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DYNAMIC VISUALIZATION OF THE ELECTRONIC DEVICES
STRUCTURE WITH ELEMENTS OF AUGMENTED REALITY

S. Zhadlun, D. Chernetchenko, R. Lytvynenko, S. Kochubey
Oles Honchar Dnipro National University
kef.dnu@gmail.com

Visual information is much better perceived and allows you to quickly and effectively
give information of thoughts and ideas to another person. Physiologically, 90% of information
a person perceives through vision; 70% of sensory receptors are in the eyes; 323% better people
follow instructions if it contains illustrations.

As technology increases, available design space usually decreases. Whether for
aerospace, 10T, or any other design type, printed circuit boards (PCB) are getting denser as well
as being squeezed into tighter spaces. With compressed design schedules, you no longer have
the luxury to design multiple PCB prototypes to check for size. You need to be able to use
computer aided design to see how your components will fit as you create the board layout
without building multiple prototypes. 3D PCB design software will give you the best schematic
design view of your board to design it right the first time [1]. Moreover, when presentation of
some electronic device for wide public takes occur, we need to take into account that not all
listeners know all structural features of the device. There is visualization which will help to
convey information for quick and productive cooperation and improve development process.

To recreate the visualization the 3D Cinema 4D package for further processing in Affter
effect was used [2]. Augmented reality is commonly perceived mixed reality, which created
using a computer using the "augmented™ elements of perceived reality when real objects are
mounted in the field of perception. Augmented reality is more convenient to create in After
effect, prior to this having done tracking of any video for further use in other programs in which
elements of augmented reality were added. Tracking itself is carried out in PFT Track and
SynthEyes [3]. These two programs were used for visualization of an PCB of electronic device,
which served to better study, researching process and further presentations (Fig.1).

Fig. 1. 3D model of printed circuit board (PCB) of portable ECG-sensor

3D designing not only enables to view your manufacturing design in real-time, but also
helps you to better visualize your next design steps and how one board may fit with another.

Modern powerful 3D visualization software with elements of augmented reality helps
to quick and cheap implementation of electronics designs visualization for better understanding
where exactly and how all components fit within designs and relative to each other in space.

[1] Epmyparckuii I[1.B., JIprukuna I'.I1., Munkun FO.b. DnexTporexHuka u aneKTpoHuKa. M.:
JMK Tlpecc. (2011).

[2] Redshift3d_render Telegram Channel [Enexrponnuii pecypc]. Pesxxum moctymy: https://
t.me/Redshift3d_render.

[3] BazaneBa O, MactepcTBO Bu3yaau3aiuu AaHHbIX. M.: [{nanexktuka. (2018).
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JOCJIJUKEHHS METO/IB OLIIHIOBAHHSI POBACTHOCTI
PEKOMEHJIALIMHUX CUCTEM JIO ATAK
HAKPYUYYBAHHS PEUTUHIIB

€. Meaemko, B. Xox, B. Pe3niuenko, B. bocbko
LlenmpanvHoyKpaincoKull HAYIOHANbHUL MEXHIYHUL YHIGepCUmem
elismeleshko@gmail.com

PexkomenpamniifHi cucteMu — 1€ IHCTPYMEHTH JUIS OJepKAHHS CIIMCKIB pEKOMEHAallii
KOpHCTYBauaM BeO-pecypciB abo mporpaMHUX J0JaTKiB Ha OCHOBI 1CTOPIi iX MonepeHix aii,
30KpeMa, Ha OCHOBI OIIIHOK, SIKi BOHM BUCTaBIsUIM 00’ektam cucremu [1]. Haiiwacrimie
PEKOMEHJIAIlifHI CUCTEeMHM 3aCTOCOBYIOTbCA B IHTepHeT-MarazuHax uis (opmyBaHHs
pPEeKJIaMHUX MPOMO3MLINA Ta B COLIATBHUX Mepexkax uist GOpMyBaHHS CTPIUKH HOBUM.

PexkomMenpamiifHi cucteMu Ha OCHOBI KoJabopaTWBHOI (inbTpalii Bpa3IuBi 10 aTak
3JIOBMUCHHX TPyN KOPUCTYBadiB, SKi MParHyTh 3MICTUTH YacTOTy MOTPAIUISIHb TEBHUX
00’€KTIB y CHUCKM pEKOMEHJAIil MeBHOi KaTeropii KOPHUCTYBauiB, MJII 4YOrO0 BOHH
HAKPYYYIOTh PSUTHHTH JAeIKiUM ToBapam [1-3].

PobacrtHicTh (HaAiifHICTh) peKOMEHAANIHOT CHCTEMH — 3JJaTHICTS 1i a1anTyBaTUCS 10
noTped 3BUYAMHUX KOPUCTYBAYiB, IrHOPYIOYH BIUIMBU KOPUCTYBauiB-3I0BMUCHUKIB [1].

OcCKUIbKM pPe3yNbTaTh aJrOpPUTMIB KoJabopaTUBHOI GinbTpalii 3anexarb Bif i
KOPHUCTYBadiB CHCTEMH, MOXXHA CTBOPIOBATH MiApoOHI mpodini, abo MmiIaTUTH CIpaBXHIM
KOpHCTyBadaM 332 BUKOHAHHS Aii, 10 OyAyTh BIUTMBATH Ha PE3yJIbTaTH POOOTH CHCTEMHU.

OCHOBHUM THIIOM aTaK Ha PEKOMEHAIlIHI CUCTEMH 3 KOJIAOOPAaTUBHOIO (DITbTpaIli€ro
€ ataku in’ekmiero npodiniB [2-3]. Taki ataku mependadarOTh CTBOPCHHS JEAKOI KUIBKOCTI
aKayHTIB OOTIB, sIKI OyJyTh BUCTaBJISATH MOTP1OH1 3T0BMUCHHUKY OLIIHKHA 00’ €KTaM CHCTEMHU.

Jlnst atak iH’eKiiero mpodiniB 3aBKau Oye ICHYBaTH LUIbOBUNA 00’ €KT, pEUTHHT SIKOTO
Tpeba 301IbIINTH, a00 3MEHIIMTH. A TakoX OyayTh HeUUIboBI 00’€KTH, sKi OyIyTh
OIIHIOBATHCS JUIsl HAamoBHEHHs mpodimto O00Ta Ta HaMaraHHs 3pOOMTH HOTO CXOXKHM Ha
npodinb COpaBXKHIX KOPUCTYBaUiB.

37I0BMUCHMK Ui 3/A1MCHEHHs BIUIUBY NOBHHEH TOYHO IMITYyBaTH Hii 3BHYallHMX
KOPHUCTYyBauiB, 11100 He OyTH BHSBICHUM. A HajiliHa peKOMeHAalliliHa cucTeMa MOBHHHA
MpaIoBaTi Tak, MO0 pe3ynbTar BiJ i 3MTOBMHUCHUKIB OYB HACTUIbKU Maloe()EeKTHBHUM,
1100 y HUX He OyJI0o CTUMYJIIB PO/IOBKYBATH aTaKH.

OCKUIbKM MeTa aTak Ha MiJBHUILIEHHS/TIOHWKEHHS PEUTHHTIB — 1€ 3MiHAa PEUTHHTY
L1JILOBOTO 00’ €KTY, MOTPIOHO OIL[IHUTH, HACKUJIBKHU YCIIIIHO BOHU 11€ pOOJIATH.

IToxa3HukM poOAacTHOCTI TMOBMHHI (PIKCYBaTH BIJMIHHOCTI B PEKOMEHJOBAHOMY
CTaTycCl MUILOBOTO 00’ E€KTY JIO 1 IMICHS aTaku (BKJIFOYEHO UM Hi HOTO B CIIMCKH PEKOMEH Al
1 Ha sKOMYy BIH Micll y LMX cHOHCKax). J[ias oIiHIOBaHHS NOAIOHUX 3MIH MOXXHA
BUKOPHCTOBYBATH CE€pENIHIN 3CYB IPOrHO3YBaHHS.

Hexait Ut Ta It — ne Habopu KopucTyBadiB Ta €IE€MEHTIB BIANOBITHO y TECTOBUX
nanux. s KoskHOT mapu user-item (U, 1) 3cyB mporHo3yBaHHs MOXKe OyTH BUMIPSIHUMN SIK:

Ayi = Pii — Py 1)
Je P ip’ € MPOTHO3M J0- 1 MiCJ]IS aTaKu BiAMOBITHO.
Hamp., no3uTuBHE 3HaYeHHA A, O3HAYae IO aTaka 3yMija 3pOOUTH IILOBHIA 00’ €KT
OLJIBII MO3UTUBHO OLIIHEHUM.
CepenHiii 3CyB MPOTHO3yBaHHS s 00’€kTa | JJIsS BCIX KOPHUCTYBadiB MOXHAa
0OYNCIUTH HACTYITHUM YUHOM:
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AHAJIOTIYHO CepelIHIM 3CYB MPOTHO3YBAHHS ISl BCIX 00’€KTIB Y TECTOBIM BHOOPII
MOXe OyTH OOUYHCIICHUM SIK:

"X

3CyB MPOTHO3YBAaHHS — I1€ XOPOIIUI MOKA3HUK TOTO, L0 aTaka COpUYUHSIE OaKaHUI
e(dexT, 3aBISIKM YOMY LUIBOBUH 00’€KT cTtae Oinbin (200 MeHI) pekoMeHaoBaHuM. OmHaK
MOJKJIMBO, 1110, HAIIPUKIIAJ, LIJILOBUI 00’ €KT MOXe OyTH CHJIBHO 3MILIEHUH B CEPEIHbOMY,
ajie BCe )K He MOTPAIUIATH JI0 CIUCKY peKoMeHaanii. Taka curyaiist MOXe BUHUKHYTH, SKIIO
Horo moyaTrkoBa cepeiHsS OIliHKAa HACTUIBKM HHU3bKa, 10 HAaBiTh CWJIBHUK ii mpupict
HEIOCTAaTHIN.

JUJis OLiHIOBAHHS BIUTMBY aTaKM Ha CIIMCKH PEKOMEHAIIH iCHY€e I iHIIMIA TOKa3HUK —
KoedinieHT 3BepHeHb. Hexait Ry — me Habip Haiimomynsprimux N pekoMmeHpamiin ass
KopucTyBaua U. SIKIO LIJbOBHM eleMeHT moTpamise B Ry, 11 kopuctyBada U, QyHKIISA
omiHtoBaHHs Hyi mMae 3HadenHs 1; inmakme — 0. KoediumieHT 3BepHEHb Ijsl €leMEHTa |
BU3HAYAETHCS SIK:

3)

HitRatio, = 3 - 4
itRatio, = Y —=. 4)
UEUT |UT|
JInst TecTyBaHHS POOACTHOCTI CHUCTEMH HEOOXIJHO MOJENIOBATH aTakd Ha Hei Ta
BUMIPIOBATH 3CYB PEHUTHHTIB 00 €KTIB Ta KOS(III€HT 3BEpPHEHB ITICIIS aTaKH.

[1] Recommender Systems Handbook (2010) / Editors Francesco Ricci, Lior Rokach, Bracha
Shapira, Paul B. Kantor. — 1st edition. — New York, NY, USA: Springer-Verlag New York,
Inc. — 842 c.

[2] O’Mahony M.P., Hurley N.J., Silvestre G.C.M. (2002) Promoting recommendations: An
attack on collaborative filtering. In: A. Hameurlain, R. Cicchetti, R. Traunmuller (eds.)
DEXA, " Lecture Notes in Computer Science, vol. 2453, pp. 494-503. Springer.

[3] Zhou W., Wen J.,, Qu Q., Zeng J., Cheng T. (2018) Shilling attack detection for
recommender systems based on credibility of group users and rating time series. PL0oS One.
Ne13(5). — doi:10.1371/journal.pone.0196533

THE RESEARCH TO METHODS FOR ASSESSING THE
ROBUSTNESS OF RECOMMENDATION SYSTEMS FOR
ATTACKS OF INCREASE/DECREASE IN RATINGS

Y. Meleshko, V. Khokh, V. Reznichenko, V. Bosko
Central Ukrainian National Technical University
elismeleshko@gmail.com

In this work, conducted to methods for assessing the robustness of recommendation
systems for attacks of increase/decrease in ratings was research. And also the basic robustness
metrics of recommendation systems were considered. It was found that the main type of attacks
on recommendation systems with collaborative filtering are profile-injection attacks, and the
main robustness metrics are rating shift and hit ratio.
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OIITUMIBALIIA NPOLECY ®OPMYBAHHA KOMAH/L 3
PO3POBKHU TPOI'PAMHUX ITPOAYKTIB B
CTYAEHTCBKUX I'PYITAX

B. oaros, T. 3agosn
J[Hinposcoxuil nayionaneruil yHieepcumem imeni Onecs [ onuapa
valeriy.dolgov@i.ua, zadoyal64@gmail.com

OcTaHHIM YacoM y IapHuHiI pO3pOOKU MPOTPAMHOTO 3a0e3MeUYCHHs BCe OibIIe yBaru
npugingerscs  Agile-rexHomorisM, sKi  mepeadadaroTh KOMaHAHY poOOTYy HEBEIMKHX
KoJIeKTUBIB. JloCBiA Takoi HaB4YanbHOI POOOTH B CTYIEHTCHKMX KOMAaHJaX CBIAYUTH IIPO
HAsBHICTB IUIOT HU3KHU MPOOJIeM, TTOB’ I3aHKX 5K 3 (POpMyBaHHSAM KOMaH]I PO3POOHUKIB, TaK 13
HaJIarO/DKEHHSIM PUTMIYHO] iX poO6oTu. ["'ooBHOO nipobiaemoro npu popMyBaHHI TAKUX TPYI €
MPUHIIMIIOBA OOMEXKEHICTh aKaJeMiuyHOi TpyIH, SKa CKIAIaeTbcs 3 HOCIIB BIAMOBIIHUX
SIKOCTEM, 1 OMHOPIHICTh chopMoBanux KomaH 1. [Ipu mociKeHHI BAKOPHUCTOBYBAIach TEOPis
koMauaHux poneit P. benbina [1]. B konTekcTi onTtuMizanii ckiiaay KOMaHa BOHA A€ 3MOTY
chopMyBaTH cHCTeMy OOMEXEeHb IPU BUPIMICHH] 33/1a4i OaraToKpUTepiaabHOI ONTUMI3alii, a
cami kputepii (OpMYyIOTHCS Ha OCHOBI HU3KM TECTIB, SIKI MPOXOASITH CTYACHTH IIiJ Yac
(bopMyBaHHS KOMaH/I:

e 16-napamerposuii Tect Kerrena [2],
e TecT Ali3eHka,
e TECT Ha BiamoBizanbHicTh [3].

ImrocTpartisi, o0 HaBOAWTHCS SIK MPUKIIAJ, BIAMNOBIAa€ pealbHUM JaHUM B TpyIi 3 29
CTYACHTIB, 3 sKHX (OpMyHOThCs 4 KOMaHIW. BUKOPUCTaHHS EBPUCTHYHUX KpPUTEPIiB
NPU3BOJMTH 10 GOPMYBaHHS OHiET KOMaHIM 32 3TMITKOBUM pUHIKIIOM. Ha puc.1 HaBeneHO
3Ha4YeHHs KpuTepito J{ikcoHa, IKuil XapakTepu3ye OJHOPIHICTh MaluX BUOIPOK.

1
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8 \
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Puc. 1. 3navyenns kpurepito [likcona

3po3ymiino, mo rpyna Ne4 3 camoro novarky Oyzae Matu mpoOieMu B X041 KOMaHIHO1
pobotu. [lepeBuItieHHsI KpUTHUHOTO 3HaYEHHs KpuTepito J[ikcoHa 3a3Havyae HasIBHICTh IPyoOro
BUKUJY 1 HEOOXITHICTh BMJIyYEHHS 3 KOMaHAM WieHa 3 HaiOLIbIIMM 3HAYEHHSM IEBHOTO
noka3Huka. KomaHa crae HEMOBHOIIHHOIO.

Oxpim noka3zHuka BifnoBigansHoOcTi (B), sikuii Tpeba MakcuMizyBaTH, 3alIpONOHOBAHO
BUKOPHCTOBYBaTH B SKOCTI (DYHKIIIOHAJIB MPH ONTHMI3alli CKJIaqy KOMAaHJl IHTerpajbHi
daxTopu Q1-Q3 tecra Kerrena, siki CyTTEBO BIUIMBAIOTh HA KOMaH/AHY poOoTy [2].
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[Tokaszunk Q1 — meil Mmoka3HWK Ma€ OCATATH JIESIKOTO KOHKPETHOTO 3HAYCHHS. 7
CTCHIB - EKCIIEPUMEHTYE, KPUTUYHUH, TOepaTbHUN, aHAIITHIHHUHA, BUTbHO MUCIISTIHA.

[Toka3znuk Q2 — HE3aJIEeXKHICTh, OpIEHTAIlSl HAa BJACHI PINICHHS, CAMOCTIMHICTB,
BUHAXI/UIMBICTh, IParHEHHS MATH BJIACHY JYMKY. 1-3 CTE€HH - BOJIi€ MpALIOBATH 1 TpUHMATH
pIIIICHHS Pa30M 3 IHIIUMH JIFOJIbMHU, CXWJIBHUHN WTH 3 Tpynoro. [TokazHuK Tpeba MiHIMI3yBaTH.

[Mokasamk Q3 — mroAM 3 BUCOKMMH OIIIHKAMHU 32 IUM (DaKTOpOM CXWJIBHI J0
OpraHizaTopchKoi MisIbHOCTI. DaKTOP MO3UTHBHO TOB’SI3aHUH 31 CTYNEHEM aKTUBHOCTI MPH
BUpILICHH] IpynoBux npodiem. IToka3auk Tpeba MakCUMi3yBaTH.

Takum ymHOM, MOBa WHJe TPO OaraToKpuTepiaabHy ONTHUMI3AIlil0 MPU HASIBHOCTI
0o0OMEXeHb 1 TaKoMy TOPSIIKY BayKIMBOCTI kpuTepiiB: Q2, Q3, B, Q1.

Ha mepmomy erami, METOJOM CTaTUCTUYHHX BHIIPOOYBaHb CKJIQNAIOTHCS HAOOpH
KOMaHJ, SIKl BIAMOBIOAOTh BUMoraM benbina. KiIpKicTh TaKMX KOMaH[ JOCTATHS IJIS TOTO,
11100 POBOUTH MO Jii. Y Ta0i. 1 HaBeAeHa KUTbKICTh KOMaH/I, sIK1 BiJIITOBIIAI0Th TAKKUM
BUMOTaM 32 JIBOMA i TPhOMa MOKA3HUKAMH Y IIKaJi KOMaHIHHUX POJICH.

Tao6Ja. 1. KiibkicTh KoMaH], sIKi BinnoBigaoTs BuMoram benina 3a 1BoMa Ta TpbOMa PoJIsAMHU

Yucito Vemmaux Bincorox 3 HHUX Bincorox
IIPOTOHIB (3 pomi) YCIIITHAX YHIKaJIbHHUX YHIKaJIbHHUX
3000 763 25,43 501 16,7
YeninHux Bincotok 3 HUX Bincorok
Uucio koMaH (2 poui) YCHIITHUX YVHIKQJIbHUX YVHIKQJIbHUX
4 27 0,9 20 0,67

[Totim BimOupatoThesi yHiKanmbHi  Habopu kKomann Nel-Ne4. Hapemri meromom
MOCIIJJOBHUX MOCTYIOK 3/11HCHIOETHCS MPOLEAYpa ONTUMI3allli aHCaMOIII0 BCiX KOMAaH]I.

3anponoHOBaHU MiAXi MOXXe OyTH KOPHUCHMM IIpH Oprafi3amii HaBYaHHS 3a
KOMaHJAHUMH MIPUHIIMIIAMU 3 Oyb SKOTO MPEIMETY.

[1] Tect P. M. Benbuna "Komanausie ponu". Knaccudukanus posneii B rpymne [ Enexrponnuit
pecype]. Pexxum nmoctymy: http://psycabi.net/testy/674-test-r-m-belbina-komandnye-roli-
klassifikatsiya-rolej-v-gruppe.

[2] 16PF Tect Kerrenna dpopma A (187 Bonpocos) [Enextponuuii pecypc]. Pexum goctymy:
https://onlinetestpad.com/ru/test/2-16pf-test-kettella-forma-a-187-voprosov

[3] OmpocHuk  IHATHOCTHKKA  JMYHOCTHOTO  CHMITOMOKOMIUIEKCA  OTBETCTBEHHOCTH
[Enextponnnuii pecypc]: dspace.univer.kharkov.ua/handle/ 123456789/3700

OPTIMIZATION OF THE TEAM FORMATION PROCESS
FOR STUDENT GROUPS DEVELOPMENT

V. Dolgov, T. Zadoya
Oles Honchar Dnipro National University
valeriy.dolgov@i.ua, zadoyal64@gmail.com

The report examined the issues of forming teams of optimal composition for software
development in student groups in accordance with Belbin's concept. The requirements of the
concept are considered as a set of restrictions and the quality functionals are formed on the basis
of the results of testing students using a number of tests: The optimization itself is arried out by
the method of successive concessions on the set of partitions of the student’s composition into
several working teams.
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JOCIIIXKEHHSA TA PO3POBKA ITIPUCTPOIO JJ1A
MOHITOPHUHI'Y HOBITPAHOI'O CEPEJOBHUIIIA

A. Hikitimmnna, O. HebecHiok
Inorcenepnuti incmumym 3anopizpko2o HAYioHAILHO20 YHIGEPCUMENY
nikitishinaa@gmai.com

[ToBiTps, 3ajeXHO BIO XIMIYHOIO CKiIamy, (GI3WYHUX BIACTHBOCTEH, HASBHOCTI
3a0pyIHIOIOUNX YUHHUKIB, MOKE OYTH K CHPHUSITIUBUAM TakK 1 HEOE3MeUHUM.

CrnpusTauBUM OBITPSHE cepeoBHIINE OyBa€e TO1, KOJIM BOHO Ma€ BIAMOBIIHY YUCTOTY,
HEOOXIaHI XIMIYHI ITOKa3HUKHU Ta MIKPOKJIIMAT.

Byrnekucnuit ra3z (CO2, ByriIeKucinoTa, JiOKCH]T BYTJICIIO, TBOOKHC BYIJICIIO) SIBIISIE
co00r0 Oe30apBHUIA ra3 O¢3 3amaxy. BiH BHALISETHCS JIIOOUHOIO IIPU BHAWXY, a TAKOXK IIPH
criajroBaHHI HadTH, OCH3UHY, IPUPOJTHOIO ra3y.

MeauyHi JOCIIIKEHHS IOKa3y0Th, 0 HiaBuiieHni BMicT CO2 B IPUMIIIICHH] BILUIUBA€E
Ha CaMOIIOYYTTS JIFOJUHK Ta MOXXE MPU3BECTH [0 MOTIpUICHHS 370poB’s (Tabmuis 1).
Haii6inpm gyrnuBoro 1o 30imbmeHoi kimpkocTi CO2 € meHTpaiibHa HepBoBa cucrteMa. [Ipu
KOHIEHTpaliax Onu3bkux A0 2% MOripuIyeTbCsi YMOBHO-pPE(IIEKTOpPHA AisUIbHICTb,
3MEHIIIYETHCSl BEHTUISATOPHA (YHKIIISI JIETEHIB, MOPYIIYEThCs ToMeocTas. [Ipu KoHIeHTparii
0s13bK0 5% BiOYBAETHCS IPUTHIYCHHS €ICKTPUYHOI aKTHBHOCTI MO3KY.

JerextyBanHns piBHs CO2 moTpiOHE B YCIX cdhepax KHUTTS 0 CKIAAY SKUX BiH BXOIUTb.
JlioKcu1 BYTJICITIO 3HAXOAUTHCS HE JIMIIE B MPUMIMIEHHSIX 1 aTMOC(EpHOMY TOBITPi, ane 1y
BOJIi Ta YaCTKOBO B IPyHTI [ 1].

Tabmuus 1 - BronwB migBUIIEHOTO BMICTY BYIJIEKHCIIOTO Ta3y B TPUMIIIEHHI Ha
OpTraHi3M JIIOIUHH

Pisens CO» B mpuminienHi Buie 800 ppm

KopoTtkouacHuit BIunB OCHOBHI CUMIITOMH:

* BiguyTTsa HecTaui MoBiTPs
KopoTtkouacHuii BIIUB (KUIbKa rOJIMH) * FOJIOBHUH O11b

* BTOMA

* 3aI1aMOPOYEHHS
* [IOraHa KOHIIEHTpAIlisl yBaru

* anartist

* BIIUYTTS CIIEKU

* pO3ApaTyBaHHA OYE€H, HOCOTJIOTKH
* [IOTaHUM COH

TpuBanuii BIJIMB Mertabomniuynuii aruao3. MoxiuBi
(PerynsipHo, Bil JAEKUTBKOX TOJIUH JI0 HACTIIKHU:
JeKIIBKOX POKIB) * 3aXBOPIOBAaHHS KPOBI
* n1abet
* 3aXBOPIOBAHHS CEPLEBO - CYINHHOI
CUCTEMH

* Ha0ip Baru

* KPUXKICTh KICTOK
SxkicTh cHY:

* OE3COHHS

* HeMae BiUyTTs 6aJbOPOCTI

* IOCWJICHHS XPOMIHHS

[ToripiieHHs penpoayKTUBHOT (QyHKIIIT
JIOAMHU

Heratusni 3minu B JIHK
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B 2013 pomi Bmiepiie piBeHb BYTIEKUCIOTH B atMocdepi nepeBunius 400 ppm. [um
dakTopom Oynu CTypOOBaH1 €KOJIOTH BChOTO CBITY, ajike 3 1958 poky piBeHb BUpic Ha 85 ppm,
1 SKIIO TaKk TPUBATUME Jalli, TO aTMOC(epHe MoBITps Oyae 3ryOonum ans mroneit [2]. Tomy
aKTyaJbHUM CTaJ0 TuTaHHA MOHITOpUHTY CO2 B KWIMX MPUMINIEHHSAX Ta MPUMIMICHHSIX
3arajlbHOTO0 KOPUCTYBaHHS.

J1Jis BIpOBaKEHHS! CUCTEMU MOHITOPUHTY BYTJIEKHCIIOTO Ta3y MOTPiOHA crcTeMa, sKa
He MoTpedye BTPYYaHHS CTOPOHHIX OpraHizamiii B IIOACHHHM NPOILEC JIOCIIIKEHHS Ta
JO3BOJIUTh aHANII3yBAaTH CHTYaIlil0 camocTiiiHo. i 1poro HeoOXigHO Oyno po3poOuTH
apxiTeKTypy MaiOyTHbOI CHUCTEMH, OCHOBY $IKOi CKJaJae oOOJaJHAHHA JETeKTyBaHHS
BYTJIEKUCIIOTO Tasy.

OcCHOBY TpPUCTPOIO JJIsI BHMIPIOBAHHS BYTJICIIO CKJIAJa€ anapaTHO-POrpaMHUN
KOMIUIEKC, OCHOBOIO SIKOTO € MIKPOKOHTPOJEp. 3ampornoHOBAHUN MPUCTPIA J03BOJISE
BUMipIoBaTi Ta KOoHTpoiroBaTH BMicT CO2 B MIKIIBHMX KIMHAaTax Ta IUTAYUX CaJ0UYKaX.
BukopucranHs JBOX IE€TEKTOPIB T03BOJISIE OTPUMATH HAMOUIBII TOUHI TOKA3HUKH.

KoxHuMm gatunkom nependavaeThecsi MPOBOJUTH BUMIPH HE YacTillle HDXK OAMH pa3 Ha
10 XBWJIMH, TO TIPU CHCTEMI 3 JIBOX IMPHCTPOIB, 3apPOrPaMOBAHUX Ha PI3HUI Yac MOYATKY
poOotu, BUMipIOBaHHsS Oyay HpOBOAMTHCA HacTimie. Tak caMo Ipu mapayieibHiil poOoTi
JMATYMKIB y CUCTEMH MOHITOPUHTY OyJie iCHyBaTH MOXKIIMBICTh HE3aIIAHOBAHOI MEPEBIPKU B
pasi (ikcarlii oJHIM MPUCTPOEM BUCOKOT KOHIICHTPAIII1, 32 JJOTIOMOTOFO 3aITyCKY JTYOIFOI0Y0T0
MPUCTPOIO.

OCKiTbKH B PO3pOOIISIETECS JICTEKTOPI BYTJIEKHCIIOTO Ta3y BCTAHOBJICHUW JaTYHK
TEMIIepaTypd 1 BOJIOTOCTi, TO BHUMIpPIOBaHHS OyayTh BUBOJUTHCS KOPUCTYBAdeBi 3
ypaxyBaHHSM 3MiHU TeMIIEpPaTypH 1 BOJIOTOCTI.

Y Oyab-sIKiii yCTaHOBI ICHYE MOYKIIMBICTh KOPOTKOYACHOTO BiTKITIOYCHHS CIICKTPUKH.
s Toro mo6 YHUKHYTH CKUJAHHS HaJallTyBaHb JETEKTOPIB, a TaK caMO 1100 BUKIIIOUUTHU
MOKJIMBICTh BUXOJYy 3 JlaJy KOMIIOHEHTIB MPUCTPOIO, MepeadaueHO pe3epBHE HKEPENo
YKUBJICHHS, B IKOCT1 IKOTO MO>KHA BCTAHOBUTH 0aTaperKy «KpOHa.

Ha mnonepeanbo BinkamiOpoBaHOMY po3poOJIeHOMY JeTeKTOopi Oylu MpoBeAeHI
€KCIIEpUMEHTAJIbHI BUMIPH, K1 I0BOJATH MPABWIbHICTh BUMIPIOBAHb.

Po3pobinieHi BUMOTHM /10 YCTAHOBKM NPHUCTPOIB JETEKTYBAaHHS BYIJIEKHCIIOIO ra3zy B
HNPUMILICHHSX.

[1] ACTY B EN 15251:2011. Po3paxyHKOBi mapaMeTpy MiKpOKIIMaTy MPUMIIICHb s
IIPOEKTYBaHHS Ta OLIIHKM €HEPreTUYHUX XApaKTePUCTUK OyiBEIb MO BIJHOLIEHHIO /10
SIKOCTI TIOBITPs1, TETI0BOro KompopTty, ocBitienHs ta akycruku: (IEN 15251:2007, IDT).
Kuis: Minperion Ykpainu, 2011. 65 c.

[2] HIumekpor E. O., I'yoepuckuii FO. 1. Ckoabko BO3ayxa HYXKHO YeJI0BEKY I KoMpopTa
// ABOK. 2008. Ne 4. C. 4-17.

RESEARCH AND DEVELOPMENT
OF AIR MONITORING DEVICE

A. Nikitishyna, O. Nebesniuk
Engineering Institute of Zaporozhye National University
nikitishinaa@gmai.com

The results of work on the development of a model of a system for recording harmful
concentrations of CO; in educational institutions to provide daily monitoring and improve the
efficiency of the educational process are presented. The developed monitoring system is
focused on educational institutions and will serve as a means of increasing the effectiveness of
students.
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ON BUSINESS LOGIC LAYER DESIGN AND
ARCHITECTURE

O. Lytvynov, O. Bilakovskyi, R. Savchenko
Oles Honchar Dnipro National University
lishu.dnepr.ua@gmail.com, savchenko_r@ffeks.dnulive.dp.ua,
bilakovskyi@ffeks.dnulive.dp.ua

Decade-to-decade and even year-to-year the complexity of software keeps growing.
Business requires more than just an application or even a system meets the needs.
Today's business requires more flexible and agile, maintainable and testable, robust and
scalable infrastructure able to be an asset. How to design, realize and maintain such systems?
What principles, architecture and patterns should be used by the developers to tackle that
overwhelming complexity? These questions are stated before developers, managers, scientists.

Undoubtedly, multi-layered architecture becomes a standard for modern information
systems design. According to the separation of concerns principle each layer has its own
responsibility: user application provides user an ability to interact with the system, web-service
provides an ability of remote access to the system, data access layer enables the persistence of
objects of the system. And where is the system itself? In short, the system is business logic
layer. That is why business logic layer can be regarded as the heart of the system, the most
important unit, which can be thought as a main processor interacting with the
peripherals/infrastructure. And consequently, there is a problem of how to build this unit
making it flexible, adoptable, maintainable, testable etc.

We can say that Domain-driven design DDD) [1], Hexagonal [2], Onion [3] and Clean
architectures [4] are responses to that question.

DDD (published in 2004 by Eric Evans) provides a number of principles and patterns
allowing developers to tackle the complexity connected to business layer design. It declares
that the focus point is the domain which should be examined thoroughly and then the result of
such examining is a layer separated into two main horizontal parts: application layer (thin layer
of services responsible for orchestrating user actions using domain objects) and domain layer
responsible for representing concepts of the business, information about the business situation,
and business rules. In accordance with Evans domain layer is the heart of the system. It contains
domain events and their handlers, value objects, entities, aggregates etc. In addition, Evans
declares that the objects should be behaviorally rich, and context bound. By context he means
sub domain/department. Thus, a number of vertical parts (i.e. contexts) and context mapping
appeared. Event sourcing and command query separation are also applied.

Hexagonal (ports and adapters) architecture (documented in 2005 by Dr. Alistair
Cockburn) is a three-layered architecture: application, business logic(domain) and
infrastructure. Originally, there is only on layer responsible for business logic, but in reality, it
divided into two sub-layers: application services and domain. But the architecture doesn’t
matter on what is placed within the domain unit, but mostly concentrated on how that layer
interacts the environment. The reason is pointed out by the slogan “allow an application to
equally be driven by users, programs and automated tests, and to be developed and tested in
isolation from its eventual run-time devices and databases”. The solution provided by Dr.
Cockburn based on using the ports and adapters mechanism. There are two kinds of ports: ports
and driven ports. Driver ports define use case boundary of the application. Actors interact with
the driver ports not with the application itself. Practically, driver ports are the interfaces that the
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application offers to the outside world allowing actors interact with the application. Driven
ports declare an interface for a functionality, needed by the domain layer for implementing the
business logic. Driver ports define API (application programming interface) of the application
and driven ports define SPI (service provider interface). Adapter is a software component that
allows a technology to interact with a port of the hexagon. Thus, driver adapter uses a driver
port interface converting a specific component request into an agnostic request to a driver port.

Onion architecture was inspired by hexagonal and created by Jeffrey Palermo in 2008 and
provides more structural architecture than its predecessor with domain layer placed in the center
and a number of layers separated it from infrastructure. Thus, domain layer could not be
connected to infrastructure directly. The layers practically used are: application services layer,
domain services layer (i.e. repositories layer), domain layer.

Next one is clean architecture provided in 2012 by Robert C. Martin. Martin summarize
the experience of the above approaches and provided an architecture based on ports and
adapters with two layers of business logic: entities and use cases. Use cases is a layer of services
responsible for business processes modelling and domain entities responsible for request,
response, rules and entities representation.

To analyze the problems of provided approaches we should first understand what is the
domain to which the infrastructure (i.e. computer system) is applied. Since 1990th most of the
leading business companies work using business process management model approach. It was
provided by Dr. Davenport in earlier 1990th [5] and declared an evolutionary approach focused
on the process which is a structured, measured set of activities designed to produce a specific
output for a customer or market. Business process management life cycle starts with design
stage, in which the activities are analyzed and “as is” models are built. Despite the differences
in approaches two basic forms remain the same: set of business functions (catalogue) and
business processes comprised of business functions. Business functions connected to different
types resources, and business processes are triggered by business events producing the output
(BPMN 2.0 used to describe business process). Thus, business modeling by the software using
ubiquitous language and use cases etc. should also consider business functions which can be
thought as building blocks of the processes. But all the provided approaches don’t have that
blocks separated in unit. They are smeared among layers.

And that is the reason why we provide introduce an additional layer to Clean Architecture,
the layer of Business Functions. Business functions can be constructed by an abstract factory
using infrastructure layer injection, because the functions depend on resources provided by the
infrastructure, and Business process layer (application services layer) remains thin as it was
suggested by Eric Evans. The model becomes more comprehensible reflecting more fully the
entire business model making the software more flexible and robust, testable and maintainable.

[1] Eric Evans. “Domain-Driven Design: Tackling Complexity in the Heart of Software”.
2003. ISBN-13: 978-0321125217.

[2] Alistair Cockburn. Hexagonal architecture. Available at: https://alistair.cockburn.us

[3] Jeffrey Palermo. Onion Architecture. Available at: https://jeffreypalermo.com/tag/onion-
architecture/

[4] Robert C. Martin. “Clean Architecture. A Craftsman’s Guide to Software Structure and
Design”. 2018. ISBN- 13: 978-0134494166.

[5] Davenport, Thomas H. “Process innovation: reengineering work through information
technology”. 1993. ISBN 0-87584-366-2.
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IIMTAHHSA ITPO 3BAMKHEHICTD TABJIMYHUX AJITEBP

I. JIncenko
Hixcuncovkuii deporcasnuil ynisepcumem imeni Muxonu I'ocons
iryna.glushko@ndu.edu.ua

Jlana po0oTa MpOJOBXKYE HU3KY JOCIIKEHb MPUCBIYCHUX aKTyaIbHIN MpobiemMi
PO3BUTKY TEOPETUYHOI OCHOBH TaOiuyHUX 0a3 ganux [1, 2]. Ockibku TaOIUII0 TaOIUIHOI
anreOpy HECKIHUYEHHUX TaOJMIb MOXHA PO3MIIAIATH SK |-MyJIbTUMHOXKHHY, TO BHUHUKAE
OUTaHHA TpPO Te, YW € TabnuuHa anrebpa HECKIHUEHHMX TaOmumb miganreOporo
MYJIbTHMHOKUHHOT TaOJIMYHOT alireOpu.

Tabnuuna anreOpa HECKIHYCHHMX TaOJMIb — Ie (JacTKOBa MapaMmeTpuyHa) aaredpa

<T , (2 5> , e T — MHOXHHA ycix Ta0IULIb,
. R peP,teE —
Q.. ={ Ur:Nei\ri Cprs Zx o R@% Rt g g }X,R,RI,RZQA — curHarypa, P,E — MHOXHHM
1,12

napamerpiB [2]. CurHarypa Q. MICTUTh onepallii 00’ eIHaHHS, IEPETUHY, PI3HUIII CENeKIIi,
MPOEKIIii, 3’ € JHAHHS, JUICHHS, IepeHMEHYBaHHS Ta aKTUBHOTO JIOMTOBHEHHSI.
MynsTUMHOXKHMHHA Ta0nu4uHa anredpa — 11e anredpa <‘P, Q. > ,1e ¥ — mHOXMHA BCix

Tabanupb, Qp - :{ AII 'ﬂ\:nR’\KHR’ Onr Ty R ® Rt 2, ~g }Q%::gj?eng — curHarypa [2].

JloBeneHo, 1m0 TabinMyHa anreOpa HECKIHYCHHHX TaOJHIb HE € MiganreOporo
MYJIBTUMHOKAHHOT Ta0IMYHOT ayreOpu, 60 HE € 3aMKHEHOO BITHOCHO OIeparliii 00’ eTHaHHS,
MPOEKIIii Ta aKTUBHOTO AonoBHEHHS [3]. OTxe, TabnuyHy anredpy HECKIHYCHHUX TaOJUIIb HE
MOYKHA PO3MIISAIATH SIK CKIIQJIOBY MYJIbTUMHOKUHHOT Ta0JIMYHOT ajreOpH, 1110 BKa3ye Ha Te, 10
MYyJIBTUMHOKHMHHA Ta0JIMuHa anredpa He € OUTbII UPIKUM (HOpMaTiZMOM.

[1] Pemwpko B.H., Bpona IO.PI., byit JI.b., [TonsixoB C.A. Pensuiiini 6a3u qanux: Tabau4Hi
anredpu ta SQL-moniOH1 moBu. Kui: BunaBanumii aim "Axagemnepionuka". (2001).
198 c.

[2] By [.b., Tnymko .M. UncnenHs Ha po3MIMPEHHS CUTHATYp TaOnuaHuX anredp. Hixkun:
HAY im. M. T'orons. (2016). 151 c.

[3] Glushko I. About relationship between table algebra of infinite tables and multiset table
algebra. 11th International Conference of Programming. Proceedings. (2018). P.159-163.
[Enextponnwuii pecypc]. Pexxum goctymy: http://ceur-ws.org/Vol-2139/159-163.pdf

THE QUESTION ABOUT THE CLOSURE
OF TABLE ALGEBRAS

I. Lysenko
Nizhyn Mykola Gogol State University
iryna.glushko@ndu.edu.ua

This paper continues the researches devoted to the actual problem of the development
of the theoretical basis of the table databases. The question about the relationship between table
algebra of infinite tables and multiset table algebra is considered. Applying the theorem-plural
and logical-algebraic methods found that table algebra of infinite tables does not form
subalgebra of multiset table algebra since it is not closed with respect to union, projection and
active complement. Thus, multiset table algebra is not a wider formalism then table algebra of
infinite tables.
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ATITPOKCUMAIIIMHUT METOJI BUSHAYEHHS 3MIHU
BIJHOCHOI KIJTIBKOCTI HEHTPIB CBITIHHSI
JIOMIHECHEHIIII MOHOKPUCTAJIIB
ITPY 3MIHI YMOB EKCHEPUMEHTY

T. IIpokod'es, O. IBan4yenko, B. 'narymenko,
A. Binoyc, B. bepe:xuuii

Jninpoecoxuii HayionanvHuti ynieepcumem imeni Onecs I onuapa
t104barmalei@yahoo.com

OCHOBHMMHM LUISIMH JIFOMIHECHIEHTHOTO aHali3y MOHOKPHUCTANIB € BUSBICHHS 3MiHU
IHTEeHCUBHOCTI Ta ()OPMHU CHEKTPIB JIIOMIHECHEHIIIT MpH 3MiHI MapaMeTpiB €KCIIEPUMEHTY.
OCKUIbKH IHTEHCUBHICTB 1 IIJIOIIIA ITi1 KPUBOIO JIFOMIHECIICHITi1 MPOTOPITiHHA KITLKOCTI IIEHTPIB
CBITIHHS, JaHi 3MIHHM JO3BOJISIOTH OTPUMYBATH iH(OpMAIiI0 MPO KUIBKICHI 3MIHHM TaKHX
ICHTPIB TpU 3MiHI YMOB eKCHEpUMEHTY. SK TpaBWIIO, EKCIICPUMEHTAIBHHUHA CHEKTP
JIOMIHECUEHIIiI HeOTHOPiAHMH 1 OOyMOBJIGHHII BHIIPOMIHIOBAaHHSIM IEHTPIB CBITIHHSA
JNEKITbKOX THUMIB, 10 Nepe0yBalOTh Yy PI3HUX MICISX KPHUCTANIYHOI PEUITKH, 3 PI3HUM
JIOKaJBbHUM OTOYEHHSIM, SIKi YTBOPIOIOTH KiJIbKa 1HIWBIAyaIbHUX CMYT JIFOMIHECIEHIIi, 110
NEPEeKPUBAIOTHC MDK co0o0r. ToMy st BHIIIEHHS KUIBKICHUX 3MIH JJsi KOXKHOTO
KOHKPETHOTO THITY IICHTPIB CBITIHHS HEOOX1THO IMPOBECTH PO3KIIATAHHS €KCTIEPUMEHTAILHOTO
CIIEKTpa Ha IHAMBITyaJIbHI CKJIaJ0B1 H MPOCTEKUTH 3a 3MIHOIO KOXKHOT 3 HUX 3aJICKHO Bi 3MIHU
YMOB €KCIEPUMEHTY. BBakarouu, 110 IEHTPH CBITIHHS, IO BIAMOBITAIOTh OMHIET 31 CMyT
BUIIPOMIHIOBaHHS CJIa0KO PI3HATHCS MK €000 1 iX pO3MOALN ycepeauHi AaHol Tpynu
BIJINIOBiJJa€ HOPMAJILHOMY, BHUKOPHUCTOBYEMO JaHUH 3aKOH Il OMUCY (OPMH KOXKHOI
IHIUBITyaTbHOI CMYTH:

B (ﬂ’_ﬂ'imax)2
2w;°

=Yo+ A exp 1)

e Yo — piBeHb HYIA, Adimax — 3a3[JaJeTib BiJoMa KOOPAMHATA BIAMOBITHOTO MaKCUMyMY
IHAMBIIyadbHOI CMYTH, Wi — IIMPHUHA IIKa HA PiBHI IOJIOBUHU aMIUTITYId MakCUMyMmy, Aj —
aMILTITy/Ia MAKCUMYMY.

IIpu npomy

q
A N )

ne ai — kKoeilmieHT MPONOPIIHHOCTI MK (DYHKIIIEO HIUTBHOCTI WMOBIPHOCTI HOPMAIILHOTO
PO3MOALTY 1 BIAMOBIAHOK (YHKIEIO, IO OMUCYE 3MiHY IHTEHCHBHOCTI BUIPOMIHIOBAHHS
1HMBITyaTbHOT CMYTH BiJ] IOBKWHH XBUIII.

BpaxoByroun, 110 npu aHami3i CIEKTPIB JIIOMIHECLEHIIT 3HAYEHHS Yo XapaKTepu3ye
IIyM 1 HISIKOT KOpUCHOI 1H(opmartii He Hece, MoxeMo B (1) mpuiinstu Yo = 0. Y pe3ynbrati 11s
OIKCY EKCIIEPUMEHTAIBHOIO CIIEKTPa JIOMIHECLEHIIIT OTPUMY€EMO PIBHSIHHS BUAY:

— = A 2
=S A e A ana), ®

1V BeeykpaiHcbka HAYKOBO-NIPAKTHYHA KOH(pepeHIIis
«[IEPCIIEKTUBHI HAIIPSIMKH CYYACHOI EJIEKTPOHIKH, IHOOPMAIIMHUX 1
KOMIT'IOTEPHUX CUCTEM» MEICS-2019
27-29 mucromana 2019 p., Auinpo, Ykpaina



20 Cexuisi |. IHOOPMAIIMHI CACTEMM I TEXHOJIOTI'TI

ne (/) — 3HaYeHHS IHTEHCHUBHOCTI BHMITPOMIHIOBAHHS 3arajlbHOTO, €KCIIEPHMMEHTAILHOTO
CIEKTpa JIIOMIHECIICHIII] B TOUKaX BUMIPY 4j, Ai — aMILTITyAu, Wj — MIBIIUPUHHU, Ai max — aOCLIUCH
MaKCHUMYMIB CIIEKTPIiB 1HIMBiIyanbHUX cMyr, AA(4j) — neska QyHKIs, IO XapaKTepU3ye
HAaCKUIbKM BEJMKE BIAXWICHHS CyMH (DYHKIIH IHIWBIAyaldbHUX CMYT BUIIPOMIHIOBaHHS BiJ
3HaYeHb EKCIIEPUMEHTAIBHOTO CIIEKTPA JIOMIHECHEHIIIT B KOXKHINA eKCIIEpUMEHTAIbHINA TOYII.

Takum YnHOM, 3aBJIaHHS PO3KIIAJIaHHS EKCIIEPUMEHTAILHOTO CIIEKTPA JIFOMIHECIICHITI
Ha 1HAMBITyasIbHI CKJIaJI0Bi 3BOJIUTHCS 110 3HAXOJKEHHS byHKIini

(ﬂ,)— exi _(ﬂ*_ﬂimax)2
Yi(4i)=A exp 2

2w
MOX€ OYTH BHUPIIIEHO 3a JOMOMOTOK OJHOTO 3 MaTeMAaTHMYHUX METOJIB MiHiMi3ailii,
HaIpUKJIaJ, 3a JIOMOMOTOK METONy HaiMmeHImX kBazapariB [1, 2]. Cyre Horo mojsrae B
MiHIMI3alil cnemiagbHOl HMbOBOI (QYHKINI, fKa Mpu Oe3rnocepeHbOMY BHUKOPUCTAHHI
OpUTIHAJIHUX MTO3HAYeHb MA€ BUTIIA;

npu MiHiMaidbHuX 3HadeHHSX AA(4j). [ane 3aBmaHHs

CI)(Ai,Wi)ZZ Z[Ij(ﬂ’j)_[yi(/’i’j)]]zzmin’ (4)
i

Je | — iHJEKC, 0 XapaKTepU3ye YKCIIO 1HIUBIIyalbHUX CMYT, | — IHICKC, 110 XapaKTepU3ye
YHCII0 EKCIIEPUMEHTAILHUX TOUOK 3arajibHOT0 €KCIIEPUMEHTAILHOTO CIIEKTPa JTFOMIHECICHITIT.
[IpakTnunaa peamizaiis po3B'I3Ky JaHOTO 3aBIaHHsA Oyia 3iCHEHa MPOrpaMHUM
NUISIXOM, SIKHA TIPH BUKOPHUCTAaHHI 3HaWACHUX 3 (4) 3HaueHb Wi, Aj 1 BIJOMHX IIOJIOKCHB
MaKCHUMYMIB 1HIUBIAYaTbHUX CMYT — Aimax, JO3BOJISIE OOYUCINTH 3HAUYCHHS QYyHKILH Yi(A) 1
)
S, = I Y; (A)dA nponopuiiini KinbKOCTI HEHTPIB CBITIHHS EBHOTO THILY.
A

[1] ®opcaiit k., ManpkonemM M., Moynep K. MammHHBIE METOIBI MaTeMaTHYECKUX
BBIYUCIIEHUH: niep. ¢ anra. Mocksa: Mup. (1980). 280 c.
[2] Bapn U. Henuneiinoe onennBanue napamerpoB. Mocksa: Cratuctuka. (1979). 349 c.

APPROXIMATION METHOD OF DETERMINING
THE CHANGE OF THE RELATIVE NUMBER
OF LUMINESCENCE CENTERS OF SINGLE CRYSTALS
WITH CHANGING EXPERIMENTAL CONDITIONS

T. Prokofyev, A. Ivanchenko, V. Gnatushenko,

A. Bilous, V. Beregnoy
Oles Honchar Dnipro National University
t104barmalei@yahoo.com

An approximation method of decomposing an integrated luminescence spectra into
individual components has been developed. Using of this method allows to programmatically
determine the parameters necessary for constructing the luminescence spectra of individual
bands. Ultimately, the analysis of changes in these spectra allows to follow the quantitative
changes of the glow centers with changing experimental conditions.
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TEHAEHLII PO3BUTKY BEB-TEXHOJIOTTIA

O. Auapisinos, JI. 3iHoBuyk
OoecvKuii HAYiOHANLHUL NONTMEXHIYHUL YHIBEpCUmem
alval4nn@gmail.com, zinovchuk1488@gmail.com

Hi nmns xoro He € TaeMHUICIO, IO B 1HAYCTpli BEO-pO3pOOKH BCE 3MIHIOETHCS
OJMCKAaBUYHO IIBUAKO. SIKIO BU CTEXHUTE 32 HOBUMH TEHACHIISIMHU, TO B, IIBUJIIE 32 BCE,
OyJu CBIJKOM 3pOCTaHHS 1 MaAiHb YMCICHHUX TEXHOJOTIH. OgHaK TpeHIU BeO-PO3pOOKH B
2019 porti - me Ti MaiiTaHYUKH, THCTPYMEHTH, 1 €JIEMEHTH, SIKI MAIOTh HAHOUTBIIHIA MOTSHITIA,
HNOMYJIAPHICT 1 NEepPCIeKTHUBH 3pocTaHHsA. Hipkue npeacTaBleHMi Nepenik TeHICHIIN
PO3BUTKY B BEO-TEXHOJIOTISX.

[ TyyHuit iHTENEKT

HITy4anii iHTENEKT — PO3111T iIHPOPMATHKH, 10 3aiiMA€ETHCSI (POopMaTTi3aIliero 3a1a4, sKi
HarajaymTh 3a/adi, BUKOHYBaHi JoauHOW0. [Ipu 1pomMy B OUIBIIOCTI BUMAAKIB Hamepen
HEBIIOMUIA aITOPUTM po3B'si3aHHs 3a7ayi. Lle mrydna cucrema, sika iMiTye pillieHHS JIFOJUHOIO
CKJIQJIHUX 3aBJIaHb B MpPOLIECI WOTO KUTTEISUIBbHOCTI. CTBOPEHHS WITYYHHX CUCTEM, sIKi O
pearizoByBainy I QYHKIIT 1 € TOJIOBHUM 3aBJaHHSAM MPOOJIEMATUKH IITYYHOTO IHTEICKTY.
OpHi€r0 3 IPOrpaM MITYYHOTO IHTENIEKTY € 4aT-00T.

JavaScript

JavaScript — 06e3yMOBHO, HAWMOMyJSApHIIIA TEXHOJOTiS, K4 BHUKOPHUCTOBYETHCS
PO3pPOOHMKAMHU TIOBHOTO CTeKa. 3a OCTaHHIN pik MU mobaumiu 3poctanHs TypeScript. Lle
CTaTUYHO THUIII30BaHa MOBA, fKa KOMILUIOEeTbca B JavaScript. TakuM 4YMHOM, BH MOXKETe
BUKOPUCTOBYBATH iCHYrOUni Koz JavaScript, BKIIOYHTH cBO1 JS-010710TEKM 1 BUKJIMKATH KO/
TypeScript 3 JavaScript. TypeScript — ue HanOymoBa Han JavaScript, ska MOKJIMKaHA
HOJIIIIINTHU SKICTh 1 3po3yMinicTh kony. Kpim Toro, TypeScript nosermiye nporec po3poOku,
BKa3YyIO4M Ha MIOMHJIKH IPSMO B MPOLEC] BBEJICHHS TEKCTY IPOTPaMH.

Texnounorist WebAssembly HaOyna Benukoi monmyasipHOCTI 3a OCTaHHI JeK1IbKa POKIB,
BOHA HalllJleHa Ha CIPOLIEHHA pPO3poOKM Ha Oynab-akiii MoBi. BoHa nae 3mory kop, 1o
HaMKMCaHUi Ha IHIIKUX MoBax neperBoputH B JavaScript [1]. Ockinbku WebAssembly po3po0ka
HOPIBHSAHO MOJIOZ1A, a JavaScript po3BUBAETbCS CEMUMMIBHUMU KPOKaMH, TO 32 ii pO3BUTKOM
BapTO CHOCTEpIraTtd, TOMY IO y MallOyTHbOMY BOHa MOX€E J1MCHO CYTTEBO BIUIMHYTH Ha
PO3BUTOK OCTaHHKOI [2].

CratucTu4HUl TeHepaTop CalTiB

CraTuuHi reHepaTopu CalTiB — BIAMIHHUI cnoci0 cTBOpuTH BeO-caiiT. Bam He
noTtpibHa 0Oa3za JaHMX, 3aMICTh IIbOTO Ballll BeO-CTOPIHKM — 1€ MpocTi (aimm, ki
3aIlyCKaroThCs Ha BALlIMX CepBepax. 3aBJIsSKU IIbOMY 3'SIBIISIOTHCS IepeBaru MNpy 3aBaHTaXEHHI
Be0-caiiTiB, mosiniieHa 6e3mneka 1 nmpocrora po3ropranna. Hacnpasni y CMS 1 renepatopis
CTaTUYHUX pecypciB Oararo cminbHOro. € Hablp JaHUX 3 KOHTEHTOM (IIIMaTKU TEKCTY 3
O0COOJIMBOIO PO3MITKOIO 1 METaJaHWMHK) 1 MIAOJOHM, IO OIMNUCYIOTh BEpPCTKY. JIBHMXKOK
mijicTaBisie J1aHi B IIA0JIOH, OTPUMYIOUM Ha BuUXoAl html-ctopiHky, sika i Oyne B MiICYMKY
3aBaHTakeHa B Opay3ep BiiBigyBada. KoHTeHT Moke 30epiraTucs B 0a3i 1aHuXx ad0 B OKPEeMHUX
TEeKCTOBUX (haitnax, Oyne BHKOpucTOBYBaTHCA po3MmiTka markdown a6o BBCode - e e
rojosue [3].

Motion Ul

Motion Ul - e BiacHa 6i6mioreka SASS Bin ZURB, sika He mponoHye HIiY0ro, Kpim
HaJIAIITyBaHHA MEePexXo/iB 1 aHiMauiil Ui caifty. Bei i edexktn BOyaoBaHi Oe3nocepeHbo B
Motion Ul, 1 e tonomarae 3poOuTH Ipoliec aHiMalii IpocTuM 1 epekTUBHUM 3a yacoMm. [ToBHa
pO30MBKa BCHOTO, 1110 BKJIFOYEHO, BUIIIAJA€ HACTYITHUM YHMHOM:
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[lepexonu. Bonu gomnomararoTh mpolecy nepexory KOMIOHEHTIB, SIK1 HAIXOATh K Ha
CaiiT, TaK i mo3a HUM. BOHU MOXXYTh BUKOPHUCTOBYBATHCS y BEJTMKOMY aCOPTUMEHTI peUeH.

Amnimaris. Motion Ul oOpo06iisie a”imaliiro, TyT MOXXHa BUKOPHCTOBYBATH Ti X cami
edexTH, 10 1 U1 mepexoiB. I, sik mpaBuiio, BCi aHiMallii, 1[0 BAKOPUCTOBYIOTHCS B iHTEpdeiici
Motion.

Cepiiini animarii. Motion TakoXx J03BOJISIE aHIMYBATH JEKiJIbKa €JIEMEHTIB OJJHOYaCHO
y CTBOPEHOMY MOPSIJIKY.

AHIMaIliA 1 TepexoIu J03BOJISIIOTH PO3POOHHUKAM Bi3yalli3yBaTH 3MiHU 1 MOJIEPHI3yBaTH
KOHTEHT. /[MHaMiuHMiA TU3aliH MOKpaIy€e BEO-CAlTH, a TAKOK POOHTH X OLIBIIT MPUBAOIUBUMHU
1 3pO3yMUTMMU 17151 CHPUMAHATTS. MOKHA CaMOCTIHHO aHIMYBATH Pi3Hi €JIEMEHTH CTOPIHKH 200
* ckopucrtatucs Motion Ul Ile 6i6mioTeka 11 CTBOPEHHS IJIaBHUX NIEPEXO/IiB 1 aHIMaIlii Ha
SASS, mro Buifmia 3 cimeiicrsa Foundation.

Hoga Bepcis Motion Ul npairoe yepe3 raydki madaorau CSS 3 yciMa Tunamu 610110TeK
JavaScript 1 3a0e3neuye Oe3MOBHY iHTETpaIlifo aHiMarlliii B BeO-caiiTi. AHIMAITIS 1 TIEPEeX0Iu
JO3BOJIAIOTH PO3pOOHMKAM Bi3yalli3yBaTh 3MIHM 1 MOJEpPHI3yBaTH KOHTEHT. JluHamiuHwMiA
JM3aiH TOKpaIlye BeO-CalTH, a TAaKOXK POOUTH iX OLIbII MPUBAOIMBUMH 1 3pO3YMUTUMH IS
COpUMHATTA. MOXKHA CaMOCTIITHO aHIMyBaTH Pi3Hi €JI€MEHTHU CTOPIHKH ab0 K CKOPUCTATHCS
Motion UL Ile 6i6mioTeka /yisi CTBOPESHHS TUTABHKX TIEPEXO/IiB 1 aHiMaIliii Ha Sass, o BUHIILIA
3 cimeiictBa Foundation [1].

Hacrynue nokoniaas Angular JS

Angular.js craB IPUrOJOMIIIMBOK KOMOIHAIIED HHU3BKOTO TMOPOTY BXOKEHHS 1
Oaratoro HaOopy ¢yHKIIA. Angular]S HamieHUH BETWYE3HO KUIBKICTIO 1HCTPYMEHTIB
MOJIETIIYIOTh JKUTTA IMporpamicty. B apcenan iHctpymentiB Angular]JS Bxonsats: dinbTpu,
JVPEKTUBH, JBOCTOPOHHS TpWB'A3Ka MJaHuX 1 Oarato iHmoro. AngularJS cnouarky
CIIPOEKTOBAaHUM MJIi CTBOPEHHS OJHOCTOPIHKOBUX BeO momatkiB. Takum ymHOM Opaysep
CHOYATKY BiIKPHE TIJILKU OJTHY CTOPIHKY 1 JOJATKOBUI KOHTEHT Oy/ie 3aBaHTaKyBaTUCS B Mipy
HeoOxigHocTi. [Ipu TakoMy mifxo[i €eKOHOMHUTHCS Tpadik 1 3MEHUIYEThCS HAaBAaHTAXXEHHS Ha
cepBep. Angular]S m03Bosisie CKOPOTUTH Yac Po3poOku aoaaTkiB. OUiKyeThes, 10 BiH Oyae
TaKOX PEryJiipHO OHOBJIIOBATHCS 1 IMOJIMIIYBaTHCS, NMPUUYOMY KOXKHE ICTOTHE OHOBIJIEHHS
OOILSIHO KOXHI1 IIICTh MICSIIIB, TOMY BiH MPOIOHY€E PO3POOHUKAM, K1 BUKOPUCTOBYIOTh HOTO
HEMUHYIII MOKJIMBOCTI Ha MEPEIOBii TEXHOJIOTIi CTBOPeHHs BeO-caiiTiB [3].

[1] Tpenmu mnst Be6-paspadbotku B 2019 [Enexrponnuit pecypc]. Pexxum mocrymy: http://st-
It.ru/blog/useful/tendenczii-razvitiya-veb-texnologij-v-2016-godu.htmi

[2] Tenneniuu pasButus BeO-TexHonoruit [Enekrpornuii pecypc]. Pexxum nocrtymy: http:/st-
It.ru/blog/useful/tendenczii-razvitiya-veb-texnologij-v-2016-godu.htmi

[3] HoBocrtu, Tenneniyu u TpeHasl BeO-pazpadotku B 2018 roxy [Enekrponnuii pecypc].
Pexxum noctyny: https:/ www.motocms.com/blog/ru/trendy-web-razrabotki/

TRENDS OF DEVELOPMENT OF WEB TECHNOLOGIES

A. Andriianov, L. Zinovchuk
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In the modern world, people began to use computers, smartphones and various gadgets
more and more, and it became a big impetus for the development of information and web
technologies. The use of artificial intelligence to create websites and applications is becoming
increasingly popular, as modern users seek to get the information they need as quickly and
easily as possible.
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EQEKTUBHICTb AJI'OPUTMY PAIIIIEPTA VI
TPIAHI'YJIALII ITIOJIIT'OHIB

I. Kocenko
Jninpoecoxuii Hayionanvruti ynieepcumem imeni Onecs I onuapa
kirangel1103@gmail.com

B Hanr yac B 004HC/IIOBaIBHINA T€OMETPIi Ta KOMIT'IOTEpHIN rpadilii 11 MOACTIOBAHHS
MIPOCTOPOBUX JaHUX BUKOPUCTOBYIOTHCS PACTPOBI 1 TPIaHTYIIAIIAHI MOCI JaHUX. 3 TPUIMHHI
CBO€1 IPOCTOTH YAaCTillIe JJIS IOAAHHS BEIMYE3HUX MACUBIB JaHUX BUKOPUCTOBYIOTh PacTPOBI
mojeni. TpiaHrymanidHi Mozeni 4Yepe3 CBOKO BiJHOCHY CKIIAJHICTh BHKOPHCTOBYIOTh Ha
00MEKEHUX AUISTHKAX MICIIEBOCTI.

Jly)xe BaXJIMBUM € 3aBJaHHs Bi3yali3zalli N€OMETpPUYHMX JaHMUX, 3aCHOBAaHMX Ha
TPIaHTyIALIHHUX MozessIX. Take 3aBAaHHs BUHUKAE B reoiH(opMaliiiHux cucremMax, cucreMax
ABTOMATH30BAaHOTO MMPOEKTYBAaHHS, TpapiuHIX pPEeJaKTOpax, aBiaCUMYIISTOPAX, KOMI'TOTEPHUX
irpax. /lns Tounoro 300paskeHHsI TOBEPXOHb MOTPiOHI MOJIENI, IO MICTATh BEIHUKY KUIBKICTh
KapKaCHHUX €JIEMEHTIB (TPUKYTHHKIB).

Tpianrynsamis — 1e po30uMBaHHS TEOMETPUYHOro o00’ekTa Ha cuMiuiekcH [1]. Y
JTBOMIPHOMY TPOCTOP1 1Ieé PO3OUTTA Ha TPUKYTHUKHU, 3BiACH 1 Ha3Ba. TpilaHrymsmis y
TPUBUMIPHOMY IIPOCTOPI MOJSTae y po30MBaHHI Ha TeTpaeapu («mipaMigny, pisHUX GopM Ta
pO3MipiB), MO JeXaThb OJWH 1O OAHOTO. TpiaHTYJAIisS BHKOPHCTOBYETHCS B BiJJOMUX
nporpamuux nmakerax COMSOL, AUTOCAD, CST Microwave studio Ta iHIIHX, SIKi ITUPOKO
BUKOPHCTOBYIOTH CITKOBI METOJIU JIJIsl YUCETBHOTO PIillIeHHS 3a7a4 (i3uKu.

Metoro naHoi poOOTH € CTBOpPEHHS MpOrpaMH JUIsl TPIaHTYINALIl IONIroHIB 3a
anroputMoM Panmepra. Taka nporpama Moke OyTH BHUKOpUCTaHa JUIsl Bizyasizamii
reOMETPUYHUX JaHUX, 3aCHOBAHUX HA TPIaHTYISALIHUX Mozemsix. B pamkax miei pobotu Oyimo
MIPOBEJICHO aHali3 ICHYIOUMX aJTOPUTMIB TPIaHTYJISALI], a TAKOXK IX MPOrpaMHUX peai3ariil.
AHaJi3 nokasas, 110 y BIIKpUTOMY JIOCTYIl HEMA€ JOAATKIB, sIK1 O peaai3oByBaJld aJlfOPUTM
PanmepTa, TOMy HayKOBa HOBH3HA MOJIATa€e B po3po0I1li MoAIOHOrO JOAATKY.

IIporpama ctBopeHa 3acobamu C#. CepenoBuleM s ii BUKOPUCTaHHS € IrpOBHH
pymii Unity. IIporpama peainizye aaroputm noOyJOBH NMEPBUHHOTO PO30OMTTS Ta aJFOPUTM
Pannepra. Tounime kaxyuu, anroputM Pamnmepra He € anropuTMOM TreHepalii, a JIHII
QITOPUTMOM TMOKpAIllEHHSI SKOCTI CITKM, TOMY 1HOJI HOro IIe Ha3MBaIOTh «AJITOPUTM
nokpauieHHss Pammepra». ¥V KOHTEKCTI Li€i poOOTH BXIIHUMHU JAHUMH JJii HbOTO OyIyTh
reoMeTpisi KOHCTPYKIS y BUIVIA/I 3aMKHEHOT'O MOJIIrOHA, Ta MEPBUHHE PO30MTTS KOHCTPYKLIT
Ha TPUKYTHUKU. /|11 OTpUMaHHS MEPBUHHOTO PO3OUTTS MPH peaiizallii aropurMa reseparii
CITKH BHKOPHUCTOBYETHCSI MOAU(IKOBaHUIT anroput™ step-by-step, 3 BUKOPHCTAHHSIM Yy SKOCTI
TOYOK BEPIIMH TOJIIrOHa BXIJHOI TeoMeTpii. s CIpolieHHs OmHCy airopuTMmy, Oyaemo
BBa)KAaTH 1110 TIEPBUHHE PO30OUTTS BXKE CTBOPEHE.

[Totim 3acTocoByeTbest anroput™ Pammepra. [IpoBoANTECS MOIIYK BKJIFOYEHOT TOUKH
nepebopoM BCIX TOYOK 1 CErMEHTIB. SIKIIO Taka TOYKa 3Hai/leHa TO HaJ CErMEHTOM, SKHH
BKJII0YA€ ii BUKOHYETHCS MPOLIEYPa PO3MOALTY CETMEHTA HABIUI 1 MPOBOAUTHCS MOBEPHEHHS
Ha Kpok 1. SIKiIo BKJIIOYEHMX TOYOK HE OyJI0 3HAWIEHO, TO AJITOPUTM MEPEXOJUTh Ha
HACTYNMHUN Kpok. Jlajmi NMpoBOAUTHCS MOIIYK TPUKYTHHKA 3 MIHIMQJIBHUM KyTOM. SIKIo
MIHIMaJIbHUM KYT MEHILE 3aJaHOro HapaMerpa, TO HajJ TPUKYTHHKOM, IO HOro MIiCTUTh
IPOBOJUTHCA MPOLEAypa PO3MOJUTY Ta MPOBOJUTHCS TMOBEpHEHHS Ha Kpok 1. B iHmomy
BUMAJIKY BiJOYBA€ThCS MEPEXiJ Ha HACTYIHHUH KPOK Jie MPOBOJIUTHCA IMOIIYK TPUKYTHHKA 3
MaKCHUMAaJIbHOIO IUIOMIE0. SIKI0 MakcuMallbHa IUTola Oibllle 33JaHOro MapaMmerpa, TO Haj
TaKUM TPUKYTHUKOM IPOBOJUTHCS IMPOIEAypa PO3MOIUTY Ta MPOBOAMTHECS MOBEPHEHHS Ha
Kpok 1. B iHmomy Bunaaky BigOyBaeThbcs mepexig Ha HaCTYHUM Kpok. Bei yMoBU 3a/10BoJIEH .
Kineup po6oTu anroputmy.
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Po3pobene nporpamue 3ab6e3nedeHHs MiITPUMYE 1Ba TUIIH BBOJY TaHUX — 3YUTYBaHHS
CKaHepoM 3 TeKCcTOoBuX ¢ailniB y komrnoHeHTI «[Ipecetu», Ta BB JaHUX KOpPHUCTyBaueM 3a
JIOTIOMOTOI0 MHUIIl y KOMIOHEHTI «JleMo pexum». Kpim Toro, xoMmnoHeHT «MeHemxkep
MIPECETIB» TAKOXK 3UUTYE JaHi 3 (hailiIiB, Ta Ma€ MOKIIUBICTh OTPUMYBATH JaHi BiJl KOPUCTyBadya
BUKOPUCTOBYIOUHM TaKHii ke iHTepeiic Ik y «leMo pexxumi.

OckUIbKH pO3pOOKH TMOIIOHOTO XapakTepy YacTO BUKOPHUCTOBYIOTH ISl TPIaHTYIIAI|
reorpadiyHUX TUIOMIMH (KOHTYpH KpaiH, MOpiB, OKeaHiB, Ta 1iH.), JOJATOK MiATPUMYE
koHBepraiiio 3 hopmaty GeoJSON y ¢popMar 3po3yMisuid Ju1si MPOTPaMH.

BuxigHumMu gaHUMH y 3aCTOCYHKY € KiHIIEBa CiTKa TpiaHrymsmii, a came 2D 00’ekr
(puc. 1), skuit AeMOHCTpye poOOTY ANrOpUTMA, Ta MPUAATEH IS TOAAIBIIOT0 BUKOPUCTAHHS
nporpamicramu. Kpim Toro, mporpama 36epirae ciTky y ¢aiin popmary poly.

Ruppert Ojdosa
Vertices:46
Triangles:49 =

eset1
Delaunay p
Vertices:39

Triangles:37 preset2

reset4Ukrain

esetSAustral

20
< MEHIO Side-by-Side R TR Aenove S
CNUCOK

Puc. 1. Burasig BikHa nporpaMm Ha 3aK/JI0YHOMY eTani BUKOHAHHS NPH TPiaHryJsnii mosiroxsa.

Development Bui

[IpaBopyd y 1IbOMY MEHIO 3HAaXOAMTHCS CIIMCOK JIOCTYITHHUX IPECETIB, SIKUA MOKHA
OHOBUTH 3a JIOTIOMOTOI0 KHOMKH «OHOBHUTH criHCOK». [IpeceTn mporpama OTpuMye 3 Manku
«Presets» y mammi 3 J10JaTKOM. 3HM3Y MOCEpeAMHI 3HAXOAMTHCS Claiiep, L0 J03BOJISIE
KOpUCTYBauyeBl 0OpaTH MiHIMAJbHUN KyT TpIaHTYJALIN, MpaBopyd Bifl HBOTO 3HAXOIUTHCS
KHOIKa, 110 MEepeKIyYae BUA 3 TplaHTyssuii 3a aaroputmoM PammepTa, Ha TpiaHTYJIALiO
Jenone, 1 HaBnaku. Taka OIS JoroMarae MOpiBHATH BIAMIHHOCTI y TpiaHryasauiax. Knonka
npaBopyd Bin crmaiiepa «Side-by-side», BMuUKae pexuM, y KOTPOMY OOWIBI TpiaHTYIISIil
po3mimlyroTecst mopyd. JliBopyd 3HaxomuTbesi mepemukad «Debug», mo Bmukae BuBin
nojaTtkoBoi 1H(opMarii, Takoi Sk HeHTp TpiaHryasamii. [lig mepemukauemM 3HAXOIUTHCS
TEKCTOBE T0JI€, 1110 BUBOJUTH 3arajibHy iH(GOpMaIlito Mpo TpiaHTyJIALI].

[1] CxBopuo A. B. AnropuTmMsl IOCTPOECHUS U aHanu3a TpuaHryasnuu / A. B. CkBop1ioB,
H. C. Mup3a. — Tomck : U3x-Bo Tom. yH-Ta. (2010). 168 c.

THE EFFECTIVENESS OF THE RAPPERT ALGORITHM
FOR POLYGON TRIANGULATION

I. Kosenko
Oles Honchar Dnipro National University
kirangel1103@gmail.com

Software for measuring of the length and area of objects in satellite photographs is
described. Program was created by means of the language C#. The software environment for
its use is Unity.
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METOA EMIIPUYHOI'O MOAEJTIOBAHHSA CTATUKH
TEXHIYHUX CUCTEM B YMOBAX HEBU3HAYEHOCTI

M. I'op0iituyk, O. Bina
lsano-Dpankiecokuii HAYiOHANLHUL MEeXHIYHUL YHIGepcumem Hagmu i 2azy

gorb@nung.edu.ua

[Ipu BupimieHHI LUJIOTO PsALY 3amad B o0yiacti OypiHHS, BUIOOYTKY HadTH 1 rasy,
TPAHCIIOPTYBAHHS T'a3y MaricTpaIbHUMH TPYOOIIPOBOJAMH Ta 1H. MPUXOJUTHCS MAaTH CIIPABY 3
TUM, 110 TEXHOJOT1YHI MapaMeTpy BUMIPIOIOThCA 3 EBHUMH MOXHOKaMu, Ha 00 €KTH Ail0Th
YuCJICHHI 3aBaau. Bee e cripuumHse HEoOX1THICTh PO3IIISIaTH TEXHOJOTIUHI MapaMeTpH SIK
HEUITKI BEJIMYMHH, SIKi 3pY9IHO XapaKTePU3yBaTH TPUKYTHOIO (YHKII€0 HaJIEKHOCTI [1].

Jlist BpaxyBaHHS paKTOPY HEUITKOCTI, TP MAaTEMAaTHIHOMY OTIUCI 00’ €EKTIB, HEOOX1THO
HaJl HEUITKUMU BEJIMYMHAMH BUKOHYBATH IEBHI apudmernyHi omneparii. [Iporec BUKOHAHHS
apuMeTHUHUX oreparliii (JogaBaHHs, BiJHIMAHHSI, MHOKEHHS 1 JUICHHS) CTa€ MOXKJIMBUM,
AKIIO HEYITK] Yncia BUSHAUYNUTHU K YHCiia (L — R) -THILY.

Jns  XapakTEepUCTHKH  HEYITKOCTI  TEXHOJIOTIYHHMX  TapamMeTpiB  3py4HO
BUKOPHCTOBYBATH  TPUKYTHY (YHKIiIO HAaIEXKHOCTI, SIKA CHUMETPHYHA BiTHOCHO CBOTO
MOJIAIbHOTO 3HaueHHs a,. TpukyTHa (yHKuis HanexHOCTI QyHKUis € PpyHkmiero (L—R)-

TUIy, ajle BOHA € HE3pYYHOI ISl MPAKTUYHOTO BUKOPHUCTAHHSA, OCKUJIBKM Taka (YHKIIis
HeaudepeHIliioBaHa B ISIKUX TOYKaX i3 00J1acTi BU3HAYCHHS.
Tomy TpuKyTHY QYHKIIIFO HAIEKHOCTI OyZEeMO alipOKCUMYBATH TayCOBOIO (DYHKITIEO
2
(x-a,)
X
e (x) = exp| 2L |, (1)
( ) 20,2
ne O - koe(illeHT KOHIEHTpaLlii HeUiTKOI BETUUUHHN X .

Ockinpku TpUKyTHa (YHKLIIS 1 raycoBa (QyHKIIS (2) Ha KOXXKHOMY 13 IHTEpBaJIiB
BU3HAUeHHs - X €[a,—A/2;a] i xe[a,;a,+A/2] (A—inTepBan HeBU3HAYEHOCT] HEUiTKOI
BEJIMYMHU X ) MOHOTOHHI, TO IIPHU alpoOKCUMaIlll BOHW MaTUMyTh HE OUIbIIE JABOX CHUIBHUX
To4oK. [lepita 13 HUX BU3HAYAETHCS 3HAYEHHAM @, , a Apyra Oyze MaTH Miclle, KOIH X = X, .

Buxossuu yMOBH, IO U X = X, Mae Micie criBBinHomenns (X, )=pg(X,)=6, 1e
n(x,) - 3HAYEHHs TPUKYTHOI (yHKIii Hale)HOCTi; ©—MapamMeTp ampokcuMallii, oTpuManTH

TaKe CIIBBIIHOIIIEHHS:
1-0)A
Xa — % . (2)

3 BpaxyBaHHSAM 3HAYCHHS X,, SIKe BH3HAYeHe (popmyioro (2), i ymoBH pg(x,)=6,

OyneMo MaTu
,  (1-8)°A?

T ©

ne 0<0<1.
Ockinbku A ampiopi BiioMa BeJIMYKHA, TO TOYHICTh alpOKCUMAIli TPUKYTHOI QyHKITIT
¢dyHukiero (1) Oyme 3anexarn BiJl 3HAYCHHS OpAUHATH 0 , IKY BUSHAYUMO i3 YMOBH
2
n 4x°In0
E(0)=)_| n(x)-exp| ———

4
= (1— 9)2 A? @
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ne X e[O;A/(ZiT)]; T — KpOK JMCKPETHOCTi; N— KinbKicTh opauHar GyHKIIT p(X) Ha
Binpi3ky x €[0;A/2].

@Oynkuis (4) - HenmiHiliHa 1 3HadYeHHs O, Ake MiHIMI3ye (4), 3HAIIEHO YMCIOBUM
MmerozoM. Ilokaszano, mo 6 Maii)ke He 3a€KUTh Bia mwupuHu iHTepBany A i 0=0,52.
BigmiTumo, o y po6oti [1] 6e3 oO0rpyHTyBaHHS Ha OCHOBI IHTYITUBHHMX MIpPKyBaHb, OYJI0
BuOpane 3Hayenns 0=0,5.

Jlommyckaemo, 1m0 Ha OO0’€KT [iIOTh 30BHINIHI TEPENIKOIU, SKi HE MiAJAI0ThCS
BUMIiprOBaHHIO. CTAaTHCTHYHI XapaKTEPUCTHKH TEPEIIKOJ HeBigomi. Y Takii cuTyarii
NPUPOHO JOIMYCTUTH, IO BXi/IHI BEIMYMHU € HEUITKUMU YUCIAMHU 3 TPUKYTHUMHU QYHKIISIMA
HAJIC)KHOCTI, SIKi alIPOKCUMYEMO rayCOBUMH (DYHKIIISIMH.

OTxe, pO3TISIIAEThCS TaKa MOJICIh 00’ €KTa:

y(x)=Y el [x ®

m
ze Z(pij <r; r—cremiab nojinoMa (11); M—KiIbKICTh 3MIHHUX.
i1
[IpaBuna BUKOHAHHS apU(PMETHUYHUX ONEpaIliii HaJg HEYITKUMU YuciaamMu [2],
a/IanITOBaHI /ISl BUMAIKY raycoBUX (QYHKIIIH HamexxHOCTI (1).
Cnupatrouricb Ha pe3yabTaTH poOoTu [3] oTpuMaHa MoOJENb, SIKA OMUCYE CTATUKY
TEXHIYHUX CHCTEM B YMOBaX HEBH3HAYCHOCTI

N-1 m m m
_ o ;-1 @;
y=2c[Tali+AY o s IT a% |- (6)
i=0 j=1 j=1 =Lk ]
1 Iny . . -
ne A = 5(1—6) m; ¥ —3pi3 QYHKIIT HANEKHOCTI HEYITKOT BETUYUHU Y .
n

Otxe, OTpMaHa eMIIpUYHa MOJEINb, SIKa € JIIHIIHOI BIIHOCHO CBOIX IapaMeTpiB C; .

Jliis 3HaXOIKEHHA TapaMeTpiB C, Mozeni (6) OyB BUKOPUCTaHUN METOJ, SIKUH I'PYHTYEThCS Ha
Teopli FTeHETUYHUX aIropuTMiB [3].

[1] Top6iituyk M. 1., Ckpinka O. A., [TamkoBcekuit b. B. OntumansHuii po3noiia KUTbKOCTI
ra3onepekayyBajbHUX arperaTiB B yMOBaX HEBHM3HAYEHOCTI NpHU 3aJaHUX oOcsArax Ha
nepekauky npupoHoro rasy. East European Scientific Journal. (2016). Vol. 2, No. 3 (7).
P. 53 - 58.

[2] Packun JI. T'., Cepas O. B. Heuerkas maremartuka. OCHOBBI TeopuH. [IpuitoKeHUs:
monorpadus. Xapwskos: [Tapyc. (2008). 352 c.

[3] Gorbiychuk Mikhail 1., Humenyuk_Taras V. Synthesis Method of Empirical Models
Optimal by Complexity under Uncertainty Conditions. Journal of Automation and
Information Sciences. vol. 48, is. 9. P. 64 -74.

METHOD OF EMPIRICAL SIMULATION OF
TECHNICAL SYSTEM STATIC’S UNDER UNCERTAINTY

M. Gorbiychuk, O. Bila
Ivano-Frankivsk National Technical University of Oil and Gas

A method of construction of empirical polynomial models using the theory of genetic
algorithms for the case when the input values of the models are treated as fuzzy numbers is
developed. The algorithm and software of the problem have been developed and their working
ability and efficiency are demonstrated on a specific example.
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DEVELOPMENT OF COMPUTER SYSTEM FOR ADAPTIVE
KNOWLEDGE TESTING IN HUMANITARIAN DISCIPLINES

N. Borysoval, K. Melnyk?, V. Melnyk?
!National Technical University "Kharkiv Polytechnic Institute"
borysova.n.v@gmail.com

2Kharkiv general education school Ne 145
v13121423@gmail.com

Considering the opportunities offered to the education system by the current level of
development of information technology and computer techniques there is no doubt the need for
implementation them as much as possible, particularly in the form of computer systems for
students’ and schoolchildren’s knowledge testing. Such systems are already widely used for
knowledge testing in the natural and technical disciplines, which cannot be said for knowledge
testing in the humanitarian disciplines. This is due to the specificity of the material and the
teaching of the humanitarian disciplines, and the fact that specific forms of knowledge control
are used in these disciplines such as essay, narration, etc., that are not typical for other
disciplines and require free thoughts expression. It cannot be said that computer testing of
knowledge in the humanitarian disciplines is not carried out at all. The analysis of publications
and researches showed that either ready-made test programs or researchers’ own projects were
used for this purpose. But in both cases, a limited number of questions types are used, mostly
closed ones such as to choose the right answer from the several suggested ones, to agree or not
with the statement, to find the matches, etc. If, for example, such questions types are used where
the missing words are to be inserted as an answer, then the correctness of the answer is checked
by comparing it to the exact match of the teacher’s answer without taking into account possible
synonyms, paraphrases, etc.Thus, the identified disadvantages of the existing approaches to
computer testing of knowledge in the humanitarian disciplines have determined the direction
and purpose of our research, which resulted in a computer information system for the adaptive
testing of 7-11 grades schoolchildren’ knowledge in the subjects "Foreign Literature" and
"Arts". Let’s consider developed information system’s functionality in more detail way.

The information system can be operated by an administrator or a user. The administrator
is a teacher who can add, correct and delete questions, set points for the right answers, manage
users’ profile, view the results of all users. The users are schoolchildren who study the
disciplines and will be tested.

For the user, the information system can operate in two modes: traditional control mode
and self-control mode. In traditional control mode, a user’s knowledge in a discipline is tested
using an adaptive test model, in self-control mode the user can also test their knowledge, but
this mode is designed to train the system usage.

The questions for the tests are separated into four difficulty levels according to their
type: 1 —easy (choose the right answer(s); agree or refute; find the matches); 2 — medium (insert
missing words; formulate definitions; make a list; give an example); 3 — difficult (classify;
characterize; compare; justify; conclude; determine the main opinion; describe); 4 — very
difficult (create; optimize information in your own interpretation). The number of points will
be given for the correct answer depends on the difficulty level. All questions are stored in the
database.

The user must authorize to get started with the system. This procedure, first, eliminates
the possibility of passing the test by another person, and secondly, gives the user access to only
those tests that he can pass according to his profile. User information is stored in the database.

In traditional control mode, the user gets the first question of the first difficulty level. If
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the user answers the previous question correctly, the next question will be more difficult, or
will be of the same difficulty, if he answers incorrectly.

During passing the test, the user can return to the previous question and change their
answer. Testing continues either until the test is complete, or the user can interrupt the test by
clicking the appropriate button and confirming its validity. The validity confirming is using to
prevent accidental clicking the stop testing button. However, in this case, the answers to the
remained unanswered questions will be counted like incorrect. After the test is complete, the
user can view: the test results as a list of questions with his or her chosen answers; with marks
"correctly”, "incorrectly”, "points for the answer were unaccrued — contact the teacher"”; with
the correct answers and with the number of points received for answering each question. He
can also see the received points; his assessment on the traditional twelve-point scale and
recommendations for further training. The total number of points is calculated using the Rasch
model [1]. The user has the opportunity to take this test two more times. In this case, he will
get other questions from the database and the previous test results will be canceled. Test results
are stored in the database.

In assessing the correctness of the answers to the first difficulty level questions, a
comparison is made to the exact match of the answer given by the user with the correct answer
stored in the database, due to the answers to these questions are unambiguous. In assessing the
correctness of the answers to the second difficulty level questions, the type of question is taken
into account: for the questions "make a list" —a comparison is made to the exact match of answer
given by user with the correct answer stored in the database; for "insert missing words",
"formulate definitions", "give an example" — a checking for the presence of keywords determined
by the teacher when formulating the question answer, if keywords are absent, it is made a
checking for their synonyms presence. Keywords and synonyms are stored in the database. In
assessing the correctness of the answers to the third difficulty level questions, the neural network
was used. It has been trained in the test collection of possible correct answers to the questions.
Since the set of possible correct answers to a question can not be large at the beginning of use,
which affects the performance of the network, it provides suggestions on the number of points
for the answer to the question, but the final decision is made by the teacher. The test collection
for the neural network training may be supplemented by the new answers given during the testing.
The assessment of the correctness of the answers to the fourth difficulty level questions is carried
out by the teacher, because the questions of this type belong to the creative level of cognition and
automated assessment of the answers correctness is possible only if the intelligent methods of
textual information processing are used.

In self-control mode, the user’s knowledge of the discipline is also tested, but the
adaptive model is not used. In this mode only questions of the first and second difficulty levels
are used, questions are given in a random order, it is possible to use a hint (but points in this
case will not be given); to check the correctness of the chosen answer immediately; to interrupt
testing. At the end of the test, user can get the same results report as he would in traditional
control mode.

Thus, the use of computer-based testing for knowledge assessment allows teachers to
systematize and simplify the process of knowledge assessment, while increasing
schoolchildren’s motivation for learning and reducing their stress in the control process.

[1] Borysova N.V., Melnyk K.VV. Rasch model usage for testing results assessment.
XXVII MixnaponHa HayKoBo-ipakTUyHa KoHpepeHuis “IHdopmariiiHi TeXHOJOTI:
HayKa, TEXHiKa, TeXHoJoris, ocsita, 3mopoB’ss” (MicroCAD-2019). Te3u nomosiiei.
XapkiB, 15-17Tpasus 2019). Y. 1. 3a pexa. nmpod. Cokona €.1. Xapxkis: HTY "XIII". (2019).
—-C. 14.
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MATEMATHYHE MOJAEJIOBAHHA 3A CKJIATHUX YMOB
CHHOCTEPEXXEHHA

C. BoBk

J[Hinposcoxuii nayionanerui yHieepcumem imeni Onecs I onuapa
vovk_s_m@ukr.net

CknasiHi YMOBM CIIOCTEPEKEHHS, SKI BHHHMKAKOTh 33 HASBHOCTI IIyMY HEB1JIOMOI
CTaTUCTUYHOI IPUPOJIHU, TOTYKHUX 3aBaj] Ta/ab0 panToOBUX 3MiH 3HAYEHb pOOOUYUX MMapaMeTpiB,
IOPUBOJAATH JI0 OTPUMAHHS CYTTEBO CIOTBOPEHMX W HEMOBHUX JaHMX MpO IMpeAMET
JOoCTiKeHHs. Taki YMOBHM 3HA4HO YTPYAHIOIOTH MpoIecH MOOyAoBU U Bepudikalii iHoro
MaTeMaTHYHOI MOJEl depe3 YCKIaJHEHHS NpoOJeMH Y3TO/KEHHS 3aJaHoi Mopaemni 3
OoTprUMaHUMU JaHUMH. OcTaHHE 00YMOBJICHE THM, IO 32 CKJIAJHUX YMOB CIIOCTEPEKECHHS IS
e()eKTUBHOTO Y3TOJDKEHHS MOJENI W JaHuX HEOOXiJHO, MOo-TepIle, BU3HAYUTU Ti €JIEMEHTH
OTpUMAHUX JaHMX, SKi BIANOBINAIOTH 3aJaHiii MoJeNl 3 OYIKyBAaHMMHM 3HAYEHHSIMU il
napamMeTpiB, Ta BHMKJIIOYMTH 3 MOAAJIBIIOTO PO3IJIAAY HENpPaBIONOAIOHI 3HAYEHHd, LIO
3aIUIIMINACS, a00 K 3HAYHO MMOCTa0UTH TXHIH BIUIUB 1, MO-IpyTe, BCTAHOBUTH (DAKT HASIBHOCTI
a00 BiICYTHOCTI (pparMeHTiB JaHUX, K1 BIAMOBIAIOTH IIyKaHIH MOJIEI 3 IHIIMMU 3HAYCHHSIMU
il mapameTpiB. Skimo nepina BUMora Mo>ke OyTH peaizoBaHa Ha OCHOBI poOACTHOTO MiIXOMY
[1], To nqpyra BUMOra JIMKTye HEOOXiJAHICTh MOIIYKY MEBHOT MHOKHHU OCHOBHUX JIOKAJIbHHUX
MIHIMYMIB Ha MIPOTUBAry TPAAMIIHHIN mapagurMi Teopii onTuMizailii, sika MoJsArae y mouyKy
TIIBKKA TN00aIbHOrO MiHIMyMYy UiIbOBOI (GyHKIIT [2]. IIpu 1bOMY MHOHATTS OCHOBHOTO
JIOKAJIBbHOTO MIHIMYMY MiJIsiTa€ KOHCTPYKTUBHOMY BH3HAYEHHIO Ha OCHOBI BIIACTHBOCTEU
po3B's13yBaHO1 3a1a4i Ta i 00MexeHb. Y IIoMY, Ili BAMOTH BiANOBIAAI0Th 3arabHii mpodiemi
HaJIAIITYBaHHS METO/IB MOJICTIOBAaHHS HA TIOTOYHI YMOBH CIIOCTEPEIKEHHS.

Po3B's3anHs mpoOneMu HajalITyBaHHS METOMIB MOJIENIOBaHHSA Ha IMOTOYHI YMOBH
CIIOCTEPEXKEHHS 3 METOI0 €(PEKTUBHOTO y3T0JKEHHS 3aJaHOi MOJIeIN M OTpUMaHMX JaHUX MOXKeE
OyTH 3acHOBaHE Ha KpHTepil MiHIMYMy HpoTskHOCTI [3]. BBaxkaroum nani Juist mpocTOTH
BUKJIQJICHHS MaTepiary, o € 3a/J1aH0I0 OJTHOBUMIpHA MapaMeTpudHa Mojenb S(X;0), ska Ha

PI3HUX YacTHHAX IHTEPBAYy CIIOCTEPEKEHHsT X BiAIMOBiNae oTpuMaHuM AaHUM ((X) 31 cBOiM

«IHAMBIyaTbHUMY 3HAYCHHSIM IMapaMeTrpa 0, 3amady y3ro/pKeHHS MOJEN W JTaHMX MOXKHA
chopMyIIIOBaTH y BUTJISAI 3a7a4l MyJIbTUMOIATbHOI ONTHMI3aLli:

{6, 6,, y=argminE“*P[g(x) ~s(x;6)], xeX, @)

ac
E () [f(X)]= Tw(sa‘ﬁ‘q)[f (x)]dx, )
Wga’&q) (X) _ kéa’ﬁ’q)[(l‘*‘l X/ o |Q)B/q _1] , (3)

Ta 1e {él,..., éM } € MHOXMHA OLIHOK O, U1 K01 BennurHa M € 3a3/1aneriib HeBiJJOMOIO, a
Takok ge O<a<oo, 0<qg<oo, —o<B<L it B<q, kEPD =1/[(A+] X, /| —1], X, —
Touka HOpMyBaHHs (3) Ha omuHHMIEO, T0OTO WP (x,)=1. 3rizxo 3 (1), mpomoHoBaHa

MOCTaHOBKA 3aJlayi TMOJsSirae B TOUIYKY MICIb PO3TAllyBaHHS JIOKAIbHUX MIHIMYMIB
¢dyHKIIIOHATIA KBA3IMPOTSHKHOCTI (2) y370BXk Oocl 0 , BKIIFOUAI0YH MOMIYK iX KUTbKOCTI M .
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Y 10moBiIi HATOJIOLIEHO, 1110 32 YMOB BIpHOTO BUOOPY 3HaU€Hb BIJILHHUX MapaMeTpiB O
, B, g Ta mOCTaTHIX 3a MPOTSKHICTIO IHTEPBAJIIB CIIOCTEPEKEHHS 1H/IMBIIyallbHUX 3HAUYEHb

HEBiJOMOTro mapamerpa 6 (yHKI[IOHAT KBa3IMPOTSHKHOCTI E () 3a0e3neyye OJHOYACHO SIK
JOKaTIi3aIlil0 [UX 3HA4eHb, TaK 1 €PEeKTHBHE 3Tia/pKyBaHHsA mymy. [Ipu mpomy icHye
MOJXKJIMUBICTh ampiopHOTO ab0 amocTepiopHOro BHOOPY JOMYCTUMOI 00JIacTi apryMeHTy
ib0BO1 (QYHKIIT i BiIOOPY Ha Hill OCHOBHHUX JIOKAIBHUX MiHIMYMIB. Sk mpukian, Ha puc. 1
HaBEJCHA UIIOCTpaIiss J0 Tpolecy MoOyAOoBH MOJAENi CHHYCOIHAIbHOTO CHTHATY
s(x; A) = Af (x) B yMoBax HasSBHOCTiI IMIYJIbCHOTO IIyMYy W pAanTOBOI 3MIHH aMILTITYAH
curHaiy 3i 3HaueHHs A =1 Ha 3Ha4eHHs1 A =2 TIOCEpeIHHI IHTEPBaIy CIIOCTCPEIKEHHS.
Bunno (puc. 1B), mo oTpuMaHi MiHIMYMH IUIBOBOI (YHKIIII JOCHTh TOYHO BKa3ylHOTh Ha IIi
3HAYCHHSI.

g(x) fix) E(eBa
2 2
400
1 1
-1 -1
300
2 -2
-3 -3 250
0 1 2 3 4 X 0 1 2 3 4 X 0 05 1 15 2 25 4
a 0 B

Puc. 1 — Moae/iloBaHHSI CHHYCOIIaJIbHOT0 CUTHAJY 3 HEBiIOMOK0 aMILIITYJ010: a — BXi/IHA 3aJIeKHICTh;
0 — popma Moje1i cUTHAJY; B — HJIbOBa QyHKLiA; 3HAlIeHi MIHIMYMH NO3HAYEHi KPYKKAMH.

