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This study’s object is the thermal state of the tundish ladle in
a continuous billet casting machine, aimed at prolonging the duration
of the series of melts.

This paper reports the numerical modeling of the heat and mass
transfer processes in the tundish ladle of a continuous billet casting
machine (CCM). The model takes into account the hydrodynamics of
liquid steel, as well as the temperature distribution in the multilayer
lining and the ladle casing; it also makes it possible to predict local wear
of the lining based on the analysis of the technological parameters of
the process and the chemical composition of steel. Special attention is
paid to the study of the temperature and turbulent characteristics of
the flow, the residence time of the steel in the ladle, and the influence
of its composition on the intensity of destruction of the lining layers.

The results make it possible to localize critical areas of thermal
and mechanical overload of the ladle lining, in particular the contact
zones of the liquid steel jet and the wall areas near the turbos tops,
where the following are recorded: shear stress up to 275 Pa; turbulent
kinetic energy over 0.14 m?/s% and metal temperature up to 1830 K.

The local wear map built shows the distribution of the lining
erosion rate within 2.4-4.3 mm/h depending on the hydrodynamic
and chemical conditions. The predictive model combines CFD pa-
rameters, the chemical composition of steel, and the pouring speed,
which showed high accuracy confirmed by the coefficient of determi-
nation R?=0.99937.

A feature of the result is the comprehensive combination of local
flow conditions and steel composition with the erosion model, which
has made it possible to give engineering-based recommendations for
optimizing the ladle operating modes.

The developed predictive model of liner wear rate could be used
to monitor its condition, improve ladle operating modes, and increase
the reliability of the continuous casting process.

Keywords: tundish, continuous casting of billets, liner, CFD mod-
eling, SHAP analysis, machine learning.
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This study’s object is the process of designing closed non-circular
wheels with a given center-to-center distance with external rolling,
provided that it occurs without mutual slip. Non-circular wheels
serve as centroids in the design of cylindrical gear transmissions
with a variable gear ratio. The gear ratio is characterized by the gear
function. If the gear ratio is constant, then the centroids are circles.
The gear ratio in this case is the ratio of the radii of these circles.
Non-circular wheels can be designed according to a given gear func-
tion, which is determined by the kinematics of the mechanism’s links’
actuators. In this case, non-circular wheels can be non-closed.

The study addresses another task related to designing non-circular
wheels provided that they are closed. Various approaches can be used
to this end. The current paper considers the use of a fourth-degree
polynomial. In non-circular wheels, the radii, which are understood as
the distances from the centers of rotation to the point of contact, are
variable. The necessary conditions for constructing non-circular wheels
are the constant value of the sum of these radii during the rotation of
non-circular wheels, as well as the equality of the paths traveled, that
is, the equality of the arcs that non-circular wheels pass during rotation.
Pairs of wheels can have the same or different numbers of protrusions
and depressions. This is explained by the use of a fourth-degree poly-
nomial whose plot has an axis of symmetry. Accordingly, non-circular
wheels or their protrusions also have an axis of symmetry.

As an example, the construction of a leading centroid with one
protrusion and one depression is given, for which the maximum and
minimum distances from the center are 10 and 6.1 linear units, respec-
tively. For this centroid, a trailing centroid has been constructed, and the
center-to-center distance has been found, which is 16.79 linear units.

Keywords: external rolling, center-to-center distance, arc length,
axis of symmetry, radius vector.
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This study examines the rolling stock that currently employs or
could be equipped with plug-in hybrid traction systems.

Existing methodologies for selecting energy storage systems of-
ten limit their applicability, which creates certain constraints when
choosing a solution for hybrid traction systems.

As a result of the study, a well-founded preliminary selection of
an energy storage system based on expert evaluation and the Har-
rington desirability function was carried out.

Engaging experts in relevant fields makes it possible to obtain up-
to-date information on technology development and assess whether
parameters meet specific requirements. The application of methods
for evaluating expert consensus provides a foundation for using the
results in subsequent calculations.

Harrington desirability function makes it possible to combine
parameters with varying units of measurement and other differences,
yielding a single value that can simplify decision-making.

Using expert-derived evaluations, weighting coefficients for vari-
ous parameters were calculated for the defined types of rolling stock.

In the current research, three types of energy storage systems
were selected for locomotives and multiple-unit rolling stock,
meeting the specified conditions. These include battery, superca-
pacitor-based and flywheel-based storage systems, with overall
desirability scores (without weighting coefficients) of 0.638, 0.636,
and 0.573, respectively.

