMU JaHUMHU.

B temepimHiii yac iCHYIOTh Pi3HI YHCJICHHI METOJIHM MOOYIOBU MPABHII
kinacudikamii 13 3aJaHOTO TMAPAMETPUYHOTO CIMEMCTBA pI3HUX MPaBUII
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knacudikamii (ITK), sixi BuxkopuctoBytotbes B cyuyacHux CAIIP TIL
3anexxHo Bij BUOpaHOro Kjacy i Metoy mooynosu [1K moxxHa BUALIATH
HACTYITHI OCHOBHI IPYNH aJITOPUTMIB:

- meroau Bubopy I1K 3 knacy nmpocTux (JIiHIHHUX 1 KyCKOBO-TIHIMHUAX
[1K);

METOM OOYHMCIICHHS OIIHOK 1 TECTORB1 IPOIIETYPH;
AJTOPUTMHU TIepeOOpy KOH'TOHKITIH;
METO/IM TTOOY/IOBH JIEPEB PIIIICHD;
TEOPETUKO-TpadiuHi MOJIENI.
HeoOxigHo BIAMITHUTH, IO BCI I METOAA HOCHTH CKJIAIHI 1 iX BaXKKO
BUKOPHCTOBYBaHI CHeLialiCTaMu Pi3HUX Taly3eH.
JIJ1st TTMX METO/1iB TOBUHHA BUKOPUCTOBYBATHCH IOCUTH ITPE3CHTATUBHA
BUOIpKA TAaHUX, SIKA HE 3aBXK]IN ICHYE.
Taxo BCl 111 METOAM BUKOPUCTOBYIOTh TIIHPKH KUTBKICHI TTOKA3HUKH JIJIST
BXIJIHUX JaHuX Taosmii imrnepuunux ganux (TEJ) - puc. 1.
Meroau CKIaQAHO MUISITAIOTh —QJITOpUTMI3allii, TOMYy 1 BakKO
BUKOPUCTOBYBATH JJI1 KOMII FOTEPHOI OOPOOKHU JaHUX.
Takox 11 METOIM BUKOPUCTOBYIOTh 400 MHUCIIEHI MOJIEN1, 400 rpadiyHi
0e3 ix 00’ e THaHHS.

Enementn 1 kmaca

Enemenri 2 kuaca

Enement K - 1 kmaca Y
“*1

Puc. 1. IlpaBuno xmacudikamii ajis MeToAa Hail OMMKHBOTO cycina

Takox pillIeHHS Ma€ CKJIaJHY, HE 3aBXIHU aJeKBaTHY (OpMY, TOMY
CKJIAJIHO OLIIHIOETHCS CIIELIATICTAMHU.

Cnig BiAMITATH, IO I METOAM IIOTaHO TMPAIIOIOTh Ha MaJHuX
BUOIPKOBUX JaHWX, a IHTEpHpeTallis 1 MmepeBipka pillleHHs CIemialicTaMu 1
BIPOT1/IHICTh HOBUX PE3yJIbTATIB MPOOIEMAaTUYHA.

Jlnst BupimeHHsT 3amadi  kinacudikamii MOXHAa BHKOPHUCTOBYBATH
CTPYKTYPHO-aHAJTITUIHUN METOJI PO3Mi3HaBaHHA MOA00u, po3podennii B XAl
npod. I. b. Cipomxkero[2].

Merton Mae Taki CyTTEBI IIEpeBaru:

- JIOT14HI 3aKOHOMIPHOCTI JIETKO 1HTEPHPETYIOThCS OIHAPHUM JEpPEBOM
pimenb (BJIP) 1 ioro TabimnuHo0 (GOpMOIO - TAOJIUIICIO ICTUHOCTI MPEANKATIB,;
- JIOT14H1 3aKOHOMIPHOCTI, fKi OMUCYIOTh BiTTs BJIP, moctatHpo mpocTi 1
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3pyuH1 A7 iHTepnpeTanii (axiBIsIMU;
- Oyb-sIK1 JIOT1YHI 1 aHAJIITUYHI 3HAHHS €KCIIePTa-TEXHOJI0Ta MOXYTh OyTH
JIETKO TIPUCTOCOBAHUM 1 € BUKOpUCTaHUM npu o0y aoBi B/P;

- po3paxyHkoBi npasuia (PIT) MmoxxyTe OyTH MpoCcTO peanizoBaHi y BUTIISI1
TUPOTOBOTO TPUCTPOIO;

-OHHOqaCHO13H06yﬂ0BOH)PIIHpOBOHHTBCHCKOqueHHH(IHHH(HOH&TKOBOT
CHCTCMH,

- BUKOPUCTOBYBAHHS B KOKHIM BEPIIMHI ONTUMAJIbHOT M1IMHOXKUHH 3aMiCTh

MOBHOTO O3HAKOBOTO MPOCTOpY 00yMOBIoe cTiiikicTh PII mpu mamux 06'emax
HABYAJIbHUX BHOIPOK;

- PI1 nerko iHTEepIpeTyIOTHCS B Oa3ax 3HaHb 1 60a3ax yMoB (puc. 2).

Enementn 1 xnaca

“x2 ™ JiXoToMIMHINT HUR
oA >< IIpaemme F1 = CTII KOMB
AoRx
s
7 ® Enementi 2 kaaca
Fl
| 0 ? =
o]
C J N o
Cepemae o o [
ITHAYeHHA
O 'S, &
o =)
| -
Cepenne A\ 1
ITHAYeHHA

minl max] minl max2

Enemenr K- 2 xnaca

Puc. 2. TlpaBuno kmacudikariiii merogom CA mojaeni
Merto 1erko MoKe BUKOPHUCTOBYBATHUCS JIJIT aBBTOMATH30BAaHOTO OTPUMAaHHS
eneMmeHTiB TII 1 ocHaleHHs.

3minH1 o3Haku TEJ] MoxyTh OyTH MpEACTaBIECHI B HACTYNMHMX IIKanIax
KUTBbKICHIM, O1HApHIM, TOPSIAKOBI 1 CTPOKOBIil (puc.3).
Buurens (kac) y1s KOXKHOTO €JIEMEHTa 3a/IaHuii B CTPOKOBIN TITKaJII.

[ToTpiObHO OoTpUMaTH Take npaBuiio F, sike 6 ki1acudikyBaao HOBUN €JIEMEHT
Y 3a oTpUMaHMM MpaBUJIOM Kiacudikaii F.

Tnri i TED TED Byirens
Kimexici Inxinmi BuiTen
Binapnd X1, X122, .. , X1NM Yl
=l X21, X21, .. , X2N YZ
Hopsmxy
. XN1,EM2 , .. XM by
Crpoxori

IIpapmme F Y=(X1,%X2,...XN) - ?

X1 ,x2 ., . s KTV ¥=7

Puc. 4.3apnanns Ha kaacuikalito
VY Mexax TMOCTaHOBKM 3arajbHOi 3a7adl ONTUMI3ALli CTPYKTYpPHO-
aHAJIITUYHUX MOJIEJICH alrOpuTM Kilacudikallli MpoBOIUTHCS 3a 7 eTanaMu:
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Etan 1. [Tonepenns o0poOka BXiIHUX JaHUX.

Etan 2. ABromatnuna renepartisi repmiHaibiux PIT 6e3nocepennno 3a TE/L.

Eran 3. ®opmyBaHHS CHHTAaKCMYHOIO 3pa3ka M OI[IHIOBAaHHSA MOIo
CTPYKTYPHOI OBHOTH 3 IOIYCTUMOIO TIOMUJIKOIO.

Etamn 4. BusnaueHHs kputepiadbHUX OIiHOK 03HaK TEJI.

Etan 5 Busznauenns 6a3zoBoro Habopy o3Hak TEJI.

Etan 6. ®opmyBanns inpopmaTuBHOi cuctemu o3Hak TE/I.

Etan 7. ITo6ynoBa npaBuia knacudikaiii.

Ha puc. 5. sx mpukiag 300pakeHO pPe3yJbTaT BUTISALY MPOCTIIIIOTO
OiHapHOTO JepeBa PIlIeHb 1 HOTO CKIIATaIbHI.

Puc. 5. BapianTt ¢popmu 6iHapHOTO JepeBa
Pozrisitnemo MexaHi3Mm BukopuctanHs CA Mozelni Ha NMpUKIIaal no0yn0Bu
Mapuipyta jusi getam tuna «Komeco 3yOuacte». I'padiune 300pakeHHS
MapuipyTa s rpynosoro TII Burnsigae 3a puc.6. Xoua aepeBo 1 He OiHapHe, aje
HOTro MO’KHA BKJIACTH B MPOCTHM OlHapHMU rpad 1 oHier0 3 GOpM € TabIuIsd
JaHUX NPEIUKaTIB CTBOPEHOTO JIepeBa.

—
;I rix <= l[lll

1liranoro; 3
IowaTox 2| Ihuo- 1lirarory- Teprriwna Tomapwax I-
Eigpinea FAMEHA
Kpyr |50 >ll]l)

e Hmmefe

Puc. 6. JlepeBo 1151 nmpoekTyBaHHs MapiipyTa rpynosoro TII
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JInst BUKOpPHUCTaHHS JepeBa CIOYATKy Tpebda OpraHi3yByBaTH BBEIICHHS
nannx. Ha puc. 7. mpencraBieHa ekpaHHa (opma po3poOsieHOT aBTOpamu
nporpamMu Ui BBEACHHA NaHUX Mpo jAeTanb (Ha mpukiami neram «Komeco
3y0uacte»). Maemo 5 3MIHHHX (3aroTOBKa, MapTis, TN 3y0000pOOICHHS, THII
TEMOOOPOOJIEHHS 1 CTeMiHb TOYHOCTI 3yOIlIB) IS BXIJHUX JaHUX 1 B SKOCTI
CTPOKOBOI 3MIHHOI - OTieparfis.

E BEE|

3eperti crpyeTypy

Puc 7. ExpanHa ¢opMa J171s1 BBEICHHS JAHUX MPO AETAIb
Ha npukiIaal aerani - « Komeco 3youactey.

[lepeOynyemMo puc.5 1 mpoHymepyemo omnepaiili. OTpuMyeMo JepeBO 3
O3HAYEHHSIM HOMEpIB BeplIMH rpada (omepauiil) mansg ¢(opMyBaHHS TaOJHIIl
npeaukartis (puc.).

Han npeacTtaBieHuii rpad nepeTBOprOEMO B TaOJIMIIIO, KA CTBOPIOETHCS
3a monomororo mMoayist «byniBHHK AepeBa pimieHb» (puc. 9) .

Puc.8. IleperBopena ¢opma nepena TII.
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Ha puc 9. nokaszana ¢opma 1 HaBeneHu# npukiaaa GopMyBaHHS MEPIIOT

CTPOKH TaOJIHII].

byaieHMi ge pesa pilleHb

dain  Kpitepii  OUMCTHT GiryHak

Mepernag AaH9x
Homep BepuwmH1 1 - 11 0 050 -2 31
Tun 0N 1 hd
Hamen osHakm Horep osHakK -
TMapir |D'5
M pOQOEHMTH
Mepexia = + |2 hal B ) € s
INRNNENRNREREENN
Mepexia = - |3 j i 3anoeHeEHD CTpOK
OsHaka gaHuy |J-h’"3‘5'|:""a j T G | 1

Puc. 8. ®opmyBaHHS nIepIIoOi CTPOKH JepeBa

q)paFMCHT TTOBHICTIO IICPCTBOPCHOTO ACPCBA B Ta6JII/II_IIO 306pa>KCHO Ha

puc.10.

—_
o

e e s e e % e e e

COOoOOoOOoOOmMOOoO o E Do OO R

—

DDDGGOODDD—‘GGD—‘DDE

7 Y

9 9 g B
10 m 9
12 11 1o
12 12 I
13 13 12
14 18 13
15 16 14
16 16 15
17 17 16
18 18 17
18 13 18
2020 13
A 20
22 22 1
000 1000 22

a a a ¥

Puc. 10. Pe3ynbsTaT nepeTBopeHoro aepena B TAOIHIIO

Jlami moTpiOHO BBECTH KOHKPEKTHI JIaH1 PO JIeTalb, 3T1IHO PUC. 7 1 TIPO-
BeCTH KJadikamiitHuii aHai3 JaHux 3a JonomMororw moayis «Knacudikatopy.
Ha puc. 11 300paxeHo pe3yiabTaT poOdoTH MOAYJs - cHOPMOBAHUMA

MapIIpyT IO OAHOMY 3 BapiaHTIB 3MIHHUX.

5 MunoeigpizHa

10 I Tanamys amea

15 Tepraiuma

20 Tokapra = HME

25 HosfancHa

30 KoHTpoabHa

35 3ybopoebamHa
40 3auucTra 3aEYCEHUIE
45 Tepmootporiea

50 [ apryeaHHA

55 F.pyrnownigysansHa
B0 CnocapHa

E5 Mporuera

70 KoHTpons

75 Hanunenna

Puc.11. Bapiant aBToMatnyHO c(hopMOBAHOTO MapIIpyTa
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Ha puc.12. 300paxennii (parmeHT po3poOieHoi GopMu MapmpyTHOI
KapTh I OJHOTO 3 BapiaHTIB 3MIHHUX I aBTOMATHYHO C(HOPMOBAHOTO
MapIipyTa.

;Zil;ﬁi::; E;::::ggﬂ X_‘AI F.oneco 3ySuyacte - |
Hopoxyzar |Tperak BB

HEorrp |Tperar B.E. ,q_ | | |— |— |
M 01 ,W

Ko EB ML EH H.Pacx. | KRM Kox zaroT, Inotbine ivomring | K] +

M 02 | 10000000 w082 [I |joses |04 | |Wramnoera 1 IE:

A | Lex| ¥x |PM [Onpep. Ko, safirresys-arom omepaadi [ [ —

E Kom. waiirrenve-ainem o0mamsans L CMI Thood, | P 1 ¥T | KPIKOIN| FH | O IKwr | Tme, | Tuer
A Bl 04 22 005 MunosiapusHa

E Huckosa nuna 1728 0132 0.047
A BR D3 22 010 WrarnyeaneHa

B KPHEOWMNHME rapAqewr aMiyBansHmqi npec
A N Kid] 3 15 TepmivHa

B AnekTponive kamepra CH3-14.28.9.010
A BV 12 32 20 TokapHa = YTk

B T ok apHo-euHTopesHEE ¢ YK 1642053
& 34 25 17 28 Jostansta

E Noetak
A 14 17 13 30 K.oHTponeHa

Puc.12. ABTomaTHuHE BBEICHHS JaHUX B MAPIIPYTHY KapTy

TakuM YMHOM aBTOMAaTUYHO c(popMoOBaHAa MapuipyTHa kapra mus TII
neram «Koseco 3yOuacte». 3a aHaloroM MoOXKHa Cc(OpMyBaTH €JIEMEHTH
orepalifHoi TEXHOJIOTI] 1 €IEeMEHTH OCHAIICHHS VIS 111€1 Ta IHIIUX AeTanelt [3].

CIIMCOK ITOCHNJTAHb
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VJIK 621.733

Boukosoii /I.0., lllyctoBa B.M. (/[onbacvka oepocasna mawiunobyoisHa
akaodemis, um. Kpamamopcok — Tepnonine, Yrpaina)

JOCJIIIZKEHHA HAIIPY  KEHO-AE®OPMOBAHOI'O CTAHY
MOJUPIKOBAHOI CTAHUHU KOJJOHHOI'O TUITY JJIs
I'TAPABJITYHUX ITPECIB 3 BUKOPUCTAHHAM CAIIP
SOLIDWORKS

Anomauyin: Y cmammi npoeooumvcs KOMNJIEKCHe OO0CHIONCEHH HANPYHCEHO-
oeghopmosanoco cmany MooughikoeaHoi cCmanunu KOIOHHO20 Muny 01 2iOpAeIiuHUX npecis,
suxopucmogyoyu moxcaueocmi CAIIP SolidWorks Simulation. Poboma 30cepedcena Ha
BUBUEHHI ma ONMUMI3AYil KOHCMPYKYIUHUX napamempie CMAaHuHu, wob nokpawumu ii
HaoiHicmes ma sxcopemkicmo. 3a donomozoro SolidWorks Simulation oemanvro ananizyromocs
PI3HI acnekmu KOHCMPYKYIL, 6KIOYAIOYU BUABIEHHS CAAOKUX MiCYyb, OYIHKY 6NIUB)Y
HABAHMAJICEHb [  BU3HAYEHHS ONMUMANbHUX WIAXI8 Ol OOCACHEHHA MAaKCUMATbHOL
ehekmusHoCmi eKcniryamayitiHux Xapaxkmepucmuk.

Abstract: The article conducts a comprehensive study of the stress-strain state of a
modified column-type frame for hydraulic presses, utilizing the capabilities of SolidWorks
Simulation CAD software. The focus is on examining and optimizing the structural parameters
of the frame to enhance its reliability and stiffness. SolidWorks Simulation is used to thoroughly
analyze various aspects of the design, including identifying weak points, assessing the impact
of loads, and determining the optimal paths for achieving maximum operational efficiency.

CTaHMHHM KOJIOHHOTO THUNy TIJPaBIIYHUX TMPECIB, IO 3HAXOIATH
3aCTOCYBaHHS y IIUPOKOMY CIIEKTpi Taidy3edl MPOMHCIOBOCTI, BKJIIOYHO 3
aBTOMOOUIBLHOIO, aBIallIiHOIO Ta CYyJHOOYIIBHOIO, BIAITPAIOTh BAXJIUBY POJIb Y
3a0e3Me4YeHH] BUCOKOI TOYHOCTI 1 SIKOCTI BUpOOHMUMX mporieciB. HagiliHicTh Ta
KOPCTKICTh IIMX CTaHWUH O€3MOCepeHhO KOPENIOITh 13 €(PEKTUBHICTIO
oOnagHaHHS Ta piBHEM O€3MeKH onepaTopiB. Y IIbOMY KOHTEKCTI, BUKOPUCTaHHS
CAIIP SolidWorks nnsi BipTyaabHOTO MOJICIIOBAHHS CTaHUH JI03BOJISIE
1HKEeHepaM 31UCHIOBATH TIIMOOKHUI aHalli3 HampyXeHOo-Ie(popMOBaHUX CTaHIB
KOMITOHECHTIB, BJIOCKOHATFOIOYH TXH1 KOHCTPYKIITIi.

HaykoBi [OCHIIKEHHS, CHOpPSMOBAaHI Ha MIABUUICHHS €()EKTUBHOCTI,
JIOBTOBIYHOCTI CTaHUH KOJIOHHOTO THMY, SIKI MOTPEOYIOTh pPO3pOOKY HOBUX
TEOPETUYHUX Ta MPAKTUYHUX MIAXOJIB Ta METOAWK MojentoBaHHsI. Came Taki
JOCIIIKEHHST HaJIal0Th MOKJIMBICTh OTPUMAHHS ONTUMAJIBHUX KOHCTPYKTUBHUX
rapameTpiB, 10 I0TTOMAara€e po3IuPIOBaTH MEXI1 MTPOTYKTUBHOCTI, JIOBTOBIYHOCTI
Ta Oe3neku 00JiagHaHHSA. 30KpeMa, 3aCTOCYBaHHS NPOTPAMHOTO 3a0e3MeYeHHS
SolidWorks a came ioro moayms Simulation mo3Bosie peanizyBaTH Iii 3aBIaHHS
3 HOBOI TOYHICTIO Ta €(EKTUBHICTIO, 3HAYHO IIJBUILYIOYM BIEBHEHICTH B
pe3ynbTaTax MPOeKTYBaHHS.

VY 1iit po6OTI MM ITparHeMo JAOCIIIUTH Ta MPOJAEMOHCTPYBATH MPAKTUUHY
NPUAATHICT HOBOI KOHCTPYKIIlI CTAHUHU KOJOHHOTO THUMY JJISl T1APaBIIYHUX
npeciB, BukopucroBytoun CAIIP SolidWorks Simulation. OcHoBHa yBara
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30CepeKeHa Ha aHalli31 aBTOPCHKOTO BY3JIa KOJIOHHU, 3 METOI0 BU3SHAYECHHSI OTO
BIUIMBY Ha 301IbIIIEHHS HAJIMHOCTI Ta )KOPCTKOCTI KOHCTPYKITii. Lle mocmimkenns
BKJTFOYA€E TIIMOOKE MOJCITIOBAHHS BY3J1a JJIsl OL[IHKYM HaIlpyKeHb 1 1edopmariiid, a
TaKkoXX BHUPOOJIEHHS CTpaTerii onTuMmizaili KOHCTPYKIi, MO0 MiABUIIATH
eKCIUTyaTalliiiHl XapaKTEepPUCTUKU Ta MIATBEPAUTH MOKJIHUBICTh 3aCTOCYBAHHS
TaKoi KOHCTPYKIIi B peaJbHUX YMOBaX.

BuBuenHss ocoOnuBocTeld poOOTH KyBaJdbHHX KOMILUIEKCIB TIiJ] 4Yac
KyBaHHS, pyXOMa TOTIEPEeUrHA 3aBXKIH TMPAITIOE 3 JEIKUM KyTOBUM TIEPEKOCOM.
ExcueHTpucuTeT cipuunHse HEPIBHOMIPHHUIA PO3MOALI CHII Y CTaHHHI, TOYHIIIIE
B KOJIOHax /i€ 3HAXOAUThCA pi3bOoBa 30HA (puc. 1), MIABUIIYIOYH PU3MK ii
nepeBaHTakeHHsT Ta Jedopmariito. 3 ypaxyBaHHSM 0cCOOJIMBOCTEH poOOTH
CTaHUHU KOJIOHHOTO THILY, MPOMOHYETHCS BUKOPUCTAHHS HOBOI KOHCTPYKIIIi
KpIIJICHHS Ta KoJioHu 3arajioM [1]. KoHcTpykiisg npeacTaBieHa Ha pUCyHKY 2.

won Mises (N/mm#2 (MPa))
120000

' 110.000

- 100,000

. 20000

_ 80000

_ 70000
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40000

30000

20,000
10.000
o000

6)

1 — MicIIs KOHIIEHTPATOP1B HAMPY>KEHb
Puc. 1 — TumoBa KOHCTPYKIIisi KOJIOHH (a), Bi3yai3allis HalpyKeHb
y pi3b00Biii 30Hi1: mik 120 MIIa (0).
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1 — purens BepxHiil; 2 — HWKHIN 30ipHUi purens; 3— BHIT;
4 — c1spkka; 5 — raiika; 6 — mmuiIbka; / — npocraBka, 8 — HHIL.
Puc. 2 — Konctpyxkiiist 301pHO1T KOJIOHU

Y pamkax gochikeHHs 30ipHY KOJOHY, PO3ILISEMO Ha MOMAYJbHI
KOMITOHEHTH, K1 CKJIAJal0ThCS 3 TPhOX OCHOBHHUX €JIEMEHTIB: CTATYIOUOTO BY3JIa,
CTSKKH, 1 TMOJOI MPOCTaBKHU siIka Mae KBajpaTHuil nepepi3. KoHCTpyKTHBHO,
KOXEH MOJYJIb MpPU3HAYCHUM i1 CIOPUWHATTA [EBHUX HaBaHTaXeHb. Ha
pUCYHKY 3 TIpeAcCTaBieHO TpadiuHe 300paK€HHS PO3MOJULY HAmpyr, II0
BUHUKAIOTH I11]1 YaC HABAaHTAXKCHHS Ta HAMPAMKH J1I0YUX CUJL.

Craryrounii By30J1 ciyrye ¢ikcaTopoM, 3amno0iraroyu MociaabiIeHHIo
3aTSDKKM  TaKd Ta TIEPEBAHTAXCHHIO PI3b00BOT  30HU CTSHKKA — TIPH
eKCIeHTpUYHOMY KyBaHHI. CTsKKa, Yy CBOIO dYepry, CIPOCKTOBaHA MJis
CIOPUMHATTS BHUKIIOYHO PO3TIATYIOUUX HAMPYKEHb, 10 BUHUKAIOTH BIJ
3arTsaryBaHHs Tailok. IIpocrtaBka Ha BIAMIHY BIJ KJIACHYHOI KOJIOHU KPYTJIOTO
nepepizy Mae OUIbIINI MOMEHT CYNPOTHBY Ta HE MPAIlO€ YMOBAX IM1JBUILIEHOTO
HAaBaHTAXKEHHs, 3a0€3MeUy0UH J0JaTKOBY CTaOLIBHICTh Ta PO3MOJLI HAMPYT Y
CKJIQJIHI} KOHCTPYKIIii 301pHOT KOJIOHHU.

Hamnpy>xeHHs siki BUHUKAIOTh BiJl CHJIM 3aTSKKUA TalKH HEUTPai3yIOThCs
3THHAJLHUMHU HAMNpPYKEHHSIMH, 0COOJUBO MPU BUCOKOMY €KCIIeHTpUCHUTETI. [Ipu
MaKCHUMaJbHOMY HaBaHT@XCHHI BIUIUB 3aTSDKKM Ha MPOCTAaBKy Namae. Y
JOCJIIKEHH] 3aCTOCOBAHO CITKY CKIHYEHHHUX €JIEMEHTIB 3 BUCOKOIO IILIBHICTIO.
BaxxnuBo BpaxyBatu, 110 yepe3 cnenudiuHy reoOMEeTpiro MPOCTaBKU Ta PUTENiB,
IIpY CTBOPEHHI CITKM B pailOHax pajilyciB Ta MEpexoAiB HEOOXIJHO aJanTyBaTH
MaciTad, 3MEHIIYIOYH IUIbHICTh €JIEMEHTIB, III00 YHUKHYTH CTBOPEHHSI TOYOK
CUHTYJSIpHOCTI. LI TOUKM MOXYTh BUKPUBUTU PE3YJIBTATH, BUKIMKAIOUN TIOSIBY
HETPaBIONOAIOHNX TTOKa3HUKIB 11T Yac CUMYJIALIT [2].

3 ypaxyBaHHSIM KOMIIEHCAI[IMHUX CHUJI, SIKI BAHUKAIOTh Y TIPOIIEC KyBaHHS,
CIIOCTEPITAETHCS 3HIKEHHSI 3yCHILIS 3aTsryBaHHs pureniB. Tomy Ha puc. 3 (J1iBe
300pakeHHsI) HE MOKa3aHO M0y BEPTUKAIBHY CHIY, SIKa CTUCKAE TMPOCTABKY.
Cwin, npuKIaeH1 10 MPOCTAaBKU 3 OOKOBUX CTOPiH, € PE3yJbTaTOM KYyBaJIbHOTO
IpolLecy 1 MepelaloThCsl PyXOMOI0 MonepeurnHoro. Entopa BigoOpaxae po3noiia
HaIpy>KeHb, /e YePBOHUM KOJIIp MO3HAYa€ MAaKCUMaJibHI, a CHHIM — MIHIMaJIbHI
HaNPY>KCHHSL.
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von Mises (N‘'mm~2 (MPa])
180.000
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_ 70000
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Puc. 3 — Anani3 Hanpy»XeHb y IPOCTABIIl Ta BY3JIi CTSATYBaHHS
Mpy HaBaHTakeHHI B 1,8 pa3iB BUILE HIXK PUKIIAJCH] 3yCHUIUIS
10 KJIacu4HO1 KostoHu: mik 180 MlIla

BUCHOBKU

3actocyBanns CAIIP SolidWorks Ta momyns Simulation mo3Bosuio
3MIMCHUTH MOJICIIIOBAHHS Ta aHaJl3 MIIIHICHUX XapaKTePUCTUK 301pHOI KOJIOHHU.
s Ko1O0Ha BIAPI3HAETHCSA BIJ] KIIACUYHOT 301JIBIIIEHOO 5KOPCTKICTIO, TT1IBUIIICHOIO
CTIHKICTIO JIO TMEPEBAHTAXKEHb Ta MOKJIMBICTIO MOIYJIBHOI 3aMiHHM €JIEMEHTIB.
Opnak, MOIyIbHUM aHaIi3 HE 3a0e3medye MOBHOI KapTUHU POOOTH KOJIOHU Mij
HABAHTAKCHHAM. TakWM YWHOM, TIOAANBIN JOCHTIDKEHHS Tepea0davyaroTh
MOJICITIOBaHHS IIUTICHOT KOHCTPYKII CTaHWHMU [Jis JI€TaJbHOIO BHUBUYCHHS
CTaTUYHHMX Ta JUHAMIYHMX HaBaHTA)XCHb, IO JOTIOMOXE BHUSBUTHU IOTEHITIHHO
c1a0Ki 30HU Ta HAMPAMKH JJI1 ONTUMI3allll KOHCTPYKIIIi.
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Y JIK 621.3:658.5:004.8

BpoBko A.M., HaykoBHMM KepiBHUK: A.T.H., npodecop Kopanercbkuii C.B.
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OIITUMIBALIA TEXHOJOI'TYHUX ITPOLHECIB BUT'OTOBJIEHHSA
I'TIPOAIIAPATYP Y KOHTEKCTI HIIIBUILIEHHSA
IMPOAYKTUBHOCTI I 3BHUKEHHSA BUTPAT

Anomauia: Cmamms npucesaueHa ananizy ma onmumizayii mexHoni02iuHUx npoyecise
8UCOMOBIIEHHA 2i0poanapamypu, Wo € aKmyaibHUM HANpAMKOM Y cghepi Mauuno6y0y8aHHs.
OcHosHa yeaea npuoiisaemvbcs 6NPOBAONCEHHIO CYUACHUX MeMOOi8 Ma IHHOBAYIUHUX DIlUEeHD
0151 ni0BUUeHHs eheKMUBHOCMI GUPOOHUYMBA, SKI 003801810Mb He MINbKU 30i1buumu
NPOOYKMUBHICMb, ajie U 3HUUMU eumpamu Ha SUpoOHUYmMeo. Auanizyemvcs 6niug
asmomamu3zayii, 3acmMocCy8anHs HOGIMHIX Mamepianie ma mMemooié KOHMPOIo AKOCMI Ha
onmumizayito UpoOHUYUX npoyecie. Buceimieno kaouosi pexomenoayii wooo inmeepayii
MEXHONI02IYHUX HOBUHOK Y GUPOOHUYMBO MA NePCneKmusU noOAIbUUX OOCTIOHNCEHb ) OAHIlL
obaacmi.

Abstract: This article is dedicated to the analysis and optimization of technological
processes in the manufacturing of hydraulic equipment, which represents a relevant direction
in the field of mechanical engineering. The main focus is on the implementation of modern
methods and innovative solutions to enhance manufacturing efficiency, which not only increase
productivity but also reduce production costs. The impact of automation, the application of the
latest materials, and quality control methods on the optimization of manufacturing processes
is analyzed. Key recommendations for the integration of technological innovations into
production and prospects for further research in this area are highlighted.

VY cydyacHOMY BUPOOHUYOMY CEPEIOBUIII TABUIIICHHS TTPOYKTUBHOCTI Ta
3HWKEHHS BUTpaT € KIIYOBUMHU (AKTOpaMU KOHKYPEHTOCIPOMOMXKHOCTI
MiAIPUEMCTB  MamMHOOyayBaHHs. OnTuMizallisi TEXHOJIOTIYHUX MPOIIECIB,
30KpeMa BUPOOHUILITBA TiipoanapaTrypHu, BIAITPA€E CTPATErIYHY POJIb Y TOCATHEHHI
[UX IUIEH.

AHani3 HayKOBUX JDKEpen BKa3ye Ha I[IHPOKUW CIEKTP METO/IIB
ONTUMI3AIlll TEXHOJIOTIYHUX TPOIIECIB, BiJl aBTOMAaTH3allli BUPOOHUIITBA [0
3aCTOCYBaHHS 1IHHOBALIMHUX MaTepiaiiB 1 METO/IB KOHTPOJIO SKOCTI. 30KpeMa,
BaXJIMBICTh KOMIUIEKCHOTO MIAXOAy A0 BUPOOHHUITBA TipoanapaTypu, IIO
BKJIIOYA€ B ce0e BJOCKOHAIICHHSI KOHCTPYKIIii, BUOIp ONTUMAILHUX MaTepialiB
Ta MOJIEpHI3AIliI0 00JIaTHAHHS.

HocnimxenHss 0a3yeTbCsl Ha aHalli3l ICHYIOUMX TEXHOJIOTIYHUX MPOIECIB
BUTOTOBJICHHS T1poarnapaTypH, BKIIIOYAIOYM BU3HAUEHHS OCHOBHHUX KpPUTEPIiB
€()EeKTUBHOCTI, TAKUX SIK SIKICTb BUPOO1B, BUTPATU CUPOBUHM Ta €HEPrii, a TAKOK
€pProOHOMIYHICTh POOOYMX MICIIb.

VY (doxkyci A0CHIPKEHHST — ONTUMI3allisi BUPOOHUIITBA T1APOLMIIIHIPIB, SIK
OJIHOTO 3 KJIIOYOBHUX €JIEMEHTIB TiJipoanaparypu. Po3rasgaiorbes 1HHOBaIliHI
TEXHOJIOTIYHI PIIIEHHS, 30KpeMa BUKOPUCTaHHS Cy4acHOro OOJIaJHaHHS 1
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IHCTPYMEHTIB, SIK1 JO3BOJISIFOTH ITiIBUIIUTHA TOYHICTS 1 SIKICTb OOPOOKH, 3HU3UTH
TPYIOMICTKICTh BUPOOHUIITBA Ta MOKPAIIUTH €KOJIOT1UHI TOKA3HUKHU.

JocnipkeHHsT MATBEPIKYE 3HAUYYIIICTh ONTHUMI3allll TEXHOJIOTTYHUX
IpOIECIB Yy MAaIIMHOOYAYBaHHI 11 3a0€3MEUEeHHS BHCOKOI SKOCTI Ta
e(eKTUBHOCTI BUPOOHMIITBA. BrpoBal’)kKeHHS IHHOBALIIMHUX PIIICHb JO3BOJISE HE
TUIBKH MIABUIIATA TPOAYKTHUBHICTH POOOTH MIANPHEMCTBA, ajle W 3HAYHO
3HU3UTH BUTPATH HA BUPOOHMIITBO 32 PAXyHOK 3MCHIIICHHS] BUTPAT CHPOBUHHU Ta
eHeprii, onTuMi3aiii BUKOPUCTAHHS O0JIAHAHHS Ta MOKPAIEHHS YMOB IIparii.
Oco6muBYy yBary ciiiJl 3BepHYTH Ha aBTOMATH3AIlIO MPOIIECIB Ta BUKOPUCTAHHS
Cy4yacHHX 1H(QOpMAI[ITHUX TEXHOJOTIH Ui KOHTPOJIO Ta YIpaBIiHHS
BUPOOHHYHUMH MPOIIECAMMU.

Pexomenpmari

Ha ocHOBI TpoBeIEHOTO aHaJI3y PEKOMEHIYEMO:

1. [HTerpyBaTH Cy4yacHi TEXHOJIOTIUHI PIIIEHHS Yy BUPOOHHUIITBO IS
3a0€e3Me4YeHHs] BUCOKOT SIKOCTI TPOYKINIT Ta ONTUMI3aIli1 BUPOOHUYHX MIPOIIECIB.

2. 3acTOoCOBYBaTH KOMIUIEKCHUM MiJX1J A0 YIPaBIiHHS SKICTIO,
BKJIIOYAIOYM BUKOPUCTaHHS Cy4yaCHOTO OOJIaJHaHHS, I1HCTPYMEHTIB Ta
MaTepiaiB.

3. [linBuIlyBaTH piBEHb aBTOMATH3allli BUPOOHWYUX IPOLECIB IS
3MEHIIICHHS TPYAOMICTKOCTI Ta IMiJIBUIIEHHS €EKTUBHOCTI BUPOOHUIITBA.

4. BnpoBamxyBaTi cCHCTEMH KOHTPOJIIO Ta YIPABIIHHSI BUPOOHUIITBOM
HAa OCHOBI CydyacHHUX I1H(OpPMAIIHHUX TEXHOJOTIM HJisi OonTUMI3alii poOoTH
MIPUEMCTBA Ta MIABUIIEHHS HOTO KOHKYPEHTOCITPOMOXKHOCTI.

S. 3abe3nedyBaTu MOCTIfHE HABYAHHS Ta PO3BUTOK MEPCOHATY IS
poOOTH 3 HOBITHIMHU TEXHOJIOT1SIMH Ta OOJIaTHAHHSIM.

[Tomanpii mocmipKeHHS y cdepl onTHMIi3ailii TEXHOJOTIYHUX TPOLECIB
MaIIMHOOY/yBaHHS MOXYTh OYTH CIPSAMOBaHI Ha PO3POOKY KOMIUIEKCHUX
CUCTEM YyTPAaBIIIHHS BUPOOHUIITBOM, IO IHTETPYIOTh B ce0€ MTYYHUMN 1HTEJEKT 1
MaIlTiHHE HaBYaHHS IS aBTOMATH3AIlii TPUIHHATTS PIICHh Ta KOHTPOJIO STKOCTI.
Takox akTyaJdbHUM € OCHIPKCHHS BIUIUBY 3aCTOCYBaHHS €KOJIOTIYHO YHMCTHUX
TEXHOJIOT1A 1 MarepiajiB Ha BHUPOOHMYMNA MPOLEC 1 BIACTUBOCTI KIHIEBOI
npoaykiii. OcoOnuBa yBara Mae OyTu TMpHUILIEHA PO3pOOI TEXHOJIOTIH
BTOPUHHOI NMEepepoOKH Ta yTUIi3alii BIAXOAIB BUPOOHUITBA, IO JTIO3BOJUTH HE
TUIbKA 3HU3UTU BUTPATH Ha CUPOBUHY, ajieé ¥ MiHIMI3yBaTH HEraTUBHUI BIUIMB
Ha JTOBKLUIA.

3aKITIOYEHHS.

OnTuMizalliss TEXHOJIOTIYHUX TPOIECIB B MAIIMHOOYAYBaHHI BIJAKPUBAE
HOBI MOJJIMBOCTI JJIsi TIJABUIIEHHS TMPOAYKTHUBHOCTI, €(QEKTUBHOCTI Ta
€KOJIOT1YHOCTI BHUPOOHHMIITBA. [HHOBaIINHI pIlIEHHS, 3aCHOBaHI Ha CY4aCHHUX
HAyKOBUX JIOCH/DKCHHSX Ta TEPENOBUX  TEXHOJIOTISNX, 3a0e3medyroTh
MIATPUEMCTBAM MAIIMHOOYIYBaHHS HEOOXIJIHI 1HCTPYMEHTH JUIsl TOCSTHEHHS
UX LUIeH. YChix B peaizallii cTpaTeriii onTuMizallii 3aJIeKUTh Bl 31aTHOCTI
KOMIIaHIi  aJanTyBaTHCSd JO IIBHJIKO 3MIHIOBAHUX pPHHKOBUX YMOB,
BIIPOBA/>)KYBAaTH 1HHOBAIII1 Ta €PEKTUBHO YNPABIATH PECYPCAMHU.
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ABTOMATHU3ALIA HNPOLOHECY KOHTPOJIIO TAPAMETPIB
MIKBJIOKOBUX EJEKTPUYHUX 3°€IHAHDb

Anomauia: Bukonanmo amaniz euxkopucmosysanux memooié KOHmMpOo napamempis
MINHCONIOKOBUX eNeKMPUYHUX 3 €OHAHb, 6KA3AHO ix ocobausocmi ma Hedoniku. Haodano
00TPYHMYBAHHS PO3POOKU ABMOMAMUZ08AHOT CUCMEMU KOHMPOJIIO NAPAMEMPI8 MidCOI0KOBUX
eeKMPUYHUX 3 €EOHAHb HA OCHOBI a0anmueHux areopummis. IlpueedeHo cmpykmypHy cxemy
MOOYILHO20 Muny cucmemu ma ii OCHO8HI cknadosi. Hazonoweno na nepcnexmuenocmi
npUBeOeHol agMomMamu308anoi cucmemu ma nOOAIbULO20 ii 600CKOHANIEHHS.

Abstract: An analysis of the used methods of controlling the parameters of inter-block
electrical connections is performed, their features and shortcomings are indicated. The
rationale for the development of an automated control system for the parameters of inter-block
electrical connections based on adaptive algorithms is provided. The structural diagram of the
modular type of system and its main components is given. Emphasis is placed on the prospects
of the given automated system and its further improvement.

ITocTanoBka 3agaui

OCKIUJIBKM BCl METOAM KOHTPOJIIO MDKOJIOKOBHX EJIEKTPUYHUX 3’€THAHb
IPYHTYIOTbCSI HAa BHUMIPIOBAHHI CTPYMIB 1 Halpyr, HaOUIbLI 3arajibHOIO
KIacu(IKalllfHOI O3HAKOI MOKHAa Ha3BaTU CTYIMiHb iX aBTOMAaTH3aIlli.
BianoBigHo A0 1€l 0O3HAKW BC1 METOJM KOHTPOJIIO MIKOJIOKOBUX €IEKTPUUHHUX
3’€lHaHb MOXHA PO3JUIMTH Ha Py4dHi 1 aBTOMaTu3oBaHi. IlomiOHUN mMOLT
XapaKTepU3y€e He TIIBKH YaCTKY y4acTi JIOJUHU Y BUMIPIOBAIILHOMY TIPOIIECi, a
i1 3acobu, 3a JOMOMOTOI0 SKMX MOXE IMPOBOJIUTUCA KOHTPOJIh MIKOIOKOBUX
€JIEKTPUYHUX 3’ €JIHAHb.

