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Alem Colakovic, Samir Causevic, Amel Kosovac, Ermin Muharemovic.
(Faculty of Traffic and Communications, University of Sarajevo)

A REVIEW OF ENABLING TECHNOLOGIES AND SOLUTIONS FOR
loT BASED SMART WAREHOUSE MONITORING SYSTEM

Warehouses are premises used to store goods or products with the key task
of ensuring its security as well as maintaining its value and quality. Some
unexpected events in the warehouse such as temperature fluctuations and
humidity changes, and other unwanted events may destroy the value of goods and
products.In such circumstances, continuous monitoring of the warehouse and
condition control should be carried out. Internet of Things (IoT) enables the
development of various cost-effective solutions based on modern Information and
Communication Technologies (ICT) and infrastructure. 10T brings new
opportunities and benefits for the development of Warehouse Management
Systems (WMS). This paper put in light some possibilities of 10T applications for
a smart warehouse monitoring system. We present a model of 10T system that
helps to overcome some shortcomings in existing solutions for warehouse
monitoring control.
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Amer Alic, Adnan Novalic, Maja Popovac, Ahmed EIl Sayed. (Faculty of
Veterinary Medicine, University of Sarajevo)

PRESENTATIONAL ADVANCES IN USER-BASED DESIGN PROCESSES
IN ARCHITECTURE AND CIVIL ENGINEERING: VIRTUAL REALITY
DIMENSION

Virtual Reality has been acquired in certain fields where the interaction is
Important such as the Architectural-Engineering-Construction field. This paper
aimed to investigate the impact of using Virtual reality in Designing Process on
improving the communication between Designers and Users. Using Qualitative
research methodology, the findings agree that the major disadvantage is difficult
software workflow for specific industries. It has been concluded that the increased
interest in VR and immersive environments is allowing better understanding and
identification of problems and is offering more accurate visualization and better
project communication.
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UDK 628.542.61

Amra Bratovcic, Irena Petrinic. (University of Tuzla, Faculty of Technology,
Physical Chemistry)

CARBON BASED AEROGELS AND XEROGELS FOR REMOVING OF
TOXIC ORGANIC COMPOUNDS

In recent years with the rapidly growing industries and population, water
pollution has emerged as major challenge for scientific community that demands
an intense and real-world solution. Carbon based aerogels and Xxerogels are
exceptional classes of porous materials with a number of excellent
physicochemical properties such as low density, high porosity, high surface area
and adjustable surface chemistry. These materials possess an extraordinary
adsorption capacity for the removal of toxic organic compounds from the
environment. This article aims to give an overview regarding the capacity
adsorption of different organic solvents, endocrine disrupting compounds,
painkillers, antibiotics and dyes on the carbon aerogels and xerogels in water
solutions.
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UDK 666.97.033
Avdo Voloder, Fikret Veljovic, Senad Burak. (University of Sarajevo)

CONDITIONS ON FULL ROTATION OF THE DRIVE MEMBER OF THE
FOUR-JOINT MECHANISM

The conditions that must be satisfied for the driving member of the four-
joint mechanism to be able to make full rotation and to prevent the movement of
this mechanism are analyzed. The analysis is based on observation of the end
positions of this mechanism. Mathematical expressions have been obtained that
describe these conditions and these expressions are generalizable to any geometry
of a four-joint mechanism. These results are also described graphically in the
form of diagrams. Several numerical examples of combinations of the lengths of
the individual members of the mechanism during its motion are also presented.
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UDK 669.018.291(076.5)

Belma Fakic, Adisa Buric, Edib Horoz. (Institute "Kemal Kapetanovi¢" of
Zenica, University of Zenica)

MICROSTRUCTURE ASSESSMENT OF STEEL FOR ELEVATED
TEMPERATURES BY THE REPLICA

The materials used in thermal power plants are exposed to elevated
temperatures on a daily basis. Changes in the state of the microstructure of the
material are controlled by non-destructive methods of control, ie by obtaining an
imprint of the microstructure using the replica method. Elevated temperature leads
to changes in the material that occur when pores appear along the grain boundaries.
Material changes and the degree of material degradation will be presented in this
paper.

During long-term operation at elevated temperatures, the microstructure of
the material deteriorates, and hence its effect on the mechanical properties of the
material. Estimates of material depletion based on microstructure impressions are
increasingly presented when observing the behavior of the material during long-
term operation.

Microscopic examination of the metal surface using transparent films or
plastic materials to detect mechanical and metallurgical inhomogeneities on the
metal surface is described by the standard method of non-destructive imprinting.

Macroscopic preparation of the investigated surface is carried out by
degreasing and cleaning from impurities. Microscopic preparation for detecting the
condition of the surface is performed by grinding, multiple grinding operations,
each of which is thinner than the previous one. During these stages, a thickness of
no more than 0.2 mm should be removed. After sanding, the surface is sanded. The
final stage of surface preparation is erosion with a suitable reagent. After some
time, the film is carefully removed and placed between the glasses and observed at
a magnification of 500 times on an optical light microscope.

In order to get an idea of the process of damage and rupture of creep, an
analysis of changes in microstructure and nucleation of the cavity, the process of
growth and fusion at different stress levels, and there are recommendations for
assessing the microstructural composition and damage to rupture of creep. It is
well known that the final rupture time of such material operated at elevated
temperatures has been affected by both microstructural changes and cavity
development, but a large number of experiments indicate that the dominant
accumulated damage is caused by cavity development.

At low voltage, the distribution of the cavity was observed perpendicular (90
°) to the external applied voltage; this was confirmed in, where it was stated that at
low applied uniaxial stress (50-80 MPa) the failure of the samples is due to the
coalescence of discrete cavities at the previous boundaries of the austenite grains,
oriented approximately on the axis of tensile stress.

13



Primary stage of creep - the rate of creep decreases, and it is believed that
this is due to an increase in dislocation density. The secondary stage of creep is
characterized by a balance between the processes of curing and softening, the rate
of creep is approximately constant. In addition to changes in the structure of
precipitation, other thermally activated processes can occur in the microstructure,
such as the decomposition of perlite, coagulation and precipitation of carbides, and
SO on.

These processes depend on the material, time and temperature. All processes
occurring in the microstructure up to this point are considered reversible, ie they
can be canceled by appropriate heat treatment measures. Irreversible creep damage
manifests itself in the form of pores, the size of which depends on the material and
stress (stress, temperature and time). In combination with metallurgical processes
(growth of subgrains, coarsening of grain, greater distance of particles) the rate of
creep increases significantly. Another consequence is the appearance of linear
porosity and microcracks, primarily at the boundaries of grains that grow under
stress. This area is known as the tertiary creep stage.

Alloying elements dissolved in the ferrite matrix, or forming coherent or
incoherent carbides, affect the process of material degradation in the process of
creep through interaction in dislocation processes. Initially formed coherent
carbides under the long-term influence of temperature change into another
incoherent form, and the process of formation of new carbides from elements
dissolved in a solid solution of ferrite begins. Molybdenum, either in solid solution
or through coherently coated carbides, has a significantly beneficial effect on
reducing the creep rate and the degradation process. The described processes occur
in the stationary region of creep and are observed when examined on an optical
microscope and are much clearer.

The test results of the material, which was operated at an elevated
temperature of 200,000 hours, are consistent with the described degradation of the
microstructure in scattered creeping pores due to prolonged exposure to high
temperatures up to 545 ° C.

After 275,000 hours at elevated temperatures up to 545 © C, replica testing
shows more deterioration of the microstructure in numerous creeping pores with
orientation, which is confirmed by rating charts.

This part of the power plant has a high risk of operation and should be
inspected for a short period, as the test results show that the material is in the
second stage of creep, which is close to the appearance of microcracks.
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UDK 615.1:519.711.3

Biljana Zlaticanin, Branislav Radonjic. (Faculty of Metallurgy and Technology,
Podgorica, Montenegro)

MODELLING OF PHASE EQUILIBRIA IN ALCUSMG1 ALLOYS

The present paper provides examples of calculations for stable phase
formation in the solid state. A feature is that great store has been placed on using
models that, as far as possible, are based on sound physical principles rather than
purely statistical methods.

Previous work has shown that excellent results can be obtained for the
phases formed during solidification, as well as their composition and temperature
range of formation. Such modelling can be further extended to calculate thermo-
physical and physical properties over the complete relevant temperature range for a
wide range of alloys. A key factor in the success of the approach has been the
extensive validation of calculated results against experiment. This means that
properties can now be calculated for many alloys where no experimental
information exists.

The calculations utilise well-established material models and consider the
effect of microstructure. Tools that utilize thermodynamic modeling to explore the
equilibrium and phase relationships in complex materials are being used
increasingly in industrial practice.

Thermodynamic modeling helps toward the understanding of changes in
phase constitution of a material as a function of composition or temperature. This
methodology immediately provides results for enthalpy and specific heat during
the solidification process as well as the fraction solid transformed and amounts and
compositions of each individual phase formed during solidification. It seen that the
properties during solidification are intrinsically controlled not only by the
properties of the liquid and solid phases themselves, but also by the fraction solid
vs. temperature behaviour.

Sharp deviations from smoothly changing behaviour are the result of
discontinuities in the rate of solid transformed, which is amply demonstrated for a
Al-alloy, where sharp changes in fraction solid vs. temperature cause sharp
changes in the enthalpy vs. temperature plot. Verification of this predictions
against multi-component alloys of many types has shown that they provide results
that are very close to experimental observation.
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VJIK 621.91.01

boposunii 1.b., nayk. kep. n.T.H., npod. Kosanescekuii C.B. (/Jonbacvka
depatcasna mawunooydiena akaoemis, Ykpaina)

CIIOCIb OB’EMHOTI'O 3MIITHEHHSI MATEPIAJIIB Y IOCTIMHOMY
MAT'HITHOMY HOJII

B pobomi 3anpononosano 800ckouanenHs 3MIYHIO8ANLHOI 0OPOOKU Oemanell Wisaxom
MazHimuoi 06poOKU 3 BUKOPUCAHHAM MIKPO8IOpayitl, 3a805KU YOMY 3MIYHEHHS NPOXOOUMb NO
ecbomMy 00°emy mamepiany, w0 HNOZUMUBHO NO3HAYAEMbCA HA  DI3UKO-MEXAHIYHUX
eracmugocmax mamepiany.  3acmocysanHs cnoco6y 00 °€MH020 3MIiYHeHHS Mamepianie y
NOCMIUHOMY MACHIMHOMY NOJI 00380JA€ 3abe3neyumu 00 emue 3MIYHeHHsA demanel MauuH ma
IHCIMPYMEHM).

The paper proposes to improve the hardening treatment of parts by magnetic treatment
using microvibrations, due to which the hardening passes over the entire volume of the material,
which has a positive effect on the physical and mechanical properties of the material. The use of
the method of three-dimensional strengthening of materials in a constant magnetic field allows
to provide three-dimensional strengthening of machine parts and tools.

Cnoci0 BIAHOCUTBCS JO Taly3l TEXHIKM, a caMe JO TEXHOJOrIi
MamuHOOYyAyBaHHS Ta  MOXE 3HAaWTH  3aCTOCYBaHHA TMpPU  BUKOHAHHI
3MIITHIOBAJIBHOT 0OpOOKH JeTasiel IUIIXOM Mar"iTHOI 0OpOOKU 3 BUKOPUCTAHHSIM
MIKpOBiOpaIiif, 3aBISKH YOMY 3MIIHEHHS IMPOXOJWTh IO BCHOMY 00’ €My
MaTtepiany, M0 MO3UTHBHO IMO3HAYAETHCA Ha (PI3MKO-MEXAaHIUHUX BIIACTHBOCTSIX
Marepiany.

Bigomuii ciocid 3MilHEHHS JIETOBAHUX CTaJIEd B IMIYJbCHOMY MarHiTHOMY
nom [1], skuil monsirae B TOMy, IO MiJ JI€I0 IMIYJIbCHOTO MAarHiTHOTO MOJIS B
MeTanal BiAOYBAa€eTbCA YTBOPEHHS HOBOI CTPYKTYPH, XapaKTEPUCTHKU SIKOT
3aJieXkaTh B1J] BEJIMUYMHU HAIMPYKEHOCTI MarHiTHOro noiig. CTpykTypa 3MII[HEHOTO
mapy BIAPI3HIETHCS BUCOKOK JAUCHEPCHICTIO 1 MOJIMIIEHUMH €KCIUTyaTallitHUMU
XapaKTePUCTHKAMH.

Henonikamu Bimomoro cmoco0y € HeBucokuit KKJ[ TexHomorigyaoro
poliecy, CKIAIHICTh 00OpOOKHU JieTajeii 3 OTBOpaMu, Ma3aMH Ta BEITUKOI TOBIIWHH,
HEJIOCTATHS JOBTOBIUHICTh 1HYKTOPIB MPU POOOTI B €IEKTPUUHUX TOJSX BUCOKOI
HAIPY>KEHOCTI, a caMe TOJIOBHE Te€, IO 3MIIHCHHIO MiJaf0ThCS MOBEPXHEBUH 1
MPWIETIINI 10 HOTO IIapH HE 3a4iNaloyu T1JI0 BUPOOY.

Bigomuii Takoxk croci6 KoMOIHOBAHOTO 3MIITHEHHS P13aJIbHOTO IHCTPYMEHTY
Ta JeTaned MaluH [2], oOpaHuil HamMH, SIK MPOTOTHII, KU TOJAraEe B MarHiTHO-
IMITYJIbCHIM 00poO1Il BUpOOiB, MPHU I[OMY MOMEPEAHBO HA iX MOBEPXHI HAHOCUTHCS
3HOCOCTINKE aHTU(DPUKIIIITHE TOKPUTTS.

3aragbHUMK ICTOTHHUMHM O3HAaKaMH BIIOMOTO croco0y © TOro, 1o
3asIBJISIETHCS € BIUIMB Ha MOBEPXHIO BUPOOIB MAarHiTHUM TIOJIEM.

B ocHoOBYy i€l mocTaBieHo 3aady BAOCKOHAJIEHHS BIJOMOTO CHOCOQY ISt
pO3IMMpPEHHs Alanma3oHy oOOpoOKuM BHpPOOIB Ta wMaTepialiB, 3 SKAX BOHU
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BUT'OTOBJIEHI, Ta 3a0e3ledyeHHs 00 €MHOro 3MII[HEHHS JeTajed MalluH Ta
IHCTPYMEHTY.

[TocTaBneHa 3ajada BUPINIYETHCSA 32 PaXyHOK TOro, 110 CHOci0 00’€MHOro
3MIITHEHHS MaTepialliB y MOCTIHHOMY MarHiTHOMY TOJI, KWW MOJIATae y BIUIMBI Ha
MOBEPXHIO BUPOOIB MAarHiTHUM TI0JIEM, 3MIITHEHHS BHUPOOIB 3MIMCHIOETHCS B
PIBHOMIPHOMY TOCTIHHOMY MAarHiTHOMY TIOJi 3 PE30HAaHCHUMM YacTOTaMH Ta
MIKpOBipOaIliifHo 06poOKoIO.

[Ipy mpoOXOMKEHHI TOCTIHHOTO MAar”HiTHOTO TIOJIS 4Yepe3 MaTepian y
KPUCTAIIIYHIN peunTIi marepiany BiOYyBaeThCsS caMOOpraHizaiis JTOMEHIB JaHOl
KPUCTAJIIYHOI ~PEHITKA, a oOOpoOKa pEe30HAaHCHHUMH YacTOTAMH  OYHIIYE
00poOIIOBAILHUN MaTepial Bij IIKIJIHUBUX BKIIOUEHb.

3epHa MaTepialy 3MIIIHEHHSI B3a€MOJIIIOYU 3 MOCTIMHUM MarHiTHUM IOJieM
3MIMCHIOIOTh KOJIMBAJIbHI PyXU. TakMM YMHOM MarHiTHE 1oJie MPOHU3YE MaTepial
0 BCbOMY HOro 00'emi 1 BiOyBaeThcsi 00'eMHa MarHiTHa 0OpoOKa Mpu BIIACHUX
PE30HAHCHUX 4YacToTax, a o0poOka pEe30HAHCHHUMHM YacTOTaMH OYHIIYE
00poOTFOBAJIBHUI MaTepiall BiJl IIKIIJIMBUX BKIIFOYCHb.

[lpuknan 3mificHeHHs crocoOy o00’€MHOTO 3MIIIHEHHS Marepiany B
MOCTITHOMY MarHiTHOMY TOJII.

JlocmikeHHsT BUKOHYBQJIKMCS Ha TBEPAOCIUIABHIM IJIACTHUHI PIKYYOTo
iHcTpyMeHTy 3 Matepiany TSK10 i tBepaictio 483 HB.

[licns 0OpoOKM TPOMOHOBAaHUM CIOCOOOM TBEPJAOCIUIABHOI IUIACTHHU
TBEpAICTh MaTepiany 301IpIImIacs 1 ckinanana 673 HB.

3acTocyBaHHA croco0y 00’€MHOrO 3MIIHEHHS MaTepialliB y MOCTIHHOMY
MarHiTHOMY IOJIi JO3BOJISIE PO3LIMPUTH Alana3oH 0OpoOKu BUPOOIB Ta MaTepiaiis,
3 SIKHX BOHHU BHUTOTOBJICHI, 4 TaK0)X 3a0€3IeYUTH 00 ’€MHE 3MIITHEHHS JeTajiei
MaIllUH Ta IHCTPYMEHTY.
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YIK 621.941:004.92

BbyiinaBueB C.C., Hayk. kep., K.T.H. ['yimun O.B. (Jonbacvrka oepocasna
MawuHobyodigna axademis, Ykpaina)

BUKOPUCTAHHSA CYYACHUX CAIIP ITPU TPOEKTYBAHHI TA
AHAJII3I XAPAKTEPUCTUK MIITHOCTI JETAJIEM MAILIUH

YV cmammi poszensoaemovcs axkmyanvuicmo  3acmocysanus  cyvachux CAIIP
mawunodyoyeanni. OcHo6Ha y6aza NPUOINTAEMbCA MONCIUBOCMAM SUKOPUCMANHHI NPUKIAOHUX
npoepamuux naxemis sk AutoCad, SolidWorks i KOMIIAC ons eupiuients KOHCMPYKMOPCbKUX
3a0ay 3 NPOEeKmMy8aHHsA EPCMAMHUX NPUCMOCYEAHD.

The urgency of application of modern CAD in mechanical engineering is considered in
the article. The main attention is paid to the possibilities of using application software packages
such as AutoCad, SolidWorks and KOMPAS to solve design problems in the design of machine
tools.

VY Haml JIH1 CIOCTEpIraeTbes MIBUAKUIA PO3BUTOK CHCTEM aBTOMAaTH30BaHOTO
IIPOEKTYBaHHS (CAIIP) B TaKUX ranys3sx, AK aBla0yTyBaHHS,
aBTOMOOUIEOYTyBaHHS, Ba)XKK€ MAIIMHOOYIyBaHHs, apXITEKTypa, OyaiBHHUIITBO,
Ha(TOra3oBa MPOMHCIIOBICTb, KapTorpadis, reoin(popmariiiiHi CHCTEMH, a TaKOXK Y
BUpPOOHUITBI ~ TOBapiB  HAPOJHOTO  CIOXKHMBAaHHS, HANPUKIAJ  [MOOYTOBOI
eniekTpoTexHiku. 3a gomnomororo CAIIP BHKOHYETbCS pPO3pOOKa KpECIEHb,
MPOBOAUTHCS TPUBUMIPHE MOJIEIIOBAaHHS BUpPOOM Ta MPOLECY CKIAJaHHS,
MIPOEKTYETHCS JIOMOMIKHA OCHAIICHHS, CKJIAIa€ThCs TEXHOJIOTIYHA JTOKYMEHTAIlIS 1
kepyroui nporpamu (YII) nns BepcTaTiB 3 YMCIOBUM MHPOTPAMHUM YIPABIIHHSIM
(UITY), Benetbes apxiB [1].

CAIIP maroTh pi3HI MOXKJIMBOCTI B 3aJI©KHOCTI BiJl TOTO, IO BKJIIOYEHO B
nmpoiiec TmpoekTyBaHHs: 2D-BektopHa rpadika abo 3D-MopaentoBaHHS TBEPAMX
noBepxoHb. Y Ounbiiocti 3D-CAIIP MoxHa 3acTOCOBYBATH KUJIbKa JHKEpEN CBITIA,
NOBEpPTaTH O0'€KTM B TPHOX BHUMIpax 1 BI3yalli3yBaTH MPOEKTH MiJl OYyJb-SIKUM
kyToMm. [{1 CAIIP no3BosI10TH BUBYATH MPOEKTHI 11€1 Ta Bi3yani3yBaTH KOHIIEMIT
3a JOMOMOTO00 (DOTOpeaTiCTUYHOT Bi3yasi3allii, a TaKOX MOJIEIIOBATH MOBEIAIHKY
BUPOOIB y peaIbHUX yMOBaXx.

AutoCAD 6yna nepmioro nporpamoro CAIIP 1 Bce 11e € HalOIbII MUPOKO
BUKOPHCTOBYBAaHUM CHCTEMOIO aBTOMATHU30BAHOIO MPOEKTyBaHHA [2]. PimeHHs
AutoCAD Mechanical [3] cTBoproBajocsi $K pO3MIUPEHHS CTaHJAPTHHUX
MOJIMBOCTeH «ratdopmm» AutoCAD mjis mpoOMHUCTIOBOTO MarimHOOYAIBHOTO
npoekTyBaHHs. OTpuMaBIm Bech OaraTuii 0azoBuii ynkiionan AutoCAD, nei
MPOJYKT Ma€ 3HAYHI JOTOBHEHHSIMHU Yy BUIJISI/I BEMUKHUX O10J10TEK aeTalieid, 1o
BUKOPHCTOBYIOTHCS Ha BHUPOOHUIITBI, a TAaKOX IHCTPYMEHTIB, IO JO3BOJISIOTH
3HaYHO TMPHUCKOPUTU TNPOEKTyBaHHS HA MAIIMHOOYAIBHOMY MiAMPUEMCTBI.
Mexaniuni cuctemu B AutoCAD Mechanical MoxyTh OyayBaTHUCS MaKCHUMAaIbHO
e()eKTUBHO, 3aB/SIKM HAsSBHOCTI KaTaJOriB THUIIOBHX €JIEMEHTIB, T'€HEpaTOpIB
MEXaHIYHMX CHUCTEM 1 KaJbKYJIATOPIB JJIs iX pO3paxyHKy 1 miadopy mij 3amaHi
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ymoBu. ¥ AutoCAD Mechanical BOynoBaHi reHepaTopu 1 KajdbKyJIATOPU BalliB,
NPYXKUH, PEMIHHUX 1 JAHIIOTOBUX Mepeay, KyJadyKiB 1 1HIINX TUIIB MEXaHIYHUX
cucteM. BoHM He TUIBKM MOXYTh CTBOPUTH BCi HEOOXIJIHI KOMIIOHEHTH
aBTOMAaTUYHO, 32 33JlaHUMH (DYHKIIIOHAJIbHUMU TIapaMeTpaMi, ajie 1 MPOBECTH iX

aHaJi3 Ta 3reHepyBaTU HEOOX1/IHI 3BITH.
2 L T -

0 ~ H. N L° pdemii==L N,

[

oy bl a2 *

Spectty Direction of Limks [Flip/Accopt] chccopts:
pecity Orientation of Lisks [Flip Acoapt] <Accept

Puc. 1 Anami3 po6otu i reneparist B AutoCad Mechanical

B SolidWorks BuKOpHCTOBY€THCS MPUHIMIT TPUBUMIPHOTO TBEPAOTUIEHOTO
1 MOBEPXHEBOTO MapPaMETPUYHOTO TMPOEKTYBAaHHS, IO JO3BOJSE KOHCTPYKTOPY
CTBOpIOBaTH 00'€MHI JeTami 1 KOMIIOHYBaTH 30IpKH Yy BHUIJIANI TPUBUMIPHHUX
CJICKTPOHHUX MOJeNiel, 3a SIKHMU CTBOPIOIOTBCS JBOMIPHI KpECJIEHHS 1
cnenudikamii Biamosiano g0 Bumor ECK/I. 3a mormomoroto nporpamu SolidWorks
MOKHa MM00AYUTH MalOyTHIM BUpIO 3 ycix OOKIB B 00cs31 1 HagaTH Homy
peayicTU4He BiJOOpaKeHHS  BIAMOBIAHO JO OOpaHMM MarepiajioM  Jis
HOTIEPEIHBOT OLIHKK Au3aiHy [4].

4
)

Puc. 2 300paxenus TpuBuMipHoi aetaini B SolidWorks
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KOMIIAC-3D — cucremMa TpPUBUMIPHOTO TMPOEKTYBAaHHS, IO CTajua
CTaHAApTOM JUIsl TUCSY TIANPUEMCTB, 3aBASKUA MOEIHAHHIO MPOCTOTH OCBOEHHA 1
JErKOCTI  pPOOOTH 3  MOTYXXHUMH  (PYHKIIOHAJIBHUMH  MOKJIUBOCTSIMU
TBEPJOTUIBHOTO 1 TOBEPXHEBOr0 MoOJIeoBaHHsA. KIiIl04oBOIO  0COOJIMBICTIO
MPOJYKTY € BUKOPUCTAHHSA BIACHOrO MaTeMaTuyHoro siapa C3D 1 mapaMeTpuyHUX
TexHoJori, po3podnenux ¢axiBusimu ACKOH. KOMITAC-3D 3a6esneuye
niATpUMKY HanoOuibin nomupenux Qopmatie 3D-moneneit (STEP, ACIS, IGES,
DWG, DXF), mo 1o3Bosii€e OpraHizoByBaTH e(EeKTHBHHI OOMIH JaHUMHU 13
CYMDKHUMU OpraHi3aiisiMi 1 3aMOBHUKaMH, III0 BUKOPUCTOBYIOTh Oyab-aki CAD /
CAM / CAE-cuctemu B pobori [5].

[IpoektyBaHHsI MaTMHOOY IIBHUX 1 MPpHiIafo0yAiBHUX BHPOOiB [6] HaKIamae
BHUCOKI BUMOTHU /10 BUKOpUCTOBYBaHOro iHcTpyMeHTy. KOMIIAC-3D Biamosinae
HaliCy4acHIIIUM BHMOraM. MOKJIMBOCTI CUCTEMHU 3a0€3ME€UyIOTh MPOEKTYBaHHS
MaIIMHOOYAIBHUX BHUPOOIB OyJb-sIKOi CKJIAIHOCTI 1 BIAMOBIAHO JO CaMHX
nepeaoBuMH Metoaukamu npoektyBanHs. KOMITAC-3D nist MammmHoOy IyBaHHS:
[TponnonoBani ACKOH pimieHHs 111 MalmmHOOYy TyBaHHSI aBTOMaTU3YIOTh ITPOLIECH
KOHCTPYKTOPCHKO-TEXHOJIOTIYHOI ~ MIATOTOBKM  BHUPOOHUIITBA.  3aCTOCYBaHHS
nporpamMHux npoAykTiB ACKOH chiibHO 3 MeETOAMKAMHU iX BHKOPHCTaHHS,
JIOCBIIOM 1 HampaloBaHHIMHM (axiBUIB MIANPUEMCTB CKOPOUYYIOTh TEPMIHU
pO3pOOKM HOBOi NPOAYKII, 3HUXKYIOTH COOIBapTICTh 1 MIJBUIIYIOTh SIKICTb
BUPOOIB, 1110 BUITYCKAIOTHCS.

Crnemianibro BOymoBani CAE-momymi  TO3BOJISIIOTH BUKOHYBAaTH TIEBHI
1HKEHEPHI pO3paxyHKH (Ha MILHICTh, Ae(popMalliio, TEIIOBl PO3PAXYHKH TOIIO) 1
MIPOBOMTHU aHAI3 MOBEAIHKU PO3PaXyHKOBOI MOJIEINI MPH Pi3HUX BILTUBAX 3 TOUKU
30py CTaTWKH, BIIACHUX 4YaCTOT, CTIMKOCTI 1 TEIUIOBOTO HaBaHTaKEHHS.
Po3paxyHKu BenyThCs Ha OCHOBI METOAA CKIHUEHHHMX €JIEMEHTIB 3 (DYHKIIEIO
redepanii CE-ciTku, npu BHKJIHKY $SKOi BiIOyBa€ThCS BIAMOBIAHE PO3OUTTS
00’€KTY 13 3aJaHUM KPOKOM (pHuc. 3).

/

Puc. 3 Ho6yz[0;3a CE-citku y po3paxynkoBomy moayni APM FEM
nporpamaoro npoaykry KOMITAC
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TouHicTh OTpUMaHUX peE3yIbTATIB OE3MOCEPETHBO 3aTEKUTh BiJl KUTBKOCTI
eJIEMEHTapHUX 00’ €MiB, Ha 5IK1 PO30UBAETHCS MOJIENb. OHAK 31 30UTBIICHHAM €T
KUIBKOCT1 3pOCTa€ 1 Yac ONpAIIOBaHHS KOMIT'IOTEPOM pE3yJIbTaTiB, a TaKOX
BUTpavaeThes Outbiie pecypciB EOM.

PesynbTaTi po3paxyHKy BUBOJSTHCA Y CHEKTPl PO3MOIUICHHS HaIpY>KEHb,
nedopMaliiii Tono Mo mepeTuHaM MOAENTi, 1o AocHikyeTbes (puc. 4). Kaptu
Harpy>XeHb 1 aedopmMaliii 103BOJISIIOTh HAHOLIBIIT TOYHO MpOaHai3yBaTU poOOTY
By3Jla TiJ J1€0 HABAHTAXKCHHS, BUSIBUTH KOHIICHTPATOPH HAIMPYKECHb, OIIHUTH
AKOPCTKICTh KOHCTPYKIIII.

Puc.4 — Kinuese 300pakeHHs pO3paxyHOK JeTajll Ha pO3TATyBaHHS.

3acTOCyBaHHSI aHali3y 3a METOJOM CKIHYCHHUX €JIEMEHTIB HaiOUIbIIl
e(eKTUBHO B pa3l aHali3y CKJIaJHUX KOHCTPYKI[IH 1 CXeM HaBaHTAXKCHbD,
BUPIIICHHS SIKUX KJACUYHUMH METOJIAMHU MOKE BUSBUTHUCS JIOCUTH TPYAOMICTKHUM.

BUCHOBKU

Y  mammHOOyAyBaHHI  BCE€  LIMpUIE  BUKOPUCTOBYIOTb  CHCTEMHU
aBTOMATH30BAHOTO MPOEKTYBaHHS, II0 BUKIMKAETbCA 3POCTaHHSIM OOCSTY
OPOAYKII MalIMHOOYAYBaHHS, VYCKJIQJHEHHSM KOHCTPYKLIM BHUpPOOIB 1
TEXHOJIOTIYHUX TMPOIIECIB, CTHCIMMHU TEPMIHAMHU TEXHOJIOTIYHOI MiATOTOBKU
BUPOOHUIITBA 1 OOMEKEHOI0 YHCEIBHICTIO 1HXKEHEpHO-TeXHIUHUX KajnpiB. CAIIP
JI03BOJISIE HE TIBKU MPUCKOPHUTH TMPOIIEC MPOCKTYBaHHS, ajie 1 MABUIIUTH HOTO
AKICTh TUISIXOM PO3TJIsAY OLIBIIOT KUTBKOCTI MOMIIMBUX BapiaHTIB 1 BUOOPY
HAMKPaIIoro 3a MEBHUM KpHUTEpieM (3a cOOIBApTICTIO, MPOAYKTUBHOCTI Ta iH.) [7].
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Darko Lovrec, Vito Tic. (Oil Hydraulics Laboratory of University of Maribor)

IONIC LIQUIDS AS WIDE OPERATING TEMPERATURE RANGE
LUBRICANT

Hydraulic development engineers and tribology specialist still exert
substantial effort, time and resources into finding a hydraulic fluid that would be
near an ideal fluid. In addition to its basic physicochemical properties, it must meet
a number of other requirements related to its practical use within hydraulic system
and the materials used therein. lonic Liquids, as novel lubricants, offer the solution
in this regard. The paper gives an overview of the basic properties of selected and
tested lonic Liquids suitable for use as hydraulic fluids. The practically obtained
data refer to the basic physico-chemical properties of lonic Liquids and properties
important for practical use within hydraulic system, e.g. compatibility with
materials. The results are given in a comparison with common mineral oil based
hydraulic oil.

The presented results of the research work give the suggestions for the use of
lonic Liquids within hydraulic systems together with some limitations. The first
ILs which would be tested were corrosive in the presence of moisture.
Consequently, even greater attention must be paid to moisture prevention in the
hydraulic system. Alternatively, stainless steel hydraulic components can be used,
which, however, results in undesirable structural and price changes.Therefore, the
latter must not be painted, when that liquid is used. Another limitation in the use of
this liquid is incompatibility with the cellulose filter elements. As a result,
absorption filter elements, usually based on cellulose, could not be utilized, when
this liquid is used in the hydraulic system. At present, one of the greatest
limitations for wider technical use of lonic Liquids, also in hydraulic systems, is
considerably higher price in comparison to conventional hydraulic mineral oil (due
to the production of small quantities). The target areas of use of lonic Liquids in
hydraulic equipment are currently small-volume hydraulic systems, such as found
in wind turbines, mobile hydraulic equipment etc. It follows that each type of IL
needs to be tested individually for each important property, although some of its
properties have proven to be excellent. Given information regarding different ILs
physico-chemical properties, material compatibilities, testing procedures and
Standards etc. can serve users as a guideline for the selection and use of lonic
Liquids as a hydraulic fluid. On the other hand, the information is also valuable to
lonic Liquids developers as first guidelines in which direction these fluids need to
be developed in the future.
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Dmytro Lesyk, Silvia Martinez, Vitaliy Dzhemelinkyi, Aitzol Lamikiz.
(National Technical University of Ukraine “Igor Sikorsky Kyiv Polytechnic
Institute”)

ADDITIVE MANUFACTURING OF THE SUPERALLOY TURBINE
BLADES BY SELECTIVE LASER MELTING: SURFACE QUALITY,
MICROSTRUCTURE AND POROSITY

The laser additive manufacturing technology is studied that applies lasers
to fabricate the complexly shaped parts by successive selective melting of the
metal powder in a layer by layer process. The turbine blade test parts were
manufactured by the selective laser melting (SLM) process using an Inconel 718
powder. A multidirectional scanning strategy was used during SLM. The paper is
focused on the study of the surface features and material characteristics of the
SLM-printed parts. The surface texture supplemented by roughness profile
parameters is analyzed. The microstructure, material compositions, material
phases, porosity, and hardness in the near-surface layers are also addressed.
Microstructural studies were performed by the X-ray diffraction analysis, optical
microscopy, and scanning electron microscopy. Results indicated that partially
melted powder particles, balling, and signs of the laser tracks are formed on the
side surfaces of SLM-built turbine blades. The columnar dendritic microstructure
mainly consists of a base y-phase matrix and vy||y||-phase precipitates. The SLM-
built turbine blade parts show the accumulation of porosity close to the surface.
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Dragi Tiro, Anida Memic (Dzemal Bijedic University of Mostar)
OVERVIEW OF MOBILE APPLICATIONS FOR CNC PROGRAMMING

This paper describes free application software designed for smartphones
running Android. In recent years, more such applications have emerged and are
classified here into three groups: simulation software, learning software and CNC
engraving software. The paper describes some typical applications for these three
types of software. Smart mobile applications are software applications that are
designed to run on smart phones, tablets, and other mobile electronic devices. In
this era of rapid technological advances, these applications have become one of the
primary tools we use daily both in our personal and professional lives. The
applications play key roles in facilitating many applications that are pivotal in our
today's society including communication, education, business, entertainment,
medical, finance, travel, utilities, social, and transportation.

This paper reviewed the opportunities and challenges of the applications
related to transportation. The opportunities revealed include route planning,
ridesharing/carpooling, traffic safety, parking information, transportation data
collection, fuel emissions and consumption, and travel information. The potential
users of these applications in the field of transportation include (1) transportation
agencies for travel data collection, travel information, ridesharing/carpooling, and
traffic safety, (2) engineering students for field data collection such as travel speed,
travel time, and vehicle count, and (3) general traveling public for route planning,
ridesharing/carpooling, parking, traffic safety, and travel information.

Significant usage of smart mobile applications can be potentially very
beneficial, particularly in automobile travel mode to reduce travel time, cost, and
vehicle emissions. In the end this would make travel safer and living environments
greener and healthier. However, road users' interactions with these applications
could manually, visually, and cognitively divert their attention from the primary
task of driving or walking. Distracted road users expose themselves and others to
unsafe behavior than undistracted. Road safety education and awareness programs
are vital to discourage the use of applications that stimulate unsafe driving/walking
behaviors. Educating the traveling public about the dangers of unsafe
driving/walking behavior could have significant safety benefits to all road users.
Future research needs to compare accuracies of the applications and provide
guidelines for selecting them for certain transportation related applications.
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APPLICATION OF NANOTECHNOLOGY IN THE AUTOMOTIVE
INDUSTRY

Nanotechnology — the creation and use of devices and machines on almost
an atomic level — is likely to be the driving force behind the next great revolution
to benefit humankind. The actual definition of nanotechnology can be quite broad,
generally, in scientific and engineering terms, nanotechnology is the manipulation
of matter with at least one dimension sized from 1 to 100 nanometers
(0.000000001 m). That really does put it on an atomic scale, though the products
that can be constructed in this way may be a little larger and can range from
microscopic to anything under a millimetre.

While this kind of technology will have applications in many fields, there
are likely to be huge advantages in the field of cars and motoring and in the near
future, nanotechnology is likely to have a massive impact on the world of driving
and vehicles.

It is a fact that nanotechnology can impact so many areas of motoring makes
it one of the most important up and coming technologies, and it has attracted the
attention of a great number of researchers. This has led to a growing number of
breakthroughs in the field, and even more possibilities for this exciting and highly
flexible area of science to push different fields of motoring forward. But where is
nanotechnology having the greatest influence in car manufacture?

We ask a lot of our internal combustion engines in terms of both increased
performance and decreased size and weight. Those two elements together would
usually mean disaster for a high-performance engine, but nano-engineering has
allowed us to do both, and safely. Engine blocks, which house the fundamental
moving parts of the mechanism, were traditionally made of cast iron, because it
was the only practical material that could resist the high temperatures and
pressures that were produced in the heart of an engine. But engineers soon found
that certain grades of aluminium — which weighs around a third that of cast iron —
were found to be suitable too.

But now, engineers have learned how to manipulate aluminium’s on an
atomic level — nanoengineering — to create materials that are both stronger while
being more lightweight than even the current batch of strong aluminium alloys.
This makes them even more fuel efficient while having an increased durability,
even in the increasingly hostile conditions found in modern engines. It is a fact that
an internal combustion engine performs better and is more efficient at higher
temperatures, so this is always a goal for engine designers. We are now also
experiencing methods of placing ultra-thin layers of engineering ceramics on metal
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substrates, creating a surface that is capable of withstanding higher temperatures
and wear situations.

Manipulation of either the fundamental structure of the engine block
material, or the surface architecture — or both, even — gives designers far greater
scope in heat dissertation, wear characteristics, and strength at elevated
temperatures.

We have also seen advances in motor oils, particularly in respect to their
ability to withstand the punishing environments of modern engines. Nano-
manipulation has created a new breed of oils that are able to cling to internal
surfaces for longer, meaning that it is in the right place when the engine starts, so
that it offers protection right from the start. Nanotechnology oils are also able to
put up with much greater use as the tolerances between engine parts decreases and
they operate closer together.

Fuel efficiency, whether the car is petrol, diesel, or electric, is a function of
its weight, and even quite small reductions in weight can lead to increase attained
mileage significantly. One of the best ways to cut the weight of a vehicle is to use
lightweight materials for the structural chassis parts and the exterior, and this is
another area where nano-manipulation of materials can create stronger, more
lightweight, panels and chassis that are stronger than the ones that they have
replaced. Nanotechnology is also responsible for the creation of plastic panels that
are able to self-repair and reform themselves following damage.

As the next generation of electric vehicles become common on our streets,
engineers and researchers are looking at how to lengthen battery life while
increasing performance. This has led to the development of lithium-silicon
batteries which promise to boost performance and increase longevity. The latest
developments in this fast-moving include silicon nanowires that expand and
contract as they absorb and shed lithium ions, and tiny nano-structures with carbon
shells protecting lithium-rich silicon cores. This combination allows for more
efficient energy transfer, meaning that less energy is lost to the environment as
heat and more is supplied to the system.

Nanotechnology is also improving fuel cells— the clean alternative
technology to hydrocarbon fuels. In these, hydrogen is passed over a catalyst to
produce hydrogen ions which then go on to reattached to oxygen and result in
energy production. The catalysts are increasingly variations of platinum nano-
structures to maximise the surface area and harvest the greatest number of
hydrogen ions, thereby maximising energy production too.

Nano-sized layers of inorganic filters are increasingly being applied to the
vulnerable surfaces of car bodies, to help protect them from harsh environments,
and self-repair to an increasing extent. The ‘smart’ particles can also help repel dirt
and grime, keeping your car looking cleaner, while new developments in orientable
surface particles mean that we may soon be able to change the outer colour of our
cars by adjusting small electrical charges to them.

Interiors. The use of specialist nanotechnology fabrics is helping to keep the
interiors of our cars looking fresh and clean, but also repellent to bacterial affects,
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creating soft, good looking and completely safe interiors. Once again,
developments are being made that will allow the colour of the interior to be
changes by reorienting the nano-particles of the material, so that the user can
choose any combination of colour that they like, while still having excellent
antibacterial properties.