Po3B's13aHHS HU3KK OJTHOBUMIPHHUX 33/1a4 MOJICJIIOBaHHS 3 OJJHUM JIiHIHHUM Ta 3 OJTHUM
HEJTIHIMHUM TapaMeTpoM, a TaKoXX OaraTOBUMIPHUX 3aJad 13 JEKUIbKOMa JIiHIWHUMH
napaMeTrpamMM MiATBEPAMSIO €(QEKTUBHICTh 3aCTOCYBAaHHS 3alpONOHOBAHOrO MiJXOAY 3a
CKJIQJIHUX YMOB CIIOCTEPEKEHHS, 1110 MPU3BOJATH /10 CYTTEBUX CIIOTBOPEHD JIAHUX.

[1] Huber P., Ronchetti E.M. Robust statistics. 2nd ed. Hoboken: Wiley. (2009). 370 p.

[2] Bacunber @.I1. UucneHHbIe METOMIBI PEIICHUS IKCTPeMaIbHbIX 3a1a4. M.: Hayka. (1988).
552c.

[3] Bosk C.M. Kpurepiit minimymy mpoTspkHocTi. CucTeMHI TexHoJjoril. PerioHambHHA
MIDKBY31BCbKHI 301pHHK HaykoBHX mpaiis. Bum. 1 (2019). C. 19 — 25.

MATHEMATICAL MODELING UNDER COMPLICATED
OBSERVATION CONDITIONS

S. Vovk
Oles Honchar Dnipro National University
vovk_s m@ukr.net

The problem of data modeling under complicated observation conditions is discussed.
To solve this problem, it is proposed to use the minimum-extent criterion. The proposed
approach consists in the search of main local minima in an admissible region of objective
function argument. Numerical simulations confirmed the performance of proposed approach.
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JOCJIIIKEHHA METOAIB ®OPMYBAHHSA 306PA’KEHD
BIPTYAJIBHOI'O PYXY

/. SIH4eHKo
J[Hinposcoxuil nayionaneruil yHieepcumem imeni Onecs I onuapa
diyanchen730@gmail.com

3 po3BUTKOM rpagiky 3'SIBISETHCS BEIUKUHI Kiac 3ajad, A€ MOKe OyTH 3aCTOCOBaHE
MopdipoBanie 00'exTiB 3a BUMOramu po3poOnuka mozaeni. Tyt i1 chepa MyabTHIITIKAIIL, 1
OHJIAMH-IOAATKMA 3 TPUBHMIPHOIO Bi3yanisaiiero, i irpoBa iHayctpis. Hampukiaa, cyyacHa
IHIYCTpisi KOMI'FOTEPHUX 1rOp 1 MYJbTUILTIKAIlT BUCYBAa€ BUCOKI BUMOTH JI0 PEaliCTUYHOCTI
VSBJICHHS CEPEAOBMINA, IHIMBIAyamizamii Ta aerajizamii MyJIbTHUILTIKAIIHHUX TMepCOHAXIB.
o6 peanizyBaTy 11i BAMOTH HEOOXiTHO BUKOHATH BEIMKUN 00CAT pOOIT, SIKUI B CBOIO Yepry
notpeOyoTh  3HaYHUX  BHUTpaT  pecypciB, WO  MpuU3BelAe A0  3HUKEHHSA
KOHKYPEHTOCTIPOMOXHOCTI MPOJYKTY 1 peHTa0EeTbHOCTI MIPOEKTY.

MopiHr - e miIaBHe NEpeTBOPEHHS 300pakeHHsT OJHUX 00'€KTiB B iHIII. OnHUM i3
3aB/IaHb, JI¢ YCHIIIHO 3aCTOCOBYETHCS MOP(IHT 00'€KTa, € CTBOPCHHSI IrPOBHX TIEPCOHAXKIB 3
PI3HMMHU 30BHIIIHIMU JaHUMH. [[1s1 1bOro pO3pOOHHMKY ONTHUMAlIbHO OyAe MpaioBaTu 3
0a30BUM TiJIOM, a00 SIK HOTO IIle Ha3WBAIOTh B MPO(deciiHOMY CEpeaOBHUII - «IIPUMITHBOM.
Craisiun mapameTpu it MOpQIHTY, pO3pOOHHMK OTpUMAaEe Ha BUXOMAl psA YHIKaIbHHX 32
30BHIIIHIMHU JaHUMHU OJHOTUITHHX 00'€KTIB, HAIPUKIIAJI, IrPOBHUX MEPCOHAXIB, 1 HE BUTPATHTH
3HaYHO MEHIIE YacoBHX pecypciB. llle onuH npukian 3aBnaHHs, /I YCIIIIHO 3aCTOCOBYETHCS
Mopdinr ob'exta. Lle, Tak 3BaHi, «3D - mpumipouHi». CyTs poOOTH IPOTrpaMu MOJSTAE B TOMY,
10 KOPUCTYBa4, MAlOYM IHTYITUBHO 3pO3yMiIHii iHTepdeiic, BBOIUTH MapaMeTpu CBOTO Tija,
TUM CaMHUM peJlaryroun 06a30Buil 00'€KT MijA 1HAMBIAYyaNbHI apaMeTpH, a MICs MpUMIpsie Ha
HbOTO TPUBHUMIpPHI 3arOTOBKM OJSTY, HaJaHl BIJOMMMM TOProBUMH Mapkamu. JlomaTok
JI03BOJISIE OLIHUTH 30BHIIIHIN BUIIIA] BUpoOy Oe3mocepeiHbO Ha Tijli KOPUCTYBaya, a TaKOX
niai0paTy BiAMOBITHUNA po3Mip. BukopucTanHs Takoro 10/1aTka Ha caiiTi BUpPOOHHUKA IMTiJBUILLY€E
OHJIAH-TIPO/IAXKY 1 3HAYHO MIHIMI3y€ PU3UKHU 3 TIOBEPHEHHS TOBApYy.

AKTYanbHICTh JOCHIPKEHHSI y KOHTEKCTI JaHOi pOOOTH 3yMOBJIEHA 3aCTapuIICTHIO
OporpaMMHUX 3aco0iB, II0 HE BIJMOBINAIOTH Cy4acHUM MoOTpebaM. 3apa3 iCHye BellMKa
KUIBKICTh MpOTrpaM, SIKI BUKOHYIOTh OKpeMi (yHKILIi IMpolecy, ane €IUHOI CUCTEMH, sKa
OXOIUTIOBaJIa OaraTo BapiHTIB MOpP(IHTY, JOHEJaBHA HE ICHYBaJIO. METOI0 NOCHTIKEHHS €
po3poOKa Ta peasizalii CHCTEMU F€OMETPUYHUX MEPETBOPEHb 300pakeHb Ha OCHOBI 3a/laHUX
oOracTeil BIIMOBIAHOCTI 1 KOJIIPHUX CKJIAJ0BUX.

Byna nocrasiieHa 3a1a4a CTBOpEHHS MPOTpaMu, IO peati3ye inTepdeiic 3a 3aBaanHsIM
BX1/IHUX JIaHUX JUIsl IEPETBOPEHHS 300paXKeHb 1 BUKOHYE HEOOX1JHI 00UMCIIEHHS 3 TOJAJIbIIUM
3alyMcoM pe3yabTaTy B aHiMamiiHuil ¢ain. Po3pobieHo anroputMu 3aBaaHHs obiacteit
OJIHO3HAYHMX BIJIOBIIHOCTEN 30H NEPETBOPEHD, AITOPUTM 00UHCIeHb warping 1 morphing.

[TpoekT MOXHa PO3AUTUTH Ha HACTYMHI YaCTUHH: CUCTeMa 30epiraHHs i oOpoOKu
300pakeHb, MiJICHCTEMa YCTAaHOBKM T'€OMETPHUYHUX 30H BIANOBIAHOCTEH, MaTeMaTWYHHUNA
amapaTr OO4YHCIICHb MEPETBOPEHbB, MIJICHCTEMa aHIMaIlli 3 MOXJIMBICTIO MTOOYTOBU BUXITHUX
aHIMaliiHUX QaiiniB, rpadiuHuil iHTEepdelic 3 KOPUCTYBaueM 3 MOXKIIUBICTIO peAaryBaHHS
BX1/IHUX JIaHUX 1 YOPaBIiHHAM BCiX YAaCTHH NMPOEKTy. Tak sk OCHOBOIO MPOTpaMu € pacTpoBe
300paxxeHHs1, Oyja CTBOpeHa mijcucreMa 30epiraHHs 1 oOpoOKH pacTpOBUX 300pa’keHb B
onepaTuBHii nam'sTi. OCHOBHA 17iesl MOJIsITae B MOJIaHH1 BCIX 4-X IIapiB KApTUHKHU (UEPBOHUI,
3elleHUH, CHHINM BIITIHOK Ta Tak 3BaHUM anb(da-kaHan) o0'enHaHuX B enuHe 4-if GaiiToBOE
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ysiBJIeHHA. JIJIsT OepaTUBHOTO JOCTYITY A0 OKPEMHUX TOYKaxX po3poljieHa cucTema iHaeKcarlii
PSAKIB KAPTUHKHU.

s 0OpoOku 300paxkeHh po3poOIieHa crcTeMa 30epiraHHs 30H BiAMOBITHOCTEH Y
BUTJISIAI CITKM YOTHPHKYTHHKIB. Mepexa sBiisie CO0OI0 CYKYIHICTh JIHIHHOTO MacuBy
KOOPJMHAT, 5Ki 30epiraroThCs y BUTIIAAL pamioHansHux yrcen Big 0 go 1.[1]

OpHa 3 TOJIOBHUX 3aBAaHb BCHOT'O MTPOEKTY - MOIYJISLIS IEPEXO0TY OJHOTO 300paskeHHS
B iHme (morphing). /s BUKOHAHHS MOCTABJICHOTO 3aBJAHHS OYJIO peayli3oBaHO AITOPHTM
"warping“[2], mo mepeTBOpIOE€ KAPTHHKY 3a JOMOMOIOK T'€OMETPHYHHX OlLTIHIHHHX
MIePETBOPEHD, a TAK CaMO aJIbTEPHATHBHI IEPETBOPEHHS - ad(diHHME 1 TepCEeKTUBHI. Takoxe
JUISL TIPOEKTY pO3pOOJIIeTCS CHUCTEMa CTBOPEHHS aHiMalii MmoOyJIoBH T'E€OMETPHUYHOTO
nepeTBOpeHHst 300paxkeHHs. [Iporpama 0araTomnoTOYH CTBOPIOE JAHIIOI 300pakeHb B
CTHUCIIOMY BUIJISIII 1 IPU 3aBEpUICHHI MEPETBOPEHb BUKIUKAE MPOIEC KOHCOIBHOI pOorpaMu
ffmpeg, mo koxye MOCHiAOBHICTH 300pakeHb B aHIMamiiHUK (aiin. Y mporpami JOCTYIHI
¢dopmarty Takux aHiMaIiifHKUX (aimis, Sk * .mkv i * .avi. ByB po3po0iieHuit METO | 3aXOIIICHHS
KOHCOJILHOTO BUBEACHHS 32 IOTIOMOT0I0 IMEHOBAHHUX KaHaJIB 1 CHHTAKCUYHUN pOo30ip 3amuCiB
CTaHJAPTHOTO BHUXIJHOTO MOTOKY 1 MOTOKY NOMMJIOK KOHCOM ffmpeg amnst BincTexxeHHs cTaHy
3amucH aHiMallii i BACHOBOK IIOTO CTaHY B JIiaJIOTOBE BIKHO B 1HIUKATOP CTaHY.

OTmxe mporpami peasnizyroTbes 1 ONTUMI3YIOThCA Pi3HI AITOPUTMU OUTIHIMHUX 1 aIHHUX
nepeTBopeHb. Ll mporpama Moske OyTH 3ajisHa IpU pelaryBaHHI 300pa)keHb, CTBOPEHHS
¢inpMmiB i iHIMX animanii. [IpoekT peanizoBanuii Ha MoBi C++ 3 BukopuctanasimM Windows
APL[3]

OCKUIBKM CBIT, BKIIOYAIOYM PO3BUTOK rpadiku y pi3HUX cdepax, Bech dYac
PO3BUBAETHLCS 1 MOACPHIZYETHCS, YCI KOMITaHIi MEPEXOASTh IO aBTOHOMHOCTI Ta MOJIMIIEHHIO
cBOiX mpoaykTiB. [Ipote mporecc MopdiHry € 1me Kyau nominmryBatu. Came ToMy po3pobiieHe
nporpaMHe 3a0ecredyeHHs Ma€ MOTEHIlan. 3aBAsSKH 1l MOXJIMBO 3aJOBOJIBHUTH ICHYIOY1
noTpedH MIMPOKOT0 KOJIa KOPUCTYBAUiB.

[1] Padaen C. I'oucanec, Piuapa E. Byac. «l{udposa 00podka 300paxens. Cepist: CBIT
1 poBoi 00poOku ». Tpere BuAaHHS.

[2] B.SIHmniH. «AHai3 i 00poOKa 300pakeHb: MPUHIIUIIH Ta aITOPUTMHE.

[3] Caiimon P. «Microsoft Windows API. JloBinHuk cucTeMHOro mporpamicra », 2004

THE RESEARCH ON THE METHODS OF FORMING THE
IMAGES OF VIRTUAL MOVEMENT

D. Yanchenko
Oles Honchar Dnipro National University
diyanchen730@gmail.com

The research on the methods of forming the image of virtual movement was carried out.
The algorithm "warping” aimed at the image transformation with the geometrical bilinear
transformation or the alternatives such as affine and perspective transformations was
implemented. Also, the system of the animation creation of the geometrical image
transformation is being developed for the project. For image processing, a system for storage
of correspondence zones in the form of a grid of quadrangles was developed.

The program can be used for the image editing, film creation and other animation
development.
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IHTEJEKTYAJBHA CUCTEMA MIJITPUMKM MPUIAHSTTS
PILIEHDb INEHTU®IKALIT KYJIBTYPHUX HIHHOCTEM

A. MaptuHenko, b. Mopo3, L. I'yjina
Hayionanonuit mexniunuu ynieepcumem «/[Hinpo6cvKka noaimexmika»
martynenko.andrey.a@gmail.com

Beryn. CywacHi iHdopmariiiiHi TeXHOJOTii Ta TJ00aJbHA KOMITHOTEPH3AIlis
CYCIIITIBCTBA MIIHO YBIHIIIM y BCi cdepu mroacTtBa. Takok BOHHM HaAalld MOXKIIHBICTH
BUPIIIATHU PSAJ CKJIATHUX 1 TPYJOMICTKHX 3aBJaHb OUTBII €EKTUBHO, HIXK 11e OyJIO 10 TOSIBU
rinobanpHOT Mepexi Internet 3 ii Benmukumu oOcsiramu iHGopmartii. Hanpuknan, muist pirmeHHs
3aay MOMyKy ifaeHTU(ikamii Ta aHamizy 00'€eKTiB Bce OUIBIIOI IMOMYJISPHOCTI HAOyIH
excneptHi cucremu (EC) Ta iHTeNneKkTyanbHi cucTeMu miaTpuMKH npuidHATTA pimens (ICIIIIP).
Opniero 31 cep 3acTOCYBaHHS TAKUX CUCTEM € 3aBJIaHHS 11eHTUdIKaIli] Ta aHaMi3y, JIe B IKOCTI
00'€KTiB BUCTYMAIOTh KyJIbTYpPHI I[IHHOCTI.

Kynerypai ninsocti (KL) - 06'ektin MaTepianbHOI Ta TyXOBHOI KyJIBTYpH, IO MAIOTh
XyHOXKHE, ICTOpUYHE, eTHOrpadiyHe Ta HAyKOBE 3HAUCHHS 1 IUIATAIOTh 30€peKeHHIO,
BIATBOPEHHIO Ta OXOPOHI BiIOBIIHO 0 3aKOHOAAaBCTBA YKpainu.[1]

OTxe, KyIbTypHIUMH IIIHHOCTSIMHU € PI3HOMAaHITHI 00’ €KTH Pi3HUX (OpM, CTPYKTYp Ta
MaTepiaiB 3 TAKUMHU XapaKTePUCTHUKAMU: THIT (KJ1ac), Marepiall, po3Mip, KUIbKICTh OJHHHIIb,
aBTOP, PIK CTBOPEHHS, BIACHUK, OCOOJIMBI MPUKMETH, TOLIO.

InenTudikarmis, ekcriepTrusza, MUTHA €KCIIEPTHU3a Ta PEECTPAIlisl KyIbTYPHUX IIHHOCTEH
— IIe B)KJIMBI JIAHKH B CHCTEMi OOJIIKY Ta KOHTPOJIIO 3a 30epEKEHHM I1aM’ ITOK HaIliOHAIbHOT
KYJIBTYpPH, iX IepeMillleHHIM uepe3 MUTHUI KOpAOH YKpaiHH, a TakoXK y cepi peryitoBaHHs
IPaBOBIAHOCHH PO3MOPSAHUITBA, IOB’I3aHUMH 3 HUMH MaifHOBUMHU KOMILJIEKCaMH YCiX (opM
BiacHOCTi. ExcnepTHa MisibHICTD aKTHBHO CIPHUSE HAYKOBOMY BHBUYEHHIO KYJIBTYPHHX
LIHHOCTeW — apTe(dakTiB HAI[IOHANBHOI 1CTOPIi, MaTepiaJIbHUX HOCIIB i€aiB HapOdy, a TAKOXK
cren(iyHOro TOBapy Ha CBITOBOMY PUHKY.[2]

OcHoBHuii MmartepiaJ. [IpoBenenHs i1eHTUDIKALIT KYIbTYPHUX LIHHOCTEH, SIK OJIMH 3
€TarliB eKCIEePTU3U — CKJIaJIHA CIIPaBa, 110 HE MIIa€ThCS YITKO 3a1KCOBAaHOMY (OPMATTEHOMY
ONHUCY, @ 4YacTO Ma€ EBPUCTUYHUI XapakTep 1 3alexuTh Bl MpodeciiiHoro piBHA Ta
npodeciiiHol IHTYILIT ekcriepTa.

BaxxnuBuM HanmpsIMKOM pPO3BHUTKY 1H(QOpPMAIIHHUX TEXHOJIOTIH € po3poOKa CHUCTEM,
NpPU3HAYECHUX IS MITPUMKH MPOLECiB MPUHHATTS pimieHHs. KOHKpeTHe 3acTOCyBaHHS JaHUX
CUCTEM aKTyaJbHO IiJl Yac BUPILIECHHS IIMPOKOTO KOJIa 3aB/laHb, IIOB’A3aHUX 13 KyJIbTYPHUMHU
HiHHOCTAMHU. Jlo Takux 3aBJaHb HaJEKHUTh MOIIYK 1 30epexkeHHs iHpopMalli mpo o0’ eKTH
MarepiaibHOI Ta JIYXOBHOI KYJIBTYpH, IO MalOTh XYJIOXKHE, ICTOpUYHE, eTHOrpadiuHe Ta
HayKOBE 3HauU€HHs, iX 1IeHTHU(]iKalis, OLiHKa i eKcrepTu3a.

BpaxoBytoun Ha BenuKy pizHOMaHITHICTh TUMIB 00’ €kTiB KL 1 Te 1110 BOHU MalOTh CBOIO
cneuniky, CIig 3a3HAYUTH, [0 IS KBali(iKOBAaHOrO BHM3HAYEHHS MPUHAJIEIKHOCTI
JIOCIIJKYBAHOTO 00'€KTa 10 KYyJAbTYPHHUX Ta ICTOPUYHHMX LIHHOCTEH HEOOXiTHMH (axiBellb-
MUCTEIITBO3HABENb JUII KOKHOTO OKPEMOTO BHIY IIHHOCTEH, MO HEMOXIUBO. OXHHM 3
MOKJIMBUX BapilaHTIB BUPIIICHHS Ii€]l MPOOJIEMU € CTBOPEHHS 1HTENEKTYalbHIN cucTemi
HiATPUMKH TPURHATTA pillIeHb 11eHTH(IKAIIT KyIbTYpHUX IIIHHOCTEH, sika O MicThia B o0l He
TUIbKK 0a3y JaHUX 3 BIAMIHHOIO aTpUOYTUKOIO MPEAMETIB MUCTEITBA, aje 1 Morja 6 poOuTH
BHCHOBKH TIPO CTYIIHB IIHHOCTI JOCIII)KYBaHOTO 00'€KTA.

Hanpuknan, 3 orisay Ha BeIMKY PO3MAITICTh THIIB BUPOOIB MHUCTENTBa 1 crienudiky
KOXKHOTO TUIY Uil KBaJi(hiKOBAHOI €KCHEepTH3U HEOOX1THUH (haxiBelb-MHCTEITBO3HABEIb 3

1V BeeykpaiHcbka HAYKOBO-NIPAKTHYHA KOH(pepeHIIis
«[IEPCIIEKTUBHI HAIIPSIMKH CYYACHOI EJIEKTPOHIKH, IHOOPMAIIMHUX 1
KOMIT'IOTEPHUX CUCTEM» MEICS-2019
27-29 mucromana 2019 p., Auinpo, Ykpaina


https://zakon.rada.gov.ua/laws/show/ru/1068-14/ed20130811/find?text=%CA%F3%EB%FC%F2%F3%F0%ED%B3+%F6%B3%ED%ED%EE%F1%F2%B3#w12
https://zakon.rada.gov.ua/laws/show/ru/1068-14/ed20130811/find?text=%CA%F3%EB%FC%F2%F3%F0%ED%B3+%F6%B3%ED%ED%EE%F1%F2%B3#w22
https://zakon.rada.gov.ua/laws/show/ru/1068-14/ed20130811/find?text=%CA%F3%EB%FC%F2%F3%F0%ED%B3+%F6%B3%ED%ED%EE%F1%F2%B3#w12

34 Cexuisi |. IHOOPMAIIMHI CACTEMM I TEXHOJIOTI'TI

KOKHOTO BHMJYy LIHHOCTEW, IIO0 B paMKax CIeHialbHUX CIyX0 He € MOXJIuBUM. Benuky
MIPaKTUYHY JOTIOMOTY y BUpIIIeHHI 11i€i mpo6iemu Hanano 6 crBopenns ICIIIP inenTudikarii
KyJbTYPHHUX LIHHOCTEH, sika 0 MicTuia B co0l He TUTbKK 0a3y JaHMX Ta 3HaHb, aje i Moria O
MOYJIMBICTh POOWUTH BHCHOBKM TMIPO CTYMiHb KYJIbTYpHOI ¥ I1CTOPMYHOI I[IHHOCTI
JOCJTIDKYBaHOTO 00’ €ekTa.[3]

[IpoBenenuii anamiz podIT MO JTaHOMY HANpsIMKY JO3BOJISIE 3pOOUTH BHCHOBOK, IIO,
HE3Ba)KAIOUU HA BEIMKHUNA PO3BUTOK Ta cripodu npoektyBanHs EC ta CIIIIP, Ha cboroaHinHini
JIeHb HE 1CHY€ OCTaTOYHOTO Ta BceOiuHOTO pimeHHs nmpobiaemu inentudikamii K11 3a paxyHok
BripoBapkeHHs [CIITIP. Cnix 3a3HaunTH, 1110 OyJIv ClIpOOH PillIeHHS 3a/1a4 IMO[I0HOTO THITY ajie
BOHM Oy/M By3bKOHArpasJieHi Ta OyiM BHpillIeHi Juiie yacTkoBo. Hanpukian, yactuna 3aga4d
BUpIIIyBaiach 3a JOMOMOIOI0 BUKOPUCTAaHHS TeOpii HEUITKOI MHO>KMHU, SIKa B CBOIO YEpry HE
MOXKe 3a0€3MEeYUTH BCTAHOBJICHOI SKOCTI uepe3 HU3Ky oOMexkeHb. Ha chorogHi He icHye
yHiBepcanbHoi Mojieni nooynosu ICIIITP.

[TigBuIeHHS SIKOCTI Ta €PEKTUBHOCTI PillICHHs MpakTUuyHOi 3anaui ineHTudikarii KI]
3a paxyHok BukopuctanHs ICIIIIP cTtBopenux Ha 0a3i cydyacHUX METOMAIB, MOJeEIeEH,
TEXHOJIOTI! Ta IHCTPYMEHTIB € aKTyaJIbHOIO MPAKTHIHOIO 33/1a4€HO.

3a ocTraHHI Yac BUCHUMH Ta JOCIITHUKAMH Oy 3alpOIOHOBaHi OLIbII CydacHi Ta
e eKTUBHI METOIM Ta 3aco0u ineHTHdikauii 06’ ektiB Ta moOynosu cydacHux ICIIIIP. Takox
CJIiJ] 3a3HAYMTH, IO CYYacHI PillIeHHS J03BOJIIOTH YHUKHYTH a00 3MEHIIUTH Psifl HEOJIKIB,
SKi ICHyBaJIM B TIONEPEIHIX pIlIEHHSAX. 3a OCTaHHI POKM BEIHMKOI IMOMYJSIPHOCTI Habpaio
BUKOPHUCTAHHSA TaKOTO MOTY>KHOTO 1HCTpYMEHTY sk HedponHi mepexi (HM). Ilpu domy
BuKopucTanHa HM moske OyTu 3acTOCOBaHO JAJsl po3mi3HaBaHH4, ieHTHdikawii 00’ ekTiB K1
Tak i mpu modynosi camoi ICIIIIP.

BucnoBku. [locmipkeHHs Ta po3poOKa METOJIB 1 MOJACNICH opraHizallii Ta oOpoOKH
JMaHUX 1 3HAHb B IHTENEKTYyaJbHIA CHCTEMI MIATPUMKH MPUUHSATTA pillleHb iaeHTudikarii
KYJBTYPHHX IIIHHOCTEH € B)KJIMBOIO Ta aKTYaJILHOIO 3a/1a4€lO.

[1] 3axon Vkpaiau "IIpo BHBe3eHHs, BBE3CHHs Ta IMOBEPHEHHs KYIbTYPHHUX ILIHHOCTEH",
pexxum gocrymy https://zakon.rada.gov.ua/laws/show/ru/1068-14/

[2] KanammwmkoBa O.JI. «lmeHTudikamiss Ta BapTiCHa OILIHKA KYyJIbTYPHHX I[IHHOCTEH:
Hapuansuunii nocionuk». — K.: Buma ocita, 2006. — 287 ¢

[3] VYubsuoBchka IOmisi BiktopiBHa, «Mogmeni Ta MeTonu OOpOOKM JaHUX B €IUHIN
aBTOMAaTHU30BaHIM 1HPOpMaIiHIN cUCTEMI MUTHOI ClTy>kOn», aBTOpedepar auceprarli Ha
3100yTTS HAYKOBOTO CTYNEHs KaHAMJaTa TexHIYHuX Hayk, 05.13.06 — aBTOMaTH30BaHI
CHCTEMH YIPaBJIiHHS Ta MporpecuBHi iH(opmariitHi Texnosorii, Xapkis — 2005

AN INTELLECTUAL DECISION SUPPORT SYSTEM
CULTURAL VALUES IDENTIFICATION

A. Martynenko, B. Moroz, I. Hulina
Dnipro University of Technology

The way of improving the quality and efficiency of solving the practical problem of
identifying cultural values by using an intelligent decision support system created on the basis
of modern methods, models, technologies and tools is proposed. The relevance of research and
development of methods and models of organizing and processing the data and knowledge in
the intellectual decision support system for cultural values identification is analyzed.
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BUKOPUCTAHHS ®PEVMMBOPKY Spring TA MOBH Java
JIJISI OTPUMAHHSI OB’€EKTIB 3 HEPEJISALIMHOI BA3H
JAHHUX MongoDB

O. I'yprosuii, H. MaTBeeBa
J[Hinposcoxuil nayionaneruil yHieepcumem imeni Onecs I onuapa
a.hurtovoy@gmail.com

[Ipu po3poOri mporpamHoro 3a0e3neueHHs 3aBXId HEOOXiTHO BHPINIYBaTH 3a1ady
30epiraHHs ¢aiiIiB Ta JOKYMEHTIB JJIA iX JIETKOTO BUHMAaHHSI, OTIPAIFOBAHHS Ta MOJAJIBIIOTO0
30epiranas. Jlnsg 1mporo icHye JeKiIbKa BapilaHTIB  peajizalii: BHUKOPHUCTOBYBATH
¢baiimo0OMIHHHK, 30epiraTu y BjIacHUX 0a3ax JaHUX TOIIO.

OxHuM i3 BapiaHTiB peainizaiii 30epeskeHHs (aililiB € BUKOPUCTAHHS HEPEILIIHHNX 0a3
JAHUX, OCKIJIbKM BOHHM pO3paxoBaHi came Ha 30epiranHs (ailsiiB y BUTIISA “KII0Y-3HAYCHHS .
Haii6inpm po3noBcropkeHoro He pensmiiinoro bJ] € MongoDB, sika y OUIbIIOCTI BUTIAAKIB
BUKOPHUCTOBYETHCA Ui 30€peKeHHs JOKYMEHTIB, OCKUIbKU BOHA € TOKYMEHTOOPIEHTOBAHOIO 1
30epirae daiimu y JSON-nonioHOMy dopmarti. it poboTu 3 Hero Ta (aiiyiamu, sSKi BOHA
30epirae, peanaizoBaHO 0arato pi3HUX IHCTPYMEHTIB JAJISl YHIBEpCaIbHUX MOB IIPOTrPaMyBaHHS.
OpHi€ero 3 yHIBEpCAIBHUX MOB IPOTrpaMyBaHHs € Java.

OpeliMBOPK [1st MOBH Java Spring npeacraisie co0010 Halip MPOrpaMHUX 3aC001B IS
TUX Y¥ 1HIUX 3aBAaHb. (s pobotn 3 MongoDB BukopuctoByeThCst HaOip IHCTPYMEHTIB ITi]T
Ha3Boro SpringDataMongoDB. 1ls TexHosoriss pmae ©6arato pi3HUX MOMKJIHMBOCTEH:
KOH(}irypyBaHnHsi 3a gonomororo aHotamii @Configuration abo XML-daiiny; iHTerpoBane
sicraBneHHs Mik Java POJO Ta nokymentoMm MongoDB; MOXIHBICT, BUKOPUCTAHHS KJIacy
MongoTemplate, sikuii crpollye BUKOPUCTaHHS PO3MOBCIO/KEHUX omepaunii MongoDB Tta
Ha/1a€ MOXKJIMBICTh (DOPMYBATH BJIACHI QUIBTPU AJIS MOIIYKY NOTPIOHUX TOKYMEHTiB[1].

Cawm nporniec podotu 31 SpringDataMongoDB cknamaerbest 3 3 4aCTHH: HaTAIITYBaHHS
MiIKII0YeHHS 10 0a3M JaHuWX, peaji3allis KIaciB-00’€KTiB, ki OymayThb OTpHUMYBaTHCS Ta
Binpasisatucsa 10 MongoDB, ta peanizaiiist GpyHKIIOHATY JUTsl pOOOTH 3 Ii€0 6a3010.

ITix HanamTyBaHHAM MiIKJIIOYEHHS MAa€ThCS HA yBa31 CTBOPEHHS Kilacy KOHdirypaTopa,
Jie ToTpi10HO BKa3aTH aJpecy Ta NopT 0a3u AaHUX, JIOTIH 1 Mapoib JUIsl MIIKIOYEHHS, Ta 00 €KT
knacy MongoTemplate, skuii Oyne moBepTatucsa. 3aBASKH OCTaHHROMY MH OTPHUMAEMO
MOJKJIMBICTh CTBOPIOBATH BJACHI 3alMUTH, (QUIBTPU Ta OOMpaTH BUIIIAL, Y SIKOMY OyIyTb
MOBEPTATHUCS TOKYMEHTH.

Peanizaris kmacy-o0’ekTy, 3 sSKMM Oyae MpaifoBaTH 0a3za JaHUX, CKIATAEThCS 31
cTBOopeHHs TunoBoro POJO, skuif MICTUTB OIS 3 MOTPIOHUMU TUTIAMH AaHUX. J[J15 MIATOTOBKU
po6otu 3 MongoDB Heo0XiaHO BHECTH JBI KOPEKTHUBU: HAJ] Ha3BOIO 00’ €KTa JI0JJaTH aHOTAIIII0
@Document Ta Haja MoJsIMU BKa3zaTH aHoTalio @Field, mo0 6a3a Moria 3iCTaBUTH JOKYMEHT
Ta 00’ €KT.

OyHkIioHan Ans poboTu 3 0a30i0 Mae 1Ba BUAM: SK iHTep(eHc Ta K peamizailis
CKJIaJHMUX 3anuTiB uepe3 MongoTemplate. InTepdeiic moBuHEH po3MMPIOBATH (YHKIIIOHAT
kiacy MongoRepository<T, ID>[2] Ta maTtu npuban3HO HACTYMHUN BUTI (puc. 1):

public interface NoteRepository extends MongoRepository<Mote, String»> {
Note findById(String id);

¥

Puc. 1 - Burasa intepdeiicy, sikuii po3umupioe kiac MongoRepository
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PoGora 3 k1acom MongoTemplate ckiamaeTsest 31 cTBopeHHs 00’ ekTy Query (puc. 2),
B SIKM{ HEOOX1IHO 10JIaTH MapaMeTpH [UIs MOIIYKY, Ta epeiadi bOTo 00’ €KTY 10 EK3EeMILIIPY
kiacy mogoTemplate[3].

P i b 15
= = oo Y = =1 Joa =]

Puc. 2 - Pooora 3 MongoTemplate

PesynpraTom BukoHaHHs npukiany 0yae HactynmHuit JSON-06’exT (puc.3):

Puc. 3 - Pe3ysbTaT BUKOHAHHS 3alIUTY

[1] Documentation // Spring Data MongoDB [Enektponnwuii pecypc]. Pexum moctymy:
https://docs.spring.io/spring-data/mongodb/docs/current/reference/html.

[2] Documentation //  MongoRepository [Enektponnuii pecypc]. Pexum mgoctymy:
http://docs.spring.io/spring-data/mongodb/docs/current/api/org/springframework/data/
mongodb/repository/MongoRepository.html

[3] Documentation //  MongoTemplate [Enekrponnmii pecypc]. Pexum moctymy:
https://docs.spring.io/spring-data/mongodb/docs/current/api/org/springframework/data/
mongodb/core/MongoTemplate.html

USING SPRING FRAMEWORK AND JAVA TO RETRIEVE
OBJECTS FROM A NON-RELATIONAL DATABASE
MONGODB

O. Hurtovyi, N. Matveeva
Oles Honchar Dnipro National University
a.hurtovoy@gmail.com

This article considers the use of the Spring framework and the Java programming
language for working with the non-relational database MongoDB.

Examples how SpringDataMongoDB works: setting up a database connection,
implementing object classes to be received and sent to MongoDB, and implementing
functionality to work with that database.
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METOIA ONITAUMI3ALII BA3 TAHUX
MMPOTPAMHUX CUCTEM

M. Kpagenpb
Xapxiscokutl HayioHAnbHIU YHIGEpcumem paodioeieKmpoHiKu
mykhailo.kravets@nure.ua

Onni€ero 3 ocHOBHHMX (DYHKIiH Web-momarkiB Ta iHIINX OHJIAWH-PECYPCIiB y TOMY Y
IHIIOMY BWIJISIZII € HaJlaHHS KOPUCTYBadeBl JaHUX y KOHKpPETHOMY (opmari (TEKCT, Bizeo,
aymnio, rpadika). ITo mipi 301IbIIEHHST KUTBKOCTI KOHKYPYIOUHX OHJIAH-pecypciB, mpodiema
301IbIICHHST MIBUAKOCTI OOpOOKHM Ta BHIadl JAHUX CHCTEMOIO HaOyBae Bce OuIbIIOT
AKTYaJIbHOCTI.

baza manmux (mamani BJ]) € omHiero 3 HAHOUIBIT BKIMBUX YACTHH Maibke Oyab-sKoi
MPOrpaMHOI CHCTEMH, OCKUIbKM caMe BOHA MICTHTh Yy cO001 OUIbIIy YacTUHY JaHUX, SKi
30epirae, reHepye Ta 00pobisse cuctema. Skmo mBuiaKicTe podotu B/ HE € 3am0BiNBHOTO,
piBeHb TPOAYKTUBHOCTI CHCTEMH MOXKE IaJaTh oj/pa3y 3a JIeKUIbKOMa MOKa3HUKaMH.
Hanpuknan 3a moka3HHKaMu CHOXHBAHHS TUCKOBOTO MPOCTOPY Ta OMEPATUBHOI MaM siTi, a
TaKOX MIBUAKICTIO POOOTH IMPOTPAMHOI CHCTEMH B HUIOMY. Y pa3i BHSIBJICHHS TOIOHHMX
npoOiieM 3 mponaykTuBHICTIO, BJ[ Oyme moTpeOyBatm onTuMmizamii 3ais 30epexeHHS
KOHKYPEHTOCIIPOMOXKHOCTI CHUCTeMH. Y JaHOMY BHIIQJKy PO3TJISHEMO ONTHUMI3AIli0
pemsniiinoi b/] sk roJIOBHOTO CXOBUIIA JTaHHX.

Jlig mouaTKy Mpoliecy ONTHMI3alii CliJi po3yMiTH, SKOTO came POJy ONTHUMi3allii
norpedye naHa cuctema. SIKIIO Ka3aTu Mpo amapaTHy YacTUHY, ONTHUMI3allis HaldacTimie
MPOBOUTHCS IUIIXOM 301IbIIEHHS JOCTYITHOTO JJMCKOBOTO IIPOCTOPY Ta OMEPATUBHOI ITaM SITi,
110 MOYKE€ BUKOPUCTOBYBATH CUCTEMA, aJIe Ha TAHMI MOMEHT ITUTAaHHSI 301JIbIIIEHHS JOCTYITHOTO
JUCKOBOTO MPOCTOPY CTaj0 HAMEHIN aKTyalbHUM 3aB/SKH 3HAUHOMY 30UIbIIEHHIO 00’ €MiB
JMOCTYMHUX KOPUCTYBayeBl IUCKOBUX HAKOMHYyBadiB, TOMY Ha JaHUA MOMEHT IpOCTa
amapaTHa OINTHUMI3allisl 3BOAMTHCA /10 30UTbIICHHA 00’€My ONepaTHBHOI Mam’sTi cepBepa, a
TaKOX JIIMITIB ii BAKOpUCTaHHS cepBepoM 0a3 nanux. Pozdepemo neranpHimie ontuMizanito bJ]
3a MBUJKICTIO OOpPOOKH 3aIUTIB 3a IOIIOMOT'0I0 ITPOrpaMHuX 3aco0iB. Ha qymMKy crerianicTiB
B 00J1aCTI KOHCTPYIOBaHHs 0a3 JaHMX, ICHYe TPU acHeKTH MporpaMHoi B3aemonil 3 b/l, 1o
MiJ1a0ThCsl ONTUMI3allli HalfMEHIII BUTPATHO 3 TOYKU 30pY CKJIaIHOCTI Ta yacy [1]:

1. ontumizariss SQL-3anuTiB 10 0a3u TaHUX;

2. ONTUMI3AIlIS CTPYKTYpPHU TAOJIHIIL Ta MOJIB 0a3 JaHUX;

3. onTuUMI3aIlis 1HJIEKCIB.

MOXIMBUM KJIIOYEM JO PO3B’SI3aHHS TMEpPUIOro acHekTy MO)Ke OyTH 30BHILIHS
ontumizaris SQL-3anmuTiB ans BuOopy mAaHux 10 iX BukoHaHHS 3acobamu CYBJ] [2]. 3a
JIOTIOMOT0I0  MTOJIIOHOTO IHCTPYMEHTApil0 MOXX€ BHKOHYBATHUCS MOHITOPUHI 3alMTIB Bij
KOMITOHEHTIB Web-/1o1aTky /10 0a3u JaHUX Ta BUSBJISTHCS KOHKPETHI 3alTUTH, 1110 TOTPEOYIOTh
onTuMmizarii. J[anuit MeToj Mae eKiTbKka OYeBUIHUX IEpeBar:

1. 30BHINTHIN ONTUMI3aTOP HE 3aJIEKUTH Bija THIry Ta Bepcii CYB/I;

2. BUKOPUCTOBYBAaHHS ~ 30BHINIHBOI  ONTHMIi3allii ~ BUKIIOYAaE€  HEOOXIIHICTh
BIIPOBA/KEHHSI JOJATKOBOTO KOy Y JOJATOK, 110 B CBOIO YEPr'y, IO3UTUBHO BIUIMBAE HA HOTO
apxiTeKTypy;

3. aHaJIi3 3aMMTiB MOXKE BUKOHYBATHCS y Oy/b-sKUi 9ac poooTu Web-nonatky.

OpnHak, 30BHINIHSA ONTHUMIZAIS Ma€ TaKOXK 1 PsAJ CYTTEBUX HEMOMIKIB. Y IESKHX
BUIIAJIKaxX 30BHIIIHIA ONTUMI3aTOp NOTpedye 3HAUHUX arapaTHUX PECYPCiB, OCKUIBKHU BiH cam
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Mo CyTI € IMPOrpaMHOI0 cHCcTeMOr0. JIyisi OIIBIIOCTI K BHUMNAAKIB, JOCTaTHHO BUKOPHCTATH
METOJIM MaHyanbHOro pedakTopuHry Ta ontumizamii SQL-3anuTiB, 30Kpema, MiHiMi3aIlii
KUTBKOCTI BKJIaJieHUX 3anuTiB Ta oreparopiB JOIN, 1m0 moeHy0Th AeKiIbKa TaOIUIh y paMKax
OJIHOTO 3aITUTYy.

Jlnst poGOTH 3 JOpYyruM acleKTOM OINTHUMI3allii CiIiJi BpaXOBYBaTH KOHIENTYaJIbHY
CTPYKTYpPY IIPOrpaMHOi CHCTEMH, Ha sIKii 0a3yeTbes cTpykTypa b/l, a Takok BUKOPUCTOBYBATH
HAWOUTbI epEeKTUBHI MPAKTUKH IMIOJ0 ONTHMAIBLHOTO BUKOPHUCTAaHHS TUMIB naHuX. Ciiif
nam’sITaTu, 0 HaIMipHA HOpMaJTi3allis 0a3u aHuX € 111e OUTBI IIKiTHBOO JUIS ITBUAKOCTI ii
po0OTH, HI)K HEJTOCTATHSI.

AcIeKT onTuMizallii 1HAEKCIB CIII PO3TJISHYTH JeTalbHiIIe, 00 3 BJIACHOTO JOCBITY
MO’KY 3a3HAYUTH, 1[0 caMe HaJIMIPHICTh, a00 K HeCTaya 1HJICKCiB HalJaCTilIe TPU3BOIUTH 110
PI3KOTO IMaJIiHHS IPOIYKTUBHOCTI 0a3u MaHuX. [HIAEKC € Xen-TadauIero, Mo MiCTUTh HabopH
nap KJIF0Y-3HAUYEHHS Ta MA€ CKJIAIHICTh aNropuTMy nomryky N. Lls cTpykTypa crpuse 3HAaUHOMY
3poctanHio mBUAKocTI BUkoHaHHS SELECT. Ane mpu oHOBIIGHHI MOJISI, IO 1HIEKCYETHCS, 400
K JJOJJaBaHHI HOBOTO 3aIuCy 110 Tabiwii, HeoOxiaHa mepedy1oBa iHAEKCY, IO B CBOIO Yepry
3HayHo 30inblrye yac BukoHaHHS UPDATE Tta INSERT 3amutiB y Tabmuisx, mo maroTh
HAJMIpHY KUIBKICTh 1HAEKCIB. 3BiCM MOXHa 3pOOMTH BHCHOBOK, IO 1HIEKCH HaHOUIbII
JOLIJIBHO BUKOPUCTOBYBATU y TAaOJMISX, OUIBIIICTH 3alUTIB A0 SKUX € 3alUTaMU THILY
SELECT. OmgauM 3 HalOUTBII PO3MOBCIOKCHUX METOIB ONTHUMI3allil iHJIEKCIB € aHai3
MHOXXHHHA HaOOpiB TOJIB, 32 SKMMH BHUKOHYETHCS (DIMbTpallis NaHUX TpH iX BHIydeHHI. B
pe3yabTati aHamizy (popMyeThCsi CIUCOK TIOJIB, IO MOTPEOYIOTH 1HAEK allil, MpHIoMy, Yy pasi
AKIIO YiTKa TEHJAEHLS 10 HAasABHOCTI HaiyacTillle BUKOPUCTOBYBAHUX KOMOIHAIil TOIiB
BIJICYTHS - CJIiJ] BAKOPUCTOBYBATH MEPEBAKHO MPOCTI 1HJIEKCH.

VY sIKOCTi BUCHOBKY CJIiJ 3a3HAYUTH, 1110 KO’KHA 0a3a IaHUX € YHIKaJIbHOIO CTPYKTYPOIO,
JUISL SIKOT YacTille 3a BCE MOXKYTh OyTH BUKOPHUCTaHI JaJeKO HEe BCI METOJIU ONTHUMI3allii, 110
Oynu 3ragani Buuie. [lpu neranbHOMY OISl MOTEHUIHHUX METO/IB ONTUMI3allli KOHKPETHOT
0a3u NaHWX HEOOXITHO POOMTH MOMPaBKM Ha JOLIBHICTH OKPEMHUX METOJIB, a TaKOXK
000B’SI3KOBO  BpPAaxOBYBAaTH TOTEHIIIiHE HABaHTAXEHHS Ha 0a3y Uid 3HAXOJKEHHS
ONTUMAIFHOTO Ha0Opy Mip /ISl IPUCKOPEHHS B3a€MO/IIT 3 HEO.

[1] Fowler, Martin. Patterns of enterprise application architecture. Addison-Wesley Longman
Publishing Co., Inc., 2002.
[2] CkaukoB, JImutpuii AuapeeBud. "HccriemoBaHusi MEXaHU3MOB ONTHMHU3AIMK BPEMEHH

(VINT]

OTKJIMKa BeO-mpuioxkenuit." Hayka, Texuuka u obpasosanue 6 (6) (2014).

METHODS FOR OPTIMIZING SOFTWARE SYSTEMS
DATABASES

M. Kravets
Kharkiv National University of Radioelectronics
mykhailo.kravets@nure.ua

The database is one of the most important parts of almost any software system because
it contains most of the data stored, generated and processed by the system. If the speed of the
database is not satisfactory, such database will need optimization. The most popular
optimization practices will be considered in this report.
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ETAIIA PO3POBKU JIIOAUHO-OPIEHTOBAHOI'O
AN3ANHY

M. 3akp:keBcbkuii, H. Kapnenko
Jninpoecoxuii hayionanvruti yHieepcumem imeni Onecs I onuapa
zakrzhevskii.nikolai@gmail.com

VY cydacHOMY CBITI JU3aiiH — HE TUIBKU €CTETHYHA CTOPOHA, ajie 1 ()YHKIIIOHAJIbHICTD,
3pY4YHICTb BUKOPHCTAHHS IPOAYKTY, Oyab 1€ CTiNIeIb, aBTOMOOLIb a00 Instagram. ToOTo uepes
JU3aiiH MOKHA ONTUMI3YBaTH B3a€EMOJIIIO JIFOAUHU 3 IPOYKTOM.

JIroquHO-OpiIEHTOBAHUHN JU3aH — I1€ TAX11 10 pO3POOKH PI3HUX MPOJYKTIB, SIKUW Ha
MepIIe MiCcIle CTaBUTh KOPUCTYBada 3 HOro LiJsIMU, 3aBJaHHIMH, OOMEKEHHSIMHU 1 KOHTEKCTOM
pobotu [1].

B 0CHOBI J110TMHO-OPIEHTOBAHOTO AU3aHY JIEKHUTHh IPUHIUIT — IIOTPIOHO CTBOPIOBATH
OPOAYKTH TaKUMH, SKMMU KIHIIEBI KOPUCTYBaul XouyTh ix OauutH. lle B omgHakoBiil Mipi
BIZTHOCUTBHCA 710 iHTEpQECiB caiTiB, JOJATKIB, CEPBICIB 1 IHIINX, OLTBII CKIAHUX, CUCTEM.

Cuenapii B3aemoJlii — I1e BUTa/laHa iCTOpis MpO Te, K KOPUCTYBay BUKOHYeE Aii abo
JI0CATae CBOET METH 3a JONOMOIOK MPOAYKTY. AHalli3ylouM CIeHapii B3aeMonii, aAu3aiiHep
BUBYA€ MOTHBAIII0 KOPHUCTyBada HpHU POOOTI 3 MPOAYKTOM 1 JOKYMEHTYE OCOOIMBOCTI
MOBEIIHKM KOPUCTYBAUiB.

Cuenapii B3aemonii NPUITYCKAKOTB, 110 KOpHUCTYBayi p06J1;1TL Te, IO MOXYTh, XOUYTh
abo 3BUKJIM, a HE IEPEHABYAIOTHCS 1 3MIHIOIOTH YCTAHOBIICHI MOJEJI TOBEHiHKH 3apaju
OBOJIOAIHHA (DYHKIIIOHAJIOM IEBHOTO MPOTPAaMHOTr0 MPOAYKTY. JlM3aliHepyu HE TIOBHUHHI SIBHO
3a00pOHATH 1 BKa3yBaTH, 10 POOUTH KOPHCTYBaueBi. IX 3agaua — 3pOoOUTH iHTYITUBHO
3pO3yMUIMI U3aiiH Ta MiJIITOBXHYTH 10 KOPUCTaHHS, ajleé He BKa3yBaTH. Jlu3aiiHep uepes
PO3pOOKY MU3aiiHy MPOIYKTY HAMara€ThCs 3ano0irat mpodieMaM KOPHUCTYBadiB, SIKi MOXKYTh
BUHUKHYTH I11]1 4aC BUKOPUCTAHHS TAHOTO MPOIYKTY.

Xoua B OCHOBI IU3aiiHy Jie)KaTh MOTpeOu 1 OakaHHs Jroed, MOTpiOHO OOOB'SA3KOBO
BpaxoByBaTH IHTepecH OIi3HeCy 1 TexXHIUHI OOMexeHHs. PilleHHs, $KI TEXHIYHO He
peanizoBylOThCsl 200 KOMEPIIMHO HEYCHIIIHI — MPOCTO HE MIMIYyTh 10 TOBHOIIHHOTO
pemizy [2].

YMOBHO BeCh IPOIIEC PO3POOKH JIFOJUHO-OPIEHTOBAHOTO AU3AHY MOXKHA PO3IUTUTH HA
nricth etamiB. OgHak y 6aratb0X 3 HUX € 000B'I3KOBUM OJIOK — 11€ IPOBEACHHSI AOCTIIKEHb
JUIs BUBYEHHs IMOTped Ta iHTEepeciB KOPHUCTYBauiB, iX 3BHYOK 1 yMom00aHb, AYMOK IpO
3pYYHICTh BUKOPUCTaHHSA Ta (YHKIIOHAIBHICTb. OmNMCaHUl HUXKYE MPOLEC NEMOHCTPYE
OiAX1J, NOpU SKOMY JW3ailHEpU CTBOPIOIOTH pIIIEHHS Ha OCHOBI PO3YMIHHS MOTpPed
KOpUCTYBaya, a BCl 1/1ei 1 pillleHHS NPOXOATh OOOB'A3KOBY INEPEBIPKY Ha BIAMOBIIHICTH
notpebam 1 OUiKyBaHHSIM THX JIIOJIEH, K1 OyyTh BUKOPUCTOBYBATH MPOJIYKT.

Eran 1. CnocrepeskeHHsl i BUBUYEHHS

JromuHO-OpIEHTOBAHUN NHU3ailH BHUMara€ TIMOOKOTO BHBYEHHS IUIHOBOI ayJIUTOPIi.
[ToTpiOHO 3pO3YyMITH CMOCIO MHCIEHHS TMOTEHIIIMHINX KOPUCTYBayiB, €MOIli, fKI ix
HAIPAaBIISAIOTh, 3'5ICYBaTH iXHI MPpoOeMHU Ta 60JIbOBI TOUKH, 3PO3YMITH, 1110 AJII HUX BaXKJIUBO.
Jise TOCSITHEHHSI TTOYaTKOBOI METH BHKOPHCTOBYIOTH CIIOCTEPEKEHHS 3a KOPHCTyBadaMH,
HiATPUMYIOTH 3 HUMHU KOHTAKT, TPOBOJIATH OMUTYBAaHHS Ta iHTEPB't0.

Eran 2. OcmuciieHHst i reHepyBaHHs ifeit

Ha ocHoBi orpumManoi iHpopmMarllii reHepyrThCs 171e1 1 CTBOPIOETHCS KOHIICTIITIS.

Eran 3. IlporoTrunyBanus

[IpoToTHnyBaHHs — HaWBaXJUBIIIA YacTWHA CTBOPEHHS NPOAYKTY. BoHO nae
MOJKJIMBICTh TEpPEBIPUTH [U3allH Ha peaJbHUX JoJaX. He morpiOHO poOuTH CKiIagHui
MIPOTOTHII 1 BUTPAYaTH Ha I1e 6arato pecypcis. ['00BHE 3aBIaHHS — MIBHJKO MEPEBIPUTH 1€i
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Ta OL[IHUTH iX Mpale31aTHICTh, a HE CTBOPUTH 1JI€aJIbHO MpaLoounii exzeMiuap. [lorpibno He
BpPa3HTH KOPUCTYBaya, a MPEJCTABUTH KOHIICTIIIIIO B MIPOCTIH Ta 3p03yMiJiiid Gopmi.

Eran 4. OTprimMaHHsI 3BOPOTHOIO 3B'AI3KY

Ha mpomy erami NmpoBOAMTHCS JAEMOHCTpALis MPOTOTHINB pealbHUM KOPHCTyBauam
MPOIYKTY, OO 3p03yMITH, HACKUTBKH 1/1e1 BIAMOBINAIOTh iXHIM OoTpedaM i ouikyBaHHSIM. K
pe3ynbTaT Takoi pOOOTH 3'SBISAETHCA PO3YMIHHS TOTO, YM MPABHIBHO 1HTEPIPETYBAIU
pe3ysbTaTH IOCIiKEHb, TPOBEACHUX HA IMIOYATKY.

Eran S. Po3pooxa MVP

MiHiMalnbHO KUTTE3AaTHHM poaykT (Minimum valuable product MVP [3]) — ue Taka
BepCis MPOJYKTY, KA Ma€ HAWHEOOXITHIMNKA MIHIMyM MOJIUBOCTEH, 100 TIEPEBIPUTH HOTO
KUTTE3IATHICTh HAa pUHKY. Ha iboMy eTari e Hemae 10JaTKOBUX ab0 IpyropsaHux (GyHKIIIH,
a € TUIbKHU Te, 10 CTAaHOBUTH CYTh cepBicy. I'ojoBHa miHHICTE MVP mossirae B Tomy, mo6
BUTPATUTH 30BCIM Hebaratro yacy Ta pecypciB Ha JMU3aiiH 1 MBUJIKO OTPUMATH BIATYKH BiJl
KopI/ICTyBatnB Bce ne momomoxe 3p03yM1TH IO CJIiJ TMOKpaulyBaTtu. Pyxaemocs nuisixom
MOJIMNIIEHHS] OKPEMHUX EJIEMEHTIB 1 TOCTYHOBOTO IOBEICHHS MPOAYKTY JO TOBHOLIHHOTO
¢dbyHKIIOHaTy Ta poO0YOro CTaHy.

Eran 6. ®inanbHa nopodka i peJis

[TpoBOIATECS OJATKOBI JOCIHIIKEHHS 13 3aly4eHHSM KOPHUCTYBAdiB ISl KOXHOI
iTepanii TpOAYKTYy, 00 HE BTPATUTH 3B'SI30K 3 AYAUTOPIEI0 1 HE MITH B CTOPOHY Bif
MPaBWJIbHOTO HAaNPIMKY. [10 3aBepiieHH1 po3po0KH MPOBOIUTHCS KOMIUIEKC (hiHATBHUX TECTIB,
100 MepeBipUTH Mpane3IaTHICTh 1 (YHKIIOHAIBHICTD 1 MEPEKOHATHCSA, IO MPOIYKT TiHCHO
3aJI0BOJIbHSIE TOTPEeOU KOpUCTyBayiB [1].

UYiTke BUKOHAHHS BCIX MPaBWJI 1 pEKOMEH ALl MPU po3poOIi JIFOAMHO-OPIEHTOBAHOTO
mu3aiiny He mae 100 % rapanrtii, 0 TpOAYKT OyJe 32 3aMOBUYBAHHSIM 1JICAIBHUM 3 TIO3UIIIT
3pyYHOCTI BHKOPHCTAaHHS 1 KOMEpIIHHO YCHIIIHUM 3aBASKH Opi€HTalii Ha MoTpedu
KOPHUCTYBauiB. AJie AKIIO 3HEXTYBaTH LKUM 1 COKYCyBaTHCS BHUKJIIOYHO Ha 1HHOBALisIX 1
(G yHKII10HAJ — PU3HK MPOBATUTHUCS HabaraTo Buine. ToMy 1110 pu 0JHaKOBOMY (pyHKITIOHAIT
KOpHUCTYBaul BUOMPAIOTh MPOJIYKT, SIKUM MPOCTIIIE 1 3py4HIIIEe KOPUCTYBAaTUCS — 3BUYANHO
1€ IPOJYKT, CTBOPEHUH 3 ypaxyBaHHIM iX MOTped, yCTalleHUX 3BUYOK 1 II1a0JIOHIB MOBE/IIHKH.

[1] Hinbcen 5. Be6-nu3aitn: kuura SIko6a Hinbcena / S1. Hinbcen. M.: CumBod, 2015. 512 c.

[2] Kono C. Be6-/Iu3aitn: kuura CriBa Kpyra ado "ue 3mymryiite mene gymaru!" / C. Kono.
M.: CumBoun-ITmroc, 2008. 224 c.

[3] PykoBomctBo mo co3mannto MVP win MHHMMANIbHO >KH3HECIOCOOHOTO TMPOJYKTa
[EnexTponHmii pecypcl]. Pexxum JIOCTYyMY:
https://Ipgenerator.ru/blog/2015/03/02/rukovodstvo-po-sozdaniyu-mvp-ili-minimalno-
zhiznesposobnogo-produkta/

STAGES OF DEVELOPMENT OF
THE HUMAN-CENTERED DESIGN

M. Zakrzhevskyi, N. Karpenko
Oles Honchar Dnipro National University
zakrzhevskii.nikolai@gmail.com

Human-centered design is an approach to developing different products that puts the
user first with his goals, objectives, limitations and context.

Human-centered design is based on the principle that you need to create products that
end users want to see. This applies equally to interfaces, sites, applications, services and other,
more complex, systems.
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CUTEMA MOHITOPUHI'Y CTAHY CEPLEBO-CYIAUHHOI
CUCTEMM JIIOJJMHU HA OCHOBI MATEMATHUYHOI
MOJIEJI CYMHHOI'O PYCJIA

0. CoaosiioBal, H. KizioBa?
YXapriscoruii nayionanvhuii mexuiunuii yuieepcumem «XIly
helenfilippova@yahoo.co.uk
2Xapriecoruii Hayionansruii yuieepcumem iveni B. H. Kapasina
n.kizilova@gmail.com

3aBnsAkd 30UTBIICHHIO OOYHMCIIOBAIBHUX IMOTY)KHOCTEH CY4aCHHUX KOMITIOTEPHHUX
CUCTEM, PO3BUTKY HOBUX TEXHOJIOTIH, MiAXOJIB JO MEAMYHOI JiarHOCTUKH Ta TUIAHYBaHHS
JTIKYBaHHS OTpUMajia pO3BUTOK iHAMBIAyaizoBana (patient-specific) MmeauimHa, 1o 6a3yeTbes
Ha OararopiBHEBUX MAaTEMaTHYHUX MOJEISIX CEpPUEBO-CYAMHHOI CHCTEMH JIIOJUHH, 3
BUKOPUCTAHHSM aBTOMATH30BaHOTO aHAII3y MEIMYHUX JTaHUX.

Y poboti mpencraBieHa CTPYKTypa HOBOI CHUCTEMH MOHITOPUHTY CTaHy CEpIEBO-
CYIMHHOI CHCTEMH JIIOJIMHU Ha OCHOBI T€OMETPUYHOI 1 OiOMEXaHIYHOI MOJIeNIel CyTMHHOTO
pyciia sSiKk po3rally’K€HOTo JiepeBa aprepiil. ['eomerpryHa MOJEb OCHOBaHA Ha pPe3yJbTaTax
JICTJIBHUX postmortem opening BUMIPIOBaHHAX IOBXHMH Lj Ta JiamMeTpiB dj CHCTEMHHMX

(mo3aopranHux) aprepiii Ha 5 Tinax (Bik 38-62 pokis (521 9), 3pict 155-177 cm (169 £ 7) [1],
a TaKOX Ha 3JIMKax BHYTPIIIHIX OpraHiB i M'sA3iB, 3a JaHUMH SKuUX Oyna chopmoBaHa Oasza
nanux bJ[1. 3Baxkaroun Ha iHAMBIAyaTbHI 0COOIUBOCTI T€OMETPIi apTepiaJbHUX PyCel B PI3HUX
3pazkax Oyno BumipsHo 870-1027 aprepianbHUX CETMEHTIB MO3a0praHHUX aptepiil. s
BHYTPiOPTaHHMX PyCell Ha MIACTUKOBHX 3IIMKax Oy BUMipsaHi mapameTpu mins >10% aprepiif,
BKIIIOUaI0Yu cerMeHTH 3 aiamerpamu d*=0.1 mm [1].

B Xozi CTAaTHCTHYHOrO aHami3y OynM BHABJIEHi cTaTHcTHyHO 3Hauymi (R2>0.87)
3aJIEKHOCTI MDK JllaMeTpaMu apTepiil B Oipypkamisx 1 TpudypKalisx, MK JOBXKHUHOIO 1
JiaMeTpaMu, KOpensilii JOBXKUH BiAMOBITHIUX CETMEHTIB, HOPMOBAHUX Ha 3pICT 1HAUBIIA, 1110
JI03BOJISE 32 pe3ysbTaTaMU BUMIPIOBaHb JllaMeTpa KUBWJIBHOI apTepii BHYTPILIIHBOTO OpraHy
BIJTHOBUTH HOT0 apTepiajibHE pYyCIIo, BKIIOYAKOUX CYJIUHHU 3 Jiamerpamu d* [2].

[IngxoM ycepeaHEHHS NaHMX BHMIpIOBaHb Oyla oTpuMmaHa 1 3aHeceHa B bJ[1
yCepeIHEeHa TeOMETPUYHA MOJIENTb CHCTEMHOTO JIEPEBa, 110 MICTUTh 970 TpyOOK, 110 T03BOJIsIE
IPOBOJUTH NEPEPaxXyHKU apaMeTpiB BCiX TPYOOK /151 KOHKPETHOTO Malli€HTA.

JliamMeTpu 1 JOBKMHHU CUCTEMHUX apTepiH 1 KUBIUUX apTepiil BHYTPILIHIX opraHiB (67
CErMEHTIB) TaKO Oy BUMIpSHI Ha 5 310poBUX BosIoHTepax (Bik 18-42 pokis (31 £ 10), 3pict
155-177 cm (168 £ 5)) [3]. Bumipsini 3HaueHHs Oy 3aHeceHi B 6a3y nanux bJ[2 1 Bukopucrani
JUIsL BIHOBJIEHHS MIOBHMX MOJIeNe apTepialbHUX pycel Yy BOJOHTEpIB Ha MiJCTaBl
ycepennenoi mozem 3 bJ[1 3a monmomororo Mmaremarnunoi mozeni. Ctatuctuunuit anami3z bJ12
BUSIBUB 3aJI€KHOCTI L i (d J-) Ta MDK 3HAa4YEeHHSIMH d i B OidypKallisx aHAIOTIYHI BIAMOBITHUM 3
BA1 [3].

MaremaTruHa MOJIENIb B JJaHI cHCTEMi MOHITOPUHTY 0a3yeTbcs Ha MOAel YomMepcii
JUIST OCECUMMETPHYHOTO PO3MOBCIO/KEHHS XBIJIb B 3allOBHEHUX DPIIMHOIO TPyOKax  JuIs
PO3paxyHKIiB XBWIb BUTPAT Q; Ta TUCKIB P, B KOXHiW TpyOuis. Ha Gipypkaiisx TpyOok

PO3TISAAI0ThS YMOBU HETIEPEPEBHOCTI TUCKY 1 BUTpaTH piuHu. Ha BX0/1 B cuctemy 3a/1a€ThCst
KpHBa THCKY P(t), 10 reHepyeThCs IPU CKOPOUYEHHI CEpIIeBOr0 M'si3a, a Ha BIAKPUTUX KIHIISIX
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TpyOOK MOJIEN 33]a€ThCS PO3MOILT KOS(IMIEHTIB BIIOUTTS XBUIb G j= Gﬁ + iGé’ , JilficHa Gé
Ta YSIBHa Gg YaCTUHHU KOTpI/IX BiI[HOBiIIaIOTB p€3I/ICTI/IBHI/IM Ta €MHiCHI/IM BJIACTUBOCTAMU

MIKPOLIUPKYJSITOPHUX pycesl. Di3MYHI IapamMeTpu CTIHOK CYAWH OTPUMaHi 3a JOIMOMOTOI0
CTATUCTUYHUX allPOKCIMAIlii, a JIIsi KpOBI MOXKYTh OyTH BUMIpsiHI O0e3mocepeIHbO Ha MOPITii
KpOBI iHAMBIA.

Pimennst y BUDIISLAL poO3mOJLTY {Pj (tr,x),Vj(tr, x)} y KOXHIA 3 TpyOOK Moei
LIYKAETBCS y BUIIISA/L CYMH [aJ1ai0401 1 BIIOMTUX XBUIIb. Benmuunuyn G po3paxoByBanucs Juis

KOXKHOI 3 TepMiHAJILHUX TPYOOK 5K a7 in vitro moaeni 1000 Tpy6ox, Tak i in vivo mozeni 67
TpyOOK, Ha MiACTaBi ycepeIHEHOI reoMeTpii pycesn BHYTpIIIHIX oprasiB i m's3iB 3 BJ1 i1
CTATUCTUYHUX 3aJIeXKHOCTEH 3 [ 1]. Byma mpoBenena Basialtiss MaTeMaTUIHOT MOJIE1 JIJIS IT'SITH
reoMeTpuaHuX Mojeneit 3 b/I2 1 Kopekilist 3HaYeHb PEOJIOTIYHHUX ITapaMeTpiB MOJIEIICH.

[IpencraBiena B cUCTeMi MOHITOPUHTY OloMEXaHIYHA MOJEIh € HAWITOBHIIIOK Ha
CHOTOJIHIIIHINA JIeHb Ta JO3BOJISI€ MPOBOJUTH YHCENbHI PO3PAaXyHKH THCKIB 1 IIBHAKOCTEH
KPOBOTOKY B KOXKHOI aprepii, 30epiratu iHpopmarito B 0a3i JaHUX, aHATI3yBaTH PO3MOILI
00’eMIB KpOBi Ta HIBUIKOCTEH KPOBOTOKY, PO3paxOBYBaTH BaXKJIMBI IarHOCTUYHI 1HJEKCH,
BUSIBJIATH MOPYILICHHS 1 IJIaHYBaTH Xipyprivxi omnepariii in silico.

[1] 3enun O.K., I'ycak B.K., Kupsskymnos I'.C. AprepuaibHasi cucTeMa 4eaoBeka B udpax u
dopmynax. Jonenk. (2002). 198c.

[2] Zenin O.K., Kizilova N.N., Philippova E.N. Studies on the Structure of Human Coronary
Vasculature. Biophysics. Vol.52. No. 5(2007). P.499-503.

[3] Kizilova N., Philippova H., Zenin O. A realistic model of human arterial system: blood flow
distribution, pulse wave propagation and modeling of pathology. Mechanics in Medicine.
Vol.10. Korzynskiego M., Cwanka J. (eds). Rzeszow. (2010). P.103-118.

A SYSTEM FOR MONITORING THE STATE OF HUMAN
CARDIOVASCULAR SYSTEM BASED ON THE
MATHEMATICAL MODEL OF VASCULAR BED
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helenfilippova@yahoo.co.uk
2\/. N. Karazin Kharkiv National University
n.kizilova@gmail.com

The structure of a new system for monitoring the state of the human cardiovascular
system based on geometric and biomechanical models of the vascular bed as a branching tree
of arteries is presented. The tree geometry was obtained by averaging the data of postmortem
measurements on five bodies, a statistical analysis of the patterns of the structure of vascular
trees, and a new technique for generating an individual tree for a particular patient by
performing several in vivo measurements. The developed biomechanical model allows
numerical calculations of pressures and blood flow velocities in each artery, storing information
in a database, analyzing the distribution of blood volumes, calculating important diagnostic
indices, identifying pathologies and planning surgical operations in silico.
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BUKOPUCTAHHS IHTEPAKTUBHUX ITPOI'PAMHHUX
CHUCTEM J1JI51 HABUAHHSA OCHOBAM KOMIT’FOTEPHOI1
KPUIITOI' PA®II

JI. CiBuos
J[Hinposcoxuii nayionaneruu yHieepcumem imeni Onecs I onuapa
sdp31415.gmail.com

CywyacHa komm’roTepHa Kpumrtorpadis 3abesmeuye iHopmaliiiHy  Oe3neky
KOMIT IOTEPHHUX CHUCTEM 1 MEepeX B YacTHHI KOH(IACHLINAHICTI, aBTEHTH}IKAIil yJaCHHUKIB
iHpopManiliHoro oOMiHy, MepeBipka aBTEHTHYHOCTI (LITICHOCTI 1 aBTOPCTBA) €IEKTPOHHHUX
JIOKYMEHTIB, 0€3MeKy MapoJbHOIO 3aXMCTy, @ TAKOXK BUKOPHCTAHHS 3aXUILEHUX HMPOTOKOJIIB
pI3HOrO0 LIIBOBOrO MpH3HAuYeHHS (MEPEXHOro TojiocyBaHHs, Touo). Komm’roTepHa
Kpunrorpadist € CTpyKTypOYTBOPIOIOYOIO CKJIaI0BY 1H(POpMAaLiiHOT O€3MeKH KOMIT IOTEPHHIX
CHCTEM 1 MEPEXK.

Komo oci0, uns aisiapHICTE NMPsMO ab0 OMOCEPEAKOBAHO TMOB’s3aHa 3 KOMIT IOTEPHOIO
Kpunrorpadicro ayxe IIUPOKE 1 OXOIUIIE 0ci0 Bix MpodecioHaTbHUX KPUOTONOTIB 1
cremiaiicTiB 3 iHpoOpMaLiifHOT 6e3MeKH A0 PSATOBUX KOPUCTYBAUiB MPUKIATHUX MPOTPAMHHUX
cucreM. Jlo npukiany, BCl KOpUCTyBaul KJIIEHTCHKHUX IIPOrpaM JAep>KaBHOI CUCTEMH MOAATKOBOL
3BITHOCTI YKpaiHM CTHKAIOTHhCA 3 TAaKUMH KPUNTOrpadiqyHUMHU TOHSATTAMHU SK 3aKpPHUTI Ta
BIZIKpHTI KITFOYi, HUGPOBI cepTudikaTH, MUPpyBaHH, TUPPOBHHA MiAMHUC 1 TOXIAHI BiJl HUX
HOHSATTSL.

Teopetnuna B mpakTUYHA MIATOTOBKA 3 KOMII'FOTEPHOI Kpunrorpadii Ttemep €
HEOOXIJTHOIO CKJIAJIOBOIO MIJATOTOBKM YCIiX KaTeropid ocid B ramysi 3axucry iHdopmarii B
KOMIT FOTEPHUX cucTeMax 1 Mepexax. O0’eM 3HaHb 1 yMiHb. 1II0 HA/IAIOTHCS NPU HABYAHHI JUIs
pI3HUX KaTeropiii oci® BiJIPi3HAIOTHCS, aje MpH IIbOMY IOJOBHUM 3arajlbHUM MPUHIUIIOM €
dbopMyBaHHS po3yMiHHA KpUNTOrpadiyHUX TEXHOJOT1H. be3 Takoro po3yMiHHS HisIK HE MOXKHA
rapaHTyBaTH MPaBUJIBHICTh TEXHIYHUX PILLIEHb 110710 BUOOPY, 3aCTOCYBAHHS 1, HACAMKIHEIb,
pO3po0KH 3ac001B KpUIITOrpaiYHOTO 3aXUCTY.

OcobnuBa yBara 70 IbOT0 MPUHIAITY 00YMOBJIEHA TAKHMH OOCTaBHHAMHU.

1. Teopist HECUMETPUYHUX AITOPUTMIB NOTPeOye BiA 0cCi0, 10 HABYAIOTHCS, HAPUKJIIA]]
CTYZAEHTIB 3a crneuiaibHicTio 123 "Komm’toTepHa iHxeHepid", abo 3a iHIIOI, COpiAHEHOT 3
HElo, O0I3HAHOCTI B TaKWX pO3AUIaX MaTeMaTHKU SK apudmeTvka B Kiacax 3aJIMIIKIB,
anredpaidHi CTPYKTYPH, HE KaXKy4H BXKE MPO eNNTUYHI KpUBI. AJie 1151 0013HaHICTh MPAKTUYHO
BIJICYTHsI HaBITh Ha MOYAaTKOBOMY DiBHI.

2. PeanpHa mporpaMHa peajizalii HECHMMETPUYHHX KPUNTOAJITOPUTMIB MOTpedye
IPOTPaMHOI peaizarii onepariii 3 YrcIamMu, BEJTHUKOI pO3PSTHOCTI, TOBKUHA SIKUX HAOazamo
NEepEeBUIIY€E TOBKUHY MAIIMHHOTO cJI0Ba. TOMy MporpaMyBaHHSI HECUMETPUYHHUX AJITOPUTMIB
norpedye NpOrpaMyBaHHS TaKOX CHEHMU(PIUHUX JOMOMDKHHX QJITOPUTMIB MHOMKECHHS,
M1JJHECEHHSI 10 CTYTEHI0, O0UMCIICHHS 3aJTUIIKIB 32 MOJIyJIEM, TOIIO. Taki anropuT™MH, 3 OTJISAY
Ha X crenu@iyHICTh B 3araJIbHUX Kypcax MporpaMyBaHHs TaK0X HE PO3TJIsIal0ThCS.

3. HeoOXiHICTh BIEBHEHOTO0 PO3yMIHHS HECUMETpHUYHOi Kpuntorpadii oOymMoBIeHa
TUM, L0 B i€epapxiyHOMY MoOyAyBaHHI 1H(GOpMaIiiiHOI Oe3reku BOHA 3aliMae BH3HayallbHE
Mmicue. A came, Taki XapaKTepUCTHKH 1HQOpMaliiiHOi Oe3neku sK, KOH(IAECHLIHHICT,
TICHICTh, aBTEeHTHU(iKaLlisA, B 3a0€3MeuyeThcsi CUMETPUYHOIO KpHnTorpadieto; Oe3nexa camoi
cuMmeTpuyHoi Kpunrtorpagii 3abe3nedyeTrbcs 3axHUIIEHUM OOMIHOM MU PYBaIbHUMU
KIIFOYaMH; 3aXHCT KIIFOYOBOTO OOMIHY 3a0e3medye HecMMeTpuuHa Kpumnrorpadis; Oesmeka
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BIIKPUTHX KJIIOYIB HeCMMeTpu4HOoi Kpunrtorpadii 3abesmeuyerbcsi cepTHdIKaTamH,
HEMIiIPOOHICTh SIKUX 3a0€3MEeUyeEThCS CaMOI0 K HECHMETPUYHOK KpunTorpadieto. Tomy
OMHHYTH HAroJIOUIeHi BHIE 0OCTaBUHH NMPHHIMIIOBO HE MOXKHA, 1HAKIIIE HABYAHHS HE Oyxe
pe3yIbTaTUBHUM B IUIaHI PO3YMiHHS KPUNTOTPaiuHUX TEXHOJOTIH.

Buxonsuu 3 1poro, mpu BHBYEHI KOMII IOTEpPHOI KpunTorpadii 1 B mepuly uepry
HECHUMETPUYHOI, Ui KOKHOTO 3MICTOBHOTO PO3/UTYy AOLIIBHO 3aCTOCOBYBATH TaKy CXEMY:
"OTpHMaB TEOPETUYHI BiZIOMOCTI — IEPEBIPHB 1 IEPEKOHABCS — POSKCIIEPUMEHTYBAB — 3pOOHB
BHUCHOBKH — 3p03yMiB". Taka cxema € eheKTUBHOIO 32 HABHOCTI HAJIC)KHOI 1HCTPYMEHTAJIbHOT
nporpaMHoi miaaTgopMmu, sfKa JO3BOJII€E BUKOHYBATHU MEPEBIPKY Ta EKCIIEPUMEHTYBaHHS B
IHTEPaKTUBHOMY PEXKHMI.

TemaTnynuii aHami3 iCHyrouux iH(GOpPMAIIHHUX PECypCiB MOKa3aB, MO0 B SKOCTI TaKoOi
maTdopm 00MparoTh mporpaMHui cucremu Maple [1,2 ta iH.] a6o Mathemanica [3]. Bonn xoua
U MalOTh MOBHI 3acO0M MpPOLEAYPHO — OPIEHTOBAHOTO MpPOrpaMyBaHHS, ajié HE MaloTh
KOMITUISATOPIB, TOOTO B HUX OKpeMi KOMaHIH, QYHKIi, MPOIEeIypH BUKOHYIOTHCS B PEXKUMI
iHTEeprpeTalii BMICTy BChOro ab0 uacTHHH pobodoro apkyma. Came 1e 1 3abesnedye
HEOOX1THUI IHTEPAKTUBHUHN PEKUM HaBYAHHS B pealIbHOMY Yaci, To0To "cripoOyBaB — ojpasy
K oTpuMaB pe3yiabTar’. OKpiM IbOro, BKa3aHI CUCTEMH MAalOTh BOymOBaHI (QYyHKIIIT
apudMeTUKd B Kjacax 3ajJMINKIB Ta MaHIMyIOBaHHS anreOpaiyHuMu 00’ €KTaMu 1
CTPYKTYPaMH a TaKOK €(EKTUBHI aITOPUTMH POOOTH 3 YUCIAMH JTOBUTEHOI PO3PSIHOCTI.

[TpakTH4HI JOCHTIIKSHHS JOBEJH, 110 OUTBII e(h)eKTHBHOIO MPOTPAMHOIO TUIATHOPMOIO €
cuctema nporpamyBanHsa Python. Takox sk i Maple abo Mathemanica, Python miatpumye
IHTEPaKTUBHUI PEKUM HaBUAHHS 3aBISKU TOMY, 10 00’€KTHO — OpPI€HTOBaHI CIeHapii, AKi
BUKOHYIOTBCS B iHTErpoBaHOMY cepenoBuiii po3pooku (IDLE) e noTpeOyroTh KoMl Ta
3B’s3yBaHHs, K BuUXiAHI kogu MoB C, C++, Java i1 1.n. Python takox mo3Boisie poOoty 3
YHCcIIaMU JOCTAaTHBOT 1711 HECUMETPUYHOI Kpuntorpadii po3psIHOCTI, a OKPIM TOTO, Ha BIAMIHY
Bl Maple Tta Mathemanica Mae 3Ha4HO TOTYXHIII (YHKIII 1 MeTOAM IJIsi POOOTH 3
CHUMBOJIPHUMHU PSAKAMH, CITUCKAMH, CIIOBHHKaM{, MHOKMHAMH, IO BEJIBMU KOPHCHO IS
€KCIIEPUMEHTIB 3 AITOPUTMAMHU K CHMETPUYHOI TaK 1 HECCUMETPUYHOI KpunTorpadii.

Buxonsuun 3 1mporo, came Ha miatdgopmi Python Oymno cTtBOopeHo mpakTukym 3
KOMII I0TepHOT Kpunrorpadii 1 ctyaeHTiB cnenianbHocTi 123 "Komm rorepHa inxkeHepis".

[1] A. Baliga and S., Boztas Cryptography in the Classroom using Maple [EnextponHwuii
pecypce]. Pexxum noctymy: http://www.any2any.org/EP/2001/ATCMP216/fullpaper.pdf .

[2] José Luis Gomez Pardo. Introduction to Cryptography with Maple. Berlin Heidelberg:
Springer—Verlag. (2013). 705 p.

[3] Tunbopr Bam X.K.A. OcHoBbl Kkpunrojoruu. I[IpodeccroHanbHOE PYKOBOACTBO U
UHTEpaKkTUBHBIN yueOHUK. M.: Mup. (2006). ctp. 471.

USE OF INTERACTIVE SOFTWARE SYSTEMS FOR
TRAINING THE BASICS OF COMPUTER CRYPTOGRAPHY

D. Sivtsov
Oles HoncharDnipro National University
sdp31415.gmail.com

The features of studying the basics of computer cryptography and software systems
necessary for implementing the principle of interactive learning are discussed. It is proposed
use the Phyton scripting language.
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NHOOPMAIIMOHHAA MOAEJb MHOI'O®A3HOI'O
OBCJIY KNUBAHUA 3AABOK

H. Oxcanny, U. IlleBuenko
Kpemenuyeckuii nayuonanvhulil ynusepcumem umenu Muxauna Ocmpozpaockoeo
oksirena2017@gmail.com

ABTomaru3zanusi OW3HEC-TIPOIIECCOB B OPraHU3allMOHHO-TEXHUYECKUX CHCTeMax
(OTC), rie mpoUCXOANT COBMECTHOE BBIITOJIHEHNE OU3HEC-OTEPAIU YeTIOBEKOM-0IIEPATOPOM
(h-arentom) u b-arenTom (00TOM), pOXKIACT MPOOJIEMY CTATHYECKOIO W JHHAMHYECKOTO
MOJIEJIMPOBAHUS OIEPALIMOHHOTO IPOCTPAHCTBA, B KOTOPOM COYETAIOTCS OM3HEC-TIPOLECCHI
(BIT), Owusnec-onmepammu (bO) wu aBromatm3upoBaHHbie pabounme wmecta (APM).
MonenupoBanue BI1 00bYHO MPOBOAUTCS MPH MOMOIIM M3BECTHBIX IpapuuecKux HOTAIUM,
takux kak DFD, IDEFO0, IDEF3 [1]. OTu MeTOn0JIOTHH OPHUEHTHUPOBAHBI HA AHAJUTHUKOB,
paboraromux Haj peurkunupuHroMm bII. TlepeuncneHHsie HOTaMU HE COOTBETCTBYET
TpeOOBaHUSIM MaTeMaTudeckoil (opManau3anuu, HeoOXOIUMOM Ui CTPOTOro OIMUCAHUS
oneparmonHoro npocrpanctBa OTC. IpennoxkenHsii B padoTe [2] mMoaxoa, MOASIHPOBATh
OM3HEC-TIPOIIECCHl C  HWCIOJB30BAHUEM IKYPHAJIOB COOBITHM  TOJBKO MOJTBEPKIACT
AKTyaJIbHOCTh 3TOT0 BOIIPOCA.

B pabore [3] onucsiBaloTCA CTPYKTYphl MYJIbTHAr€HTHBIX CUCTEM, OPUEHTUPOBAHHBIX
Ha BBINOJHEHNE OM3HEC-TPOIIECCOB, OJTHAKO B yKa3aHHOM paboTe TakkKe HeT MaTeMaTHYeCKUX
MoJIeJIeH, TTO3BOJIAIOIINX CBA3aTh MHOKECTBO IIPOLIECCOB MHOTO()a3HOro OOCIYKMBAaHUS Ha
MHO)kecTBe APM ¢ yderomM HEOOXOIMMOCTM MOHMTOPHUHIAa W ONTHUMH3aLUU JaHHBIX
MIPOLIECCOB.

Kpome Toro, moctpoenme cucrembl B3auMocBsi3aHHbIX BO Ha wmHOXecTBe bII
OCJIOXKHsIeTCs TeM, uTo Kaxaas bO sBusercs dacteto onHoro u3 bBII. Dto Tpebyer
PacCMOTPEHHsI COBOKYIHOI'O OIEPAlMOHHOTO INPOCTPAHCTBA M aJEKBATHOIO MOJIEIBHOIO
OTOOpaXeHUsI U COTIIACOBAHUS JUHAMUKYU MPOUCXOAIIUX [TPOLIECCOB.

Pazpabotaem craTHuecKyro HH)OPMAIIMOHHYIO MOJIENIb MHOT0(a3HOTo 00CITyKUBaHUS
3asiBOK, OCHOBAHHYI0 Ha MaTpU4YHOM onucaHuu. JlaHHas Mojenb JOKHAa OToOpakaTh
CTaTMUYECKHE CBSA3H (OTHOLICHMSI) MEX1y 00beKTaMH onepannoHHoro rnpocrpanctsa OTC.

WNudopmannonnyro Mmozaens b1 onumem BoipakeHneM

BPw=<SMap, AM, LM(t), B(t), TM, EC, CM, PEM, RAM, LCE>, 1)

rae SMgp — rnaBHas matpuia ¢popmanuzoBanHoro onucanus BII. Kaxmas ctpoka marpuiisi
cooTBeTcTBYyeT omHomy drtamy BII, To ects, BO. Kaxapiii cronber; HecéT naHHBIE TPO
MuKpoonepauuy, Bxogamue B bO, a Taxke HopMmy BpeMeHu BbinmonHeHus bO, oTrmeTkun
BBITIOJIHEHHSI, PE3yJAbTaT KOHTPOJISI TI0O BPEMEHH, ajpeca Imojydareneit cooOmeHui. Takum
o0pa3om, Kakaas CTpoka MaTpuiibl SMpp coziepkuT dpopmanuzoBanHoe onucanue bO;

AM — (adjacency matrix) kBagpaTHasi MaTpHIIa CMEKHOCTH rpada BeinosHenus bI1, rie
KaXJas CTpOKa yKa3bIBa€T Ha MEPEXOo/bl K MapajeiuibHO BhIMoJHIeMbIM BO. MHnekcamms
MaTpuibl cooTBeTcTByeT MHAekcarmu bO — i=1..1; Pasnocte mMatpun cmexxHocT nByX BIT
ITOKa3bIBAET CTENEHb CXOCTBA IIPOLIECCOB HA IEPBOM AITOPUTMUYECKOM YPOBHE;

E(t) — marpuiia BBIMOJHEHHUS, YCTaHABIMBAET B3aUMOCBS3b MEKIY MEPEMCHHBIMH,
oTHocsimmmucs K APM, u mepemenHeiMu, oTHocammumucs k BII (BO). Kaxnas crpoka
MaTpullbl ¢ uHAEKCOM I=1...R CcOOTBETCTByeT HOMepYy 3asBKM Ha OOCIyKHBAaHHUE II0
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BeimosiHeHNI0 bO. Kaxnaerii crombenr ¢ wmHmekcom N=1...N COOTBETCTBYeT HOMEPY
¢ynkunonansHoro y3na (APM). K nomepy crpoku I mpussizansl Homepa bII u BO. 3nauenue
0 o3nauvaet, yTo AaHHasg bO He BBINOJHAETCS HAa JTaHHOM y3Jje; 3HadeHus 1,2,3... 03Ha4aroT
HOMEp B OUYepeH K y3iy; 1 — unet o0padoTKa 3asBKH,

B(t) — marpuna-ctpoka i cOopa ¥ (QHKCAlMK JaHHBIX MPO OKOHYAHHS BPEMEHH
00paboOTKH 3asIBOK Ha y3J1aX; MHJIEKCOM B JIAHHOW CTPOKE CIY>KHT N — HOMep APM.

TM — marpuna HopMm BpemeHu obpabotku Bcex BO Ha Bcex y3max. Kaxknmas ctpoka
CcoO0TBeTCTBYET HOMepY 1 BO, kax st cronbden — Homepy N APM;

EC — marpuna croumoctu BbinoiHenuss bO Ha cymecTByromux (pyHKIMOHATBHBIX
y3nax. Kaxnas crpoka cootrBeTcTBYyeT HOMepy 1 BO, kaxaplii ctonber — Homepy N APM;

CD — marpuna nensl 3aaepxkek bO mo Bcem akryansHbiM bBII. Kaxnas crpoka
cootBeTcTBYeT HOMepY 1 BO, kaxpiii cronbder — Homepy j bIT;

CM — marpuna komiereHIuil — aneMeHTl CM coaepkaT BEpPOSITHOCTH YCHEIIHOTO U
CBOEBPEMEHHOTO BhINOIHEHUS i-if BO Ha N-M APM.

Kpome mepeuncneHHBIX MaTpull NpH aHamm3e (PQPEKTUBHOCTH BBINOJIHEHUS OW3HEC-
MPOLIECCOB  MCIONB3YIOTCS TAONUIBl, COAEp)KAIllMe 3HAUYEHHs [EePBUYHBIX IOKa3arenei
3¢ (HEeKTUBHOCTH.

Takum 00pa3oMm, 3TO TO3BOJMT YCOBEPIICHCTBOBATh WH(MOPMAIMOHHYIO MOJEIb
MHOroa3HOTO  OOCIYyXMBaHUSI ~ OM3HEC-TIpOLIeCCOB M Ou3Hec-omepanuid, KoTopas
IpeJICTaBlIeHa B BUJE (OPMAIBHOIO TEOPETUKO-MHOKECTBEHHOT'O OIIMCAHUS C OTOOPAKEHUEM
CBsi3ell OM3HEC-TIPOLIeCCOB W OWM3HEC-ONEpaluil pa3iIHYHBIX KJIACCOB B COBMECTHOM
OMEpAIMOHHOM TPOCTPAHCTBE, YTO [JAeT BO3MOXHOCTh TIIOCTPOCHUS  aJIEKBATHOTO
O0TOOpaXEHUsI U COTIIACOBAHUS JUHAMUKU CMEHbI COCTOSIHMM MHOXKECTBAa OM3HEC-TIPOLIECCOB U
OM3HEC-OIepaIyii.

[1] dpozmos A., Konrrenos A. Mcmonb30BaHue CPEACTB OMUCAHUS MPOLIECCOB MPH BHEAPECHUH
KOPIOPATUBHBIX HHPOPMAITMOHHBIX cUCTeM. [IpobieMbl TEOpUH U MPAKTUKH yIIPABICHHUS.
Nel0. (2006). C. 54-70.

[2] Khodyrev 1., Popova S. Discrete modeling and simulation of business processes using
event logs. Procedia Computer Science. Vol. 29. (2014) P. 322-331

[3] Maccens JI.B., T'anbriepoB B.M. Pa3paboTka MHOTOAreHTHBIX CHCTEM PaCIpeIeICHHOTO
PEIICHHA SHCPIreTHYCCKUX 3aJad C HMCIIOJIb30BAHHWEM Ar¢HTHBIX CHCHAPHCB. HN3Bectus
Tomckoro nmonutexHuueckoro ynusepcureta T. 326. Ne 5. (2015). C. 45-53.

INFORMATION MODEL OF MULTI-PHASE QUEUEING

I. Oksanych, I. Shevchenko
Kremenchuk Mykhailo Ostrohradskyi National University
oksirena2017@gmail.com

An information model of multiphase queuing based on a matrix description is proposed.
This model displays static connections (relationships) between the objects of the operational
space of the organizational and technical system.

The model is presented as a formal set-theoretic description with the mapping of the
relationships of business processes and business operations of various classes in a joint
operational space, which makes it possible to construct an adequate mapping and coordination
of the dynamics of state changes of many business processes and business operations.
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MOP®OJIOI'TYHE OBPOBJIEHHSA Y
KOMII'IOTEPHOMY CTEPEO3O0PI

O. IIpoxkomuyk
J[Hinposcoxuil nayionanerui yHieepcumem imeni Onecs I onuapa
neues.system@ukr.net

besnepepBHEe BIOCKOHAICHHS Ta MOIIYK HOBUX METOJIB OOPOOKH y KOMIT FOTEPHOMY
30pi 3YMOBIIIOETBHCS MIJBUIICHHSM CKJIAIHOCTI Ta YpPI3HOMAaHITHEHHSM aHaJli30BaHOI
Bi3yasibHOI 1H(opManii. [lapanenbHuil pO3BUTOK YMCICHUX Taly3eil JIIOJACHKOI AiSUTBHOCTI
posmuproe chepH, siKi MOTpeOyrTh 00POOKH 300paKEeHb PEATLHOTO CBITY KOMI FOTEPHUMU
3aco0amu. 30KpeMa, 3pOCTa€ aKTyaJbHICTh 3aBllaHb ITOB’SI3aHUX 3 AaBTOMATH30BHUM OITUCOM
00’€KTIB pEaTbHOTO CBITY 3a iX 300pa)XCHHSMHU 3 HACTYMHHM 3aCTOCYBAaHHSM OTPHUMAaHOI
iH(dopMmalii B piI3HOMaHITHUX CHUCTEMaX MPUUHATTS pillleHb. Takuil omuc Moxke OyTH pi3HUM
3a CTYNEHEeM CKJIaJHOCTI, HANPHUKIAA, nepeadavard Jumie iHGopMamio Mpo KOJIbOPOBHMA
ckimaa, abo TakoXK BKJIIOYATH JeTali MpO CTPYKTYpPHI eleMEHTH 00 €KTiB, ix
B3a€MOPO3TATYBaHHS, PO3MIipPH TOIIIO.

Jlana poOora 30cepe/pkeHa Ha BJOCKOHAJICHHI METOAY OTPHUMAaHHS METPUYHOI
iH(popMarii 111 TPUBUMIPHOI PEKOHCTPYKII CIIEH 3ac00aMu KOMIT IOTEPHOTO CTEPEO30py.
3arajibHUM ITiIX0/I0M JI0 TPHUBHMIPHOI PEKOHCTPYKIIIi CIIEH pealbHOTO CBITY 3a JJOITOMOT'OIO
amapaTHUX CHCTEM CTepeo3opy (3 aBoma abo Oinmblie KamepamMu) € TpuaHrysmis [1].
Tpuanrynsmis mnependadae po3paxyHOK TPHBHMIPHHX KOOPJIMHAT TOYOK B IPOCTOpI 3a
KOOpAWHATAMU 1X OJAHOMOMEHTHHX HPOEKIH Ha 300pakeHHSIX 3 PI3HUX Kamep CHUCTEMHU.
PesynbraTom obuunciieHb € Mana riauounu (depth map), 306paxeHHsi, e 11 KOXKHOTO MKCEeJIs,
3aMiCTh KOJILOPIB, 30€piracThcs BiACTaHb BiJl TOYKH JI0 TUIOMIMHU KaMEpH.