AHammi3 KOHCTPYKTHUBHO-TEXHOJIOTIYHMX XapaKTEPUCTUK 1 TEpPCIEeKTUB
PO3BUTKY  KOHCTPYKTUBHHUX  MOJYJIB CHCTEM KOHTPOJIO  TapameTpiB
MIKOJIOKOBHX €JIEKTPUYHUX 3’ €HAHb MOKAa3aB, 10 KOMIUICKCHE PIIICHHS 3a/1a4
iX MPOEKTyBaHHS 1 BUPOOHHUITBA MOXIMBO TUIBKM Ha OCHOBI PO3pPOOKH 1
BIIPOBA/PKEHHSI METOJIIB 1 3aco0iB MaremaTuyHoro cunHte3y [1,2]. OnpnHak
CUCTEMHOMY JOCIHIJIKEHHIO 1 po3po0Ll 1i€l aKTyalbHOI 3a/a4l He MpUILIISIOCS
JIOCTaTHBOI yBary, 110 MATBEPHKYETHCS MAJIOK0 KUIbKICTIO My OIiKallii 3a JaHOIO
TEMaTHUKOI0, TOMY JaHE MAOCIHiDKCHHS TPUCBSIUYCHE aBTOMATHU3aIlll IPOIECY
KOHTPOJIFO TlapaMeTpIiB  MIKOJIOKOBUX €JIEKTPUYHUX 3’€JHAHb HAa OCHOBI
aJanTUBHUX aJITOPUTMIB.

AHAaJII3 OCTAHHIX JOCJTiAAKEHb i myOaikanii

VY cyyacHOMy BUpPOOHHWITBI KaOeIbHO-MPOBIIHUKOBOI MPOAYKIII BEJIUKE
3HAUYCHHS Ma€ aBTOMATH3allisl TPOIECIB KOHTPOIIO ii mapaMmeTpiB. Y MbOMY
KOHTEKCTI BXJIMBUM € aHalli3 JOCJHIKEHb, 10 PO3IMIISIAI0Th MOXKIIMBOCTI Ta
nepeBard BUKOPUCTAHHS aJalTUBHUX aJITOPUTMIB B aBTOMAaTU30BaHUX CHCTEMaX
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KOHTPOJTI0. 3araJbHUM MUTAHHSIM PO3POOKH CHCTEM, IO BUKOHYIOTh TIEPEBIPKY
napaMeTpiB MIXKOJIOKOBUX €JIEKTPUYHUX 3’ €JIHAHb, MPUCBAYEHI OKpEMi1 HAYKOBI
npami King, M. S., & lannello, C. J. [1], Ng, F. M., Ritchie, J. M., Simmons, J. E.
L., & Dewar, R. G.
Bi, Z., Pomalaza-Raez, C., Hershberger, D., Dawson, J., Lehman, A.,
Yurek, J., & Ball, J. [3] y cBoix poboTax po3riisganyd MUTAaHHS aBTOMAaTH3AIlil
MIPOIIECY TECTyBaHHS CJIEKTPUYHUX KaOemiB. ABTOpPH BHBYAIM MOKIJIMBOCTI
BUKOPUCTAaHHSA POOOTIB Ta aBTOMATHU30BAHUX CHCTEM JUIsl BUKOHAHHS IIHOTO
3aBJAaHHSA 1 JOCHTHh JETAIBHO OMHCAIH PO3pPOOJICHI CHCTEMHU Ta METOIUKY
TECTYBaHHS, II0 MOXX€ OyTH KOPHUCHHM JJsl MiABUIICHHA €()EeKTHUBHOCTI Ta
TOYHOCTI BUPOOHWYMX TPOIECiB. MOXKIMBOIO MEPCHIEKTUBOIO TSI TTOAATBIITNAX
JOCIIKEHb IIOTO TMHUTAHHS € BUKOPUCTAHHS aJanTUBHUX anroputmiB. Lle
JI03BOJIAIIO O 3a TOTIOMOTOI0 CUCTEMH aBTOMAaTHYHOTO KOHTPOJIIO pearyBaTH Ha
3MIHHA BUPOOHHUYOTO CEpEIOBUIIA Ta Ha BapiaOEIbHICTh BIIACTUBOCTEH KaOeiB,
110 MO>K€ BUHUKATH B MPOIECI BAPOOHUIITBA 1 MIBUIATH HAIMHICTD TPOTYKITIi.
Masynescekuii  O.€. [4] mocnmimKyBaB — aJaNTHBHHHA  KOHTPOJIb
KOMI'IOTEPHUX MEPEX Ha OCHOBI HeuiTKoi Joriku. lle#t minxim Moxe OyTu
KOPUCHUM Ui PO3POOKM CHCTEM KOHTPOJIIO MapaMeTpiB  MIDKOJIOKOBHX
CJIEKTPUYHHUX 3’ €IHAHD 3 BUKOPUCTAHHSAM aJIalITUBHUX AJITOPUTMIB.
JlocniKeHHsT aBTOPIB HaBEIEHHX POOIT BKa3ylOTh Ha MEPCIEKTUBHICTb
BUKOPUCTAHHA AaJalTUBHUX aJTOPUTMIB Yy NpuUiafoOyayBaHHI MpPU CTBOPEHHI
ABTOMATU30BAHOI CUCTEMHU KOHTPOJIIO MAPaMETPIB MIKOJIOKOBHX E€JIEKTPHUUHUX
3’€lHaHb. AHaNI3 pPeE3yibTaTiB LMUX JOCIIPKEHb BKa3ye Ha HEOOXIJIHICTh
MOJANBIIIOTO  PO3POOJICHHS Ta BJAOCKOHAJIEHHS CHUCTEM KOHTPOJIIO 3
BUKOPHUCTAHHSM aJalITUBHUX AJITOPUTMIB 3 METOIO TT1IBUIIIEHHS POIYKTUBHOCTI
BUPOOHUIITBA, a TAKOX HAAIHHOCTI TOTOBUX BUPOOIB.

@®opMyJIIOBAHHSI HEBUPIIIIEHUX YACTHH 3arajibHoOI 3a1a4i

Ha cboroiHi KOHTpOJIb TapamMeTpiB KabeIbHOT MPOIYKIIii HE BUKOHYETHCS
B aBTOMATHU30BAHOMY PEXHUMI, II0 MPHU3BOAUTH JI0 3HAYHUX BHUTpPAT 4Yacy Ta
pecypciB. Taka cutyarlis, a TakoX BIACYTHICTb aBTOMAaTHU30BaHUX PILIEHb BKAa3ye
Ha BaXKJIUBICTh PO3POOJIEHHSI aBTOMATU30BAaHOI CUCTEMHU KOHTPOJIIO, KA 3HAYHO
3MEHIINUTh Yac, BATPAYEHUI Ha 110 pOOOTY BPYUHY, IO JO3BOJIUTH TAKUM YMHOM
MIJIBUIUTH TPOJYKTUBHICTh, & TAKOXK HAJIMHICTh TOTOBUX BUPOOIB 3a paxXyHOK
BUKJIIOUCHHSI BIUTMBY JIOJICBKOTO (akTopy Ha mpoiiec BUPOOHUIITBA. Tomy
HEOOXIJHE TMOAAJIbIIE PO3POOJICHHS Ta BIOCKOHAJIEHHS CHCTEM KOHTPOJIIO
napameTpiB KabeJIbHOI MPOAYKIIi 3 BAKOPUCTAHHSIM aJJalTUBHUX aJITOPUTMIB JJIs
MIBUIIIEHHS MTPOIYKTUBHOCTI BUPOOHUIITBA Ta HAAIMHOCTI BUPOOIB.

Meta po00oTH Ta IOCTAHOBKA 3a/1a4i

Meta po60oTH TosITaE B MiABUIIEHHI MPOAYKTUBHOCTI BHUPOOHMIITBA Ta
HAJIAHOCTI KaOEIHHO-TIPOBIAHUKOBOI TPOAYKIi TUIIXOM PO3pOOJIEHHS Ta
BIIPOBA/PKCHHSI CHCTEMH KOHTPOJIIO TMapaMeTpiB MIXKOJIOKOBUX EJIEKTPUUYHUX
3’€IHaHb, SIKa 0a3yeThCS Ha 3aCTOCYBAHHI AJANTUBHUX AJTOPUTMIB 3AaTHUX
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JMHAMIYHO 3MIHIOBATUCH BIJIOBIIHO /10 XapaKTEPUCTUK KOHKPETHUX BUPOOIB Ta
YMOB BUPOOHUIITBA.

BianoBigHo 10 BKa3zaHOT MeTH pOOOTH BU3HAUCHO 3aj1adi, 1O MiJISATa0Th
peanizalii y g1aHii cTaTTi:

- BUKOHATH OIJISI 1CHYIOUHMX METOIIB KOHTPOJI MiXKOJIOKOBUX
eJCKTPUYHUX 3’€qHAHb, BUKOHATH JETAJIBHUN aHali3 KOXXHOTO 3 METO/IIB,
PO3IIISIHYTH iX TMepeBaru Ta HeAOJIKH,

— BKa3aTW TIOTEHIIHI TepeBard BUKOPUCTAHHSI  aJalTHUBHUX
aNrOpUTMIB 1 OOIPYHTYBaTH HEOOXIAHICTH pO3pOOJEHHS  BiAMOBITHOT
ABTOMAaTHU30BAHOI CUCTEMU KOHTPOJIIO 3 IX 3aCTOCYBAHHSIM.

Pe3yabTaTn 1oc/aiuKeHHs

ABTOMaTH30BaH1 METOAM KOHTPOJIO MIKOJIOUHUX EIEKTPUUHUX 3'€THAHB
peani3yloThCs PI3HUMH BUMIPIOBAIBHAMH CHCTEMaMH, MOMJIHUBOCTI SIKUX
OOMEKEHI JIMIIE €JIEeMEHTHOK 0a3zoro obOnamaHaHHs. OpHaK €(PEeKTHBHICTh LHX
CUCTEM 3HAYHOIO MIPOIO 3aJIEKUTH B XapaKTEPy BUMIPIOBAIbHUX BIUIMBIB, 1O
3aCTOCOBYIOTHCS IO MPUJIAAy B MPOILEC KOHTPOIIO MIDKOJIOUHHUX E€IEKTPUUHUX
3'eqHaHb. ToMy BaKJIMBOIO KJacH(iKaliHHOK O3HAKOI METOJIIB KOHTPOJIO €
XapakTepu BIUIMBY, SKI, BIJIMOBIHO, MOXHAa TMOJIIUTH Ha Oe3MepepBHi,
IMITYJIbCHI Ta KOMO1HOBaHIi [5].

besnepepBHi MeTOU: Ha MPUCTPi Oe3MepepBHO MiIOTh MOCTIMHI B Yaci
BUMIPIOBaJIbHI BIUIMBYU 3 aMILIITYIaMH, 10 MOCTYIOBO 3MIHIOIOThCS. Dopma Hux
BIUTMBIB 3MIHIOETHCS B 3aJI€KHOCTI B TUILy MPUCTPOIO, IO NEPEBIPAETHCA, 1
3ac001B, 10 BUKOPUCTOBYIOTHCS JIJIsl IEPEBIPKU 3'€THAHb.

Haii6inpmn nomupeHuM Oe3nepepBHUM METOAOM KOHTPOJIIO 3'€HAHb €
METO/I, IPU SIKOMY aMILTITyja BUMIPIOBAJIbHOTO BIUIMBY 3MIHIOETHCS CTYIIIHYACTO
(puc. la i 16). [Ipu pomy, Ik MpaBUIIO, BUKOPUCTOBYETHCA IU(PPOBA amaparypa,
a BUMIPIOBAHHS €JIEKTPUYHUX 3'€HAHb MDK OJOKaMU 3M1MCHIOETHCS PI3HUMH
KOMIT'FOTEPHUMH CUCTEMAMM.

[Tpuknagom Ge3nepepBHOTO METOIY MOHITOPUHTY M1KOJIOYHUX 3'€/THAHD €
ocuwiorpaiuHuii MeTod, MNpU SKOMY B SKOCTI JDKEpela BIUIMBY IS
BUMIPDIOBaHHS  Ha0Opy  XapaKTepUCTHUK  BHUKOPHUCTOBYETHCS  aHAJOTOBHMA
reHepatop abo croemiasibHa Hacaaka ocowiorpada [6]. Ilpu 1pomy
BUMIPIOBAJIbHUHN BILTUB MOKe OyTH CUHYCOiJadbHUM (puc. 1r).

A A

! ‘AN

4

Puc. 1. Dopmu sumiprosanvrhoco éniugy Ha npucmpiii npu 6e3nepepeHoMy
KOHmMpPOi 3'€OHaHb

OCHOBHHMM HEJIOJIIKOM METOJIIB O€3MEePEepBHOTO KOHTPOJIIO 3'€/IHAHB € TE,
[0 B MpPOIIeCi BUMIPIOBAHHS B TECTOBAHOMY MPHUCTPOI OE3MEPEepBHO MPOTIKAE
CTPYM, aMIUTITyAa SKOTO MOXKe Oe3mepepBHO 3poctatu. lle mpu3BOauTH 10
HAaKOMUYEHHSI TeIja B CTPYKTYpl NPHUCTPOIO, IO TECTYETHCS, MOPYITYIOUH
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KOHTPOJIb 3'€THAHHS 1 BHUKJIMKAIOYM METOAWYHI MOMUIKA. L[ moxmOka OumbIn
BUpakeHa MpU TECTyBaHHI CHJIOBUX IMPHUCTPOiB abo mpu OararopazoBomy
BUMIPIOBaHHI OJTHUX 1 THUX K€ XapaKTEpPUCTUK mpuctporo. Kpim Toro, BIUIUB
3aXOIUICHHS HOCIIB Ha PE3yJbTaTH BUMIPIOBAHb HAMOLIBII BUPAKEHUM, KOIH JIJIS
NepeBipKu 3'€IHaHb BUKOPUCTOBYIOTHCS Oe3mepepBHI METOIH [6].

IMIyIBCHHM METO: TPU KOHTPOJI MKOJIOYHUX EIEKTPUYHHX 3'€JTHAHb Ha
MPUCTPi OJAIOTHCS BUMIPIOBANIbHI IMITYJIbCH PI3HOT aMILTITYAH MiJ Yac Mays3H,
KOJM Ha TMPUCTPIA BIACYTHIN enekTpuuHuil BIuB. KoHTponb MixOI04HOTO
CJIEKTPUYHOTO 3'€HAHHS JOCATAETHCS LUIIXOM PEECTpallli peakilii MpUcTpoIo,
IO MEePEeBIPSIETHCS, M Yac Jii KOXKHOTO IMITYIbCy. OCKUIBKH CTPYM MPOTIKAE
gyepe3 BUMPOOYBaHWU MPUCTPIA TUTBKH TiJ Yac BUMIPIOBAIBHUX IMITYJIbCIB,
BIUTMB 3arajbHOr0 HarpiBy MNPHUCTPOIO 1 3aXOIUIEHHS HOCIiB B TPUCTPOI
3MEHIIY€THCS B IOPIBHSHHI 3 0€3MIepepPBHUMH METOIaMHU.

HalinmommupeHimyM MeTOJOM € Tojladya Ha Mpuiaj cepli mMpsSIMOKYTHUX
BUMIPIOBAJIBHUX IMITYJIbCIB 3pOCTaro4oi amruniTyau. llpu mpomy mayza mix
IMITYJIbCaMHM 3aJIMIIAETHCS MOCTiMHOIO (pHC. 2a) [6].

4

Lennll Jnall.. S0

Puc. 2. @opmu sumiprosanns eniugy, wo YUHUMbCS HA NPUCMPIU
VOApHUM Memo0oM OJisl NepesipKU 83AEMO38'3K) eeKMPUYHUX 3' €OHAHb.

Monudikaili€ero ONMUCaHOTO0 METOAY € METOJl MEPEeBIPKU EIEKTPUUHHUX
3'€lHaHb MK OJIOKaMH. 3T1HO 3 LIMM METOJIOM aMIUTITy/a IMITyJIbCIB Y MPOLEC]
BUMIPIOBaHHS HAIpPYrd 3MIHIOEThCS BHUIAJKOBUM YHHOM Y 33JlaHOMY
KOpucTyBaueMm jaiama3oHi (puc. 20). Lleil MeTon BHKOPUCTOBYETHCS IS
€KCIIEPUMEHTAJIBLHOTO MIA00PY NapaMeTpiB IMIYJIBCHOTO YAApY.

IMnynascHMT MeTon, K 1 Oe3lnepepBHMI, BUKOPUCTOBYETHCS IPHU
BUNPOOYBaHHI  B3a€EMOINOB'S3aHUX MPUCTPOIB 3  JUITHKAMH  BiJ'€MHOTO
nudepeHiadbHOro onopy. Y I[bOMY BHUIAAKY KOKHOMY BHUMIPIOBAILHOMY
IMITyJIbCY TIEpPEAYE IMITYJIbC OLITBIIOL aMILTITYAH (PUC. 2B).

JInst mepeBipKu €1eKTPUYHMX 3'€THaHb MK OJIOKaMH IMITYJIbCHUN METOJI
TaKOX 3aCTOCOBYETHCS B CIICLIIAIbBHUX MPUCTABKAX, SIK1 TO3BOJISIOTH BUMIPIOBATH
1 crmocrtepiraTd Ha JaucIuiel ociuiorpada cepiro MOKa3HHMKIB, OTPUMAaHUX 3a
JOTIOMOT'OX0 MOJTYJIALIIT IMITYJIbCHOTO CUTHANY (puc. 21).

IMnysbCHI METOAM KOHTPOJIIO MIKOJIOKOBHX €JIEKTPUYHUX 3’ €JIHAaHb
IIUPOKO  TIOMMPEHI 1 Peali30BYIOThCS, SK  MPaBUJIO, KOIITOBHUMH
IITBUJIKOTIFOYMMH KOMIT IOTEPHHUMH CHCTEMAaMHU, 110 1 € iX 3HAYHUM HEJI0JTIKOM.

KomOiHoBani Meromi: 3 TOYKM 30py BIUIMBY Ha CamMoOpO3irpiB
JOCJTPKYBAHOTO MPUJIATy 11 METOJIM BHUMIPIOBAHHS MapaMeTpiB MiIKOIOKOBUX
CJIEKTPUYHUX 3’€JHAHb 3alMalOTh NPOMDKHE MiCIle MDK Oe3lepepBHUMHU 1
IMITyJIbCHUMH, OCKUIbKM MIPOLIEC BUMIPIOBAHHS 3/11MCHIOETHCS MIPU TEMIIEPATYPI,
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SIKa BU3HAYAETHCS BEIMYUHOIO TIOCTIMHOI CKIIaJ0BOI BITUBAIOUOTO CUTHAIY [6].
[Toni6HO 1MMyJbCHUM, €(EKTUBHICTH KOMOIHOBAaHMX METOIB BHUMIPIOBAHHS
ICTOTHO 3aJIeKUTh BiJ BHOOpPY IapaMeTpiB BUMIPIOBAJILHOI IMITYJIBCHOT
MOCTIZOBHOCTI, a TaKoX CTYINeHs 1iX BIAMOBIAHOCTI 1HAWBIAYyaIbHUM
BJIACTUBOCTSM JOCIIHPKYBAHOTO MPUIaIy.

OmuuM 13 TIPUKIAAIB  BUKOPHUCTAHHS KOMOIHOBAaHMX METOMIIB €
BHUMIPIOBAHHS MapaMeTpiB, IO MpeacTaBisie co000 (YHKIIIO IBOX MapaMeTpiB,
OJIMH 3 SIKMX BapilO€ThCs, a IPYTHil 3auIIaeThes nocTitauM. Hanpukman, npu
BHUMIPIOBAHHI XapaKTePUCTHK Npuiany (puc. 3), Ha HOro BXOIW MOJAIOTHCS
BITUBHI CHTHAJIH, SIKI MOXKYTh 3MIHIOBATHCS B Yaci (CHTHAI A,), a00 3aJAIIaTHCS
noctiiHuMH (curHan A,). Buxigni curHamm, y CBOI0O uepry, MOXyTb OyTH
IMITyJTbCaMU 31 3MIHHOIO aMILTITY/IOKO.

AHHHHHHHHF

b
Puc. 3. ©opma sumiprosanvrux eniueie 0nsa 3HAMMSA cepiil BUXIOHUX
Xapaxmepucmuxk KoOMOIHOBAHUM MemoOoM

HeoOxiaHICTh B TaKMX METOJAaX BUMIPIOBaHHSA OOyMOBJIEHA BIUIMBOM Ha
XapaKTEPUCTUKU MpUiaAy €PeKTy 3aXOIUIEHHA HOCiiB cTpymy. CTyIliHb IbOTO
BIUTUBY TIPOIOPIIIHUN BETUYHMHI TOCTIMHOTO E€JNEeKTPUYHOTO CHUTHAIY, IO
BIUIMBA€E Ha MPUIIAJ, TOMY XapaKTEPUCTUKU OJTHOTO 1 TOTO K MPUJIaay B PI3HUX
peKruMax oro podboTH MOXKYTh Bifipi3usaTHcs [6, 7]. BiamosiaHo, mapaMeTpH, 1o
BUMIPSHI TP OJHOMY PEXKHMI POOOTH TMPUIANy, MOXYTh HEJOCTATHHO TOYHO
XapaKkTepu3yBaTH MOTo poOOTY B 1HIIOMY PEKHMI B CKJIaJll OY/b-SIKOTO 1HIIIOTO
npucTporo. ToMy B KOHTEKCTI KOHTPOJIFO MiKOJIOKOBUX E€JIEKTPUYHUX 3’ €THAHD
MaKCUMaJIbHO TOYHMM OyAe TOW peXkuM poOOTH mNpuiiagy, B SKOMY BIiH
mpamoBaTUME B KIHIIEBOMY NpHCTPoi. 3 IIi€l MPHUYMHU BUKOPHUCTOBYIOTH
KOMOIHOBaHI METOAM BHUMIPIOBAHHS 3 TOYKOK CIOKOKW. B 1bOMy BHUIAIKy
MOCTI{HE 3MIILLEHHS BIUIMBY J103BOJISIE€ MIATPUMYBATH IHTEHCUBHICTh 3aXOIICHHS
HOCIIB B CTPYKTypl NpHJIaay Ha 3aJaHOMY pIBHI, a KOPOTKI BHUMIipIOBajbHI
IMITyJIbCH — JIOCSATTH MEHILOI0 CaMOpO3IrpiBy MNpuiaaay B MOPIBHSIHHI 3
Oe3nepepBHUMHU METOIAMH.

3a pe3ynbTaTaMu aHalli3y CTaHy KOHTPOJIIO TMapaMeTpiB MiKOIOKOBHX
CJIEKTPUYHMX 3’€JIHAHb MOCTABJICHA 33aJja4a CTBOPEHHS CUCTEMH, 10 JO3BOJIUTH
aBTOMATHU3YBaTH MpoIlec KOHTPOIto. L{e 3HauHO 36KOHOMUTH Yac, BUTpaueHUH Ha
naHy poOOTy Bpy4yHy, M0 O3Ha4aTHUME MIiABUIICHHS MPOTYKTUBHOCTI
BUPOOHMIITBA, @ TAaKOX HAIIHHOCTI caMHUX BHUPOOIB 3a PaxyHOK YacCTKOBOTO
BUKJIFOUEHHS BIUTMBY JIIOJCHKOTO (PAaKTOpPy Ha MPOLEC BUPOOHUIITBA .
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[IporoHyeThCsl  aBTOMATH30BaHA CHCTEMa KOHTPOJIO  MapaMmeTpiB
MDKOJIOKOBUX €JIEKTPUYHUX 3’€IHAHb Ha OCHOBI aJlallTUBHUX QJITOPUTMIB, IO
IPYHTYEThCS HA BUKOPUCTAHHI KOMOIHOBAHOTO METOAY 3 MaTeMaTUYHUM
00poOJIEHHSIM pe3yibTaTiB BUMIPIOBaHb. 3arajibHa CTPYKTypHA CXeMa CHUCTEMHU
Ipe/icTaBlieHa Ha pucC. 4.
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Puc. 4. 3acanvna cmpyxmypHna cxema cucmemu KOHmMpPO.J0 napamempie
MIHCONIOKOBUX eeKMPUUHUX 3 €OHANb

CrpyKTypHa cxeMa CUCTEMH aBTOMATH30BaHOT0 KOHTPOJIIO OOy /10BaHa 3a

MOJ1yJIbBHUM MPHUHIIMIIOM 1 CKJIAJJA€ThCA 3 CYKYITHOCTI B3a€MOIIOB I3aHUX OJIOKIB.
[TpuitmansHo-niepenaBanbHl kaHanu (biok Nel 1 Biok Ne2) Bkirouae
MOJIEpHI30BaHUN  TpaHCUBEp,  OJIOK  JKUBIEHHS,  aHAJOro-UU(POBUIA
neperBoproBad (ALII1), 6ok ynpasminas 1 cunre3y (BYC1), no cknany sikoro
BXOAUTh  CyOOJIOK  MPOrpaMHO-KEpOBAHOTO  ITM(POBOTO  CHHTE3ATOPA,
MIKPONIPOLECOPHUI CyOOJIOK ympaBiaiHHS 1  cyOOJOK BHCOKOCTAOLIBLHOTO
OTIOPHOTO TeHEepaTopA.

Hpyruit npuiimanbanii kanai (biok Ne2) ckinagaeTbest 3 MOAEPHI30BAHOTO
npuiiMaya, ajantepa 3MIHHOTO CTPyMy, aHaJOro-uu¢poBOro mnepeTBoproBayda
(AIII12), Omoka ympaBminus 1 cuHTedy (BYC2), mo Bximowyae cy00I0KH
IPOrpaMHO-KEpOBAaHOIO0  IU(GPOBOIO  CHHTE3AaTOPa,  MIKPOIPOLIECOPHOTO
yIPaBIIiHHS 1 BACOKOCTAOUTLHOTO OTIOPHOTO T€HEpaTopa.

Jlo ckmaxy aBTOMATH30BAaHOI CHUCTEMH TaKOXX BXOAMTH MEPCOHATIBHUMN
koM totep (brmok Ne3), mxepeno 6e3nepebiiinoro xuBnenHs (bmok Ned), GPS
npuitmau (biiok Ne5) 1 mepetBoproBay (biok Ne6).

[Iporiec KOHTPOJIO TAapaMeTpiB MIDKOJOKOBHX €JIEKTPUYHUX 3’€JIHAHb
nependavae BUKOPUCTAHHS CIICIIaIi30BAHOTO MPOTPAMHOTO 3a0€3MEeUeHHs, IKE
peani3yeThCcsi 13 3aCTOCYBAHHSIM aJIalITUBHUX AQJITOPUTMIB, IO 3a0€3MEYHThH
MOXJIUBICTh aHaJI3y Ta KOHTPOJIO XapaKTEPUCTUK KaOeIbHO-TPOBITHUKOBOI
MPOJIYKIIIi Y PEKUMI peabHOTO Yacy.
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BucHOBKH Ta nepcrneKTUBY MOAAJIbIINX J0CTIIKEHb

B pesynprari aHamizy METOIIB KOHTPOJIIO TlapaMeTpiB MiKOJOKOBUX
EJIEKTPUYHHUX 3’ €JHAHb BCTAHOBJICHO X HEJIOJIIKH Ta 0COOIMBOCTI BUKOPUCTAHHS.

OO6rpyHTOBaHAa HEOOXIAHICTH PO3POOJICHHS BIAMOBIIHOI aBTOMAaTU30BaHO1
CUCTEMH KOHTPOJIO MDKOJIOKOBUX E€NEKTPUYHUX 3’€lHAaHb HAa OCHOBI
BUKOPWCTAHHS aJJaITUBHUX aJITOPUTMIB.

3anponoHoBaHa CTPYKTypHA CXe€Ma aBTOMATHU30BaHOi CUCTEMH, 110 Mae
MOJyJIbHUN mnpuHIun noOyaoBu. lle 103BoJisle BUKOHYBaTH MOJaibIIe il
BIOCKOHAJICHHS B  HampsIMKax TEPEeIOBUX  TEXHOJOTIH  EIEKTPOHHUX
KOMIUIEKTYIOUMX BHUPOOIB, QJIaTUBHOTO 3MEHIICHHS TMEPEeNIKoa 1 KOPEKIIii
CIIOTBOPEHb B pajliOKaHajl, a TaK0X BJIOCKOHAJICHHS IOTOKIB YIPaBIIHHS
KaHaJlaMy Tiepeaadi JaHux. Po3poOku B ABOX MepHivx HarpsiMkax 3abe3nedarhb
MIJIBUINCHHS HAJIIMHOCTI POOOTH 1 OOpOOJIEHHS CUTHATIB, a JIOCATHCHHS B
TPETHOMY HAIPSIMKY, [0 Ma€ BUHSATKOBY BaXKJIMBICTh ISl MEPEXK1, HAAIOTh il
JI0JTaTKOBY THYYKICTb 1 JKUBYYICTb.

BukopucranHs aBTOMAaTH30BaHOI CHUCTEMHU KOHTPOJIO  MapameTpiB
JT03BOJIUTH TIJBUIIUTH MPOJYKTUBHICT MPOILIECY BUTOTOBJICHHS Ta HAJIIMHICTD
€JIEKTPOHHUX BUPOOIB.
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IHHOBALUIHI MIIXOIU 10 PO3POBKH
MEXAHOCKJAJIAJBHOI'O TEXHOJIOTTYHOTO KOMILIEKCY
JUIS BATOTOBJIEHHS BY3JIB IIPUBOJY KPYITHUX COPTOBUX
CTAHIB

Anomauin: /ocnioxcenns npucesauene po3pooyi iHHOBAYINIHO20 MEXAHOCKAAOAIbHO20
MEXHON02IYHO20 KOMNAEKCY O/ 8U20MOBNIEHHS 8Y3/118 NPUBOOY, CHPAMOBAHO20 HA NIOBUUYEHHS
NPOOYKMUBHOCMI  MA  3HUMNCEHHS  cobieapmocmi  NpoOVKYii 6  yMo8ax  CY4ACHO2O
MawuHoOyO0y8anHs. AHANI3YIOUU CYYACHI MEXHONI02Ii Mma BUKIUKU GUPOOHUYMSA, asmopu
PO32N0AI0Mb  BUKOPUCMAHHS NepedosuUx memoodie 06pobKu, poOOMU308aHUX CUCmeM Mmd
CHYUKUX BUPOOHUYUX cucmeM O]l ONMuUMIi3ayii mexnonoziunux npoyecis. Poboma oemoncmpye
SHAYHUL NOMEHYIAN 011 NIOBUWEHHS eheKMUBHOCE BUPOOHUYMBA, 3MEHUEHHSL 4aCy 0OPOOKU
ma nioGUU|eHHs MOYHOCMI BU2OMOGNEHH 3a4 PAXYHOK 6NPOBAONCEHHS IHHOBAYILUHO20
KOMNJIEKCY, Wo iHmez2pye 6 cebe nepedosi mexronozii. Texniko-ekoHomiune 0OIPYHMYBAHHSL
niOMEePONCYE BUCOKY EKOHOMIYHY eqheKmUBHICMb 6NpOo8aAO0I’CEeHHs, 6KA3VIOUU HA 3HAYHI
nepesazu 0Jisi MAUUHOOYOI8HUX NIONPUEMCME.

Abstract: This study is dedicated to the development of an innovative mechanossembly
technological complex for manufacturing drive units, aimed at increasing productivity and
reducing the cost of production in the context of modern mechanical engineering. Analyzing
current technologies and manufacturing challenges, the authors consider the use of advanced
processing methods, robotic systems, and flexible manufacturing systems for optimizing
technological processes. The work demonstrates significant potential for increasing
manufacturing efficiency, reducing processing time, and enhancing the precision of
manufacturing through the implementation of an innovative complex that integrates cutting-
edge technologies. The techno-economic justification confirms the high economic efficiency of
the implementation, indicating significant advantages for mechanical engineering enterprises.

Beryn. CyyacHe MammmHOOyIyBaHHSI CTUKAETHCS 3 TTOCTIMHUM BUKIUKOM
MBUIIEHHS €(PEKTUBHOCTI Ta 3HIKEHHS c001BapTOCTI BUpOoOHUIITBA. PO3BUTOK
IHHOBAllIMHUX TEXHOJIOTIM 1 aBTOMAaTHU3alisl € KIIYOBUMH (akTopamMu B
NOCSTHeHH1 11iel  MeTu. Pobora mnpucBsueHa po3poOii  ePEeKTHUBHOrO
TEXHOJIOTIYHOTO MPOIIECY IS BUTOTOBIICHHS BY3J1iB IPUBOTY KPYITHUX COPTOBHX
CTaHIB, IO CHOpsIMOBaHA Ha TIJBUIICHHS MPOAYKTUBHOCTI Ta 3HUXKEHHS
c0o01BapTOCTI MPOAYKIILIi.

Metoau pociimkeHHsi. JlociipkeHHs 0a3yeThCsi Ha aHami3l Cy4acHOTO
CTaHy BHpPOOHMIITBA, BUSBICHHI OCHOBHUX MpOOJeM Ta BUKIHWKIB Yy TpoIleci
BUTOTOBJICHHA BY3JiB npuBoay. OcobiivBa yBara npujijieHa aHali3y Cy4acHHUX
TEXHOJIOT1 MaImMHOOYIyBaHHS, 30KpeMa BUKOPHUCTAHHIO MEPEJOBUX METOJIB
00poOKH, pOOOTH30BAHNX CUCTEM Ta THYYKUX BUPOOHUUYUX CHCTEM.

Po3pobka inHoBaniiiHoro kommiexkcy. OCHOBOIO pO3pOOKH € CTBOPCHHS
IHHOBAI[IMHOTO MEXaHOCKJIQJIAJIBHOTO TEXHOJOTIYHOTO KOMIUIEKCY, SIKUN
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1HTErpye B cOOl MepenoBl TEXHOJOTli OOpOOKH, aBTOMATH3AliI0 MPOLECIB i
THYYKICTh BUPOOHMIITBA. JleTaqbHO PO3MISIHYTO MIAXOAW JO ONTUMI3AIil
TEXHOJIOTIYHUX MPOIIECIB, 30KpeMa Yepe3 BUKOPUCTaHHS 0aratoyHKI[10HATbHUX
00poOmoBasIbHUX 1EHTPIB 1 cuctem UITY.

TexHiko-ekoHOMiuHe 00rpyHTYBaHHSI. [IpoBeeHO OIIHKY €KOHOMIYHOT
€(eKTUBHOCTI BIPOBA/KEHHS PO3POOJICHOr0 KOMIUIEKCY, BKIIIOYAIOYM aHAJI3
3MEHIIEHHS COO0IBapTOCTI MPOAYKIIi Ta MIABUIICHHS MPOAYKTHUBHOCTI
BUpOOHMIITBA. BKa3zaHO Ha TOTEHINaN 3HWKEHHS Yacy OOpoOKM meraneil Ta
30UTBIIIEHHST TOYHOCTI BUTOTOBJICHHS.

BucHoBKH. Po3poOka 1 BIIPOBAKCHHS IHHOBAIIITHOTO
MEXaHOCKJIAJAbHOTO TEXHOJOTIYHOTO KOMIUIEKCY JUIsi BUTOTOBJICHHS BY3JIB
NPUBOY KPYMHUX COPTOBUX CTaHIB JEMOHCTPY€ 3HAUYHUW TMOTEHINAN s
T IBUIIEHHS e(heKTUBHOCTI BUPOOHMIITBA B yMOBax Cy4acHOTro
MalMHOOYAyBaHHS.  BUKOpHCTaHHS  TepeAoBHX  TEXHOJOTIH, 30Kpema
pobotuzoBanux cucreM 1 cucrem UYIIY, no3Boisie He nMile ONTUMI3YBaTH
BUPOOHUYI TPOIECH, A€ i 3a0e3MeUuTH BUCOKY TOUYHICTH Ta SIKICTh T'OTOBOI
OpOAyKIlii. AHali3 BepcTaTiB 1 OOJaJHAHHS, NPEJCTABICHUX Ha PHUHKY,
1 IKPECITIOE 3HAYHI nepeBaru Cy4YacCHUX O6araTodyHKI10HATBHUX
00poOIIOBAIBHUX IIEHTPIB MEepe TPAAULIIMHIMU BepCcTaTaMu, 30KpeMa B YaCTHHI1
HIBUIKOCTI 0OpOOKH, TOYHOCTI Ta THYYKOCTI BUPOOHHUYUX MOKIMBOCTEM.

OkpiM TEXHIYHOIO AacHeKTy, TEXHIKO-€KOHOMIYHE OOIPYHTYBaHHSA
JOCIIJKEHHSI BKa3y€ Ha BHUCOKY E€KOHOMIYHY €(EKTHBHICTh BIIPOBAKEHHS
IHHOBALIMHOTO KOMIUJIEKCY. 3HUKEHHs CcOO01BapTOCTI MPOIYKIIi, 3MEHILECHHS
gacy OOpoOKHM Ta MIJBUILNEHHS 3arajibHOi MPOJAYKTHUBHOCTI BHUPOOHHUIITBA €
KJIIOYOBUMHU (pakTOpamu, 1o 3a0€3MeUyloTh BUCOKY KOHKYPEHTOCIPOMOXKHICTh
POYKITIi HA PUHKY.

3aBiaHHsA, 10 CTOSUIO Mepel JOCTiAHUKaMH, OyJi0 BUKOHAHO 3 BHCOKOIO
Miporo mpodecioHani3My, JAEMOHCTPYIOYM 37aTHICTh JI0 1HHOBAIITHOTO
MUCJICHHSI Ta TJIMOOKOTO PO3YyMIHHS MOTPEd Cy4acHOro ManimHOOY yBaHHS.
Pe3ynbTaTi nOCHIIKEHHS MalOTh BEJIMKE MPAKTUYHE 3HAYEHHS 1 MOXKYTh OyTH
BUKOPHUCTaHI K OCHOBA JJIsl MOAAJIBILIOTO PO3BUTKY Ta ONTUMI3AIlll BUPOOHHUUX
MPOIIECIB Ha MIJANMPUEMCTBAX, IO CHEIIANI3YIOThCSI HA BUTOTOBJICHHI CKJIaIHUX
MEXaHIYHHX CUCTEM 1 KOMILIEKCIB.

BpaxoByroun Bce BHIll€3a3HAUYCHE, 1HHOBAIIMHUIM MeEXaHOCKJIadalbHUN
TEXHOJIOTTYHUI KOMITJIEKC MPeACTaBisie COO0I0 3HAUHUN KPOK BIEPE]] Y PO3BUTKY
TEXHOJIOTITYHUX CUCTEM MEXaHOOOPOOKH, BIAKPUBAIOYM HOBI MOKIUBOCTI JIJIs
MIJBUIIECHHS €(QEKTUBHOCTI BUPOOHHUIITBA 1 PO3UIUPEHHS TEXHOJOTTUHUX
TOPU30HTIB CY4aCHOT'O MAlIMHOOYyBaHHS.
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INIABUINEHHA EOEKTUBHOCTI BUKOPUCTAHHSA OKCHU/AIB
PIAKO3EMEJBHUX METAJIIB B CKJIAJI HOPOIIIKOBOI'O JPOTY

Anomauin: Buxopucmanns pioxozemenvuux memanie (P3M) ¢ memanypeii 6 axocmi
PO3KUCTIO8ayis, decyibghypamopie ma Mooughikamopis cmalell i Cniagie 3Haxooums ece 0Ll
wupoxe po3noscroddicents. 3 inuo2o boky, sucoxa ximiuna akmuenicmo P3M npuzeooums 0o
ix eucopsHHA ma 3HaAuHUX empam. B cmammi po3enAHYMO MOMCAUBOCMI | pe3yrbmamu
00CNIOJNCEHHST NPOMIKAHHS peakyii BIOHOB/IEeHHS DIOKO3EMENbHUX Memanié 3 ix oxcuoie
gyeneyem ma cnoco6y nio8ueHHs eqheKmusHOCmi ybo2o nPoyecy.

Abstract: The use of rare earth metals (REM) in metallurgy as deoxidizers, desulfurizers
and modifiers of steels and alloys is becoming more distribution. On the other hand, the high
chemical activity of REM leads to their burning and significant losses. The article examines the
possibilities and results of the study of the process of the reaction of the reduction of rare earth
metals from their oxides of carbon and the method of increasing the efficiency of this process.

IlocranoBka mnpoOJieMu, ii 3B'SA30K 3 HAYKOBUMH I NPAKTHYHHUMH
poboramu. BigoMo BuKopucTanHs piakozeMenbHux Metaiis (P3M) B Mmetanyprii
B SIKOCTI PO3KHUCIIIOBAYIB Ta JieCcyinbpyparopiB ctanei [1, 2], Kyau iX BBOIATH y
BUIJISI/IL JIITATyp, 110 MalOTh Ha3BY MimmeTany. Bimomo [3-5] nmpo mo3uTuBHUM
BB P3M Ta iX crosiyk Ha BJIACTMBOCTI METally 3BapHOTO IIBa, MPOTE B
CJICKTPOJHUX MaTepiajiax BUKOPUCTOBYIOTh I1X BKpail pinko. PinkozemenbHi
METaJu MOXYTh 3aCTOCOBYBAaTHUCS fK pO3KHUCIIOBayl, Jecyib(ypaTopu,
Moau(dikaTopu MeTaly 3BapHUX IIBIB a00 HaIUIaBJICHOro mapy. Pazom 3 Tuwm,
BUKopucTaHHs P3M Mae ckiaiHICTh BBEJEHHS B 3BapIOBAIIbHY BAHHY 4epe3 ix
BHUCOKY aKTUBHICTb [2], 1110 TPU3BOJAUTH JI0 BUTOPSIHHS Ta JI€3aKTUBAIIIIO B 30HI
TOpIHHA AYTH B MPOLECI 3BaploBaHHs ab0 HarulaBieHHs. BpaxoByrouu Te, 110
P3M (R) € noxinaumu Bix iX okcuaiB (RoO3) B pe3ynbrari mpouecy Aucuumsii
posmiaBy [6], € HOOUUIBHMM JOCHiIUTH BUKopucTtanHsi R,03 B ckimami
HOPOILIKOBOTO JIPOTY.