Nanotechnology in cars is becoming big business, and as we find new ways
to manipulate materials on an atomic scale, so new applications arise. This will
lead to cleaner, quieter, more pleasant cars in the future, and that can only be a
good thing.
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Mawunobydiena axademis, Ykpaina)

KJIACUPIKALIS OBJIATHAHHS U1 BUKOHAHHA I'NBPU/THUX
TEXHOJIOI'TM OBPOBKH AETAJIEM B MAIIMHOBY IYBAHHI

Y cmammi pozensaoaemovca 6uKopucmants 2iOpUOHUX MeXHONI02il 8 MAWUHOOYOYBAHHI 3
Memow 3abe3nevenHs axocmi onmumizayii ma eghexmuenocmi eupooOHUymMea. Auanizyomscs
CIOPUOHI  A8MOMAMU308aHl poOOMU WO NOEOHYIOMb 6 CO00i KOHCMPYKYIl SAKI OCHaujeHi
NPOBIOHUMU MEXHON02IAMU, MA PIZHUMU NIOX00amMu 00 0OpobKu demalell.

3acTocyBaHHsSI POOOTIB B MPOMHUCIOBOCTI MOYANOCs, 3a 1CTOPUYHUMU
MIpKaMH, HE TaK JAaBHO - TPOXHU OUIbIIE, HIXK MIBCTOJITTS TOMY, aj€ 3apa3 BikKe
Majo sK€ BUPOOHMIITBO MOXHa YySIBUTH co01 Oe3 aBTOMAaTHMYHUX JiHIA Ta Oe€3
CTAJIEBUX MaHIMylsATOpiB. HalBaXJIMBIIIMM 3aBJAaHHSM MalIMHOOYAYBaHHS Ha
CydyacHOMY eTami € poOoTH3alisd sKa JI03BOJUTh PEATI30BYBATH HAa OJHOMY
poboyoMy MiCIll CKIIQIHUN KOMIUIEKC TEXHOJIOTTYHHUX omepaiiii. Tomy 3 0JHOTO
OOKy - 16 EeKOHOMIYHa Ta ONTHMI30BaHa €(EKTUBHICTb BHPOOHUIITBA,
3a0€3MeUYCHHs SKOCTI, a TaKOX OOMEXKEHHS pOOOTH JIOJUHU B HEOE3MEUHUX
yMOBaxX, Ta 3 IHIIOTO II€¢ TaKoXX 1 BTpaTta poOOYMX MICIb, 301IbIICHHS
IHBECTUIIIITHIX BUTPAT M YCYHEHHS LIJIOTO KjIacy poOovoi cuiu.

He3pakarouu Ha Take BeJIMKE, Mai’ke MOBCIOAHE MOIMIUPEHHS pOOOTIB, JIHILIE
(daxiBLl TOBHOI MIPOK VYSBISIOTH COO1 BECh CHEKTP IXHIX MOKIMBOCTEH.
Benuue3Hnii MO3UTUBHUNA MOMEHT NPOMHUCIOBUX POOOTIB B TOMY, IIO BOHH
MOBHICTIO BUKJIIOUAIOTh JII0 JIFOJCHKOTO YMHHHUKA, KPIM TOTO XapaKTEpHY BUCOKY
TOYHICTh Jiil, palioHaJbHE BHUKOPUCTAHHA mNOpuMilieHHd. Ilpu TexHiko-
eKOHOMIYHOMY aHalli3i CIiJi BpaxOBYyBaTH, IO TiOpHUIHA CHCTEMa 3aMIHIOE KiJbKa
TPaIWIIHHUX MAaIIMHO MICIh 1 IHTErpye BHPOOHWYI TMpoOILeCH HE TUIBKU
TEPUTOPIATBHO, a ¥ IIUKIIIYHO.

Meroto pobotu € aHami3z Ta Kiacudikaiiss Cy4acHOTO OOJIaTHAHHS IS
BUKOHAHHS TiOpuaHuX TexHosoriid. [i0puaamii meTonm 0O0poOKkM BHPOOIB
MAaIIMHOOYYBaHHS - 1€ MPOIIEC, SIKUI BKJIIOYA€ HE MEHII JBOX OJHOYACHO JIF0YMX
PI3HHX THUITIB TEXHOJOTIYHUX OIEepaIii eHePreTUUYHOTO XapaKTePy, K1 BILTUBAIOTh
OJIMH Ha OJIHOTO, MIJCUJIIOIOTH JIiI0 KO>KHOTO 3 HUX Ta MPOBOJSATH MEPETBOPECHHS
BJIACTMBOCTEH KOXKHOTO METOJy, IO 3a0e3leuye sSKICHO HOBY TexHoJjorito. Jls
BUKOPUCTaHHA IepeBar riOpuIHOro BUPOOHMYOrO MPOLECY MOTPIOHI pO3IIMpEH]
MOXJIMBOCTI MPOCKTYBAaHHS Ta 1HXXEHEPHOTO aHamizy. Y JEIKUX BUIAJIKaxX st
JeTaji, ska padilie BUpOOJsacs 3 BUKOPUCTAHHSM TPATUIIMHOTO TMPOLECY
0o0poOKH, 3acTOCYBaHHS TIOpHUIHOI ATUTUBHOI TEXHOJOTII BUMara€ MOBHOTO
NEPEOCMHUCIICHHS TMpoIecy MpoeKkTyBaHHS. i1 aguTUBHUX 1 CYOTpaKkTUBHHMX
MPOIIECIB BAXKJIMBO BUOWpATH BIAMOBIIHI cTpaTerii 0OpoOKH 1 BUKOPUCTOBYBATH
cuctemy CAD/CAM, cneuiansHO TpHU3HAUEHY I PO3PAXYHKY TPAaeKTOpii pyxy
IHCTpyMEHTY riOpugHoro oOnanHanHs. [Iporpamue 3abe3meuenHss NX mms
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riOpUIHOTO aAUTUBHOTO BHPOOHMIITBA MATPUMYE (YHKITIOHAN, MO 3abe3medye
IHTErpoBaHe pINICHHS - BiJ MPOEKTYBaHHS BUPOOY /10 HOro BUTOTOBJICHHS Ha
Bepcrari 3 UIIY, mo BkiIo4ae po3poOKy TPAEeKTOpii MEepeMillieHHs s
1HTETPOBAHOTO IMPOIIECY JIA3EPHOTO HATUIABJICHHS MOPOIIKY 1 (hpe3epHOoi 00poOKH 3
101aJIBIIIO0 CUMYJISIIEIO IUX TporieciB [1-2].

[TpuBenemo knacudikaiiro iICHyrOUMX riOpUIHUX BEPCTATHUX CHCTEM.

[lepma rpymna BK/IIOYA€E TOBHICTIO I1HHOBAIIIMHI PINICHHS 3a PaxyHOK
NOEJHAHHS  MPUHIMIIOBO  MNPOTHICKHHX  TexHoyorid:  ADD-texHonorii
(amutuBHMX), CUT-Texnonoriii (pizanns) 1 PLAST-texnosoriit (TuracTuaHOTO
nedopmyBanHs) npukiagoM € moaeab DMG MORI — LASERTEC 65 3D 5-tm
oceBuii ppesepuuii ridpuz 3 3D-mpuntepom Bix komnanii Hermle [3].

Hpyra rpyma 3acHOBaHa Ha  KOMOIHamii  €NeKTpOPI3UYHHUX 1
eJIEKTPOXIMIYHUX TpolieciB, Hanpukiag po3poOku OI'VII HBO «Texunomam» [4].
@Di3UKO-XIMIYHI TPOIECH Ha eEJEeKTpoAax I[bOro OOJIAHAHHS JI03BOJISIIOTH
3MIACHIOBATA  aHOJHO-ICKPOBE  HAHECEHHS  TMOKPUTTIB  (MIKPOIYTrOBUM
OKCUJYBaHHSIM), IUIa3MEHHO-CJIEKTPOITUYHUM  TOJIPYBaHHSIM W  1HIIUMH
poLEecamH.

Tpets rpyna BiTHOCUTHCA 0 JIA3€PHUX TEXHOJIOT1M, TOKA30BUM MPUKIAI0OM
riOpuIHOCT1 SIKOi € Jla3epHO-AyroBe 3BapioBaHHs. [lma3zma, ska yTBOpeHa mpu
po0oTI nazepa, cTabuIi3ye MIa3My, 110 BUHUKAE B JYTOBOMY PO3psiii, Ta CTBOPIOE
YMOBHU JJI1 YCHIIIHOTO TPOBEICHHS 3BapIOBaHHS, SIKe€ BUKOHYeTbcs Ha YIIY
3BaproBaibHOTO pobota Cloos.[4]. T'OpuaHe ma3zepHe 3BaploBaHHS 3JaTHE
3a0€3MeUYnTH JBOPA30BY EKOHOMIKO MarepiajiB 1 TPYAOBUTpAT MHpHU poOOTI 3
OaraTonapoBMMH MaHEISIMU B CYAHOOY1yBaHHI.

YerBepra Trpyna XapakTepusyerbca KoMOiHyBaHHsAM Bigomux CUT-
TEXHOJIOT1i, paHillle HE CyMICHUX B €QUHIN cucteMi (3y0000poOka, nutidyBaHHs,
ne30Ba 00poOka abo BupyOaHHs, THyTTA). lle Halimmpina rpymna sika BUHUKAE Ha
0a31 KOMIUIEKCHUX PIIIEHbh KOMIIOHYBaJIbHOI, KIHEMAaTHYHOI 1 TEXHOJOTIYHOI
riopuaHocti. Ilpukimamom BepcTaTHOro TiOpUAY € PIMICHHS HIMEINBKOI (QipMu
Waldrich coburg, sxa peainizye TexHoJIOTii KOMOIHOBaHOI OOPOOKHU, IO CKOPOUYE
TEXHOJIOT1YHHUH TIpoI1Iec MPpU 00poOIli BUCOKOTOYHUX JeTanei [4].

binbm nmerampHO po3risHemMo npukiax nepmoi rpymu DMG MORI - -
LASERTEC 65 3D, sikuit 0yB cTBOpeHMit Ta 3anaTeHToBanuii y 2016 pomi [3]. Le
MepuiMi  BepcTaT JIOKAIBHOTO BUPOOHMIITBA JJII S5-TH  OChOBOi  0OpOOKH,
KOHCTPYKIIiS sIKa OCHAIlleHAa HAWHOBIIIIUMHU TEXHOJIOT1sIMU. ATlapaT MoeaHye B co01
KUTbKa PI3HUX MiAXOIB 10 0OpOOKH JIeTaseH:

1) kinacuunuii ¢pesepHuil BepcTaT 3 MPOTrpaMHUM KEpPYyBaHHAM — O-TH
OCHOBHH 3 BEJIMKOIO TOYHICTIO;

2) na3epHHU pi3ajbHUI 1HCTPYMEHT 3 TUMHU X CTYNEHSMHU CBOOOAM, Ta
IpyKyrounii MetajgoM 3D-puHTep 3 TEXHOJIOTIEO JIA3ePHOTO HAMUIICHHS.

[Opunnuii miaxig: ¢pesepyBaHHS 3aroTOBKH, HAIJIABIEHHS BiICYTHIX
neTaneit, abo APyK 3 HyJS 3 YHCTOBOIO OOpOOKOIO - BCi omepariii MOXyTb OyTH
3po0JIeHI 3 NEeTayuTi0 3a OAWH MIAXiA, B paMKaxX OJHI€T 3agaHoi mporpamu, 6e3
NEepepUBaHHS TEXHOJOTTYHOTO HUKIy. [lopsia 31 cTaHgapTHUM HEPYXOMHUM CTOJIOM
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€ TaKl OIIIli, IK MOXUJIO-MIOBOPOTHUM CT1LN 3 T1IPABIIYHUM 3aTUCKOM 1 CHHXPOHHU I
CTIJ, SKMM MIIKIIOYae Bl JOJATKOBUX oOcCi 00poOku. ExoHOMIST Ha M0pOrux
MPUCTPOSX HE TUILKHU 3HIKYE BUTPATH, ajle 1 3HAUHO IM1JIBUIIYE TOUYHICTH JeTaJICH.
Benukwuit kyT moBopory a0 115° (-5° / + 110°) mo3BoJisse BUKOHYBATH BHYTPIIITHI
nasu a0 20°. Po3mip perani, siky oOpoO00Th ad0 APYKYHOTh, CTAHOBHUTH MO
600x400 mm, a Bara moxe Oytu g0 600 xr [3].

«IIporec ma3epHOTO HAIUIABJIICHHS TOPOIIKY JO03BOJISIE HAaM HAHOCUTH
BEJIMKY KITBKICTh MaTepiany 3a JyXke KOpPOTKUW uac, - mosicHioe Banecca Ceiina
(Vanessa Seyda), ekcriepT-TeXHOJOT MO aJUTHBHOMY BHPOOHUIITBY B KOMIMaHii
Hoedtke. - Takum YMHOM, MH MOXKEMO BHPOOJSATH TPHUBHMIPHI KOMIIOHCHTH,
3aCTOCOBYIOYM BHMCOKOSIKICHUM mporiecy» [2]. Takuit GaraTodyHKIIOHATBLHUN
OPUCTPIA JIIi poOOTH MO MeTany BXKe 0araTo 3MIHMB B KYJIbTYpl BUPOOHHIITBA
MTYYHUX 1 APIOHOCEPIMHUX BHPOOIB, a HAWOIMKYMM YacoM TMOMIOHUN ITiIXi]
MO>K€E TOUTUPUTHCS 1 Ha cepiiiHe BUPOOHUIITBO.

BUCHOBKUA

TakuM YMHOM MOXHA 3a3HAYUTH, 10 I1HHOBAIIMHI amapatu OTpUMAIU
HIMPOKE MOUTUPEHHS 0COOJIMBO B MAIIMHOOYTyBaHHI1 3 KIJIbKOX NpUYUH. ['0110BHa 3
HUX - MOXJIMBICTh TPAIOBAaTH B YMOBAaX, B AKUX JIOJIMHA HE 3MOXKe NIepedyBaTu B
npuHiuni. [lo-gpyre, piBeHb 1 AKICTh NPOAYKTIB, 110 BUITYCKAETHCSA MPU IIUPOKIN
poboTuzailii BUpOOHUYOTO MPOLECY MOMITHO BHIINE, HDK KOJIM MOBa W€ Mpo
BUKOPUCTaHHA Jt0JAChbKkoi mpati. KpiM Toro, podboTu3oBaHe BUPOOHUILITBO MEHII
BUTpaTHE. | HapemTi, MPOAYKTUBHICTb MAaIllMH TIEPEBUIINYE B pa3u JIOJCHKI
MO>KJIMBOCTI. Y CBOIO 4epry, JO YHUCJIa HEIONIKIB JIFOJACHKOT Tpalli BITHOCUTHCS
BEJIMKA WMOBIPHICTh TOMHWJIKHA, PHU3UK OTPUMaHHS TpPaBMH, HEOOXIJIHICTh
peamizaiiii comianbHuX 1 ¢izionoriunux Qyskmid [5]. Came TOMy MOXHa 3
BIIEBHEHICTIO cKa3atH, 1m0 B XXI cTomiTri 6e3 o0naaHaHHs, SKe BUKOHYE T10pUIH1
MPOIIECH B MAIIMHOOY/TyBaHHI HE OOIMTHCH.
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CTPYKTYPHUH B3AEMO3B’S130K BEPCTATIB ITAPAJIEJIBHOI
KIHEMATHUKHA 3 CUCTEMOIO TEXHOJIOI'TYHHOI'O OCHAINEHHA

B cmammi nadano cxemy 63aemoss’sasky BKIIC (6epcmamie Kinemamuku napaneibHoi
cmpykmypu) ma CTO (cucmema mexnonociuno2o ocHawjenusi). Ha ocnosi ¢yukyionanorux

3G/1€ACHOCMET] BUZHAYECHO 63A€36 A3KU Midic cmpykmypamu Ha Qynkyismu BITIKC ma CTO.

B cyuyacHoMy cBiTOBOMY BepcTaTOOyAyBaHHI aKTHUBHO PO3BUBAETHCA
oOnajHaHHs, SKEe MOOy/JIOBaHE Ha MeXaHi3Max 3 KIHEeMAaTHKOIO MapaelbHOl
CTPYKTYpH (TPUTIONH, TPUTIIANIN, TeKCaoIu, Ta iH.).

Buxopucranus B BepcraTax-poO0OTax IIMX MEXaHI3MIB JIO3BOJISE JOCSTTH
BHCOKOI1 TOYHOCTI, MaJIoi METAJIOEMHOCTI Ta IIBHUIKOCTI, TOCTATHBOI JIsi 0OpOOKHU
3arOTOBKM Ha MAaKCUMaJIbHO MOKJIMBUX IIBUAKOCTSAX MPH MIHIMaJIbHUX BUTpATax
yacy Ha BUTOTOBJIEHHS aetani [1].

Bepcrartamu napanensHoi ctpyktypu BKIIC 3aitmanocst 6arato 10CaiqHUKIB
Ta BUeHUX, Takux Ak Ky3nenos FO. H., JImutpues /1. A., unesnu I'. E., Munaes
1O. H., Camnon C. I1., Pubax JI. A. ta iumii [2, 3, 4, 5, 6].

Byznu BKIIC BonioAitoTh pi3HOMaHITHUMH (PYHKI[ISIMH,

OpHuMU 3 HABAXJIMBIIIUX BIACTUBOCTEN BCIX METAJIOPi3aIbHUX BEPCTATIB
€ ¢dopma 1 posmip ix pobGodoro mnpoctopy. PobOoumii mpoctip BepcTaTiB 3
napajiebHOI0 KIHEMATUKOIO SIBJIsiE COOOI0 CKIIAIHY TeOMeTpu4Hy (irypy, Ha
dbopMy SIKOT BEJIMKHI BIUTUB MalOTh: KUJIBKICTh IITAHT Ta IX pO3TAIllyBaHHA, a Ha
pO3MIpu poOOUYOTO TPOCTOPY BIUIUBAIOTH: KYT PO3ODKHOCTI IITAHT, JTOBXKWHU
MITAaHT 1 Jlafa3oH iX 3MIHW, PYXJUBICTh IIAPHIPIB, JdlaMETPH MIJACTaBU 1
atdopmu [7].

[TepeBaru MmexaHi13MiB 3 MapaJieIbHOIO CTPYKTYPOIO:

1. [Tpu Mamiit Maci pyXxoMOro BUKOHABYOI JIAHKH 3a0€3MeUy0ThCsl O1IbII
BHCOKI IIBUJIKOCTI MEPEMILIEHB 1 TPUCKOPEHb;
2. MexaHi3Mu BIPI3HSIIOTHCS BHUCOKOIO JKOPCTKICTIO, IO 3YMOBJIEHO

pPOOOTOIO TENECKOMIYHOTO MPUCTPOIO HA PO3TAT-CTUCK 1 PIBHOMIPHUM PO3MO1JIOM
3yCuJIb MO BCiil CTPYKTYpI;

3. Pi3Kke 3HMKEHHSI METaT0EMHOCTI.

Po6oua 30Ha TUIIOBOTO 00JIaTHAHHS HA BUPOOHUIITBI OMUPAETHCS JIMIIE HA
OJIHY TapaJiebHy CTPYKTYpY, IIO 3HAYHO TMOCTYIMA€EThCA poOOUiil 30HI BepcTaTa
poOoTa, KU CKJIAJAAE€THCS 3 MEKUIbKOX ab0 X KOMOIHAIi TiOpUIHUX CTPYKTYD,
K1 3aCHOBaH1 Ha eJIeMEHTaX TPAAMIIIHOI MOCTIIOBHOI 1 MapaieabHOi KIHEMaTUKU
[8], abo pekoH(IryBaHHAM MeEXaHI3My MapaleibHOi KIHEMAaTHKH B MpoLeci
BUT'OTOBJICHHS AeTanei [5, 9].
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[lepenanamryBaHHS BepCTAaTy-poOOTAa 31 IMITAHTAMH TOCTIHHOT JOBXKHHH
3MIMCHIOETHCS MIIAXOM 3MIHU KyTa HaXWJIy HaAIPSAMHHX, a BIAMOBITHO 1 HAMPSIMKY
pyXy KapeTok [5].

BKIIC

Crpykrypa | Crpykrypa 2 Crpykrypa 3 Crpykrypa n

®Oynkiii; qu\'IC Oynkii, BKIIC ®Oynxkuii, BKIIC
OyHKIIly OyHKIIiy OyHKIIily

OyHKIII1; Oynkmii, CTO  Oyhkmiiz CTO  dynakmii, CTO

Crpykrypa 1 Crpykrypa 2 Crpykrypa 3 Crpyktypa n

CTO
Pucynok 1 — Cxema B3aemo3B’s13ky BKIIC ta CTO (cucrema TeXHOJOT14HOTO
OCHAILICHHS)

Ds=DgxnctPcro
Toni
CrpsrnctCrpero CTPYKTYpa CTPYKTypa
Crps <CTpBKHC+ gactuHa CTpcro CTPYKTYpa + CTPYKTypa
Crpskrc 2 Ctpcro CTPYKTYpa B CTPYKTYpi

3BiICH  BHXOJWTH, IO Tpebda TPOBECTH  PO3POOKY  E€JIEMEHTIB,
XapaKTePUCTHUKU SIKUX JT03BOJISIIOTH 3a0€3MEUNUTH AJIs1 3aCTOCYBAaHHSA B CTPYKTYpax

Binoma dopmyna ManumieBa Mae HEOOXiJHICTh B JOOIpPAIIOBaHHI, TaK K
BOHA HE BpPAXOBYE SIKICHUX XapaKTEPUCTUK Ta 3aJEKHICTIO MK CTPYKTypamu
BKIIC ta CTO, dbyHKIisSIMH, SIKI KIaAyThCs Ha Il CTPYKTYPH.

Ctpyktypu HEOOXiTHO po3riisigatd 3 OOKy T1oO0ynoBH TpadiuyHUX
xapakrepuctuk BKIIC ang @yHKuii, siki HOBUHHI BUKOHYBATH Il CTPYKTYpHU 0e€3
YTOYHEHHSI JJAHOK IIUX CTPYKTYP.

Koxna konctpykiis BKIIC ckimamaeTscsi 3 Takux 0a30BUX €JIEMEHTIB, SIK
KIHEMaTH4HI MMapy Ta CTPKHI (pHC. 2), AK1 MOXKHA JIJIST ONMTUMI3allli CTPYKTYypHOT
cxemu BKIIC 3aminnuTé Ha KpyXKH (€JIEeMEHTH KIHEMAaTHUYHUX TMap) Ta JiHIT
(ctpmxni, LIBII, ['BunTOBI Mapu Ta iH.).
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SN
,,,4 B, D 9 A
a) naacka wapHipHa onopa, 6) waposa wWapHipHa onopa, 8) KapOaHHUU WAapHIip (WapHip
T'yka); 2) cihepuunuii wapuip, 0) wapHipre niacke 3 €OHAHHA,
Pucynok 2 — EnneMeHTH KIHEMaTU4YHUX Map
Jns toro, mo0® Matu MOXIUBICTE oOupatu ctpykrypy BKIIC wmaroun
KOHKPETHI Il € JOLUUIFHUM BHUKOPUCTaHHA (PAceTHOTO MeTony Kiacuikarii,
TOOTO Il BUpIIIEHHS 3a7adi MoOkKHa oOpatu enemeHTH cTpykrypu BIIK
omnuparoduch Ha 3aBaaHHsA, a KoH@irypamito BKIIC nHa HeEOOXigHy SKICTbH
BUT'OTOBJICHHS JI€TAJICH.

Tabmuusg 1 - OyHKIIIOHAIBHO-CTPYKTYPHI XapaKTEPUCTUKUA KiHEMaTUYHUX

nap
) Knac | Ywucno )
Kinemarnuna nmapa , . | Pyxomicts | ITo3HauaHHs
napu | 3B’SI3KIB
| xpacca
1 1 5 P1
I ®xnacea
2 2 4 P2
3 3 3 P3
lllaposas [noCKOCTHEA
I¥ kRracca
£ —
= 0
|
L H M ApHYECK AR
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¥ xnacca

¥ —_.—.;-l___-_ %
7 ej‘;T #_ , 5 5 1 P5
BpawarenwHan lociynarensHan Buntopan
\ | | | e
| 41 JA
= 4

Pucynok 3 — Fpa(bque 306pa)KeHH51 KiHeMaTH4YHHUX cxeM cTpykTyp BKIIC

Jiist Toro, mo6 npoaHaizyBaTH KiHeMaTu4yH1 cxemu pizHux cTpyktyp KIIC
JOIIIBHO BUKOpHUCTaTH hopmyny Manuiiesa:

JI€ N — YHUCJIO PYXOMHX JIAHOK;

6N — 3arajbHE YUCIIO CTYNEHIB CBOOOIM YCIX JIAHOK;

1P, 2P;, 3P3, 4P,4, 5Ps — umcno kineMaruaHuX map Big 1 10 5 kiacy;

( — KUIBKICTh HAJJTMIITKOBUX (TTOBTOPHMX) B'sI3€H, KOTP1 MyOIIOOTH 1HIIN B'SI31,
HE 3MEHIIIYIOUN PYXJIUBOCTI MEXaHI3My, a TUTbKH NIEPETBOPIOIOTH HOTO B CTATUYHO
HEBHU3HAYHY CHCTEMY.

Cryneni cBOOOIM U1 MEXaHI3MIB 3 KIHEMAaTUKOIO MapajieIbHOI CTPYKTYpH:

— JlenpTa-MexaHi3M 3;
— Tpumon 2, 3;
— Tpurnaiin 3;
— T'ekcanon 4, 6.
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a) ebTa-MeXaHi3M; 0) TPUIION; B) TPUTJIAKI; T) TEKCAIIO/
Pucynoxk 4 — Kinematuuni cxemu ctpyktyp BKIIC

Ornan kKiHeMaTUYHMX Tap 3a KJacamMH Ta BU3HAYEHHS iX (DYHKIIIOHAJIBHO-
CTPYKTYPHUX XapaKTEpUCTUK Jla€ 3MOTY OLIHUTH CTYyMHiHb CBOOOAM s
MEXaHI3MIB 3 KIHEMAaTHUKOI TMapajeibHOi CTPYKTypu. JlJIs CTPyKTypHOTO
CIPOLIEHHSI Ta 3MEHIIECHHsS 4Yacy Ta ckiagHocti npu Bubopi cxemu BKIIC ix
300pakeHo y rpad1yHOMY BUTJISI KIHEMATUYHUX CTPYKTYD.

BucHoBOK

Po3rsutHyTO KiTH04OB1 OCOOJIMBOCTI Ta HajaHO cxemy B3aemo3B’si3ky BKIIC
(BepcTaTiB  KIHEMaTHMKW napainenbHoi  cTpykrypu) Tta CTO  (cucrema
TEXHOJIOTIYHOTO OcCHalieHHs1)). Ha oCHOBI  (PyHKIIOHAJIBHUX  3aJIeKHOCTEH
BU3HAYEHO B3a€3B’sI3KM MK cTpykTypamu Ha @yskuismu BIIKC ta CTO.
Po3risitHyTo KiHEMaTH4yHI Napy Ta iX KOMOIHAILIMHI 3aJ€KHOCTI B KIHEMATHYHUX
cxemax ctpykryp BKIIC.
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I'epycos /I.B., Hayk. kep. A.1.H., npod. KoBanescokuit C.B. (/[onbacvka
depatcasna mawunooydiena akaoemis, Ykpaina)

KOHIEMIISI IHHOBAIIMHOTO MEXAHOCKJIATAJILHOTO LEXY 3
BUPOBHULITBA ' JIPOIIMJITH/IPIB

B cmammi posensnymi ochosHi npobiemu nepexody 3 36UYANUH020 MEXAHOCKAAOATbHO20
yexy 6 cyuacuuil inHosayitunuil yex. OCHOBHUMU NPoOaeMaMu € BUOIP ONMUMATLHOT BUPOOHUUOT
cucmemu 3 BUKOPUCMAHHAM CYYACHO20 MeXAHO0OPOOHO20 O00NAOHAHHSA, THCMPYMEHmYy |
OCHaweHHs Ol NiOBUWEeHHs asmomamu3ayii i epexmusHocmi IHHOBAYIUHO20 2HYUKO20
MEXaHOCKIa0aIbHO20 Yexy.

The main problems of transition from the usual mechanical assembly shop to the modern
innovative shop are considered in the article. The main problems are the choice of the optimal
production system using modern machining equipment, tools and equipment to increase the
automation and efficiency of the innovative flexible machining shop.

JUIsi BUTOTOBJIEHHS TIAPOLMIIHAPIB, aHali3 0a30BOr0 TEXHOJIOTIYHOTO
IPOLIECY BHUSBUB HEIOCTATHHO THYYKE OOJATHAHHS HE paAIllOHAIBHHUN MiAXif] IO
BUPOOHUIITBA JIeTalei JaHOTO TUTTY.

J1jist ioTo CTBOpPEHHST HEOOX1/THO BUKOPUCTAHHS CyYaCHUX METaJIOpi3aibHUX
BEpCTaTIB fKl J03BOJISIIOTH BECTU OOpPOOKY TOUIHHS, CBEPJJIIHHS, PO3TOYYBAHHS,
dpesepyBanns, nurihyBaHHSA, Ta Hapi3aHHA pi3l. Takuil miaxig A0 BUOOPY
oOJlalHaHHS 3HAYHO CKOPOTUTH JOAATKOBHM uac o0poOku. Jletani OyayTh
MaKCUMaJIbHO JIOTPUMYBATUCS €IHOCTI 0a3, IO JI03BOJUTH CKOPOTUTHU MOXUOKHU
npu 00poOIl AeTalleld O MIHIMYMY.

3anponoHoBaHi BEpCTaTH JO3BOJISAIOTh MAaKCHUMAaJbHO CKOHUEHTPYBAaTH
BUKOHAHHS TEXHOJOTIYHUX Olepaniid Ha OAHOMY Bepcrari. Takox, cyyacHl
OoOpOOIOBAJIbHI TIEHTPA JO3BOJISIOTH PO3MIMPUTH MOKIUBOCTI BHPOOHHIITBA,
30UIBIIUTH PO3MIPHUI PsJl TUIIOBUX JETajieil, BUTOTOBJIIOBATH KPIM TiJIpaBIIIuHUX
MUTIHAPIB 1 1HIT KOMIUICKTYIOY1 JIJIT MEXaHIYHHUX TPECIB, Ta THIIMX MEXaHI3MIB B
SKMX BUKOPUCTOBYIOTHCS TIOPIIHEBA CHCTEMA Mepeaadl HaBaHTAKYBATbHUX CHIL.

Buxopucranss cydacHOro o0aiHaHHS 1 OCHAIEHHS], 1a€ 3MOTY PO3LIUPUTH
BUJIM BUPOOIB AKI BUTOTOBIIOIOTHCS Ha MANPUEMCTBI. Ha pUHKY € BEIMKUNA MOMUT
TaKOXX Ha PEMOHTH1 poOOTH ISl T1IPaBIIYHOTO MIAXTHOTO 00MaHaHHs. B mpoekTi
MIPOTMOHYETHCS CKJIAIANbHY AUTBHUINI0O OCHACTUTH HEOOXiIHWM OCHAICHHSIM JIJIst
peBi3ii 1 pEMOHTY TiAPaBIIYHUX IMITIHIPIB.

[IpornoHy€eThCsT 3aCTOCYBAHHS OXOJIOJPKEHHSI 1HCTPYMEHTY 10HI30BaHUM
noBITpsAM. {7151 migBUIeHHS €()eKTUBHOCTI MPOEKTHOT'O TEXHOJOTIYHOTO MPOLECY,
3 BUKOPHUCTAHHSM CYyYaCHHUX THYYKHX OOpOOJIIOBAJIbHUX LIEHTPIB, MPOMOHYETHCS
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PO3MIISIHYTH CY4YacHI METOJIM OXOJIOPKEHHSI IHCTPYMEHTY, JJisl MIABUIIECHHS HOro
3HOCOCTIMKOCTI, MiHOCTI. CydacHi 0OpoOHI IEHTPH MaIOTh BIJHOCHO BEJHKI
MO>KJIMBOCTI JIJIs 0OOpOOKM Ha BUCOKUX PEKUMAaX pi3aHHs. AJie, JUisl BUKOPUCTAHHS
MOBHHX TMOTY>KHOCTEH 00OpaHHX BEPCTATIB B TEXHOJIOTTYHOMY MPOIIeCi, HEOOX1IHO
nigiopatd e(EeKTUBHUN CHOCIO OXOJIOMPKEHHS B 30HI OOpPOOKHM JeTayie mpu
TOUiHHI, ()pe3epyBaHH1 1 CBEP/TIHHI.

[IpornoHy€eThbCsT PO3MIISIHYTH OXOJIOMKEHHSI PIKYUOTO 1HCTPYMEHTY MIpH
o0poO11i B MamMHOOYTyBaHHI 3a PaXyHOK IOAadi B 30HY pi3aHHS OXOJIOKEHOTO
10HI30BaHOTO TOBITPS. [IpenMeToM JOCHIKEHHS € TMPOLECH OXOJIOIKECHHS
pLKY4YOro IHCTPYMEHTY, 10HI3alli B 3aKpyYEHUX IOTOKAaxX MOBITPs, MeEXaHI3M
B3a€MO/Iii 10HI30BAHOTO MOBITPsI 3 00POOITFOBAHOT TOBEPXHEIO.

AHani3 JaHOTO METO/y MOKa3y€e MOKIUBICTh €(PEKTUBHOIO BHKOPHUCTAHHS
npu 00poOIl KOHCTPYKIIMHUX MaTepialiB B SIKOCTI MACTHJIbHO-0XOJIOHKYIOUHUX
TEXHOJOTIYHHX  3aCO0IB  OXOJOKEHOTO  iOHI30BAaHOTO  MOBITpsA.  Moro
BUKOPHUCTaHHS 3a0€3Ieuy€e 3MEHIIICHHS 3HAUYE€HHS IOPCTKOCTI 1 MIKpOTBEPIOCTI Ha
0o0poOJeHOI TOBEpPXHi, MIABUIIYETHCA CTIMKICTh PI3AJBHOTO 1HCTPYMEHTA,
3HIKYIOTBCSI COOIBAPTICTh OOPOOKH 1 €KOJOTIYHE HABAHTAXXEHHS HAa HABKOJIUIITHE
CepeIOBHIIIE.

B 1poekTi mpomoHyeThcsi pO3pPOOUTH CIEliali30BaHU MeXaH130BaHUI
CKJIaJaJIbHUM CTEH[I, 3 BUIIPOOYBaHHSIM BUPOOY (T1APABIIYHOTO LIIIHIPY) MPSIMO
Ha CTEHJI B aBTOMAaTHU30BaHOMY peuMi. [IpomoHyeThCs MPOBOAUTH CKIIATaHHS
TApaBIIYHUX IWIIHAPIB, HA CHEIali30BaHOMY pPO3pOOJIEHOMY CTEHIi, 3
BUKOPHUCTAHHSAM MEXaHI30BaHOT'O OCHAIICHHS, CIEl] 3aXHUCTOM, NpHU IMPOBEAEHHI
BUNpOOyBaHb. Takuil MiAXiA [0 CKJIAJAJIBHUX POOIT TIAPaBIIYHUX IUIIHIPIB
3HAYHO CIPOCTHUTH MPOIIEC MEPEXOAy BiJ CKJIaJaHHsS J0 BUMPOOYBaHHS BHUPOOIB,
3MEHIIUTh Yac Ha TPAHCIIOPTYBAHHS TAPABIIYHUX HUIIHAPIB BEIUKUX PO3MIPIB, 3

3aJTy4eHHSIM T1AHOMHHKIB Ta Bi3KiB.

BUCHOBKU

B npoekTHil TeXHOJOrii 3alpoNOHOBaHE BUKOPUCTAHHS CY4acHHUX
METaJIOpi3aIbHUX BEPCTATIB, AKi MiABUIIATH THYYKICTh BUPOOHULITBA, IS MOIIYKY
HOBHUX 3aMOBJICHb AJsi mianmpueMctBa. CKIamanbHy AUIBHHUIIO 3allpOIIOHOBAHO
OpIEHTYBAaTW [UIsl HaJaHHA PEMOHTHHUX TIOCIAYr IIAXTHOTO OOJaJHAHHA.
OXO0OKEHHSI 30HU PI3aHHS 10HI30BaHUM IOBITPSIM, Or0 BUKOPUCTaHHS MOXE
3a0e3nevyye 3MEHILIEHHS 3HaYeHHS MIOPCTKOCTI 10 2,3 pa3 1 MIKpOTBEPAICTH 0
1,12 pa3u Ha 0OpobsieHoi moBepxHi. [Ipu 1IbOMY MOXKE TIJIBUIIYBATUCS CTIMKICTh
pbKydoro iHCTpyMeHTy no 1,9 pa3 mpu yopHOBii oOpobmi 1 g0 2,8 pa3 mpu
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YUCTOBIM, MOXIJIMBO 3HU3UTH cOOIBapTicTh 00poOku Ha 25-30% 1 exoJioriuHa
HABAaHTAKCHHS HA HABKOJIUIITHE CEPEIOBHUIIE 32 PaXyHOK OOMEKEHHSI CIIO’KUBAHHS
BOJIOEMYJILCIHHUX 1 OJIIHHUX MACTUIILHO-0XOJIOKYIOUHMX PIJIHH.
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VJIK 621.8

Tnagknx M.C., Hayk. kep. 1.T.H., ipod. KoBanescrwkuit C.B. (Jonbacvra
depaicagna mawunooyoiena akaoemis, m.Kpamamopcwk, Yrpaina)

KOMILIEKCHE ITPOEKTYBAHHSI IHHOBAIMHOI'O
MEXAHOCKJIAZAJIBHOTI'O HEXY 3 BUITYCKY BY3JIIB KOJIECA
KPAHA MOCTOBOI'O KM ETII 30

B cmammi poszensnymi ochosHi npobiemu npoekmyeans iHHOBAYIUHO20 Yexy 3 GUNYCKY
8y3nie koneca nosionoeo kpany KM ETII 30, ona eupiwenuns npobiemu eHyuKocmi i Mauo
epekmuenoco BUKOPUCMAHHA pobOUOi naowi yexy, npoeedeHull aHauiz ICHYIY020 yexy 3
sunycky kpauie KM ETII 30 sxuii noxazae, wo eepcmamuuii napx i cKiaodaivHe 6i00i1eHH s
8)3bKO HANpAsieHe HA 8UCOMOBIEHHSL CAMe Yb0o20 8UPOD).

The article considers the main problems of designing an innovative shop for the
production of wheel crane components KM ETP 30, to solve the problem of flexibility and
inefficient use of the working area of the shop, the analysis of the existing shop for the
production of cranes KM ETP 30 which showed that the machine park and assembly department
is narrow aimed at the manufacture of this product.

['0710BHOIO METOI0 MPOEKTYBaHHS 1HHOBAIIMHOIO LIEXY 3 BHITYCKY BY3JIB
koJjeca nosigHoro kpany KM ETII 30, € BupimieHHs: nmpo0jieMd THYYKOCTI 1 Majio
e(EeKTUBHOIO BHUKOPUCTAHHA poO0YOi TUIONIl LEeXy. AHali3 ICHYKYOro uexy 3
Bunycky kpaHiB KM ETII 30 mnokasyro, 1o BepcTaTHUM MapK 1 CKIagaibHe
BIJUTIJICHHS] BY3bKO HaIlpaBJI€HE HAa BUTOTOBJICHHS caMe 11boro BupoOy. HeoOxinHo
MPOBECTH aHAII3 CYy4acHOTO 00Ja HAHHS 1 OCHAIICHHS JIJIs I ABUIIICHHS THYYKOCTI
OPOEKTHOTO  MEXaHOCKJIaJanpHOro  uexy. Lle  103BonUTh  pO3LIMPUTH
HOMEHKJIATYpHUU pAI  BUPOOIB 1 MIABUIIUTH KOHKYPEHTOCIPOMOXKHICTh
BUPOOHMIITBA B IiIoMy. HeoOX1THO Opi€HTYyBaTUCS HAa PUHKOBUHN IMOMUT CXOXKUX
BUPOOIB.

Cyuacui Bepcratu 3 UIIK, 00poOHI 1LEHTpH BOJIOAIIOTh Oararbma
byukmismu.  1lo 1go3BoJise  3HAYHO 00’€aHYBaTH OOpOOKY TOYIHHA 3
dbpe3epyBaHHsIM, CBEPJIIHHAM, Hapi3aHHSAM pi3l Tomo. Taki BepcTaTH MiJBUIIATH
HE TUIbKU PIBEHb THYYKOCTI, & 1 aBTOMaTH3allli BAPOOHUIITBA.

Jlns  oOpoOku  jeraneld  TMPEeJCTAaBHUKIB — 3alpPONOHOBAHUM  TOKapHO-
KapycelnbHUM 00poOHUI IIeHTp 3 PyHKITIEIO dhpe3epyBaHHs, CBEPITIHHS.