Ilepen Oe3mocepeaHiM OOYMCIEHHSAM 3HA4YeHb BIJCTAaHI 10 TOYOK, BHKOHYETHCS
pextudikamis 300paxeHb 1 JOCATAETbCS MAPAIETBHICTh EMINOJISPHUX JIHIM CTOpoHaM
300paKeHHs, Micas 4oro OymyeThcs Mama aucrapantHocTi (disparity map). s mwsoro
KO>KHOMY HIKCeNto 300paykeHHs (MPOEKIiT TOYKHM) JIIBOT KaMepu 3 KoopauHaTamu (X, Y,)

BUKOHY€THCS MOUIYK BiAMOBITHOI TOUYKH Ha MPaBOMY 300paskeHHI 3 KoopauHatamu (X, —d,Y,),

ne d— 3HavyeHHsS aucrapaHTHOCTI. [y MOIIyKy BiAMOBITHOCTI MIiKCENiB Ha 300pa)kKeHHIX
CTEpPEOCKOMIUYHOI CUCTEMH KaMmep po3poOJIeHO HU3KY aJrOpUTMIB Ta iX Mojaudikaiii, cepen
SIKUX NIMPOKE PO3MOBCIOpKeHHs Mae anroputM Block matching [2]. Po6ota anroputmy Block
matching monsirae y BCTaHOBJEHHI BiJMOBITHOCTI MiXK TMPOEKLIAMH TOYKH HPOCTOPY Ha
300paKeHHSAX CTEPEOrNapH IUITXOM OOUYMCICHHS 3HAYCHHS CyMH aOCOJIOTHHMX PI3HHIL MIXK
HEBEJIMKUMHU OslokamMu 300pakeHb. Ha erami y3rogkeHHs MOpPIBHIOIOTHCS J(Ba OJHAKOBUX
NPSIMOKYTHUX OJIOKM TMIKCENIB JBOX 300pa)KeHb 3 OOYUCIEHHAM CEepeJHBOI KBaJApaTHUHOI
NOMUJIKM B SIKOCTI MipH CXOKOCTi. 3HaueHHs O JUIs Mamu TUCTIapaHTHOCTI BH3HAYAETHCS
TOPU30HTAJIBHOIO BIJCTAHIO MDK OJIokaMH 000X 300pakeHb, i€ 3HAUYEHHS MOMUIIKH €
MiHIMTBbHUM. Yepe3 3BOPOTHY 3aJCKHICTh 3HAYCHb Malld TIMOMHU Ta 3HAYEHb Ml
JMCIIApaHTHOCTI, PO3JIbHA 3JaTHICTh CHCTEM CTEPe030py 3a3BH4ail Kpamia Ha OJIM3BKUX
BIJICTAHSIX Ta TOTIPIIYETCHS 31 30UIBIICHHSIM BiZICTaH1 JO TOYOK B mpocTopi. OTKe, 3aJIeKHO
BiJ] 3MICTY CLIEHM 3MOMKH, YaCTMHA 3HAUY€Hb MalM JUCIApAaHTHOCTI MOXE BHIUIATUCH Y (OH,
Jie JaHi BTPavyaroTh I[IHHICTh Yepe3 BUCOKE 3HAYCHHS IOMIIKH Pe3yJIbTYIOUHX 3HAa4YEeHb
BiZicTaHi abo JioriyHe BUAUIEHHS (oHy. OOuuciieHa Marna AMCIapaHTHOCTI JAHOTO aJTOpPUTMY
MO’K€ MICTUTH psii HeAOMiKiB (puc.l) y BUIIISAAI pO3PUBIB Uepe3 CKIATHICTh YMOB 3HOMKH
(urymu pi3HOI MPUPOAM, HETOCKOHAICTh amapaTHOI YacTUHU TOMIO), a TaKOXK OCOOTMBOCTI
CLIEHH, L]0 CIIOCTEPIraeThes (BIACYTHICTh OKpEMUX 00’ €KTIB UM 1X YaCTHH Ha PI3HUX paKypcax
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3MOMKH, pi3Ha OCBITJIEHICTh, TEKCTYPOBaHICTh YW OJHOPIIHICTH 0OJacTel 300pa)KeHb).
HIBuAKICT OOYMCIIEHHS Ta MPOCTOTA peaii3alii J03BOJIIE 3aCTOCOBYBAaTH alTrOPUTM B
PI3HOMAHITHUX CHCTeMax, J¢ JeTami3allis BUXIAHOI Mamu JUCHApaHTHOCTI JIOMYyCKae
HASBHICTh TTIOMHJIOK 1 HETOYHOCTEH.

[TigxomoM 10 3MEHINEHHS HEraTUBHOIO BIUIMBY 3a3HAYCHHUX BHWINE YMHHUKIB Ha
pPe3yNIbTYIOUY MaIly JUCHApaHTHOCTi, MOXe OyTH 3acTocyBaHHS MOPQOIJIOTIYHUX oOreparlii
006poOKH 300paskeHp Ha erari miciastoopooku [3]. B sikocTi imrocTpaliii 3aCTOCYBaHHS J1aHOTO
IiIX0/1y, MOYaTKOBY Many JucriapanTHocti anroputmy Block matching (puc.1), 3 uncnennnmu
PO3pUBaMHU 3HAYCHb Ha ILITbOBOMY 00’ €KTI CIIEHH Ta 13 3HAYHUMH CIIOTBOPEHHAMH (DoHY, OyI10
MOCITIJOBHO 00p00JIeHO MOP(OJIOTIYHUMHE OTepaTopamMu JAriatailii Ta eposii. O0polbieHa mara
JIUCTIAPAHTHOCTI (pUC.2) MO3BOJIAE YITKO PO3IUIMTH IITHOBUH 00’€KT 1 (DOH CIIEHH, a TaKOXK
3TJIQIUTH TIepenaan 3HaUueHb Ta YCYHYTH PO3PUBHU 0€3 3MiHU KOHTYPIB 00’ €KTY. 3aCTOCYBaHHS
MOPQOJIOTIYHUX OIEpalliii T03BOJSE BUKOHYBATH PO3MApajieIoBaHHs iX POOOTH, IO MOXE
OyTH CcyTT€BUM Ui 30€peKeHHs IIBHJKOCTI 3arajibHOi poOOTH y BMIAJKY 3aCTOCYBaHHS
anroputmy Block matching i cucrem, BubarimuBux 10 9acy, a TAaKOX MOYKE MMOIITHMPIOBATUCH Ha
Mary JUCIIapaHTHOCTI 1HIINX AJITOPUTMIB 3 TiI00POM MiIXOIAIINX apaMeTPiB.

Puc. 1 — IToyaTkoBa Mana AUCNAPAHTHOCTI. Puc.2 — O6podaeHa Mana AUCHAapPaHTHOCTI.

OT1xe, 3aMPONOHOBAHHI METO/T I03BOJISIE MIIBUIIUTH SIKICTh Mall JUCTAPAHTHOCTI JIJIst
ITOPUTMIB CTEPEO30PY 32 JIOMIOMOI'0I0 OIIEpaTOpiB MOPQOIOTriuHOT 0OPOOKH 300paXkeHb.

[1] Forsyth D. A., Ponce J. Computer Vision - A Modern Approach, Second Edition. Pitman.
(2012). 791p.

[2] Davies E.R. Machine Vision: Theory, Algorithms, Practicalities. Academic Press, 4-th
Edition. New York. (2012). 912p.

[3] Waohler, C. 3D Computer Vision: Efficient Methods and Applications. London: Springer.
(2013). 382p.

MORPHOLOGICAL PROCESSING IN
COMPUTER STEREO VISION

O. Prokopchuk
Oles Honchar Dnipro National University
neues.system@ukr.net

The method of increasing the quality of disparity maps for stereo vision systems is
proposed. It uses the post-processing technique by means of morphologic methods. The
obtained results for disparity maps of block matching algorithm show its efficiency.
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ABTOMATHUYHA JJEKOMIO3UILIIA 3AJTEXKHOCTENA HA
CYMY T'AYCCIBChKHUX ®YHKIIH

I. Bepuuropa, C. BoBk
Jninpoecoxuii hayionanonuii ynieepcumem imeni Onecs I onuapa
I.v.vernigora@gmail.com

TpanumiiHui maxig 10 rayccoBoi JEKOMITO3HIIT 3aCHOBAaHUN HA METO1 HAMMEHIIINX
KBaJpaTiB y MPUITYILEHH], [0 IIyM Ma€ HOPMAJIbHUI 3aKOH PO3IMOALTY i HOMIPHY AUCHEPCIIO.
B paMkax 1poro mixoay rayccoBa JE€KOMITIO3UIIISl PO3MIAIAETHCS AK 3a/laya KBaJIpaTHUYHOI
onrtuMmi3alii, e OCHOBHA yBara HpUIUIIETHCS BUOOPY BIATUX MOYATKOBUX HAOIMKEHBb IS
HEBIJIOMUX TapaMeTpiB 1 3aCTOCYBaHHIO e(DEKTHBHHX METOAIB onTuMmizaii. Tak, B [1] BuOip
BJJAJIMX MMOYATKOBHUX HAOIMKEHB JIJISl HEBIJIOMUX HEMHIMHHUX mapamMeTpiB (B TOMY YHCII, IS
KUTBKOCTI TaycCOBUX (YHKIIIM) OOCSITaeThCs MIITXOM MOOYAOBU 1 MONANBIIOTO aHali3y
«IPOCTOPOBO-MAcTaOHOTO 300paskeHHs» (scale-space image) s 3a7aHoi OJTHOBUMIPHOI
MOCIIJOBHOCTI JIaHUX, & B SIKOCTi €()eKTUBHOT'O METOJy ONITUMI3allii BUKOPUCTOBYETHCS METO
Mapxksapara. CTilKiCTh Takoro pimeHHs (pakTHIHO 3a0€3MedyeThCs 32 PaXyHOK OOMEKEHHS
KUJIBKOCTI (DyHKIIIM B HEOpTOroHaJbHOMY rayccoBomy Oasuci. CyyacHuM BapiaHT rayccoBoi
JICKOMITO3HIII1 Ha 0a31 METOy HaMEHIINX KBaJpaTiB BUKOPUCTOBYE aAMTUBHUHN HETiHIHHUIMI
PEryIapu3yOUHil WieH, Skuil (opMaTbHO ONUCYE y3aralbHEHY HOBXKUHY KOHTYPY KPHUBOI JUIs
OJIEpP’)KYBAHOTO pIIICHHS 1 SKUA Mae OJWH TMapameTp, 110 BUIBHO HAaJaIITOBYeThCs [2].
3acTocyBaHHS BUIBHOTO MapaMeTpa JO3BOJISIE 3MIHIOBATH BIIACTUBOCTI peryispusatopa. Taxk,
AKIIO 3HAUEHHS BUIBHOTO IMapamMeTpa IOPIBHIOE HYJIIIO, TO LIeH peryisipusarop ctae Li-HopMoro
NepuIoi MOXIAHOI NIYKAaHOTO PIIICHHS, Peani3yloud NPUHIMUI OOMEKEHHsI MOBHOI Bapiarii
po3B'sa3ky (minimal total variation principle) B pamkxax meroxy LASSO TiGmipani. Ane skuio
3HAUEHHS BUIBHOIO MapaMeTpa € JOCUTh BEJIUKUM, TO PEryysipu3aTtop crae Oiu3bkuM a0 Lo-
HOPMH TEpIIoi MOXiJHOI IIYKaHOTO PO3B'A3KY, peai3yroud BKa3aHMH NMPHHLMI B pamKax
MeTtoay perynspusaiiii Tuxonosa. B [3] HaBeneHo miaxif 10 raycoBOi JEKOMITO3HUIIIi Ha OCHOBI
METOAY MIHIMyMY IPOTSDKHOCTI, SIKHH IOKa3ye TapHI MOMJIMBOCTI 3 JEKOMIO3MIII CyMHU
raycciBCbkux (QYHKIIH, Kl NMEpPEeBHUILYIOTh MOXJIMBOCTI IMOMNEPEAHIX METOAIB Ta METOAY
JICKOMITO3HIIi1, MOJAHOTO B CYY4aCHOMY IMakeTi MareMaTHyHux oOumcienb Matlab. Ane ueit
MiIX1J BHUMarae JOCUTh CKJIQJHMX OOYHCIeHb 1 TOMYy MOTpeOye BIOcKoHaneHHs. Jlami
po3TIsAaeTbesa MOAUDIKAILS IILOTO MiTXOTY.

[TponoHoBaHa MaTeMaTHYHa ITOCTAHOBKA 3a]1avi €:

(Xi_mp)2
N P T 052
min i— ) Ae " , 1
A,...Apmy,..Mp,G4,..0p ;W(gl ; p ) ( )
ne g, — I-il eleMeHT JaHuX, P — KibKIiCTh rayccoBUX (YHKIIIH, A,,m ,c, — aMITyza,

NOJIOKEHHSI MAKCUMYMY 1 MIBIIMPHHA P -0i rayccoBoi pyHkuii, y(...) — BapTicHa QyHKIIis, sKa
Mae 3abe3nedyBaTH HeOOX1JIHI BiaacTuBOCTi. 3riiHo 3 (1), mocraHOBKa 3ajaul MOJIATae B
HOLIYKY TJ00aJbHOrO0 MiHIMyMY GYHKLI{, 10 mojaHa y (IrypHHX AyKKax, B IpOCTOpi
po3mipHocTi 3P, oci SKOro BIANOBIAAIOTH 3@ AMIUTITYJIU, IOJOXEHHS MaKCUMyMy i
MIBIIUPUHHU TaycCOBHUX (PYHKI[IH. 3a3HaYMMO, 1110 P BBa)Ka€eThCs Harepes HEB1IOMUM.

Merton po3B's3anHs 3a1ad4i (1) mosisirae y BAKOHaHHI HAaCTYIMHHUX 004YHCIeHb. [ Tphox
PI3HUX TOYOK BHXIJAHOI 3aJIeHOCTI aHAJIITHYHO PO3PaXxOBYIOTHCS MapaMeTpy MOTOYHOI
rayccoBoi (YHKIIT y BHUIVIAAI MHOXXHH 3HA4YeHb ii Miclid pO3TalllyBaHHsS, MIBIIMPUHU 1
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aMruTiTynu. Jlam B oTpuMaHiii MHOXHWHI 3HAYCHB MTapaMeTPy MICIlS pO3TalTyBaHHS rayCCOBO]

¢byHK1ii 00UpaeThCs T€ 3HAYCHHS, HMOBIPHICTD MOSIBH SIKOTO BHSIBUJIACS HaiO1bII0K0. [ToTiM
JUIE 0OpaHOTO MICISl pO3TallyBaHHS MOTOYHOI raycoBOi (DYHKIIT BUSBISETHCS KOPUCHICTH
3HAa4YeHb MIBIIMPHUHU 1 aMIUTITY/AH, OO0 BUKOHYETHCS HUIIXOM MOOYJOBU TiCTOrpaM 3HAYECHb
HIBIIMPUHHM 1 aMILTITYIU Ta 3HAXO/DKEHHS 1X MakcuMyMiB. [Ticist 1iporo 3 BXiJHOI 3aJI€KHOCTI
BiJJHIMA€ThCSI TayccoBa (YHKINSI 3 OTPUMaHUMM TapamMeTpaMy 1 MEepeBipsSeThCS yMOBa
3aKiHYEHHs OOYHMCIICHBb IIJISAXOM IOPIBHSAHHS €HEprii OTPUMAHOI0 3aJIMIIKY 3aJeKHOCTI 3
3aJJaHIM [TOPOTOBUM 3HAUYEHHSIM.

Sk mpukiaa, Ha puc. | HaBeJCHa LTFOCTpAIis 10 TIPOIIECy IEKOMITO3HUIIIT CyMH YOTUPBOX
rayccoBux (yHkiuiid. Bugao (puc. 10), o oTpuMaHi 3HaUY€HHS TapaMeTPiB MAIOTh MPAKTHIHO

MOBHUM 301Ir IITyKaHUX 3HAYCHb 3 ICTHHHUMH.
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Puc. 1 — MoaesiloBaHHs poLiecy AeKOMIIO3MILIi: a — BXiIHA 3aJIeXKHICTh (CyliibHA KPUBA) ; 6 — pe3yJbTaT
JaexkoMno3uuii (rayccosi pyHkuii npeacrasiieHi cyniibHUMH KPUBMMH).

MonentoBaHHs HU3KH 1HIINX 3aI€KHOCTEH, CPOPMOBaHMX Yy BUTIISA1 CYyMHU rayCCOBUX
GyHKIIH, MiATBEpANIIO €(pEeKTUBHICTD 3aCTOCYBAHHS 3alPOIIOHOBAHOTO MIXOAY

[1] Goshtasby A., O’Neill W.D. Curve fitting by a sum of Gaussians. Graphical Models and

Image Processing. Vol. 56. (1994). P. 281-288.
[2] Lindner R.R., Vera-Ciro C., Murray C. E., Stanimirovic S., Babler B.L., Heiles C.,

Hennebelle P., Goss W.M., Dickey J. Autonomous Gaussian decomposition. The

Astronomical Journal. Vol. 149. (2015). P. 138-149.
[3] Boek C. M. JlekOMIO3MIMS CYMMbI TayCCHaH, MCKOKCHHBIX HMITYJILCHBIM IIYMOM

Panioenektpownika, inpopmaruka, ynpasninas. N. 1. (2017). C.91-99.

AUTONOMOUS DECOMPOSITION OF DEPENDENCIES
INTO SUM OF GAUSSIAN FUNCTIONS

I. Vernigora, S. Vovk
Oles Honchar Dnipro National University
I.v.vernigora@gmail.com

The problem of decomposition of dependencies into sum of gaussian functions is
discussed. The proposed approach consists in the search of global minimum of objective
function based on the residual function between the data and the sum of gaussian functions.

Numerical simulations confirmed the performance of proposed approach.
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BUKOPUCTAHHA METOIIB IITYYHOI'O IHTEJIEKTY B
CUCTEMAX BUABJIIEHHSA BTOPI'HEHDb

I. KykoBuubkui, 1. llukaJjo
J[Hinposecokuil HayionanbHull yHigepcumem 3aii3HUYHO20 MPAHCNOPIMY

imeni axaoemixa B. Jlazapsna
ivzhuk@diit.edu.ua

EdexTuBHICTh (QYHKIIIOHYBaHHSA CydacHHX iH(OpMAIiiHUX CHUCTEM B 3HAYHIM Mipi
noB'sA3aHa 3 MpobIeMor0 3axucTy o0pobOmoBaHoi B HuX iH(popmanii. CkiIagHicTh TpPOIECiB
00poOKu iH(DOpMaIlii, CyIyTHS CY9aCHHM CHCTEMaM, IPU3BOIMTH JI0 TIOSIBH BEIMKO1 KUTBKOCTI
MOMHJIOK Yy TIporpaMHOMY Koji iHdopmariifHoi cuctemu. J[aHi MOMWJIKH CIPHUSIOTH MOSBI
Bpa3JIMBOCTEH B IIPOrpaMHOMY KOJIi, a OT)KE, PI3SHOMAaHITHUX aTakK, TOOTO CIIOCO0IB OTpUMaHHS
HECAHKI[I0HOBAHOTO JIOCTYIY 10 pecypciB iH(hOpMaIliiHOT CHCTEMHU.

3rigno mo 3Bitry Verizon 2018 Data Breach Investigations Report [1] mpobaema
BUSIBIICHHSI BTOPTHEHb € akTyanbHO. Cepen ycix atak 73% s3aiiicHeHo ayrcaiaepamu, 48%
xakiHrom. Cepen ycix iHOuUAeHTIB 68% Oynu BUSBICHHS OUThII HiX 4yepe3 Micsip. CepenHi
30UTKH BiJ B3JIOMY cKianae npuoausno 4 miuH. nonapis CLIA, cepeans BapTicTh BKpaIeHUX
naHux kopucryBada — 148 ngon. CLIA. I3 poky B pik 3Ha4Y€HHS CepelHbOI BapTOCTI B3IOMY
30uTBITYETHCS HA 6%.

MOXIMBOCTI ICHYIOUMX CHCTEM 3aXUCTy HE JO3BOJSIOTH 3a0e3MedyuTu Oe3mneKy
iH(dopMaliifHOT CHCTEMU Ha IOCTaTHbOMY piBHI. [IpyunHOIO IHOTO € Te, 0 MPOIIeC CTBOPEHHS
CUCTEM BWSIBJICHHS aTakK MOB'SI3aHUI 3 HU3KOIO HEBUPINICHUX HAYKOBO - TCXHIYHUX 3aBJIaHb.
IcHyroui cuctemMu BUSIBICHHS aTaK BUKOPHCTOBYIOTh HAWMPOCTIII aNrOpUTMHU OOpOOKH
iH(dOopMaIlii, 10 HAJAXOAUTH, IO HE JO3BOJISE BUSBUTH 3HAYHY KUTBKICTh aTak Ha iHPOpMaIliitHi
CHCTEMH

Jl1is BUSIBIEHHS HOBUX THIIB aTak HEOOXiJHO BUKOPUCTOBYBATH CHCTEMHU BHUSBJICHHS,
110 3/1aTHI O CAMOHABYaHHS y peanbHOMY yaci. CTBOpeHHS €()eKTUBHOI CUCTEMH BUSBICHHS
aTaKk BUMarae 3aCTOCYBaHHS SIKICHO HOBUX MIAXOAIB 10 00poOku iHdopmaiii, ki MOBUHHI
IPYHTYBAaTHCS Ha aJalNTHUBHUX alrOpUTMax 3JaTHUX JI0 caMOHaBuaHHs. HaiOinbm
MEPCIIEKTHBHUM HAIPSIMKOM y CTBOPEHHI MOAIOHUX CHCTEM BHSIBJIICHHS aTaK € 3aCTOCYBaHHS
3aco0iB mmtyyroro intenekry (I1I1) [2-3].

Jlo OCHOBHUX METOJIIB BUSBJICHHS aTaK HaJCKaTh aHAJI3 CUTHATYpP Ta BUSBICHHS
aHoMamiii. AHamii3 curHatyp OyB MepIIMM METOAOM, 3aCTOCOBAHHM JIJIsl BUSIBJICHHS BTOPTHEHb.
Bin 0a3yeTbcsi Ha MPOCTOMY MOHATTI 30iry MOCIIJOBHOCTI 31 3pa3KoM. Y BXIJHOMY MaKeTi
NPOIJIAAETHCS OANT 3a GalTOM 1 MOPIBHIOETHCS 3 CUTHATYPOIO (MIAMKMCOM) — XapaKTepHUM
PSAAKOM MPOTpaMH, IO BKa3ye Ha XapaKTEPUCTUKY IIKIATUBOTO Tpadiky. Takuit miamnuc Mmoxe
MICTUTH KIIOYOBY (ppazy abo KomaHny, sSika MOB'A3aHa 3 HamajgoMm. Skmio 30ir 3HaiiJeHo,
OTOJIOUTYETHCS TPUBOTA.

UYepes Te 110 METOJ] BUSBIICHHS aTak Ha 0a3i CHTHATYp € CTATUYHUM, BiH € Bpa3IUBUM
JI0 HOBUX THIIIB aTak. /{711 BUSIBIIEHHS HOBUX THIIIB aTaK HEOOX1IHO BUKOPUCTOBYBATH CHCTEMH
BUSIBIICHHSI, 1110 37]aTHI JI0 CAMOHABYaHHS Yy peaibHoMY daci. CTBOpeHHs e(heKTHBHOI CUCTEMU
BUSIBIICHHS aTaK BUMarae 3aCTOCYBaHHs SIKICHO HOBUX MiAXO/iB 0 0OpoOKu iH(opmariii, ski
MOBUHHI TPYHTYBAaTHCS Ha aJalTHBHUX aJTOPUTMAxX 3JaTHUX JO caMOHaB4YaHHS. HaiOimbm
MEPCTIIEKTUBHUM HAMPSIMKOM y CTBOPEHHI MOJIOHUX CHCTEM BHSIBICHHS aTaK € 3aCTOCYBaHHS
3ac001B IITYYHOTO IHTEJIEKTY.

Jlo Takux cHCTeM HajlexaTb MeToIM Kiacuikaiii 3acHOBaHI Ha aJropuUTMax
MAIIMHHOTO HaBUaHHS (HABYaHHS 3 BYHTENEM). AITOPUTMH HABYaHHS 3 BYHTEIEM
BUKOPHUCTOBYIOTh Hallp JaHUX THUIY «3alHUT — BIANOBIAb», J€ 3allUTOM MOKE BHCTYIATH
MEpe)KeBUU TMaKeT Ta MOTOYHUIM cTaH Mepexi abo XocTa, a BIHNOBIAM0 € 3HadeHHS «0»
(HopMmanbHUH 3anuT) a00 «1» (BTOprHeHHs). [laHi cucTeMu MOKYTh MPOIOBKYBATH HAaBYaHHS
y peabHOMY Yaci Miciis MOYaTKOBOTO HAaBYAHHS.
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Jlnsi BUSIBTICHHS HOBUX THUIIIB aTaK TaKOXX BHKOPHCTOBYIOTHCSI CHCTEMH BHUSBICHHS
BTOPTHEHb Ha OCHOBI aHoMasiid. Ha 6a3i HaGopy 3amuTiB GOPMYETHCS MOJIETh HOPMaIbHOT
MOBE/IIHKH, 3 SIKOIO TIOPIBHSAIOTHCS KOXKEH MOTOYHUH 3aITUT 10 CUCTEMHU.

IcHye Benmuka KiJIbKICTh QJITOPUTMIB KJIacH(iKaIliii Ta BUSBICHHS aHOMAJIiH, KOXEH 3
KX Ma€ CBOI MEpeBaru Ta HEJOJIKH.

[TpoBeneno mociimkeHHs ehEeKTUBHOCTI OOpaHUX IHTENEKTyaIbHHUX 3ac00iB y 3amadi
inenTudikanii Ta kacudikaiii MepekeBUX aTak. ¥ SKOCTI HA0OPY TaHUX MEPEKEBOTO TpadiKy
BUKOpHUCTOBYBaBcs HaOip manux DARPA IDS 1999, mo cknamaetscs Maiixke 3 5 MUTbHOHIB
3alUCiB, JIe¢ KOXKCH TMPEJCTAaBICHW HE TUIbKM XapakTepuctukamu I[P makery, a #
XapaKTePUCTUKAMHK O1IbII BUCOKOTO piBHA. Habip maHuX CKIamaeThes 3 5 BUIIB MEPEKEBUX
nakeTiB: HopMaibHi, ataka DoS (Denial of Service), araka Probe, araka R2L (Remote to
Local), araka U2R (User to Remote). V sikocTi HaB4aabHOI BHOIPKH BHKOPHCTOBYBAJIOCH
npubm3Ho 90% 3aransHoi BUOipku. TecToBa Ta HaBYaJIbHI BHOIPKHM HapaxoByBalld y co0i BCi
BUJIM MIAKETIB, ajle y HaBYaJIbHii BUOIpIIi OyiH BiICYTHI IEKIJIbKA TUIIIB aTaK 3 KOXKHOTO KJIACy
aTak.

[IpoBeneno nocmikeHHS eQEKTUBHOCTI MOJAETI JIOTICTHMYHOI perpecii y 3amadyi
inenTudikarii MepexxeBux arak. KopekTHicTh iHaIBHOT MOJIEI HAa TECTOBHI BHOIPIIi CKIIaa€e
98.96%, TounicTb — 99.68%, mosHoTa — 99.02%, F1l-mipa — 99.35%. KopekTHicTh Ha HOBUX
tunax arak kiacy DoS —53%, Probe — 45%, R2L — 100%, U2R — 100%.

[IpoBeneHo mocmikeHHs ePeKTUBHOCTI MO IITYYHOI HEHPOHHOT Mepexki MPSIMOTO
NOLIMPEHHS y 3a/1a4i iIeHTHdIKaii MepexeBux aTak. Y SKOCTI Mojeli OyJ0 BHKOPHCTAaHO
HIHM 119-8-8-1 3 ¢ynkuiero aktusaiii Leaky-ReLU. KopektHicTs ¢inanbHOi Mojeni Ha
tTecToBUi BUOipii ckiaagae 99.83 %, tounicts — 99.96 %, nosnota — 99.83 %, F1l-mipa — 99.9
%. KopekTHicTh Ha HOBUX THIax atak kiacy DoS —98.1 %, Probe —87.4 %, R2L — 50 %, U2R —
100%.

[IpoBeneHo nocmikeHHs ePeKTUBHOCTI MO ITYYHOI HEHPOHHOT Mepexi IPSIMOro
NOLIMpEeHHs y 3ajadi kiacugikanii MepexeBux artak. KopekTHicTe (iHaIBHOI MOAeni Ha
TecToBH BUOIpII ckianae 99.55 %, Tounicts — 99.49 %, nosuora — 99.83 %, F1-mipa — 99.65
%. KopekTHicTh Ha HOBHX Tumax aTtak kiacy DoS — 89.39 %, Probe — 44.15 %, R2L — 0%,
U2R - 0 %.

BinmoBigHO 10 BUIIE3a3HAYEHHUX ApPTryMEHTIB MOXKHA TPUWTH 1O BHUCHOBKY, IO
BUKOPHUCTAHHS TEXHOJIOT1M MAITMHHOTO HABYAHHS € S(PEKTUBHUM TIPU iX 3aCTOCYBaHHI y
PO3B’SI3KY 33714 BUSBIICHHS BTOPTHEHbD,

[1] Verizon 2018 Data Breach Investigations Report — 2018. — [Enektpon. pecypc] — Pexum
nocrymy: https://enterprise.verizon.com/resources/reports/DBIR_2018_Report.pdf

[2] Tyadennoy 5., bewmxuo W., Kypsmuie A. I'myOokoe oOyueHue / mep. ¢ aHr. A.A.
CnunkuHa. 2-e usg., ucnp. M.: JIMK Ilpecc, 2018. 652 c.

[3] Leslie F. Sikos. Al in Cybersecurity. New York : Springer, 2018. 205 p.

USE OF ARTIFICIAL INTELLIGENCE METHODS IN
SYSTEMS OF DETECTION OF INTRODUCTION

I. Zhukovyts’kyy, I. Tsykalo
Dnipro National University of Railway Transport
named after Academician V. Lazaryan
ivzhuk@diit.edu.ua

The possibility of using an artificial neural network to detect intrusions into an
information system is being considered. The shown efficiency of the direct distribution artificial
neural network model in the identification and classification of network attacks.
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ITPOI'HO3YBAHHA JAHUX B YMOBAX HASABHOCTI
AHOMAJIBHUX 3HAYEHD

O. IliuyJain, C. BoBk
Jninposecoxuii Hayionanvruti ynieepcumem imeni Onecs I onuapa
pichulin_oleksii@ukr.net

IIporHo3yBaHHs JaHUX B YMOBaxX HAasBHOCTI AaHOMA@JIbHUX 3HAY€Hb € OJHHUM 3
aKTyaJlbHHUX 1 3aTpeOyBaHMX 3aBJaHb y Oaratbox 00JacTAX MPUKIAIHUX TOCTiIKEeHb [1].
CkJIaiHICTh BUPILICHHS IBOTO 3aBJaHHSI OOYMOBIICHA BHITQJKOBICTIO TOSIBU aHOMAJIbHHUX
3HAa4YeHb, SKI PO3TAIIOBYIOTHCS B 3a3[AJIETi/lb HEBIIOMHX MICISIX 3apEECTPOBAHUX MACHBIB
naHux. HasBHICTh aHOMaJbHHMX 3HAYEHb ICTOTHO YCKJIAJHIOE NOOYIOBY aJE€KBaTHOI MOJIEINI
JaHuX [2] i BUKOHAHHS JOCTOBIPHOI'O IIPOTHO3Y Ha iX OCHOBI.

B [3] naBeaeHo ormsi pi3HUX METOIB 0OpOOKH JaHUX 3a HAsIBHOCTI B HUX LIYMY Ta
rpyoux moOMWIOK. B HBOMY 3a3Ha4eHO [Ba MOXJIMBUX IMIAXOIW 1O OOpOOKM JaHUX 3
AHOMAJIbHUMU 3HaueHHsMH. [lepmuii miaxix monsrae y BUKOHAHHI MOMEPENHBOI 0OpOOKH
JTAaHMX 3 METOIO BUSIBJIICHHS aHOMAJIbHUX 3HAU€Hb Ta 1X BUKJIIOUEHHS 3 PO3IJIAY Ha HACTYITHUX
eTanax aHali3y JaHuX, MoOYyA0BM MOJAENI JaHUX 1 BUKOHAHHsS Mporrosy. OTxke, B paMmkax
MEPIIOTro MiAX01y aHOMaJIbH1 3HaUYEHHS MOBUHHI OyTH 200 6e3rmocepeIHhO BUKIIOUEHI 3 JaHHX,
10 TPU3BOJIUTH JI0 HEOOXITHOCTI BUKOHAHHS BIJJHOCHO CKJIQJHOI MPOIEIYPH TEepPE3arucy Ta
YIIOPSIKYBaHHS JaHWX, a00 MOBHHHI OYTH IMOMiY€Hi CIEUialbHOI MITKOIO SK HEBapTi 10
3actocyBaHHs. Jpyruii MigxXix moyisra€e B MOOyJIOBI HOBHX ab0 B 3aCTOCYBaHHI BiJOMHX
pobacTHUX METOAIB, SIKI MICJIA BUKOHAHHS IX HAJAIITYBaHHS Ha MMOTOYHE IIYMOBE OTOYCHHS
MaroTh 3a0e3NedyBaTH HEUYTJIMBICTH OTPUMYBAHOTO pe3yJbTaTy [0 IMOSBU aHOMAaJIbHHUX
3HaueHb B AaHux. Ciij 3a3HaYnTH, 1110 OOUBA 11 IMiIXO0I1 BUMAraroTh HassBHOCTI BiJIIOBITHOTO
IIPOrPaMHOT0 CEPEOBHUILIA, SIKA MPUAATHE 3a0€3MEUUTH X €PEKTUBHY peati3allito Ha MPaKTHULIL.
OpnnuMm 3 HUX € iporpamHe cepenoBuiie Novo Forecast, 1110 BXxoauTh B cydacHui naket Excel.

IIporpamue cepenoBume Novo Forecast nmpu3zHadeHe i1 BUKOHAHHS IIPOTHO3Y
MaifOyTHiX nmoJiii. BoHO /103BOJIsSiE aBTOMAaTHYHO BUAUISTH BUKUIM Ta IpyOl MOMMIIKH, TOOTO
JI03BOJISIE pealli3yBaTH 3a3HAuYE€HUI BUILE MEPIINi MiaxXia 10 0OpoOKU TaHUX 3 aHOMAJbHUMHU
3HayeHHAMHU. [Ipy 1bOMy BHMKHMJaMH BBaXKAalOTbCS 3HAUEHHs, SIKI BUIAJAIOTh 13 3arajbHOi
KapTHUHHU, a TpyOMMHM NOMUJIKAMHU - 3HAYEHHS, SIKI Ha MOPSAOK Tipiie BUKHUIIB. BaxiuBo
BIJI3HAYUTH, 1110 B [bOMY CEpEAOBHUILI TPAAULIIITHUMH MOJIEISIMH ITPOTHO3Y € €KCITOHEHII1aIbHa

f(x)=Ae”™, miniiina f(X)=Ax+B, norapudpmiuna f(x)=AIn(x)+B, nomiHOMianbHA
f(x)=a,x"+..ax+a,, 1e 2<m<6, i crenenepa f(X)=Ax*3anexnocti. OqHaK pilICHHS

3aJa4l aBTOMaTUYHOTO BUJIJIEHHSI BUKHIIB 1 TPyOMX MOMUJIOK BUKOHYEThCS 0€3 iX ydacTi Ha
OCHOB1 CTaTUCTUYHHX METOJiB, III0 MOXE MPHU3BOIUTH 10 MOMHUJIOK TPH MOOYIOBI MOENI
JaHuX. 3 1HIIOro OOKY, TpaJulliiiHe BUKOpUCTAaHHS makeTa Excel B iHTepakTUBHOMY pexuMi
JUISL BUPIIICHHS 3aBJaHHS BUJUICHHS BUKHUIIB TONSATac B TOOYIOBI JNEAKUX JOBIPUHX
IHTepBaliB, 32 MEXaMHU SKUX 3HAYCHHS BBaXKarOTbcd BUKHMIamMH. [Ipu 1poMy MoOkHa
BUKOPHCTOBYBATH SIK CTaHJApTHUM MiAX1J Ha OCHOBI HepiBHOCTI YeOuiena 1 B MpUMYIICHH]
HOPMAJILHOT'O 3aKOHY PO3IOALTY, TaK 1 HeMapaMeTPUYHUN MiJXiJl, MOB'A3aHUi 3 M00YI0BOIO
30BHIIIHIX a00 BHYTPIMIHIX KOPOHIB THIOKM Ha OCHOBI MIXKKBapTHUJIBLHOTO 1HTEpBaly. Y
HEpIIOMY BUMAJKy HWXKHS t,, 1 BepXHs t; Mexi JOBIPUOrO IHTEpBaly BU3HAUAIOTHCS Uepe3

3a/IaHui PiBEHb 3HAYUMOCTI  y BHDISAML: t, =X — A, 6 /~/N it =X+, ,6/JN , 1e Xe

BUOIPKOBE CEPENHE, G € OIIHKA CTaHJAPTHOTO BiIXWIIEHHA, & A, € 3HAYEHHsS KBAHTUIIA
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posnoainy CTbrofieHTa 3aJie)KHO Bil ( 1 Bijg yucna cryneniB cBoboan m= N -1, ne N 3anae
=1,96). Y

JpyroMy  BUNAIKy JUISI  BHYTPIIIHIX  KOPJOHIB  BUKOPUCTOBYIOTbCS ~ BEIMYUHU
ty = Xway —L5[Xga —Xuynl 1 tg =Xgu +1L5[Xg4 —Xys] @ AId 30BHINLHIX KOPIOHIB

o0csar Bubipku (B 30kpema, it ¢ =0,05 1 N —o00 Maemo neBHe 3HAYCHHA A\,

BUKOPUCTOBYIOTBCS BEUYMHHM t, = Xy — X310y — Xway] 1t = Xizjay +3AXa1a) — Xway ] A€ Xaya
1 X4 TMO3HAYAIOTH NEPIIMH 1 TPETIA KBapTHII po3moiny. Ti 3HaYeHHs, SKi HE OTPATLISIOTH

B 3aJlaHUi NOBIpYMi 1HTEpBaJ, BBAXKAIOTh BUKHJAMH, IPHUOMY SKIIO TaKi 3HAYCHHS BKpan
eKCTpeMallbHi, TO IX BBaXarOTh rpyOMMu nomwikamu. Ha puc.l HaBeneHi pe3yiabTaTu
MOJICITIOBaHHSI TIPOIIECY BHSIBICHHS BHKHIIB goxatkom Novo Forecast Ha npukiani
CHHTE30BaHUX JAaHUX, K TPEJICTABIAIOTH COO0I0 3HAUYCHHS JIIHIWHOT (DYHKIIIT MAJIOTO HAXHITY.
BunHO, 10 BUKUAM BUSBISIFOTHCS BipHO. TOMy MOJaibllleé BUKOPUCTAHHS IUX JaHUX Oe€3
ypaxyBaHHS BUOKPEMIICHUX BHKH/IIB Ta 3 BAKOPUCTAHHSM JIIHIHHOT MOJIEIIi TaHUX MTPU3BOIUTH
710 TIPaBUJIBHOTO MPOTHO3Y.

Puc. 1 — BusiBjieHHSI BUKH/IiB B JaHUX.

B gomoBiml HaBOASTHCS TakKOoXkK MPHUKIAAM TMPOTHO3YBAaHHS JaHUX, MOJaHHUX
MOJIIHOMIQIBHUMUA ~MOJIEISIMH  TPEThOi, YeTBepToi Ta m'aroi cTemeHi. [lpum 1mpomy
MiAKPECITIOETHCS, IO PIMICHHS MPOOJIeMHU OTPUMAaHHS SIKICHOTO TPOTHO3Y CYTTEBO 3aJICKUTh
B1JI BIIMIOBITHOCTI JAIHCHOT MOJIEJ JaHUX Ta O4iKyBaHOI MOJIENI IaHUX, a TAKOXK BiJ HAsIBHOCTI
B JaHUX IIYMOBOI CKJI4JI0BOI Ta aHOMAaJIbHUX 3HAYEHb.

[1] Chandola V., Banerjee A., Kumar V. Anomaly detection: A survey. ACM Computing
Surveys. Vol. 41. (2009). P. 15-58.

[2] Teiinop . BBenenue B Teopuio ommOOK: yueOHUK i By30B. M.: Mup. (1985). 282 c.

[3] Vovk S. M., Hnatushenko V. V. Criteria and techniques for processing noisy data with
anomalous values. CucreMHi TexHomorii. PerionanbHuil MiXBY31BChKHI 301pHUK HAYKOBHUX
npanb. Bum. 6 (2018). C. 12 — 26.

DATA FORECASTING IN PRESENCE OF ANOMALOUS
VALUES

A. Pichulin, S. Vovk
Oles Honchar Dnipro National University
pichulin_oleksii@ukr.net

The problem of data forecasting in presence of anomalous values is discussed. To solve
this problem, it is proposed to use the Novo Forecast tools. The proposed approach consists in
the search of anomalous values in data and deleting these values before creating the data model.
Numerical simulations confirmed the performance of proposed approach for linear and
polynomial model types.
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USE OF THE E-LEARNING IN THE EDUCATIONAL
PROCESS

A. Zavalska, N. Karpenko, D. Klitsenko
Oles Honchar Dnipro National University
zavalskayaO4@gmail.com

Changing the daily habits of young people towards an increase in Internet time should
lead to a change in the educational process. First of all, the maximum changes should be in
university, as more and more young people want to work in parallel with education. New
technologies have come to the aid of traditional forms of learning, replacing some old
educational methods. Yes, the authors of article [1] have shown how to extend the ability to
convey material and get feedback through modern IT.

The main thing that gives e-learning is the opportunity for many people to re-use
educational content, including online, with real-time access. At the same time, they can not only
watch the creative process of creating content, but also participate in it. Forms of e-learning
around social networks social networks, forums, chats. Speaking about how e-learning differs
from traditional learning, it should be noted that from any e-learning resource, hyperlinks can
be transferred to other resources, which already means access to new content.

With the help of e-Learning, e-Pedagogy - e-pedagogy and andragogics [2] began to
emerge. It shapes other teachers' behavior. Yes, a traditional lecture involves communicating
information that is unfamiliar to the audience, and e-Learning assumes that all learning
materials are designed and presented for access in different presentation formats. Therefore, a
modern lecturer can replace the lecture with a creative discussion by first providing students
with the addresses of key sources and reminding them of the need to take the initiative in finding
additional sources.

This form of training is introduced by some teachers at the department of ECS of the
Oles Honchar Dnipro National University. And it really works! Students feel more comfortable
in such classes, can take initiative, discuss and so on. This is made possible by the fact that each
student has a laptop or a telephone with access to the Internet, where lectures are given. In this
case, there is considerable time savings as students should not to summarize the lecture material.
Another great advantage of electronic synopsis is that it contains all the material (terms,
formulas, explanations, drawings, diagrams, tables, etc.) that the teacher wants to convey, rather
than the catchy phrases most commonly found in abstracts. And the task of the teacher in this
case is to direct the discussion in the right direction, to have answers to additional questions
that students may have (and these questions are not necessarily relevant to the topic but may be
related in some way).

There are many tools available to help you organize e-Learning. The main requirements
that we have made for learning systems are:

v' free use of the resource;

v does not require installation on your phone / computer;

v' Ease of use and access to create or download educational content;

v’ the possibility of feedback to test the knowledge (testing), questions that students
have during the lecture, etc.;

v possibility of holding a webinar.

Lectures and practice materials were posted on Google Disc and OneDrive. Access to
the material is provided via email or link. Because the link has a very difficult to remember
form  (for  example,  https://drive.google.com/open?id=15qYL6L0Af3a_BjVuD2kH-
9L0oCKjV90T6), and the idea is to use a QR code that can be quickly read by a QR scanner on
your phone and get to the right lecture.
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A very interesting tool is Google Forms, which has been successfully used for surveys.
The tool also allows you to analyze the data obtained and to generate automatic reports on the
data. Microsoft Forms has a similar functionality, which has a certain advantage - because
Microsoft grants a license to its products to the faculty and students of DNU. O. Honchar, then
all the email addresses are already in the contacts and can be pulled up for a separate group.

This is one of the tools mastered for webinars is Zoom. This tool allowed students to
listen to a lecture, even while not in the audience. The main purpose of this tool, especially in
the latest courses, was that the specialty of Computer Engineering specialty needed to teach the
student, including the development of complex information systems. And this material cannot
be comprehensively presented on the board because the solution consists of several projects,
and each project contains many files that are linked. The solution to this situation is a webinar
where the teacher demonstrates his or her computer desktop and can navigate through all files
of project, and students track lector’'s movements on their computers, tablets, or phones.

Summarizing, it should be said that the introduction of e-Learning is a requirement of
the present and our task is to adapt IT smoothly to the educational process. Why smoothly?
Because this kind of training requires several conditions, namely: students have mobile
electronic devices with the possibility of connecting to the Internet (for class work), the
availability of uninterrupted The Internet with enough speed for real-time data transmission,
the desire of students to work independently on e-learning materials, the need for student work
on themselves in terms of transition from the role of the listener to the role of an equal
interlocutor, which collects material for analysis.

[1] JIutBuHOB A. A., Kapnenko H. B. OcobeHHOCTH TpUMEHEHHS JTUIHOCTHO-AEATEIBHOTO
nmoaxoJaa npu MmOAroToBKE CIICHUAIMCTOB B oOnactu I/IH(bOpMaIII/IOHHI)IX TEXHOJIOTHH.
//CuctemHui Texnomorii. — 2018. — 1 (114). —c. 79-84.

[2] Jozef Simutha, IvanSarmany-Schuller. Principles for e-pedagogy. // Social and Behavioral
Sciences 46 (2012 ) 4454 — 4456.

JOCJIITZKEHHA METOIIB PO3POBKHAU
CYYACHHUX BEBb JOIATKIB

T. Marpo

Jninpoecoxuii nayionanvruti yHieepcumem imeni Onecs I onuapa
magro.tanya2602@gmail.com

CTBOpeHHsI Ta PO3BUTOK I100aIbHOT 1H(POpMaIIHOI 1HPPACTPYKTYypH Maiike y BCIX
KpaiHax 3eMHOi Kyl HaJalo CYTTEBOTO IMPHCKOPEHHS BJIOCKOHAJIEHHIO OOYMCIIOBAJIBHOL
TexHikH. [laHa TexHiKa 3 OAHOTO OOKYy Ma€ CyTTEBO BHUIILY IIBUIKICTh OOYUCIICHHS, 3 1HIIIOTO
OOKy Taka TeXHiKa CTa€ Jiefaii BCe MEHIIO 3a 00’ €MOM, 110 J103BOJIsSI€E BUKOPUCTOBYBATH ii B
ycix cepax AiSUIbHOCTI JIFOIUHU, 30KpeMa y MOOYTi.

Takuii po3BUTOK 1HGOPMALIHHUX TEXHOJOTIH MPU3BIB IO TOTATHHOTO BUKOPHCTAHHS
TEXHOJIOTIM y BCIX cdepax >KUTTS JIIOAWHH, 1 SIK HACTIAOK JO CTBOPEHHS HOBOI KOHIIEMIi
mepexi — «IHTepHeTy peueit». ['mobanizaris, 10 BAHUKIIA HA LIbOMY TJIi, BUKJIMKaJa IpodiemMy
y KOMYHIKaIlii MK JIFOJIbMU 3 PI3HUX YacTUH CBITYy. Yepe3 Te 1m0 iH(opmMaliiiHi TeXHOIOT1i

1V BeeykpaiHcbka HAYKOBO-NIPAKTHYHA KOH(pepeHIIis
«[IEPCIIEKTUBHI HAIIPSIMKH CYYACHOI EJIEKTPOHIKH, IHOOPMAIIMHUX 1
KOMIT'IOTEPHUX CUCTEM» MEICS-2019
27-29 mucromana 2019 p., Auinpo, Ykpaina


https://www.sciencedirect.com/science/article/pii/S1877042812020101#!
https://www.sciencedirect.com/science/article/pii/S1877042812020101#!

Cexuisi |. IHOOPMAIIMHI CACTEMM I TEXHOJIOTI'TI 57

JAI0Th MOJKJIUBICTH CHIJIKYBaTUCh 3 OyIb KO 0C00010, B OyJb SKIA TOYII 3€MJIi, BAHHKAE
npo0JieMa KOMYHIKaIlii 1 3HaHHS 1HO36MHO1 MOBH.

OmauM 3 HaWOLIBII TEPCIEKTUBHUX HAMNpPSMIB Y BHUBYEHHI 1HO3€MHHUX MOB €
BUKOPUCTAHHS KOMITIOTEPHUX HABYAILHUX CHCTEM. ICHye Oarato pi3HOBHIIB TaKHX CHUCTEM,
ajie JIOCIIPKEHHS MOKa3yloTh, 110 HAHOUIBII PO3BUHEHHUMH Ta €()EKTUBHUMH Pi3HOBHUIAMHU
EJICKTPOHHUX HABUYAIBHHUX CUCTEM € TPEHAXKEpPH Ta cUMyistopu. OIHUM i3 MOXKIUBOCTEH
3aHYpEHHS B MOBHE CEPEIOBHINE 3a JOMOMOTOK KOMIT IOTEPHUX IPOrpaM € HaBYaHHS Ha
OCHOBI cuieHapiiB [1, 2].

B po6oTi [2] Ha OCHOBI Te€Opii 3aCBOEHHS MOKA3aHO, III0 Y 0COOH sIKa BUBYAE MOBY MOBHA
CTPYKTYpa BUHHKAE BHACIIIOK BUKOPHCTAaHHS MOBH. [Iporiec BUBYCHHS MOBH BKIJIFOUAE B ceOe
3aram’ITOBYBaHHS sIK PiBHI OKPEMHX CIIiB, TaK 1 IPaBUJI TPAMATHKH, OCKUTBKU CTPYKTypa MOBH
BUHUKA€ 13 3aKOHOMIPHOCTEH BHKOPUCTAHHS TOOJAMHOKHX BHCJIOBIIOBAHb. ICTOPHUYHO
CTPYKTYpa MOBH BHHHUKa€ uepe3 IMPOIECH BUKOPUCTAHHS TPAMATUYHHX TPaBUIL
OHTOTE€HETHYHO JIITH Y4 OCOOM 1[0 BHUBYAIOTh MOBY UYIOTh OKPEMi BHUCIOBIIOBAHHS 1 MOTIM
(ToBTOpHO) OYIyIOTH abCTpPaKTHI KOHCTPYKIIT MOBH. Bce me BimOyBaeThbes 3a 3arajbHUMU
KOTHITUBHHMH TIPOLIECAMH, 1 yHIBEpCcatii MOBHOI CTPYKTYPH BHUILTUBAIOTH 3 TOTO, 1110 0c00a 110
dbopMye MOBHY KOHCTPYKI[iIFO BUKOPUCTOBYE OJHAKOBUN MOBHHI HaOIp, SIKUN € 3pO3yMUIHIA
IHIIM oco0am.

Ha ocHoBi Teopii 3acBoeHHst MOBH [ 1] Oyito po3pobiieHo BeO T0AATOK, SIKUH JO3BOJISIE
KOPUCTYBA4€Bi 3aCBOITH aHTJIIHCbKY MOBY. J[0o1aTOK po3po0sIeHO 3TiHO 3 yciMa Cy4acCHUMHU
IiIX01aMH 1 TPHHIIMIIAMHU BEO pPO3POOKH.

CepBepHa uacTMHa J0AaTKy peamizoBaHa Ha .Net. [lo Hei Oymo po3pobiieHo
KIIIEHTCHbKUU BeO momaTok Ha creky TtexHomorii React-Redux. Jlomatok abcontoTHO
0E3KOIITOBHUI, Ha BIAMIHY BiJ IHIIUX JOAATKIB JUisi BUBYCHHS MOBH. B momatok moxHa
3aBaHTAXYBATH ay/1i0, HA OCHOBI SKOT'0 MOKHA TIOTIM CTBOPUTH CIICHAPIi I BUBYCHHS MOBH.
3pyuHuii iHTepeiic 103BOIsE 3pyUHO B3aEMOIISTH 31 CTBOPEHUMH CLICHAPISIMU.

[1] Tomasello M. The usage-based theory of language acquisition. Ed. by E.L. Bavin.
Cambridge: Cambridge University Press. (2015). P. 89-106.

[2] Tomasello M. Constructing a Language. Cambridge, MA: Harvard University Press.
(2005). 388 p.

RESEARCH METHODS OF MODERN WEB SITE
DEVELOPMENT

T. Magro
Oles Honchar Dnipro National University
magro.tanya2602@gmail.com

Based on the theory of language acquisition, a web application was developed that
allows the user to learn English. The application is designed in accordance with all modern
approaches and principles of web development.

The server side of the application is implemented on .Net. It was developed by a client
web application on the React-Redux technology stack. The app is completely free, unlike other
language learning apps. In addition, you can download audio, which you can then use to create
scripts to learn the language. The user-friendly interface allows you to easily interact with the
created scripts.
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KYBATYPHA ®OPMYVJIA 110 OKTAEJAPY JJ5
TPUT'OHOMETPUYHOI'O ITIOJIIHOMA OKPEMOI'O BUAY

A. Moraiijio, B. AjlekceHKo
XepcoHcoka 0epacasHa Mopcbka akaoemist
kafedra.pnp@ukr.net

Binpmiicte 3ama4 aHalizy TEXHIYHMX CHCTEM 3BOJUTHCA JO PO3B’SI3aHHS CUCTEM
TQepeHIiaTbHIX PIBHIHD. Y BUIAIKY, KOJIM MAaTeMaTHYHA MOJIC)Ib TEXHIYHOI CHCTEMHU HE Ma€e
AQHAJITUYHOTO PO3B’SI3Ky, 3aCTOCOBYIOTh YHCEIbHI METOAM, 30KpeMa, METOJ CKiHYEHHHX
enemenTiB (MCE). [luckpeTHOI0 MOJICIUTIO JAHOTO METO/Ia € CUCTEeMa JIIHIMHUX anreOpaidHux
PIBHSHB, sIKA MICTHTh CKIHUEHHO-EJIEMEHTH1 MaTpuLli ()KOPCTKOCTI, Mac, AeMidipyBanus). s
3HaXO/DKEHHSI €JICMEHTIB BKAa3aHHWX MATPHIb 3aCTOCOBYIOTH YHCEIbHE IHTErpyBaHHS IIO
00acTi KOMIPKM CKiHYEHHO-EJIEMEHTHOI pemniTkh A0O0yTKiB OasucHuX (yHKIIH Ta ix
MOXIJIHUX. Y BUMAJKY, KOJIH PO3PaXyHKOBa 00J1aCTh JUCKPETHU30BaHA PEUIITKO, KA MICTHTh
ckinyenHni enemeHtd (CE), saki He mpencraBineni y ©0i0mioTekax CHCTEM CKIHYEHHO-
enementHoro anamizy (ANSYS, NASTRAN, JIIPA Tomio), HEOOXiIHO PO3B’sI3aTH 3a1ady
YHUCENILHOTO iHTerpyBanHs 1o oomacti HoBoro CE. Y po6orTi [ 1] moka3zano, 1o npu po3B’si3aHHi
3aJa4 Bizyati3alii TPUBUMIpHHUX 00’ €KTIB peliTKa i3 KoMmipkamu y GopMi OKTaeipa 3 KyCKOBO-
TiHIHHUME OazucHUMH (YHKIISIMH, € e(EeKTHUBHIMIOW 3a YacoM OOYHCIEHb IMOPIBHSHO 3
TETpaeaPaTbHOI0 PEUIITKO. Y poOOTi [2] MPOJOBKEHO JOCIHIKEHHS BIACTUBOCTEH PEIIiTKH
TETPAaeaPATbHO-OKTAEAPAIbHOI CTPYKTYpU. ABTOpamMH [2] 1OOYAOBAaHO HHU3KY CHUCTEM
0a3ucHUX (QYHKIIM OKTaeapa Ta 0OUUCICHO JOKaNIbHI XapakTepuctuku nasoro CE 3 pisHumu
Habopamu GasucHMX (QyHKIiH. 3a pe3ynbraTaMy HMOPIBHSUIBHOTO aHAaJi3y BHSBICHO, IO 3a
JIBOMa XapaKTEPUCTUKAMK y BUIJISII 3HAUCHh BU3HAYHUKA Ta YUCIIa 0OYMOBJICHOCTI Y HOpMI
L, marpuni Mac oKTaeap 3 TPUTOHOMETPUYHUMH 0a3UCHUMH (QYHKIISIMU HAALIEHUH KpaluMu

IHTEPIOJIAIIITHUMHU SKOCTSIMU. MeTa aHoi pobotu — nmoOyayBatu KyO0aTypHy (GopMyny o
o0racTi okTaeapa 3 TPUTOHOMETPUYHUM Oa3UCOM [UIsl OOYHCIIEHHS €JIeMEHTIB CKIHYeHHO-
€JIEMEHTHUX MaTPHIIb.

Hexait Q = {(x, V, Z): |x| +| y| +|Z| < 1} — oOnacTb iHTerpyBaHHs y ¢popMi okTaenpa. Tozai
JUISL OKTaezpa 3 TPUTOHOMETPUYHUMU 0a3UCHUMU (PYHKIIISIMU €IEMEHTH MaTPUIIl )KOPCTKOCTI
k= [kpq ] = J.J.J'QB "DBdxdydz, ne B" =(0p,/ox,0¢, /0y,0p, /0z) — Matpuus rpamieHTIB

0a3ucHUX QYHKUIA @, :(pr(x, y,z), D — wmarpuns npyxHOCTI, € TPUTOHOMETPUUHUMHU
HOJIHOMaMH BUTY

(x,v,z Z‘ oo Ya cos(a, 7x)- cos(ar, 7w y)- cos(a, 7 z), 1)

0‘|:z;“i 1 & 2{0,1}, i=1,—3-

OyHKIii Tl(x, y,z) € MapHUMH 32 KOXKHHM apryMeHToM Ta 2/, -nepioamunumu, ne [, =1.

e a, — KoedilieHTH, o = a(al,az,%) — MYJIBTUIHJEKC,

Enementn marpuii mac g = [g,s]= HJ‘Q(pr(psdxdde, ne r,s=1,6, € TPUTOHOMETPHIHIMH

MOJIIHOMAaMH BUIOY

T,(x,y,z)=B, + Z‘Zﬂ‘zobﬁ sin(f,7x/2)-sin(B, 7 y/2)-sin(f72/2), (2)
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A=" B, p ={01},i=13

. @ynkuii 7, (x, y,z) € HeMapHUMHU 32 KOKHUM apryMeHTOM Ta 2/, -nepiogudnumuy, ae [, =2.

ne B, b, —xoediuienrn, f = B(B..1,. B;) —MynbTHIHIEKC,

BpaxoByroun reomeTpito 06sacti Q Ta CTPYKTYpHI BIaCTUBOCTI QYHKIIH 7] (x, V, z) Ta
T, (x, y,z) , MoOyayemMo KybaTypHy hopmyry:

[I[,, 7 Gy 2)xdydzn 37 4, f(x,,2,) = (1), ©)

ne f (x, y,z) — HerepepBHa Ha Q (yHKuisA, A, — Baroi KoeQilieHTH, (xl., yi,zi) — BY3JIU
IHTEPIIOJISIIIT, SIKi pO3TalIOBaH1 Ha MIBOCIX OKTaelIpa Ha BIJICTaHI p BiJ ICHTpa (0,0,0).

BBakaroun, mo ¢popmyna (3) € TOUHOI IS TPUTOHOMETPUYHOTO TTOJIIHOMa OKPEMOT'o
Buny 1(x,v,z)=T1,(x,y,z)+T,(x,y,z), orpumaemo 4, =2/9, p= (l/ﬂ)arccos(l 8/ z* — 2).
Toxi popmyna (3) 3amumIeThCs Y BUTIISIL

JII. f Ce, . 2)dxdydz= (2/9) £ (& p.0.0)+ (0.£p.0)+ £(0.0.2p)), (4)

e p= (l/ﬂ)arccos(l 8/ n? —2).

Tounicts Gopmynu (4) nepeBipeHo Mpu OOUHMCICHH] €NEMEHTIB MaTPHUIh KOPCTKOCTI
Ta Mac JIIHIKHOTO OKTaepa 3 TPUTOHOMETPUIHUMH 0a3UCHUMH ()YHKITISIMH.

Toxu6ka y Hopmi C(Q) cranosuts A, = max |R,(f)=1.88-10"" ana f =k, Ta

kpgsP,q=1,6

A, = max [R,(f)=1.1-10" mma f=g,, J&e R4(f):I_[J.Qf(xayaz)dXdde_lR(f) -

g
g,5.7>5=1,6

3aMIIoK KybarypHoi dopmynu. Ha puc.l 300pakeHo po3mojiin MOXHOKH 3a eIeMEHTaMHu
JIOKAJIbHUX CKIHYEHHO-ENIEMEHTHUX MaTPUIlb OKTaeIpa.

Puc. 1. Po3noain noxudku |R4 ( f l 3a eJileMeHTAMH: a) MAaTPHLi ’KOPCTKOCTI; 0) MaTpuui Mac

BucHoBku. Y po6oTi nmoOynoBaHO iHTEpHOJALIMHY KyOaTypHY (opmyny mo obiacti
OKTaeqapa 3 6 By3JaMU IHTEPIOJIIi, SKa € TOYHOIO Il TPUTOHOMETPUYHUX IOJIHOMIB
okpemoro Buay. OTpuMaHi pe3yabTaTd MEpPeBIpeHO MpU OOYHMCICHHI €IEMEHTIB JIOKAJIbHUX
MaTpHUILIb XKOPCTKOCTI Ta Mac JIsl CHCTEMHU TPUTOHOMETPUYHUX Oa3ucHUX (QyHKIIN OKTaenpa.

[1] Grosso R., Greiner G. Hierarchical Meshes for Volume Data. Computer Graphics
International 1998:.Proceeding of the Conference (Washington, July 22-27, 1998).
Washington, 1998. P. 761-771.
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[2] Motaiino A. II., Xomuenko A. H. IlopiBHsuibHHE aHaimi3 0as3uciB okTaeapa. HoiTai
HayKoBi gocsrHeHHs — 2013: marep. IX MixnHap. Hayk.-ipakT. koH(. Cepis: MaTemaTnka
(Codis, 17-25 6epesns 2013). Codis, 2013.T. 21. C. 28-33.

CUBATURE FORMULA FOR
TRIGONOMETRICPOLYNOMIAL OF TYPE OF PART ON
OCTAHEDRON

A. Motailo, V.Aleksenko
Kherson State Maritime Academy
kafedra.pnp@ukr.net

One of requirements to the mathematical model of the technical system there are
minimization of the use of machine resource at the receipt of decision of the differential
equations system. One of methods of implementation of requirement there is the use in the finite
elements method (FEM) of alternative lattices, in particular, of the tetrahedral-octahedral
structure. For realization of algorithm of FEM with the use of octahedron it is necessary to get
the formulas of numeral integration for the areas of this polyhedron.

In this article the cubature formula of with 6 knots of interpolation for the areas of
octahedron is constructed. This formula is exact for the trigonometric polynomial of type of
part. The got results are tested at the calculation of elements of local matrices of stiffness and
masses for the system of trigonometric bases functions of octahedron. Exactness of the dot
results satisfies to the engineering requirements.

JOCJUIIIZKEHHSA JOUIJVIBHOCTI PO3POBKH
MOBIJIBHOT'O JOIATKY AJIsA PO3ILIUPEHHA
®YHKIIOHAJY CAUTY ®AKYJBTETY ®EKC

. Mopo3

J[Hinposcokuii nayionanehui yHieepcumem imeni Onecs I onuapa
dmitriy@moroz.cc

OcTaHHIM dYacoM CIIOCTEpIraeTbcsl TEHJAEHLIS PI3KOro 30UIbIIEHHS KUIBKOCTI
cMapTQOHIB Ta IUIAHIIETIB BIAHOCHO KOMII'IOTEpiB. 3TiJHO 3 OCTaHHBOIO CTaTHCTHUKOIO,
BUKOPHUCTAHHS IHTEpHET TpadiKy Y CBIT1, KUIbKICTh 3arajibHOTO Tpadiky MOOUIbHUX MIPUCTPOIB
Ha 2% Oinblie Bia KUTbKOCTI Tpadiky nepcoHambHUX Komm 'torepiB [1]. [Ipuunnamu Takoro
301IbIICHHS CTAIM JIeKUIbKa (pakTopiB, a came: OCTYIHI LIHU Ha cMapT(OHU, pO3LUIMPEHHS
kaptu MokputTs Mepex 3G ta 4G cepen BITUM3HSHMX MOOUIBHHX OINEPaTOPiB, BUIYCK
MPOBIAHUMHU KOMITaHISIMH OHOBJIEHB TSI MOOLTRHUX BEPCiIM CBOIX Opay3epiB, IO JTO3BOJIUIIO
ONTUMI3yBaTH Yac 3aBaHTAKEHHs BeO-CTOPIHKM B YMOBAaX BiJICYTHOCTI CTaO1IbHOTO 3’ €THAHHS
3 MEpEKEI0 IHTEPHET.
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He octannto ponb B 1miil TeHAEHIIIT Biirpae (pakTop 3pyIHOCTI MEPErsy KOHTEHTY,
ajpKe € iHdopMarlis sIKy CKJIaJHO MPEICTABUTH B 3pYYHOMY BUTIISAL JUIS MIEPETIIAY HA eKpaHi
MOOUIBPHOTO TPHUCTPOIO. SICKpaBUM NPHKIAAOM TAaKWX JAaHUX € EJICKTPOHHI TaOyMi, sKi
noTpeOyroTh BiJl KOpHCTyBaya OUTBIIOT B3a€EMOIIT 3 MPUCTPOEM ISl HaBiramii i meperssiy.

Posrnsnemo odimiitnuii caiit dakyiabTeTy Di3MKH, €IeKTPOHIKM Ta KOMIT IOTEPHHUX
cucreM. Caiit po3pobsieHo Ha riardopmi WordPress, 1mrabiion agantyeThes UTst eperiisay Ha
MOOUTBPHUX TPHUCTPOsX. DyHKIIOHAT HAJIYy€e PO3AUI 3 HOBUHAMHM, 1H(OpMaIliliHI CTOPIHKH,
(dbopMy At 3BOPOTHOTO 3B’SI3KY 3 aAMiHICTpalieto GpakynpTery. Tpadik caiTy BiICTEKY€EThCSI
3a JIOMoMOror aHagitThuHoi miardgopmu Google Analytics, 3rizno octaHHiX gaHMX Oinbiia
gacTrHa TpadiKy CalTy HAIXOIUTh caMe 3 MOOITEHUX MPUCTPOIB, a came 50,8% CTaHOBIATH
cmaptdonu Ta 1,8% mnaHmerHi komm’rotepu. OTKe € JOLUIBHICTH PO3POOKH OKPEMOTo
MOOITEHOTO JTOJIATKY.

KonuuyecTso ceccuin o TMnam ycTporUCTB

O =

CmapTdoHbl KomneioTepbl MnaHweTs!
50,8 % 47,4 % 1.8%
Puc. 1. liarpama Tpadiky caiiTy 3a TUIIaMU NPCTPOIB CTAaHOM Ha BepeceHb 2019 p.

CyyacHi MOOUTBHI onieparfiifHi CUCTEMH Ta 3acOOU ISl CTBOPEHHSI MOOLITFHUX JIOJATKIB
HA/al0Th OUIbIIE MOXJIMBOCTEH Ui pPO3POOKH PI3HOMAHITHOTO I IHTEPaKTUBHOIO
(GyHKLiOHATY HiDX 3aco0u po3poOku Bed-momatkiB. Tak sik cucrema WordPress wmae
BOynoBanuii APl s oTpuMaHHS TaHUX 3 CalTy [2], € MOXJIMBICTD B3a€EMO/IIT 3 JAaHUMHU, IO
30epiratoThes B 0a3i JaHux caifTy. @yHKIIOHAN pO3/1iily HOBUH MOKHA JIOTIOBHUTH (DYHKIII€IO
BIJIIIPAaBKM CUCTEMHOI'O IMOBIJOMJICHHS KOPUCTYBauy IpU JOJaBaHHI HOBOIO 3aIucy.
@DyHKIIOHAT BIKETa 3 Marol B HIWKHIM YaCTWHU CalWTy MOXHa JOMOBHHUTH (YHKIIEIO
MPOKJIAJaHHs TNUIAXY BIJl TOTOYHOI TeoJoKalii cMmapTdoHa O MOTPIOHOTO KOPIYyCY
dakynbTery. Takoxk MOKHa 10/1aTH i HOBUH (DyHKIIOHAN, HANIPHUKIIA, BUKOpUcTOBYroun API,
MOKHa OTpUMYBaTH HaOlp JaHHUX 3 PO3KJIAJOM J3BIHKIB 3 cepBepa, Ta J1aBaTU KiHIIEBOMY
KOpUCTYBauy (B JaHOMY BHUINAJKy CTYAEHTY) BCTAaHOBUTH HAaJAIITyBaHHS CHCTEMHOTO
MOBIOMJIEHHS TIPO MTOYATOK 3aHATTS, 110 JI03BOJIUTh 3MEHIITUTH KUIbKICTh 3aM13HEHb.

[Ticns 3aTBepakeHHs QYHKIIIOHATY, CITiJ] PO3TIIIHYTH TEXHOJOT1], 1110 Tpeba 3aCTOCyBaTH
JUIs oro peanizamii. Bukopucraemo Takuii crek Texnosorii miardopmu Android, mo e
pekoMeHIoBaHUM KommaHiero Google: moBa mporpamysanus Kotlin, Giomiorekn Retrofit2 Ta
OKHTTP s po6otu 3 WordPress REST API, RxKotlin mist acuaxponHOi 00poOKH JaHUX,
ViewModel ta LiveData niis TumuacoBoro 30epiranss nanux, Room Database asist moctiifHOro
30epiraHHs JaHUX.

[IpoananizyBaBiu Tpadik caifTy, BeO-CTOPIHKH, 3MIHM, IO JAIOTh 3MOTY PO3ILIUPUTH
(GYHKIIIOHATBHICTh CalTy, @ TaKOX HAasSBHICTh TEXHOJIOTIH, IO JI03BOJIAIOTH peajizyBaTH
3araHoBaHl (QyHKIIi, poOMMO BHCHOBOK, LIO0 PO3pOOKa OKpEeMOro MOOLIBHOIO JOJATKy €
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JOIUTPHOIO, Ta JIO3BOJUTH CHPOCTUTH TPOIEC CIIOBIMICHHS CTYACHTIB BaKJIIMBOIO
iH(pOopMaLi€ro.

[1] Tarepuer-rennenuii 2019 poky. [Enekrponnuii pecypc] // uk.vpnmentor.com — Pexum
noctymy https://uk.vpnmentor.com/blog/iHTepHeT-TeHACHITIi-POKY-CTaTUCTHKA

[2] WordPress  [Enexktponnmii  pecypc] //  wikipedia.org — Pexum  mocrymy:
https://ru.wikipedia.org/wiki/WordPress.

INVESTIGATION OF THE FEASIBILITY OF DEVELOPING
A MOBILE APPLICATION FOR EXTENDING THE
FUNCTIONALITY OF THE PECS FACULTY SITE

D. Moroz
Oles Honchar Dnipro National University
dmitriy@moroz.cc

In this paper proposed investigation cases for the feasibility of developing application
for mobile devices, extending functionality and usability based on existing content by
implementing mobile system features, using existing official PECS faculty website as example.

PO3II3HABAHHA ABTOMOBIJIBHUX HOMEPHUX
3HAKIB 3 BIIEO3OBPA’KEHD 13 3ACTOCYBAHHSAM
HEHUPOHHUX MEPEX

M. ®dacto, B. MameBcbKkui
Hninpoecoxuti nayionanvnuu ynieepcumem imeni Oneca I onuapa
ggalopruvet@gmail.com

3a OCTaHHI POKH 3 POCTOM JIFOACHKHX MOTPeO BiIOYBCS 1 BETMYE3HUI PUBOK Y PO3BUTKY
KOMIT FOTEPHHX TEXHOJIOT1H. Po3Mmi3HaBaHHS B1/1€0300pakeHb Ta MU(PPOBUX 300pasKEeHb TOYAIIO
aKTHUBHO 3aCTOCOBYBATHUCS B pi3HUX cpepax I aBTOMaTH3allii mpoleciB 00poOKu iH(popMartii.
SIckpaBUM TIpPHUKIAJaMHd € MOMEHTAIbHI TepeKyanavi, aBTOMAaTHYHI CUCTEMH TOCTYITY JI0
npuMinieHs Ta iHme. Haiibiabi BaXXTMBOIO MPUUYUHOIO PO3BUTKY TAaKUX CHCTEM € €KOHOMis
JIOJICBKUX PECypcCiB, 4acy Ha BUKOHAHHSI 3aBJIaHHS Ta MIHIMI3aIl0 TOXHOOK.

Y po6oTi OyB pealizoBaHHiA JOJATOK 33 JOMOMOTOIO SIKOTO MOKHA BU3HAYUTHA HOMEPHI
3HAaKM aBTOMOOUIIB B aBTOMaTUYHOMY pekuMi. [loaTok peanizoBaHU Ha OCHOBI HEMPOHHUX
mepex. HelipoHHI Mepexi MMPOKO BUKOPUCTOBYIOTHCS AJISl BUPIILICHHS CKJIaJHUX 3aB/laHb, K1
BUMAaralTh aHATITUYHUX OOYUCICHh TMOMIOHMX THM, M0 POOUTH JFOJICBKUN MO30K.
Haiinommpenimmmu 3acTOCyBaHHSAMHU HEHPOHHUX MEpex €: Kiacudikailis, nependaueHHs Ta
po3ImizHaBaHHs 300paxkess [1,2].
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B nonatky nist peanizarii po3mnizHaBaHHS HOMEPHHX 3HAKIB OyJI0 BAUKOPHCTAHO METO -
JIepeBO YXBaJIeHHA pillleHb. JlaHHiT METO] BUKOPUCTOBYETHCS B Taly3i CTATUCTUKHU Ta aHANI3Y
JIAaHUX JIJIs CTBOPEHHsI MPOrHO3HUX Moaenel [3]. CTpykTypa aepeBa MICTUTh Takl €JIEMEHTH:
«mmcTa» 1 «rutkn». Ha pebpax («rijkax») AepeBa yXBaJeHHs PillIeHHS 3alicaHi aTpuOyTH, Bij
SKUX 3JICKUTH IJTbOBA (DYHKIIIS, B «JIMCTI» 3allMCaHl 3HaYEHHS IUJIBOBOI (PYHKIIIi, a B 1HIITHX
BYy3J1aX — aTpUOYTH, 3a SIKUMH PO3Pi3HIIOTHCS Buniaaku. [1{o0 kinacudikyBaTn HOBUI BHITAJIOK,
Tpeba CyCTUTHCS T10 JISPEBY JI0 JINCTA 1 BUAATH BiNOBiIHE 3HaueHHs. [10110H1 1epeBa pimeHb
IIMPOKO BUKOPUCTOBYIOTHCS B IHTEJIEKTYaJIbHOMY aHali31 AaHuX. MeTa mosusirae B ToMmy, o0
CTBOPUTHU MOJIEJIb, SIKA MPOTHO3Y€E 3HAYEHHS L1IbOBOT 3MIHHOI HA OCHOBI JEKIJIbKOX 3MIHHUX
Ha BXOJI.

JlomaTok CTBOPEHO JUIsi BUKOPUCTaHHS B cucTteMi Matlab. Bximnumu nanumu st
JIOJIATKY € B1JIc0300paKe€HHS Ha SKOMY IPHUCYTHIH aBTOMOOIILHUN peecTpariiHuii HOMEepHUI
3HaK. Lle Bieo300paXkeHHs pO3AUISETHCS Ha (hpeiMH Ha KOKHOMY 3 SIKUX € HOMEpPHUH 3HaK.
Bci ¢peiimu npoxoaars monepeaHto 0OpoOKy siKa MOJSATrae B TOMY IO BUAUISETHCA 00JIaCTh
3aifHITa aBTOMOOUTFHIM HOMEPOM II€ 300pa)KeHHS T1030aBIISE€THCS Bl MIyMy Ta OOMPAETHCS
HaWsKICHIIIE 300paKeHHS 110 CITIBIAAIHHIO 3 €TAJIOHHUMHU MIPUPTAMU SIKi BUKOPHUCTOBYIOTHCS
B aBTOMOOUIBHMX HOMEPHHX 3HaKax. Po3mi3HaBaHHS CHMBOJIIB BUKOHYETHCS 32 JJOTIOMOTOIO
HiJpaxyHKy CyMapHOi Baru.

Pesynbrarom pobOTH 101aTKYy € HOMEPHUH 3HAK B TEKCTOBOMY BUIJIsAL. [[is nogaTky
po3pobnenuit 3pydHuid rpadiuHuil iHTepdelc, SKH Ja€ MOXJIMBICTH 3BHYAHHOMY
KOPHCTYBady pO3IMi3HAaBaTH PEECTpAIliiHI HOMEpHI 3HAKM TPAHCIOPTHUX  3ac00iB
BUKOPHCTOBYIOUH 3BUYAiHI B1I€03AIMCH JOPOKHBOTO PYXY.

7y LoadVideo [= o =

r—
o
@D
Qo

Prev Frame

Next Frame
Analyze

Statistics
Filename
C:Wsersi\student2\Deskto|
m_Recognition2test_3.av

Frame # 34

Duration 3.00s
Framerate 25.00 FPS

CarNumber X393PX

Puc. 1. lIpuxnag podoTu 10AaTKy.

[1] Kuura @.Yocepmena «Helipokomm'torepHa Textika: Teopis i mpakTHKa»
[2] M., Bishop, Christopher (1995). Neural networks for pattern recognition
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[3] Laboratory of Mathematical Logic «J/lepeBo VYxBaienus Pimenb. ['maBa 1» —
[Enextponnmii pecypc] — Pexum moctymy: https://logic.pdmi.ras.ru/~sergey/teaching/
ml/notes-01-dectrees.pdf

CAR LICENSE NUMBER RECOGNITION FROM VIDEO
RECORDINGS USING NEURAL NETWORKS

M. Fasto, V. Mashevskyi
Oles Honchar Dnipro National University
ggalopruvet@gmail.com

Neural networks are increasingly involving into all aspects of human being. They are
used in a wide variety of areas starting from using in simple online translators up to solving
complex forecasting problems. The abstract presents the results of developing a software
application for recognizing car license numbers. The application is based on the Decision Tree
Method and is realized to work with Matlab. The main feature of this application is the ability
to use video recordings of traffic as source data for determining registration numbers. The
application can be useful for identifying violators of traffic rules.

METO/IM CTPYKTYPHOI ONTUMI3AILIL
BEB-CUCTEM

T. Uypcina
Xapxkiscokuil HaAyioHANbHULL YHIGEpCUMem padioeneKmpoHiKu,
tetiana.chursina@nure.ua

OaHuM 13 HaWNOMYJSPHINIMX HANPSAMKIB PO3pOOKHU MPOTrpaMHOro 3a0e3leueHHs Ha
CHOT'OJIHIIIHIH J1IeHb € po3poOKa BeO-opieHTOBaHUX cucteM. Cepen pakToOpiB, 10 BU3ZHAYAIOTh
HOMYJISIPHICTh BEO-A0AAaTKy, OAHUMM 3 HaWBAXKJIMBIINIMX € HIBUAKICTH 3aBaHTAXKEHHS HOTO
CTOPIHOK, a TaKOX IIBMJKICTh peaKiii CTOpPIHKM Ha i KopucTyBada. Tomy mpolGiema
OIITHMIi3allii BeO-CHCTEM Ha ChOTOHIIIHIN JICHb HE BTpavyae aKkTyalbHOCTI [1].

OnHuM 13 HAWNOMYNSAPHIMIUX 1HCTPYMEHTIB MEPEeBIpKM MOKA3HMUKIB IIBUAKOCTI
3aBaHTaXeHHs Ta poboTu cTopiHOK BeO-caiiTiB € Google Page Speed Insights. Ilei
0€3KOIITOBHUI OHJIaltH-CEPBiC BULISE HACTYITHI TapaMeTpH:

- Yac 3aBaHTaXEHHS MEPIIOro KOHTEHTY (Yac Bijl MOYATKy 3aBaHTaXEHHS 10 MOMEHTY
MOSIBU MTPUHANMHI OJTHOTO €JIEMEHTY CTOPIHKH);

- 1HJEKC IIBHUJKOCTI 3aBaHTa)X€HHs (TIOKa3ye, HACKUIbKU HIBUAKO KOHTEHT CTOPIHKU
CTa€ IOCTYIMHUM JJIS TIEPETIIsIny);

- Yac 3aBaHTaKEHHs JJOCTAaTHbOI YACTUHU KOHTEHTY (Yac BiJ MOYATKY 3aBaHTAXEHHS
710 TPOMaJIbOBKH MEPUIOro eKpaHy, 10 6aYUTh KOPUCTYBay);

- yac 3akiHueHHs poOotu LI (mepiox uyacy 1O MOMEHTY, KOJHM CTOpPIHKAa MOXeE
pearyBaTH Ha Jii KOpHUCTyBaya);
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- Yac 3aBaHTa)KEHHS JIJIsl B3aEMOJIIT (4Yac, 3a KU CTOPIHKA TTOBHICTIO 3aBAHTAXYEThCS
1 TOTOBa JI0 B3aEMOIi1).

- TpuOJM3HUI Yac 3aTPUMKHU IpH BBOJI (ITOKa3ye CEpe/IHIM Yac peakilii CTOpIHKK Ha
Iii KOpUCTyBaya B HAWOUIBIN 3aiHATI 5 CEKYH/I Iijl Yac 3aBaHTakeHHs) [2].

Crnin 3a3HayuTH, IO 3a3Ha4YeHi (aKTOPH TICHO MOB’S3aHi 3 IHUKJIOM 3aBaHTAKEHHS
cTopinku. Hukue HaBeIeHMIA TOSTAITHUN TIPOIEC 3aBAaHTAXKCHHS CTOPIHKY CalTy B Opay3epi.

1. OOpobOka 3ammtiB g0 DNS-cepBepy, 1Mo CyTi IIe 3alHUT O XOCTa, Ha SKOMY
PO3MIIICHO CaWlT.

O6pobka HTTP-niepenarnpanieHs.

[TigxmroueHHs 10 cepBepa.

OTpumaHHS BiAMOBIII cepBepa.

O6pobka HTML — vac, mpoTsirom sikoro 6pay3ep 00po0Jasie BMICT CTOPIHKH MICIHIA
il 3aBaHTa)KEHHS 3 CepBepa Ta 10 Movarky ¢gopMyBaHHs cTpykTypu DOM.
®opmyBanns cTpykTypu DOM.

7. TloBHe 3aBaHTaKEHHsI CTOPIHKHM 3 yciMma ii KommoHeHTamu (300paxeHHs, CSS,

JavaScript).

OnTuMmanbHa NIBUAKICTH 3aBaHTAXXEHHS BEO-CTOPIHKH CKiIaae 2-3 CeKyHU, OJJHAK He
3aBXKAM BIAETHCS JOCSATTH TAKOTO IMOKa3HUKA. JOCHTH YacTo BeO-caiiTh, 30KpemMa BeIHKi
IHTEpHET-Mara3uHy, 3aBaHTAXYIOTbCA JOBIIE. BUXoasuu 3 BUIEHABEIEHUX €TaImiB, 3aJauy
ONTHMIi3aIlil MBHUIKOCTI 3aBaHTaXCHHS BEO-CTOPIHKY MOKHA PO30OUTH HA TaKi YaCTHHH:

- 30LIbIICHHS MIBUIKOIIT CEpBEPA Ta IMIBUIKOCTI IHTEPHET-3’ € THAHHS,

- omnTuMizamis podoTu 6a3u TaHUX;

- ONTHUMI3allisg IPOrpPaMHOr0 KOy, SIK CEpBEPHOro, Tak 1 Kii€HTChbKOro. Llei myHKT
Oyze MeTalbHIIIe PO3TIISTHEHO JaJIi.

OpHuM 13 METO/IIB CEPBEPHOI ONTHUMI3AllI] € HAIAIITYBAaHHS CEPBEPHOTO KEITyBaHHS. Y
IbOMY BUNAJKY IICIs KEUIyBaHHS IaHUX CEPBEP 3BEPTATUMETHCA JO JIOKAJIbHOI Bepcil
CTOpiHKH, a He Oy/ae 3aBaHTa)XyBaTH ii 3aHOBO MIOpa3y. TakoX BaKJIMBUM € peakTOPUHT
CEPBEPHOTO KOJY, 1110 JO3BOJISIE CIIPOCTUTH HEOOX1THUN KOJI Ta BUIYUUTH 3aliBHil.

om0 KTi€EHTCHKOI YaCTMHM BeO-CHCTeMHU, HEOOXiAHO BumpaBuTu momuiku B HTML
koxi. OKpiM 1IbOTO, Ma€ 3HAYEHHS MiCIle PO3MIMICHHsI CKpHITiB Ta cTuiiB. CSS HeoOxinHO
PO3MIIIYBaTH Bropi, 1100 CTHJII oYl BiJOOpa)xaTucs oJpasy Micis NOYaTKy 3aBaHTAKEHHS
cropinku. L{e nomacTp maHciB yrpuMaTi KoprcTyBava Ha cropinii. [Tigkmrouenns JavaScript-
¢dainiB HaBMakW, Kpalle MEPEeHeCTH [OHU3Y CTOPIHKH, SKIIO 1€ HE BHUKJIMYE MOMUIKU
ckpunTiB. Kaxxyuu npo Qaiinm ckpunTiB Ta CTUJIIB, BapTO 3a3HAYMTH, 10 3a3BUYail BOHU €
JIOCUTHh I'POMI3/IKMMHU, TOMY JI€BUM € BUAAJICHHS 3allBUX CHMBOJIB: MPOOLTiB, KOMEHTapIB,
NEPEHOCIB PAJIKIB, TaOYALI1. J[1s bOTO ICHYIOTh CHelialibHI CepBiCH-KOMIIpecOpH. Takox He
BapTo 3a0yBaTH MPO CTUCHEHHS 300paKeHb, OCKITLKH KOPUCTYyBaYaM 3a3BUYail He MOTpiOHA TX
BHCOKA JIeTajizailisi, 0COOJIMBO SKIIO BOHU MEPETJIAIal0Th CAUT 3a JOMOMOTOI0 MOOUTHHUX
pUCTPOiB [3].

OT1xe, i yac po3poOKH BeO-CUCTEM CITII BpaXOBYBATH, 1110 IIIBUIKICTh 3aBaHTAKEHHS
CTOPIHOK € OJHMM 13 HalBaXJIMBIIIMX MapaMeTpiB AKOCTi cuctemu. IIpu BHKOHaHHI
BUIIE3TAIaHUX PEKOMEHAIlIN 100 ONTUMI3allli, IIBUIKICTh 3aBaHTAKCHHS CTOPIHOK BeO-
CUCTEMH MOXHA HaOJIM3UTH JI0 3HAUEHB, 110 OYyIyTh 330BUTHHUMU JJIsl KOPUCTYBaya.

arwn

Sk

[1] Ceprees C. @. "MeTo/1bl TECTUPOBAHUS U ONTHMHU3ALNUU UHTEPPEHCOB HHPOPMAITUOHHBIX
cucrem.” (2013). C. 49.

[2] Cxopoctb 3arpy3ku caiita — uto HoBoro B Google PageSpeed Insights B 2019 (cenTsi0pn)
[Enextponnmii pecypc]. Pexum mocrymy: https://ax.digital/new-google-pagespeed-
insights-2019/.

1V BeeykpaiHcbka HAYKOBO-NIPAKTHYHA KOH(pepeHIIis
«[IEPCIIEKTUBHI HAIIPSIMKH CYYACHOI EJIEKTPOHIKH, IHOOPMAIIMHUX 1
KOMIT'IOTEPHUX CUCTEM» MEICS-2019
27-29 mucromana 2019 p., Auinpo, Ykpaina



66 Cexuisi |. IHOOPMAIIMHI CACTEMM I TEXHOJIOTI'TI

[3] CxopocTh 3arpy3kd CTpaHHIBI: METPHKH, HHCTPYMEHTBI M CIIOCOOBI IOBBIIICHHUS
[Enextponnuii pecypc]. Pexxum nocrymy: https://blog.cybermarketing.ru/skorost-zagruzki-
stranicy-metriki-instrumenty-i-sposoby-povysheniya/

STRUCTURAL OPTIMIZATION METHODS OF THE WEB-
SYSTEMS

T. Chursina
Kharkiv National University of Radio Electronics
tetiana.chursina@nure.ua

Web development is one of the leading software development industries. One of the
most important indicators of a web resource is page loading speed. It can directly influence the
popularity of a web resource and, accordingly, the prospects for its further development. The
purpose of this work is to view page loading speed indicators, to study the reasons of reducing
the loading speed, as well as to consider already known approaches and list methods of
optimizing web application speed.
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AUTOMATED SPECTRAL ANALISYS OF QUASIPERIODIC
SIGNALS

D. Shulga, N. Botsva, D. Chernetchenko, A. Balahanova
Oles Honchar Dnipro National University
kef.dnu@gmail.com

Extracting of spectral components from biosignals that are formed as overlay of multiple
signals is very important problem in current physics and biophysiology experiments. Accurate
frequency domain mathematical processing of Heart Rate Variability (HRV) is one of such
problems, because of multiple influence of different factors or modulators, such as breathing
patterns which has own modal frequencies in general spectrum. However, these modulators
have well-researched parameters and can be measured using special hardware.

In the work, complex signals spectrum analysis was executed for typical physiological
signals, which are quasiperiodic signals.

Electrocardiographic biosensor was used for registration ECG signal for further HRV
analysis processing, and photopletysmography (PPG) sensor — for extraction breathing (or
respiration) signal for further automated software spectrum analysis to perform mutual
compensation on HRV spectrum signal.

To provide the process of recording physiological signals and to study the processes of
respiration, a complex was developed based on the STM32L151 microcontroller platform with
the ARM Cortex-M1 core [1]. A portable standalone integral sensor from Texas Instruments
was used to record the ECG signal. A three-beam light sensor was used to detect the pulse wave
and the PPG signal. The data from the sensor was transmitted directly to the PC via the UART
interface, the data from the ECG sensor was transmitted via Bluetooth 4.2 BLE to a mobile
phone, which, after recording data, was synchronized from the PC in manual mode. The device
powered by 3.7V Li/ Po 200mAh battery to reduce interference from external fields.

The sensor SFH 7050 was used to produce a PPG signal by the method of light
reflection, and is an integral means for processing an optical signal with high-efficiency LEDs
and sensitive to radiation in a specific spectral range of the sensor. Different parameters can be
obtained by analysing the signal, among them is the determination of the characteristics of the
respiratory process [2]. Data from each sensor was recorded with UART, recorded in a test file
format, processed and visualized using the MATLAB programming environment. Fig.1 shown
an example of the raw data obtained from the ECG (a) and PPG (b) sensor.

ECG data

ANRRENRRRER

PPG data

Fig. 1. Raw-data sample: a — ECG signal, b - PPG signal

The initial step of the ECG raw-data features extraction relates to the of noise removal
from the signal. Noises from different origin always mix with ECG signal and cause baseline

1V BeeykpaiHcbka HAYKOBO-NIPAKTHYHA KOH(pepeHIIist
«[IEPCIIEKTUBHI HAIIPSIMKH CYYACHOI EJIEKTPOHIKH, IHOOPMAIIMHUX 1
KOMIT'IOTEPHUX CUCTEM» MEICS-2019
27-29 mucromana 2019 p., Auinpo, Ykpaina


mailto:kef.dnu@gmail.com

68 Cekuis 1. KOMIT'FOTEPHI CUCTEMHU I KOMIIOHEHTH

drifts, artefacts and small-scale oscillations. Unwanted noisy modifications in the initial ECG
signal may cause to critical distortions of the original information in the ECG signal and lead
to false ECG data. In this work, a cascaded digital filters configuration was used for removal of
three major noises of baseline drift, power line interference and EMG noise (Fig.2).

Raw ECG signal
——» Low-passFilter | High-passFilter |—» Derivative Filter | Squaring |

Output Signal

Moving Average
S »

Filtration

Fig. 2. Common block-diagram of ECG-signal filters tract

Each stage of filtration implemented with MATLAB environment as encapsulated
functions for easy-to-use in any project and further porting on hardware architecture. Example
of ECG signal filtration with R-peaks extraction for further HRV analysis shown on Fig.3.

g ik

400 1600 1800

0 200

samples

el Kl L S S Ny N [ S Iy g g [ gy ey A ] |
BOO 1000 1200 1400 1600 1800
samples

Fig. 3. Example of ECG signal filtration: a — squared normalized ECG signal
after filtration stage; b — moving average filtration effect with detected R-peaks
(circles) and detector levels. Signal level — red dashed line; noise level — black
dashed line; adaptive threshold — green dashed line). X-axis — samples number
of signal; Y-axis — amplitude of normalized signal in arbitrary units (a. u.)

The spectrum analysis of the original PPG and the restored respiration signal was shown
were completed. The experiments with simultaneously recorded ECG and PPG signals were
repeated 10 times for 3 people and shown strong correlation of estimated and real respiration
rate. It should be noted that the spectrum of the reconstructed signal has a clearly pronounced
peak at a frequency of 0.33 Hz, which fully corresponds to the frequency spectrum of the
respiratory signal associated with the respiratory process. Moreover, the respiration rate
calculated from the restored breathing signal was fully consistent with the actual one, and was
equal to 15 breathing cycles per minute.

[1] SFH7050 Datasheet [Enexrponnuii pecypc]. Pexxum moctymy: /https://www.osram.com/
media/resource/hires/osram-dam-2496439/SFH%207050.pdf.

[2] Fusco A., Locatelli D., Onorati F., Durelli G.C., Santambrogio M.D. On how to extract
breathing rate from PPG signal using wearable devices. Biomedical Circuits and Systems
Conference (BioCAS). (2015). IEEE. P. 1-4.
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KOMIT'FOTEPU30BAHA CUCTEMA MOHITOPHUHI'Y TA
KEPYBAHHA HLITYYHUM JOCBIYYBAHHAM POCJ/IMH Y
TEILUIMISIX HA BA3I HEUYITKOI JIOT'IKA

I. JlakTionos, O. BoBua, B. bopnueBcbkuii, I'. JlakTioHoBa
JIBH3 «/[oHeybKutl HAyiOHANbHUL MEXHIYHUL YHIBepCUmMem»
ivan.laktionov@donntu.edu.ua, oleksandr.vovna@donntu.edu.ua,
vladborich@gmail.com, ganna.laktionova@donntu.edu.ua

CinbpCcpKOrocnoapehbKi mwionyi YKpaiHu B OCHOBHOMY MPH3HAYEHO JJIs1 BUPOLTYBAaHHS
KYJIbTYp BiIKpUTOTO IpyHTY. [IpoTe 00CATH Ta SKICTh BPOXKAIO € JOCUTH HECTA01IbHUMH, TaK
K 3aJekKaTh BiJ KIMAaTHdyHUX yMOB. OIHUM 13 MOXJIMBUX BapiaHTIB IiIBUIICHHS
BPOXKAHOCTI TPOTATOM KaJCHAAPHOTO POKY € BHPOIIYBAHHS KYNbTYp Yy Terumuisx. Jlms
MiJBUIICHHS  BPOXKaWHOCTI  TEIUIMYHOI  MPOAYKIIi HEOOXITHUM €  BIPOBAKCHHS
KOMIT'FOTEpU30BaHUX cucTeM kepyBaHHs. Ha 6a3i Fuzzy logic icHyt0Th po3po0KHU B TEIUIUYHII
cdepi [1], mpore aBTOpamu He OyJ0 BpaxOBaHO TAKHH MapameTp, SK CIIEKTPAIbHUHN CKJal
JDKEpeIt INTYYHOTO JOCBIYyBaHHS 3 00JIIKOM THIIIB BUPOIYBAaHUX KYJIBTYP.

Merta pobotu monsrae B po3poOIli KOMI'IOTEPH30BAHOI CHUCTEMH MOHITOPUHTY M
KEepYBaHHSI IITYYHUM JIOCBIYYBaHHSM TEIUIMYHUX POCIWH Ha 0a31 HEUiTKOi JOTIKU MPH 00IIKY
IHTEHCUBHOCTI i CIICKTPAJILHOTO CKJIATY JKEPENI OCBITIICHHS JUIS PI3HUX THITIB KYJIBTYP.

ImiTamiiiHe MOJENIOBaHHS CHCTEMH BHMKOHAHO 3 BHKOPHUCTAHHSIM IPOTPAMHOTO
3abe3neuenns Matlab & Simulink®. Ilix gac mo6Gya0BM MOJETi BUKOPHCTAHO: II'SITUPiBHEBY
CYKYIHICTh TPUKYTHUX BXIIHUX (DyHKUINA (171 TeMmeparypud il iHTEHCHUBHOCTI CBITJIa) Ta
rayciBCbKUX BHXIIHUX (QyHKIIH, Oa3zoBuil anroput™m pobotu cucremu — Mamdani.
TemrnepaTypHUil pexuM /17151 BUPOLIYBaHHS OTipKa B MEpioJl IUIOOHOIIEHHS IPUIHATO 3T'1THO
HaykoBoro jpkepena [2] — Bix 20 o 24 °C.

