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OBPOBJIEHHI JIETAJIEX HA BEPTUKAJBHO-®PE3EPHOMY
BEPCTATI

IMynna M.C., IN'opeuska A.€., HazapoBa O.C. (Vkpaina, 3anopixcocs, HY
«3anopizvka noaimexHikay») JOCJIIKEHHSA CUCTEMU
ABTOMATHUYHOI'O KEPYBAHHSA EJIEKTPOITPUBOJIOM
IF'OJOBHOT O PYXY IMO310OBXXHBO-CTPYI'AJIBHOT'O BEPCTATA

Cenuk H.FO. nayk. kep. k.T.H., noni.  Crenpko A.€. (Vipaina, m. Jlvsis,
Vipaincoka  axademia  opykapmcsa).  NIJABAIIMEHHSA  PECYPCY
AETAJIEM  TOJITPA®IYHUX MAIIMH KOMIIVIEKCHUM
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44,
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3.

METOJOM JU®Y3IMHOT O HACUYEHHS

Cumwok .M., Hayk.kep. I.T.H., HpO(b.ISOBaHeBCBKHfI C.B. (Vkpaina, m.
Kpamamopcox, /IMA) CATHATYPHUU HNIAXIJA Y 3ABE3IEYEHHI
KUTTEBOI'O HUKJIY BUPOBIB MAILIMHOBY IYBAHHS.

Cumoxk  J.M.,.€Emeupr B.B., Iluwiunenxko J.0. Hayk.kep. I.T.H.,
npod.Kosanescekuit C.B. (Vipaina, m. Kpamamopcok, /[JIMA) IMTPOEKT
XAB-UEHTPY IHHOBALHIMHUX TEXHOJIOI'TU

CkipniunikoBa A., Hayk. kep. K.1.H., gou. Komesa JIL.B. (Vkpaina, m.
Kpamamopcok, //IMA) POBOTU3ALIA TA ITHOOPMATHUBALIA -
BII/IUB HA ®I3UYHY KVYJIbBTYPA TA ®OPMYBAHHA
KOMITETEHIIA MOJIOII

Toxaps I.B., Epumenko O.B., [layrina T.B. (Vkpaina, m. Xapxie, XHA/[Y)
PECYPCHA OIIHKA BITPOBAJXKEHHS CYIOYTHUKOBHUX
HABITA-IIIMHUX CUCTEM Y JOPOXKHbOMY BYAIBHUIITBI

Hubyaenxo B.O., Bopouuwor b.C., (Vipaina, m. Kuis, KIII im. leops
Cixopcovroeo) OTJISAA TEXHOJIOI'II SELECTIVE LASER MELTING.

Mumvuno AJ. Hayk.kep. k.1.H. TynynoB B.I. (Vkpaina, m. Kpamamopcwk,
H/IMA). AHAJII3 TEXHOJIOI'TYHUX METOAIB 3MILHHEHHS
3YBUATHUX NOBEPXOHbB JIETAJIEM MAIIIUH.

Imatko B.A. nayk. kep.: k.1.H. Oniitnuk C.YO. (Vkpaina, m. Kpamamopcok,
H/IMA). AHAJII3 CYYACHOI'O TEXHOJIOTTYHOI'O OCHALIEHHSA
JIJII MEXAHIYHOI OBPOBKM JIPIGHUX BAJIIB

CEKIIA 2 - SECTION 2
(MAH 3 HayKOBO-IPOMHCJIOBOT0 NPOQiJio)

laii b. T., Kyab6auko O.M. yuni 10 kuaacy (Vkpaina, Mapiynone.
Komynanonuii 3axnad «Mapiynonbcokuti mexniunui aiyetr» Mapiynonvcvkoi
Mmicvkoi paou Qoneywvkoi obracmi) MATTUHUMA KBAJIPAT 1 METOJIM
HOro nosyJIOB"

Hixtenko LP., yuennnsi 11ki., HayK.Kep. yuuTelb (Di3UKH Ta MaTeMaTHKU
KonecuukoB C.O. (Vkpaina, C. Auopiiexa, Anopiiecoxuii 33CO) I — III cm.
Amnopiiscokoi  cinobcokoi paou Cnog’samucvkoeo pationy J{oneyvkoi 001.)
ICTOPUYHI HOTATKM BIAKPUTTSA E®EKTY JOIIJIEPA TA
MOro 3ACTOCYBAHHS

KazakeBuu VY. 3., yuennus 10 kaacy, Hayk.kep. K.T.H., gou. Kapunayx C.I'.
(Yrpaina, m. Cnoeaucok, 30L1 Ne 6, m.Kpamamopcok,/[/IMA) PO3POBKA
METOJAUKHU IOAO BUBOPY CITIOCOBY PO3AIJIEHHA ITPOKATY

HA MIPHI 3AI'OTOBKH 3 3ACTOCYBAHHSIM TPAIUIIAHAX 1
CUHEPITETUYHUX KPUTEPIIB
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10.

11.

12.

13.

Mapuenko A.M., yuenuns 11kJ., Hayk.kep. yautens ictopii [lleBuenko O.M.
(Vkpaina, C. Awnopiiska, Awnopiiecoxuti 33C0O) [ — Il cm. Auopiiscokoi
cinbcvkoi paou Cnos’sincokoeo paiiony Jouneyvrkoi 061.) OCOBJIUBOCTI
PO3BUTKY HAIIIOHAJIBHOI IHHOBAIIMHOI CUCTEMM
VKPAIHA B 20-ti pp. XXI c¢r. B KOHTEKCTI ICTOPIi ii
OOPMYBAHHS

Memkos A.lL nayk.kep. k.T.H., gou Cy6orin O.B., yunrens Ximii AKCEHKOBA
E.B. (Vkpaina, m. Kpamamopcox, 3011 Ne 16, /[/IMA) BYT'JEKUCJINU
I'A3 SIK JKEPEJIO OPTTAHIYHOTI'O ITAJINBA

Homep JI.O., yyennns 11ki., Hayk.kep. yuurenb matematuku Jlixrenko C.I.
(Vkpaina, c. Anopiiexa, Anopiiscokuu 33CO I — Il cm. Andpiiscvkoi cintbcbkoi
paou Cnos’sincokoco paiiony Joneyvxoi ooa.) ICTOPISI BUHUKHEHHS
KOMBIHATOPHUKU TA I'AJIY3I BUKOPUCTAHHSA

Ouaiitnuk /1. 5. , Kyas6auko O.M. yuni 10 kuaacy (Vkpaina, Mapiynons.
Komynanonuii 3axnao «Mapiynonvcokuti mexniunuii aiyei» Mapiynonvcokoi
micokoi  paou  Jomneyvkoi o6racmi) TMOBYJOBA EKOHOMIYHOI
MOJEJII 3A TOIIOMOT' OIO TEOPII ITOP

Hepenemuus I'., yuenb 11 ki., Hayk.kep. yuutens iHpopmatuku bemr A.M.
(Yrpaina, m. Kpamamopcox 33C0O Ne22) RFID TA 3AMOK HA ARDUINO

IMoakoa3una A., yuenuns 10 k., Hayk.kep., K.T.H. Kyaik T. O. (Ykpaina,
M. CioB’siHcbKk, 3O1INe6, m. KpamaTtopcesk, JJIMA) JOCIIIKEHHS
MNPOLECY ®OPMYBAHHS MIKPOPEJIBE®Y ITPOKATY

Hpoxkuasnunk J.JI., Hayk.Kep. yuyuTelnb MaTeMaTHKU binsBcbka B.B.
(Yxpaina, m. Kpamamopcvx, 30I1 Ne26) 3ACTOCYBAHHSA TEOPII
KOMIIVIEKCHUX YUCEJL Y ®I3UII TA TEXHIIII

Copokina K.®., yuenunsa 9 ki., HayK.Kep. yuuTenb marematuku KaminiHa
O.M. (Yrpaina, Byeneoapcuvruii HABYAIbHO-8UXOBHUL KOMMNJIeKC
«llonimexniunuii niyeti-3azanvrooceimus wikona I-1I cmynenie» Byzneoapcokoi
micokoi  paou  [Toneyvrkoi  obnacmi) TIOPIBHAJBHUM AHAJII3
JOLIJIBHOCTI 3AMIHU TPAJUIIMHUX TMIAPYYHHUKIB HA
EJIEKTPOHHI

Topcbkuii L.M., Kingpenko M. L. (Vkpaina, m. Cnos'ancox, 30ILLIN26)
INPUCKOPEHUM METOJI BU3HAYEHHSI 3MIHHM CTIMKOCTI
OCBhO-BOI'O HMHCTPYMEHTY I3 IBUJKOPIKYUOI CTAJI
P6M5 TIIICJSI OBPOBKH B IMIIYJBbCHOMY MATHITHOMY
MOJII

Hyasra 10.0., yuennus 10 ki1., HayK.Kep. yuuTenb MareMaTuku PsOomanka
JLB. (Vkpaina, c. Auopiiexa, Anopiiscoxuti 33CO I — III cm. Auopiiécokoi
cinocokoi paou Cnos’sucokoco paiiony Honeyvroi 061.) MATEMATHUYHE
MOJIEJIOBAHHSA
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Haitof Anas, Yuan Fang, Wang Yaoyao, Shkvar Ye.O. (P.R.China, Jinhua,
College of Engineering, ZINU).

IMPROVEMENT OF AERODYNAMICS AND DYNAMICS OF HIGH-
SPEED VEHICLES WITH THE USE OF MICROBLOWING AND CLUS-
TERED NVIDIA GPU-ACCELERATED EMBEDDED PLATFORM

The advantages of high-speed train as an object of the intermittent micro-blowing
application through the streamlined surface are introduced. The corresponding mathematical
model is elaborated and the computations of the external flow around a train body are
performed. The promising new concept of real-time visual data processing for improvement of
flight controllability during take-off and landing, based on MPI and massively-parallel GPU-
accelerated technologies of computations and clustering NVIDIA Jetson Nano embedded
platform is proposed.

Hagseoeni  nepesacu  eucokowsuoxkichoco noizoa sk  00'€ekma  3acmocy8aHHs.
nepepueuacmozo Mikpogoygy uepes oomiuHy nosepxio. Pospodneno ionogiony mamemamuuny
MoOenb Ha ocHo6i RANS nabnudicenns i 6UKOHAHI pO3PAXYHKU 308HIUHLO20 OOMIKAHHS KOPHYCY
WBUOKICHO20 Noms2y. 3anponoHo6aHo HO8Y NepCneKmuHy KOHYenyilo oOpoOKU 6i3YanbHux
OaHUX 8 peanbHOMY Haci 01 NiOBUWeHHS KepOBAHOCMI NONbOMY HA 31bOmMi ma nocaoyi,
sacnosany nHa MPI ma macusno-napanenvnux mexuonociax GPU-npuckopenux obuuciensv Ha
K1acmepuzogarii 60yoosanii niamgopmi NVIDIA Jetson Nano.

The perfect aerodynamic design of modern high-speed vehicles is one of the
most relevant aspects of their aerodynamic performance, energy consumption
efficiency and controllability. Due to the highly optimized shape of modern high-
speed vehicles, currently the promising research directions in this field are
associated with aerodynamic drag reduction by changing the structure of turbulent
energy exchange in the neighborhood of streamlined surface. The semi-empirical
mathematical models of near-wall turbulent exchange processes, developed by
prof. Shkvar Ye.O. [1], allow to reliably describe the mechanism of manipulating
the properties of turbulence and mean flow in cases of both separate and combined
application of the mentioned above drag reduction methods and the optimal
superpositions of their parameters and functioning modes can be reasonably
chosen. These methods have been successfully applied for providing the numerical
analysis of aerodynamic drag of different vehicles. In particular, the perspectives
of promising method of microblowing (injecting a small amount of air through the
streamlined surface into the boundary layer) have been analyzed from different
points of view, associated with its advantages and technical problems that should
be solved for its successful and efficient implementation for both aircraft high-
speed train design elements.

Numerous studies [1-3] give grounds to assert that already traditional for the
aviation industry blowing technologies are perspective in railway transport,
especially for high-speed trains. The use of blowing technologies in the railway
sector has several advantages:
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- the proposed blowing technology does not affect the stability of the railway
vehicle, since the direction of motion is determined by the fixed direction of the
rails and under normal operating conditions (in the absence of a strong side wind)
it does not cause dangerous flow separation modes;

- the application of blowing technologies is expedient, first of all, for high-
speed trains, since it most effectively acts on friction drag D;. The shape of the
streamlined surface of the aircraft fuselage or the underwater part of the ship's hull,
submarine or torpedo is very similar to the shape of the head part of the car, but the
train is much more stretched and, accordingly, the aerodynamic drag to the
movement of the high-speed train will be formed to the greatest extent due to the
friction component, which determines the feasibility of using blowing exactly to
minimize Dy;

- the effects associated with the effect of air compressibility, such as the
appearance of shock waves and their strong interaction with the boundary layer,
which are unavoidable in the flow around the outer surfaces of the most common
transonic airplanes in civil transport aviation, are not relevant and should not be
taken into account as factors that negatively affect the efficiency of blowing
technology realization;

- for blowing the air can effectively be bled from the frontal part of the head
car, and then to redistribute it along the streamlined surface. It allows to reduce the
overpressure near the stagnation point and, in addition, to reduce the pressure drag
Rp due to the centralized air bleeding required for blowing system operation, in the
vicinity of the forward stagnation point.

Thus, the microblowing seems to be efficient, reasonable and practically
applicable to high-speed trains (Fig. 1) and mathematical modelling of its
intermittent realization and further efficiency analysis is the goal of the presented
research.

Mottt ot m oo

Penetrable
sections in the
streamlined
surface
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Fig. 1. The principal idea of intermittent microblowing realization through the
array of permeable sections of streamline surface (or its part) of high-speed train

The conducted research was based on a unified and simplified high-speed
train geometry and working conditions, namely: 8 carriages 25 mx3.4 mx3.8 m
(length x width x height) train with total length 25x8=200m (Fig. 1), 100 m/s
(360 km/h) cruising speed and symmetrical flow around it. The most important
problem is to get the aerodynamic characteristics of a long (200 m) high-speed
(about 100-125 m/s and more) train with presence of small value of locally
distributed blowing velocity (about 0.1 m/s). This problem has been solved by its
effective decomposition into two following conjugate parts: (1) Modeling of the
flow around 3D high-speed train without considering the blowing effect in a big
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domain, covering the whole train body; (2) Independent modelling the turbulent
boundary layer in small enough domain, localized in the vicinity of train external
surface. Such decomposition is possible because of two reasons: (1) Blowing
effect, due to its localization near streamlined surface, affects effectively only on
the skin friction coefficient, which under non-separation conditions can’t change
the parameters of pressure distribution over train body. So, pressure distribution
can be calculated only once for the case of blowing absence; (2) The boundary
layer parameters can be determined independently for different kinds of blowing
influence on the base of known pressure distribution, when blowing is absent.

The developed turbulent flows over a flat plate with a single perforated
section (Fig. 2a) and through the set of three penetrable sections (Fig. 2.b),
experimentally studied by Kornilov, Boiko [3], has been simulated numerically.

Cy
0,003 |
0,0025 f
0,002 |
0,0015

0,001 |

0,0005 -
1 12 14 16 18 2 1 1,2 14 1,6 18 ],

Fig. 2. Local skin friction coefficient distribution Cs(x) along the flat plate with different kinds of
penetrable sections: lines — numerical prediction of without blowing (line 1), with uniform
blowing, C,=0.00277 (line 2) and non-uniform blowing, Cp=0.00344 (line 3). Circles —
corresponding experimental data, obtained by Kornilov, Boiko [3]

The applicability of intermitted microblowing has been tested for the high-
speed train in the form of a set of transversal penetrable sections with Ax,, =10m,
intermitted by impenetrable sections, with the same width ax (Fig. 1). The obtained
distributions of Ci(x) are illustrated by Fig. 3 ( Cy=0.0025). The obtained
distributions of C, allow to get the total skin friction coefficient of train’s body

Sextern 1 | , Where m? - area of external streamlined surface of a
Cp = —[cyax Sy e = 2420
Smid L 0

train, s, =12m? - area of its middle section, L=200 m — train length. For the flow
without microblowing this coefficient is C., =02916, for the uniform
microblowing c., =0.04351and in case of non-uniform intermitted microblowing
Cr.w =0.1336. Thus, uniform microblowing with C,=0.0025 allows to reduce skin
friction drag in C.,/C., =6.7times, but can’t be realized practically due to high risk

of flow separation. Nevertheless, periodically intermitted microblowing with the
same intensity C, is not so dangerous and requires only a half of secondary air
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flux. Moreover, as it can be seen from Fig. 3, the distribution C¢(x) for intermittent
blowing (line 3) is localized closer to line 2 that corresponds to uniform blowing
than to line 1, which is related to no blowing case. According to the results of
numerical predictions it allows to achieve the skin friction drag reduction in
Ce,/ C., = 2.18 times. In real physical conditions the intermittent microblowing
expected to be even more effective due to lower relaxation rate over impermeable
sections of streamlined surface than it was predicted on the base of the developed
numerical model.

C’f \
0,002 [

L K
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Fig. 3. Local skin friction coefficient as a function of the length of perforated section for:
1 — no blowing; 2 — uniform blowing C,=0.0025; 3 — intermittent blowing C,=0.0025

In addition, the principally new concept of improvement of flight
controllability and safety, based on realization of multi-channel continuous
automatic visual monitoring of high-speed vehicle surrounding, massively-parallel
GPU-accelerated NVIDIA Jetson platform, Message-Passing Interface (MPI),
CUDA and Artificial Intelligence data processing and functioning in real-time
mode, is proposed as a perspective additional source of flight state information and
for coordinating the current flight data from other sensors and reasonable
synthesizing the required control laws. Previous research results in this field under
the guidance of prof. Shkvar Ye.O. were associated with multithreaded
implementation of GPU-accelerated processing of visual content and the developed
OpenMP-based algorithm demonstrated low efficiency losses (up to 6.7%) for
GPU-accelerated visual data processing of several (up to 4) independent threads,
coming from 4 differently located identical video- cameras using the embedded
computational platform NVIDIA Jetson TX1 [4]. In the current stage of this
research direction we have changed the computing paradigm from OpenMP
multithreading to multiprocessing based on a combination of MPI technology for
scaling computational resources. As a result, the computational platform was
modified to more scalable clustering system, consisting of several very compact
NVIDIA Jetson Nano nodes with 128 GPU cores and 4GB RAM each, linked by

Gigabit Ethernet switch (Fig. 4).
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Fig. 4. Design of architecture of
the  distributed  computational
NVIDIA GPU-accelerated

The triple-channel mode of MPI-based visual-data processing is
demonstrated by Fig. 5.

Fig. 5. MPI GPU-accelerated processing of video
data for horizon recognition in real-time mode

Obviously, the reliability of the proposed clustering system is much higher
compared to any multicore computing device, because even if one node of this
cluster fails, the rest of nodes will work and interact each other independently, so
in this case we simply get a failure of one of several information sources without
losing the functionality of the computing device as a whole.

Conclusions

1. The conducted numerical predictions of turbulent boundary layers over
flat plate with both uniform and non-uniform microblowing demonstrated quite
good agreement to the corresponding experimental data.

2. The periodically intermitted microblowing through the streamlined
surface of high-speed train, simulated numerically, demonstrated its promising
potential that will be further studied in details theoretically and experimentally.

3. The proposed MPI-based scalability of parallelism of NVIDIA Jetson
GPU-accelerated real-time processing of video-content is more productive and
reliable in comparison with its previously realized multithreaded version, so it can
be recommended for use in various modern high-speed vehicles.
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TOWARD AN ECOLOGICAL LEADERSHIP

The authors aim to explain the connections between ecology, democracy, and leadership
in a green economy. The ecology and the economy could be of equal importance with the
assistance and guidance of a democratic eco leader. Ecological leadership builds on the
knowledge of how to recognize environmental opportunity costs of underutilized resources and
achieve eco-friendly innovation. Democracy is the basis of leadership because it is the only
system that can win in the process of changing modern organizations towards green
development. The eco leader is the fuel of the green economy development process.

1.INTRODUCTION

This paper aims to point out the strong bonds among ecology, democracy,
and leadership. In the first part, we will show that ecology and economy are not
inevitably on the opposite poles, as the Holland flower industry and the new
technologies for pollutant reduction cases can prove. In the next part, we will deal
with the greatest of all social experiments, democracy. It is the only system able to
cope with the challenges of the ecological environment. Finally, the last part has a
focus on the eco leader and his/her focal point.

2.ECOLOGICAL ENVIRONMENT IMPACT ON LEADERSHIP

Porter [1], the greatest expert for competition, showed in one of his works
how leadership effectively responds to dynamic changes of environment. Many
people have fixed opinion that economy and ecology are on opposite poles. On one
hand, here is a social advantage of a clean environment and, on the other, the costs
of private capital for preventing pollution and improving environment. This
statistical approach neglects the fact that companies constantly find innovative
ways how to adapt themselves to changes under pressures of competition,
consumers and legislation. These innovations lead to more productive use of inputs
— from raw materials to energy and labor force and the increased productivity
makes companies more competitive and more green [2]. These improvements in
productivity reject greater yield for companies than additional costs based on new
regulations. The Holland flower industry was under great pressure of the public
and State because of land pollution caused by artificial fertilizers [1]. The
producers, under the pressure, ceased growing flowers on the land and started to
grow flowers on water and stones - and improved their productivity,
competitiveness and share in world market. The pollution, releasing toxic and
waste maters into environment, should be considered as uneconomical and
ineffective use of resources. In this is a key of the story why the Holland flower
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industry today is not an exception in the world economy but ever more a rule.
Also, the blame for uneconomical use of resources has been shifted to direct
consumers through prices. For many leaders this concept has opened new roads
towards the increase in productivity both through closed production technologies
and through substitution of materials. As leaders have made a deviation from the
costs of ecology, because of legal regulations, towards opportunity costs of
ecology — the loss of resources, loss in profitability, diminished value of products
for consumers, the ecology and economy have found themselves at the same level.
The sustainable economy of the 21st Century will be green economy [3].

In researches of 29 leading chemical plants [1], 181 new technologies for
pollutant reduction have been discovered. Only one of them has caused increase of
costs. Out of 70 activities on products, 68 has shown rise of productivity, 7% of
them at annual level. 48 activities have been carried out without capital, two thirds
of the remaining activities paid off within 6 months or in shorter time. In the mass
of these activities, 1 dollar of expenditure for preventing pollution has brought 3.49
dollars of increased revenue. In 1990, the prohibition of the CFC because of ozone
bought about disturbing titles in newspapers on disappearance of refrigerator, but
luckily the companies dealt with innovations and not with reading black forecasts.
The modern industry is based on propane-isobutene. The results are: 10% greater
power efficiency and 5% lower final prices for consumers. What stand should the
leaders and business organization take in these industries? The authors message is
the following:

. Direct and indirect impacts on environment are to be compared.

o It should be learnt how to recognize opportunity costs of insufficiently
used resources.

o Atmosphere in an organization stimulating innovative solutions
increasing production should be created.

o They should be proactive in defining new type of relationships with
regulation makers and ecologists.

We would like to add another one, the primary one [4]. They should, with
the assistance of leaders of changes, on a democratic basis, create a high-
performance organization. That type of leader named eco leader would be a
champion of green development.

3.DEMOCRACY AND LEADERSHIP

The democracy, the greatest of all social experiments, has not yet been
rounded up nor finalized either. The democracy is being transformed. And it
supports transformation. The democracy is related to people [4] and the rule how
we live our lives, how we behave at work, what principles and values we adhere to,
what kind of authorities we have on local and higher levels, and what are our hopes
for the future. The democracy inspires the freedom, equality, individual values,
justice, and openness. The democracy is open and sensitive to changes. A
democratic organization is based on people who are free, intelligent and
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competent. The democracy is not one man — one voice, everyone-does-what-he-
pleases, chaos and anarchy. It is highly organized, purposeful, accountable and
disciplined.

The democracy is inevitable because it is the only system able to cope with
the requirements of the modern civilization changes, both in business and in
political sense [5]. In the past the business leaders were of opinion that the
democracy was beautiful but not efficient in the business world. Their attitude was
the “democracy is a good thing for good people, but they do not work for me”. The
history has shown that nations with democratic systems have had relatively richer
and more stable development than those with authoritative regimes that have been
suffocating either in blood or in poverty. The democracy has been the only one that
has coped with the requirements of the modern civilization changes, and it may be
said that it is the only one capable of adapting itself to changes in the future as
well. The practice also shows that growing number of business organizations are
aware of efficiency of the democracy, not only the newly founded ones but also
those with a long tradition, and they implement it successfully.

It is well known that most of the scientific institutions have always had a
democratic system of organization. In the atmosphere of equality, liberalism and
pluralism the forms stimulating new and more advanced ideas have been built.
This is necessary to be done in the green economy as well — particularly when a
change is omnipresent and when new creativity is needed. For these organizations
the democracy is not an idealistic concept but an everyday reality based on
effectiveness. The democracy is becoming a necessity whenever a social system
strives for survival under the conditions of chaotic changes. For the organization to
subsist and survive, it has to be prepared to everything and to be future-oriented, it
has to develop products, services and technologies irrelevant for the present, if they
may be relevant for the future.

The leader who is required to create a business environment of high-
performance is undoubtedly a democratic leader [6]. Democracy is the basis of
leadership because it is the only system that can cope with the demands of changes
of modern civilization. The success of sustainable economic reforms depends on a
series of small steps towards the establishment of high-performance with smaller
organizations, organizations on the basis of a new philosophy, functions and forms
of leadership, as well as the vision and values, change the strategy, structure and
system of the organization.

The ideal of an organization of the future is a model preparing an enterprise
to successfully face many complex problems and to respond to them in a manner
which would be of utmost benefit for it [7]. In such an organization the power is
not on the top but in leader's working teams. The power lies in the position, but the
root of power is in expert knowledge of the team members. Such teams and
organizations may not be managed in an autocratic manner.

A new leader is certainly not an autocrat but a democrat. A democrat will
succeed to stimulate and motivate. A democrat will know how to use all potentials.
A democrat will allow the leader’s jobs to descend from the top level to the team
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level. A democrat will strengthen teams and team work. Such approach is the right
approach that will contribute creating high performance organizations because
such organizations are a set of strengths of all teams and team members in them. It
may not be designed by a wish of any brilliant individual in the top position; it may
be designed only if a vision of all people in the organization is a common one.
Thus, the democracy lies in the core of high performance organization and a
democratic leader - the leader eliminating the worn-out hierarchical systems in
management, is the right type of leader for a high performance organization.

4,ECO LEADER

The best way to obtain an answer about an eco leader would be by doing
researches on leaders of effective companies [8]. Out of 1,435 companies from the
Fortune 500 in the period 1965-1995, by using the process of selection, it was
found that there were companies which had index of growth at least three times
greater than the New York Stock Exchange average, and they maintained it for at
least 15 years. Such companies are called great companies. They had to be good
companies that had rate of growth of shares at least 1.25 times greater than the
Stock Exchange rate. They had to be the companies already existing and not the
newly established ones, while their success should have not stemmed out of the
economic branch success. The final number of such companies was 11, with an
average growth of 6.9 times greater than the average growth of American
economy. A dollar invested in these companies in 1965 after 30 years was worth
471 dollars, while investing in general markets would have rejected 56 dollars. In
the paper they were compared with good companies of similar size and age, in the
same branch and with similar products and services. Also, a group of unstable
companies was introduced having some similarities but which had a distinctive
peak in growth and fell fast, with the cycle that lasted less than 10 years. It is
Important to notice that with great companies the criterion was to further maintain
the growth of shares at the time of researches.

The greatest shock for researchers was that all 11 great companies had
leaders which were of the “same kind” [9]. The leaders leading great companies
are called the level 5 leader. Level 1 includes individual competency, level 2 the
team work skills, level 3 a competent manager, level 4 a traditional leader. Level 5
contains all from the preceding levels along with an “extra dimension’:
paradoxical mixture of personal modesty and professional will. A level 5 leader
directs his ego further from himself setting as his higher goal the creation of a great
company. This does not mean that he is not ambitious, he is actually very
ambitious, however, his ambitions are directed towards the institutions and not
towards his own self. An interesting dual character of personality is reflected with
them: modest, but willful, humble, but fearless. They as a rule do not speak about
themselves but about the organization. The researches show that they as a rule
come “out of home” contrary to the leaders of the compared and vanished
companies. The compared companies have engaged six times more outsiders for
the leadership position. Also, compared to them a level 5 leader appoints his
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successor at quite early stage and trains him for a successor. They will stoically
and uncompromisingly do all that is necessary for the existence and growth of their
organization. They are fanatically infected with producing results. When they
speak about their success they say that they have been lucky. When they speak
about failures they blame only themselves. Level 4 leaders do the very opposite,
for their failures they blame bad luck, while they ascribe a success to their credit. |
would like to notice once again that level 5 leader is not an ideological guideline,
but an empirical fact.

Collins [10] has gathered a great base of level 5 leaders from all spheres of
society. He has concluded that in human population there are much more of such
leaders than of egocentric ones who are more represented in media. Our culture
and media like leaders who are greater-than-life, and those quiet, modest and
effective ones. The problem is not in shortage of the level five leaders. They are
actually everywhere around us. The dynamic changes expected in this century will
condition our attention towards them so that green economy and sustainable
society could successfully cope with changes, because they are the key to
overcoming them effectively. The task of society will be to identify, cultivate and
develop them.

Effective eco leaders [11]:

o Define mission of an organization as a framework for performing
environmental activities.

o Create eco-friendly environment in which people are not only
esteemed but also encouraged to achieve their full potential, where everyone is
treated equally.

o Shape corporate culture in order to replace conformity, obedience and
mechanical behavior with eco-friendliness, creativity, autonomous and continual
learning.

o Transform organizational forms from a rigid pyramid towards the
fluid circle, towards the developed network of autonomous units.

o Encourage innovating, experimenting and risk taking.

o Anticipate the future by reading the present.

o Make new bonds within organizations and new connections within
collaborating teams.

o Establish new alliances outside their organizations.

o Constantly study organizational forms of both their own organizations
and those advanced in ecologically sustainable environment.

o Identify environmentally hazardous links and replace them.
o Think globally rather than nationally or locally.
. Identify and respond to new and unforeseeable needs of collaborators.

o They are proactive, not reactive, and comfortable towards ambiguity
and uncertainty.
o For them eco-friendliness is not an option, but the focal point.
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5.CONCLUSION

Very vivid connections among ecology, democracy, and leadership have
built a clear path toward an ecological leadership. The eco leaders are a basis for
democratic development in modern green economy, in which the power is
distributed and not concentrated. It is crucial that he/she accepts the human nature
as such and to respond to it. A level 5 eco leader will succeed in responding to
changes of this century. Eco leader would be a champion of the green development
and an engine of the green economy. For them eco-friendliness is not an option,
but the focal point of their vision.
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ANALYSIS OF CUTTING FORCE AND FRICTION COEFFICIENT
INFLUENCE ON TITANIUM

Based on some studies results of the author, this paper reviews the machinability of
titanium alloys and its development status. The study results mainly based on the finite element
method to simulate the machining of titanium alloys and the actual machining are introduced.
The influence of machining force and friction coefficient parameters on titanium alloys
machining are analyzed emphatically. The final conclusions pointed out some current research
trends and the author's future research directions.

1. Introduction

The excellent combination of high specific strength and fracture toughness
as well as low density and exceptional corrosion resistance are unique properties of
titanium alloys. Titanium alloys are substantial engineering materials used in
aerospace, aircraft, automotive, chemical, and biomedical industries. However, due
to their low thermal conductivity, low elasticity modulus, high chemical reactivity
and high hardness at elevated temperature. The machinability of titanium alloys is
poor, they are classified as hard-to-cut materials. Currently, machining of titanium
alloys still remains as one of the major industrial concern [1,2]. From these
perspectives, it is of great significance to study the machining of titanium alloys. A
paper on bibliometric analysis of machining of titanium alloys research shows that
the annual growth rate in machining of titanium alloy research is 16.94%, which
indicates that machining of titanium alloy research has gained rapid attention since
2016 and gradually evolved over the years. This study also shows that China is the
leading country in this research field[3]. Titanium has two types of crystal structure
namely Alpha (o) and Betta (B)[4]. In temperatures below 882°C titanium can be
found in o phase crystal structure. While temperature goes beyond 882°C, the o
phase undergoes an allotropic transformation to  phase. This phase remains stable
up to the melting point of titanium (1,668°C)[5]. Titanium alloys are classified into
five main groups:a; near a; a+f; B; near .

Based on the author's research results, this article also compares and
analyzes the views of different scholars on the same issue. The research results
based on the finite element method to simulate the titanium alloy machining
process and the actual machining process are introduced, and these studies are
analyzed to obtain the influence of different parameters. The parameters to be
discussed mainly include cutting force and friction coefficient. To understand the
current status of titanium alloy machining, the purpose is to guide further research
and increase machining efficiency and optimize economic benefits in the actual
machining of titanium alloys.
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2. Details analysis of Titanium alloys machining process

Many scholars’ studies have determined that when machining titanium
alloys, most tool materials that exhibit excellent performance when machining
other materials, exhibit moderate to poor performance. A. Hosseini et al. concluded
that the difficulties in machining titanium alloys are caused by the combination of
the following features: poor thermal conductivity, low modulus of elasticity and
the consequent spring back, chemical reactivity, Hardening due to diffusion and
plastic deformation, mechanism of chip formation[7]. Machining is a
manufacturing process with a large number of interacting variables. The produced
geometry is influenced by many variables, except tool geometry and coating on
machinability titanium alloys, such as cutting speed, feed, cutting depth etc.
Machinability of a material is usually determined based on criteria such as tool life,
tool wear, cutting force, chip formation, cutting temperature[8]. The fabricated
parts for high tech industries require, generally, high dimensional accuracy and
good surface integrity, being the machining an essential production process for
reaching these requirements[9]. However, machining titanium alloys is not
easy[10]. Implementation of such technologies should be carried out on the basis
of functional-oriented technologies (FOT) [11]. Modelling and simulation can
significantly enhance the understanding of complex manufacturing processes.
Using finite element modelling (FEM) , cutting tool geometries can be
investigated replacing the need for expensive experimental works leading to
software defined manufacturing. In addition, they can help making informed and
data driven decisions for planning machining experiments[12]. Cutting simulations
using 2D/3D FEM software (such as DEFORM, ABAQUS, LSDyna, or
AdvantEdge) can significantly accelerate and reduce the cost of analyzing the use
of new wear-resistant coatings for different tool materials[13]. This obviously also
applies to the analysis of other parameters. At present, Ti-6Al-4V, an a+f titanium
alloy which was first developed in the 1950s [14], is the most used titanium alloy,
so the study object is mainly based on Ti-6Al-4V.

The author studied the details of titanium alloys machining process, in which
analysis of the parameters that affect the machinability include cutting force,
cutting depth, cutting speed, cutting tool, cutting temperature, chip formation,
friction coefficient. The parameters to be discussed in this paper mainly include
cutting force and friction coefficient.

2.1 Cutting force

According to the author's research, the cutting force has a relationship with
cutting speed, cutting depth, and coefficient of friction, and is positively correlated.
It has the same relationship with cutting tools, but it is more complicated, which
involves the tool geometry, material etc. The dynamics of the cyclic change in the
cutting force is a consequence of the adiabatic shear in the chip formation zone and
Is confirmed by the sawtooth shape of the chip[15]. The cutting forces and
therefore the cutting power required to machine the material thus increase with
strain hardening of the titanium alloy and decrease with increasing cutting
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temperature. Model M2 developed by Ozel and Karpat [16] Predicted the cutting
forces with good correlation to the experiments indicating its superior material
constants found by evolutionary computational algorithms[17]. The cutting forces,
stresses and temperature extracted in the DEFORM-2D and AdvantEdge are
different and incomparable. In particular, AdvantEdge calculates the dynamic
equilibrium in time by an explicit time integration method using a Lagrangian
finite element formulation whilst DEFORM is an Implicit solver employing the
Newton Raphson technique. Liu, Cen, et al. concluded in their research on cutting
force on cutting force based on three basic forms of constitutive equations.: one
variant of the Johnson-Cook model seems to provide the most consistent values for
the uniaxial tensile simulations and scratch tests, a proximity within an error of
5%[18]. At the same time, some scholars have proposed new alternative machining
methods that can reduce cutting force and reduce machining costs, such as laser-
assisted machining (LAM)[19], ultrasonic machining (USM), electrical discharge
machining (EDM), ultrasonic-assisted turning (UAT), hot ultrasonic-assisted
turning (HUAT) and cryogenic-ultrasonic assisted turning (CUAT) etc. LAM and
hybrid machining can reduce the cutting forces and provide substantial
improvements in machinability of titanium alloys[20]. UAT can significantly
improve the machining performance of these intractable alloys, and the cutting
force can be reduced by more than 70% on average during the machining of
titanium alloys[21].

Experimental study showed that 42% reduction in cutting force was
observed in UAT method with respect to conventional turning (CT) while this
reduction was observed as 46% in the simulations[22]. UAT changes the
relationship between tool and work piece thus reduces cutting force and
temperature on the cutting zone. UAT provides better surface finish and roundness
for work piece[23]. But cutting speed is the main disadvantage of UAT. In the
thermally assisted machining of Ti-6Al-4V, reduction in forces are observed with
the increase in heating temperature [24]. Ra values under the CUAT process are
reduced significantly in comparison to UAT and processes, respectively. UAT and
CUAT processes resulted in discontinuous chips having smaller chip thickness in
comparison to the CT process.[25]

2.2 Friction coefficient

The author studied the influence of tribological factors on the stress-strain
and thermal state of the workpiece in titanium alloys machining. The main goal is
to study how different friction coefficients affect the formation of product stress-
strain and thermal state under certain cutting conditions and parameters. The
comprehensive analysis of these factors will help to analyze and evaluate the
effectiveness and feasibility of measures to improve the machining conditions of
titanium alloys in terms of tribology, so as to increase machining productivity and
ensure the specified quality of the surface layer to be processed. The study carried
out shows that the friction coefficient significantly affects the load parameters of
titanium alloy machining.
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The friction coefficient has a significant effect on the cutting force. As the
friction coefficient increases, the cutting force is positively correlated. Strangely
enough, the coefficient of friction has virtually no effect on the shear angle during
cutting, and thus also on the chip thickness (compression) ratio. The provided
friction coefficient has a significant influence on tool wear both on the rake and on
the flank faces when machining titanium alloy. In addition, it should be noted that
regardless of the cutting speed and the friction cutting conditions provided, the
maximum wear rate of the rake face is stronger than the maximum wear rate of the
side surface.

This also verified that the tool flank side is the main subject of tool wear in
most of the cases in both coated and uncoated tools[26]. The majority of tool
failure mechanisms were due to flank wear and excessive chipping on the tool
flank edge[27]. The performance of a cutting tool is normally assessed in terms of
its life on the basis of certain wear criterion, mostly flank wear that largely affects
the stability of the cutting edge and consequently the dimensional tolerance of the
machined work surfaces[28]. Based on the comparison with the known
experimental data, it can be concluded that, compared with Archard model, the
Usui model is more adequate for describing the process of tool wear when
machining a titanium alloy. The most effective method for reducing the friction
coefficient when cutting titanium alloys is the use of special wear-resistant and
antifriction coatings[29], as well as the use of lubricant-cooling liquids[30].
Several technologies, such as cryogenic cooling, solid coolants/lubricants,
minimum quantity lubrication (MQL)/near-dry machining (NDM), high-pressure
coolants (HPC), internal tool cooling and compressed air/gases have been
developed in recent years to reduce temperature in the cutting zone and increase
the overall effectiveness of the cooling and lubrication process [31].

3. Conclusion

By consulting the articles on titanium alloy machining in the Scoops and
WoS scientific databases, it can be concluded that the machining field of titanium
alloys has broad prospects in the areas of MQL, nanofluid, cryogenic machining,
cutting temperature, CFD, microstructure, sustainable machining, green
machining, tool wear, nano machining, optimization, tool life with major
machining process like turning, milling, grinding, drilling, UAT, CUAT, HUAT,
EDM and WEDM etc[3].

Regarding titanium alloys machining, in addition to studying cutting force,
cutting tools and friction coefficient, the author also studies cutting depth, cutting
speed, chip formation, and machining methods. At this stage, it is only finite
element simulation analysis, and the actual machining is in progress. The
simulation conclusions that have been drawn will be verified in the actual
machining process. The influence of lubrication/cooling mode and cutting tool
material will be studied in the actual machining. And UAT machining technology
will be studied. The UAT is a truly novel and feasible machining technology,
which has important industrial significance for its research and improvement.
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PROCESS SIMULATION OF AUTOMATIC PRODUCTION LINE BASED
ON TECNOMATIX

On the basis of tecnomatix software technology, through mathematical modeling, assist
the existing equipment to establish a flexible automated production line, establish a production
line simulation environment!!l, based on the simulation environment, simulate the process flow,
and form an innovative production plan. Analyze the problems in the simulated production
process, propose optimization plans and improvement suggestions, improve the visibility and
predictability of the production process, thereby reducing the impact of product changes, greatly
reducing the testing and installation process, reducing the root cause analysis time, and refer to
the standard Mathematical modeling to analyze production quality errors.

1 INTRODUCTION

Tecnomatix software is a comprehensive set of digital manufacturing
solutions that can digitally transform the process flow through simulation.
Tecnomatix simulation is to use software to simulate and debug a flexible
automated production line composed of existing equipment. It can accurately
formulate the manufacturing process and realize automatic data collection at the
manufacturing end, thereby shortening the planning time and better ensuring the
reasonable planning of process plans and resources. Optimize the allocation of
resources to lay the foundation for the establishment of a complete digital system
21, Inspection of the manufacturing process in a virtual environment can reduce
and reduce actual errors and delays, make reasonable planning, improve the
resource utilization rate of the entire manufacturing system, increase production
efficiency, reduce corresponding costs, and increase competitiveness.

The overall simulation process of the automated production line

The Tecnomatix software simulation process includes production line layout
and optimization, equipment modeling, production line basic model creation,
mechanism motion planning and simulation, part process implementation process,
production process planning and logic simulation, and operational data collection
and verification.

The basic idea of simulating the process of automated production line is:
firstly, the actual two-dimensional layout of the production line is surveyed and
mapped, and then according to the actual production line equipment model, a 1:1
three-dimensional model is established using software such as NX, and the three-
dimensional layout is performed according to the two-dimensional drawing.
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Figurel:Production flow chart

Each equipment in the bureau assigns organization definition and logic
control, and then simulates the operation of the overall production line, collects
and analyzes the data, analyzes its rationality, compares the simulation plan with
actual production, and draws expected conclusions.

2AUTOMATIC PRODUCTION LINE SIMULATION AND PROCESS
VISUALIZATION ESTABISHMENT

2.1.Create a virtual environment
2.2. Actual size surveying and mapping
2.3. Establish a preliminary layout

3 IMPORT RESOURCE FILES

Import resource files such as structural parts, machine tool equipment,
production line environment, fixtures, transmission lines and robots into the
resource library

3.1 Establish process planning and simulation

The actual planned production process is verified on the simulated
production line, and planning and simulation are carried out in the simulated
production line to achieve rationalization and standardization, and achieve the
expected process planning effect. The Tecnomatix software classifies and manages
the imported resources. After the model conversion is completed, the resources are
loaded in the navigation tree window, etc., and the corresponding operation
commands (Device operation,Gripper operation and other operating instructions),
equipment, tooling and other models are allocated to the corresponding processes
according to the process tasks, and the process timeliness are formed.

3.2 Process path planning and design

After the simulation production line is established, in a visual environment
containing the required tooling, tools, and product 3D models, follow the process
steps to plan the zero

Process procedures and processing paths of components, such as robots
grasping and processing workpieces, movement of machine tool spindles, opening
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and closing of equipment doors, disappearance and appearance of logistics, etc.,
and form the process operation path of the entire production line

Plant Simulation is used to optimize throughput, relieve bottlenecks and
minimize work-in-process. The simulation models take into consideration internal
and external supply chains, production resources and business processes, allowing
you to analyze the impact of different production variations. You can evaluate
different line production control strategies and verify synchronization of lines and
sublines. The simulation model lets us define various material flow rules and check
their effect on the line’s performance by comprehensive analysis tools, including
bottleneck analyzer, Sankey diagrams and Gantt charts.

3.3 Process path simulation

According to the process path design, simulate the process process to ensure
the feasibility of the path and verify the processing sequence, process path, and
components of the parts

Whether the operation process of moving and clamping is reasonable [, to
ensure that the parts can move along the expected processing path without
interference, and to check the rationality of the processing process, and form a
process chronology diagram. The process can be adjusted, and the process can be
optimized through simulation verification, and finally a reasonable processing path
can be obtained. After verifying the rationality of the actual machining process on
site through simulation simulation, the same process flow is operated on the actual
production line equipment, and combined with the actual production situation, the
final more optimized process flow is obtained, and then applied to the final
production process.

3.4 Interference analysis during processing

Tecanomtix software has a collision and interference check function. There
are many types of interference inspection, and the corresponding interference
inspection method can be selected according to different inspection objects.

Method: Set the minimum gap between parts and perform interference
checking during the movement of the simulation model to verify whether there is
interference between parts during the machining process®, during the movement
of each equipment model, and during the transfer process of converting machining
positions. According to the interference detection results, adjust the processing
sequence or processing path to achieve optimization and improve the rationality of
the process.

4 SYSTEM IMPLEMENTATION

In the traditional manufacturing process, planning, production, quality, and
statistics are basically controlled by humans. The manufacturing is difficult, the
production organization is difficult, the integration between equipment is poor, and
the two-dimensional drawings and text descriptions in the traditional
manufacturing process, It may be due to poor understanding of production
personnel, resulting in process understanding deviation, affecting efficiency and
quality. Through Tecnomatix software simulation process, process documents and
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animations are associated, effective managementl®, production and layout are
realized, the utilization rate of the overall production line is improved, and the
layout and staffing are optimized.

5 CONCLUSION

Through the application of Tecnomatix software, the process simulation and
verification of the automated production line is realized, the visualization level is
Improved, and the manufacturing enterprise can better adapt to the new products
and new management models, through simulation and verification, provide some
optimization and improvement ideas for planning and construction, optimize
resource allocation, and lay a solid foundation for the establishment and
improvement of digital systems. From a global perspective, automated production
Is the future Development direction, while automated production simulation can
also improve and upgrade traditional automated intelligent manufacturing.
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MOTIVATION AND CULTURE AS FACTORS OF DEVELOPMENT OF
MULTINATIONAL COMPANIES

Motivation and culture are a significant factor for the progress and development of the business
of multinational companies. By analyzing examples from practice, the paper presents the business and
results of the multinational company Enron. The authors in the paper, through the business of Enron,
point out the specifics of motivation and culture from many available sources. By presenting the example,
the authors want to point out the importance of business ethics in corporate governance, changes that
need to be introduced in theory and practice to reduce the likelihood of negative action, which includes
greed and deception.

1. The rise and fall of Enron

During the late 1990s and early 2000s, Enron was a trading powerhouse [1].
The firm started as a gas pipeline company, started trading energies, then metals
paper, water, weather and bandwidth. That was the time of Reaganomics in USA
and Thatcherism in UK, when government seeks to replace government regulation
by that of the market [2]. That was the New Economy, a decisive period of
transformation, and the first since Taylor, Fayol and Ford [3].

Kenneth Lay formed the company by merging Houston Natural Gas and

InterNorth in 1985, with a mountain of debt. He attracted subordinates who wanted
to seize the opportunities of the rapid deregulation of energy market, as Rebecca
Mark, “Mark the Shark”, the CEO of Enron International and Jeff Skilling, “Darth
Vader”, the CEO of Enron Finance Corp, then of whole corporation. A fierce
rivalry developed between them. Skilling came with the idea of forming a “gas-
bank”. His vision was to trade energies the way Wall Street trades capital. Mark’s
biggest deal was power plant in Dabhol, India, the electricity four times as
expensive as other available electricity. Project collapsed in 1996, but using
political influences, in year 1988 the project was a stunning success, and she made
the cover of Forbes magazine, together with over $20 million bonuses.

Fig. 1. Enron cartoon [4]
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Enron start with hiring spree, and Skilling established a harsh corporate
culture that pitted employees against one another, with help of Performance
Review Committee, also known as “rank and yank”. In 1993 Enron had formed
JEDI and in 1997 Chewco Investment. Chewco would allow Enron to keep JEDI’s
debt off its balance sheet. The creator was Andrew Fastow, CFO. In 1998, Mark
paid $2.2 billion for Wessex Water in UK, wishing to enter water trading market
and to be as far as possible from Skilling. New venture, Azurex, after Mark
resigned in August 2000, was sold for a fraction of the price Enron had paid.

Skilling and Fastow were carefully played the game with investments bank,
whose equity analysis must rate a stock for investors at the same time its
investment bankers are wooing that firm as a client. Enron played the game
skillfully, constantly doing deals: buying, selling and merging firms, so every firm
on Wall Street rated Enron’s stock a “buy”. They had also excellent connections
with politicians, Enron and its executives paid $5.8 million for many political
campaigns. Press and media just loved them, HBR praised [5]: “Like the outlaw
Willie Sutton, who robbed banks because that’s were the money was, Enron
managers embraced uncertainty because that’s where the juicy opportunities lay.”
Luckily we don’t have nowadays Robbers Behaviour as an elective on our MBA.

To hide the further losses, Fastow proposed in 1999 a new venture LIJM,
after the initials of his wife and two sons. The company was managed by him.
Larger and dubious ventures followed: LJIM 2 and Raptors I, 11, Ill, and IV. In
February 2001, Lay passed the title of CEO to Skilling, but on 13" July, Skilling
resigned. In August Lay received an anonymous memo that opened: “Has Enron
become a risky place to work?”, but he was assuring everybody that Enron is in a
good shape. In October, Enron had write-off $1.2 billion shareholders equity. By
the end of October, Enron was under investigation by the SEC, and Fastow left the
company. SEC discovered more debts, $2.6 billion. To save the company Enron
proposed a merger deal with Dynergy, but its credit rating downgraded to below
investment grade. That day 182 million shares of Enron stock changed hands,
setting a record for one-day volume in a single stock on the NYSE. On 2"
December, Enron filed for bankruptcy.
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Company who was 7" in Fortune 500, with 21,000 employees, crashed.
Stock price dropped from $90.56 on 23™ August 2000 to $0.29 on 2" December
2001. Enron’s auditor, Arthur Andersen, is just a ruin of a former firm.

3. Motivation in Enron

What was the reason for getting out of bed in the morning for Enron
employees? Whether that reasons have been the same for workers and executives?
There are several models suitable for explanations of motivation factors in Enron.
First, we can start with Maslow’s model. According to Maslow we can
differentiate five basic human needs [7]:

1. Physiological: salaries, wages and working conditions.

2. Security: job tenure, career paths, pension and health care plan.

3. Social: interactions with colleagues, social and sport facilities.

4. Ego: achievement, responsibility, works enhancing, recognitions and
promotions.

5. Self actualizing: encouragement of complete employee commitment.

Enron was paid well and much, about 2000 people become millionaires in
Enron era. Rise of Enron was paradise for sport cars’ dealers in Houston. Almost
all employees loved the thrill of the job. When Sherron Watkins wrote her famous
warning letter to Enron Chairmen Kenneth Lay, warning him of the impending
scandal, she stays at the company, desperately trying to climb the ladder to bigger
perks and bonuses [8]. For her, Enron was an electrical place to work, limited only
by what its employees could imagine [9]. Watkins is today a lionized hero in
America, everywhere except in her home town, Enron’s residence, Houston. She
said [10]: “They blame me for spoiling all the fun”. It was not just about money, it
was something more. We can find Enron employees on fourth level of Maslow’s
hierarchy of needs; they did fulfill their egos in Enron’s environment, especially
the top MBA all-risks-taking recruits.

We can define the way Enron employees worked on job as “emotion” work
[11], because the risky way in which employees deliver its service in Enron, its
eighteen hours working days, was important aspect of the service itself.

Enron brokers were the high-need individuals according to Ritchi and
Martin motivation profile theory [12]. They developed 12 motivational drivers, and
the sequence of the drivers fit into Enron’s employees drivers: interest and
achievement are far ahead money. Jan Avery, sacked employer, actually missed
the thrill of the job, not $300,000 salary. “Rank and yank™ policy definitely
resulted in sacking of the low-need individuals from Enron, the individuals who
had no motivation for achievement and who were indifferent to money as a
motivator.

“The process through which outcomes become desirable is explained by the
expectancy theory of motivation [13].” The theory assumes that human behaviour
Is rational, and that humans are conscious of their motives. The force (F) of
motivation to work is the result of the product of valence (V), instrumentality (1),
and expectancy (E), or:
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F=3(V-li-E
i:l(l i-E) (1)

Enron employees perceived that they will be ranked or yanked every year as
result of its effort and outcomes. To achieve seven figures bonuses, many of them
spent hours and hours on job. The 1/7 of employees was culled every year, 15-20%
was damaged goods, they deserved to go out immediately, or to move in the Office
of Shame, if they had the luck.

For some of employees the company was above everything, they changed
wife for stripers, the work was centre of life, and they identified self with Enron
toxic culture totally. There are potential benefits of identification, as: enhancing
self esteem, transcending self, meaning, belonging, and raising aspirations, but
“identification that becomes rigid idolatry is harmful to the individual, and can also
harm the focal entity by tolerating or encouraging rigidity, overconformity, group-
enforced tyranny, stereotyping, and demonization of outgroups [14].” We can find
that identification in Enron case actually goes wrong.

Irrationality plays an important role in human decision-making [15].
Psychoanalysis takes seriously the unconscious motivation and from Freud to the
present they claim that irrationality is at the centre rather than the periphery of
human being. Cognitive psychologists claim that perceptions as well as mental
processes take place below the level of conscious awareness. Theory of cognitive
dissonance holding that the human mind has an innate drive to maintain
consistency between its pre-existing attitudes and the information it receives. This
dissonance manifests in various types of bias, what was more then evident in
Enron case [16]:

1. Confirmatory bias, which involves misreading of evidences that
contradict one’s initial beliefs.

2. Belief perseverance, which is tendency of people to construct
“theories” and then to disregard evidence that contradicts their first
Impressions.

3. Entity effect, whereby peoples’ hypotheses often take on a life on their
own.

4. Motivated reasoning, which refers to the tendency of people to believe
they privately already desired to obtain.

5. Group cohesion, which is strong motivation to resist evidence that a
group course of action wrong move.

6. False consensus effect, a tendency to think that others share one’s own
attitudes, beliefs and inferences.

How could they fool so many people so long? One reason is the halo effect;
another is that most people have a self-serving bias that influences the way that
they interpret information [17].

But, when Enron situation start to change from a rosy one, executives start
to sell their shares. 29 key executives sold 17-million Enron shares for $1.1 billion
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in last 32 of Enron years [18]. They lost the thrill; it was just the hunger for
money, need for security, and a fall on second level of Maslow’s hierarchy of
needs. For workers, that were definitive the maintaining of psychological needs,
they just struggled for life; many of them lost houses, families ... and some of
them even lives.

4. Culture in Enron

Organisational culture is “the system of meanings which are shared by
members of an organisation and which defines what is good and bad, right and
wrong and what are the appropriate ways for the members of the organisation to
think and behave [6].” In Enron, culture was oriented towards the purposes of
executives’ staff and key players.

Literature is very rich, but precious, about Enron’s culture:

e A culture of arrogance and greed was evident among Enron’s top
executives, its board of directors, and key employees [19].

e ...the unbridled greed, the byzantine financial deals. At Enron, he
(Skilling) inspires an “almost cultlike” loyalty among followers by giving
talented but sometimes eccentric employees free rein to chase new ideas and
megabonuses for their successes [20].

e Start with arrogance. Add greed, deceit, and financial chicanery [21].

e ...contained the seeds of its collapse, a culture of highly questionable
financial engineering, misstated earnings and persistent efforts to keep investors
in the dark [22].

e A culture of secrecy and a remarkable lack of transparency prevented
any realistic assessment of the company’s financial risk [23].

e ...different and mysterious world [24].

William C. Powers, the chairman of a special committee on Enron’s board,
stated in his final report [25]: “A flawed idea, self-enrichment by employees,
inadequately designed controls, poor implementation, inattentive oversight, simple
and not-so-simple accounting mistakes, and overreaching in a culture that appears
to have encouraged pushing the limits”.

For exploring the culture phenomena in Enron, we will use Edgar Schein’s
model of culture (Fig. 3) [26].
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Fig. 3. Schein’s three levels of culture [26, p. 644]
39



Culture is fundamentally based on the sharing of basic assumptions. Pattern
of assumptions are learned, discovered or developed during past learning process
in coping with problems, and new members should be taught to them. Assumptions
lie behind the values, which determine the behaviour pattern and surface
manifestations of organization culture.

The best way of understanding the assumptions of organisation is to start
with surface manifestations in Enron case. Enron’s employees loved expensive
sport cars; they always stayed in best hotels; executives heavily used company’s
jets; they had the Office of the Shame, as well as Hottie Board, or the rank of
sexiness of female employees, all that we can recognise like artefacts. Their
ceremonies were expensive Christmas parties and striper clubs visiting after hard
work. Skilling was a hero; he was inspiration for all employees, especially
newcomers. Their norms were cruel, but in the same time rewarding; that was
Rank and Yank policy. Former CIA and FBI agents were used for espionage of
employees, mail was read, and phone calls were listened. Language was also
specific; they were influenced by the movie Stars Wars. Employees referred to the
corporate headquarter as the Death Star and to Skilling as Darth Vader [27]. SPE
[28] or Special Purpose Entities (read: debt laundering firms) received names as
JEDI or Chewco (from Chewbacca, movie character). Jokes in Enron were based
on mental toughness; they played a parody of The Wizard of Oz [29], or how to
trade without heart and brain, just with courage, like Lion from the story. Their
rituals were something as work hard, play hard, risk everything; and the main
motto was: World Leading Company.

Conclusion

Enron's culture was morally flexible, in line with the needs of his leaders.
Today, Enronomics has become synonymous with a culture of fast spending and
short-term orientation. All that influenced his collapse. The culture and motivation
of multinational companies must be in line with legal and ethical principles.
Growth and development can only be achieved by companies that operate without
conflicts of interest, companies that are focused on preserving and increasing
assets.
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SUSTAINABLE DEVELOPMENT: DEVELOPMENT PERSPECTIVE OF
SERBIA

The paper analyses the strategic documents adopted by Serbia, the extent to which the
basic ideas and principles of sustainable development are present in these strategies. By
adopting the National Strategy for Sustainable Development, Serbia has accepted that
sustainable development should become its permanent development commitment. Having in mind
the traditional approach to the concept of sustainable development, it can be determined that
most of the adopted strategic documents are in line with the National Strategy for Sustainable
Development. The reasons for that are certainly in the fact that the state or administrative
structures have understood the essence of sustainable development and the opportunities it
provides, and therefore the idea of sustainable development should be approached strategically
because sustainable development strives to establish a balance between different dimensions of
development: economic, environmental and social.

1. Introduction

Sustainable development is not a matter of choice, but the necessity of the
principles of sustainability that have to be integrated into all development plans,
primarily because Serbia bases its development on sectors that depend on natural
resources. In order to ensure more intensive, long-term sustainable economic
development and improve the competitiveness of the economy, structural changes
must be made in the economic sphere of Serbia. World Economic Crisis 2008-
2011 showed strong structural problems and became a challenge for science and
the political structures of the country. The global economic crisis has exposed the
weaknesses of our economy and its institutions to take appropriate measures.

2. Sustainable Development

The concept of sustainable development connects environmental protection
with social development planning, economic and political issues [1, 3, 5]. It
represents a new development program, a new strategy of social development
which implies a balanced relationship of natural resources, economic development
and ecology, in order to preserve the health of present generations, and preserve
the economic wealth of the planet for future generations. There are many reasons
for accepting the concept of sustainability as a condition for the survival and
progress of humanity, and in the first place there are strong moral reasons for
today's generations to leave their descendants an equal chance for development, as
they existed in the past and today. Today's generations must not endanger the same
right to future generations by exploiting resources and the environment. Nature is a
value in itself and that is the reason why man has a responsibility to nature as a
whole and not only to future generations, therefore preserving the diversity of the
whole living world, there is justification in the view that man as a part of nature
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has no right to change it and any activity that disrupts the diversity of the living
world or the richness of resources is unacceptable.

Justifying the concept of sustainability, with economic arguments, leads to
inefficient economic development, in the sense of increasing waste of natural
resources and energy. The fact is that the global economy depends on the stability
of the biosphere to provide the constant reserves of resources necessary to meet the
basic human needs for life as they live today, such as food, water and energy.

The pursuit of raw materials as a source of food, building material or energy
IS a constant aspiration of human society. In order to ensure the sustainability of
human society, three topics prevail:

- the exploitation of ores, especially coal and wood;
- the exploitation of surface soil resources, especially forests and
- the effects of population growth [4].

The concept of sustainable development requires balancing economic, social
and environmental requirements for the benefit of both present and future
generations. To ensure the integration of sustainability requirements into
development policies and their implementation in practice, Serbia has prepared and
implemented the National Strategy for Sustainable Development Serbia (NSSD-S).
NSSD-S considers the main challenges facing Serbian society and formulates a
vision for sustainable development. The vision of sustainable development of
Serbia is derived from: economic development, ethical, cultural and finally
ecological vision, i.e., the requirements for environmental protection and
sustainable management of natural resources, while promoting joint action
between development and environmental protection and bearing in mind the right
of future generations to the quality of life.

To ensure the sustainable development of a society, a comprehensive
approach to the management of complex social processes and a careful balancing
of economic, social and environmental goals and natural resources is necessary.
Sustainable development also requires the engagement of all social actors and
constant dialogue in order to overcome the patterns of unsustainable growth and
development, and provide the final results that will bring the greatest benefit to
society as a whole, taking into account the future and prosperity. NSSD-S
contributes to the improvement of regional cooperation, which is a precondition for
peace and stability, i.e., for sustainable economic development and environmental
protection.

The process of drafting the NSSD-S is a step in that direction, in the
direction of sustainability and responsibility. By establishing the Environmental
Protection Agency, the Government of Serbia has made a significant step in
implementing EU goals and standards regarding environmental protection, and
finding answers and solutions to a large number of environmental problems, which
are increasingly present with the development of human society.
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3. Definition of Sustainable Development

There are several definitions of sustainable development, what is meant by
this term and process. The most appropriate definition is given in the National
Strategy for Sustainable Development of Serbia. Thus, sustainable development is
defined "as a long-term concept that implies constant economic growth which, in
addition to economic efficiency, technological progress, cleaner technology,
innovation of the whole society and socially responsible business, provides poverty
reduction, long-term better use of resources, health and quality of life and reducing
pollution to a level that can be withstood by environmental factors, preventing new
pollution and preserving biodiversity” [7]. This definition of sustainable
development greatly expands the original understanding of sustainable
development. The most commonly cited definition, which has managed to avoid
such pitfalls, is the one given in the book Our Common Future, created as a 1987
report by the World Commission on Environment and Development. According to
this definition, sustainable development is "the development that meets the needs
of the present without compromising the ability of future generations to meet their
own needs" [8].

We can accept this as an official definition of sustainable development, even
If there are many different interpretations of what sustainable development is and
what it actually refers to. The same is the case with the criteria that must be met
and constantly applied in practice, social, economic and environmental, in order
for the process of sustainable development to gain efficiency. Thus, the
interpretation of the principles of sustainable development comes from the United
Nations and the Declaration on Environment and Development from Rio, the
definition of sustainable development is expanded by listing 18 principles of
sustainability.

4. Dimensions of Sustainable Development

Sustainable development combines three dimensions: environmental
sustainability, economic efficiency and social responsibility. This concept of the
term is known as the "three-pillar model™ [2].

The ecological dimension deals with the preservation of the diversity of all
living beings on the planet, the preservation and rational use of natural resources,
the reduction of environmental pollution, the care of endangered species, their
habitats, and the like. There are five areas on which the ecological dimension of
sustainable development is monitored: atmosphere, land, oceans, seas, water and
biodiversity.

The social dimension refers to social relations, respect for human rights,
achieving social well-being, transparency of social activities, involvement of
people in decision-making and it is monitored through five areas: health, social
justice, education, population, security and housing.

The economic dimension of sustainable development is based on the
principles of harmonization of economic development with resources and
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production capacities and it is observed through two areas, namely: production and
economic structure and consumption [6].

The National Strategy for Economic Development of the Republic of Serbia
also recognizes these three pillars of sustainable development. In the part of the
Strategy that deals with the economic dimension of sustainable development, the
basic assumptions are given, when it comes to the economy of the Republic of
Serbia, which are based on knowledge, as the most important resource of today.
Further, specific goals and selection of appropriate economic policy, further
transition flows, sustainable production and consumption, education and other
areas included in the concept of sustainable development within the economic
pillar were presented.

The part of the Strategy that deals with the social dimension of sustainable
development analyses social values, quality of life and social well-being,
population policy, social security, poverty, gender equality, public health and many
other indicators.

The third pillar of sustainable development presented in the Strategy is the
ecological dimension and it analyses the issues of protection of natural resources:
air, water, land, biodiversity, forests, mineral resources and renewable energy
sources.

All three dimensions of sustainable development are connected by the
existence of an adequate institutional framework, which is a necessary
precondition for the implementation of goals, measures and policies of regional
development. That is why in recent scientific analyses and conclusions, the
institutional framework has been highlighted as the fourth dimension of sustainable
development.

5. National Strategy for Sustainable Development of Serbia (NSSD-S)

The first National Strategy for Sustainable Development of Serbia (NSSD-
S), adopted in 2007, was a step in the effort to concretize and implement Serbia's
declarative commitment. In the period when it was drafted, it relied on the
guidelines and goals of the then strategic documents, the Strategy for Development
and Poverty Reduction at the national level, as well as the Mediterranean Strategy
for Sustainable Development, the conclusions of two world summits on sustainable
development and their key documents.

Since its adoption, the NSSD-S has undergone a revision through the
evolution process in the part of its Action Plan when a number of objectives have
been revised.

By adopting the UN Agenda in 2015, Serbia has made a decisive turn on the
path of accelerated and sustainable development, because the principles of the
Agenda provide an opportunity to shape and realize all the goals of sustainable
development through a broad social dialogue.

Accordingly, the National Sustainable Development Strategy integrates its
three "pillars": the knowledge-based economy, socio-economic conditions and
perspectives, and the environment and natural resources. The key influence on the
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harmonious functioning of the system is certainly exerted by the economy, which
has a decisive influence on the social structure, but also on the quality of the
environment. In order to achieve the vision of development of the Republic of
Serbia determined by the Strategy, five development priorities have been defined:
- the development of a competitive market economy, balanced
growth and a knowledge-based economy;
- the human resources development, increasing employment and
social inclusion;
- the
development;
- the rational use of natural resources and protection and
improvement of the environment and
- the EU membership.

The main strategic goal of the Republic of Serbia is integration into the
European Union and in accordance with that it is necessary to adapt to the trends
defined in the Lisbon Strategy (2007): greater investment and the possibility of
applying science, technology and education by the private and public sector;
investing in training of workers and management with the aim of creating more
and better jobs; flexible domestic labour markets with strong and active labour and
social security policies; liberalization of trade and knowledge-based services;
orientation towards the most successful models in the EU in the ability to quickly
adapt to new conditions and circumstances based on:

a) a society in which competitiveness supports social security, an efficient,
flexible and accountable government;

b) cooperation and harmonization of actions of the government and the
business sector in a way that respects competitiveness and sustainable
development;

c) the need to invest in lifelong learning and training.

By implementing the Agenda until 2030, with the set goals in all three key
elements of sustainable development, Serbia is making progress in its development
which is shown in Table 1 and Figures 1-3.

infrastructure  development and balanced regional

Table 1. Projection of basic macroeconomic indicators of the Republic of

Serbia
2016 2017 2018 2019

GDP, billion dinars 4.20 4.39 4.67 4.98
(current prices) 3,5 6,7 8,1 75

The real GDP growth 2,7 3,0 3,5 3,5
[%]

The personal 0,6 1,4 2,2 2,9
consumption
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Fig. 3. The personal consumption of the Republic of Serbia

It is clear that knowledge is the basis of everything and that human capital is
the basic driver of Serbia's successful integration into world and European trends,
so the knowledge-based economy must have its foundations and support in the
education system. The education system, which is in many ways outdated and
inefficient in Serbia, can catch up with European trends in education only if we
start thinking ahead, i.e., if the principles of sustainability are built into the system,
which are increasingly recognized as a necessity that has no alternative.

Sustainable development is no longer a matter of choice as it was considered
In previous decades, nor is it more a matter of will, but a matter of survival. The
solutions given in the National Strategy for Sustainable Development of Serbia are
in line with European integration: the EU Sustainable Development Strategy and
the Lisbon Strategy. The strategy is in line with the development goals of the
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United Nations and the National Development Goals of Serbia, which were
adopted by the Government of Serbia.

5. CONCLUSION

There are strong moral reasons for today's generation to leave their
descendants no less chance for development than they have now. This means that
the planet Earth, with its potential, must not be degraded by existing people, but
deny the right of the current generation to use resources and the environment,
which would jeopardize such a right for future generations.

The drafting of the text of the Sustainable Development Strategy of Serbia
began at the end of 2007, within the projects assisted by the EU, which was
realized through the United Nations Development Program UNDP. The
development of the Strategy was preceded by the process of determining
development priorities. The basic priorities have been identified, the fulfilment of
which will enable the realization of the vision of sustainable development to the
greatest extent by 2017, after which the UN Agenda was adopted.
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THE ROLE OF HUMAN RESOURCES MANAGEMENT IN THE
PROCESS OF IMPLEMENTATION OF TRAINING AND EDUCATION
OF EMPLOYEES

People as the potential of the organization represent its greatest driving and creative force.
Companies are increasingly investing money in the education of their employees. Employee education is
a very complex process and requires quality implementation of each individual phase. This paper will
explain from a theoretical and practical point of view, how training affects an organization's performance
if it is aligned with the organization's strategic goals and if it is integrated into the human resources
function and how training can be an investment rather than a cost if planned, implemented and
implemented. implemented. Training needs analysis is the first step and the transfer of learning to the
work environment is the crown of the entire educational process in the organization, which consists of the
selection and motivation of participants, planning and programming of educational content, methods and
evaluation. The evaluation of the training determines whether the knowledge, skills, abilities have been
applied to the workplace and whether there has been an improvement in performance and greater
employee satisfaction, which affects the positive outcomes of the organization in order to achieve a
competitive advantage.

1. Introduction

In modern society, there is more and more talk about the "knowledge
society”, lifelong learning, learning in different life contexts as an imperative that
every organization should adopt if it wants to be a leader in a competitive
environment. In addition to employers who are interested in continuing education
due to increased productivity and profits and due to competition, employees must
also take responsibility for their own education. From year to year, the competition
on the world market is getting bigger, and in order to survive in such a reality, the
company must adapt and change faster than the competition. This means that she
should be proactive, anticipate events and readily adapt to them, set the conditions
and rules of the game on the market, that is, keep an eye on what is happening in
the environment. The precondition for the success of a company in difficult
conditions is its readiness to see the environment, the opportunities it has and to
build a competitive advantage on it. One of the most important initiatives in the
world is certainly the concept of lifelong learning, which has become the main
determinant of social, economic and educational policies in the world. The most
profitable investment today is investing in education. That investment is returned
to the investor in a few years, bringing him safe capital and profit. Learning leads
to gaining an advantage of the organization in relation to the environment and
competition. However, education can have a real effect on the quality of work only
if it is aligned with the needs of a particular company or institution. The goals of
education and training in companies are directly related to the goals and
development needs of employees and the company as a whole. In order to better
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understand the role of human capital in the business system, as well as its role in
the emergence and development of a new theory of organization, it is necessary to
analyze in detail its constituent elements. All elements of human capital affect the
satisfaction of users, employers, managers, employees and society as a whole. It is
about systematic thinking and connecting all the elements and activities that are
undertaken in the organization in order to optimally harmonize the wishes and
abilities of employees on the one hand, and the goals of the organization, on the
other hand. Education is considered an elixir of longevity for the organization
because it allows it to adapt, to be more flexible, able to withstand new and
increasingly complex scenarios in the environment. People represent the great
potential of every company, while the way they are managed becomes a decisive
factor in the competitive advantage and further development of the company. If the
basis for achieving and maintaining a competitive advantage is the knowledge
economy and the knowledge worker, it is necessary to change the function of
human resource management in the direction of formulating a business strategy
that will focus on talented, innovative and creative people, ie to make people and
the right knowledge time put in the right place. If people are the most important
resource for achieving competitive advantage, and if employees are a key factor in
organizational success, that is, organizations need to have a developed learning and
development strategy to meet their business goals. Training and development
support the organizational vision, mission and strategic goals by enabling positive
changes in knowledge, skills, behavior and attitudes of employees that will be
reflected in performance at work, which thus improved, contributes to overall
organizational performance and creating a positive organizational climate.

2. Employee training as an integral part of the company's business strategy

A business strategy is a plan that integrates company goals, policies and
actions. Strategy affects how a company uses physical capital, financial capital and
human capital. Business strategy directly helps the company's activities
(production, finance, marketing, human resources) to achieve specific goals. The
goals are what the company hopes to achieve in the medium and long term. Most
company goals include financial goals, but companies also have other goals related
to employee satisfaction, competitiveness in industry, and social responsibility [3,
p. 55). Managers are becoming aware of the importance of employee training and
development as a means of supporting the company's business strategy, which is
profitability, market share and quality. There are direct and indirect links between
training and company strategy and goals. Training that helps employees develop
the skills needed to do the job directly affects business. Giving employees the
opportunity to learn and develop creates a positive work environment, which
supports business strategy by attracting talented and motivated employees, while
retaining existing employees. The business strategy has a major impact on the type
and amount of training to be organized and has an impact on the resources (money,
coaching time, and program development) to be allocated and invested in training.
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Also, the strategy affects the type, degree and variety of skills needed in the
company. The strategy has a particularly strong influence on determining:

«»  the amount of training dedicated to current or future skills
needed to do the job;

*  the extent to which training is tailored to the specific needs of
the employee or developed based on the needs of a team, unit or division;

s whether the training is limited to certain groups of employees
(such as persons identified as having managerial talent) or is open to all
employees;

s Wwhether the training is planned and systematically applied,
provided only when problems arise, or develops spontaneously in response
to what is being done in competition;

«  the importance given to training in relation to other human
resource management practices, such as selection and compensation [3, pp.
55-57].

Strategic training and development initiatives are learning actions that a
company needs to take to help achieve a business strategy. The initiatives are
based on the business environment, understanding the company's goals and
resources, potential training and development options, and show how the training
function will help the company achieve its goals (and thus show how the training
function will add value). The implications of strategic training and development
Initiatives on training practices are:

. Diversification of learning means that companies need to
provide more learning opportunities than just traditional training
programs. These learning opportunities include non-formal learning that
comes at work through interaction with colleagues; new work experiences;
personalized learning opportunities with mentors, trainers and feedback
tailored to the needs of employees; and the use of technologies (including
Web-based training).

" Expanding the knowledge of training participants means that
employees, bearing in mind that they are in direct contact with clients,
should have the same if not more training than managers. To be successful,
companies must be able to cope with changes in technology, customer needs
and global markets. Training needs must be identified quickly and effective
training must be provided.

. Accelerating the pace of employee learning means that
companies must increasingly rely on electronic performance support systems
and provide employees with direct access to information, advice and
guidance.

. Improving the service provided to clients refers to the fact that
employees must be aware of the products or services that their companies
have in their portfolio; should have the skills necessary to work with clients;
and to give them some autonomy in negotiating with clients.
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. Providing development opportunities means that employees
should be informed about these opportunities so that they understand that
they have the opportunity to develop and learn new skills. Such
opportunities are important for attracting and retaining talented workers.

. Gathering and sharing knowledge ensures that essential
knowledge about customers, products or processes is not lost if the
employee leaves the company.

. Alignment of training and development with the strategic
commitment of the company is important to provide training that contributes
to business needs. Companies need to identify which employee skills are
needed and which training programs are adequate to improve those needs.

. Finally, the support of the work environment is necessary to
motivate employees to participate in educational activities, to use what they
learn at work, and to share their knowledge with others. Support includes
both time and money for training and learning, as well as a work
environment that encourages employees to meet and discuss ideas.
Psychological support regarding training and learning by managers and
colleagues is very important [7, pp. 62-65].

As the organization selects its strategic training and development initiatives,
and in connection with its business strategy, identifies specific trainings and
development activities that will enable these initiatives to be achieved, these are
the use of new technologies in training, increasing access to educational programs
for certain groups of employees. reducing the time required for development as
well as developing new or expanding existing training programs on offer. In order
for the training to function successfully, the support of all employees is necessary,
from top management to executors and people who are employed in Human
Resource Management. Top management should provide clear guidelines
regarding the importance of training for both the firm and the employee. If
managers are not involved in the training process, it may happen that the training
will not be related to business needs. If managers perceive training as a “necessary
evil” and do not contribute to the effectiveness of the training, the potential impact
of the training on company goals will also be jeopardized. But if they are aware of
all the advantages and benefits of training and development on the performance of
the organization and the satisfaction of employees and if they are rewarded in
accordance with their expectations for support and contribution to the educational
process then their full participation and contribution can be expected.

The function of human resources management, ie the function of training
will never reach its full potential until it shows what and how much its role is in
creating organizational value and its return on investment. Training, as part of the
human resources management (HRM), should have a comprehensive approach by
which to direct its activities towards organizational strategy. The ultimate goal is
for HRM to support the organization through human capital management which is
the basis of competitive advantage. It is necessary that the human resource
management function is well organized in order to play a major role in the strategic
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planning of the organization, that is, it should ensure that human assets are
effectively aligned with the strategy chosen by the company [1]. Coordinating the
strategy of HRM and the strategy of the organization begins with employees who
should be strategically focused, which is the task of this function. Any HRM
practice from employment, benefits, training and development, etc., should be
developed in order to expand human capital. In order to gain strategic importance,
HRM must put the right people in the right place, to define what knowledge, skills
and abilities are in order to contribute to the company's business strategy. HRM
should assess its impact on organizational strategy, to measure its efforts in
creating programs to better manage the human capital development of the
organization. Training is not assessed on the basis of the number of implemented
training programs in the organization, but on the basis of whether the training
programs have influenced the improvement of knowledge, skills and abilities that
can affect the performance of the organization and employee satisfaction. Training
can play a key role in achieving a competitive advantage and respond to these
challenges only if it is aligned with the strategic goals of the organization and if it
IS integrated into the human resource management function. Training and
development can be the responsibility of professionals in the field of human
resources, human resources development, or organizational development and
regardless of who has the responsibility and authority to manage training practices,
it should be consistent with the business strategy and should support business
needs by developing the skills, knowledge and abilities needed to perform a
business that has a direct impact on the business. Part of the business strategy
should be to create a climate in which knowledge will be valued, workers
motivated and satisfied and where human resource management, which is
responsible for the issue of human capital, is a part of strategic management and
equally participates in defining the business strategy and goals of the company.

3. The role of human resource management in the employee training program
Education and training are considered an elixir of longevity for the
organization because they allow it to adapt, be more flexible and able to withstand
new and increasingly complex scenarios in the environment. Training and
education could affect an organization’s performance if they are aligned with
strategic goals and integrated into the human resource management function.
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Fig. 1. Human resource management [4]
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As Fig. 1 shows, HRM identifies human resource needs through planning,
trains employees to be able to perform the task successfully and prepare for future
activities, rewards employees according to performance, evaluates their
performance, and creates a positive work experience environment. According to
Nonaki [5, pp. 14-37], those organizations that use the creative model of HRM can
cause developmental transformation by using the imagination, commitment of their
employees in the implementation of business strategy. In a sense, all managers are
human resource managers (HR managers) as they are all involved in recruiting,
interviewing, selecting and training employees [2, p. 3]. Employee training and
education is the backbone of what we call human resource development because it
gives employees the information and skills they need to do their jobs successfully.
In today's business environment, a highly skilled and educated workforce is a
fundamental support and pillar of the organization [8, pp. 28-45]. Many employees
with longer work experience have sufficient knowledge and skills to do the job. In
contrast, the knowledge of newly hired workers is not even enough to get started.
Although the former have a slight advantage over the latter, the same rule applies
to both: they should undergo training and education until their knowledge, skills
and abilities are at the level required for independent and efficient performance of
work duties. In order for an organization to succeed in this, it is necessary to
understand the meaning and process of education, identifies the needs and goals of
education, designs effective training programs, implements them, evaluates and the
like. The process of educating employees in organizations is a complex and
responsible job. It is a process that is carried out within the management of human
resources and for the success of which the greatest responsibility lies with the
management of the organization. Aware of the importance of the education
process, some organizations do not regret the effort or resources to provide their
employees with quality educational programs for the development of knowledge
and skills. Practice has shown that employee education is no longer just a privilege
and obligation of high-ranking staff in the organization, but of all employees. In
this regard, organizations that pay attention to the development of their staff, strive
to offer a variety of training programs to acquire specific knowledge and skills [9,
pp. 251-273]. In addition, it is recommended to test the candidates, in the form of
"Inconspicuous” questionnaires, which would check, better to say, measure their
willingness to learn, ie their motivation and their intellectual abilities. In order to
raise the level of personal knowledge and abilities to a satisfactory level,
conscientious employees do not rely only on the organization and educational
programs that it offers and prepares, but they constantly expand their knowledge
and skills on their own initiative. Who wants to be successful and leave good
results, must believe in himself and his opportunities for self-education [6].

4. Conclusion
Training or education affects the individual,the organization and society as a
whole. States have become aware that the economic strength of a country depends
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on human capital. In order for a society to prosper, it must have quality human
resources. Quality is also encouraged by investing in formal and non-formal
education that contributes to the community as a whole. More and more countries
have national policies where education / training is encouraged and encouraged at
the national level. The goal of such policies is to strengthen human capital through
various types of training and education, which will result in economic prosperity.
The interest of the state is reflected in helping companies themselves, where people
spend more than half of their lives, to support the education and development of
employees through their national policies, and companies are becoming aware that
investing in human capital development is not just a matter of survival / market
leadership. rather, it becomes socially responsible to communities and affects
economic prosperity. Many studies have confirmed that training has an impact on
the organization as a whole and its benefits are reflected in improving
organizational performance: profitability, efficiency, productivity, cost reduction,
improving quality and quantity, reducing employee turnover, organization
reputation, etc.
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CUSTOMER RELATIONSHIP MARKETING (CRM) AS ABASIS FOR
ACHIEVING SUSTAINABLE COMPETITIVE ADVANTAGE

In recent years, companies have faced the problem of how to gain and maintain a
competitive advantage. The acquired advantage over the competition must not be short-term and
must be based on elements of sustainability. CRM (Customer Relationship Marketing) as the
most important strategy in the development and establishment of good relations with consumers,
based on the information collected about them is one of the crucial conditions for sustainable
competitive advantage. The aim of this paper is to point out the effect of successful
implementation of CRM in providing long-term competitive advantage. The basis of marketing
relations with consumers is the retention of current consumers with long-term profit, in order to
develop long-term relations with consumers and achieve a sustainable competitive advantage in
the market.

1. Introduction
Gaining a competitive advantage requires companies to be able to make

strategic changes within their business as well as in the environment. One of the
strategies that enables a company to be better than the competition is CRM. CRM
iIs a business philosophy based on the identification, understanding and
comprehension of consumer needs, attitudes and expectations. Consumer
relationship marketing is a business strategy that starts from the understanding that
consumers should be viewed as key collaborators, with whom modern
organizations strive to achieve and build long-term relationships. Traditional
marketing theory and practice has primarily focused its activities on the process of
attracting, rather than retaining existing consumers. The bigger focus was on
securing the transaction, rather than building a relationship. Pre-sales activities and
the sales activities themselves captured the attention of managers from after-sales
activities. Nowadays, marketing companies are increasingly understanding the
Importance of retaining existing consumers and are focusing on building
relationships with them [10, p. 476]. Successful implementation of CRM requires
from the company a greater focus on consumers in relation to the focus on market
share, the growing importance of customer satisfaction and loyalty, respect for
individual consumers and their requirements, the growing need to retain existing
customers, development of communication technology and database management
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systems data [5]. The essence is to identify consumers who are worth the effort and
strive to fulfil and meet their needs and expectations. In the literature, the concept
of Relationship Marketing (RM) is often equated with the concept of Customer
Relationship Marketing (CRM), since both concepts are focused on the
development of long-term customer relations. The term relationship marketing is
much more comprehensive because it is aimed at building and developing close
relationships between companies and consumers, but also companies with other
stakeholders (employees, suppliers, the state). Unlike marketing relationship based
on strategic activities, CRM is more tactically oriented. In addition, relationship
marketing is a business philosophy that focuses on developing relationships, trust
and reciprocity, while the focus of CRM is on managing customer relationships
through attracting, developing, maintaining and improving relationships with them.

2. The theoretical framework of CRM

CRM is such a concept of marketing relationship that is based on the use of
information technology in order to identify and select key consumers and meet
their expectations through the production and / or service offer of the company.
CRM can be seen as a new approach to business strategies, information technology
and marketing management. Success in managing relationships with consumers
requires a rich information base. Consumers are treated as valuable assets of
modern companies. Sales are no longer the end of marketing activities, but the
beginning of establishing and developing long-term relationships between
companies and consumers. There are numerous definitions of CRM in the modern
marketing and management literature. One definition states that CRM is the
process of establishing and improving customer relationships on a long-term basis
[13]. Kotler and his associates point out that CRM is a process of developing and
maintaining profitable relationships with consumers by delivering superior value
and their satisfaction [10, p. 481]. CRM is a business focused on creating,
developing and improving individual relationships with consumers, primarily with
target segments that increase the overall value of consumers [9]. Christopher and
his associates view CRM as an approach aimed at improving value for
shareholders, through the development of relationships with key consumer
segments. CRM connects information technology and strategies for creating
profitable long-term relationships with consumers [6]. One definition states that
CRM s the process of building and maintaining profitable relationships with
consumers through delivering superior value to consumers and achieving their
satisfaction with the goal of improving business relationships with consumers [18].
CRM can be seen as a process aimed at building and improving relationships with
the individual consumer, i.e., targeted consumers and groups that maximize the
total value of consumers are carefully selected [14]. As a process, CRM increases
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value for consumers through marketing strategies and information technology
integration [8].

Companies strive to direct overall marketing activities towards establishing,
maintaining and strengthening relationships with consumers. Fig. 1 shows the
goals of marketing relations with consumers, which are classified into the
following groups: satisfaction and loyalty increase, revenue increase or costs
reduction. Several primary goals of CRM can be singled out that are profitable in
the long run. It is extremely important to achieve the total value during the lifetime
of each consumer.

Increase customer satisfaction
Enhance cross/up-sell opportunities
Increase customer retention
Increase customer loyalty

Increase sales revenues

Increase profit per customer
Acquire new customers

Lojlalty,
satvisfaction

$ Revenue

Increase marketing campaign response rates ;
i enhancement

Increase acquisition of new customers
Reduce costs of sales
Improve lead quality and conversion » ,
Increase profit margins &ost redu&ion
Increase partner loyalty : :
Reduce cost of marketing
Other

Fig. 1. Strategic goals for CRM (Customer Relationship
Management) [3, p. 69]

Pointed out as the second goal is the increase of the life value of consumers
from year to year, while the third goal is to use the excess profits to attract and
acquire new consumers, with the lowest possible costs. The strategic, operational
and analytical level of CRM can be distinguished [3, p. 3-5]. It has been
theoretically and practically proven that organizational culture is an important
factor in achieving long-term business results [1]. The basis of strategic CRM lies
in the formation of an organizational culture that is consumer-oriented. The main
goal is to attract and retain consumers through the delivery of superior value. It is
important to develop an appropriate reward system for all employees who are
successful in achieving this goal. Thanks to strategic CRM, companies realize that
the precondition for long-term profitability is in building long-term relationships
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with loyal consumers [16] [12]. CRM requires the introduction of IT managers in
the basic principles of marketing relations with consumers [2]. The operational
level of CRM involves the use of software to automate marketing and sales.
Software applications enable quality data processing, which leads to successful
segmentation and communication with consumers. With the advent of CRM
technology, there has been a significant improvement in modern organization in
understanding consumer behaviour in the future, as well as the level of sales in the
coming period. Operating systems are the ones that facilitate socialization with
consumers. The analytical CRM is based on the proper use of the consumer
database in order to increase mutual benefits (for the consumer and the company).
The analysis of the data leads to the answer as to who are the most valuable
consumers with whom special treatment should be developed, to which consumers
have the potential to surrender to the competition.

The effective implementation of CRM strategy is achieved through the
following marketing activities:

v' ldentification of existing consumers and their socio-
demographic, geographical, psychographic and other characteristics, as well
as the attitudes and expectations;

v' Differentiation of consumers based on the degree of their
profitability in order to identify those that will significantly contribute to the
growth of profitability of the company over a longer period of time.

In today's value creation process, consumers are crucial for engaging in a
number of marketing activities (from product development to final sales) thus
providing useful feedback. By establishing and building long-term relationships
with consumers, companies provide a competitive advantage in the market and
long-term profitability.

3. Competitive advantage

Advantage over competition can be seen as the sum of differences between
companies that gives some advantage over other companies. Competitive
advantage is the advantage over competition that is achieved by offering higher
value or lower prices to consumers or by providing more benefits that justify
higher prices [10, p. 494]. It can be the result of organizational skills or resources.
Based on the marketing concept, competitive advantage is achieved by providing
offers that are aimed at meeting the needs of the target consumer better than the
offers of other companies. The basis for achieving competitive advantage is based
on development, innovation and change. In the battle for competitive advantage, it
IS necessary to analyse the competition in detail. Competition analysis involves
several steps. The first step is to identify key competitors, their goals, strategies
and most common reactions. Then it is necessary to formulate an appropriate
strategy in case of the competition. It is crucial to choose a superior strategy that
will provide an advantage over the competition. The next step involves preparing
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for the reactions expected from the competition, and finally finding an adequate
way to react against the attack of the competition.
In order to achieve a competitive advantage, several activities should be
undertaken [5]:
v' Creating a unique competitive advantage
v' All activities tailored to the strategy
v' Clear balancing and choice in relation to the competition
v' Competitive advantage stems from the coherence of activities
v/ Sustainability of competitive advantage is a result of the
advantage of a set of activities
v' Operational activity is given
Competitive advantage is a dynamic concept that requires the company to
continuously work on innovations and improve its market position. Innovation is
the key basis of modern business that ensures sustainable growth and strengthening
competitive advantage.

4. The link between CRM and competitive advantage
In the modern world of business, it is necessary to apply a new concept of

marketing that is not so much focused on attracting and acquiring new, as on
retaining existing consumers through the application of appropriate loyalty
programs. The philosophy of traditional business is replaced by the principles of
modern marketing, which point to satisfaction and loyalty as key factors of
successful business. Unlike traditional marketing, which involves a short-term
transaction, consumer relationship marketing is based on maximizing revenue from
each consumer over their lifetime [20]. In modern market conditions, companies
strive to find the best solution to ensure high customer satisfaction and loyalty. In
case of dissatisfaction, the consumer can be lost and left to the competition.
Modern companies must focus on preventing the departure of existing consumers
to competition and retaining them, and only after that to be based on attracting new
consumers. Numerous studies have confirmed that retaining existing consumers is
cheaper than attracting new ones [4]. In addition, consumers want to have
continuous cooperation with one organization, rather than constantly looking for
value from one company to another. By adopting the CRM concept, modern
companies are trying to increase the attraction and retention of consumers [17].
CRM represents such a concept of marketing relationship whose basic idea is to
treat different groups of consumers in different ways.

Companies need to understand that consumers are the centre of business and
that only those who are able to respond to consumer demands can increase profits
and survive in a competitive market. CRM improves innovation, as it implies the
adoption of something new or the improvement of the existing in response to
modern market conditions [11]. This ensures positive business results and
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strengthens the competitive advantage. The three most common indicators of CRM
Implementation success are increased sales, customer retention, and customer
satisfaction [19]. CRM activities aim to maximize profits, improve customer
satisfaction, deliver products and services in line with consumer needs and
expectations, and maintain customer loyalty. The implementation of CRM leads to
an increase in customer satisfaction and loyalty, which results in ensuring long-
term profitability and sustainable competitive advantage [7].

5. Conclusion

The basic philosophy of CRM is based on attracting, retaining and
Improving relationships with existing consumers in order to achieve a competitive
advantage in the market in the long run. The CRM concept treats consumers as
partners of the company with which it seeks to establish long-term cooperation.
CRM is not a technology, but a business orientation that aims to achieve a long-
term competitive advantage through the process of increasing value for consumers.
In order to gain and maintain a competitive advantage, companies must develop
long-term relationships with their key customers, thus ensuring long-term customer
loyalty and long-term profitability.
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HYBRID FRAMEWORK FOR AUTOMATED TESTING OF
WEB APPLICATION FOR ADVERTISEMENT

Web application testing, as a critical element in the quality assurance process, is
conducted to detect defects and errors and to verify that the application is running correctly. A
large number of tools have been developed for automated testing, which are implemented in an
appropriate framework that implies the existence of an environment in which tests are designed,
created and executed. Testing is shown on the example of a web application for advertising, in a
hybrid framework, as combination of linear and a keyword-driven framework, with Selenium
module as its integral part. Test scripts for application units, created on the basis of test
scenarios, are generated automatically using Katalon Recorder and exported in Java
programming language. After successful test execution, the test results were analyzed, in order
to verify the set of test objectives.

1. Introduction

Modern web applications are sophisticated, interactive programs with a
complex graphical user interface and a large number of components in the
background, which are integrated using new methods [1,2]. Web applications use a
large number of different programming languages, such as for example HTML,
CSS, Javascript, supported by almost all web browsers [3]. In order to fulfill high
demands, such as running an application 24 hours a day, 7 days a week, 365 days a
year, various technologies and programming models are used. Due the fact that this
type of applications work in dynamic environment such as the web, applications
must be developed, adapted, changed quickly, and their development cycle is
significantly shorter compared to traditional software development [1,3].
Therefore, special attention must be paid to the design, modeling, development,
analysis and web applications testing [1].

Manual testing of such complex applications requires great human effort and
a lot of time. In most cases, testing is performed automatically, with much greater
accuracy, reliability and much faster, which reduces human effort and avoids the
possibility of errors [1,4-8]. The choice of the appropriate testing tool depends on
its compatibility with the application being tested [6]. An issue that should also be
considered is the possibility of recording test suites and reproducing generated test
scripts [2,5].

There are a large number of tools available for testing web applications,
such as e.g. Selenium IDE (Integrated Development Environment), Katalon, Sahi,
Watir, Windmill, JMeter, Junit, TestNG, UFT (Unified Functional Testing,
formerly known as QuickTest Professional), Ranorex, TestComplete, Telerik Test
Studio, Coded UIl, SOAtest, Testsigma and many others [2,4,8-10]. Junit and
TestNG are frameworks based on the Java programming language are used for unit
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testing, Selenium, Watir, UFT and Sahi are used for functional testing, JMeter and
HP LoadRunner are used as load testing tools [9].

Significantly better results can be achieved if automatic testing is
implemented in an appropriate framework, as a combination of tools and routines
that will help conduct the testing process as efficiently as possible [11]. A test
automation framework is a collection of abstract concepts, processes, procedures,
and environments in which automated tests are designed, created, and executed. It
also covers the logical interactions of its components, as well as the physical
structures used to create the tests and its implementations [6,11].

According to the Automated Testing Institute (ATI), there are three different
generations of automated testing frameworks. Linear frameworks belong to the
first generation. The second generation consists of two types of frameworks, data-
driven, and framework based on functional decomposition. The third generation
includes keyword-driven and model-based frameworks [11]. In order to overcome
the disadvantages of one type of framework, using the advantages of others, hybrid
frameworks have been developed as combinations of two or more frameworks.
Each application is different, so the testing processes and frameworks will always
be different [7].

For the purpose of this study, web application for advertising is selected.
The testing was performed within a hybrid framework, created as a combination of
a linear and a keyword-based framework. A key component of the chosen
framework is the Selenium module. The testing was conducted through seven steps
that are performed sequentially. The testing plan includes units of the web
application that will be tested and based on that, test scenarios are created. The test
cases, based on test scenarios, were recorded and reproduced in Katalon Recorder.
After confirming the expected results for the tested units, generated test scripts are
exported in Java programming language, using the JUnit working framework. The
generated code is run in the Eclipse IDE environment in order to verify the defined
functionality of the application. Created tests allow quick checking of the selected
functionalities of web application, whenever it is necessary, for a very short time.

2. Framework for automated testing

A hybrid framework that represents a combination of a linear and a data-
driven framework were chosen to automate testing. The structure of the selected
framework for testing web application for advertising is shown in Fig. 1. Selenium
module is used to establish connection between the framework and the application
under testing [6,11].
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Fig. 1: Framework structure for test automation (adapted from [6])

Selenium supports web application testing across most commonly used web
browsers. Test scripts can be written in various programming languages such as C
#, Java, Ruby, Python and Perl and run on Windows, MacOS or Linux platforms
[2,4,6,8,9]. Selenium is open source software, and it could be used completely free
of charge [12].

Basic components of Selenium environment are: Selenium IDE (Integrated
Development Environment), Selenium WebDriver and Selenium Grid [4-6,9].
Selenium IDE is a tool for creating test scripts that run automatically. It is, in fact,
a Mozilla Firefox or Chrome plugin that allows saving, modifying and test script
debugging. It also allows recording actions in the order of testing [2,6,9,10,13].
Scripts can be written manually, manually or automatically recorded, because each
test script in Selenium is actually a series of commands that represent actions. A
special Selenium language for writing test scripts, Selenese, is used to generate
scripts. The Selenese set of commands allows testing different functionalities of
web applications from different views and aspects. Recorded test scripts are saved
by default in HTML format. However, depending on the user's needs, test scripts
can be exported in the format of supported programming languages, such as C#,
Java, Python, Ruby, and are usually upgraded with libraries of the selected
programming language. The Selenium IDE is used to record and execute test
scripts in Firefox and Chrome web browser, but Selenium WebDriver provides
execution of recorded test scripts in some other web browsers [9,14].

Katalon Recorder as Selenium IDE heir contains a recording module that is
based on Selenium. It allows test recording, automated test managing, debugging
and creating test scripts in Java, Python, Ruby, XML and Robot Framework
programming languages, even without extensive knowledge of programming
languages. It does not require additional installation and is added as an extension to
Chrome or Firefox web browser [15].
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3. Testing methodology

Testing was conducted through seven steps that are performed sequentially:
testing planning, creating test scenarios, test cases recording in Katalon Recorder,
test cases reproduction, test program generation (exporting test cases in Java
programming language), running test programs in Eclipce IDE and analysis of test
results. Testing methodology is presented in Fig. 2.

s 2

Test planning

Creating and writting test scenarios

Recording test cases in Katalon Recorder

. B

Test cases reproduction

i B

Test program generation

Running test program in Eclipse IDE

Test results analysis

Fig. 2: Testing methodology

The purpose and type of application are defined, as well as the scope of the
test plan. The selected web application "KupujemProdajem™ provides access to the
largest Serbian advertisement for buying and selling. It is a web application that
returns the results of certain actions to the appropriate web window. The scope of
the test plan defines the units and functionalities that will be tested, after which a
test scenario is created.

The test scenario includes: testing the login to site KupujemProdajem, login
by clicking on "my account” button and advertisement setting in the sense of
advertising sales for a given item. Testing was performed using Katalon Recorder,
version 5.3.1. Some preparations for testing were made, such as access to
"KupujemProdajem™ application, opening an application form, website
registration, entering a username and password, as well as the user's login.
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After successful registration and login, proper functioning of the "Moj kp"
button was checked. Proper functioning of tabs like “postavi oglas", "izbor
promocije" and "identifikacija", together with drop-down menu "izaberi", has been
tested. Text input field "Unos teksta", data entry field "podaci" and data entry field
for "kontakt" were tested by entering the appropriate text and numbers. The
expected results of the steps defined by the test scenario are: successful login to the
Web application, opening the application form for "Mojkp" account is successful,
access to forms like Moji oglasi, Poruke, Obavestenja, Moj nalog, Postavi oglas,
Izbor kategorije and Unos oglasa are successfully. Advertisement text setting,
setting images, data identification entries, and personal data protection are also
successful, as well as advertisement setting at all.

All previously defined steps were recorded and then played back in Katalon
Recorder. After playing, i.e. running the test script in the Firefox browser, it was
stated that all steps in the test scenario have the expected results, and the test has
the status of execution - passed. Upon successful execution, the test script was
exported to the Java programming language, which has JUnit, an open source
framework for creating and executing automated unit tests. Code validation was
also performed in the Eclipse IDE environment, with integrated JUnit.

For proper program execution, it is necessary to import the following
packages: java.util, which contains a large number of classes, or collections of
classes used to work with objects; org.openga.selenium.WebDriver, which refers to
the Web driver interface and is required to activate the new web browser;
org.openga.selenium .firefox.FirefoxDriver, which points to the FirefoxDriver
class required to activate a Firefox-specific driver;
org.openga.selenium.support.ui.Select for enabling bro-wser automation;
org.testng.annotations.*, which is used in Selenium to control the next method to
be performed and org.testng.Assert.* which allows the use of assert methods
within the Assert class.

In our case a large number of tests have a common initialization. Since it is
demanding in terms of computer resources, the necessary optimization is done
using the method with annotation @BeforeClass. Releasing the occupied resources
after performing all tests in the class is provided with the method with annotation
@AfterClass. Using public void in both annotations allows executions of both
methods exactly once before and after performing tests in that class.

All steps defined by the test scenario are shown in the testKupujemProdajem
test class and are performed in sequential order, following the linear framework.
Methods findElement() and By() give instructions to WebDriver to locate a
WebElement on a web page. Locating elements on a particular page is enabled via
ID, name, text link, or x- path. Performing certain actions at a given web page is
enabled by methods clear( ), sendkeys () and click( ), which also represent the
base of the keyword-driven framework.

Fig. 3 shows a piece of code that describes commands to find website
KupujemProdajem in Google search, log in to the site by entering username and
password in order to place an advertisement.
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The generated Java program is running in the Eclipse environment for
additional verification. The test results show the proper functioning of all tested
units.

Fig. 3: Part of the code for testing web application for advertisement setting

4. Conclusion

At the example of setting of an advertisement on the site
"KupujemProdajem", testing of the correctness of the web application, through
seven sequential steps is presented. The scope of the test plan defines the units,
activities and functionalities that will be tested, after which a test scenario is
created. The test scenario includes: testing the login to the site KupujemProdajem,
login by clicking on the "moj nalog™ button and setting advertisement for particular
item selling. Testing was performed using Katalon Recorder, version 5.3.1. Some
preparations for testing were needed: access to the site and opening the application
form, registration on the site, entering the username and password, as well as the
user log itself.

All the steps defined by the test scenario were recorded and then reproduced
in the Katalon Recorder. After playing/running the test scripts in Firefox browser,
it was stated that all steps in the test scenario have the expected results, and the test
has the status of execution - passed. After successful execution, the generated unit
test scripts are combined and exported to the Java programming language. Code
validation was also performed in the Eclipse environment. By restarting the
program at any time, it is possible to check whether the web application or its
parts, are functioning properly, to determine whether it is necessary to make
certain corrections and eliminate faults and errors in functioning.
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FINANCING OF TRANSITION COUNTRIES WITH THE HELP OF
FOREIGN DIRECT INVESTMENTS WITH SPECIAL REFERENCE TO
BOSNIA AND HERZEGOVINA

The importance of Foreign Direct Investment (FDI) is shown by the percentage of
investment from this source in the total amount of investment. Especially countries in transition
base their economic development in part on this form of project financing. This paper will,
among other things, present the financing of countries in transition, and one of the sources of
funding is foreign direct investment. The countries of the Western Balkans are mainly transition
countries that base their development in part on foreign direct investment, which is confirmed by
numerous projects financed from this source. We will present some of the transnational
companies operating in these countries with the total amounts of financial resources they have
invested so far. We will look at countries that have not used these resources enough to date.
Bosnia and Herzegovina is one of the countries that could make much more use of these project
financing opportunities in order to accelerate the implementation of reforms and faster
economic development.

1. Introduction

Investing is part of the global problem of development as a continuous
process by which every company and enterprise ensures its progress and future
business. Every organization is forced to invest because every further development
is conditioned by the efficient realization of investments. Foreign direct investment
refers to the cross-border flow of capital for the purpose of purchasing land and
businesses. They represent a long-term investment and less represent an expense
from the country. Direct investments abroad are a form of capital investment that
provides a foreign investor with the acquisition of property rights, control and
management on the basis of invested capital. The purpose of these investments is
to create an economic and legal interest in which the aspiration of the investor to
make a profit through the control and management of the invested capital is
contained. These are entrepreneurial investments, for which it is not necessary for
the investor's influence to be complete and absolute, but it is enough for the degree
of management to influence the business policy of the company. UNCTAD, the
Capital Movement Code, defines FDI as investments that involve a long-term
relationship and lasting interest, as well as control over the entity’s resident in an
economy. Foreign direct investment is often equated with portfolio investment, but
the basic difference between these two types of international capital movements is
that portfolio investment does not acquire ownership of the entity. Recently, most
of the foreign direct investments are realized through transnational companies, so it
can be added that they are the main carriers of globalization.

2. Significance of investment and investment
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Investments are a necessary condition for making progress and realizing the
constant effort of man to master the forces of nature and use them as efficiently as
possible for their own benefit, i.e. to meet their needs. Investing is part of the
global problem of development as a continuous process by which every company
and enterprise ensures its progress and future business. Every organization is
forced to invest because every further development is conditioned by the efficient
realization of investments. There are a number of definitions of the term
investment and investment, although there is no general agreement on the
definition, but the authors mostly agree that investment and investing represent
sacrificing, giving up spending in the present, to get some benefit in the future.

P. Massé [1, 13] gives one general definition: "Investing is the exchange of
Immediate and certain satisfaction from which one gives up, for the hope that one
receives and which is based on the invested good".

H. Peumans [1] gives the following definition: “Investing consists in
procuring real goods, that is, paying a certain price at the present time, with the
aim of having a certain income in the future. It is therefore an exchange of
something certain for a series of hopes spread over time".

The sacrifices made in the present, that is, the income that is expected in the
future, represent one of the basic characteristics of investments and the investment
process.

This characteristic marks investments as a time connection between the
future and the present. One of the most significant characteristics of investing is
the time in which the investment process takes place, which entails both
uncertainty and risk. The longer the investment process, the greater the uncertainty.

In everyday practice, investments are considered to be:

« Cash invested in certain production goods;

« The process of transformation of monetary goods into productive
goods;

« The subject in which the investment is made and which is obtained as
a result of the investment process.

Foreign investment from one country to another has deep historical roots.
However, a more significant investment of capital at the international level
followed the industrial revolution, i.e. the emergence and development of the
capitalist mode of production [3].

In the 19th century, Great Britain was the largest exporter of capital to other
European countries. Most investments go to the production of agricultural products
and the exploitation of mineral resources in order to produce raw materials for the
greater needs of domestic industry.