Bepcratu cepii MEGATURN NEXUS 900M - 1e HOBE MOKOJIHHSA
BEPTUKATbHUX ToKapHuX 1eHtpiB 3 UITY [1]. Tlpusnadeni mias epeKTUBHOI
OOpOOKHM  BEJNMKOTA0APUTHUX  3arOTOBOK, SIKI ~ BUKOPUCTOBYIOTHCA  TIPHU
BUTOTOBJICHHI OYIIBEJIHLHOTO, MTPOMUCIOBOTO OOJIATHAHHSA, a TAKOXX PEAKTUBHUX
nBuryHiB. Mogenbr 990M ocHameHHs IIMUHAETEM s O00poOKuM AeTayei
bpe3epyBaHHAM, CBEPTIHHSIM.

3anponoHoBaHi Cy4acH1 BEpCTaTH IJs1 BUPOOHUIITBA KPaHiB, MOXKYTh TaKOX
BUPOOJIATH KOMIUIEKTYIOUl IS PI3HUX BHUIB MOCTOBUX KpaHiB, PI3HOTO THITY
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pO3MIpy, TAaKOK MPOSKTHUN BEPCTATHUHN MApPK J1aCTh 3MOTY BHITYCKATH PEAyKTOpa
JUTSL PI3HUX M1IHOMHUX TPAHCIIOPTHUX CUCTEM.

IIpu 00poOIIl OTBOpPIB, BHUHHMKAE TOTpeda 3aCTOCOBYBATH JOMOMIXKHI
MEXaHiuH1 a00 py4yHi poOOTH, JJIs BUIAICHHS 3aaupiB. HeoOXiaHO pO3TISHYTH 1
IpoaHaIi3yBaTH ICHYIOUHMH IHCTPYMEHT, SKHI 3M0Ke BUPIIINTH 1[t0 TIpodiemy [2].

Jns  miaBuieHHs e(EKTUBHOCTI TEXHOJIOTIYHOIO TIpoliecy oOpoOKu
JieTanei, mpoNnoOHY€eThCS BUKOPUCTAHHS Cy4acHOTO 1HCTpyMeHTY. [IpomnonHyeThcs
3aCTOCYBaTH KOPOHYACTI CBEP/JIa, HA CBEPIIMIIBHUX Omepariisax. B gocmiqHuIbKii
YaCTUHI MPOEKTY, PO3TIIIHYTI CydacHI METOIU CBEPJIIHHS 3 JOTIOMOTOK PI3HHUX
TUIIB cBepAen. Taki, cBepyia JO3BOJIIOTH MPOBOAUTH OOPOOKY OTBOpIB, 0e€3
3aIUPiB 3 1HIIOTO OOKY 0OPOOIIOBAIEHOI IeTall, TAKOXK CIIiJ MiaiopaTh HEoOX1aH1
peXKUMU pi3aHHS 1 OXOJIOJKEHHsI 1HCTpyMeHTy [3]. Lle J03BOjsi€ BUKIIOYUTH
CJIFOCApHI omeparlii 3 TEXHOJOTIYHOIO MPOIECY, 110 3HAYHO CKOPOTUTH 3arajibHUI
4yac TEXHOJIOTTYHOTO MPOIIECY 1 3MEHIIIUTh HEOOX1JIHY KIJTIBKICTh JIFOJACHKOTO TPY/a.

Koponuare cBepmyio 3a0esneuye CBEpIUIIHHS 1O KOHTYPY, TOMY JUIs
OTpUMaHHA OTBOPY Oyj€ 3aTpayeHO MEHIIE EHEeprii 1 4yacy HIK CBEpJIIHHA
cripajbHUM cBepaiioM [4].

st nmeranedt mpeACTaBHUKIB HEOOXIAHO miaiOpaTH edeKTHUBHUN CIocio
nepeMinieHHs: mo 1exy. [IpornoHyeTbcsi BUKOPUCTOBYBATH KOHBEEPHI JiHIT, IS
NepeMillieHHsT JleTalel MDK OoOpoOIIOBaJbHUMU IIEHTpAMH, TOTOBI JieTajl
BIJINPABJSIFOTHCS HA CKJIAANIbHY AUTBHUITIO [5].

CkrnaganpHy AUIBHULIO HEOOX1JHO OCHACTUTH CYYaCHHMM CKJIQJIaJIbHUM
MEXaHI30BaHUM I1HCTPYMEHTOM, OCHAIEHHAM JJIsi HarpiBy MiJIIUITHUKIB,
MEXaH130BaHMUX MPECIB JJI HATATYBaHHS MIIIIUITHUKIB HA BAJIX 1.T. 1.

BUCHOBKHN
ITpu po3poO1ii 1HHOBAIIMHOTO MEXaHOCKIQJIAIBHOTO II€XY 3 BUTOTOBJICHHS
kpanie KM ETIT 30, npoBenenuii anamiz 0a30BOTO BUPOOHUIITBA, OyIU
chopMybOBaHI HEOOX1AHI fii, JJIS MIABUINEGHHS THYYKOCTI, aBTOMAaTH3aIlli,
BUPOOHMIITBA. 3ampONOHOBAHO BUKOPHUCTAHHS CY4aCHOTO 1HCTPYMEHTY JUJIst
M1IBUIIEHHS e()EKTUBHOCTI METANIOPI3aIbHOT 0OPOOKH JieTajelt MpeICTaBHHUKIB.
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UDK 621.039

Edin Sunje, Sead Pasic, Safet Isic, Emir Neziric, Edin Dziho. (Dzemal Bijedic
University of Mostar)

DEVELOPMENT OF HYBRID SYSTEM FOR AIR-CONDITIONING OF
ALMOST ZERO ENERGY BUILDINGS

This paper presents a conceptual design of hybrid air-conditioning system
which uses solar energy to heat/reheat water and generate electricity (solar
collectors and photovoltaic panels), wind energy to produce electricity (small
horizontal or vertical wind generator), and geothermal energy of water or soil in
the building environment. The paper presents a pilot plant for hybrid air-
conditioning system at the building of Faculty of Mechanical Engineering in
Mostar and analyzes the efficiency and cost-effectiveness of system and its
individual components.

The development and implementation of renewable energy is one of the top
priorities in the world today. However, one of the characteristics of these energy
sources is their volatility; solar energy can be used during the day, while at night
there is none; Wind energy can also be used only occasionally. The aim of research
proposed in this project is to develop a hybrid system that would use all of the
mentioned renewable energy sources in an optimal way, define the necessary
capacities for energy storage, all with the aim of meeting the electricity needs of a
particular object that is, achieving almost zero energy building. Optimal use of
renewable energy sources: sun, wind and geothermal energy, for each specific
micro location, it is possible to significantly reduce costs for electricity
consumption, that is, to achieve the effect of almost zero energy building.
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UDK 621.73. 073
Elvis Hozdic. (Faculty of Mechanical Engineering Ljubljana)

AUTONOMOUS WORK SYSTEMS IN THE CYBER-PHYSICAL
PRODUCTION SYSTEMS CONCEPT

Under the influence of globalization which brings many changes in all
spheres of life and in the sphere of industrial production, manufacturing
enterprises are forced to adapt their manufacturing structure these challenges in
order to promptly and effectively respond to the complex demands of today’s
market, which is global and less national. Over time, it’s developed different
concepts of manufacturing systems. They were intended to respond to market
demands in a time in which existed. Today, thanks to the developed information-
communication technologies (ICT), manufacturing enterprises tend to structure
their systems in a spirit of cyber-physical systems (CPS).

This work presents a new concept of the autonomous work system (AWS)
in a spirit of the CPS. The development AWS in a spirit of the CPS represents an
evolution extension of the organizational structure of production of complex and
adaptive distributed production systems. The introducing additional
communications between the elements of the AWS in a spirit of the CPS enables
a better production performance with respect to the selected performance
measures.

The possibility of implementing the concept of AWS in a spirit of the CPS
is presented through industrial example in the production area of high pressure
die casting (HPDC).
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UDK 621.311.22:534.1
Emir Neziric, Safet Isic, Edin Dziho (Dzemal Bijedic University of Mostar)

VIBRATION ANALYSIS AND REPAIR PROCESS FOR THE
VENTILATION SYSTEM FOR SMOKE DRAIN IN THE THERMAL
POWER PLANT

Reliability of the thermal power plant as one of the mechanical systems is
main goal of power producing companies, which causing continuous electricity
production. Reliability is achieved when there are no unexpected failures of
machines and when it is possible to predict time and cause of machine failure.
With those predictions it is possible to plan a future stoppage and possible repairs
in the machine system. Most commonly used method for condition monitoring of
the machines in the thermal power plant system is vibration analysis. By measuring
frequency and amplitude of the machine vibrations it is possible to determine what
Is causing that vibration with frequency analysis and how much is machine moving
with amplitude analysis. After determination of main cause of increased vibrations,
it is needed to plan future repairs and removal of vibration cause. Since the most
loaded elements of rotating machines are the bearings and the couplings, repairs
are mostly consisted of replacing those machine parts. Those repairs are mostly
time-consuming and the power production is process of high importance, so
sometimes it is needed to do some quick repairs to habilitate machine for short-
time usage, until repairing process is suitable to carry out. Process of vibration
analysis followed by present cause of increased vibration in rotating machinery
repairing is presented in this paper through the example on the ventilation system
for smoke drain in the coal-heated thermal power plant Kakanj, Bosnia &
Herzegovina.

After this presented analysis, some conclusions could be stated as follows: -
If there are characteristics of vibrations which are similar for some different faults,
it is sometimes required to take physical measurements of some possible faults to
have full picture of what is happening in the machine. - It is possible to reduce
vibrations on the machine by reducing one of the faults which caused vibrations. -
Reducing machine vibrations should make machine operative, at least until it is
possible to fully repair the machine. - According to ISO 10816 levels, after the
quick repair it is recommended to work with 60% capacity (550 rpm) until the
main reparation process is possible. - The main repair process has removed sources
of the increased vibrations, so there are no restrictions for operating with this
system after the main repair process.

45



UDK 621.314.1
Erjon Selmani, Cristiana Delprete, Arian Bisha. (Politecnico di Torino)

ENGINE SPEED AND LOAD EFFECT ON THE SEALING CAPACITY OF
A PISTON RING-PACK

The combustion chamber is ought to be perfectly sealed, however, part of
the air and fuel mixture can escape from it. Among the several losses there is the
gas flow from the inter-ring crevices, which is always present. This leakage is
known as blow-by, and affects efficiency, correct lubrication and emissions. The
amount of leakage is dependent on many factors, and among the most important
are the engine speed and load, which are able to affect the system through the
forces applied on it. The aim of this paper was to understand in a more detailed
way how the engine speed and load could affect the sealing efficiency of a ring-
pack. For this purpose, a complete range of speeds and loads were used in the
simulations. The equations of the ring motions and gas dynamics has been
implemented and solved in ©Ricardo RINGPAK solver. The results showed that
inertia and inter-ring gas pressures drives the sealing behavior of the rings. The
blow-by trend showed to decrease with the speed and increase with the load,
exception made for the idle condition where the values were different to the other
cases, especially at higher speeds. Among the two parameters, the engine speed
resulted to affect more significantly the blow-by trend.
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UDK 351:713(477)
Ernad Beslagic, Samir Lemes, Fuad Hadzikadunic. (University of Zenica)

PROCEDURE FOR DETERMINING THE WIND TUNNEL BLOCKAGE
CORRECTION FACTOR

Before launching a new wind turbine, it is necessary to determine its output
performance. The performance can be achieved either by testing the complete wind
energy converter in actual operating conditions in the natural environment or by
testing the wind turbine in a wind tunnel. In addition to the many advantages
offered by wind tunnel testing, there are also some disadvantages. One of them is
the appearance of a blockage effect that occurs when wind turbines are tested in a
closed test section of a wind tunnel. The paper briefly explains the existing
methods for determining the correction factor which corrects the measured wind
turbine output in a wind tunnel in order to eliminate the blockage effect. This paper
iIs part of a project aimed at determining the blockage correction factor for
helicoidal Darrieus wind turbines. This stage of the project consists of an
experimental design for testing which will be carried out in an open wind tunnel
with a closed test section, constructed from scratch at the university laboratory.
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UDK 621.225

Eubomir Hujo, Juraj Jablonicky, Romana Janouskova, JanKosiba, Zdenko
Tkac, Juraj Tulik. (Slovak University of Agriculture in Nitra)

MONITORING OF PHYSICAL PROPERTIES OF TRANSMISSION-
HYDRAULIC FLUID BY SIMULATING THE OPERATION LOAD OF
AGRICULTURAL MACHINE'S HYDRAULIC PUMP UNDER
LABORATORY CONDITIONS

This work describes the results of changes in physical properties of
transmission-hydraulic fluid during simulation of operating load of FHD 17 under
laboratory conditions, while monitoring the effect of quality changes of the used
fluid on the flow efficiency of the hydraulic pump.Aforementioned hydraulic pump
is used in hydraulic system of agricultural machine. Laboratory testing equipment
allows us to simulate the operational load of the working circuit of the
agriculturemachine's hydraulic system with the possibility of testing the operating
fluidsand the main elements of the hydraulic system. Hydraulic pump flow rate
changes were monitored at precisely determined intervals and the influence of the
physical properties of the fluid on the flow efficiency was rewieved and
consequently evaluated by mathematical — statistical analysis.

Hydraulic fluids are power carriers in hydraulic system of agricultural
machinery and manufacturers of these fluids must take into account specific
requirements for improving their quality while reducing the environmental burden
while using them in the mobile machinery. Production of the fluid of required
quality with acceptable price is becoming increasingly difficult thus creates the
opportunity to use fluids with accordance to strict performance specification.
Simulateously, the mean time of the oil filling change is monitored with the aim of
extending the oil filling change interval. The change of the physical — chemical
properties of transmission — hydraulic fluid is an important indicator of the
technical condition of the hydraulic pump and fundamentally influences the
operation of the individual elements of the hydraulic circuit. The evaluation of the
oil filling condition is performed either in pre—scheduled intervals or continuously.
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YK.621.791.927

3yeB 1.0., Hayk.kep. A.T.H., mpod.KisHoBchkuii M.B., x.1.H., non. Iusinma H.I.,
(Kpueopizvkuil HayionanibHuil yHieepcumem, Ykpaina)

AOCTHIKEHHSI TEXHOJIOI'TYHUX TAPAMETPIB JJI51 BABOPY
METOAY BIJTHOBJIEHHA AETAJIEU I'TPHUYO-METAJYPI'TUHOTI' O
OBbJIAIHAHHA

Bukonano ananiz nocnioosnocmi onepayiii mexHon02iuHO20 NPOYeCy PEeMOHMY MIUHA mda
Oeghekmis, sKI UHUKAIOMb 8 0emMAliAX MAUHA Ni0 yac excniayamayii. Po3pobieno memoouxy
BU3HAYEHHS KIIbKICHO20 3HOCY Oemaii CMIHKa Mmopyesd, GUKOHAHO PO3PAXYHOK KIIbKOCHI
HAan1agoyHo20 mamepiany ma oOpaHuti Memoo 8i0HOB/IEHHS.

The analysis of the sequence of operations of the technological process of mill repair and
defects that occur in the details of the mill during operation is performed. A method for
determining the quantitative wear of the end wall part, calculated the amount of surfacing
material and selected the method of restoration

IIpobiiema Ta T 3B’A30K 3 HAYKOBMMH Ta NPAKTUYHUMHU
3aBAaHHAMM. KyllbOBI MJIMHM — HaWOUIbII PO3MOBCIOKEHI MAIMHU 3 YCIX
BIJIOMUX JUIsl TOHKOTO TMOJPIOHEHHS, 10 BUKOPUCTOBYIOThCA Ha KpuBopixxi
(puc.1). Ilpu excruryaramii 6apabaHHOTO MIJIMHA 31 CTAJICBUMHU TUIAMHU MEJICHHS
(KynsaMH), BUTPATU Ha TMOKPUTTA BUTpAT Bl 3HOCY KyJlb, (YTEPOBKH Ta
KOPIYCHHX JIETaJIel CKJIaJat0Th OJIHY 3 OCHOBHUX CTaTeH 3aTpaT Ha MOApIOHEHHS 1
JOCSITAIOTh  BapTOCTI EHEPreTUYHUX 3aTpaT, a IHKOJM 1 TMEpPEeBULIYIOTh IX.
Hanpuknazn, npu 30aradeHHi KpUBOPI3bKMX MAarHETUTOBUX KBapLUTIB BapTICTh
BITHOBJICHHS JeTanell MumHa, ckiaagae 30-35 % 3aranbHOI BapTOCTI MOAPIOHEHHS
[1]. Tomy mpobGiema miATpUMaHHS MPaIE3aTHOCTI MIIMHA ILISXOM CKOPOYCHHS
BUTPAT Ha PEMOHT Ha ChOTOJ/IHI aKTyaJIbHA.

JIJisi  CBOEYAacCHOTO BUSIBJICHHS W YCyHEHHS Je(EeKTIB BiJ 3HOIIYBaHHS
JeTanel MPU3HAYaIOTh IUIAHOBO-TIONEPEPKYBaIbHI OTJISAIN M KamiTaabHl PeMOHTH
MiuHa (Tabs1.2). PeMOHTHMI 1IMKJT MJIMHIB BiAnoBigae HacTymHik cxemi K-611-TO-
oI1-K.
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Puc.1. 3oBHimHIA BuUmsin  KyasoBoro | Puc.2. Pexomennyema
PYZOPO3MENBHOTO MIIMHA NEePIOAUYHICTh PEMOHTY
KYJIbOBUX MJIMHIB, TOJ.

[Ipu BUKOHAHHI pOOIT 3 KaNiTaJbHOTO PEMOHTY KYJIBOBOI'O MJIMHA HEOOX1IHO

YCYHYTH HEIONIKU BKa3aHi B Ie(PEKTHOMY aKTI 1 3M1IMCHUTH TaKl pOOOTH:
- 3M1MCHUTH IEMOHTAX BY3JIIB 1 I€TaJIeld MJIMHA;
-IPOBECTU Je(PEKTalII0 MEXaHI3MIB, BY3JIIB 1 JeTajeil MiMHA 3TIJHO 3 BUMOTAMH
eKCIUTyaTaIifHol 1 PEMOHTHOI JJOKYMEHTAIII1;
- IPOBECTHU 3aMIHY 3allaCHUX YAaCTUH 3 TPAHUYHUM CTYIIEHEM 3HOCY Ha HOBI
BUPOOU;
- BIIHOBUTH TE€OMETPHUYHI PO3MIPH JeTae, CKIAJaJIbHUX OJMHMIL Ta iX
TEXHIYHUX XapaKTEPUCTUK;
- MPOBECTH 30MpPaHHs MEXaH13MIB, MOHTaX 1X Ha MJIMHI;
- IPOBECTH MAIEHHsI BCIX MOBEPXOHb MEXAaHI3MIB Ta  CHpPSDKEHHMX JIeTaleH,
3alIOBHUTH MAaCTWJIOM MACIASHKM Ta MIAIIWIHAKA TPUBOJY BIAMOBIIHO 0
eKCIUTyaTallitHOl Ta PEMOHTHOI JOKyMEHTAIlll MJIMHA;
- IPOBECTH NEPEBIPKY, PETYIIOBAHHS Ta BUIIPOOYBAHHS 310paHOTO MEXAHI3MY.

B nporeci poboTu miirHa BigOyBa€eThCs 3HOC OpoHI OapabaHy Ta TOPIEBUX

CTIHOK 3aBaHTXXECHHSI B PE3yJbTaTl 3TUPAIOYOi Ta yAapHOI Jii MIMATKIB PyJId Ta
TIT MEJICHHS, a TaKOXX 3HOC 3yOiB BIHIIEBOI Ta MiABIHIIEBOI IIECTepHI, mard
Oapabany, BKJIQJHINIB MAMUIHUKIB Oapabany, mand Bay MiABIHIIEBOI MIECTEPHI
Ta BKIAQUIIB MIAIIMIHUKIB [bOro Balmy. KpiM TOro mNOMIKOIKYIOTHCS
OararouncesibHl OOJITM KpIMJIEHHS OpoHeBMX IUMT. Bcel mi nmerani moTpedyroTh
NIEPiIOIMYHOTO BIIHOBJICHHS UM 3aminu [3].

IlocranoBka 3agavi. Y pe3ynbTaTi eKclulyaTalli IOBEPXHS CTIHKH
TOPLEBOI 3HONIYETHCS MO BCId MOBEpXHI, NPUYOMY 3HOUIYBaHHA ie
HEPIBHOMIPHO ¥ Mae pi3Hy MHOWHY. 3HOITYBAaHHS HOCHUTHh MICIIEBUI XapaKkTep Y
BUTJIAJIl TaK 3BaHUX «BHUMOIH» PI3HOTO PO3MIpYy ¥ TIMOUHU. 3HOUIYIOTHCS TaKOXK
OTBOPH MiJl OONATH KpPIIJIEHHS OpOHI MIIMHIB, y IEAKHX BUIAJKaX Ha 3HOLIYBaHIH
MOBEPXHI CIIOCTEPIralOThCS TPIIIMHU Pi3HOT TNIMOUHM W TOBXKUHM. BiTHOBIICHHS X
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reoMeTpuyHoi (opMU Mae BaromMe 3HAUCHHS JUISI TPaBUIBHOCTI KPITJICHHS
OpOHBOBUX TIUT.

3a3Buuail ISl po3paxyHKy oOOCSTIB poOIT, 10 BUKOHYIOTHCS TpU
BIJIHOBJICHH1 JieTalle, BUKOPHUCTOBYIOTh 3HAUYCHHS KOEQIIMIEHTY MPUIATHOCTI
JeTaneu sl BITHOBJICHHS, 1110 BU3HAYAETHCA 32 GOpMyIoro [4] :

n
Kn.o.=—2 1)
Mo
ne n, — YHCIO [eTajell NAHOro HailMEHYBaHHS, IO IiJUIAra€ BiZHOBIICHHIO

(peMOHTONPUIATHHUX );
Ny, — 3arajbHE YMCIIO JeTaleH JaHOr0 HaMEHYBaHHs, IO Miusrae aedexrarii.

s ymoB  pobotu TIpHUYO-METATYPTrifHOrO  OOJaJHAHHS, IO
XapaKTepU3yIOThCSl BEIMKMMH HABAaHTAXKEHHSMU Ta CYTTEBOIO Baror JeTajew,
el Koe(ILieHT, K MPaBUIIO JOPIBHIOE OANHUILL.

AHaJi3 [gociaikeHb 1 myOuikamiil. [Ipouec HammaBineHHS moJArae B
HAHECEHH1 Ha TMOBEPXHIO JETajl Iapy MeTaiy, sKui 3a0e3neuye 30UIbIICHHS ii
po3MipiB abo MiIBUINIEHHS 3HOCOCTIMKOCTI. B miTeparypi € J0CTaTHBO MyOmiKaIini
3 PO3KpUTTS Tpolecy, B TOMY YHCII pO3pO0JIEHUX B  1HCTUTYTI
enexktpo3paproBanHs iM.  €.0.ITatoma. Ame  0coOMMBOCTI  BiJIHOBJICHHS
BEIUKOTa0ApUTHUX JeTajlel MalluH 1 MEXaHI3MiB, IO EKCIUTyaTyIOTbCs Ha
KpuBopikoki MOXKHa 3YCTpITH TIIBKM B TATEHTaX, TEXHOJIOTIS BITHOBJIEHHS
MPOEKTYEThCS O€3MOoCepeHO BIJHOCHO JaHOI MAllMHW Ha MiJANPUEMCTBI TiJT
BUPOOHMYI MTOTYKHOCTI.

Buknanennss martepiany Ta pesyiabratu. s po3paxyHKy 00 emy
HaIJIaBJICHHS CTIHKM TOPIIEBOI PO3BAHTAXEHHS KYyJIbOBOTO MIIMHA CKJIAJIa€EMO
CXEMy pO3paxyHKy (puc. 3).

21910

80

842

#4290

Puc.3 Cxema po3paxyHKy 00’eMy HarjiaBJICHHS

Busznayaemo miony yciueHoro konyca 3a (hopmyJioro:
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Szn-(DT_d)-l, )

ne D - miamerp ocHOBH KoHyca, (J4290 mwm;
d - miameTp BepirHU KoHyca, J1910 MM ;
| - moB)KMHA yTBOPIOIOYOI KOHYCca, 955 MM

(4290 - 1910)

S=314- .955=13627600 mm° = 13,627 M

Meroau OIIIHKM CIpaIfOBaHHS CTIHKM TOPIEBOi MOXKHA 3alpONOHYBATH
TUIBKA BHpPOOHWYI (BUMIpIOBaHHS IIOBEPXHI Ta HeTpsiMa OIliHKa 3MIHH
eKCIUTyaTaliiHuX Xapaktepuctuk). Jlaboparopui Ha ['3K He BUKOPHCTOBYIOTHCH,
OCKIJIBKM JIeTajll MaloTh 3Ha4Hy Bary (CTIHKH TopleBi Bia 14 ToH g0 monazg 22
TOHH ).

Jlns  po3paxyHKy BHUPOOITKM HEOOXIJHO BHUKOHATH 3aMipu TJIUOUHU
3HOIIIYBaHHsS. BuOupaeMo KiabKICTh TOUOK 3aMipiB » =150, ToBmMHA m1abM0oHa H =
S MM.

3arajgbHa CyMa TOYOK 3aMIproBaHHsA » H, =6162 MM,

Buznauaemo nmoxu0Oky Bij mabdioHa:
H,, =n-H=5-150=750 MM
Busnagaemo cepenHio rmuOUHY BUPOOITKH:

Hep = ZHn In 3
H,.,=6162/150=41,08 MM = 0,041 m

Puc.4 Touyku Ta BETMUYUHM 3aMipiB IO Puc.5 BukoHaHHs 3aMipiB Ha CTIHII
150 Toukax TOPIIEBIN

['mubuny 3araibHOT BUPOOITKU, BU3HAUYAEMO 32 (POPMYJIIOIO:
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3=>"H,-Hy (4)
3=6162—-750=5412 MM
Buznagaemo 06’eM BHPOOITKH:
Ve =S-Hep (5)
Vg =13,267-0,041=0544 M = 544 o
Heo0xigHa ToBIIMHA IAPY /711 BUPIBHIOBAHHS — 8 MM.
3HaxXoAMMO 00’ €M BUPIBHIOIOYOIO IIAPY:
V,,, =13,267-0,008=0109 m° = 109 mm°
3aranpHuil 00’ €M HAIUIABICHOTO IMIAPY:
V=V, +V,, =544+109 =653 1M°
BucHoBok. BpaxoBywouu [OCHIDKEHHS  CIpallOBaHHS  JeTaji, s
BIJIHOBJICHHSI CTIHKHM TOPIIEBOI OOMpaEMO METOJ HAaIlJIaBJIEHHS — €JEeKTPOIyroBe
HaIJIaBJICHHS B CEPEJOBHINI 3aXHMCHUX Ta3iB CYIUJIBHOI 1 IIOPOIIKOBOIO
MTPOBOJIOKAMH.
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VJIK 621.9.06

IBanyenko B.O., Hayk. kep. A.T.H., npod. KoBanescokuit C.B. ([Jonbacvka
depoicasna mauuHobyoieHa akademis, Yxpaina)

KOMILIEKCHE ITPOEKTYBAHHSI IHHOBAIMHOI'O
MEXAHOCKJIAZAJIBHOT'O HEXY 3 BUITYCKY BY3J1IB BAPABAHY
NPUBOJHOI'O

AxmyanvHicmb  8UKOPUCMAHHA HOBIMHBLO2O  BUCOKOMEXHONI02IUHO20 O00NAOHAHHA 8
CYYACHUX YMOBAX PUHKY CHOHYKAE GUPOOHUYMBO 00 PO3GUMKY NPU  HAAA200NCEHHI
supoonuymea. /[nsa npoexmysanHs inHOBAYIlIHO20 MEXAHOCKIAOAIbHO20 Yexy 3 6UNYCKY CNEeKmpy
Odemaunell € HeOOXIOHUM BUpIULeHHS NPODIeMU SHYYKOCIE 6UPOOHUYMBA MA OOKYMEHMO000i2y.

The urgency of using the latest high-tech equipment in modern market conditions
encourages production to develop while setting up production. To design an innovative
mechanical assembly shop for the production of a range of parts, it is necessary to solve the
problem of flexibility of production and document management.

AKTyaJbHICTb ~ BUKOPUCTAHHS  HOBITHBOTO  BHUCOKOTEXHOJOTIYHOTO
oOnaHaHHS B Cy4aCHHUX YMOBAaX PHHKY CITOHYKA€ BUPOOHHIITBO JI0 PO3BUTKY TPH
HaJaroKeHHi BUPOOHMUIITBA. Hns MIPOECKTYBAaHHS 1HHOBAIIHHOTO
MEXaHOCKIaIaJIbHOTO LEXY 3 BUITYCKY CIIEKTPY JeTanei € HeOOXiAHUM BUPIILIEHHS
po0IeMU THYYKOCTI BUPOOHUIITBA Ta JOKYMEHTOOOITY.

PosrnsnyBmm Aetani npeACTaBHUKUA JOULIBHO 3aMIHUTH OOJIalHAHHS , SIKE
BUKOPHCTOBYETHCSI B 0A30BOMY TEXHOJIOTTUHOTO TIPOIIEC.

UITY WHN (Q) 13/15 naitBnanimuii anapat, BupoOiaenui kommnatiero "TOC
Bapucnopd" B. C. (6inbme 2 000 BupoOaeHUX MaliuH) yHIBEpCaJIbHHUI BepcTaT
JUISL TOYHOTO (pe3epyBaHHS, KOOPAWMHATHOTO PO3TOUYYBAHHS, PO3TOUYBAHHS 1
pi3aHHs KOPOOYACTUX 1 IJIACTUHYACTUX TUIACTUHYACTUX TBUHTIB 1 KOMOIHOBaHHMX
3arotoBok macoto 110 25 000 kr [1].

WHN 130 (Q, MC) mepemoBa TEXHOJOTIYHA MaIllMHA, IO BIJIIOBIIAE
noTpedaM Cy4acHOi MPOrpecUBHOI MEXaHIYHOT 00pOOKH, e(heKTUBHA YHIBEpCalbHa
CTPY’XKO 00poOKa CTaTMYHMX 3aroTOBOK OUIBIIOTO poO3Mipy 1 Bard 3
BUKOPHUCTAHHSM TIpOrpaM  JACTaJied  HAWMPOTPECHBHIMIMX  TEXHOJIOTTYHHX
ocobmmBocreii [1,2].

MoaynbHa KOHCTPYKIIS J1a€ MOXJIMBICTH BUOUPATH 3 IIMPOKOTO CHEKTPY
JIOTATKOBUX XOJIOBUX TAT TO BCiX ocsx. Lle mae kiieHTaM MOXXIJIUBICTH BHOpATH
JJ1s1 ce0e MalllMHYy, sika HalOIbII BIJTIOBIIA€ iX TOTpedam.

Kpim ¢pesepyBanns, TNC 640 Bix HEIDENHAIN Ttakox 3matHuit
BUKOHYBaTU KOMOiHOBaH1 ()pe3epHi Ta TOoKapHi omepailii. BiH ocobiuBo go0pe
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niaxoauTsh s ¢pesepHo-TokapHoi, HSC-1 5-ocboBoi 00poOKM Ha BepcTarax 3
yucioM oceit 1o 24 [3].
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Pucynok 1 — HEIDENHAIN
OpieHTOBaHe Ha MAaMCTEpHIO 1 YyHIBEpCaJbHE YOpPaBIIHHA Mae Oe3miy
¢dbynkuin. Bin ocobnruBo npuBabIvMBHUI AJi1 HACTYNMHUX 00JIACTEH 3aCTOCYBaHHS
[4]:
— VYHiBepcaJlbHUI (Ppe3epHHil BepcTat
— KowmbinoBani ¢ppesepHo-TokapH1 BepcTaTh
— BucoxkomBuakicHe ppe3epyBaHHs
— II'atnochoBa 0O0pOOKa 3 MOBOPOTHOIO TOJIOBKOIO 1 TOBOPOTHUM CTOJIOM
— II'stnocroBa 0OpOOKa Ha Jy’Ke BEIMKUX BepcTarax
— PosrouyBanpHMI BepcTaT
— OOpoOHI LIEHTpU Ta aBTOMATU30BaHa 00pOOKa

SINUMERIK Varianten

o o -

SIMATIC Microbox
Varianten

NCU 710.38
4 NCU720.38
NCU 730.38

Pucynok 2 — SINUMERIK 840D sl

SINUMERIK 840D sl BBaxkaetbcsi crangapTom B npemiym-kiiaci CNCs, 1110,
6e3ymoBHO, BurpaBaaHo. Bucoka npomykrtuBHicTs UIIK, mopsin 3 THyYKicTIO 1
BIIKPUTICTIO, SIK1 10 CUX Mip OyJIu HEOCSKHI, SIBISIOTH COOOK0 OCHOBY MaiKe st
KOXXHOT KOHIIENIlii BepcTaTa. BHCOKOMPOIYyKTMBHA amapaTHa apXiTeKTypa Ta
IHTEICKTyalIbHI QJITOPUTMH YIIPABJIiHHS, a TaKOX KJac MPUBOJHHMX 1 MOTOPHHUX

TEXHOJOT1H MpeMiyM-Kiacy 3a0e3MedyloTh BUCOKY AMHAMIUHY MPOTYyKTHUBHICTH 1
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toyHicTh 00poOku. YIIK SINUMERIK 840D sl A0MOBHIOETHCS IIMPOKUM
CIICKTPOM pilieHb s iHTerpamii B IT-cepenopuma [5].

Integration of machining performance and usabllilyw

5-axis Integrated

Hi gh quality machinis " Reduction in machining ti
Fine Surface Fast Cycle-time
Technology Technology.

Realtime optimization of control

Smart servo control

\
1
59
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—
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Pucynok 3 - FANUC
— Hogitai Texnonorii YIIK 1 ceppo FANUC
— Texunomnoris Tonkoi IToBepxHi
— BucokomBuakicHa o0poOka mporpamM MexaHI4HOT 0OpOOKH, 10 BUBOJSATHCS 3

CAD abo CAM, 1 reHepauis TIJaJKUX TPAEKTOPIA pyXy I1HCTPYMEHTY
3a0€3Me4yI0Th BUCOKY SIKICTh OOpOOKH.
— IBuakMil IUKI-4aC TEXHOJOT1H

Yac mukiy CKOpOYyeThes 3a paXyHOK TaKuX 3aco0iB, SIK MPUCKOpPEHHS a0o
YHOBUIBHEHHSI B 3aJIEXHOCTI BiJl pOoOOYOr0o CTaHy, MaKCUMalbHE BUKOPUCTAHHS
MOXJITMBOCTEH IITTHHJIEIS 1 CKOPOUYEHHS Jacy 0e3 00poOKH.

Jlns minBuiieHHs: €(EKTUBHOCTI TEXHOJOTTYHOI 00pOoOKH AeTaneit
npeacTaBHUKIB TUITY «KOpITycy» MponoHy€eThCs 3aCTOCYBATH JUIsl (PIHIITHOT
00pOOKM CerMeHTHE HUTI(hyBaHHS.

HlnidyBanbHi CErMEHTHI KPYrd BHUKOPHCTOBYIOThCS [UIsl HLTi(yBaHHS
IJIOCKUX MOBEPXOHb. [1nocke nutiyBaHHs HMUIBHUMH KOJIAaMH BEJIMKOTO JllaMeTpa
€KOHOMIYHO HEBWTITHO 4Yepe3 3HauHI BiJIXOJIIB, IMiJBUIIECHOTO TEIJIOYTBOPECHHS 1
MO>KJIMBOCTI MOJIOMKH iX MpU TpaHcnopTyBaHHI. KpiMm Toro, B pa3i mosiBM TPILLIMHU
ab0 YaCTKOBOTO pyHHYBaHHS KOJIa JOBOJUTHCS IIIJIKOM 3aMIHIOBAaTH HOTO 1
BTpavyaTH 3HA4YHY KIUJIbKICTh MPUAATHOTO abpa3uBHOro Marepiany. Ll He3pyyHOCTI
yCYBaIOThCA B pa3l 3aCTOCYBaHHS KiJ 13 BCTaBHUX aOpa3WMBHUX CerMeHTiB. Taki
CErMEHTH TPH IOJOMIIl OJHOIr0 a00 AEKIIBKOX 3 HUX JIETKO 3aMiHUTH HOBHMH [6].
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BUCHOBKU

Jlns 3abe3nedeHHss HaaifHOTO 1 €(pEeKTUBHOTO BHUPOOHUIITBA HEOOXITHO
pO3TIsgaTH CydacHI Kepywul CHCTeMH, JJIi MEXaHOOOpOOHUX BEpCTaTiB,
KEepYBaHHsS TPAHCIOPTHOIO IIEXOBOIO CHUCTEMOIO, aBTOMAaTH30BAaHOIO CHCTEMOIO
IHCTPYMEHTAJILHOTO OCHAIeHHS Ta iH.. J[7ms 3abe3medeHHs aBTOMAaTH30BaHOTO
THYYKOTO MEXaHOCKJIAJAaJbHOTO BHUPOOHHUIITBA HEOOXIJHO BHUKOPUCTOBYBATU
HaJIIHHY Kepyrody cuctemy. Takox, ciij ooupatu o0naJHaHHS 1 OCHAIIIEHHS, SKE
3MOYK€ BUKOPHUCTOBYBATH TaKi CHCTEMH TI0 MAKCUMYMY .
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UDK 519.6

Faisal Hayat, Zlatan Jukic, Igra Abdul Gaffar. (Completed Bachelors in
Computer Science from The University of Lahore)

A DYNAMIC CALL ADMISSION CONTROL SCHEME AND
PERFORMANCE MODELING FOR 4G LTE NETWORKS

In long term evolution (LTE) also called 4G networks, the number of service
classes have been increased and call admission control (CAC) strategies are
implemented to fulfill the QoS requirements. Very efficient and dynamic call
admission control (CAC) strategies are still required to guarantee quality of service
while achieving better utilization of network resources.CAC schemes based on
bandwidth reservation, bandwidth degradation and preemption have been proposed
with the aim of better utilization of network resources.Markov chains have been
used to evaluate the proposed CAC scheme along with necessary simulations for
validation.
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UDK 621.432
Franc Majdic. (University of Ljubljana, Ljubljana)

DESIGN AND TESTING OF A TWO-STAGE WATER-HYDRAULICS
PRESSURE-RELIEF VALVE

Power-control hydraulics isan important technology used in many industries,
but itcan be problematic due to itsimpact on the environment. Using water instead
of mineral hydraulic oil is one of the waysto protect our environment. However,
there is a lack of components suitable for water hydraulics. The aim of this work
was to design and test atwo-stage pressure-relief valve, appropriate for use in
awater-hydraulics system. The valve was designed for pressures up to 40 MPa and
for flow rates up to 50 I/min. In the design process we used both analytical and
numerical approaches. One of the important goals was forthe valve to beas simple
as possible to manufacture. The prototype of the valve was madeand the basic
measurements were taken. Based on the first results obtained from the
experiments, the valve design was modified in the direction of a simpler
valvemanufacturing process with higher quality.

Nowadays we cannot imagine life without technology; it is almost universal.
One of the important waysthat power is transferred is with hydraulics, where a
fluid is used for the power transfer. Different kinds of hydraulic fluids are in use,
the most used are hydraulic mineral oils (a more than 80% share).Most of these
hydraulic fluids are hazardous to the natural environment and to
humans.Unfortunately, hazardous hydraulic fluids spill into the environment
frequently. There are three possible solutions, the first is to use biodegradable oils,
the second is to use ecology-friendly ionic liquids and the third is to use water as a
hydraulic fluid. If we want to change from oil to water hydraulics, a lot of different
hydraulic componentsare needed. An important missing component is the two-
stage pressure-relief valve.
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UDK 681.5:622 (075.8

Isad Saric, Jasmin Smajic, Adis J. Muminovic. (Faculty of Mechanical
Engineering, University of Sarajevo)

INTEGRATED DEVELOPMENT AND DESIGN OF GEARS REDUCTION
DRIVE

This paper presents the methodology for integrated product development and
design. Gears reduction drive was chosen as example. For design process, advance
3D methods and technologies was used, technologies such as: 3D geometric
parametric modeling of virtual prototype, simulation of working principles,
manufacturing of real prototype using additive manufacturing (3D printing) and
usage of augmented reality. In conclusion part of the paper, using results from this
research, advantages of integrated product development and design are highlighted,
with special focus on influence of this methodology on students education at
Faculty of Mechanical Engineering in the field of mechanical power transmissions.
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UDK 621.762.4

Josip Kacmarcik, Nermina Zaimovic-Uzunovic, Samir Lemes. (University of
Zenica)

REVERSE ENGINEERING USING 3D SCANNING AND FEM ANALYSIS

A reverse engineering process of a part including 3D scanning, CAD modeling and FEM
analysis is presented in the paper. A cast bearing support has been selected as an example part
for the investigation. The final goal of the investigation was to determine maximal allowable
radial bearing load of the part. The parametric solid model necessary for the FEM was designed
in CAD software using polygonal surface model of a part obtained by 3D scanning and
subsequent data processing in 3D scanning software. A handheld scanner working on structured
light principle was used for the scanning. The direction and intensity of the maximal allowable
force was determined via FEM simulations in which different loading configurations were
varied.