Modifying the set of parameters, introducing additional con-
straints, and adjusting weighting coefficients in conjunction with
motion optimization tasks makes it possible to adapt the methodology
to the requirements for specific projects for constructing or upgrading
rolling stock with plug-in hybrid traction systems.

Keywords: plug-in hybrid traction systems, energy storage sys-
tem, Harrington desirability function.
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This study’s object is the process parameters for the forced con-
servation of gas hydrate by a layer of ice to ensure its stability under
non-equilibrium conditions. These conditions are atmospheric pres-
sure and a slight negative temperature. However, the application of
water in the liquid phase and its subsequent crystallization, with the
release of a corresponding amount of process energy, is accompanied
by the dissociation of the surface layer of gas hydrate, and therefore
the loss of gas. A decrease in the melting level of gas hydrate could
be achieved by increasing the cooling level of gas hydrate structures.
However, this increases the operating costs of the technology. This
paper proposes a variant for substantiating the process parameters for
the forced conservation of natural gas hydrate structures.

To this end, by using the dimensionality analysis method, dimen-
sionless complexes were established: Fourier criterion (Fo); criterion
characterizing the relative thermal conductivity of bodies (K;), Koso-
vich criterion (Ko), dimensionless temperature criterion ©,/0, and
the criterion equation. The coefficient and degrees of dimensionless
complexes in the criterion equation were experimentally determined.
They make it possible to describe the process of forced conservation
of gas hydrate structures regardless of size and shape.

The application of dimensionless dependences and criterion
equations could make it possible to determine in a simplified form
parameters for the technological process of industrial production of
gas hydrate structures with the required properties (stability during
transportation and storage under non-equilibrium thermobaric con-
ditions without gas loss).

Based on experimental studies, the limits of the applied parame-
ters of the stability of gas hydrate structures under non-equilibrium
conditions have been established. For them, the criterion of dimen-
sionless temperature ©;/0, is within 0.02-0.04.

Keywords: gas hydrate technology of natural gas storage, math-
ematical modeling, dimensional analysis method.
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This study’s object is those factors that affect the defects of pho-
topolymer 3D models. The task addressed relates to identifying the
factors that cause the appearance of surface defects and deviations in
geometric dimensions in photopolymer 3D models.

The influence of the photopolymer resin temperature on the sur-
face defects appearance and deviations in geometric dimensions, as
well as the layers exposure parameters influence on the photopolymer
resin temperature, has been revealed. At the final stage of the study, it
was found that the exposure parameters of the photopolymer model
layers affect the photopolymer resin temperature, which, in turn,
increases the likelihood of defects and geometric deviations in the
finished model. Provided that the photopolymer resin temperature is
kept within the range of 18-26°C, the model dimensions geometric

deviation decreases by 0.054 mm along the XY axis and by 0.006 mm
along the Z axis. A linear dependence of the size deviations on the
exposure parameters and the photopolymer resin temperature has
been established.

The process of heat transfer from a UV radiation source to
a photopolymer resin has been described. A thermodynamic scheme
for controlling the resin temperature based on modeling the heat
transfer between the exposed layers and the resin volume, consider-
ing the exposure time and UV radiation intensity, has been devised,
which makes it possible to predict a critical temperature increase and
minimize defects.

While devising a method for controlling products during photo-
polymer 3D printing, the photopolymer temperature parameter was
considered as one of the factors affecting the quality of parts and the
level of rejects. Thus, the proposed method for controlling products
during photopolymer 3D printing could be used to improve the tech-
nological process of manufacturing parts by reducing the number of
defects and improving the finished products quality.

Keywords: LCD technology, photopolymer printing, additive
manufacturing, defects, automated control, thermal model.
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In modern packaging production, a diverse range of cardboards
is used. Therefore, the current problem is the choice of cardboards to
ensure the functional purpose of packaging. The object of the study
was printing impressions for the production of cardboard packaging.

Methods for studying the operational properties of cardboards that
arise during the use of packaging are proposed. Based on the conducted

electron microscopic studies, the influence of the structural structure
of cardboards on the mechanical and physicochemical properties
of printing impressions has been confirmed. The presence of waste
paper and mechanical pulp in the cardboard structure increases the
water absorption rate of the printing impression. The value of the rel-
ative tensile deformation of cardboard in the transverse and longitu-
dinal directions has been determined. It has been found that with an
increase in the tensile value, the ability of packaging to compensate
for mechanical loads without destruction increases. The maximum
anisotropy coefficient and compression modulus of cardboard im-
pressions have been calculated. When ensuring the safety of packaged
products, problems arise related to the appearance of solvent migra-
tion from printed images on packages. Chromatographic studies have
confirmed that with an increase in the number of coated layers on
the surface of offset impressions, the migration of paint solvents to
the contents of the packages decreases. This allows the selection of
cardboard for the manufacture of packages taking into account their
structural structure. The results obtained make it possible to improve
the technological process of manufacturing cardboard packages,
ensuring their environmental friendliness and consumer properties
according to their functional purpose.