In the 20th century, the United States took over the role of the world's
leading investor. The original motives for investing in international capital
movements depended on supply. In addition to being a key factor in international
politics, the United States is also the country that invests the most capital in the
world and thus influences the economic and social direction of development of the
modern world.
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Of the total foreign investment of the United States, 70% of the funds were
invested in the developed countries of the world, and the remaining 30% in the
underdeveloped countries of the world. The developed countries of the world are
the largest source of FDI because they are home to the largest number of
transnational companies (TNCs). The dynamic growth of FDI in the post-war
period is attributed to the extensive network of TNCs in the world economy.

The FDI trend for different regions and countries is presented in [2, 5-12,
15-16, 20].

3. International movement of capital
The movement of capital from the economy of one country to another is a
process that is defined in economic theory as international capital flows.
International movement of capital initially represented the inflow and
outflow of capital from the aspect of financing the deficit or investing the surplus
of current transactions of the state balance of payments.
The term, international movement of capital implies three basic forms of
movement of capital (Fig. 1) [17]:
« Movement of loan capital (loans, credits);
« Portfolio investments (shares and bonds without the right to manage
the company);
« Direct investment (forms of investment with the right to manage).

Debt valuable papers
Portfolio investments
Investing up to 10 percent

of the company’s value

in the blish of
a new company over 10% of the value
Purchase of an existing company
| over 10% of the value
Intracompany credits

Credits
= Other investments —[
Other

Fig. 1. Forms of capital movements [17]

Foreign direct

The difference between foreign direct investments and portfolio investments
is that with FDI the right to manage a certain company is acquired, and with
portfolio investments the purchase of securities and loans is made to a level that
does not give the investor a majority decision and control over the investing entity.
If the investments are less than 10% of the value of the capital, they are treated as
portfolio investments.

4. Foreign direct investment (FDI)
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Foreign direct investments are understood as investments of a foreign person
in a domestic legal entity (enterprise), with which a foreign investor acquires a
share or shares in the share capital of that legal entity and in accordance with the
law acquires all other rights based on such investment [14]. According to the
definition of the Secretariat of the World Trade Organization's (WTO) foreign
direct investment means the resulting relations when an investor from one country
(the home country) acquires an asset in another country (the host country) with the
intention to manage these assets [3]. Almost identical to the definition adopted by
the International Monetary Fund and that foreign direct investment is defined as
investment that is undertaken in order to acquire a lasting interest and profit in the
company, with the intention to participate in the management of this company.

In essence, according to the IMF definition, foreign direct investment exists
when a foreign investor acquires more than 10% or more of the ownership share of
an economic entity with the intention of achieving lasting business interests and
participation in management in a company in which he has no ownership share.

According to the UNCTAD Capital Movement Code, foreign direct
investment includes three essential features:

1. Full ownership of a particular project in the host country;

2. percentage share in the capital of an existing or newly established
company;

3. long-term loans of at least five years.

Foreign investment is nothing new because it appears in the very beginnings
of the development of international cooperation, with the fact that the forms and
goals of foreign investment have changed throughout history. Today, foreign direct
investments are mostly realized in underdeveloped countries and countries in
transition. Less developed countries are obliged to accept any form of international
cooperation in order to employ labor force and improve the economic situation in
the country due to the lack of domestic accumulation.

5. Transnational companies as carriers of foreign direct investments

One of the more complete definitions defines a transnational company as a
parent company that: Performs production and other activities in its own branches
located in several different countries, has direct control over the business policies
of its branches and adopts and implements business strategies in production,
marketing, finance and other functions. which transcend national borders,
becoming global, world-oriented. In addition to this, there are many other
definitions of transnational companies, and one of them is that transnational
companies are companies that have their headquarters in one country, but have
significant fixed investments in other countries. The first company that could be
included in the definition of a transnational company was the British East India
Company, founded in 1600, which performed a wide range of activities, from
production to distribution and sale of goods from the British colonies. It is the first
transnational company and the largest company of the 17th and 18th centuries.
Most transnational companies are organized as a joint stock company because it is
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the most convenient way to raise the capital needed for their business. The number
of these corporations is increasing due to the process of globalization of the world
economy and the large number of mergers of companies, i.e. their mergers. As
already mentioned, TNCs consist of the parent company and its subsidiaries
(branches). A parent company is a company that has control over other branches
located in other countries. A branch abroad is a company in which the investor,
who is a resident of another country, has a share that provides him with a lasting
interest in the management of the company. The following table shows the top 10
transnational companies in the world by revenue (Table 1) [19].

Transnational companies (TNC) are the bearers of foreign direct investment,
as well as the most important participants in international trade. The word trans is
of Latin origin and translates as "over", which actually means a business activity
that crosses the borders of the country in which the company was founded. As
much as TNCs affect the foreign trade of their home countries, so they affect the
host countries of their branches.

Table 1. Top 10 transnational companies by revenue [19]

No. Company Revenue ($ M)
1. Walmart 514,405 $
2. Sinopec Group 414,649 $
3. Royal Dutch Shell 396,556 $
4. | China National Petroleum 392,976 $
5. State Grid 387,056 $
6. Saudi Aramco 355,905 $
7. BP 303,738 $
8. Exxon Mobile 290,212 $
9. Volkswagen 278,341 $
10. Toyota Motor 272,612 $

Developed countries are the most common and home countries and host
countries of transnational companies, while the Earth's central Europe usually only
host and a lot fewer home country. Inflows of foreign direct investments in these
countries are significantly higher than outflows from them, as well as their share in
FDI inflows in relation to outflows. For host countries, the opening of a branch of a
transnational company in its territory means that, instead of importing from its
home country, TNC will procure products from the branch that produces them in
its territory. In addition to the large number of positive effects that TNCs have as
FDI carriers, there are also negative ones such as the loss of state sovereignty.
Countries during the transition process cannot achieve competitiveness in the
international market using only their own resources. The processes of liberalization
and privatization have contributed the most to the initiation of foreign capital
inflows into transition countries [10]. The existence of net foreign capital it is
possible to realize the state competition, the effects of foreign capital in this
country are different. Some countries have successfully competed on the
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international market and joined international production flows and technological
chains, while other foreign direct investment funds are used for disinvestment, i.e.
financing of domestic consumption.

Foreign direct investment (FDI) of Western Balkan countries in transition in
million $ in the period 2013-2018 is given in Table 2 [12]. The Western Balkans
region in 2018 recorded an increase in foreign direct investment (FDI), while in the
world it decreased (Fig. 2). According to the UN Conference on Trade and
Development (UNCTAD) "World Investment Report 2019", the highest growth in
the Western Balkans was recorded in Northern Macedonia, where the inflow of
foreign direct investment increased by 260% from $ 205 million in 2017 to $ 737
million last year. Serbia, which has the largest inflow of foreign direct investment
in the region, grew by 44% to $ 4.1 billion [8, 12, 16, 20]. Montenegro is the only
one in the region saw a decrease - 12% to 490 million dollars, while Bosnia and
Herzegovina has had a growth of 4% to 468 million dollars, and Albania from 13
percent to 1.3 billion US dollars. In the countries in the region that are in Europe,
Slovenia had the largest inflow of FDI (81%) to $ 1.4 billion, while Croatia (43%)
and Bulgaria (21%) recorded a decline. Greece grew 9% to $ 4.3 billion and
Romania to $ 5.9 billion. In 2018, Serbia was the second largest recipient of
foreign direct investments among transition countries, which includes the countries
of the former Soviet Union, with the growth of share capital, according to the
UNCTAD report [12].

Table 2. FDI of Balkan countries in transition in million $ in the
period 2013-2018 [12]

2013 2014 2015 2016 2017 2018
Albania 1266 1110 945 1100 1146 1294
Bosnia and Herzegovina 276 550 361 319 448 468
Bulgaria 1837 461 2661 1110 2608 2059
Croatia 961 2879 270 1808 2037 1159
Greece 2817 2683 1268 2763 3611 4257
Macedonia 335 272 240 374 205 737
Montenegro 447 497 699 226 557 490
Romania 3601 3211 3839 4997 5406 5888
Serbia 2053 1996 2347 2350 2871 4126
Slovenia -151 1050 1674 1245 782 1419
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Fig. 2. FDI of Western Balkan countries in transition in million $ in the
2018 with annual growth rate (AGR) [9]

5. Foreign direct investments in Bosnia and Herzegovina

Testimonies or "success stories" of foreign investors confirm that Bosnia
and Herzegovina is a favorable destination for foreign investment and that one
should be optimistic about the inflow of foreign direct investment in the coming
period. Expectations to increase the level of foreign investment are based on
investment opportunities, the privatization plan of strategic companies, the
expressed interest of potential investors, as well as projects that are in the
implementation phase [14]. Based on the data published in the Global Location
Trends and Facts & Figures report for 2019, BiH is in sixth place in the world
based on the number of enabled jobs through foreign direct investment to one
million inhabitants, a third to investments for export. According to the data of the
Central Bank of BiH [4] from August 2019, in total FDI they amount to KM
14.296 million or KM 14.3 billion (EUR 7.309 million or EUR 7.3 billion) (Fig.
3). In 2018, foreign direct investment amounted to KM 783.4 million or EUR
400.6 million, and maintained a positive trend with a slight increase of 0.4%
compared to 2017. According to revised data, foreign direct investment for 2017,
amounted to KM 780.6 million or EUR 399.1 million and increased by 26.2%
compared to the amount in 2016. FDI in 2018, with modest growth compared to
the previous year, indicate an increase in foreign investment by 20.4% compared to
the five-year average (period 2011-2018).
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Fig. 3. FDI in the Bosnia and Herzegovina for the period 2011-2018 [4]

In 2007, Bosnia and Herzegovina had the largest amount of FDI in the
amount of 2.6 billion KM, due to the privatization of state-owned enterprises. In
2008, the inflow amounted to 1.3 billion KM and was satisfactory, without
significant privatization and with a positive structure. The global economic crisis
affected a significant reduction in investment in 2009. The increase in foreign
direct investment was registered in 2010 and 2011, but unfortunately, despite
promising estimates, FDI flows in 2012 and 2013 did not maintain a positive trend.
In 2014, it brings the largest amount of FDI in the last five years. In 2014, 811
million KM were registered, which is an increase of 99.2% compared to the
previous year. According to the revised data of the Central Bank of BiH, FDI in
2015 amounted to 637 million KM, which is a decrease of 21.5% compared to
2014, and foreign investments in 2016, with 618 million KM, were lower by 2.9%
compared to 2015. In 2017, with an increase in foreign investment of 26.2%, the
negative trend was stopped and a modest growth of foreign investment was
recorded in 2018. Based on data for January-March 2019, FDI amounted to 231
million KM or 118 million euros. The Fig. 4 presents the countries that have
invested the most in BiH (May 1994-December 2018) [4].

Austria . 2,660

Croatia 1 2,293
Slovenia — 1,076
Netherlands — 871

Russia 705
Germany 686

Italy 639

United Kingdom 523

Switzerland 479

Other countries 2,339

Fig. 4. Main foreign investors in the Bosnia and Herzegovina [4]
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According to the total investments from 1994 to December 2018, the aging
country that has invested the most, the Republic of Austria with 2.7 billion (1.4
billion euros), followed by Croatia, Serbia and Slovenia. Thanks to a good
reputation and a long industrial tradition in BiH, the most significant amount of
FDI was invested in the manufacturing sector (34%). The banking sector also has a
significant share in the total inflow of foreign direct investment (25%) (Fig. 5)
[18].

= Production

= Banking

= Telecommunications
129% = Trade

= Real estate brokerage
= Services

12% Other financial services

Tourism

25%

Transport

Other activities

Fig. 5. State of FDI by sectors

6. Foreign investments in Bosnia and Herzegovina in 2018

According to official data CBBiH of Foreign Direct Investment in Bosnia
and Herzegovina in 2018 amounted to 783.4 million KM or 400.6 million Euro. In
the structure of direct foreign investments, ownership shares refer to 547.7 million
KM (or 280.0 million Euro), retained earnings amounted to 383.0 million KM (or
195.8 million Euro), while other capital was negative and amounted to -147.3
million KM (or -75.3 million Euro). Registered ownership shares were higher
compared to the previous year (350.6 million KM in 2017), retained earnings were
slightly lower (401.5 million KM in 2017), while other capital (unlike the previous
year with 28.6 million KM) recorded a significant negative amount (possible
liabilities on the basis of borrowings) and influenced the total FDI to be with a
modest growth of 0.4%. Ownership shares accounted for 69.9% of total foreign
direct investment in BiH in 2018. The countries that invested the most in Bosnia
and Herzegovina in 2018 were: Russia with 140 million KM, Croatia 106 and the
Netherlands with 94 million KM. The following countries registered significant
capital increases (over 20 million KM): Austria (87 million KM), Germany (84),
Great Britain (81), Switzerland (40), Slovenia (33) and Italy (23 million KM). In
2018, the activities within which most foreign investments were registered (over
20 million KM) are: financial service activities other than insurance and pension
funds with 145.6 million KM, production of coke and refined petroleum products
with 135.8 million KM, wholesale trade, except of motor vehicles and motorcycles
87.7 million KM, production base metals 52.0 million KM, production of motor
vehicles, trailers and semitrailers with 39.0 million KM, production and supply
electric. gas, steam and air conditioning 36.8 million KM, real estate business 33.4
million KM, production of chemicals and chemical production water with 32.8
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million KM and production of drinks 30.7 million KM. Also, we can conclude that
the FDI in 2018th year had a constant growth that continued since 2017 and in
2018, reached an amount of as much as 800 million KM, an increase compared to
2017 th year, as the man will also be seen in the previous figures. In Fig. 6 is given
FDI by sectors in 2018 [4].

O Financial services

. 50% 3% m Production of coke and refined
6% 25% petroleum products
0O Wholesale trade

% O Production of basic metals
B Production of motor vehicle

@ Electric energy generation

0,
23% B Real estate business

15%

O Production of chemical products

Fig. 6. FDI by sectors in 2018 [4]

7. Conclusion

Globally observed, the financing of projects in developing countries and
developing countries would not be possible without cross-border capital. Thanks to
capital from abroad, today many countries are in an enviable economic, political,
cultural, sports, social and every other position. Respectable investments include
Foreign Direct Investment (FDI). They have made a significant contribution to the
development of countries in transition, such as the countries of the Western
Balkans. Many projects in these countries have been implemented thanks to
Foreign Direct Investment (FDI). If we analyze the total amount of investment
with the help of Foreign Direct Investment (FDI), we can come to the conclusion
that countries like the United States and European Union countries are the largest
investors in transition countries. Within the transition countries, Bosnia and
Herzegovina is one of the countries that has very promising and "success stories"
of foreign investors who confirm that Bosnia and Herzegovina is a favorable
destination for foreign investment. We should be optimistic about the inflow of
foreign investments in the coming period if the state makes a little more effort and
provides a more favorable business environment for their smooth operation
without major administrative barriers that would lead to attracting new Foreign
Direct Investment (FDI). In this way, better conditions would be created for the
country to accelerate its economic development.
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AnTiomko JLIL. (Vkpaina, Kuis, KHTEY)

CYTHICTH I IEPCIHIEKTUBU 3ACTOCYBAHHS BE3IIEPEPBHOI
OCBITH YIIPOAOBX XKUTTA

Ilpoananizosano akmyanbHicme 3acmocy8ants Oe3nepepsHoi 0ceimu 8 cucmemi ni02omosKu
BUCOKOKBANIPIKOBAHUX (DaxXisyis, CYMHICMb, OCHOBHI hopmu ma cK1adosi ii peanizayii, npoeedeno
00CNIONHCEHHSL MEMOOONO2TUHUX [ NPAKMUYHUX 3ACA0 NPAKMUYHO20 BUKOPUCTNAHHS OAHO20 BUOY
HasyauHna.  basyrouuce Ha  00epocanux — pesynbmamax — OOCHIONCEHHS  8CMAHOBIEHO
nepcnekmueHicms 6e3nepepeHoi ocsimu 0l OOCACHEHHsS. 3a2albHO COYIANbHO20 eghekmy ma
peanizayii 0cooucmicHo20 NOMeHYIALy po36UMKy NPedCmasHUKI8 HACEIeHHSL.

The relevance of the continuing education in the training highly qualified specialists’
system usage, its essence, basic forms and components of practical implementation were
analyzed. The study of this type of training methodological and practical principles was
conducted. Basing on the results of provided research, the prospects of continuing education to
achieve a general social effect and the realization of personal development potential of the
population were established.

Cy4acHl aKTHBHI IPOLECH PO3BUTKY CYCHIIbCTBA y cdepax riiodamsanii,
TexHoJor3amli u iHdpopMarTuzallli Cy4acHOTO CBITY OOYMOBIIIOIOTH HEOOXIIHICTh
3MIH CYTHOCTI COIliaIbHO1, TPpyA0BOi Ta mpodeciiHol MisNIbHOCTI. K pe3ynabTar

I[bOTO, CIOCTEPITalOThCSI BAXKIIMBI KapJAWHAJIbHI BUJO3MIHM IIOJ0 OJEpP KaHHS,
HAKOMMYEHHS Ta repenayl iHopMairii, JaHUX 1 3HaHb, 3HAYHOTO ITiABUIIIEHHS
ixHiXx oOcsriB. IlinTBep/KeHHSIM LBOro € (HaKT, MO0 3TITHO 3 aHAJITHYHUMH
naHuMu [ 1] mopoky BiOyBaeTbCs OHOBICHHS OJIU3BKO 5% 3araibHO TEOPETUUHUX
1 20% cmemiamizoBanux ganuid. Ile, y cBOIO uepry, MoxKe y JNESKHX BUITQJIKax
MPU3BOJUTH JO TOTO, IO 3HAHHSA Ta HABUKHU, K1 3100YBAIOTHCS YIPOIOBK
TEPMiHy HaBYAJIBHOI IMATOTOBKH, MOXXYTh BHSBJISTHCS BXKE 3acTapUIMMH Ha
MOMEHT MOYaTKy TPYAOBOI IIsJIbHOCTI 3100yBayiB HaBUYAJIbHUX KOMIETEHTHOCTEM.
JluHamika, CyTHICTH 1 Macmrabu mpoaHaimizoBaHux ssuml [1, 2]
MIITBEP/KYIOTh HEOOXIHICTh BU3HAUEHHS Ta peali3allii paJuKalbHO HOBOTO
MIIXOAy A0 3/IHCHEHHSI OCBITHBOTO MPOLECY, 3aCHOBAHOI'O HAa YHIBEPCAJIbHOCTI,
Oe3MepepBHOCTI Ta BpaxXyBaHHS MOTPeO, MO3HUIIM 1 IHTEPECIB CYCHNUIbCTBA M
KOHKPETHHUX HOro 1HAMBIAYyMiB. B acmiekTi po3B’si3aHHS 1aHOI CUTYaIlil BaXJIHBa
POJIb BIIBOJIUTHCS O€3MepepBHiN OCBITI BIPOJIOBK YChOTO KUTTS, 110 HAMPaBIIEHA
Ha (OpMyBaHHS Ta JOCSITHEHHS HEOOXITHUX KOMIIETEHTHOCTEH cIiemiagicta B
acrekTi coriaibHo opieHToBaHoi cucremu [3]. Lle, y cBoro 4epry, A03BOJIHMTH
3a0€e3MeUnTH MaKCUMaJlbHY CYCHUIbHY 3aTpeOyBaHICTb yChOTO  IHPOKOIO
KOMIUIEKCY MOXJIMBOCTEM Ta 3HaHb KOXKHOI OCOOMCTOCTI 3 ypaxyBaHHSM ii
iHTepeciB 1 mparHeHb. [liBHIIEHO BaKJIMBa pOJIb peajizallii JaHOT KOHIIeTIIi
Oe3mepepBHOr0 HABYAHHS YIIPOJIOBXK YCHOTO JKHTTS BIIBOJUTHCSA 3 OTJISAIY Ha
Cy4YacHi MpOIEeCH 1HTerpalli BITYM3HIHOI CUCTEMU OCBITH JI0 TJI00aJIbHUX BUMOT
MIKHApPOJHOTO PUHKY Ipalll 3arajoM Ta boJIoHCHKOI cucTeMu 30KpeMa. 3BaXKarouu
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Ha MTpoaHaIi30BaHUN MaTepial, KOHIIEIIis Oe3MepepBHOI OCBITH YIIPOJIOBXK YChOTO
KUTTS HaOyBa€ Bce OUIBIIOT aKTyaIbHOCTI.

3HayYHUN BHECOK B aHaJi3 CYTHOCTI, PO3KPHUTTS OCHOBHHMX MPHHIIMIIB Ta
0ocoONIMBOCTEM peamizallii, MIAXOAIB 10 3a0e3leueHHs Oe3MNepepBHOI OCBITH
3pobuan BiTuM3HsSHI Ta 3akopaoHH1 BueHl C. CucoeBa [4], B. Kpemens [5], C.
Adams [6], P. Layne [7], D. Swanger [8]. ¥V To¥i ke Jac, He3Ba)KarOUHd Ha 3HAYHY
KUIBKICTh POOIT Y JTaHOMY HAmNpsIMKY, MUTAHHS JOCHIIKEHHS METOHO0JIOTTYHUX
3acaj] peasizallii 0e3mepepBHOI OCBITH 3aJUIIAETHCS AKTyaTbHUMH.

MeTor0 AOCHIKEHHS € JAeTalbHUM aHami3 CyTHOCTI, (GOopM, OCHOBHHUX
CKJIaJIOBHX, METOJOJIOTTYHUX 1 MPAKTUYHUX 3acajl peatizailii 0e3nepepBHOi OCBITH
YIPOJOBXK JKUTTH.

PesynpTaTn anamizy icropuunoi mapagurmu [1-3, 10] cBimyath, mo imes
OCBITH YIPOJOBXK YyChOTO KHUTTS BH3HAYamacs IIe B poOOTax CTapoJaaBHIX
¢11ocodis, 30kpema Cokpara Ta [lnarona, ane ocoOIMBOI aKTyalbHOCTI Hadysa y
Ham 4yac. Jocmimkenns nocBimy €C y cdepl i1 3acToCyBaHHS JI03BOJISIE
KOHCTaTyBaTH, IO JaHa KOHIEMIIS peaiizaiii OCBITH BH3HAYEHA I1JILOBOIO
[Iporpamoro HaBuanHs ynpoaosx kutts (Lifelong Learning Programme) [10], o
3aMiHWIa TONEpeNHi mporpamMu mpodeciftHoro W JAMCTAHIIITHOTO HaBYaHHS,
po3pobuiieni 10 2006 poky. Y 1aHOMY JOKYMEHTI 1€ BUI OCBITH OYB BH3HAUYCHHUM
OJIHUM 13 0a30BHX KOMIIOHEHTIB peasizallii comialibHOoi Monaeni po3BuUTky €C i
KPUTUYHUM (HAaKTOPOM PO3BUTKY chep 3allHATOCTI Ta 3a0e3MeUeHHs CYCIIbCTBA,
3pOCTaHHS PiBHSA EKOHOMIKH Ta KOHKypeHTo3aatHocTi [10]. Kpim Toro, BiamoBiaHO
no €Bpomeiicbkol cTparerii  3aiHsTocTi [11], mpwmitasaToi 22.07.2003, Oyno
BH3HAYCHO OCHOBHI NIPHUHIIMIIH TMOJITHKA HABYAHHS YIIPOJIOBXK YChOTO KUTTS, IIIO:

v\ pO3KpHBaIOTh TpoOseMy  HecTadi  KBamiikKoBaHHX  poOOUYMX
CIELIATICTIB 13 BIAMOBIAHMM pPIBHEM 3HaHb 1 HAaBUYOK, HEOOXITHOCTI
HaJaro/KeHHs YITKO BIANPALlbOBAHOI MPAKTHKK TNEpeaadl iXHbOTO JOCBiAy
MOJIOZMM CHeIianicTam

v CTHMYJIOIOTH 0 3IMCHEHHS pI3HOMAHITHHX 3aXOMiB  IIOJO
3a0€3IeUeHHs HaCceJIeHHS MOTPIOHUMHU OCBITOIO T4 KOMIIETEHTHOCTSIMH,

v BU3HAYAIOTh BaXJIUBICTh 1 HEOOXIIHICTH IIJBUINCHHS PIBHS
IHBECTUIII B JIIOJICBKI TPYJAOBI PECYpCH, 30KpeMa NUIAXOM peaisariii
OprasizaiisiMd HaBYaJIbHUX MTPOrpam.

Ha ocHOBI mpoBemeHoro aHamsy JitepaTypHux kepen [10,12]
BCTAHOBJIEHO, 1110 3aJE€XKHO BiJ (OpM pearizaiii Ta KIHLIEBOTO Pe3yJbTaTy, SKUU
Mae OyTH oziepKaHUi, BUAUISIIOTh 3 HacTynH1 (hopmu Oe3nepepBHOI OCBITH:

»  (¢opmanbHe — 3IHCHIOEThCS B HABUAIBHO-OCBITHIX 3aKJaJgax Pi3HOTO
pPiBHS Ta 3aBEPIIYETHCS OJCPKAHHSIM IIEBHOTO MIATBEP/KYIOYOr0 JIOKYMEHTA
(momkinpHA, IOKUIBHA, BHIA, JApyra BUIA, acHipaHTypa, JOKTOpPaHTYpa,
I IBUITICHHS KBaJTi(pikarii, mepemniaroToBKa),

»  HeopMabHE — peai3yeTbes B MPOQPECIHO OPi€EHTOBAHUX YCTAaHOBAX
JI0JTATKOBOI OCBITH Ta Mpo(deCciifHOro HaBYaHHS, HA PI3HOMAHITHUX KypcaX, Y TOMY
YUCTl JHUCTAHINHOI (QopMH HaBYaHHS, Ta, Yy OUIBIIOCTI BHMAJAKIB, HE
MIATBEPIKYETHCSA OIIMHIM TOKYMEHTOM TIPO iX 3aBEPIIICHHS,
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» crnoHTaHHe (HeodimiifHe) — IHAMBIAYyalbHA OCBITHSA JiSUTBHICTB, IO
BU3HAYAETHCS SK NPUPOAHA CKIAJ0Ba PI3HOMAHITHOIO JKUTTEBOIO JOCBiAY
(camoOCBiTa, CIIIIKYBaHHS, YUTAHHS, IEPETIISA]] HAYKOBOTO M Mi3HABAJIBLHOTO ay/Ii0-
, BlgeoMarepiaily, pI3HOMaHITHI KyJbTYpHI Ta MPOCBITHUIBKI 3aXOJU Ta 1HIII
1BEHTH).

bazyrounich Ha pe3yibTaTax MPOBEACHOTO AHATITUYHOTO JOCTIIKEHHS
BU3HAYEHO, [0 3aJEKHO BIJ LUIEH, SIKI BCTAHOBJIOIOTHCS MpU 3000YTTI
HEeNepepBHOI OCBITH, BULISIOTh HACTYITHI ii CKJIAJIOBI:

» mnpodeciiHO J0JaTKOBa — OPIEHTOBaHA Ha 3a0€3IeYCHHS JTOJaTKOBUX (Y
O0araTh0X BHIIAJKaX JTOMOMDKHHUX) TpodeciiHMX BMIHb 1 HaBHUKIB peanizarii
JIOACHKOTO MOTEHLIaNy ISl JOCATHEHHs TOCTaBICHUX LJICH MEeBHOI opraHizariii,
yCTaHOBU a00 JepKaBH B LIJIOMY,

» ajanTaTMBHa — CHOpsAMOBaHA HAa CTBOPCHHSA JUIA  IPaIliBHUKIB
MOXJIMBOCTEN alafiTyBaTUCA 10 TEXHIYHUX HOBAIlIX 1 1HIIIUX HOBAIlIM CYCIUIBHOTO
Ta MOOYTOBOTO JKUTTS, HAOYTTS MPAKTHYHO OPIEHTOBAHUX HABUYOK BUKOPHUCTAHHS
HUMH y TIOBCSIKJIEHHOMY HUTTI,

» HeoOXiJHa 3TiTHO 3 IHAWBIAyaJIPHHMH IOTpeOaMH Ta IHTEpecaMu —
HaIpaBJIeHa Ha 3aJI0BOJICHHS 1HAMBITYyaJbHUX MOTPEO YW 3amUTIB MPECTAaBHUKIB
COIIlyMY JUJISl TMiJIBUIIEHHS IHTEIEKTYaJlbHOTO, AYXOBHOTO W KYJbTYPHOTO DPiBHS
(JIIHTBICTMYHI KYpPCH, KYJbTYpPOJIOTIYHI, TICUXOJIOTIYHI TPEHIHTM Ta 3ycTpiul,
KOMYHIKaTUBH1 MalCTep-KJIacH, 1HIIIE).

TakuM 4YrHOM, MpoaHaII30BaHUN MaTepiall I0JI0 KOHIEMIii Oe3repepBHOi
OCBITH YIPOJIOBXK KHUTTA CBIIYUTH MPO JAOLUIBHICTE HOTO ifeHTU]IKAIll sK
MEPCIEKTUBHOTO HANpsAMy MIJBUIIEHHA NpOoQeCcIiHOro, I1HTEIEKTyalbHOIO,
TBOPUYOT'O Ta COIIAIIBHOTO PIBHA KUTTS 1 peatizallii OTeHIlialy HaceJIeHHS.

basyrounch Ha pe3yibTatax AOCHiDKeHOro Matepiamy [1, 2, 9-12]
BCTAHOBJICHO, 1110 3aCTOCYBAHHS JJAHOTO BUIY OCBITHBOI JISTBHOCTI € aKTyaJbHUM
HaIPSMOM JIJI peajtizallii Mib>KHAPOJIHUMH Ta BITYM3HSIHUMHU OCBITHIMH 3aKJIa/IaMH,
30KpeMa BHUIIUMH, a OCOOJMBO y 3arajbHO CBITOBOMY TpEHMlI 3a0€3TMeUCHHS
€BPOIEUCHKOT MONITUKHU IOJI0 OE3MepepBHOTO PO3BUTKY Ta CaMOBJIOCKOHAJICHHS,
MOIIUPEHHS TPYA0BOT MOOILTBHOCTI HaceJaeHHs. PO3BUTOK MOCTIIKEHOTO CETMEHTY
HABYAJBHOI JISJIBHOCTI 1aCTh 3MOTYy 3a0€3ME€YUTH Ta CYTTEBO MIJIBUILIUTU SIKICTh
Mpo@UIbHOI MIATOTOBKM ¥ MEpeniaroToBKH (paxiBI[iB HA PUHKY, Y TOMY YHCIl Y
chep ynpaBliHHS ¥ aAMIHICTpYBaHHS, I1H(MOPMAIIHHUX Ta KOMIT IOTEPHUX
TEXHOJIOT1i, aHam3y 1HQOpMaLIHHUX JaHUX, TOPrOBENbHOI AISUIBHOCTI, PO3KPUTTS
3ni0HOCTeM (axiBIiB pi3HUX c(Pep EKOHOMIKM Ta TOCHOAAPCHKOI MisTBHOCTI.
Hlupoka iMIUIEMEHTALlisl TaHOTO MiAXOAY TO3BOJIUTH CYTTEBO MIABUIIUTH PiBEHb
1HUBITyJIbHUX, HAIIIOHAIBHUX 1 MIKHAPOHUX TPYIOBHUX PECYPCIB.

[lepcrieKTUBHMM  HAmpsIMOM  MOJAJBIIMX  JOCHIIKEHb €  aHami3 1
BCTAHOBJICHHSI CY4acCHUX 1HHOBAIIMHUX METOMIB 1 (hopm peamizaliii Oe3nepepBHOT
OCBITH, IIO JTIO3BOJISITH OJEP>KYBAaTH BUCOKY €(EKTHBHICTh 3aCBOEHHS 1H(pOpMAIIii
Ta HAOyTTSI HOBUX HAaBUKIB 1 37[I0HOCTEH 3100yBayamu.
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Bacuases Bb.B., HazapoBa O.C. (Vkpaina, 3anopisxcoca, HY «3anopizvka
NOIMexHIKay)

THO®OPMAIIMHO-BUMIPIOBAJIBHUI KOMILJIEKC
BATATOITAPAMETPUY-HOI'O TEXHOJIOI'TYHOI'O OB’€EKTA

Lliosuweno eghexmusnicmo npoyecy Kepy8aHHs WIAXOM BUKOPUCMAHHS 8HOPAOKOBAHOT
iHopmayii 3 memor GopmysanHs MeXHIYHUX | MEXHOI02IUHUX BUMO2 W00 VYOOCKOHANEHHS
MEexXHON02IUH020 00NAOHAHHS CMAHI8 X0N00HOI npokamku. JJonosHeHo Mamemamuyny Mooelb
npoyecie, noe’s3aHux i3 CUNO HaAms2y ma 6IOHOCHUM NOOOBHCEHHAM CMYeU Memany, wo
NpOKAMY€EMbCs,  WAAXOM  OONOBHEHHS ~ MOOeNi  (DYHKYIOHANbHUMU — 3ANeHCHOCHAMU
nepeoasapitinoi pobomu 0bOIAOHAHHSA, 3 MemOo NIOBUWEHH HAOIUHOCMI cUCmeM Kepy8aHHs,
CKOPOYEHHs 4acy i 6apmocmi HAAWMY8aHHA MEXHOI02TYHO20 NPOYEC).

Beryn. [lpu BuMiproBaHHI, KOHTPOJIIOBaHHI 1 JOCHIJKEHHI IapaMeTpiB
TEXHOJIOTIYHOTO MPOIIECY BHUCHOBKHM MPO SKICTh pOOOTH OOJIAHAHHS 1 CHUCTEM
ABTOMATUYHOTO KEPYBAHHS POOJISTHCS Ha MIJCTaBl aHAJI3y BEJIMYUH, SIKI OTpUMaHI1
npy BUMIpIOBaHHI Horo mapameTpiB. OpHaK Ha MPaKTHUIl YacTO OyBa€ BaXKO
BUMIPIOBATH JI€AKl MapaMeTpu Oe3MOCepe/IHbO BHACTIIOK KOHCTPYKTUBHHX ab0
TEXHOJIOTTYHUX OCOOJIMBOCTEN, TOMY OTPMMAaHHS BUMIPIOBAJIbHOT 1H(OpMAIIT TIPO
1l T[apamMeTpu HENpPSMUM LUISIXOM, BUKOPUCTOBYIOUM MAaTE€MATHYHI MOJEIIL,
00YMOBIIIOIOTh aKTYaJIbHICTh I11I€1 POOOTH.

AHaJII3 OCTaHHIX AOCTIIKeHb I myOaikauii. CucreMn aBTOMaTH30BaHOIO
KOHTPOJII0, KPIM KUIBKICHOTO OILIIHIOBAHHSI TMapaMeTpiB CTaHy 00’€KTa, AaroTh
TaKOX SIKICHY MOT0 XapaKTepUCTUKY: YU 00’ €KT (HOoro mapaMeTrpu) B HOpMi, UM Hi
[1]. OnHi€ro 3 HOBUX TEXHOJOTIM € TEXHOJIOTiS BIPTyaJbHUX MNPUJIAAiB, LIO
JI03BOJISIE CTBOPIOBATH CHUCTEMH BHMIPIOBAHHS, KEPyBaHHS 1 I1arHOCTYBaHHS
PI3HOTO TPU3HAYCHHS MPAKTUYHO OYIb-SKOi MPOIYKTUBHOCTI, BKJIIOYAIOYH
MaTEeMaTUYHE MOJICNIOBAaHHS Ta TecTyBaHHS IuX cuctem [2]. Takox, Kpim
BUPIIIICHHS 3aBJaHb BUMIPIB / YIPABIIHHSI, BiApa3y >X MOXYTh BHUPIITYBaTHUCS 1
3aBAaHHs OOpPOOKH BUMIPIOBAIBHOI 1H(OpMAIli Ta MPEACTaBICHHS pe3yJIbTaTiB
(aBTOMaTH30BaHe (POPMYBaHHS 3BITIB), IO TAKOX JO3BOJISIE 3a0IIAJUTH 3HAYHY
KUTBKICTh 4acy [3-4]. BukopucranHs I1i€l TEXHOJOTII P MPAKTUYHIN peami3alli
Cy4yaCHHUX aBTOMAaTM30BaHUX BUMIiproBabHUX cucTteM (AIC) € Ha CbOrOAHINIHIN
JICHb CBITOBOIO TCHJIEHITI€HO [5-7].

MeToo gaHoi podOTHM € PO3MIMPEHHS MOXKIMBOCTEH 1CHYHOYOTO
1H(popMaIiitHO-BUMIPIOBAJILHOTO KOMIUIEKCY, Ha TPHUKIAAl CTaHa XOJOJHOI
IPOKATKH, IUIIXOM PO3pOO0JIeHHsS 3ac00iB HEMPSAMOrOo BUMIPIOBAHHS 1 KOHTPOJIIO
CIJIA HATATY 1 BiAHOCHOTO TIOJIOBXCHHS CMYTH METaly, IO MPOKATY€EThCS, IS
JOCIIJKEHHSI 1 BUKOPHUCTaHHS OTpUMaHOi 1HQopMauii Mmpu MmoOyIoBI HOBHUX 1
MOJICpHI3aIlli ICHYIOYMX CHCTEM aBTOMATHYHOTO KEPYyBaHHS CTaHAMH XOJIOJHOI
MIPOKATKHU.
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Bukisiax ocHOBHOro marepiajay gocJaigxeHHsi. CydacHe METaONpPOKaTHE
BUPOOHUIITBO XapaKTEPU3YETHCS IHTCHCU(IKAIIEI0 HABAaHTAKEHb HA TEXHOJIOTIUHE
oOjanHaHHs, 30UTBIICHHSAM IMIBUAKOCTI MPOKATKH, O6TI/ICKy 1 1.0 Y nux ymoBax
3pOoCTae pojb PI3HUX CHUCTEM aBTOMATUYHOTO J1arHOCTyBaHHS, KOHTPOJIIO 1
pEeryiioBaHHS, IO 3a0e3MeuyloTh MIJBUIICHHS MPOAYKTUBHOCTI 1 SIKOCTI
MPOAYKIIi1, [0 BUITyCKa€eThCs [§].

BAT «3amopixkcranb»y TOpUIUISE YyBary ONEPATUBHOCTI OTPUMAaHHS
iHpopMarlii 3 BUpOOHMIITBA, OOpOOKM Ta aHalizy OTpUMaHUX pe3ynbrariB. Ha
Teputopii 1exy xonoaHoi nmpokatku Nel (LIXII-1) opranizoBaHa JiokajgbHa Mepexa
NEPCOHAIIBHUX KOMIT IOTEPIB, L0 JO3BOJIE€ BIACIIIKOBYBaTH 3MIHY IOTOYHMX
3HaYeHb €JIGKTPOMEXAHIYHMX napaMerpiB 3 Oyap-skoro IIK, a Takox
BUKOPHMCTAHHS apXIBHUX MaTepiaiiB AJs IX BUBUEHHS.

JUis BUpILLIEHHS 3aBJaHHs BUMIPIOBAHHS €IEKTPOMEXaHIYHUX IapaMeTpiB B
YMOBax METaJONpPOKATHOIO BUPOOHUIITBA ICHY€E A1arHOCTUYHUIN OaratokaHalbHUN
koMmiieke [8]. Komreke BUKOpUCTOBYE i1HGOpMAIIiO, OTPUMAHy Bijl JAaTYUKIB
IIBUJKOCTI, CTpyMy 1 Hampyru. [[o KOXHOMY 3 YOTHpPBOX €JIEKTPOIPUBOIIB
KOHTPOJIOIOTHCSl TaKli KOOPAWHATH: HAlpyra IBUTYHA, CTPyM 30yIKEHHS, CTPyM
AKOpsA, a TAKOXK MIBHJKICTh KIIITI, Ka OEpeThCs 3 ypaxyBaHHSIM KajllOpOBaHOIO
Koe(illi€eHTa NPOIMOPIIHHO HAIIPY31 TaXOreHepaTopa.

[Ipomixkok MeTanmy Mixk cycimmimm arperatamu (puc. 1) [9,10], me,™?

JiHIHA MIBUAKICTH pyXy MeTaly dYepe3 Mepiiuil Ta apyrui arperat; | — e
. . .. C .
BIICTAHP MDK CYCIIHIMH arperatamu; P- >KOPCTKICTh TPYKHOTO €JIEMEHTY
(TpaHCIIOpTOBaHMI MaTepian); F¢ - cuia HATATY CMYTH.

J i1 L J k2
a v ) v
ki1 i kl2
R1 % Fc; Cp &QD
Pucynok 1 — JIBomacoBa eJIeKTpOMEXaHIYHA CHUCTEMa IPOKATHOTO

MEXaHI13My 3 KPYXHOCTSIMU APYTrOro poay

Ly () F.(p)

Ly, (P)

Pucynok 2 - CTpykTypHa cxema Opy»HOTO0 3B 13Ky JPYroro pomy

3rigHo 3 pucyHkamu 1 12 nedopmariis Matepiany Ha JUISHII JOBXKHUHOO |
OMHCYETHCA TUDEPEHIIINHUM PIBHSIHHSIM:
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e (1) 2

dt I I (1)

1€ € — BIJHOCHE TMOJOBXEHHs Y« 1 Y2 — TiHIMHI IIBUAKOCTI MaTepiany Ha
BHXO/II IIEPIIIOrO Ta IPYroro arperary.

! 2)
Cuna HatATy, SIKa BUHUKA€ B MaTepiaii:

Fc =CpA| =Cp|8 (3)
Bukopucrosytoun (1) — (3) orpuMaemo cuctemy piBHSHB B ONEPaTOPHii

dopmi:
c |
F(p)= F;); Ukll(p)_[1+5(p)]l)k|2(p)};‘

2(p) =~ F (p);
cl ° |
oa1(p) = Ruan(p); vxi2(p) = Roon(p), '}

%

(4)
ge R, Rej o @ _ pinnopinmi paaiycu 1 KyTOB1 IIBHUIKOCTI IEPIIOTO Ta
JPYroro arperary.

BukopucroBytoun gaHi KpuBOi giarpamu  po3tary [11]  Bimomwuid
MaTeMaTUYHUN OMHC JIOMOBHUMO TPAHUYHO ITOMYCTUMHUMH YMOBaMH JISI CHJIA
HATATY :

08F o <Fe <09F¢ 1 (5)

FC, max — Kr ’ FC rab ’ (6)

ne X — koegimient mexi minHocti Marepiany (Xr=1,5); " — cuna HaTATy
CMYTH METajly IpHu poOOUYNX PEKUMAaX MPOKATyBaHHS.

F . .
Bemuuuan Kr, "C®  ppspaualoThes 3 ypaxyBaHHAM (hi3MKO-MEXaHIuHHX
BJIACTUBOCTEH MaTepiany 1 TEOMETPUIHUX PO3MIPIB CMYTH, IO MPOKATYETHCS.

JIiHifiHa MIBUAKICTH BU3HAUYAETHCS 3 ypaxyBaHHSM KyTOBOI IIBUIKOCTI 1

MMOTOYHOTO 3HAYEHHS pajiyca pyJoHa:

U=a)Rp/ i )

7€ ¥ — JiHIfHA MIBUIKICTh PyXy CMyTH (v =Const),
| — mepeaaToYHU Koe(ilieHT peayKTopa.
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KyToBy IBUJIKICTh BU3HAYUMO 3 PIBHSHHS:

TG . (8)

TakuM YUHOM OTpUMAHO MAaTEeMaTUYHHUIA OMHUC ISl HEMPSAMOIO BU3HAYCHHS
CWJIM HATSTY Ta BIAHOCHOTO MOJOBKEHHS CMYTH, 1110 TTPOKATYETHCA 3 ypaxyBaHHIM
ICHYIOYMX BCTAQHOBJICHMX JIaTYMKIB Ta BCTAHOBJEHOTO JIarHOCTUYHOTO
KOMILIEKCY.

[IpakTiyHa MIHHICTH TMOJSATA€E B MMABUIICHHI €()EKTUBHOCTI MPOIIECY
YOpPaBIIHHS ~SKICTIO TPOJYKII Ha eramax OCBOEHHS 1 BIOCKOHAJICHHS
BUpoOHUIITBa. IllIsXOM BUKOpPHUCTAHHS TOBHOI YIOPSJAKYBaHHSA i1HoOpMaIi 1
JOCBIy eKCIUTyaraiii COpPTOBUX CTaHIB MoOKHa (OpMyBaTH TEXHIUHI 1
TEXHOJIOTIYHI ~ PIIIEHHS 10 MOJEpHi3allii JIloYoro 1 po3poOIli  HOBOTO
TEXHOJIOTIYHOTO O00JIaHAHHS Ha CTaHaX.

BucnoBku. [IpomnoHyeTbCS BIOCKOHAIUTH ICHYHOUHMH 1H(MOpMaIiiHO-
BUMIPIOBAJILHUN KOMITJIEKC CTaHa XOJOJHOI MPOKATKHA IUIIXOM pPO3IIUPEHHS
KUIBKOCT1 KOHTPOJIbOBAHUX €JIEKTPOMEXAHIYHUX MMApaMETPIB I[bOT0 CTaHa, a caMe,
BUMIPIOBATH HEMPSAMUM IUIIXOM CHJTY HATATY Ta BITHOCHOTO TMOJOBXEHHS CMYTH
MeTaly, 0 MPOKAaTye€ThCsA, 3 METOI0 JOCHTIKEHHS 1 BUKOPUCTAHHA OTPUMAHOi
iHdpopmaiii mnpu nmoOyIOBI HOBUX 1 MOJEpHI3allii ICHYIOUMX CHCTEM
ABTOMATUYHOTO KEPYBAHHS CTAHAMH XOJIOJHOI MPOKATKH.

BukopuctanHs MaTeMaTMYHMX MOJENIed CTaHy CMYyTd MeTaly, Mo
MIPOKATY€ETHCS, JO3BOJIMTh OTPUMATH HEMPSIMHUM ILISAXOM 1H(POPMALII0 MPO CHILY
HATATY Ta BIHOCHOTO TIOJIOBXKEHHS CMYTH METally 0€3 BUKOPUCTAHHS JI0IaTKOBHX
JATYMKIB, 110 00OYMOBUTH €KOHOMIUHY €(DEKTUBHICTh 3a3HAYEHOI'0 BAOCKOHAJIEHHS
1 COpUSATHME TIJBUIICHHIO SIKICHUX TMOKa3HUKIB CHUCTEM KEpYyBaHHS CTaHaMU
XOJIOAHOI MPOKATKH.

Ha ocHOBI aHamizy OTpuMaHuX pe3yibTaTiB BUMIPIOBAHHS MOKHA BUIITUTH
Taki OCHOBHI €Talmy HampsMKIB  JOCTI/DKEHHS: aHaji3 TEeXHOJIOTIYHOTO
o0JIalTHaHHS; BHSABICHHS «IPOOJIEMHUX» PEXKHMIB;, JOCIIPKEHHS PEXHUMIB
OpoOKaTKW 1 1X BJAOCKOHANIEHHA. BukopucTtoByrounm nani iHopmaIliitHo-
BUMIPIOBAJIFHOTO KOMIUIEKCY MOXHA OINTHMI3yBaTH CHCTEMH KEPYBaHHS SIK
OKpEeMHMHU KaHaJaMH, Tak 1 OararomapaMeTpUYHOIO TEXHOJIOTIYHOK CHCTEMOIO B
L1JIOMY.
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YJIK 69.002.5
Beanuko M.B., Epumenko O.B., Ilnyrina T.B. (Vkpaina, m. Xapkie, XHA/Y).

AHAJII3 ITH®OOPMALIHOTO ITHCTPYMEHTAPIIO J1J151 PILIEHHS
3ABJAHD MO3ULIIOHYBAHHSI POBOYOI'O OPTAHY BJM HA
JNIJISTHI BY JIBHALITBA

Y cmammi npoeooumvcs amaniz inghopmayilino-npocpamnoco iHcmpymenmapiio 0
pilleHnss 3a80aHb NO3UYIOHYBAHHA POOOYO2O OpP2AHY MAUWIUHU ) CYYACHOMY OOPOINCHLOMY
oyoienuymei. OOIPYHMOBAHO eleMeHmHy 0a3y cucmem NO3UYIOHY8AHHA mMa nepesacu
8nposaoddicenns. Bucynymo nponozuyii w000 SUKOpUCMAHHA NPOSPAMHO20 3a0e3NeYeHHs Y
cucmemax NO3UYIOHYB8AHHA, WO 3abe3neuye a0anmusHy onmumizayio pobouux npoyecis.

The task of analysis of information and software tools for solving problems of
positioning the working mechanism of the machine in modern road construction /s
considers. The element base of positioning systems and benefits of implementation are
substantiated Proposals for the use of software in positioning systems, which
provides adaptive optimization of work processes.

IHocranoBka mpodiaeMu.

3aranpHa edekTuBHICTH 1HGOpMaIliiiHOT TifAcucTeMu KepyBanHi bJIM
BIUTMBAaE Ha 3a0e3MeueHHs MBUAKOCTI i TOYHOCTI BUKOHAHHS PpOOOYMX OIEpallii.
Cucrema mNO3UIIIOHYBaHHS € (yHIaMEHTAIbHOI YaCTHHOI aBTOMATH30BaHO1
CUCTEMHU YIPABIIHHS, OCKUIBKM MpU OyIb-IKUX oOlepamisax mae OyTH BIOMO
MOJIOKEHHSI BChOTO 0OJiagHaHHsA y mpoctopi. Cucrema ynpaBiiHHA TOBHHHA
3a0e3reuyBaT  OmepaTopiB OOJIAIHAHHSA OE3MEepPEpPBHOIO 1 ITOHOBIIIOBAILHOIO
iHpopMartiero npo ixHe crtaHoBuile. LI 3aBIaHHS MOMXJIMBO BUPIINIMTH TUIBKU
3aBASKU MPOrpaMHO-1HPOPMALIIITHOTO IHCTPYMEHTAPIIO.

AHani3 cy4acHOro MporpaMHoO-1H(GOPMALIITHOTO IHCTPYMEHTAPI0 CUCTEM
MO3UIIIOHYBAaHHS pPOOOYOTO OpraHy MAIIMHA Yy CYYaCHOMY JOPOKHBOMY
OyIIIBHUIITBI Y OBHIM Mipi He TTpoBoauBcs. 11100 HamaTh HANOUIBIT TOYHI OLIIHKU
! MOXJIMBI MPOTHO3M LI0JI0 HANPSIMKIB BUKOPUCTAHHS CUCTEM MO3MUI[IOHYBAHHS,
HeoOX1JJHa KOMIUIEKCHA ITepaTUBHA METOJOJIOTIS JTOCHIKEHHS, CIpSIMOBaHAa Ha
MIHIMI3aIli10 BiIXWiIeHb. J[JIsT CTBOpEeHHS OE3MEYHOro, BUCOKOSKICHOTO, CTIHKOTO
cepenoBuilla B OyAiBenbHIA ramdy3l HEOOXITHO 3aCTOCOBYBATH pPEHTAOENbHI U
e eKkTUBHI MeTO 1 KepyBaHHs [1].

AHaJII3 OCTAHHIX JOCTIAKEHb I myOTikanii.

VY BiIKpUTHX Kap'epax HAWUMPOIYKTHUBHIIIOW TEXHOJIOTIEI € MPOCTOPOBE
MO3UIIIOHYBaHHA 3a J0mMoMorow cynyTHukoBoi cuctremu GPS [2]. HoBi cucremu
ynpasimiaHs BJIM, po3poOneHi 3a ocCTaHHI pPOKH, OO0'€IHYIOTh IOCSTHEHHS B
obJsiacti cynyTHHKOBOro no3uiionyBanHs GPS 1 BianmoBigHi 3acoou SAPR. Bonu
JTIO3BOJIIIOTH OTepaTopy OOJagHaHHA B 3BUYAHMX YMOBaxX OauuTH CTBOPEHUU
KOMIT'IOTEpOM 00'€KT Ta MOCTIMHO OHOBIIOBATH TomorpadiuHy iHGoOpMaIliio Mpo
Heoro [3]. Ili cucremu MOXKyTh 30€epiraTi CXeMH BHKOHAHUX pPOOIT 1 Bijpazy
nepeaaBaTi pe3ybTaTh MPOCKTYBATBHUKY JIJIs TiepeBipku. KiHieBa Meta cucreMu
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- TOBHICTIO BUKJIIOYMTH €Tal PO30MBKH 00'€KTa TPATUIIMHUMU METOJIaMH,
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3MIMCHUTH E€JIEKTPOHHY Iepefady MPOEKTHUX JIAHWX B TPAHCHOPTHE 00JIaJHAHHS
Biipazy 3 odicy 1 Oe3nmepepBHO OHOBIIIOBATHU JaHl MPO TMEPEMIIICHHS MaIlWH 1
Marepiaiis [4].

[TornuOnenuii KOHKYpeHTHMI aHami3 1HGOPMAIIHHOTO 1HCTPYMEHTAPIO
cucteMm no3uiiionyBanHs bBJIM Ha puHKy YKpaiHu J03BOJUB yKa3aTH TEHACHII
PO3BUTKY OCHOBHHUX HAIPSIMKIB [5].

Meta poOoTH Ta MOCTaHOBKA 3aja4 AOCHIHKECHHSI.

Metoro nanoi poOOTH € miIBUIEHHS €(EKTUBHOCTI BUKOPUCTAHHS CUCTEM
NMo3UIlioOHyBaHHs pobodoro oprany BbJIM 3a paxyHok anamidy iHdoOpMaIliiHo-
IPOrpPaMHOTO 1HCTPYMEHTapil0 JJis pIIIEHHS 3aBJaHb [O3UI[IOHYBAaHHS Y
Cy4aCHOMY JIOPOKHBOMY OyIIBHHIITBI.

3amaui  poboTH: OOIPYHTYBaTH €(EKTUBHICTh BIPOBAIKEHHS CHUCTEM
MO3UIIIOHYBaHHs pobouoro oprany bJIM; oOrpyHTyBaTH eneMeHTHY 0a3y CHUCTEM
HO3UIIOHYBaHHS poboyoro oprany bJIM; mpoBecTu aHani3 Cy4yacHOTO MPOTrpamMHO-
1H(OPMAIIIHHOTO 1HCTPYMEHTApil0 CHUCTEM MO3UIIOHYBaHHS pPOOOYOro OpraHy
MAallIMH{; TPOBECTH OLIHKY pe3yibTaTiB Ta MPOMO3MULIA 100 JAOPOKHBOTO
OyIIBHHUIITBA YKpaiHH.

OcHoBHUI MaTepiaJ J0CTIIKeHHS.

Came BijJ eTariB MPOEKTYBAHHS 3aJICKUTh SIKICTh 1 BapTICTh OYIIBETHLHOTO
npoekTy. Bubip TeXHONIOTIYHOTO pillieHHs BU3HAYa€ €()eKTUBHICTh BIIPOBAKEHHS
CHUCTEM Mo3ullioHyBaHHS pobodoro oprany BJIM. Lleit dhakT 103BOJIsIE OOMEKUTH
KUIBKICTh BEPIIMH MHOXHHH MOXJIMBUX CTaHIB CHUCTEMHU aBTOMATHYHOTO
KepyBaHHs pPOOOYOro OpraHy, sika 30UIBIIYETHCS Yy 4Yaci, 10 3HAYHO 3MEHIIY€
BUMOTH JI0 OOYHMCITIOBAJIBHOI MOTYXKHOCTI Ta mam’sti 6optoBoi EOM. 3 iHIoro
OOKy, 3’SIBJISIETbCSI MOXKJIMBICTH MOOY/IOBU MHOXKUH MOXJIMBHUX CTaHIB CHUCTEMHU
ABTOMATUYHOT'O KEPYBAHHS pOOOYUM OpPraHOM, IO €BOJIIOLIOHYIOTh Y Yacl.

Hacamnepen, Bapto BuOpatu rpadiuHy miatdopMmy, Ha SKid MOBHHHI
MpaIfioBaTH MPHUKJIaaHI cucTteMu. Lle moBuHEH OyTH JOCHUTH TOTYKHUH PEAAKTOD 3
(GYHKI[IOHATBHUMUA MOJKJIMBOCTSIMHU, 1[0 TMOCTIHHO pO3MIUPIOOTHCS. KpiMm ToTO,
BapTO BUOUpATH BIAKPUTY CHUCTEMY, IO HAJA€ KOPHUCTYBA4YEBI MOMJIMBICTh
PO3pOOKHU BIIACHUX JIOAATKIB, IO 301IBIIYIOTH MOMKIMBOCTI 0a30BHUX CHUCTEM.

[ToyaTox MopaemoBaHHS poOOYOi [IISHKKA TOB'S3aHE 3 IIJATOTOBKOIO
TOTIOTEO0/IE3UYHOI OCHOBH, Y SAKOCTI SIKOT MOXKYTbh CIY>KUTU €IEKTPOHHI KapTH (SIK
pacTpoBi, Tak 1 BeKTOpHI) ab0 300pakeHHs, OTpuMaHi 3 Kocmocy. [loTim
"migHiMaeTbea" penbed, Ha SKOMY OyAyTh pO3TalIOBYBaTHCS MoAeli 00'ekTiB. TyT
Ha jgornoMory npuxoaath ['IC, mo oOpoOisitoTh JaHl JUCTAHIIHHOTO 30HyBaHHS
3eMJI.

[Ipu uboMy 3acTocoByeThcsl HUpoBa (poTrorpaMMerpis MO CcTepeornapax
aepo- abo kocmiuHMX (OTO3HIMKIB ab0 X Oynyerbcs penbed MO 130J1HIAX
onudpoBaHUX IMAarepoBuUX KapT. I[lapanmenpbHO 3 PO3PAXyHKOM 1 CTBOPCHHSIM
00'ekTiB Hae pobora 3 1HGPOPMAIIMHOTO HAMOBHEHHS 3aJIeKHO BIJ CreruiKu
3aCTOCYBaHHS MOJIEIII.
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[IporpamHuii mpOAYKT MOBMHEH aBTOMATHU3yBaTH BCl e€Tanu OyAiBEIbHOTO
MPOCKTYBaHHS W MICTUTH I1HCTpYMEHTAJIbHI 3acoOu, HEOOXigHI TI'eo/e3ucTam,
tonorpadaM, pPO3poOIFOBaYaM TEHEPAIBHOTO IUIAHy, NUIIXOBHKAM Ta 1HIIAM
daxiBIgIM.

BaxxnuBuii MOMeHT Oyab-aKoro OyJIBHMIITBA Ha MICIEBOCTI - OJIEp:KaHHSA
iH(bopMaui'l' Opo 3eMJII0, TOMY OOWMpaHW MPOIYKT MOBHHEH MaTu iHCprMeHT
aHayi3y TMOBEpPXHI 3 HACTYMHOIO MMOOyA0BOIO LU(POBOI MOJENi MiCIEBOCTI,
BUKOPUCTOBYIOUM KpamKd TeOJe3UYHOi 3HOMKH, Kpamkd 13 TUIAHIICTIB,
BEKTOPH30BaH1 TOPU30HTAIIL, CTPYKTYPHI JIiHI{ PI3HUX THIIIB.

[Tpogykr moBuHEH 3abe3medyBaTH pOOOTY BCIX YYACHHKIB MPOEKTY B
€TMHOMY 1H(OPMAIIHHOMY CEpEIOBHIIT, IO TO3BOJISE TOJIMIITATH B3AEMOIIF0 MIXK
PI3HMMU OpraHi3alisiMu i miapo3aiiaMu.

[adopmariito po Bcix crpoekToBaHuii 3D-00'ekTax HEOOXiMHO 30epiraTu B
0a31 qanux npoekty. [Ipu npoMy notpideH 3pyuHuit 3aci0 it IXHbOI Bi3yasi3allii.

VY 1meil yac Ha pPUHKY HOPOrpPaMHUX TMPOJYKTIB € O34 CucTeMm, IO
J03BOJISIIOTh ABTOMAaTH3yBAaTHU MPOLIEC IUIaHYBaHHS OyAIBHUITBA i moOyayBaTu
BIpTyaJIbHYy MOJIeNIb MalOyTHHOT 3a0y/10BH, a TakoxK ynpasisatu bJIM.

PosrisHemo aexinbka 3 HUX. Moayns [loneBux lanux Terramodel (FDM) -
noyaTkoBuil pieeHb cuctemu Terramodel [6] . FDM cTangapTHO MOCTaBISETHCA 3
yciMa TaxeoMmerpamu Trimble 1 Hagae Oe3miy (yHKUIA MIATPUMKH, KEpyBaHHS
JaHUMU ¥ JUIs JoAatkiB. JlaHi MOXKyTh OyTH mepenaHi 3 1HCTpyMeHTiB Trimble Ha
J0JATOK JO0 PI3HOMAHITHUX IHCTPYMEHTIB I1HIIMX BHPOOHUKIB 1 MPOrpaMHUX
cucteMm. llepenbaueno HacTynHi (QYHKIII: OOYMCIEHHS, MEPEryisa 1 aHami3
TeOJIC3NYHNX JTAaHUX, MONEPeaHIN neperisia rpadiku, KpecIeHHs MPOEKTy 3HOMKH,
reHepamis 3BiTy W 3anutu gaHux. FDM moxke OyTM MoOAepHI30BaHUM 3a
JIOTIOMOTO0 JIoAaBaHHs 1HIIKUX MoaymiB Terramodel ams pimeHHs pi3HOMaHITHUX
reojie3nyHux 3aBnaHb. 3acoom CAD penaryBaHHS BKJIIOYAIOTh  BUPI3KY,
IPOJIOBKEHHS, IPUETHAHHS, TT1IKIIFOYCHHSI, pO30MBKY, MIepeMIIleHHs, 00epTaHHs i
3CYB.

[HTenexTyanbHi 3aco0u  1UGPOBOTO MOJEIIOBAHHS 3a0IIaKYIOTh 4ac,
aBromatusytoun crBopenHs [IMM (umdpoBa monens micueBocti). Cknaa [IMM:
KOXXKHUM IIap MoXe OyTH He3aJIeKHOK IU(POBOI MOJIEIUII0; KUIbKa IIapiB
MOXYTb OyTM 3rpynoBaHi i (opmyBanHHs  OaratomapoBoi  [IMM;
noOyJoBa 3a OAMH KPOK KPHUBOJIHIMHUX TOPU30OHTANICH; IIBUAKA MNOOYyI0Ba
npod B JIJIs1 OIIHKK MiclieBOCTl; 3D Bizyanizallisi MOJesl TOBEPXHi; 0OUMCIICHHS
IUIOLII TOBEPXHI; BHUMIp 00CSTIB Moxke OyTtu 3pobieHo MK JBoma [[MM;
terramodel aBTOMAaTMYHO CTBOPIOE BUJA TMONEpEeYHMKA W TAOMWMYHMI 1map 3
JEKUTbKOX KpEeclieHb MOIMEPEYHUKIB; MIJ3eMHI W Ha3eMHI 00'€KTH MOXYTh OYyTH
ABTOMATUYHO PO3MIIIEHI Ha KPECICHHSIX TIOMEPEYHHUKIB - HAMpUKIAL, Tpyow,
kabeni ¥ T.1.

Cucrema Leica ConX 103BoJisie BIJCHIIKOBYBAaTH pPOOOUYMIl Tpouec y
peXKUMI peaJbHOTO dYacy 3a JOMOMOrow Oynb-skoro mpucTtporo. Jlani
BI3yalli3yl0Th, OOPOOJISIOTH 3a JOMOMOTOI0 XMapHOTO pillieHHs i BeOiHTepdericy.
Leica ConX 103BoJisi€ Bi3yali3yBaTH 1 MEPEBIpSITH MPOSKTHI MO, JaH1 3HOMKH
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i xi7 OyIIBHUIITBA 3a JOTIOMOTOI0 IHCTPYMEHTIB aHajli3y 3 METOI0 MOHITOPUHTY i
BEJICHHS 3BITHOCTI I110J10 TPOAYKTUBHOCTI AissHKY (Puc.1).

Bien

w0

Puc.1. IHctTyMeHTapin Leica ConX Puc.2.
IHcTymMmeHTapin PAIO

Jns miaBUILIEHHS 1H(QOPMATUBHOCTI ONEpPATOpiB MAIIMH Ta POOITHUKIB
po0O0UOi IUISIHKK CTBOpeHe Oe3neune poditHuue cepenonuiie Leica PA10 (Puc.2).
PA10 - cucrema BHABJIEHHS HEOE3NEYHOTO 30IDKEHHS OO'€KTIB, IO HaIae
iHdopMaliito mpo POOITHUKIB HABKOJIO TPAHCIOPTHUX 3aco0iB 1 MalIMH Ha
JUISTHKAX Juist OyIIBHUIITBA BEJTUKUX CIIOpYIKeHb. MiTka PA 3a0e3nedye 3ByKoBYy,
Bi3yalibHY M TaKTWJIbHY HaBITaIlil0, a aHKep 3a0e3Meuye ornepaTopoBl MalIuHU abo
BOJII€BI BI3yallbHY ¥ 3BYKOBY HaBIraIlio.

1CON office 3abe3neuye nepenady JaHux 3 oicy Ha AUISHKY OyaiBHULTBA
3aBASKMA 1HTErpallii MmporpaMHOro IHCTpyMeHTapito y cuctemy Leica ConX. B
1CON office moxxHa BimOOpa3WTH JOCTYIIHI MAIllMHU Ta iXHE PO3TAITyBaHHS.
[nTerpartis 103BOJsiE OOMIHIOBATUCS TMPOCKTHUMHU JAaHUMHU O€3MOCEPEIHbO MIXK
1CON office 1 BcTaTKkyBaHHSIM Ha JIJISHIII.

[Tporpama Leica i1CON office cymicHa 13 cucteMaMu KepyBaHHSI MalllMHAMU.
[Iporpamue 3abe3neyeHHsl NIATPUMYE Psil CUCTEM KEepyBaHHS il BUMIPIOBAIILHUMU
natuukamu Big Leica Geosystems, a Takox 1HmuX BUpoOHUKIB: AutoCAD DWG 1
DXF; IFC; wmikpoctanuiii DGN; LandXML; MX / Moss; REB. Oniionnuii
MoAyb Mozeni penbedy micieBocTi B Leica iICON no3Boiisie po3paxyBaTu 00CsT
BUKOHYBaHMX POOIT Ha MOBEPXHI W Ha BUCOTI IS CKJIaJaHHs kowropucy. Llei
MOAYJIb JI03BOJISIE€ MOBHICTIO KOHTPOJIIOBATH MOJEJI MOBEPXH1, BUKOPUCTOBYBAHI
U PO3paxyHKY, BKIIOYAIOYM TPaHMIN W JiHIT po3puBy. MoIylb TakoX MOXKHA
BUKOPHCTOBYBATH JUIS CTBOPEHHS npodiTiB 1 JUITHOK MICIIEBOCTI, (popMyBaHHS
pPI3HUX  CTaHAApTHUX  3BITIB  KOHTpPOJO  sikocti. Ha  pmomaroxk 1o
KopucTtyBanbHUITEKOTO iHTEpdeiicy Leica iICON office mpairtoe, BUKOPUCTOBYIOUH
yoynoBanuit mexaHisM AutoCAD® st BIAKPUTTS W pemaryBaHHS BJIaCHHUX
kpecneHb AutoCAD®. HxGN SmartNet - 1e iaTterpoBana 1imomoooBa GNSS
Mmepexka, ais 3abesnedeHHs GNSS 1 RTK BumipiB, modyaoBaHa Ha HalOUIbII
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pedepeHTHIN Mepexi, 1Mo 103Bojse MPUCTPosM 3 miaTpuMkoro GNSS BuMipis,
IIBUIKO BU3HAYUTH TOYHE Miciie po3tamryBaHHs (Puc.3 — 4).

Puc.3. ITHctTymeHnTapin iCON office Puc.4
IHcTymMeHTa apin HxGN Smartnet

HXGN SmartNet - e cimy»06a KOpeKIii MICISl pOo3TalllyBaHHs, SIKY MO>KHA
BUKOPUCTOBYBATH 3 Oynb-akuM mpuctpoem 'HCC, ii mocTiiiHO mepeBipsitoTh Ha
LUTICHICTb, JOCTYIHICTh 1 TOYHICTh. Bomnomiroun Ouein Hik 4500 pedhepeHTHUMU
CTaHIIIMU Ha OCHOBI TexHouorii Leica Geosystems, ki 3a0e3MeUyOTh TOYHICTh
BU3HAUEHHS MiCld pO3TallyBaHHS B Oyab-sikoMy nonatky, cuctema HxGN
SmartNet 3a0e3neuye oep>kaHHsI MAKCUMAIbLHO MIBUJKUX 1 TOUHUX KOOPAUHAT.

[Iporpama 1CON site npu3HaueHa il MIABUILNEHHS MPOJIYKTHUBHOCTI,
J03BOJISIE MEPEBIpUTH W BU3HAYUTH pOOOTY HA TNpaBWIbHIA TNIHMOWHI, 13
npaBuiIbHUM mpodinem, yxuiom ado mnoepxHero. 1ICON site po3poOneHuit ass
MOBHOT 1HTErpamii 3 OyJab-IKUMH CEHCOpaMHM ¥ pillieHHsMH JJIsi MamuH Leica
ICON.

MosxuBICTE OOMIHY BCTaTKyBaHHSM 1 JaHUMH 13 MPUCTPOIB YCTAHOBIICHUX
Ha MallMHax 1 Mo3a HUMH, MPOEKTaMU ¥ TEpPCOHAJIOM Ha AUISHIN, MMiJABUILYE
THYYKICTb 1 3MEHUIYE MOXJIKMBI MpocToi B poOoTi. OCOOIMBOCTI MpOTrpaMu:
iH(popMalis Mpo MPOEKT 1 CTATUCTUKA B PEAIbHOMY 4Yaci Ha AUISHIN; MiHIMI3aIis
MOMWJIOK 1 JIOpOOOK; 30UIbIIeHHS KoeQillieHTa BUKOPUCTAaHHS MAIIUHUA |
3HIKEHHS BUTpAT Ha NAJIMBO; PO3PAXYHOK TOYHOIO OOCSTY IPYHTY a0o0 IHIIMX
MaTepialiiB; BUMIpP 1 KajaiOpyBaHHS Ha AUISHI; 3HWKEHHS 4acy MPOCTOI0 MAaIIMHU
W T IBUIIEHHS TPOTyKTUBHOCTI.

BucHOBKM i mepcneKTHBH MOJAJbIINX JOCIIKEHb Y TaHOMY HANPSIMKY.

B ymoBax crasoi KOHKypeHIlii B OyAiBenbHii raimy3i YKpaiHu BUKOPUCTAHHS
CUCTEeMH NO3UI[IOHyBaHHS pobOodoro oprany bJIM Haa3Bu4ailHO BUTITHO MAJIs
pOOITHUKIB Ha OyAiBelIbHUX MaillaHYMKax Yy JOBIOCTPOKOBIA NEPCIEKTHBI,
OCKUIBKH 11 CUCTEMa CKOpPOYY€ 4Yac MPOCTOI0 MAIlMH 1 JornoMarae €(heKTUBHO
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BUKOpHCTOBYBaTH pecypcu [11]. OOrpyHTOBaHO 0OO0YHMCIIIOBANIBbHY €()EKTHBHICThH
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BUKOPUCTAHHSI MAaTEMAaTHUYHOIO anapaTy Jjisl TOOYJ0BHM MHOKHH MOKJIMBUX CTaHIB
CUCTEMH aBTOMATHYHOI'O KEpyBaHHS POOOYMM OPraHoM, IO €BOJIOLIOHYIOTH Y
yaci. [Iporpamumii iHCTpyMeHTapiii 3aBASKM METOAY pPO3PaXyHKY Kepyrdoro
BILTUBY, 7103BOJIsi€ O0opTOBiit EOM BH3HaunTH KepyBaHHs 3a | mporpaMHUid LUKI y
MOPIBHSIHHI 3 0aratbMa IUKJIaMH HassBHHUMH METOJaMHU. 30KpeMma, B T1APONPUBO/IL
ekckaBatopa MH-City 3acTocoBaHa MIKpPONPOIIECOPHA aJanTHBHA CHCTEMa
KOHTPOJIIO 1 PpEryJIOBaHHSA poOoYnxX O00’€MiB HACOCIB 32 JOMYCTHUMHUM
HaBaHTAXCHHSAM JBHUTyHa (cuctema PMS — Pump-Managing-System), o
3abesneuye [11]: MOXIUBICTh BHOOpPY OJHOTO 3 TPHOX PEKHMIB BUKOPHUCTAHHS
noTyX)HOCTi mpuBoAaHoro JIB3 3a paxyHOK 3MEHIIEHHsS I0Jadl HacCOCIB;
ABTOHOMHE PEryJIIOBaHHS HACOCIB 3 aBTOMAaTUYHUM OO €JHAHHSIM TOTOKIB MpU
HEOOX1THOCT1 MiJABUIIEHHS IIBUIKOCTI poOOUYOTO OpraHy; Iepekiaa perysaTopiB
HAcOCIB Ha MiHIMaJbHE 3HA4YEHHS POoO0YOro o0’eMy MpU JOCATHEHHI THCKY
CIpallbOBYBaHHS BIANOBIIHOTO 3aloOO1KHOIO KialaHa, 110 CIPHUSE 3HIKEHHIO
HarpiBaHHs poOOYOi PITUHU Ta EKOHOMIi MajuMBa; AaBTOMAaTUYHE 3MEHIIEHHS
yacToTu oOepTaHHs Baia JIB3 10 3HaueHHS XOJOCTOro XOAy MpHU TepepBax y
poOoTi Outem Hik 10 c; AlarHOCTYBaHHS T1APONPHUBOJIA EKCKABATOPA; KOHTPOJIb 1
PEryJIIOBAHHS TEMIIEPATYPH OXOJIOIKYI0UOi piaunu y [IB3.

3 IHIIOI CTOPOHM ICHYIOTH (DAKTOpPH, LIO CTPUMYIOTH PO3BUTOK CHCTEM
no3uiionyBanHs. EkckaBaTopu, Oyiba03epu i Tpeiiiepu € J0pOruMH MallMHAMU,
a BHUKOPUCTAHHS 1HOOPMAIIHHOTO IHCTPYMEHTApil0 TMO3WI[IOHYBaHHS B
Oy/IiBeIbHOMY BCTaTKyBaHHI 30UIbIIIyE BUTPATH HA YCTAHOBKY M IHTETpaIlilo.
Takum ywmHOM, OyNiBEJIBHUM KOMIAHISIM OY/IIBEIbHUX Oprafizaiiil motpioeH
BEJIMKUM KariTaja JUis TOKYINKH, BCTAaHOBIEHHsS Ta oOciayroByBaHHs bJIM,
IHTETPOBAHOTO 3 TEXHOJIOTISIMM TIO3UIIOHYBaHHsA. BuHukae morpeba 'y
BUCOKOKBANTI(PIKOBAHMX KaJpax II0A0 IHPOpMaUIMHUX Ta KOMII OTEpPHO-
IHTErPOBAHUX TEXHOJIOTIH.

EdexTuBHuil iHCTpyMEHTapiil MO3UIIIOHYBaHHS 3a0e3rnedye OiIbIl BHUCOKY
TOYHICTh, JIOMIOMAara€ MPUCKOPUTH 3aBEPIICHHS TPOEKTIB 1 BHUMAara€ MEHIIUX
BUTpAT HAa TEXHIYHE OOCIIyTrOBYBaHHS, BUCOKI MEPBICHI 1HBECTHIII € CTPUMYIOUYUM
YUHHUKOM JISI PO3BUTKY LIUX CHCTEM.
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BosHuenko B. B., Pynenko B. M. (Vkpaina, m. Kpamamopcoxk, [{/[MA)

CUCTEMA PO3II3BHABAHHS TA IIEHTH®IKAIIl POCJIMH HA
OCHOBI HEMPOHHOI MEPEKI 3 BUSHAUYEHHSM IX JIKAPCBKHUX
BJIACTUBOCTEM TA KOPUCHOCTI

Y naw uac icnye 6e3niv mexnonociuHux 00CsaeHeHb SKi NOAInwyoms pobomy cucmem ma
KOMRNAHIU, GopMyrouu 38'a30K MidCc OpIOHUMU AAHKAMU NIONPUEMCMBA 3d OONOMO2OK) SKUX
cucmema BUKOHYE C8010 YIMKY pobomy. Ane 100cmeo 3a8icou 3anexcums 8i0 yacy ma pecypcie.
Llsuokicms 6upoOHUYMEA Ma BUKOPUCMAHHA Pecypcié € 20N06HUM NUMAHHAM Y KOXCHIU
cucmemi, ix npasuivbHe BUKOPUCIMAHHA MA ONMUMI3AYis poOOMU HA00ACMb Kpawitl pe3yibmam
be3z empam. 3acmocysannsi HM, eupiwye Oinouy uacmumy npobnem, a ii ModuCIUSICMb
NOCMYNOB0 HABUAMUCS HA NOMUIKAX, 3MEHULYE 8aPiayito NOMUIKU Maudice 00 MIHIMYMY.

IHocranoBka npodaemu.

Ha cporoHiniHii AeHb KEPIBHUKHU BiJl MAJIMX MIAIPHEMCTB 1 A0 TIFAHTCHKUX
KOpTIOpalii BIPOBamKyIOTh HeiiporHi Mepexi (HM) y cBiii Gi3Hec Ta cuctemu. Ix
BUKOPUCTOBYIOTh JJIA BHpIIIEHHS PI3HUX KiaciB 3agad: Bl (popMyBaHHSA
rJI00aNbHUX KOHTYPHHMX KapT Ta JeTajedl MalluH, 10 CKaHEpIB 1 pO3paxyHKIB
€KOHOMIYHOi 0a3u JaHuX. ['0JIOBHUM IUIFOCOM TaKMX CHUCTEM € poOOTa 3 BEIHUKOIO
KUIBKICTIO JaHUX Maike 0e3 BTpaTH 4acy, a iX HaBYaHHs Ta cepa BUKOPUCTAHHS
BUKPECIIIOE HAJUIMIIKOBI BUTpaTH MigOpueMcTB. Hanpukiag MOXIMBICTH
BU3HAYaTH 1 pO3MI3HABATU PI3HI €JIEMEHTU OTOUYEHHS JIOAMHMU, JIe BOHA He Oyia O,
3a JIeKUIbKa CEKYHJ, pOOUTh L0 TEXHOJOTII0 MIHIMAJIBHO BHUTPATHOIO 1 Ja€
BIIMIHHI pe3yJIbTaTU HABITh y 1JIEHTU(IKALI] POCTUH, SIKI OTOUYIOTh JIIOJIUHY.

VY naniii cdepi icHye Oe3nid po3poOOK 1 MPOEKTIB TAKUX KOMIIAHINA SK
Google, Microsoft, Amazon, Salesforce Ta iHIIUX, SIKI BAKOPUCTOBYIOTh HEHPOHHI
Mepexi sl Oe3lliul CUCTEeMHHUX pIllleHb, ajie K 1 OyJb-sika aBTOMAaTHU30BaHa
CUCTEMa, BOHAa Ma€ CBOI HEJOJIIKU 1 MOXUOKU, TOMY PO3TJISIAI0THCS MOKIUBOCTI
MOKPAILEHHS] HEUPOHHOI MEPEX1 y po3Mi3HaBaHH1, MOJICJIFOBaHHI 0a3u AaHUX, Ta ii
HaBYaHHI Ha OaratoeleMEHTHUX MOJENSX POCIWH. Pi3HOBUA POCIUH — KOJIIp,
PO3MIp 1 CTPYKTYpa, iX OIL[IHIOBAHHS — € TPYJAOMICTKUM TpoiiecoM. [Ipu cTBopeHH1
MOJIMIIEHOT CUCTEMHU PO3IMi3HAHHS, BUKOPUCTOBYIOTHCS PI3HOTO POAY MOJENl
po3mi3HaHHsA, Takl K InceptionV3 3 BHKOpHUCTaHHSM OI0JIOTEKM MAIIMHHOTO
HaBuanHa TensorFlow, ayrmenTarisi Ta iHIe,qKi MPaIOOTh HA OCHOBI aHAJI3Y
4yacy po3Mi3HaBaHHS, KOJIPHOI TaMH POCIMHHU 1 iX €JIEMEHTIB, TaKUX SK JIUCTA 1
KBITKH.

AHaJIi3 pe3yJabTaTiB J0CTiKEeHb.

B nanwmii yac icHye 3HayHa KUIbKICTh MyOJiKalliid, MPUCBIYEHUX MUTAHHIM
po3pobOku apxitektypu HM nisa posmizHaBaHHS 00'€KTIB 3a 300paKCHHSIM ISt
PI3HMX IIJIeH, TakoXX 30KpeMa Ijsi po3mizHaBaHHS pociauH [1-5]. [lpu upomy
MATAaHHSA 3aCTOCYBAaHHS HEUPOHHOI Mepexi mia imeHtudikamii 1 kracudikamii
JKapChKUX POCIUH € Majlo PO3TJISIHYTUMHU, Ta 3a3/1aJIET1/Ib BUKOPUCTOBYIOTh MaJIO
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YiTKI CUCTeMH po3mi3HaBaHHs, Taki sik ResNet ra VGG 3 maTeMaTuuHOO MOACILIIO
IPaJIIEHTHOTO CIYCKY Ta CTOXaCTUYHOIO TPAIIEHTHOrO cnycky. TakuM 4duHOM
ICHye HEOOXIIHICTh MOJANBIIUX JOCTIKEHb JI TOJIMIICHHS pPO3Mi3HABaHHS
KOMITAKTHUX (TOYKOBHUX) 00'€KTIB.

@®opMyBaHHS pillleHb.

s niz[BHmeHH;I YITKOCTI po3ni3HaBaHH51 Ta parioHaJIbHOIO BHKOPHCTaHHS
yacy Ta pecypciB BUKOPUCTAaHO CHCTeMy po3mi3zHaBaHHs InceptionV3 Ha oCHOBI
6i6mioTexkn st MammHHOTO HaBuaHHA TensorFlow. Inceptionv3 — me LIPOKO
BUKOPUCTOBYBaHAa MOJI€NIb PO3IMI3HABAaHHS 300pa)KeHb, fKa TMOKazaja TOYHICTb
Ha6opy nanux ImageNet 6itbmr 78,1% [6]. Mozenb € KynbMiHami€r0 Garartbox
izeif, po3pobieHHX OaraTbMa MOCHIJHHUKAMH 33 Ii POKH. SIBISETBCS MHpPSMHM
anainorom ResNet 1 VGG-19 Ta 16, To6TO apxiTekTypa 1 METOJ| MepeHaBYaAHHS
ABIIIETHCS AHAJIOTITYHUM — CTBOPEHHS IIApiB MO0 BBEACHOTO 300pa)kKeHHs, aje
pe3ynbTaT po3Mi3HABaHHS Ma€ CBOI MepeBary.

HacTynHiM BaJIMBHM MOMEHTOM TIOOYZOBH CHCTEMH pO3Ii3HABAHH
POCINH € BUKOPHCTAHHS MiHi-[[AKSTHOrO IPaJi€HTHOrO CIIyCKY IPU BUKOPHCTAHHI
cq)opMOBaHoro JaTaceTy, a TaKoX METOJy 3BOPOTHOTO PO3Mi3HABAHHS IMOMUIIKH,
Ta ayrMEHTAaIlii.

MeTo10 po60TH € PO3poOKa MPOTPAMHOrO MPOAYKTY, SIKUM Ma€ 3MOTY IIBHUJIKO,
TOYHO Ta 0e3 BTpAT meHTncpmyBaTH poc/uHY, SIKa 3HAXOAUTECS MEPEl JIOANHOIO,
pu BI/IKOpI/ICTaHHl MepeTHABYCHOI Ta Kiacu(]ikoBaHOT HeI/Ip0HH01 Mepe>1<1 Ha
ocHoBI Inceptionv3 3 616mi0Tekor0 TensorFlow Ha HpI/IKJIaIll laTacety JIlKapCBKI/IX
POCIIHH, K O0’€KTy 3 BEIWKOI KIJIBKICTIO Bapialliii Ta €JEMEHTIB, IMOIMIICHHS
imenTrdikarmii ;s MiHIMI3aIil TOXUOKH TOYHOCTI Ta BTpAT Yacy 1 pecypcis.

OcHoBHHUIT MaTepial.

JInst cTBOpEHHSI CUCTEMHU PO3MI3HABAaHHS Ta 1AEHTH(IKALIl BUKOPUCTaHO 4
METPHUKU: OCHOBHY METPHKY, 3alpOINOHOBaHY OpraHizaTopaMu, a TakoxX 3 top-
metpukn — Top 1, Top 3, Top 5. Top-mMerpukm, TakoX SK 1 OCHOBHAa,
3aCTOCOBYIOTBCA JO cHoOcTepexeHHs (Habopy Qortorpadiii 3 0JHAKOBUM
Observation Id), a He okpeMoro 300pakeHHS.

B mpoueci podotu 00'eqHaHO pe3ynbTaTH JEKUIBKOX MOJENEH, 1Mol e
OuIbIlIe TOKPAIIUTH SIKICTh Kiacudikatopa (BCl Mojenl Opaimucs 3 OJHAKOBOIO
Baroro). [lopiBHsIIbHUI aHami3 ePEeKTUBHOCTI C(HOPMOBAHUX MOJIEJICH HABEICHO B
Tabmumi 1.
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Ta6muis 1 TlopiBHsIHHS €()eKTUBHOCTI MOJICIICH:

Mo | Mepexa | LlimeoBa | Top 1 Top 3 Top 5 Enoxu
1. METpHUKa
(rank)
1 VGG16 0.55382 |0.45873 |0.61260 |0.666996 |49
2 VGG19 0.56301 |0.47053 |0.61930 |0.682585 |62
3 ResNEt50 | 0.58195 |0.49596 |0.63880 |0.716630 |46
4 Incept.V3 | 0.61573 |0.53567 |0.67139 |0.723992 |38

Cama MoOJenb CKIAAAE€ThCsl 3 CUMETPUYHHMX 1 aCUMETPUYHUX OyaiBEIbHUX

0JIOKIB, B TOMY YHCIJIl 3TOPTOK, CEPEAHBOrO MyJy, MAKCUMAJIBHOTO MYJTy, BUNAA1Hb
1 TOBHICTIO TIOB'sI3aHUX I1apiB. Batchnorm mmpoko BUKOPUCTOBYETHCS B MOJIEI 1
3aCTOCOBYETHCS JUIsI BXOJIB aKTHUBAIlli. 30MTOK PO3paxoByeThcs depe3 Softmax.
3aranbpHa CTPYKTYpHa CX€Ma Mepexi MOIapOBOro BBOY 300paKeHHs JO CUCTEMHU
HaBEJICHA Ha puc. |

Input: 290x290x3, Output 8xBx2048
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Pucynoxk 1 — Mepexa BBo1y 300paeHb B CUCTEMY 10 IIapam
[Tin 300pakeHHSIM PO3YMIETHCS MATPHIS MIKCENB, KOJOBAaHUX B MOJEII

RGB:

cijlciy = (ryy, gij, byj),
C ={0<ry, g, bij <299} @)
1<i<hl<j<w
JIe C — BBEJICHE 300payKEHHS;
h — Bucota 300pakeHHs;
W — IIMprHa 300pakKeHHS.

Ha Bxin mapy convl nonarotscsi RGB 300paxkenns po3mipy 224x224. Jlami

300paXCHHS IPOXOJIATH YEPE3 CTEK 3TOPTKOBUX LIAPIB, B SIKKX BUKOPHCTOBYIOTHCS
(I)mLTpH 3 Jy’)K€ MAaJICHBKUM PEIENTUBHUM TojeM po3Mipy 3x3 (akuit €
HaMEHIIIUM PO3MIPOM JJii OTPUMAHHS YSABJICHHS TPO TE, JI€ 3HAXOIUTHCSA
paBo/JiBo, Ber/HI/I3 LEHTD).

OI[HI/IM 3 HaI/IHOHYJ'IHpHIHII/IX MGTOI[IB OHTI/IMISaLIll 1o SaCTOCOBYIOTBCH JJIA

onTUMi3allii HEMPOHHUX MEpEeXk, € METOJIM 3aCHOBAHI Ha OOYMCIIEHHI TpajJi€HTa.
30KkpeMa TpagleHTHUH ciycK. Ajie st OUIbII TOYHOTO pe3yjbTaTy oOpaHO MiHi-
MaKeTHUN TPaJieHTHUN CIyCK. BUH € «30J0TOI0 CEepeMHOI0» MIXK TMaKeTHUM

101



IPaJiEHTHUM CITyCKOM 1 CTOXaCTHYHUM TPAJIEHTHUM CITyCKOM, 1 pO3paxoBy€eThCs
3a GOpMYyJIOIO:
0=0-nVeC(O; x(i i) - y(i:i+n)) (2)

0 € Rd — mapamerpu MOJEI, NUIAXOM OHOBJICHHS NApaMeTPiB y HANpsMi,
TPOTHIIEKHOMY IpajiieHTy 1inboBoi Gpynkuii VOC(6);

1 — WIBUIKICTh HABYAHHS — KPOK IPaJiCHTHOTO CITYCKa, KU BUKOHYETLCS B
HAMPSIMi JIOKAJIBHOTO MiHIMyMY;

(x? y@) — gapuanbHa BH61pKa

TakuM YMHOM, MiHI-[TAKETHUN TPAJIIEHTHUMN CIIYCK 3MEHIIIye Guaykryanii mij
4ac OHOBJICHHS [TAPAMETPIB, IO MOXKE IPU3BECTH 0 KParoi 301KkHOCT. Trumosnit
po3Mip MiHi-lakeTy 00HpaeTses Mix 50 1 256 exsemmusipamu. s IOJAIbIIOro
MOJIIIIICHHS] MOKHA BUKOPUCTATH JIK1JIbKa METO/IIB:

- Meton Anam (103BOJIsI€ PEryJIIOBAaTH IIBUJIKICTh HABYAHHS 3aJIEKHO BIJ
napaMmeTpa, BUKOHYIOUM OUIbIII OHOBIEHHS JJIs PIAKUX MapaMeTpiB 1 MaJIeHbKI
OHOBJICHHSI JIJIsl YaCTUX MapaMeTpiB);

- MeTtox 3BOPOTHOTO PO3HOBCIO/UKCHHS IOMHIKH (iTEpATHBHUI alrOPHTM
(HOBTOpEHHS) - MOBTOPEHHSM BUKOPIHIOE IpyOl MOMUIIKH B 3aJIEKHOCTI BiJl Baru
mapy).

Hapanmi cucremMa mnounHae CBO€ HaBYaHHS 3a JIONOMOIOK Oi0mioTeku
TensorFlow, mo sBise co0010 BIAKPUTY NpOrpaMHy O1010TEKY JJisi MAIIMHHOIO
HaBYaHHS LUIM HU3IN 3a7a4. [ 0JOBHOIO IIUJUIIO JaHOI O10J10TEKH € HaBYaHHSI
c(hOpMOBaHOTO jlaracery, TOOTO HaJaHHS HOMY TOYHOCTI y ineHTHdikarii —
MPUCBOEHHS [IEBHIN POCIHHI 1HACKCY, SKHH BIXHOCHTB Ii 10 IEBHOrO Kiacy, abo
BUJY, /1€ BKa3aHi BKa3IBKM [0 BUKOPUCTAHHIO IEBHOI JIKAapChKOi POCIMHHU.
[TepeBaru TensorFlow[7]:

- 6€3KOLITOBHE BUKOPUCTAHHS;

- MIBUJKICTH POOOTH 1 MPOMYCKHA 3/IaTHICTh (MOXHA HaJalITyBaTH JIJIst
00poOKM BenuKoro odcAry aanux. Ontumizauis IpOMyCKHOI 3AaTHOCTI 3a3BUYA
BUKOHYETBCS NI «aBTOHOMHOT» MaKETHOI 0OpOOKHU, /1€ KOPCTKI MEX1 3aTPUMKHU
HE € CYBOPOIO BUMOTOI0);

Ha 3aKi1r04HOMY KpOL 3AiHCHIOETECS HaBYaHHS Mepesi uinkoM. Ha npomy
eTani BHKOPHCTOBYETbCS —ayrMeHTamiro. Jlust  ayrMeHramii  oOupaemo  Ti
MEPETBOPEHHSI, SKI MOXYTh BiIOyBaTHCA B pEATbHOMY JKHUTTi, HANpPUKIA],
J3epKanbHe  BiLOOpaxKeHHs (oTo (110 ropnsoHTam) MOBOPOTH, 30UIBIICHHS,
3alTyMJICHHS, 3MiHa SICKPaBOCTI 1 KOHTPACTHOCTI.

Hampuknazn, sxuoio B3ATH M'ATh HAaWOUIBII pPEaNiCTUYHUX IE€PETBOPEHbD,
3aCTOCYBaTH iX J0 300pakeHb OTpPUMAEM TiepeadayveHHs BXK€ HE IS OJIHI€q
KapTUHKH, a 1 mectd. [1oTpidHo ayrMenTtyBaT 300pakenns y 80% Bumasikax,
TOJ1 MepeKa 3MOKe no0auuTH 1 peanpHe 300pakeHHSA. 3 oIy Ha Te, WLIO0
HaBYaHHs 3aliMa€e KUIbKOX JECSTKIB €M0X, € Iy)K€ BEIMKHUH IIaHC, 0 Mepexa
no0aYuTh KOXKHE 300paKEHHS B OpUTIHAJI.

[Ticnst 1bOro ocepenHIOETbCsl OTpUMaHuil pe3ynbrat. [Ipukiian ayrmenrarii
300pa’keHHsI HABEICHO Ha pHuC. 2.

102



Pucynok 2 — I[puxmian ayrmenTaiiii Ha IpoOpOKyBaHH1

Pean13au151 03HAYCHHX NPOLENYp Ha/ae MOJKJTUBICTH CTBOPUTH CUCTEMY, SIKa
J03BOJISIE  3/11MCHIOBATH p031'Il3HaBaHH5[ Ta 17eHTU(QIKALI0 POCIUH 3a iX
300pakaHHSIM, OTPMMAHUX HAaBITh 3a HECHPHUATIMBUX YMOB (HOpMyBaHHS
300paXCHHS POCIIMHM Ta PaKypcy 300paxeHHs, Ta (bopMyBaTI/I 32 BU3HAYECHUMU
lHI[I/IBl,Z[yaJ'IBHI/IMI/I BUJOBUMH O3HaKaMH PEKOMEHJalli 1oa0 ii KOPUCHOCTI Ta
JIKapChKUX BIACTUBOCTEH.

BucnoBxku

BukopuctanHss HEMpOHHOI Mepexi ISl po3Mi3HaBaHHS pOCIIMH J103BOJIsAE
CTBOPUTH CHCTEMY, CHPOMOKHY dbakTuyHO 0€3 3aTPUMOK Yy Yacl 3J1MCHIOBaTH
p031'Il3HaBaHH$I Ta 1IeHTU(]IKaIiI0 POCIUH HaBITh 32 YMOB BBEJICHHS JI0 CUCTEMH
HESKICHOTO 300pa)K€HHS POCIWHU. ['Hydka CTpyKTypa 3alpOIIOHOBAHOI CHUCTEMHU
pO3Mi3HABaHHA Ta BUKOPHUCTaHHS pPa3oM 3 HEK BU3HAYEHUX MPOLEIYP
MTOKPAIICHHS PO3Mi3HaBaHHS 306pa>1<eHL JIO3BOJISIE CTBEPKYBATH, 110 CUCTEMA
MOXKe BHKOPHCTOBYBATHCS He TUIBKHA JuIs po3n13HaBaHHs[ Ta 1)1eHTn(1)1Kau11
POCIIMH, a 1 B IHIIUX Tay3sX JIIOJICHKOI MISUIBHOCTI i€ MOXE JIyTH peai30BaHO
MIpoIIeC PO3Mi3HABaHHS 300pakKeHb 3 BUKOPHUCTAHHAM HEHPOHHUX MEPEXK.

CIIMCOK ITOCHJIAHB.

1. Automatic plant identification [Enexmpounnuti pecypc]
[https://www.researchgate.net/publication/263931628 Automatic_plant_identification from_ph
otographs] Authors: Berrin A. Yanikoglu, Erchan Aptoula, Caglar Tirkaz

2. Plant Species Identification Using Computer Vision Techniques /Erexkmponnuii pecypc]
[https://link.springer.com/article/10.1007/s11831-016-9206-z] Authors: Patrick Mdder, Jana
Wiéldchen.

3. Fine-grained recognition of plants [Enexmponnuii pecypc]
[https://plantmethods.biomedcentral.com/articles/10.1186/s13007-017-0265-4] Authors: Milan
Sule, Jiri Matas.

4. Flowers, leaves [Enekmponnutl pecypc]
[https://plantmethods.biomedcentral.com/articles/10.1186/s13007-019-0462-4] Authors:
Michael Rzanny, Patrick Mdder, Alice Deggelmann, Mingian Chen, Jana Wdldchen.

103


https://www.researchgate.net/publication/263931628_Automatic_plant_identification_from_photographs
https://www.researchgate.net/publication/263931628_Automatic_plant_identification_from_photographs
https://www.researchgate.net/profile/Berrin-Yanikoglu
https://www.researchgate.net/profile/Erchan-Aptoula
https://www.researchgate.net/profile/Caglar-Tirkaz
https://link.springer.com/article/10.1007/s11831-016-9206-z
https://link.springer.com/article/10.1007/s11831-016-9206-z#auth-Patrick-M_der
https://link.springer.com/article/10.1007/s11831-016-9206-z#auth-Jana-W_ldchen
https://link.springer.com/article/10.1007/s11831-016-9206-z#auth-Jana-W_ldchen
https://plantmethods.biomedcentral.com/articles/10.1186/s13007-017-0265-4
https://plantmethods.biomedcentral.com/articles/10.1186/s13007-017-0265-4#auth-Milan-_ulc
https://plantmethods.biomedcentral.com/articles/10.1186/s13007-017-0265-4#auth-Milan-_ulc
https://plantmethods.biomedcentral.com/articles/10.1186/s13007-017-0265-4#auth-Ji__-Matas
https://plantmethods.biomedcentral.com/articles/10.1186/s13007-019-0462-4
https://plantmethods.biomedcentral.com/articles/10.1186/s13007-019-0462-4#auth-Michael-Rzanny
https://plantmethods.biomedcentral.com/articles/10.1186/s13007-019-0462-4#auth-Patrick-M_der
https://plantmethods.biomedcentral.com/articles/10.1186/s13007-019-0462-4#auth-Alice-Deggelmann
https://plantmethods.biomedcentral.com/articles/10.1186/s13007-019-0462-4#auth-Minqian-Chen
https://plantmethods.biomedcentral.com/articles/10.1186/s13007-019-0462-4#auth-Jana-W_ldchen

5. Automated plant species identification [Enexmponnuii pecypc]
[https://www.ncbi.nlm.nih.gov/pmc/articlessPMC5886388/] Authors: Jana Weldchen, Michael
Rzanny, Marco Seeland, Patrick Mdder.

6. Inception-v3 mooensv [Enexmponnuii pecypc]
[https://cloud.google.com/tpu/docs/inception-v3-
advanced#:~:text=Inception%20v3%20is%20a%20widely,multiple%20researchers%20over%?2
Othe%20years.]

7. Tensorflow [Enrexmponnuii pecypc] [https://habr.com/ru/post/305578/]
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VJIK 637.5:639.1(075.8)

I'onrap B.I'. Hayk.kep. K.T.H., cT.BUKI. Kymuyk I. M. (Vkpaina, Binnuyokuu
HAYIOHANbHUL A2papHUll yHieepcumen)

AHAJII3 CYHACHOTI'O CTAHY PO3BUTKY TEXHOJIOI'TYHOI'O
OBJIAJTHAHHS J1JI1 MEXAHIYHOI OBPOBKHU
CIJIbCBKOI'OCITIOJAPCBKHUX BIAXOAIB POCJIMHHOT O
HOXOIKEHHSA

Cmamms npucesuena po3pooyi 0O1a0HaHHA OJis1 NOOPIOHEHHS POCIUHHOI Oiomacu ma
002pYHMYBAHHI U020 KOHCIMPYKMUBHO-PEHCUMHUX NApamempis, HNpUHYun poobomu sAK020
b6azyemovca HA NOCAI008HOMY 3ACMOCY8AHHI pI3aHHA, yOapy ma CMUPAHHA POCTUHHO20
mamepiany, i3 nOCMyno8uM 30LIbULEHHAM CMYNeHs NOOPIOHeHHs NO MIPi NPOXOONCEHHS HUM
pobouozo npocmopy. Takuil KOMnieKcHuu i 800HOYAC NOCMYNOBUL MEXHOLO2IYHUL BNIUE HA
CUPOBUHY 00380JISIE peaizysamu npoyec noopioHeHHs 8i0 2py6020 00 MOHK020 3d 0OUH NPOXIO
mamepiany kpize pobouuti npocmip noopioHeaua — 0OHOCMAOiliHe NOOPIOHEHHS, YUM CAMUM
3MEHULYIOUU eHep2osUMPAmu UPOOHUYMBA MA HOMEHKAAMYpPY 001A0OHAHHSL.

IHocranoBka npood/IeMu.

[licns mepexony VYkpaiHM 10 Tak 3BaHOrO0 «KOMIUJIEKCHOTO YIPaBJIIHHS
TBEPJIUMH BIIXOJaMW» HaIllOHaJIbHA cTparterisa BiaxomiB jno 2030 p. curhHamizye
PO MOBHE BIAMOBJIEHHS B1JI 3aXOPOHEHHS 3BAJIMIL 13 MOCHJIECHOK YBarow Ha
yTUII3AIlil0 Ta MEepepoOKy IEAKUX BHIB BIAXOJIB, TOAl SK BIAXOAU fAKI HE
nepepoOIAIOThCS YTHII3YIOTh Ha 3BAJIMINAX, 10 BIAMNOBIIAIOTH €BPONEHCHKUM
cTaHjgapTaM. Y HId TPOMOHYEThCS 3OUIBIICHHS OXOIUICHHS  HACeJIEHHS
OpraHi30BaHOMY PO3I1ILHOMY 300PY BIAXOIB, Ta MOCTYMOBUI PYX 10 301IbIICHHS
piBHSI mepepoOKH Ta BiAHOBIICHHA. | 1 ]

Tounime, HamionanbHa cTpaTeris MOBOKEHHS 3 BIIXOJaMH mepeadadae

JOCSITHEHHSI LUJIEH Yy KOPOTKO-, CEPEIHbO- Ta JIOBFOCTPOKOBI TEPCHEKTHUBH
(Tabm. 1).

Tabnuis 1 KopoTkocTpoKoBi, cepeHhOCTPOKOBI Ta JOBIOCTPOKOBI LU 3T1AHO 3
HamionansHoto cTparerieto ynpasiinas Biaxoaamu Ha 2030 pik.

2017- | 2019- | 2026-
2018 | 2025 | 2030
POKH | POKH | POKH

Crpareriuni 11111 BcTaHOBJIeHI B HartioHambHii 2016
cTpaTerii BIIX0/11B piK

3amo0iragHs BIIX0/IiB

[{enTpu BIpOBaKEHHS OLIBII YHCTOTO
BUPOOHUIITBA (TEXHOJIOT1:)

0 5 10 20

3MeHIIeHHS 00CSTIB BUKOPUCTaHHS TIEPBUHHOT

90% | 85% | 80% | 70%

CHUPOBUHH

[ToBTOpHE BUKOPUCTAHHS
Mepexi 300py BIIXO/1B 0 25 100 250
Haceneni myHKTH 3 OKpeMUM 300pOM BIAXO/IB 575 | 800 | 2500 | 5000
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EHTPH 300DV BIIXOIB IS BIIHOBJIEHHS 3 METOIO
Lentpn 360py Biaxoais 1 B 0o | 25 | 100 | 250
MTOBTOPHOT'O BUKOPHCTAHHS

301IbIIEHHS 00CATIB BiIXO/IIB, BITHOBJIEHUX IS
MTOBTOPHOT'O BUKOPHCTAHHS

5% | 7% | 8% | 10%

BignoBieHHs Ta nepepoOka BiJIX0/1iB

Bigxomau niist nepepoOku 3% 5% | 10% | 20%
O06’exTH 17151 IEpEPOOKU 65 100 | 250 800
CtBOpeHHS YCTaHOBOK /ISl KOMIIOCTYBAHH 20 70 150 500
POCIMHHUX B1IXO/IIB

Biaxosu, 1m0 HanmpaBIIsSiFOTHCS HA TIEPEPOOKY 3% | 5% | 15% | 50%

[HI1IE BUKOpUCTAHHS

Bigxoau niis criaroBaHHSA 24% | 5% % 10%
VY cTaHOBKY IS CIIAJTIOBAHHS 1 3 15 20

Curyaris B CEKTOpl TOBOMKCHHS 3 BigXoJamMH YKpaiHU IOCTIMHO
BU3HAYAETHCS K KPUTUYHA B OCTAHHIX JOCHPKEHHSIX PUHKY, O(DIMIiHUX
JNOoKyMeHTax, 3BiTax Ta aHamituii HYO / OI'C 3 Touku 30py cTaHy Ta TEHICHIIIN
YTBOPEHHSI, CKyITY€HHsI, 30epiranHs, nepepoOku Ta ytuiizaiii BiaxoaiB. CydyacHa
CUTYyalllsl XapaKTEPU3YEThCA 3POCTAHHSIM PHU3HMKIB €KOJOTTYHHUX 3arpo3. Ilutanus
MOBOJIKEHHS 3 BiAXOJaMH B YKpaiHi € OCOOJMBO BaXJIMBUM 4epe3 TpadulliiiHe
JIOMIHYBaHHSI PECYpPCHOMICTKHX Ta HEBIAXOAHUX TEXHOJOTIH Yy HaI[lOHAJbHIN
€KOHOMIIIL, 1110 1 BU3HAYA€ aKTYaIbHICTh MPEICTABICHUX JOCIIIKECHbD.

AHAJI3 OCTAHHIX JOCTiKEeHb i MmMyOaikanii.

Parudikamnis Yroau mnpo acomianiio Ykpainu 3 €Bponeiicbkkum Coro3om
(€C), KabGinetom MinictpiB VYkpainu OyJ0 CXBaJ€HO Ta 3aTBEPIKEHO
«HarrionanbHy cTparerito ymnpaBmiHHS Biaxogamu B Ykpaini g0 2030 poky»,
OJIHUM 13 HaIPsIMKIB peatizalii SKoi BU3HAUEHO PO3pOO0KY MaTepiaibHO-TEXHIYHOT
0a3u BUKOPUCTAHHS CUIbCHKOTOCTOJIAPCHKUX BIJIXOJIB POCIMHHOTO TMOXOJKEHHS
JUTsI IepepoOKH B TATMBHI OpUKETH. [2]

OCKIUIBKH BIIXOJU POCIMHHOIO MOXOJKEHHS BITHOCITHCA 10 CTPYKTYpPHO-
HEOJHOPIIHUX MaTepialiiB 3 PI3HUMHU (DI3UKO-MEXaHIYHUMHU XapaKTEPUCTHUKAMU
OKpPEMHUX AHATOMIYHUX YAaCTHH (BOJIOTOBMICT, TBEpPIICTh, KPUXKICTh TOILIO), L€
3YMOBJIIO€ TIEBHI CKJIAJIHOIII B MPOIIEC] MEXAHIYHOTO MOJAPIOHEHHS, 1110 Ha JaHUMN
yac € OJIHIEI0 3 KIYOBUX TEXHOJIOTIYHMX onepaiiii nepepoOku. ki
MPOSIBJISIIOTECS. B 3HUKEHI €HEProe(eKTUBHOCTI 3aCTOCYBAHHS TOTO YU 1HIIOIO
B1JIOMOT'0 CIOCO0Y pyHHYBaHHS.