Po3pobneny 06a3y mnpaBuUi aBTOMAaTHYHOTO KEpyBaHHsS IITYYHUM JOCBIYYBAaHHSIM
pocinuH HaBeneHo Ha puc. 1. JloriuHa ocHoBa s (opMyBaHHS NpaBUJI IpEACTaBIeHa B
1a671. 1 (E — iHTerpanbHa iHTEHCHBHICTH OCBiTIeHHs, BT/M%, T — TemnepaTypa mnoBiTps, °C).
[Tin yac po3poOKM TakOX BpaxoBaHO, IO JJI OripKa CHPUATIMBUN CHEKTPaJbHUN CKIIAL
JDKepena  IITYYHOIO  JIOCBIUYBaHHS  BCTAHOBIIIOETHCS B INEBHOMY  BiJICOTKOBOMY
CHIBBIJIHOIIIEHHI CIIEKTpa KOXKHOTO THUIY CBITJIOAIOAIB: Yy naianma3zoHi Bix 380 no 490 um
(Ahcun) —20 %, Bix 490 10 590 HM (Alsen) — 40 %, Big 590 10 700 HM (Akuep) — 40 % [3].

1. i b i + Spec i ¥ (1) . . . .

2 (T T1) and (E is £2) then (Spectrum is 28) (1) Ta6J. 1. CTanu BXiIHMX Ta BUXiIHOI 3MiHHHX

3. If (T is T1) and (E is E3) then (Spectrum is 0B} (1) After'
4 If (Tis T1) and (E is E4) then (Spectrum is 0B} (1) 1 1

S.If(Tis T1) and (E is ES) then (Spectrum is 0B} (1} T/E nght DaWn Mornlng Noon noon
&. If (T is T2) and (E is ES) then (Spectrum is 0B} (1}

7. If (T is T2} and (E is E4) then (Spectrum is 0B} (1} o 1

8. If (T is T2) and (E is E3) then (Spectrum is 0B} (1) Tl(ZOC ) Medlum LOW Off Off Off
9. If (T is T2) and (E is E2) then (Spectrum is 3B} (1) More

10 If (T is T2} and (E is E1) then (Spectrum is 4B} (1} T2(21C0) Medium Off Off Off
11.If (T is T3) and (E is E1) then (Spectrum is 58) (1) medium

12. If (T is T3) and (E is E2) then (Spectrum is 4B) (1)
13. If (T i= T3)» and (E is E3) then (Spectrum is 1B} (1) .
14, If (T is T3} and (E is E4} then (Spectrum is 0B} (1} T3(22C°) ngh
15 If (T is T3) and (E is ES) then (Spectrum is 0B} (1)
16. If (T is T4) and (E is ES) then (Spectrumis 1B} (1)

More

. Low Off Off
medium

AF. If (T is T4} and (E is E4) then (Spectrum is 1B} (1)} More
18. If (T is T4} and (E is E3) then (Spectrum is 0B} (1} T4(23C°) R
medium

Medium Off Low Low

20. If (T i= T4) and (E is E1} then (Spectrum is 4B} (1)

19. If (T i= T4) and (E is EZ) then (Spectrum iz 3B) (1)
° -
Puc. 1. ®parment 6asn npasu Ts(24C°) | Medium Low Off Low Low

BMmukaHHS CBITJIONIO/IB BUKOHYETHCS Y BiJIMOBIAHOCTI O JTIHTBICTHYHOI CYKYMHOCTI
npaBwi (quB. puc. 1 Ta Tabmn. 1) Ha pi3HIM MOTY)XHOCTI 3TITHO JONYCTHMHUX MapaMeTrpiB
OCBITJICHHS Ta TeMIIepaTypH, sIK HaBeJIEHO Ha pHcC. 24,0.
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Puc. 2. Pe3yabTaT TeCTyBaHHSI CHCTEMH

[omanpmmii HamPSIMOK JTOCHIJKEHB MOJISTAE Y arapaTHO-IIPOrpaMHii peasizarii 1aHoi
Mojeni Ha 0a3i cy4acHOi MiKpOMpOIEeCOpHOi TeXHiKH. MiKpOKOHTpOJIEp Mae€ BpaxOBYBAaTH
IHTCHCUBHICTh Ta CIHCKTPAJIBHUU CKJIQJ IITYYHOTO CBITIa B HOro BiJICOTKOBOMY
CHIBBIIHOIICHHI, 1110 B IEPCIEKTUBI JO3BOJIUTH 30UIBIINTH MPUPICT TEIUIMUHUX KYIBTYP.

[1] T.A. lzzuddin, M.A. Johari, M.Z.A. Rashid, M.H. Jali. Smart irrigation using fuzzy logic
method. ARPN J. of Eng. and App. Sc. Vol. 13, no. 2. (2018). P. 517-522.

[2] A.J.Both, L. Benjamin, J. Franklin, G. Holroyd, L.D. Incoll, M.G. Lefsrud, G. Pitkin.
Guidelines for measuring and reporting environmental parameters for experiments in
greenhouses. Plant Methods. Vol. 11. (2015). P. 1-18.

[3] O.Vovna, I. Laktionov, S. Sukach, M. Kabanets, E. Cherevko. Method of adaptive control
of effective energy lighting of greenhouses in the visible optical range. Bulg. Journal of
Agricultural Science. Vol. 24, no. 2. (2018). P. 335-340.

COMPUTERIZED MONITORING AND CONTROL SYSTEM
OF THE PLANTS SUPPLEMENTARY LIGHTING IN
GREENHOUSES BASED ON FUZZY-LOGIC

I. Laktionov, O. Vovna, V. Borychevskyi, H. Laktionova
SHEE “Donetsk National Technical University ”
ivan.laktionov@donntu.edu.ua, oleksandr.vovna@donntu.edu.ua,
vladborich@gmail.com, ganna.laktionova@donntu.edu.ua

The computerized monitoring and control system of the plants artificial illumination in
greenhouses based on fuzzy logic has been developed at this stage of research. This computer
model has been implemented taking into account the intensity and spectral composition of light
sources for various types of crops. The developed system has two inputs (temperature and light
intensity). Each of the inputs has five levels (a triangular type of function has been used). The
developed system has one input (five levels, Gaussian function has been used). The pulse width
modulated voltage is the output signal of the system. The linguistic rule database has been
proposed and implemented in Fuzzy Logic Toolbox Matlab & Simulink® application package.
The further area of research is the hardware and software implementation of this computer
model based on modern microprocessor technology. The microcontroller should take into
account the intensity and spectral composition of artificial light, which allows to increase the
growth of greenhouse crops. Thus, the actual scientific and applied problem has been solved in
this article.
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OCOBJIMBOCTI NOBYAOBU IH®OPMALIHHUX CUCTEM
3 MIKPOCEPBICHOIO APXITEKTYPOIO

M. IIpoxopoga, H. Hikirtin, B. Xanneubkmui
Jninpoecoxuii hayionanvruti ynieepcumem imeni Onecs I onuapa
mashap26@ukr.net

[Ipu xnacMYHOMY MiIXOAI 1O PO3POOKH MporpaM 3BHYANHO BHKOPHCTOBYIOTH
MOHOJIITHY apXiTEKTYpy 3 €JUHUM JIOAATKOM, BCi KOMIIOHEHTH 1 MO SIKOTO MPAIOIOThH 3
€1MHOIO0 023010, MalOTh OJIHE U T€ caMme JIOTYBaHHs, paBa JoCTymy i T.1. Taka apxiTekTypa
Mae JIesKi repeBard Jisl MOPIBHSIHO HEBEIMKHUX MPOTPaM 3 HE3HAYHOKO KIJIBKICTIO CEPBICIB.
[IpoTe KOXKeH MEePCHEeKTUBHUIN JTOATOK i Yac CBOTO PO3BHTKY NMPUXOAUTH 0 CTaHy, KOJIU
JI0JIaBaTH HOBY ()YHKIIIOHAJIbHICTh y BXKE ICHYIOUY KOZOBY 0a3y cTae BaKKO HACTLIBKH, IO ii
BapTICTh TEPEBHINYE BCi MOXJIMBI BHTOAM Bix 1i BuKopucTaHHS. s Toro o6
MaciTaOyBaHHS J10/1aTKy MOKHa Oyio 311HCHUTH, HE MOPYUIYIOYH CYTTEBO HOIO OCHOBY,
noTpiOHO 3akjazaTH BIATOBIAHI MOXIIMBOCTI B)XXE€ Ha PIBHI apXiTeKTypu cucteMu. [lpu
CTBOpPEHH1 Cy4YacHMX OaraTo(yHKIIOHAIbHUX 1H(QOPMAIIHUX CHCTEM BUKOPHUCTOBYIOTH
MIKpOCEpBICHY apXiTEKTypY 13 3aCTOCYBaHHSM MAaTEPHIB MPOEKTyBaHHA [1].

MikpocepBicu — 1€ HEBEJIHMKI aBTOHOMHI KOMITOHEHTH, SIKI JO3BOJISIOTH JOOUTHCS
MOJYJIBHOCTI Ta BiAMOBOCTIHKOCTI mporpamu. Teopiss MIKpOCEpBICIB TiCHO MOB’s3aHa 3
dinocodiero Unix. Ii BukopucTanus nae MOXKIHBICTh YHHUKATH MPOMI3JIKOTO Ta 3aILTyTaHOIO
koxy [2]. IlpakTidna peanizaris miei apxiTekTypu nepeadadae GyHKIIOHATbHY 1EKOMIIO3HIIIFO
Iporpamu, 4iTke BU3HauYeHHs iHTepdericiB. KoxeH MikpocepBic, SIK PaBUIIO, ITPAITIOE 31 CBOEIO
0a3010 JaHUX, 1 BCi LI BOHU MOXYTh CIIUIKYBATHUCS MK COOOI0 SK CHHXPOHHO, TaK I
aCMHXpPOHHO. B imeanmi KoXkeH MIKpOCepBiC TMOBHHEH OYTH TMOBHICTIO aBTOHOMHHM 1
noBHOCTEKOBUM. Ha mpaktuii g ontuMizalii apXiTeKTypu 0a)kaHO MIHIMI3YBaTH 1CHYIOU1
B33a€MO3B'SI3KH MK cepBicaMu. [IJis IIbOTO JAOIUIBHO 3aCTOCOBYBATH MATEPHU MPOESKTYBAHHS.

Posrnsinemo, B IKOCTI IPUKJIaAY, pO3pOOKY IHTEpHET-MarasuHy. Y BUIAJKY [TOPIBHIHO
HEBEJIMKOT0, JIOKAIBHOTO I1HTEpHET-MarasuHy (HalmpuKIaJ KOHAUTEPChKUX BUPOOIB)
JIOCTaTHBO MaTH TUMOBUM (YHKIIIOHAJ, OJIHY 0a3y naHux. [1Ir0coM TyT € MOXIIMBICTD MIBUAKO
Ta e(h)eKTUBHO TECTYBATH J10/1aTOK, PO3rOpPTaTH HOro B HEBEIMKUX MaciTabax. Ckopill 3a Bce,
y TakoMy TMPHUKIIAl HE MOTPIOHO OYIKYBATH BEJIHMKOTO MacHITaOyBaHHs, 3HAYHOI KUTBKOCTI
HOCTIHUX KOPUCTYBaviB, He TOTPiOHO 3a0e3neuyBaTH 30epiranHs i 00poOKH BEIMKUX 00’ €MiB
JTaHuX. Ane 1e Bce MOTpIOHO MaTH Ha yBa3l, KOJIM HEOOXIJHO IJIaHyBaTH PO3pOOKY OLIbII
MacIITabHOTO J0AATKY, HANpUKIaa A Mepexi cymepMmapkeTiB. Skiio OazyBaTucs TYT Ha
MOHOJITHIN apXiTeKTypi, TO B IpoLEeCcl po3poOKH mporpaMa Oy/ie MBHUAKO PO3POCTATUCS, KO
CTaHe 3aIUTyTaHuM, OyJie CKJIaJIHiIlIe 130JIF0BaTH Pi3HI (PYHKIIOHAIBHOCTI 33/U1s NIATPUMKHU Ta
TECTYBAaHHS KOAY. Y TaKOMY BUIAJKY AOLIILHO OpaTH 32 OCHOBY MIKPOCEPBICHY apXiTEKTYpYy,
Je 3MiHa peaizauii OZHOTO MIKpOCEepBICY HE BIUIMBA€ Ha iHII, a OOMiH iH(popMaIliero
3MIMCHIOETHCS YEPEe3 YITKO BU3HAUCHI IHTEp(DEHCH.

OpienToBHUI mepenik MiKpocepBiciB MmokazaHo Ha puc.l. Hampuxman, Mikpocepsic
«Komuk» € BIAMOBIIAIBHUM 3a Te, 1100 TOBapH, SIKI KOPUCTyBad 00paB 1 MOKJIaB y KOUIUK,
30epirajiuch TaMm, cKiiajangacs BapTiCTh MOKYIKH, BiOOpaxkaigach KUIbKICTh TOBapiB Y KOIIUKY.
[nma nporpama Oyzae peanaizyBaTH MIKPOCEPBIC JUIsl 3BOPOTHOTO 3B 43Ky y BUIJISII BIATYKIB,
e ojHa Oyze BiANOBiJalbHA 32 MPEACTABICHHS KaTalory TOBapiB, iHIIA — 3a MEePCOHANbHI
pEeKOMEeH Al 1 Tak Jari.

B nporpami nporo noxatky peainizoane cialke 3B’ s3yBanHs (REST - intepdeiicn) i
JIOCUTH TOTYKHE 3ueruieHHs. Mikpocepsicu «Karamory, «Kommky» 1 «O0poOka 3aMOBICHHS»
KOMITOHYIOTBCS BIITTOBIIHO OJIMH /10 OAHOTO, IPU IIbOMY BU3HAYAIOTHCS OLIbII BUCOKOPIBHEBI
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cepBicu uu AojaTku. J[ms peamizaliii Mboro BUKOPHUCTOBYEThCS matepH “Aggregator”. Sk i
OKpeMi MikpocepBicu, Aggregator Mae BIIACHHH piBE€Hb KEIIyBaHHS 1 BJIacHy 0a3y JIaHUX.
PosrasgaeThcsi MOXIIMBICTH aOCTparyBaHHS JIOTIKM O3HAYEHHX MIKPOCEPBICIB B OKPEMHM
CepBic.

MoHonit | Mikpocepsicn

| Kowuk Kamanoz
IHmepHem-mazaszuH Bidzviu MepcornanvHi
KoHOumepcobKux eupobie | 4 pexomeHOayii
| 06pobka Ocobucmuii
3aMOB/IeHHA Kabinem

Puc. 1. [Ipuxnaj BUrJIsiy MOHOJIITHOTO TA MiKpPOCEpPBiCHOr0 10JaTKiB

Y psal BUMAAKiB AaHi, IO HANPABISIOTHCA KIEHTY TOLIJIBHO CKOMITOHYBATH,
y3arajibHUTH, IEPETBOPUTH. [JI IHOTO 3aCTOCOBY€ETHCS MaTepH “Proxy”, sikuii Moxe OyTH sIK
dbopManbHUM Ta 1 IHTENEKTYaIbHUM.

IToBHOCTEKOBUI cepBiC TMOBMHEH KOHTPOJIOBATH KOPHUCTYBAayeBHH 1HTepdeiic,
NpoOMiKHE TporpaMHe 3a0esnedeHHs, 30epiraHHs OaHWX, TpaH3akmii. Bin moxe Oytu
06araToMOBHUM, TOOTO MPAIIOBATH 3 0a3aMu JaHUX pi3HUX TUMIB. [Ipu po3ainenHi 6a3u naHux
4acTO CIOCTEPIraeTbesi NyOIIOBaHHS JIaHUX, 3 SBISETHCS 1X HEY3TOJKEHICTh. 3aCTOCYBAaHHS
narepHy “Shared Data” 103Bossie JeK1IbKOM MiKpocepBicaM, y HallloMy BUMAKy 11e «O0pooka
3aMoBIIeHH» 1 «IlepcoHasibHI pekoMeHaalii», CyMICHO BUKOpPUCTOBYBaTH 0a3y nanux. Ilpu
HiJBUILEHHI IHTEHCHBHOCTI POOOTH IHTEpHET-Mara3uHy CTa€ JOLIJIBHOIO 3a JIOMOMOIOIO
natepHy “Asynhronous Messaging” opraHizarlisi po3/IlTFOBaHOI YEPTH MOB1IOMJIEHB, YEPE3 SIKY
P13H1 MIKpPOCEPBICH 3B’ SI3yIOTHCSI B ACHHXPOHHO.

[1] Mypar Menep. Java EE. ITatTepHs mpoekTHpoBaHus 1Is podeccronanos. JI.: Usa. nom
«Tutep». (2016). 240 c.
[2] Com Hetomen. Coznanne mukpocepBucos. JI.: M3za. mom «ITutepy. (2018). 304 c.

SPECIFICS OF DESIGNING INFORMATION SYSTEMS
WITH MICROSERVICE ARCHITECTURE

M. Prokhorova, N.Nikitin, V. Khandetskyi
Oles Honchar Dnipro National University
mashap26@ukr.net

The article analyzes the specifics of designing modern multifunctional information
systems based on microservice architecture using patterns. As an example, we considered a set
of interacting microservices for an online store application.
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WEB JIOJATOK JIJIS1 BAMIPIOBAHHS BOJILTAMITIEPHUAX
XAPAKTEPUCTHK 3 PACTPOBUX 30BPAJKEHD
OCIIUJIOTPAM

O. IBon, B. Icrymkin, FO. Puoka, C. CaBpan
Jninpoecoxuii Hayionanvruti ynieepcumem imeni Onecs I onuapa
aii_vel93@i.ua

BumMiproBanHs BojbTaMIepHux xapakrepuctuk (BAX) marepiaiiB B 001acTi CHIIBHUX
EJICKTPUYHUX CTPYMIB 3IHCHIOIOTh Ha MOOAMHOKHUX IMITyJIbCaX HAMPYTH IJIs 3amoOiraHHs
npoborw. BAX, 30kpema, BH3HAYalOTh 3 OCIHJIOTPAMH HAMpPYTH i CTPyMy, OTPUMAHOi 3a
JIOITIOMOT'0}0 aHAJIOIOBOTO JIBOIIPOMEHEBOTO 3a1aM’ITOBYoUoro ocuuiorpada. Sk nokasaHo B
[1], ToUHICTP BUMIpIOBaHHS MapaMeTPiB CUTHAJIIB 3 aHAJOTOBUX OCIHJIOTPaM MOYHA CYTTEBO
30UTBIIUTH IPH BUKOPUCTaHHI PACTPOBUX 300paKeHb, OTPUMAHKX 1TH(PpoBOIO (poTOKaMeEpOIo.

Mertoro maHoi poOOTH € po3poOKa MPOrpamu, sika O3BOJISE 3 BHUCOKOK TOYHICTIO
BuUMipaTu auisiHKY BAX 3a pe3ynbraTamu CKaHyBaHHsS PacTpPOBOIO 300payKEeHHs OCLIIIOTpaM
imyneciB Hanpyru U 1 ctpymy |. [ns peectpanii ginsuku BAX MokHA BUKOpHUCTATH
€KCIIOHEHITIaIbHUH IMITYJIbC HAIIPYTH, KU 3a0e3nedye po3roptky U y neskomy aiamnazoHi.

ITporpama cTBOpeHa sIK mpuKIagHuii Web-momarok 3acobamu moB HTML5, CSS3 i
JavaScript i3 3anydennsM 3aco0iB Texuousorii Canvas. IIporpamuuM cepemoBumeM s ii
3aCTOCYBaHHs MOke OyTu Oyapb skuii Opayszep mepexi [HTepHeT.

[Iporpama peasizye HacTyIHI eTanmu 0OpOOKH PacTPOBOTO 300payKEHHSI OCIIMIIOTPAMH:
1). 3aBanTa)keHHs 300paxxeHHs; 2). YBeACHHS TOBIIMHY L Ta mioii enekTpoAiB S 3paska; 3).
Busnauenns macmta®y Hampyrd 3a pe3yibTaTaMd CKaHYBaHHS KOOPJMHAT OCIMIIOTPAMHU
KaniOpyBanbHOI Hanpyry; 4). Busnauenns macita®y cTpyMy 3a pe3yjbTaTaMu CKaHYBaHHS
KOOpJMHAT OCLMJIOIpaMu KalliOpyBaJbHOTO CTpyMy; 5). BU3HaueHHS KOOpAMHATH HYJIbOBOL
Hanpyru You A OCHMIIOTpaMU Hanpyry; 6). BusHaueHHs KOOpIMHATH HYJIBOBOTO CTPYMY Yoi
JUTst ocuiiorpaMu ctpymy; 7). CkanyBanHs koopauHat N TOUOK AUISHKY JTiHIN ociuiorpam U
(Xi, Yiu) i I (Xi, yir) mpu ogHakoBomy 3HaueHHI KoopauHaTH Xi (0 < i < N-1); 8). Po3paxyHok Ha
MiJICTaBl OTPUMAHUX MacHUBIB KOOPJIMHAT 3Hau€Hb HaNpyxeHocTi Ei, ryctunu ctpymy Ji Ta
BIJTHOCHOI MOXHOKH iX BU3Ha4YeHHS; 9). BuBeneHHs pe3ynabTarTiB y MpUXOBaHi N0 GOPM.

Puc. 1 nmokasye Burisin Web-cropinku mporpamu Ha 3aKIFOYHOMY €Tarli ii BUKOHAHHSI.
Ha web-cropiniii 3a 101oMororo Tery <canvas> CTBOPEHO MOJ0THO po3mipamu 2300x2600
mikceniB, Ha skomy wmerogom drawlmage() o6’exty canvas posraiioBaHe 300paKeHHS
OCIIHIIOTPaM iMIYIbCIB HAMPYTH i CTPyMy. VOro po3MilleHHs Ha MOJOTHI Ja€ MOXIIMBICTH
BUKOPUCTaTH METOJU 1 BJIACTUBOCTI CaNvas JyUIsl PUCYBAaHHA JIHIM 1 TOYOK, y SIKUX Ha
ocImIorpami BiIOYJIOCS CKaHYBaHHS HMUISIXOM IIMTJIIO JIIBOKO KJIaBiIer0 MUIi. Taki TOUYKH,
3’€IHaH1 JIHISIMU, MO’KHA 6a4UTH Ha pHC. 1. 3 TiBOT CTOPOHM BiKHA PO3MIIIEHO IHCTpYMEHTapiit
porpaMu, y BEpXHbOMY JIIBOMY KYTi — OJIOK NMOTOYHUX KOOpAMHAT Kypcopy muili. Bix
JI03BOJISIE, 30KPEMa, KOHTPOJIOBATH CKAHOBaH1 KOOPAMHATH Xi, 1110 TOBUHHI OYTH OIHAKOBUMHU
y i-1iii Tourti BAX mmst miniid U i | pacTpoBoro 300pa)KeHHs OCIIMIOrPaMH.

bnoku 17151 okpeMux etamniB 00poOKH pacTpoBOro 300paskeHHsI 3p00JIeH]1 TPUXOBAHUMH.
Bonu BiAKpHUBarOTHCS MPH HATUCKAaHHI BIAMOBIJHUX KHOMNOK LHX OJIOKIB a00 KHOMOK
iHCTpyMeHTapito. bioku MaroTh Habip mouiB GopM J1JIsl yBEJCHHS T'€OMETPUYHHX MapaMeTpiB
JOCTIIPKYBAHOTO 3pa3ka 1 KajalOpyBaJIbHUX HANpyTd 1 CTpyMmy. 3aBaHTaK€HHsSI PacTPOBOIO
300pakeHHs (etanu 1, a Takox 3, 4) BiAOyBaeThCs MiC/A HATUCKAHHS KHOMKH «BpiGepute
daitny, o0paHHs NOTpiOHOTO (haiiiny 1 HATUCKAHHS KHOMKHU «3aBaHTAXKUTH.
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BuxigHi aaHi

CkaH. U 3aKkiH4eHo
Kopexuin
OumncTutn

B J,  MNoxubna,
Bew! Acm?  t%
6187 16470 029
6007 15281 0.32
5836 14152 034
5670 130860 037
5512 11967 041
5372 10984 044

Puc. 1. Burasa BikHa mporpamMu Ha OCTAHHBOMY eTani BUKOHAHHsA. PacTpoBi 300paxkeHHs ocHuIorpamMm
imnyascy nanpyru (1) i crpymy (2) anst 3pa3ka OKCHIHO-CTAHATHOI BAPUCTOPHOI KepaMikn

Etam 2 peani3yeThcs miciast HATHCHEHHS KHONKY «BuXimHi gaHi», M0 BiIKpUBae OJIOK 3
nossiMu popM Ais yBelleHHs 3HaueHb L 1 S. Ha eranax 3 14 3a onomoroo kHomok «Beibepure
daitn» 1 «3aBaHTaXHUTW» BIAKPUBAIOTH OCIMIIOTpAaMH KaliOpyBaJIbHUX HANPYrH 1 CTPyMy.
CkpunTu nporpam Juis IiUX €TalliB 3a0e31euyloTh PO3paxyHOK MaclITa0iB HANPYTH 1 CTPyMY
miclisg HaTUCKaHHA KHONKK «Po3paxyBatu Maciutad». Ha eramax 5 1 6 BiikpuBaroThcs OJ0KH 1
NPAIOIOTh CKPUIITH, MIO JO3BOJISIIOTH BU3HAYUTH KOOPAMHATH You 1 Yoi HYJIBOBUX JIHIH
OCIHMIIOTPaM (Ha puc.l mi miHii 3a mMexxamu ekpany). Etamm 7 — 9 06cnyr013y€ 6710K
THCTpyMEHTapilo, SKUi MokHa OaunTh Ha puc. . [Ticis 3akiHdeHHs CKaHyBaHHS JiHIT HATPYTH,
HaTUCKaeThCsl KHOMKa «CkaH. U 3akiHYeHO » 1 CKaHYeTbCs JIiHIA CTpyMy. Po3paxyHok i
BUBEJICHHS pe3yJbTaTiB BiOYBarOThCs IMICIs HaTUCKaHHSA KHONKU «Po3paxyBatu». KHomka
«Kopexktisi» 3abe3neuye BUAAJICHHS, KOOPIUHAT OCTAaHHBOI TOYKH 3 METOIO ii TTIOBTOPHOTO
ckaHyBaHHs. KHonka «O4uCTUTHY 103BOJISIE IEpETH 10 0OPOOKH 1HIIOT AUITHKY OCIIMIIOTpaM
0e3 MOBTOPHOTO BU3HAUEHHSI MAcITabiB HAIIPYTH 1 CTPyMY.

[1] Ivon A.lL, Istushkin V.F. Digitization of oscillograms by raster images for rising of
accuracy at signal parameters determination / Cucremni texuosorii. — 2017. —
Bumn. 1(108). — C. 37-40.

WEB APPLICATION FOR MEASUREMENT OF VOLT-
AMPERE CHARACTERISTICS FROM RASTER IMAGES OF
OSCILLOGRAMS

A. lvon, V. Istushkin, Yu. Rybka, S. Savran
Oles Honchar Dnipro National University
aii_vel93@i.ua

Program for the measurement with a high accuracy of the volt-ampere characteristics
by means of the raster images of analog oscillograms is described. Program is created by the
languages HTML5, CSS3, JavaScript and the Canvas technology.
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SOLAR PANEL EFFICIENCY MEASURING SYSTEM

D. Ses, D. Chernetchenko, M. Voloshyn, M. Herasymenko
Oles Honchar Dnipro National University
kef.dnu@gmail.com

Modern life is hard to imagine without electricity. Solar power is an alternative for
classic electricity production methods. One of the main solar power problem is electricity
production irregularity. Rechargeable batteries are used to store energy, but they have limited
resource. That is why energy saving and consumption optimization are necessary in this case.

The purpose of this work is to develop a device that can collect and log data from solar
panels and visualize it in a convenient form. Data is presented in HTML page, there is 4 graphs:
solar panel power, battery power, load power and battery SoC (State of Charge). There is
possibility to scale graphs to visualize data for different periods. There is battery SoH parameter
(State of Health), based on depth of discharge and charge/discharge cycles. It allows to roughly
estimating battery health as a percentage. For example, SoH 50% means that battery actual
capacity is 50% of nominal capacity.

Device is based on Espressif systems ESP8266 microcontroller (Fig.1). It has IEEE
802.11 b/g/n Wi-Fi, clock frequency up to 160 MHz, SPI, 12S, UART interfaces, ADC with
10-bit resolution, 14 GPI1O pins. It does not have built in non-volatile memory for programs, so
it needs external memory, that is connected via SP1. Maximum memory capacity is 16 Mbytes

[1].

The best storage for large amounts of data over large periods is an SD memory card. SD
card uses SPI to connect to microcontroller. Device collects data via UART, solar panel
controller sends data to microcontroller.

Software 12C RTC
date and Ds3231

time

SPI
SD card
Reading or recording controlle

operation data

ESPB266
MCU

Solar panel UART

controler data

Fig.1 The device functional block diagram

It is necessary to log time for building graphs. Microcontroller has Wi-Fi, so date and
time data can be retrieved via the Internet. But device could work in Wi-Fi network without
internet connection, so using RTC (real time clock) IC is more appropriate. User should set date
and time on device when use it at first time, then the countdown will happen automatically.
DS3231 is used as RTC. It is a low-cost, extremely accurate 12C real-time clock with an
integrated temperature compensated crystal oscillator and crystal. The device incorporates a
battery input, and maintains accurate timekeeping when main power to the device is interrupted.
The integration of the crystal resonator enhances the long-term accuracy of the device. Main
disadvantage is that it uses 12C communication protocol and ESP8266 does not have hardware
I2C, so communication is realized with bitbang method.

[1] ESP8266 Technical reference [Enexrponnuit pecypc]. Pexum moctymy: https://www.
espressif.com/sites/default/files/documentation/esp8266-technical _reference_en.pdf
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MIKPOKOHTPOJIEPHA CUCTEMA KEPYBAHHAA
YCTAHOBKOIO JJIAA MIKPOAYI'OBOI'O EJIEKTPOJII3Y

€. Koaecnuk, €. Cuixko, H. boubBa, O. €iina
Jninpoecoxuii hayionanoruti yHieepcumem imeni Onecs I onuapa
kef.dnu@gmail.com

CpOrosHi €JIEKTPOXiMIYHI MPOIECH IIUPOKO 3aCTOCOBYIOTh Yy pIZHUX Tally3sx
MPOMUCIOBOCTI. [[Msl mpoBeleHHS €JeKTpodi3y B YMOBaxX JOCHIAHUX BHUPOOHUIITB
3acTocoBYIOTh ycTaHoBKY TORS87(1) — manorabaputHe TKEpEso >KUBJICHHS €JIEKTPOII3HUX
BaHH. AKTyaJbHOIO € 3ajauya aBTOMATH3allll KOHTPOJIO 3a IPOLECOM EJIEKTPOIi3y Ta
KEepYBaHHS YCTaTKyBaHHSM 13 3aCTOCYBaHHSAM CYYacHOI €JIeMEHTHOI 0a3H Ta KOMIT I0Tepa.

Metoto pobOTH € po3poOKa CHUCTEMH BIJJIaJICHOTO 30HMpaHHS Ta aHaNI3y
EKCIICPUMCHTAIbHUX JIAHHUX, & TAKOXK aBTOMAaTH30BaHOI'0 KepyBaHHs ycraHoBKo0 TOR87(1).

MakeT npuctporo po3po0JeHO Ha OCHOBI MikpokoHTposiepa ATmega328P, skwuii
3a0e3meuye 3HATTS JaHUX TPO Tepedir eKCIepUMEHTY Ta KEepPyBaHHS CHIOBUMHU
€JIEKTPOMArHiTHUMHU peJie CaMoro eJEeKTPOJIi3epy 3a JOMOMOIOI0 MEHIIUX pelie 3 HAmpyror
5B. ns mepemaui mpanux oOpano iHTepdeiic RS-232 — mpoBigauit iHTepdeiic, sAkuii
3a0e3nevyye HajliiHy Tepeqady Ha JOCTaTHIO BiacTaHb. I[Iporpama ams MikpoKOHTpoliepa
Harnrcana MoBoto C. [HTepdetic kopuctyBada po3pobieno y cepeaopui LabVIEW (puc.1).
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Puc. 1. InTepdeiic kopuctyBaua

Iarepdeiic Hamae 3MOTYy MPOrpaMHO KEPyBaTH YCTAHOBKOIO JIJISL IPOBEJICHHS
€JIEKTPOITI3Y, MPOBOAMTH 11 HAIArO/PKEHHS, CTESKUTH 32 4acOM Ta MepediroM eKCIIepUMEHTY,
3aJaBaTy HEOOX1/IHI MapaMeTpH, Taki sK Yac Ta CHJIa CTPYMY B €JeKTPOI3HIN BaHHI, a TAKOK
aHaJi3yBaTH Ta 30epiraTu eKCIIepUMEHTaIbHI JaHi.

MICROCONTROLLER SYSTEM FOR CONTROL OF
MICROARRAY ELECTROLYSIS EQUIPMENT

Ye. Kolesnyk, Ye. Snizhko, N. Botsva, O. Yelina
Oles Honchar Dnipro National University
kef.dnu@gmail.com

The purpose of the work is to develop a system for remote collection and analysis of
experimental data, as well as automated control of the TOR87(1). The layout of the device is
based on the ATmega328P microcontroller. RS-232 is a wired interface for data transmission,
The user interface lets you programmatically control the electrolysis plant, debug it, keep track
of the time and progress of the experiment, set necessary parameters such as time and current
in the electrolysis bath, and analyze and store the experimental data.
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KOMIT'IOTEPU30BAHA TEXHOJIOI'ISI MOHITOPUHTY 1
KEPYBAHHA CUCTEMOIO ABTOMATHYHOI'O ITIOJIUBY
POCJIMH ¥ TEILIALAX HA BA3I HEUITKOI JIOT'IKH

O. BoBHa, 1. JIlaktionos, M. bepexnnii, B. Jlebenen
JIBH3 «/[oHeybKull HayiOHANbHUL MEXHIYHUL YHIBepCUmemy
oleksandr.vovna@donntu.edu.ua, ivan.laktionov@donntu.edu.ua,
beregnoimaxO0@gmail.com,vladyslav.lebediev@donntu.edu.ua

Jlist 301bIeHHsT 00’ €MiB BUPOOHHUIITBA CLIHCHKOTOCIIOAAPCHKOT MPOAYKIIT He0OXi1Ha
cucreMa, KOTpa 3/aTHa CHPUATH CTBOPEHHIO YMOB 30BHIIIHBOTO CEPEJOBHINA IS
ONTUMAJILHOTO POCTY POCIHH. PO3yMHa crcTeMa MOJUBY J03BOJISIE€ POCIMHAM ONTHUMAIbHO
PO3BHUBATHCh, TOMY IO BOJIOTICTh IPYHTY MOKHa KOHTPOJIIOBATH TaK, 00 HE OYIIO pi3KUX
nepenajgiB BOJIOTOCTi. Bomoricte IpyHTY 3aleXHUTh BiJl TaKUX OCHOBHHMX (DaKTOpiB, fK:
TEMIEpaTypa IPYHTY, TPAJIEHT PO3MOBCIO/KECHHS BOJIOTH B TPYHTI, CTYIiHb TOTJIMHAHHS
BOJIOTH POCIMHOIO B pi3HMH mepiox pocty. B HaykoBux poOoTax, IO 3HAXOAATHCS 3a
nocunanHsamu [1, 2] mMoxHa moOayuTH SK aBTOPH HAMararThCsl BUPIIMIMTH MHTAaHHA 3
ABTOMATUYHUM TIOJIMBOM Ha 0a3i HewiTKol joriku. OcoOauBicTh MaHOI pOOOTH TOJNIATAE B
PO3po0IIi CHCTEMH aBTOMAaTHU30BAaHOTO MOJIMBY 32 IOTIOMOT0I0 HEUITKO1 JIOT1KH Ta i1 peanizaiis
3 BUKOPHUCTaHHSM MiKpOKOHTpoJiepa Arduino.

3a nmomomororo makery mnporpamHoro 3abesnedenHs MATLAB & SIMULINK Ta
posumpenns Fuzzy Logic Toollbox cTBopeHO aBTOMATHYHY Ta MOBHICTIO aBTOHOMHY CUCTEMY
yIpaBIiHHS MOJMBOM Yy Teruiuili. [laHa cucrema 3ai1eXuTh Bl IBOX BXIJIHUX MapaMeTpiB, 10
NOJUIEHI Ha I'SITh PiBHIB TPUKYTHHX Ta TpameleifalbHuX BXiAHUX (YHKIH BOJIOTOCTI Ta
TEMIIEPATypHy IPYHTY Ta 11’ SITh PiBHIB BUX1THUX (PYHKIIIH KEPYBAaHHSIM HACOCOM, 11O MTO/IA€ BOAY
JI0 CHUCTEMHU TNOJUBY. PiBHI MOAUIAIOTBHCS 3THO 3 JAEpKAaBHUMHU HOpPMamH BHUPOIILYBaHHS
CLTBCHKOTOCTIOAPCHKUX KYIBTYP B TEILHUIAX. Jliama3oH TeMnepaTypy il BOJIOTOCTI JOPIBHIOE:
Big 10 mo 30 °C rta Bix 50 mo 95 %, BiamoBigHo [3]. ¥V 3aimeKHOCTI Bii MUTTEBUX 3HAYCHBb
BX1/IHUX CUTHAJIIB y peAAaKTOPi MpaBuil (IUB. pucC. 1) o00upaeThCs BiANOBIAHE PIBHAHHS QYHKIIT
KepyBaHHs. JIJIs Kpaioro ysBJICHHS I[i€l CHCTEMHU HaBeJeHA MATPUIIS BiJMOBITHOCTI MPaBUI
70 QYHKINH HAJIGKHOCTI apaMeTpiB (auB. Tab. 1).

1. If (Tsoll is minimum) and (Hsoll is minimum) then (Watering is fast) (1)
2. If (Tsoil is minimum) and (Hsoil is LessThanNormal) then (Watering is medium) (1)

3. If (Tsoil is minimum) and (Hsoil is maximum) then (VWatering is Off) (1)
4. If (Tsoil is minimum) and (Hsoil is normal) then (Watering is Off) (1) . . .
5.1 (TsoRis miimum) and (Hsoi s MoreThanNorma then (Watering s OF) (1) Tabnuus 1 — MaTpuis BiiOBIIHOCTI
6. If (Tsoil is minimum) and (Hsoil is maximum) then (Watering is Off) (1)
7.1t (Tsoll is LessThanNormal) and (Hsollis minimum) then (Watering is intensely) (1) Tap-p T,(10- T,(12 T5(17 T,(22 Ts(26
8. If (Tsoll is LessThanNormal) and (Hsolil is LessThanNormal) then (Watering is fast) (1) [} _ o _ o — e} — o,
9. If (Tsoil is LessThanNormal) and (Hsoil is normal) then (Watering is Off) (1) 14 C) 19 C) 24 C) 28 C) 30 C)
10. If (Tsoil is LessThanNormal) and (Hsoil is MoreThanNormal) then (Watering is Off) (1) [/[/1 (50 ) ) . .
f (Tsoil is LessThanNormal) and (Hsoil is maximum) then (Watering is Off) (1) o fast intensely | intensely | intensely | intensely
'soil is normal) and (Hsod is minimum) then (VWatering is intensely) (1) _ 58 /0)
'soil is normal) and (Hsod is LessThanNormal) then (Watering is fast) (1) W (55
14, If (Tsoll is normal) and (Hsoll is normal) then (Watering is Off) (1) 2 medium fast fast fast intensely
15, If (Tsoll is normal) and (Hsoil is MoreThanNormal) then (Watering s Off) (1) - 68%)
16. If (Tsoil is normal) and (Hsoll is maximum) then (Watering is Off) (1) W. (65
17. If (Tsoll is MoreThanNormal) and (Hsoil is minimum) then (Watering is intensely) (1) 3
18. If (Tsoll is MoreThanNormal) and (Hsoil is LessThanNormal) then (Watering is fast) (1) —_ 80%) OFF OFF OFF OFF lOW
19. If (Tsol is MoreThanNormal) and (Hsoll is normal) then (Watering is Off) (1)
20. It (Tsol is MoreThanNormal) and (Hsoil is MoreThanNormal) then (Watering is O1f) (1) W4 (77
21, If (Tsol is MoreThanNormal) and (Hsoll is maximum) then (Watering is Off) (1) N OFF OFF OFF OFF low
Tsol is maximum) and (Hsod s minmum) then (Watering is intensely) (1) —90 /0)
23, 1t (Tsol is maximum) and (Hsod s LessThanNormal) then (Watering is intensely) (1) 7% (87
24, If (Tsol is maximum) and (Hsod is normal) then (Watering is low) (1) 5 OFF OFF OFF OFF OFF
25, If (Tsol is maximum) and (Hsod is MoreThanNormal) then (Watering is low) (1) —95%

26. If (Tsod is maximum) and (Hsod is maximum) then (Watering is Off) (1)

Pucynok 1 — Pexaxkrop npasui

PeryntoBaHHsI HOTYKHOCTI HACOCY B CUCTEMI MTOJIUBY BUKOHYETHCS Y BIIOBIIHOCTI 10
JIHTBICTUYHOT CYKYIMHOCTI TIpaBWJ 3TiHO JOIMYCTUMHUX TapaMeTpiB TeMIepaTypu Ta
BOJIOTOCTI, SIK HaBEJIEHO Ha puc. 24, 0.
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Pucynok 2 — 300pa:keHHsI TEOPETHYHOT0 BUXITHOI0 CUTHAJTY CHCTEMH

HactymauM KpokoM po3poOku cucteMu Oyae eKCIepUMEHTAIbHE JOCIHiIHKEHHS
TPaJi€HTy PO3MOBCIOPKEHHS BOJIOTM B TIPYHTI B 3aJIEKHOCTI BiJ] MOYaTKOBOTO BiJCOTKY
BOJIOTOCTI, @ TaKOX KOHBEpTallis Ta peaji3amlis AaHoi cucTeMH Ha 0a3i MIKpOKOHTpoiepa
Arduino. MikpokoHTponep Oyae mnpuiiMaTH BXiJHI CHUTHAIM 3 JAaTYMKiB BOJIOTOCTI W
TeMIIepaTypu, 0OpoOIIOBaTH 32 CTBOPEHUM AJITOPUTMOM 1 BUBOJIUTH CUTHAJ Ha HACOC.

[1] S. Mashhadi, M. Shokohi, M. Shokohi. Controlling the greenhouse irrigation system in
fuzzy logic method. The J. of Mathematics and Computer Science. Vol. 4, no. 3. (2012).
P. 361-370.

[2] I.C. Jlakrionos, O.B. BoBHa, M.O. BepexHuuii, B.A. JIebenes. Komn'torepusoBana cucrema
KOMITJIEKCHOT'O MOHiTOpI/IHI‘y u KCpyBaHHA MiKpOKJ’IiMaTOM IMPOMHUCIIOBUX TCIIJIMIb Ha Oasi
HeuiTkoi Joriku. Bicuuk KpHY imeni Muxaiina Octporpaacskoro. Ne 3 (116). (2019).
C. 120-129.

[3] VNTP APK-19-07. Departmental rules of the technological engineering. Greenhouse and
greenhouse businesses. Structures protected ground for farming. (2007). P. 1-140.

COMPUTERIZED FUZZY LOGIC MONITORING AND
CONTROLTECHNOLOGY FORAUTOMATIC
IRRIGATIONOFGREENHOUSESPLANTS

O. Vovna, |. Laktionov, M. Berezhnyi, V. Lebediev
SHEE “Donetsk National Technical University ”
oleksandr.vovna@donntu.edu.ua, ivan.laktionov@donntu.edu.ua,
beregnoimax0@gmail.com,vladyslav.lebediev@donntu.edu.ua

This work is aimed to the developing of the monitoring and controlling computerized
technology for an automatic greenhouses irrigation system based on fuzzy logic. This computer
model has been implemented taking into account state soil moisture standards for growing
crops. The implemented system has two inputs (soil's temperature and moisture) as well as one
output (pulse-width pump control). The database of linguistic rules was proposed and
implemented in the application package Fuzzy Logic Toolbox Matlab & Simulink. Further
research prospects are aimed at implementing this system based on the Arduino Mega 2560
microcontroller platform.
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ELECTRONIC SYSTEM FOR DYNAMIC REGULATION OF
LED INDICATION

M. Tamarov, Yu. Dodonova, D. Chernetchenko, O. Yelina
Oles Honchar Dnipro National University
kef.dnu@gmail.com

Ambilight technology was first patented by Philips in 2007 [1]. An LED strip was built
into the TV screen. TV software analyzes the image on the screen and illuminates space behind
the TV with colors displayed on the screen. This technology allows to visually enlarging image
on the screen, and at the same time protects user’s eyes, due to the lack of deep contrast between
bright monitor and dark wall behind. For a long time this technology was Philips TVs exclusive
and its price was very high.

Developed ambilight-backlit device can work with any computer, has good quality and
sensitivity, and its price extremely low compared to existing solutions on market.

There are several options for LED backlighting: usual LEDs, RGB LEDs, RGB lamps,
RGB LED tapes. For this project RGB tape with WS2812b chip was selected (Fig.1). In
addition to all benefits of usual RGB tapes there is a control chip built into the tape, and instead
of three power anodes for individual LED colors, there is one logical output, which can be used
for changing colors.

Samp 2 S S
N S comrul -yl P -
b [Beso sy ety
UL : B ‘U= ae : 3 — jla

| |
Fig. 1. LED strip with WS2812b chip

Arduino NANO was used as the microcontroller as the most optimal and the cheapest
solution. The platform has all parts built-in to work properly. Chinese Arduino NANO based
on ATMega328P and CH340 drivers on it was chosen as the platform [2]. Chinese 30 LEDs
per meter strip with WS2812 chip was chosen for lighting. But for this project you can use tapes
with more LEDs per meter [3].

In developed device the logical output of a strip is connected to one of outputs of Arduino.
A photo resistor is used to control brightness of lighting depending on amount of light in a
room. The strip 30 LEDs per meter, according to the manufacturer, uses 7 Watt per meter. It is
powered by 5V, so it turns out 1.4 A per meter at maximum brightness and white color. Since
1.6 meters of tape (50 LEDs) is used in this project, total brightness set at 75%. Since white
color is not going to be used all the time, device requires 5 V and 2 A as a power supply.

The result of the prototyping is a high-quality device that responds quickly to signals from
a monitor and has good color rendering. Its main advantage is the lowest price of all-available
on the market, because of using cheap microcontroller Arduino Nano, which makes this device
the best choice for customer.

[1] Philips TV  Ambilight technology [Enekrponnuii pecypc]. Pexum nmocrymy:
https://www.philips.ua/ru/c-m-so/tv/p/ambilight.

[2] Karvinen K., Karvinen T. Make: Arduino Bots and Gadgets. O’Reilly. (2011).

[3] Margolus M. Arduino Cookbook. O’Reilly. (2011).
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BUKOPUCTAHHS 3ACOBIB WEB-TU3AVMHY 151
OBPOBKHU JAHUX JTA

O. IBon, B. Ictymkin, B. Kacbsan, C. CaBpan
J[Hinposcoxuii nayionanerui yHieepcumem imeni Onecs [ onuapa
aii_vel93@i.ua

3Ha4YH1 MOXKJIMBOCTI JIJIsi OOpOOKHM JTaHWX, 3apEECTPOBAHMX SK PACTPOBI 300paKEHHS,
HazatoTh MoBH HTMLS 1 CSS3, mo 103BONSIOTE CTBOPUTH 3pyUYHHi iHTEpdeiic mporpamMu y
Bursiai Web-cropinku, a 06’ekTHO-OpieHTOBaHAa MoOBa JavaScript 3abesmeuye HeOOXimHi
3aco0u IS BUTYYCHHsI iH(pOpMaIlii i3 pacTpOBUX 300paxkeHs 1 ii 00poOku. CepenoBuiem s
Iporpam, CTBOPEHHUX O3HAYCHUMH BHUIIE 3acO0aMu, MOXke OyTH Oyab KU IHTEpHET Opays3ep.

MerToro manoi poboTu € po3poOka mporpamu Jjisi BU3HaueHHs BMicTy C KOMITOHEHTY 3
dazoBuM mepexonom Mertai-HamiBOopoBigHUK (DPIIMH) y rereporenHux warepiaiax.
BusHaunTH BMIiCT KOMIIOHEHTY MOXHa 3a JaHUMH TU(EPCHINIHHOTO TEPMIYHOTO aHAII3y
(ATA), muisixom TOpIBHAHHS IUIONI €HAOTepMiuHMX TikiB Ha KpuBux [ITA wmartepiany i
etainony, mo mictuth 100% xommonenty 3 ®IIMH. 3naiitn 3nauenns C MoxHa sIK:

C = XME 10096 = ke X.100%, L)

EMx My
1€ Mg, Mx — MacH €TaJoHy 1 FeTepOreHHOro MaTepiany; Sg, Sx — IOl eHJOTEPMIYHOTO MIKY
Ha kpuBiit JITA eranony i rereporeHsHoro marepiany; Ke=Mg/Sg — etanonaunit Koediriexr.

Otpumaru pactpose 300pakeHHs! kpuBux J{TA MoxkHa Ge3nocepeHbO Ha MpUIIAfax,
110 BUBOJATH 111 300pakeHHS Ha KOMIT FOTep. Y BUMAJKY MPHIAMAIB, IO (QIKCYIOTh pe3yabTaTh
JATA na ¢doronamnip abo 3a 10IOMOIOI0 CaMOIKCY, HEPETBOPUTH iX y PACTPOBE 300paxKeHHs
MOKHa IIIIX0M GoTorpadyBanHs 1udpoBoro HoToKkaMeporo abo 3a TI0MOMOT0I0 CKaHepy.

IIporpama, cTBOpeHa y AaHiil poOOTi, pO3paxoBYe IJIOLI €HIOTEPMIUYHHUX MiKiB Sg 1 Sx
Ha kpuBux [ITA mo ¢opmym TIayca, 3a KoopaWHaTaMH TOYOK, OTPUMAHUX ILIIXOM
cKaHyBaHHS. Po3paxyHKOBI (OpMysn 1js BU3HAYEHHsS IUIOINII 33 KOOpAMHATaAMM Ta OILHKa
NOXMOKM TaKOr0 BU3HAYCHHS mpejacTaBiicHi B poboti [1]. CkanyBaHHS KOOpAWHAT TOYKH
pacTpoBOro 300paxeHHs, 00paHoi 3a JOOMOT'00 KypCcopY, BiA0yBa€THCS IIJISIXOM KITIKY JTiBOIO
kiagimero muii. Lle 3a momiero onClick 3amyckae ckpunT, sskuii 3a J0MOMOTOIO BIIACTHBOCTEH
pageX i pageY o6’exTy event 3unTye KOOpAUHATH TOYKHU 1 3aHOCUTH X 10 MACUBIB KOOPAUHAT
JUIsL po3paxyHKy Iutomii mikiB. CKpUOT MICTUTh TaKOXX ONEPAaTOpH, AKl 3acob0aMu 00’ €KTy
canvas puCyTh KpyTr' O110r0 KOJIbOpY pajiycoM 4 miKcess 3 LEeHTPOM y CKaHOBaHii Toull 1
3’€IHYIOTh TOYKH JIIHIE€I0 O1710T0 KOJIHOPY TOBIIMHOMO 3 ikcens. Lle 1ae MoIuBICTh Bi3yaabHO
CIOCTEepIraTd KOHTYp CKaHyBaHHsS JiHII €HAOTEpMIYHOro IiKy 1, HpU HEOOXiAHOCTI,
KOPEKTYBAaTH pe3yJIbTaTH CKAaHYBaHHS 3a JOMOMOTOI0 BiJIOBITHOTO CKPHUITa MPOTPaMH.
Busnauenns Bmicty komnonenta 3 ®IIMII nporpama 3aiiicHioe 3a popmynoro (1) Ha mifcrasi
3Ha4eHb Sg 1 Sx, BUMIPSIHMX /ISl €TaJOHy 1 3pa3ka. BimHocHa moxmOka Bu3HaueHHs C
PO3pPaxOBYETHCS SIK CyMa 3HaYEHb MOXUOKHM BUMIPIOBaHHS Sg 1 Sx.

[Iporpama peamizye HacTymHi eTtanmu oOpoOku 300pakeHHs: 1. 3aBaHTa)KEHHS
300paxkenHs; 2. CkanyBaHHs kpuBoi miky JITA eranony; 3. BusHaueHHs eTajOHHOIO
koedinienty Kg; 4. CkanyBanus kpuBoi miky JITA rereporenHoro marepiany; 5. Po3paxyHok
BMicTy komrioHeHTY 3 PIIMH; 6. BuBeneHHs pe3ynbrariB 00poOKu.

BikHO mporpamu Ha ocTaHHbOMY 6-My eTari 00poOKH Moka3aHo Ha puc. 1. ¥V 1e BIKHO
3aBaHTaXeHEe pacTpoBe 300paxeHHs 3 kpuBumH [ITA s ckiokepamiku ckiamy (Bar. %)
25V02-15B®C-5Cu-55Sn0; (kpuBa 2, BOC — BaHamieBo-pocdaTHe CKII0) i KPUCTATIYHOTO
niokcuny Banazairo VO (kpuBa 1).
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Bumiprosanns emicmy
m= 508 M2

| Buicm xomnonermy 3 ®IMH:
25.8%0.5 eaz. %

Puc. 1. Burasa BikHa mporpamMu JJisi BU3HaUYeHHs BMicTy komnoHeHTy 3 ®IIMH 3a nanumu JITA na
ocranHboMy eTamni BukoHaHHs. Kpugi [ITA: 1 — erajiony, 2 — reTeporeHHOro Marepiaiy

JInsi 3aBaHTaXEHHST PAacTPOBOTO 300pa)XCHHS 3aCTOCOBYEThCS KHOmMKa «Bribepure
(haiiin», cTBOpEHA 3a TONOMOr oo Tery <input> 3 arpudyrom type="file ”. [Ipu HaTHUCKaHHI Li€l
KHOTIKHM BiJIKPUBAETHCS BIKHO Uil 0OpaHHS MOTPIOHOTO TpadiuHoro Qaiiay Ha KOMIT IOTEpI.
[Ipu HaTHCKaHHI KHONKU «3aBaHTaXUTH» IMPALOE CKPHIIT, KU 3a JIOIOMOIOI0 METOIB 1
BiacTuBocTeil 00’ekty FileReader 3aBantaxkye 300paxkeHHs 10 BikHa Opay3sepa. Etamu
00poOku 2 1 3 BinOyBarOThCS MiCHsl HATUCKAaHHSA KHONKU «ETanon», ska BigkpHuBae OJOK 3
nmosieM (opMH JUTSI YBEJCHHS MacH CTAJOHY 1 KHONKOKW «3HaWTh KoedimieHT. Ilicis
CKaHyBaHHs | HATUCHEHHS 03HAYCHOI KHOIIKY Mporpama po3paxoBye koedirieHt ke. Etanu 4,
5 1 6 peami3yrOThCs IMicisl HATHCKAHHS KHOMKH «BMicTy», ska BiakpuBae 0510k «BumiproBaHHS
BMicTy» (puc. 1). Ilicns ckanyBanHs kpuBoi JITA rereporeHHoro marepiany (kpuBa 2) i
HATHCKaHHS KHONKU «Po3paxyBaTi BMiCT» pe3ynbTaT BusHadeHHs1 C BUBOJUTHCS Y IPUXOBaHi
nosst popm. Knonka «Kopexiis» 3abe3nedye BUAaIeHHS KOOPIMHAT OCTAHHBOI TOUKH 3 METOIO
il moBTOpHOTO CKaHyBaHHA. KHOTIKA «OYHCTUTHY TO3BOJISIE IEPEHTH 10 00pOOKH 1HIIIOT KPUBOT
JTA Ha 300pakeHHi 6¢3 BU3HAYCHHSI €TATOHHOTO Koe(illieHTy K.

[1] Ivon AL, Istushkin V.F., Lischenko A.A. Measurement of geometric parameters of plane
figures in raster images / Cucremni TexHosorii. — 2016. — Bum. 1 (102). — C. 24-28.

USE OF WEB DESIGN MEANS FOR PROCESSING DTA
DATA

A. lvon, V.F. Istushkin, V.D. Kasyan, S.V. Savran

Oles Honchar Dnipro National University
aii_vel93@i.ua

Program for determination of the content of component with metal-semiconductor phase
transition in heterogeneous materials by means of differential thermal analysis data is described.
Program is created using the means for presentation of information on the Internet.
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HIAXOAU 10O BUBOPY TEXHOJIOI'TYHOI'O CTEKY

B. I'epacumoB, A. Cinoxina
Jninpoecoxuii Hayionanvruti ynieepcumem imeni Onecs I onuapa
sinokhina@gmail.com

Po3poOHMKH-TIOYATKIBIII TOBUHHI 3HATH, IO PO3pOOKa MPOrPaMHOIO 3a0e3MeueHHS
(IT3) — 1e omrumizariisi, MacmTaboOBaHICTh 1 Oe3meka. PeTenbHuil aHami3 IPOeKTy JA0MmoMarae
BU3HAYMUTH, SIKI TEXHOJIOT1] Kpallle BUKOPUCTOBYBATH. B pe3ynbrari Mae OyTH YiTKe ySBJICHHS,
SIK 1 IO TIPALIOE€ B KOMITaHii KJII€HTA, SIKi BIIIUTA TICHO B3a€EMOJIIIOTh, a sKi Hi. J{7s Toro, o6
MPUCTYIUTH 10 pOOOTH HAJ OY/Ib-IKHUM IPOSKTOM, HEOOX1IHO:

e PO3YyMiHHS MPOEKTY (Oi3HEC-TIEPCIIEKTHBA);

e BHUOIp TEXHIYHOTO CTEKa (TEXHIYHA IMEPCIICKTHBA);

e IEpPCHEKTUBA PO3BUTKY [1].

TexHiynnii crek — 1€ KOMOIHAIS $K MPOrpaMHHUX MPOIYKTIB, TaKk 1 MOB
poTrpaMyBaHHs, BHKOPHCTOBYBAaHHMX Ui pPO3pOOKM Aoxatky. JlomaTku MaioTh JaBa
IpOTrpaMHUX KOMIIOHEHTA: Ha CTOPOHI KJIi€HTa 1 Ha CTOPOHi cepBepa. KoxeH piBeHb A0AATKY
IPYHTYETHCS Ha (PYHKIISX HIXKYOTO IIApy, YTBOPIOIOYH CTEK [2].

Jly’xe BaXXJIMBOIO YACTUHOIO € KpUTepii BUOOPY TEXHOJOTIH po3pobku. 1o BaKIMBHUX
KPUTEPIIB MOXKHA BIHECTH TaKi: po3Mip 1 THUI HPOEKTY, CKJIAIHICTh MPOEKTY, IIBUAKICTH
pO3poOKH, BapTicTh (axiBIiB, HASBHICTh JOKJIAIHOI JOKYMEHTAIlil, BapTiCThb HIATPUMKH,
BUMOTH JI0 HaBaHTa)KE€Hb, BUMOTH 10 O€3MeKu Ta iHmI. Bubuparoun TeXHOJOTI0 32 TAKUMHU
KPUTEPISIMH, MOKHA JOMOTTUCS 00'€KTUBHOTO BUOOPY 1 YHUKHYTH MOJANIBIIUX MPOOIIEM.

VY TEXHOJOTISAX MOKHA BUAUTUTH 3 piBHS a0CTpaKIii:

1. Yucra MmoBa — 1€ MaTepiall, AKMHA Mae JqyXe BEeJIUKI nepcrekTuBu. OOMexyoTh HOro
TIJIbKY MOKJIMBOCTI caMoi MoBHU. Ha uucTiii MoBi 3po0JieH1 Bcl HaOIbII CaliTH CBITY,
Taki gk: Instagram, YouTube, Dropbox Ta iHmui. binbi Toro, Hait0ib111i TPOEKTH B CBIT1
CTBOPIOIOTH HOB1 TEXHOJIOT11 U1 ce0e, Tak sIK BXKE ICHYIOY1 X HE BJIAIITOBYIOTb.

2. OpelMBOpPK — Ii€ CepeoBUIlEe pO3pOOKH sl IporpamicTa 3 TOTOBUMH MPABUIIAMH 1
iHcTpyMeHTaMu. DpeliMBOpK, 3 OJIHIET CTOPOHM, JOTIOMArae 1 MpUCKOPIOE po3poOKy, a
3 1HIIOI, Hakjajzae MeBHI oOMexeHHA. Ha ¢peliMBOpkax peamizyloTbcs HPOEKTH
CepeIHbOI CKJIAJJHOCTI 3 B1JIBIIyBaHICTIO B MUIbOHU KOPUCTYBAYiB B MICSAIIb.

3. CMS — KOHCTpPYKTOD, B IKOMY 3 YaCTHH 30Mpa€eThCsl MOTPiOHUM poekT. BoHN MaroTh
Oarato oOOMeXeHb, BUHTH 3a MeXI SIKUX CKiIaaHo 1 HeepektuBHo. Ha CMS
peasi3yroTbcs IPOCTi CaliTH 3 BIABIAYBAHICTIO IO MUIbHOHA KOPUCTYBAviB B MICSAIb.
Haityacrime oauH piBeHb aOcTpakiii 0a3zyerbcs Ha i1HIIOMY. TOoOTO Ha YHUCTI MOBI

peani3yroTh ppeiliMBOpKkH, Ha 6a3i ¢ppeliMBOpKiB peanizyoTs CMS.

CporofiHi € BenMue3Ha KIIbKICTh PI3HUX MOB MPOrpaMyBaHHS, Ha SKUX peali3yloTh
caiftu. Ha Bcix momynsipHMX MOBax € MPHUKJIAAM BeIHue3HuX caiTiB. Skmo 10 pokiB Tomy,
Ka)Ky4H [PO TEXHOJIOT1i BEJIMKUX CAlTiB, TOBOPUIIM IIEPEBAXKHO MpO Java, To CbOTOJIHI 1€ MOXKe
OyTH Maibke Oyap-sika MoBa. Lle MoB's3aH0 3 pO3BUTKOM CAMHUX MOB — 32 OCTAaHH1 JECSTUIITTS
06araTo MOB CHJIbHO PO3BHHYJIHCH 1 OTPUMAIM IIUPOKI MOXKIMBOCTI. 3BUYAHO, KOKHA MOBa
YUMOCH BIJJPI3HSETHCS BiJl 1HIIUX, 1, 0OMpPalOYM MOBY, HEOOXiTHO KepyBaTHCS 00'€KTUBHUMHU
KPUTEPISIMH 3 OTJISIIKOIO Ha 3aBJIaHHS ITPOEKTY.

Ha uucriit MoBi, 0e3 BUKOpHUCTaHHS (PEeHMBOPKIB 1 KOPOOKOBUX pillleHb, MHUIIYTHCS
BEJIMYE3HI MPOEKTHU 3 MiJBUIIEHUMH BUMOTaMU 10 THYYKOCT1, HaBaHTa)XeHH 1 6e3neku. J{is
TaKUX BEJIMUE3HUX MPOEKTIB YacTO OIO/PKET HE IPa€ TAKOro 3HAYEHHS, SIK €PeKTUBHICTb. Yum
O1Ib11IE IPOEKT, TUM OljIbIlie Oy/1e BUMOT IO THYYKOCTI 1 HAaBaHTa)KEHHIO, a 3HAYUTh, IPOCTIIIE
IUCaTy BCE 3 HYJIS, BUAUISIOUN Ha 1€ KpalMx (axiBIiB, HIXK OpaTu SKiCh TOTOBI PillICHHS.
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Uum OUTbIIMHA  TPOEKT, THUM OUIBIIMA CTEK TEXHOJOTIH, SKUA B HBOMY
BUKOPUCTOBYETHCS. Y BEJIMYE3HHUX MOPTATAX MOXKE BUKOPHUCTOBYBATHUCS Biipa3y KiJibka MOB
nporpamyBaHHs. YacTto ogHa MOBa MOXe J100pe BUPILIYBaTH OJHY 33jady, a 1HIIAa — IHMIY.
HaiisickpaBimmii npuKiag BUKOPHCTaHHS pi3HHX TexHouorii — Google. Bin HacTinbku
BEJIMKHH, 110 Horo pi3Hi yactuHu Hanucadi Ha C/C ++, Java, Python, JS Ta iHmmx moBax.
binem Toro, Google akTHBHO CTBOPIOE HOBI TEXHOJIOT1, sIK, Hampukiaa, AngularJS.

CnpobyeMo 1aTh KOPOTKY XapaKTePUCTUKY KOXKHIN 3 TOMYJISIpHUX MOB [3]:

1. JavaScript — 3rigao mocaimkennto Stack Overflow, nposenenoro B 2018 porii, 71,5 %
po3poOHuKiB obupatoth JavaScript. JavaScript-ppeiimBopkun (Angular, React 1 Vue)
BUKOPHCTOBYIOTHCSI HA CTOPOHI KIIIEHTA JJIs1 pO3pOOKH BeO-I0IAaTKIB HA OCHOBI Opay3epa. 3a
MexaMu Opaysepa 3 qoriomororo Node.js MOXKHA TTUCATH CEPBEPHI TOAATKU Ha Til )K€ MOBI, Ha
SKIf MHIIEThCS KITIEHTChKHUMA KoJ. BaxknuBoro mepesaroto JavaScript € mmpoka miarpuMKa B
iayctpii 13 3 6oky Takux IT-kopmoparii, sik Google, Facebook, Microsoft i Amazon.

2. Python — 3rigao onuryBanusm Stack Overflow, Python xopucTyeTbes momysspHicTIO
y 37,9 % po3pobnukiB. OqHa 3 mpuuuH nomyisipHocTi Python — npaBuna odopmienus kogy
npocTinr, HDK B iHIUX MoBax. Lle HaiimomymspHima MoBa 3arajJbHOTO MPHU3HAYCHHS, SKa
BUKOPHUCTOBYETHCA JUISI MAITMHHOTO HAaBYaHHS 1 B HAYIIi PO JaHi.

3. Java — ii BBakaroTh 3a Kkpamry 45,5 % po3poOHuKiB. Java crpourye po3poOky i
BIIPOBA/DKEHHS MPOTpaM B PI3HHUX OMNEpalliifHUX CHCTeMax, TOMY BEJIMKI KOMIIaHii 4acTo
BUKOPUCTOBYIOTH Java. JVM BUKOpPHCTOBYETBHCSI BCE aKTHBHIIIE: CTBOPIOIOTHCS HOBI MOBH,
aJanTyIOThCS Bke icHylo4i. EkocucTema Java akTHBHO pO3BHBA€ETHCA.

4. C# — 3a manumu onmrtyBaHHA 35,5 % po3poOHUKiB HaMaOTh niepeBary C#. Microsoft
arpecuBHO PO3BUBAE 1 Ao07ae HOBI MOXIUBOCTI 10 C#. L{g MoBa rpae KJIO4OBY pOjib B HOBiH
cTpaterii po3BUTKy Microsoft.

Bulip TEeXHOIOTriYHOTO CTEKa SBISETHCS BAXKJIMBOIO YACTUHOIO OYAb-SIKOTO JOJATKY.
Bubip cTexy He 3M0Oke BUPIIIUTH BCiX Mpo0IieM, 1o OyAyTh BHHUKATH TIiJI 9ac po3pOoOKH, aie
BiH MOXe€ MOJIETIINTH iX MojiojaHHs. Bubupatoun crek HeoOXi1HO KepyBaTUCh 00’ EKTUBHUMU
KPUTEPISIMHU, TAKUMHU SIK TUI MPOEKTY, CKIAIHICTh MPOEKTY, MIBUAKICTb PO3POOKH, BapTICTh
¢daxiBIiB, HAIBHICTh JOKIAAHOI JOKYMeHTaIlii 1 T.1. Kpim nepepaxoBaHOTO ISl TOCSTHEHHS
Kpalioi IpoAyKTUBHOCTI HEOOX1/IHO BPaxOBYBaTH 1 apXITEKTypy JOJATKY.

[1] BeiOupaem mpaBUIIBHBIN CTEK TEXHOJOTUH Juisi mpoekTa [EnekTponHuii pecypc]. Pesxxum
noctymy: https://ve.ru/services/48759-vybiraem-pravilnyy-stek-tehnologiy-dlya-proekta

[2] How to Choose Your Tech Stack [Enmextponuuii pecypc]. Pexum moctymy:
https://svsg.co/how-to-choose-your-tech-stack/

[3] Developer Survey Results 2018 [Enexkrponnuii pecypc]. Pexum  goctymy:
https://insights.stackoverflow.com/survey/2018/#technology

APPROACHES TO CHOOSING A TECHNOLOGICAL STACK

V. Gerasimov, A. Sinokhina
Oles Honchar Dnipro National University
sinokhina@gmail.com

The report reflects the main modern approaches to selecting the technology stack for
application creation. Selection criteria for development technologies and three levels of
technology abstraction such as clean language, frameworks and CMS are displayed. The
difference between these levels is determined. The characteristic of the most popular
programming languages of the current time is given.
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ABTOMATU3ANIA PO3PAXYHKY OBJIACTI BUJIUMOCTI
BE3IIIJIOTHOI'O AITAPATA

1. Tepera, H. boubBa
Jninpoecoxuii hayionanvruti yHieepcumem imeni Onecs I onuapa
kef.dnu@gmail.com

OctanHIM dYacoMm i3 TOsIBOKO jgocTymHux OesminotHux amnapatiB (BITJIA) cdepu
3acTOCyBaHHS aepodOTO3HIMAHHS, 30KpeMa 1 1 cTBopeHHs 3D mopeneit 06’ ekTiB, 3Ha4HO
po3mmpuinck. Jlani, orpumMani mix yac 3iioMku 3 BIIJIA, 103BosIsIF0TE y Mari abo TpUBHMIpHIH
MoJIeNl Bi3yaslizyBaTu Oarato KOpucHOi iHdopmaiii, ane moTpeOyroTh sl MbOTO CKIIATHOI
NoTepeIHbOI 0OPOOKH MOTYKHUMH CIICIiaIi30BaHUMH MIPOTPaMaMu, TAKUMH SIK, HAIIPHKIIA],
Pix4d [1]. IlepeBakHa OUIBIIICTh TAKWX WPOrpaM TMPAIMIOE JHIIE 3 OPTOrOHAJLHUMH
npoekiisiMu. Pa3om 3 UM, MEpCIEKTUBHI TUTAHH 3 KaMepH, po3tamioBanoi nmonepeny BILIA,
4acTO MICTATH JIOJATKOBY IIiKaBy iH(GOpMAIlito, SIKa TAaKOX MOTpedye 0OpoOKH.

3amauero naHoi poOOTH € po3poOKa MPOrpamMHOro 3a0e3MedYeHHs sl aBTOMaTHu3allii
po3paxyHky obnacti Bumumocti BIIJIA, ToOTO 4OTHPHOX TOYOK, IIO BIAMOBIAAIOTH KyTam
00J1acTi MPOEKIIIT MAaTPHUIll KaMEpH Ha 3eMHY ITOBEPXHIO, a TAKOXK Bi3yasi3allii JaHOi MPOeKIIii.

Po3pobriena mporpaMa BpaxoBye Taki 3MiHHI, SIK JOBrota, mupora ta Bucota BILJIA,
TaHTaX, KPEH, a3UMyT Ta KyTH PO3TOpTKH Kamepu. [lepeBaroro po3poOKu € KOPUTYBaHHSA
KOHCTaHT TIiJ1 Yac MOJIbOTY Ta MOXKJIMBICTh MPHUB’SI3KU JAaHUX 3 JOTY 10 (OTO3HIMKIB HaBITh B
yMoBax, koiu B 71031 BITJIA mpucyTHI JaHHI PO 3HIMKH, sIKi HE 30€perimcs 4epe3 BEIHKY
4acToTy cTBOpeHHS. OcoONMuBICTIO MporpaMu € 3a0e3NeyYeHHs BHUXIJHUX PO3PaxXyHKIB y
CTaHJAPTI CUCTeMH Teoie3nyHux napameTpiB PZ90, Bianoiganx Google mari, 1o HeoOXi1HO
JUTSI TIOAAITBINOI 0OpOOKH OTpUMaHuX JaHUX mporpamoro Pix4d. [IporpamHo 1e peanizoBaHO
JIBOKPOKOBHMM HEPETBOPEHHSAM CHCTEM KOOpAMHAT 31 cTanfapty SK42, skuil € 3pyuyHUM JUis
Hao4Hoi Bizyaunizauii, B WGS84 (BcecBiTHIO cucTeMy reofie3MuHuX napaMerpis 3emmi 1984
POKY, IKa MICTUTh CUCTEMY I'€OIIEHTPUYHUX KOOPAMHAT), a MoTiM Bxke 3 WGS84 B PZ90.

IIporpamu Bi3yamizamii Ta mapcep-CKpilT A NPUB’SI3KUM (OTO3HIMKIB BHOpPAHOTO
00’eKTy MicueBocTi 10 AaHuX 3 Jory nonboTy BIIJIA nHanumcani moBoro Python. o Bcix
nporpaM po3poOseHi IHCTPYKIIil 3 BUKOPUCTaHHS.

Po3pobnene mnporpamHe 3a0e3meueHHs [UIsl aBTOMATH3alll PO3paxyHKY o00JacTi
BuauMocTi BITJIA 103BosIsi€ pO3MIMPUTH 3aCTOCYBaHHS aepoPOTO3HIMAHHS [Tl CTBOpEeHHs 3D
Mojieie 00’ €KTIB y pI3HUX rally3siX FOCIOAAPCHKOI A1SUIBHOCTI.

[1] Mapping the Kilauea volcanic eruption with drones [Enekrponnuii pecypc]. Pexum
nocrymy: Pix4d.com/blog/mapping-volcanic-eruption-drones.

DRONES AERIAL VIEW AUTOMATION SOFTWARE

D. Tereta, N. Botsva
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The software to automate the calculation of the field of view of UAVs has been
developed. The program uses variables such as longitude, latitude and altitude UAV, pitch, roll,
azimuth and scanning angles of the camera. Feature of the program is to provide the original
calculations in the standard system of geodetic parameters PZ90, corresponding to Google map,
which is necessary for further processing of the obtained data by the Pix4d.
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AUTOMATED COMPLEX CONTROL OF ILLUMINATION
PARAMETERS BASED ON MICROCONTROLLER DEVICE

Ye. Berns, D. Chernetchenko, O. Yelina, M. Motsnyi
Oles Honchar Dnipro National University
kef.dnu@gmail.com

The illumination parameters of a room are important for human life, because light helps
us perceive most environmental information. Proper and adequate lighting of rooms and
workplaces is a requirement for increasing productivity and reducing fatigue. Indoor lighting
control systems are one of the most effective methods for improving energy efficiency for
residential premises, offices or industries. Besides they allow to make life more comfortable,
they also optimize all the processes associated with lighting.

The work is devoted to the problem of creating a device for monitoring and controlling
of the illumination parameters of a room with the least energy consumption.

To obtain data on the level of illumination of a particular place, object, special devices
are used - luxmeters. It isn’t a very common equipment that can be replaced by a sensor that
will give output data in specific units of measurement via a digital interface.

The device for automated complex control of illumination parameters is based on the
Atmega8 microcontroller and the BH1750 sensor. Developed complex provides information
about the illumination in units of measure Lux.

BH1750 sensor has 12C digital interface and a high resolution up to 0.5 Lux. The sensor
is designed to measure background lighting, has a high sensitivity, and its sensitivity spectrum
coincides with the sensitivity curve of the human eye.

This sensor is placed in a WSOF61 surface mount housing [1]. Inside, the photosensor
is in the form of a photodiode, a photodiode signal amplifier, an ADC (analog-to-digital
converter) and some logic that processes the data, converts raw data into Lux units and transfers
it via 12C to the control device (microcontroller in our case) [2]. The transducer housing is
translucent. Also, it plays the role of a light filter, with a known transmittance of light, to
accurately measure illumination.

Characteristics of the BH1750 sensor: low current consumption (120 pA), filtering of
light noise 50/60 Hz, it is possible to select two chip addresses for the 12C interface (two sensors
can be connected simultaneously), small dimensions. The sensor provides information about
the illumination in units of measure Lux. The lux is the Sl derived unit of illuminance and
luminous emittance, measuring luminous flux per unit area.

The sensor was tested on standard lamps with known indicators of illumination; the
indication was carried out on a liquid crystal screen. For comparison, the illumination in the
study is about 300-500 Lux, with a full moon — 1 Lux, on a clear sunny day in the shade —
10000-25000 Lux, and under the sun about 32000-130000 Lux.

Such characteristics of sensor provide ease of use in the device for automatic control of
illumination parameters of the room. Due to the exact illumination values obtained from the
sensor, it is possible to use natural lighting as efficiently as possible that is the key to the energy
efficiency.

[1] Digital 16bit Serial Output Type Ambient Light Sensor IC. [Enextponnuii pecypc]. Pexum
noctymy: http://rohmfs.rohm.com/en/products/databook/datasheet/ic/sensor/light/bh1721fvc-
e.pdf

[2] TTetun B.A. TIpoekTsI ¢ ncnonp3oBanneM kouTposutepa Arduino. Ierepoypr: BXB. (2015).
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ITPOCTOPOBA HEUITKA KJIJACTEPU3AIIIA B 3ABJIAHHI
CEIrMEHTALII HAMIBTOHOBUX 306PAKEHb

JI. Axmerminna, B. Morops
Jninposecoxuii hayionanoruti yHieepcumem imeni Onecs I onuapa
intdnp@gmail.com

Komn'torepu3oBana cerMeHTamist METUYIHUX 300paKeHb € CKIIaJIHOI0 IPOOIeMOI0 yepe3
HU3BKY PpO3AUIbHY 3JIaTHICTh 1 CJIa0Ky KOHTpacTHiCTh. KpiM TOro, 3aBlIaHHS YacTo
YCKIIQHAETHCS HASBHICTIO IIyMY Ta apTe(akTiB, 3aBSKU IHCTPYMEHTAIbLHUM OOMEKEHHSM,
aNIropuTMaM pPEKOHCTPYKIT Ta pyxy mnamieHta. llle Hemae yHiBepcalbHOTO ajIrOpUTMy
CerMeHTalii MEeIMYHUX 300paKeHb, a MEepPeBaru Ta HEAONIKH aJrOPUTMY YacTO 3MIHIOIOTHCS
3aJIC)KHO BiJ] TOCTIKYBaHOI TPOOIEeMHU.

B nmanwii yac ais BUPIIMIEHHS IHOTO 3aBAAHHS IMIMPOKO BUKOPUCTOBYETHCS HEUITKUN
MiIXi7 cerMeHTaIli MeJUIHIX 300pakeHb, OCHOBAHHMI Ha aJITOPUTMI HEUITKOI KJlacTepHu3arlii
FCM [1]. IcHye 3HauHa KiNbKicTh MOJHM]IKALIN OTO METOY, CIPIMOBAHUX HAa BUPIIICHHS
KOHKPETHHX 3aBJlaHb, B TOMY YHCIIi 1 HA MaKCUMaJbHE BpaxyBaHHS MIPOCTOPOBOI CKJIAJOBOI.

Y  jokmami  po3risAaroThCes  iH(GOpMAIiHI  MOXIMBOCTI  METOJIY CerMeHTarlil
HAIIBTOHOBUX CJIA0OKOHTPACTHUX 300paxeHb Ha ocHOBI Mmetogy FCM 3 ypaxyBaHHSM
POCTOPOBOI iH(OpMaIIii i Yac aganTUBHOI ONTUMI3aIlii.

Opniero 3 mpobnem crangaptHoro anroputMa FCM e BiacyTHicTh 001Ky POCTOPOBOT
iH(popMarii, sika Tpa€ BaXJIMBY POJb Ipi CerMEHTalii 300paKeHb, 4epe3 Te, IO IIyM i
apredakTH 4acTo MOTipUIYIOTH Il JOCTOBIPHICTh. Y3aranpHeHuit anroputM FCM npoctopoBy
iH(opMaIlifo BKIIOYAE Oe3M0CepeIHbO 10 PYHKITIH HEUITKOrO YieHcTBa [2].

Ph
uj; - hij = 22U, (1)

oznubhl KeN(Y
]

q
I Bkirouae B cebe mpocTopoBy iHGpopmaliio, P 1 ( - mapamerpd, L0 KOHTPOJIIOIOTH

BIJIMOBITHHMI BHECOK CYCIJHIX MiKcemiB y BikHi mepeTBopeHHs N(X)i.
[Hmmit minxin s BpaxyBaHHSA INPOCTOPOBOI iH(OpMalii € BBEAEHHS HEYITKOTrO
JokaneHOTrO (akropa Ggi [3]:

2
G- % X~y )

1-u )"
i d, +1( 0)

1€ i — ueHTp JokanpHoro BikHa Ni, xjmikceni BikHa; K — moTouniit kiactep. Hewitkuii dakTop
Gki He 3aJIeKUTH BiJ 10JIaTKOBHUX MapaMeTpiB JJIsi KOHTPOJIIO YYyTIAMBOCTI, a po3Mip i ¢popma
JIOKaJIbHOTO BIKHA MO’KE€ 3MIHIOBAaTHCS (KPYT, IIECTUKYTHHUK TOILO) B 3aJIEXKHOCTI BiJ OaKaHUX
pe3ysbTarTiB.

BuxopuctoBytoun Gk oTpuMyeMo 00’ €KTHY (PYHKITIIO:

‘Jm :%i[uguxi _VkHZ +Gki] (3)

i=1k=1

ExcnepumenTanbHi  pe3yabTaTd  TPEACTaBICHI  HA  MPUKIAAI  CerMeHTallii
cnabokoHTpacTHOro MeanuHoro MPT 306paxenns (puc. 1 a).
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Ha puc. 1 6, B HaBeieHO pe3ysbTaT KiacTepu3ailii 300paxxeHHss 0a30BUM aJTOPUTMOM i
3 ypaxyBaHHSM IPOCTOPOBOI cki1aoBoi (1), BinxmosiaHo. Jledasudikaliis mpoBeeHa Ha OCHOBI
MakCUMyMy (DYHKITiT HaJI€KHOCTI.

Puc. 1. CermenTanis MPT rosioBHoro Mo3ky: a) Bxiaue 3o0paxxennsi; 0) FCM;
B) 00J1iK IPOCTOPOBOI CKJIA10BOI

BucHoBku. BpaxyBanus mpoctopoBoi iHpopmamii uIsi cerMeHTanii 300pakKeHb
JI03BOJIAE 3a0€3MEeYUTH OUIBII BUCOKUN CTYIMEHb CTIHKOCTI J0 IIyMY Ipi BUIUICHHI 00'€KTiB
nopiBHSHO 3 0a3oBuM aimroputMoM FCM. Meron nedasudukarii CyTTEBO BIUTUBAaE Ha
1H()OPMATHUBHICTh PE3yabTaTy CErMEHTAIlli.

[1] Bernd Jahne Horst HauBecker Peter GeiBler. Handbook of computer vision and applications
/ -V. 2. Signal Processing and Pattern Recognition. Academic Press. —1999. — 722p.

[2] Keh-Shih Chuang. Fuzzy c-means clustering with spatial information for image
segmentation / Keh-Shih Chuang, Hong-Long Tzeng, Sharon Chen, Jay Wu, Tzong-Jer
Chen//Computerized Medical Imaging and Graphics. — 2006. — Vol. -p. 9-15.

[3] Axmermuna JI. T'. TlpocTopoBa  HewiTKa KiacTepu3allii B 3aBJaHHI CErMEHTAIlii
HaMiBTOHOBUX 300paxkeHb / Axmermmna JI. T'., Morops B.M., Murpodanos C. K. //
Cucremni Texnomorii Nel(120), — 2019. — C. 37-43.

SPATIAL FUZZY CLUSTERING IN THE IMAGE
SEGMENTATION PROBLEM

L. Akhmetshina, V. Motorya
Oles Honchar Dnipro National University
intdnp@gmail.com

Information possibilities of the modified fuzzy clustering method are considered, which,
by taking into account the spatial component, provides an increase in the sensitivity and
resistance to noise of the segmentation procedure of low-contrast images. The membership
function obtained at each iteration step of the FCM method in the neighborhood of each pixel

is subject to an aggregation procedure. Experimental results are presented on the example of
model and real medical images.
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MOXKJIUBOCTI BUKOPUCTAHHS TEXHOJIOTI'IT
BJIOKUYEWH Y CUCTEMI OHJIAMH-TOJIOCYBAHHS

I. IllonHomapsoB
J[Hinposcoxuil nayionanerui yHieepcumem imeni Onecs I onuapa
piv16960@gmail.com

Ha TpaauuiiiHuX roiocyBaHHSX JIOASM JIOBOJUTHCS CTOSTH B Ueprax, JOBIO YeKaTH
HiIpaXyHKy TOJIOCIB, B TOW 4Yac, sIK €JEeKTPOHHE TOJIOCYBAaHHS J103BOJISIE I'OJIOCYBATH, HE
BUXOSIYM 3 JIOMY Ta HIBHJIKO OTpUMATd pe3yiabTatd. OpHa 3 OCHOBHHX MpPOOJIEM NpU
MIPOBEICHH] OHJIAaH-TOJIOCYBaHb — 1€ KOH(IIECHIIIHHICTh: TOJIOCH MOYKHA ITIIMIHUTH, & XaKepH
MOXYTb JI3HATUCS, KU BUOip 3po0HiIa Ta 4 iHILA JIFOJMHA.
Texnomorist 6ok4eiin [1] rapanTye sk O€3MeKy, Tak 1 aHOHIMHICTh TOJOCYBaHHS, a
TaKOK MOY€E JJOTIOMOI'TH IiIBUIIIUTH SIBKY YYaCHUKIB.
bnokueilHoM Ha3uBaeTbcsd BUOYAyBaHMH 3a IMEBHUMM IpaBUIaMu Oe3nepepBHUMN
MOCJTIIOBHHUM JIAHITIOKOK OJIOKIB, sAKi MicTATh iH(opMmarnito. Komii naHIIoXKiB OJIOKIB
30epiraroThbcs Ha 0e3J1i4l PI3HUX KOMITIOTEPIB HE3aJICKHO OIMH BiJ OJTHOTO.
VYci cydacHi OJOKYEHH CHCTEMHU BOJIOMIIOTh BaXKJIMBUMU BIIACTUBOCTSIMH, CEPEl SKHX
0COOJIMBO BEJIMKE 3HAYECHHS MalOTh:
- mpo3zopictk. JlocTyn 110 Bei€l icTopii Mol — pe3yabTaTaMy roJ0CyBaHHs, yTO1aMu
Ta IHIIUMHU 3aMIMCaMH - 3aBX/IU BIAKPUTHH yCIM yYaCHUKaM CHCTEMH;

- JeuneHTpamizamis. IcTopis TpaH3akmiid 30epira€TbCsi y KOKHOTO YYacHHUKA Ha
AKOPCTKOMY JUCKY, a HE Ha TOJIOBHOMY CEpPBEDI;

- adHoHiMHICTB. [lmst pobGotm y ONOK4YelHI HE TMOTPIOHO PO3KPUBATH CBOIO
OCOOHCTICTB;

- Oesmeka. Hixto He migpoOuTh 1 HE NIAMIHUTH 3adiKCOBaHY Yy OJIOKYEIHI

iHpopmaniro. MoxHa OyTH BIEBHEHUM, LII0 BOHA JIOCTOBIPHA;

- pIBHONIpABHICTh. Y OJOKUYEHHI HEMa€ aJMiHICTpaTOpiB abo 30epirauiB iHpopmarlii,

a y BCIX YYaCHUKIB O/IHAKOBHUI CTaTyC 1 MOKJIMBOCTI.

Orxe, po3poOKka OJOKUEHH CHUCTEM HaJa€ IIUPOKI MOXIMBOCTI Ui CTBOPEHHS
0e3MneyHnx cucTeM 30epiraHHs JaHHX.

J1J11 BUKOpUCTaHHS TEXHOJIOT1T OJI0KUEHH Y CUCTEMI TOJI0CyBaHHS HEOOX1AHO BUKOHATH
HACTYIHI KPOKHU:

1. Po3poOutu mojmens OJIOKYEeHH-CXOBHUINA, sKa 30epirac HeoOXinHy 1H(OpMaIio Mpo

KOPUCTYBayiB Ta Pe3yJIbTaTH FOJOCYBaHHS.

2. Po3pobutu anropuTM MaiiHIHTY Ta 3B’sI3yBaHHS OJIOKIB.
3. PeanizyBatu MOXIIMBICTH aBTOpH3aLlii Ta peecTpauii KOpHCTyBayiB y OJIOKYEHH-

MepexKi.

4. CrBoputu (YHKIIOHAJIBHI MOJJIMBOCTI peecTpallii Ta NPOBEIEHHS TIOJOCYBaHb, a

TaKOX I1JIpaXyHOK 3arajibHoi KIJIbKOCTI TOJIOCIB.

5. CrtBopuTH cucteMy 0OMiHY iH(POpPMALIIEI0 MK By3JIaMH MEPEXKi.

briokueiin cxoBule 30epiracTbCcsl y BYy3JIaxX MEpPEeXl y BUIJIII JIAHIFOKKA OJIOKIB
3B’A3aHUX MDK co0oro. By3num Mepexi BUCTyHaioTh y pojii MaifHepiB abo 3BHYAHHMX
KopucTyBauiB. JIJiss CTBOpEHHS MOBHOIIIHHOTO JICIIEHTPATI30BAHOTO OJIOKYEHHY Ta JUIsl JOKa3y
BuKOHaHHs pobotu (Proof-0f-Work) [1] HeoOXiHO 3a0e3meunTy 3B’ 130K MK By3JIaMH MEPEXi
B PEKMMI PEaIbHOTO Yyacy.

CriouaTKy CTBOPEHHS JIaHIIOKKa OJIOKIB HEOOXITHO CTBOPUTH genesis-0JI0K, Ha Xell-
CyMy SIKOTO 1 OyIyTh criupaTucs HacTymHI 6J0ku. Ha etami moganHs HOBOTO OJI0KY Y ICHYFOUHIA
JAHLIOKOK OJIOKIB, BiAOYBAa€ThCS MpoOlleC MaWHIHTY, SIKUM peasi3oBaHUK 3a JOIOMOTOIO
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anroputmy xemryBanHss SHA-256 [2]. [{ns ycmimHOro MaifHiHTY 0JIOKY, HEOOX1THO 1100 Xel-
cymMma OJIOKy Oynia MEHIIE 3aaHol CKIAIHOCTI, TUTBKH MICJIS I[LOTO OJIOK JOHAETHCS JI0
OJIOKYCHH JaHITIoKKa (puc.1).
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Puc. 1. JIanuoxok 0J10KiB y 0J10K4eliH-Mepexi

Anroput™ Tmpouecy ronocyBaHHs. KopuctyBau oOupae BapiaHT BIANOBIAI Ha
ONMUTYBaHHS. YCiM MalHEpaM HAJCWIAE€ThCS 3alUT 3 BapiaHTOM BiAINOBiAl, OOpaHUM
KOPHCTYBa4eM, Ta JIOTIH KOpHcTyBaua. MaliHepy MOYMHAIOTh MOLIYK OJIOKIB 3 BiAMOBIISIMU
JTAHOTO KOpHCTyBada, JUIs TOTO MIO0 MEpeBIpUTH, IO BiH IIe HE OpaB ydacTb y IIbOMY
onutyBaHHi. [licisg 4oro nouynHaeThcss MalHIHT 1y pa3i YCHINIHOTO JI0/1aBaHHS OJIOKY, MaiiHEep
MIOBEPTA€E CEpBEPY IMOBIAOMIICHHS MPO YCHIMIHUKA MalHIHT Oioky. SIkmo Oimemn Hik 50%
MaifHepiB MOBIJOMMIN NPO YCHIIIHUNA MaiHIHT, TO B1JIMOB1/Ib KOPUCTYBaua MPUHMA€ETHC.

3aBAsIKU JeleHTpani3alii pe3yabTaTH TOJIOCYBaHHs 3aJ€KaTh HE B1Jl €JMHOTO LIEHTPY,
a B OJJHAKOBI{ Mipi BiJ] YCiX BY3J]IiB MEpEeXki, OCKUIbKH YC1 YHaCHUKU MEPEXi € pIBHOPAaBHUMHU
1 30epiraroTh MOBHY ICTOPIIO TPaH3aKLIH.

[1] Satoshi Nakamoto Bitcoin: A Peer-to-Peer Electronic Cash System [Enextponnuii pecypc]
Pexxum noctymy: https://bitcoin.org/bitcoin.pdf

[2] SHA-256 Cryptographic Hash Algorithm [Enextponnuii pecypc]. Pexxum mgocrymy:
https://www.movable-type.co.uk/scripts/sha256.html

THE POSSIBILITIES OF USING THE BLOCKCHAIN
TECHNOLOGY IN THE ONLINE VOTING SYSTEM

. Ponomarev
Oles Honchar Dnipro National University
piv16960@gmail.com

Blockchain technology was created for cases when you need to achieve the trust of all
participants. A blockchain is a distributed decentralized system that stores a sequence of blocks
with information about operations performed in such a system and uses cryptographic methods
to protect this information. It is an ideal tool for registering votes and making decisions based
on electronic voting.
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HUPPOBA OBPOBKA CUT'HAJIIB ITPU BUMIPIOBAHHAX
BIOIMIIEJAHCY

A. banaxanosa, M. Minux, /I. Yepueruenko, H. bounBa
J[Hinposcoxuil nayionaneruil yHieepcumem imeni Onecs I onuapa
kef.dnu@gmail.com

BuwmiproBanns 6ioiMneaHcy sk METOJ BU3HAYCHHS OCHOBHHMX CKJIQJIOBUX OpPraHIZMy
JIOJVMHU CHOTOJHI TMOMIMPEHUH Y HAYKOBHUX JIOCHIKCHHSX, CIOPTI Ta MEAWIIMHI, 1€ BIH
3aCTOCOBYETHCA Ul BUABIICHHS TA IIPOTHO3YBAaHHS JI€SKHUX 3aXBOPIOBAHB 1 CIIOCTEPEKEHHS 3a
nepebirom peadinmitarii [1].

3rigao 31 crangaprom [EC 60601-01-2005, mMakcumanbHe 3HA4YCHHS CTPyMy IIpH
BUMIipIOBaHHI Oioimmenancy He mae mepeumryBatd 0,1 MA, TecTOBI CHUTHaIM HEOOXiTHO
[OJaBaTH 3 JKepella CTPyMy, sIKe Ma€ BKa3aHe OOMEXKEHHs, 1 BU3HAYaTH MaiHH HAIIPYTH Ha
iMnenanci 6ionorigHoro 06’exra. [Ipy BUMiproBaHHI IMIIEaHCY PUIHATO BUKOPUCTOBYBATH
rapMoHiuHi curHamud 3 4vactotoro g0 500 kI [1]. Ilpu xapakTepucTHYHIN YacTOTi, IO
BiJINIOBiJJa€ MAKCUMYMY PEaKTUBHOTO OTOPY 010JIOTIYHOT TKAHUHH, TOYHICTh METOIY CYTTEBO
HiIBUIIYETHCS [2].

3a TaKMX YMOB aKTyaJIbHOIO € pO3p0o0Ka IU(PPOBUX METO/IiB 0araToO4yacTOTHOTO aHAIII3Y
3 IOUTYKOM 3Ha4€Hb YacTOT, 1110 3a0e31e4aTh MaKCUMaJIbHY TOYHICTh BUMIPIOBaHb IMIIEJAHCY.
Pazom 3 1M, 6araTo4acTOTHUN METOJ 3 BUKOPUCTAHHSIM IIpsiMOro g poBoro cuaresy (DDS)
Jla€ MOJKJIMBICTB 3acTOCyBaTH MeTOJ LU(PpPoBOi 0OpOOKM 3 BHUKOPHCTAaHHIM KBaApaTyp
TECTOBOTO CUTHAITY, IO JI03BOJISIE BUMIPIOBATH HANIPYTY Ta 3CyB (ha3 i3 BUCOKOIO TOYHICTIO.