Binnosnenns P3M 3 okcuiB 3a BIAMOBIAHOI TEMIEPATypPH MOKIUBO
ByrieneM [4]. [Tpu Temneparypi Butie 2400K npoxoauTs peaxiis:

R203+3C =3C0O; +4R (l)

ne R,0; — okenp pigxicHo3eMeNBLHOTO MeTay.

AHaJIi3 0CTaHHIX A0CaiKeHb i myOJikaniii. OCHOBHUM BYTJIELEBMICHUM
MaTrepiajioM, SIKUH BUKOPUCTOBYIOTh B CKJIaJl OCEPJIsl MOPOIIKOBOTO JIPOTY, IO
3aCTOCOBYEThCSl JIJIsl HAIUIaBJCHHs, € rpadiT abo crajgbHa o00oJioHKa [9].
PozramryBanusa R2O3 1 rpadiTy no nepepizy NopoikoBoro ApoTy BUMAAKOBE, a iX
y4acThb y METAIyprifiHUX Mpoliecax HeAOCTaTHbO MoBHA. [aBneHHs 000JOHKH
IpOTy BiOyBaeThCsA T MI€I0 TEMIEpaTypu Iyrd 1 HArpiBy CTPyMOM, IO
npoxoauTh depe3 Hei. HarpiB Ta muiaBieHHS HamoOBHIOBada 3/1HCHIOETHCS 3a
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paxyHOK HOTO TEIUIONMPOBIMHOCTI, TETUIOBUIIJICHHS OYI'M Ta KOHBEKTHBHOTO
TEIJIOOOMIHY 3 PIJIKHM METaJioM EJIEKTPOJHOI Kparuli Ha TOPI €JIEKTPOoay i
3BaproBalibHOT  BaHHM. Posmogin  TemmepaTypu 1O  Mepepizy  JIpoTy
HEPIBHOMIpHHUH, MPUUOMY MaKCHUMajbHE 3HaueHHs Horo Ha oOojoHIi [8].
CyTT€BO BIUIMHYTH Ha TMOBHOTY BUKOpUCTaHHS R»O3; MOXIMBO 3a paxXyHOK
KOHIIEHTpaIlli WOro B 30HI MaKCHUMAaJIbHUX TEMIIepaTyp — MoOJIu3y OOOJOHKHU
MOPOIIIKOBOTO APOTY.

MoxuBIiCTh TpoTiKaHHS peakiii BigHOBIeHHS P3M 3 ix oxcuaiB
NEePEeBIPSIETHCSA PO3PAXyYHKOM BEIMUMHU eHeprii peakuii 4G:

_ AHO 0
AG =AHys —AS, -T —AC, -M,-T 2
0 0

A¢ AH,, Ta AS . — 3HAUCHHS CHTAJIBIII Ta EHTPOIIi B CTAHIAPTHUX
YMOBaAX;

T — Temnieparypa;

AC, — 3MiHa TCINIOEMHOCTI TIi/T 9ac peaKulii;

M, — koedimicHT, IO BpaxoBye 3MiHy TEMIIEPATYPH.

3MiHa 1300apHO-130T€PMIYHOrO MOTEHIIATy YTBOPEHHS MPOAYKTIB peaKli
y JOCIIJPKYBaHOMY TEMIIEPATypHOMY 1HTEpBaJll TOKa3aHO Ha puc. 1.

AG,kDxMonb
400
600 N*w. —+~Crpad0,=CO,,
™™ ——2Nd +3.0,=Nd,0,
N —&—2Dy + 0=Dy, 0,
800 *37;,“ ] —0=-2Y + X :IYQO;
g ;ﬁ"’.{ x| —0-208 +-30,=6d,0,
41000 o b T | =% 2W0 130,2W0,0,
-”r?‘ :,::";;::’/P ~% v _2Ti+-%°2=ﬂ203
1200 ; ./J’ . ::::kﬁ’:%: T ——2A *-g-OF‘“zoa
1400 LT ot |
y =Y X
Lot
-1600

1000 1200 1400 1600 1800 2000 2200 2400 2600 T K

Puc. 1. TemnepaTypHa 3alexHICTh 1300apHO-130T€PMIYHOrO MOTEHLIATY
OKMCHEHH# Jeskux P3M.

Haii611b111 akTUBHUM 3 PO3IIIIHYTHUX PO3KUCIIOBAYIB € BYTJIEIb Y BCbOMY
IHTEepBaIl MPUUHATHX JUISI PO3paxyHKy TeMmIiepaTyp. 3  IiJIBUIICHHSIM
TEeMIIEpaTypH Mepediry peakilii CropiIHeHICTh BYTJICIIO 10 KUCHIO 3pocTae. [Ipu
temmneparypi Buiie 2500K Byriens BimHoBII0E P3M 3 iX okcumiB. BimHOBIeHHS
P3M 3 okcuaiB B iHTEpBadi TEMIEpaTyp, IO PO3TIATAETHCS, MOXKIUBE B
HacTynHii mochigoBHocTi: Dy, Y, Nd. Temneparypa moBepxHi Kparuii Mpu
TJIaBJICHH] TTOPOIIKOBUM APOTOM 3MIHIOEThCS B Mexkax 2150-2900 K [8].

iai crarri Ta mocraHoBka 3agadvi. Po3pobutu cnocid po3milieHHs
P3M;03 B 30H1 MakCUMaJIbLHUX TEMIIEPATyp B MPOIIECi TUTABJICHHS HAlIOBHIOBAaYa
MOPOIIKOBOTO APOTY 3 METOI MIJBUILIEHHS €(PEKTUBHOCTI iX 3aCTOCYBaHHS y
CKJIaJll TAKUX APOTIB. JJis1 TOCATHEHHS 111 HEOOX1THO AOCIIIUTH BILIUB IpadiTy
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1 RoO3 Ta iX posramryBaHHS MO mepepily MOPOLIKOBOrO APOTY Ha Mepexin
BiIHOBJIEHUX P3M y HamiapineHuit metal.

Buksiaa ocHOBHOro marepiany gociaigxeHHs. J[ociaipkeHHs MOKa3aiu
[8], mo He Bech okcujx P3M y ckiaal HamoBHIOBaya MOPOIIKOBOIO JPOTY
TpyOUacToi KOHCTPYKII BCTyHae y B3aeEMOJi0. AHaI3 CKJIaay IIJIaKiB
OiATBEP/KYE, MmO Topsia 3 cyiabdimamu P3M Ta CckIagHUMU CIOJIYKaMH
PIAKICHO3EMENbHUX METaJiB, BHUSIBJICHO iX OKCHAM y BHUXIAHOMY cTaHi [9].
HasiBricTh okcuaiB P3M y nutaky 3AUIEHKNATD B1J{ KOHCTAaHTH mepexony Kp:

P -[R]

RO T ©

ne Peo — napIiaJbHUM TUCK J1OKCHIY BYTJICIIIO;
[R] Ta [C ] — BMmicT P3M Ta ByrIiemto B HaIiaBJIeHOMY METaJTi;

(R,0;) — Bmict okcuy P3M B minaxy.
Poznoain P3M 1o daszam BimoBigae CriBBITHOIICHHIO:
2

[R] @

2

(R,05)
HasBnicThs okcuaiB P3M y nuiaky MoXKJIMBa 4epe3 BlACTaBaHHS IIABJICHHS
HAIMOBHIOBAYa 11010 000JIOHKH 3 MOAATBIINM OOCHIIAHHSIM HOTO y 3BapIOBaJIbHY

BaHHY. EQekTUBHICTB 3acToCcyBaHHs okcuAiB P3M y ckiiail MOpOIIKOBUX JAPOTIB
MOKHA OLIHUTH KoediieHToM A:

A= [R]+ (Rz Meoa) (5)
R,0;
ne R,0; — Bmict okcuay P3M B HanmoBHIOBaYi MOPOIIKOBOTO JAPOTY.

3anpornoHOBaHO BHM3HAYEHHS ONTHUMAaJbHOI TOBILUMHU WIapy CyMIMI
«rpadit — okcua P3M», mo 3a0e3neuye eheKTUBHICTh MPOTIKAHHS MPOIECY
BiHOBJICHHS P3M 1 mossirae B HAaCTyITHOMY.

Ha cranii yrBopeHHs kpariii (puc. 2) B aHaJIi30BaHii peakiii 6epe ydacTb
YacTHHA HAIMOBHIOBaYa MOPOIIKOBOTO IPOTY, fKa pO3TalllOBaHAa Ha JEsKIii
BIJICTaH1 BiJl BHYTPIIIHBOI MOBEPXHI OOOJIOHKH, B HANPSIMKY MOB3JOBXHBOI OCI
IpOTY, YTBOPIOIOUM 11ap e(pekTUBHOI TOBIIHMHM (b).

Po3paxyHkoBa Maca Kparui m eJICKTpOI[HOdl“g) METay:
p .7‘[ .
m=__ 6
- ©)

e p — rycTHHa MeTaly,
d — miameTp Kparuti.
Macy Ti€i % Kkpari M MO>KHA BU3HAYUTH BUKOPUCTABIIH 3aJI€KHICTh:
n-d;,-c
m=———
g
ne d; — giamerp moporkoBoro ApoTYy;

(7)

G — IOBEPXHEBHUU HATAT METAIly;
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g — NPUCKOPEHHS BUIBHOTO A IHHSI.

)

SN

Wi
S
e
.
R

\-
o BT T

T
i,
L

1 — 060110HKa TOPOIITKOBOTO JIPOTY, 2 — Imap cyMii «rpadit — okcug P3M», 3 —
HaIlOBHIOBAY MOPOILIKOBOIO IPOTY, 4 — Kparuisi po3IJIaBJI€HOr0 METary
Puc. 2. IlepeTrH mopoIIKOBOTO APOTY Ha CTaii YTBOPECHHS KpaIlii.

[TpupiBHSIEMO 00MIBI 3a1eKHOCTI (6) Ta (7) BU3SHAYCHHS MacH Kparuii:
p-r-d® mw-d-o
—_ 1 (8)
6 g
I3 piBHSHHS (8) OTPUMY€EMO 3aJICKHICTh BEIMYUHY JliaMeTpa Kparui:

©)

o _6 .y
SIKIIO TIpUMHATH =K' 3a mocriiiHy BeIHYMHY IS JAHOTO CKIIAXy

p-g
MIOPOIIKOBOTO JIPOTY, TO 3aJCKHICTH (9) MpuiiMe HACTYITHUIN BUTIISI:
d=18-3/K-d, (10)

JlonmycTHBIIH, 110 BiCh KpaILIi CITIBIIaIa€ 3 BICCIO 000JIOHKH, TO/I1 TOBITHHA
mapy cymimi «rpadit — okcun P3M» ckiane:

b:(d_a% abo 2-b=18-3/K-d, —a (11)

3anponoHOBaHO CMOCIO BUTOTOBJICHHS MOPOIIKOBOTO APOTY, SIKUU
JO3BOJIIE  TIABUIIUTH  €(QEKTUBHICTh  3aCTOCyBaHHS  okcuay  P3M,
CKOHIICHTPYBABIIM MOr0 pa3oM 3 PO3KUCIIOBaueM (CyMilll «rpadiT — OKCHJ
P3M») ToBumHOIO b B 00JaCTI HAWBUIIUX TEMIIEpATyp, a caMe Ha BHYTPILIHIN
MOBEpPXHI OOOJOHKH TMOPOIIKOBOTO Jnpotry. Crocié mossrae B TOMY, IO
YTBOPEHHSI HATIOBHIOBAaYa MOPOIIKOBOTO JAPOTY BiIOYBAETHCS 3 IBOX MOCIIJOBHO
po3TamoBaHuX OyHKepiB 3 jgo3aropaMu. [lopomikoBa mKMXTa HamoOBHIOBada
MOPOILIKOBOT'O APOTY, SIKA IOAA€THCS 3 MEPLIOro OyHKEpa 3 103aTOPOM, Yy CBOEMY
ckiami mae cymim «rpadit — okcua P3My», mo 103BOsSE KOHIIEHTPOBAHO
PO3MICTUTH IO CYMIIl HAa BHYTPINIHIA TOBEPXHI OOOJIOHKU, SK YaCTUHU
KOMIIOHEHTIB MIMXTH y HEOOXIAHOMY CHIBBIJIHOIIEHHI, [0 3a0e3nedye

MO>KJIMBICTh YTBOPEHHS €()eKTUBHOTO MPOTIKAHHS HEOOX1AHUX METaTypriiiHuX
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mpoiieciB. 3 Apyroro OyHKEpy 3 103aTOPOM JOJAETHCS OCHOBHA YACTHUHA IIUXTHU
HATIOBHIOBAYa MOPOIIKOBOTO JIPOTY, JI0 CKIIAAY SIKOT BXOASTH JIETYIOUi €JICMEHTH,
ra3olIakoyTBOPIOKY1 MiHEepasiu, eK30TepMiuHa J00aBKa, Ta 1HIIIE.

Pesynprati AOCHIDKEHHS HAIJIABJICHOTO MeETaly, IO TPOBEICHI
PEHTIeHOCIIEKTPAIbHUM METOJIOM Ha ycTaHOoBIlI VRA-2, HaBeieHi B Ta0muili 1.

Tabmun 1. Pe3ynbpratu JOCTIKEHHS HAIUIABJICHOTO METAIY.

Tocmipxenmit Bwmict okcuay B HamoBHIOBaul | Bmict P3M B HamiaBneHOMY
OKCHH P3M MTOPONITKOBOMY JIPOTi, % metani, %
A o Bapiantyl | mo Bapianty 2 | o 1 BapiaHTy | 10 2 BapiaHTy
1,0 1,0 0,005 0,009
N0 1,7 1,7 0,01 0,017
1,0 1,0 0,004 0,01
Dy20s 17 17 0,01 0,02
Y,0 1,0 1,0 0,005 0,007
i 1,7 1,7 0,0045 0,01

JIst HaTTaBICHHS BUTOTOBIISITUCS TTOPOIITKOBI IPOTH, IO MICTATh OKCHIH
HEOJIUMY, JUCIPO3iI0, ITTPII0 Y 3a3HAUYCHUX B TaOMuUIl 1 KIJTBKOCTSAX 3a JBOMA
BapiantaMu. Kpim cyminn «rpadit — okcun P3M» 110 ckitay HOpOIIKOBUX APOTIB
J0JlaBaJId B OJHAKOBIA KIIBKOCTI (pepomanraH, ¢depocuiiiid, ¢GpepoTuTaH,
TIOMIHIA Ta 3alli3HUN HOPOIIOK, @ TaKOX MiHEpalid, M0 3a0e3MeuyIoTh
Ta3olUIaKOBUN 3aXHCT piAKOro Mmeramy. B mepmomy Bumaaky (BapianT 1)
HIOPOIIKOBI IPOTH BUTOTOBJISLIUCS BioMuM criocooom [10], y npyromy Bumaaky
(BapianT 2) 3a BKazaHuUM Bulle crnocobom. Ilicnss BUTOTOBIEHHS Ta
MIPOKATIOBAHHS TTOPOIIKOBUX APOTiB BUKOHYBAIHM OaraToniapoBi HaIllJIaBJICHHS Ha
wiactuan 31 ctani BCt3nc Ha pexkumax: 3BaproBaibHHE cTpym 270-280 A
3BOPOTHOI MOJIAPHOCTI Ta Hampyra Ha ay3i 24-26 B. Bmict P3M BusHauanu B
NepeI0CTaHHROMY IIapi M'sITUIIapoBoro HariaBiaeHHs. Kiibkicts P3M y metai
HATLTABJICHOMY OPOLIKOBUMH JIPOTH, BUTOTOBJICHHMH 32 IIEPIINM BapiaHTOM, He
nepesuiye 0,01% npu Bmicti okenny P3M y mopomkoBomy apori 1,5-1,7 %. Ha
nepexin P3M no HammaBieHOTO MeTaiy BIIMBAE BMICT OKCHY P3M y CKJaji
nopoiikoBoro apoty. Ilpu Bwmicti okcuay P3M no 1,0-1,2 %, mBUIKICTB
IJIaBJIEHHS HAOBHIOBaYa Ta OOOJIOHKM MPAKTHYHO OJHAKOBI. [Ipu 3011bI1eHHS
BMicTy okcuny P3M no 1,7 % piBHOMIPHICTG IIJIaBJICHHS MOPYIITyeThes. Buctyn
HAITOBHIOBAYa, [0 YTBOPIOETHCS TPH IIBOMY, TOCATHYBIIA KPUTHUYHOI BETMUNHH,
PYWHYETBCS 1 MOTPAIUISAE Y 3BaploBabHy BaHHY. He BCTHTHYBIITM TIpopearyBary,
Yyepe3 HeIOCTATHIO TeMITepaTypy 1 yac MPOTIKAHHS MPOLIECY BITHOBICHHS, OKCH]I
P3M BiATICHAETHCA KOHBEKTUBHUM 1 Ta30JJMHAMIYHUM MOTOKaMH B XBOCTOBY
YaCTHHY BaHHH i MOTPAILLE B IUIAK 200 y BHIVISAL BKIIOYCHD B HAILIABJICHHIA
Metan. YuM OUThIIUN BMICT cyMlun «rpadit — okcun P3M» B HamoBHIOBaui
MOPOLIKOBOrO  JIPOTY, THM 4YacTimie BiAOYBa€TbCs pPYWHYBAaHHS YaCTHHH
HAIMOBHIOBAYa, 110 HE BCTUIJIA OIUIABWJIACS, B PE3YJIBTATI YOTO Bi0OyBAETHCS
3HM)KEHHS €)EKTUBHOCTI BUKOPUCTAaHHA oKculy P3M.

[Ipy  HammaBieHHI  TOPOIIKOBUM  JPOTOM,  BUTOTOBJIEHUM 32
IIPOTIOHOBAHOIO TEXHOJIOTi€l0, BMIicT P3M B HamuiaBieHOMYy MeTaill JOCSTae
0,02%. 36inbI1eHHs KITBKOCTI BIAHOBJIEHOTO 1 MEPEHIIIOBIIIOTO B HAIJIaBICHUMN
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metanm P3M moB's3aHe 3 BUBEIEGHHSAM cywmimn «rpadit — okcua P3M» 3
[IEHTPaJIbHOI YACTHMHHM HAIMOBHIOBaYa TMOPOIIKOBOTO JAPOTY HA BHYTPIIIHIO
MTOBEPXHIO 00OJIOHKH 3 HAMOUIBIN CIPHUATIMBUM TEMIIEPATYPHUM PEKUMOM.

BucHOBKH Ta NepCneKTUBH NOAAJIBIITUX JOCTiTKEHb.

1. Ha edextuBHICTH BUKOpHCTaHHA oOkcuay P3M BrumBae wicie
pO3TallyBaHHs MO nepepi3y ApoTy okcuay P3M ta ByrieneBMicHOro eleMeHTy.
[Tpu 3mimenHi cymimn «rpadit — okeua P3M» no nepudepii nepeTuny apoTy
sMmiHIOeThes BMIicT P3M B HammaBneHomy metani 3 0,005% mo 0,020%, mio
I ATBEP/IKY€E BILIUB TEMIICPATyPH Ha MEPEOIr NIPOLECY BiIHOBICHHSL.

2. Ha pospaxyHKOBY TOBLIMHY LIapy cymimi okcuay P3M ta rpadiry
BIUTMBA€ 1iaMeTp MOPOLIKOBOIO IPOTY,  OTKE i WIHPUHA CTpI4KH, IO BILTHBAE
Ha IUIBHICTB CTPYMY Ha Y31 Ta PO3MIp eICKTPOLHOT KaIlli.

3. ITlepcnekTUBHMM € MAOCHIPKCHHS BIUIMBY YCYHCHHS BiJCTaBaHHS
IJIABJICHHS HAMOBHIOBAaYa BiJl OOOJOHKH TOPOIIKOBOTO APOTY 3a PaxXyHOK
BBCJICHHS B HAMOBHIOBAY IOPOIIKOBOTO JPOTY EK30TEPMIiuHOI J00aBKH Ta
BHUJIJICHHS JOJIATKOBOTO TEIJIa BHACTIJOK MPOTIKAHHA €K30TEPMIYHOI PEaKIIii.
PiBHOMIpHICTh IUIaBJICHHS HAIlOBHIOBaua Ta OOOJOHKH MAPOTY 3a0e3rnedye
XIMIYHY OJTHOPIJIHICTh HAIJIaBJIEHOTO METAITY.
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PO3BHUTOK J1YAJBHOI'O HABUAHHSI 3IOBYBAUIB OCBITU B
YKPAIHI

Anomauin: Cmamms npucesuena OOCHIONCEHHIO PO3BUMK)Y OVAIbHO20 HABYAHHSL
3000y8auie oceimu 6 YKpaini ma nepcnekmugu nooaibioco 8nposadtceHHs. [yanvhutl uo
HABYAHHS CNPUSE NOKPAWEHHIO AKOCMI 0C8Iimu ma niocomosyi keanighikosanux gaxieyie 0
punky npayi. Cmyoenmu ompumyoms RPaKmuyHi Hasu4Ku i 00ceio, pobomoodaseysb — 30i0H020
00 npayi gaxieys. Takum uurom 3000y8aui 0ceimu MarOmMov U WAHCU GLAWMYBAMUCS 3d
Gaxom. Ynpooosoic pokie uUKoHY8aNUCS OOCNIONCEHHS 3 MEmol BUSHAYEHHs 3MIHY CMAHY
npayesnawmysants Moaooi Ha kpauje. OcmanHni 00CiONHCeHHs NIOKPeCaO0mMb NO3UMUBHULL
8NIUB HA CMYOeHmi8, pobomooasyie ma eKoHOMIKy 3azanom. Ilpome maxooic 6ynu eusHaueni
OCHOBHI CKIAOHOWI Y peanizayii 0yaibHO20 HA8UAHHS 8 3aK1adax npogecitnoi oceimu. Mema
cmammi: pO3KpUmu ymosu OyaibHOI 0C8imu 8 3aKiaoax npogeciinoi ocsimu 6 Yrpaiui;
oxapakmepuzyeamu HACAiOKU 6NPOBAONHCEHHS OVANbHO20 HABYAHHA, 6KA3AMU NEPCHeKmueu
nOO0AIbLUIO20 PO3BUMKY OVAILHO20 HABYAHHA, 3A3HAYUMU OCHOBHI NpoOiemu peanizayii
0yanIbHO20 HABYAHHSI.

Abstract: The article is devoted to the study of the development of dual training of
education seekers in Ukraine and the prospects for its further implementation. The dual type of
education contributes to the improvement of the quality of education and the preparation of
qualified specialists for the labor market. Students get practical skills and experience, the
employer - a capable specialist. In this way, students have higher chances of getting a job in
their profession. Over the years, research has been carried out with the aim of determining the
change in the state of employment of young people for the better. Recent research highlights the
positive impact on students, employers and the economy as a whole. However, the main
difficulties in the implementation of dual education in vocational education institutions were
also identified. The purpose of the article: to reveal the conditions of dual education in
vocational education institutions in Ukraine; characterize the consequences of the
implementation of dual education; indicate the prospects for the further development of dual
education; To indicate the main problems of the implementation of dual education.

IocranoBka npoOJieMn Ta ii 3B’A30K 3 HAYKOBUMHU I NPAKTUYHUMM
poboramu. JlyanbHuW B HaBYaHHS CIPHUSE MOKPAIICHHIO SKOCTI OCBITH Ta
MiArOTOBIN KBami(ikoBaHuX (axiBIiB ayig puHKY mpaii. CTyIeHTH OTPUMYIOTh
MPaKTUYH1 HABUYKHU 1 JOCB1JI, poOOTOAaBElb - 3A10HOTO0 A0 npaii ¢axiBus. Takum
YUHOM 3/100yBayl OCBITH MalOTh BUIIl IIIAHCH BJIAIITYBAaTUCS 32 (paxom.

[IpiopuTeTHUMH MarwTh CTAaTU TOHATTS MNpPoQEeCcIiHHUX CTaHAAPTIB,
TyaJIbHOI cUCTeMH MPOGeCitHO-TEXHIYHOI OCBITH, PEriOHAILHOIO 3aMOBJICHHS,
KOMITIETEHTHOCTI, SIKI BU3HAYAIOTh CTAIICTh MPOQPTEXOCBITH Ta ii BIUIUB Ha
3aiiHATICTh. [lo3uTHMBHY posb Mae Bimirpatu AocBix Himewuwnw, 30Kpema,
BU3HAYCHHs MpodeciiHoro mpodiito 0O0paHOi CHerianbHOCTI. YKpaiHChKI i
3apyO1’KHI JOCTITHUKA MAFOTh CIIUJIbHY TO3HUIII0 B TOMY, IO ITiIBUIIICHHS SKOCTI
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poOouoi  cuiaM  CTaHe  TOJOBHUM  MPIOPUTETOM y  3a0e3mneueHH]
KOHKYPEHTO3aTHOCTI HaIlIOHAJIbHOI €KOHOMIKH.

B Vkpaini moreHmian po6ouoi cuiu y mnpodeciiHOMy BiJHOIIEHHI HE
BIJIMOBIAA€ 3amuMTaM poOOTOJABIIB 1 37e0LIbIlIe PIBHIO MIXKXHAPOJIHHUX
KBaTi(iKalIHUX CTaHIaPTIB.

i crarri Ta mnocranoBka 3agaui. Crarts Mae B €00l IIUIb
OXapaKTepu3yBaTH CydyaCHUMN CTaH JyallbHOI OCBITH B YKpaiHi Ta 1i peanizalfiio.
["onoBHI 3aBIaHHS CTATTI:

e Po3KkpuTH YMOBH AyalilbHOI OCBITH B 3aKyiajiax MpogeciiHol OCBITH B
VYkpaii.

e (OxapakTepu3yBaTH HACIIIKUA BIIPOBAIKEHHS JyallbHOTO HAaBYAHHS.

e Bka3zaru nepcreKTUBY MOJaIbIIOr0 PO3BUTKY 1yalbHOTO HABUYAHHSI.

e 3a3HAaYUTH OCHOBHI MPOOJIEMU peatizallii 1yaJlbHOTO HaBYaHHS.

AHaJti3 ocTa”HHiX gocaigxkensp i myoaikanii. 3 2018 poxy BukoHyBanucs
JOCIIIJIPKEHHS 3 METOI0 BU3HAUCHHSI 3MIHY CTaHy IpalleBIallITyBaHHS MOJIO/1 Ha
Kpaiie micis OoQImifHOTO BIPOBAPKEHHS JyaidbHOro HaByaHHS. OcTaHHI
JOCIIIKEHHS M1AKPECIIOI0Th TO3UTUBHUM BIUTUB HA CTY/IEHTIB, POOOTO/IaBIIIB Ta
€KOHOMIKY 3arajoMm:

e [lokpaliieHHs IAHCIB HA MpalleBJIAITYBaHHS 32 (haxoM;

e [lo3uTuBHMII BIUIMB Ha €KOHOMIKY, OCOOJMBO BHUPIUIYETHCA MHUTAHHS
IpalieBiIaTyBaHH MOJIO/IL;

e [lapTHepcTBO MK HaBUAJLHUMU 3aKJIa/IaMU Ta MiANPUEMCTBAMU;

e BiamnoBiae Ha TOMUT MOJIOI JI0 TIpaIt.

[Ipote Takox OysiM BU3HAYEHI OCHOBHI CKJIQJTHOIII Y pealti3allii 1yaabHOro

HaBUYaHHS B 3aKJafax npoQeciiHoi OCBITH:

e diHaHCOBI TPYAHOULI peaiizallii mpareBiallTyBaHHs 37100yBayiB OCBITH;

e He Bci miampuemMcTBa TOTOBI B35TH Ha ceOe BIANOBIAANBHICTH 3a
IpaIeBIallITOBAHOTO 3/100yBava OCBITH;

e HenpaBuibHa peanizallis mporpam JyaibHOTO HAaBYaHHS;

e (OOMmexeHud noCTyn 3100yBadiB OCBITU [0 TpaleBalliTyBaHHS Ha
1 IITPUEMCTBA.

HeBupimeni yacTunm 3arajabHoi npoodJemu. /[yanbHa ocBiTa 11 IIIKOM
HOBUH crioci0 HaBUaHHS, AKUH MOTPeOye Yac Ha MOTro CTAOUIBHY peai3alliio.

e [loTpiOHO BUPIMINTH K came 3abe3neyumu ycniuiie 0yaivbHe HA84aHHs B
3akJagax npodeciiHoi OCBITH.

e UYu Oyje 1e BIUTUBATH HA SIKICTh OCBITH B 3aKJIaJiax.

e Sk 3a]y4YuTH NIANPUEMCTBA 10 YYaCTl B IIporpamax JyajibHOi OCBITH, TaK
11100 3a7J0BOJIBHUTH TOTpeOU poOOTOIaBIIIB.

e SKMM YMHOM MOYKHA 3POOUTH JyaJlbHE HABUAHHS JOCTYIMHUM JJIsi BCIX
31100yBayiB OCBITH.

e [ siki 3ax0a¥ MOBUHHI OyTH MPUAHSATI I MOHITOPUHTY MPOIECY HABYAHHS
Ta IPAKTUKH Ta OL[IHIOBAHHS PE3yJIbTaTIB.
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BukJiaa ocHOBHOTo MaTepiany gocaifzkeHHs. J{yanbHa gopma 3100yTTS
npodeciifiHOi OCBITU — I CMoci0 HaBUYaHHS, 3a SKUM TEOPETUYHUN MaTepiaj
3100yBaydl OMAHOBYIOTh B 3aKkjafl 3 NEAaroroM, a MpaKTUYHE HaBYaHHS
IPOXOJAUTh Ha BHUPOOHMITBI. Takuil MiAXiA CYTTEBO BIJAPIZHAETHCS B
MPAKTUYHUX BIIIPAIIOBAHBY, OCKIJILKA B HOTO OCHOBI HE TUIbKH 3aKPITICHHS
TEOopii Ha MPaAKTHUIIl, & CAME HABYAHHS B YMOBaxX BUPOOHUIITBA.

baTpKiBIIMHOIO TyallbHOI OCBITH BBakaroTh HiMeduunny, sika 3ampoBaauia
HaByaHHs y ponopiiii «30% Tteopii, 70% — npakTUku» 111 B MUHYJIOMY CTOPIYYi.
Jam meit miaxin 3ano3nunin B €Bpori, Kanani, [TiBnenniit Kopei ta Kurai.

Y HimeyuunHi 100 MOTpanuTy y BUILY AyalbHY IIKONY, aOiTypi€HT Mae
OTpUMATH 3aKIHUEHY CepeHI0 a0o0 creriaaizoBany cepeaHto ocBiTy. CTyAeHTIB
BIIOMPAIOTh Ha KOHKYPCHUX 3acajiax. Tako) KOKEH y4YeHb MOBHHEH 3HANTH
napTHepa cepej MiIMPUEMCTB, 1€ TOJIOBHA YMOBA.

Y Bumii payanpHid mkoii ['epa-AiizeHax HaBUaHHS TPHUBA€E IIICTh
ceMecTpiB — Tpu poku. KoxkeH ceMecTp NUIATh HA TPU MICSI Teopii 1 TPH —
po0oTH Ha miAnpueMcTBi. X04a B IHIIMX 3aKIagax Juisi OTPUMaHHS TEOPETUYHUX
3HaHb CTYACHTY JIOCTaTHHO 1-2 JHI Ha TWKJEHb BIJBIlyBaTH BUII, a TaKOX
MpaloBaTH CcaMOCTIiHO. PemTa miaroroBku — poboTra Ha MIANPUEMCTBI. B
KOMIIaHIi CTYy/IEHT Ma€ HAaCTaBHHKA. BIpoJOBX TpbOX MICSIIB BIH 3aiiMa€eThCs
pa3oM 31 CTyACHTaMU TMPOEKTaMH, SIKI MalTh Oe3mnocepeqHiid 3B’S30K 3
MIIITPUEMCTBOM. AJI€ € 1 TpaJuLIiHI KOHTPOJIbHI POOOTH Ta JOMAILIHI 3aBJJaHHS.
JyanbHa OCBITa 3aKpiIjieHa Ha 3aKOHOJAaBYOMY piBHI. OIHAK MICHs 3aBEPIICHHS
HaBUYaHHS BUITYCKHHMK HE 3000B’s13aHUI MMpallOBaTH B KOMIaHii, sika HOro BUMJIA.

Ne [TignpueMcTBO Kinbkicth 3100yBayiB, sSiKi HaBUAJIUCS 32
3/ nyanbHOI0 (hopmoro HaBuanHs y 2019-
i 2020 H.p. Ha MIPUEMCTBI
1 Jlep>xaBHE MiIPUEMCTBO 100
«AHTOHOB»
2 Perionanbna dumis 68

«ITpuaHITpOBCHKA 3aTI3HULIS
AT «YKp3amdi3HUI

3 TOB «I'moOuHCHKHIA 20
M’ SICOKOMOTHATY

4 TOB «AKB cepBuc» 16

5 TOB «EJC-IHXuHIpUHI» 16

6 AT «DE» 15

7 [TAT IlaxToynpaBiiHHS 13
«IToxpoBcbKE»

8 I[MTAT «MMK im. DIJITHA» 11

9 | IIpAT «MK «A30BCTAJIb» 11

10 TOB HBII «30P51» 10

11 AT «['iapocuna M3TI» 10
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Ta6mums 1. [TignpuemMcTBa-y4acHUKH MJIOTHOTO MTPOEKTY 13 BIIPOBAIKEHHS TyaTbHOTO
HaBYaHHS B YKpaiHi 3 HAMOUTBIIOK KUTBKICTIO 3100yBaviB, IKi HABYAIOTHCS 3 TyaTbHOIO
OCBITOIO.

[TinnpueMcTBa-y4acHUKHY MIJIOTHOTO NPOEKTY 13 BpoBaukenHs [1M30 B YkpaiHi 3 HalO1IbIIO0
KUTBKICTIO 37100yBauiB, siki HaBuaroThes 3a JJD30
Joxepeno:URL:https://www.researchgate.net/publication/360935716_ANALITICNIJ_ZVIT_DUMKI_ROBOTOD
AVCIV_PRO_DUALNU_OSVITU_ZA_REZULTATAMI_DOSLIDZENNA_OBIZNANOSTI_ROBOTODAVCIV_P
RO_DUALNU_FORMU_ZDOBUTTA_OSVITI_TA_DOSVIDU_UCASTI_U_PILOTNOMU_PROEKTI_IZ_1I_Z
APROVADZENNA_NA

B Vxkpaini nyanpHe HaBuaHHs mijoTyBanu Brpogosxk 2015-2017 pokis.
Toxi 3miiicHIOBaBCS E©KCIIEPUMEHT 3 OpraHizailli HaBYaJIbHO-BUPOOHHUYOTO
mporecy 3 eleMeHTaMH JyanbHoi (opmu HaBuaHHS Ha 06a3i  Bwumioro
npodeciinoro yummmma Ne33 M. KwueBa (mpodecis «Kyxapy»), Bumroro
npodeciiHOro Xyn0KHbOT0 yunmuina M. JIbBoBa (nmpodecis «Massipy»), Buioro

npodecitHOTo yUrIIUINa MAaIIMHOOYIyBaHHs M. 3anopixoks (mpodecis « Tokapy).

Ak ctBepxye MOH, nyansHa hopma HaBUaHHS Ma€ HU3KY MTO3UTUBHUX
ACTICKTIB:

e Oprasizailis CIiBIpalll MOJITHKIB, 013HECY, COIIAIbHUX MapTHEPIB;

® po3poOKa 3aKOHOAABYOIO MIAIPYHTS JJI BU3HAHHS CTAHIAPTIB SIKOCTI
npodeciitHoi ocBiTH;

® HaBYaHHS YYHIB IiJ] 4ac TPYAOBOI JISITLHOCTI;

® 3aJly4eHHS KBaJ1(PIKOBAHOTO MEPCOHATY 3 BUPOOHUIITBA JI0 NEAAroriyHol
TISUTHHOCTI,

® 3JiiCHEHHS ITHCTUTYIINHUX JOCIIHPKEHb Ta KOHCYJIbTYBAaHHS;

® BpaxyBaHHsS KOHKPETHUX 3allUTIB MIANPUEMCTB O 3MICTy Ta SIKOCTI
npodeciitHoi OCBITH.

IlepcnexkTHBY NOAANBINUX AOCTIMXKeHb. [lepmuii BUIyCK TPhOX
excriepuMenTanbHuX Tpyn y 2015-2017 pokax 3acBiq4uB MO3UTHBHI pe3yIbTaTh
BIPOBA/KEHHS €JIEMEHTIB AyalbHOI (JOPMU HABUAHHS: BUCOKHUI pIBEHb
npaneBiIamTyBaHas — 10 97%, NiABUIIEHHS SIKOCTI Tpo(deciitHOT MArOTOBKU Ha
12-17%, nonatkoBi GiHAHCOBI HAAXOMKEHHS — 10 50 THC. TPH. y KOXKHOMY
3aKia/l, 3SMEHIICHHS] BUTPAT HA KOMYHaJIbHI IOCIYTH Ta BUTPATHI MaTepiaiu,
O11bII CTiMiKa Ta B3AEMOBUTIHA CIIBIpaIls 3 pOOOTOJABIISIMHU.

[Toganbin KOCaiKEHHS JyaIbHOTO HAaBYaHHSI:

e JloCHDKeHHS MOMIJIMBOCTI BIPOBAKCHHS 1HHOBAIIMHUX TIIXOJIB Y
IporpaMu JyalbHOTO HaB4YaHHS B YKpaini 3a mpunnunom 30% Tteopii, 70%
IPAKTUKH.

o JlochmimkeHHs PUHKY Tpail s PO3yMiHHS, SKHX came (HaxiBIliB
noTpeOyroTh pOOOTOIABIII.

e Po3Burok  cmiBmpani — npodeciiHUX ~ HaBYANBHUX  3aKJIagiB 3
MIITPUEMCTBAMU TSI 3a0€3eUeHHS IKICHOTO HaBYaHHS.

Bucnosok.

Te, mo ayanpHa hopma HaBUaHHS OyJie MoluproBaTucs 1 Bce ouibine BH3
3BEpPHYTh Ha HEI CBOIO yBary, 3HaWIyTh MIiIIMPUEMCTBA-TIAPTHEPIB, 3 SKUMHU
OynyTh TOTYBaTH (haxiBIiB HOBOT'O MOKOJIIHHS — 11€ ¢dakT. BiliHa 3MiHMIa 6araTo
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4yoro B YKpaiHi, 1 11l 3MIHH CTOCYIOTbCS PUHKY Ipalll Ta BUMOT poOOTOJaBIIIB, SIK1
XO04yTh 3HAHHS 1HO3€MHHUX MOB, BMIHHSI IIIBUJIKO HABYATHCS Ta aJalTyBaTUCS 10
HOBHX YMOB, @ TAKOX XOUyTh MPAKTUYHUI TIOCBi HaBiTh Y HOBAYKiB.
Konnenis nyansHoi hopmu 3100y TTs OCBITH Niepeadayae:
MOJICPHI3aIlil0 OCBITHIX IIPOTpaM;
MIIBUIIEHHS SKOCTI MATOTOBKH (haxiBIliB;
30JIMKEHHS OCBITH 3 BUMOTaMH PUHKY Tpalli;
MOCHUJICHHS POJIi Ta BILIMBY POOOTO/IABIIIB HAa OCBITY;
1JIBUIIICHHS MOTHUBAIII1 10 HABYaHHS CEpeJl YUHIB Ta CTY/ICHTIB,;
pICT piBHS 3aHHATOCTI MOJIOIL;
CKOpPOYCHHS aJanTaIlliiHOTO Mepi0/ly BUITYCKHHUKIB Ha POOOTI;
1JIBUIIICHHS KOHKYPEHTO3IaTHOCTI MPaIliBHUKIB.
JlyanpbHe HaBuaHHS HaJa€ HEMEPEBEpIICHY IepeBary i 37100yBadiB
OCBITH, OJJHOYACHO HaBYATHUCS Ta 3aKPIIIIOBATH JICKIIHHUI MaTepiall MPaKTUKOIO
Ha BUPOOHUIITBI, IPH I[LOMY 37100yBadl TAKOXK OTPUMYIOTh 3apOOITHY ILJIaTy.
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IBanenko P.O. (Vkpaincoxuii haykoso-0ocaionuil incmumym cneyiaibHoi
mexHiku ma cyoosux excnepmus, m.Kuis), Bonomko O.B. (Hayionanvhuti
mexHiuHul yHisepcumem Ykpainu “Kuiscokuti nonimexniunuu incmumym’”
imeni. leops Cixopcokoeo, m.Kuis)

MOJAEJIOBAHHSA TA OIITUMI3ALIA POBOTU BUPOBHUYUX
TEXHOJOI'TYHUX CUCTEM

Anomauin: Buxonano ananiz memooig MOOento8anHs i onmumizayii eupoOHUUUX
MEXHONO2IYHUX —CUCmeM, BUOPAHO HAUOIIbUWL  epexmueHi Mmemoou MoOent08anHs OJis
OUCKpPEemHO20 BUPOOHUYMBA, MeoOpemudHo OOIPYHMOBAHO | NPAKMUYHO peani3o8aHo
MamemMamuyHi Memoou MOOEeN08AHHA BUPOOHUYUX CUCMEM, 008e0eHO a0eK8AMHICIb
MamemMamuyHux mooenell ma OnmuMizayitiHux Memoois, a MmaxKodic SUOPAHO PAYIOHATbHI
Memoou onmumizayii ma cmeopeHo npozcpamue 3abe3neyeHis, siKe peanizosyeaio eUOpamui
Memoou Ha NPaKmuyi.