Y cmammi npeocmasnenuii npoyec 360pomHo20 npoekmysauHs O0emani, wo 6KIoUae
mpusumipne cxkanyeanus, CAIIP-mooenoséannus ma auaniz MEK. B saxocmi npuxnady ons
po3cnioysanus 06yi0 obpano onopy 0 aumozo niowunuuxka. Kinyesoro memoro 0ocniodrcenhs
Oyn0  BU3HAUUMU  2PAHUYHO Oonycmume padidlbHe Hecyue HABAHMANCEHHS  Oemali.
Ilapamempuyna meepoominena mooens, neodxiona onsi MKE, 6yna po3pobnena 6 npoepamnomy
3a6e3neyenni CAIIP i3 suxopucmanuam nonicoHAIbHOI MOOeNi N08epXHi Oemaii, OMPUMAHoi 3a
oonomozorw 3D-ckanyeanmns ma nooanbuioi 06poOKU OaHUX )y NPOCPAMHOMY 3abe3nedeHHi Ons
3D-ckanysanmns. [na cxamysamns 0y8 GUKOpUCMAHUL NOPMAMUBHUL CKAHED, WO NPAyroe 3a
NPUHYUNOM — CIMPYKmyposano2o ceimaa. Hanpsamox ma inmeHCUBHICMb  MAKCUMATLHO
donycmumoi cunu 8uzHayanu 3a oonomozor mooeniosanns FEM, @ axomy sminioeanuce pizmi
KOHi2ypayii HaganmasiceHs.

3D scanning has allowed developers, manufacturers, and engineers to
produce extremely high-quality likenesses, molds, prototypes, and parts for
products and research. Because automotive engineers, aerospace technicians, and
medical researchers use molds, casts, and printed parts to better analyze and
improve their methods, they need the highest quality scans possible.

If a 3D scanner misreads data from a curve in an engine part or a valve in a
replica of the human heart, the resulting research would be lacking in clarity and
precision. Reverse engineering scanners have greatly supplemented the production
process because it allows engineers to measure accurate data and reproduce objects
almost exactly as they were first manufactured.

Being able to deconstruct an object to study its architecture and intricacies is
crucial for competitive data analysis. Laser 3D reverse engineering gives
manufacturers the information they need to increase a product’s usability, prevent
future errors and make necessary improvements.

A product that has grown popular for its affordability and compact size is the
3D hand scanner. While the technology may seem like the best bang for your buck
or like the simplest way to introduce yourself to 3D scanning, there are a few
things you should know before making an investment.

Whether you are a plant manager, a product engineer or a brand
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manufacturer, you’ll want to ensure quality to your customers. 3D scanners make it
easy to get the information you need for the recreation and improvement of
products, but measuring that data accurately means you’ll have to know which
scanners work best and why.

The purpose of 3D scanning reverse engineering services is to be able to
recreate printed adaptations or precise scans that give you accurate information
about a product’s makeup. Through their intricate technical workings, scanners
pick up information you otherwise might miss due to natural human error.

Handheld 3D scanner reverse engineering will make scans more difficult to
obtain than scans from non-mobile scanners.

In many cases, the best 3D scanner for reverse engineering is a non-contact
metrology solution due to its elimination of imprecision.

Aerospace, casting, automotive, medical and many other fields rely on
precise data from advanced technology. In order to have high-resolution scans, you
need automated systems that steadily rove over the object you are gathering data
for. 1t will catch all the measurable points more definitively than 3D hand scanners.

Quality data is essential to reverse engineering because parts must be able to
be deconstructed and reconstructed perfectly. One unstable measurement could
skew the reverse engineering 3d model creation of complex geometric shapes, and
you’ll end up spending unnecessary time correcting the misread data.

The machinery is not attached to a mechanical arm that slowly and steadily
gathers measurable data from the object you are scanning. You must collect the
data yourself and make sure that you get a scan from every required angle.
Oftentimes, the fallibility of these machines is because of an unsteady hand using
the scanner.

Humans are also likely to move too close or too far from the object they are
scanning, which creates inconsistencies when the data is being pieced together on
screen.

On the other hand, automated machinery collects data more reliably because
of its steady probe over the body of the object.

The hardware and software work seamlessly and undisrupted. This allows
manufacturers and engineers to save in labor and production costs because fewer
iterations need to be printed and fewer employees are required to be on the floor,
giving them more time to focus on other parts of their workflow.

One thing that has given 3D scanners attention because of their extremely
high resolution is the fact that Capture 3D uses blue light technology to create
more comprehensible, more easily digestible information. The light probes over
the surface to collect data points rather than having to use a touch probe.

Even though 3D hand scanners have the same hardware and software as their
non-mobile counterparts, they lack the ability to produce high-resolution scans
good enough for the purposes of quality laser reverse engineering.

The blue light technology in handheld scanners does not guarantee a perfect
scan — it’s a stronger camera that may in fact still fall prey to errors caused by
humans.

62


http://www.capture3d.com/index.php/3d-metrology-solutions/3d-scanners.html
http://www.capture3d.com/applications/reverse-engineering

Reverse engineering scanners allow you to deconstruct products to study
their inner workings and research new ways to improve parts.

Smart software, when working in combination with advanced hardware,
brings layers and depth to the research field. Products, parts and the inner workings
of machines can be viewed as they never have been before because of the strength
of 3D scanning technology.

In just seconds, you can capture the complete image of the product you are
analyzing and copy it for CAD model creation.

To enhance your understanding of a product and further adapt it to meet the
needs of your company and customer demands, you’ll need quick, efficient and
reliable technology.

Handheld 3D scanner reverse engineering products may seem suitable if you
are scanning smaller items, but oftentimes smaller objects have more detailed
surfaces.

If your handheld scanner produces a low-quality image, it must be
rescanned. This takes away manpower from the production floor and makes for a
disjointed workflow because of unexpected setbacks.

You can remove the stress of scanning multiple times to fix mistakes by
investing in an automated metrology machine. You’ll optimize production time
and be able to rely on the precise scans non-mobile scanners produce.

Handheld 3D scanners can still pick up on detailed objects. The resulting
clarity of images produced from data measurements on a handheld device may not
be as strong as images gathered from a scanner connected to a mechanical arm,
however.

Since scans create the models you’ll use in production and research, you
want those scans to be top notch. You can be more confident that high-resolution
images will result in well-designed models and more accurate final products when
you use non-mobile metrology.
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PROJECTS OF RENEWABLE ENERGY RESOURCES: AN
ANALYTICAL OVERVIEW OF THE WINDFARM’S ELECTRICITY
GENERATION ON THE HILLSIDE MOZURA

Alternative energy management thrives for a long time. ... With the ongoing
wind energy projects, an adequate share of wind generator’s farms in annual
electricity production from renewable energy resources in Montenegro is estimated
to be 11.4 %. This paper analyses the concrete exemplar of wind generator’s farm,
located in hilly area of the southern part of Montenegro, called Mozura: the
installed power of wind generator’s farm; electricity dispatch among constituent
parts of wind generator’s farm; electricity production within the wind generator’s
farm; investment analysis; the generated noise level per a wind generator of
Mozura wind farm and CO2 emission reductions (savings). Additionally, attached
Is the prognosis of future development of renewable energy resources up to 2025th
year for Montenegro. Logistic metrics, numerical data, and analytical approach are
used to underpin this research. Results are analytically, narratively discussed per
sections and subsections through tabular displays and graphics, which are added to
complete the analysis.
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KOMILIEKCHE ITPOEKTYBAHHSI IHHOBAIMHOI'O
MEXAHOCKJIAZAJIBHOT'O KOMIUVIEKCY

Ha niocmasi ananizy 6a306020 mexwonociuno2co npoyecy O0aui pexomeHoayii no 1o2o
3MIHI 3 YPaxy8aHHAM NPUHYUNIE KOHYEeHmpayii i asmomamu3ayii 3anponoHo8ana KOHYenyis
CHYYK020 8UpPOOHUYMEA. B pobomi nokazano, wo mouHicmes KOHMPOILHUX ONEPAYIt MOHCIUBO
RIOBUYUMU WIAXOM BUHECEHHS 3a MedC 6epCmamy 8UMIPIOBAIbHO20 NPUCTPOIO 3 OAMYUKAMU.
Ilpu ywvomy 3abe3neuyemuvcs GUKNIOYEHHA NOXUOKU eepcmamy, MeXHON02IYHOI cucmemu
eepcmamy 6 pe3yibmamax eumipiosantHs. Taka opeanizayis KOHMPOJbHUX onepayiil 00380JA€
BUKTIOUUMU GUKOPUCIMAHHS OKPEMUX onepayiii nicjisi Onepayitino2o KOHmpoJio.

Based on the analysis of the basic technological process, recommendations for its change
are given, taking into account the principles of concentration and automation, the concept of
flexible production is proposed. The paper shows that the accuracy of control operations can be
increased by taking out of the machine measuring device with sensors. This eliminates the error
of the machine, the technological system of the machine in the measurement results. This
organization of control operations eliminates the use of individual operations after operational
control.

[Ipu mnpoekTyBaHHI 1HHOBAIIMHOTO MEXAHOCKIIAIAIBLHOTO KOMIUICKCY,
npoBefieHuid anaini3 6azoBoro TII BUpOOIB siKi BUTOTOBIIOIOTHCSI HA BUPOOHMIITBI.
Ha 6a3zoBoMy miANpHeEMCTBI BUITYCKalOTh M€Yl BUIMAJEHHS OYIIBHUX CyMIILIEH.
3minnryBau 3a0e3neuye MexXaHI4He MIKIIYBaHHS CHITY40i JAPIOHO3EPHUCTOT CyXOi
CTPYKTYpH 3a paxyHOK MEXaHIYHOTO BIUIMBY Ha TOTIK Marepiany. MexaHiuHe
MIKIITyBaHHS BUKOHY€ETHCS TMTAPOI0 JIOMATHUX CUCTEM, YCTAHOBJICHHUX B 3arallbHOMY
Kopryci ropu3oHTanbHO [1]. JI0o CXO0XHMX 1O THIYy BUPOOIB MOYKHA BiJIHECTH
TpaHcnopTepHu (KOHBEEPHI1), peIyKTOPH AJIsi TPAHCIOPTEPIB, KOPIYCH ISl PI3HUX
THUIIB 3MIIIIyBayiB Ta iH..

CucremMHe  TIPOSKTYBaHHS  IHHOBAIlIMHOTO  KOMIUIEKCY  TOTpedye
BUKOPHUCTAHHS BUCOKOABTOMATH30BaHUX THYYKHUX BEPCTATIB.

Jliss  BUTOTOBIIEHHS JETalli MpPEICTaBHUKA «KOPITYC» 3alpONOHOBaHUMN
TOPU30HTATBLHUM TOKapHO-(ppe3epHuit IICHTP «TMD-42CL» [2].
XapakTepus3yloThCsl BHCOKHM CTYIIEHEM TOYHOCTI 1 TPOAYKTUBHICTIO. Y
CTaHJApTHIA KOMIUICKTAIlli Ha BepcTaT BCTaHOBMOEThcs C- Bich 1 16
IHCTPYMEHTIB, 8 3 SIKMX MPUBOAHI (4 OCbOBI 1 4 pajialbHI MO3MULIT), IO JO3BOJISIE
oOpoOJISITH  JieTaai BHCOKOI CKJIQJAHOCTI, TOOTO JO3BOJIAE PI3KO 301IBIITUTH
IPOAYKTUBHICTH OOnagHaHHs. BiqminHOIO ocobnuBicTioO Moaeni TMA € HasiBHICTh
KEPOBAHOT'O MO TPHOX OCAX CYNOPTa, HAa IKOMY PO3TAIIOBYIOTHCS IHCTPYMEHTH, IO
JT03BOJISIE 3HAYHO CKOPOTUTH Yac 0OpOOKH CKIaAHUX €JIEMEHTIB.
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Jletane MpEACTaBHUK «Ba» MPOMOHYETbCS OOpOOISATH Ha TOKApPHO-
desepHomy obpoodmoBanbHOMY ieHTpi HURCO VMX 42U [3]. HoBiTHs cucTema
kepyBaHHs Hurco Bkitouae Oinpine 25 HOBUX XapaKTEPUCTHK, IO IMiABHUILYIOTH
MPOJYKTUBHICTh, JO3BOJISIIOUM THUM CaMHM Habarato 3O0UIBIIMTH 3arajibHy
MPOAYKTUBHICTh. Benukuil 1HCTpyMEeHTaJIbHUNM Mara3uH Ha 18 1HCTPYMEHTIB,
3aMiHa IHCTpyMEHTY 3aiiMae 0,2 CeKyHIH.

KonTposnbHi omnepariii nponoHyeThcsl BUKOHYBAaTH 0€3 MepecTaHOBKH JeTall,
Ha BepcTaTi 3 JIONOMOIOI0 KOHTPOJBHO-BUMIpIOBaIbHUX InymiB [4,5]. s
CKOPOYCHHS Yacy Ha BHUMIPIOBaJIbHI omepaiii 1 MiABUIIEHHS TOYHOCTI,
MPOMOHYETHCSI BUHECTH KOHTPOJIBHUM MPUCTPiM 3a Mexi BepcTaTy. KoHTposibHO-
BUMIPIOBAJIbHUN TMPUCTPI PO3MIIIYEThCSI HAa CTEHAl OUISI BepcTaTy, KOHTPOJb
BUKOHYETBCS  MPOMHUCIOBUM  POOOTOM  MAHIMYyJISITOPOM 3  KOHTPOJBHO-
BUMIPIOBAJIBHUM MIyIIOM YCTAHOBJICHUM B 1HCTPYMEHTAJIbHUI NATPOH, SKUI
3a0e3Meyyro KOHTPOJIb JI€Tall 10 BCbOMY XX IEPUMETPI.

3aBASKM 3aCTOCYBaHHIO KOHTAKTHHX IMIYIiB, CKOPOUYETHCS 4Yac HaJIaJKH,
30UIBIIYETHCS Yac eKCIuTyatailii Bepcrara. @yHKIII1 HAIaroKeHHs, BUMIPIOBAHHS
1 KOHTPOJIIO MOXYTh OyTH pealli3oBaHl B PYYHOMY pexuMi ab0 yNpaBIIATHUCS
nporpamoro, criibHO 3 cuctemoro YIIK (6utbmicts CUIIK migTpumye nanuit
dbynkuionan) [5,6]. Jus BUMIpIOBaHHS, MPOIMOHYE Iy TPUTTEPHOTO MPUHIIUITY
Jii cepii. JaHl KOHTAKTHI UIyMU BCTaHOBJIOIOTHCS B 1HCTPYMEHTAJbHUM MATPOH
BpPYUHY, 200 3a JOMOMOI'0OI0 aBTOMAaTUYHOTO 3MIHHUKA IHCTPYMEHTY. 3aJeXHO BIJ
1ukIiB BuMipy cucremu UIIK.

OTtpumana iHpopmallis Mpo cTaH 0OpoOKM OyJe TepeaBaTucs Ha MOHITOP
oreparopa, B JUCTAHIIHHOMY PEXUMI OMEepaTop MOXKE pearyBaTh Ha OpakoBaH1
JeTaii i CHiIKyBaTH 3a CTaHOM iHCTpyMeHTy [6,7]. Takum, YMHOM B MPOEKTHOMY
BaplaHTI  NIABUUIYE€TbCS  aBTOMATW3allisl 1  THYYKICTh  1HHOBALIMHOTO
MEXaHOCKJIaIAIbHOTO KOMITJIEKCY B IIEXY 1 B IIJIOMY.

B mpoekTi mpomnoHyeTbes TpaHCIOPTHA CUCTEMA, sSKa TPH HEOOXITHOCTI
MOJKe 3a0€3MeunTH TTOBHY aBTOMAaTHU3allif0. [[1s1 BUpOOHUIITBA B CYYaCHUX YMOBAax
HE0OX1THO 3a0€3MeYUTH MaKCUMaIbHO MOKJIMBY aBTOMATH3alLlil0 3 pallloHATbHUM
EeKOHOMIYHHUM TiaX0A0M. [[JIs1 IpOEKTHOTO BapiaHTy MPOMOHYETHCS BUKOPUCTAHHS
CydacHO1 1HHOBaIiHOI TpaHcmopTHOi cuctemu [8]. CydacHe TpaHCHOpPTHE
oOnaJHaHHS [I03BOJIAE Mailbke TOBHICTIO aBTOMATHU3YBaTW TPAHCHOPTHY 1
3aBaHTAXYBAJIbHY po00Ty, 0e3 ydacti moauHu. s mepemilieHHs AeTaneil mo
1IeXy IPOMOHYETHCSI BUKOPUCTOBYBATH aBTOMATHU30BaH1 TETKKH. ABTOMaTU30BaH1
BI3KM TIPAIIOIOTh, SIK IO TMporpami Oe3 y4acTi JIOJWHU, TaK 1 MO TOJOCOBUM
KoMaHaaMm a0o Ha myJbTi. Lle 103BosIsi€e BUKOPUCTaHHS Cy4aCHOTO OCHAIICHHS IS
NEPEeMIIEHHs] 3arOTOBOK IO JUIbHMIN, 3aBAaHTAKEHHS JAeTajeil 3 JO0MOMOTOI0
pOOOTH30BAaHHUX MAaHIMYISATOPIB HAa BEpCTaTH Uil OOpOOKM JAeTayiedl 1 Micis
00poOKM TpaHCIOPTYBATH JIeTalll Ha HACTYITHI omepalii 1 Ha CKJIaJl micias 0OpoOKu
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netaneii. HeoOXigHO NpUALTUTH OCOOJIMBY yBary MAJisi MEPEMIIIEHHS TOTOBHX
JeTanei Ha CKJIaanbHe BiaUIeHHS. BUTOTOBIEHH] AeTali HEOOXITHO TI0/IaBaTH Ha
CKJa/lajbHy OIEpallifo BiJpa3y Ha MOYATOK CKIaAanbHOI omeparii. [[is TouHnoro
pPO3paxyHKy HEOOX1JHOTO Yacy JJIs MepeMIIIeHHS JeTajll B MPOEKT1 pO3POOIIETHCS
HUKIIOTpaMa CKJIaJaHHs 1 LMKJIOrpamMa BUTOTOBJIEHHA BUpoOy. Takuit mimxifg
JI03BOJIMTH 3a0€3MEUNTH HEMPWIMBHUN MPOLIEC CKIAJaHHS JIeTaled 1 MiABULIUTH
e(eKTHBHICTh BCHOT'O BUPOOHHIITBAIO
BMUCHOBKHA

Takum  9yuHOM  OyJO  3alpOMOHOBAaHO  BUKOPUCTAHHS  CY4YacHOT'O
MEXaHOOOpOoOHOTO OaraToyHKI[IOHATBLHOTO OOJIaJIHAHHSA 1 OCHAIIEHHS, IO
JI03BOJIIE MAKCMMAIbHO CKOHIIGHTPYBAaTH oOfmepalii Ha OJHOMY BepCTaTi,
NOAUISIOU1 X Ha nepexoau. J1ist 3a0e3neueHHs BUKIIIOUEHHS MOXUOKHU BEPCTaTy Ha
KOHTPOJIbHIM omepariii NpONOHY€eThCS BUHECEHHS KOHTPOJIBHOIO MPHUCTPOIO 3a
Mex1 Bepcrary. llpu npoMy 3a0e3nedyeThCsi BUKIIIOUEHHS MOXUOKU BEpCTaTy,
TEXHOJIOTIYHOI CHCTEMH BEpPCTaTy B pe3ysbTaTaX BUMIPIOBaHHA. Takuii miaxia K
MPOCKTYBAHHIO  CYYaCHOrO  IHHOBAIIMHOTO  1€Xy  JO3BOJISIE  MiJBUIIUTH
€(EeKTUBHICTh BUPOOHULTBA, PO3IMIMPUTH HOMEHKIATYpPHHU psA AeTaner s
M1JBUIIEHHS KOHKYPEHTHO-CIPOMO>KHOCTI Ha Cy4aCHOMY PUHKY.
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IMPUCTOCYBAHHA VIS IINTAKYBAHHSA
CTPYMOITIPOBIIHUMMU MATEPIAJIAMHA

B pobomi 3anpononosano iHcmpymenm Micye8o20 3MIYHEHHI CMPYMONPOBIOHUX
NOBEPXHEBUX Wapie Memanegux Oemainel, WIsAXOM O0OKAMKU OUCKOM 6 MACHIMHOMY NOai 3
OOHOYACHUM BUKOPUCMAHHAM CMPYMY, WO BUHUKAE 8 30HI KOHMAKMY OUCKY 3d PAXYHOK
VHIinonsipno2o 2enepamopa Dapaoes.

The paper proposes a tool for local hardening of conductive surface layers of metal parts
by running the disk in a magnetic field with the simultaneous use of current arising in the contact
zone of the disk due to the unipolar Faraday generator.

Inest BiTHOCHUTBCS 10 Talmy3i TEXHIKHM, a caMe JI0 TEXHOJIOT1l 3MIITHIOBAJIbHO1
OoOpoOKM JeTaneil NUIIXOM MEXaHIYHOI OOpOOKM 3 OJHOYACHUM MPOITyCKAHHIM
HABEJICHOTO CTPYMy Ha JHUCK SKHM KOHTAKTye 3 JETAUII0 1 MOXe OyTH
BUKOPHWCTaHAa JUIs 3MIITHEHHS IOBEPXOHb TEPTS JACTaJIel MaIllUH.

[IpoanainizoBaHi ICHYIOYl CXE€MH Ta KOHCTPYKIIi IHCTPYMEHTIB s
eIeKTpoMexaHiyHoi 00poOku [1-5]. 3a aHajgor B34TO MNPUHIMI KOHCTPYKIIIT
IHCTPYMEHTY, POOOTY SIKOTO OyJIO BIOCKOHAJCHO /I TOKpAIIEHHS pPOOOYUX
XapaKTepUCTHK [6].

3a MPOTOTHIT B3ATO IHCTPYMEHT, SIKUH Ma€ JACP)KaBKY 3 JABOMA MPYKUHHUMHU
OXOJIO/PKYBAHMMH POJMKAMH, CTPYMOIIABOAY JUISl 3'€JHAHHS 3MIITHIOBAIBHO-
JEeMII(PYIOUUX €JIEMEHTIB POJUKIB 3 JKEPEJIOM CTPyMYy 1 CUCTEMY KOHTPOJIIO 1
NIATPUMKA ~ TeMIlepaTypd poOodoi MOBEPXHI  3MILHIOBAIBHO-AEMI(PYIOUHX
CJIEMEHTIB POJUKIB B HEOOXiqHOMY Jiana3oHi. Ha ponmkax 3akpirieHl 3HIMHI
3MIIHIOBAJIbHO-AeMIIDYI0Yl eJeMeHTH B (QopMi Kibld. CTpyMOMiABI MICTUTH
BUKOHAHI 3 XIMIYHO 1 EJEKTPUYHO OJHOPIMHMX MaTrepiaiiB Ha MPUCTPOi 3
HEPYXOMHUMHU KOHTAKTaMH 1 TIOB'S3aHUMU 3 OCTAaHHIMHU 4Yepe3 PIIKE CEepPEeIOBHIIE,
K€ Ma€ BEJUKY €JICKTPUUHY MPOBITHICTh, PYyXJMBUMH KOHTAKTaAMH 1 €JIeMEHTaMU
MEXaHIYHOTO Ta €JIEKTPUIHOTO 3B'SA3KY. HenonikamMmu  BIIOMHUX  KOHCTPYKITIN
IHCTPYMEHTY TaKOTO THUIIY €:
—  BIUIMB XBHJIbOBOTO BUIIPOMIHIOBaHHS;
— HEOOXITHICTh  JIOMYyCKYy A0 poOOTH  TIIBKM  BUCOKOKBaJ1(DiKOBAHUX
CHiBpOOITHHUKIB;
— JIOCHUThH BEJIMKA EHEPTOEMHICTD MPOIIECY.

BpaxoByroun 1e¢ Oynma po3poOjieHa TMPUHIMIIOBO HOBA KOHCTPYKIIIS
THCTPYMEHTY ¥ IPUHIUITY HOTO Iii.

B ocHOBY KOpuCHOI MoOjeJl MOCTaBjieHa 3a/Jada CTBOPEHHS KOHCTPYKIIIi
MJIAKYIO4YOro 1HCTPYMEHTY 0€3 JOJAaTKOBUX JDKEpea €Heprii Ta HaaliHuM
3aKPIIJICHHSIM OOpOOJISIIOUOTO €JIEMEHTY, SIKMM Ma€ HEOOXiJAHY >XOPCTKICTh M
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cTallIbHE HAHECEHHS TOKPUTTS Ha 0OpOOIIIOBaHM eJIeMEeHT abo JeTalb.

[HCTpyMEHT, 1110 TPOIOHYETHCS, BIAPIZHAETHCS TAKUMH BIACTUBOCTSIMU SIK '

- eHepro30epiraltoyrMu BIACTUBOCTIIMU;

- B1JICYTHICTb 30BHIIITHLOTO ITPHUBO/TY;

— aJalTHBHICTB;

- BITHOCHA MTPOCTOTA KOHCTPYKIIIi;

- MOXJIMBICTh TIEPEHECEHHS OY/Ib KUX CTPYMOIIPOBITHUX MaTepiaiB.

3anponoHOBaHl 1HCTPYMEHTH BUKOPUCTOBYIOTh €HEPril0 HABEJEHOTO
CTpyMy B CTPYMOMPOBIIHHX IHCKaX, KOHTaKTHAa TOYKAa 3HAXOJUTHCS Ha BXOJI
JUCKY 3 30HH PIBHOMIPHOTO MAarHiTHOTO TOJsi, OOEpTaHHS JUCKY B MOCTIHHOMY
MarHiTHOMY TIOJII MO€ CTBOPIOBATH TEXHOJIOTIYHHUWA CTPYyM JJIsI BUKOHAHHS
TUTAKyBaHHS.

TakumM  9yuHOM, CIOCIO  MICIIEBOTO  3MIIIHEHHS  CTPYMOIPOBITHUX
MOBEPXHEBUX IIapiB METAJIEBUX JETAICH NUISIXOM OOKAaTKU MOBEPXHI METAIIEBUM
JUCKOM B MarHiTHOMY IOJI1 3 OJTHOYaCHUM BUKOPUCTAHHSIM CTPYMY L0 BUHUKAE B
30HI KOHTAaKTy JHCKY, 32 PaxXyHOK YHINOJSIpHOrO reHeparopa dapanes, Moxe
HAHOCHUTHU HAMTOHII IApyU HAHOMOKPUTTS Bij 2 10 50 HM.
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JOCJAIIXEHHS TEIIJIOBUX E®EKTIB IIJIACTUYHOI JIE®OPMAIIIL
ITPHU BOJIOYIHHI TIOPOIIKOBOT' O APOTY

Y pobomi naoano pesyromamu 00CnioNHceHb HACPIBAHHA 0DOOJOHKU NOPOUKOBO20 OPOMY
npu eonouinni. IIpoananizosano menioGUOiNeHHs NPU GONOYIHHA CAMO3AXUCHUX NOPOUKOBUX
opomis 3 obononxkamu 3 cmaneti 08xkn i 651" 3 Memoio 8uueHHs 11020 8NIUBY HA CKAAO0BL 0CePOsi.
Busnaueno, wo sukopucmanns cmpiuxu 3i cmani 651" 013 nopowkosux 0pomie He npuBOOUNs 00
nepezpigy oceposi suwe KpumuyHoi memnepamypu, npu sxiti 8i00yeacmuvcsa oucoyiayis 2az3o-
WIAKOYMBOPIOIYUXUX | OKUCHEHHA 1e2YI0UUX KOMNOHEHMIS.

The paper presents the results of investigations of heating of the cored wire sheath during
drawing. The heat generation during drawing of self-shielded flux-cored wires with shells made
of 08kp and 65G steels is analyzed in order to study its effect on the core components. It has
been determined that the use of a 65G steel strip for flux-cored wires does not lead to
overheating of the core above the critical temperature at which the dissociation of gas-slag-
forming and oxidation of alloying components.

VY 3B'SI3Ky 31 3pOCTaHHSIM BUMOI JO SIKOCTI HAIUIABJIEHOTO MeETaily, HOoro
XIMIYHOT ¥ MEXaHIYHOI OJIHOPIAHOCTI, yce OUIbIlle MOMMUPEHHS MalOTh TTOPOIIIKOBI
JIPOTH 3 000JIOHKOIO 3 BYTJICIICBUX 1 JIeroBaHUX cTanei [1,2].

[Ipu BOJIOYIHHI MOPOUIKOBOIO APOTY HEMUHYYE BIIOYBA€THCS HArpiBaHHS ii
0OO0JIOHKH.

3anexxHo BiJ Marepiany OOOJIOHKH MOPOUIKOBOTIO JAPOTY TEIUIOBHILICHHS
py BOJIOWiHHI Oyzae pi3HUM. Y poOoTi [6] Bia3HAUEHO, 1O TEIUIOBUN e(deKT 3a
IHITUX PIBHUX YMOB TUM OuUIbIlle, YUM O1IbIII€ BHUXIJ TeIUia, omip AehOpMyBaHHIO
i cryninb aedopmaitii. [Ipu BosouinHi [3] 0Ocsr MeTany 3aIUIIa€ThCs TOCTIMHUM,
TOMY MEXaHi4Ha po0o0Ta, 10 BUTPAYAETHCS HA BOJIOYIHHS, 32 BUHATKOM HEBEJIUKOI
YaCTUHU, IO #je Ha 30UIbIIEHHS BHYTPINIHBOI EHEPrii, IO BUSABISIETHCS B
YTBOPEHHI HaKJIeny, TpaHC(POPMY€EThCS Y BUIJISAL Temia. 3a AaHUMHU [S] mig dac
BOJIOWIHHSI ~HU3bKOBYIJICLIEBOTO JpOTYy Maibke BCS MeXaHI4yHa pobora
MEePETBOPIOETHCSL B TEIJIO, a MiJ Yac BOJIOYWIHHS ByrieneBoro japoty (0,6% C)
HE3aJIeKHO BiJI CTPYKTypu Metany Onu3bko 10% MexaHiuHOi poOOTH ije Ha
30UTBIIIEHHST BHYTPINTHLOT eHeprii. [Ipw BomowiHHI ApOTY YacTKa Teruia, IO
BUHUKAE B OcCepenKy aedopmailii Biff 30BHINTHEOTO TEPTS, MOXKE PO3MOIIISATUCS
HacTynmHUM YnHOM: 80% Teruia moriauHaeTbest ApoTom 1 20% BOJIOKOTO.

TeruoBuil cTaH cucTeMH «ocepAs - OOO0JIOHKa» B MPOIEC] BOJOUIHHS
MOPOIIKOBUX JIPOTIB 1 MUIaBJICHHsSI 0araTo B YOMY BHU3HAYaIOTh iX 3BapIOBAJIbHO-
TEXHOJIOTI4HI BJIACTUBOCTI. 3aKOHOMIPHOCTI TEIJIOBOIO CTaHy CHUCTEMHM I 4ac
BOJIOUIHHSI CAMO3aXMCHUX MOPOLIKOBUX JAPOTIB 3 OOOJOHKOIO 31 CTPIYKH PI3HOTO

XIMIYHOTO CKJIaJy BUCBITJIEHI OOMEKEHO.
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Metoro maHoi poboTH € aHami3 TEIUIOBUIUICHHS TPU  BOJOYIHHS
CaMO3aXMCHUX MOPOIIKOBHUX APOTIB 3 oOojoHKamu 3 craneit 08km 1 651 3 MeToro
BHUBYCHHSI HOTO BIUIMBY Ha CKJIAJIOB1 OCEP/Is.

[Tix BrTMBOM TerIa, 110 BUAUISAETHCS M1 9ac BOJOYIHHS, MOXKJIUBHI Harpis
OOOJIOHKH TIOPOIIKOBOTO JAPOTY A0 TaKWX TEeMIepaTyp, MpU SKUX HEMHHydYa
JUCOTIIAIlisl Ta30yTBOPIOIOYMX KOMIIOHEHTIB 1 OKHCIJICHHS JICTYIO4Oi YaCTUHU
ocepas.

ExcriepuMeHTanbHe TOCIHIHKSHHS MPOIIECY BOJOUYIHHS MOPOIIKOBHX JPOTIB
poOMIIHM Ha CHeliaIbHOMY BOJIOYMIIBHOMY OJTHOOapabaHHOMY cTaHi (puc.l).

Pucynok 1 — ExcnepumeHTaibHa yCTaHOBKA JJIsl BOJIOYIHHS MOPOIIKOBOTO
apotry: 1 — wmeranmeBa crTpiuka; 2 - mpodinesruHatoue oOnmagHaHHS, 3 —
chopmMoBaHHMii k07100; 4 — aBTOMATHYHUN J103aTOP; 5 — POJMKH, IO KaIOPYyIOTh; 6
— 3aroToBKa MOPOIIKOBOTO JipoTy; 7 — ¢duib’epa ; 8 — BoJOKOyTpumyBau; 9 —
nopoikoBui apit; 10 — cucrema TeH30aTYHUKIB.

Ouinka cryneHs AedopMalliitHoro po3irpiBy i BIJIUBY Ha HbOI'O Martepiaity
CTPIUYKM BHUKOHYBajlacsl 3a pe3yJibTaTaMH PO3PAXYHKIB TeMIeEpaTypu HarpiBaHHs
10 MEePETUHY 000JIOHKH MOPOIITKOBUX JAPOTIB

JIJ1st eKxcriepuMeHTaIbHUX TOCHIKEHb OyJIi BUTOTOBJICHI MIOPOIIIKOBI IPOTH,
[0 MArOTh OJWH CKJIaJ HAlOBHIOBAauYa, a B SIKOCTI 0OOJOHKH BUKOPHCTOBYBAIHCS
IIMPOKO 3aCTOCOBYBaHa cTpiuka 31 ctam 08k, a Takox 65I. IIpo 3acTocyBaHHs
OCTaHHbBOI, P BUTOTOBJICHHI MTOPOIITKOBUX JPOTIB, MPAKTUYHO HeMae iHpopMaIrii
B JiTeparypi. B 000X Bumagkax BUKOPUCTOBYBaiacs cTpiduka po3mipom 0,5x12 MM,
0 J03BOJIAJIIO 3a0€3MEUYUTH OJHAKOBUN KOEQIIIEHT 3aMOBHEHHS MOPOIIKOBOTO
JPOTY.

Cwta BonouiHHS (pikcyBasiacs 3a JOTIOMOTOIO0 TE€H30/IaTYMKIB, BOY/IOBAaHUX B
yTpuMmyBad (Pinb’€pu, MOKa3aHHS PEECTPYBAIUCS 32 JOTIOMOTOI TEH30CTAHIIIT,
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MIIKITI0OYEHOT 32 JIONIOMOTOI0  aHAJOTO-TM(POBOTO  TMEPETBOpIOBAYa /10
BOJIOYLJIEHOTO CTaHYy.

VY AKOCTI BUXITHUX NaHUX MPUHHSIN: MIBUIKICTH BONOYiHHA V1=6 M/XB,
Matepianu 000J0HOK: cTanb 08kn (6g,=230 MIIa) 1 crans 651" (6p,=400 Mlla),
JIOBXKHMHA ocepenka nedopmariii mpuiiMaeThCcsi piBHIA JOBXHHI PpoOOYOi 30HHM
¢binw’epu. [Ipu oO6uncaeHHSX 3p00JIEHO TOMYIIEHHS PO T€, M0 POIEC BOJOUIHHS
aniabaTUYHUN, OTXKE BCE TEIIO 1e(hOpMaliifHOTO PO3IrpiBy MepenaeThesi 000IOHII
MIOPOIIIKOBOTO JIPOTY TOBIUHOO O.

MaxkcruMaspHa CcHjla BOJIOUIHHSI CIIOCTEPIraeThCsl HA MEPIIOMY MEpPexXoji
3,72-3,24mMM. MosXHa TIPUITYCTUTH, 110 MaKCHUMajbHE TEIUIOBUIIJICHHSA Oyae Ha
naHomy nepexofl. [ToBHa MOTYXHICTh IJIACTUYHOI Aedopmalii Mpu BOJOYIHHI
JIOP1BHIOE:

W=P-V, (1)

ne P — cuna gedopmariii;

V — MIBUIKICTH BOJIOYIHHS.

MakcumanbHl 3HAYEHHS BEJIMYMHHM MOTY>KHOCTI IUIACTHYHOI aedopmartii
MOPOIIKOBUX JpOTiB 3 oOonoHkamu 31 ctayner O08km 1 651 Wyg =272 BrT;
W651":463,5 Br.

TeruoBi eexTr mIacTUUHOI Aedopmallii po3paxoBaHi no Gopmyi:

WT - 776blx W ) (2)

ne Wy - moTyxHicTh, sika HepeTBOPUIACH B TEILIO;

W - noryxHicTs, cipuiiasaTa 16()OPMOBAHEM TiTOM;

1]y - KOCQIIIEHT BUXOY TEILIA.

Ha migcrapi nanux [3] npuiiHATI KOSIMIEHTH BUXOTY TETUIA: Mpux 08— 0,9 -
Ju1st ctaim O8KIT 1 Nyyx 65r=0,8 - u1st cTami 651,

3 ypaxyBaHHsIM (popmynu (2) MaKCUMaJIbHUNA TETUIOBUN €(PEeKT MIaCTUIHOI
nedopmarlii Ipy BOJIOWIHHI pO3TISHYTHX MatepianiB ckimane Wrog,—244,8 BT i
W+4sr=370,4 Bt. ¥V Mipy 3HM)KEHHS BEJIIMYMHU NPUPOCTY OOTHCHEHHS TEIJIOBUMN
e(heKT 3MEHITYEThCS, TPUIOMY O1IBIIT IHTEHCUBHO B 000JIOHIII 31 cTaji 651

[Ipu amiabaTuyHMX yMOBax Tporecy JnaeGopMyBaHHS, ITiIBUIICHHS
temriepatypu (T) B enemeHTapHOoMy 00’€Mi, BigOyBaeThbCs BIAMOBITHO O
3aJICKHOCTI [6]:

dT o -¢
i op ®

Jie T- 4Jac;
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¢ — MUTOMA TEIJIOEMHICTE;

Cj- IHTEHCUBHICTh HAPYTH;

€j- IHTEHCUBHICTb MBUAKOCTEH Aedopmartii;

p - UIUIBHICTh MaTepiay.

Buxonsuu 3 ymoBu (3) mpupicT TeMmreparypu depes aedopMariitHui
pO3IrpiB MOKHA BU3HAYMTH 110 HACTYMHIN HopMyi:

W.
AT =—-1

=— T _Ar
cpoath (4)

ne - 00csAr KOHTAaKTHOTO IIapy, 110 HArpiBa€ThCs, MOPOIIKOBOTO JIPOTY,
JOpIBHIOE JOOYTKY IUIOLII BOTHUINA Jedopmallii Ha TOBIIMHY OOOJOHKHU
TIOPOIIKOBOTO IPOTY O Ha NaHOMY mepexo/i (03 24=0,5 Mm).

Po3noain Temneparypu B MonepeyHoMy Hepepi3i MOPOUIKOBOTO APOTY IpH
il HarpiBaHHi B NPOLECI BOJIOYIHHS HEPIBHOMIPHO, TOMY IIO TEIJIONPOBIIHICTH
IIMXTA OCEPJid HUXKYE 3a TEIUIONPOBIAHOCTh MeTady OO0OJOHKH. MakcumainibHa
TeMIlepaTypa HarpiBaHHs OOOJIOHKH MOPOIIKOBOTO JPOTY TPYOUACTOi KOHCTPYKIIIT
3MmiHIOeThCA B Mexax 400...470 °C. HarpiBaHHs cepiedHHUKA JIPOTY MOXOJUTh BIJT
O00OJIOHKU JI0 LEHTPY, MPUUOMY B MPUIISATAIOUOMY J0 OOOJIOHKH IIapi MOPOUIKY
MO>KJIMBE HArpiBaHHS JI0 TEMIEPATYP, PIBHUX TEMIIEpaTypl 00OJOHKHU. Y 3B'SI3KY 13
UM HEOOXIAHO PpO3TJsfAaTH TEeMIlepaTypy HarpiBaHHS TIOPOIIKY PiBHY
TEeMIIepaTypl HarpiBaHHA OOOJOHKM $SK MaKCHUMaJIbHO MOXJIUBY. EdekTuBHICTH
HarpiBaHHs OCEpJs 3AJIKUTHh BIiJ Woro ckiamny. JlociaimpkeHHs MTPOBOAMIKCS 13
3aCTOCYBaHHSM IIUIAKOBOi OCHOBM pyTWJI — KapOoHatHoro tumy. [o cknamy
CEp/ICUHUKA BXOJSATh TAKOXX PO3KUCIIIOBAY1 1 3aJ113HUM MOPOIIIOK.

Bigomo, 1110 HaliMEHIIIOI0 TeMIIepaTypor0 MOYaTKy JAUCOINAIll Mae MapMyp
(Twc=440°C), a miHIMaIbHA TeMIlepaTypa MOYaTKy OKHUCHEHHS XapakTepHa s
bepoamtoMiHito  (Touer=570°C). Yac mIacTUYHOTO HarpiBaHHA OOOJOHKHU
craHoBuTh 0,05 c.