Keywords: offset impressions, low-migration paints, deforma-
tion properties, cardboard structure, electron microscopy, packaging
strength.
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BU3HAYEHHA 3AKOHOMIPHOCTEM TEILIO- I MACOOBMIHY B IPOMDKHOMY KIBIIII COPTOBOY MAIIIMHA
BE3IIEPEPBHOTI'O JIUTTS 3AT'OTOBOK (c. 6-14)

. A. Tepexos, O. M. CTosiHOB, B. O. Py6an

OG6’eKT OCITi/PKEHHS — TEIUIOBUI CTaH IIPOMDKHOIO KOBIIA COPTOBOI MAIIMHU (Ge3IepepBHOTO JIUTTS 3aTOTOBOK, /ISl MMiIBUIIEHHS TPU-
BaJIOCTi cepii M1aBoK.

YV po6oTi BUKOHAHO YHCeJIbHEe MOJETIOBAHHS MPOLECiB TeIIo- i MacoOOOMiHy B IPOMIXKHOMY KiBIIi cOpPTOBOI MalIMHU Ge3lepepBHOTO
JaTTs 3aroToBoK (MBJI3). Mozesrb BpaxoBye TifpoArHaMiKy pifikoi cTasti, po3mozis Temmeparyp y 6araTouraposiit gyTrepiBii Ta Koxxyci mpom-
KOBIIIA, Ta Ia€ 3MOT'y IIPOTrHO3YBaTH JIOKaJIbHUAN 3HOC (DyTepiBKM Ha OCHOBi aHaJIi3y TeXHOJIOTiYHUX ITapaMeTpiB Mmpoliecy i XiMiuHoro ckiagy
crasti. Oco6IMBY yBary MpyZiJeHO JOCiHKEHHIO TeMIIepaTypPHUX i TYpOyJIeHTHHX XapaKTePUCTHK ITOTOKY, yacy IepeGyBaHHs CTaJIi B KiBIIIi Ta
BILIMBY i1 CKJIaly HA iHTEHCHUBHICTb pyitHyBaHHS LIapiB (yTepiBKH.

OTpuMaHi pe3y/IbTaT! J03BOJIAIOTh JIOKATi3yBaTH KPUTUYHI AiITHKA TePMiYHOTO Ta MeXaHiYHOro IlepeHaBaHTa)KeHH: (PyTepiBKHM KOBIIA,
30KpeMa 30HM KOHTAKTy CTPyMeHs pifikoi cTasi Ta MpUCTiHHI 061acTi To6IM3y TypOOCTOIIiB, Jie (DiKCyIoThCS: 3CyBHE HaNpy>KeHH: /0 275 I1a,
TypOyJIeHTHA KiHeTUIHA eHeprist ToHas, 0,14 M?/c? i Temreparypa Meraiy 10 1830 K.

Po3pobsieHa KapTa JIOKAIBHOTO 3HOCY ITOKa3ye PO3IIOZiI MIBUAKOCTI epo3ii dyTepiBku B Mexxax 2,4-4,3 MM/TOZ, 3a7IeXKHO Bij rizpoanHa-
MiuHUX i XiMiYHUX yMOB. IIporHocTuyHa Mofesb noeguye CFD-nmapaMeTpy, XiMiYHUN CKJIaf CTasli i IBUAKICT PO3JIMBAHHS, sIKa II0Ka3ala
BUCOKY TOUHICTb, 110 MiATBEPIPKYEThCS KoedillieHToM geTepminanii R? = 0.99937.

Oco6IMBICTIO OTPUMAHOTO Pe3Y/IbTaTy € KOMIUIEKCHE ITO€HAHHS JIOKAJIBHUX YMOB Tedil Ta CKJIa/ly CTaJIi 3 epo3iifHOI0 MOZEIUIIO, 110 AaJI0
3MOTY JJaTH iH)KeHepHO 0OI'PyHTOBaHi peKoMeH/allii 11j0/[0 ONTUMi3allii peKMiB po60TH KOBIIA.

Po3po6sieHa TPOrHOCTUYHA MOJieJTb HMIBU/KOCTI 3HOCY (yTepiBKM Moke GyTH BUKOPHCTaHa /1T MOHITOPUHTY 1i CTaHy, BAOCKOHAJIEHHS
peXXUMiB po6OTH KOBIIIA Ta MiIBUIIIEHHS HA/IiHHOCTI IIpoliecy Ge31iepepBHOIO JIUTTSI.