Abstract: An analysis of methods of modeling and optimization of production
technological systems was performed, the most effective modeling methods for discrete
production were selected, mathematical methods of modeling production systems were
theoretically justified and practically implemented, the adequacy of mathematical models and
optimization methods was proven, and rational optimization methods were selected and
software was created , which implemented the selected methods in practice.

HeoOxinHoto 3agadero cydacHOro npwiagoOyAayBaHHS € po3poOka
CUCTEMH TOPKAHHS IPU HAJIBUCOKIHM IIBUAKO/1i IHCTPYMEHTA JI0 MOBEPXHI JIeTal
IIpM BHUTOTOBJICHHI BHCOKOTOYHMX JeTajedl mnpuiaaiB. Y 3B'SI3Ky 13 LUM
HEOOX1THO BHUPIIIUTHA HACTYITHI 3a/1adi, SKi JO3BOJATH 3MIMCHUTH MiABUILICHHS
TOYHOCTI Ta TpoayKTuBHOCTI BepcTaTiB 13 UIIK 006pobHuX 1tienTpiB. Lle moxe
OyTu 3p0o0JIeHO Ha MiICTaBl MOPIBHIBHOTO aHAII3y HAHO1IbII PO3MOBCIOIKEHUX
croco0iB pyxy MpU TOPKAHHI pi3aJIbHUM JIE30M 1HCTPYMEHTA JI0 IOBEPXHI JIeTal
Ta BU3HAYCHHS HAMOLIBII ONTUMAIBHUX BapiaHTIB 3 OTJISLy HA OTPUMAHHS SIKOCT1
dbopMOTBOpEeHHST Mpenu3iiHoi aetani. HemocTtaTHbO MOCHIIKEH! MOKIMBOCTI
Cy4aCHUX METOJIB IMITAIIHHOTO Ta MaTeMaTUYHOTO MOJICIIIOBAHHS, a TaKOXK
BIJICYTHE HAyKOBE OOTpYHTYBaHHS BHOOPY BHKOPHCTOBYBAHMX B JaHHM dYac
METO/11B PO3B’sI3aHHS 33/1a4 TEXHOJOT1YHOT MATOTOBKA BUPOOHUIITRA.

Tomy, HEOOXITHO pO3pOOUTH TEOPETUYHI TEPEAYMOBU OTPHUMAHHS
BHCOKOI TOYHOCTI Ta MPOAYKTUBHOCTI BHACIIJIOK BUKOPUCTAHHS IHCTPYMEHTA B
Mepeki 3BOPOTHOTO 3B'A3KYy, @ TaKOK CTBOPUTH y3arajibHEHI MOEII MPOIECY
OTPUMAaHHS TOYHOCT1 BUTOTOBJICHHS JIeTaleil y MeTamoo0poO1ii Ha 00IaHaHH] 3
UIIK. BonHouac, Ha TTifICTaBl aHaJI3y ICHYIOUMX METO/IiB Ta MPUCTPOIB KOHTPOJIIO
CTaHy 3HOIIEHOTO METajl000poOHOro 00JiaIHAHHS MOXKHA CTBOPUTH CXEMH
aBTOMATU30BaHUX CHUCTEM 1 MMPUCTPOIB KOHTPOJIO CTaHy BUTOTOBJICHHS ACTAali, a
TakoX  KiacuikyBath  KpuTepii  SKOCTI  poOOTH  TEXHOJOTIYHOTO
MEeTajJo000poOHOTO O00JNIaHAHHA Ta KOHTPOJIbHO-BUMIPIOBATLHUX CHCTEM,
MEPCIIEKTUBHOIO 33/aYei0 € PO3pOOJICHHST MPHUHIMIIOBOT CXEMH peami3allii
PO3IIMPEHOT MEpekKi 3BOPOTHOTO 3B'SI3KY JIJIsi OTPUMAHHS BUCOKOT TOYHOCTI Ta
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MPOIYKTUBHOCTI. OTXKe, 3aMpOTIOHOBAHO KOMITJIEKCHI 3aX0/Id Ta PEKOMEHAINi,
0 JIO3BOJISIIOTH MPOBECTH  MOJEPHI3ALIID  ICHYIOUOTO TEXHOJOTTYHOTO
oOyiaHaHHSA 3 OOpOOKM MeTany JJid JOCATHEHHS OLIbII BUCOKHX IapaMeTpiB
TOYHOCTI BUT'OTOBJICHHS peru3iiHol MPOAYKITT H1IPUEMCTB
npuiaagoOyayBaHHs. [ 1]

Hp06neMy T1JIBUIIICHHS e(beKTI/IBHOCTi TEXHOJOTTYHUX HpoueciB
00pOoOKHM 1 MOJIMIIEHHS AKOCTI MPOIYKIIli HAMOUTBII YCHIITHO MOKHA BPIplIHHTI/I
IIUISIXOM CTBOPEHHSI 1 BIPOBA/DKEHHS METOIB 1 CHCTEM KOHTPOJIO SIKOCTI
BUPOOHMYOTO oOnagHaHHA. BomHoYac, BaXXJIMBOKO MPOOJIEMOIO € MOJOBXKEHHS
pecypcy BHUCOKOTOYHOTO OOJaJAHAHHS JIs TIJBUILEHHS MOXJIMBOCTEH Ta
€KOHOMIYHOi €()eKTUBHOCTI MPOMMCIOBOIO BHUPOOHHIITBA. Peamizaris Takux
METOMIB 1 CHCTeM OCOOJMBO BaXKJIMBA ISl MPUIAN00YTyBaHHS, 1€ BUMOTH [0
BHCOKOi TOYHOCTI KIHIIEBOTO TMPOAYKTY B OaraThOX BHUIAIKAX OTPUMYIOThH
nepuiopsaHe 3HaueHHs. [1-4]

3amada CTPYKTYpHOTO MOJCITIOBAHHS Ta ONTHUMI3allii MOJSATaE B TOMY,
100 TOCHIANTH MaTEMAaTUYHUH arapar, SKui Ou aJIeKBaTHO ONUCYBAaB CTPYKTYPY
BUPOOHUYOT CHUCTEMHU 1 JaBaB OM MOKIIMBICTH AJITOPUTMI3yBaTh MPOIEAYPH
pO3paxyHKy HaMBaXJIMBINIMX MMapaMeTpiB Il€l CHUCTeMH. 3a3BUYall MpHU
JeTaaTbHOMY PO3TJISLL, 11 Tpo0sIeMa po3IaaeThCs Ha ASKUIbKA Mi3a1a4:

a) TMpoaHalizyBaTH pPOOOTYy BUPOOHMUOro OOJIAJHAHHS 3a PI3HUMU
CTPYKTypaMu ¥ JOCIIIUTH OCOOTMBOCTI MOJISTIOBAHHS KOXKHOI 13 HUX;

0) BUOpaTH METOJMKY MOJIEIIOBAHHSI POOOTH OOJaJHAHHS BUPOOHUYOI
CUCTEMH, siKa O SKHaO1JIbIII TOBHO OMKCYBaJla MapaMeTpu CUCTEMU Ta J03BOJIsIA
0 oTpuMarTH ii afieKBaTHY MOJICIIb;

B) BHOpaTu MeTOJ oOnTuMizaiii pobotu oOnagHaHHS, SKUW Ou
3a/I0BOJIBHSIB 33JjaHUM OOMEKEHHSM Ta MaB OW MO MOKJIMBOCTI SIKHAWKpaly
301KHICTb.

[Ipn mpoekTyBaHHI TEXHOJIOTTYHHUX IMPOIECIB 1 pOOOTH BUPOOHUYOTO
00J1alTHaHHS OCHOBHHMI KOMIUIEKC 3aJiad MOB'S3aHUN 3 BHOOPOM HaWKpPaIIoro
BapiaHTa BHPOOHMYOI CHUCTEMH TIO CYKYIMHOCTI TEXHIKO-€KOHOMIUYHUX
noka3HuKiB. L{i 3a1a41 MarOTh KijbKa pI3HOBUIB, SKMM BIJINOBIJIAI0OTh TPH PI1BHI
ontumizamii. Ilepmmii piBeHb omnTUMizalli mojsrae B BHUOOpPI HaWKpamioi
TEeXHIYHOI 17e1 a00 MpUHIMIY Aii 00'€KTA, 110 TPOCKTYETHCS;, IPYTHUH — B MOIIYKY
HaWKpaIoi CTPYKTypH ad0 CX€MHU B paMKax 0OpaHOTO NPUHUMUITY Aii; TPETid — y
BHU3HAYEHHI HaKpaluX 3HaueHb MapaMeTpiB Jyisi 00paHOi CTPYKTYPH (CXEMH).

[le o0OyMoOBIIOE HEOOXITHICTH CTBOPEHHS  METOAMK  OOpOOKH
TEXHOJIOTIYHOT  1H(opMalii  [UISIXOM  BUKOPUCTaHHS  0araToOBUMIPHOTO
CTaTUCTUYHOIO aHaJI3y 3 METOI MaKCHUMAaJbHOIO BpaxyBaHHS PI3HOOIYHUX
rapaMeTpiB Ta MOKA3HUKIB BIJIMOBIAHOI TE€XHOJOTIYHOI 3a/1aul MPOEKTYBaHHS, a
TAaKOX OOIPYHTYBaHHS JOUUIBHOCTI BHUKOPHCTaHHS Cy4aCHHUX METOJIB
IMITAI[IHHOTO Ta MAaTEeMaTUYHOTO MOJIEIIOBaHHS, METOJIB MapaMeTPUYHOI i
CTPYKTYPHOI ONTUMI3AIl].

Cucremarnzaliis 3aga4 TEXHOJOTIYHOI IIATOTOBKM IPHIAAO- Ta
MalIMHOOYIBHOTO ~ BUPOOHUITBA, OOIPYHTYBaHHS BHUOOpPY  MOYAaTKOBOi
iH(dopMalii Nmpu po3B’si3aHHI 3a7a4, OOTpyHTYBaHHS Ta BHUOIp €()EKTUBHUX
MeToiB ¢dopmaiizailii BKa3zaHHUX 3a7ad Ta METOJMIB iX PpO3B’SI3aHHS, B SKUX
MOEHYBAUCh OM B KOMIUJIEKCI BCl €Tamy BUTOTOBJICGHHS NPUIIAAIB Ta iX
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KHUTTEBOTO IMKIY € MpOoOJEeMOI0 aKTyalbHOIO 1 CBO€YacHOW. BupimeHHs
BKAa3aHOI MPOOJIEMHU MOKIIMBO JIMIIIE Ha OCHOBI BUBUCHHS 3a7a4 TEXHOJOT14HO1
MirOTOBKM BUPOOHUIITBA Ta BUMOT JO iX PO3B’S3aHHS, a TAKOX JOCIHIKEHHS
CydacHUX METOaiB 00poOku iHdopMalli, iMITalllfHOTO Ta MaTeMaTHYHOTO
MOJICTIIOBaHHS W ONTHUMI3allli MapaMeTpiB Ta XapaKTEPUCTUK TEXHOJOTTIHHX
CUCTEM 3 IIUPOKUM BHUKOPUCTAHHIM €(DEKTUBHUX METOJIB CUCTEMHOTO aHali3y,
po3Mi3HaBaHHsA o00pa3iB, Teopii MHOXHH, ajareOpu JIOTiKH, Teopli Tpadis,
MaTeMaTUYHOTO TIPOTPaMyBaHHs, MPOCKTYBaHHS CKJIATHUX [HTEIEKTyalbHHX
cucteMm Tomro. [loninm Ha Tpu piBHI € YMOBHUM, 1 CyBOPOi T'paHUIll MK HUMHU
IIPOBECTH HEMOXKIIMBO. J[OIIIbHICTH TAKOTO PO3MOILTY BUKIMKaHA HEOOX1THICTIO
PO3MEXKYBaHHS OUIBII MPOCTUX BiJ OUIBII CKJIAJHHUX 1 TPYJAOMICTKUX 3aja4, Kl
HAJIeKaTh /10 PI3HHUX €TaliB MPOCKTYBAHHSA TEXHOJOTII i y TOH ke 4ac iCTOTHO
BIJIPI3HAIOTHCS METOJAaMU PO3B’SI3aHHs. 3ajadi MEepIIoro PiBHSA XapaKTepHI IS
€TaIiB 30BHIIIHBOTO MPOEKTYBAHHA 1 PO3B’A3YIOTHCS 3 BAKOPUCTAHHSIM MAXOA1B
Ta METO/I1B EBPUCTUYHOTO IIporpamyBaHHs. Cy4acHi CHCTEMH aBTOMAaTHU30BaHOTO
MIPOEKTYBaHHSI TEXHOJOTIYHUX MPOLIECIB OPIEHTOBAHI HA €Taly BHYTPIIIHBOTO
IPOEKTYBaHHS. Y 1bOMY BUMAJKY XapaKTEPHUMH € 3a/1adi JPYroro i TPeThOro
PiBHSI, SIKI BIAMOBIAHO HA3WBAIOTHCS 3aJa4aMU CTPYKTYpPHOI Ta MapaMeTpU4HOI
OITUMI3aIl].

[Ipu po3B’s13aHHI JaHMX 3a/]a4, BUPOOHHYA TEXHOJIOTIYHA CHCTEMA - 1€
CUCTEMA, METOIO SIKOi € BUTOTOBJICHHS TIEBHOT KUJIBKOCTI BUPOOIB 3a NIEBHUM Yac,
3a JIOMOMOTOI0 YITKO BHU3HAYEHOI KUIBKOCTI oOjagHaHHS. B manoMy Bumanky
OMHCYEThCS BUPOOHMYA CHCTEMa Y TepMiHAX Teopii MacoBOro 00CITyrOBYBaHHS.
Cucrema, 10 y 3B'SI3Ky 3 MOXJIMBUMU TEXHIYHUMH, EKOHOMIYHUMHU U 1HIIUMHU
3aCTOCYBaHHSMH, BBaXKAETHCA CTPYKTYpPHOIO, Ha BIIMIHY BiJ aOCTpaKkTHOI
CHUCTEMH, 110 € MPEIMETOM JIOCIIKEHHS 3arajibHol Teopii cucteM. Enementom
CUCTEMH € JOBUIbHUN HEMOAUIRHUN y JaHikd 3agadi 00'ekT. HemomiapHICTH
eJeMEeHTa € YMOBHOIO 1 BUKJIMKAaHa MPArHeHHSM JO CHpolieHHs 3anayi. [Ipu
IOMY IIIJTKOM MOJKJIMBO, III0 MPU TEpexXoAl BiA OAHIET 3a7aui J0 iHIIOI Oyze
MOTPIOHO PO3KJIAJaHHS OJHOTO €JIeMEHTa ab0 HaBIMaKH, 00'€IHAHHS JEKIJTBKOX
eneMeHTIB B oJiuH. O0’€KT, IKUI HE PO3KIIAJAETHCS B IaHIH, ajle MOXKIUBO Oy/e
PO3KIIQIAETHCS B 1HIIH 3a7a4l, € OJIOKOM.

Cucrema € BU3HAYEHOIO MHOXHUHOIO OJIOKIB (€JIE€MEHTIB), 00'€ JHAaHUX
JIESIKOI0 MHOKMHOIO 3B'SI3KIB JUIsl pealiizallli 3arajibHOi MeTh. Y cHucTeMax
00CIIyTOBYBaHHSI I[I€0 METOI0 € BHUKOHAHHS 3a7aHOi MHOXXMHH poOiT. KoxxHa
po0O0Ta CKIANAETHCS 3 AESIKOT KIIBKOCTI PI3HOMAHITHUX OIepauiid, BAKOHYBaHUX
BiAMOBIAHUMU Oyiokamu. Cucrema B IiloMy 3a0e3neuyye MOCHiOBHE
MPOXOJ/IKEHHS KOKHOI pOoOOTH yepe3 BU3HAUYEHI OJIOKHM, CYKYITHICTh Onepalii B
AKuX 1 3a0e3medye BUKOHAHHS JaHOi poOoTu. BBaxkaemo, mio omepariis €
HalMEHIIIOI0, HEMOAUIPHOI YAaCTHHOK pPOOOTH. Y 3B'SI3KY 3 IUM, IMIpHU
JOCTIKEHHI CHUCTEM MAacOBOTO OOCIYrOBYBaHHSI KUIBKICHI XapaKTEpUCTUKH
(mapametpu) omepariii moBuHHI OyTu 3amani. L[i mapamerpu MokHa 3amaTH
marpunero A = [ I, ne [ 1 — KiIbKICHUN €EeKT BUKOHAHHSA i-1 onepaii B
J-# po6Gori. Benmmumnu [1 1, — MOXyTh O3Ha4aTH ab0 BUTPATH 4Yacy pecypcis,
a6o goxon Tomro. KoHkpeTHUI 3MICT ITUX BEJIMYHMH BITUBAE HA (HOPMYTIOBAHHS
3ama4y
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BUBYECHHs cucreM. Uepes mapamerpu [ BHpaXKarOTbCA  KIJIbKICHI
XapaKTEPUCTHKU CUCTEMHU MacOBOT'0 OOCITYrOBYBaHHS B IIJIOMY.

OyHKIIOHYBaHHS JOBUIBHOI CHCTEMH € CYKYIHICTIO TIpaBWj, sKa
BH3HAUa€, M0 MOBHHHA POOUTH CHUCTEMa /ISl JOCATHEHHS IMOCTaBIICHOI Mepen
HEI0 METH; IIi mpaBuja HE OOOB'A3KOBO BUKOPUCTOBYIOTH 3HAaHHA MOOYAOBU
cucteMu. BiamoBiHO 10 piBHS aOCTpaKiiii, IPUHHATUM IIPH BUBUYCHHI CHCTEMH,
il (QyHKIIOHYBaHHS MOXE OIMCYBAaTHCS JOKJIQAHUMHU TIpaBUjiaMH. Tak,
(YHKITIOHYBaHHSI CHCTEM MacOBOTO OOCITyrOBYBaHHs 3a3BUYail OMHCYETHCS Ha
piBHI CTPYKTYpu cUCTeMHU. IliT CTPYKTyporO MOBUIBHOI CHUCTEMH PO3YMIEMO
CYKYITHICTh MHOXXHHHU OJIOKIB (€JI€MEHTIB) 1 MHOXXHMHHM 3B'SI3KIB MK HHUMHU.
CrtpykTypa cucTeMH OOCIyrOBYBaHHS 3a3BUYail 300paxkyeTbcsi oprpadom, y
SKOMY BEPIIMHU MO3HAYAIOTH OJIOKU (€JIEMEHTH) CUCTEMH, a IyTU — HAMPSIMKH
PyXy poOiT Bij 0JI0KY 710 OJIOKY B MpoIieci iX BUKOHAHHS. J{J1 KiJIbKICHOT OIIIHKH
CTYIEHsI JOCATHEHHS JIOBUIBHOIO CHCTEMOIO TOCTABJICHOIO TMEpe]l HEH METHU
BBOJSTh PI3HI XapakTepuCcTHKH ii (¢yHKIIOHYBaHHA. KoxHa OKpema
XapaKTEPHUCTHKA OLIHIOE IKYCh OJHY CTOPOHY (DYHKL1IOHYBAaHHS CUCTEMHU, 1 JIUIIIE
BC1 Pa30M BOHU JI03BOJISIFOTH OLIHUTH, HACKUIBKU CHCTEMA J0CATJIa TOCTABJICHUX
LJIEH.

BuBueHHs1 Oynb-SKOi peanbHOi CUCTEMHU INPOBOJUTHCS Ha MOAEII, IO
MpEACTaBIIi€ COO0I0 OUIBIN MPOCTY CUCTEMY, HIK BHXIJIHA, 31 30€pEKEHHSIM ii
1ICTOTHUX puc. Mojeni noausitoTbea Ha GizuuHi il abctpakTHl. OCTaHHI B CBOIO
4epry MOIUISIOTHCS Ha KOHIENTYalbHI 1 MaremaTuyHl. KoHrenTyansH1 Moeni
XapaKTepU3yOTh JIUIIE MNPUYMHHO-HACTIAKOBI 3B'S3KM, ICTOTHI ISl OMHCY
(YHKIIOHYBaHHSI CHCTEMH; IPHU I[bOMY 3aJMIIAIOTHCA OCTOPOHb KUIBKICHUU 1
AKICHUIM acmekTd 3a3HayeHoro omucy. MartematnyHa Mozenb Oa3yeThCcsl Ha
KOHIIETITyaJIbHIM 1 XapakTepu3ye (YHKIIOHYBAaHHS CHCTEMH 3 KIJIbKICHOI 1
SIKICHOI CTOPOHH.

Marematuuna mMozenb Oe3rnocepeHb0 BUPOOHNYOT a00 TEXHOJIOT14HOI
CHCTEMH OIHCYEThCS TAKUM YHHOM. € nesika MHOKHHA BHpO61BB K1 HEOOX1HO
BUTOTOBUTH, 1 JesiKa MHOXHHA OJMHUIIL TEXHOJOTIYHOTO YCTaTKyBaHHS
(BepcratiB) M, a Takox poOITHUKIB JjIsi BUTOTOBJEHHS IuX BUpoOiB. KoxkeH
BHpi6 XapaKTepU3YEeThCs CBOIM  TEXHOJOTIYHUM  MapuipyToM, TOOTO
HOCIIAOBHICTIO TPOXO/’KEHHSI BU3HAYEHOI MIJIMHOKUHU M, 110 NPUBOJHUTE 110
oJlep>kaHHs TOTOBOro BupoOy. CucremMa B JaHOMY BHUIIAIKy € CYKYIHICTh
MHOXMUH B 1 M, a ii MeTa — BUTOTOBJICHHSI yC1X BUPOO1B 3 MHOKUHU B. [Ipu ibomy
BEepCTaTH € OJIOKaMH CHUCTEMH, a PI3HOMAaHITHI BHpPOOM — poOOoTaMu, IO
M1UISITal0Th BUKOHAHHIO B JaHii cucTeMi. TeXHOJOTIUHUN MapiipyT BUPOOY €
YVOOPSAKOBAHOI MHOXXHHOIO — OMepailii, 3 sKOI CKJIaJa€ThCsl TMPOIIEC
BUTOTOBJICHHA 1bOTO BUPOOy. KokHa omepaiiss BHKOHYETHCS OKPEMOIO
BepcTaToM (O0k0M). EhexT BukoHaHHs omnepaliii BUMIPSETHCS HEOOXITHUM JIJIs
IIOTO YacoM, BUTpaTaMu ToIo. Bci BepCTaTH 31 3B'SI3KaMU MK HUMHU YTBOPSITh
CTPYKTYpY CHCTEMH. CHpSIMOBaHI/II/I 3B'SI30K MK JBOMa BepCTaTaMH TMOKa3ye, 10
TiCTIs BUKOHAHHSA OTIEpallii B OJHIHM 3 HUX MOXeE BHKOHYBATHCS orepailisi B 1HITIH.
OYHKITIOHYBaHHSI CHCTEMH IMOJISITa€ B MPOKJIAIIN MapIIpyTiB y il CTPYKTYpi,
BIJIMOBITHO [0 3aJaHUX TEXHOJOTIYHUX MAapUIPYyTIiB OKpPEMHUX BHpOOIB, 1
NOTO/PKEHOMY TMPOXOKEHHI 32 BU3HAYEHUMHM MapuIpyTaMu BCiX BHPOOIB 10
iXHBOTO MIOBHOTO BUTOTOBJICHHS.
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Po3BUTOK cydacHUX TEXHOJIOTIH O0OpOoOKM OOYyMOBIIOE€ HEOOXIJAHICTH
MOTAJIBIIIOTO BIOCKOHAJIGHHS KOHCTPYKIIIA BEPCTATHUX TPHUCTPOIB 3 METOIO
CKOPOYEHHSI BUTPAT 4acy, MOB’sA3aHUX 3 1X MEPEHANArOJKEHHSIM MPHU Mepexoi
10 00poOKM neTanei iHmoro Tunopo3mipy. [IpoexkTyBaHHS Ta BIIOCKOHATIEHHS
KOHCTPYKITIA pI3aIBHOTO Ta JOMOMDKHOTO I1HCTpyMEHTa Ui 3a0e3medcHHS
KOHIICHTpAIlll TEXHOJOTTYHMX IIePEXO0JiB JO3BOJSE HE TUIbKH IIiJBUIIUTH
MPOJYKTUBHICTh BEPCTATIB, ajie U PO3MIMPUTH iX TEXHOJIOT1YHI MOKJIHUBOCTI Ta
3MEHIIUTH cO01BapTICTh OOPOOKH.

AHaJi3 TEXHOJOTIYHUX TMPOIECIB CKIIAJIaHHS JI03BOJUB BU3HAYUTH
OCHOBHI 3aj[a4l aBTOMaTu3allii MPOEKTYBAHHS TEXHOJOrIT MEXaHOCKIaIalbHUX
poOiIT Ta dopmaizaliii mpolecy MPOSKTyBaHHS TEXHOJIOTII CKJIaJlaHHs BUPOOIB.
Buxonanuii anamiz iHdopmamiifHuX 3B’S3KIB Ta BpPaxOBYIOYH OCOOJIHMBOCTI
TEXHOJIOT1i CKJIaJlaHHs BUPOOIB MPpUIIago0yIyBaHHS JO3BOJIUB PO3POOUTH OCHOBH
kiacudikaiii Ta TpyMyBaHHS, CTBOPUTH alrOpuTM  Kiacudikaiii Ta
iHbOpMaIlIiHy MOJENIb TEXHOJOTIYHMX MPOIECIB MEXaHOCKIAJaIbHUX POOIT.
CKJIQJIaHHS JI03BOJISIIOTh CTBOPUTH y3arajibHEH1 MApUIPYTH CKJIaIaHHS MIPUIIAJIIB
BIJIMOBIHOT KJIacH(iKallIiHOI TPYNHU Ta MPEACTaBUTH aIroput™M (HOPMYBAHHS
orepallii CkjaJaHHs KOHKpETHOro mpuiany. Po3B’si3aHHs 3amau kiacudikarii
Ta TpynyBaHHs BUpPOOIB NpuiagoOyAyBaHHs, NOOyI0BH 1HPOPMALIMHOI MO
TEXHOJIOTTYHOTO TMPOIECY CKIIAJaHHS JO3BOJISIIOTh CTBOPUTH aBTOMATH30BaHY
CHUCTEeMY MPOCKTYBaHHs TexHOoor1i MexanockianaasHux pooiT ACIIT MCP. s
bOrO po3po0JIeHl CTPYKTypHa Ta (YyHKILIOHAIbHA CXEeMH, I1H(}opMmaliiiHe,
MaTeMaTU4YHEe, MPOrpamMHEe Ta METOJAMYHE 3a0€3MeUeHHsI aBTOMATU30BaHOI
cuctemu. llepeBaroro cTBOpeHOT aBTOMaTHU30BaHOI CUCTEMHM € T€, III0 BOHA HE
notpedye 3HauHux pecypciB EOM, mae iHTyiTUBHUH 1HTEpdEC, TOMY 3 JTETKICTIO
MOXe€ OyTH OIMaHOBaHa PSIIOBUM KOPUCTyBaueM KOMII'toTepa 0e3 cCIeliaabHOi
IMATOTOBKH.
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Tepnonins, Ykpaina)

MEXAHI3M 3HOIITYBAHHSA TA TIPAHE3JJIATHICTD CBEP/JI I3
IIBUAKOPI3AJIBHOI CTAJIL, SMIIIHEHUX METO/IOM OIMII

Anomauin: Haoana poboma npucesuena OOCHIONCEHHIO NUMAHL NOG'SA3AHUX 3
NIOBUWEHHAM eKCNIAYAMAYIUHUX 81ACMUBOCIEN THCMPYMEHMI8 3 WBUOKOPI3AIbHUX Cmaell
WAXOM — MACHIMHO-IMNYAbCHOI  00pobKku.  Kinemamuky — 3HOWY8anHs — ceepoeil  3i
weuokopizanvHoi cmani POMS Oocnioscysanu nio uac ceeponiHHas omeopie 6 0emansix 3
neporcagirouoi cmani XISHIT. Jocniooceno enaue Hanpys’cenHocmi MASHIMHO20 N0 HA
Koeghiyienm niosuwerHs cmikocmi ceepoen. Bcmanoesneno wo imnynscua macHimua oopooka
SHAYHO NIOBUWYE 3HOCOCMIUKICMb [ pidcydl 61acmu8ocmi WEUOKOPI3ANbHUX CMAnell.
Egexmusnicmo macnimnoi 06pooKu uweuoOKopi3aibHux cmaell 3a71eHCUms 8i0 HanpyHceHOCmi
IMIYIbCHO20 MACHIMHO20 NOJA. [ KOJMCHOI MapKu wWeuoKopizaivHoi cmani IiCHye
ONMUMANLHA HANPYIHCEHICMb IMNYIbCHO20 MACHIMHO20 NOJA, AKa 3abesneuye Haubinbule
30LMbUWEHHS 3HOCOCMIUKOCMI WBUOKOPI3AIbHOL CIali NICs IMNYIbCHOL MAcHIMHOT 00poOKU

Abstract: The presented work is devoted to the study of issues related to improving the
operational properties of tools made of high-speed steels by means of magnetic pulse
processing. Kinematics of wear of drills made of high-speed steel P6M5 were studied during
drilling of holes in parts made of stainless steel X18N9T. The effect of magnetic field strength
on the coefficient of increase in stability of drills was studied. It was established that pulsed
magnetic processing significantly increases the wear resistance and cutting properties of high-
speed steels. The effectiveness of magnetic processing of high-speed steels depends on the
intensity of the pulsed magnetic field. For each grade of high-speed steel, there is an optimal
strength of the pulsed magnetic field, which provides the greatest increase in the wear
resistance of high-speed steel after pulsed magnetic treatment

HaiiGinpm  cTaOuibHO NIABUIIYIOTH CTIMKICTh 1HCTPYMEHTY METOJH,
MOB'A3aH1 3 0OPOOKOI0 CaMOro MaTtepiany 1HCTPYMEHTY B MOCTIMHUX, 3MIHHHUX 1
IMITYJIbCHUX MAarHITHUX moJisix [1].

B nisiomy pe3yabTaT MartiTHOi 0OpOOKH PO3IIIAIA€THCA K MPOsB €PEKTIB
micisaii B MaTepiaiax, Imo 3HaXOAAThCsl Ha MEKaX CTaO1IbHOCTI X BIIACTHBOCTEMN
1 A0THCS BIUIMBY 30BHIIIHHOTO CHUJIOBOTO 110 [2].

Pazom 3 TUM TOKM IIe¢ HEMae 1 €IMHOrO, BCEOIYHO IIATBEPKEHOIO
MOTJISITY Ha TPUYUHM, 10 BUKJIMKAIOTH 3MIHY €KCIUTyaTalliiiHUX BIACTUBOCTEH
PIKYYOTO IHCTPYMEHTY B Pe3yJIbTaTl BIUIUBY IMITYJIbCHOTO MarHiTHOTO MOJIS.

MeTtoto poOoTH € Ha 6a31 BIIOMUX TEOPETUUHUX YSABJICHb IIPOAHAI3yBaTU
MEXaHI3M 3HOILIYBaHHS Ta MPalE3AaTHICTb IHCTPYMEHTY 13 MIBHAKOPI3AIbHOI
craii 3MitHeHoro meroaom OIMII.

301IbIIEHHS CTIMKOCTI MarHiTHO-00OpOOJICHOTO 1THCTPYMEHTY BiA0YBAaEThCS
B pe3yJbTaTl MAarHiTOCTPUKLIMHOTO 3MIIHEHHS 1 MAarHiTHO-IUCIEPCIHHOTO
TBEPIHHS MIBUIKOPI3aabHOT cTaui [3].

[Ipane3naTHiCTh THCTPYMEHTIB 31 MIBUAKOPI3AJIbHOI CTalll JOCTIIKYBaIu
mpu 00poOIi oTBopiB B HepxkaBirouoi craimi X18HIT ceepmmamu PO6MS. s
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€KCIIEpUMEHTIB BiOMpanu cBepasia ogqaakoBoi TBepaocti HRC 63, axi momisisiu
Ha MapTii: OJIHA 3 HUX CKJlaJia KOHTPOJIbHY I'pyIy, Ha 1HIIIHN napTii cBepaen Oyna
3aiiicHeHa oOpoOka B IMITYJIbCHOMY MArHITHOMY TMOJII TpPH ONTUMAaJIbHOMY
CHiBBIAHOIIEHHI napameTpiB npouecy OIMII.

Kinematuky 3HOmIyBaHHs cBepaen 3 POMS mocmipkyBanmw mim dbac
CBEPJITIHHS OTBOPIB B JIeTAJISIX 3 HepkaBirowoi ctam X18HIT.

OTpuMaHi J1aHl cBiIYaTh Mpo Te, 10 CBEpsia, OOPOOIICHI B IMITYJIbCHOMY
Mar"iTHOMY TOJi YMOBUIHHIOE PO3BUTOK OCEPEAKIB 3HOCY MEPEAHBOI 1 3aHBOT
MMOBEPXOHB IHCTPYMEHTY. Bij3Hau€HO MPaKTUYHO IMOBHA BiJICYTHICTh POTOYHH 1
BYCIB 3HOCY y KpaiB KOHTaKTHUX IUIOIMIAJ0K 1HCTPYMEHTY, A€ HalOLIbII CHIIBHO
peaiz3yrThCs XIMIKO-OKUCIIIOBaIbHI BUIU 3HOCY.

BiacyTHICTh JOAaTKOBUX OCEPEAKIB 3HOCY Y KpaiB KOHTAKTHUX IIOMIA0K
CBepJila TIO3UTHUBHO BIUIMBA€ Ha CTIHKICTh CBEpAJia, TaK SK IPH ILHOMY

YCYBAKOTHCA IKCPCIIa IHTEHCUBHOTO TCPTA 1 TGHJIOBI/II[iJIGHHH.

JlocnikeHHsT BIUIMBY HAIPY>KEHOCTI MAarHITHOTO TMOJIsI Ha KOe(IillieHT
migBUIIEHHST cTiiikocTi K; cBepaen P6MS mpoBoamiock y BChbOMY Jliana3oHi
noJiiB, crBoptoBaHuX ycrtaHoBkoro OIMII-PK1. Sk xkpurtepiii 3aryrieHHs
npuiiMaBcs 3HOC 1O 3amaHid rpani h,. Y cBepmn h, Ha Biacrani 0,5 MM Bix

nepudepii ceepaiia npuitmascs 0,30 M.

3asexHICTh KOe(IIEHT MiABULIEHHS CTIMKOCTI CBEpeN BiJl HAIIPYKEHOCTI
MarHitTHoro noJist K,=f(H) OynyBanacs Ha mijicTaBl 3aKOHOMIPHOCTEH 3HOCY 1O
3a/IHIi rpaHi BiJ yacy poOOTH 1HCTPYMEHTY B MOYAaTKOBOMY CTaHI 1 Micis HOTo

MarHiTHoi 06poOku (puc. 1).

HanpyxeHnicth monst 1mpud  [bOMY 3MiHIOBajacsi B J1ama3oHl

1,5 -10* - 1,7 -10° A/m. Yac BUTPUMKH 1HCTPYMEHTY B OOpOOHIN KOTYIII JIJIst

omnepauii cBepIiHHSA O0yi0 BUOpaHo 1 XBuiIMHA.

BmiivB MarHiTHOro mojisi Hampy>KEHICTIO OJHM3bKO 0,5-10° A/M He

MPUBEJIO 10 MiJABUILNECHHS CTiMKOCTI cBepiia. [loTiM koediieHT miABUIIIECHHS
CTIHKOCTI TIOYaB POCTH MPOMOPIINHO 3HAYEHHIO HANPYTd MAarHiTHOrO MOJs 1

JI0CAT MakcuMymy npu H ~1,2-10° A/M. Tlonasnbuie 30UIBLIEHHS 3HAYECHD
Hampy»X€HOCTI MAar”iTHOrO TOJs TMPU3BEJI0 10 3HWXKEHHS KoedilieHTta
I ABUIIEHHS CTIMKOCTI i Ipu HanpykerocTi moas H~1,75-10° A/m, K;=1,0, T06T0
e(eKT MiABUIIECHHS CTIMKOCTI JOPIBHIOE HYIIIO.

[linBuIlleHHs 3HAYE€Hb HAMPY>KEHOCTI MOJS 3a 1,75-10° A/m pu TyKe

KpyTOMY MepeIHbOMY (DPOHTI IMIYJIbCY MPU3BOJMIIO A0 3HUKEHHS CTIMKOCTI
IHCTPYMEHTY B TMOPIBHSAHHI 3 BHXIJHUM CTaHOM, a MEXaHI3M 3HOCY MaB
XapakTepHI  O3HAKW KpUXKoro  ckojtoBaHHs. [lomanbine — 30UTBIICHHS
HaAMPYXEHOCTI MOJI IPUBOIUIIO 10 BUKPUIIIYBAaHHS IHCTPYMEHTY MiJ] 4ac poOOTH.
JIist IpakTUYHUX PO3PAXYHKIB CTIMKOCTI 1HCTPYMEHTY BHKOPHUCTOBYEMO
eMIipu4Hi (HOPMYJIH CTYIMEHEBOTO BUTJIAY. 3 IIEI0 METOI0 MpU 00poOIr
y3arajbHIOIOYMX MAaTEeMaTUYHUX 3aJICKHOCTEM Ui BHU3HAUEHHS CTIMKOCTI
CBepjAeN miaMeTpoM 6,2 MM 31 MBHAKOpI3aIbHOI cTtam P6MS5S BukopucraHa
METOJIMKAa MAaTeMaTUYHOTO TJIaHYBaHHS €KCIIEPUMEHTIB.
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Cmane 12X18HI0T. Ceepono P6M5. S = 0,1 mm/06
1-V=88mks; 2—-V=63mxe 33—V =45 u/xe
Puc. 1 — 3anesxcnicmo koegpiyicuma niosuwenHs cmitikocmi ceepoen i3
WBUOKOPI3ANLHOI cmai 810 HANPYHCEHOCIE MACHIMHO20 NOJIS

B skocti nmocmimkyBaHoi  (QyHkmii abo mapamerpa  onTUMi3allii
Y = f-(X, X, X5-..-X,) BAOpaM CTIMKICTh IHCTPYMEHTY, @ B SIKOCTI 3MIHHHX
¢akTopiB - pexum pizanus ceepiioM Xi;=V M/XB., X=S MM/00. 1 poboya HanpyTa
COJICHO1]a MpH 3MIIHEHH1 1HCTpyMeHTa X3=U B.

®Oynkuio Y anpoKCUMyBaJId CTETIEHEBUM MOJIIHOMOM BUY:

Y=b+b-x+b -x+b -x%, 1)

0 [ [ i i

A€ b ,b,b ,b —KoedIIIEHTH perpecii.
0 i ii i

Jns 3-x 3minHuX piBHsAHHS (10) mpuiiMae BUTIIS:
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Y:bo‘l'bl'xl‘l'bz'X2+b3'X3+b12'X1'X2+b13'Xl'X3+

+b X X +b X-X -X (2)
23 2 3 123 1 2 3

Tak sK piBHSHHSA, 32 JONMOMOTOIO SKMX OMHCYETHCS OCHOBHA 3aJICKHICTh
MIPOIIECYy pi3aHHs, HOCUTh CTaTeUHiN xapaktep (JmorapudmiuHi QyHKIII), TO TpH
TUTAaHYBaHHI EKCIIEPUMEHTY 3 METOI OTPUMAaHHS JHIMHHX 3aJIe)KHOCTEH
BU3HAYa€MO JiorapudMiyHi 3HaUCHHS 3MIHHUX (haKTOPIB.

_ Ig Xi _Ig Xicp ) (3)
i lg X, =19 X in
ne Xicp _ Ig Ximax ;Ig Ximin (4)

CTOCOBHO [0 JaHUX JOCIHIJKEHHS, 3HAauYeHHS 3MIHHUX (aKTopiB
BU3HAYAIOTHCS 3aJICKHOCTIMHU:

X, = 2:09V ~1gVi,) ()
Igvmax —IgV min

x - 2095 -1050,) ) 6)
Ig Smax B Ig S min

X = Z(IQU _IgUmax)+1 (7)

3 IgUmax _IgU min

Po3paxyHok koe(dilieHTIB perpecii npoBeAeHUH 3a PopMyJIoL0:

b, ==, (8)

ne Xin —3HadeHHs 1-ro ¢paxkropa B N-My AOCHTIi;
Yn — 3HaYECHHS MapaMeTpa ONTHUMI3alLlii B TOMY 3K JTOCIIIi;

N — gncio JocimmiB.

B tabnui 1 HaBeneHi pe3yabTaTy JOCTIIB.

[Tin miero MarHiTHOTO TOJIA IHCTPYMEHT 3a3HA€ CBOEPITHUN HaKJIET,
3MIITHIOETHCS. MarHiTOCTPUKIIMHIA HAKIICTI, HAa BIIMIHY B1Jl MEXaHIYHOTO, SIBJISIE
co0010 00'eMHE 3MIIIHEHHS METaIYy.

