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VJIK 004.01/08

30ipauk Te3 momosinedt XIII MixknapogHoi HayKOBO-TIPAaKTUYHOI KOH(pepeHIl
«Indopmaniiini Texnosnorii 1 aBromaruzaris — 2020», (Oxpeca, 22 - 23 xoBtHs 2020
p.) / Onmeckbka Harl. akaj. xapd. Texaojoriid. — Omeca: OHAXT, 2020. — 308 c.

30ipHUK MaTepiamiB  KOH(EPEHIl MICTUTh TEe3W JIOMOBIJAEH HAYKOBUX
JTOCIDKEHh 32 aKTyaJbHUMHM TMpoOJieMaMH Yy Taly3sX, BIJIHECEHUX [0
3arajJbHONPUUHSTOrO TepMiHa «IHmycTpist 4.0».

PosrnsHyTi TMTaHHA MaTeMAaTHYHOTO 1 KOMI'FOTEPHOTO  MOJICITIOBaHHS;
VIOpaBIiHHSA, OOpOOKM Ta 3axucTy I1HQoOpMalii; MPOEKTYBaHHS 1H(MOPMALIHHUX
CUCTEM 1 TMPOTPaMHUX KOMIUIEKCIB; IITYYHOTO 1HTENIEKTY; aBTOMaTH3alli
pOOOTOTEXHIYHUX CHCTEM; KOMITHOTEPHUX TEJICKOMYHIKAUIMHUX MEpEex Ta
TEXHOJIOT1H; aBTOMAaTH3allli Ta YNPaBIiHHS TEXHOJOTIYHUMH MPOILIECAMH; HOBHUX
1H(hOpMAIIHUX TEXHOJIOT1H B OCBITI.

PesynpTaTi OCTIKEHD TPEACTABISAIOTH COOOI0 CBOEPIAHHUI 3pi3 Cy4acHOTO
CTaHy CIIPaB y MepPEepaxoBaHUX Taly3siX 3HaHb, SIKU MOXKE JOIMOMOTTHU SIK (axXiBIsM,
TaKk 1 CTyJA€HTaM BHIIIB CKJIACTH 3arajbHy KapTUHY PO3BUTKY 1H(GOpMAIITHUX
TEXHOJIOT1H Ta MOB’SI3aHUX 3 HUMH IMUTAHb.

B 36ipHuKy mnpencraBieHi pe3yiabTaTy JOCTI/KEHb B 3a3HAYCHHUX TaTy3s1X 3HaHb
B IT nepenoBux yHiBepcuretax 3 Kuesa, Xapkosa, JIbBoBa, Onecu, Binnui, {Himnpa,
MuxkostaeBa (OBHHI CITUCOK YYaCHHUKIB-OpraHi3aiiiii quBucs Ha ctp.11). HasBHicTh y
MOJaHUX MaTepiayiax iH(opMallii aHTIIIHCHKOI0 MOBOIO JTO3BOJISIE BUKOPHUCTOBYBATH
30ipHUK Te3 sIK 3aci0 KOMyHIKAIlil Mi’K BUCHUMU PI3HUX KpaiH.

30ipHUK pO3paxOBaHO HA HAYKOBUX TIPAIIBHUKIB, BHUKJIAJadiB, AaCIIPAHTIB,
CTYJICHTIB BUIIIMX HABYAIBHUX 3aKJIiB, SIKI HAMAralOThCs JI3HATUCS TIPO CyYaCHUN
ctaH Hayku B IT-ramy3i Ta TeHACHINI pO3BUTKY Taly3ed aBTOMaTH3aIlli
TEXHOJIOTIYHUX TpoleciB  Ta poboroTexHiku. Ll iHpopmaris wmoxe OyTu
BUKOPUCTAHA JJIs BUPINIEHHS [IUPOKOro Kojia Mpo0sieM B 3a3HaYEHUX pO3/iiax, M0
BUHUKAIOTH SK B HaBYaJIbHOMY TIPOIIECi, TaK 1 B JOCIIJIHUIILKOMY 1 HayKOBOMY
TUTaHAX.

