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UDK 528.9.

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 (loT) enables the
development of various cost-effective solutions based on modern Information and
Communication Technologies (ICT) and infrastructure. 1oT 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 loT 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 El 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 xerogels 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.

1"



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.
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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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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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YK 621.91.01

bopoBuii Lb., nayk. kep. n.T.H., mnpod. Kosanescekuiti C.B. (Houbacwvra
depaicasna mawunooydiena akaoemis, Ykpaina)

CIIOCIB OB’€EMHOTI'O 3MIITHEHHS MATEPIAJIIB Y HOCTIHHOMY
MAT'HITHOMY HOJII

B pobomi 3anponoH08aH0 600CKOHANEHHA 3MIYHIOBAIbHOI 0OpOOKU Oemanel ULIAXOM
MAzHIMHOI 00POOKU 3 BUKOPUCTAHHAM MIKPOGIOpaYill, 3a805KU YOMY 3MIYHEHHs. NPOXOOUMb O
6cbomy 00’cmy mamepiany, WO NOZUMUBHO HNOZHAYAEMbCA HA  QI3UKO-MEXAHIUHUX
enacmusocmax mamepiany. 3acmocysamHs cnocoby 06’€MHO20 3MiyHeHHA Mamepianie y
NOCMIUHOMY MACHIMHOMY NOJI 00380J1€ 3a0e3neuumu 00’ emMHe 3MIiYHeHHs Oemaell Mawux ma
IHCMPYMEHM).

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.

Croci6 BIZHOCHUTBCS JO Tally3l TEXHIKM, a camMe [0 TEeXHOJOTii
MalIMHOOYAYBaHHS Ta MOXKE 3HAWTH  3aCTOCYBaHHS HpPU  BHKOHAHHI
3MIIHIOBAJIBHOT 0OpOOKHU AeTaliel NUISIXOM MarHiTHOI 0OpOOKH 3 BUKOPUCTAHHSIM
MIKpOBiOpaIiif, 3aBISKd YOMY 3MIIHEHHS TMPOXOAUTh IO BCbOMY 00’€My
MaTepiay, 10 MO3UTUBHO IO3HAYA€ThCAd Ha (PI3MKO-MEXaHIYHUX BIACTUBOCTSX
Marepiany.

Binomuii cioci® 3MilIHEHHS JIETOBAHUX CTaJIEl B IMIYJIbCHOMY MarHITHOMY
nom [1], skuil monsirae B TOMy, IO MiA €0 IMIYJICHOTO MAarHiTHOroO MoJs B
MeTanal BiAOyBaeTbCd YTBOPEHHA HOBOI CTPYKTYpH, XapaKTEPUCTUKH SKOi
3aJieXaTh BlJ BEJIMYMHH HAIMPY>KEHOCTI Mar"iTHOro mnojis. CTpyKTypa 3MILIHEHOTO
mapy BIAPI3HIETHCS BUCOKOK JUCIEPCHICTIO 1 MOMIMIIIEHUMH €KCIUTyaTaliitHuMU
XapaKTepUCTUKAMHU.

Henonikamu Bimomoro cmoco0y € HeBucokuit KKJ[ TexHomorigHoro
poliecy, CKIAIHICTh 0OpOOKH JieTanelt 3 OTBOpaMu, Ma3aMu Ta BEJIMKOI TOBIIUHH,
HEJIOCTATHS JOBTOBIUHICTH 1HIYKTOPIB MPH POOOTI B €NEKTPUYHUX TOJISIX BUCOKOT
HaIpy>XKEHOCTI, a caM€ TOJIOBHE T€, IO 3MIIHEHHIO MiJIJIaI0ThCS MOBEPXHEBUH 1
MPWIETJINH 10 HOTO IIapu HE 3a4iNarouu T1J10 BUPOOY.

Binomuii Takox croci6 KoMOIHOBAHOTO 3MIILIHEHHS Pi3aJbHOTO 1HCTPYMEHTY
Ta JeTane mammuH [2], oOpaHuil HamMH, SIK MPOTOTHII, KU MOJAra€ B MarHiTHO-
IMITYJIbCHIM 00p00111 BUpOOiB, MPU IILOMY MOTEPEAHBO HA iX MOBEPXHI HAHOCUTHCS
3HOCOCTINKE aHTU(PPUKIIITHE TOKPUTTS.

3araJIbHUMU ICTOTHUMHM O3HAKaMHM BIJJOMOTO Crmoco0y W TOro, 1o
3asIBIISIETHCS € BIUTMB HA TIOBEPXHIO BUPOOIB MAarHITHUM TIOJIEM.

B ocHoBy i€l nmocTaBieHO 3a/1ady BAOCKOHAJICHHS BIJOMOTO CIOCOOY st
pO3IIMpPEHHs jiana3oHy oOpoOkuM BUPOOIB Ta wMaTepiaidiB, 3 SKUX BOHHU
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BUIOTOBJICHI, Ta 3a0e3leuYeHHS OO0 €éMHOro 3MIIHECHHS JeTajied MalluH Ta
THCTPYMEHTY.

[TocTaBneHa 3agada BUPINIYETHCSA 32 PaXyHOK TOTO, IO CMOCIO 00’€MHOTO
3MIIIHEHHS MaTepialliB y MOCTIHHOMY MarHiTHOMY TOJI1, SIKWii MOJIATA€ y BIUIMBI Ha
MOBEPXHIO BUPOOIB MArHITHUM II0JI€M, 3MIIHCHHS BHUPOOIB 3IIMCHIOETHCS B
pPIBHOMIPHOMY TOCTIHHOMY MAar”iTHOMY IMOJi 3 PE30HAaHCHHUMH 4YacTOTaMHu Ta
MIKpOBIpOaIifHOI0 00POOKOIO.

[Ipy nOpoxXo/KEHHI MMOCTIMHOTO MAar”HiTHOTO TIOJISI dYepe3 marepian y
KPUCTAIIYHIN PENNTIll MaTepialy BiIOYBa€eThCs caMOOpraHizaiisi JOMEHIB JIaHOi
KPUCTAIIYHOI pemITKH, a oO0poOKa pPE30HAaHCHUMH YacTOTaMU  OYMIIYE
00poOTIOBAJIBHUI MaTepiall BiJl IIKIIJIMBUX BKIFOYCHb.

3epHa maTepialy 3MIITHEHHSI B3a€MOJIIIOYM 3 MOCTIMHUM MarHiTHUM IOJIEM
3MIIACHIOIOTh KOJUBAJIbHI pyXu. TaKMM YMHOM MAarHiTHE IMOJi€ MPOHU3YE MaTepial
0 BCbOMY HOro 00'emi 1 BiIOyBaeThcsl 00'eMHa MarHiTHa 0OpoOKa MpU BIACHHUX
PE30HAHCHUX 4YacToTax, a oOpoOKa PE30HAHCHUMHU YacTOTAMHU  OYHILYE
00poOIIIOBANIBHUI MaTepial BiJl IIKIAJIUBUX BKIIOYECHb.

[Ipuknan 3aiiicHeHHs cnocoOy O00’€MHOro 3MIIHEHHA Marepialy B
MOCTITHOMY MarHiTHOMY ITOJII.

JlocnmikeHHsT BUKOHYBAJIMCS Ha TBEPJOCIUIABHINM IUIACTHMHI PIXKYYOro
1HcTpyMeHTy 3 Matepiany TSK10 1 tBepaictio 483 HB.

[Ticnss 0OpoOKM TPOMOHOBAHUM CIIOCOOOM TBEPJOCIUIABHOI IUIACTHHHU
TBEPJICTh MaTepiany 301abIImIacs 1 ckianana 673 HB.

3acTocyBaHHS CHOcO0y 00’€MHOro 3MIIIHEHHSI MaTepialliB y IMOCTIHHOMY
MarHiTHOMY IOJI1 JO3BOJISIE PO3IIMPUTH Alana3oH 0OpoOKu BUPOOIB Ta MaTepiaiis,
3 SKUX BOHHM BHMI'OTOBJICHI, a TaKO)X 3a0e3nmeyuTH 00’€MHE 3MIIHCHHS JeTanci
MAaITUH Ta IHCTPYMEHTY.

JIMTEPATYPA

1.1lam. 13547 Vkpaina, MIIK B23B 27/16. Cnoci6 KoMOIiHO8aHO20 3MIYHEHHS PIi3AIbHO20
incmpymenmy | B. JI. Kosanwos, IO. B. Mupownuuenxo, A. B. Bacunvuenxo, A. B. Heuenypernxo.
—Ne u200507395; 3as6n. 25.07.2005; onyon. 17.04.2006, 6rox. Ne 4/2006
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BbyiinaBuen C.C., Hayk. kep., kK.T.H. ['yiun O.B. ([[onbacvka oeparcasna
MawuHobyodigna akaoemis, Ykpaina)

BUKOPUCTAHHSA CYHACHUX CAIIP ITPH ITPOEKTYBAHHI TA
AHAJII3I XAPAKTEPUCTUK MIITHOCTI JETAJEN MAILIUH

Y cmammi posensoaemvcsa axmyanvhicmv  3acmocysauwns cyyachux CAIIP y
Mawunodyoyeanni. OCHOBHA Y8aca NPUOLIAEMbCA MONCTUBOCHAM BUKOPUCTIAHHS NPUKLAOHUX
npoepamuux naxemis sik AutoCad, SolidWorks i KOMIIAC 0ns supiuients KOHCMPYKMOPCOKUX
3a0au 3 NPOEKMy8aHHs BEPCIMAMHUX NPUCTIOCYBAHD.

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 Hami JiH1 CIIOCTEPIraeThCs MBHUIKUI PO3BUTOK CUCTEM aBTOMATHU30BAHOTO
MPOEKTYBAHHS (CAIIP) B Takux  Taly3sx, AK aBlaOy/1yBaHHS,
aBTOMOOLIEOY/TyBaHHS, BaKKe MAIIMHOOYTyBaHHS, apXITEKTypa, OYIIBHMIITBO,
HadTOrazoBa MPOMUCIOBICTh, KapTorpadis, reoiHpopmaliiiHi CUCTEMH, & TAKOXK Y
BUPOOHMIITBI ~ TOBAapiB  HApPOJHOTO  CIOXXKHUBAaHHS, HANPUKIAJ  MOOYTOBOI
enekTporexHiku. 3a gomomororo CAIIP BuKOHyeTbCS po3poOKa KpecieHb,
IPOBOJUTHCA TPUBHUMIPHE MOJEIIOBAaHHS BHUPOOM Ta TMpOILECY CKJIaJaHHS,
MPOEKTYETHCS AOMOMIXKHA OCHAIEHHS, CKIAJA€ThCS TEXHOJIOT1YHA JOKYMEHTAIIIS 1
kepytoul nporpamu (YII) nns BepcTaTiB 3 YMCIOBUM IMPOTrPaMHUM YIPABIIHHAM
(UITY), Beaethes apxis [1].

CAIIP MaroTh pi3HI MOXIMUBOCTI B 3aJIEKHOCTI BiJI TOTO, IO BKJIIOUEHO B
mpoiiec mpoekTyBaHHs: 2D-BektopHa rpadika abo 3D-MojentoBaHHS TBEpPIUX
noBepxoHb. Y Oinbinocti 3D-CAIIP mokHa 3aCTOCOBYBATH KiIbKa JIXKEpEI CBITIA,
NOBEPTaTH O0'€KTH B TPHOX BHUMIpax 1 Bi3yalli3yBaTH MPOEKTH Mif OyIb-SKUM
kyToMm. [{1 CAIIP no3BOMSI0TH BUBYATH MPOEKTHI 17€1 Ta Bi3yaldi3yBaTh KOHUEMIIIT
3a JOMOMOTO0 (PoTOpeanicCTUYHOI Bizyasisallli, a TaKoXX MOJIEIIOBAaTH MOBEIAIHKY
BHUPOOIB Y peaIbHUX yMOBaXx.

AutoCAD 6yna nepmoro porpamoro CAIIP i Bce e € HalHO1IBIT ITUPOKO
BUKOPUCTOBYBAaHUM CHCTEMOIO aBTOMAaTHM30BAHOIO MPOEKTyBaHHs [2]. PimeHHs
AutoCAD Mechanical [3] cTBoproBanmocsi SK PpO3IIUMPEHHS CTaHJIAPTHUX
MoxksmBocTer «rathopmm»y AutoCAD st TpOMHCIOBOTO MAamIUHOOY/IBHOTO
npoekTyBaHHs. OTpumaBim Bech Oaratuii 6azoBuit ¢ynkiioHan AutoCAD, mei
MPOIYKT Ma€ 3HAYHI JIOMOBHEHHSMHU y BUTJISI BEIMKUX O10I0TEK JeTajnei, 1o
BUKOPHCTOBYIOTHCS Ha BHUPOOHUIITBI, a TaKOX IHCTPYMEHTIB, IO JO3BOJISIIOTH
3HAYHO TPUCKOPUTH TIPOCKTYBaHHS Ha MAIIMHOOYIIBHOMY IiANPUEMCTBI.
Mexaniuni cuctemu B AutoCAD Mechanical MoxyTh OyayBaTuCs MaKCUMAaJIbHO
e(eKTUBHO, 3aBISKM HASIBHOCTI KaTaJiOTiB THUIIOBUX €JIEMEHTIB, TIE€HEPaTOpiB
MEXaHIYHUX CUCTEM 1 KaJIbKYJSATOPIB JUIS iX pO3paxyHKy 1 miaOopy mija 3ajaHi
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ymoBu. Y AutoCAD Mechanical BOyaoBaHi reHeparopu 1 KajJbKyJIsTOpU BalliB,
NPYKUH, PEMIHHUX 1 JJAHIIOTOBUX Mepeaay, KyJauyKiB 1 1HIIMX THIIB MEXaHIYHUX
cucteM. BOHM He TUIBKM MOXYTh CTBOPUTHM BCi HEOOXiAHI KOMITIOHEHTHU
aBTOMATUYHO, 3a 3aJaHUMH (DYHKIIOHAJIBHUMHU MapaMeTpaMu, ajie 1 MPOBECTU iX
aHaJIi3 Ta 3reHepyBaTH HEOOXITHI 3BITH.

[ i o - v

RN W W

Spectfy Direction of Links [#lip/Accopt] chccopts:
pecity Ortestation of Lisks [#iip Acewpt] <Accet

Puc. 1 Anaini3 pobotu i renepanis B AutoCad Mechanical

B SolidWorks BukopucTOBY€THCS MPUHIUIT TPUBUMIPHOTO TBEPAOTLIEHOTO
1 TIOBEPXHEBOI'O IMAPaAMETPUYHOIO MPOEKTYBAHHS, IO JIO3BOJIIE KOHCTPYKTOPY
CTBOpIOBaTH 00'€éMHI JeTami 1 KOMIIOHYBaTH 30IpKH Yy BHIJISIAI TPUBHUMIPHHX
CJIEKTPOHHUX MOJENed, 3a SKUMU CTBOPIOIOTHCS JIBOMIPHI KpPECIEHHS 1
cneruikarii BigmosigHo 10 BuMor ECKJI. 3a momomororo nmporpamu SolidWorks
MOXHa M00aunTh MaOyTHIM BuUpiO 3 ycix OOKIB B 00cCs31 1 Hamatu MHomy
peallicTUUHE BIJIOOpaXEHHS  BIAMOBIIHO JO0 OOpaHUM MaTepiajoM st
nonepeaHbOo1 OIIHKY Au3ainy [4].

Puc. 2 300pakenns TpuBumMipHoi geram B SolidWorks
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— CHCTEMa TPUBUMIPHOIO IIPOEKTYBAHHS, 1110 CTajla CTAaHAAPTOM JJI TUCSAY
HIANPUEMCTB, 3aBISKA INOEJHAHHIO IPOCTOTHM OCBOEHHS 1 JIETKOCTI PoOOTH 3
NOTY>)XHUMH (YHKIIOHATTbHUMH MOXKIJIUBOCTSIMH TBEPAOTLUIHHOTO 1 TOBEPXHEBOTO
MojetoBaHHsA. KiltouoBoI0 0COOMUBICTIO MPOIYKTY € BUKOPUCTAaHHS BIACHOTO
matematnuHoro sapa C3D 1 mapaMeTpuUuHUX TEXHOJIOTiM, PO3pOOIECHUX
daxiBiIMu. 3a0e3nedye MiATPUMKY HalOUIbII mommpeHux gopmatiB 3D-Moneneit
(STEP, ACIS, IGES, DWG, DXF), mo mn03BoJisse opraHizoByBaTH ¢()EKTHBHHI
OOMIH JaHUMH 13 CYMDKHUMH Oprai3amisMd 1 3aMOBHUKaMH, MIO
BUKOPHUCTOBYIOTH Oyab-siki CAD / CAM / CAE-cuctemu B po6ori [5].

[IpoekTyBaHHSI MAITMHOOY/IIBHUX 1 MPHJIaI00y1IBHUX BUPOOIB [6] HaKiIagae
BHCOKI BUMOTH JI0 BUKOPHUCTOBYBAHOTO 1HCTPYMEHTY. BIAMOBIa€ HAHCYyYaCHIIIINM
BUMOTaM. MOXXJIMBOCTI CUCTEMH 3a0€3MeuyIOTh MPOCKTYBAHHS MAIIMHOOYIIBHUX
BUPOOIB OyIb-SKO1 CKJIQJHOCTI 1 BIAMOBIAHO 0 CaMHUX MEPEIOBUMU METOJIUKAMU
NPOEKTYBaHHSA. Juis  MamuHOOyayBaHHs:  [IpomoHOBaHI  pilieHHA — JJid
MaIIMHOOYyBaHHS aBTOMATH3YIOTh MPOLECH KOHCTPYKTOPCHKO-TEXHOJIOTTYHOT
MNIATOTOBKM BHUPOOHHUIITBA. 3aCTOCYBaHHS MPOTPAMHUX MPOAYKTIB CHIIBHO 3
METOAMKAMH iX BHKOPHCTAHHS, JIOCBIJIOM 1 HampalfoBaHHSIMH (axiBIliB
HIANPUEMCTB  CKOPOYYIOTH TEPMIHM pO3POOKM HOBOI MPOAYKIl, 3HUXKYIOThH
cOO1BapPTICTH 1 MiJIBUILYIOTH SKICTh BUPOOIB, 1110 BUITYCKAIOTHCSI.

Crnemianbno BOynmoBani CAE-mMomyni  [03BOJIIIOTE BUKOHYBAaTH IEBHI
1H)KEHEPH1 pO3paxyHKH (Ha MIIHICTh, AeQOopMalliio, TEMIOBI PO3PaxXyHKH TOMIO) 1
IIPOBOJUTH aHAJI3 MOBEIIHKU PO3PAXYHKOBOT MOJIEN MPU PI3HUX BIUIUBAX 3 TOYKH
30py CTaTUKH, BJIACHUX YacCTOT, CTIAKOCTI 1 TEMJIOBOTO HAaBaHTaXKCHHS.
Po3paxyHKu BemyThCsd Ha OCHOBI METOJA CKIHUYEHHUX EJIEMEHTIB 3 (PYHKIIEIO
redepauii CE-ciTku, Nnpu BHKIMKY $KOi BiAOyBaeTbCAd BIANOBIAHE pPO3OUTTA
00’€KTYy 13 3aJ1aHUM KPOKOM (puc. 3).

Puc. 3 Ilo6ynoBa CE-ciTku y po3paxyHkoBomy moyii APM FEM
IPOTPAMHOTO MPOJIYKTY
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To4HICT, OTpUMaHUX PE3yJbTATIB OE3MOCEePETHBO 3aJIEKUTh BiJl KIIBKOCTI
eJIeMeHTapHUX 00’€MiB, Ha sKi po30MBaeThCs Moaenb. OMHAK 31 301IBIICHHAM ITi€T
KUTBKOCTI 3pOCTae 1 yac OTPAIIIOBAHHS  KOMIT IOTEPOM PEe3yJIbTaTiB, a TaKOX
BUTpavaeThcs Oubie pecypcis EOM.

Pe3ynbrati po3paxyHKy BHBOIATHCS Y CIIEKTP1 PO3MOAUICHHS HAIPYXKECHb,
nedopmariiii TOoO MO TMepeTHHAM MOJENi, Mo AochimkyeThes (puc. 4). Kaptu
HarpyXeHb 1 Aehopmaliii J03BOJAIOTh HAUOUIBII TOYHO MpoaHaIizyBaTH poOOTy
By3Ja IMiJ Ji€0 HABAaHTa)KCHHS, BUSBUTU KOHIICHTPATOPH HANPYKCHb, OIIIHUTU
YKOPCTKICTh KOHCTPYKIIIi.

Puc.4 — KinieBe 300paxeHHs1 pO3paxyHOK JIeTajl Ha PO3TATyBaHHSI.

3acToCcyBaHHS aHajizy 3a METOJIOM CKIHUYEHHUX €JIEMEHTIB HaWOUIbII
e(peKTUBHO B pa3l aHajildy CKIAQJHUX KOHCTPYKIIM 1 CXEM HaBaHTaKEHb,
BUPIIIECHHS SIKUX KIIACHYHUMHU METOJaMH MOYKE BUSBUTHUCS JOCUTH TPYJIOMICTKHAM.

BMCHOBKU

Y  mammHOOYQyBaHHI  BC€  IIUpPIIE  BUKOPUCTOBYIOTH  CHUCTEMH
aBTOMATHU30BAHOTO MPOEKTYBaHHS, 110 BUKIMUKAETbCA 3POCTaHHIM OOCATY
OPOAYKIli  MamMHOOYAYBaHHS, YCKJIQJAHCHHSIM  KOHCTPYKIIM  BUPOOIB 1
TEXHOJIOTIYHUX TMPOIIECIB, CTUCIMMU TEPMIHAMU TEXHOJIOTIYHOI TMiATOTOBKU
BUPOOHUIITBA 1 OOMEKEHOI0 UYMCETBHICTIO 1HXXEHepHO-TexHIuHuX KaapiB. CAIIP
J03BOJISIE HE TIJIBKU MPUCKOPHUTH MPOLIEC MPOEKTYBAHHS, ajie 1 MIABUUIATHA HOTO
AKICTh TUISIXOM PO3TJIAy OIbIIOT KUTBKOCTI MOMJIIMBUX BapiaHTIB 1 BHOOPY
HaMKpaloro 3a NeBHUM KpUTEpieM (3a cOOIBAPTICTIO, MPOAYKTUBHOCTI Ta iH.) [7].

JIITEPATYPA

21



22



UDK 69.003
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 v||y||-phase precipitates. The SLM-
built turbine blade parts show the accumulation of porosity close to the surface.
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UDK 621.452.3
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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Drago Talijan, Mihailo Ristic. (Pan-European University , Aperion” Banja
Luka, Republic of Srpska, B&H; University of Banja Luka, Faculty of Technology,
B. Luka, Republic of Srpska, B&H)

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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Hyk B. TI., mnayk.kep.. k.T.H. Omiinuk CIO, (Hounbaceka OdeporcasHa
Mawunooydiena axademis, Ykpaina)

KJIACH®IKALISI OBJIATHAHHS 1J151 BHKOHAHHA I'IBPUTHUX
TEXHOJIOI'TM OBPOBKH AETAJIEM B MAIIMHOBY IYBAHHI

Y ecmammi pozensioacmuvca sukopucmanms 2iopuOHUX MexHoa02ii 8 MAuuHoOY0y8aHHi 3
Memoio 3abe3neyeHns AKocmi onmumizayii ma egekmugHocmi upobHuYmea. Auanizyromecs
2IOpUOHi  asmomamu3zoeani pooomu wo NOEOHYIOMb 6 CO00I KOHCMPYKYIL AKI OCHAWeHi
NPOGIOHUMU MEXHONO2IAMU, MA PIZHUMU NIOX00amu 00 0O6poOKuU dema.eil.

3acTocyBaHHS pOOOTIB B IMPOMHCIOBOCTI TMOYANOCS, 3a 1CTOPUYHUMHU
MIpKaMH, HE TaK JAaBHO - TPOXU OUIbIIE, HIXK MIBCTONITTS TOMY, aj€ 3apa3 BiKe
Majo sIK€ BHUPOOHMIITBO MOKHA YSIBUTH €001 0€3 aBTOMAaTUYHMX JIHIA Ta 0e3
CTaJIEBUX MaHIMyJsATOpiB. HalBaXIMBIIIMM 3aBIaHHAM MAaIIMHOOY/yBaHHA Ha
CydyacHOMY eTami € poOOoTH3alis sKa JI03BOJUTH pPEATI30BYBATH Ha OJHOMY
poboYoMy MiCIll CKJIQJHUN KOMIUIEKC TEXHOJOTIYHUX omepaiii. Tomy 3 0JHOTO
OOKy - 16 EeKOHOMIYHa Ta ONTHMI30BaHa €()EKTUBHICTb BHUPOOHUIITBA,
3a0€3MeUYCeHHs] SKOCTI, a TaKOX OOMEXKEHHs poOOTH IIOJMHUA B HEOE3NMEYHHX
yMOBaxX, Ta 3 IHIIOTO II€¢ TaKoX 1 BTpaTta poOOYMX MICIb, 30UIbIICHHS
IHBECTHUIIIITHMX BUTPAT M YCYHEHHS LILJIOTO KJjacy poO0oYoi Cuiu.

He3Bakaroun Ha Take BEJIMKE, Mailke MOBCIOJJHE NMOLIUPEHHS pOOOTIB, JIUIIE
(daxiBll TOBHOI MIPOIO YSABISAIOTH €001 BECh CHEKTP IXHIX MOMJIMBOCTEM.
BenuuesHnii NMO3UTUBHUIA MOMEHT HPOMHCIOBUX POOOTIB B TOMY, IO BOHHU
MOBHICTIO BUKJIIOYAIOTH JIIF0 JIIOJICBKOTO YMHHHKA, KPIM TOTO XapaKTepHY BUCOKY
TOYHICTh Jiil, palliOHaJbHE BHUKOPHUCTAHHS npuMinieHHs. Ilpu  TexHiko-
€KOHOMIYHOMY aHaii31 CJiJi BpaXOBYBATH, IO rOpUAHA CHCTEMa 3aMIHIOE KIJIbKa
TPaJAMLIMHUX MAIIMHO MICUb 1 IHTETpye€ BUPOOHMYI TMIPOLIECH HE TUIBKH
TEPUTOPIATBHO, a W IUKIIIYHO.

Metoro pobotn € aHami3 Ta Kiaacudikarmis cydacHOro oOJagHaHHS s
BUKOHAHHS TiOpuaHUX TexHosorii. [i0puanuii metom oOpoOku BUpPOOIB
MAaIIMHOOYYBaHHS - 1€ MPOIIEC, KU BKIIOYA€ HE MEHII JJBOX OJTHOYACHO JIIIOUUX
PI3HHX THUIIIB TEXHOJOTIYHUX OIEpaliidl eHePreTUYHOIO XapaKkTepy, K1 BIUIUBAIOTh
OJIMH Ha OJHOTO, MiACHIIOIOTH AiF0 KOXXHOTO 3 HUX Ta MPOBOJATH MEPETBOPEHHS
BJIACTUBOCTEN KOXKHOTO METOAY, IO 3abe3reuye SKICHO HOBY TexHoJorito. Jlis
BUKOPUCTaHHA IepeBar riOpuIHOr0 BUPOOHHUYOro MpolEecy MOTPIOHI PO3IIHUpEH]
MOXJIMBOCTI MPOCKTYBAHHS Ta 1HXXEHEPHOTO aHamizy. Y JESIKUX BHUITQJKaxX s
JeTaji, ska padilie BUPOOJsIIacs 3 BUKOPUCTAHHSM TPAIUIINHOTO TPOIECy
0o0poOKH, 3aCTOCYBaHHS TIOpPUIHOI ATUTHUBHOI TEXHOJOTIl BUMAara€ MOBHOTO
MEPEOCMHUCIICHHS TPOIeCYy MpOeKTyBaHHS. [l aguTUBHUX 1 CyOTpPaKTUBHHUX
MPOIIECIB BAXJIMBO BUOMPATH BIJIMOBIIHI CTpaTerii 0OpOoOKH 1 BUKOPHUCTOBYBATU
cuctemy CAD/CAM, creniaqbHO MPU3HAYEHY IS PO3PAXYHKY TPAEKTOPIl pyXy
IHCTpyMeHTY TiOpumHoro oo6OmamnanHsa. [Iporpamue 3aGesmeuenHst NX  mus
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riOpUJHOr0 aJUTHUBHOTO BHPOOHUIITBA MiATpUMYE (DYHKIIIOHAN, 10 3abe3rneuye
IHTErpoBaHEe PIIIEHHS - BiJ MPOEKTYBaHHS BHPOOY /O HMOro BUTOTOBJICHHS Ha
Bepctati 3 UIIY, mo BKiIOYae po3poOKy TPaeKTOpii TEpEeMIlIeHHS IS
IHTErPOBAHOTO IPOIIECY Ja3ePHOTO HAIUIABJICHHS MOPOIIKY 1 (hpe3epHoi 00poOKu 3
TI0JIAJTBIIIO0 CUMYJISIIIEIO TIMX TporieciB [1-2].

[TpuBenemo kinacu@ikallito iICHylOYMX T1IOpUIHUX BEPCTATHUX CUCTEM.

[lepmia rTpyma BKJIOYAE€ TIOBHICTIO I1HHOBAIlIMHI pIIMICHHS 3a pPaxyHOK
MOEAHAHHA  NPHUHIIMIIOBO  MPOTUJICKHUX  TEXHOJOTIMH: ADD-texHosoriin
(amutuBHux), CUT-texnonoriit (pizanss) 1 PLAST-texHonoriii (ImacTUYHOTO
nedopmyBanns) npukiagaoMm € moaeiar DMG MORI — LASERTEC 65 3D 5-tu
oceBuid ppe3epuuii riopua 3 3D-punTepom Bia komnanii Hermle [3].

Hpyra rpyma 3acHOBaHa Ha  KOMOIHamii  eleKTpodi3uyHUX 1
eJIEKTPOXIMIYHUX Tpo1ieciB, Hampukiaa po3podku OI'YII HBO «Texnomam» [4].
@Di3uKO-XIMIYHI TIPOIIECH Ha €JEeKTPoJax I[LOT0 OOJagHAHHS JI03BOJISIOTH
3MIACHIOBATH  AaHOJHO-ICKPOBE  HAHECEHHS  MOKPUTTIB  (MIKPOIYTOBHM
OKCUIYBaHHSIM), IUIa3MEHHO-CJIEKTPONITUYHUM  TOJIPYBaHHSAM W IHIIMMU
IPOLIECAMHU.

Tpetst rpyna BIIHOCUTBCS J0 JIA3€PHUX TEXHOJIOTIH, MOKa30BUM MPHUKIIAIOM
riOpuIHOCTI SIKOi € Jla3epHO-AyroBe 3BapioBaHHs. [lma3zma, ska yTBOopeHa mpu
po0oTI nazepa, cTabii3ye MIa3My, 110 BUHUKAE B JYTOBOMY PO3psijii, Ta CTBOPIOE
YMOBHU I YCIIIITHOTO TPOBEICHHS 3BapIOBaHHS, sIKe BUKOHYeThcs Ha YITY
3BaproBaigbHOr0 pobotra Cloos.[4]. [Opumne nazepHe 3BaprOBaHHS 3/1aTHE
3a0€3MeUYnTH JBOPA30BY EKOHOMIIO MarepiaiiB 1 TPYAOBUTPAT NpU poOOTI 3
OaraTomapoBMMH MaHEISIMU B CYyAHOOY1yBaHHI.

YerBepra Tpymna XapakTepusyerbcs KoMOiHyBaHHAM Bigomux CUT-
TEXHOJIOT1i, paHillle HE CYyMICHUX B €uHIN cuctemi (3y0ooOpoOka, nutidyBaHHS,
je30Ba 00poOka abo BuUpyOaHHs, rHYTTs). Lle Halimmpiia rpyna sika BUHUKAE Ha
0a31 KOMIUIEKCHUX pIIIEHb KOMIIOHYBaJbHOI, KIHEMAaTHYHOI 1 TEXHOJIOT14HOI
riopuanocti. Ilpuknamom BepcTaTHOroO TiOpUAY € pIMIEHHS HIMELbKO1 (ipMu
Waldrich coburg, sxa peanizye TexHosorii KoMOIHOBaHOT 00pOOKH, 1110 CKOPOUYE
TEXHOJIOTTYHUH TIpo1IeC MPU 00poOIll BUCOKOTOYHHX JeTanei [4].

binbm nperaneHo posrisHemo npukian nepmoi rpynu DMG MORI- -
LASERTEC 65 3D, skuit 0yB cTBOpeHui Ta 3anateHToBanuii y 2016 porti [3]. Lle
nepuiMi  BepcTaT JIOKAIBHOTO BUPOOHMIITBA JJISI S5-TH  OCBhOBOI 0OpOOKH,
KOHCTPYKIIIS sIKa OCHAIlleHAa HAWHOBIIIUMH TEXHOJIOTIIMH. ATiapaT MoeHye B co0i
KUTbKa PI3HUX MiAXOIB 10 0OpOOKH JIeTaseH:

1) knacwunuMii (pe3epHUi BepcTaT 3 MPOTPAMHUM KEPYBaHHSIM — 5-TH
OCHOBHH 3 BEJIMKOIO TOYHICTIO;

2) Ja3epHHil pi3abHUN THCTPYMEHT 3 THMH X CTYICHSIMH CBOOOJIH, Ta
JTPYKyrOunidi MeTasioM 3D-npuHTEp 3 TEXHOJOTIEIO Ja3€pPHOT0 HATUJICHHS.

