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The geometric design of the road should be based on the road
design criteria and requirements contained in the design guidelines.
However, the limitations of natural conditions and considerations
during the design make the road design not ideal according to the
guidelines. Deviations from the guidelines may indicate that the road
is not standard and has potential accident risk. This study intends to
analyze the risk of accidents from the geometric aspect of the road.
The purpose of this study is to find out how the level of accident risk
is due to the geometric conditions of the road. The approach used in
this analysis is functional worthiness where each road component is
compared with field data and design guidelines. The data collection
method was carried out by measuring the geometric components of
the road, which included horizontal and vertical alignments. The
location of data collection was national roads in the Jambi Province
area with a total road length of 1.095 km. For analysis purposes, the
road data is divided into 82 segments. The analytical method used
is multiple regression with various statistical parameters related to
these results. The modeling results show that the regression coef-
ficients for each variable horizontal alignment, vertical alignment,
and combination of horizontal and vertical alignment are 0.248,
0.349, and 1.170, respectively. While the constant in this regression
equation model is 3.366. The greatest value of the accident risk con-
tribution is in the horizontal and vertical alignment variables with
a coefficient of 1.170. The results of statistical tests show that the
relationship between accident risk and the geometric aspect of the
road has a strong linear relationship.

Keywords: accident risk, road geometry, horizontal alignment,
vertical alignment, modelling.
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The object of this study was the processes of restoration and
transformation of high-tech engineering using the principles of
Industry 4.0 and CALS-concept. The problem of identifying ideas,
concepts, tools and developing the principles of their application for
the restoration and transformation of high-tech engineering has been
solved. It is shown that the restoration of high-tech engineering,
in countries affected by hostilities, is advisable to carry out using
the CALS concept. The top priority CALS technology and systems
have been identified. An opportunity to jump from Industry 2.0
to Industry 4.0. for countries in which mechanical engineering has
suffered greatly as a result of hostilities has been shown. The prin-
ciples of restoration and transformation of high-tech engineering
by implementing the principles of CALS concept in the context of
Industry 4.0 development have been developed. The infrastructure
of the participants of the life cycle of machine-building products
is proposed. A model for optimizing the production program of the
defense-industrial complex has been built. The model takes into
consideration the nonlinearity associated with the optimization of
the production program, as well as the stochastic nature of changes
in the model parameters. An adaptive approach is proposed that
makes it possible to optimize the production program according to
the model even for specialists without special mathematical training.
The priorities of post-war reconstruction of high-tech engineering
have been defined. This study will make it possible to transform and
restore the machine-building industry destroyed as a result of hos-
tilities as soon as possible. The condition for the practical use of this
study is to stop the hostilities.

Keywords: mechanical engineering, Continuous Acquisition
and Life-Cycle Support, Industry 4.0, Shared Data Environment,
optimization model.
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The object of this study is the technical preparation of manufac-
turing (TPM) of aviation technology (AT) using reengineering tech-
nology. The task to reduce the terms of TPM AT was tackled while
solving direct and inverse problems of shape formation involving
reengineering. The study is based on the equation for calculating the
labor intensity of creating an assembly unit (AU) as a mathematical
model for the formation and accumulation of components of the
total labor intensity at all stages. The following results are reported:
a scheme has been proposed for linking homogeneous components
of an article obtained using the loft-template method (LTM) with
digital mock-up (DMU) when applying the reengineering method.
The scheme summarizes and structures the reengineering technology
to solve direct and inverse shape-formation problems and could be
used to solve the tasks of prototyping, manufacturing, and refurbish-
ment of tooling, as well as article control at all stages of production.
An example of the helicopter stabilizer shows that when solving the
direct shape-formation problem, the labor intensity is from 294.94
to 315.06 man-hours, and when solving the inverse problem — from
194.78 to 213.22 man-hours. A comparative analysis of the labor
intensity of TPM revealed a difference of 1.5 times in favor of the
labor intensity of solving the inverse problem. Comparing the labor
intensity of creating DMU for the stabilizer of a helicopter has made
it possible to establish that the labor intensity of solving the inverse
problem is 3.7 times less than the labor intensity of solving a direct
problem. Recommendations for reducing the terms of TPM AT with
the use of reengineering are given. The results could be used to assess
the labor intensity and timing of TPM AT and mechanical engineer-
ing objects in general when using reengineering technology.

Keywords: technical preparation of production, reengineering,
assembly unit, analytical standard, aviation technology.
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This paper reports the construction of a durability model of basic
structures, which takes into consideration the complex stressed state
under the cyclic action of the complex load. The models that take in-
to consideration this factor are categorized on the basis of equivalent
for a certain indicator of the stressed-strained state. The equivalence
models based on the tangent stresses and strains have been recog-

nized as the most effective ones. However, they hold when the ratio
of the limits of fatigue under tangent and normal stresses exceeds 0.5.
In addition, determining the latter requires specific testing equip-
ment. The concept of basic bearing structures for industrial equip-
ment has been formulated. The issue related to the multi-axis fatigue
of basic structures was considered from the standpoint of combining
the reliability indicators of systems. The durability model has been
derived from the rule of combining resource safety indices. The load
is represented as a combination of individual subprocesses of simple
types of deformation with their amplitudes and asymmetries. A mo-
del of durability with multi-axis fatigue has been built, which takes
into consideration the parameters of the form of the strain cycle, and
the type of process (synphase, disproportionate, unchanging static
stress). The possibility of obtaining parameters for the multi-axis
fatigue model during tests for three-point bending under conditions
of varying the multiplicity of the span has been confirmed. According
to this scheme, fatigue tests of prismatic samples of the steels 09G2
and 40H were carried out. For them, the parameters of fatigue resis-
tance were found; additionally, the ratio of the fatigue limit for tan-
gent stresses of displacement and fatigue limits for normal bending
stresses, which is equal to 0.385, was established. A test procedure
has been devised to determine the initial data for the multi-axle
fatigue model, which is suitable for conventional test machines and
simple-shape samples. The latter advantage is important precisely for
basic structures, from fragments of which it is difficult to fabricate
sample of a complex shape.