TakuM YHMHOM B Cy4YaCHHUX peallisiX, HE 3Ba)kKaloud Ha 3aKOHO/aBYi
IHILIATUBU YPSOAYy, CTOCOBHO (POPMYBAHHS TE€XHIKO-TEXHOJOTIYHOTO MiATPYHTTS
JUTst 3a0e3neueHHs ePeKTUBHOTO YIPaBJIiHHS BiIXOJaMH, MUTAHHS iX €(PEKTUBHOI
nmepepoOKH, 30KpeMa Ha CTaali MEXaHIYHOTO IMOAPIOHEHHS 1 JO0CI 3aJUIIA€ThCS
BIJIKpUTHM, T BUMAarae BUPIMICHHS, 110 1 BA3HAYA€ METY JAHOI CTATTI.

MeTtorw nociaigxennb € GOpMyBaHHS MIATPYHTS Ta BUOIP TEXHIKO- TEXHOJIOTIYHUX
OpIEHTUPIB IJII PO3POOKH €HeproePeKTUBHOI MaTepialbHO-TEXHIYHOI 0a3u ajs
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NepepoOKH CUTLCHKOTOCTIOAPCHKUX BIIXO/IIB POCIMHHOTO TOXOKEHHS, MUITXOM
aHaJi3y Ta Yy3araJbHEHHS CYYacHOTO JOCBiy Ta pe3yJbTaTiB HAayKOBHX
JOCTIIKEHb CTOCOBHO JI0 MOAPIOHEHHS POCTUHHOI O10MacH.

BukJiiax 0CHOBHOT0 Mmartepiaiy.

Cepen BigoMuX cmoco0iB pyiHyBaHHs (puc.l) , mo wmoxe OyTH
3aCTOCOBAaHMM /O POCIMHHOI OloMacu BapTO  BIA3HAYUTH:  PO3JIOMOM,
PO3KOJIIOBaHHS, pO3JABIIOBAHHS, pi3aHHS, CTHpPAHHSI, OOMEXEHHM YIapoM,
BUCOKOIIBUJKICHUN BUIbHUHN yAap, sKi 3HAMIUIM CBOE 3aCTOCYBaHHA B PI3HUX
KOHCTPYKTUBHUX BUKOHAHHSX (pHUC.2).

Ll AL V& E\\\\\\
a 7] T b 2 a
— &] s 50 2
7 e X z

Puc. 1 - Bigomi ciocobu pyiitnyBanus:  Puc. 2 - Cxemu MalvH yaapHoi Jii:
po3i1oMoM (a), po3koroBaHHs (0), a — XpecToBa; 0 — CTprkHEBa (e31H-
po31aBiItoBaHHA (B), pi3aHHs (T), Terparop); B — 6bapabdanHa (ripaiiiina); r
CTUpaHHA (1), OOMEXEHUM yIapoM (€),  — TapirdacTa; I — pOTOPHA;

BHCOKOILIBUJIKICHUI BUIbHUH yAap (3k). € — MOJIOTKOBA

VY BaibIbOBUX MIIMHAX PYHHYBaHHS BIJOYBAa€TbCS TiJ JI€I0 CTUCHEHHS 1
3CYBY B KIIMHOBHIHOMY IPOCTOPi, YTBOPEHOMY POOOYHMH OpPTaHAMH.

BigmiHHOIO OCOOJUBICTIO MOMIOHUX TMOJAPIOHIOBAYIB, € TEXHOJOT1YHA
YHIBEPCAIBHICTh Ta MM BMICT MUJIOMOAIOHOT (pakilii B TOTOBOMY MPOAYKTI, a
TAaKOX MOXJIMBICTh MOJAPIOHEHHS BOJOTUX CTPYKTyp. ONHAK, B TaHOMY BHITQJIKY
3'SBISEThCS MOTpeba B 30arayeHHl MPOAYKTY IUTIOMICHHS — CIEIlaJbHUMU
no0aBKaM{, a HaJMMaHHA Marepialy Ha poOodl OpraHd, BEJNHMKI rabapuTHI
pO3MIpH, BUCOKA BAPTICTh Ta CKIAAHICTh OOCITYyrOBYBaHHS CTaBIIATH IiJI CYMHIB
IMIMPOKE 3aCTOCYBAHHS MAIIIMH JIAHOTO THUITY B CEpPEIHIX 1 Malux (HepMepChKHUX
rOCITO/IapCTBAX.

XpecToBi apodapku (PUCYHOK 2, a) MalOTh MKOPCTKO 3aKpIMJIEHI Ha POTOPI
Ouia, OKpy>KHa MBUAKICTh sAKuX aocsrae 100 m / ¢. MammHM Takoro BUKOHAHHS
MPaKTUYHO HE 3aCTOCOBYIOTHCS ISl APOOJICHHS HEOTHOPIAHUX MUIKOIUCTIEPCHUX
CTPYKTYp 4epe3 HU3BKY MPOJYKTUBHICTh T4 HEPIBHOMIPHICTh TPAHYJIOMETPUIHOTO
CKJIJly BHXIJTHOTO TIPOYKTY.

CrpuxHeBi (manblieBi) apodapku (puc. 2, 0) ABJISIIOTh COOO00 JiBa 00EPTOBI Yy
B3a€EMHO MPOTHUJIEKHI CTOPOHU TUCKH (KOP3WMHH), HA SKUX YKOPCTKO 3aKpIIUICHI
cTepkHi (Ouia), po3TalioBaHl Ha KOXKHOMY JIUCKY KOHIIEHTPUYHHMH KOJIaMU B
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KUIbKa PSIB MEPIICHANKYJISIPHO TIOMIMHI 00epTaHHSI.

Sk anbTepHATUBY B PO3BUTKY MPOLECY PYWHYBAHHS 3€pPHOBOIO MaTepiairy
MOXHA PO3MISIIATH NPHUHIUIT J1i Ta KOHCTPYKIli0 OapaGaHHMX IOAPIOHIOBAYiB
(puc. 2, B) ne npobyieHHs BiIOYBa€ThCs IIPH 00€pTaHHI KOPIYCY, B HACTIOK yAapy
najarounx Tid (cTanmeBl Kyji, CTepXHi, KpeMHieBa raibka), skumu Ha 25- 40%
3aroBHEHA MOMOJIbHA KaMepa.

[Ipunuun Tapimgactoro (puc. 2, T), pyHHYBaHHS TMOJIAra€ B PO3rOHI
MaTepiany, U0 MOoAPIOHIOETHCS JTUCKOM 3 KOPCTKO 3aKPIIUICHUMH JIOMaTKaMU, 1110
IIBUJIKO 00epTaeThes. Po3riH maTepiany peanizyeTbes 3a pagialbHUM BEKTOPOM 3
MOJIANIBIIUM yaapoM 00 HepyxoMy AeKy. OCHOBHE 3aCTOCYyBaHHS JIp0OapPOK TAKOrO
TUITy TIOB'SI3aHE 3 MEPEPOOKOI0 CTPYKTYpP BHCOKOI MIIIHOCTI Ta € HE €()EeKTUBHUM
U1t 00pOoOKM Giomacw.

Poropsni npobapku (puc. 2, 1) 3a0e3nedeHi MAaCUBHUM POTOPOM, III0 MICTHTh
Owia 3 eleMeHTaMHu iX KpIIUICHHS, K1 CIyXaTh [JI1 HAHECEHHS yaapy o
o0poOroBaHOMYy Martepiany. PyiliHyBaHHS TIPOJIYKTY B POTOPHOI JpoOapiii
B1IOYBA€EThCS 3a PaxXyHOK yAapy Omia mo marepiajly Ta BHACHIJOK 31TKHEHHA
MPOJYKTY MK CO0O0IO.

J1o MOJIOTKOBUX JIpoOapok (puc. 2, €) BIIHOCATHCA MOJIPIOHIOBaY1 YIapHOTO
OPUHIMIY A1l 3 MApHIPHO 3aKpIMUVICHUMHU HA POTOpl YJAPHUMHU €JIIEMEHTAMH —
MOJIOTKaMH. MOJIOTKOBI ApoOapKu XapaKTepU3YIOTbCS BUCOKHUM CTYIIEHEM
JpoOJIeHHs, Tpu 00pOOIIl TBEPAUX POCIUHHUX MaTepialdiB Ta MAIONPUIATHUX IS
MOAPIOHEHHS M’ AKUX Ta TUIACTUYHUX OPTaHIYHUX CTPYKTYP.

TakuMm YWHOM, SK TIOKa3y€ MPOBEACHUI OIJIA[ Ha JaHWM Yac BIJCYTHE
TEXHIYHE PINICHHS, Ta KOHCTPYKTUBHE BUKOHAHHSA OOJAIHAHHS, IO JO3BOJISIE
OJIHaKOBO €()eKTHBHO MOJAPIOHIOBATH MaTepiaid 3 JlaMETPATbHO MPOTHIICKHUMU
CTPYKTYPHO-T€XHIYHUMH BJIACTUBOCTSAMHU (TBEpAl Ta OUIBIN TUIACTUYHI), A TOMY
HaMu Oyno c(popMOBaHE HAyKOBE 3aBJaHHS, SIKE€ NOJIArae B po3podli Ta
OOTpYHTYBaHHI ~ KOHCTPYKTHBHO-TEXHOJIOTIYHMX TapaMeTpiB  MOJApiIOHIOBaYa
CUIbCHKOTOCTIONIAPCHKUX BIAXOIB POCIUHHOTO TOXOJ/KEHHS, MPHUHIUI poOOTH
AKOTO 0a3yeTbCs Ha TOCHTIIOBHOMY 3aCTOCYBaHHI pi3aHHs, yAapy Ta CTUpaHHS
POCIIMHHOTO MaTepiaigy B MPoLeci NPOXOKEHHSI HUM poOoUyoro nmpocropy (puc. 2)
31 30LIBIIEHHSIM CTYNEHIO MOJAPIOHEHHS B pe3yJbTaTl 3aCTOCYBAaHHS MEPEIYEHUX
crioco6iB [3].

Sx BUAHO HaA cXeMi MICs HAAXOMHKCHHsS MaTepialliB B 30HY 3aBaHTAKCHHS,
POCIIMHHI BIIXOAM TOTPAIUISIOTh y TMepuly 30HY po0oYoro mMpocTopy JHAe
BiIOyBaeThbcsi rpy0de mnoapioHeHHs. [pyOe moapiOHEHHS BHUKOHYEThCA 32
JIOTIOMOTOI0 CEPIOBHIHOTO HOXa OJHHUM 13 BIJOMHX CHOCO0IB MOApiOHEHHS,
ONMoOpHUM pizaHHAM. Jlani nmoapiOHEeHa CUPOBHHA MOTPAILISE Y APYTY 30HY B SIKiH
BiIOYBa€EThCS cepeaHe moapiOHeHHs. [[1s1 KpUXKOi CHPOBUHU MOYXKHA BUKOPUCTATU
Takuil croci0 MmoApiOHEHHs SIK 3ITKHEHHS, a JJIi MEHII KPUXKHX Ta TPILIKA
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BOJIOTUX BHKOPHUCTOBYETHCS BUIBHMI ynap. B Tperiii 30HI BHKOHYETHCS IMOMEI
CIIOCOOOM CTHUpaHHS Ta 3CYBY, YHUM 3a0€3MeUYye€ThCs TOHKE MOAPIOHEHHS
cupoBuHHU. [licns mexanigyHoi 06poOKH MaTepian MOTpaIlisie B 30Hy PO3ALTICHHS /e
BiIOYBA€ETHCS cemapallis Ta BUBEICHHS TOTOBOTO MPOIYKTY 13 30HH POOOYOTO
IPOCTOPY, 00 BiIPaBICHHS HOT0 Ha JIONOAPiIOHEHHS B 30HY TOHKOTO TIoMeny [4].

{ JoHa 3abaHmaxerHs ’

PocukHH
bidxody

JorHa podo4ozo rpacmaopy (noGoIoHeEHHS)

[ omobug
npoalKm

1

Jora posclieqHs (cenapayii)

Puc. 3. - Y3aranbHeHa CTPYKTYpPHO-TEXHOJIOTTUHA CXeMa Mo/ piOHIOBaya

BucHoBku.

TakuMm urHOM, OyJI0 BCTAHOBJIECHO BEKTOP MOAANBIINX JOCTIIKEHD B cdepi
eHeproe(peKTUBHOI MepepOOKH CLITbCHKOTOCTIOIAPCHKUX BIIXOIIB, SIKUM MOJIATaE B
po3po0Ill 00NaHaHHA I MOJAPIOHEHHST POCIUHHOI OilomMacu Ta OOTpyHTYBaHHI
HOT0 KOHCTPYKTUBHO-PEKUMHHUX MapaMeTpiB, TPUHIMI POOOTH SKOTO 0a3yeThCs
Ha TIOCHIJJOBHOMY 3aCTOCYBAaHHI pi3aHHS, yJIapy Ta CTUPAHHA POCIUHHOTO
Marepiany, 13 TOCTYNOBUM 30UIBIICHHSIM CTyNEeHS MOAPIOHEHHA MO Mipi
MIPOXO/KEHHS. HHUM po004YOoro mnpocTopy. Takui KOMIUIEKCHHM 1 BOJHOYAC
MOCTYIIOBUM TEXHOJIOTIYHUN BIUIMB HA CHPOBUHY JI03BOJISIE peasi3yBaTH MpPOILEC
NoJIpIOHEHHS BiJl TPyOOro J0 TOHKOTO 3a OJMH MPOXiJ MaTepialy Kpi3b podoouuit
IpOCTIp MOJpiIOHIOBAYa — OJHOCTAJIIMHE MOAPIOHEHHS, IIUM CAMUM 3MEHIIYIOUU
€HEproBUTPATH BUPOOHUIITBA Ta HOMEHKIIATYpy 00JIaTHaHHS.
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YK 577.151.6:57.017

I'opomuyk T.B. Hayk. kep. K.T.H., aou. I'oncbop O.U. (Vkpaina, m. Jlveis,
Hayionanvnuti ynieepcumem «JIvgiécoka nonimexuixkay)

XAPAKTEPUCTHUKA TA BJACTUBOCTI HAHOCEHCOPIB OKCHUY
OJIOBA Ui BUSABJIEHHS BUCOKOYYTJIMBUX TOKCUYHHUX
I'A3IB TA IX 3D CUCTEMHA IHI'ETPALIIA

Cmanom Ha 3apas c6im mMexHON02IU PO3BUBAEMbCA (3 UIANEHOI WBUOKICIO.!
3 ABIAOMBCL HOBL CNOCOOU MA BNPOBAOINCYIOMBCS HOBI Memoou OO0CHIONCEeHb, SKI CYMMEBO
Cnpowyoms NOBCAKOEHH) JNH00CbKY OIsIbHICMb ma  00380810Mb  A8MOMAMU3YE8AMU  NEGHI
npoyecu, 00 6NPOBAOINCEHHS SAKUX OVI0 CKAAOHO YCBIOOMUMU BCHO IHHOBAYIUHICMb NIOX00I8
peanizayii mozo uu iHwozo kuacy 3aday. OcmawHim 4acom 0cobaU8020 NOULUPEHHS HAOYIU
HCIHOCeHCOPHi cucmemu, wWo nouaiu AKMUBHO 6UKOPpUCMOBYe8AMUCL 6 pi3HOMClHiH1H1/lx caly3Aax
JM00CbKOi disnbHocmi. Y Oanii pobomi npoOeMOHCMPOBAHO BANCIUBICIb BUKOPUCMAHHS
Yymaueux 0amuukie 0o eucokomokcuunux 2asie (11, T a [,L].

At present, the world of technology is evolving at a breakneck pace: new ways and new
research methods are being introduced that greatly simplify everyday human activities and
automate certain processes, before the implementation of which it was difficult to understand the
innovative approaches to a particular class of tasks. Recently, nanosensory systems have become
especially widespread, which have begun to be actively used in various fields of human activity.
This paper demonstrates the importance of using sensitive sensors to highly toxic gases SO_2
andH_2S.

Beryn

HaHnoceHcopHi cucTeMu OTpUMAaIU IUPOKUH CIIEKTp 3acTocyBaHHs. OqHIM
13 MPOSIBIB TAKOT'O 3aCTOCYBAHHS € PAHHS Ta BUCOKOTOYHA J1arHOCTHUKA
3aXBOPIOBAHb, CUCTEMHU O€3MEKH JJIs TEeTUIO-BEHTHIISIIT, BEHTHIISIIT Ta
koHuuionyBaHHs oBITPs (HVAC) abo MOHITOPHUHT B peXUMi OHJIAH
IPOMHUCIIOBUX MPOIIECIB. Y Cl Il CIOCOOM 3aCTOCYBAHHS BUMAraroTh 3aCTOCYBaHHS
KOMIIAaKTHUX, aJI€ B TOM ke 4yac e()eKTUBHUX CEHCOPHUX CHCTEM.

binbie Toro, po3yMHi HAHOCEHCOPHI CUCTEMU BIPOBADKEHI SIK QYHKITIS
0e3MeK y CHOPTUBHUX TOJUHHUKAX, MOOUTbHUX TeeoHax ado MepCcoOHAITbHUX
U(POBUX ACUCTEHTAX, a TAKOXK MOXKYTh BCTAHOBUTH HOBI CTAaHAAPTU OCOOUCTOI

BaxxnuBicTh HAHOCEHCOPHHUX CUCTEM MOKHA HA0YHO MOOAUUTH 1y
BUKOPHUCTaHHI Ta30BUX CEHCOPIB, OJIHAK 111 TPUCTPOI € JOCUTh TPOMI3IAKUMH 1 HE
MO>KYTh 33I0BITFHUTH Cy4acHi BUMOTH JI0 PO3YMHHUX 10AaTKiB. CIIO’KMBaHHS
€JIEKTPOEHEPTil € OCHOBHOIO MPOOIEMOI0 3BUUAHUX Ta30BUX JTATYMKIB, 110
OPOTHUIIE TX BUKOPUCTAHHIO, HAIPUKIIAJ, Y 0€3IPOTOBUX MEpEXax.

ExcniepyMeHTAIbHA YCTAHOBKA
BuroroBieHHsT HAHOCEHCOPIB BHMAara€ IIEBHUX €TalliB I peajizalii
npotuecy. Haituacriiie Takux eTamniB BAOKPEMITIOIOTh TPH.
[epur 3a Bce, mIiBKY, MO cnipuitMaioTb SnOz, BUTOTOBISAIOTHCS TOBIIUHOIO,
o SK mOpaBwio ckiagae 50 HM METOJOM pPO3NWIIOBAIBLHOIO MIpOdi3y Ha
okHcleHux minknaakax Si. Ha HactymHoMy kpoini miiBka SNO; CTPYKTYPYHOThCS
111



3a J0moMororw Me3zo-doTositorpadii Ta PeakTUBHOTO 10HHOTO OQOPTY IS
JIOCATHEHHS OakaHOI CTPYKTypd JaTdWKa, a BUIAPOBYBAaHHS KOHTAKTHHUX
miomanok Ti — Au (toBmmHO 20 1 200 HM) 3 TOAAIBITUM OCTATOYHHUM
30epeKeHHSAM TEMIIEPAaTypHu HOCIS MIKPOCXEMH HUKYE MaKCHMAJIbHO MOKJIHBOTO
3HAYeHHs, 1110 HaifuacTile cTaHoBUTH Oym3bko 40° C .

MikpoHarpiBaui

MacusB ceHcopiB
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3
E
-
-
=
2
N

MiaMHOHTaX cKna

Puc.1 HanamryBanss ra3oBoro gatuuka 3 Mmikponarpisauamu Ta PT100 Ha
CKJISTHIN I1CTaBIIl

Jani oOpoOJteHi 3pa3ky HAKJICIOTh Ha MikpoHarpiaui (102 PT 6.8-0.4,
Delta-R GmbH) y moennanni 3 repmonaporo (41 Pt100B, Delta-R GmbH), ski
BCTAHOBJICHI Ha CHEIIaJIbHOMY CKJII Ta MOCTOBOIO KOHCTPYKIIEIO ISt
3a0e3neueHHsT JOCTaTHLOI TEIJIOI30JIAII, a TaKOX KepaMi4YHUM HOCIEM IS
crpyxku (Kyocera 68 LCC J-Bend Cab580). Ile crnenudiune HagamTyBaHHS
(puc.1) nossonse marpiBatu maruuku gm0 400° C, tomi sk Temmeparypa
HOCIS MIKPOCXEMHU 3aJIUIIACTHECS HIDKYE MAKCUMAILHO MOYXKIMBOTO 3HaueHHs 40°
C. EdpexkTUBHICTH 30HAYBAHHS ra3y

EdexTuBHICTh 30HIYyBaHHS Ta3iB sSK MPaBWIO JOCHIKYEThCA B
aBTOMATU30BAHOMY PEXKHMi, 1€ CHHTCTHYHE IIOBITPS BHUKOPHUCTOBYETHCS SIK
¢donoBuii ra3z. BunpobosyBani ra3u ckiagatots 1000 u/mma SO, ta 50 9/mmH H»S,
BIIMOBITHO, B @30TI, 5IK1 3MIIIYIOTHCS 3 (POHOBUM T'a30M.

Ha puc. 2 mokasanmii omip HaHOCEHCOpa, IO Mpaloc noeramnyo npu 100°
150° ,200° , 250° ,300° ,350° 1400° C mixgBmauBoM SOs.

[Ticns Toro, SK MmAaT4YWK JOOCAT OakaHOi TeMIepaTypu, KOXKEH KpPOK
BMMIpIOBAHHS TIOYMHAETLCA 3 TMOTOKY CUHTeTHM4YHOro mositps (1000 cm® / xB), a
IOTIM HOCHiJOBHICTh BumpoOysanoro rasy (50 cm® / xB) mocmimxyBaHOro rasy
+950 cm® / XB CMHTETHYHOTO IOBITPs) Ta cuHTeTHYHOro nosiTpsa (1000 cm3/ xB),
SKUW TIOBTOPIOETHCA TpHUl. 3arajbHUN TOTIK 3aJHIIAETHCA CTAIUM  TPHU
1000 cm® / xB. ¥V Bumagky mpucytHocti SO, omip maruumka Oyae 3MEHIIEHO.
Jlatuuk mouwHae Bu3HadaTu ra3z SOy mnpu 200° C i mocArae MakCUMaJIbHOTO
curnany mpu 300° C, nge omip 3MeHmyerbes Ha 40%. Lleit BHCOKuMii piBeHb

CUTHAQJI JEMOHCTPYE PO3IIIbHY 3JaTHICTb B PEXUMI 3 HHU3BKOIO YAacCTKOK Ha
MIJIBHOH.
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[Motik HzS 50 cm® Bigmosimae koHueHTpamii rasy mwime 2,5 MiTbHOHHHX
yacTHH. MaKcUManbHMI CUTHAI J0cATacThes mpu Temmneparypi 400°  C, me omip
CTaHOBUTHh 3MeHIUBCA 10 85%. Ilell ayke BHUCOKUM CHUTHAI JIEMOHCTPYE
HAJ3BUYAIHY YYTIMBICTH HAHOCEHCOPIB 3 PO3AUIBHOIO 3IAaTHICTIO B IEBHOMY
miara3oHi.

T=100°C T=150°C T=200°C T=250°C T=300°C T=350°C T=4m°060
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0 50 100 150 200 250 300 350 400
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Puc.2 Omip natuuka npu 100°, 150°, 200°, 250°, 300°, 350° 1400° C
Po3po0ka Mikpo-koHpopKkH

CyyacHe HaNalmITyBaHHA MPUCTPOIO (30BHIIIHI MIKpOHAarpiBauli 3 BUCOKUM
€HEPTOCIIOKUBAHHSIM TOIIIO) 3aBa)Ka€ CEHCOPHOMY MPUCTPOI0 OYTH MPaKTHUIYHUM
pIIIICHHSAM, TPUIATHAM JJIS 3BHYHUX TOBCSAKICHHUX 3aCTOCYBaHb. J[is peamizartii
PO3yMHUX HAaHOCEHCOPHHX MPHCTPOIB B CHCTEMYy TOBHHHA OyTH iHTErpoBaHa
MIKpO-KOH(pOpPKa 3 EHEPTOCMOKUBAHHSAM 3HaUHO HIbk4ue 10 MBT.

B sxocti mepmioro maxoay Oyia CTBOpeHa IMiITalliiHa MOJENIb IS
MIPOTHO3YBAHHS MPOYKTUBHOCTI CTAaHAAPTHOT KOHCTPYKIIIi MiKpO-KOH(pOpKH. J1Jis
CTBOPEHHS IMITaIiiHOI MoAel Oyjla BUKOPUCTaHa MporpaMa METOJIIB CKIHYEHHUX
enementis COMSOL MULTIPHYSICS. Mogens BKIOYa€e MIKpO-KOH(DOPKY,
HarpiBaJIbHUM €JIEMEHT, a TaKOXX TEPMOIapy 1, BJAacHE, ceHCopHuil map SnO».
KBagpatna ¢opma wmikpo-rapsuoi mmra (po3mipamu  100x100 mwMm), mio
MPUKpPIIJIEHA 1O OCHOBU YOTHUpMa KpinmuibHUMHU Oankamu (Si102), mmpuHa i
JIOBXKMHA SKUX ckiagae 10 MM, a ToBimHa 1 MM.

Ha puc. 3 moka3zanuii po3nojin TemMrnepaTypu OJHOTO MIKpPO-€IeMEHTa KOH(POPKH
31 CTaHJAPTHUMHU reoMeTpuuyHUMH napametrpamu. [loTyxkHicts 25 MBT nmotpiOHa
JUTSI HArpiBaHHS MiKPO-KOH(OPKH IO IEBHOT TEMIIEPATYPH.

OueBuHO, 1110 Oy/Ie CrIoCTepIraTUCs 3HaYHE BIABEACHHS Teria O1J1s1 OCHOBH, SIKa
MO>Ke OyTH 3HAYHO 3MEHIIICHA 32 PaXyHOK ONTHUMI3allli KPIMUIbHUX OAJOK.

Onrumizallis KOHCTPYKIii mokasye, mo temneparypa 400°  C moxe Oytu
JOCSITHYTA TIPU CTIOKMBAHHI eHeprii MeHIe 5 MBT.
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Surface: Temp [’] Streambime: Total heat flux Bousdary marker: power [mW]
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Puc.3 Po3noain TemnepaTypu OKpeMoro exeMeHTa Mikpo-KoH(pOopKH 3i
CTaHJIapTHUMH T€OMETPUIHUMU TTapaMeTpaMH

BucHoBku

Y nmaniit crarTi OyJO TMPOBEAEHO JOCHIKEHHS XapaKTePUCTUK Ta
BJIACTMBOCTEH HAHOCEHCOPIB OKCUIY ojioBa. He3Baxkarouum Ha IIMPOKHUHA CHEKTP
NEPCIEKTUB y 3aCTOCYBAHHI TaKOTO THUIy HAHOCEHCOpPIB, BCE X 3aJIMIIAETHCA
aKTyaJIbHOIO IXHS IIEHTpajbHa IpobsiemMa — BHOIPKOBICTh, 110 MPUTAMaHHA YCIM
JaTYNKaM Ha OCHOBI OKCHIY METaly.

[{ro mpo6ieMy MOYHA BHPIIMIUTH HE3AJICKHO BiJl Oyb-SIKUX IHITUX aCHEKTiB
cucteMHoi iHTerparii. [IpomeMoHCTpOBaHUN MHOIO TIIXiJ BKIIIOYAE JICTYBaHHS
w1iBoK SnO», oca/KEeHHS KUTBKOX MOHOIIAPIB KaTAMITUYHUX METaJIiB Ta MOKPHUTTS
(GYHKIIIOHATFHUMU HAHOYACTHUHKAMH.

3aBepiIaibHUM KPOKOM y PO3BUTKY PO3YMHUX HAHOCEHCOPHUX CHUCTEM €
iHTerpaiist B mikpocxemy CMOS, sika MicTUTh HEOOXi/HI CXEMHU Ta E€JIEKTPOHHI
ckianoBi. [nTerpoBani 3D HaHO-CHCTEMH MOXXYTh OYTH 3aCTOCOBaHi AK (DyHKIIIS
0e3nexku B MOOUTbHUX TenedoHax, TOMY MEPCHEKTUBU Ta IIaHC HAa MaillOyTHE y
TaKOTO TUIY CHUCTEM €. JIOCHIPKEHHSI TAKOTO TUITy HAHOCEHCOPHUX CHCTEM TPHUBAE
i 1oci.
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YJIK 669.013.002.5:531.3
I'pumenko /.1, Beiirya O.0., beiirya B.O. (Vkpaiuna, m. Kam aucoxe, JJTY)

CTIMKICTH 3BYPEHOI'O PYXY 3UJIEHOBAHOI'O
KOHTEMHEPOBO3A 3 BYT'EJIbHOIO PAMOIO Y IONEPEYHIN
TUIOILMHI

Po3spobrena mamemamuuna mooenv 30ypeHoco pyxy 3uleHOB8AHO20 KOHMEUHepo8o3a 3
Oy2elbHOI  pamolo Npu  HAAGHOCMI  ACUMEMPUYHUX KIHEMAMUYHUX 30VpeHb, BUKIUKAHUX
HepIBHOCMAMU MEXHON02IUHUX dopie. Ompumara i 0OTPYHMOBAHA YMOBA NONEPEUHOI CIMIUKOCMI
KOHMeUHepo8o3a y 30ypeHomy pyci Memooamu aHANimuyHoi MexaHiku, wo 0de MONMCIUBICTb
obupamu pexcumu pyxy KOHmetuHepososie 8 yMo8ax mexHoL02IYHUX Oopie.

The mathematical model of articulated container truck with band loop frame disturbance
motion by asymmetrical kinematic disturbance of uneven technological roads has been worked
out. The condition of cross stability for container truck under disturbance motion by methods of
analytical mechanics has been receiver and based for selection conditions of container truck
motion on the technological roads.

[loctaHoBKa mpoOiaemMu. 3IIMCHEHHS TEXHIYHOTO MEepeo30pOoeHHs Ta
MOJAJIBIIOr0 MIAAOMY MPOAYKTUBHOCTI IMpall B YOPHI MeTanyprii HEpO3PUBHO
MOB’513aH1 3 YAOCKOHAJIEHHAM CTPYKTYpH 1 SIKOCTI MIPOMHUCIOBOTO TpaHcnopty. Ha
MIANPUEMCTBAX, SIK1 OyTyIOThCS Ta POLIUPIOIOTHCSA, 3 IBISIOTHCS TEXHOIOTTYHI JIIHII,
1€ TPagUuUINHUN 3a13HUYHUA TPAHCHIOPT BUTICHAETHCS OUIbII THYYKHM Y CBOEMY
BUKOPHUCTAHHI TEXHOJIOTTYHUM CIIELIaBTOTPAHCIIOPTOM.

AHari3 OCTaHHIX yOJTiKarin. Ha JUISTHKAX TIePEBE3CHHS

KPYMHOTA0ApPUTHUX IITYYHUX BAHTAXKIB, Y TOMY YHCJII KOHTEWHEpIB, IMAKETIB,
I1/IJTOHIB, BUKOPUCTOBYIOTHCS CIIEIIABTOTPAHCIIOPTH1 3aCO0H 3 BAHTAXKOIT1 THOMHUMHU
npuctposiMu [1 - 3], miAHOMHO-TPAaHCHIOPTHI MAIllMHU 3 TOPTAIBHOI HECYUYOIO
cuctemoro [4,5], cienaBTOTpaHCIIOPTHI 3ac00u 3 OyreapHOI0 Y TUIaHi paMoto [6,7].
OcTanHi 31 34JICHOBaHOK KOMIIOHOBKOIO YSBJISIFOTHCSI HAUO1IBII YHIBEPCATHHIUMH Ta
NEePCHEKTUBHUMH, MalOYH Ha yBa3l OararoriaHoBe BUKOPUCTAHHS Tsravis (puc.l).

XapakTepHOIO  OCOOJMBICTIO KOHTEHHEPOBO3IB €  HASABHICTH  BHCOKO
PO3TalIOBAaHOTO LIEHTPA MAacCH, 110 Pa3oM 31 cneuu(iuHUM HaBaHTAXKEHHSIM JI0a€
po0JIEMHU CTIMKOCTI 30ypEeHOro pyXy y nonepeyHiil miomuHi. OCHOBHUM JHKEpEIoM
MONEPEYHUX KOJMBAHb CUCTEMH € aCUMETPUYHI KIHEMaTHU4H1 30ypeHHS 3 OOKYy
HepiBHOcTeHN noporu. Ciijl 3a3Ha4UTH, 10 BY30J1 3UIILTIOBAHHS PO3TAIIOBYEThCSA Ha
PiBHI OC1 MIJIBICKH HAIBIPUYETIA, III0 KOHCTPYKTHUBHO MTPOCTO BUKOHATH, 1 Y TAKOMY
pa3i KOJIMBaHHS HaIIBIIpUYETIa Ta TATa4a y TMOMEPEUHIN IUIOMWHI MOXKHA PO3TIISAaTH
K He3anekHl. Ha mii mijgcrapi po3risgaeMo monepedHi KOJUBaHHS HaIliBIIpHUYea
34JIEHOBAaHOTO KOHTEWHEpoBo3a ©Oe3 ypaxyBaHHS TsArada. Bigomi poGotu
Becenosa I'.I1., I'yctomsicoa A.M., Konmmakosa B.I. [8], JIobaca JI.I'., Bamenka
FO.JI. [9] npucBsueHi JOCTIPKEHHIO TUHAMIKA CUCTEMU «TATA4Y-MIPUYIN, ajie BOHU
HE PO3IJIAJA0Th MONEPEUH1 KOJMBAHHS OKPEMHUX JIAHOK.
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21 1 2

2h, )
4 3

1 — koHTeitHep; 2 — Tsray; 3 — HAMIBIPHUYII 3 OYTeIFHOIO PaMoI0; 4 — T0)KEMEHT
Pucynox 1 — 3uneHoBaHUN KOHTEHHEPOBO3 3 OYTEIHHOIO PAMOIO

@opmya0BaHHsS paHille He BUpilIeHUX 4YacTuH. Ha piBHI pO3MISIHYTHUX
pOOIT HEBUPINICHOI YAaCTUHOI 3arajbHOi MpoOJieMH € OOIPYHTYBaHHS YMOBH
MOMEePEeYHOi CTIMKOCTI 34YJICHOBAHOTO KOHTEMHEPOBO3a 3 OYIrelbHOI pPaMoio Y
30ypeHOMY pyci.

MeTow po0OTH, TaKMM YHWHOM, € OTPUMAHHS Ta OOTPYHTYBaHHS YMOBH
MOMEPEYHOI CTIMKOCTI 34JICHOBAHOTO KOHTEHHEPOBO3a 3 OYTelIbHOK PaMoOI0 Y
30ypeHOMYy pyci.

Buknan ocHoBHOro Mmarepiany npociimkennsi. Ha puc.2 300paxenuit
KOHTEHHEPOBO3 Ha BUTJISAII 33a1y. bynemo BBakatu, 1m0 KiHEMaTH4HI 30ypeHHS

J1I0Th JIMIIE HA MPaBy MiJABICKY HaIlIBIpHUYEIa.
1

1 — koHTelHEep; 2 — IpaBull JIOHKEPOH paMu; 3 — MpaBe KOJIECO MiABICKU
HaImBIIpUYena; 4 — MpaBuil JOKEMEHT; 5 — JIIBUH JOKEMEHT;
6 — J11Be KOJIeco MiJBICKU HaMiBIIpUyiena; / — JIBUW JOHKEPOH pamMu
Pucynox 2 — 3unenoBanuii KOHTEHHEPOBO3 HA BUTIISA 3331y
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PiBHsiHHA 30ypeHoro pyxy oTtpumyeMo y ¢dopMi piBHsSHHS Jlarpamxka

,Z[perFO pOI[y
dleT) oT on

%L@q&i_éﬁh—:_ﬁﬁﬁ"'(}j’ (1)

ne T — xiHeTnyHa eHepris cuctemu, JIx;
11— noTeHIiaIbHA EHePTis cucTeMH, JIK;
q; —J-a y3araipbHEeHa KOOpAUHATA,M (paj);

Qj — J - a y3aranbHeHa CuIla HEKOHCEPBATUBHOTO Moxoukenns, H (H-m).

Y Takomy pasi Qi=Y, (2=0, Ae VY —BepTUKAIbHE MEPEMIIICHHS

HamiBOpuyena, a 0 — KyT MOBOPOTY HAIIBIpHUYEIIa y TTONIEPEYHIi TUTOIIHHI.
KineTtrnuHa eHeprisi CUCTEMHU:

2 2
myW 1% mw
T=—Y+ + <
2 2 2
Je m, — CyMapHa Maca HalliBIpHYEna, KT,

|, — CyMapHU{ MOMEHT iHEPIIii HAaIlIBIPHYEIa BIJIHOCHO MO3/I0BKHBOI OCi, sIKa
2.
7

, (2)

MMpOXOAUTDb YCPE3 HCHTP MACHU CUCTCMHU, KI'"M

V — IIBUJIKICTh PyXy CUCTEMH, M/C.
[loTeHiianpHa €HEPTis CUCTEMHU PEAI3YEThCS EHEPTi€l0 CTUCHEHOTO
MOBITPS y MIMHAX KOJIiC, TPUtMae HACTYITHUMA BUTIIS;

C > C
HZTW(y—|K6) +7W(y+|;<e—hn)2, (3)
ne C,, —pamiagbHa )KOPCTKICTh IIMHU KoJieca HariBnpudena, H/m;
|, — IIOJIOBUHA KOJIii HamiBOpHUYena, M;
h, —miaiioM mpaBoro Kojeca HamiBIpUYeNa Ha HEPIBHOCTSIX CHHYCOiJaIbHOTO
npodiTio, M.
V 3aranbHOMY BUIISIZII MOYKHA 3aITUCATH

. 27X
h, =hySIN—, 4)

lo
ne h, —BucoTa HEPIBHOCTEH, M;

ho — aMIUTITYAHE 3HAYEHHSI MPOQLITI0 HEPIBHOCTEH, M;

X — abcimca anpoKCUMyro4o0i PyHKIIIT HEpIBHOCTEH, M;

lo — TOBXHWHA CIHYCOiIH, SIKa anmpoKCcUMye (YHKITIF0 HEPIBHOCTEH, M.
[Ipu pyci cucremu

X =Vt, ()
3 ypaxyBaHHsIM Bupasy (D) migiom npaBzoro KOJIeCca HarliBIIpUyena JOPiBHIOE
. Vv
h, :hosmit. (6)

I
0

HexTyroun cunamMu HEKOHCEPBATHBHOTO MOXOKEHHS, MIJCTABISEMO BUpPa3U
KIHETUYHOI Ta MOTSHIIAIbHOT eHeprii y piBHsHHS Jlarpanxa apyroro poxy (1).
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O06’enHyI0YM OTpUMaHI BUPA3H, 3alMCyEMO TepIe 1 Apyre audepeHiianbHi
PIBHSHHSL:

189%-2C 120 =C.l,h, . (8)
[Mepermcyemo piBusians (7) 1 (8) 3 ypaxyBanHsaM Bupasy (6):
.21V
m.&2C,,y = C,ho SIN—1; 9)
| &&2C 120=C | h sin "t (10)
c w K wxr 0 0

ly
3ammcyemo piBastHES (9) Ta (10) 3 BBCCHHAM, HOBHX [03HACHD

&Rap?y = "“h sin " t, (11)
Y M ° I0
e p?= 2Cu . . .
A p T —_— = KBaJpaT BJIACHO1 KPYTOBO1 HaCTOTH CHCTCMM I10 y3araJlbHCHIU
Y m,
. 2.
KOOpIWMHATL , ¢~ | 5
_2nv
&fip20 = " h sin 7 t, (12)
L T
c 0
2 2C |2
e pg =—** — KBagpar BIACHOI KPYroBOI 4aCTOTU CUCTEMH IO y3arajbHEHIN

c
KOOpAuHaTi 0, ¢ 2.
Po3s’si3annst piBHsSHb (11) Ta (12) MaroTh HACTYITHUI BUTIIS:

" : " 2nv
y=Cycospyt +Cysinpyt+ a2\ sin| 1 t_\lflj, (13)

mcl| p? + J 0

S
0
_ i C.lh 2nv
6=Cs o5 pot +Cy8IN Pt + 4?{2% \,sin( | t—\|12} (14)
0

Ic| p2 -
6 — 2

ly J

[lepmi nBa nomanku y Bupaszax (13) ta (14) onmucyroTh BiIBHI KOJHUBAHHS
CUCTEMH, SIKI BU3HAYAIOTHCS TIOYATKOBHUMH YMOBAMH 1 depe3 JeIKud dac

MPAaKTUYHO 3HUKAIOTh. JIMIIAIOTHCS BHMYIICHI KOJIHMBAHHS, SIKI OIHCYIOTHCS
HACTYITHUM YHHOM:
y = tho ] 21V )
( Az22 ) sinf | t—wy |, (15)
mcl p? — J )

y 2
I0
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o=  Culdg (2nv )
292 \sinf | t—wy2 |. (16)
p? — J 0 )
besnocepennbo 3 Bupazy (16) oTpuMyeMO yMOBY BTpaTH CTIHKOCTI
HaIIBIpUYENa y MONEPeYHiil IJIOUMHI MPH ACUMETPUYHOMY KIHEMATUYHOMY
30ypeHHl1

4mt2v2
P ————=0 17)
15
a0o MICIsl PO3KPUTTSI BIACHOI KPYTOBOI 4acTOTU Py
2C 12 4n2v2
we =0, (18)
I 5

3BIIKM OTPUMYEMO KPUTHUYHY LIBUJIKICTb V,p, MPU SKIH HACTyNae BTpaTa
CTIMKOCTI HaIliBIpUYena KOHTEHHEPOBO3a Y OTEPEeYH1N TIIONIUHI:

_Ldo [Cu
m \21

C

(19)

Kp

BucnoBkH. TakuM YWHOM, OTPUMAHO i OOTPYHTOBAHO YMOBY IIOIEPEYHOI
CTIMKOCTI 34JICHOBAHOI'O KOHTEHHEPOBO3a 3 OyTrelIbHOI PaMoi0 y 30ypeHoOMYy pyci
IUIIXOM MaTEMaTUYHOIO MOJIECJIFOBAHHS METOaMHU aHAIITUYHOI MEXaHIKH, 110 Ja€
MOJKJIMBICTh OOMPATH PEKUMHU PyXy KOHTCHHEPOBO3IB B YMOBaX TEXHOJIOT1YHHX
nopir. Ilogana po0OoTa Mae IIUPOKI MEPCIEKTUBH TOMAJIBIINX JOCIHIKCHb
MIPOMHKCIIOBOTO TPAHCTIOPTY 3 HETPAIUIIMHAMH KOMIIOHOBKAMH Ha IUIAXY
CTBOPCHHSI IOBEPIIICHUX 3Pa3KiB.

CIIMCOK IMOCUJIAHBb
1. Texwnonociuni i KOHCMPYKMUGHI napamempu HeCyyux cucmem HOPMAIbHUX NIOUOMHO-
mparncnopmuux mawun | O.0. Beiizyn ma in. JJninpoodsepocuncox: JJATY, 2007. 167 c.
2. Jlocnioocennss ma eubip muny necyuoi cucmemu aemockpanososa 3 U — nodionowo pamoro /
0.0. betieyn ma in.: mamepianu Midxcuap. nayk.-mexu. koug., m. [Jninponemposcok, 28—31

acoem. 2013p./[., 2013. C. 138-141.
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VK 621.941.2.

I'yrauk A.3., ComoB J.0., I'ao CinbMminb (Vipaina, m. Kuis, KIII im. l2ops
Cixopcbkoeo).

MOP®OJIOITYHUNA CUHTE3 IUPOKOIIATIA3SOHHUX I
HNBUJIKONEPEHAJIAT O’KYBAJIBHUX 3ATUCKHUX ITATPOHIB
TOKAPHHUX BEPCTATIB 3 4YIIK

3anpononosano BUKOpUCMOBYBAMU CUCTEMHO-MOP@ON02iuHUll nIOXI0 npu CcuHmesy
UWUPOKOOIaNA30HHUX | WBUOKONEPEHANA200HCY BAILHUX 3AMUCKHUX NAMPOHIE.

It is proposed to use a system-morphological approach in the synthesis of wide-range and
fast-adjusting clamping chucks.

AKTyalbHIiCTb. PO3BUTOK HOBHX HAayKOBHUX - TEXHIYHMX 1€l CYTT€BO
BIUITUBA€E HAa CYBEPEHHICTh JIEpaBU 1 OJIaromojay4ydsi HapoJay 3aBJsKU
3a0€3MEYeHHI0 BHUCOKOTO TEXHIYHOTO PIBHA YCTaTKyBaHHSA JUIsl HApOJHOTO
rocriogapctBa. OcCTaHHI POKHM Ypsiiu OaraTboX KpaiH 1, HaBiTh, apPUKAHCHKUX
noyanu OUIbllle TNPUAUIATA yBark pO3BUTKY caMe MaIllMHOOyAyBaHHIO. Y
MaIIMHOOY/yBaHHI POJIb 3aTUCKHUX MEXaH13MIB BEPCTATIB CKJIAJIHO MEPEOIIHUTH,
ajsie BOHU TMOTPEeOYIOTh MOCTIHHOTO MOKPAIICHHS Ta BIOCKOHAJCHHS 32 PaxyHOK
MOIIYKY HOBUX TEXHIYHMX PIIIEHb, OCKIJIbBKUA JOBIHI Yac 30€epiraioTh TpaaulliHI
KOHCTPYKIIi, BIJCTalOYM BiJ MOCTIHHOTO PO3BUTKY CHUCTEM KEpyBaHHS Ta
MIPUBO/IIB.

[Ipaktika poOOTM pI3HUX  OpraHizamid, 3alHATHX pO3pOOKOI 1
BUTOTOBJICHHSM HOBITHBOI TEXHIKH IOKa3ye, 0 B 0araThboX BHMAIKaX ITOIITYK
KapJIMHAJIbHO HOBHMX TEXHIUYHHX 17ed CIIITKA€ IIUN PSA1 TPYIHOIIIB, TPUIMHOIO
SAKUX € HE CTUIbKA HU3bKHUI piBEeHb KBai(ikalli, CKUIbKU BICYTHICTh CUCTEMHOTO
X0y 1 He3HAHHS METOI0JIOT1T MOIIYKY HOBUX TEXHIYHUX pileHs [2,3].

Tomy pyx B HampsMKy pO3BUTKY METOJOJOTIT PO3POOKH HOBITHIX
3aTUCKHUX MEXaHI3MIB 13 3aCTOCYBaHHSIM 0aratopiBHEBOro MOpP(OIOTIYHOTO
CHUHTE3Y € aKTyallbHOI0 HAyKOBO-TEXHIUYHOIO 33/1a4€l0, BUPIIICHHS KO JO3BOJIUTH
MIJBUILUTH PIBEHb TEXHIKO-€KOHOMIYHUX MOKA3HUKIB 1 PO3MIMPUTH TEXHOJOT1UHI
MOYJIMBOCTI BEPCTaTIB HOBOT'O MOKOJIIHHS.

Metorw po0dOTH € BUKOPHCTaHHS METOJOJIOTIT PO3B’S3KYy 3a7ad poO3pOOKH
3aTUCKHMX  MEXaHi3MIB  3a  JOMOMOrol  0araTOpiBHEBOIO  CHCTEMHO-
MOP(QOJIOTIYHOTO TIAXOAy pa3oM 3 TMPUHIUIAMHA TEHETUYHOTO CHUHTE3y Ha
npukiaai  mMopdosoriuHoro  cuHTe3y — mmpokomianazonnux  (IIA3IT) 1
mBuakonepeHanarokyBanbaux  (IIII3I1))  3atuckHux ~ WaTpoOHIB  JUIA
BIIPOBAJI’)KEHHS 1X Ha ToKapHUX BepctaTax 3 UIIK [1].

Mopdonoriuauii  aHajgi3 1 CHHTE3 HOBHX 3aTUCKHMX  IIaTPOHIB.
Mopdonoriunuii  aHami3 0OazyeTbcss Ha Kiacudikamii 1 CcOpsMOBaHUN Ha
NOCJIIJIOBHUM Tepedip BCIX MOKIMBHUX BaplaHTIB PIIICHHS, SKI BHUTIKAIOTH 13
3aKOHOMIpHOCTeH OyaoBu (MopdoJiorii) 00’€KTy, IO YIOCKOHAIIOETHCSA, 1 TUM
caMUM BpaxyBaTH, KpIM BiJIOMUX, HE3BMYalHI BaplaHTHU, KOTPl MpPU MPOCTOMY
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nepebopi Moryiu OyTHU 3HEXTYBaHi, 00 JaJeKl BiJl TOro, IO JISKUTh B IOJ1 30DY.
Mopdonoriunuii cuHTe3 Tnepeadavyae BUOIp Kpaliux pilieHb Ha MOPQOIOTTYHIN
MHOKHHI 10 33JJaHUM KPHUTEPISIM SAKOCTI B yMOBaX HEMOBHOI BUX1IHOI iH(OpMaILii.
B naniii gomoBimi 3po0JieHi meprni KPOoKHu MOp(OJIOTIYHOTO aHaji3y 1 CHHTE3Y
HIA3IT 1 IHII3IT 3 moOynoBoro MOpPGOJIOTIYHUX MOAENeH y BUTISAI TaOIHIb 3
OCHOBHUMH O3HAKaMH [0 TOPU30HTANI 1 aJbTepHATHUBAMH IO KOXKHIN O3HAIl IO

BepTHKam (Tabdmn. 11 2).
B Ttabn. 1 meperBoproBaui eneprii (IIE): enexrpomexaniuni (EMIIE);

mexaniuHi (MIIE); rigpomexaniuni (I'MIIE); nnHeBmomexaniuni (IIMIIE);
tepmoMmexaniudi  (TMIIE); OGiomexaniuni (BMIIE); enextponni (EIIE);
BiOpoakyctuuHi (BAIIE).
Tabnuys 1
Mopdonoriuna MoAeNIb-TabIUIIS IIUPOKOAIANIa30HHUX 3aTUCKHUX MMaTPOHIB
(LI A31T)
CrpykTypa Croc16
1.Jlxepeno [2.*TleperBoperns : 4.IlepetBop. | 5.3aTHCKHH ; 7.06'ekT 8.p03mpeﬂﬂx]9..KonmeHcanix
eHepri eHeprii 3.Bxin MepeMim. | eleMeHT 6.Buxin g : BLIIeHTPOBHX1 (. IIpH3HateHHs
(TIE) (1'1%) { (3M) 3aTHCKYy | JiamasoHa CHIT
. N N . 3. ; J o v . k 11¢ . mi WA \
LIE ntmp 2.1 EMIIE 3.1 Cuxa 4.1 Baxitenni 5.1 ITanra GG 7.1 IlpyToxk 8.1Bup HB,OJlu'Im"\OBmlO.l Jlasa BTA|
CTPYM 0CBOBA 0CBOBA 3ATHCKY CHI0K0
3.2 CHue 2 Cmw : .2 3mi 2 JToz
12 Comme | 22MIE | >3 ) xrumonui] 5.2 K | S2CB12 | 75 Tpyg, | S23uima 9.2 Jommonmdy, ) oo gpy
paqiaabHa paziaasHa moozkenHs 3E| MoMeHTOM
3 . 3.3 Cuma . 2 : 6.3 Caaa |7.3 Mtyuna| 8.3 3mina 10.3 Tas
3 3 : 5.3 Ky: = == e ; "
ua Lenttpr| 20 IMTTE TAHTeHIL 13 G 3 Kyamsox TAHTeHI. | 3aroToBKa | 00'emy 3E p.3 llporasaroo TPB 3 UIIK
3.4 Mo» 5.4 i w ; i . .54 3avEKaBEAM 4 11
1.4Boza | 2.4 IIMIIE —4\10‘”““& [l ayexeprRif 5.4 Temod 6.4 I(awﬁmsumﬂ“1 (IMCOH_HHHS._-t 3umina 3E[ cmoBoro 104 m“
0ChOBHil (opyu TIPYTOK xorTypy | TB 3 UIIK
1.5 JlronceKa| - ¢ v, 3.5 MomenT .| 5.5He 7.5 @acon. ; o : i
Z / . 7 5 4 3 /THA ¥ I B ACY
CHTA ) IMITE patiaTbHHI i rBHHTOBHHTBepaormnnn yl}g}ﬂé};;a 8.3 Bincyraiiif.5 Bixcyrwii
1.6Tame | 2.6 EMITE | 3:0 MOMCHT |y ¢ oo
TaHTeHIL.
2.7EIE 3.7 Kombinanis4. 7 [TpyxHmit
2.8 BAIIE 4.8 KombinoBammii
4.9 BincyTHii
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A

3aTUCKHUI IaTPOH

OO0’ €exT 3aTHCKY

3aTHCK
- 10.IT
2.Bxin . Hepenarso 3aTUCKHUNA €1EMEHT pH3Ha
MiJICUITION0YA JIAaHKA 5 Buxi 0K YeHHS JIIsI
HE Buxin 8 Bin Kinb | poncrara
HaBaHT Ha CHJIa KICTh
ae 3.Bun 4 Kytu 6.Popma 7.Cnocio
HepeHaIar.
8.1.10ry
21. 31. 41. | 5.1.Pagia Hpﬂfﬁtmm et || 9L | 10
* *
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[, | mocmimoBHa 0 ISP OTB. TIOBOPOTOM st
4. 4.4, 04.Dacor. 3 | 7 4 3 ia
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=10
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Mopdosoriuna Mo 1eb-TaOIMIIS IBUAKOIIEPEHAIATr0IKYBATbHUX 3aTHCKHUX
natponis (LLITI3IT)
B ta6un. 2 Cuna ocsosa ([, 1) ; KpyTrauii MomenT HaBKoJI0 oci (M, 1) ;

Jnsa  poTpuMaHHS — KOHQIAEHIINHOCTI 1  MOAANBIIOTO  BHIIyYEHHS
Hemnpale3IaTHUX a0o0 HEemiIXOsAIIUX 10 YMOB 3ajadi BapiaHTiB OyayeMO MOBHY 1
yciueHy MOp(QOJIOriuHI MaTpHUlll 3 Pi3HOIO KUIBKICTIO pimeHb. Hampuxman, mis
Tabn.1 moBHa MopdooriyHa MaTpUllsd MIMPOKOIANa30HHUX 3aTHUCKHHUX MaTPOHIB
(LLL3IT):

1.1 21 314151 61 7.1
122232 4252 6272
13233343 53 63 73 8.1 9.1 10.1
14243444 54 6474 82 92 102
Mursr=| 1.5 25 35 45 55 751 A 18393 103
16 2.6 3.6 4.6 84 94 104
2.7 3.7 4.7 85 95
2.8 4.8
49

KinbkicTh BapiaHTIB
[Jurg 3 m = 6e 8e Te e He 4e 5e 5e 5e 4 = 30 240 000

Cxkopouena mopdomoriuna matpurrst [IJI3IT:

1.1 2.1 3.1 4151 6.1 7.1
—- 22 - 4252 6272
—- 23 - - 53 6373 8.1 9.1 10.1
— — 3444 - 64 - 82 -- 102
Mwpn=| - - - - 55 - A [8393103
- e e 8494 104
- - 8.5 95
- 48

KinbkicTs BapiaHTiB:

77

(] mmx3m = le 3¢ 2¢ 4e 4e 4o 30 He 4e 4 = 92 160

Takum ymHOM Maemo 92 160 MOXIMBUX BapiaHTIB BIPOBAIKEHHS
HIMPOKOJiana3oHHux 3aTtuckuux mnatpoHiB (II/3I1) B OararommuHaenbHUAN
TOKapHUU aBTOMAT.
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AHaJIOTIYHO 3rigHO Tabj.2 MOXKHa MOOyayBaTH MOPQOJIOTIYHI MaTpHIll 1
OTpUMATH HOBI TEXHIYHI PIIIEHHS], OJIMH 3 MPUKJIAAIB SIKUX HaBeJIeHUN Ha puc.l.

i

10.1
6.5

Puc.1. KimmHo-1uty:k€pHUI NIBUIKONIEPEHAIArO1>)KYBAIIbHUN 3aTUCKHUI
natpoH (III13I1) 3 mo3HaueHHSIM anbTepHATUB O03HAK (TabJ1.2) 1 CTPYKTYPHOIO
TCHETUYHOI0 (DOPMYJIOI0 Ha MONYJISIiHHOMY piBHI Fa1 — PL — Fr2 [3]

BucnoBok. Ha npuxmani mopdomnoriunoro cuntesy LIIJI3IT 1 IHITI3IT 6ymo
MPOJIEMOHCTPOBAHO €(EKTUBHICTh Ta TOJETIICHHS TeHEePYBaHHS BEIUKOI
KUIBKOCTI ~ HAWpPI3HOMAHITHINIMX  TEXHIYHUX  PINIEHb  OJIHIET  MPOOJIEMH.
MeTononoris po3poOKM HOBITHIX 3aTUCKHHUX MEXaHI3MIB JO3BOJISIE YCYYAaCHUTHU
BEepCTATOOyAyBaHHS Ta 3a0€3MEUUTH BEPCTATH HAWHOBITHIIUMU T€XHOJIOTTYHUMHU
MOXIUBOCTAMH B ymoBax BUKIHMKIB « [ HJIYCTPIA 4.0» [1].

CIIUCOK MOCUJIAHBb

1. Kysueyoe FO.M. Teopia po3e’azanns meopuux saoau: Momnoepagis /FO.M.Ky3neyos.-K.:
TOB «3MOK»-1III «'HO3HUC», 2003.-294c.
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YK 621.7

HAyk B.I'., nayk. kep.: k.7.H. ['ymun O.B. (JAMA, m. Kpamaropcek, Ykpaina)

CKIHYEHHO-EJJEMEHTHE MOJIEJIIOBAHHS ITPOLHECY
OBKOYYBAHHSI POJIMKOM 3 KJIMHOBUM ITPO®LIIEM IIPH
IHOBEPXHEBOMY 3MIIHEHHI JETAJIEM MAILIIUH

B cmammi pozensdaemvca mamemamuune MOOeNO8aAHHSA Npoyecy O0OKOUYBAHHS.
KAUHOBUM POAUKOM I N0OY008A CKIHYEHHO-eleMeHMHOI MoOeli.

Mathematical simulation of knurling with a wedge roller and making a finite-element
model are being considering in the article.

OpmHuM 13 BIIOMHX HAIMPSIMKIB M1BUIIEHHS HAIHHOCTI MAIlIMH € OTPUMaHHS
3aJIaHUX BJIACTUBOCTEH MOBEPXOHB JCTaICd METOAaMHU TOBEPXHEBOTO 3MIITHCHHS,
PO3BUTOK SIKMX HaOyB HOBOro immyibcy Ha Mexil XX—XXI cr., komu Oyno
CTBOPEHO Ta BIPOBAKEHO Y MPAKTHUYHY MISUTHHICTh HU3KY HOBUX TEXHOJOTTUHUX
METOJIB Ta CIOCOOIB IOBEPXHEBOrO 3MIIHEHHS Jeranedt MamwuH. CydacHi
TEXHOJIOT1YHI IPOLECH 1 METOAM 3MILHEHHS JAI0Th 3MOT'Y KEPYBATH MOKAa3HUKAMU
AKOCT1 ()OPMYBAHHSIM Ta ONTUMI3ALIEI0 TApaMETPIB MOBEPXOHB 1 MPUIIOBEPXHEBUX
mapiB, 30KpeMa MIKpO- Ta MAaKpOBIIXUJICHHSIMH; MIKPOTBEPAICTIO, TITUOMHOIO 1
3HAKOM 3aJIMIIKOBUX HAIMPYKEHb.

[ToBepxneBa tutactuuna aedopmariist (ITII) me cmoci6 omopspKyBaibHO-
3MIITHIOBAJILHOTO 00pOOJIeHHS ©0€3 3HATTS CTPY)XKKH HUIIXOM jaedopmartii
MIKPOHEPIBHOCTEH 1 MIKpoAedEeKTIB MPUJIETIUX 10 MOBEPXHI IIapiB MaTepiaty.
OpmuuM 3 HaOTBIT BakIMBUX pe3ynbTariB I1I1]] € BUHUKHEHHS Y TTIOBEPXHEBOMY
niapi MEeTaly 3aJIMIIKOBUX HANPY>KEHb CTUCKaHHA [ 1, 2].

Ha ceoropnimHiéi nens icHye Oesniu metonaiB IIIIJ] — BurimamxyBaHHS,
B1IOpOBUTIAKYBAHHS, JPOOOCTpYMUHHE 0OpOOJICHHS, OOKOUYBaHHSI CHEpUUHUM,
HUAJIHIPUYHUM 1 KPYyroBUM poJiMkoM Ta 1Hmm. [Ii cmocobu o00poOiatoBaHHs
MOBEPXHI MalOTh CBOi MepeBaru: 3a0e3MeuyrTh JOCHTHh >KOPCTKI BUMOTU IO
IIOPCTKOCTI, TBEPAOCTI MOBEPXHI, 30UIBIITYIOTh 3HOCOCTIAKICTh JeTaNe MaIivH 1
CTIHKICTh O KOPO31MHOTO BIUIMBY, 3HUXKYE COOIBAPTICTh BUTOTOBJICHHS MPOAYKITIT
(exoHOMIsI MaTepiAIbHUX PECYPCIB 1 EHEPTOBUTPAT).

3 ychOro pi3HOMaHITTS ICHYIOUMX CXEM pealli3allii mpoIrecy MmOBEpXHEBOTO
3MIITHEHHSI TUIAXOM TuiacTuyHoi nedopmarti [1, 3-4] HaWOUIBIT MOMIKUPEHUM €
O0OKOUYyBaHHSI POJIMKOM, IO Ma€ KpyroBuil mpodinas. s i€l cxemu peanizaiii
OyJ0 MPOBEACHO HM3KY TEOPETUYHUX 1 EKCIEPUMEHTAIbHUX JOCIHIKEHb, SKI
MITBEPKYIOTh MpAaIre3/IaTHICTh 1 aJeKBAaTHICTh OTPUMAHUX PE3YJbTaTiB I10J0
MO>KJIMBOCTI 3aCTOCYBaHHS iX Ha peajbHOMY BHUPOOHMIITBI. MoBa ie mpo cxemy
peamizailii, 1o Tmepeadadae CXpEIlyBaHHS oOcel aepopMyrodoro pojuka 1
3arOoTOBKH, B PE3YJIbTATi SKOTO B JeOpPMOBAaHOMY Iapi Marepialy 3aroTOBKH
OKpIM CTHUCKAIOYMX HAaNpyXeHb BHHHUKAIOTH II¢ 1 HAMNpPYXEHHSA 3pi3y, sKi
MPU3BOJATh JO 3HIDKCHHS BIUIMBY BHYTPINIHIX HAMpy>KeHb 1 CIPHUSIOTH
HIIBUIICHHIO SKOCTI 3MilIHEHUX TOBEepXOHb (puc. 1) [5-7]. ledhopmyrounii poauk 1
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HAJIAIITOBYETHCS BIJHOCHO HAIpsAMKY Aii negopmyrodoi cunu P. TakuM 4MHOM
BCTAHOBIIIOETHCSI KYT CXpEIIEHHsS HOro Bicl OOEpTaHHS 3 BICCIO OOepTaHHS
3arOTOBKH 3.

Puc. 1. Cxema HakodyBaHHS POJMKOM 3 KPYyroBuM Tmpodiiem 3i
CXPEUIEHHSIM OCe

Mo>JIMBO J1Ba BapiaHTH peajizailii JaHoro crnocody oOpoOJieHHS: mojadya
3MIACHIOETHCS 32 PaxyHOK IOBOPOTY OC1 pOJIMKA, 1 MOJayda 3aJa€ThCs MPUMYCOBO.
Po3risgaty KiHEMaTUKy JAHOTO MPOLECY MOKHA HAa OCHOBI pOOOTH 3 BUBUEHHSIM
TEPTS AUCKOBUX 3Pa3KiB 3 MEPEXPECHUMHU OCsiMU [8].

Pi3HOMaHITHICTP TEXHOJOTIYHUX CIOCOOIB peanizalii ONnopsaKyBaJbHO-
3MIIHIOBAJILHOTO OOpOOJICHHSI MOBEPXHEBO-TUIACTUYHOIO JIeOopMaIli€lo B CBOIO
yepry poOuTh HEOOXiTHUM BUKOPHCTAHHS PI3HUX METOAMK 1 MAXOMIB JUIs
TEOPETUYHUX JIOCIHIKEHb, 30KpeMa Mo0yI0BU CKIHYCHHO-EJIEMEHTHUX MOJeNeH i
JUIsL TIpoLiecy OOKOUyBaHHS poJIMKOM. OCHOBHUM IMPHU3HAYECHHSAM IIMX MOJENEH €
YTOYHEHHS BUXIAHUX JaHUX MJIs EKCIEPUMEHTAIbHUX JOCTIHKEHb, a TaKOX
PO3IIMPEHHST 00CSTIB pe3ybTaTiB 3a BIAMOBIIHUMH TEOPETHUYHUMH METOIAMKAMU
PO3paxyHKy Ta iX IPOMHUCIIOBA aJarnTaris.

Meroto maHoi poOOTH € MOCHIKEHHS TMpoiecy OOKOUYyBaHHS MOBEPXOHBb
JeTajel MalllMH POJMKOM 3 KIMHOBUM mpodiaeM 1 mo0ynoBa CKIHYEHHO-
eJIEMEHTHUX MAaTeMaTUYHUX MOJEIEH Al pO3paxyHKY 1 JOCIIHDKCHHS BKa3aHOTO
IPOLIECY.

Meron ckinuennux enemeHTiB (MCE) — ne nHaiicyyacHimui 1 HalOUIbII
TOYHUN METOJI, 10 Ma€ MIUPOKI MOMJIMBOCTI 1 YHiBepcaiabHicTh. MCE mmpoko
3aCTOCOBYETHCS JJISI BUPIIICHHS 33]1a4 aHAI3y NPYXKHUX aedopmartiid, miacTUIHOT
nedopMaliii  3arOTOBOK, PO3paxyHKy HaIpyXeHo-1eOpMOBAaHOTO CTaHy 1
TEMIIEPATypHUX TOJIB B TEXHOJOTIYHUX 3aBJAHHIX MEXaHIYHOTO OOpOOJIeHHS
netaneit 1 o6pobneras MeraniB TuckoMm [9-11]. Hacmpaai MCE sBnsie coboro
y3araJbHEHHS BapialliiHOTO METOY. Woro BinMmiHHICTE Bix BapialiiHOro METOy
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MoJIsira€ B TOMY, IO KOOpAMHATHI (PyHKIT BUOUPAIOTH y BUIJISAAlI KYCOYHO-
miHIMHUX ¢QyHKIiA. [le po3mmproe MOXIMBOCTI METOMY 1 3HAYHO CIHPOIILYE
po3B’si3aHHs  3a4aui. JIIHIAHICTP KOOpAMHATHMX (YHKIIM JO3BOJSE 3BECTU
BUPIIICHHS CUCTEMH CKIQAHMX IU(EPEHIINHUX PIBHSIHb JO CUCTEMH JIHIMHHX
piBHSIHB. MeTo/ 03BOJIsi€ BUPINIYBATH K IJIACKI 1 OCECUMETPHYHI, TaK 1 00'eMHI
3aBJIaHHS TUIACTUYHOTO TUTHHY.

Pesynpratu 4ncenpbHOro aHamizy MOXHA YSIBUTH B 3pYYHOMY JUIS
CHPUNHATTS BUTIIA1, HAPUKIIA, JIIHINA TUIMHY YaCTOK METaly, 130J1iHIM po3MmoaiTy
TeMmriepatyp, naedopmarliii, HampyXeHb. 3HAIOUM I PE3yNbTaTH MOXKHA
MIPOTHO3YBATH YTBOPEHHS AePEKTIB (POPMHU 1 MOABY 30H MEPETIACHOTO PYWUHYBAHHS
[9, 12]. Ceoromni s MOJCIIOBaHHS TMPOIECY IOBEPXHEBO-IIACTUYHOI
nedopMmairii  0OOKOUYBaHHSIM  POJMKOM  METOJOM  CKIHYEHHHMX  €JICMEHTIB
BUKOPUCTOBYIOTH SIK PIi3HI 3arajbHO-1HXEHEpPHI IMaKeTH, TaK 1 MpOorpamu,
po3po0IeHi mija peanbHy TexHoJoriuny 3anauy. CytHictb MCE nonsirae y po30uTTi
o0’emy Tina, moO MiAgaeTbes naedopmaiii, Ha Oe€3mid MPOCTUX TEOMETPUUYHHMX
eJIEMEHTIB (I1acKl 1 00’ €MHI €1eMEHTH: MPSIMOJIIHINHI 1 KpUBOJIIHIKHI, IPAaBUJIBHI 1
JOBUIbHI TPUKYTHUKHM 1 YOTUPUKYTHUKH TOLIO). EnemMeHnTam B LIJIOMY 1 KOKHOMY
BY3Jly 30KpeMa HaJaloTh IEBHI CTYIMEHI CBOOOJM, a KOXEH EJEMEHT Mae
BJIACTMBOCTI MaTepiaty IUCKPETU30BAHOTO cepeoBHUINa. J{Jis MpyKHO-TINIACTUIHUAX
MaTepiaiiB e, Mepil 3a BCe, MEXaHI4HI BJIACTUBOCTI cepeaoBuina. [[ns mpouecis
OMT ocnoBHi cniBBigHOmEHHST MCE 1pyHTy10ThCA a00 Ha Teopii MIACTHYHOIO
IIMHY, a00 Ha Teopli miactudHocTi [13-16]. IcHye Oe3miu crmemniaii3oBaHHX 1
3araJbHO-1H)KEHEPHHX MAKETIB CKIHUEHO-EJIEMEHTHOIO aHali3y, /Ul MOJEIIIOBaHHS
1 po3paxyHKy mpoiiecy ookouyBanHs npu [II11, a Takox iHmux npouecieB OMT B
KOMOIHaIlIi 3 1HITUMHU BUJAMU 1HXXEHEPHOTO aHami3y (TETUIOBHM, AUHAMIYHUIN Ta
1H.). B OCHOBHOMY BHKOpPHCTOBYIOTH CII€Iliasli30BaHi mporpamu, Taki ik ANSYS,
ABAQUS, QFORM, DEFORM rta in. [12, 17, 18].

Yei mpouecu III, B TOMy wuwMcii 1 OOKOYYBAHHS  POJIHMKOM,
XapaKTepU3yrThCs JTy)Ke HHM3bKOI BEIMYMHOIO naedopmarliii. Bona HacTiibku
HE3HauHa, 10 (akTUYHI PO3MIPHM 3arOTOBKH HABITh HE 3MIHIOIOTHCA.
JedbopMyBaHHIO MiAIaI0THCS JIMIIE MOBEPXHEBI MIApH, K1 POPMYIOTh MIOPCTKICTh
MOBEPXHI, TOMY BKa3aHi MPOLIECH MOKHA BIAHECTH CKOPIII 0 FPYNU MEXAHIYHOTO
00poOJIeHHS, aHDXX J0 MPOIeCiB 00pOOJICHHSI TUCKOM. BpaxoByrouu 1€ JOIILHO
Oyno 06 oOupaTu TI HOpOrpaMHi MPOAYKTH, SKI MaKOTh MOJIYJb PO3PAXYHKY
MexaHiuHoro oopoobnenHs. Ile Taki maketu, sk ANSYS, DEFORM 3D Torio.

Jlist moOyoBM MaTeMaTU4HOI MOJENI 1 pO3paxyHKy Ipolecy OOKOYEeHHS
posmkoM Oyio0 oOpaHO MakeT po3paxyHKoBHX mNpukiagaux nporpam DEFORM
3D, B sKOMYy 3aroToBKa 3a/1aBajiach SIK IutacTuuHe TUIO (puc. 2), Ta Oyia moaiieHa
Ha CITKY CKIHYEHHHMX €JIEMEHTIB 3 KUIbKICTIO Takux einemeHtiB 40000 mT. 3
MiHIMaJbHUM PO3MIpPOM €JIeMEHTY 3,7 MM 1 MakcuMainbHuM — 7,5 MMm. Ponuk OyB
3aJlaHui SIK a0COJIFOTHO >KOPCTKE TIIO 1 Ma€ KIMHOBUWA Tpo(diib 3 KyTOM mpu
BepuinHi 170°. KoedilieHT TepTs Ha KOHTaKTHIM noBepxH1 OyB 3amanuii 0,12. B
MPOIIECl MOJICTIOBAHHS POJUK MPUTUCKABCS 10 3aroToBKH 13 3ycuuisiM 1000 H ta
MaB Moja4yy B3I0BXK Bici 3arotoBku [ 1 = 2,6 mm/c.
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Ti gani, 10 MOXyTh OyTH OTpHMAaHI B pe3yJibTaTi MOJCIIOBaHHS, OyIyTh
BUKOPUCTOBYBATHCA IS MONEPETHHOTO aHAJi3y BKA3aHOTO IMPOLECY 1 YTOUHEHHS
BUXIJIHUX JaHWX HAa HACTYMHUX eTamax JOCHiKEHb. 30KpeMa CKiHYE€HHO-
€JIEMEHTHE MOJICTIIOBAHHS MpOIleCy OOKOUYeHHS pOJIuKOM (puc. 3) m03BOJSE B
Hepury dYepry BHU3HAUUTH TAUOMHY 3MILHEHOTO IHapy, a TakKoX IPOBECTU
JOCTIPKEHHsI BIUIMBY PI3HUX BHUXITHUX (DaKTOpiB Ha MapaMeTpu MpoIecy Ta
dbopMyBaHHS 3MIITHEHOTO MOBEPXHEBOTO IIAPY.

o Omssc | CEFORMAD - ro-processar

Puc. 2 — CkiHUE€HHO-€JIeMEHTHA MOJIEJb MTPOLIECY OOKOUYBAHHS POJIMKOM Y MaKeTi
PO3paxyHKOBHX NpuKiIagaux nporpam DEFORM 3D

Stress - Effective (MPa)

Stress - Effective (MPa)

0.000
0.000 Min _—

B 0.000
0.000 Min

869 Max
y 869 Max

a) 0)
Puc. 3 — MogentoBanHs npoiiecy 0OKOUEHHS POJIMKOM y MAKeT1 po3paxyHKOBHUX
npukiiagaux nporpam DEFORM 3D

132



BukopucranHs  iMiTalliiHOrO  MOJICNIIOBAHHS  TIpollecy  OOKaTyBaHHS
pomukoM 3a gonoMororo MCE € peanbHOIO alnbTepHATUBOIO €KCIIEPUMEHTATEHUM
JOCTIPKEHHSIM 1 TEOPETHYHOMY aHami3y 1 MOKe OyTH JAOCUTh €(PEKTUBHUM IpU
anamizi mpouecis [IIIJ 1 BupimeHHI MOCTaBICHHX 3aBAaHb. lIpoTe He ciin
3a0yBaTu, 110, TMO-TIEpIIe, CKIHYCHHO-EJIEMEHTHI MOJeNl Mporecy, MIo
PO3TISAAETHCSA, K 1 OyAb-AK1 1HIIN TEOPETUYHI PIllIEHHS, 3aCHOBaHI Ha CIPOIIECHUX
rinore3ax 3 HU3KOIO JOMYIIEHb, & OTXKE€ BUMAararoTh OCTATOYHOTO MiTKPIIUICHHS
OTPUMaHHUX pe3ynbTaTiB AocBigHUMH ganumu [7, 10, 19]. Ilo-mpyre, Hemae
CYIIEPEUHOCT] 1 B TOMY, IO BHUXIJHI JaHl AJs mocTaHOBKU 3aBaaHb 3a MCE, a
TaKOX 1 32 1HIIUMHU METOAMKAMH, JOUITBHO 1 KOPUCHO YTOYHHUTHU 32 JIOTIOMOTOIO
¢bi3nyHOTO MOJIETIOBaHH [6, 11].

BHUCHOBKH

Opnum 3 Halie(EeKTUBHIMIUX METOIIB JOCIIIKEHHs MpolLecy OOKOUYBaHHS
MIOBEPXOHb JICTAJICH MAIlIMH POJIMKOM 3 METOIO 3MIITHEHHS 1X TTOBEPXHEBOIO IIapy
€ METOJI CKiHYeHHUX eneMeHTIB. [loOymoBa CKiHYEHHO-EIEMEHTHOI MOJENII Ja€e
3MOTY BI3yaJIbHO OILIIHUTH HAMpyKeHO-AehOPMOBAHUM CTaH, PO3IO/II HAIIPYKCHbD,
a TaKO)X BU3HAUUTH TIUOMHY AehOpMOBaHOIO cTaHy. BHKOpHUCTaHHS BKa3aHOTO
METOJIy MOJICJIFOBAaHHS TaKOXX JIO3BOJISIE YTOUHUTH 1 OTPUMATH JTOAATKOBI BUXIJIHI
JIaHl JIJIs1 TIPOBEJICHHS €KCIIEpUMEHTAIBHUX JOCIIKEHb BKa3aHOTO MPOIIECy.
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YJIK 621.9.04
E€menus B.B. (Vkpaina, m. Kpamamopcuoxk, /[/[MA)

CTPYKTYPHI JOCILKEHHA TEXHOJIOI'TYHUX CUCTEM 31
CTPYKTYPOIO NAPAJIEJIBHOI KIHEMATUKHA

Ilpocmaesnenuti nioxio, npu AKomy OYIHKA AKOCHI MEXHONOIYHUX CUCMEM, 30AMHUX
BUKOHY8AMU  CKIAOHI — onepayii MexaHooOpoOKU BUKOHYEMbCA HA  NIOCMABL  AHANI3Y
MepMOeleKMPUIHUX BI1ACIUBOCMEl KUHEMAMUYHUX Nap 8 OUAna3oHe 3MIHHUX HABAHMAMICEHb
nO Y HANPAMKY i N0 BEAUYUHI.

An approach is presented in which the evaluation of the quality of technological systems
capable of performing complex machining operations is performed on the basis of the analysis of
thermoelectric properties of kinematic pairs in the range of variable loads in the direction and
magnitude.

OgHuM 3  OCHOBHUM CHOCOOIB  OOpoOKHM JeTanel B OJAMHUYHOMY
BUPOOHMIITBI, Kl MalOTh CKIATHUN Mpodiab abo sKI € TiIaMu OOepTaHHS 3i
CKJIQJJHUMU KOHCTPYKIIIMHUMU €JIeMEHTaMU € BUKopucTaHHs BepctaTiB 3 UIIK abo
O0OpOOTIOBAIBHUX IIEHTPIB, SIKI MOXXYTh BIJIHOCUTHCH Ta 00’€IHYBaTH JEKIJIbKa
BEpPCTAaTHUX TPYIL.

3 poKky B PpIK BCE TOCTpillle CTa€ MUTaHHS WIOJ0 BIPOBAKEHHS
IHHOBAIIMHUX METOJIB, O0JaJHAHHS Ta MPUCTOCYBaHb JJIsi BUKOHAHHS OIeparliit
MEXaHOOOpPOOKM 3 BHKOPHUCTAHHSM CydacHoro ooOmanHanns. Ll mpouecu
BIJIMBAIOTh HA aKTYyaJbHICTh 3aCTOCYBAaHHS BEPCTATIB 3 KIHEMATUKOIO MapajebHOI
ctpykrypu (BKIIC).

Jlns  migBummeHHS ©(EKTUBHOCTI BUTOTOBJICHHS JeTajeii  MOTpiOHO
BUKOPUCTOBYBAaTH TEXHOJIOTIYHE OOJaJHAHHS, @ CaM€ BEPCTaTH 3 KIHEMATHKOIO
napajiebHOl CTPYKTYpH, HOBITHIA BHCOKOIIBHJIKICHUM 1HCTPYMEHT (IS
BHCOKOIIIBUIKICHOT OOPOOKH).

OCKUIbKH SIKICTh Ta CKJIQJHICTh TEOMETPUYHUX (POpPM, KOHCTPYKIIHHUX
€JIEMEHTIB MiABUIILYETHCS, MapaieIbHO YOMY 3POCTalOTh BUMOTH /10 BUKOHYBaHUX
NepexoiB Ta JAeTajiei B LILJIOMY.

CtBOpeHHsT MeETOiB (POPMOYTBOPEHHSI CKIATHONPOMIILHUX TOBEPXOHb,
KIHEMaTUYHUX CXeM Oa3zyeTbcsi Ha Teopli (OpPMOYTBOPEHHsS TMOBEpXOHb. lle
BimoOpaxkaeTscsi B poborax I'. I. I'panoBcroro [1] €. I'. Konosanosa [2], A. A.
®enorenka [3], I1. P. Ponuna [4], b. A. Ilepenenumi [5], H. H. ITomoka [6], C. II.
PanzeBnua [7], A. 1. T'onemGieBchkoro [8], Kysuermosa FO.M. [10,12,13,14], a
TaKOX B O0raTb0X poOOTax IHILIX aBTOPIB.

CydacHUM HamnpsiMKOM OOpOOKHM JeTalied Tl OOepTaHHS B Cy4aCHOMY
BUPOOHHUIITBI € (HPEe30TOUIHHS 711 TiJ1 00epTaHHsA Ta 00’ eMHe dpe3epyBanHs [9].

OcHoBHUMMHU 3HauyHUMU rniepeBaramu BepcrariB 3 YIIK € edexkTuBHICTH iX
BUKOPUCTAHHA 3 TOYKH 30pYy TPYAOMICTKOCTI MOB’A3aHOI 3 MIATOTOBKOIO Ta
HaJIaro)KyBaHHSIM MPOTPaAMHU.

Bepcratu 3 kKiHEMaTHKOIO TapajebHOI CTPYKTYpPH JO3BOJIIOTh BUKOHYBATH
OCTaTOYHY OOpOOKY JeTaneil CKIIagHOI reoMeTpii, BHCOKOIIBHUJIKICHY OOpOOKY,
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CUHXPOHHY IT’ITHOCBOBY OOpOOKY, (ppe3epHy oOpoOKy TBepAuX MarepiajiiB 3
BHUCOKOIO IMBHJIKICTIO 1 TOYHICTIO 1 6araTo 1HIIOTO.

HaiiGinpm mepcrieKTuBHOIO Cc(heporo iX 3acTOCYBaHHS € TMperu3iiHe
BepcTaToOyAyBaHHs. Pe3ynbratu CTPYKTYpHOTO aHali3y CHCTEM MapajiesibHOi
KIHEeMAaTUKH MOXYTh OyTH BHUKOPHCTaHI MpPH MPOEKTYBaHHI HOBOTO THILY
aBTOMATHU30BAHUX TEXHOJOTIYHUX CHUCTEM.

Jnsa Toro, moOO0 TMNPOBECTH MJOCHKEHHS MOXIMBOCTEH Oyab-sIKOTO
MEXaHI13My JOCTaTHbOIO YMOBOIO €:

— [lonsTTS Mpo KiHEMATUYHI MAPH Ta JAHIIIOTH;
— TloHATTS Mpo MeXaHI3MU Ta HOTo CTYyINEeH1 CBOOOIH;
— VYr1BopeHHsa MexaHi3my 3a JI. B. Accypowm.

CALS- TexHoJIOT11 MOKJIMKaHI CIIY>KUTH 3aCO00M, IHTETPYIOUUM ITPOMUCIIOB]
aBTOMATU30BaHI CUCTEMU B €JIUHY 6araT0<1)yHKu10HaJILHy cuctemy. Meroro
iHTEerparii aBTOMaTU30BaHUX CHCTEM TPOEKTYBAaHHS 1 ynpaBmHHﬂ € TIIBUIIICHHS
e(eKTUBHOCTI CTBOPEHHS 1 BAUKOPUCTAHHS CKJIAIHOT TEXHIKH.

Jliist 6a3oBOro Bepcrara - pobota Ha 0a3i menpra-MexaHizmy, a came BKIIC
TUITy TPUIIOJ, 3 MPOCTHX KIHEMAaTHYHHX Iap MOXXHA CKJIACTH KIHEeMaTHYHUN
JIAHITIOT TPHUIIOJIA, CXeMa Ha puc. 1.

e
&

\/

Pucynok.1 — Ilpunnunosa kinemaruyHa cxema BKIIC tuny tpumnon

B mnHamomy Bumanky KiHEMaTHMYHa CXeMa TpPUIIOAY € 3aMKHYTUM
KIHEMaTUYHUM JIQHIIOTOM. JSIKIO 3aMKHYTHUH KIHEMaTHYHUN JIAHIIOI Mae
HEPYXOMY JIaHKY, SIKa HA3UBA€THCS CTIMKOIO0, TO HOr0 MOXHA Ha3BaTH MEXaHI3MOM.

[TepeBaru MexaHi3MiB 3 apajeabHOIO CTPYKTYPOIO:

-pyY Majiid Macl pyXOMOro BHKOHABYOi JaHKU 3a0e3MeuyrThCs OUIbII
BHCOKI IIBHJIKOCTI HCpCMiH_ICHB 1 IPUCKOPEHb;

-MEXaHI3MHU BIAPI3HIIOTHCS BUCOKOIO )I(OpCTKlCTIO IO 3YMOBJICHO poboToro
TEJIECKOMIYHOTO TPUCTPOIO HA PO3TAT-CTHCK 1 pPIBHOMIPHUM PO3MOALIOM 3YCUJIb
0 BC1H CTPYKTYPI;

-CYTT€BE 3HUKEHHS METAIIOEMHOCTI.

Po6oua 30Ha TUMOBOro 00JIaIHAHHA Ha BUPOOHUITBI OMUPAETHCS JIMIIE HA
OJIHYy TapaJjiebHy CTPYKTYpY, IO 3HAYHO MOCTYIMA€ThcAd poOOYid 30HI Bepcrara
poboTa, SIKUi CKIAJaeThesl 3 NEKUIBKOX a0 * KOMOiHAIlll TOpUAHUX CTPYKTYD,
SIK1 3aCHOBaH1 Ha eJIeMEeHTaX TPaJduIlIHHOI IOCTIIOBHOI 1 IMapajeabHOi KIHEMaTHKH
[15,17], a0 pexoH(}iryBaHHSM MEXaHi3My MapajelibHOi KIHEMAaTHKH B IPOIECi
BUTOTOBJICHHS AcTanei [10, 18].

3 anam3y cxemu B3aemo3B’si3ky BKIIC ta CTO (cuctema TEXHOJIOTTYHOTO
OCHAIlIEHHS)  BWIUIMBAaE, 1[0 Tpeba MpPOBECTH  PO3POOKY  EJIEMEHTIB,
XapaKTEPUCTUKU SIKUX JO3BOJISIIOTH 3a0€3MeUUTH JUIsl 3aCTOCYBAHHS B PIZHUX
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cTpykTypax. Bimoma dopmyna ManuimieBa Mae HEOOXITHICTH B I[OOHpaLIIOBaHHl
TaKk $SK BOHAa HE BPaXOBYE SKICHUX XapaKTepUCTHK ~ Ta 3QJIEKHICTIO  MIXK
ctpykrypamu BKIIC ta CTO, pyHkIisiMu, sSIK1 KJIaayThCs Ha 1l CTPYKTYPH.

CtpykTypu HEOOXIJHO po3risgatd 3 OOKy TMoOyaoBu rpadiuHUX
xapaktepuctuk BKIIC mis QyHKii, sKi TOBHHHI BUKOHYBATH Il CTPYKTYpH O€3
YTOYHEHHsSI JIAaHOK IMX CTpykTyp. IlepeHamamryBanHs BepcraTy-poboTa 3i
HITAaHTaMH TIOCTIMHOI JIOBKMHU 3AIMCHIOETHCSA MUISXOM 3MIHM KyTa Haxuiy
HAIPSIMHHKX, a BIAMOBIAHO 1 HAPSMKY pyxy kapeTok [10].

Koxna konctpykitis BKIIC ckimanaerbes 3 6a30BUX €JIEMEHTIB, SKI MOXHA
JUIS  ONTUMI3amii CTPYKTYpHOI  cXemu BKIIC cpopMaJIByBaTI/I (ereMeHTH
KIHEMaTUYHHX Tap: CTpI/I)KHl LIIBII, I'BunTOBI Mapu Ta iH.).

J1ist TOro, 1100 OIIHUTH SIKICTh CUCTEMH, a TAKOXK 1i MOKJIMBOCTI B 0a30BOMY
CTaHI BMKOHYBaTHU TIOKJIaJIcHI Ha Hei (PYyHKII MPOBEICHO CKIIAJICHO TaOJHITIO
BUXITHUX JTaHWX, a TAKOX MPOBEJECHO BHOIPKY 3 SKOKO CKJIAJCHO MATPHINIO JTaHUX
JIUIS. OXOIUJIEHHSI BChOI'O MOKJIMBO Jl1alla30HY BUXIAHUX MapameTpiB, 10 CYTTEBO
BILJIMBAE HA PE3yJIbTaT.

Jlns mociiapKyBaHOTO 3pa3ka Oyjio oOpaHO CTaleBUM 3pa3oK KpPYrjioro
poKaTy, SKUM OyJno MOAUIEHO Ha BIAPI3KM PI3HOI JOBXKMHU. Bceboro Oyno
OTpUMaHO 15 mo3uIiit JIsi BUMIPIOBaHHS KOXKHA TO3HIIIS 3 KO BIIIUISIETHCS BiJl
nonepeHb01 a00 HACTYITHOT KAaHABKOIO CTAJIO1 MIMPUHU HAa BChOMY BIJIPI3KY 3pa3ka
115t 15 mo3uirii.

TepMoeneKTquHi ABUIIA, CyKyrIHlCTB (GI3UYHMX  SIBMILL, 06yMOBJ’ICHI/IX
B3a€MO3B'3KOM MK TEIUIOBUMH 1 €JIEKTPUYHUMH MpoIecaMd B MeTalax 1
HaIBMOPOBIJHUKAX, Takux gk € edektu 3eedbeka [19], Ilenbtbe 1 Tomcona.
3ee0eka eeKT moysirae B TOMY, IO B 3aMKHYTOMY JIAHITIOTY, IO CKJIAJA€ThCS 3
PIZHOPIAHUX MpPOBIAHUKIB, BUHHUKae EPC (TepMo), SKIO MICUS KOHTAKTIB
HIATPUMYIOTh MIPU PI3HUX TEMIIEpaTypax.

Bunuknenns edexty 3eeOeka BUKIUKAHO I€K1JIbKOMa CKIIaJI0BUMHU:

a) o0'eMHa pI3HUIISI TIOTEHIIATIB - KIIO Y3/10BK MPOBIIHUKA ICHYE
rpazueHT TEMIIEPATypPH, TO ENCKTPOHH Ha rapsdoMy KiHIII HaOyBalOTh BHUIIUX
€Heprii 1 MBHUAKOCTI, HIXK Ha XOIIOJIHOMY; B HamBnpOBmHHKaX Ha JIOJIaTOK [0
I[bOTO, KOHIEHTpAIlisl EJEKTPOHIB MPOBIIHOCTI 3pocTae 3 Temmeparypow. B
pe3yabTaTi BUHUKAE TOTIK €JIEKTPOHIB BiJI rapsdyoro KiHIg 10 XojoaHoro. Ha
XOJIOJTHOMY KiHITI HAKOITUYY€EThCSI HETAaTHBHUH 3apsJl, a Ha TapsSIOMYy 3aJTUIIAE€ThCS
HECKOMIIEHCOBAaHUW  MO3WTHUBHUM  3apsa. Ilpomec  HakonuueHHs — 3apsay
MPOJIOBXKYETHCS 10 TUX Mip, MOKH 1110 BUHUKJIA PI3HULS MOTEHI[IAIiB HE BUKIINYE
MOTIK €JICKTPOHIB B 3BOPOTHOMY HAIPSIMKY, PIBHHM NMEPBUHHOMY, 3aBISIKH YOMY
BCTaHOBUTHCS PIBHOBAra.

b) KOHTAKTHA Pi3HUIlI MOTEHIIIAIB - KOHTAKTHA Pi3HUIlI MTOTSHITIAJIB (B
AHTJIOMOBHIHN niTepaTypi - noteHmian BoneTu) - 1e pi3HHu$[ ITOTCHITIANIB, IO
BUHHKAE TIPH 3iTKHCHHI JIBOX p13HI/IX TBEPAHX HpOBl}lHI/IKIB [0 MAKOTh OJHAKOBY
TEMIEepaTypy. Po3pi3HSAI0Th BHYTPIIIHIO 1 30BHINIHIO p13H1/1u1 MOTEHITIATIB B
3aJIEKHOCT1 BIJ] TOTO, UM PO3IJISIIAIOTHCS TMOTEHINATN EKBIMOTEHINNHOI 00cATy
KOHTAKTYIOTh IPOBITHUKIB a00 3K OTEHIIaU mooau3y ix moBepxHi [20,21, 22].

KoHTakTHa pI3HUI TOTEHINANIB HE MOXE OyTH BUMIPSHA BOJHTMETPOM
0e31mocepeIHbO, MPOTE MOKE MPOSIBIISITUCS HAa BOJIbT-aMIIEPHUX XapaKTEPUCTHUKAX
KOHTaKTYy.
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IIpy cTBOpEHHI KOHTaKTy XiIMIYHI TIOTEHIIAJId E€JEKTPOHIB CTalOTh
OJTHAaKOBHMIMH, 1 BAHUKA€ KOHTAKTHA P13HUILSI TTOTCHITIAIIB:

:Dz_Eh

= ]

F — enepris @epwmi;

€ — 3aps]1 €JEKTPOHA.

Ha xoHTaKkTi THM caMUM iCHY€ €JIEeKTpUYHE I0JIe, JIOKATi30BaHE B TOHKOMY
MPUKOHTAKTHOMY Iapi. SIKIO CKIacTH 3aMKHYTHH JIAHITIOT 3 IBOX MeTamiB, To U
BUHHMKA€E Ha 000X KOHTakTax. EjexrtpuyHe mose Oyjae HarpaBieHO OIHAKOBUM
YUHOM B 000X KOHTaKTax - BiJ Olaemoro F go menmoro. Ile o3Hadae, mo SKiio
3poOuTH 00XiA MO 3aMKHYTOMY KOHTYpY, TO B OJHOMY KOHTaKTI 00Xin
B1JI0YBaTUMETHCSA 110 TOJII0, a B 1HIIOMY - IpoTH noJis. Lupkymsiis Bekropa £ Tum
caMuM OyJie JOPIBHIOE HYIIIO.

SIKIIO eJIEMEHTH CHUCTEMH MAalOTh 1JIeajJbHUM 3B'30K, a JIaHl 3MIHIOIOTHCS
Ty’)K€ Majo MOXHAa TOMITHTH, IO TapaMeTpH TEPMOCICKTPOPYIIIHHOT CHIIN
BUHUKAIOTh TPHU KOHTAKTI BY3JIiB BepcTara, JeTalied, MiJIIUIHUKIB, 3aBISKU
pI3HOCTI ~ MarepiajiB  KOHTaKTYIOUMX JIeTalled, a TakoX OOYMOBIIEHO
B32€EMO3B’SI3KOM MiK TEIUIOBHMH IIPOIIECaMHM, SKI BHHHKAIOTh B TMapax TEPTS:
3y04acTi nepenayi, MiAMMITHUKYA KOYCHHS Ta KOB3aHHS, a TAKOX B NepeaBalibHUX
MeXaHi3Max i 3aJIeKUTh BiJl MACTHILHUX PIAUH Ta IMIBUAKOCTI o0epTanHs [20].

JIist BUSIBIIEHHSI IOBEAIHKMA CUCTEMU Ta rpaiyHOro 300pa)KeHHsI TEH30PHOI
MOJIEl CHUCTEMU BepcTtaTa Oyjo TMPOBEICHO OMPAIIOBaHHS XapaKTePUCTUK
CUCTEMU IIPU PI3HUX BUXIJTHUX MapaMeTpax.

Becy Onox BuMIpiOBaHb NPOBOJUBCA JUIsi KOHTPOJIBHMX MPOXOiB 0€3
OTPUMaHHA SIKICHO-KUJIbKICHUX IMapaMeTpiB BUPOOy Ta Uil MPOXOIIB 0OpOoOKHU 3
OTPUMAaHHAM SIKICHO-KUIbKICHUX MapaMeTpiB BUPOOy IIISIXOM TECTOBHUX IMPOXO/IIB
MIPU PI3HUX MMapaMeTpax CUCTEMH JJIsl BHECEHHS JJaHUX B TEH30PHY MOJIETb.

3anponoHOBaHa TEH30pHA MOJENIb CHCTeMH Juisi TpoekTyBaHHs TII
0a3yeTbcsl Ha TIOKA3HHWKAX SIKOCTI OCHAICHHS, SIKI CKJIAAlOThCS 3 3a3HAYCHUX
BUIIIE CTAaHIB CHCTEMH Y KOMIUIEKCHOMY BUTJISI. 3aBISIKH TaKOMY ITiIXOIy, TIPH
SKOMY TE€H30pHA MOJENIb CKJIQJA€ThCs 3 €TaJOHHUX MOJIEJIeH CTaHy cucTeMH . |
ta 1. IIl, K1 € eTaJloHHUMU cTaHAMU JJ1s1 TEH30PHOI MOJIEJ1 Ta CTaHIB CUCTEMH II.
II Ta m. IV, gxi € eTaJOHHUMH MOJACISIMHU IOXHOOK CTaHIB CHUCTEMH BIAalOCh
MEePEHECTH TEH30pHY MOoJenb njsi BurotoBieHHs BupoOy Ha BKIIC (Bepcratu 3
KIHEMATHKOIO MapaiebHOi CTPYKTYPH).

3riIHO 3 TEH30PHOI MOJECIUII0, sIka € 0araTOKOMIOHEHTHUM alireOpaiyHuM
00'€eKTOM CHUCTEMH, MOXHO onucatu Oyap sky KoHcTrpykuiro BKIIC —3a
3aKJIaJICHUM KOMILJIEKCOM CTaHIB CHCTEMH, OTPUMAHUX B XOJI TPOBEIACHHS
EKCIIEPUMEHTAJILHOTO JTOCI1IKCHHS.

BukopuctanHs B BepcTarax-po0OTax IUX MEXaHI3MIB J03BOJIAE JTOCSATTH
BHCOKOI1 TOYHOCTI, MaJI0oi METAJIOEMHOCTI Ta IMIBHUIKOCTI, TOCTATHHOI JIsi 0OpOOKHU
3aroTOBKM Ha MAaKCUMAaJbHO MOKJIMBUX IIBHUIKOCTSX MPHU MIHIMAJIbHUX BUTpaTax
Yyacy Ha BUTOTOBJICHHS aertam [11].

OpHumu 3 HABaXJIMBIIINX BJIACTUBOCTEH BCIX METAJIOpPi3albHUX BEPCTATIB
e ¢dopma 1 po3mip ix pobouoro mnpoctopy. PoOGoumit mpocTip BepcrartiB 3
napajesbHOI0 KIHEMAaTHUKOIO SIBJIsIE COOOI0 CKIIagHY TeoMeTpuuyHy (irypy, Ha
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(l)opMy SIKOT BEJIMKHMM BIUIUB MAlOTh: KIJIBKICTh IITAHT Ta IX PO3TAIlyBaHHS, a HA
po3Mipu p060q0r0 MPOCTOPY  BIUIMBAIOTH: KyT p0361)KHOCT1 HITaHT, JOBXHHU
HITAaHT 1 Jlafna3oH iX 3MIHW, PYXJUBICTh MIAPHIPIB, AlaMETpPU MiJACTaBH 1
iatdopmu [16].

Jlns cuctemaTuzalii Ta aHali3y BHUMIpIOBaHb 3 25 eTamiB NpPOBEACHHS
EKCIIEPUMEHTAJIbHUX BUMIPIOBaHb BIUIUBY BXIJHUX TMapaMeTpiB, TaKUX SK
MIBUAKOCTI, TIMOMHU Ta TOJadi MpH MPOBEACHHI BHUMIPIOBaHb Ta OOpOOKH 25
3pa3KiB, Ha CTaH CHUCTeMH, SIKM Oyn0 3a(iKCOBAaHO aKyCTUYHHUM METOJIOM 3
bikcamiero TepMoEPC 'y BUIIsAl CHEKTpiB CTaHy, SKI BiIOOpaXxylooTh Ta
BKJIIOYAIOTh B ce0€ BUXIJHI HAJIAIITYBaHHS CUCTEMH BEPCTaTa, a TaKOX MAIOTh
3B’A30K 3 BUXITHUMH MapaMeTpaMu MpOBEACHHsS 00poOKH, TOOTO MIOPCTKICTIO Ra
Ta TOYHICTIO T BUKOHAHHS TOBEPXOHB TLI 00EpTaHHS.

Jlis  TpoBeleHHsST HEHPOMEpe)KEeBOTO aHamizy TaOJHII0 JaHux Oyio
BUKOPUCTAHO SIK (alia AaHMX, y SKOMY IPOBENM JOCITIIKEHHS BIJ] BILIUBIB
BUXIIHUX TapaMeTpiB HAa JUCHEPCHI CTAaHU CHUCTEMH, Ta 3 YPaxXyBaHHSM SIKUN
OTPUMAaHO SIKICHI XapaKTEpUCTUKH 00pOOIIIOBaHUX 25 3pa3KiB

Hnst nocnimpkyBanoro BKIIC Oyno mpoBeneHo BIAMOBIIHI 3aMipy HIOJIO
MO>KJIMBOCTI BUKOHaHHS HEoOx1AHUX napameTpiB Aetan Ha BKIIC.

Exonomiuna eexTuBHICTH OYJI0 MPOBEACHO JIJIsi TEXHOJIOTTYHOTO MPOIECY
BUTOTOBJICHHS JIE€TAJll «BaJl — HIECTEPHS).

JIyisi BU3HAYEHHSI TPYJIOMICTKOCTI OOpOOKH JeTaneil 3a 0a30BUM 1 HOBUM
BaplaHTaMu OyJio mpoBefeHo 00’eqHanHs omepamiit (010 — 020, 040) 6a3zoBoro,
3anpornionoBaHo 81 onepaiii (010 ta 020) To4yiHHS Ha BepcTaTax 3 KiIHEMaTHUKOIO
napanensHoi cTpykTypu BKIIC.

Po3paxyHOK €eKOHOMIYHOI €()eKTUBHOCTI BUKOHAHO 33, 1[0 3aCTOCOBYIOThH Ha
NIAIPUEMCTBAX IMIJI Yac BIPOBAKEHHS HOBOBBEIAEHb Yy JiI0Ul TEXHOJOTIYHI
MPOLIECH, HATIPUKIIA] MTPU 3aMiHl YCTaTKyBaHHS, MPU M1JIBUILEHHI NTPOAYKTUBHOCTI
Ta BIIPOBAXKEHHI CyJaCHUX TEXHOJIOT1H Ta 1H.

Po3paxyHOK TIOKa3ye EKOHOMIIO TPOIIOBHX KOINTIB 1 3HIKCHHS Yacy
BUPOOHUYOTO IUKITY 32 PAXYHOK:

— 3HUKEHHS TPYJAOMICTKOCTI OTIEpalliii;

—3HWKEHHA 3ap00ITHOI IJIIaTHI OCHOBHUX POOOYMX.

3 HaBeIEHOr0 PO3pPaxyHKy MOXKHA CKa3aTh MPO EKOHOMIIO TPOIIOBUX
KOIIITIB MPH BIPOBAIHKEHHI HOBOT'O TE€XHOJIOTTYHOTO MPOIECY 32 PAXyHOK:

1) 3HWKEHHS TPYJIOMICTKOCTI Ta CKOpoueHHS (OHAY OIUIaTH TIparli
OCHOBHHMX BUPOOHMUYMX POOITHHUKIB (32 paXyHOK CKOPOYEHHSI KIJIbKOCTI onepariiii);

2) eKOHOMIl 32 YaCTUHOK HaKJIaJHHUX BHUTpAT (BHACIIIOK OOJIKY BiJCOTKA
3araJbHOBUPOOHUYNX BUTPAT 1 TPAHCTIOPTHUX BUTPAT);

3) ekoHOMIi BUTpAT Ha eJieKTpoeHeprito (ockinbku 3actocyBanHs BKIIC e
MEHII EHEPTOEMHUM).

CIIMCOK MOCUJIAHb
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VJIK 621-192

3yeB 1.0., Hayk.kep. A.T.H., npod.KisHoBchkuit M.B., k.1.H., mom. [usinga H.I.
(Ykpaina, m. Kpusuu Pie, Kpueopizvkuti HayioHanbHuu yHieepcumen)

BUBIP TAPAMETPIB /UISA KEPYBAHHSA TEXHIYHUM CTAHOM
BY3JIIB MAIIMUH I'NPHUYO-METAJYPI'TAHOI'O OBJIAJTHAHHS

Ilpoananizosana ocobnusicms noseu Oegexmis npu cnpayio8anui demanell 2ipHUYO-
Memanypeitino2o 00NAOHAHHA HA PI3HUX CMAOIAX IX ICHY8AHHS (3APOONCEHHS, DPO3GUNIOK,
kamacmpogiunuu  eénaus). Ilposedenuil awnaniz 6CMAHOBUS, WO PIBEHbL EHEPSeMUUHO20
HABAHMAdICEHHST O0emaeli MexHON02IYHO20 OONAOHAHHA MOJCHA Ppe2yliosamu  KOHMpPOiem
OUHAMIYHUX PeaKyitl MEXaHi3MI8.

[lepenik 3a7a4 TEXHOJIOTIYHOTO MiJITOTOBIEHHSI peMOHTY B KpuBopizpkoMy
perioHi HEOOX1HO PO3IJISAATH 3 YMOB TEXHIYHUX MOXJIMBOCTEH MIAMPUEMCTBA Ta
HOro roTOBHOCTI BKJIaJaTH KOIITH B PO3BUTOK HOBHUX 1J€H, MPOIECIB Ta, IIO
000BS3KOBO, aHAJII3y PUHKY 3allacHUX 4acTHH [1].

IBUAKICT BTpaTH Mpale3aTHOCTI O0JIAJHAHHS TIPHUYO-METATypPridiHUX
BUPOOHHUITB OOYMOBJICHA I1HTEHCHBHICTIO TMPOIECIB 3HOCY Ta HAKOMUYEHHS
MOIIKO/DKEHb  AeTalied  (YHKIIIOHAJbHUX BY3JIB Ta poOOYMX MOBEPXOHb
o0J1aTHAHHS.

[TosiBa nedekTiB HA pI3HUX CTAAISAX iX ICHYBaHHA (3apOJKEHHS, PO3BUTOK,
KaTacTpo(piyHUN BIUIMB) Ma€ OJHY OCOOJUBICTh: BOHU HE 3MIHIOIOTH JUHAMIUHY
piBHOBary e€JIEMEHTIB MeEXaHI3MiB, aje BIANOBiAHO npuHIUNY [[’Anambepa
3MIHIOIOTh €HEPTreTHUYHMI PIBEHb MPOIIECIB B3a€MOJIi LIMX €JIEMEHTIB BijJ MOSIBU
MPUMYCOBHX CHJI BiJ JTii BIATOBIAHUX JE(EKTIB:

f,(y**) fo(y®) f2
m- 4 e 3 o+ - "Pyo-t i @
1

y**(1) y*(t) y(t) 0

ne  f(y,y,y't)- IpuMycoBi CHIM, OOyMOBIEHi HOsBOIO naedekTiB, sKi
MIPUCKOPIOIOTH MTPOIECH CITPAIlFOBaHHS 00J1aTHAHHS.