[Mopugnuit miaxia: ¢pe3epyBaHHS 3aroTOBKH, HAIUIABIIEHHS BIJCYTHIX
neTaneit, abo ApyK 3 HyJs 3 YHCTOBOIO OOpOOKOIO - BCl omeparlii MOXYyTb OyTH
3po0JIeH] 3 JeTaIo0 3a OJWH IMAXiJ, B paMKax OJHI€l 3aJaHoi mporpamu, 0e3
NepepUBaHHS TEXHOJIOTIYHOTO MUKITY. [Topsia 31 CTaHAApTHUM HEPYXOMHUM CTOJIOM
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€ Taki OMIIii, IK MOXWJIO-TMIOBOPOTHHUH CT1JI 3 T1IPABIIYHUM 3aTUCKOM 1 CHHXPOHHHM
CTIJ, SKMU MIIKIIOYae JBl JOJATKOBUX OCl 0O0poOku. ExoHOMIS Ha JOpPOTHX
IPUCTPOSAX HE TIIBKU 3HIDKYE BUTPATHU, ajie 1 3HAUYHO MiJABHUIILYE TOYHICTh JeTalCH.
Benukuit kyT moBopoty 10 115° (-5° / + 110°) no3Bossie BUKOHYBAaTH BHYTPIIIHI
nasu 1o 20°. Po3mip merani, siky oOpoOiior0Th ab0 APYKYIOTh, CTAHOBUTH IO
600 X400 mmM, a Bara Mmoxe 0ytu 10 600 kr [3].

«[Ipomec na3epHOr0 HAIUTABJICHHS IMOPOIIKY JO3BOJIIE HaM HAHOCUTH
BEJIMKY KIJTBKICTh MaTepiany 3a AyXke KOpPOTKHUH uac, - mosicHioe Banecca Ceiina
(Vanessa Seyda), ekcrepT-TEXHOJOT MO aJUTUBHOMY BHPOOHMIITBY B KOMIIaHii
Hoedtke. - Takum YuMHOM, MH MOXXEMO BHPOOJSATH TPHBHUMIPHI KOMIIOHEHTH,
3aCTOCOBYIOYM BHCOKOsKICHUN Tmiporiecy» [2]. Takuit OararodyHKIiOHATEHUAN
npucTpiil ans pobOTH MO MeTalny Bxke OaraTo 3MIHMB B KyJIbTYypi BHPOOHHIITBA
MTY4YHUX 1 ApiOHOCEPIMHUX BUPOOIB, a HAWOMMKYMM YacoM TMOMIOHUN MiAXia
MO>K€E TOITUPUTHCS 1 Ha cepiiiHe BUPOOHUIITBO.

BMCHOBKU

TakuM 4YMHOM MOKHA 3a3HAYUTH, IO I1HHOBAIIWHI amapatd OTPUMAIU
HIMPOKE MOUIUPEHHS 0COOIMBO B MAIIMHOOYIYBaHHI 3 KUIBKOX MPUYHH. ['0J10BHA 3
HUX - MOXKJIMBICTh TPAIlIOBaTH B YMOBaX, B SIKUX JIIOJMHA HE 3MOKe MepeOyBaTu B
npuHIiumi. [lo-apyre, piBeHb 1 AKICTh MPOAYKTIB, 110 BUITYCKAETHCS MPU MTUPOKIM
poboTu3ailii BUpOOHHYOTO MPOIECYy MOMITHO BHINE, HDK KOJM MOBa HaE Mpo
BUKOPHUCTAaHHA JIOJChKOI mpami. Kpim Toro, po6ornzoBane BUPOOHUIITBO MEHIL
BUTpaTHE. | HapemiTi, MPOJYKTUBHICTh MAaIllMH TEPEBUIIYE B pa3u JIIOJICHKI
MOKJIMBOCTI. Y CBOIO 4epry, JO 4ucjia HEAOJIKIB JIIOJCHKOI IMpalll BIAHOCUTHCS
BEIMKA WMOBIPHICTh TOMMJIKH, PHU3UK OTPUMAHHA TpPaBMHU, HEOOXITHICTDH
peamizaiiii comianbHuX 1 izionoriunux Qyskmin [5]. Came TOMy MOXHa 3
BIIEBHEHICTIO cKa3aTH, o B XXI cTosmitti 0e3 00nagHaHHs, IK€ BUKOHYE T1OpHIHI
MPOLIECH B MAIIMHOOYTyBaHHI HE OOIMTHCH.

JIITEPATYPA
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CTPYKTYPHUH B3AEMO3B’SI30K BEPCTATIB ITAPAJIEJIBHOI
KIHEMATHUKHA 3 CUCTEMOIO TEXHOJOI'TYHOI'O OCHAIIEHHA

B cmammi nadano cxemy 63aemo3s’sasky BKIIC (sepcmamie kinemamuku napaneibHoi
cmpykmypu) ma CTO (cucmema mexuonoziunozo ocrhawjents). Ha ocnoei ¢ynkyionanvrux

3anexicHOCmell BUSHAYEHO 63a€36 A3KU Mioie cmpykmypamu Ha gyuxyismu BITIKC ma CTO.

B cyuacHoMy CBITOBOMY BepcTaroOyJyBaHHI aKTUBHO PO3BUBAETHCS
oOnajHaHHs, SKe MNOOyJIOBaHE Ha MEXaHi3Max 3 KIHEMAaTHKOIO MapayielbHOT
CTPYKTYpH (TPUTIONH, TPUTIIANIN, TeKCaoI1, Ta 1H.).

BuxopucrtanHs B BepcTaTax-poOOTax IIMX MEXaHI3MIB J03BOJISIE JIOCATTH
BHCOKOT TOYHOCTI, MaJl0oi METAJIOEMHOCTI Ta MIBUIKOCTI, TOCTATHHOI JJIsl 0OpOOKH
3arOTOBKM Ha MAKCUMAaJIbHO MOKJIMBUX IIBUIKOCTSIX MPH MIHIMaJIbHUX BHUTpaTax
yacy Ha BUTOTOBJIEHHS aetani [1].

Bepcraramu napanensnoi ctpyktypu BKIIC 3aitmanocst 6araTto 10CaiHUKIB
Ta BUeHUX, Takux Ak Ky3nenos FO. H., JImutpues /1. A., unesuu I'. E., Munaes
10. H., Canon C. I1., Pubak JI. A. ta iami [2, 3, 4, 5, 6].

Byznu BKIIC Bo01110Th pI3HOMaHITHUMH (DYHKIIISIMH,

OpHuMU 3 HABaXJIMBIIIMX BJACTUBOCTEN BCIX METANOPI3aJbHUX BEPCTATIB
€ ¢dopma 1 po3mip ix pobGodoro mnpoctopy. PoOoumii mpoctip BepcTaTiB 3
napajiebHOI0 KIHEMATUKOI SIBJIsiEe COOOI0 CKIIAHY TeOMETpuYHy hirypy, Ha
dbopmy SIKOT BENIMKHI BIUIMB MalOTh: KUIBKICTh IITAHT Ta iX PO3TAlllyBaHHS, a Ha
pO3Mipu poOOUYOTO TPOCTOPY BIUIUBAIOTH: KYT PO3ODKHOCTI IITAHT, JTOBKWHU
MITAaHT 1 [lafna3oH iX 3MiHW, PYXJUBICTh IIAPHIPIB, JiaMETpPH MIACTaBU 1
atdopmu [7].

[lepeBaru MexaHi3MIB 3 TApaJIEIbHOIO CTPYKTYPOIO:

1. [Ipu Maniii Maci pyxoMOro BUKOHaBYO1 JIAHKH 3a0€3Me4y0ThCsl O1JIbIII
BHCOKI IIBUJIKOCTI MEPEMIIIEHB 1 TPUCKOPEHb;
2. MexaHi3MH BIJIPI3HSAIOTBCS BHCOKOI JKOPCTKICTIO, IO 3yMOBJICHO

pOOOTOI0 TETECKOIMIYHOTO MPUCTPOIO HA PO3TIT-CTUCK 1 PIBHOMIPHUM PO3MOIITIOM
3yCHUJIb TIO BCiil CTPYKTYPI;

3. Pi3ke 3HMKEHHS METaJIOEMHOCTI.

Po6oua 30Ha THUIIOBOTO 00JIaTHAHHSA HA BUPOOHUIITBI OMUPAETHCS JIUIIEC HA
OJIHYy TapaJiebHy CTPYKTYpY, IO 3HAYHO TMOCTYIAEThCA poOOdUiil 30HI BepcraTa
poboTa, SIKUi CKIAAaeThesl 3 AEKIUIBKOX a00 * KOMOiHAIlll T1OpUAHUX CTPYKTYD,
SK1 3aCHOBaH1 Ha €JIeMEHTaX TPAIUIIMHOI TOCTIAOBHOI 1 TTapajeabHOT KIHEMaTUKH
[8], abo0 pekoH(]iryBaHHSIM MeXaHI3My MapaieiabHOI KIHEMAaTHUKA B IMPOILIECi
BUT'OTOBJICHHS AeTanei [5, 9].
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[lepenanamryBaHHsl BepcTaTy-poOOTa 31 IITaHTaMH IOCTIHHOI JOBXKHHU
3MIMCHIOETHCS IIIXOM 3MIHU KyTa HaXWIy HapsSMHHX, a BIJMIOBIJTHO 1 HAPSIMKY

pPYyXy KapeTok [5].

OyHKIII1] Ddyhxkiizs CTO Oyukuii, CTO

Crpykrypa 1 Crpykrypa 2 Crpykrypa 3 Crpyktypa n

CTO
Pucynox 1 — Cxema B3aem03B’s13ky BKIIC ta CTO (cuctema T€XHOJIOTTYHOTO
OCHAIIICHHS])

Os=DpxrctDPero

Tom
CrpexnctCrpcro CTPYKTYpa CTPYKTypa
Crps <CTpBKnc+ gactuHa CTpcro CTPYKTypa + CTpyKTypa
Crpsknc D Crpcro CTPYKTypa B CTPYKTYpi

3BIICKH  BUXOAWTH, IO Tpeba TMPOBECTH  PO3POOKY  EJIIEMEHTIB,
XapaKTEPUCTUKU SKUX JTO3BOJISIOTH 3a0€3MEUHUTH JIJISl 3aCTOCYBaHHS B CTPYKTYypax

Bigoma ¢popmyna ManumieBa Mae HEOOXITHICTh B JOOIpPAIFOBaHHI, TaK SK
BOHA HE BPAXOBYE SIKICHUX XapaKTEPUCTHUK Ta 3AJIEKHICTIO MK CTPYKTypaMu
BKIIC ta CTO, dbyHKIIisIMH, SIKI KIaAyThCs Ha Il CTPYKTYPH.

CtpykTypu HEOOXITHO po3risigatd 3 Ooky moOyaoBu rpadiuHux
xapakrepuctuk BKIIC s ¢pyHKuii, sKi TOBUHHI BUKOHYBATH Il CTPYKTYpH 0e€3
YTOYHEHHS JIAHOK ITUX CTPYKTYP.

Koxna konctpykitis BKIIC ckiamaetscs 3 Takux 0a30BUX €IEMEHTIB, SK
KIHEMaTH4HI MMapy Ta CTPWXKHI (pHC. 2), K1 MOXKHA JIJIST ONTHUMI3allii CTPYKTYpPHOI
cxemu BKIIC 3aminuTé Ha KpyXKKH (€IE€MEHTH KIHEMAaTHYHMX Tap) Ta JiHIl
(crpwxwi, IIBII, I'BunTOBI Mapu Ta iH.).
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,,4 B A 2P e
@) nuacka wapHipHa onopa, 6) wapoea wapHipHa onopa, 8) KapOaHHUU WapHIp (WapHip
I'yka); 2) chepuunuii wapnip; 0) wapnipue niacke 3 €OHAHHSL,
Pucynok 2 — ExemMeHTH KiHEeMaTUYHHX Tap
Jns Ttoro, mo6 matu MOXIMBICTH obupatu cTpykTypy BKIIC wmaroun
KOHKPETHI Il € JOIJIbBHUM BHUKOPUCTaHHS (haceTHOro MeToAy Kiacuikarii,
TOOTO I BUpINIEHHS 3a7adi MOXKHa oOpaTu enemeHTH cTpyktypu BIIK
onmuparvuch Ha 3aBnaHHsA, a koHpirypauiro BKIIC nHa HeoOxigHy sKiCTh
BUT'OTOBJICHHS JICTAJICH.

Tabmums 1 - OyHKUIOHATBHO-CTPYKTYPHI XapaKTEPUCTUKH KIHEMAaTUYHUX

nap
) Knac | Ywucio )
Kinemarudna mapa mapu | 35"s3KiB Pyxomicts | Ilo3HauaHHS
1 1 5 P1
2 2 4 P2
3 3 3 P3
- i N
A .{‘
| 4 4 2 P4

34




I O

A

e |
I

<P N 2

Pucynok 3 — I'padiune 300paskeHHs1 KiHeMaTudHUX cxeM cTpykTyp BKIIC

\

Jliist Toro, o0 nmpoaHaaizyBaTu KiHeMaTU4H1 cxeMu pizHux cTpykryp KIIC
JOIIIBHO BUKOpUCTATH GopMyiry Mamnuiiea:

L] :6D_1D1_2D2_3D3_4D4_5D5_D

Je N — YKCIIO PyXOMHX JIAHOK;

6N — 3aragpHE YKHCIIO CTYIIEHIB CBOOOIN yCiX JAHOK;

1P4, 2P;, 3P3, 4P4, 5Ps — umcno kineMaTnaHuX map Bix 1 1o 5 kiacy;

( — KUIBKICTh Ha/UIMIIKOBUX (IMMIOBTOPHMX) B'si3€il, KOTP1 AyOJIIOIOTH 1HIII B'SI31,
HE 3MEHIIYIOUN PYXJIUMBOCTI MEXaHI3MY, & TUIbKH NIEPETBOPIOIOTH HOTO B CTATHYHO
HEBHU3HAYHY CUCTEMY.

Cryneni cBOOOIM 1711 MEXAH13MIB 3 KIHEMATUKOIO MapajelibHOi CTPYKTYPH:

— Jlenmpra-MexaHi3m 3;
— Tpunog 2, 3;
— Tpurnaiin 3
— T'excamon 4, 6.
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a) IeNbTa-MeXaHi3M; 0) TPHUIIOJ; B) TPUTJIAM; T') TEKCAIO]]
Pucynox 4 — Kinematuuni cxemu ctpyktyp BKIIC

Ornsa KiIHEMaTMYHUX Map 3a KjacaMd Ta BU3HAYEHHS iX (YHKIIOHAJIbHO-
CTPYKTYPHUX XapaKTEpHCTHK Ja€ 3MOTY OILIIHUTH CTYIIHb CBOOOIM JIA
MEXaHi3MIB 3 KIHEMAaTUKOIO TMapajeiabHOl CTPYKTypu. JlJIsi CTPYKTYypHOTO
CIOpPOLIEHHS Ta 3MEHILIEHHsS 4Yacy Ta ckiagHocTi npu BubObopi cxemu BKIIC ix
300paKe€HO y rpapiYHOMY BUIJISIII KIHEMAaTUYHUX CTPYKTYP.

BucHoBOK

Po3rsnHyTO KIIIO4OBI OCOOJIMBOCTI Ta HaAaHO cxeMy B3aeMo3B’si3ky BKIIC
(BepcTaTiB  KiHEeMaTWKuW mapanenbHoi  cTtpyktypu) Ta CTO  (cucrema
TEXHOJIOTIYHOTO OcHamieHHs1). Ha ocHOBI (yHKIIIOHANBHUX  3aJIEKHOCTEH
BU3HAYCHO B3a€3B’sI3kM MDK cTpykTypamu Ha ¢yHkuisimu BIIKC Tta CTO.
Po3risHyTO KiHEeMaTH4HI Mapu Ta iX KOMOIHAIIHI 3aJ€KHOCTI B KIHEMAaTUYHHX
cxemax ctpyktyp BKIIC.
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I'epycos /I.B., nayk. kep. 1.17.H., npod. KoBanescrkuii C.B. (/Jonbacwvka
depaicasna mawunooydiena akaoemis, Ykpaina)

KOHIEMIIS IHHOBALIIMTHOTO MEXAHOCKJIAJAJIBHOTO LEXY 3
BUPOBHULITBA ' JIPOIIMJITH/IPIB

B cmammi po3zensinymi ocHO8HI npobiemu nepexody 3 36U4AlH020 MEXAHOCKAAOAIbHO2O
yexy 8 cyuacuuil innosayitinutl yex. OchogHuMu npobiemamu € udIp onMUMAaIbHOL 8UPOOHUYOT
cucmemu 3 BUKOPUCMAHHAM CYYACHO20 MEXAHO0OPOOHO20 O0NAOHAHHSA, [HCMPYMEHmY i
OCHaAweHHss Oisl NIOSUWEHHS asmomamu3ayii i e@exmueHocmi IHHOBAYIUHO20 2HYYKO20
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.

Jlist BUTOTOBJNIEHHS TIAPOUMIIHAPIB, aHami3 0a30BOr0 TEXHOJOTIYHOTO
IpOLIECY BUSIBUB HEJIOCTATHHO THYYKE OOJIaJHAHHS HE palllOHAIbHMA MIAX1A 10
BUPOOHMIITBA JI€TaJIeH JAHOTO THUITY.

Jliig fioro cTBOpeHHsI HE0O0X11HO BUKOPUCTAHHS Cy4aCHUX METajiopi3ajlbHUX
BEPCTATIB fAKI JO3BOJISIIOTH BECTH OOpPOOKY TOUIHHS, CBEPJJIIHHS, PO3TOUYBaHHS,
bpe3epyBanHs, wUTiQyBaHHA, Ta HapizaHHd pi3l. Takud maxig 10 BUOOPY
oOnajiHaHHS 3HAYHO CKOPOTHUTH JOJATKOBUM dYac o00poOku. Jlerami OyayTh
MaKCHUMAJIbHO JIOTPUMYBATUCS €IHOCTI 0a3, 10 JO3BOJUTH CKOPOTUTH MOXHOKHU
pu 00poOITl AeTasield J0 MIHIMYMY.

3anpomoHoBaHi BEpCTAaTH JIO3BOJSIIOTh MAaKCHUMAIbHO CKOHIIGHTPYBATU
BUKOHAHHS TEXHOJOTIYHUX Olepaiiii Ha OJHOMY BepcTari. TakoX, CydacHi
0oOpOoOIOBaJIbHI LIEHTPA JAO03BOJIAIOTH PO3LIMPUTH MOKIMBOCTI BUPOOHUIITBA,
30UTBITUTH PO3MIPHUMN PsIi TUTIOBUX JI€Tael, BUTOTOBIIIOBATH KPIM TiJIpaBIIYHUX
UMTIHAPIB 1 1HIIT KOMIUIEKTYIOY1 I MEXaHIYHHUX NPECIB, Ta IHIIUX MEXaHI3MIB B
SKUX BUKOPHCTOBYIOTHCS TIOPIITHEBA CUCTEMA TIEpeIayul HABAaHTAKYBaJIbHUX CHIL.

Bukopucrtanss cydacHoro o0jaJiHaHHS 1 OCHAIIIEHHS, Ja€ 3MOTY PO3IIUPUTH
BUJIM BUPOOIB SKi BUTOTOBIIIOIOTHCSA HA MIANMPUEMCTBI. Ha pUHKY € BEIMKHUIA MTOTTUT
TaKOX Ha PEMOHTHI POOOTH JIJIsl T1IPABIIYHOIO IIAXTHOTO 00JiaHaHHs. B mpoekTi
MIPOTIOHYETHCS CKIAAAIbHY AUTHHUITI0 OCHACTUTH HEOOXITHUM OCHAIICHHSM JIJIs
peBi3ii 1 pEMOHTY T1IpaBIIYHUX LWJIIHIPIB.

[IpomoHy€eThCcsl 3aCTOCYBAHHS OXOJIOMKCHHSI 1HCTPYMEHTY 10HI30BaHUM
noBITpAM. {7151 miBUIIEHHS €(PEKTUBHOCTI MPOEKTHOIO TEXHOJIOTIYHOTO MPOILIECY,

3 BUKOPHUCTAHHSIM CYYaCHHUX THYYKHX OOpOOIIOBaJIbHHUX LIEHTPIB, MPOMOHYETHCS
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PO3TISHYTH Cy4YacHI METOJIU OXOJOPKEHHS 1HCTPYMEHTY, JUIsSl MIABUIICHHS HOTro
3HOCOCTIMKOCTI, MiHOCTI. CydacHi 0OpoOHI HEHTpU MAalOTh BIAHOCHO BEJHKI
MO>KJIMBOCTI JIJIsi 0OOpOOKM HAa BUCOKUX PEKUMax pi3aHHs. AJie, JUisi BUKOPUCTAHHS
MOBHHX MOTYKHOCTEH 0OpaHHX BEPCTaTiB B TEXHOJIOTIYHOMY MPOIleCi, HEOOX1THO
nigiopatd e(EeKTUBHUN CHOCIO OXOJIOPKEHHS B 30HI OOpPOOKHM JeTajie mpu
TOUiHHI, ()pe3epyBaHH1 1 CBEP/TIHHI.

[IpononyeThcsi PO3MIIAHYTH OXOJIOMKEHHSI PIKYYOTO 1HCTPYMEHTY IMpHU
00poO11i B MamuHOOYIyBaHHI 3a PaXyHOK IMOJ[a4i B 30HY Pi3aHHS OXOJIOJKEHOTO
10HI30BaHOTO TMOBITPs. [IpeaAMeTOoM MOCHIKEHHSI € TPOLECH OXOJIOJKEHHS
pPLKYYOro I1HCTPYMEHTY, 1OHI3allii B 3aKpy4eHHX IOTOKAaX IMOBITPs, MEXaHi3M
B3a€MO/IiT 10HI30BAHOTO MOBITPsI 3 00POOTFOBAHOT TOBEPXHEIO.

AHami3 1aHOTO METOAY TOKa3y€e MOXKIUBICTh €(EKTUBHOTO BUKOPUCTAHHS
npu 00poOIl KOHCTPYKUIWHUX MaTepialiiB B SIKOCTI MAacCTHIIBHO-OXOJIOKYIOUUX
TEXHOJNOTIYHUX  3acO0iB  OXOJOMKEHOTO  iOHi30BaHOTO  mOBiTpa.  Moro
BUKOPHUCTAHHA 3a0e3Mevy€e 3MEHIIICHHS] 3HAYEHHS IIOPCTKOCTI 1 MIKPOTBEPIOCTI Ha
0o0poOJIeHOT TOBEpPXHi, MIABUIILYETHCA CTIHKICTh PI3aJIbHOTO 1HCTPYMEHTA,
3HUKYIOTBCSI COOIBApPTICTh OOPOOKH 1 €KOJIOT1YHE HABAHTAKEHHSI Ha HABKOJIUIIIHE
CepeIOBUIIIE.

B 1npoekTi mpomnoHyeThcs pO3pOOMTH  CIElialli30BaHUN MEXaH130BaHHM
CKJIAJaIbHUM CTEHI, 3 BUMPOOYBAHHIM BUPOOY (TIAPABIIYHOTO UWIIHAPY) MPSIMO
Ha CTEHJI B aBTOMAaTH30BaHOMY pekuMi. [IpOmOHyeThCsSI TTPOBOIUTH CKITATAaHHS
TiApaBIIYHUX IWIIHAPIB, Ha CHEliali30BaHOMY pPO3pOOJICHOMY CTEeHII, 3
BUKOPHCTAHHSAM MEXaHI30BaHOTO OCHAINCHHS, CIIEIl 3aXHWCTOM, MPHU IPOBEICHHI
BUNPOOyBaHb. TakuWi MiAXiA 0 CKIQJAAIBHUX POOIT TiApaBIidYHUX ITATIHIPIB
3HAQYHO CIPOCTUTH MPOIIEC MEPEeXOAY BiJ CKJIQJaHHS 10 BUMPOOYBaHHS BUPOOIB,
3MEHIIUTh Yac Ha TPAHCIOPTYBAHHS T1APABIIYHUX HUAJIHIPIB BEIUKUX PO3MIpIB, 3
3aJIy4eHHSM MiJHOMHUKIB Ta Bi3KIB.

BUCHOBKU

B mpoekTHii TeXHOJOTii 3ampONOHOBAHE BUKOPUCTAHHS CY4YaCHUX
MeTajopi3aJIbHUX BEpCTaTIB, sIKI MiABUIIATh THYUYKICTh BUPOOHHUIITBA, JISl OUITYKY
HOBHUX 3aMOBJICHb s mianpueMmctBa. CKiaJanbHy IUIBHHUIIO 3alpONOHOBAHO
Opi€HTYBaTW [UIsl HaJaHHA PEMOHTHHUX TMIOCIYr IIAXTHOTO OOJaJHAHHS.
OXO0m0/KEHHS 30HHM pi3aHHS 10HI30BAaHUM MOBITPSM, HOTO BUKOPUCTAHHS MOXKE
3a0e3nedye 3MEHIIEHHS 3HAUY€HHsI MIOPCTKOCTI 10 2,3 pa3 1 MIKpPOTBEPHICTH 10
1,12 pa3u Ha 0OpobneHoi moepxHi. [Ipu 11bOMy MOKE MiBUIIYBATUCS CTIMKICTh
piKydoro iHCTpyMeHTy 10 1,9 pa3 mpu yopHOBiii 00poOui i g0 2,8 pa3 npu
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YUCTOBIN, MOXIJIMBO 3HM3UTH COOIBapTICTb 00poOku Ha 25-30% 1 exosoriuyHa
HABAHTAKCHHS HA HABKOJIMIITHE CEPEIOBHUIIE 32 PAXYHOK OOMEKECHHS CITOKUBAHHS
BOJIOEMYJICIHHUX 1 OJIITHUX MACTUIILHO-0XOJIOMKYIOUHMX PIJIHH.

JIITEPATYPA
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KOMILIEKCHE IIPOEKTYBAHHSI IHHOBAIMHOI'O
MEXAHOCKJIAZAJIBHOI'O HEXY 3 BUITYCKY BY3JIIB KOJIECA
KPAHA MOCTOBOTI'O KM ETII 30

B cmammi pozensinymi ocHO8HI npobaemu npoeKmy8anHs IHHOBAYIUHO20 Yexy 3 8UNYCKY
8y3nie koneca nogionoeo kpawy KM ETII 30, onn eupiwenns npodiemu eHyyKoCmi i Mauno
ehekmueHo20 BUKOPUCMAHHA poOOYOI naowi yexy, npoeeoeHuti auaniz ICHYI4020 yexy 3
sunycky kpauie KM ETII 30 axuii nokasas, wo eéepcmamuuil napk i cK1adaivHe Gi00iNeHHs.
8Y3bKO HANpABIeHe HA 8USOMOBIIEHHSL came Yb0o20 8UPODY.

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.

['070BHOIO METOI0 MPOEKTYBaHHS 1HHOBALIMHOTO LI€EXY 3 BHUIIYCKY BY3IIIB
koJseca nosigHoro kpany KM ETII 30, € BupimeHHs: npo0JieMH THYYKOCTI 1 Majo
€(pEeKTUBHOIO BHKOPUCTAaHHA poO0YOI IUIOHII LEXy. AHalli3 ICHYIOUOTO LEXy 3
Bunycky kpaHiB KM ETII 30 noka3yto, 1m0 BEpCTaTHHM MapK 1 CKJIAJalbHE
BIJIIIJIEHHS! BY3bKO HAaIlpaBJIEHE HA BUTOTOBJIEHHS came boro BupoOy. HeoOxigHO
MPOBECTU aHAI3 CY4acCHOTO 00JaHAHHSA 1 OCHAIICHHS JIJIsl M1ABUIIEHHS THYYKOCTI
IPOEKTHOTO  MEXaHOCKIadanbHOro  1exy. Lle  [03BoduTh  poO3MmUpHUTH
HOMEHKJIATYpPHUNU psAl  BUPOOIB 1 TMIABUIIUTh KOHKYPEHTOCIPOMOKHICTh
BUPOOHUIITBA B ITIoMy. HeoOXiTHO Opi€eHTyBaTUCA Ha PUHKOBUN MOIMUT CXOXKHX
BUPOOIB.

Cyuacui Bepcratu 3 UIIK, o00poOHiI 1EeHTpU BOJIOAIIOTH Oararbma
byukmismu. Ilo mo3Bosise 3HauyHO 00’€IHYBaTH OOpOOKY TOYIHHS 3
dbpe3epyBaHHsAM, CBEpAJIIHHSAM, Hapi3aHHIM pi3i Tomlo. Taki BepcTaTu MigBUINATH
HE TUIBKU PIBEHb THYUYKOCTI, & 1 aBTOMaTH3allli BAPOOHUIITBA.

Jnst  oOpoOku  jeTaneid  MpeACTaBHUKIB — 3alPOIIOHOBAHUNA  TOKapHO-
KapyceJbHHUN 00poOHUH 1IeHTp 3 PYyHKITIE0 (ppe3epyBaHHs, CBEPTIHHS.

Bepcratn cepii MEGATURN NEXUS 900M - 1me HoOBe IOKOJIHHS
BepTUKAIbHUX TokapHux 1eHTpiB 3 YIIY [1]. Illpusnaveni st epekTUBHOI
OOpoOKHM  BEIMKOTA0APUTHUX  3arOTOBOK, SIKI ~ BHKOPHUCTOBYIOTHCS — TIpHU
BUTOTOBJICHHI OY/[IBETLHOTO, MPOMUCIIOBOTO OOJIaJIHAHHS, a TAaKOX PEAKTUBHHUX
nBuryHiB. Mogenr 990M  ocHamieHHsS MMNUHAETEM i OOpOOKH JeTanei
bpe3epyBaHHSM, CBEPTIHHSIM.

3anponoHOBaHi Cy4acHi BepCTaTH JJIsl BUPOOHUIITBA KPAHIB, MOXKYTh TaKOXK
BUPOOJIATA KOMIUIEKTYIOUl i PI3HUX BHJIIB MOCTOBUX KpaHIB, PI3HOTO THITY

41



PO3Mipy, TAKOX MPOEKTHUIM BEpCTAaTHUN MapK JAcTh 3MOTY BUITYCKaTH pPelyKTopa
JUTSL pI3HUX M1IHOMHUX TPAHCIIOPTHUX CUCTEM.
[Ipu 00poOIi OTBOpIB, BUHHUKAE TMOTpeda 3aCTOCOBYBATU JIOTIOMIXKHI
MexaHiuH1 ab0 py4Hi poOoTH, AJis BUAaeHHs 3a1upiB. HeoOXxiqHO pO3rsHyTH 1
MpOoaHaNi3yBaTH ICHYIOUHI IHCTPYMEHT, SIKUH 3MOK€ BUPIIIUTHU 110 TIpodsiemy [2].

Jis  migBumIeHHS e()EKTHBHOCTI TEXHOJOTIYHOTO TMpOIecy 0OpoOKu
JeTanel, MpOMOHYEThCS BUKOPUCTAHHS CydyacHOTO 1HCTpyMeHTY. [Ipomnonyerbes
3aCTOCYBaTH KOPOHYACTI CBEp/JIa, HA CBEPAJIMIILHUX onepallisx. B nocaiaHuibkii
YaCTHHI MPOEKTY, PO3IVISHYTI Cy4acHI METOJM CBEPJUIIHHA 3 JOIMOMOIOI0 Pi3HUX

TUIIB cBepAen. Taki, cBepasia J03BOJSAIOTh MPOBOIUTH 00pOOKY OTBOpIB, 0€3
3aJIUPIB 3 IHIIOT0 00Ky 00POOIIOBANIBHOT ACTa1, TAKOXK CIIII MiAiOpaT HEOOX1TH1
PSKMMH pi3aHHSA 1 0XOJO/KeHHsS 1HCTpyMeHTy [3]. Lle A03Boiisi€ BUKIIOYUTH
CJIFOCapHI omeparlii 3 TEXHOJIOTTYHOTO MPOIIECY, 1110 3HAYHO CKOPOTUTH 3arajbHUMN
4ac TEXHOJIOTIYHOTO MPOIIECY 1 3MEHIIUTh HEOOX1IHY KUTBKICTh JIFOJCHKOTO TPY/A.