PekomenyioBano no mnyOmikamii Buenoto Panoro IHcTHTYTy KOMIT'POTEpHHX
cucteMm 1 texnosorii «Iumyctpis 4.0» im. I1.H. IlnaronoBa Onecbkoi HaliOHAIBHOL
akaniemii xapuoBux TexHosorii Bix 02.10.2020 p., npotoxoi Ne 2.

Mamepianu, 3aneceni 0o 30ipHuKa, OpyKyrOmscs 3a A8MopCbKUMU OPULTHATIAMU.

3a 0ocmosgipuicms inpopmayii gionogioae aemop nyoaikayii.

© Opecbka HalllOHAJIbHA aKaJAeMisl XapuoBUX T€XHOJIOT1i, 2020
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BucHoBku. B po6oTi Oyno po3risHyTO BIOCKOHANCHMH METOA MOoOyJOBH MaTeMaTHYHHX MOJeINeH
KOMITOHEHTIB EJIEKTPOHHUX KiNl IJis iX MPEeACTaBiCHHS B TpadoaHaTiTHYHOMY BUIJISIII 3 IMiJBUILCHUM
iHdopmartiitaum 3MmictoM. Po3pobrieHi rpadoaHamiTHIHI MOJETI €JIEMEHTIB EIeKTPOHHX Kil, a came
OTIepaIifHOTO MiJCHIIOBAaYa Ta PE3UCTOPA, IO BXOAATH J0 CKJIaTy 0araTboX eJIeKTPOHHUX CHCTEM, MOXKYTb
OyTH iHTErpoBaHi 3 00’€KTHO-OPIEHTOBAHOIO MOBOIO MPOTPaMyBaHHs y BUIJISIII (QYHKI[IOHAIBHUX CTPYKTYP
JUIS  BUPILICHHS 3aBJaHb aHali3y Ta MOJENIOBAHHS EJIeKTPOHHUX cucteM. OCHOBHOIO T€peBaroro
3apPONIOHOBAHOTO TIAXOAY Ta OTPHUMAaHUX Mojeiell € ixX miaBuimieHi iHGOpMamiifHI SKOCTi, 30KpeMa
MiHiMi3alisi cIOBeCHOro onucy. Takoxk 3ampornoHOBaHUN B POOOTI MiAXxia Moke OyTH BHKOPHCTaHWN IS
aHaJli3y eJIeKTPOHHHUX CUCTEM Ha Pi3HUX PIBHSIX JECKOMITO3MILII.
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MODELING OF A MASK FOR IMPROVING THICKNESS UNIFORMITY OF THIN FILMS AND
VACUUM COATINGS

S. N. FEDOSQV, A. E. SERGEEVA (snfedosov@ukr.net)

Odessa National Academy of Food Technologies (Ukraine)

A new appruach has been used to improve thickness uniformity of thin films and coatings deposited on
plane moving substrates of large area such as polymer films, paper or steel strips. It consists of
mathematical modeling a special mask designed for controllable partial screening of the vapor stream. A
precise procedure is proposed to optimize a profile of the mask so as to obtain the best thickness uniformity
of either the thin film or the vacuum coating at any evaporator - substrate geometry. Experimental results
confirm the high efficiency of the proposed modeling that can be used not only at newly designed plants, but
also at already working systems. The method is applicable not only for physical vapor deposition processes,
but also for sputtering and ion plating.

