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This study investigates the technological process of surfacing parts
with a powder tape. The task addressed is to optimize the technological
process of multilayer arc surfacing with powder tapes based on mathe-
matical modeling of the formation of a seam of a given chemical compo-
sition with a minimum allowance for subsequent mechanical processing.

The technological parameters for the coating formation process
have been calculated depending on the thickness of the surfacing
layer of surfaces after machining, the maximum number of surfacing
layers, and the required chemical composition of the weld metal. That
has made it possible to devise technological recommendations for
surfacing complex alloys on parts of a wide range of applications that
operate under conditions of intensive wear.

The results are relevant in additive technologies, part of which
is arc surfacing with powder electrodes of various designs, when it is
necessary to fabricate an article by sequentially applying layers along
a trajectory that repeats the geometry of the parts. The proposed
mathematical models make it possible to obtain a reliable and oper-
ational assessment of the influence of technological process parame-
ters on the formation of the chemical composition and geometry of
the deposited layer during multilayer surfacing, taking into account
the minimum waste of deposited metal after finishing grooving.

With values of the ratio of the height of the reinforcement roller
to its width (< 0.3) and the relative surfacing step within 0.75-0.90, the
maximum efficiency of the formation of a multilayer coating is ensured
(by the minimum height of the deposited layer). It also enables the
minimization of costs for subsequent machining, taking into account
the imitation of errors (by the maximum height of irregularities).
If the weld reinforcement coefficient is more than 2, then the required
chemical composition is achieved already in the second coating layer.

The resulting numerical accuracy makes it possible to predict
effective ways to save welding materials and reduce the labor intensity
of the process when surfacing complex-alloyed wear-resistant alloys.

Keywords: powder tape, multilayer deposition, deposited metal,
mathematical model, complex alloys.
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This study investigates the process of 3D printing of polymer
articles in light industry. The task addressed is to determine the
stressed-strained state of 3D-printed articles made of PETG polymer,
taking into account the nonlinear (inelastic) physical and mechanical
properties of the material and the influence of printing density on its
mechanical behavior.

The study’s result established that the tensile curve of 3D-printed
samples from PETG follows the form of power function that reflects
the properties of an inelastic polymer material. Applying the resulting
power function relationship between deformations and stress, unlike
the linear one, has made it possible to determine the normal stresses
that appear in the internal layers of 3D-printed articles in the form of
a beam of rectangular cross-section at bending.

Numerical values were derived for parameters of the power func-
tion that reflects the dependence of stresses on strain when stretching
3D-printed samples from PETG, manufactured at a print density of
70%, 80%, 90%, and 100%. It was found that with an increase in the
density of PETG 3D printing from 60% to 100%, the tensile stresses in
the samples increase from 12.3 to 19.6 MPa, while the relative defor-
mation at their rupture decreases from 0.076 to 0.062. The resulting
dependences make it possible to determine the required density of

3D printing to ensure the predefined limit load parameters for articles
during their application.

Taking into account the nonlinear nature of deformation and
the influence of the density of the structure on tensile stresses and
relative deformation at the rupture of the polymer material creates
opportunities for designing and manufacturing 3D-printed articles in
light industry with predictable properties to enable their operability
under operational loads.

Keywords: 3D printing density, PETG, Ludwick’s power func-
tion, nonlinear stress-strain dependence.
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This study focuses on the processes and phenomena related to
post-processing of FDM articles in the form of mechanical, ther-
mal (laser), or chemical action, as well as their influence on the set of
FDM-printed parts’ properties. At present, the lack of a methodolog-
ical basis for the choice of post-processing methods creates obstacles
in the attempt to improve the operational properties of articles and is
an important problem in additive engineering.

The paper investigates the post-processing of articles obtained
by the method of layer-by-layer arrangement of plastic filament from
the point of view of changing their mechanical and physical-technical
characteristics due to the formed modified surface layer.

It was noted that post-processing can be performed by mechan-
ical action (blade cutting or abrasive processing), physical-technical,
thermal (for example, laser), and chemical (etching, application of ad-
hesive layers). As a result of such actions, a modified layer of a certain
thickness is formed on the surface of the article, the structure, and
properties of which will differ from the base, and its features can sig-
nificantly change the operational properties of the article as a whole.

The analysis of various post-processing options was performed
on the basis of the functional transformation of the input parameters
of the workpiece into the output ones, which made it possible to link
the regularities in the formation of stresses, thermal fields, and fields
of motion of matter from the parameters of the state of the surfaces,
which change in the process of post-processing from the initial to
the final one, and which are reflected by combinatorial sets. This
approach allows one to avoid duplication of operations or individual
transitions, determine the expediency of using certain techniques,
increase the reproducibility of the additive process, and ensure the
reliability of the finished article as a whole.

The dependence of FDM articles’ properties on the state of the
surfaces has been established; the corresponding functional depen-
dences have been proposed for determining the thickness of the
modified layer formed by certain mechanical or physical-technical
influences. It is shown that the use of sharply sharpened tools makes
it possible to obtain for PLA R, = 3.0...3.6 um, R, = 20...40 pm during
turning, milling, and drilling; for ABS, respectively, Ra = 1.2...1.6 um,
Rz=5...8 um, with a modified layer thickness of 0.15-0.65 mm
and 0.1-0.25 mm, respectively. Laser exposure modifies the layer at
a depth of 0.2...0.5 mm; chemical treatment with ketone vapors forms
a layer with a thickness of 0.3...1.1 mm and is determined by the tem-
perature of the saturated vapor, as well as diffusion rate.

Keywords: additive manufacturing, mechanical properties,
post-processing, mathematical modeling, temperature and stress
fields.
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This study investigates a grinding process in a tumbling mill load-
ed by impact, crushing, and abrasion. The impact, compression, and
shear interactions of particles are taken into account, the intensity of
which is determined by the zones of flight, shear layer, and solid flow
of the fill in the cross-section of the rotating drum chamber.

