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Analyzing the phase diagrams of antigen populations relative to antibodies (Fig. 3 (a)), we can
conclude that for t=0.05 the solution of system (1) tends to a non-identical endemic state, which in this
case is a stable focus. For t &[0, 0.22] trajectories corresponding to a stable node (Fig. 3 (a)) are observed.

At values T close to 0.23min Hopf's bifurcation occurs (Fig. 3 (b)). For values T greater than
0.2865 min we observe chaotic behavior (Fig. 3 (c)).

Conclusions. A set of computer programs for the study of phase diagrams has been created, which can
be used both separately and as additional specialized software for CPBSS, which makes it possible to study
the phase planes of the model of the immunosensory system on a rectangular lattice using differential
equations using the R package. This also takes into account the presence of antigen and antibodies colonies,
that are localized in pixels, as well as the diffusion of antigen colonies between pixels.
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MATHEMATICAL AND INFORMATION MODELS FOR SOLID FUEL BURNING WITH A TWO
PHASE GASIFICATION AREA

VOLKOV V., MAKOYED N., LOBODA YU., SOKOLOVA O. (viktor@te.net.ua)

Odessa I.1. Mechnikov National University (Ukraine), Odessa National Academy of Food

Technologies (Ukraine), National University "Odessa Law Academy” (Ukraine)

The problems of mathematical modeling of the solid fuel combustion with two-phase gasification zone
are considered. Mathematical model for solid fuel combustion is constructed taking into account the possible
instability of the process. Such mathematical model leads to new information model for the burning of solid
fuel. This model can be used to control the propellant combustion process.

Automated control systems for the burning of solid fuels are aimed in many cases to prevent or
suppress possible explosions. It is known that instability is the cause of the flame autoturbulization [1] and
its acceleration [2]. In turn, acceleration of the flame causes its transition to explosion [3,4]. So it is
necessary, when constructing a mathematical model of liquid fuel combustion, to take into account the
possible instability of flame.

The problem of hydrodynamic stability of combustion waves is a classical theoretical problem of fluid
mechanics, which is still topical [5]. The main combustion model for studies of the solid fuel combustion
stability is a model in which solid fuel, as a result of decomposition, passes directly into the gas phase and
then instantly burns [6]. But in many cases, solid fuel during decomposition does not decompose according
to the “solid phase — gas” scheme, but according to the “solid phase — liquid phase — gas” scheme [7,8]. The
presence of a thin liquid film located on the gasification surface of the fuel solid phase plays sometimes a
significant role [9].

For example, it is the liquid film, which separates the solid and gas phases that causes the negative
erosion effect or the Vilyunov — Dvoryashin effect [9]. This effect is that under certain conditions, the
burning rate decreases, when the fuel surface of a fuel is blown in a parallel flow. Various attempts to
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describe and explain in more detail the Vilyunov — Dvoryashin effect led to the need of studying the problem
of hydrodynamic stability in the zone of the solid fuel gasification.

The aim of the present study is to construct mathematical model for solid fuel combustion for “solid
phase — liquid phase — gas” scheme and to develop corresponding information model. To accomplish this
aim it is necessary to solve the following problems:

— to develop physical and mathematical models for the process of solid fuel burning in the presence of
small perturbations;

— to set and solve the corresponding eigenvalue problem by obtaining the characteristic equatior;

— to analyze the characteristic equation from the point of view of the unstable roots existence and
interpret obtained results physically;

— to construct information model in accordance with new mathematical model.

Both physical and mathematical models of the perturbed state of solid fuel combustion are originally
constructed [10].

The media in all areas of combustion and in combustion products are assumed to be incompressible,
and the viscosity of the fuel in the liquid phase is also taken into account (the media in other areas are
ideal). Thus, perturbations of hydrodynamic parameters are considered not only in the two-phase gasification
zone, but also in the combustion products area. The geometric perturbation of the instantarieous combustion
front (flame), distorting the shape of its surface, is also specified. That is the characteristic feature of the
represented physical model [10].