Keywords: basic load-bearing structures, multi-axis fatigue,
safety index, shear stresses.
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Pneumatic springs make it possible to implement the <«soft»
characteristics of the suspension of vehicles, which provides com-
fortable conditions for passengers and reduces the dynamic load on
the road surface. The issue of the strength of the flexible shells of
pneumatic springs, which are made of rubber cord, remains relevant.
Strains that stretch flexible shells, which arise in the process of
movement, cause ruptures of rubber cord, thereby reducing their re-
liability. At present, there is a global tendency to replace rubber cord
with polymeric materials. This paper reports a study of the strength
of a two-sided flexible shell of the cylinder type under different
operational modes of a pneumatic spring. The research was carried
out using a finite-element method. The peculiarity of the pneumatic
spring design is that the diameters of the bottoms and inter-corruga-
tion ring are increased to the size of the outer diameter of the flexible
shell in order to improve the stability and damping properties of the
pneumatic suspension. The flexible pneumatic spring shell is made of
polymeric material. It is proved that the stress in the material of the
flexible shell increases in proportion to the air pressure in its cavity;
their greatest values are observed in places where the flexible shell
is fixed to the bottoms. When approaching the equator of the shell,
they gradually decrease by an average of 20 % in both corrugations.
The increase in the radius of the equator in both corrugations of the
flexible shell did not exceed 20 mm. With a mutual transverse dis-
placement of the bottoms by 40 mm and excessive air pressure of 0.5
and 1.0 MPa, the stress in the flexible shell material was 2.9 MPa and
5.9 MPa, respectively. This is almost five times less than the strength
limit of the material for breaking (30 MPa). Thus, the selected pa-
rameters ensure the strength of the flexible pneumatic spring shell:
it can be recommended for use on vehicles.

Keywords: vehicle air suspension, strength of the flexible shell
of a pneumatic spring, stress in the polymeric material of the flexible
pneumatic spring shell.
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The anisotropy of metals is an important property that has
a significant impact on the dimensional accuracy of components in
manufacturing. In metal forming processes significant attention has
been given to multilayer composite sheets as they may combine the
advantages of materials with various mechanical properties. In this
study, the effect of anisotropy is investigated in the process of single
point incremental forming (SPIF) of aluminum bilayer sheets. The
finite element method (FEM) is used to study the effect of layer ar-
rangement and the anisotropy of metal sheets relative to the rolling
direction. For the effective description of sheet metal anisotropy, the
two-dimensional Y1d2000-2D yield function is implemented in Ab-
aqus software using a material subroutine (VUMAT). The calcula-
tion and calibration of the coefficients of YId2000-2D in accordance
with the experimental data were performed using a MATLAB code.
For comparison, the anisotropic coefficients of Y1d2000-2D were
replaced by unit values in the same VUMAT to investigate forming
behavior in the isotropic case with the von Mises yield function.
Anisotropic and isotropic models are compared in a conical geometry
by assessing equivalent plastic strain, sheet thickness, and forming
tool reaction forces. Our findings show that anisotropy of sheet
metal causes less variation in material properties compared to the
isotropic case, significantly affecting the stiffness and, subsequently,
the final shape dimensional accuracy of the formed component. The
results of the study have a practical application in that they can be
used to identify strategies for anisotropic bimetal sheets to improve
such material forming processes.

Keywords: anisotropy, incremental metal forming, aluminum
alloys, bilayer sheet, finite element analysis, YId2000-2D.
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Determining the best cutting mode is a common problem for
machining processes as well as for CBN (Cubic Boron Nitride)
grinding on Computer Numerical Control (CNC) machines. It
is even more important when it is necessary to choose a solution
that meets many goals, which are in conflict. This paper presents
the results of a multi-criteria decision-making (MCDM) study on
CBN grinding of cylindrical-shaped parts on CNC milling machines.
Three MCDM methods, including TOPSIS (Technique for Order
of Preference by Similarity to Ideal Solution), MAIRCA (Multi-At-
tributive Ideal-Real Comparative Analysis), and EAMR (Evalu-
ation by an Area-based Method of Ranking) were applied in this
work. Besides, MEREC (Method based on the Removal Effects of
Criteria) and Entropy methods were used to determine the weights
of the criteria. In addition, the Taguchi method with L18 orthogonal
array (6™'+3") design was used for the design of an experiment,
which has four input factors including the depth of dressing cut, the
spindle speed, the feed rate, and the wheel diameter. Two criteria,
including the surface roughness (SR) and the material removal
speed (MRS) were selected as the response outputs. The reason
for choosing these two criteria is because SR and MRS are two
very important output factors of a mechanical machining process
as well as of the CBN grinding process on a CNC milling machine.
In particular, these two criteria are always in conflict with each
other. Small SR requirements will require small values of the feed
speed and the depth of cut. This will lead to the reduction of MRS.
From the results of this study, the use of different methods for
MCDM was evaluated. In addition, rankings of alternatives have
been given according to MCDM methods. Furthermore, the best
alternative to guarantee both the minimum SR and the maximum
MRS has been found.

Keywords: CBN grinding, multi-criteria decision making,
MCDM, TOPSIS, MAIRCA, EARM.
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The object of this study is the technology of bus bodies and
the formation of recommendations for design bodywork subject to
the regulated durability of the body introduced into production.
Advancing the technology of manufacturing bus bodies implies
improving anti-corrosion protection, using new polymeric materials,
and reducing the length of welds.

The issue of corrosion resistance of bus bodies has been considered.
It is established that the use of new polymeric materials will increase
the corrosion resistance of bus bodies while existing technologies weak-
ly protect against corrosion (resource up to 5 years). The peculiarity
of this study is that the adhesion of new materials has been tested,
with artificial aging, which confirms the durability of glued joints.

According to the old technology, the body was exposed to an-
ticorrosive treatment after welding the cladding with uncovered
places left between the frame and body cladding, which provoked
corrosion. The main idea is that in the new technology, the cladding
is welded or glued after the body frame is fully coated with primer.