Y po6oTi AN BU3HAUEHHS MapaMeTpiB aMmILTITyAd Ta 3CyBY (a3 mpu BUMIpIOBaHHI
iMIIe1aHCY BUKOPUCTaHa TETPANOJsIpHA CXeMa HAKIIAJACHHS €JEKTPOIiB: JBa €NEKTPOAU IS
nojgaBaHHa cTpymy (I-enexktpoam) Ta nBa enekTpoAau s BuMiproBaHHS Hampyru (U—
€JIeKTPO/N). 3M1MCHIOETHCS BUMIPIOBAaHHS HAIPYT TPhOX CUTHAIIB: HAIIPYr'd Ha TECTOBOMY [—
eJIeKTpOo/l, Hanpyru Ha U—enekTponax, NiAKIIOYEHUX 10 JU(epeHIiiHOro miJcuioBaya, Ta
HaNpyry Ha BXOJI JDKEpena CTpyMy TECTOBOTO CHUTHaiy. Haiikpanry TOYHICTH Haga€ METO.
6ioiMIelaHCOMETpii BCHOTO TiJIa 3 HAKJIAZICHHSAM eJIEKTPO/IiB Ha TOMUIKY Ta 3am’sicts [1].

BusnaueHHs HauanbHOI a3y TECTOBOTO CUTHANy HEOOXIJHO MpHU KaliOpyBaHHI
IPUCTPOIO /ISl BUMIPIOBAHHSI IMITEIAHCY.

HudpoBy 06pobKy curHainis, HUPpPo-aHATIOTOBE NMEPETBOPEHHS TECTOBUX CUTHAIIB Ta
ix ¢gopmyBaHHs, aHaIOro-IU(POBE MEPETBOPEHHS 3AilcHI0e MikpokoHTposiep STM32F407
[3].

3Ha4YeHHs TECTOBOTO CHTHAJy Ta 3HAu€HHS KBaJpaTyp (opMyrooTbcs 3 ogHoro 12-
po3psiaHOro MacuBy cuHyciB po3mipoM N. Ilpu wacroti nuckperusanii 1,024 MI'1, gactoTi
takTyBaHHs cucreMHoi mmHM HCLK i1 DMA 168.0 MI'n ta wacrori TaktyBanHs ALIIL
21.0 MI't kpoxk 3miHM 9acToTu TectoBoro curHaiy 1.0 k' mpu N = 1024. MinimanbHa 9acToTa
TECTOBOT'O TapMOHIYHOro curHany ctaHoBuTh 10.2 xI'1, MmakcumaneHa yactora — 1.3 MI'm.
Pospsannicte BOymoBanux AIIIl Ta I[AIl ckmamae 12 6it. yist reHepariii Ta aHaIOTOBO-
U(POBOrO MEPETBOPEHHS CUTHAIY B PEKUMI PEANbHOTO 4acy BHUKOPHUCTOBYBAJIH CHUCTEMY
nam’aTi 13 npamuMm goctynoM (I, abo DMA). O6’em Bukopucranoi moxyiem DMA
OTIepaTUBHOI MaM’ATi MpH OIMONAPHOMY pexuMi ckianae 2,048 Gailt, mpu TETPaNOIIPHOMY —
4,096 Gaiit.

Jlnist CTBOpEHHsI KOMIUIEKCY BHKOPHCTOBYBAJIM Taki MpOrpaMH Ta CepeloBHINA
po3pobku: mbed; CubeMX ta [AR nns STM32F407; PyCharm mist Python; IAR Workbench.

VY cepenoBumii IAR Embedded Workbench po3poGneno mpoext, cTpykTypa sSKOro
CKJIQ/IA€ThCS 3 TAKUX MOZYJIIB!
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- bio_impedance.c.  romoBHmii  ONIOK  TPOBEACHHS  0Oi0IMITIEIAaHCOMETPHYHHUX
BUIIPOOYBaHb, MaTEMaTHKa OOUNCIICHHS;
- comm_protocol.c: ~ MOAYJb  KOMYHIKAmiiHOTO  TPOTOKONY IS 3B’SI3KY

MikpokoHTponepa 3 I1K;
- core.c: HAJAIITYBAaHHS sipa MIKPOKOHTPOJIEPa;
- main.c: rOJIOBHUH IHUKJI POTPAMHOTO 3a0e3eUeHHS;
- queue.c: mporpaMHa uepra jajs Bianpasienss ganux 1o [1K 3a nomomororo intepdeiicy
UART;
- timers.c: mporpamMHa peajizallis MpoIeciB, MOB’S3aHUX 13 arapaTHUMU TalMepamu
MIKPOKOHTPOJIEPA;
- uartio.c: MOAYJb BIJINpaBJICHHS Ta NPUUHATTS JAHUX 3a JONOMOro iHTepdeicy
UART.
["onmoBHI MOTyITI MIKpOKOHTpOJIEPA, 110 BUKOpHCTaH1 y ipoekTi, — ie DAC, ADC, DMA
JUISL TIPSIMOTO JTOCTYITY 710 mam’siTi. 'omoBHMIA muki mporpamu odikye komanau Big 1K ta
3amyckae mnpotec, ko mo UART npuiiimoB HeoOXigHUI curHai. 3arajJbHUil MOTIK JaHUX Y
koHTposepi Takuii: DMA->DAC->ADC->DMA. bnok obominy nanumu 3 1K npexacrasmise
c00010 MPOTOKOJ, IO OMUCYEThCA KOAOM. [{aH1 mepeaaroThCsl y MaKeTHOMY PEXUMI, TaKeTaMu
JOBXKUHOIO 14 OaiiT, i3 3aromoBkoM makery OxAA, 0x55 ta OaliTamu 3aBEepIICHHS IMAKETy
nanux: 0x05 OxAA [2].
VY cepenoButii po3podku PyCharm po3po0iieHo MPOeKT 3a JOMOMOTOK0 IHCTPYMEHTIB
MOBH mporpamyBaHHs Python nns B3aemonii 13 MikpokoHTpodepoMm. ['onoBHa Mera
IPOTPAMHOTO 3a0€3MEUSHHS TOJIATalIa y BiANPaBICHHI KEPYIOUHX KOMaHI O MPHCTPOIO Ta
OTPUMAaHHI BiJl MPUCTPOIO 3apeecTpoBaHUX NaHuX. [Iporpamue 3a0e3neueHHs Jae 3MOTyY 3a
JIOTIOMOTOI0 €JIEMEHTIB TpadiqHoTo iHTep(eiicy KepyBaTh MPOLECOM 3alyCKy BHMipPIOBaHb,
3aJ]aBaTH CTPYM, YacTOTY Ta PEKUM I'€HEPOBAHOTO MPUCTPOEM CUTHATY.

[1] Hukonaes I.B., CmupHoB A.B., Boopunckas WU.I'., Pynues C.I'. BronMmne 1aHCHbII aHATH3
cocraBa Tena yenoBeka. M.: Hayka. (2009).

[2] Ward L.C., Dyer J.M., Byrne N.M., Sharpe K.K. Validation of a three-frequency
bioimpedance spectroscopic method. Nutrition. Vol.23. (2007). P.657-664.

[3] STM32F407 data sheet. [Enekrponnuii pecypc]. Pexxum goctymy: http://www.st.com.

DIGITAL SIGNAL PROCESSING FOR BIOIMPEDANCE
MEASUREMENTS

A. Balahanova, M. Milykh, D. Chernetchenko, N. Botsva
Oles Honchar Dnipro National University
kef.dnu@gmail.com

The digital signal processing in bioimpedance studies using three measurement channels
is considered: the voltage at the input of the test signal current source, the voltage drop across
the current electrodes and the differential voltage at the electrodes for measuring the voltage
drop at the studied impedance. A tetrapolar electrode overlay pattern is used. The amplitude of
the measured voltages and the phase shift are determined using the quadrature of the test signal
used at frequencies of 1-500 kHz. A software package has been developed for a microcontroller
STM32F407 for processing and control: calculating the impedance of the measured voltages,
programs for a communication protocol for data exchange and graphical interface.
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IHTETI'PAIIIA PLM CUCTEMMU B CEPEJJOBHUIIE
MATLAB

A. ®inenko, I. IlTonomapbroB, B. AjleKCEEHKO
Jninpoecoxuii Hayionanvruti ynieepcumem imeni Onecs I onuapa
filenkoandriy@gmail.com

VYrpaBiainHs KUTTEBUM KoM npoaykiii PLM (product lifecycle management) -
I[e cTparerisi BeleHHs Oi3HECy Ha OCHOBI CHCTEMHHUX Oi3Hec-pillleHb, SIKi HiATPUMYIOThH
KOJIEKTUBHY pPO3POOKY, VIpaBIiHHS, TIOIIMPEHHS 1 BUKOPUCTaHHSA iHQopMalii mpo
cnenudikamifo TPOAYKIiI B paMKax pO3MIMPEHOrO MIANPUEMCTBA BiJ KOHIICTIIIT
3apOKCHHS JO0 KIHIL JKUTTEBOTO LMKy mponaykuii. PLM 3a0e3mnedye iHTerpariito
NEepCOHANTy, BUPOOHHYHUX MPOIIECiB, Oi3HEC-CUCTEM Ta 3axXUCTy iH(opmarii [1].

[Tpote, Oynp-ska PLM cuctema € qiiicHO KOPUCHOIO TIJIBKY y BUMAJKY 11 iHTerparii
3 3acobamu po3poOku mokymenTamnii (Microsoft Office), 3acobamu mpoexryBanns (CAIIP —
CHUCTEMa aBTOMATH30BAaHOTO MPOEKTYBAHHA) Ta IHIIMMHU CEPEJOBHUILAMU PO3POOKH, SIKUM,
nHarnpukiag € MATLAB. Yacro cepenosuiie MATLAB BukopucToBY€eTHCS 17151 TOOYI0BU
MaTeMaTUYHUX MOJeINel Jaeraineil, BUpoOiB, CXeM Ta CUMYJIALIA 3a TOMOMOro 3aco0iB
Simulink.

Onnoto 3 HatiBinoMimux PLM cuctem € Aras Innovator. JlaHa cucteMa € BIIKpUTOIO,
ii 0a3oBa Bepcis pPO3MOBCIOJUKYETHCS OE3KOIMTOBHO. bararo BeIMKHX MIKHAPOIHHUX
HiIPUEMCTB BUKOPUCTOBYIOTH 11 JIJIs1 KOHTPOIIIO KUTTEBOTO IIUKITY MPOAYKIII.

3apnanns iHTerpanii PLM cucremu Aras Innovator 3 cepenosumem MATLAB €
AKTyaJIbHUM Ta BaXKJIUBUM.

[To-neprure, cmif 3a3HAYUTH, IO PE3YIBTATOM PO3POOKH IHTErpaIiitHOT TporpamMu €
nporpama-posmmperas ani MATLAB, sxa BukopuctoBye po3poOsieHy 010mioTeKy
ArasToMatlabIntegration.dll. ApxiTekTypy n0AaTKy MOXKHa TMpEACTaBUTH HACTYIHOIO
CXEMOIO.

'] ArasToMatlablntegration.dll
. CTBOpEeHHA AOKYMEHTIB L. Aras
) 36epereHHA AOKYMEHTIB IOM‘d” % Innovator
PoslLMpeHHa ans P AOKYM '

MATLAB BiKpMBaHHA AOKYMEHTIB
PeparyBaHHa BNacTUBOCTeH

Puc. 1. Apxitextypa po3po0seHoro gogatky inrerpauii Aras B MATLAB.

Ilicns  BcraHoBneHHsa,  posmmpeHHs MATLAB  3aBantaxye — 0i0mioTexy
ArasToMatlabIntegration.dll. 3aBanTakeHHs 010J10TEKHM MPOBOAUTHCS POrPAMHUMU
3acobamun MATLAB, HIk4e npeacTaBieHo KOMaHy 1is 3aBaHTaxeHHs DLL gaitny:

NET.addAssembly('c:\work\ArasToMatlabIntegration.dll');

Jlana 30ipka Haja€e OCHOBHUM (yHKIIOHAI 31 CTBOPEHHS HOBOIO JIOKYMEHTY,
30epexeHHs JTOKyMEHTY B Aras Innovator, 3aBaHTa)X€HHS Ta BIIIKPUTTS JOKyMEHTY 3 Aras
Innovator B MATLAB. Kpim Toro mnepenbaueHa MOXXJIUBICTh peAaryBaTH BIIACTUBOCTI
KOXHOT'O JOKYMEHTA.

JIOKyMEHTOM B JaHOMY BUITIaJIKy € apXiB (Zip) TeK 3 pi3HOMaHITHUMHU (haiimamu. OOpaHO
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came Takuil hopmar 30epeKeHHs, 33171 3a0e3eueHHs 30epiranHs BeIUKoi KiJTbKOCTI (haiimiB,
sIKa MOKe OyTH BUKOPUCTaHA MPpH po3podiii cumysniid B Simulink.

B cBoro uepry 6i0moreka ArasToMatlabIntegration.dll BukopuctoBye API 6i6moTeky
IOM.dIl Bim Aras Innovator, sika Hamae mporpamHmii iHTepdeiic B3aemoxii 3 PLM
miatdopmoro [2]. Jlo nmpuknany, nanuii Jictuar C# koay oTpuMmye iHGOpMAIIiio PO JeTalb 3
Homepom T-101300:

Item part = this.newItem("Part","get");
part.setProperty("item_number", " T-101300");

part = part.apply();

s poboTH 3 AaHOK TPOrpaMoOr0 Ha CTOPOHI cepBepa Aras Innovator mae Oytu
IMITOPTOBaHE PO3pOOJICHE pillieHHs (ITaKeT), sIKe CKIIamaeThes 3 eneMeHTiB (Items), dopm Ta
3B’A3KiB HEOOXIAHUX JUIA KOHQIryparii nporpamu.

Aras Innovator Mae MexaHi3M JJisi CTBOpEHHS TakuxX mnakeTiB [3]. Po3poOHHMK Moxke
CTBOPUTH HOBI THWIIM, €JIEMEHTH IMX TUIliB, Gopmu, 3B’s3ku (Relationships), cepBepri Ta
KJIIEHTCHK1 METOM, OOpOOHMKY IMOi# Ta iH.. Jlo1aTH BCI 111 €JICMEHTH B ITAKET Ta EKCIIOPTYBATH
3 cepBepa 3a JOMOMOToI AonoMixkHOI mporpamu Aras Export. Jlanuwii maker Moxe B
MOJJAJILIIIOMY BHUKOPHCTOBYBATHCS Ui po3roptanHs PLM pimieHHs Ha 1HIIUX cepBepax.
dakTHYHO, MaKeT sABisge coooro Habip XML daiinis, sSKi MiCTATh HEOOXIHI 3aIUTH, 3aIHCaHI
moBoro AML (Adaptive Markup Language). Jlani 3amuTu CTBOPIOIOTH, OHOBJIIOIOTH Ta
BUJAJISIOTH BIATIOBIZHI €JIEMEHTH Ta 3B’SI3KM MK HUMH, CTBOPIOIOUM HEOOXIIHY CTPYKTYpPY
00’€KTIB Ha CepBeEpi.

B xoxai pobotu Oyino omineHo BHCOKI MoxiuBOCTI PLM cucremu Aras Innovator o
inTerpanii y cepenopuiie MATLAB, 1o po3mupeHHs Ta HalamITyBaHHS pillleHb MiJ Pi3HI
BapiaHTH 3aCTOCYBaHHS.

[1] VopaBnenue ku3HeHHBIM IHMKJIOM  u3fgenus. [Emextponnmii  pecypc]: URL:
http://plmpedia.ru/wiki/YnpaBieHne >KU3HEHHBIM ITUKIOM H3JENHUS.

[2] Aras Innovator 12. Programmer’s Guide. [Enekrponnuii pecypc]: URL:
https://www.aras.com/-/media/files/documentation/other-documentation/en/12-0/aras-
innovator-120--programmers-guide.ashx.

[3] Packaging Customizations To Aras Applications. [Enexrponnuii pecypc]: URL:
https://community.aras.com/b/english/posts/packaging-customizations-to-aras-
applications

PLM SYSTEM INTEGRATION IN MATLAB ENVIRONMENT

A. Filenko, I. Ponomarev, V. Aleksieienko
Oles Honchar Dnipro National University
filenkoandriy@gmail.com

This work aims to develop a program (extension) for MATLAB that integrates it with
Aras Innovator PLM system and provides basic functionality for work with documents.
Possibilities and architectural approach to application building are considered and
implemented. A package to configure the server-side Aras PLM system has been created. In
addition, an installation package has been created for this application that allows you to
automatically implement the extension in MATLAB.
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CTBOPEHHA MOAVYJIA VHDL-OIIUCY IIPHU
HPOEKTYBAHHI HU®POBUX CUCTEM HA IVIIC B
XILINX ISE DESIGN SUITE

B. Uymak, 1. CBun
Xapxiscokutl HAYIOHATLHUL YHIBEpCUMem padioeleKmpOoHiKU
valeriia.chumak@nure.ua

VHDL - ne cmenianizoBaHa KOMITIOTEpHA MOBA, SIKa BUKOPUCTOBYETHCS IS OTHCY
CTPYKTYp 1 moBeainku nudpoBux jgorivaux cxemM. VHDL € ocHOBHOIO MOBOIO B po3po0iri
amapatHuX 3aco0iB CydacHHX 00uuCIIOBaANBHUX cucTeM. OmHuM i3 cydyacHux CAD-cucrem st
npoekTyBaHHs pucTpoiB Ha FPGA e ISE Design Suite ¢ipmu Xilinx.

Xilinx pekomennye Vivado Design Suite a1 HOBUX pO3pOOOK MOYHMHAIOYM 3 CHOMOT
cepii FPGA. 3a cnoBamu npencraBuuki kommanii Xilinx B FPGA, 7-a cepis BTuIt0€ B c001 BCl
CBITOBI JOCSTHEHHsI B 0o0sacTi po3poOku apxitektypu FPGA [1]. Bukopucranas System
Generator, BriroueHoro B Vivado System Edition anms DSP, nosBomsie po3poOHHMKaM 3
HEBEJIMKUM JIOCBIJIOM IIPOEKTYBAaHHS IIBUJKO CTBOPIOBATU BHUCOKOSAKICHI mpoexktd DSP npu
MEHIIIMX BUTpATax B MOPIBHSAHHI 3 TpamumiauM nu3aitaoM RTL [2]. Ognak, mist peamizarnii
JNEeSKUX 3a7a4 BCE TaK K€ ICHye HEOOXITHICTh BUKOPHCTaHHS MikpocxeM 6-1 cepii. [laker
po3pooku ISE DS miarpumye npuctpoi Spartan-6, Virtex-6 i CoolRunner, a Takox ix
cimelicTBa nonepenHix nokomib. [lo cxiany nakeriB cydacHux CAIIP, 3okpema ISE Design
Suite, Bxomuth penakrop HDL-xomy, sikuii, KpiM HaWIpOCTIIIMX oOIepaniid peaaryBaHHS,
HiATPUMY€E MEXaHi3M 1a0JoHIB. 3aCTOCYBaHHS LIA0JIOHIB, SIKI HIATPUMYIOTHCS BOYIOBaHUM
HDL-penakropom CAIIP cepii Xilinx ISE Design Suite, Hagae po3poOHUKaM LiIHNA psif
nepeBar, cepejl IKUX HalO1IbII ICTOTHUMH €:

- CKOpPOYEHHS Yacy CTBOPEHHS BUXIJJHUX OMHCIB MMPOEKTOBAHOTO MPHUCTPOIO;

- BUKJIIOYEHHSI CHUHTaKCHMYHUX MOMMJIOK, MOsIBA SKMX MOJKJIMBA IMpPHU HaOOpPi TEKCTY
OIKCY BPYYHY, 3a JOMTIOMOTOI0 KJIaBiaTypH;

- MOXJIUBICTh BHUKOPHUCTaHHS TOTOBUX HAaJAro/DKEHUX KOHCTPYKILIN I IMOJaHHS
€JIEMEHTIB $IKI HalOUIbII YacTO 3YCTPIYarOThCsA 1 (YHKIIOHAJBHUX OJIOKIB PO3POOIIOBAHUX
IIPUCTPOIB;

- MOXJIUBICTb CTBOPEHHSI 1 BHUKOPHMCTAHHS B MOAANBIIIN poOOTI BIACHHUX
BiJITPallbOBAHUX KOHCTPYKIIIif;

- MiATpUMKa (OPMYBAaHHS OMNKCIB CHELiali30BaHUX allapaTHUX MOJYJIB, 1110 BXOASTh
JI0 CKJIQAy apXiTeKTypHU KpUCTalliB MPOrpaMOBaHOI JIOTIKM MEPCIEeKTUBHUX cepiil Virtex i
Spartan.

CrBopennst VHDL-onucy po3po6itoBaHOT0 yCcTporo ab0 Horo pyHKIIOHAIBHUX OJIOKIB
MOYMHAETHCSI 3 BUKOHAHHS MPOIEAYPH TIATOTOBKH OCHOBH HOBOTO BHXIJIHOTO MOIYJIS
npoekTy. [Ipu 1ipoMy 311HCHIOETBCA 3aITycK MaiicTpa popMyBaHHS OCHOBHM HOBOT'O BUXIJTHOTO
MOJyJIl OTHCY, i€ MepIl 3a BCe MOTPIOHO BKA3aTH THI CTBOPIOBAHOTO BUXIJIHOTO MOIYJIS.
[Ticnst yoro penaryBaTH Ha3By CTBOPIOBAHOTO MOAYJIS 1 BKAa3aTH HOTO Miclie pO3TallyBaHHS.

[Ticns BBeneHHs1 Ha3BU cTBOproBaHOro ¢ainy VHDL-onucy Ta HaTHCKaHHS KHOIKU
«[lani», BIAKpUBAEThCS HACTYIHA Jl1a]OroBa MaHeslb MaicTpa (GOpMyBaHHS OCHOBH HOBOTO
BUXIJJHOrO MOIyis omucy, iMmenoBana Define Module - nagae MOXIHMBICTP BU3HAYCHHS B
HAOYHIA QopMi BUXIIHUX HaHWX A1 cTBoproBaHoro VHDL-ommcy. Mictute nBa mons
penaryBanns - Entity Name 1 Architecture Name, a Takox TabnuIto, B sKiid MOBUHHA OyTH
npejcTaBieHa Bcs HeoOXiqHa iHdopMallis mpo iHTepdeicHi MopTH ONMucyBaHOro 00'ekTa. Y
MepuioMy TIOJII pefaryBaHHs HEOOXITHO BKazaTH iM's o00'ekta. 3a 3aMOBYYBaHHSIM
IPOTNOHYETHCS  1AEHTH(IKATOP, LI0 CHIBINAJa€ 3 HA3BOIO CTBOPIOBAHOIO MOIyJs. IM's
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apxitektypHoro tiia VHDL-onmcy Bkasyetbest B modii penaryBanas Architecture Name. 3a
YMOBYAHHSIM SIK IM'sl apXiTeKTypHOTO Tijla MpomnoHyeThes igeHtugikatop Behavioral. Bin
nepeabavae, mo B ONUCI OyJe BUKOPUCTAHWM MOBEIIHKOBUN CTWIb. [Ipn HEOOXimHOCTI 3a
JIOTIOMOTOF0 KJIaBiaTypy MOXHA 3MIHUTH JIaHUH 11eHTH(DIKATOP.

Jlam ciif 3amoBHUTH TaOJIUIIO OMUCY MOPTIB: BBECTH 1IEHTU(DIKATOp TOPTY, BKA3aTH
TUI TIOPTY AJsl Tepenavi JaHWX, BKasaTh iHPOPMALII0 MPO CTPYKTYpPY CHTHAILY, SKUN
ACOLIIOETHCS. 3 OMUCYBAaHUM MOPTOM. PelnTa 3amoBHIOETHCS B pa3l BUKOPHCTAHHS MOPTIB,
NPEJCTAaBICHUX Y BUIJIA/I IIMH 1 OMMCYBaHUX 32 IOTIOMOT'OI0 BEKTOPIB.

Jlam BigKpuUBa€eThCS 3aKiroyHa 1H(OpMaIliiHa MaHelb, JI¢ BiAOOpakaeTbCs BCA
iHpopmarisa, Ha 0a3i AKOI BUKOHYEThCS aBTOMAaTH4YHE (POPMYBAHHS OCHOBH HOBOTO MOJYJIS
VHDL-onucy. Ilo 3akiHueHHI0O poOOTH B HaABIraTopi MPOEKTY BIAKPUBAETHCS HOBE poOOUe
BikHO BOynoBanoro HDL-pemakTopa, B sIKOMY BiZOOpakaeThCsi aBTOMAaTUYHO c(hopMOBaHUI
KOJI. 3reHepoBaHui KoJi 0ocHOBH HOBOro VHDL-onucy npoekToBaHOIO MPUCTPOIO BKIIIOYAE
JIEKJIapallito BAKOPUCTOBYBAHUX 010TI0TEK 1 MMaKeTiB, iHTepdeiicy omucyBaHOro 00'ekTa entity
1 ocHOBY apxitektypHoro Tita VHDL-omnucy.

s orpuMaHHs 3akiHueHoro ommcy Ha MoBi VHDL moTpiOHO BKa3aTté IOBIIKOBY
iH(hopMallito PO CTBOPIOBAHMM BUX1AHOMY MOJYIi, B TOMY YMCII B1JIOMOCTI ITPO pO3pOOHUKA,
yacy CTBOPEHHS 1 Bepcil ONMHUCY, aKTHBYBATH TOCHJIAHHS Ha 3aCTOCOBYBaHI Oi0JIIOTEKH,
MOMICTUTH BUPAXEHHS JeKiapallii BCiX BUKOPUCTOBYBAaHUX BHYTPIIIHIX CUTHAIIB, KOHCTAHT,
3MIHHUX 1 KOMIIOHEHTIB, & TAKOX BU3HAUCHHs (QYHKIIN i MPOLeayp, sSKi OyAyTh BUKIUKATHCS
IIPU OIHUCI apXITEKTYpH 00'€KTa, TOIaTH BU3HAUCHHS (PYHKIIOHYBaHHS a00 CTPYKTYpH 00'€KTa,
SIKMIA TIPECTABIISIE PO3POOITIOBATIBHUNA IPUCTPIH.

[1] Iryna Svyd, Oleksandr Maltsev, Liliia Saikivska, Oleg Zubkov. Review of Seventh Series
FPGA Xilinx. // First International Scientific and Practical Conference «Theoretical and
Applied Aspects of Device Development on Microcontrollers and FPGAs» MC&FPGA-
2019, Kharkiv, Ukraine, July 26-27, 2019. — Kharkiv: 2019. — P. 25-26.

[2] Oleg Zubkov, Iryna Svyd, Oleksandr Maltsev, Liliia Saikivska. In-circuit Signal Analysis
in the Development of Digital Devices in Vivado 2018. // First International Scientific and
Practical Conference «Theoretical and Applied Aspects of Device Development on
Microcontrollers and FPGAs» MC&FPGA-2019, Kharkiv, Ukraine, July 26-27, 2019. —
Kharkiv: 2019. — P. 12-13.

CREATING A VHDL-DESCRIPTION MODULE FOR
DESIGNING DIGITAL SYSTEMS ON FPGA IN XILINX ISE
DESIGN SUITE

V. Chumak, I. Svyd
Kharkiv National University of Radio Electronics
valeriia.chumak@nure.ua

When implementing large projects based on modern FPGAs, there are limitations to the
circuitry method for describing digital devices, which are removed using high-level languages
VHDL and Verilog. These limitations are most noticeable when using FPGA chips. Currently,
the main means of representing digital devices in their design are HDL (Hardware Description
Language). The use of high-level hardware description languages also increases the mobility
of projects under development, since most design systems of various manufacturers support
VHDL and Verilog standards.
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BUKOPUCTAHHSA KOMIT'IOTEPHOI HEMPOHHOI
MEPEXKI JJI51 PAIIOXBUJIBOBOI'O KOHTPOJIIO
ITAPAMETPIB PO3NOAIVIEHUX CTPYKTYP

O. BoBk, M. AH/1peeB
Jninpoecoxuii Hayionanvhuti ynieepcumem imeni Onecs I onuapa
ovovkmail@gmail.com

Buxopuctanas palioXBHJILOBUX METOJIB JIO3BOJIIE TMPOBOJUTH JUCTAHIIWHUN
OC3KOHTAKTHUN KOHTPOJIb Pi3HUX CTPYKTYp. OcoOIMBO €hEeKTHUBHO 1€ MOKE OyTH BHKOHAHO
JUTSL PO3TIOIUIEHUX CTPYKTYP, Y SKHX MPOCTOPOBA 3aJICKHICTh MapaMeTPiB, M0 BIUTMBAIOTH HA
KOe(IIi€HT BiIOUTTS, HOCUTh KYCKOBO-TIOCTIHMIA XapakTep, HANPHUKIAJ Ui 1ieIeKTPUIHUX
HOKpUTH ab0 Ul KOMIIO3MTHHX MaTepiamiB 3 gienekrpuunux mapiB [1]. s edexruBhoi
peaizanii pagioXBHJIBOBOTO KOHTPOJIIO HEOOXIAHO BHKOHYBAaTH OJHO3HAUHE MEPETBOPEHHS
HNEPBUHHOIO CHUTHAJY MEPETBOPIOBAaYa B MapaMeTpu PO3MNOAUICHOI CTPYKTypH [2]. OgHuM 3
HANOIBII MEPCTIIEKTUBHUX 3aC001B /11 BUKOHAHHS TaKOTO MEPEeTBOPEHHS B IU(POBOMY BHUII
€ KOMII'IOTepHa HeillpoHHa Mepexka. OcoOaMBO KOPUCHUM MOXE OYTH BHUKOPUCTaHHS
HEHPOHHOT Mepexi Ul BULIAJIKY, KOJIM HEOOX1HO pO3B'sI3yBaTH 3BOPOTHY 3aJjauy BUSHAYECHHS
napameTpiB 00'ekTa 3a HOro XapakTepUCTHUKAMH 1 MpU IIbOMY HE ICHY€ SIBHOI aHaJIITHYHOI
MOJIeli, 110 TOB'A3y€e MmapaMeTpu 00'eKTa Ta HOro xapakTepucTHKHU. Taka 3a7aya BHHUKAE TIPU
00po01Ii JaHuX pedICKTOMETPUYHUX BUMIPIOBaHb KoedillieHTa BiIOUTTS 3 METOI BUSHAYCHHS
napaMeTpiB MapyBaTHX TICNEKTPUIHUX CTPYKTYp [3]. Ane st eheKTHBHOTO BUKOPHCTAHHS
KOMIT'FOTEPHOI HEHPOHHOI MEpexu g PO3B'A3KYy M€l 3amaui HeoOxigHO 3abe3neuuTH il
BiJIMOBiAHEe HaBYaHHS. [[bOMy MUTaHHIO 1 MpUCBSIUEHA J1aHa poOOTa.

OcHOBHOO IPO6JIEMOIO ITPU HaBYaHHI KOMI'FOTEPHOT HEWPOHHOT MEPEX1 AJIsl pO3B'A3KY
BKa3aHO1 00epHEeHO1 33/1a4i € CKJIaIHICTh OJIepKaHHs PI3HOMaHITHUX PO3B'sI3KiB MPsAMOi 3a1aui.
ExcriepuMeHTanbHUI MiAXiAg JUIsl pIIeHHsS 1i€i NpoOJieMH CHOJyYeHUH 3 BEIMKUMHU
MaTepialbHUMU Ta YaCOBUMH BUTPATAMH, 00OUHUCITIOBATBLHUH IM1J1X1]] YCKIaJHEHUH B1ICYTHICTIO
NPOCTUX AaHATITUYHUX CIIBBITHOLIEHD [l TaKUX 004MCIeHb. ToMy A HaBYaHHS HEUPOHHOT
Mmepexi B cepenoBuili MATLAB 3a MHOXHMHOIO BCIX MOMJIMBUX 3HAu€Hb NapaMeTpiB
JOCTII)KYBAHOTO 00'€KTa 1 BIAMOBIAHMX 1M XapaKTepUCTHKaM BIAOUTTS BiJ TOCIITHKYBaHOT
CTPYKTYpU OyJIO BHKOPHCTAaHO KOMII'IOTEPHE MOJIENIOBAHHA IIMX XapaKTepUCTUK 3a
JIOTIOMOTO0 CIIelialli30BaHOol Mporpamu JUIsl eneKkTpoauHamiuHux po3paxyHkiB HFSS. V wii
Oyna cTBOpeHa Mojielb pe(IeKTOMETPUYHOIO BUMIPIOBAIBHOTO TPAKTY, 1110 BKIIIOYA€E B cede
XBWIEBITHUN pe(IeKTOMETp, PYIIOPHY aHTEHY Ta IapyBaTy JieNIEKTPHUUHY CTPYKTYpY THepes
Hero. Takoxx OyB po3poOseHHil mporpaMHHUIl KOMILUIEKC, KOTPUM BUKOHYE 3aIllyCK MPOEKTY
HFSS 3 cepenosunia MATLAB, #ioro HeoOxiaHe KOH(DIrypyBaHHS, PO3paxyHOK HEOOX1THUX
XapaKTEPUCTHK, SIKi i BAKOPUCTOBYBAIHCH JUTsl HABUAHHS, Ta 1X Iepeaqy Ha3al B CEPEOBHIIE
MATLAB 3 pomomororw cydacanx COM-texHonoriii. Y po3po0ieHOMY MNpOTpaMHOMY
komriekci MATLAB Buctynae sik xontposiep aBromaruzanii OLE, a HFSS — sk cepsep
aBromaruzanii OLE. Ile nmosponwio npuknaaniii nporpami-cepBepy (HFSS) namatu cBoi
cepBicu B po3nopsikeHHs nporpamu-kiieHTa (MATLAB) wepes nicniintepdeiicu. [Iporpamue
cepenoBuiie HFSS myOmikye iHTepdeiic, yepe3 skuil mporpama-kiieHT (MATLAB) moxe
HACTpOiTH TOTPiOHI BIACTUBOCTI 00'€KTa Ta OJEPKAaTU JAOCTYN 10 HhOrO. Tak SK cTaHIApT
COM 3acHOBaHMI Ha €IMHOMY JUI BCIX HIATPUMYIOUMX HOro MOB ¢opmari TabIuIli, L0
OTHUCY€ TOCUJIAaHHS Ha METoIu 00'€KTa, SKWUW peamidye iHTepdeic, Te Bce I JOCTYITHO 3
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inTepnperaropa MATLAB, mo Bukopucrae Texnosoriro OLE Automation, sika rpyHTyeTbCs
takox Ha COM, 1 € 1i mAMHOKHHOIO.

Jliist po3B'SI3Ky IMOCTABIICHOI 3a/1a4i BUKOPUCTOBYBAJIaCsi HEUPOHHA MEpeka Ha OCHOBI
anroputMy 3BopotHoro mnommpenns nomuiaku (feed-forward backpropagation network).
Heiiponna mepexa criouaTKy HaBdaiacs, 3aCTOCOBYIOUM I'pyOy MOJENb IJIOCKOXBUIHOBOTO
HaONMMOKCHHS I XapaKTEPUCTHKW BIIOWUTTSA BiJl PO3IJIAHYTOI IMIAPyBATOl MiCJICKTPHYHOI
CTPYKTYpH, a TOTIM 3a OUIbII TOYHUMHU JAHWMH YHCEIBHOTO PO3B'SI3aHHS HpsAMOi 3a1adi 3a
JIOTIOMOTOI0 METOJIy CKIHYCHHHX €JIEMEHTIB, OTPUMAHHS SKUX IIOB'SI3aHE 3 BEIHKHMHU
YacCOBUMH BUTpATaMHU, HiXK BUKOPHCTaHHS BUXiTHOI rpy0oi moxedni. Lle m03Bomio cTrBopuTH
HEHPOHHY MEPEXKY, KA 3 IOCUTh BUCOKOIO TOYHICTIO BU3HAYajIa MapaMeTpy 0araTomapoBoro
JENIEKTPUYHOTO TIOKPHUTTS B IIUPOKOMY Jlialla30Hi iX 3HaYEHb, 110 010 TAKOX ITiATBEPIKEHO
Ha TECTOBOMY Ha0Opi miJ yac 0OpoOKH JaHUX PEaTbHOTO EKCIIEPUMEHTY.

VY pe3ynpTaTi IpOBENEHUX AOCHIPKEHb Oyia IOKa3aHa MOXKJIHMBICTb CTBOPEHHS
KOMIT'FOTEPHOT HEHPOHHOI Mepexi, 0 J03BOJISE 3a JaHUMH JTUCTAHIIHHOTO BUMIPIOBaHHS
BHECEHOTO KoedilieHTa BiJOWTTS BU3HAYATH MapaMETPU TaKOi PO3MOMIICHOI CTPYKTYPH SIK
OararoniapoBe JiCIeKTPUYHE MMOKPUTTA. Pe3ynbTat poOOTH MOXKYTh OyTH KOPUCHUMH MPH
PO3po0IIi HEHPOHHUX MEPEXK ISl BA3HAYCHHS MapaMeTPiB 1HIINX PO3MOAUICHHX CTPYKTYp 3a
pe3yabTaTaMyu BUMIPIOBaHb 1X XapaKTEPUCTUK.

[1] Andreev M.V. A comparative analysis of the information potentialities of multifrequency
radiowave method of testing multilayered dielectric structures using a quasisolution / M. V.
Andreev, V. F. Borulko, O. O. Drobakhin // Russian Journal of Nondestructive Testing,
1996, Vol. 32, No 2, pp. 152-160.

[2] Andreev M.V. Practical realization of the method of quasi-solutions when determining the
parameters of the layers of multilayer dielectric structures. / M. V. Andreev, V. F. Borulko,
O. O. Drobakhin // Russian Journal of Nondestructive Testing, 1996, Vol. 32, No 9, pp.
710-7109.

[3] Andreev M.V. Quasi-solution for estimation of parameters of multilayer dielectric struc-
tures using reflection characteristic measured with discrete frequencies / M. V. Andreev, V.
F. Borul'ko, O. O. Drobakhin // Defektoskopiya, 1996, No 9, pp. 47-60.

USING A COMPUTER NEURAL NETWORK FOR
RADIOWAVE MONITORING OF DISTRIBUTED
STRUCTURE PARAMETERS

O. Vovk, M. Andreev
Oles Honchar Dnipro National University
ovovkmail@gmail.com

Computer neural network for radiowave monitoring of the parameters of distributed
structures has been examined. HFSS software environment was used to calculate the
characteristics of distributed structures and MATLAB software environment was used to train
the neural network for determining parameters of structure under test. Created neural network
with high accuracy allowed to determine the parameters of the multilayer dielectric coating in
a wide range of values. This possibility was confirmed during the experiments.
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KOMIP'IOTEPHE MOJAEJIIOBAHHSA BAI'ATOKAHAJIBHUX
HEPETBOPIOBAYIB JUIs1 BIJHOBJIEHHS ITAPAMETPIB
MIKPOXBHUJIBOBOIT'O CUTHAJIY

B. Mycienko, M. AHpeeB
J[Hinposcokuii nayionanerui yHieepcumem imeni Onecs I onuapa
dsu-microwave@mail.ru

Po3pobka 3aco0iB BiTHOBICHHS MapaMeTpPiB MIKPOXBMIIBOBOTO CHUTHAILY, 30KpeMa
BU3HAYCHHS 3HAY€Hb KOMIUIEKCHOTO KOE(QIII€EHTY BIAOHUTTS, € aKTyaJlbHOK HAyKOBO-
TEXHIYHOIO 3a/a4yero. J[7s BITHOBIIEHHS KOMIUICKCHUX 3HA4Y€Hb MIKPOXBHJIBOBOTO CHTHAITY
IIMPOKE 3aCTOCYBAHHS 3HAXOAATh CXEMH Ha OCHOBI (ha30BHUX jJeTeKTopiB [1-2], ane mei miaxin
noTpedye CTBOPEHHS OMOPHOTO CUTHAITY, IO MPU3BOIUTH 10 YCKJIATHEHHS BHMIPIOBAILHOTO
oOnasHaHHA. ANBTEPHATUBOIO JI0 I[LOTO MIAXOAY € 3aCTOCYBaHHs OaraTOKaHaJbHUX CXEM 3
BUKOPHUCTAHHSM 3BUYAHUX JIETCKTOPHUX MEPETBOPIOBAYIB, ajie¢ Y IbOMY BUMAJKy BUHHUKAE
npobiieMa miAOOPY ONTHMANbHOI KOHCTPYKINI JBAaHAALSTUIIONIOCHHKA, IO 3a0e3nedye
HEOOXiJHI XapaKTepUCTHKH. BUKOPUCTaHHS TPOCTOPOBO PO3HECEHHX 30HIIB ITOB3JIOBXK
OJIHOPITHOT MAUISHKA XBUJIEBOJY JJS BHU3HAUEHHS KOMILJIEKCHOTO KoedilieHTa BiAOUTTS
pO3TIAIANIOCS PI3HUMH JIOCHITHUKAMH SIK OCHOBa JUISI CTBOPEHHS MIKPOXBHIBLOBOTO
peduekTomerpa. OHAK y IUX MIAX0AaX BIACYTHs YHIBEPCAIbHICTh, IO I03BOJISIE peaizyBaTi
JIeTKO MacmTaboBaHy podacTHY UG POBY MPOLEAYPY BU3HAYCHHS KOMIUIEKCHOTO Koe(dimieHTa
BIIOUTTS IS PEIITKH 30HIIB JAOBUIBHOI JOBXKUHU. EexkTHBHHMI pO3B'SI30K IIi€i IpoOiIeMu
3ampornoHoBaHu y [ 3], ajie moJabIIuii PO3BUTOK I[HOTO IMiIXOAY BUMArae po3risiay Mepexomay
Ha MIKPOCMY’KKOBY €JI€MEHTHY 0a3y.

Jis posrisiny 1iei mpobiieMu Oylio BHKOHAHE KOMI'TOTEPHE MOJICTIOBAHHS CXEMHU
BIJTHOBJICHHSI MapaMeTpiB MIKPOXBWJIbOBOI'O CHUTHAJIy Ha 0a3i MIKPOCMYXKOBHMX [IIbHUKIB
MOTY)XHOCTI. B sikocTi 6a30BOT0 €1eMEeHTY 1II€i CXeMH PO3TJsSAaBcs AUIBHUK MOTY)KHOCTI Ha
Iagkux mnepexomax (puc. 1) Ta AUTBHUK TOTY)XHOCTI 3 T-moMiOHUM BiATATYKEHHSIM.
OuikyBaJIoCh, 110 MO/AJIbIIE NEPETBOPEHHS BUXITHUX CUTHAIIB JIE€TEKTOPIB BUKOHYIOTHCS Y
uGpoBiil GopMi 3 METOIO BCTAHOBJIEHHS IIYKaHUX MapaMeTpiB BXiJTHOTO MiKPOXBHJIbOBOI'O
curHay. HackpizHe KOMIT'IOTEepHE MOJIETIOBaHHsI OaraToKaHaJbHUX TIEPETBOPIOBAUIB
BUKOHYBAJIOCS 3a IOMOMOTroro nporpamHoro cepenosuiia AWR Microwave Office.

il / = “
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3
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1

Pucynok 1 - Mogens AiTbHHKA NOTYKHOCTI Ha IVIaJKUX NePexoax 3 ABOMA Bilraxy:xeHHSIMH

Byno BukoHaHe KOMI'TOTEpPHE MOIETIOBAHHS MIKPOCMY>KKOBUX JUTBHUKIB MMOTYXHOCTI
Ta ONTUMIi3allisf X MmapameTpiB JUIs MOJANbIIOr0 BUKOPUCTAHHS B CX€Mi Ui BU3HAYCHHS
KOMIUIEKCHOTO KoedilieHTa BiIOUTTS. Bynu oTprMaHi aMIUTITYIHO-4aCTOTHI XapaKTePUCTHUKU
JUTst 0a30BUX AUTEHUKIB MOTYKHOCTI 3 OJJHUM Ta YOTUPMA BiAranyKeHHsMU. Byiu BcTaHOBIIEH1
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ONTUMAaJIbHI MMapaMeTPH CXEMH, SIKi JO3BOJISIIOTH HAa OCHOBI MIKPOCMY)KKOBHX iJTBbHUKIB
pealti3yBaTi KOHCTPYKIIIIO MOAI0HY 10 6araro30H10B0O1 BUMIPIOBAIILHOI JTiHII. J[J1s po3paxyHKy
KOMILUTIEKCHOTO KoedimieHTa BimOUTTSA Oysla BUKOpHCTaHa pobOacTHa IMpoBa METOAMKA
BU3HAUCHHS KOMIUIEKCHOTO KOe(illieHTa BITOUTTS I PEIIITKH 30HIIB JTOBUIHHOI JOBXKHHH,
1110 3aIporoHoBana B [3].

Ha 0a3i [inpHUKIB TOTYKHOCTI 3 JIBOMa BITATy’)KeHHSMU Oylla pO3TIsHYyTa
KOHCTPYKIIISI CXEMH 3 OJHIEI JETEKTOPHOIO CEKIIEI Ta BIAPI3KOM MIKPOCMYKKOBOI JIiHIT
3MIHHOI JOBXHHH, $Ka Jla€ 3MOTy BHU3HAYaTH KOMIUICKCHUH Koe(]ilmieHT BiAOUTTS 3
BUKOPHCTAHHSIM YHCEIILHUX METO/IIB 0OPOOKHU CHTHAITy. Bysi0o BCTaHOBIICHO, 1110 JAaHUN METO.
BU3HAUCHHS KOMILIEKCHOTO KoedillieHTa BiIOUTTS 3a0e3nedye HaleKHY TOYHICTh (IS
PO3MISTHYTUX B pOOOTI 3HAYEHB IMapaMeTPiB CXeMH OXHOKa BU3HAUYCHHSI Koe(DilieHTa BiIOUTTS
He nepesuinyBana 0.1%), ase Mae CKJIQAHOCTI B aBTOMAaTH3allii MPOLECY BHUMIpIOBAHHS.
PosrasHyTi cxemu Juisi BU3HAYCHHS KOMIUIEKCHOTO KoedimieHTa BimOuUTTA Ha 06asi 12-
MOJIIOCHHKIB BUPIIIYIOTH TMPOOJieMy aBTOMATH3allii, 328 PaXyHOK HasBHOCTI 4-X NETEKTOPHUX
CEKI[ifl Ta OJTHOYACHOTO BHMIPIOBaHHS B 4-X MPOCTOPOBO PO3HECEHHMX TOYKAX, ajie¢ MAlTh
MEHIITy TOYHICTh (oxuOKa He nepeBuiryBaia 3%) y MOpiBHSAHHI 31 CXeMaMH, 110 MalOTh OJHY
JNETEKTOpHY cekuito. /aHuil HemoNMiK MOXXKHA BHUIIPABUTH, BUKOPHUCTOBYIOUM OUIBII CKIaIHI
MeToan 0OPOOKHU CUTHAJIIB.

B pe3ynbrarti npoBeieHUX AOCTIIKEHb BCTAHOBIJICHI ONITUMANIbHI TApaMEeTPU CXEMHU, SIKi
JI03BOJISIFOTh Ha OCHOBI MIKPOCMY)KKOBHX IUIBHUKIB pealli3yBaTH KOHCTPYKIIIO MOAIOHY 10
0araTo30HI0BOI BUMIPIOBAJIBbHOI JiHII. bylo BCTaHOBIEHO, IO JaHWUW MIAXiA JO3BOJISE

OTPUMYBATH 3HA4YECHHS KOMIUIEKCHOTO Koe(ilieHTa BiIOMTTS 3 MOXMOKOI HE OLIBIION
Hixk 3%.

[1] Becemos I'.U., Eropos E.H., Anexun HO.H. Mukposnektponnbie yctpoiictea CBY.
Mockga: Breiciias mxosna (1988). 280 c.

[2] Odpobaxurn O.0., Ilmakcun C.B., Ps6umit B.J[., CanteikoB [.}O. Texuuka u
nosynpoBogHuKoBas aekTporrka CBUY. Ceacronoins: Bebep (2013). 320 c.

[3] Andreev M. V., Drobakhin O. O., Saltykov D. Yu. Complex Reflection Coefficient
Determination via Digital Spectral Analysis of Multiprobe Reflectometer Output Signals.
Ukraine Conference on Electrical and Computer Engineering. (Kyiv, Ukraine, May 29 —
June 2, 2017). P. 170-175.

COMPUTER MODELING OF MULTI-CHANNEL
CONVERTERS TO RESTORE THE MICROWAVE SIGNAL
PARAMETERS

V. Musienko, M. Andreev
Oles Honchar Dnipro National University
dsu-microwave@mail.ru

Computer modeling of multi-channel converters to restore the microwave signal
parameters has been examined. AWR Microwave Office software environment was used to
modeling of circuits based on multichannel microstrip converters with simple detector sections.
The output signal from the detector sections was processed by the numerical method and the
reflection coefficient was restored. It was found that this approach allows obtaining the value
of the complex reflection coefficient with an error not exceeding 3%.
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CXEMOTEXHIYHE PIHNEHHA 1JIA
ABTOMATHU30BAHOI'O KOHTPOJIIO TIAPAMETPIB
OTOYYIOUYOI'O CEPEJOBHUIIIA

I1. ®paunnysan, /{. Yepuneruenko, I1. Byrenko, O. €ina
J[Hinposcoxuii nayionanerui yHieepcumem imeni Onecs [ onuapa
kef.dnu@gmail.com

CporonmHi Bce OLIBII HIMPOKE 3aCTOCYBaHHSA Y BCIX cdepax XHUTTEMISIBHOCTI Ta
MIPOMHMCIIOBOCTI HAOyBarOTh IHTErpayibHI JaTyvku ¢izmunux BenmuuuH (DB). Jlatunkum
3aCTOCOBYIOTh Y TIPOMHCIIOBOMY KOHTPOJIi, CHCTEMaX aBTOMAaTH3allii BUPOOHUYHX MPOIIECIB,
Ha aBTOMOOUTHPHOMY, aBiallifHOMY Ta 3alI3HUYHOMY TPAHCIIOPTIi, y rajay3i pakeTHO-KOCMIYHO1
Ta aBialliiHol TexHiku. BoHM He3aMmiHHI Npu BUMipax (I3MYHUX BEIUYHH B €KCTPEMaJIbHUX
YMOBaxX Ta B YMOBaxX KOHTPOJIO HEOOXiJHHX MapaMeTpiB B HEMEPEPBHOMY PEXUMI. Y 3B'S3KY
31 CKJIQAHICTIO 1 TPYIOMICTKICTIO TEXHOJOTrIYHOro mpouecy BurotopieHHs DB [1],
0COOJMBOrO 3HAYEHHS Yy MPOLECi iX MPOEKTyBaHHS HAOyBalOTh METOAM MaTeMaTHYHOTO
MOJICTTIOBAHHS, 3aCTOCYBAHHS SIKUX JI03BOJISIE ICTOTHO CKOPOTUTH TEPMIHM 1 BHUTpATH Ha
po3pobky JIPB crneniaibHOTO MpHU3HAYEHHS.

JI1sl KOMIUIEKCHOTO JOCIIKEHHSI TapaMeTpiB 00’€KTiB Ta/abo CTaHy OTOYYHYOIO
CEpEeIOBUINA AKTYaJTbHUM € 3aCTOCYBaHHS 3HayHOI KUTbKOCTi JJ®PB pi3noi npupoau. Croroaui
1€ MOKJIMBO 3aBISKU PO3BUTKY CTaHIAAPTHUX 1HTEP(EHCIB Ta CydyacHOI MIKPOKOHTPOJIEPHOI
TexHiKU. Po3pobka came Takoi cUCTEMH € 33/1a4el0 JaHOi poOOTH.

VY gKocTi mapameTpiB Juisi BUMipy 00paHO TeMIiepaTypy, BOJIOTICTh Ta aTMOC(epHHA
tuck. [lo-nepiie, 1ieit HaOIp € 3HAYHOIO MIPOI0 0A30BUM SIK ISl 3a0€3MEeYEHHST ONTUMAIBHUX
YMOB JKUTTENISIIBPHOCTI Ta Tpalli, Tak 1 g OaraTboX BUpoOHWYMX TporieciB. [lo-apyre,
IHTEerpabHi PilIeHHS Ui JaTYUKIB TEMIIEPATYpHU Ta TUCKY, L0 HAsBHI HA PUHKY, 1I03BOJISIIOTh
pPO3pOOIATH TOPTATHBHI Ta YHIBEepcalbHI pIMIEHHS Is1 OyAb-KHMX MIKPOKOHTPOJIEPHHUX
mw1atdopm.

VY SKOCTI MIKpOKOHTPOJIEPHOTO MPUCTPOI0 BUKopucTaHa miaarta Arduino UNO Ha 6a3i
MikpokoHTpoJiepa Atmega328P. TakryBaHHs 3MiHCHIOETBCS Ha yacToTi 16 MI'1 kBaprioBum
pe3oHaTopoM. Y MIKpOKOHTpOJEp 3amucaHo 3aBaHTaxyBau (bootloader), TomMy 30BHilIHIN
porpaMaTop He nmoTpiOeH.

Maker npunany ckiagaerbes 3 miaTh Arduino Ta JBOX JaTYMKIB: TeMIEpaTypH i
BOJIOTOCTI Ta atMoc(hepHoro TUCKy. JKUBIEHHS IUIaTH 3/1HCHIOETHCS JBOMA CIIOcO0aMu: 1o
kabemto USB a0o BiJl 30BHIIIHBOTO JpKEpena *KHUBJIEHHS 5 B.

VYnopasiniHHA UM(POBUM IHTETpabHUM AaT4YUKOM artMmocdepHoro tucky BMPOS8S
3IHCHIOETBCS 3@ JIOTMIOMOIOI0 CTaHIApTHOro JBomnpoBojoBoro intepdeiicy I12C. JlaTtumk
Bumyckaetbest 'y koprmyci LCCS8, ioro rabaputu (5 x 5 x 1,2) mMwm; aiama3oH BUMIpY
atmocgepHoro Tucky 300-1100 rlla (225-825 mm pr. cT.); g03Bin 0,03 rlla. [lo cknany naTunka
Bosiorocti Ta temneparypu DHT11 BXoasTh €MHICHUN JAaTYMK BOJIOTOCTI 1 TepmicTtop [2].
Takox, gatyuk MicTUTh y co6i ALII /s mepeTBOpeHHsI aHAIOrOBUX 3HAYEHBb BOJOIOCTI 1
Temneparypu y nudposi. laruuk 3abe3nedye BU3HAUEHHs BoJiorocTi y aiamazoni 20-80% 3
TouHIcTIO 5%. YacToTa BuMipioBanb He OinbIie 1 I'i; posmipu (15,5 x 12 x 5,5) mm.

[Iporpamue 3abe3nedeHHs po3po0JIEHO MOBOIO TporpamyBaHHs C++ y cepenoBuii
po3poOku Arduino. J{ist komyHikanii i3 garankamu BukopucTai 6i6mioreku DHT ta BMP, sxi
peasti3yloTh BCl HU3bKOPIBHEBI B3a€EMO/I1T MIKPOKOHTPOJIEPA 3 JaTUUKAMH.

JlaHi 3YMTYIOThCS 3 JaTYUKIB 13 yactoToro 1 I'l Ta mepenarothes Ha [IK 3a momomororo
craugaptHoro iHTepdeiicy UART (mBuakicte UART Bctanosnena 9600 601/c). [npopmarrist
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Ha [IK Bi3yamizyeTbcs 3a gomomMororo iHTepdelicy MoHiTOpa mociijgoBHoro moprty (Serial
Monitor), BOyaoBaHoro B cepenosuiie Arduino.
3aranbHui BUTIIA iHTEpQEicy 3 IpolecoM nepeaadi JaHuX HaBeAeHO Ha puc. 1.

#define DHTPIN 8

#define DMTTYPE DHT1L

DHT dht (DHTPIN, DHTTY?E):

Puc. 1. I'pa¢iunuii inTepdeiic MoOHiITOpa MOCHiI0BHOIrO NOPTY cepeaoBuia Arduino

Po3pobriena BumiproBanbHa cuctema npu nepeaaui ganux no UART intepdeiicy Ha
mBuaKocTi 9600 60/1/c MoKa3ana XOpoIli mapaMeTpr TOYHOCTI Ta CTa0TBHOCTI BIIPOJIOBK BCI€T
cepii BunpoOyBaHb 3 10 eKCrIepMMEHTIB, TPUBATICTIO OJHA TOAWHA KOXXHUM, IO BiIOBIIAE
napaMmerpam? 3asBIICHUM BUPOOHUKAMHU Y TEXHIUHIN HoKymeHTarii. [Ipu npomy cucrema mae
BIJTHOCHO HU3bKY BapTiCTh 3aBJSIKH BUKOPUCTAHHIO BOYIOBAHUX CJICKTPOHHUX JTATUUKIB

[1] Henncenko B.B. KomnerorepHOe ynpaBieHHE TEXHOJIOTHYECKHM IIPOLIECCOM, IKCIIEPH-
MEHTOM, o0opynoBanueM. M.: 'opsiuast iunaus — Tenexom. (2009).

[2] JaTumku BIaXXKHOCTH M TEMIEPATYPHI JUIsl CUCTEM BEHTWISALMM 3AAHUH U COOPYKEHUMI
[Enextponnmuii pecypc]. Pesxxum noctymy: https://poltraf.ru/vlazhnost/datchiki_vlazhnosti_
vozdukha_gazov/vlazhnosti_temperatury/

SCHEMOTECHNICAL SOLUTION FOR AUTOMATED
CONTROL OF ENVIRONMENTAL PARAMETERS

P. Francuzan, D. Chernetchenko, P. Butenko, O. Yelina
Oles Honchar Dnipro National University
kef.dnu@gmail.com

The creation of a system of registration of complex environmental parameters in real-
time mode is the very actual problem today. The possibility of creating a multi-parameter
microcontroller device for recording the environmental parameters in a continuous mode was
shown. Main parameters of environment were temperature, atmospheric pressure and humidity.
Integral specialized electronic sensors DHT11 and BMP085 with standard interfaces were
chosen.

Presented system has the ability to scale and complement other sensors The device has
a relatively low-cost due to the use of integrated electronic sensors and showed good accuracy
parameters and stability, which corresponds to the manufacturers declared parameters
accordingly to the technical documentation.
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BJOKUYEHOBI MOJIEJI B OPTAHI3ALIIT
HABYAJBHOI'O MPOLIECY

I. ITonomapnos, K. Ilingenexumii
JlHinposckuii hayionanvrui ynieepcumem imeni Onecs I'onuapa
kloltisimo@gmail.com

[omeHHO 3pocTaroya MOMYJISIPHICTh KPUIITOBAIIOT MIPUBEPTAE yBary HE TUIBKHU JI0 iX
PUHKY Ta BIUIUBY Ha €KOHOMIKY, a i 10 caMoro Onokyeiiny. Lls TexHomorist 3MIHIOE yABIIEHHS
npo 30epiranHs JaHuX 1, UMOBIpHO, 11 MOKHA HaBITh BBAXKaTH PEBOIIOLIWHOIO B Lii 00JIACTI.

Opniero 31 chep, Kyau TOYMHAKOTH AKTHMBHO IHTETpyBaTH OJIOKYEHH, € cdepa
30epiraHHst TOKYMEHTIB 1 iX KOHTpoi0. TyT OCOONMBO BaXKIMBO MaTH TapaHTii TOTO, IO
JaHAMH MaHIMyJIIOBAaTH HIXTO HE 3MOXE 1 Mepe3anucartd iX He Buiiae. biabmn Toro, Bcim
OaxarouuM JOCTYITHA 1HGOpMAITis PO TE, XTO JIOJaB TOW UM IHIIHMH 3armuc B cucteMy. Takui
M1IX1]1 MO€e BUKOPUCTOBYBATHCS HE TUIBKH JIJIS TOCBiAYEHb 0cOOU a00 JOKYMEHTIB Ha MaifHO,
ajpke s cepyu OCBITH BiH MpUIATHUI He MeHIe [1].

B nanuit yac HaBuanbHI 3aKJIaM PACHIIOTH OE31YUI0 PI3HOMAHITHUX 3BITHOCTEH OYy/Ib
TO >KypHAJI Bi/IBilyBaHb, CAMOCTIHI 3aBIaHH:, KOHTPOJIBHI, TabopaTopHi a00 KypcoBi poOoTH,
OILIHKH, 3aJIKM Ta iCOUTH 1 T. . HeckinamHo ySBUTH CKUIbKM Takoi 3BITHOCTI MOTPiOHO
30epiratu Ui OJTHOTO CTYJEHTa, ajie OJHOPA30BO B HABYAIBHOMY 3aKJIaJ MOXKE HaBUATHCS
TucsAYl cryneHTiB. OnHaK OiIbIICTh 3BITHOCTEH BUKOPHUCTOBYIOTH MAlepoBHil HOCIH, 110 B
CBOIO Uepry BeJie A0 CKJIATHOCTI 30epiranus, 1ocTyiy Ta 00poOku iHdopMmarlii, ska MiCTHTBCS
B HHUX. PimieHHsM 1mux npoOjeM MoOKe CTaTh BUKOPUCTAHHS TEXHOJOTIi OJOKYeWH s
30epiraHHs MOAIOHUX JaHUX.

Jlani B O650KYeiHI MpecTaBieH! MOCIiJOBHICTIO 3aMUCIB, Ky MOKHA JJOTIOBHIOBATH.
3anucu pa3oM 3 JOTIOMIKHOIO 1H(popMalli€ro 30epiraloTbesi B 61okax. bioku 36epiratoTbest B
BUTJISAJII OHO3B'SI3HOTO CIUCKY. KOJKeH y4acHUK MPECTaBISIEThCA BY3JIOM, SIKHI 30epirae BeCh
aKTyaJIbHUH MacHB JaHWX 1 KOHTAKTye 3 IHIIMMH By3J1aMH. By3iau MOXYTh J10JIaBaTH HOBI
3aMKCH B KiHEI[b CIIHCKY, & TAKOXK MOBILIOMJISIFOTH OJTHA OJ[HIH PO 3MiHH CITUCKY [2].

OCHOBHOIO BUMOTOIO JI0 TAaKMX CIHCKIB € HEMOXKJIMBICTH iX Moaudikailii, TOOTO micis
J0JIaBaHHs OJIOKY B CIIMUCOK Mae OYTH HEMOKJIMBO HOTro 3BIATH BUAATUTH abo 3minutu. Lle
rapaHTYeThCs 3a0€3MEYCHHSIM KOKHOTO OJI0KY XEII-CyMOIO BiJ] HOro BMICTY. XelI-cyMa OJIOKyY
BKJIIOYA€THCS B AIKOCT1 10JATKOBOT iH(pOpMALlii B HACTYITHUI OJIOK.

biok 21 | bnoxk 22 |
/IH(I)OpMaLIiH /IH(l)OpMaI_IiH
_7(Xe111 20-ro 6J101<y] _7rXem 21-ro 6J101<y]
M \ M \
(Xem 21-ro 610k (Xerm 22-ro 610K
— —

Puc.1. CTpykTypHa cxema JIaHII0’KKA 0J10KYeiiHa.

I3 3a3HaueHOTO BUIIE MOKHA BUIUIUTA OCHOBHI TIEpEeBaru OJOKYCHHY:

1. [euentpamizaimisi. biok4yeilH He Mae €IWHOTO LEHTPY YIpaBIiHHA abo Micus
30epiranHs, a NiATPUMKOIO Ipalle3/1aTHOCTI 3aiMal0Thcs O€3M0CePEeIHbO BC1 YUaCHUKH
Mepexi.
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2. 30epexeHHs nMaHWX. MHOXHMHHE NIyOJIFOBaHHS JaHMX CEpell yYaCHUKIB MeEpexi
rapantye 30epeXeHHs 1 HE3MIHHICTh BHECEHOI B OJIOKYEiH iH(hopMarlii.

3. IIpozopicts. KokeH y4acHUK Mepexi Ma€ JOCTYIl O BChOTO CIHCKY, aX J0 CaMOro
nepuioro 0J0Ky.

VY nHaByanpHii cepi 3BITHOCTI He MOTPeOYIOTh peAaryBaHHs, aje B TOH YW 1HIIWH
MIPOMIDKOK Yacy moTpiOHi O6araTthom mroasaM. Hampukian, cTtyaeHTd, iX 0aThKM Ta BUKIIagadi
NOBUHHI MaTH 3MOTY MOJMBHUTHCH JXypHaJl YCIIIIHOCTI Ta PEHTHHI CTYJCHTa Cepen
HaBYaJILHOTO MiIPO3aLITY.

OnHuM 13 crnocoOiB peanmizyBaTH OJOKYEHH cUCTeMy Ui 30€peKeHHs 3BITHOCTEH
HaBYAJIbHOI Cepu € BUKOPHCTAHHS BIAKpUTHX OnokueilH miardopm, takux sk Ethereum,
Hyperledger Ta inmmx. s mporo moTpiOHO CTBOPUTH TNpHUBAaTHUM OnokyeiiH. Bin Oyxe
30epiraTd HEOOXigHY 1H(GOpPMAIliF0O TPO CTYACHTIB, IUCHUIUIIHA $SKI BOHHM BHBYAIOTh,
O4iKyBaHUH Tpadik BUKOHAHHS POOIT Ta OTPUMAaHHI BIAMITKH.

[Tepen mouaTkoM poOOTH 3 CHCTEMOIO CTYJACHTaM Ta BUKJIaJadyaM HEOOXiHO MPOUTH
MIPOLIEC pericTparlii.

Ha geproBomy erarii npouecy HaB4aHHSI CTBOPIOETHCSI HOBUH OJIOK 3 HOBUMH JaHUMHU
PO YCIHIIIHICTh, 3B'I3yIOYKCH 3 MONEPEIHIM B JIAHIFO’)KOK. TaKUM YMHOM, JaHi JIAHIIOXKKA
MPOTATOM MEBHOI KUTBKOCTI Yacy OyayTh (OpMyBaTH MOBHY KapTUHY YCIHIIIHOCTI CTY/IEHTA,
3aBJIAKH SIKid MOKHA OyJIe JIETKO BiACTEKUTH BCl 1OT0 CUJIBHI 1 ClIa0Ki CTOPOHH 1 ONIEPaTUBHO
CKOpHUTYBAaTH MO/JIENIb HaBUYAHHS, 3pOOUBIIH i1 OLIBII iHANWBITYaIbHO CIIPSIMOBAHOI.

Komii naHIioxkkiB OJOKIB MOXYTh 30epiratucss Ha Oe3midi BY3JTIB Mepexi,
3a0e3medyroun 30€peKeHHs 1 HE3MIHHICTD JaHUX CTYACHTIB, a KOHTPOJIOIOYHM AisUTbHICTD
OCBITHIX YCTaHOB OpraHam Ui MEpEeBIPKU SK MOKA3HUKIB YCIHIITHOCTI, TaK 1 KOPEKTHOCTI
BHECEHHS JaHUX JIOCTATHHO OYy/Ie JIUIIE MAaTH KOIIi0 I[bOTO JIAHIIOXKKA.

Ha ocnoBi noziOHoi iH(opMmariii MOKIMBO OpraHi3yBaTh CMapT-KOHTPAKTH - OIMCAaHi
3a JIONOMOTOFO MTPOTPAMHOTO KOJY, aITOPUTMH, 10 JO3BOJISIFOTh aBTOMAaTHYHO TPU BUKOHAHHI
HEOOX1ZIHUX YMOB BHKOHYBAaTH YIofy, YKJIaJeHy B KOHTpakTi. CMapT-KOHTpakT Oyne
BUKOHYBaTHCS U CTyJIEHTAa NpH YCHIIIHOMY HPOXO/JKEHHI KOHTPOJILHUX TOYOK €eTalliB
npoliecy HaBuaHHs (J1abopaTopHUX poOIT, TECTIB, MOAYIIB, 3aJiKiB, €K3aMEHIB) 3aKJa/IeHUX B
OCBITHIX IIpOrpaMax i OMUCAHUX PO3POOHMKAMHU B KO, B pe3yibTaTi KX OyJae BUIaBaTUCA
TUIUIOM a0o cepTUdIKaT 3 €IeKTPOHHO-UM(POBUM MIAMKMCOM IPO YCHIIIHE 3aBEPILEHHS
HaBYaHHS 32 IEBHOIO OCBITHBHOIO IIPOTPAMOIO.

[1] Bnokueiitn B 00pa3oBaHMM — MPHUMEHEHUE M TEPCIEKTHBBI TeXHOJIOTHH [EnekTpoHHMI
pecypc]. Pexxum noctymy: https://prostocoin.com/blog/blockchain-education

[2] M. M. TIlpsiaukoB, A. B. UyryHoB, bnokyeilH kak KOMMYHHKAI[HOHHAs OCHOBa
dbopmupoBanusi 1U(PPOBOK HKOHOMHUKH: MpeuMyliecTBa U mpoOnembl // International
Journal of Open Information Technologies. —2017. — T. 5. — Ne 6. — 49-55

BLOCKCHAIN MODELS IN THE ORGANIZATION OF
THE EDUCATIONAL PROCESS

I. Ponomarev, K. Piddieniezhnyi
Oles Honchar Dnipro National University
kloltisimo@gmail.com

The basic principles of blockchain technology are indicated. The advantages of this
technology are described. The problem of data storage in the educational field is considered. A
method for using blockchain to solve this problem and automate the learning process is
proposed.
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BEPCIOHYBAHHS CTPYKTYP BA3 JAHUX
3A JIOTIOMOT OO LIQUIBASE

B. I'epacumos, O. beivenko
Jninpoecoxuii hayionanvruti ynieepcumem imeni Onecs I onuapa
dnepryaninl8@gmail.com

[Tpu po3poOr11i 101aTKIB 3BUYAHO BUKOPUCTOBYIOTHCS CUCTEMH KOHTPOJIIO BepCiil, Taki
sk Git, Mercurial Ta iamni. Ile 3HauHO crporrye po3poOKy, aJKe J03BOJISIE OJHOYACHO, HE
3aBaYKAI04M OJIMH OJTHOMY, ITPOBOJUTH POOOTY HaJ MPOEKTaMH. AJie KOJH CIIpaBa CTOCYEThCS
0a3 JaHMX, TO YaCTIIIe 3a BCE 3MIHU BUKOHYIOTh Bpy4HY. TaKui MiaXiJl CTBOPIOE OaraTto MicIip,
Jie 4epes3 JIIOJChKUi (hakTop MOXKE IIOCh MiTH He Tak. Hampukiaa, po3poOHUK MOKE 3MIHUTH
CTPYKTYpy Oa3u JaHMX Ha TECTOBOMY cepBepi Ta 3a0yTH 3MIHMTH OOHOBHUH cepBep, IO
npu3Bese M0 KyIMu MOMIIIOK. AGO 3poOuTh pi3Hi 3MiHM 1 OyJe AOBro HIyKaTH NPUYHHU
HEepoOOYOro cepBicy.

Came mo0 yHHKHYTH MOAIOHMX TpoOIeM, CIiJi BUKOPUCTOBYBATH CHUCTEMY JUIS
KepyBaHHs MirpaiismMu. IcHye OaraTo TakuxX cHCTeM, Hampukian, Doctrine 2 migrations,
Flyway Ta, nacammepen, Liquibase. Ane nesiki 3 HUX IUIaTGOPMO-3aleikKHi, 1eSKi HE MAIOTh
mupokoro (Gynkmionany. CepHoO3HHMH HEJOJIK 0ararbOX CHCTEM — HEMOXJIHMBICTh
3aCTOCYBaHHSA [ESKMX 3MiH 0Oe3 BTpaTu AaHuX. Hampukian, mnepeiiMeHyBaHHS CTOBIILS
3BHYANHO BiIOYBa€ThCs K B oneparii: drop ta add, mo nmpu3BoauTh 10 BTpaTu JaHux. Jlis
Java-nonatkiB  HalmomyssipHimII cUCTEeMHM KepyBaHHs Mirpamisimu — 1ne Flyway Tta
Liquibase [1].

Konnenmis Flyway 3ocepemkena HaBkoo ceMu pizHux komann (Migrate, Clean, Info,
Validate, Undo, Baseline ta Repair). L{i koManau MOXyTh BUKOHYBATHUCS 3 KOMaHIHOTO PSAIKA,
B mporeci 30ipku abo Oe3mocepeaHbo 3 Java-komay 3a momomororo BUKIMKIB APIL. Tlpu
BUKOHAHHI IMX KOMaHJ BaM HEOOXiJHO HaJaTH MapaMeTpu MiJKIIOUEHHS 70 Tiel 6a3u JaHux
(url, iM's KOpUCTYyBaya, Mapoib), IKy BU XOUETE 3MIHUTH.

Liquibase BukopucToBye 1HIIMHA Miaxin 1o peanizauii pepaxtopunry bJl. Ha Binminy
Bix Flyway, sika miaTpumye ckpuntu Mirpauii Tuibku B ¢opmarax SQL 1 Java, Liquibase
no3BoJjsie aberparysarucs Big SQL 1 TakuM 4MHOM YCYHYTH HPUB'A3KY pedakTopuHry 0azu
JaHUX 10 11 KOHKpeTHoi peanizauii. Liquibase nigrpumye He numie SQL-ckpunty, a i ckpuntu
y popmatax XML, YAML i JSON. IlepeBara XML-cKpHMTiB B TOMY, 1110 BOHU HiATPUMYIOTh
aBTOMaTU4YHUM Binkar Tpanzakuii. I1ig gac pobotu Liquibase aBTOMaTH4HO 3aCTOCOBYE BCi
CKPMIITH, SIKI 11l HE 3aCTOCOBYBaJIMCA, 1 30epirae ix MeTaaHi B cenianbHy Tadauito b1, Kpim
cxeM 1 onepauiii DDL, Liquibase no3Bosisie MIrpyBaTu aHi A0JATKIB, 3 MIATPUMKOIO HAKaTy
3MiH JIaHuX 1 iX BiIKaTy.

[Tpu Bukopucrtanui Liquibase 3MiHu CTpyKTypu 0a3u gaHux OyayTh 30epiraTtucs B
okpeMmux (haitnax, siki 3ByThCs KypHanu 3MiH (changelogs). 3minu MoxHa 30epiraTu siK B
OJIHOMY, TaK 1 B JEKUIbKOX (paiiylax 3 HACTYyNIHUM BKJIFOUEHHSM B OCHOBHUU (aiin. pyruit
BapiaHT KpaIIUii, TaK K JO3BOJISE€ THYYKO OPraHi3yBaTH 3aCTOCYBaHHS 1 30epiraHHs KypHasiB
3MiH.

VY (aiinax xypHaiB 3MiH LI 3MiHM OJAIOTHCS y BUTIIAAI HAOopiB 3MiH (changesets).
Habip 3MiH MOXke MICTUTH OJIHY ab0 KuibKa 3MiH 0a3u nanux. Koxen Takuii HaGip mMae OyTu
YHIKaJIbHO 1eHTH(}iKOBaHUN 3a gomomororo arpuOytiB id i1 author. Liquibase ctBoproe
tabnuiro databasechangelog B 6a3i maHux 1Sl BIZICTEXKEHHS 3aCTOCOBAHUX HAOOPiB 3miH. [Ipu
KO)KHOMY 3anycky Liquibase mepeBipaTuMe XeI-CyMH XXYpHaJiB 3MiH 31 3HAYCHHSIMHU B
tabnuui. TakuM YWHOM, JT0IaTOK 3pO3yMi€, Yl € HOBI HaOopu 3MiH. SIKIIO BOHH OyAyTh
3HaliZIeH1 — To OyyTh 3aCTOCOBaHI 1 3anMcani B Tabnuito databasechangelog. [lepeipka xer-
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CYMH XYPHAJIIB 3MiH HE TUIBKH J1a€ 3MOTY 3pO3YMITH, IO 3’ IBWJIMCS HOB1 3MiHH B CTPYKTYpi
0a3u naHuX, a i 3armodirae BIJIy4EHHIO BiIIPalbOBaHUX HAOOpPiB 3MiH. Came 11e 3aBKAM J01a€
BIIEBHEHOCTI1 B TOMY, 1110 00'ekTH b/l 3HaXOAATHCS B TAKOMY CTaHI1, SKUH MOTPIOCH PO3POOHUKY.
[HmMMu coBaMu, ouH HaOip 3MiH — OJIHA TPaH3aKIisA, SKa MOBMHHA BiJIIMOBIIaTH BUMOTaM
ACID. Habopu 3MiH TOTpiOHO ITUCATH, KOPUCTYIOUYHCH THM, 1110 KOYKHA OKpeMa TPaH3aKIIisl Mae
OyTH aToMapHOI0, TOOTO He Tpeba B 0gHOMY HaOOpi MiHATH ABi TaOIUII.

[Tpuknan ctBopenns Tabmauii y XML-dopmari:

<?xml version="1.0" encoding="UTF-8"7?>
<databaseChangelog
xmlns=http://www.liquibase.org/xml/ns/dbchangelog/1.7
xmlns:xsi=http://www.w3.0rg/2001/XMLSchema-instance
xsi:schemalLocation="http://www.liquibase.org/xml/ns/dbchangelog/1.7

http://www.liquibase.org/xml/ns/dbchangelog/dbchangelog-1.7.xsd">

<changeSet id="1" author="developer">

<createTable tableName="Cat">

<column name="id" type="int">

<constraints primaryKey="true" nullable="false"/>

</column>

<column name="name" type="varchar (255)">

<constraints nullable="false"/>

</column>

<column name="age" type="int" nullable="false" defaultvValue="0"/>
<column name="breed" type="varchar (255)" nullable="false"/>
</createTable>

</changeSet>

</databaseChangeLog>

Takum YUHOM, BUKOPUCTOBYIOUH TeXHOJIOTI0 Liquibase, MmoxxHa He nuiie 3 JErkicTo
MEPEHOCUTH 3MIHM B 0a31 JaHUX 3 OJHOIO CEpBEpa Ha 1HIINI, a i OyTH BIEBHEHUM B TOMY, 1110
i 3MiHM OynyTh oHaKoBUMHU. KpiM TOro, po3ropHyTH 3 Hyssl HOBUI cepBep Oyzae Habarato
MPOCTIIlIe Ta MIBHIIIIE, aJ)KE BXKE € OMMMCAaHUI CKPUNT po3ropTaHHs 06a3u. Jlo TOro x, pa3oMm i3
3aCTOCYBaHHSAM JIaHOTO (PpeiMBOPKY, MOCTIHHO MIATPUMYETHCS OJTHAKOBA BEPCIHHICTD KOy Ta
0a3W JaHWX, MIO JO3BOJHUTH YHUKHYTH MOXIMBUX TMOMMJIOK TpPH CHpoOi TMparroBaTd 3
HEICHYI04O0I0 B 0a3i CyTHICTIO.

[1] Liquibase | Database Refactoring [Enexkrponnuii pecypc]. Pexum moctymy:
http://www.liquibase.org

DATABASE STRUCTURES VERSIONING WITH LIQUIBASE

V. Gerasimov, O. Belichenko
Oles Honchar Dnipro National University
dnepryaninl8@gmail.com

The article provides information about Liquibase — system for versioning database
structures. It describes how this instrument could help with such problems as: manual changes
to the database; different versions of the database for different members of the development
team; inconsistent approaches to making changes (to the database or data). The general structure
of how to make a change is also described.
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PO3POBKA WEB-JTOJIATKY JJISI ABTOMATHU3ALIL
CTBOPEHHSI KOMIIOHEHTIB B XMAPHIII CUCTEMI
MPOEKTYBAHHSI ONSHAPE

I. Ilonomapsos, C. [lonos
J[Hinposcokuii Hayionanevhuu yHieepcumem imeni Onecs I onuapa
siedex@outlook.com

30UTbIICHHST TPOAYKTHBHOCTI TMpali pO3pOOHMKIB HOBHUX BHPOOIB, CKOPOYEHHS
TEPMiHIB POEKTYBAHHS, ITIIBUIIICHHS SKOCTI PO3POOKH MPOEKTIB — HAMBAXKIIUBIIII MPOOJIEMH,
BUPILICHHS SKUX BU3HAYa€ PiBEHb NMPUCKOPEHHS HAYKOBO-TEXHIYHOTO mporpecy. Cucremu
aBToMaTu3oBaHoro mnpoekryBaHHs (CAIIP) HajgaroTh  MOXIIMBICTH — BIOCKOHAJIUTH
METOJTOJIOTIIO MPOCKTYBAHHSI CKJIATHUX CUCTEM 1 00’ €KTIB 32 JOIIOMOTOI0 HOBITHIX JOCATHEHb
cydacHux Hayk. Onshape — oagwa 3 Ttakux cucrem. Ha Biaminy Big OinbImocti
KOHKYPEHTO3JaTHHX CHCTEM, BOHA pealli3oBaHa y BHUIVIAI IHTEPHET-CEPBICY, IO HAJAE
MOJJIMBICTh  KIHIIEBUM KOPHUCTyBa4aM 3€KOHOMHTH Ha amapaTHOMy 3a0e3ledyeHHi
NEPCOHAIBHUX KOMIT 10TepiB. CKIIaJHI OOYMCIICHHS BUKOHYIOTHCS Ha CEPBEPI, 3aIHIIAETHCS
TIJIBKY BiTOOpa3uTH pe3ysbTar B Opaysepi.

Koxxna cywsacna CAIIP Hamae MOXJIHMBICTH CTOPOHHIM pPO3POOHHMKAM IHTETPYBaTH
BJIACHI JOJATKM Ta aBTOMATHU3yBaTH BUKOHAHHS ITOBCSKICHHUX 3aBIaHb JUIS 1H)XXCHEPIB.
Mertoro manoi poboTu € po3poOka BeO-10AaTKy IUIsl aBTOMATHU3allil MPOEKTYBaHHS JIeTalli B
Onshape.

Po3pobOnennii momatok B3aemomie 3 Onshape 3a 10MOMOrow MPUKIIATHOTO
nporpamHoro intepdeiicy (anri. API), peanizoBanoro B ctmiti REST, Ta mporokosry HTTP [1].
Tino 3anuTiB Ta Bignosinel nepenaerbes y dopmari JSON [2]. Hanmpuknan, 3anut POST no
API “https://oauth.onshape.com/api/documents” 3 Tiom, 300pakeHUM Ha puc.l, CTBOpPIOE
HOBMH MyOJMIYHUN TOKYMEHT 3 iM’aM “Document]”.

{
L
"

jsonType": "document",
"documentThumbnailElementId": "",
"isUpgradedToLatestVersion": true,
"betaCapabilityIds": [],
"permissionSet": [
. "COPY",
i "READ",
"name™: "Documentl”™, "RESHARE",
"ownerType": "0", "DELETE",
"igPublic™: "True" "WRITE",
"LINK",
} "EXPORT",
"COMMENT",
"OWNER"
1,
"id": "decbdbat6687a79débff83c74",
"name": "Documentl"”

Puc. 1. Jlictuur tijia 3anury Puc .2. JlictuHr Tija Bignosiai

VY pas3i ycminriHOro MpoBeNeHHs omepanii BIANOBiAb MICTUTh 1H(OpPMAILI0 TPO
CTBOPEHUH JOKYMEHT (pHc. 2) abo MOB1IOMIICHHS PO TOMUJIKY.

Po3pobHIK MOXKe pearnizyBaTH sIK HACTUTBHUM JTOAATOK Tak 1 BeO-momaaTok. CTBOpeHU
BeO-71071aTOK MOKe OYTH pPO3MIIIEHO Ha OKpeMOMYy caiiTi abo iHTErpoBaHO y BKJIAJKy Ha
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iHTepHeT-cTopinii  Onshape [3]. B3aemopmito cucremMu 31 CTOPOHHIMH —JOJaTKaMu
IPOLTIOCTPOBAHO Ha pucC.3.

~

Crek cepeepy Onshape.
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Puc. 3. Bzaemoaist Onshape 3i croponniMu fogaTkamu

Heo0xigHo 3a3HauuTH, 110 JaHa apXIiTEKTypa J03BOJIIE PO3POOHMKY CTBOPIOBATH
J0JIaTKH, BUKOPUCTOBYIOUM Oy/b-SKi MOBH MporpamyBaHHs. Tak, B JaHii poOOTI Ha OCHOBI
BUIIIE 3a3HAYECHUX MiAX0/1B po3pobiieHo Beb-nonatok CHASP.NET.

[1] HTTP Request Methods [EnextponHmii  pecypc]. Pexum  goctymy:
https://www.w3schools.com/tags/ref_httpmethods.asp

[2] JSON - Introduction [EnexTpoHHmii pecypc]. Pexum JIOCTYIY:
https://www.w3schools.com/js/js_json_intro.asp

[3] Getting Started with the Onshape REST API [Enextponnuii pecypc]. Pesxxum moctymy:
https://dev-portal.onshape.com/help

DEVELOPMENT OF THE PROGRAM FOR AUTOMATIC
CREATION OF COMPONENTS IN CLOUD CAD ONSHAPE

I. Ponomarev, S. Popov
Oles Honchar Dnipro National University
siedex@outlook.com

The C# ASP.NET web-application is developed to automate component design in cloud
CAD Onshape. The application interacts with CAD functionality using REST API through
HTTP protocol. Partner applications can be implemented as desktop application or can be
integrated into the separate tab of Onshape web-site. Thus, developers can create own
applications using any programing language or framework to automate routine tasks for CAD
users.
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OLUISIJT METOJOJIOI'TA SCRUM T1a DevOPS

A. Binomanka, H. MaTBeeBa
Jninpoecoxuii Hayionanvruti ynieepcumem imeni Onecs I onuapa
rooterl771@gmail.com

B naniii poGOTI pO3TIISIHYTI METOJO0JIOTiT pO3pOOKH MPOTPaAaMHOTO 3a0e3MeUeHHS
SCRUM i DevOps Ta aeski nporpaMHi iHCTPYMEHTH OCTaHHBOI.

SCRUM - ne miaxim ympaBiaiHHS MPOEKTaMH JIJIi THYYKOI PO3POOKH MPOTPaMHOIO
3a0e3nedeHHs. Scrum 4YiTKO poOUTH aKIeHT Ha SKICHOMY KOHTPOJI HpOIECy pO3pOOKH.
Scrum — 1e KiCTSK MpoI1iecy, SKUi BKI0Yae Habip METO/IB 1 MOMepeIHhO BUSHAYCHUX POJICH.
lonoBui miiioBi ocobu — ScrumMaster, BJaCHHK TPOAYKTY, Ta KOMaHIa, KA BKJIIOYAE
po3poOHUKiB. [IpoTATOM KOXHOTO CHIPUHTY, NPAIIBHUKH CTBOPIOIOTH (YHKIIOHAJIHHE
3pOCTaHHsI IPOrpaMHOro 3ade3nedyeHHs (puc. 1).

24 h

m 30 days

Product Backlog Sprint Backlog Sprint

Working increment
of the software

Puc. 1. SCRUM npouecu

DevOps (akponim Big anri. development i operations) — HHU3Ka IPAKTUK, TPU3HAYCHUX
JUIsL TIO>KBABJIGHHS B3a€MOAIl po3poOHMKIB 13 (haxiBUAMU 1H(POPMALIHHO-TEXHOIOTTYHOTO
00CIIyroBYBaHHs Ta 30JIMKEHHS IXHIX pOOOYMX MPOIIECIB OJIHE 3 OJHUM. [ pyHTYETHCS Ha TyMIli
PO TICHY B3a€MO3AJICKHICTh MIXK PO3POOKOIO Ta BAUKOPUCTAHHIM MPOTPAMHOT0 3a0€3MeUCHHS
1 Mae Ha MeTi JIOMOMOITH OpraHi3alisiM MIBHJIIE CTBOPIOBATH 1 OHOBIIOBATH IMPOrpamHi
MPOJIYKTH Ta MOCIYTH (pHC. 2).

Po3pobka YBaHHS
DevOps

Puc. 2. Hanpsimku, 3 AKuMH npantoe MmeronoJioris DevOps
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3aBnanHs DevOps momsrae B y3rO/DKEHHI PO3POOKHM W TOCTadyaHHS MPOTPaMHOTO
3a0e3nedeHHs i3 HOro BUKOpPUCTAaHHSAM. Lle 3aBmaHHS 4acTO BUPILIYETHCS 3a JTOTIOMOTOIO
aBTOMaTHYHUX 3ac00iB. [IpuKiTaioM Takux 3ac001B MOXKYTh OyTH TaKi MPOrpaMHi IHCTPYMEHTH
sk JetBrains TeamCity, Jenkins Ta inmi.

[Iporpamue 3a6e3neuenns JetBrains TeamCity siBisie cO0010 iHTErpOBaHE CEPEAOBHIIIC
KOJIGKTUBHOI pO3pOOKM 1 CHCTEMY VIpPaBIiHHA MPOIECOM CTBOPEHHS MPOTPaMHOTO
3a0e3nevyeHHs. PilmeHHs aBTOMAaTu3ye 1 KOOPAMHYE OCHOBHI IPOIECH CIUIBHOI PO3pOOKH,
BKJIIOYAIOYH 3aITyCK TECTiB, aHAJIi3 BUX1IHOTO KOAY, IHTErpalito i Hag0y1oBy KOJIOBHX 3MiH,
3aJIaHUX KOMaHJIOK0 PO3pOOHUKIB, ympaBiiHHsA 30ipkamu. TeamCity mpucKoproe mporec
PO3pOOKH TMPOTrpaMHOTO 3a0e3MedeHHs 1 rapanTye eQeKTUBHY B3aEMOJII0 MK YIEHAMU
KOMaH/IH.

[Mpoxykt TeamCity 3abe3neuye iHTErpalito i KOHTPOJIb MoAM(DiKaliid Koay B mpoieci
CHiIbHOT poOOTH 1 aBTOMATU3YE MPOIIEC 3aIyCKy TECTiB. PillIeHHS KOHTPOJIIOE KOMILICKCHY
poOOTY TECTIB 1 BUIIPABIICHHS TIOMUJIOK 1 3[{IHCHIOE TEHEPAIlit0 OTIOBIMIEHB. 3aBISKH MOTYKHIN
dyukmionansbHocTi TeamCity no3Bossie  e(hEeKTHBHO YHPABIATH PO3POOKOIO 1 Hamae
MOYKJIMBICTh BUKOPUCTAHHS BCIX MOXJIMBUX TUIIB KOH(Iryparii as Oy1b-SKUX MPOEKTIB.

[1] CKPAM — 3TO D®OEKTUBHOE YIIPABJIEHUE IMPOEKTAMMU [EnexkrponHuii
pecypc]. Pexxum noctyny:https://brainrain.com.ua/ckpam-3to/.

[2] Wikipedia: DevOps [EnexTponHwuii pecypcl]. Pexum JOCTYILY:
https://uk.wikipedia.org/wiki/DevOps

[3] TeamCity Documentation - Help | TeamCity [Enextponnuii pecypc]. Pexxum mocryry:
https://www.jetbrains.com/help/teamcity/teamcity-documentation.html

SCRUM and DevOps OVERVIEW

A. Biloshapka, N. Matveeva
Oles Honchar Dnipro National University
rooterl771@gmail.com

This report give you short overview of software development methodologies called
SCRUM and DevOps and some software tools what use the last one.

Scrum is an agile process framework for managing complex knowledge work, with an
initial emphasis on software development, although it has been used in other fields and is slowly
starting to be explored for other complex work, research and advanced technologies. It is
designed for teams of ten or fewer members, who break their work into goals that can be
completed within timeboxed iterations, called sprints

DevOps is a set of practices that combines software development (Dev) and
information-technology operations (Ops) which aims to shorten the systems development life
cycle and provide continuous delivery with high software quality.

The main goal of DevOps is coordinating the development and delivery software
processes with its exploitation. This tasks is often decided using automation tools. Examples of
such tools are software tools as JetBrain TeamCity, Jenkins and etc.

JetBrains TeamCity is an integrated collaborative development environment and
management system for software development and deployment. This solution automates and
coordinates main cooperative development processes, including tests running, source code
analysis, integration of add-on code provided by development team, and build management.
TeamCity accelerates the software development processes and warrants effective cooperation
in team.
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PO3POBKA AITAPATHOI'O TA ITPOI'PAMHOI'O
SABE3IIEYEHHS CUCTEMHU BE3IIEKU BUPOBHUYUX
INPUMIIIIEHD

K. E¢imenko, B. Xangenbkui

J[Hinposcoxuil nayionanerui yHieepcumem imeni Onecs [ onuapa
katyal15122 @gmail.com

Cucrema Oyia po3po0seHa i 3a0e3neYeHHsT Kpalioro piBHS 0e3MeKd BUPOOHHYOTO
npuMinieHHs. Bona moOyzoBaHa 3 BUKOpUCTaHHAM MikpokoHTpoiepiB ESP8266. Cucrema
peaiizye NMpoueAypH YIPaBIiHHS MarHiTHUM 3aMKOM 1 KHOIIKOIO KEpYBaHHs, 3UMTYBAaHHS
nanux 3 RFID-iaTepdeiicy, peamizaliito 1 opradizaliiro B3aEMO/Iii pi3SHOPIBHEBUX CEPBEPIB.

Ha mikpokoHTposepi, o 3’€IHaHU 3 pelie, pealli3oBaHO MOJICTIIEHUH cepep. Bin
npuiiMae i o0poOsie 3amuTH, SIKI HAIXOMATH BiI 1HIIMX €JIEMEHTIB cUCTeMHu. BHacmimox
HOPIBHSHO HEBEJIMKOI OOYHMCIIIOBAIBHOI MOTYXHOCTI MIKPOKOHTPOJEpP MOXKHA JOBECTH [0
CTaHy BiIMOBH, BIANPABUBIIA HA HHOTO 3HAYHY KUIBKICTH 3amuTiB. sl MiABHUINEHHS PiBHS
3aXMCTy B CHCTEMI peaii3oBaHO IMOBHOIIHHMIA BeO - cepBep Ha 0a3i ¢ppeiimBopky Django. Bei
3allUTH /10 MIKPOKOHTPOJIEPY CIIOYATKy HAJIXOIATh HA IOBHOLIIHHUN cepBep, sIKUM 311HCHIOE
KOHTPOJIb 3alUTIB 1 MEPEIIKOIKA€E IEPEHaBAaHTAXEHHIO MOJIETLIIEHOTO cepBepa.

[IporpamyBanHs 3mailicHIOBaiocss Ha MoBI Python 3 HacTymHUM BUKOpPHCTaHHSM
inTepnperaropy MicroPython 1.10. 3aBanTakenHs nporpamu MicroPython B MikpokoHTpoIIEp
ESP8266 BuxonyBanach 3a gomoMoroir Esptool — BUTbHOrO mporpamMHoOro 3a0esrnedyeHHs 3
ninensieto GPLv2. Le yrumita 3 BITKpUTUM BUXITHHM KOZOM € HE3AJIEKHOIO BiJl IaTGopmMu
1 BUKOPHUCTOBYETHCS JUIS 3aBAHTAXKYBAaHHI IPOIIUBKY B popmari .bin B winm Espressif ESP8266
ta ESP32. Jlnsa mikpokontponepy B mpomwuBii Hanano REPL (Read Evaluate Print Loop) —
aHaJIor KOMaHJHOTO psjka iHTeprperaTopa kiacuyHoro Python. Bukopucranus REPL e
HaWUIPOCTIIIMM CIIOCOOOM NEPEBIPUTH KO/ Ta 3aIyCTUTH KOMaH]IH.

Jli1st mepecusianHst (paiiiiiB 3 KOJIOM JI0 MIKpOKOHTpOJIepy BUKopucToByBanack Adafruit
MicroPython Tool (Ampy) — yrtwiita, mO € IHCTPYMEHTOM KOMaHIHOTO psiaka. Bona
31ificHIOBaIa B3aeEMOII0 3 myiatoro MicroPython depes mociioBHe 3'€qHaHHS. 3a TOTIOMOTO0
Ampy MoxHa OOMIHIOBaTHChH (ailaMM MK KOMIT'FOTEpOM 1 (ailloBOI0 CHUCTEMOIO IJIaTH,
Hajcunatu ckpuntu Python no mimatu i ix BUkoHaHHA. HajncuiaTi MoXkHA 1T TEKH, ane
Taki ¢ainm sk «main.py» 1 «boot.py», SiKi 3HaAXOISAThCS B KOpPEHI IMPOEKTY, HEOOX1JIHO
3aBaHTa)XKyBaTH OKPEMO.

ITpu 3amycky nporpamu inTepnperatop Python TpaHcoe K0XHY BUXiAHY 1HCTPYKLIIO
B TPYIH IHCTPYKILIH 6aiiT-koay. Taka TpaHCHALis MPOBOIUTHCS TS MiBUIIICHHS IIBUIKOCTI —
0aiiT-KOoJ] BUKOHY€EThCS Ha0araTo MIBUALLE, HIXK BUX1HI IHCTPYKIIi B TekcToBOMY (haiimi. [Ticis
TOro, SIK Tpoiile mpouec KOMIIAMII, OalT-Koa mNepeaaeThCsl BipTyalbHIM MalluHI A7
BUKOHAHHS.