Explicit exponential expressions are obtained for small perturbations of pressure and velocity
components in all three flow areas, as well as exponential expressions for perturbations of the phase interface
and flame front. All these perturbations satisfy the boundary conditions at infinity. Linearized boundary
conditions on the perturbed interface between the liquid and solid phases and on the combustion
instantaneous front are written [10].

Mathematical eigenvalue problem is set and solved. The characteristic equation in the dimensionless
eigenvalue is obtained and studied analytically and numerically [10].

Physical interpretation of the results indicates that they are in qualitative agreement with the results of
experimental observations [8,11,12,13] and other theoretical studies [14-16].

The solution to the problem of flame stability is the basis of the mathematical model of solid fuel
combustion. This mathematical model makes it possible to develop the information model of the solid fuel
combustion, which is considered from the point of view of control (that is the process of solid fuel
combustion is controlled object).

Combustions of solid fuels are identified as the information objects with their attributes and
relationships [17]. Information structure diagrams [17] are also built.

The key point is the emergence of the notion (and the attribute) Flame instability. Variable Flame
instability is connected with fuzzy variables Explosion hazard and Detonation hazard for estimation of
the possibility of explosion (deflagration or detonaticn) [18,19]. The application of fuzzy logic allows us to
use the proposed mathematical and information models of the solid fuel combustion for the mathematical
support and software of decision support systems on the issues of explosion safety.

The conclusions can be formulated as follows:

L. In this study physical and mathematical models of the solid fuel combustion process in the presence
of small perturbations are developed. As a scheme for decomposition of solid fuel during combustion, the
scheme «solid phase — liquid phase — gas» is adopted. This scheme is adopted as alternative to well known
scheme “solid phase — gas”. The latter scheme can be considered as a limiting case of the former one, if the
thickness of the liquid film equals zero.

2. The mathematical problem is formulated for finding a dimensionless complex eigenvalue, the
positiveness of the real part of which means the instability of the combustion process. The characteristic
equation for the indicated eigenvalue is obtained. This equation is a multi-parameter algebraic equation, the
left side of which is the tenth-order functional determinant (with the right-hand side equal to zero). The
characteristic equation is greatly simplified analytically — the order of the determinant before its direct
calculation is reduced to the fourth.

3. The characteristic equation is analyzed from the point of view of the unstable roots existence. It is
proved that in the limiting case of the absence of a liquid phase of the fuel, the characteristic equation always
has unstable roots; the same conclusion can be made when the thickness of the liquid film is very small in
comparison with the length of the entire gasification zone. In another limiting case — for perturbations with
an infinite wavelength — a transition to stability is established, which indicates the stabilizing effects of a
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viscous liquid film and of variability of the gasification zone length. A sufficient instability condition is
obtained for the general case.

4. The physical interpretation of the results obtained mathematically makes it possible to explain the
effects of autoturbulization of the combustion process and the possible transition of combustion to
explosion.

5. An explanation of the Vilyunov-Dvoryashin effect [9] from the standpoint of stability theory is also
confirmed. The results obtained are in qualitative agreement with the results of other theoretical studies and
experimental data.

6. The information model of the solid fuel combustion is developed on the base of the
mathematical model for this process, that is constructed above. Combustions of solid fuels are
identified as the information objects with their attributes and relationships. The new notion (and the
attribute) Flame instability is introduced. Information structure diagrams are also built.

7. The application of fuzzy logic allows us to use the proposed mathematical model and information
model of the solid fuel combustion transition for the mathematical and information support and software of
decision support systems (DSS) on the issues of explosion safety and explosion protection. The advantage of
the decision support system of this type is that it allows the decision makers to do without experts. This is
especially important, since it is well known that working with experts has always been and remains a weak
link in decision support systems.