The task addressed is to determine the influence of rotation speed
on the energy intensity of the grinding process for individual loading
mechanisms.

An experimental method for numerical modeling of productivity
analogs for grinding mechanisms by the energies of the correspond-
ing interactions was applied.

The energy intensity of the process was estimated by the ratios of
productivity analogs and the relative power of rotation drive. Energy
efficiency was determined taking into account experimental data on
physical productivity and drive power of the mill model.

The effect of rotation speed on grinding was experimentally esti-
mated at a chamber filling degree of 0.45.

The phenomenon of an intensive decrease in the energy intensity of
the grinding process with a decrease in rotation speed was established.

The results made it possible to identify energy-efficient values of
the relative rotation speed for the grinding processes: coarse - by im-
pact at y,, = 0.75-0.9, medium - by crushing at y,, = 0.55-0.65, and
fine - by abrasion at y,, = 0.3-0.4. The established effect is explained
by the revealed activation of interactions: impact - at high-speed,
compressive — at medium-speed, and shear - at low-speed rotation.

The established patterns enable prediction of rational technolog-
ical parameters for energy-saving processes of multi-stage grinding in
tumbling mills.

Keywords: tumbling mill; intra-chamber filling; grinding by
impact, crushing, and abrasion; energy efficiency.
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This study considers graphic differentiation, in particular, a chord
method, as one of the options for graphic differentiation in terms of
replacing graphic operations with analytical ones in point form.

Determining the reference point and the center of projection for
constructing a strip of differential projection correlates its positions
with respect to the values of the derivative of the function, which is
graphically represented by a discrete series of points. The reference
point, the right differential projection of the first and left differential
projection of the second points have the same values in the field of
derivatives. However, they do not coincide with the values of the de-
rivatives of the original functions. To establish such a correspondence,
the difference between the left and right differential projections of the
first point is divided in half and subtracted from the first derivative of
the original function - the point polynomial.

Relative to the reference point, parallel to the first link of the
accompanying broken line of the discretely represented curve,
a straight line is drawn that intersects the abscissa axis at the center
of the projection. Finding the reference point and the projection
center is carried out analytically in point form without any graphic
operations. Rays are drawn from the projection center parallel to
one of the links of the accompanying polyline, thus forming a strip
of differential projections, within which the values of the angles
of inclination of the tangents to the curve at the base points are
selected. Discrete derivative values are connected by straight line
segments or remain separate points. The resulting derivative values
coincide with the analytical values with a deviation of no more
than 0.5-1.5 units.

The developed algorithms could be integrated into automated
design and engineering analysis systems for effective calculation of
derivatives of discretely given curves. In addition, they could serve as
the basis for designing computationally productive modules in artifi-
cial intelligence and digital data processing systems that work with
geometric and discrete information arrays.

Keywords: point polynomial, strip of diffprojections, approxima-
tion, analytical chord method, drawings analytization.
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This study’s object is the approximation of a non-swept helical
tubular surface by strips of sweeping surfaces (toruses) and the con-
struction of sweeps of these strips.

Approximating non-swept tubular surfaces by sections of sweep
ones is a common practice in the design of various types of pipelines.
A clear example of such an approximation is a sports ball whose outer
shell consists of a certain number of separate elements. These ele-
ments must fit most tightly to the non-swept surface along its certain
lines. Such lines are the lines of curvature. The task is to find these
lines on the surface in order to subsequently analytically describe the
torus strip, which is tangent to the non-swept surface along this line.

As is known, there are two families of mutually perpendicular
lines of curvature on surfaces. This paper considers a family of
curvature lines that has advantages over another one in terms of
approximation. This explains the results reported here. Their special
feature is that in order to find the desired family of curvature lines, it
is necessary to solve a differential equation.

The solution to this equation was borrowed from a scientific
article and used for further calculations. The results were visual-
ized in the form of an approximated tubular surface with four and
six strips.

The sweeps of these strips were constructed for a tubular surface,
in which the center line is a helical line r=1. All dimensions are
given in linear units. Instead of a circle generatrix, it is given by the
radius of the cylinder a = 2, which hosts it, and the helical parameter
b =1.5(step H = 9.4). The radius of the circle generatrix of the tubular
surface of the original tubular surface in the approximated surface in
the given examples is a polygon (square or equilateral hexagon).

Keywords: line of curvature, tangent strip, geodesic curvature,
sweeping surface, numerical integration.
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This study investigates the sequential and continuous formation
of thermal fields in the main fairing of a launch vehicle when using
protective screens. While thermostating, it is necessary to predict the
risk in overheating the payload body and, if necessary, take measures
to reduce the temperature near the payload.

An engineering solution to this problem can be found through
the use of protective screens of various configurations inside the main

fairing. These screens reduce the heat flow from the heated outer wall
of the fairing to the payload surface. However, there are no standard
methods for solving this problem.

To evaluate the effectiveness of this protection, a numerical
model based on the fundamental equations of continuum mechanics
has been constructed. The modeling equations include the energy
equation and the equation of motion of a non-viscous gas. Using the
numerical model built, a computational experiment was conducted,
which confirmed the effectiveness of using protective screens to
shield the payload body from excessive heating. The computer time
required to perform the computational experiment is 3 seconds. This
makes it possible to perform a significant number of calculations in
a working day.

The proposed simple technical means for protecting the payload
from excessive heating could be used in the design of new models
for rocket technology. Applying these screens slightly reduces the
need for large volumes of clean air. The numerical model built
could be used at specialized organizations at the "for-sketch” design
stage. Numerical experiments have shown that the use of protective
screens inside the main fairing makes it possible to achieve a tem-
perature 2-4°C lower than the maximum permissible temperature
near the payload.