Poskpurts 1npupoau NpuUMyCOBUX CHII f(y,y*,y**,t), B IICpIly 4Yepry B
SHEPreTUYHIHN TUTOIINHI, MOKE JJaTH BIJMOBIIH IPO YMOBH MiHIMI3AIli IIBUIAKOCTI
CIIpaIlfOBaHHs pecypcy oOnaaHaHHs [2].

BusHaueHHs 1 TNOSACHEHHS TMOSBM IPUMYCOBHX cun  fi(t) Bix i

KOHCTPYKTHUBHO-TEXHOJIOTTYHUX JCPEKTIB Ta MOMIKOHKEHh MEXaHIYHUX BY3JIiB
MOXKJIUBO Ha TIACTaBl aHali3y KOJUBAIbHOI AaKTUBHOCTI 30HU 30YIKEHHS.
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OCKUJIbKY TWHAMIYHI Peakilii CHCTEeMH MEXaHI3MIB TEXHOJIOTTYHOTO OOJagHaHHS,
K1 KOHTPOJIIOIOTHCS, JJII BU3HAUEHHSI MPOLIECIB CIPAIIOBaHHS ii KOMIIOHEHTIB,
3yMOBIJICHI XapaKTEPUCTUKAMU KOJHUBaHb ii I-i TOYKH, TO JOIIBHO PO3TJSHYTH
PIBHSIHHS ITUX KOJIUBAaHb.

PiBHSIHHS KOJMBaHb CKJIAJIA€ThCS HA OCHOBI 3arajibHUX ISl KOJMBAJIbHUX
cucteM MetoniB. KonuBaHHA Big BIUIMBY Je(EKTIB MeXaHi3My 3BHYAHO
OMUCYIOTHCS TU(PEPEHITIATbBHUMHU PIBHSIHHIMU a00 PIBHSAHHSAMH IO MPUBOISITHCS
70 JHIMHUX (U1 HE3HAYHMX KOJWBaHb). L{I piBHSIHHS ONMUCYIOTHCS HA OCHOBI
3akoHiB Hpiorona abo JI'Anmambepa, 10 NPEACTaBIAIOTh MPU MOCTYHAIbHHUX
KOJIMBAHHSIX PIBHICTH HYJIIO TEOMETPUYHOI CYMHU CHJI peakilii 3B'A3KiB 1 IHEPIIHHUX
CUJ B OyIb-SIKIM TOYIll KOJUBaIbHOI cucTteMu. KonmBaHHS Oyab-sKOI CHCTEMH

MOKYTbh OIIMCaH1 PiBHAHHAM Jlarpanxa:
OlaWk—aWk=Q,(i=1,2,...,s,), (2)
e
ne W,— KiHeMaThyHa eHepris CHUCTEeMH; o;— Yy3arajibHEH1 KOOpAMHATH, IO
OJIHO3HAYHO BU3HAYAIOTH TOJIOKEHHS CUCTEMHU; Q- y3arajbHeHa CHJIa, IO JIE€ B
HanpsMi i-1 KOOpAMHATH; S — YHCIIO CTYNEHIB cBOOOaM [3].
[Ipr Manux KoNMMBaHHSIX BiA 1ii JeeKTiB Ta MOIIKOJKEeHb, KiHETHYHA
CHEpris CHCTEMH, IO MICTHTh 3ocepemkeny macy mk(k — 1, 2,.., n), €
KBaIPaTUYHOIO (PYHKLIEIO X IIBUIKOCTEH.

sziimvzziznlm (2 +y?+22), 3
2k:l r k 2k=1 k k k k

Je Vi — IMIBUAKICTh pyXy K- Macu; X, Vc,z — TPOEKIisS BEKTOpa IIBUIKOCTI Vk — Y
JIeKapTOBUX KOOPJMHATAX.

Pagiyc — BekTop K-1 TOYKHM KOJMBAJIbHOI CHCTEMH 31 CTalliOHAPHUMHU
3B'I3KaMU, 110 Ma€ N CTyMNEeHIB CBOOOJ, € (DYHKIIIE€IO y3aralbHEHUX KOOPAUHAT

cuctemu. KoopauHateh X, Y,,z, ~ MOXYThb  TPEICTaBIATHCS  (QYHKIISIMU

Xk =Xk (011 Gs )y Yk =Yk (1,005 ), Zk =2k (q1,--.,Gs ). 3 ypaXyBaHHSM TOTO, III0
Xic = (% /001 )i +...+ (D% /005 )G , (4)

ae gi=oqi/dt (I Yk 1 z aHaJOTiyHO), PIBHAHHS KIHETUYHOI eHeprii (B

y3araJbHEHUX KOOPJIMHATAX ) MA€ BUTJIAL;
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W, =(1/2)(g & +..+a,Q +28,,G,0, +..22, 50,) (5)

Ie a =a =W /dq &g — KOeQIII€eHTH 1HEPINi, 10 BHU3HAYAIOTHECS MAacol0
ij ji k i j

(MOMeHTamMH 1Heplli) eneMeHTiB abo mo € ix ¢QyHKuiaMa. TakuM dYHHOM,
KIHETHYHA €HEepris NIpu MaluxX KOJMBAaHHAX — II€ KBaJpaTU4Ha (DYHKITIS
y3araJlbHEHUX MIBUIKOCTEH CHCTEMH. AHAJOTIYHO TMOTEHIIIHHA CHepris Ilel

CUCTCMHU € KBAAPATHIHOIO (i)YHKHi€I-0 CaMHUX y3daraJJbHCHUX KOOPpAHUHAT (; :

W, =(1/2)(g, g+t G & +26,,GG, +.--2C,,S0, ;.0 ), (6)

JI€ ¢ =c =W /oq &g — KOE(QILIEHTH KOPCTKOCTI cuctemu. Jlns cucrem i3
ij ji n i j

3aracaHHsM KOJIMBaHb, 3YMOBJICHHX CHJIAMU ONOpPY Q, MPOMOPILIHHUMU
HIBUIKOCTSAM V; CHCTEMH, BBOJUTHCS JAHCHIATHBHA (yHKIIS BTpaT ((PyHKIISA

PO3CIIOBaHHS), KA TAKOX € KBAJIPATUYHOIO (DYHKIIIEIO y3araJlbHEHUX MIBUAKOCTEH.

o=(1/ 2)(P1 92 +.+b g°+2b qlq2 +...2b

Ss s 1,2

sa) O

S—. S

ne by =bji — koedirienTH BTpaT.

BucnoBok: IlpoBeneHuii aHaii3 BCTAaHOBUB, IO PIBEHb E€HEPre€THYHOIO
HABAHTAKEHHSA JI€Talel TEXHOJIOTIYHOrOo OOJIalHaHHSA TipHUYO-METaTypriiHuX
HNIJIPUEMCTB € KBAJPAaTUYHOKO (PYHKIIEI MIBUAKOCTI KOJMBAJIBHHUX PYXIB, sKa
oOyMOBJIEHa TapaMeTpaMHU TEXHOJIOTIYHOTO TMPOIECYy 1 CTYNEHIO CHpalllOBaHHS
MeXaHi3My. Y TpoIecl eKCIUTyaTallli 3MEHIIICHHS! €HEePreTUYHOTO HaBaHTAXEHHS
0e3 KOpUT'yBaHb IMapaMeTPiB TEXHOJOTIYHOTO TPOIECY JOCATAETHCA HUISIXOM
3a0€3MeUYeHHs] MIHIMYMY BEKTOpa [MHAMIYHOI pPIBHOBarM MeEXaHI3My, TakK SK
KIHETMYHA EHEepris eleMeHTa OoONaJHaHHS — 1€ TeOMETpUYHa cyMma JOOYyTKiB
HEBPIBHOBOKEHUX Mac Ha KBagpaT IIBUAKOCTI KOJHBAJIBHOTO pyXxy. Tomy
3MEHIIICHHSI HEBPIBHOBAKEHUX Mac, MPUBEIEHHS OCI 1HEpIii A0 oci oO0epTaHHS,
pO3TaIllyBaHHs Mac MEXaHI3My y MPOTHIC)KHHX HamNpsMKax — 1€ SBHUW pe3epB
3MEHIIEHHS E€HEPreTUYHOTO0 HABAHTAXEHHs JeTalel, SKUM BUSBISIETbCA MPU
KOHTPOJII JMHAMIYHMX pEaKIid MEXaHi3MIB 1 pealli3yeTbcs MpU MO0YI0BI
TEXHIYHOTO 0OCIIyTOBYBaHHS «3a CTAHOM» [5].

CIIUCOK MOCUJIAHBb
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YK 621.735.3
IBanoBa FO. O., [Ipuxoguenko A.C. (Vrpaina, m. Kpamamopcuox, [{/[MA).

IMPOBJIEMH YJIOCKOHAJIEHHA TEXHOJOI'TYHOI'O MNPOLHECY
BUI'OTOBJIEHHA ITOKOBOK BIAIIOBIJAJIBHOI'O ITPU3HAYEHHA
HA OCHOBI BPAXYBAHHSA APXITEKTYPU MATEPIAJIY 3ATOTOBKHA

Ha cporomnimHii pgeHb a8 YKpaiHH akTyaJbHUM € THTaHHSAM
YIOCKOHAJIEHHSI TEXHOJIOTIYHUX MPOIECIB KyBaHHS BEIUKOrabapUTHUX JETaJCH.
OCHOBHOIO TIPOOJIEMOIO TMpPU BUTOTOBIICHHI  BEJIIMKOTA0APUTHUX IOKOBOK
BIJIMOBIJIAJILHOTO MPU3HAYEHHS € Te, 10 JYy>K€ BaXXKO OTPUMATH JeTalb BUCOKOI
akocTi. IlpuymHOIO IILOTO € Te, IO BEJIUKOTabapUTHI JeTalll y BaXKOMY
MaluHOOyAyBaHH1 BUTOTOBIISIIOTHCS 31 3MUTKIB. BHyTpimiHa OynoBa 37UTKA Mae
METaaypriiiHi JepexkTd Ta HU3bKI MEXaHIYHI BJIACTHBOCTI, fAKI € HACIIJIKOM
JIEHAPUTHOI CTPYKTYPH 1 MA€ BaJId yCaTOUYHOTO MOXOKCHH.

Mertoro pobOTH € aHalli3 ICHYIOUUX TEXHOJOTTYHUX MPOIIECIB BUTOTOBJICHHS
MOKOBOK BIJNOBIJANIBHOTO MPU3HAYEHHS Ha OCHOBI BpPAaxXyBaHHSA apXITEKTYpHU
MaTepianty 3aroTOBKH.

VY poGoTi Oys0 ImpOBEAEHO JITEPATYPHUN OIJIAJ JOCHIKEHb y SIKUX OYyJIo
3alpONOHOBAHO NUISIXM  MIJBUIIEHHS SIKOCTI  BEJIMKOrabapuTHUX JeTale
BIJIOBIJIAJIBHOTO TMpHU3HAUYEHHS. bByno mnpoaHani3oBaHO, SIK BIUIMBAE CKJIAJ
MaTtepialxy 3aroToBKM Ta CIOCOOM iX BHUIOTOBJIEHHS Ha MHOro BHYTPILIHIO
apXITEeKTypy Ta OTPUMaHi BJIaCTUBOCTI.

byno BcTaHOBJIE€HO, IO MIABHIIMTH SIKICh AETaliell MOXXIIHUBO 33 PaxyHOK
ypaxyBaHHS BHYTPIIIHbOI apXITEeKTypu MaTepiany. BaxiuBy posib Ha BHYTPILIHIO
apxITEKTypy Ta OTpUMaHI MEXaHI4HI BJIACTUBOCTI BIIIrPa€e TaKOXX PO3MIPHU 3€pEH,
BIJICYTHICTh BHYTPIIIIHIX TOPOKHUH Ta CKJIaJl MaTepialy 3arOTOBKH.

AHamni3ytoud OTpUMaHi JaHl MOXHa 3pOOUTH BUCHOBOK, IO MPU KyBaHHI
MAaCHBHHMX TIOKOBOK HE BpPAaXOBYIOTbCA TUTaHHS BIUIMBY BHUIY KOBaJbCHKUX
oreparliif, BUKOPHUCTOBYBAaHOTO I1HCTPYMEHTY Ha BHYTPIIIHIO apXITEKTYypy
Marepiairy, 10 MOTJ0 O TIABUIIUTH SKICTh JIeTaledl  BIAMOBIJAIBHOTO
MPU3HAYCHHS.

3acToCcyBaHHS apXITEKTYpHUX MaTepiaiiB J03BOJUIO OU KapJIUHAIBHO
PO3MIMPUTHA KOHCTPYKIIIMHI Ta ()YHKIIOHAJIBHI BIACTHBOCTI KOHCTPYKIIIWHUX Ta
IHCTPYMEHTAJIbHUX MaTepiaiB.

KpiM mpUHIMIIOBOTO MOJIMIIEHHS HECY4Oi 3aTHOCTI, MyJbTiMacuITaOHa
CTPYKTypa apxiMaTiB J03BOJISE€ Ha/laBaTH iM aOCONIOTHO HOBI (Di3MKO-MEXaHIYHI
BJIACTUBOCTI.
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VJIK 621.787

Kapnenko b. O., nayx. xep. a.1.1., ipod. Boponnos b.C. (Vkpaina, m. Kuis, HTYY
"KIIl im. 1. Cixopcvkoeo")

AHAJII3 CYYACHUX METOAIB IIOBEPXHEBOI'O 3SMIITHEHH A
AJIIOMIHIEBUX CIIIABIB HIIVIAXOM JE®OPMALIN

Ilposedeno nopieusanbhull  ananiz memooié NOBEPXHEB020 3MIYHEHHS ANIOMIHIEBUX
cnaagis. I1i0guiyeHHs: MexaniyHux 61acmueocmeti NOBEPXHEB020 Wapy 003601UMb NIOSUWUMU
eKCNIyamayitiii  Xapakmepucmuku eupody makxi sAK CMpoK cayxcou ma Haodiunicms. [le
0COOIUBO BAHCIUBO Ol Oemalell MAwluH, Wo Npayiowms 6 CKIAOHUX YMOBAX NPU GUCOKOMY
mepmi ma weUOKOCHSIX.

The comparative analysis of methods of surface hardening of aluminum alloys is carried
out. Improving the mechanical properties of the surface layer will improve the performance of
the product such as service life and reliability. This is especially important for machine parts
operating in difficult conditions with high friction and operating speeds.

3aBASKA ONTUMAJIBHOMY TOEAHAHHIO (DI3UKO-MEXAHIYHUX 1 XIMIYHUX
BJIACTUBOCTEHN (HU3bKa MIUIbHICTh, KOPO31iHA CTIMKICTh, BUCOKA MUTOMA MIIHICTh
Ta 1H.) aJIOMIHIEBI CIUIaBU 3a oOcCAraMyd BUPOOHHUIITBA IOCTYMAIOTHCA TUIBKU
CIUTaBaM Ha OCHOBI 3aJ1i3a.

Henonikamu ajifoMiHI€BUX CIUIaBIB, B OCHOBHOMY, SIBJISIFOTHCS 1X TOPIBHSIHO
HU3bKI TIOKa3HUKHA TBEPAOCTI Ta MIIHOCTI. ToMy po3poOka 1 3acTOCyBaHHS
TEXHOJIOTTYHUX METO/IB 00pOOKH, B MEPIILY Yepry MOBEPXHEBOTO 3MIIIHEHHS, 110
3a0e3reuyarh IMIJBUIICHHS MEXaHIYHUX 1 CIY>KOOBHX BJIACTUBOCTEH JeTaiel
BUTOTOBJICHUX 3 AJTIOMIHIEBHUX CIUIABIB € aKTyaJbHOIO. [1, 2].

Bumoru 11010 CTBOpEHHS JOBTOBIUHUX MAIIMH MOYKHA 33JTOBOJIBHUTH HE
TIIBKH PO3POOKOI0 CyYaCHUX KOHCTPYKUIMHHMX PIIIEHb 1 3aCTOCYBAHHSIM HOBHX
BUCOKOMIIIHMX MaTepiaiiB, a ¥ NUISIXOM 3MiH MOBEPXHEBOIrO IIapy Jeraiei
MaiuH. [Iporiecom, 1o 3a0e3neuye oTpuMaHHs CTabIbHUX MOKA3HUKIB IO
SKOCTI1 MIOBEPXHI, € MOBEPXHEBE TUIACTUYHE AeOPMYBaHHS, SIKE T1IPO3AIAETHCS
Ha 3rJ1aJKYeE 1 3MIIHI00YI [3].

[ToBepxuere mnactuude nedopmysanns (I1I1/]) — e ogun 3 BUmiB 00poOKH
JeTanei, METOI SKOro € 3MIIHEHHS Mareplajgy IUIIXOM MPYKHO-TUIACTUYHOTO
nedopMyBaHHS TIOBEPXHEBOTO Iapy BHUpoOy O€3 3aCTOCYBaHHS pl3aJIbHOTO
IHCTPYMEHTY Ta YTBOPEHHS CTPYXKKH.

Januii Bug oOpoOKM MaTepiaiiB MPaLIOEe 3a PaXyHOK MPYKHO-TIIACTHYHOL
nedopmailii Ta MOMYTHOTO JIOKAJBHOTO HArpiBy, TaKUM YHUHOM (OPMYETHCS
HanpyXeHO-1e(POpPMOBaHUN CTaH TMOBEPXHEBOTO Iapy MeTany. BakimuBum
€JIEMEHTOM JIaHOTO BHAY OOpOOKHU SIBISIETHCS 3MiHA MIKpOreoMeTpli Ta (i3uko-
MEXaHIYHUX  BJIACTUBOCTEH  OOpOOJIOBAHOI  MOBEPXHI.  XapaKTEPUCTUKU
3HOCOCTIHKOCTI OOpOOJEHUX TOBEPXOHb 3POCTAIOTh 3a PAXYHOK IIJIBUIINEHHS
TBEPJIOCTI Ta 3AIUITKOBUM HAMPYKCHHSIM.
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Metonu IIIIJI sBIs€TbCS HAA3BUYAWHO EKOHOMIYHUMH Ta MPOCTUMHU B
peaizaiiii.

3a CBOIM XapakTepoMm TMpUKIAJACHUX HaBaHTaxeHb Metonu [IIT]]
MOJIIISIIOTECS. HAa CTaTW4HI Ta quHamiuHi. OOpoOKa MOBEPXOHb 3 BUKOPHCTAHHSIM
crarnuyHux mMetoais [1I1]] monsdrae y BmiuBi Ha 00poOIIOBaH1 MOBEPXHI MOCTIHHUM
3YCHIIISIM 3 MOCTYIOBUM IEPEMIIIEHHAM po00Yoro iHCTpyMeHty. Jlo cTaTuyHUX
METO/IB BIHOCATH TIOBEPXHEBE [IOPHYBAaHHS, BUIJIAJKyBaHHS, OOKaTyBaHHS,
BiOpalliiiHe HakaTyBaHHsI, BIOpaIliiiHe BUTJIQPKYBaHHS Ta 1HII. JIMHAMIYHI METOIH
[II1]] BmiIMBaKOTH Ha OOpPOOIIOBaHY IOBEPXHIO 0araTopa3oBO Ta 31 3MIHHUMH
3YCWJUIIMA B KOXXHOMY  Iukimi. Jlo JAWHAMIYHUX  METOMIB  BIJHOCSTH
IpoOOCTpYyMUHHA, T1ApOOOCTpYMHHHA, BiOpoyaapHa, poTaliiiHa 00poOkKa,
YyeKkaHKa, O0OpoOKa KYJbKO-CTPM)KHEBUMH 3MiITHIOBaYaMH, BiOPOKOHTAKTHUMN
HaKJIeT Ta 1HIII.

Bub6ip meronis IIIIJ[ monsrae B 3a0e3neueHH] BiMOBIAHOCTI TEXHIYHUM
BUMOTaM [IOBEpXOHb BHUPOOY, aHami31 CKJIAJHOCTI OOpOOJIIOBAHOI IMOBEPXHI,
napameTpiB MIOPCTKOCTI Ta IOCTYIMHOCTI TOBEPXOHb.

[Tonepenni  mOCHIKEHHS — MOKa3aid, 10  3HAYyHE  30UIbIICHHS
eKCIUTyaTallliHUX BJIACTUBOCTEN AJIOMIHIEBHX CIUIaBIB 3a0€3MEUYIOThCS 3aBISKU
Ja3epHiil 00poOili MOBEpXHEBOTO Iapy merany [4, 5]. Ane npucyTtHs npobdiema 3
JOCTYMHICTIO HEOOX1THOTO 00JIaJIHAHHS Ta HAYKOBO-IOCI1THULIBKO1 0a3H.

B yMoBax peasibHOro BUpOOHMIITBA OUIBII JOIIBHO 3BEPTATUCS IO MPOCTUX
y peanizauii metoiB [IT1J], Takux sik 1OopHYBaHHs, OOKaTyBaHHS Ta YEKAHKA.

CIIUCOK TIOCUJIAHb:
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VJIK 621.313

KBammnin B. O., ba6am A. B., Kpamnin B. B., Maciaakos M. B. (Ykpaina,
m. Kpamamopcwok, [[JIMA)

AHAJI3 ICHYIOUYHUX CYHACHUX CUCTEM
BE3PEJAYKTOPHOI'O EJIEKTPOITPUBOJAY MOTOP-IIITITHAEJIA 3
METOIO 3ACTOCYBAHHS /IBUTI'YHIB BITYU3HAHOI'O
BUPOBHUIITBA

Ilposedenuii ananiz napamempie cyuacnoeo momop-wnunoenss muny 2SPI ECS. Ha
OCHO8I OaHux npo napamempu osueyuie momop-uwnunoeis muny 2SP1 ECS nposedero niobip
ACUHXPOHHO2O ~ OBUSYHA  BIMYUZHAHO20 — GUPOOHUYMSEA. [l  3anpoOnOHOBAHO20 — AHANOZY
ACUHXPOHHO20 OBUSYHA BIMYUSHAHO20 GUPOOHUYMBA OYIU NpoedeHi Ppo3PAxXyHKu ma
CMAMUYHUX MEeXaHiyHux xapaxmepucmux. Pesynomamu po3paxynkie cmamuyHux MexamiuHux
Xapaxkmepucmuk npu JHCUGNEHHI ACUHXPOHHO20 OBUSYHA 6i0 UACMOMHO20 Nepemeoprsaia
HagedeHi y 6uenadi oiacpamu. Taxooc 0y10 00CHiOHCeHO pi3HI pedcumu podbomu 32i0HO
mexHoN02iuHo20 npoyecy. Ha ocnogi sicmasnenns ompumanux pe3yibmamis 00CuiodiceHb Oynu
HageoeHi peKOMeHOayii w000 MONCIUBOCIE 3aMIHU IMIOPMHUX eleKMPOOBUSYHIE BIMYUUSHAHUMU
AHANI02AMU.

The analysis of the parameters of the motor-spindle type 2SP1 ECS is made. Based on the
available data on the parameters of the motor-spindle motors type 2SP1 ECS, a selection of analogues of
domestic production was carried out. For the proposed analogues, static mechanical characteristics
calculations were made. The static mechanical characteristic’s calculation results with induction motor
power supply by means of frequency converter are presented in the diagram. Based on a comparison of
the results obtained, a preliminary conclusion is made about the possibility of replacing imported electric
motors with domestic analogues.

Po3BuTOoK CcydacHOro MamMHOOY/yBaHHS TIOBMHEH 3IMCHIOBATUCA Ha
OCHOBI PO3pOOKH HOBHUX TEXHOJIOTIH 1 BIMOBITHOTO 00MaHAHHA. 3aCTOCYBaHHS 32
KOPJIOHOM KOMIAKTHUX, BKE€ CTaHJAPTHUX MOTOP-IIMHUHAETIB IS (Ppe3epHHX
BEPCTaTIB YOPHOBOI 1 YUCTOBOI OOPOOKH, € TAPHOIO AIBTEPHATUBOIO MIMTUHACIISIM 3
IIaCOBOIO 200 PEYKTOPHOIO Mepeayueto.

Bce wactime B TrOJOBHMX TNPUBOJAX METAJOPI3AIbHUX BEPCTATIB
3aCTOCOBYIOTh MOTOP-INMIHACT, IO OOYMOBJIICHO iX BIAMOBIAHICTIO BCIM
TEXHOJIOTIYHUM BUMOTaM: TOYHOCTI uyuciia o0eptiB (1-2% Big HOMIHAIBHOTO
yucia o0epTiB), 3HAUCHHsI OMTTS WIiHAens (MeHe | MKM) 1 CTyleHs AKOpPCTKOCTI
[IITTHIES.

Opnnak, JOpOXKHEYa CY4YacCHOrO IMIIOPTHOTO OOJaJHaHHSA 1 BIJACYTHICTb
JIOCTATHIX KOILTIB y BIMOBIAHUX MIANPUEMCTB, 3MYIIYIOTh IIIYKAaTH aJbTePHATUBY
0 PO3pOOIIi 1 CTBOPEHHIO AHAJIOTIYHUX PIIIEHbB, K1 JOCTYITHI 1 MAIOTh BIJMOBITHO
OUTBII HU3BKY LiHY [1].

Metow poOOTH € IMIOPTO3aMIMIEHHS OKPEMHX YacTHH Ta MEXaHi3MiB
€JIEKTPOO0OJIaTHAHHS 3aKOPJAOHHOTO BUPOOHMIITBA BITYU3HAHUM
eJIEKTPOOOIaTHAHHAM, a caMe Oe3pEeIyKTOPHOTO BHUCOKOIIBHIKICHOTO MOTOp-
HIMIHAEIS, 1110 BUKOPUCTOBYETHCS B PI3HOMAHITHUX METANOPI3aJbHUX BepCTaTax B
SIKOCTI 3aMiHU PEMIHHOI Mepeiayi.
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JInst TOCATHEHHS MOCTaBJICHOT METH OyJIM BU3HAUEHI 1 BHUPIIICHI HACTYIIHI
3aBJlaHHS:

- MPOBEJCHO aHaJIi3 TEXHIYHUX JAHHUX 1 XapaKTEPUCTUK MOTOP-LIMUHACISA
2SP1 ECS;

- BUKOHAHO BU3HAYCHHSI OCHOBHHMX TEXHIUYHUX BUMOT, IO TPE SBISIOTHCS
710 MOT0 €JIEKTPONPUBOY (€JIEKTPOIBUTYHA);

- TIPOBEJIEHO PO3pPaxyHOK i BUKOHAHO MOOYJOBY CTAaTUYHUX MEXaHIUHHX
XapaKTEPUCTHK OOPAHOTO BITYM3HIHOTO ACHHXPOHHOTO JBUTYHA;

- 3JIACHEHO aHaji3 PEXHUMIB pOOOTH ACHHXPOHHOTO JBHI'YHAa MOTOP-
IITAHCTIS;

- 311ilicHeHa 00poOKa Ta aHaji3 OTPUMAHUX Pe3yIbTaTiB.

O6'exToM nociipkeHHs: 0yB MoTop-tmuHaens 2SP1 ECS.

[IpenmeroM nociipkeHb Oysa OIiHKa MOKJIHMBOCTI JOCSATHEHHS OOpaHUMU
CJICKTPOJIBUTYHAMHM TEXHIYHUX IMOKA3HUKIB, AHAJIOTTYHUX TOKA3HUKIB JBUTYHIB,
BCTAHOBJICHUX B MOTOP-IIIUHJIEISAX.

MoTop-1mmiHaens € MIHASIbHUN BY30J METalopi3ajdbHOTO BepcTara, B
AKui BOYIOBaHMN €NEKTPOJBUTYH, a Baj JBUTYHA € IIMiHACIEM Bepcrara.
O06'emHe 300pa)k€HHSI Cy4aCHOI'O0 MOTOP-IIIIHIENS Y PO3pi3l MPEACTaBICHO Ha
puc. 1, a BIamrTyBaHHs MOTOP-IITIH/ENSA — Ha PUC. 2.

5 VAN
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L
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i/ 5 4 14 N

Puc. 2 — BnamryBaHHsI MOTOp-IIITIHEISA
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Ha pucynky 2 no3naudeni nmudpamu: 1 — mmiHAenb; 2 — poTop; 3 — KOpIyc
cratopa; 4 — ctatop; 5 — Kopmyc; 6 — 3aJHsl CTIHKA.

lupoke MOMMPEHHS MOTOP-IIMIHJAEA OTPUMAIA B  IPEeUU3IiHUX
OaraToripoBUX BepcTarax ((pesepHO-po3TodyBabHUX Bepcratax 3 UIIY,
nutiQyBanbHUX, TOKapHUX BepcTatax Ta iH.). Ha mpakTuii BHKOPHUCTOBYIOTH
€JICKTPOJIBUTYHU JIBOX THITIB: aCHHXPOHHUU 1 CUHXpOHHUI. BoHM BiApi3HAIOTHCA
MOKa3HWKAMHU MOTYKHOCTI 1 4acTOTH 00epTaHHS.

[TepeBaramu MOTOpP-IIMIHAEISA, B IOPIBHIHHI 3 TPATUIIIMHOI KOHCTPYKITIEIO
HIMIHACIBHUX BY3JIIB, € HEBEJIMKI rabapuTd 1 Bara, 10 JIOCSATAIOTHCA MNUISTXOM
crieniu1yHOT KOMIIOHOBKY JIBUTYHA 1 IITTH/IEIBHOTO By3JIa.

KoHCTpyKIlis MOTOp-IITIIHAEAS JO03BOJISE TMPOBOJUTH OE3CTYIIHYACTE
peryJaioBaHHsl 4acTOTH OOEpTaHHA 1 3MEHIIUTH PO3MIpHU 1 Bary HIMIHAEIBHOTO
By3Jla 3aBISKH BIJCYTHOCTI KOPOOKM mepefad 1 JESKUX IHIIUX MEXaHI3MiB, a
TaKoXX 3pOoOUTH POOOTY IIMIHAEAS MpPakTUYHO Oe3mrymMHO0. OaHaK Takuid
NPUCTPill € KOHCTPYKTUBHO CKJIATHUM Ta TIOPOTHM.

Motop-mmigaens 2SP1 MiCTUTh BCl KJIaCH4YHI €IEMEHTH MOTOP-ILIIHACIIS,
Takl SK BY30Jl KpIIJIEHHS IHCTPYMEHTY, MEXaHI3M KpIIUIEHHS 1 PO3YEILICHHS
IHCTPYMEHTY, MiAIIWIHAKA IIMHAEIA, BIANOBIIHI JUIsI aMOpTU3alil 3yCHIIb
O0OpOoOKHM, ABUTYH TPUBOAY 3 BOJSHUM OXOJIO/KEHHSM, KOXKYX IITIHACNS IS
KPIIJIEHHS 1 JATYMKHU ISl TIOKPOKOBOTO MEPEMINIEHHS 1 KOHTPOJIO HaJl 3MIHOMO
THCTPYMEHTY.

Ha puc. 3 y Burmnsaai rpadikiB 300pakeHi MOTY>KHICTh 1 MIBUJIKICTH MOMEHT
MoTOp-TmiHAeNs cepii 2SP1 3 aCHHXPOHHUM €IEKTPOJIBUTYHOM [2].

Maotor-

leistung | Spannungsgrenze X
et \ Sternschaltung N
) “ Motor power
'* Spannungsgrenze % T
S,\ Dreieckschaltung o $6-40 %
! KW Star connection
S6-40 % \ S$6-40 % Dreieckschallung 25
Stern
S1
\ 20 Star connecion -
\\b 15~ =<
™ _ S1 Dreieckschaltung
-~ 10
. g
"‘*M = 3
;’I
o _. , -3
0 5000 10000 15000 fpm 20000
o

—> Speed

0 My LYY Dfehzaﬁ’

Puc. 3 — IloTyXHICTb 1 LIBUJIKICTh MOTOp-LITIIHAENS cepli 2SP1 3 acuHxpoHHUM
JIBUTYHOM Yy pexuMax S1 ta S6 (mepeMuKaHHs 3ipKa/TPUKYyTHUK)

Ha puc. 4 npencraBneHi 3aMOBHI J1aHi IBUTYHIB cepii 2SP1.
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Spindle  Ratid power peed  Maximum  [GEP1[mO0E SpGGE Motor type: Moment of inertia Weight,?  Rated current Voltage  SINAMICS $120 Motor Module
ke it === (repeated) approx Starfd

ameter  Staridelia : iaridelia
for duty type EBnISP or duty type
m [
P 3 e
- si S6.40%
kgm? kg A A
i e Orderti (Brin-s?) (B)
200 l5000  2SPfocaHAEADEE  2SPIZ02-THA ootz s3(183) S0 4l VM1 30 65L3120- TTE23-0AA3
16000 zSPizozHEmmzpmE | 2SP1202-1HB ) B8y 4o 60l VMo s 6SL3120- TTE24-5AA3
TS0 ZSPIZOTHANEIDEE 2P T20h 1A CE R VM2 60 GSL3128- TTE26-0ARS
1600 ZSPizoeiHEmmzDmE | 2SP12041HB 791- 120 WMo e 6SL3120- TTE26-5AA3
250 oo 2SPi2538HAO M.omE 2 2591253.8HAD.0. 50 £} 6SL3120- TTE23-0AA3
15000 25P1253-8HA0 -1D W 2 25P1253-8HAD. -1 1 30 6SL312M- TTE23-0AA3
0000 ZSPIZsSGHAORORE 2 7891255 500 3 £} SL3128- TTE23-0AA3
5000 2SPizsseHAOM-AD M 2 8PT256 DT 0.055 Tes £} SL3128- TTE23-0AA3
(0.9057) (364)
250 10000 25P1253-1HAO MO M 2 25P1256-1HA 0057 (0dere) 130 (287)  sa- 75 VM0 60 65L3120- TTE26-0AAS
15000 2SP1253-1HBOM-1D M 2 25P1255.1HE o057 (03z7e)  130(287) el a5/ VM e 6SL3120- TTE26-5AA3
000 2SPizssIHAQ Hom E 2 8P 15 1A G065 (04g67) 165 (364 SEL T3 VM 132 SL3120-TTE31-0ARS
15000 2SP1255-1HBO M-1D M 2 25P1255-118 0.055(04867)  165(364) 1200 180 VPM200 132 65L3120- TTES1-3AA3

Puc. 4 — 3amoBHi qaHi MoTOp-mmiHAEmB cepii 2SP1

Bucoka mina motop-mminaeniB cepii 2SP1 cronykae Ha TOIIyK aHajoOriB
TaKMX MOTOP-IIMIHAEIIB Ha BITYU3HIHOMY PUHKY.

3a pe3ynpTaTaMM BHKOHAHOI'O aHaJI3y 3aKOPJAOHHUX MOTOD-IUMIHAEIIB B
SAKOCT1 albTepHAaTUBH OynaM oOpaHl JBa JBUTYHH, BITUM3HSHOTO BHUPOOHHMIITBA,
cepii AUP — AMP160S2 ta AMP160S4 [3], TeXHIYHI XapaKTEPUCTUKH SKHUX
HaBeJICHI Ha puC. 5.

it i C 380B Mm
OTYRIICTE Og/xp |~ PYM M 0B, KK, |Koed. [otyxH. | In/In | Mn/Mu ax/ JH, xr2
kBT A % Mu

ANP160S2 15 2930 30 88 0,86 75 21 3,00 | 0,05
ANP160S4 15 1450 30 85 0,85 75| 22 2,30 | 0,06

OJeKTpOABUTYH

Puc. 5 — TexuiuH1 XapaKTepUCTUKH aCHHXPOHHUX JABUTYHIB cepii AIP

Jlns orinku oOpanux AJl Ha BiMOBIIHICTH MPOMOHOBAHUM TE€XHOJIOTHIHUM
BUMOraMm OyJiM BHKOHAH1 BIAMOBIIHI PO3paxyHKu [4,5] mist moOya0BH CTAaTHUHUX
MEXaHIYHUX XapaKTEPUCTUK ACMHXPOHHOI'O JBHUIyHA MpPH MiAKIIOYEHH1 HOro a0
NepeTBOpIOBaya 4acTOTH, HABEACHI Ha puc. 6.
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Puc. 6 — Pe3ynpratu po3paxyHKiB CTATUYHAX MEXaHIYHUX XapakTepuctuk AJl B
nporpami Mathcad npu nmigKIt0Y€HHI HOro 10 NepeTBOpIoBayYa YaCTOTH

Ha puc. 7 HaBegeHo rpadik 3ajIe’KHOCTI YaCTOTH Bijl HAPYTH.

140
y = 7,1436x% - 14,528x + 22,502

120
100
80
60

40

20

117.,5 238 285 294 478

Puc. 7 — I'padik 3anexuocti yactotu (f) Big nanpyru (U)

BUCHOBOK

Takum uymHOM, mnpU poOOTI ACMHXPOHHOTO JBUTYHA BITYU3HSIHOTO
BUPOOHMIITBA MOTOp-IMUHAEHS Ha mmBUAKOCTI 10 10000 006/xB. MoxiauBe
PETYIIOBaHHS IIBHUIKOCTI 0€3 3HIKEHHS MEPEBAHTAXYBAIBHOI CIPOMOMXKHOCTI
acMHXpOHHOTO nBuUryHa. Ha mBuakoctsax Ouneine HiK 10000 06./xB. Moxnuse
peryJitoBaHHs 31 3HMKEHOIO NEePEeBAHTAXYBAJIBHOIO CIPOMOXKHICTIO. Y JaHOMY
pekuMi BepcTaT MOKE€ BHKOHYBATH JIMIE YHCTOBY OOpOOKYy 1eranei, ne
HAaBAHTAKEHHA He3HayHe. lle oOymMoBiIeHO OOMEXEHHSM MIABUILEHHS HaNpyru
BUILIE HAIIPYTH MEPEXK1 KUBJICHHA. AJIE TIPU PO3TOHI JBUTYHIB A0 LIBUJIKOCTEN Ha
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piH1 15000 06./XB. MOXKYTh BAHUKHYTH TTPOOJIEMH 3 T1ITUITHUKOBUMH BYy3J1aMU
ACMHXPOHHUX JIBUTYHIB BITYUM3HSIHOTO BUPOOHUIITBA.
CIIMCOK IMOCUJIAHb
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VIK 629.892

Koounsucobka L.B., Kpaciii P.M., llanuyk B.I'. (Vkpaina, lsano-@panxkiscsk,
IOHTYHI)

3BOPOTHA 3ATAYA KIHEMATHUKHN HABYAJIBHOI'O POBOTA

Enemenmom npakmuynoi niocomoexku cmyoewmis € GupilieHHs 3a0a4 NPUKiIAoHOl
POOOMOmMexXHIKU 3 BUKOPUCMAHHAM OIUdux Moodeneli NpoMUciogux pobomis. B cmammi
po38'a3ana 360pomua 3a0a4a KiHeMamuKu HagyaivbHo2o poboma. /s nepesipku pesyibmamie
PO3PAXYHKY pO3poOIeHo iMimayiiiny mooeib poboma.

An element of practical training of students is solving problems of applied robotics using
real models of industrial robots. The article solves the problem of inverse kinematics of a
training robot. A simulation model of the robot has been developed to check the calculation
results.

DJIEMEHTOM TIPAKTUYECKOro OOYy4YEHHUS CTYACHTOB SBIISICTCS pEIICHUE
npobjieM TPHUKIAJHOW POOOTOTEXHUKH C TPHUMEHEHHEM peallbHBIX MoJielen
MIPOMBIIIJICHHBIX po00TOB. B cTarthe paspermieHa 3agada oOpaTHOM KHHEMATHKU
yaebHoro poborta. s TpOBEpPKH  pe3yJabTAaTOB  pacuera pa3paboTaHa
UMHTAIIMOHHAS MOJIETh poboTa.

ITocranoBka 3agaui. OqHUM 13 BaXKJIMBUX 3aBJaHb B HABYAJIBHOMY IPOIIECI €
Oprasi3alfisi MPaKTUYHOI MiJTOTOBKA MaiOyTHIX IHXXEHEPIB IIISTXOM PO3B’S3aHHS
pealbHMX TEXHIYHHUX 3aJad. 3ajada IOBMHHA OyTH HETpHBiajbHA, IlIKaBa 1
BI/IMOBIZIaTH MOJKJIMBOCTSIM CTYJEHTIB. B mporieci TBopuoi camocTiitHOi poboTu
HaJl TMPOEKTOM BIAOYyBa€ThCA TIWOIIE PO3YyMIHHS TeOopii 1 MOXIMBOCTEH ii
MPUKIAAHOTO 3acTocyBaHHs. PoOoToTexHika, sSika Mae MyIbTHAUCIUILUTIHAPHUAN
xapaktep [1], BuMararoum 3HaHb 3 MEXaHIKH, MAaTEMAaTHKH, MIKPOIIPOICCOPHOI

Puc. 1. Mogens pobota. 3aranbHuil BUTIISI.
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P, TEXHIKM 1 MporpaMyBaHHs,
a, HaWKpaluM YHUHOM JI03BOJIsIE
peaizyBatu MIOCTaBJICHE
0, b 3aBJIaHHA.

Zp B  skocti  00’ekTa
AochiypkeHHss  Oyno  oOpaHo
MOeNb 4-X OChOBOTO POOOTa-
najeTuzaTopa. 3amo3uyucHa B
Z 0, 1HTEepHETI KOHCTPYKIIisI
; MaHinyJsaTopa poborta Oyla
[z JOOTpallbOBaHa 1 peaizoBaHa

a rn1 BJIACHUMHU CUJIaMU, pucC. 1.
a, Mertoro maHoi pobotH €
PO3B’SI30K  3BOPOTHO1  3ajayi
KIHEMAaTUKH 1 MOJEIIOBaHHSA

A
P, pobora.
Ocnoena uacmuna. B
AKOCTI MIPUBO/IIB
Yp BUKOPUCTOBYIOTBCS ~ LIU(PPOBI
\91 X  CEpBOINPUBOAM B  KLUIBKOCTI
o) > i
Xp 4 mr. PobGoTr Mae 4 cremeHi
= BUIBHOCTI.
Puc. 2. Po3paxynkoBa cxema Kepysauus pUBOJIAMH
MaHiIyJIsTOpa poboTa pobota 3I1HCHIOETBCS

Kepyrodoro Tuatoro  Arduino
UNO Ha 6a3i konTponepa ATmega 328 komnanii AVR.

Jnst  po3poOKH  anropuTMy KEpyBaHHS pOOOTOM HEOOXIHO 3HAUTH
MaTeMaTU4H1 3aJIe)KHOCTI 3HAUYCHb 3MIHHHMX 3 €HaHb BiJ 3aJaHUX KOOPIWHAT
poOouoro oprana poOora. Taka 3amada HAa3UBAETHCS 3BOPOTHOIO 33a7aucio
KIHEMaTHKU poOoTa.

3aranbHO MPUUAHATUNA aJITOPUTM Iepeadadae CrovaTtKy po3B’s3aHHS MPSIMOi
3a/aul KIHEMaTHUKA 3 BUKOPUCTaHHAM MeTtonauku JlanaBita-XaprenOepra i Ha
OCHOBI OTPUMAHHUX 3aJIEKHOCTEH HACTYIHOI'O PO3B’A3KYy 3BOPOTHOI 3aaaul
kiHeMatuku [1]. Ane naHa Metojauka mnependayae TMOCIHIIOBHY KOHCTPYKIIIIO
MaHImyJsiTopa podora. B HamoMy BuNaaky B KOHCTPYKLIi MaHIMyJIaTopa €
3aMKHYTHI KOHTYp. ToMy i1 po3B’sI3Ky BUKOPUCTAEMO F€OMETPUYHUMN TIAXI/I.

Po3paxyHkoBa cxema MokaszaHa Ha puc. 2. Ha cxeMi B poeKUiIHHOMY 3B’SI3KY
MOKa3aHo BUTJIAL 3BepXy (TuionuHa npoekiii /77) 1 Burnsan 30oky (/12). Touka P €
KIHIIEBOIO TOUKOIO MaHIMYJIATOpA.

3a7aHO TEOMETPHUYHI PO3MIPU MAaHIMyIsATOpa ai, 8z, 83, 84 1 KOOPJAUHATH
touku P(Xp, Yp, Zp) B riobanbHiii cuctemi koopauHatr OXYZ. TToTpiOHO 3HAWTH
3HavyeHHs KytiB L1, [s, [s.

BiamoBinHO 10 cXeMu Ha BUTJISIL 3BEPXY MAEMO

D1 - atan2(DD, DD) (l)
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BiamoBimHO 10 reoMeTpuyHUX MOOYIOB HA BUTIISAL 300Ky MOXKEMO 3alucaTh
CUCTEMY PIBHSHb
D4sin93:D—|:lgsin92 2
[1, cos 05 = [1 — [I3 cos 0, ’ 2)
e

JIJis BUKITIOYEHHST 3MIHHO1 Dg IiAHOCUMO OOHWBa PIBHSAHHS 10 KBajapaTy i
nogaeMo ofgHe a0 Apyroro. Ilicnms BigNOBITHMX TEPETBOPEHb OTPUMAEMO
TPUTOHOMETPUYHE PIBHSIHHS

acosOz +bsin 02 =c, (3)
e
2,92, 792_2q2
.o b +a“+ a;-a, |
2a3
BianosinHo a0 mpuBeaeHoro B [1] aroputMy po3B’si3Ky piBHSHHS (5) pe3yabTaT
piBHHUIA
(c c?
0, =atan ZLF, + 1= r_2 —atan 2(a,b), (4)
ne

r=+va2+b? .
Bignosinno, pisHsHHa (3) Mae aBa po3p’ssku gxkmo 2 =a?+b?>c?, omun
pO3B 30K KO F2=C? i He Mae po3B’s3KiB AKmIO I < C2.
I3 cuctemu piBHSAHB (2) OTPUMYEMO

Zp —a;—a3sino,

2 Ly 2
\/X p+Yp5 —a,—azcos0,
OnucaHuii po3paxyHOK peaizoBaHo y BUrisial pyHkiii B cepenosuuti MATLAB:

tg0; = , (5)

function [Teta] = PR 4inv (Xp, Yp, Zp)
global al a2 a3 a4;
Teta (l) = atan2(Yp,Xp):;
R 2 = Xp*2 + Yp"2; R = sgrt (R _2);
a =R - az; b = -al+Zp;
c = (a”2+b”2+a3"2-ad4”2)/(2*a3);
r 2 = at2+b"2; r = sqrt(r_2);
Teta(2) = atan2(c/r, sqgrt(l-c”2/r 2))-atan2(a,b);
if (Teta(2) < 0)
Teta(2) = atan2(c/r, -sqrt(l-c”2/r 2))-atan2(a,b);
end

if (Teta(2) < 0) && ((Teta(2)*180/pi) > 120)
disp "llommnka kyTa Tetal2";
return;
end
Teta (3) = atan2(-(al+a3*sin(Teta(2))-Zp),R-a2-
a3*cos (Teta(2)));

156



JIs1 OIIHKM MPaBUIIBHOCTI PO3PAXyHKIB 1 Bizyamizailii poOOTH MaHIMyJsTopa

pobora

po3pobisieHa iMirtariiiHa wmoaenb. Ilporpama peanizye IUKIIYHUI

aJITOPUTM, SIKAH BIITBOPIOE JIESAKY TPAEKTOPIIO KIHIIEBOI TOYKHM MAHIMMyJIATOpA 1
CKJIaIa€ThCS 3 YOTUPHOX YACTHH:

TE€HEPYBAaHHS JIEKAPTOBUX KOOPAMHAT KIHIICBOI TOYKH MAaHIMYJIATOpa
BIJIMOBIHO JI0 3alpOrPaMOBaHO1 TPAEKTOPI;

PO3B’S130K 3BOPOTHOI 3a/1a4i KIHEMAaTHKH;

PO3B’SI30K MPSAMOI 3a7a4l KIHEMATHKH 1 pO3PaxXyHOK IMOJIOKEHHS KIHIIEBOT
TOYKH MaHIITyJIATOpA 32 BU3HAYCHUMH 3HAYCHHSIMH 3MIHHUX 3’ €HAHb,
Bi3yamizallisi TIOJIOKEHHS MAaHIMyJIsATopa 1 TPAaEKTOpii TIepeMIilIeHHS
KIHII€BO1 TOUKH.

[Tpukiaza iMiTaIliiHOTO MOJICTIOBAHHS MPUBEICHO HA PHUC. 3.

Bucnosku. B pe3ynapTaTi BHUKOHAaHMX pOOIT [AJsi HABYAJIBHOTO poboTa
pO3B’si3aHa 3BOPOTHA 3ajaya KIHEMATUKU. AJITOPUTM peai3oBAHUM y BUIJIAII
nporpamu. Jlns mepeBIpKH po3paxyHKIB 1 Bizyamizanli poOOTH MaHIMyJIsITOpa
CTBOpPEHA IMITallliiHAa MOJIETb.

Ha HacTynHuMX eTanax JaHui aaropuTt™ Oyne BUKOPUCTAHHUM ISl KEPYBaHHS
pob6orom Bif T1K.

1.

CIINCOK ITOCUJIAHDb
Reza N. Jazar Theory of Applied Robotics: Kinematics, Dynamics, and Control.

Second edition — Springer Science+Business Media, LLC, 2006, 2010. — 893 p. Exexmponnuii
pecypc https://www.pdfdrive.com/theory-of-applied-robotics-kinematics-dynamics-and-control-

2nd-edition-e175399330.html
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Kouaecnik SL.IL., Caasik A.O. (Vipaina, m. Xapxise, XHAJ[Y).

ABTOMATHU30BAHA CUCTEMA COPTYBAHHSA TA KOHTPOJIIO
SIKOCTI MTPOAYKIII HA CKJAIIL

Brazani moosciusocmi pobnenoi paniwe cucmemu 0 ioenmugixayii ma copmyeanHs.
moeapie Ha asmMoMamu308aHoMy CKIadi Oe3 empamu HAOdiiHocmi idenmugikayii muny ma
NPU3HAYeHHs 06 €Kmy.

The possibilities of the previously made system for identification and sorting of goods in
the automated warehouse without losing the reliability of identification of the type and purpose
of the object are indicated.

Konmneniiis gerBeproi mpomuciaoBoi peBomtomii (Industry 4.0) nmepenbdadae
MOBHY aBTOMATH3aIlil0 TMPOIECIB BUPOOHMIITBA, COPTYBAHHS, 30epiraHHs Ta
JIOCTaBKU CIOKMBa4aM pPI3HOMaHITHOI mnpoxaykiii. OnHak, Ha JaHWM dYac Ha
O0aratbox (hacyBambHUX 1 MAaKyBIbHHUX JIHISX, @ TAKOXK TEXHOJOTIYHUX JIHIAX 3
Oe3nepepBHUMH MTOTOKAMU CUPOBHHM Ta TOTOBOI MPOIYKIIIi, 151 KOHTPOJIIO SIKOCTI
INPOIYKIIi BCE WIE BUKOPUCTOBYIOTH JIOJCHKUI BI3yaJlbHUM KOHTpPOJb. Jlis
aBTOMATH3aIli 3a3HAaYEHUX IMPOILECIB BIPOBAPKYIOTHCS CHCTEMH MAIIHHHOTO
30py, 3a3Buuail Ha 0a3l Bimeokamep [l]. OnmHak, Taki CUCTEMH € JIOCTATHBO
KOIITOBHUMHU Ta MOTPEOYIOTh BEIUKHX OOYMCIIOBANBHHUX TMOTYXHOCTEH s
peanizallii CKJIaJIJHUX 0OYHCIIIOBAIbHUX aJITOPUTMIB.

VY [2, 3] 3anporoHOBaHO CTPYKTYpPY Ta PO3pOOJICHO A1I0UY MOJIeNb CUCTEMHU
Uil imeHTudIKai Ta COpTyBaHHS TOBapiB Ha aBTOMAaTH30BAaHOMY CKJIal 3a
KoiabopoBuMu eTukerkamu Ta RFID-mitkamu. Ilpore, TectyBaHHs BKazaHOI
CUCTEMHU BHSBUJIA HU3KY HEJOJIKIB MiJICHCTEMH COpPTYBaHHS 3a KoJibopoM. [lo-
nepiie, Mpu 1AeHTU(IKAIT KOJIbOPY ETUKETKH YacTO TPAIUISIOTHCS TOMHUIIKH,
0COOJIMBO TpU 3MiHI YMOB OCBiTIIeHHS. [lo-mpyre, BUKOpUCTAHHSA KOJIbOPOBHUX
C€TUKETOK HE Ma€ Takol THydykocTi Ta iHpopmaruBHOCcTi, sk RFID-mitkwy,
BUKOPHUCTAHHS SIKUX BHUSBUJIOCSA TOCTATHIM JIJIs BUKOHAHHS TOCTaBICHUX IEpen
CUCTEMOIO 3aBJaHb. ToMy OyJi0 BUPIIIEHO YJOCKOHAIUTU 3a3HAUYEHY CHUCTEMY JJIS
1AeHTUdIKalll Ta COPTYBaHHS TOBAapIB 3a PaxyHOK BHUKIIIOUEHHS IIJICUCTEMHU
ieHTrdikaiii 3a KOJILOPOM E€TUKETOK Ta JI0JaBaHHS MIJICUCTEMU KOHTPOJIIO SKOCTI
MPOAYKIIII.

Cucrema CKIaJa€eTbcsi 13 TPAHCIOPTEPHOI CTPIYKM 3  JIBUTYHOM,
MIKpPOIPOIIECOPHOTO OJIOKY KepyBaHHS Ha 0a3l mikpokomim torepa Raspberry Pi,
kamepu V2.1 NoiR, RFID-3uutyBaua, 3imToBxyBaua Ta poOOTa-MaHIMyJIATOpPa
(pucynox 1).

[Ipunuun poboTu cuctemMu mnojsrae y HacTynHoMmy. Ilo pyxomiii
TPAaHCHOPTEPHIN CTPIYIll PyXaloThbcsl OO0 €KTH, HAa SKUX BXE € TMONEPEAHBO
HaHeceHl RFID mitku 3 iHpopmalli€ero mNpo TUM Ta 1HII BJIACTUBOCTI 00 €KTY.
[ToTpanmsitoun miJ 30HY 3YMTYBaHHS 300pa)K€HHS KaMepolo, 00 €KT CKaHYEThCS.
OTtpumana iHQopMalis HAIXOJUThH 10 MIKPOIPOLIECOPHOTO OJOKY KepyBaHHS Ta
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O0OpOOJTIOETHCS 3TIAHO TEBHUX €TAJOHHUX 300pakeHb 3 O10mioTeku. Y pasi
BUSIBJICHHSI TIOIIKO/KEHB (BIIXUJICHHS OTPUMAHOIO 300pa’KeHHS BiJI €TAJIOHHOTO)
CHUTHAJ 3 MIKPOIPOLECOPHOTo OJOKY KEpyBaHHS HAJAXOAUTH A0 3IIITOBXYyBaua,
KU «30MBa€e» OpakOBaHUM MPOIYKT 0 MPHU3HAYEHOTrO KOHTeWHepy. B iHmomy
BUMAJKY, SKIIO CHUCTEMa PO3Mi3HAE 00 €KT SIK HEMOUIKOMKEHUM, TOMI MPOAYKT
pyxaetbes naii 10 RFID-3untyBaua. [ndopmartis nmpo 06’ext Big RFID-3untyBaya
HAJA€ThCA 0 MIKPOIPOLIECOPHOTO OJOKY KEpyBaHHS SKHI, y CBOIO 4epry,
HAJCWJIA€ CUTHAJI J0 POOOTH30BAaHOI PyKHM Ha TMEPEeMIMIEHHS 00’€KTy 0
BiJIITOBITHOTO KOHTEHHEPY.

MIKPOITPOLIECOPHHIH
BJIOK KEPYBAHHA

[ RFID

KAMEPA 3UYUTYBAY
3IUTOBXYBAY

OB'€KT OB'€KT OB'€KT KOHTEIHEP 1

TPAHCIIOPTEPHA CTPIUKA

KOHTEIHEP 2

JIBUT'VH

POBOTH30BAHA
PVKA

KOHTEITHEP 3

¢ dAHIJALHOX

KOHTEIHEP 4

Pucynox 1 — biok-cxemMa aBTOMaTH30BaHOI CUCTEMHU KOHTPOJIIO SIKOCTI Ta
COpPTYBaHHS MPOIYKIIii

TakuM 4YMHOM, PO3LIMPIOIOTHCA (PYHKIIOHAIbHI MOMXJIMBOCTI POOJIEHOI
paHile CUCTeMH I 1ICHTU(IKAIIl] Ta COPTYBaHHS TOBAapiB HA aBTOMATHU30BAHOMY
ckianl Oe3 BTpaTH HAAIMHOCTI ifAeHTHdIKAIl TUIy Ta MPU3HAYEHHA 00 €KTY.
BukopuctanHs BifjeokaMepH MIABUIIYE€ THYYKICTh CHUCTEMH, a 1i KOMOIHAIs 3
RFID cnportye anroputmu 300paxeHHs: 00pa3is.

CIINCOK ITOCUJIAHb

[1] Prince S. J. D. Computer vision: models, learning, and inference. — Cambridge
University Press, 2012.

[2] Konecnik, A. I1. Jlabopamopnuii cmeno asmomamuzosanozo ckinaody / Konecnix A. 11,
Cnasix A. O. // Komn’tomepui mexnonozii i mexampouixa . 36. Hayk. np. 3a mamepiaramu 11
MidCHap. nayk.-npakm. koug. — Xapxie : XHA/[Y, 2020. — C. 332-334.

[31 Konecuix, A. II. Mooenv aemomamuzosanoco cknady Ha 0a3i 080X cucmem
syumyeanusn / Konecnix A. Il., Cnasik A. O. // Komnrtomepno-inmeepogani mexnonoz2ii
asmomamu3ayii MexHoN02IUHUX NpoYecié Ha mpancnopmi ma y eupoonuymei : Bceykp. nayx.-
npakm. KoH@. 3000y6auise suwoi oceimu i Morooux yuenux, 25 aucmon. 2020 p. [Enexmponnuii
pecypc]. Pescum oocmyny https://dspace.khadi.kharkov.ua/dspace/handle/123456789/3235
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IHPOI'PAMHE 3ABE3INIEYEHHSA TEXHOJIOTTYHOI'O ITPOLECY
IMAUKU XBUIEITPOBIJHUX TPAKTIB K CMIYHUX AITAPATIB

Ananiz ocobausocmeti iHOYKYIliHOI Natiku 00360JI51€ CMBOPULU NPOSPAMHO-ANAPAMHUL
KOMNJIEKC, W0 00380J15€ MOYHO BIOMEOPIOSAMU MEXHOIO0IUHULL npoyec, MoOmMo 3acmocy8anHs
NPONOHOBAHOI ABMOMAMU30BAHOI CUCMEMU 003801UMb RIOBUWUMU AKICMb XEUNEeNPOBGIOHUX
MpaKmis, 3HUBUMU NIUE THOOCLKO20 PaKkmopy i ROLNWUMU yMosu pooomu nepcoHary.

Analysis of induction soldering allows you to create a software and hardware complex
that allows you to accurately reproduce the process, ie the use of the proposed automated system
will improve the quality of waveguide paths, reduce the impact of the human factor and improve
working conditions.

XBHWJIETIPOBIJHI CUCTEMH IIMPOKO 3aCTOCOBYIOTHCS B KOCMIYHHMX amaparax,
3a0e3neuyround (PYHKIIOHYBaHHS K CaMOro arapaTry, Tak 1 #oro OOpTOBOI
anmaparypu. B sSKOCTI XBUJIEBOJIIB CUCTEM BUKOPUCTOBYIOTHCS TOHKOCTIHHI TPyOHU
NPSIMOKYTHOTO TEPETUHY 3 allOMIHIEBUX cCIuiaBiB. [l X BHUrOTOBIIEHHA
3aCTOCOBYEThCS 1HAYKIIMHA Taiika. AHa3 OCHOBHUX JOCIHIDKEHb: [HIyKIliliHa
nailka TOHKOCTIHHHUX XBWJIEBOJIB - CKJIQJHUN TEXHOJIOTIYHHMM MpoIleC, M0 Mae
HU3KY OCOOJIMBOCTEH. IHAyKIliiHAa Mailka TOHKOCTIHHHUX XBHJICBOJIIB - CKJIQJIHUM
TEXHOJIOTIYHUM Mpo1ec

AHaJli3 OCTaHHIX JOCHIIKEHb BUSBUB, 110 3aCTOCOBYBaHUW CUIYMIHOBUIA
NpUMi Mae TeMIiepaTypy IUIaBJIeHHS, OJIM3BKY N0 TEMIEPaTypH ILIaBICHHS
OocHOBHOro Marepiany. IIpu mBuakocti iHaykiiiiHoro HarpiBy 10-15°C/cek.
NOTpiOHE TOYHE JOTPUMAHHS TEXHOJOTIYHOTO PEXUMY Tpoliecy naiku. Ckiamosi
YaCTHUHHU XBWJICTIPOBIJHOI CUCTEMH B MPOIIEC] 1HAYKIIIHHOTO HATrpIBYy € HE3aJexkKH1
CHUCTEMH JI0 MOMCHTY PO3IUIABJICHHS IPUIIOK MK HUMH. TOOTO MIXK €JIeMEHTaMH
MPAKTUYHO BIJICYTHIN TETIOOOMiH, 1 IX HarpiBaHHs BiI0YBAETHCS HE3AJIEKHO OJIMH
Bil ojxHOTrO. BHsBIECHO, MO NMpU 1HAYKIIHHOMY HarpiBaHHI XBHJICBOJIB TPaKTIB
30HM HAWOUIBIIOTO TEIJIOBUAUICHHS B TMEPETUHAX €JIEeMEHTIB (MaKCUMallbHa
HIUTBHICTh 1HAYKOBAaHUX BUXPOBUX CTPYMIB) HE 301ratoThcs 3 30HaMU Nailku.[ 1]

Benvka HOMEHKIIaTypa HasHUX BHPOOIB 3 PIZHOI0 Baror MPU3BOJIUTH JI0
pI3HMIII TO Maci OJHOMMEHHUX BHUpPOOIB a0 25%. Takox mpu HarpiBaHHI
€JIEMEHTH XBWJICMIPOBIAHUX TPAaKTIB HE 3MIHIOIOTH CBIM KOJIp, IO BHUKIIIOYAE
BI3yaJIbHUI KOHTPOJIb JOKAJIbHUX MEPErpiBiB NassHUX BUPOOIB. [2]

Tomy J1ns 1HOYKIIAHOT TAWKKW TIOCTAaE€ HEOOXITHICTh aBTOMAaTH3Aallli
TEXHOJIOTIYHOTO TPOIIECY Ta CTBOPEHHS MPOrPaMHO-aImapaTHOTO KOMILIEKCY, IO
JIO3BOJISIE TOYHO BIATBOPIOBATH TEXHOJIOTTYHUI ITPOIIEC.

Meroto maHoi poOOTH € y3arajJbHEHHsI JIOCHIJDKEHb MPOTPAMHOTO
3a0e3MeUeHHs] KepyBaHHS 1HAYKIIHHOIO TMalKOK TOHKOCTIHHUX XBHUJIEBOIIB
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Po3pobnena aBToMaTH30BaHAa CUCTEMa YIPaBIIA€ MPOLIECOM HArpiBy BHPOOY,
3MIHIOIOUH TOTY>KHICTh, 110 TOJAETHCS HA 1HAYKTOP, Ha OCHOBI 1H(opMaIlii mpo
TEMIEPATYPY 13 30HU MMaUKH.

Crpykrypa i anropurmu podotu [10. [Iporpamuuii npoAyKT, MPOIOHOBAHUN
JUIS aBTOMATH3AIlli Ipoliecy 1HAYKIIMHOT Maiku, siBjsie co6oro Windows-10/1aToK,
poboTa sikoro MoxJIMBa B onepaiiinux cuctemax Windows XP/7/8/8.1/10.

[Iporpamuuii nponykt po3poOienudt Ha MoBi C ++ 13 3acTOCyBaHHAM
00'€KTHO-OPIEHTOBAHOTO MIIXO/TY, 110 JO3BOJIMIO 3pOOUTH Cy4YaCHUHN JOAATOK, IO
MacmtadyeThbes [3].

Po6ora 3 COM-nopramu peanizoBaHa 3a gomnomoror WinApi, pobota 3
miatoro  PCI1710 - 3a pgomomMororo cTopoHHBOI 6i6mioTexku  bdaqctrl.h,
MONIMPIOBAHOI O€3KOIITOBHO.[ 5]

[IpoekT nporpaMHOi CUCTEMU CKIAAAETHCS 3 M'ATH (aiIiB BUXITHOTO KOJTY:

- soldering.cpp - mictuTh ToJIOBHY (yHKIi0 mporpamu WinMain (), ska
peaiti3ye 3aIycKk NporpaMHoOi CUCTEMH;

- mainform.cpp - MiCTUTB aaTOPUTMH POOOTH FOJOBHOTO BiKHA MPOTPAMHU;

- pyroform.cpp - MicTuTh anroput™Mu pob6otu Gopmu 3 iHPOpMaIIiE PO
ipoOMeTpax;

- bdaqctrl.h - mictuths anropurmu podotu inTepdeiicy wiatu PCI1710, mo
AKIA  3MIMCHIOIOTBCS OOpoOKa JaHMX TepMomap 1 YIOpaBIiHHSA YCTaBKOU
HOTY>KHOCTI;

- Pyro_class.cpp - wmictute ommc kmacy mipomerpiB Pyro, amroputmu
B3a€MO/IIi 3 HUMH, a TAKOK aIrOPUTMH HACTPOUKH IMIPOMETPIB.

VY cucrtemi peani3oBaHU OJUH NPU3HAYEHUI IJI1 KOPUCTyBaya Kiiac - KJac
nipomerpy Pyro. [lanuii knac 30epirae BcCio i1HGOpMALIO NPO MiAKIOYEHHS
MIPOMETPY, a TAKOK HOTO apaMeTpHu.

3 BUKOPUCTAHHAM JAHOTO KJIaCy MOKHA MPOBOJUTH:

- BKJIFOUEHHS JIa3epa MipoMeTpa;

- BAMUKaHHS Jla3epa MipoMeTpa;

- 3aIUT PO cTaH Jazepa nipomerpa (0 - BUMKHEHO, | - BKITIOUCHU );

- 3aIIUT CEPIMHOIO HOMEPA MIPOMETPA;

- 3aITUT MiHIMaJIBHOI TEMIIEpaTypH, sika CIPUIUMAETHCS MPOMETPOM;

- 3aIUT MaKCUMAJIbHOI TEMIIEPaTypH, SIKa CIPUUMAETHCS MPOMETPOM;

- 3aIUT MMOTOYHOI TEMIIEPATYPH, BUMIPIOBAHO1 MTIPOMETPOM;

- 3aIUT Koe(illeHTa eMicli B TIPOMETPAMH;

- YCTaHOBKY Koe(]iIli€eHTa eMicCii B IIPOMETpaMH;

- aBTOMaTUYHE 00UHCIICHHS Koe(iIieHTa eMiclii.

Ha nouatkoBoMy ertami BiiOyBalOThCs 1HIIIaI3allisl BCIX CTPYKTYp, JaHUX 1
HAcTpolika MopTiB 1 iHTepdeiiciB. Takok mepea BIAKPUTTSIM OCHOBHOTO BiKHA
mporpamMu BiOYBA€ThCsl MPUMYCOBE BIIKIIOYEHHS Ja3epiB MIPOMETPIB, TaK SK
BKJTFOUCHMH JIa3ep 1CTOTHO BIUIMBAE HA TOYHICTh BUMIPIOBAHb.

[Ipu 3akputTi mnporpamMu BiAOYBalOThCS 3aKpHUTTS BCIX TIOPTIB 1
BigkmoueHHs 1iatu PCI171, mo skiit 3miiMCHIOIOTECS 00poOKa JaHUX TepMornap i
yIpaBJIiHHSA BCTAHOBJIEHHSM MOTY>KHOCTI;
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- Pyro_class.cpp - mictuth omuc Kjiacy mipoMerpiB Pyro, amroputmu
B32€MO/IIi 3 HUMH, a TAKOX aITOPUTMH HACTPOMKHU MIPOMETPIB.

VY cucreMi peani3oBaHUN OJWH MPU3HAYCHUHN N1 KOPUCTyBaya Kjac - KJac
nipomerpa Pyro. Jlanmii kiac 30epirae BCiO 1H(GOpPMAIIO MPO TiAKITIOUYEHHS
nipoMeTpa, a TaKoXK oro napamerpu.[7,8]

3 BUKOPUCTAHHSM JIaHOTO KJIaCy MOKHa MPOBOJIUTH:

- BKJIFOUEHHS JIa3epa MipoMeTpa;

- BUMHUKaHHS Jla3epa MmipoMeTpa;

- 3aIUT MPO cTaH Jiazepa nipometpa (0 - BUMKHEHO, 1 - BKITIOUCHUIA );

- 3aIUT CEPIHHOTO HOMEPA MIPOMETPA;

- 3aIUT MIHIMAJIBbHOI TEMIIEPATYPH, SIKa CIPUHMAETHCS MTIPOMETPOM;

- 3aIIUT MAKCUMAJIbHOT TEMIIEPATYPH, sIKa CIIPUHMAETHCS TIIPOMETPOM;

- 3aIUT NOTOYHOT TeMIIEpaTypH, BUMIPIOBAHO1 MIPOMETPOM;

- 3aIUT KoedilieHTa eMicii B TipOMETpaMu;

- YCTaHOBKY Koe(]iIlleHTa eMiCii B IIPOMETpaMH;

- aBTOMaTUYHEe 00UHCIIeHHs KoedilieHTa eMicii.

Ha nmouarkoBomy erarni BiAOyBarOThCs 1HILIAMI3AIISA BCIX CTPYKTYp AAHHX 1
HacTpolKka mopTiB 1 i1HTepderciB. Takox mnepen BIAKPUTTSIM OCHOBHOI'O BiKHA
nporpaMu BIOYBA€THCSI NMPUMYCOBE BIAKIIOUEHHS Ja3epiB MIPOMETPIB, TaK SK
BKJIFOUEHMI JIa3ep ICTOTHO BIUIMBAE HA TOYHICTh BUMIPIOBAHb.

[Ipu 3akputrTi mnporpamMu BiAOYBaIOTHCS 3aKPUTTS BCIX TOPTIB 1
BiakmoueHHs minatu PCI1710. [/lonaTkoBo 10 LbOrO MPOBOAUTHCA BUKIFOUEHHS
IHYKTOpA.

Ha mouaTtkoBomy eTami, 1ie 10 BUBEACHHS (OpMU Ha €KpaH, BiJOYBa€TbCS
MOCJIIJIOBHE OINUTYBAaHHA NIPOMETPIB 1 OTPUMAHHA 3 HHUX Takoi 1H(poOpMarii:
CepiiiHMil HOMEep, MIHIMAJIbHA BHUMIPIOBaHAa MIPOMETPOM  TeMIlepaTypa,
MaKCUMAaJIbHA BHUMIpIOBaHa POMETPOM Temreparypa, Koe(pirieHT
BUIIPOMIHIOBAJIBHOI 3/IaTHOCTI MaTepialy, BCTAHOBJICHOI HA MIPOMETPAMHU.

Jami Bcst oTprmana iHGopmallisi BABOAUTHCS B BIAMOBIIHI MOJIs HA (hOPMI.

IIpu HaTuckanni Ha kHONKY «IIYCK)» 3amyckaeTbcs mporec aBTOMaTH4YHOI
NaiKu, TMPOTITOM SIKOTO YIPAaBIIIHHS HArpiBOM BUPOOY 3T1HCHIOETHCS HA OCHOBI
nponopiuiitHoro perynstopa [7, 8] 3 MeTO MIATPUMKH HEOOXIAHOI MIBUAKOCTI
HarpiBy [17], a mpu AOCSATHEHHI TeMIlepaTypu cTaduii3aulii 3 METOI MiATPUMKH
L1€1 TEMIIEpaTypu IPOTATOM JESKOT0 4acy - yacy cradiiizaiii.

B cxewmi ynpaBiiHHS POIIECOM MAaWKU MPUAHSATI HACTYITHI TO3HAUYCHHS:

- W ycTaHOBKa - yCTaBKa MOTYXKHOCTI T€HEpaTopa B BOJIbTaX; 3MIHIOETHCS
Bin 2B 5o 12B, ne 2B - nie 0% notyxHocTi renepatopa, 12B - 100% moTy»)HOCTI;
Tynp - 3HaUEHHS TeMIlepaTypu, OTPUMaHE 3 MIPOMETPa, BBEICHOIO B
KOHTYP YIPaBIIHHS;
Teras - 3HAUGHHS TemmepaTypu cralumizarii, Ha sKil BiIOyBa€eThCsS
PO3IIaBIICHHS MPUIIOI0; 3a/1a€THCS SIK TEXHOJIOTTUHUHN TTapaMeTp MpoLEecy;
- Vyarp - IIBUJKICTH HArpiBy BUPOOH;
Vyer - HEOOXigHA IIBHJKICTh HArpiBy, SIKy HEOOXIHO BUTPHUMYBAaTH;
3aJJA€ETHCS SIK TEXHOJIOTTYHUI MapaMeTp MpoLecy;
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- thouarkyCras - BIIMITKA IIPO YacC, KOJIM CUCTEMA IT0Yaja Mpolec cTadiii3aii;

- Yac cralumizalii - yac, MpoTAroM sIKOro HeoOXi1JJHO BUTPUMYBATH BUPIO
npu Tctad.

Taka cxema ympaBiliHHS, peanizoBaHa Ha 0a3l MPOMOPIINHOTO PEryJsiTopa,
n03BoJIsiE BUpOOJsATH edexTuBHE yrpaiinHg 20 pa3 B cekyHay. B pesynbrarti
cepii eKCIepUMEHTIB OYyJI0 BUSBIICHO, 1110 TAKUNM JUCKPETHOCTI KEPYIOUUX BILJIUBIB
JIOCUTH 151 €DEKTUBHOTO YIPABIIHHS MPOIECOM 1HIYKIIHHOT TalKu.[5, 6]

Onuc po6oTH 3 aBTOMaTU30BaHOIO CUCTEMOIO

B cucrtemi nepenbaueHi 1Ba piBHS JOCTYITY:

- JIOCTYN OIeparopa, MpU SKOMY MOIIMBI YHPABIIHHSI KOMILIEKCOM
oOnamuanHs Ta neperisia b/l TexHomoriuHuX nmapameTpiB Maiku XBUJIEBO/IIB;

- JIOCTYyN TEXHOJOora 3 MOKJIMUBICTIO Teperisiny 1 penaryBaHHs b/
TEXHOJIOTTYHUX MapaMeTpiB MalKi XBUJIEBO/IIB, a TAKOXK YIPABIIHHSI KOMIUIEKCOM
oOJaIHaHHS.

[Ipy BUHUKHEHHI HEMITATHOIO PEXUMY HArpiBy MOXIIMBE EKCTPEHE
3aBepIIeHHS poOOTU CUCTEMU HATUCKAHHSIM KHONKU «CTOID».

Takox omepatop mepel NalKkoO TMOBMHEH BUOpaTH TEXHOJIOTIUHI
napametpu mnpouecy 3 bJI.

Ha BinMiHy BiJ omepaTopa TEXHOJOTY J10JaTKOBO HAJA€THCS MOXJIUBICTD
BeJIeHHs 1 3MiHU B/l TexHonOriyHMX napameTpiB naku . s uporo nependaveHa
kHomnka «PenaryBatu B/l 30ipok», /e TEXHOJIOT MOXKE MEPETISHYTH B TAOTUIHOMY
BUIJISIAI JaHl TEXHOJOTIYHUX MapameTpiB 301pOK, a TakoX IiX peJaryBaHHs, a
TaKO0X JI0J]aTH HOBI1 301pKU a00 BUIAJIUTH 3acCTapiii.

[Ipu HEOOX1MHOCTI MEPEBIPKU MIAKIIOYEHHS BUMIPIOBAIBHUX MPUCTPOIB, a
TaKOXX HaJAIITyBaHHA iX TapaMeTpiB MOXJIMBUN Tmieperysig iHdopmarii 1o
nipoMeTpax.

JIist KopuryBaHHSI 3HAYEHHsS BUIIPOMIHIOBAILHOI 3[aTHOCTI MaTepiairy
HaJaH1 Ba IHCTPYMEHTHU:

- pyYHE KOPEKTYBaHHS MPH HATUCKAHHI HA KHOMIKY «3MIHUTH Ha) 3HAYCHHS
BUMNPOMIHIOBAJILHOT 3[IaTHOCTI MaTepialy B MipoMeTpamMu OyJe 3aMiHEHO
BHECEHUM B BIKOHIIE TIPAaBOPYY BiJ KHOMKH; JaHE 3HAYCHHS MPEICTABISIETHCA B
dbopmaTi TUCSIUHMX YacTOK B iHTepBai Big 0 10 1;

- aBTOMaTHYHE HaJAIITyBaHHS MPU HATHUCKaHHI Ha KHONKY «HamamrtyBaTu
aBTOMAaTHUYHO» OyJe 3amylieHuid Tmporec Mmigdopy HaMKpamoro 3HAYCHHS
BUIPOMIHIOBAJIBHOI 3/IaTHOCTI; JAaHWM MpOIEC BUMArae IMiJKIIOYEHHS Xoda O
OJIHI€ET TepMomapu JI0 CHUCTEMHU; CEpelHI Yac aBTOMATHYHOI HACTPOUKH
BapitoeTbes Big 40 1o 50 cexyH.

Po3zpo6nene 13, mo 103BosIsi€ 3A1ICHIOBATH aBTOMATH3AIIII0 TIPOLECY MaWKH
XBUJIEIPOBIIHUX TPAKTIB PI3HUX KOHCTPYKI(IHA, 3HMKYIOUM BIUIMB JIOJCHKOTO
dbakropy.

Cucrema Mae TaKUMH OCHOBHUMU (YHKIISIMU:

- aBTOMATHU30BaHE YIIPaBIiHHS IPOLIECOM HarpiBy CHarO€eThCs BUPOOIB;

- Bi3yauti3allis 3HaueHb TEMIIEpaTypH B 30H1 MaiKu;

- HaCTpoiKa mapameTpiB MPoIeCcy NaiKu;
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- KaiOpyBaHHS BUMIPIOBAIBHUX MPUCTPOIB - IIPOMETPIB;
- BeAeHHs b/] TeXHOIOrYHUX MPOIIECIB;
- PO3MEKYBaHHS TIPaB JOCTYITY 10 CHCTEMH.

Pozpo6nene [13 gomomarae onepaTopy miadupaTy napameTpu 1HAYKIIHHOTO
nassHHSA 1 3a0e3mevye BIATBOPIOBAHICTh PEKUMIB HarpiBy B YMOBax PI3HOMAHITTS
KOHCTPYKIIIH €JIEMEHTIB 1 1X XapaKTEePUCTHUK.

Takum urHOM, 3pOOUBIIM aHATI3 0COOJMBOCTEH 1HAYKIIIMHOI MTAKH MOXHA
CTBOPWJIM MPOTPaMHO-aapaTHH KOMILJICKC, IO JTO3BOJISIE TOYHO BiITBOPIOBATH
TEXHOJOTTYHUN TPOIEC, TOOTO 3aCTOCYBAaHHS IPOIOHOBAHOI aBTOMATH30BaHOI
CUCTEMU JO03BOJIUTH IMABUIIUTH SKICTh XBUJICIPOBIIHUX TPAKTIB, 3HU3UTH BILIHB
JIOACHKOTO (PaKTOPY 1 MOJIMIITUTH YMOBH pOOOTH TEPCOHATY.

CIIMCOK NIOCUJIAHBb
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Kpeiina P.M.!, Canon C.I1.%, Kpeiina A.M.® (*Vkpaina, m. Yepracu, JI1 HBK
«Domonpunady;  *Yxpaina, m. UYepuicie, Hayionanenuii  ynieepcumem
«Yepuiziecvka nonimexuixay; 3Yxpaina, m. Yepracu, Yepracvruii depircasHuil
MEexXHON02IYHULL YHIBepCUmMem)).

BIIJIMB ITOXUBKHU PO3MIPHOI'O HAJIATO/IZKEHHS TOKAPHUX
BEPCTATIB 3 4IIY HA TOYHICTH ®OPMHU COEPUYHUX
IHOBEPXOHb

Ilpoananizoearno npoyec hopmoymeopenus cghepuunux nosepxowsb npu ix obpobyi Ha
mokapuux eepcmamax 3 YIIY. Bcmanoeneno, wo npoyec mexaniunoi o006pobKu 3a82cou
CYNPOBOOIUCYEMBCST NOXUOKOI HANA200NCEHHS, SIKA BNIUBAE HA BIOXULEHHS 6i0 CchepuuHocmi
00pobnenoi nosepxni. Haseoeno cxemu ma gpopmynu 0ns po3paxymky i0XuieHb 8i0 Kpyeaocmi 6
N0B3008HCHLOMY Nepepi3i.

The process of forming spherical surfaces during their processing on CNC lathes is
analyzed. It is established that the process of machining is always accompanied by a debugging
error, which affects the deviation from the sphericity of the treated surface. Schemes and
formulas for calculating deviations from roundness in longitudinal section are given.

Ilocmanoexka npobaemu. Ilpobnema 3abe3neueHHS TOYHOCTI Ta SIKOCTI
00poOKM MOBEPXOHb B MAIIMHOOYJyBaHHI 3aBXAU Oylia aKTyaldbHOIO, QK€ BIJl
LBOTO 3aJIeKUTh KIHIEBA AKICTh BUpoOy. [Ipn oOpoOui chepnyHux MoBepXoHb Ha
TokapHux Bepctatax 3 UIIY BuHUKaIOTH pi3HOrO poay noxubku. [leBHUM YrHOM
NMOXUOKH B3a€EMOIIOB’SI3aHI Ta MAalOTh PI3HUN CTYINiHb BIUIMBY HAa YTBOPEHHS
noxuOku dopmu. OpHIED 13 HHUX € TMOXUOKAa PO3MIPHOTO HAJATOJKEHHS
iHcTpyMmeHty [1]. Tlpu oGpoOiii Ha Tokapuux Bepcrarax 3 UITY tounicTe Gopmu
MWTIHAPUYHUX Ta TUIOCKUX TMOBEPXOHb MPAKTUYHO HE 3aJCKHUTh BiJl TOYHOCTI
HaJIaro/pKeHHs pi3ajgbHOro iHCTpyMeHTy. OfHak, pu TokapHiil o0poOii neraneit 3
KPUBOJIHIMHUMU TMOBEPXHSIMU TOYHICTH PO3MIPHOTO HATArOKEHHSI 1HCTPYMEHTY
MPOSIBISIETHCS B OUbIIiNA Mipi. OCOOIMBO 11€ MPOSBISETHCS HA TOYHOCTI (opMuU
npu 00poO1l chepuIHUX MOBEPXOHb.

Ananiz ocmanmuix oocnioxcensv i nyonikayiu. IIUTaHHIMU TOYHOCTI (opMHU
OoOpoOIOBaHMX TIOBEPXOHb 3aWMajMCsi YMMaJl0 BUYCHHUX. 30Kpema, A.M.
Hanecekuii, b.M. baspos, A.I'. Cycnos ta 1H. B cBOiX poboTtax [2, 3, 4] Biamivanmy,
IO B MPOLECi MeXaHiYHOi 0OPOOKH, AeTalll OTPUMYIOTh cneumbqul BI/IXMJTCHHS
BiJl TIPaBUJILHUX T€OMETPUYHUX (OPM B MOB3JOBXKHIX 1 MOTEPEUHUX Tepepizax.
IcHye unmalio cydacHuX poOiT, MPUCBSIYEHUX TOYHOCTI OOpOOKM Ha BepcTaTax 3
YIly [5, 6, 7]. 3okpema B pobOTI [S] MOCHIIKEHO BIUIMB MOXUOKH HaJagKh
IHCTpyMEHTa Ha HPOTPaMHy ONeEpaiiio mpu 00poOILi HAa TOKAPHHUX BEpCTaTax 3
YITY na TouHicTh 00poOkHu. B po6oTI [6] mpuaLIEHO yBary ynpaBiiHHIO TOYHICTIO
(GbOopMOYTBOPEHHSI Ha €Tarl TeXHOJOT1YHOT HalaAKu Ha omnepailito Bepcrara 3 UITY.
B cratTi [7] po3risHyTO TuTaHHs (GOpMyBaHHS MOXMOOK 0OpOOKM Ha BepcTaTax 3
YITY, npoaHanmizoBaHi NPUYMHU 1X BHUHUKHEHHS, MOXJIUBICTH ITiABUIICHHS
TOYHOCTI 0OPOOKHU TOIIIO.
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Dopmyniosanns paviue He GUPIUEHUX YaCmUuH 3a2a1bHOoi npobaemu. AHami3
poOIT 3 NUTaHb TOYHOCTI TOKapHOi 00poOku Ha Bepctarax 3 YIIY mnokasas
JOCTaTHIM 00CAT JOCHIDKeHb BIUIMBY TOYHOCTI HAJIaroKCHHS pi3aIbHOTO
IHCTpyMCHTY Ha TOYHICTH pPO3MipiB, QopMu Ta BiJHOCHOIO posTalyBaHHs
noBepxoub. IIpore, B mux po0OTax MPUAIICHO yBary B OCHOBHOMY TOKapHIi
00poOIl UMWIIHAPUYHUX Ta IUIOCKUX NMOBEpXOHb. Clij 3a3HAUYUTH, 1O (HAKTUYHO
BIACYTHS 1H(OpMALIIS IPO BIUIMB IOJIOKCHHS Pi3abHOI KPOMKH IHCTPYMCHTY Ha
TOYHICTh q)opMH chepuunnx moBepxonb. Tomy, e muTaHHA mMOTpeOye
KOHKPETH3aLlil 3 METOIO IOMLIYKY IUISXiB JOCATHCHHS HEOOXiAHOI TOYHOCTI hopMH
cepuyHUX MOBEPXOHb CaMe MPH TOKapHII/I 06p06u1

Dopmyniosanns yinei cmammi. MeToro naHoi pobOTH € BU3HAYCHHS BILTHBY
MOXHOKU PO3MIPHOTO HAJATrOKCHHS Pi3aJbHOr0 IHCTPYMEHTY Ha TOYHICTB hopMH
chepUUHUX TTOBEPXOHB IIPU TOKApHiA 00pOoOIIl.

Buknao ocrnosnoco mamepiany. llpu 06po0d1i Ha TOKapPHUX BEPCTATax 3 qIry
TOYHICTb C(HEPUIHUX MOBEPXOHB 3a0€3IEUYETHCS TUIBKU TO/I, KOJIM CIIBIALAIOTh
LCHTPH JBOX B3a€MHO MEPHNCHAMKYISIPHUX Kil. CroTBOpeHHs ¢popmu jr0bdoro 3
HHX HPHU3BOJUTE 10 BUHUKHCHHS BIAXIICHHS BiX cdepuyHocTi. [lepme xomo — e
TPAEKTOPisl pyXy I1HCTPYMEHTY, JApyre — oOepTaHHS 3aroTOBKH BIJHOCHO
1HCcTpyMeHTy. Ha mpakrtuii, B cuiy Aii pi3HUX (PAaKTOPiB, CYMICTUTH LEHTPU 000X
KUI (akTuyHO HeMoxuMBO. OJIHIEIO 3 NPUYUH € MOXHOKa HaJIaroJKEeHHs
iHCTpyMeHTy. BenmuunHy KoMIICHCALIl JOBXHHH IHCTPYMEHTY MOXKHA BH3HAYHMTH
pizauMu crniocodbamu. [lpu o0poOui Ha cydacHux Bepcratax 3 YUIIY HaliOLibII
NOIIMPEHUM € CHoci0 aBTOMAaTHYHOTO  BHUMIPIOBaHHs, SKUA 1OTpelye
3acToCyBaHHs criemianpHux npuiaafis (Tool setter). Takox, KoCHTH 4acto mpu
HaIa/il KOPHCTYIOTBCS «PY4HHM» criocoboM. IIpu mpoMy crocodi mpoTodyroTh
MPOOHY 3aroTOBKY 1 , BUMIPSBIIM AiaMeTp OOpOOJICHOI MOBEPXHi, BU3HAYAIOTH
MOJIO)KEHHSI BEPIIMHU PI3aJbHOTO 1HCTPYMEHTY BIJHOCHO OCl OOepTaHHA
3arotoBku. OnHak, kUM OW He OyB TOYHUM CNOCIO BU3HAYEHHS JOBXKHUHU
IHCTPYMEHTY, TOYHICTH OOpOOKM 3aJaHOI IOBEpXHI [eTal He Moxke OyTu
rapaHToOBaHO 3a0esmedcHa. B npouec1 O0OpOOKM BUHUKAIOTH CWJIM pI3aHHS, SKI
3MILIYIOTh €JIE€MEHTH TEXHOJIOTIYHOI cucTeMud. B 1boMy BUIAAKYy BHUHHUKAE
HEOOX1/IHICTh J0JAaTKOBOI HallaJKH, sika OyJie BPaxOBYBATH BEIMUYMHY MPYKHOTO
BIJUKMMAaHHS.

[Toxubkoro HamarojkeHHsi A, Ha3MBA€TbCS BHIIAJKOBAa BEJIMYMHA, sKa
BHHMKA€ B DPe3yibTari BIUIMBY IOXUOKM peryiroBaHHs [l,.. [OJOXKCHHS
pl3aJ'II>HOFO lHCprMeHTy 1 OKpeMHux By3JIlB BepCcTaTta BIJHOCHO YCTaHOBJIEHOTO
IHCTpyMEHTA 1 BiJl BIUIMBY MOXHOKM BUMiptoBaHHsS [ ], , , TPOOHHX 3arOTOBOK 3a
SAKUMU MIPOBOJIUTHCS HAIATOJIKEHHA BepcTara [8]:

A=12-Vw? |, +w?y (1)

[Ipu 00poOLi chepuyHUX MNOBEPXOHb TOYHICTh PO3MIPY IOCSTAETHCS 32
paxyHOK KOPEKIIil pajilyca IHCTPyMEHTA, BEIMUMHA SIKOT 3aJIC)KUTh B IOMYCKY Ha
po3mip. Popma npodinio 3a0e3MeUyEThCS TPAEKTOPIEID PYXYy IHCTPYMEHTY, aje
noxuOKa MOro HaJIaroKEHHS Ha BUKOHAHHS JllaMeTPaIbHUX PO3MIPIB MPU3BOIHUTH
70 BUHUKHEHHS BIIXWJIEHHS BiJ KPYIJIOCTI B MOB3JIOBXKHBOMY mepepisi. Bkazana
noxuOKa MOXE MaTu, SIK BiJ’€MHE TakK 1 JOJaTHE 3HAYCHHS, TOMy 1 ¢popma
npo¢iaio Oyze cnoTBopeHa no-pisHomy. [Ipu pagianbHOMY 3MilIEHHI IHCTPYMEHTa
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OJK4e 10 0cl o0epTaHHs 3arOTOBKH, JeTalb IpuitMae (popMy Top-IMMOHa (puc.
1, a), a mpu 3MilIEHH] BiJ OC1 — TOp-10JyKo (puc. 1, 6).

I paerimaopis pUxy IHCITELMEHITIL

3 OXUOKOW Ha/Aaokt/ P
R I paerimopis pyxy 10ea/isHo 7 S P
—— HAAAUTIOBAHOZ0 HA O0P00KL %
al z Y IHCITMEHITL #
N o
/ \
< \ ' /// Bick o0epmarHs 3a20mobkL
2 Uzlﬁn ~ % - 2 dﬂ/?
4
a 0

Puc. 1. Cnomeopenns ¢hopmu demani npu padianbHomy smilyeHHi IHCmMpPYMeHmy
00 (a) i 8i0 oci (6) obepmanHs 3a20MOBKU:

(1,1 — diamemp xona onucanozo naéxono npoghinio oemari,
(1w — diamemp kona enucanozco 6 npoghine demaii,
L1 — paodiyc mpaecxkmopii pyxy incmpymenmy.
[ToxuOKy KpyTrjIOCTi B TaHOMY BUIIAAKY MOXHA 3HalUTH 3a hopmyiioro [9]:

dOl‘I_dBH
Ap="" 2)

BuBenemo aHamiTH4YHI 3aJ€KHOCTI BIIXWJICHHS KPYIJOCTI BiJ IOXHOKH
HaJaro/pKeHHs 1HCTpyMeHTy. JlJis 1bOro CHovyaTKy 3HAWAEMO JiaMeTpu Kil
BIIMCAHOTO 1 ONHUCAHOTrO HaBKOJO mnpoduro Aetam. [ Bunaaky, sSKuan
300paxeHuii Ha puc. 1, a oTpuMaemo:

don =2 VRZ—A? , (3)
don = 2 (R — Ay) (4)
[TincraBuBmm popmynu 3 14 B 2 oTpUMaEMO:
A= VR — A2~ (R - A,) (5)
s puc.1, 6 otpumaemo:
don =2 (R+A) (6)
dw =2 R (7)

[TincTaBuBIM hopmynu 6 1 7 B 2 OTpUMAEMO:
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A= Ay (8)
Tenep migcraBumo dopmyny 1y dopmynu 5 ta 8. OTpumaemMo 3alexKHOCTI:

- jgnapuc. 1, a

hom R LAt ad, )-(R-12%07 | +ad, ) ()

p

- nnapucl, 0
Ap=12Naw? | +a?, (10)

OCKUJIbKH PI3HUIS B PO3paxyHKax MOXUOKU KpyriaocTi 3a Gopmynamu 9 1 10
He cyTTeBa (MeHiie 1%), ToMy JUIs CHPOINEHHS PO3PaXyHKIB JOMIUIBHO MPHUHHSATH
Agp= Ay,

Bucnosku. 1Tponiec 00poOku chepruuHUX MOBEPXOHb Ha TOKApPHHUX BepcTaTax
3 UITY 3aBxau CynpoOBOJKYEThCS MOXMOKAMH, SIKI BIUIMBAIOTh Ha BIIXUJICHHS
KpYyTJ0CTl Mpoduo 1, BIANOBIAHO, CHEPUYHOCTI MOBEepxHi. B poOOTI mokazaHo
BIUIUB TIOXMOKHU PO3MIPHOTO HAJIAro/)KeHHsS IHCTPYMEHTY Ha BIAXUJIECHHS (opMuU
NMoBepXHi. BcTaHOBIEHO, IO BIAXWUIIEHHS BiJ KPYIJIOCTI, NMPU BpaxyBaHHI JIMIIIE
NOXUOKM  HAJIArOJPKEHHS, MOXKHA TMPUUHATA  PIBHUM  camiii  mOXuOIl

HaJIaroKeHHs.
CIIUCOK NOCUJIAHBb

168



VJIK 621.771

Ky3zenko O.A., CtpareeB A.0. (Vkpaina, m. Kpamamopcox, J[/IMA).

MOJAEJIOBAHHA ITPOLECY CYMIINEHOT'O BUJABJIFOBAHHA 3
ABOCTOPOHHBOIO ITOJAYELIO

Memow 0anoeo 0o0cniodcenHs € @GOPMO3MIHA 3A20MOBKU 8 NpoOYeci CYMIUjeHo2o
PaodiaibHo20 8UOABTIOBAHHS 3 080CHOPOHHBLOIO NOOAYEI0, PO3NOOLL IHMEHCUBHOCMI dedhopmayiti
Ha 0cHo8i memooy ckinuennux eaemenmis (MCE) 6 cepedosuwi QForm 2D.

The purpose of this study is to change the workpiece in the process of combined radial
extrusion with bilateral feed, the distribution of the intensity of deformation based on the finite
element method (MSE) in QForm 2D.

[Ipouec paaiaibHO-NPSMOTO BHUIABIIOBAHHS BITHOCUTHCSA A0 TPYIU HOBHUX
MaJOBUBYEHUX CIOCOOIB BUAABIIOBAHHS 3 IHTEHCUBHOIO PO3AAU€IO, IO JT03BOJISE
OTpUMAaTH MOPOKHUCTI BUPOOM 3 MOMEPEYHUMHU PO3MIpaMH, L0 NEPEBUILYIOThH
pO3MIpH 3aroTOBKH, a TaKOX CKIAIHONPO(IILOBAaHI CTaKaHW 31 3MIHHOIO 1
MOCTIHHOIO TOBIIMHOIO CTIHKH IO BUCOTI.

@opMyBaHHS 30BHIIIHIX Ta BHYTPINIHIX (DJIaHIIB 32 CXEMOI CYMIIIEHOTO
pajiaibHOTO BHJIABIIIOBAHHS 3 JBOCTOPOHHBOIO mojauero (puc. 1 - a) mpu
BIJTHOCHO TOHKIiH CTiHII t 3 (hOpMyBaHHSM BIIHOCHO BUCOKHX (pJIaHIIiB BUCOTOO h
— marepian 3arotoBkd AMuM, (R1/Ro=0,6;R1=7,5; Ry=12,5; h/t =1,2; h=6; t=5).
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Puc. 1. Cxema CyMIIIEHOTO pPaaiaibHOTO BHUAABIIOBAHHS 3 JBOCTOPOHHBOIO
nojavero  (a), po3NOALT  IHTEHCHBHOCTI  Aedopmariii  (0), oTpuMaHui
HamiBpaOpukar (B)

Mexa po3noaity Tedii MpoXOAUTh MPUOIU3HO TIO IIEHTPY 3aTrOTOBKH, TPOXH
3pylIyr04Yu B O1K 30BHIMIHBOTO (iaHIs. [{e mosCHIOEThCS HASIBHICTIO JOJIATKOBUX
HaIPY>KEHb, 1110 PO3TATYIOTHCS B MPOIECI pajlialibHOTO IIMHY MeTairy. Ha Topisx
bnaHUs yTBOPIOEThCS cdepa, 10 € HACHIAKOM MNPUTaIbMOBYBaHHS 30BHIIITHIX
mIapiB MeTay (sSKi CTUKAIOTHCS 3 IHCTPYMEHTOM) 332 pPaXyHOK KOHTAKTHOTO TEPTSI.
MakcumainbHi 3HaYeHHS! IHTEHCUBHOCTI Aedopmallii csararoTs & = 1,3 (puc. 1 - 0).
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JABOPATOPHMIA CTEHJI JJIS1 JOCJIJZKEHHS
MIKPOITPOLIECOPHUX CUCTEM KEPYBAHHS PIBHEM PIIMHA

Pospobneno nabopamopruii cmeno 0131 00CHIONHCEHHS MIKPONPOYECOPHUX CUCTEM
Kepy8aHHsi piGHeM pIOUHU 3 YPAXYBAHHAM  OCOOIUBOCMEU NYCKY MA  HeliHIUHOCMI
Xapakmepucmuku HAacocHoi ycmaHosku. IliomeepodiceHo adeksammuicms 3anponoOHOBAHOL
@izuunoi i komn tomepHoi modenell, wo O0ae niocmasu 015 il GUKOPUCIMAHHS NPU CUHME3] Ma
00CNIOJCEHHI  cucmemM  ABMOMAMUYHO20 — Kepy8aHHs  pieHem  piounu. Buxopucmanmus
1abopamopHo20 CmeHoy 8 CYKYNHOCMI 3 A0eK8AMHOW UOMY IMIMAYIliHOW MOOeI0 0038075€
3HU3UMU MPYOOMICMKICMb PO3POOKU CUCMeEM KepYB8AHHS 01 NPAKMUYHUX 3ACTNOCYBAHDb.

The laboratory stand for research of microprocessor control systems of liquid level
taking into account features of start-up and nonlinearity of the characteristic of pump
installation is developed. The adequacy of the proposed physical and computer models is
confirmed, which gives grounds for its use in the synthesis and study of automatic liquid level
control systems. The use of a laboratory stand in conjunction with an adequate simulation model
reduces the complexity of developing control systems for practical applications.

Beryn: 3acTtocyBanHs 3ac001B 00UMCIIIOBATILHOI TEXHIKU /I aBTOMATHU3allli
BUPOOHMYUX TMPOIIECIB BUBOJUTH BUPOOHUIITBO Ha SKICHO HOBUHW pIBEHb, NMpHU
AKOMY KEpyBaHHS 3JIHMCHIOETbCSA aBTOMAaTHYHMMH 1 aBTOMAaTH30BaHUMU
CUCTEMaMH, SIKI OXOIUIIOIOTh MMOBHUW UWKJI BUpoOHUITBA. I[lepen mnouaTkom
poOOTM HaJx HOBMM TPOCKTOM 3a3BHYail € 3arajJibHe YSBIEHHA IIPO
GbyHKIIIOHYBaHHS 00’€KTa aBTOMaTHh3allii. TOMy OCHOBHHMU akKIEHT pOOMTHCS Ha
QITOpUTMIYHE, amapaTHe 1 TMporpaMHe 3a0e3MedyeHHs] MPOEKTY. AJTOPUTM
(GYHKIIIOHYBaHHSI pETyJIsTOpa piBHA pIIUHK B pe3epByapi TMOBUHEH OyTH
JIOCTaTHbO THYYKHM 1 MICTUTH HACTYMHI 3aBJaHHS aBTOMAaTH3allii: HATIOBHEHHSI
ab0 37MMB 0 3aJaHOT0 PIBHA;, MIATPUMAHHS PIBHS PIAUHU; I1HIUKAIlS PIBHS
piauHU; podOoTa B pexUMax pPYYHOro 1 aBTOMATHYHOTO YyrhpasiiHHA. OTxe,
imeHTudikaiisi 00’€KkTa KEepyBaHHS 3 METOIO0 TIJIBMINCHHS TMOKA3HUKIB SIKOCTI
CUCTEMHU aBTOMATHYHOI'O KEPYBaHHS € aKTyaJbHOIO 337ayvelo, 0 Ma€ HAyKOBUU
IHTEpeC Ta MPAKTUYHE 3HAYCHHS.

MeTtor0 BUKOHAHHA POO0OTH € po3poOKa J1abOpaTOPHOro CTeHAA IS
JOCIIIJIKEHHSI MIKPONPOLIECOPHUX CHUCTEM KEpPyBaHHS pIBHEM pIIUHU Ta
KOMIT FOTEPHOT MOJIeNi, 10 BPaxoBy€ OCOOJIMBOCTI MYCKy Ta HEJIHINHICTD
XapaKTEPUCTUKU HACOCHOI YCTAaHOBKHU.

AHaJIi3 OCTAHHIX JOCTiIXKeHb | myOJikanii. Y nmpoMHUCIOBOCTI BaXJIUBUI
KOHTPOJIb PIBHA pIAMHU B pe3epByapl, SKUM MOXHA 3JIMCHIOBATH HUISIXOM
peryJifoBaHHS BUTPATH PiUHU, 1100 OTpUMATH BIAMOBIIHUN piBeHb piauHU. J1Jis
IIOTO HEOOXIAHO BIJMOBITHO BHOpATH PEKUM KEepyBaHHS 1 METOJl HacTpoiku [1].
3 MOBEPXHEBOI TOYKH 30PY, KOHTPOJIb PIBHS PIIMHU Y pe3epByapi HE MPEICTABIISE
0co0MBHX CKIagHOLIIB [2]. 3 orsimy Ha pi3HI BIACTUBOCTI 00’€KTIB KepyBaHHS
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apryMeHtyetbes 3actocyBanns I1 [2], TII- [1], ITI- [3, 4] 1 Da3i-perynsTopiB [5].
[Ipu nociipkeHHI MojeNied pe3epByapiB IS PIAMHU BPaXOBYIOThCS Pi3HI
napameTpu: Gopma pesepByapa (MWIIHAPUYHA, KOHIYHA); OJUHOYHUN pe3epByap
abo0 X BOHHU CIIOJIyY€HI; TEIJIOBI MPOIIECH; MEPEMIIIyBaHHs BMICTY pe3epByapa.
JIisi cCMHTE3y CHUCTEMH aBTOMATHYHOTO KEpPyBaHHS, IO BPAXOBYE 1HAMBIAYyalbHI
OCOOJMBOCTI TEBHOT KOHCTPYKIIl, PEKOMEHAYETbCA I1MCHTHU(IKYBaTH 00’ €KT
KepyBaHHA [3, 6-8], OTpUMaBIIM TakKMM YHWHOM KOro HAaOIMKEHUH OIUC.
BukopucTtoByroun MaTeMaTHYHUN OMHC O0’€KTa KEPyBaHHS PO3IMIHPIOIOTHCS
MOJKJIMBOCTI 3 BUKOPHCTAaHHS BIpTyanbHUX Jaboparopiii [9, 10] misa po3poOku i
JOCITIKEHHSI CUCTEM aBTOMATHYHOTO KepyBaHHS IuMu o0’ektamu [11]. Bimomo,
110 MpU MepeKauyyBaHHI 3a0pyJHEHUX PIIMH Ha BUCOTY Ma€ MICIE CHOPOKHEHHS
TpyOONPOBOAY MPH BIAKIIOYEHHI HACOCY BHACTIAOK HEMOXKJIMBOCTI BCTAHOBJICHHSI
3BOPOTHOTO KJamaHy. B pe3ynbTari 4oro mpu MYyCKy MNPUCYTHE TPAHCIIOPTHE
3aIi3HEHHA, K€ 3HUKA€ IPHU 3allOBHEHHI TpyOompoBoay. Bkaszani ocobiuBoCTi
3MYIIYIOTh 3MEHIITYBATH IIBUIKOAII0 CUCTEMH KEPYBaHHS B YCTAICHOMY PEXHUMI 3
METOI0 BUKJTFOUCHHS aBTOKOJIMBAIBHUX PEXKUMIB TIPH ITYCKY.

Buxkiaang ocHoBHOro marepiaay gociaimkeHHs. J{ns  AOCHIKEHHS
O0COOJIMBOCTEN IyCKYy Ta HENIHIHHOCTI XapaKTepUCTUKH HACOCHOI YCTAHOBKHU
pO3p00JICHO JTa0OpATOPHUM CTEHJ, SKUH CKIAJA€ThbCsl 3 MIKPOIPOIIECOPHOTO
perynsitopa MIK-127 [12], nBox emuocteit (TANKI1 1 TANK?2), aBToM0OG1715HOTO
HACOCYy CKJIOOMHUBaya 3 JBUTYHOM IOCTIHHOTO CTPYMY HOMIHAJIbHOIO HAIPYTOlO
xuBlieHHs 12 B, gain kepytouoro curHainy (G), manual control unit (MCU) Tta
level sensor (LS).

CtpykTypHa cxema JIabopaTopHOTO CTEH Iy HaBeJieHa Ha PUCYHKY 1.
MCU LS €muictio 1 € mpo3opa prﬁa
JIOBXKMHOK 110 cM Ta BHyTpIIHIM
[1 ] niametpoMm 2.5 cMm. PiBeHb piguHuU
y BUMIPIOETHCS T1IpOCTAaTHYHUM
MIK-127 Tank 1 METOJIOM 33 JIOLIOMOTOK) CEHCOPY
$ el MPX2010DP [13], mo siBisie 9060}0
MepeTBOPIOBAY nudepeHIiiiHOTO
tucky Bimx 0 mo 10 «kIla B
G Tank 2 enektpuuyamic curHan 0-25 mMB npu

*UBJEeH1 Hanpyrowo 10B.