Koponuare cBepmyio 3abe3neuye CBEpJUIIHHS 1O KOHTYpY, TOMY JUIs
OTpUMaHHs OTBOpPY OyJe 3aTpayeHO MEHIIE €Heprii 1 4acy HIK CBEpIJIIHHSI
cripaasHUM cBep oM [4].

Jns peraneil mpeACTaBHUKIB HEOOX1AHO mimiOpaTd e(eKTUBHUM Crocio
nepeminieHHss o uexy. lIpornoHyeTrbcsi BUKOPUCTOBYBATH KOHBEEPHI JiHI, IS
nepeMilleHHsT JieTaneil MDK OOpOOIIOBAIbBHUMHM LEHTpamMH, TOTOBI JeTall
BIJIMPABIISIOTHCS HA CKJIaJAANIbHY JAUIBHUIIO [5].

CxiaanpHy JAUIBHHIKO HEOOXITHO OCHACTUTH CYYaCHHUM CKJIaJalIbHUM
MEXaHI30BaHUM 1HCTPYMEHTOM, OCHAIIEGHHAM JJii HarpiBy MiANIAIHUKIB,
MEXaH130BaHMX IPECIB JJIA HATATYBaHHS IMAMUITHUKIB HA BaJIX 1.T. 1.

BMCHOBKU
[Tpu po3poO1l 1HHOBALIMHOTO MEXaHOCKJIAIaJbHOTO LIEXY 3 BUTOTOBJICHHS
kpanieB KM ETIT 30, npoBenenmii anamiz 0a30BOro BUPOOHHUIITBa, Oynu
chopMybOBaHI HEOOXimHI Mii, Ui TIABUINCHHS THYYKOCTI, aBTOMAaTH3aIlli,
BUPOOHMIITBA. 3alpONOHOBAHO BUKOPUCTAHHS CY4YaCHOTO I1HCTPYMEHTY st
M1IBUIIEHHS e()EKTUBHOCTI METaI0pi3aibHOT 00pOOKH JeTajnei mpeICTaBHUKIB.
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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.
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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., nmpod.KisHoBchkuit M.B., k.1.H., mou. [usinga H.I.,
(Kpueopizvkuii HayioHanvHutl yHisepcumem, Ykpaina)

AOCHIKEHHS TEXHOJIOI'TYHUX HAPAMETPIB JUUIS1 BUBOPY
METOAY BIJHOBJIEHHA AETAJIEUM 'TPHUYO-METAJIYPI'TUHOI'O
OBJIAJTHAHHA

Bukonano ananiz nocnioosnocmi onepayiii mexHoli02iyHO20 Npoyecy pPeMOHmM) MIAUHA Md
Oeghexmis, AKI GUHUKAIOMb 8 Oemanax MIAUHA Ni0 yac excnayamayii. Po3pobieno memoouxy
BUBHAYEHHSl KIIbKICHO20 3HOCY Oemaii CMmiHKa mopyesd, GUKOHAHO PO3PAXYHOK KilbKOCHI
HAaNIa8oyH020 Mamepianry ma oopanuti Memoo GiOHOBEHH.

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

IIpoOdiema Ta 1 3B’930K 3 HAYKOBHMH Ta NPAKTHYHUMM
3apAaHHAMM. KynboBI MIIMHM — HalOLIbII PO3MOBCIODKEHI MAallMHU 3 YCiX
BIJIOMUX Il TOHKOTO MOJPIOHEHHS, 10 BUKOPUCTOBYIOThCS Ha KpuBOpPLXiKI
(puc.1l). Ilpu ekcrmyararii 6apabaHHOTO MIJIMHA 31 CTAJICBUMH TIJIaMU MEJICHHS
(KynAMH), BUTpPATH Ha TOKPUTTS BUTPAT BiJl 3HOCY KyJb, (YTEPOBKH Ta
KOPITyCHUX JieTaJlel CKJIaJat0Th OJJHY 3 OCHOBHUX CTaTel 3aTpar Ha MOoApPIOHEHHS 1
JOCSITAIOTh  BAapTOCTI C€HEPreTUYHMX 3aTpar, a IHKOJW 1 TEPEBUINYIOTh iX.
Hanpuknan, npu 30arayeHHl KpUBOPI3BKUX MAarHETUTOBUX KBapLUTIB BapTICTh
BiJTHOBJICHHS AeTaield MimHa, ckiagae 30-35 % 3aranbpHOi BapTOCTI MOAPIOHCHHS
[1]. Tomy nmpoOnemMa miATpUMaHHS MPALE3AATHOCTI MJIMHA IUIIXOM CKOPOYEHHS
BUTpPAT HAa PEMOHT Ha CHOTO/IHI aKTyaJIbHA.

st cBO€YAacHOTO BUSIBJIEHHS W YCyHEHHs Je(eKTiB BiJ 3HOITYBaHHS
JeTaneil MpU3HAYalTh IMIAHOBO-TIONEPEKYBAJIbHI OTJISIIA W KammiTallbHI PEMOHTH
MinHa (Tab61.2). PeMOHTHHI MK MITKMHIB BignoBigae HacTymHii cxemi K-611-TO-
oI1-K.
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Puc.1. 3oBuimmHIi Bursim KyasoBoro | Puc.2. PexoMennyema
PYIIOPO3MENTBHOTO MITUHA Mepi0IUYHICTh PEMOHTY
KYJbOBHUX MJIMHIB, TO/I.

[Ipu BuKOHaHHI pOOIT 3 KaliTaJIbHOTO PEMOHTY KYJbOBOTO MJIMHA HEOOX1THO

YCYHYTH HEAOJIKH BKa3aHl B I€PEKTHOMY aKTI1 1 31HCHUTH TaKl poOOTH:
- 3MIMCHUTH JIEMOHTaX BY3JIIB 1 IeTallel MIIMHA;
-poBecTU AeEKTAaLlII0 MEXaH13MIB, BY3JiB 1 A€TaJeid MIIMHA 3T1JJHO 3 BUMOTaAMHU
eKCIUTyaTaIliHO1 1 pPeMOHTHOT TOKYMEHTAIIIT;
- IPOBECTH 3aMiHy 3allaCHUX YaCTHUH 3 TPAHUYHUM CTYIIEHEM 3HOCY Ha HOBI
BUpOOH;
- BITHOBUTH TEOMETPUYHI PO3MIPU JleTaylel, CKIAJabHUX OJUHHUIL Ta iX
TEXHIYHUX XapaAKTEPUCTHK;
- IPOBECTH 30UpaHHs MEXaHI13MIB, MOHTAX 1X Ha MJTUHI;
- IPOBECTH MANIEHHS BCIX IOBEPXOHb MEXaHI3MIB Ta CIHPSKEHUX JeTalei,
3alIOBHUTH MACTUJIOM MACJSHKA Ta MIAMUIHUKA TPUBOAY BIAMOBITHO O
eKCIUTyaTallitHOl Ta PEMOHTHOI JJOKyMEHTAIlll MJIMHA;
- IPOBECTH MEPEBIPKY, PETYITIOBAHHS Ta BUMIPOOYBaHHA 310paHOTO MEXaHI3MYy.

B nporueci pobotu MiiHa BiI0OYBA€THCS 3HOC OpoHI OapabaHy Ta TOPLIEBUX

CTIHOK 3aBaHTQKCHHS B Pe3yJbTaTi 3TUPAKOYO] Ta yAApHOI Ail MIMATKIB PyAd Ta
TUT MEJIEHHS, a TaKoXX 3HOC 3yOiB BIHIIEBOI Ta TMIJBIHIIEBOI IIECTEpHI, Iand
Oapabany, BKJIQJHINIB MIAMUITHAKIB Oapabany, nand Baxy MiaBIHIIEBOI IMIECTEPHI
Ta BKJIQIWIIB TIIIUIHUKIB 1HOro Baxy. KpiM TOro MOIIKOIKYHOTHCS
OaratouncenbHi OOJITM KpiMJieHHs OpoHeBMX IIUT. Bcel 1 getani moTpeOyroTh
MIePIOANIHOrO BITHOBJICHHS 9M 3aMiHH [3].

IlocranoBka 3agaui. Y pe3ynbTari eKCIUTyaTalii TMOBEPXHS CTIHKU
TOPLIEBOi 3HOUIYETHCS MO BCI MOBEpPXHI, MNPUYOMY 3HOIIYBAaHHA H7e
HEPIBHOMIPHO i1 Mae pi3Hy MIMOMHY. 3HOIIYBAaHHS HOCHTH MICLEBHI XapakTep y
BUTJISIII TaK 3BAHMX «BHUMOIH» PI3HOTO PO3MIPY U TTUOMHHU. 3HOUTYIOTHCS TaKOX
OTBOPH MiJT OONTH KpiIIeHHs OpOHI MIIMHIB, Y ACSKUX BHUIAJKaX Ha 3HOIIyBaHIN
MOBEPXHI CIIOCTEPITaOTHCS TPIIUHU PI3HOT TIMOWHU 1 TOBXKUHU. BimHOBIEHHS X
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reoMeTpuuHoi (GOpMH Mae€ BaroMe 3HAYEHHsS M NPaBUIBHOCTI KPIIJICHHA
OpOHBOBUX TLIUT.

3a3Buuaii Uil pO3paxyHKy oOOCSTIB pPOOIT, IO BHKOHYIOTHCS TIPH
BITHOBJICHHI JleTaJiel, BHUKOPHUCTOBYIOTh 3HAuU€HHS KOE(DILi€HTYy MPUIATHOCTI
JeTaseil Ui BiJHOBJICHHS, 1110 BU3HAYAETHCS 3a PopMyIioro [4] :

n
Kn.o.=— (1)
Mooy
ne n, — YHCIO JAeTalell JaHOro HailMeHyBaHHs, IO IiUBIrac BiXHOBICHHIO

(PEMOHTOITPUIATHUX );

n,, — 3aralbHe YHCIIO JeTajgel JaHOTO HalMEeHYBaHHsI, 110 MiIsarae aedekTarti.

Hius  ymMoB  pobOTH TIpHUYO-METANypriiHoro  oOJaJHaHHA, IO
XapaKTEPHU3YIOTHCS BEIMKAMH HABAaHTAXCHHSMU Ta CYTTEBOIO Barorw JeTalie,
e Koe(ilieHT, IK MPaBUIIO JOPIBHIOE OJMHMUIII.

AHamiz gociaixxeHb i myOuikauii. [Ipornec HannaBieHHA mnossirae B
HAHECEHHI Ha MOBEPXHIO AETalll IIapy MeTany, AKui 3a0e3nedye 301IbIIeHHS ii
pO3MipiB 200 MIABUIIEHHS 3HOCOCTIMKOCTI. B miTepaTypi € 1ocTaTHhO MyOJTiKaIliif
3  PO3KpUTTA TIpollecy, B TOMY UHCIl  PO3POOJIGHMX B  1HCTUTYTI
enexkTpo3BaproBanHs iM.  €.0.Ilarona. Ane  0cOOJMBOCTI  BiAHOBJICHHS
BEJIMKOradApUTHUX JeTajlell MalluH 1 MEXaHI3MiB, HI0 EKCIUTyaTylTbCs Ha
KpuBopixoKi MOKHAa 3YyCTpPITHU TUIBKM B MATE€HTaX, TEXHOJOTIS BiJIHOBIIEHHS
MPOEKTYEThCA O€3MOCepPeHHO BITHOCHO JaHOI MallMHU Ha MiANPUEMCTBI IiJl
BUPOOHMYI MTOTYKHOCTI.

Buxiaanenuss marepiany Ta pe3dyabratd. [ po3paxyHKy 00 emy
HAIUTaBIICHHS! CTIHKMA TOPIEBOT PO3BAHTAXKEHHS KyJIbOBOTO MJIMHA CKJIaIa€EMO
CXEMY pO3paxyHKy (puc. 3).

#1910

o190

842

#4290

Puc.3 Cxema po3paxyHKy 00’ €My HaIUIaBJICHHS

Busnadaemo miionty yciueHoro koHyca 3a (popmMyoro:
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szn-(D'd\-L

2

ne D - miametp ocHOBH KOHYca, 94290 MM;

(2)

d - miameTp BepmHU KoHYca, 1910 MM ;

| - noBXMHA yTBOPIOIOYOF o MM
S= 3’14}&9@@ alm\ -955=13627600 mm? = 13,627 m?

2

Meroau OIIIHKM CHpAIfOBaHHS CTIHKH TOPIIEBOI MOXHA 3alpONOHYBaTH
TUIBKA BUPOOHMYI (BHMIPIOBAaHHS IIOBEPXHI Ta HEMpsMa OIllHKa 3MIHH
eKCIUTyaTalliiiHuX xapakTepucTtuk). Jlabopatopui Ha I'3K He BUKOPHUCTOBYIOThCH,
OCKUTbKHM JIeTall MaloTh 3HAuHy Bary (CTIHKH Topuesi Bin 14 ToH g0 monan 22
TOHH ).

s po3paxyHKy BHPOOITKM HEOOXITHO BHKOHATH 3aMipu TJIMOWUHU
3HOITYBaHHSA. Bubupaemo KiUIbKICTh TOYOK 3aMipiB » =150, ToBmMHA 1m1abioHa H =
S MM.

3arajpHa CyMa TOYOK 3aMipIOBaHHA Y H, =6162 mm.

Buznayaemo nmoxuOKy Bij madioHa:
H,,=n-H=5-150=750 MM
BuznagaeMo cepeqHio rMMONHY BUPOOITKHU:

H. = ZH,, I'n ©)
H.,=6162/150=41,08 Mmm = 0,041 m

Puc.4 Touku Ta BeIMYUHU 3aMIpiB 1O Puc.5 BukonanHs 3aMipiB Ha CTIiHII
150 Toukax TOPIIEBI

I'mubuny 3araabHOi BUpOOITKH, BUBHAYAEMO 3a (POPMYIIOH0:
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3=3"H,-H, (4)
3=6162—-750=5412 MM
Buznagaemo 06’ eM BUPOOITKH:
Vg =S-Hep (5)
Vg =13,267-0,041=0,544 m® = 544 nm3
HeoOxiana ToBImIKMHA APy JJIs1 BUPIBHIOBAHHS — 8 MM.
3HaxoAMMO 00’ €M BHPIBHIOIOUOTO IIapy:
V,, =13,267-0,008=0,109 M° = 109 qm°
3aranpHUI 00’ €M HATUIABJICHOTO IIapYy:
V =V, +V,,, =544+109 =653 1M°
BucHoBok. BpaxoByroun JOCHIDKEHHS CIpalfoBaHHS JeTami, Jajs
BIJIHOBJICHHSI CTIHKH TOPIIEBOi OOMPAEMO METO]I HAIJIABJICHHS — €JIEKTPOIYTroOBe
HaIJIaBJICHHS B CEPEAOBHINI 3aXMCHUX Ta3iB CYHUIBHOI 1 MOPOIIKOBOIO

IIPOBOJIOKAMH.
JIITEPATYPA

1. Hueinoa H.I. Bubip memoody sionognenns demanetl Kynvosux miunie/ Lueinoa H.1, Jlayxina
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VJIK 621.9.06

IBanuenko B.O., Hayk. kep. A.T.H., npod. KoBanescwkuit C.B. ([Jonbacvra
depaicagna mawunooydiena akaoemis, Yxpaina)

KOMILJIEKCHE MTPOEKTYBAHHS IHHOBAIITHOT O
MEXAHOCKJIAJIAJILHOTO LIEXY 3 BUITYCKY BY3JIIB BAPABAHY
MPUBOHOI'O

AxmyanvHicms  6UKOPUCMAHHS  HOBIMHBLO20 — BUCOKOMEXHONIO2IUHO20 O0ONAOHAHHS 8
CYYACHUX YMOBAX PUHKY CHOHYKAE GUPOOHUYMBO 00 PO3GUMKY NPU  HANA200NCEHHI
supoOHUYMEa. /s npoekmysants IHHOBAYIIHO20 MEXAHOCKIAOAIbHO20 YeX)y 3 GUNYCK)Y CReKmpY
demanell € HeOOXIOHUM BUPIULEHHS NPODIeMU SHYYKOCIE 6UPOOHUYMBA MA OOKYMEHMO00i2)y.

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.

AKTyanpHICTb ~ BUKOPUCTAHHA  HOBITHBOIO  BHUCOKOTEXHOJOTTYHOTO
o0aJlHaHHS B Cy4aCHMX yMOBaX pMHKY CIIOHYKa€ BUPOOHHUITBO J0 PO3BUTKY IPH
HaJaroKeHHI BUPOOHHUIITBA. Jns IIPOEKTYBAHHS 1HHOBALIHOTO
MEXAaHOCKJIaIaJIbHOTO 1IEXY 3 BUITYCKY CIIEKTPY AETajeil € HEOOXITHUM BUPIILIECHHS
po0JIeMHU THYYKOCTI BUPOOHHUIITBA Ta JOKYMEHTOOOITY.

Po3rnsHyBIIM JieTani NpeACTaBHUKHU JOLUIBHO 3aMIHUTH OOJIaJHAHHSA , SIKE
BUKOPUCTOBYETHCSI B 0A30BOMY TEXHOJIOTTYHOT'O MTPOLIEC.

YITY WHN (Q) 13/15 natiBnamimuii anapat, BupoOsiennii komnaniero "TOC
Bapucnopd" B. C. (6inbme 2 000 BUpoOIeHUX MalllMH) YHIBEpCaIbHUN BEpCTatT
JUIsL TOYHOTO (pe3epyBaHHS, KOOPAMHATHOIO PO3TOUYYBAHHS, PO3TOUYBaHHS 1
pi3aHHS KOPOOYACTUX 1 IJIACTUHYACTUX TUIACTUHYACTUX T'BUHTIB 1 KOMOIHOBaHMX
3arotoBok mMacoro j10 25 000 kr [1].

WHN 130 (Q, MC) mnepenoBa TeXHOJIOTIYHA MalllMHA, IO BIJAMOBIIAE
noTpedaM cydacHOi MpOrpeCUBHOI MEXAaHIYHOI 00pOOKHU, ePEeKTHBHA YHIBEpCAIbHA
CTPYKKO 00poOKa CTaTMYHMX 3aroTOBOK OUIBIIOrO po3Mipy 1 Baru 3
BUKODUCTAHHSAM  TporpaM  JieTajed  HaWMpOrpeCHUBHIIINX  TEXHOJOTIYHHUX
ocobnuBocteii [1,2].

MonynbHa KOHCTPYKILiS Ja€ MOXKJIMBICTHh BUOWpPATH 3 IIUPOKOTO CHEKTPY
JIOAATKOBUX XOJIOBHX TAT MO BCIX ocsiX. Lle mae kiieHTaM MOXJIMBICTH BHOpaTu
U1 ce0e MaIHy, sIka HalOUIBII BIAMOBIIA€ X MOTpedam.

Kpim dpesepyBanns, TNC 640 Bim HEIDENHAIN Takox 3maTHumii
BUKOHYBAaTH KOMOiIHOBaHi1 (ppe3epHi Ta TokapHi omeparii. Bin ocobmuBo mo0pe
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niaxoauTh anst ppesepHo-rokapuoi, HSC-1 5-ocboB0Oi 00poOKM Ha BepcTaTax 3

YHCIIOM oceit 1o 24 [3].

s L0 UL TR e e 6 Al e
e W 2 D
B AN ) L) B3 A i LT L )
LSS Y R E TR LTV =
S WS D =
@R G D s

g¢,-nn T
e EEWE 560 0 5 S0

,@“ TN EEEEX
L e - o .-

9 0 e
O O 5 5
@ 7 0

Pucynox 1 — HEIDENHAIN
OpieHTOBaHE Ha MAaMCTEpHIO 1 YHIBEpcajbHE

yIOpaBJiHHSA Mae Oe3liy

¢dbynkuid. Bin 0co6irBO npuBaOIUBUI AJii HACTYIHUX 00JacTe 3acTOCYyBaHHS

[4]:
— VYHiBepcalibHMI (hpe3epHuit BepcTat
— Kowmbinosani ¢ppezeprno-TokapHi Bepcratu

— BucoxomBuakicue Gppe3epyBaHHs

— II'sTmocroBa 00poOKa 3 MOBOPOTHOIO FOJIOBKOIO 1 TOBOPOTHUM CTOJIOM

— IT'sTmocroBa 00poOKa Ha JTy>Ke BEIMKUX BepcTaTax
— Po3srouyBanbpHuii Bepcrart
— OOpoOHI IIEeHTPH Ta aBTOMATU30BaHa 00poOKa

SINUMERIK Varianten

SIMATIC Microbox
Varianten

NCU 710.38
4 NCU 720.38

Pucynok 2 — SINUMERIK 840D sl

NCU 730.38

SINUMERIK 840D sl BBaxkaetncs ctanaapTom B npemiyM-kiaci CNCs, 1110,
6e3ymoBHO, BumpaBnano. Bucoka mpoxyktuBHicte UIIK, mopsig 3 THydKICTIO 1

BIJIKPUTICTIO, SIK1 10 CUX Mip OyJIM HEIOCSkHI, SIBJISIIOTH COO0I0 OCHOBY Maixe s

KOXXHOT KOHIeNI(ii BepcraTta. BHCOKOMpOIYyKTHBHA amapaTHa apXiTeKTypa Ta

IHTENEKTyaJIbHl aJIrOPUTMH YTPABIIHHS, a TAKOX KJIAC MPUBOJHUX 1 MOTOPHHX

TEXHOJIOT1M mpeMiyM-Kiiacy 3a0e3MeuyloTh BUCOKY TUHAMIUYHY MPOIYKTHUBHICTH 1
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tounicte 00poOkm. UYIIK SINUMERIK 840D sl nomoBHIOETBCS —HIMPOKHM
CHEKTPOM piiieHb ajs iHTerpauii B IT-cepenosuma [5].

Integration of machining performance and usabili(y”

5-axis Integrated

High quallty machini  Reduction in machining
Fine Surface Fast Cycle-time.
Technology Technology

Realtime optimization of control

Smart servo control

Pucynox 3 - FANUC
— Hogitai Texnosmorii UIIK i cepso FANUC
— Texnomnoris Tonkoi [loBepxHi
— BucokomBuakicHa o0poOKa mporpam MeXaHIYHOI 0OpOOKH, IO BUBOJATHCS 3

CAD a6o CAM, 1 reHepauis TIAJKUX TPAEKTOPIA pyXy IHCTPYMEHTY
3a0€31e4yI0Th BUCOKY SKICTh OOpOOKH.
— IBuakuii HUKI-4ac TEXHOJIOT1N

Yac UKy CKOPOYYEThCA 3a PaXyHOK TaKMX 3aco0iB, SIK MPUCKOPEHHS a0o
YIOBUIBHEHHSI B 3aJIKHOCTI BiJi poOOYOr0 CTaHy, MaKCMMalbHE BUKOPUCTAHHS
MOXJIMBOCTEN HITIUHJIENS 1 CKOPOUYEHHS Yacy 6e3 00poOKH.

J{ns migBuineHHsT eEKTUBHOCTI TEXHOJIOTTYHOT 00poOKH AeTaneit
npeacTaBHUKIB TUIy «Kopryc» npornonyeTbest 3acTocyBatu Juist (iHITIHOT
00OpOOKM CErMEeHTHE HUTI(yBaHHS.

[niyBanbHl CErMEHTHI KpPYT'M BUKOPUCTOBYIOTHCA i HUTIPYBaHHS
MJIOCKUX MOBEPXOHb. [Tnocke nutidyBaHHs MUTBHUMHU KOJIAMH BEJIMKOTO JliaMeTpa
€KOHOMIYHO HEBMIIJHO Y€pe3 3HAauHl BIAXOMAIB, MIABUIIEHOTO TEIJIOYTBOPEHHS 1
MO>KJIMBOCTI MOJIOMKH iX TIPH TpaHCTIOPTYBaHHI. KpiM TOTO, B pa3i MosBYU TPIIIUHA
a00 YacCTKOBOTO pPYWHYBaHHS KoOJIa JIOBOJAUTHCS IIUJIKOM 3aMiHIOBATH HOro 1
BTpavyaTH 3HA4YHY KUIBKICTh MpUIATHOTO abpasuBHOro Martepiany. L{i He3pydHOCTI
YCYBAIOThCA B pa3i 3aCTOCYBaHHS KiJ 13 BCTaBHUX a0pa3MBHUX CerMeHTIB. Taki

CErMEHTH IIPH ITOJOMII OJTHOTO ab0 JEKIIbKOX 3 HUX JICTKO 3aMIHUTH HOBHMHU [6].
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BUCHOBKU

Jlns 3abe3nedeHHs HAAIAHOTO 1 €(EeKTHMBHOIO BHPOOHMIITBA HEOOX1THO
pO3TIIAIaTH Cy4dacHI KEpyrdl CHCTeMH, JII MEXaHOOOpPOOHWUX BEpCTaTiB,
KEepYBaHHS TPAHCIIOPTHOIO IIEXOBOIO CHCTEMOIO, aBTOMATH30BAHOIO CHCTEMOIO
IHCTPYMEHTAJILHOTO OCHAIEeHHS Ta iH.. J[ns 3abe3nedeHHs aBTOMAaTH30BAHOTO
THYYKOTO MEXaHOCKJIQJabHOTO BHPOOHHUITBA HEOOXiHO BUKOPUCTOBYBATU
HaIHY Kepyrouy cuctemy. Takox, ciij oOupaTu oOiagHaHHS 1 OCHAILIEHHS, SIKe
3MO’K€ BUKOPUCTOBYBATH TaKi CHCTEMH 110 MAKCHMYMY.
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UDK 519.6

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

ADYNAMIC 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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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 emammi npeocmasnenuii npoyec 360pommnoco npoekmyeanus Oemani, Wo BKIIOYAE
mpueumipne cxanysauus, CAIIP-moodenrosanns ma aumaniz MEK. B saxocmi npukniady ons
po3cnioysanns 6yno obpano onopy 0ia aumozo niowunuuxa. Kinyesoio memorn 0ocnioscenHs
Oyn0  eu3HauUMU  2PAHUYHO  OoOnycmume paliaibHe Hecyue  HABAHMANCEHHS — Oemali.
Iapamempuuna meepoominvna mooenn, neobxiona ona MKE, 6yna po3podnena 6 npocpamHomy
3abe3neyenni CAIIP i3 suKopucmaHuam noaicoHAIbHOL MOOeNi NO8epXHI Oemai, OMmpUMAanoi 3a
oonomozorw 3D-ckanyearHs ma nooarbuioi 0OpoOKU OAHUX V NPOSPAMHOMY 3abe3neyeHHi Ois
3D-ckanyeanns. /[nsa ckamyeanus 0y8 GUKOPUCMAHUL NOPMAMUSHUU CKAHED, WO NPAYE 3d
NPUHYUNOM — CMPYKMYyposanozo ceimaa. Hanpamox ma iHMEHCUSHICMb  MAaKCUMAIbHO
oonycmumoi cunu 8U3HAYAIU 3a 00nomo2ot0 mooeniosanusi FEM, ¢ sakomy sminoeanucy pisHi
KOHGhicypayii HasanmasiceHw.

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. It will catch all the measurable points more definitively than 3D hand scanners.

Quiality 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.
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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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UDK 620.9

Jovana Jovanovic, Sun Xiaoqin, Milena Djukanovic. (Univerzitet Union Nikola
Tesla, Beograd)

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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VJIK 372.851

KoBaabuyk €.I1., Hayk. kep. A.T.H., npo¢. Kosanescokuii C.B. (Jonbacvka
depaicasna mawunooydiena akaoemis, Ykpaina)

KOMILIEKCHE IPOEKTYBAHHSA IHHOBAIMHOI'O
MEXAHOCKJIAZAJBHOT'O KOMIUVIEKCY

Ha niocmasi ananizy 6a308020 mexnHono2iuno2o npoyecy OaHi pekomeHoayii no tio2o
3MIHI 3 Ypaxy8auHAM NPUHYUNIE KOHYeHmpayii i asmomamusayii 3anponoHo8aHa KOHYEnyis
CHYUK020 8UupobHUYymea. B pobomi nokasano, wo mounicme KOHMPOIbHUX ONEPAYILl MONCIUBO
RIOSUYUMU WUTSAXOM BUHECEHHS 3a MECT 8epCmamy SUMIPIOBAILHOS0 NPUCPOIO 3 OAMYUKAMU.
Ilpu yvomy 3abe3neuyemvcs GUKIIOYUEHHA NOXUOKU 6epcmamy, mMexXHONO02IYHOI cucmemu
eepcmamy 6 pe3yibmamax eumipiosanHs. Taka opeauizayisi KOHMPOIbHUX Onepayit 003605€
BUKTIIOUUMU BUKOPUCIANHS OKPEMUX Onepayiil nicjisi onepayitino2o KOHmpo.Jio.

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.

[Ipy mnpoekTyBaHHI I1HHOBAIIMHOTO MEXaHOCKIAJAIbHOTO KOMILIEKCY,
npoBefeHui anaini3 6a3oBoro TII BUpOOIB siki BUTOTOBIIIOIOTHCS HA BUPOOHUIITBI.
Ha 06a3zoBoMy miAnpHeMCTBI BUITYCKAIOTh M€Yl BUIMAJIEHHS OyIIBHUX CYMIIIEH.
3minryBau 3a0e3neuye MexaHIYHe MIKIIYBAHHS CHITy4Oi APIOHO3EPHUCTOI CyXOi
CTPYKTYpH 3a paxyHOK MEXaHIYHOTO BIUIMBY Ha MOTIK Marepiany. MexaHiuHe
MIKITYBaHHSI BUKOHYETHCS TAPOIO JIOMATHUX CUCTEM, YCTAHOBJICHUX B 3arajJbHOMY
Kopryci ropuzoHTanbHO [1]. Jlo cX0Xux mo Tumy BUpPOOIB MOKHA BIJHECTHU
TpaHcnopTepu (KOHBEEPH1), peAYKTOPH I TPAHCIOPTEPIB, KOPIYCHU JIsi PI3HUX
THUIIIB 3MIIITyBaviB Ta iH..

CucremMHe  TPOEKTYBaHHS  IHHOBAIlIMHOTO  KOMIUIEKCY  TOTpedye
BUKOPHCTAaHHS BUCOKOABTOMATU30BAHUX THYUYKUX BEPCTATIB.

JInst BUrOTOBIIEHHSA JeTalll MNPEICTaBHUKA «KOPIYC» 3alpOlOHOBaHUMN
TOPU30HTAIIBHUN TOKapHO-(Ppe3epHuit LIEHTP «TMD-42CL» [2].
XapakTepus3yloThCsl BHCOKMM CTYIIEHEM TOYHOCTI 1 TMPOAYKTUBHICTIO. Y
CTaHJApPTHIA KOMIUIEKTAIlli Ha BepcTar BCTaHOBIIOEThCs C- Bich 1 16
IHCTPYMEHTIB, 8 3 AKUX MPUBOAHI (4 oChOBI 1 4 padianbHI MO3UIIT), 110 JA03BOJISIE
oOpoOJISITH  JieTali BHUCOKOI CKJIQAHOCTI, TOOTO JI03BOJISIE PI3KO 3OUIBLIUTH
MPOAYKTUBHICTh 00aiHaHHs. BigMinHOIO ocobiuBicTiO MoAeni TMA € HasBHICTb
KEpPOBAHOI'0 MO TPHOX OCAX CYNOPTa, Ha SIKOMY PO3TALIOBYIOTHCS IHCTPYMEHTH, 1110
JI03BOJISIE 3HAYHO CKOPOTHUTH Yac 0OPOOKH CKIIaHUX €JIEMEHTIB.
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Jletanb MNpENCTaBHUK «Ba» MPOIMOHYETHCA OOpOOJIATH Ha TOKapHO-
bezepHomy obpobmoBanbHOMY 1IeHTpI HURCO VMX 42Ui [3]. HoBiTHs cucteMa
kepyBaHHs Hurco Bkirouae Ounpiie 25 HOBHX XapaKTEPHUCTHK, IO MiTBUIIYIOTH
MPOIYKTUBHICTh, JO3BOJISIIOUA THM CaMHM Habarato 30IIBIIUTH 3arajbHy
IPOAYKTUBHICTh. Benukuii 1HCTpyMEHTalbHMI Mara3uH Ha 18 1HCTpyMEHTIB,
3aMiHa IHCTpyMeHTY 3aiiMae 0,2 ceKyHAH.