Korro4oBi ciroBa: mpoMi>KHUM KiBIII, 6e31iepepBHE JIUTTS 3aT0TOBOK, (pyTepiBka, CFD-MozemoBanHs1, SHAP-aHami3, MallnHHEe HAaBIaHHS.
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KOHCTPYIOBAHHS HEKPYIJINX KOJIIC I3 3ACTOCYBAHHAM IIOJITHOMA YETBEPTOI'O CTYIIEHA (c. 15-21)

T. A. Kpecas, C. ®. IIrumnnaka, T. M. Bosina, B. M. Ba6ka, C. I. BorBiHoBcbKa, O. A. CapxkaHoB, T. C. ITruiinnaka, A. C. Bopogaii,
. C. Bopopaii, IO. B. Cipenko

OG6’eKTOM JIOCTI/PKEHHS € MTPOLieC KOHCTPYIOBaHHA 3aMKHEHUX HEKPYIVIMX KOJIC 3a 33/laHOI0 MiXKIIEHTPOBOIO Bi/ICTAHHIO i3 30BHIIIHIM KO-
YeHHsIM 32 YMOBH, III0 BOHO BiZi0yBaeThCs 6e3 B3aEMHOT0 KOB3aHHsI. HeKpyIvIi Kojieca CiIy’>KaTh IIEHTPOIAAMU TP ITPOEKTYBAHHI 3y04acTHX IVJIiH-
JIPUYHUX Tepefiad i3 3MiHHUM IlepelaBaIbHIM 4rcIoM. IlepesiaBaibHe YnC/Io XapaKTepU3yeThCs Mepe/laBaIbHOI0 (yHKITier0. SKIIo nepe/jaBaibHe
YHCJIO € CTaJIUM, TO LIEHTPOIlaMH € KoJj1a. [TepelaBaJibHe YMCJIO B TAKOMY BUITA/IKY € BiIHOIIEHHSM pafiiyciB HUX Kij1. HekpyIli Kojieca MOYKHa KOH-
CTPYIOBATH 3a 33/1aHOI0 IePe/IaBAIBHOI0 (DYHKIII€T0, SIKa BU3HAYAEThCSI KIHEMATHKOI0 BUKOHABYMX JIAHOK MeXaHi3My. B TakoMy BUIIaiKy HEKpyIJIi
KoJleca MOXKYThb OyTH He3aMKHEHHMU. B mocstifpKkeHHI BUPIIIyeThCst iHIIa ITpo6ieMa — KOHCTPYIOBAHHST HEKPYIVIMX KOJIIC 32 YMOBH, 1[0 BOHHU € 3a-
MKHEHUMHU. /]I IIbOro MOYKHa BUKOPHCTOBYBAaTH Pi3Hi MiIX0AW. B JaHOMY 0CIIpKeHH] pO3IISIHYTO BUKOPHCTAHHS IIOJIIHOMAa YeTBEPTOro CTYIIEHIO.

YV HeKpyIVIMX KOJiC pajiycH, ImiJ SKUMH pO3yMiIOThCs BiZiCTaHi Bijj IIeHTPiB 06epTaHHS 0 TOUKM KOHTAKTY, € 3MiHHMMU. HeobxigHuMu
YMOBaMHM TOOYZ0BH HEKPYIVIMX KOJIIC € CTaja BeJMYMHA CyMH IIUX pajiyciB pyu o6epTaHHI HEKPYIVIMX KOJIC, a TAKOXX PiBHICT MPOHAEHNX
LISXiB, TOOGTO PiBHICTB AYT, SIKi IIPOXOJATH HEKPYII KoJleca, 3a yac o6epTaHHs. I1apyu KoJlic MOXyTh MaTH OZIHAKOBe a00 pi3He YNCJIO BUCTYIIIB
i BmaguH. Lle MOSICHIOETHCS 3aCTOCYBaHHSM II0JIiIHOMA YeTBEPTOro CTyIeHs, rpadik sikoro Mae Bick cumeTpii. BifgmoigHo, i Hexpymvii Koseca
2060 IX BUCTYIIM TeXX MAIOTh BiCh CMeTpil.

SIK TIpUKJIaZl, HaBEZIEHO MOOY0BY BeAydol LIEHTPOIX i3 O[HUM BUCTYIIOM i OZiHI€I0 BIIJIMHO0, ISl IKOI MaKCUMaJsbHa i MiHiMaJIbHA
BiZIcTaHb Bif IeHTpa cTaHOBUTS 10 i 6,1 JiHIHUX OAMHUIE BiATIOBiAHO. 17151 Iiel IEHTPOIAN MOOYJ0BAaHO BeAIEHY IEHTPOIAY i 3HAI/IeHO MiX-
LIEHTPOBY BifiCTaHb, sIKa ckyajae 16,79 JiHIHUX OUHUIIb.