Keywords: thermal pollution, main fairing, protective screen,
numerical model, computational experiment.
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BHU3HAYEHHSA OCOBJIMBOCTEN ®OPMYBAHHSA 3HOCOCTIMKOI'O IIIAPY, HAILUIABJIEHOT'O IIOPOIIIKOBOIO
CTPIYKOIO (c. 6-15)

B. [I. Kaccos, O. B. BepexxHa, C. O. Epmakosa, C. B. Mayurina, [I. M. TypuyaHiH

O6’eKTOM JIOCITi/PKEHHS € TEXHOJIOTTUHUI Mpoliec HAaIIaBJIeHHs AeTalell TOPOIIKOBOIO CTpiukolo. BupinryBanach mpo6aema onTuMiszargii
TEXHOJIOTIYHOTO IIpoliecy 6araToIrapoBOro JyroBOTO HAIUIABJIEHHS MOPOIIKOBMMHU CTPiYKaMM Ha OCHOBI MAaTeMaTHYHOTO MOJIEJIIOBaHHS
(hopmyBaHHS 1IBA 33/1aHOTO XIMIYHOTO CKJIaAy 3 MiHIMaJIBHUM IPUITYCKOM Ha HACTYITHY MeXaHi4Hy 06poOKy. [IpoBeileHO pO3paxyHOK TeXHO-
JIOTIYHUX TTapaMeTpiB Iporecy (GopMyBaHHS MOKPHUTTS 3aJI€XKHO Bi/i TOBIMHN HAILJIABJIEHOTO IIApy ITOBEPXOHB ITiC/IT MeXaHIi9HOI 06pOOKH,
MaKCHUMaJIbHOI KUJIBKOCTI HaIlJIaBJIeHUX IIapiB, HeoOXiJHOro XiMi4YHOrO CKJIa/ly MeTasy IBa. lle /03BOJIMJIO PO3POOUTH TEXHOJIOTIUHI peKo-
MeHZALl /11 HaIJIaBJIeHHs CKJIaJHOJIETOBAHMUX CIUIABiB Ha JleTasli IHMPOKOTO CIIEKTPY 3aCTOCYBaHH4, SIKi IIPAIFOIOTh B YMOBaX iHTEHCUBHOTO
3HOLIyBaHHsA. OTpUMaHi pe3y/IbTaTU aKTyasIbHi ¥ B aJUTUBHUX TEXHOJIOTIfIX, YACTUHOIO SIKUX € AyTrOBe HAIUIABJIEHHs ITOPOLIKOBUMU €JIeK-
TPOJIaMH Pi3HOI KOHCTPYKILii, K011 He0OXiJHO CTBOPIOBATH BUPI6 3a paXyHOK ITOCJIiJOBHOTO HAaHECEHHS: 1IapiB 3a TPAEKTOPIET0, 1110 TTOBTOPIOE
reoMeTpilo fietasieil. 3alIpolIOHOBaHI MaTeMaTUYHI MOZieJIi J03BOJIAI0Th OTPUMATH JOCTOBIpHY Ta OIIEPaTUBHY OL[iHKY BIIJIMBY T€XHOJIOTTYHUAX
rapaMeTpiB mpoliecy Ha (hopMyBaHHS XiMiUHOTO CKJIa/ly Ta reOMeTpil HaIJIaB/IEHOTO LIapy MU GaraTolrapoBOMy HaIlJIaBJIE€HHI 3 ypaxyBaH-
HSIM MiHIMaJIbHUX Bi/IXO/[iB HAILJIABJIEHOI'O METaJIy IiCJIs YMCTOBOI IPOTOYKHU. IIpy 3HAUEHHSIX BEJIMYMHU BiIHOLIEHHS BUCOTH MOCUJIEHHS
BaJIUKy /10 foro mmpunu (< 0,3) i BiTHOCHOMY KPOKY HAaILTIaBJIeHHS B Mexax 0,75-0,90 3a6e31edyeThcsi MAaKCUMaslbHa e(eKTUBHICTb Gopmyy
BaHHsI 6araToIapoBOro MOKPUTTs (3a MiHIMaJIbHOI BUCOTO HaHECEHOro Iapy). Takoxx 3a0e3redyeThcst MiHiMi3alliss BUTPAT Ha HACTYITHY
MeXaHidHy 06po0OKy 3 BpaXyBaHHSIM HACJIi[yBaHHS ITOTPilIHOCTEH (32 MaKCHMaIbHOIO BUCOTOO HepiBHOCTe). SIKI0 KoedillieHT oCHIeHHS
1Ba Gisiblre 2, To HeOOXiJHUM XIMIUHUI CIUIaf] ZOCATAETHCS BKe Y APyromy Lapi MoKpuTTs. OTpUMaHa YUCI0Ba TOUHICTb J03BOJISIE€ CIIPOTHO-
3yBaTH e(DeKTUBHI MUISXH €KOHOMII 3BapIOBAJIbHUX MaTepiasliB Ta 3HMKEHHS TPYAOMIiCTKOCTI ITPOIiecy MY HATUTABJICHHI CKJIaHOIETOBAHUX
3HOCOCTIHKUX CILIaBiB.

KurrouoBi cy10Ba: opomkoBa CTpiuka, 6araTolrapoBe HallJlaBJIeHHs, HallJIaBJIeHUI MeTaJl, MaTeMaTH4Ha MOJie/Tb, CKJIa/{HOJIETOBaHi CTIJIaBU.
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BHUABJIEHHSA BIUTHMBY IITUJIBHOCTI 3D-IPYKY HA ®I3MKO-MEXAHIYHI BJIACTHUBOCTI ITOJIIMEPHHUX BUPOBIB (c. 16-22)

B. M. 310TeHko, O. 0. Borgsauk, M. M. Py6anka, [I. B. Crtanienko, A. O. IToximyxk, O. B. Iyka

OG6’€KTOM IIHOTO AOCTIIPKEHHS € Iporec 3D-ApyKy MoIiMepHUX BUPOOIB JIETKOI IIPOMUCIOBOCTI. BupilryBasace npo6iemMa BU3HAUYSHHS
HaIpy>KeHo-Ae(OpMOBaHOTO cTaHy 3D-pyKoBaHUX BUPOGIB i3 nosiMepy PETG, 3 ypaxyBaHHSAM HeJsiHIHHUX (HenpyxHUX) (iznko-MexaHiu-
HMX BJIACTUBOCTEH MaTepialy Ta BIUIUBY IIJIBHOCTI APYKy Ha HiOr0 MeXaHi4YHY IIOBE/IiHKY.