- Pump 30BHINIHIA ~ BUIJISIA ~ CTEHIY

MPEACTABICHO HA PUCYHKY 2.
MikponpoecopHuii KOHTPOJIEP

Y

Pucynox 1 - CrpykTypHa = cxeMa  \jpe 177 e IMIUPOKUN  BHOIp

71a00paTOPHOTO CTEHY TUTS o
: CTPYKTYp KEpyBaHHS Ta 3aKOHIB:

aBTOMaTUYHOIO  KEpyBaHHS  pIBHEM . , :

, aHajmorosli Tta  immyuascHl  IIIJI-

piauHu

peryusaTopu, HIIM-koHTpONEPH,
KacKaJHI KOHTPOJIEPH, CIIBBITHOIICHHS TMapaMeTPiB, KOHTPOJIEPU 3 KOPEKIIIETO,
OJIHO- Ta JBOKaHAJbHI KOHTPOJIEPH, KOHTPOJEPH 13 3aJaHOI0 MPOTPamMoi0 TOIIO
[12]. KonTposep mporpaMyeThes 3a AOMOMOIOI0 KJIaBilll Ha MEpeHii maHesi abo
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yepe3 1HTepdeiic 3a JOMOMOTOK CHEIIaIbHOTO MPOrpPaMHOTO 3a0€3IeUeHHs -
Bi3yanbHOTO pemakTtopa mnporpam ALDA ALPHA. fx moBa mnporpamyBaHHS
cuctema peanmizye Oinok-cxemy ¢Gynkmiii (FBD), sxa Hamae kopucTyBadesi
MEXaHi3M IporpamMyBaHHs BizyaiabHOTO 00'ekTa. Pemaktop FBD-nporpam ALPHA
Mae BOYJJOBaHMI HanaroKyBad Mporpam, CUCTEMY JIOTTYHOTO MOHITOPUHTY CTaHy
IporpaMu, MOXJIMBICTh JOKYMEHTYBaHHS IMporpaM, JApPYyK, HpPeICTaBICHHSA
nporpamMu B TaOJHIIl TOIIO.

E Jnsa  pocmikeHHsT O00’€KTy CHCTEMHU
aBTOMaTUYHOIO KEpPyBaHHS pPIBHEM pPIJIUHU Y
cepenoBuilli ALFA po3poOieHo nporpamy, sika
JI03BOJIsSIE BCTAHOBIIOBATH CUTHANl KEPYBaHHS
Ha aHAJIOTOBOMY BUXO/1 13a 10MOMOrow 070Ky
pyuHoro 3aBnanHs. Kpim 1poro, curmam 3
JaBavya pIBHA TEPEAA€ThCs Ha aHAJIOTOBHMA
: BUX1J 2, IKUWA BUKOPUCTOBYETHCA MJIsl 3aIUCY

) \
— 3MiHM ~ DPIBHS  DiIMHM 338  JIOIOMOIOKO
,' ocrmiiorpady. IloTouni 3HaYeHHsS CHUTHATIIB
4 Tank 2 BHJIAIOTHCS HA MEPEAHIO MaHEeIb PEryjsaTopa 3a
TP \ JIOTIOMOT 010 OJIOKY 2.

iy

B xoni po6oTu BH3HaueHa B TaOIWYHIN
(dbopMmi 3a1eKHICTh MPOAYKTHBHOCTI HACOCY Bij
KEpylO4YOoro CHUTHAJly Ta AaHAJIITHYHUNA BHpa3
3aJIEKHOCTI MPOJYKTUBHOCTI BUTIKAHHS PIAUHU
Bil ii piBHA y emHocTi 1. BcraHomowoun
(dikcoBaH1 3HAYEHHs 3aBJAaHHS Ta (IKCYIOUH
MPOMIXKOK Yacy, 3a SIKUU piiMHA TiI1HMaEThCs

Pucynok 2 — ®oto BiJl MOYATKOBOTO JI0  KIHIIEBOTO  pIBHS,
71a60paTOPHOTO CTEHY IS OTPUMAHO €KCIIEPUMEHTAJIbHI JaHi.

aBTOMAaTHUYHOT'O KEPYBaHHS 3 METOH  BHU3HAUCHHS  3aJIKHOCTI
PIBHEM pITUHU MPOIYKTUBHOCTI BUTIKAHHA 3 06aKy 1 Bim piBHS

pIAMHM Yy HbBOMY TPOBEACHO HACTYMHHUN

eKCIIepuMEeHT. B mporeci BUTIKaHHA BiJ MakCHUMaJIbHO PIBHA PIIWHU y Oaky
(biKCyBaJIMCSI MOMEHTHU MPOXOKEHHSI PIBHEM PIJIMHU BIIMITOK KpaTHHX 10.

[IponykTuBHiCT, BUTIKaHHA Q;, cepemHiii piBeHb piaman  Hmid; ,

3aJIeKHICTh MPOIYKTUBHOCTI BUTiIKaHHSA Q Bif piBHs pimuHu H po3paxoByBamucs

3a ¢popmynamu (1), ne D = 2,5 cm, H; - BHCOTa CTOBIYMKA PiAKHU, IO BiAIOBiga€E

KOXHIN onM(poBaHii MOIIII IKaH, {j - 9ac JOCATHEHHS KOXHOI OIupoBaHO1

TTOJIUIKH IIKAJIA
(Hi-i —Hi) -7z - D? (Hig +Hi) JH
_ | id =—, Q=KJH 1
Q 4-(t —ti1) Fimie 2 ’ »

3a pe3ynbTaTaMu €KCIEPUMEHTIB CTBOPEHA KOMIT IOTEpHAa MOJENb 00’ €KTa
kepyBaHHa (puc.4) y Matlab/Simulink. Pesynbpratn pospaxyskiB tabmuii 3.1
BUKOPHCTAHO JIJIi BCTAHOBJCHHS mapameTpiB Ojoky “Pump” (Lookup table).
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3amnoBHEeHHsT TPyOONPOBOAY MpHU IYCKY 3MOJIENbOBAHO OJOKOM TPAHCIIOPTHOTO
3amizHeHHs ‘“‘Time delay” 1 mepemukauem “Switch”. YMoBoIO nepeMukaHHs €
J0JJaTHE 3HAYEHHS PIBHA MPOIYKTHBHOCTI Ha Buxoi O0yoka “Time delay”. Takum
YUHOM OpPraHi30BaHO HASBHICTh TPAHCIOPTHOTO 3ami3HEHHS TMpH MYCKy 1
BIICYTHICTb MOTO B YCTaJeHOMY pexumi. s MmiaTBepIKeHHS aJeKBAaTHOCTI
po3po0sIeHOT KOMIT'IOTEpHOI MojeNi 00’ekTa KepyBaHHS (I3HUHOMY OO €KTY
(JTabopaTOpHOMY CTEH]IY) MPOBEJACHO €KCIIEPUMEHT, B X0l SKOTO MPHU 3aKPUTOMY
KpaHi 3JIUBY PIAVMHU MPOTATOM IIEBHOTO Yacy BCTAHOBIIOBABCS (DIKCOBaHUI CUTHAI
kepyBaHHsl. [licis 4oro KpaH 3/MBY piIUHU BIAKPUBABCS.

/I 1=
22 g Scope

Control signal
o Pump

[~
=

Valve

Signal Builder

Pucynok 4 - Komn’rotepHa MoJieinb 00’ €KTa KEpyBaHHS

Pe3ynbpTaT KOMIT'IOTEPHOTO MOJICTIOBAHHS ITOKa3aHI Ha PHCYHKax 5, a 1
5, 6. Ocuwiorpamu (Pi3MYHOTO EKCIEPUMEHTY OTpPHUMaHI 3a JIOIOMOTOIO
nndposoro ocmmtorpadha OWON PSD 50228 1 nmoka3ani Ha pucyHkax 7,a1 7, 0.

100 e U

Uz(t),% Uz(t) %

4o H(t).sm Uz(t) | HOsm H(Y)
60|

40

H(Y)
20+
ts
00 10 20 30 40 50 60 70
a) 6)

Pucynok 5 - Pezynbratu komm torepHoro monentoBanus npu Uz=100%, t=10 s (a),
npu Uz=70%, t=20 s (0).
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Pucynok 7 - Pesynbratu ¢dizuunoro ekcnepumenty npu Uz=100%, t=10 s (a), npu
Uz=70%, t=20 s (0)

[lopiBHSIHHS pe3yNbTaTIB KOMIT IOTEPHOTO MOJIEIIOBAaHHS Ta (PI3UYHOTO
eKCIIEPUMEHTY MIATBEPKYE aJIeKBATHICTh 3alIPOIIOHOBAHOT MaTEMaTHYHOT MOJIEI
1 Jlae MmACTaBW I BUKOPUCTAHHS 11 TP CHUHTE31 Ta JOCHTIKCHHI CHUCTEM
aBTOMAaTUYHOT'O KEPYBaHHS PIBHEM PiJUHHU.

BucnoBku. Po3poGrienuit nmabopaTopHuii CTEHI M03BOJISE JTOCIITKYBATH
QITOPUTMHU KEpPYBaHHS pPIBHEM DPIAMHM 3 YpaxyBaHHSIM OCOOJMBOCTEH IMyCKy Ta
HETIHIMHOCTI ~ XapaKTepUCTUKH  HACOCHOI  YCTaHOBKM.  BuKopucTaHHs
Ja00paTOPHOTO CTEHAA 3 aJCKBAaTHOIO MHOMY IMITAIIHHOIO MOJCIUII0, M0 €
KOMIUIEKCHUM 1HCTPYMEHTOM 3 pO3pOOKH, HAIAroXKEHHS Ta OIIHKH €()eKTHBHOCTI
CHUCTEM KEepyBaHHS PIBHEM DPIAWHH, JIO3BOJISIE 3HU3UTH TPYIAOMICTKICTH PO3POOKH
CUCTEM KepyBaHHS JUIsl IPAKTUYHKUX 3acTocyBaHb. [loganbin gociaiakeHHs OyayTh
HaIlpaBJI€Hl Ha PO3POOKY CUCTEMHU KEPYBaHHS, 110 MOEIHYE CTIMKICTh MPU MYyCKY
Ta BUCOKY IIBUAKOMAIIO B YCTAIECHOMY PEXHUMI.
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Kyparnik T.B. (Vkpaina, m. Ilonmasa, Komynanvnuii 3aknao  Ilonmascvka
eimHazii «300poe’ay Nel4 Ilonmascvkoi micokoi paou Ilonmascvkoi obracmi)

PEAJIIBALIA STEAM-ITPOEKTIB 3AIJISI PO3BUTKY HAYKOBO-
JOCJIJHULBKOI JISAJIbHOCTI YYHIBCHKOI MOJIO/II B
OCEPEJIKY MAH

Ilepeopienmayis oceimu Ha maxy, wo 6i0N0BI0A€E 3anNUmam MaudymHb020, IPYHMYEMbCS
HA MIJICNpeOMemHUX 3HAHHAX Ma 6MIHHAX, nepedbauae 3acmocy8aHHs KOMNemeHmHoCcmet y
BUCOKOMEXHONIOIUHOMY, UWBUOKOSMIHHOMY MaA NONIKYIbMYPHOMY CYCRIIbCMBL € 20JI06HUM
BEKMOPOM Yi020 psady ocsimuix cucmem. Ha OymKy cneyianicmis, 3a3HaueHi yini peanizyomucs
wisxom enposaddicennsi max 36anoi STEAM-oceimu. ¥V yomy ocodnrugicmov STEAM-ocgimu i ski
MOJACIUBOCII  3ANPOBAOIICEHHA MAKOI cucmemu ) HABUAILHO-BUXOBHUL NpPOYeC CYYACHUX
ocgimHix 3aknaodis, 30kpema peanizayiro STEAM- npoexmis 3a0nsa Hayko80-00CHIOHUYLKOL
OisbHOCMI YYHIBCHLKOI MOI00i 6 ocepedkax MAH npedcmasneno y oawiti cmammi.

The reorientation of education to one that meets the demands of the future, is based on
interdisciplinary knowledge and skills, involves the use of competencies in a high-tech, fast-
changing and multicultural society is the main vector of a number of educational systems.
According to experts, these goals are realized through the introduction of so-called STEAM-
education. What is the peculiarity of STEAM-education and what are the possibilities of
introducing such a system in the educational process of modern educational institutions, in
particular the implementation of STEAM-projects for research activities of students in the IAS
centers are presented in this article.

Ilepexin 1m0 1HHOBALIMHOI OCBITH €BPOMEUCHKOrO PIBHS TMepeadavae
NIArOTOBKY (haxiBLIB HOBOI IeHepanii, 3JaTHUX A0 CyYaCHHX YMOB COLIaJIbHOI
MOOUIBHOCTI, 3aCBOEHHS TMEPEOBUX TEXHOJOTINA. 3a HHUHINIHIX YMOB B YKpaiHi
3arpeOyBaHMMU cTaroTh: [T-axiBii, mporpamicTH, iHXEHepu, MNpodecioHaIn
BHUCOKO TEXHOJIOTITYHUX BHPOOHHITB, (haxiBii 010- 1 HAHOTEXHOJIOTIH. 3100yTTS
cydacHux npodeciii morpedye BceOIUHOI MiATOTOBKH 13 PI3HUX OCBITHIX oOJjacTen
MPUPOIHUYMX HAYK, 1HXKEHEpii, TEXHOJOTii Ta MporpaMyBaHHs, HaIPSMIB, SIKI
oxormoe STEM-ocsita. ['omoBHa metra STEM-ocBiTM mosisirae 'y peanmizanii
JIep>KaBHOI MOJITUKH 3 ypaxyBaHHSM HOBHX BUMOT 3akoHYy Ykpainu «IIpo ocBiTy»
IIOJI0 TIOCWJIEHHS PO3BUTKY HAyKOBO-TEXHIYHOTO HampsMy B HaBYaJIbHO-
METOAMYHINA AISIBHOCTI HA BCIX OCBITHIX PIBHSIX; CTBOPEHHI HAYKOBO-METOIUYHOI
0azu Uil TABUINCHHS TBOPYOTO TMOTEHINATy MOJoMaI Ta mpodeciiHol
KOMIIETEHTHOCTI HayKoBoIllegaroriyaux mnpaimiBHukiB. STEM—ocBita — kareropis,
sKa BU3HAYA€ BIJMOBIAHWI IMENaroriyHui mporec (TeXHOJOri) GhopMyBaHHS 1
PO3BUTKY PO3yMOBO-TII3HABAIBHUX 1 TBOPYUX SKOCTEH MOJIOJII, PIBEHb SIKUX
BHU3HAYAa€ KOHKYPEHTHY CIIPOMO>KHICTh Ha CydyacHoMY puHKY npati. STEM—ocBiTa
3MIACHIOETBCS 4Yepe3 MDKAUCUMIUIIHAPHUKA Miaxig y moOynoBl HaBYaJbHHUX
nporpam 3akKJajJiiB OCBITH pi3HOro piBHA. AkpoHiM STEM (Bix anrn. Science —
npuponHudi Hayku, Technology — texHonorii, Engineering — iHxeHepis,
NPOCKTYBaHHs, Au3aiiH, Mathematics — maremaTtnka) BU3HAYa€ XapakTepHI PUCH
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BIJIMOBITHOT ~ MUAAKTUKH, CYTHICTh  SIKOI  BUSABISETbCS y  TIO€IHAHHI
MDKJIUCHMUIUTIHAPDHUX ~ MPAKTUKO  OPIEHTOBAaHUX  MIAXOAIB 7O  BHUBYCHHS
IPUPOTHUYO-MAaTeMaTUYHUX AucHUIUIiH. Boanowac, y STEM-ocBiTy akTHBHO
BKJIIOYAIOTHCSA TBOPYi, MHUCTEIBKI AUCHUIUIIHK, 00’€IHaHI 3arajbHUM TEPMIHOM
Arts (mo3nauenHs BiamosigHoro migxoay — STEM and Arts). Akryansanmu STEM
and Arts HampsMamMu € TIPOMHUCJIOBUN JHW3aliH, apXiTEKTypa, IHIyCTpiajabHa
ecTeTuka Tomo. Bukopucranus nposigHoro npunnuny STEM-ocBit — iHTerpanii
— JI03BOJISIE 3/I1MCHIOBAaTH MOJEPHI3ALII0 METOAOJOTIUHUX 3acajl, 3MICTy, 00cATy
HAaBYAJBHOTO  MaTepially MPeAMETIB  MPUPOJHUYO-MATEMATUYHOTO  IUKITY,
TEXHOJOTI3aIlll0  Mpolecy  HaB4YaHHA Ta  (OpMyBaHHS  HaBYAJIbHUX
KOMIIETEHTHOCTEH SKICHO HOBOro piBHA. lle Takox crpuse OUIbII SKICHIN
MiATOTOBII MOJOI 0 YCIHIIIHOTO MpaleBiIalliTyBaHHs Ta MOJANbIIOI OCBITH, SKa
BUMArae pi3HUX 1 OUTbII TEXHIYHO CKJIAJIHUX HABUYOK, 30KpeMa 13 3aCTOCYBaHHAM
MaTeMaTUYHUX 3HAHb 1 HAYKOBUX MOHATh. OCHOBHI KJIIOYOBI KOMIETEHTHOCTI
koHuenii «HoBoi ykpaiHCBhKOI IIKOJMW», a caMe: CIUIKYBaHHS JEp>KaBHOIO Ta
1HO3eMHMMH  MOBaMH, MaTeéMaTH4YHAa TPaMOTHICTb, KOMIIETEHTHOCTI B
OPUPOAHUYMX HAyKaxX 1 TEXHOJIOTISAX, 1H(POPMALIMHO-UIU(PPOBa TIPaMOTHICTD,
YMIHHS HAaBYaTHUCS BIPOJIOBXK KUTTSA, COLIAIbHI i TPOMAITHChKI KOMITETEHTHOCTI,
N1AIPUEMIIUBICTD, 3aralbHOKYJIBTYPHA, €KOJIOTYHA TPAMOTHICTD 1 3J0POBE JKUTTH,
rapMOHIAHO BXOsTh B cucteMy STEM-0cBiTH, CTBOPIOIOYHM OCHOBY JUIsl YCIIIIHOT
caMmopeaizailii 0cCOOMCTOCTI 1 SIK (paxiBIi, 1 IK TpOMaisiHUHA [2].

Cepen (dakTopiB 1HHOBAIIMHOTO PO3BUTKY B YKpaiHI BaXIMBE MICIE
HAJIC)KUTh  BIJHOBJICHHIO KOHKYPEHTOCIIPOMOXKHOCTI  YKpaiHCBKOi  HAyKH,
dbopMyBaHHIO MaHOYTHBOI HAYKOBOT €JIITH KpaiHH.

Opniero 3 HariepekTUBHIMUX (HOPM HAYKOBO-AOCIITHOI MISIIBHOCTI YYHIB €
Mana akagemis Hayk (MAH), sixka cnipusie po3BUTKY MOCTIAHUIIBKUX 3710HOCTEN
IOHUX HaAyKOBIIB, (OPMYBAaHHIO HABUYOK BEJCHHS HAYKOBOI'O JOCIIKEHHS,
aHaI3y OTPUMAaHUX PE3YJbTATIB, iX 0OPMIICHHS, PO3BUBA€E BMIHHS MTPE3CHTYBATH
BJIaCHI 3100yTKH, (HOPMYIOYM HABUKH KOHKYPEHTOCIPOMOXKHOCTI, BMIHHS
BIJICTOIOBATH BJIacHI oriisiind. Y mexkax MAH crapiiokiiacHUKY MPOXOIATh TEPII
€Tany CTAaHOBJICHHSI SIK HAYKOBIII.

[IpiopuTeTHUM BEKTOPOM Oprasizauii HayKOBO-IOCIJHUIBKOI ISUIBHOCTI
oHuX HaykoBIiB € STEAM-ocBiTa, 30pi€HTOBaHa Ha BHHAXIJHUIITBO Ta
iHHOBaTUKy. STEAM TexHONOrii CTBOPIOIOTH ONTHUMAaJbHY HAyKOBY IIaTQopmy
JUIS. YYHIBCBKHMX JIOCHIJKEHb, aKe JO03BOJISIIOTh IHTETPYBAaTU 3HAHHS PI3HUX
JUCITUTUIIH, TIPOBOJIUTH PI3HOMAHITHI JTIOCHIIA, TEHEPYBATH HOBI 111, CTBOPIOBATH
Cy4acHi BUHAXO/IH.

AxtuBHe BrpoBamkeHHs STEAM- ocBiTM B ymMoBax craHoBieHHs HoBoi
YKpaTHCHKOI IKOJIM Bifi0yBaeThes uepes peanizaiiito STEAM npoexTis.

[Ipoekt sik 3aci0 peamnizanii STEAM-0ocBITH 103BOJIsIE OpraHIYHO IHTETPYBATH
3HAHHS Y4YHIB 3 PI3HUX AMCIUIUIIH TiJ 4Yac PO3B’S3aHHS peajbHUX MpoOieM,
OOyMOBITIOE 1X TIpaKTUYHE BUKOPUCTAHHS, TEHEPYE MPHU IIbOMY HOBI i7iei, popmye
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BCl HEOOXITHI >KUTTEBI KOMIIETEHII, 30KpeMa, MOJIKYyJIbTYpHi, MOBJICHHEBI,
1H(popMaliiiHi, couianbHi [1; 6]

Texnonorii € came TUM HaBUYaJIbHUM MPEIMETOM, SKUN sSKHaKparie
JIEMOHCTPY€E 1HTETpallil0 3HaHb Ta BMIHb YYHIB 3 PI3HUX IpeaMeTiB. Bukonyroun
po0OTy HaJ KOXXHUM HaBUaJIbHHUM MPOEKTOM YYHSIM TMOTPIOHO CaMOCTIHHO
CIIPOEKTYBAaTH MailOyTHIN BUPIO, MPU [IbOMY BUKOPUCTATH 3HAHHS 3 MATEMAaTHKH,
¢bi3uku, Ximii, iIHPOpMAIIIITHUX TEXHOJOT1HM, MUCTENTBA, O10JI0T11 3a JIJIsl CTBOPEHHS
(GYHKIIIOHAIBHOTO, IIIKABOIO Ta HOBOTO BHpOOy. Y TakoMy BHIAIKy VY4YHI
BOAUYarOTh J1€BUM 3B’A30K TEOPIi 3 MPAKTUKOIO YKUTTSI.

STEAM mnpoekTu MOXYyTb MaTH SIK HaBYAJIbHHUI TaK 1 eKCIEPUMEHTAIbHO-
JOCIITHULBKUN XapakTep. [CHYIOTh MEBHI BHMOTM IIOJO peaii3aiii TaKuxX
MPOEKTIB: MO-TIEpIIe, TeMa MPOEKTY MOBUHHA OYTH aKTyaJbHOIO Ta KOHKPETHOIO,
CIPSIMOBAHOIO HAa BHUPIIIEHHS BU3HAYEHOT TPOOIEMU; MO-APYyTre, YUUTENb BUCTYIIA€E
KEPIBHUKOM, OPTaHi3aTOPOM, KOHCYJTBTaHTOM, THIOTOPOM MPOEKTY, TOOTO HAIITIOE
poOOTy y4HIB B MOTPIOHOMY HamNpsIMKy, ajieé HE BTPYYAEThCA B CaM IMPOIIEC
JOCITIJIKEHHS; MO-TPETE, MOTPIOHO CTBOPUTH HEOOXIJHI YMOBU JIJISi TIPOBEICHHS
YYHIBCBKOTO €KCIIEPUMEHTY,3BHYalfHO, HAalKpaIlle MaTH CIeIiadbHO 00JalTOBaHy
STEM naGoparopito, xo4a MOXHa 1 OOMEXHUTHUCS 3a0e3MeUYCHHSAM JOCIITHUKIB
HEOOX1THUM OO0JaJHAHHIM; I0-YETBEPTE, B Mpoleci poOOTH HaJl MPOEKTOM YYHI
MOBUHHI CaMOCTIHHO 3aCTOCOBYBaTHM Ta BMITH IHTETpyBaTH 3HAHHS 3 PIZHHUX
HAayKOBUX Trajy3ed ab0 HaByaJbHUX MPEIMETIB, aHaJi3yBaTh OTPHUMaHy
iH(popmarliito, poOUTH BJIACHI BUCHOBKH, 1 HAOCTAHOK, MIJICYMKOM OYIb-SKOTO
STEAM npoekTy noBUHEH OyTH MPAKTHUYHUN Pe3yJbTat, BUPIO, CIPSIMOBAHUN Ha
BUpPILIEHHS! 00paHO1 NPOOJIEMH.

Ha croromni BenudesHa yBara jepskaBu, IINPHEMIIB, MEIIEHATIB MPUKYyTa
70 BUSIBJIEHHS Ta MIATPUMKHA TaJaHOBUTOI HAyKoBOi MoJioai. BigmosigHo, s
YUYHIB BIJIKPUBAIOTHCSA IIUPOKI MOXKIJIMBOCTI: Y4acTh y KOHKypcax Ta HAyKOBO-
TEXHIYHHUX BUCTaBKax, peai3allisi HayKOBO-IOCIIIHUIIKUX TporpaM, KOHKYPCH Ha
OTpUMAaHHS IPAHTIB.

B Vkpaini Taka cucrema moyana po30ymOBYBaTHCS JOCHTH JIaBHO.
Hanpuxknan, Manoro akagemiero Hayk Ykpainu y 2000 poii Oysa 3anpornoHoBaHa
nemaroriuaa cucrema «Illkoma — MAH». i ocHoBOIO € aBTOPCbKAa METOJMKA
CeiTnanun binoyc — kaHaujata NOeAaroriyHUX HaykK, 3aBiyBaukd HayKOBO-
JOCITITHOT eKcrepuMeHTanbHoi nadoparopii — ¢imi HI «MAHY» «Meroauka
JUHAMIYHOTO MOJICTIOBAaHHS, 200 JIOCTITHHUIIbK] JIAHIIFOIKKH)).

HactymHuM KpOKOM pPO3BUTKY IIBOTO MPOEKTY CTAJIO CTBOPEHHS Ui —
HayKOBO-JIOC/TIIHOT eKCIepUMEHTAIbHOI jaboparopii. Takoxk, abu MiABUIIUATU
edexTuBHICT, 3ampoBapkeHHs «lllkomm — MAH» 1 3amy4uTd KOXHOTO 3
YKpaiHChKUX IIKOJSPiB 70 Mamoi akamemii Hayk YkpaiHu, OyJlo CTBOPEHO
cuctemy STEM-ocBitu nij HazBoro «MAH-FOHiop».

3a mieto cuctemoro kKoHkypcu «MAH-IOniop Epymuty 1 «MAH-IOHIiop
JlocmiaHuK» TPOXOaATh 3a HOMIHAIAMH « TexHikay, «AcTpoHOMisN», «EKoorisy
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ta «lctopis». Ha I erami yuHi OTpUMYyIOTh MOTHBAIIIO O Mi3HAHHS B MEBHIN
rajxysi, pO3IIMPEHHsI CBIiTOTMAMY, a HampukiHil III eranmy, HaOyBIIM TEBHHX
JOCTIAHUIIBKUX HAaBUYOK, CTBOPIOIOTH 3aBepuieHuil mpoekt. 3a 10 pokis
3anpoBapkeHHsT KOHKypciB «MAH-IOHiop» He Tinmbku cdopmyBaBcs TEBHUIA
NepemiK MUTaHb IIOA0 OpraHi3allii MOUIyKOBOI MisSJIBHOCTI y4YHIB, a 1 yTBOpHIIACS
CIIJIbHOTA BYHUTEIIB Ta iXHIX YYHIB, Kl TOCTIHHO O€pyTh aKTHUBHY y4YacTh Yy
KOHKYpCax.

VY4H1 HaIOro HaBYAJIBHOTO 3aKJIa/ly € MOCTIMHUMH YYaCHUKaMHU KOHKYPCY-
3axucty MAH Ta HEomHOpa3oBO CTaBalu MEPEMOXKIIMH Ha pPI3HUX eTamnax,
30kpemMa y cekmisfax «TexHika», «MucTenTBO3HABCTBO» ( Ti CEKii, Je Y4HI
MpaIolTh 3 YYUTEIEM TEXHOJIOTIH SIK HAayKOBUM KepiBHHKOM). KoskHa
JOCHTIKyBaHa poOOTa € YHIKaIbHOIO Ta HAYKOBO-3HAUYHMMOIO, a/)Ke YUHI OOUPaAIOTh
aKTyasbHI 11ikaBi TemMu. [Ipioputer HagaeThCs PO3TISAAY TUX MUTaHb, SIKI 3HAXOb
BIITOJIOCOK Yy BJIACHIM TBOPYOCTI Y4HIB( HamMpukKiIajg, po3poOKa yCTAaHOBOK JJisi
BUPOOITKY TeIJIa YW BHUTOTOBJICHHS peued 13 HemoTrpedy, SK HOBUN HaIpsM
nu3aiiHy). TakoXk 3HaYHa yBara Y4YHIB MPUIUISETHCS BUBYEHHIO 0a30BOroO
IpeaMeTa 3a i Pe3yJIbTATUBHOTO HAMMCaHHS KOHTPOJIBHOT pOOOTH Ha KOHKYPCI
(y cekuii «TexHIKa» — MaTeMaTUKa, «MUCTEUTBO3HABCTBO» — YKPaiHChKAa MOBA).
Hns  edextuBHOT  opranizaimii  HayKOBO-IOCTIAHHUIIBKOT  JISJIBHOCTI MM
BukopuctoByemo STEAM texHosorii, sKki T03BOJSIOTH 3 PI3HUX CTOPIH
MpoaHa izyBaTy MpoOaeMy AOCHIKEHHS, IHTerPYIOYr HEOOX1/1H1 3HaHHSI Y4YHIB 3
pI3HUX TpeaMeTiB. Y Tmporieci poOOTH HaJ BIACHUM HAYKOBHUM JIOCIIIKCHHSIM
y4Hi 31€0UIBIIOr0 MpaIooTh Haja BiacHuM STEAM npoekToM, pe3yiabTaTu SIKOTo
CTalOTh MIATBEPIKCHHS HAYKOBHX TIMOTE3 YUYHIBCHKO1 JOCITITHUIILKOI POOOTH.

OxkpiM y4acTi y KOHKYpCI-3aXHUCT1 HAYKOBO-A0CTiTHUIIbKIX po0i MAH namri
yuHi nipeacTaBisitoTh cBoi STEAM mpoekTu Ha pi3HUX KOHKypcax. Tak, Ba poKd
MOCHJb TaJaHOBUTA YYHIBChKA CIUJIBHOTA HAIIOli TIMHA3ii MpeCTaBlisie CBOi
STEAM npoekTn Ha BeceykpaiHChbKOMY KOHKYPC1 €KOJIOTTYHHUX MPOEKTIB, KOMIKCIB
Ta ece HalloHanmbHOTO TEXHIYHOTO YHIBEPCHUTETY «XapKIBCHbKUU MONITEXHIYHUN
IHCTUTYT», 32 pe3yJbTaTaMU SIKOTO MalOTh HailBuI Bij3Haku /y 2019 pori Oyino
MpeACTaBICHO OAWH TpoekT - 1 wmicue, y 2020 poui Oyno mnpeacTaBieHO 3
YYHIBCHKI TIPOEKTH, BIAMOBITHO MaeMo JiBa 1 micis Ta ogHe 2 Micie/. Temartuka
MPECTAaBICHUX MPOEKTIB 3YMOBJICHA PSIZIOM €KOJOTIYHUX MpPOoOJIeM ChOTOJCHHS,
o0 MOXYTh OyTH BHUpIIIEHI B MeEXax MicTa, 3akKjiaay, JOMOIrOCHOJapCTBa.
Hampuknan, B OAHOMY 3 TMPOEKTIB Y4YHI 3ampoIlOHYBaJIM BJACHE pPIlIEHHS
MTOBTOPHOTO BUKOPUCTAHHS HEMOTPIOHUX pedel 3aJjIs MOJIIIIEHHS 01aroycTporo
MiCTa, TIPU IILOMY IOHHUMH HAYKOBIIMU Oyl pPO3pOO0JICeHI EeKCIIepUMEHTaIbHI
MOJIeJll TaKMX BUPOOIB, MPOBEACHO MPAKTUUHI BUIPOOYBaHHS. Y MOJATBIIOMY I
MIPOEKTH MOKYTh CTaTH OCHOBOIO JIJII HAMMMCAHHS HayKOBO-JOCIITHUIILKOI pOOOTH
MAH.

OnHe 3 OCHOBHMX 3aBJIaHb CyYacHOI INKOJIM — CTBOPUTH YMOBH JIJIS
PI3HOOIYHOTO PO3BUTKY MIAPOCTAIOUOTO MOKOJIHHSA, 3a0€3MEeUnUTH aKTUBI3aIIIo 1
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PO3BUTOK 1HTENEKTYy, IHTYIIlll, JIETKOI MPOJYKTUBHOCTI, TBOPYOTO MHCIIEHHS,
peduiekcii, aHaMITUKO-CUHTETUYHUX YMiIHb Ta HaBUYOK 3 YypaxyBaHHIM
MO>KJIMBOCTEH KOKHO1 AUTHHHU. CydacHI METOIM HaBUYaHHS 3a0€3MMeUyIOTh aKTUBHY
B3a€EMOJII0 YYHIB 1 BUWTENsd B HaBuajbHOMY Tiporeci. Peamizamis STEAM-
MPOCKTIB CHPHUSIE PO3BUTKY HAYKOBO-IOCIITHHUIIBKOI isSTIBHOCTI YYHIBCHKOI
MOJIOfi, 30Kpema, B ocepeaky MAH. Baoposamxkenns STEAM -ocBitu € Baromum
BEKTOpPOM pPo3BUTKY HOBOi yKpaiHChKOi MIKOJM Ta MallOyTHHOTO IMiAPOCTAHOYOTrO
MTOKOJTIHHS B IIJIOMY.
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VJIK 62-184

Jlyma 10.B., Yepnoxoa A.B., nayk. kep. Koanescokuit C.B. (Vkpaina, m.
Kpamamopcwox, J{/IMA)

EKCIHEPUMEHTAJIBHE JOCILJI)KEHHA AKYCTUYHOI
ITEHTU®IKAIII TEOMETPUYHUX I ®I3UKO-MEXAHIYHUX
XAPAKTEPUCTHUK JETAJIEM MALIIUH

B pobomi npusoodsmecs pesyrvmamu  OOCHIOHCEHHHA QOPMYBAHHA AKYCMUYHO2O
cnekmpy 6i038yKy Oemaneil 6 3ainedcHocmi 6i0 ix napamempis. I[lokazano 3acmocyearHs.
amniimyoHo-yacmomuux xapaxmepucmux (AYX) 3paskie npu cmeopenni mooeneu Ha 6a3i
Helipomepedic OISl BUHAYEHHS PO3MIpIs, wopcmkocmi ma meepoocmi demanei. Bemanosneni
Haubinbw 3Hayywi 04 idenmupixayii napamempie uacmomu. Ilpeocmasnenuti ananiz
eKCNepUMEeHMANIbHO OMPUMAHUX Pe3VIbMAamis.

The paper presents the results of a study of the formation of signatures of parts
depending on their parameters. The application of amplitude-frequency characteristics (AFC) of
samples in the creation of models based on neural networks to determining the sizes, roughness
and hardness of parts is shown. The most significant frequencies for identification of parameters
are established. The analysis of experimentally obtained results is presented.

KonTpoapHi omepaiiii — HeB1J éMHa CKJIaJ0Ba TEXHOJOTTYHOTO Tporiecy. Bix
CTYNEHsI JIOCKOHAJIOCTI KOHTPOJII0, MOro TEXHIYHOTO OCHAIIEHHS ¥ opraHizaii
0arato B 4YOMYy 3aJIEXKUTh €(PEKTUBHICTH BHUpPOOHMITBA B IioMy. CyuacHe
MalmMHOOyAyBaHHS MOTpeOy€e MiABULIECHHS MPOIYKTUBHOCTI BUITYCKY BHUpPOOIB, a
CKOPOYEHHS BUTPAT Yacy Ha KOHTPOJIbHI Orepanii — A1€BUil clociO BUPIIIEHHS L€l
3aj1a4l.

Ha BmockoHaneHHs mpouecy aBTOMAaTHU30BAHOTO KOHTPOJIO CIPSMOBAHO
Oararo HaykoBux mpaip [1, 2, 3]. TlepcieKTUBHUMH CTalOTh aKyCTUYHI METOJIU
JIarHOCTUKU  BHUPOOIB  MamMHOOYJyBaHHS, 3acHOBaHI Ha  B3aeMomii 3
KOHTPOJILOBAHUM BUPOOOM TMPYKHHUX KOJIMBaHb 1 XBHWJIb IIMPOKOTO J1ama3oHy
gactoT [4]. 30Kkpema, BCTaHOBJIEHA MOXIJIUBICTh 1ACHTH(IKAIIT T€OMETPUIHHUX
napameTpiB JieTajeil Ha OCHOBI BUKOPHUCTAHHS CIEKTPIB aKyCTUYHHMX CHUTHAJIIB.
[IpencraBneni poOOTH, IO TO3BOJWIM KOMIUIEKTYBATH IPYIHU MIACTUH pl3aIbHUX
IHCTPYMEHTIB JIJI1 OCHAIIEHHS HHUMH BEJIUKOra0apuTHUX ¢pe3, a TaKoxK
iieHTugikyBaTn aOpa3uBHI Kpyru [5, 6]. OpHak, nocrtae HEOOXiAHICTh
VHIBEPCAJIBHOIO  METOJYy  BHUMIPIOBaHHA TE€OMETPUYHMX  MapamMeTpiB 1
XapaKTEPUCTUK SIKOCTI JeTanei, ToMy IMpoOjieMa 3HUKEHHS TPYIOMICTKOCTI
KOHTPOJIbHUX OIepalliil 3aJIMIIaeTbCs aKTyaIbHOIO.

Meroto nanoi pobotu € mobyaoBa mMoneni s iAeHTudikamii mapameTpin
JeTanei 3a X CUTrHaTypaMH Ha OCHOBI JOCIHIKEHHS (hOPMYBaHHS aKyCTHYHOTO
CIEKTPY BIJI3BBYKY 3pa3KiB y B3a€MO3B’SI3Ky 3 IX TC€OMETPUYHUMHU Ta (Hi3UKO-
MEXaHIYHUMU XapaKTEPUCTUKAMH.

Koxna 3 peraneit mae cBoro curHatypy. OCkiabku (OpMYBaHHSI CUTHATYD,
TOOTO BIJA3BYKY, 3aJI€KUTh BiJ] TOTO, SIK NEPETOMIISIIOTCS BCEPEIMHI BUPOOY XBHIIL
BIUIMBY, BiJl LOTO OyJie 3aeKaTh 1 CEeKTp BIA3BYKY. llepenomustucs mi XBuii
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MOXYTh TO-pi3HOMY. SKIIO BOHU OyAyTh KOT€PEHTHHUMH, BIJI3BYKH OYyIyTh
3ajJeKaTH BiJl TOTO, HACKIJIBKM I 4acToTa 30ira€Tbcs 3 BJIACHOI YacTOTOIO
KOJIMBaHHSI eJIEMEHTIB JeTali. KorepeHTHHIT BINIMB MOXKE MOPOIKYBATH J10AATKOBI
TapMOHIKM OLIBII BHUCOKOTO TMOPAAKY 1 IX B3aeMofis chopMye CHEKTpasbHI
XapaKTePUCTHKHU IIbOTO 00'€KTa, aje KO)KHA HACTYIHA FapMOHIKa 3a aMILTITYA0I0
3HaYHO MEHIIE TONMEPEAHbOI, TOOTO BOHM 3HHKaKOYi. SIKIIO X BIUIMBATH
PE30HAHCHOIO YacTOTOI0 HAa YAaCTHUHHM 00'€KTa Tak, 00 IIsI pe30HAaHCHA 4YacToTa
BIATYKHyJNAacd — BOHAa HaBMNaKW TOCWIHTBbCS. ToMy 3'SBUJIOCA TOHSTTSA
IIMPOKOCMYTOBOT'O BIUTMBY Ha 00'€KT.

Jl7is mpoOBEeNEeHHS EKCIEPUMEHTANIBHOTO JOCTIKEHHS BHUKOPUCTOBYIOTHCS
CHeliaIbHO OTPUMaHi 3pa3ku (puc. 1) B kiIbkocTi 99 mTyK.

h

—

Puc. 1 Ecki3 gerani-3pa3ka

Hust toro, mo6 MoxHa Oylo 1AeHTHU(IKYBaTU BIJI3BYK HE TUIBKH 3
po3MipaMu, BpaxoBYIOTbCa U i1HII mapamerpu. llopcTkocTi mMOBEepXoHb AeTalien
BIJIPI3HSIOTHCA (BIUIMB 3HOCY 1THCTPYMEHTY). SIKIIIO IIOPCTKICTh pi3HA, TO Bij TOTO,
Kyau OynyTh CIIPSMOBaHI1 BIIOUTI XBUJI, OyJie 3a€XaTH 1 CIIEKTp, TOOTO BiH Oyze
NOB'A3aHUN 3 MIOPCTKICTIO. Tak sIK JeTani BUTOTOBIISJIMCA 3 PIZHUX YacTUH
MPOKaTy, AKUM BIPI3aBCs 1 pO3MIPU BiIPI3yBAHOI YAaCTUHU OyJid PI3HUMH, OTKE,
MOXJIMBa IIBUIKICTH OXOJIOJ)KEHHSI 3pa3kiB Morjia OyTH pI3HOI, TOMY
BIJIPI3HATHUCS MOE 1 TBEPAICTh. TakuM YMHOM, BUXOAUTh KOMIUIEKC NapamMeTpiB:
pPO3MIpH, IOPCTKICTh, TBEPAICTD.

Ha nepmomy ertamni po6otu miaroronieHa iHgopmariiiiHa 6a3a: mpoBeIeHO
BUMIPIOBAHHS PO3MIpPIB, IMOPCTKOCTI W TBepaocTi. Jlam cknageHa TaOmuis
OoTpuMaHuX 3HadeHb. [licis mporo mposeneHo 3HATTI AUX neranei-3paskiB 3a
JIOTIOMOT'OI0 CTIETIaIbHOTO €KCIIEPUMEHTAIBHOTO CTEHY (pHC. 2).
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Puc. 2 Cxema ekciepuMeHTaJIbHOI YCTaHOBKH

ExcriepuMeHTanbHa ycTaHOBKA IMPAIIOE€ HACTYITHUM YHMHOM. JleTanb-3pa3zok
3 OJTHOTO OOKY MPUTHUCKAETHCS IM'€30€IEKTPUYHUM BUIIPOMIHIOBAYEM, a 3 THIIIOTO —
M'€30€JEKTPUYHUM JTaTYUKOM. MarHiTHE T0Jie BUKOHYE pPOJb 3aKpIIUICHHS. 3
reHeparopa 10 BUIIPOMIHIOBaYa MTOCUIIAETHCS 3BYKOBUM CUTHAI, SIKMM (PIKCYETHCS
JaTYMKOM 1 TIOJA€Tbcs Ha MIKpOGOHHUU BXiJl aHaji3aTopa CIEKTpa 4YacToT,
peasii3oBaHOTO Ha 0a31 MEPCOHAIBHOTO KOMIT'IOTEpa MPOTPAMMHHUM MaKETOM
Spectrum Analyzer. BumpomiHioBadY — MNpOrpaMHO peasli3oBaHU T'eHEPaTop
«Oimoro mrymy». BiacyTHICTh TpuiiMada BUKIIOYa€ BUHUKHEHHS J0JIaTKOBHX
noxnOOK. 3pa30K BIUTMBAE Ha MOBEAIHKY BUIIpoMiHIoBaua. [Ipu miaBenenHi 01j0ro
IIyMy TEBHOi YacTOTH 3pa30K, MPUTHUCHYTHH 70 BHIPOMIHIOBaYa, IMOYHHAE
BIOpyBaTH MO-pI3HOMY 1 3MYIIy€ BUIIPOMIHIOBAY BUIPOMIHIOBATU IO-PI3HOMY.
SKII0 BCTAaHOBUTH BUIPOMIHIOBAY 1 3aMIpSTH CUTHAJ O170T0 IIyMy, SIKMM 1€ Ha
HBOTO, MOXHA [MPOAHANI3YBaTH, YU 3MIHIOEThCS CHUTHaTypa Yy IbOTO
BUIIPOMiHIOBaYa. B pe3ynbTaTi OTpUMy€EThCS BIANOBIAHUN NPUWHSITHI CUTHAJ, HA
SKHI BlApearyBaB 3pa3okK, 1 TaM, i€ BIH PE30HY€ 3 MIEBHOIO YAaCTOTOIO OLI0T0 HIyMy
— 1181 yacTtoTa Oe3nocepeHbo BiOuBaeThes. HeBiAMOBIAHI pe30HAHCHUM YaCTOTH
racsaThes. B pesynbraTi oTpumani AUX pesonyrouoi nerani. Yuciio 4acTOTHHX
XapaKTEPUCTUK BIANOBIAAE YUCITY 3pa3kiB. Jlanl CHEKTp aKyCTMYHOIO CHUTHAIY,
HABEJICHOTO B 3pa3Kax y pe3yJbTaTl BIATYKY HAa BUMYUIEH! KOJMBAHHS y BUIJISAIL
«O1moro mymy» miasrae oOpoOLl Ha HEMPOHHUX MEpekKax 3 BHKOPUCTAHHSIM
nakety NeuroPro 0,25.

CrBopena Tabmuis npeueneHtiB 'y MS Excel mictuth BuUXigHI JaHi —
3HaueHHa AUYX, po3wmipiB, MIOPCTKOCTI Ta TBEPAOCTI JeTanei-3paskiB. s
BUKOPUCTAaHHA TaOnuIll mpereneHtiB y cepenosunii NeuroPro 0.25 Bona
ckoHBepToBaHa y ¢opmat .dbf. Jlami crBopeHa Heiipomepexka, mo Mae 129 BXigHuX
MOJIIB — 3HAYEHHS CUTHATYp 1 9 BHXIIHUX — MapaMeTpH JeTrajeii-3paskiB: 6
pO3MIpiB, 2 3HAYEHHS MOPCTKOCTI Ta TBEPAICTh. BenmnunHua moxmuOKy BCTaHOBJICHA
HACTYITHUM YHMHOM: i1 po3MipHUX mapamerpiB — * 0,1; mist mopcerkocti — + 0,5;
st TBepaocTi — + 1. Tlpu BubGOpi cTpykTypu Mepexi odpaHo 1 map, 1m0 MiCTUTh
100 HeliponiB. [lani mpoBeieHe HaBYaHHS HEMpOMEpexKi Ta MOJajbIle CIPOIIECHHS
— CKOPOYEHHS YMCJIa BXIJTHUX CUTHaNIB. B pe3ynbpraTi Oyno BuaaneHo 122 Bxoau
31 129. 3a BepOanbHUM ONMHMCOM HEHpOMEpEeXk i BUSBIICHI HAWOLIbII 3HAUYLIl JJIs
BUX1/IHMX MapaMeTPiB BXOJW — BOHH BIJIMOBIIal0Th 3HAYEHHSIM BUCOKHUX YaCTOT.

Jl7is IOpiBHSIHHS CTBOPEHA JApyra HelpoMepeka 3a TUM CaMHM HaBYAJIbHUM
daiinom, ane BUXIJTHUM NMPU3HAYEHUHN TUIBKU OJUH MapaMeTp — TBEPAICTh. [Hi 8
HE BUKOPUCTOBYBAJIMCS Mepexero. Mexi ToyHOoCTI 3anmineHi 06e3 3miH — =+ 1.
CtpykTypa Mepexi, K 1 B MONEpeIHhOMY BUMAAKy — 1 mmap, mo mictuth 100
HelpoHiB. [licns HaBYaHHS B pe3ynbTaTi cripoieHHs Oyno BunaneHo 124 Bxoau 3i
129. 3a BepOabHUI OMIMCOM HEHPOMEPEK1 Cepell M’ SITH HaWO1IbIT 3HAUYIINX IS
napamMeTpy TBEpPAOCTI BXOAIB — OJHA HU3bKA, OJIHA CEPEAHS 1 TPU BHUCOKHX
YaCcTOTH.

Tpetst HelipoMepexka aHaJoriyHa JIPYTii, aje Mae 1HILy CTPYKTYpy: 3 1apH,
no 100 neitponiB Ha koxHOMY. [licns HaBuaHHS B pe3yJbTaTli CHPOIIEHHS OyI0
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BuaasieHo 127 BxoxiB 31 129. BepOanpHuii onuc HelpoMepex MoKaszas, 10 cepel
HaWOLIBII 3HAYYIIMUX JIJIS TApaMETPY TBEPIOCTI BXO/IIB 3AJIUIIAIUCS 1Bl YACTOTH —
HH3bKA 1 BUCOKA.

3a pe3yibTaTaMu TECTyBaHHS HEHPOMEPEXKl B KOKHOMY 3 TPhOX BHIIAJIKIB
MPOTHO3YBAHHS IapaMeTpiB JJIA BCiX 3pa3KiB BHUKOHAaHE B MeXKax 3aJlaHoi
TOYHOCTI.

BUCHOBKU

B pe3ynbTaTi mpoOBENEHOTrO JOCHIKEHHS MIATBEPIKEHO B3a€MO3B'S30K
CHEKTPAIbHUX XapaKTEPUCTUK PE30HAHCHUX KOJUBaHb JeTalied 3 TaKuMU IX
napaMeTpaMH SK pO3MipH, IIOPCTKICTh 1 TBepAicTh. [loOyaoBaHi HelpomepeKeBi
MO/, SIKI IO3BOJISIFOTH 3a HaWOLIbII 3HaUyuMu AUX 3 10CTaTHBOI TOYHICTIO
IPOBOJAUTH aKYCTHYHY 1ACHTU(]IKAIII0 KOMILJIEKCY KOHTPOJHOBAHUX IapameTpiB
JeTaJIel.

TakuM YHMHOM, BHUHHMKA€ MOXIIUBICTh peali3yBaTH CIOCIO aKyCTUYHOIO
KOHTPOJIIO PO3MIpPIB JI€Tallel NUISIXOM CTBOPEHHSI BUMIPIOBAJIBHOTO MPUCTPOIO HA
0a3l MIKpOIpOIIECOPY 3 3aCTOCYBaHHSM BEpOAIBLHOTO OMUCY HEHPOMEPEKEBOI
MOJEIII.

BcranoBiieHHo, 110 aMIUTITYJHO-4aCTOTHI CIIEKTPU PE30OHAHCHUX KOJIHMBAHb
JeTaneil, OKpIM TEOMETPUYHHUX I[apaMeTpiB, MOXYThb BigoOpaxatu ¢i3UKO-
MEXaHI4YH1 BJIACTUBOCTI MaTepialy, 30KpeMa TBEPIICTh, a TAKOX MIKpPOT€OMETPII0
MOBEPXHI (IIOPCTKICTH), 110 TO3BOJISIE MTPOBOJUTH OIIHKY OJJHOYACHO KOMILIEKCY
XapaKTePUCTHUK JIeTal.

IIpu oOJHAKOBI CTPYKTypl HEWpOMEpPEX JUisl BUNAAKY 3 JEB’SITbMa
BUXIJIHMMH [apaMeTpaMu IIiCIIsS CIPOIICHHS 3aJIMIIIOCA 7 BXomiB (Moaens 7-9),
JUTSL BUITAJKY 3 OJHUM — 5 BXomiB (Moaenb 5-1). Takum 4MHOM, PI3HUI HECYTTEBRA,
TOOTO 30UTBIIEHHS KUTBKOCTI OJTHOYACHO KOHTPOJIHOBAHUX PO3MIPIB HE MIPUBOIUTD
JI0 1CTOTHOT'O 301IBIIEHHS CKJIaIHOCTI MOJEIII.

3MmiHa CTPYKTypu Mojneni 5-1 (BCTaHOBIEHHS 3aMiCTh OJHOTO IIapy 31 CTa
HEHpPOHAMH, TPHOX IIAPIB — MO CTO HEHPOHIB HA KOXHOMY) ITCJIS CIPOIIEHHS
3a0e3neunsia 3aJlaHy TOYHICTh BH3HAYCHHS TBEPAOCTI JIMINIE 3a JBOMA BXOIaMHU:
OJlHA HM3bKa YacToTa 1 OJlHa — BHUCOKA. OTxe, 30UIbLICHHS KIJIBKOCTI IIapiB
HEWPOHIB MPU3BOAUTH O 3MEHIIECHHS YUCJa BXIJIHUX CUTHAIIB, HEOOXITHUX JIJIs
JOTPUMAHHS 33JaHO1 TOYHOCTI.

3a BepOaJbHUM OINKUCOM HEUpPOMEpPEX K BCTAHOBJIICHO, IO JJIS OLIHKHU
KOMIUIEKCY XapaKTEPUCTUK JIeTalli, 30KpeMa TBEPAOCTI, HEOOXiAHI JaHl Tpo
3HAUEHHA AaMIUTTYJ TIUTbKM TIEBHUX 4YaCTOTHHMX Jiama3oHiB. lle cTBoproe
nepeyMOBU MOJAIBIINX JTOCTIKEHb BIUTMBY TaKUX YacTOT MU 00poOIIl AeTanen
Ha 3MiHY X TBEpIOCTI.

CIIMCOK NOCUJIAHb
1. Jliaenocmuka mexnonociyHux cucmem i 6upoo6ie MauuHo0y0y8ants (3 BUKOPUCMAHHAM
Hetpomepedicesoeo nioxooy) - monocpaghisi | C. B. Kosanescoruti, O. C. Kosanescwia, €. O. Koporcos, A.

O. Kowesoti ; 3a 3ae. ped. 0.m.1., npogh. C. B. Kosanescvrozo. Kpamamopcwk - J[/IMA, 2016. 186 c.
2. I[lamenm 80043 Vkpaina MIIK (2006), B23C 3/00 (2013.01). Cnocit xomnaekmayii piscyuux
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Jlyna 1O.B., nayk. kep. KoBanescekuit C.B. (Vkpaina, m. Kpamamopcwx, /[/[MA)

OBPOBKA MATEPIAJIIB 3 HAKJIAIAHHAM
MOCTIMHOI'O TA 3MIHHOI'O MATHITHHUX I1OJIIB

B pobomi npusodsmscs pesyromamu 00CHiONCEHHHS GNAUBY 0OPOOKU 3 HAKIAOAHHAM
NOCMIUHO20 MA 3MIHHO20 MACHIMHUX NONIE HA 3MIHYy meepdocmi mamepiany. Iliomeepdoicena
ehekmugHicmsb  3anponoHo8aH020  cnocoby  06pobku  eupody. Ilpeocmaenenuu  amaniz
eKCNepuUMeHmantbHO OMPUMAHUX Pe3VTbmamie.

The paper presents the results of the study of the effect of processing with the imposition
of constant and variable magnetic fields on the change in the hardness of the material. The
effectiveness of the proposed method of processing the product is confirmed. The analysis of
experimentally obtained results is presented.

@opMyBaHHA BJIACTHBOCTEM MaTepialy BX€ TOTOBHX BHpPOOIB —
NEPCHEKTUBHUN HANPSIMOK PO3BUTKY MAIIMHOOYIYBaHHS 1 METAIO00pPOOKH, SKHIA
BUMaArae CreriajbHUX TEXHOJIOTIH.

Ha cporoguimHii aeHb BiJioMI Pi3HI METOAM 3MIIHEHHS JeTaie 1
METajIopi3aJIbHOTO THCTPYMEHTY, 30KpeMa, MarHiTHO-IMITyJIbcHa 00pOOKa MeTalliB.
Bona Bce yacrilie BUKOPUCTOBYETbCS Ha BHUPOOHMIITBAX, OCKUIBKH Ja€ IIUPOKI
MO>KJIMBOCTI JJIsl MiJIBUILEHHS SIKOCTI MPOAYKIIIi, 110 BUIycKaeThes [1]. Boanouac
IIPY BUCOKIN 4acCTOTI po3psiAy INIMOWHA MPOHUKHEHHSI MarHiTHOTO TOJIsl HEBEJIUKA 1
O0OMEXKYEThCSI TIOBEPXHEBUM IIapOM BHPOOY, a CTBOPEHHSI TPa/IlEHTy MEXaHIYHHUX
BJIACTUBOCTEH BEJE [0 BHUHUKHEHHS BHYTPIIIHIX HaNpy>XeHb Marepiainy, B
PE3yNbTATI UOTO 3HWKYETHCS HAAIHHICTh BUPOOY.

3 orjaay Ha 1€ TMOCTae HEOOXIJTHICTh 3a0e3nedeHHs O00'€eMHOi 3MiHU
BJIACTUBOCTEN Matepianmy. OUYiKyeThCs, IO BUPIMICHHS L€l 3aa4l MOXE JaTu
BUKOPDHCTaHHA MArHiTHOTO TOJS 3 CYMIIICHHSIM BiacTuBocTel. [loegHanHs
BILJIMBIB OCTIMHOTO 1 3MIHHOT'O MarHiTHUX MOJI1B 3HAWIIIO 3aCTOCYBaHHS B PI3HUX
chepax [2, 3, 4]. Ognak BIUIUB TaKOro KOMOIHOBAHOTO IIOJIS Ha BJIACTHUBOCTI
Marepiajly BUBUCHUH HEJOCTATHRO 1 OTpeOye MOJAIBIINX JOCTIKCHb.

Meroto nmanoi poOOTH € eKCIepUMEHTallbHAa TMepeBipKa 3MIHU TBEPIOCTI
BUPOOY ITi/] BILTHBOM OOPOOKH 3 HAKJIaJaHHAM IMOCTIMHOTO Ta 3MIHHOT'O MarHiTHUX
TOJIIB.

IBUAKICT, 3MIHM MAar”HiTHOTO TIOJII 3BOPOTHO MPOMOPIIifHA TOBIIHHI
3aXOIUTIOBAHOTO Iapy Mmatepiany. Y 3B’S3Ky 3 IIUM JJisl JOCSTHEHHS 00’ €MHOTO
edexTy HeoOxigHa 00poOka BHPOOY B CHIBHOMY MAarHITHOMY TMOJII IUISIXOM
cma0KuX aMIUTITyIHUX BiOpariii. be3nmocepeqHbo MarHiTHE Tojie € (YHKIIIEO
camMoi MallMHM, II0 CTBOpIOE BiOpawio. B npomy Bumanaky BiOpallli MarHiTHOro
1OJISL PU3BOJATH IO TOTO, 110 MOYMHAIOTH BIOpYBaTH BCl YaCTUHKHU METally B TLII
netani. Huspki aMmminiTyid He Jal0Th MOMJIMBOCTI MAarHiTHOMY IOTOKY
PO3TIKATHCS 1O OBEPXHI, TOOTO 1€ JO3BOJISIE YCYHYTH CKiH-€(EeKT.

JIJist TpoBeICHHST JTOCIIKEHHS BUKOPUCTOBYBAJIMCS 3MiHHI TBEPOCILIABHI
pizanpri wractuan  CNMG  120408E-M  Pramet [5]. IlouaTkoBi 3HaueHHS
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TBEPJIOCTI HI)XHBOI Ta BEepXHbOI YacTUH pi3HI. OOpoOKa BHUKOHYBaJlacs 3a
JIOTIOMOTOFO CTICIaJIbHOTO €KCTIEPUMEHTAILHOTO CTeHy (puc. 1).

4 7
3 i 4
< =
N L
0

Puc. 1 Cxema ekCiepUMEHTAIbHOT YCTaHOBKU

Mix IBOX CTPYMONPOBIIHUX OOKJIaMoK 1 BCTaHOBJIEHA pi3alibHA IJIaCTHHA
2. Jam po3ramoBaHa TyMoBa TNpokiaaka 3 s aMopTu3ailii BiOpariid
HeouMoBoro MarHiTy 4. [1o kpasx K0XKHO1 OOKJIaJKU BCTAaHOBJICHA KJIEMa, Yepes
Ky 3 TE€Heparopa MiJIBOJUTHCA 3MIHHUM CTpyM pi3HOiI yacToTH. B pe3ynbrarti
yepe3 BUPIO MPOIYCKAETHCS CTPYyM, IO SIBISIE COOOI0 TAKET «O17I0ro IIyMy».
[TpoXO/UKEHHS Takoro CTPyMy BHUKJIMKA€ MOSIBY PI3HUX 3@ YacTOTOIO IIOJIIB.
MarsiTHe noje, sSike BUHUKA€e B PE3yJbTaTl PyXy 3MIHHOTO CTPYMY, B3a€MOJIE 3
MOCTITHUM MarHiTHUM ToJieM. B pe3ynibTati BUXOIUTh, 10 KOXKHA TOYKA P13aIbHOI
IUTACTUHU BCEPEIUH] 1 HA MOBEPXHI KOJMBAETHCA 3 PE30HAHCHOIO yacToToro. Lls
pE30HaHCHA 4YacToTa 3a0e3MeYyeThCs MAaJOK aMIUITYJ0l0, TOMY IO CTPyM
IPOXOJIUTh Yepe3 IJIACTUHY, sIka Mae BeMHKUHU omip. [IpoTe HaBiTH LBOrO BKpai
MaJIOro CTpyMy BHCTauae Ha Te, MI00 B pe3yJbTaTi B3a€MO/Iii MOJIsl, HABEIEHOTO B
pi3ajbHIA TUIACTHHI, 3 Mar”HiTHUM TOJIeM HEOJAMMOBOTO MAarHiTy, MOXKHa OYJ0
3MIHIOBATH TBEPICTh Pi3aJIbHOI IUIACTUHHU B 3aJIEKHOCTI B1J 4acy oOpoOKH.

3HaueHHsI TBEPAOCTI B HW)XHIM YaCTHHI 1 B BEPXHIA YAaCTMHAX pi3aidbHOL
IJJACTUHM 3HIMalMCS 4epe3 KOXHI 1Bl XBWIMHH. PesynbTrath 00poOKH
MPE/ICTABIJICHI HA pUC. 2.
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Puc. 2 I'padik 3MiHU TBEPAOCTI 3aJIEKHO BiJ Yacy 0OpoOKu
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Buxingni 3HaueHHs TBepAOCTI Oyau pizHMMU. Jlajmi BOHU MiJBUIYBaUCS,
MOCTYIOBO JIOCSTAlOYM CTaNoro 3HadeHHs. B pesynbTaTi BigOysocs 3pocTaHHS 3
187 HB mo 239 HB, t006TO0 Ha 52 omunuili. OTpuMaHuil pe3ysbTaTr MiITBEPIKYE,
110 3MIHHE MardiTHE II0JI€ B MTOE€AHAHHI 3 IMOCTIMHUM MAarHITHHM IIOJIEM JI03BOJISIE
JOCSITaTH TTO3UTUBHOTO €(PEKTY.

Takum 4YWHOM, 3’SBISETHCS MOMKIUBICTh 3MIITHEHHS BHUPOOIB IUIIXOM
o0poOKH Mar”iTHUM TmojeM. Jlng BupoOiB  OuUIbIIMX TabapuTIiB  MOXKHA
3aCTOCOBYBATH JICKITbKa MAarHITIB. Y BHUIAAKy OOpoOKM Takoi jeraii sk
CTYIMIHYACTUNA BaJl MOXKHA 3MILHIOBATH HOT0 YaCTUHH, MPOITYCKAIOYH 4Yepe3 caM
BaJl 3BMIHHUH CTPYM y BUTJISIJII MAKETy «O170T0 IMIyMy» MEBHOI aMILTITYIH. SIKIIO
0 aMIUTITYAy TMiJBUIIATHA, TOOTO TOCHIWUTH CUTHAI 10 1 A TipW BenWuuHI
Hanpyru 5 B, To moTyxHicTh ckiaae S BT, y TOM 9ac sk BUTpaTH MOTYXHOCTI
npu raptyBaHi CBY cranoBnars 6mm3pko 50 kBT, T06T0 B 10000 pasis Oiibiie.
Pa3oM 3 TUM B pe3yNbTaTi peamizyeThcs 3MIIIHEHHS 0€3 3alIMIIKOBHX HANpyT. IX
BIICYTHICTh TOSICHIOETBCA THUM, III0 OJHOYACHO 3 TIIJIBUIICHHSM TBEPAOCTI
B1JI0YBa€ETHCS IpoLec BiOpocTaduIi3aLii.

BUCHOBKU

B pe3ynpraTi mpoBeneHOrO JIOCHIIKEHHS IMATBEPIKEHA MOMIMBICTD
MIJBUIIEHHS TBEPIOCTI Marepiaay 3a paxyHOK oOOpoOKM 3 HaKIaJaHHSIM
MOCTIITHOTO Ta 3MIHHOTO MarHiTHUX TOJIB.

BukopucTtanHs MarHiTHOTO TOJISI B SIKOCTI OCHOBHOI CHJIM BILJIUBY BeJE 10
3HAYHOI €KOHOMII €HEPreTUYHUX PECYPCIB, MIIBUILICHHS €KOJIOTTYHUX MOKa3HUKIB
1 TPOJTyKTUBHOCTI BUPOOHUIITBA, PO3IIUPEHHS CIIUCKY MaTepialiB, 3 IKUMH MOKHA
npaitoBatu. O6poOka Marepiaiay B IO0Ji, YTBOPEHOMY HAKJIaJaHHIM MOCTIHHOTO 1
3MIHHOTO MarHiTHUX TOJIIB, Ma€ TMEPCHEKTUBHU JUIsI MOXKJIMBOCTI YNPAaBIIHHS SK
30BHIIIHIMH, TaK 1 BHYTPIIITHIMU BIACTUBOCTSIMU BUPOOIB MAIIMHOOY TyBaHHS.

CIIMCOK MNOCUJIAHb
1. ECatalog Dormer Pramet [Exexmpounuii pecypc]. — Pexcum oOocmyny:
http://ecat.pramet.com/insertsGrid.aspx
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YJIK 621.9.62.52
Mocopko B. C., Komneii B. b. (Vkpaina, m. leano-@panxiscox, IDHTYHI)

MODELICA-MOJEJII CUCTEM KEPYBAHHSA TOYHICTIO
TOUYIHHSA HJIAAXOM 3MIHU )KOPCTKOCTI TEXHOJIOT'TYHOI
CUCTEMU

Onucano npunyunu noodoyoosu IMimayitiHux mooenell cucmem Kepy8aHHs MOUHICIIO
MOYIHHA  WLISIXOM  3MIHU JCOPCMKOCMI  mexHoNo2iunoi cucmemu. Mooeni po3pobreno 6
cepedosuwyi OpenModelica 1.16 moeoro Modelica 3 e6uxkopucmanHim KOMNOHEHMIE ii
cmanoapmnoi  oioniomexu. Illnsixom ycnaoxysawms po3pobieHo KomnoweHm '"mpyoicuna 3i
3MiHHOIO dtcopecmricmio”. 3poOaeHo 8UCHOB0OK NPO HEOOXIOHICMb NOYUHAMU MOOENOB8AHHS 3
no6y008U Npocmux i0eanbHux mooeneli ma NOCMYN080 iX YCKIAOHI8AmMuU ma Niosuuyyeamu
piseHb a0eK8amuoCmi WaAsXom 000AHH NOMPIOHUX KOMNOHEHMI8 3 0OHOYACHOK NePesipKOoI0
pe3ynomamie CUMYAYIL.

The principles of construction of simulation models of turning accuracy control systems
by changing the rigidity of the technological system are described. The models are developed in
the OpenModelica 1.16 environment in the Modelica language using components of its standard
library. The component "spring with variable rigidity” is developed by inheritance. It is
concluded that it is necessary to start modeling with the construction of simple ideal models and
gradually complicate them and increase the level of adequacy by adding the necessary
components while checking the simulation results.

CucteMu aanTUBHOTO KEpyBaHHS TOYHICTIO [1] MexaHIuHOI OOpoOKHu €
HEOOX1ITHUMH KOMIIOHEHTaMH CYy4YaCHOTO MAIIMHOOYAIBHOTO BHUPOOHMIITBA Ta
JIO3BOJIAIOTh  3HAYHO  IMIJIBUIUTH TOYHICTh 1 MPOAYKTUBHICTH OOPOOKH.
Po3po6ieHHs Ta yAOCKOHAJIEHHS TaKUX CHUCTEM IMOTpeO0ye CTBOPEHHS aJeKBAaTHUX
iXHIX IMITaIlIHHUX MOJEICH 3a JONMOMOTOI €(eKTUBHHX 3aC00iB MOOYIOBH IMX
Mojenei, Hanpukiaa MoBu Modelica Ta ii ctangapTHOT 610710TEKM KOMITOHEHTIB.
Modelica — e cydacHa 00'€eKTHO-OpiI€EHTOBAHA, JCKIapaTHBHA MOBA MOJICITIOBAHHS
JUIS. KOMIIOHEHTHO-OPIEHTOBAHOTO MOJCIIOBAHHS CKJIAQTHUX MYJbTUIOMEHHUX
CHUCTEM, 30KpeMa, CHCTEeM, IO MICTATh MEXaHI4HI, EJICKTPUYHi, EJICKTPOHHI,
TiApaBiIiyHl, TEIJIOBI, C€HEPreTHUYHI KOMIIOHEHTH, a TaKOXX KOMIIOHEHTHU
YIPABIIHHS Ta KOMIOHEHTH, OPIEHTOBAHI Ha OKPEMI IpoLiecH [2].

Metoau aganTUBHOTO KEpYyBaHHS TOUHICTIO OOpPOOKM OCHOBaH1 Ha MPUHIIMII
3MCHIIICHHS [Tialla30Hy PO3CIIOBaHHS BEIMYMHUA TIPYXKHUX nedopmariii Yy B
TEXHOJIOTIYHIM  CHUCTEMI, SKIi  MOXYTb 6yTI/I CIIPUYMHEHI, HaNpHKJIa],
HEPIBHOMIPHICTIO MPUTYCKY I, TBepmocTi Marepiany 3arotoBku HB, »xopctkocti
cuctemd | [1, 3]. JIis TokapHOi 0OpOOKH:

P C.s075.t. HB2

y=—jy: j = const, 1)

ne Py — pamianbHa ckiajoBa CHiIM pi3aHHS, S — mojgada, C — koedillieHT, SKui
3QJICKUTH BiJl yMOB OOPOOKH.

190



OmuuM 13 cnocoOiB 3a0e3nedeHHss piBHOCTI (1) € KepyBaHHS 3HAYCHHSIM
KOPCTKOCTI TEXHOJIOTIYHOI cucTeMu |. Hampukiam BimgoMo, IO JJisi JTOBIOTO
HeXopcTkoro Baja (puc. 1) 3HadeHHs Py 3MmeHIIyeThcs mig d9ac oOpoOKH
IIEHTPAIbHOI YaCTUHU Bajla BHACIIIOK 3MEHIIICHHS )KOPCTKOCTI CHCTeMH | (3MiHa |
cnpuunHsie 3Miny Y Ta 1). Cucrema kepyBanHs TouHicTio (CK) cmigkye 3a
3HaYeHHSIM PY 1 3MiHIO€ 3HaYEHHS | TaK, 00 BUKOHYBaJIACh PIBHICTH (1).

B mpami [1] ommcaHO KOHCTPYKINIIO CHEIIAJLHOTO CYHMOpTa TOKApHOTO
BepcTaTa, B SKOMY IIiJ] 9ac OOpOOKM [is padiaibHOI CKJIAJIOBOI CHJIM Pi3aHHS
NEPEAEThCSl Yepe3 pi3ellb Ha NPYKHUM €JIeMEHT, KU BUKOHAHUW Yy BUTIIAIL
IJIOCKOI MPYKUHM, SIKa BUIBHO JIEKHTh HAa JBOX omopax. Omopamu € raiku 3
MPaBoIO 1 JIIBOIO Pi3b00I0, Yepe3 SKi MPOXOAUTh I'BUHT. ENeKTpoABUTYH oOepTae
IBUHT 1 3MIHIOE BIJICTaHh MDK rakamd. TWM caMHM BiH 3MIHIOE >KOPCTKICTh
MPYXKHOTO €JIEMEHTa 1 L1701 TeXHOJOT1YyHOi cucTeMu. CynopT TaKoXK Mae€ JaTYUK
KOHTPOJIIO TIEPEMIIICHb TMPYKHOTO eJeMeHTa. BiH MoXe TakoX CIy>KUTH
JTaTYuKOM cuiu Py.

Aoy SrEes Py=const
< _—
—~£—

DL L

J K

Pucynox 1 — Metos 3a0e3neueHHs MOCTIHHOCTI CHIIM pi3aHHA Py 1UIIX0oM 3MiHU
YKOPCTKOCTI TEXHOJIOT1YHOT CHCTEMH

B mpaui [4] po3poOieHO MOJEnb TEXHOJOTIYHOI CHUCTeMH (TOKApHUMA
BEPCTAT-IHCTPYMEHT-/IETallb) 3 KOS(IIIEHTOM >XOPCTKOCTI | MoBor0 Modelica Ta
MPOBEJICHO CHUMYJISIII0O BUIBHUX KOJIMBaHb, SIKI BUHHUKAIOTh IMiJI 4ac pPI3KOro
30UIBIICHHS pajiaidbHOl CKJIaJoBOi cwiM pizaHHs Py. OmnwucanHo nBa crocoou
noOyJO0BM MOJEJIl — 3 BUKOPHCTAHHSIM KOMIIOHEHTIB CTaHAApTHOI O010J10TeKH
Modelica Ta numsixom 6e3nocepeHHOr0 OMUCY PiBHAHb Mozeni. llepmmii crocid
3a3BUYAN € 3pYUHUM ISl TOOYJOBH CKJIATHUX MOJIETICH.

[Ipore Hemae mpalb 3 ONKWCOM MPUHIMIIB MOOYJOBH MOJAEIEH CHUCTEM
KepyBaHHS TOYHICTIO 3 BHUKOpHCTaHHSIM MoBH Modelica, 30kpema s BUIIAIKY
TOKapHOi 00poOKH, TOKa3aHoi Ha puc. 1.

Meroto nmanoi pobotu € ommc mpuHIMMIIB ToOymaoBu Modelica-moneneit
CUCTEM KEpYBaHHSI TOYHICTIO TOYIHHS HIJISXOM 3MIHHM >KOPCTKOCTI T€XHOJOTTYHOT
cuctemu. Mogeni po3po0Jisiiu y BiibHOMY cepefoBuiiii OpenModelica 1.16.
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VY mepiry dyepry noTpioHO po3pOoOUTH MPOCTY MOJIEb 3rajaHOTO CyMnopTa 31
3MIHHOIO JKOpCTKicTIO. B cranmaprtHiii 6i6mioreni Modelica Hemae wmopeneit
OpYXUH 31 3MIHHOIO JKOPCTKICTIO. Tomy aBTOpaMu pO3pOOJIEHO KOMIIOHEHT
"3MiHHA TIpyXuHA", KOe(DIMIEHT MKOPCTKOCTI SKOi Oyae 3ajekaTw BiJ BXI1JHOTO
aificHoro  curHaiy. Jlms  mporo  mpOCTIIE  CKOPUCTATHUCh — MOXKIIUBICTIO
yCIaJKyBaHHA HasBHOTO B  CTaHAapTHiA  Oi0mioremi  0a30BOTO  Kiacy
Modelica.Mechanics.Translational. Components.Spring. B HoBoMy Ki1aci moTpiOHO
MOBTOPHO 3a/ICKJIapyBaTU 3MIHHY "KOE(]IIIEHT 3>KOPCTKOCTI MPYXUHU' C 3a
JOTIOMOT OO redeclare replaceable, J0/1aTh 00’€eKT u KJ1acy
Modelica.Blocks.Interfaces.Reallnput s oTpriMaHHS 30BHIIIHBOIO CHUTHANY, a
TaKOX JI0JaTH piBHIHHS ¢ = U. Koa moneni:

mode| VariableSpring
extends Model ica. Mechanics. Translational. Components. Spring; redeclare
replaceable Modelica. SIunits. TranslationalSpringConstant c;
Modelica. Blocks. Interfaces. Real Input u;
equation
c = u;
end VariableSpring;

Ha puc. 2a mnokasaHo MOJelb TEXHOJOTIYHOI CHCTeMU Oe3 CHUCTeMHU
KEpyBaHHA TOYHICTIO BIJNOBIAHO Jii BHUIAAKY TOKapHOi OOpPOOKH JOBroOro
HeKopcTKoro Bajia (puc. 1). B pe3ynbrati 3MiHU cviiM pizaHHs Py B T€XHOJIOT14HIMA
CUCTEMI 3 MOCTIHHOIO JKOPCTKICTIO | Oyjae 3MiHIOBaTHCH JedopMarttis Y (puc. 3).
bnokoBuit kommoHeHT realExpression moBeprae miticHuii curaan 100+(time-5)"2,
AKui Tiepenaerbest kommnoHeHTy force (cuma). Cuna gie Ha JiBuM  (aHelb
(flange_a) xommonenTa mass (maca). A #ioro npasuii ¢uanens (flange_b) 3’eanano
3 KOMIIOHEHTOM springDamper (mpyxkuHa-gemidep), sSkui npaBuM (iiaHiem
3'enHado 3 HepyxomuM ¢ianuem (fixed). Bubpano pekomenaoBani [5] 3HaUCHHS
napamMeTpiB TEXHOJOTIYHOI CUCTEMHU: Maca mass.m=7 Kr, KOe(iIli€eHT dKOPCTKOCTI
springDamper.c=10" H/m, koedinient nemndysanns springDamper.d=3000 He/m.
CuMynsLis MoKasye 3Ha4Hy IUHaMIYHY TOXUOKY 00poOku Ay=2,5 mxMm (puc. 3).

Hatinpocrima igeanbHa cuctemMa KepyBaHHS TOYHICTIO IMOKa3aHa Ha puc. 20.
B Hili opraHi3oBaHO iJi€aibHUI 3BOPOTHIN 3B'SI30K — 3HAYEHHS CUJIM pi3aHHs Py
BU3HAYAETHCS 1C€AIbHUM JaTYMKOM 1 TIepEaeThCcsi B KOMIIOHEHT gain, Jie
MHOKHUTBCS Ha gain.k 1, TaKUM YUHOM, TIEPETBOPIOETHCS B KOS(PIIIEHT KOPCTKOCTI
3MIHHOI Mpy>XWHM variableSpring.

VY Okl ckinaaHii Mozeni (puc. 2B) 3HAUYCHHS CUJIU PI3aHHS MEPEIacThCs B
koMmrioHeHT feedback, sxuii oOuncIIOE PI3HUIO 3a7aHO01 (B KOMIIOHEHT1 const) Ta
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BUMIpSHOT cwil. Ll pI3HUIA OPOMOPIIHHO 3MIHIOETHCS KOMIIOHEHTOM gain 1
JTOJIAETHCS 10 CepeaHbOro KoedimieHTa xopctkocti (Constl.k) 3miHHOT mpyKuHHU
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variableSpring. Taki mojem 3a0e3nedyrOTh 1I€aJIbHY MOCTIHHICTD Aedopmaliii
(puc. 3) Ta Ay=0, ane peanizyBaTu iX BaKKO. 30KpeMa B peajbHUX CHUCTEMax Oyje
NEBHA 3aTPUMKa CUTHAIIIB 1 MEK1 3MIHU KOPCTKOCTI MIPYKUHHU.

binpin peanictuyHa cucreMa KepyBaHHA IMOKa3aHa Ha puc. 2r. B Hiil nepen
KOMIOHeHTOM gain posamimieHo IIIJI-perynastop pid (3 mapamerpamu k=0.09,
Ti=1e9, Td=10, Nd=10000), sxkuii mepemae cuUTrHajd IMIBUAKOCTI OOEpTaHHS Ha
171eaTbHUN IBUTYH (speed), 110 3'eqHaHUM 3 171ealIbHOIO Tiepeaadero "TBUHT-Talka".
[ToctynanbHe mepeMillieHHs TalKh BH3HAYAETBCS CEHCOPOM positionSensor i
OOMEXY€ThCS 3aJlaHUM J1alma3oHOM B KOMIIOHEHTI limiter. 3miHa aedopmariii
Oinpmn momiTHa (puc. 3), IO TMOSCHIOETHCS HEOOXITHICTIO OUIBII TOYHOTO
HanamTyBanHs mnapametpiB [lI[I-perymstopa. Tyt constl.k=1.12e7. IloxuOka
Ay=0,46 MKM.

realExpression force mass

springDamper

100 + (time ...

[ — ]

c=1e7 Nfm
d=0.3e4 N.sjm fixed

gain

variableSpring

realExpression force  k=100000 mass =
—" c=c
100 + (time /—4}1:{>:|—I—D—[] 4
f
m=7
<T‘ kg damper 7 7
_._{ [_D—t‘ued
d=0.3e4 N.s/m
m——
const gain
feedback add
+1
y RO
k=110 k=-0.9e5 +1
constl
variableSpring
k=1e7 N
realExpression force mass =
L =
100 +{fi... —’:DD—I—D—[J 4
f =
":.;' m ?IkEI damper - 7

d=0.3e4 M.s/m
R
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const pid gain

feedbadk add
— / H
k=110 Ti=1le9 s k=-0.9e5 +1
constl

variableSpring

e
—_

realExpression force mass
100 + (t...

damper

d=0.3e4N.s/m
20 s
speed idealGearR.ZT fimiter
pese ratio=1  positionSensor
N_ Tega... g;g 5
a TE g "
uMax=50 r

Pucynok 2 — Mojieni TeXHOJIOTTYHOT CUCTEMHU: 0€3 CUCTEMHU KePyBaHHS TOUHICTIO
(a), imeanbHi (0, B) Ta OIbII peanicTuyHA (T) CUCTEMU KEpYyBaHHS

=

1.25e-05

1.2e-05

1.15e-05

1.1e-05
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1le-05

9.5e-06

x

[
3]
£
=]
=]
[y
=

time (s)
Pucynox 3 — PesynbTaTu cumysiii — aedopmaiiii y (m)

BucnoBku. 3acrocyBanHs MoBu Modelica ta ii ctangapTHOi 0107110TeKH
3HAYHO CIPOIY€E MOOYI0BY CKIATHUX MOJENIeH CUCTeM KepyBaHHS TOUHICTIO. J[Jist
YHUKHEHHSI TIOMIJIOK TTiJT 9Yac ToOyA0BH MoJieielt TOTPIOHO MOYMHATH 3 MPOCTUX
17IealIbHUX MOJIeNe Ta IMOCTYNOBO iX YCKJIAJHIOBAaTH Ta IMIJBUIIYBATH PIBEHb
a7ICKBaTHOCTI IUIAXOM JOJAHHS IOTPIOHUX KOMIIOHEHTIB 3 OJHOYACHOIO
MEePeBIPKOI0 pe3yabTaTiB cumyssiii. OctaHHs po3poOjeHa aBTOpaMH MOJEIb
MOXe OyTH OCHOBOIO /IS TOOYJIOBU II¢ OUIBII PEaiCTUYHUX MOJIENIed CUCTEM
KepyBaHHA. 30KpeMa MO’KHa: 3aCTOCOBYBAaTHM PEATICTUYHI MOJENl JBUTYHIB
(cepBonpuBOAM a00 KPOKOBI JBUTYHH) 3aMICTh KOMIIOHEHTa speed, MoJentoBaTH
NPYXKHICTh, TEPTA Ta 1HEPLIIO JAHOK MEXaHI3My JJisi 3MIHHU >KOPCTKOCTI, 3aMICTh
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ineampHoro  III/[-perynsitopa Ta ceHcopa CWIM pi3aHHS  3acCTOCYBaTH
MikpokoHTpoJsiep (6i0mioteka Arduino 0.1.0 [6]) Ta Ttenzomatumku. Ilicms
noOy/I0OBY Ta BIAJIATO/DKCHHS MMapaMeTpiB TaKUX PEATICTHUYHUX MOJeNed MOKHA
JIETKO TEPENTH J0 MPAKTUYHOT peatizarii CUCTEM.
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IMITAIIMHE MOJEJTFOBAHHSA TEXHOJJOTTYHUX
MOXKJIUBOCTEM 3ATOTIBEJIBHOI'O YYACTKY

IInanysanus 6upoOHUYUX NOMYAICHOCMEN € OOHUM 3 HAUBAICTUBIUUX NPOYECI8 HA emani
NPOEKMYBAHHA NPOMUCTIOBUX KOMNIEKCI8 i 31 30INbUEHHAM BUKOPUCIAHHA O0OYUCTIOBANLHUX
MexXHOI02Il H08020 NOKOJIIHHA, Yell npoyec cmas Oinvud eghekmusnum, Hixe pauiue. OQOHax 0
BUKOPUCNAHHSL  eKCNePUMEHMANTbHUX OaHux ma iHopmayii O0nsi NAAHYBAHHA, NOMPIOHI
cneyianvHi 3HAHHA Ma pecypcu, 30e0i1bU020 30CePe0HCeHi 8 PAMKAX 8eNUKUX NIONPUEMCNG.

Capacity planning is one of the most important processes in the design phase of
industrial complexes and with the increasing use of new generation computing technologies, this
process has become more efficient than before. However, the use of experimental data and
information for planning requires specialized knowledge and resources, mostly concentrated
within large enterprises.

Maui ta cepeHl NiANPUEMCTBA, SIK IPABUIIO, HE MAIOTh JOCTATHIX PECYPCIB
JUIs. 300py BEIMKOTO OOCSITY €KCHEPUMEHTAIbHUX JaHUX Ta PecypciB Juis iX
KOpPEKTHOI 0OpoOkH. binblie Toro, mam Ta cepeiHi MANPUEMCTBA YacTO HE
MOXYTh BHOPOBAJAUTH IMEPEIOBI METOAU Ta IHCTPYMEHTU (HANPHUKIAI, 3acoOu
ontumizamii abo mnporpamHe 3abe3nedyeHHs Uil ITUTAaHYBaHHS BUPOOHHYUX
pecypciB) uepes Opak crierudiuHuX 3HaHb Ta CIIeIiaIbHO HABYEHOT'O IIEPCOHAITY.
AHami3ytouu TpeicTaBlieHI poOOTH 3a CXOXKOK TeMmaTukoro [1-3], poOumo
BUCHOBOK, 1110 JOIIIJIBHO JOJATH JO IMITAIlIMHOI MOJCII JOCIIKEHHS, BUKOHAHHI
3a ponomororo 00’extiB BottleneckAnalyzer ta SankeyDiagram. B xoxi po6oTu
HaJ JAHOIO CTATTEI0, 3a JIOMIOMOTOIO IMX JOCIHI/KEHb CTa€ MOMJIMBUM HATJISITHO
MEePEeKOHATUCS B HAABHOCTI BY3BKMX MICIIb Y BHUPOOHHYOMY TIpolieci Ta
MIPOaHaJI3yBaTH MATEPIaJONOTOKN BCEPEANH] YUACTKY.
Mertoto 1aHOi poOOTH € BUPIIIEHHS HACTYNHUX MHUTAaHb, IO MAlOTh MICIIE
Opy  IUIaHYBaHHI  BUPOOHMYMX  MOTY)KHOCTEW  3aroTIBEJIBHOIO  y4YacCTKY
IIPOMUCIIOBOTO KOMILIEKCY “bazuc”:
- JOLUIbHICTh BUKOPUCTAHHS BUPOOHUYOTrO 00JIaIHAHHS;
- PpO3paxyHOK BHUPOOHWYUX MOXJIMBOCTEH OOJIalHAaHHS TIPU BUKOHAHHI
3aJIaHOTO TEXHOJOTIYHOTO TIPOIIECY;
- 3HAXO/PKCHHS MOXJIMBUX INUISAXIB MIABUIICHHS MPOMYKTUBHOCTI JUTHHHMIII.
3a BUX1JHUM IJIAaHYBaHHSIM BUPOOHUUYOTO KOMIIJIEKCY CTBOPIOEMO BI3yaJIbHY
3D-monenp 3aroTiBENIBHOTO y4YacTKy. 3aBISKW MOJIOHIM Bi3yaui3aiii crae
MOXJIMBUM PO3IJISIT MTUTAHb €PrOHOMIKH POOOUYOTO MICls, TEPETis]l MOMepeIHbO
CTBOPEHOTO ITIJIaHy PO3MIIIEHHS 00JIaIHaHHS 3 IIJUTI0 BHECEHHs KOpekTuBiB. Ha
pucyHky 1 HaBeneHo BizyaiabHy 3D-Mozenb MailOyTHBOTO 1IEXY.
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Pucynox 1 - BizyanbHa Mo/ielb 3arOTiBETLHOTO YYaCTKY

3a BUXIIHUMHU JaHUMU TE€XHIYHOTO 3aBJaHHS HAa BUPOOHUYUN KOMILIEKC
o0paHO THUM Ta KUIbKICTh BUPOOHMYOTO 00sagHaHHsA. [lo oTpuMaHuM KpeciaeHHs
JeTaed, 110 BUIOTOBISTUMYTHCS IPOMUCIOBUM KOMIUIEKCOM PO3pOOJIEHO
TEXHOJIOT14HI MIPOLIECH BUTOTOBJICHHS JIeTallel, CIPOEKTOBAHO Ta PO3Pax0oBaHO yac
00poOIEeHHS KOXKHOT 13 3ar0OTOBOK, OPIEHTYIOUYHCH HA BUMOTH KPECJIEHHS JI0 SKOCTI
MOBEPXHI Ta MaTepially. 3a HOpMaTMBaMHM Yacy Ha 3aroTiBeibHI podotu [4],
MpPU3HAYEHO 4Yac OOpOOJEHHSI 3aroTOBOK [ KOXKHOI JeTaini ManWOyTHBOI
NMaKyBaJibHOI MamMHUA. Po3paxoBanuii yac OOpOOKM 3aroTOBKHM I KOXKHOI
orepailii CKJIajae:

- qus peram “CTiHka” - KOHTYpHE 0OpOOJIeHHsI Ha BepcTaTi rigpoadpa3uBHO1
pi3ku, MaTepiain - muta 116, ToBmHa - 20 MM - 12,21 xB;

- gna  peram  “Komomka” -  KOHTypHe OOpoOJieHHS Ha  BepcTaTi
riapoabpa3uBHOI pi3kH, MaTepiai - mauta B9S, Tosumna - 40 mm - 9,10 xB;

- g pertam “llltanra” - BiapizaHHS TpyTKa Ha BIAPIZHOMY BEpCTarTi,
Mmarepiai - npytok CT30, niametp - @35 mm - 1,30 xB;

- IS IeTajel pamu - BiApi3aHHS Ha BIIPI3HOMY BEPCTaTi 3 TUCKOBOI MUJIOK0,
Matepian - npodinasHa Tpyda CT3, nepepis - 60x60 mm - 2,40 xB, Biapi3aHHS
JUCTOBOTO METajy Ha TiApaBIIYHIA TILHOTHHI, MaTepian - auct 12X17,
ToBUIMHA - | MM - 1,21 XB, OUMCTKA Ha BepCcTaTl MICKOCTPYMHUHHOI 00OpOOKH,
Matepian - npodinbaa Tpyda CT3, nepepis - 60x60 mm - 2,16 xB.

Jlns mpoBeleHHS MOJICNIIOBAHHS CTBOPIOEMO IMITAIllfHY MOJeNb. 3a
noromororo  00’ekty EventController BcraHoBmOEMO TIPOMIKOK Hacy st
MO/ICITIOBAaHHS B OJIMH KaJleHAapHui Mmicsib. 3acooom ShiftCalender mpusnauaemo
12 - roguHHY poOOYy 3MIHHY Ta 5 - JEHHUIN poOOUNI THXKIEHb.
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Ha pucynky 2 npencrapieHo IMIiTaIlliHy MOJENb 3ar0TIBEJILHOTO LIEXY.
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Pucynok 2 - ImiTamiiiHa MOJEdIb  3aroTIBEIbHOTO

exy

BukopucroBytoun 06’extu DataTable 3agano MOXIUBICTH 0OpOOJICHHS Ha
BepCTaTi riipoabpa3uBHOI Pi3KU 3aroToBOK 3 TinTH J[16 Ta mumtu B9S. B skocti
MOJKJIMBOTO BapiaHTy BHOOpY Marepially 3aroToBKd oOpaHO MeToa Sequence
cyclical, mo sikHalTouHiIIEe BiNMOBiNAaE peaTbHUM yMOBaM BUpOOHHUIITBA. OO’ €KT
Display, po3mimienuit mopsia 3 emHocTs MU 1, 2, 3, 4, B IKMX pPO3TaIIOBYIOTHCS

3arOTOBKH, BHKOPUCTOBYKOUHU

00po0bIIeH1

aTpulyT

StatThroughputPerDay,

3MaTHUM TOKa3yBaTH KUIBKICTb OOpOOJICHMX 3aroTOBOK IMPOTSITOM OJHOTO
poboyoro mus. O0’ext HtmlReport BuBoauTh Ha €KpaH 3BIT 3 pe3yabTaTaMu
poOOTH y4acTKy MPOTATOM 33JJaHOTO MEePioy. 3BIT MPEACTABICHO HA PUCYHKY 3.

Name Mean Life Time|Throughput| Throughput per Hour | Production | Transport| Storage |Value added| Portion |

Tpy6a_npodinbHa CT3|9:29.8239 13060 17.55 100.00%  [0.00% 0.00% |51.95% — |

Name |Mean Life Time, Throughput per Hour | Production | Transport|Storage|Value added| Portion
Kpyr CT30|3:32.2814 25234 33.92 100.00%  |0.00% 0.00% |42.40% —

Name |Mean Life Time| Throughput|Throughput per Hour|Production|Transport|Storage|Value added| Portion
Jincr_12X17|3:11.0683 28035 37.68 100.00%  |0.00% 0.00% |42.39% I

Name |Mean Life Time Throughput per Hour | Production | Transport|Storage |Value added| Portion
Mawrta_B95 | 25:16.7619 1765 2.37 100.00% 0.00% 0.00% |48.85% I
Mavta_A16|25:16.4178 1766 2.37 100.00% 0.00% 0.00% |36.27% I

Pucynok 3 - 3BIT 3 pe3ynbrataMu poOOTH y4acTKy
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AHaJIi3y10uu 3BIT, MOKHA 3pOOMTH BHUCHOBOK, 1110 BUPOOHUIITBO 3arOTOBOK
HEpIBHOMIpHE, TOOTO ICHY€E BEJIMKA PI3HUIISI MK KUIBKICTIO OTPUMAHHUX 3arO0TOBOK
3 matepiainiB J[16 Ta B95. 1le mosicHIOEThCS CKITAAHIIINM, Y TIOPIBHSIHHI 3 1HIIIMMH,
IpOIECOM OTPUMAaHHA IMX 3aroToBOK. HacTymHuM KpokoM € mepeBipka
3aBaHTXXEHOCTI ~ BUPOOHMYOTO  OONagHAHHS,  CTBOPEHHA  Bi3yaiizalii
MaTepiaJoNoOTOKIB Ta MepeBipka BUPOOHUYOTO MPOIECY Ha HASBHICTh BY3bKHX
micib. AxtuByBaBmM 00’ekT Chart orpumyemo ricTorpamy 3aBaHTaKEHOCTI
KOKHOTO oOjanHaHHs. [lomepenHb0 BCTAHOBIIOEMO BEIHUYHUHY KOPUCHOI poOOTH
obOyagHaHHS BITHOCHO 3arajibHO1 poOoTH Ha piBHI 85%, M0 O3HA4YaE, MO BEpCTaT
85% BiJ 3arajbHOrO 4acy mpaitoe, a s 15% vacy 3HaxoaUThbCsl HA PEMOHTI Yu

obcnmyroByBaHHi. ['padik mpencraBiieHO Ha pUCYHKY 4.
[icTorpama 3aBaHTaXeHOCTi o6nagHaHHS
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Pucynok 4 - Tlicrorpama 3aBaHTaXEHOCTI  OO0JaJHaHHS
[IpoananizyBaBmM  rictorpamy, poOMMO BHCHOBOK, IO  BepCTar
MICKOCTPYMHUHHOI OOpOOKHM IEsKMi Yac 3HAXOJUThCS B OYIKyBaHHI AeTaneil 3
BIJIPI3HOTO BEpCTATy 3 JHMCKOBOK MWjow. BogHouac, Biapi3HMII BepcTaT 3
JMCKOBOIO MWJIOK0 HE3HAYHUI MPOMIKOK 4acy 3HAXOAMUTHCS B CTaHI OJIOKYBaHHS.
B 3arajbHOMYy BHMAJKy 1€ 3HAYUTh, 110 MPOJAYKTUBHICTH BEPCTATy HEAOCTATHS
JUISL MATPUMAaHHS O0e3nepepBHOTO 00poOieHHs 3aroToBokK [5]. HacTtynmHum kpokom
€ aHayli3 BUPOOHUYOIrO MPOIECY HA HASBHICTh BY3bKHX MICIb 3a JOIOMOTOIO
o0’exty BottleneckAnalyzer. Takox 3aBasku BOymoBaHOMY (YHKIIOHAIY,
BottleneckAnalyzer 3natHuit BugaTh 3BIT 3 TOYHUMHE JAHUMH PO Yac OJOKYBaHHS,
ouikyBaHHS Tomo. Pe3ynprat aHamiz 3a gonomoroto BottleneckAnalyzer
IIPEICTABIICHO HA PUCYHKY 5.

Pucynok 5 - Pe3ynbratu aHami3zy Ha HasiBHICTb BY3bKHX MiCIlh
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BottleneckAnalyzer Bumae pesympratd y Bunsiai - 3D-ricTorpamu,
pO3MiIIeHO1 Oe3nocepe/IHbO Haa 00 €KTOM MoAeHi. AHai3yr4u MpeacTaBieH]
rpadiuHi AaHi, poOMMO BHCHOBOK, IO BY3bKHM MICIIEM I[OTO BHPOOHHUYOTO
MpoIecy € BiAPI3HUK BepcTaT 3 JAWCKOBOIO TWiIOK. Hailimen KopHUCHY
1H(OpMaIlito MOXXHA 3HAUTH y 3BIiTi. 3BIT MIPEACTABICHO HA PUCYHKY 6.

object real real real real real (real real real
1 2 3 4 5 6 7 8 a
string BepcraT Yac wopuchol poboTtu |HanawTysanHa Ouikysanda | Baokysanna |3anyck | Nonomea | 3ynudxa | Naysa
1 root.ligpeaGpasusHa_cBpobka 85.11 a.e8 a.e8 .68 @.ea 14.89 .68 @.ee
2 |root.Bigpiswwii_sepcTaT 84.79 B.e8 B.e8 B.08| @.e0 15.21 @.00 @.o0
3 |root.linefcTuna 84.79 @.e8 @. 88 B.88 @.ea 15.21 @.88| @.ee
4 |root.Bigpisuwi_sepcTaT_3 7a.e3 a.e8 a8 6.08 ) @.ea 15.87 .68 @.ee
5 root.BepcTaT_nickocTpymuH. .. 66.32 8. 18.81 8. 88 B.88 14.87 .88 @.e@

Pucynoxk 6 - 3Bit BottleneckAnalyzer
Yac ouikyBaHHS JJIsl BEpCTATy MICKOCTPYMUHHOT 00poOKku ckiagae 18,81 %
Bl 3arajibHOro 4acy po6otu. I[lepion OJIOKyBaHHS BiAPI3HOTO BEpCTaTy 3
JMCKOBOIO MUJIOKO CKIIafae 6,9 % Bia 3arajibHOro yacy poOoTu. 3aBIsSKH 00’ €KTY
SankeyDiagram 3miificHIO€TBCS Bi3yamizallisi MaTepialoNOTOKIB BHPOOHHYOTO
npoiiecy. Bizyanizalliro MaTepiaJonoTOKIB MPEICTABICHO HA PUCYHKY 7.
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Pucynox 7 - Iimoctpaitist MaTepiaionoToKiB
O0’ext SankeyDiagram mpeacTaBiisie MaTepiaJoNOTOKN y BHUIJISI 3€JCHUX
NUISXIB TIEPEMIICHHS 3aroTOBOK. TOBINMHA INUIAXY 3aJIe)KUTh BiJ BEIWYUHU
MaTepiaJioNOTOKy  3aroTOBOK,  TOOTO  HaWmupmiid  J1iHii  BIJAMOBiJIA€E
HaWiHTEHCUBHIIIMHN TOTIK MaTepiaty.
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BHUCHOBKU

Ha ocHoBi anamizy imiTamiiiHoi Mojeni Ta MPOBEIECHUX EKCIIEPHUMEHTIB
MO>KHA HABECTH HACTYITHI PEKOMEHIAINi:

- HEeoOX1JHO MIABUIIUTH MPOAYKTHBHICTH BIAPI3HOTO BEPCTATy 3 JUCKOBOIO
NUWIOK0 ab0 K 3aMIHUTH HWOTO 1HIIKMM OOJaJHaHHSAM, ajKe Il BepcTaT €
BY3bKUM MICIIEM 3aTrOTiBEILHOTO yUaCTKY;

- HEOOXITHO PO3MICTUTH TPOMDKHUN KOHTEHHEp HJId 3aroTOBOK MIXK
BIJIPI3HUM BEPCTATOM 3 JIUCKOBOIO MUJIOIO0 T4 BEPCTATOM IMICKOCTPYMUHHOT
o0poOKH, ajKe OCTaHHIM BepcTaT 3HAXOJUThCS B OYIKYBaHHI Jerajed 3
B1JIPI3HOTO BEPCTATy Ha MPOTA31 3HAYHOTO MEePio Iy poOOYOro vacy;

- HEOOXIJHO 3aMIHMTH T1APABIIYHY TJILMOTUHY Ha BEpPCTAT riJipoadpa3uBHOL
0OpOOKH Ta CKOMIIOHYBAaTH TEXHOJOTIYHHUM MPOIEC TaKUM YHUHOM, II00
0o0poOKa 3arotoBok 3 martepiany B95 ta 12X17 BukoHyBanacs Ha OJHOMY
BEpCTaTi, MapTisIMU, 10 3MIHIOIOTHCS 3a IUKIIYHOIO MOCIiI0BHICTIO. [lei
KpPOK 3JaTHUWA 3MEHIIMTH PI3HUII0O MK 0OCSIrOM BHpPOOHMIITBA JAETANECH 3
matepianiB CT30, 12X17, CT3 ta /{16, B9S.

CIIMCOK IMIOCUJIAHBb
1. Furmannova.B., Gabajova.G., Vavrik.V. Design of logistic system using Tecnomatix
software / Beata Furmannova, Gabika Gabajova, Viadimir Vavrik. — 2019. -
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2. Bangsow S. Manufacturing Simulation with Plant Simulation and SimTalk: Usage and
Programming with Examples and Solutions / Steffen Bangsow. — Berlin: Springer - 2010. — 300
p.

202


https://doi.org/10.24132/PI.2019.08948.043-049

YK 621.771
IHaniopatuenko F0.A., Ko3opi3 B.A. (/[/[MA, . Kpamamopcok, Yrpaina)

JOCJ/IIIZKEHHA TPOLECY BUIABJIFOBAHHSA
MMOPOKHUCTHUX JETAJEN

Hpouecn 3BOPOTHOTO BH/IABIIOBAHHS MAIOTh BEJUKY KUIBKICTh CXeM 1 ix
3MIUCHEHHS 1 Bl)lplBHSHOTLC}I PI3HOMAHITHICTIO ~ JleTaield. XapaKTepHOIO
OCOOJIUBICTIO TMPOLIECIB 3BOPOTHOTO BUJABIIOBAHHS € MPOCTHH 1 JIETKUH pPEKUM
CHJIOBOTO BIUIMBY, $K Ha JAe(QOpPMYeThCS 3aroToBKYy, TaK 1 Ha €JIIEMEHTH
HITAMIIOBOTO OCHAIICHHSI.

Meroto pgaHOro JOCHPKEHHS € (OPMO3MIHM 3aroTOBKM B IpOIIECi
3BOPOTHUM  BHUJABJIIOBAHHSIM, BHUKPUBJICHHS JAUIMIBHOI CITKM 1 PO3MOALI
IHTEHCUBHOCTI Jedopmarliii Ha OCHOBI MeTony ckiHueHHuX eneMmeHTiB (MCE) B
cepenopuii QForm 2D [1].

Jlist MozentoBaHHSI TPOIIECY 3BOPOTHOTO BHJIABIIOBaHHS Oylid oOpaHi
MeXaHI4H1 BIACTUBOCTI Matepiairy 3arotoBku AJ[1. OOpaHi HACTYyIHI T€OMETPUYHI
napameTpu: L — Bucora 3arotoBku (L = 25MM), R — pamgiyc 3arotoBku (R = 25Mm),
Ri, Ro — pajiyciB CTIHKH 3arOTOBKH (R1 = T™MM,
Ro = 11MM), r — paaiyc 3akpyriieHHs (T = 2MM).

CxeMmu nporecy B MOYaTKOBIM 1 KIHIIEBIN CTaAll MpeacTaBiIeH] Ha puc.l.

a) 0) B)
Puc. 1. Cxemu mporiecy 3BOPOTHOTO BHIABIIOBAHHSA (a), BUKPHUBJICHHS
JUTHITBHOI CITKH (0), pO3MOALT IHTEHCUBHOCTI iehopmartiii (B)

Sx BUZHO 3 PHUCYHKY 1B, HalOUIbIIa 1HTEHCUBHICTh Jedopmariii
30cepe/keHa Ha CTIHKM 3arotoBku Rp = 1lMmm. MakcuMaiibHl 3HA4Y€HHS
IHTEHCUBHOCTI Aedopmarlii ajist mpoiiecy gocsrae g = 3,4 (puc. 1B).

203



VJIK 67.05

IMiporos 1.0., Hayk. kep. a.T.H. npo¢ Boponmor b.C. (Ykpaina, m. Kui, HTYY
«KIII im. Iropst Cikopcekoro»), A.T.H. npod. IBanoB B.O. (Vkpaina, m. Cymu,
CymlY)

HNIABUINEHHA EOEKTUBHOCTI CUCTEMMU BEPCTAT -
IHPUCTPIN - IHCTPYMEHT - IETAJIb IITPU OBPOBJIEHHI JETAJIEN
HA BEPTUKAJIBHO-®PE3EPHOMY BEPCTATI

Y cmammi poszensinymo ocHoéHi Odicepena 8UHUKHEHHs asmoxoIusans ¢ cucmemi BIII/,
SKI BNIUBAIOMb HA eexmusHicmb 00pooKku demani. Bukiadeno memo0onozito ma euxioni oami
0151 NPOBEOEHHS YUCIIEHHO20 MOOENIOBAHHS 3d O00NOMO20 OOHO20 13 CYHUACHUX NPOSPAMHUX
naxkemie ANSYS, DEFORM, LS-DYNA. /lana poboma cnpsamosana Ha 3a0e3neuyenHsi 3a0aHoi
MOYHOCMI 00POOKU, WAAXOM GUOOPY ONMUMAILHUX PEeNCUMIE pPI3aHHA ma 3aKpPINJieHHs
3a20MOBKU, AKI MAOMb OCHOBHUU 6NIUE HA CMIUKICMb ma dcopcmkicmy cucmemu Bl wo 6
CB010 uepay 8NIUBAE HA AKICMb 00poOIeHHs ma cobigapmicmb.

The article considers the main sources of self-oscillations in the VPID system, which
affect the efficiency of machining. The methodology and initial data for conducting numerous
simulations with the help of one of the modern software packages ANSYS, DEFORM, LS-
DYNA are presented. This work is aimed at ensuring a given accuracy of processing, by
selecting the optimal modes of cutting and fixing the workpiece, which have a major impact on
the stability and rigidity of the VPID system, which in turn affects the quality of processing and
cost.