IMnynbcHa MarHiTHa oOpoOka 3HaYHO MiJBMILY€E 3HOCOCTIMKICTD 1 piXKyUl
BJIACTUBOCTI IIBUIKOPI3AIBHUX CcTaneil. EQexkTuBHICT, MarHiTHOT 00poOKH
IIBUKOPI3aTIbHUX CTAJICH 3aJIeKUTH Bl HAITPYXKEHOCTI IMITYJIbCHOTO MarHiTHOTO
nmoyst. J[s KOKHOT MapKku MIBHAKOPI3AIBHOI CTalli ICHYE ONTHUMAaJlbHA
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HAIpPYKEHICTh IMIYJbCHOTO MAarHIiTHOTO TOJIsA, fKa 3a0e3ledye HanlOuiblIe
30UTBIIIEHHS 3HOCOCTIMKOCTI IMIBUAKOPI3aIbHOT CTaIl MIC/IsI IMITYJIbCHOI MarHiTHO1
00poOKH.

OpnHak, epeKTUBHICTD CIIOCOOY 3aJIEKUTh Bij LIJIOTO Py YMHHHUKIB, IO
BIJIHOCSITBCS SIK IO YMOB BIUTMBY Ha IHCTPYMEHT 1 30HY pi3aHHSI MarHITHUM I10JIEM
(XxapakTep MarHiTHOTO TOJIsA, HOTO HAMPY>KEHICTh 1 YaC BUTPUMKH B IHIYKTOPI),
Tak 1 YMOB, B SIKHX IIeil 1HCprMeHT eKCIUTYaTy€eThCSl (PEKUMU pi3aHHS,
Mar"iTHUH CTaH IHCTPYMEHTY, OMepallii epeTOUYKH TOIIIO).

[cHye onTuManbHA HAMIPYKEHICTh IMITYIbCHOTO MAarHiTHOTO TOJIS, TIPU SIKIH
BiJI0YBA€THCSI MaKCUMaJbHE 30UTBIIICHHS TBEPAOCTI CTAaJIL.

B pesynbrari marHitTHOi 0OpOOKM MIBUIKOPI3aNbHOI CTall BiOYyBa€ThCs
Mo/IpiOHEHHS 1 OUIBII PIBHOMIPHHUM PO3MOIiT KapOidiB.

[IBuakopizanbpHa CTallb, K OyJb-Ke TBEpAC TUIO, MA€ BHYTPIIIHE
OpyXHE T0Je, OOyMOBJIEHE pPEATbHOI IUCIOKALIHHOI CTPYKTYypolo. 3
HaKJIaJIeHHSM MarHiTHOIO IOJIA Ha Marepiajl Ha L€ BJacHE NpYXKHE I0Jie
HAaKJIalaeTbCsl  MpYKHE  MOJe,  BUKIMKAHE  MAarHiTOCTPUKIIIHOIO
nedopmartiero.

B3aemoist mpy’HOTO 10151, 00YyMOBJIEHOI'O0 MAarHiTOCTPUKIIIEIO CTaIl,
3 MPYKHUM MOJIEM ii pealbHOI JUCIOKAI[IHHOI CTPYKTYpH MPU3BOJIUTH 10
MOSIBU JIOKAJIBHUX MEpeHanpyr. ¥ LUX MICISIX PI3KO 3pOCTa€e MMOBIPHICTb
TepMO(IIYKTYaliifHOTO PO3PUBY MI>KATOMHMX HAMPYKEHUX 3B'S3KIB.

VY Tux Micusx, A€ L JOKaldbHI NepEeHANPY>KEHHs MEePEBUILYIOTh MEXKI
OPYXKHOCTI MaTepiainy, (OpMYIOThCS OCEPEIKH IUIAaCTUYHOI AedopMaliii.
CaMe TyT MOXYTh IHTEHCHBHO IPOTIKATU TMPOLIECH PO3MHOKEHHS 1
MePEMIIICHHS TUCIIOKAIlii. 31 301IBIIIEHHSAM ITIJILHOCTI JUCIOKAITIH, KOJIHU JIIiC
JUCIIOKAIl Bce OUIBIN YCKIIQMHIOE iX BJIACHUM PyX B 1HIIMX IJIOIIMHAX
KOB3aHHS, CTaJlb 3a3HA€ CBOEPITHUI HAKIIEI, 1110 B pa3l MarHiTHOI 00poOKH
BUpa3WwiIocs B 3MiHI [apaMeTrpa pelliTKM MapTeHCUTY 1 3HM)KEHHI
TEeMIIepaTypy 3BOPOTHOTO MAPTEHCUTHOTO IEPETBOPEHHH.

Lle mosiCHIOETBCA TUM, IO MiJ AIEI0 JIOKAIbHUX HaNpyKeHb MOXKE
B110yBaTHUCS cerperaiiisi TOMIIIKOBUX aTOMIB, 1 IEpII 3a BCE, aTOMIB BYTJICIIIO
Ha MeXax 3epeH 1 qucnokarlisx. Lle npu3BoauTh A0 3apoaKeHHS TUCKPETHUX
YacTUHOK (azu KapOiy, TOOTO BUSIBIISIETHCS CBOEPITHA KAPTUHA TBEPAIHHS.

3 MOJIOKEHHS O MarHiTOCTPUKIIIHHOMY  3MIIHEHH] i
MarHiTHOJAICIIEPCIMHOMY TBEPJIHHI IIBUAKOPI3aIbHOI CTall BUILIMBAE, 1110 B
pe3ynbTaTi BIUIUBY HAa IHCTPYMEHT IMITYJIbCHUMU MATrHITHUMH TOJISIMU
BiI0OYBaIOThCSI 3MIHM CTPYKTYpHU Marepially, L0 CHPUSIOTH MOJIMIIEHHIO
(b13MKO-MEXaHIYHUX BIACTHBOCTEH.

[IpoBeneH1 eKCIEpUMEHTH O3BOJIMIM BCTAHOBUTU LIJIKOM TEBHUI
Jiana3oH 3HAa4YeHb HAMNPYKEHOCTI MAarHiTHOro IMoJjsi, 0OpoOka B SIKOMY
MOMITHO TOKpaIlly€e eKCIUTyaTaliiiHi BJIaCTUBOCTI PIKYYOTO IHCTPYMEHTY 31
MIBUAKOPI3aJIbHOT CTAJIL.
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Tabnuys 1 — Pe3ynemamu excnepumenmis no O00CHIONCEHHIO 3ANeAHCHOCMI Koeiyienma niosuujents cmiukocmi

ceepoel 8i0 Hanpyaicenocmi maeHimnozo nousi Kr=f(H)

NoNe H, KoeimieHT miaBUIICHHS n,

nocni A/m criikocti K1 Ki | kimekicts | 1gn | Y(Ki-K)? S,? S1 (K1-K)

na 1 2 3 4 5 OTBODIB
1 0,8x10° | 1,23 | 1,35 | 1,31 | 1,38 | 1,27 | 131 170 2,23 0,0145 0,00363 0,06028 0,03706
2 0,8x10° | 1,47 | 1,35 | 1,41 | 1,38 | 1,44 | 141 240 2,38 0,0090 0,00225 0,04743 0,00856
3 0,8x10° | 1,27 | 1,30 | 1,20 | 1,27 | 1,30 | 1,27 190 2,27 0,0067 0,00168 0,04093 0,05406
4 0,8x10° | 1,50 | 1,17 | 1,17 | 1,33 | 1,50 | 1,33 40 1,60 0,1090 0,02725 0,16508 0,02976
5 1,2x10° | 1,62 | 1,69 | 1,58 | 1,65 | 1,54 | 1,62 210 2,32 0,0545 0,01363 0,11673 0,01381
6 1,2x10° | 1,85 | 1,88 | 1,82 | 191 | 1,94 | 1,88 320 2,50 0,0162 0,00405 0,06364 0,14251
7 1,2x10° | 1,60 | 150 | 1,53 | 1,52 | 1,50 | 1,53 230 2,36 0,0067 0,00168 0,04093 0,00076
8 1,2x10° | 1,67 | 1,50 | 1,67 | 1,83 | 1,67 | 1,67 50 1,70 0,0545 0,01363 0,11673 0,02806

12,02 0,04400 0,31458
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V]IK 629.462:662.749.2]62-83

KitoB O.A., HayKoBUil KEPIBHUK: K.T.H., T0IeHT 3anopoxkus I. M. ([Jonbacvra
Odepoicasna mauunooyoiena akademis, um. Kpamamopcox — Tepronins,
Ykpaina)

BJIOCKOHAJIEHHS EKCILTYATAIIMHAX XAPAKTEPUCTHUK
KOKCOI'ACHJIBHOI'O BAT'OHY

Anomauin: B cmammi npudineno yeazy numanui© KOMIJIEKCHOCMI Mexauizayii ma
aemomamu3ayii  6UPOOHUYUX  NPOYeCis, 3ACMOCYBAHHA  3ac0o0i6  OUCMAHYIUHO20 mMa
NPOCPAMHO20 KEePYBAHHS 8 KOKCOXIMIYUHOMY 8UupoOHUymsi. Buceimneno npobnemy nokpaujenms
NOKA3HUKI@ AKOCMI pecyniosanHsi ma eKCHAYAmayitHux Xapakmepucmuk upoOHUY020
001a0HAaHHS, 30KpeMa KOKCO2ACUIbHO20 8a20HY. OOIPYHMOBAHO MONCIUBICMb 600CKOHANEHHS
EeKCNIyamayitiHux Xapakmepucmuk KOKCO2ACUTbHO20 BA20HY 3A60SKU 3AMIHI  peneliHo-
KOHMAKMOPHOI cucmemu KepyeauHs HA CUCMeEMY YACMOMHO20 pe2ylto8anHs, Wo nepeobavae
3acmocy8aHts nepemeoplo8ayd 4acmomu, AKutl 60y008YEMbCs MIJNC Mepexcelo ma O8USYHOM.
Bpaxosytouu nepesacu wacmomuozo pe2ynro8ants Ha20a0UeHO Ha OOYLIbHOCMI 3aCMOCYB8AHHS
HOBOI cucmemu eleKmponpugody, sKa € eHepeo3depieaioyoro, Oinbl WEUOKOOIUHOW Mma
EKOHOMIUHOIO.

Abstract: The article focuses on the issue of the complexity of mechanization and
automation of production processes, the use of remote and software control in coke production.
The problem of improving the quality indicators of regulation and operational characteristics
of production equipment, in particular the coke-extinguishing car, is highlighted. The possibility
of improving the operational characteristics of the coke-extinguishing car due to the
replacement of the relay-contactor control system with a frequency control system, which
involves the use of a frequency converter, which is built in between the network and the engine,
is substantiated. Taking into account the advantages of frequency regulation, the expediency of
using a new electric drive system, which is energy-saving, faster and more economical, is
emphasized.

IHocTaHoBKka mpodGaeMu Ta ii 3B’SI30K 3 HAYKOBUMH i MPAKTHYHUMH
po6oTramu. B mpomucioBoMy KOMIUIEKCI YKpainu, 30kpema JloHeuunHu, 3HaUHy
pOJIb BIIITPArOTh MIANPHEMCTBA METAITYPTiHOI Ta MAIIMHOOYAIBHOI raiysei,
TISTTBHICTD SIKUX HEMOJKJIMBa 0€3 KOKCOXIMIYHOTO BUPOOHUIITBA, IO Ieperdadae
BUKOPUCTAHHSA 3HAYHOI KUIBKOCTI YHIKaJbHUX amapaTiB Ta MalluH i
JIOCATHEHHS TIOCTaBJICHUX 3ajad (KOKCcoBa Imi4, oOmajgroBajbHA MAaIIIMHA,
KOKCOTacuibHI BaroHu). Ilpu 1ipoMy, NpOAYKTHBHICTH JISJIBHOCTI 3a3HAYEHUX
BUPOOHMUIITB, & cCaMe MOJINIIEHHS SIKOCTI KOKCY, OpraHi3allisi BApOOHUIITBA HOBUX
XIMIYHMX TPOAYKTIB KOKCYBaHHS, 3HAYHO 3aJICKHUTh BiJI KOMIUJIEKCHOCTI
MexaHi3allii Ta aBToMaTu3allii BUPOOHUMYMX MPOIECIB, BIPOBAIKEHHS 3acC001B
JUCTAaHUIAHOTO Ta MPOrPaMHOrO KEpyBaHHS, IHTEHCH(IKALll MPOMHCIOBUX
nporeciB. Came TOMy yBaru BUMaraloTh MUTAHHS MOKPALEHHS MOKA3HUKIB SKOCTI
PETYIIOBaHHS Ta EKCIUTyaTallliHUX XapaKTEePUCTUK BUPOOHUYOTO OOJIaJTHAHHS,
30KpeMa KOKCOTaCUJIbHOTO BaroHy.

AHaJi3 ocTaHHii xociigxenb Ta myOaikaniii. [lutanus ocoOnmuBocTei
Oprasizaiiii MeTanxypriiHOro BHUPOOHHUIITBA Ta OOJQAHAHHA, SIKE B HBOMY
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BUKOPHCTOBYETHCA BHCBITIEHO B Psijil JITEPATypHUX Ta E€IEKTPOHHUX JKEpedl.
BpaxoBytoue Te, 1110 TOJIOBHOIO CKJIAJOBOIO OyJb-SKOTO 00JaJHAHHS € CUCTEMHU
eJIEKTPOTIPUBO/IY, OCOOIMBOCTI iX (DYHKIIIIOBAHHS Ta KepyBaHHS OyJIO BUCBITICHO
B pobotax bapnaueBchkoro B., bopucioka M., boiiuyka b., I'aBpumioka B.,
3agopoxuboro M., 3agopoxHboi 1., 3enenosa A., Ilinana P., [TonmoBuua M. Ta iH.
[IpoGremaM aBTOMAaTUYHOIO KepyBaHHsS IMpucBiIUYeHO pobotu bemtu O.,
Kopanwuyka O., JIykaca B., JIypse b., IliBasika I'., [TonmoBuua M., ®dinbkina M.

@opMyJIIOBAHHSI HEBUPIIIEHUX YACTHH 3arajbHoi mpooJjemu. [Topsa 3
UM aHaJi3 HAyKOBUX JOPOOOK JOBOJAUTH HEOOXITHICTH OUIBII JETAIBHOTO
BUBUCHHS TMUTaHb €(EKTHUBHOCTI KOKCOXIMIYHOTO BHPOOHHMIITBA 3aco0aMu
MOJIEpHi3allli CUCTEMH EJIEKTPONPUBO/IIB, SIKI € HEBIJ €MHOIO YACTHMHOIO Maike
BCIX BUJIIB 00JIaTHAHHS KOKCOXIMIYHOT IIPOMHUCIIOBOCTI.

Lisgi crarti Ta mocranoBka 3agaui. CaMe TOMy CTaTTsl COpsIMOBaHA Ha
BUCBITJICHHSI OpraHizailii KOKCOXIMIYHOTO BHpPOOHMIITBA, 30KpeMa aHali3
aJIbTepHATUBHUX BapiaHTIB 00J1aJHAHHSA KOKCOTaCUJIBHOTO BaroHy, Ta nepeaoayvae
BUPIIICHHS HACTYNHOI 3aJayl — PO3KPUTTA IepeBar CUCTEMH YaCTOTHOTIO
peryiroBaHHS JJs 3a0€3MEUEHHS TOKPALLEHHS MOKAa3HUKIB SKOCTI PEryIlOBaHHs
Ta BAOCKOHAJICHHS €KCIUTyaTallliHUX XapaKTePUCTHK KOKCOTACHIIHBHOTO BaroHy.

Buxkiaa ocHOBHOro marepiajay AociaigmeHHs. KokcoracwibHHN BaroH
BUKOPUCTOBYETHCSI Ha MIANPUEMCTBAX Tally31 YOPHOI METaIyprii 1 HAJIEKUTh 110
00JiaTHaHHS KOKCOBHUX 1I€X1B 3 MOKPUM CIIOCOOOM TaciHHS KOKCY. Jlo ckiIagoBux
KOKCOTaCHUJIIbHOTO BaroHy HaJeKaTh: HECyda pama, Ky30B, BUKOHAHUH 3 TOXUIIOTO
Nojy, 3aTBOPHU, TOPLEBI Ta mepeaHi (pepMH, sIKI 3MOHTOBAHI 3 MOKIIMBICTIO
MO3/I0BKHBOTO TEPEMIIIEHHs 1 3'€lHaHI M)XK COOOI0 3a JOMOMOTOI BCTaBOK-
aMOpTHU3aTOPIB.

BuBanTakeHHST KOKCYy 3 Tiedl Yy BaroH BiIOyBaeTbCs TIPU HOTO
NOCTYNaJIbHOMY pyCl B3/I0BX KOKCOBOI Oarapei 3 MOCTYMOBUM 3aBaHTaXECHHSIM
MPOMIKHOI €MHOCTI TIO BCIM JOBXKHHI, MPU [IbOMY IIMATKHA KOKCY MaJaloTh Y
BaroH 3 BUCOTH BiJl 2 10 / METPiB (3aJI€KHO BiJl IXHHOTO PO3TAITYBAHHS 110 BUCOTI
KOKCOBOI'O IMUPOTa Ta PO3MIpiB KaMEepU KOKCYBAHHS).

[Ipn momajgaHHI BENMKUX IIMATKIB KOKCY Ha pPO3CiKay BiAOYyBaeTbCsA iX
pYWHYBaHHS Ta TaCiHHS KIHETMYHO1 eHeprii. TpaekTopis nagiHHSI HIMATKIB KOKCY
BIIXUJIAETHCS BI1J] BEPTUKAIBHOI, BHACIIJOK YOrO CHJIa yJIapy KOKCy o0 Mo,
(GyTepoBaHMl MIMTaMU, 3MEHUIYEThCA. 3aBISKH PO3MILIEHHIO pO3CiKaya Haj
HeHTpamMu (QyTepyBaJIbHUX IJIUT (30H, HAWOUIBII CXWJIBHUX O PYHMHYBaHHS), a
MPOCBITIB MIXK PO3CiKayaMu HaJ 30HaMH KPITJIEHHS TUIMT J10 MOAY (30H HaWMEHII
CXUJIBHUX JO PYWHYBaHHS), OOCSTA€ThCS TOJIMIICHHS CHUTOBOTO CKJIany 1
MIIHOCTI KOKCY, 3HAUHE MIABUILEHHS TEPMiHY CIyXOU (QyTepyBaJbHUX IUIUT 1
BChOTO BaroHa Ta 3a0e3meuyerbcs HOro ekcIulyaTalis [0 3YNUHKA Ha
PO UTAKTUYHHI Ta KamiTaTbHUN PEMOHT.

[Ticist BUBaHTa)KE€HHS KOKCY Y BaroH MPOBOJAUTHCS Horo TymriHHs. Cucrema
nojayli BOAM B Ky30B 3HHM3Y uepe3 MOXWJY MiAJOTy BUKOHaHA Yy BUIJISAIL
TpyOOIIPOBOYy HAIJIUIIKOBOTO THCKY, 3'€IHAHOTO BOJOBOAAMH 3 TO3JI0BXKHIMH
psanamMu TpyO, SIKI BUTOTOBJEHI 3 KOpPO3IMHOCTINMKOi crani. Boma momaerbes
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NEPEBAKHO 3HU3Y 1 KOPOTKOYACHO 3aTPUMYETBCS B Ky30Bi Lle 3a0e3neuye moBHE
raciHus 1 CHIpHUsiE  Kparomy pOBTplCKyBaHHIO napiB PO3TEUEHOro  KOKCY,
MOKpAIIy€e HOTO SKICTh 1 3HIKYE BOJIOTICTh. KOpoTKOUaCHY 3aTpUMKY 1 HIBUAKUIN
37IUB TEXHOJIOTIYHOI BOJM 3a0e3leuye TepMETHYHUN 30BHIIIHIA 3aTBOp, AKHIM
MOBHICTIO MIEPEKPUBAE BHYTPIIIHIN rpaTyacTUil pO3BaHTaKyBaJIbHUM 3aTBOP.

KombiHoBaHuii cmoci® TraciHHA KOKCY B KOKCOTaCHJIBHOMY BaroHi
nependavae CTBOPEHHsI 3arajbHOi IApOBOASIHOI BaHHU 3aBISKU I10J]adi
TEXHOJIOTIYHOT BOJIM Ha PO3NEUYEHUN KOKC OJTHOYACHO 1 3BEPXY 1 3HU3Y.

BinblIicTe  KOKCOTAaCWJIBHUX BaroHIB MaioTh, PEJIEMHO-KOHTAKTOPHI
cucremu kepyBanHs (PKCK), mo nepenbadae HasiBHICTH JOTIUHHUX CHCTEM
yIpaBiHHSA, TOOYIOBAaHUX HA pEICHHO-KOHTAKTOPHIN eneMeHTHId 0a3i Ta
NpU3HAuYCHUX i1 aBToMartu3aiii pobotu aBuryHiB. 3a mgomomororo PKCK
aBTOMATH3YIOTh TaKi OMepartii:

— BKJIFOYCHHSI Ta BIIKJIIOUEHHS JIBUTYHA;

— BUOIp HanpsiMy Ta MIBUJIKOCTI 00€pPTaHHS,

— IYCK Ta raJIbMyBaHHS JIBUTYHA;

— CTBOPEHHSI TUMYACOBUX [1ay3 Y PYCi; 3aXUCHE BIAKIIOUYEHHS JABUTYHA Ta
3YIUHEHHS MEXaHI3MY.

Jlani omepartlii HEOOXiJHI JJIi BUKOHAaHHS pPyXy poOO4Yoro oprasy
MEXaHI13My 3a TEXHOJIOTIYHUMH YMOBaMH. be3nocepeiHiil 00'eKT yrpaBiIiHHS s
PKCK — e nBuryH, 1o >KUBUThCS BIJ Mepexki. EleKTponpuBoa, BUKOHAHUIN Ha
Takiii OCHOBi, € TPOCTUM HEPEryJIbOBAHUM EJIEKTPOIPHUBOJIOM, B OCHOBHOMY
3arajbHONPOMHUCIIOBOTO 3aCTOCYBaHHS (HANpUKIIAJ, €JIEKTPONPUBOJ KpaHIB,
TUXOXITHUX JI(TIB, KOHBEEPIB, KOMIIPECOPIB, BEHTUJISTOPIB, HACOCIB, NEAKUX
TPAHCHOPTHUX MPUCTPOIB TOILLO).

VY cknani PKCK mosxHa BUAIIUTH 32 GyHKIIIOHAIPHUM MPU3HAYEHHSM JIBi
YaCTUHU: Kepyrouy ((opMyrouy aqropuTM YIpaBIiHHS, 1[0 BKJIIOYAE Pi3HI pene) i
BUKOHABYYy, 10 O€3MOocepeHbO BIUIMBAE HA JBUTYH (KOHTAaKTOPH Ta MAarHiTHI
nyckadi). Ha pucynky 1 HaBeneHO BUKOHAHHSI CHJIOBOI YaCTHHH THIIOBOTO BY3J1a
IYCKY B TPHU CTYIICHI, 10 peaiizye npuHIwmi yacy. [lyckoni pesuctopu Rl, R2, R3
SKIPHOTO JIAHIIOTA JBUTYHA MOCTIMHOTO CTPyMy KOMYTYIOTHCS KOHTaKTOpaMu
KM3-1, KM3-2, KM3-3. EnekTpoMarHiTHi pene yacy noctiiHoro ctpymy KT1,
KT2, KT3 cTBOpIOIOTH PO3paxoBaHi BUTPUMKH Yacy AJi IEPEMUKAHHS ITyCKOBUX
PE3UCTOPIB, 3a0€3MEeUyI0YH MIATPUMKY MOCTIHHUM MTPUCKOPEHHS.
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Puc. 1 — Cxema cu0BOi YaCTHUHU By3J1a TyCKY 3a MIPUHIIMIIOM 4acy

VY cxeMi ynpaBiiHHS By3/a IIyCKYy 3a IPHUHIIMIIOM 4Yacy, fKa 300pakeHa Ha
pucynky 2 Omnok-koHTakth KMI1 1 KM2 3amkHyTi, 3a0e3neuyroun
cnpaupoByBaHHs pene yacy KT1, sike po3mMukae cBiif KOHTaKT B JIAHII}031 KOTYILIKH
MarHiTHoro nyckada KM3-1, roryrooum cxeMy aBTOMAaTUYHOIO IIyCKy 3a
MPUHITUIIOM Yacy MpHU CIpaIbOByBaHHI 3 MarHiTHUX myckadyiB KM1 yu KM2.
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Puc. 2 — Cxema naHIioriB KEpyBaHHS By3Ja IMyCKY 3a TPUHITUTIOM 4acy

IlepeBaru PKCK:

— HasIBHICTh TaJbBaHIYHOI PO3B'S3KH JIAHIIOTIB;, 3HAYHA KOMYTaIliiiHa
MOTYKHICTh; BUCOKA 3aBaJIOCTINKICTD;

— MOJIMBICTh BUKOPUCTAHHSI €IMHOTO JKEpEa >KUBJICHHS ISl CHJIOBUX Ta
KEepYIOUYHUX JIAHIIOT1B.

[Topsim 3 UM, SIKIIO PO3TJISAAATH KOKOCOTACWJIHHUN BaroH 3 CHUCTEMOIO
€JIEKTPOINIPUBOY, sIKa BUKOHaHa Ha 0a3l ACMHXPOHHUX JBHUIYHIB 3 (Da3HUM
poTopoM 3MiHHOTO cTpymy SAHK225M4 3 cucteMoro pelieiiHO-KOHTAaKTOPHOTO
pETYIIOBaHHS IIBUIKOCTI, TO MOXXHa CTBEpKyBatu, mo A0 Hemomdikie PKCK
HAJIC)KATh:
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— KOHTaKTHa KOMYyTallis, [0 BHUMAara€ BiAMOBIJHOIO JOTJSAY 34
arnapaTyporo Ta 00OMexXye TEpMiH i ciyxou;

— 0oOMeIKeHa IMIBUAKOIIS,

— MIJBUIIEHI MacorabapuTHI MOKa3HUKU Ta €HEPTOCIOKUBAHHS;

— IOCUTH TabapUTHI PO3MIpH, 110 HETATUBHO IMO3HAYAETHCS HA IMEPECyBaHHI
BaroHa i ioro pooori.

BrockoHaneHHsT eKCIUTyaTallliHUX —XapaKTepPUCTUK KOKCOTACHILHOTO
BaroHy, a caMe TMOKpaIIeHHsI MOKa3HHUKIB SKOCTI PETyIIOBAHHS, MOXKHA JOCSTTH
3aBIAKM 3aMiHI PeNeHHO-KOHTAKTOPHOI CHUCTEMH KEpyBaHHS Ha CHCTEMY
YaCTOTHOTO pEryjiioBaHHsA, IIO TMependadae 3acTOCYBaHHSA IEPETBOPIOBAaYA
YacTOTH, SKUH BOYHOBYEThCS MIXK MEpEKel0 Ta ABUTYHOM. BiH mepeTBopioe
HE3MIHHY HaIlpyTy 3 MOCTIHHOIO YaCTOTOIO B 3MIHIOBAHY HAINPYTY 31 3MIHIOBaHOIO
4acToTO0. TakMM YMHOM, MOXKHA IUJIaBHO 3MIHIOBATH IIBHJIKICTH OOEpTaHHS
ACUHXPOHHOTO  JBUTYHA. 3BUYAMHUA JBUTYH 3  OJIHIEIO  OOMOTKOIO
NEPETBOPIOETHCS HA CUCTEMY IIPUBOY 13 3MIHHOIO YaCTOTOIO OOEPTaHHS.

EnektponpuBoa 3 4YaCTOTHUM PETrYJIOBaHHSAM 1€ CHUCTEMa YIPaBIIHHS
4acTOTOI0  OOepTaHHA  aCHMHXPOHHOro  poropa  (ab0  CHHXPOHHOTO)
€JIEKTPOJIBUTYHA, SIKa CKJIAJA€ThCi 3 BIIACHE €JEKTPOJABUIYHA Ta YacTOTHOTO
IepETBOPIOBAYA.

[lepeBaru 3acToCyBaHHSI YaCTOTHOTO PETYIIOBAHHS:

— IJIAaBHE PETYIIOBAHHS IIBUJIKOCTI 00EPTaHHS €JIEKTPOJABUTYHA JO3BOJISIE
B OLIBIIOCTI BUITAQJIKIB BIJIMOBUTHCS BlJ BUKOPUCTaHHS PEIyKTOPIB, BapiaToOpiB,
JPOCENIB Ta IHINOI PEryirolovoi amapaTypH, IO 3HAYHO CHPOIIYE KEPOBaHY
MEXaHIYHy (TEXHOJIOTIYHY) CHCTEMY, IMIIBHUILY€E 1ii HAIIAHICTD 1 3HUXKYE
eKCIUTyaTallliiHi BUTPaTH;

— YaCTOTHMM TMYCK KEpOBAaHOTO JBUTyHa 3a0e3redye HWOro IjaBHUN 0e3
MIJBUIIEHUX IyCKOBUX CTPYMIB Ta MEXaHIYHUX yAapiB PO3TiH, IO 3HIKYE
HABAHTA)KECHHA Ha JIBUTYH Ta MOB'sI3aH1 3 HUM MepelaBalibHI MEXaH13MHU, 301IbIITyE
TEpPMiH X eKCIUTyaTallii, Mpu [bOMY 3'SBJISETHCS MOXJIUBICTD II0OJI0 YMOB ITYCKY
3HM)KEHHSI OTY>KHOCTI TPUBOJAHMX JABUTYHIB HABAHTAXKEHUX MEXaHI3MIB;

— BOynoBanuii Mikponpouecopuuil I1I/[-perynsitop no3Bodisie peanizyBatu
CHUCTEMH PETYJIOBaHHS IIBHAKOCTI KEPOBAHHMX JABUTYHIB Ta TOB'SI3aHUX 3 HUM
TEXHOJIOTIYHUX TMPOIIECIB;

— 3aCTOCYBaHHS 3BOPOTHOTO  3B'SI3Ky CHCTEMH 3  YaCTOTHUM
NEepeTBOPIOBAaYEM 3a0e3leuye SKICHY MIATPUMKY IIBHJIKOCTI JBUTYHa a0o
PETYIBOBAHOTO TEXHOJIOTIYHOTO TMapamMeTpa MpH 3MIHHUX HaBaHTAXCHHIX Ta
IHIIMX BIUIMBaxX 30ypeHHS;

— MepeTBOPIOBaYl YaCTOTH B KOMIUIEKT] 3 aCHHXPOHHUM €JIEKTPOJABUTYHOM
MOKYTb 3aCTOCOBYBATHUCS ISl 3aMIHU MTPUBO/IIB OCTIHHOTO CTPYMY;

— TMepeTBOpIOBadY  YacTOTH B KOMIUIEKTI 13  MIPOrpaMOBaHUM
MIKpPOTIPOIIECOPHUM KOHTPOJIEPOM MOXKE 3aCTOCOBYBATHUCS [UJIsl CTBOPEHHS
0araroyHKI10HAJBHUX CUCTEM KEpYyBaHHS €JIEKTPONPUBOIAMHU, Y TOMY YHCIII 13
pe3epByBaHHIM MEXaHIYHUX arperaris;
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— 3aCTOCYBaHHS PEryJIbOBAHOTO YACTOTHOTO EJEKTPOIPHUBOIY IO3BOJISIE
30epiraTu €JIeKTPOSHEPTil0 YCYHEHHSIM HEBUIIPABAAHUX ii BUTPAT, SIKI MArOTh
MICIIe TIPU aJbTEPHATUBHUX METOAAX PEryJIOBaHHS 3 TEXHOJOTIYHHUX TMOTOKIB
JPOCETIOBaHHs, 32 JOIMIOMOTOI0 T1APOMY(T Ta 1HIIUX MEXaHIYHUX PETYIIOIYUX
MIPUCTPOIB.

VY peanbHUX MNPUKIATHUX 337a4ax MEPETBOPIOBAY YACTOTH 3/€01IBIIOTO
KEepYeThCs 30BHIITHIMU cuTHajIaMu. [Ipu 11boMy a00 BUKIIMKAIOTHCS 30€peKeH] B
nam'aTi IEpeTBOPIOBayYa KOPCTKO 3a/1aHi 3HaYEHHs, a00 IEPETBOPIOBAY OTPUMYE
3aJlaHi 3HaY€HHs 330BHI B aHAJIOroBOMY BUTIIAL. Komanau 3amycky mojaroThes,
HAnpUKIaJ, BiA KOHTposepa abo BpydyHYy 3a JOMOMOrOI0 BHMHUKAaya.
BumnpoGoByroun poboTy mepeTBoproBava 3a JOMOMOIOI0 30BHINIHIX CHTHANIB,
MO’KHA TIEPEBIPUTH (PYHKIIIOHYBAHHS YIIPABISIIOYMX BXO/IIB.

[TigkaroueHnii ABUTYH MOKHA 3alyCcKaTH, 3YyMHHITH 1 PEryiioBaTH 3a
4acTOTOIO0 00epTaHHs 0€3 BUKOPUCTAHHS 30BHIIIHIX CUTHAJIB KEPYBAHHS, TUIBKU
3 IyJIbTA.

CyTHICTh MOAEpHi3allli KOKCOraCWJIBHOTO BaroHy IOJIATaE B TOMY, LIO
BIIPOBAJKY€EThCSI HOBA CHUCTEMa EJIEKTPONPUBOAY Ta ii KepyBaHHS Ha Oasl
yacToTHOro nepersoproBava cepii FR-F800 75 kBt 3-¢/380 (y komIuiekTi € ABa
ACMHXPOHHI1 JBUTYHAa 3 KOPOTKO3aMKHEHHM POTOPOM 3MIHHOIO CTpyMy cepii
ANP280S8Y?2). 3anpornoHoBaHa CUCTEMa EJIIEKTPONPUBOAY 3aJ0BOJIBHIE BCIM
BUMOTaM JI0 TEXHOJIOT1YHOTO TPOIIECY.

BucHOBKM Ta mepcneKTHBH MOAAJIBIIMX JOCHiIIKeHb. [IpoexToBanuii
(HOBHMI1) €IEKTPONPUBO/] y MIOPIBHAHHI 3 0a30BUM Ma€ HACTYIIHI II€PEBArH:

— neuryH SAHK225M4 He € enepro3oepiraiounm;

— neperBoproBady FR-F800 75 kBt 3-¢/380 BukoHanuii Ha 0a3i HOBHX
€JIEMEHTIB 1 Ma€ OUIBITY HAJIMHICTD 1 OLIBII BUCOKY IIBUAKO/IIIO;

— 3a0e3mneuye 3HaYHy €KOHOMIIO €JIEKTPOCHEPTii;

— crpusie 30IBIIEHHIO PECYpCy POOOTH KPaHOBUX MEXaHI3MIB;

— TMPOJOBXKYE TEPMIH €KCIUTyaTalii JBHUTYHIB Ta 3abe3medye ix
CKOHOMIYHICTB;

— Bcl 0a30Bl 3aXMCTHU E€JEKTPOJBUTYHA peayli3oBaHI B cepeauHi
NIepEeTBOPIOBAYA,

— MO>KJIMBE 3MEHIIEHHS pO3PsAy BUKOHYBAaHHUX POOIT;

— JIO3BOJISIE 3MEHIIINTH BUTPATH Yacy JAJis 3A1iCHEHHS OCHOBHOI oreparii Ha
0,03 rox;

— 3MEHIICHHS BHUTpPAT HAa PEMOHT, EKCIUTyaTaiir0 Ta 0OCIyroBYBaHHS
oOJiaTHaHHS, 1110 BUKOPUCTOBYEThCS 3 452 no 348 (na 23%);

— MiHIMi3allisl yacy 3A1MCHEHHS orepallii J03BOJIUTh pOOOYNM OTPUMYBATH
npeMiasibHi HaabaBku (110 25%);

— BapTICTh HOBOTO NPHUA0aHOTO 00IaAHaHHS 301bIHUTHCS Ha 23%, IpoTe
Oy/ie OKYIUIEHO /10 BCTAHOBJICHOI'O HOPMAaTUBHOTO TEPMIiHY.

TakuM 4MHOM, 3a pe3ynbTaTaMu AOCTIIKEHHS Ta TEXHIKO-€KOHOMIYHOTO
OOIPYHTYBaHHS CHCTEMA €JIEKTPOIIPUBOTY, L0 MPOIIOHYETHCS A0 BIPOBAIKEHHS
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B KOKCOTaCHJIbHOMY BaroHi, eexkTuBHilIa 3a 0a30By Ta PEKOMEHIYETbCS IS
peasmizaitii po0iT 3 MOAEpHi3allii 00J1aTHaHH KOKCOXIMIYHOTO BUPOOHHIITBA.
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V]IK 681.625.8

Kupuuenko A.M., 3aBropoaniii B.M. (I[enmpanvroykpaincoxuil
HayioHAbHULL mexHiunull yHieepcumem, M. Kponusnuyvxui, Yxpaina)

BUKOPUCTAHHS ITYYHOI'O IHTEJEKTY JJI51 ONITUMI3ALIIL
HPOLECIB 3D-IPYKY

Anomauin: 3D-0pyk 3anuwaemocs iHHOBAYIUHOW MEXHONOCIEND 8 CYUACHOMY C8IMmi
supoonuymea. Ilpome, nezgadicaiouu Ha C8ill NOMeEHYial, 8IH CIMUKAEMbCA 3 BUKIUKAMU,
maxkumu K onmumizayis npoyecie Opyky. Ll cmamms posensioae npobaemy onmumizayii
3D-0pyky ma sucsimnioce ii asxcausicms 8 KOHMeEKCMI Cy4acHo2o supobruymea. Poszenanymo
CKIAOHICMb OUHAMIKU npoyecy OpPYKY, YUHHUKY, WO 6NIUBAIOMb HA AKICMb ma
NPOOYKMUBHICMb. 3anponoHO8aHO0 Memoo onmumizayii npoyecie OpyKy GUKOPUCMOBYIOUU
an2oOpuUMMU WMy4Ho20 THMeNeKmy.

Abstracts: 3D printing remains an innovative technology in today's manufacturing
world. However, despite its potential, it faces challenges such as optimizing printing
processes. This article examines the problem of optimizing 3D printing and highlights its
importance in the context of modern manufacturing. The complexity of the dynamics of the
printing process, the factors affecting quality and productivity. A method of optimizing the of
printing processes using artificial intelligence algorithms is proposed.

Beryn

IMocranoBka npodjemu. 3anodyarkoBaHuil Ha modatky 1980-X pokis,
nporiec 3D-apyKy CTaB BaXKJIMBOIO CKJIQJOBOK CYYaCHUX BUPOOHHYMX
TEXHOJIOT1i, 1[0 IUBHJKO pO3BUBaIOThCA. IIpoTre pa3zoM 13 3pocTaHHAM
MOMYJISIPHOCTI I[i€1 TEXHOJIOTIi, 3pOCTa€ 1 CKJIQJHICTh ONTHUMI3allii MpPOIIECIB,
noB's3aHuXx 3 Hero. Ontumizanis 3D-ApyKy - 1€ KIOYOBUH AaclekT, SKHUM
BHU3HAYA€ IIBUJIKICTh, €PEKTUBHICTh Ta SIKICTh BUPOOHHUUOTO mpouecy. Aue,
ICHYIOTb YHCJICHH1 MPOOJIEMH, K1 MTEPEITKOIKAIOThH JOCITHEHHIO ONTUMATbHUX
pesynbrariB y 3D-apyiil, Tak sk 3D-n1pyk — 10BOII CKIaAHUN Ta KOMIUIEKCHUIN
IIpOLIEC.
3actocyBanns LI nns onTumizaiii IUX MPOIIECIB € AOBOJI BIAJTUM PIIICHHSIM,
Tak sk cydacHi wmoxeni Il MoxyTp mnpamioBatd 3 BEJIUKUM OOCSTOM
OTPUMYBAHUX JaHUX 1 CKJIQJHUMHU PIBHSIHHSMHU JIOBOJII IIBUAKO Ta YCITIIIIHO,
takox LI mMoxxe aBromaTu3yBaTH Oarato pyTMHHHMX 3aB/laHb, IOB'S3aHUX 3
po3paxyHKaMH, MPOTHO3YBaHHAM. lle MoXke 3HayHO EKOHOMHUTH Yac Ta
pecypcH, a TaKoXk 3MEHIIUTH PU3UK TOMUJIOK.

AHaJi3 ocTaHHIX Hoc/imxkeHb i myOuikaniil. IcHyroui nmyOmikamii 3a
TEMOIO ONTHMI3allli MPOIIECIB Ta SIBUII, OB’ s13aHKUX 3 3D-IpyKoM po3risigatoTh
HACTYMHI TEMH: ONTHUMI3allisl KOHKPETHUX BY3JIB NPHUHTEpPA, TaKUX SK
JIPYKYIOU€ COTUIO JJIsi MIABUIIECHHS SKOCTI MPOAYKIi Ta ONTUMI3ALll IpoLecy
pyKy [1]; 3MeHIIeHHs MKIIMBOTO BIUIMBY Tipotiecy 3D-apyky Ta npomykimii
Ha HABKOJMIIHE CEpPEJOBUIIE, BHKOPHCTOBYIOUM aJITOPUTMHU IUITYYHOTO
inTenekty [2]; 3acrocyBanus anroputmis I mis ontumizarii mapamerpis 3D-
IpyKy Ha migrotroBdomy piBai 3D-momem [3]. BaknuBo 3a3HaunTH, IO
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HaBEJICHI CTATTI € PEBOJIOLIMHUMU Ta IPONOHYIOTh HOB1 YHIKAJIbHI METOAH Ta
HiAX0AMU, IPOTE B KOHTEKCTI onTHMi3alii mpoueciB 3D-IpyKy po3KpUBaIOThH
npo6iieMy He MTOBHICTIO.