B pesysbraTi foCiPkeHHSI BUSIBJIEHO, 1110 3aJIeKHICTh HaIpy»KeHb Bif fJedopMariii 3D-mpykoBaHux 3pa3kiB 3 PETG mae BUIVIAA/, cTelleHe-
BoI (yHKII, IKa BijoOparkae HETIPy>KHi BJIACTUBOCT] ITOTiMEPHOT0 MaTepiasy. BUKOpUCTaHHS OTPUMAaHOI CTETIEHeBOI 3aJIeXKHOCTI MiXk Aedop-
MallisiMU i HaIIpy>KeHHsIMU, Ha BiJMiHy Bif JIiHii{HOI, 03BOJIMJIO BU3HAYUTH HOPMAJIbHi HaIIpy)KeHHs, IKi BAHUKAIOTh Y BHYTPILIHIX IIapax
3D-ApyKoBaHUX BUPOOIB ¥ (hopmi 6aIKu MPSIMOKYTHOTO TIOIIEPEYHOr0 IIePEeTUHY TP 3TMHAHHI.

OTpHMaHi YMC/IOBi 3HAUEHHS ITapaMeTpiB cTereHeBol (yHKIIiI, STk Bijo6parkae 3aJIe)XKHICTh HAIIPY>KeHb Bif iechopMallii IIpu po3TsraHHi
3D-zpykoBaHux 3paskiB 3 PETG, BUTOTOBJIEHUX IIPU LIIBHOCTI APYyKY 70%, 80%, 90% i 100%. BcTaHOBIIEHO, 1110 i3 361/IBIIEHHSAM IIITBHOCTI
3D-zapyky PETG 3 60% /0 100% po3pHuBHi HaIIpy»KeHHs y 3pa3Kax 30i1bIIyIoThcs 3 12,3 10 19,6 MIIa, a BifHOCHA Aedopmaris mpu ix po3pusi
3MeHUIyeThest 3 0,076 10 0,062. OTpUMaHi 3aJIEXKHOCTI JO3BOJIIOTh BU3HAYMTH HEOOXiHY IiIbHICTh 3D-/1pyKy /Uit 3a6e3edeHHs 3a/IaH1X
TPaHUYHUX [TapaMeTpiB HaBaHTAXKEHHSI BUPOOIB y MpoIfeci X eKcIiIyaTariii.

BpaxyBaHHs HesliHifTHOTO XapaxTepy AeopMyBaHHS i BIUTMBY LIUIBHOCTI CTPYKTYPH Ha PO3PUBHI HAIIPYXKeHH Ta BiTHOCHY JiehopMariiro
NIPY PO3PHBI NOJIIMEPHOT0 MaTepialy CTBOPIOE MOXKIMBOCTI /ISt IPOEKTYBAHHS i BUTOTOBJICHHS 3D-pyKOBaHUX BUPOGIB y JIETKili ITPOMUCIIO-
BOCTi 3 TPOrHO30BAaHNMH BIACTUBOCTAMH IS 3a0e3IeueHHs 1X Mparie3/[aTHOCTi, 3 ypaxyBaHHSIM eKCIUTyaTaI[iifTHIX HaBaHTA)KEeHb.

Kmrouogi ciaoBa: uiinbHicTe 3D-apyky, PETG, creneneBa ¢yHkiis JIofBika, HesliHiliHA 3a/Ie)XKHICTh HaNpy>KeHHs-AedopMartis.
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®OPMYBAHHSA BJIACTUBOCTEM JIETAJIEN, OTPUMAHHX FDM, MOJIU®IKAIIIEIO IOBEPXHEBOI'O IIIAPY
MEXAHIYHOIO TA ®I3MKO-TEXHIYHOIO OBPOBKOIO (c. 23-40)

Walid Alnusirat, Swook Hann, O. ®. Casenko, B. M. Opeu, T. ®. Ko310BcbKa, A. O. Kocrenko, [I. O. Ilypkas, II. II. MeIbHHUYYK,
5. II. KoBasieHKO

OG’eKTOM JIOCITiZPKEHHST € TIPOLECH i IBHUIIA TOCTOOpo6seHHss FDM BUPOGiB y BUIJIsII MeXaHIYHOI, TeryI0BOI (J1a3epHol) a6o XiMiuHOI fii Ta
X BIUIMB Ha KOMIUTEKC BacTUBOcTel fletaseit FDM-pyKy. BificyTHiCTb Ha CHOTOZIHI METOZ0JIOTIYHOTO i/IIPYHTS 1[0/I0 BUOOPY METO/[iB ITOCTO-
PpoGJIeHHS CTBOPIOE ITEPETIOHY B HAMAaraHHi IMOJIIIIINTY eKCIUTyaTalliiiHi BJTacTUBOCTI BUPOOGIB, i € BAYKJIMBOO ITPOGIEMOIO aIUTUBHOTO MaIIHO-
GyztyBaHHA. B po6OTi ZOCTIKYIOTBCS BapiaHTH ITOCTOOPO6ICHHS BUPOG6iB, OTPMMAaHNX METOZOM IOIIAPOBOTO BUKJIA/IAHHS IIJTACTUKOBOTO (hisa-
MEHTY 3 TOUKU 30py 3MiHM IX MexaHIiYHMX Ta (Pi3KO-TeXHIYHMX XapaKTePUCTUK 3a PAXyHOK YTBOPEHOI'0 MOZAN(IKOBAaHOTO ITOBEPXHEBOI'O LIapy.