KUrro4oBi cyroBa: 30BHIIIHE KOYEHHS, MDKI[EHTPOBA BiZICTaHb, IOBXKMHA IyTH, BiCh CUMETPIii, pa/iiyc-BEKTOP.
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OIIIHKA MOXXJIUBOTO 3ACTOCYBAHHSA HAKOIIMYYBAYA EHEPTII /11 PLUG-IN I'BPU/THOI TATOBOI CUCTEMHU
PEMIKOBOT'O PYXOMOTI'O CKJIALY (c. 22-31)

A. C. Macuiii, C. I. BypakoBcekuii, P. M. AHTOHeHKO, B. A. T'eBpacboB, AH. C. MacJriii

OG6’eKTOM JIOCTiPKEHHS € PEeHKOBUI PyXOMHI CKJIaJ|, Ha SIKOMy BUKOPHCTOBYIOTHCSI 00 MOXKYTh OyTH BIIpoBa/pkeHi plug-in ri6pumi
TATOBi CUCTEMHU.

IcHyt0ui MeTOAMKHM BUOOPY HAKOIMYYBa4iB eHeprii 3/1e611b110ro 06MexyIoTh cepy 3acToCyBaHHS, 110 HAKJIaJa€ IIeBHi 0OMeXKeHHs Ha
MOXXJTMBIiCTB IX BUKOPHCTAHHS IIPX BUOOPi HAKOIIMYyBada eHeprii Auis TiOpUJHUX TATOBUX CHCTEM.

B pesysibTaTi IpoBeIeHOro AOCIiHKEHHS 3p06IeHO 00 PYHTOBAaHUI EpBUHHUI BUGip HAKOIIMYyBaya eHeprii 3a JJ0IOMOTr0I0 eKCIIepTHO-
O OI[iHIOBaHHS Ta BU3HAUEHHS 3arajbHOI 6a)XaHOCTi 3a (yHKIIielo XappiHTrToHa.

3aJIydeHHsI eKCIIepPTiB y BifIIIOBIJHUX Taly3sx J03BOJIsIE OTPUMYBATH aKTyaJIbHY iH(OpMAILilo IIPO CTaH PO3BUTKY TEXHOJIOTIH i BCTAaHOB-
JIFOBATH BiJJIIOBIZHICTb MapaMeTpiB TUM YU iHIIMM BUMoOraM. OIjiHKa y3rof>KeHOCTi [yMOK €KCIIepTIB Ja€ MiAIPyHTs JJIs ITOJaJIbLIOr0 3aCTO-
CyBaHHs OTPMMAaHMX Pe3YJIbTATiB.



DyHKIis 6aykaHOCTi XappiHTTOHA [103BOJIsIE 00’ €JHYBATH MapaMeTpy 3 PiSHUMHU OAWHULSMU BUMIipy Ta iHIIMMU BiIMIHHOCTAMMU IS
OTPHMAHHS OHOT'O 3HAYEHHSI, 1IJ0 MOXKe IIOJIETIIYBATA IPUNHATTS PillleHHSI.

BUKOPHUCTOBYIOYH OL[iHKY, OTPMMaHi Biff eKCIIepTiB, A1 pi3HUX IapaMeTpiB Oy po3paxoBaHi Baroi Koedil[ieHTH BiZIIOBIZHO /10 BU3HA-
UYEHHUX THUIIIB PyXOMOTO CKJIazy.

B mipoBeZieHOMY JOCJTiPKeHHi JI7Is JIOKOMOTHBIB Ta MOTOPBAarOHHOTO PYXOMOTO CKJIajly 6y/0 BU6paHO TPY TUIIM HAKOIMUYBayiB eHeprii,
SIKi BiZITIOBiZJafOTh ITOCTABJIEHUM yMoBaM. Lle 6aTtapeiini Hakomm4yBadi, Hakonm4ayBadi Ha 6a3i EDLC Ta iHep1iiiiHi HakoIIn9IyBadi 3 MaXOBHKa-
MM, 3HaYEeHHs 3araJbHOI 6a)KaHOCTi sIKMX 6e3 BaroBux koedirieHTis 0,638, 0,636, 0,573 BifgnoBigHO.