New technologies and materials not used in the automotive in-
dustry have been proposed. Three variants of technologies were put
into production. First: the welding of steel zinc sheets. In welding
sites, the frame is covered with conductive primer. It was implement-
ed for school buses (after 7 years, without damage). Second: gluing
steel zinc sheets. It was implemented for city buses (after 6 years,
without damage). Third: gluing sheets from composite materials
not used in the automotive industry. The transition to new adhesive
cladding technologies from composite corrosion-resistant materials
instead of steel sheet, reduces by 2.5-3 times the length of welds (up
to 20 years without damage).

The studies have confirmed the strength of glued joints (cohe-
sion rupture exceeds 95 %). The reliability of glued joints and high
corrosion resistance of the body have been confirmed in the opera-
tion of buses.

The scope of practical use of the results: bus-building plants.

The reported results are suitable for production of all types while
cataphoretic coatings are only for mass production.
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AHAJII3 ABAPITHOCTI TEOMETPUYHUX EJEMEHTIB JIOPIT 3 BAKOPUCTAHHAM METOY ®YHKITIOHAJIbBHOT
IMPUAATHOCTI (c. 6-14)

Aji Suraji, Agus Taufik Mulyono

IIpoexTyBannsa reoMeTpUYHNX €IEMEHTIB JIOPIT Ma€ TPYHTYBATUCS Ha KPUTEPisAX Ta BUMOTAX, IO MICTATHCA B KEPIBHUIITBI 3 MPOEK-
tyBaHHsl. OnHaK OOMEKEHHsI TIPUPOAHUX YMOB Ta MIiPKyBaHHs, NPUUHSTI TIPU [POEKTYBaHHI, POOIATH KOHCTPYKINIO JOPOTU He ifeanb-
HOIO BiJITIOBIJIHO 10 PeKoMeHalliil. Bifxuienna Bix pekoMeHaaIiiii MoyTh BKasyBaTH Ha Te, 1[0 JIOPOTa € HECTaHAAPTHOIO Ta TTOTEHIIIHO
asapiitnoio. /lare noCTiKeHHsT CIPSIMOBAHE HA aHAI3 aBaPiiiHOCTI 3 TEOMETPUYHOI TOUYKHU 30PY AOPOTH. MeToIo MOCTiKeHHs € 3'sIcyBaTH,
HACKIJIbKU PiBeHb aBapifHOCTI 3yMOBJICHUII TeOMETPUUHUMHI YMOBaMU Joporu. MeToj, 110 BUKOPHCTOBYETHCS B LIbOMY aHaJIi3i, HoJsArae
y GYHKITIOHATBHIN TPUAATHOCTI, TIPU SIKIH KOXKEH eJTeMEeHT JI0POTH MOPIBHIOETHCS 3 TIOMBOBUME JAHUMHI Ta PEKOMEH/IAITIMH TIOJIO TIPOEKTY-
BaHs1. 36ip MaHKUX 3AIHCHIOBABCS MIJIAIXOM BUMIPIOBAHHS F€OMETPUYHUX €JIeMEHTIB I0POTH, sIKi BKJIIOYAJIN TI1aH Ta npodiib. Miciem 360py
maHnx OyJn HalioHaIbHI foporn B mposinmil [xxam6i saramproro mpotspkaictio 1,095 km. {71t mpoBeieHHsT aHai3y AOPOKHI AaHi po3iieHi
Ha 82 cermentu. BUKOpHCTOBYBaHMii aHAITHUHUI METOJ sIBJSAE 0000 MHOKMHHY PErpeciio 3 PisHUMU CTATUCTUYHUMK TapaMeTpamu,
HOB’SI3aHMMU 3 [[UMHU pe3yJibraTaMil. Pe3yibraTi MO/l TIOBaHHSI TOKa3yIOTh, 110 KoedilieHTn perpecii /1711 KO3KHOI 3MiHHOI 171aHy, npodiao
i komGiHarii muramy Ta podimnio ckiaanaors 0,248, 0,349 i 1,170 sianosiano. Toxi sik mocriiina B il Moesi piBHSHHS perpecii gopisrioe 3,366.
HaiiGiznbie 3HaueHHs aBapiiiHOCTI IpUITaae Ha 3MiHHI 1iany Ta npodinto 3 koedirierrom 1,170. Pesyibratu craTucTHyHNX BUIPOOYBaHb
TIOKA3yIOTh, 110 B3AEMO3B'SI30K MiXK aBapiliHiCTIO Ta TEOMETPHYHNM ACIEKTOM IOPOTH MA€E CUIIBHY JIIHIHHY 3aJI€KHICTb.

KmioyoBi cioBa: aBapiiiHicTb, TeOMETPHYHI TapaMeTPH JOPOTH, IJIaH, POQiIb, MOAETIOBAHHS.
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BITHOBJIEHHSI TA TPAHC®OPMAIIA BUCOKOTEXHOJIOTITYHOTO MAINMHOBY1YBAHHA LIJIAXOM
BIIPOBAJIKEHHA ITPUHIIUIIB CALS-KOHIIEIIIIi B KOHTEKCTI PO3BUTKY INDUSTRY 4.0 (c. 15-24)