3a3HavyeHo, 1110 MOCTOGPOOIEHHS] MOYKE BUKOHYBATHCS IILISIXOM MEXaHIYHOTO BILUIMBY (J1€30BOT0 pizaHHs a60 a6pa3rBHOTO 06pOGIEHHST),
(i3MKO-TeXHIYHOTO, TEILIOBOTO (HAIIPUKJIAJ, JIa3epHOr0) Ta XiMiYHOTO (IIPOTpaB/IeHHs, HAHECEHHS KJIeHOBUX IIapiB). B pe3ysbraTi Takux [iit
Ha TIOBepXHi BUPOOY yTBOPIOETHCA MOAM(IKOBaHUII 1Iap MEBHOI TOBUIMHH, CTPYKTypa i BJIaCTUBOCTI SKOTO BiJpi3HATUMYTBCS BiJj OCHOBH,
a f10ro 0COGIMBOCTI MOXKYTh iCTOTHO 3MiHIOBaTH eKCILTyaTalliliHiil BJIaCTUBOCTI BUPOOY B IIiJIOMY.



AHasti3 pi3HUX BapiaHTIB MOCTOOPOOJEHHSI BUKOHAHO HAa OCHOBI (DYHKI[iOHAJBHOTO IIEPETBOPEHHS BXIi/JHUX ITapaMeTpiB 3aro-
TOBKM y BUXiJiHi, 1[0 J03BOJUJIO IIOB’A3aTH 3aKOHOMipHOCTI (popMyBaHHSI Halpy>XeHb, TEIJIOBUX IIOJIB Ta MOJIiB PyXy pPeYOBUHU
3 [TapaMeTpiB CTaHy IOBEPXOHb, SIKi 3MiHIOIOTHCS B IIPOILieci MocToOpo6IeHHS BiJf TOYaTKOBOI'O 0 KiHIIEBOTO, i ki Bif06pa)keHO KOM-
6iHaTOpHUMM MHOXXKMHaMU. Takuil IixiJ| J03BOJIsIE YHUKATH AyOJIF0OBaHHS oIepariiif abo OKpeMHuX Iepexo/iB, BU3HAYATH JOLiIbHICTh
3aCTOCYBAaHHS TUX UM {HIINX MPUIOMiB, IiIBUIYBAaTH BiITBOPIOBAHICTh a/[UTHBHOIO IIpoIlecy Ta 3a6e3leuyBaTH HaJiliHicTh F'OTOBOIO
BUPOOY B IIiJIOMY.

BcTaHOB/IEHO 00yMOBJIeHICTh BiracTuBocTeit FDM BUpPOGIB CTaHOM IIOBEPXOHBb Ta 3alPONIOHOBAHO BignoBifHI (yHKIioHaNbHI 3a-
JIEKHOCTI /Il BU3HAUYEHHS TOBIIMHU MOAM(DIKOBAHOTO LIapy, YTBOPIOBAHOTO MEBHUMH MeXaHIYHUMHU a60 (Pi3UKO-TeXHIYHUMU BILIH-
BaMu. [Toka3aHo, 110 BUKOPUCTAHHS IOCTPO 3aTOYEHUX iHCTPYMEHTIB [103BOJIsi€ OTpUMaTu s PLA R, = 3,0...3,6 MKM, R; = 20...40 MKM
pu TouiHHI, ppe3epyBaHHi Ta cBepAaiHHI; ABS - BiAmoBifHO Ra = 1,2...1,6 MKM, RZ = 5...8 MKM, 3 TOBUIMHOIO MOAX(iKOBAHOTO IIapy
0,15—-0,65 MM Ta 0,1—0,25 MM BifnmoBigHO. JIazepHMit BIUTMB MoAMbikye map Ha rnu6uHi 0,2...0,5 MM; XiMiyHa 06po6Ka ImapaMu KeTOHIB
(opmye map ToBmuHO© 0,3...1,1 MM i BUSHAYa€eThCA TEMIIEPAaTYpOIO HACMYEHOI Mapu, MBUAKICTIO Andy3ii.

KurrouoBi coBa: afuTrBHE BUPOOHHUIITBO, MEXaHIYHI BIACTUBOCTI, IIOCTOOGPOGIEHHS, MaTeMaTUIHe MOJeTIOBAaHHS, OIS TeMIIEPaTyp
Ta HaIPyXeHb.

DOI: 10.15587/1729-4061.2025.343388
BCTAHOBJIEHHA BIVIMBY IIBU/IKOCTI OBEPTAHHSA HA EHEPTETYHY E@EKTHBHICTD ITPOIIECIB IIOAPIBHEHHA
YOAPOM, PO3JABJIIOBAHHAM TA CTUPAHHSAM B BAPABAHHOMY MJIUHI (c. 41-53)

10. B. Haymenko, K. IO. leiiHeka

OG6’€KTOM JIOCTiZPKEHHS € ITPOoIiec MoApiGHeHHs B 6apabaHHOMY MJIMHI ITpY peastizallii HABaHTaXKeHHS yZlapOM, PO3/IaBIIOBAHHSIM Ta CTH-
paHHsM. BpaxoBaHO yZjapHy, CTUCKAIOUy Ta 3CYyBHY B3a€MO/Iil YaCTUHOK, iIHTEHCUBHICTb SIKUX BU3HAYAETHCSA 30HAMMU I10JIbOTY, 3CYBHOTO LIapy
Ta TBEPZIOTLIBHOIO PyXy 3aBaHT)XXEHHS Y ITOIIEPEYHOMY Ilepepisi kamepu 06epToBoro 6apabaHa.

BupiuryBasach rpo6seMa BU3HAYeHHsI BIUIMBY LIBHU/KOCTI OOEpPTAHHSI Ha €HEPrOEMHICTD ITPOIIECY IOMEJIy JIJIi OKpEeMHMX MeXaHi3MiB
HaBaHTAXKEHHS.