®opMyJ/IIOBAaHHSI HEBU3HAYEHHUX YACTHH 3arajbHoi npoodaemu. Tak,

aBTOpPU B CBOIX JOCIIIPKEHHSAX ONTHUMalIbHOI (opmu JpyKyrodoro comia [1]
BUKOPHCTOBYIOTh METOJAM OINTUMIi3alii, He NoB’sA3aHl 3 anroputMamu IIII.
Takox, xo4ya Jpykyrooue comio 3D-npuHTepa BHUKOHYE KIIOYOBY pOJIb Yy
(opMyBaHHI1 IPpyKOBAaHOTO BUpOOyY, B KOHTEKCTI Ipouecy 3D-apyKy HOro posib
3HaYHO 3MEHUIYETHCS 1 MOCYBAEThCS TaKUMHU IapaMEeTpaMu, K KiHEMaTU4yHa
CTPYKTypa MpUHTEpa, HOro KiIHeMaTHYHI Ta JUHAMIYHI XapaKTePUCTUKH, BILUIUB
SKUX HE PO3TIIAJAETHCS TOCIITHUKAMHU B TIPOIIEC ONTUMI3allii.
ABTopu myOmikarii [2] xo4a i po3misaaroTh IpodIeMy ONTHMi3allii B KOHTEKCTI
ontuMizaii L1, Takox BUPIIITYIOTH TOBOJI JIOKAJIbHI MPOOIEMH, TaKi SK BIUIUB
nporecy AYpKY Ha HABKOJMIIHE CEPEOBHINE, SIKI HE PO3IIIAIAIOTh BIUIHB
mapaMeTpiB  IpyKy UM XapaKTePUCTUK CHUCTEMH Ha TpOIeC APYKY.
JlocnmipkeHHsT onTUMI3alli MapaMeTpiB JApyKy [3] IpONOHYe alrOpUTMU
MAaIIMHHOTO HaBYaHHS JUIsl TIOKPAIICHHS pe3yJbTaTiB JIPYKYy Ta ONTHUMI3alii
MPOILIECIB, MPOTE ONTUMI3AILIS 3/IIHCHIOETHCS Ha MIATOTOBYOMY PiBHI Ta HIsIK HE
PO3IIIAAAEThCA ONTUMI3ALIS KOHKPETHUX BY3JIB UM KOHCTPYKIIIT IPUHTEPA.

Mera crarri. Llg crarts npucBsueHa BU3HAYEHHIO OCHOBHUX
HEBHUpPIIEHUX MpoOJeM, 10 BUHUKAIOTH y Mpoueci ontumizauii 3D-apyky,
pO3IIIAly MOXIMBUX BaplaHTIB ONTHUMI3alli MOpouecy JpyKYy MHUISIXOM
onTHUMi3auii mapameTpiB JIpyKy Ta cucremu 3D-mpuHTepa B 1ijiomy. Mera
CTaTTl - MpoaHali3yBaTH Il NpOOJEMH, 3pO3YMITH iX BIUIMB Ha SKICTh Ta
IpOAYKTUBHICTH 3D-ApyKy, a TaKoK HaJaTH PEKOMEHAIlil Ta 3aMpOIIOHyBaTH
MIIXOAW 100 BUPIMIEHHS LUX MPOOJEMHMX MHUTaHb BUKOPUCTOBYHOUH
anroput™Mu ontumizarii 1.

BuxkJiiag ocHOBHOTO MmaTtepiany

[T BUKOpHUCTOBYE METOIM ONITUMI3AILT JJIsI PO3B'SI3aHHS PI3HOMAHITHUX
3aBi1aHb. BoHM BKIIIOYAOTH B ceOe onTumizaiiio (yHKIH BTpar, MOIIYK
ONTUMAJIbHUX 3HAa4Y€Hb TiNeprmapaMeTpiB Mozeni, (GOpMyTIOBaHHS 3amad sK
3a/lad OMTHUMI3allii, ONTHUMI3aIlll0 BUKOPUCTAHHS OOMEXKEHHX pecypciB Ta
OPUMHATTS pilleHb B yMOBaX HeBH3HayeHocTi. Lli meToaum pomomararoth
mozenaMm MaremarnuHoro I nmocsiraty Kpamux pe3ysbTaTiB y BHPILICHHI
3aBJ/IaHb, MMIJIBUILYIOYH €()EKTUBHICTb 1 TOUHICTh iXHBOT poOOTH. MaTeMaTHuYHO
[T mo’ke BUKOPUCTOBYBATH PI3HI METOAM ONTUMI3ALi JJIsi BUpPAXyBaHHS
ONTUMAJIbHOI KIHEMAaTHU4HOi CTPYKTypu 3D mpuntTepa. Ochb Aesiki MOXIHBI
KPOKH Ta MiAXO/IH:

1. Busnauenus ¢ymnkyii eumpam. CrnodaTtky TOTpIOHO BH3HAYUTH
ITbOBY (YHKINIO, SIKA MICTHUTh KpUTEpli, 10 MAarOTh ONTUMIi3yBaTHCS. Y
KOHTEKCT1 ONTUMI3allli KIHeMaTU4YHOi CTpyKTypH 3D npuHTepa 1e Moxe OyTu
GbyHKLIS, sIKa BU3HA4Ya€ 3arajbHUM 4ac APYKY, TOUHICTh MO3UIIOHYBaHHS,
BUTpaTH MaTepiany Tomo. OyHKIlis BUTPAT BUSHAYAETHCS SIK:

J(X) 1)
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JIe x — BEKTOP MapaMeTpiB JIsl ONTUMI3aIIii.

2.  Ilpeocmaenenns  xinemamuunoi  cmpykmypu.  CTBOpEHHS
MaTEMaTUYHOI MOJEJIl € KJIFOUYOBUM €TalloM IS 3aCTOCYBaHHS MaTEMaTHYHOI
onTUMI3aIlli KiHeMaTUKH MNpuUcTporo. KiHemaTuyHa CTpPyKTypa MNpHHTEpA
BKJIFOUYAE BC1 PYXOMI €JIEMEHTH NPUCTPOI0. KokeH 3 IMX e1eMEeHTIB MOXKe MaTu
CBOi PyXM 1 OOMEXEHHs, SIKI MOBHHHI OyTHM BpaxoBaHl NpU ONTUMI3aLIi.
KinematnyHy CTpyKTypy TNpUHTEpa MOXKHA TMPEACTaBUTA Y BUIJISAI
MaTeMaTHYHUX MOJENEH, TaKuX sIK MaTpuIll TpaHchopmaliii abo KiHeMaTU4Hi
JAHITIOTH, SIK1 OMUCYIOTh PYX PI3HUX YaCTHUH IMPUHTEPA.

Mampuyi mpancgopmayii. Koxxen pyxoMuid eeMeHT IPUHTEpa MOXKE
OyTH omucaHui MaTpUIICIO TpaHchopMallii, sKa BUZHAYA€E HOTO MOJOKEHHS Ta
OpI€HTAIII0 B MPOCTOPI BIIHOCHO TMEBHOI CUCTeMH KoopauHaT. Hampukian,
MaTpulig TpaHcopmariii T JUis MEeBHOTO PyXOMOTO €JIeMEHTa MOXKEe MaTH

BUTI'JIA: |_R
o ‘i] ®

ne R — marpunsg o6epTaHHs;
d — BEKTOp 3CYyBY;
0 — BEKTOP-CTOBIYHUK HYIB.

Kinemamuuni nanyroeu. lle moaeni, 10 ONMCYIOTh B3a€MO3B'S3KU MIXK
PYXOMUMH €JIEMEHTaMH NpUHTEpa. BoHM MOXyThb OyTH BHKOPHUCTaHI I
BU3HAYECHHS MOMJIMBUX PYXIB KOKHOTO €JIEMEHTa B 3aJIEKHOCTI BIJ PYyXIB
IHIIMX eneMeHTiB. Hanpukian, KIHEMaTUYHMN JIAHIIOT Ui MPOCTOTO PYyXy
B3JI0BX OCl X MO€ MaTH BUTJISA;

X=X,+d cos(0) 3)

:
e X, — MOYaTKOBE MOJIOKCHHS,
d — BiACTaHb PyXYy;
0 — KyT o6epTaHHSI.
MatematnyHa MoOzelIh KIHEMAaTHUYHOTO JIAHIIOTA, 110 BU3HAYAE TOJIOXKECHHS
JIPYKYIOUOi TOJIOBKU IPUHTEPA BIAMOBIIHO 10 KYTIB OOE€pPTaHHS IPUBO/IIB:
y =F(0.0 -0). ()
K :
12
Jlnst TpuBicHOTO TIpUHTEpa, sikuii Mae Tpu oci pyxy (X, Y, Z), 6uibm

CKJIaJJHA MaTeMaTH4YHa MOJIENIb MOKE BKJIFOYATH JTUHAMIKY PYXYy B yCiX TPhOX
BuMipax. Och NMpUKIIAJ OUTBII CKIAJHOI MAaTEMAaTUIHOI MOJIENI, SIKa BPaXxOBY€

JUHAMIKY Ta 1Hepuilo Ay Takoro npunHrepa. [Ipunycrumo, mo X, Yy,
KOOPJIMHATU JPYKYIOUOi FOJIOBKH B a0COJIIOTHIN CUCTEMHU KOOPJUHAT; X, Y, Z
— BIJAMOBIJHI MIBUJKOCTI Pyxy; X, #, Z — KyTOBI HIpuUCKOpeHHs. Tomi
MaTeMaThyHa MOJElIb MOXe OyTH BHpa)X€Ha Yy BUTIIAI AUQPEpEeHIIATbHUX
PIBHSIHB PyXY:
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mX=F, —bx
myy:Fy_byy’ (5)
m,z=F, b,z

ne My, My,M; —maca ekcTpyaepa B310BXK KOKHOI 3 OCEH;

F.F,,F, — cumm, mo 1iroTh Ha eKCTpynep Mo KOXKHOMY HAaIpsIMKY (HaIpUKIIAT,

CHUJIU BiJl €JICKTPOJIBUTYHIB);
b,.b,,b, — koediuient sracanus (BrpaTn) cucTEMH.

[{i piBHSHHS MOXYTb OyTH BHUKOPHCTaH1 JUIsi IPOTHO3YBAHHS PyXY
OpUHTEPAa B TPHOX BUMIpax BIAMOBIAHO J0 MPUKIAICHUX CUJI 1 BpaxXyBaHHSA
JTWHAMIKA Ta 1HepIi cucreMu. binbin ckiagHi MoJeai MOXKYTh BpaxOBYBaTH
JOAATKOB1 (paKTOPH, TakKi sIK B3a€MOJIis 3 MaTepiajoM, THYYKICTh €JIEMEHTIB
CTPYKTYpPH Ta IHIIII.

Mooeni 63aemo0ii’ 3 omouenuam. SIKIO NPUHTEP Ma€ B3AEMOJIATH 3
OTOYECHHSIM (HANpUKIAJ, 3 IHIIUMH OPUCTPOsSIMU abo oO0'ekTamu), TO IIi
B32€MO/IIi TAKOK MOXKYTh OYTH BpaxoBaH1 y MaTeMaTUYHIA MOJIEII.

Y KOKHOMY BHIIaJIKy MaTeMaTH4YHA MOJIEJIb IOTIOMAarae TOYHO OMUCATH PyXH Ta
3aJIEKHOCTI MDK PI3HUMHU €JIEMEHTaMH MPUHTEPA, M0 POOUTH MOMXKIUBUM
NOJIaJIbIIly ONTUMI3ALII0 Ta KEPYBAHHS IPUCTPOEM.

3. @opmanizayiss oomedcenp. HeoOXiTHO BHU3HAYUTH OOMEKEHHS, SKi
MOBMHHI BPaxOBYBaTHUCs NpH ontuMizaii. [{e MoxxyTh Oyt 0OMeXEeHHS 1010
pO3MIpy, Macu, MBUAKOCTI, ITUHAMIKU PYXy TOILIO.

4. Bubip aneopummy onmumizayii. Ilicis BU3HAUEHHS MaTEMaTUYHHUX
MoOJIeJIeH 711 KO)KHOTO €JIEMEHTa Ta iX B3a€MO3B'A3KIB, MOKHA MEPEXOAUTH JI0
NOJAJIBIIOI  ONTHUMI3alli KIHEMaTUYHOI  CTPYKTYpH, BHKOPHCTOBYIOUU
anropuT™Mu onTumizamii. Jlis onTuMmizaimii  po3TamryBaHHS KOMIIOHEHTIB
npuntepa I Moxxe BUKOPUCTOBYBATH Pi3HI aJTOPUTMH, CEPEN SIKUX MOYKHA
BUJIUIUTH HACTYITHI:

I'enemuuni anecopummu. BOHU BUKOPUCTOBYIOTh IPUHIUIH IPUPOAHOTO
BiIOOpY, 100 3HAXOAWTH ONTUMAaJbHI KOHQIrypaiii, 3MIHIOIOYH Ta
KOMOIHYIOUHM TMapaMeTpH PI3HUX pIIIEHh MaTeMaTH4YHUX Mojenei. OCHOBHI
MPUHITUIN T€HETUYHUX aJTOpPUTMIB Oyliv 3ampomnoHoBaHi B pobOotax JIkoHa
Xomnanga[4]. T'eHeTHuHi aaropuTMM MOXYTh OyTH BHUKOPHUCTaHI IS
onTHUMi3alii KiIHEMaTHYHOI CTPYKTYpPH MLIJISXOM €BOJIOLII KpalluxX pIlIIEHb
yepe3 KUIbKa MOKOJiHb. Y KOXHOMY IOKOJIIHHI T€HETUYHOTO aJrOpUTMy
CTBOPIOIOTHCSI HOBI KOMOIHAIIIT KIHEMAaTUYHUX CTPYKTYD, K1 OOUHUCITIOIOTHCS 32
JIOIIOMOT'OK0 MaTEMATHYHUX MOJEJIEH Ta OLIHIOIOTHCS 3a JOMTOMOTOIO I[1JIbOBOL
¢bynkuii BuTpart. Ilicis ouiHKM CTPYKTYp, BUOMPAIOTHCA Kpallli JJii CTBOPEHHS
HOBOT'O TTOKOJIIHHSI IIJIIXOM 3aCTOCYBaHHS OMIEPaTOPiB CEIEKIIli, CXpellyBaHHs
ta mytamii. lleil mpoluec NpoAOBXKYeTbCS A0 AOCATHEHHS ONTHUMAaJIbHUX
pe3yJbTaTiB.

ANropuT™ 3A1MCHIOETHCS HACTYITHUM YHHOM:

1. Iminianizamis momysmii — CTBOPEHHS MOYATKOBOT momyisiii Py BapianTis.
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2. OuiHKa NPUAATHOCTI — OIIHKA $KOCTI KOHKPETHOTO pilmieHHsa X 3a
JOTIOMOTo10 (DYHKIIIT npuaaTHOCTI f(x) . Hampukiian omiHka sIKOCT1 IpyKY, 3a

NEBHUMU MapaMeTpaMu, TAKUMHU SIK IIBUKICTh, TOUHICT 200 SKICTh TIOBEPXH.
3. Cenexiiist «06aThKiBY», A€ Kpallll pillIeHHS MalOTh O1IbIIIE IIAHCIB HA BUOIP I

TOJIANBIIOTO TOMIMImIEHHs. MIMOBipHiCTE BHOOPY KOXKHOTO pilleHHS X, s
CXpEIlyBaHHS BU3HAYAETHCS SIK:
f(x;
Px) = &), (6)
z f(x)
=1

ne N — KUIBKICTh pillieHb Y MOMYJISIIii.
4, CxpenryBaHHs Ta MyTallisg — KOMO1HaIIli pi3HUX METOIB JIPYyKy a0o
MaTepiaiB Ui CTBOPEHHS HOBUX KOH(]Irypaiiii a0o BHUMAJKOBHX 3MIH Yy

napameTpax Apyky. Ilapu «6atbkiB» (X, X,) CTBOPIOIOTH HOBE pillleHHSA X'
[UIIXOM OOMIHY TTapaMeTpaMH:

X" = crossover(x,, X,) , (7)
MyTarisi — 3MiHa JeSKUX BUMAJKOBUX XapAKTEPUCTUK PIIIEHHS X
X' = mutation(x) - (8)

5. Bimbip — Halikpamny pimieHHS OOHWparOThCs NIt BUKOPUCTAHHSA Yy
HACTYMHUX IT€paLisiX ONTUMI3allli.

Cepeod nepesac MOXMCHA BI03HAYUUMU. MOXIIMBICTb 3HAXOJKCHHS
ONTUMAJBHUX PIMIEHh Yy CKIAQAHUX KOMIUIEKCHHX MPOCTOpax MapaMeTpiB;
3/IaTHICTh BPAaxOBYBaTH 0araTo KpUTEPIiB ONTUMI3AIl; MOXKIUBICTh pOOOTH 3
OOMEXEHHSIMU Ha MapaMmeTpu. JJo HeOonikie ModcHa 8ioHecmu: TOTPeOy y
BEJIMKIM KIJIBKOCTI ITepaliid Ta OOYMCIIEHB; 3aJIEKHICTh BiJ IMapaMeTpiB
HaJAIITYyBaHHS, TaKUX SK PO3MIP TOMyJAIli Ta MWMOBIPHICT MyTalli;
MO>KJIMUBICTh OMIMHUTHUCS B JIOKAJTLHOMY MiHIMyMi 400 MaKCHUMYMi.

Memoo epadienmnoeo cnycky. OTHUM 3 KIACHYHUX JpKepen € kaura Numerical
Optimization Xopxe Hocemanst [5], me MeToA TPami€HTHOIO CIYCKY
MPEICTABICHUI B KOHTEKCTI onTuMi3ailii. BiH BUKOpUCTOBY€eThCSA, 11100 3HANTH
HaWKpale pilleHHs 3ajayi, poOJisYyd HEBEJIUKI KPOKU B TPaBUILHOMY
HampsMKy. MeToja TpaJi€eHTHOTO CIYCKY BHUKOPUCTOBYE 2paldicHm @yHKYii
eumpam i1 KEePyBaHHA TOIIYKYy B HAMPSAMKY HAWIIBUIIIOTO CITYCKY IO
MiHIMyMY. BiH Moxe Oyt e(heKTUBHUM /Jisl ONTUMI3aLlli HapaMeTpiB MOJEII,
AKIIO (DYHKIIISI BUTPAT € TJIAJIKO0 Ta Ju(depeH1H0BaHOIO.

Cytb MeTOqy O0a3zyeThbCsi Ha OCHOBHUX TMPUHIUIAX JIUdepeHIaTbHOTO
YUCJIIEHHS Ta onTtuMmizamii. MeToa TIpalieHTHOTO CIYyCKy MOXe OyTu
BUKOPUCTAHUN JJI JIOKAJIBHOI ONTUMI3Allll pO3TalllyBaHHS POOOYMX OpraHiB
3D mnpunrtepa, KMo (YHKIS BUTpAaT Mae 00pe BU3HAYCHUUN TPaJIEHT.
[TouaTkoBe po3TalryBaHHsI OPTaHiB MOXke OyTH BHOpaHe BHUIIaJKOBO, a MOTIM,
[IUITXOM BUKOPUCTAHHS MaTEMaTHYHUX Mojenei Ta ix moximamx, LI mykae
HanpsSMOK HaMmBHAMIOrO crnaxy (YHKIII BUTpAT Ta OHOBIIOE HapaMeTpH
KIHEMAaTUYHOI CTPYKTYpH B I[bOMY HANpPSIMKYy JJs 3MEHIICHHS 3HAYCHHS

GbyHKITI.
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['pamieHT - 116 BEKTOp YACTKOBHX MOXITHUX (YHKLII LITHOBOTO
NPU3HAYCHHS, [0 BUKOPUCTOBYETHCS ISl KPOKYBaHHS y HANpPSMKY, IO
3MEHIIye 3Ha4YCeHHS (PYHKIII, MOXKHA PO3TIISAATH K Haxui rpadiky QyHKIil
SKOCTI JIPYKY B HamlpsMKy, IO BKa3y€ Ha HaWIIBUAIIEC 3MEHIICHHS SKOCTI

APYKY.
I'pazienT QyHKIIi BUTpar J &z{%{(m T&qqu X Mae HaCTyIHUUN BUTIIS;

VI(X) = 9
. |ax_ ' ax ©)
|_ 1 2 n J
ne V — omeparop rpalieHTy;
0J . .
8_ — qacTKOBa MoxigHa GyHKIIi BUTpat J 3a i -M mapamerpoM X;.
X

[Ticnst oGUMCIIeHHs TPa/IIEHTY MapaMeTpH IPYKY MOXKYTh OHOBIIFOBATHUCS
TaKUM YAHOM, III00 KPOKYBATH B HAIIPSIMKY TTOKPAIICHHS SIKOCTI IPYKY:

X1 = X, —ovJ (Xn) ) (10)
ne X, - MOTOYHUN BEKTOp TapaMeTpiB;
O - KpOK HABYAHHS;
VIJ(X,) — rpazmient ¢pyHkwii BuTpat B TOUII X, .

llepesacu memooy: e(pEeKTUBHICTh y BUNAAKY IIaJIKUX Ta HEMEPEPBHUX
GbyHKIIM; mBHAKA 301KHICTH J0 JOKAIBHOIO MIHIMyMY a00 MAakKCUMyMYy;
IpOCTOTa peajizaiii Ta HaJlATyBaHHSA. AK Hedoniku, MOXHA 3a3HAYUTH:
HEMPUJATHICTh JJIsI HEMIaJKUX a00 JUCKPETHUX (YHKIIINA; 3aJeXKHICTh BiJ
BHOOPY TTOYATKOBOTO 3HAYCHHS Ta KPOKY HaBUYAHHSI.

Memoo imimayii eionany. byB Brepine 3ampornoHoBaHuil CKOTTOM
KipKnaniKOM B KOHTEKCTI MeTonaiB omnTumizamii [6]. Lleit metom imitye
HOBGI[IHKy CHCTEMH y BHCOKHX TEMIIEPATYPaX, KOJIM CHCTEMa MOKe pUiMaTH
HOBI CTaHW 3 BHUCOKOIO MMOBIPHICTIO, 1 MOCTYTIOBO OXOJIOJUKY€ETCS, CTal0uH
O1nbI "(ikcoBaHOW" y ORI ONTHMAILHOMY cTaHl. MeTos iMiTarii Biamamy
MOXe OyTH 3acTOCOBaHMM g TJ00albHOI ONTUMI3allii KiIHEMaTHUYHOI
CTPYKTYpH, pOOISTYM BUMIAKOB1 3MIHU MapaMeTPiB 1 IIYKAIOUU Kpall pilleHHs.
Enepris —ue yHKIIIS HITOBOTO MPU3HAYCHHS J(X) , KA BIHOOpaXkae sIKiCTh
MOTOYHOTO CTaHy CHCTEMH — SKOCTI JpYyKy a0o (I3UYHOI BIJIACTUBOCTI
BUTOTOBJIEHOTO BHpOOY. [IpuUHHSATTS HOBOTO CTaHy — NUPUUHATTS 3MIH Y
napamMeTpax JAPYKY Y BHITAJIKOBOMY a00 €KCIIEpUMEHTAILHOMY MOPSIAKY, a
MOTIM OIlIHKAa BIUIMBY I[MX TapaMeTpiB Ha SKICTh APYKYy abo BUPOOY.
VIMOBIpHICTb TIPHIHATTS HOBOIO CTaHY 3alEKHTh BiJ Pi3HHI MiX eHepriero
MOTOYHOTO Ta HOBOTO CTaHy, a TAKOX BiJl TEMIIEPATypU CUCTEMH. AJITOPUTM
Ma€ HACTYITHUHN BUTJISI;

1. BumagkoBuM YHHOM 3MIHIOEMO IIOTOYHHH CTaH 3 JIEAKOIO
UMOBIpHICTIO P :

1,ifAE<O
PAET) = 26— AE ,else » (11)
L T
ne AE — 3MiHa HiJIboBOi1 (QYHKIIIT;
T —Temmeparypa, 10 3HUKYETHCS 3 YACOM Ha MEBHUM KPOK AT ;
€ — 6a30Be YKCIIO EKCITIOHEHTH.
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2. [IpuiimaeMo HOBHII CTaH X' , SIKHW 3aJICKUTH BiJl PI3HUIN Y HMUTHOBIN
(GYHKIIT MK TOTOYHUM 1 HOBUM CTaHOM.

3. IToBTOpIOEMO 11€#1 ITpOLIEC 10 TOCSTHEHHS YMOB 3yTHUHKH.

Ilepesacu: 3AaTHICTb YHUKHYTH 3aCTpATaHHS B JIOKAJIbHUX MiHIMyMax abo
MaKCUMyMaX; MOJIMBICTb BUKOPUCTaHHS JUIsl TJIOOAJIBbHOI ONTUMI3allil;
MacITabOBaHICTh JUISI BETUKUX CUCTeM. Hedoniku: HE TapaHTye 3015KHOCTI 10
rI100aTbHOTO ONTHMYMY; BHCOKI BUMOTH JI0 OOUYMCIIOBAJIBHUX PECYpCIB; HE
e(eKTUBHI JJIsI HETJIAAKUX a00 JUCKPETHUX (PYHKIIIM.

5. Bukonanna onmumizayii. 3acTOCyBaHHS OOpaHOrO ajJrOpPUTMY
ONTUMI3ali JJIsl TOIIYKY ONTHUMATIbHOI KIHEMAaTUYHOI CTPYKTYpH MpPHHTEPA,
sKa MiHIMI3y€ H1JIbOBY (YHKIIIIO BUTPAT MPH BpaxyBaHHI 0OMEKEHb.

6. Ilepesipka ma ananiz pezyarbmamie. 11icas BUKOHAHHS ONTHMI3AIi
MPOBOJUTHLCSA MEPEBiIpKa Ta aHAI3 OTPUMAHUX Pe3yJIbTaTiB JIJIsl BIEBHEHOCTI B
iXHI{A TPUAATHOCTI Ta BIAMOBIAHOCTI BUXITHUM BHMOTaM.

BucnoBok

PosrisHyTuii miaxin g0 onTuMi3alii TpOMOHYE BUPIMICHHS MEHII
KOHKPETHUX, TJI00aJIbHUX aCMeKTIB, TaKUX SK ONTHUMI3allil0 KiHEMaTUYHOI
mozaem 3D-npunTepa, abo 1 OKpeMUX MapaMeTpiB, BUKOPHUCTOBYIOUU
QITOPUTMH ONITUMI3AIIIT IITYYHUM 1HTENeKTOM. KoKeH 3 X MeTo/1iB Ma€ CBOi
nepeBaru Ta OOMeKeHHs, a iX BUOIp 3aJIeKUTh Bl KOHKPETHUX BUMOT 3aj1adl,
CKJIQJHOCTI CUCTEMH Ta JOCTYMHUX OOYMCIIOBAIBHUX pecypciB. YcCl onucaHi
QITOPUTMH BUKOPHCTOBYIOTh MaT€MaTH4HI MOJENl JJid BHUPILICHHA 3adad
onTUMi3alii 3 pi3HUX TOYOK 30pYy: F€HETUYHUN aJrOpUTM - JJIA TJI00ATbHOI
onTHUMi3allii, METO/I T'PaJIEHTHOTO CIYCKY - JUIsl JIOKaJbHOI ONTHUMi3alii, a
METOJ1 IMITalli BiAMANy - IJs MOUIYKY IN100adbHUX MIHIMYMIB Y HECTaOlIbHUX
dbyHKIisIX. BUkopucTaHHS IITYYHOTO IHTENEKTY MJIs ONTUMI3AIil J103BOJISE
IIBUJIKO Ta €(EeKTUBHO 3HAXOJWTH ONTHUMAJbHI PIIICHHS B CKJIQJIHHUX
npocTopax mnapametpiB. [lomanbin JOCHIKEHHS 32 I[EI0 TEMOKO MOXYTh
BKJIFOYATH PO3IJIsil ONTUMI3alli KOHCTpyKuii 3D-npunTtepa 3a nonomororo LI
JUTsl OUTBI KOHKPETHUX Ta BY3bKUX KPHUTEPIiB, HAMPUKIAJI JUIsl ONMTUMI3aIlli
YKOPCTKOCTI KOHCTPYKIIIi IUISIXOM JOCIIIXKEHHS 9aCTOT AUHAMIYHOI CUCTEMHU
3D-mpuHTEpa 171 ONTUMI3allli YaCTOTHUX PE30HAHCIB JUHAMIYHOT CHCTEMHU.
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AHAJII3 HAIIPY KEHO-AE®OPMOBAHOI'O CTAHY
IMOPOKHUCTHUX JETAJEX B ITPOIECI
KOMBIHOBAHOI'O BUJIABJIFOBAHHAA

Anomauia: Memoro 0anoi pobomu € 00CHIONHCEHHS MEXHOLOIUHUX PEAHCUMIB )Y npoyeci
X0NI00H020 WMaMny8anus 0nsi oemani «Bmynkay. OcHOBHUMU 3A80AHHAMU OOCHIONCEHHS €
BUBHAYEHHS ONMUMALLHUX NAPAMEMPI8 WMAMNYEAHHS, A MAKONIC PO3POOKA PeKOMeHOayill
WOO0O0 NOKpAUjeHHs NPoYecy 8UeOMOBIEeHHs 0emali 3 Memor ni0GUWEeHHs eheKmUusHoCcmi ma
saKkocmi npooykyii. Jocnioxcents 6yoe nposedere y npoepami QForm 2D. Ompumani 6 x00i
docniodicents pe3yivmamu 6y0ymob GUKOPUCMAHI OJ151 BOOCKOHANICHHSL MEXHOL02IYHO20 Npoyecy
WMAMNY8aHHS MA NIOBUWEHHS AKOCMI 6UPOOHUYMEA.

Abstract: The aim of this paper is to study the technological modes in the process of cold
stamping for the "Bushing™ part. The main objectives of the study are to determine the optimal
stamping parameters and to develop recommendations for improving the manufacturing process
of the part in order to increase efficiency and product quality. The study will be conducted in
the QForm 2D software. The results obtained in the course of the study will be used to improve
the stamping process and increase production quality.

BupaBnioBaHHS TMOPOXXKHUCTHX JeTajedl Yy XOJOAHOMY 00 €MHOMY
IITAaMITyBaHH1 € BaXXJIMBOIO TEXHOJIOTI€I0 B Cy4acH1 BUPOOHU Y1 TPOMUCIOBOCTI.
[le#i mpoiiec M03BOJSIE OTPUMATH CKJIAAHI BUPOOM 31 3HUKEHOIO Barow Ta
30epeKEHHSIM BHCOKOT MIITHOCTI.

Hecraua warepianiB, 3pOCTaHHS BHUMOT O JIETKOCTI Ta MIIHOCTI
KOHCTPYKIIM, a TakoXX nmoTpeda B eHeproe(eKTUBHUX BUPOOAX CTUMYIIOIOTH
PO3BUTOK HOBUX TEXHOJIOT1 BUIABIIIOBAHHS MIOPOKHUCTUX JIETAJICH.

OCKiTbKH BUKOPHUCTAHHS TIOPOKHUCTOI CTPYKTYPH JT03BOJISIE 3HU3UTH MaCy
BUpOOy, 30epiraroun Moro CTIMKICTh Ta (QPYHKUIOHAIbHI XapaKTEPUCTHUKH,
OCOOJIMBOrO 3HAYEHHS HAOYyBalOTh MEPCIEKTUBHI CHOCOOM BHIABIIOBAHHS
MOPOKHUCTUX J€Talel BIANOBIAAIBHOTO MPU3HAYEHHS.

[Ipouecu xonogHoro AepopMyBaHHS XapaKTEPU3YIOTbCS BHCOKUMHU
MUTOMHUMHU 1 IOBHUMH 3YCHJUIIMH Ha IHCTPYMEHT, 1110 3HIKYIOTh HOTO CTIHKICTh
1 crabuteHicTh Tiponiecy [1,2,3]. Cocobu aedopMyBaHHS, MO COPSIMOBAHI IS
3HIDKCHHSI 1IUX OOMEXEHb, MependayaloTb CTBOPEHHS OLIbIN COIPUSTINBUX IS
CHJIOBOTO DPEXHUMY pPIZHOMMEHHHUH CXEM HaIpyXeHO-1e(OpMOBAHOTO CTaHy,
3MEHIIEHHS IUIOIIl KOHTaKTy aKTHBHOTO Je(hOpMYyHYOro I1HCTPYMEHTY 13
3aroTOBKOIO, 3HMKCHHSI HABAHTA)KCHb HA IHCTPYMEHT 3a PaxXyHOK 3a0e3MeYeHHSI
OUIBIIOTO CTYyMNEHs1 CBOOOAM BUTIKaHHS MeTaly ad0 PO3BUHEHOI pajiaibHOI Tedii
(po3maui merany) [3]. KomOiHyBaHHSI cXeM TO30BXKHBOIO 1 pajiaibHOTO
BUJIABJIIOBAHHS MOXE€ OyTH METOJOM CTBOPEHHS OUIBII CKJIAJHUX CHOCOOIB
nedopMyBaHHS, SKi MOXYTh JIO3BOJIUTh BHUTOTOBHTH 3a OJHY OIIEpaIlito
MOPOKHUCTI 1 CYLUIbHI AeTani 3 ¢JaHusgMu abo BiIPOCTKaMH, ab0 OUIBII
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CKJIaJHUX MpocTOpoBuX KoHGirypamiii [4]. Ilpu mpoMy B 3aneXHOCTI BiA
TUTIOPO3MIPY BUPOOIB 1 METH CYMIIIEHHS MPOCTUX CXeM JIe(hOpMyBaHHS MOXKIIMBE
3aCTOCYBaHHS TOTO YU 1HIIIOTO MO€AHAHHS MIPOCTUX CXEM BHUIABIIOBAHHS.

OpHuM 3 MepCcrneKTUBHUX CIOCO01B BUJIaBIIIOBAHHS MMOPOKHUCTUX JIeTalleh
€ TexHoJoris riapodopmyBanHsa. llelt mpouec 0a3yerhbcss Ha 3acTOCYyBaHHI
BUCOKOIO THCKY TIApaBIIYHOTO CepeAoBHINa i (QOpMyBaHHA JETall B
cnemiadbHux Matpuisix. [iapodopmyBaHHS J03BOJISIE OTPUMYBATH CKIIAJHI
reoMeTpii Ta BHUCOKY TOYHICTh JeTajied, 3a0e3leuyroyd BHCOKY SIKICTh Ta
MPOYKTUBHICTh BUPOOHUIITBA.

Y pesynbTaTi 3acTOCYBaHHS TEPCICKTUBHUX CIIOCOOIB BHJIABIIOBAHHS
MOPOKHUCTUX  JI€TAlCH JIOCATAEThCS 3HAYHE 3HIDKCHHS Barud BHPOOIB,
MOKpAIICHHS CHEepProePeKTUBHOCTI Ta 30epekeHHS BHUCOKOI MimHOCTI. [li
TEXHOJIOT1] BUKOPUCTOBYIOTHCSI B aBTOMOOUIBHIM, aBlaliifHii, MaITMHOOY/IBHIN
Ta THIIUX Tady3sSX MPOMUCIOBOCTI, € BUMAraloThCs BUCOKI CTAaHAAPTU OE3MEKH,
AKOCT1 Ta €(DEKTUBHOCTI.

Y miicyMKy, MNEpCHEeKTUBHI CIMOCOOM BUIABIIOBAHHS MOPONKHUCTUX
JeTanei BiJIMOBIAIBLHOTO MPU3HAYEHHS BIIITPAIOTh BAXKIUBY pOJib y CydacHIM
MPOMUCIOBOCTI. BOHM [03BOJSIOTH OTpUMATH BUPOOM 3 ONTUMAJIbHUM
MOEIHAHHSM JIETKOCT1, MIIHOCTI Ta ()YHKIIIOHAJBHOCTI, IO CHPHUSE PO3BUTKY
eHeproe()eKTUBHUX Ta CTIMKUX KOHCTpYKUid. [loganbmiuidi po3BUTOK Ta
BJIOCKOHQJICHHS I[MX TEXHOJIOT1 Ma€ BEJIUKUU MOTEHINal Uil CY4acHOIO
BUPOOHMIITBA Ta CIHPHUATAME JOCATHEHHIO HOBHUX BEPIIMH Yy BUTOTOBJICHHI
MTOPOKHUCTUX JIETAIIEH.

MeTto1o 1aHoi poOOTH € JOCHIKEHHSI TEXHOJIOTYHUX PEKUMIB Y MPOLEC]
XOJIOMHOTO INTaMIyBaHHA i Aetani «Btynka». OCHOBHUMH 3aBIaHHIMHU
JOCITIKEHHST € BU3HAYCHHS ONTHMAJIBHUX MMapaMeTpPiB IITaMITyBaHHS, a TaKOXK
po3po0Ka peKOMEHalliil 100 MOKPAIICHHs MPOIeCy BUTOTOBIICHHS JETall 3
METOI0 TIJBUIIEHHS €(PEKTUBHOCTI Ta AKOCTI mpoAykili. JlocmimkeHHs Oyso
nposeneHe y mporpami QForm 2D. OtpuMani B X041 JOCIIKSHHS PE3yIbTaTH
OyayThb  BUKOPUCTaHI JJIi  BJIOCKOHAJICHHS  TEXHOJOTIYHOTO  MPOIIECy
IITAaMITyBaHHS Ta IiJIBUIICHHS SKOCTI BUPOOHUIITBA

Ha pucynky 1. npenacraBieHo: 3arotoBka (a), ecki3 aerani (0) Ta orpumana
netanb «Brynka» (B) B mporieci KOMOIHOBAHOTO BUIABIIOBAHHS

Jnst orpuManns perani "Brynka" OyB BukopucTaHui matepian AMuM
(au1rOMiHIEBUN CIUIaB), KWW BIJ3HAYAETHCA CBOEID BHUCOKOK MIIHICTIO Ta
3HOCOCTINKICTIO. PO3paxyHKH reOMEeTpUYHUX MapaMeTpiB AeTai Oyju MpoBeaeHi
3 BUKOpUCTaHHSAM mporpamHoro 3abesmeueHHs QForm 2D, ske Ga3yeTbcs Ha
METO/I1 CKIHYEHHUX €JIEMEHTIB.

[Ipoiiec oTpumaHHs A€Tall BKIFOYAB TPU MOCTIIOBHI MEPEX0/IH, KOXKEH 3
SKUX BIUIMBAB Ha i1 TEOMETPII0 Ta XapaKTEPUCTHUKH, JI€ TIEPIINA TTepeXil — MpsMe
BUJIABITIOBAHHS, IPYTUM TIepeXiT — pajiaibHe BUAABIIOBAHHS Ta TPETIN MEepeXisT —
3BOPOTHE BUAABIIOBAHHS.

Ha pucynkax 2 — 4 nipeficTaBiieHi pe3yJbTaTh MOJISTIOBAaHHS MPOIIECY.
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Puc. 1 —3arotoBka (a), ecki3 aerani (0) Ta oTpumana jerains «Btynka» (B) B
nporieci KOMOIHOBAaHOTO BHJIaBIFOBAHHS

Ha pucynkax 2 — 4 ans nepexo/iiB IpeACcTaBICHO BUKPUBICHHS JIHIBHOI
CiTKH (), pO3MO/IiJI iIHTEHCUBHOCTI edopmaliiii € (0) Ta po3moIi IHTCHCUBHOCTI
HarnpyxeHb 6i, MIla. [5].

VY nepuiomy nepexoi (puc. 2), 0yB BUKOPUCTAHUMN MMOYATKOBUHM MPYTOK 31
posmipamu L=93 mm ta d=37,6 MM, ne L — Bucora 3arotoBku, 1 d — miameTp
3aroroBkd. s Toro 1mo0 oOTpuMaTH JeTaiab, OYyJ0 3aCTOCOBAHO MPSIME
BujaBmoBaHHs. Lleit mpouec BkiouaB nedopmarliito Matepiainy, BHACHIIOK SKO1
BiI0yJIach pefakcailisi Halpy>KeHb Ta MEPepo3NOoT Macu. Y JaHOMY MEepexoji
MaKCUMaJbHe IHTEHCHUBHOCTI jaedopmamiii Oymo 1,5 1 MakcumanbHe
IHTEHCUBHOCTI HanpyxeHb 0yno 200 MIla Ha ocTaHHROMY €Tarll.

VY npyromy nepexoi (puc. 3), Oyna 3acTocoBaHa omeparlis MicaKEeHHs,
o0 mnojisirana y 3a0e3NeueHHl HEOOXIAHUX TEeOMETPUYHHUX pO3MIpIB Ta
NIABUIIEHHS MinHOCTl. Onepauis MIACAIKEHHS CHOPUYMHWAIA 1HTEHCUBHY
nedopmMaiiito Ta 3MiHy reoMeTpii JeTali, 10 BIUIMHYJIO Ha i1 (i3UKo-MexaHIuH1
XapaKTEPUCTUKHU. Y AHOMY MEPeX0/i MaKCUMallbHEe 1HTEHCUBHOCTI JAedopmariiit
Oyno 3,0 1 MakcuMmaibHE IHTEHCHUBHOCTI HampyxeHb Oynmo 210 MIlla nHa
OCTaHHBOMY €Tarll.