KonTposnbHi omnepaiiii ponoHyeThCsl BUKOHYBATH 0€3 MepecTaHOBKH JIE€Tall,
Ha BepCcTaTi 3 JOMOMOIOK KOHTPOJIbHO-BUMIpIOBAIIbHUX IIymiB [4,5]. s
CKOPOYCHHS Yacy Ha BHUMIPIOBAJIBbHI oOmepamii 1 MIJABUIIEHHS TOYHOCTI,
MPOTMOHYETHCSI BUHECTH KOHTPOJIBHUN MPUCTPIN 3a Mexi Bepcraty. KoHTposbHO-
BUMIPIOBAJILHUI TMPHUCTPIN PO3MIIIYEThCSI HA CTEHAI OUTS BepcTary, KOHTPOJIb
BUKOHYETHCS  MPOMHUCIOBUM  POOOTOM  MAaHIMYJSTOPOM 3  KOHTPOJIbHO-
BUMIPIOBAJIbHUM IIIYIIOM YCTaHOBJIEHUM B IHCTPYMEHTAJIbHUWM MAaTPOH, SKUN
3a0e3Meyyr0 KOHTPOJIb I€Tall 10 BCbOMY XX IEPUMETPI.

3aBASKM 3aCTOCYBAaHHIO KOHTAKTHUX IMIYIiB, CKOPOYYETHCS HYaC HaTAJKH,
30UTBIIY€EThCA Yac eKCIUTyartalii Bepcrata. OyHKIlT HANAroAKE€HHsI, BUMIPIOBAHHS
1 KOHTPOJIIO MOXYTh OyTH peaii3oBaHi B PYYHOMY pPEXKHMI a00 YIPaBISATUCS
nporpamoro, criabHO 3 cuctemoro YIIK (6unpmicts CUIIK migTtpumye nanuii
¢dynkuionan) [5,6]. s BuUMIproBaHHS, MPOMOHYE HIYNA TPUTTEPHOTO MPUHLIMITY
Iii cepli. JaHl KOHTAKTHI LIyNH BCTAHOBIIOIOTHCS B 1HCTPYMEHTAJbHUN MATPOH
BpPY4YHY, a00 3a JOMOMOI'O0 aBTOMATUYHOTO 3MIHHUKA IHCTPYMEHTY. 3aJIe’kHO B1Jl
ukIiB BuMipy cucremu UIIK.

OTtpumana iHpopMmallis mpo cTaH 00poOKu OyJie mepeaaBaTUCs Ha MOHITOP
oreparopa, B JUCTAHIIMHOMY PEXUMI OMEpaTop MOXE pearyBaTd Ha OpakoBaH1
JieTanl 1 CIIJIKYBaTH 3a CTAHOM 1HCTpyMeEHTY [6,7]. Takum, YUHOM B MPOEKTHOMY
BapilaHTI  MIJABUINYETHCS  aBTOMATHU3AIIS 1 THYYKICTb 1HHOBAIII{HOTO
MEXaHOCKJIaIAJIbHOTO KOMITJIEKCY B IIEXY 1 B IILJIOMY.

B mpoekti mpornoHyeThcs TpaHCIOpPTHA CUCTEMA, sKa MPH HEOoOX1THOCTI
MO>Ke 3a0e3MeunTy MOBHY aBToMaTHu3allio. Jljis BUpoOHUIITBA B Cy4aCHUX yMOBaXxX
HEOOX1THO 3a0€3MeYNTH MAKCUMAJIbHO MOXIIMBY aBTOMATHU3ALIII0 3 PalllOHATIbHUM
eKOHOMIYHUM MiaX0A0M. [[7151 MpOeKTHOTO BapiaHTy MPOMOHYETHCS BUKOPUCTAHHS
CydacHOi 1HHOBAIIWHOI TpaHcnopTHOi cuctemMu [8]. CydacHe TpaHCHIOPTHE
oOJagHaHHS [I03BOJISIE Maibke TOBHICTIO aBTOMATH3yBaTH TPAHCIOPTHY 1
3aBaHTaXyBaJIbHy po0OTy, 06e3 ydacTi JroauHu. Jjid mepemilleHHs AeTajeil mo
1IeXy MPOIMOHYETHCSI BUKOPUCTOBYBAaTH aBTOMATH30BaHI TEIKKH. ABTOMAaTH30BaH1
BI3KM TMpalO0Th, SK MO Mporpami 0e3 ydacTi JIOAWUHHU, TaK 1 MO TOJOCOBUM
KoMaH1aM abo Ha myJnbTi. Lle 103Bosisie BUKOpUCTaHHS Cy4yaCHOTO OCHAICHHS AJIs
MEPEMIIICHHS. 3aroTOBOK I10 JIJIBHHMIN, 3aBAaHTAKCHHS JeTajed 3 JOIMOMOTOIO
pOOOTHU30BAaHHUX MAHIMYJSITOPIB HA BEPCTaTH JJisi OOpOOKM AeTayieid 1 Ticis
00pOOKHU TpaHCTIOPTYBATHU JIeTalll Ha HACTYIIHI OIepallii 1 Ha CKJIaJl Micisi 00poOKu
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neraned. HeoOxigHO mpUAUIMTH OCOOJIWBY yBary JUisl MEPEMIIICHHS TOTOBHUX
JeTajied Ha CKJIaqalbHe BIIAUIEHHA. BUTOTOBIEHH] AeTall HEOOX1IHO MOJaBaTH Ha
CKJIaJaJIbHy OIepallil0 Bipa3y Ha MOYATOK CKIAaIbHOI omepaiii. [Ijisi TouHOoTO
pO3paxyHKy HEOOX1THOTO Yacy Il TIEPEMIIICHHS IeTalli B MPOEKTI PO3POOISIETHCS
IUKJIOTpaMa CKJIQJaHHs 1 IHMKJIOrpamMa BUTOTOBIICHHS BupoOy. Takwii miaxin
JTI03BOJIUTH 3a0€3MEYUTH HENPUIMBHUN MPOIEC CKIAaHHS AeTaliel 1 MiABUIIUTH
e()EeKTUBHICTh BCHOTO BUPOOHUIITBAIO
BUCHOBKU

Takum  yuHOM  OyJIO  3alpONOHOBAHO  BUKOPHUCTAHHS  Cy4acHOTO
MEXaHOOOpOOHOTO OaraToyHKIIOHATHPHOTO OOJaJHAHHS 1 OCHAIEHHS, IO
J03BOJISIE  MAKCHUMaJIbHO CKOHIIGHTPYBaTH Omepaiii Ha OJHOMY BEpCTari,
MOJIAIOYI iX Ha nepexonau. st 3a0e3neueHHs BUKITIOUEHHS MOXHUOKU BepcTaTy Ha
KOHTPOJIbHINM omepallii MPOMOHYEThCS BUHECEHHS KOHTPOJBHOTO MPUCTPOIO 32
Mexi Bepcrary. Ilpu 1boMy 3a0e3medyeThcsi BUKIIOYEHHS MOXMOKU BEpCTaTty,
TEXHOJIOTIYHOI CUCTEMH BEpCTaTy B pe3yibTaTaX BUMIpIOBaHHA. Takui miaxia K
MPOCKTYBAHHIO  CYYaCHOrO  I1HHOBAIIMHOTO  1€Xy  JO3BOJISIE  MiJBUILUTH
e(eKTUBHICTh BUPOOHHUIITBA, PO3IIUPUTH HOMEHKJIATYPHUN psl HeTanedt s
M1JBUIEHHS KOHKYPEHTHO-CIPOMO>KHOCTI Ha Cy4aCHOMY PUHKY.
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IMPUCTOCYBAHHA JIUIA IINTAKYBAHHSA
CTPYMOITIPOBIIHUMU MATEPIAJTIAMH

B pobomi 3anpononosano incmpymenm Micyesoco 3MIYyHeHHS CMPYMONPOGIOHUX
NOBEPXHEBUX WaApie Memanesux oemainel, Wiaxom oOKamKku OUCKOM 8 MA2HIMmHOMY Noli 3
OOHOYACHUM BUKOPUCNAHHAM CMPYMY, WO BUHUKAE 6 30Hi KOHMAKMY OUCKY 3d PAXYHOK
VHInonsipno2o 2enepamopa Dapades.

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 BiTHOCUTBCS 10 TaTy31 TEXHIKH, a caMe JI0 TEXHOJIOT1l 3MII[HIOBAJIbHO1
OoOpoOKM JeTaneil NUIAXOM MEXaHIYHOI OOpOOKM 3 OJHOYACHHUM MPOITYCKaHHSM
HABEJICHOTO CTPYMy Ha JHCK SKHM KOHTAKTye 3 JETaUll0 1 MOxe OyTu
BUKOPHUCTaHA Il 3MIITHEHHS [TOBEPXOHb TEPTS JeTalIel MallluH.

[IpoananmizoBaHi ICHYIOYl CXE€MH Ta KOHCTPYKIIi 1HCTPYMEHTIB IS
eJIeKTpoMexaH1gyHOi 00poOku [1-5]. 3a aHaysor B3STO NPUHIUI KOHCTPYKIIT
IHCTPYMEHTY, po0OTy SKOTO OYyJ0 BJOCKOHAJICHO MJis TOKPAIIeHHS poO0oYMx
XapaKTEpUCTHK [6].

3a IMPOTOTHIT B3ATO IHCTPYMEHT, SIKUH Ma€ JEpKaBKy 3 JBOMa MPY>KUHHUMH
OXOJIO/PKYBAHMMH POJMKAMH, CTPYMOITIBOAY IS 3'€IHAHHS 3MIIHIOBAIBHO-
JIeMII(PYIOUUX €JIEMEHTIB POJUKIB 3 JDKEPEJIOM CTPYMY 1 CUCTEMY KOHTPOJIO 1
HNIATPUMKA ~ TeMIlepaTypu poOodoi MOBEpPXHI  3MIIHIOBAILHO-AEMI(YIOUUX
CJIEMEHTIB POJUKIB B HEOOXiIHOMY miama3oHi. Ha ponmkax 3akpiruieHi 3HIMHI
3MIITHIOBAJIbHO-AeMIIDYyI0Ul eaeMeHTH B ¢opmi Kublid. CTpyMOMiJABI MICTHTH
BUKOHAHI 3 XIMIYHO 1 EJEKTPUYHO OJHOPITHUX MaTepialliB Ha TPUCTPOI 3
HEPYXOMHMH KOHTAaKTaMH 1 MOB'I3aHUMHU 3 OCTaHHIMH 4epe3 PiJKe CepeIOBHIIE,
K€ Ma€ BEJMKY €JICKTPUYHY MPOBITHICTh, PYyXJIUBUMU KOHTAKTaMU 1 €JIEMEHTAMHU
MEXaHIYHOTO Ta eJIEKTPUYHOTO 3B'A3Ky. HemonmikamMu BIJOMHX KOHCTPYKIIIH
IHCTPYMEHTY TaKOT'O THUIIY €:
—  BIUIMB XBHJILOBOTO BUIIPOMIHIOBAHHSI,
— HEOOXIAHICTHh  JIOMYCKy A0 poOOTH  TUIBKM  BUCOKOKBaTI(PIKOBAHUX
CHIBPOOITHHKIB;
— JIOCHThH BEJIMKa €HEPTOEMHICTh MPOIIECY.

BpaxoByroun 11¢ Oyma po3poOjieHa MPUHIIMIIOBO HOBA KOHCTPYKIIIS
IHCTPYMEHTY ¥ NpUHIUIY HOTO Jii.

B ocHOBY KOpuCHOI MOjell MOCTaBjieHa 3ajada CTBOPEHHS KOHCTPYKIIii
IJIAKYIO4YOro 1HCTPYMEHTY 0€3 JOJaTKOBUX JDKEpesl eHeprii Ta HaAllHuM
3aKPITUICHHSIM OOpOOJISIIOYOr0 €JIEMEHTY, KU Ma€e HEOOXIJIHYy >KOPCTKICTh U
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cTabiIbHE HAHECEHHS TTOKPUTTS Ha 00pOOIIFOBaHUH €IeMEHT abo JeTallb.

[HCTpYyMEHT, 1110 MPOTIOHYETHCS, BIAPIZHAETHCS TAKUMHU BIACTUBOCTSIMU SIK:

— €HEepro30epiraroyrMMu BIaCTHBOCTSMU;

- BiJICYTHICTb 30BHIIIHHOT'O TIPUBOJLY;

- aJIalTUBHICTD;

- BIJIHOCHA ITPOCTOTA KOHCTPYKIIIi;

- MO>KJTUBICTB IEPEHECEHH OY/b IKIX CTPYMOITPOBITHUX MaTepiaiB.

3anpomnoHoBaHi IHCTPYMEHTH BHUKOPUCTOBYIOTH E€HEPTril0 HABEJICHOTO
CTpyMy B CTPYMOIIPOBIJHMX JIMCKaX, KOHTaKTHa TOYKA 3HAXOJUTHCS Ha BXO/II
JIMCKY 3 30HU PIBHOMIPHOTO MAarHiTHOTO MOJisA, 0OEpTaHHS JUCKY B MOCTIHHOMY
MarHiTHOMY TIOJIi MOXE CTBOPIOBAaTH TEXHOJIOTIYHMM CTPYM JUIsi BUKOHAHHS
TUTaKyBaHHS.

TakuM  4yuHOM, CIOCi0  MICHEBOrO  3MIIHEHHS  CTPYMOIIPOBIIHHUX
MOBEPXHEBUX IIAPIB METAJEBUX JETale NMUIIXOM OOKAaTKH MOBEPXHI METajJeBUM
JMCKOM B MarHiTHOMY TIOJIi 3 OJTHOYaCHUM BHUKOPHCTAHHIM CTPYMY IO BUHHUKAE B
30HI KOHTaKTy AUCKY, 3a PaxyHOK YHINOJSIpHOTO reHeparopa dapajes, MoOxe
HAHOCUTH HAWTOHIII 1Iapy HAHOMIOKPUTTS BiJ 2 10 50 HM.

JIITEPATYPA
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JOCAIIKEHHS TEIJIOBUX E®EKTIB IJIACTUYHOI IE®OPMAIIIL
ITPHU BOJIOYIHHI TIOPOIIKOBOT' O APOTY

Y pobomi naoano pezynomamu 0ocniodxcenv HazpieanHs 000IOHKU NOPOUIKOBO20 OPOMY
npu 6oaouinHi. lIpoananizosano mennoguoinenHs npu G0JOYIHHA CAMO3AXUCHUX HOPOUKOBUX
opomig 3 obonoukamu 3 cmaneil 08kn i 651" 3 Memoro uUGUeHHs 11020 BNIUBY HA CKIAO0BI 0CEPOsi.
Busnaueno, wo suxopucmanus cmpiuku 3i cmani 651" 013 nopowkoeux Opomie ne NpUBOOUmMsb 00
nepezpigy ocepos suwje KpumuuHoi memnepamypu, npu sKii 8i00yeaemuvcs oucoyiayis 2aszo-
WIAKOYMBOPIOIOYUXUX | OKUCHEHHS 1e2YI0YUX KOMNOHEHMIG.

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 3pOCTaHHSM BUMOI JO SIKOCTI HAaIUIaBJIEHOTO METaily, Moro
XIMIYHOT i MEXaHIYHOI OJTHOPIIHOCTI, yce OiJbllie MOIUPEHHS MalOTh TTOPOIIKOBI
JIPOTH 3 000JIOHKOIO 3 BYTJICIICBUX 1 JIeroBaHUX cTanei [1,2].

[Ipu BOJIOYIHHI MTOPOIIKOBOTO JAPOTY HEMUHYUYE BIIOYBA€THCS HATPIBAHHS il
00OJIOHKH.

3asie’)kHO Bl Marepiaay OOOJOHKM MOPOIIKOBOTO JIPOTY TEIUIOBUIIICHHS
Ipy BOJIOUIHHI OyzAe pi3HUM. Y poOoTi [6] BiJ3HAYEHO, 110 TEIUIOBUM e(eKT 3a
IHIIUX PIBHUX YMOB THUM O1IbINE, YUM OLIbINE BUXIJ TEIlIa, omip aeGopMyBaHHIO
i ctyminb gedopmaritii. [lpu BomouinHi [3] 06csr MeTany 3aIUIIa€TbCsl TOCTIMHIM,
TOMY ME€XaHi4Ha po0O0Ta, 1[0 BUTPAYAETHCS HA BOJIOUIHHS, 32 BUHSATKOM HEBEJIUKOT
YaCTUHU, L0 #Ae Ha 30UIbLIEHHS BHYTPIIIHbOI EHEprii, 10 BHIBISETHCS B
YTBOPEHHI HaKJIEIy, TPAaHC(HOPMYETHCS Y BUTIIAI Teruia. 3a JaHuMH [S] mij gac
BOJIOYIHHSA  HHU3BKOBYTJEIEBOIO JPOTYy Maibke BCS  MeEXaHiyHa poOoTa
MEPETBOPIOETHCS B TEILIO, a IMiJI 9ac BOJIOYWIHHS ByrieneBoro apoty (0,6% C)
HE3aJIEKHO BIJI CTPYKTypu Mertany Onu3bko 10% mexaHiyHOI poOOTH e Ha
30UTbIIEHHS! BHYTPIIHBOI eHeprii. [Ipu BOJOYIHHI APOTY 4YacTKa Tervia, Mo
BUHUKAE B ocepenky aedopmairii BiJi 30BHIIIHBOTO TEPTS, MOXE PO3MOIISATUCS
HAcTynmHUM 4nHOM: 80% Teria norimMHaeThest ApoToM 1 20% BOJIOKOIO.

TenmoBuil CTaH CHUCTEMH «OcepAs - OO0OJIOHKa» B TIPOIECI BOJIOYIHHS
MOPOIIKOBUX JIPOTIB 1 TUIaBJIEHHsS 0araTo B 4OMYy BH3HAYalOTh iX 3BaprOBaJIbHO-
TEXHOJIOTIYHI BJIACTUBOCTI. 3aKOHOMIPHOCTI TEIUIOBOIO CTaHy CHUCTEMHM IIiJl 4ac
BOJIOYIHHS CaMO3aXHCHUX TMOPOIIKOBUX APOTIB 3 O0OJIOHKOIO 31 CTPIUKH PI3HOTO

XIMIYHOTO CKJIa/y BUCBITJIIEHI OOMEKEHO.
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Mertoro gaHoi poOOTHM € aHami3 TEIUIOBWAUICHHS TIPU  BOJIOYIHHS
CaM03axMCHHUX MMOPOIIKOBHUX APOTIB 3 00ooHKaMu 3 ctayerd 08km 1 651" 3 MeTor0
BHUBYCHHSI HOTO BIUIMBY Ha CKJIAJIOB1 OCEP/Is.

[Tix BruiMBOM TeTUIa, MO BUIISETHCS MM 9ac BOJIOYIHHS, MOKIIMBHI HarpiB
00OJIOHKH TIOPOIIKOBOTO APOTY N0 TaKUX TEMIIepaTyp, MpH SKUX HEMUHYyYa
JUCOTIIAIlisl Ta30yTBOPIOIOYMX KOMIIOHEHTIB 1 OKHCIICHHS JIETYHO4Oi YaCTUHU
oceps.

ExcriepuMeHTampHe JOCITIHKCHHS TPOIIECY BOJIOYIHHS IMOPOIIKOBHX JPOTIB
poOMIN Ha CTEIiaTbHOMY BOJIOYMIBHOMY OJTHOOapabaHHOMY ctaHi (puc.l).

Pucynok 1 — ExcnepuimMeHTalbHa yCTaHOBKA ISl BOJIOUIHHS TTOPOIITKOBOTO
apotry: 1 — wMerameBa crpiuka; 2 - mpodinesruHatode oOnmagHaHHS; 3 —
chopMoOBaHHMi1 K0J100; 4 — aBTOMATUYHHM J103aTOP; S5 — POJIMKH, 110 KaIiOpyroTh; 6
— 3aroToBKa MOPOIIKOBOTO ApoTy; 7 — (inb’epa ; 8§ — BOJOKOYTpUMYBay; 9 —
nopomkoBuit apit; 10 — cucrema TeH30aTYHKIB.

OuiHka ctyneHs AepopMaliifHOro po3irpiBy i BIUIMUBY Ha HbOT'O Marepiaity
CTPIYKM BHUKOHYBajlacsl 3a pe3yJibTaTaMH PO3PaXyHKIB TeMIeEepaTypH HarpiBaHHS
0 MEePEeTUHY 000JIOHKH MOPOIITKOBUX APOTIB

Jl1st excriepuMeHTaIbHUX JOCIIIKeHb OyJIM BUTOTOBJIEH] MTOPOIITKOBI IPOTH,
10 MalOTh OJMH CKJIaJ HAalOBHIOBaYa, a B SIKOCTI OOOJIOHKH BUKOPHCTOBYBAJINCS
HIMPOKO 3aCTOCOBYBaHa cTpiuka 31 ctami 08km, a Takox 65I". IIpo 3acTocyBaHHS
OCTAaHHbOI, P BUTOTOBJIEHHI MOPOLUIKOBUX JIPOTIB, MPAKTUYHO HEMae iHdopmarllii
B JiTeparypi. B 000X BuIagkax BUKOPUCTOBYBajacs cTpiuka po3mipom 0,5x12 mm,
0 J03BOJIMJIO 3a0€3MEYUTH OAHAKOBUU KOE(DIIIEHT 3allOBHEHHS MOPOIIKOBOTO
JPOTY.

Cuuta BostiouiHHS (DiKCcyBajiacs 3a JOMOMOTOI0 T€H30/IaTYMKIB, BOY/IOBaHUX B
yTpuMyBau (iIb’€pH, MOKA3aHHS PEECTPYBAIMCS 3a JOMOMOTOK TEH30CTaHIII,
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HiIKITIOYEHOT 32  JOTIOMOTO  aHAJIOTO-IM(POBOTO  TEPETBOPIOBaYa [0
BOJIOYIJILHOTO CTaHYy.

VY SKOCTI BUXIJHUX JIaHMX NPUHHSIW: IMIBUIKICTH BOJIOUWiHHA V1=6 M/XB,
Matepiaiii 000J0HOK: cTaidb 08km (Gp2,=230 MIIa) 1 ctans 651" (002=400 MIla),
JIOBXKHMHA ocepenka nedopmariii nmpuiMaeTbcss PIBHIA JOBXHHI poOOYOi 30HH
¢binws’epu. [Ipu obuncaeHHAX 3p00JIEHO AOMYIICHHS PO TE, M0 MPOIEC BOJIOUYIHHS
aniabaTUYHUN, OTXKE BCE TEIUIO AeQOpMAIliitHOTO pO3irpiBy NepeaaeTbesi 00O0IOHIII
MIOPOIIIKOBOTO IPOTY TOBIUHOO O.

MaxkcuManpHa CcHjla BOJIOYIHHS CIIOCTEPIraeThCsl HA MEPIIOMY TEpexoi
3,72-3,24mM. MoskHa TIPUITYCTUTH, IO MaKCHMaJIbHE TEIIOBUJICHHsS Oyje Ha
naHoMmy mnepexoni. [loBHa MOTYXHICTh MIAacTHYHOI Aedopmaiii mpu BOJIOUiHHI
JIOPIBHIOE:

W=P.V, L)

ne P — cuna nedopmarrii;

V — MIBUAKICTH BOJIOYIHHS.

MakcumanbHl 3HAYEHHS BEJIUYMHM IOTY>KHOCTI TUIACTHYHOI Aedopmairii
MOPOIIKOBUX JPOTiB 3 obOojgoHkamu 31 ctamedt O08km 1 6501 Wig=272 BT;
W65r:463,5 Br.

Terutosi edexTn mIacTuyHoi Aedopmaiiii po3paxoBai 1o Gopmyi:

WT :776be W ) (2)

ne W - motysxkHicTs, sika mepeTBOpHIAch B TEILIO;

W - noryxuicTs, cipuiiHaTa 1eOpMOBAHIM TiJIOM;

Ny - KOCQILIEHT BUXOTY TETLIA.

Ha mincrasi ganux [3] mpuitHATI KOS)IIIEHTH BUXOAY TEIUIA: MNgux 08xkn— 0,9 -
1utst ctasti 08K 1 Mgux 657=0,8 - mtst crami 651,

3 ypaxyBaHHsM (Gopmyiu (2) MakCUMaJIbHUN TETUIOBUHM €(PEeKT MIacTUYHOI
nedopmarlii mpu BOJOYIHHI PO3TIITHYTHUX MatepianiB ckimane Wros,=244,8 BT i
Wr6sr=370,4 BT. Y Mipy 3HIKEHHS BEIIMIMHH TMPHPOCTY OOTHCHEHHS TEILIOBHIMA
e(eKT 3MEHIITYEThCS, IPUIOMY O1IBII IHTEHCHBHO B 000J10HITI 31 cTam 651,

[Ipu amiabaTMyHMX yMOBax Ipolecy JaepopMyBaHHsS, ITiIBUILIECHHS
temrnepatypu (T) B enemeHTapHOMy 00’€Mi, BIJOYBA€THbCS BIANOBIIHO [0
3aJIeXKHOCTI [6]:

dT _oi-éi
dz c-p )

JIe T- 4ac;
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C — MMUTOMA TEIIOEMHICTB;

Oj- IHTEHCUBHICTh HAIPYTH;

€j- IHTEHCUBHICTbD IIBUAKOCTEH aedopmariii;

p - IUIBHICTH MaTepiaiy.

Buxomsiun 3 ymoBu (3) mpupicT TeMmmepatypu uepe3 aedopMariiftHui
pO3IrpiB MOKHA BU3HAYUTH 10 HACTYMHIN Qopmyi:

W
AT =—1

=—T At
cpa "l (4)

ne Q - o0CAT KOHTAKTHOTO IIapy, IO HAarpiBa€ThCs, MOPOIIKOBOTO JIPOTY,
JOpiBHIOE AO0OYTKY IUIONII BOTHHUINA Jedopmallii Ha TOBIIMHY OOOJIOHKHU
MTOPOIIKOBOTO APOTY & HA JaHOMY Tiepexo/ii (03.24=0,5 Mm).

Po3noain Temneparypu B MonepeyHoMy Hepepi3i MOPOUIKOBOTO APOTY IpPH
il HarpiBaHHi B MPOIECI BOJIOYIHHS HEPIBHOMIPHO, TOMY IO TEIJIOMPOBITHICT
IIMXTA OCEPJS HUKYE 32 TEIUIONPOBIAHOCTh METANy O00O0JOHKH. MakcumaibHa
TeMIlepaTypa HarpiBaHHs 0OO0JOHKH MOPOLIKOBOTO JIPOTY TPyOUacToi KOHCTPYKIIIi
3MiHIOeThCA B Mexax 400...470 °C. HarpiBaHHsl cepJeUHHKa APOTY MOXOAMUTH BiJl
OOOJIOHKHM /10 LIEHTPY, IPUUOMY B HPUJISATAIOUOMY 10 OOOJIOHKH IIapi MOPOMIKY
MO>KJIMBE HArpiBaHHs 10 TEMIIEpATyp, PIBHUX TeMIEpaTypi 000JIOHKH. Y 3B'SI3KY 13
OMM HEOOXIJHO pO3rsgaTH TEMIEpaTypy HarpiBaHHs [OPOLIKY PIBHY
TeMIepaTypl HarpiBaHHsS OOOJIOHKM K MaKCUMaJIbHO MOXJIUBY. EdexkTuBHICTH
HarpiBaHHSA OCEpJs 3ICKHUTH BIJ Horo ckiamy. JlochmimKeHHS MpOBOIUIUCS 13
3aCTOCYBAaHHSM IIUIAKOBOI OCHOBM pyTHJI — KapOoHatHoro Ttumy. Jlo ckiany
CepJICYHMKA BXOJSTh TaK0X PO3KUCIIOBAY1 i 3aJ113HUM MOPOIIOK.

Binomo, 1110 HaliMEHILIOI0 TEMIIEPATypoOr0 MOYaTKy AUCOIalli Mae MapMyp
(Twe=440°C), a MiHIMaIbHA TeMIIepaTypa MOYaTKy OKHMCHCHHS XapaKTepHa JUIs
dbepoamtoMiHit0  (Towuer=570°C). Yac macTUYHOTO HarpiBaHHA OOOJOHKHU
cranoBuTsh 0,05 c.

Pe3ynpTaTi mOCHIAKEHb MMOKa3aJM, 10 BUKOPUCTAHHS CTPIUKH 31 ctaii 651
JUTSl TOPOIIKOBUX JAPOTIB HE MPUBOAUTH A0 MEPErpiBy CEPLIEBUHU BUILE KPUTUYHOI
TeMrepaTypu, OpH sKid BiIOyBa€TbCs IUCOLIAIS Ta30-1UIaKOYTBOPIOBAIBHUX 1
OKHCHEHHS JIETYIOUMX KOMIIOHEHTIB.
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YK 37.091.12:004.7

Kyparnik T.B. (Ykpaina, M. [lonraBa, KomynaneHuii 3axnan [lonraBceka
rimMHasii «310poB’s» Nel4 ITontaBcbkoi Micbkoi paju [lonTaBcbkoi 061acTi)

PEAJIIBALIA STEAM- ITPOEKTIB 3AIJI51 PO3BUTKY HAYKOBO-
JOCIIIHUIBbKOI JIAJBbHOCTI YYHIBCBKOI MOJIOII B
OCEPEJIKY MAH

Ilepeopicnmayisa océimu na maky, wo 8i0ON0BI0AE 3anUMam MarbOymHb020, TPYHMYEMbC
HA MIJCNpeOMemHUx 3HAHHAX MA 6MIHHAX, Nepeddbavac 3acmocy8anuHs KOMNemeHmHOCmeu Y
BUCOKOMEXHONIOCIUHOMY, WBUOKOSMIHHOMY MA NOJIKYIbMYPHOMY CYCHIIbCMBL € 20JI08HUM
8eKmMopom Yinozo paody oceimuix cucmem. Ha oymky cneyianicmie, 3a3uaueni yini peanizyiomoscs
wsixom énposaoxcenus max 36anoi STEAM-oceimu. YV vomy ocobarusicmoe STEAM-oceimu i ski
MOJCIUBOCMI  3ANPOBAOICEHHS MAKOI cucmemu )y HABUANbHO-GUXOGHUL NPOYeC CYYACHUX
ocgimHix 3aknaodis, 30kpema peanizayiro STEAM- npoexmis 3a01s HAYKOB0-00CHIOHUYLKOL
OislibHoCmI YUHIBCbKOI MON00I 68 ocepedkax MAH npedcmaesneno y oawniti 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 1AS
centers are presented in this article.