3aCTOCOBAHO EKCIIEPUMEHTAIBHUI METOZ, YMCETBHOTO MO/IE/TIOBAHHS AHAJIOTIB IIPO/YKTUBHOCTI /Il MeXaHi3MiB ITOApiGHeHHS 3a eHep-
TisIMM BiJITTOBiTHUX B3a€EMO/IiiA.

EHeproemHicTb IpoIiecy OIiHIOBAIACh 3a CIiBBi[HOIIEHHSIMU aHAJIOTIB ITPOyKTUBHOCTI Ta Bi/[HOCHOI ITOTY)>XHOCT] IPUBOAY 0OGEpTaHHS.
EneprernyHa eeKTUBHICTh BU3HAYAJIACh i3 ypaXyBaHHAM eKCIIepUMEeHTaIbHUX JaHuX (Di3UYHOI MPOAYKTUBHOCTI Ta MOTYXHOCTI TPUBOJY
Mo/ieJTi MJIMHA.

ExcrnieprMeHTaIbHO OL[iHEHO BILIMB HMIBU/IKOCTi 06€pPTaHHS Ha ITOMeJI IIPU CTyIeHi 3all0BHEeHHs kamepu 0.45.

BcTaHOBJIEHO SIBUIIE iHTEHCUBHOTO 3HIDKEHHSI €HEPrOEMHOCTI IIPOLIECY TIOMeJTy 3i 3MEeHIIEHHSIM IIBUAKOCTI 06epTaHHS.

OTpuMaHi pe3y/IbTaTH [[03BOJIMIN BUSBUTH €HEPreTUYHO eeKTUBHI 3HaYeHHS BiZIHOCHOI IIBUJKOCTI 06epTaHHS /IS IIpolieciB Mozpi6-
HEHHs: Tpyboro — yaapoM IIpU v, = 0.75-0.9, cepeJHOT0 — PO3/aBIIOBAHHSAM IIPU ¥/, = 0.55-0.65 Ta TOHKOT'O — CTUPAHHSIM IIPU i/, = 0.3-0.4.
BcraHoByieHNI e(heKT MOSICHIOETHCS BISIBICHOIO aKTHBI3aIlief0 B3aEMOJi: yIapHOI — ITPH MIBU/KOXiJHOMY, CTUCKAIO9O0I — IIPH CePeTHBOXOZ0-
BOMY Ta 3CyBHOI — IIPY THUXOXiJHOMY OGepTaHHi.

BcTaHOBJIEHI 3aKOHOMiPHOCTI ZI03BOJIAIOTH IIPOTHO3YBATH PalliOHAIbHI TEXHOJIOTIUHI ITapaMeTpy eHeproolafHuX IpoljeciB 6araTocra-
NHOTO MOAPiOHEeHHS B 6apabaHHUX MIMHAX.

KorrouoBi cioBa: 6apaGaHHHII MJIMH, BHYTpPIilTHbOKaMepHe 3aBaHTKEHHs, IOAPiOHEHHS yjapoM, PO3AABIIOBAHHSIM Ta CTUPAHHSIM,
€HepreTuYHa e()eKTUBHICTb.
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AHAJIITUYHHUH OIIUC Y TOYKOBIN ®OPMI CIIOCOBY I'PA®IYHOIO JU®EPEHIIIIOBAHHS ILVIOCKOT
KPHBOI JITHII (c. 54-63)

B. M. Bepemara, K. 0. JIuceHnko, €. O. AjoHseB, E. I. Myprasies, I. B. Bepemiara, T. M. Boiaina

O6’exToM mocitipkeHHs € TpadiuHe ArdepeHIIiloBaHHs, 30KpeMa — METOJ| XOpZ, sIK OAWH i3 BapiaHTIB rpadivyHoro aAndepeHIiloBaHHS
11010 3aMiHM rpadiuyHuX onepallili Ha aHATITUYHI Y TOUKOBii hopmi.

Bu3HayeHHS TOUKH BiJJTIKY i LIEHTPY IIPOEKTYBAHHS AJIsI ITOOYJ0BU CMYTH AUDITPOEKILii KOPETIOIOTH 11 TI0JIOKEHHS {00 3HAYEHb TOXifl-
Hol (yHKIil, sKa rpadidHO ITOAAEThCS AUCKPETHUM psi/IoM Touok. Touka BifyTiky, mpaBa JudIpoekiis nepiroi Ta JiBa AuGIPOEKIis APyrol
TOYOK MAIOTh OJJHAKOBi 3HAUe€HH y HoJIi MoxifHuxX. OfHaK BOHU He 30iraloThcsl 31 3HAYeHHSIMU MTOXiJHUX BUXIJHUX (PyHKIiH. /[y BCTAaHOB-
JIEHHSI TaKOi BiIIIOBiZIHOCTI Pi3HUITIO MiXK JIiBOIO i IPaBOFO TU(PIIPOEKIIISIMU TIEPIIO] TOUKH JiISATh HABITLJI TA Bi[HIMAIOTh BiJ| ITepIIOi TIOXiTHOT
BUXiZIHOI (DYHKIIiT — TOUKOBOTO IOJIiIHOMY.