PesynbraTti mociimKeHb MoKa3aid, 10 BUKOPUCTAHHS CTPIUKH 31 ctaii 651
JUTSI TIOPOIIIKOBUX JIPOTIB HE TMIPUBOIUTH JI0 TIEPETPIBY CEPIICBUHU BHINE KPUTUIHOT
TEeMIIepaTypH, MPpHU sIKid BIJOYBA€TbCS AUCOINIAIlS Ta30-IIUIAKOYTBOPIOBAILHUX 1
OKHCHEHHS JICTYIOUYHNX KOMIIOHCHTIB.
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PEAJIIBANIA STEAM- IPOEKTIB 3A1JI51 PO3BUTKY HAYKOBO-
JOCIIIHUIBbKOI JIAJBbHOCTI YYHIBCBKOI MOJIOJI B
OCEPEJIKY MAH

Ilepeopicnmayis oceéimu na maxy, wio 8i0N0GI0A€ 3anuUmam MaudymHb020, [PYHMYEMbCSL
HA MINCNPeOMEMHUX 3HAHHAX Ma 6MIHHAX, nepeddavac 3acmocy8aHHs KOMNEemeHmHocmel y
BUCOKOMEXHONO02TYHOMY, WBUOKOSMIHHOMY mMA NONIKYIbMYPHOMY CYCRIIbCMBI € 20108HUM
BEKMOPOM Yi1020 psdy ocsimuix cucmem. Ha oymky cneyianicmis, 3asnaueni yini peanizyiomscs
wsixom enposaoxcenns max 36anoi STEAM-oceimu. ¥V womy ocobnusicme STEAM-ocsimu i siki
MOJICIUBOCIE  3ANPOBAOINCEHHS MAKOI cucmemu y HABYAIbHO-BUXOBHUL NpoYyec CYYaACHUX
oceimuix 3aknaodis, 30kpema peanizayito STEAM- npoexmis 3a0ns Hayko60-00CiiOHUYbKOL
OisbHOCMI YYHIBCHLKOI MOI00i 6 ocepedkax MAH npeocmasneno 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.

[lepexin 10 1HHOBAILIMHOI OCBITU €BPONEUCHKOTO pIiBHSA THependayae
NIArOTOBKY (axiBLIB HOBOI reHeparlii, 34aTHUX JO0 CYyYaCHHX YMOB COLIAJIbHOT
MOOUIBHOCTI, 3aCBOEHHS NMEPEAOBUX TEXHOJOTIM. 3a HUHIIIHIX YMOB B YKpaiHi
3arpedyBaHUMU cTaoTh: |T-(axiBi, mporpamicTu, iHXEHEpH, MpodecioHanu
BHUCOKO TEXHOJIOTTYHUX BHPOOHHIITB, (haxiBii 010- 1 HAHOTEXHOJIOTIM. 3100yTTS
cydacHuX mnpodeciii moTpedye BceOIUHOI MIATOTOBKY 13 PI3HUX OCBITHIX 00J1acTei
NPUPOAHUYMX HAyK, 1HXKEHEpli, TEXHOJOTId Ta MporpamMyBaHHS, HANpsMIB, Kl
oxommoe STEM-ocsita. TN'omoBna mera STEM-ocBiTH monsirae 'y peanizartii
JIep>KaBHOI MOJITUKY 3 ypaxyBaHHSM HOBUX BUMOT 3akoHy Ykpainu «IIpo ocBiTy»
IOJI0 TIOCWJICHHS PO3BUTKY HAyKOBO-TEXHIYHOTO HAmpsiMy B HaBYaJIbHO-
METOAMYHIN AISUTBHOCTI HA BCIX OCBITHIX PIBHSX; CTBOPEHHI HAYKOBO-METOJUYHOI
0azu 19 MIABUILECHHS TBOPYOro TMOTEHIIay MOJoAl Ta mnpodeciiiHol
KOMITETEHTHOCTI HayKOBOIeJaroriyHux mnpamiBHukiB. STEM-ocBita — xareropis,
sKa BU3HAYa€ BIJAMOBIAHWI TMENAaroriyHUN MpoIec (TEXHOJIOTiI0) (OpMyBaHHS 1
PO3BUTKY PO3yMOBO-TII3HABAJLHUX 1 TBOPYUX SIKOCTEH MOJOJ1, PIBEHb SKHUX
BHU3HaYa€ KOHKYPEHTHY CIIPOMOKHICTh Ha CydyacHOMY pUHKY mipaiii. STEM—ocBiTa
3MIMCHIOETBCS 4Yepe3 MDKIUCHUIUTIHAPHUM MiAXil y MoOyJA0Bl HaBUYaJbHUX
nporpaMm 3aKJIafiB OCBITH pi3HOTO piBHA. AkpoHiM STEM (Bim anrn. Science —
npupoaHudi Hayku, Technology — texnonorii, Engineering — imkeHepis,
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npoeKkTyBaHHs, nu3aiiH, Mathematics — maremaTnka) BU3HAYAa€ XapaKTEPHI PHCH
BIIMIOBITHOT ~ JUAAKTUKH, CYTHICTh  SKOi  BUSBISETHCA Yy  TO€AHAHHI
MDKIUCITUIUTIHAPHUX ~ MPAKTHKO  OPIEHTOBAHWX  MIAXOMIB /IO  BUBYCHHS
MPUPOJIHUYO-MaTeMaTHIHUX JucuuiuniH. Boanouac, y STEM-ocBiTy akTuBHO
BKJIIOYAIOTHCSA TBOPYi, MHUCTEIbKI JAUCIUIUIIHA, 00 €/IHaH1 3araJlbHUM TEPMIHOM
Arts (mo3nadenns BianosigHoro mgxoay — STEM and Arts). Akryansaumu STEM
and Arts HampsMaMud € TIPOMHCJIOBUN JH3aifH, apXiTeKTypa, iHAyCTpiaibHa
ecTeTrka ToIno. Bukopuctanus nposigHoro npuniumy STEM-ocBiTH — iHTerpartii
— JI03BOJISI€ 3/1MCHIOBATH MOJIEPHI3AIliI0 METOJIOJOTIYHUX 3acal, 3MICTy, 00CATy
HAaBYAJIBHOTO  MaTepialy MPEIMETIB MNPUPOJHUUYO-MATEMATUYHOIO  IHMKIY,
TEXHOJIOT13allll0  Mpolecy  HaByaHHA Ta  (QOpPMyBaHHA  HaBYAJIbHHX
KOMIIETEHTHOCTEN $IKICHO HOBOro piBHA. Lle Takox chpuse OIbII SKICHIN
MITOTOBIIl MOJIOJI JI0 YCIIIIHOTO TpareBIallTyBaHHs Ta MOJAIBIIOI OCBITH, SKa
BUMArae pi3HUX 1 OUTBII TEXHIYHO CKJIAJHUX HABUUYOK, 30KpEMa 13 3aCTOCYBAHHIM
MaTeMaTUYHUX 3HaHb 1 HAYKOBUX MOHSITh. OCHOBHI KJIIOUYOBI KOMIIETEHTHOCTI
koHuenii «HoBoi ykpaiHCBbKOI IIKOJW», a caMe: CIUIKYBaHHS JIEPXKaBHOKO Ta
1HO3eMHUMHU  MOBaMH, MaTeéMaTH4yHa TPaMOTHICTb, KOMIIETEHTHOCTI B
OPUPOJHUYMX HayKax 1 TEXHOJOTiIX, 1H(QopMaliiHO-1IMpoBa TIPAMOTHICTD,
YMIHHS HaBYATHUCS BIPOJOBXK KUTTS, COIIATIbHI i TPOMaTHChKI KOMIIETEHTHOCTI,
H1AIPUEMIIUBICTD, 3aralbHOKYJIBTYPHA, €KOJIOTTYHA TPAMOTHICTh 1 3J0POBE KUTTH,
TapMOHIMHO BXOIATh B cucteMy STEM-0CBiTH, CTBOPIOIOUM OCHOBY AJIsI YCHIIIHOT
camopeasi3aliii 0COOMCTOCTI 1 siK (axiBIid, 1 IK TpoMajstHuHA [2].

Cepen (akTopiB 1HHOBAIIHHOTO PO3BUTKY B YKpaiHi BOKIMBE MIiCIIe
HAJICKUTh  BIJHOBJICHHIO  KOHKYPEHTOCIIPOMOKHOCTI  YKpaiHChKOI  HAyKH,
(bopMyBaHHIO MAalOYTHBOI HAYKOBOT €JIITH KPATHH.

Opniero 3 HailepekTUBHIMX (GOPM HAYKOBO-AOCTIAHOI AISIBHOCTI YYHIB €
Mana akanemiss Hayk (MAH), sxa crpuse po3BUTKY IOCHIIHUIIBKUX 3110HOCTEN
IOHMX HAyKOBIIIB, (OPMYBAaHHIO HABUYOK BEJEHHS HAYKOBOTO JOCIIKEHHS,
aHayi3y OTPUMAaHUX PE3YJbTATIB, iX OPOPMIICHHS, PO3BUBAE BMIHHA MPE3EHTYBATH
BJIaCHI 3100yTKH, (HOPMYIOYHM HABUKH KOHKYPEHTOCIPOMOXKHOCTI, BMIHHS
BIJICTOIOBATH BJIacHI norsian. Y mexax MAH crapuiokiacHUKY MPOXOASTh NEPILi
€Tany CTAaHOBJICHHS SIK HAYKOBIII.

[IpioputeTHUM BEKTOPOM OpTaHi3allli HayKOBO-TOCIIHHUIIPKOT IISITBHOCTI
IoHUX HaykoBIiB € STEAM-ocBiTa, 30pi€HTOBaHA HAa BUHAXIJIHMUIITBO Ta
iHHOBaTUKY. STEAM TexHONOrIi CTBOPIOIOTh ONTUMAJIBHY HAYKOBY ILUTATGOpMY
JUISl YYHIBCBKHUX JOCIHIJKEHb, a/DKE JIO3BOJIAIOTH IHTETPYBaTU 3HAHHS PI3HHUX
JTUCIMILIIH, TPOBOAUTH PI3HOMAHITHI IOCIIU, TEHEPYBAaTH HOBI 17€1, CTBOPIOBATU
Cy4acHI BUHAXOJIH.

AxtuBHe BrpoBapkeHHs STEAM- ocBiTu B ymoBax crtaHoBieHHs HoBoi
YKpaiHChKOI IIKOJIM Bi10yBa€eThCs yepes peanizaiito STEAM npoekTis.
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[Tpoekt sk 3aci6 peamizauii STEAM-ocBiTH [103BOJISIE OpPraHIYHO IHTETPYBaTH
3HAaHHS YYHIB 3 PI3HUX AMCHUUIUIIH M7 9ac PO3B’SA3aHHS pealbHUX MpodIeM,
0OyMOBIIIO€ iX MPaKTUYHE BUKOPUCTAHHA, T€HEPY€E NPU LbOMY HOBI i71€i, hopmye
BCl HEOOXITHI KHUTTEB1 KOMIIETEHINI, 30KpeMa, IOJIKYJIbTypHiI, MOBJICHHEBI,
iH(dopMarriitHi, corianbHi [1; 6]

Texnomorii € came THUM HaBYaJIbHUM TPEAMETOM, SKHH SKHaWKparie
JIEMOHCTpPY€E 1HTETpallilo 3HaHb Ta BMiHb y4YHIB 3 PI3HUX MpeAMeTiB. Bukonyooun
pobOTy HaJa KOXHUM HaBYAIBHUM IIPOCKTOM YYHSM IOTPIOHO CaMOCTiHHO
CIIPOEKTYBAaTH MailOyTHIN BUPIO, MPU [IbOMY BUKOPUCTATH 3HAHHS 3 MATEMATHKH,
¢bi3uky, Ximii, iIHGOPMAIIMHUX TEXHOJOT1M, MUCTEITBA, 010JI0TIT 3a JIJI1 CTBOPECHHS
(yHKLIOHATBHOTO, LIKAaBOIO Ta HOBOrO BUpOOy. Y TakoMy BHNAJAKy Y4HI
BOAYaIOTh J1€BUI 3B’ 130K TE€OPIi 3 IPAKTUKOIO KUTTH.

STEAM npoekTd MOXKYyTh MaTH SIK HABYAJIIbHUM TaK 1 €KCIIEPUMEHTAIBHO-
JOCIITHULIBKUN XapakTep. [CHYIOTh MMEBHI BHUMOTHM IIOAO peadi3alli TaKhx
MPOEKTIB: MO-TIEpIIIe, TeMa MPOEKTY MOBHHHA OYTH aKTyalbHOIO Ta KOHKPETHOIO,
CHPSMOBAHOIO Ha BUPIIICHHS BU3HAYEHOT IPOOIEMU; MO-IPYyTe, YIUTEIh BUCTYIIA€
KEepPiBHUKOM, OPTaHi3aTOPOM, KOHCYJTBTaHTOM, THIOTOPOM MPOEKTY, TOOTO HAIILITIOE
pobOTy y4HIB B MOTPIOHOMY HAmpSMKy, ajie HE BTPYYAEThCS B cCaM IIPOIIEC
JOCITIJIKEHHS; MO-TPETE, MOTPIOHO CTBOPUTU HEOOXIJIHI YMOBH JUIsl TIPOBEJICHHS
YUHIBCHKOTO €KCIIEPUMEHTY,3BUYatHO, HAKpaIlle MaTH CIeiabHO 00JIallITOBaHY
STEM naGoparopito, xo4a MOXHa i OOMEKHUTHCS 3a0€3MeYCHHSIM JOCTITHUKIB
HEOOX1THUM OOJaJIHAHHIM; MO-YETBEPTE, B MPOIeci POOOTH HaJ MPOEKTOM YUHI1
MOBUHHI CaMOCTIHHO 3aCTOCOBYBaTHM Ta BMITH IHTETPYBaTH 3HAHHS 3 PI3HUX
HAyKOBUX Tany3edl abo HaByYaJbHUX TMPEIMETIB, aHaJIi3yBaTh OTPUMaHy
1H(popMaIlito, poOUTH BIIACHI BHCHOBKH, 1 HAOCTaHOK, MiJICYMKOM OYIb-sIKOTO
STEAM mnpoekTty moBuHEH OyTH MPAaKTHYHUIN pE3yNbTaT, BUPIO, CIIPsIMOBaHUN Ha
BUpIIIIEHHST 00paHOT MPOOJIeMH.

Ha cporonni Benmmue3Ha yBara Jnep:kaBu, MIJIPHEMIIIB, MEIIEHATIB MPUKYTA
JI0 BUSIBJICHHS Ta MIATPUMKHA TAJIAHOBUTOI HAyKOBOi MoJjiodl. BimmosimHo, st
YUYHIB BIJIKpUBAIOTHCA IIMPOKI MOXKIJIMBOCTI: y4acThb Y KOHKYypcax Ta HayKOBO-
TEXHIYHUX BUCTaBKax, peajizallis HayKoBO-AOCITHUIILKUX MPOTrpaM, KOHKYPCH Ha
OTpUMAaHHS TPAHTIB.

B Vkpaini Taka cuctema modana po30yaOBYBAaTHCS JIOCUTH JaBHO.
Hanpuxnan, Marnoro akagemiero Hayk Ykpainu y 2000 pori Oynia 3anmpornoHOBaHa
neparoriuna cuctema «lllxkoma — MAH». Ii ocHOBOIO € aBTOpchka MeETOIHMKa
CeiTiann binoyc — kaHawmara TEAaroriyHUX HAyK, 3aBiAyBauykKd HAyKOBO-
JOCTIAHOI eKcrepuMeHTanbHoi Jaboparopii — ¢imi HI[ «MAHY» «Metonuka
JTUHAMIYHOTO MOJICIIOBaHHs, a00 J{OCII THHUIIbKI JTaHITFOMKKI).

HactynmHuM KpOKOM pPO3BUTKY LBOIO MPOEKTY CTalO0 CTBOPEHHA Quiii —
HayKOBO-JIOC/IIHOT eKCIepUMEHTaIbHOI jaboparopii. Takok, abu IMiIBUIUTH
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epextuBHICTh 3ampoBakeHHs «llkomn — MAH» 1 3amyyuTd KOXHOTO 3
YKpaiHChKUX IKOJSAPiB A0 Mamoi akamemii Hayk Ykpaiaw, OyJio CTBOPEHO
cucremy STEM-ocBiTu mizx Ha3zBoo «MAH-IOHIOpY.

3a miero cucremoro koHkypcu «MAH-IOniop Epymur» 1 «MAH-IOHIiop
JlocniaHuk» OpoxoasTh 3a HOMIHAIIAMU «TexHikay, «AcTpoHOMIisN», «EKomorisy
ta «lctopis». Ha I erami y4Hi OTpUMYIOTH MOTHBAIIIO 0 Mi3HAHHS B TEBHIN
raiysi, pO3IIMUPEHHs CBITOrsAY, a HanpukiHmi III eramy, HaOyBmM mEeBHHX
JOCIIITHULBKUX HaBUYOK, CTBOPIOIOTH 3aBeplieHuid mnpoekT. 3a 10 poxis
3anpoBajkeHHsT KOHKypciB «MAH-IOHiop» He Tinbku chopmyBaBcs NEBHUN
Nepesik MUTaHb MO0 OpraHizallii MONIyKOBOi JIISUIBHOCTI YUYHIB, @ # yTBOpHIAcs
CHUIBHOTA BYMTENIB Ta iXHIX Y4YHIB, AKl IMOCTIHHO O€pyTh AKTUBHY Yy4acTb Yy
KOHKYpCax.

VY4H1 HaMIOro HaBYAJIBHOTO 3aKJIaay € MOCTIMHUMH YYaCHUKAMH KOHKYPCY-
3axucty MAH Ta HeolHOpa3oBO CTaBajiu MEPEMOXKISIMH Ha PI3HUX eTarax,
30kpemMa y cekiisnx «TexHikay, «MucreurBo3HaBcTBO» ( Ti CEKIii, A€ Y4HI
NpaIolTh 3 Y4YWUTEJIeM TEXHOJOTIM sSK HayKOBUM KepiBHHKOM). KoxHa
JOCIIKYyBaHa po0OTa € YHIKAJIbHOIO Ta HAYKOBO-3HAYUMOIO, a/)K€ YUH1 0OMparoTh
aKTyasibHI 11iKkaBi TemMu. [Ipioputer Haga€eThCS PO3TISAY TUX MHUTAHb, K1 3HAXOb
BIJIFOJIOCOK Yy BJIACHI TBOPYOCTI Y4HIB( HampHKiIaa, po3poOKa yCTaHOBOK [IJIst
BUpPOOITKY TemJia YU BUTOTOBJIEHHA pedeil 13 HemoTpedy, SK HOBUU HaIpsMm
nu3aiiHy). TakoX 3HAauyHa yBara Y4YHIB MPUAUISIETHCS BHBYEHHIO 0a30BOTO
peaMeTa 3a JJisi Pe3yJIbTaTUBHOTO HAMKMCAHHS KOHTPOJIBHOI pOOOTH Ha KOHKYPCI
(y cekii «TexHiKa» — MaTeMaTHKa, «MUCTEIITBO3ZHABCTBO» — yKpaiHChKa MOBA).
Jns  edextuBHOT  opraHizamii  HAyKOBO-JIOCTIIHHIIBKOI  JISIBHOCTI MM
BUKOpUCTOBYyeMO STEAM TexHojorii, $Ki JO3BOJSIOTE 3 PI3HUX CTOPIH
MpoaHaIi3zyBaTH MpooeMy JOCHIIKEHHS, THTETPYIOYN HEOOX1IHI 3HAHHS YYHIB 3
PI3HUX MpeaMeTiB. Y mpolieci poOOTH Haja BIACHUM HAayKOBUM JOCIIIKCHHSIM
Y4HI 371e01UTBIIOTO MPaIioTh Haj BracHuM STEAM npoekToMm, pe3ynbratu sSIKOTO
CTalOTh MIATBEPKEHHS HAYKOBUX T1MOTE3 YUHIBCHKOI JOCTITHUIILKOI pOOOTH.

OkpiM ydacTi y KOHKYPC1-3aXHCT1 HAYKOBO-IOCTIAHUIIbKUX po01 MAH Haii
y4HI NpeAcTaBisitoTh cBOi STEAM mnpoekTu Ha pi3HUX KOHKypcax. Tak, 1Ba poku
MOCTUTh TaJAHOBHTA YYHIBChKA CHUIBHOTA HAIIOl TiIMHA3il MPEACTaBIsIE CBOI
STEAM npoexTtn Ha BeeykpaiHCbKOMY KOHKYPCl €KOJIOTTYHUX MPOEKTIB, KOMIKCIB
Ta ece HailloHambHOTO TEXHIYHOTO YHIBEPCHUTETY «XapKIBCHKUW MOMITEXHIUHUN
THCTUTYT», 3a pe3yjbTaTaMu KO0 MarTh HailBuull Bia3Haku /y 2019 pomi Oyno
MPEACTABICHO OJMWH TpoekT - 1 wmicue, y 2020 pori Oyno mpeacrtaBieHo 3
YUHIBCBKI MPOEKTH, BIAMOBIAHO Maemo nBa 1 micus Ta onHe 2 wmicue/. Tematuka
MIPEICTABIICHUX MPOCKTIB 3yMOBJICHA PSIOM €KOJOTIYHUX MPOOJEeM ChOTOICHHS,
0 MOXYTh OyTH BHUpIIIEHI B MeXax MiICTa, 3aKianay, JI0MOTOCIIOJIapCTBa.
Hampuknag, B OJHOMY 3 MPOEKTIB YYHI 3alpONOHYBajid  BJIACHE pIIICHHS
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MOBTOPHOT'O BUKOPHCTAHHS HEMOTPIOHUX pedel 3a/1sl MOMIMIIEHHS 6JaroycTporo
MiCTa, MPU IOMY IOHUMH HAyKOBIIMH OyiH po3poOJieHl eKCIepUMEHTaNIbHI
MoJieJIl TakuX BUPOOIB, MPOBEICHO MPAKTUYHI BUMPOOYBaHHA. Y MOJAIBIIOMY Il
IPOEKTU MOXYTh CTaTH OCHOBOIO JUIsl HAIIMCAHHS HAYKOBO-IOCIIIIHUIBKOI poOOTH
MAH.

OpHe 3 OCHOBHUX 3aBllaHb CYYacHOI IIKOJM — CTBOPUTH YMOBHU 7St
Pi3HOOIYHOTO PO3BUTKY MIAPOCTAIOYOTO MOKOMIHHS, 3a0€3MeUnTH aKTUBI3AIlIO 1
peduiekcii, aHaTITUKO-CHHTETHYHUX YMIHb Ta HABUYOK 3 ypaxXyBaHHSAM
MOKJIMBOCTEN KOXKHOI JTUTHUHU. CydacHI METO/IM HaBYaHHS 3a0€3M€UyI0Th aKTUBHY
B3a€MOJII0 YYHIB 1 BuUMTedsl B HaBuaibHOMYy mporeci. Peamizamis STEAM-
MPOEKTIB CIHPHUSE  PO3BUTKY HAYKOBO-JOCIHIIHUIILKOI MiSTBHOCTI YYHIBCHKOI
MoJ10/11, 30kpema, B ocepenky MAH. Boposamkennss STEAM -ocBiTu € Baromum
BEKTOPOM PO3BUTKY HOBOI ykpaiHCBKOI MIKOJIM Ta MaOyTHBOTO MiAPOCTAIOUOTO
MOKOJIIHHS B I[IJIOMY.
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UDK 681.518.2

Lejla Banjanovic-Mehmedovic, Azra Balukovic. (Department of Automation
and Robotics, Faculty of Electrical Engineering, University of Tuzla)

PSO OPTIMIZED FUZZY CONTROLLER FOR MOBILE ROBOT PATH
TRACKING

An essential aspect of Industry 4.0 is autonomous production methods,
powered by Industry of Things (loT) based on a connected mesh of objects,
devices and computer machines, which can communicate with each other. Many
things can be transported across the factory via autonomous mobile robots,
avoiding obstacles and coordinating with other robots. Autonomous robots are
fully integrated with the manufacturing system in Industry 4.0 to a greater extent
than ever before. This paper addresses the design and implementation of PSO
optimized fuzzy control for mobile robot path tracking. Firstly, fuzzy control is
applied to track the desired trajectory. Secondly, this path tracking has been
improved with the PSO optimized fuzzy controller. The proposed PSO fuzzy
controller was investigated based on several conducted MATLAB simulation
scenarios for a mobile robot. The simulation results show better performances with
the proposed PSO optimized fuzzy controller when it is compared with the fuzzy
controller without optimization.

In many static and dynamic environments in the scope of smart factories,
mobile robots are increasingly being employed. Industry 4.0 goes beyond the
typical idea of machineto-machine communication, allowing mobile robots to
transport of components and even completed products. Following a defined
trajectory, the mobile robots navigate itself to avoid obstacles and move to a target
point, with possibility to collaborate with the production systems like automation
cells.
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CIIOCIb AMHJIITYI[HO—BIBPAI_[II‘/JIHOILO SMINHEHHS POBOYUNX
ITOBEPXOHbB JETAJIEM MALINH

3anpononosano 6uenadicy8ausb, AKUU BUKOHYE CKIAOHI PYXU IHOeHmMopd, ujo 00380Ji€
po3wupumu 0ianda3ox 3HAYEHb WOPCMKOCMI ma MIYyHOCMI NOBepXHi, wo 00podIsEMbCs ma
3MEHWIEHHSI eHepP2OEMHOCMI npoyecy 3 OOHOYACHUM RNIOBUWEHHAM NPOOYKMUBHOCMI ma
eKCIILyamayitiHux Xapaxkmepucmux oemaii

A smoother is proposed, which performs complex movements of the indenter, which
allows to expand the range of values of roughness and strength of the treated surface and reduce
the energy consumption of the process while increasing the productivity and performance of the
part

Ines BimHOCHTBCS JO Tally3l TEXHIKH, a caMmMe J0 TexXHoJsorii oOpoOku
poOOUNX NOBEPXOHb CTAJEBUX JIeTalel. AHAJIOTOM THCTPYMEHTA € BIOpOHAKATHHIM
BUTIaKyBayb. [Iporiec oOpoOKku mosnsirae B TOMy, IO BiOparlii pizlierpuMaya
BUKOHY€ETbCA  €JIGKTPOMEXaHIYHMUM  BIOpaTopoM, 4acToTa SKOTO  MOXKeE
perymroBatucs. AMIUIITY/Ia KOJIMBaHb pi3LEyTpUMyBada, a Jajll BUTJIA/HKyBaua
3aJIC)KUTh BIJ BEJIMYMHU eKCLEHTPUCUTETY 3MIHHOT'O KyJIauka
eneKkTpomexaniyHoro BiOpatopa [1]. HemomikoM € BrmumB BiOpaliiii Ha Bce
TEXHOJIOTIYHY CHUCTEMY, 110 BKJIIOYAE CYMNOPT, pi3LeyTpuMyBaub 1 Bepctaty. [lpu
bOMY Ma€ MIClI€ HHU3bKa JOBIOBIYHICTh €JEKTPOMEXaHIYHOrO BiOpaTopa 3
eKCIIEHTPUCUTETY BCTAHOBJICHUM KYJIaYKOM Ha Bally €JIEeKTPOIBUTYHA.

3a MpOTOTUIl MPUUHATO MNPUCTPIA BIOPALIHHOTO CTATUKO-UMITYJIHCHOTO
BurinamkyBansa [2]. IlepeBaramMu 1HCTpyMEHTY NPOTOTUIY €: PEryJIlOBaHHS
aAMIUTITYIU K€ 3AIMCHIOETHCS MIJISXOM 3MIHM BEJIUYMHH 3ap03y MIXK BUIBHUM
KIHIIEM XBHJIbOB1JIa, a 3a0€3MeUeHHIM BIOpO pyXYy 3 alIiTy1010, 110 31HCHIOIOTHCS
3a paXyHOK IMITyJIbCHUM HaBaHTa)XCHHSM Ha OOHOK a00 XBUIIBOBIJL.

JIo HeoJIKIB MPOTOTHUITY CJIiJI BIIHECTH CKJIaJHY KIHEMAaTHUKY, OOMEXEHICTh
THITIB JIeTajeh MaIllH, 110 0OPOOIISIOTHCS.

CXOXICTh 3 3ampoONOHOBAaHMM CHOCOOOM Ta MNPUUHATAM HPOTOTUIIOM
SABJISIETBCS: BIOparlii, cxoxi 3a (HopMOIO CKIagHI PyXH I1HACHTOpA, 3HUIKEHHS
HIOPCTKOCTI 00pOOIIOBAIBHOI MOBEPXHI Ta BEJIMYUH aMIUTITYIU 1HAEHTOpA.

3anpomoHOBaHa KOPUCHA MOJENb  YSBIsIE COOOI0  BHIJIAKyBayb.
[HCTpyMEHT CTBOpEHHMI 3 KaTyUIKU y KOTpid KiUIbKICTh BUTKIB 880, a mgiamerp
MIJTHOTO APOTY ckianae 0,8 MM, IKUi HAMOTaHUN Ha Koprnyc iHaeHTopa. [logauero
3MIHHOTO CTPYMY Ha KaTyIIKy YTBOPIOETbCS 3MIHHE MAarHiTHE IOJE, SIKE B CBOIO
4epry yTBOPIOE MIKPO aMILTITY/IHI BiOparii.

OO0poOka BHUKOHY€THbCA HACTYIHUM YHHOM: 3aroTOBKa 3aKpiIUIAE€ThCA Y
NaTpOH BepCTara, MOJAETHCS 1IHCTPYMEHT A0 0OpOOIIOBaHOT MOBEPXHI MiJ KyTOM
75°. B pe3ynbTari muX A1l yTBOPIOIOTHCS MIKpO BiOpallli, 1HAEHTOp 31HCHIOE
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CKJaJHI PyXH Ha poOodiif MOBEpXHI AETall 1 yTBOPIOE YMOBHU Ui BUHUKHEHHS
HaHO-IIIapy.

3 BUKOPHUCTAHHSIM MIKpPO aMIUTITYAHOTO-BIOpalifHOrO BUTJIaKyBaya, Mpu
SKOMY OOpOOKa BHKOHYETHCS IIO/aue€i0 3MIHHOTO CTpyMy Ha OOMOTKY sKa
CTBOPEHA HA BUTJIAKyBaul. 3aBASKA 3MIHHOMY PE30HAHCY CTPYMY SIKUM MMOCTyTMae
Ha OOMOTKY BUTJIQJKyBada yTBOPIOETHCS 3MiHHE MarHiTHE IOJIe, 3aBJSKH SKOMY
THCTPYMEHT 3/1MCHIOE MIKPO aMILTITYyAH1 KoJauBaHHS (puc.l).

Y

Pucynox 1 — Cxema pyxiB 3alpOIIOHOBAHOTO ITHCTPYMEHTY

Konu yTBOprotoThes Mikpo BiOparlii iHACHTOpP MOYMHAE CKJIAJHI KOJIOBI
pyxu 3 1mo pobOouoi MOBEpxHI JaeTaii 2, MO 1 3MIHIOE JUCIOKAIlII0 3€peH Ha
MOBEPXHEBIN IIapy Jerajii, 1 TAM CaMUM YTBOPIOE HAHO MOBEpXHIO 1. 3Moxke
3aCTOCOBY€ETECS Ha BepcTarax yHiBepcaibHux 13 YIIK.

3acTOCyBaHHsSI MPOMOHOBAHOTO CHOCOOY J03BOJIIE PO3LIMPUTH J1aMTa30H
3HAYEHb IMIOPCTKOCTI Ta MILHOCTI MOBEPXHI, 0 OOpOONSIEThCS Ta 3MEHUICHHS
€HEPrOEMHOCTI TMpPOLIECY 3 OJHOYACHUM IIJIBUILIEHHSIM MPOJYKTUBHOCTI Ta
eKCIUTyaTallliHUX XapaKTepUCTUK JeTall.
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Maria Margotta, Marco Claudio De Simone. (Dipartimento Ingegneria
Industriale, Universita degli Studi di Salerno)

SUPERCRITICAL FLUID EXTRACTION OF LYCOPENE AND
OMEGA-3

An ideal extraction method should be rapid, produce a quantitative recovery
without degradation and the extracts should be easily separated from the solvent.
Supercritical fluid technology offers features that overcome many limitations of
conventional extraction methods. There are many advantages to their application,
especially in the food sector (for example the extraction of lycopene from tomato
skins or the extraction of fish oil rich in omega-3 from fish by-products); the
extraction method influences the yield and quality of the product obtained, and also
allows to operate with moderate temperatures and with shorter timescales. The
processes involving SCF are sustainable, environmentally friendly and cost
efficient, and offer the possibility of obtaining new products.The disadvantage,
however, lies in the fact that it is necessary to use expensive equipment and to
perfect the particular phases of the process to obtain a specific product.

The application of supercritical fluids as an alternative to conventional
processes of precipitation, separation and extraction it is a field of research in
continuous innovation. The wuse of supercritical CO2 offers innumerable
advantages, including moderate operating temperature, density and solvent power
that can be easily adjusted thanks to a minimum change in temperature or pressure,
flammability and low cost. Nowadays, SC-CO2 is used for large-scale extractions
in the food industry, as an alternative to traditional separation systems, such as
fractional distillation, steam current extraction, extraction with organic solvents. A
large application of supercritical fluids occurs in the agro-industrial field, above all
for the recovery of nutrients from processing waste. In fact, in the last few years
the concept of "zero waste" has become increasingly aware: waste can be reused
within the food production chain. Many residues, in fact, are rich in bioactive
species.
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UDK 621.472
Marija Bojovic. (University of Montenegro)

TOWARDS INNOVATIVE SOLAR ENERGY APPLICATIONS: NEW
URBAN FURNITURE

As every society produces its own space, in the age of sustainability, it is
inevitable to rethink the ways we live and use our cities and our resources. Smart
cities are an emerging topic - this next generation of urban development requires
technologically advanced, socially equitable and last, but not least, well-designed
urban environments. At this crucial moment of rethinking our space and cities we
are given the opportunity to redesign them as more flexible, adaptable and,
citizenfocused. This paper analyses two such examples of well-designed,
innovative implementation of solar energy into urban settings.

By analyzing solar energy potentials in Montenegro, as well as
characteristics of photovoltaic systems and solar collectors, this paper highlights
the possibilities of application of active solar systems in the materialization of
facilities, both during reconstruction and improvement of energy efficiency of
existing facilities and with the newly designed facilities, especially in the tourism
sector. Despite favorable conditions and potentials which exist in Montenegro,
solar energy has not been sufficiently used so far. Montenegro as an ecological
state, with emphasis on development of the tourism industry, and in accordance
with the principles of sustainable development and energy efficiency must work on
creation of favorable conditions for the application of active solar systems. In order
to enable broader use of solar thermal installations in tourist facilities in
Montenegro, and taking into account current market price of electricity, it is
necessary to provide adequate state subsidies for generating energy from
renewable sources, and therefore the solar energy. Application of photovoltaic
systems and solar collectors in buildings emphasizes the concept of utilization of
solar energy in order to achieve energy efficiency in buildings, and for this reason
it is necessary to think about their application in the materialization of envelopes of
tourist, and other types of facilities. Development of the tourism industry is crucial
for economic development of Montenegro. For this reason, energy efficiency, and
in this sense utilization of solar energy in the tourism industry is of great interest
for Montenegro. Moreover, the possibilities for achieving energy independence
from the national distribution network through apllication of active solar systems,
are a very important aspect when it comes to tourist facilities. Thereby, in addition
to positive economic effects, environmental objectives in environmental protection
are achieved as well. By meeting these conditions a favorable basis is created for
strengthening the tourism industry, better and more quality offer and therefore also
for affecting the country's economic development and verification of sustainable
tourism, as a strategic commitment and objective of Montenegro.
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Marija Ridosic, Aleksandra Josipovic, Milorad Tomic, Miomir Pavlovic.
(University of Belgrade, Faculty of Technology and Metallurgy, Belgrade, Serbia)

THE INFLUENCE OF THE ANODIC OXIDATION ON CORROSION
STABILITY OF NB COATINGS PRODUCED BY PHYSICAL VAPOUR
DEPOSITION

Development of the alternative processes for the ,,dirty” technology in all
industrial areas is an essential task nowadays. Among the technologies that are
most hazardous for environment and which has to be replaced by “green”
processes are galvanic and decorative coatings. It is well-known that electroplating
of finishes, like hard chromium, cadmium or nickel in metal finishing is
recognized as a source of pollution which is very dangerous for environment and
humans. Good alternative for the deposition of the coatings from standard plating
baths could be physical vapour deposition (PVD), plasma-assisted chemical vapour
deposition, and chemical vapour deposition (CVD) or thermal spraying. In this
work the Nb coatings will be deposited on steel by PVD process. After deposition,
the anodic oxidation on different potentials will be applied to obtain different
colouring of the coating which is very important decorative factor today in many
manufacturing areas. Two different solutions for anodic oxidation will be used and
compared with commercial solution for this purpose. The colour and morphology
of the obtained coatings was examined by bench-top spectrophotometer and optical
microscopy. The corrosion stability of the obtained coatings was determined in
3,5wt% NaCl by electrochemical techniques. Namely, the potentiodynamic
polarization and electrochemical impedance spectroscopy was used to study the
corrosion processes of the coatings in saline environment. Obtained results shows
that coatings anodised at 140 V had the best corrosion performance from all
solutions. Coatings anodised in prepared solution 3 showed advanced properties
than those obtained from commercial solution. The corrosion rate was
0.018um/year in 3 wt% NaCl.
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Marija Ridosic, Katarina Crljenic, Mihael Bucko, Milorad Tomic, Jelena
Bajat. (University of East Sarajevo, Faculty of Technology Zvornik, Republic of
Srpska)

ULTRASOUND ASSISTED ELECTRODEPOSITION OF ZN-MN-AL203
NANOCOMPOSITE COATINGS

The nanocomposite coatings are novel type of materials which are composed
of two or more components and at least one must be at nano scale. The
nanocomposite coatings possess better properties compared to their micro versions
and because of that this material found application in different industrial areas. The
Zn-Mn coatings are already known as material with good corrosion properties. The
aim of this work is to reinforce Zn-Mn alloy with AI203 nanoparticles to advance
it corrosion properties. The main problem in deposition of composite coatings is
low dispersion stability of plating solution and agglomeration of the particles in
plating solution. Consequently it is hard to achieve the homogeneous distribution
of the particles in the matrix which is connected to good properties of the final
product. In literature there are different methods for de-agglomeration of the
second phase in plating solution, like ball milling, mechanical or magnetic stirring
etc. The ultrasound applied during the deposition is beneficial not only for
deagglomeration phenomenon but also for advancing the properties of the coating.
In this work the ultrasound assisted electrodeposition of Zn-Mn-Al203
nanocomposite coatings is performed galvanostatically by 1; 2 and 4 A dm-2
current densities. Electrodeposition is preformed from four different plating baths,
R1 was without Mn2+ ions, and R2, R3, R4 was with different Zn2+: Mn2+ ions
ratio. The deposition time was 15 minutes. Composition of the coatings was
analyzed by electron dispersive spectroscopy and corrosion properties were
analyzed by different electrochemical methods. Namely, the Tafel polarization
method and electrochemical impedance spectroscopy were used for determination
of corrosion stability of the obtained composite coating in 3.5wt% sodium
chloride. The results show that Zn-Mn-Al203 composite coating had advanced
corrosion stability in saline environment compared to Zn-Al203 coatings. The
coating deposited with 4 Adm-2 from bath 2 (Zn2+:Mn2+ ratio 1:1) showed the
lowest corrosion current density and the lowest corrosion rate in 3 % NacCl
solution.
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Martin Greguric, Sadko Mandzuka, Miroslav Vujic. (Faculty of Transport and
Traffic Sciences, University of Zagreb)

IMPROVEMENT OF VARIABLE SPEED LIMIT CONTROL
EFFECTIVENESS IN CONTEXT OF CONNECTED VEHICLES

The problem with Variable Speed Limit Control (VSLC), as one of powerful
ITS services, is that a certain percentage of drivers do not obey posted speed limits.
Mentioned behavior induces a reduction of the VSLC service effectiveness. In
order to deal with this problem, the concept of Intelligent Speed Adaptation (ISA)
is introduced. ISA can directly reduce the vehicle’s speed according to the
information obtained from the traffic control system installed on road
infrastructure. Computed optimal speed limits are transmitted to the vehicles with
ISA communication capabilities. Today, the connected vehicles concept is the core
approach for implementation ISA system. The focus of this paper is to provide an
analysis regarding the impact of the ISA on the effectiveness of VSLC in the
context of connected driving.

87



UDK 330.34(477)

Milena Djukanovic, Luka Radunovic, Petar Vujovic, Aleksandar Konatar.
(Faculty of Electrical Engineering, University of Montenegro)

IMPORTANCE OF ADDITIVE MANUFACTURING TECHNOLOGY FOR
STARTUP LAUNCHING: A CASE STUDY

Additive manufacturing or 3D printing technology enables building objects
using a computeraided design (CAD) model while successively adding material
layer by layer.Recently the number of world’s successfully launched startups based
on additive 3D printing process is growing. In this paper we present startup
launching in Montenegro based on3D printing while creating sustainable zero-
waste fashion accessories supported by a mobile application that will enable
customers to create and order custom-made products.