The areas for further research are connected with a detailed numerical analysis of the characteristic
equation for the eigenvalues. But in order for such an analysis to be of practical importance, it is necessary to
collect a large number of confirmed data on the parameters of the stationary combustion complex being
studied for stability. These data should contain information on the combustion of different types of solid fuel
under various physical conditions.

It is also of certain interest to take into account the compressibility of the medium in the area
of the gas phase of fuel and in the combustion products area. The solution to this problem can be of
fundamental importance for assessing the possibility of the transition of combustion to explosion.

The results of this study can additionally be used for theoretical analysis of the stability of the
combustion process for liquid fuel in the combustion chamber.
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YK 004.92

BU3HAUYEHHS TEXHOJIOT' T MOJIEJTFOBAHH I MICSTYHOI'O JIAHJIIIA®TY
XYKOBELBKA C.JL
Opecpka HalllOHANBHA aKaJeMisl XapuoBHX TexHoJorii (Ykpaina)

Y oaniti cmammi pozenanymi npobremu opmysanna 3D moodeni micaunoi nosepxui 3 memoro ii
nOO0ANBULO20 BUKOPUCMAHHA 8 GHIMAYIUHOMY poauKy. Bcei erevenmu aanowaghmy noguHHi Ckiaoamu eOUHy
cucmemy i RIOKOPAMUCS, NeBHOMY XYOOICHbOMY 3a0YMY. 3anponoHo8ani mexHonoeii eupiulenus npooiemu 3
MIHIMATbHUMU BUMPAMAMU HA NPOYECU MOOETIO8AHHS Md Gi3yani3ayil.

Beryn

[Ipouec cTBOpeHHs JaHAmadTy 1 HOro sKICTh B CydacHii mpakTuili 3D MojenoBaHHS HaJA3BUYAHHO
BOKJIMBUN. 3aBmanHsa (HOpMyBaHHS PEaTiCTHYHOTO JAaHAMA(TY € JOCUTH CKIIAQIHUM, PECYPCHOMICTKUM, i, B
TOH K€ Jac, aKTyallbHUM 1 3aTpeOyBaHUM.

Ornsig pedepeHciB jJae ysIBICHHS MPO BUMIIAL 00’€KTY MOJETIOBaHHS. BUSBICHI TpU NMPHHIIUIIOBO
PI3HI CKJIaI0OBI MOJICIIi: TEPpeiiH, KaMiHHs, crienudidHui (HOoH.

BusnaueHHs TexHOIOTIH

CropenHs nanamadTy BpyuHy 3MILICHHSM BepIIMH 0a30BOro Meily 3aiiMe 0arato yacy i He IacTb
noTpiOHOro pe3ynbTary. 3aBAaHHs IOJSTAE y MOJICIIOBaHHI MMOBEPXHI 3 ropaMH, KpaTepaMmu Ta YCiSHOIO
KaMiHHSM.

Hns crBopenHs: NaHAmAadTiB BHUKOPHUCTOBYIOTBCS [Ba METOAM: CTAaHAAPTHUHA 1 MpOLEIypHUH.
[IporoHy€eThcss BUKOPUCTATH MPOLICAYPHHUI METOJ JIJIsl CTBOPEHHS 0a30BO1 CITKU TeppeiiHy. Takui mmiaxin
Jla€ MOXKJIMBICTH OUTBII THYYKOI'O penaryBaHHs (OpMH Ha PiBHI CKIaIoBHX ii (paxramiB. 3a JOMOMOTr0O0
HAJAIITYBaHb PETYIIOEThCS 30BHINIHIN BUIIAN JaHamadry i maetami moBepxHi. CTaHTApTHUH MAXiA
NIPEJCTaBICHUI y BUTIISNI CHeLiani3oBaHUX 1HCTpyMEeHTiB. Hampukinan, 3a 10omoMororw kucreii i eekriB B
nporeypHui naamadt 101al0Th KpaTepH i maropou.