VY tperbomy mepexosi (puc. 4), 3acTOCOBYBaIach TEXHOJOTIS 3BOPOTHOTO
BUJIABIIIOBAHHS 3 METOI0 (hOPMYBAaHHS CTaKaHOMOMIOHOI CTPYKTYpH 3 (iaHIEM.
[le#i mporec cnpwYMHUB OCTaTOYHY nedopmariito Marepiaay Ta 3a0e3leyuuB
BIJIMOBITHICT JI0 33JaHUX MapaMeTpiB, pe3yJbTYyIOUUX B KIHIIEBHUX pO3Mipax
netani (puc 1 —B). Y nanomy nepexoi MakcCuMasabHe IHTCHCUBHOCTI fedopmartiit
Oyno 4,5 1 MakcuMmaibHE IHTEHCUBHOCTI HampyxeHb Oyno 235 Mlla Ha
OCTaHHBOMY €Talll.
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Puc. 2 — Tlepmuit mepexija: npsiMe BUIABIIOBAHHS. BUKpUBICHHS MITUIHHOL
CITKH (a), pO3MOALT IHTeHCUBHOCTI fehopmartiii €; (0),
PO3IOIUT iIHTEHCUBHOCTI HanpyxeHsb oi, MIla (B), S — xix myancona, Ro=d/2
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Puc. 3 — [Ipyruii nepexij: pajaiagbHe BUJABIIOBaHHS (Onepanis miacaiKeHHs).
BukpuBiIeHHS IUTHIIEHOT CITKH (), pO3IOIij IHTECHCHUBHOCTI Aedopmalliii & (0),
PO3MO/IiT IHTEHCUBHOCTI HampyxeHsb o, MIla (B),

S — xix myancona, Ro=d/2
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Puc. 4 — Tperiit mepexi: 3BOPOTHE BUJIABIIIOBaHHS. BUKpUBICHHS TITHMIBHOT

CiTKH (@), po3MoAis iHTeHCUBHOCTI Aedopmartiii €; (0),
PO3IOIUT iIHTEHCUBHOCTI HanpyxeHsb oi, MIla (B), S — xix myancona, Ro=d/2
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BUCHOBKU

Y pesynbTaTi TPOBENEHOTO JOCTIIKCHHS TEXHOJOTIYHUX PEXUMIB Yy
IPOIECi XOJIOIHOTO MITaMITyBaHHs IS aeTaii «Brynka» B mporpami QForm 2D
JIO3BOJIMJIO BCTAHOBUTH ONTUMAJbHI TMapaMeTpy IITAMIIYBaHHS, a TaKOX
pO3pOOUTH pEeKOMEHJalli 100 TOKpAaIlleHHs mpolecy ix BUroToBieHHs. Lli
pe3yJbTaTH MOXYTh OYTHM BHUKOPHUCTaHI B MPAKTUYHIA TISJIBHOCTI  JJIst
M1JIBUIIICHHS SKOCTI Ta €()eKTUBHOCTI BUPOOHMIITBA JeTaiel «BTymkay.

3rifHO 3 aHali30M pHUCyHKa 4, MOXKHA CIOCTEpiratv, IO HaWOlIbIIa
IHTEHCHUBHICTB JedopMaliii 30cepeiKeHa B 001acTi 611 TyaHCOHA 1 Ma€ 3HAUYCHHS
& = 4,5. JlonatkoBo Moka3aHoO pO3MOALT IHTEHCUBHOCTI HANpY>KE€Hb Ha IIbOMY
PUCYHKY, JI¢ MAKCUMAJIbHE 3HAYEHHs CTaHOBUTH Gj = 235 MIIa.

Lle#t pe3yabTaT CBIIUMTH MPO TE, IO B 00IaCTi 01715 ITyaHCOHA BiI0OYyBAETHCS
3HauyHa pAedopmaris maTtepiany. Po3momisi iHTEHCHBHOCTI HANPYXEHb TaKOX
MOKa3ye, 10 B L1 00JacTl MaTepiail BUTPUMYE BEIUKI HABAHTAXEHHS, OCKUIBKU
MaKCHUMAJIbHE 3HaYEHHsI HANIPYKeHb aocsrae 235 Mlla.

[li mani € BaJIMBUMHM JJisI PO3YMIHHS MOBEIIHKM Martepialy MOOIU3y
MyaHCOHA Ta OI[IHKUA MOTO MEXaHIYHUX XapakTepucTuk. Jlociimkenns aedpopmartii
Ta HANpyXeHb Y TaKUX KPUTHYHHUX OOJACTSIX JOMOMarae B MPOEKTYBaHHI Ta
BJIOCKOHAQJICHHI CTPYKTYp Ta KOMIIOHEHTIB, 3a0e3leuyroud iX HaAiHHICTh Ta
e()EeKTUBHICTb.
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CIIOCOBMU BIAPI3BAHHA TPYB 3CEPE/IMHMU 1 330BHI

Anomauin: B podbomi npedcmasneni pezyiomamu  OO0CHIONCEHHS PIZHOMAHIMHUX
Memodie ma npucmpoie 05 8iOpizanHs mpyo, K 3306Hi, Mak i 3cepedunu. Poboma oxonntoe
WUPOKULL CneKmp Memooi8 6i0 KIACUYHUX, BKIIOUAIOYU BUKOPUCMAHHS pi3yié i ¢pe3, 00
CYUACHUX MEXHON02IU 3 BUKOPUCMAHHAM JNlazepie i yiempassyky. Ocobauea yeaea npuodileHa
@i3uUKO-XiMIYHUM MemOoOaM pO3PI3KU ma Memooam, wo 0Oa3yrmvci HA NIACTUYHOMY
oepopmyeanni. Pozenamymo niurocu ma MiHycu KONCHO20 Memody, iX 3aCMOCOBHICMb ) PI3HUX
YMOBAX, A MAKONC eqheKmuHicmy i Oe3nexy npu 8iopizanni mpyo pizHo2o po3mipy ma 3 pisHux
mamepianie. Pesynomamu 00cniodxicenHs cnpusomes NiOBUWEHHIO AKOCMI ma HAOIUHOCMI
BUPOOHUYUX NPOYECI8 Y MAUUHOOYOYBAHHI MA CYMINCHUX 2ATLY35X.

Abstract: The work presents the results of the research of various methods and devices
for cutting pipes, both from the outside and from the inside. The work covers a wide range of
methods from classic, including the use of cutters and cutters, to modern technologies using
lasers and ultrasound. Special attention is paid to physico-chemical methods of cutting and
methods based on plastic deformation. The pros and cons of each method, their applicability in
different conditions, as well as efficiency and safety when cutting pipes of different sizes and
materials are considered. The results of the research contribute to the improvement of the quality

and reliability of production processes in mechanical engineering and related industries.

Bigpizanss TpyO € oJHUM 13 HAHEOOXIJHIIMX €TamiB y 0araTb0X ramys3sx
MalmMHOOYAYBaHHS Ta 1HIIMX Tally3dX, TakuxX K HadrtoBa, razoma 1.T.m. Llei
MpoIeC BUMArae TOYHOCTI, €(EeKTUBHOCTI Ta O€3MeKH, OCKUIbKH IMPABUILHO
BiJIpi3aHi TPyOHU € KIIFOUOBUM €JIEMEHTOM HaJ1HOTO (YHKIIIOHYBAHHS OYyIb-IKOTO
BYy3JIa MEXaHI3My a00 CUCTEMH TPYOOIPOBO/IIB.

[TpoGnema nossirae y nomryky e(peKTUBHUX METOIIB JJIs BIIPi3aHHA TPYO 5K
3cepenrHM, Tak 1 330BHI. lle BKkIouae B ceOe JOCIHIKEHHS TEXHOJIOTIH,
IHCTPYMEHTIB Ta MPOIIECIB, SIKi TIO3BOJIATh TOYHO, MIBUAKO 1 O€3MEYHO BIAPI3aTH
TpyOH pi3HUX PO3MIPIB 1 3 PI3HUX MaTepialiB, 3a0e3nmeuyroun 30epe’KeHHs IXHbOT
LIJTICHOCTI Ta AKOCTI.

JlocnmiKeHHsT BKJIIOYA€E OIVIST Ta aHaji3 ICHYIOUMX METOAIB BiJpi3aHHs
TpyO. Lle BkiItouae B cebe KIaCM4HI METOJAM, TaKl K BUKOPUCTAHHS Pi3ajIbHUX
IHCTPYMEHTIB, TaKUX K pi3li 1 Ppe3u, a TaKokK CydacHI TEXHOJIOTi, Takl SK
BUKOPUCTAHHS JIa3€PiB 1 yIbTPA3BYKY.
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Puc.1 CniocoGu nopi3ku NpyTKOBO-TPYOHUX 3arOTOBOK KIIACHYHUMH METOJJaMH B
METaI000pO0ITi

Puc.2 BinpizanHs 3 BUKOPUCTAaHHSM JIa3€pHUX TEXHOJOTIHI

VY CBITOBIM MpakTUIl KpiM 3arajJbHONPUNHATUX METOIB PO3PI3KU
(BiApi3HUM pi3leM, NHUCKOBOIO (pe30i0, CTPIYKOBUMHU IMUJIAMHU, aOpa3uBHUMHU
KpyramMi Ta 1H.) Jy>K€ HIMPOKO BHKOPUCTOBYIOTHCS (DI3MKO-XIMIUYHI METOIU
(€JIEKTPOICKPOBUM,  €JIEKTPOKOHTAKTHUM,  Ta30BUM,  aHOJHO-MEXaHIYHUH,
TUTa3MOBHM, YJIBTPa3BYKOBUN, BOJSIHAM CTPYMEHEM, HAIIPaBICHUM BHOYXOM
TOIIO) Ta pO3pi3Ka IMIACTHYHUM JehOpMyBaHHSIM (KIMHOBUMHU TMCKOBHUMH,
MJIOCKUMHU HOXaMu Ta iH.). KokeH 13 X MeTOjiB Ma€e CBOi CHJIBHI Ta ciabKi
CTOPOHU Ta MEBHI 0OMEKEHHS y 3aCTOCYBaHHI [3,4].

o mo Bimpi3aHHS HA OTHOIIMUHACIBHUX 1 0araTOMMUHACIBHUX TOKAPHUX
ABTOMATIB - HAWTTOIIUPEHIIIIMM € METO/] BiJpi3aHHs pisiieM [2], ajie B ocTaHHi# yac
€ aTbTEPHATHBOIO METO/I BiApPi3aHHS TOHKOCTIHHOIO JUCKOBOIO (hpe3oro, 10 Mae
CB1i npuBoJl oOepTanHs. [IpuyoMy BiapizaHHS MOXKE 31HCHIOBATUCS 3CEPEINHU
YH 330BHI, 1110 BIJIMOBIIA€ Pi3HUM cxemam pizaHHs [1,5-7].
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Puc.3 BukopucranHs BiIpi3HUX MPHUCTPOIB

KoxeHn 3 mux MeToniB Mae CBOI mepeBaru 1 oOMeXeHHs, SKi MOTpiOHO
BpaxOBYBaTH MpPH BUOOpP1 HANOUIBII MITXOMSAIIOTO JJii KOHKPETHOI CHUTYaIIii.
BignoBimauii BuOIp MeTOAy BiApi3aHHA TPyO Jomomarae 3a0e3MeyuTH
e(eKTUBHICTh, O€3MEKy Ta SIKICTh BAKOHAHOT pOOOTH.

BucnoBok. Y naniil poOOTI pO3rasHYTI pi3HOMaHITHI METOJU Ta MPUCTPOI
JUIsL BiJIpi3aHHSL TPYO SIK 330BHI, Tak 1 3cepeauHu. [lounHarouud 3 KIaCUYHUX
METO/IIB pI3aHHs, TAKUX SIK pi3Mi 1 (pe3u 1.T.1., 1 3aKIHYYIOUH OLIbII CyYaCHUMH
TEXHOJIOT1SIMH, SIKI BAKOPUCTOBYIOTBCS B MPOMHUCIOBOCTI. OIJisi/i BKIIOYAaB aHATI3
TE€XHOJIOT1, 1HCTPYMEHTIB Ta IMpPOIECIB, SKI J03BOJIAIOTH TOYHO, MIBUJAKO 1
Oe3meyHo BiApi3aTd TPyOM pI3HUX pO3MIpIB 1 MarepiaiiB, 30epiraroyu ixHIO
LIJTICHICTE Ta SIKICTbh.
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YJIK 004.8

Ky3nenos IO.M., Iligropumii H.A., Croasipuky . II. (Hayionanvnuii
mexHiuHul yHigepcumem Yxpainu « Kuigcokuti noaimexnidvHuti iHcmumym iMeHi
leopa Cikopcvkocoy, m. Kuis, Ykpaina)

POBOTU3AIIA TA IITYYHUA IHTEJEKT B IHAYCTPII 4.0

Anomauin: Inoycmpia 4.0, uemsepma npomuciosa pesontoyis, XapakKmepusyemuvcs
SHAYHUM BNPOBAOIHCEHHAM POOOMOmMeXHIKY ma wmyunozo inmenekmy (L) y supobrnuymeo. Lia
cmammsi O0CAIOHCYE BNIUB YUX MEXHOIO02TU HA MAWUHOOYOYBAHHS, PO321A0arodu iXHi nepesaz,
BUKIUKU, NEPCREKMUBU MA GNIUE HA PODOUY CUTLY.

Abstract: The Industry 4.0, the fourth industrial revolution, is characterized by the
significant adoption of robotics and artificial intelligence (Al) in manufacturing. This paper
investigates the impact of these technologies on mechanical engineering, examining their
benefits, challenges, future prospects, and impact on the workforce.

Cyd4acHuil CBIT CTPIMKO pO3BUBAETHCA. UeTBepTa MPOMUCIIOBA PEBOJIIOILIS,
BioMa gk I[ugyctpis 4.0, CTBOprOE HOBI BHUKJIMKH, ajle ¥ BIIKpUBAaE Oe3miy
TIEPCTICKTHB.

[IpoBigH1 BUPOOHWMKHM MparHyTh [0 ONTHMIi3alli CBOIX BHPOOHHYUX
JAHIIOTIB, pOOJISIYM 1X MaKCUMaJIbHO MPOAYKTUBHUMHU, THYYKHMH Ta
exonoriyaumu. lle morpeOye kapAMHAIBHO HOBHUX MIJIXOJIB JI0 HAJIATOJKEHHS
e(eKTUBHOTO BUPOOHUIITBA.

CporomHi BHUHMKJIA TEHJEHINA Ta ToTpeda y BIPOBAIKEHHI HOBHUX
TEXHOJIOTTYHUX MPHUCTPOIB, K1 MIHIMI3YIOTh TOTPEOY B JOJCHKIH mpaiii, pooJisun
BUPOOHMUIITBO  OUIBII ~ €HEproepeKTUBHUM, EKOHOMHUM  (3MEHIIYIOYH
METaJOEMHICTh) Ta €KOJIOTIYHO YHUCTUM. TakoXk I1HXXKEHEPU TMpaliolTh Ta
BPaxOBYIOTh HOBI ()aKTOPH Ta BUKIMKH MPH Mi00p1, po3poOLil Ta BUTOTOBJICHHI
o0JIafHAHHS.

[t Bumorm, HerunoBi ans XXI CTONITTA, NOTPEOYIOTh MOLIYKY
IHHOBALIHUX PIILIECHb, & CaMe:

o BnpoBamxeHHs IITYYHOTO IHTEJIEKTY Ta pOOOTOTEXHIKH ISl aBTOMAaTH3aLlii

MTPOLIECIB.

o BukopucranHs HOBUX MartepialiB Ta TEXHOJIOTIM, M0 3MEHIIYIOTh

METAJIOEMHICTh Ta €KOJIOTIYHE HaBaHTAXKEHHS.

e Po3pobOka rHydYKuX BUPOOHHUYHUX CUCTEM, SIK1 JIETKO Al TyFOTHCS O HOBUX
nmoTped Ta yMOB.

o IligBumieHnHst kBamiikarmii KaapiB, sSKi BMIIOTh MPAIIOBATH 3 HOBITHIM
o0JIaTHAaHHSIM Ta TEXHOJIOTISIMU.

BropoBamkeHHs 1TuX 1HHOBAIIIA JO3BOJUTh BUPOOHUIITBY CTATH YaCTHUHOIO
Ingyctpii 4.0, 3HAYHO TIJBUIIUTH CBOK KOHKYPEHTOCIPOMOKHICTh Ta
BIJIMOBIaTH BUKJIMKAM CY4aCHOTO CBITY.
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Iaayctpist 4.0 — 11e He TPOCTO BUKIIUK, I1€ MIAHC JJIT BAPOOHUIITBA 3p0OUTH
KpOK y HOBE MailOyTHE, 1€ TaHyIOTh IHHOBAIlli, €KOHOMisl Ta EKOJIOT14Ha
BIMOB1JAJILHICTb.

Takuit miaxia 10 cydacHOro BUPOOHMIITBA Ma€ Oe3Jiyu IepeBar, Takux, K
MIJBUIICHHS TPOJYKTUBHOCTI Ta €(EKTUBHOCTI. ABTOMATH3AIlll PYTHHHUX
3aBJlaHb MOJKE TPHU3BECTH 10 3HAYHOTO CKOPOYEHHS Yacy, HEOOXIJTHOTO IS
BUKOHaHHS pobotu, a I wmoke onTumizyBaTh BHUPOOHHUYI IIPOIIECH,
IIPOrHO3YBaTH HECIIPABHOCTI Ta 3a0e3meuyBaT Oe3nepepBHy podoty 24/7. Takox
BIIMOBITHO MIABUIIUTECA AKICTh NpoAykilii. Po6otu ta IlI-cuctemu MOXyTh
BUKOHYBATH 3aBJIaHHS 3 OUIBIIOI0 TOYHICTIO, HIXK JIFOAH, 110 MIHIMI3Y€ MTOMUJIKH
Ta Opax.

3BUyYaiiHO He 3a0yBa€EMO MPO €KOHOMIYHY CKJIaJ0BY. 3HIKEHHS BUTPAT y
Cy4acHOMY MAaIlMHOOYAyBaHHI TyK€ aKkTyallbHa Te€Ma, 1 B LIbOMY TaKOX cebOe
eexkTUBHO MOXXe cebe mokazatu podOotuzaitis 3 1. 3amiHa r0/ICHKOI Mpaiii
poboTaMu MOKe MPU3BECTH JI0 3HAYHOTO CKOPOUEHHS BUTpaT Ha pobouy cuiy. LI
B CBOIO 4Yepry MOK€ JOMOMOTTH ONTHUMI3yBaTH JIAHIIOKKHA MOCTavyaHHS,
3MEHIIUTH €HEPTOCIIOKUBAHHS T4 EKOHOMUTH PECYPCH.

besnekoBa curyallis Ha BUPOOHUYMX JIHISIX TaKOXK 3aBXKIU aKTyallbHE
MUTaHHA, @ pOOOTH MOXYTh BUKOHYBaTH HEOE3MEUHI Ta IIKIAJIUBI JIJIs 3/0POB's
3aBJIaHHS, 1110 POOUTH poOOUE cepeloBUIIE OC3MEYHIINM JIJIs JTIOCH.

[Ile omuiero mepeBaroro 3acrocyBanHs podoTu3aitii 3 1111 € cTBopeHHsI HOBUX
poOounx wmicub. BrpoBamxenns LI Ta poborTuzamii npusBeae 10 CTBOPEHHS
HOBUX MPOQeciii, NOB'SI3aHUX 3 PO3POOKOI0, IPOrPaMyBaHHIM, 0OCIYyTOBYBAHHIM
Ta eKCIUTYaTall€r0 MUX TEXHOJOT1HA. 3pOCTyTh OMUT Ha KBaT1(PiKOBaHUX (PaxiBI[IB
y cpepi STEM (Hayka, TEXHOJIOT1i, IH)KEHEP1sl, MATEMATUKA).

Ta octanHe, 1o BapTo Oyno 0 3ragatu npo nepesaru 3actocyBanns LI Ta
poboTuzallii, e € MABUIIEHHS eKoJoTiuHoi BiamoBigampHOCTI. [T Moxke
JIOTIOMOTTH ONTHUMI3YBaTH €HEPrOCHOKMBAHHS Ta PECYpPCOBUKOPUCTAHHS, IO
MPU3BEJE 10 3MCHIICHHS BUKHIIB MapHUKOBUX Ta3iB. PoOOTHM30BaHI cHUCTEMU
MO>XYTh BUKOPUCTOBYBATHUCS JUIsI OUUIIICHHS JTOBKIJUIS Ta PEKYIbTHBALIIT 36MEITb.

[tyuynnit 1HTenexkt (ILI) crae onmHum 3 kiat04OBUX (DAKTOPIB, 11O BEnE
MaImuHOOYy TyBaHHS 110 eroxu [HmycTpii 4.0. Horo BIIPOBAJKEHHS 1€ MOYKJIUBICTh
aBTOMAaTU3yBaTu 0araTo PYTHHHHUX 3aBllaHb, POOJSIYM BUPOOHUIITBO OUIBII
e(EeKTUBHUM Ta MPOAYKTUBHUM, MIABULIUTH TOYHICTh Ta SIKICTb MPOAYKII 3a
pPaxyHOK KOMIT'FOTEPHOTO KOHTPOJIIO Ta aHali3y, ONTUMI3ZYBaTH KOHCTPYKIIii
JeTanel Ta By3/diB, pOOJAYM IX JETIIUMHU, MIIHIIIMMU Ta JACHICBIIUMH Yy
BUPOOHMIITBI, TPOTHO3YBATH TMOJIOMKH OOJIafHAHHS Ta 3amobiratv aBapism 3a
JIOTIOMOTOI0 aHaII3y JaHHWX, a TAKOX CTBOPUTH HOB1 MPOAYKTH Ta MOCIYTH, K1
paHile HEeMOXKJIMBO OyJIO ySIBUTH.

[T Bxe 3apa3 IIJIKOM YCIIIIHO BUKOPUCTOBYETHCS Y MAIIMHOOY/TyBaHHI.
3apa3 WTyYHUI 1HTENEKT BUKOHYE 3aBJaHHS MO MPOEKTYBAHHIO Ta 1HXEHepii, 10
MPUKJIAAY JJIs1 ONITUMI3allli KOHCTPYKIIIH JIeTajeil Ta By3iIiB poOJssun iX JIeTIUMH,
MILHIIIMMHU Ta JEMIEBIIUMH Y BUPOOHUIITBI a00 SIK MporpaMHe 3a0e3MeueHHs Ha

189



ocuoBi I nomomarae iHXKeHepaM y TPOEKTyBaHHI HOBHUX TMPOJYKTIB Ta
MOJICJTFOBaHH1 BUPOOHUUYUX TPOIIECIB.

CropasxuiM mnpukianom BukopuctanHs I e xommanis Siemens, ska
BukopuctoBye 11 mis ontumizariii KOHCTpYKIiH TypOiH, 10 JA03BOJISE IM OyTH
JISTTIIMMU, MIIHIIIIMHA Ta €(EKTUBHIIITUMHU.

Taxosx kommaniss Autodesk po3pobusia mporpamue 3a0e3meueHHs Ha OCHOBI
[, sixe qommomarae iHXeHepaM MPOSKTYBAaTH HOBl aBTOMOOLJII Ta MOJISTIOBATH iX
MOBEJIIHKY Ha JOPO3i.

Takox po6otu 3 BmamroBanuMm Il gocuts mHUpoko Bxke 3apas
BUKOPHUCTOBYIOThCSI Y BHpOOHUITBI. Il BUKOpPHCTOBYIOTH y pPOOOTH30BaHUX
30upaNbHUX JiHIAX, fAKI 3a0e3MeuyloTh BHCOKY TOYHICTh Ta MIBUIKICTH
BupoOHuITBa (IIpukmnan: Fanuc, mo BUKOPUCTOBYE poOOTHU30BaH1 30MpaIbHi JiHIT
JUIST BUCOKOTOYHOT Ta MIBUAKOI BUPOOHMIITBA €NEKTPOHIKH); BUKOpucTaHHs LI
JUISL KOHTPOJIIO SIKOCTI MPOIYKLIi, BUSABIEHHSA J€(EKTIB HAa PpaHHIX CTaJlfax
(npuknan komnaniss ABB, mo BukopucroBye I 1151 KOHTPOITIO SIKOCTI 3BapHUX
IIBIB, 110 FapaHTye€ iX HAMIAHICTh), & TAKOX BUKOPUCTAHHSA HOBITHIX IITYYHUX
IHTEJIeKTIB JUIA Tiepea0avyaHHsl MOJOMOK OOJiaJHAHHS Ta 3aroOiraHHs aBapisiM
(mpuxuan komnanisi GE, sika BUKOPUCTOBY€E MPOTHOCTUYHY aHATITUKY Ha OCHOBI
T nyist mepeiGavyeHHs MOJOMKH aB1aJIBUTYHIB Ta 3a1l00IraHHs aBapisiM. ).

[{ikaBy Hinry poOoTH3allisd Ta MTYYHUN IHTENEKT 3aiHSIM Y JOTICTHUIIl Ta
ckJagax. ABTOHOMHI TPaHCHOPTHI 3aCO0M BUKOPUCTOBYIOTHCS ISl IEPEBE3EHHS
JeTanel Ta roToBoi MPOAYKIIT (IpHKIaa KommaHis Amazon BUKOPUCTOBYE
aBTOHOMHI TPAHCIOPTHI 3aCO0M JJI MEPEBE3CHHSI TOBAPIB Ha CKJIaJax), poOOTH
BUKOPUCTOBYIOTHCSI ISt KOMIUIEKTYBaHHS 3aMOBJICHb Ta
HABAHTAKEHHA/pO3BaHTaXeHHsI ckiaiB (mpukian DHL BukopuctoBye poOOTIB
JIJIs. KOMIUIEKTYBAHHSI 3aMOBJIEHB, 110 301IbITyEe €(hEeKTUBHICTD LILOTO MPOIIECY),
[III BUKOPUCTOBYETbCS Il  ONTUMIZAINi MapmIpyTiB Ta  YOPABIIHHS
3amacamu(Walmart BukopuctoBye Il mis omrumizanii MapuipyTiB JTOCTaBKH
TOBApIB).

CepBic Ta O0OCIYroByBaHHS TaKOX pid, sIKa TICHO 3B’sA3aHa 3
MamuHOOYyAyBaHHSIM, Ta BOHA TEX MIMPOKO TMoYyajda BHUKOPUCTOBYBATH
poOOTH3aIIII0 Ta ITYYHUN IHTENEKT ISl CBOiX MoTpeda, 0 MpUKIaTy poOOTH
BUKOPHUCTOBYIOTBCSl ISl TE€XOOCIIyrOBYBaHHS Ta PEMOHTY OONaJHAHHA, SIK Y
komranii Rolls-Royce, 1mo BuKopucTOBY€e poOOTIB Al TEXOOCIYrOBYBaHHS Ta
PEMOHTY aBiaBUTyH1B, a00 111l BUKOpUCTOBY€ETHCA 151 JIarHOCTUKH MPOOJIEM Ta
MIPOTHO3YBaHHS TEPMIHY CIIy>KOM 00J1aJIHaHHsI, 10 npukiiany kommnanis Caterpillar,
sxa BukopucTtoBye LI nis giarHocTHKH TIpo6JieM 3 OyAiBEIbHOIO TEXHIKOI0, YU
BIpTyasibHI MOMiYHMKA Ha ocHOBI Il momomaraioTh Kii€eHTaMm y BuUOOpi Ta
oOcIIyroByBaHHI MpOAyKIii, sik y kommanii John Deere, ska BHKOPHUCTOBYE
BIpTyaJIbHUX MOMIYHUKIB Ha ocHOBI IIII mms momomoru depmepam y Bubopi Ta
00CITyroByBaHHI CIITLCHKOTOCTIONIAPCHKOT TEXHIKH).

Ane He mepeBaraMy €IWHUMU. TaKoXX IMUPOKO Ta YCIOAM BHUHHUKAIOTH
BUKJIMKH, 3 SIKUMU CTUKAIOTHCS BUPOOHUKH TIPU BIPOBAHKEHHI IUX TEXHOJIOT1H,
a came:
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1. Bucoka BapTiCTh BOpPOBaKEHHs: PoOOTH30BaHI CUCTEMH Ta MPOTPAMHE
3abesneyeHHs LI moTpeOyroTh 3HAYHUX 1HBECTHUIIN, L0 MOXe OyTu
MEPEIIKOA0I0 IS MaJIOro Ta CEPEAHBOT0 O13HECY.

2. HeoOximnicth y mnepekBamidikaiii kaapis: Jms pobotu 3 HOBUMH
TEXHOJIOT1IMHU TOTPi1OH1 HOB1 3HAHHS Ta HABUYKU Y chepl 00CITyroByBaHHS
po0OTIB, MpOrpaMyBaHHs, aHATI3y AaHUX ToIo. Lle moTpedye iHBeCTHININ
B HAaBYaHHS TMEPCOHANY Ta MOXE MPHU3BECTH 10 TUMYACOBOTO JACQIIUTY
KBaJI1()iKOBaHUX MPAIIBHUKIB.

3. Pusuk BTpaTu poOOUYMX MiCIlb: ABTOMATH3aIllsl PyTHUHHUX MPOIECIB MOXKE
OpPU3BECTH  JI0  CKOPOUEHHS  POOOYMX  MiCllb, OCOOIMBO  Ha
HU3bKOKBaTi(pikoBaHUX mocangax. lle Moke MaTu HeraTMBHUUN BIUIMB Ha
comaybHy cdepy Ta moTpedye po3poOKH MporpaM NEPemiaroTOBKU Ta
IpaleBIANITYBaHHS BUBUTLHEHUX MTPAlliBHUKIB.

4. Etnuni nurtanss, nos'szani 3 III: 3actocyBanns LI nns mpuiiHATTS
pillleHb MOTpedy€e peTeNnbHOr0 OISy Ha MpeaMeT MNOTEHUINHOI
YyOEPEeIPKEHOCTI Ta  AucKkpuMiHamii. BaxkmuBo  po3pobnsth  Ta
JOTPUMYBATUCS €TUYHHUX HOPM BUKOPUCTAHHSI IUTYYHOTO 1HTEJIEKTY.

5. KibGepOesneka: InrenexkryanbHi ¢GaOpUKH 3  BEJIHMKOK  KUIBKICTIO
B3a€MOIIOB'SI3aHUX TPUCTPOIB € OLIbII BpazIMBUMHU JO KiOepaTak.
[ToTpiOHO 3abe3neduyBaTH BUCOKHUW PIBEHb KiOEpOE3NEKH sl 3aXUCTY
JAaHUX Ta BUPOOHUYUX MPOLIECIB.

Pimenns Ta nepcnektuBu po3Butrky LI Ta pobormzamii Ha
MaluHOOYA1BHOMY BUPOOHUITBI.

VYpsau kpaiH MOXYTh CTUMYJIIOBaTH BIpoOBapkeHHs Iumyctpii 4.0 3a
JOMOMOror0  (PIHAHCOBUX CYOCHIIM Ta MUIBI TSl TIANPUEMCTB, CHPOLICHHS
PEryISTOPHUX HOPM, [HBECTYBaHHS B PO3BUTOK 1IHPPACTPYKTYpH Ta OCBITH.

CoiBnpanst Oi3Hecy Ta Hayku: CHuUIbHI JOCHIIKEHHS Ta PO3POOKUA Mik
BUPOOHMKAMHU, HAyKOBMMH YCTAaHOBAMH Ta TEXHOJIOTIYHHUMH KOMIAHISIMH
JI03BOJISATH NPUIIBUAIINTH CTBOPEHHS Ta BIPOBAKEHHS HOBUX TEXHOJIOTIH.

[TinroroBka KanapiB: BrpoBapkeHHS CHUCTEMH OCBITH Ta MNpodeciiiHol
MiATOTOBKH, IO Bianorigae morpedam [amyctpii 4.0. Lle mo3BomuTh 3a6e3neunTH
HasIBHICTh KBaJII(DIKOBAHUX MPALIIBHUKIB AJIs1 POOOTH 3 HOBUMH TEXHOJIOTISIMH.

InBectyBanHa B KiOepOe3neky: BnpoBamxkeHHs e()EKTUBHUX CHUCTEM
K10epOe3neKu sl 3aXUCTy BUPOOHMYMX MPOLIECIB Ta JaHUX BIJl KiOepaTak.

BucnoBok: Po3BUTOK pOOOTOTEXHIKM Ta IITYy4YHOIO IHTENEKTY B
MaIIMHOOYAyBaHHI € )K€ IEPCIEKTUBHUM. 3’ SBIISIOTHCS OIBII IHTEJICKTyaIbH1
po0OTH 34aTHI 10 CaMOCTIHHOTO HaBYaHHsI Ta aaanTanii. [llupoko 3acTocoByeThCs
T nst omTrmizalii BCIX eTamiB BUPOOHUIITBA, Bl IPOSKTYBAHHS J0 JIOTICTUKH.
BrpoBamxyeTbes MTYYHUN THTENEKT JJIs1 YIPABIIHHS JIAHIFOTAMH TTOCTa49aHHS Ta
MPOTHO3YBAaHHS TMOMHUTY. 3pOCTAa€ CIIBMOpalsd MDK JIOABMH Ta poOOTaMu Ha
BUpOOHMIITBI. Bee mpsMye 10 mepexoay 10 MOBHICTIO aBTOMAaTH30BaHUX (padpuk
3 MiHIMQJIBHUM BTPYYaHHSM JIFOJIUHU.

Bnposamxennst po6oruzoBanoro 11 B MammHoOy1yBaHH1 — 11€ HE MPOCTO
BUKJIUK, 11€ IIAHC JIJIsl KOMITIaHii ctatu aigepamu y [nayctpii 4.0. 1ist iboro BoHU
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BXKE IHBECTYIOTh B JOCHIKEHHS Ta po3poOku B ramys3i LI, miaroroByroTh
KBasi(pikoBaHI Kaapw, SKI 3MOXKYTh MpPAlOBaTH 3 HOBUMHU TEXHOJIOTISIMH Ta
CTBOPIOIOTH CIIPHUSTIIMBI YMOBH JJIsl PO3BUTKY 1HHOBALIIH.

VYkpaina Tak caMO Ma€ BCl IIAHCH CTaTH OJHUM 3 JjijaepiB IHmycTpii 4.0.
MamuHoOyyBaHHS, 3 Oro MOTYKHUM HayKOBO-TEXHIYHUM IOTEHIIIaJIOM, MOXKE
CTaTH JIOKOMOTHBOM BiJTHOBJICHHS HAIIOi Aep KaBH Micis nepeMoru!
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(L{onbacvka Oepoicasna mawunobyoisna axademis, mm. Kpamamopcok-
Tepnoninw, Yxpaina)

PO3POBKA IHHOBALIMHOI'O MEXAHOCKJIAJJAJBHOI'O
TEXHOJIOI'TYHOI'O KOMILIEKCY JUIA BUT'OTOBJIEHHSI
PEAYKTOPIB AIJIOMEPAINIMHOI'O BUPOBHUIITBA

Anomauin: Y cmammi po3ensioaemocs po3pooKa iHHOBAYIUHO20 MEXAHOCKIAOAIbHO2O
MEXHON02IYHO20 KOMNIEKCY, CHPAMOBAHO20 HA ONMUMI3ayilo npoyecie SupoOHUYMea
PeOYKMopIis a2nomepayitiHoco supooHuymea. Akyenm pooumscs Ha AHAIi3i iICHYIOUUX Memoois,
BU3HAYEHHI OCHOBHUX NPOOIIeM ma po3podYyi HOBUX NIOX00I8, WO BKIIOUAIOMb NEePed0si Memoou
00pobku, pobomusayito ma asmomamuzayiro. OcHo8HA y8aza NPUOileHa NUMAHHAM 3HUNCEHHS
cobieapmocmi npoOyKyii 3a paxyHoK IHmezpayii HOGIMHIX MEXHONO02IUHUX piuleHb ma
NOKpawjeHHs egexmueHocmi eupoOHuyuUx npoyecie. Pezynomamu oocniodcenns maomo
3HAUeHHs 0N ONMUMI3ayii 8UPOOHUYMEA 6 2any3i MAWUHOOYOVEaHHS, NIOBUWEHHS SKOCMI
NPOOYKYIi ma 3MiYHeHHS KOHKYPEHMHUX NO3UYill NIONPUEMCME HA MINCHAPOOHOM) PUHKY.

Abstract: This paper discusses the development of an innovative mechano-assembly
technological complex aimed at optimizing the production processes of agglomeration drive
reducers. The focus is on analyzing existing methods, identifying main challenges, and
developing new approaches that include advanced processing methods, robotics, and
automation. Emphasis is placed on reducing production costs through the integration of the
latest technological solutions and improving the efficiency of manufacturing processes. The
results of the study are significant for optimizing production in the machine-building industry,
improving product gquality, and strengthening the competitive positions of enterprises in the
international market.

AKTUBHUI PO3BUTOK HAyKOBO-TEXHIYHOTO MPOTPECY CTUMYJIOE€ MOILIYK
INUIAXIB /IS ONTHUMI3alli BUPOOHUYMX MPOLECIB, 3MEHIIEHHS MarepialbHUX
BUTpAT Ta MIABUIIEHHS AKOCTI Mpoaykuli. OZHUM 13 KJIIOYOBHX HANpPSMKIB €
BIPOBA/DKCHHS 1HHOBAIIIMHUX TEXHOJIOTIH y BHUTOTOBJICHHS KOMIUJICKCHHUX
MEXaHIYHUX CUCTEM, 30KpeMa PeAYKTOPIB arjioMepaliiHoro BUpOOHUIITBA.

["0710BHOIO METOIO TOCIIIKEHHS € po3p0o0Ka €(heKTUBHOTO TEXHOJIOTTYHOTO
mpolecy JJis BUTOTOBJICHHS PEIYyKTOPIB arjioMepaiiiHoro BHUPOOHMIITBA,
CIIPSIMOBAHOTO Ha 3HM)KEHHS BAPTOCT1 1X BUPOOHUIITBA TIPU 30€pEKEHHI BUCOKOT
SKOCTI IPOAYKIIIi.

VY pochimkeHHI TPOBEICHO aHali3 ICHYIOUMX METOJIB BHUIOTOBJICHHS
PEAYKTOPIB Ta BU3HAUYCHO OCHOBHI MPOOJIEMH, 1110 BIUIMBAIOThH HA €(DEKTUBHICTh
BUpoOHUIITBa. Oco0JIMBa yBara rnpu/ijieHa ONTUMI3allii TeXHOJIOT1YHOTO MPOIIECy,
BUKOPHUCTAHHIO MMOKPAIIEHOTO IHCTPYMEHTY Ta poOOTH3aIlii MPOIIeCy CKIalaHHs.
Byno po3poOiieH0 1HHOBAIIMHUI MEXaHOCKJIAaJIbHUI TEXHOJIOTIYHUN
KOMILJIEKC, [0 BKJIIOYAE MEPEIOB1 METOIU 0OPOOKH, pOOOTHU30BaH1 CUCTEMHU Ta
THy4YKy BUpOOHHMYY cucteMy. (OCHOBHa yBara 30CepeKCHa Ha MUTAHHAX
3HIDKEHHS COO1BapTOCTI Ta MiABUIIEHHS €(DeKTUBHOCTI BUPOOHUIITBA 32 PaXyHOK
3aCTOCYBaHHS HOBITHIX TEXHOJIOTIH.
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Po3pobka Ta BOpOBa/pKEHHS 1HHOBAIITHOTO MEXaHOCKJIAJAAIBHOTO
TEXHOJIOTIYHOTO KOMILJIEKCY JJII BUTOTOBIICHHS PEAYKTOPIB arJioMepariiiHoro
BUPOOHMIITBA JJO3BOJISIE 3HAYHO TTIIBUIIUTH €(PEKTUBHICTH BUPOOHHYUX MPOTIECIB,
3HU3UTH BUTPATH Ha BUPOOHUIITBO Ta MIJBHUINUTH SKICTh KIHIIEBOI MPOIYKIIIi.
BrpoBakeHHsT nepeoBUX TEXHOJIOTIYHUX PIlIeHb, TaKUX K POOOTH3aIlis Ta
aBTOMAaTH3allis, CHpPUSE CTBOPEHHIO THYYKHUX BUPOOHUYUX CHUCTEM, 3JATHUX
HIBUKO aJaNTyBaTUCS 0 3MIHHUX YMOB PUHKY Ta BUMOT criokuBadiB. lle, B
CBOIO 4Yepry, 3abe3rnedye MiANPUEMCTBAM BaXXJIMBY KOHKYPEHTHY NepeBary B
rajxysi MalmHOOYy TyBaHHS.

OCHOBHMMHU HampsMKaM¥ MOAANBIINX JTOCIIKEHb y 1 001acTi MOXYTh
CTaTh po3poOKa aJanTHUBHUX CHUCTEM YIPABIIHHS TEXHOJIOTIYHUMHU IPOIECaMH,
K1 0a3ylI0ThCSl Ha BUKOPUCTAHHI IITYYHOTO 1HTEJIEKTY T4 MAIIMHHOTO HABYAHHS
JUISL IPOTHO3YBaHHS Ta ONTHUMI3AIlil mapameTpiB oOpoOKku B peanbHOMY Yaci. Lle
JIO3BOJIUTh HE JHIIE 3a0€3MEUYUTH BHUCOKY SIKICTh MPOIYKLIi, aie W 3HAaYyHO
CKOPOTHUTH 4YaC Ha HaJAro/PKeHHS BUPOOHUYUX JHIM Ta MIABUIIUTU iXHIO
THYYKICTb.