[lepexin 10 1HHOBAILIMHOI OCBITH €BpPOMNEMCHKOrO PIBHA IMepeadayvae
MIArOTOBKY (haxiBIliB HOBOI TeHepallli, 3JaTHUX 10 CyYaCHHX YMOB COI[laJbHOI
MOOUIBHOCTI, 3aCBOEHHS TEPEOBUX TEXHOJOTINA. 3a HUHINIHIX YMOB B YKpaiHi
3arpeOyBaHuMU cTatoTh: [T-daxiBii, mporpamicTd, iHX)eHEpH, MNpodecioHaIu
BHCOKO TEXHOJIOTIYHMX BUPOOHUUTB, (paxiBii 010- 1 HAHOTEXHOJOTIHA. 3A00yTTH
cydacHuX npodeciii morpedye BceOIUHOT MIITOTOBKU 13 PI3HUX OCBITHIX oOjacTei
MPUPOIHUYMX HAyK, 1HXKEHEpIi, TEXHOJOTd Ta MpOorpaMyBaHHsS, HaIPSMIB, SKi
oxormoe STEM-ocsita. [N'omoBna mera STEM-ocBiTu mosnsirae y peami3zartii
JIep>KaBHOI MOJIITUKH 3 YpaxyBaHHSAM HOBHX BUMOT 3akoHY Ykpainu «IIpo ocBiTy»
IIOJI0 TIOCHJICHHS PO3BUTKY HAYKOBO-TEXHIYHOTO HAmpsMy B HaBYaJIbHO-
METOJAMYHIN AISTBHOCTI HA BCIX OCBITHIX PIBHSX; CTBOPEHHI HAYKOBO-METOJIUYHOL
0a3u Uil TABUINEHHS TBOPYOTO TMOTEHINIAy MOJioal Ta mpodeciiHoi
KOMITETEHTHOCTI HayKoBolenaroriyaux npamiBHukiB. STEM—ocBita — kareropis,
sKa BU3HA4Ya€ BIANOBIIHUN MeAaroriyHuil mpouec (TexHonorio) (GopMyBaHHS 1
PO3BUTKY PO3yMOBO-TII3HABAIILHUX 1 TBOPYUX SKOCTEH MOJIOII, PIBEHb SIKUX
BH3HAYa€ KOHKYPEHTHY CIIPOMOXHICTh Ha CydacHOMY puUHKY mpaili. STEM—ocBiTa
3MIACHIOETBCS 4Yepe3 MDKIUCUMIUTIHAPHUNA MiAxig y 1noOynoBI HaBYAJIbHUX
mporpaMm 3akyiajiB OcBiTH pi3HOro piBHA. AkpoHiM STEM (Bim anri. Science —
npupoanuui Hayku, Technology — texnomorii, Engineering — imkeHepis,
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MPOEKTYyBaHHs, Au3aiiH, Mathematics — maTeMarnka) BU3HA4Ya€e XapaKTEpHI PUCH
BIIMOBIAHOT ~ JUJIAKTUKH, CYTHICTh KO  BHUABISETHCA Yy  TO€THAHHI
MDKIUCITUIUTIHAPHUX ~ MPAKTHKO  OPIEHTOBAHWX  MIAXOJIB  JO  BUBYEHHS
IPUPOHUYO-MaTeMaTUUHUX AucuuIUIiH. Boanowac, y STEM-ocBiTy akTHBHO
BKJIFOYAIOTHCS TBOPYI, MUCTEIBKI TUCIUILIIIHU, 00’€IHAaHI 3arajJbHUM TEPMIHOM
Arts (mo3nauenns BignoBigHoro migxoay — STEM and Arts). Akryansaumu STEM
and Arts HampsMamMud € TIPOMHUCIOBUN JaHW3aliH, apXiTeKTypa, I1HAyCTpiaJibHA
ecteTuka Toulo. Buxkopuctanus nposigHoro npuHiuny STEM-ocBiT — iHTerpaii
— JI03BOJISIE 3/11MCHIOBATH MOJIEPHI3alI0 METOAOJOTIUHUX 3acaj, 3MICTy, 00csry
HAaBUYAJBHOTO  MaTepially MpeAMETIB  IPUPOAHUYO-MATEMATUYHOTO  IUKITY,
TEXHOJIOT13aI[il0  Tpollecy  HaBuYaHHA Ta  (OpPMYBaHHS  HaBYAIBHUX
KOMIIETEHTHOCTEH SKICHO HOBOro piBHA. lle Takox crpuse OiIbII SKICHIM
MIATOTOBLI MOJOJI IO YCIIIIHOTO MPalEeBIalITYBaHHS Ta MOAAIBIIOI OCBITH, SKa
BHMArae pi3HUX 1 OUTbII TEXHIYHO CKJIAJJHUX HAaBUYOK, 30KpEMa 13 3aCTOCYBaHHSIM
MaTeMaTUYHUX 3HAHb 1 HAYKOBUX NOHATh. OCHOBHI KJIIOYOBI KOMIETEHTHOCTI
koHueniii «HoBoi ykpaiHCBKOi IIKOJIM», a came: CIUIKYBaHHS JIEPKABHOIO Ta
1HO3EMHUMU  MOBaMH, MaTeMaTU4Ha TIPaMOTHICTb, KOMIIETEHTHOCTI B
OPUPOAHUYMX HAayKaxX 1 TEXHOJIOTIAX, 1H(GOpMAaLiHO-IIM(PpPOBA T'PaMOTHICTH,
YMIHHSI HaBYaTHUCS BIPOJOBXK JKUTTS, COLIANBHI 1 TPOMAIIHCbKI KOMIIETEHTHOCTI,
M1IPUEMIIUBICTD, 3arajbHOKYJIBTYPHA, €KOJIOTI1YHA TPAMOTHICTD 1 3JI0POBE KHUTTS,
rapMOHIAHO BXOTh B cucteMy STEM-0cBiTH, CTBOPIOIOYH OCHOBY JIJISl YCHIIIHOT
caMmopeaizailiii 0cOOUCTOCTI 1 sIK (paxiBlid, 1 SIK TpOMaisiHUHA [2].

Cepen (akTopiB 1HHOBAIIWHOTO PO3BUTKY B YKpaiHl BaXXJIMBE MIiCIe
HAJICKUTh  BIJHOBJICHHIO KOHKYPEHTOCIIPOMOXKHOCTI  YKpaiHCBKOi  HayKH,
(bopMyBaHHIO MallOYTHBOI HAYKOBOI €JIITH KPATHH.

OpHiero 3 HallePeKTUBHIIKX (HOPM HAYKOBO-IOCIHIIHOIT AISUTBHOCTI YUHIB €
Mana akanemis Hayk (MAH), sxa cnpusie po3BUTKY IOCHIIHHUIIBKUAX 3710HOCTEN
IOHMX HayKOBIIB, ()OPMYBAaHHIO HABUYOK BEICHHS HAYKOBOTO JOCIIIKECHHS,
aHayi3y OTPUMAaHUX PE3YNbTATIB, iX 0OPMIIEHHS, PO3BUBAE BMIHHS TPE3EHTYBATH
BJIaCHI 3/100yTKHU, (GOPMYIOUM HABUKH KOHKYPEHTOCIIPOMOXXHOCTI, BMIHHS
BIJICTOIOBATH BJIACHI norsian. Y Mexax MAH cTapiiokiacHUKH NpOXOoJsATh MepIi
€Tany CTAaHOBJICHHS SIK HAYKOBIII.

[IpiopuTeTHUM BEKTOPOM OpTaHi3allli HAyKOBO-IOCIAHHUIILKOI ISITEHOCTI
fonnx HaykoBmiB € STEAM-ocBiTa, 30pi€eHTOBaHA Ha BHHAXIJHUIITBO Ta
iHHOBaTUKY. STEAM TexHOJIOril CTBOPIOIOTH ONTHUMAJIbHY HAyKOBY ILUIATQOpMY
JUIS. YYHIBCBKHMX JIOCHTIKEHb, aJPK€ JO3BOJISIIOTH 1HTETPYBAaTH 3HAHHS PI3HUX
JUCITUTUIIH, TIPOBOJIMTH PI3HOMAHITHI JTOCIIIA, TE€HEPYBATH HOBI 171€1, CTBOPIOBATU
Cy4acHI BUHAXOJIH.

AxtuBHe BrpoBakeHHs STEAM- ocBiTH B ymoBax ctaHoBiieHHs HoBoi
YKpaiHCHKOI KO Bi0yBaeThes uepes3 peanizanito STEAM npoekris.
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[Ipoekt sik 3aci6 peamnizaiii STEAM-0CBITH [03BOJISIE OpPraHIYHO IHTETPYBATU
3HaHHS Y4YHIB 3 PI3HUX AUCIUIUIIH TiJ Yac PO3B’S3aHHsS peaJbHUX MPoOJeM,
0OyMOBIIIO€ 1X MPaKTUYHE BUKOPUCTAHHA, TEHEPYE MPU LIbOMY HOBI 171€i, hopmye
BCl HEOOXIiTHI JKUTTEBI KOMIIETEHINl, 30KpeMa, MOJIKYJIbTYPHI, MOBIICHHEBI,
iHpopMaIliiiHi, comianbHi [1; 6]

TexHonorii € caMe TUM HaBYAJIBHUM MPEAMETOM, SKUM sIKHaWKparie
JIEMOHCTPY€E 1HTETpaIlil0 3HaHb Ta BMiHb YYHIB 3 PI3HUX MpeaMeTiB. BukoHyoun
poOOTy HaJa KOXHHUM HaBYAJIBHUM IIPOCKTOM YYHSAM IIOTPIOHO CaMOCTIMHO
CIIPOEKTYBAaTH MalOyTHIN BUPIO, IPU IIbOMY BUKOPUCTATH 3HAHHS 3 MAaTEMAaTHKH,
¢bi3uku, Ximii, iIHPOpPMAIIIITHUX TEXHOJIOT1, MUCTEITBA, O10JI0TI1 3a /ISl CTBOPEHHS
(GyHKIIOHATIBHOTO, MIKAaBOIO Ta HOBOro BUpPOOy. Y TakoMy BHUNAIKYy Y4HI
BOAUYarOTh J1€BUM 3B 30K TEOPIi 3 MPAKTUKOIO YKUTTSI.

STEAM mnpoekTu MOXYTh MaTH SK HABYAJIBHUU TaK 1 €KCIIEPUMEHTAIBLHO-
JOCTIAHUIBKUN XxapakTep. [CHYIOTHh TEBHI BHMOTM IMOAO peaji3alii Takux
MIPOCKTIB: MO-TIepIe, TeMa MPOSKTY MOBUHHA OyTH aKTyaJlbHOIO Ta KOHKPETHOIO,
CIPSIMOBAHOIO Ha BHUPIIIEHHS BU3HAYEHOT TPOOIeMU; MO-APYyTe, YUUTENb BUCTYIIA€
KEpIBHUKOM, OPraHi3aTopoM, KOHCYJIbTAaHTOM, THIOTOPOM MPOEKTY, TOOTO HAIILIIOE
poOOTy y4YHIB B MOTPIOHOMY HANpsSMKY, aj€ HE BTPYYAEThCA B CaM IPOILEC
JOCIIIJIKEHHS; MO-TPETE, MOTPIOHO CTBOPUTH HEOOXIJHI YMOBHU JIJIsi IPOBEICHHS
YYHIBCBKOTO €KCIIEPUMEHTY,3BHYAafHO, HAWKPAIIle MaTH CIICIiaJIbHO 00JIaIlITOBAHY
STEM naGoparopito, xo4a MOXHa 1 OOMEXKHUTHCS 3a0e3MEUYCHHSM JIOCIITHUKIB
HEOOX1THUM OO0JaJHAHHAM; T0-YETBEPTE, B IMpolieci poOOTH HAJl MPOEKTOM Yy4HI
MOBMHHI CaMOCTIMHO 3aCTOCOBYBaTHM Ta BMITH IHTErpyBaTH 3HAHHS 3 pIZHUX
HAayKOBUX Trany3ed ab0 HaBYaJbHUX MPEIMETIB, aHaJi3yBaTH OTPUMaHy
iH(dopmarllito, poOUTH BJIACHI BUCHOBKH, 1 HAOCTAHOK, MIJICYMKOM OYIb-SIKOTO
STEAM npoekty moBuUHEH OyTH MPAaKTHYHUN Pe3yJibTat, BUPIO, CIPSIMOBAHUN Ha
BUPIIIEHHST 00paHOT MPOOJIeMH.

Ha croromni BeamdesHa yBara JepiKaBH, ITANPHEMIIB, MEIICHATIB MPUKYTa
JI0 BUSIBJICHHS Ta MIATPUMKH TaJaHOBUTOI HAayKoBOi Mouioni. BimamoBimHo, mis
YUYHIB BIJIKpUBAIOTHCA ILIMPOKI MOKIJIMBOCTI: Y4acTh y KOHKypCax Ta HayKOBO-
TEXHIYHUX BUCTABKaXx, peaii3allisi HAyKOBO-JOCIIITHUIIKUX TIPOrpaM, KOHKYPCH Ha
OTPUMAaHHS IPAHTIB.

B Vkpaini Taka cucrema modania po30yJOBYBaTHUCS JOCHTHh JIaBHO.
Hampuknazn, Manoro akagemiero Hayk Ykpaiau y 2000 pori Oynia 3anmpornoHoBaHa
neparoriuna cuctema «lllkoma — MAH». Ii ocHOBOIO € aBTOpchbKa METOAMKA
CeiTnann butoyc — kanaujata NeJaroriyHUX HayK, 3aBiyBaykd HAyKOBO-
JOCITITHOT eKcIepuMeHTanbHoi Jaboparopii — ¢umi HI[ «MAHY» «Metonuka
JTUHAMIYHOTO MOJEIIOBAaHHS, a00 J{0CIITHHUIBKI JTaHITFOMKKI).

HacTtymHUM KpOKOM pPO3BUTKY IIBOTO TMPOEKTY CTAJIO CTBOPECHHS Gimii —
HayKOBO-JIOCIIAHOT €KCIEepUMEHTalbHOI Jlabopatopii. Takoxk, abu MiABUIIUTH
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edekTuBHICT, 3anpoBajkeHHs «llIkomm — MAH» 1 3amyduTd KOXHOro 3
YKpaiHCBKMX IIKOJIApiB A0 Manoi akaaemii Hayk VYkpaiHu, OyjJ0 CTBOPEHO
cucremy STEM-ocBiTu mix Ha3zBoo «MAH-IOHI0pY.

3a miero cuctemoro koHKypcu «MAH-IOuiop Epymut» 1 «MAH-IOniop
JlocnmimHUK» TPOXOATh 3a HOMIHAMISAMU «TexHika», « AcTpoHOMIsT», «EKOIOTisN
Tta «lctopis». Ha I etami yuHi OTpuMyIOTh MOTHBAIlil0 JO Mi3HAHHS B IEBHIH
rajxysi, pO3IIMPEHHs CBITOTNAMY, a Hampukiaii Il eramy, HaOyBIIM TEBHUX
JOCIIITHULBKUX HaBUYOK, CTBOPIOIOTH 3aBeplieHuil npoekt. 3a 10 poxis
3arpoBa/KeHHsT KOHKypciB «MAH-IOHiop» He Tinbku chopMyBaBcs NEBHHIMA
nepesik MUTaHb MO0 OpraHi3allli MOIIyKOBOI AiISNIBHOCTI YYHIB, a i yTBOpHUIacs
CIIJIbHOTAa BYUTEIIB Ta IXHIX Y4HIB, sIKI MOCTIHHO O€pyTh aKTUBHY y4YacTh Y
KOHKYpCax.

VY4H1 HAIIOro HABYAJIBHOTO 3aKJIaay € MOCTIMHUMH YYaCHUKAMH KOHKYPCY-
3axucty MAH Ta HeonHOpa3oBO cCTaBaau MNEPEMOXISIMU Ha pI3HUX eTanax,
30kpema y cekiisix «TexHika», «MuUCTEUTBO3HABCTBO» ( Ti CEKIii, J¢ Yu4Hi
OpalIOTh 3 YYUTEIEM TEXHOJOTIH SK HAayKoBUM KepiBHUKOM). KoxHa
JOCITIIKYyBaHa poOOTa € YHIKAIBHOIO Ta HAYKOBO-3HAUYUMOIO, aJ[KEe YUH1 0OMPaIOTh
aKkTyasbHI1 1ikaBl TeMH. [IpiopUTeT HaJaeThCsA PO3IIIAAY THX MUTaHb, K1 3HAXO]b
BIITOJIOCOK Yy BJIACHIM TBOPYOCTI Y4HIB( HampuKiIad, po3poOKa YCTAHOBOK IS
BUpPOOITKY TemJla YW BHUIOTOBJICHHS peyed 13 HemoTrpedy, AK HOBUM HarpsMm
nu3aiiHy). TakoX 3HaYHa YyBara Y4YHIB MPUIUISETHCS BUBYEHHIO 0a30BOTO
npeaMeTa 3a A pe3yIbTaTUBHOTO HAIMCaHHS KOHTPOJBHOI poOOTH Ha KOHKYpCI
(y cekii «TexHiKay — MaTeMaTHhKa, «MHUCTELTBO3HABCTBO» — YKpaiHCbKa MOBA).
Hns  edexTuBHOT  opraxizaiii  HayKOBO-IOCTIJHUIBKOT  JISUIBHOCTI MU
BukopuctoByemo STEAM TexHoinorii, $Ki JO3BOJISIIOTH 3 PI3HUX CTOPIH
MPOaHaJI3yBaTH MPOOJIEMY JOCIHIKEHHS, IHTETPYIOUrd HEOOX1/IHI 3HAHHS YYHIB 3
pI3HUX MpeaMeTiB. Y mporeci poOOTH HaJ BIACHUM HAYKOBHUM JOCHIIKCHHSIM
y4Hi 31€01IbIIOr0 TpaIooTh Haa BiacHUM STEAM npoekToM, pe3yabTaTu sIKOro
CTalOTh MIATBEPIKEHHS HAYKOBHX TIMOTE3 YYHIBCHKOI JOCIITHUIBKOI pOOOTH.

OxkpiM ydacTi y KOHKYPCI-3aXUCTl HAyKOBO-IOCTITHUIIBKUX poOi MAH nHami
yuHi npeacTaBisitoTh cBoi STEAM mnpoekTu Ha pi3HUX KOHKypcax. Tak, 1Ba poku
MOCTUIb TaJaHOBHUTA YYHIBChKA CHUJIBHOTA HAIIOi TiMHA31i MpEACTaBisie€ CBOI
STEAM mnpoektu Ha BeceykpaiHCbKOMY KOHKYPC1 €KOJIOTTYHUX MPOEKTIB, KOMIKCIB
Ta ece HallloHaTbHOTO TEXHIYHOTO YHIBEPCHUTETY «XapKIBCHKUW MOJIITEXHIYHUN
THCTUTYT», 3a pe3yJibTaTaMU SIKOr0 MarTh HaWBHUII BigzHaku /y 2019 porti Oyro
MPEACTABICHO OMUH TPOoeKT - 1 wmicme, y 2020 pomi Oyno mpencraBieHo 3
YYHIBCHKI TTPOEKTH, BIAMOBIAHO Maemo nBa 1 micis Ta omne 2 micie/. TemaTuka
MPEICTABIICHUX MPOEKTIB 3YMOBJIEHA PSJOM EKOJOTIYHUX MPOOJIEM ChOTOJICHHS,
[0 MOXYTh OyTH BHUpIIIEHI B MeEXax MiCTa, 3akjiaay, JIOMOrOCHOJapCTBa.
Hanpuknag, B OIHOMY 3 TpPOEKTIB Y4HI 3alpONOHYBajld  BJAcHE pIIIEHHS
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MOBTOPHOT'O BUKOPUCTAHHS HEMOTPIOHMX peuel 3aiisl MOJIMNIIEHHS 0JaroycTporo
MiCTa, MPHU I[bOMY IOHHMMH HAYKOBIIMH Oyjiau po3poOJieHI eKCIepUMEHTaIbHI
MOJieJIl TaKuX BHPOOIB, MMPOBEIECHO MPAKTUYHI BUMIPOOYBAHHA. Y MOJAJIBIIOMY I
MIPOCKTH MOKYTh CTaTH OCHOBOIO ISl HAITMCAHHS HAYKOBO-IOCIIITHUIIBKOT POOOTH
MAH.

OpHe 3 OCHOBHUX 3aB/laHb CyYacHOI IIKOJM — CTBOPUTH YMOBH JIJIS
PI3HOOIYHOTO PO3BHUTKY IMIJAPOCTAIOYOr0 IMOKOJIIHHS, 3a0€3MEeYUTH aKTHBI3AIIIIO 1
PO3BUTOK 1HTEJIEKTY, IHTYIlli, JIErKOi MNPOAYKTUBHOCTI, TBOPYOTO MHUCIIEHHS,
peduiekcii, aHaNITUKO-CHHTETUYHHX YMIHb Ta HABUYOK 3 YpaxyBaHHSIM
MO>KJIMBOCTEH KOKHOT AUTHHU. CydacHI METOIM HaBUYaHHS 3a0€3MeUyIOTh aKTUBHY
B3a€EMOJIII0 YYHIB 1 BUWTENsd B HaBuajbHOMY Tiporeci. Peamizamiss STEAM-
MPOCKTIB CHPHUSE PO3BUTKY HAYKOBO-IOCIIIHUIILKOI MiSUTBHOCTI  YYHIBCHKOT
MoJ10/11, 30KkpemMa, B ocepeaky MAH. Bupoamxenus STEAM -ocBiTy € BaroMum
BEKTOPOM po3BUTKY HOBOI yKpaiHCBhKOI IIKOJM Ta MailOyTHBOTO MiAPOCTarOYOro
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 (lIoT) 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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Jlapionos M.O. nayu. xep. A.T.H., mpod. KoBaneBcekuit C.B. (Jonbacvra
depaicasna mawunooydiena akaoemis, Ykpaina)

CIIOCIb AMHJIITYI[HO—BIBPAIIII?'IHOFQO SMIHHEHHA POBOYUX
ITOBEPXOHbB JETAJIEM MALINH

3anpononosano 6ucnadHiCysaus, AKUL GUKOHYE CKAAOHI pyXu IHOeHmopd, wo 003605€
posuwupumu 0ianasoHn 3HA4eHb WOPCMKOCMI ma MIYHOCMI NO8epXHi, o 00pobsiembes ma
3MEHUWIEHHSI eHepP2OEMHOCMI npoyecy 3 OOHOYACHUM NIOBUUWIEHHAM NPOOYKMUBHOCMI mMda
EeKCNIyamayitiHux XapaKmepucmux 0emarni

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

Iness BigHOCUTBCA A0 Traly3l TEXHIKM, a caMmMe J0 TEXHOJOorii oOpoOku
po0OYMX MOBEPXOHb CTANEBUX AETaICd. AHAIIOTOM 1HCTPYMEHTA € BIOpOHAKATHUN
BUTJaKyBayb. [Iporec oOpoOku mossirae B TOMy, IIO0 BiOpallii pi3lerpuMaua
BUKOHYETbCA  €JIEKTPOMEXaHIYHUM  BIOpaTOpOM, YacTtoTa  SKOTO  MOXKE
perymoBaTHCs. AMIUIITYla KOJWBaHb pi3liEyTpUMyBada, a Jajil BHUIJIAHKyBaya
3aJIEKUTh BIJ BEITUYMHU EKCLIEHTPUCUTETY 3MIHHOTO KyJadka
eqeKkTpoMexaHigyHoro BiOpatopa [1]. Hemomikom € BmmB BiOpamiii Ha Bce
TEXHOJIOTIYHY CHUCTEMY, 110 BKJIIOYA€E CYNOPT, pi3lieyTpuMyBaub 1 BepcTary. llpu
IIbOMY Ma€ MicClle HH3bKa JOBIOBIYHICTH €JIEKTPOMEXaHIYHOro BiOpaTopa 3
EKCIICHTPUCUTETY BCTAHOBJIICHUM KYyJIA4YKOM Ha Bajly €JIEKTPOJIBUTYHA.

3a OpOTOTHUN MPUUHATO TPHUCTPIA BIOPAIIMHOTO CTATUKO-UMITYJIHCHOTO
BurinamkyBans [2]. IlepeBaramMu 1HCTPYMEHTY TMPOTOTHUITY €. PEryJIIOBaHHS
aMIUTITYIA sIK€ 3AIMCHIOETHCA IUIAXOM 3MIHM BEJIWYMHU 3ap03y MK BIUIBHUM
KIHIIEM XBWJIbOB1/1a, a 3a0€3MEUCHHSIM BIOPO PYXY 3 allITY010, 110 3/11HCHIOIOTHCS
3a paXyHOK IMITYJIbCHUM HABaHTAKEHHAM Ha 000K a00 XBUJIHOBIJI.

J1o HeOMIKIB MPOTOTHUITY CITIJ BITHECTH CKJIAJIHY KIHEMATUKY, OOMEXKEHICTh
TUITIB JieTajel MallliH, 110 00pOOJISIOTHCS.

CX0XICTh 3 3alpONOHOBAaHUM CIOCOOOM Ta NPUUHATUM HPOTOTHUIIOM
ABJIAEThCS: BIOpalii, cxoxkl 3a (OpPMOIO CKIAAHI PYyXH I1HACHTOpA, 3HUKEHHS
HIOPCTKOCTI 00pOOIIOBAIBHOT MOBEPXHI Ta BEJIMYMH aMIUTITY/IU 1HAEHTOPA.

3ampomoHOoBaHa ~KOpPHUCHA MOJENb  ySBIsIE COOOK  BWIJIA[KYBayb.
[HCTpyMEHT CTBOpEHHMI 3 KaTyUIKU y KOTpid KUIbKICTh BUTKIB 880, a maiamerp
MITHOTO JpoTy ckiagae 0,8 MM, KUl HAMOTaHHWI Ha KOpmyc iHAeHTopa. [lomauero
3MIHHOTO CTPYMYy Ha KaTyIIKy YTBOPIOETbCS 3MIHHE MarHiTHE IoOJie, IKE B CBOIO
Yepry yTBOPIOE MIKPO aMIUTITY/IHI BiOparrii.

OOpoOka BUKOHY€ThCS HACTYHMHUM YHHOM: 3aroTOBKAa 3aKpIIUIIETHCS Yy
MaTPOH BEPCTATa, MOJAETHCS IHCTPYMEHT A0 OOpOOIIOBAHOI MOBEPXHI MMiJI KyTOM
75°. B pe3ynbrari 1UX Iiid YTBOPIOIOTHCS MIKpO BiOparlli, iHACHTOp 3I1HCHIOE

81



CKJIaJIHI PyXd Ha poOOUiil MOBEPXHI JeTall 1 YTBOPIOE YMOBH JIJISi BUHUKHEHHS
HaHO-1IapYy.

3 BUKOPHUCTAHHSAM MIKpO aMIUTITYJHOTO-BIOpAI[ifHOTO BUIJIAKyBaya, MpU
AKOMY OOpOOKa BHKOHYETHCA IIOJAaU€i0 3MIHHOTO CTPyMy Ha OOMOTKY sKa
CTBOpEHA Ha BUTJIA/XKyBaui. 3aBAsKH 3MIHHOMY PE30HAHCY CTPyMY KU MOCTyIae
Ha OOMOTKY BWIJIQJ)KyBaua yTBOPIOETHCS 3MIHHE MAarHiTHE I0JIe, 3aBJISKH SIKOMY
THCTPYMEHT 3/11MCHIOE MIKPO aMILTITyIH1 KOJUBaHHA (puc.l).

Pucynok 1 — Cxema pyxiB 3alipOIOHOBAHOT'O IHCTPYMEHTY

Konu yTBOprotoThcs Mikpo BiOparlli iHACHTOpP MOYMHAE CKJIaJHI KOJOBI
pyxu 3 mo po0Oo4oi MOBEpxHI JeTani 2, MmO 1 3MIHIOE JMCIOKAalll0 3€peH Ha
MOBEPXHEBIN IIapy Jerajii, 1 TUM CaMUM YTBOPIOE HAaHO MOBEPXHIO 1. 3Moxke
3aCTOCOBY€ETECS Ha BepcTarax yHiBepcaibHux 13 YIIK.

3acToCyBaHHS TPOMOHOBAHOIO CIOCOOY [03BOJIIE PO3LIMPUTH Jl1ara3oH
3HAUEHb IMIOPCTKOCTI Ta MIIIHOCTI MOBEPXHIi, IO OOPOOISETHCS Ta 3MEHIIEHHS
€HEproeEMHOCTI TPOLECY 3 OJHOYACHUM MiJABUIICHHSAM NPOAYKTUBHOCTI Ta
eKCIUTyaTaI[lfHUX XapaKTePUCTUK JETaTi.

JIITEPATYPA
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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 Al203 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.
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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, Ilvana 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)}w (1),
{[Ag(H2BTC)(L)]*(H3BTC)}x (2), {[Ag2(H2BTEC)(L)2]*3.33H20} (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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UDK 620.925

Pero Skorput, Sadko Mandzuka, Sasa Bermanec, Hrvoje Vojvodic. (University
of Zagreb, Faculty of Transportation and Traffic Sciences)

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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DDK 631.34
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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UDK 658.7
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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UDK 621.38
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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UDK 624.04
Stoja Reskovic, Tin Brlic, Filip Skender. (Metalurski fakultet Sisak)

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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YK 621.83, 621.9.04, 621.9.08

Cap:xkeBcbkuii O.C., Hayk. kep. A.T.H., npod. Kosanescokuit C.B. (/Jonbacvka
depaicasna mawunooydiena akaoemis, Ykpaina)

KOHIEIIIISI IHHOBAIIMHOI' O MEXAHOCKJIAJIAJIBHOI'O IIEXY
3 BUPOBHULITBA BY3JIIB ITPECIB 10 20 T.

B cmammi 3anpononosani memoou noxkpawjeHHs mMoYHOCHI, AKOCMI CKIA0AHHSA md
KOHMPONI0, HA OCHOGI BUKOPUCMAHHA MEXAHI3MI6 KIHeMamuku napaieivHoi cmpyKkmypu
(MKIIC) 3 wicmboma wmaneamu ma 3 pisHUMU KOMHOHOGKamu wmane. Ilposedeno
MamemamuyHe MOOeNI08AHHSI 8 npoyecopi excel O BUBHAYUEHHA MOYHOCMI KOMNCHOI 3
KOMNOHOBOK.

B cydyacHuX ymoBax puHKY, BAPOOHUIITBO MOBUHHE MIAJIAIITOBYBATHUCS MiA
puHkoBuid monuT. Ha oOnamHaHHI K€ BUKOPHCTOBYETHCS MailKe HEMOMJIHBO
NepeialTyBaTH B Majll CTPOKH BUPOOHUIITBO, Mij 1HII TUIIK BUPOOiB. Ha nanomy
eTari BepCTaTH HalAIITOBaHI Ha BY3bKUM PO3MIPHUN A TAPABIIYHUX IIUITIH/PIB,
K€ MOKE 3/IIIICHIOBATH BUPOOHUIITBO.

CygacHi OararoniiboBi BepcratHi Komiwiekcu 3 UIIK  mo3BosisroTh
pO3MUPUTH (PYHKITIOHAIBHI MOJIMBOCTI, IO BIJKPUBAE HOBI MOXJIMBOCTI IS
BUpOOHMIITBA. BOHM CIpusitoTh 30UIBIIMTH HOMEHKJIaTypu BupoOiB [1, 2, 3].
CydacHi BepcTaTd MaroTh J0AaTKOBI GYyHKINT (pe3epyBaHHS, CBEPIJIIHHS IS
TOKApHHUX ONepalliid, 11e A03BOJISI€ BHUITYCKaTH BEIIMKUN CIIEKTp BUPOOiB[4, 5, 7].
PosrisiHyBmM feTani MpeACTaBHUKH ,JIPOTIOHYETHCS 3aMIHUTH  00JIaHAHHS
0a30BOro TEXHOJIOTIYHOIO TMPOIECY, B pe3yibTaTl Oy/1e KOHIIEHTpAIlis Oreparii,
IHYYKICTh BUPOOHUUTBA [6, §].

Jlnst 3a0e3meyeHHs] TEXHOJIOTIYHOI THYYKOCT1 JOIUIBHO B POOOYUX MICISAX
CKJIaJlaHHSI BUKOPUCTAaHHS TexHojoriyHoro oOnaaHands 3 MKIIC (mexanizmu 3
napajiebHOI0 KIHEMAaTHKOI CTpyKTypH) [8, 9]. B pe3ynbrari migBUILEHHS
THYYKOCTI BHUPOOHMIITBA, 3MEHIICHHS IIUKIY TMPOAYKIII IO BUTOTOBISETHCA,
3MEHILECHHS MPOJIEKYBaHHs JETalll ,TAKUM YMHOM OyJie 3HM)KEHa CcOOIBapTICTh
npoaykii [8-10, 12].

JIns mokpaleHHs sIKOCT1, 3MEHIIEHHS Yacy CKJIaJlaHHS T1APOLMIIIHIPIB Ta
KOHTPOJTIO 1X CKJIQJaHHs 3alpONOHOBAHO JIeKIbKa BapiaHTiB KoHCTpYKIlid MKIIC
3 HIICThOMA aKTyaTOPaAMH.
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a)3x3; 0)3x6; B)6x3; 1)6X6.
Pucynok 1 — Komnonosku MKIIC

Pucynok. 8 — 3aransuuii Bun MKIIC

3anpononoBaHo Bapiantu mo0ynoBu MKIIC. Jlng 1poro mnopiBHAEMO

MOKa3HUKMA KOHCTPYKIIi Takl SK: >KOPCTKICTh, pO30Ir KOPCTKOCTI,IOKA3HHUK
PIBHOMIPHOCTI.

Tabmuusg 1 — Ioka3zHuku sxopctrocTi komnonyBanb MKIIC

Mo 3H Bua
Mokas3HUK a4 KOMMOHYBAaHHSA
3x3 3x6 6x3 | 6x6
e H
H A
WopcTkicTb, x108  Jyy, 75 69 69 66
H/wm
Pos3bir Ox.y.z 29 35 35 38
XopcTKocCTI, x108
H/m
[ToKa3HMUEK Je 231 086 1210 -
PIBHOMIPHOCTI

3 ornsiay Ha faHi Tabdn.l mms po3paxyHky noxuOku 6-tu akryatopiB MKIIC
MaTeMaTUYHOMY TMpoIlecopl excel 3amponoHOBaHO BHJ KOMIIOHOBKH 3X6 s
npoliecy ckiagaanHs Ta 3x3 s mporecy KoHTposo [7-12].

Hns po3paxynky noxuOku 6-tu akryaropiB MKIIC 3npificHuMo mepexman
JIEKapTOBUX KOOPJMHAT B MOJIApHI. [[7151 11bOro ckopucTanuch GopMyIamMmu:

o=V (1)
+ [
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Pucynok 3 — Cxema 6-Tu akTyaTopiB
Jlisi BU3HAYEHHS TOYHOCTI MPUUHATO cXemy 3 6-Tu aktyatopiB (pwmc.3).
Touku A(x;y) , B(x;y), C(x;y) Bepmmnnau miatdopmu, ae npuennyrorbess MKIIC.
Kyt ¢° - kyt Haxuiny MKIIC no BiJHOIIEHHIO JIO TUIOIIMHU OCHOBHU.