TeppeiiH Mae HEOMHOPITHY CTPYKTYpy. BiAMOBiTHO MOTPiOHO CTBOPHUTH JEKiibKa AUISHOK 3 Pi3HOIO
OyZOBOIO: 3 IIIIBHUM KpaTEPHUM IOKPUTTSIM, HEBEJIMKOI BUCOUMHM Ta JUISHKH BEJIMKOI BUCOUMHH. Takum
YHHOM CTBOPIOETHCS YOTHUPH AUISHKH MOBEPXHi 3 Pi3HOIO OYIOBOIO. 3 CTBOPEHUX IUISHOK 3aBASKU MPOIIECY
PETONOIIOTIT CKIIAAAETHCA MOAEIb, 1110 MAa€ FEOMETPUYHO NMPABUIIbHY MYJIBTHIIONITOHATIBHY CITKY.

Burmsan micsunoro manmmadTy He Oyle MaTh peasiCTHYHOCTI, SKIIO0 OOMEXHTHUCH MOJIEITIOBAHHIM
JIUIIIe OCHOBHUX €JIEMEHTIB JIaHAmAaPTy. PeallicTHYHOCTI JI0Jat0Th MIKpOAETai, 30KpeMa, MICSIYHHIA ITICOK.
MogentoBaTy MIIWHKY 3BUYAHUMHU METOJaMH HEMOXJIHMBO. [ljis1 MojenmoBaHHs AeTanell MiKpOCTPYKTYpH
MiCSYHOTO JaHAmadTy NPOMOHYEThCS BHUKOPHCTATH METON CHUMYJIAIii HepiBHOcTedr Bump Mapping.
CyTHICTH TIOXOMy TMOJSITa€E B TOMY, IO BIAXWICHHS KOKHOTO ITKCENS Bi HOpPMall 0 TOBEpXHIi
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Mariko ['annna @emopiBHa, K.T.H., IOIEHT, HarionansHuH yHiBepcHTET «JIbBIBCHKA MOITEXHIKA

Mengenes Bomonnmup CemenoBud, ctyneHT, HamioHansHIA TEXHIYHUHN YHIBEpCUTET «XapKiBCHKUN MO TEXHITHIH
IHCTUTYT»

Mentok Poctucnas CeprilioBud, CTyneHT, OIeChKU HAITIOHATBHHIH MOJITEXHIYHAN YHIBEPCUTET

Muxaiinos I1. I., 3D Gneration GmbH (Himeuunna)

MiniB Poman IlerpoBuy, ctyeHT, BIHHUIbKUH HalliOHAILHUN TEXHIYHUH YHIBEPCUTET

Morineit Cepriit Onexcanaposny, Bukiaad, CxijgHoeBporeicbkuil yHiBepeuTeT iMeHi Payda Abmsizosa
Mouypan Jlecs IropiBHa, K.T.H., H0o1eHT, HanlioHaneHuUi yHiBepcuteT "JIbBiBChKA MOJITEXHIKA"

Hasaposa Onena CepriiBHa, K.T.H., JOIIeHT, Harlionansauil yHiBepcuTeT «3anopi3bKa IMoJIiTeXHIKay

Haranis Botiko, k.T.H., noueHT, HarioHansHMi yHiBepcuTeT “JIpBIBChKA MOMITEXHIKA™

Herzopor Bonogumup AmutpoBud, cryneHTt, O1echKuil HaIliOHANEHUH MOJIITEXHIYHUH YHIBEpPCUTET