AKTYaJIbHICTh Ta MOCTAHOBKA MPOo0OJeMH. Y Halll 4yac y IPOMUCIOBOCTI
IIMPOKO BUKOPUCTOBYIOTHCS BEPCTATH 13 YHUCJIOBUM IMPOTPaAaMHUM KEpPyBaHHSIM
(UITK), ToMy Bce Oinbllle yBaru MNPUIUISETHCS HA ONTHUMI3alll0 METOMAIB
MeXaHI4HOTo 00poOJieHHs AeTaneil. OOpoOIeHHS pi3aHHSAM € OJHUM 13 OCHOBHHX
BUJIIB ()OPMOYTBOPEHHSI B MAIIMHOOYIyBaHHI, HAayKOBI 3HaHHS B LIA ramysi
JIOCSITJIM BEPIIMH, TOMY 3HAYHUW PO3BUTOK OTPUMAIM TEXHOJIOTIl BIPTYaJbHOTO
YUCENIbHOTO MOJCJIIOBAHHS, IO JO03BOJIAE€ 3a HallMEHIMWA 4Yac, 0e3 BUTpaT Ha
3arOTOBKM Ta JOJATKOBY €HEPril0 BUKOHATH ONTHUMI3AII0 Ta 3MOJICIIOBATH
nporiecu oopooeHHs [1].

Tak sk B cydacHOMy MamimHOOYyBaHHS HAMOUIBII TMOIIMPEHUM BHUIOM
MEXaHIYHOrO0 OOpOOJIEHHS € MPOIEC Pi3aHHSA, BUTOTOBUTHU J€Tallb 3 a0COIIOTHOIO
TOYHICTIO HEMOKJIMBO. [TopiBHIOIOYM JIB1 JeTall — peajibHy 1 3a/1aHy KPECICHHSIM,
MO>KHA BCTAaHOBHUTH, III0 BOHM MAalOTh BIJIMIHHOCTI. g BiAMIHHICTh BU3HAYAETHCS
HEJIOCKOHAJIICTI0 BHUIOTOBJIEHHS pEaJIbHOI JieTali, a CTYyMmiHb BiAMIHHOCTI
XapakTepu3ye TOYHICTh 00poOsieHHs. Ha mosiBy BiaxuieHb AIMCHUX PO3MIPIB 1
dbopmu 00poOIIOBAHOT JeTalll BiJ 3aJlaHMX Ha KPECJICHHI BIUIUBAIOTH O€3Jiy
dakTopis [2].

OpHi€er0 3 OCHOBHMX TPUYMH BUHUKHEHHS TMMOXHMOOK MEXaHIYHOTO
OOpOoOJIEHHSI € J>KOPCTKICTh TEXHOJOTIYHOT CHCTEMH «BEpCTAaT — TMPUCTPId —
iHcTpyMmeHT — netanb (BIIII)». o moxmOky MoXHA MOMUIMTHA HA JBI OCHOBHI

TpyIu:
1. IToxuOka cratnyHOro HanmamTyBaHHs cuctemu BITI/I.

204



2. [Toxubka nuHaMivHOTO HamamTyBaHHs cuctemu BITI/I.

CtyniHp BIUIMBY BKa3aHuUX (aKTOpiB  3aJ€XKUTh BIJ  XapakTepy
BUKOHYBAaHOTO 00poOieHHs. [loxmOka CTAaTUYHOTO HANAMITYBAaHHS CHCTEMH B
OCHOBHOMY 3aJICKUTh BiJl SKOCTI 1 CTaHy TEXHOJOTIYHUX 3ac00IB BUPOOHUIITBA.
[ToxuOka nuHAMIYHOTO HanamTyBaHHsa cucteMu BIIIJ] HalO1abI1 CUIIBHO BILJIUBAE
Ha TOYHICTh OOpPOOJICHHS, BUKJIMKAE 3MIHHI TPYXH1 BIAXWJIECHHS TEXHOJIOTTYHOI
CHUCTEMH 1 3aJIKHUTh B1J] dKOPCTKOCTI CUCTEMH, CTAaHYy TEXHOJIOTTYHOT'O 00JIaIHaHHS
Ta MPUCTPOIB, a TAKOX BIJ] MPOIIECY Pi3aHHS — SAKOCTI 0OpOOIIOBAHOTO MaTeplaiy i
IHCTPYMEHTIB, IPUITYCKIB Ha 0OPOOJICHHS, 3MIHY 3yCHUJIb PI3aHHS 13-32 MJIACTUYHUX
nedopmarliii mpu 3HATTI CTPYKKH, TEIUI0BUX siBuill B cucteMi BITLJL [3].

Y mpomeci MexaHiuHOro 0OpoOneHHS Bci BKa3aHi Bulle (GakTopu
3MIHIOIOTBCSI 1 BIAMOBITHO B1IOOpa)XaroThCs HE TUIBKU Ha (HI3UKO-MEXaHIYHOMY
ctani cuctemu BIIIJI, ame ¥ BmMBarOTh Ha TOYHICTH 00poOIeHHs. J[71s TOTO, 1100
3a0e3MeYNTH 33/1aHy TOYHICTh IIPU BIATIOBITHOMY PEXKHUMI 00pOOIEHHS, HEOOXITHO
3HAaTH CyMapHi MOXMOKH 1 KOPCTKICTh JWHAMIYHOI CHUCTEMH, a TPU HasIBHOCTI
oOnasiHaHHSA, 3arOTOBKM 1 IHCTPYMEHTY PEXKHMHU pi3aHHS HaWOUIBII CYTTEBO
BIUIMBaIOTh Ha cTaH cuctemu BIIIJI. 31 301abIIeHHAM SKWX, MBHAKOCTI pi3aHHS,
nojayl 1 MMOWHU Pi3aHHS 3pOCTAIOTh 1 TOXUOKKU 00poOsieHHs. ToMy BU3HAYEHHS
PEXUMIB pi3aHHS 13 BpaXyBaHHSM 33JaHOi TOYHOCTI 1 KOpcTKOCTI cuctemu BITIJ]
SBJISIE COOOI0 OJTHY 3 OCHOBHUX NPOOJIEM Y TEXHOJIOT1i MaMHOOY 1yBaHH [2].

Merta. Merowo JnaHoi poboTH € 3a0e3medyeHHs 3a7aHoi  TOYHOCTI
BUTOTOBIICHHS JIeTalll HUISIXOM BHOOPY ONTUMAIbHUX YMOB OOpOOJEHHS Ta
PEXKHUMIB pi3aHHS.

Metonoaorisi. /[ npoBenenHs po6oTy Oyae BUKOHAHHMIA €KCIIEPUMEHT Ha
BEepTUKAIIbHO-(hpe3epHOMY BepcTaTi (puc. 1) [6].

Ly

/s fepemons
e
Tepeihs LRcvs 7

N bhuwdnd fgaor

a) 0)

Pucynox 2 — BeptukansHo-(ppe3epHHii BepcTar:
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a — I[MpoCTOpPOBAa MOJCIIb, 0— CKCIICpUMCHTAJIbHA MOJCJIb

Jl7ig ekcriepuMeHTAIbHUX JOCTIKEHb 00paHa JIeTaidb MpU3MaTuIHol popmu
3 rabapuTHUMH po3MipaMu JoBkuHaA 55 mMm, mmpunHa 30 MM, Bucota 20 MM.
Martepian 06pobtoBaHOi 3aroToBKH — nepeBo. OOpOOJICHHIO MiAJATAIOTh TaKi
MOBEpPXHI: LWIIHAPUYHI OTBOPH JlaMEeTpoM 10 6 MM; IINOHKOBHM Tma3 i3
po3mipaMu noBkHHA 16 MM, mupuHa 5 MM, TIMOUMHA 5 MM, YCTYI 3 po3Mipamu
JIOBXKWHA 55 MM, IIUPUHOIO 5 MM, TuOuHOI0 10 MM. OOpoOIEHHS 3a3HAYEHUX
MOBEPXOHB MOTpeOy€e MepeyCTaHOBICHHS 3aroToBKH (puc. 3). Jlms ycix BapiaHTIB
BUKOPUCTOBYIOTHCS MAIIMHHI Jiemata 3 CXeMoro 0a3yBaHHS «3a TpbOMa
TUTOIIITHAMID.

Ve
5 2 3 Tb ,
w/i W, i/
i H e -
AN AN AN AN AN AN
al ol il

Pucynok 3 — Bapiantu 6a3yBaHHsI 1 3aKpilJICHHS 3arOTOBKH:
a — 3aTUCKaHHS PyXOMOIO I'yOKOO JieniaT; 0 — 3aTUCKaHHS PYXOMOIO I'yOKOIO
Jemar 13 J0JaTKOBUM 3aTUCKOM MPUXOIUTIOBAYaMU; B — 3aTUCKAHHS PYXOMOIO
ryoKoro neniat; 1 — 3arotoBka, 2 — onopa npucTporo, 3 — CUJIa 3aTUCKY Bijl
3aTHCKHOTO MEXaHI3My.

OO00B’3KOBOI0 YMOBOIO JJis TIPOBEACHHS €KCIIEPUMEHTY € TepeBipKa BCIX
poOouMXx BY3JIIB BepcTaTa 1 MOKpalleHa iX >KOPCTKICTh MUISAXOM MiITATYBaHHS
TBUHTIB s KpiluleHHA. byzae mpoBeneHe MmexaHiuHe OOpOOJIeHHS IEpEeBUHH,
¢dpe3epyBaHHSI IIMOHKOBOTO Ma3dy Ta YCTYyMy ,a TaKOXK CBEPUTIHHS OTBOPIB.
3aneXHICTh CTATUCTUYHUX 1 JIWHAMIYHUX BIOXWIEHb JIE€Tall BIX MIBUAKOCTL
pi3aHHs Ta mojayi,0yae 3adiKCOBaHO OCHOBHUM BIUIMB 1UX (haKTOPIB HA TOYHICTH
BUTOTOBJIEHOT JI€Tall, NPOAYKTUBHICTb OOpOOJEHHS Ta SKICTb OOpOOIeHUX
MOBEPXOHb, MUISIXOM HA0YHOTO BH3HAYECHHS SKOCTI IOBEPXHI, a TaKOX 3a
JIOTIOMOTOI0 TAaKUX MIKPOMETPUYHUX 3acO00iB BUMIPIOBaHHS, SIK MIKPOMETD,
HYTPOMIp 1 TIIMOMHOMIP 3 1HAUKATOPOM YaCOBOTO THITY, KOHTPOJb MIOPCTKOCTI 32
JIOTIOMOTO10 MPO(ITOMETPa, a TAKOXK YU 30€pIracThCs CTIHKICTh 1HCTpyMeHTa. [lo
UM (akTopamM MOXKHA CYJAUTH HACKUIHKU PaIliOHATBHO 1 €()eKTUBHO BUKOHYETHCS
00po6uieHHs 3aroToBkH. [1i yac BUKOHAHHS J0CIHI Ty HEOOX1IHO 3HATH, SIK 3HANUTH
CKJIAZIOBl PEXUMHU pi3aHHSA HA TPAKTHUIl, TaKl SK TIMOWHA DPi3aHHS Ta TOJaya.
Pexumu pizansst OyayTh oOMpaTucs B 3aJIEKHOCTI B PSAAY YMOB: MPUITYCKIB Ha
00poOKy, MILIHOCTI 1 5KOPCTKOCTI MaTepially 3arOTOBKH, IHCTPYMEHTA 1 HOTY>KHOCTI
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BepcTara. byayTh po3riisiHyTI npyxH1 Jedopmariii 1 HaBaHTKEHHS TIpU 00pOoOI,
MOXJIMBI TeMIlepatypHi jaedopmallii Ta TEIUIOBl SIBUINA, SKI MOXYTh 3HU3WUTHU
TOYHICTH OOPOOIICHHS.

Y po6oTi Oyme BUKOHAHO YMCEIhHE MOJCITIOBAHHS Ta EKCIEPUMEHTAIBHI
JTOCIIKEHHS.

JUist  BupilleHHS [UX 3aJa4 JOLUIBHUM € BHUKOPUCTaHHS CY4YaCHUX
nporpamMHux MoayiiB, Takux sik ANSYS, LS-DYNA, DEFORM 3a pomnomororo
AkuxX Oylne BHKOHAaHE 4YHcCelIbHE MojentoBaHHs. [lmaHyeTbcss BHUKOHATH
JOCIIJIKEHHSI HaNpy»XeHO-1e(OPMOBAHOTO CTaHy 3a JOMOMOTOI0 IMPOrpamMHOTrO
koMiiekcy ANSYS, ne po3paxoBylOThCS TMEpeMIIIEHHs BY3/IIB BepCTara,
HaINpY>KEHHS Ta CWIM peakitii. Jlami, BUKOHAEThCS CTaTUYHE MOCITIOBAHHS IS
BU3HAYCHHS nepeMuueHb Ta HANpYkeHb Mpu YMOBI CTaTHYHHUX HABAaHTAXEHBb 5K
UL JTIHIMHAX Tak 1 HemiHiMHuX aedopmamiii. [Ipm momamsHOMYy aHami3i
JOCTIKYIOTBCS YAaCTOTH BJIACHUX KOJHBaHb, a MPU TapMOHIYHOMY aHami3l —
aMIUTITYJM KOJMBaHb, IO BHHHUKAIOTh Mpu 00poOseHHl. Cnemiamn3oBaHUuR
imxeHepuuit  kommuiekc DEFORM  no3BofuTh  mpoaHamizyBaTH — MPONECH
MEXaHIYHOTO OOpOOJICHHS, ONTUMI3YBAaTH TEXHOJIOT1UHI MPOIECH Oe3MocepeaHbO
3a KOMIT'IOTEpOM, a HE B XOJ1 IPOBEICHHS EKCIEPUMEHTY Ha BepcTari. 3a
nonomororo LS-DYNA mnnanyerbcsi BUKOHATH JUHAMIYHUN aHali3, a came
peakilito MaTepiaJiB Ha KOPOTKONEPIOJWYHI HAaBAaHTAXEHHS 13 BHCOKOIO
aMILTITY/1010.

OcHoBHa i/1es 3aIIPOIIOHOBAHOTO CIIOCOOY MOJISATA€ y BUKOHAHHI YHUCEIHLHOTO
MOJICJIFOBAHHSI MPOLIECIB BUMIPIOBAHHSA IMOKA3HUKIB MEXaHIYHUX BIJIACTUBOCTEU
00po0JIIOBAaHOTO MaTepiady 3 MOJAJBIIUM 3HATTSIM TOKa3aHb 3 OJEPKYBAHUX
3pa3kiB 0OpOOJICHUX B peaIbHUX yMOBaX, iX MOPIBHSHHS Ta aHai3, sSIK PE3yJbTatr
Oyze 3amponoOHOBAHO ONTHUMAalbHI yYMOBH OOpOOJIEHHS Ta PEXUMH pi3aHHS,
BUKOPHCTOBYIOUH SIKI MU 3MOKEMO BU3HAYUTH ONTHUMAIBHUN KPUTEPId TOYHOCTI,
JUISL TTIOAQTBIIOTO €(heKTUBHOTO 0OpOOJICHHS.

BucnoBok. VY pe3ynbTari BUKOPUCTAHHS JAHUX CYYaCHHX 1H)XKCHEPHUX
KOMILJIEKCIB Ta TIpU TOPIBHSHHI  OTPUMAHUX PE3YJNbTATIB  YHUCEIHHOTO
MOJICTIOBaHHS 13 pe3ysbTaTaMu OOpOOJICHHS, MOKJIMBO 3POOUTH BUCHOBOK PO
HasBHICTH Jeopmalliii, HaBaHTaXKE€Hb, TETIOBUX SIBUIIL, BiOpaitiil y cuctemi BITI/],
3allpOIIOHOBAHO CMOCOOM 1X 3MEHIIEHHS, SK pe3yibTarT OyJae BCTaHOBIEHO
palioHalbHI peXUMU 00poOsieHHs. PamioHanbHMMH  OyQyTh Ti  pPEXKUMHU
0oOpOoOJICHHS, MPU BUKOPUCTAHHI SKUX, MOXKHAa 3HAYHO 3MEHIIUTH iX BIUIMB Ha
wopcTkicTte cuctemu BIIIJ[, He 3HMKYIOUM TpPOIYKTUBHOCTI BepcTara 1 HE
T1IBUIIYIOYN COOIBAPTOCTI BUTOTOBIICHO1 JeTam. ToMy HEOOX1HICTh TOTPUMAaHHS
pEKHUMIB pi3aHHA € KIIOYOBUM Y 3a0€3MEeUeHHI ONTHUMAIbHOI MKOPCTKOCTI B
cucremi BITI/I.

[lomanpii TUIaHW TOJSATAIOTH Y HACTYNHOMY: MIATBEPIUTH €()EKTHUBHICTDH
JAHUX JOCHIPKEHb Ha BUPOOHUITBI, B yMOBaX BUKOPUCTAaHHS YHIBEPCAJIbHUX Ta
OararomuboBux BepcTaTis 13 UIIK.
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JOCJIILIZKEHHA CUCTEMU ABTOMATHYHOI'O KEPYBAHHSA
EJIEKTPOITPUBOJOM I'OJIOBHOI'O PYXY HO310OBXHbO-
CTPYI'AJIBHOT'O BEPCTATA

Ilposedeno  ananiz  mexwono2iuHux — 0cobaUBOCMEl  NO300BXHCHLO-CMPY2ATLHO2O
eepcmama, 6uUOIp NOMYACHOCMI eNeKmMpPOoOBUSYHA [ NepesipKy 3a HACPieOM, DPO3PAXOBAHO
napamempu cuni080i YacmuHu eieKmponpueooy, napamempu MamemamuyHoi Mooeni KOHmypy
CmMpymy ma weuoKocmi, po3pooOneHo iMimayiliHy Mooelb, OMPUMAHO NepexioHi npoyecu y
naxkemi Matlab, Oocniodiceno nepexionuti npoyec KOHMYpy WEUOKOCMI npu onmumizayii
koeghiyienmis I1/[-pecynismopa 3acobamu Matlab.

The analysis of technological features of the longitudinal planing machine, the choice of
electric motor power and heating test is carried out, the parameters of the electric part of the
electric drive, parameters of mathematical model of current and speed circuit are calculated, the
simulation model is developed, transients in Matlab package P1D-regulator by means of Matlab.

Beryn. buteina yactuHa BHpPOOJIEHOT B yChbOMY CBITI €JIEKTPUYHOI €HEpPrii
NEPETBOPIOETHCS 32 JJOTIOMOTOI0 EJIEKTPOABUTYHIB Y MEXaHIYHY, IO Y CBOIO Yepry
BUMAara€ CTBOPEHHS ONTHUMalbHUX cucTeM aBToMaTH4yHoro kepyBaHHa (CAK).
ToMmy y cyd4acHOMY CBITI CIIOCTEPIra€ThCs CTPIMKUN PO3BUTOK PI3HOMAHITHHX
meronaiB nmooynoBu CAK. BiamoBigHO mocrae mUTaHHS AKICHOT MEPEBIPKU TaKHX
CUCTEM, ajieé HE 3aBXKIM 3PY4YHO Ta BHUTIJHO, a JEKOJM W HE MOXIIMBO, IPOBECTU
TECTyBaHHS MOJICPHI30BAaHOT CUCTEMHU KEPYBaHHS Ha PEATbHOMY TEXHOJOTIYHOMY
00’ekTi. Y 1bOMY BUNAIKy PIIICHHS MOJSAra€ y 3aCTOCYBaHHI PI3HOIO poOay
IMITaTOpPiB, MOJIENIC  EJEKTPONPUBOAY MPOMUCIOBOIO YCTaTKyBaHHS, SKi
BIITBOPIOIOTh 1 BUKOPUCTOBYIOTh pI3HI YUHHUKH Y MOJENI, THUM CAMHM
CIpOIIYIOUM YMOBHM TeCTyBaHHs. IMmirtaiiss abo MOJENIOBaHHSA - 1€ METOJ
JOCIIIJIKEHHST SIBULL 1 MPOLECIB, IO IPYHTYEThCS Ha 3aMiHI OpHUIiHaNy 00’€KTa
JOCJIKeHb 1HIIUM, MOIIOHUM J0 HHOTO, TOOTO MOro MOAEIUI0. IMiTallis mpoLeciB
IIUPOKO 3aCTOCOBYETHCS Y TAKUX Tally3sX MPOMHUCIOBOCTI SK MAIIMHOOY/IBHA,
aBTOMOOLTbHA, POOOTOOYAYBaHHS, BOJIHO-MOPCHKA, A€pPOKOCMIUHA, E€JIEKTPUYHA
imxkeHepiss tomo. [Ipu 1mbOMy TeCcTyrOTbCS PO3POOJIEHI TPOrpaMH KepyBaHHS
CHCTEMOI0 Ha HAsABHICTh MOMMIOK. lle mo3Boisie BU3HAYMTH SIKICHI 1 KIUJIBKICHI
MOKa3HUKA pOOOTH pPO3POOTIOBAHUX peEryjsTopiB. ToMmy mig dYac mporecy
MPOCKTYBaHHS METOJ 1MmiTalii abo MOJCIIOBAHHA € OJHUM 13 HaWOUIBII
aKTyaJIbHUX KPOKIB MPOLEAYPH TECTYBaHHS 1 IEPEBIPKU HOBUX CUCTEM.

MeTo10 BMKOHAHHSI PO0OTHM — PO3poOKa IMITAIIHOT MOJENl CHUCTEMH
ABTOMATUYHOTO KEPYBAHHS EJEKTPONPUBOJOM TOJOBHOTO PYXy MEXaHI3MY
NEPEeMILIEHHS! CTOJY MO3J0BXKHbO-CTPYTaJIbHOIO BEpPCTaTy Ta MPOBEACHHS
JIOCITIKEHb HAAIITYBAHHS 1 ONTUMI3AIIT PETyJIATOpa MIBUAKOCTI €1 CHCTEMH.

AHAJI3 OCTAHHIX JOCJTIKEeHb i myOiKamii.
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VY Ham yac KOMEpIIMHO BUITYCKAIOThCS TUIATGOPMH JIJIs peastizallii iMiTarii
takumu (pipmamu sixk Opal-RT, dSPACE, RTDS, Autobox, Mathwork xPC [1]. 11
CHUCTEMH TpOTpamMyloThcs Oe3mocepeHbO0 Ha MOBI mporpamyBanHi C abo y
nporpamMHoMy Tmaketri Matlab/Simulink [2-3] Ta J03BONSIIOTE  TIOAAIBITY
koMruisiro 10 MoBu C. 3aBmsku BOyJoBaHIN (YHKIT KOHTPOJIO Yacy IHKITY
MOJICITIOBAHHSI TapaHTOBAHO JOCSTAETHCS IMITAIlil Yy PEXKHUMI peasbHOTO dYacy.
[Hmumit BapiaHT peanizaiii CHCTeMHU IMITaIlil BKJIIOYA€ 3aCTOCYBAaHHS MPOTPamMHOI
obononku LabView [4], mo nmoTpeOye 3HaYHO MEHIIUX (DIHAHCOBUX 3aTpaTr Ta €
OUTbII JOCTYNHMM, aje€ B IbOMY pa3l HE Mae MeEXaHi3My TrapaHTyBaHHs
BIJIMOBIHOCTI 10 PEKUMY PEaTbHOTO Yacy.

BukJiax 0CHOBHOTo Martepiajy J0C/IiIKeHHS.

[ToHSATTS «cTpyranbHUM BepcTaT» y Mepekial 3 aHIHChbKOT MOBH - 11€ THUIT
METaJI000pOOHOT0 BepcTaTa, KU BUKOPHUCTOBYE JIHIMHUN BIAHOCHUN pyX MIX
3arOTOBKOIO Ta 1HCTPYMEHTOM JJIsi pi3aHHs 3aroTOBKH. BOHHM TakoX MpH3HAYEHI
JUIsl YTBOPEHHSI IUIOCKMX IMOBEPXOHb HAa 3aroTOBKaX, sKI a00 HEMOXIJIHMBO, abo
HE3pYy4YHO 00poOJIsATH Ha ()pe3epHUX BepcTaTrax. 3aroToBKa, sKa mijjsirae oopooiri
3aKPIIUIFOETHCS HA CTOJII BEPCTATI, SIKUHA POOUTH 3BOPOTHO-MOCTYHAIBHUI pyX 01514
HEPYXOMOro pi3ueBoro cynopra. CTpyKa 3HIMA€ETbCS HEPYXOMUM pizleM (abo
pi3isiMu) Jumie mpu pobodomy xoai croiy - xig ymnepen. Ilomawa pisus
BIIOYBA€EThCS HA KOXXEH KPOK 3a3BUYail MiJi 4Yac PEBEPCYBAHHS CTONy 31
3BOPOTHOTO XOJy Ha poOOuuni, TaK camMo Hepe] MOoYaTKOM poOOUYOro XOay CTONY.
Taki BepcTaTH XapakTEPHU3YIOThCA HANUOUIBIIO JOBXKHUHOIO (XIJI CTONY) Ta
HAaWOUIBIIIO HIMPUHOIO CTPYTraHHSA, a TaKOXX HAWOUIBIIOI BHUCOTOI MigioMy
nonepeynHu (TpaBepcH) 3 CYHOpPTaMH: B IUX BEJIWYUH 3aJIeKaTh HaWOLIbIII
PO3MIpH 3ar0TOBOK, SIK1 MOKHa 00pOOJIIOBAaTH Ha TaHOMY BepcTari [S].

VY pasi cTBOpEeHHS MaTEMAaTHUYHOI MOJIEN1 11 BIJIMOBIAHICTE A0 00’ €KTY TaKOXK
MOX€ BHU3HAYATHCS 3 3aCTOCYBaHHSIM eJeMeHTIB imiTauii. Ilpu imeasbHOMY
BUIMAJIKY TMpoIlecy IMiTalmii Juisi BUIPOOYBAaHOTO OOJIafHAHHA OO0’€KT, 110
IMITYETBCSI, HIYMM HE BIAPI3HAETHCS BIJl PEAIBHOTO.

B xomi MopentoBaHHS € MOXIIMBICTh CTEXHUTH 3a TIpollecaMu, IO
BII0YBalOTbCsl B cucTeMi. i1 1bOro BUKOPUCTOBYIOTHCA CIELIalIbHI MPUCTPOI
CIIOCTEPEKEHHS, 10 BXOAATh A0 ckiamy 6i6mioreku Simulink [6-7]. Pesynbratu
MOJICIIIOBAHHS MOKYTh OyTH MpejcTaBieH] y BUrisiai rpadikis (puc.l).

A / i)

i a [ 0z 05 [ s [ 7 o [ "
a) 6)

Pucynok 1 — Ilepexiguuii mpoiiec KOHTYpY CTpymy (a) 1 mBUaKOCTI (0).
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CrpykrypHa cxema CAK 3 IIIJ[-perynstopoM mokazaHa Ha puc. 2, A€ g —
BXIIHMI CUTHaJ, Y — BUXIJHUN CUTHaNI, X=(Q—Y — INOMMUIKAa CUCTEMH, U —
kepyrounii curaai, Wy (S) — nepenarouna dyukuis II[-perymsropa, W, (S) —

Iepcaarodyda HKHiSI HiI[CI/IJIIOBa‘Ia ITOTY>KHOCT1, BAKOHAaBYOI'O OpraHy Ta 00’€KTa
b

KepyBaHHA [8].

Pucynok 2 — Crpykrypna cxema CAK 3 I /I-perynsaropom

[lepenarouna gpynkuis igeansHoro [IJ[-perynstopa mae BUTIs

K
Wp(s):KH+T]+KﬂS (1)

[Ipu upoMy mepiia ckiiazoBa siBjsie cooorw mponopiiny janky (I1), apyra
CKJazioBa — iHTerpyrouy JaHky (1), Tpets ckinagosa — nudepenuiroroya ganka (/1).
Ha mizcraBi miporo perynsitop Mae Ha3y I /I-perynsrop. Icaytots Takox I1-, T1I-,
ta [1J[-perynstopu, CTpyKTypa SIKMX 3aJ€KHUTh Bl TOTO, SKi CKJIaJI0B1 BXOJATH J0
perynsitopa. st mokpaleHHs 3aBa03aXUIEHOCT] Ha TMPAKTHUIl TPETIO CKIAIO0BY
y (1) 3amiHiOIOTH Ha JudepeHIiody JaHKy 3 YIOBUIBHEHHSIM. I[HepiliiiHa
CKJIaJIOBa 31 CTaJI0K0 Yacy BUKOHYE POJib PinbTpa.

K K s
Wp (8) = Kp7 + g+ Tys +1 2)

Bxmtouennst [l-yacTuHM [03BOJISIE 3MEHIIUTH CTAaTUYHY MOMMJIKY Ta 4ac
nepexigHoro mpoiecy. BximroueHHs [-4yacTMHM J03BOJIIE 3pOOUTH  CHUCTEMY
acTaTUYHOI0. BximouenHs J[-yacTWHHM MO3BOJISIE€ 3MEHINMTU IIBIAKICHI TOMHMIIKH.
3aranpHuii nepexignuil npouec B [1I/I-perynsaropi € cymoro npouecis B I1, I Ta /I-
YacTHUHAaX.

3a 70moOMOror CTaHaapTHUX OyokiB  Matnab/CumymniHk  po3pobIieHo
nigcuctemu II/I-perynsitopa, y SKOMy BHUKOpPUCTaHI OYKBEHI I1O3HAYEHHS
KOe(DILIEHTIB peryadaropa 3 METOK MOJAlbIIOr0 HaJallTyBaHHS 3aco0aMu
Matna6. 3amineno Il-perynsiTop MIBHAKOCTI 3 HaJalITYBAHHSIM Ha MOJYJIbHHUM
ontumyM Ha III/{-perynstop, nomano 6ok Check Step Characteristics ans
BUKOPUCTAHHS ONTUMI3allii TapaMeTpiB perynsaropa 3acobamu Matiab [9-11]

(puc. 3).
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Pucynok 3 — ImiTamiiiHa MOAeNb MiANOPSAKOBAHOI CHCTEMU aBTOMAaTHYHOTO
kepyBanHs 3 [11/I-perynsaTopoM MIBHIKOCTI, ONITUMI30BaHa 3acobamMu Matinab
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Pucynok 4 — Tlepexignuii mpouec CAK 3 IIIJI-perynsitopoM y KOHTYpi
MIBUIKOCTI, III0 OIITUMI30BaHa 3acoboamMu Matiab

JUisi TOpIBHSIHHSL €JIEKTPOMEXaHIYHUX MPOLECIB CUCTEM aBTOMAaTUYHOIO
KepyBaHHsA Bepctata [8] mignopsakoBaHoro tumy 3 [ll-perymstopom ctpymy y
BHYTPIIIHOMY KOHTYpi Ta [I-perynsaropoM mBHIKOCTI Y 30BHIIIHBOMY KOHTYpI Ta
onTuMi3zoBaHoi 3acobamu Matnab 3 [11/]-perynsaropom MBUAKOCTI y 30BHIIITHEOMY
KOHTYpil pO3po0JieHO KoM 'toTepHi wmoxeni (puc. 3) Ta oTpumadi rpadik
MePEeXiHOTO MPOIIECY KOHKYPY MIBUAKOCTI 3 pO3pOOIECHUM peryasaropom (puc. 4).

Otxe, cucreMa aBTOMAaTHYHOTO KepyBaHHS ONTHMi30BaHa 3acobaMu
Matna® y mNOpIBHSHHI TOKa3HUKIB SIKOCTI KEpyBaHHSA 3 MiANOPSIKOBAHOIO
CHUCTEMOI0O aBTOMATHMYHOTO KEpyBaHHs TOKaszaja Kpaili pe3yabTaTH II0A0
HIBUIKOAIT CUCTEMH, ajie TIpIil pe3yabTaTH 100 NepeperyatoBaHHs Y TOPIBHAHHI
3 HAJAIITYBaHHIM Ha MOAYJIBHHUIA ONITUMYM.

BucnoBok. Cxmageno ¢yukuionansHy cxemy CAK  perymoBaHHs
MIBUJKICTIO; PO3paxoBaHl peryasTOpu CTPYMy Ta IIBHUIKOCTI, PO3POOICHO
komn ’toTepHi mMojeni CAK MmBHAKICTIO MiANOPSAIKOBAHOTO THUIY 3 BHYTPILIHIM
KOHTypoM cTpyMy 1 [II-perynsropom cTpyMmy, SIKHil HaJIAIITOBAHO HA MOIYJIbHUN
ONTUMYM, Ta 30BHIIIHIM KOHTYPOM MIBUAKOCTI 3 [I-perynsiTopom MIBUAKOCTI, STKHA
TaKOX HAJAIITOBAHO Ha MOJYJIBHHI ONTUMYM; PO3POOICHO KOMIT FOTEPHI MOJEINI
CAK mBHAKICTIO MiAMOPSIKOBAHOTO TUIY 3 BHYTPIIIHIM KOHTYpoM cTpyMmy 1 I1I-
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PETYIATOPOM CTPYMY, SIKUM HAIAIITOBAHO HA MOJYJIbHUN ONTUMYM, Ta 30BHIILIHIM
KoHTypoMm 1mBHAKocTi 3 IIIJ[-perymsitopoM MIBUJAKOCTI, SIKMM ONTUMI30BaHO
3acobamu Matnal. Cuctema aBTOMaTHYHOTO KEpyBaHHs ONTUMi30BaHa 3aco0aMu
Matnab y mNOpiBHSHHI TOKAa3HUKIB SIKOCTI KEpPyBaHHS 3 MiANOPSIKOBAHOIO
CHUCTEMOI0O aBTOMAaTMYHOTO KEpyBaHHS TOKaszaja Kpaill pe3yapTaTH 1010
MIBUAKO/IIT CHCTEMH, aJie TipIi pe3yabTaTH II0A0 MepeperyIoBaHHs Y OPIBHAHHI
3 HAJIAIITYBaHHSIM Ha MOJYJIbHUN ONITUMYM.
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MIJIBUIIEHHSI PECYPCY JETAJIEN OJITPA®ITYHUX MAIIIMH
KOMILJIEKCHUM METOJ0M JU®Y3IHHOIO HACUYEHHSA

Ilooano mo6i po3poOKU KOMIIEKCHO20 MemooOy 3MIYHEHHs CHPANCEHUX NOBEPXOHb
Odemanell nouaiepagiunux ma naxysarvhux mawux. Pospobneno nosi peyenmypu Ximiuno2o
NOKpUMMSL MAd eKOHOMHI PedCuUMu iX HAHeCeHHs [ HACMYNHOI XIMIKO-mepMiuHOi 00poOKuU
oughysitinoeo  Kapbouwysamwns  ma  OopyeanHs i  KaApOOHY8aHHs — Ol 3MIiYHEHHs
UWBUOKOZHOUYBATILHUX NOBEPXOHb Oemdaiell MauluH mii 00epmanHsi.

New developments of a complex method of strengthening the conjugate surfaces of parts
of printing and packaging machines are presented. New formulations of chemical coating and
economical modes of their application and subsequent chemical-thermal treatment of diffusion
carbonation and drilling and carbonization have been developed to strengthen the wear surfaces
of machine parts of rotating bodies.

VY nomirpadii 6arato MaiidH, B AKUX IUII MEXaHI3MHU 4YM OKpeMi JaeTail
MpalolTh B yMOBaX KOPO3IMHOTO Ta KOPO31MHO-MEXAHIYHOTO 3HOIIYBaHHS.
3axucTuTd BUPIO B KOpO3li MOXHA 3a PaxyHOK 3MIHM XIMIYHOTO CKJIady
MOBEPXHEBOro Mapy npu Audy3ii B HbONO METAIIB YU EJIEMEHTIB, fKl MpH
B3a€EMOJIIi 3 OCHOBHMM MeETaJIoM OyayTh 3a0e3nedyBaTh HEOOXIJHUN omip [ii
KOpO3iiHOTro cepenoBuia. Taki HOBEpXHEBI MAPH HA3UBAKOTHCA AUPY3IHHUMH.

Hudys3iiiai kapOiHI TOKPUTTS € €(PEeKTUBHUM 3aCO00M 3aXHMCTy METAIB i
CIUTaBIB BIJl KOPO3IMHOTO BIUIMBY arpeCHUBHUX CEPENOBHIN. 3 JIOIIOMOTOIO
nuy31MHIX TOKPUTH HA TIOBEPXHI1 BUPOOY MOXKHA OTpUMATH AUQY3iiHI MapH, sSKi
XapaKTEepU3yIOThCsl HE TUIBKM MIABUINEHOI KOPO3iMHOI CTIHWKICTIO, aje 1
BUCOKMMH MEXaHIYHUMU BJIACTUBOCTSAMHU. Lle 103Bosisie 3acTOCOBYBaTH Takl
MOKPUTTS B yMOBaX KOPO31HHO-MEXaHIYHOTO 3HOIITYBaHHS.

[Tonpu me, BukopuctanHs XTO oOMmexyeTbcs (I3UKO-MEXaHIYHUMHU
BJIACTUBOCTSAMU OOPOOJIIOBAHOIO MaTepiayly, 1 PpO3pOOJIEHHS HOBOILO METOAY
3MII[HEHHSI 3 SKICHO Ta KUIbKICHO BHIIMMH XapaKTEPUCTUKAMHU € aKTyaJbHUM
3aBiaaHHsAM. CUHTE3 METOMAIB Ta CHMOCOOIB 3MILHEHHS UIsi OTPUMAHHS pPOOOUYMX
MOBEPXOHb  JieTajell MalmMH 3 HOBUMH  SKICHUMU Ta  KUIBKICHUMHU
XapaKTEPUCTHKAMHU € OJHUM 13 MEPCIEKTUBHUX HAMPSAMKIB Y PO3BUTKY CY4aCHHX
3MIIHIOBAJILHAX TEXHOJIOTIHN.

JocmimpkeHHss 31 3MIMHCHHS IMBHUJIKO3HOIIYBAJIBHUX JETANCH MalluH
MPOBOJATECS Y BChOMY CBITI B JIOCUTh IMUPOKOMYy criekTpi. [IpoBenene
JoCHiKeHHsT Tudy3ii BYTJEI0 B 3aJi3HOMY JIMICTOBOMY MaTepiaii MpHU ra3oBy-
TBEPJIOMY 3HEBYTJICHIOBAHHI B CNaOKii OKHUCTIOBaNbHIN aTtMocdepi (Ar + Hy +
H,O), MikpocTpyKkTypHu 3ajli30BMICHUX MaTepiajiB Micis 3HEBYIJICIIOBaHHS
cnocrepiranu 3a aonomoroto CEM [1]. V upomy pocnikeHHl Oysio BHSBICHO
IpaJl€HT BYTJIELIO MICIs 3HEBYTJICIIOBAaHHS B 3aJ113HOMY JIMICTOBOMY MaTepiaii 3a
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HaAIMPsIMKOM TOBIIMHU. Pe3ynbTaTH MOKa3aiu, 110 JIMCT 3a1i3a B3[0BXK HAIMPSMKY
TOBUIMHU TICIIsl 3HEBYTJICHIOBAHHS CKJIaAaBcs 3 TpbOX MapiB. [nubuHa mapy
3HEBYTJICI[IOBAHHS MMOKa3alia XOPOIITy JiHIHHY 3aJ€KHICTh BiJl KBJAPATHOTO KOPEHS
4yacy 3HEBYTJICHIOBaHHS. Mirpariis ByIJICIIO B 3pa3Ky CKiamanacs 31 cTa0lIbHOTO
pO3KIIaaHHs BYTJICIIO Ta BUTHbHOI qudy3ii Byriemo. Mirpariist ByrjeIio Ha cTaii
S; zamizHOro ymcra Oyma  KOHTPOJIBHUM  €TallOM  yChOTO  IPOIIECY
3HEBYTJICHIOBAHHA.

Ony6mikoBani naHi [2] nudy3ii Byrieumio B ayCTEHITI BIATBOPIOIOTHCA 3a
OI[IHKAaMU B TIOBHICTIO AyCTEHITHOMY Jliarla3oHI, a MOTIM EKCTparoJjibOBaHI B
Jiama3oH temmnepaTtyp ($a3oBoro meperBopeHHs. JlaHi OOMEXeH1 TemmepaTyporo
Bume 750°C. Y mpoMy IOCHIDKCHHI TPOBOIATHCS HOBI EKCIIEPUMEHTH IS
BU3HAYCHHS KoedimieHTa audy3ii BYIVICHI0 B ayCTEHITI MpH TEeMIIepaTypax a0
500°C. ExcnepuMeHTH 3 IIeMeHTallii MPOBOASATHCS B ayCTCHITHOMY Jiana3oHl s
Fe-1,5 pct Mn 0,13 pct C 1 crmaBy Fe-31 pct Ni (mac.%). Lleit meron Bmepiie
3arBepkeHni Ha ctaimi Fe-C-Mn. ExkcnepuMeHTH 3 IeMEHTaIii MpoBOMITH Ha
cruiasi Fe-31-Ni mpu 900°C, 800°C, 700°C, 600°C Ta 500°C.

bopyBanHs Ta 1eMeHTaIlil TOHKO3EPHUCTOT HAAIUIACTUYHOI HEPKABIFOUOi

CTajl TOCHIKY€eThcsl B poOoTi [3]. T10BiIOMIISAIOTECS TTPO HOB1 €KCIIEPUMEHTAJIBbHI
pe3yabTatu s ApioHoszepauctoro Ti88.5A14.5V3Fe2Mo2. locnimkero qudy3iro
oopy B Hanmnactuuauii criaB Ti88.5A14.5V3Fe2Mo2.
Y pobGoti [4] mokazaHo, IO IUIACTUYHE IIONEPEIHE HAMpY>KEHHS MOCHIIIOE
mudy3iro Byriemw Ta 6opy. Mu OTpUMyeMO 1IEMEHTOBaHI OOpoM Iiapu 3
OJIHOPIJTHOIO CTPYKTYPOIO Ta MOJIMIIEHUMH (PI3UKO-XIMIYHUMH BIIACTUBOCTSIMH,
3MIIHEH] Ip1I0HO po3AlIeHUMHU KapOizamu Oopy.

ABtopamu [5] Oynu mnpoaHasli30BaHlI TEXHOJOTIYHI AaCHeKTH MPOLECIB
CBEp/JIIHHS 3 ypaxXyBaHHSIM IepeBar Ta HEJOJIKIB KOKHOro Metony. BkazaHo Ha
BIUIMB METOMIB CBEpPJUIIHHS Ha MIKPOCTPYKTYpY OOpOBaHUX MarepiaiiB.
HaiiGinbiie yBaru B 11 11aBl OyJ0 MPUCBAYEHO MPOLIECAM HAHECEHHSI MOPOILKY,
CJIEKTPOXIMIYHOMY OOpyBaHHIO B Oypi, a Takoxk OopoHizamii razy 13
3aCTOCYBaHHSM rajoreHiiB 6opy abo 6opaHiB.

VY po6ori [6] Oyio BusiBIIeHO, 1110 audy3iitHuii poHT OopuaHOTrOo Mmapy (BL)
Mae mwikononiony ¢opmy, tomi sik 'y RE-6opocynwsdinmnoro mapy (RBSL)
wutactunyactuid. Ha Biaminy Bin mapy BL, map RBSL € xommnaktauw,
Oe3nepepBHUM 1 TIOCKUM. YTBOpeHHs (a3 FeS, Fe,B Ta FeB Ha minknankax 0yio
MIJTBEP/PKEHO aHAJII30M O’Ke-€JIEKTPOHHOI CIeKTpockorii. BumpoOyBaHHs Ha
KOpO3iiHY CTIHKICTh 13 BUKOPUCTaHHSIM METOJYy 3HOIIEHHS [I0Ka3auo, M0
Kopo3siiiHa cTiiikicTh mapy RBSL € kpamioro, ajie 3MEHIIy€eTbCsl IBULIE 13 YACOM,
Hix 1map BL.

Mertorw gaHoi poOOTH € PO3pOOJICHHSI HOBOIO METOAY TMOBEPXHEBOTO
3MIIIHEHHA AU(Y31MHUM HACHUYEHHSM, IO 3a0e3nedyye HEeOoOXigHI SKICHI Ta
KUIBKICHI TTIOKa3HUKHU JeTalel moiirpadiuHux Ta maKyBaJdbHUX MAIlIVH.

BpaxoByroun ButieHaBeIeH1 JOCTIHKSHHS, 17151 3a0€3MeUYeHHSI TUTACTHYHOCTI
Ta 30uTblIeHHs audy3iiiHoro mapy nepes nporecoM XTO ciia mpoBecTu XiMiuHe
Ni-Co-P ocamxeHnHs, 1110 3a0€3MeUNTh MPUCYTHICTH Y 3MIIHEHOMY ITOBEPXHEBOMY

215



mapi HiKeJ, SKUM OJHOYACHO MiJABHUIIYE 1 MIIHICTh 1 TUIACTUYHICTh, @ HASBHICTh
dbocdopy BUCTynaTuMe SK TBEPAOPOIUYMHHUM 3MIIHIOBAY, KOHKYPEHTHO3JATHUI
II0JTI0 MApTaHII0 Ta KpeMHi0. Takox, XIMIiYHE OCaIKEHHSI CYTTE€BO BIUIMBA€E Ha
MOP(QOJIOTIF0 OTPUMAHUX 3MIIMHCHUX IapiB, — MEPII 32 BCE JO3BOJIAE JOOUTHCS
iXHBOI KOMITO3UTHOI OYJJOBH 3HAUHOI TOBIIMHM. Taka KOMIUIEKCHA 3MIIIHIOBAJIbHA
00po0Ka € ONTUMAJBHOIO JIJIS IETANEH, 10 MPAIIOI0Th y BAXXKUX YMOBaX TEPTA B
arpeCUBHHX CEPEIOBUINAX, JIJIS 3a0€3MeUEHHS iXHHOTO MAaKCUMAIIBHOTO PECYPCY.

HudysiitHe HacCHUeHHS MPOBOJATH Ha JAETalsAX, BATOTOBIEHUX 13 ctam (0,45
1 1,2% Byraemo). KoMmruiekCcHMT MeETON CKIIaaeThcsl 3 JACKUIBKOX €TarliB.
OCHOBHHMMHU CTaAisIMU € XIMIYHE OCaJPKEHHS Ta AUQYy3iiiHe HACUUEHHS MTOBEPXOHb
JeTajiel MalllkH.

Mexaniyna oOpoOKa MOBEPXOHb JETajel MPOBOAUTHCA IO PO3MIPY, SKHIA
BpaxoBy€ HapOIIyBaHHS MOBEPXHI MiJ Yac XIMIYHOTO OCa/KEHHS Ta Audy3iifHOTO
HacuyeHHs. [loTpiOHE MexaHiuHE  OYHMINEHHS, 3HEKUPEHHS, a IMOTIM
JIEKAIiIOBaHHSI, 1[0 3HAYHO aKTUBI3Y€ MOBEPXHIO J0 OCA/KEHHs. JlexaminiroBaHHs
MPOBOJUTHCS B KUCJIOTAX 3 TOAATBIITUM IPOMUBAHHSIM.

ITix yac XiMIYHOTO OCAKEHHS CJIi T0A0aTH IPo Te, 00 IMiABIIIEH] 3pa3Ku
HE KOHTaKTyBaJu Mixk co0010 1 o0 cepemosuiie maio pH 9-10.

XiMIKO-TEpMIUHY 00OpOOKY MPOBOAMIIA B HACUYEHHX MOPOIIKOBUX CyMilIax
y peTopTax 3 IJIaBKUMU 3aTBOPaMHU.

ToBmmHa 00JI0KEHOTO XIMIYHOTO ITOKPUTTS CTAaHOBUTH mpuOmm3Ho §-10
MkM. Hanecenuii  XiMiyHHMHA 1Iap Mae  MCEBA0AMOPPHY  CTPYKTYDY.
ExcriepruMeHTamIsHO BCTAHOBJICHO, IO TEMIIEpaTypa TUIABJICHHS IHOTO XIMIYHO
HaHeceHoro mapy gocsrae 720-740°C. 3aBasiku HU3bKIN TeMIepaTypi IIaBIeHHS
XIMIYHUH TIap 3HAYHO MPHUCKOPIOE AUQY3iiHI MPOIECH MijJ Yac XiMIKO-TepMIYHOI
00poOku. Ilpu HarpiBaHHI XIMIYHUW IIap CMOYATKY IUIABUTHCS IUISIMamMu (Tpu
temriepatypi 700-720°C), ki Bxe € IKepenamMu MBUIKOI 1u]y3ii eTeMeHTIB, 110
HACHUYYIOTh MTOBEPXHEBUM IIaP.

Hanecenuii XiMIyHUH 11ap TaKOXK € JHKEPEIOM HACUUYIOUMX €JIEMEHTIB, SKi
TudyHAYIOTH T Yac XIMiKo-TepMiuHOi 00poOku. Hampukinazn, audysis XiMi9HOTO
eneMeHTa Ni 3 XIMIYHO HAaHECEHOTO IIapy MPU3BOJAUTH 0 3HAYHOTO MO3UTHUBHOTO
edekTy, OCKUIbKM Ni Mae BJIACTUBOCTI OJHOYACHO 30LIBIIYBaTH TBEPHICTh 1
macTUuHicTh. Hikenb nudyHAye Ha MOBEPXHIO 1 PO3MIIIYETHCS Ha KOPJOHAX
3epeH KapOiay 1 6opuay — obBosikae ix (puc. 1). Taka cTpykTypa 3 apMOBaHOIO
MaTepianay Mae Jy’e XOpOoIly 3HOCOCTIMKICTb 1 3HAUHUN pecypc.

6) 600
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Puc. 1. MikpocTpykTypa 1udy31iHOT0 3MIIIHEHOTO IIapy MIiCs XIMIYHOTO
ocapkeHHs Ta qudy3iiiHoro: a) KopOoHyBaHHS, 0) OOpyBaHHS

Jlnsg  neraneil, BHUTOTOBJICHHX 13 KOHCTPYKIIHHOI CTali Ta XIMIYHO
HAHECEHWX 3TITHO 3amaTeHTOBAHWX PEIENTyp, 3aCTOCOBYBIM AHQy3HE
HACHYCHHS KapOOHOM 3a pexmMmamu: Temmeparypa HacudeHHs 950°C, wac
HACHUYEHHS O rojl., 130TepMIyHa TemiepaTrypa BUuTpumMku 727°C, yac 130TepMI4HOTO
BUTPUMYBAHHS CTaHOBUTH 1 roj.

ITicns  XIMIYHOTO OCaDKEHHS Ta XIMIYHOTO TEPMIYHOTO HACHYCHHS
KapOOHOM JIeTalll MalllMH OTPUMYIOTh 3MIITHEH] IIapHu 3HAYHOI TOBIIMHU — 710 250
MKM. CTpyKTypa 3MIITHEHUX IIapiB — HEMEHTHUT 3 TBepAicTio He MeHie 8000 MIla
(puc. 2, a). Taki mapu MarwTh 3HA4YHI IIepeBaru: HU3BKY IIOPCTKICTh Ta
XBUJISICTICTD MOBEPXHi, 3HAUHY TOBIIMHY Ta BIJCYTHICTb O€3BYTJEIEBOi MOBEPXHI
nig Augy3idHuM mapom (puc. 2, 0). ¥V nepeBaxH1i OUIBIIOCTI 3MIHEHUX TaKUM
YUHOM JIeTajiel MallliH He OyJie HeOOX1THOCTI B OCTATOYHIN MeXaH14H1i oOpoOiIIi.
HenonikoM Takux apMOBaHUX IIAapiB € iX KPHUXKICTh, TOMY iX HE MOKHa
3aCTOCOBYBaTH JO JeTajei, 1[0 MpalolTh NPU BUCOKUX JUHAMIYHHX
HABaHTA)KCHHSX.

Huuo, MPa
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Puc. 2. a) MikpoTBepICTh IIEMEHTUTHOTO MU Y31HHOTO TIapy;
0) MIKpOCTpYKTYypa AN(Y31MHOTO HEMEHTUTHOTO LIapy

Jlis yCyHEHHS 3raJJaHoro HEJOJIIKY OYyJIO0 MPOBEAEHO HACTYNHE MMOCHICHHS
JieTanel MalluH: XIMIYHE OCA/IPKEHHS 3allaTeHTOBAHUMHM PELenTypaMu Ta CyMiCHE
nugy3iiiHe HAaCHYEeHHSA 00pOM 1 KapOOHOM.

XIMIYHE OCaJKEHHS MPOBOJAWIN Y BOJHOMY PO3UMHI NPOTATrOoM 45 XBUIIUH 1
orpuManu TOBUIMHY &-10 MkM. XiMiKO-TepMiuHY OOpOOKY MpPOBOAWIM MNpHU
temrepatypt 950°C mnpotsirom 5 romun. Ilig dvac HarpiBaHHs MPOBOAMIIU
130TepMiuHy BUTpUMKY Tipu 727°C mpotsirom 1 rogunu. Ha moBepxHsx aeraneit
dbopmyroTbes audy3iiiHi mapu 3HagHoi ToBIMHU (10 500 MKM) Ta TBepaOCTi (110
14000 MlIla interpanbHOi TBepaocTi) (puc. 3). CTpykTypa 3aleXuTh Bif
0CaJPKEHOTO XIMIYHOTO mapy (puc. 4).
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Puc. 3. MikpoTBepaicTh 3MIIIHEHOTO MIapy AeTaye micis AuQy3iitHoro
 KapOOHYBaHHs 1 OOpyBaHHs

*450

Puc. 4. Tudy3iiinuii 3MiITHEHH 11ap Ha TOBEPXHSIX MIBUAKO3HOITYBATbHUX
neraneit, orpumanux mnicast XI1 + XTO (C-B).

BUCHOBKU
Peanizariss Metogy MIABUINEHHS SIKICHUX  XapakTEPUCTHK  pOOOUYUX
MOBEPXOHb Jeranen noyirpadiyHuX MaIlIVH, BUT'OTOBJIEHUX 13

CEpEeTHBOBYIJICLIEBUX Ta BHCOKOBYIJICIIEBUX CTajei [I03BOJISIE OTPUMYBATH
3MiIHEH1 AUQy3iiiHi Mapy KOMIIO3UTHOI OyT0BH.

XiMIYHE OCQ/PKCHHS, HAaHECEHE Ha IOBEPXHIO 3MIIHIOBAIILHOI YaCTHUHU
nepea  XIMIKO-TEPMIYHOIO  00poOkoro  (audy3iiHe HAaCUYEHHA KapOOHOM,
mudysiiine HacuueHHS OopoM 1 KapOOHOM), CYTTEBO 3MIHIOE MOPQOIIOTit0
nugy3iiiHNX mapiB — ToBumHa 10 500 MkMm 1 TBepaicTh 70 14000MIIa.

Pesynbpratu mociimkeHb MOKa3ylOTh, IO XIMIYHI OCa/DKEHHS Ta AUdy3is
KapOOHY MOBWHHI BHKOPUCTOBYBATHCS I 3MIIIHCHHS JI€Tajeil, M0 MPaIo0Th
PY HU3BKUX JUHAMIYHUX HABAHTAKCHHSX Ta MUTOMUX THCKaX. Ilicims oOpoOku
XTO nemae He0oOXIAHOCTI B MeXaHIuHIH 00poOmi. [ns Bakkux (pUKIIAHUX Ta
3HOUIYBAaHUX JI€Talel CIiJI 3aCTOCOBYBAaTH XIMIYHE OCADKEHHS Ta audysiiiHe
Hacu4eHHs1 0opoMm Ta kapOoHoM. CKJafoBa CTPYKTypa TaKMX 3MIIIHEHHX IapiB
3HAYHO 30UIBIIYE TEPMiH CIIYy>KOU JeTajeil MaluHH.

3HEBYIUICLIbOBAHOI 30HM Ha 3pa3Kkax HE CIIOCTEPIra€eThCs, L0 JO3BOJISIE
OpalioBaTH B yMOBaX KOPO31MHO-MEXaHIYHOTO 3HOLIEHHs, TakK $K HeMae
HeOe3MeKu MpoAaBIeHHs AUPyY3iiHOTO mapy.
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Cumoxk JI.M., nayk. kep. Koanescekuit C.B. (Vkpaina, m. Kpamamopcwk,

HIMA)

CUTHATYPHMM IMIAXIT Y 3ABE3IIEYEHHI XKUTTEBOI'O
HUKJTY BUPOBIB MAIHIIMHOBY/1YBAHHA

YV cmammi poszensinymo KOHMpPOAbL emanié 6UOMOGIEHHs 6Upoby HA  OCHOBI
CUcHamMypHo2o  nioxo0dy, AK  Memod  3a0e3NeYeHHs  HCUMMEBO20 YUKy  8Upobis
Mauwunobyoyeanns.  IIposedeno  docniodcenns — ioenmupikayii  300pasiceHb  cmpyKmypu
Mamepiany, demanei nicisa MexaHiyHoi 06pobKy ma MawuHa nio 4ac eKcniyamayii.

The article considers the control of the stages of product manufacturing on the basis of
the signature approach, as a method of ensuring the life cycle of mechanical engineering
products. A study of the identification of images of the structure of the material, parts after
machining and the machine during operation.

VY pa3i momamk®, Il BCTAHOBJICHHS BIJIIOBIJAIbHOI 0COOM, TOTPIOHO
BCTAHOBHUTH MPUYMHHU, 110 TIpU3BeNH 10 aBapii. Cepel HUX MOXYTh OyTH IPUYUHH,
MOB’5I3aHI1 SIK 3 Cy0’€KTUBHHUM XapaKTepoM (HEYyBaXKHICTh ONEpaTopa, HEKOPEKTHI
YMOBH €KCIUTyaTallli), TaK 1 IPUYUHU, MTOB’sI3aH1 3 0€3M0CepEeIHIM BUTOTOBIECHHIM
(pexxuMu TepMIYHOT OOpOOKHM, BHYTPIIIHI HAIpY>KE€HHS, SKICTh CKJIaJaHHA). Y
3aJIEKHOCTI Bl KOHCTPYKIIi By3Jla 1 XapakTepy WOro MOIIKOKEHHS, OKPIM poOIT
3 JIarHOCTYBaHHSA Ta J€PEKTyBaHHSA BYy3Ja, MEPIOAMYHO BUHUKAE HEOOXITHICTH
npoBeneHHs dakTorpadiuHux (BCTaHOBJIEHHS MEXaHI3My pyHHYBaHHS JeTaii 3a
Horo xapaktepom), MeTasiorpadiuaux (BU3HAYECHHSI CTPYKTYpH MaTepially JeTal,
HOT0o TepMOOOPOOKH Ta XIMIYHOTO CKIIATY).

Bumiatu 30uTKiB MarepialbHOTO Ta MOPAJIBHOIO XapaKTepy CTaloTh
00’exkTOM cya0BOi cynepedukd. Came BHUCHOBOK CYJIOBOTO €KCIIepTa € OJHUM 3
BUJIIB [JIOKa3lB Ta MOX€ BIUIMHYTH Ha pIIIEHHS cyAy. IcHyroul MeTtoau
MeTaIorpapiyHOTO  JOCHIPKCHHS JJI1  PO3MI3HABaHHS CTPYKTypu abo €
cy0’€KTUBHMMHU, a00 BUMAraroTh CKJIaJHOTO 00J1aHaAHHS.

Y  nmocniikeHi  BUKOPUCTAHO  CUTHAaTypHuUM MeTtod. Bin  mmpoko
3aCTOCOBYETBCS Yy paIIOJIOKallll, CIEKTPOCKOMIi Ta MEIWLMHI Uil MOLIYKY,
imenTudikamii 06’ekta Ta #oro xapaktepuctuk. CurHatypa — 1ie  HaOIp
XapaKTepUCTHK, OTPUMAHUM  [IIAXOM  BIIOWUTTS  CUTHAJIY B IIUT.
[linTBepmKkeHHSIM 1HOTO € pobotu [1, 2], y SKUX 3ampolOHOBAHO METOIU
BU3HAUEHHS PO3MIpIB AeTall 10 HOro akyCTHUHOMY CHTHAy, KM MpeaCcTaBiisie
c00010 aMIUTITYIHO-YAaCTOTHY XapaKTEPUCTUKY 1X BIACHUX KOJMBAaHb (YJACTOTHOMY
CHEKTPYy a00 CHUTHATYI).

Jlns gocinipkeHHsT 1HOOPMATUBHOCTI YaCTOTHUX CHEKTPIB J1arHOCTUYHMX
CUTHAJIIB B 1IeHTU(IKAIIT TOTOYHOTO CTaHy JeTalll BAKOPUCTaHE MOJIETIOBaHHS Ha
HelipoMepexxkHomMy 0Oaszici. HeiipoMepexxHi Mopeni, TpU YMOBI 3acCTOCYBaHHS
ONTUMAJIBHUX 00’€MiB HABUAIOYOi TAa TECTOBOI MHOKHH, JI03BOJISIFOTh BCTAHOBHUTHU
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3B’SI30K MIK OO’€KTOM 1 TEXHOJIOTIYHUMH TapameTrpamu [3, 4]. VYV upomy
JOCITIJIKeHH] 3aCTOCOBAHO MporpaMue cepenosuile NeuroPro 0.25.

Jlnig mepiioro eramy JOCTiIKEHHs, 3pa3KiB, 00paHo MpereIeHTH TePMIYHO1
OoOpoOKHM cTaneil y BUIIISIAI 300paskeHb MIKPOCTPYKTYp 3paskiB [5]. KimbkicHi
MOKAa3HUKHU IMX 300paKeHb 3alpONIOHOBAHO BUKOHYBATH Ha IiJICTaBl TiCTOTpaM 3a
SCKpaBICTIO TMIKCeNiB OIU(PpoBaHUX 300paxeHb. [icTorpamu 300pakeHp 3
KUTBKICTIO 1HTEPBaIIB sICKpaBocTI n=256 HajaHi B Ta0. 1.

Tabmuis 1 — [Mpukian 3pas3kiB craneil micis TepMidHOT 00poOKH

Martepian | 3pa3ok 300pakeHHs INicTorpama 300pakeHHS
Cranp
Nel18 11
(0,76% 2

C) i
Cranb ya o mnn s NS |
o = ‘r ASLEL ""(\'-w 1 el
Nel12 N i e |
7-1 o . ." A AN ."/ F.‘, 4+
(0,057% ¢l A i ey |
C) IO Zag v o |
"/‘ . B ’.’ : §.' : l‘f'\-,\ x| °

b ) h =ste } A

JIist  BU3HA4YeHHS ONTHUMAJIbHOI  KUIBKOCTI  IHTEPBAJiB  TiCTOrpamMu
3alpONOHOBAHO  EHTPOMIWHUNM  MIAXiJ, 3TAHO 3  SKUM ~ MaKcHUMajbHa
1H(QOPMATUBHICTh BIJANOBI/Ia€ HAWMEHIIOMY 3HA4YE€HHIO eHTpormii. /[ KoxkHOro
BUIIAJIKY PO3PAXOBAHO MOKAa3HUK eHTpomii [7].

Hao(x) ==2ro- pilx) - pilx) (1)
ne Ha(x) — mokasHuk eHTpomii po3mominy miKcemiB 300pakeHb 3pa3KiB 3a
SCKPaBICTIO;

pi(x) — BiporimHicTh i-0if CTyIEHI TiCTOrpaMy PO3HOILTY IIKCENIB 300PaKeHb
3pa3KiB 3a SICKPaBICTIO;
N — KUIBKICTh CTYNEHIB TICTOrpaMu PO3MOALTY MIKCENB 300pakeHb 3pa3KiB 3a
SICKPaBICTIO.

JIOIITbHICTS BUKOPUCTAHHS SHTPOIIHHOTO MMIAXO0Iy 3raJyeThess B poooTi [7].
[le ocoOnMBO BaXXJIMBO AJIs JIarHOCTMYHUX OILIHOK IO CHTHAaTypaMm 300pa)KeHb.
Jlnst yMOB mpoBeAeHUX AOCTIIKEHb Ha OCHOBI PO3PaxyHKIB €HTPOIIi ISl Pi3HOT
KUIBKOCTI N MPUUHATO PINIEHHS pPO3paXOBYBATH EHTPOIIIO JJisi 1HTEPBAJIOB
sackpaBocTti n=10.
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BignoBimno 1o mogmeni (puc. 1) CTBOPEHO KOPTEX MaHUX TIpU PI3HIN
TeMIIepaTypi HarpiBy, OAHAKOBOT'O Yacy BUTPUMKHU Ta YMOB OXOJIOKEHHSI 3pa3KiB.
[Ticns omTumizamii HEHPOHHOI MOAENI BHU3HAYeHUW 1H(GOpPMATUBHUNA, TOOTO
HAWOUTBII 3HAUYyIIIA 1HTepBan BiAMOBIAHO Bxoay moxaeni X7. Lle o3nauae, mio
auie cboMuit 3 10 iHTepBaIiB IHTEHCUBHOCTI MIKCENIB 300pa)XeHHs Ha TICTOrpaMi
Hece HeoOX1aHy 1H(pOopMalliio /UIs BUSHAUCHHS MapaMeTpiB TEPMIYHOT 0OpoOKHU Ta
BiJICOTKOBHIA CKJIaJ (ha3.

X1 FER
Monens 1 PER ]
Xn >
> T

Pucynox 1 — Monens Bu3HaueHHs (pa3oBOro Ckiaay Ta MOYaTKOBOI TeMIIepaTypu y
3aJICKHOCTI B1J] BXOJIB 300pasKeHHSI

Ile mae 3MOTy BHUPIIUTH TPSAMY 3aaady IIOJAO MOXKJIMBOCTI BH3HAYATH
CTPYKTYpY CTasli BiJl 3HaY€Hb 1HTEpBaAy X7 CUTHATYpU 300pakeHb MIKpOILIi(}iB
(puc.2). Y pamkax AOCHDKEHHS Ui Mojeli |1 INTy4HO CTBOpPEHAa TEeCTOBa
MHOKHMHA 3 33JIaHUM 3HA4eHHSIM iHTepBainy X7 y mexax Big 50000 go 1000000 3
maroM 50000. OtpumaHHI 3HAY€HHS CBIIYaTh MPO HASBHICTH 3BOPOTHOTO
B3a€EMO3B 3Ky MK CKiIajioM ¢GepuTy Ta mepiity. Pazom 3 Tum, mpu sickpaBoCTi
nikceniB Ha piBHI 180000 oguHUIL TPUOIU3HO, 3 ABJISETHCS TOUKA piIBHOBAru Qas.
3acTocyBaHHS Takol MOJENI A03BOJIAE€ BUPIIIUTUA NPOOJIEeMy OLIHKH MONEPEIHbOT
TEPMIYHOI 0OpOOKH, NIAXOM IMPOBEJICHHS EKCIIEPTU3U 3Pa3KiB.

X7 T FER PER Cknap meTany
50000 909,4111 0,835553 0,164439
100000 8654633 0,663983 0,335815 7
150000 847,694 0,563227 0,43672
200000 832,7935 0,416751 0,583354 1
250000 825,8956 0,39329 0,606913 /—
300000 820,945 0,37191 0,628358 /
350000 816,8165 0,314148 0,686131 O.B 3
400000 812,1242 0,08147% 0,918633 \ J
450000 809,1649 0,013327 0,986764 . - R
500000 806,9477 -0,00701 1,007125
550000 805,1197 -0,01543 1,015566 X —FER
600000 803,5642 -0,01925 1,01%409 04 N
650000 802,2171 -0,02091 1,021097
700000 801,036 -0,02145 1,021659
750000 799,3907 -0,02137 1,021596 2 7 \
800000 799,058 -0,02093 1,021176
850000 7982203 -0,02029 1,020551 0 \_ . X7
900000 797,4636 -0,01953 1,019309
950000] 796,763 -0,01871] 1019006 200000 400000 £00000 800000 1EIDTDDD

1000000 796,1494 -0,01787 1,018177 -0.2

Pucynox 2 — Or1inka paHirie BUKOHaAHOT TePMIYHOT 00pOOKHM 3pa3KiB MO CKIAIy
dbepuTy Ta mepIiTy y 3aJIeKHOCTI BiJI3HAYEHD MapaMeTpa 300paKeHHIX

BupiiieHHsaM 3BOPOTHOI 3a/1a4l € BU3HAYEHHS! CTPYKTYPHU MaTtepiaiu Ta Horo
(h13UKO-MEXaHIYHUX BJIACTUBOCTEH HA OCHOBI MapameTpiB TEpMiuyHOI 0Opoku Oe3
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MpPOBEJIEHHs ampolaiii y peaqbHOMy BHUPOOHUIITBI. BXigHuUM mMapaMmeTpoM
BUCTYTIa€, y TAHOMY BHIIaJKy, TeMIepaTypa oOpoOku. Buxigaumu mapameTpamu €
SICKPaBICTh TKCEIIIB Ta PIBEHb MEPITy Ta heputy (puc.2).

FER

v

PER

=
\ 4

Monens 2 X1

A 4

v

Xn

[
»

Pucynoxk 2 — Mojens Bu3HaueHHs (a30BOro CKIJIaay Ta BXO/IIB 300paKeHHS Y
3aJIEKHOCTI B1J] IOYATKOBOI TEMIIEpaTypu

Taka Mopenb, OKpiM MOKJIMBOCTI BU3HauaTh (ha30BHMl CKiIaa Marepiany,
JTI03BOJISIE BUKOHATH 3BOPOTHE MEPETBOPEHHS BXO[IB, OTPUMYIOUM 300paKEHHS.
Moro TOYHiCTP Ta YiTKiCTH IIPSAMONpPONOPIIIHO 3alEXKHTh Bi KiJTBKOCTI
iHTepBaiiB. Taky MoOJenb MOXJIMBO CIPOCTHTH, NEPETBOPUBILM Ha 3aJE€KHICTh
«Temneparypa-®dazoBuii ckinan» (puc.3). B Tabn.2 HaBeaeHO 3HAYCHHS MOXUOKHU
TeCTyBaHHsS Mojieni 2 Ta 3.

FER

v

T
PER

Monenb 3

»
»

Pucynox 3 — Mojens Bu3HaueHHS ()a30BOro CKJIAy Y 3aJI€KHOCTI Bl TOYATKOBOI
TEMIIEPaTypH

Ta6muig 2 — [Toxubku TecTyBaHHS Mojeni 2 Ta 3

Cepenns moxuoka MaxkcumaibHa moxuoka
CrpykTypa
Moxaens 2 Monens 3 Monuens 2 Monaens 3
depur 0,0517 0,067 0,0897 0,0926
[TepmiT 0,0669 0,0716 0,0887 0,937

3 manux Tabn.2 CHiKye, 10 TPH HaBUYaHHI MOJENl 3 BUKOPUCTAHHSIM

CUTHATyp peE3yJlbTaTH TECTYBaHHA JAalOTh MEHIIY CEpPEIHIO

MOXUOKY.

1 MakCUMaJbHYy




BHUCHOBKU

[linTBEepKEeHO TINOTE3y TpOo JOCTaTHI piBeHb 1HGOPMATUBHOCTI
CUTHATYpPH 300pakKCHHS JJI1 BCTAHOBIICHHS 3B’SI3KY 3 TOIMEPEAHIM TEPMIYHUM
BIUTUBOM Ta (pa30BUM CKIIAJIOM CTPYKTypH. Lle 103BOIIsIE BUKOHYBATH €KCIIEPTH3Y
BIJIMOBITHOCTI TEXHOJIOT1I TEPMidHOT OOpPOOKH 3 MIWCHUM PE3yIhTATOM, a TAKOXK
MPUIIBUANIATYA MeTajorpadiyHuil aHaIi3 Ha CKIaJ CTPYKTYP.

[ToOymoBaHi MOJeNi YHIBEpPCAIbHI Ta MATUMYTh TTOJAJIBINE BIIPOBAKEHHS B
eKCIIEPTHUX CHCTEMax Ha Oyb-SKOMY €Tall >KUTTEBOTO UKy BUPOOY.

CIIMCOK MNOCUJIAHb
1. Ilam. 100072 Vkpaina. GO1B 7/02. Cnoci6 b6e3xonmakmmno2o KOHMpoato po3mipie
oemaneu. Kosanescoxuii C.B., Tynynosea K.B.J[/IMA.2015.
2. Ilam. 100097 Ykpaina.GOIM 13/00, GOIN 29/1. Cnoci6 xoumpoato po3mipie
oemani 3a OONOMO2OK) CUSHATY Pe30HAHCHUX koaueamv. Kosanescokuu C.B., Hacicea A.lL,
Kosanescoxa O.C. J{/IMA.2015.
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VJIK 374.1

Cugoxk  JM., €Emeny B.B.,, IHwiunenxko JA.0., Hayk.kep. A.T.H.,
npod.Kosanescekuit C.B. (Vkpaina, m.Kpamamopcoxk, [{/[MA)

MMPOEKT XAB-IEHTPY IHHOBAIIMHUX TEXHOJIOI'TA

YV cmammi pozensinymo npobiemy IiCHY8aHHA [ pO36UMKY MIiCmMa yepe3 pO3MIp 1020
01000/cemy, 1020 YMBOPEHHA Ma GUMPAYanHA, wiiaxu 30invuenns. Hanoeuwenns 0100dxcemy
8i00y6acmuvcss  uepe3 po3GUMOK MON00I, PaHHbOI npoghrasieayii, BUKOPUCAHHA HOBUX
MEexXHONoIl ma CcmeopeHHs cmapmanis. [l CMEOPEHHs YMO8 pO3BUMKY IHHOBAYIUHOT
IHICEHEePHO-MEXHIYHOT  CPAMOBAHOCMI  3ANPONOHOBAHO  CcMBOpUmMuU  Xab  IHHOBAYIUHUX
MEeXHONO2I.

The article considers the problem of existence and development of the city through the
size of its budget, its formation and spending, ways to increase. The budget is filled through the
development of young people, early professional navigation, the use of new technologies and the
creation of startups. To create conditions for the development of innovative engineering and
technical orientation, it is proposed to create a hub of innovative technologies.

XKutra 1 MailOyTHE MicTa, SIK 1 WOro MEMIKAHIIB HAmpsMy 3aJIEKUTh BiJ
o0cAry micieBoro Owopkery. bromxker Micta — 1e IuaH (opMyBaHHS Ta
BUKOPUCTaHHA (PIHAHCOBUX PECYPCIB AJIA 3a0e3leueHHs 3afad Ta (yHKIIH, 110
BUKOHYIOTHCSI BIJMOBIIHO OpraHaMH MICIIEBOIO CaMOBpPSIYBaHHSI MPOTITOM
oromxetTHoro nepioay [1]. OkpiM HbOro, rpoOIIOBI KOIITH BUTPAYAIOThCS HA:

o COIIAJIbHO-EKOHOMIYHHM PO3BUTOK PETIOHIB,

o OyAIBHUUTBO, PEMOHT Ta PEKOHCTPYKIII0 OO0 €KTIB COLIaIbHO-
KyJbTYPHOI Ta JKUTIOBO-KOMYHAJILHOI chepH;

o OyZIBHUIITBO Ta MPUI0AHHS )KUTJIA OKPEMHUM KaTEropisiM HACEICHHS;

o BJIOCKOHAJICHHSI KapeT IIBUJIKOI TIOIOMOTH, MEAMYHOTO 00J1aIHAaHHS;

° KOMIT FOTEepH3aIlis HaBYaJbHUX 3aKJIaIIB;

o OUIBIM A8 PO3BUTKY CUIBCBKOTO —TOCHOJApCTBA, MaJloro  Ta

cepeaHbOTo Oi3HEeCy Ta 0arato 1HIIOTO0

bromxer monoBHIOETHCS, Ha TIpUKIIaal M. KpamaTopchka, 3a paxyHOK:

° HAJIXO/PKEeHb 3arajbHOJEPKaBHUX MOAATKIB 1 300p1B BIACHUX JOXO/IIB
3riHO cT.64 BroJKeTHOro KoaeKkcy YKpaiHu;

o CyOBEHIIIT 3 IepKaBHOTO OIO/DKETY (HAMPUKIIAJ, OCBITHS Ta METUYHA);
o JOTaIlii 00J1aCHOTO OIOKETY;

o cyOBeHIIii 3 00J1aCHOTO OIOJIKETY;

° cyOBeHIIIi 3 OFO/KETIB 1HIIUX MICT Ha HaJaHHS MOCIAYT (HApUKJIIAI,

MeanyHux ), Tomio (puc.1) [1].

Takox y OFOIKET CKIAJA€eThCs 3 BiJICOTKA BiJl CHEIIaTbHOTO KOPUCTYBAHHSI
JICOBUMHU MacHBaMU, BOJIH, HaJipaMu ISl BUJOOYTKY KOPUCHUX KOTAIHMH, 1HIIMX
npupogHux pecypciB. OkpeMo HAAXOAATh KOIMITH 3a BHAAUYy JIIEH3IA Ta
cepTUPIKaTIB PI3HOI CHPSIMOBAHOCTI, JEPKABHY pEECTpalilo, BIJICOTOK BIJ
NPOJaXy 3€MEIbHUX  JIISHOK  HECUIbCHKOTOCIIOAAPCHKOTO  MPU3HAYCHHS,
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JVBIACHAN TOCIIOAAPChKUX 00’ €IHAHb, Y CKJIal KOTPUX € KOMyHaIbHa BJIACHICTh
TOLLIO.

37501.3 B HaaxosxeHs 3araibHOICPIKaBHIX
' MO/IATKIB 1 300piB Ta BIIACHUX JOXO/IIB,

THC. TPH .
OcBiTHs CyOBEHIIIS 3 JEPKABHOTO
OIO/DKETY, THC. TPH

227939,2

B MenuuHa CyOBEHIIIs 3 JeP>KaBHOTO
OIOJKETY, TUC. TPH

B J[oTartii 3 o6:acHOT0 OO KETY Ha
yTpUMaHHS MPUTYJIKY JJIS TITEH, THC.

H
] 1épy6136Hui'1' 3 00J1aCHOTO OFOJKETY, THC.
IPH

CyOBeHI1ii 3 OI0KETiB IHIIUX MICT Ha
HaJaHs MEIUIHHUX TOCIYT, THC. TPH

Pucynok 1 — Jliarpama crany HaJXOJKE€Hb 1O MICBKOTO OrokeTy M. Kpamaropcbk
3a 2020 pik

Hanpsimy 30upmryBaTé  OIOJDKET MICTa, OKpIM  30UIBLIEHHS PO3MIPY
CyOBEHIII#1 Ta JoTalliil, MOKJIMBO a00 3MEHIIEHHSIM MUIbI y PI3HUX cepax KUTTH,
a00 30UIBIIMTA BIJICOTOK MOJAATKIB. lle MOXIIMBO, OCKIIBKM y MOAATKOBOMY
KOJIEKC1 BKA3y€TbCs TPAHUYHUI pO3MIp MOJATKy (HE OuIblIe HIXK), & KOHKPETHI
BEJIMYMHU BH3HAYAIOTHCA MICIIeBOIO pajnoro. OKpiM TOro, mo 1€ JA03BOJIUTH
30UIBIINTA HAAXOMKEHHS, L€ 3MEHIIUTh KUIBKICTH MOJIOJAUX CHELIAJIICTIB,
MPEAICTaBHUKIB MAJIOT0 Ta CEPEAHBOTO Oi3HECY, MOTIPIIUTH YMOBHU KHUTTS 4epes
HUXKYY 3apOOITHY TUIaTy.

KpamaTtopchk — MicTO  00JacHOTO  3HAYCHHS, IEHTP  BaXXKOTO
MalmMHOOYAYBaHHS Ta OBEJIIPHOTO BUPOOHUUTBA. €IMHUM BaplaHTOM, SIKUAN
JIO3BOJIUTh OJHOYACHO PO3BUBATH MICTO, 30UIbIIYBATH HAJIXO/KEHHS Ta
3MEHIIUTH BIJTIK CHEMIATICTIB 3TiAHO 31 CHenudiko, € BIIKPUTTS MaJioro
0i3Hecy, HOBHMX MarasuHiB, (ipm, mignpuemMctB. OpaHak, norpeda Micta y
MPOJIOBOJIBYMX Ta HENPOAOBOJBYMX TOYKAX 30UTY, (DITHEC-LIEHTPIB Ta CAJIOHIB
Kpacu JOCUTh OOMEXeHa, siKk 1 morpeba y ¢ipmMax oOCIyroBYHOUYOTO XapaKTepy
(WeHTpU pPEMOHTY, HAJAHHS IOPUAWNYHHUX TIOCIYT, MEIUYHI KJIHIKH TOIIO).
Biakputts mianpueMcTBa MoXxe BinOyTHcs abo sk Gifis, JOUipHE MIAMPUEMCTBO,
abo UIsi CTBOPEHHS HOBOTO, YHIKQJBHOTO MPOAYKTY (IOIIAI0BAa KOCMETHKA,
MOHETH3allisl CTapTamy, I1HHOBAIlliHEe MIANPUEMCTBO). g 1poro moTpiOHI
CreriajgbHl 3HAHHS Yy JCKUIBKOX Tally3sX, KOMaHJa CHEIIadiCTiB, ifes Ta
MO>KJIUBICTH 11 TIOTIEpEHROT ampobartii.

Came TOMy MicTo TOTpedye y mpocTopi (Mepexi), sike Oyae CHpusTH
PO3BUTKY TEXHIYHOTO OCEpPEJKYy Ta I1HHOBAIIWHOI IiSILHOCTI Mooai (puc.2).
Po3Butok iH(pacTpykTypu, 30uIbIIeHHA (iHAaHCYBaHHS Hayku, 3akynka 3/I-
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CKaHEepiB, TPUHTEPIB, CTBOPEHHS MIKpOopadbpUK JacTb 3MOTY MOJIOJAOMY
MOKOJIIHHIO HA0YHO MOOAYUTH MPUHLIUI POOOTH Ta MPUAOATH MPAKTUYHI HABUUKHU
poOoTH 3 cydacHHM oOnamHaHHsIM. lle mM03BOMWTH OiBII CBIOMO MITIATH 1O
BUOOpY MaitOyTHbOI mpodecii aias MmKoNsApiB Ta OATHKIB, AaTH MPOCTIp AJIA
0COOMCTOTO 3pOCTaHHS Ta BIAMPAIIOBAHHIO HABUYKaM IIKOJSPaM Ta CTYACHTaM.
Mouoai cremiamicTd 3MOXKYTh 3aliMaTHCs yatOOJEHOIO CIpPaBOI0 Ta HaBYATH
JIHCHO 3alliKaBJICHHUX CIIyXadiB, HE BUINIKAIOUU 3 MICTa. [CHYIOYl MiAMPHEMCTBA
3alliKaBJI€HI B OTPHUMAaHHI MOJOJMX CIEIIaTiCTIB BUCOKOTO KJAacy 3 peallbHUM
JIOCB1JI0M BUKOPUCTaHHS MPOTPECUBHOTO 001 THAHHS.

30UIBIIEHHS HATXOKEHD
110 OIOJKETY

[lepeopienTaris Po3BuTok MicTa y
BUPOOHHUIITB HA HOBI pi3HEX chepax
TEXHOJIOT1,
CTBOPCHHSI HOBHX
KoMMaHii, Gipm

KinpkicTs 3amikaBieHol
MOJIOI Ta CIIEL[1ATICTIB B
1HHOBAIAH1I
1H)KEHEePHO-TeXHIYH1I

CrtBOpeHHA
IHHOBALI{HIX chepi
IIPOEKTIB, CTAPTAIIB

Pucynoxk 2 — B3aemMo03B’ 5130k M’k HATOBHEHHSIM OIO/KETY Ta PO3BUTKOM MOJIOJIUX
CHEIATICTIB y 1HXKEHEPHO-TEXHIUHIN cepi

ToMy mocrae mpoOiema HaJaHHA TaKUX MOKJIMBOCTEH ISl OCOOMCTOrO
3pOoCTaHHs, HaAOAHHS MNPAKTUYHUX HABHUOK, PO3BHUTKY HIAIPUEMCTB Ta MICTa,
OTPUMaHH TAHOI 3apO0ITHOI MJIAaTH Y MeXax MicTa JIJIsi MOJIOJIOTO MOKOJIHHS Ta
CHELIAIICTIB y PI3HUX Taly3sX.

Metoto poOOTH € CTBOPEHHSI YMOB 1Jisi (GOPMYBaHHS y MICTI IPOMHUCIIOBUX
BUPOOHMIITB, OPIEHTOBAHMUX HA BUKOPHCTAHHS HOBUX TE€XHOJIOT1id; PO3BUTOK HOBOI
KOMITETEHLII MiANPUEMHULBKOI MISUIBHOCTI B 00JIACTI 1HKEHEPHUX TEXHOJOTIH;
niaTpuMKa TpodHaBiramii  yYHIBCHKOT MOJIOJI B 1HHOBAIIWHIA 1HXKEHEPHO-
texHiyHI chepi. Tum camum KpamaTopchk 3MoOKe 3a0€3MEUUTH  MOJIOIUM
rOpoJsiHAM IIMPOKI MOKJIMBOCTI JUIsl HOBOi 3alHSITOCTI, PO3BUTKY HOBOI'O THITY
013Hecy, 3aIy4eHHS! B HOBY IIPOMUCIIOBICTb.

[IporonyeThest cTBOpuTH Xab iHHOBamiHUX TexHozorik (XIT), skuit Oyme
MPEACTABIATH COOOI0 MEPEXKY MICHKUX MaWJaHYMKIB JUIsl TEXHIYHOI TBOPYOCTI,
OCHAILIEHUX CY4YacHUM OOJIaHAHHAM NPHUKIAJAHOI MEXaHIKU 1 I_II/I(l)pOBOFO
BupobuunTBa (3D- TMPUHTEPH, 3D-ckanepu, ¢pesepHi, FpaBlpyBaJ'IBHl 1 Ja3epHi
BEepCTaTH, pydyHUU I1HCTpyMeHT Ta iH.). XITu — 1e TexHIYHa MaWCTepHs s
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MPEJACTABHUKIB IIKUIBHUX 1 MOJIOAIKHUX O13HEC-1HKyOaTopiB, SIKI MOXYTh
BUTOTOBJISITH Ha 00JaIHaHH] IPOTOTUITU BUPOOIB.

BiamiaHoro ocobmuBicTio € Te, mo XIT He Mae 3aMiHIOBATH BXKE ICHYIOUI
nmporpamu, co-working 1HIIUX TPOMAJICBKUX OpraHi3ailiii, a CTBOPIOE 3arajbHUM
IPOCTIp /T MPO(ECIHHOTO PO3BUTKY MIKOJISPIB Ta MicTa, 00’ €AHYI0UH y coO1 1HIT
npoektu. HaBuanus Oyae mMpoxXoauTH 3a 3MIIIaHo0 GOPMYI0 KIACHYHOTO METOoJia
ta bemn-JlaHkacTepchkoi cHCTEMH, HAMIPABIICHOT HA TIepeavy 3HaHb Bij CTApIINX
70 MOJIOAIIUX (BIJ acIHipaHTIB JO MariCTpaHTIB. BiJl MaricTpiB jJ0 OakanaBpiB
TOIIIO).

[{inboBOIO ayiUTOpItO Xaly €:

o HIKOJISIPI;
o CTYICHTH Ta aclipaHTH;
° MOJIOII T ATTPUEMITI.

Bonu 3MoxyTh 3100yBat HaBu4uku 3D mporpamyBanHs 1 MojaentoBanHA, 3D
IPOTOTUIIYBaHHS, BUYMTHCS MpaLIOBaTH Ha pPI3HOMY LHU(PPOBOMY OOIaJHAHHI,
IHIUBIyaIbHO 200 B paMKax MPOEKTHUX TPYyN PO3pOOJATH MNPOEKTU B cdepi
pOOOTOTEXHIKH,  NPHKIATHOI  MEXaHIKH,  eJeKTpoHiku,  IT-TexHomoriu,
IIPOMHUCIIOBOTO AM3aliHy, OPIEHTOBAaHI1 HA KOH'IOHKTYPY CBITOBOI'O PUHKY.

VY Mexax xa0y NpoBOAUTUMYTHCS 3aXO0/H, CIIPSIMOBAHI HA PO3BUTOK JUTIYOI
1 MOJIOJIKHOI HAYKOBO-TEXHIYHOI TBOPYOCTI 3 POOOTOTEXHIKH, MPHUKIATHOIL
MEXaHIKH, €JEKTPOHIKH, 010MEXaHIKM, TPUBUMIPHOTO MojetoBaHHs 1 3D-ApyKy,
MPOMUCIIOBOTO  JW3aiiHy, HAyKOBOi ITpalllKh, CBITJOTEXHIKH, 30HIOBOI
MIKpOCKOITii, OloMeXaHiKa, [U3aiiH OsTY, NU3aiiH MpPEaMETIB 1HTEp'epy. 3aHATTA
OyIyTh MPOBOJUTUCH CIIEIIANICTAMU MICTa, MPEJCTAaBHUKAMHU MIANPUEMCTB Ta
HaBYAJIbHUX 3aKJIA]IIB.

3maraHHs, CEeMIHApW, KPYrJdd CTOJM Ta MalCcTep KJacu JI03BOJISITh
MOTJTMONTH HABUYKU, 03HAMOMUTHUCS 3 HOBUMHU CIICHIATILHOCTSAMHU, & KOHKYPCH Ta
BHUCTABKM TIPOEKTIB HAOYHO TMPOJEMOHCTPYIOTh MpodeciiiHe 3pOCTaHHS Ta
MaNCTEpPHICTb.

VYyacHukHd NpoekTy OyAyTh NpUIMATH y4yaTh Y JKUTTI MICTa 4epe3 3aXOAu
HAyKO-TEXHIYHOT CIIPSIMOBAHOCTI, OCBITHIX MPOTrpaM, MPaKTHUK Ta CTAKyBaHb

OxkpiM 1BOTO >KWTENl MiCTa Ta Oprasizaiii, MmO 3IIHCHIOIOTh HAYKOBO-
TEXHIYHY Ta I1HHOBALIMHY [ISUIBHICTh MAaTUMYTh 3MOTY KOPHUCTYBAaTHCH
oOnagHaHHAM xaly nJs 3AIMCHEHHS TMPOEKTHOI JiSTIBHOCTI 3 3alydyeHHSIM
menTopiB XIT-y.

VY sikoCTI mapTHEPIB JIJIs1 PO3BUTKY MOXKYTh BUCTYIATH:

o no110H1 TPOEKTH, CTIPSIMOBAHI Ha PO3BUTOK MOJIOIL;

o OCBITH1 YCTaHOBHU Ta BY3H;

o OPOMHUCIIOBI MIANPUEMCTBA Ta OpraHizailii, ki O0aXalThb OTPUMATH
KOMIIETEHTHHUX CIELIIICTIB IMiJl YMOBU BUPOOHHUIITBA;

o IHCTUTYTH PO3BUTKY Ta OPTaHU JepKaBHOI BIa/Iu.

Crparerisi po3BUTKY Ta JOTYUYEHHS IIKOJISPIB MOJSTae y HACTYITHOMY:

1. Hananust rapanTtoBaHoro po0o4oro Miclisi 3a YMOBH IiANHUCAHHS
JIOTOBOPY M1k MIAMPUEMCTBOM Ta I'POMAJICHKOI0 OpraHi3alli€ro.

2. CtBopeHHsi Opuraja Ta Ha3HA4yaTH IIJTbOBUX HACTAaBHUKIB 3 OOKY

TIPUEMCTBA, PIPMH.
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3. JI1st KOHTPOJIF0 O0COOMCTOTO PO3BUTKY BIIAIITOBYBATH KOHKYPCH Ha
3BaHHsI KpaIloro CHeIfiaiicta cepell Y4HiB, BIAIITOBYBAaTH BHCTABKH JIOCSTHEHb,
dbectuBaii 3 000B’SI3KOBUM HATOPOIPKCHHSIM.

4. BBenenns ctuneHzii Ha 3M00yTTS BUINOI OCBITH BiJi POOOTOIABIIIB.
BuzHnauatu cTUNEeH1aTIB MOXKIMBO 32 JIOIMTOMOT'OK0 KOHKYPCY MPOEKTIB, 3100yTKIB
TOIIIO.

S. CtBopeHHst ©OaHKy rpaHAiB i (IHAHCYBaHHS 1HHOBAI[IHHUX
MIPOEKTIB.

6. 3amyuyaHHs y A€pK. OI0/DKETHI IPOTPaMH.

7. dinancyBaHHs Ui MOT3/I0K HA KOHKYPCH, (pecTuBali 3a Mexi MicTa Ta
perioHy.

8. dinaHCcyBaHHS CTaAKyBaHb Ha 3aKOPJAOHHUX MiANPHEMCTBAX.

Q. BukoHaHHs ~ 1OCTITHO-KOHCTPYKTOPCHKMX Ta  IHIIUX  poOOITHA

3aMOBJICHHs (PI3WYHHUX 0Ci0 1 oprasizailiii, ki 31HCHIOIOTh HAYKOBO-TEXHIUHY Ta
IHHOBAI[IHY MiSUTBHICTD.

JUIst CTUMYJTIOBaHHSI HApOJKEHHS 1HHOBALIIHUX pIIIEHb MPEACTaBHUKAMHU
XITiB OyayTh BUKOPUCTOBYBATHCS CHEIllalbHI (hOpMATH — XaKaTOHU, KOHKYPCH Ha
pO3pOOKY TEXHIYHMX pillleHb Ha 0a31 KEWCIB BiJ MPOMHUCIOBUX MIANPUEMCTB 1
KOMIIaHIi. Y paMkax IUX OpOeKTIB Oyne BiaOyBatucs oO0'€qHAHHS LIKOJSPIB,
CTYJEHTIB, PO3POOHHUKIB IHHOBALIMHUX TEXHOJOTIH 1 IPEICTaBHUKIB O13HECY.

[Inanyetbest cuctemMHa poOOTa 3 MOIIYKY, BIAOOPY Ta 3alyyeHHs y4HIB, IO
MarTh 3A10HOCTI 10 1HXKEHepii, B 1HHOBAIlIMHO-TEXHIYHA TBOPYICTH: podoTa 3
YYaCHHKaMHU OJIMIIAJ, OpraHizalisi paHHbOrO MPO(HABIrAliIiHOTO TECTyBaHHS,
po3poOKa Ta BIPOBAKEHHS IHTEPAKTUBHOT KAPTH MOYKIIUBOCTEH.

Mk XITamu 1 aupekTopaMu OCBITHIX 3akjiafiB M KpamaTopcbka MaroTh
YKJIaJIaTUCS YTOAM IO CHIBIPAIIO, B paMKax SKUX IIKOJSAPI MOXKYTbh HaBYATHCS
HaBUYKaM POOOTH Ha BUCOKOTEXHOJIOTIYHOMY IU(POBOMY O0JIaIHAHHI B paMKax
nporpaM J0JaTKOBOi OCBITU. B naHoMy BHIIagKy 3aCTOCOBYETbCS MOJEIb
MepexeBoi B3aeMoii, koau Ha obnagHaHHi XITiB MOXYTh NMpanioBaTH JTITH ITiJT
KEpIBHUIITBOM TEXHIYHMX (axiBUIB (CTyAeHTIB cTapmux KypciB) XITiB 1 BunTemniB
IIKOJIH.

BUCHOBKU

CrBopenHst xaly 1HHOBAIIMHMX TEXHOJIOTI HANacTh MOXJIUBICTh
ocoOucTOro Ta MpodeciiHOro Po3BUTKY MOJIOAI Ta CHELIANICTIB Uil OTPUMAHHS
riIHOT 3apoOITHOT IUIATH, HANEKHUX YMOB KHUTTS. MiCcTO, OKpIM CTaOlIbHOTO
BIITOKY MOJIOAI, OTpUMAa€E 30UIBIICHHS HAIXO/KCHBb JIO0 OIOJDKETY, 3alydeHHS
1HBECTHULIIH, PO3BUTOK CTAPUX Ta CTBOPEHHSI HOBUX 1HHOBALIMHUX M1IPUEMCTB.

CIIMCOK ITOCHNJTAHb

1. Bepxosna Paoa Yxpainu. brooocemnuil kodexc Yrpainu 6io 08.07.2010 Ne 2456-
VI (3i sminamu i 0oonosnennsimu cmanom Ha 01.01.2021). Kuis: I[lanmueooa A.B. 2021. 240 c.

2. Bepxosna Paoa Ykpainu. [looamkosuii kodexc Yxpainu 2755-VI ¢io 07.10.2011
(31 sminamu i oonosnenuamu cmanom Ha 28.03.2021). Kuis: I{VJI. 2021. 768.
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YK 799.322.2

CkipniunikoBa A., Hayk. Kkep. KILH., jgon. Komesa JILB. (Vkpainua,
m.Kpamamopcwok, J{/[MA)

POBOTU3ALIA TA IHOOPMATHU3IALLI - BIIUB HA ®I3UYHY
KYJBTYPA TA ®OPMYBAHHSA KOMIIETEHININ MOJIOAI

Haoani cneyughiuni xomnemenyii' 3 izuunoco 6uxoanHs, 0e mexHon02is Modce Oymu
NepeoCMUCIeHA K Ne0a2o2iyHUuLl IHCMpyMeHm, AKUll cnpusmume HaguauwHs. Becmanoeneno, wo
bacamo uKIA0Aui6 6KA3YIOMb HA BIOCYMHICMb CHEeYIANbHUX KYPCI8, 3a0e3neuyiouux HOouLyK
iHhopmayii npo Komnemenyii, wjo CMCYrOMvcs QI3UUHO20 BUXOBAHHA 8 YMOBAX MOMAILHOL
inghopmamusayii no6ymosoeo npocmopy..

Specific competencies in physical education are provided, where technology can be
rethought as a pedagogical tool that will facilitate learning. It is established that many teachers
point to the lack of special courses that provide a search for information about the competencies
associated with physical education in terms of total informatization of living space .

Ham 4ac € emnoxow CycHnuibCTBa MPOAYKTHUBHOCTI, Ha $IKE BIUIMBAE
HEWpPOHAJIbHA MaTOJIOT I, pe3yabTar NepeBUPOOHULITBA, HaJAMIPHOI
MPOJYKTUBHOCTI Ta HAAMIpPHOI KOMYyHikaiii. Pe3ynpTraTamMu € BUCHaXKEHHS 1
3aJlyXa, OCKUIbBKM MH J>KMBEMO B YyMOBaX, SKH 3aBEPIIYIOTHCSI TaKUMU
3aXBOPIOBAHHIMHU, SIK JIETPECis, PO3JIaJ TIMEePaKTUBHOCTI 3 Je(dillUTOM YBaru,
MPUKOPIOHHUHN PO371a] 0COOMCTOCTI a00 CHHAPOM BUropanus [1,2,3].

Lle#t mocTiiiHMiA CTpec Yepe3 BUMOTH Ta HAJJIUIIOK 1H(OpMAIIiil OB’ 3aHOTO
CYCNUJIIbCTBA B KIHIIEBOMY IMIJCYMKY IIKOJAUTh (I3UYHUM Ta PO3YMOBUM
MOKa3HUKaM MOJIO/1, (i3MYHE BUXOBAHHS B KIHIIEBOMY MiJICYMKY Mij BILUTUBOM
TEXHOJIOT1 MOOUIBHMX NPUCTPOIB, CTYACHT BIIUYBA€ BEJIWYE3HI TPYIHOIIl Y
HIATPUMII 30CEPEIKEHOCT] HA OKPEMI ISTIbHOCTI.

B indopmaniiinomy cycnuibCcTBi (DI3MYHI HABAHTAXKEHHS 3aMIHIOIOTHCS
BIpTyaJIbHUMHM 4epe3 Tenesizop, [HTepHer, Bimeoirpu Tomo. Jleski moau
IPOJIOBKYIOTh BUKOHYBATH CBOi (D13MYHI HABAHTAXEHHS, & IHILI PI13KO 3MEHILYIOTh
1X.

Texnikamizamist (PI3UYHOTO BUXOBAaHHS, 3aCHOBaHA Ha TMPAKTHUIll, SKa
ICTOPUYHO KEPYETHhCS KOHIICTIIEI0 JTIOJUHU 1 JIeKapTOBUM / (hparMeHTOBaHUM /
TEXHIYHUM CBITOM, IIJIKOM BiAMOBiiae iHTepecam 1boro Mi3uyHOro BUXOBAaHHS,
KWW MaB - 1 3aJIMIIAETHCS CHOTOJIHI - 5K 3aci0 1 KiHelb, CIOpPTUBHI 3MaraHHs. Lle
HABOJUTh HAC HAa JyMKY, 110 BUCOKOIPOIYKTHUBHHUI CIOPTCMEH - 1€ B MEpIIy
4yepry ifeal, 110 CTBOPIOETHCS 3a JOMOMOIOI0 PAIllOHATBHUX MPOEKIIH HUIIXOM
HAyKOBUX BIJKPUTTIB y Tally3l MEIUKO-OI10JOTIYHUX HAyK, MO0 TMOXOMATh BiJ
HayKOBOT'O MeToay, po3pobiieHoro Pene Jlekaprom.

Xoua soau Kpamie 1HGOPMYIOThCS MNpo TepeBaru (i3UYHOI AKTHUBHOCTI
yepe3 Mepexy, Hallll MOJIOZI JIF0JIM B OCHOBHOMY MPOBOJATH 3aHAJATO Oarato yacy
y CBOil MisNIbHOCTI B [HTEpHETi, 110, SK HACIIJOK, MOTIPIIYE SIKICTh iXHbOTO
KUTTSL.
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Mu maeMo nesiki cnenudigHi KOMIETEHINT 3 (PI3MYHOr0 BHXOBAaHHS, [I€
TEXHOJIOTII MOX€ OYyTH TEepeOCMHUCIICHA SK TMeAaroriyHui 1HCTPYMEHT, SKHUM
CIpHUATIME HaBYaHHSI.

AHami3yioud Tepiry KOMIIETEHIII0o, MU MiABOJUMO HAc J0 MHTaHb
CIIO’KMBYO1 TIO3M Ta 1/IealiB KpacH, sIKI HACEJSAI0Th YMH Hamioi moJsiomi. Ha Hux
BIUIMBAE MEpeXka, 1 BTPYYaHHS € BAXXJIMBUM IS MiABUIIECHHS 00i3HaHOCTI. J[Js
IIbOIO0 y HAc € coIiajgbHl Mepexi, 1 cepel MiUNTKIB MU pOOMMO akIIeHT Ha
WhatsApp, HaBiTh 6ubIIe, Hi’K Facebook, came 3apasku 6e3mocepeHoCcTi 0OMIHY
MOBIJIOMJICHHSIMH, BiZeo, ayaio Ta ¢oro. Takok MOXIHMBICTh (PopMyBaHHS
HIKUJTBHUX TPyl Yy MEpeXl, BUKOPUCTaHHSA IUIaTPopM, HA SKUX MOXKHA
OOrOBOpIOBAaTH TEMY, MOXYTh CTHMYJIIOBATHCS HOBI METOJOJIOTii, Taki sIK
NepeBEPHYTUN KJIAC Ta 1HII 1HIIIATUBH.

VY napyriii koMmeTeHIli MM TOBHHHI JyMaTH, III0 OCHOBHA TEXHOJOTIYHA
MIITPUMKA TIJJITKIB - 1€ CTUIbHUKOBHM TenedoH, 3acid MUTTEBUX, MOBCIOJIHHUX
OOMIHIB, 13 JJOCTYIIOM JIO0 COLIIAJIBHUX Mepexk, pororpadii, BiIeo Ta My3UKHU, SIKAN
MOX€E JOMOMOITH ab0 CTUMYJIOBATU MOJOAMX JIIOJIEH 10 3aHATh (PI3UYHUMU
BIIPABAMH, JUTATUCS HUMH B MEPEXK1, BHOCSYU BEJIMKUN BHECOK Yy 1X AISUTBHOCTI.
Yyutenb GI3UYHOI  KyJAbTypU TOBHHEH OYTH TMOCEPEIHUKOM Yy  IbOMY
BUKOPHWCTaHHI, HaBITh MPU CTPYKTYypOBaHUX MpoekTax ayig Bukopuctanus LIKT 31
crynentamu. Cami KJIacu MOXYTb OyTH CHUIBHUMH 3 BHKOPHUCTAHHSM HOBHX
TEXHOJIOT1i, 1rop Ta PI3HOTO MPOrPAMHOTO 3a0e3MEUEHHs Ta MPOrpaM, MOB'I3aHUX
31 37I0POB'SIM, a TAKOX HAJIaHHS aBTOHOMIi CTy/IEHTaM.

3a TPeThOIO KOMIIETEHIIIEI0, 3HOBY K TaKM COLIaJIbHUMU MEpPEKaMHU, TPYIH,
chopMOBaHI Ha IIJCTaBl 3allIKaBJIEHOCTI YYHIB Ta BHKJIAIayiB, PO3IIISIAIOTH
notpebu  BuUMOr, (OPMYJIIOBaHHS  TETHIlIH, YCBIIOMJICHHS  Ba)XJIMBOCTI
JO3BULIEBUX MPOCTOPiB. ITpOEKTH MOXKYTh MOYMHATHUCS 31 LIKOJIM Ta OXOIUTIOBATH
OaTbKIB Ta TPOMATY.

EnexTpoHHI irpu, pO3MOBCIOKEHHS UYepe3 MEPEKy IS MPAKTUKH BIIPAB,
BIJIMOYMHOK TAaHINB, OOTOBOPEHHS B)KE 3rajaHuX 3a0000HIB Ta CTEPEOTHUINIB Ta
MITOTOBKA J0 €JIEKTPOHHUX IrOp CTOCOBHO BUMOT /10 (PI3UYHUX MOKIMBOCTEH -
OCbh JIeSIKI 3 MOXJIMBOCTEW IIbOTO BCECBITY, TAKOK MPONOHYIOTh AUBEPCU(IKAIIIIO
BU/IIB JIISITBHOCTI, 1€ MOXYTb OyTH MPUCYTHIMU TEXHOJIOTII.

@i3uyHEe BUXOBAaHHS Ma€ ICTOPUYHY CHAJUIMHY, EMIIIPU3M HOYy-Xay,
BJIOCKOHAJICHHS] TEXHIKM, TAaKTUKH, (I3MYHUX Ta MOPQOJOTiyHUX HaBUYOK. LIs
IICHTUYHICTH BCE IIIE Ty’KE CHUJIbHA, SIK BEKTOP /ISl HAIIIOTO PETiOHY.

HaBuaHHs - 11€ niporiec 3MiH, 3HaHb, TIOBEIIHKH, SKUH OTPUMYEThHCS 3aBJISIKH
JOCBIy, TMOOYJOBAaHOMY €MOIIIMHUMH, HEBPOJOTIYHUMHU, PEIAIIHHUMU Ta
eKoJIoTiYHIME dakTopamu [4].

OnutyBanus 3 mutanb KT BusBnse, mo B Ykpaini maibke 20% yuHIB
Jep’)KaBHUX IIKUI HE MalTh BIAOMa KOMIT'IOTepa YW TUTAHINETA, I HEPIBHICTH
3HAYHO TIOCWJIIOETbCSI Yy  CUIbCBKIM  MicueBocTi. MoOinbHI  Tenedonu
BUKOPHCTOBYBINCH YYHSIMH JJI TOTO, IIO0 XOIUTH HAa YPOKH, 3a JOTIOMOTOIO
onutyBaHHs IKT 3 nurans ocBiTH, 98% y4HIB MICBKHUX HIKIJT OTPUMYIOTH JOCTYI
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no IHrepHery Ha MOOLIBHMX MNpUCTPosiX, a 18% kopucrtyroThecst IHTEpHETOM
BUKJIIOYHO 32 JIONMIOMOT'0F0 MOO1TBHUX TeIedOHIB.