I1. O. Bononnesuy, O. €. CkBopueBCbKUit

OG6’exTOM JOCTIIZKEH s OYJIM MPOIECH BiIHOBJIEHHS Ta TpanchopMallii BECOKOTEXHOJIOMYHOI0 MalIMHOOYAYBAaHHST i3 BUKOPUCTAHHIM
npuniuiis Iuaycrpii 4.0 Ta CALS-konmentii. Bupimena npobJemMa BUSBICHHS i1el, KOHICNIili, IHCTPYMEHTIB Ta PO3POOKK MPUHIIUIIIB iX
3aCTOCYBAHHsI [T BITHOBJIEHHS Ta TPaHC(hOPMAIlil BICOKOTEXHOTOTIYHOTO MAIMMHOOYAyBaHHs. [loKkasaHo, Mo BiAHOBIEHHS BUCOKOTEXHO-
JIOTIYHOTO MaIMHOOYAyBaHHA B KpaiHax, AKi MOCTpak/aaiu BHACKI0K O00BUX Jiii, 101ii1bHO poBoanTh i3 Bukopucraniaym CALS-koH-
nenii. BusiBneni naiiGinbu nepmoyeprosi aist Buposamkenns CALS-texnosorii Ta cucremn. ITokazHa MOK/IMBICTH cTpUOKa Bif PiBHS
Tuaycerpii 2.0 go pisas Tnaycerpii 4.0. s Kpait, B AKUX MAIIHHOOYIYBaHH CUIBHO HOCTPasKAaM0 BHACAIA0K 60iioBUX /1iil. Po3pobieno npu-
AT BiTHOBJICHHST Ta TPaHCHOPMAIliST BUCOKOTEXHOJIOTITHOTO MaH_II/IHO6yI[yBaHHH nuisixoM BrpoBapkentst npuniumis CALS-konmernii
B KOHTEKCTI po3BUTKY IHaycTpii 4.0. 3anpornonosana iHdpacTpyKTypa y4acHUKIB JKUTTEBOTO IIMKJLY MAIIHOOY/IiBHOT IIPOAYKILi. Pospobiena
MOJIEJIb ONTHMI3allii BUPOOHIUOI IporpamMu 060POHO-IIPOMHUCIOBOTO KOMILIEKCY. B Mozies1i BpaxoBaHi HeJIiHIHHOCTI, TOB’st3aHi i3 onTuMisa-
€10 BUPOOHUYOT IPOrpaMH, a TAKOXK CTOXACTHYHUIT XapakTep 3MiH ITapaMeTpiB MojieIi. 3alpoIIOHOBAHUI A TUBHIH THXiJL, 110 103BOJISIE
MPOBOJIUTH ONTUMI3AIiI0 BUPOOHIYOT IPOrpaMu 3a MOJEJIII0 HABITh criemiajictaM 6e3 creniagbHoi MaTeMaTHYHOI [iAroToBKU. BusHaueni
MPIOPUTETH THCAABOEHHOT BiIGYIOBU BUCOKOTEXHOJIOTTYHOTO MAITMHOOY Iy BaHHsl. J{OCITiIPKEHHST IACTh MOKIMBICTD B IKHANIIBUAII TepMiHN
TparchOpPMyBaTH Ta BIIHOBUTH 3pYIHOBAHY BHACJIIOK BIHCHKOBUX /il MAIIHHOOY/IIBHY Taay3b. YMOBOIO PAKTHYHOTO BUKOPUCTAHHS JTaHO-
TO JIOCJI/IKEHHS € TIPUITMHEHHsT GOMOBUX Iiil.

Kimouosi cioBa: mammnoOyxysanns, Continuous Acquisition and Life-Cycle Support, Inmgycrpist 4.0, Shared Data Environment, ornru-
Mi3salliliHa MOJeJIb.
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PEAJIT3AIIISA TEXHOJIOTTI PEIHKUHIPHUHIY /I CKOPOYEHHS TEPMIHIB TEXHIYHOI ITIITOTOBKU
BUPOBHUIITBA ATPETATIB ABIAIIITHOT TEXHIKH (c. 25-32)

B. T. Cikyabchruii, K. B. Maiioposa, I0. A. Bopo6iios, M. M. Boiiko, O. JI. Komicapos

OG6’exToM JlocipKeHHs € TexHiuna miaroroska supobuunrsa (TIIB) asianiiinoi texuiku (AT) i3 3acTocyBaHHSM TEXHOJIOTIT peiHKu-
Hipunry. Byso Bupinteno npobiemy sHumkenHs Tepminis TIIB AT npu BupimeHHi npsMuX Ta 3BOPOTHUX 3aBIaHb (HOPMOYTBOPEHHS 3 BU-
KOPHUCTAHHSAM peilkuHipunary. Jlocmizkents 3aciHoBane Ha piBHAHHI po3paxyHKy TPYAOMICTKOCTI cTBopenHs ckiapanbioi ogunuii (CO)
K MaTeMaTHYHOI Moziesli (DOpPMyBaHHS Ta HAKONMUYEHHS CKJIA/IOBUX 3arajibHOI TPY/OMICTKOCTI Ha BeixX eTarmaX. OTpUMaHO TakKi pe3yJIbTaTH.
3amporoHoBaHo cxeMy YB'sI3yBaHHS OAHOPiAHMX cKiaanoBux dactiu (CH) BupoOy, OTPUMAHKX i3 BUKOPHCTAHHIM IJIa30BO-MIaGJIOHHOTO
metoxy (ITIIIM), 3 ananituunum etanonom (AE) npu 3actocyBanni MeToy peitskunipunry. Cxema y3arajgbHIOE Ta CTPYKTYPY€E TEXHOJIOTIIO
PEIHKMHIPUHTY JIUIs1 BUPIIIEHHS TPSIMUX Ta 3BOPOTHHX 3aB/aHb (HOPMOYTBOPEHHS Ta MOKe Oy TH BUKOPUCTAHA JIJIsi BUPIIIEHHS 3aB/IaHb TIPO-
TOTHUITYBaHHsI, BATOTOBJIEHHST Ta BIIHOBJIEHHST OCHAIIIEHHS], & TAKOJK KOHTPOJIIO BIPOOiB Ha BCixX eTamnax BrupobHuiTea. Ha mpukiaai crabiniza-
TOpa BEPTOJIHOTA TIOKA3AHO, 1110 ITPU BUPIIIEHH] MPSIMOT0 3aBiaHHst GOPMOYTBOPEHHSI TPYAOMICTKICTD cKiIazac Bix 294,94 no 315,06 mox.-roz,
a Mpy BUPIiNIeHHi 3BOPOTHOTO 3aBHanus — Bix 194,78 no 213,22 mon.-rox. [lopiBusiapauii anasnia Tpyaomictrocti TIIB BusiBuB BinMinHicTh
y 1,5 pasu Ha KOPUCTDH TPYJAOMICTKOCTI BUPILICHHS 3BOPOTHOTO 3aBaanHs. [lopiBHsamus Tpynomictkocti crBopenns AE crabinizaropa Bepro-
JIbOTA JIO3BOJINJIO BCTAHOBUTH, ITIO TPY/IOMICTKICTh PO3B’SI3aHHS 3BOPOTHOTO 3aBAAHHS y 3,7 Pa3iB MEHIIA 32 TPYAOMICTKICTh BUPIIIEHHS TIPsI-
Moro 3aBranus. Hamano pekomenparii st ckopouenns TepminiB TIIB AT i3 3actocyBanusim peitkuaipuary. OTpuMaHi pe3yibTaT MOKHA