Henogr Ounexciit JIeonigosuy, K.1.H., cTapimuni Bukiaaad, Oecbka HallioHAIbHA aKaJeMis XapUOBHX TEXHOJIOTIN
OneitrikoB Mukona OnexcaHIpoBHY, CTyAeHT, HarioHapHAN yHIBEpCUTET «3amopi3bKa MO TeXHIKa»
OnpmeBcbka Onbra BomoaumupiBHa, K.T.H., T01eHT, OechKa HaIllOHaJIbHA aKaIeMis XapuOBHX TEXHOJIOTIH
OpexoB Cepriii BanepiiioBuy, K.T.H., JOIeHT, HallioHanbHUI TeXHIYHUN YHIBEPCUTET «XapKiBCHKUI MOMITEXHIYHUI
IHCTUTYT»

OpnoBcekuii  JImutpo JleoHimoBWY, K.T.H., [OLEHT, HamioHanbHWIA TEXHIYHWI YHIBEpCUTET «XapKiBCHKHIMA
MOJITEXHIYHUH IHCTHTYT»

Ocamunii Bomomumup Bonogumvuposud, K.T.H., AOICHT, HallioHaIbHAHN YHIBEPCUTET «3aropi3bKa MOJITeXHIKaY
Ocrameako Aprtem OnekciioBWY, K.T.H., crapmmii Bukmamad, JBH3 "[lpua3oBchkuid Iep>KaBHUH TEXHIYHUHA
yHiBepcuTeT"

OysH Cinbl, ctyaenTka, OechKuil HalliOHANBHUH MO TEXHIYHII YHIBEPCUTET

[Mapiun st AnapiiioBud, crynent, OaechbKuii HallioHaIEHUN NOJIITEXHIYHUN YHIBEPCUTET

[Tix Ipuna BeeBonoaiBHa, A.T.H., npodecop, YkpaiHChKa aKka/ieMis ApyKapcTBa

[Tiayrin B.B., YopHoMopchkuii HallloHaJ bHWIT yHiBepcuTeT iMeHi [letpa Morunu

[Monropaupkuii [TaBno OnexcanapoBuy, cTyieHT, Oecbka HallloHAJIbHA aKaeMisi XapuOBHX TEXHOJIOTTH
[Tyiinenko Bagum OnexciiioBud, 3aCTyIHUK JTIUPEKTOPA, XapKiBCHKUH pajlioTeXHIYHUHA KOJIEK

[Tynuenko Haranist OneriBHa, K.T.H., tolieHT, OjiechKa Jep)kaBHa aKaJeMis TEXHIYHOTO PEryJIIOBaHHS Ta SKOCTI
Pomantok O. B., BiHHUIbKHH HAIIOHATHHUH TEXHIYHAN YHIBEPCHUTET

Pomanrok Onekcanp Hukudoposuu (Romanyuk O. N.), 1.1.H., mpodecop, 3aBiayBayd kaeapu mporpaMmHoro
3a0e3neueHHs, BiHHUIbKUT HAITIOHATBHWA TEXHIYHUH YHIBEPCUTET

Caxamok Omnekciit IOpiiiosnd, acmipant, Ofechbka HallioHaJIbHA aKaIeMist XapYOBHX TEXHOJIOT1H

Caxaposa CsiTnana BasepiiBua, K.T.H., 101eHT, Olechka HalliOHAJbHA aKaIeMis XapuoBUX TEXHOJIOT1i
CeniBanoBa Aina BitaniiBHa, k.1.H., Jo1ieHT, Oechka HaIlliOHATbHA aKaJAeMisl XapuOBUX TEXHOJOTIH
CenbkiBebknit BeeBonon Mukomnaiiosud, 11.7.H., npodecop, YKkpaiHChKa akaieMist IpyKapcTBa

Cepreesa Onekcanapa €Brenisua, JI.T.H., Ipodecop, 3aB.kad., Onecbka HallioHaIbHA aKaJeMisi XapuOBHX TEXHOJIOTIH
Cupopxko Irop IBanoBuy, npoBianuii irokenep, Jepxasue [linqnpuemcto «JIbBiBCTaHAAPTMETPOIIOTIS