3miHa Habopy MapaMeTpiB, BBEJICHHS A0AATKOBUX OOMeKeHb Ta BaroBUX KoeillieHTiB y oejHaHHI 3 3a/ladaM ONTUMIi3allil pyXy /{03BO-
JIsI€ aJ]alITyBaTH METOAMKY /10 BUMOT KOHKPETHHX IIPOEKTIB 3 M0Oy0BU a60 MojiepHi3allil pyxoMoro ckirazy 3 plug-in rioGpugHUMU TATOBUMU
CHCTEMaMH.

Kurrouosi coBa: plug-in ri6pujiHi TAroBi crcTeMu, HAaKOIIMYyBadi eHeprii, PyHKIis 6axxaHocTi XappiHIToHa.
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3ACTOCYBAHHSA METOJIY AHAJII3Y PO3MIPHOCTEM ¥ PEAJII3AIIIT TA3OTIAPATHOI TEXHOJIOTTT
TPAHCIIOPTYBAHHA I 3BEPITAHHS IIPUPOJHOTI'O TA3Y (c. 32-41)

JI. O. Ileguenko, H. M. Ilequenko, M. M. IlegueHKO

OG6’eKTOM AOCTiPKEeHHS Oy/IM TTapaMeTpH MIPOIecy ITPUMYCOBOI KOHCEpPBAIlil Ta30TiZpaTy MapoM JboAY I 3a6e3IedeHHs Horo cTabiib-
HOCTi B HepiBHOBa)XHUX YMOBax. TakuMu ymMmoBaMU € aTMoc(epHHUI THCK i He3HauHa Bif’eMHa TemmnepaTypa. OfHaK HaHeceHsI BOAU B dasi
piaviHM i mojaspiia i1 KpyUcraizanis, 3 BUAUIEHHM BiNOBiZHOI KiJIBKOCTI eHeprii mporiecy, CyIpoOBOPKYETbCS AUCOLIialliallier0 ITOBEpXHE-
BOTO LIapy ra3orifipaTy, a OTKe BTPATOIO rady. SHIDKEHHs PiBHS IIJIaBJI€HHS Ta30TiipaTy MOXKHA JOCATTH MiZIBUIIEHHSIM PiBHS OXOJIO[KEHHS
ra3oripaTHUX CTPyKTy. OfHaK Iie MiZIBUILye ollepaliifHi BUTpaTH TeXHOJIOTii. B po6oTi 3a1IporoHOBaHO BapiaHT OOTPYHTBAHHS ITapameTpiB
TpolLecy NPUMYCOBOI KOHCepBallil CTPYKTYp TifpaTy IPUPOAHOrO rasy.

JI71s 11bOT0, BUKOPHUCTOBYEOUM METO/| aHaJli3y po3MipHOCTEl, BCTAHOBJIEHO 6e3po3MipHi koMIuiekcu: kpurepiit @yp’e (Fo); kputepiit, 1110
XapaKTepusye BiJHOCHY TelIonpoBifgHicTs Tin (K;), kpuTepiit Kocosmuua (Ko), kpuTepiit 6e3po3mipHoOi Temmeparypu @;/6, Ta KpuTepiaabHe
piBHAHHS. EXCllepUMeHTaIbHO BU3HAYeHO KoeilieHT i cTyrneHi 6e3po3MipHUX KOMIUIEKCIB y KpUTepiaJbHOMY piBHSHHI. BOHU 03BOJISIOTH
OIHCATH IIpoIjec IPUMYCOBOI KOHCepBallii ra30TiipaTHUX CTPYKTYp He3aJIeXKHO Bifi po3Mipy i homu.

3acTocyBaHHSI 6€3pO3MIPHMX 3aJIEKHOCTEN Ta KPUTEPiaJbHOTO PiBHSHHS JIO3BOJUTH Y CIIPOIEHOMY BUIVIS/i BU3HA4YaTH ITapaMeTpu
TEXHOJIOTYHOTr0 MPOLecy IPOMHCIOBOIO BUPOOHHUIITBA Ia30TiIPATHUX CTPYKTYP 3 HEOOXIHUMM BJIACTUBOCTSMU (CTaGLIBHICTIO IIPU TpaH-
criopryBaHHi i 36epirani 3a HepiBHOBaXHUX TepMOOAPUIHIX YMOB 6e3 BTpAT rasy).

Ha oCHOBI eKcIlepMeHTaIbHUX JIOCJI/PKeHb BCTAHOBJIEHO MEXi 3aCTOCOBYBaHMX IapaMeTpiB cTaGiIbHOCT] ra3oriipaTHUX CTPYKTYp 3a
HepiBHOBOXHUX YMOB. [IJ1s1 HUX KpUTEPiil 6e3p0o3MipHOI TeMItepatypu ©@/@ 1exuTh y Mexax 0,02-0,04.