BimHOCHO TOUYKM BiJJIiKy, ITapaJeJIbHO eIl JIaHIli CyIIPOBi/JHOI JIaMaHOI JIiHil AUCKPETHO MOAAaHOI KPUBOI IIPOBOJUTHCA MPAMA,
110 IIepPeTHUHAE Bich aGCLMC B LIEHTPi IPOEKTYBAaHHS. 3HAXO/PKEHHS TOYKH BiJJTiKy Ta IIEHTPY IIPOEKTYBAHHS 3/[iICHIOETHCS aHATITUYHO
y ToukoBiii popmi 6e3 Oyab-IKuX rpadivHUX omepariil. I3 eHTpy IPOEKTyBaHHS IIPOBOJATHCS IIPOMEHi, mapaseabHi OfHIH i3 JaHOK
CYIpOBiZiHO JIaMaHOI JIiHii, yTBOPIOIOYM TaKMM YMHOM CMYTY AU(IPOEKIil, BcepeHi IKOI 00MPAIOTHCS 3HAYEHHS KyTiB HaXWUJIiB J[0-
TUYHUX [0 KPUBOI B 6a3MCHUX TOUYKAX. [IJUCKpeTHI 3HaUeHHs MOXiJHUX 3’€AHYIOThCS BIATMHKAMU IIPSIMUX a00 3aIUIIAIOTHCS OKPEMUMU
ToukaMu. OTpUMaHi 3HAaUeHHS MOXiJHUX 36iraroThCs 3 AaHATITUIHUMU 3HAUeHHIMH 3 BifXWIeHHM He 6inbuie 0,5-1,5 oquHULb. Po3po-
6JIeHi aJITOPUTMU MOXKYTh OyTH iHTEIrpOBaHi B CUCTEMU aBTOMAaTH30BaHOI'O IIPOEKTYBAHHS Ta iH)KEHEPHOTO aHaJIi3y AJis e(eKTHUBHOIO
064MCIeHHS MOXiJHUX AUCKPETHO 33/JaHUX KpUBUX. KpiM TOT0, BOHU MOXYTh CJIyTYBaTH OCHOBOIO /IJIsI CTBOPEHHS 06YHCII0OBAIbHO-TIPO-
JNYKTUBHUX MOJYJIIB y CHUCTeMax LITY4YHOTO iHTeJeKTy Ta IH(ppPoBoi 06pOOKY JaHUX, 110 IPALIOIOTh 3 FTEOMETPUYHUMU Ta JUCKPETHUMU
MacuBamu iHdopmariii.

KUrro4oBi croBa: TOYKOBUI TIOJIIHOM, CMyTa AUMITPOEKIIi, aIIpOKCUMAIlisl, aHATITH3aI[isl METOAY XOp/, aHAIITH3AaIlisl KPeCTeHNKIB.
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CITIOCIB ATTPOKCUMAIII TPYBYACTOI TBUHTOBOI IOBEPXHI CMYTAMM TOPCIB (c. 64-70)

A. B. HecBigomin, C. ®. [Imiunaka, B. M. HecBigomin, B. M. Ba6ka, O. B. Illoman, O. ¥O. CaBoiicbkuii, T. C. [Iniumaka,
M. M. JIoxoHs, C. JI. CemipHeHKo, fI. O. Bopozaii

OG6’eKTOM [JOCJIi/KEHHSI € allpOKCHMAI]isl HepO3TOPTHOI TBUHTOBOI TPYO4acToi IMOBEPXHi CMyraMy pO3TOPTHHX ITOBEPXOHB (TOPCiB) Ta
1o6y/l0Ba PO3TOPTOK LIUX CMYT. ATIPOKCHMaIliss HEPO3rOPTHUX TPyOGYACTUX IOBEPXOHb BiJiCikaMU PO3TOPTHUX € IOLIMPEHOI0 IPAKTHUKOIO
B KOHCTDPYIOBaHHI pi3HOTO pofly Tpy6oIpoBo/iB. HaOUHNM MPUKIAZOM TaKOi allpOKCHMAIIi] € CIIOPTUBHUI M’sT4, 30BHILITHA 000JI0HKA SKOTO
CKJIQJIA€ThCS i3 TIEBHOI KiJIbKOCTI OKpeMUX eJieMeHTIB. 1i eJleMeHTH OBUHHI HaHIIi/IbHillIe TPUISAraTy 0 HEPO3TOPTHOI IMOBEPXHi B3/J0BXK
neBHUX i1 1iHiil. Takumu JiHisiMU € J1iHiT kpuBUHU. IIpo6ema roJsirae B ToMy, {00 3HANTH 11i JTiHiT Ha TOBEPXHI 3 HACTYITHUM aHATITUIHUM
OIICOM CMYTH TOPCAa, SIKA € JJOTUYHOIO [0 HEPO3TOPTHOI ITOBEPXHi B3OBX L€l JIiHii.

Sk BiZloMO, Ha ITOBEPXHSIX € ABi CiM'T B3a€EMHO NepIeHAUKYISPHUX JTiHiit KpUBUHU. B crarTi BUGpaHO TaKy ciM’Io JIiHiit KpUBUHU, sIKa Ma€e
TiepeBary mepez Apyror B CeHCi arpokcuMariii. LM MosCHIOI0ThCS OTPUMAaHi pe3ysabraTti. OcOGIMBOCTI OTPIMAHNX Pe3yJ/IbTaTiB MOJIATaI0Th
B TOMY, 1110 J/IsI 3HaXO/KEHHd MOTPiOGHOI ciM’1 JTiHili KpUBUHM HEOOXi/IHO PO3B’A3yBaTH AUdepeHIliaabHe PiBHAHHA. PO3B’ 130K 11bOr0 piBHAH-
Hs1 OyJI0 3aII03UYEeHO aBTOPaMU y HAayKOBiH CTaTTi i BUKOPUCTAHO AJIs TOAAIBLINX PO3PaxyHKiB. 3AificHeHO Bizyasti3aliito OTpUMaHUX pe3ysib-
TaTiB y BUIVISZ] allpOKCMOBAHOI Tpy6UuacTol MOBEPXHi YOTHpbhOMA i IicTboMa cMyraMu. ITo6yZ0BaHO PO3TOPTKU IIMX CMYT IS TPy6GUacTol
TIOBEPXHi, y sIKOI JIiHi€I0 I[EHTPiB € I'BUHTOBA JiHiA r = 1. Bci po3mipu 3ajani B NiHIHHUX OfMHUIAK. 3aMiCTh TBipHOTO KOJa BOHA 3a/laHa
pajiycoM nuiIiHApa a = 2, Ha IKOMY BOHA PO3TAlllOBaHa, i FBUHTOBUM IapameTpoM b = 1,5 (kpokom H = 9,4). Paziiyc TBipHOTO KoJIa Tpy6UacTol
MIOBEPXHi BUXiJHOT TpyGUacTOi MOBEPXHi B aIIpOKCMMOBAHOI IIOBEPXHi y HaBeJJleHUX IMIPUKJIaZIaX € 6araToKyTHUK (KBafpaT a60 piBHOCTOPOHHI
LIECTUKYTHUK).