Takox axkTyaJIbHUM 3aJIMIIA€THCA BHUBYCHHS Ta 3aCTOCYBAaHHS HOBHUX
MaTtepiaiaiB y BUPOOHHUIITBI PEIYKTOPIB, IO MOXKE CHPHUITH 3HIXKCHHIO Baru
MPOYKIii, MABUIIEHHIO ii MIITHOCTI Ta JOBTroBiYHOCTI. Po3Butok 3D-apyky Ta
IHIIUX aJUTHBHUX TEXHOJIOTIM BIJIKpUBA€E€ HOBI MEPCHEKTHBHU JJII BUPOOHHUIITBA
CKJIQJHUX JIETaNeH 3 BUCOKOIO TOUHICTIO Ta CKOPOUYCHHSIM BUPOOHUYUX BUTPAT.

PesynbpTaTi MOCHIIKEHHS MalOTh MPAKTUYHE 3HAYEHHS JJIsl MiANPUEMCTB
MalmMHOOYAYBaHHS, 3alHATUX Yy BUPOOHUUTBI PEAYKTOpPIB Ta  1HIIOL
BHCOKOTEXHOJIOTTYHOT NPOAYyKIli. BrpoBamxeHHss po3po0iIeHNX TEXHOJIOTIN Ta
MIIXOMIB  JIO3BOJIUTH iM ONTHUMI3yBaTH BHUPOOHWYI MPOLECH, IT1JBUIIUTH
MPOAYKTUBHICTh TIpalll, 3HU3UTU BUTPATH HA BUPOOHUIITBO Ta MIJBUIIUTH
KOHKYPEHTOCTIPOMOXKHICTh Ha MIDKHAPOJHOMY PUHKY.

Ha ocHoBI mpoBefieHOro AOCTIHKEHHS MOXKHA CHOPMYITIOBATH HANPSIMKU
MOMANBIINX HAYKOBUX PO3BIJOK y Tally3l pO3pOOKHM 1 BIPOBAIKCHHS
IHHOBAIlIMHUX TEXHOJIOTIYHUX TMPOIECiB Yy MamuHoOyayBaHHi. lle Bkitouae
pPO3pOOKY 1HTENEKTYaIbHUX CHCTEM YIIPaBIIHHS BUPOOHHUIITBOM, 3aCTOCYBAHHS
MPUHIUIIB  €KOJIOTTYHOTO JM3aiiHy IS CTBOPEHHS eHeproedeKTHUBHOI Ta
€KOJIOTIYHO Oe3MeYHOT TPOIYKITii, a TAKOK PO3MIUPEHHS 3aCTOCYBaHHS TU(PPOBUX
TEXHOJIOT1H JIJIl CTBOPEHHSI THYYKUX Ta aBTOMATU30BaHUX BUPOOHUYMX JIHIH.

3aBISKHM 1[bOMY JOCIIDKEHHIO BJANOCS TMIATBEPIUTH BaXJIUBICTh
IHTErPOBAHOTO MiAXOy /10 1HHOBAIIM B MalIMHOOYAyBaHHI, 1110 00'€JHY€E B c0O01
pO3pOOKY TEepeIOBUX TEXHOJIOTIYHUX PIlIeHb, BIOPOBAIKCHHS HOBITHIX
MaTrepiaidiB 1 3acCTOCYBaHHS CY4YaCHUX METOJIB YIMPABIIHHS BUPOOHUYUMHU
nporiecaMu. Takui MiAXiJ HE JUIIe CHPHUS€E MJABUIICHHIO €(EeKTUBHOCTI
BUPOOHMIITBA, ajie¢ W JI03BOJISIE TMIANPHEMCTBAM MANIMHOOYAIBHOT Taly3i
aJanTyBaTUCS JO IIBUIKO3MIHHUX YMOB pPHWHKY, BIJMOBIIATH 3pPOCTAIOUYUM
BUMOTaM JI0 €KOJIOTIYHOCTI Ta CTAJIOTO PO3BUTKY.

CydacHe MamHOOYTyBaHHS CTUKAETHCA 3 PSJAOM BUKIIHKIB, CEPENl SKHX
HEOOXITHICTh 3MEHINEHHS EHEPrOCHOKUBAHHS Ta BIUIUBY Ha HABKOJUIITHE
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CEpENIOBUIIE, a TAKOXK MOTpeda y BUPOOHUIITBI BUCOKOTEXHOJIOTIYHOT TPOTYKITIT,
IO 3aJ0BOJIbHSE TOTpeOM TrI00anbHOrO PHHKY. BoaHOYac 1i BHUKIHMKH
BIIKPUBAIOTh HOBI MOXJIMBOCTI JUJII PO3BUTKY 1HHOBAIlIWHUX pIIICHb Ta
BIIPOBAPKCHHS IIPUHITUITIB "3€JI€HOTO" BUPOOHUIITBA.

JlocnikeHHs1, MpeACTaBiIeHe y CTaTTl, pOOUTh 3HAYHUN HayKOBHUI BHECOK
y PoO3poOKy METOJOJIOTIH Ta MNPaKTUYHUX PEKOMEHAAIA JJi1 ONTHMIi3allii
TEXHOJIOTIYHHUX MPOIIEeCiB B MAIIMHOOYyBaHHI. Pe3ynbpraTu po6oTH MOXYTh OyTH
BUKOPHUCTAH1 I MATOTOBKM (DaxiBIIiB Yy rajay3l MalIMHOOYTyBaHHS, a TaKOX
CIIYT'yBaTH OCHOBOIO JIJISI MOJIAJIBIITNX JOCIIKEHb Y 111 001acTi.

Po3pobka i1 BOpOBa)KEHHS I1HHOBAIIMHUX TEXHOJOTIYHUX IMPOLECIB Y
BUPOOHUIITBO PEAYKTOPIB arJioMEpauiiHOrO BHUPOOHHUIITBA € KIIOUYOBUM
YUHHUKOM 3a0e3neYeHHS ix BHCOKOT e(eKTUBHOCTI Ta
KOHKYPEHTOCTIPOMOKHOCTI. BHKOpHCTaHHS CyYacHHX TEXHOJOTIH, HOBITHIX
MartepianiB Ta €()EKTUBHUX METOMAIB YHPABIIHHSI JO03BOJISIE ONTHUMI3yBaTH
BUPOOHMYI MPOLIECH, 3HMKYBAaTH BHUTPATU Ta MIJBHUILYBATH SIKICTh KIHIIEBOI
npoaykuii. [logansmn gocmipkeHHs y Ui 001acTi BIIITPATUMYTh BaXJIMBY POJIb
y PO3BUTKY MaIIMHOOYJYBAaHHSI, CIPHUSIOYM CTBOPEHHIO 1HHOBALIIMHMX pIlLIEHb
JUIS 33JOBOJICHHS MTOTPEd CydyacHOTO pUHKY. [HTerpaiiist nepe1oBUX TEXHOJIOTH,
TaKUX SIK IITYYHUH THTEJIEKT, MAITUHHE HABUYaHHS, Ta pOOOTOTEXHIKA, BIAKPUBAE
HOBI MEPCIEKTUBU JIJISl MiIBUIIEHHS TOYHOCTI, €(EKTUBHOCTI Ta aBTOMAaTH3allii
BUpOOHMYMX mporeciB. Lle He nuine crnpusie MOKpaIIeHHIO EKCIUTyaTalliHUX
XapaKTEepUCTUK BUPOOIB, aje W 3abe3medye BUPOOHHUIITBO OUIBII CTaOl Ta
€KOJIOTTYHO 0€3MeYHO0T IPOAYKIIIi.

Ha ocHOBI mpoBeNEHOro IOCIIKEHHS MOKHA C(QOpPMYJIOBATH KiIbKa
pEKOMEHJANi AJ1 MPAKTUYHOTO 3aCTOCYBaHHS HA BUPOOHUIITBI:

1. ABTOMatu3aiiss Ta  poOOTHU3alis: aKTUBHE  BIPOBAHKCHHS
pOOOTHU30BaHUX CHCTEM Ta aBTOMATH3allii MPOIIECIB JIJIsl 3HUKEHHSI BUPOOHUYUX
BUTpAT Ta MiABUILEHHS TOYHOCTI BUTOTOBJICHHS.

2. 3acTocyBaHHS HOBITHIX MaTepiajiB: €KCIIEPUMEHTYBAaHHA 3
BUKOPUCTAHHSAM 1HHOBAIIMHUX MaTepialliB JJisi TOKPAIIEHHS €KCIUTyaTallliiHIX
XapaKTEPUCTUK PELYKTOPIB.

3. [aTerpanis LI Ta MammmHHOTO HAaBYaHHS: BUKOPUCTAHHS aJITOPUTMIB
IITYYHOTO 1HTEJIEKTY U1l aHaJli3y Ta ONTUMI3alli BUPOOHUYUX MPOIIECIB, a TAKOK
JUTS TIOTIEPEPKEHHS TTOJIOMOK Ta 3HOIIYBaHHS 00JaTHAHHSI.

4, Exo-1HHOBaIlli: po3p0o0Ka Ta BOPOBAIKEHHA "3€JeHHUX" TEXHOJIOTIH
JUIs. MiHIMI3alli BIUIMBY Ha JOBKUUIS Ta MiJABUIIEHHS CTaJlOCTI BUPOOHUYMX
MIPOIIECIB.

MaiiOyTHi mOCHIPKeHHST B 00JIaCTI BUTOTOBIICHHS PEAYKTOPIB Ta 1HIIHMX
BHCOKOTEXHOJIOTITYHIX MEXaHIYHUX CUCTEM MOXKYTh 30CEPEIUTHUCS HAa HACTYITHUX
acIIeKTax:

. Po3Butok TexHoisoriii amutuBHOro BHUpoOHHMNTBA (3D-ApyKy):
JOCTKEeHHsT noTeHuiany 3D-npyky ansi CTBOPEHHS CKJIaJHUX KOMIIOHEHTIB 3
BHCOKOIO TOYHICTIO Ta HAJIAIITOBAHICTIO IM1J1 KOHKPETHI MOTPEOH.
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. ExcrutyaTariiiiHe MOJETIOBaHHS: BUKOPUCTAHHS KOMII'IOTEPHOTO
MOJEIIOBAHHS  JII1  MPOTHO3YBAaHHS  TOBEAIHKA Ta  eKCIUTyaTalliiHUX
XapaKTEPUCTHK PEAYyKTOPIB B PI3HUX YMOBAax, IO JO3BOJHUTH ONTHUMI3YBAaTH
KOHCTPYKIIii TIepe]] BUPOOHUIITBOM.

. ['mubmmii aHami3 Marepialo3HaBCTBA: BUBUYECHHSI HOBUX CIUIABIB Ta
KOMIIO3UTHUX MaTepiaiiB, SKI MOXYTh 3a0€3MeUuTH MiABUIIECHY MIIHICTD,
3HOCOCTIMKICTh Ta JIETKICTh PEIYKTOPIB, IPH IOMY MIHIMI3YIOUH iX BapTIiCTh Ta
BILJIMB HA JJOBKLJLJIS.

. OnTumizanis MPOLIECIB KOHTPOJIIO SIKOCTI: po3pobOKa
THTEICKTyaAIbHUX CUCTEM KOHTPOJIIO SIKOCTI 3 BUKOPHCTAHHIM MAIIMHHOTO 30PY
Ta aBTOMAaTH30BAaHOTO KOHTPOJIIO, IO JO3BOJIUTH 3a0€3MEUNTH BUCOKHUHA PiBEHBb
SKOCTI IPOAYKIIIi Ta CKOPOTUTH Yac Ha ii mepeBipKy.

. Posmmpennss 3acTtocyBaHHS IHQPPOBUX JBIMHUKIB: CTBOPECHHS
BIpTyaJIbHUX MOjieNie BUPOOHUYHUX TMPOIIECIB Ta MPOAYKTIB Ui iX OomTUMI3allii,
TECTyBaHHS B yMOBaX, IKi MAaKCUMaJIbHO HAOJIMKEH1 JI0 peaibHUX, 6€3 ToTpedu B
noporux (Gi3UIHUX MPOTOTHIIAX.

. EneproeekTUBHICTh Ta €KOJOTIUYHICTh BUPOOHHUIITBA: JTOCIIIKEHHS
Ta BIPOBA/KCHHS C€HEProe(EeKTUBHUX TEXHOJOTIM Ta O0OJIaJlHAHHS, a TaKOX
po3poOKka BUPOOHMUMX MPOIECIB, COPIMOBAHMX Ha MIHIMI3AIllI0 BIAXOMIIB Ta
BUKOPHCTAaHHS BTOPUHHOI CHPOBHHU.

VY CBITJII MOCTIHHOTO MPOrpecy B TEXHOJOTISAX Ta 3POCTAIOUHMX BUMOT JI0
CTaJIOTO PO3BUTKY, 1HHOBAIlll y BUPOOHULTBI PEIYyKTOPIB Ta 1HIIUX CKJIAJIHHUX
MEXaHIYHUX  CHUCTEM  BIOITPAIOTh  KJIIOYOBY  pOJb Y  HIATPUMII
KOHKYPEHTOCIIPOMO>KHOCTI Ta ajamnTaii 10 3MIHHUX PUHKOBUX YMOB. Po3poOka
HOBUX METO/JIB BHUTOTOBJICHHS, SIKI ONTHUMI3YIOTh BHUPOOHHWYI IPOIIECH,
M1JBUIIYIOTh €PEKTUBHICTh Ta 3HWKYIOTh BIUIMB Ha JOBKIJUIS, CTAa€ HE MPOCTO
TEXHOJIOTIYHUM BHOOpPOM, a CTpaTeriuyHUM HANpPSIMKOM PO3BUTKY  JUIS
M1ITPUEMCTB MAIIMHOOYIIBHOT rajy3i.

BnpoBamxeHHst 3100yTUX 3HAaHb Ta PE3yJbTaTiB JOCTIHKCHb Y MPAKTHKY
BUPOOHMIITBA MOXE 3HAYHOK MIPOI0 CHPHUSITH JOCSITHEHHIO LHMX IIUIEH,
3a0€3Meuyour BUCOKY SIKICTh MPOJIYKIIii, ONTUMI3allil0 BUTPAT Ta BIAMOBIIHICTh
Cy4aCHHUM €KOJIOTIYHUM CTaHIapTaM.
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BUKOPUCTAHHSA CYYACHUX PI3BAJIBHUX IHCTPYMEHTIB
JIJI1 TOKAPHOI OBPOBKU B MAILIMHOBYJIYBAHHI

Anomauin: B cmammi posensnymi OCHO8HI meHOeHYii wo0o pO36UMK) PIi3AIbHO20
IHCMpyMeHma ma to20 BUKOPUCAHHSA Ol MOKAPHOI 00pOOKU npu 8U20MOGIeHHi 8Uupobis 6
MauuHoOy0y8anHi.

Abstract: The article discusses the main trends in the development of cutting tools and
their use for turning in the manufacture of products in machine building.

CydacHe BUPOOHHUIITBO TOTpeOye 3abe3nedeHHs SKOCTI BHUPOOIB, IO
BUTOTOBIIAIOTECSA. Ha  nmaHomy erami  BHUKOPUCTOBYETHCS  PI3HOMAHITHE
TEXHOJIOT14YHE 00JIaTHAHHSI, TEXHOJOTIYHE OCHAIIICHHS, P13JIbHUM 1THCTPYMEHT Ta
3acobu BuMiproBaHHs. OJIHUM 3 OCHOBHUX €JIEMEHTIB, BiJI SIKOCTI BUTOTOBJICHHIM
Ta EKCIUTyaTallii SKOro 3aJIeKUTh 3a0e3MeUeHHs SIKOCTI BUPOOIB, € pi3ajbHUM
THCTPYMEHT.

OpmHUM 3 TOJIOBHUX BIACTHBOCTEH, MO0 XapaKTEPU3YIOTh SAKICTh Pi3aIbHOTO
IHCTPYMEHTA, € I0ro HalIMHICTh EKCIUTyaTalli B BAPOOHUYUX YMOBAX.

Ha cy4yacHoMy eTari OCHOBHUMH TCH/ICHIIISIMUA PO3BUTKY IHCTpyMEHTa € [1,
3]

1) po3poOKa Ta OCBOEHHS BUPOOHHUIITBA HOBUX MapOK PIKYUHX MaTepiaiB,

2) MIUPOKE 3aCTOCYBAHHS 3HOCOCTIHKHMX MMOKPUTTIB;

3) po3poOKa HOBHX 1 BJIOCKOHAJICHHS ICHYFOUHMX KOHCTPYKILiH, 00JIaHaHHS,
TEXHOJIOT1d BUTOTOBJICHHS 1HCTPYMEHTA.

MeTtoro po6oTH € TOCIIIKEHHS OCHOBHUX HAIMPSMKIB 1010 BUKOPUCTAHHS
CYy4YaCHUX Pi3aJIbHUX IHCTPYMEHTIB JJII TOKApHOT OOPOOKH.

YaockoHATIEHHT  KOHCTPYKUIM  TBEPAOCILIABHOIO  IHCTPYMEHTY.
VY 10CKOHAJIEHHS KOHCTPYKLIM TBEPIOCIUIABHOTO 1HCTPYMEHTY W€ MO HUISIXY
YCKJIaAHEHHS! poOOYMX MOBEPXOHb 1, B MEPIIy 4Yepry, MNepexiJHUX MOBEPXOHb
3MIHHUX PIKYyYdX [UacThH. OnTuMizailiss KOHCTPYKIN pDKYYMX TUIACTHH
JIO3BOJISIE TIIBUIIIUTH CTA0UTBHICTD 1 HAIIHHICTh MeXaHI9YHO1 00poOKku. OCHOBHOIO
TEHJICHI[I€I0 BJIOCKOHAJICHHSI poO0YHX TTOBEPXOHB € YHIBEpcalli3allis TeoMeTpii 3
METOI0 PO3IIMPEHHS Miama3oHy CTPYKKOApPoOJieHHs. ['eoMeTpuuHi mapameTpu
KaHABOK 3MIHHUX OaraTOrpaHHUX TUIACTHH PI3HUX (PipM PO3PI3HSAIOTHCS HE3HAYHO
1 1X 3aCTOCyBaHHs HaWdacTiie 0OMEKEeHO OOpPOOKOI0 BYTJICIIEBUX 1 JIETOBAHHMX
ctaseit B aianaszoni nmoaad 0,25...0,7 MM/00 1 rmubunun pizanss 2...8 mMm. TunoBum
MPUKIIAJ0M TaKol MIIACTUHU MOKe ciykuTH mactuHa gipmu Korloy (IliBnenna
Kopes), popma sikoi npuBeneHa Ha puc. 1.

3aCTOCOBYIOThCS IUIACTUHU 3 JBOMA 1 HAaBITh 3 TPbOMa CTPYKKOBUMH
kaHaBkamH. [Ipy Manux mepeTuHax 3pi3y Mpalltoe mepiia KaHaBKa, MPU BETUKUX
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— apyrait.g. Tum camum gocsAraeTbes yHIBEpCaIbHICTh IUIACTHH, sIKa 3a0e3meuye
JpOOJIEHHS CTPYKKH MPH P13HIHM rIMOUH1 pi3aHHS.

A-A
0,14 0,05

%,

Puc. 1 — ®opma miacturu dipmu Korloy (ITisnenna Kopest) [1]

3acTrocyBaHHsl 3MiHHUX TBEPAOCIVIABHUX IUIACTMH 3 MNOKPHUTTIM.
3MiHHI ~ TBEpPAOCIUIaBHI  IUIACTMHM  3a0€3MeuyroTh  SKICHY  O0OpoOKy
BaKKOOOPOOIIIOBAHUX, >KAPOCTIMKUX CIUIaBIB 1 KOJHOPOBUX METaNiB. 3MiHHI
TBEPJIOCILJIABHI IJIACTUHM YCIIIIHO 3aCTOCOBYIOTHCS MpH 0OpoOIl TuiacTMac i
yaByHY. JIerkicTh MOHTaXy 3MIHHUX TBEPJIOCIUIABHUX IJIACTHH HA 1HCTPYMEHT 1
BHCOKa 3HOCOCTIMKICTh 3a0e3Meuyl0Th HaJlIMHY 1 TpUBaIy pPoOOTY, IPH I[LOMY
JOCSITAE€THCS BIAUYTHUN €KOHOMIYHMM edekT [1].

BukopucrtanHs ~ MeTaJOpi3aJIbHOTO  IHCTPYMEHTa 3  MOMNEPEIHbO
HAHECEHWMU TOHKUMHU (1-5 MKM) 3HOCOCTIMKMMH MOKPUTTAMU 3a0e3medye psij
BOKJIMBUX TIEpeBar: MiJBUIICHHS MPOAYKTHBHOCTI OOpoOku pizaHHsSM Ha 20-
200%, 3011bIIEHHS] TEPMIHY CIIy>KOU 1HCTpYyMeHTy 10 1,5-10 pasiB mpu o0poOI
KOHCTPYKIIMHUX cTane, 10 4 pas3iB — MNpu pi3aHHI KOPO3IMHOCTIMKUX 1
KApPOMIIIHUX cTaneu, B 1,5-2,5 pa3su — mpu oOpoOIll THUTAHOBHX 1 HIKEIEBUX
criaBiB. KpiM Toro, AocsraerbCsi 3HUXKEHHS BUTPAT CKIAJHONPOGUILHOTO
IHCTPYMEHTY BHACII0OK 3MEHLIEHHS KUJIBKOCT1 HOT0 MepeTouyBaHsb [3].

CyTT€BO 3MEHUIMTH 3HOLIEHHS PI3aJIbHOTO 1HCTPYMEHTa 3 MONEpPEAHbO
HAHECEHWM TMOKPUTTSIM MOKHA MpU JOTPUMaHHI MPU MOro eKCIUTyaTtarii
HACTYIMHUX PEKOMEHIAITIH:

- NpaBWIbHUI MiAOIp CHIBBIAHOIIEHHS HABAHTA)XKCHHS HA 1HCTPYMEHT Ta
MEXaHIYHUX BJIACTUBOCTEH MaTepialy; HeAOTPUMAHHS I[i€1 YMOBH MIPU3BOIUTH JI0
MJIACTUYHOI AedopMalrii pi3anbHOI JIACTUHY;

- NpaBWIbHUM miAOIp CHIBBIAHOIIEHHS HABAaHTA)XKCHHS HA 1HCTPYMEHT Ta
B’A3KOCT1  (TUIACTUYHOCTI)  0OpOOIIOBAaHOTO  MaTepialy; B pe3yJbTari
HEJIOTPUMAHHS 111€1 YMOBH 3’ SBIIE€THCS MAaKPOCKOJIFOBAHHS;

- MPaBWIbHUNA TA0Ip CHiBBIIHOIICHHS HABAHTAXEHHS HA IHCTPYMEHT Ta
YAApHOI B’SI3KOCTI 1HCTPYMEHTA; B PE3yJibTaTi HEAOTPUMAHHS II€l YMOBU €
TPIILIMHOYTBOPEHHS.

Kommaniero Sandvic Coromant OyB po3poOneHuii MeTo[ HaHECEHHS
3HOCOCTIKMX MOKpUTTIB, Bigomuii sik CVD (Chemical Vapor Deposition).
CyTHICTB HOTO B TOMY, 1110 MOKPUTTS OyJIM OTPUMaHI HUIIXOM XIMIYHOTO MIPOLIECY
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OCa/UKeHHS TMpH BHCOKHMX TemmepaTypax 950-1050°C 3 maporazoBoro
CepeIOBHILA.

Haii6ipir  mommmpeHo MpakTUKOW € OaraTtomapoBl TOKPUTTS Ha
pi3ampHUX IUTacTUHAX, oTpuMaHi metogoM CVD. OcoOnuBICTIO € HaHECEHHS
noBepx mmapy kap6imy tutany TiC mmapiB okcuay amtominio Al203 1 HiTpumy
tutany TiN. Ilpu 1poMy mnepmwuii map MOKPUTTIB CIYKHB OCHOBOIO IS
CTBOPEHHS SIKICHOI ajre3ii, a HACTYIHI IIApH MOCUJIIOBAIM 3aXUCHI (QYHKIIT BiJl
PI3HUX YUHHUKIB 3HOCY.

Ha Bigminy Bix CVD-nokputtiB PVD-TIOKpUTTS MatoTh TapHy aAres3ito, He
BIUIMBAIOTh HA MIIHICTh OCHOBHOTO 1HCTPYMEHTAJIbHOTO MaTepiaJIy 1, HaBiTb,
CTBOPIOIOTH cnpmmmm CTUCKAIOYi HANPYTH B [IOBEPXHEBOMY miapi. OI[H1€IO 3
nepeBar € IMiIBUIIEHa p03M1pHa CTIMKICTh Ta MOXJIUBICTb HAaHECEHHS TOKPUTTS
Ha JpiOHOpO3MipHUHM 1HCTpyMeHT. IHcTpymenT 3 PVD-mokputts wmoxe
npairoBaTy 1npu mBUaKocTsIX 200-250 M/XB Mpy BUKOHAHHI TOKapHUX pooiT [1].

BbararopynkuionanbHuil pi3ajJbHuil iHCTpyMeHT. HOBUM KpoKOM B
IHCTPYMEHTAJIbHOMY 3a0€3ME€YeHH] TEXHOJIOTIYHMX HPOLECIB € CTBOPEHHS
6araT0(1)yHKu10Haanoro p13aJIbHOTO 1HCprMeHTy [2] [lepmmMu Ha pPUHKHU
TaKUi IHCTPYMEHT CTaJIU [TOCTABJIATU BCECBITHBO BIOMI (1)1pMH BUPOOHUKH IScar,
Sandvik Coromant ra ixmi. [{e He € KOMOiHOBaHUI pi3aJIbHUIA IHCTPYMEHT B HOTO
KJIACHYHOMY TpOsBl, KM Mae€ [EKiIbKa PIi3HUX POOOYMX IMOBEPXOHb IS
MOCJIIIOBHOTO OOpOOJICHHS OJIHIET TOBEPXHI 3ar0TOBKK 200 OJIHOMMEHH1 poOoui
MOBEPXHI PI3HOTO PO3MIPY JIJIsi OOPOOJIEHHS CTYMIHYACTUX 3arOTOBOK.

B o6araroyHKIIOHaTbHOMY 1HCTPYMEHTI B OJHOMY KOpIyCl MPHUCYTHI
HIBUIKO3MIHHI pl3aJIbHI IIJIACTUHH, AKI MOXYThb HECTH Pi3HI (YHKILI1OHAJIbHI
HaBaHTa)XCHHS B 3aJIEXKHOCTI B1Jl TIOJIO’KEHHS IHCTPYMEHTY BIJTHOCHO MOBEPXOHb
3aroTOBKH Ta KIHEMAaTUYHOI CXeMH 00POOICHHS.

Tak, nanpuknaza, iHcTpyMeHT dmiHiMku Multifunction tools Iscar s
TOKapHOTO 0OpOOIIOBATBHOTO HEHTPY 37aTCH Mipi3aTH TOPEIb, MPOCBEPIUTH
LHEHTPaJIbHUN OTBip, pO3TOUUTU TIEH OTBIp 3 YTBOPEHHAM CTyniHeﬁ 1 (baCOK
MPOTOUNTH 30BHIIIIHIO TOBEPXHIO (puc. 2). [Hmmi i IHCTpYMEHT OKle CBepz{mHHﬂ
i pO3TOYYBAaHHSA 3[aTCH PO3TOUUTH BHYTPIIITHIO KaHaBKY 1 Hapi3aTH Hapi3b.
Mo>x1Bi 1 1HIIT PI3HOMAaHITHI KOMO1HaIIii.

1

L= o
& &

Puc. 2 — bararodyHnkiuioHansHu#E iHCTpyMeHT (ipmu Iskar [4]
Taki iIHCTpyMEHTH MalOTh OYeBUIHI TUTFOCH [2]:

- 0araro yacy MpOCTOI0 MOKJIMBO CKOPOTHUTH 32 PaXyHOK 3MEHIIICHHSI
KUIBKOCT1 3MIHU IHCTPYMEHTY Ta JIOMTOMIXXHUX XOJIOCTUX XOJIIB;
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- €KOHOMIsl BUTPAT HA IHCTPYMEHTH;

- BHUpilIlye TmpoOieMy, TMOB'S3aHy 3 OOMEXKEHHM MPOCTOPOM B
pPEBOJIbBEPHIN TONOBLI, HI0 BpEHITI MOXE HAaBiTh CKOPOTHUTH KIIBKICTh
TEXHOJIOTIYHUX OTepaIlii.

Henomnikamu iX 3acTocyBaHHSI MOYKHA HA3BaTH:

- B BEpCTaTl MOBHHEH OYyTH HAsBHUM pOOOYMII OpraH Al yCTaHOBKU
TaKOI'0 IHCTPYMEHTY 3 I0AATKOBOO KOOPAMHATOO JUIsl 3MIHM HOr0 Opi€HTalli, 1110
IPU3BOJIUTH 0 YIOPOKYaHHS OCHOBHOTO 00JIaJIHAHHS;

- TaKud pI3AIbHUN 1HCTPYMEHT JACHICBIIUN, HIK CyMapHa BapTICTh
IHCTPYMEHTIB, SIKI BiH 3aMIHIOE, aj€ JOPOXKYMM HIK KOXKHUK okpemo. Tomy
HEJOIIIBPHO MOro BHUKOPUCTOBYBAaTH [JIsi OOpPOOJEHHS 3aroTOBOK € HEMae
KOMOiHaIlii BCiX MOBEPXOHb, JJIS IKUX BiH MPU3HAYCHUI;

- HEpIBHOMIPDHUW 3HOC PpI3HUX 3a pPO3MIpOM Ta HaBaHTAKCHHIM
MIBUIKO3MIHHUX IUTACTUHOK YCKJIQJHIOE TEXHIYHE OOCIyrOBYBAaHHSI, OCKIIbKU
IpH iX OJHOYACHIN 3aMiH1 OyAyTh BUKUIATHCS IIIE MIPUIATHI c1ab0 HaBaHTaXKEHI
IJIACTUHHU, a00 HEOOXITHO PO3POOUTH YACOBUU PETJIaMEHT IS 3aMIHU KOXHOI
IUTACTUHKH OKPEMO.

[Toxa3HUKOM €(QEKTUBHOCTI 3aCTOCYBaHHSI MOAIOHOTO OCHAILEHHS MOXE
BUCTYNATH TUIbKU BEJIMYMHA COOIBAPTOCTI TEXHOJOTIYHOI Omepallii Ta eKOHOMIs
3aTpat 1o HOBOMY BapiaHTy TEXHOJIOTIYHOTO TPOIIECY.

BUCHOBOK
BukopucTaHHs Cy4aCHOTO METaTOpi3aibHOTO 1HCTPYMEHTa AJIi TOKApHOI
OoOpoOKM  [103BOJISIE  30UIBIIUTH MNPOAYKTHBHICTb OOpPOOKM Ta 3MEHIIHUTU
coOIBapTICTh BUTOTOBJIEHHS MpOAYKIii. OJHIE0 3 YMOB L1010 HAWIOBHIIIOTO
BUKOPUCTAHHS TIEPEeBAr TaKUX Pi3aIbHUX 1IHCTPYMEHTIB € HAsBHICTh Cy4acCHOTO
METaJIOPi3aJIbBHOTO 00JIaHAHHS.
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METO/IY 3MIITHEHHSI TIOBEPXHI JIETAJIEA MAILIMH

Anomauia: B cmammi po3ensinymi OCHO8HI MeHOEeHYii w000 pO36UMKY Memoois
3MIYHEeHHs NOGepXHIi Oemanielti MAWUH ma ix 8UKOPUCMAHHA Oiisl NIOBUWEHHS 61ACMUBOCeEl
Memanie ma cniasis.

Abstract: The article discusses the main trends in the development of methods of
strengthening the surface of machine parts and their use to improve the properties of metals and
alloys.

3MILHEHHS! OBEPXHI JeTajaei MalluH € BaXXJTUBUM aCIEKTOM 1HXKEHEPHUX
TEXHOJIOT1M, CIPSMOBAaHUX Ha MIABUIIEHHS MIIHOCTI, JOBTOBIYHOCTI 1
3HOCOCTIMKOCTI. ¥Y CBITI Cy4YaCHUX TE€XHOJIOT1M MPOMHCIOBI BUPOOHUKH aKTHUBHO
BUKOPUCTOBYIOTh Pi3HI METOJIM MOJIEpHI3aLii s 3a0e3MeYeHHs] HaAliHOCTI Ta
e(heKTUBHOCTI MalINH 1 00JIaTHAHHS.

MeToro pobOTH € JOCHIIKEHHS OCHOBHMX HAIpPSIMKIB BUKOPUCTaHHS
METO/I1B 3MIIIHEHHS [IOBEPXOHb JI€TaJIEN MAIIIHH.

Metoa ctaTUKO-iMITyJIbCHOT 00pOOKH. J{71s1 TIABUIIICHHS! JOBIOBIYHOCTI 1
Hecy4oi 31aTHOCTI BaXKOHABaHTAKEHUX TPAHCIIOPTHUX JeTae,
BUKOPDUCTOBYETbCA ~ METOAM  3MIIHEHHS  TOBEPXHEBOI  IJIACTHYHOIO
nedopmartiero (ITTTL). 3MillHEHHS BUKOHYETHCS 3 METOIO IMIJIBUILEHHS ONOPY
BTOMI 1 TBEPJOCTI MOBEPXHEBOrO MIapy MeTany 1 (POPMYBaHHS B MOBEPXHEBOMY
miapl Hampyru CTUCKYBAaHHS, a TaKOX PErjaMEHTOBAHOTO MIKpopenbedy.
3minHiorouy  00pobky I/ 3acTocoByroTh Ha  (PIHIIHMX — Omepamisax
TEXHOJIOTIYHOTO MPOILIECY, 3aMICTh a00 MICIS TEPMOOOPOOKHU, 1 4ACTO 3aMiCTh
abpa3uBHOI 0OOpPOOKHU. [2]

Meton cratuko-iMmmyiabcHOT 00poOku (CIO), me HoBHMl BUA 0O0pOOKH
MOBEPXHEBOIO  TUIACTUYHOIO JedopMalli€ro, W0 BIAPIZHSIETHCS CIIOCOOOM
nigBeneHHs eHeprii B 30Hy nedopmarii. CIO € BIOCKOHAJICHHM MPOIECOM
yIapHOI YEKAHKU - BIOPSAKOBAHOI yAapHOI Jii HAa 3MIIHIOBaHY IOBEPXHIO.
Bukonyerbcs crneuianbHUMH  OOWKaMM 3a JOMOMOIOI0  MEXaHi30BaHOTO
IHCTPYMEHTY. 3ampoIrOHOBAaHO TPUCTPIA [JIT CTATUKO-IMITYJIBCHOT OOpOOKH
MOBEPXOHb, IKUH BUKOHAHUHM y BUTJISII KOpIlyca Ha 30BHIIIHIM YacTUHI SKOTO,
32 JOMOMOIOI0 KpPINWJIBHOI IUIAHKH, BCTAaHOBJIEHO A€(OPMYIOUl E€JIEMEHTH.
Hedopmyrodi eleMEHTH BHKOHAHI y BUIUIAJI BHUTKIB CTaJIbHOI MPY>KWHU
NOJBIMHOT HABUBKH 13 JIPOTY KPYIJIOTO CIYE€HHSA 3 BHYTPIIIHIMU ONOPHUMU 1
30BHIIIHIMA POOOYMMHU BUTKaMH. BHYTpIINIHI OMOpPHI BUTKH 3aKpIIUICHI B
KOpIyci, a 30BHIIIHI pPo0OYl BUTKH KOHTAaKTYIOThb 3 0OpOOJIIOBAIBHOIO
NOBEPXHEI0. Y BHYTPIIHIA 4YacTUHI Ae(OPMYIOUUX €JIEMEHTIB BCTAHOBJICHO
CKOOY IMITyJIbCHOTO FeHepaTopa, SIKUi po3MillleHuH Ha ocl. [2]
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PoGoTta mpucTporo ans CTaTHKO-IMITYJIbCHOI OOpPOOKM 3A1MCHIOIOTH Ha
CBepIMIbHUX  abo  ¢pesepHUXx  Bepcrarax. Y  IMOHAHAEII  BEpCTaTy
BCTAHOBJIIOIOTh 1HCTPYMEHT 1 HaJaioTh oMy o0epToBuil pyx Vi. 3aroToBKy
3aKpIIUIIOIOTh Ha CTOJi Bepcrary. llicas dYoro mnpucTpiit MABOAATH 110
00p0o0IIIOBaHOI MOBEPXHI 13 3a0€3MEUCHHIM IONEPEIHBLOTO HATSTY 3a PaxXyHOK
SKOTO 30BHINIHI pOOOYl BHUTKH 3HAXOJATHCS B CTaHI CTaTUYHOIO MIJITHUCKY.
[Ticnst yoro BKJIIOYAThH IMITYJIbCHHM TeHepaTop, SIKMM uepe3 CKoOy repefae Ha
30BHIIIHI pO0OYl BHUTKH IMITYJbC, MO (OpPMyE IUHAMIYHY CKIJIQJOBY CHIIH
nedopmMmairii, sAka 1HTEHCH(IKYE TPOILEC TOBEPXHEBOIO  IUIACTUYHOTO
nebopMyBaHHS 1 3MIIHIOE TIOBEPXHEBHM MmIap OOpOOJIIOBAaHOI TMOBEPXHI.
OnHOYacHO MPUCTPI OTpUMye OOEpTOBHIl pyX, IO 3a0e3Meuye MOMKIUBICTDH
00pOOKH Ta BUXO/DKYBaHHS 3a BCIEIO TIOBEPXHEO. [2]

3arapTtyBaHHsi 3 HArpiBaHHSIM CTpyMaMH BHCOKOi uyactotu. lle
MOBEPXHEBE 3arapTyBaHHsS MpPH HArpiBaHHI MeTaly I1HAYKOBAaHUM Yy HBOMY
3MIHHUM CTPYMOM BHUCOKOi 4acToTu. [Ipum Takomy croco0i BUCOKY TBEPHAICTb 1
HOBY CTPYKTYPY OJIEpXKY€ MOBEPXHEBUH IIap, a CeplieBUHA 30epirae moyaTkoBy
TBEPJICTh 1 CTPYKTYpY. JJIs BUCOKOYACTOTHOTO 3arapTyBaHHS BUKOPHUCTOBYIOTh
MalIMHHI Ta JIAaMIIOB1 reHepaTopu. [1]

BucokouacToTHE 3arapTyBaHHSI 3aCTOCOBYETbCSI Yy  BCIX  Tally3dx
MarmuHOOyAyBaHHS. Y pe3yabTaTi 3arapTyBaHHS HarpiBaHHSIM CTpyMaMU BUCOKOT
YaCTOTU MIIHICTh CTajied Ha BTOMIIIOBaHICTH 3pocTae Ha 40-100%, cTidKIiCTb
IPOTHU CIIPAIIOBAHHS JIeTajel micisi 0OpOOKM CTpyMaMH BUCOKOI YaCTOTH 3HAYHO
BUILA, HUK NpH HarpiBaHHl y mnedi. HarpiBaHHs cTpymaMu BHCOKOi YacTOTH
MOKa3aJo, 1110 B YMOBaX OKUCITIOBAIBHOTO CIPAIIOBAaHHS 3 HEBEIUKOIO MIBUIAKICTIO
KOB3aHHSI  BHCOKOYACTOTHE 3arapTyBaHHs TMIJABUINYE CTIMKICTh TMPOTH
CIpalfoBaHHS Maibke ynaBiudi. llelt Tum 3arapTyBaHHS OTpUMaB HaWOUIbIIE
PO3IOBCIOKEHHS TIpH 00poOIll 3y04yacTUX KOJIC, a TaKOX JUIS 3MIIHCHHS
BHYTPIIIIHIX TOBEPXOHB TJIMOOKUX OTBOPIB. [1]

[TepeBaroro BUCOKOYACTOTHOTO 3arapTyBaHHS € T€, 110 3a JOIIOMOT'OF0 IIbOT0
MPOIIECY MOKHA 3arapTOBYBATH IIapy TOBIIUHOIO BiJl COTUX YAaCTOK MUTIMETpa J10
necatd MutiMerpiB. Lleit MeTon HaWNMpPOAYKTUBHIIIMK Y MOPIBHSAHHI 3 1HIIMMH
METO/aMH 3arapTOBYBaHHS, BiH MOXK€ OyTH aBTOMAaTH30BaHUU Ta BKIIOUEHUN y
MOTOYHY aBTOMATH30BaHy JiHit0. KpiM Toro, meil MeToa 103BOJISE 3aMIHUTH
JIETOBaHI MapKy CTaJIel Ha BYIJICLIEBI, IO 3HAYHO 3MEHIIY€E BapTICTh JETaleH, a
TaK0X HE YTBOPIOE OKAJIMHU HA MOBEPXHSIX JIETACH, 10 T03BOJISIE BUKIIOYHUTH 3
TEXHOJIOTIYHOTO MPOIeCy APOOOCTPYMUHHI oneparlii. [1]

Meton audysiiinoro 3minneHns. Icaye 6arato cnoco6iB MOBEPXHEBOTO
3MIITHCHHS CTajJl Ta CIUIaBIB: HAIMJICHHS, J