The additive manufacturing process more often called 3D printing is one of
the most revolutionary technologies of this century.The 3D printing process builds
threedimensional objects using a computer-aided design (CAD) model while
successively adding material layer by layer and for that reason it is also called
additive manufacturing. Recently 3D printing performs crucial roles in many
applications, with the most important being manufacturing, medicine, architecture,
art and design.The main disadvantage of 3D printing, for a long time, was high
entry costs not allowinga profitable implementation to mass-manufacturers.
However, the market for 3D printing hasshown some of the quickest growth within
the manufacturing industry. The initial idea of employing 3D printing was to create
a faster alternative of prototyping. A big advantage of using 3D printing is its
versatility and flexibility, which makes it perfect for small-scale manufacturing, for
example of spare parts. Investing in 3D printing technology can help iterate and
improve prototype design. Also, it allows companies to produce products on a
case-by-case basis.
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Milutin Zivkovic, Predrag Dasic, Milan Radosavljevic, Maja Andelkovic.
(Production Engineering and Computer Science, High Technical Mechanical
School)

TREND ANALYSIS OF PRODUCTION AND DISTRIBUTION OF WING
PUMPS: A CASE STUDY OF FIRMPPT-TRSTENIK (SERBIA)

Considering the current state of production and marketing of hydraulic
devices and systems in Serbia and world-renowned manufacturers, significant
indicators and trends can be observed. Modern structural and production solutions
for hydraulic devices are based on the application of new technologies and the
introduction of new production capacities, processes and materials in the process
of making or revitalizing existing devices and assemblies. As a significant activity
of mechanical engineering, the hydraulics industry is also a reference of the level
of development of the national economy of a country and the basis for profit. This
paper presents the trend analysis and statistical modeling of production and
distribution of wing pumps of the PPT firm from Trstenik (Serbia).
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Mirza Berkovic, Amel Kosovac. (Faculty of Traffic and Communications,
University of Sarajevo)

PREDICTIVE MODEL OF PERSONALIZATION OF SERVICES OF
AUTOMATED MOBILITY BASED ON THE RECORDS OF USER
MOVEMENT IN MOBILE NETWORKS

The aim of this paper is to investigate and develop a predictive model of
personalization of automated mobility services based on historical and realtime
data on the trajectory of movement of users in mobile networks. The problem is
based on the fact that the concept of automated mobility enables a variant of
modeling the parameters of the vehicle trajectory and personalization of the service
according to the wishes and needs of users, whereby optimization and
personalization can be performed both on the user side and on the side of the
mobility service provider. The paper uses a research approach within the domain of
intelligent transport systems based on the extraction of telecommunication activity
data into the index of personalization of mobility parameters using the
methodology of predictive analytics and neural inference based on neural network.
The research findings establish and show a clear correlation of historical and
realtime spatial data of the movement of users and their activities in the mobile
network with indicators of quality of urban and sustainable mobility.
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Olivera Klisuric, lvana Marjanovic, Predrag Ristic, Tamara Todorovic,
Predrag Vulic, Nenad Filipovic. (University of Novi Sad, Faculty of Science,
Novi Sad, Serbia)

STRUCTURE, TOPOLOGY, PHOTOCATALYSIS AND
PHOTOLUMINESCENCE OF 1D AND 2D SILVER-BASED
COORDINATION POLYMERS

Four silver-based coordination polymers (CPs), {[Ag-(L)2](BF4)}x (1),
{[Ag(H2BTC)(L)]*(H3BTC)}0 (2), {[Ag2(H2BTEC)(L)2]*3.33H20}0 (3), and
[Ag(H25SSA)(L)]Jo (4), were synthesized using thiomorpholine-4 carbonitrile (L)
as the primary ligand and three aromatic polyoxoacids as coligands: trimesic
(H3BTC), pyromellitic (H4BTEC), and 5-sulfosalicylic acid (H35SSA). L was
chosen as a ligand since it belongs to the class of bismonodentate ligands which
are able to form Ag-CPs. On the other hand, selected coligands showed
photoluminescent properties. Beside the IR, NMR, TGA-DSC analysis, all
compounds were crystallograficaly and topologicaly investigated. The XRPD
investigation indicates that the samples 1-4 correspond to the single-phase X-ray
powder patterns in accordance with the structural model obtained by SCXRD. All
compounds show reasonable photocatalytic activity for photocatalytic degradation
of mordant blue 9 dye, with reaction rates in the 0.036—0.056 min—1 range.
Changes in the reaction rates can be correlated with the type and coordination
modes of the coligands. Complex 3 exhibits photoluminescence at 77 K, while 4
exhibits photoluminescence at both room temperature and 77 K.
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Osman Lindov, Adnan Omerhodzic. (Faculty of Traffic and Communications,
University of Sarajevo)

NEW TECHNOLOGIES FOR IMPROVING DRIVER RESPONSE
EFFICIENCY IN RISK PREVENTION FROM TRAFFIC ENVIRONMENT

Risk in traffic or traffic environment is constant, always present and can
never be completely eliminated. In urban areas, the highest percentage of risky
traffic situations is related to pedestrians and their specificities in traffic
participation. Pedestrians as vulnerable road users participate in different functions,
ie behaviors and modes of movement. Due to the flexibility and the ability to
change speeds and movements relatively easily, pedestrians often cause incident
and risky traffic situations. The timely detection of pedestrians by motor vehicle
drivers is one of the key parameters that directly affects the available response
capabilities of motor vehicle drivers to take safety actions in order to avoid
pedestrian conflict. This paper presents the basics of the concept and capabilities of
new technologies for monitoring and exploring drivers 'views in order to
generalize conclusions to improve the effectiveness of drivers' response in the
prevention of traffic risks. Custom hardware and software components will be used
to monitor the driver's view for research and analysis purposes.

The study of eye movement monitoring has a relatively long history, which
IS evident from the numerous scientific and professional literature in this field, as
well as a large number of developed systems and devices. The original devices and
instruments that emerged at the end of the 19th century provided objective results
but were uncomfortable for examiners. At the beginning of the 20th century,
systems and methods were developed based on photography, and by the end of the
20th and the beginning of the 21st century, with the development of computer
technologies, significant advances were made in the improvement of devices with
the ability to use and analyze real-time data. Eye movement tracking systems are
nowadays used in various fields: market research, marketing, web space usage
research, immobile view control, psychology and vision research, medical
research, entertainment and video games.
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Pajazit Avdovic, Mineta Galijasevic, Andreas Graichen. (Department of
Management and Engineering, LiU and Moi University in Kenya)

STATE OF THE ART IN ADDITIVE MANUFACTURING OF GAS
TURBINE COMPONENTS

The State of the art in Additive Manufacturing (AM) as method with a
potential to fundamentally change the development and production of components
Is presented and real cases in the area are given. Currently, Siemens Energy is
using this technology for prototyping, manufacturing, repair of gas turbine
components, and spare part manufacturing. Additive manufacturing is considered a
new revolutionary method and is an integral part of Industry 4.0 which has
contribution to a major change in the manufacturing process. It is often very
affordable for OEMs (Original Equipment Manufacturers), and at the same time
contributes to the very rapid fabrication and repair of gas turbine components,
where certain functionalities and performance features are improved. Siemens
implements AM technology for repairing gas turbine components for the SGT-700
and SGT-800 industrial gas turbine burners. During implementation period, it was
shown that the replacement of conventional repair with AM led to a significant
reduction in repair time. Another successful application of AM technology at
Siemens is the production of an advanced vortex burner for the SGT-750 industrial
gas turbine. In many cases, AM was the only technology that made it possible to
produce complicated components. The development of this method is largely based
on a very close collaboration between universities, research institutes and industry.
These three factors are the main pillars for rapid and successful development
where theoretical knowledge from the University are tested, validated and
implemented in industry. Cooperation is carried out in the form of projects or
special tasks which are public funded and supported by the direct contribution
from the industry. Digitalization plays a central role.
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Pavel Kovac, Mirfad Taric, Bogdan Nedic, Borislav Savkovic, Dusan
Golubovic, Dusan Jesic. (University of Novi Sad, Faculty of Technical Sciences)

MODELLING OF CUTTING FORCES IN HARD STEEL TURNING

The aim of this study is to investigate the effect of machining parameters on
cutting resistance during hard steel turning. This paper describes a novel approach
in cutting resistance modelling using a design experiment. The output of the
processing should take into account the cutting resistance they measured when
testing the range of speeds, displacements, and depth of bursting. Mathematical
models have been obtained that have been shown to have high confidence that they
can approximate the measurement results. The connection between cutting forces
in terms of changing the parameters of the cutting mode, as well as the undesirable
occurrence and wear of the tool, which is certainly present in the process of
removing hard-working material, is given.

Quantitative understanding of cutting forces under hard turning conditions is
important for thermal modeling, tool life estimation, chatter prediction, and tool
condition monitoring purposes. Although significant research has been
documented on the modeling of forces in the turning operation in general, turning
of hardened materials involves several distinctive process conditions, including
negative tool rake angle, large tool nose radius, and rapid tool wear These process
conditions warrant specific treatment in the analysis of cutting forces. This paper
first addresses these issues by formulating an oblique chip formation force model
through the extension of a two-dimensional (2D) mechanistic force model while
considering the effect of tool geometry complexities. The coefficients of the
mechanistic force model are estimated by applying a genetic algorithm in
overcoming the lack of explicit normal equations. Then the forces occurring due to
flank wear are modeled by extending a 2D worn tool force modeling approach into
a three-dimensional analysis to accommodate the effect of low feed rate, small
depth of cut, and relatively large tool nose radius in hard turning. The total cutting
forces are the linear summation of forces due to chip formation and forces due to
flank wear The model-predicted forces match well with experimental results in the
turning of hardened 52100 bearing steel under practical cutting conditions (low
feed rate, small depth of cut, and gentle cutting speed) using cubic boron nitride
(CBN) tools under the progressive tool flank wear conditions.
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CYBERSECURITY OF AUTONOMOUS AND CONNECTED VEHICLES

This paper describes the cybersecurity problem area of intelligent transport
systems (ITS),and especially regarding autonomous and connected vehicles. The
main vulnerabilities of the ITS system are analyzed in the paper. Real cases and
examples of attacks and hacking of autonomous vehicle systems are described.
Also, the paper describes the goals and priorities of the transport system for
protection against cyber-attacks.

The possibilities of use of modern intelligent transport system (ITS) in
traffic safety improvements can be divided into systems related to infrastructure
(roads, bridges, tunnels), systems related to vehicles, and systems based on
cooperation. Cooperative systems in transport provide great possibilities. The main
characteristics of a cooperative approach are: considering the driver, vehicle,
infrastructure and other road users as a unique system; considering operational and
management needs of the entire system; integrated approach to safety of traffic and
all participants; and applying a technology in a coherent manner in order to support
overall integration of system parts. This chapter describes examples of the
cooperative approach application in urban traffic. cooperative ramp metering,
incident management in urban areas and public transport cooperative priorities.
The European Union has recently invested significant effort to prevent duplication
of activities, not only within the EU, but worldwide
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Salah-Eldien Omer. (Sudabese counsulator of Republic of Sudan. Zagreb)
CHAIR PRODUCTION AND ROBOTS USAGE

The chair production is one of the complicated wood processing. The design
of chairs from the old times is developed many times according to the agronomic
recommendations to the chair construction generally a especially for the usage in
certain places. The chair construction is also developed from certain shapes to
modern ones which could guarantee the good quality and conformability of the
product. In the production phases from the mechanical processing to the finishing
process many production phases are very complicated and needs very well
operating machines with high precision and good quality. Robots were introduced
to the chair production before many years but not in most phases. When they
started to be used in this process they brought a lot of high productivity and quality
in final products.
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Samir Vojic, Ramiz Sijamhodzic. (Technical Faculty University of Bihac)

PROGRAMMING ROBOTKUKA KR 16-2 FOR A PALLETIZING
APPLICATION

This paper presents the robot programming process in the palletization
process,as well as an analysis of the results obtained after palletization. The KUKA
robot along with an example of programming of this type of robot in the
palletization is described. Robot programming is designed to take arbitrarily
ordered work pieces onto and stack them on a pallet.Robot programming can be
direct and indirect. In this example, direct programming, or programming using a
smartPAD pendant, was used for on-site learning.
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Senad Rahimic, Anida Memic. (Dzemal Bijedic University of Mostar)

INTELLIGENT CAD SYSTEMS FOR GENERATION G CODE

Computer Aided Design (CAD) systems are now indispensable in many
industries, such as mechanical, aeronautical, electrical, architectural, and
automobile industries. In this paper show link between a CAD application and an
excel file that generates G code. Particularly in mechanical engineering where
geometrical information is dominant, CAD has become not optional but
necessary.The excel file will use an object-oriented programming method to define
the stages of making a finished piece.This paper will show the connection of 3D
CAD models with the defined stages of technological process development in
order to obtain G code.
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APPLICATION THE METHOD DIGITAL IMAGE CORRELATION FOR
MEASUREMENT OF SMALL DEFORMATIONS AT THE BEGINNING
OF PLASTIC FLO W OF MA TERIALS

This paper presents the results of the investigation of very small
deformations at the very beginning of the plastic flow of the material. The studies
were performed on low carbon microalloyed steel with 0.035% niobium. The tests
using the digital image correlation (DIC) method were performed. The
measurements by static tensile test using a digital camera at variable strain rates
were carried out. The measurement results by Match ID software were analyzed.
The stretching rates at the beginning of the plastic flow are affecting the amount
and deformation distribution in the deformation zone.
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CapxeBcbkuii O.C., Hayk. kep. A.T.H., pod. Kosanescekuit C.B. (/Jonbacvka
depatcasna mawunooydiena akaoemis, Ykpaina)

KOHIIEIIIISI IHHOBAIIHHOT'O MEXAHOCKJIAJAJIBHOT'O LIEXY
3 BUPOBHUILTBA BY3JIIB ITPECIB J1O 20 T.

B cmammi 3anpononogani memoou noKpawjenHs mMOYHOCMI, AKOCMI CKIAOAHHS Md
KOHMPONIO, HA OCHOBI BUKOPUCMAHHA MEXAHI3MIE KIHeMAmuKy RnapaieivbHoi Ccmpykmypu
(MKIIC) 3 wicmboma wmaneamu ma 3 pISHUMU KOMNOHO8Kamu wmane. IIposedeno
MamemamuyHe MOOeN08AHHS. 6 npoyecopi excel Onsi BU3HAUEHHS MOYHOCMI KOJNCHOI 3
KOMNOHOBOK.

B cyuacHux ymoBax puUHKY, BUPOOHUIITBO ITOBUHHE IiIJIAIITOBYBATUCA 1]
puHkoBHid monuT. Ha oOnajHaHHI SIKE BUKOPUCTOBYETHCS MAailKe HEMOXKIIMBO
NepeiallTyBaTH B Majll CTPOKM BUPOOHMIITBO, Mij 1HII TUIIM BUpoOiB. Ha nanomy
eTari BepCTaTH HAJIAIITOBAHI HA BY3bKUU PO3MIPHUH Psi/ TIPABIIYHUX HUIIHAPIB,
SIK€ MOK€ 3/11CHIOBAaTH BUPOOHUIITBO.

CyuacHi OararoniboBi BepcraTtHi kKomiwiekcu 3 UIIK  1o3BosstOTH
PO3MUPUTH (DYHKITIOHATBHI MOJKJIMBOCTI, IO BIJIKPMBAE€ HOBI MOXJIMBOCTI IS
BUpOOHMIITBA. BOHM CHpusitoTh 30UTBIIMTH HOMEHKJIATypu BHpoOiB [1, 2, 3].
CydacHl BepcTaTd MarOTh JOAATKOBI (PYHKIT (pe3epyBaHHs, CBEPIIIHHS IS
TOKapHUX OIepalliid, 11e J03BOJII€ BHUITYCKATU BEIUKUN CHEKTp BUpOOIB[4, 5, 7].
PosrisHyBImIM  fneTani MpeACTaBHUKH ,IPONOHYETHCS 3aMIHUTU  OOJIaJHAHHS
0a30BOT0 TEXHOJIOTIYHOTO TPOIIECY, B pe3yibTaTi Oyae KOHIICHTpallisl omeparlii,
THYYKICTh BUPOOHUIITBA [6, §].

Jlist 3a6e3nedeHHsT TEXHOJIOTIYHOI THYYKOCTI JOIUJIBHO B POOOYUX MICIISX
CKJIaJlaHHSI BUKOPUCTAaHHSA TexHosioriyHoro oOnamaHands 3 MKIIC (mexanizmu 3
napajeinbHOI0 KIHEMaTUKow CTpykTypH) [8, 9]. B pesynbTaTi MiJBUIICHHS
THYYKOCTI BHUPOOHUIITBA, 3MEHIIEHHS IHMKIY MPOAYKIii IO BUTOTOBISETHC,
3MEHILECHHS MPOJIeKYBAaHHS JeTajl ,TaKUM YMHOM OyJe 3HMIKEHa COO1BapTICTh
npoaykiii [8-10, 12].

JIJist OKpaImeHHs: SKOCTI, 3MEHIIIEHHS 4Yacy CKJIaJaHHS TIAPOIMIIHAPIB Ta
KOHTPOJTIO 1X CKJIQJaHHs 3alpONOHOBAHO JIeKIbKa BapiaHTiB KoHCTpYKIlid MKIIC
3 IIICThOMA aKTyaTOPaAMH.
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a)3x3; 0)3x6; B)6x3; 1)6x6.
Pucynok 1 — Komnonosku MKIIC

Nl

Pucynok. 8 — 3araneuuii Bug MKIIC

3anpornonoBaHo Bapiantu 1oo0ymoBu MKIIC. Jlnsg 1poro mopiBHIEMO

MOKAa3HUKMA KOHCTPYKII Takl SK: >XOPCTKICTh, PpO30Ir >KOPCTKOCTI,ITOKA3HUK
PIBHOMIPHOCTI.

Tabmuusg 1 — I[okazHuku xxopcTkocTi komnonyBanb MKIIC

Mo3HayeHH Buag KOMNOHyBaHHA
MokasHuK
A 3x3 3x6 6x3 6x6
YopcTkicTb, x10° H/m Jyy,e 75 69 69 66
Po36ir »kopcTKOCTI, x10° H/m Ox.y.z 29 35 35 38
MoKa3HUK PiIBHOMIPHOCTI Je 231 586 1210 -

3 ornsay Ha AaHi Tabm. 1 mys po3paxyHky moxubku 6-tu aktyaropis MKIIC
MaTeMaTUYHOMY Tporecopi excel 3ampomoHOBaHO BHJ KOMIOHOBKHM 3X6 s
npoliecy CKIaJdaHHs Ta 3X3 I mporecy KOHTpoJo [7-12].

st po3paxynky noxuOku 6-tu akryatopiB MKIIC 3aificHuMo nepekian
JIEKApTOBUX KOOPAMHAT B MOJSPHI. J{JIs1 IbOTO CKOPUCTANKUCH (POPMYITIAMMU:

p = x2 + yz (1)
tg(p) = %; cos(p) = \/ﬁ_yz, sin(p) = \/%—yz )
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Disy) P Gy) X

Pucynoxk 3 — Cxema 6-Tu akTyaTopiB
JIisi BU3HAYEHHSI TOYHOCTI MPHHHATO CXeMy 3 6-TH akTyaTopiB (puc.3).
Toukn A(x;y) , B(x;y), C(x;y) Bepumnnu miardopmu, ae npueanytorscas MKIIC.
Kyt ¢° - kyt Haxmry MKIIC no BiiHOIIEHH!O 710 MJIOUIMHI OCHOBH.

HII3 icrosoft Exc — O
OaHHbie PeLeHINMpoEaHME Bug A P = X
EeP T
2 - % 000 | I YpanuTe - &)~ 33~
TAAW |,
Tio £%8 - | Zoopmar - i
Yuecno [F] Aueidkn PegakTUpOBaH...

LA=  1011,187 a°
LB=  1044,031 a°
LC=  1011,187 a°= 81,4692
LD=  1011,187 a°= 81,4692
LF=  1044,031 a®= 73,3008
LG=  1011,187 a°= 81,4692

81,4692
73,3008

IEI oy 100 &

Pucynok 4 — Po3paxyHOK TOBXXHH 6TH aKTyaTOpIB

[To pospaxynky moxubku 6Tu aktyatopiB MKIIC B excel orpumanu
pe3ynbTaT Ha puc.4.4. Onuparoynch Ha cxemy puc.3 3HauIUM B excel mpoekirito
6TH aKTyaTopiB, JJIA 4Oro OyJ0 po3paxoBaHO JOBKUHU aKTyaTOPIB MPU 3aJlaHUX
BUX1JIHUX PO3Mipax:

Bucora 1000 Mm;
Paniyc mnardopmu 200 mm;
Paniyc ocaoBu 500 mm.
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Cmuparounce Ha po3paxyHku MKIIC B excel Bu3Haumimm mOXUOKY

NepeMillieHHs] BEepIINHU
JIJISL OC1 X Ta Y.

Pucynok 5 — [Toxubka AMCKPETHOCTI MepeMilIeHHs

p =+A?+ B?
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3’€JHAHHS aKTyaTOpiB B JEKAPTOBINA CUCTEMI KOOPJIWHAT
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i)

Pzi= [P} +P)} (4)

Pz = [P} + Pyjz, (5)
0,01-tgp = Ax
Ax= 0,01 (5)

Ax=Aa-tgp < A

Pl P2

1,00 —— § 100

0,90 T ] 0,90 L~
0,80 A 0,80 A
0,70 / 0,70

0,60 / 0,60

0,50 / 0,50 /

0,40 0,40 A

0,30 0,30

0,20 0,20

0,10 0,10

0,00

Xam 1 2 3 4 5 6 7 8 9 10 1 2 3 4 5 6 7 8 9 10
60

Pucynok 7 — I'padiku posnoaury noxudbku MKIIC

Jlnst  omepartii  ckimamaHHs Oylo  pO3paxOBaHO JOMYCTUMY IMOXHOKY
BUTOTOBJICHHS, a TaKOX IS orepallii KOHTpoJto ckiagae 66 < 0,01Mm, Tak sk Ha
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puc.2.6 npu HakIaAeHH] rpadikiB HOPMATHLHOTO PO3MOALTY B OUTBIIIOCTI BUIAIKIB
He BpaxoBytouu Opak BuroroBieHHss MKIIC noxubka cknazae 66 .

[Ipore kepyroua cucTemMa Ta KiHEMaTHYHI 3B’ SI3KM KOMIICHCYIOTh HETOUHICTh
BUTOTOBJICHHS.

[Ipu neranbHOMY PO3TISLAl BIUIMBIB MPU MEPEMILICHHI B IUTOMIMHAX XY, XZ Ta
YZ KIHEeMaTUYHUX 3B’SI3KIB Y BIAMOBITHUX HAMPSIMKaX NMEPEMIIICHb 10 X,y a00 Z Ha
111 TIEPEMIITIICHHS BIUIUB Bi/l KIHEMAaTUYHUX 3B’ S3KIB B 1HIIHX TJIOMIWHAX MEXAHI3MY
MaTUMyTh XapakTep BIUIMBY 3a 3aKOHOM HOPMAJIBHOTO PO3MOALTY MpHU
BIITBOPCHHI PYXy KPHUBOJIHIMHOTO XapaKTepy IO BiJHOIICHHIO JI0 MOYATKOBOIO
HaIpPSMKY PyXy IO OJIHIH 3 ocel XyZ.

BucHoBOK
B crarTi 3anponoHOBaHO METOAM MOKPAIIEHHS TOYHOCTI, IKOCT1 CKJIaJaHHs
Ta KOHTPOJIO Ha OCHOBI BHKOPUCTaHHS 1HHOBALIMHMX MEXaHI3MIB KIHEMaTHKU
napaienbHoi crpykrypu (MKIIC) 3 mmictbomMa akTtyatropaMu Ta Pi3HUMHU
KOMITOHOBKAMH aKTyaTopiB. B po0oTi 1oKka3aHO IO cymMapHa JUCKpETa MEHbIIe
JTUCKPETH aKTyaTopa.
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VJIK 621.74

Cugroxk .M., Hayk. kep. nA.T.H., npod. Kosanescekuit C.B. ([onbacvka
depatcasna mawunooydiena akaoemis, Ykpaina)

PO3POBKA PEKOMEHJALIII 3 BUBOPY CKJIAJY IIUXTHU TA
PEJKAMIB IIJIABJIEHHSI HA OCHOBI HEOBXIJTHUX ®I3UKO-
MEXAHIYHUX BJACTUBOCTEN

Y cmammi pozensamymo npobaemy pecypcoEMHOCHMI YHIKAIbHUX CHAABIE MA MOICTUBL
wisixu piwenns. Cmeopeno aneopumm MoO0ent08aHHs Ha 0a3uci Heupomepedsci.

The article considers the problem of resource consumption of unique alloys and possible
solutions. The algorithm of modeling on the basis of a neural network is created.

OcHoBHE 3aBAaHHSI OYy/b-SKOTO METaIypriiHOrO MPOIECY — OTPUMAaHHS
pPO3ILIABY 3aJlaHOTO XIMIYHOTO CKJIany W (i3MKO-MeXaHIYHMX BiacTuBocTeit. 11
BUMOTH JIOCATAIOTHCS IIIIXOM (OPMYBaHHS CKJIQAy IMUXTH W 3AIHCHEHHS
TEMIEPATYpHUX 1 YACOBUX PEKUMIB METanypriiHux mpoieciB. [Ipu npbomy BoHU
3aJIeKaTh BiJ 00paHOro cmnoco0y 3A1MCHEHHsS IUIaBKU W TUIMIB KOMIIOHEHTIB
CUpOBHUHHU. [[7151 OTpUMaHHA BIIOMUX MapoOK CTalll BAKOPUCTOBYIOTH BIAMNpPalibOBaHi
TEXHOJIOT1i, SKI € pe3yJbTaTOM PETEeNbHUX JIA0OPATOPHUX JOCTIIHKeHb 1
JIOBrOTPUBAJIOr0 BUpOOHUIOTO MocBiny [1, 2, 3].

[Ipomiec miaBKu MeTamy € PECypCHOMICTKMM, TOMY BHUKOPUCTAHHS
JOBIIHUKOBUX JIaHMX JUUIS BUIUIABKU BIJIOMHX MapoOK CTajl € eJIEMEHTOM
pecypco3oepexxerns [4, 5]. Omnak, msg mpobiieMa aKTyadi3yeTbes JUIs TEXHOJOTIl
BUILIABKU YHIKAJIbHUX CTajiel, Kl CTBOPIOIOTHCS Ha 0a3i paHillle BIJOMHX CIIaBiB
3 J0JIaBaHHSM HOBHMX JIETYIOUMX €JEMEHTIB. Takui MpolleCc BHUMAara€e 4acoBHX
3aTpaT, MPOBEJAEHHS JOPOTMX JIA0OPATOPHUX AOCHIIKEHb 1 MPOOHUX IJIABOK Y
BUPOOHUYHUX YMOBaX, 1110 € HEpeHTabenpbHUM. [{e mpu3BoIuTh 10 0araTOKpaTHOIO
30UTBIIEHHSI BApTOCTI MaTeplaiiB JUisl MOJANbIIOIO CTBOPEHHS 3 HBOTO PI3HUX
BUPOOIB.

HeoOxiHO BHpIIUTH 3aAady MOIIYKY KOOPJAMHAT IUJIOIIMHU paHIIIEe HE
BH3HAYCHUX 1 HE JIOBEJICHUX CKCIICPUMEHTAIbHO i BUPOOHHUHUM JIOCBIJIOM CTajei
1 CIUIaBiB 3 MOTPIOHUM XIMIYHUM CKJIAJIOM 1 (h13UKO-MEXaHIYHIUMH BJIACTUBOCTSIMU
3a IOTIOMOTOF0 TIPEIIC/ICHTIB METATYpTiiHUX TporieciB (puc.l).
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Pucynox 1 — bararoBuMipHuii IpoCTip BIACTUBOCTEN BUPOOIECHHUX CTajeH 1
CIUIaBIB

J1Jist BUBHaUeHHS KOOPIUHAT CILJIaBiB, SIK1 HE MAIOTh MPEIEIEHTIB Y TPOCTOPi
«BmactuBocTti — TexHOIOT1S» nepeadavaeThCs BUKOHATH, Ha OCHOBI
0araToBUMIpHOT ampoKCHMAIlll JOBIIKOBUX JaHUX, MPOIEC HEHPOCUMYIISIIII.
ABTOpaMu CTaTTl 3allPOIMIOHOBAHO BUKOPHUCTATH 1HCTPYMEHTH HEHPOMEPEHKEBOTO
MojietoBaHHsA [6, 7].

Ha Bigminy Bix Bimomux meTomiB Spline-ampokcumarii [8], 3acTocyBaHHs
HEWpOMEpEekKEBOi MOJIeNl, MPU YMOBI 3aCTOCYBaHHS HABYal4Oi Ta TECTOBOI
MHOXHWH, Ja€ MOXJIMBICTh OTpPUMATH IIyKaHI MOJENi, W0 BOJOMIIOTH
BJIACTUBOCTSIMU 1HTENEKTyalbHUX po3paxyHkiB. [Ipomeaypa mnoOyaoBH Takux
MoJieliel Ha HelpoMepexeBOMy 0a3ucl Moke OyTH OnucaHa alropuTMoM (puc.2).
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SIx Oynmo 3a3HauY€HO paHille, CTBOPEHHS HOBOI TEXHOJOTIi METaaypriiHOTrO
Ipoliecy BUMarae 3acTocyBaHHs 0a3u rnpeneaeHTiB. OCKUIbKU Taka 1H(opMalisa €
JWIe y METaTyprifHUX I[eXax, TO CTBOPEHHS HABYAJIHHOI Ta TECTOBOI MHOXHH
MOJKJIIBO BHKJIFOYHO B YMOBAax INEBHOTO BHPOOHMIITBA, [0 MAa€ JOCBIJ BUILUIABKU
craieit 1 cmaBiB. [IpudHATO pillleHHS BIANPAlbOBYBAaTH aJITOPUTM  JUIS
TEPMOOOPOOKH TOTOBUX CIUIABIB 3 (Pa30BUMH MEPEBTUICHHIMHU Y CTPYKTYPI.

BUCHOBKHA
VY crarti po3risHyTa 3arajibHa MpoOJeMaTHKa METATYPTIMHUX MPOIECIB, a
TAKOXX CTBOPCHHS VYHIKAJIBHHUX CTaJed 1 CIUTaBiB. 3ampoONOHOBAHO, Y SKOCTI
pIllICHHS, BHUKOPWUCTAHHSA QJITOPUTMY HEUPOMEKEBOTO MOICIIOBAHHSA IS
OTPUMAaHHS TEXHOJOTIYHUX IapaMeTpiB IU1aBku. Uepe3 Opak iHdbopMarii 11040
NPELEICHTIB MNPUWHATO PIIMICHHS BIANPAalbOBYBAaTH METOAMKY Ha (pa30BHX
NEPEBTUICHHAX 3€pEH METaIly IiJ1 4ac TEPMOOOPOOKH.

JIITEPATYPA

. Huacpammol cocmosnus OB0UHBIX U MHOZOKOMNOHEHMHbIX CUCMEM HA OCHO8e Jicenesd.
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Cobopcbkuii B.O., nayk. kep. a.T.H., npod. Kosanescekuit C.B. ([onbacvka
depatcasna mawunooydiena akaoemis, Ykpaina)

IMPOLIEC BIBPAIIIMHOI OFPOBKH JETAJIEM B IHHOBAIIIMHOMY
TEXHOJIOTTYHOMY KOMILJIEKCI

B cmammi npedcmaeneni npoyecu niosuwjenHs egpekmusHocmi 8iopooOpoOKU 36apHUX
KOHCMPYKYil. Po3ensinymo Monoeanmonitine HABAHMAdICEHs, mMa nepesazu NONIHACHOMHO20
HABAHMAIICEHs. 0I5l CMAOINI3ayii ma sMeHWEeHHs. OCMAMOYHUX HANPYICEHD.

Ha cydyacHOMy BHpOOHHMIITBI BUPIIIYIOTHCS 3aBJAaHHS MIABUUIEHHS 00CATY
BUIYCKYy BHUpOOIB, ajie 31 30epeKeHHSM HEoOXIIHOiI sKOCTi. I[HHOBarliliHe
BUPOOHMIITBO XAPAKTEPU3YETHCA BUKOPUCTAHHSAM (OpM Ta 3aco0IB PO3BUTKY
HaIpaBJICHUX Ha 3HUKEHHS COOIBApPTOCTI MPOMAYKINI Ta ONTUMI3allii KepyBaHHS.
EdekTuBHICTh CUCTEMHOTO MiJIX0/y 3aJ€KUTh BiJl TIOMUTY HA CBITOBOMY PHUHKY,
JMHAMIKY BUPOOHUYHX Tpo1ieciB. PO3BUTOK CBITOBUX PUHKIB Ta 3pICT KOHKYPEHITT
BUMara€ BHIOTOBJICHHS MpOAYKUIi  ska Oylne KOPHUCTYBaTUCS TIONUTOM Y
3aMOBHHMKIB.

[lepexin BHUpPOOHMIICTBA Ha BUKOPUCTAaHHS TNEPEIOBOrO OOIaJHAHHS,
3a0e3nedye MiAbOM MIJNPUEMCTBA HA BUCOKHUHA PIBEHb PO3BHUTKY, L0 JTO3BOJISIE
3aXONUTH HOBI PUHKHM 30yTy, Ta OKYNUTHM BCl BUTpPAaTH Ha MEPEOCHAICHHS
BUPOOHUIITBA B KOPOTKI TEPMIHH .

Bi6pocrabimizyroua o0poOka- 1€ MalOEHEPTOEMKHUI METOJ[ 3HSTTS
3QIUIIKOBUX Harpyr TSt cTabimi3artii F€OMETPUYHUX pO3MIpiB
METaJOKOHCTPYKLIM, MiJABUIIEHHS  MINHOCTI, JOBTOBIYHOCTI BHUpoOy Ta
3a0€3MeUeHHs] TOYHOCTI MpPHU MOAAJBIIINA MeXaHiuHii o0poOui. MeTon nosnsrae B
TOMY 100 CTBOPUTHM B JeTajsix ab0 3BapHUX KOHCTPYKIIAX, €(EeKT 3MIHHOI
HaIpyTH 3a JOMOMOTO0I0 Aii BIOparlii , 3MiHHI HaNPyTH JTOAAI0THCS 10 3aJTUIIIKOBUX
HaMpyr METAJOKOHCTPYKIIi, 3aBASKA YOMY BHUHHKAE €(PEKT BIOPOIUIACTHYHOCTI,
KU CIpUsiE 3HIKEHHIO Ta mepepo3noauty Hanpyr. [lnactuuna nedopmariis, 1Mo
CYNPOBO/KYE IMKIIIYHE HABAaHTAXKEHHS, MPHU3BOIUTH 10 TMEPEpO3MONLTy 1
BUPIBHIOBAHHS 3QJIMIIIKOBUX HATIPYT .

Ane mpu MOCHiJOBHOMY MOHOTapMOHIYHOMY HABaHTEKEHHI Ha KOXHIA 3
BJIACHUX YacTOT 30UIblIye yac BiOpocTabumizyrouit oOpoOku. Ilpu BukopucTaHi
OJTHOTO BIOpO30yAHMKAa HE [O03BOJSE JOCSITHYTH PE30HAHCY Y CKJIQJHOMY
KOpIycHOMY BUp0Oi. ToMy MpOTOHYEThCSA 3MIMCHUTH BIOPOOOPOOKY KOXKHOI
YaCTMHU KOPITYCY OJHOYacHO. Lle MOXXJTMBO MpH MOMIYaCTOTHOMY AMHAMIYHOMY
HAaBaHTa)XCHHI, 10 J03BOJSE B HIMPOKUX Jlama3oHax BapillOBaTH aMILIITYHO-
YacTOTHI TMapamMeTpu peandi3oBaHOro BIUIMBY. [lodi4acTOTHMX HaBaHTaXKEHHS
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3a0e3neyye OJHOYACHE PE30HHPOBAHHE BCIX CTPYKTYPHHX €JIEMEHTIB BHUPOOY,
JIO3BOJIAIOYM HE TUIBKM CKOPOTUTH Yac BiOpocTaOimizyrouiii  o0poOku, ane 1
MIJBUIIUTH 11 €DEKTUBHICTb.

IIpu TtakomMy Buay cTabuTi3amiiiHId 0OpOOIl IMOCTIHHO HEO0X1HO
BIJICJTIIKOBYBAaTH PE30HAHCHI YaCTOTH KOJHMBAaHb IS KOXKHOTO BiOpO30yIHHKA
pe3oHaHcHUX TmepexoniB. JlocsarHyTu edexrta BiOpoOOpOOKHM Ha pPE30HAHCHHX
4acToTaX MOJIMBO 3aBASKH HHU3BKOUYACTOTHOMY JBUTYHY,Ha Bajl SIKOTO
BCTAHOBIIIOEMO MAaXOBHK 3 €KCHEHTPIKOM. OCKIJIBKU CYMPOBOKYETHCS 3HIKEHS
PE30HAHCHOI YacTOTH 3aroTOBKH «KopIycy», BIICTIAKOBYBaTH PE30HAHC MOKIIHBO
3a ponomoroto PlD-perynsropa, HamamroBaHOro 3a 3MEHBIICHHS YacTOTU
o0OepTaHHs Baja JABUTYHA 3 BCTAHOBJICHUM Ha HbOTO €KCLICHTPUYHUM MaXOBUKOM,
IIPU YMOB1 OJHOYACTHOTO 3HWKEHHSI CTIO)KUTOTO TOKY.

BucHoBok
Takum ynHOM, JJIA peati3alii IHHOBAI[IHHOTO BUPOOHUIICBA, I1JBUILIEHHS
e(eKTUBHOCTI TEXHOJIOTIT BiOpocTabuIi3ipyrolIeld 0OpoOKU 3BapHUX KOHCTPYKIIIH
MPOMOHYETHCSI ~ BUKOPUCTAHHS  MOJIYACTOTHUX  PEXKUMIB  JTUHAMIYHOTO
HaBaHTa)KEHHS, 110 JO3BOJISIE 1ICTOTHO ITOJIMIIMTH 1i TEXHOJIOTIYHI Ta €KOHOMIYHI

IMOKAa3HUKHU.
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CysizoB O.Il., Hayk. kep. n.T.H., npod. Kosanescekuii C.B. (Honbacvka
depatcasna mawunooydiena akaoemis, Ykpaina)

CIIOCIB AKYCTHYHOI IJTEHTU®IKAIIIL BI3YAJIBHUX OB'EKTIB

Ilocmasneno 3a0auy B00CKOHANEHHS 6I00OMO20 CHOCOOY Ol KOHMPOAO PO3MIPI8
demarnei 3a OONOMO20I) CUSHATY PE30HAHCHUX KOIUBAHL. 3adaua eupiulyemvcs 3d PAaxyHOK
moz2o, wo cnocib axycmuunoi idenmuikayii 8i3yanibHux 00'€kmis, AKUll Noasiedac )y 88e0eHHI
cucHany 6 00'ekm KOHmMpoOao 0151 NOOAIbUI020 U020 NPUUMAHHA mMa QIKCY8AHHS, NIC/sA
po3noscroddicents 8 06'ekmi. Lle dossonse ompumamu ingopmayiro 3 opienmayii 00 ’ekma y
poboyomy npocmopi epcmama ma in@opmayiro 8iOHOCHO KOHQpicypayii popmu 06 ekma.

The task of improving the known method for controlling the size of parts using a signal of
resonant oscillations. The problem is solved due to the fact that the method of acoustic
identification of visual objects, which consists in introducing a signal into the object of control
for further reception and recording, after propagation in the object. This allows you to get
information about the orientation of the object in the working space of the machine and
information about the configuration of the shape of the object.

[nest BITHOCUTBCS /10 Tally31 TEXHIKH, a came 10 MalTuHOOYAyBaHHS Ta MOXKeE
3HAUTH 3aCTOCYBAHHS I JIarHOCTHKU PO3MIPIB 1 PO3MILIEHHS JeTale y
POCTOPI.

Bigomuii crioci6 miarnoctuku [1]. Bigomuii Takoxk crocid OE€3KOHTaKTHOTO
KOHTPOJIIO pO3MIipiB JeTajeit [2], skl mojsrae y BIUIMBI Ha JE€Talb aKyCTUYHUM
CUTHAJIOM, IO BIJA3EPKATIOETHCSA BIJ 1i TOBEPXOHB, MPU LBOMY K aKyCTUUHHM
CHUTHaJ] BUKOPHCTOBYIOTh IMIYJbCHUN BIUTUB €IEKTPOMArHITHOTO TIOJS, SIKE
BUKJIMKA€ B JIETAJl MArHITOEJICKTPUYHI TpolecH, MmO (IKCYIOTh Y BHIJISIL
BIJII3EPKAJICHUX IMITYJIbCIB PI3HOT YaCTOTH, SIKI CYMPOBOKYIOTHCS (DYHKIIIEIO
BIJITYKY, Y BHUTJISIJI CIEKTPa aMIUNITYAHO-YACTOTHUX XapaKTEPUCTHK JeTail, 1110
00OpOOIIIOIOTE 332  JIONIOMOTOK0  HEHPOMEPEKEBOIO MOJICIIOBAHHS, 3TITHO 3
PIBHSHHSIMU BEpOATLHOTO OTIHCY.

Bigomuii Takox cmocid KOHTPOJIIO PO3MIPIB JeTajeil 3a JOIMOMOTOI0
CHTHAJTy PE30HAHCHUX KOJIMBaHb [3], 0OpaHMii HAMU SIK IPOTOTHII, IKUI TOJISTAE Y
dbopMyBaHHI aKyCTUYHOTO CHUTHAIIy, 110 BBOJAUTHCA B OO0'€KT KOHTPOJIO JIJIst
NOJAJIBLIOT0 MOro nmpuiMaHHs Ta (IKCyBaHHS, MICHsI PO3MOBCIOIKEHHS B 00'€KTI,
npyu 1bOMYy 30y/KEHHS PE30HAHCHUX KOJMBaHb JieTajedl BinOyBaeThCs 3a
JIOTIOMOTOI0 PE30HAHCHOTO aKyCTUYHOTO CHUTHAIy 3 YacTOTOIO, PIBHOIO YaCTOTI
BJIACHUX KOJIMBAHb JI€TaJIcH.