KurrouoBi croBa: rasorifjpaTHa TeXHOJIOTiS 36epiraHHs IIPUPOAHOTrO rasy, MaTeMaTU4YHe MOJIEJIIOBAaHHS, METO/ aHaJIi3y po3MipHOCTEM.
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PO3POBKA METOAY KOHTPOJIXO BUPOBIB IIIJ] YAC ®OTOIIOJIIMEPHOTO 3D-APYKY (c. 42-54)

. O. HixkiTin, I. III. HeBirogos, I. B. XKapikoBa, A. I. BpoHHikoB, P. €. Ctpiiens

OG6’€KTOM [JIOCTIPKEHHS € YNHHUKY, 1[0 BIUIMBAIOTH Ha JedekTH oronomiMepHux 3D-mogeseil. BupintyeTbcst mpo6ieMa BUSBICHHS YMH-
HUKIB, 5IKi CIPUUUHSIOTH I105IBY ITOBEPXHEBUX /Ie(heKTiB i BiIXMIeHh F€OMETPIYHMX PO3MipiB y oTonosniMepHux 3D-MoziessiX. BUsB/IEHO BIUIMB
TemIiepaTypu (poToroiMepHoi CMOJIA Ha TOABY TOBEPXHEBUX Ae(EKTiB Ta BiXWIEeHHSA TeOMETPUYHUX PO3MipiB, a TaKOX BILUIMB ITapaMeTpiB
€KCITOHyBaHHS IIIapiB Ha TeMIlepaTypy (oToroniMepHol cMosi. Ha 3aBepInaJbHOMY eTarti JOCTi/KEHHsS BCTAHOBJIEHO, IO MTapaMeTpy eKCIIOHY-
BaHHA MapiB (oTonoTiMepHOl Mo/iesli BIUIMBAIOTh Ha TeMIlepaTypy (OTOIoiMepHOi CMOJIH, 1110, y CBOIO Yepry, MiIBUIlye HMOBIpHICTb MOSIBU
JiedeKTiB Ta reOMETPUYHIX BiIXUJIEHD y TOTOBI Mofesti. 3a yMOBH ZOTpUMaHHSI 3HaYeHb TeMITepaTypy (oTonosliMepHoi CMOJIH y Me)xax 18-26°C
3MEHIIYEThCSI TeOMETPUYHE BiZIXWIeHHsI Po3MipiB Mogesi Ha 0,054 MM 1o ocsx XY Ta Ha 0,006 MM IO oci Z. BcTaHOB/IEHO JIiHIIHY 3a/IeXKHICTb
Bi/[X1JIeHb PO3MipiB BiJi MapaMeTpiB eKCIIOHYBaHH i TeMmepaTypu doTomnosiMepHoi cMosi. OnucaHuii mporiec repezadi Teria Big YO-mxepena
BUITPOMIiHIOBaHHS Ha (hoToromiMepHy cMoiy. Po3po6ieHO TepMOANHAMIUHY CXeMy KOHTPOJIIO TEeMIIEpaTypy CMOJIH, sKa 6a3yeThCs Ha MOZEIIO-
BaHHI TeruIonepeayi M« eKCIIOHOBaHMMM IIAPAaMU Ta 06’'€MOM CMOJIH, 3 yPaxyBaHHSIM 4acy BUTPUMKH Ta iHTEHCUBHOCT] Y®-BUIIPOMiHIOBaHHS,
1110 /I03BOJISIE IPOTHO3YBATH KPUTHYHE MiZBUIIEHHST TEMITEpATypy Ta MiHiMi3yBaTH JiepekTH. Y Me)KaxX po3poOKH MeTOLy KOHTPOJIIO BUPOGIB ITi/]
4ac ¢ororosiMepHOro 3D-ApyKy BpaXxoBaHO IapaMeTp TeMIlepaTypH (oTororiMepy sIK OHOTO 3 YNHHMKIB, 1[0 BIUIMBAIOTh HA SKICTh leTaeil Ta
piBeHb 6paKy. TaKMM YHMHOM, 3aIIPOIIOHOBAHUI METOZ, KOHTPOJII0 BUPOOGIB iz yac doToroniMepHoro 3D-ApyKy Moxe OyTH BUKOPHUCTAHUI ISt
YOCKOHAJICHHS TEXHOJIOT{YHOTO IIPOIIeCY BUTOTOBJIEHHS JleTasIel IIUIIXOM 3MeHIIIeHHs KiJIBKOCTi GpaKy Ta IiZIBUIIEHHS sIKOCTi TOTOBOI ITPOYKIIil.