1011,187 a®= 81,4692
1044,031 a®= 73,3008
1011,187 a°= 81,4692
1011,187 a®= 81,4692
1044,031 a®= 73,3008
1011,187 a®= 81,4692

loTos0 IEI 1009

Pucynoxk 4 — Po3paxyHOK IOBXKXHH 6TH aKTyaTOpiB

[To pospaxynky mnoxuOku 6Tu aktyatopiB MKIIC B excel orpumanu
pesyabTat Ha puc.4.4. Onuparouuch Ha CXeMy puc.3 3HaWIUIM B excel mpoekIlito
6TH aKTyaTopiB, IJI1 4Oro OYyJI0 pO3paxoBaHO JOBKUHU aKTyaTOPIB MPU 3aJaHUX
BUXIJTHUX PO3Mipax:

Bucora 1000 mm;
Paniyc mnardopmu 200 mm;
Paniyc ocoBu 500 mm.
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Cnupatounce Ha pospaxyHku MKIIC B excel BuzHaumim mnoxuoKy
NEepeMIIEHHS] BEPIIMHU 3’ €JHAHHS aKTyaTOpIB B JEKapTOBIHA CUCTEMI KOOpIUHAT
JUTSI OC1 X Ta Y.

A B

0.0 0,01

0,01

0,01 E 0,01

0,01 0,04

0,01

D 0,01

Pucynox 5 — [Toxubka IUCKPETHOCTI MEePEeMIIICHHS

O =JA+ )
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Pucynox 6 — I'padiku HopmanbHOTro po3noauty nmoxudku MKIIC mo ocsim X Ta 'y

O0p = v O 4
+ O
J
O
00; = v Oo° ©)
+
= J
;
0,01 - tg ¢ =
Ax
(5)
Aoc= 0, 01
Ax = ALJ - tg ¢
< A
P1 P2
1,00 1,00
0.90 // f 0,90 = —
0,80 /] 0,30 /|
0,70 // 0,70
0,60 0,60
E 0,50
o0 A o /
 — o -
0,10 /4 ‘ ‘ 0,10 /
0,00 XAw 0,00
X An 1 2 3 4 5 6 7 8 9 10 1 2 3 4 5 6 7 8 9 10
6c

Pucynok 7 — I'padiku posnoainy noxudku MKIIC
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Jns  omeparnii ckiagaHHa OyJio  pO3paxOBaHO JIONMYCTUMY TOXHUOKY
BUTOTOBJICHHS, a TaKOX JUIs orepallii KOHTpoIto ckianae 66 < 0,01mMM, Tak K Ha
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puc.2.6 npu HaKIJIaJIeHH] rpadikiB HOPMaJILHOTO PO3IMOLIY B OLIBIIOCTI BUIAJIKIB
He BpaxoBytoun Opak urorosiieHHs MKIIC nmoxu6ka ckiaze 66 .

[Ipote kepyroda cucTemMa Ta KIHEeMaTH4YHI 3B’ I3KW KOMIICHCYIOTh HETOYHICTh
BUTOTOBJICHHSI.

[Ipu nerampHOMY PO3TJISAl BILIMBIB IIPH NIEPEMIIIICHH] B IIOIMIMHAX XY, XZ Ta
yZ KIHEMaTHYHHX 3B’S3K1B Yy BIAMOBIIHUX HaMpsSIMKax MEepeMilleHsb 1o X,y ado z Ha
111 MIEPEeMIIICHHS BIUIMB BiJl KIHEMAaTUYHUX 3B’SI3KIB B 1HIIUX IJIOMIMHAX MEXaHI3MY
MaTUMyTh XapakTep BIUIMBY 3a 3aKOHOM HOPMAJbHOTO PO3MOJUTY MpHU
BIITBOPEHH1 PyXy KPHUBOJIHIHHOTO XapaKTepy IO BIAHOIICHHIO O MOYaTKOBOTO
HANPSMKY pyXy IO OfHIH 3 ocelt Xyz.

BucnoBok
B craTTi 3anponoHoBaHO METOJM MOKPAILEHHS! TOYHOCTI, SIKOCT1 CKJIQJaHHS
Ta KOHTPOJIIO Ha OCHOBI BUKOPHUCTAaHHS IHHOBALIITHUX MEXaHI3MIB KIHEMATUKH
napaiensHoi  ctpyktypu (MKIIC) 3 mrictboMa akTyatropaMu Ta PI3HUMHU
KOMIIOHOBKAMH aKTyaTopiB. B poOOTI 0Ka3aHO 1O cyMapHa JHMCKPETa MEHbIIE
JTUCKPETU aKTyaTopa.

JIITEPATYPA

1 Peanizayisn ronyenyii KapKACHUX KOMHOHOBOK 6epCMAMI8 3 MEXAHIZMAMU NaApalebHOl
cmpykmypu / FO. M. Kysueyos, /. O. /[mumpies, B. b. @ipancokuii, O. O. Cmenanenxo //
Hayxosi ¢icmi HTYY «KIIl». —2012. —Ne 1. — C. 104-111

2 Kysneyos FO. H. Komnonosxku eepcmamis 3 mexanizmamu napaiienvhoi cmpykmypol / FO. H.
Kysueyos, /l. A. /[mumpies, I'. E. /{inesuy

3 Cnisaxosckuii A. O., [H’suxos B. K.Tpaucnopmysanvui mawunu NOCIOHUK — Osl
MawunoOyoigHux 3axnadis., 1983.—487 ¢

4 https://tst.stu.cn.ua/tmppdf/92.pdf ,unmezposani mexnonoeii 6 mawurnobyoysanmi

5 https://mash-xxl.info/info/499768/ ,macnimno-ciopasniuni wmoexaui muny MOH
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VIK 621.74

Cumox /.M., nayk. kep. A.T.H., mnpod. Kosanescekuit C.B. (Joubacvra
depaicasna mawunooydiena akaoemis, Ykpaina)

PO3POBKA PEKOMEHIALII 3 BABOPY CKJAJTY IIIUXTH TA
PEJKAMIB IIJIABJIEHHSI HA OCHOBI HEOBXIJTHUX ®I3UKO-
MEXAHIYHUX BJIACTUBOCTEM

Y cmammi pozenamymo npobremy pecypcoeEMHOCMI VHIKANIbHUX CHIABI6 MA MOMCIUBI
winaxu piuenns. CmeopeHo aneopumm MoOent08aH s Ha OA3UC HetiPOMepPeHCi.

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 3aBIaHHA OYIb-SIKOTO METaJyprifHOro NpoIEeCy — OTPHUMAaHHS
pO3IUIaBy 3aJaHOTO XIMIYHOTO CKiIaay W (i3MKO-MeXaHIYHUX BiactuBocTed. Lli
BUMOTH JIOCATAIOTHCS NUIAXOM (OPMYBAaHHS CKJIaAy IIUXTH W 31ACHEHHS
TEMIIEpaTypHUX 1 YaCOBHX PEXUMIB METalypriiHux npouecis. IIpu npoMy BoHM
3aJIe’KaTh BiJ 00paHOro cmocoOy 3A1MCHEHHsS IUIaBKU W THIIB KOMIIOHCHTIB
CUPOBUHHU. {151 OTpUMaHHS BIIOMUX MAapOK CTaJll BAKOPUCTOBYIOTh BIJIIPallbOBaH1
TEXHOJOI1l, $KI € pe3yJIbTaTOM peTeNIbHUX Ja00paTOpHUX JOCHIIKEHb 1
JIOBFOTPHBAJIOT0 BUPOOHUYOTO a0ocBiay [1, 2, 3].

[Tpouec 1uIaBKM MeETally € PECYpCHOMICTKMM, TOMY BUKOPHCTAHHS
JOBIIHUKOBUX JaHMX JUI1 BHIUIABKM BIJOMHX MapoK CTall € eJIeMEHTOM
pecypco3oepexxeHns [4, 5]. Onnak, mg mpodiieMa akTyali3yeTbCs JJIsl TeXHOJOTIi
BUILJIABKU YHIKAJIbHUX CTajiel, SIKi CTBOPIOIOTHCS Ha 0a3i paHille BIIOMUX CIUIaBiB
3 JI0JaBaHHSM HOBUX JIETYIOUMX €JIeMEHTIB. Takuii mpouec BUMAarae 4acoBHX
3aTpaT, NPOBEJAEHHS AOPOTUX JIaDOpAaTOPHHUX AOCTIIKEHb 1 MPOOHUX IUIABOK Y
BUPOOHMUYUX YMOBAX, IO € HepeHTabenbHUM. Lle mpu3BoANTH 10 GAaraTOKpaTHOTO
30UTBLIEHHSI BAapTOCTI MarTeplalliB Il MOJAJIBIIOT0 CTBOPEHHS 3 HBOIO PIZHHUX
BUPOOIB.

HeoOxigHO BHUpIIIUTH 3aAady MOIIYKY KOOpPJAMHAT IUJIOIIMHU PAHIIIE HE
BU3HAYCHUX 1 HE JIOBEJICHUX €KCIICPUMEHTAJIbHO i1 BUPOOHMYMM JIOCBIIOM cTajiei
1 CIJIaBiB 3 MOTPIOHUM XIMIYHUM CKJIAJIOM 1 (h13MKO-MEXaHIYHIUMH BIIACTUBOCTIMHU
3a IOTIOMOTOI0 TIPEIIe/ICHTIB METATYpTiiHUX TporieciB (puc.l).
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Pucynox 1 — bararoBumipHuii mpocTip BIACTUBOCTEH BUPOOJICHHUX CTaNIEH 1
CIUIaBIB

JIist BU3HAYEHHS! KOOPIMHAT CIUIABIB, SIKI HE MAIOTh MPELEAEHTIB y TPOCTOPI
«BnactuBocti — TexHonoriss»  mependadaeTbcs  BUKOHATH, HA  OCHOBI
0araToBUMIpHOT ampoKCHMAIlli JOBIIKOBUX JIAaHWUX, MPOIEC HEHUPOCUMYIISIIII.
ABTOpaMHu CTaTTl 3allPOMIOHOBAHO BUKOPUCTATH 1HCTPYMEHTHU HEUPOMEPEKEBOIO
MoJIeTtoBaHHA [6, 7].

Ha BigMmiHy Big BimoMux MeToiiB Spline-ampokcumarii [8], 3acTocyBaHHS
HEeWpOMEpeKEeBOi MOJIeJl, MPU YMOBI 3aCTOCYBaHHS HaBYal4oOi Ta TECTOBOI
MHOXUWH, Ja€ MOXJIMBICTH OTpPUMATH IIyKaHl MOJENi, 10 BOJOIIIOTH
BJIACTUBOCTSIMU 1HTENIEKTyalbHUX po3paxyHkKiB. I[lponeaypa moOynoBU TaKux
Mojiesiel Ha HelpoMepexeBoMy 0aszucl Moke OyTH onucaHa anropuTMoM (puc.2).
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Pucynok 2 — Anroputm o0y 10BU Mojieil Ha 0a3uci HeMpoMepexki
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Sk Oyno 3a3Ha4yeHO paHillie, CTBOPEHHS HOBO1 TEXHOJIOT1i METaIypriiiHOTO
MPOIIECYy BUMAarae 3aCTOCyBaHHsI 6a3u mnpernieieHTiB. OcKiIbKM Taka iHbopMallis €
JUIIE y METaTyprifHUX IeXax, TO CTBOPEHHS HABYAJIBbHOI Ta TECTOBOI MHOXHH
MOJKJIMBO BHKJIIOYHO B YMOBaxX MEBHOTO BI/Ip06HI/II_[TBa 10 Ma€ JIOCBIJ BUIUIABKU
CTaJIe 1 CIUIaBIB. HpHHHﬂTo piteHHS BlI[HpaLILOByBaTI/I ITOPUTM  JUIsL
TEpMOOOPOOKH TOTOBHUX CIUIABIB 3 (Da30BUMHU MEPEBTUICHHSIMHU Y CTPYKTYPI.

BUCHOBKU
VY craTTi po3rasHyTa 3arajibHa MnpoljeMaThka MeTalypriiHuX MpPOIECiB, a
TAaKO’)X CTBOPEHHS YHIKQJIbHUX CTajei 1 CIUiaBiB. 3alpoloOHOBAHO, y SKOCTI
pIlIEHHS, BHUKOPUCTAHHS AQJITOPUTMY HEHPOMEXKEBOTO MOJICIIOBAHHS  JUIA
OTPUMaHHS TEXHOJIOTIYHUX IMapaMeTpiB TuTaBku. Uepes Opak iHdopmalii moao
NPELECHTIB TNPUNHATO pIillIEeHHS BIANPAIbOBYBaTH METOAMKY Ha (Pa3oBHUX
NEPEBTUICHHAX 3€pEH METaIly IiJ1 4ac TEPMOOOPOOKH.

JIITEPATYPA

111



YK 621.79, 621.9

Cobopcbkuii B.O., Hayk. xep. a.1.H., npod. Kosanescekuit C.B. ([onbacvka
depaicasna mawunooydiena akaoemis, Ykpaina)

IMPOILIEC BIBPAIIIMHOI OBPOBKH JETAJIEM B IHHOBAIIHHOMY
TEXHOJIOTTYHOMY KOMILJIEKCI

B cmammi npedcmaeneni npoyecu niosuwenHs epekmusHocmi 8iopoodOpoOKu 36apHUX
KOHCMPYKYiU. Po3ensinymo MonoeanmoHitine HABAHMAICEHs, MaA nepesacu NONIYACHOMHO2O
HA8anmadicens Ol CMaobinizayii ma sMeHWeHHs. OCMAMOYHUX HANPYICEHb.

Ha cyyacHOMy BUpOOHMIITBI BHUPILIYIOTHCS 3aBIAHHS IMiJBHILEHHS OOCATY
BUITYCKY BHpOOIB, aie 31 30epexeHHSIM HeOoOX1IHOI sKocTi. I|HHOBalliiHe
BUPOOHMIITBO XAPAKTEPU3YETHCA BUKOPUCTAaHHSAM (OpM Ta 3aco0iB PO3BUTKY
HaIpaBJICHUX Ha 3HUKEHHS COOIBApTOCTI MPOAYKII Ta ONTHUMI3aIlll KepyBaHHS.
EdekTuBHICTh CUCTEMHOTO MiJIXO/y 3aJIEKUTh BiJl TIOMUTY HA CBITOBOMY PHUHKY,
JMHAMIKY BUPOOHUYHX MPOIIeCiB. PO3BUTOK CBITOBUX PUHKIB Ta 3piCT KOHKYPEHIIi1
BUMara€ BHUIOTOBJICHHS NPOAYKLIi ska Oyae KOpPUCTyBaTHCS IIONUTOM Y
3aMOBHUKIB.

[lepexin BUPOOHUIICTBA HAa BHUKOPUCTAHHS IEPEIOBOrO OO0JaJHAHHSA,
3a0e3nedye MiIbOM MIJNPUEMCTBA HAa BUCOKHHA PIBEHb PO3BHUTKY, IO JIO3BOJISIE
3aXOMUTH HOBI PHUHKU 30yTy, Ta OKYINHUTH BCl BUTPATH Ha TNEPEOCHAICHHS
BUPOOHUIITBA B KOPOTKI TEPMIHH .

BibpocTabinizyroua o00poOka- 1€ MaJOEHEPTOEMKUM  METOJ  3HATTS
3QIUIIKOBUX Harpyr TUTSt crabim3arii F€OMETPUYHUX pO3MIpiB
METaJOKOHCTPYKLIM, MIJABUIIEHHS  MIIHOCTI, JOBIOBIYHOCTI BHpPOOYy Ta
3a0€e3MeUeHHs] TOYHOCTI NP MOAaNbIId MexaHiuHii o0pobui. Meton mossrae B
TOMY 100 CTBOPUTHM B JeTajsix ab0 3BapHUX KOHCTPYKUIAX, €(EKT 3MIHHOI
HaIpyTH 3a JOMOMOTOI0 il BiOparlii , 3MiHHI HAPYTH JTOAAIOTHCS 10 3aUIIIKOBUX
HaIMpyr METAJIOKOHCTPYKIIi, 3aBASKH YOMYy BUHHUKAE €(deKT BiOpPOMIaCTUYHOCTI,
KWW CIpHsi€ 3HIKEHHIO Ta mepepo3noauty Hanpyr. [lnactuuna nedopmariis, 1o
CYNPOBO/KYE IMKIIYHE HABAaHTAXCHHS, MPU3BOIUTH JI0 TMEPEPO3NOALTY 1
BUPIBHIOBAHHS 3QJIMIIIKOBUX HATPYT .

Ane mpu TMOCIIJOBHOMY MOHOTapPMOHIYHOMY HAaBaHTEXKEHHI HAa KOXHIA 3
BJIACHUX YacTOT 30uIbITye dac BiOpocTaOimi3yrodiii 06pooku. [Ipu BukopucTaHi
OJHOTO BIOpPO30yIHHMKA HE JO3BOJISIE JOCSITHYTH PE30HAHCY Yy CKJIaJHOMY
KOpnycHOMY BHp0Oi. ToMy mMpomoHyeThCs 3MIMCHUTH BIOPOOOPOOKY KOMXKHOL
YaCTMHU KOPIIyCy OJHOYacHO. Lle MOXJIMBO mpH MOJIYaCTOTHOMY THHAMIYHOMY
HaBaHTAXEHHI, 110 JO03BOJISIE B IIMPOKHUX Jlala30HaX BapilOBaTH aMILIITYIHO-
YaCTOTHI MapaMeTpu peali30BaHOrO BIUIUBY. [lomi4acTOTHMX HaBaHTaKEHHS
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3a0e3nedyye OJHOYACHE PE30HHPOBAHHE BCIX CTPYKTYPHHX €IIEMEHTIB BHUPOOY,
J03BOJISIIOYM HE TUIBKM CKOPOTHTH dYac BiOpocTabimizyrouid oOpoOku, ane i
MIBUAIIUTH 11 €)EKTUBHICTb.

[Ipu Takomy BuAy cralumi3amidHId OOpOOI MOCTIMHO HEOOXiTHO
BIJICJIIIKOBYBAaTH PE30HAHCHI YAaCTOTH KOJIMBaHb JUISI KOKHOTO BiOpO30yaHHKA
pe3oHaHCHUX mnepexofiB. Jlocsarnytu edexra BiOpoOOpOOKM Ha PE30HAHCHUX
4acTOTaX MOXJIMBO 3aBISKH HHU3bKOYACTOTHOMY JBHUTYHY,Ha BaJ SKOTO
BCTAHOBJIIOEMO MaXOBHK 3 €KCIIEHTPIKOM. OCKUIBKH CYNPOBOKYETHCS 3HUIKEHS
PE30HAHCHOT YacTOTH 3aroToBKH «Kopmycy, BIACTIAKOBYBATH PE30HAHC MOMKJIHBO
3a ponomororw PID-perynsitopa, HamamrToBaHOTO 3a 3MEHBIICHHA 4YacTOTH
oOepTaHHs Baja JBUTYHA 3 BCTAHOBIICHUM Ha HHOTO €KCIIEHTPHYHUM MaXxOBHKOM,
IPU YMOBI OJJTHOYACTHOTO 3HUKEHHS CIIOKUTOTO TOKY.

BucnoBok
TakuM 4yuMHOM, JJi peali3allii 1HHOBAI[IHHOTO BUPOOHMIICBA, IiJBUILICHHS
e(EeKTUBHOCTI TEXHOJIOTIT B1IOpocTaOuIi3ipyromeid 00OpoOKM 3BapHUX KOHCTPYKLIN
MPOIIOHYETHCS BUKOPHUCTAHHS MIOJIIYaCTOTHUX PEKUMIB ITUHAMIYHOTO
HaBaHTA)KEHHS, 110 JO3BOJISE€ 1CTOTHO ITOJIIIIIMTH i1 TEXHOJIOTYHI Ta €KOHOMIYHI

IIOKA3HMKHU.
JITEPATYPA
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CysizoB O.Il., nayk. kep. A.T.H., npod. Kosanescekuit C.B. (Houbacvra
depaicasna mawunooydiena akaoemis, Ykpaina)

CIIOCIB AKYCTUYHOI ITEHTU®IKAIIIL BI3YAJIBHUX OB'EKTIB

Ilocmasneno 3a0avy 600CKOHANEHHS BI0OMO20 CHOCOOY Ol KOHMPONIO PO3MIDI6
demarnei 3a OONOMO20I0 CUCHALY DE30HAHCHUX KONUBAHLb. 3a0aua 6UpiuyemuvCs 3d pPAXyHOK
moeo, wo cnocio axycmuunoi ioenHmughikayii i3yanvHux 00'€kmie, AKUUl NOJIA2AE V 66€0CHHI
cucHamy 6 00'ekm KOHmMpoOo Ok NOOAIbUWO20 1020 NPUUMAHHA ma QIiKcy8anus, nicis
PO3n08cto0diceHtss 6 00'ekmi. Lle 0ozeonsic ompumamu ingopmayiro 3 opienmayii 06’ekma y
pobouomy npocmopi eepcmama ma iHghopmayito 8i0HOCHO Konpicypayii 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.

Inest BITHOCUTBCS 10 TaTy31 TEXHIKH, @ caMe JI0 MalllMHOOYIyBaHHS Ta MOXE
3HAWTH 3aCTOCYBAHHS U1 JIarHOCTUKU PO3MIPIB 1 PO3MIIICHHS JeTale y
IPOCTOPI.

Bigomuii crioci6 miarHoctuku [1]. Bigomuii Takox crocid 0€3KOHTAaKTHOTO
KOHTPOJIIO PO3MIpiB JeTajnel [2], sKuil mojisirae y BIUIMBI HA JI€TAllb aKyCTUYHUM
CUTHAJIOM, IO BIJA3EPKATIOEThCA Bij ii MOBEPXOHb, IPHU LIOMY SIK aKyCTUYHUUN
CUTHAJI BUKOPUCTOBYIOTh IMIYJIbCHUU BIUTMB €JIEKTPOMArHITHOTO TIOJNIS, SKE
BUKJIMKA€ B JETalli MAarHiTOCJIEKTPUYHI TpolecHu, mo (IKCyIOTh Yy BUTIIAIL
BIJII3EPKAJICHUX 1MITYJIbCIB PI3HOT YacTOTH, SIKI CYNPOBOKYIOTHCA (DYHKITIEIO
BIJITYKY, Y BUTJISIII CIIEKTPA aMIUTITYJHO-4aCTOTHUX XapaKTEPUCTUK JETall, 110
0oOpOOIIIOIOTE 32 JIONIOMOTOK)  HEHPOMEPEKEBOIO  MOJICIIOBAHHS, 3TITHO 3
PIBHSHHSIMU BEpOATILHOTO OTIHCY.

Bimomuii Tako cmocid KOHTPOJIO PO3MIPIB JeTajell 3a JOTOMOTOI0
CUTHAJTy pe30HAHCHUX KOJIMBaHb [3], 0OpaHuil HaMU K MPOTOTHI, SIKUM MOJISTAE Y
dbopMyBaHHI aKyCTUYHOTO CHUTHANly, IO BBOJUTHCS B OO'€KT KOHTPOJIIO JIJIsi
NOJAJIBLIOr0 MOro nmpuidiMaHHs Ta (PIKCyBaHHs, MICIS PO3MOBCIOKEHHS B 00'€KTI,
npu 1bOMY 30y/JKEHHS PE30HAHCHUX KOJMBaHb JeTalied BiAOyBaeTbca 3a
JIOTIOMOT'OF0 PE30HAHCHOTO aKyCTHYHOTO CHUTHAIY 3 YacTOTOI0, PIBHOKO YacCTOTi
BJIACHUX KOJIMBAHb JI€TaJIcH.

3araJiIbHUMH ICTOTHUMHM O3HAaKaMH BIiJOMOTO cmoco0y ¥ Toro, 1o
3asIBISIETBCSL € 30Y/DKEHHS O00'€KTy KOHTPOJIIO PE30HAHCHUMH aKyCTUYHUMU
KOJMBAaHHAMH IS TIOJNAJBIIOr0 WOTro TpuiMaHHA Ta (IKCyBaHHS, MICIS
PO3MOBCIOJIKEHHSI B O00'€KTI, NpU LHbOMY 30Yy/KEHHS PE30HAHCHUX KOJIMBAHb
neTaneil BiAOyBaeThCA 3a JIOMOMOTOI PE30HAHCHOTO AaKyCTHYHOTO CUTHATY 3
YaCcTOTOIO, PIBHOIO YaCTOTI BIACHUX KOJIMBaHb JICTAJICH.
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Henonikamu BigomMoro croco®y € Te, 10 BiH HE J03BOJSE MPOBOJIUTH
KOHTpOJIb (pOopMH Ta po3TamryBaHHS jAetaneil y mpocrtopi. [locraBieno 3amauy
BJIOCKOHQJICHHS BIZIOMOTO CMOCOOY MJIsi KOHTPOJIO pO3MIpIB JeTalied 3a
JIOTIOMOTOI0 CUTHATY P€30HAHCHUX KOJHMBAHb .

[TocTaBneHa 3amaya BUPIMIYETHCS 3a PaXyHOK TOTO, IO CIOCIO aKyCTHYHOI
imeHTudikarii Bi3yalnbHUX OO0'€KTIB, SIKMM TMOJSTae y BBEJCHHI CUTHAIY B 00'€KT
KOHTPOJIFO JUIS TOJANBIIOTO WOTO MpuiiMaHHS Ta (iKCyBaHHS, TIiCHA
PO3MOBCIOKEHHSI B O0'€KTi, TpH IbOMY 30Yy/KEHHS PE30HAHCHUX KOJHMBAHb
JeTaneil BiAOYyBa€eThCs 3a JIOTIOMOTOI0 PE30HAHCHOTO AaKyCTHYHOTO CHUTHATY 3
4acTOTOI0, PIBHOIO YacTOTi BIACHUX KOJHUBAHb JCTallCH, 32i0HO 3 KOPUCHOIO
MOOeLI0
dbopma 1 ToJIOKEHHST 00°€KTa B poO0YOMY IPOCTOP1 1ACHTU(DIKYIOThCS Ha OCHOBI
MOPIBHAHHA aKyCTHUYHOI CIIEKTPOTpaMH JeTalli 3 €TAJIOHHOI HEWPOMEPEKEBOIO
MOJICJUTIO, SIKA CTBOPIOETHCSA MUIAXOM TOJadi CHUTHAIY 3 IIUPOKOCMYTOBOTO
reHepaTropa 4acToT Ha BIOPOCTII, Ha IKOMY PO3TalIOBaHUN O0’€KT Ta aKyCTUYHHMA
JaTYUK NpHUiMay.

Curnan 13 HMHMPOKOCMYTOBOI'O TEHEpaTopa TIOJAEThCS Ha BIOPOCTLI, €
po3TamoBaHi 00’€KT Ta aKyCTUYHUW mpuiiMad curHaidy. Bimomi mpeneaeHTH
KoHQIrypaimii 00’ekta OOpOOJIAIOTHCS y HEHUPOHHIA Mepexi 1 CTBOPIOETHCA
€TaJIOHHA MOJENb. Bukowyemoca idenmugikayisis gopmu ma po3smauly8aHHs
00’ekma y npocmopi 3a80aKu TIOPIBHAHHIO OTPMMAHMX CUTHAIIB 3 JaTYUKa 3
ETAJIOHHOIO MOJIEIIIO.

3acTOoCyBaHHA IPOMNOHOBAHOIO  CIMOCOOYy  aKyCTHYHOI  1AeHTH(IKaLii
Bi3yaJIbHUX OO'€KTIB J03BOJIIE OTpUMATH 1HQPOpPMAIlI0O 3 OpIEHTAIll 00’€KTa y
poOo4YOMy MpOCTOpl BepcTaTa Ta 1H(POPMAILI0 BIAHOCHO KOHQirypauli dopmu
00’€eKTa.

JIITEPATYPA

1.1lam. 100072 VYkpaina, MIIK GOIB 7/02. Cnoci6 6e3KonmakmHo20 KOHMPONIO pPO3MIpIe
oemaneu / C. B. Kosanescoxuii, K. B. Tynynosa. — Ne u201413874; 3asen. 24.12.2014, onyon.
10.07.2015, 6108. Ne 13/2015

2.I1am. 100097 Vkpaina, MITK GO1M 13/00, GO1N 29/14. Cnoci6 kommponto po3mipié Oemarneil
3a 0onomoeorw cueHany pesonancuux ronusanvb / C. B. Koeanescokuii, A. 1. Hacicea. — Ne
u201500171; 3as6n. 12.01.2015; onyon. 10.07.2015, 6ron. Ne 13/2015
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TBepaox.io B.B., nayk. kep. aA.1.H., npod. Koanescokuii C.B. (Jonbacvka
Odepaicasna mauunooyoisna akademis, m. Kpamamopcok, Ykpaina)

KOHIIEIIIISI IHHOBAIMHOI'O MEXAHOCKJIATAJIBHOI'O LIEXY 3
BUPOBHUIITBA ITPUBOAIB J1JIS1 SMAILITYBAHHS BEPCTATIB 2K424

Y cmammi pozensnymi ocnosHi npobremu i supiuieHHs npu NPOeKmy8aHHI CYYACHO20
IHHOBAYIUHO20 MEXAHOCKAAOAIbHO20 BUPOOHUYMBA NPUBOOI6 Ol 3MAWYEAHHA 6epCMAamis
2K424. Ilpononyemovcsa po3suwiupeHuss 6UpoOHuY0i npocpamu 3a PAxyHOK 30i1bUeHHS
HOMEHKIamypHo2o psady oOemanel, siKe Modce SUNYCKAmu IHHOBAYIUHULU MeXAHOCKIA0AIbHUL
yex. /{na niosuwerHs eghekmusHocmi sUpoOHUYMBA NPONOHYEMBCA 3AMIHU MEPMIYHY 0OPOOKY
Ha Oinbw Oeutesi | He MeHW ehexmusHi enepeozbepicaioui mexnonoe2ii smiynenns oemanei. Ha
NPUKIAOL PO32TIAHYMO 8NPOBAONCEHHS 3IMIYHEHHS 3Y0UACUX KOLIC eniioMIPYBAHHAM.

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 mpoexkTyBaHHI 1HHOBAUIMHOTO IEXy 3pOOJICHHI aHaji3 TEXHOJOTIi
BUTOTOBJICHHS  JIeTale  MPEACTaBHMKIB,  PO3IJSIHYyTa  TPaHCIOpTHA 1
BaHTAXOITITHOMHA CUCTEMA 11eXY, CKJIaJadbHe BIIIICHHS.

Jlnst BUpIIIEHHS,, OCHOBHUX MPOOJIEM B MPOEKTI 3alpPONOHOBAHO 3aAMIHUTH
yHIBEpCalIbHI BEpCTaTH Ha CydacH1 0aratoyHKIIIOHaIbHI 00pO0IIOBaIbHI IIEHTPH,
3 BENUKUMH (QYHKIIOHATGHUMH MOXIJIMUBOCTSIMH, IO JO3BOJISIE MiIBUIIUTH
THYYKICTh BUPOOHUIITBA.

3anponoHoBaHl BepcTaTH Oyiau oOpaHl MO NPUHIMUIY KOHIIEHTpaLii
orepariiii, 3 YacTKOBOIO aBToOMarH3aiicro. KoHIeHTparis omepariii 103BOJIsE
CKOPOTUTH BUPOOHUYMI Yac HA BUTOTOBJICHHS JI€Tajeil 1 3MEHIIUTH cOOIBapTICTh
BUp0oOy. Taki BUMOTH 33/I0BOJILHSIOTH CydacHI TOKapHO-(pe3epHi 00poOroBasIbHI
LHEHTpa, 3 0araToQpyHKUIOHATBHUMHU MOKIMBOCTAMH, ABTOMATUYHOI MOJAaYer0
3arotToBok. KoHIIEHTpyBaHHS ormeparliii, 103BOJIsi€ CKOPOTUTH BUPOOHUUUN ITUKII
BUTOTOBJICHHS JIeTaJIel 1 TUM CaMUM 3HU3UTH COO1BApPTICTH BUPOOY.