BUKOPHMCTOBYBATH JIJIsI OI[IHKK TPYAOMICTKOCTI Ta Tepminis BukoHants TIIB AT Ta B 1isiomy 00’€KTiB MammHoOyyBaHHs TP 3aCTOCYBaHHI
TEXHOJIOTI] PeIHKUHIPUHTY.
KiiouoBi cioBa: TexHivHa i IroToBKa BUPOOHUIITBA, PEIHKMHIPUHT, CKJIaJaibHa OMHUILS, aHAJTITHIHUIT eTaloH, aBialiiiHa TexHika.
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OIITHKA 3AJTUIIKOBOTO PECYPCY BA30BUX KOHCTPYKIIIiT1 HA TIIJICTABI MOJIEJII BTOMHOI TOBTOBIYHOCTI
ITPU KOMIIVIEKCHOMY HABAHTAKEHHI (c. 33-41)

C. B. Binoginenko, O. M. Ipeuanuii, B. I. lanym, A. O. Baacos

CrarTst npucBsiyeta po3po0iti MOJIEJi TOBrOBIYHOCTI GA30BUX KOHCTPYKILii, sSIKa BPAXOBY€E CKJIQJHUN HAIPYKEHUI CTaH P IUKJIHI i
KOMIIJIEKCHOTO HaBaHTaskeHHs. Kiracudikanis Mozesteit it BpaxyBaHHS 1[bOTO YNHHIKA HAJlaHA 32 03HAKOIO €KBiBAJICHTYBAHHS 110 TIEBHOMY
MOKA3HUKY HATPYKEHO-1e(hOPMOBAHOTO cTaHy. Hali6iabin eheKTHBHUM BUSHAIOTHCS MO/ €KBiBAJIEHTYBAaHHS 34 JOTUYHUMU HAIPY KEH-
HsME i gepopMaliisiMu. Ajie BOHHU TIPAIOIOTH [IPU BIIHOMIEHH] MK BTOMM 32 JOTHYHUMU i HOPMAJIbHUMU HATIPYKeHHAMU Giibimim Big 0,5.
1o TOTO K, BABHAYEHHS OCTaHHIX noTpebye creludiunoro Bunpodysanbuoro obiaanants. ChopMyIbOBaHO IOHATTS PO 6a30Bi HeCydi KOH-
CTPYKILii MpoMUCTIOBOTO yeTaTkyBamHst. [Tpobiemy GaratoBicHOT BTOMU 6a30BUX KOHCTPYKILH PO3IJISTHYTO 3 O3UILIH 06’ €/IHAHHS TOKA3HUKIB
HaziiiHocTi cuctem. Mojesib JOBroBIUHOCTI BUBEIEHO 3 MTpaBiaa 06 eHaH sl PecypCHUX iHIeKciB Gesnexn. HaBaHTasKeHHsT IIPEACTaBIEThCA
K KOMOIHAIsT OKpeMUX CyOmpoIeciB MpoCTUX TUTIB AedopMyBaHH 31 CBOIMHU aMILTITYIaMu i acuMeTpisiMu. Pozpo6ieHa MoIesb T0BroBiv-
HocTi mpu GaraToBicHil BTOMI, Sika BpaxoBye mapamerpu (hopMu 1ukiy aedopmyBamis, THIT npoiecy (curdasnuii, Henponopiiinmii, me-
3MiHHE CTaTHYHE HANpysKeHHs). [TiATBEpKeHa MOKINBICTh OTPUMAHHS TTAPAMETPIB MoJei GaraToBiCHOT BTOMU MPH BUTIPOOYBAHHSIX HA TPU
TOYKOBUI 3THH 3a YMOB BapiloBaHHsI KpaTHOCTI PosiboTy. I1o Takiil cxemi poBeseHo BTOMHI BUTIPOOYBaHHS TPU3MATHYHUX 3PasKiB cTajei
0912 ta 40X. /I HUX 3HAI/IEHO TapaMeTPHU OIOPY BTOMI, & TAKOK BCTAHOBJICHO BiJIHOLIEHHS MEXXi BTOMMU /ISt IOTUYHUX HAIIPY’KEHb 3CYBY
i MesKi BTOMU JUUIs1 HOPMAJIBHUX HANpysKeHb 3ruHy, sike gopisHioe 0,385. Po3pobiieHo MeTOIMKY BUIIPOOYBaHb JIUIsI BUSHAYCHHS MIEPBICHUX
JaHKX [Tt MOJIeTi 6araToBiCHOI BTOMM, sIKa MPUAATHA JJIst 3BUYailHUX BUITPOOYBAIbHIX MAIKH i 3paskiB mpoctoi popmu. Ocranus nepesara
BaKJIMBA came st Ga30BUX KOHCTPYKILiH, 3 hparMeHTiB SIKUX Ba)KKO BUTOTOBUTH 3PAa30K CKIAIHOT (hOPMHL.