Cipenko Omekcannp [BaHOBHY, cTaprmii BuKiIagad, OJecbka HalllOHABHA aKaJIeMisi XapYOBUX TEXHOIOT1H
CkakoBcerkuit FOpiit MuxaiinoBud, K.T.H., 1oneHT, Ofechka HalioHaJbHa aKaJIeMis XapuoBHX TEXHOJIOTIH
Ckupcbkuii Irop BacuiiboBuu, cryneHT, BiHHUIbKHI HAIIOHATIBHUI TEXHIYHUN YHIBEPCHUTET

CkopusikoBa OnieHa BosioiumupisHa, Bukianad, Opecskuii Texaiunuii konemx OHAXT

Coxomnora Oxkcana [leTpiBHa, crapimii Bukiagad, Oecbka Hal[lOHAIbHA aKaIeMisl XapUOBUX TEXHOIOT 1
Comnory6 Kocrsiutun Banepiiiouy, Bukinanad, BCII «Onechkuii Texniunuii haxosuit koemx OHAXT»
Crapuupkuii [1arno BanepiitoBuy, acniipant, BiHHUIbKHMI HAlllOHATBHUI TEXHIYHUN YHIBEPCUTET

CranicnaBuk Slpocnas ['eopriiioBny, ctyneHT, Onecbkuii HalllOHAIbHUI MOJITEXHIYHUH YHIBEPCUTET

CrenanoB Muxaiinn TumodeeBny, K.T.H., TOIeHT, OJjecbKa HaIllOHAIFHA aKaeMisl XapYOBUX TEXHOJIOT1H
Crenyn Aprem Mapripocosid, cryneHT, Onechka HaIliOHAIBHA aKaaeMis Xap4OBUX TEXHOJIOTIH

Credpannmun Poman FOpiiioBud, cryneHT, HamioHnamsHII yHIBepcHTET «JIpBIBChKA MOTITEXHIKA

Crincekuit Bitamniit BnanucnaBoswd, ctyaeHTt, OnechbKui HaIllOHAIBHUH MOMITEXHIYHUHN YHIBEPCHTET
CromakeBnd AHzpiit OnekciiioBud, K.T.H., qoueHT, Omeckka HalioHa bHa akaaeMis 3B°s13ky iM. O.C. [Tomosa
Cy66ortina O.B., H.c., [HCTHTYT KibepHeTHKH iMeHI B.M. I'mymikoBa HAH VYxkpainu

Cyunima FOmian IOpilioBuy, K.T.H., 3aBigyBau BijaiieHHsM, «Onecbkuil TexHiuHui paxoBuit konemx OHAXT»
Cymnima FOmnis €BreniiBaa, Bukianad, BCIT «Onecbkuit TexHiunui paxopuit konemx OHAX Ty

Tumuenko Makcum MakcuMoBHY, cTyIeHT, HanioHaapHa MeTanypriiiHa akaaemis Y kpaiHu

Turypenko Xanna AunpiiBHa, crynentka, OnecbKka HallloHaJ bHA aKaJeMisi XapuOBHUX TEXHOJIOTTH

Tkauenko P. O., HauionansHuii yHiBepcuret "JIbBiBChKa MOJITEXHIKA"
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Txauyk Anacracis [laBiiBHa, cTyeHTKa, BIHHMIIBKUI HalliOHANBHUA TEXHIYHUI YHIBEPCUTET

Tonop Mukona MukonaitoBuy, actipant, Ojiecbka HallioHaJIbHA aKaJeMisl Xap4OBHX TEXHOJIOTIH

Tpimmua ®enip AHaroniiioBud, K.T.H., ToeHT, OJicchKka HaIllOHAJIbHA aKaJIeMisl XapYOBUX TEXHOJIOT1i

Tiopina €preniss OmnexcanapiBHa, acucreHT, HarioHanpHMH TexHiYHMIT yHiBepcureT Ykpainun «KuiBchbkuit
MOJITeXHIYHUH 1HCTUTYT iMeHi [ropst CikopchKoro