Jlnst mpare3naTHOCTI  BeO-CepBepy MIKPOKOHTpOJEp MiAKIoueHo 10 Mepexi WiFi.
BuxopuctoBytotscs aBa inTepdeiicu WiFi, ogun nmis cranuii (koo ESP8266 miakmodaeTbes
JI0 MapLIpyTH3aTopy) 1 OJMH JUISl TOYKH JOCTYNY (HaJa€ MOXKIUBICTh 1HIIUM IMPUCTPOSM
niakmoyarucs 10 ESP8266).

[Ticns BcTanoBneHHs 3B’ 53Ky 3 WiFi mocTym 10 Mepexi 3A1HCHIOETBCS 32 IOMTOMOTOIO0
coketiB. CokerT sBJsie cOO0I0 KiHIIEBY TOUKY Ha MEpexeBOMY MpHUCTpoi. [ KoHTposepiB, sKi
OyayTb OOpOOIATH 3almUTH, CTBOPIOETHCS JEKOPAaTOp «view». B sSKOCTI aprymeHTIiB BiH
npuitMae Metoy 3anuTy Ta iioro URL-anpecy, 3aBasiku voMy BinosiaHa GyHKITIS Oy/e 1o1aHa
JI0 CJIOBHHKA KOHTpoJiepiB. Takox 3a JONOMOTrOI0 JEKOPAaTOpy peali3oBaHO (YHKIIIO, sKa
nepeBipsie poOOTy KOHTPOJIEpY Ha MOXKIIMBI IIOMHIIKH Ta KOPEKTHO 00poOIIse iX.
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Metona «post» 00pobssie POST-3anuT Bif KiTi€HTa, SKUH MOCTYyMAae Ha MOBHOIIHHUNA
cepsep. BiH, B CBOIO 4epry, Hajcuiae 3amuT Uil PO3MHUKAHHS pejie Ha TOJETIICHU cepBep
MIKPOKOHTPOJIEPY.

VY aiini «urls.py» 3naxomutbes mabmon URL-agpec. HeoOXxigHO immopTyBatu
dbynkmiro «path» 3 monmynst «django.urls», sika Hamae NpOCTIMMKM, OUTBII YWUTAOCIBHHMA
currakcuc mapmpytuzamii URL-anpec. Kmac «TemplateView»  BHKOPHCTOBYETHCS ISt
CTBOpeHHs mabnony meperisaaiB B Django. Kmac «OpenDoorView» wMicTuth B c00i
KOHTPOJIepH JUIst 0OPOOKH 3aIHuTiB.

3minHa «urlpatternsy € kimouoBuM iM’sm ppeiimBopky Django. List 3smMinHa 000B’I3K0BO
Mae Oytu ommcaHa B Qaitm urls.py, amke B Hill 30epiraeThesi cucok muisxiB (path). Hmsx
«open/» B IIepLIOMY €JIEMEHTI CIIUCKY BKa3zye Ha API, sikuil Bianpasiise 3aluTH Ha MOJIET LEHUH
cepep. Y aitni «boot.py» ommcanuil (pyHKIIOHAT KHOIKH, sSIKa HAJCWIAE 3alUT IO BEO-
cepBepy. Monynb «socket» cTBOpeHO it poOOTH 3 COKETaMH; «sys» 3abe3nedye JOCTYIl 10
JeSIKUX 3MIHHUX 1 (YHKIIIH, SIKi B3a€MOJIIOTH 3 iHTeprperatopoM Python; «time» HeoOXiaHMA
JUIl KOpPEKTHOi poOoTu 3 4yacoM. Monynp «machine» BHUKOPUCTOBYEThCS Al poOOTH 3
KOHTakTaMu. Mopayne «network» Hamae MeTomm it KOHTpoito Mepexi. Koncranrta
«TIMEOUT» 3anmae 3Ha4eHHS 4yacy, 3a sSIKHH MIKpPOKOHTpOJIEp Ma€ MigKIoYuTHCh 10 WiFi,
icJIs 3aKiYeHHs IHOTO Yacy, HacTymae pexumM «Deep Sleep» mist ekoHOMIT eHeprii.

CrBopeHo ex3emiusip 00’ekty iHTepdeiicy «STA IF» mig poboTH 3 TOUKOIO JOCTYI.
Mertopn «connecty no3Bodsie minkmountucs 10 WiFi 3a BkazaHumu B apryMmeHTax ganumu. Jlaimi
CTBOPIOETHCS 3MIHHA 31 3HAYEHHSM IIOTOYHOIO 4acy, SIKa BUKOPHCTOBYETHCS B LMK JUIS
BU3HAYCHHS TalM-ayTy MmigkimodeHHs. SIkmo 3B's130k  BcraHosienwid, URL-aapeca
posainseTses Ha yactTuHu «http://host/pathy» anisa BimpaBku 3anury.

VY gaitni «main.py» onucaHuii ¢QyHKUiIOHaT MOAyis. i BOro iMIIOPTYIOTHCS
HeoOXiH1 610/i0TeKu: «gc» — 30upad 3miTTa; «socket» — ns poboTH 3 cokeramu; «timey» —
Ui poboTH 3 yacom; «ubinascii» — AJs mepeTBOpeHHsT MiX JBiikoBuMH Ta pizHumu ASCII-
KO/IOBaHMMH JBIMKOBUMHU MpeACTaBIEHHAMU; «machine» — /i poOOTH 3 KOHTaKTaMH.

HeoOxigHo immopTyBatu naHi KoHirypauid 3 ¢ainy «data/conf.py», B sxomy
3HAXOMAThCS KOHCTAHTH JUIS HanamTyBaHHs miakmodeHds mo WiFi, URL-agpeca, Ha sKy
OyayThb BIAMPABISATUCA 3allUTH, @ TaKOXK (haiis, B sIKUM OyAyTh 3alucaHi 11eHTU(PIKaTOpU KapT
KopucTyBauiB. 3 ¢aitny «utils/mfrc522» imnoptyetbes knac «MFRCS522y, o MicTuTh B 001
BIIKpUTY 010110TEeKy 11 podoTtu 3 yinom «MFRS522y, skuii € kontposepom RFID-mMomyms.

CrBoproetbest  knmac  «CardsStorage» s 30epiraHHs 1AeHTU(IKATOPIB KapT B
OrepaTUBHIN MaM’ATI NPUCTPOI0. B KOHCTPYKTOP1 Ki1acy OMUCaHUM CIUCOK 11eHTU(]IKATOPIB
KapT. MeTo «save» Npu3HaueHul Juist 30epexeHHs 11eHTudikaTopiB B (aiin 1y1s Toro, moo y
BUIIAJIKY I1€pe3aBaHTaKEHHs 1aH1 He OyJiu BTpayeHi. CtBOproeTbcst  COKeT 1 3a
JIOTIOMOT' 010 OJIOKY try-except MpOBOAUTHCS crpoda MifkItoYeHHs 1 BixnpaBku POST-3anuty.
[licns  BiampaBKM  3amuTy COKeT 3akpuBaeThes. Dynkiis  «wait and add card»
BUKOPUCTOBYETHCS JUIS JOJaBaHHs HOBOT KapTH. BOHa BUKJIMKA€ETHCS JIMIIE B Pa3i B3a€MOIIT 31
34UTYyBauyeM KapTH aaMiHicTpaTopa. B 3MiHHY «card» 3anucyroThes JaHi KapT, iK1 3YUTYIOThCS.
[lpy ycmimHOMY 34YMTYBaHHI KapTu ii 1ZeHTH(IKATOp 3aHOCUTHCS JO CXOBHINA, Y
NPOTHJIS)KHOMY BHITaJIKy METOJI ToBepTac 3HadeHHs «Falsey.

CrtBoproetbest exzeMIuisip kinacy «CardsStorage2y i1 3amyckaetbes metoa «loady, skwii
3aBaHTaxye 1AeHTU(]iKaTop KapTu 3 (aiimy. Inimiamizyerbcst koHtposep RFID-momyns
«reader», apryMeHTaMH SKOT'O € HOMEPH KOHTAKTIB. SIkmo  imeHTHdiKaTOp — KapTH
MPUCYTHIN B CXOBHIIlI, TO HAJCUJIAETHCS 3aMUT HA BITYMHEHHS ABepeit. SKio maHi, 3unTaHi 3
MITKH, CHIBHaJAlOTh 3 KOJOM aJMIHICTpaTopa, TO 3aIlyCKA€ThCs MPOLEC AOAABAHHS HOBOTO
1IeHTH(IKaTOpa KapTH.

Po3pobnena cucrema ycniniHo npoiiiia BUMpoOyBaHHS 1 3HAXOIUTHCS B €KCILTyaTallii.
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HARDWARE AND SOFTWARE DESIGN
OF SECURITY SYSTEM FOR INDUSTRIAL OFFICES

K. Efimenko, V. Khandetskyi
Oles Honchar Dnipro National University
katyal15122 @gmail.com

The designed security system for industrial offices is based on the use of
microcontrollers ESP8266. It implements procedures for managing the magnetic lock and the
control button, reading card data from the REID interface, and exchanging information between
multilevel servers. The software we wrote on Python, it involves the use of appropriate libraries
and MicroPython interpreter.

®PENMBOPK ANGULAR JIJISI CTBOPEHHS
WEB-JIOJATKIB

A. Iunaina, C. Bepiro
Jninpoecoxuii nayionanvnuti ynieepcumem imeni Onecs I onuapa
anastasia.shilina@i.ua

3aBIaHHs IIBUAKO CTBOPUTH SKICHUH BeO-I0JATOK € JIOCHTh TPYIOMICTKOIO 1
HEIPOCTOIO CIPABOIO.

Jnsa Toro, mo0 HaTarogUTH B3a€MOJII0 MK CHIBPOOITHMKAMH 1 TapTHEPaMH,
HiATPUMYBATH TMOCTIMHUNA KOHTAKT 3 KJIIEHTaMU, OpraHizailisi TOBUHHA HAMpaIlfoBaTH JOCBII.
[Tnarpopma Angular ctBopeHa /115 mpodecioHaiB 1 po3yMie 111 MPoOIEMH.

Y NGULAR

Puc.1. O¢iniiinnii toroTun ¢ppeiimsopky Angular.

Angular - e Open Source (HpelMBOpPK, SIKHi TO3BOJISIE CTBOPIOBATH TMOMYJISPHI
CHOT'0JIH1 OJTHOCTOPIHKOBI 10aTKH. PpelMBOPK - 11e TporpaMHe 3a0e3neUeHHs AJis PO3POOKH,
10 IOJIETIIYE 1 TMPUCKOPIOE CTBOPEHHS 1 KOMOIHYBaHHs Pi3HUX €JIEMEHTIB cepilo3Horo (3a
pPO3MipamMH) IPOTPAMHOTO MTPOEKTY.

Jlerkuii, mBuakuil 1 qoctynuuii front-end ¢peiimBopk Angular 3aBoroBaB mosary y
BEJIMYE3HOI KUIBKOCTI po3po0HUKIB. BiH ae MOXIINMBICT OyayBaTH IHTEPAKTUBHI 1 AUHAMIYHI
Be0-10JIaTKH, JJISl IKMX MOTPIOHO HAOAaraTo MEHIIIE 3yCHUITb 1 KOTY.

Komanna Angular nmparse crabiIbHOTO 1 IUNIAHOMIPHOTO PO3BHUTKY 1 JOTPUMYETHCS
KOHIIETIii MyOJIiYHOrO0 aHOHCYBAHHS PO3KJIAAy peli3iB, IO JO03BOJSE KOMIIAHIIM POOUTH
BUCHOBKH 1 CKJIaJiaTH TUIaHU Ha MailOyTHE 3 MPUBOY 3MiH B IIaTGOpPMI.

Angular € CTpyKTYpHOIO OCHOBOIO JJIsi JHUHAMIYHMX BeO-T0JATKiB, SKa O3BOJISE
BukopuctoByBaTd HTML B sikocTi MOBH 11a0510HY, a ToTiM po3muputu cuatakcuc HTML mist
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BUPAKEHHS KOMIIOHEHTIB IMpOrpaMu. 3a JONOMOIOI HPUB'A3KM JaHMX 1 BIPOBAJKEHHS
3aJIeKHOCTEH MOYKHA BUKJIIOUUTH OUIBIIY YACTUHY KO, AKHH JoBeaocs O mucaru.

Taxox BapTo Big3HAUUTH, 110 Angular mponoHye peHIepuHT Ha CTOPOHI cepBepa, KU
IPUCKOPIOE 3aBaHTAXKEHHS I10YAaTKOBOI CTOPIHKM 1, oTxke, mokpamye SEO, chporyroun
CKaHyBaHHS AMHAMIYHHUX CTOpiHOK. lIIBuike BinmoOpa’keHHS CTOPIHOK 3HAYHO IOKPAIye
CIPUIHATTS BeO-T0AATKIB /I HACTYITHOTO MTOKOJIIHHS, HATUCAaHUX B pamKkax angular. Takox,
3a JIOLIOMOT'00 JaHOTO (peMBOpPKA MOXKHA:

- JIETKO TE€CTYBaTH KOJI;

- JISTKO CTBOPIOBATH IepcoHaTi30BaHl 00'ekTHI Moaeni qokymeHnTa (Document Object
Model, DOM);

- MOJICJIIOBATH JIaHI OOMEXEHO JJIsi BUKOPHCTAaHHS HEBEIMKHUX MOJENCH TaHWX, M0
POOUTH KO/ IPOCTUM 1 JIETKUM J|JIs1 TECTYBAHHS.

VY Angular 3aCTOCOBYETBCS IBOCTOPOHHE 3B'sI3yBaHHA: Oy[b-sKi 3MiHM B iHTEpdeiici
BiJ[pa3y K BiIOMBAIOTHCS HA 00'€KTaxX JOJIATKHU 1 HaBmaku. DpeiiMBOPK caM CTEKUTH 3a MOAISIMU
Opaysepa, 3MiHAaMU MOJENi 1 AisIMM KOpHCTyBaua Ha CTOpIHIl, II00 BiJpa3y OHOBJIIOBATH
notpiOHi mabnonu. [1pu mpomy B kozi JavaScript He moTpiOHO 30epirati nocuinanHs Ha DOM-
€JIEMEHTH 1 IBHO HUMHU MaHinmyaoBaTtd. HeoOXiaHO mpocTo onucaTy HEOOXiTHUM pe3yibTar B
TEepMiHaX CTaHy MOJIeNi, 1 He TOTPIOHO BUKOPUCTOBYBATH HU3bKOPIBHEB1 KOHCTPYKIIIi.

I'onoBHi mepeBaru Angular:

- HasBuicte pizHomaniTHHX (yHKUIi, Hampukian, RXJS, OGnuckaBuuHa KOMOUIAIIS
(menmie 2,9 cekynn), 3miaenuii myck HttpClient.

- 3aB/ISKH THYYKOCTI TEXHOJIOT1] BCIO HE0OXiIHY iH(OpMaIlifo MOKHA JIETKO OJepKaTH
HE 3aJ1I0I0YH MPU IIbOMY TPETiX 0Ci0.

- JIBocTopoHHs mpuB'sA3ka iH(pOpMaIii, M0 MakCUMaldbHO 3abe3nedye Oesneky s
J0JJaTKiB, aBTOMATUYHO 3BOJUTH JJO MIHIMYMY PU3HKH BUHUKHEHHS MOTEHLIHHUX TOMUJIOK.

- MVVM - Mmonynb, SKuil Ja€ MOXJIHMBICTH OKPEMO OMNEpyBaTH B OJHOMY PO3ALII
pOTpaMu, BAKOPUCTOBYIOUH TOM JKe Hadlp JaHUX.

- B3zaemozanexHicTh QpyHKIIIH, OCKIJIBKA BOHH MAOTh MOB'I3aHOCTI 3 KOMIIOHEHTAaMHU 1
MOTYJISIMH.

VY 3B'13ky 3 TUM, o Angular - e npoaykt Google, BiH BUKOPUCTOBY€ BCi IepeBaru
foro iHppacTpykTypu TecTyBanHs. KoxHa 3MiHa B Angular nepeBipsieTbcs Ha BiJIOBITHICTD 3
KOKHUM npoekToM Angular B mexxax Google. Lle o3Hauae, 110 1mie 10 6y1b-9KOoro myO0ai4Horo
penizy hperMBOpK BiKE BUKOPUCTOBYIOTh COTHI MPOEKTIB, a TAKHUM MiaXiJl 301IbIIIY€E ITAHCH Ha
BIJICYTHICTh HeNepe0auyeHUX KPUTUYHHUX 3MIH 200 perpeccii.

VY Angular Benuue3He KOM'TIOHITI. Y HbOTO BXOJSATh SIK YYaCHUKHU TOCTIMHOT KOMaH/IH
pPO3pOOKH, TaK 1 MPOCTO Ti, XTO XOUYyTh BHECTU CBOIO JIENTY B PO3BUTOK (PPEHMBOPKY 3
BIIKPUTUM BHUXIIHUM KoaoM. 3a Angular mpoxoauTte 0e3:1i4 KOH(pEpeHIii, Mpo HbOIo
rOBOPATh Ha XAaKAaTOHM 1 clepedaroTbes B TeMaTHuHuX IT-koM'roHiTi. IcHye 6arato KHMT 1
OHJIalH pecypciB no Angular 11 po3poOHHKIB.

ANGULAR FRAMEWORK FOR CREATION WEB
APPLICATIONS

A. Shylina, S. Veriho
Oles Honchar Dnipro National University
anastasia.shilina@i.ua

An overview of the Angular framework for efficiently developing JavaScript-based web
applications. An overview of the main advantages, capabilities and properties of the framework,
notes on use in work. Among the main advantages are the presence of various functions, two-
way binding, fast compilation, a large community.
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STRUCTURE OF FRAME-BASED MODEL CODE
GENERATOR

O. Lytvynov, P. Davydov
Oles Honchar Dnipro National University
lishu.dnepr.ua@gmail.com, davydov_p@ukr.net

Nowadays, developers face the tasks of building in short terms a flexible and
maintainable multilayered system. One of the methods used to overcome the development
complexity is to implement reuse practice through all the phases of product life cycle, including
design and management aspects [1]. Making the solutions standardized leads the organization
to the condition when an incoming task or a problem triggers retrieving a set of typical solutions
from the terminological knowledge base. One of the issues is the dependency of the solution
on a variety of details linked with a programming language and/or a framework, third-party
components and services. This dependency blocks the port of the solution to another platform
or language, makes the solution difficult to understand, even when the code is well structured
and documented. To resolve such problems the solution can be represented as a set of models
going down from more abstract business-oriented models towards more detailed and platform-
specific ones which can be then transformed into software components.

According to MDA [2] there are four levels of system description: computation
independent model (CIM), also known as domain model, used to define business processes of
the organization for which the information system (IS) will be developed; platform independent
model (PIM) defines the system architecture and specification can be implemented in various
platforms; platform specific model (PSM) offers detailed technical specification of the system
and can be transformed to implementation model (code) according to transformation rules
automatically or semi-automatically; implementation model (IM) — a set of artifacts represented
using programming languages define the information needed to create 1S. To model software
in such a way seems too expensive and transformation of PSM models into realization artifacts
(i.e. code, SQL scrips etc.), as usual, cannot provide satisfactory results.

Works [3, 4] devoted to tackle the complexity of systems modeling and completion of
transformation. Betting on frame-oriented paradigm [4] instead of object-oriented one can
break the limits of model representation and provide a potential of more detailed system
description, which can be then interpreted as a transformation into real components for different
layers and platforms. The expressiveness of the language is based on detection and usage of the
descriptive power of facets used by the both frame and slot structures. Now, the question we
face is how to build a generator enough flexible and adoptable for adding new
layers(architectures) and platforms, opened for changes. Thus, this work is devoted to resolve
the problem.

The openness of the modeling language can be achieved by using tools like ANTLR
[5]. It allows to parse the description and to transform it to the Core Frame Model using custom
grammar. Core model describes the system using Frame, Slot, Facet structures. It can be thought
as an analogue of CIM model described in a text form.

Then, Core Model can be automatically interpreted by the set of layer-oriented
Resolvers into platform independent form. For example, Domain, Data Access, Relational
Database and Service layers are not depended on a platform (i.e. technology, language). It is
made to avoid the repetition and structuring solution.

Next step is transformation of PIM model into PSM form and then into a set of artifacts
such as classes, scripts etc. This transformation based on a set of templates open for
modification and an infrastructure prepared to make the solution more effective. For example,
when we create a simple Repository for an entity it relies on a base repository that is already
built. Otherwise, it would be ineffectively. Thus, the role of model and generator shifts to the
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role of assistant able to automate routine and repetitive tasks using a strong foundation already
implemented within the platform. By the way, such foundation can be similar to different
platforms (e.g. C#, Java).

Platform specific level of Generator seems to be the most flexible and modifiable part.
Adding new platforms should be as easy as it is possible. Today it comes down to adding a set
of scripts define the transformations and building a component able to perform the
transformations which realizes Transformer interface. Then the transformer can be added to
appropriate PIM Resolver and that is all.

We can use a script with an architecture description to configure Generator. Then we
can pass the name of the folder contained frame language scripts (described the model) as an
argument to Generator application, and it will transform the scripts to artifacts according to
selected configuration. A flowchart with main components is shown on figure 1.

Core Model CIM

*I *
¥ ¥ ¥ ¥
C n >< Tz >< Tk ><T> -
l i
y v
Sl

Fig. 1. Data flow through modules of generator.

Thus, the provided structure is rather modular and flexible and can be used for adoption
of the Generator for user needs. The main challenge for generator with structure like this seems
to be the discovering and implementation of pluggable PIM Resolvers directed to reuse the
common logic as much as possible. Another important point is creating an infrastructure to get
transformed software components not only functionally complete, but also effective and
maintainable.

[1] Mary Beth Chrissis. CMMI® for Development Guidelines for Process Integration and
Product Improvement, Addison-Wesley Professional; 3 edition (March 20, 2011). — 688 p.

[2] J. Miller and Mukerji.J., "MDA Guide Version 1.0.1.," OMG, 2003.

[3] JlutBunoB O.A., I'pysin JJI. OcobmuBocTi aBTOMAaTH3allii MPOIECY PO3POOKH
(GYHKLIOHATBHUX KOMIOHEHTIB iH(popMamiiHoi cucremMu. // CHCTEMHI TEXHOJIOTII.
PerioHanpHuii MDKBY31BCbKUI 30ipHUK HayKOBUX Tmpailb. — Bumyck 1(96). —
Juinpomnerposcsbk, 2015. — C. — 78-86.

[4] Litvinov A.A.On a frame-based language used for software modelling. // System
technologies. — N.1(108). — Dnepropetrovsk, 2017. — 55-63

[5] ANTLR (ANother Tool for Language Recognition) [Enextponnmii pecypc]. Pexum
noctymy: https://www.antlr.org/.
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3ACTOCYBAHHS TEXHOJIOT'I IEEE 802.11 Y
TEJEKOMYHIKAIIAHIA IT-IHOPACTPYKTYPI
EJEKTPOHHOI'O YPAAYBAHHS m. THIITPA

B. bonnapenko, M. I'opoGeunb
J[Hinposcoxuil nayionanerui yHieepcumem imeni Onecs [ onuapa
bondarenkoval@ukr.net, max123pal123com@gmail.com

3a Po3mnopsipkeHHSIM roJioBH 00J1acHOI JepkaBHol aagMminicTpanii Big 05.08.2019 Ne P-
440/0/3-19 TIpo noro/pKeHHS IPOSKTY perioHaabHol nporpamu iHGopmaru3aiii “Enekrponna
HuinponerposmmHa” Ha 2020 — 2022 poku‘‘ moropkeHo npoekt [Iporpamu Ta HampaBiIeHO Ha
posrisin cecii JHinmporeTpoBcbkoi obnacHoi paau[l]. Sk ogHe 3 NpPIOPUTETHHX 3aBIaHb
[Iporpama BH3HaAua€ PO3BUTOK TEJIEKOMYHIKALIMHOTO CEpeloBUINA pPErioHy M 30Kpema
nepeadavae Taki 3aX0H 3 BUKOHAHHS 3aBIAaHHS: PO3BUTOK Ta MOIIUPEHHS IIHPOKOCMYTOBOI
MYJIBTUCEPBICHOI TeNEKOMYHIKaIiiHOI 1H(pacTpykTypu Ha Bcii TepuTopii o00racrti;
MOLIMPEHHSI TEXHOJIOT1T 6e3ApOTOBOI Mepeski y poOOTi MiCIIEBHX OpraHiB BUKOHABUOI BIa U Ta
OprafiB MicIieBOro caMoBpsiayBaHHs. OuikyBaHI pe3ylbTaTH BHUKOHAHHS IIUX 3aXOJiB:
3a0e3nedeHHs] OTPUMAaHHS TPOMaJsHAMU SKICHOTO JOCTYIY [0 CYYacHUX EJEKTPOHHHUX
CEpBICIB Ta MOCIYT MO BCiil Teputopii 001acTi; CTBOPEHHS YMOB AJSl BUIBHOTO JOCTYILY IO
Mepexki [HTepHeT HaceneHHs o0nacTi; ynpoBa/pkeHHs 0e3apoToBoi Mepexi Wi-Fi, Wi-Max;
opivHe BpoBapkeHHs He Meniie 20 30 goctymy(Hotspot) mo 6e3apororoi mepexi Wi-Fi.

Aute o4iKyBaHi pe3ybTaTH BUKOHAHHS 3aX0/11iB [IporpaMu 11010 TeMITiB BIIPOBAHKEHHS
Hotspot Wi-Fi ciix BusHatu siBHO HemoctatHiMu. Tak, y MichKiit Mepesxi micta Xapki “Wi-Fi
«SmartCityKharkiv»” oditiiino Bxe QyHKIIOHYIOTh 447 30H BUIBHOTO JIOCTYILY, peajbHO —
onu3bko m’situcot. 12 BepecHst 2017 poky €BpomnapiameHT npuiiHss nporpamy "wifideu", 3a
akor €Bponeiicekuil Coro3 Buauisie 120 MIH €Bpo Ha CTBOPEHHS I100ajli30BaHOI Mepexi
oesomnataux Toyok Wi-Fi Ha yciii cBoiii Teputopii. 3a mporpamoro "wifideu" tepminanu
0e3mpoBOZIOBOTO [HTEpHETY MaroTh 3°sIBUTHCA y 6 — 8 THCAYaX €BPONEWCHKUX HACEICHUX
NYHKTIB — Y apKax, JIKapHsX, My3esX, IIKOJaxX TOILIO, a TAKOX Y TPOMaICBKOMY TPaHCIOPTI.
bepyun 10 yBaru CriBBiIHOIIEHHSI YACETHLHOCTI HAssBHOTO HAceJIeHHs(3a OLIHKO0 Ha 1 CluHs
2018 poky; oci6) mict Huinpo (1 002 944), Xapkis (1 450 082) Ta miomti mict J{Hinmpo
(415 xB.xM™), XapkiB (350 kB.kM), Opi€EHTOBHY IPOTHO30BaHY MEPCIIEKTUBHY KiIbKicTh HOtSpOt
Wi-Fi y m. [uinpo Hanexuts npuitaata 500, abu HacmpaBai 3a0e3MeYdTH OTPUMAaHHS
rpOMaJsTHAMH SIKICHOTO JIOCTYITY /IO CY4aCHUX EJIEKTPOHHHUX CEpBICIB Ta MOCIYT, 30KpeMa
TakuXx gk PerioHanbHuit oic e1eKTPOHHUX MOCIYT — CUCTEMa BeO-TOPTaliB: BHYTPIIHIX (JUIs
npaliBHUKIB opraHiB Biaau, T00To [IHAII Ta cy0’ekTiB HajaHHA aAMiIHICTPATUBHUX MOCITYT)
Ta 30BHIMIHBOTO(JIA 3assBHUKIB — €-Services.dp.gov.ua): — omuc Gi3Hec-TPOIECiB HaTaHHS
MOCIYT, aBTOMaTU30BaHe (OpMYyBaHHs IIAOJIOHIB JAOKYMEHTIB, (POPMYBaHHS IOBIJOMJIEHb
3asgBHMKAM III0JI0 CTaHy BHKOHAHHS CIIPaBH, KOHCYJbTYBaHHs, ()OpPMYBaHHS >KypHAliB
peecTpallii crpaB; — HasBHICTh MIJICUCTEMHU KOHTPOJIIO, 3BITHOCTI, aHAJIITUKH, (HOpMYyBaHHS
3BiTHOCTI Tomo Ta KoHrakt-ientp OJJA — peainizye eneKTpoHHI 3BEpHEHHS TPOMAJSH 3a
nopTainamu: e-contact.dp.gov.ua, e-petition.dp.gov.ua.

Haii6inpmr gopeyHum cydacHuM apxitekryprHuM pimenHsm Wi-Fi m.Ininpa € Mesh-
Mepeka [2] — HOBHI TEpPCIEKTHBHHH KJIaC MIMPOKOCMYTOBUX O€3MPOBOJOBUX MEPEK
nepeJaBaHHs MyJIbTUMEAINHOI 1H(oOpMalii, 1m0 HIMPOKO 3aCTOCOBYETHCA 3a IMOOYIOBH
PO3MOIIEHHX MIChKHX Oe3mpoBogoBuX Mepex(anprepHatuBa Wi-Max). [IpoBigHum npuH-
munoM mobymoBu Mesh-mepesx € camooprasizarfisi apxiTeKTypd, IO HaJda€ MOKJIHMBICTDH
peanu3aiiii moBHO3B’s13HOT Tomouorii (Mesh peer-to-peer); cramicTh 3a BiIMOBH OKPEMHX
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KOMITOHEHTIB; MacIITa0OBaHICTh — 30UIbIIEHHS 30HU TOKPHUTTS y PEXHMI caMOOpTraHi3allii,
JUHAMIYHY MapiipyTu3aniro Tpadiky, KOHTPOIb CTaHy Mepexi Tomo. Cepen KeiciB pilieHb
Wi-Fi(anapataux ta mporpamoBux) s Mech-mepexx Tpbox mpoBigHux Benaopis: Cisco,
Aruba, HP 6e3ymoBny niepesary ciin vagatu Cisco Wireless Mesh.

OCHOBHI KOMITOHEHTH IIbOTO PIIlICHUS:

— Cisco Aironet 1500 — noniarrazonna Wi-Fi Touka goctyiy, o niarpumye craHIapTH
IEEE 802.11a/b/g, ¢ynkuionye 3a mpotokonom Adaptive Wireless Path Protocol, sxwuii
JI03BOJISIE OPTaHi30BYBaTH TUHAMIYHI KaHAJIW TepelaBaHHs JaHUX MK TOYKAMH JOCTYITY, a
TaKOX 3/I1MCHIOBATH aBTOMATHYHE CAMOHAJIAIITOBYBAaHHS 3a 3MiHU TOMOJIOTIT Mepexi. OKpim
toro, Cisco Aironet 1500 migrpumye yci cydacHi mpoTokonu Oesmneku, BrimouHo Wi-Fi
Protected Access 2 (WPA2), a Takox amapaTHe HpHcKopeHHs mudpysanus Advanced
Encryption Standard (AES).

— Cisco Wireless Control System — cucrema kepyBaHHsI O€3IPOBOIOID MEPEKEIO, SIKA
JI03BOJISI€ TUIAHYBATH, HAJAro)KyBaTH Ta 3/1MCHIOBATH MOHITOPUHI YCi€l Mepexi 3 €IUHOTO
IEHTPY, IO CYTTEBO 3HIDKYE BUAATKU Ha ii aJMiHICTpyBaHHs. Mae BOYyJOBaHY CHUCTEMY
3aXUCTY BiJl BTOPIrHEHb Ta 3aCO0M BIJCTEKYBaHHS I Bi3yaui3allii MiCLIE3HAXOJKEHHS 00’ €KTIB
y peaibHOMY Yaci.

— Cisco Wireless LAN Controller — kouTposiep 6€31npoBo0BOIo J0CTYIY — KIFOUOBHIMA
IPUCTPINl y IHHOBALINHINA apXITEKTypl BEJIMKHUX MAacIITa0OBaHUX OE3MPOBOJAOBUX MEPEX.
OyukiionyroTh 3a nmporokosiom Lightweight Access Point Protocol (LWAPP), BinTBOprotoTh
OUTBIIICTh (PYHKITIH, MPUTAMAHHUX TOYKAM JOCTYITY TOIMEPEIHBOTO MOKOJIHHS: HAJIAroIKy-
BaHHS TOYOK JIOCTYIy, KEpyBaHHS PaJiOMOKPUTTSAM MEpEeXi, 3MIMCHEHHS OE3II0BHOTO
POYMIHTY Ha IpyroMYy Ta TPEThOMY PIBHSX, peai3allis MOJITUK Oe3MeKH.

BusnavanpHi nepeBarm pimens Cisco Wireless Mesh: enuna 6e3mpoBojoBa
apXiTeKTypa, IHTEJIEKTyallbHa OC3MpOBOJOBA MAapIIPYTH3allisl, IHTErpOBaHa MiATPUMKA
cranmaprie 802.11a/b/g, BiacyTHICTP NOTpeOM B HAJIAro/pKyBaHHI, MIATPUMKA CTAHIAPTY
oesmnexu 802.111.

[1] Perionanpua mporpama indopmaru3sanii ,,Enexrponna JHinponerpoBuimaa” Ha 2020 —
2022 poxkwu/3arBepmkena Pitennsim JHinponerpoBebkoi obmacHoi paau Ned89-17/VII Bin
16.08.2019p.

[2] IEEE 802.11s-2011. IEEE Standard for Information Technology--Telecommunications
and information exchange between systems--Local and metropolitan area networks--
Specific requirements Part 11: Wireless LAN Medium Access Control (MAC) and
Physical Layer (PHY) specifications. Amendment 10: Mesh Networking/
STANDARD by IEEE, 09/10/2011

APPLICATION OF IEEE 802.11 TECHNOLOGIES IN
TELECOMMUNICATION IT-INFRASTRUCTURE OF
ELECTRONIC GOVERNANCE OF THE DNIPRO CITY

V. Bondaryenko, M. Gorobets
Oles Honchar Dnipro National University
bondarenkoval@ukr.net, max123pall123com@gmail.com

For the city of Dnipro describes protocols for IEEE 802.11s stations to form self-
onfigu-ring multi-hop networks that support both broadcast/multicast and unicast data delivery.
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ON APPLYING DOMAIN-DRIVEN DESIGN PRONCIPLES IN
PRACTICE

O. Lytvynov, V. Stupaiev
Oles Honchar Dnipro National University
lishu.dnepr.ua@gmail.com, stupaev.vlad@gmail.com

Over time, as it was predicted by Dijkstra, the software becomes more and more
complex and sophisticated. But even the complex information system can only be regarded as
an infrastructure of business which dictates its wishes and terms to IT companies, developers
and applications. According to Microsoft infrastructure optimization model [1] software ceases
to be a cost center and turns into business enabler, among other things, when all business
processes are covered by the system. Business complexity and dynamics force developers and
scientists to search for a new paradigm able to tackle the complexity and agility of the domain.
In the new millennium several approaches have been provided: DDD [2], TDD [3], BDD [4],
use-case driven development, SOLID principles. But reality requires an integration of different
methods and principles from software architects and developers to construct and maintain the
systems more effectively. The work is devoted to analysis of what are the most important
principles made a strong foundation for business-oriented software development.

Agility of the business causes developers to build software as flexible as it possible.
Betting of gluing the systems from existed components and services most of the developers
agreed with SOLID and TDD principles. But it does not resolve the problem of flexibility and
adoptability of the system for business needs. Anticipating the impact of functional
requirements changes developers face to model the software(infrastructure) as closer to the
domain(business) as it possible. Building the software as a kind of simulator of the business
processes allows to change the software in the same way as the business processes are change.
It would bring to software necessary flexibility and robustness, make it more maintainable. The
question is how to build the model reflected the business which can be thought as a number of
business processes as closer as it is possible?

To create such applications, only understanding of current client needs seems not a
sufficient condition. Developers attention should be focused on the domain, which is the subject
area to which the application is intended to be applied. The goal is not only to write a code or
even create software, but also to solve the objective problems, predicting and anticipating the
risks.

The first approach focused on domain modeling is DDD (published in 2004 by Eric
Evans) [1]. It provides a set of principles, rules and patterns aimed at creating optimal systems
of objects that allow developers to solve complex business-level design tasks. It announces that
the center point is a domain that must be thoroughly examined, and then the result of such a
study is a business layer divided into two main parts: application layer (a thin level of services
responsible for managing user actions using domain objects) and domain layer (responsible for
presenting business concepts, business situation information, and business rules). In his book,
he defines several general terms that are used to describe and discuss DDD practices.

The central pattern of DDD is Bounded Context which is focused on strategic
decomposition dealing with large models and teams. According to this pattern large models
should be divided into different Bounded Contexts with explicit interrelationships. This keeps
the knowledge inside the boundary consistent whilst ignoring the noise from the outside world.
It helps to model the aspects of the problem (within the context) without having to be concerned
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with other parts of the business. Secondly, the terminology within the Bounded Context can
have clear definition that accurately describe the problem whilst different departments across a
company usually have slightly different ideas and definitions of similar terms. For example, for
a standard sales company its domain could be divided into Sales, Support and Delivery contexts.
Of course, the various Bounded Contexts of an application will need to communicate or share
data between each other. That problem resolved using Context Map which defines how the
Contexts should communicate amongst each other and how data should be shared (i.e. when a
business process functions on different Contexts, Context Map is used to coordinate their
interaction). There are different patterns used to realize such interactions: shared kernel,
upstream-downstream, conformist, anticorruption layer etc. Evans has also introduced several
conceptions widely used by software programmers such as: ubiquitous language; identity map,
value object, repository, aggregate, event sourcing, specification and other patterns. The scopes
of DDD was defined by Eric Evans as follows. DDD is best applicable when there is a lot of
business domain complexity and DDD is not suitable for problems with substantial technical
complexity without business domain complexity. Thus, the main disadvantage of this approach
is a complexity in domain analysis required a lot of time sent by an experienced architects and
business analysts.

Anyway, the most important and most valuable is that the principle provided aimed to
build the model of the business as closer as it is possible. Does the model created according
with the principles of DDD satisfy the model of business processes-oriented business? When
we talk about business processes, we also talk about business functions and events, business
objects and goals, outcomes and resources. Do all those abstractions can be represented using
DDD? It seems, does not. Inspired by DDD, several modifications have appeared. Among them
the most notable is Clean architecture provided in 2012 by Robert C. Martin. Provided Clean
Architecture reduces the complexity of Evans’s DDD, allowing to make the solution more
understandable and maintainable. In the other hand, service-oriented architecture (SOA) based
on the same principles as domain-driven approaches but used for enterprise integration systems
development. Structurally, the services divided into three basic layers (instead of two basic
layers used in domain-driven approaches): workflow services (equivalence of business
process), task (equivalent to business task) and entity (equivalent to business object) services.
And this model can be regarded more closer to the models used by the business analysts to
describe the business processes.

Summing up, we can assume that above approaches (DDD, Clean Architecture and
SOA) have more similarities than the differences. We can say that they pursued the same goal.
Thus, making a practical solution, we can take principle of structuring the layers from SOA,
ports and adapters and other best practices from Clean Architecture, and add some patterns
from DDD (including Bounded Contexts and Context Map).

[1] What IS Infrastructure Optimization and Why do I Care
http://download.microsoft.com/download/c/a/3/ca35ac61-bfea-4cel-a9cl-33e2a931cda8/
WhatisInfrastructureOptimizationandWhydolCare.ppt

[2] Eric Evans. “Domain-Driven Design: Tackling Complexity in the Heart of Software”.
2003. ISBN-13: 978-0321125217.

[3] Kent Beck. “Extreme programming explained: embrace change”. 1999. ISBN:0-201-
61641-6

[4] Introducing to BDD https://dannorth.net/introducing-bdd/

[5] Robert C. Martin. “Clean Architecture. A Craftsman’s Guide to Software Structure and
Design”. 2018. ISBN- 13: 978-0134494166.
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JOCJIJKEHHS EOEKTUBHOCTI NIOBYJI10OBU
CTIMKUX IHOOPMAIIMHUX CUCTEM

B. Crapuuenko, H. MaTBeeBa
J[Hinposcoxuil nayionanerui yHieepcumem imeni Onecs [ onuapa
mr.bloodvlad@gmail.com

Y polboTi mpeacraBieHa IHTEPIPETaIisi MOJESIBHO-OPIEHTOBAHOTO MiAXOMY, SKUN
CITPOIILYE CTBOPEHHS 1 CYNPOBI CTIHKUX 1H(MopMaIiiHux cucteM, OCHOBOIO € MOJIENb, KOTpa
OTMHCYETHCS 3 BAKOPUCTAHHSIM (PEHMOBOTO MiIXOTy MPEACTABICHHS 3HAHb.

Ha 6a3i onmcanoi mMojeni 3a1HCHIOETHCS TeHepallis psAAay KOMIIOHEHTIB, IO 1CTOTHO
CIIPOIIYE MPOIIEC PO3POOKHU OaraTopiBHEBUX JTOJATKIB, a TAKOXK MPOBOAMTHCS IHTEPIpPETAIis
MOJIeNII B XOJI pOOOTH CHCTEMH, IO BHUKIIOYAE HEOOXIIHICTH MOOYAOBH Ta TECTYyBaHHS
JI0OJIaTKOBUX KiaciB [1].

Omuc cucremu mpoBoauThess Ha piBHax CIM 1 PIM, 3 mopaibmioro
reHepariero/inrepruperaniero kinacis piBas PSM. B skocti monxeni CIM Hamu 3ariporioHOBaHO
BUKOPUCTOBYBaTH (PEMOBHIA ONUC 3HAHb 00 PO3B'SI3yBaHO! 3a/avi i3 3a3HAYCHHSIM
pecypciB, HEOOXiAHUX JUIA 11 BUpilIeHHs 0e3 BKa3iBKH crerudiku (30ipoK, 3auTiB, BHHATKIB).
Tak, na 6a31 momemni PIM mnpoBoauThCcsi TeHepaiis 00'€KTiB, MOB'S3aHUX 3 APXITEKTYPOIO
nonatky. He timpkm crammaptaux SQL 1 JOMEHHUX KIaciB, a ¥ psay JOMOMIXHHX,
NPOJUKTOBAHHUX aPXITEKTYPOIO, PECYpCiB, IMOB'I3aHUX 3 MPU3HAYCHUM JUIS KOPUCTYyBaya
iHTepdeiicom, TOCTYII 10 NaHUX, IHTepeCHO-OpIEHTOBAHIM ITPOrpPaMyBaHHSIM.

Ha miacraBi meraindopmariii, npeactaBieHoi y BUTISAAl «bpeM - CIOT - TpaHb»
IPOBOJIUTHCS JMHAMIYHE CTBOPEHHS KJIAcCiB, IO BiAMOBIIarOTh 3a Oi3Hec yoriky (Puc. 1). 3a
rereparnito PSM 3 PIM Bignosinae XCore, a 3a intepnperanito - Generator. XCore renepye
MPOrpaMHUM KOJ| 3 CKPHUIITIB IOMEHY, a TpoeKT (Generator - IHTepNpeTye TOKYMEHTH 3 CKPUITIB
JOKYMEHTIB [2].

. Frame
(Dpeiim)
N

User Type 1%

N Facet Type

Facet
(I'pann)

Puc. 1. «@peiim - CJIOT - TPaHb»

ITpoext XCore BiAmoBifae 3a IHTEPIPETAIiI0 MPOrPAMHOTO KOy B INpEACTaBIICHIH
Hamu Mmojneni Ta reHepye: Labels, SQL, NHibernate, Domain ta Unit tests (Puc.2). B
pe3yibTati poOOTH MPOrpaMu OTPUMYEMO CTPYKTYpY MAMoOK Ta (aiiiis.
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XCore

l

Script

Transformation

%/\\

Domai Label NHibernate Unit tests

Puc. 2. Inrepnperanis npoexty XCore

Jlnst 3py4HOCTi 1 HAOWHOCTI JeMOHCTpalii poboru npoekty XCore OyB CTBOpeHHIA
npumituBai WPF nonarok(Puc.3). lanuii nogatok mpencrasisie co6oro BikHO WPF, ske
MICTHTB ABI KHOIIKU JJISl BIAKPUTTS (aiiry Ta s BUOOPY HUIIXY 30€peeHHs pe3yibTaTiB.
Tako BIKHO Ma€ TEKCTOBUI PEIaKTOP AJIsl pearyBaHHs CKpUINTY (puc. 3).

B XGenerator - O X

EIEE

Open File... Save To Folder...

Puc. 3. 3oBuimniii Burasg WPF gonarky

[1] JlutBuHOB A.A., Kapnenko H.B. TectupoBanue nHGOPMAIIMOHHBIX CUCTEM: MOJYIIBHOE,
WHTErpaIlMOHHOE, cucTeMHoe: yueO. mocodue. / A.A. Jlursunos, H.B. Kapnenko — J1.:
Jlupa, 2016. — 283 c.

[2] Carr J. Lectures on computer programming,1958. Ile-pesoa: k. Kapp. Jlekuuu mo
nporpammupoBanuto. [lox pen. Kypoukumna B.M. / J.Carr. — U3a. mHOCTpaHHOH
muteparypsl. —1963. —288 c.

STUDIES OF THE EFFECTIVENESS OF BUILDING
SUSTAINABLE INFORMATION SYSTEMS

V. Starychenko, N. Matveeva
Oles Honchar Dnipro National University
mr.bloodvlad@gmail.com

The article discusses the interpretation of a model-oriented approach, which simplifies
the creation and maintenance of a stable information system, the basis of which is a model
described using the frame approach of knowledge representation. The results are obtained using
the C# .NET framework.
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ACEMBJIEP-TOJATKH JJIsI BABUEHHS OCOBJIMBOCTEM
POBOTH 3 TEKCTOBUMU ®ANJIAMMU TA
30BbPA’KEHHAMMU B CEPETOBHUIII FASM

Ceknis 1. KOMIT'FOTEPHI CUCTEMHU I KOMIIOHEHTH

O. Mopo3os, /I. IBames
J[Hinposcoxuii nayionanerui yHieepcumem imeni Onecs I onuapa
morozovs@ua.fm

SIkmo B po3paxyHKax TpeGa BUKOHYBATH BEJIHMKY KiJIbKICTh BKJIQJCHUX IUKIIB, TO HA
TOMY K€ anapaTHOMY 3a0e31e4eHH] MOXIIMBO CYTTEBO CKOPOTUTH Yac BUKOHAHHS PHKJIAIHOT
nporpamu, SIKIIO peali3yBaTH ii Ha MOBi aceMOiiepa.

File Edit Search Bun Options Help

=lolx]

format PE console
entry mwain
inelude 'win3Za.ine!

-

section '.code' code readable writeable executable
proc main
cinvoke fopen, 'r!
mov [fp], eax
test eax, eax

Jz .end

filelName,

loop:

cinvoke fgeto, [fp]

crp
je

crp
Jne

eax, -1
.eof
al, [letter]

. loop

;EOF

.eof:

.end:
endp

section !.dats'
fp dd ?

inc
Jmp

[zount]
. loop

moveEX eax, [letter]

cinvoke printf, fmt, eax, fileMName, [count]

cinvoke folose, [fp]
cinvoke getch
Hor eax, eax

ret

data readabhle writeable

count dd 7
fileName dhb
lecter db
Tt dh

e

section
likbrary msvort,

import msvert,h

4]

'HNumber of

'file.txt',

Cht

'mEvort.

in %3:

u]

%i', 13, 10, O

'.idata' import data readable writesble

dll

fopen, 'fopen', felose, 'folaose!',h
fogeteo, 'fgete!, printf, 'princf',h T
getch, '_geteh! pfor pause

of”

char_counter I

| 4340 | Modfied | 4

Puc. 1. lIpuxjax KOHCOJBHOI0 101aTKY, 0 iMmnopTtye ¢pynkuii 3 Microsoft C Runtime DLL

BuxigHi maHi [uisi mpukiIaaHoi 0OpOOKH YacTimie BChOTO 3HAXOISTHCS B TEKCTOBHX
¢aitnax abo y 300pakeHHSIX, TOMY y CY4YaCHMX MOBax MpOTrpaMyBaHHsS 3HA4yHa yBara
OPUIUIAETHCS IOCTYITY JI0 30BHILIHIX JaHUX. B mepeBa)xHO1 OUIBIIOCT] CydacHUX OlepaifHIX
cucteM (OC) 11 GyHKINIT BXKe peanizoBaHi ISl BHYTPIIIHHOTO BUKOPUCTAHHS. 3aJTUIIAETHCS
TIJTbKY HABYUTHUCS BUKOPUCTOBYBATH 111 (PYHKIIIT TSI MPUKIATHUX TOAATKIB.

He mae HeoOxi1qHOCTI peani3oByBaTH 1l QyHKIIT Bpy4HY, TOMY I10: O-TIEpIIIEe, 101aTOK
MO’K€ BUKOPUCTOBYBAaTH (PYHKIII1 Ha TOM ke MOBI, Ha sikiif Hamrcana OC, oTKe 1X BHKJIHUK HE
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Oyne 3anexuth Big koHkpeTtHoi OC; mo-mpyre, OC Bxe 3amylieHa Ha KOHKPETHOMY
amapaTHOMY 3a0e3IeYeHHI, TOMY BiJl HhOTO JJOJIATOK TEK HE 3aJICKUTh.

[TepeBaxkHa OibIIicTh cydacHux onepamniiHux cucteM (OC) Hanucana Ha C moaioHMX
MOBAaX, TOMY MU OPIEHTYEMOCH Ha BUKJIMK cTaHAapTHUX (QyHKIiH MoBH C.

Bi3zpMeMo B SIKOCTI MpUKIIaLy IpOrpaMy, sika 34UTy€e 3 TEKCTOBOTO (hailiry HOro 3mict
CHMBOJI 32 CHMBOJIOM Ta BUBOJIUTH YaCTOTY BKa3aHOI JIITEpU HA IPUCTPii BUBeneHHs (puc. 1).

Hnst pobotu i3 300pakeHHSMH MU BUKOPUCTAEMO KpoOC-TUIaTGOpMHY Oi0mioTeKy
DevlIL.

Po3paxyHOk po3MmipiB BikHa JOJATKy Ta WOr0 IOJIOKEHHS HAa €KpaHl BIAMOBIAHO
po3mipiB JPEG 300pakeHHs, 110 BUBOAUTHCSA HA HBHOTO, CKIANAETHCS 13 KITbKOX BHKJIUKIB
HACTYIMHUX IMIOPTOBAaHUX (YHKIIIH 3 BIAMOBITHUX 010T10TEK:

1. illnit, Bukonye inmimiamizarito DevIL — 3 DevIL.DLL

2. ilulnit, BuKoHye iHimiami3amio nepexn 3amyckom ILU — 3 ILU.DLL

3. ilutRenderer, Bukonye inimiamnizamito Renderer qst Bukopuctanus OpenlLUT (3

napamerpoM 27, mo o3Hauae DirectX) —3 ILUT.DLL

4. 3 DevIL.DLL:

a. ilClearColour 3 mepimumu TpbOMa IapaMeTpaMH, IO 337al0Th OYUIIAIOYHI
YOPHUU KOJIiP, 3 MIHIMAJILHOIO MTPO30PICTIO

b. ilGenlmages, 3 1BoMa mapameTpamu, Ji¢ HEpIIUil 3a1a€ KUIbKICTh (aiiiiB; a
JIPYTHii BCTAHOBIIOE iMEHa (hailliB, 110 MICTATH 300paXKEHHS

c. iIBindImage BuGupae noroune 300pakeHHs

d. ilLoadImage 3aBanTaxxye 300paxkeHHs 3 (aitny

5. GetDC Butsrae geckpuntop (y KoMipky 1) KJIi€HTChKOT YaCTHHHU BiKHA JI0/1aTKa — 3
USER32.DLL

6. CreateCompatibleDC cTBOpIO€ (Y KOMIpKY 2) CyMICHUI C TaHUM MPUCTPOEM 3MICT

nam’sti — 3 GDI32.DLL

7. TlpurotyBaHHS 10 PO3PaXyHKIB JIJIsl ONTUMAJIbHOTO BUBOJY BiKHA!

a. 1lutConvertToHBitmap mnoseptae (y xomipky 3) cymicauii 3 OC Windows
neckpuntop (06pooHuK) bitmap — 3 ILUT.DLL

b. ilutGetBmplInfo 3amoBHio€ cTpykTypy bmpinfo s onTHMasbHOrO BHBOIY
BIJTHOCHO e€KpaHy BikHa. [lapameTpu SIKOTO BUTATYIOTBCS 32 JOMOMOTOIO
¢ynkuii GetSystemMetrics —3 USER32.DLL

Busenenns JPEG 300pakeHHs y BIKHO JOJATKY CKJIQJA€ThCS 13 KIJTbKOX BHKIIHKIB
IMIIOpTOBaHUX (DYHKIIN 3 JTUHAMIUHO 3B’ s13aHUX O010/110TEK:

1. BeginPaint rotye 3aBnaHe BikHO /10 3a0apBIICHHS Ta 3alIOBHIOE CTPYKTYPY

PAINTSTRUCT, B sixoi 3aBnani po3mipu obmacti 3abapsienss —3 USER32.DLL
2. BitBIt BmacHO BUKOHYE KOIIFOBaHHS KOJLOPOBOTO 300payKEHHS T0-0JIOKOBO 3
¢aitny no BikHa — 3 GDI32.DLL
EndPaint Bigmiuae noBHe 3aBeplieHHs 3a0apBieHHs 3aBaaHoro BikHa —3 USER32.DLL

STUDY OF ASSEMBLER APPLICATIONS WHICH WORK
WITH TEXT FILES OR IMAGES IN FASM ENVIRONMENT

O. Morozov, D. Ivashev
Oles Honchar Dnipro National University
morozovs@ua.fm

The working principles for external data in the FASM environment with using of the
libraries and advisability of C language standard functions import are considered. The sequence
and parameters of function calls for image output to the application window are determined.
The use of libraries greatly simplifies processing of external data.
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MOAEJIUPOBAHUME B CPEJAE MULTISIM
PASBEPTBIBAIOLIEI'O ITIPEOBPA3ZOBATEJIAA EMKOCTU,
IIYHTUPOBAHHOM AKTUBHBIM COITPOTUBJIEHUEM

H. Tepaocryn, B. Maiimyp
J[nenposckuii HayuoHanvHwil yHueepcumem umenu Oneca [ onuapa
tven72@ukr.net

B CTaHAAPTHOM BKIIFOYCHHWUN UHTCTPAJIBHOT'O TaﬁMepa AKTUBHBIMH IMOTCPAMHU CMKOCTHU
BpeMs3ajatolieil Lenu OOBIYHO IIpeHeOperaroT BBHAY HX Manoctd. OpHako, Ipu
HCIIOJIb30OBAHMU C€MKOCTU B KAYCCTBC IOATYMKA KOHTPOJIA HOCJIC[[HI/Iﬁ BCCraa MMYyHTHPYCTCA
COIIPOTUBJIEHUEM IIOTEPh KOHTPOJIMPYEMOrO BEIIECTBA. JTO TpeOyeT OLEHKH BIMSIHUA
LIYHTUPYIOLIETO COPOTUBIICHUS Ha paboTy mpeoOpa3oBaresl.

B cxemy pasBeprhiBatoiiero npeoOpasonareiis (puc. 1) Ha UHTErpaIbHOM TaliMepe ¢
BpeMsI3aJjatollel 1enblo, cocTose u3 conporusieHus R u emxkocty C gaTynka, BKIHOYEHO
HIYHTUPYIOLIEE CONPOTUBIIEHUE T, SKBUBAJIEHTHOE AKTUBHBIM IIOTEPSIM B KOHTPOJIUPYEMOM

En
1O
— — |
G1/GN|En U
R QF >
S G
Us
[LCo
L g 3
Puc. 1

BeniecTse. [Ipy BKIIIOUEHHMH TaliMepa Ha €ro BBIXOJE YCTAHABIMBAETCS BBICOKHI YPOBEHb
HanpsbkeHus U, KoTopoe pacrpesensieTcss Ha JIEMEHTaX HHTEIPUPYIOIIEH LeNN COrJIaCHO

du R+r
RC— + —=
dt Tc

u ="U, (1)

rze u - HanpsokeHne Ha eMkocTr C. Pemenue ypaBuenwus (1) mmeer Bun

Tc
R+71,

u(t) === U1 ~ exp(~ ), @)

rae T = RC. Hampspkenue u(t) mepruoanvIecKs H3MEHSIETCS 10 SKCIIOHEHIIHATBLHOMY 3aKOHY
Mex 1y moporobiMu ypoBHsiMu U/3 u 2U/3 komnapaTopa taiimepa. 1o popMupyeTt Ha BbIXO/1E
TaiiMepa MpsIMOYTOJIbHBIE HMITYJIECHI C IIEPHOIOM CIIETOBAHHS

_ er_R
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W3 ananu3a (3) crieayer ycioBHE CyIIeCTBOBaHUS KOJICOAHU, a UMEHHO: YJIBOCHHOE 3HAUCHHUE
COIIPOTUBJICHHUA R BpeM;I3a;[anmeﬁ e Bcerga JOJIKHO 6BITB MCHBIIC COIIPOTHUBJICHUA
AKTHUBHBIX IIOTEPH 1, CMKOCTHOI'O JaTUYHKa

. > 2R. 4

IIpoBepka Beipaxenuii (3) u (4) mpoBeeHa MyTEM MOJEINPOBAHUS Pa3BEPTHIBAIOLLIETO
npeoOpazoBarenss B cpene MULTISIM. Ha puc. 2 mpencraBieHa BUpPTyalibHas MOJICIHb
npeoOpa3oBarensi 1Mo cxemMe Ha puc. 1, B kotopoil Ri coorBerctByer 7, C1 — Cy,
DD1 — mukpocxema

D
10k |2% L WAL KN XsC1

E Key=A -
Exi Trygf
= w - v
R1 c I
X 5
& c1
To,zzu

~ 10MQ 300nF
Key=A 15 % Key=A 40 %

Puc. 2
UHTETrpasibHOro Taiimepa LMS555. Bapoupys mapametpsl R u C skcriepuMeHTalbHO MOTYYeHO
cemeiictBo  3aBucumoctedd  (puc.3) Momenu  mpeoOpa3oBaTelis,  MOATBEPIKIAOIIEEe
CIPaBEIIMBOCTh  MEPENaTOYHOM  XapakTepucTUKH (3) ©  yCIIOBUS  CYIIECTBOBAaHUS
koneOanwuii (4).

[
[

Al

4 T mxc R = 490 kOMm

1 R, =1 MOm
400 1
300
200 R = 400 kOMm

] _//— C, r|¢>

T T T T -
50 100 150 200
Puc. 3

A DESIGN IS IN ENVIRONMENT OF MULTISIM OF
DEVELOPING TRANSFORMER OF CAPACITY, ACROSS
THE LINE PURE RESISTANCE

N. Tverdostup, V. Maimur
Oles Honchar Dnipro National University
tven72@ukr.net

By a design in the environment of Multisim transmission description of developing
transformer of capacity of sensor is specified with active losses, the condition of existence of
vibrations is set. A transformer is executed on the basis of integral timer of LM555.
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HNOJIIMIIEHHA I CETMEHTAUIA CJIABOKOHTPACTHUX
30bPA’KEHb HA OCHOBI METOAY HEYITKOI
IHTEHCUDPIKALII

JI. AxmeTrmiuna, C. Mutpogdanos
J[Hinposcoxuil nayionanvhuu yHieepcumem imeni Onecs I onuapa
mitrofanov.stas@hotmail.com

Kiacuuni metonu o6poOku 300pakeHb Ha MPAKTHUIN YacTO € Hee(eKTHBHUMHU 4Yepe3
HEUITKICTh Ta HEBU3HAYEHICThb, NMPHUCYTHIX Yy BXIJIHUX JaHHUX, sIKi OOyMOBJIEHA, 30Kpema,
GIBUYHUMH  BJIACTUBOCTAMHU 3aco0iB  (opmyBaHHa Ta miepemadi iHdopmariid. 3amada
TOJITIIEHHS 300paXKeHb, 3 METOIO TOJICTIICHHS iX aHaji3y a0o MOAaIbIIOr0 BUKOPUCTAHHS B
aBTOMATH30BaHUX CHCTEMax, Mae (yHIAMEHTAJIbHE 3HAYCHHS B 0ararboxX NPUKIATHUX
00J1acTAX, TAaKUX, HAIIPUKJIA, SIK MEIUIIMHA, €KOJIOT1s, Te0JIoris Ta iH. B ocTaHHi AeCATHIITTS
0COOJMBO TOMYJISAPHUMH CTald HEYITKI METOJM NEepPETBOPEHHS 300paXkKeHb, SKI 37aTHI
06pO6IATH 1aHi, IO MiCTATH HEBU3HAYEHICTh, He OB'I3aHy 3 Bunaakosictio [1]. Ix Baxmmsoro
0COOJIMBICTIO € CYTTEBA HENIHIWHICTH 1 MOKJIMBICTh BUKOPUCTAHHS 3HAHb.

3arampHa CcXeMa HEYITKOI OOpOOKH 300pakeHb CKJIANAETbCA 3 TPbOX ETalliB:
dazsidikauii P, onepariii neperBopenns ¢pynkiuii Hanesxknocti T Ta nedasszidikarii IP. Iepexin
B HewiTkuil mpocTip (dazzidikaiis), Moxke OyTH IHTEPHPETOBAHHMNA AK cHeUU(PIUHUNA TUI
KOJIyBaHHS BX1THUX JTaHUX, SKUW 3QJIC)KHUTH SIK BiJ] TIOCTABICHOT METH, TaK 1 BiJl XapaKTEPUCTUK
BUX1HOTO 300paskeHHs. 300paxkeHHs1 G po3mipy M X N 3 L - piBHSIMU CIpOT0 ICKPABOCTI MOXKE
OyTH MPEJICTABICHO Y BUIJISII MAaCHBY HEUITKMX MHOXHH IIOJI0 aHATI30BaHOI BJIACTUBOCTI 31
3HAYCHHAM (YHKLIT HAJIOKHOCTI , , KA 3MiHIOETBCs B 1HTepBaii [0,1] amst koxKHOrO miKcess:

G= M N Em Buxin Y cucremu mais BXomy X 3ala€ThCS  TMOCII i
U m=1 U n=l x_ y bi§ JTOBHICTIO
mn
orepaTopiB
Y =1P (T (P (X))).

VY 710omoBiai po3risgaeThCsl METOJ MEPETBOPEHHs CIa0OKOHTPACTHUX 300pa’keHb 3a
JIOTIOMOT010 OIeparopa IHTEeHCUPIKalli 1 BILIUB MapaMeTpiB JaHOIO AJITOPUTMY Ha KIHIEBUI
pesyabTat [2].

Omneparop inTeHcudikaiii (INT) po3Tarye KoHTpacT Mik 3HAaUEHHSIMU HAJIEKHOCTI Ha
OCHOB1 HaCTYITHOTO BHPa3y:

r

anzz[umn]b' OSHmn sa

' b
l'lmnz]‘_z[]‘_umn]'aSanS:l (1)
OyHKIIis HAJIE)KHOCTI BU3HAYECHA K
—Fa
Imax —9
gt

ne F, ta F, € neHoMiHallliHE Ta €KCIIOHEHIIaJIbHE 3HAYEeHHS napaMeTpiB (as3zidikanii. [l
napameTpy F, peKOMeHAyeThCsl BCTAHOBIIIOBATH 3HaueHHs F,=2, F, BU3HadaeThCs 3a
dbopmynoro
dmax - dmid
£ @)

0.5 Fe -1
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YucensHo, KOM |, — 1 TO pIBEHB CIPOTO TAKOX HAOIMKAETHCA 10 MAKCUMAJIBHOI

— MaKCHMAJIbHE Ta CEpeHE 3HAUEHHS PIBHS Ciporo 300pakeHHs, BIAMOBIIHO.

max !

ACKPABOCTI §,, — oy -

[Micna momuikarii ¢pyHKIil 3BOPOTHIN MEpexis B YiTKUN MPOCTIP BUKOHYETHCS HA OCHOBI
bynkuii nedaszidikarmii

Imn ZG_l(#mn)Z Imax — Fy (ﬂmn) Fe -1 (4)

AnTopuT™M 00pOOKH HAIBTOHOBOTO 300pa)KEHHS HA OCHOBI BUKOPHCTAHHS OTIEPATOPY
iHTeHcnpiKalii peKypCUBHO BKIIIOYA€ HACTYIIHI €TAIH:
e  BcTaHOBJICHHs nmapametpis Fe, b, a;
po3paxyHok Fd, dmid, Omax;
NIEPETBOPEHHS PIBHIB CIPHX y HEUITKUH MPOCTIp 3a JOMOMOTOIO IEepEeTBOPEHHS (2);
pexypcuBHa Moaudikallis GyHKIIT HalexkHOCTI Ha ocHOBI (1) (KUTBKICTD iTepalliii);
reHeparliss HOBUX CipUX PiBHIB 3a JOIIOMOTO0 3BOPOTHOTO IIEpeTBOPEHHS (3).

VY nomoBigi HaBeIEHO MOCIIKEHHsS BIUIMBY PI3HOMAaHITHHX METOIB (as3idikarii,
BXIJJHMX TMapaMeTpiB airopuTMy Ta METOMAIB Bi3yali3alii NMpU BUKOPUCTAHHI OMEPaToOpy
iHTeHcudikamii s 00pOoOKHM CITA0OKOHTpPAcCHWX 300pakeHb pi3HOI (PI3UYHOI TPUPOIH.
HaBegeni onTumanbHi mHapaMeTpH, sKi 3a0e3MeuyloTh CETrMEHTAallil0 CIa00KOHTPACHUX
MEINYHHUX 300paKeHb.

Ha puc. 1 HaBeneHO pe3y/bTaTH BUKOPUCTAHHS oreparopy iHTeHcubikamii ¢ Ha
NpUKIaal 0OpOOKI PEHTIeHIBCHKOTO MEIUYHOTO 300paXCHHS B TMOPIBHSHHI 3 METOJOM
eKBaJTi3anii ricTorpaMu.

Puc. 1. Pe3yabTaTn BUKOPUCTAHHSI onepaTopa intencudikamii (a = 0.5): a) BxigHe 300pakeHHs;
0) exBaJji3zauis ricrorpamu; B) onepartop inTeHcudikaniii b = 2, kinbkicThb iTepaniii 10;
r) b=1.5, kisbkicThb iTepaniii 1

BucHoBkmu. [Tapamerpu aaropuTMmy HeuiTKOI iHTEHCHQIKaIil CyTTEBO BIUIMBAIOTH HA
pe3yapTaTH TIEPETBOPECHb XapaKTEPUCTHUKH SICKpaBOCTI 300paxeHHs. [lapamerp b=2
3a0e3mneuye 301IbIIeHHS] KOHTPACTHOCTI Ta MiJBUINYE YiTKICTh BUJUIEHHS 00'€KTIB 1HTEpECY;
3MiHA 3HAa4eHHs b B JiamasoHi [1.2-2) no3BoJisse KOHTPOJIIOBATU CTYNEHb JeTani3amli pisHUX
TUTSTHOK TIPU CeTMEHTAIli1 300paskeHHSI.

[1] Bernd Jahne Horst HauBecker Peter Gei3ler. Handbook of computer vision and applications /
-V. 2. Signal Processing and Pattern Recognition. Academic Press. —1999. — 722p.

[2] A. Eropos, JI. Axmermuaa. OnTuMuU3anus IPKOCTH M300paKEHUN HA OCHOBE HEWPO-
daz3u TexHomoruii / Monorpadwus. U3a. Lambert. —2015. —139 c.
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ENHANCEMENT AND SEGMENTATION OF LOW
CONTRAST IMAGES BASED ON FUZZY INTENSIFICATION

L. Akhmetshina, S. Mitrofanov
Oles Honchar Dnipro National University
mitrofanov.stas@hotmail.com

The results of experimental studies of the capabilities of the fuzzy intensification
algorithm to improve low-contrast medical images and the effect on the result of the
fuzzification method and the initial transformation parameters are presented.

INFRASTRUCTURE AS CODE MODEL

V. Sokolov, V. Gerasimov
Oles Honchar Dnipro National University
vlad.no.sokol@gmail.com

Infrastructure as code, also referred to as laC, is a type of IT setup wherein developers
or operations teams automatically manage and provision the technology stack for an application
through software, rather than using a manual process to configure discrete hardware devices
and operating systems [1]. Infrastructure as code is sometimes referred to as programmable or
software-defined infrastructure.

Advantages of infrastructure as code:

1. Speed and simplicity

laC allows you to spin up an entire infrastructure architecture by running a script. Not
only can you deploy virtual servers, but you can also launch pre-configured databases, network
infrastructure, storage systems, load balancers, and any other cloud service that you may need.
Also, you can easily deploy standard infrastructure environments in other regions where your
cloud provider operates so they can be used for backup and disaster recovery.

2. Configuration consistency

laC completely standardizes the setup of infrastructure so there is reduced possibility of

any errors or deviations. This will decrease the chances of any incompatibility issues with your

infrastructure and help your applications run more smoothly.
3. Minimization of risk

Because code can be version controlled, 1aC allows every change to your server
configuration to be documented, logged, and tracked. And these configurations can be tested,
just like code. So, if there is an issue with the new setup configuration, it can be pinpointed and

corrected much more easily, minimizing risk of issues or failure.
4. Increased efficiency in software development

Developers can launch their own sandbox environments to develop in. QA can have a
copy of production that they can thoroughly test. Security and user acceptance testing can occur
in separate staging environments. And then the application code and infrastructure can be
deployed to production in one move.
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5. Cost savings

Automating the infrastructure deployment process allows engineers to spend less time
performing manual work, and more time executing higher-value tasks. As mentioned earlier,
your IaC script can automatically spin down environments when they’re not in use, which will
further save on cloud computing costs.

Disadvantages of infrastructure as code:

1. Learning curve

The term code is flexible in this process and therefore it often requires learning a new

flavor of code based on the tool you are using.
2. Infrastructure divergence

Changing an infrastructure stack by hand in the console that has been provisioned by an
laC tool can cause divergence. Meaning the state of our infrastructure has changed because it
was edited manually and our IaC tool doesn't know that.

The concept of infrastructure as code is like programming scripts, which are used to
automate IT processes. However, scripts are primarily used to automate a series of static steps
that must be repeated numerous times across multiple servers. Infrastructure as code uses
higher-level or descriptive language to code more versatile and adaptive provisioning and
deployment processes. For example, infrastructure-as-code capabilities included with Ansible,
an IT management and configuration tool, can install MySQL server, verify that MySQL is
running properly, create a user account and password, set up a new database, and remove
unneeded databases.

There are many tools that fulfill infrastructure automation capabilities and use laC.
Broadly speaking, any framework or tool that performs changes or configures infrastructure
declaratively or imperatively based on a programmatic approach can be considered laC.
Traditionally, server (lifecycle) automation and configuration management tools were used to
accomplish laC.

Terraform is a cloud agnostic infrastructure provisioning tool. It allows us as developers
to represent our infrastructure, regardless of whether it is AWS, Google Cloud or Azure, in a
well-defined language known as HCL [2]. Terraform is highly extensible via plugins and has a
very strong community around it that produces great open source modules for provisioning
chunks of infrastructure.

Ansible is an infrastructure automation tool from Red Hat. Developers describe how
their components and system relate to one another. It is meant to manage systems end to end
rather than independently. These definitions are written in YAML and are known as
Playbooks [3].

Infrastructure as code is the process and practice of representing underlying resources
that support our systems in code. It is one that can be leveraged by teams big and small
regardless of whether that cloud is provisioning resources in AWS, GCP, Azure, or their own
data center. This allows us to use the same processes we use already when writing application
code. This includes sharing the infrastructure with our team so that the team can maintain the
resources collaboratively. It also includes testing how our infrastructure is created, updated, and
deleted. Just as with application code the definition of our infrastructure can be peer-reviewed.

[1] Infrastructure as Code by Kief Morris (O'Reilly Media; 1 edition (June 27, 2016)) 362 p.

[2] Terraform - Introduction to Terraform [Electronic resource]. Access mode:
https://www.terraform.io/intro/index.html
[3] Ansible - Learn how to Ansible [Electronic resource]. Access mode:

https://www.ansible.com/resources/get-started
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OCOBJIMBOCTI BATATOIIOTOKOBOI OGPOBKHU JAHUX B
CUCTEMAX BIIEOCHOCTEPEXEHHA

I'. OcBATHUHCHKHMH
J[Hinposcoxuii nayionaneruil yHieepcumem imeni Onecs [ onuapa
osviatynskyi.georgii@gmail.com

CyuacHi CHCTEMH BiIEOCTIOCTEPEIKEHHS HAJAI0Th 0arato Mo>kiuBocTei. Tak, cucrema
Axxon Next[l] nmo3Bonsie BUKOPUCTOBYBATH PI3HOMAHITHI ayAio Ta BiJeO0 AETEKTOPH,
BOY/IOBaHi y BiJIeOKaMepH, 1110 3a0e3Meuye 3HaYyHe 3HIKCHHS HAaBaHTAKCHHS Ha 00poOJIsIoun
IPUCTPOI, @ TAKOXK MOKe OyTH 3aCTOCOBaHE ISl MOOYAOBU CHCTEMH YYTJIMBOI O MEBHHUX
MOJIiH, TAKMX SK: TIOYATOK Ta 3yMMHUHKA PYyXy, 3MiHa (OHY, BTpaTa SIKOCTI 300paKeHHs, IEPETUH
JiHi1 y meBHOMY HanpsMi Ta iHmi. Takoro GyHKIiOHAIY AJOCTaTHRO JJISI CHUCTEM 30BHILTHBOI
Oe3mneku, ane JUIs BiICOCTIOCTEPEKEHHS Ta aHalli3y MOJiN y Kaapi NOTPiOHO OLIbII MIMPOKUI
IHCTpyMEHTapiii JOCHIPKEHHS JaHUX Y Bigeo mnoromi, Tomy Oyno NPUIAHATO pilICHHS
pPO3pOOUTH BIIACHY CUCTEMY OOPOOKH BiEOaHUX.

Jns po3poOKkM BIAaCHOI CHUCTEMH HEOOXiJHO BpaxoOBYBaTH Te, IO JaHI OyayTh
o0pobnaTucst He 3 onHiei Kamepu, a 3 OaratboX. lle mpu3BOaUTH 10 HEOOXiTHOCTI
6araTonoToKoBO1 00POOKH JaHUX, 110 MOXIIMBO 3 BAKOPHCTAHHIM BiAMOBITHUX (PEHMBOPKIB,
pPO3pOOJICHUX Yy CepeloBHINI MOBH mporpamyBaHHs Java [2]. Takoxk, HEOOXigHO IOJIATH
MOYJIMBICTh 3/1MCHIOBaTH 0OpPOOKY JaHWX HE TUIBKU Y JIOKAIBHIN, a 1 y 0aratbox Mepekax.
Jns 1mporo HeoOXimHO 3a0e3neyuTH OOpOOKY MJEKIIbKOX 3aMUTiB OAHOYACHO, TOMY
IPOTIOHYETHCSI BUKOPHCTaHHS KOHTEWHepa ceprieTiB komnanii Apache Software Foundation -
Apache Tomcat [3].

Jlns sikicHOTO aHami3y mojii HeoOXiHa cucTeMa, sKa 3/laTHa PO3Mi3HaBaTH HE TIIbKU
HasIBHICTh 00 €KTIB y Ka/pl, @ i BU3HAYATH 11O L€ 32 00 €KTH, SIK1 JIIi BUKOHYIOTbCSI HUMU a00
HajJ HUMHU Tomlo. Taky cucreMy HeoOXiqHO abo po3polsTH, a00 CKOPUCTATHCS TOTOBUMH
pimeHHssMH. OJHUM 3 BapiaHTIB € BUKOPUCTAHHS CEPBICIB, L0 HAJAIOTHCS KOMIIAHIEO
Amazon, siKi T03BOJISIFOTH CKOPHCTATUCS] HACTYITHAMHU MOJIMBOCTSIMHU:

Po3zni3zHaBaHHS BeNMKOI KIIBKOCTI 00’ €KTIB y KaJIpi;

Po3ni3zHaBaHHS ClieHH, siKa 300paXkeHa y Kajpi;

3HaXO0/KEHHS 00JINY, CXOKUX Ha INIYKOMHI 3pa3o0kK;

BusiBneHHs1 eMolliH, [Ki Bil4yBae 0co0a, 1110 3HaXOAUThCs Ha 300paKeHHI;
AHaJi3 BUKOHYBaHMX 1M Ta po3Mi3HaBaHHS M103pUIMX YU HENPUITYCTUMHUX;
Po3nizHaBaHHS Ta BUITyYEHHS TEKCTY, KM Mae Micle y Kajpi.

Jliis BUKOpUCTaHHS MOJIOHOTO cepBicy, HEOOX1AHO MoadaTH PO HaliiiHe 30epeKeHHS
BiJIe0JlaHUX. Byno po3risiHyTo JeKijgbKa BapiaHTIB 30epekeHHs iHQopMmarlii, cepen SKHUX
30epiraHHss Ha  BJACHMX JXKOPCTKHMX JHCKax abo po0OoTa 31 MIBUAKICHUMU XMapHUMH
CXOBUIIAMH.

[Tpu 30epexeHHI Ha BJIACHUX JUCKaX, HEOOXIAHO 3a0e3MeUHTH MOCTIHHY HasBHICTb
BUIBHOT'O MiCIIS Ta CTBOPUTH (ailyIoBy CTPYKTYPY, SIKa 103BOJISIE JIETKO 3HAXOIUTH (ailiin Bij
PI3HUX JDKEpe.

[Tpu 30epekeHH] y XMapHHMX CXOBHIIaX HEOOX1IHO 3a0e3MedyuTH MOCTIMHMUN KaHal,
yepe3 AKUM JaHi OyayTh HepedaBaTuCs 3 JpKepena 10 Micls 30epeXeHHS Ta po3poOHuTH
pemsiiiiny 0asy, sika Oyae MiCTUTH 1H()OpMAITliIo PO 3aBaHTAKEHHI JIaHI.

3BakarouM Ha BCE BKazaHe, Oysn po3poOJieH1 HACTYIHI aJrOPUTMH IS 3aBaHTAKEHHS
(baiiB 3 CHCTEM BiJICOCTIOCTEPEKESHHS 10 00POOIIIOI0YOTO CEPBICY:

1. 3aBanTaxkeHHs (haliiIiB 10 BIACHUX )KOPCTKHUX JHCKIB;
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2. 3aBaHTaXCHHS (ailTiB 3 BIACHUX KOPCTKHUX AMCKIB 0 CEPBICY aHAII3Y BiJICOJaHUX;
3. 3aBanTaxeHHs (ailsliB 0 XMapHOTO CXOBHUIIIA;
4. 3aBaHTaxkeHHs (ailsliB 3 XMapHOTO CXOBHIIA JI0 CEPBICY aHAII3Y BiICOAaHUX.

BukopucroByroun HaBesneHi anropuTMHu OyB MOOYAOBaHHM cepBic 0OpoOKHM AaHUX
CHCTEM B1JICOCIIOCTEPEIKCHHsI Ta MPOAHAII30BaH1 0COOJIMBOCTI HOTO pOOOTH.

[1] Axxon Next — cucrema BiJI€OCIIOCTEPEKEHHS Ha  BIOKpHTIA  muiaTdopmi
https://www.axxonsoft.com/ua/products/axxon_next/

[2] David R. Heffelfinger - Java EE 8 Application Development: Develop Enterprise
applications using the latest versions of CDI, JAX-RS, JSON-B, JPA, Security, and more.

[3] Chanoch Wiggers, Ben Galbraith, Vivek Chopra, Sing Li, Debashish Bhattacharjee, Amit
Bakore, Romin Irani, Sandip Bhattacharya, Chad Fowler - Professional Apache Tomcat

FEATURES OF MULTITHREAD DATA PROCESSING IN
CLOSED-CIRCUIT TELEVISION SYSTEMS

G. Osviatynskyi
Oles Honchar Dnipro National University
osviatynskyi.georgii@gmail.com

The problem of multithread data processing in closed-circuit television systems is
discussed. To solve this problem, was required to handle multiple network requests at the
moment of time, to store huge amount of video data and subsequent analysis in intelligent and
high performance systems. In this article was proposed to use Java based packages, Apache
Tomcat servlet container and Amazon Web Service for file storage and photo and video
analysis. Also, in this article have been developed algorithms for data transfer from source to
storage system and further analysis by third-party service, provided by Amazon. The proposed
approach provides all required tools for creating high performance data processing system,
which will allow to process and analyze huge amount of video data in closed-circuit television
systems.

CUCTEMA KOHTPOJIIO PYXIB HA OCHOBI
MEMS JATYUKIB

P. JIutBunenko, M. Minux, [. Yepueruenko, M. Mounuii
J[Hinposcokuii nayionanohui yHieepcumem imeni Onecs I onuapa
kef.dnu@gmail.com

Jnst moguau GYHKINS JIOKOMOIT — OJHA 3 HAWTOJOBHININX, OCKIJIBKUA JO3BOJISIE
B3a€MOJISTH 3 HaBKOIUIIHIM cepenoBuineM. Ha >xanb, SKICTh Ii€i B3aeMOAil HE 3aBXKIU
BHCOKa, TOMY OLIBIIICTh HEACHUX BUIAJKIB (aBapii, pi3HOMaHITHI TPaBMH, IICYBaHHS MaiiHa
Ta 1HINII) BUHUKAIOTh CaMe Yepe3 HEeyBakHi, MOTaHO CKOOPAMHOBaHI pyxH. AJe CydyacHHi
pIBEHb TEXHOJIOTIH J03BOJISE BIJICTE)KYBAaTH Ta 3aro0iraTd HECHPHUSATIMBUM CUTYalliIM 3a
JIOTIOMOT'0}0 CHCTEM KOHTPOJIIO PYXIB.
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CucreMu KOHTPOJIIO Ta aHaJli3y PYXiB MOXKYTh OyTH KOPUCHUMH SIK Y TIOBCSIKJICHHOMY
XKHTTI, TaK 1 B TAKUX Tay3sX, K poOOOTOTEXHIKa, MEUIIMHA, CIIOPT, KiHeMaTorpad. JlaTunku
BIJICTe)KYIOTh IIOJIOKCHHSI KIHIIBKHM, TIEPENaloTh JaHi 10 MIKPOKOHTpOJIepa, KM, B CBOIO
4epry, 3a JIOMOMOTOK 0e3IpOTOBOrO KaHaly 3B’S3Ky Iepenae ix J0 MpUCTPOiB 0OpoOKH Ta
YIPaBIiHHSA, € BOHHM MOXKYTh BUKOPHUCTOBYBATHUCS JIJIsl Bi3yasti3allii, ynpaBiiHHSI a00 B 1HIIHMX
LIAX.

JI1sl KOHTPOJIFO Opi€HTAllli PyXOMOIro Tija B MPOCTOPI MiJ Yac BIJICTEKEHHS DPYXiB
BUKOPUCTOBYIOTh CUCTEMH, SIKi CKIaJAIOThCS 3 TPHOX CEHCOPIB: aKCeIepOMETpa, TipocKoma Ta
MaraiTometpa. [Ipukmanom takoi cuctemu € MEMS natuuk MPU-9250 [1], Ha BUXO/Ii SKOTO
MOYKHa OTPHUMATH MATPHIIO MOBOPOTY MpHUCTpolo B mpoctopi. MPU-9250 wmictuth aBa
KPUCTAQJIM: Ha OJHOMY pealli3oBaHi 3-OCbOBUI TipOCKOI 1 3-OChOBMI aKcelepoMeTp, a Ha
iHIIOMY — 3-OCHOBHH JIaTUYMK HANPYXEHOCTI MarHitHoro noJjs [2]. OKpiM JeB'SSTH OCHOBHHUX
ceHCOpiB Ta mporecopa no ckiamy MPU-9250 Bxomsate 16-6itoBi AIIIl Ha KOXHOMY
BUMIiPIOBAJILHOMY TPaKTi, CHCTeMa )KUBJICHHS, PEricTpH, KOMYHIKaiiiHi iHTepdeiicu ta Oydep
FIFO, a Takox natuuk Temmeparypu. Jlis B3aeMoiil 13 30BHIIIHIM KEPYIOUUM IPOLECOPOM
BUKOPUCTOBYIOThCA iHTepdeiicu 12C 1 SPI.

3araibHUI aNTOPUTM BU3HAYEHHS KOOPAMHAT MICTUTh TaKi CKJIAJIOBi: OTPUMAaHHS
iH(popMarii Mpo MOYaTKOBI 3HAYCHHS KOOPJAWHAT 1 MBUIKOCTEH; Oe3repepBHE BUMIPIOBAHHS
MPOEKIIii MPUCKOPEHHs 00'€KTa 3a JOIMOMOTOI0 aKCEIePOMETPiB; BU3HAUYCHHS 3a JTOTIOMOTOI0
TIpPOCKOIIIB Opi€HTAaMii aKkCeIepoOMEeTpiB 11010 HABITaliiHOI CHCTEMH KOOPIMHAT; JTBOPA30BE
IHTErpyBaHHsI IPUCKOPEHHs 00'€KTa 32 YacoM.

Ha 6a3i oOpanux eneMeHTiB po3po0IeHO MPUCTPIi, IO pealtizye HaBEACHUH allrOpPUTM
(puc.1). 3 Buxonis MPU-9250 nani y Buriaal uudpoBoro curHany 3a intepdeiicom SPI
HAJIXOJATh /10 MIKPOKOHTpOJIepa, sKiid ix oOpolOisie Ta 3a inrepdeiicom UART mepemae mo
monyins ESP8266. ITorim aani 3a mpotokoiom Wi-Fi MoxxyTh OyTu nepeaani 10 BUKOHYIOUOTO
HPUCTPOIO.

Jlo mporiecy iHimiamizamii MOPTIB Ta 3MIHHUX BXOAMTH MiAKIIOYEHHS O10710TeK,
OT'OJIOIIEHHS YCIX 3MIHHUX, KOHCTAHT Ta yC1X BUKOPUCTAHUX KOHTAKTIB SIK «BX11)» a00 «BUX1I».
Jani BinOyBaeThcsl mpoliec KaniOpyBaHHS JaTUMKiB. 3aBISKM LU(POBOMY MPOLECOPY PYXY,
BOynoBanomy B MPU-9250, MokxHa BUKOHATH TECT HAa TOTOBHICTh KOXXHOTO 3 JIATYMKIB JI0
po6otu. [Iporiecop cam BU3HAUUTh CTaH PETICTPIB Ta MOBEPHE 3HAUEHHS IO MIKPOKOHTpOJIEepa.
[Ticnst poro BimOyBa€eThCss OOHYIIIHHS 3HAYEHB aKCEJIEPOMETPA, TIPOCKOIIA Ta MArHITOMETpA Ta
BCTAHOBJICHHS /l1alla30HY BUMIpPIOBAHb.

I'onoBHa 3amaya nporecy oOpoOKK JaHUX — PO3MI3HABAHHS XapaKTepy PYyXiB KiHIIBKU
moaunu. [{ns o6pobku manux Ha IIK BukopucraHa HelpoHHa CTPYKTypa 3 TpPbOX IIApiB:
BXIJJHOTO, PEKYpPEHTHOro 1 BuxigHoro [3]. BxigHuil map reHepye MOCHiJIOBHICTh CIalKiB
(3aKo10BaHUM BX1JHUI CUTHAJ 3 aKceJIepoMeTpa, IpocKona Ta MarHiromerpa). PekypeHTHui
map ckianaetses 3 N = Ng + N| pekypeHTHO MoB'a3aHUX HEHpoHiB, A€ Ne 1 N| — KUIBKOCTI
30y/UKYIOUMX Ta TabMIBHUX HEHPOHIB BIANOBIAHO. BHYTpIilIHIN MepexeBUi 11ap CKIala€ThCs
3 MYJbTHCTaOUIBHMX HEWPOHIB, NMPU LHbOMY €JIEKTPUYHA MYJIbTHCTAOUIbHICTH HEHpPOHIB
00yMOBJIEHa METPUYHOIO aCHMETpi€l0 iX MEeTpUYHMX mMapaMeTpiB. HelpoHanbHMil Kapkac
ckinamaerbess 3 N=1000 BHyTpimHiX HeWpoHiB 3 yactkoro N; = 0,25Ne. Buximauii map
npejcTaBiIeHui YoTupMa 0iCTa0iIbHUMHU HEWPOHAMH 3 aKTUBHUMH BXIJHUMHU JACHIAPUTHUMHU
CTPYKTypaMH, iK1 30MparoTh BC1 CHHAIITHYH1 BXO/IM B1J1 HEWPOHIB IPYroro BHYTPIIIHbOT'O Iapy
1 37aTHI TeHepyBaTH OJWHOYHI CHAalKU Yy BIANOBIIb HA BEIHUKY KUIBKICTh OIHOYACHUX
CHHANTHUYHUX BXOAIB. BuxigHi HEMpoOHM HaBUalOTbCA MpaLlOBaTH TakK, [0 TeHepalis
BUXIJIHOTO crHaiika Ha HedpoHi “0” BimOyBaeTbCs TIIBKUA TOMi, KOIU KIHI[IBKA PYXa€ThCS
noropu, “1” — mpu pyci BHU3, “2” — mpu pycl BIiBO, “3” — mpu pyci BrpaBo. OHOBIEHHS
CHHANTHYHUX Bar BIIKIIOYAOTHCS Micis iHTepBany dacy 10 ¢, mo BiAmoBinae HaWOLIbII
MOBLILHOMY MEPEMIIIEHHIO KIHIIBKU Y MPOCTOPI.
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1

: Hartyuk Hatyuk HaTtuuk

| MPU-9250 MPU-9250 MPU-9250
1

Wi-Fi UART g
Moayrnb ¢ N Mll}(b\r.atoxomﬁ)ggep ¢ AKYMYNATOP
ESP8266 THeEs

[

Jns TpeHyBaHHS Mepexi morepeqHbo Oyno BHKOHAHO S50 pyxiB Aisl KOXKHOTO 3
4OTUPHOX HampsMKiB. [licns 3aBepiieHHs a3y TpeHyBaHHS cHCTEMa MpOMIIa BaliJaIio y
peaTbHIX yMOBAaX BUKOPUCTAHHS, IPU IbOMY TOYHICTh KiIacu(ikamii 1Jis pi3sHUX HepeMilleHb
ctanoBuna: 98,4% mnsa nanpsmky “Bropy”’, 97% — “Buuz”, 91% — “BniBo” Ta 89% — “Bmpaso’.
Binpin HU3bKAa TOYHICTH PO3IMI3HABAHHS PYXiB y TOPU3OHTAIBHINA IUIOIIMHI TOSCHIOETHCS
BIJICYTHICTIO 3MIHM HaiO11bII BaroMoro ¢akTopy po3Mi3HaBaHHS — BEKTOpa IpaBiTaliiHOI
craioi g.

OtpumaHni pe3yiabTaTH CBiI4aTh MPO HEOOXIAHICTh NPOBEACHHS Y MOAAIBIIOMY
JI0JJATKOBOT TOMEPEIHbOI 0OPOOKH JaHUX MIKPOKOHTPOJIEPOM i3 OUIBIIOI MOTYXKHICTIO, a
TakoX BOYIOBaHUMH 3acobaMu UPpoBoi GinbTpalii Ta GinbTpamii st BXITHUX MEPEKEBUX
JAHUX C METOO ITiIBUIIEHHS TYTJIMBOCTI CUCTEMH Ta 3MCHIIICHHS BIUTMBY BHUITAIKOBUX IIyMiB
Ha KOPHUCHI JaHi.

Puc. 1. CTpykTypHa cXemMa NPHUCTPOIO

[1] Maprenor A. Uuepunanbabie MOMC-aatunku. HoBoctu amextponuku, Ne 5. (2007).
C. 16.

[2] MPU9250DATASHEET [EnexTponHmii pecypc]. Pexum JOCTYILY:
https://www.invensense.com/ wp-content/uploads/2015/02/PS-MPU-9250A-01-v1.1.pdf.

[3] Martinez J., Black M.J., Romero J. On human motion prediction using recurrent neural
networks, Computer Vision and Pattern Recognition. (2017). P. 1-10.

MOTION CONTROL SYSTEM BASED ON
MEMS SENSORS

R. Lytvynenko, M. Milykh, D. Chernetchenko, M. Motsnyi
Oles Honchar Dnipro National University
kef.dnu@gmail.com

The work deals with the problem of person motions classification using MEMS integral
sensor MPU-9250 (accelerometer, gyroscope, magnetometer) and wireless Wi-Fi transmitter
ESP8266. Main microcontroller performs raw-data filtering and pre-processing for further
mathematical calculations. The direction of limb movement was evaluated using a recurrent
neural network. Validation test results showed the ability to accurately (not less than 90%)
classify the movements of the limb of a human within the orthogonal planes. A further increase
in the classification accuracy is possible due to the using of a more powerful microcontroller
with DSP functions support.
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AHAJII3 IHCTPYMEHTIB PO3POBKH
KOMIT'IOTEPHUX ITPOI'PAM

b. MoJsoaeus, T. by1ana
J[Hinposcokuu HayionanvHul yHieepcumem imeni Oneca [ onuapa
Bogdan.molodets@gmail.com

Haii6inpIn momynspHAME 1HCTPYMEHTaMHU Il PO3POOKH KOMI'FOTEPHUX IMpOorpam
JavaScript € Electron Ta NW.js. Ha (puc.1) mokasasni ix TexHigHi XapakTepucTuku [1].

NW.js 0.16.0 Electron 1.2.8
Project inception 2011 2013
Corporate sponsor Intel GitHub
License Open Source, MIT License
Browser runtime Chromium libchromiumcontent
Node.js version 6.3.0 6.1.0
Chromium version 51.0.2704.106
Entry point HTML or JavaScript JavaScript
139 MB (52 MB
Bare distribution size zipped) 125 MB (45 zipped)
Windows platform
support Windows 7+ (x86 and x64)
In LTS version
Windows XP support (0.14.X) No
Mac platform support Mac OS X.9 +
In LTS version
Mac OS X.6 (0.14.X) No
Architecture support 32 bit (Win), 64 bit (Win/Mac) & arm (limited)
Chrome apps support Yes No
Support of chrome.*
APIs Yes No
Plugin support NaCL, Pepper Pepper
Adobe Flash support via Pepper plugin
Mac App Store support Yes

Puc. 1. llopiBasabHi xapaktepuctuk Electron ta NW.js. cratucka cranom Ha 2016 pik

Haii6inp1na yactka puHky onepauiiinux cucrem ais [IK npunanae va Windows, OS X
Ta Linux, 10 CBIAYUTH MPO MOXIIMBICTH HAa3BaTH BUXITHUHA MPOAYKT 3 IHUX (PpeiHMBOpPKIB
KpocIuiaTopMeHHUM [2].

st NW.js xapaktepuuii Opay3epHuit miaxif - craproBa Touka html (Hypertext Markup
Language) ¢aiin, B Tolt sxe yac Electron.js - 10 node.js, Matoun B KOCTi CTApTOBOI TOUKH jS
daiin, B axuit 3a ronomororo API 3aBanTaxyerbcs html. Ha Bigminy Big NW.js, Electron e €
Komi€ro chromium, 110 JJa€ 3MOTY MiJKJIIOYaTH TUIBKH MOTPiOHI U1t po3poOku 610mioTeku. Ak
pe3yiabTar Electron BUurpae B KOMIakTHOCTI, IIBUAKOCTI 301pKH, OHOBJICHHIO.