KiouoBi cioBa: 6a30Bi Hecydi KOHCTPYKILil, 6araToBicHa BTOMa, iHIEKC Ge3TeKH, 3CyBHI HAITPYKEHHSI.
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BHU3HAYEHHS 3AKOHOMIPHOCTEI HAIIPY ;JKEHO-JJE®@OPMOBAHOI'O CTAHY THYUYKOi OBOJIOHKU
ITHEBMOPECOPH 3 IIOJIIMEPHOTO MATEPIAJIY (c. 42-49)

B. I. Maciies, B. B. [lymenko, B. B. €nidanos. O. M. Aranos, A. O. Macuies, P. A. HaniBcbkuit

[THeBMOpeCcOpH I03BOJISIOTH PEATi3yBaTH «M'SIKY» XapaKTePHCTHKY TiIBICKI TPAHCIOPTHUX 3ac00iB, 10 3abe3mmedye KoMMOPTHI YMOBI
JUIS TIACKKPIB Ta 3MEHIIIEHHS IMHAMIYHOIO HABAHTAKEHHS HA JIOPOKHE MOKPUTTS. AKTYaJIbHUM 3aJIMIMIAETHCS MUTAHHA MilTHOCTI FHYYKUX
060JIOHOK TTHEBMOPECOP, sIKi BUTOTOBJISTIOTH i3 T'yMO Kopay. [ledopmartii po3TsryBaHHs THYYKUX 0O0JOHOK, 10 BUHUKAIOTh B MPOIIEC PYXY,
BUKJIUKAIOTH PO3PUBY TYMO KOPALY, IO 3HIIKYE iX HafiitHicTh. Ha uaci criocrepiraerbest cBiTOBA TEH/IEHITIS 10 3aMiHI TYMO KOP/LY Ha ITOJIiMepHi
marepiamu. TIpecTaBieHo A0C/TIKEHHS MIITHOCTI ABOTO(GPOBOI THYUKOT 060I0HKK GATOHHOTO TUITY TIPU PISHUX PEKUMAX POOOTH THEBMOpE-
copu. JlocmiiKeH st TPOBeIEHO 3 BUKOPUCTAHHSAM METO/LY CKiHUeHUX eleMeHTiB. OcoOIUBICTIO KOHCTPYKILT ITHEBMOPECOPH € Te, IO AiaMeTpu
JIHUII Ta MiZKTO(GPOBOTO KiJibld 301bIICHO 10 BEJIMYNHN 30BHIITHBOTO iaMeTpa THYYKOI 060JI0HKH, OO THABUIIUTH CTIHKICTb Ta gemiidi-
PYIOUH BJIACTUBOCTI MTHEBMOTIIABICKY. [HyuKa 060JI0HKA ITHEBMOPECOPH BUTOTOBJIEHA 13 MosiMepHOro Matepiasy. JloBeneHo, 1o HanpysKeHHst
y Marepiajii THy4Kol 000JOHKH 3POCTAIOTh TIPONOPIIiiHE 10 TUCKY TOBITPs y 1i MOPOKHUHI, a HAHOIIbII IX 3HAUEHHS CIOCTEPIraloThes y
MiCIIX, JIe THy4Ka 060JI0HKa 3aKkpimiena 1o aunit. [Ipu HabamKkeHHi 10 ekBaTopa 060JI0HKH BOHU MOCTYIOBO 3MEHIIYIOTBCS B CEPEAHBOMY
Ha 20 % y 060x rodpax. 36iabIneHHsT paaiyca ekBaTopa y 060X rodpax rHydkoi 0600HKY He TepesuityBaso 20 mm. [Ipn B3aemHuoMy motre-
peuHomy 3mimeHHi auum Ha 40 MM i HaguumkoBomy Tucky mositpst 0,5 ta 1,0 MIla HanpyskeHHs y Marepiaai THyYKOi 0O0JOHKHU CKJIAIN
2,9 MIla ta 5,9 MIla — Bignosizano. Ile maiizke y 1'sTh pas3iB Memie 3a Mexy MirnHocti Marepiany na pospus (30 MIIa). Orske, oOpari mapa-
MeTpr 3a6e31e4yI0Th MIl[HICTh THYYKOI 060JOHKU TTHEBMOPECOPIL: 1i MOKHA PEKOMEHIYBATH JIJIsl BUKODUCTAHHS HA TPAHCIIOPTHUX 3aC00aX.

K1040Bi cJ10Ba: MHEBMOTIIIBICKA TPAHCIIOPTHOTO 3aC00Y, MIIIHICTh THYYKOI 0O0JOHKH THEBMOPECOPH, HATIPYKEHHS y TOJIMEPHOMY Ma-
Tepiaji THyYKoT 000JOHKH ITHEBMOPECOPH.

DOI: 10.15587,/1729-4061.2022.256225
YUCEJBHE JOCJIIKEHHS BILTUBY AHI3OTPOIIIT HA IE®OPMAIIIHI BTACTUBOCTI JIBOITAPOBUX
AJIIOMIHIEBUX JIUCTIB ITPU OAHOTOYKOBOMY IHKPEMEHTAJIbHOMY ®OPMYBAHHI METAJIY (c. 50-57)

Bassam Abdullah Mohammed, Raed Sabri Batbooti, Tahseen Ali Jabbar

AHI30TPOIIis METAJIB € BaKJIMBOIO BJIACTHBICTIO, sIKA MAa€ 3HAYHWIA BIUIMB Ha TOYHICTh PO3MIpIB JeTajeil ipu BUPOOHUIITBI. Y Tpolecax
(opmyBaHHsT MeTaJIiB 3HAYHA yBara MPUJIJISETHCS 0araToMapoBUM KOMIIO3UTHHIM JIKCTaM, OCKIJIbKA BOHU MOKYTD TTOEIHYBATH B c00i Iepe-
Barm MaTepiajiB 3 PisHUMHI MEeXaHIYHIMHU BIACTHBOCTSMU. Y NAHOMY JIOCTI/KeHHI BUSHAYAECTHCS BIVIUB aHi30TPOIIii B MPOIECi OTHOTOYKO-
Boro inkpementHoro dopmysanus (SPIF) aBorapoBux amoMinieBux JauctiB. /[J1s1 BUBHAYEHHST BIINBY PO3TAIIYBAHH 1IAPiB Ta aHi30TPOIIii
METaJIeBUX JINCTIB TO/I0 HATIPSIMKY TIPOKATKU BUKOPUCTOBYETHCsT MeTo/[ cKinueHnx esiemeHTiB (MKE). [lnst eextuBnOro onucy anizorporii
JIECTOBOTO MeTasty aBoBuMipHa dyHkiig mimaHocti YId2000-2D peanizosana y mnporpamuoMy sabesnederni Abaqus 3 BUKOpHCTAHHSIM
nignporpamu Matepianis (VUMAT). PospaxyHok Ta kamiGpysants koedimientis YId2000-2D BiAnoBigHO 10 eKCIIEPUMEHTATbHUX TaHUX
mpoBoAM/IM 3 BUKoprcTarusiM koxy MATLAB. [l nopiBusnis koeditienrn anizorpomnii Y1d2000-2D Gy 3amiteHi ofHHUYHIMHI 3HaYeH-
Hamu B Tiit ske VUMAT st nocatizpkenHs nosesinku 11pu (hopMyBaHHi B pasi isorpornii 3 pyHKkieo niannHocTi hon Miseca. AnizoTponHi ta
i30TporHi MO/Ie/Ti TOPIBHIOIOTLCSA B KOHIYHIH TeOMETPii MIISIXOM OIiHKHM eKBiBaJeHTHOI IMIaCTUYHOI iechopMaltii, TOBIIWHH JIMCTA Ta CUJT PeaKITii
dopmyBasbHOTO iHCTpYMEHTY. OTpUMAaHi pe3yIbTaTi TOKa3yIoTh, [0 aHi30TPOIIisl JJUCTOBOTO METATY BUKJIMKAE MEHII 3MiHHU BJIACTHBOCTEN