VY mkonax Opakye iH(PacTpyKTypH, TOJOBHUM YHMHOM INIOAO JOCTYMIY Ta
KOMIT IOTepHUX Jlabopartopiii. Takox Oyino BCTaHOBJIIEHO, IO Oarato BHKIJIA/IadiB
KPUTHKYIOTh BIICYTHICTh CHEIIAJIbHUX KYPCiB BHKOPUCTAHHS KOMII IOTEPIB abo
MepeTIsiay BeO-CTOPIHOK Y KJIacax, TOJIOBHUM CIIOCOOOM TOIYKY iH(pOpMAIIis TIPO
BUKOPHUCTAHHSA MEPEX1 HAA€ThCS Yepe3 KOHTAKT 3 Kojeramu abo 3a JOMOMOTOI0
B1JICO Ta OHJIANH-TIIIPYYHHKIB.

BICHOBKH

Hayka Bxxe 0arato BiiKpuia MpoO PEryisipHI 3aHATTS CIOPTOM Ta (i3uyHi
HaBaHTaXeHHA. Konu mroanHa movynHae 3aiiMaTucs, BOHA MIBHJIKO BiIUyBae NesKi
nepeBaru B OpraHi3Mi: MOCHJICHHS THYYKOCTI Ta 3MIIIHEHHsS M s31B, 60poThOa 3
¢bi13nuHOI0 OE3TISUTBHICTIO Ta MOKPAIIEHHS CAaMOMOYYyTTA, Mporpec y ¢i3uuHii
MIJITOTOBII Ta JAUCIIO3HUIII1, 10/Ial04YH CEPIICBO-CYAMHHY Ta JIETEHEBY 3aTHICTb.
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Y I K 69.002.5

Toxaps /I.B., Epumenko O.B., llayrina T.B. (Vkpaina, m. Xapxie, XHA/Y)

PECYPCHA OHIHKA BIIPOBAJIZKEHHSI CYIIYTHUKOBHX
HABITAIIMHUX CUCTEM Y JOPO’KHbOMY BYIIBHUITBI

YV oaniti cmammi posenadaemovcsi pecypcHa OYIHKA NPOBAONCEHHS CYNYMHUKOBUX
HABI2AYIUHUX CUCMEM ) CYUYACHOMY O0POICHbOMY OyOisHuymsi. [Iposedeno ananiz punky ma
OCHOGHUX MEHOeHYIl PO36UMKY CUCMeM MAuluHHo20 Kowmpomwo. Hasedeno moodenv cucmemu
Kepy8aHHs OOPOJNCHIX MAWlUH, wjo 3abe3neuye aoanmueHy ONMUMI3ayilo podoYux npoyecis.
Bucynymo nponosuyii w000 po36umxy cucmem MauuHHO20 KOHMPOJIO HA PUHKY YKpainu.

The task of resource assessment of the implementation of satellite navigation systems in
modern road construction is considers. The analysis of the market and the main trends in the
development of machine control systems has been carried out. The model control system of road
machine, which supports the adaptive optimization of working procedure, are proposed.
Proposals for the development of machine control systems in the Ukrainian market have been
made.

IlocTanoBka mpodJemu.

VY 1mei yac 3aTpuMKH W TEpEeBHUTpaTa KOINTIB € OCHOBHUMHU MPOOIeMaMH B
1HGpacTpyKTypHUX abo0 Oy/IIBEIbHUX TMPOEKTax. 3arajibHa e()EeKTUBHICTD
YCTaTKyBaHHS BIUIMBAa€ Ha 3a0€3MEYEHHS IMIBHJKOCTI W TOYHOCTI BUKOHAHHS
npoekty. Jlyis cTBOpeHHs 0€3Me4YHOro, BUCOKOSKICHOTO, CTIMKOTO CepeloBHUIIa B
OyJiBeNbHIN Taly31 HEOOX1IHO 3aCTOCOBYBAaTH peHTAOEIbHI M €(heKTUBHI METOIU
KepyBaHHA. PecypcHa oOIlliHKa MacmTa0iB  BOPOBAKEHHS  CYIMYTHUKOBHX
nHapiramiianx cucreM (CHC) y nopoxxHiM OymiBHUITBI y TOBHIM Mipi He
npoBoawiack. II[o0 HagaT HaMOUIBII TOYHI OLIHKK W MOKJIMBI MPOTHO3U IOJ0
HanpsaMkiB BukopuctanHs CHC, HeoOXigHa KOMITJIEKCHA 1TEpaTUBHA METOI0JIOT1S
nocmimkenns (Grand View Research, USA), chnpsMoBaHa Ha MiHIMI3aIIifO
BIJIXWJICHB: J1aHl O0€3YNMUHHO (IUIBTPYIOTHCS 3 METOI0 aHaNi3y TUIbKU MEPEBIPEHUX
Joxepen [1]; TexHIUHI JaHl MiAAAI0THCS TMEPEXPECcHil MepeBipIl 3a JOMOMOTOIO
omyOJIKOBAaHUX JKEpEeN; OI[IHKKM W TPOTHO3M 3aCHOBAaHI Ha IMITaIlllMHUX
CTAaTUCTUYHHUX MOJACIAX (ISl KOKHOTO JOCHIIKCHHSI CTBOPIOETHCS YHIKaJIbHA
Mozenb. 3i0paHa iHpopMallisl Mpo AUHAMIKY PUHKY, TEXHOJOTIYHUHN JaHmmadr,
PO3pOOKY TOAATKIB 1 TEHACHIIIT IIHOYTBOPEHHS BBOAUTHCS B MOJICb 1 OJTHOYACHO
aHami3yerbesi). LI ¢akTopy BUBYAOTHCS Ha MOPIBHSIBHIA OCHOBI, 1 iXHINA BIUIMB
MPOTATOM TPOTHO30BAHOTO TIEPIOJY OIHIOETHCA KUIBKICHO 3a JIOMIOMOTORO
KOPEJSILIHHOr0, perpeciiHoro i TUMYacoBOro aHaiizy. IIporHosyBaHHS pHHKY
BUKOHYETbCA 3@  JOMOMOTOI  CIOJYYEHHS EKOHOMIUYHUX  I1HCTPYMEHTIB,
TEXHOJIOTIYHOTO aHalli3y, rajay3eBoro JOCBIAY i 3HaHb Y KOHKPETHINA 001acTi.

AHaJli3 OCTaHHIX JOCIIKEHD 1 MyOJTiKaIlii.

VY 2021 pori y cBiTi Oyae Oubine 8 MUTBSIp/IB HaBITAIIHIX MPUCTPOIB.

['paHuIli CErMEHTIB PHWHKY MPOJOBXKYIOTh PO3MHBATHCS B PE3yNbTaTi
KOHBEpreHIli iHpopMaIliifHO-HaBITAIIHHOTO W KOMYHIKAI[IHHOTO BCTaTKYBaHHS,
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cucreM 1 mocayr  (iHGoOpMaIIMHMX  TEXHOJOTIH,  TEJICKOMYHIKAIlIH,
MaluHOOYAyBaHHS W MIKPOEJIEKTPOHIKK) [2]. AHami3 OCTaHHIX JOCIHIIKEHb 1
nyOiKaiii mokasas, 10 HOBI TEXHOJIOT1UHI HAMPSMKHA CBITOBOTO PUHKY HaBiraiii
HACTYMHI: KamiTam3anis MOXIMBOCTEH «IIIJIKIIOYEHOr0 TPAHCIOPTHOIO 3aco0y»
(Connected Car) (indopmarris, 6e3reka, oriata, CTpaxyBaHHs, TEXHIYHA JIOIIOMOTa
i i mociyru [3]); TexHosoriuHUE po3BHTOK V2X - 0OMIiH iH(OpMaIIi€ro
"aBTOMOO1J1b-aBTOMOO1J1H" V2V, "aBTOMOO1IIb-1HPpACTpYyKTYypa" V2I,
"aBTOMOOUIBb-M0IMHA" V2P; po3po0OKa HaBIralliHUX TEXHOJIOT1H JJI1 aBTOHOMHHX
TPAHCTIOPTHUX 3ac00iB (poOomMoOiIel, Oe3MIIOTHUX TPAaHCIOPTHUX 3aco0iB) 1
poOoTiB [4]; TexHOoOrT 11 OHIE€T KOPUCTYBAIBLHHUI[LKOT HABIraIlil: CYyIyTHHKOBOI,
1HEpIIHHOI, BHYTPIIIHBOI; TApaHTOBAHO HABITallliHI TEXHOJIOT1l BUCOKOT TOUYHOCTI
i HamgiHocTi [5,6].

Mera po6oTH Ta TOCTAHOBKA 33]1a4 TOCIIIKCHHSI.

Metow paHoi poOOTH € pecypcHa OIlIHKa MacliTa0lB BIPOBAKEHHS
CyNMyTHUKOBHX  HaBITAllIHHUX CHCTEM Y JIOPOXKHIM  OYHIBHMIITBI IS
nporHo3yBaHHs HarpsiMKiB BukopuctanHs CHC. ITocTaHoBka 3a/1a4 TOCH1I>KEHHS :

- oOrpyHTyBaTH 00paHy METOJO0JIOTIIO TOCHII>KEHHSI;
- TMPOBECTH aHali3 PUHKY CHCTEM MAIIMHHOTO KOHTPOJIO Ha MPUKIAIL

JIOPOKHBO1 MAIlIMHU;

- TPOBECTH aHali3 OCHOBHUX TEHJCHIIIA PO3BUTKY CHCTEM MAaIIUHHOTO

KOHTPOJTIO;

- MPOBECTH OLIHKY PE3YJIbTATIB Ta MPOMO3ULIHN i1 PUHKY Y KpaiHH.

OcHoBHUIT MaTepiall JOCIII>KCHHS.

[IpoBenemo aHai3 PUHKY CHCTEM MAIMHHOTO KOHTPOJIIO Ha IPHUKIIAJI
exckaBatopiB. CucreMa KepyBaHHS €KCKaBaTOpaMH MpU3HAYECHA JIJIS TT1IBUILICHHS
NPOAYKTUBHOCTI  poOiT. Taki cucTteMu 3a0e3medyrOTh pIIICHHS 3aBJaHb
HABAHTAXKCHHA, TIO3UIIIOHYBaHHS M eKcIUTyaTarii B OOMEKEHOMY MPOCTOpI
IUIIXOM BHSBJICHHS TMEPEIIKOJ, IO OTOYYIOTh €KCKaBaTop, 3a MacuTadowm,
pearpbHUM dYacoM U BiacTaHHio. llepemkonu BimoOpaxaroTbes 3 IXHIM
OpUTIHAIBHUM KOHTYpOM, B KPUTHUYHHUX CHUTyaIlisiX TIOJAalOThCS  3BYKOBI
nonepemxeHHs. Lli cucteMu BUSBWIMCA €KOHOMIYHO €(QEKTUBHUM pPIIIEHHSIM
YUCJIEHHUX JOPOTMX TEXHOJOTTUHUX OTepallii.

[IporHo3yBaHHs TOKa3ye, MO PHHOK CHCTEM KEpPYBaHHS EKCKaBaTOpaMu
Bupocte Ha 10,7 % npotsrom 2021 - 2022 pokis. Kitouosi ¢ipmu, Taki sik Topcon
i Komatsu, MaioTb JOBrOCTPOKOBE MapTHEPCTBO, IO JO3BOJSE KIIEHTAM
3aMoBIATA MamuHu Komatsu, siki ocHamieni texnosoriero Topcon. Hanpuknan, B
2016 poui CIHA gndigupyBanu Ha CBITOBOMY PHHKY CHCTEM KepyBaHHS
eKCKaBaTopaMmu, yTpumyroud maibke 30 % Bif 3aranbHOT YaCTKH PHUHKY (3BiT
"Excavators Machine Control System Market, 2017-2024).

JIuHaMIKy CHCT€M MAIIMHHOTO KOHTPOJIIO, L0 BUKOPHUCTOBYIOTHCS MJIS
aBTOMAaTH3allli €KCKaBaTOPIB, MIPEACTABICHO HA PUCYHKY 1.
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Puc.1. /lunaMika cMCTEM MaIlIMHHOTO KOHTPOJIIO, 010 €KCKaBaTOPIB

MareMaTtnyHa MOJIENh CUCTEMH KEpyBaHHS MOXKE OyTH TIpe/CTaBlieHA Y
BHUTIISAAL [7]:

['YMC{'Q'DMC}= fMC(X'Mc{#' eOvC_CAY}: Mc)'

Y'Mo {NPH .Dyo, } fuo. (X'MO {#,CTD MKZ NMo )' T, Muo, >

YMIQI ZMKﬂ’DMKﬂ}_ szaz (XMIQZ {u'}, NMK[Z) (1)
iY-MH{ Ly , D }— fosm (*MH {/J'} N?MH)'

YMzz‘{DMzz}— o (i L DR Ny ):

|L|-YMY{-Zv-DMV}_ fMYiXMY {-NPH Lo’ rZMZIKvZMH:ZGAY}vNMV)-

i

A Ve Yuo Y uarr Y varr Y g Yy L .
MOIYJIS y3TOJKEHHS, MOAYJISl ONTHUMI3AIii, MOyl KOHTPOJIO JATYHKIB, MOIYJISA
HAJIHHOCTI, MOJTYJISI TAaHUX, MOYJISI KEPYBaHHS;

Dusc 5+ -+ Dyy =~ BEKTOPH JIAHUX TIPO POOOUI MPOIECH BIAMOBITHUX MOJYJIIB;

fucll [,... fay - BEKTOp-QYHKINI, TOKazye airopuT™ (GyHKIIOHYBaHHS
0o
MO/1yJIIB;

Xy »- - Xy = BX1JIHI BEKTOPHU BIATIOBITHUX MOJYJIIB;

Ny »- - - Nyy - BEKTOPH TIapaMeTpPiB BIAMOBITHUX MOIYJIIB.

MaremaTudHa MOJICNIb CHCTEMHU KEpYBaHHS MAIlIMHU B IHTETPaJbHOMY BHU/II:

BUXIJTHI BEKTOPU BIJAMOBIIHUX MOJYJIB:

ot [JEE N, 2)

ne =[1=7,¢,.cov ] - BekTOp BXigHUX 1HGOPMAIITHUX 1 KEPYIOUNX CHUTHAIB;
flOz,pl] - BekTOp KEepyrYOro BIUIMBY Ha CHEPTOPO3MOJIIIOBAYA U pEryIsSTOPH
cuioBoro TmipuBoay; N LN, Ny, s Ny s Ny s Ny s Ny - BEeKTOp  TIapameTpiB
CHCTEMH. []

AHaJi3 OCHOBHUX TEHICHIIM PO3BUTKY CHCTEM MAIIMHHOTO KOHTPOJIIO HA
nepion g0 2025 poky 3MiHMBCA y 3B’sI3Ky 3 manaemiero. OmHak, 3pocraroua
notpeda B TOYHOCTI KEpyBaHHS i HaBiraiii Ba)kKKOi TEXHIKM OyJe CTUMYJIIOBATU

PICT PUHKY.
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Kommanii nparHyTh 3pOOMTH CHCTEMH MEHII CKJIAJHUMHM W T1JBUIIUTH
MPOJYKTUBHICTh 32 PaXyHOK BIPOBAJKEHHS MepefoBUX TexHousorii. Hanpukmnan,
Leica Geosystems AG mpencrasmia cepiro MSS400 mist ekckaBaTopiB, OCHAIICHY
HOBUMH Jatuynkamu i TexHojorieo SP [8]. Cuctema oOnagHaHa TepMETHUYHUMA
MITyIlepaMy, KpPOHINTEHHAMU 3 HEP)KaBIIOUOl CTali, MIIHUMHU KOPIYCHUMHU
JaTYMKaMM ¥ MINHAMH CIOJYYHHMH  CHCTEMaMHd, sKi  poOJjsTh HOro
OpUIATHUM HaBiTh I MiABOAHMX poOiT. Kpim Toro, cuctema iHTerpoBana 3
texHonoriero Leica Geosystems SP, mo 3HIXKye CKIaJHICTh Yy TMOPIBHSIHHI 13
TPaIUIIHHUMU CHUCTEMaMHU TMO3UIIIOHYBaHHsA. Po3ropraHHs cuUCTEM KepyBaHHS
MalIiHAMU CKOPOYY€E Yac MPOCTOI0 MAIIHH 1 cipusi€e €PeKTUBHOMY BUKOPHUCTAHHIO
pecypciB. BiamoBa Bakkoi TexXHIKM Ha OyAIBEJIBHOMY MalJaHUYUKy MOXKE
BUKJIMKATH 3aTPUMKH B POOOTI W TOHECTH Beaude3Hl 30uTku. TexHosorii
KepyBaHHA MallMHAMU 3a0e3MeuyloTh TOYHUNA MOHITOPUHI 1 KEpYBaHHS
Oy/iBEJIbHUM YCTaTKyBaHHSM JJIsi 3a0€3MEUeHHS] ONTUMAJIBHOI MTPOIYKTUBHOCTI U
HIBUIKOTO KOHTPOJIO IKOCT1 Ha pOOOYMX MICIISIX.

CermeHr GNSS (rmobanbHOT
HaBIraliifHOI CYMyTHUKOBOI CHCTEMHU) JTOMIHYBaB Ha PUHKY 13 yacTkow 37,5 % B
2019 pomi. Ils BucOoka yacTka MOACHIOETHCS po3ropTanHHsM GNSS Ha Takomy
BCTaTKyBaHHI, SIK CKpernepH, Oylbo3epu, Ipeljepu, eKckaBaTopu i OOpTOBI
cuctemu. Bukopucrannst GNSS ju1st pi3HUX 0/IaTKIB, TAKUX SIK KapTorpadyBaHHs
3eMJll, CUIbChKE TOCIOJAPCTBO, TIPHUYOA00YBHA MPOMHUCIOBICTh, O€3MIIOTHI
mitaneHi anapatu (BILJIA), o6opona # iHi, € me ogHuM (HaKTOpOM, IO TTiIBHIIYE
nonuT Ha 1l cucrteMu. Kpim Toro, GNNS 3a0e3neuye BUCOKY €()EKTHUBHICTH 1
TOYHICTh MO3WIIOHYBAaHHA BaXXKOi TEXHIKM, [0 MPOTHO3YE I1IBUILIECHHS
NpoayKTUBHOCTI. CerMeHT €KCKaBaTOpIB JJOMIHYBAaB Ha PUHKY 13 4acTkowo 59,2 %
B 2019 pomi. Taka BUCOKa YaCTKa MOSICHIOETHCA iX IHTEHCUBHUM BUKOPHCTAHHSIM.

Ananiz nokasye, mo puHok CHC cunbHO KOHCOMIIOBaHMM dYepe3 mayKe
HeBeNMKe 4uciao (ipM-BUpoOHMKIB. PicT kommaHiii Ha 1bOMYy PHUHKY Oarato B
YOMY 3aJICKUTh BiJl MIATPUMKH 3 OOKY BJIaJH, 110 CAHKIIOHYIOTh 1HPPACTPYKTYpHI
MPOCKTH Jig OyniBeNbHUX KommaHii. Jleski y4acHHKHM pPUHKY I1HBECTYIOTH Yy
JOCIIJKEHHSI W pO3pOOKM W BIPOBAKYIOTH HOBI TEXHOJOTIT y CBOi MPOMYKTH.
Hampuknan, y 6epe3ni 2020 poky Trimble Inc. 3amyctuna Bepciro 2.0 mardpopmu
kepyBaHHs  yxujiom Earthworks. Ileii HOBHII NpPOAYKT  BiIPI3HAETHCS
TOPU30HTATBHUM  PYJBOBUM  KEPYBaHHSIM, JOMOBHEHOIO PEAIBHICTIO JJis
nonermeHHss posyminHs 3D-Mogeneit i yOymoBanum Trimble Loadrite. Lli
byHkuii 3a0e3MmeuyoTh KepyBaHHS KOPUCHUM HABAaHTAXEHHSM 1 BiJIOOpa’KEHHS
JaHUX TIPO KOPUCHE HAaBAaHTAXKEHHS JJI1 KOHTPOJTIO SIKOCTI HAa OJTHOMY €KpaHi.

AHaJi3 ToKa3aB, 10 OCHOBHUMHU BHUpoOHuMKamMu Ha puHky CHC e
xopropaiiisi Topcon; Trimble, Inc.; Hemisphere GNSS, Inc.; Leica Geosystems

AG (Hexagon),. Cucremu mnosuitionyBanass EOS; MOBA Mobile Automation
AG; RIB Software AG.

BHCHOBKY 1 IEPCTIEKTUBY TTOAATBIITUX JTOCHTIDKEHb Y TAHOMY HAIPSIMKY.

236



B ymoBax TBep0i KOHKYpeHIIii B OyAiBeIbHIN rany31 YKpaiHu BUKOPUCTAHHS
CUCTEMHU KepyBaHHS MallMHaAMU HaJA3BUYAalHO BUTIHO i1 POOITHUKIB Ha
OyAiBeIbHUX MalJaHYMKaX Yy JIOBIOCTPOKOBIN MEPCHEKTHBI, OCKUIBKH Il CUCTEMa
CKOpOUYy€ dYac MPOCTOI0 MalIMH 1 jornomarae e(eKTMBHO BHKOPHUCTOBYBATU
pecypceu [9].

3 1HIIOT CTOPOHHM ICHYIOTH (AKTOpPH, IO CTPUMYIOTH PO3BUTOK CHCTEM
MalIMHHOTO KOHTposto. Hampukian, ekckaBaropu, Oynpio3epu W rpeiiaepu
BUKOPHUCTOBYIOTHCSI B TIPHUYOA00YBHIN MpOoMHUCIOBOCTI ¥ OymiBHUIITBI. Lli Tumm
OyIiBENIbHOT TEXHIKM OCHAIYIOTHCS MAIIMHHUM KEPYBAHHSIM JJISl I1JIBUILECHHS
MPOJYKTUBHOCTI, ePeKTUBHOCTI 1 Oe3memni 3emiiepuiiHuXx poOiT. EkckaBatopw,
Oynbro3epu ¥ rpeinepu € AOPOTMMH MalldHAMHU, a BUKOPHCTAHHS MAaIIUHHOTO
KepyBaHHs B Oy/AiBEJIbHOMY BCTAaTKyBaHH1 301JbIIy€e BUTPAaTH Ha YCTAHOBKY W
iHTerpamiro. TakuM 4WHOM, OYIiBETHbHHUM KOMIIAHISIM OyaiBENbHUX OpraHizaiii
noTpiOEH BEJIMKHUI Kamitan g MOKynku abdo openau bJIM, iHTerpoBaHoro 3
TEXHOJOTISIMA KEpyBaHHA MallMHAMH. TEXHOJOTis KepyBaHHA MallldHAMH
3a0e3nedye OUIbIIE BHUCOKY TOYHICTh, JOINOMAara€ MNPUCKOPUTH 3aBEPILICHHS
MPOEKTIB 1 BHMAarae MEHIIMX BUTpPAT Ha TEXHIYHE OOCIYroBYBaHHS, BHCOKI
NEPBICHI IHBECTULIIT € CTPUMYIOUMM YUHHUKOM JIJIsl PO3BUTKY LIMX CUCTEM.

Takum 4MHOM, CUCTEMH KE€pYyBaHHS MalllMHAMU BiJITPalOTh BAXKJIUBY POJIb HA
OyaiBeNbHUX MalJJaHUMKAaxX y KpaiHax, 110 pO3BUBAIOThCS, 3a0€3Meuyoun Oe3neKy
1 BUCOKY SIKICTb.

OdikyeThbCcs, 10 B MPOTHO3HUM MEPIOJ Ha €KCKAaBaTopu OyAe TOBOJIUTHUCS
cama Oubla yacTka puHky (Puc.2).

B Excavators
Loaders
Paving Systems

B Graders

m (Others

Puc.2. CtpykTypa cucTemM MalllMHHOTO KOHTPOJII0 OCHOBHUX 3TM
[Tornubnennii KOHKYpPEHTHHIM aHalli3 KIIOYOBUX TPAaBIIB HA PUHKY CUCTEM

KCPpyBaHHA MalllMHAMHW T03BOJIMB YKa34dTH TCHI[GHI_Ii'l. PO3BUTKY OCHOBHHUX CHUCTEM

()II/IHaMiKa pocty CHC B Aszii Ha niepioa 2016 - 2027 pokwu) (Puc.3).
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Asia Pacific machine control system market size,
by product, 2016 - 2027 (USD Million)
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Puc.3. unamika pocty CHC B Aszii
JluHamika pocTy poOOTHM30BAHMX CHCTEM IO PErioHaX  Ta €KOHOMIYHUI
eeKT BUKOPHUCTaHHSI TJIOOAILHOI HaBiramiitHoi cymyTHukoBoi cucremu (GNSS)

o cermenTax (y mutbsipaax moiapiB CIIIA) npeacrasieHo Ha pucyHKax 4 - 5.
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Puc.4. Jlunamika pocTy poOOTH30BaHUX CUCTEM IO PETi0HAX
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TexHosnorii KepyBaHHS MalllMHAMM  BIJITPalOThb BAXIHUBY pPOJb Yy
MOHITOPUHTY W KepyBaHHI Oy/iBEJIbHUM YCTAaTKyBaHHSM IS 3a0€3MeUeHHS
ONTUMAIbHOI MPOJYKTUBHOCTI, M0 MPUBOAUTH A0 OLIBII MIBUIKUX MEPEBIPOK
AKOCT1 OyiBEIbHUX POOIT.

[HBecTHLli B CUCTEMH KEpyBaHHS MAaIIMHAMH HAa PUHKY OyJiBHULTBA
VYkpainu 001IAI0Th 3a01IaAUTH YaC, YHUKHYTH NEPEBUTPAT OIOIKETY i CKOPOTUTH
BUTPATH, IOB'SI3aHl 3 TEXHIYHUM OOCIYyTOBYBAaHHSM MAIllMH, 110 OyAe CHIPUATH

POCTY PUHKY.
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Huodynenxko B.O., BoponuoB b.C., (Vkpaina, m. Kuis, KIII im. Ileops
Cikopcbkoeo)

OI'JISAJl TEXHOJIOT'TI SELECTIVE LASER MELTING.

Aoumueni mexHono2ii € 00Hi€w 3 obaacmell Cy4acHO20 BUPOOHUYMEA 6 Yil cmammi
npedcmasienuil 02150 aoumusHoi mexuonozii Selective Laser Melting.

Additive technology is one of the areas of modern manufacturing, this article provides an
overview of Selective Laser Melting additive technology.

CenexktuBHe na3zepHe 1maBieHHs (SLM) € o0coOnuMBUM  IIBUIKUM
npoToTUNyBaHHAM, 3D-meuatkoro, ab0 aauTUBHUM BUpPOOHUIITBOM (AB)
METO/JIOM, TPU3HAYEHUM JUIsi BUKOPUCTAHHS Jja3epa BHUCOKOI MOTYXKHOCTI IS
po3IIaBy 1 CIUIaBy MeETaJeBUX MOPOMKiB. KOMIOHEHT OyayeThCcs MIITXOM
BUOIPKOBOTO TUIABJICHHS 1 CIUIaBYy IMOPOILIKIB BcepenuHi 1 MDK mapamu. Lle
JI03BOJISIE TIpOIeCy OynyBaTU Maiike MOBHY IIUIBHICTh (DYHKIIIOHAIBHUX YAaCTHH 1
Ma€ KUTTe3AaTHI eKOHOMIYH1 BUroau. OCTaHHI pO3pOOKH BOJIOKOHHOI ONTHKH 1
BHUCOKOI TMOTY>KHOCTI Jiazepa TakoX J103BoJuwian SLM oOpoOisTu pi3Hi MeTaseBi
Marepialid, Takl SK MiJib, AIFOMIHIN 1 BoJb(PpamM. AHAJOTIYHUM YHUHOM, 1€ TaKOX
BIIKPHJIO MOJKJIMBOCT1 Il JoCHipkeHb B SLM kepamMiuHMX 1 KOMIIO3UTHHX
MarepianiB. Orysn sBise nporec SLM 1 gedki 3 nomupeHux (i3UYHUX SBHII,
MOB'sI3aHUX 3 IMi€10 TexHooriero AM. [1,2]

ITponiec SLM cknagaeThes 3 psay eramiB, nani CAD 3aBaHTaXyrOThCS B
SLM-mamuny 17151 BUpoOHuUIITBa KOMIIOHEHTIB, (ainu STereoLithography (STL)
daiinn moBUHHI 00poOsTHCS soft-ware, Takuii sk Magics, mo6 3a0e3neunT
CTPYKTYpPY MIIATPUMKH JJIsi OyJb-SKMX HaBHCAlOYMX (PYHKIH 1 TeHepyBaTH JaHi
3pi3y JUIsl JIa3epHOTO CKaHyBaHHS oOkpemux mapiB. I[Ipomec OymiBHUIITBA
MOYMHAETHCS 3 YKJIQJaHHS TOHKOTO IIIapy METAJIEBOr0 MOPOIIKY Ha OyIiBEIbHY
IJIaCTUHY B OyniBenbHIN kamepi. [licist Toro, sk MOpOIIOK TMOKIAJCHUM, Jia3ep
BUKOPUCTOBYETHCS ISl PO3ILIABY 1 CIUIABKU OOpaHUX oOJsiacTeld BIANOBIIHO IO
o0poOneHux naHux. SIK TUIbKM JIa3epHE CKaHyBaHHS 3aBEpILEHO, OyiiBeibHA
maTdopMa OMyCKAEThCs, HACTYITHUH IIIap MOPOIIKY HAHOCHUTHCS 3BEpXY 1 Jlazep
ckaHye HoBuMM mmap. IloTiM mpoilec MOBTOPIOETHCA ISl MOCIIIOBHUX IIapiB
MNOPOIIKY A0 THUX IIp, NOKM HEOOX1JHI KOMIOHEHTH He OYyIyTh HOBHICTIO
noOyzoBaHi. Sk TUIBKM MpOIEC JIa3epHOTO CKaHyBaHHS 3aBEpIICHO, BiJIbHI
MOPOIIKKA BUAAISIOTBCSA 3 OyMiBENbHOI KaMepud 1 KOMIIOHEHT MOXe OyTu
BiTIICHUH Bif OyaiBelNbHOI IUIACTUHW BpydyHY ab0 MIISXOM  OOpOoOKH
enektpuunoro pospsany (EDM). Kpim miaroroBku maHux 1 BHAAJNEHHS
BUTOTOBJICHOTO KOMIIOHEHTa 3 OyfiBenpHOIO TuiaTGopmMu, BeCh MPOIIEC

aBTOMaTH30BaHUi. PrcyHOK 1 imocTpye KOHIENIIio mporecy cTBoperHs SLM. [3-
5]
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Pucynok.l. Cxema mpouecy SLM. 1) BHCOKOIIBHIKICHUN Jiazep pO3ILIABIISIE
CEJICKTHBHI JIJITHKK Ha OyaiBenbHIM miatdopwmi. i1) Ilpoimec moBTOproeThes s
MOCJIIIOBHUX I1apiB. 1i1) BibHUI MOpOIIOK BUITydeHUi 1 BUP1O 3aBepiieHo. [5]

[Tin wac mporuecy SLM, OyaiBenbHa Kamepa 4acTo 3allOBHEHA Ta30M a30Ty
a00 ra3oM aproHy JUisl TOro Mmoo 3a0e3NeUYnTH 1HEPTHY aTMocdepy s TOTro 1100
3aXUCTUTU HATpITI YaCTUHU MeTainy NmpoTu okucieHHs. Kpim Toro, neski 3 SLM
MaIlIuHU 37aTHI 3a0€3MeYnTH MONEpeJHE OnalieHHs a0o cyOcTpaT miacTuHu abo
Bciei OymiBenbHOT Kamepu. ToBmIMHA miapy 3a3BuUYail KoiuBaeTbes Big 20 10
100mxMm. [6]

Hocmiau mokazamu, mo SLM 31aTHUI 10 TOBHOTO TUTABJICHHS TIOPOIIIKOBOTO
Matepianxy, BUPOOJISIOYM MOBHICTIO NIUIbHI BUpoOU Oe3 HEeOoOXiTHOCTI 0O0poOKH,
KpIM BHUJQJICHHS YacTUH 1 omop 3 OymiBenbHOi miuatdopmu. Lle pobuts SLM
YyJJOBUM TPOIECOM aTUTUBHOTO BUpOoOHUIITBA (AM) B mopiBHsHHI 3 SLS, skuii
MOB'A3y€ TMOPOIIKOBI MaTepiaiy 4epe3 TBEPAUM CTaH cCrleKaTh a0o0 IJIaBICHHS
3B'SI3YIOUMX, B PE3yJbTaTi YOr0 YaCTUHU 3 BHCOKOKO TOPHUCTICTIO 1 HHU3BKOIO
minHicTio. [licmsa Takux 00poOOK, K TermjaoBa 0OpoOka 1 T.a, SK IPABUIIO,
HEOOX1H1 JJIsl TOJIMIIeHHsT KoMmoHeHTIB SLS, 3alimae Garato yacy 1 3Ha4HO
noAoBXKye npouec. Y SLM noBHE IUIaBIEHHS NOPOUIKY JOCATAETHCA 32 PAXYHOK
BUKOPUCTAHHS BUCOKOIHTEHCHUBHUX JIA3€PHUX 1 CIIOJYYHUX MaTepialiiB, IO YCyBae
HEOOXIHICTh B BHIIE3a3HAUCHUX mpouecax. HwuuimHga TexHosoriss SLM
3a0e3nedye NOJIIMIIEHHS AKOCTI MPOYKLii [7].

Balling (KomkoBaHH:1)

Balling - e ocobnuBe sBuine B SLM, e po3MiaBicHHI MeTal YTBOPIOE
cepoiganbHi KyJdbKH uYepe3 HEAOCTAaTHE 3BOJIOKECHHsI TOMEPEIHBOTO IIapy i
MOBEPXHEBOI0 HATSKEHIs. BoHa mepemkopkae yTBOPEHHIO Oe3MepepBHUX JIHIN
pO3IUIaBy, YTBOPIOIOUM IIOPCTKI TOBEpxHI. Y OibIn Bakkux Bumanakax Balling
MOK€ TOTIPIIUTH HACTYMHI MIapW 1 BUKIMKATH B mporeci SLM 3acTpsiranHs
MEXaHI3My MOPOIIKOBOTO MOKPUTTS 3 BEIIMKUMHU METAJICBUMH HAMUCTUHAMH, SKi
MOUIUPIOIOTHCS HAJl MOPOIIKOBUM mapoMm (Pucynok 2). [8]
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Pucynok 2. Balling 8 SLM. [8]

®i13uuni gsuma 8 SLM

SLM BxJtouae B cebe HarpiBaHHs 1 TUIABJICHHS MOPOIIKOBOrO Martepiany 3
JA3epHUM TIPOMEHEM 1 IIBHJKE 3aTBEPJiHHS PO3IUIABICHOTO MaTtepialy s
dbopmyBaHHs OakaHoro BHpoOy. € KuibKa (DI3UYHUX SIBUIL, SIKI BKJIUBI JJIs
MpoIiecy, TaKuX sk abcopOailisi TOPOIIKOBOTO MaTepialy Ja3epHOTr0 ONPOMIHEHHS,
KYJbOBI SIBUIIA, SKI TOPYIIYIOTh YTBOPEHHS O€3MEepepBHUX PO3IUIABIB, 1 TEIJIOBI
KOJIMBaHHS, TIEPEKUTI MaTEPiaioM B TIPOILIEC, K1 MOKYTh IPUBECTH 10 YTBOPEHHS
TPIIIKH 1 KOMIIOHEHTHOT HefocTaTHOCTI. [8-9]
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Y SLM, na3epHi MNOTY>XHOCTI, MIBHUAKICTHI CKaHyBaHHS, BIJICTaHb MIiX
JIIOKOM 1 TOBIIMHA IIApy € 3arajJbHUMU MapaMeTpamu Mpolecy, PeryiboBaHi s
ontuMizamii nporecy. Ha Pucynok 3 HaBeneHO UTIOCTpYBaHHSA LIUX MapaMeTpiB
npoiiecy, 3a3Buyaili BuBueHMX B SLM. Pazom 3 mnorivHaHHSM nopOHJKiB 10
Ta3ePHOTO OHpOMlHeHHH i TIapaMeTpH BILTHBAIOTH Ha 00'eMHY MIITBHICTh €HEPTii,
K1 TOCTYIHI JIJIsl HAarpiBy 1 IJIaBJICHHS nopommB [Ipu HarpiBaHHi 1 TUIaBIEHHI
HEOOX1IHO BpaxOBYBaTH TEIUIOBY 3JaTHICTb. BOHM CHIIBHO 3aiexaTh BiJ
MaTepiaiy 1 mponopiiii Macu, sika Oyzie po3IiaBieHa.

Laser
power

Hatch spacing

Powder bed

Layer
thickness

F==k
N

Preceding layers or substrate plate

Pucynok 3. Ilapamerpu mpomecy SLM: mnoryxHicTe nasepa, MIBUIKICT
CKaHyBaHHS, IHTEPBAJIU M1X JIIOKaMH 1 TOBIIUHA 11apy. [10]

OnuH 3 HeB1I'€eMHUX acCMEKTIB B3a€MOJIIT j1a3epa 1 MaTepially € MOTJIMHAHHS
eHeprii moporikoMm. [lornuHaHHs, TEBHE SK BIJHONICHHS MOTOKY €HEepTii, 1o
MOTJIMHAETHCS eHeproedekTuBHICTIO nporiecy SLM. Ile Moke HaBITh BH3HAYUTH
JOIUTBHICT, OOpOOKM MaTepiayiB 3 TMeBHUM Jja3zepoM. Di3uku BUBYAIH
NOTJIMHAHHS PI3HUX MaTepialliB AJisi ONPOMIHEHHS PI3HUX JOBXHUH XBWIb. OaHAK
JesiKl 3 UUX poOIT MPOBOIATHCA 3 MOPOIIKOBUMHU MaTepiasiamu. Y SLM nazep
OMPOMIHIOE TOHKHH TOPONIKOBHMA IIIap, a TaKOX TIOTJIMHAHHS TTOPOIIKOBHX
MaTepiaiiB MO BIHOMICHHIO JI0 JIA3€PHOTO ONMPOMIHEHHS MOXE PI3KO BIIPI3ZHATHUCS
BiJI X BiAMOBIAHKMX MaTepiaiis. [11-12]

3 orisily Ha PUHKOBY TEHJCHIIIO BUPOOHHUIITBA 1 3pPOCTArOYy TEHJICHIIIIO
JOCITIJIKEHb B OCTAHHE JCCATIIITTS, iHTepec 10 SLM 1 aHamoriyHuM TEXHOJIOT1sIM
Oyne mpomomxkyBatu poctu. IlepeBarm, mom'szani 3 SLM, OymyTh H0OJaTKOBO
reHepyBaTd OuUIbIlIe MOJATKIB, $SKI BUMAararoTh BUPOOHHUIITBA Oe€3MOCEPEIHIX
BUpoOiB. TakuM unHOM, SLM € TexHonori€t0, siKa Oy/e 3aJUIIaTUCs aKTyalIbHOIO 1
BXJIMBOIO B rainy3i AB B 1oCTymHOMY JJIst OTJISIy MaiilOyTHBOMY.
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VJIK 621. 833

HIvmvuao A. J1, nayk. kep. Tynynos B.1. (Vkpaina, m. Kpamamopcwoxk, /{J/[MA)

AHAJII3 TEXHOJIOTTYHUX METOAIB SMIINTHEHHSA 3YBYATHUX
HOBEPXOHb JETAJIEM MAIIIUH

Ilpoananizoearni mexnonociuni Memoou 3MiyHeHHs. NOBEPXOHb 3y0uamux Kolic ix nepesazu
ma HeOOoNIKY, U OYIHKA YUX MemOoOis.

Technological methods of strengthening the surfaces of gears, their advantages and
disadvantages, and evaluation of these methods are analyzed.

MinHicTh 3y0UacTUX KOJIIC 3aJ€KUTh B MaTepiady Ta crnocoly iX XiMiKo-
TepMiyHOi 00poOKku. Jlyis BUOOpY Marepiady Ta METOAY 3MII[HEHHS 3y04acTHx
MOBEPXOHb JIeTaliell HEOOX1JHO BPaxOBYBaTW MPU3HAYECHHS IepeAadl, pekuM il
po0oTH, BUMOTU A0 TradapuTy Ta Barv, TEXHOJOTIYHI BUMOTH, SIKi MOB’S3aHI 3
o0cAroM BHpPOOHMIITBA Ta MOMKIIMBOCTSIMU KOHKPETHOTO  IMiJIIIPUEMCTBA,
€KOHOMIYHI BUMOTH, ITOB’A3aH1 3 KOIITOM Marepiaiy Ta BUTpaTaMU Ha TEXHOJIOTIIO
3MIIHEHHS, CTHOCI0 OTpPUMaHHS 3aroTiBKM Ta IOJAJIBIIOI MEXaHIYHOI OOpOOKHU
TOILIO.

Ban-mectpeni TpaAauIliiHO BHUTOTOBJISIIOTH 3 KOHCTPYKIIIHHO-JIETOBaHOI
crami 40XH (ra 3amigaukum: 45XH, 50XH, 38XI'H, 40X, 35XI'®d, 40XHP,
40XHM, 30XT'BT) Takox 11l cTaji BUKOPHUCTOBYIOTH [IJIi BHUTOTOBJICHHS OCI,
BaJliB, IIATyHIB, My(T, BajiB-IIECTEPEHb, IIMUHJEIIB, UWIIHIPIB Ta I1HIIUX
BIIMOBIJAIbHUX HABAHTAXEHUX JeTajed, KOTpl MiAAI0ThC BIOpalliiHUM 1
JTUHAMIYHUX HWOTO HABAHTAXKEHb, JI0 SKUX MPEI'SBISIOTHCS BUMOTHU ITiIBUIICHOT
MIIIHOCTI 1 B'SI3KOCTI.

Jlns mocsirHeHHsI 301JIBIICHHS MTOKA3HUKIB 3HOCOCTIMKOCTI M CTPOKY CITYKOHU
BUpPOOY BHKOPHUCTOBYIOTH 3MILIHEHHS MOBEPXHEBOro Iapy BHpoOy. OCHOBHHMHU
metoaamu € I1T1]] i ximiko-TepmiuHa 00poOKa.

3MIIHEHHS JeTallel MJIACTUYHUM J1e(OpPMyBaHHSM MMOBEPXHI 3aCTOCOBYIOTh
B OCHOBHOMY JIJIs MiJIBUIICHHS ii BTOMHOI MIIHOCTI, KOHTaKTHOI BUTPUBAJIOCTI 1
3HococTtiiikocTi. [loBepxneBe mmactuune paedopmyBanns (IIIIJI) me cmocid
00poOKM AeTasieid 0€3 3HATTS CTPYXKKH LUIAXOM AedopMaliii MIKPOHEPIBHOCTEH 1
MikpoedeKTIB MPUJIETIIUX 0 TOBEPXHI IMIapiB Marepiany. [cTOTHE 3HAYCHHS MpU
IbOMY MAa€ 1 JOCATHEHHsI OUTbII BUCOKHMX KJIACiB IMIOPCTKOCTI MOBEPXHI AETaJICH.
Tomy petaini, 06pobeH1 TIACTHYHUM JehOPMYBAHHSIM TOBEPXHI, MAIOTh OUIBIII
BHCOKY HECy4yy 3AaTHICTb, HDK J€Tali, HE MIAJaHl I[bOMY BHUIY 3MIIHIOIOYO]
00poOku. OCHOBHMM BHJOM Takoi OOpPOOKM BCE K SBISETHCS alMa3HE
BUIJIaDKyBaHHA [3].

Bbinbi po3noBCOKEHUM CITOCOOOM 3MIITHEHHS € XIMIKO-TepMiuHa 00poOKka
a came: IIeMeHTallisl, a30TyBaHHs, raptyBanHs CBY [1].
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XiMIKO-T€pPMIUYHOK 00pOOKOI0 HAa3MBAIOTh MPOIIEC 3MIHU XIMIYHOTO CKIIALY,
CTPYKTYpH 1 BJIACTMUBOCTEH IMOBEPXHEBHUX IIApiB 1 MeTany. Taka oOpoOka MoOxe
OyTH 3acTOCOBaHa JI0 JeTalle, BiJ SKUX MOTPIOHO TBEPAA 1 3HOCOCTINKA MOBEPXHS
npu 30epeXeHH1 B'S3KO0i 1 JOCUTh MIIIHOK CEpIIEBUHHM, BHUCOKA KOpO3iiiHa
CTIHKICTh, BACOKHUH OITip BTOMH.

3araptyBaHHsi crtajed cTtpymamu Bucokoi dactotu (TBY) - me oaun 3
MOIIMPEHUX METOIIB MMOBEPXHEBOI TEPMIUHOI 0OPOOKH, KU1 TO3BOJISAE MIABUIIUTH
TBEPJICTh MOBEPXHI 3aroTOBOK. 3aCTOCOBYEThCA I JAeTalled 3 BYIJIEIEBUX 1
KOHCTPYKUIHHUX cTanei abo yaByHy. [naykuiitnuii rapt TBY sBisie coboro oaun
13 caMHUX €KOHOMIYHHX 1 TEXHOJIOTIYHUX CIOCO0IB 3MilHEHHS. BoHa [ae
MOJKJIMBICTh 3arapTyBaTH BCIO MOBEpXHIO JeTali abo okpeMi ii eneMeHTH abo
30HH, SIK1 BIIYYBalOTh OCHOBHE HaBaHTAKECHHSI.

[Ipy wpOMy mix 3arapTOBaHOIO TBEPAOIO 30BHIIIHBOIO IMOBEPXHEIO
3aroTOBKM 3aJIMIIAIOTHCS HE3arapToBaHl B'dA3Kl LIapu MeTaldy. Taka CTpyKTypa
3MEHIIY€ KPUXKICTh, MiJABUILYE CTIMKICTh 1 HAIIHHICTh BCHOIO BUPOOY, a TaKOXK
3HM)KYE €HEPrOBUTPATH HA HArpiBaHHS BCI€l JeTali.

IlemenTariiss - mpoIEC TOBEPXHEBOIO HACHUYEHHS CTAJIBHUX JeTanen
ByriemneM. Mera nemMeHTalii OTpUMaTy JeTajl 3 B'SI3K0I0 CEPLIEBUHOIO 1 TBEPAOIO
noBepxHew. Taki jmerani mif yac poOOTH He PYHHYIOThCA Bia yaapiB i1 1o0pe
npy4yaroTbcsl cTUpaHHs. lleMeHTanli mianamTh AeTall 3 BYIJICLEBOi 1 JErOBaHOI
craji 3 BMicrom Byrerito Bia 0,08 1o 0,35% [3].

Temnepatypy nemeHTauli npuiiMaroTe Ha 20-50 BHUILE TOYKH Acsa.
Temmneparypa g0 920-930 ° C (puc.1) 1e 1o3Boyisie Maiike B Ba pa3d CKOPOTHUTH
TPUBAJICTh IMpolecy Oe3 TNOTripuIeHHS MEXaHIYHUX BIACTUBOCTEH CTajM.
TpuBamicth memeHTamii - Big 5 g0 15 1 OuUIbIle TOAWH 3aJIeKHO BiJ TITHOMHHU
HACHUYCHHS 1 MAPKHU CTaJIH.
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Pucynok 1 — 3anescnicmos moswunu yemenmosano2o wiapy 6io 4acy oopooxu u
memnepamypu, y 2a3000pa3Hux i meepoux Kapoopuzamopax

JUist nemeHTanii MOXyTb OyTHM BHUKOPUCTaHI HAMpI3HOMAHITHINI Tedl -
KaMepHi, Oe3nepepBHOi i, 3 ra30M a00 eNeKTPUYHI.
Henonikamu 115010 METOY €:
o 3HayH1 BUTPATHU Yacy
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o Hu3bka npoyKTUBHICTH MPOLIECY

) BenukorabaputHe 061aiHaHHS

o CxraiHiCTh aBTOMATH3AITI]

A30TyBaHHS HAa3UBAETHCSI HACUYCHHS TMOBEpPXHI cTaii a30ToM. CyTHICTB
a30TyBaHHS TIOJsSira€e B TOMYy, MmO amiak mpu Ttemmeparypi 500-750 © C
PO3KJIaa€ThCA Ha a30T 1 BOJICHb, 1 aKTUBHI aTOMHU a30Ty (aTOMapHUU a3oT),
TUGYHIyIOUM B TOBEPXHEBUW IIap, TMOBIJOMIISIOTH IMOBEPXHI CTalUd BEJIHKY
TBEpJICTh, HE BIUIMBAIOYM HAa MEXaHIYHI BJIACTUBOCTI CEPIEBUHU jeTaneil. Y
MIPOMHUCIIOBOCTI JIsl BUTOTOBJICHHS JETaJICH, IO IMiJISTalOTh a30TYBAaHHIO, B
JTAHUM Yac MHUPOKO 3aCTOCOBYIOTH cTaiab Mapku 40X ado 1i 3aminauk 40XH [1].

[Ticast ocTaToyHOi MexaHIYHOI 0OPOOKHU AeTajl rapTyloTh BiJ TeMIepaTypu
960 ° C 3 oxoJomKeHHsIM y BoAl a00 B Macii 1 migaarTh BianycTii mpu 600 © C
TaKoXX 3 OXOJIOJDKEHHSIM y BOJiI a00 B Macii, MOTiM JeTaldl a3oTykoTh. Yac
azotyBaHHs Bifg 12 g0 60 1 HaBiTh 10 90 roawH B 3aJIeKHOCTI BiJl HEOOX1THOT
TOBIIMHU a30TOBAHOTO IIAPy 1 XapakTepy MpoIecy.

TpuBanicTh BUTPUMKH JIeTajeil B MOTOLl aMiaKy B T4l BIJTUBA€E HA MIMOUHY
azotoBaHoro mapy. B cepenuromy npu 500 ° C a3ot 3a koxkHi 10 ronun nudynaye
Ha ruouny 0,1 MM. B pe3ynbrati a3oTyBaHHs TBepaicTh ctail gocsrae HB 1000-
1100; moganpiioi TepMidHOi 0OPOOKH HE MOTPIOHO 1O BiIOOpaXKEHO HA pUC. 2.
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Pucynox 2 — Mixpocmpyxkmypa cnaagy 40X 0o ma nicisi azomyeanHsi

A3OTyBaHHS Mae€ psij TepeBar mepei IEMEHTAIlE€l0: BOHA Ja€ HE3HayHy
3MIHY pO3MIpIB JeTajel, 3a0e3neuye OUThI BUCOKY TBEPHICTh 1 3HOCOCTIMKICTH
(mpu HarpiBanHi 10 Temneparypu 500-550 © C TBepaicTh a30TOBaHUX JETaleH He
3HM)KAETHCA); JIEMOHCTPYE y JETalled XOpOUly OMNIPHICTh Aii O MEepEeMIHHHMX
HABAHTAXKEHb, BHCOKOI MEX1 BUTPHUBAJIOCTI 1 KOPO3iiHY CTIAKICTh, HE MOTpeOye
JI0JIATKOBUX TepMIYHUX 00p0oOOK. Hemoik a30TyBaHHS - TPUBAJICTh MPOLIECY.

A3OTyBaHHSI 3aCTOCOBYIOTh B MAalIMHOOYIyBaHHI AJsi OTPUMAaHHS JeTanen
BUCOKOTO SIKOCTI JHM3€JIbHOI amapaTtypw, BHUMIPIOBAILHOTO IHCTPYMEHTY,
3y04acTUX KOJIC Ta iH.

JJisi HaHEeCEeHHSI TTIOKPUTTIB Ha MOBEPXHIO OOPOOHOTO 1HCTPYMEHTY, JeTaneu
1 BYy3JlIB BUKOPUCTOBYIOTHCS TOTOKH 10HIB 1 TUIa3MH, 10 T€HEPYIOTHCS B YMOBAX
BakyyMmMy abo mpu atmocpepHOMy THUCKY. HailOiabll 1HTEHCUBHOMY BIUIMBY
MIIAI0TECA TIOBEPXHEB1 MIApH JETalei, M0 KOHTAKTYyIOTh MDK co0010 (mapu
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TepTs, MAmMUnHUKKA). [IIupokuMu MOXIHBOCTSIMU [IJI1 HAHECEHHS TOKPHUTTIB
MalTh BaKyyMH1 YCTaHOBKH, IO MICTSTh JYTOBI BHIApPHUKHU 1 PO3MUIIIOBAILHI
MarHeTpoHHi kepena. LIBUAKICTP HAHECEHHS 3aXMCHUX TOKPUTTIB JTyrOBUM
METOJIOM BHIIE, HDK MarHeTpoHHUM. OJHAK MIKPOKpAaIelbHI PEXHUM JIyTOBOTO
BUIIAPOBYBAaHHS MeETally Ha KaToJl MPHU3BOAUTH [0 YTBOPEHHS MIKpOKpareib
PO3MIpPOM B OJIMHUIII - ICCATKH MIKPOMETPIB Ha MTOBEPXHI 00pOOIIOBaHUX BUPOOIB.
[Ipy 1bOMYy HIOPCTKICTH MOBEPXHI 3pocTae. MarHeTpoOHHUI METOJ HaHECEHHs
MOKPUTTIB 3a3BHYail 3aCTOCOBYETHCS ISl OTPUMAHHS IUTIBOK TOBIIMHOIO 110 10
MKM. /[yToBi 1 MarHeTpoHHi JKepesa MaloTh Pi3HI KOHCTPYKIIIi MarHiTHUX CUCTEM
JUIS YIPaBJIIHHA JYTOBUM 1 MarHeTpoHHUM pospsanamu. CnuieHuM € (opma
Karoja. 3a3BUYail 3aCTOCOBYIOTHCS IUIOCKI JIMUCKOBI 1 MPSMOKYTHI katoau. Jlis
MAarHeTpOHHUX 1  JOYyrOBUX  YCTAaHOBOK  IPOMHCIIOBOTO  3aCTOCYBaHHS
BUKOPHUCTOBYETHCSI TAKOXK JIOBI 00EPTOBI HMIIHAPUYHI KATOAW JJISA 301IBIICHHS
CTYIICHs BHUKOPHCTaHHS Matepiany kartojga. Cxema poOOTH W KOMIIOHEHTIB
YCTAHOBKHM TOKa3aHa Ha puc. 3. Y pKepenax 3 HMWINHAPUYHUMHU KaToJaMU BOHA
ctaHoBUTh 70-80%, B MarHeTpOHHUX JpKepesiaX 3 TUCKOBUMH 1 MPSIMOKYTHUMHU
KaToJaMu BUKOPUCTOBY€EThCS TUTbKH 25-30% Marepiany katona [4].

1, 2 - macnemponu 3 kamooamu 3 pizHux mamepiauis, 3 - ioHHe 0dcepeno O
nonepeoHb020 OYUWEHHS 3PA3KI8, 4 - pe3ucmusHull Hazpiead, 5 - KapycenibHUll
MexaHizm obepmanns 3paskie, 6 - eakyymua kamepa, 1 - 0sepysama OJis
3A8AHMAIICEHH 3PA3KIB, 8 - pe2ysmop NOMOKY pob0u020 2asy.
Pucynok 3 - Cxema mexnonoeiunoi ycmaro8Ku 0Jisi HAHeCeHHs: NOKPUMmIie

TexHos0r1i HaHECEeHHsI TUIOJOTIYHUX IMOKPUTTIB HA BHYTPILIHI MOBEPXHI
JeTanel 1 By3/iB INOYMHAE BMOPOBAKYBATHCS B IMPOMMCIOBOCTI. 3apyOikHa
koMmrianisi Mahle 3acTocoBye 10HHO-IIJIa3MOBE HAHECEHHS MOKPUTTIB Ha poOoul
MOBEPXHI MIIIUIHUKIB, Mapkipytouu ix "Sputter" (karogHoro posnuieHHs). Taxi
TIITUITHAKA 3 TUTa3MOBOIO 0OPOOKOI0 MTOBEPXHI BUKOPUCTOBYIOTH Y BUPOOHHIITBI
JIBUTYHIB JISTKOBUX 1 BaHTaKHUX aBTOMOOLTIB Audi, Mercedes-Benz, MAN [2].

BHUCHOBOK
Ban-mectepni OynyTh 3alMIIATUCS OJHIEI0 3 HAMBAXKIMBIIIMX JeTasied
MamuHOOyAyBaHHs. TeHACHIIT 3H)KEHHS Bard, a TaKOK 301JIbIIIEHHS IIBUIKOCTEH
1 MOTY>KHOCTI BUMAarae 3acTOCYBaHHS HOBUX MarepiajiiB 1 TEXHOJOT1A 3MILIHEHHS
BaJiB. BrimuB excrutyaramiitHux (akTopiB MPU3BOIUTH /10 TIOMUJIOK BXKE Ha CTadil
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npoekTyBaHHs. HeoOximHO 3a0€3meunT pecypc BaliB MO 3rHHAIBHIN 1 KOHTAKTHIH
BUTPHUBAJIOCTI, & TAKOXK IO 3HOCY. TpaauIliiiHi METOIU MOBEPXHEBOTO 3MIIIHCHHS
MaloTh psiA HenomdikiB. HaiOinbll MepcrneKTUBHUM METOA 10HHO-TIIa3MOBOTO
3MIITHEHHS AK (iHimHUK 1porec. s 3abe3reueHHs MaKCUMaJIbHOI Hecydoi
3JATHOCTI IIECTEPHI HEOOX1IHO ONTHMI3yBaTH KOMIIOHOBKY TMOBEPXHEBOIO APy
3a MPUHITUIIOM MIHIMI3allii HanpykeHOo-Ae(hOPMOBAHOTO CTaHY.

CIIMCOK NIOCUJIAHb
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AHAJII3 CYYACHOTI'O TEXHOJIOI'TYHOI'O OCHAIIIEHHSA JIA
MEXAHIYHOI OBPOBKU JIPIGHUX BAJIIB

YV cmammi posenamymo KoHcmpyKyii mexnono2iuno2o OcHawjeHHs O/ 6CMAHOGNEHHs
Opibnux eanie¢ Ha eepcmamax 3 YIIK. Bukonano 02110 KOHCMPYKYIll MOpYesux nogioKosux
nampoHnie. Illpoananizosano nepcneKmusHUull HANPsAMOK pPO3GUMK) KOHCMPYKYIt MOpYesux
HOBIOKOBUX NAMPOHISE.

The article considers the design of technological equipment for the installation of small
shafts on CNC machines. A review of the designs of end flood cartridges. The perspective
direction of development of designs of face flood cartridges is analyzed.

EdexTuBHIiCTh MeXaHIYHOT OOpOOKM ApIOHMX BajiB B YMOBax CEplHOIrO
BUPOOHMIITBA 3 BUKOPUCTAaHHSIM BepcTaTHOro obOmanHanns 3 UYIIY Ta
0OpOOIOBAIBHUX IIEHTPIB BETUKOIO MIPOIO 3aJICKUTh Bl BUKOPUCTAHHS SKICHOTO
TEXHOJIOTIYHOTO OcHarieHHs. [IpucTocyBaHHs MOBMHHO 3a0€3MEYUTH HEOOXITHY
TOYHICTH OINEPaIIHHUX PO3MIPIB, MOXUOKH Oa3yBaHHS Ta 3aKPIIUICHHS HEOOX1THO
3BECTH JI0 MiHIMyMy. BigHOCHE mepeMilleHHsI 1HCTPYMEHTY Ta 3aroTOBKH TpU
00poO1i Ha BepcTati 3 UIIK BUKOHYETHCS IO 3a37aJIeTib 3aJJaHUM KOOpMHATaM,
Mo OOYyMOBIIIOE TOBHE Oa3yBaHHS B MPUCTOCYBaHHI, a 0a3W MalOTh BHU3HAYCHE
MIOJIOKEHHS BITHOCHO CHCTEMH KOOPJWHAT. 3MEHIIIEHHSI OCHOBHOTO Yacy 0O0poOKH
JOCSITAETbCST  IIJISAXOM IHTEHCH(IKAILl pPEeXHUMIB pi3aHHA Ta KOHILEHTpauli
TEXHOJIOTITYHUX NEPEXOAiB, @ CKOPOUEHHS JTONOMDKHOIO ILISXOM aBTOMaTH3alli
JOMOMIXKHUX  TepexojiiB.  KoHIleHTpalit0o  MepexodiB  Ta  BUKIIOYEHHS
MIEPEYCTAHOBJICHHSI 3arOTOBKM Ha TOKAapHUX OIEparisaX I03BOJsSE€ BUKOHATH
TOPIICBUI IMOBIKOBHM MaTPOH.

MeTow po00TM € aHami3 Cy4acHHX KOHCTPYKIIA TOPIEBUX IOBIAKOBUX
naTpoHiB. [laTpoHM TmOBIAKOBI TOpIEBl, TMpU3HA4YEHl JJs Oa3yBaHHS Ta
3aKpITUICHHS] 3aTOTOBOK THUIMY BajiB Ha Bepctatax 3 YIIY, ski MaroTh BKa31BHHUK
OCBOBOTO MIITUCKAHHS 3arOTOBOK MIHOJUTIO 3aIHROT 0a0KHK BepcTara.

B poGoti [1] npexncraBieHi OCHOBHI THIOU KOHCTPYKIIM MOBIAKOBUX
TopieBux natpoHiB (puc. 1). OcHOBHA MepeBara TakMx MaTPOHIB B TOM, 1110 BOHU
3a0e31euyoTh 0OpOOKY 3aroTOBKHM 3a OJIMH YCTaHOB, II0 30epirae JOMOMIKHUN
4yac Ha OTepalliro Ta MiBUIye ePEeKTUBHICTh BUKOpUCTaHHA Bepcrarta 3 UITY. s
BCIX KOHCTPYKIIii MaTPOHIB 3arOTOBKA 0a3y€ThCsl B IIEHTPAX, MPU IIbOMY TEPEIHIN
IIEHTP CIHUPAETHCA HA MPYKUHY, 10 00YMOBIIIOE HOTO 3aHYPEHHS B TIATPOH TI1]] 4ac
3akpituieHns. lle 3a0e3medye Oa3yBaHHS 3aroTOBKH IO TOPIIEBIN IMOBEPXHI.
3akpiIUICHHS 3MIMCHIOETHCS NMUISXOM MIATHCKAHHS 3arOTOBKH 3aJHIM IIEHTPOM 1
CTBOPEHHsSI OChOBOi cuiu. KpyTHuUIT MOMEHT TmiepemaeTbcsi 31 IMIMUAHASS Ha
3aroTOBKY 3a AonoMororo mtupkiB. ITupku cnmpatotbest abo Ha riipormiact (puc.
1, a, 6, 6), a00 Ha cdepuyHy II’STy, SKa BCTAHOBJICHA B I SITHUKY, IO
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3a0e3rnedyye CaMOBCTaHOBIICHHS WITUPKIB IO TOPIFO 3arotoBku (puc. 1, o).
BpizaHHs mTupiB B TOpelb 3aroToBKM Ha riauOuHy 0,2 MM 3a0e3medyeTbes iX
BIJIMOBITHAM 3aTOYYyBAaHHSM. 3arajbHUN HEIONIK TaKUX TOBIAKOBHUX TOPIIEBHX
NaTPOHIB B TOMY, III0 BOHM MalOTh OOMEKEHHS IO Nepeaadi KPyTHOTO MOMEHTY.
Yepes 1e iX BUKOPHUCTOBYIOTh HAa UYMCTOBUX OMNEpaLifX 31 3HATTSIM HEBEJIHUKOI
TNIMOMHY pi3aHHA 3a OJMH IPOXiA Ta 3 MaluMu mojgadamu. J{ns iHTeHcHdikarii
pPEeXUMY pi3aHHS HEOOX1THO BUOUPATH MO MOKJIMBOCTI OLIBIINN iaMeTp Bpi3aHHS
HITUPKIB BIIHOCHO JiaMeTpy 3aroTOBKH, SKUM 00pobmoeThes. [10B1IKOBI TOpLeBi
NaTpPOHU MO>KHA BUKOPHCTOBYBATH HE TUIbKM HA TOKApHHX, a 1 Ha HUTi(pyBaIbHUX
Ta 3yOOHapI3HUX OIepallisix.
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Pucynoxk 1 — CxeMu KOHCTPYKITif TOPIIEBUX TIOBIIKOBUX NATPOHiB [1]

KoHncrpykiii mpeacraBieHux naTpoHiB Oynu pos3pooOsieni me B 70-80-x
pOKax MHHYJIOTO CTOMTTS. JIJisi aHamizy Cy4yacHUX KOHCTPYKIIIH OyJ10 BUKOHAHO
OTJISii KaTaJoriB MPOBIAHUX CBITOBUX (ipM 3 BUTOTOBJIEHHS TEXHOJOTIYHOTO
OCHAIIIEHHS, 30KpeMa MarpoHiB. KOHCTpyKIiii TOPIEBUX TMOBIAKOBUX IMAaTPOHIB
Oyyu BUSIBIICHI TIILKM B JIBOX Kartajorax (puc. 2).
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Pucynok 2 - CxeMU KOHCTPYKIIA TOPIIEBUX MOBIJAKOBUX MAaTPOHIB 3
Cy4aCHHUX KaTajoriB [2, 3]

[Tatpon 3 katanory itamiicekoi ¢pipmu SMW-AUNOBLOK [2] (puc. 2, a)
MOo€eAHYE B COOl KOHCTPYKIIIO TOPLEBOrO MAaTpoHA Ta TPUKYJIAUYKOBOTO, IO
M1JBUIIYE HOTO YHIBEPCAJIBHICTD 1 JI03BOJIIE BUKOHYBATU YOPHOBI €Tamy 00poOKU
3 BUKOPUCTAHHSIM KOMIIEHCALlIMHUX KYJIauKiB.

[Tatpon 3 katanory kutaiicekoi pipmu SEOAM MACHINERY INDUSTRY
[3] (puc. 2, 6) Mae KOHCTPYKIIiIO CXOKY Ha KOHCTPYKIIii BHILE MPEICTABICHUX
TOPIICBHX MATPOHIB (puc. 1, 6, 2).

Ormsi  cydyacHMX TMATEHTIB JAa€ PpPO3YMIHHS MEpPCHEKTUB  PO3BUTKY
KOHCTPYKIIIH TOPIIEBUX MOBIJIKOBUX MaTPOHIB (puc. 3).

b ASERNZH
= <

Vo X2

el NV N7

\

o) ¢

Pucynok 3 - Cxemu KOHCTPYKIIHA TOPLIEBUX MOBIJKOBUX MATPOHIB 32
pe3yJibTaTaMu MaTeHTHOTO MOInyKy [4-9]

[Mpuctpiii (puc. 3, @) Mae HEPYXOMHIA IICHTP Ta TOBIIKOBHH auck. J[is
MIJBHUINCHHS TOYHOCTI OOpOOKM Ta HAAIMHOCTI 3aKpIIICHHS 3aroTOBKM Ha

253



0araToliIbOBUX TOKAPHUX BepcTaTaXx BOHO 3a0€3ME4YeHO MOBIJKAMH, SIKI
PO3MIILIEHO Ha MOBIJKOBOMY JMCKY; OIMOPHOIO MIAH0010, sIKa KOPCTKO 3’€IHAaHA 3
MOBIIKOBUM JIMCKOM, 3’€IHAHUM 3 HEPYXOMHM IICHTPOM 3a JOMOMOIOI0 JIiBOi
ynopHoi pi3e0u [4]. [loBigkoBuit mpuctpiii (puc. 3, 6) mMae Kopmyc, B SIKOMY
pO3TAIlIOBaHUN HEPYXOMHUH LIEHTP Ta BCTAaHOBIICHA MIANpPYXKHMHEHA BTyJKa. [lns
MIBUINEHHS HAAIMHOCTI MAaTpOHA, 3MEHIICHHS OChOBUX 3yCHJIb Ta 301IBIICHHS
KOPCTKOCTI 3a PAXyHOK 3MEHIIEHHS CIIOJY4YeHHUX TIIOBEPXOHb, MOBIAKOBHIA
OpuUCTpiii Mae B CBOIM KOHCTPYKII pi3ll, SKI JKOPCTKO 3akKpilIeHI Ha
HiANpYyKUHEHIN BTy [5].

[ToBiakoBHi1 mpuUCTPit (pUC. 3, 8) Y KOPIYCI SIKOTO pPO3TAIIOBaHI HEPYXOMHUI
HEHTp Ta TOBiAKK. I MiABUILEHHS TOYHOCTI OOpoOKM Ta 3abe3nmedeHHs
HAJIHHOTO AaBTOMAaTUYHOTO HAJAIITYyBaHHS Ha Tepeaady MOTPiOHOTO KPYTHOTO
MOMEHTY BOHO 3a0e3nedeHo 3a¢iKCOBaHWUM, BIJIHOCHO HEPYXOMOTO IIEHTpY,
JUCKOM 3 KAaHAaBKaMU 3MIHHOI TJIMOWMHU, NPU3HAYEHUMHU JJIs B3aEMOIIl 3
NOBIAKAMHM Ta MIJUIMIIHAKOM, HAa SKUI BCTAHOBJIEHO KOPIYC 3 HEPYXOMHUM
neHtpoM [6]. [loBimkoBuii mpuctpiii (puc. 3, 2) Mae CTakaH 3 CHUMETPUYHUMU
BUpI3aMH, BCTAQHOBJICHUH Ha KOpPIYC, BCEPEAUHI SKOrO  pO3MILICHUN
HIIIPYKUHEHUN LIEHTP, KU OB’ SI3aHUM 3 MOB1IKOBOIO I1aiib0I0 Yepe3 MexXaHi3M
OCBOBOTO TIEPEMIIIICHHS I1aiou [7].

Konctpykuis mnpuctporo (puc. 3, 0) s BCTAHOBJICHHS 3aroTOBOK
nepeadavyae, 10 HAa MOIANPYKUHEHUHM LEHTP, PO3TAIIOBAHMM Yy KOPITyCl
MOBIJKOBOTO MPHUCTPOIO BCTAHOBJIEHI TAPLIYACTI MPYKUHU, a TAKOXX KOHIYHA Ta
chepuuHa maibOu Uil B3aeMOAIl 3 MOBIAKOBOW Imaitboro [8]. KoHcTpykinis
MPUCTPOIO JIs1 OOPOOKH BajIiB HA TOKAPHHUX, KPYIJIONLTI(PYBAIBHUX Ta 3yOOPI3HUX
BepcTaTax (puc. 3, e) Mae KOpPIYyC, y SIKOMY pO3TallOBaHUN HEPYXOMHH IIEHTp Ta
BCTAHOBJIEH] MaJIbLl MIANPYKUHEHUX MOBIAKOBUX eeMeHTIB [9]. [lns 30uIblueHHs
TOYHOCTI 0OPOOKH, KOPCTKOCTI BCTAHOBJICHHSI 3aTOTOBKH Ta BEJIUYHHH KPYTHOTO
MOMEHTY, SIKHH MOXKE TepelaBaTd NaTpOH, TOBIJAKOBI €JIEMEHTH BUKOHaHI
CaMOBCTAHOBJIIOBAaHUMH, IJIaBalOYUMH mnonychepamu. s Takoro TOPLEBOTO
naTpoHa HEOOXITHO TOTYBATH CIIEIiaJIbHI OTBOPHU HA TOPIIl 3aTOTOBKH.

BHMCHOBKH
[ToBiIKOBI MAaTpPOHU 3aCTOCOBYIOTHCS y TOKapHi, wuTiQyBanbHIA Ta
3yOOHapi3Hiil 00poOIll. 3aCTOCOBYIOThCA Taki MATPOHU JJIsi YUCTOBOI OOpPOOKHU
BaJIiB, SIKI MOTPEOYIOTh BUCOKOI CMIBBICHOCTI OBEPXOHb. IlepcekTuBH pO3BUTKY
KOHCTPYKI[IH TOPIEBUX TATPOHIB TMOB’s3aHI 31 30UIBIICHHSIM iX TOYHOCTI,
YKOPCTKOCTI, & TAKOXK BEJIMUMHHU TIepeaadi KpyTHOTO MOMEHTY.

CIIMCOK NIOCUJIAHBb
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CEKIIA 2 - SECTION 2
(MAH 3 HayKoBO-IPOMHUCJI0BOI0 NMpodijiio)

VJIK 625.032 1

laii b. T., Kyas6auko O.M., yuni 10 wuaacy (Vkpaina, Mapiynons.
Komynanenuii  3axnao «Mapiynonvcokuti mexniunuu aiyeu» Mapiynonvcokoi
Mmicvkoi paou /[oneywvkoi obnacmi)

MAT'TYHUAHN KBAJIPAT I METO/IX MOI'O IOBYJ1IOBH

Pospobneno asmopcoki arcopummu ma 6ugedeHo HACIIOOK 3 0OHO2O0 I3 AN2OPUMMIE Ol
niopaxyHxy oasxcamozo ceamenma apupmemuunoi npoepecii 6i0 a 0o b, skuil oae 3moey
npopaxyeamu Cymy 4ieHié apu@dmemuynoi npoepecii Ha daxcauii OLAHYL.

Author's algorithms are developed and the result is derived from one of the algorithms
for calculating the desired segment of arithmetic progression from a to b, which allows you to
calculate the sum of the members of the arithmetic progression in the desired area.

Merta nocaigHUIIBKOT pOOOTH TIOJIITa€ y BUBYEHHI METOJIIB IMOOYJIOBH
MariyHuX KBaJpaTiB Ta BUKOPUCTAHHI iX aJFOPUTMIB Ha MPaAKTHUIIl; PO3pOOII
BJIACHUX aJTOPUTMIB JUIsl KBaJpaTiB PI3HOTO TMOPSIAKY; TOMIYKY 3B’S3KYy 3
apu(PpMETUIHOIO MPOTPECIEIO.

Y po0oTi y3araJibHEHO HOBMIA MaTepiall 3 AOCIIKYBaHOI TEMU, BBOJISITHCS B
HAayKOBUU OOIr METOAM 3allOBHEHHS MAariyHUX KBaJApaTiB, BUKOPUCTAHHA IX Ha
MPaKTHULI Ta iX 3B 30K 3 apU(PMETUUHOIO MPOTPECIELO.

Jns  peamizanii  JOCTIHUIBKOT METH BH3HAUEHI Takl 3aBJaHHS:
O3HAWOMUTHCS 3 BUJAMU MAaridyHUX KBaJpaTiB Ta 1I1X BIACTUBOCTSMH,
MpoaHai3yBaTH BIJIOMI METOJAW 3allOBHCHHS MAaridHMX KBaJApaTiB, BHUBECTH
BJIACHUW METOJ  3alOBHEHHS 3 MOXJIMBAMH KOPHUCHUMH  HACTIIKaAMH,
BUKOPHUCTAHHS aJITOPUTMIB 3alIOBHEHHS MariyHUX KBaJpaTiB y kpunrorpadii.

VY 3B’s3Ky 3 BUBYEHUMHU MaTepiajlaMd y poOOTI OCHOBHY yBary MpuIiIeHO
METO/JaM 3allOBHEHHS MAariyHMX KBaJpaTiB pPI3HOIO MOPSAAKY, BHUBUYECHHIO
BJIACTUBOCTEH MariyHoro KpajapaTy Ta 3B’S30K MariyHuUX KBaJApaTiB 3
apu(PMETUYHOIO MPOTPECIELO.

Po3po6ieHo aBTOPCHKI aIrOPUTMH Ta BUBEACHO HACHIAOK 3 OJIHOTO 13
QITOPUTMIB TSI TIAPAXyHKY OakaHOTO cerMeHTa apudMeTHdHOI Mmporpecii Bia a
0 b, Skl ga€ 3MOTy TpOpaxyBaTH CyMmy 4ieHIB apudMETHYHOI TMporpecii Ha
Oaxaniit aursHII. [lomanbin mocmiKeHHs MOTPeOYIOTh BUBYEHHS 3B’SI3KYy MIXK
cnenuiYHUMHA BUJAMU MariyHUX KBaJpaTiB Ta apu(PMETUYHOIO MPOTPECIETO.
[lnanyeTrbcs 3poOWTH TporpamMy JUisi aBTOMATUYHOTO 3allOBHEHHS MAariqHHX
KBaJIpaTiB Ta KOJYBaHHS 3a JOTIOMOTOI) QJITOPUTMIB 3allOBHEHHS MAariqHUX
KBaJIpaTiB.

256



VJIK 535

Hixtenko L.P., yyenuns 11kia., Hayk.Kep. yuuTenb (I3UKH Ta MaTeMaTHKH
KonecuukoB C.O. (Vkpaina, C. Anopiiexa, Amnopiiscoxuti 33CO) I — III cm.
Anopiiscvroi cinbcovkoi paou Cnos’sucvkoco paiony Jloneyvkoi 00.1.)

ICTOPUYHI HOTATKHW BIIKPUTTS E®EKTY JIOILJIEPA TA HOI'O
3ACTOCYBAHHA

Haoano icmopiynuii napuc eiokpumms egpexmy Jlonnepa i GUKOPUCMAHHA 11020 8
diazocmuyi cmary 00 ’exmis.

A historical sketch of the discovery of the Doppler effect and its use in object state
diagnostics is provided.

Kpictian lomnep (aim. Christian Doppler) naponuscs 29 nucronaga 1803
poky y 3ambudyp3i. 3 1850 - mpodecop BineHChKOro yHiBEpCUTETY 1 AUPEKTOP
nepmoro B CBITI DI3UYHOrO 1HCTUTYTY, CTBOPEHOro Iipu BineHcbkomy
YHIBEPCHUTETI 32 HOTO 1HIIIaTUBOIO.

Hayxosi inTepecu Kpictiana Jlomiepa yexanu B TakuX raiy3six (i3UKH sIK
ontuka 1 akyctuka. OCHOBHI Ipalll BUKOHAHI 1o alepauii cBiTia, Teopii
MIKpPOCKOIIAa 1 ONTHYHOTO JAJIeKOMipa, Teopii KOJbOPIB 1 ACSIKUM IHITUM TeMaM. Y
1842 [omsep TEOPETUYHO OOIPYHTYBAB 3aJEKHICTh YAaCTOTH KOJHMBAaHb, IO
CIOPHUIMAIOThCA CIIOCTEPIravyeM, BiJl IBUIKOCTI 1 HANPSAMY pyXy JUKepesia XBUJIb 1
criocTepirada BiIHOCHO ofuH ofHoTo. Lle siBumie 3roqom O0ysio Ha3BaHe HOTO 1IM'IM
(epext Homnepa). ¥V 1848 poui edekr Jlomnepa OyB yrouHeHHil (paHIy3bKUM
¢13ukom Apmanom Pizo, a B 1900 poii — 1 eKCriepuMEHTaIbHO MEepPeBIpeHnid A.
A. bu10noJIbcbKUM Ha 1a00paTOpHii yCTAHOBIII.

Jloriep mMOMITHUB, 110 TOH TYJKa MOTATa 3MIHIOETHCS, KO BiH MpHOyBae Ha
CTAHIIO 1, Koau Big DKmkae Bix Hel. Bin 3amaB coOl muTaHHS, SK IOB’s3aHa
BHUCOTa 3BYKY 13 MIBHJAKICTIO PyXy Horo jmxepena. BiH mocaguB Ha TMOTST
MY3UKaHTIB 1 MOMPOCUB IpaTH OJIHY 1 Ty X HOTY. [HIIII My3UKaHTH PO3MICTUIIUCS
norepey NmoTsra 1 mo3aay HbOro Ha BEJMKIN BIJICTaHl 1 TOBUHHI OyJIM BU3SHAUUTH,
Ky came HOTY 3irpaJii My3WKaHTH, SIKI igyTh Ha moTs3i. Ti, mo Oynu mosamy
NOTSTa YyJU HHXKYY HOTY HIXK 31CPaJid MY3UKAHTH, a Ti, 0 OYJIM MOMNEpeay dyiau
BUILlY HOTy. [lomuiep mepuimii MOsSCHUMB 1 ONMCaB L€ sBUILE. TakuM YMHOM, B
MOBHIM TEMHOTI MH TIO0 3BYKY MOK€MO BH3HAUWUTH YU XTOCH IMiIXOJUTH 0 HAC, YU
nne rete Big Hac. I3 edexrty Jlomnepa BuruMBae mikaBuil pesynbTaT. Komu
HIBUKICTh 3BYKY JOPIBHIOE HIBUJKOCTI TUJIa, TOJl YacTOTa 3BYKY NMOBHMHHA OyTH
HECKIHYEHHO BenuKoio. IIpu 1boMy BUHUKae yaapHa XBWJSA. SICHOT IHUHM MU
YyJau TpiM, a KOJM MiJHIMAIA TOJIOBY, Oauuiu B HeO1 JiTak. ['piM 3’sSIBISETHCS
TOJ1, KOJIM IIBUJKICTH JIITaKa MEPEBUINY€E MIBUJKICTh 3BYKY 1 BUHUKA€E yJapHa
XBUJIsl, o BignoBigae edekty Jlomnepa. OCKiIbKUA KyJsS JICTUTH 13 MIBUAKICTIO
3BYKY, MM 4y€MO BUCOKOYAaCTOTHHI 3BYK — CBHUCT. [IpoTe, mi3HO majaTu Ha 3eMIII0,
KOJIM MU HOTO MOYYJIH, OCKUIBKH KYJIsl BXKE MPOJIETLIa.
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Ileit edexT OYyB BCTaHOBJICHUH JIsl 3BYKOBOi XBHJIl. [IpoTe BiH BUHHMKA€E HE
TUIBKH TIPU TIOIIMPEHH1 3BYKOBUX XBWJIb, aJie 1 B3araji OyAb-IKUX XBUJIb, B TOMY
YHCIIi 1 €JIEKTPOMATrHITHUX, OAHUM 13 BUIB SIKUX € BUAUME CBITJIO. SIKOU HaIlle OKO
OyB HaAYyTIUBE, TO MU MOTJIHM O MOMITHUTH, IO SIK 1 y BUMAJKY 31 3ByKOM, SIKIIIO
JDKEepeNno CBITJIa HAONMKAEThCS [0 CIHOcTepiraya, TO JOBXKMHA XBWJ CTae
MEHIIIO0, & YACTOTa OUIBIIOIO, 1 HABMAKH, SIKIO HKEPEIIO CBITIA BIANAISETHCS Bij
criocTepiradya, TO JIOBKHHA XBHJI1 301JIBIITY€ETHCS, @ YACTOTA - 3MEHIITY€EThCS. T0OTO
CBITJIO 3€JI€HOI Jla3epHOi YKa3Ku TpHU CTpIMKOMY ii HaOMMKEHHI 1O Hac
criocTepiraBcsa O sk 37erka ONAaKUTHUM, a TIPU BiAJAaJeHH] BiJ Hac OyB Ou OUIbII
YKOBTUM. AJie HaIlle OKO PO3PI3HUTH I[OTO HE MOXKE, 3aT€ TOYHI IPHIIAIU MOXKYTh.
[le#t edekT MO3BONMB BUEHHM 3pOOUTH OJHE YK€ BaXKJIUBE CIIOCTEPEKECHHS -
CHEKTPU CIOCTEPEKYBAHUX HAMH 3IpOK TPOXHM 3MIIIEHI MO YacTOTI B MEHIIY
CTOPOHY, IO HAa3UBAETHCA «YEPBOHUM 3MIMICHHSM» Ta € JI0Ka30M TOro, W10
rajJlakTUKM BIIJAJISIOTHCS OFHA Bl OJIHOI, @ 3Ha4UTh, BeecBiT po3muproeThes. Le,
MalyTh, HaWBaKJIUBilIEe 3acTocyBaHHS edekty Jomiepa y QyHIaMeHTanbHIN
Hayii. Ane edekt [omiepa 1 noe'sizani 3 HUM (GOPMYJIM 3HAUILIN JTyKE HIUPOKE
3aCTOCYBaHHA He TUIbKM B acTtpoHomii. Ilepm 3a Bce, BapTo cKa3zath Mpo
Meauuuny. [lpu ynapTpa3BykoBiil giarHoctuil edekt Jomiepa 3acTocoOBy€eThCS I
JOCIIIJPKEHHSI BHYTPIIIHIX OpraHiB JIIOAWHHU. YJBTPa3ByKoOBa Joruieporpadis
(Y31I') — meton, 3acHoBaHuil Ha edekti Jlomiepa, KUl mojisrae B 3MEHIICHHI
YaCTOTH YJbTPA3BYKY, BIAOUTOIO BiJI PyXOMOIO CEpeIOBHUIA, B TOMY YHCII BiJ
PYXOMHUX EpPUTPOIUTIB Yy KpoBi. 3CyB 4YacTOTH (JOIJIEpIBChKA YacTOTA)
MPOTMOPIIAHUN MBUAKOCTI PyXy KpPOBI B CyJIHMHAX 1 KyTy MDXK BICCIO CYJIMHU Ta
naturkoM. Y3JII' mo3BoJisi€e Kpi3b MIKIPYy MPOBOJUTHA BUMIPIOBAHHA JIHINHOI
IIBUAKOCTI KPOBOTOKY 1 HOTO HampsIMKH B MIOBEPXHEBO PO3TAILIOBAaHUX CYIMHAaX, B
TOMY YHCJI1 B €KCTpaKpaHiadbHUX BIJJIIAX COHHUX apTepiu.

A Takox, came edekt Jomepa IexKuTh B OCHOBI i1 MOMIIEHUCHKUX PaaapiB,
[0 BU3HAYAIOTh MIBUAKICTH aBTOMOOUIIO, 1 Kamep, 10 CTeXaTh 3a MIBUIKICHUM
pexxuMoM Ha goporax. Edext Jlomepa 3acTOCOBYEThCS B METEOPOJIOTii,
MOBITPSHIN HaBIraIlli, a TAKOX MPU PO3PAXYHKAX TPAEKTOPIN CYIMyTHUKIB.

BMCHOBOK
TakuM YMHOM JIONIUIEPIBCBKUNA €(QEeKT MNPAaKTUYHO 3HAWIIOB IIHPOKE
3aCTOCYBaHHS B HAYIIl, TEXHIII 1 JTIOJICBKOMY JKHUTTI.
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2. llcanxona JI. @isuxa: ¥V 2-x m. T. 1: Ilep. 3 anen. - M .: Ceim, 1989. - 656 c., In.
3. Casenves I. B. Kypc 3aeanvhoi ¢hizuku: Yuebd. nocionux. ¥ 3-x m. T. 2. Enekmpuxa i

maenemusm. Xeuni. Onmuxka. - 3-e u30., Ucnp. - M .. Hayka. I'n. peo. ¢iz.-mam. aum., 1988. -
496 c., in.
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KazakeBuu V. 3. yuenunsn 10 wiacy, Hayk.kep. K.T.H., jgon. Kapuayx C.I.
(Ykpaina, m. Cnosaucok, 30L Ne 6, m. Kpamamopcwok, J{/IMA)

PO3POBKA METOAMKH IOAO BUBOPY CITIOCOBY PO3IIJIEHHA
ITPOKATY HA MIPHI 3AT'OTOBKH 3 3ACTOCYBAHHSIM
TPAAUHIMHUX I CUHEPTETUYHUX KPUTEPIIB

3 memow oyinku egexmueHocmi 3aCMOCY8AHHA CUHEPLeMUYHUX Kpumepiig O
PO30I0BUX NPOYECi8 COPMOBO2O NPOKAMY NPOBeOeHi PO3PAXYHKU OJisi cmajnel I KOlbOpOo8UX
CNagi6 3 PIZHUMU MeXAHIYHUMU élacmueocmamu. Pesyromamu po3paxymkie, i3 3acmocy8aHHaM
CUHEep2eMUYHUX Kpumepiie pyuHy6aHHs.

In order to assess the effectiveness of the application of synergetic criteria for the
separation processes of long products, calculations were performed for steels and non-ferrous
alloys with different mechanical properties. The results of calculations using synergetic
destruction criteria

Ha cyuacHomy erami  poO3BUTKY  MAaIIMHOOYJyBaHHS  mpobiiema
€KOHOMIYHOTO BHUKOPHCTAHHS E€HEPropecypciB 1 MeTajay MNpu Horo mnepepooin
npea'siBisie 3poCTarodi BUMOTHM JI0 TEXHOJOTIi W yCTaTKyBaHHA sl MOALLY
BUXIJTHUX MaTepiajiiB Ha 3arOTOBKHU.

Ha xoxxHoMy MammHoOyAiBHOMY MIAMPUEMCTBI ofepallis moJily COPTOBOTO
IPOKATy € TUIOBOI i MacoBol0. BpaxoByrouu, 1mo B YKpaiHi IOPIYHO POOJIATH
JECATKH MIJBHOHIB 3arOTOBOK 13 MPOKATY, CTA€ OYEBUIHOIO AKTYyaJbHICTH POOIT,
COPSIMOBaHMX Ha BJIOCKOHAIIOBAHHS ICHYIOUMX 1 PO3pOOKY HOBHMX TEXHOJIOTIH
BUPOOHMUIITBA 3aTOTOBOK.

Tomy y BITUYM3HSHIN 1 3aKOPIOHHIN MPOMUCIOBOCTI HE ClIabIIae iHTEepeC 10
pO3pOOKH HOBUX 1 BIOCKOHAIIIOBAHHIO ICHYIOYMX CIIOCOOIB TOAUIY COPTOBOTO
npokaty. [Ipu cepiiiHOMy Ta KpyImHOCEpIHHOMY BUPOOHUIITBI HAMOLIBII JOIUIBHUM €
3aCTOCYBaHHA 0€3BIAXITHUX CIOCOOIB PO3IIIEHHS COPTOBOTO MPOKATY: BiAPIZKOIO
3CYBOM Ta JIOMKOI 3THMHOM, SIKI peali3yeThbCsi B INTaMIIaXx Ha TMIpecax Ta
XOJIOJHOJIOMAX.

KommiexkcHi  gociipkeHHsT O€3BIIXOJHUX CHOCOOIB TOALTY COPTOBOTO
IpoKaTy I[IMPOKO TNPOBOAWIMCS Ha Teputopii Kpain komumHboro CPCP:
«Moccrankun», «OHUKMAIL», «Boponexckoe [0 mo BbIMyCKy TSAXKEIbIX
mexanudeckux — npeccoBy  (BCKBKM),  «Jlonmpeccmamy,  XapKiBChKHIA
aBlamiiauii, KummniBcbkuil mnomiTexHiunuid, JloHeubkui (Hi3UKO-TEXHIYHUM
IHCTUTYTH, TaK 1 3a KopAoHoMm: AHrjiisg, Himeuuwna, Snonis Ta iH. Benukuit
BHECOK Y CTBOPEHHSI T€OPii, TEXHOJIOTII i YCTaTKyBaHHS JIJIs1 0€3B1AX1THOTO TOILTY
coproBoro npokary Baecau BueHi: K. Keccnep, O. Kemnep, X. I'pocc, T. Hakarasa,
A.IL T'ynse, C.C. ConoBues, H.JL. Jlucynen, E. A. Ilonos, B. T. Memepus,
K. H. borosiBineHChbKui, B. A. TumoleHko, B. I1. PomaHOBCBHKHIA,
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B. A. Ckopoxon, E. M. Tpetpsxos, I1. E. Kucnuu, B. M. Kononesxko,
B. M. ®unkens 1 iH.

Jliist BuOOpy TOTO 200 1HIIOTO CIOCO0y MOTY HEOOXiJHO MaTH 00’ €KTHUBHI
KpuTepii — HaOlp MOKa3HHKIB, 32 SIKUMU MOKHA 3pOOUTH Takuil BUOIp.

Tpaauiiiini MOKa3HMKH, SKI XapaKTEePU3YIOTh MEXaHIYHI BIJIACTHUBOCTI
Martepialy: TpaHUId TEKY4dOCTi, TpPaHMIl MIITHOCTI, BIIHOCHE IIOJOBKCHHS,
BIJIHOCHE 3BY)KCHHS, TBEPAICTh HE JAaIOTh MOXKJIMBOCTI BIpOTiAHO KiIacH(iKyBaTH
MaTepialy Mo IXHIi YyTIUBOCTI A0 PyHHYBaHHS.

Meta po60oTH — po3poOKa METOAUKH MO BUKOPUCTAHHIO CHCTEMHU KPHUTEPIiB,
IO J03BOJISIIOTH BIPOTiIHO KiacM(iKyBaTH MaTeplaid MO iXHI YyTIMBOCTI 10
pyiHYBaHHS, IJi1 BHOOPY palliOHAJLHOTO CIOCOOY MOy MpPOKAaTy Ha MIpHI
3arOTOBKH.

JInsg  po3B'A3Ky [AaHOTO 3aBJaHHS 3alPONOHOBAHO BUKOPHUCTOBYBATH
CUHEPreTUYH1 KOMIUIEKCHI KpUTepii, po3podieHi npodecopom CkyaHoBum B. A.,
K1 JIO3BOJIAIOTH JaTH KOMIUIEKCHY OI[IHKY YYTJIMBOCTI MaTepially 10 PyWHYBaHHS:

® IpaHHMYHA TUTOMA eHepris aedopmariii (MOKa3HKK B'SI3KOCTI MeTany) — [;
® KpHUTEpIil 3apOKEHHS TPIlUHU — [ 3 1;

® KpUTEpiid NOMHUPEHHS TPilHu — [ 1p 7;

® KpuTepiid KPUXKOCTI — [y p;

e KpuTepii «macmTabdy — [1.

3 METOI0 OILIHKK €(PEKTUBHOCTI 3aCTOCYBAaHHSA CHHEPreTUYHHX KpPUTEpIiB
JUISL pO3AIOBUX TIPOIIECIB COPTOBOTO MPOKATy MPOBECHI PO3PAXYHKHU ISl CTAJICH
1 KOJBOPOBUX CIUIABIB 3 PI3HUMH MEXaHIYHUMH BIACTUBOCTSAMU. Pe3ynbratn
pO3paxyHKiB, 13 3aCTOCYBAaHHSIM CHHEPreTUYHUX KpUTEPIiB pyWHYBaHHS,
npecTaBiieHl B Ta0I. 1.

Ha niacraBi aHanizy oTpuMaHuX pe3yibTaTiB MOKHA 3pOOMTH BUCHOBKHU:

1. Haif6iipim  mpHAHATHUM KpPUTEpPIEM JUIS BHUOOPY crmocoly Toainy €
KpuTepiit «macmrad» M .

2. YCTaHOBJICHO  Jiama3oH  3HA4YeHb  KPUTEPIF0  «MacmTady s
MIPOTHO3YBAHHS XapakTepy pyiiHyBaHHs marepiany: M = 0 --- 600 — marepiany
teHaitTHoMy cTaHi: Cramp Y8A, Cramp 40X, Crams 651, Crams 60C2,
ropamomun J[16, Crane IIX15 (zaraprysanua 860°C, macno, TemmepaTypa
Bigmycky 550°C); M = 600 --- 1500 — marepian mepeOyBac B IPOMIKHOMY
npyxHo-mactuaHomy ctaHi: Crans 30 (ropstaekatana), Ctanp 30XT'CA, Cranb
10 (kambpoBana HaraptoBaHa), Ctanb 40 (ropsiuexarana), Ctans LIX15 (Bimxur
800°C, mositps), Crans 45, Crans 45 (ropsuekarana), Cranp 45 (kamiOposaHa
HaraptoBana); M = 1500 --- 3000 — matepian y minactuanomy ctasi: Ctanp Ct 3,
Crans 3X13, Crans 10 (ropsuekarana), Ctans 20 (xamiOpoBaHa HarapToBaHa),
Craib 20 (ropsiuekarana), Jlaryns JIC 59-1.
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3. Jlano pekoMeHparlii 100 OOpaHHsS CMoco0y PO3JAUICHHS COPTOBOIO
MpOKaTy Ha MIpHI 3aroTOBKW: [JIi MaTepialiB y IUIACTUYHOMY CTaHi
PEKOMEHIYEThCS 3aCTOCYBATH BIJPiI3Ky COPTOBOTO IMPOKATy 3CYBOM 3 aKTHBHUM
MOTIEPEYHUM 3aTHCKOM TPOKATy; JJII MaTrepialdiB y MPOMDKHOMY THIPYXKHO-
IJIACTUYHOMY CTaHI PEKOMEHIYEThCS 3aCTOCOBYBATH BIAPI3KYy 3CYBOM 13
3aCTOCYBAaHHSIM OLTBII MIPOCTUX CXEM HABAHTAXKCHHS; JUISI MaTepialliB y KPUXKOMY
CTaHI PEKOMEHAYEThCS CIIOCIO MO1TY JOMKOIO 3THHOM.

CIIMCOK NOCUJIAHb
1. Karnaukh S.G. Development of the choice procedure for separation method of section
iron complex criteria of materials destruction // Mechanics and Advanced Technologies #2(80),
2017. P. 31-38.
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Mapuenko A.M., yyenuus 11ki., Hayk.kep. yuutens ictopii [lleBuenko O.M.
(Ykpaina, C. Auopiieka, Aunopiiscoxuti 33CO) I — III cm. Anodpiiecokoi cintbcbkoi
paou Cnos’sincvko2o pauiory Jloneyvkoi 0oi1.)

OCOBJUBOCTI PO3BUTKY HALIOHAJILHOT IHHOBALIIIHOT

O®OPMYBAHHA

Haoano ananiz noei menoenyiti 6 pozsumxy ocnognux enemenmie HIC Ykpainu ¢ 20-mi

An analysis of new trends in the development of the main elements of the NIS of Ukraine
in the 20s of the XXI century. in the context of the history of its formation.

JIocBiT pO3BUMHEHUX KpaiH TOKa3ye, 10 HAsABHICTh HAIlOHAIBHOI
inHoBaniiHoi cuctemu (HIC), € ymMOBOIO KOHKYpPEHTOCIPOMOKHOCTI KpaiHW,
CTIHKOTO PO3BUTKY ii EKOHOMIKH.

Mera NOCHIIKEHHS — PO3IJIAHYTH HOB1 TEHJECHIT B PO3BUTKY OCHOBHHX

CryniHb  JOCHIIPKEHHST TEMH: OCOOJMBOCTI PO3BUTKY HAIllOHAJIBHOI
1HHOBaIIiHOi cuctemMu Ykpainu B 20-11 pp. XXI cT. B KOHTEKCTI icTopii ii
dbopMyBaHHsS SIK camMoOCTiiiHa TpoOsieMa B poOoTax (axiBIliB HE JOCTIIKYETHCS.
Jlesiki icTOpUYHI acleKTH, MOB’a3aH1 13 ctaHoBieHHIM HIC B YkpaiHi, po3risiHyTI
B poOOTaX EKOHOMICTIB.

[ToHsaTTs «HaliOHaNbHA 1HHOBAILIMiHA cuUcTeMa» BUHUKIO Yy 80-X pokax
MUHYJIOTO CTOJITTS 1 IIMPOKO 3aCTOCOBYEThCS y OaraThbox KpaiHax cBiTy. Bmepie
roro BukopuctaB K. ®@piMeH npu onuci pe3ynbTaTiB AOCTIIKEHHSI TEXHOJIOTTYHOT
MOITUKY STIOHI].

HamionanpHa 1HHOBaliHA cUCTEMa — 1€ CYKYNHICTh B3a€MOIIOB’SI3aHUX
opraHizaiii (CTpyKTyp), WII0 3aiiMalOTbCi BUPOOHMUIITBOM Ta KOMEPLIMHOIO
peaiizalfiero HayKOBHX 3HAHb 1 TEXHOJIOTIM B MeXKax HaIllOHAJIbHUX KOPJOHIB [3].

Jo i eneMeHTIB HaleXaTb: BUPOOHWY1, KOMIIAH1i, YHIBEPCUTETH, JE€PKaBHI
nabopaTopii, TEXHOMAPKU Ta IHKYOaTOPH.

CrtBopenns HIC B Ykpaini nepenbayano MeTy MOKpAIICHHS YMOB XKHUTTS Ha
OCHOBI HOBOi $IKOCTI E€KOHOMIKM 33 pPaxyHOK TEXHOJOTIYHOT MOJEpHIi3allli
HaI[lOHAJIHHOI EKOHOMIKH.

Ictopis ctanoBnennst HIC B Ykpainu Gepe cBiil movarok i3 1991 p. xonu
Oyno npuitHaTo 3akoH Ykpainu «I[Ipo IHBECTHIINHY IIAJIBHICTBY, Y CT. 3 SIKOTO
OyJ10 3aKpITJICHO MTOHSATTS 1HHOBAIINHOT MIsUIBHOCTI. be3nocepeaHk0 1HHOBAIIHHIMT
JiIbHOCTI Oynu mpucBsiueHi 3akoHun Ykpainu «lIpo iHHOBauliiHY AISUTBHICTHY
(2002 pik) Tta «[Ipo mpiopuTeTHI HAPSIMKKA 1HHOBAIIIWHOT AISUTHHOCTI B YKpaiHi»
(2003 pik), sKi 6e3mocepeHHO PETYIIOIOTH IHHOBAIINHY JISUTbHICTD.
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Takoxx OyJi0 TPUUHATO psJi 3aKOHIB, 5Kl PErjiaMeHTYBajld HAyKOBY 1
HAayKOBO-TE€XHIUHY JIsUTBHICTb. B iX uuci ciij Bi3HAYMTH 3akoHHU «IIpo HaykoBy
1 HAyKOBO-TEXHIYHY JisTbHICTH», «[Ipo HaykoBy 1 HAyKOBO-TEXHIUHY
excrieptusy», «lIpo cmemianpbHMI peXUM 1HBECTUIIIHHOT Ta 1HHOBAIIWHOI
TISUTBHOCT] TEXHOJIOTIYHUX TapKiBy», «IIpo cTuMyItoBaHHS PO3BUTKY PEriOHIB» Ta
nesiki iHmi. BoHW cTany mpaBOBUM MIATPYHTAM (PYHKIIIOHYBaHHS HAI[lOHATBHOI
IHHOBAITIHHOT CUCTEMH.

Opnnovacno nmouanu ¢popmysatucs ckiaanosi enementa HIC. V 1991 p. Oyno
CTBOpeHO JlepkaBHUU KOMITETy 3 TMUTaHb HAyKW, TEXHIKK 1 MPOMHCIOBOT
MOMITUKH, KUK y 1996 porii OyB nmepeTBOpeHH y OTykHEe MIHICTEPCTBO HAYKH 1
tTexHoJsorii. OgHaK HEBAOB31 BOHO OyIo JIIKBiIOBaHE, a HayKa IepefaHa y HOBE
MinicTepcTBO OCBITH 1 HaykH. B iHHOBawiiiHiNi cdepi aisn JlepkaBHUI KOMITETY
10 MMUTAaHHSAM HAayKH 1 1IHTeNeKTyanbHOi BIacHocTi (1998-2000 pp.) Ta iHmi.

HoBumMm etanom B po3Butky HIC Ykpainu crae popMyBaHHS TEXHOJIOTIYHUX
MapKiB K ii OCHOBHOTO enieMeHTa. Lle 3Halnuio BimoOpakeHHs: B 3aKOH1 Y KpaiHu
«IIpo cnemiaapHUM PEXKUM 1HHOBAIIMHOT ISJIBHOCTI TEXHOJOTTYHHX IapKiB»,
akuit Oyno npuiiHaro B 1999 p.[2]. ¥V 2000-2001 pp. B kpaiHi peasbHO IisIH
YOTUPU TEXHOJOTIYHMX Mapka [3]. Ha 1poMy eTami BiIOYBa€ThCS MMOMAAJIBIIE
BJIOCKOHAJICHHS 3aKoHojaBuoro 3abesnmedenHs HIC Ta 1i opranizamiiHoi
CTPYKTYpH.

Ile Oyno mnow’s3aHo0 3 mnpudHATTAM y 2002p. 3akona Ykpainu «Ilpo
IHHOBALIMHY AISUIbHICTBY», IKMI 3aKpINUB MPUHLIUIIN E€p>KaBHOI NOJIITUKHU y chepi
KOMEpIIIITHOT 1HHOBAIIIMHOI JIsUIbHOCTI .[4], @ TakoXX 3pOCTAaHHSIM KIJIbKOCTI
TEXHOJIOTTYHUX MapkiB. ¥ 2005 p. iX KUIBKICTh JOCSira€ BOCBMHU, a BHUpOOJIEHA
HUMHM npoayKiis ckiana 10% Bciel iHHOBAIIMHOT MPOAYKINIi KpaiHU.

[Ticast 2005 p. 3pocTaHHs TEXHONOTTYHUX MapkiB mpusynuuuiocs. Y 2007 p.
TEXHOJIOTIYHUMHM TapKaM# OyJIO pealii3oBaHo Mpoaykiii Ha 2604,5 MiH. TpH., 110
CKJIAJI0 MaKCUMyM B 1i BUpOOHHUIITBI, Ticias 4yoro y 2008 p. moUMHAETbCS PI3KHI
criaj JisSTIbHOCTI JAaHUX 1HHOBAIIMHUX CTPYKTYP.

ITin BmumBOM cBiTOBUX ekKoHOMiuHMX Kkpu3 2008, 2010 pp., a Takox
BHYTPIIIHBOI COL1aJIbHO-€KOHOMIYHOI Ta MNOJMITHUYHOI Kpu3u 2014 p. 1 iHmMX
YUHHUKIB BII0YJI0CS TajlbMyBaHHS PO3BUTKY CTpYKTypHuUX enemeHTiB HIC.

3 2016 p. BigHoBmIOEeTHCS po3BUTOK HIC Ykpainu. Lle cTtaanocs 3a paxyHOK
3pOCTaHHS KIJIBKOCTI O13HEC-1HKY0aTOpiB, HaliMeHIlle po3BUHEHOro enementa HIC
3 MOMeEHTY 1ii ¢dopmyBanHs. Y 2016 porri, 3a maHuMu YKpaiHChKOi acorriarii
013Hec-iHKyOaTopiB Ta iHHOBaiitHUX 1IeHTPiB (Y ABIILI) ixHs yncenpHICTH cKiana
oms3pko 10-Tu Oi3Hec-iHKyOaTOpiB, sIKi peanbHO mpaioBaid. Cepen HHX, 1€ —
binonepkiBchkuid,  CrnaByTunibkuii,  XMenbHULbKUH,  CiMdeponoabChKuii,
JIsBiBCHKMIA, [BaHO-DpaHKIBChKUH O13HEC-1HKYOATOPH.

3 2018 p. B VkpaiHi BUHUKAIOTh HOBI TCHJCHINI B PO3BHUTKY EJIECMEHTIB
iHppacTpykrypu HIC. B ykpaiHcbkux Bumax QopMyeThcsi Mepexa Oi3Hec-
1HKy0aTOpiB, JI¢ CTYJEHTH Ta HAYKOBI{l HAaBYAIOTHCS TOMY, SIK PE3YJIbTAaTH IXHIX
JTOCHKeHb  BTUIMTH B Oi3Hec. CrTyAeHTChKuM Oi3HEC-IHKyOaTop Hajaae

263



MO>KJIUBICTh HOBUM KOMITIaHISIM Ta MOJIOAMM MIJIPHUEMISIM Ha €Tarll 3aCHYBaHHS,
3arMoYyaTKyBaHHS Ta CTAHOBJIEHHS BJIACHOTO O13HECY 3[IIMCHUTH 11€ 3 MIHIMAaJIbHUMHU
3aTpaTaMM, KOXKEH CTYIACHT MOXE OTPUMATH KOHCYJBTAIIO 3 MiANPHUEMHMIITBA,
OTPUMATH BIAMOBIAHY JITEPATypy TOLIO.
BUCHOBKU

B pe3ynbTaTi npoBeneHOro aHamizy Oyiu po3rJISHYTI icTopist popMyBaHHS
3aKoHOAaBYO01 0a3u 1 ocHoBHUX enemeHTiB HIC Ykpainu, Bu3HaueHi TakoX eTaru
B 11 PO3BUTKY.