1V BeeykpaiHcbka HAYKOBO-NIPAKTHYHA KOH(pepeHIIist
«[IEPCIIEKTUBHI HAIIPSIMKH CYYACHOI EJIEKTPOHIKH, IHOOPMAIIMHUX 1
KOMIT'IOTEPHUX CUCTEM» MEICS-2019
27-29 mucromana 2019 p., Auinpo, Ykpaina



Cekuis 1. KOMIT'FOTEPHI CUCTEMHU I KOMIIOHEHTH 135

Posrnsinemo Ha apxitektypHe pimeHHs B Electron.js. B ctBopenomy nodejs mpoekTi B
daimi BrazyeTrbest crapToBuit js aiin. Llel romoBHHI (aiin CTBOpIOE BiKHA JOJATKIB 3
iHTepdeticom BeO-cTopinok. Ilicis 3amycky nmporpamu 3a qonomoror Electron cTBoproeThes
OCHBHHI TIporiec (main process). Lleit ocCHOBHMIA TIPOIIEC BiIMIOBIAAE 32 B3a€MO/III0 3 HATHBHUM
rpadidyHUM iHTEpQeicoM MOTOYHOI ONepaIiifHoi CUCTEMH Ta CTBOPIO€ rpadiunuil iHTepdeiic
BiKOH mporpamu. Ili BiKHa CTBOPIOIOTHCS OCHOBHUM IIPOIIECOM Y TOJIOBHOMY aimi,
BUKOPUCTOBYIOUM MO1ysib BrowserWindow. Ilicist iporo koxkHe BikHO Opay3epa BUKOHYE CBil
BJIAaCHUH Tporiec Bizyamizaii (puc. 2). Lle# nporec Bizyanizaiii 3aitmae Be6-ctopiaky (HTML-
daiin, skuii mocuiaeTbess Ha 3BUuaiHi daitimm CSS, daitnm JavaScript, 300paxeHHs TOIO) 1
BiZjoOpaxae Horo y BiKHI.

Electron

Main process

Renderer process Renderer process Renderer process

Puc. 2. Apxitektypa Electron.js npoexra

Po3rnsHyTi MOPIBHAIBHI XapaKTEPUCTUKU MOMYJISPHUX THCTPYMEHTIB Uil pPO3POOKH
KoMmIT'toTepHUX nporpam JavaScript € Electron Ta NW js.

[1] http://tangiblejs.com/posts/nw-js-and-electron-compared-2016-edition
[2] https://gs.statcounter.com/os-market-share#monthly-201707-201807-bar

ANALYSIS OF DEVELOPMENT TOOLS
COMPUTER PROGRAMS

B. Molodets, T. Bulanaya
Oles Honchar Dnipro National University
Bogdan.molodets@gmail.com

The comparative characteristics of the popular JavaScript software development tools
are Electron and NW._js.
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HEYITKI MHOKUHHU TUITY 2 B 3AJAYI CETMEHTAILIII
CJIABOKOHTPACTHIX 30bPA’KEHD

JI. AxMeTtmiuHa, O. Knum
J[Hinposcoxuil nayionaneruil yHieepcumem imeni Onecs I onuapa
intdnp@gmail.com

[Iporec cermeHTarlii € BaXXJIMBUM KPOKOM IIPH aHaNi31 Oyab-SKHX THUITIB 300pakeHb,
OCKUTBKH HOTO Pe3yJbTaTH ICTOTHO BILTUBAIOTH HA TOYHICTH BUPIIICHHS MOCTABJICHUX 3aB/IaHb,
HaIpUKJIAJ] TaKuX, K BUAUICHHS KOPJOHIB abo kiacudikamis 00'ekTiB. OpHAK, OCKIIbKH
BUXIHI 300pa)kKeHHS O0'€KTMBHO MICTUTh HEBH3HAYCHOCTi, MOB'3aHI 3 CHUCTEMOIO HOTrO
dbopmyBaHHS Ta MOJIaHHS B UG POBIiil popMi, 1aHa 3a/1a4a € ICTOTHO HEOTHO3HAYHOIO.

Zadeh [1] Bnepie 3anpornoHyBaB BUKOPUCTOBYBAaTH HeuiTKi MHOXuHU (HM) tuny 1
(T1) nmns dopmamizamii ommMcy HEBU3HAYEHOCTI, IMOB'I3aHOT 3 TIOTaHO BU3HAYCHUMH
3aBmaHHsMH. Cepes ICHYFOUHMX QJTOPUTMIB HEWITKA KJIacTepH3allis € OJHUM 3 HaWOUIbII
MOMIMPEHUX 1 e(eKTUBHUX METO/IB BUPIIIEHHS MpodieMu cermeHTaiii 300paxens (Fuzzy C-
mean - FCM). ¥V FCM BekTOpHMI NPOCTIp BUXITHUX MaHUX IOAUISETHCS Ha 3a34ajeriib
3aJ]laHe YMCIIO MiAMPOCTOPIB HA OCHOBI BEKTOPA BiICTaH1, KOXKHE 3 IKHX OMHUCYEThCS HEYITKOIO
(byHKIII€I0 HATIEKHOCTI.

Opnak, B peaibHOCTI iICHYE IIe OJIMH THUIl HEBU3HAYEHOCTI, MOB'SI3aHUHN 3 BIICYTHICTIO
TOYHUX 3HaHb Y BU3HA4eHHI He4iTKol QyHKuii HajiexHocTi [2]. Begenns HM T2, sxi €
posmupenHsM T1, no3Bossie BUpimryBaT MpobiaeMu, TOB's3aHi 3 HEWITKICTIO camMoi (yHKIIT
HaanexHocti T1. Hewitka norika T2 no3Boiisie BpaxoBYyBaTH JHTBICTHYHI a00 YHCIOBI
HEBU3HAUYEHOCTI, TIEPEKIIaIcH] B MpaBwia. Taki BUMAJAKH OOPOOJISIOTHCS HEBU3HAYCHOCTSIMU
MPaBUJI 1 HEBU3HAYEHOCTSIMU BUMIPIOBAHb.

3actocyBanHst HM T2 - HoBuii HampsiMOK B 0OpoOIll 300pa)keHb, SIKUH J103BOJISIE
pO3poOHTH OLIBII YYTJIMBI 1 JOCTOBIPHI METOAM cerMeHTaiii 300paxkens. HM T2 HeoOxiaHi B
YMOBax, KOJIM Baxxko BU3HaunTu Touny HM. Lle Tperiit Bumip pynkuii Haanexxnocti (OPH), sixa
JT03BOJIIE HaM OI[IHIOBAaTH HEBH3HAYEHOCTI MOJIENi, TPYHTYIOUHCh HA 3HAHHI mpoOsieMu, 110
PO3TIIAIAETHCS.

B pamkax maHoi IOMOBiJI JOCHIIKYEThCS BIAMIHHICTh B MiIXOJaX MpPHU CerMeHTAllil
C1a0OKOHTPACTHUX 300pa’Ke€Hb 3 BUKOPUCTAHHAM HEUITKMX MHOKMH THITy 1 1Tuny 2. Ha puc.
1 npencraBiena cxema o0poOku 300paxeHpb 3 BUkopuctanHsiM HM T2, sxa Bximouae G0k
3MeHIeHHs tumy. Tooto, HM tuny 1 oTpumyeThCs 3 BUXIIHUX JaHUX TUIY 2 — HOBA CKJIa/IHa
orieparlisi Ha3UBA€ETHCS CKOPOUCHHSM THUITY.

InedassidikaTop Buxia HM
HiITKMIA T
— & 53T HETOR mny_2
BXI1, 'l'
SMeHbLUIeHH A BHKI,EI' HM
npasmna oy ﬂ-r v 1
3
L . . |BMEBEedeHHA
BXIQHI HEYITKI EMXIOHT HEeUITKI
MHIHEMHA MHO M HM

Puc. — 1 Cxema 00po0ku 300pakeHb 3 BUKOPUCTAHHAM HEYiTKMX MHOKMH THILY 2
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Ha puc. 2 a, 6 mHaBegeHo rpadiuamii 06paz HM tumy 11 tumy 2, BignosigHo. OcTaHHS
XapaKTePU3YEThCS BEPXHBOIO 1 HUKHBOIO MEXKaMH, KOXKHY 3 skux Bu3Hadae OH tumy 1.

-]
. ] ] .
SR T —
0 " : ‘

[
]
A
]
]
]

b Puarry geie) » oo rod)

a) 6)
Puc. - 2 I'padik HewiTKiX QyHKLiH HAJIEIKHOCTI: a) MHOKUHA TUILY_1; 0) MHOKHMHA TUILY 2

BucnoBku. @DyHkuii HalexXHOCTI TUMy 2  JO3BOJISAIOTH  BUKOHATH  OOJIK
HEBU3HAYEHOCTI, TOB'A3aHUN 3 BIACYTHICTIO TOYHUX 3HAHb TNPO BHUXIAHI JaHI, CHUCTEM
(dopMyBaHHS, a TAKO’K HEBU3HAUCHOCTEH, 3aKJIaJCHUX B aJITOPUTMAX;

criocid mepexomy 1m0 (YHKIIT HAJIEKHOCTI THUIY 2 POOUTH ICTOTHHWH BIUIMB Ha
YYyTJIMBICTh CErMEHTAIli].

[1] Wu Haoyang, Wu Yuyuan, Luo Jinping An Interval Type-2 Fuzzy Rough Set Model for
Attribute Reduction. IEEE Transactions on Fuzzy Systems. 2009. - V. 17, Issue 2. -
P. 301 - 315.

[2] Axmermmmna JI., EropoB A. CermeHTtaiusi c1abOKOHTPACTHBIX M300paKEHU Ha OCHOBE
Heu€TKoCTH BTOporo nopsaka. Cucmemnwvie mexnonocuu. 2019. Ne 1 (120). - C. 10 — 20.

[3] L. Akhmetshina, A. Yegorov. Low-Contrast Image Segmentation by using of the Type-2
Fuzzy Clustering Based on the Membership Function Statistical Characteristics /
International Scientific Conference Lecture Notes in Computational Intelligence and
Decision Making. AISC, - v. 1020. pp 689-700.

FUZZY TYPE_2 SETS IN THE PROBLEM OF
SEGMENTATION OF LOW-CONTRAST IMAGES

L. Ahmetshina, O. Knysh
Oles Honchar Dnipro National University
intdnp@gmail.com

The report provides an example of the difference between fuzzy sets of the first and
second type. It has been proven that using the membership function type 2 has a significant
effect on the sensitivity of segmentation.
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3ABAJIOCTIMKICTH NPOLUEAYP AYTEHTU®IKALIIL
ABOHEHTIB Y CUCTEMAX IU®POBOI'O MOBIJIBHOI'O
3B’A3KY

b. I'ynbko, B. KopunHcbknii

J[Hinposcoxuil nayionaneruil yHieepcumem imeni Onecs I onuapa
korchins50k@i.ua

Bracnigok cBo6oau gocTymy 110 panioedipy cucreMu 0e3MpoBiTHOTO 3B 3Ky ypa3IuBi
II0JI0  HECAHKI[IOHOBAHOTO JOCTyNy A0 iHdopmarlii, o nepenaeTbes, Ta cnpod oOMaHy
TEJIEKOMYHIKAIIifHOT CHCTeMH Ta a0OHEHTIB. BHACIJOK IIbOTO CTAHIAPTH CUCTEM MOOITLHOTO
3B’SI3Ky Tepea0dadaroTh PIi3HOMAHITHI MEXaHI3MH 3aXUCTy IHTEpPECIB CaHKI[IOHOBAaHUX
KOpUCTYBaviB Ta camoi Mepexi. Jlo Takux MexaHi3MiB Haiexarb IMU(PPYBaHHS JaHUX Ta
ayrentudikamii kopucryBauiB Mepexi [1]. Jlama pobGora mpucBsueHa mpoOieMi
ayTeHTH(DiKanii KOPUCTYBaYiB CUCTEM MOOITTHBHOTO 3B’ SI3KY.

OcHoBHMM cmocoOOM ayTeHTH}iKalii € yBeIeHHS Ha MepenaBajlbHIl CTOPOHI Yy
MOBIAOMJICHHS JTOJIATKOBOTO XeII-KoAy (IMITOBCTaBKH, HailkecTy moBimomienHs) [2, 3],
OpUuOMy Ui 30UIbLICHHS JOCTOBIPHOCTI ayTeHTH(]iKallli pEeKOMEHI0BAaHO 3A1MCHIOBATH
mmdpyBaHHS IMITOBCTaBKH 3a poTokoioM RSA [1].

Taxkwuii crioci6 ayreHTH(IKALT Mae CyTTEBE 0OMEKEHHS: HEBIIOBIAHICTh IMITOBCTaBKU
Ha pUIMaTLHOMY OO0Ili MOKe OyTH 3yMOBJICHA HE JIUIIC CBIJIOMOIO 3MIiHOIO ITOBIJOMJICHHS, &
i 3aBajjamM, SIKi HEMHHYYe MIPUCYTHI y KaHaJl NepelaBaHHs JaHHX.

VY naniit poOoTi 3iiCHEHO TOCITIPKEHHS €(DEKTUBHOCTI HU3KH METO/IiB 3aBaIOCTIHKOTO
KOJYBaHHS TIOBIJIOMJICHb, CYNPOBO/UKYBAHHX IMITOBCTaBKaMH, WIOJO0 ii JOCTOBIPHOCTI
BIJIIIOBITHOCTI ITOBIJTOMJIEHHIO.

3aBajsioCTiiike  KOAYBaHHS  IOBIIOMJIEHb, CYIPOBODKYBAaHHUX  IMITOBCTaBKOIO,
3/11iICHIOBANIOCS] OTOKOBUMH ITUKIIYHUMHU Ta 3TOPTKOBUMH KOJAMU 3 PI3HUMH T'€HEPATOPHUMHU

HOJIIHOMaMH.
3a pe3yabTaTaMH UYUCIEHHUX OOYMCIIOBAIBHUX EKCIEPUMEHTIB OTpHUMAaH1 HACTYIHI
pe3yJIbTaTH.

1. 3a BUKOpHCTAaHHS 3aBaJIOCTINKUX IIUKIIIYHUX KOJIIB 3 JJOBXHHOIO 1HPOPMAIIIITHOTO OJI0KY
8 0iTiB (HallOUIBII MomMpeHud (opMar neperaBaHHs JaHUX Yy HUPPOBUX CHUCTEMAax
3B’SI3Ky) 3 PI3HUMHU KOJOBMMM T€HEpaTopaMM Ta BHUKOPUCTAHHSM JBOMO3ULIMHOT
¢a30oBoi MaHIMynALIi 3a BIJHOUIEHHS «CUTHAI/IIyM» Yy KaHall IepeJaBaHHS,
nouynHarouu 3 2.5 1b, MoBi1OMIIEHHS IPUIMaeThCs 6€3 MOMHIIOK.

2. 3a TUX K€ BHXIIHMX YMOB IpH MiHIMaIbHI YacTOTHIN MaHIMynsALii CUTHATY
nepefaBaHHs JIaHUX T[TOBIJIOMJICHHS TPUHAMAETHCS OE3MOMUIIKOBO 3a BITHOIICHHS
«CHUTHAJ/TITyM» TTourHaro4u 3 2.7 1b.

3. Ilpm 3ropTkoBOMY KOAyBaHHI 31 crymeHeMm 1/2 Ta ¢a30Biii MOIyNSAIii CHTHATY
MOB1IOMJICHHSI IPUIIMA€ETHCSI O€3MOMHMIIKOBO IMOUYMHAIOYHM 3 BiJJHOIIEHHS «CUTHAJ/IIIYM»
1.7 nb. Ilpu 3ropTkoBOMY KOAYBaHHI 31 cTyneHeM 1/3 0e3mOMMIIKOBUH mpuiioMm
pearizyeThesl MOYMHAIOYY 3 BIHOMIEHHS «CUTHAJ/IIyM», 10 nopiBHIoe 0.5 1b 3a ¢ga3oBoi
Ta MIHIMQJIbHOT YaCTOTHOI MOTYJIAIIT CUTHAITY.

IIpn nocnimxeHHI €QEeKTUBHOCTI 3TOPTKOBOrO KOJAyBaHHS Oylid BHUKOPHUCTaHI YcCi
ONTUMAJIBHI KOJIM 3 MAJIOIO JOBKHHOIO KOJIOBOTO OOMEKEHHS 31 CTyleHeM KoayBaHHs 1/2 Ta
1/3 3 reneparopamu, HaBeleHMMH B [3], mpuyoMy OyJI0 BHSABIEHO CIAOKy 3aJIEXKHICTh
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TPAaHWYHOTO 3HAYEHHS BIIHOLICHHS «CHTHAJ/IIYM», TMOYMHAIOYM 3 SKOTO YyCi MOMHIJIKH
nepeaBaHHs KOPUTYIOThCSA, Bijl BiJl BEIMYMHU KOJIOBOTO TIPOCBITY.

Kpunrorpadiuna cTifiKiCTh 3aXHCTy IMITOBCTaBKH 3a IpOTOK0JIIoM RSA oriHroBanacs
3a TIOKa3HUKOM

—H(XY)|

)
X) ]

H(X)+H (Y
(

ne H(X), H(Y) - indopmauiiini enrpomnii imitoBcraBku X Ta 1i kpunrorpamu Y 3a
nporokonom RSA; H (X -Y) - cymicha indopmaniiina enrporris.

BcranoBieHo, 1m0 3a BHUKOPUCTAHHS YCIX IUKITIYHUX KOMIB 3 JOBXKHHOIO
iHdopmaniitHux 610kiB 8 6iT 0.88 <r <0.90. [Ipu BUKOPUCTaHHI ONTUMAIBHUX 3TOPTKOBUX
KOZIB cTymeHs 1/2 meii mokasHuk Hanexuth inteppamy [0.77,0.79], a 3i crymenem 1/3 —

inrepsany [0.74,0.76].

PesynpTaT 1aHOTO AOCIHIKEHHS JAIOTh IIJCTABH JUIsI PEKOMEHJAIIi 1M00 BHOOPY
croco0y 3a0e3neueHHs CTIKOCTI 10 3aBaj mpoueayp ayreHTudikaiii aDOHEHTIB y cucTeMax
0e3mpoBiHOro 1UpoBoro 3B’s3ky. Haitbinein edekTuBHE Y 1IbOMY BiJHOILIEHHI 3TrOPTKOBE
3aBaJlOCTiiKe KOAyBaHHsA 3a crynmeHeMm 1/3. PazoM 3 TuM 3a KpUTEpieM MNPaKTUYHOI
KpunrorpadiuHoi CTIHKOCTI 3aXUCTy IMITOBCTaBKM 3a MpPOTOKOJIOM RSA BOHO MeHII
e(eKTUBHE, HIXK 3aBaOCTIHKE KOAYBaHHS IUKIIIHUMH KOJIAMHU.

B mpuknamHomy tuiani BuOip cmocoOy 3aBalloCTIMKOTO KOAYBAaHHS IOBiTOMJICHbB,
CYNPOBO/KYBAHUX IMITOBCTaBKaMH, BUPIIIYETbCA MPIOPUTETHICTIO MHUTAaHb MiHiMi3allil
BiJTHOILICHHSI «CUTHAJI/IIIYM» B KaHaJl NepelaBaHHs JaHUX, TOYUHAIOYH 3 SKOTO YCl MOMHUJIKU
nepegadl KOpUTyrThCs, Ta KpUNITOrpapiyHOl CTIMKOCTI 3aXUCTy JaiIKeCTy NOB1AOMIIEHHS.

[1] Umaros B.I1. Cuctembr moounbHOM cBsizu / B.I1.Mnatos, B.K.Opnos, 1.M.Camoiinos,
B.H.Cmupnos. M.: I'opsuas muaus-Tenexom (2003), 272 c.

[2] UBanoB M.A. Kpunrtorpadpudyeckne METOAbI 3alIMThI HH(OOPMAIUU B KOMITBIOTEPHBIX
cucreMax u cetsax / M.A. UBanos. — M.: KYJIUT-OBPA3 (2001), 364 c.

[3] Cxnsp B. [udposas cBs3b. TeopeTrueckne OCHOBBI M MpaKTHYECKOe MpuUMeHeHue / b.
Cxsip. — M.: Bunssamc (2003) , 1104 c.

NOISE STABILITY OF PROCEDURES FOR SUBSCRIBERS’
AUTHENTIFICATION IN SYSTEMS OF A DIGITAL MOBILE
COMMUNICATION

B. Gunkao, V. Korchinsky
Oles Honchar Dnipro National University
korchins50k@i.ua

Work is devoted to problems of a noise stability of subscribers’ authentification
procedures messages by their transmission in mobile communication systems.
Recommendations concerning application of various methods of noiseproof encoding of digital
signatures are made.
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DESIGN OF 4x4 PATCH ANTENNA ARRAY FOR
MILLIMETER WAVE WIRELESS COMMUNICATION
DEVICES

A. Gnilenko?, S. Plaksin?
0les Honchar Dnipro National University
2Institute of Transport Systems and Technologies of NAS of Ukraine
gnilenko@ua.fm, svp@westa-inter.com

Traditionally used frequency bands for wireless communications no longer provide the
increasing data flow transmitted in real time due to the lack of wide enough bandwidth for those
operating frequencies. It is well known that broad frequency bands can be easily obtained using
higher operating frequencies. That is why the millimeter waves are of great interest as a
spectrum resource which can provide very large bandwidths with ultra-high capacity and very
low latency [1].

The application of millimeter wave bands for wireless mobile devices requires new designs
of antennas for communication systems which can be capable of dynamically steering and
precisely forming the radio beam between mobile-stations and base-stations. In order to obtain
an efficient beam-steerable antenna system for wireless devices, the smaller antennas arranged
as an array can be employed. The best choice for these demands is microstrip patch antennas
[2]. Microstrip antennas are preferably due to compact size, low profile, light weight, low cost
and great conformity. That is why microstrip patch antennas and antenna arrays are widely used
in various ground and satellite communication systems, cellural communication systems, global
position systems, etc.

Millimeter wave frequencies are advantageous for wireless communications because of
higher data transfer rate, wider frequency bandwidth and narrower radiation beam. The main
drawback is severe atmospheric absorption as frequency increases to the range of millimeter
waves. Besides the common tendency of absorption increase at high frequencies, there are local
absorption maximums due to the presence in the air of oxygen molecules at 60 GHz and 118
GHz, and water vapor at 22 GHz and 180 GHz [3]. However, wireless communications may be
possible with minimal losses even at high frequencies if they are located in atmospheric
transparency windows between the local maxima of absorption. Due to higher losses at
millimeter wave frequencies than at lower frequencies new sophisticated antenna designs are
needed to minimize losses and achieve high radiation efficiency. In this report abstract we
present the design of 4x4 patch antenna array optimized for an operating frequency of 85 GHz
which corresponds to the second atmospheric transparency window.

The geometry of the antenna array is shown in Fig. 1. The antenna array has 4x4
configuration of symmetrically fed radiating patches placed on Rogers RT5870 substrate with
permittivity &=2.33 and thickness h=0.127 mm. The array is fed by 100 Q input microstrip
line. The patch antenna array is designed along with its corporate feeding circuit based on
microstrip lines. The feed circuit with the common input is placed on the same side of the
substrate with the radiating patches. This variant of antenna array geometry is advantageous by
its technological simplicity, compact size, light weight, and the high degree of conformity.
However, placing feeding circuit elements on the face side of the antenna array may cause
mutual coupling, surface wave generation, and parasitic radiation which degrade antenna
characteristics. To effectively deliver input power to the patches, impedances of all feeding
circuit elements and the radiating patches have to be matched. Mitered T-junctions with quarter
wavelength microstrip line step transformers are used as power dividers and mitered microstrip
bends are used for circuit packaging. For matching the impedance of feeding microstrip lines
with the input impedance of the patches, the inset feeding technique is involved into the design.
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Fig. 1. Patch antenna array geometry.

The antenna array has been simulated using CST Microwave Studio software package. The
geometry of the antenna array has been optimized for minimum reflection coefficient
magnitude at an operating frequency of 85 GHz. For the optimized antenna array the reflection
coefficient reaches —29 dB with a bandwidth of 3.5 GHz at —10 dB return loss level. The
radiation pattern of the antenna array is shown in Fig. 2 for polar coordinates and 3D view.

180
Theta / Degree vs. dBi

(@ (b)
Fig. 2. Directivity pattern of the antenna array: polar plot (a) and 3D view (b).

As can be seen, the main lobe magnitude is 16 dBi at a direction of 1.0 degree. The side
lobe level is —19.3 dB. The angular width of the directivity pattern at 3 dB level is 28 degree.
The simulation results demonstrate that the proposed antenna array can be effectively applied
as a radiating element of wireless communication devices.

[1] Liu D., Gaucher B., Pfeiffer U., Grzyb J. Advanced Millimeter-Wave Technologies:
Antennas, Packaging and Circuits. New York: John Wiley & Sons Ltd. (2009). 827 p.

[2] Lee K.F., Luk K.M. Microstrip Patch Antennas. London: Imperial College Press. (2011).
524 p.

[3] Altshuler E.E., Marr R.A. A comparison of experimental and theoretical values of
atmospheric absorption at the longer millimeter wavelengths. IEEE Trans. Antennas
Propag. Vol. AP-36, No. 10. (1988). P. 1471 — 1480.
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AITAPATHO-ITPOT'PAMHMUM 3ACIB J1JIS1
ABTOMATHU30BAHOI PEECTPAIII CBITJIOBUX
XAPAKTEPUCTUK

B. Koporkos, O. €jina, /I. YepHeTueHKO
J[Hinposcoxuil nayionanerui yHieepcumem imeni Onecs [ onuapa
kef.dnu@gmail.com

VY cy4acHMX yMOBaxX BaKJIUBY pOJIb BIJITPAarOTh PI3HOMAHITHI JpKepena CBITINA, SKi
3/1aTHI BIUIMBATH HA 31p JIOAUHHU. Taki XapakTEpUCTUKH JIKEpeN SK Ccujla BUIPOMIHIOBAHHS,
CTaOUTBHICTh Ta CHEKTP BUIIPOMIHIOBAHHS BIIYYTHO MPHCKOPIOIOTH BTOMY OKa JIFOJAWHHU Ta
MOJKYTb CYTTE€BO BJIMBATH Ha 3/10pOB’Sl BIIPOJOBK TPUBAJIOTO MEPiony Mii.

Meta pobGoTu — cTBOpeHHs 3aco0y Ui aBTOMATHM30BAaHOI peecTpalii Ta aHalizy
CBITJIOBHX XapaKTEPUCTHK IITYYHHUX JKEPET BUIIPOMIHIOBAHHS, 32 IOTIOMOTOI0 SKOTO MOKHA
MPOBOAMTU BUMIpP, 30epexeHHs Ta 00poOKy mux naHux. B poboti Oyno po3poGieHo
MPUHIIUIIOBY E€JIEKTPUYHY CXEMY IMiJKIIOUEHHS JaTYUKIB 0 MIKPOKOHTPOJEPY Ta MPOTOTHUI
OPUCTPOIO JI BUMIPIOBaHHS CHEKTPY Ta sCKpaBOCTI cBiTia. [ns peecrpamii, oOpoOKw,
30epekeHHsl Ta Bi3yaiizallii XapaKTepUCTUK CBITIOBUX JDKeped po3polieHo BOymoBaHE
nporpaMHe 3a0e3meueHHsT MIKpOKOHTpoJiepa MOBOIO mporpamyBanHs C++ y cepemoBuii
nporpamysarus Arduino.

Jnsa peanizanii Bukopuctano miargopmy Arduino Uno Ha 6a3i MiKpOKOHTpoJjepa
Atmega328P. JInsg awnamizy CHEKTpa CBITJIa BHUKOpPUCTaHO aHamizatop AS7262; nns
BHUMIPIOBaHHS 1HTEHCUBHOCTI BUIPOMiHIOBaHHS — naT4yuk cBitina TCS230; ans BUMiproBaHHS
piBHs (oHOBOro ocBiTieHHs — aaruuk BH1750. Otpumani manni BuBoasThcs Ha LED-
TUCIUIeH, mepenaroThes Ta 30epiratotbes Ha [IK 3a momomororo intepdeiicy UART. s
TECTYBaHHS pOOOTH TPHUCTPOIO CTBOPEHO CTEHIOBY YCTAaHOBKY JUISl IMiAKIIOUEHHS
PI3HOMaHITHUX JDKEpeN IITYYHOTO OCBITICHHS: JIaMIIM HAaKalIOBaHHS, CBITIOMIOAHOI Ta
mroMiHecIieHTHOT 1amit Ta LED-cTpiukw.

J171s KOKHOT'O MITYYHOTO JIXKepelia BUIPOMIHIOBAHHS MTPOBEJICHO CEPiI0 eKCTIEPUMEHTIB
Ta OTPUMaHI JIaHi 3 KOXKHOTO CEeHCOopa, sKi ycepeaHtoBanu Ui 50 3HaueHb. 32 OTPUMAaHUMU
JaHUMH TT0OYTOBaHO CIIEKTPaibHI XapaKTePUCTUKH ATl JOCTIKYBAHUX JHKEPEN OCBITICHHS,
a TaKOK OTpUMaH1 3HaYE€HHS CTaOUIBHOCTI Ta SICKPaBOCT1 BUIIPOMIHIOBAHHS.

HARDWARE AND SOFTWARE TOOL FOR AUTOMATED
REGISTRATION OF LIGHTING CHARACTERISTICS

V. Korotkov, O. Yelina, D. Chernetchenko
Oles Honchar Dnipro National University
kef.dnu@gmail.com

The main purpose of current work was to create a tool for the automated recording of
light characteristics of various artificial sources of light, which can be used to measure, store
and analyze quality of the lighting sources. Prototype of electronic device was created based on
microcontroller platform Arduino UNO and Atmega328P. Integral sensor AS7262 was used
for spectrum analyze, TCS230 used for measuring intensity of the light source and BH1750 for
measuring background light. Electrical schematic of the electronic device was implemented.
The device prototype was validated with aim of developed software tool for spectrum and
brightness of artificial light sources estimation.
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PO3POBKA METO/IIB TUCTAHLIIITHOTO 30H1YBAHHS
OB’CKTIB IO 3HAXOASATHLCS MO3ATY
JIEJEKTPAYHUX NEPEIIKO/

P. Kopunu, JI. ®@inincskuii, B. Marpo

J[Hinposcoxuii nayionanerui yHieepcumem imeni Onecs I onuapa
leonidfil2016@gmail.com

OcTtaHHIM 4acoM MO)KHa CIIOCTEPIraTH IBUAKHI PO3BUTOK TEXHOJIOTIH aBTOMAaTHYHOI
imenTudikamii Ta 300py JaHUX, 30KpeMa B ik cdepi Bemydi mosuiii 3aiimaroTh RFID-
texHouorii. L obmacte cTpiMKO po3muproe cBoi cepr BIUIMBY, y Hamliid KpaiHi HalOUIbII
MOIIMPEHI: TOBApOOOIr Ta CUCTEMHU Oe3meku. Y HaHOJMKYl Yach TEXHOJIOTis OyJe TaKoX
BIIPOBA/KYBATUCH Y BUPOOHUTY Ta COLlialibHY cepy, 30KpemMa I MapKyBaHHS aBTOMOO1IIB.

Meta paHoi pobGoTu — po3poOka Ta TECTyBaHHS EKCIIEPUMEHTAIBbHOI CHCTEMHU
nexinbpkox MiTok Ta RFID - 3unTyBava Ta mpoBeseHa OILiHKAa MOXKJIMBOCTI poOOTH 34nMTyBavya
3 KOMIT'IOTEPOM dYepe3 CTaHAapTHI MOPTH Ta iX po0oTa i3 NPHUKIATHUMH IPOTrpaMami,
nanpukiaag MS EXcel mis 3amau iHBeHTapu3allii NpHIAAiB Ta Pi3HOro pagiodi3sHuHOro
YCTaTKyBaHHS 3arajJbHOTO BUKOPUCTAHHSI.

RFID (aura. Radio Frequency IDentification, pamiouactoTHa izeHTH]IKALIA) — METO
ABTOMATHYHOI 11IeHTH]IKaI] 00'€KTIB, y IKOMY 32 IOTIOMOTOI0 PaIiOCUTHAIIIB 3YUTYIOTHCS 200
3aMUCYIOTHCS JIaHi, 1110 30epiraloThCsl B TaK 3BaHUX TpaHcnoHaepax abo RFID-miTkax.

Bynb-sxa RFID-cucrema ckiIamaeTbes i3 MPUCTPOIO, IO 3UUTYE (3UMTyBaya, pizepa) i
tpancnonaepa (BiH xe RFID-mitka). bigsmricte RFID-miTOK CkiamaeTbes i3 ABOX YacTHH.
[Tepma - inTerpanbaa cxema (IC) mns 36epiranss it 00poOku iHOpMaIlii, MOTyIFOBaHHS T
nemoaynoBanHs paaiodactoTHoro (RF) curnany it neskux inmmx ¢ynkuiid. Jpyra - antena
JUISl IpUiloMy 1 repesiadi CUrHaiy.

Ha puc.1. Mu 6aunmo npuHIMI poboTH po3poOku. /1o ekcriepuMeHTaIbHO KOMIUIEKTY

BXOJIATh IPUCTPI-3UNTyBay, KOMII FOTEP Ta 3 pajio MITKH.
a0OHEHML MEDEX]
aﬁaﬁei/nu MEPEX]
QOOHEHTL MEDEX]

Puc. 1. Biok-cxemMa KOMII’10Tep-34YUTYBa4Y-MiTKa

KoM omep

npuioMo-
nepedabay,

N

com

RS 232

3unTyBady i MiTKa MoOyaoBaHi Ha 6a3i HOBITHIX RISC-MikpokonTpomepiB ¢ipmu Atmel, oo
MarOTh 3Ha4YHI OOYUCITIOBATIbHI MOKIUBOCTI (10 10MI'11), 10 YoTHPHOX 8-OITHHX IIWH BBOIY-
BUBOJY, HU3bKe eHeprocmoxuBanus (2-10 MA, 1,8-5B), Ta BOynosani ALIT i LTATI.

Jy*xe BaxIJIMBUI NMPUCTPIi — TpaHCMITEp, IKUN BIMOBIIAE 3a 3B 30K MK MITKOIO Ta
3uuTyBaueM. BiH Bif3HauaeThcsl OaraTOKaHaJIbHICTTIO, MAJIMMHU €HEpro3aTpaTaMH, HyJIbOBOIO

1V BeeykpaiHcbka HAYKOBO-NIPAKTHYHA KOH(pepeHIIist
«[IEPCIIEKTUBHI HAIIPSIMKH CYYACHOI EJIEKTPOHIKH, IHOOPMAIIMHUX 1
KOMIT'IOTEPHUX CUCTEM» MEICS-2019
27-29 mucromana 2019 p., Auinpo, Ykpaina



144 Cexuisn 111. PATIOTEXHIYHI IPUCTPOI i1 3ACOBH TEJEKOMYHIKAIII|

MPOMDKHOIO YacTOTOIO, a TaKOX 3PYYHICTIO I1HTErpamii, 3aBISKH MIHIMYMY OOB’SI3KH.
MiKpOKOHTpOJUIEp 1 TpaHCHBEp 3B’si3aHi IMOCIIAOBHOIO IMOBHOAYIUIEKCHOIO MHMHOK SPL
MakcumaibHa MBHUAKICTh TIEpeaadi JaHUX TPaHCUBEPA CTAHOBUTD 256K00/.

KoxHi 33¢ (4ac mporpamyeThCs) KepyOUUi MIKpOKOHTPOJLIEP MEepeIae Ha TPAHCHBED
CTPOUKY 13 1IeHTU(DIKATOPOM, SIKUM y CBOIO Uepry ImepeaacTbcs B edip, MepeBIpUBIINA TIPH
[IbOMY HasIBHICTb IIepe/iay iHIIMX MITOK a TAKOX IHIIMX pajionepemkoa. Taka GyHKIis MITKA
HAa3UBAEThCS «AHTUKOIMI31MHOIO». MiTKa MOXKe 3aTpUMyBaTH Iepenady 10 TUX Mip MOKU He
3BUIbHUTBCA e¢ip. [licnst 3akiHUeHHS mepenadi MiTKa MEPEeXOIUTh 10 PEKUMY «CHY» HpHU
SIKOMY BOHa BUKOpucTOBYe juiie 0,1MA.

34uTyBa4 Mae MOCTiIWHE IHKEPEIO CTPyMY, TOMY BiH MOCTIHHO 3HAXOJIUTHCS y PEXKUAMI
MIPOCIYXOBYBaHHs €dipy Ha HasIBHICTb MMaKETHUX Iepead Bij MITOK (iXHIX i1eHTH(IKATOPIB).
OtpumaBiiy i1eHTH(DIKATOP BiJ CBOET MITKM 34MTyBay Nepeiae qani Ha koM 1otep y Excel, a
MakKpoc poOUTH BIJIMOBITHUM 3aKC B IPOTOKOJI1 BUMIPIOBAHb.

MiTka Ta 3unTyBa4 po3MillleH] y CTaHIAPTHUX IJIACTUKOBHUX Kopirycax. Ha 30BHiIIHIH
CTOpOHI 34YMTyBaya 3aKpillUieHa YBEPTh XBHJIbOBA IITUPOBA aHTeHA [1] moBxkwuHOK 17cM, sika
BUTOTOBJICHA 13 CTAJIbHOI CTpyHU. Ha IHMIbOBiM maHem po3MilieHi iHIUKATOPHU MPUCYTHOCTI
AKTUBHHX MITOK y 30H1 IOKPUTTS a TAKOXK 1HIUKATOP *KUBJIECHHs. 3BepXY 3HAXOAUTHCS PO3HIM
JUTs T KTroYeHHs kabento (RS232), BHU3Y pO3HIM VIS i IKIFOUCHHS OJI0KY KHBIICHHSI.

VY 4KOoCTI MPUMIIIEHHS s MIEPEeBIPKH CTIMKOCTI Ta NajibHOCTI 3B’sI3Ky Oyno oOpaHO
onuH i3 kopmyciB JIHY, a came 12 kopmyc, 4 moBepx, Ha SIKOMY KIMHATH PO3MIIEH] 110 OAHIN
JiHII B 2 psiiv, @ MK LIUMU PSAAAMU IPUMIILEHb 3HAXOJUThCS KOPUA0P A0BXHHO0 10 100 M, y
BUTJISIIL Tasiepei A1 BUIBHOTO MOIIUPEHHS €JeKTPOMArHITHUX XBHIIb, TIOAI0HO XBHIICBOTY.

Ha moBepxy B KiMHaTax ycTaTKyBaHHs pO3MillleHE Ha cTojax Ouis cTiH, abo
MOCepe/IMHI KiMHATH, Ha TOojKax mad, abo Ha MOJIKaX CTellaxiB. Y 0ararb0X BHITAJKaX
NpUIaAu-BiIOMBaYl yTBOPIOIOTH CBOEPIAHY BiIOMBHY CTiHKY, BHCOTOIO BiJl 2 10 3 MeTpiB 1
OpI€EHTOBaHI JOBUIBHUM 00Opa3oM Yy mpocropi. Yacto Taki CTIHKM MOXYTh 3HAYHO
NEePEropo’KyBaTu OCHOBHY YaCTHHY €IeKTPOMArHiTHOro MOTOKY IepeaaBaya.

TecryBanns RFID - npuctpoiB npoBoauiaocs HACTYITHUM YHMHOM: piAep MOMIILaIn y
pi3H1 yacTuHU Kopuaopy, a RFID - MiTKM MOCTiIOBHO BCTAHOBIIOBAIM Yy PI3HUX YaCTHHAX
KOPUIOpPY Ta KIMHAT Ha PI3HUX BUCOTAX, Ta MO BCIM IUIONMIMHI KiMHAT. [HOJI MOTripiIeHHS
3B’A3KY IOMIYANOCs SKIIO MITKY PO3MIIIAIM BIPHUTYI 1O MeETalleBUX IOBEPXOHb, a0bo
ycepeaurHi MeTaJeBuX AIuUKIB (1mad). 3arajaoM TeCTyBaHHS MPOUIUIO YCHIIIHO.

[1] Bora H.T., Pe3nukoB I'.b. Autenns! u ycrpoiictBa CBY.— Kues: Briciias mikosa. 1982.
278 c.

DEVELOPMENT OF METHODS OF REMOTE SENSING OF
OBJECTS BEHIND DIELECTRIC OBSTACLES

R. Kornych, L. Filins’kyy, V. Magro
Oles Honchar Dnipro National University
leonidfil2016@gmail.com

This paper describes the development and testing of an experimental system with many
labels and an RFID reader, evaluates the ability of a reader to work with a computer through
standard port, and how this work with MS Excel for inventory tasks of various radio and
physical devices.
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YACOBI XAPAKTEPUCTHUKU TEJETPA®IKY
BATATOKAHAJIBHUX CUCTEM HU®POBOI'O 3B’A3KY

I. Kozaps, B. KopunHcbkuii

J[Hinposcoxuil nayionaneruil yHieepcumem imeni Onecs I onuapa
korchins50k@i.ua

Tpanumiiiauil croci6 aHami3zy OararokaHaJbHUX TelekoMyHikariiiHux cucteM (BTC)
0a3yeThca Ha BU3HAUCHHI IXHBOI BIIHOCHOT MPOMYCKHOI 37JaTHOCTI Y CTAI[lOHAPHOMY PEXUMIi
nepeaBaHHsl MaKeTiB MOBiJOMIIEHb. [Ipy IbOMY I03a yBarow 3ajHIIA€ThC TUHAMIKA
BCTAHOBJICHHS TAKOT'O PEKUMY, 1[0 YHEMOXKIIMBIIIOE aHAJII3 YaCOBUX XapaKTEPUCTHUK Iepeaadi
JaHUX.

VY npaniii poOOTI BHM3HAYEHI 3aJIEKHOCTI BiJ uYacy HMOBIpPHOCTI 0OCIyroBYBaHHS
OpIVHAPHUX IOTOKIB MOBiJOMIIEHb O€3 micisaAll y OaraTokaHaJbHUX CHUCTEMax IHU(PPOBOTO
3B’s3Ky. Ha 1ili 0CHOBI BCTAaHOBJICHI YacOBi 3aJ€KHOCTI TOKAa3HHUKA SKOCTI 0OCITYrOBYBaHHS
(QoS) Ta BU3HaYEHI IHTEPBAJIM YacCy, MIPOTATOM SIKUX BCTAHOBIIIOETHCS CTAL[IOHAPHUX PEXKUM
nepeaaBaHHsl.

Sk Bigomo, ¢yskiionyBanHs BTC npu myacCOHIBCBKOMY CTaTUCTUYHOMY PO3MOALII
BX1/IHUX TIOB1IOMJICHb OTIMCYETHCS CUCTEMOIO piBHSIHBb KonMoroposa Burisiay [ 1]

dpg
—=-1 + ,
at Po+4- Pt
dpx _ v
T_—(}wn-k)‘ P +A-P_g+u-(k+1)- pgyq g k=1, N -1, (1)
dpy
— X -y +A- 1,
at H-PN PN-1
e p; - AMOBIpHiCTH 3aifHATOCTI | KaHamiB; N — KUIBKICTH KaHaliB; A - IHTCHCHBHICTh

HAJXO/KEHHS TIOBIIOMJICHD; M - IHTEHCHBHICTH OOCITYTOBYBAHHSI MOBIJOMIICHb.
YacoBa 3aJIeKHICTh BIIHOCHOI IPOITYCKHOI 3JaTHOCTI (MMOBIPHOCTI 00CITyrOBYBaHHSI)
N-kananeroi BTC mae Burnsan ITy (t) =1— py (t). li cramionapue 3HauenHs gopisHioe [2]

N
(craw) _, o 1
ITy =1 TN K )
k!

k=0

ne a =A/u - tpadixk.
Y pe3ynbTaTi 4McIOBOrO po3’s3aHHA CUCTEMH PiBHAHB (1) 3 IOYATKOBMMH yMOBaMH
Po(0)=1, pc(0)=0mpu k=1, N oTpuMaHi 9YacOBi 3aJEKHOCTI BIJHOCHOi MPOIYCKHOI

sparHocti BTC Iy (t), B rpadiunoMy BUIIIAII MOJaHi Ha pucyHKax 1, 2.
Ha pucynky | nHaBezmeno samexuicts Iy (t), Ha pucyrky 2 — sanexHicts ITjg (t)

(cyuinbHi KpuBi — Tpadik 22 epiaHra, MyHKTUPHI KpuBi — Tpadik 20 epiaHriB).
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3a3HauMMO, 1110 3HAYECHHS CTAI[lOHAPHHUX PiBHIB BITHOCHUX IMPOITYCKHUX 3/1aTHOCTEH 3
BHCOKOIO TOYHICTIO 301ratl0ThCs 3 BA3HAYECHUMH 32 BUPa3oM (2).

Sx BUIIMBAaE 3 HABEACHUX 3aJCKHOCTEH, CTaOuTi3aIisl BIAHOCHUX MPOITYCKHUX
3aTHOCTEH peali3yeThcs 3a PI3HUX 3aTPUMOK CTOCOBHO MouaTKy ¢yHkmioHyBaHHS BTC,
NpUYOMY BEIMYMHA 3aTPUMKH 30UTBIITYETHCS MTpH 301IbIIeHH] TpadiKy.

[lopiBHSUTBHUI aHAi3 OTPUMAaHUX 3aJEKHOCTEH CBITYUTH TAKOXK MPO 3MEHIICHHS
3aTpUMKH CTabimi3alii piBHSA BIAHOCHOI NMPOIYCKHOI 3AAaTHOCTI MpPU 3MEHIIEHHI KiTBKOCTI
kanaiiB bTC.

YacoBa 3anexHIicTh nmokazHuka QoS (HMOBIPHICTb BIAXWUJICHHS BUKIUKY BHACIIIOK
3aiiHATOCTi ycix kHaniB BTC) nopiBuioe py (t) i Moxe GyTH JIerko oTpuMaHa i3 3aleXKHOCTEH,

MOJIaHUX Ha pUCYHKax 1, 2.
Pesynbratu nanoi po6otu MoxyTh OyTH y3araabHeHi crocoBHO BTC 3 Oydepusariiero
(uepramu) MOBIJIOMJIEHb.

[1] HenamoBuu .M. MeTomonoruyeckue acheKThl 3KCIEPTH3bl TEICKOMMYHHUKAIMOHHBIX
npoekToB. M.: I'opsiuas nunus — Tenexom. (2008), 280 c.

[2] KpbuioB B.B., Camoxsanosa C.C. Teopust tenerpaduka u ee npunoxenus. CI16.: BXB-
[TerepOypr. (2005), 288 c.

TIME TRANSFER CHARACTERISTICS OF SIGNALS IN
MULTICHANNEL SYSTEMS OF DIGITAL
COMMUNICATION

I. Kozar, V. Korchinsky
Oles Honchar Dnipro National University
korchins50k@i.ua

Time dependences of service probability in ordinary streams of transacts in digital
communication multichannel systems are defined. Time dependences of index QoS are
established and time intervals during which the stationary transmission mode is realized are
defined also.
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MAJIOTABAPUTHUHN CEUCMIYHUA TPUCTPINA 1151
BUSIBJIEHHSI PYXY JIIOIUHU

II. ®acruxkoBcbkuii, M. I'naydoepman
Hasuanvno-naykoso-eupoonuuutl yenmp
Ooecvkoeo HayionanbHoeo yHigepcumemy imeni 1.1 Meunuxosa
fpp@te.net.ua

Ceiicmiuni 3aco0u BusiBaeHHs (C3B) BimHOCATBCS 1O 3ac00iB NMAaCHBHOTO THITY 1
BHACIIIZIOK IIbOT'O MAIOTh PsiJ TIEpeBar: CKPUTHICTh, HU3bKE €HEPTOCIIOKUBAHHS, TUIOIIAAKOBA
30Ha BusiBNieHHS. [Ipu moOymoBi C3B, 1110 MIBUIKO pO3rOpTYIOTHCS, 3a3BUYall BAKOPHCTOBYIOTh
C3B 3 ToukoBUMH uyyTIMBHMHU eneMeHTamu. Taki C3B MawTh y cBoeMy CKIaji: 4yTJIMBI
€JIEMEHTH TE€HEpPAaTOPHOro THUIy - TeopoHH abo I1’€30€]EeKTPUUYHI MEepeTBOpIOBayl, LIO
npUiMaroTh CEHCMIUHI KOJIMBAHHS IPYHTY Ta NEPETBOPIOIOTH iX Y €NEKTPUYHUNA CUTHAI; OJIOK
00pOOKH CEHCMIYHMX CHUTHAJIB, IO JO3BOJISE 3IHCHIOBATH CEJICKIIII0 KOPUCHUX CHTHAIIB BiJ
MEePEIIKO/I Ta KJIacu(iKaIliio 3a MPUHIIMIIOM <«JTI0JIMHA — TeXHIKa»; palioKaHall, 10 3IHCHIOE
nepeaady MOBIIOMIICHHS PO BUSBJICHHS 00’ekTy y 30HI nii C3B 10 meHTpy ympaBiiHHS.
Po3pobka Ta BuroroBnenHs Takux C3B mae Benmuke 3HaueHHS SK IS LUIEH OXOPOHH
[UBLUIBHUX 1 BINCHKOBHX 00’ €KTIB, TaK 1 4711 PO3BiAyBalIbHO-CUTHaMI3aliiHuX 1ijeil. B HHBI]
OHY po3pobinsieTbes ManorabapuTHU aBTOHOMHUE ToukoBmii C3B. Pesynbpraté po3poOku
CEMCMIYHOIO MPUCTPOIO CTOCOBHO BUSIBJICHHS PYXY JIFOJIMHU HAaBEACHO Y J1aH1i poOoTi.

CelicmiuHUI NPUCTPIM CKIIala€Thes 3 IBOX YAaCTHH: CEHCMIUHOIO MEpeTBOpIOBaya Ta
KOHTpoJiepa 0OpoOKM ceiicMiuHOro curHaiy. J[Kepemo XUBJIEHHS — JIBI OaTapeiku TUITy
«A Ay, abo nitieBa Oatapeiika yu akymyssTop. [Ipu BubGopi Tuimy ceiicMi4YHOTO mepeTBOproBaya
JUISL TIPUCTPOIO BPAXOBYBAIUCH TaKi MOTO XapaKTEPUCTHKH, SIKi OW 3aI0BOJNBHSIN BUMOTaM
po3poOku. lle Hacammepen BiJICYTHICTh €HEPTOKMBJICHHS, BHCOKA YYTJIUBICTh, YaCTOTHA
XapakTepucTHka Bijg 2-3 I'1, cTIKICTh /10 30BHILIHIX A1F04UX (PAKTOPIB Ta MaorabapUTHICTb.
VYciM UM BUMOTraM BiAMOBIAAIOTH MEPETBOPIOBAUl T€HEPATOPHOTO TUITY 1 OLIBIN 3a BCE -
n'e30e1eKTpUyuHi  BiOpomeperBoproBadi. IlopiBHSHO 3 reooHaMH BOHHM JIO3BOJISIIOTH
peecTpyBaTH CEMCMIYHI KOJMBaHHSA 3 OUIbII HH3KOI 4YacTororo. KoHTponep o0poOku
CelCMOCUTHAITY BUKOHYE (UTbTpaIlito, MiACHICHHS, 00poOKY 1 aHaJl13 CEHCMOCUTHAITY Ta BUJAE
BIJITIOBIJTHO pe3yJbTaTy aHali3y CUTHaJl JIOTIYHOTO HYJS YW JIOTIYHOI OAMHUII (BUSBJICHHS
00’exty). Ilpu BHOOpPi1 HOro eneMeHTHOi 0a3u, OCOOJMBO MIKPOCXEM, BPAXOBYBAIOCH iX
eHeprocmnoxuBanHs. ToMy BUkopuctascs Mikpomporecop dipmu "Microchip", sikuit 103B0IIsB
NpaIOBaTH CEHCMIYHOMY TMPHUCTPOI0 Yy pEeXKHMMax OYiKyBaHHS Ta pO3IMI3HABaHHS 3a
PpO3p00IIEHOIO TPOTPAMMOI0 3 MAJIUM €HEPTrOKUBIIEHHAM. BXiIHUI CeHCMIUYHUNM CUTHAM MICIIS
CEeJIEKTUBHOIO TMIJICHJIIOBaYa TOCTYNaB  HA aHAJIOrOBO - IM(POBHI mepeTBOproBay
MIKpoIiporiecopa 1 manai oOpoOsiBes y BIAMOBIIHOCTI 10 3amaHoi mporpamu. Ludpysans
BXIJTHOTO aHAJOrOBOTO CHUTHaNy BimOyBanocs 3 uvactoTtoro 2 kI KonTponep o06poOku
ceificMocHUTHaITy Ta ceCMOIIepeTBOPIOBAY 3'€/JHAHI EKPaHOBAaHUM KabeneMm.

ExcniepumeHTanbHi JOCITIHKEHHS, 0 TPOBOJMINCH Ha CTETIOBUX I'PYHTAX, JO3BOJIFITH
BCTAHOBUTH Take. 3a BIJCYTHOCTI pPyXoMOro oOO'€KTy Ha BHXOJI IH'€30€JE€KTPHUYHOTO
nepeTBOproBaya OysIu MPUCYTHI BUNIAIKOBI CUTHAH (ceiicMivHi mrymu). Lli mrymu Hakmananucs
Ha CUTHAJIM, 1[0 BUHUKAJH TTi]1 9ac pyxy JroauHu. CHrHAI BiJl IEPEIIKOAN BiJJOKPEMITIOBABCS
32 3HAUEHHSM EJEKTPUYHOTO MOPOry, MPHUUOMY MOpPIT - AAaNTUBHUM, L0 3alEKUTh BiJ
IIyMOBO1 OOCTaHOBKH y MOMEHT BHMIpIOBaHHS. PiB€Hb IOpOTY BHCTaBISIBCS 3a 3aaHUM
NIEpEBEPIICHHSM HaJl yCepeIHEHUM piBHEM mymy. s celiCMOCHTHANIB BiJ JIFOAWHU, sIKa
PYXa€ThCs, BIACTUBHUNA NMEPIOAMYHUM OIMONSApHUN IMIYIbCHUN XapaKTep Y BUTJISAAL MAKeTiB, 3
HapOCTaHHSIM OOBIJHOI MOCIIZOBHOCTI IMIYJIbCIB MPH MPOXOIKEHH1 JIOAWHU Y HAIPSIMKY
npuctpoto (puc. 1). TpuBanicTs KX IMIYJIBCIB 3aj1eXalia Bijl 6araTboX mapameTpiB HaBiTh JUIS
OJTHOTO THUIY IPYHTY: SIKOCTI KOHTAKTy B3YTTs 3 IPYHTOM, BiJICTaHi /10 JIFOJUHH, IIBUJIKOCTI
XOMIHHS, MacH TroauHu 1 ckiragaina Big 100 go 250 mc.
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Puc. 1. Ceiicmorpama Bix JIIOAMHY, IO PYXA€THCS1 Y HANPSIMKY NPHCTPOIO.

[lepioa chigyBaHHS IMITY/IbCIB (IIAariB JIOAWMHU) B 3aJ€KHOCTI BiJ MIBHAKOCTI PyXY
JTIOOUHU cKiagaB y cepennbomy 0.25 c€...1,5 c¢. ng curHamiB y 3araabHOMY BUTIISII
XapaKTepHi CIIEKTPH 31 cMyToro npubdau3Ho Bix 2 1o 100 'y Ha BigcTani go 20 m. Li pesynbratu
30irafoThcsl 3 pe3yabTaTaMd IHIIMX aBTOPIB Ta Oynu oOpaHi y SKOCTI 1H(OPMATHBHUX
napameTpiB. [ OLIHKY MEepiOJUYHOCTI CUTHATY BUKOPHCTOBYBAIUCH KOPETSAIIAHI METOIH.
Po3mi3HaBaHHs JIOAMHU TO 11 celicMoiMImynbcax 0a3yeThCsl Ha BH3HAUYECHHI HaBEACHUX
nmapamMeTpiB 3 aHajily CEHCMOCHTHAIY 3 MOCHIAYIOUMM MPHUHATTSAM UM HE TPUHHATTAM
MO3UTUBHOTO PpIllIEHHS MPH KUIBKOCTI XapaKTepHUX TOCTIAOBHUX IMOynsciB N > 3.
3anponoHOBaHUN MPUHIIUIT AITOPUTMY BUSBJIICHHS JIIOAMHU 3aXHUIIAE 70 TOTO 3K CUCTEMY Bij
XHUOHUX CHpalbOBYBaHb, HANPHUKIA[, BiJl PAa30BHX Ta HEMEPIOJUYHUX CEHCMOAKYCTHYHHX
iMITynbCiB. 715t 3MEHIIIEHHS TOMUJIKOBHX CIIPAIlbOBYBaHb MIPUCTPOIO HA BIIMIHY BiJ BITOMHX
NPUCTPOIB 70 aIrOPUTMY JOAATKOBO BBOJWINCS KpUTepii BimOOpy, IO TOB’s3aHi 3
OCOOJIMBOCTSIMU PYXy CEPEIHIX Ta BEIMKHX TBAapWH. BIpOrigHICTh KOPEKTHOTO BUSBICHHS
JIOJMHY Y MIPUCYTHOCTI Pi3HUX MEPEUIKO CEHCMIYHOTO IMIYILCHOTO XapaKkTepy CKJaiae He
men1 0,9 Ha Biactansx a0 40 M. Po3pobienuit npucTpiii € aBTOHOMHUIN 1 MOKE IpalfoBaTH
Bil MajorabapuTHOTrO JKepelia TMOCTIHHOTO CTpyMy 3 Hampyror 3 B He MeHII miBpOKY.
EneprocnioxxuBanns He nepepunrye 10 MBt B pexxumi posmizHaBanHs Tta 0,3 MBT y pesxxnmi
ouikyBaHHs. Bara npuctporo He nepesepinye 0,2 kr, mo 3a0e3neyye HOro HEMOMITHICTh Ha
MICIIEBOCTI HaBiTh 0e3 3akomyBaHHs y IpyHT. Cepen C3B ananoriuHoro po3mipy po3po0iaeHuit
MPUCTPii Mae HallKpallli mapaMeTpH. 110 103BOJISIE HOMY 3 YCIIIXOM BUKOPUCTOBYBATHUCS SIK JUISI
PO3BiAyBaTbHO-CUTHATI3AIMHNUX IIIeH, TaK 1 IS OXOPOHM PI3HUX IUBUIBHHUX 1 BICHBKOBHX
00’€KTIB.

COMPACT SEISMIC DEVICE FOR HUMAN MOVEMENT
DETECTION

P. Fastykovsky, M. Glauberman
Training, Scientific and Production Centre
of Odessa I.1.Mechnikov National University
fpp@te.net.ua

The report presents the results of the development and research of a compact
autonomous seismic device for the detection and recognition of moving on the ground person.
The device design, seismic transducer, and controller of seismic signal processing, as well as
characteristics of seismic signals from moving person and its recognition algorithm are
presented. As the tests showed, the developed device has the best parameters in comparison
with analogues, which allows it to be successfully used both for reconnaissance purposes, and
for the protection of various objects.
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BIIVYIUB TEMIIEPATYPHU HABKO/IUMIITHbBOI'O
CEPEJOBHUIIA HA TAPAMETPHU BIKOHIYHOI'O
PE3OHATOPA

. Monadgeii, /1. CanTukon
J[Hinposcokuii nayionanerui yHieepcumem imeni Onecs [ onuapa
dimapodafey@gmail.com

OnuHovHI Ta 3B'SI3aHI OMKOHIYHI PE30HATOPU AKTUBHO BHKOPUCTOBYIOTHCS B SIKOCTI
BUMIPIOBAJIbHUX JATYMKIB JUIsI BU3HAYCHHS NapaMeTpiB MAieJIeKTpU4HUX MatepiamiB [1,2].
3a3Buyali BBAKAETHCSA, IO BIUIMB 30BHINIHIX (AKTOPiB, TaKUX SK 3MiHA TeMIlepaTypu i
BOJIOTOCT1 HAaBKOJIUIITHBOTO CEPEIOBUIIA HE3HAYHUM, KPIM TOT'0, HOr0o MOXKHA MiHIMI3yBaTH 3a
JIOTIOMOTOI0 TEPMOCTATUYHOT0 oOnagHanHa. OIHAK, 3aCTOCYBaHHS TEPMOCTATIB HE 3aBXKIU
MOJKJIMBO, a00 BUIPABIAaHO EKOHOMIYHO. Y 1bOMY BHIAJKy 3HAHHS CTYHCHIO BILIUBY
HaBKOJIMIIIHBOTO CEPEIOBUIIA HA XapaKTEPUCTUKU PE30HATOpa HEOOXiJTHO IS BpaxyBaHHS
NOXMOOK, BHUKIMKAHUX 3MIiHOIO MapaMeTpiB HABKOJHUIIHBOTO CEpPEIOBHINA HA TOYHICTH
BHMIPIOBAaHHSI TApaMETPiB JIICTIEKTPHUKIB.

B poGotri mpoBeneHO 4YHCETbHE MOJETIOBAaHHA OIKOHIYHOTO pe3oHaTtopa. s
MiATBEPKEHHS Pe3yabTaTiB 0OUMCIeHb TPOBECHI eKCIIEPUMEHTANbHI JOCTIIX)KEHHS BILUIUBY
TEeMIEpaTypy HABKOJIUIITHBOTO CEPEIOBUIIA HA PE30HAHCHY YaCTOTY OIKOHIYHOT'O PE30HATOpA.
Jliss mpoBeieHHsT BUMIPIOBaHb BHKOPHCTOBYBAJIACS CTaHJApTHA BHMIpIOBAIbHA amaparypa:
rerepatop ['4-83 1 ananizatop cnektpy C4-27. JocnimKkyBaHUN pe30HATOP MiJKIIOYABCS 32
CXEMOI0 «HA TIPOXOJDKCHHS», [1aMETPH OTBOpIB 3B'SI3Ky CTaHOBWIM ~ 8,5 M. s
BUMIPIOBAHHSA TEMIIEpaTypy HABKOJIUIIHBOTO CEPEAOBUIA 3aCTOCOBYBABCS IMOOYTOBHIA
CIIUPTOBUI TEPMOMETP.

PesynpTatt eKCHEpUMEHTANBHUX JIOCHIHKCHb TOKa3aJd, 00 M OIKOHIYHOTO
pe3oHaTopa 3 paalycoM y LEHTpasIbHIN 4acTHHI 25 MM 1 MOJOBUHHUM KYTOM IIpH BEpIIMHI
koHyca 30° no0OoBa 3MiHa TeMIlepaTypHu HaBKOJUIIHbOTO cepeporua Big 15,5° C go 18° C
MNPU3BOUTH J0 3MIHM PE30HAHCHOI 4acTOTH Juist KonuBaHHS Hoir Ha ~ 2 MTI'n, 3 9562 MI'n no
9560 MI'1. TouHicTh BUMIpIOBAaHHS 3MIHHM 4acTOTH cTaHOBUIA 61u3bko 0,5 MI'11. JIoGpoTHICTH
pe30HaTOpa MpH HOMY 3aJIUIIaIacs He3MiHHOIO.

[1] Apobaxun O.0., 3a6onotusiii I1.1., Topes H.B., CanteikoB JI.1O. JlaTuniku Ha ocHOBe
6uxonndeckux CBY-pe3oHaTOpoB JUIst KOHTPOJIS TapaMeTPOB AUIIEKTPUKOB. 19-1 Mex.
Kpbimckas koHd. «CBY-texnuka u tenekoM. texHonoruu.» (KpsiMuKo’2009). Mar.
koH(}. (CeBactomoub, 14-18 cenr. 2009). CeBacromnoins: Bebep. (2009). C. 775-776.

[2] Andreev MV, Drobakhin OO, Privalov Ye. N., Saltykov D. Yu. Measurement of Dielectric
Material Properties Using Coupled Biconical Resonators. Telecommunications and Radio
Engineering. Vol. 73. (2014 poky). P. 1017-1032.

THE INFLUENCE OF ENVIRONMENTAL TEMPERATURE
ON THE PARAMETERS OF THE BICONICAL RESONATOR

D. Podafey, D. Saltykov
Oles Honchar Dnipro National University
dimapodafey@gmail.com

The paper is devoted to the study of the influence of environment temperature on the
parameters of a biconical resonator. Numerical modeling and experimental studies have been
carried out. It was found that a daily temperature change of 2.5 degrees leads to a change in the
resonant frequency of biconical resonator by ~ 2 MHz.
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JOCJIIIKEHHA XAPAKTEPUCTHUK BIABUTTSA
TA NIOIVIMHAHHA NIHHUX 3PA3KIB
B OIITUYHOMY JIIAITA30OHI

B. Imutpies, JI. @ininceknii, B. Marpo
Jninposecoxuii hayionanvruti ynieepcumem imeni Onecs I onuapa
leonidfil2016@gmail.com

BuBueHHs mnUTaHb BIAOWTTS 1 NOIVIMHAHHA EJIEKTPOMArHITHOTO BUIIPOMIHIOBaHHS
ONTUYHOTO Jialma30Hy B IMIHHUX CTPYKTypax CTaHOBUTH IHTEpEC K 3 TOYKH 30py Teopil
pO3CitOBaHHS 1 TIEPEHECEHHS BUIPOMIHIOBaHHS cepenoBumaMu [1], ski B 3HA4HIA Mipi
PO3CIIOIOTh 1 MOTJMHAIOTH 1€ BHUIPOMIHIOBAHHSA, TaK 1 IS PI3HUX 3aBAaHb TiIpoQi3UKH,
KOJIOITHOT ONTHUKM 1 TMPaKTHYHUX 3aBJaHb HAPOJHOTO TOCIOAAPCTBA, 1€ ILIHPOKO
BUKOPUCTOBYIOThCS TTHHU.

B naniii po0OTi npuBeAeHI pe3yibTaTH BUMIPIOBAHb CHEKTPAIBHUX XapaKTEPHCTUK
MPOMYyCKaHHS 1 BIAOUTTS MIHHUX CTPYKTYp B yibTpadioneroBoMmy (YD), Bumumomy i
inppayepsonomy (I4) mianazonax: (340 - 390 um, 390 - 770 uM, i 770 - 2400 HM).

Ha puc. 1. 1ana onTuyHa cxema yCTaHOBKH JIJIsl BUBYCHHS IIOTJIMHAHHS CBITJIA B MIHHUX
CTpyKTypax Ha 0a3i ciekTpodoTomerpa, o CKIATAETHCS 3 (OTOMETPHYHOTO Ky 1, Ha sKOMY
3aKpimieHi GOTOMETpUYHI MpHUiiMaul 3a3HauYeHUX Jlana3oHiB, A3epKana 2, pyxoMoi BUX1IHOT
nriymHan 3, chepudHoro a3epkana 4, nmpusMu S5, n3epkana 6, BXiAHOI MUMHU 7. Y SKOCTI
Jokepena cBiTiia 8 BUKopucToByBaiacs kceHoHoBa samma JIKcEJI-1000, sika 3abe3neuyBaia
BUMIPIOBaHHS B 3a3HAYCHUX Jiara30Hax.

SIKIIIO TOMICTUTH BUMIpIOBAaHUH 3pa30K MiHU 9 MicCiIs BX1IHOI IIIIMHH, TO 32 CUTHAJIOM
npuiiMadiB GOTOMETPUIHOTO KYJIi MOXKHA BU3HAYUTH KOS(DIIIEHT MPOITyCKAaHHS 3pa3Ka, a SKIIO0
MOMICTUTH 3pa30K MiHu 10 B BIKHO ()OTOMETPUYHOIO KYJIi, TO 32 CUTHAJIOM NPHUIIMayiB MOXKHA
BHU3HAUUTH Koe]ilieHT BIAOUTTS R 3paska miHu.

/8

f/

9

7
2

Puc. 1. OnTuyHa cxeMa BUMipIOBaJIbHOI YCTAHOBKH
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Koedirmient BinouTTs R 3paska Bu3zHagaeThes 3a Gopmysnoro

R=n,—ny /N, — Ny )

X

Jle Nx - BeIMYMHA CHUTHATY, OTPUMaHa IPH BIAOWUTTI MAJar0yoro Imydyka CBITIA Bif
3pa3ka IMiHH, PO3MILICHOTO Yy BiKHI (DOTOMETPUYHOrO Kyii; Nigo - BEIUYMHA CUTHAIY, IO
OTPUMYETHCS TIPH TAJiHHI Ty4YKa CBITJIa BCEPEIUHY Kyii; No- BEJIMYMHA CHTHAITY, IO
OTPUMYETHCS B pa3i BUXOAY IydKa CBITJIa 4epe3 BIKHO 3 KYIIi.

[lepecyBaroun BHXiJHY WIUJMHY 3 1O pPO3rOPHYTOMY B TIPOCTOPI CIEKTPY
BUIIPOMIHIOBAHHS, TPOBOJUIINCS BUMIPIOBAHHS IS KOXHOI JTOBXHHH XBHJII HEOOXITHHX
BEJIMYMH IS BU3HAYEHHS CIEKTPAJbHUX KoedimieHTiB mpormyckanHs Ti 1 BIgOuTTs Ry
JOCITIJIKYBAaHUX 3pa3KiB MiHM (A€ Ny - MyYOK CBITIIa MEPEKPUTHIA IITOPKOIO).

n, —n

-I—/1 — 12 2 (2)
Ny, —N,
n,—n

R/1 — XA 04 (3)
Nigos = Moy

VY rtabmumi 1 BimoOpaxkeHi JaHI EKCIEPUMEHTAIBHUX JIOCTIDKCHb CICKTPaJIbHUX
KOeQIIi€HTIB MPOIYCKaHHS ) 1 CIEKTpadbHUX KoedimieHTiB BiAOUTTS Ry BOgHUX MIHHHX
CTPYKTYp BUMIpSHUX Ha (iKCOBaHUX NOBXHHAX XBUIb YD, Bugumoro ta [Y nianazoHis.

CrexrpanbHi KoediienTn nporyckanns 1 Bigoutrs [1C Tabmmus 1

A,um | 340 390 440 490 770 | 1050 | 1550 | 2000 | 2400
T 0,24 0,3 03 | 036 | 046 | 045 | 0,12 | 0,05 | 0,15
Ra 0,075 | 0,06 | 0,07 | 0,07 | 0,08 | 0,09 0,1 0,08 | 0,11

JlocipKyBasIucs MiHHI CTPYKTYPH, YTBOPEHI MOBITPSIHO-MEXaHIUHUM criocoOoM 3 25%
BOJIHOTO po34nHY ankuicyiabdary. Kpartnicts minu - 50, cepenniit miametp OynbOamiku 1 mw,
TOBILMHA 3pa3Ka MiHU 16 MM.

[1] Katrok A.®. BBeneHue B TEXHHKY H3MEPEHHH ONTHKO-(H3MUYSCKUX IMapaMEeTPOB
CBETOBOIHEIX cucTeM.-M.:Panno u cBs3p,1987.-188 c.

RESEARCH OF REFLECTION AND ABSORPTION
CHARACTERISTICS BY THE FOAM SAMPLES IN OPTICAL
RANGE

V. Dmytriev, L. Filins’kyy, V. Magro
Oles Honchar Dnipro National University
leonidfil2016@gmail.com

The results of measurements of the spectral characteristics of transmittance and
reflection of foam structures in the ultraviolet (UV), visible and infrared (IR) bands are
presented in this paper.
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KOMIT'FOTEPHA OIITUMIBAIISI XAPAKTEPUCTHUK
JTIEJEKTPUYHOI CTPUKHEBOI AHTEHU IS 3AJTAU
MIKPOXBHUJIBOBOI IHTPOCKOIIII

B. Kapnos, M. Anapees
J[Hinposcoxuii nayionanerui yHieepcumem imeni Onecs I onuapa
vladik karpov97@gmail.com

JlieneKTpruYHi CTPIKHEBI aHTEHU HAJIEXaTh JI0 aHTEH O1KY40i XBUJII 3 YIOBIILHEHOIO
($a30BOI0 MIBHUIKICTIO 1 MaloTh IIUPOKE 3aCTOCYBaHHS Ha MEXl CaHTHUMETPOBOTO 1
JICLIMMETPOBOIO Jliana3oHiB XBWIb B cMy3i wactoT Bix 2 no 12 I'T'm [1-3]. Ilepesaroro
JIETEKTPUYHUX CTPUKHEBUX aHTEH € MPOCTOTAa KOHCTPYKITIT 1 MaJii monepeyuHi po3Mipu. Sk iy
BCIX aHTEH THITY O1Ky40i XBWIII 3 yIMOBUIbHEHOIO (Ha30BOIO MIBUIKICTIO, IX OCOOJIUBICTIO € T€,
110 3BYKEHHS JliarpaMy CIPSMOBAaHOCTI BiTOYBA€ETHCS 32 PaXyHOK 301JIbIIIEHHS HE TIOTIEPEUHUX
pO3MIpiB aHTEHHW, a TMO3JOBXKHIX PO3MIpiB Mpu Majomy mornepedynomy. Lls ocoOmuBicTh
BU3HAYaE iX 3aCTOCYBaHHS, 30KpeMa, B aBlalliiHUX paiioTEXHIYHUX MPUCTPOsiX. [IpoekTyBaHHs
TIENEeKTPUYHOI CTPUXKHEBOI aHTEHU Ta ONTHMI3allis ii XapaKTePUCTUK € TaKOXK HarajlbHOIO
3aa4uero Ui 3a/1a4 MiKpOXBHJIBOBOT IHTPOCKOMIT, /e ii MpakTHYHe BUKOPUCTAHHS MOXe OyTH
JIOCUTh TIEPCTIICKTUBHUM, OCOOJIMBO MTPH BUMIPIOBAaHHI BHECEHOT'O KoedillieHTa BiIOUTTS.

Posrnsiganace MOKIUBICTh KOMITIOTEPHOT ONITUMI3AIlT XapaKTEPUCTHK JieTEKTPUIHOT
CTPWKHEBOT aHTEHHU, 30KpeMa 3ajlaya 3MEHIIEHHs KoedillieHTa BIIOUTTSA y HIMPOKIA cMy3i
pobounx dacTtoT. Iyl BUKOHAHHS KOMI'FOTEPHOI ONTHMi3alii XapakTepUCTUK aHTEHU Oyiio
oOpane mnporpamue cepenosuiie HFSS, B sxomy Oyna cTBopeHa MoOJelb KOHCTPYKIIIT
JeNIeKTPUYHOI CTPWKHEBOI aHTeHHW. Po3risgaBcs BapiaHT KOHCTPYKIIi, B SIKOMY JUIS
e(eKTUBHOTO 30y/KEHHsI CTPH)KHEBA aHTEHA MOEHYBaNIAcs 3 KPYTJIUM XBHIJIEBOAOM.

B sxocti By3na 30yIKEHHSI JOCTII)KYBaHOI KOHCTPYKII pO3IJIAJaBCs KOaKCialbHO-
XBWIEeBOIHUH nepexia. [lepen mpoBeaeHHAM ONTUMI3AL] XapaKTEPUCTUK CTPHXKHEBOT aHTEHH
Oyna BHKOHAaHa ONTUMI3AIlisl MMapaMeTpiB By3jda 30Y/KEHHS 3 METOI 3a0e3MedeHHs
MaKCHMalIbHO MOXIIUBOTO KoedilieHTa rnepenadi B pododiii cMy3i 4acToT. 3a paXyHOK miadopy
ONTUMAIBHOTO PO3TAlTyBaHHS MICIS Ti'€IHAHHS KOAKCIaJbHOTO XBHWJICBOJY Ta IOBXHHHU
30y/KyBaya Oyld OTpUMaHi ONTUMANIbHI XapaKTEepUCTHKH By3sa 30yIKEHHS, NMPH SKUX
Koe(ILIEHT BIAOUTTS 3HUXKYETHCS Maike /10 HYJIBOBOTO pPIBHS, a KOE(ILIEHT mepenadi
HAOIMKYETHCS 10 OJUHUILL.

Jia ontumiszanii Oyna oOpaHa KOHCTPYKLIS JI€JIEKTPUYHOI CTPUIKHEBOI aHTEHU Y
BUTJIAMI UWIIHAPY 3 MAieNeKTpUKa, SKUM Ha 000X KIHISX 3aKiHUyeTbcs KOHycamu. Ha
BUITPOMIHIOIOYOMY KiHIII KOHYC MOKe OyTH yciueHuid. B pe3ynbTari mpoBeieHUX AOCTIIKEHb
0yJ10 BCTAaHOBJIEHO, 1110 HAHOUIBII ONTHUMAJIBHI PO3MIpH JiarpaMu CIIpsIMOBAHOCTI MatOTh Miclie
NP JOBXKHHI JIEJIEKTPUIHOTO CTPKHS 2-3A, 1e A — JOBXHHA XBUIi. Byiio BcTaHOBIIEHO, 110
JUTST 3MEHIIEHHs Koe(illieHTy BiIOUTTS BiJ MOYATKy CTPHIKHSA HEOOXITHO 3aCTOCOBYBATH
y3ro/DKyBaJbHUNM KOHYC 3 goxkuHOr 0.9-1.05A. Jlns 3MmeHmieHHs BiAOWUTTS BiX
BUIIPOMIHIOIOYOTO KiHIIS CTPHIKHS HOT0 HEOOX1THO 3aKiHUYyBaTH YCIYEHUM KOHYCOM, JOBXHHA
sxoro nmopuHHA ckinanatu 0.8-0.95A, a paxiyc 3pizanoi yactuau noBuHEH ckiagaTtu 0.1-0.2A.
[Tpu BUKOpHUCTaHI IIUX ONTUMATBHUX MapaMeTpiB KOe(IIli€HT BIIOUTTS BiJl aHTEHU B Jianla30H1
8.5-10 I'T't He mepeBuntyBas 0.1 (puc.1).

Byna BukoHaHa KOMI'TOTepHa ONTHUMI3aLlis (OPMHU A1€TEKTPUUHOT CTPUIKHEBOT AHTEHH.
byno mnoxa3zaHo, 110 BHUKOPUCTAaHHS CTPUIKHS OXKIBaJIbHOT (OpMHU Ja€ 3Mory e Ouiblie
3MEHIINTH HIUPUHY TOJIOBHOI NETIOCTKH Jliarpamy cupssMoBaHocTi. [Ipu nbomy /Ui OTpuMaHHA
ONTUMAJIFHOTO BUIJISIAY AlarpamMH CIpPsIMOBAHOCTI HEOOX1AHO 3MINIYBAaTH HANOUIBLI MIUPOKY
YAaCTUHY J1€JIEKTPUUYHOTO CTPHIXKHS BiJ KiHIA Kpyrioro xsuiaeBoay Ha 0.1-0.2A.
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B pesynbpTari mpoBedeHHX JIOCHITKEHb OYJIO BCTAHOBJIEHO, IO BUKOPHUCTAHHS
nporpamMHoro cepenouina HFSS mae 3Mory oOYHCITIOBAIBHHM ILISXOM ONTHUMI3YBaTH
XapaKTEPUCTHKH JIIEJEKTPUYHOI CTPUIKHEBOI aHTEHHW 3a/JaHOi KOHCTPYKLIi Ta Oyab-sKoi
JOBUTBHOI (hopmu. B pe3ynbrati Takoi ontuMizarii Oy oTpuMaHi HapaMeTpH JieIeKTPUIHOL
CTPUWKHEBOT aHTEHH, SIKI JAIOTh 3MOTY 3HU3UTH KoedilieHT BiaOuTTs 10 piBHa 0.1 B gocuTh
HIMPOKIN CMy31 YacTOT, 110 3HAYHO MiABHUINYE €PEKTUBHICTh BUKOPUCTAHHS 11i€1 KOHCTPYKIIiT
JUTS 337129 MIKPOXBHIJIBOBOI IHTPOCKOTIIi.

[1] Cazonos, I.M. Autennsl u ycrpoiictBa CBU [Tekcer] / .M. Ca3zonoB. — M.: Beici. mik.,
1988. - 432 c.

[2] Anrenn HBY. [MociOuuk 10 BuBYeHHs Kypcy "AHTeHo-binepHi mpuctpoi” [Tekcr] / M. B.
Anppees [ta in.] — J1.: PBB JIHY, 2008. — 70 c.

[3] Aurennsl. Tom 2. Porxammens K., Kpumke A: Tlep. ¢ mem. — M.: JIMK Tlpecc. — 416c.,
2011.

COMPUTER OPTIMIZATION OF CHARACTERISTICS OF A
DIELECTRIC ROD ANTENNA FOR MICROWAVE
INTROSCOPY PROBLEMS

V. Karpov, M. Andreev
Oles Honchar Dnipro National University
vladik.karpov97@gmail.com

Computer optimization of the characteristics of a dielectric rod antenna operating in the
frequency range 8 to 12 GHz is considered. It was shown that the use of the HFSS software
environment allows the computational manner to optimize the characteristics of a dielectric rod
antenna of a given design and of any arbitrary shape. Optimal dielectric rod antenna parameters
were obtained using which the reflection coefficient in the operating frequency band did not
exceed 0.1. The advantage of ogive form of the dielectric rod antenna has been shown. The
optimized design of the dielectric rod antenna makes it possible to increase the efficiency of
solving microwave introscopy problems.
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TAYCOBA ATTPOKCAMAIISI MPO®LITIO BKP
MIJICWJIEHHS Y BOJOKHI 3 KOMIIEHCOBAHOIO
JUCIEPCICIO

A. Kpyrinb, A. Kopuak, M. Pe3nikos, I'. ®eqnincbknid
Kuiscokuu nayionanvruti ynisepcumem imeni Tapaca llleeuenka
yakov.krutin@gmail.com

OnTuaHe BOJIOKHO 3 KomrieHcoBaHOw aucnepceieto (DCF BookHOo) Oyiio po3polGiene
JUIsL CTaTUYHOTO MPHUAYIICHHS IUCHepcii 1 € OCHOBHMM KOMIIOHEHTOM, SIKHMi 3abe3mneuye
Oaratopa3zoBe 301IbIIEHHS AadbHOCTI mepenadi iHdopmanii. OgHOYACHO BHSBHIIOCH, LIO 1€
BOJIOKHO Ma€ 3HAYHO BHIIMHA KOE(IIEHT MiJCUICHHSA MPH BHUMYIICHOMY KOMOiHamiHHOMY
poscisaai (BKP), ta € edextuBHUM poOouuMm cepemoBuiieM s BojdokoHHHMX BKP
nigcwmnoBadiB (BKPII) cBitna [1]. Onnak nmpodine BKP mincunenns y DCF BomokHi
EKCIEPUMEHTAIBHO CIIOCTEPITaeThes [2] K TyKe CKIaTHUH 1 HeperyasipHUui KOHTUHYYM. Tomy
st npoektyBanHs BKPII, ocobnmBo 3 koH(iryparmi€ero AeKiIbKOX HaKadoK, MOTPiOHI
CHelriasibHi METOOU aHANTHYHOro omucy Ta o0podku mpodinie BKP. Cnexrpockomiuna
TeXHiKa 0araToMoI0BOi JEKOMITO3UIIil Oyna 3ampononoBana B [3] mis anamizy npodinis BKP
B KUIbKOX I1HIIMX THUMaX BOJOKOH. B Hammii poOOTi mpencTaBieHO pe3ylbTaTh raycoBOi
anpokcumaitii nmpodinro BKP migcunenns gr(m) y DCF BosokHi.

@®opmyBanHs TaycoBoi (opmu okpemoi JiHii BKP mincmieHHs oOrpyHTOBYeETHCS
aMmopdHicTIO MaTepially cepleBuHH jaociimkyBaHoro DCF BojokHa, sKa BHKIHKae
CYNEPHO3UINI0 BEIHKOI KUIBKOCTI BY3bKHMX CHEKTPAaJbHUX MaKCUMYMiB 3 HOpPMaJbHUM
PO3IO/IIIOM BUIAIKOBUX 3HAUCHD YaCTOT VISl JIOKATbHUX KOMMBHUX MO [3]. Tomy:

Nm 2
((1) — Q)U‘i)
9r(®) = Grmax Z A; exp T 1z

i=1 L
ne @(w) — amamitnyHa (YHKINS Big 9acTOoTH @, ska € HopMoBaHuM mpodimem BKP
HIJCWIECHHS, Jrmay — MAKCUMalIbHE 3HaYeHHs koedinienta BKP niacunenns; Ny, — KUIbKICTh
KOMIIOHEHT; A; Ta w,;— BUINOBIIHO aMIUITyAa Ta LEHTPalbHAa 4acToOTa i-01 rayccoBoi

= Jrmax * P (W), €Y)

KoMmroHeHTH, [} = Aw;/ (2\/ In 2) ~ 0,6Aw;, ne Aw;- NOBHa IIMpPUHA HA TOJOBHUHI BIJ
MaKCUMYyMY JIJIs [-OT'0 TayCCOBOTO MPOQIITI0, IKY 3BUYaifHO BUKOPUCTOBYIOTh Y CIIEKTPOCKOTIII.

Tabmuns 1. PesyapTatu gekomnosunii mpodimo niacwierns @ (w) y DCF BonokHi [grmax = 3,1 (BT:km)™Y]

Ne Moau Gl | Gz | G3 | G4 | Gs | Ge | G7 | Gg
A; 0,064 0,155 0,241 0,594 0,579 0,095 0,173 0,170

w;, emt 55 100 203 378 460 489 585 672

I;,cm 27 59 108 117 79 23 40 111

VY 1abn. 1 nmpencraBiieHO YMCIOBI 3HAUEHHS MapaMeTpiB, 10 € Pe3yabTaTOM raycoBOl
nexommosunii npodimo @(w) Ha CrokcoBomy 3cysi Bix 20 cm? (0,6 TI'm) mo 800 cmt
(24 TT'm) BukopucroByroun 8 mon. ['aycoBy ampoxcumanito npodimo BKP migcunenus
MOKa3aHO Ha pHC. 1, @ CyliIbHOIO JTiHIE€I0, a TOYKAM JUCKPETH3alii eKCIepHUMEHTATIbHOTO
ciektpy [2] BimmoBimae myHKTHpHA JiHis. Bci 8 raycoBHX KOJUBHHX MOJ 300pa)KEHO Ha
puc. 1, 6 cyuiabHUMHU JIIHISAMY, a X pe3ysbTytoua oOBiJIHA M0/1aHa MYHKTUPHOIO JIHIEIO.

TakuM 4uHOM, I CHEKTpanbHOI 0o6macTi miacunenHs Big 25 go 750 e orpumano
ONTUMAITLHUI Ha0ip mapameTpiB, Mo MicTUTh N,, = 8 komuBHUX MoJ st DCF BomokHa.
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[Ipo mocTtaTHIO TOYHICTH ampOKCHUMAIlli CBIMYUTH BiMHOCHE BiaxuieHHs Al/l,, 1o
00YHCITIOBAJIOCH IJIS1 TAHOTO THUITY BOJIOKHA Ha 00JIacTi IHTETpyBaHHS Bijg 25 emt o 750 em?t
Ta cranoBuTh Al /I, = 2,0 X 107>,

DCF Bosoxno
CroxcoBuii 3cyB, TI'1l
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Puc. 1. Anpokcumanis npo¢imo BKP mincuinennss B DCF BojiokHi 3 BHKOpHCTaHHAM 8
raycoBuX KOMIIOHEHT s o6iaacti CtokcoBoro 3cyBy Big 0 1o 800 emt

OTxe, B pe3yJbTaTi OTPUMaHO Maike TouHe HaOmmkeHHs npodiao BKP migcunenns
B aHaniTHuHiil popmi gt DCF BosokHa 3 pobounm aianazonom gactoT 1o 20 T,

[1] Tpuropyx B. 1., 3aropoawuiii B. B., IBanuyk A. B. Ta iH. B3aemomist ¢i3udHux mosiis 3
HaHOCTPYKTYpOBaHUMHM Matepianamu. Posn. 2. Boroxonni BKP nazepu ma niocuniosaui
onmuuno2o eunpominiosanns: MoHorpadis Kuis: Kapasena, 2018. C. 62-128.

[2] J. Bromage, K. Rottwitt, and M. E. Lines, “A method to predict the Raman gain spectra of
germanosilicate fibers with arbitrary index profiles,” IEEE Photon. Technol. Lett., vol. 14,
pp. 24-26, 2002.

[3] Cepmera 1. B., I'puropyk B. 1., ®enincokuii I'. C. CnekTpockomniuHi 0co0IuBOCTI podiiB
BKP mincuneHHs B OMHOMOJOBHUX BOJIOKHaX HAa OCHOBI KBapIIOBOTO CKJIA. YKpaiHcbKutl
@isuunuii ocypnan. 2018. T. 63, Ne 8, C. 681-699.

GAUSSIAN DECOMPOSITION OF RAMAN GAIN PROFILE
IN DCF FIBER

Y. Krutin, A. Korchak, M. Reznikov, G. Felinskyi
Taras Shevchenko National University of Kyiv
yakov.krutin@gmail.com

Modeling results for 8 modes Gaussian decomposition of Raman gain profile in DCF
telecommunication fiber are presented in our paper. It is shown the almost exact approximation

of the Raman gain profile can be obtained in analytical form for the DCF fiber over the working
bandwidth up to 20 THz.

1V BeeykpaiHcbka HAYKOBO-NIPAKTHYHA KOH(pepeHIIist
«[IEPCIIEKTUBHI HAIIPSIMKH CYYACHOI EJIEKTPOHIKH, IHOOPMAIIMHUX 1
KOMIT'IOTEPHUX CUCTEM» MEICS-2019
27-29 mucromana 2019 p., Auinpo, Ykpaina



156 Cexuisi 111. PATIOTEXHIYHI IPUCTPOI 1 3ACOBH TEJIEKOMYHIKAIIIT

CTBOPEHHSA CUCTEMU ABTOMATUYHOI'O
BUMIPIOBAHHA AKOCTI ATMOC®EPHOI'O ITOBITPA

I. Fomiako'?, O. Ceregal?, M. ®ecenko’®, B. Mimenko'?
Y Tuinposcokuii nayionanvnuii yuisepcumem imeni Onecs I'onuapa
2 Noosphere Engineering School, Dnipro
3 Incmumym mpancnopmuux cucmem ma mexuonoziti HAHY
gomilko@ukr.net

Hes3Baxxatoun Ha neBHUH craji BUpOOHMILITBA B YKpaiHi, 3a0pyJHEHHS aTMOC(EPHOTro
MOBITPS BEJIMKUX MICT 1 IPOMHUCIIOBUX HACEJICHUX MYHKTIB 3AJIMIIAE€THCS CTAOUTFHO BUCOKUM.
OcHoBHUMH 320pyIHIOBaYaMU aTMOC(EPHOTO MOBITPSI € MANIPHUEMCTBA 100YBHOI 1 TepepoOHOT
IIPOMMCIIOBOCTI, EHEPTeTUYH1 KOMIIaH1i, a TAKOK TPaHCIIOPT.

Crnix 3a3HauuTH, IO B PI3HUX KpaiHax JJs OLIHKK SKOCTI aTrMOc(EepHOTro MOBITpS
BUKOPHUCTOBYIOTh Pi3HHM HaOip MIKIATUBUX peuoBUH. Hamu 6yno oOpaHo HACTYIHI peYOBHUHH,
HIKiITMBHHA (HaKTOp SIKMX HE BU3UBAE HiTKUX CYMHIBIB:

e NO2 — miokcua a3ory;

e O3 - 030H;

e SO2 — mioKkcua Cipku

e CO — MOHOOKCH]I BYTJICI[I0, 00 yrapHUii ra3;

e NH3 — amiak;

e PM2.5 — npiOHi TBepAi YaCTKH PO3MIPOM JI0 2.5 MKM;

e PM10 — npibHi TBepAi yacTku po3mipoM a0 10 MKM.

ABTOpamMH  3allpONIOHOBaHA CHCTEMa AaBTOMATHYHOTO BHMIPIOBAaHHS  SIKOCTI
aTMoc(epHOro MoBITPs, KA 3HAYHO JEILIeBlIe iICHYIOuuX aHanoriB. CTpyKTypHa aiarpama
po3po0IIeHo0i cucTeMHu HaBeeHa Ha puc. 1.

Atmosphere pressure /
temperature sensor / 12C UART GPS / GSM device
Humadity SIM 7500E
BME 280
Analo Sensor CO,
Seﬁ%sc%ﬂoz 2 Control device Andlog NH3. NO2
i MICS-6814
UART
] 1 1 1
ZE03-NH3 ZE03-03 ZE03-NO2 ZE03-S02 ZEQ7-CO

Puc. 1. CtpykTypHa giarpamu po3po0./ieHoi cucTeMu.

B sxocTi BUMIpIOBaJIbHUX €JIEMEHTIB B CHCTEM1 BUKOPHCTOBYBAJINUCH €JIEKTPOXIMIUHI
natuuky pipmu Winsen, siKi Ipu IpOBeAEH1 1TaO0paTOPHUX 0OCTEKEHb 3apEKOMEHAYBAIIU cede
3 Halkpamoro 6oky. Temmneparypa, BOJIOTICTh Ta TUCK BUMIPIOIOTHCS 3a JomoMororo MEMS
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natynka BME280. KpiM eneKkTpoXiMiYHHX BHUKOPHUCTOBYIOTHCS TaKOXK HaIliBIPOBIIHUKOBI
natunku MICS-4515 ta MICS-6814. Slnpom BuMiprOBaibHOI cucTeMu € cydacHuii ARM
MmikpokoHTposiep STM32F1013. Orpumani nani 30epirarotbest Ha SD KapTy Ta HaICHIIAIOTHCS
JI0O XMapHOTO CXOBHIIIA 32 JoromMororo GSM 3B’s13Ky AJIs TO1aIbII0T OOPOOKH.

Jliana30H Ta TOYHICTh BUMIPIOBAHHS HaBEICHHI y Ta0uI. 1.

Tabmmms 1 [Mapamerpun, siki BUMipIOIOTBCS CTBOPEHOIO CHCTEMOIO.

IHapamerp Hiamazon | Tounicts | OaunHuus
BHUMIipY

Temneparypa | -40 ... 85 | 0,5 oC
Bounorictb 0...100 3 %

Tuck 03...1100 |1 klla
Bmict PM2.5 | 0 ... 500 1 MKT/M°
Bwmict PM10 | 0... 500 1 MKT/M°
Bwmict SO2 0...20 0,1 ppm
Bwmict CO 0...500 0,1 ppm
Bwmict NO2 0...20 0,1 ppm
Bwmict O3 0...20 0,1 ppm
Bwmict NH3 0...100 1 ppm

* JInsi BUMIPIOBaHHS BMICTY Ta30BUX CKJIaJOBUX BUKOPHCTOBYIOTBCS
SJIEKTPOXIMIYHI JATYMKH TEPMiH CITY)KOH KX CKIAa€ 2 POKH.

Kupnenns npuctporo BiAOyBaeTbcsl Bil mocTiiHOI Hampyru 12 B, ane Moxiuse
BUKOpHUCTaHHs anantepa ~220 B =12 B. Takox B mpuctpiii BOyIOBaHH aKyMyJISATOp, SKUN
3a0e3MeYnTh Mpale3aaTHICTh MPUCTPOIO MPU BiACYTHOCTI 30BHIIIHBOTO JKUBIICHHS HA Yac HE
MeHIUH HDK 8 roaud. Cia TakoXX 3a3HAYUTH, IO PO3POOJICHMM TMPUCTPIN BIAMOBITAE
cryneHto 3axucty IP53, mo 103BosIsi€e BUKOPUCTOBYBATH MOTO HA BIAKPUTOMY IIPOCTOPI.

Amnpobariss poO0TH po3pobJIeHOI CHCTEMH MMOKa3ajia, 0 MPUCTPid BiANOBIAE yCIM
3asBJICHM BUMOTaM Ta HE MOCTYMAETHCS HITKUM 1HITUM aHAJIOTIYHUM TPUCTPOSM MAIOUYH MIPH
[[bOMY 3HaYHO HIDKYY ILIiHY.

DEVELOPMENT OF ATMOSPHERIC AIR QUALITTY
SYSTEM

I. Gomilko!?, O. Segedal?, M. Fesenko?3, V. Mishchenko!?
! Oles Honchar Dnipro National University
2 Noosphere Engineering School, Dnipro
3 Institute of Transport Systems and Technologies of NAS of Ukraine
gomilko@ukr.net

An air quality assessment system has been developed. The developed system determines
the presence of the following harmful inclusions: NO», O3z, CO, SOz, NH3, PM2.5, PM10. In
addition, the system measures temperature, humidity and pressure. Electrochemical sensors
were used as the main measuring elements.