MaTepiay B TMOPIBHSAHHI 3 i30TPOITHUM BUIIA/IKOM, ITIO iCTOTHO BILUIMBAE HA JKOPCTKICTD i, OTKe, HA TOYHICTH PO3MIPiB OCTaTOuHOI (hopMuU
bopmoBanoi gerasti. Pe3ysisraTi 10Ci/UKEHHS MAIOTD IPAKTHYHE 3aCTOCYBAHHSI, OCKIIBKU BOHM MOXKYTh OYTH BUKOPUCTaHI 1PN BU3HAYEHH]
cTpareriii uisi aHi30TPOITHOTO GiMETaNiYHOTO JIMCTA 3 METOIO TOJIIIIEHHS TPOIeciB (hopMyBaHHS MaTepiaiis.

KmouyoBi cioBa: anizorpornisi, iHkpemMeHTHe (hOPMYBaHHS MeTaJliB, aIIOMiHIEBI CIIJIABY, JIBOIIAPOBUIL JINCT, aHAJ3 METO/IOM KiHIIEBUX
esnemenTis, Y1d2000-2D.
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3ACTOCYBAHHSA METO/IIB TOPSIS, MAIRCA TA EAMR JIJISI BATATOKPUTEPIAJTbHOTO MPUAHATTS PINIEHD ITIPU
HIIIOYBAHHI KPYTAMHU 3 KYBIYHOTI'O HITPULY BOPY (c. 58-66)

Trieu Quy Huy, Bui Thanh Hien, Tran Huu Danh, Pham Duc Lam, Nguyen Hong Linh, Vu Van Khoa, Le Xuan Hung, Vu Ngoc Pi

BusHaueHHs HAIKPAIIOro PesknMy pisaHHsl € MOIMIUPEHOIO 3a/auelo y Mpolecax MexaHiqHoi 0OpoOKH, a TakokK HLTi(yBaHHSI KpyraMmu
3 KHB (ky6iunoro witpuay 6opy) Ha Bepcratax 3 4nucjaoBuM mporpamunm yrpasiiansam (YITY). Tum Gisibiine, koau HeoOXiaHo BUOpaTH pi-
HIEHHST, 110 BiNOBiIae GaraTbOM I{JISIM, SIKi CyTIepeyaTh OHA O/HIN. Y CTaTTi IPeJCTaBJIeH] Pe3y IbTaTh JOCTIKEHHS OaraTOKPUTEPIaIbHOrO
npuitasaTrs pimens (BKITP) mozxo nuridysanns kpyravu 3 KHB geraneit masminapuynoi hopmu Ha dpeseprux seperatax 3 UITY. ¥ pobori
sacrocoByBasucs Tpu Meroau BKIIP, Brmovaoun TOPSIS (Metoa yHnopsaaKoBaHoi HepeBaru uepes MOoAiOHICTh 0 i1ealbHOro pilieHHs ),
MAIRCA (MysbruarTpuly THUI TTOPIBHAIBHII aHaJTI3 peanbHoro Ta izeansroro) i EAMR (oiiHKa METO0M 30HaIbHOTO paHKyBaHHst). Kpim
TOTO, /1T BUSHAYEHHST BAroBUX KoedillienTiB KputepiiB BukopuctoByBasucs Mmetoaun MEREC (Mmetoz, 3acnoBanuii Ha epekTax BUIATIEHHS KPH-
TepiiB) Ta Entropy (errporrii). TAKOK /IS IITAHYBAHHST EKCIIEPUMEHTY, 1[0 MA€ YOTUPU BXIZHUX (DAKTOPH, BKIIOUAOUH IIIMOMHY Pi3aHHS, IIBU/I-
KicTh 06epTaHHs ITMHH/eNS, MBUKICTH TOavi Ta AiaMeTp Kpyra, 6yB BHKopucTanmii MeTos Tarydi 3 oproromamsaoio Matpuieio L18 (6"1+373).
B stkocti BignoBingHux ganux 6ymau o6paHi gBa Kputepil, BKIoYaur mopcrkicts mosepxui (IIIIT) i mBuakicTs sniMants matepiany (III3M).
Bubip panux kpurepiis o6ymossenuii Tum, mo IITT ta III3M € aBoma yke BaKIMBUMU BUXIAHUMHU (haKTOpaMU Y MIPOIieci MeXaHiuHoi 06-
pobKku, a Takok nuridysanus kpyramu 3 KHB na Beperari 3 UITY. 3okpema, 11i Ba KpuTepii 3aBsk/1 cynepedarh ot ogHoMy. Masi BumMorn
no HIIT BuMaraTuMyTh HEBEJIMKUX 3HAYEHb MIBUAKOCTI MOAa4i Ta TMOMHU pisanHsi, 1m0 mpusseie a0 ckopouenns 1II3M. 3a pesysasratamn
JocTiKerHs GyJIo oliHeHo 3actocyBanHs pisHux metoxis st BKITP. Kpim toro, Gy gani peiiTHHIN ajbrepHaTHBHUX PillleHb BiATOBIAHO
10 metozis BKIIP. Takosk GyJio 3Haiiieno Haiikpaiie ajisrepHaTHBHE PillleHHs, 1o rapantye sk MiniMaabay [T, tak i Makcumanbiy [TI3M.