Kirro4ogi croBa: LCD-TexHo0ris1, (hoTonoTiMepHUI APYK, aAUTHBHE BUPOOHHLITBO, ieheKTH, aBTOMAaTU30BaHUH KOHTPOJIb, TEILIOBA MOZIEIb.
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OIIHIOBAHHS EKCIUIVATAIIIITHUX ITOKA3HUKIB JIPYKAPCHKHX BIIBUTKIB HA KAPTOHI JIJIsI BUTOTOBJIEHHS
THAKOBAHGB (c. 1-2)

C. ®. I'aBeHko, I. I. KonroxoBa

¥V cy4acHOMY BUPOOHMIITBI ITAKOBaHb BUKOPHCTOBYETHCS Pi3HOMAHITHHI aCOPTUMEHT KapToHiB. ToMy aKTyaJbHO0 IIPOGJIEMOIO € BUOID
KapTOHIB /151 3a6e3meueHHsT (PyHKIIIOHATBHOTO MIpU3HAYeHHs TaKoBaHb. O0’€KTOM JOCTi/PKEHHS OY/IN APYKapChKi BilOUTKU /JIsT BUTOTOB-
JIEHHST KaPTOHHUX ITAKOBaHb.

3anponoHOBaHO METOAM [OCJi/KEHHs eKCIUIyaTalliifHUX BJIaCTUBOCTeli KapTOHiB, fKi BUHMKAIOTh IPM BUKOPUCTaHHI ITaKOBaHb.
Ha ocHOBi NpoOBeAEHNX €IeKTPOHHO-MIiKPOCKOITIYHHUX /OCTi/PKeHb Ii/[TBEpP/PKEHO BILIMB CTPYKTYpHOI Oy/[0BM KapTOHIB Ha MeXaHIi4Hi Ta



(ismKo-ximMiuHI BIaCTUBOCTI APYKapCHKUX BifOUTKIB. HasBHICTH B CTPYKTYpi KapTOHY MaKy/IaTypH Ta MeXaHiqYHOI MacH IiBHUIIye TOKA3HUK
BOJIOTNIOIVIMHAHHA JIPyKapChKOTo BiJOMTKY. Bu3HaueHo BeIMYMHY Bi[HOCHOI leopMallii po3TAry KapToHYy B TIOIIEpeYHOMY i MO3/10BXKHBEOMY
HampsIMKaX. BUSBIEHO, 1[0 3i 36ibIIEHHSIM BEJTMYMHU PO3TATY 3POCTAE 3AATHICTD MTAKOBAHHS J0 KOMITEHCAI{l MeXaHIYHUX HaBaHTA)KEHb
6e3 pyliHyBaHHS. Po3paxoBaHO MaKCUMaJIbHUI KoedillieHT aHi30TpoIii Ta MOZAY/Ib CTUCKY KaPTOHHUX BiftOUTKiB. [Ipn 3a6e3neyeHHi Ge3nexu
3aI1aKOBAHMX TPOAYKTIB BUHUKAIOTH MTPOOJIEMH, TIOB’SI3aHi 3 MOSIBOIO Mirpanii pO3YMHHUKIB 3 Ha/[PYKOBAHUX 300pa)kKeHb Ha MAKOBAHHSIX.
XpomarorpadiuHi JOCTiKeHHS MiATBEPANIIH, IO 3i 361/IbIIEHHAM KpelloBaHNX MIapiB Ha MOBEPXHi OQCETHNUX BiIONTKIB 3MEHIIIYEThCS Mi-
rparisi pO34MHHUKIB (apb 0 BMiCTIMOro nmakoBaHb. e 103B0JIsi€ 3/iiicHUTH BUGIp KapTOHIB /IJIsi BUTOTOBJICHHS ITAKOBaHb 3 BPAaXyBaHHS iX
CTPYKTypHOI 6yzoBH. OTpUMaHi pe3y/IbTaTH JAl0Th MOXJIMBICTh YOCKOHAJINUTH TeXHOJIOTTYHU MTPOIIeC BUTOTOBJIEHHS MTAaKOBAaHb 3 KapPTOHY,
3a6e31e4yI0uH X eKOJIOTiYHICTb Ta CIIOXKUBYI BJIACTUBOCTI 3Ti/IHO (DYHKI[iOHAJIBHOTO IIPU3HAYEHHSI.

KorrouoBi cioBa: odceTHi Bi6nTKY, HU3bKOMIrpaniiiai apou, fedopmariifini BIaCTUBOCTI, CTPYKTypa KapTOHY, eJIeKTPOHHA MiKPOCKO-
TIist, MiITHiCTh TTAKOBaHb.