3araJibHUIMH ICTOTHUMHM O3HAKaMHM BIJIOMOTO0 Croco0y W TOoro, 1o
3aABIIAETBCA € 30yMKEeHHS OO0'€KTy KOHTPOJIO PE30HAHCHUMH aKyCTHUYHHUMU
KOJMBAaHHSAMH IS TOJAJBIIOr0 HOro mpwiiMaHHS Ta (IKCyBaHHS, IMICIS
PO3MOBCIO/IKEHHSI B O00'€KTi, NpU LBOMY 30YyIKEHHS PE30HAHCHUX KOJIMBAHb
neTanei BiAOYBA€TbCS 3a JOMOMOTOI0 PE30HAHCHOTO AKyCTHYHOTO CHTHATY 3
YaCTOTOI0, PIBHOIO YaCTOTI BJIACHUX KOJHMBAHb JCTAJICH.
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HeponikamMu BigoMoro cmoco0y € Te, IO BiH HE JI03BOJSE MPOBOAUTU
KOHTpOJIb (popMU Ta po3TallyBaHHs netaied y mpoctopi. IlocraBieHo 3amady
BJIOCKOHQJICHHSI BIJJOMOTO CcrocoOy Jis KOHTPOJK PO3MIpIB Jerajed 3a
JIOTIOMOT'OI0 CUTHAJTy PE30HAHCHUX KOJIUBAHb .

[TocTaBneHa 3ajaya BUPINIYETHCA 32 PaXyHOK TOTO, IO CMOCIO aKyCTUYHOL
imeHTudikaiii Bi3yalbHUX 00'€KTIB, SIKMM IMOJIATa€ y BBEJACHHI CUTHANy B O0'€KT
KOHTPOJIIO JUIsl MOJAJBIIOTO Moro mpuiiMaHHa Ta (IKCyBaHHS, IICIS
PO3MOBCIO/IKEHHSI B 00'€KTi, NpU LbOMY 30YyIKCHHS PE30HAHCHUX KOJIMBAHb
neTaned BiAOYBA€ThCS 3a JIOMIOMOTOI0 PE30HAHCHOTO AaKyCTUYHOTO CHUTHANY 3
4acTOTOI0, PIBHOIO YacTOTI BIACHUX KOJHUBAHb MAETaled, 32i0HO 3 KOPUCHOIO
Mooenno
dbopma 1 moNokKeHHsI 00’€KTa B poOOYOMY MPOCTOPI 1IEHTU(PIKYIOTbCSI HA OCHOBI
NOPIBHSAHHS aKyCTUYHOI CIEKTPOrpaMH JETall 3 E€TATIOHHOK HEUpOMEpeXeBOIO
MOJICJIUTIO, SIKA CTBOPIOETHCS MUISXOM TMOJadyl CUTHAIY 3 IIUPOKOCMYTOBOTO
reHeparopa 4acToT Ha BIOPOCTLI, HA SIKOMY PO3TAIlIOBAHUM 00’ €KT Ta aKyCTHUYHUN
JIATYUK TTpUMaY.

CurHan 13 HIMPOKOCMYTOBOIO TeHepaTopa IMOJAEThCS Ha BIOPOCTLN, i€
po3TanioBaHi 00’€KT Ta aKyCTUYHUW MpuiiMay curHaity. Bimomi mnpeneaeHTH
KoHQIrypaimii 00’ekta OOpOOJSIOTBCS y HEUPOHHIA Mepexi 1 CTBOPIOETHCA
€TAJIOHHA MOJeNb. Bukonyemwscsa idenmuixayis Gopmu ma po3mauty8auHs
00’ekma y npocmopi 3a605Ku TOPIBHSAHHIO OTPUMAHUX CHUTHAJIB 3 JlaTdydKa 3
ETAJIOHHOIO MOJIEILTIO.

3acTocyBaHHA MPOMOHOBAHOTO  CIOCOOY  AKyCTMYHOI  1eHTH]IKaLii
Bi3yaJIbHUX O00'€KTIB J03BOJIIE OTpUMATH 1H(OpMAIliI0 3 OpieHTalii 00’e€kTa y
poOo4YOMy MpOCTOpl BepcTara Ta IH(QOpPMALII0 BIAHOCHO KOHirypaiii ¢gopmu
00’€eKTa.
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Teepaoxaio B.B., nayk. kep. a.1.H., npod. Kosanescokuit C.B. ([Jonbacvka
Oepoicasna mauunooyoisna akademis, m. Kpamamopcok, Yrpaina)

KOHIEIIIISA IHHOBAIMHOI'O MEXAHOCKJIATAJIBHOI'O LIEXY 3
BUPOBHUIITBA ITPUBOJAIB /IS SMALLTYBAHHA BEPCTATIB 2K424

Y ecmammi posensnymi ocho6ui npobiemu i 8upiuueHHss npu NPOeKmy8aHHi CYYACHO020
IHHOBAYINIHO20 MEXAHOCKIAOAIbHO20 BUPOOHUYMBA NPUBOOiI8 Ol 3MAUWYBAHHS BepPCMAMI8
2K424. Ilpononyemuvcs poswupenuss 6upoOHu4oi npospamu 3a PAxyHoK 30iL1bUeHHs
HOMEHKIAMYpHO20 psady Oemainell, Ke Modice SUNYCKAMU [THHOBAYIUHUL MEXAHOCKIAOANbHUL
yex. /s niosuwenns egpekmusHoCcmi supoOHUYMEa NPONOHYEMbCSL 3aMIHU MepMIYHY 00pOOKY
Ha Oinbu Oewtesi i He MeHUl edheKmueHi eHepeozbepicaioui mexHoaozii smiynenns demaneu. Ha
NPUKIAOL PO3STIAHYMO 8NPOBAONHCEHHS 3SMIYHEHHS 3y0UACMUX KOIC eniioMipy8aAHHSIM.

The main problems and solutions in the design of modern innovative mechanical
assembly production of drives for lubrication of 2K424 machines are considered in the article. It
is proposed to expand the production program by increasing the range of parts that can produce
an innovative mechanical assembly shop. To increase production efficiency, it is proposed to
replace heat treatment with cheaper and no less efficient energy-saving technologies for
strengthening parts. The introduction of gear hardening by epiloming is considered on an
example.

[Ipn mpoekTyBaHHI 1HHOBAUIMHOTO I€Xy 3pOOJIEHHI aHaji3 TEeXHOJOTIi
BUTOTOBJICHHA  JleTaJled  MpEACTaBHUKIB,  pPO3MVIIHyTa  TpPaHCIOpTHA 1
BaHTAXXOIIOMHA CUCTEMA 11eXY, CKJIaJlabHEe BiII1ICHHS.

JIJist BUpIIICHHS,, OCHOBHUX MPOOJIEM B MPOEKTI 3allpOTIOHOBAHO 3aMIHHUTH
yHIBEpCalabH1 BEPCTaTH Ha cy4yacHi1 OararoyHKI10HaIbH1 00pOOIIIOBaIbHI LIEHTPH,
3 BEIMKMMH (DYHKIIOHAJbHUMH MOJJIMBOCTSIMHU, IO JIO3BOJISIE ITABUIITUATH
THYYKICTh BUPOOHUIITBA.

3anponoHoBaHi BepcTat Oynu oOpaHl MO NPHUHLMIYY KOHILEHTpauli
omepariiii, 3 YacTKOBOIO aBTOMarm3alicro. KoHIeHTpalis ormepariii J103Bose
CKOPOTUTH BUPOOHUYUIN Yac HAa BUTOTOBJICHHS JETalel 1 3MEHIIUTH COOIBapTICTh
BUpoOy. Taki BUMOTH 3aI0BOJILHSIIOTH Cy4acHI TOKapHO-(pe3epHi 00poOIroBabHI
HEeHTpa, 3 0araToQpyHKIIOHATBHUMHU MOKJIUBOCTSAMHU, ABTOMATUYHOIO MOJAYEr0
3aroToBok. KoHIIEHTpyBaHHS omeparliii, J03BOJISE CKOPOTUTH BUPOOHUYUHN ITHKII
BUTOTOBJICHHS JIeTaJIel 1 TUM CaMUM 3HU3UTH COO1BAPTICTH BUPOOY.

Heranp npencraBHuk «lllectepHs» B mMpOEKTHOMY BapiaHTi, MPOMOHYETHCS
o0poOyisiTH Ha TOKapHO-hpe3epHoMy 00poOoHOMY 1eHTpi Arix TMA60CL.
OpHouacHe KEepyBaHHS S5-F0 OCSMH CKOPOYY€ BEpCTaTHY OOpOOKy jaeranmi o
MiHIMyMYy. bararomnigboBuil BepTUKaJIbHHI yTpUMyBauy IHCTPYMEHTY 3 M'sThMa
TOKapChbKUMHU 1 JBAHAALATbMA O0CPTOBUMH 1HCTpyMEeHTaMH. ['0JTOBHUI MIMUHETD
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3 ¢yukiiero oci C. [loxuna cranuHa 3a0e3neuye TpaHUYHY JKOPCTKICTh 1 3pydyHa
npu 30upanHHl cTpyxkku. IlimcraBa 3 aemndipyBadbHUMH €JIEMEHTaMU 3
MIHEpPAJIbHOTO KaMEHIO TapaHTye Kpally aMOpPTHU3alliiHy 3JaTHICTb 1 JI03BOJISIE
CTBOPIOBATU 1J€AJIbHO TJaJKI TOBEpPXHi. [HCTpyMEHTaJIbHUN CYNMOPT 3 IIECTH
OJIOKIB Ja€ BHCOKY JKOPCTKICTh 1 TOYHICTh cepell MOAIOHMX 3a crerudikaliero
BepctariB. CTaHAapTHUN TpaHCHOPTEp ISl BHUIAJICHHS CTPYXXKH JO3BOJISE
e()eKTUBHO YTHII3YBaTH CTPYXKKY 1 MICTUTH 00JIacTh (hppe3epyBaHHS UYHCTOIO.
CraHmapTHUI YJIOBIIOBAY J€Talll pOOUTH BECh MPOIIEC 0OPOOKH OiIBIIT MITABHUM.

Hetanp mpeacraBHuk «Kopiyc» 00poOsiseTbcsi Ha TOKapHO-(ppe3epHOMY
oOpoOmoBasibHOMy 11eHTp1 YURCO TMM 10i. KoHcrpykuig Bepcrara -
ceprudikoBaHa KOHCTPYKIIisS 31 ciuiaBy MoaudikoBaHoro 4yaByHy (Meehanite®),
sKa BOJIOJI€ BIJIMIHHHUMHM XapaKTepUCTUKamMu JAeMi(yBaHHA 1 3a0e3MeuyroTh
MaKCUMAaJIbHUI OMip TeruioBoi nedopmartii 1 ckpydayBanHio. el ¢pyHKIIOHATBHUI
IHCTPYMEHT BKJIIOYAE JTy>KE BEJIMKI HAIIPSIMHI OC1 Z, po3Mip KX pO3paxOBaHUI HA
ONTUMAJIbHY MIATPUMKY KapeTku. [llupoka kapeTka TakoX MOKpallye HaJAiHHICTh
Bepcrara. Illnuugens 3 cepBompuBogoM Duplomatic 3 MmBHAKOI 3aMiHU
IHCTpYMEHTIB. MOKHa BUKOPHCTOBYBATH TOCAJAKH IS OYIb-SKOTO TO€IHAHHSA
IHCTPYMEHTIB JJI1 BHYTPIIIHBOI a00 30BHIMIHBOI 00poOku. Bepcratu cepii TMXi
BKJIIOYAIOTh  130JISIIF0  TCIUIOBUAUISIOUMX  KOMIIOHEHTIB 1 BOyJOBaHUU
OXOJIO/PKYBau WMNuHAEN. BepcTaT Moxke 00poOIisiTH 1eTali 3 BEIUKUM J11aMETPOM
1 JIOBKMHOIO, MIATPUMY€E MIUPOKUN CIEKTP PO3MIPIB JAeTasield 1 0OpoOIFOBaHUX
MaTepianis.

OOpane oOnagHaHHS 711 OOpOOKM JeTanedl MPeACTaBHUKIB BOJIOAIIOTH
BEJIUKUMU  (PYHKI[IOHAIBHUMU MOXKJIUBOCTSIMU 1 THyukicTio. OOnaaHaHHS
JI03BOJISIE, 3OLIBIIUTH HOMEHKJIATYPHHM psifi BHUpPOOIB, SKI MOXKIUBO Oyne
BUITYCKATH B MPOCKTHOMY IIEXY.

st M ABUAIIEHH aBToMaTu3arii BUPOOHUIITBA, MPOTIOHY€EThCS
BUKOPUCTOBYBAaTH pPOOOTHU30BaHI MaHINMyJIATOPH (IIPOMUCIOBI poOOTH), TaK SIK
JIeTaTl MarTh HE BEIMKI TabapuUTHI pO3MipH, TaKUi Miaxig Oyne pamioHaTbHUM.
[IpomucnoBi poOOTH MOXYTh 3a0€3MEYUTH AaBTOMATUYHE 3aBaHTAXKEHHS 1
PO3BaHTAKEHHS 3arOTOBOK, JIJIsl IEPEMIILEHHS 3arOTOBOK IO L[EXY 3alPOIIOHOBAHO
BUKOpPUCTAaHHSA KOHBeepiB pojbranri. Ilicms oOpoOku nerani, poOOTHU30BaHUMN
MaHIMyJSITOp 3a0MpaTuMe ACeTallb 3 BEpPCTary 1 Oy/e i MmoMIlmaTH Ha POJIbIaHTH,
MOTIM JI€TaJlb MO POJIbTaHTaM MePEMIY€EThCA 10 HACTYTHOTO BepcTaty, Je ii Oyze
npUiiMaTy HaCTYMHUN poOOT 1 Tak Jaji. 3a paXyHOK HE BETUKUX rabapuTiB 1 Maci,
MPOMUCIIOBI POOOTH OYAyTh TEXK HE BEJIMKUX PO3MIpIB, 110 3HAYHO 3/CIICBUTH iX
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BapTICTh, 3 YpaxyBaHHSAM CKOpPOYEHHS 3aJlydyeHMX pOOITHUKIB, 1€ Oye
€KOHOMIYHO JIOIIUJTBHI.

B 6a3oBoMy mpoekTi, hiHIITHOIO 00pOOKOI0 OYJI0 TepMiUHE 3MIITHEHHS 3y0iB
netaini «lectepus». Takuii MeToa MOTpedye BEIMKUX CHEPTETUIHUX BUTPAT 1 Ma€e
JTOBruii yac oOpoOku. J[Jisg mokpallleHHsI eKCIUTyaTallliHUX BJIACTUBOCTEH 3y0iB
netani mpexacraBauka «lllectepHs», B MPOEKTI TPOMOHYETHCS TOCATTH 32
JIOTIOMOTOI0 METoJia emniuioMipioBaHHs. OOpaHUMl METOJl J103BOJUTH CKOPOTHUTH
BUTPATH Ha €JICKTPOSHEPTIIO 1 Yac Ha TPAHCTIOPTYBaHHS 1 00poOKy JeTai.

BMCHOBKHM

TakuM YUHOM TIPOMOHYETHCS IHHOBAIIMHUX II€X, B SKOMY CKOPOYEHHS
BUPOOHMYOTO MLHUKIY 1 3MEHIIEHHS CcOo0IBapTOCTI BUPOOY, 3a0e3MeuyeThes
KOHLIEHTPALIEI0 TEXHOJIOTIYHHUX ONEpaliii 3a paxyHOK OOpaHHS Cy4YacCHUX
TOKapHO-(Ppe3epHUX  OOpOOTIOBANBHUX  IEHTPIB, OOpaHHS  MeEToay  JJIA
MOKpAIICHHS EKCIUTyaTallliHUX BJIACTUBOCTEH 3yOIB MEHII €HEProOBUTPATHUM
METOJIOM  ENUIOMIPYBaHHSM, 3alpONOHOBAHA AaBTOMAaTH30BaHA TPAHCIOPTHA
CHCTeMa JIeTalel Mpalfoe B aBTOMAaTHYHOMY PEXHUMi O€3 MPOCTOI0 JeTalel Ha
CKJIaJIl.
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BITPOBAI’KEHHS B BUPOBHUUHN ITPOIIEC BIOCKOHAJIEHUX
TEXHOJIOI'Ti PEMOHTY I'TPHUYO-METAJIYPITTMHOI'O
OBbJIAIHAHHA

B cmammi  ma ocnosi 0ocniddicenb 3anponoHo8aHa MexHoN02isi 6I0HOGNEHHI CIIHKU
MopYesoi Ky1b8020 MAUHA, WO MOdce OYMU BNPOBAONHCEHA Y BUPOOHUYMEBO.

In the article on the basis of researches the technology of restoration of a wall of an end
ball mill which can be introduced in production is offered.

IIpobiiema Ta T 3B’A30K 3 HAYKOBMMH Ta NPAKTUYHUMHU
3aBAaHHAMHM. OCHOBHHUMH HIATOTOBYMMH ONEPALISIMU MPHU 30arayeHHl KOPUCHUX
KOMAaJUH € MoApiOHEHHs. 3a OLIHKAaMU EKCIEpPTIB Ha MPOIECH PYAOMiArOTOBKH
npuxoauThcsi He MeHme 20 % BcCiX eHepreTMuHUx BUTpaT Kpainu [1]. B
nyOmikaiisix [2] BkazaHO, IO BUTPATH TIPHUYO- 30aradyBalibHUX KOMOIHATIB
(I'3K) 3ymoBiieHi cmpaiftoBaHHsM Kyib 1 QyrepiBku, axi ans 3K Kpubacy
craHoBiATh 0,09 1 0,007 Kr Ha KOXXHY BUTpaueHy Ha noApiOHIoBaHHS KBTrop
eHeprii BiAMOBIAHO. TOX TMOMIYK BAOCKOHAJCHMX TEXHOJIOTIA BiAHOBJICHHS
CIpallbOBaHUX TIOBEPXOHb BEJIMKOBAPTICHUX MAalIMH 1 MEXaHi3MiB, JJIs
MiATPUMaHHS 1X MPaIe31aTHOCTI € aKTyaJIbHOIO 3a/1a49ero.

IlocranoBka 3apaui. I[HTECHBHICTH cCHpaifoBaHHS (HYTEPOBOYHUX TIUIUT
BIJITUBA€ HA TEOMETPII0 TMOBEPXHI JeTaneil, JO SKUX BOHU KpIMIATHCS. Y
pe3ynbTaTi eKcIuTyaTallii TOBEPXHs CTIHKH TOPIEBOI 3HOIIYEThCS MO BCIH
MOBEPXHI, MPUUOMY 3HOLIYBaHHS i/Ie HEPIBHOMIPHO i Mae pi3Hy INIHOUHY.
3HOITyBaHHS HOCUTH MICIIEBUN XapaKTep Yy BHIJISAII TaK 3BaHUX «BUMOTH» Pi3HOTO
po3mipy ¥ TIMOUHM. 3HOIIYIOTHCS TaKOX OTBOPHU IIiJT OOJITU KPITUICHHS OpOHI
MJIMHIB, Y JE€SKUX BUIAJKaX Ha 3HOIIYBaHIM MOBEPXHI, CIIOCTEPITalOThCS TPIIIUHU
Pi13HOI TIMOWHU W JOBKHUHH.

AHaJi3 gocaigxensp i myoaikanii. Oco0IMBOCTI MPUCTPOIB Ta METOMIB IS
BIJIHOBJICHHS ~ BEJIMKOTA0ApUTHHMX  JeTajeidd MalMH 1 MEXaHi3MiB, IIO
eKCILTYyaTyloThcsi Ha KpUBOPIXOKI MOKHA 3YCTPITH TUIBKM B mateHTax [3], abo
3arajibHUX orjsifax [4,5], TEXHOJOTis BIAHOBJIEHHS MPOEKTYEThCS OE3MOCEPEIHHO
BIJIHOCHO JIaHOT MAaIlIMHU Ha MIAIPUEMCTBI i1 BUPOOHUYI MOTYKHOCTI.

Buknanennss matepiany Ta pe3yjbTaTu. BiIHOBIEHHS 3HOIIEHHUX MICIlh
TOPIIEBUX KPHUIIOK KyJIhOBHUX MJIMHIB TIICIS aHATI3y BCIX METOJIB BIHOBIICHHS
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OyZAeMO BHMKOHYBaTH HAaliBaBTOMATUYHUM €JIEKTPOJYTOBUM HAIJIABICHHAM Y
3aXMCHHUX Ta3aX CYHIJIbHUMU 1 TOPOIIKOBUM JPOTAMHU.

JIJisi  HamiBaBTOMATUYHOI'O €JEKTPOJYrOBOIO HAIUIABJIEHHS TMimiapy, a
TAKOXX 3aBapKd TPIIMIMH 3aCTOCOBYETHCS  CYIUIBHUN  HU3bKO-BYTJIEIEBUN
Husbkoneroanuit apit mapku I[III-AH-1 T'OCT 26271-84 abo 3akopaoHHUIA
ananor SG3 mo DIN 8559. liametp nmpory - 2,0...2,6 MM.

Jlnsg 3aBapkd  MiICHEBUX JACPEKTIB THIy TPIIIMH, BIAKOMIB W T.IL
JIOTYCKAEThCS 3aCTOCYBaHHS eNeKTpoaiB Tumy 942A u 350A BiAMOBIAHO, MapKu
YOHI 13/45 1 YOHI 13/55 J3...4 mm.

J1ist Har1aBlieHHS BUKOpUCTOBYeMO Byriekuciuii ras 3a 'OCT 8050-85 abo
cymimi raziB 82% Ar+18% C0,. 3axucHi ra3u nocTaBisOThCA B OanoHax. bamonu
NOBUHHI OyTH BCTAHOBJIEH] HA BIJICTAHI BiJ MICL 3BapIOBAHHS HE MEHII YUM 5 M 1
B 3aXUIIIEHUX B1J] COHSIYHOTO OIPOMIHEHHSI MICIISIX.

Jlns 3BaproBanHs B CO, abo B cymimax Ar + C0, OyaeMo 3acTOCOBYBAaTH
JUKepesla  KUBJIEHHS  IOCTIMHOrO  CTPyMy 13 JKOPCTKOK  30BHIIIHBOIO
BOJIbTAMIIEPHOIO XapaKTePUCTUKOI0. 3BaproBaiibHI cripsamitoBaui KUT-601, BAY-
506, BAY-601, BC-500, BC-690 1 iH. OCHOBHI mapaMeTpH SKHX BiJAMOBIIAIOTh
I'OCT 13821-77E.

JUist moayl 3BaproBalIbHOTO APOTY B 30HY TOPIHHS AYTM BHKOPHUCTOBYEMO
MEXaHi3MH, 10 MOAA0Th, SIKI MPU3HAYEHI Ji1 poOOTH B 3axucHuUX razax - [1J1O-
517, A-1197, TIAI'-508, IIIII-107 1 iH., OCHOBHI TapaMeTpu SKUX BiAMOBIIAIOThH
['OCT 18130-79E u I'OCT 8213-75E.

Cucrema mojaui 3aXMCHOTO ra3y MOBHUHHA 3a0e3MeuyBaTH BUTPATY rasy IMija
yac 3BaploBaHHs B Mexax 8-35 11/xB.

[linroToBKa A0 3BapioBaHHS ¥ HAIUIABJIEHHA BKIIOYAE IMiJITOTOBKY
HAIUIaBOYHMUX  (3BaproBajibHUX) MaTepialiB  (ApOTYy W  3axXUCHUX TasiB),
YCTaTKyBaHHSA U JIE€Tall, IKa HaIUIaBJISIEThCS.

[lepen HamaBiIEHHSM NEPEBIPUTH YUCTOTY MOBEPXHI HAIIABOYHOTO JIPOTY.
Ha moBepxHi IpoTy HE MOBMHHO OyTH 3aJMILIKIB BOJOYMIBHOTO 3MalllEHHA a0o
IHITUX 3a0pyaHEHb.

[lepen BUKOpHUCTAHHSIM MOPOIIKOBHUM JIPIT MOBUHEH OyTH MPOKapeHUM 1O
pexxumy: HarpiBanas 10 (200-250)C° 31 mBuakictio (50-100)C°/roa, ButpumMka 2
roJl, OXOJIO/DKCHHsSI Ha TOBITpl. [lpu moTpumanHi pexumMy TepMOOOpPOOKH JpiT
3m00yBae "conom'stHuit" Komip. banoH 13 YMCTUM BYTJEKUCIUM Ta30M MOBUHEH
OyTu 3BUIBHEHMH Bix BOJIOTH. [[s 4Ooro BIH YCTAaHOBJIOETHCS BEPTHUKAIBHO
BeHTHJIEM YHM3 Ha 7...10 ro., micisi boro HEOOXI1THO BIIKPUTH BEHTUJIb 1 3JIUTH
BOY, 110 310pasnacs, 10 MOsIBU BYTJIEKUCIOTH Y BUTJISII CYXOTO JIbOTY.

MiuH, 10 MAIiarae peMOHTY, 3BUIBHSIETBCS BiJ KYyJb 1 3 TOPIEBUX CTIHOK

3HIMA€ETHCS 3aXHMCHA (PyTEepOBKa.
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Mnun y 300pi 13 KpUIIKaMu W HaTpyOKamMH BCTAHOBIIOETHCS Ha OMOpax
CHeIiaIbHOTO CTeHIYy[3], 10 J03BOJIsiE€ O0EpTAaTH MIIMH, B 3pY4YHE IJISI PEMOHTY
TIOJIO>KEHHSI.

TopreBi CTiIHKM KyJIhOBHX MIIMHIB TIEpe]] HAIIABICHHSIM OYHMIIAIOTHCS BiJ
Opyny ¥ 3MalieHHs, a MOTIM BiAIIAPYBaHHS MeETally, HAIUIMBH W Npyri nedextu
BUJANISIOTHCS] PyYHUMHU ILTi(yBaTbHUMU MAIllIMHKaMH.

ITo Bci¥ maoIMHI BIIHOBIIIOBAHOI J€Tajll 3AIMCHIOETHCS 30BHIIIHINA OIS,
KalmuIsipHa ¥ yJIbTPa3ByKOBa AEPEKTOCKOIIS HAa HASBHICTh TPINIWH 1 BU3HAYCHHS
iXHIX PO3MIpIB.

R7 1 “‘
{ = ] ) ;
) 2 pe = { '
H § | g ‘
§ '1 3 |3 Sl s T (ke mopyeda
E SN /‘ 2 (KR KECANE
= — oepds

Puc.1 CknananbHe KpEeCIeHHS CTIHKH TOPIIEBOi

BayTpimnmHs moBepXHsS KOPITyCy CTIHKH TOPIEBOi (puc.l) po30uBaeTbes Ha
cektopu  (BIAMOBIIHO 10 po3TalryBaHHsS (yTepOBOYHMX IUIHT). Marepiai
CKJIaJIOBUX CTIHKM TOpIeBOi (kopiyc Topuesuit 31 ctami 35JI TOCT 977-88, nanda
31 ctani Ct. 3 'OCT 380-94). PexxuMu HamiaBlieHHS KOPITYCY CTIHKH TOPLEBOi
3a3HaveHl B Tadmui 1.
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Tabmumsl - PexxumMu HamiBaBTOMATHYHOTO 3BAapIOBAaHHS W HAIJIABJICHHS B
CepeloBHUILI 3axXUCHUX rasiB s cyuuibHoro (Ce-08M2C) 1 nmopomkosoro (I1I1-
AH198) npotis

Mapka Hiametp Crpym, Hanpyra, | Butpara 3axucHoro
JIpOTY IpOTY, MM A B rasy, J/XB
1,2 120... 160 18...21 10...12
CB-08M2C 1,6 350... 380 32...35 18...20
2,0 400... 450 32..34 18...20
ITI-AH198 1,8..2,0 250... 350 28...32 18...20

HamnaBneHHsT BUKOHY€TbCSI OJHOYACHO JIBOMA HAIUIaBHUKAMU JIBOX
MPOTUIICKHUX CEKTOPIB BiJl LIEHTpa KPUIIKUA 10 1i KpaiB. HaruiaBneni Bajauku
MPOKOBYIOTh €JIEKTPOMOJIOTKOM 3 HOMIHAJIBHUM 3YCHJUISIM 5 KI' 31 CHEliaIbHO
3aTo4eHUM OoMKoM paaiycom 3.5 MM 10 3MIHM MalllOHKa IIOBEpXHI
HaIJIaBJICHOro Bajuka. Bucora miamapy, BUKOHAHOTO CYIUIBHUM ApoToM CB-
08M2C, moBruHHA OYTH HI)KU€ HOMIHAJIBHOTO PO3MIPY KOPIYCY TOPIEBOi CTIHKH
Ha 4-5 MM. Bumipu BHpOOJSIOTHCSA MIAO0JOHOM 1 IITAHTOK 3 BHMIPHOBAJILHOIO
IIKAJIOKO.

Puc.2 BigHoBieHa CTiHKa TOplIeBa KyJIhOBOI'O MJIMHA

VY Bunaaky 3ynvuHKHA NpOLECY HATUIABIEHHS IOHOBJICHHS HOTO MOYMHAETHCS
3 MMEPEKPUTTSM paHillie HATUTABICHOTO Bayinka Ha 15-20 M.
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BucnoBok: Pexxumu HariaBIeHHS MOKYTh KOPETYyBaTHUCS 0€3M0CEpETHRO B
MpoIleCl HAaIJIaBJICHHs TOPIEBUX CTIHOK KYyJbOBUX MIMHIB. CrnpoeKkToBaHa
TEXHOJIOTIS BIJIHOBJICHHS JO3BOJIUTh IOJOBKHTH CTPOK CIYKOM MIIMHA 0O€3
3aMIHM BapTICHOI JIeTall.
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UDK 620.186
Vito Tic, Darko Lovrec. (Hydraulics Laboratory of University of Maribor)

DEVELOPMENT OF LINEAR SERVO HYDRAULIC DRIVEFOR
MATERIAL TESTING

Material testing devices are used in laboratory and industrial environments
for testing and research in fracture mechanics and are typically operated by
servo-hydraulic or servo-pneumatic actuators. They contain an increasing number
of electronic and microprocessor-controlled components, with which they
achieve appropriate dynamics and the ability to store and process signals.

The paper presents the development, implementation and operation of a
flexible device for testing the dynamic strength of materials based on linear
electro-hydraulic servo drive with closed loop force control. To control the
components, a Beckhoff multi-core controller is used, which simultaneously runs
a control program with real time force control, as well as a human-machine
interface in the Windows environment. The presented device is capable of
achieving forces up to 40 kN at test speeds up to 20 Hz.
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UDK 502.2

Vojkan Zoric, Jovana Zoric. (University of Megatrend, The Faculty of Civil
Aviation, Belgrade, Serbia)

FORENSIC ANALYSIS OF COLORED MATERIALS IN THE FIELD OF
LOW ENERGIES

Experimental color analysis in the field of low energies was performed by
the method of infrared spectrophotometry with Furie transformation (FT-IR), on a
laboratory instrument brand "Thermo Fisher Scientific" model "Nexus 6700".
Examined samples of colored materials were collected during forensic
examinations of traces of paint from various criminal events in the territory of the
Republic of Serbia, in the period from 1999-2009. years. As it is already known
that each color, at certain wave numbers, has characteristic spectrograms
(especially in a specific, middle infrared region), in order to obtain a certain law in
the behavior of color spectrograms, an experiment was performed. Concrete
spectrograms were obtained by recording experimental color samples. It has been
shown experimentally that colors in irreversible processes give exponential
distributions with different parameters. During the recording, the interval of the
wave vectors ranged from 450 to 4000 cm-1, so the exponential distributions were
made with the exponent type . As the interval of the wave vectors lies in the deep
infrared region, it is concluded that the color molecules exchanged low-energy
quanta in collisions with each other, which correspond to rotational energy levels
or changes in the L-S interaction. The obtained results represent the most objective
criterion for the identification of colored materials using experiments in the low-
energy region, because the characteristic wavelengths are determined through the
superposition of all individual exponential distributions.
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UDK 656.135.8

Vujadin Aleksic, Bojana Aleksic, Ana Prodanovic, Ljubica Milovic. (Institute
of Physics, Belgrade, Serbia)

HSLA STEEL - SIMULATION OF FATIGUE

In present paper, based on the results of the experimental study of the
behaviour of the samples made of a HSLA steel, in the form of round smooth
specimens (RSS) under LCF conditions (with controlled and completely
reversible strain Ae/2 =const, Ry = gnin/eémax =—1, according to ISO 12106: 2003
(E)) and square specimens (SgS) under conditions of HCF conditions (with
controlled one-way variable load on tension with oy, =const, according to ISO
12110-1:2013), a computational stress analysis was performed using the FE
method and the behaviour of this steel in the fatigue behaviour simulation (LCF
and HCF) in SolidWorks programme was shown.

On the basis of the performed analysis of the results of the stress-strain
state and the determination of the life using the life isolines for a particular load
cycle involving the entire RSS ligament, i.e. SgS for a particular load in a wide
range of LCF and HCF loads and comparison with the results of experimental
tests, a figure i.e. graphical presentation was given and conclusions were drawn
that justify the efforts for numerical assessment of the life cycle of the loaded
machine parts.
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UDK711.11

Yousef Zaarir, Fuad Catovic, Adnan Novalic, Ahmed EI Sayed. (International
BURCH University, Sarajevo)

THE USE OF GREEN MATERIALS IN ARCHITECTURAL & CIVIL
DESIGN AND THE SUCCESS OF CONSTRUCTION PROJECTS: CASE
STUDY OF BOSNIA AND HERZEGOVINA

This paper focused on determining the effect of the design phase on the
construction project success and to investigate the awareness of construction
project participants about the values and benefits gained by using green materials
and buildings. Results gained by using qualitative research method demonstrated
that the design has a significant impact on different phases of the construction
project. It has been concluded that the design has a direct effect on the cost,
technology, scope, and schedule of the project.
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UDK 628.5.66.002.08

Yueh-Ying Chou, Po-Yu Chen, Vojislav V. Mitic, Goran Lazovic, Mimica
Milosevic, Jana Kotnik, Dusan Milosevic. (National Tsing Hua University,
Taiwan)

BIO-CERAMICS POROSITY AND FRACTAL NATURE

Hydroxyapatite scaffold as a bio-ceramic has cellular design as similarities
within the morphologies design by nature. There is a need to control the structure
of what is interesting for applications. By freeze casting, we can form the shape of
dendrites and a foam structure after ice sublimation. After this process ice
nucleation develops as more heterogeneous during freeze casting. We researched
the mechanical properties of Hydroxyapatite. We also analyzed the porosity by
fractal nature characterization, and reconstructed pore shape, which is important
for designing ceramic structures. We analyzed SEM images of samples with
different five magnifications for the same pore structure, which is important for
pores fractal reconstruction. We completed the porosity fractal characterization and
demonstrated successful shapes reconstruction. By this research report, we
conformed original fractals application within bio-ceramics.

126



UDK 621.396.6
Zelimir Husnic. (Drexel University)

DEVELOPMENT OF AIRCRAFT MECHANICAL SYSTEMS AND
MECHATRONICS MODELING

Preliminary design of aircraft mechanical systems is complex process.
Aircraft fly-by-wire controls associated with mechanical systems models need to
be draw together in an appropriate sequence in order to perform various design
studies with high accuracy and efficiency. The paper discuss Mechatronic
approach related to this process. Mechatronic approach in design, modeling and
simulation offer improvement in overall quality, while decrease cost and time
required for development.
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UDK 615.82
Zlata Jelacic. (Faculty of Mechanical Engineering, University of Sarajevo)

REINFORCEMENT LEARNING AND MARKOV DECISION PROCESSES
IN REHABILITATION

Situated in between supervised learning and unsupervised learning, the
paradigm of reinforcement learning deals with learning in sequential decision-
making problems in which there is limited feedback. This paper introduces the
intuitions and concepts behind Markov decision processes and reinforcement
learning algorithm for computing optimal behaviours. First the formal framework
of Markov decision process is defined, accompanied by the definition of value
functions and policies. The main part of the paper focusses on the introduction of
foundational classes of algorithms for learning optimal behaviours, based on
various definitions of optimality with respect to the goal of learning sequential
decisions. A human-robot interactive control is proposed to control a lower limb
prosthetic robot for amputeepatients in the gait rehabilitation training. The
rehabilitation prosthetic robot is driven bythe hydraulic system and has two
rotational degrees of freedom. An adaptiveadmittance model is adopted
considering its suitability for human-robot interaction.

When focussing on motor activities, it is widely accepted that the repetition
of sessions of movement therapy plays a key role in the modification of motor
outcomes. In this context, robotic devices, due to their ability to improve patients’
compliance to treatments, are increasingly being exploited to strengthen and
validate training programs directed to improve motor outcomes. The role of robotic
devices in improving motor outcomes during rehabilitation is quite obvious,
however the rationale behind clinical efficacy in rehabilitation programswhich
include robotic devices, when compared to theconventional ones, hasnot been
developed in a theoretical framework.

128



VJIK 621.91.002(075)

Xona S.A., Hayk. kep. 1.T.H., npod. Kosanescbkuit C.B. (Jonbacvra oeporcasna
MawuHobyodigna axademis, Ykpaina)

CIIOCIB JIATHOCTUKH HAJIIMHOCTI 3ATUCKAHHSA EJIEMEHTIB
TEXHOJIOT'TYHOI'O OCHAIIEHHS MAJIOKOPCTKHUX JIETAJIE.

B pobomi 3anpononosano memoo KOHMPONIO KpINnieHHs 3a pPAXYHOK GUSHAYEHHS.
2eomempudnoi popmu npo@inio MiKpoHepisHOCmell 3a80KU Y020 MOICHA 30LTIbUUMU MOYHICTD
NO3UYII08AHHA AKUUL BIOPISHAEMbCA MUM, WO 3HUWYEMbCA MOYHICMb KOHMPOIIO SAKOCHI
3aKkpinienHs ma Oinb YHIBEPCANIbHA KOHCMPYKYIA.

The paper proposes a method of fastening control b131y determining the geometric
shape of the profile of microroughnesses due to which it is possible to increase the accuracy of
positioning which differs in that the accuracy of quality control of fastening and pain is a
universal design.

Kopucha Momenb BIJHOCHUTBCS 10 Traidy3l TEXHIKM, a camMe Jio
MaIuHOOYAyBaHHS, 1 MOXKE 3aCTOCOBYBATHUCS JJII KOHTPOJIO SIKOCTI 3aTHCKaHHS
MTOBEPXOHb.

AHaor KOHTPOJIIO 3aKpilUICHHS IMOBEPXOHb € crmocid  3artuckaHHs [1]
TUHAMOMETpUYHUM KirodeM. CyTh poOOTH PYKOSTKA, 3/1aTHA 00epTaTHUCS B JBOX
HampsiMkax. Ha kopryc HaHOCHMTBCS OCHOBHA INIKajia, a Ha PydYlll € JTOJAATKOBA.
OcHOBHA IIKaJIla TIpU3HAYEHA I IEMOHCTpAIIil JTialma30Hy 3yCHJIb, aKTYaJbHOTO
JUTSI KOKHOTO KOHKPETHOTO TJMHAMOMETPHUYHOTO KITIOUa.

3aragbHUMU CYTTEBMMHM O3HAKaMW BIJOMOro crnoco0y 1 TOro, 1o
3asIBISIETHCS, € OOMEXKEHA CHJIa 3aKPITUICHHS IO TOTO Ha CKUIBKH 1€ HEOOX1THO.

Henonikom BijioMoro crnoco0y € HEMOMJIMBICTh OTPUMAaHHS OUTBII TOYHHUX
JIAHUX O 3aKpITUICHH] ACTacH.

3a  mpPOTOTUI  B3SIT  KOHTPOJIb  3aKPIIUICHHS  3aBIJKH  METOMY
BBIOPOAKYCTUYHOI TIarHOCTUKH SIKOCTI CKJIaJjaHHs 0araTo00NToBUX 3’ €aHanb. [Ipu
BIIPOBA/PKEHH1 3alPONOHOBAHOIO0 METO/Ia KOHTPOJK MOXHA OLIHUTU PIBEHb Ta
CIIPOTHO3yBaTH  TIOCHIJOBHICTh  3aTSKKW, MIJBUIIATA  PIBEHb  SIKOCTI 1
JIOBTOBIYHOCTI 0araTto00ITOBUX 3’ €IHAHB.[2]

Henmomikom MeTromy € HEaBTOHOMHICTh Ta OUIBII CKIAAHUN MPOIIEC
KOHTPOJIIO.

OcHOoBa KOPHCHOI MOJENi: CIOCI0O aKTUBHOTO KOHTPOJIO  CTaHy
TEXHOJIOTIYHOT CHCTEMH BEPCTaTy 3a JOMOMOTOI0 1A€HTU(DIKAIIITHUX MOJICIICH.
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["amy3p 3acTOCyBaHHSI: KOPHCHA MOJENb BiJHOCUTHCS MO Tally3i TEXHIKH, a
camMe JI0 TEXHOJIOT1i KOHTPOJIO CTaHy BepcTariB muisixom AUX, mMoxe Oytu
BUKOPHCTaHA IS JIarHOCTHKYU CTaHY JIeTalei MallliH.