Kimouosi caosa: nuridysanns kpyramu 3 KHB, 6ararokpurepianbie npuitasitrst pinters, BKITP, TOPSIS, MAIRCA, EARM.
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PO3BHUTOK TEXHOJIOTTiIT KY30BA ABTOBYCA B ACIIEKTI KOPO3Ii I JOBTOBIYHOCTI (c. 67-75)

I. I1. Py6au, JI. B. Kpaiinuk, I. 5I. Py6an, M. B. 3axapoga, C. B. Bypmictpog, B. I. Xorynos, B. B. Merenan

OG’€eKT MOCTIKEHHsT — TEXHOJIOTIT Ky30BiB aBTOOYCIB Ta (hOPMyBaHHSA PEKOMEHIAIIN st MPOEKTHUX Ky30BHUX POOIT 3 YMOB perJia-
MEHTOBAHOI JIOBTOBIYHOCTI Ky30Ba, IO BIPOBAIKYEThCS Y BUPOOHUITEO. POSBUTOK TEXHOJIOTII BUTOTOBJIEHHS Ky30BiB aBTOOYCIB MossATaE
y TOJIMIIeHHI aHTUKOPO3iHOTO 3aXUCTY, 3aCTOCYBAHHSIM HOBUX MOJIIMEPHUX MATEPIaJIiB Ta 3MEHIIEHHS TTPOTSPKHOCTI 3BAPHIUX IITBIB.

Po3rstHyTO IpobsieMy KOPO3iiHOI CTIHKOCTI Ky30BiB aBTOOYCiB. BCTAHOBIIEHO, 110 3aCTOCYBAHHST HOBUX TIOJIIMEPHUX MATEPIasiB 103BO-
JIATH THABUIUTH KOPOBiiiHY CTIHKICTh Ky30BiB aBTOOYCIB, a iCHYIOYI TEXHOJIOTIT c/IabKO 3aXUIaioTh B Koposii (pecype 10 5 pokiB). Ocobiiu-
BICTb JIAHOTO JIOCJI/PKEHHSI: TIepeBipeHo a/ire3iio HOBUX MaTepiaiB, IIPK HITYYHOMY CTAPiHHI, 110 iTBEP/IKYE JJOBIOBIYHICTD KJICEHUX 3 €/[HAHb.

3a cTapoIo TEXHOJOTIEI0 — AHTUKOPO3iiiHa 06po6Ka Ky30Ba MiC/IsI TPUBAPIOBAHHS OOJNIIIOBAHHS 3 HEMOKPUTUMHU MICIIIMU Mi’K KAPKacoM
Ta OGJIMIIOBAHHSIM Ky30Ba, IO IIPOBOKYBAIO KOpo3ito. OCHOBHA ifiest MOJIsATae B TOMY, [0 Y HOBiil TEXHOJIOTT OOJIMIIOBAHHS IPHBAPIOETHCS
a00 TIPUKJICIOETHCS TTCJIsT TOBHOTO TIOKPHUTTS KAPKACy Ky30Ba IPYHTOM.

3anporoHoBaHo HOBI TEXHOJIOTIT Ta MaTepiasu, He 3acTocoBaHi B aBToMOO1IeOy AyBanHi. Tpyu BapiaHTH TeXHOJIOTIH BIIPOBaZKeHi y BUPOO-
HuTBO. Ilepmnil: mprBapka cTajeBUX IUHKOBAHUX JIUCTIB. Y MicIISIX 3BapIOBAHHS KapKac IIOKPUBAETLCS CTPYMOIIPOBITHIM IPyHTOM. Biipo-
BaJUKEHO JUIs MIKITbHUX aBTOOYCIB (Mmic/st 7 poKiB 6e3 YIIKosKeHb). JIpyruil: NpuKIeoBaHHs CTaJeBUX [IMHKOBAHUX JIMCTIB. BripoBamkeno
JUISE MichbKUX aBTOOYCiB (1micist 6 pokis 6e3 yniko/pkenb). Tperiii: mpuK/IeioBaHHsI JIMCTIB 3 KOMIIO3UTHUX MaTtepiajiB, He BUKOPUCTOBYBAHUX
y aBroMoGineOymysanni. [lepexia Ha HOBI KJI€E€Bi TEXHOJIOTIT OOMMITIOBAHHS 3 KOMIIO3UTHUX KOPO3IHHOCTIHKNX MaTepiaTiB B3aMiH CTalEBOTO
JIACTA, CKOPOUYE y 2,5—3 pasu JOBKUHY 3BapHUX IBIB (110 20 poKiB 6€3 YIIKOIKEHD).

[TpoBesieHi OCTIKEHHS TTATBEPAMIN MIIHICTh KJICEHUX 3'€HaHb (KoresiitHuii pospus Giabine 95 %). IliATBEpAKEHO B eKCITyaTarii
aBTOOYCIB HA/IHICTD KJIEEHNX 3'€/[HAHb Ta BUCOKY KOPO3iiHY CTIHKICTh Ky30Ba.

Cdepa npakTHIHOTO BUKOPUCTAHHSI OTPUMAHUX PE3YJIbTaTiB: aBTOOYCOOYAIBHI 3aBO/IU.

OrpuMani pe3yJIbTaTi MiAXOASATh sk BAPOOHUIITB BCIX THITIB, a Katadope3Hi MOKPUTTS TIILKH JJIsl MACOBOTO BUPOOHUIITBA.

KmiouoBi cioBa: aBro0yc, Ky30B, KOPO3isi, aHTUKOPO3IHHKI 3aXKCT, HOBI TE€XHOJIOTII, ajresis, Kaeesi cyminn, aaioKoO60H/, PUKIEEH]
GiuHi TTaHe.