Herans npeacraBuuk «lllectepHs» B MpoeKTHOMY BapiaHTI, IPONOHYETHCS
o0poOisiTH Ha TOKapHO-(hpe3epHoMy 00poOHOMY 1ieHTpl Arix TMAG60CL.
OpHouacHe KepyBaHHS 5-F0 OCSIMH CKOpOUYy€ BEpCTaTHY OOpOOKy Jeraii 1o
MiHIMyMy. bararoninboBuil BepTUKaJIbHUI yTpUMYyBau IHCTPYMEHTY 3 H'ITbMa

TOKapCHKUMH 1 IBaHAAISIThMa 00EPTOBUMU 1HCTpYMEHTaMHU. [ 0JIOBHUN IITTUHIEITH

116



3 gynkuiero oci C. [loxuna cranuHa 3abe3neuye rpaHUYHY >KOPCTKICTH 1 3pydHa
npu 30upaHHi cTpyxkku. IlizcraBa 3 nemngipyBaJbHUMHU €IE€MEHTaMH 3
MIHEpAJIbHOTO KaMEHIO TapaHTye Kpally aMOpTH3aliiHy 3/1aTHICTh 1 J03BOJISE
CTBOPIOBATU 1J€aJIbHO TJAJAKI TOBEpXHi. [HCTpyMEHTalbHUN CyMOpT 3 IIECTH
OJIOKIB Ja€ BHCOKY JKOPCTKICTh 1 TOUHICTh cepell MOMIOHMX 3a crerudikaiiero
BepcTariB. CTaHAapTHUN TpaHCHOPTEp [JIS BHJIAJICHHS CTPYXKHA JIO3BOJISIE
e()eKTUBHO YTHII3YBaTH CTPYXKKY 1 MICTUTH 00JacTh ¢pe3epyBaHHS YHUCTOIO.
CraHgapTHUI YJIOBIIIOBAY JE€Talll pOOUTH BECH MPOIIEC OOPOOKH OiJIBIN IITABHUM.

Herans npenctaBHuk «Kopmyc» oOpoOisieThCsi Ha TOKapHO-(pe3epHOMY
oopobmoBanbHoMy 1eHTpi YURCO TMM 10i. Konctpykmiss Bepcrata -
cepTudikoBaHa KOHCTPYKIis 31 cruiaBy MojudikoBanoro yaByHy (Meehanite®),
gKa BOJOJI€ BIIMIHHUMHU XapaKTEpUCTHUKaMU JeMII(pyBaHHS 1 3a0e3MedyroTh
MaKCUMAaJIbHUI OMip TEIUI0BOi AedopMariii 1 ckpyuyBaHHio. Lleit pyHkirionansHui
IHCTPYMEHT BKJIIOYAE yKe BEJIUKI HAMPAMHI 0C1 Z, po3Mip SKUX PO3paxOBaHUW Ha
ONTUMAJIbHY TIATPUMKY KapeTku. lllupoka xapeTka TakoxK MOKpaIlye HaJidHICTh
Bepcrara. Illnuugens 3 cepBompuBogoM Duplomatic 3 mBUAKOI 3aMiHH
IHCTpYMEHTIB. MO)XKHa BHUKOPUCTOBYBATH TOCAAKH JUIsI OYJb-IKOTO TMO€EIHAHHS
IHCTPYMEHTIB JJIs BHYTPIIIHBOI 200 30BHIIIHBOI 00poOku. Bepcratu cepii TMXi
BKJIIOYAIOTh  130JIAMI1F0  TEIUIOBUILISAIOUMX  KOMIIOHEHTIB 1 BOYJIOBaHMIA
OXOJIO/DKYBau WINUHAENS. BepcTaT Moxke 00poOIsITH A€Talll 3 BETUKUM JA1aMETPOM
1 JIOBXXMHOIO, MIATPUMYE IIUPOKUN CHEKTP PO3MIpIB JeTayneil 1 00poOIoBaHUX
MaTepiaiB.

O6pane oOnagHaHHA JUIsi OOpOOKM JeTajiel MpeaCcTaBHUKIB BOJIOJIIOTH
BETUKUMH  (PYHKIIOHATBHUMHU MOMKIIMBOCTSAMU 1 THyukicTio. OOnagHaHHS
J03BOJISIE, 3OUIBIIMTH HOMEHKIATYpPHHM P BHpPOOIB, SKI MOXKIMBO Oyne
BUITYCKATH B IPOEKTHOMY LIEXY.

Jlns  migBUINEHHS ~ aBTOMAaTH3allli ~ BUPOOHUIITBA,  IPOIOHYETHCS
BUKOPHCTOBYBAaTH pPOOOTU30BaHI MAHIMYJSATOPH (MPOMHUCIOBI poOOTH), TaK SIK
JieTanl MalTh HE BEIMKI TrabdapuTHI pO3MIpH, TaKUM Miaxig Oyne paioOHAJbHUM.
[IpommuciioBi poOOTH MOXYTh 3a0€3MEYUTH ABTOMATHYHE 3aBaHTAXKCHHS 1
PO3BaHTaXEHHS 3arOTOBOK, JJISl IEPEMIIIIEHHS 3aTOTOBOK TI0 IIEXY 3aIPOMIOHOBAHO
BUKOPUCTAaHHSA KOHBeepiB poibranri. Ilicms oOpoOku nertami, poOOTH30BaHUMN
MaHINyJATOp 3a0upaTUMe JeTajdb 3 BEepcTaTy 1 Oyjne ii moMmilaTd Ha pOJIbraHTH,
MOTIM JIETaJIb TIO POJIbTaHTaM MEePEMINTY€EThCS IO HACTYITHOTO BepCTary, e ii Oyne
npuiiMaTH HaCTymHUM poOOT 1 Tak Jaii. 3a paxXyHOK HE BEJIMKUX TadapuTiB 1 Macl,

MIPOMHUCIIOBI POOOTH OyIyTh TEX HE BEIUKHUX PO3MIPIB, IO 3HAYHO 37CIICBUTH 1X
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BapTICTh, 3 YypaxyBaHHSAM CKOPDOYEHHS 3aJy4eHHUX pOOITHUKIB, 1€ Oyne
€KOHOMIYHO JIOIIUJIBHI.

B 6a3oBoMy mpoekTi, GiHIITHOIO 00POOKOI0 OYJI0 TepMIUHE 3MIITHEHHS 3Y0iB
netani «llectepus». Takuit MmeToa moTpedye BETUKUX €HEPreTHUYHUX BUTPAT 1 Ma€
JTOBruii yac oOpoOku. J[Jig TMOKpallleHHs eKCIUTyaTallliHUX BJIACTHBOCTEH 3yOiB
netani mnpeactaBHuka «lllecTepHs», B MPOEKTI MPOMOHYETHCS JOCITTH 3a
JIOTIOMOTOI0 MeTojJia enuioMipioBaHHsi. OOpaHuil METOJ JO03BOJIUTh CKOPOTHUTH
BUTPATH Ha €JICKTPOSHEPTIIO 1 Yac Ha TPAHCTIOPTYBaHHS 1 00pOOKy JeTai.

BUCHOBKU

TakuM YMHOM TPOIMOHYETHCS IHHOBAIIMHUX II€X, B SKOMY CKOPOYEHHS
BUPOOHMYOTO IMKJIY 1 3MEHIIEHHA COO0IBapTOCTI BHPOOy, 3a0e3medyeThes
KOHIIEHTPALIEI0 TEXHOJIOTIUHUX ONepaliid 3a paxyHOK OOpaHHS Cy4acHHX
TOKapHO-(Ppe3epHUX  OOpOOIOBANIBHUX  LEHTPIB, OOpaHHA MeToay A
MOKpPAIICHHS EKCIUTyaTallliHUX BIJIACTUBOCTEN 3yO0IB MEHII E€HEPrOBHTPATHUM
METOJIOM  EMUIOMIPYBaHHSM, 3alpONOHOBaHA AaBTOMAaTH30BaHAa TPAHCIOPTHA
CHCTeMa JIeTalel MpaIfoe B aBTOMAaTHYHOMY peXuMi 0e3 MpOCTOI0 JeTaiel Ha
CKJIal.
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BITPOBA/I)KEHHS B BUPOSHUYUI ITPOIIEC BJJOCKOHAJIEHUX
TEXHOJIOI'Ti PEMOHTY I'NTPHUYO-METAJIYPITTMHOI'O
OBJIAIHAHHA

B cmammi na ocnogi 0ocniodcenb 3anponoHOBAHA MEXHONO02IA BIOHOGIEeHH CMIHKU
MopYesoi Kyib8020 MIUHA, WO MOodice Oymu 6npo8aod’ceHa y 6UpOOHULMBO.

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.

IIpoOdiema Ta ii 3B’S30K 3 HAYKOBMMH Ta NPAKTHYHUMH
3aBAaHHAMM. OCHOBHUMU MIATOTOBYMMHM ONEpaIisiMU IpH 30aradyeHH1 KOPUCHHUX
KOIAJUH € MOApiOHEHHs. 3a OLIHKaMH E€KCIIEPTIB Ha MPOLECU PYIONIArOTOBKH
npuxoauTbcsi He MeHme 20 % BCIX €HEepreTMYHHX BHUTpaT Kpainu [1]. B
nyOmikaiisix [2] BkazaHO, IO BUTPATH TIPHUYO- 30aradyyBaIbHMX KOMOIHATIB
(I'3K) 3ymoBiieHi crpaifoBanHsM Kyib 1 ¢yrtepiBku, ski maia [3K Kpusbacy
craHoBysATh 0,09 1 0,007 kr Ha KOXKHY BHUTpadeHy Ha ToJpiOHIOBaHHS KBTron
eHeprii BiAmoBigHO. TOX TOIIYK BIOCKOHAJICHHX TEXHOJOTIM BITHOBJICHHS
CIpallbOBAaHUX TOBEPXOHb BEJIMKOBAPTICHUX MAIlMH 1 MEXaHI3MiB, s
MiATPUMaHHS 1X MPaIe31aTHOCTI € aKTyaJIbHOIO 33/1a49er0.

IocranoBka 3anauvi. [HTECHBHICTH crHpaloBaHHS (PYTEPOBOUYHUX ILJIUT
BIJTUBAE HA TEOMETPII0 TMOBEpPXHI JeTaneil, JO SKUX BOHU KPIIUIATHCS. Y
pe3yNbTaTi eKCIuTyaTallii TOBEpPXHsS CTIHKM TOPIEBOI 3HOIIYEThCS IO BCIH
MOBEPXHi, NMPUUOMY 3HOIIYBAaHHS WHAE€ HEPIBHOMIPHO W Ma€ pi3HY TIUOUHY.
3HOIITyBaHHS HOCUTH MICIIEBHI XapaKTep Y BUTIIAJI TaK 3BAHUX «BUMOIH» PI3HOTO
po3Mipy ¥ TIMOWMHM. 3HONIIYIOTHCA TaKOXX OTBOPHU IiJ OOJTH KpIIJICHHS OpOHI
MJIMHIB, Y J€SKUX BUIAJKaX HA 3HOIIYBAHIM MOBEPXHI, CIIOCTEPITatOThCS TPILLUHU
PI3HOI MMHMOUHU W JOBXKHUHH.

AHaui3 nociaimkensb i mydaikaniii. Oco0IMBOCTI MPUCTPOIB Ta METOIIB JJIS
BIJIHOBJICHHS ~ BEIIMKOTA0ApUTHHUX  JeTajeld MalmMH 1 MEXaHi3MiB, IO
eKCIUTyaTyloThcsi Ha KpuBOpiOKI MOXKHa 3YCTpiTH TUIbKM B mareHTax [3], abo
3arajpbHuX orysnax [4,5], TEXHOJOTIs BIIHOBIEHHS MPOCKTYEThCS 0€3MOCcepeaHbO
BIJIHOCHO JIaHO1 MAIlIMHU HA MiAIPUEMCTBI i BUPOOHUY1 MOTYXHOCTI.

BuknanenHsi Mmatepiany ta pe3yJbTaTH. BigHOBICHHS 3HOIICHUX MICITh
TOPIIEBUX KPHUIIOK KYJIbOBHX MIIMHIB TICJS aHATI3y BCIX METOMIB BIIHOBICHHS
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OyZeMO BHUKOHYBAaTH HAaliBaBTOMAaTUYHUM €JEKTPOAYTOBUM HAIUIABIECHHSAM Y
3aXMCHHUX Ta3aX CYUUJIbHUMU 1 TOPOIIKOBUM JPOTAMHU.

Jlsi  HamiBaBTOMATUYHOTO €JIEKTPOAYTOBOTO HAIUIABJIICHHS IMiAIIApy, a
TaKOXX 3aBapKd TPIIMIMH 3aCTOCOBYETHCS  CYIIJIBHUH  HU3BKO-BYTJICIICBHIA
HusbkosieroBanuit apit mapku [III-AH-1 T'OCT 26271-84 abGo 3akopJoHHHIA
ananor SG3 no DIN 8559. Miametp nporty - 2,0...2,6 Mm.

Jns  3aBapku  MicueBUX Je(PEKTIB THUIYy TPIIMIMH, BIAKOJIIB ¥  T.I.
JIOMYCKA€EThCS 3aCTOCYBaHHs eJIeKkTpoaiB Tuny 942A u D50A BiANOBIAHO, MapKU
YOHI 13/45 1 YOHI 13/55 J3...4 mm.

Jl5ia HariaBieHHs BUKOpUCTOBYeMO Byriekuciauit ra3 3a [OCT 8050-85 abo
cymimr ra3iB 82% Ar+18% CO0,. 3axucHi ra3u mMocTaBistoThCs B OanoHax. banonu
MMOBUHHI OyTH BCTAHOBJICHI Ha BIJICTaHI B1J MICIl 3BapIOBaHHs HE MEHII YUM 5 M 1
B 3aXHUILEHUX BiJ] COHSYHOTO OMPOMIHEHHSI MICIISIX.

s 3BaproBanHst B CO2 abo B cymimax Ar + C0O; OyaeMo 3acTOCOBYBATH
JoKepenla  JKMBJICHHS  TOCTIMHOTO  CTpyMy 13 JKOPCTKOIO  30BHIIIHBOIO
BOJIbTAMIIEPHOIO XapaKTEPUCTUKOI. 3BaproBaibHi cipsimumtoBadi KUI'-601, BJ{Y-
506, BAY-601, BC-500, BC-690 1 iH. OCHOBHI MapaMeTpu SIKMX BiAMOBIAAIOThH
I'OCT 13821-77E.

Jlist mopadi 3BaproBajbHOTO JPOTY B 30HY TOPIHHS YT BUKOPHUCTOBYEMO
MEXaHi3MH, 10 MOAAI0Th, SIKI MPU3HAUYCHI JJII poOOTH B 3axucHUX razax - [1JO-
517, A-1197, TIAI'-508, IIIII-107 1 iH., OCHOBHI IapaMeTpu SKUX BiJMOBIIAIOThH
I'OCT 18130-79E u 'OCT 8213-75E.

Cucrema mojiayl 3aXMCHOTO razy NMOBUHHA 3a0e3MeuyBaTH BUTPATY raszy mif
yac 3BapIoBaHHA B Mexkax 8-35 J1/XB.

[TinroToBKa 10 3BapioBaHHS ¢ HAIUIABJICHHS BKJIIOYA€ ITiTOTOBKY
HAIJIAaBOYHUX  (3BaproBalibHUX) MaTepiamiB  (ApoTy ¥  3aXUCHUX TasiB),
YCTaTKyBaHHSA U JI€Tall, IKa HATUTABJISIEThCS.

[lepen HamIaBiICHHSM MEPEBIPUTH YUCTOTY MOBEPXHI HAIIABOYHOTO JPOTY.
Ha moBepxHi ApOTy HE MOBUHHO OYTH 3QJIMIIKIB BOJOYMJIILHOTO 3MAIlleHHS a0o0
1HIIUX 3a0py/IHECHBD.

[lepea BUKOPHUCTAHHSIM MOPOILIKOBHM JIPIT MOBUHEH OyTH MPOXKAPEHUU MO
pexumy: HarpiBaHHs 10 (200-250)C° 31 mBuakictio (50-100)C°/roa, Butpumka 2
roJl, OXOJIOJ)KeHHsI Ha moBiTpl. IIpu noTpumanHi pexumMy TepMOOOpOOKH ApIT
3n00yBae "comom'sHuit" Komip. basioH 13 YMCTUM BYTJIEKUCIUM Ta30M MOBUHEH
OyTH 3BUIBHEHHMI BiJ BOJOTH. [[7s 4OTO BIH YCTAHOBIIOETHCS BEPTHUKAIBHO
BeHTWIEeM yHH3 Ha 7...10 ro., micas mboro HeOOXiTHO BIAKPUTH BEHTUIIb 1 3IUTH
BOJLY, 1110 310panacs, 0 MOSIBU BYTJIEKUCIOTH Y BUTJISA1L CYyXOTO JbOIY.

MuuH, o miaasrae peMOHTY, 3BUIBHSETHCS BiJ KyJb 1 3 TOPLEBUX CTIHOK

3HIMAETHCS 3aXUCHA PyTEPOBKA.
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MnuH y 300pi 13 KpHUIIKaMH W maTpyOKaMH BCTaHOBJIIOETHCS Ha OIOpax
CHeIiaNbHOTO CTeHIy[3], 10 J03BOJIsi€ 00EpTaTH MIIMH, B 3pY4YHE AJISI PEMOHTY
MTOJIO’KCHHSL.

ToprieBi CTIHKM KyJIbOBHX MIIMHIB TIEpE]l HAIUTABICHHSIM OYHUIIAIOTHCS BiJl
Opyay ¥ 3MalleHHsI, a TIOTIM BiIIIApyBaHHS MeTajy, HAIUIUBU ¥ JApyTi JePeKTH
BUJAISIOTHCS] PyYHUMHU TLTi(HyBATPHUMH MAaIllTHHKAMHU.

ITo Bciii mIOIIMHI BIIHOBIIOBAHOI JeTall 341MCHIOETHCS 30BHIIIHINA OIJIS,
KalmuIsipHa ¥ yIbTpa3ByKoBa Me(PEKTOCKOIIS HAa HASBHICTh TPIIIWH 1 BU3HAYCHHS
iXHIX PO3MIpIB.
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Puc.1 CxnaganbHe KpecleHHs CTIHKA TOPIIEBOT

BHyTpillIHS MOBEPXHST KOPITyCY CTiHKH TOpIEBOi (puc.l) po30uMBaeThCs Ha
CeKTopH (BIAMOBIAHO JO pO3TallyBaHHS (PYyTEPOBOYHMUX IUIUT). Matepian
CKJIQJIOBUX CTIHKHU TOP1IeBOi (kopiryc TopiieBuii 31 ctami 35JI TOCT 977-88, nanda
31 ctam Ct. 3 TOCT 380-94). Pexxumu HamaBiaeHHS KOPILYCY CTIHKH TOPILIEBOi
3a3HadeH1 B Tadaui 1.
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Tabnuisl - Pexxumu HamiBaBTOMAaTHYHOTO 3BaprOBaHHS W HAIUIaBJICHHS B
CepeNoBHUIIl 3axXUCHUX ra3iB mis cymuibHOoro (CB-08M2C) 1 mopomikoBoro (I111-
AH198) nporis

Mapka Hiametp Crpym, Hanpyra, Burtpara 3axucHoro
JpOTYy IPOTY, MM A B rasy, Ji/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
IIIT-AH198 1,8..2,0 250... 350 28...32 18...20

HamnaBneHHss BUKOHYETHCS OJHOYACHO JIBOMAa HAIUIAaBHUKAMH JIBOX
NPOTHJIKHUX CEKTOPIB BiJ IEHTpa KPUIIKK A0 ii KpaiB. HammaBneni Bamuku
MIPOKOBYIOTh €JIEKTPOMOJIOTKOM 3 HOMIHAJIBHUM 3YCHJUISIM S5 KT 31 CHeIliaabHO
3aTOYeHUM OoWKoM paaiycom 3..5 MM 10 3MIHM MaJiOHKa TIOBEPXHI
HaIJIaBJICHOrO0 Bajuka. Bucora miamiapy, BUKOHAHOTO CYIUIBHUM JpoToMm CB-
08M2C, noBuHHa OyTH HUXKYE€ HOMIHAJIBHOTO PO3MIPY KOPIYCY TOPIEBOI CTIHKU
Ha 4-5 MM. Bumipu BUpOONSIOTHECA MIAOJIOHOM 1 IITAHTOI 3 BUMIPIOBAIBHOIO
IKAJIOHO.

Puc.2 BigHoBieHa CTiHKA TOPIEBA KYJIbOBOI'O MJIMHA

VY BUnNanaky 3ynmuHKY MPOIECY HAIJIABJICHHS TIOHOBIICHHSI HOTO MTOYMHAETHCS
3 MMEPEKPUTTSM paHilllie HaIUTaBJICHOTO Bayinka Ha 15-20 M.
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BucHoBok: PexxuMu HarjaBaeHHS MOKYTh KOpETyBaTUCS O€3M0ocepeHbO B
IpOIECi HaIUIaBICHHS TOPLEBUX CTIHOK KyJdbOBUX MiMHIB. CHpoeKToBaHa
TEXHOJIOTisI BIJHOBJICHHSI JIO3BOJIUTH TIOJIOBKUTH CTPOK CIIy)kOMm MimHa 0e3
3aMiHU BapTICHOI JACTalIl.
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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, R; = emin/émax = —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 omin = const, according to 1SO
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. SqS 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.
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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.
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VJIK 621.91.002(075)

Xona S.A., Hayk. kep. 1.T.H., npod. Koanescrkuit C.B. (Jonbacvka oepowcasna
Mawunobyodigna axademis, Ykpaina)

CIIOCIB JIATHOCTHUKH HAJTIMHOCTI 3BATUCKAHHS EJIEMEHTIB
TEXHOJIOT'TYHOI'O OCHAIIEHHS MAJIOKOPCTKHUX JIETAJIE.

B pobomi 3anpononosano memoO KOHmMpONO KpinieHHs 34 PAaxyHOK 6U3HAYEHH:
ceomempudnoi hopmu npoghinio MikpoHepisHoCcmell 3a805KU 4020 MONCHA 30LIbUUUMU MOYHICMb
NO3UYIt0BAHHS AKUUL BIOPI3ZHAEMbCA MUM, WO 3HUWYEMbCA MOYHICMb KOHMPOIIO SKOCMI

3aKpinyienHss ma Oilb YHIBEPCAIbHA KOHCMPYKYIA.

The paper proposes a method of fastening control b131ly 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.

Kopucna Mopgenb BITHOCUTBCS IO Tally3l TEXHIKM, a came o
MalmMHOOYAYBaHHS, 1 MOXKE 3aCTOCOBYBATUCA JJISI KOHTPOJIIO SIKOCTI 3aTHCKaHHS
IIOBEPXOHb.

AHaNOr KOHTPOJIIO 3aKpIIUIEHHS IOBEPXOHb € CIoci0 3artuckaHHs [1]
TuHAMOMETpUYHUM KitodeM. CyTh poOOTH PYKOSITKA, 3/1aTHa 00epTaTucs B JBOX
HampsiMkax. Ha koprmyc HaHOCHTBCS OCHOBHA IIIKajna, a Ha Py4yll € J0JaTKOBA.
OcHOBHA IIKaJa MpU3HAYEHA JJIsl IEMOHCTpAIlli Aiana3oHy 3yCHilb, aKTYaJbHOTO
JUTSL KO)KHOTO KOHKPETHOTO JMHAMOMETPHUYHOTO KIIIOYa.

3aranbHUMU CYTTEBUMHU O3HaKaMH BIJIOMOTO CHOCO0y 1 TOro, 1o
3asBIISETHCS, € OOMEKEHA CHJIa 3aKPIIICHHS 0 TOr0 Ha CKIJIBKH 11e HEOOX1IHO.

HenomnikoM BiloMOro cnocoOy € HEMOMJIMBICTh OTPUMAHHS OUIBII TOYHHUX
JTAHUX O 3aKpITUICHH1 JAeTaneil.

3a  [OpPOTOTUIl  B3SIT  KOHTPOJIb  3aKpIIUICHHS  3aBISKH  METOIY
BBIOPOAKYCTUYHOI J1arHOCTUKH SIKOCTI CKJIaJlaHHa 0araTo00nTOBHX 3’€/lHaHb. [Ipu
BIIPOBA/KCHHI 3alPOMOHOBAHOTO METO/Ia KOHTPOJIK MOYKHA OI[IHUTH PIBEHb Ta
CIIPOTHO3YBaTH  MOCTIOBHICTh  3aTSKKM, TMIIBUIIATH  PIBEHb  SKOCTI 1
JIOBTOBIYHOCTI 0araTo00JITOBHX 3’ €HAHb.[ 2]

HenmonikoMm MeToay € HEaBTOHOMHICTh Ta OUIbII CKJIQJHHMM Mpolec
KOHTPOJIIO.

OcHoBa KOpPHUCHOI MOJENl: CHOCI0 aKTUBHOTO KOHTPOJIO  CTaHy
TEXHOJIOT1YHOT CUCTEMHU BEPCTATy 3a JIOMOMOTIOI0 1IeHTU(IKALIHHUX MOENEH.
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["amy3p 3acToCyBaHHS: KOPHCHA MOJENb BITHOCUTHLCS JIO Tajdy3l TEXHIKH, a
camMe N0 TEXHOJIOTHi KOHTPOJIO CTaHy BepcTaTiB musixoM AUYX, moxe Oytu
BUKOPHCTAHA IS JIarHOCTHKYU CTaHY JIeTalIei MaIliiH.

CyTb KOpUCHOI MOJelNi: CIoci®d IarHOCTUKM CTaHy BEpCTaTIB HUIAXOM
3HATTS CIEKTPIB BJIACHUX YACTOT SKI 3aBJSKHM HIIJILHOMY KOHTaKTy MiHIMI3YIOTh
PO3CIIOBaHHS CUTHAJY SIKHM XapaKTepU3YEThCS TUCTIEPCIEI0

TexHiyHUI pe3yabTaT: N1arHOCTUKA YACTOTH CIEKTPY MPOMYCKHOI 3/110HOCTI
KOHTaKTHOI TMOBEPXHI 3aTUCKaHHS JIO3BOJSIE  JIarHOCTYBAaTH  HAiMHICTb

3aKpIIUICHHSI.

JIITEPATYPA
1. http://www.freepatent.ru/patents/2519363
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VJIK 681.2.08

Yepuokoa A. B., nayk. xep. k.T.H. Omitnuk C. 0. ([Joubacvka Oepowcasna
Mawunooydiena axademis, Ykpaina)

CYYACHI 3ACOBU KOHTPOJIIO 3YBYATHUX ITOBEPXOHb

B cmammi npusedeno ananiz KOHmMpoabHUuX 3axo0ie 3youamux nogepxons. Ilpedcmasneni
8Ci HeOOXIOHI KOHMPOIbHI 3axo0u 00 3youacmux nosepxouv 6 pedykmopi KI[-355 ma
PO32TAHYMO  8UOU MPAOUYIUHUX NPUNAOI8 MA CYHUACHUX 3V00BUMIDIOBANILHUX MAWUHU Ol
KOHMPOJIO 3Y0YACMUX 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.

3y0OuacTi MOBEPXHI € BIAMNOBIAAIBHUMHU JIAHIIOTAaMU MAIIMH 1 MEXaHI3MIB,
K1 BU3HAYalOTh SIKICTh, HAJIMHICTh Ta JOBTOBIYHICTH iX pOOOTH. 31 CTPIMKUM
PO3BUTKOM MAIIMHOOYTyBaHHS 3pOCTAIOTh BUMOTH JI0 30LIBIICHHS MIBUAKOCTEH 1
MOTYKHOCTEW MaiuH 1 MexaHi3MiB. [le BUKIMKae HEOOXITHICTh BIOCKOHAJIECHHS
3ac00iB  BHUpPOOHMIITBA 1 KOHTPOJIIO 3y04acTHMX MOBEpPXOHb. Tpamuuiiini
3yOOBUMIPIOBAJIbHI 3aCO0M Ha JIaHWl 4Yac HE MOXYTh IOBHICTIO 3a0€3MEUUTH
3pOCTar0yi BUMOTH JI0 TOYHOCTI 1 MPOJYKTUBHOCTI KOHTPOJIIO, TOMY MeTa JaHOi
po0OOTH TIpOaHaizyBaTh BUMIPIOBAJIbHI 3aCO0M Ta iX e(hEeKTUBHICTb.

CyuacHi 3aco0u KOHTPOJIIO 3y0UacTUX MOBEPXOHb PO3TJSHEMO HA MPUKIIAAL
KOHTPOJIBHHUX OTepalliii peaykTopa npuBigHOTO KOHIYHO-ImmiHApruaHOTO KII[-355
no moBopoTHoro croiny MBJI3. B 3a3HaueHOMYy peAayKTOpi MPHUCYTHI: Bal-
IIECTepHsSI KOHIYHA 3 KPYroBUM 3yOOM, II0 Ma€ JIBUH HampsMOK JiHIi 3y0a, 3
BIJIMOBITHAM KOHIYHMM KOJIECOM, 1110 Ma€ MpaBUi HAMPSAMOK JIiHIT 3y0a, siKi B mapi
YTBOPIOIOTh KOHIYHY TIepeaady 3 KpyroBuM 3yOOM Ta MarOTh CTYIMiHb TOYHOCTI 6-
B; Bam-mectepHss 3 KOocMM 3yOOM, II0 Ma€ MpaBUil HAMpsSMOK JiHIT 3y0a, 3
BIJIMOBIJTHUM KOJIECOM 3yO4acTUM, IO Ma€ JIBUWA HAPSIMOK JIiHIT 3y0a, K1 B mapi
YTBOPIOIOTH KOCO3yOy Tepenayy Ta MaioTh CTyMiHb TOYHOCTI 7-B; mecrepHs
NUTIIBOBA 3 MPSMHUM 3yOOM Ta 31 cTynmeHeM TouyHOCTi 7-B. JlaHHa KIIBKICTH
3yOUacTUX TOBEPXOHb BUMAarae 3a0e3MEeYUTH MOBHUN KOMIUJIEKC KOHTPOJIBHUX
oreparliii Ta MiIBUIIUTH X TOYHICTh 1 €()EKTUBHICTb.

[Tpu BUrOTOBNIEHHI HUIIHAPUYHUX 3y0OUaCTHX KOJIIC OCHOBHUM MapaMeTpOM,
0 33Ja€ TOYHICTh € €BOJBBEHTHHM mNpoduib. (s mepeBipkd €BOJIbBEHTHOIO
npodimro 3yda UWIHAPUYHUX KOJIC, 3aCTOCOBYIOTH CICHIaJIbHI TPWIAIN -
€BOJIBBEHTOMIPH, K1 (DIKCYIOTh BIAXUJICHHS JIHCHOTO TPO(LITIO BiJl TEOPETUYHOTO,
BIITBOpEHOro mnpuiaaoM. [lpu BuOOp1 I1HIIMX MNapamMeTpiB s KOHTPOJIO B
MWTHIPAYHUX 3y0YacTUX TIOBEPXHSIX HAMAIOTh TMepeBary KOMILIEKCHOMY
KOHTPOJIIO, IKMI1 0a3yeThCsl Ha HACTYITHUX MIPKYBaHHSX:
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1. IepeBary cmig BigmaBatu (QyHKIioHaIbHUM TokazHukam (Fir, fir, misama
KOHTAKTY), TaK SIK BOHU 0OMEXKYIOTh CyMapHY MOXHOKY KoJjeca 1 mepeaadi [1].

2. HaitGinpm moBHY OIIIHKY TOYHOCTI Iepefaydl MOXKHa OTpUMATH TNpHU
BUMIPIOBaHHI Ta KOHTPOJI 1i KIHEMAaTHYHOI MOXUOKH 1 CYMAapHOi IUIIMH KOHTaKTy
ab0 MMPOKOHTPOJIIOBAB CIIEKTP LIYMY 3a CIEIiaIbHO BCTAaHOBJIEHUMHU HOpMamH [1].

3. IloBHy OIIIHKY TOYHOCTI KoJieca MO)XHa OTpPUMATH MpPH BUMIPI B
3a4eIyICHH] 3 BUMIPIOBAJIHLHUM KOJIECOM 32 TAKMMH MOKAa3HUKAMH: KIHEeMaTHYHA Ta
[UKJTIYHA TOXUOKH KoJleca, CyMapHa IuisiMa KOHTaKTy 1 014Hu# 3a30p [1].

4. baxaHO BHKOPHCTOBYBAaTH METOJU KOHTPOJK Ta BUMIpPY, IO
3a0e3MneuyoTh Oe3nepepBHE BHUMIPIOBAHHS KOHTPOJIHOBAHOTO TapameTpa Mo
BChOMY KoJiecy. Hampukiaza, BUMiproBaHHS KIHEMaTHYHOT MOXMOKHU KoJieca Kpaile
BUMIPIOBAHHS HAKOMWYEHOI MOXHOKH KPOKY, a00 BHUMIPIOBaHHS MOXUOKU OOKaTy
Kpale BUMIPY KOJIMBaHHSI JIOBKWHU 3arajibHoi HopMmai [1].