KU1r04o0Bi cIoBa: JIiHis KPUBUHY, JOTUYHA CMYTa, Feofile3MuHa KPUBUHA, PO3TOPTHA IIOBEPXHs, YUCeIbHE IHTerpyBaHHS.
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PO3POBKA MATEMATHYHOI MOJEJII IIPOLIECY TEIIOMACO-IIEPEHOCY ¥ TOJIOBHOMY OBTIYHHKY PAKETH-HOCIS
HA ETAMI IIEPEJICTAPTOBOI IIJITOTOBKH (c. 71-79)

M. M. Binses, B. B. Binsaesa, T. I. PycakoBa, B. A. Ko3auuHa, II. B. CemeHeHKko, O. B. Bepiios, II. C. Kipiuenko, H. C. I'pyakiHa,
10. B. Boiirenko, O. B. [lo/DKeHKOBa

OG6’eKTOM /IOCTTi/PKEHHS € TIOCTiJJOBHE Ta HerepepBHe (JOPMyBaHHs TEIUIOBUX IIOJIB B FOJIOBHOMY OOTiYHMKY paKeTH-HOCis TPU BUKO-
pHCTaHH] 3aXMCHUX eKpaHiB. IIpu TepMocTaTyBaHHI HEOOXi/IHO CIIPOrHO3YBAaTH PU3HUK IE€PerpiBy KOPITyCy KOPMCHOTO HaABaHTa)KeHHH Ta IIPU
HEeOOXiZIHOCTI 3AiMICHUTH 3aXOAU 10 3HIDKEHHIO TeMIIepaTypy Gl KOPUCHOIO HaBAHTAXKEHHS. [H)KeHePHUM pillleHHAM TaKoi 3aJadi Moxe
OyTU 3HAlIeHO y BUKOPUCTAHHI 3aXUCHUX eKpaHiB pi3HOi KOH}iryparii B cepeiiHi rosoBHOr0 06TiuHMKA. Lli eKpaHU 3MEHIIYIOTh TeTIOBUI
TIOTIiK Bi/f HAarpiToi 30BHIIIHBOI CTIHKM OOTIYHMKA /I0 TIOBEPXHi KOPUCHOTO HAaBaHTAXXEHHS. AJIe BiICyTHI HOPMaTHUBHI MeTOU PO3B’A3KY Iii€l
3ajayi. JIy1s oIiHIOBaHHA e(eKTUBHOCTI JaHOTr0 3aXKCTy MoOy/j0BaHa YKcesJbHa MOJiesib Ha 6a3i dyH/JaMeHTaJbHUX PiBHAHb MeXaHiKu Cy-
LiJIbHOTO cepezioBuUINa. Mo/iestoroui piBHSHHS BK/IIOYAIOTh B cebe PiBHAHHA eHepril Ta piBHAHHS pyXy HEeB sI3KOro rasy. 3a JJ0TloMOrolo po3po-
6J1eHO1 YMCceIbHOI MOZIEIi TPOBEEHO 00YMC/IIOBAIBHII KCIIEPUMEHT, 110 HiATBepAUB e(heKTUBHICTh BUKOPUCTAHHS 3aXMCHUX €KPaHiB /71
3aXMCTy KOPITyCy KOPUCHOI'O HaBaHTa)KEHHH BiJl HaI/IMIIKOBOIO HArpiBy. BUTpaTH KOMIT'IOTEPHOr0 4acy Ha IPOBeAEeHHS 00UMCIII0BaJbHOTO
€KCIIepUMEHTY JJOPiBHIOIOTH 3 ceKyH/u. 1le lae MOXKJIMBICTb ITPOBOAUTH 3HAYHY KiJIbKiCTh PO3PAaXyHKIB IIPOTATOM POGOUYOTrO AHs. 3aIIPOIOHO-
BaHUI ITPOCTUH TeXHIYHUH 3aci6 3aXUCTy KOPUCHOTO HaBaHTAXKEHHS BiJj HAJIMIIKOBOTO HArPiBy MOYKe BUKOPUCTOBYBATHCS IIPU CTBOPEHHI
HOBUX 3pa3KiB pakeTHOI TeXHikyd. BUKOPUCTaHHS IIUX €KpaHiB JIeI0 3MEeHIye [0Tpe6y BUKOPUCTAHHS BeJMKUX 00’€MiB YUCTOTO IOBITPSI.
Po3po6sieHa yncesbHA MOJiesIb MO)Ke OyTH BUKOPUCTaHA B CIIEliaTi30BaHMX OpraHizallisx Ha eTari IPoeKTyBaHHS «(op-eckis». YncesbHi
€KCIIepMMEHTH IT0Ka3aJiu, 1[0 BUKOPUCTAHHS 3aXMCHUX €KPaHiB B cepe/IMHi roJIOBHOTO 0OTIYHMKA Jla€ MOXK/IMBICT OTPUMATH TeMIIepaTypy
Ha 2-4°C HIDKYe, HDK MaKCUMaJIbHO JIOIyCTMA TeMIleparypa Giis KOpUCHOI0 HaBaHTaXKEHHSI.

Korro4oBi cyioBa: TerioBe 3a0pyJHEHHS], 3aXUCHUM eKpaH, YHCeIbHA MOJIesIb, 00YMCIIOBAILHUI €KCIIEPUMEHT, TOJIOBHUI OOTIUHUK.