B miioMy MO>XHA BUIITUTH YOTUPH €TAIH B PO3BUTKY HIC B YkpaiHi:

1) ¢dopMyBaHHS HOPMATHUBHO-TIPABOBOI 1 OpraHi3aliiiHO-CKOHOMIYHOT
ocHoBw B craroBieHHi HIC (1991-1999 pp.);

2) ycKItagHeHHs i1 opranizaiiiiHo-ekoHoMiuHo1 cTpykrypu (2000-2007pp.);

3) nepion ii kpuswm i3 2008 p. 10 2016 p.;

4) BigHoBjeHs po3utky HIC i3 2016 p.

OcHoBHUMU MpoOsieMamH, 5Kl ranbmyroTh po3BuTok HIC B VkpaiHi, sk
BBAXKAIOTh JOCIIAHUKH €:

— TPaHUYHUHM MONUT HAa IHHOBALIMHY MPOIYKIIIO0 3 OOKY HIJIPHEMCTB,
0COO0JIMBO MAIIMHOOY/IIBHOI raty3i;

— HeJoCTaTHE (PiHAHCYBaHHS I1HHOBAIIMHOIO MISUTBHOCTI 3 JEP>KaBHOTO
OIOJIKETY;

— BIJICYTHICTh 3allIKaBJIEHOCTI 3 OOKYy (pIHAHCOBOTO CEKTOpPY B MHIATPUMIII
IHHOBAIIMHUX TIPOEKTIB TOIIIO;

— CKJIaJ[H1 COLIaJIbHO-€KOHOMIYHI 1 TOJIITUYHI YMOBH B CEpEIUHI KpaiHH.

Takum uwmHOM, 10 Havasa XXI cT. B YkpaiHi copMyBaiuch IEBHI
enemenTd HIC. B cBOEMY pO3BUTKY BOHA MPOMIILIIA YOTUPH €Tanu, JOCATIIHN MKy
y 2008 p. micist yoro BigOyBaeThes ii cnan, a 3 2916 p. BITHOBIECHHS ii pO3BUTKY.
[Toganpmmit il po3BUTOK Oyjae MOB'S3aHUN 13 TOAOJAHHAM TMEPETIYCHUX
MEPENIKO/l 1 CTBOPEHHS CHPUATIMBHA YMOB JUJIsl IHHOBAILITHOI AISUIBHOCTI YCIX
CyO’€KTIB YKPaiHCHKOT €KOHOMIKH.
TeopeTnune i mpakTHYHE 3aCTOCYBAaHHS OTPUMAHHUX PE3YJIbTATIB:

— OTpHUMaHI pe3ylbTaTH MOXHA BUKOPHUCTATH JUJISl TOJAAJIBIIOTO
JociKeHHS ipobiemu ocodsmBocteld po3BuTky HIC B Ykpaini;
— cdopMyIbOBaH1 y3arajlibHEHHS MOXYTb OYTH 3aCTOCOBaHI Ha

ypOKax 3 icTopii YKpaiHu pu BUBUEHHI MUTAHb, IOB’A3aHUX 3 PO3BUTKOM KpaiHH
B riepiof KiHI XX — movyaTky XXI cr.
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BYT'JIEKUCJIAM I'A3 SIK JIDKEPEJIO OPTAHIYHOI'O ITAJIUBA

Busnaueno cmyninb 3ab6pyonenocmi ammocgheprnoco nosimpsa 6 medcax J{oneyvkoi
obnacmi npu aHanizi emanié MexXHONO2IUHO20 Npoyecy VIOBIIOBAHHA AMMOCPHEPHO20
8Y2NEKUCNI020 2A3Y, 3 SACY8AHHI PeHMAabelbHICMI 8UO0OYBAHHS OP2AHIYHO20 NAAUBA 3 OIOKCUOY
Kapoony.

The degree of air pollution within the Donetsk region was determined during the analysis
of the stages of the technological process of capturing atmospheric carbon dioxide, finding out
the profitability of extraction of organic fuel from carbon dioxide.

JloHeUynHa — NPOMHUCIOBUHM pErioH YKpaiHH, a pa3oM 13 TUM 1 OAMH 13
Hal3a0pyIHEHIINX. Benuki IPOMHUCIIOB1 M1 ITPUEMCTBA XIMIYHO1,
MalmMHOOYAIBHOI, METAIypriiiHOi, TIPpHHUYOA00YBHOI, E€HEPreTHYHOI Tally3eu
NOPYLIYIOTh TOMEOCTa3 OlOCHMCTEeM, BHKUJAIOYM BIAXOAW B  HABKOJIMIIIHE
cepenoBuiie. Kpim Toro, JloHenbKuil perioH — rycro3acejeHui, K HaC/iJI0K —
BEJIMKA KUIBKICTh TPAHCHOPTY W 3HA4YHA ILIIIBHICTH pPO3TAllyBaHb HACEJICHUX
IYHKTIB HETaTUBHO BIUIMBAIOTh HAa CTaH HAaBKOJMIIHBOIO cepenoBuina [1].

3rigHo 3 jpochipkeHHsMH LleHTpasibHOI reodi3udHoi oOcepBaTopii 1M.
bopuca CpesneBcbkoro (2019 pik), 10 CHUCKY MICT 13 BHUCOKHUM PIBHSIM
3a0pynHeHHsS artMmoc(epHOro TmoBITpsA yBiAOUIM Mapiynons (2 Micie),
KpamaTtopcrk (12 micnie) 1 Cros’stHebk (18 micie) [2]. Bonu 3aiiMaroTh mpoBijIHI
no3uiiii B 00yacTi 3 BUKUAY B atMocdepy Aiokcuay kapobony. Tomy mpoOiema
yTHITI3a1lli BYTJIEKMCIIOTO Ta3y 3 MOBITPsI B HAIIIOMY PET10HI Ha CHOTOJIHI CTA€ JIyKe
aKTyaJbHOIO.

AKTyaJbHICTB: pO3p00JieHa KOHCTPYKIIS Ja€ MOXJIMBICTh HE TUIBKU
OYUCTHUTH NOBITPS Bl MapHUKOBOTO ra3y, ajieé i1 OTpUMaTH 3 HbOTO BYTJIEBOJHEBE
nanuBo. [lix yac mMoaenoBaHHS HaM{ BPaxOBaHO HAYKOBI MPHUHIIUIN CYy4acHOTO
BUPOOHMIITBA: BUOIP CUPOBUHH, TEINIOOOMIH, O€3MepepBHICTh, TONEPEYHUIN TOTIK
ra3000MiHy, KOMIT I0T€pHU3allisi BAPOOHUYHX MTPOILIECIB.

Merta npoekTy: BU3HAUYUTU CTYIIHb 3a0pYyJHEHOCTI aTMOC(HEPHOrO MOBITPA
B Mexax JloHernbkoi 00jacTi, MpoaHaNI3yBaTH €Taly TEXHOJOTTYHOTO MPOIECY
YIIOBJIIOBAHHSI aTMOC(EpHOro BYTJIEKUCIOTO Ta3y, 3’4CyBaTH pPEHTAOENbHICTD
BUI00YBaHHSI OPTaHIYHOTO TAJKBa 3 TIOKCUy KapOoHYy.

VYrnosmoBanua CO; 3 aTtmocdepHOro MOBITps OyJl0o KOMepIliamdi3oBaHE B
1950-x poxkax sik mornepeaHs o0poOka mpu KpioreHHOMY Mo1Ty moBitps. Y 1960-x
pokax arMmochepHH BYTJEKUCIMM Ta3 po3MsaBcs sIK CHPOBHHA JUIA
BUPOOHUIITBA BYTJICBOJHEBOTO MajliBa 3 BUKOPUCTAHHAM MOOITBHHX aTOMHHX
enekrpocrannid. Y 90-x pokax Kmayc Jlaknep (kaHaacbka kommadis Carbon
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Engineering) nocnipkyBaB BenrkoMaciiTaOHe yiaoBiatoBaHHS COz K IHCTPYMEHT
YIpaBJIiHHS KJIIMAaTUYHUM PU3UKOM [3].

Mu nOpomoHyeEMO pO3INIAIATH TPOIEC YJIOBIIOBaHHS aTMochepHOro
BYTJICKUCIIOrO Ta3y SIK MpsSME 3axXOIJICHHS MOBITPSI 3 METOI0 CHUHTE3y 3 HbOTO
PIAKOTO OPraHivHOTO MaJuBa B MEMOPAHHUX PEaKTopax, siki po3po0ieHi BYUSHUMU
Massachusetts Institute of Technology [4].

KoHcTpyKkitis sl IpsMOTo 3aXOIUICHHS TMOBITPS CKIAAA€THCA 3 YOTHPHOX
OCHOBHMX IOHITIB: KOHTaKTOp, PEaKTOp 3 MeJieTaMH, KaJbIIMHATOP 1 MIIaKep.
[I’situit 1oHIT Ge3nocepeHbO MPEACTaBiIsie COO0I0 MEMOPAHHUI PEaKTOp CUHTE3Y
PIJIKOTO TaJIMBA.

KoHTakTOp MiJIBOUTH 30BHIIIHE MOBITPSI TOPU3OHTAIBHO J0 PO3UMUHY Kajii
T1APOKCHUY, SIKMKM TTOJAETHCS Y BUA1 TOHKOI TUTIBKM TOBITMHOIO HE Olbie 50 MKM.
JI1st moKkpanieHHsl KIHeTUKU MOTJIMHAHHS BYTJIEKUCIIOrO Ta3y B amapati moTpioHO
BUKOPUCTOBYBaTH came po3unH KOH.

CO; +2 KOH — K;CO3+H,0; AH=-95,8 xJI>xM0JIb

Otpumanuii po3unt K,CO3z mogaeThest 10 peakTopa 3 meieTaMu y BUTIISIL
PO3UHHY.

[1ix yac poOOTH KOHTAKTOpa MU MPOIMAHYEMO TOJIaBaTH BYTJIEKUCINMN ra3 J10
BEPTUKAJIBHOTO TOTOKY JIYIYy TUIBKM TOPH30HTAJIbHO, BHUOIp amapary 3
MONEPEYHUM MMOTOKOM € BHUPIIIATBHUM YUHHUKOM 3a0€3[E€YEHHsI PEHTA0EIbHOCTI
IIPOMUCIIOBOTO TPOLIECY BETUKOMACIITA0OHOTO YJIOBIIIOBAaHHS BYIJIEKHUCIIOTO Tasy.
Mu 3BepTaeMoO OCOOJIMBY yBary Ha KOHCTPYIOBAHHSI JEMICTOPIB, SIKI HE JAAyTh
KpaIuisiM Jyry MOTPaluTH Ha 30BHI Yepe3 BUX1THUMN OTBIp.

KapGonat-ionu BupansawoTh ocamkeHHsM CaCOs cycnensiero Ca(OH),.
[TimBUIICHHS TPOJAYKTUBHOCTI JOCSTAETHCA 32 PAXyHOK TICJCTIB, 3aBASKH SKUM
YTBOPIOIOTHCA BENIUKI KapOOHAaTHI TpaHynd. BOHW MeHIIe BHUHOCATH JIyT 3
peakTopa, HIXK BalHSIHUN IU1aM, 1110 TPU3BOJIUTH JI0 MiJBUILEHHS PEHTA0EIbHOCTI
anapaty. Kanbuiii kapOoHaT mnoTparuisie A0 KaiabluHaTopa, a po3und KOH
MOBEPTAETHCS 10 KOHTAKTOpa, TOOTO MM CIOCTEPIraeMO I[UKIIYHICTh Ta
0€3B1AX0IHICTh BUPOOHUIITBA.

K,CO3 + Ca(OH)z — 2KOH + CaCO3; AH=-5,8 x/[»xMoib

[IpoxxaproBanHss CaCOg3 3A1MCHIOETECA B KalbLIMHATOP1 MPU TeMOeparypi
900°C. [lna KOMIEHCYBaHHS E€HEPreTUYHHX BTPAT MU NPOMAHYEMO CHUCTEMY
TEMJI000MIHHUKIB, Koy BxigH1 rpanyian CaCOsz; HarpiBatoTbesa A0 650°C rapsaum
BUX1JHUM Ta30BUM TIOTOKOM.

CaCO3z — CaO + COz; AH=+178,3 x/IxMoib

OpnouacHo BuxigHui CaO 3 KaJbLIMHATOpPA OXOJOIXKYETHCS B OJHOMY 3
LUKIIOHIB, JIe¢ B1AOYBaeTbCA CyIKa MeneTiB. TakuM YMHOM TErIoOOMiH POOUTH
amapar npuomn3Ho Ha 78% TepMiuHO €(EeKTUBHUM.

VY munakepi BiIOyBa€eThCs raciHHS KaJbLil0 OKCULy BOJSHOIO Mapoto. Teruio,
10 YTBOPWJIOCS MiJ 4Yac TaciHHs, BUKOPUCTOBYIOTh Ui CYIIKH Ta MOIMEPEIHbOTO
HarpiBy rpanyi. Cyxi mejieTd Ta ramieHe BalHO NOTPaIlIIioTh 10 KOHBEEpa, SIKUiA
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MPUBOAUTHCS 10 PYXY HUPKYJIIOIOYMMHU BYTJIEKUCIMM Ia30M Ta BOJASIHOIO Mapolo, a
MOTIM /IO pEaKTOpa Ha TpaHyJiax.
CaO + H,O — Ca(OH),; AH=-63,9 x/[:xMob

Byrnexkucnuii ra3 norparuisge 10 MeMOPaHHOTO PeakTopy. Y HbOMY IO OJMH
O0iKk MeMOpaHH CTBOPEHO BaKyyM, a MO IHIIMM — BigOYyBaeThCS KaTallTUYHUN
po3kiian Byriiekucioro razy npu temmepatypi 990°C. Came BHUKOPHUCTaHHS
KaTtamizaropa JIucyiabdigy MOMOAEHY MIABUIIUTh €(PEKTUBHICTh XIMIYHOIO
MPOIIECY Ta 3HU3UTH COOIBAPTICTh 32 PaXYHOK 3aMIHHM KOIITOBHUX METaJiB, TAKUX
SK 30JI0TO Ta CcpiOjo, y peakiiii BIAHOBIEHHS BYTJIEKHCIOro rasy [5]. YTBopeHy
ra3oBy CyMill Tpeba MpOMYCTUTHU dYepe3 MeMOpaHy, sika 3aTpUMY€ MOHOOKCH]

BYIJICIIIO Ta 1HIIN Tra3u — KPiM KUCHIO.
0002, 990° O

2CO;>—2C0 + Oy AH=+282.9 x/lxMonb

Yannuii ra3 Mo)KHa BUKOPUCTOBYBATH SIK MallUBO caM Mo cobi, Tak 1 B
CyMillll 3 BOJIHEM SIK pearcHT JJisi CMHTE3y METaHy, METAaHOJIy Ta IHIIHUX BH/IIB
NaJnBa.

CO + 3H; — CH4 + H,0; AH=-250,6 x][>xMoib

Po3pobniena Hamu iMiTalliiiHa YCTaHOBKa, SIKa& MOJEIIOE  MPOIIEC
aBTOMATUYHOI 3MIHH PEXHUMIB pOOOTH BUPOOHMYOr0 00JIaJHAHHS, peaai30BaHa Ha
IPOMHUCIOBOMY KOHTpoJiepl ¢ipmu  «Schneider». Bona npusHauena s
MOJICJIFOBAaHHSI TPOLECY aBTOMATHYHOI 3MIHM PEXHUMIB poOOTH BHUPOOHHUYOTrO
oOJiaJlHaHHS BIJIMOBIAHO /10 33JaHOTO TEXHOJOTIYHOTO mnporecy. [locaiqoBHICTS 1
4acTOTa 3MIHM PEXUMIB pOOOTH BU3HAUAETHCA AJTOPUTMOM, Ha IMIJICTABl SIKOTO
pO3pOOJIIETHCS CIelialibHa TporpaMa 1 3aHOCUTHCS B IIPOMMCIIOBUN KOHTPOJIEP.
@DYHKIII0O TEXHOJIOTIYHOTO O00JIa[HAHHA BHUKOHYE CBITJIOQOpP, a PEXKUMHU HOTO
poOOTH BU3HAUAIOTHCS KOJIBOPOM.

Jlis po3po0KH Kepyro4oi mporpaMu MPOMHUCIOBOTO JIOTITYHOTO KOHTPOJIEpa
Oyno oOpaHe opuriHaidbHe cepenouie SoMachine Basic po3poOku kommaHii
Schneider Electrics uepe3 Te, 110 BOHO A03BOJIA€ 3/1MCHIOBATH MPOTrpamMyBaHHS,
VOPABIIHHSA Ta NEPEBIPKY pOOOTH MNPOMHUCIOBUX JIOTIYHUX KOHTPOJIEPIB ¥y
peaibHOMY Yaci 0e3 yCTaHOBKH JOAATKOBHX MAKETIB MPOTpPaM Ta Ma€ 1HTYiTUBHO
3po3yMiInil iHTepdeiic.

JIJist yCcTaHOBKHM TIPOTPaMHOTO 3a0e3MeueHHss MU npuaoanu opimiitny Bepciro
SoMachine Basic. B sxocTi koHTposiepa st 1aHOi CUCTEMHU OyJIO BUKOPHUCTAHO
nporpamoBaHuil soriunuii kKoutposep TM221CE16T, a nmpuctpoem OCBITIEHHS
BUOpaHi cBiTiaoaioAH1 Jammu [lumia 10Bt 24B.

JI7ist po3pO0KH CXeMU MiIKITIOYCHHS 0yJI0 BUKOPUCTAHO TAKET MPOrpam Jist
aBTOMATHU30BAaHOTO TMPOEKTYBaHHS eJeKTpoHHUX cxem Labcenter Electronics, a
came Proteus Professional 8.7.

JInst po3poOKku Kepyrodoi mporpamu JiorivHoro kontposiepa TM221CE16T
Oyno BuUKOpuCTaHO mporpamy SoMachine. Ane mnepea po3poOKor0 Kepyruoi
nporpamu OyJjia CKJiaJlaHa CXxeMa TMEepPeXo/iB CTaHIB CBITIO(GOPIB AJIsS CIPOIICHHS
CTBOPEHHS PO3YMIHHS KE€PYIOUYOi MPOTPAMH.
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Takum ynHOM Hamu Oyna po3poOsieHa MporpaMa YIpaBliHHS CBITIIOBUMH
CUTHaJIaMu CBITI0GOpPY-IMITATOpa, KUK MpaIloe B PEKUMI peaJbHOro dacy.
BukopuctanHs  OpUTIHAJBHOTO  MporpaMHOrO  3abe3meueHHs  SoMachine
J03BOJIMJIO CTBOPUTH JIaHY Mporpamy 0e3 ocoOnmBuX ckiagHomiB. [Iporpamamii
JI0JTATOK BUKOHYE BC1 ITOCTABJICH] 3aB/IaHHS.

OTxe, Hall TPOEKT JA€ MOXKJIUBICTh HE TUIBKM OYMCTUTH TOBITPS BiA
MAapHUKOBOTO Ta3y, aje W OTpUMaTd 3 HBOTO BYIJIEBOAHEBE NanmuBo. Hamu
po3pobIieHa iMiTalliliHa YCTaHOBKA MPOIIECY aBTOMATUYHO1 3MIHU PEKHUMIB poOOTH
BUpOOHWYOro oOnamHaHHsA. Ilim yac MojenroBaHHS HAaMH BpPaxOBaHO HAYKOBI
NPUHIUIK ~ CyYacHOTrO  BHpPOOHHUIITBA: BHUOIp  CHPOBHHH,  TEIJIOOOMIH,
0e3nepepBHICTh, MOMEPEYHUI MOTIK Ta3000MiHY, KOMI IOTepU3allisl BUPOOHUUIHX
MPOIIECIB.

CIIMCOK NIOCUJIAHBb

1. Ananimuynuii 0ens0 npo cman HABKOIUWHBLO2O NPUPOOHO20 cepedosuwa 6 [loneybKiti
oonacmi 6 2019 p. / /lenapmamenm exonocii ma npupoouux pecypcié [loneyvkoi obaachoi
oepoicasnoi aominicmpayii. URL: http://ecology.donoda.gov.ua

2. O2ns0 cmamy 3a06pYOHEHHs HABKOIUUHBO2SO NPUPOOHO20 Cepedosuwa Ha mepumopii
Yipainu 3a Oanumu cnocmepedcensv 2ciopomemeoponocivnux opeawizayivn y 2019 poyi /
Lenmpanvna 2eoghizuuna obcepsamopis im. Bopuca Cpesnescokoco. URL: http://cgo-
sreznevskyi.kyiv.ua/index.php?fn=u_zabrud&f=ukraine

3. Turning emissions into fuel URL / Caiim Massachusetts Institute of Technology. URL:
http://news.mit.edu/2017/turning-emissions-into-fuel-1128 (oama ssepnenns 01.02.2020)

4. A Process for Capturing CO2 from the Atmosphere / Catim Joule. URL:
https://www.cell.com/joule/fulltext/S2542-4351(18)30225-3 (0ama 36epnenns 01.02.2020)

5. New catalyst converts carbon dioxide to fuel / Caiim University of Illinois at Chicago.
URL: https://www.eurekalert.org/pub_releases/2014-07/uoia-ncc072814.php (0ama s3seepnenns
12.02.2020)

269


http://ecology.donoda.gov.ua/
http://cgo/
http://news.mit.edu/2017/turning-emissions-into-fuel-1128
http://www.cell.com/joule/fulltext/S2542-4351(18)30225-3
http://www.eurekalert.org/pub_releases/2014-07/uoia-ncc072814.php

VJIK 519.101

Homep JI.O., yuennusi 11ki., Hayk.kep. yuutenb marematuku Jlixtenko C.I.
(Ykpaina, c. Anopiiska, Anopiiecoxuit 33CO I — Il cm. Anopiigcvkoi cintbcbKoi
paou Cnos’sincvko2o pauiory Jloneyvkoi 0oi1.)

ICTOPISA BUHUKHEHHA KOMBIHATOPUKU TA I'AJIY3I
BUKOPUCTAHHA

Haoani npuxnaou euxopucmanusi KomMOIHaGmMOpuku OAs piuleHHs 3a80AHb HOWLYKY
PAYIOHATILHUX PO38 SA3aHb CKIAOHUX 3A80AHb 3 bazamvmMa cmanamu 00’ exmis.

Examples of the use of combinatorics to solve problems of finding rational solutions to
complex problems with many states of objects are given.

[cTopiss KOMOIHATOPUKU BUCBITIIOE PO3BUTOK KOMOIHATOPUKH - PO3ILLY
KIHIIEBOT MaTE€MaTWKH, KU JOCIIIKYE€ B OCHOBHOMY Pi3HI CIOCOOM BUOIpKU
33JJaHOT0 4YHCJIa M €JIEMEHTIB 13 3aJaHOro KIHIEBOTO Oe3iul : pPO3MIIIECHHS,
MOE€/THAHHS, TEPECTAaHOBKU, a TaKOXK IEpepaxyBaHHS Ta CYMDKHI MOpPOOJIEMH.
[TowaBmm 3 aHami3y TOJOBOJOMOK Ta a3apTHUX Irop, KOMOIHATOpUKA BUSBUIIACS
BUKJIFOYHO KOPUCHOIO JIJII BUPIIICHHS MPAKTUYHUX 337[a4 Maike y BCIX pO3/iiax
MaTteMaTtuku. KpiM Toro, KOMOIHAaTOpHI METOAM BHUSABWIHCS KOPUCHUMHU B
CTaTHUCTHUII, TEHETHII1, JIHTBICTHUII 1 6araTboX 1HIIUX HayKaXx.

B XII cromitTi iHAifickkuii MatemaTuK bxackapa y cBOiil OCHOBHIN mpaiii
"JlimaBati" MOKIQAHO JOCIIKYBaB 3aBAaHHSA, IOB'S3aHI 3 IEPECTaHOBKAMH 1
MOE€THAHHSAMHM, BKJIIOYAIOYM MEPECTAaHOBKH 3 MOBTOPEHHSAMU. Y 3axiiHii €Bpori
psa rUMOOKHX BIAKPUTTIB B 00JIACTI KOMOIHATOPUKHM 3pOOMIIM JBa AOCIITHUKA
ABpaam 161 E3pa ( XII cromitts) 1 JleBi 6en I'epmem (BiH xe ['epconim, XIV
cromittsi). 16H E3pa BUSBUB CHMETPUYHICTH OlHOMIANBHUX KOE(IIIEHTIB, a
I'epconiy naB siBH1I (opmynu mjd iX OIAPAXyHKY 1 3aCTOCYBaHHS B 3ajadax
0OYHCIICHHSI YHCIIa PO3MIIICHbD 1 TTOETHAHB.

Kinbka xoMOiHaTOpHUX 3amad micTuTh " Kuura abaka "( ®i6onauui, XIII
cTomiTTsl). Hampukiaza, BiH MOCTAaBUB 3aBJaHHS 3HAWTH HAWMEHINE YWCIIO THUPD,
JIOCTaTHE JJIs 3BaKyBaHHS Oynb-ikoro ToBapy Baroto Big 1 mo 40 ¢yHTiB.
Hxeponamo Kapmano HamucaB wmaTeMaTUyHE JOCHIIKEHHS IrPpU B KOCTI,
omyOJikoBaHe MOcMepTHO. Teopiero 1€l Tpu 3ailmManmucs TakoxX Tapranbs 1
[amineit. Kpim azapTHux irop, KOMOIHAaTOpHI METOAM BHKOPUCTOBYBaiHuCs (i
MPOJIOBKYIOTh BUKOPUCTOBYBATHCA) B Kpunrtorpadii - sk s po3poOku mudpis,
TaK 1 U181 X 3J7I0MY.

KombinaToprika — Tigka MaTreMaTHKH, 1[0 BHBYa€ KOMOIHAmMmii Ta
nepectaHoBku mpeametiB, B XVII cr. Oyna mpomoBxkeHa mociimkeHHs MU biesa
[Mackans, sxuii 3aliMaBcsi OIHOMIAIBHMUMH KOE(IIIEHTaMH 1 BIAKPUB MPOCTUN
cnoci®6 ix oOuucnenHs: " TpukytHuk Ilackana ". ITlackanb, Ha BIAMIHY BIJ
MONEepeHUKIB, CTPOr0 BUKJIAB 1 JOBIB BJIACTHUBOCTI IILOTO TpUKyTHUKA. [lopsan 3
JleiiOHiLleM, BiH BBa)Ka€ThCS OCHOBOIOJIOKHUKOM CydacHOi koMmOiHaTopuku. Cam
TepMiH "koMOiHaTtopuka" nmpuaymas JleiOnin, sikuit B 1666 (fiomy Oyno toai 20
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pokiB) omy0OusikyBaB KHury "Pozmymu mpo komOinaTtopHe muctenTtBo'. IlpaBna,
TepMiH "KoMmOiHatopuka" JIeHOHII] po3yMiB HaIMIPHO IIUPOKO, BKJIIOYAIOYU B
HbOT'O BCIO KIHIICBY MaTe€MaTWKy 1 HaBiThb JIOTIKY . YdeHb JleiOHina ko6
bepuysmi, oauH 13 3aCHOBHHKIB TEOpii WMOBIPHOCTEH, BUKJIAB y CBOIH KHM31
"Muctento npunyiieHs" ( 1713) 6e3miu BijoMocTel 3 KOMOIHATOPUKH.

VYV meit ke mepion (GOpMYyEThCS TEPMIHOJOTIS HOBOI HaykKu. TepmiH
noeqHaHHs "'(combination) Boepiie 3yctpidaerbes y [lackans ( 1653 p.). Tepmin "
nepectaHoBka " BXHMB |y 3a3HadyeHid KkHU31 ko6 bepunymm . bepnymm
BUKOPHUCTOBYBaB 1 TepMiH " posMimieHHs ". OcCTaTo4Ho KOMOIHATOpHKa SIK
CaMOCTIMHUI po3/1ia MaTeMaTuku odopmuiacs B mpansx Eitrepa.

Moi HayKoB1 pO3pOOKH BITHOCSATHCS A0 THX PO3LTiB KOMOIHATOPHKH, 1110 HE
BUBYAIOTHCS B CEPEIHIN MIKOJII.

OsznaueHHs. Po3miwjenHs 3 nosmopeHHaMY 10 M eJIEeMEHTIB N-elIeMEHTHOI
MHOXHHH A — 1€ TIOCTITOBHICTh €JIEMEHTIB MHOKHHH A, III0 Ma€ TOBXKUHY M.

[Mpuknan. [Ipu A={a, b, C} po3milieHHs 3 MOBTOPSHHSIMH I10 J[Ba €ICMEHTH
— e mapu (a,a), (a,b), (a,c), (b,a), (b,b), (b,c), (c,a), (c,b), (c,c).

Skmo |A|=n, To 3a mpaBWIOM J00YTKY MHOXXHMHA BCIX pO3MIIICHb 3
MOBTOPEHHAMH, TOOTO MHOKHHA A"=AxAx...xA, micTuTh N™ eneMeHTiB. 30Kpema,
akmo |Aj=2, To po3milieHpb 3 MOBTOpeHHAMHU 2™. 3ayBa)KuMO, IO IIi PO3MIIICHHS
MO>KHa B3a€MHO OJTHO3HAYHO MOCTAaBUTHU Yy BIAMOBIIHICTH MOCTIAOBHOCTAM 3 01 1
JOBKUHHU M.

VY Oaratbox KOMOIHAaTOPHMX 3a/ladyax OO0'€KTH, KUIBKICTb SKUX Tpebda
OOYHUCHHTH, SIBISIOTH COOOI0 MOCTIAOBHOCTI, Y AKUX NEPIIUNA €IEMEHT HAJICKUTh
MHOXUHI A1, Apyruii — Ay, Tomo. Alle TOCUTh YacTO MHOXXHHA A, BU3HAYAETHCS
JIMIIIE MICIIs TOTO, K 3a(iKCOBAHO MEPIINM YJIeH MOCTiA0BHOCTI, Az — MICIs TOTO,
K 3adikcoBaHo nepi JBa 1 T.4. O0UKMCIMMO, HAMPUKIIAJ, KIJTBKICTh 7-UHU(DPOBUX
Tene(OHHUX HOMEpIB, Y SKUX HEMa€ JIBOX OJHAKOBUX IU(p mocnuib. SAkiio Ha
MePIIOMY MICIIi B HOMEPI €, HANPUKIaJ, 1, To Ha Ipyromy Moxe OyTu Oyab-sika 3 9
HIMX mudp. I Tak camMmo Ha MOAANBIIMX CYCIIHIX MICIAX. TakuM 4MHOM, TYyT

"

|A1|=10, |A2|=|As|=...=|A7|=9, i 3aranbna kinbkicts HOMepiB € 10-9°,

Ilepecmanoexa 3 nosmopennsmu o M enemeHTiB MuHOkuHu A={ay, a,, ...,
an} cxnaoy (Ki, Ko, ..., Ky) — 11e mocnmigoBHICTh AOBXKUHU M=K;+Ky+...+K,, B sKii
CIIEMEHTH a1, 8y, ..., @y IOBTOPIOIOTHLCS BiAMOBIAHO Ky, Ko, ..., Ky pasis.

[Tpuxnaam.

1. IIpu A={a, b, c} mepecranoBkamu 3 moBTopeHHsMU ckiaxy (1, 0, 2) €
nociigoBHocTi (a,c,c), (¢,a,c), (c,c,a), ckmany (1, 1, 1) — (a,b,c), (a,c,b), (b,a,c),
(b,c,a), (c,a,b), (c,b,a).

2. Hexail m pi3HUX KYJIbOK PO3KJIaJAI0THCSA MO N PI3HUX SIIMKAX TaK, IO B
nepiomy siuky Ki kKymbok, y Apyromy — K KynboK, ..., Y N-My — K, KyJIbOK,
npudomy Mm=K;+ka+...+K,. [Iponymepyemo kynbku Big 1 10 m, siuuku — Big 1 g0 .
3amaMo po3NOJITIEHHS KYJIbOK SIK (DYHKIIIIO, sIKA CTABUTh Y BIAMOBIAHICTH HOMEPY
KyJIbKM HOMEp fIuKa, KyIu BoHa mnorpanuia. OTXe, MaeMO NOCIIAOBHICTb
noBkuHA M=Ki+Ko+. .. +Kn, B skiit Homepu 1, 2, ..., N moBTOproroThes Ky, Ko, ..., Ky
paziB BiamoBigHO. OUYeBUAHO, HIO0 Taka (YHKIIS BIAMNOBIAAE PO3KIALY KYJIbOK
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B3a€EMHO OJHO3HAYHO. Takum YUHOM, PO3KJIaad IIOJAETHCA K IIEPCCTAaHOBKA 3

noBTopeHHsIME cKiany (Ki, Ko, ..., k).
KibKicTh mepecTaHOBOK 3 IOBTOPSHHSMH 3 eIeMeHTiB MHOXUHN A={a;, ay,
.., an} ckimany (Ki, Ko, ..., ky) mosmauaerscs P(Ki, k2, ..., Ky) 1 3ammcyerncs
dbopmyI10I0:
Pk, ko, ... k) = (K, +...+ k!
k1-k !

3amava: CKUIbKM 4YKcel MOXKHa yTBoputH 3 mudp 1, 2, 3, sxkmo 1 -
MTOBTOPIOETHCS TPHU pas3u, 2 - 18a, 3 - OJIUH pas.

Po3B’s13anH1.

VY uiit 3amavi € TppoxeneMeHTHa MHOXkHHA M={1, 2, 3}. I3 eneMeHTIB wi€i
MHOXHHHU TTOTPIOHO YTBOPUTH KOPTEX JOBXMHHU K, mo mopiBHIOE KitKo+Ks, ne
ki1=3, k=2, k3=1. O1xe, k=3+2+1=6, ToOTO TpeOa YTBOPIOBATH KOPTEXKIi JOBKHHU
6. lle o3Hagae, MO HAM TOTPIOHO OOYMCIUTH UYHUCIO TEPECTAHOBOK 3
MIOBTOPEHHSMHM, B SKUX IEPIINN €IeMEHT MOBTOPIOETHCS TPHU Pa3u, IPYyTUi - JiBa
pasu, TpeTiit - oguH. Takum 4ruHOM,

P321=(3+2+1)1/(31+2111)=720:12=60.

Otxe, 3a gonomorow mudp 1, 2, 3 moxna 3anucatu 60 mecTUIUdPOBUX
yuceln, B akux nudpa 1 6yae nosroproBarucs 3 pasu, nuudpa 2 - a8a pasu, nudpa 3
- OJIVH pas3.

BMCHOBOK

KomOiHaTtoprika — BaKJIMBUN pO3JILJT MAaTEMAaTUKU, 3HAHHS SIKOTO HEOOXITHO
IpeAICTaBHUKAM PI3HOMAHITHUX CIEHIAIbHOCTEH. 3 KOMOIHATOPHUMH 3a/ladyaMu
JOBOAUTHCS MaTH cipaBy ¢i3ukaMm, XiMikaM, OiosoraM, JIHTBICTaM, CHEIialicTam
o kojaMm Ta iH. KomOiHaToOpHI MeTOAM JIeKaTh B OCHOBI PIIIEHHs 0aratbox 3ajaad
Teopii UMOBIPHOCTEH Ta 11 3aCTOCYBaHHS.
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Ouaiitnuxk JI. . , Kyas6auko O.M. yuni 10 knaacy (Vipaina, Mapiynonw.
Komynanvnuii 3ama0 «Mapiynonocokut mexuivnuu  aiyeu» Mapiynonscokoi
Micvkoi paou /loneyvroi obnacmi)

MNOBYJ0OBA EKOHOMIUHOI MOJEJII 3A JJOMMIOMOI'OIO TEOPII
ITOP

Haoanuii  oens0  Oeskux — eKOHOMIYHUX —MoOenell, Wo BUKOPUCTHOBYIOMbC 8
20CN00apcbKoi OisIbHOCMI 3 BUCHOBKOM NPO NOOALbUL WISAXU PO3GUMKY MAKUX MOOEel.

An overview of some economic models used in economic activity with a conclusion
about the further ways of development of such models is given.

Exonomika - Hayka, 110 BUBYA€ PO3IOJLI, HAKOIMYEHHS, BUPOOHUIITBO 1
oOMIH MaTepialbHUX OJlar B CHCTEMI TOCHOJAPCHhKOI JISIBHOCTI JIOAUHM. Jlis
TOro, MO0 PpO3TJSIHYTH TI YW IHIN EKOHOMIYHI TMpoliecu abo sBHIIA,
BUKOPUCTOBYIOTh €KOHOMIYHY Mojiesib. CaMe BOHA JI03BOJISIE MAKCUMAJILHO TOYHO
OLIIHUTH CBOi MOKJIMBOCTI, aHaJli3yBaTH BUKOHAaHY poOoTy. Ilepmr HiX CTBOpUTH
€KOHOMIYHY MOJIEJIb BapTO PO3JUIMTH BCl BUKOPHUCTOBYBaHI 3MIHHI Ha JBa THUIIU:
CHJIOTCHH]1 Ta eK30reHHI. EHJIOreHHI 3MIHHI - 1€ BEJIWYUHH, K1 0e3MOCEepEeIHBO
OepyTh ydyacTh B Hallllii MoOAENi, € 00'€KTOM BHUBYECHHS (HAIpPUKIAI: BapTICTh
TOBapiB).

Ex30oreHHi 3MiHHI, B CBOIO Ye€pry, BIANOBIIAIOTh 33 BEJIMYHUHH, SIKI
BIUIMBAIOTh Ha JOCIIKYBaH1 BEIMUMHHM, aJIe HE € 00'€KTOM BUBYCHHS (HAIIPUKIIAI:
HAsIBHICTH pecypciB). OgHaK Aesiki 3MIHHI MOXKYTh OyTH, SIK 1 €HJJOT€HHUMH, TaK 1
ek3oreHHUMHU. L{e 3amexuTh BiJ XapakTepy MOCTAaBJICHOTO 3aBIaHHS.

[cHytOTh PI3HI CHOCOOM CTBOPEHHSI €KOHOMIYHOI MOAemi. Y JaHid ke
poOOTI, CTBOPIOIOYM €KOHOMIYHI MOJENI, 1 Oyay MOCUIATHCS 0 TaKOi HAYKH, SIK
MaTreMaTtvka. MaTemMaTH4Ha €KOHOMIKa - 1€ TpPHUKJIaJHAa HayKa, IPeIMETOM
JIOCITIJIKEHD SIKO1 € MaTeMaTUYHUM OTKC 1 MOJIETIOBAHHS €KOHOMIYHHUX 00'€KTIB 1
SBUIIL. 3apa3 MU PO3TJISTHEMO MPUKIAIA MaTEeMAaTUYHOTO MOJEIIOBAHHS B 00J1acTi
€KOHOMIKH Ha MpUKJIajax Teopii 3araybHoi piBHOBaru (Teopii irop).

Teopis €eKOHOMIYHOTO 3pOCTaHHS pO3IMIIANAaE Takli (PyHIaMEHTaIbHI
npo0JeMu E€KOHOMIKH, SK PO3BUTOK JIep)KaB, 3OUIbIICHHS MPUOYTKY 1
CTIO’KUBAHHS, 3aJIEKHICTh €KOHOMIYHOTO 3pOCTAHHS BiJl €HIOTCHHUX 1 €K30TC€HHHUX
¢daktopiB. OIHUM 3 TOJIOBHUX MHUTAHb I1€i TEOPIi, € MOSACHEHHS MPUYUH CBITOBOTO
€KOHOMIYHOT'O 3POCTaHHSA: YOMY JEsKi KpaiHu MpPOLBITAIOTH B PO3BUTKY OljIbIlIe
IHIIMX, YOMY HAWMOTYXHIIIMK €KOHOMIYHHMM CcTpuOOK cTaBcs Tuibkn B XIX
CTOJITTI?

B OCHOBI €K30T€HHOTO 3pOCTaHHS BHKOPHUCTOBYETHCS HEOKJIACHYHA
noxinHa ¢yukuis:Y = F (K, EL), ne Y - Bumyckaerbca npoaykr, K - 3amac
kamitany, E - mapamerp edextuBHOCTI mpaiii, L - mpars.
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3a 1OMOMOro MOJENI MOXHa ONUCAaTH, YOMYy OaraTo KpaiH, 110 TUIbKH
PO3BHUBAIOTHCSI POCTYTh IMIBUAIIE, HIK PO3BUHEHI. Y OIHMX KpaiHax MaJlui 3amac
KaliTaJbHUX MOTYKHOCTEH. A TaK sIK BOHH MOCTIHHO 3HaXOASTHCA B 3HOLICHOMY
cTaHl 1 iX MOTPIOHO BeCh Yac TOMOBHIOBATH, TMPHU I[LOMY 3 YacOM MOTPiIOHO
BUTpauaTu Bce OLble 1 OuIbIe 1HBECTHIHM, TO B OIJHUX KpaiHaX HaBITh OJHE
HOBE TIIPUEMCTBO 1aCTh BEJIMUE3HHUH TOTIK MOTYXKHOCTI, PU IIOMY PECYPCiB Ha
3allOBHEHHS KalliTally BUTpPAaTUTbCA Hebarato. Ane B Mipy HaKONMYEHHS
MOTY>KHOCTEH BiJiJaua BiJ HUX MaJa€, a PecypciB Ha iX MIATPUMKY B poOoUOMY
CTaHi MOTPiIOHO Bce OiIbIlle, TOMY €KOHOMIKa CIIOBLUIBHIOETHCA.

Bimpa3y »xe Mo)kHa 3HAaWTH JeKilibka HEyB’si30K. Hampuknaa, sKio
MOJieJIb A1MCHO MpaBUiIbHA, TO YOMY €KOHOMIKA JA0CI HE 3aMOpO3MIIAch 1 yC1 KpaiHH
HE 3PIBHSJIUCSA TIO0 TIOKa3HWKaM eKOHOMIYHOTo pocty? IIpoanamizoBaB poboTu
MIOTIEPETHUKIB, S 3pOOMB CBOIO €KOHOMIYHY MOJENb, sIKa OLIbII TOYHO OIHUCYE
eKOHOMiuHe cTaHoBuile. Bona onmcyerses popmynoro: Y = F (K, E™'LB), ne j -
MOKAa3HUK TEXHIYHOTO MPOTrpecy, I - BUKUIU BYIJIELIO, 3a0pyIHEHHS eKoJIorii, a B
- HasIBHICTh PECYPCIB.

Taka Monenb AONMOMOXE 3pIBHIOBATH EKOHOMIYHI TMOKAa3HUKU KpaiH,
JU3HATHCS K1 YUHHUKY BIUTMBAIOTh HA TIOTAHUW €KOHOMIYHIN 3PICT Ta MOKPAIIUTH
€KOHOMIYHE CTaHOBHUIIIE.

3 skumu npobieMaMu MU Moxemo 3yctpitucs? Ilo-mepire, e moTpiOHa
KUIBKICTh pecypciB. HaMm mpocTo Moke He BUCTadyaTH MOTpIOHMX MarepianiB. B
JJAaHOMY BHUIIAJIKy MOKHa CIIpOOYBaTH HAJIArOAUTH IMIOPT 1 eKcropT. OOMIHIOIOUH
TOBap, SIKUH y TeOe 3HAXOAUTHCS B HAAJUINKY, HA €KBIBAJICHTHUN TOBAp, B IKOMY
TH TOTpeOyell, € TUIOBUM MPHUKIAZOM piBHOBarM B Teopii irop. TyT 3azgisiHa
TaKTHKa maxmin, B SKii 3 MaKCHMalbHO MOXIIMBOTO MPOTpAIly, SKHMA
BIIOYBA€ETHCS NPHU MEpeadi CBOIX PECypCIB I1HIIOMY TIpaBLEBi, MU OTPUMYEMO
MIHIMQJIbHUM, OTPUMYIOUHU B 3aMiH MOTPIOHI HAM MaTepiaim.

Hpyra npoGiema, 3 sIKOIO MU MOXXEMO 3ITKHYTHUCA - 1€ HemepeadaudeHi
Butpatu. Hampuknan, BiiiHa, Bumata Oopry a00 TMOJOMKa BaXJIHUBOTO
MIANPUEMCTBA. Y IIMX BHUITQJIKAX HAIll 1HBECTHI IMAyTh HE Ha CEKOHOMIUHE
3pOCTaHHS, @ Ha BUPILIEHHS BHYTPIIIHIX MPOOJIeM.

Mot Mozenb HE MOXXHA Ha3BaTU YyHIBepcalbHONO. BoHa Moxe
BUKOPUCTOBYBATHUCS TIJILKH B MOPIBHSHHI AepxkaB. OqHakK 1 Lel crnocid 1acTb ayxKe
Oararo iH(popmanii. Hanpukiazn, Ko Ha MEBHOMY BiApI3KY 4acy 3acTOCYBaTH
MOIO MOJIelbh JO0 NESIKUX KpaiH, TO MOXHa OyJe YITKO MOOA4YUTH 3aJeKHICTh
€KOHOMIYHOTO 3POCTAaHHS Bl THMX YM 1HMMX (akTopiB. TakuM YUHOM JI3HATHCS
SK1 3 TTOKA3HHUKIB BapTO BJOCKOHAJIUTH TOO1, MO0 JOCATTH ONTHMAILHOTO PIBHS
EKOHOMIKH.
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VJIK 37.026.7

Mepeneauus I'., ydyenb 11 wkiI., Hayk.kep. yuutens iHpopmatuku bemr A.M.
(Ykpaina, m. Kpamamopcovk 33C0O Ne22)

RFID TA 3AMOK HA ARDUINO

Cmeopeno 3pazok ycmamkysauwHs OJs i0eHmu@ikayii kopucmyeauie € 0a3010 0
CMBOPEeHHSI NOBHOYIHHUX cucmem OJisl CRLIbHOI podomu 3 CUCMEeMAaMu OXOPOHU, OONYCKYy mda
ioenmuepixayii kopucmyeauis.

The created sample of equipment for user identification is the basis for the creation of
full-fledged systems for working with security, access and user identification systems.

RFID — ne myxe mporpecuBHa TEXHOJIOTiS, Ky 3apa3 BIPOBAKYIOTH Y
OUIBIIICTh Cc(ep HAIIOro JKUTTA. Bylno NPUIHATO pIlIEHHS BUKOPHUCTATH IO
TEXHOJIOT1I0, 3a JJIsl Toro, 1mob 3abe3neuntu cucremy «Po3ymHuii gim» 3acobom
1AeHTU(IKaIll KOpUCTyBaya, Ta 3pO00UTH il OUIbII O€3MEYHOI0 JI BUKOPUCTAHHS,
IUIIXOM BHUKOPUCTAaHHSA 3aMKa, MPUHLMUII [1i SIKOro O0a3yeTbcsi Ha TEXHOJOTII
paaiodacToTHOI 11eHTUdiKalii.

Meta nmpoekTy: po3poOMTH MakeT CUCTEMH, sKa OyJe MaTH MOXJIMBICTbH
imeHTudikyBaT KopuctyBaua 3a Horo RFID-kaptkoro, Ta mg03BONSTH abo
3a00pOHATH JIOCTYI JIIOJAMHU JO TEBHOrO OO €KTYy, SKHI 3aXWILEHUN JaHOIO
CUCTEMOIO.

3aBaaHHsi: o3HaomuTucs 3 npuHOUNoMm po6otu  RFID-cucremu.
[IpoananizyBaTi Cy4acHI CUCTEMHU €JIEKTPOHHMX 3aMKIB, CIIMPAIOUYUCh Ha POOOTY
€JIEKTPOHHOTO 3aMKa s ceddiB. 3HaliTu 6107110TeKy Ajisi poOOTH 3 MOIYJIEM
RFID RC522. Po3pobutu npucTpiid Juisl BIANUPAHHS Ta 3alldpaHHs ABEpeH, sSIKui
MO>KHa Oy/ie BAKOPUCTOBYBATH Pa30M 3 MIKPOKOHTPOJIJIEPOM.

O3znatomuBIIMCh 3 Jxepenamu 1o tematuill RFID Oyno mpoanamizoBaHo
HEJIOJIIKM Ta MEpeBaru neBHUX cUcTeM. B skocTi mpuiiaga i1eHTu(ikamnii B NpoeKTi
BUKOPUCTOBYEThCS MomMpeHuit Mmoayinb RCS522, sxuii 103BoJIsIE MOOYTyBaTH Ha
ocHoBi Arduino Nano cucremy ineHtudikamii kopuctyBaya. Ause s
(GyHKIIOHYBaHHS JaHOTO MOJYJSI B OJIHIA CHUCTEMi 3 MIKPOKOHTPOJIEpOM Tpeba
BUKOPHUCTATH MporpaMue 3abe3neuenns — 610moreky MFRC522. Tlicnst BuB4eHHS
CIIUCKY KOMaHz 3 010iioTeku, Oyja HamucaHa mporpaMa Jjisi MiKpOKOHTpoJiepa
Arduino Nano. Takox s Bizyamizanii it 1o npoekty noaano LCD nucnueit, Ha
SAKOMY B1JIOOpa’Ka€ThCs CTaH CUCTEMHU Ta 3a JOMOMOI0I0 Moro Oyne MpoBOAUTUCS
il HanmamTyBaHHS. B SKOCTI MpUCTpOrO Il BIANUpPAHHS Ta 3amupaHHs ABEpei
BUKOPUCTOBYETHCSI CEPBOIMPUBII, XO04a MOKHAa BUKOPUCTOBYBATH 3aMICTh HbOIO
€JICKTPOMArHITHY KIISMKY (pOC. — «ILIEKOJIIa» ).

[licns  cknamaHHs — €JNEKTPUYHOI cXeMd OyB BU3HAYEHUH  CHHCOK
KOMITOHEHTIB. OCHOBHE HABAHTAXKEHHA MPOEKTY — II€ HAMKC MpOrpamu, sika Oyne
3unTyBaTU AaHHl 3 Moayito RC522, oOpobidaru iX, MOpPIBHIOBATH 31 CIUCKOM
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KOPHCTYBauiB Ta piBHEM iX JOMycKy, 1HdopmMmalis npo ski Oyae BHUBEJEHA Ha
nucried. Ilicns imeHTudikaiii KOpHCTyBada BUKOHABYMN TIpWiajd, y HaIIOMY
BUITAJIKY — CEPBOIPUBIJI, BITIMHUTH JBEPI.

Bbyno 3i6pano Ta BHMpoOyBaHO MakKeT CUCTEMHU Ha SIKOMY BHSBJICHO IEsKi
HEJIOJIIKH, TaKl K KOHTPOJIb 3aYMHEHHS JIBEpP1, BUIIPABUTH SIK1 JOIOMIT KIHIICBUI
BUMHUKa4 (BiH 1HGOpPMYyE CHUCTEMY MpO CTaH ABepl, TOOTO BOHA BigKpuTa abdo
3aKpHUTA).

Po3po6aenuii MakeT igeHTH(]IKaIl KOPUCTYBadiB € 0a3010 JJisi CTBOPEHHS
MOBHOIIIHHUX CHCTEM OXOPOHHU Y CY4aCHOMY JKHTTi. MakeT MOKHA iHTETpyBaTH y
cucremy «Po3ymHMIT iM» IS CIUTEHOT POOOTH 3 CHCTEMaMHU OXOPOHH, JOIMYCKY
Ta 11eHTU(DiKaIl] KOPUCTYBaYiB.

CIIMCOK NIOCUJIAHBb
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JOCJIIJDKEHHA ITPOLUECY ®OPMYBAHHA MIKPOPEJIBE®DY ITPOKATY

B pobomi naoani pesynomamu 0ocniodicenHs hakmopis, wo 6nIU8arOMsb Ha Koe@iyicHm
8i06ummsi, mobmo Ha MiKpopeivegh cmyau 0 NiOBUUEHHSL AKOCMI 20MOB0I MemanonpooyKyii
npu peanizayii npoyecy mennoz2o oOpecupysanus. Illokazano MoHCIUBICMb BUKOPUCTNAHHSA
memMnepamypHo20 YUHHUKA ONf pe2ynioganus Koegiyicuma 6i0oumms wopcmkocmi poooyux
BATIKIG.

The paper presents the results of the study of factors influencing the reflection coefficient,
ie the microrelief of the strip to improve the quality of the finished metal production in the
implementation of the process of warm training. The possibility of using the temperature factor
to control the reflection coefficient of the roughness of the working rolls is shown.

B cyuacHux ymoBax sIKiCTh MPOAYKIIii Ma€ HAA3BUYAIHO BaXJINBE 3HAUYCHHSI.
Bona nHaOyBae 3HayeHHs E€KOHOMIYHOIO YMHHHUKA, SIKHUWA 3a0e3rnedye pO3BUTOK
BUPOOHMYMX TIPOIIECIB 1 BU3HA4Ya€ iX e(EKTUBHICThb. SIKICTh y MeTanyprii B
IIMPOKOMY PO3YMIHHI CKJIa/Ja€ BIJHOCHE TMOHATTSA. PiBeHb SKOCTI MPOKaTy
BU3HAYAETHCS, HAacaMIlepes, TOYHICTIO PO3MIpiB 1 (POpMHU, XIMIYHUM CKIIAIOM,
(b13UKO-MEXaHIYHUMH BJIACTUBOCTSAMU 1 CTaHOM IoBepxHi. Kpim 1p0r0, 10
MOKa3HUKIB SKOCTI MPOKATy BXOJSATh BUMOTH JI0 BJIACTHUBOCTEH, sIKi OOyMOBJICHI
TEXHOJIOTI€I0 TMOJANbIIOi 0O0pOoOKM Ta eKcrulyaTalli BUpPOOiB, BUTOTOBJICHHX 3
FOTO MeTamy. SIKICTh METAJIONPOKATy BH3HAYAIOTh TAKOX 3a MOKa3HUKAMHU HOTO
ToBapHOoro Burisiay [1]. OaHuM 3 BupimanbHUX (DAKTOPIB SKOCTI MPOKATy, IO
BIJIMBAIOTH K Ha MOAANbITY 0OpOoOKY BHpPOOIB, Tak 1 Ha iX 30BHIIIHIN BUIIISA, €
MiKpopenbed mnoBepxHi. Came MIKPOreOMETpis MOBEPXHI CMYT JIMCTOBOI CTall
ICTOTHO BIUIMBA€ Ha SIKICTh 1 MILHICTH JIaKOPapOOBUX Ta 1HIIMX JIEKOPATUBHHUX
MOKPUTTIB, 30UIbIIEHHS] MIOPCTKOCTI JIMCTOBOI CTalll MPU3BOJAUTH 0 3POCTAHHS
IPaHUYHOTO CTYIEHS BUTSKKM TIPU INTaMIyBaHHI 3a PaxXyHOK KpaIioro
YTPUMYBAaHHSI TEXHOJIOT1YHOTO MAaCTWJIa, MPU 3HIKEHHI HIOPCTKOCTI TOBEPXHI
MJBUIIYETHCST BIMOMBHA 3/1aTHICTH (OKCK) MeTany. 31 301IbIICHHSIM MIUIBHOCTI
MIKIB 3pOCTa€ MIIHICTh 3YEIUICHHS TOKPUTTIB 3 OCHOBHUM METajoM 1
3MEHIITYEThCS YUCIIO0 Me(PEKTIB TOKPUTTS [2].

HpecupyBanus — (iHinHa oOpoOKka B JIAHIIOTY MTPOKATHOI'O BUPOOHUIITBA,
mo 3a0e3neuye (iHAIBHY SIKICTh TPOAYKINi. | TeopeTnyHi 1 eKCepuMEHTabHI
JOCIIJKEHHSI TIOKa3alik, IO B MPOIECI JAPEeCHpyBaHHS TpPH TEBHUX yMOBaxX
IIOPCTKICTh BAJIKIB Mai>ke TMOBHICTIO IEPEHOCUTHCS HA CMYTY, TOOTO JPYKYETHCS.
OcTaHHIM YacoM IO OCOOJMBICTH BCE ILIMPIINE BUKOPUCTOBYIOTH [JIsi HaJaHHS
cMYy31 TOTPIOHOTO MIKpOpeNbedy: MOTPIOHOT BUCOTH 1 HOTPIOHOT T'YCTOTH.

Metorw JnaHOi poOOTH € MOOCHIKeHHS (akTopiB, 10 BIUIMBAIOTh Ha
Koe(DilieHT BIIOUTTS, TOOTO HAa MIKpopelbed CMyru A MIABUIICHHS SKOCTI
TOTOBOI METATOMPOAYKIIi1 MPH peaizallii mpoIecy TEIIoro ApeCupyBaHHS.
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ExcniepumeHTanbHl  AOCHIKEHHS MeXaHi3My (OpMyBaHHS IIOPCTKOCTI
NMoBepxHi 1 (HaKTOPiB, IO HA 1€ BIUIMBAIOTH OYJIO0 MPOBEJACHO 3 BUKOPHUCTAHHSIM
CHeriagbHOro mpucTporo (puc. 1), mo 3ade3neuye hizuyHe MOACITIOBAHHS MIPOIIECY
TEIUTOTO BITPOBAKCHHSI CKJIATHOMPO(]IIEHOTO 1HIEHTOpA B 3arOTOBKY [3].

KoHCTpyKTHBHO JaHa yCcTaHOBKA BKJIIOYaja B cebe HMKHIN Hepyxomuid 1 i
BEPXHIN pyXJIUBUHN 2 MyaHCOHH, MOB'sI3aHI MK COOOI0 HAIPABJIAIOYO] BTYJIKOIO 3.
Y BEpXHBOMY PYXJHMBOMY ITyaHCOHI 2 OyB PO3MIIICHUN CKJIaTHONPOQIILHUN
iHACHTOp 4, SKW BOPOBA/DKYBAIM B 3aroTOBKY S5, MPHU IIbOMY BCHOTO OYJI0
BUTOTOBJICHO TIOHAJ JECATH 1HACHTOPIB, IO MAalOTh Pi3HY KOH}Iryparlito
nedopMyrodoi TOBEpXHi. 3a JOMIOMOTOI0 BaKelsi 6 BEpXHI PyXJIMBUN MyaHCOH 2
OyB MOB'SI3aHUMN 3 TATUUKOM JIIHIMHUX MEPEMIIIeHb 7 PEOCTaTHOIO TUITY.

Cuny BIIPOBAKEHHS
dbikcyBanu 3a JIOTIOMOT OFO

MeCA03H &, 10 MOB'sI3aHa TOPLICBUMU

ITOBCPXHAMU CBOI'o KiJ'II:IIGBOFO

1]

§§ (¢ eJIeMEeHTa 3 BEPXHIM PYXJIUBUM
Sy
S || e
:;,;\E 2 IyaHCOHOM 2 PpO3IIISIHYTOTO
] .
SSRI IPUCTPOIO 1 3 CHIIOBUM ITyaHCOHOM 9,
Sy
Sy . .
33 7 rigpaBiaigHoro mnpecy JII 70-5278,
Sy .
TN 2 110 3a0e3neuye nepeMIlIeHHS
_~ / )
== 2 BEPXHBOTO IyaHCOHA 2 1 CTBOPEHHS
- || vy i€l cum 1. Bero ycranoBky 0yiio
N NN Y po3milieHo Ha exuHii miacTasimi 10 i
Puc. 1 — IIpunuumnosa cxema npuctporo B X0l CKCIICPHUMEHTY 11
VTS €KCTIIEPUMEHTAIBHOTO JOCTiKeHHss ~ BCTAHOBIIIOBAIIN B poGounit mpocTip
MPOLIECY TEIUIOTO BIIPOBAKCHHS YK€  3raiyBaHOro  IiApaBJIIMHOTO
CKJIaJHONPO(1ILHOTO 1HAEHTOPA B npecy. HarpiBaHHS 3aroTOBOK 5 10
3arOTOBKY HEOOXITHUX TeMIepaTyp MpPOXOIHIIO

B CymwibHIM madi OGe3nocepeaHbo
nepen  iX  TEIIUM  TUTACTUYHUM
nehopMyBaHHSIM.
[TonepenHiii HarpiB BHUXIJHHAX 3aroTOBOK JIO0 HEOOXIMHHX TeMIEpaTyp
3MIMCHIOBAIM B CYIIWIbHIA 1madi, a ¢opMa 3aCTOCOBAHUX I1HACHTOPIB
MpeCTaBJICHA Ha puc. 2.
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Puc. 2 — Bunu iHneHTOpiB
a — nipamioa, 6 — cghepa, 6 — KOHYC yciueHull, 2 — enincoio;
0 — KOHYC, e - NIACUHA
OTpuMaHi pe3ynbTaTd sl TUIOCKUX 3aroToBOK 31 ctam 20 i ctamu 45
IpeacTaBlieHi Ha puc. 3. SIK apryMeHT B I[bOMY BHMAJAKy pO3IVISAANU CHITY
IpoIieCcy BIPOBADKEHHS [ |, IO CTBOPIOETHCS TiAPABIIYHUM IPECOM 1 JIi€ Bif
CWJIOBOTO IyaHcoHa 9 (auB. puc. 1), a B skocti omiii Oyna mpuiiHsATa TIMOMHA
BIPOBA/DKCHHS hp, sKa BUMIPIOETHCS JAaTYMKOM JIHIMHUX MepeMilieHb /7
PEOCTaTHOTO THITY.

hy,. MM h, . My

Eles 1. %

0= _&OCC tn:,:liJ:ii/
2.0 A e 2.0 / /
g 7

1.0
X
t,=20

0=20°C

0.0 10 20 30 F,.xH

a) cmane 20 6) cmane 45
Puc. 3 — Emmipiuni po3noainu raubuan hy, B 3alI€KHOCTI Bif crid Fr
BIPOBAHKCHHS MIPaMiTaIbHOTO 1HASHTOPY B IUIOCKY 3ar0TOBKY 31 ctaii 20 (a)
Ta ctani 45 (6), HarpiTi NonepeaHbO 0 PI3HUX TEMIIEPATYP tno

BUCHOBKMU. ExcnepumeHTalnbHE AOCIIKEHHsI BIUIMBY TEMIIEpaTypu Ha
koedimieHT BiAOWTTS OynO TPOBEACHO NUIIXOM (DI3UYHOTO MOJETIOBaHHS
BIIPOBAPKCHHS OJMHUYHOI MIKPOHEPIBHOCTI, MPHU IbOMY OIliHKa Oe3mocepeaHi
3MIHM XapaKTePUCTHUK BUKOHAHO 13 3aJ]y4eHHSM METOMAIB TEH30METpii, Ta
BUKOPUCTaHHAM TepMomap. Pe3ynbraTu mokasai, 1o 3i 30iibieHHsM cun [
rmOrWHA BIPOBA/KEHHS 1HAEHTOpa hp  3pocTae 1 3poCTaE  MPAKTUIHO
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JIHINHO.
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301bIIeHHS h 3a IHIIUX PIBHUX YMOB Ma€ MiCII€ B pa3i MiBUIICHHSI TEMIIEPATYP
HarpiBanHs [l BuximHoi 3arotoBku. 3okpema, npu cum [Jg = 30 kH i
30inpmeHHi temmeparyp 3 [1go = 20° [0 mo g = 350° [0 riumbuna
BIIPOBAKEHHSI KOHIYHOTO 1HJAeHTOpa hp 3poctae 3 3,13 mm 10 4,05 MM, TOOTO
Ha 29% ns 3aroToBokK 31 crami 20 (auB. puc. 3 a) 13 2,26 MM 10 3,48 MM, TOOTO
Ha 54% nns ctanu 45 (quB. puc. 3 0).

3a3HaueHe MIATBEP/KYE MOXKIMBICT BHUKOPUCTAHHS TEMIEPATYPHOTO
YUHHHUKA 3 TOYKH 30pY PEryIlOBaHHA KOe(iIieHTa BIAOUTTS MIOPCTKOCTI pOOOUHX
BaJIKiB, TOOTO, 3 TOUKH 30PY PETYyTIOBaHHS PE3YJIbTYIOUHX MOKA3HUKIB MIOPCTKOCTI
MOBEPXHI MPOKaTy MpHU peaiizallii mporecy Temioro apecupyBanss. [lpu mpomy
bopmy Mikpopenbedy BaJIKiB MOXKHA PETYJIIOBATH PI3HUMHU BUAAMH iX 0OPOOKH.

CIIMCOK ITOCHJIAHb

1. Jlesuenxo I'. B. Texuonoeis axocmi i cepmuikayis 0ns cmyoeHmié cneyiaibHOCmi
Obpooxa memanie muckom / I'. B. Jlesuenko, B. M. Camoxsan. — /ninpoosepocurcok, ATV,
2009 p. — 117 c.

2. Ogarkov N. N. Theoretical analysis of formation of automobile sheet roughness during
temper rolling in shot-blasted rolls. / Ogarkov N.N., Zvyagina E.Yu., Ismagilov R.R. // Izvestiya.
Ferrous Metallurgy. - 2019;62(8): - P. 600-605. (In Russ.) https : // doi.org / 10.17073 / 0368-
0797-2019-8-600-605.
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VJIK 517.5

Mpoxuasanunk J./1., Hayk.kep. yuutens matrematuku binsasceka B.B.  (Vkpaina,
m. Kpamamopcwk, 301 Ne26)

3ACTOCYBAHHSA TEOPII KOMILIEKCHUX YUCEJ Y ®I3UIII TA
TEXHIII

Ilokazano sk HaséHicMb 8 OCBIMHLOMY APCEHANL YUHI8 KOMNIEKCHUX YUCENl PO3ULUPIOE
iXHi modcaugocmi npu po3e'si3yeanti 3a0auy, 30a2ayye ixHi ys6ieHHs npo Memoou Ni3HAHHA Md
NPUKIAOHY (DYHKYIIO MAMeMAmuKu.

It is shown how the presence of complex numbers in the educational arsenal of students
expands their capabilities in solving problems, enriches their understanding of the methods of
cognition and the applied function of mathematics.

OpgnuMm 13 3aBAaHb NOPOQPUIBHOTO HABYaHHSA € TMEpBHHHA MIArOTOBKA
HIKOJISIPIB 10 MalOyTHHOrO BHAY MpOQEeCciiHOl  MISUIBHOCTI,  YCIIIIHOTO
IPOJOBKEHHSI OCBITH Yy BHUIIMX HAaBYAIbHUX 3akiagax. KomruiekcHi ducia €
HEOOXITHUMHU JJIi PO3KPUTTA CTApIIOKIACHUKAM II3HABAJIbHUX MOKIMBOCTEN
MaTeMaTHKH, MiJBUIICHHS iXHBOI MaTeMaTHYHOI KyJabTypu Ta (HOpMyBaHHS
npodeciiiHuX KOMIETEHTHOCTEN.

Y mepiox 3 30-x mo 60-Ti poku Tema "KomruiekcHi uucia" BXoauia B
O00OB'A3KOBY TIporpamMy 3 MaTreMaTHK{, ajie Ii3Hime Oyja BHKJIOYEHa 1
pPEKOMEH/I0BaHa Il BUBYEHHS Ha (paKyJIbTaTUBHUX 3aHATTAX. [lodyBimim mpo
ICHYBaHHsI KOMIUIEKCHUX YMCEJ, MEHE 3allIKaBUJIO MIClI€ 3HAXOKEHHS LIMX YUCEIl
cepell BXK€ BIIOMMX. SIK BOHM BMHMKIIH, JI€ BUKOPHUCTOBYIOTHCS, SIK IX MOJKHA
3aJ]aTH 1 Y4 MOXKHA X BUKOPUCTOBYBaTH B MATEMAaTUYHUX OOUYHCICHHSX.

upoke KOJIO 3aCTOCYBaHb KOMIUIEKCHHX YMCEN BIJKpUBA€E 3HAYHI
JTUAAKTAYHI MOKJIMBOCTI JJII PO3BUTKY MaTE€MaTUYHUX IHTEPECIB Y4YHIB. AJKe
HasBHICTh B OCBITHbOMY apCEHalll YYHIB KOMIUIEKCHUX YHUCEI PO3IIHUPIOE iXHI
MO>KJIMBOCTI MpPHU PO3B'SI3yBaHHI 3ajay, 30arauye iXHI YSBIEHHS PO METOIU
NI3HAHHS Ta MPUKIAIHY (QYHKIII0 MareMaThkd. KOMIUIEKCHI 4yucia 3HaxoIsATh
3aCTOCYBaHHS HE TUTBKHM BCEPEAMHI CaMOi MaTEeMaTHKH, a 1 B 1HIINUX TaTy3IX HayKd
1 MPaKTUKU: €JIEKTPOTEXHII, TIAPO- 1 aepoMexaHilli, reojaesii, kaprorpadii, ¢izuiii
Ta iH. Bimomuii Himenbkuii Marematuk 1 ¢inocod I'. JlehOnin mucap: "Xou iX 1
HA3WBAIOTh YSBHUMH, aji¢ BiJ I[bOTO BOHHM HE MEPECTalOTh OyTH KOPUCHUMHU 1
HaBITh HEOOX1THUMHU ISl aHATITHIHOTO BUPAKCHHS PEATHbHUX BETUIUH".

VY OaraThbOxX po3AlIax MaTeMaTHKH Ta il 3aCTOCYBAHHSX HEMOXJIUBO

OOMEXHUTHUCS PO3TIAI0M JIMIE JIMCHUX 4Yuced. Bke AocUTh JaBHO mMij dYac
pO3B’s3yBaHHS PI3HUX 3aJlad BUHUKIA MOTpeda Mo0yBaTu KBagpaTHUN KOPiHB 3
B1I’€MHUX 4ucell. AJie yuces, siki pU MIJHECEHH] 10 KBajapara JalTh BiJ €MHI

YuCIa, TOAl HEe 3HAIM 1 TOMY BBa)KaJld, 10 KBaAPaTHI KOPEH1 3 BII’ €EMHUX YHCEIT HE
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ICHYIOTh, TOOTO 3aaadi, SIKi 10 HUX TPHUBOJATH, HE MAIOTh PO3B’SA3KIB. 30KpeMma,
Tak Oyno T Yac PO3B’SI3aHHSA KBAaJPAaTHUX PIBHSAHb 3  BIJ €EMHUM
nuckpuMiHanTtoM. [locTae muTaHHS MPO PO3MIMPEHHS MHOXKUHHU JIWCHUX YHUCEIL.
BBenu HOBE YMCIIO 1 IS SKOTO CIpaBeIuBa PiBHICTE: i2 = - 1. HoBa MHOkMHa
Yycell MOBUHHA MICTUTH BCi uncia Buay a + bi. Yucna Buny a + bi, ne ai b -
JIOBUTBHI JIHCHI YuClia, a | - ysABHA OJMHMII HA3WBAIOTh KOMILICKCHUMHU. CIIOBO
«KOMIUIEKCHUI» O3Hayae ckiaJieHni. MaTeMaTUKu HeoXode WIUIM Ha BUBUYEHHS
TaKUX BUpa3iB. BoHM Ha3uBamu iX YSIBHUMH, HEICHYIOUHMH, HEMOXIMBUMHU
BeJIMUMHAMHU. BBaxkasiocs, 1110 BOHM HE MarOTh peanbHoro 3micty. I'.B. JleiOHin
Ha3BaB iX «TiOpUAOM MK OyTTAM 1 HEOYTTIMM.

[lixaBo, mo JlelOHil, Ha3WBaIOYM KOMIUICKCHI 4YHCIA «IPUTYIKOM
O0XECTBEHHOI'O JyXy», 3allOBIB BUKapOyBaTH Ha CBOill MOTWJIbHIM IJIUTI 3HaK
-1 SK CMMBOJI IOTOHOIYHOrO CBITY.

[IpoTsiroM ocTaHHIX JIBOXCOT POKIB KOMIUIEKCHI YMCJia 3HAWIUIM YHCENbHI
3acTOCyBaHHsA. Tak, HAIPUKIAL, 3a JOMOMOI0I0 KOMIUIEKCHUX yucel ['aycc B 1796
poI1li 3yMiB HaWTH BIAMOBIIh HA T€OMETPUYHE MUTAHHA: MPHU SIKUX HATypaIbHUX
3HAYEHHAX N MOYKHA MOOYyBaTH LIUPKYJIEM 1 JIHIMKOIO MPAaBUJIbHUNA N-KyTHUK?

[Ilupoke 3acTocyBaHHS 3HAWILIM KOMIUIEKCHI uMclia B Kaprorpadii,
CJIEKTPOTEXHII, TIAPOAUHAMII, TeopeTHuHi i3uiil. Bxke B Hame cTomTTs
KOMIJIEKCHI ~YuCla 1 KOMIUIEKCHI (DYHKIII YCHIIIHO  3aCTOCOBYBAJIMCS
MarematukamMu Ta Mexanikamu H.E. Xykosum, C.A. Yammurinum, M.B.
Kennumiem ta inmumu. Bemnki matematuku ['.B. Konocos 1 H.I. MycxemnimBuii
BIIEpIIIE CTalld 3aCTOCOBYBATH KOMIUIEKCHI (YyHKIII B Teopii mpykHOCTI. I3
3aCTOCYBaHHAM KOMIUIEKCHUX 3MIHHUX B TEOPETHYHIN (I3UI MOB’sA3aH1 TOCHIIN
BueHnx H.H. boromro6oBa i B.C. Bragumuposga.

B 1893 pomui renianbuuii enekrpotexnik Kapn Asrycr llITeitnmernt BUCTYIUB
B Ywumkaro Ha MiKHApOIHOMY €JIEKTPOTEXHIYHOMY KOHIPeCi 3 JIOMOBIJIIO
«KommuiekcHl ymMcna Ta iX 3aCTOCYBaHHS B EJIEKTPOTEXHIL», YUM (HAKTUUHO
3HaMEHy€ I0YaTOK MPAKTUYHOIO 3aCTOCYBaHHS 1HXXEHEpaMU KOMILJIEKCHOTO
METO/Yy PO3PAXYHKIB €IEKTPUYHUX JIAHIIOT1B 3MIHHOTO CTPYMY.

3 kypcy Qi3MKM BiAOMO, L0 3MIHHHM CTPyM - 1LI€ TaKUH CTPYM, SIKUM
3MIHIOETHCA B 4YacCl 5K 3@ BEJIMYMHOIO, TAK 1 32 HAIIPSIMKOM.

Posrimanremo 3amaqy.
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> Zk

Jlano:

U = 50B (nampyra Ha KOTYIIIIIi)

Rk =25 Owm (omip pe3uctopa)

L= 500MI'H (1HIYKTUBHICTH KOTYIIKH)

C = 30 Mx®D (emeKTpOEMHICTh KOHACHCATOPA)

Onip npoBoay korymku 10 Om

Yactora mepexi 50 '

3HaiiieMo MoKa3aHHs aMIIepMETpPa, BOJIbTMETPA, BaTMETPa

PO3B’AI3AHHAL.

Z=r+ X

X=WL—i—X

wC -
Z, =R+ jx.;
X, = WL =27fL =1570m

L_XC1

Z, =10j157 =157,3¢186%

Jlani 3HaiiieMo CTpyM 1 BIAMOBIHO NMOKAa3aHHS aMIIepMeTpa

o U,  50el

==k = = = 0,317 %%
|k Zk 157,39 186,35

Orxe ammepmetp mokaszye ctpym 0,317 A — me CTPYM 4epe3 BeCh
TIOCJTiIOBHUMN JIQHITIOT.
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3HaliIeMO €MHICHUI OMip KOHAEHCATOpa, TMOTIM BHU3HAYUMO HOTO
KOMILUIEKCHE OITIp:

Zc=_jxc;
(L.
© wC’
1 1
X = = =106,40m

C  2xC  0,0094
Z. =—j106,4 =106,4e"1%

Jlaii o0unCcIMMO TOBHE KOMIUIEKCHE OIIp I[bOTO JIaHI[IoTa:

R+R, + jx, — jXc =25+10+ j157 — j106,4 =35+ }50,6
Z =35+ j50,6 = 61,52 15533

Tenep 3HaiinemMo HanpyTy, sSiKa MPUKIIAJEHA 10 JIAHIIora

U=1Z=0,317e ™% .61,52¢ % =195 1*%

[Toxazanus BonbT™MeTpa — 19,5 BOMBT.
3HailIeMO MOTYXKHICTh, 3 ypaxyBaHHSAM pI3HUII (a3 MK CTpyMOM 1
HaIpyroxo.

P=U*I*cos¢p=19,5%0,317 *cos(55,33°)

P = 3,51 Bm — nmoka3aHHs BaTMeTpa

OTxe Tenep 3p0o3yMilio, SIKe Ba)KJIMBE MiCIle KOMIUIEKCHI YHMCa 3aiiMaroTh B
CIEKTPOTEXHiIli. BOHM 3aCTOCOBYIOTBCS IJIsi 3pYYHOTO PO3PaXyHKY €IECKTPUIHUX
naHiorie. Ha 1iif oCHOBI Npalfol0Th €JIEKTPOHHI BUMIPIOBAJIbHI MPUIIAIH.

BHUCHOBOK
Bukonyroun nany po6oTy, S 03HaHOMUBCS 3 TTOHATTSAM KOMIUIEKCHUX YHCE,
cmocobamMu 3aJaHHs Ta iX 3acTOCyBaHHsAM. S MOMITUB, IO oOmepaiii Haju
KOMITJIEKCHIMHM YHCIIaMUA CYTTEBO BIAPI3HAIOTHCS BIJl OMeEpariii 3 JIHCHUMU
YUCJIaMH, a TEOMETPUYHUN 3MICT KOMIUIEKCHOTO YHCJa J03BOJISIE PO3B’SI3yBaTU
3a/1a4il Ta TEOPEMU TUTAHIMETPII 3a JOTIOMOTOI0 CaM€ KOMIUIEKCHUX YUCET.
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Jlocnimpkyroun JiTepaTypy 3 IaHOI TeMH s 3pO3yMiB, IO JUIA JETAIBHOTO
BUBUEHHSI TMHTaHb 3aCTOCYBAaHHS KOMIUIEKCHHX YHCEN Ha MPAaKTHIl, HEOOXiTHO
Ol rMOOKE  BHMBYEHHS  Cy4YacHOI ~ MaTeMaTWKH: Teopli  MaTpHIlb,
nudepeHLiaTbHOr0 YUCICHHS TOLIO.

Lls poboTa — nuine BepUIMHA BEJIMKOTrO aicoepra. 3 Ii€I0 TEMOIO MOXHA
OB’ A3yBaTH 1 MOJAJIBIII JOCHIKCHHS B TaTy31 MaTeMaTHKH.

CrnoniBaroch, 10 B MalOyTHbOMY y MEHE OyJe MOXJIMBICTH MPOJOBKHUTU
BUBYCHHS KOMIUICKCHMX 4YHCEJ, 1X 3aCTOCyBaHHS B TeoMmeTpii, ¢i3uill, Teopii
mo0y10BH (ppakTaIbHUX alreOpaidHUX Bi3epyHKIB 30KpeMa.

CIIMCOK IMTIOCUJIAHBb
1. Bpoocekuii A.C., Cninenko A.K. Ilpo erexkmpuunuii cmpym, noxiony ma xkommiekchi uucia Il
Mamemamuxa — 2002. - Ne7 (163). —c. 911
2. bykoscvka O.1. Komnnexcui uucna. — X.: Buo. epyna «Ocnosay, 2004. — c. 112
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VJIK 519.25

Copokina K.®@., yuenuus 9 k., HayK.Kep. yuutenb matematuku Kaminina O.M.
(Ykpaina, Byeneoapcvkuti HaguanbHo-8uxosHuii komniekc «llonimexniunuil aiyeu-
3azanvHooceimus wikona I-II cmynenie» Byanedapcvkoi micvkoi paou [loneyvbkoi
obnacmi)

MOPIBHSUILHU AHAJI3 JOUIJILHOCTI 3AMIHU TPAJULITHAX
MIIPYYHUKIB HA EJIEKTPOHHI

V' Oocrionuyvxii  pobomi  posensHymo npooiemu No8’s3aHi 3 BUKOPUCMAHHAM
MpaouyiiHux naneposux niopyyHuxie. Yepez cmamucmuyni BUMIPIOBAHHS 3 SICOBAHO
O00YIiNbHICMb IX 3AMIHU HA eleKMPOHHI NIAHUIeMU.

The research examines the problems associated with the use of traditional paper
textbooks. Statistical measurements revealed the feasibility of replacing them with electronic
tablets.

Y  JocmiaHMLBKIA ~ poOOTI  pO3MISIHYTO  NpoOJeMu  MOB’A3aHl 3
BUKOPUCTAHHSAM TpPAJMIINHUX ManepoBUX NIAPYYHUKIB. Yepe3 cTaTUCTUYHI
BUMIPIOBaHHS 3’ SICOBAHO JOIUIBHICTD iX 3aMIHU HA €JIEKTPOHHI TUIAHIIETH.

3po0JieHO aKIEHT Ha JOCTIPKEHHI BIAMOBIIHOCTI Barv MIKUIBHUX CYMOK
JIEp’)KaBHUM CaHITApHUM HOpMaM. 3a pe3ylbTaTamMu JOCHiJIIB, IO TpPUBAIU
MPOTATOM THXHS y 4-X Kiacax, Oyna BHUCYHYTa Ta TEpeBIpeHa, 3a JIOMOMOTOI0
kputepiro 3roau IlipcoHa, rimores3a 1m0 A0 0JHAKOBOI'O PO3IOAiIY Baru IMIKUIBHUX
CYMOK KOKHOTO OKpeMOro HaByayibHOTO AHs. Lle mamo 3mory BUnpoOyBaHHS Y
CepeaHii Ta cTapIIii KOl 0OMEKUTH OJTHUM JTHEM.

[lin vac aHamizy JaHuUX, 3a JIOMIOMOIOK) 1HCTPYMEHTIB MaTeMaTHYHOL
CTaTUCTHKH, 3pO0JICHO Mepexij 10 IHTEPBATBHOTO PAAY 3 BUKOPUCTAHHS (HOPMYIIH
Crepmkeca, Ui TEPEBIPKU  Y3TOJKEHOCTI EMIIIPUYHOTO Ta TEOPETUYHOIO
po3MoaLIiB BUKopucTaHo ¢popmynu ["ayca ta Jlamnaca.

[IpoBeneHO aHKETyBaHHS YYaCHUKIB HABYaJbHOTO TMPOLECY II0J0
TOTOBHOCTI BUKOPHUCTAHHS y CBOIH MisITBHOCTI €JIEKTPOHHUX KHHUT, K €IEMEHTY
urppoBoi TpaHchopmalii OCBITH.

Y po0GOoTH MICTUTBCS JETAIBHUN aHali3 aHKET 3a BIKOM Ta UIIMH
BUKOPHCTAHHS €JICKTPOHHUX KHUT y BUTIIAI JiarpaMam.

BuBueHo 3abes3rneueHiCTh IIKUIBHUX ~ O010J10T€K  MIAPyYHHKaMH 32
napameTpaMHu: KiJIbKiCTh, CBOEYACHICTh, TEPMIH BUKOPUCTAHHS, PI3HOMAHITHICTb.

ExoHOMIYHO  mpopaxoBaHO  MOXJIMBICTh  MPUIOAHHS  €JIEKTPOHHUX
TUTAHIIETIB JJI1 HAaBYaHHS.

3a pe3yapTaTamMu JOCIIIKEHHS BCTAHOBJICHO:

— 85,5% yuHiB 4-x knaciB, 61u3bko 68% yuHIB cepeHbo1 JaHKu Ta 45,6% yuHIB
CTapIIIOT IITKOJIM MAlOTh CUCTEMHI ITepEBaHTAXKEHHS TIOPTQETiB;
— 94,3% pecnoHaeHTIB, X04a 0 pa3 y )KUTTI YUTAIH €JIEKTPOHHI KHUTH;
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— 92,2% onuTaHUX BUKOPUCTOBYIOTh €JIEKTPOHHY KHUTY JIJI1 HABUAHHS;

— JIIoAu y Bimi crapmie 18 pokiB BiAAal0Th IepeBary APYKOBaHIM KHH31
MOTHBYIOUH II€ 3BUYKOIO Ta KPaIIiM CIPUHHATTIM 1HPOpMAIIii;

— TPUXUIBHUKHM €JIEKTPOHHUX KHIIKOK HAmoJsAraloTh Ha iX 3pY4YHOCTI,
KOMIMAaKTHOCTI, IIBUAKIN IOCTYITHOCTI;

— TEpPMiH BUKOPUCTAHHS YBEPTi CMIHMCAHUX 3a OCTAaHHI TPU POKU MIAPYYHUKIB HE
NEPEBUIILYE I SITh POKIB;

— KUIBKOCTI OTPUMAHMX MiJIPYYHHUKIB 32 KUIBKICTIO YUHIB y Mapaiesi moTOYHOTO
POKY HE BUCTAa4ae Jisl BUKOPUCTAHHS B HACTYIHUX POKaX;

— 3MICT HasiBHUX MIIPYYHHUKIB HE BJIAIITOBYE PI3HUX BUKJIAAA4iB, yUYUTENIb HE
Ma€ MOJJIMBOCTI 3MIHIOBaTH IMiJIPyYHUK ab0 BHUKOPUCTOBYBATH Pi3HI
MIJPYYHUKHU JJI1 BUBYCHHS PI3HUX PO3JILIIB;

— cepeaHiil TepMiH Oe3repediitHol poOoTH miaHmeTa 4 poku 3 MiCSIIL;

— I[1Ha KOMIUJIEKTY KHUT 3 pO3paxyHKy Ha 4 HaBuYaJbHI POKH OUIbIIE HIXK B JBIYI
NIEPEBUIIIYE I[IHY TUIAHIIETY 3 PYHKIISIMU Ta XapaKTePUCTUKAMU, TOCTATHIMH IS
HaBYaHHS.

VY sKkocTi 3aco0y BUPIIICHHSI BUSIBICHUX MPOOJIEM 3alpONOHOBAHO 3aMiHy
MarnepoBUX MiJIPYYHUKIB HA EJIEKTPOHHI.

JlocaiaHuiibKa pob0oTa NEPEKOHYE Ta CIIOHYKA€E CIUIBHOTY Ha BUKOPUCTAHHS
IUTAHIIETIB Y HABYAIbHOMY MPOIIEC] 3aMICTh MTall€pOBUX BUIAHb.
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Y]JIK 621.9.02
Topcbkmii .M., Kinaenko M. L. (Vkpaina, m. Cnog'sancox, 301LIN06)

NPUCKOPEHUM METO/ BUSHAUEHHS 3MIHU C..TIP'IKOCTI
OCBOBOT'O UHCTPYMEHTY I3 HIBUAKOPIKYYOI CTAJII P6MS
MHICJA OBPOBKHU B IMITYJIBCHOMY MATHITHOMY HOJII

Haoano nosuti cnocio oyinku egexmusnocmi mexwnonozii sMiyHeHHsl, 8 OCHO8)Y 5K020
NOKIA0eHAa 8I00Ma cxema mepms 080X CXpeweHUx YUIiHOpis, wo 00360J1A€ 3a0e3neuumu 8UCOKY
8I0MBOPIOBAHICIbL NOYAMKOBUX VMO8 KOHMAKMHOI 63ae€Mo0ii, € npocmum i epexmueHum
CNOCoOOM NONEPeoHbO2O0 BUHAYUEHHS NIOBUWEHHSI CMIUKOCMI [HCIMPYMeHmYy ma ONMUMALbHUX
PpedAcUMi8 MacHIimHOI 00poOKU.

A new method for evaluating the effectiveness of hardening technology, based on the
known scheme of friction of two crossed cylinders, which allows high reproducibility of the
initial conditions of contact interaction, is a simple and effective way to pre-determine the tool
stability and optimal magnetic processing.

B npanuit yac B TeopeTMUYHMX poOOTaX 1 MPAKTHUIl MaIUHOOYIYBaHHS
OTPUMYIOTH PO3BUTOK TUTAHHS, TMOB'SI3aHI 3 TEXHOJOTIYHUM 3MIIIHECHHIM
MOBEPXHEBUX IIAPIB IHCTPYMEHTY 1 3MIHOIO iX BJIACTUBOCTEH B MOTPIOHOMY
Hamnpsmi [1].

EdexTuBHICT Mpaiie3gaTHOCTI OCHOBOTO THCTPYMEHTa MOKe OyTH 1CTOTHO
NIJBUILIEHA B pe3yJbTaTl BUKOPUCTAHHSA TEXHOJOIIi MAarHiTHOI 0OpoOKH
IHCTpYMEHTY [2].

JUiss OmiHKM BIUIMBY OOpPOOKHM IMIYJIBCHOTO MAarHiTHOIO TOJI  Ha
IHCTPYMEHT 13 MBUAKOPDXKYYoi crtani PO6MS mnoTpiOHO mnpoBecTH croemiaibHi
BUPOOHMYI JTOCITIJIH.

[IpoBeneHHsT TOBHOrO JOCHIIKEHHS MOTpeOye oOOJaaHaHHS, BEJIMKOL
KUJIBKOCT1 IHCTPYMEHTY, Yac Ta HeCe 3Ha4HI MaTepiabHl 3aTpaTu.

AHami3 JiTepaTypHUX JlaHUX TIOKa3zye, IO crnocid MarHiTHOT dii Ha
IHCTPYMEHT BUT1JIHO BIJPI3HAETHCS BiJI IHIIUX METO/IIB 3MIIIHEHHS.

B Toi1 5xe yac moku 110 Hemae crnoco0y MOPiBHSIBHOI OIMIHKK €()eKTUBHOCTI
TEXHOJIOT1i 3MILHEHHS, SIKMI1 OM 3HAYHO 3MEHIIMB Yac Ta MaTepialibHi 3aTpaTH Mo
BU3HAYCHHIO 3MIHU CTIMKOCTI IHCTPYMEHTY.

Mertoto poboTu € Ha 0a3l BiIOMUX TEOPETUYHUX YABIECHb PO3POOUTH CrOCiO
MOPIBHSUIBHOI OILIIHKA €(PEKTHUBHOCTI TEXHOJIOTIi 3MIIHEHHS, 110 € MPOCTUM 1
eeKTHBHUM CIIOCOOOM TOTMEPEAHHOTO BU3HAYCHHS TIJABUINECHHS CTIMKOCTI
IHCTpYMEHTY Ta HaWOUIbII ONTUMAJIbHUX PEXKUMIB MarHiTHOI 0OpOOKHU
THCTPYMEHTY.

JIJ1st KOHTPOJTIO SIKOCTI MarHiTHOT 0OPOOKHM 1HCTPYMEHTY 31 IMIBUAKOPI3aIbHOT
craimi Oynu BHUroToBieH1 31 ctani P6MS Ta crami 45 crhemianbHi 3pa3ku, IO
MPEICTABISAIOTH CO00I0 MUIIHAPH T0BX)UHOIO L = 80 MM 1 miamerpom D = 8 mm,
110 MAIOTh TI0 000X TOPIISAX IIEHTPOBI OTBOPH.
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PoGoui moBepxHi 3pa3kiB He Manu jAedektiB. lllmidyBanHs pobounx
MOBEPXOHb MPOBOJWIIOCS 32 JOMOMOTOI0 €IbOOPOBOrO Kpyra i3 3aCTOCYBaHHSIM
OXOJIOJIKEHHSI, 1110 HE J03BOJISUIO 3pa3kaM y mpoiieci 00poOKH HarpiBaTHUCA.

3 MpakTUYHOI TOYKU 30PY OCHOBHMMH BHUMOTaMH 0 3aCO0iB 3a3HAYCHOTO
KOHTPOJIFO € OIEPaTHBHICTh 1 JOCTYMHICTh iX BHKOPUCTAHHS BIiIMOBIIHO M0
BHCOKOI YyTIUBOCTI 1 BiATBOpIOBaHOCTI. L{[M BUMOTaM 3a10BOJIbHSIE HOBHI CIIOCIO
MOPIBHSUIBHOT OLIIHKUA €(PEKTUBHOCTI 3MIITHIOIOUHUX TEXHOJIOTIH.

B #ioro ocHOBY MOKJIa/IeHa BiloMa cXeMa TepTs JBOX CXPEIICHUX IMITiH/PIB,
0 J03BOJIsIE 3a0€3MEYUTH BHCOKY BIJATBOPIOBAHICTh IOYATKOBUX YMOB
KOHTAaKTHOI B3aeMoii. JlocmipKkyBaHuil 3pa3ok (1HACHTOP) BIPOBAKYIOTH IMPHU
oro oOepTradbHOMY pyci B KOHTPTUIO, TBEPHICTh SKOTO HHUXYE TBEPAOCTI
iHeHTopa. OTpuMaHi Ha KOHTPTUIO BIIOUTKH BUMIPIOIOTH IO JBOM JiaMeTpam,

opientoBanuM y37108% \dpyp, ) i monepek (dyoy ) oci kontprina. [loTimM BU3HAYAIOTH

3HA4YCHHA

d, +d

dcpi = Tnom (1)

3a CHIBBIIHOIIEHHSIM CEpEIHIX JlaMeTpiB BIAOUTKIB, OTPUMaHUX Ha
KOHTPTLI JI0 1 micyist 00OpOOKH, BU3HAYAIOTH 11 €()eKTHUBHICTB:

>d=*,,
i=1
2 l, dcpz
i=1

ne d*.; - cepemHl alaMeTpu BIOOWTKIB 3pa3ka Mmicisg OOpoOKM B
IMITyJIbCHOMY MarHiTHOMY IOJIi;

depi - cepemHi miamMeTpw BIIOWMTKIB 3pa3ka J0 OOpOOKM B IMITYJIECHOMY
Mar"iTHOMY TIOJIi.

[Ipu BuMmipax nmiameTpa BIIOMTKAa Ha 3pa3Kax MPOBOJIUIIOCS 5 omepairii
OTpMMaHHS BIIOWTKIB, M0 3a0e3MeyyBajio JOCTATHIO CTATUCTUYHY OILIHKY
pe3yabTaTiB eKCIEPUMEHTIB (Tab. 1).

K, =

: (2)

Tabauug 1 — Pe3syabpraTit BUMIPIB BIIOUTKIB ITPY MIPOBEAEH] EKCIIEPUMEHTIB

No H, Cepenniii niameTp BiTOUTKIB Uepi,
MM
3pa3 AM Oyep Kr
Ka 1 2 3 4 3) ,

MM

1 no OIMIT | 0,18 | 0,16 | 0,17 | 0,16 | 0,17 0,17 -

2 0,6x10° | 0,17 | 0,16 | 0,16 | 0,18 | 0,17 0.17 1,00

3 0,8x10° | 0,27 | 0,26 | 0,26 | 0,27 | 0,25 | 0,26 1,53
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4 1,0x10°> | 0,35 | 0,37 | 0,34 | 0,33 | 0,36 0,35 2,07

5 1,2x10° | 0,38 | 0,39 | 0,38 | 0,40 | 0,39 | 0,39 | 2,27

6 1,4x10°> | 0,21 | 0,21 | 0,23 | 0,22 | 0,23 0,22 1,30

7 1,6x10°> | 0,18 | 0,19 | 0,17 | 0,19 | 0,20 0,19 1,10

8 1,8x10°> | 0,17 | 0,17 | 0,17 | 0,18 | 0,17 0,17 1,00

3a CHIBBIAHOIICHHSM CEpeAHIX JiaMeTpiB BIIOUTKIB, OTpPHUMaHUX Ha
CHelIJIbHUX 3pa3Kax JI0 1 Micas 0OpoOKH IMIYJIbCHUM Mar"iTHUM moJieM (puc. 1)
noOy/IoBaHa 3aJekKHICTh Koedili€eHTa MIABUIIEHHS CTIMKOCTI MIBHAKOPIKYYOT
CTaJIl Bl HanpyskeHocti MarHiTHoro noiist Kr=f(H).

BIUTHB MarHitHOro mojist Hampysxkenictio 6muspko 0,6-10° A/M He npuBiB 10

MIJBUIIEHHS CTIMKOCTI 3pa3kiB. [loTiM KoedilieHT MiBUIEHHS CTIMKOCTI MOYaB
POCTH NMPOMOPIIAHO 3HAYEHHIO HAIIPYTH MArHITHOTO MOJIS 1 JOCAT MAaKCUMYMY TIpU

H=~1,2 :10° A/m. Hopanbiue 36i1bmenns 3Haqens H MPU3BEIIO 10 3HIKeHHA K 1

npy HamnpyxeHocti mons H~18-10° A/M Koedilli€HT MigBMIIEHHS CTIHKOCTI
K;=1,0, T06TO e(heKT mABUIIECHHS CTIHKOCTI TOPIBHIOE HYITIO.

[IpoBeneH1 eKCIepUMEHTH T03BOJIUIM BCTAHOBUTH IIJIKOM MEBHUI Jiana3oH
3HA4Y€Hb HAIPY>KEHOCTI MArHiTHOro MoJis, 00poOka B SIKOMY TMOMITHO IMOKpaILye
eKCIUTyaTalliiiHi BJACTUBOCTI PIXKY4Oro IHCTPYMEHTY 31 IIBUAKOPI3aIbHOI CTalIi.

KT,

pas

A

o/ N

0,4 0,6 0,8 1 1,2 1,4 1,6 1,8 2 H-.10°,A/Mm

Pucynok 1 — 3anexHicTh KoedilieHTa MiABUILEHHS CTIMKOCTI 3pa3KiB 13
MIBUAKOPi3anbHOI cTasi POMS Bin HanpyxkeHocTi marHiTHOTO mtotst Kr=f(H)
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BUCHOBOK
Bukopucranas cnocoOy MOPIBHSIBHOI OIIHKM €(PEeKTUBHOCTI TEXHOJIOTIi
3MIITHEHHS, B OCHOBY $KOTO TOKJAJeHa BijOMa CXeMa TEPTS IBOX CXPEIICHHX
IUJIIHJPIB, 110 JO3BOJISE 3a0€3MEYUTH BUCOKY BIITBOPIOBAHICTh TOYaTKOBUX YMOB
KOHTaKTHOI B3aeMoJlii, € MpocTUM 1 €PEeKTUBHUM CIIOCOOOM TIOMEPEIHBOTO
BU3HAUCHHs IIIJIBUIICHHS CTIHKOCTI IHCTPYMEHTY Ta ONTUMAJbHHUX PEXKHUMIB
MarHiTHOi 0OpPOOKH.

CIIMCOK NIOCUJIAHb
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VJIK 51-7

Myabra 10.0., yyenuns 10 k., Hayk.Kep. yuuTendb MaTeMaTuku PsOomnamnka
JILB. (Vkpaina, c. Amopiiexka, Amuopiiscoxuti 33CO I — Il cm. Auopiiscokoi
cinvewvkoi paou Cnos’aucokoco pationy [loneyvkoi 0611.)

MATEMATHUYHE MO/JEJOBAHHSA

Piwenna 3a0au onmumizayii, 3anpononoeanux y pobomi, cnpusmume no2iuOIeHHIO U
30a2auenHio MamemMamudHux 3HAHb, BUXOBAHHIO EMOYIUHO-NO3UMUBHOI CAPAMOBAHOCMI HA
NPaKmMu4Hy OisIbHICMb.

The solution of optimization problems proposed in the work will contribute to the
deepening and enrichment of mathematical knowledge, education of emotionally positive
orientation to practical activities.

€ peasibHUI CBIT peyeil Ta SBUII — 31POK, AaTOMIB, )KUTTS OPraHi3MiB, 3aKOHU
BIDKMBAHHS JIFOJIMHU, MPOTPEC JIOJICTBA. A € CBIT, IO BijoOpaxkae 110 peaibHICTh
3a JONOMOIOK MOJENEH, 3 AKAMM Mpanroe OymMKa TOAuHU. CTBOPIOIOYM U
aHaII3yl0Yu MOJIEIIl, MOYKHA MMPOTrHO3YBAaTH MOYJIMBOCTI 00 MOJAbIILY MTOBEIIHKY
peasbHOro 00’ €KTa.

MogentoBaHHsl SIK METOJ] HAayKOBOI'O II3HAHHS MOYalld 3aCTOCOBYBaTH B
JNOCTIPKEHHAX 1€ 3 MIMOokoi naBHUHU. [lOCTYIOBO BOHO OXOIUIIOBAJIO BCE
HIMPIIE KOJIO HAYKOBUX 3HAHb: TEXHIYHE KOHCTPYIOBAHHS 1 OYIIBHUIITBO, (P13UKY 1
XiMit0, 0610JI0T110, CYCHIJIbHI HAYKH, TOOTO BiJ] BUBYCHHS HAMMPOCTIMIHNX (HI3UMIHUX
SBUIl 70 CKJIAJHUX  COIIlaJbHO-CKOHOMIYHMX  MpOIeciB. MaTeMaTudHe
MOJICJTIOBAHHS IIUPOKO BUKOPUCTOBYETHCS B PI3HUX cepax JOJCHKOI AiSUTbHOCTI,
0co0nuBO y cdepax MPOEKTYBaHHS Ta yHpaBJiHHS, A€ OCOOJMBUMHU € MPOIECU
NPUIHATTS €(DEKTUBHUX PIlIEHb Ha OCHOBI 0/iepKyBaHoi 1H(popmarii. Kpim Toro, y
CyJacHHX EKOHOMIYHHMX YMOBAaxX TOCHOJApIOBaHHS YKpaiHH, KOJH aKTyadbHUM
3aBlaHHAM € (opMyBaHHS (YHIAMEHTAILHUX 3acajJl PO3BUTKY IIINPUEMCTB,
BUHUKA€E HEOOXIAHICTh BUKOPUCTAHHS 1HCTPYMEHTAPIIO, SIKU OPraHivyHO MOETHYE
MaTeMaTUYHl METOAM JJIsl BUPIIIEHHS] EKOHOMIYHUX MPOOJIEM 3 METOIO OTPUMAHHS
KUIBKICHUX OIIIHOK 1 MOJIEel y mpoLeci NPUUHATTS ONTUMAIbHUX YIPaBIIHCHKUX
pIIIICHb.

MatemaTuuHe MOJENIOBAaHHS — METOJ JAOCHIPKEHHS, 3aCHOBaHWHM Ha
aHaJoOril TPOIECIB 1 SBUII PI3HUX 3a CBOEIO MPHUPOJOI0, alieé TaKWUX, III0
OIKCYIOTHCS OTHAKOBUMH MAaTEMaTUYHUMHU 3aJICKHOCTSIMH. MareMaTu4Ha MOJIeIb
— 1ie cuctema Gopmyn, QyHKIIIH, PIBHIHB, SKI OMUCYIOTh T1 UM 1HII MOJIHBOCTI
00’€KTa, SIBUIIIA UM TPOIIECY, 110 BUBYAETHCS. 3aKOH YCECBITHBOTO TSKIHHSI, 3aKOH
Owma Ta 1H1I — 1[e MaTeMaTUYH1 MOJIeN peasibHUX (PI3UYHMX SBMILL.

OG’eKTOM JOCIIJDKEHHSI € Cy4YacHI MPUKJIAIHI MaTeMaTH4HI MOJENi, SKI
Ja0Th 3MOTY €()eKTHBHO PO3B’SI3yBaTH 3aJadi Ha 3HAXOKEHHS MaKCHMaJbHUX i
MIHIMQJIBHUX 3Ha4€Hb, TOOTO PO3B’SI3yBaTH 3a/1a4ul ONTUMI3allii.
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N AW

OnnuM 3 HaWBAKIMBIIIMX 1HCTPYMEHTIB TMpU PO3B’SI3yBaHHI 3ajauy
onTUMI3aIlli € BMIHHS ONEpyBaTH MaTeMaTUYHUMU 3HAHHSAMU; JAaTH BIJIMOBiAI Ha
NUTAHHS: SIK BIAOYBa€ThCS MPOIEC PO3B’S3YBaHHS 3ajadl ONTUMI3allli, MpPOIeC
MPUIHATTS ONTUMAJILHOTO PIICHHSI, IO SIBJISIOTH COOOI0 MaTeMaTHYHI MOJCII Ta
SIKUM YHHOM 111 MOJICJTI MOXYTh B)KHBATUCS HA IPAKTUYHOMY PiBHI.

Y po6oTi IOCHiHKEHO MPOLeC MOAETIOBAHHS PO3B’SA3KY 3a/7a4y ONTHUMI3alil
3aco0aMM MaTeMaTUYHUX 3HaHb 3 PI3HUX PO3AUTIB: anredpa, reoMerpis,
nudepeHIiine 1 1HTerpajgbHe OOYMCIICHHS, JIIHIMHE IIporpaMyBaHHS, Teopis
rpadiB, TeOpis 1rop; PO3rISTHYTO OCOOJIMBOCTI MOOYOBH MaTeMaTUYHUX MoJIelen
JUIS 3IIMCHEHHS aHajli3y peajbHUX CEKOHOMIYHMX IIPOIECIB, TPHUKIAAA 1
MOXJIMBOCTI ~ BUKOPHUCTAaHHS MaTEMaTHYHUX MOJCJICH B  IPOTHO3yBaHHI,
yIOpaBliHHI, Yy BHOOp1 cTpaTerii poOOTH peambHUX MIANPUEMCTB 3 METOIO
OTPUMAaHHS ONTUMAJIBHUX PIIICHb.

Haiibinpim yHiBepcaibHI — 1€ MaTeMaTU4HI MOJIeNl Yy BUIJISAAI TaOaulb 1
CXEM, HalOLIbIITy TOYHICTh Pe3yJIbTaTy MOXXHA OTPUMATH 3aBJSKUA 3aCTOCYBAHHIO
JIHIAHOTO TporpamMyBaHHs, AUGEPEHIIHHOTO W IHTErpalbHOTO OOYMCIICHHS;
HaWMPOCTIMINN MEePeXiJl 10 MaTeMaTUIHOI MOJIeNTl 3a0€3MeUy0Th TaOIHIll i CXEMH,
a TAaKOX MEepeKeBl MOJIENI y BUTIIAL TpadiB, CaMOIOCTATHIMU € MOJIENI JIIHIHHOTO
mporpamMyBaHHs, a TaKOX airedpaiuHi Ta 3 BHUKOPHUCTAHHSIM MAaT€MAaTHUYHOTO
aHai3y; HAWMOIMMPEHUMHU B MPAKTUYHOMY 3aCTOCYBaHHI € MOJEINI JIHIHHOTO
porpamMyBaHHs, aHAIITUYHI i Mepexesi. lJisi po3B’s3Ky MPaKTHUYHOI 3a1adl B
3aJIEKHOCT] BIJ ii crnenu(iku HEOOX1AHO 3aCTOCOBYBATH OJHOYACHO B PIZHUX
KOMOIHAIISIX AEK1JIbKAa MAaTEMaTUYHUX MOJIEIEH.

BMCHOBOK
Pesynbrati po0OTH MOXYTh BHKOPHCTOBYBATHCH IIPHM  BHKJIQJaHHI
CHEIKYPCiB 3 MaTeMaTHWKH, Ha ypoKax anreOpu W MovaTKiB aHami3y, TeoMeTpii,
€KOHOMIKHU B Mpo(dIbHUX Ki1acaX. PO3B’sI30Kk 3a/1a4 onTuMi3allii, 3aponoHOBaHUX
y poOOTi, CHpUATHME TOTJIMOJCHHIO ¥ 30aradeHHI0 MaTeMaTUYHUX 3HaHb,
BUXOBAHHIO €MOIIIHO-TIO3UTUBHOI CIIPSIMOBAHOCTI HA MPAKTUYHY JISUTbHICTD.
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