5. Bibn 3pydyHO KOPUCTYBATHCS METOAAaMHU KOHTPOJIO, PE3YJIbTaTH SIKUX HE
BUMAralTh IMEPEPAXyHKY, a MOXYTb O€3MOCepeIHbO TMOPIBHIOBATUCA 3
JTOMYCTUMHUMH ~ CTaHIAPTHUMHU  BIOXWICHHSIMH. Hanpukman, BHUMIprOBaHHS
HAKOMMYEHOT MOXMOKH KPOKY 3a JOMOMOIOI0 MpUiIaay 3 KYTOBUM MPHCTPOEM
TOYHIIIIE, HDK BU3HAYCHHS HAKOMUYEHOI MOXMOKU MO PIBHOMIPHOCTI KPOKYy abo
KOHTPOJIb 3MIIIEHHSI BUXIJIHOTO KOHTYPY Kpallle KOHTPOJII PO3Mipy IO POJIMKaX
[1].

6. IIpu ocTaTro4YHOMY KOHTpPOJII Ta BHMIpl 3y04acTOro Kojieca IJIS OIlIHKH
Horo, SK eleMeHTa MalOyTHBOI Tepenadl, BUMIPIOBAaHHS HEOOX1THO BUKOHYBATU
Bl pobouoi 0a3u kojeca. [Ipu BUpoOHHUOMY KOHTpPOJi 3a 0a3y BHUMIpIOBaHHS
JOIITHHO TIPUIMATH Ty, SIKa BAKOPUCTOBYBaacs rpu oopooiii [1].

7. Ilpu Hanmarojk€HOMY BHUPOOHHULTBI KOHTPOJb MOXE OyTH OOMEKEHO
KOHTPOJIEM KOJIIC MO MI)KOCHOBIM BiJCTaHl mpu JABOMPOGUILHOMY 3ayeIlieHHI 3
BUMIPIOBAIBHUM KoJiecoM [1].

TakuM YWHOM HaWOLIBII YAaCTUMU TIApaMeTpaMH JUIsi KOHTPOJIO €:
KiHEeMaTHU4HA MOXHOKa KoJjieca, IIsiMa KOHTaKTY 1 O14HHI 3a30D.

Cucrema KOHTPOJIFO KOHIYHMX KOJIIC, TIEpeay 1 Mmap BCTAHOBIIOETHCS TakK
camMo, SK 1 UWIHAPUYHUX, TOOTO BHOOPOM CHEIlalbHUX KOMIUIEKCIB, 3a
JIOTIOMOTOI0  SIKUX BHSBIISIIOTBCS TEBHI BJIACTUBOCTI KOJIIC 1 Tmepenad, 1
npoUIAKTUYHUM  KOHTPOJIEM: BepcTara, TMPUCTOCYBaHHS, I1HCTPYMEHTY 1
3aroToBKU. EJeMEHTHUIl KOHTPOJb KOHIYHHUX 3y04YacTHX KOJIC B OUIBLIOCTI
BUMAJKIB 3IIMCHIOETHCS 3a JIOMOMOTOI THUX CaMHMX MPHWIAIB, IO BUKOHYIOTH
KOHTPOJIb IWIIHAPUYHUX 3yOuacTux koiic. s 1mporo mnependavyeHo, Mo
BUMIPIOBAJILHUN BY30J MOXKE PO3BEpTATHUCA HA KyT KOHyca Tak, 100 IUIOIIMHA
BUMIPIOBAHHS CTaBajia MEePIEHANKYJISIPHOIO TBIpHOT KOHYca [1].

HopMu kiHEeMaTW4YHOi TOYHOCTI BH3HAYAIOTh JOMYCTUMY IOXHOKY KyTa
MOBOPOTY KOJIeca 3a OJIMH HOro 000pOT 1 MOXKYTh XapaKTEPU3yBaTHUCS, HATPUKIIA,
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KIHEMaTUYHOIO ToXHOKOor Kkojeca [5]. KinmemaTtnuna mnoxmOKka BHHHKA€E B
3y04acToOMy KOJieCl B pe3yibTaTl pajiaibHUX MMOMHJIOK OOpPOOKH - MIHJIUBICTh
panianbHOTO TIOJNIOKEHHS OCl 3arOTOBKM Ta 1HCTPYMEHTY, TaHTCHIAIbHUX
MTOMUJIOK - TIOXHOKK 00KaTy 3y0000poOHOTo BepcTaTa [3] 1 moXxubok BUPOOISIOU0T
MOBEpXHi 1HCTpyMeHTy [4]. Halibinpima anreOpaiuna pi3HHUIS BiIXWUICHD JTIMCHUX
KyTOBUX TIOJIO)KEHb KoOJeca MI0J0 HOMIHAJIBHOTO TMOJIOKEHHSI 32 OJUH 000pOT
JIOPIBHIOE BEJIMUMHI KOJIMBaHb KIHEMAaTUYHOI MOXUOKH Kojeca Fir 1 oOMexyeThes
nomyckoM Fi. Hemonikom naHOi cxeMu KOHTPOJIO - 1€ HEOOXITHICTh MaTu
crelialibHl TOYHI KOHYCH ab0 JAUCKHU Ji1 KOXKHOTO TepeaBalbHOIO BiJHOIICHHS
[5].

HominanbHui TOKa3HUK HOPMH KOHTAKTy - IUIAMa KOHTakTy. Jlns
KOHTPOJIIO TUISIMM KOHTaKTy O14HY IMOBEPXHIO MEHIIOro abo BUMIPIOBAIBHOIO
KoJieca MOKpUBAaIOTh IapoM ¢Gapou (CBUHIIEBUN CYpUK, OepiiiHCbKa OJAKUTh)
TOBIUIMHOIO HE Outbiie 4..6 MKM 1 MPOBOJAATH OOKATKY KOJIIC TPU JIETKOMY
IpPUTaJbMOBYBaHHI. Po3MipH MMM KOHTaKTy BH3HA4alOTh y BIJHOCHHX
OJIMHUIIX - BIJICOTKAX BiJ JIOBKUHM 1 BiJl BUCOTH aKTUBHOI MOBEPXHI 3yda [6].

Tpanuiiiiai Ta yHiBepcaibHI TPUIIATU ISl KOHTPOJIO 3y0UacTUX MOBEPXOHb
MOAUIAIOTHCS [2]: 32 MPU3HAYEHHSAM HA TPYNU B 3aJICKHOCTI Bl KOHTPOJIbOBAHUX
MOKa3HUKIB TOYHOCTI KOJIC; 32 KOHCTPYKIIIEIO - Ha TUITH BEPCTATHI 1 HAKJIa(H1, 110
no3HavarThest OykBoro B a6o H BinmoBigHO, 3 A0/JaBaHHAM OYKB - II, K, 4, 1, 11O
BKa3ylOTh, [0 NPWIaJAW TMPU3HAYEHI JUISI KOHTPOJS KOJIC UWJIIHIPUYHUX,
KOHIYHUX, YEPB'AKIB 1 YEPB'TYHUX KOJIIC 200 mepead, 3yO0Opi3HOTO THCTPYMEHTY;
3a pO3MipaMHu KOHTPOJIbOBaHUX Koutic - Ha Tunopo3Mmipu 0, I, 11 1 I1I; 3a TounicTiO
BUMIPIOBaHb - Ha Kiacu A 1 B.

3a mpu3HaYEHHSM, HAIPUKIIAA, TIepen0ayaloThbCsl HACTYIHI TPYMH MPUIIAJIIB
[2]: mpunagu it KOHTPOJIO PajlialibHOTO OUTTS 3yOUacToro BIHIIS 1 3MIIICHHS
BUXIJTHOTO KOHTYpPY (€0, 1 Ah) - OutTsmipu; npuiaau AJis KOHTPOJIO MOXUOKH
oOkary (A¢y); mpuiaau s KOHTpoiro npodimo 3yda Af - eBoiapBeHTamepu;
npuiIagy Ui KOHTPOJIIO OChOBOTO KpoKy ABy; mpuiamy 1 KOHTPOJIIO JOBKUHU
3arajgbHOi HopMai A.L, AL — HopManemepu; npuiaau AJiss KOHTPOJIO TOBIIMHU
3y0a As - 3y0oMipHu XOpAOBI.

Buxoasun 3 BeNMKOi KIJTBKICTI THCTPYMEHTIB Ta MPHJIAIIB JJIi KOHTPOJIIO
HABUIIYETHCS COOIBAPTICTh BUPOOY Ta 3HUKYETHCS MPOIYKTUBHICTH KOHTPOJIBHUX
omeparfii, TOMy OJHUM 3 HaWOUIbII TEPCHEKTUBHUX 1 €(PEKTUBHUX METOJIB
KOHTPOJTIO € 3yOOBHUMIPIOBAJIbHI MallTUHHU.

3y0oBUMIpIOBAJIbHA MAIIIMHA € 32CO00M aHAJTITUYHOTO KOHTPOJIO BIIXUJICHB
3y04acToro BIHIA. 3acTOCYBaHHS IIbOTO 3ac00y KOHTpPOIIO 3abe3nedye
ONTUMAJIbHY SIKICTh KOHTPOJIIO 1 TIOJIaHHS PE3yJIbTATiB IMEPEBIPKH IMapaMeTpiB
3yO4acTuX MOBEpPXOHb. Pe3ynbTaT JarioTh MOBHY 1H(OpMaNil0 MNpo MPUYUHU
BUHUKHEHHSI MOXUOOK 1 J03BOJISIIOTH BUKOPUCTOBYBATU 110 1HGOPMAIIIIO s
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BI/IMOBITHOTO KOPUTYBAHHS TEXHOJOTIl BUTOTOBJICHHS aeTam. Jlo HEHoJiKiB
JTAHOTO METOJy KOHTPOJIIO CJIiJl BIJHECTH TPUBAIMK LMK BUMIPIOBAHHS 1
CKJIQIHICTh B 3aCTOCYBaHHI 3yOOBHMIpIOBAIBHOI MAIIMHU OE3MOCEepPeaHbO OiIs
BepcTata. byaydnm MeTpoJoriyHUM 3aco00M JyKe€ BHCOKOI TOYHOCTI, MalllhHA
BHMAra€e yCTaHOBKH B CIEIIaJIbHO IMATOTOBJIEHOMY MPUMIIIeHHI [7].

Po3rissHeMO  BUMIPIOBIBHUNA TIEHTP JJS KOMIUIEKCHOTO KOHTPOITIO
3youactux komic 3 YITY mogmem 3906T (puc. 1, a) [8]. BumiptoBanbHUl LEHTp
3MaTHUN BUKOHYBAaTH TIEPEBIPKY MapaMeTpiB 3y0a Ha IWIIHIPHYHUX MIECTEPHSX
(BUMIpIOBaHHS MPAMOTO 3y0a, KOCOTo 3y0a: BUMIPIOBAHHS CTAHIAPTHOTO MOAYJIA),
a TaKoX KOHTPOJh OuTTA. Jliama3oH 3acTOCyBaHHS OXOIUIIOE TIEPEBIPKY Ta
BUMIPIOBaHHS BaTIB 1 MIECTEPEHB, NPAMUX 1 KOCO3YOUX KOHIYHUX JH(EpEeHITIaiB.
OcHOBHI mepeBaru — 1€ KOMIAKTHAa KOHCTPYKI[iSi OCHOBHOTO BEpCTaTa, BUCOKA
BUMIpIOBaJIbHA TOYHICTH 1 HATIAHICTb.

FPG3002 8

CNC 39067

LINKS e
a) 6)
a) UMIDIOBATLHULL YeHmP OIS KOMNIEKCHO20 KOHMPOIH0 3y04acmux Koic 3

Y11y mooeni 3906T;
0) 3ybo0sumiprosanvha mawuna 3 YI1K mooeni 3002B
Puc. 1. Bumiprosanvui yenmpu 0151 KOHmponio 3y64amux n08epxXoHs

[Tpuniun poOoTu 1eHTpY OazyeThcs Ha 4-X OChOBOMY BuUMIpi. Bepcrar
YKOMIUIEKTOBAaHUW HAJIMHUMU HAINpPaBISIOUMMH 3 BEJIMKOIO KUIBKICTIO JTOPIXKOK,
JHIAHUMHA 1 KYTOBUMH CEpPBONPHUBOAAMH. BUKOHY€TbCS TMOBHMM LMK
BUMIPIOBAaHHS TapameTpiB 3y0a. @DyHKINI BHUMIPIOBAILHOTO MPOrPAMHOTO
3a0€3MeUeHHs BKIIOYAIOTh MiAPaxyHOK BinxuieHb npoditto 3yda (Fa, ffo, fHa),
cuipanbhe Biaxuienns (FP, fip, fHP), Binxunenns kpoky (Fp, fpk, fpt), a Tak camo
koHTpoib Outts (Fr). Jlanuii BUMIpIOBaJbHUM LIEHTP JO3BOJISE TPOBOJUTH
aBTOMATHUYHY MEPEBIPKY BCIX TECTOBUX 3HAUYEHb, TAKUX SIK: MPOPiiIb, BIAXUICHHS
Mo cImipaji 1 Mo KPOKy, KOHTPOJIb OUTTS B OJWH Tpoxia. BumiproBambHUN TUKIT
MOBHICTIO YIIPABIISIETHCS MIKPOKOMIT FOTEPOM.
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[IporpamHe  3abe3medeHHs  3MIMCHIOE  aBTOMATUYHHI  KOHTPOJb
HUAJIHAPUYHUX IectepeHb y BiamosigHocti 3 [SO1328(GB/T10095, DIN3962,
JISB1702, AGMARSS). BumiproBanbHMii LIEHTP Ma€ CHeLialbHl JOJATKOBI (PyHKIIIT
JUIS BUMIPIOBAaHHS mapaMmerpa — 110, npodimo 6oukononionicte Ca, 1 BiHI 3y0a
CB.

3yooBumiproBasibHa MamuHa 3 UIIK wmomeni 3002B (puc. 1, 6) [9]
CHeliajJbHO TpHU3HAYeHa JUIsi BHUMIPIOBAHHSA IIECTEPEHb MallUX 1 CEepeIHiX
pPO3MIpIB; JT03BOJISIE 3 BHCOKOIO TOYHICTIO TNEpeBIpSATH Tpodiiab 3y0a, MOXHUOKY
TBUHTOBOI JIHIT 1 BIAXWJIEHHS KPOKY HA LWJIIHAPUYHHUX IIECTEPHAX, a TaKOXK
pamianpHe OwTTs 3yOuacTtoro BiHN™. IlepeBaramm 11i€i MamuHU € BHCOKA
BUMIpIOBaJIbHA TOYHICTh 1 KOMIIAKTHI pPO3MipH, 3aCTOCYBaHHS 4-X OChOBHUI
BUMIPIOBAILHOT TEXHOJIOT1T 1 BACOKOTOUHUX cepBonpuBoiB. KoxkHa Bick BepcTara
yKOMIUIeKTOBaHa onTtuyHUMU JiHiikamMmu RENISHAW a6o kyToBuMEU SHKOEpaMu
HEIDENHAIN.

[upokuii nianazoH BUMIPIOBaJbHUX (DYHKIIII MpOrpaMHOro 3abe3nedyeHHs
3a0e3rnedye aBTOMATHMYHUNA IMKJI BUMIPIOBAHHS IIWIIHJIPUYHUX IIECTEPEHb
BianoBigHo g0 ISO1328 abo DIN crangapty. IcHye cremiaabHa (QYHKIIS IS
IIPOBEICHHS BUMIPIOBAHHA 1 pO3paxyHKY 10 KapT JJid NpoduIro 1 KpOKy, MpoQLIto
6oukonoioHocti Ca, 1 omykiiocTi 3yda Cf.

BUCHOBKU

Cy4acHi 3aco0u BUMIPIOBaHHS 3y04acTHX MOBEPXOHb - 3yOOBUMIPIOBAJIbHI
MAIIMHA JT03BOJISTFOTh BUKOHATH OCHOBHI BHMOTH, SIKI BH3HAYaIOTHCA CYYaCHOIO
KOHCTPYKIIEIO 1 TEXHOJIOT1€I0 BUTOTOBIIEHHA. Ha 000X OIYHMX MOBEPXHSAX TPHOX
a00 4oTUpHOX 3y0iB BUMIPIOIOTHCS MOXUOKHM mpodutto 1 JiHii 3y6a. Ha Bcix 3ybax
BUMIPIOIOTHCS MOXUOKK KPOKY IO 000X O1YHUX MOBEPXHSAX 1 MOXUOKH pajilaJbHOTO
outts. Kpim 1150T0, IPOBOAUTHLCS BUMIPIOBAHHS TOBIIMHU 3y0a. Yac BUMIpIOBaHHS
3y04acToi MOBEPXHI BUKOHYETHCS BITHOCHO IIBUJIKO. 3yOOBHMIpIOBAJIbHA MAaIlIMHA
TakoX 3a0e3nedye BUMIiproBaHHA Tomnorpagii 3y0a 3 OLIHKOK IUIIMH KOHTAkKTy.
3y0oBHMIipIOBaIbHA MaIllMHA HE Ma€ OOMEKEHb B YaCTHHI BUMIPIOBAHHS KOJIC 3
HECTaHJapTHUMH TapaMmeTpaMu npodito 1 miHii 3yda (Moaudikaritii 3a npodinem i
JiH1T 3y0a).

[TpakTruHO 3y0OBHMMIpIOBAIbHA MAIlIMHA, SIK Cy4aCcHUMN 3aci0 BUMIpIOBaHHS,
3aMIHIOE BCl TPaAUIlidHI TOpUIagd JUIsl KOHTPOJIIO 3yO04acTHX TIOBEPXOHb 1
JIO3BOJIIE BHUMIPIOBaTH, KpIM UIWJIIHAPUYHUX KOJIIC, TaKOX KOHIYHI KoJjeca,
YyepB'sikH, YEPB'TUHI KoJieca 1 3yOOpi3H1 IHCTPYMEHTH.

JIITEPATYPA
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YK 62-5, 608.2

Mleanncokuii B. O., Hayk. kep. A.T.H., npod. Kosanescekuit C.B. ([onbacvka
depoicasna mauuHobyoieHa akademis, Yxpaina)

KOHIEMIIS IHHOBALIIIMTHOTO MEXAHOCKJIAJAJTBHOT'O LIEXY
3 BAPOBHMIITBA PEJYKTOP KJITEN INECTEPEHHUX 1200

B cmammi 3anpononosano memoou nioguweHus egpekmuernocmi nionpuemcmea. /s
BNPOBAOINCEHHS. KOHYENYii CYUACHO20 BUPOOHUYMBA 3aNPONOHOBAHO O 00POOKU KDYNHO
2abapummuux oemaleil 3aCmoCy8aHHsl IHHOBAYIUHO20 NIOX00Y (hOPpMYBAHHS cucmemu YNpasiiHHs.
8UPOOHUYOI0 OinanKol0. TIpOnoHyEMbCA BUKOPUCTNAHHA THMEPNOTAYIIHUX MemOoOdi8 OMPUMAHHS
CKIIAOHUX NOBEPXOHb (hpe3epy8aHHAM HA CKIAOHO NPOPINIbHUX MA KPYNHO 2AOAPUMHUX 0emAiaxX
Ha OCHO8I OyiHHUX Qyukyiu. Posenanymo eudu ma Kinemamuka npoyecy cKiaoHo npoghinbHoi
00poOKU 3 YPAXYBAHHAM OYIHHUX YHKYIU.

Jnst migBUIIEHHS €(QEeKTHBHOCTI MIANPUEMCTBA IPOIOHYETHCS OyayBaTH
y3rOJKEHI IJIaHW POOOTH BCIX MOro BUPOOHWUYMX MIJIPO3ALTIB, BKIIOUYAIOYU
CKJaJaibHl. BHUKOpHUCTaHHS ICHYIOUMX METOJIB 1 CTBOPEHUX Ha iX OCHOBI
MPOTrPaMHUX TMPOAYKTIB BEIbMH YTPYAHEHO dYepe3 BEIHMKY PO3MIPHOCTI
BUHMKAIOUMX 3aBJIaHb, a TAKOX 4epe3 MpoOJieMU Y3rOJKEHHS IUIaHIB POOIT 3
0OpOOKM JeTajeH 1 CKIIaJaHHs 3 HUX TOTOBOIT poayKiii [1-6].

st dopMmyBaHHS OUIBII BUTIHUX TPYH OJIHOYACHE CKJIaJaHHS BUPOOIB
ICHy€ KiIbKa MOXJIMBUX MiaxoniB. OJWH 3 HUX - II€ METOJ TMOBHOTO Iepedopy
pI3HUX BapiaHTIB TpyIyBaHHs BUPiO [4-6].

Takuit miaxig J03BOJSIE OTPUMYBATH ONTHMAJbHE PILICHHS, OJIHAK HOro
MOXHa BHUKOPHUCTOBYBAaTH TUIBKM TIPH HE3HAYHOMY YHCII THUIIB CKJIAJACHUX
BUPOOIB, OCKUIBKM JUIsi OTPUMAaHHS PIMICHHS B PEAIbHHUX 3aBJAHHSIX IMOTPIOHO
MEPETJITHYTH 1 OIIHUTH BEIMYE3HY KUIBKICTh MOXJIMBHX BapianT. [Ipuyomy mms
OLIIHKKA €(QEeKTHUBHOCTI KOXKHOTO BapiaHTy TpylyBaHHS MOTPIOHO OyayBaTu
pO3KJIa] 0OpOOKH KOMIUIEKTYIOUMX JeTanei JUisl Li€i Tpynu BUPOOIB, IO TAKOX
BUKJIMKA€E 3HAYHI TPYIHOII 1 MOXE BUMAaraTd BEJIMKOTO 4Yacy JUIsl PO3PaxyHKIB
[4,7].

AHani3 cremiamxi3oBaHOrO IEXy CKIAJA€TbCsl 3 OINISAAY BHUAIB POOIT.
Bupobuudi po6oTH MOKHA TOAUIMTH HAa: MeEXaHIyHAa O0OpoOKa; MPOMIKKOBI
omepailii; 30epiraHHs 3aroToBOK Ta JeTajiei; TOMOMIXKHi BUAN pOOIT; CKIaJaHHS.

['0Jl0BHOIO METOI0 3 PEKOHCTPYKINI IIeXa € po3polOKa creliagi3oBaHol
JUTBHUII 3 BUITYCKY peAyKTOpiB npokatHoro ctany TJIC.
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[HHOBAITIIIHE BUPOOHUIITBO
BukopucranHs HOBOBBE/ICHb (B InHoBaItiiTHE BUPOOHUIITBO (B
3araJlbHOMY BUTJISII) KOHKPETHOMY CEHC1)
[HHOBAITIIIHE BUPOOHHUIITBO TTIOBHOTO [HHOBAITIIiHE BUPOOHHUIITBO HETIOBHOTO
UKITY (po3poOKa Ta BIIPOBA/DKEHHS LUKy (po3pobka Ta Tmpoaax abo
1HHOBAL1{ Y BUPOOHUIITBO) KyIIBJI 1HHOBAI[M JUIsl BIPOBAKEHHS

y BUPOOHHMIITBO)

Pucynok 1 — Kiacudikarist iHHOBaLiitHOro mnpouecy

Tabmuusa 5.1 — Knacudikarist iHHOBaIii 3a rpynamMu

Kaacudikauiiina o3naka kiaacudikaniiini yrpynoBanHus iHHoBauin
OO6nacTh 3aCTOCYBaHHS VIIPaBIiHCHKI, OpraHi3aIliifHi, COIliabHi, TPOMHUCIIOBI 1 T. JI.
Etanu HTII, pe3ynbrarom sIKMX | HAyKOBi, TEXHIUHI, TEXHOJOIIYHI, KOHCTPYKTOPCBKI,
CTaJIM IHHOBAIIi{ BUPOOHMYI, iH(pOpMaITiiiHi
Cryninb inTeHcuBHOCTI | «bym", piBHOMIpHA, ci1abka, MmacoBa
1HHOBAIIH
Temmu 311CHEHHS 1HHOBAIIIM IIBU/JIKI, YITOBUJIBHEHI, 3aracarodi, HapoCTayli, piIBHOMIPHI,
CTpUOKOTOM10H1

Macuirabu iHHOBawii TPAaHCKOHTHHEHTAlIbHi,  TPaHCHAI[IOHAJIbHI, PperiOHaJIbHi,
BEJIMKI, cepeHi, ApiOHi

PesynbTatuBHICTH 1HHOBAIIHI BucokopesynbTaTuBH1, HU3bKOPE3YJIbTaTUBHI, CTA0LIbHI

[ Hayka Ta TexHomoris |

I

TIpocyBauusi
TEeXHOJIOTT

I

Hosa iges Konnenry- - Jlocmimxe- TexHomo-
anbHE HHS Ta PO3- = rivai
MOKIIUBICTH pinreHHs POOKHM piteH s

MTpOCyBaHHs +
Ha PUHOK
pY . MapkeTuHr
Hesanosinbaeni
Ta BUPOO-
norpebu 2
HULITBO
Bursarysa- Bnposaj-
HHSI PUHKOM JKEHHSI
HA PUHOK
l CycninbHai norpebn Jundysis innoBaniii ‘
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Pucynok 2 — 3aranbHa MOie)Ib IHHOBAIIMHOTO MPOIIECY

Opranizariss 1 TPOBEJAEHHS TEXHIYHOTO KOHTPOJIO SKOCTI - OJUH 13
CKJIaIOBUX €JIEMEHTIB CHUCTEMH YTPABIIHHS AKICTIO Ha CTajli BUPOOHHIITBA 1
peai3artii mpoIyKItii.

TexHIYHUN KOHTPOJIb - 1€ MepeBipKa BIAMOBIIHOCTI MPOAYKIli abo mporiecy,
B1JI SIKOT'O 3aJICKHUTh SIKICTh IMIPOAYKIlii, BCTAHOBJICHUM CTaHJIapTaM a00 TEXHIYHUM
BUMOTaM. Y MAaIMHOOYJyBaHHI BiH SBJsiE COOOI0 CYKYIHICTh KOHTPOJBHHUX
oreparliii, 0 BUKOHYIOThCSI Ha BCIX CTaJisiX BUPOOHUIITBA: BiJ KOHTPOJIO SIKOCTI
BCTYIHUKIB Ha BUPOOHUIITBO MaTepiaiiB, HamiBpaOpUKATIB.

TexHIYHUN KOHTPOJIb € HEB1I'€MHOIO YaCTUHOK BUPOOHUYOTO mpoliecy. Bin
BUIIOBHIOETHCS PI3HUMH CIY>KOaMU MiANPUEMCTBA 3aJI€XKHO Bl 00'€KTa KOHTPOIIO
[3, 6, 7]. Ilim CTPYKTYpHUMH €JIEMEHTAMHU PECYPCHOIO TMOJS PO3yMIIOTHCS
MaTepiaibHl 1 HeMareplajbHl pEeCcypcH, BUKOPUCTOBYBaHI 1 HEOOXIJHI MJis
BUPOOHHMIITBA MPOAYKIIIT Ta peasizalii HoCayr Ha MiAIpHEMCTBI.

Po3ninenHss 1HHOBAIIMHOTO TOTEHIIATy BUPOOHMIITBA Ha CTPYKTYpHI
CJIEMEHTH Ja€ 3MOTy [0 Kpalloro TMO€JHAHHS BUKOPUCTAHHS HAsSBHUX
MaTepialbHUX, JIOJACPKUX Ta BUPOOHUYUX PECYpCIB MapKy OOJaJHAHHS 1IEXy Ta
BCHOTO MiANMPHUEMCTBA B 1iJIoMy [7-9].

Cucrema ympapiiHHA BHUPOOHHYOIO JIIJISHKOIO Ja€ MOXJIIMBICTh 0€3
TPYJHOIIB OOCIYroBYBaTH OOJIalHAHHA SIK MpU 00cs31 mapTtii, PIBHOMY ogHOMY
BUPOOY, TaK 1 IPH CEPIHHOMY BUPOOHUIITBI.
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Pucynok 4 — KommiekCHUM OpUHITUT CKIIaJaHHs

Jns  KOMIUIEKTYIOUMX JAeTalield, OOpOoOJIOBaHMX Ha KOXXHOMY eTarl
CKJIaJlaHHs BUPOOIB, JOMUILHO OyayBaTU po3kiaa OOpOoOKH, OCKUIbKH II€
J03BOJIUTh MIOMITHO CKOPOTUTU 4ac iX oOpoOku. BuxopucTtanHs st umMx Iuien
ICHYIOYUX METOJIB 1 CTBOPEHMX Ha iX OCHOBI MPOTPAMHHUX MPOAYKTIB BEIbMU
YTPYIHEHO, a B OUIBIIOCTI pEaJIbHUX CUTYalllld BUSBISETHCS HEMOXKIMBUM Yepes
BEJIMKHI PO3MIPHOCTI BHHUKAIOYMX 3aBJaHb, TaK K OOpOOKa KOMIUIEKTYHOUHMX
JeTane Moxe IPOBOJUTHUCS Ha BCIX OOPOOHUX MUISHKAX IMIANPUEMCTBA.

Tomy nnst noOynoBU po3Kiany 0OpOOKH KOMIUIEKTYIOUUX Y TaKUX BUIAJKaX
HEOOX1THO BHUKOPUCTOBYBATH CIICHIaJIbHI METOJU, IO JO3BOJISIOTH OyayBaTH
po3kiiay 0OpoOKH JieTaneil Ha piBHI NIANPUEMCTBA.

Cnabopo3BHHEHA 1HHOBALIMHA ISJIbHICTD MIAMPUEMCTBA XaPAKTEPU3YETHCS
HE BIJCYTHICTIO pecypcCiB a00 TOTEHIIaly, a CYNEpeWwIMBICTIO I[iJied, MOTHBIB
JUSTTBHOCTI, 1HTEPECIB YYaCHUKIB 1HHOBAIIHOTO MPOIIECY, OMOPOM TMEPCOHATY
HOBOBBEJICHHSM, BIJICYTHICTIO MoTHBaIii [4, 5, 10, 11].

BucHoBok

B crarTi 3anponoHoBaHO METOJIU MMiJIBUILIEHHS €(PEKTUBHOCTI MiANPUEMCTBA.
Jlis BOpOBaKEHHsST KOHIIEMIi Cy4yacHOTO BHUPOOHHIITBA 3alpOIIOHOBAHO JUIS
00pOOKHM KPYNMHO TrabapuTHHUX JeTajieil 3acTOCYBaHHS I1HHOBAIIMHOTO ITIIXOMY
(bopMyBaHHS CUCTEMH YIIPaBIiHHSA BUPOOHUYOIO JTIISHKOIO.

Jnst miaBuiieHHs €(EeKTHUBHOCTI MIANPUEMCTBA TMPOMOHYEThCS OyIyBaTH
y3rOJKEHI IJIaHW POOOTH BCiX HOro BUPOOHWMYMX MIAPO3/AUIIB, BKIIOYAIOUU
CKIafaibHi. BHUKOpHUCTaHHS ICHYIOYMX METOAIB 1 CTBOPEHHMX Ha iX OCHOBI
KOMOIHATOPHUX TAapaMETPUYHUX CTPYKTYp [l (OPMYBaHHS ONTHUMAIbHHUX
pllIEHb Ta MIAXOAIB OI[IHKA €(EKTUBHOCTI IPYIyBaHHSA CTPYKTYpU BUTOTOBJICHHS
By3J1a IIUIIXOM MOOYI0BH LIUKJIOTPAMHU MPOIIECY.

[IpomoHy€eThCs BUKOPUCTAHHS IHTEPHOJSAIIMHUX METOJIB OTPUMAHHS
CKJIQJHUX TOBEPXOHb (pe3epyBaHHSM HA CKIAAHO MPOGIUILHUX Ta KPYIHO

141



rabapuTHUX JeTajsiX Ha OCHOBI OIIHHMX (QyHKIIA. Po3rasHyTo Buaum Ta
KiHEMaTHKa TMPOIEeCy CKIaaHO NpodiabHOT 00pOoOKM 3 ypaxyBaHHSIM OIlIHHHX
(byHKIIIH.

[IpoBeneno aHami3  CHOEMiali30BaHOTO  IeXy. PO3MISIHYTO  MOJENb
1HHOBAIlIITHOTO BUPOOHUIITBA, KiacudikamiiiHi o3Haku. lllmsxom opranizamii Ta
BUKOPHUCTAHHA METOJIB 1HHOBALIMHOTO BUPOOHHIITBA MPOMOHYETHCS HAa OCHOBI
MOJILOBOTO MMIIXOy TPYIYBaHHS CKJIAJOBUX €JIEMEHTIB MiANPHUEMCTBA MPOBECTH
opraHizalliro MexaHooOpoOKH, CKIaJaHHs, TEXHIYHOTO KOHTPOJIIO.
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