Deposition of thin films and protective coatings by the method of evaporation in vacuum is widely
used nowadays in microelectronics and in other fields. Especially important are large scale production plants
where thin films or coatings are deposited on moving roll substrates, such as polymer films in semi-
continuous processes with substrates even of 2 m width often used. Electrical, optical, anti-corrosion and
other properties of such thin films and coatings deposited by thermal evaporation in vacuum are sensitive to
their thickness. At the same time, the thickness is in principle non-uniform, since the condensate is always
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thicker in the middle of the substrate than at its edges, as it follows from Knudsen's law of evaporation.
Thickness non-uniformity is one of the main drawbacks of the vacuum evaporation and deposition method.
Several methods have been suggested and described on how to improve the thickness uniformity on
moving substrates [1] — [10], but the problem still remains of the current interest. In the method presented in
this paper, a specially designed mask placed near the substrate is used to modify the original distribution of
vapors emitted by the evaporator. High efficiency of the suggested method has been proved experinientally.

|,

1 — evaporator, 2 — moving substrate, 3 — mask

Fig. 1 Schematic diagram showing continuous thin film deposition with a mask.

Geometrical arrangements are shown in Fig. 1. A horizontal mask consisting of two symmetrical parts
is placed very close under the moving substrate so that evaporated atoms arrive at the substrate only in the
area not shaded by the mask and called the area or zone of condensation. The zone is narrow in the middle of
the substrate, but remains as wide as possible at the edges. Deposition time proportional to the length of the
condensation zone decreases gradually in the direction from the edge of the substrate to its central axis. Since
the deposition rate increases in the same direction, their product proportional to the thickness of the coating
can be made constant throughout the surface of the substrate. Therefore, a properly designed mask should
reduce the vapor stream going to the central part of the moving substrate, but does not hinder deposition of
the coating at its edges.

Profile of the mask is formed by two curves marked as y;(x) and y,(x). It is obvious that the desired
profile is a function of the substrate width and emission characteristics of the evaporator. Thickness of the
coating at a point with coordinate x after passing this point over the evaporator can be described by the
following expression

t(X) ¥2(X)
Oo(x)=——— | W(x,y)dy, 1
0= 00, VI =

where t(x) is the deposition time, W(x,y) is the distribution function of the deposition rate. Thickness of
the coating at the edges of the substrate (x = 0 and x = a) is

5@ = (@) =" [w(, ey = w0, yay @

The deposition time is a function of the coordinate x and the velocity of the substrate V

t(x) = M (3)

Constancy of the evaporation rate and the velocity of the substrate are essential. It is convenient to
introduce a new function F(x,y) instead of the unknown function W(x,y) in expressions (1) and (2). F(x,y) is
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actually the thickness distribution of a coating deposited on the fixed plane substrate. Correlation between
functions W(x,y) and F(x,y) is as follows

Wixy) = 20 @

0

where t, is time of the coating deposition at the fixed substrate. By combining equations (I) — (4) we
obtain the following theoretical condition for the absolute thickness uniformity of the coating deposited at
the moving substrate

Y2 (X)

[ Fouydy = [Fay)=[FO.y) (5)

y1(X)

If Knudsen's law of evaporation is valid and the area of evaporation is much smaller than that of
condensation, the evaporator can be considered as a small-area surface source [3] — [6], Then, the function
F(x,y) will be as follows

F(xy) = N-h (6)

eolie(es) o2

where h is the shortest distance between the evaporator and the substrate, p is the density of
the coating, N is the rate of evaporation.

The unknown functions y;(x) and y,(x) satisfying condition (5) can be easily found
mathematically after substitution equation (6) to equation (5). If emission characteristics of the
evaporator differ from that of the simall-area source, as for instance in the case of rectangular boats
or bars, the function F(x,y) must be found experimentally. The simplest way to do this is to deposit
the coating at the fixed substrate without a mask using the same evaporator, as in the case of the
moving substrate. Then, thickness of the coating must be measured at as many points as possible
and thus the function F(x,y) will be reconstructed.