CyTb KOpPUCHOI MoOjeii: Cmoci0 MIarHOCTHUKU CTaHy BEpPCTaTiB ILIAXOM
3HATTS CIEKTPIB BJIACHUX YaCTOT SKI 3aBASKHU HIIJILHOMY KOHTaKTy MIHIMI3YIOTh
PO3CIIOBaHHS CUTHAJY SIKHM XapaKTepU3YEThCS TUCTIEPCIEI0

TexHiyHM pe3ynbTat: 11arHOCTUKA YAaCTOTH CHEKTPY MPOIMyCKHOT 3A10HOCTI
KOHTAKTHOI ~TOBEpPXHI 3aTHCKAaHHSA JI03BOJIIE€  JIarHOCTYBAaTH  HAJiNHICTD

3aKPITUICHHS.

JIITEPATYPA
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VJIK 681.2.08

Yepuokoa A. B., Hayk. xep. k.1.H. Omitnuk C. 0. (/onbacvka oepowcasna
Mawunobydiena axademis, Ykpaina)

CYYACHI 3ACOBH KOHTPOJIIO 3YBYATUX TIOBEPXOHb

B cmammi npusedeno ananiz KOHMpoabLHUX 3aX00i6 3yOuamux nosepxous. Ilpeocmasneni
6Ci HeOOXIOHI KOHMPOAbHI 3ax00u 00 3youacmux nogepxoHv 6 peoykmopi KI[-355 ma
PO32NAHYMO  8UOU MPAOUYIUHUX NPUNAOI8 MA CYYACHUX 3Y008UMIDIOBATILHUX MAWUHU OISl
KOHMPOJIO 3y04aACMUX NOBEPXOHD.

The article presents an analysis of control measures of toothed surfaces. All the
necessary control measures for gear surfaces in the gearbox KTs-355 are presented and the
types of traditional devices and modern measuring machines for control of gear surfaces are
considered.

3y0uacTi MOBEPXHI € BIAMOBIJAJbHUMH JIAHIIOTAMH MAIIUH 1 MEXaHI3MIB,
Kl BU3HAYAIOTh SIKICTh, HAJIMHICTh Ta JTOBIOBIYHICTH iX POOOTH. 31 CTPIMKHUM
PO3BUTKOM MAIIMHOOYAYBaHHS 3POCTAIOTh BUMOTH JI0 30LJIBIICHHS MIBUAKOCTEH 1
MOTY)KHOCTEH MaliuH 1 MexaHi3MiB. Lle BuKIMKae HEOOXIAHICTh BJIOCKOHAJICHHS
3ac00iB  BHUpPOOHHUIITBA 1 KOHTPOJIO 3yOUacTHX TMOBEPXOHb. TpaaMIiiiHi
3yOOBUMIPIOBAJIbHI 3aCO0M Ha JaHMM 4Yac HE MOXYTh IOBHICTIO 3a0€3MeUUTH
3pOCTar0yi BUMOTH O TOYHOCTI 1 MPOJYKTUBHOCTI KOHTPOJIO, TOMY M€Ta AAaHOi
poOOTH MpoaHaTi3yBaTH BUMIPIOBAJIbHI 3aC00M Ta iX €()eKTHUBHICTb.

CyuacHi 3aco0u KOHTPOJIIO 3y0YacTUX MOBEPXOHBb PO3TIISTHEMO Ha MPUKIIAII
KOHTPOJILHUX OTepalliil peyKTopa MPUBIAHOTO KOHIYHO-TMIiHApUuyHOTO KI[-355
no noBopoTHoro ctoiny MBJI3. B 3a3HaueHOMYy penyKTOpi NpPUCYTHI: Baj-
HIECTEpHsSI KOHIYHA 3 KPYroBUM 3yOOM, II0 Mae€ JIBUM HampsAMOK JiHIi 3y0a, 3
BIJIMOBITHAM KOHIYHMM KOJIECOM, III0 Ma€ MpaBUi HAMPAMOK JIiHIT 3y0a, sSKi B mapi
YTBOPIOIOTH KOHIUHY Tepeady 3 KpyroBUM 3yOOM Ta MarOTh CTYIIHb TOYHOCTI 6-
B; Ban-mectepHss 3 KOCMM 3yOOM, II0 Ma€ MpaBHil HampsMOK JiHII 3y0a, 3
BIJIMOBIJTHAM KOJIECOM 3yOUacTUM, IO Ma€ JIBUWA HANPSIMOK JIiHIT 3y0a, K1 B mapi
YTBOPIOIOTh KOCO3yOy Mepenady Ta MaioTh CTYIIHb TOYHOCTI 7-B; miectepHs
NUTIIHOBA 3 TMPSMUM 3yOOM Ta 31 CTymeHeM To4HocTi 7-B. JlaHHa KUIBKICTH
3y04acTUX TIOBEPXOHb BUMArae 3a0€3MeUYWTH TMOBHUM KOMIUIEKC KOHTPOJIBHHX
oreparliii Ta MiJABUIIUTH X TOYHICTh 1 €)EKTUBHICTb.

[Ipu BUrOTOBNIEHHI HMIIHAPUYHUX 3yOUaCTUX KOJIC OCHOBHUM MApaMeTPOM,
0 3a7a€ TOYHICTh € €BOJbBEHTHUU Mpodinb. i mepeBipku €BOIHBEHTHOTO
npodimro 3y0a IMWNHAPUYHUX KOJIC, 3aCTOCOBYIOTH CHEIllajdbHI NpUiagul -
€BOJIbBEHTOMIPH, SIK1 (PIKCYIOTh BIAXUJICHHS I1IACHOTO MPOQLIIO Bl TEOPETUUHOTO,
BiATBOpeHOro mnpuianoM. [lpu BuOOp1 1HIIKMX mapaMeTpiB [Jisi KOHTPOII B
UWTIHAPUYHUX 3yO4yacTUX TMIOBEPXHSAX HANAIOTh IEepeBary KOMIUIEKCHOMY
KOHTPOJTIO, SIKMI 0a3y€ThCs HA HACTYITHUX MIPKyBaHHSX:
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1. Tlepesary ciuin BignaBaTu (yHKIIOHATLHUM MokasHukam (Fi, fi,, miama
KOHTAaKTY), TaK sIK BOHM OOMEKYIOTh CyMapHy NOXHOKY KoJieca i mepeaadi [1].

2. Haiibinpl mMOBHY OLIIHKY TOYHOCTI Tepeaadi MOXKHa OTPUMAaTH TpHU
BUMIPIOBaHHI Ta KOHTPOJII 1i KIHEMAaTUYHOI MMOXUOKU 1 CYMapHOi IJISIMH KOHTaKTy
a00 MPOKOHTPOJIIOBAB CIIEKTP IIyMY 3a CIeliajbHO BCTAHOBJICHUMH HOpMamH [1].

3. IloBHy OLIIHKY TOYHOCTI KoJieca MOKHAa OTPUMAaTH NpHU BUMIPI B
3a4eIyICHH] 3 BUMIPIOBAJIHLHUM KOJIECOM 3a TAKWMH MOKa3HUKAMU: KiIHEMaTHU4YHA Ta
IUKJIIYHA TOXUOKHU KoJjieca, CyMapHa IUIIMa KOHTaKTy 1 Oiunuii 3a30p [1].

4. baxaHO BHMKOPHCTOBYBATH METOJU KOHTPOJIO Ta BUMIpPY, IO
3a0e3MneuyoTh Oe3nepepBHE BUMIPIOBAHHS KOHTPOJILOBAHOTO TapaMmeTpa 1o
BCbOMY KoJiecy. Hanmpukiaza, BUMIprOBaHHSI KIHEMAaTUYHOI MOXUOKH KOJieca Kpalle
BUMIPIOBAaHHS HAKOMMYEHOI MOXUOKU KPOKY, a00 BUMIPIOBaHHSA MOXMOKH OOKaTy
Kpallle BUMIpYy KOJIMBAHHS JOBXHHHU 3arajibHoi HopMaii [1].

5. Biibmi 3pydyHO KOPUCTYBATUCS METOJAaMHU KOHTPOJIIO, PE3yIbTaTH KX HE
BUMAralTh IMEPEPAxXyHKy, a MOXYTb O€3[0CEpPEeIHbO TIOPIBHIOBATUCA 3
JOMYCTUMHUMH ~ CTaHIAPTHUMHU  BIOXWICHHSIMH. Hampukman, BUMIpIOBaHHS
HAKOMMYEHOT TMOXMOKM KPOKY 3a JOMOMOTOI0 MPHIaTy 3 KyTOBHM HPUCTPOEM
TOYHIIIE, HDK BHU3HAYCHHS HAKOMUYEHOI MOXMOKMU MO PIBHOMIPHOCTI KPOKYy abo
KOHTPOJIb 3MILIEHHS BUXIIHOTO KOHTYpY Kpallle KOHTPOJIIO pO3MIpPYy MO pPOJIMKAX
[1].

6. [Ipu octaTrouHOMY KOHTPOJI Ta BHMIpi 3y0O4acToro kosieca JUIsl OIIHKH
Horo, sK elleMeHTa MalOyTHBOI Tepenayl, BUMIPIOBAaHHS HEOOXI1HO BUKOHYBATU
BiJl pobouoi 0azu kojeca. [Ipu BupoOHMYOMY KOHTpOJI 3a 0azy BUMIPIOBaHHS
JIOLIJIBHO MPUIMATH Ty, sIka BUKOPHCTOBYBajacs mpu oopooi [1].

7. Ilpu Hanmaro;)KeHOMY BHUPOOHHUUTBI KOHTPOJb MOXKE OyTH OOMEKEHO
KOHTPOJIEM KOJIC MO MIXOCHOBIM BiJICTaH1 MpU ABONPOQPIILHOMY 3adeIjieHHI 3
BUMIPIOBAJILHUM KoJjiecoM [1].

TakuM 4YMHOM HAWOLIBIT YACTUMU TApaMeTpaMH JUIsl KOHTPOJIIO  €:
KiHEMaTUYHA MOXUOKa KoJieca, MisiMa KOHTaKTY 1 O14HUI 3a30p.

Cucrema KOHTPOJIIO KOHIYHUX KOJIIC, TIEpeay 1 Mmap BCTAHOBJIOETHCS TaK
camMo, SK 1 UWIHAPUYHUX, TOOTO BHUOOPOM CIHELIATIBHUX KOMIUIEKCIB, 3a
JIOTIOMOTOI0  SIKMX BHSBJISIFOTBCS II€BHI BJACTHBOCTI KOJIC 1 mepedad, 1
npoUIAKTUYHUM  KOHTPOJIEM: BepCTaTa, MPUCTOCYBAHHS, I1HCTPYMEHTY 1
3aroTOBKU. EJEMEHTHHI KOHTpOJIb KOHIYHMX 3y04acTHX KOJIC B OUIBIIOCTI
BUMAJKIB 31MCHIOETHCS 3a JOMOMOTOI THX CaMHX MPWIAIB, 10 BUKOHYIOTH
KOHTPOJIb IIIHAPUYHUX 3yOuactux Kkojic. [ns mporo mepembadeHo, 110
BHUMIPIOBAJILHUI BY30J MOKE PO3BEPTATUCS HA KyT KOHyCa Tak, 100 MJIOIIMHA
BUMIPIOBaHHS CTaBaJla MEPIEHIUKYIISIPHOIO TBIpHOT KoHyca [1].

Hopmu kiHeMaTHYHOI TOYHOCTI BHM3HAYAIOTh JOMYCTUMY MOXHUOKY KyTa
MOBOPOTY KoJieca 3a OJIMH HOTO 000POT 1 MOXKYTh XapaKTepU3yBaTUCS, HATIPUKIIA],
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KIHEeMAaTUYHOIO TIOXUOKOr0 Kojeca [5]. Kimemarnuna moxuOka BHHHKAE B
3y04acToMy KOJIECi B pPe3yJbTaTi pagialbHUX MMOMUJIOK OOpPOOKH - MIHJIMBICTH
panianbHOTO TIOJIOKEHHST OCl 3aroTOBKM Ta 1HCTPYMEHTY, TaHTEHIIaJIbHUX
IIOMHJIOK - IIOXHOKH 00KaTy 3y0000poOHOro Bepcrara [3] i moxubok BHpOOISIOYOT
noBepxHi iHCTpyMeHTY [4]. HaiiOinbina anreOpaiuHa pi3HULS BiAXHICHb TIACHUX
KyTOBUX TIOJIO)KCHBb KoOJeca MO0 HOMIHAJIBHOTO IOJOKEHHS 3a OAWH O00OpOT
JIOPIBHIOE BEIMYMHI KOJMBaHb KiHEMaTHYHOI MOXUOKM Kojieca Fj 1 oOMexyeThes
nonyckoM Fi. Hemomikom naHOi cXeMH KOHTPOJIO - II€ HEOOXITHICTh MAaTH
CIeliaJibHI TOYH1 KOHYCH ab0 JUCKHU JJIsI KOKHOTO TepelaBaIbHOTO BiHOIICHHS
[5].

HomiHanpHUil TOKa3HUK HOPMHM KOHTAaKTy - IUIIMAa KOHTakTy. Jlid
KOHTPOJIIO IUISIMH KOHTaKTy O14HY IMOBEPXHIO MEHIIOro ab0 BUMIPIOBAIBHOIO
KoJieca TMOKpUBAIOTH ImapoM ¢apou (CBUHILIEBUI CypuUK, OepiiiHCbKa OJaKWUTh)
TOBIIMHOIO HE Outbiie 4..6 MKM 1 TPOBOJATH OOKAaTKy KOJIC MPHU JIETKOMY
IpPUTaJIbMOBYBaHHI. Po3Mipu MMM KOHTakTy BH3HA4YalOTh Yy BIAHOCHHX
OJIMHUIIAX - BIJICOTKAX BiJl JIOBXKHMHH 1 BiJl BACOTH aKTHBHOI IIOBEpXHi 3y0Oa [6].

Tpaauiiiini Ta yHIBepcalbHI MPUIaAM JJIsI KOHTPOJIIO 3y0UacTUX MOBEPXOHb
HOJUIAIOTHCA [2]: 3a MpU3HAYCHHSM Ha IPYNU B 3aJICKHOCTI BiJl KOHTPOJIbOBAHUX
MOKa3HUKIB TOYHOCTI KOJIC; 32 KOHCTPYKIIIEIO - Ha TUIIM BEPCTATHI 1 HAKIIQ(H1, 10
no3HavarThest OykBoto B a6o H BinmoigHO, 3 A0JaBaHHAM OYKB - 11, K, 4, 1, IO
BKa3ylOTh, [0 NPWIAAX TMPU3HAYEHI JIS KOHTPOJS KOJIC MWIHAPUYHUX,
KOHIYHUX, YEPB'AKIB 1 YEPB'TYHUX KOJIIC a0 mepesad, 3yOopi3HOTO 1HCTPYMEHTY;
3a po3MipamMu KOHTPOJIbOBaHUX Kouic - Ha Tunopo3Mmipu 0, I, 1T 1 III; 3a TounicTiO
BUMIPIOBaHb - Ha Kiacu A 1 B.

3a npu3HAYEHHSM, HAMPUKIAJ, ependayatoTbCs HACTYITHI TPYyNIU IMPHIIAIIB
[2]: mpwtamu nis KOHTPONIO paialbHOrO OWTTS 3y04acTOro BIHI 1 3MIIICHHS
BUXIJTHOTO KOHTYpPY (€, 1 Ah) - Ourtamipu; mpuiaaud ajis KOHTPOIKO MOXUOKU
o0kaTy (A@y); Hmpuaagu Ui KOHTpoiro mpodimo 3yb6a Af - eBonbBeHTamepu;
IpUIaad Al KOHTPOJII0 OCOBOrO KpokKy ABy; mpunaan Ui KOHTPOIIIO JOBXUHU
3arajabHOi HopMmaii AL, AL — HOpManemepu; nmpuiaaud Ajsi KOHTPOIKO TOBIIMHU
3y0a AS - 3y0oMipu XOpAOBI.

Buxoasun 3 BenMukoi KiBKICTI 1HCTPYMEHTIB Ta MPHWJIAJIB JJII KOHTPOIIO
HABUILYETHCS] COOIBAPTICTh BUPOOY Ta 3HUKYETHCS IPOAYKTUBHICTh KOHTPOJIBHHUX
omeparfii, TOMy OJHHUM 3 HaWOUIbII TEPCHEKTUBHUX 1 €(PEKTHUBHUX METOJIB
KOHTPOJTIO € 3yOOBHUMIPIOBAJIbHI MallTUHHU.

3y00BUMIpIOBAJIbHA MAIIIMHA € 3aCO00M aHATITHYHOTO KOHTPOJIIO BiIXUJICHD
3yOuacToro BIiHIM. 3acTOCYBaHHS LbOTO 3aco0y KOHTPOIIO 3a0e3nedye
ONTUMAJbHY SIKICTh KOHTPOJIO 1 TMOJAHHS PE3yJbTaTiB MEpPEBIPKU MapaMeTpiB
3yO4acTuX MOBEpPXOHb. Pe3ynpTaTu 1aroTh MOBHY 1H(OpMAII0 MPO MNPUYUHU
BUHUKHEHHSI TMOXHWOOK 1 J03BOJISIIOTH BHKOPUCTOBYBATH If0 1H(OpMAIIiio s
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BIJIMOBITHOTO KOPUTYBAaHHS TEXHOJOTII BUTOTOBJICHHS jeTami. Jlo HemomikiB
JAHOTO METOAY KOHTPOJIIO CIiJ BIIHECTH TPHUBAIMNA LHUKJI BUMIPIOBAHHS 1
CKJIAJHICTh B 3aCTOCYBaHHI 3yOOBHUMIPIOBAJIILHOI MamMHUA O€3MOCcepeaHbo O
BepcTata. bynyun merposjoriyHuM 3aco00M Jy’Ke BHCOKOi TOYHOCTI, MallliHa
BHMAara€ yCTaHOBKH B CITCIIaJIbHO ITiArOTOBICHOMY IpHUMilieHHi [7].

PosrnsHemMo BUMIpIOBaIBHUNA IIEHTP [JJIS KOMILUIEKCHOTO KOHTPOJIO
3youactux koiic 3 UITY moxeni 3906T (puc. 1, a) [8]. BumiproBaipHuiA 1IEHTp
3IaTHUNA BUKOHYBAaTHU MEPEBIPKY MapaMmeTpiB 3y0a Ha HWJIIHIPUYHHUX IIECTEPHSX
(BUMIipIOBaHHS TIPSMOTO 3y0a, KOCOro 3y0a: BUMIPIOBAaHHS CTaHIApPTHOI'O MOJIYIIS),
a TakoX KOHTPOJb OWTTA. Jliama3zoH 3acTOCyBaHHS OXOIUTIOE TEPEBIPKY Ta
BUMIPIOBAaHHS BaJliB 1 IIECTEPEHb, NPSIMUX 1 KOCO3yOUX KOHIYHUX AU(EpeHIIaNiB.
OCHOBHI TiepeBard — Ii¢ KOMITAKTHa KOHCTPYKIliI OCHOBHOI'O BEpCTaTa, BHCOKA
BUMIpIOBaJIbHA TOYHICTH 1 HATIAHICTb.

FPG3002 3

CNC 3906 T

N

a) o)
a) BUMIPIOBANTLHUL YeHmMD OJis1 KOMNJLEKCHO20 KOHMPOJIO 3y04acmux KOJic 3
YI1Y mooeni 3906T;
0) 3ybosumiproganvrua mawuna 3 YI1K mooeni 30028
Puc. 1. BumiproganvHi yenmpu 0Jisi KOHmMpOJo 3y04amux no8epxoHs

[Tpunun poOoTu 1eHTPY OazyeThcs Ha 4-Xx OChOBOMY BuMIpi. Bepcrar
YKOMIUJICKTOBAHWN HAJIWHUMU HAIPABISIOUMMH 3 BEIMKOIO KUIBKICTIO JTOPIKOK,
JHIAHAMHA 1 KYTOBUMHU CEpPBONPUBOJAMU. BHUKOHY€TbCS TMOBHMM LMK
BUMIPIOBaHHA TmapameTpiB 3y0a. @DyHKUII BHUMIPIOBAJLHOTO MPOrPAMHOIO
3a0€3MeUeHHs BKIIOYAIOTh MiAPaxyHOK BiaxuieHb npodimato 3yda (Fo, ffa, fHa),
cmipanbhe Bigxuiaenns (FPB, ffB, fHP), sinxuneuns kpoxy (Fp, fpk, fpt), a tak camo
KoHTpodib Outts (Fr). JlaHuii BUMIpIOBaJIBHHUMI IIEHTP JO3BOJSE MPOBOJIUTH
aBTOMATHYHY TEPEBIPKY BCIX TECTOBHX 3HA4Y€Hb, TAKUX SIK: MPOd1JIb, BIIXUICHHS
Mo cripaii 1 Mo KpoKy, KOHTPOJIb OUTTS B OJUH MpoXid. BuMiproBaJbHHUM LMK
MIOBHICTIO YIIPABJIAETHCSA MIKPOKOMITIOTEPOM.
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[Iporpamue  3a0e3medeHHs  3AIACHIOE  aBTOMATHYHHUNA  KOHTPOJIb
MWTHIPUYHUX IIecTepeHb y BigmoBigHocTi 3 1SO1328(GB/T10095, DIN3962,
JISB1702, AGMASS). BumiproBanbHHii [IEHTP Ma€ CHelialbH1 JOJATKOBI (yHKIIT
JUIsl BUMIPIOBaHHS MapamMerpa — 10, npoduto 6oukononionicts Ca, 1 BiHIA 3y0a
CB.

3yooBumiproBasibna MamuHa 3 UIIK momenmi 3002B (puc. 1, 6) [9]
CHelialIbHO TpU3HAu€Ha Ui BUMIPIOBAaHHS MIECTEPEHh MalMX 1 CEepeaHix
PO3MIpIB; TO3BOJISIE 3 BHCOKOIO TOYHICTIO MEpeBIpATH Npodiis 3yda, MOXHOKY
IBUHTOBOI JIiHII 1 BIAXWICHHSA KPOKY Ha IMWINHAPUYHMUX IIECTEPHSAX, a TaKOXK
pamianbHe OuTTS 3yOuactoro BiHIM. IlepeBaramu 1i€i MallMHM € BHCOKa
BUMIpPIOBaJIbHA TOYHICTh 1 KOMIIAKTHI PO3MIPH, 3aCTOCYBaHHS 4-X OChOBUU
BHUMIPIOBAJIbHOI TEXHOJIOTII 1 BACOKOTOYHUX cepBonpuBOAiB. KoxkHa Bick BepcTaTa
yKOMIUIEKTOBaHa onTuyHUMU JiHiikamu RENISHAW a6o kyroBuMH 3HKOIEpaMu
HEIDENHAIN.

[upokuii 1iarna3oH BUMIPIOBAIBHUX (PYHKIIM IPOrpaMHOro 3a0e3NeueHHs
3a0e3medye aBTOMATHYHUN IIUKI BUMIPIOBAaHHS MWJIIHAPHYHUX IIECTEPEHB
BianoBigHo a0 [SO1328 abo DIN crangaprty. IcHye cnemianbHa GyHKIS s
MIPOBE/ICHHS] BUMIPIOBAHHSA 1 PO3pPaxXyHKy /10 KapT JJi IpoduTo 1 KPOKy, Mpodito
6oukonoioHocti Ca, 1 omykiocti 3y6a Cp.

BMCHOBKU

CydacHi 3aco0M BUMIPIOBaHHS 3y04acTHX MOBEPXOHb - 3yOOBUMIPIOBAJIbHI
MAaIIMHUA JI03BOJISIIOTh BUKOHATH OCHOBHI BUMOTH, IKI BU3HAYAIOTHCSA CY4aCHOIO
KOHCTPYKIIEIO 1 TEXHOJOT1€0 BUTOTOBNIEHHA. Ha 000X OI1YHMX MOBEPXHSIX TPHOX
ab0 4oTUPHOX 3y0iB BUMIPIOIOTHCS MOXMOKHU mpodio 1 JiHii 3yda. Ha Bcix 3y0ax
BUMIPIOIOTHCA MOXUOKH KPOKY MO 000X O1YHHUX MOBEPXHAX 1 MOXUOKH pajiaibHOTO
outts. Kpim 115010, mpoBOAUTHCS BUMIPIOBAHHS TOBIIMHM 3y0a. Yac BUMIpIOBaHHS
3yO4acToi MOBEPXHI BUKOHYETHCS BITHOCHO MIBUAKO. 3yOOBUMIpIOBaJIbHA MAlIMHA
TakoX 3a0e3nedye BUMIiprOBaHHA Tomnorpadii 3y0a 3 OLIHKOI IJISIMU KOHTAKTY.
3y0oBHUMIipIOBaJIbHA MalllMHA HE Ma€ OOMEXEHb B YACTUHI BUMIPIOBAHHS KOJIC 3
HECTaHJapTHUMH NapameTpaMu npodutto 1 JiHii 3y0a (Moaudikaiii 3a npodinem i
JiHiT 3y0a).

[TpakTruHO 3y0OBMMIpIOBAIbHA MAIIMHA, SIK CY4aCHUH 3aci0 BUMIPIOBaHHS,
3aMIHIOE BCl TPaJUIHI TPWIAAX Uil KOHTPOJIO 3yO4yacTUX TOBEPXOHb 1
JIO3BOJIIE BUMIPIOBaTH, KpiM IWIIHAPUYHUX KOJIIC, TaKOXX KOHIYHI KoJieca,
YepB'sIKU, YEPB'TUHI KoJieca 1 3yOOpi3HI IHCTPYMEHTH.
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YK 62-5, 608.2

Hlenuncskuii B. O., Hayk. kep. a.T.H., mpod. KoBanescrkuit C.B. ([onbacvka
depaicasna mawunooydiena akaoemis, Ykpaina)

KOHIEIIIISI IHHOBAIIMHOT' O MEXAHOCKJIAJTAJIBHOT'O IIEXY
3 BUPOBHUIITBA PEJIYKTOP KJITEA LHIECTEPEHHUX 1200

B cmammi 3anpononosano memoou nioguwenus eghekmusnocmi nionpuemcmea. /ns
BNPOBAOINCEHHS. KOHYENYii Cy4acHoco 6UpOOHUYMBEA 3aNnponoHOB8AHO Ol 0OPOOKU KPYNHO
eabapumuux oemainel 3aCmocy8aHts IHHOBAYINIHO20 NIOX00Y opMy8aHHs cucmemu YnpasiiHHs
BUPOOHUYOI0 OiIAHKOI. TIpONOHYEMbCA BUKOPUCTNAHHA THMEPNOTAYIIHUX MeMOdi8 OMPUMAHHSL
CKILAOHUX NOBEPXOHb (hpe3epy8aHHAM HA CKIAOHO NPOGINbHUX MA KPYRHO 2aDAPUMHUX Oemannx
Ha OCHO8I OyiHHUX QyHKyiu. Posenanymo eudu ma Kinemamuka npoyecy cKiaoHo npoginbHoi
00po6KU 3 YPAXYBAHHAM OYIHHUX YHKYIU.

JUist miaBUILIEHHS €(QEKTUBHOCTI MIANPUEMCTBA IPOIMOHYETHCS OyAyBaTH
y3rOJKEHI IJIaHW POOOTH BCIX HMOro BUPOOHMYMX MIAPO3JAUIIB, BKIIOYAOUU
CKJaJaibHi. BHUKOpUCTaHHS ICHYIOYMX METOAIB 1 CTBOPEHHMX HA iX OCHOBI
OpPOrpaMHUX TMPOIYKTIB BEIbMH YTPYAHEHO Yepe3 BEIUKY PO3MIPHOCTI
BUHUKAIOUMX 3aBJlaHb, & TAaKOX dYepe3 MpoOJeMH Y3TrO/UKEHHS IUIaHiB poOIT 3
0OpOOKM JeTajeH 1 CKIIaJaHHs 3 HUX TOTOBOI mpoaykiii [1-6].

st hopMyBaHHsS OUIBII BUTITHUX TPYN OJHOYACHE CKJIAJaHHS BUPOOIB
ICHy€ KiIbKa MOXJIMBUX MiaxoiB. OQuH 3 HUX - 1€ METOJ MOBHOTO Iepedopy
pi3HUX BapiaHTIB IpynyBaHHs BupiO [4-6].

Takuii miaxiy [03BOJIsIE OTPUMYBATH ONTUMAJbHE PILIEHHS, OAHAK HOTO
MOKHa BHMKOPHUCTOBYBAaTH TIIbKM MPH HE3HAYHOMY YHCII THUIIB CKIIAJCHUX
BUPOOIB, OCKUIbKM I OTPUMAaHHS PIMICHHS B pPEaTbHUX 3aBIAHHAX MOTPIOHO
NEPETJISIHYTH 1 OLIIHUTU BEJIWYE3HY KUIBKICTh MOXJIUBUX BapiaHT. [lpuuomy s
OLIIHKKA €(EeKTUBHOCTI KOXHOTO BapiaHTy TpYMyBaHHS MOTPIOHO OyayBaTH
po3KJial 0OOpOOKH KOMILIEKTYIOUMX JeTajeil ISl 1i€i rpynu BUPOOIB, IO TaKOX
BUKJIMKA€ 3HAYHI TPYJIHONIl 1 MOXE BMMAaraTH BEJIMKOTO 4acy JJIis pO3pPaxyHKIB
[4, 7].

AHani3 cremiamai30BaHOIO LEXYy CKIAQJaeTbcss 3 OIJISAY BHIIB  POOIT.
BupobHuui poOOTH MOXKHA MOAUIMTH Ha: MexaHiyHa oOpoOKa; MpPOMIKKOBI
omepailii; 30epiraHHs 3aroTOBOK Ta JeTajieil; TOMOMIXHI BUAN pOOIT; CKIaJaHHS.

['onoBHOIO METOIO 3 PEKOHCTPYKINT Iexa € po3poOKa Criemiaii3oBaHoi
JUTBHMUIIL 3 BUITYCKY peAyKTOpiB mpokaTHoro crany TJIC.
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[HHOBAIIIITHE BUPOOHHUIITBO

|

BukopucranHs HOBOBBEICHb (B [aHOBAITITiHE BUPpOOHHUIITBO (B

3araJIbHOMY BUTJISI]I) KOHKPETHOMY CEHCI)

e\

IHHOBAaIIIITHE BUPOOHUIITBO ITOBHOTO InHOBaIIIITHE BHPOOHUIITBO HETIOBHOTO

UKy (po3po0OKa Ta BOPOBA/KEHHST MUKy (po3poOka Ta mpojax ado

1HHOBALld Y BAPOOHUIITBO) KYIIBJIA 1HHOBAUIM JJi1 BOPOBAKEHHS

Pucynok 1

y BUPOOHHUIITBO)

— Knacudikaris iHHOBaIIMHOTO MPOLIECY

Tabmuus 5.1 — Knacudikariis iHHOBaIIIH 3a TpynaMu

Kunacugikauniiina o3Haka

KkJacudikaniiiHi yrpynoBanas iHHOBaIiH

O6uacTh 3aCTOCYBaHHS

YIpaBIiHCHKI, OpraHi3aliiiHi, colianbH1, IPOMHUCIIOBI 1 T. 1.

Eranu HTII, pe3ynbratoM sxux
cTajay 1HHOBAIl1

HAyKOBi, TEXHIYHI, TEXHOJOIIYHI, KOHCTPYKTOPCHKI,
BUPOOHMYI, 1H(OpMaIliiHi

CrytiHb IHTEHCUBHOCTI
IHHOBAIIIH

«bym", piBHOMIpHa, cllabka, MacoBa

Temmu 341 CHEHHS IHHOBALIIHA

IIBUKI, YIIOBIJIBHEHI, 3aracarpui, HapoCTardi, piBHOMIpHI,
CTPUOKOTOTI0H1

Macmrradbu iHHOBAIH|

TPAaHCKOHTHHEHTAJbHI, TPAHCHAIIOHANBHI, PEriOHAJIbHI,
BEJIMKI, CepeHi, ApiOHI

PesynpTaTuBHICTH iHHOBAITIH

Bucokope3ynbTaTuBHI, HU3bKOPE3Y/IbTaTHUBHI, CTa0UIbHI

HayKa Ta TEXHOIIOr1s |

(
f

ITIpocyBanHa
TEeXHOJOriT

i

Hoea iges

MO>KIIMBICTL
TIPOCYBAHHST
Ha PHHOK
HezanosineHeHi

Konuenry- Hocmimie- TexHomO-
anbLHe HHSL Ta PO3- riuai
pitreHHs poGKH pitrenHs

MapkeTHHI

Ta BUpOO-
norpebun p
HHIITBO
Burarysa- Bnpoean-
HHS PHHKOM FKEHHS
Ha PHHOK
‘ Cycmineri moTpebn Hudyzis innosariii ‘
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Pucynox 2 — 3aranpHa MoIeNTb IHHOBAIIIHHOTO MPOIIECY

Opranizaiiiss 1 TPOBEJIEHHS TEXHIYHOIO KOHTPOJIO SIKOCTI - OJWH 13
CKJIQJIOBUX €JIEMEHTIB CHCTEMHU YMPAaBIIHHSA SKICTIO Ha CTajii BUPOOHMIITBA 1
peai3artii mpoIyKItii.

TexHiuHMI KOHTPOJIB - 1€ TIEPEeBIpKa BIAMOBITHOCTI IPOIYKITIi a00 MpoIiecy,
B1JI SIKOT'O 3aJICKHUTh SAKICTh MIPOAYKIlii, BCTAHOBJICHUM CTaHJIapTaM a00 TeXHIYHUM
BUMOTaM. Y MaIMHOOYAYBaHHI BiH SBJs€ COOOI CYKYHHICTh KOHTPOJBHHUX
oreparlii, 110 BUKOHYIOTBCS Ha BCIX CTaJisIX BUPOOHHUIITBA: BiJl KOHTPOJIIO SKOCTI
BCTYITHUKIB HAa BUPOOHUIITBO MaTepiaiiB, HamiB(paOpuKaris.

TexHIYHUI KOHTPOJIb € HEBIJI'€MHOIO YaCTUHOIO BUPOOHUYOrO mpoluecy. Bin
BUIIOBHIOETHCS PI3HUMHU CITY»KOAMU MiIMIPUEMCTBA 3aJIEKHO BiJl 00'€KTa KOHTPOJIIO
[3, 6, 7]. Ilix CTpyKTYpHMMH eJEMEHTAMH PECYPCHOTO IOJISA PO3YyMIFOThCS
MaTepiaibHl 1 HeMarepialbHl pPECypCcH, BUKOPUCTOBYBAaHI 1 HEOOXIJHI MJis
BUPOOHHMIITBA MPOAYKIIIT Ta peasizalii HoCcayr Ha MiAIpHEMCTBI.

Po3niieHHss 1HHOBaLIMHOTO MOTEHIlaly BHUPOOHMIITBA Ha CTPYKTYpHI
CJIEMEHTH Ja€ 3MOry [0 Kpaloro TMO€AHAaHHS BUKOPUCTAHHS HAsBHUX
MaTepialbHUX, JIOJACHPKUX Ta BUPOOHUYMX PECYpCIB MapKy OOJIagHAHHS IEXy Ta
BCHOTO MiANPUEMCTBA B oMy [7-9].

Cucrema ympaBlliHHS BHUPOOHHYOIO JIIJISSHKOIO JAa€ MOXJIMBICTH 0e€3
TPYJIHOIIIB OOCITYroBYBaTH OOJIalHAHHA SIK MPHU 00cs31 mapTii, PiBHOMY omgHOMY
BUPOOY, TaK 1 TP CEPIHOMY BUPOOHUIITBI.

| / pocimoy
L/ aman i eman Wenam A
I | | CKAAOTHHST
LinarHrka £i ki?qﬁﬂffﬁf Crnadasig
craaoarta N°7 ! emar M eman
Linsrka 00posKa 00posKa 20700KE
5 J i G’NJ'T/.T[E:’( ::ﬁy:ﬁ' Hux K ﬂ/‘f{?f’??f( fi\'?/y!\?/‘-h’.ﬂ’ K ENI?.’\'IE’J( f?]’gﬂ X
MEXGHUO: ﬁ ooKy Aemaneii’ demanet demaneti
LinaHna Cnaionng Cknadanms * Chraionms -
/ emarn i eman W eman
cknadara N2 i~ } 200

\ S IHEHHT
CKAOaHHST

Pucynok 3 — [loeTanHuil OpyUHIUI CKJIaIaHHS



: [ aman 'iemm '///@man :
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Jlinarxa Lk AamanHs ChAadanHg Lkaaimuus
eman I emar W eman

cknadasug N7 N
Tinua e oo e \ EXOHOMS YOCY HO CKAGOOHH
e S e N A 1IPU KOMIVIBKCHOMY MEMOd! K000+
HEXTH gﬂ[}"p 0K demane / demaned Ndemasey &
lingrxa (knadamss Cxandamms Cicradonng /
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Pucynok 4 — KoMIuieKCHUM MPUHITATT CKJIaIaHHS

JUIs KOMIUIEKTYIOUMX JeTajeil, oOpoOiIoBaHMX Ha KOXHOMY eTarl
CKJIaJlaHHs BUpPOOIB, AOLUIBHO OyAayBaTH poO3KiIaa OOpPOOKH, OCKIIBKH IIe
JI0O3BOJIUTh MOMITHO CKOPOTHTH 4Yac ix oOpoOKku. BukopucTaHHs s LUX LUJIEH
ICHYIOYMX METOJIB 1 CTBOPEHMX Ha iX OCHOBI MPOTpaMHUX MPOJAYKTIB BEIbMHU
YTPYAHEHO, a B OUIBIIOCTI pealbHUX CUTYalllil BUSIBISETHCS HEMOXJIMBUM UYepe3
BEJIMKUM PO3MIPHOCTI BHMHUKAIOUMX 3aBJIaHb, TaK AK OOpPOOKAa KOMIUIEKTYIHOUHX
JeTanei Moxe MPOBOJAUTHUCS Ha BCIX OOPOOHMX MUISIHKAX MiAIPUEMCTBA.

Tomy 11t oOyA0BH po3KIIay OOPOOKH KOMIUIEKTYIOUHMX Y TAKUX BUIAJIKaX
HEOOXITHO BHUKOPUCTOBYBATH CIICIIaJIbHI METOJU, IO JO03BOJISIOTH OyayBaTH
po3KJIa] 0OpoOKH JIeTaneil Ha piBHI MiANPUEMCTBA.

Cnabopo3BHHEHA 1HHOBAIIITHA ISUTbHICTD MIANPUEMCTBA XapaKTEPU3y€EThCS
HE BIJCYTHICTIO pecypciB a00 MOTEHIlialy, a CYNEepewIMBICTIO I[iJiel, MOTHBIB
JUSITBHOCTI, 1HTEPECIB YYaCHUKIB I1HHOBAIIIITHOTO MPOIIECY, OMOPOM IEPCOHATY
HOBOBBEJICHHSIM, BiJICYTHICTIO MOTHBaIIiI [4, 5, 10, 11].

BucHoBOK

B cTaTTi 3anpornoHoBaHo METOAM MiABUIIECHHS €(heKTUBHOCTI MiANPUEMCTBA.
s BOpOBa/KCHHS KOHIICTIi Cy4acHOTO BHPOOHMIITBA 3alpPOMOHOBAHO IS
0oOpoOKHM KpYMHO TabapuUTHUX JeTajeil 3acTOCYBaHHS 1HHOBAIIMHOTO TMIIXOTY
(dbopMyBaHHS CUCTEMH YIIPABIIHHS BUPOOHUYOIO JIITISTHKOIO.

JUist miaBUILIEHHS €(QEKTUBHOCTI MiJNPUEMCTBA MPOIMOHYEThCS OyAyBaTH
y3rOJIKEHI IJIaHW POOOTH BCiX HMOro BUPOOHMYMX MIAPO3JALUIIB, BKIIOYAIOUU
CKJaJaibHi. BHKOpHUCTaHHS ICHYIOYMX METOAIB 1 CTBOPEHUMX HA iX OCHOBI
KOMOIHATOPHUX TApaMETPUYHUX CTPYKTYp i1 (GOPMYBAaHHS ONTUMAIBHUX
pillIeHb Ta MIAXOJIB OLIHKUA €()EeKTUBHOCTI TPYMyBaHHS CTPYKTYpU BUTOTOBJICHHS
By3J1a IIUIIXOM MOOYI0BH LIUKJIOTPAMHU MPOIIECY.

[IpornoHy€eTbCS BUKOPHUCTAHHS IHTEPHOJALIMHUX METOMIB OTPUMAHHS
CKJIaJIHUX TIOBEPXOHb (pe3epyBaHHSIM Ha CKIAQAHO MNPOPUIBHUX Ta KPYIHO
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rabapuTHUX JeTalgX Ha OCHOBI OWIHHMX (yHKUIA. PosrmsHyTto Buan Ta
KIHEMaTUKa MpOLEeCy CKIAAHO TpodiabHOI 0OpOoOKM 3 ypaxyBaHHSAM OI[IHHHX
GYHKITIH.

[IpoBeneno aHami3  creniaigi3oBaHOTO 1exy. Po3rimsHyTo  MOAENb
IHHOBAIIHHOTO BUPOOHUIITBA, KiacudikaiiiHi o3Haku. [Ilnsxom opranizamii Ta
BUKOPHUCTAHHSA METO/IIB 1HHOBAL[IHHOTO BHUPOOHUIITBA MPOIMOHYETHCS HA OCHOBI
MOJILOBOTO MiJXOAy TPYIMYBaHHS CKIJIAJOBHX E€JIEMEHTIB MiJIMPUEMCTBA MPOBECTU
opraHizalliro MexaHooOpoOKH, CKIaJaHHs, TEXHIYHOTO KOHTPOJIIO.
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