VYukapenko Onekcannp OneroBud, K.T.H., TOLEHT, HalionanbHuid yHiBepcuTeT KopabiedynyBanHs iM. aaM. MakapoBa
Qaitazunsoepr Jleonin ColoMOHOBHY, [I.T.H., Tpodeccop, MiKHApOAHNI HAYKOBO-HaBYAIBHUHN HEHTp iHGOpMaIitHX
texHonorii i cucreM HAH 1 MOH VYkpainu

®denocor Cepriit Hukudoposnd, 1.¢pm.H., mpodecop, Onechka HalliOHAIbHA aKaeMis XapuOBHX TEXHOJIOTIH

®enyn [nHa BacumniBHa, cTyieHTKa, YHIBEpCHUTET AepkaBHOI BicKanbHOI CiTy:k0n YKpaiau

®Dowmin A. O., OnecbKuii HaITIOHATHHUH MOJITEXHIYHAN YHIBEPCUTET

XandeBchbkuii BrnamucmaB AHmpiiioBud, ctyaeHT, Omecbka HallioHAbHA aKaJeMisl XapuoBUX TEXHOJIOTTi

Xapaxam Onexcannp BsiuecnaBoBud, crynent, Onecbka HalliOHAJIbHA aKaJieMisl Xap4OBUX TEXHOJIOT1H

Xapkesuu Kupuiio AnapiiioBud, cTyieHT, BIHHUIBKNI HalliOHAIBLHUH TEXHIYHNIN YHIBEPCUTET

XobuH Bukrop Anapeesud, 1.T.H., ipodecop, Onechka HalllOHAIbHA aKaJeMisi XapYOBUX TEXHOJIOT i

Xomaba Onekcannp MupociaBoBHY, K.T.H., JIOIICHT, BIHHUIIPKUI HAIlIOHAIEHUHN TEXHIYHUN YHIBEPCUTET

Yan Amnina Jle Banisua (Chan A. L. V.), ctynentka, BiHHUIIbKUI HAIIIOHATBHIH TEXHIYHUN YHIBEPCUTET

Yarmmiaceknit FO.I1., k.1.H., c.H.c, [HCTUTYT KibepHeTHKH iMeHI B.M. I'nymkoBa HAH Ykpaian

Yepuuwes Cepriit ['ennaniiioBuy, cryneHt, HamionansHuii yHiBepcHTET «3aropi3bka MojgiTeXHiKa»

UYepanmmoB KoctsuTiH AHAPiHOBUY, acmipanT, BIHHUIbKUIT HAIliOHANBHUH TeXHITHUN YHIBEPCUTET

UYepnaoBonuk "annna OnexcanapiBHa, K.T.H., TOIEHT, BIHHUIBKUHA HAIllOHATBHIN TEXHIYHIN YHIBEPCUTET

Uexmectpyk P. 1O., 3D Generation UA (Ykpaina)

[abarypa 10.B, HauionanbHa akajiemist CyXOMyTHUX BifChK

[Bers Banepiit TumodiitoBud, a.¢pm.H., mpodecop, Oxechka HalliOHATbHA aKaJAeMisl XapUOBHX TEXHOJIOTIH

[Hepmryn Onexcanap OnekcaHAPOBHY, CTYACHT, O/lechbKa HalliOHATBHA aKaIeMis XapuOBHUX TEXHOJOTIH

[ectomanmo Cepriit BikropoBud, K.T.H., 1oneHT, Ofeckka HalliOHAJIbHA aKaJIeMis XapuOBHUX TEXHOIOTIH