It is clear from equation (5) that the problem of obtaining the functions yi(x) and y,(x) has
many solutions. Therefore, additional conditions should be fixed to obtain a unique profile of the
mask. The most practical is the symmetrical positioning of the mask in relation to the evaporator
corresponding to the following condition

y(x)=b-y,(x)  and Y1 (%) =y, (a=x) (7

The method has been tested experimentally. The electrically heated evaporator in the form of
the rectangular Ta boat was used to deposit Cu coating at the moving steel strip of 0.14 mm
thickness and 180 mm width. The substrate velocity and the evaporator-to-substrate distance were
0.02 m/s and 175 mm accordingly. The function F(x,y) was found experimentally by measuring the
thickness distribution of the coating deposited on nine fixed substrates (20x260 mm)
simultaneously placed in the condensation zone. Thus, the nine parallel cross-sections of the
distribution function F(x,y) were obtained. The profile of the mask satisfying condition (5) was
found graphically. The mask was cut from Al sheet and placed under the moving substrate during
the next series of experiments. Thickness of the Cu coating was practically identical (4.5+0.25 pum)
at any point of the substrate.

In conclusion, a novel technique is suggested and described to improve thickness uniformity
of thin films and coatings deposited at wide moving substrates. The principle of the method is in a
partial screening of the vapor stream emitted from the evaporator by a specially designed mask. The
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method is applicable not only for physical vapor deposition processes, but also for sputtering, ion
plating and other processes with a transport of particles from the source to the substrate. The
technique can be easily implemented at newly designed equipment, as well as at already working
stations.
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MATHEMATICAL MODELING OF CHARGE CARRIERS' DISPERSIVE TRANSPORT IN
FERROELECTRIC POLYMERS
S.N. FEDOSOV', A. E. SERGEEVA', D.V. KHRAMCHENKOV? (snfedosov@ukr.net)
'Odessa National Academy of Food Technologies (Ukraine)
“National Research Nuclear University (Russian Federation)

The transient voltage response of poly(vinylidenefluoride) (PVDF), a typical ferroelectric polymer, to
the application of a constant charging current is studied theoretically assuming validity of the multiple
trapping model of injected carriers at the localized states and considering non-linear field dependence of the
irreversible polarization. Approximate analytical solutions are obtained and their reliability is tested by
numerical computation. The value of the free-carrier mobility is determined by comparing the
experimentally observed u(t) kinetics with the corresponding curve reconstructed from the phenomenological
model.

Constant current corona charging is widely used for poling electrets and to study transient processes of
carriers transport and space charge accumulation in polymers [1]-[4]. The regime is obviously very similar
to continuous irradiation of dielectrics, which is of great practical importance.

In the present study, the constant-current method is applied to films of poly (vinylidenefluoride)
(PVDF), which has attracted great interest because of its considerable piezo- and pyroelectric response. An
attempt is made to explain the experimental data in the frame of dispersive transport of injected charge
carriers model assuming their multiple trapping at localized states (traps). We believe that the heterogeneous
nature of the polymer is responsible for the broad distribution of the localized states. It has been established
that PVDF in a polar form possesses ferroelectric properties [2]-[3]. Therefore, specific non-linear field
dependence of the polarization may also affect the space charge and transport of carriers. All those features
have not been consistently accounted for in the previous studies on space charge and polarization phenomena
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Ocamunii Bomomumup Bonogumvuposud, K.T.H., AOICHT, HallioHaIbHAHN YHIBEPCUTET «3aropi3bKa MOJITeXHIKaY
Ocrameako Aprtem OnekciioBWY, K.T.H., cTapmmii Bukmamad, JBH3 "[lpua3oBchkuid [ep>KaBHUH TEXHIYHUHA
yHiBepcuTeT"

OysH Cinbl, ctyaenTka, OechKuil HalliOHANBHUH MO TEXHIYHII YHIBEPCUTET

[Mapuun st AnapiiioBud, crynent, OaechbKuii HallioHaIEHUN TOJIITEXHIYHUN YHIBEPCUTET

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

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

[Monropaupkuii [TaBno OnexcanapoBuy, cTyieHT, Oechbka 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, 3aBiayBayu kaeapu mporpaMmHoro
3a0e3neueHns], BIHHUIbKUT HAITiOHATBHWA TEXHIYHUN 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
CkakoBcrkuit FOpiit MuxaiinoBud, K.T.H., 1oneHT, Ofechbka HalioHaJbHa aKaJgeMis XapuoOBHX 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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