[Imamrox B. A., BIHHUIIbKHN HAI[IOHATLHUN TEXHIYHUNA YHIBEPCHTET

[mraKoBChknit OnekcaHap AHATONIHOBHY, K.T.H., JOICHT, O/1eChKIIT HAIIIOHAEHIH MOJITEXHIYHUH YHIBEPCHTET
ymexenko Cepriit CepriiioBud, acmipanT, HarioHaTpHAHN YHIBEpPCUTET «3amopi3bKa MOTITEXHIKa»

SlkoBeHko ApreM AHaToOJIHOBHY, CTyJeHT, HarioHaibHUi TeXHIYHHUN yHIBEpCUTET «XapKiBChKHI IMOJITEXHIYHUH
THCTUTYT»

SnakoB Banepuii IletpoBuu, K.T.H., J0UEHT, MEIUTONOJBCKNNA HHCTUTYT TOCYJAPCTBEHHOTO W MYHHIIMIIAJIBHOTO
yrpasieHus Kiaccuieckoro 4acTHOrO YHHUBEPCUTETA

Sposwii Irop IBaHOBHY, K.T.H., BUKJIaga4y, MexaHiko — TexHonoriuaunid konemk OHAXT

Spomyk Jlronmuna Jlem’siHiBHA, K.T.H., A0leHT, HarmionanbHuMH TexHiuHMH YyHiBepcuteT Ykpainum «KuiBchbkuit
MOJTITEXHIYHUN THCTUTYT iMeHi [ropst CiKopchbKOT0»

Antipova Kateryna, YopHOoMOpChKHif HalliOHATBHAN yHiBepcuTeT iMeHi [letpa Mormmm

Anton Paramonov, K.T.H., 1o1eHT, JloHeIIpKNii HallioHATBHNH yHiBepcuTeT iMeHi Bacwusa Cryca

Borysova Natalia Volodymyrivna, k.T.H., foueHT, National Technical University “Kharkiv Polytechnic Institute”

D.V. Khramchenkov, National Research Nuclear University (Russia)

Koltunovych O.S., cryaent, JIyibkuil HAIllOHAIBHUN TEXHIYHUN YHIBEPCUTET

Kovalenko Igor, YopHOMOpCcEKHI HanioHaIEHUH yHIBepeuTeT imMeHi [lerpa Mornmm

Liashko Anastasia, Philosophy Doctor of Technical Sciences, National University of Life and Environmental Sciences
of Ukraine

Lipunov D. A., /IBH3 "IIpna3zoBcbkuii qep>kaBHUN TEXHIYHUH yHiBepcuTeT"

Loveikin Viatcheslav, Doctor of Technical Sciences, National University of Life and Environmental Sciences of
Ukraine

Maik V. Z., Ykpaincbka akajgeMis ApyKapcTBa

Melnyk Karina Volodymyrivna, k.T.H., nouenT, National Technical University “Kharkiv Polytechnic Institute”

Potokii M.S., crynenrtka, HamionansHuii yHiBepeuteT "JIbBiBChKa MOJTITEXHIKA"

Romanyuk Sergey, BiHHUIIbKHIT HAIlIOHATBHII TEXHIYHUN YHIBEPCUTET

Romasevych Yurly,Associate professor, National University of Life and Environmental Sciences of Ukraine

Sanko [.V., HamioHanpHHUN TeXHIYHUHA YHIBEPCHTET «XapKiBCHKUU MOMITEXHIYHAN THCTUTYT

Shved Alona, HopHOMOpPCHKHIA HalliOHATBFHUN yHIBepcuTeT iMeHi [letpa Morumm

Vasyl Martsenyuk, PhD, Associate professor, University of Bielsko-Biala, Department of Informatics and
Automatics , (Poland)

Vyatkin Sergey, Institute of Automation and Electrometry SB (Russia)

Yaroslav Isaienkov, student, Vasyl' Stus Donetsk National University

Yershova Svitlana Ivanivna, senior lecturer, National Technical University “Kharkiv Polytechnic Institute”
Zatserkovnyi R. G., YkpaiHcbka akajeMist IpyKapcTBa
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