Testing of the developed system showed that the device meets all the stated
requirements and is not inferior to any other similar devices.
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IHOOPMAIIMHO-AHAJIITUYMHA CUCTEMA BUSBJEHHSA
CTETAHOI'PA®IYHUX JAHUX B PACTPOBUX
3O0BPAKEHHAX

I. Yekadgin, JI. CanTuxkon
J[Hinposcoxuil nayionanvhuu yHieepcumem imeni Onecs I onuapa
slavutich11.96@gmail.com

Mertor ganoi pobotu Oymna po3pobka iHpopMaIifHO-aHATITHYHOI CUCTEMH Ha OCHOBI
JOCITIJKEHUX BIACTUBOCTEH cTeraHorpadiqHuX KOHTEWHEPIB Ta PO3pPOOJICHUX aIrOPUTMIB iX
IOLIYKY Ta CTBOPEHHS NPOrpaMHOro 3a0e3ledyeHHs s BHSIBJICHHS  HasBHOCTI
cTeraHorpaiuHux JaHUX B PacTPOBHUX 300pa)KeHHAX. AKTyaJbHICTh pOOOTH BH3HAYAETHCA
THUM, IO CTeraHorpadisi MoXe BUKOPUCTOBYBATUCS 3I0BMUCHUKAMHU JJIsi Oe3nedHoi nepenayi
CEKPETHHUX JIaHHX, SIKI B pe3yJIbTaTli MOXKYTh BUSIBUTUCS HEOC3MECUHMMH Ui CycriibeTBa [1].
HaiinpocrimmM cnocoboM it mepeiadi Takux JaHUX € MPUXOBYBAHHS X y pacTpOBHX
300paKCHHSX.

byno mnpoBeaeHo aHami3 Cy4aCHMX CTeraHorpaiuHUX alrOpUTMIB Ta METO[IB
BUSIBIICHHSl CTeraHorpadiyHuxX MJaHUX Y pPacTpOBUX 300paKeHHAX, 3JIHCHEHO aHami3
CTaTUCTHYHOTO PO3MO/LTY OiTiB y 300payKE€HHSIX, III0 MICTAThH cTeraHorpadivyHi gaHi, BUSIBICHO
iXH1 XapakTepHi pUCH, SKi MOXKYTh OYTH BUKOPUCTaHI /Ui OOYIOBU aJTOPUTMY BUSBICHHS
cTeraHorpagiyHux JaHHX.

byno po3pobieno anroputm Ta iHQoOpMaliifHO-aHAIITUYHA CUCTEMA ISl BUSBIICHHS
MOJJIMBOT HAasBHOCTI CTeraHorpa(iuHux MaHUX Yy pacTpoBuUX 300pakeHHsX. CTBopeHe
nporpaMHe 3a0e3nedyeHHs MOBOKO mporpamyBaHHs C++, sika Mae qOCTaTHIA (YHKIIOHAT IS
pearmizamii  3ampoNOHOBAHOTO  anroputMmy. lIpoBemeHO  TecTyBaHHS  PO3pOOIIEHOTO
nporpamMHOro 3a0e3neueHHs. Po3poOiena iHdopmalliiiHa cucTeMa J03BOJIE BUSBISTH
IPUXOBaHE MOB1IOMJICHHS aHIJIIHCHKOI MOBOIO B pacTpOBHX 24-X OITHUX 300pakeHHs1Xx BMP-
¢dopmary, BU3HaA4YaTH HMOBIPHICTh HasIBHOCTI cTeraHorpadiqyHuX JaHUX y Aiana3zoHi Bix 0 10
100%.

JlojaTkoBa LIHHICTH PO3POOJIEHOI CUCTEMU MOJIATAE B TOMY, 1110 CTBOPEHE B i1 paMKax
nporpaMHe 3a0e3neyeHHs Moke OyTH BUKOPUCTAHE JIJIsl BUSBJICHHS OTEHLIHHUX 3arpo3 pi3HOT
npUpoaU. 3anpONOHOBAHUI aIrOPUTM MOKe OyTH aanToBaHUH 111 poOOTH 3 IHIIMMU BUJIAMU
cTeraHorpagiuHux KOHTeHHEepiB, HApUKIIal, ayaiodaiinamu ta Bireodaiaamu.

[1] BeikoB C. ®., Moty3 O. B. OcHOBBI creroananu3sa. 3amura napopmarmu. KonduaeHr.
Bem. 3. (2000). C. 38-41.

INFORMATION-ANALYTICAL DETECTION SYSTEM
STEGANOGRAPHIC DATA IN RASTER IMAGES

I. Chekalin, D. Saltykov
Oles Honchar Dnipro National University
slavutich11.96@gmail.com

The paper is devoted to the identification of steganographic data in raster images. An
algorithm and an information-analytical system for detecting of steganographic data in raster
images were developed. Software in C ++ was created. The developed information system
allows to detect the hidden message in English in 24-bit BMP-format images, and to determine
the probability of steganographic data in the range from 0 to 100%.
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AHAJII3 TPOUEAYPU XEHTOBEPY B
TEJEKOMYHIKAINIHHUX MEPEXAX 4-I'O IOKOJIIHHSI

. Ceunapenko, A. Illepboauenko
J[Hinposcoxuil nayionanerui yHieepcumem imeni Onecs I onuapa
svynarenko_dnu@ukr.net, anastasya.sherbashenko@gmail.com

OnHi€l0 3 OCHOBHUX 3aBlaHb MEPEX 4-r0 MOKOJIHHS, SIK 1 Oyab-iKOi 0e3a1poTOBOI
CHUCTEMH 3B'SI3KY, € 3a0e3leueHHs MIBUIKOI 1 O6e3mepebiiftHoi mepemadi 00CayroByBaHHS Bij
onHiel 6a30Boi cTaHmii 10 iHIIOI. be3 mporenypn XxeHa0Bepy KiHIIEBHI KOPUCTYBaY HE 3MOXKeE
OTPUMYBATH TIOCIYTH MEPEKi CTIITBHUKOBOTO 3B'SI3KY Oe3nepepBHO 0e3 po3puBy 3'eqHanHs [1].

JluHaMi4Ha KOPEKIIisi mapamMeTpiB MOOUIBHOCTI CIIPSIMOBaHA Ha CKOPOUYEHHS KiJTBKOCTI
HEYCHIIIHUX Cnpo0 mnepenadi oOCIyroByBaHHS, Ha OUIBIN pallioHAJbHE BHKOPHCTAHHS
pecypciB ynpaBiiHHS 32 paXyHOK CKOPOYEHHS YHCiIa YacTO MOBTOPIOBAHHUX MEPEMHUKAHb MiXK
nBoma 6a3zoBumu cranuismu (‘ping-pong' edekrt). B icHyrounx mepexax MOOILIBHOTO 3B'SI3KY
ONITUMI3aIlisl XeHJOBEPY BUKOHYETHCS MPOTATOM TPUBAIOTO Yacy (aHI, THxkHI). Takuil miaxina
HE € LUJTKOM NPUHHATHUM, OCKUTBKHM ONTHMI3allisl IOBUHHA BUKOHYBATHCs Habarato 4acTimie i
mBUANIE. BHUKOPUCTaHHS ONTHMI3aIl[ifHOTO AJITOPUTMY JO3BOJUTH MOJIIMIIUTH KIFOYOBI
XapaKTePUCTUKU MPOAYKTUBHOCTI MEPEXI 1 AKICTh OOCIyrOBYBaHHs a0OHEHTIB.

OcHOBHE IPU3HAYCHHS XCHIOBEPY - 3a0€3NCUCHHS PYXJIMBOCTI aDOHEHTIB B MOOUITHHHIX
Mepexkax IMiJ 4Yac OOCIyroByBaHHS BHKJIMKY 1 MIATPUMKA XOPOIIOi SIKOCTI 3B'SI3KY IMpHU
nepeMilIeHHi.

EdexTuBHICTE TIpOICIypH XEHAOBEPY Ma€ BEIMKHHA BIUIMB Ha KIIOYOBI IMOKA3HUKU
e(EeKTUBHOCTI MEpEexKi, TaKi fK:

® JIOCTYIHICTh 3B'I3Ky (JIOCTYITHICTh BCTAHOBJICHHS 3'€HaHHS) — HMOBIPHICTh
BCTaHOBIICHHS 3'€ THAHHS,
® TMOKa3HUK Oe3MepepBHOCTI 3B'I3KYy - BIJICYTHICTh NEPEIYACHOTO pO3'€THAHHS

BCTAHOBJICHOTO 3'€ JHAHHS MK IBOMa aODOHEHTaMH 3 IPUYHH, 110 HE 3aJIeKaTh Bl HUX;

® [IPOIYCKHA 3[JaTHICTb MEPEXKI.

[lin omnTumizamiero Tpouenaypu Tmepeaadi oOCTyroByBaHHs (XEHIOBEPY) PO3YMIEThCS
JUHAMIYHA KOPEKI[isl mapameTpiB MOOUIBHOCTI Ha OCHOBI CTAaTHMCTUYHOI iH(opmauii mpo
noMusiki. OCHOBHI ITapaMeTpH, 1110 BIUTUBAIOTH Ha €(PEKTUBHICTh MpoLeaypH XeH1oBepy: Hyst,
Offset, Time to Trigger [2,3]. TakuM YAHOM OCHOBHUM 3aBJJaHHSAM ONTUMI3allil € BU3HAYECHHS
ONTUMAJIbHUX MapaMeTPiB MEPEXki CTUIBHUKOBOTO 3B'S3KY.

B xoxi po6otu 6yno po3poOiieHO iMiTaliiiHy MOJieNb, MAaKCUMAJIbHO HAOJIMXKEHY 10
peanbHUX yMOB pobotu cuctemu LTE, ne Oynu BpaxoBaHi iepeBar 1 HeI0JIIKH BXKe HassBHUX
MOJIETIEH.

Imitarniiina Mosienb, 03BOJISIE OLIIHUTH KJIFOYOB1 MOKA3HUKU €(PEKTUBHOCTI MPOLEAYPH
nepenavi 00cayroByBaHHs MK 06a3oBuMHU cTaHuisiMu cuctemMu LTE npu pizHuX mapameTpax
CHCTEMH.

3a [MOMOMOror0 iMiTaIliifHOi Mojem oTpuMaHi Tpadikd 3aleXHOCTI MPOITYCKHOI
3IaTHOCT1 CTUTbHHMKA, YMCJIa HEBAAJIMX PaHHIX 1 MI3HIX XEHJOBEpIB a TaKOXX WMOBIPHICTbH
3aHAITO YacTOi Iepemadi OOCITyroBYBaHHS MK Oa30BHMH CTaHIISIMH B 3aJIeKHOCTI Bill
napameTpiB, BcTaHOBiIeHUX B cTUIbHUKY (Hyst, Offset, Time to Trigger). Ha ocHoBi oTprManux
JAaHUX BU3HAYCHI ONTUMAJIbHI TapaMeTPH.

Jns po3pobku mozeni 6yna odpano cepenoBuiie Matlab.

Po3pobiiena imitarriitHa MOJIENb, JO3BOJISIE OI[IHUTH KITIOUOBI TOKAa3HUKH €(PEKTUBHOCTI
npolelypH nepenadi 00cayroByBaHHa MiX 0a3oBumu cranuismu cuctemu LTE npu pizHux
napameTpax CHCTEMH.
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[1] C. H. Mouceer Anroput™m xenaosepa B cetn Mobile WiIMAX [Tekct] / Moucees C. H.,
®umun C. A., Kongakos M. C. // lludpoas o6padotka curnanos. - 2009. - N 1. - C. 4852

[2] Sujuan F., Eiko S. Self-Organizing Networks (SON) in 3GPP Long Term Evolution,
Sujuan Feng, Eiko Seidel, Nomor Research GmbH, Munich, Germany, May 2008.

[3] 3aBbsmosa /1. B., AnapeeB A. B. OnTumuzanus npoueaypsl nepeiadn 00CTyKUBaHHS
(Handover) B cersax coroBoii cBs3u 4-ro mokosienuss LTE // Poccuiickas Hay4yHO-
TEXHUYECKass KOH(EpeHIMs aCIHpPaHTOB M MOJOIBIX YydeHbIX:«llepcriekTuBHBIC
WH(POPMAIMOHHBIC U TEJIEKOMMYHHUKAIIHOHHBIC TEXHOJIOTHIY, MTOCBSIIEHHAs 20-TUICTHIO
CO MAMU / Cub. roc. yH-T TeIeKOMMYyHUKauui u nHpopmaruku. HoBocubupcek, 2016.

ANALYSIS OF THE HANDOVER PROCEDURE IN THE
FOURTH GENERATION TELECOMMUNICATION
NETWORKS

D. Svynarenko, A. Shcherbachenko
Oles Honchar Dnipro National University
svynarenko_dnu@ukr.net, anastasya.sherbashenko@gmail.com

A simulation model that allows to evaluate key performance indicators of the handover
procedure between LTE base stations under different system parameters was developed.

Using the simulation model were obtained graphs of the number of failed early and late
handovers and the probability of too frequent handover between base stations, depending on
the parameters set in the cell Hyst, Offset, Time to Trigger. Based on the obtained data, optimal
parameters were determined.

JOCJIJIKEHHS KIHIEBOI AHTEHHOI PEIIITKH 3
BIAKPUTHUX KIHIIB XBUJIEBO/IB

C. Aramanos, B. Marpo
Jninposecoxuii nayionaneruti yHieepcumem imeni Onecs I onuapa
Sler4atamanov@gmail.com

XBUIIEBIIHI aHTEHHI PENIITKH Yy BUTISAAI BIAKPUTHUX KIHIIB XBHJIEBOJIB KiHUYEHHOL
JOBKMHU HIMPOKO 3aCTOCOBYIOTHCS y HaBiraiii, 3B’43Ky Ta pI3HUX Tajly3sx, aje OCTaHHIM
9acoM 3 PO3BUTKOM MOOITFHOTO 3B’ 3Ky Y€TBEPTOT0 OKOJIIHHS BUHUKIIA TOTpeda B CTBOPEHHI
BUITPOMIHIOBAUIB, sIK1 (OPMYIOTh BY3bKUil IpoMiHb. LM By3pkuM npomMeHeM 0a3oBa CTaHIIISA
CYNPOBOKYE PyXOMOTo aboHeHTa. Lle moB’s3aH0 3 TUM, 1110 OyIU CTBOpPEHI MIBUIKI U(POBI
¢dazoobepraul, Mo TO3BOJSAIOTH IMBHUJIKO 3MIHIOBATH (Da30BUH 3CYB MK XBUJIEBOJAAMH 1, SIK
HACJIIJIOK, BiI0yBAa€ThCS MIBUIKE CKAHYBAHHS MMPOMEHS y IPOCTOpi. ToMy JIJ1s1 CyIpOBOIKEHHS
pyXxoMoro abOHEHTa B MEXKax CEKTOpy OOCIyroByBaHHsS 0a30BOi CTaHIli iCHye moTpeba B
CTBOpPEHH1 KOMITAaKTHUX €(EeKTUBHUX BUIIPOMIHIOBAUiB, 110 33I0BOJBHSIOTH MEpETiueHi BHIIE
BHMOTH.
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B po6oTi po3riisiHyTa KiHIIeBa aHTEHHA PENITKA 3 BIAKPUTUX KIHIIIB XBUJIEBOIIB. J1Jis
CKaHyBaHHS (TIepeMillIeHHS TPOMEHIB y IPOCTOPi) Ha CYCiIHI XBHJICBOIU TOAAETHCS CUTHAT 3
NEBHUM 3CyBOM (ha3u. XBHIIEBOIM OTOYCHI METAIIEBUM €KPaHOM KiHIIEBOI JIOBXHUHU. TOBIIMHA
CYMIJKHOT CTIHKH MK XBUJICBOJIJaMH Ma€ KiHIICBI pO3MipH.

[ToOynoBaHa eneKTpoAMHAMIYHA MOJETbh KIHIIEBOI AHTEHHOI PEIIiTKH 3 II'STH
enemenTiB (puc. 1). IIpu poOOTI aHTEHHOI PEUITKH HEraTUBHUM (PAKTOPOM € 3acIiIlICHHS
AQHTEHHOI PEIIiTKH, TOOTO BUITAJIKH, KOJIU TIPH IIEBHOMY 3CYBi (pa3 Maiike BCs MOTYKHICTh, SKa
HiABOJAUTHCSA JI0 alepTypd PEIIiTKH TOBEPTAETHCS B 3BOPOTHOMY HampsMmKy. Lle moike
HETaTHBHO TIO3HAYMTUCH HAa POOOTI BY3IIiB, IO YTBOPIOIOTH AHTEHHY PEUIITKY.

s

&y

5%%?\

Puc. 1

HocnigkeHo 3alexHICTh KoedimieHTa BILAOUTTS R;y BiI (a30BOro 3CyBy MIXK
XBWIEBOaMHU. BcraHOBIEeHI KyTM cKaHyBaHHA ((a3oBi 3CyBH), HpU SKUX BiJIOYBaeTbCs
30UIBIIEHHS] BEJTMYMHU KOEPIIieHTy BiIOUTTS Rqy. IlokazaHo, 10 BUOOPOM T€OMETPUUYHMX
pPO3MIpiB XBHJIEBOJLY Ta TOBIIMHU CYMDKHOI CTIHKM MK XBMJIEBOJAMHM MOKHA 3HAYHO
3MEHIIUTH BETUYUHY Koe(ilieHTa BIIOUTTS, TOOTO 3amo0IrTé SBUILY OCTITUICHHS aHTEHHOI
PELIITKY.

[1] Balanis C.A., Antenna theory: analysis and design New York: Wiley. (1992). 941 p.
[2] Balanis C.A., Introduction to Smart Antennas. Arizona. (2007). 23 p.

INVESTIGATION FINITE ANTENNA ARRAY WITH OPEN
END OF WAVEGIUDE

S. Atamanov, V. Magro
Oles Honchar Dnipro National University
Slerdatamanov@gmail.com

The dependence of the reflection coefficient R;, on the phase shift between the
waveguides is investigated. Set scan angles (phase shifts) at which the magnitude of the
reflection coefficient R, increases. It is shown that the choice of the geometric dimensions of
the waveguide and the thickness of the adjacent wall between the waveguides can significantly
reduce the magnitude of the reflection coefficient, that is, to prevent the phenomenon of the
blindness of the antenna array.
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CUCTEMA JUCTAHIIAHOIO MOHITOPUHI'Y
MIKPOKJIIMATY

M. Biryn, A. €Bunk
Jninpoecoxuii Hayionanvruti ynieepcumem imeni Onecs I onuapa
maxbigun33@gmail.com

B Vkpaini 3a octaHHE AecATUPIUUS CTPIMKO 30UTBIINIIACS KUTBKICTh O()ICHHX YCTaHOB.
PesynbraTi mpoBeI€HUX €KOJIOTO-TIr€HIYHUX AOCHIHKEHb 0()iCHUX MPUMIIIEHb CB1T4aTh PO
Te, IO TapaMeTpy MIKPOKIIMaTy 4YacTO HE BIAMOBIJAIOTh YUHHOMY CaHITaPHOMY
3aKOHOAaBCTBY.[1]

Bbyno nocraBieHo 3aBaaHHs po3pOOUTH METOJIU €KOJOTIYHOTO ayJUTY 3a JIOIIOMOTOI0
3aco0iB aBTOMaTM3alii, Ta MOAAIBIIOTO IiIKIYEHHS TOTOBOTO MpHJIAay A0 CHUCTEMHU
«Po3ymuuit nim». [{nst BUKOHaHHS 3aBAaHHs Oyno oOpaHO MikpokoHTpolnep Arduino, Tak sk
BiH NPOCTUH B HaJAaIITyBaHHI, NMPOrpaMyBaHHI Ta MiAKIIOYEHHI 30BHIIIHIX MOJYJIB IS
€KOJIOTTYHOTO ayauTy.[2]

[TinOip nmaTumkiB BimOyBaBCS Ha OCHOBI aHANi3y ICHYIOYMX MOIYJIB, X TOYHOCTI
BUMIPIOBAHHS, I[IHM Ta 30BHIIIHIX Ta0aputTiB. B mpucTpoi BUKOPUCTOBYIOTHCS HACTYIHI
JATYNKU:

- JaT4MK BoJjiorocti Ta Temnepatypu DHT11;
- mar4uk iHTeHcusBHOCTI cBiTiia BH1750;
- nparuuk tucky BMP180.

Ha pucynky 1 300pakeHO cxeMmy 3’€IHAaHHS KOMIIOHEHTIB CHUCTEMH IUCTAHIIIHHOTO

MOHITOPHHTY MIKPOKIIMaTy

+5V

GND
Pucynok 1 — Cxema 3’€AHAHHSA KOMIIOHEHTIB CHCTeMHU JMCTAHUiHHOr0 MOHITOPUHTY
MiKkpokJimMaTy

Ha 3006paxenni mu 6aunmo Bluetooth-monyns, mnardpopmy Arduino Ta Tpu naTduka,
10 BUMIPIOIOTh: TUCK, TEMIIEPATYpPy, BOJIOTICTh MOBITPS Ta PIBEHb OCBITICHHS.

Ha mepmiomy erani mpoBojuiachk mepeBipka MinkiIroueHHs a0 mnporpamu Bluetooth
terminal ta 3’eqHanHs cmaptdona 3 mpucTpoeM-tipuiiMadeM. Ha npyromy erari mepesipka
npoBOJWIIACS Ha BiAKpUTIM minsHui. Tperiit eranm BigOyBaBcs B NPHUMIIEHHI 3 Pi3HOIO
KUTBKICTIO TIEPEITKOT.

OcTtaHHIM eTanoM TecTyBaHHS OyJI0 OTPUMaHHS MOKAa3HUKIB MIKPOKJIIMATy B PI3HHUX
NPUMIIICHHSX HaBYAJIFHOTO KOPITYCY, 3 MOAAJIBIINM IX MOPIBHSAHHSIM OJIFH 3 OJHUM. 3arajoM
Oyn10 3p00JICHO YOTHPH 3aMipH B PI3HUX MPUMIIIEHHAX K1 BKa3aHi B Tabmumi 1.
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Ta6muist 1 — JlaHi BUMIpIOBaHb MPUCTPOIO

Tun Temmeparypa °C | Bonoricts % ATMmochepHuit OcCBITJIEHICTD
PUMILICHHS TUCK MM.pT.cT. | JIK

Jlexuiitna 25,82 33 747,31 1609
ayauTopis

JlaGopaTopHuii 27,54 34 747,50 110

Ka0iHeT

Kopunop 27,38 31 747,48 3

KaGiner 27,26 36 747,46 214

3a yac BUNpoOyBaHHS PO3POOICHUI MPUCTPiK HAAIHO BUKOHYBAB CBOI 3a/1a4i: IIIBUIKA
KOMYHIKAI[isl 3 KePyHUUM TPUCTPOoeM (cMapThOH), BIAMOBIIHICTE MAaKCUMAIBHOI BiJCTaHi
3B’SI3KY 3 KEPYIOUHM IPUCTPOEM JIO 3asIBIICHUX XapakTepucTuk. OTpuMaHi gaHi OyJid B Mexax
MOXUOKHY BKAa3aHUX y MACMOPTHUX JaHUX JATYUKIB.

[1] Canitapni HOpMu MikpokiaimMaty BupoOHu4HX npuminienb: JJCH 3.3.6.042 -99 [YunHwuii
Big 1999-12-01]. —K., Miuperion6yn Ykpainu, 1999. - 9c.

[2] Hukynun Cepreit Kiaccudukaims JaTdukoB, OCHOBHBIC TpPeOOBaHUS K HHUM
[Enextponnuii pecypc] / Cepreit Hukymnun // DnektporexHudeckas SHUUKIoNeaus #16.
Haruuku / Pexxum nocrymy: http://electrolibrary.info/subscribe/sub_16_datchiki.html

MICROCLIMATE REMOTE MONITORING SYSTEM

M. Bihun, A. Yevchik
Oles Honchar Dnipro National University
maxbigun33@gmail.com

The article deals with the microclimate monitoring device. The device was designed,
constructed and a number of tests were conducted. The data obtained were within the error of
the sensors specified in the passport data.

CTBOPEHHSA BUMIPIOBAJIBHOI'O KOMIVIEKCY JJIA
JOCIIIIZKEHHSA I'A30YYT/IMBUX BJIACTUBOCTEHN
CEHCOPIB

JI. CaBuenko, 1. I'ominko, O. JIamkoB
Jninpoecoxuii nayionanvnuti ynieepcumem imeni Oneca I onuapa,
sava777cool@gmail.com

l'azouyTnuBi BIACTUBOCTI MeTajdl OKCHUIHUX HAMIBIPOBIIHUKOBUX MaTepialiB
BU3HAYAIOTHCS KOMIUIEKCOM PI3HHMX aJICOpOLIHHO-AeCOpOIIMHUX MPOLECIB HA iX MOBEPXHI.
KoxeH 3 HMX BHOCHUTH CBiil BHECOK Yy 3MIHY IPOBIJHOCTI YYTJIMBOI'O €JIEMEHTa CEHCOopa,
XapaKTepU3YeThCS BJIACHOI KIHETHKOIO 1 TPOTIKAE€ MO-pi3HOMY B PI3HUX IHTepBaiax
TEeMITEpaTyp.

OCHOBHUMM I'a304yTJINBUMH XapaKTEPUCTUKAMH €:
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e TemImepaTrypHa 3aJeXHICTh BIATYKY JO aHaJi30BaHUX Tra3iB NpH MOCTIHHIN
KOHIIEHTpaIlii afacopbira;

® 3aJIKHICTH BIATYKY BiJl KOHIIEHTpaLii ajcopbiTa mpu MOCTiiHINA Temmeparypi
(razouytnusi);

e KIHETHKAa BIATYKY NpH 3MiHI HaBKOJHWIIHIA CeHCOp arMmocdepu 1 MOCTIHHIN
TeMIepaTypi aacopOeHTYy.

Buxonsum 3 BUIE ONHMCAaHMX OCOOJMBOCTEH SIKi  CYNPOBOKYIOTH  IIPOIIEC
JICTeKTYBaHHA T'a3iB OyJia CTBOpEHa BUMIpIOBaJIbHA YCTAHOBKA 1 METOAMKA BUMIPIOBAaHb JAETali
SIKOT BUKJIQJICHI HAXKYE.

[Tpu gocmiKEeHHAX ra304yTJIMBI BIACTUBOCTEH TaTUMKIB B 130JIb0BAaHY BUMIPIOBATILHY
Kamepy obemoM 19 nvM° BBOAMIM HEOOXiIHY KilbKiCTh Tra3y, SKHl CTBOPIOBAB HOTPiOHY
KOHIIeHTpalito B ToBiTpi. Temmeparypa 3pa3zka abo, B 3aJIeKHOCTI BiJ HEOOXITHOCTI,
HABKOJIMIIIHROTO CEPEJIOBUIA MOTja (DiKCyBaTHCS 3a JOIMOMOTOK MIHIaTIOPHOI XpOMEIb-
KOTIeNIEBI TepMomapu. Y BUMIPIOBAJIbHIA Kamepl TaKOX MICTHUBCS MiHIATIOPHUI BEHTUISTOP
JUIsL CTBOPEHHSI 130TPOMHOCTI ra3oBoi cymimni. Biaryk BusHauaBes sk Rs / Ro, ne Rs - omip
JaTYHKa B CEPEIOBUIII 110 MICTUTH aacopoit, Ro - Ha moBiTpi.

BumiproBanbHa cxema 6a3yeTsest Ha 32-0iTHoMy MikpokoHTposiepi STM32-F103RET6.
Curran 31 CTPyMOBUX pE3HCTOpPIB TOCTyMaB J0 BOYIOBAaHOTO aHAJIOTOBO-IU(POBOTO
NepEeTBOPIOBaYa MIKpPOKOHTpoJjepa. Hamani curHamu omudpoBYHOTHCS, YCEPEIHIOIOTHCS 1
nepenarotbess Ha USB-mopt mikpokoHTposepa. KepyBaHHs BimOyBa€eThCsl 3 NMEPCOHAITBHOTO
KOMIT'FOTEpa 3a JOMOMOTOI0 PO3pO0JICHOT0 HAOOPY KOMaHI.

Taxox Oyna po3poOieHa nporpama Jiisi IEPCOHATIBHOIO KOMII IOTEPa 3a TOIIOMOT0I0
MOBH nporpamyBanHs Python, sika BizyanizyBana oTpuMany iHpoOpMallito.

Anpobartiiss poOOTH BUMIPIOBATHHOTO KOMIUIEKCY IO3BOJMIIO 3POOMTH BHCHOBOK O
JOLJIBHOCTI BUKOPUCTAHHS I[LOTO KOMILUIEKCY JIJISl TIOCIIPKEHHS Ta309yTIIMBUX BJIACTHBOCTCH
CEHCOPIB PI3HUX Ta3iB.

Ha puc. 1 mpencrasneHi pe3yapTaTd BHMIPIOBaHb YaCOBHX 3aJIEKHOCTEH BIATYKY
naturka 2SH-12 nmpu BIuiMBi pi3HUX KOHLEHTpaLll JIOKCUAY Cipku. Bumipu npoBoauiaucs 3a
JIOTIOMOT'0}0 BUMIPIOBAJIBHOT'O KOMITJIEKCY.

1,2

0,8

0,6

Rs/Ro

0,4

0,2

350 400 450 500 550 600 650

t,c

Puc.1. 3anexuicthb Binryky garuuka 2SH-12 no BniiuBy SO2 5,4 ppm B noBiTpsiHOMY cepeloBMIILi.
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DEVELOPMENT OF THE MEASURING COMPLEX FOR
THE STUDY OF THE GAS-SENSITIVE PROPERTIES OF
THE SENSORS

D. Savchenko, I. Gomilko, O. Lyashkov
Oles Honchar Dnipro National University
sava777cool@gmail.com

A complex for study the gas-sensitive properties of sensors was developed. The
measurement circuit is based on the 32-bit microcontroller STM32-F103RET6.

The developed complex allows to measure:

- temperature dependence of the response to the analyzed gases at a constant
concentration of adsorbate;

- dependence of the response on the concentration of adsorbite at constant temperature
(gas sensitive);

- the Kkinetics of the response when changing the ambient atmosphere sensor and the
constant temperature of the adsorbent.

JTOCJIIKEHHSA Y3TOKYIOUUX EJJEMEHTIB
XBUJIEBOJHOI AHTEHHOI PEIIITKH

P. Ouekciituyk, B. Marpo
Lninpoecokuii nayionanvruu yrieepcumem imeni Oneca I onuapa

roman971945@gmail.com

B anTeHHUX pemiTkax i3 BiAKPUTHX KIHIIB XBHJIEBOJa IPU CKaHYBaHHI POCTOPOBOIO
IPOMEHI0O MOXK€ BHMHHUKHYTHM TMpoOjemMa HEey3TOJKEHHOCTI BIUIBHOTO IPOCTOPY C
XapaKTEepUCTUYHUM OIOPOM XBUJIeBOAY. Lle siBHIlle HA3MBAEThCS «3ACIIIUICHHS PELIiTKUY, 1
BUPAXAETHCS B TOMY, IIO Maibke BCS BHUIIPOMIHEHA IOTY)XKHICTh TMOBEPTAETHCS Hazaa y
xBwieBiJ. ToOTO mpu IbOMY BTpavyaeThCs MPOCTOPOBUI MpoMmiHb. PemriTka «He O6ayuTh
MPOCTOPOBOTO 00’ ekTy». Lle siBHIle € BKpail He OakaHUM.

IcHYIOTH pPI3HOMAHITHI TEXHIYHI NPUHOMH Ui Y3TOKEHHS AHTEHHOI PELITKH C
BUIBHUM HpocTopoM. Lle moxe OyTH: AieNeKTpHuHI BCTaBKM B XBHJIEBOJAX, JIE€JIEKTPUYHE
HOKPUTTS HaJl anepTyporo XBUJIEBIHOI PEIIITKU 3 BIIKPUTUX KIHLIB XBEJIEBOAY, Pi3HI 3MiHU
FEOMETPUYHUX PO3MIPIB XBUIJIEBOAY. 3 1HIIOTO OOKY XBMJIEBOJHI aHTEHHI PEUIITKH OCTaHHIM
4acoM, OKpiM BHMKOPHCTaHHS Ul HaBiramii Ta 30HIyBaHHS, CTajJd BUKOPHCTOBYBATHCS B
MOOITEHOMY 3B’SI3KYy YETBEPTOrO MOKOMIHHS. B 1IbOMYy BUNAJKy aHTEHHA PEIIITKAa BUKOHYE
(GYHKIIIO CYNPOBOKEHHS PYXOMOro aO0OHEHTa BY3bKHMM NpOMEHeM. ToMy 3acTOCYBaHHS
AQHTEHHOI PEIIITKH 3 BIJKPUTHX KIHIIB XBHJIEBOAIB MOOIIBHOMY 3B’SI3Ky Ma€ aKTyalbHe
3HAYECHHS.

MeTtoro pobOTH € yHcelbHE OOCHIPKEHHS Y3TOJDKYIOUMX MPHUCTPOIB XBHJIEBOIHOI
AQHTEHHOI PEUITKH MUIAXOM MaTeMaTHYHOTO MOJENIOBaHHA. B mporeci aocmiKeHHs
no0y/J0BaHa MaTeMaTHIHa MOJIENIb aHTEHHOT PEIIiTKH.
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B po6oti posrimsHyTO y3romkyrodb( eleMeHT, a caMe: TieJeKTPHYHE MOKPUTTS Hajl
anepTyporo aHTCHHOI pemiTku. ['eoMeTpis JaHOi 3a1a4i Moka3ana Ha puc. 1.

0 2e+003 4e+003 (mm)
Puc. 1 — EjeMeHT XBUJIEBiIHOT aHTeHHOI pelliTKU

Jocnimkeno 3anexHicThi KoedimieHTa BiAOUTTS Ry; Big (a3oBoro 3cyBy Mix
XBUJIEBOJaMU. BcTaHOBIIEHHI KyTH CKaHYBAaHHS IPU SIKUX BIIOYBA€THCS CYTTEBE 301IbIICHHS
BEJIMYMHHU Koe(illieHTa BIIOUTTA. TakuM YMHOM, IOKa3aHO aHTEHHA PEIIiTKA JaHOI KOHCTPYKIl
MO’Ke OYTH 3aCTOCOBaHa B CUCTEMax MOOLIBHOIO 3B’ A3KY.

[1] Balanis C.A. Antenna theory: analysis and design. N.Y.: John Wiley and Sons. (1992). 941
p.

[2] Verma A. K. Modified Wolff Model for determination of resonance frequency of dielectric
covered circular microstrip patch antenna. Electronics Letters. Vol. 27. (1991). P. 2234 —
2236.

INESTIGATION OF MATCHING ELEMENTS FOR
WAVEGUIDE ANTENNA ARRAY

R. Oleksiychuk, V. Magro
Oles Honchar Dnipro National University
roman971945@gmail.com

Computer simulation waveguide antenna array with matching elements are carried out.
The paper considers a matching element, namely: a dielectric coating over the aperture of the
antenna array. The dependence of the reflection coefficient Ry; on the phase shift between the
waveguides was investigated. The optimal geometric dimensions of the matched element are
found.
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AHAJIN3 E-IVIOCKOCTHOI'O COEJJUHEHMUS IISITHU
BOJIHOBO/IOB C KPYTOBOM IMMPOBOJISIIIENA BCTABKOHA

N. 3unenxo, B. IIbsinkoB
Hayuonanvnuiti ynusepcumem “3anopooicckasn nonumexuvuxa”
vppyankov@gmail.com

B paznnuHbIX paAMOTEXHUYECKUX YCTPOUCTBAX HA CAHTUMETPOBOM M MUJIJIUMETPOBOM
JIMara3oHax MUPOKO MPUMEHSIOTCS MOCTOBBIE U MHOTOIUICUUE COCIMHEHHMSI MPSMO YT OJIbHBIX
BOJIHOBO/OB.  llenp  maHHO#  paboThl —  TOKa3aTh  BO3MOXXHOCTH  CTPOTOTO
AJIEKTpOAMHAMUYECKOT0 Merona mpousBeaeHus obOmactedt (I1IO) [1] s pacderoB
HEKOOPJMHATHBIX BOJHOBOJHBIX Y3JI0B C KPYTrOBBIMHU NPOBOASAIIMMH BCTaBKamHu. [IpoBenen
aHaJIN3 XapaKTEPUCTHUK MOAYJIEH 3JIEMEHTOB MAaTPHULIbl PACCESIHUS MATUILIICYETO COCIUHEHHUS C
KPYTOBBIM ITPOBOSIIMM IIHJIHHIPOM B IIEHTPE COCAMHUTEIbHOM moocTu (puc.l).

B perymnsapHsie 4acTu BOJTHOBOIOB BBOAATCS OoTcyeTHBIE IIIocKoCcTH T-T. IIo onHOMY 13
BOJIHOBOJIOB K COEAMHUTEIHHOM TOJIOCTH Haleraet
BO30y>Kaaromias BosHa tuna Hio, ammnutyna u dasza
KOTOpol wu3BecTHbI B T1uiockoctu T-T. 3amaua b
CBOAUTCS K HAXOXKACHUID B COEOUHUTEIBHOU o ——
MOJIOCT KOMIIOHEHTBl U MarHUTHOTO MOJIs, KOTOpast
NEepPHEHANKYJISIPHA IUIOCKOCTU pUCYHKA. ['paHuny
COCMUHUTEILHON IOMOCTH 10 Iiockocted T-T
(BBIICIICEHHYIO JKUPHBIMU JIMHHUSIMH) pa3o0beM Ha
DJIEMEHTHI S;: MOJIOCHI U KPYroBod nunuHiap. Ilycre

Iy, — MHOXectBO HOomepoB momoc T-T,
COBNAJAIOIIMX C HOMEpaMH BOJHOBOJOB, lp —
MHO>KECTBO HOMEPOB NPOBOJAIIMX MONOC, 1o —

HOMep KpyroBoro mwmmHzApa, lg=1,Ulp,
=15 U{ic}.
CornacHo merony 1O xomnoHeHTy u Oynem

Puc. 1

uCKaTh B Buje U(r) => U, (r), rae kaxnas GyHkuus U;(r) yIOBIETBOPSAET OJHOPOJHOMY
iel
ypaBHeHuto ['enbmrosbiia BHe cBoero i-ro siementa. nst ¢yHkumii u;(r) crpaBemuBbI
WHTETPAIbHBIC PAaBEHCTBA
ouU, (r") .
u;,(r)=2 jTGi(r,r')dS’—Wi(r) vreS;, iely; @))
Si

ui(l’):—ZWi(r) VreSi,ielp; Ui(r):—wi(r) vrési,i:icy (2)

roe U;(r) — wuckomMas KOMIIOHEHTa IO B PEry/JsIpHOM dYacTH i-r0 BOJHOBOJA,
ou; (r)
W(r)=] ¥ ———G;(r,r')dS’, n — Hopmans, HanpaBneHHas coraacHo puc. 1, G; (r,r’)
i Jel\i}

— ¢yHkumsa ['puHa, yaoBieTBOpsAONIIas OJHOPOJHOMY IpaHHYHOMY ycioBuio HeliMaHa Ha
sJeMeHTe S;, MpeACTaBiseMas B BUIC psia Mo 4eTHbIM (yHKuusM Matbe mist | € I u o

Gynknusam Xankens a1 i =ic. B cuily HempepbIBHOCTH 3JIEKTPOMAarHUTHOIO MO B
OJIHOPOJHOM cpenie
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Ui(r):Zuj(r)‘v’l‘eB-B,ielH, 3
jel
riae B-B — miiockocTh, pacmnosioxkeHHast B peryJIsipHOM 4acTH i-ro BOJHOBO/A COTIacHO puc. 1.
VpaBuenust (1)-(3) oOpasyroT cucreMy HUHTErpo-nupGepeHIHalbHbIX ypaBHEHUN
otHocuTensHO Qynkuuid U;(r), iely, u u(r), iel. Oynkuuro U;(r) wumem B Buae
PAa3JI0KEHUSAM 110 COOCTBEHHBIM BOJIHAM BOJHOBO/A, U;(I) — B BUJIE Pa3JI0KEHUSAM 110 YUETHBIM

¢ynxumsm Matbe 15 | € |z 1 mo dyrkimsam Xankens 11 i = i . B pesysnbrate nonydaercs

OeckoHeuHas crucTeMa JIMHEHHBIX aNredpaniecKuX ypaBHEHHH OTHOCUTENFHO KO PHUIIMEHTOB
YKa3aHHBIX Pa3JIOKEHUI, KOTOpasi MOKET OBITh PEIIeHa METOIOM PEAYKIIHH.

|511| |531 521

0.8 /_-f 0.8 0.8 . ,
0.6 T 3l 0.6 i 0.6 =T
i ey ====C
- AT 3 A

' AN NT—k3] B
0.2 s 0.2 I S T R 0.2

0 01020304 5, 9 01020304 , 9 01020304 4
Puc. 2

Ha puc. 2 mokazanbl 3aBUCUMOCTH MOJyJel K03()(HUIIMEHTOB MAaTPHUIIBI pacCeTHUs Sik
paccMaTpUBaEMOro  COCJAMHEHHS OT  4YacTOTHoro  mapamerpa  y =Dbk/(2n), rne

[r-2 -2
k =2myA*~(2a)*, a u b — pasmepsI CTEHOK BOIHOBOOB, /. — ATMHA BOIHBI B CBOGOIHOM

MPOCTPAHCTBE, NPU pa3NUyHBIX paguycax R kpyrosoro nmmuuzapa. Ilpunsita ciemyromas
HyMmepanus kpuBbix: I-R=0,1b;2-R=0,3b;3-R =0,5b; 4—R =0,7b . [TyHkTHpHO! TUHHEH
MOKa3aHbl XapaKTEPUCTUKH MATUILIEYETO COeTUHEHUS 0e3 KpyroBoro iz apa. [lpu mMambix
panuycax R BcTaBka mpakTHUeCKH HE BIMSET HAa YaCTOTHBIE 3aBUCUMOCTH KOA(P(PHUIMEHTOB
OTpaKEHMsI U MPOXOXKJIEHUs (CM. MyHKTHpHBIE JUHUM U KpuBble 1). C poctom R BiusHue
BCTaBKM Ha 3TH YaCTOTHBIE XAPaKTEPUCTUKH YBEJIWYMBAETCS U 3HAUUTEJILHO YCUIIMBAETCS B

KOHIE pabouero jmamasona. Ilpu R =0,3b koddpdurment orpaxenus |S;;| MeHbme Ha
Oospiielt yacTu pabodero auanazoHa, a KodOPHUIMEHT TPOXOXKICHUS B COCETHEE TIIEHO |821|
6onbue. [Ipu 3TOM K03 PULIMEHT MPOXOXKICHUS |S31| MeHbIe Ha ydactke 0,2 <y <0,5,

OJTHAKO €T0 YaCTOTHAs XapaKTePUCTHUKA OJIM3Ka K MOCTOSTHHOW 33 UCKITIOYCHUEM MTPOMEKYTKA
B KOHIIe paboyero nuanazoHa. [Ipy R =0,5b koaddunment npoxoxmaeHus |821| BCE elIe

Oombiie Ha Ooplel yacTu paboyero Auarna3oHa, a KodpGUIUEHT TPOXOKACHUS |S3 1| MEHbIIIe

Ha BceM pabouem auamaszone. [Ipu R =0,7b wactoTHBIE XapakTepucTuku KoddduIreHToB

OTpaXeHMsI W TPOXOXKJEHUs emle Oosiee yxyamiaioTcs. B 3akitoueHue OTMETHM, 4YTO B
4acToTHOM To4ke y = 0,1 mpoucxoasT 3amMeTHbIe pe3oHaHCHBIE AP exTs mpu R > 0,5b.

[1] Chumachenko V. P. Domain-product technique solution for the problem of electromagnetic
scattering from multiangular composite cylinders. IEEE Trans. Antennas Propagat. VVol. 51.
Ne10. (2003). P. 2845-2851.
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ANALYSIS OF THE E-PLANE CONNECTION OF FIVE
WAVEGUIDES WITH A CIRCLE CONDUCTOR INSERT

I. Zinenko, V. Pyankov
Zaporizhzhia Polytechnic National University
vppyankov@gmail.com

A strict electrodynamics method for calculating the characteristics of E-plane joints of
rectangular waveguides with circular conductive inserts is considered. The graphs of
coefficients of reflection and passing of a five-arm symmetrical connection for different values
of a circular cylinder are presented and analyzed. It was found out that changing the radius of
a circular cylinder, the values of passage and reflection coefficients practically do not change
with small circular inserts radii .With insertion radii greater than 0,3b, the coefficients of the
scattering matrix vary considerably.

JOCJIIIKEHHA CKIIAIEHUX PE3SOHATOPIB:
KOMBIHALIIA BIIKPUTOI'O TA XBHJIEBIIHOI'O
PE3OHATOPIB

B. Hagroumnii
Jninpoecoxuii hayionanvruti yHieepcumem imeni Onecs [ onuapa
nadtochyi.vladislav@gmail.com

IIpu po3pobii HOBUX pPAJIOTEXHIYHMX MaTepiajiB MiJICYMKOBUM €TalloM €
BUMIPIOBaHHS 3HAYEHHS [IENEKTPUYHOI NMPOHHMKHOCTI. Take came 3aBIaHHS BUHHUKAE TMPU
JTOCTiIKeHHI  OlomoriyHMX 00’€KTiB, BHUPOOIB Xap4yoBoi mMpoMHcIoBOCTi. (OCHOBHOIO
CKJIAJIOBOIO OCTaHHIX OO’€KTIB € BOJa, fKa Ma€ JOCHUTh BEJIHKI BTPATH, IO OOYMOBIIIOE
cneuniky MpoBeAeHHs BUMipioBaHb. HOBI Kiacu IITYYHHX MaTepialliB XapaKTepHU3YIOThCS
B1JI’€MHUM KOE(DIIIEHTOM 3aJIOMJICHHSI, 1[0 BUKJIMKAE HOBI BUMOTH JI0 TEXHIKH BUMIPIOBAHHS
JIeNIeKTPUYHOI TPOHUKHOCTI. Pe30HaTOpHI METOAM BUMIpPIOBaHHS 3a0€3MeUyl0Th HalOLIbIIy
TOYHICTh, aJi¢ B KJIACHYHOMY BHKOHAHHI 3pa30K Mae OyTH chemiaibHOi (OpMHU Ta MaJlUM 3a
po3mipom. B poboti [1] onmcanuii KOMOIHOBaHHMN PE30HATOP, SKUIl MOETHYE BiAKPUTHIA
PE30HATOP 1 XBUJIEBITHUN pE30HATOP, OCTaHHIM MOXKe OYTH SIK KPYTOBHM, TaK 1 HPIMOKYTHHM.
BingMiHHOIO OCOOMMBICTIO TaKMX PE30HAHCHUX CHCTEM € Te, II0 BOHHM XapaKTepU3YIOThCS
PO3PIKEHUM CIIEKTPOM PE30HAHCHUX YaCTOT Y MOPIBHSIHHI 3 TPaJAWLIHNHUMHU BiIIKPUTUMHU
pe3onatopamu. lle € mepeBaroro mpH JOCTIJDKEHHI €JIEKTPOMArHiTHUX XapaKTepUCTUK
pedoBuH. [Ipu po3milieHHI 3pa3ka y XBUJIEBOJHIN YaCTHHI BIIKPUTOTO PE30HATOPA TOYHICTh
BUMIpIOBaHb 30UIBIIYETHCS 32 PaXyHOK 30€peX eHHS BHUCOKOrO KoedillieHTa 3B’SI3Ky MiX
YaCTMHAMHU pe30HaTOpy. BiacHo Taka KOHCTPYKIIiS OEAHYE 3pYUHICTh XBHIJIEBIIHUX METOIIB
U TOYHICTb PE30HATOPHHX CcXeM. be3nocepenHbO BUMIPIOIOTHCS 3HAYEHHS PE30HAHCHOI
YaCTOTH Ta JOOPOTHOCTI 3a pe3yabTaTaMyd BUMIPIOBAHHS YaCTOTHOI 3aJIe)KHOCTI KoedirieHTa
BiZIOUTTS. 3HaYCHHS 3CYBY PE30HAHCHOI YaCTOTH Ta 3MiHA 3HAUYEHHS JOOPOTHOCTI 103BOJIIOThH
CYIUTH TPO 3HAYEHHS A1eNIEKTPUYHOI MPOHUKHOCTI MPH yYMOBI NMPOBEAECHHS BIIINOBIIHOTO
napupyBaHHi. B po6oti [1] mns omiHkM a00poTHOCTIQBUKOPHUCTOBYETHCS BiJTHOLICHHS
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PE30HAHCHOT YacTOTH [0 HAMIBIIUPUHHU MPOBAJTy XapaKTEPUCTUKH, SIKUH 1HTEPIPETYIOTh SIK
pE30HaHCHY KpHBY. AJle, sik OyJ10 moka3aHo B [2], Takuii mpoBai GopMyeThCs 32 paxXyHOK HYJIS
XapaKTepUCTUKHU, a HE IOJI0Ca, KU BJIACHO 1 OMUCYE PE30HAHCHI SBUINA. 3aCTOCYBaHHS
JIpoOOBO-paIliOHATBHOI AlPOKCUMALIi JO3BOJISIE OLIHUTH 3HAYEHHS SIK HYJIIB, TaK 1 IMOJIOCIB
(TOOTO 3HAUEHHS KOMILUIEKCHUX PE30HAHCHUX YacTOT, IO JO3BOJIAE KOPEKTHO PO3paxyBaTH
3HAUEHHS JOOPOTHOCTI).

Ha nmpocTiii Moaeni Takoro CKIaeHOro pe30HaTOp Y BHJII CIIOJIYYCHHS BIAPI3KIB JBOX
JOBTUX JiHIM OynHM JOCTIDKEHI 3HAueHHS MOOPOTHOCTI Ui Takoi CTPYKTYpH 3a JBOMA
onucaHuMu MeTojamu. [IpoBeieHO MOPIBHAHHSA MiIXOMIB.

Jnst epinoi YacTUHH AOBXKHUHU £ CKIaJICHOTO PE30HATOPY BBAXKAJIOCH, IO XBUJICBHUNA
omip AOpiBHIOE Z;, Ui Apyroi — Z,, Ta ¥, HAIBHICTh NPOBITHOTO 3aKIHYCHHS XBUJICBIIHOT
yacTUHU Oysio onucaHo iMnenancomZ; = 0. Ctanu nomuMpeHHs T0PiBHIOBAINY,, Ta Y,. Tomi
npoIielypa po3paxyHKy OIoOpy CKJIAJEHOTO Pe30HATOpa MA€ BU/L!

_ Z3+Zzth]/2‘€2

ZII - Zz . .. (1)
Z2+Z3th]/2‘€2
_ Z]]+Zzthy2€2

Zy =2y ", (2)
Zz +Zchy2€2

— Z1—Zy (3)

Z1+Z, '

[Tokazano, 1110 3HaYEHHS TOJIOCIB Ta HYIIIB I03BOJISIE OTPUMYBATH KOPEKTHI pE3yIbTaTh
OIIIHKK JTOOpOTHOCTI QSIK BiJHOIICHHS JIMCHOI YaCTHHHU IOJIIOCA JIO MOJBIMHOTO 3HAYCHHS
ySIBHOI YaCTUHH I10JIOCA.

HasBHICTb J1i€eKTPUYHOrO 3pa3ka B XBHJIEBOJII MOJIEIIOBATIOCS TPETIM LIApOM, Mol
TOBIIMHM, WHI0 JAJO 3MOTY JAOCHIAWTH 3MIHY pE30HAaHCHOI KpHUBOI B 3alIe)KHOCTI BIJ
BJIACTUBOCTEHl Marepiamy, 30KpeMa BTpaT. BBaxanocs, 1o map JieJeKTpHKa, 10
JOCTIIKYEThCSI, 3HAXOIUTHCS Ha MPOBIAHIN MIAKIaALI 3 iMnenancom Zz = 0.

[1] Ky3pmuueB M.K. OTKpBITBIA pe30HATOP C OTPE3KOM TMPSMOYTOJBHOTO BOJHOBOJA.
Pagnodusuka u paguoactponomus.T. 19, Ne 3. (2014). C. 249-257.

[2] Angpees M.B., Ipo6axunO.0., Cantukos/l.I0. OnpesneneHre pe3oHaHCHOW YacTOTHI U
JOOPOTHOCTH TOJIYAUCKOBOTO JMIIEKTPUYECKOr0 pPE30HATOpa IMpH MOMOIIU JPOOHO-

parroHanbHON anmpokcuMmanuu. Paqnodusuka u paguoactponomus. T. 18, Ne 4. (2013).
C. 362-372.

STUDY OF COMBINED RESONATORS: COMBINATION OF
OPEN AND WAVEGUIDE RESONATORS

V. Nadtochyi
Oles Honchar Dnipro National University
nadtochyi.vladislav@gmail.com

A combined resonator, constructed with open resonator and awaveguide resonator, is
under consideration. Thewaveguide resonator can be either circular or rectangular one.The use
of fractional-rational approximation allows us to estimate the values of both zeros and poles
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(the values of complex resonant frequencies, which allows to correctly calculate the value of
the quality factor).

It has been shown that application of poles and zeros allows one to get the right results.
The presence of dielectric sample in the waveguide is modeled by a third layer, of small
thickness, which should make it possible to investigate the change in the resonance curve in the
matter of the losses.

JOCUIIIZKEHHA CUT'HAJIIB HA OCHOBI METOAY ITPOHI

. Kynakos
J[Hinposcoxuil nayionaneruil yHieepcumem imeni Onecs I onuapa
officialdstr@gmail.com

Peaxmiist 6araTboX JiHIMHUAX 1HBapiaHTHUX 71O 3CYBY CUCTEM MOKE OYTH 3MOJIEIIbOBaHA
TiHIAHOIO KOMOIHAIIIEIO 3aTyXal0uuX eKCcroHeHianbHuxX GyHkIiil. [TapameTpu anpokcumartii,
TOOTO TMOKA3HMKHM €KCIOHCHT Ta aMIUNITYId, 3a JaHUMH MPO CKBIAMCTAHTHI BiTiku X [N]
JOCTIPKYBAaHOT 3aJIe)KHOCTI MOXYTh OyTH OTpUMaHi 3 BUKOpHCTaHHSM Mertony I[IpoHi.
3BuyaitHuii abo mosiHoMianbHUN MeTon IIpoHi ckiIamaeTbcs 3 aBTOpETpeciiHOi Mozeli
HOPSIZIKY p, fAKa mependavae, 10 3HAYCHHS BHOIPKOBHX MaHWUX X [N] JiHIAHO 3ayiexarh Bij
NoTepeaHiX P 3Ha4eHb X. PO3B’13yr0uH 110 JTiHIIHY CUCTEMY PiBHAHb, OTPUMYIOTh KOE(III€EHTH
xapakTepucTiuuHoro MHorowieHy Ilponi ¢ (z). KopeHi mporo MHOrouieHa JalOTh JBa
napameTpu po3B’s3Ky ((akTopu 3aracaHHsi Ta YacTOTH) 1 3a0€3MEUyIOTh JPYry CHCTEMY
PIBHSHB JUI1 OOUYMCIICHHS aMILTITYAM Ta Ga3u P eKCIOHEHIIaIbHUX (QYHKIIIH.

[MocaimoBuicts manux x [n] (n = 1,... N) Moxe OyTH MpeACTaBlICHa CYMOIO P
KOMIUIEKCHUX MapaMeTpiB (MOPSAAKY P) 3riHO 3 HACTYITHUM BUPA30M:

p P
x[n] = Z Akejek . e(ak"'jz”fk)Ts(n_l) = z hk . ZI((n_l)r (1)
k=1 k=1

Anpokcumaitisi curHainy x [n] BiiOyBaeThCsl B p KOMIOHEHTaX, B IKUX Ak - MOYaTKOBA
AMIUTITY[a B TUX CAaMHX OJMHHIIAX, O i X [n], ax kKoedilieHT 3aracaHHs B ceKyHaax *, fk -
4yacToTa B Trepiax, Is — 1e nepion BuOipku (y cekyHaax) curaaiay X [n] i Ok € mo4atkoBoro
¢azoro B pagianax. Tomy curnHan x [n] xapakrepusyerbes mapamerpamu Ak, ak, frk i Ok (K =
1,..., p). hy — He 3aJIe)KHUH BiJl YaCy KOMIIOHEHT 1 Zk - EKCIIOHEHIIaIbHUM 1 3aJIe)KHUH BiJ yacy
KOMITOHEHT (TIOJTFOCH).

PiBHsHHS (1) 703BONAIOTH CHOPMYBATH CHUCTEMY OJHOPITHMX JIHIMHHUX PI3HUIEBUX
piBHSIHb, SKIIO KopeHi P pi3Hi. [I{o6 3HaliTu Taki pIBHSHHSA, MU MaeMo MOOyIyBaTH
XapaKTepUCTHYHE PiBHSHHSA (2), 110 Ma€ BUTIISA;

p p

0@ =] =20 =) alklr, @

k=1 k=0
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JIc XapaKTEPHUMHU KOPCHSIMH € MapaMeTpu Zk piBHIHHS (1).

Opwurinanbanii Meton IIpoHi TOYHO BiANOBiZAa€ KpHBIA 3 P EKCHOHEHIIAJIbHUX
JnomaHKiB 10 Habopy nmaHux 3 N = 2p emementiB. IIpu N> 2p miHiliHI cUCTEMHU pIBHSHB
MIEPEeBU3HAYCHI 1 MOXKYTh OyTH HAOIMKEHI METOIOM HaiiMeHmuX kBajpariB (LS). 3puuaiinuit
METOJ HaWMEHIIMX KBajapaTiB Iepeadadae, 1o B JiHiMHIA cucremi (AX = b) mymom
3abpyaneHo smiie b (Bektop crioctepexenHs), a A (Marpuiis koedimieHTiB) 0e3 mrymy. OaHaxk,
sk MaTpullst A, Tak i Bektop b € mrymononionumu (y metoni Ilpowni, A i b maroTe oxne i Te x
JDKEPEeIIo JaHuX ), 1 B IIbOMY BHUIIQJKY TEXHIKa 3arajJbHUX HaMeHIux kBaapatiB (TLS) moxe
OyTH OLIBLI BUT1AHOIO.

VY nesikux BUMAAKax mpodiiema MeToy noninoma [IpoHi mossirae B TomMy, o BiH MOXKe
OyTH 4YHCEIBHO HECTaOUIBHUM Yepe3 KPOKH, IO MICTATh aJIrOPUTM: PO3B’SI3aHHS IOTAaHO
00yMOBIIEHOTO MATPUYHOTO PIBHSHHS Ta 3HAXOKEHHS KOPEeHIB MHOTowIeHa. Konu KiUTbKicTh
€KCIIOHEHT BIJIHOCHO BEJIMKA, YYTJIUBICTh KOPEHIB XapaKTEpHOIO MHOTOWIEHA JI0 30YpeHb
ixHiX Koe(ili€HTIB Tak caMo BUCOKa, 1 MeToa [Iponi Moxke OyTH HecTabiIbHUM.

B ocraHHiI poku 3aBIOSKH TPOTpecy B OOUYMCIIOBAIBHUX cHcTeMax Meronx l[Iponi
VCIHIIIHO 3aCTOCOBYETHCS B PI3HUX IHXKEHEPHUX Tally3sfiX, TaKuX SK aHali3 [KOCTi
eJICKTPOCHEPTil, MaTepiajJO3HABCTBO , AaHTEHU Ta iH. Y OlOMEAMYHIN raixy3i KIIACHIHUN METOJI
[TpoHi BUKOPUCTOBYETHCS ISl 0OPOOKH MYIbTH(POKATEHUX 30POBO-BUKIUKAHUX MTOTCHIIIATIB
JUISL 1IaTHOCTUKH PaHHIX CTa[iil po3cissHOro ckieposy. 3rimHo [1, 2] yucenbHui MeTOl, IO
0a3yeThcs Ha OIPAINIOBAHHI BJIIACHOTO BEKTOpPAa MATPHIl CHUCTEMH aireOpaidHuX JiHIHHUX
PIBHSIHB, 110 BIJMOBiAa€ HYJIHLOBOMY BIACHOMY YHUCIY, € JIeHI0 KpamuM. Pe3ympTaTél poOiT
OCTaHHIX POKIB Cylepevarh TaKUM BHUCHOBKaM. ToMy OyJio MpPOBEICHO HH3KY YHUCEIBHUX
EKCIePUMEHTIB JUIsl Pi3HOT KIIBKOCTI BIJUTIKIB, PIBHS IIYMY Ha CY4aCHHUX KOMIT FOTE€pax IJis
CIIBCTaBJICHHSI BIAMOBITHUX PE3yIbTaTIB.

[1] dpoGaxun O.O., Koporkast B.I'. Ilpumenenue meroaa IIpoyHH sl TOJIIIMHOMETPHUU
CJIOMCTBIX AUAIEeKTpHKOB. Jledexrockonus. Ne 5. (1987). C. 19-30.

[2] dpobaxun O.0. VneHTndukaims napaMeTpoB MOJICIH B BUIE CYMMBbI 9KCIIOHCHIIMATBbHBIX
¢bynkuunit npu nomouu Metoaa [Iponu. Asromerpus. Ne 4. (1989). C. 36-42.

SIGNAL INVESTIGATION ON THE BASIS OF PRONY’S
METHOD

D. Kulakov
Oles Honchar Dnipro National University
officialdstr@gmail.com

In some cases, a problem with the Prony’s polynomial method is numerical unstability
because of the steps that comprise the algorithm: solving an ill-conditioned matrix equation and
finding the roots of a polynomial. When the number of exponentials is relatively high, the
sensitivity of roots of the characteristic polynomial to perturbations of their coefficient is
likewise high and Prony’s method may be unstable. The method with eigen vector of Prony’s
linear equation system was considered as rather stable. The results of works of recent years
contradict these conclusions. Therefore, a number of numerical experiments have been
conducted for a different number of samples, noise levels on modern computers to compare the
results.
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PO3POBKA AITAPATYPU BUSHAYEHHA
JAE®EKTIB Y HAIIIBITPOBIIHUKOBUX IIJTIACTUHAX

C. Ilapxomenko, O. Bamepyk, C. ILlisaka
J[Hinposcoxuil nayionanerui yHieepcumem imeni Onecs I onuapa
parhomenkopsv@gmail.com

Jns  BUSABIEHHS NpPUXOBAaHMX JedeKkTiB y BHpoOax 1 aHalmizy HalpyKeHO-
nehOpMOBAaHOTO CTaHY MaTepialliB 3aCTOCOBYIOTh aKyCTHMYHY MIKpPOCKOMi0 3 (oTo- abo
TEJIEpETIiCTpaIli€l0  pe3yibTaTiB  aHalizy. AKYCTHYHA  MIKPOCKOISE ~ BUKOPUCTOBYE
BHCOKo4YacToTHI (Bix 5 mo 200 MI') ynbpTpa3ByKOBI KOJMBAHHS 1 3IMCHIOETHCS METOJIAMHU
HACKPI3HOI mepeaadi 1 BigbuToro curamy. MeTo BiIOMTOTr0 CUTHaITy, 1[0 BUMArae JOCTYILY
TUTBKH JI0 OJIHIET CTOPOHHM BUPOOY, JO3BOJISE BUSBIATH NMPHXOBaHI JCPEKTH MPHU MOCATIT
KPHUCTaIiB, PO3BAPIOBAHHS MTPOBITHUX 3'€IHAHB, FEPMETH3AIlI] €IEeKTPOHHUX MOIYIIB.

VYbpTpa3BykoBa XBUWJISI, IPOXOJSAYN Yepe3 3pa30K, MOKE MOTIMHATHUCS, PO3CIIOBATUCS
a0o BimOMBaTHCS, BOHA YYTJIMBA 70 MPY)KHUX BIACTHBOCTEH MaTepiary, 0COOIMBO A0 TPILIHH
1 TOBITpAHUX 3a30piB. BUKOpUCTaHHS 3BYKOBOi XBWJ JO3BOJII€E TaKOX MOIIAPOBO
JOCITIJIKYBATH 3pa3KH Ha Pi3HUX TNTMOWHAX, Bi3yalli3yr0uu HOT0 BHYTPIIIHI OCOOIMBOCTI.

Ha rpanuni po3ainy Mix 1BOMa MaTepiaiamu yJ'IBTpaBBYKOBI/Iﬁ iMnyJILc PO3IUIAETHCS
Ha BIAOWTY 1 MpOMyIIeHy CKJIAJ0Bi, IPUYOMY, YUM BUILE PI3HUISI OMOPIB HA TPaHUIl, TUM
Olnble aMany,ua BIATYKY 1 3HAYHilIe KOHTpacT 300pakeHHA. Jleski BIATYKH MarOTh
HETaTHUBHY TOJISIPHICTh, IO B OLIBIIOCTI BUMAJKIB CBIJYUTH PO HASBHICTH PO3IIAPYBaHb,
TPIIIKH 1 MYCTOT.

Po3mimenHst 3paska mMae OyTH TakuM YHHOM, MIO0 TPH OJHOMY JHIHHOMY pyci
wiatdopmu (B x ab0 y HaNpsIMKY) MOKHaA OyJo miapaxyBaTu J1e(heKTH, 0 MICTATbCSA B MOJ1
30py naruuka. JIiHIS cKaHyeTbCs 1 peecTpyeThecsl Kiacu@ikamis 1 KUIBKICTh JE(EKTIB.
[TinpaxoByeTbcs KOXeH Kiac Ae(eKTiB OKpeMO MO KOXHOMY 3 BiJICKAHOBaHMX J1aMeTpiB.
[IpoBoaMTHCST MIAPAXyHOK BCI€i MEPEBIPEHOI 30HU HUIAXOM YOTHPHPA30BOTO MHOXKEHHS
€TAJIOHHOI IIMPHUHU MOJI 30pY B CAaHTUMETpaxX Ha JOBXKMHY CKaHYBaHHS B CaHTHMeETpax.
[I{i7bHICTF O BU3HAYAETHCA KUIBKICTIO nAedekTiB Ng MoniieHuX Ha 3arajibHy IUJIOINLY
IUTACTUHU S.

Po3po0rena cTpykTypHa cxema mpuiiagy npeacTaBieHa Ha puc. 1.

Hpaiisep v
ULN2003 SR-04
MIIII COM

Arduino Ilo EOM

|

Jpaiigep
ULN2003

Puc. 1. CTpykTypHa cXemMa npuiaaay
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Ha Bxin trig mocmiaeMo BHUCOKHWM PIBEHb CHUTHAIY MPOTATOM K MiHIMyM 10 MKC.
Moynb Mo4YrMHAE MOCUIIATH YIbTPa3BYKOBI iMIyibcH 3 yactororo 40 k1 i mpuiiMae ix Hazaf,
AKIIO B 30HI BUAMMOCTI € OyAb-sIKI MEPenIKoAd. SIKIO0 CUTHAN IMOBEPTAETHCS, MOAYJb
BCTAHOBJIIOE HU3BKUH piBeHb Ha Buxoai echo Ha 150 mc. 3a yacoM, sIKUIl MUHYB 3 MOMEHTY
MOCUJIAaHHSI BUCOKOTO PiBHS CUTHAJY O HU3BKOTO PIBHS Ha BUXOJlI echo MOXXHA po3paxyBaTH
BIJICTaHb JI0 MEPEIIKOTH.

Jlst peanizaiiii 1aHoro npuiaay 0yino oOpaHo YHIMOJSApHUN KpoKOBUi ABUTYH 28BYJ-
48. JluckpeTHe nepeMimieHHs Baja apuryHa 28BYJ-48 no3Bossie moBepHyTH Baul piBHO Ha 60
ab6o 279 rpanyciB i 3adikcyBatu. st po3poOku mpmiany Oyiao 0OpaHO MIKPOKOHTPOJIEP
Arduino.

Jlyis cTBOpEeHHsI MpOorpamMHOro 3abe3nedeHHs BUKOPUCTaHO BOYIOBaHUM MPOrpaMHUN
nponaykt Arduino IDE. Ilporpamna yacTuHa CKIagaeTbcs 3 OE3KOIITOBHOI MPOrpaMHOT
o6ononku (IDE) nns mamucaHHs mporpaMm, iX KOMIUIALII Ta IpOrpaMyBaHHS amapaTypH.
Arduino Moke BUKOPUCTOBYBATHUCS SIK JUISI CTBOPCHHSI aBTOHOMHHX 00'€KTIB aBTOMATHKH, TaK
1 MIIKJIFOYATHCS IO TPOTrPaMHOro 3a0e3MeUeHHs] Ha KOMIT'IOTepl Yepe3 CTaHAapTHI JAPOTOBI 1
6e31poToBi iHTEpdeicH.

Po3pobrnene mporpamMHe 3a0e3MeUYeHHS BHUKOHYETbCS TMPH WOro 3amycKy Ha
MIEPCOHATBHOMY KOMIT' FOTEpi, Ha sskoMy BcTaHOBJIeHO Arduino IDE, ta 3abe3neuye mpoxin
m1aThOPMH 31 3pa3KOM 3 OJJHOYACHUM BUMIPIOBAHHAM J€(PEKTIB IO OCSAM X Ta Y, CTBOPIOIOYH
Pe3yAbTYIOUUI IBOMIPHHUI MacHB.

DEVELOPMENT OF DEFINITION DEVICE
DEFECTS IN SEMICONDUCTOR PLATES

S. Parhomenko, O. Vasheruk, S. Plyaka
Oles Honchar Dnipro National University
parhomenkopsv@gmail.com

Acoustic microscopy with photo- or tele-registration of analysis results is used to detect
hidden defects in products and to analyze the stress-strain state of materials.

The structural scheme of the device is developed. A unipolar stepper motor was selected
to implement this unit. An Arduino microcontroller was chosen to design the device. The
developed software is executed at its launch on a personal computer with an Arduino IDE
installed and provides a platform pass with a sample with simultaneous measurement of defects
along the x and y axes, creating the resulting two-dimensional array.

1V BeeykpaiHcbka HAYKOBO-NIPAKTHYHA KOH(pepeHIIist
«[IEPCIIEKTUBHI HAIIPSIMKH CYYACHOI EJIEKTPOHIKH, IHOOPMAIIMHUX 1
KOMIT'IOTEPHUX CUCTEM» MEICS-2019
27-29 mucromana 2019 p., Auinpo, Ykpaina



Cexuis IV. ®YHKIIOHAJIBHA EJEKTPOHIKA. MIKPO- I HAHOTEXHOJIOT' T 175

MOJEJIOBAHHS PEJIAKCAIIII BAPUCTOPHO-
MO3UCTOPHUX MNPUCTPOIB 3AXUCTY
POTOEJJEKTPUYHUX MOIVJIB BIJI IIEPEHAIIPYI'U IIPU
BIJHOBJIEHHI OCBITJIEHHSA

O. Tonkowmkyp
Jninposecoxuii hayionanonuti yHieepcumem imeni Onecs I onuapa
tonkoshkuras@ukr.net

®doroenexktpuunuit  monynp (PEM) ckimagaeTbcs 3 MOCHIAOBHO — 3'€IHAHHMX
doroenekTpuyHmx neperBoproBadis (PEII), ski po3nineHi Ha kimbka miamMoayiis [ 1]. Koxuuit
TaKU# MAMOIYJb 3a0€3MeUYCHU OOBITHUM J1070M, KU ITIKIIOYCHUH MapajieibHO HoMy.
Sxmio oxun abo xinbka OEIT uepes HecripaBHICTh a00 3aTiHEHHS 3MEHIITY€ TeHEPOBAHUN HUMHU
dboTocTpyM, CTPYM BiJ IHIIMX MiAMOAYIMIB IIPOTIKA€E Yepe3 OOBITHUH 110/, a AJIs PO3TIITHYTOTO
niamonayns 3 3arineHuM @DEII peanizyerscsi cran kopotkoro 3amukaHHs. OcsiTieni @OEII
BCEpelMHI MAMOAYNIS HE MOXYTh BiJJJaBaTH CBOi IeHEpoBaHi (POTOCTpPYyMH B 30BHIIIHE
€JIEKTPUYHE KOJIO TOMY, 10 TIOCIIiTOBHE 3'€/THAaHHS PO3ipBAaHO 3aTIHEHUMH MIEPETBOPIOBAYAMH.
I'enepoBana uumu OEIT Hanpyra 3miilye 3aTiHEHUN €1€eMEHT B 3BOPOTHOMY HAMpPSAMKY, 1 BiH
Npalioe SK HAaBAaHTAKEHHsS, a HE AK TeHeparop. PosciroBaHHs eHeprii Ha 3a3HAYCHOMY
HaBaHTaXXCHHI BeJle JI0 HEOJHOPIAHOIO HarpiBaHHS MOIYJA, 30KpeMa J0 IOSIBM B HbOMY
o0acTei T0KaIbHOTO PO3IrpiBy, SIKi HA3UBAIOTH «TAPSIYUMH IIISIMAMIY.

Cepen cxemorexHiyHuX 3aco0iB 3axucty ®EII Binx nepeHanpyrd OAHMM 3 HOBMX
HiAXOMIB € BUKOpUCTaHHS oOMexyBauiB Hanpyru (OH) Ha OCHOBI CTPYKTypH 3 JBOX
HOCTIIOBHO 3'€lHAHUX WIapiB, OAMH 3 SKUX BapuUCTOpHA Kepamika, a Jpyruidl —
BukopuctoByBanuii B PPTC 3anmobixxHukax texHoisorii «PolySwitch» HaHokoMnosur, ski
3HAXOMAThCS B TEIUIOBOMY KOHTAKTi [2].

Koxxen ®OEII migkmoyaeThest 40 BAPUCTOPHOTO Mapy (BUX1AHOTO Kojia) okpemoro OH.
[TocninoHe 3'eqnanns OH ytBOprotoTh migmonyins @EM 3 mapanenpHO MiAKIIOUEHUM [0
HBOT0 00BiAHUM AiogoMm. Ilpu mpuxnagaHHi BXinHOI nepeHanpyru ao takoro OH rtemnno, mo
BUJUIAETHCS BAPUCTOPHUM IIAPOM, HArpiBae Liap Mo3ucTopa i 00yMOBIIIO€E 301IbIIEHHS HOTo
onopy. B pe3ynbTaTi Mae Miciie nepepo3noauT BXiAHOT epeHanpyrd MiX apamu, SKuid MOKe
3a0e3meunTd OOMEXEHHS Ha 3a/JlaHOMy piBHI BHUXIJHOI Hampyru BapUCTOPHOTO wiapy i,
BIJINOBIAHO, HAa BKJIFOUEHOMY TapajesibHO HOMY HaBaHTa)KEHHI.

Jnis mepcrieKTUBHOI peaizallii po3misiHyToro cnocoOy 3axucty @EII Big nepeHanpyru
MIPEACTABISIETHCS HEOOXITHUM OOTPYHTYBaHHS 1 aHaji3 Tporecy (yHKIIOHYBAaHHS JaHOTO
BapUCTOPHO-TIO3UCTOPHOIO MPHUCTPOI0 B (HOTOECNEKTPUYHUX CHCTEMAaX COHSYHUX OaTapei.
Haitbinpm eexTUBHO pIlIEHHS TaKuX 3aJad MoOKe OyTH 3/1MCHEHO 3acTOCyBaHHSIM
MaTeMaTHYHOTO MOJICJIIOBAHHS.

VY nauiif po60TI HABOJATHCS PE3yNbTaTH TEOPETUYHOTO JOCTIIKEHHS (QYHKI[IOHYBaHHS
BapucTopHo-niozuctopuux OH B crani penakcauii npu BiJHOBJIEHHI ocBiTIeHHs. [Ipu aHai3i
B3STO JI0 yBaru, 1o npu noepHeHHi migamoayns ®EM 3 4acTKoBO 3aTEeMHEHOT0 /10 TIOBHICTIO
OCBITJICHOTO CTaHY, OITip TTO3UCTOPHOTO eleMeHTa RrFu MOKe BITHOBUTH CBOE BHCOKOIIPOBITHE
(«xono1HEY) 3HAUEHHS TUIBKU MPH 3HIKEHHI Horo TeMnepaTypu 1. 3a3HaueHuil eekt Moxe
OyTH NOCSATHYTHI 3a paXyHOK NPUIMHEHHS Iepenadl TerIoBOi MOTYKHOCTI B BapHCTOpa
BHACJIZIOK 3HM)KEHHS HANpyrd Ha MapajenbHo miaxioyeHomy 1o Hbeoro DEII, omip i,
BIJIMIOBIJTHO, MaJiHHA Hampyru Ha skoMy UR pi3KO 3MEHIIYIOTBCSA NMpU HOro mepexoxi i3
MAaCUBHOTO (3aTIHEHOT0) B OCBITJIICHUH CTaH, KOJIM BiH T€HEPYE €NEKTPUUHY MOTYXHIicTb. [1pn
IIbOMY TIOBHHHA OyTH BHKOHaHa yMoBa: cTpyM depe3 OH moBuHEeH OyTH MEHIINM BEIWYHHU
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CTpyMy CIpambOBYBaHHS IO3UCTOpPHOro eineMmeHta tumy PolySwitch lyrip mpu morounii
TemrepaTypi T.
PiBHSHHS, 110 OMUCYIOTH Takuii mpoiiec penakcaiiii OH MokHa 3anucaTy y BUTIISIII

Cd-;—t(t): PPPTC[E’T(t)]_T(t)—_TO; T(t ZO):Ttrip’ 1)
A€
PPPTC[E’T(t)]: RFU(T) = B

RFU(T)+ Rs RFu(T)+ Rs
E ta Rs — mampyra, mo renepyerbcs Bcima DEIl mimMomyns, Ta HOro ekBiBaJCHTHHUU
nocnigosauii enexrpuunuii omip; Rru(T) = const /(Ttrip - T) Ta Iv(U)=lo-(U /Uc)? — tunosi
anpokcuMmarii TemmnepatypHoi 3anexknocti PPTC 3amoGixnmka i1 BAX Bapucropa;
const = Rruo (Ttrip - 298), Rruo — 3Ha4eHHs omopy 3amo0iKHUKA B TPOBIAHOMY CTaHi 10 HOro
crnpanpoByBanns; Uc i B — knacudikauiiina Hanpyra Bapucropa npu lo=10234 i xoedimient
HemniiHocti; C ta RT — temnoemuicts 1 TemnoBuit omip OH; To — Temmeparypa
HABKOJIMIIHBOTO cepeaoBuIa; t —gac.

Pesynbratu po3B’s3aHHs piBHSAHHSA (1) JO3BOMWIM BCTAHOBHTH ICTOTHUH BILIUB
napameTpiB OH Rruo ta RT Ha dpopmy 3anexnocteit T(t) i Rru(t). [Ipu HeBenukuX 3HAYCHHSIX
3a3HAYCHUX IMapaMeTPiB IIi 3aJICKHOCTI MaIOTh pelakcaliiHui xapaktep. Yac pemakcartii
MOPSIKY JCKITBKOX CEKYH]I 1 3MEHIIYEThCS 31 3MEHIIICHHSM BEJIMYMHM TeTUIOBOrO oropy OH
RT. IIpu nocute Benukux 3HadeHHsAX RT Tta Rruo Moxe pearmizyBatucsi cuTyallis, KOJH Taka
penakcarris BiacyTHs i OH 30epirae akTHBHHI CTaH.

[1] Daliento S., Di Napoli F., Guerriero P., d’Alessandro V. A modified bypass circuit for
improved hot spot reliability of solar panels subject to partial shading. Solar Energy
Vol. 134. (2016). P. 211-218.

[2] Tonkomkyp O.C., Hakammmze JIL.B. TIpobnemu HamidiHOCTI (HOTOCIECKTPHYHUX
KOMITOHEHTIB COHAYHMX OaTtapeii. BimHoBmoBana enepretuka. Ne 3. (2018). C.21-31.

MODELING OF RELAXATION OF VARISTOR-POSISTOR
DEVICES FOR PROTECTION OF PHOTOELECTRIC
MODULES FROM OVERVOLTAGE IN LIGHT RECOVERY

A. Tonkoshkur
Oles Honchar Dnipro National University
tonkoshkuras@ukr.net

The results of modeling the operation of the electric overvoltage limiter for a
photovoltaic module based on the varistor-PPTC fuse layered structure, which are in thermal
contact, are presented.

It is shown that in the mode of resuming lighting, relaxation to the initial state of the
parameters of such a voltage limiter is possible at relatively small values of the electrical
resistance of the PPTC fuse in the conducting (“cold") state and the thermal resistance of the
entire device.
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METOIUKA ITIOITAPOBOI'O HAHECEHHA IIVIIBOK TA
XAPAKTEPUCTUKHU IBOIIAPOBUX CTPYKTYP HA
OCHOBI BAKTEPIOPOAOIICUHY

I. Tpukyp, M. Ciuka, I. [Iboma, A. Iloranuyk, B. Pizak

Yorceopoocoruii nayionanvhuil ynisepcumem
Trikurivan1012765@gmail.com

OTpumaHHS IIIBOK 3 BUCOKOIO ONTHYHOO AKICTIO 1 TOBIIMHAMHU B Mexkax 1 - 40 MKM Ha
0a3i Oakrtepioponorncuny (BP) y 300b-TelbHMX MaTpHISX AOCHTH CKJIAIHUN MpoIEeC 3
TEXHOJIOTIYHOT TOYKH 30py. BumapoByBaHHS pO3YMHHUKA NPUBOAUTH /0 BUHHKHEHHS
BHYTPIIIHIX MEXaHIYHUX HANpPYyTr 1 MOPYIIEHHS OJHOPIAHOCTI TAKUX IUIIBKOBUX CTPYKTYD.
Bukopuctanss Metony neHTpuyryBaHHs J1a€ MOKJIMBICTh OTPUMATH IUTIBKHU 13 CyMillli 30J1b-
renio i cycnensii myprnypuux memOpas (IIM) 6e3 nedexTis ajne 3 TOBIIMHAMH Ha piBHI 5-10 HM
1 HEOTHOPiTHOIO TTOBEepXHEH0. Taki TUTBKH MO CyTi OyIyTh SIBISATH COOOI0 OKpeMi (hparMeHTH
NypIypHUX MeMOpaH IOKPUTI TOHKHMM IIapoM 30Jb-TeIbHOro ckia. BpaxoByrouw, mio
touuHa [IM cknagae 6im3bko 5 HM [1], HEOIHOPIAHICT MO TOBIIMHI MOXXHA HOSCHUTH
HEpPIBHOMIPHICTIO po3MmimeHHs (pparmeHTiB [IM mo moBepxHi MiAKIAIKK Ta iX YaCTKOBUM
HaknagaHHsIM. OCKUTBKM OJHOIIApOBa TUTIBKA MICTUTH 3aHANTO Malio BP mis MoxImMBOCTI
IPAaKTUYHOTO BHUKOPHUCTaHHsS, MNOTPIOHO HAHOCUTH 0araToIapoBy CTPYKTYypy LIO
CYIIPOBOJUKYETHCS 3HAYHUMHU BTpAaTaMH MaTepially B MPOIECi BUTOTOBJICHHS TAKUX TUTIBOK.

Tomy Oyn0 3amponoHoBaHO MOAM(IKYBaTH METOAMUKY MOMIAPOBOTO HAHECEHHS TUTIBOK
bP. Jlanuii meton € xoMmOiHalli€l0 METOAy MOJUBY Ta LEHTpUQYryBaHHS 1 mependadae
HaHECEHHs Ha MIAKIAJKY IUiBKU BP, sika MOKpUBaeThCsl TOHKUM IIAPOM 30J1b-Tet0. I Takux
CTPYKTYp XapaKTepHa BIJCYTHICTh JC(EKTIB, IO BHHHUKAIOTH IiJ JI€0 BHYTPINIHIX
MEXaHIYHUX HaMpYT 1 XOpoIlla ONTUYHA SKICTh MIIBOK. OCKIUIBKHU 30J1b-T€JIbHE CKJIO Ma€ BUCOKY
HOPHUCTICTh, PEUOBHMHU AHAIITH MOXYTh BUIBHO NMPOHHUKATH y IUTBKY Ui B3aemonii 3 BP.
TexHOJOTisl BUTOTOBIICHHS TaKUX JBOIIAPOBUX CTPYKTYp MPOCTIMIA, a SKICTh OTPUMaHHUX
TUTIBOK Kpallla MOpiBHSHO 3 muiiBKamMu bP B 30/1b-TeNbHIN MaTpHIll, K1 HAHOCATHCS METOJIOM
HOJIUBY.

Jlnig BuroroBneHHs wiiBku bP 3anpononoBanum mMetoiom 0,5 mit BogHoro po3unHy bP
MOMIIAJIN Ha OYMILEHY CKIISHY MIJKIAAKY 1 BUCYHUIyBaJId B €KCHKATOpl MPOTAroM 24 ro.
ITicns Toro, sik tiiBka BP Bucuxana, 3Bepxy HaHocuBCs map 30ib-renabHoro SiOz ckia. s
HaHECEHHs 30JIb-TeNI0 Ha MIiBKy bP BUKOpHCTOBYBanu MeTo HEHTPU(PYTyBaHHs. Y HaIIOMY
BUIAJKY Kparulsd IUTIBKOYTBOPIOIOYOi cyMimil o6'eMoM ~10 MK HaHOcwiIacs Ha CKISIHY
MiIKIaKY, IIBUIKICTE 00epTaHHs sikoi ckinagana 750 06/xB. Sk 1 y BUMAAKY 3 TIIBKAMH 30J1b-
refifo, OTPUMYBAaHMMHU METOAOM TIOJMBY, BHKOPHCTOBYBAIM 3 PpEXUMH BHCYIIYBaHHS:
npoTAroM 24 roauH Npu KiMHaTHIA Temmepatypi, 48 roa. npu 4 C° B XONOAWIBHUKY Yy
BiKpuTii vami [letpi ta mpotsirom 6 116 npu 4 C° y 3akputiit gami [lerpi. Bukopucranus
HEepUIMX JBOX METOJIB MPUBOJUTH J0 BUHUKHEHHS MIKPOTPILIMHMA Ha MOBEpXHi miiBok. [Ipu
BUCHXaHHI 301b-Teito pu 4 C° y 3akpuTiil yami [letpi nedextu moBepxHi BicyTHI. OcTaHHE
MO>KHA TIOSICHUTH HACTYITHUM YHMHOM. 3a paXyHOK TPHUBAJIOCTI MpOIleCy moiimepu3aiiii (6 1i0)
1 BUCHXaHHA B aTMOC(epi HAaCHYEeHOT apu PO3YMHHUKA, IIBUAKICTh BUTAPOBYBAHHS PIAMHH 13
HIOp 30JIb-TEJILHOTO CKJIa Oysa Jy»ke HU3bK010. OCTaHHE CIIOBUIBHUIIO MPOLIEC KYCAIKU» 30J1b-
TeJIbHOTO CKJIa B MPOIleci CTapiHHS 1 3pOOMIIO MOKJIMBUM YTBOPEHHS J10IaTKOBUX 3B’SI3KIB Y
CTPYKTYpI KICTSIKa, SKi B3sUIM Ha ce0e YaCTHHY HAaBaHTAXXEHHS, CIIPUYMHEHOT0 BHYTPIIIHIMU
Hanpyramu.

HocnimpkenHss MopdoJorii HOBEpXHi Ha Pi3HUX eTanax OTPUMAaHHS IJTiBOK MPOBOIMIN
3a qonromororo ACM. V Bunajky BUKOPUCTAHHS TIAIKOI MIIKIAIKHA K I OJTHO- TaK 1 JIs
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OaraTomapoBuX IIBOK 3 yucToro SiO2 CKiIa, OTPUMAHUX 3a JIOTIOMOTOIO 30J1b-TeJIb TEXHOJIOT1{
METOJIOM IHEeHTpU(YTryBaHHS TPHU TOCIITOBHOMY HAHECEHHI IIapiB, XapakTepHa OJHOpPiIHA
IJIaJKa TOBEPXHS 3 mopcTKicTio Ha piBHI 0,2-0,4 HM, siKa MOBTOPIOE penbed MigKIaIKu. Y
BUMAJKy HaHeceHHs mapy SiO2 ckia Ha iiBKy BP oTpumany MeToa0M MOJIUBY HMIOPCTKICTh
IUTIBOK 3MEHIIYETHCS B cepenHboMy Ha 15-20% 3 18,5 mo 14,0 uM. MakcumansHuil nepenan
10 BUCOTI 3MeHIyeThcst Maibke Ha 30% - 3 290 uM i totiBok wuctoro bBP mo 205 M st
wiiBkd BP, mokputoi mapoM 301b-T€IBHOTO CKJa. 3MEHIIEHHS MIOPCTKOCTI MOBEPXHI
JOCATAETHCS 32 PAXyHOK 3allOBHEHHSI HEPIBHOCTEH MOBEPXHI PIIKUM PO3YMHOM 30JIb-TEIII0.
3MEHIICHHS! HEOJHOPIAHOCTEH TIOBEpXHI NPUBOAUTH [0 3MEHIIEHHS pO3CIIOBaHHS Ha
HEOJHOPITHOCTSX IMOBEPXHI 1 MIABUIIEHHS ONTHYHOI IKOCTI IUTiBKH.

CrekTpu mpomycKkaHHs AJis TuTiBKY grctoro bP ta nBommaporoi miiBku bP, mokpuroi
IapoOM 30J1b-TEJII0 MaiyKe aHAJIOTIYHI - CIIOCTEPIraeThCs YiTKa CMYTH MOTJIMHAHHS B 00J1acTi
570 am. 1nst ABOIIApOBOI IJTIBKM XapaKTepHE HE3HAUHE 3POCTAHHS MPOITYCKaHHS MOPIBHSIHO 3
TUTiBKOIO yrcToro bP, He3Baxkaroum Ha BUHUKHEHHS J0AATKOBOI Mexi mojiny bP/3omb-rens.
Jlanuii pe3ynbpTaT MOYKHA MOSICHUTH 3MEHIIICHHSM PO3CIIOBaHHS Ha HEOAHOPITHOCTSIX MTOBEPXHI
TUTIBKH.

B pe3ynbraTi BUKOPUCTaHHS 1aHOTO METOLy HaMH OyJIM OTpUMaHi ABOIIAPOBI TUTIBKOBI
CTPYKTYpU Ha OCHOBI OakTepiOpOJONCHHY 13 3aJ0BIILHOI ONTUYHOK SIKICTIO, SKI HE
PYHHYETBCS T[] TI€I0 BOAX 1 MOXYTh BUKOPHCTOBYBATHUCS SIK TIEPBUHHI MEPETBOPIOBAYL IS
XIMIYHUX JATYMKIB BOJHUX POo3uMHIB. [ToKpUTTs 1uriBku unctoro BP ToHKMM 11apom 3071b-
TeJIbHOTO CKJIa TIPUBOJUTH 10 BUPIBHIOBAHHS MOBEPXHI TUTIBKH 1 3MEHILIEHHS PO3CIFOBAaHHS Ha
HEOJITHOPITHOCTAX MOBEpXHi. JIOCHIIKEHHSI CHEKTPaJbHUX Ta JUHAMIYHUX XapaKTEPUCTHK
MoKa3ajio, 10 NP HAHECEHHI IMOKPHBHOTO mIapy 3oib-renmo BbP 30epirae xapakrepHi
(b yHKIIIOHATIBHI Ta ONTHYHI BJACTUBOCTI.

[1] Hampp N. Bacteriorhodopsin as a Photochromic Retinal Protein for Optical Memories.
Chem Rev, Vol. 100. (2000). P. 1755-1776.

METHODS OF LAYER-BY-LAYER DEPOSITION OF FILMS
AND CHARACTERISTICS OF TWO-LAYER STRUCTURES
BASED ON BACTERIORHODOPSIN

I. Trikur, M. Sichka, I. Tsoma, A. Potapchuk, V. Rizak
Uzhhorod National University
Trikurivan1012765@gmail.com

A modified technique of layer-by-layer deposition of bacteriorhodopsin (BR) films is
proposed. This method is a combination of the casting and centrifugation method and involves
the application of a pure BR film to the substrate, which is covered with a thin layer of sol-gel
glass. As a result of using this method we have obtained two-layer film structures based on
bacteriorodopsin with satisfactory optical quality, which are not destroyed by water and can be
used as primary transducers for chemical sensors of aqueous solutions. Coating the film of pure
BR with a thin layer of sol-gel glass leads to the leveling of the film surface and reducing the
scattering on its inhomogeneities. The film roughness decreases by an average of 15-20% from
18.5 to 14.0 nm. The maximum height difference decreases by almost 30% - from 290 nm for
pure BR films to 205 nm for BR films coated with a sol-gel glass layer. The study of the spectral
and dynamic characteristics showed that the application of the coating layer of sol-gel glass BR
retains the characteristic functional and optical properties.
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TOHKOILIIBKOBUN COHSIUHUU EJEMEHT 3
JTBOBIYHUM ITOKPUTTAM METAJEBUMH
HAHOUACTUHKAMU

O. 'nuienko?!, C. ILitakcin®
YUTninpoecoxuii nayionansnuil ynieepcumem imeni Onecs I'onuapa
2[ucmumym mpancnopmuux cucmem i mexnonoziti HAH Yxpainu « Tpancmazey
gnilenko@ua.fm, svp@westa-inter.com

B kpucrtamiyHMX KpEeMHIEBUX COHSYHUX €JEMEHTaX LIUPOKO 3aCTOCOBYETHCS
TEKCTYpYBaHHS OCBITIIIOBaHOI NoBepxHi — croci0 miaumenHss KK/, mo monsirae B HamaHHi
JMIIEBIA MOBEPXHI COHSYHOI'O €JIEMEHTY PI3HOTO POAY HEOAHOPITHOCTEH, 10 BiIOMBAIOTH
COHSTYHI IIPOMEHI B MOTJIMHAIOYHH IIap HAIIBIPOBIIHUKA ITiJ]] IEBHUM KYTOM 1 301IbIIYIOTh TUM
CaMMM JIOBJKMHY ONTUYHOTO IIISAXY (POTOHIB. AJie Ul TOHKOIUTIBKOBUX COHSYHUX €JIEMEHTIB
TpaAUUIAHUN MAX1J 10 TEKCTYpYBaHHS Malo MiAXOAWTh, OCKUIBKH XapaKTepHUH po3Mip
TEKCTYpH, 110 IEPEUIKO/IKAE BIAOUTTIO 1 BIAXWIISIE COHSIUHI TPOMEHI B MOTJMHAIOYHH 11ap i
ONTUMAIILHUM KYTOM BUSBIISETHCS OUIBIINM, HDK TOBIIMHA CAMOTO COHSYHOTO EJIEMEHTA.
ToMy, IS TOHKOIUTIBKOBHMX COHSYHHX €JIEMEHTIB BHUKOPHUCTOBYIOTHCA IHIINI TEXHIKH
«3aTPUMKH» COHSYHOTO BUIPOMIHIOBaHHS y (POTOAKTHMBHOMY IIApi HAMiBIPOBIAHUKA, IO
0a3yI0ThCsl Ha 3aCTOCYBaHHI HAHOPO3MIPHUX METAJIEBUX CTPYKTYP SIK aHAJIOTa TEKCTYPYBaHHS
IOBEPXHI HaIIBIPOBIAHUKA. [IOKPUTTS JIMIIEBOi OBEPXHI COHSYHOI'O €JIEMEHTY METaleBUMU
HaHOYACTUHKaMM a00 po3TallyBaHHS HAHOYACTMHOK O€3M0ocepeHbO B TOBILI MOTJIMHAIOYOTO
I1apy HaIiBIPOBITHHUKA JO3BOJISIE OJCPIKATH TAKUH CAaMHI PEe3yNbTaT, SIK 1 IPH TEKCTYPYBaHHI,
OCKIUIBKHA PO3CIIOBaHHS COHSYHOTO BUIPOMIHIOBAHHS Ha HAaHOYACTUHKAX HPU3BOAWUTH [0
AQHAJIOTTYHOTO ePEeKTy 3aTPUMKHU (POTOHIB Y POTOAKTUBHOMY ILIApi.

BronuB pi3HuX cmoco0iB poO3MilllEHHsST METalleBUX HAHOYACTUHOK Ha TiABHUINEHHS
e(eKTUBHOCTI TOHKOIUTIBKOBUX COHSYHMX €JIEMEHTIB 3 aMOP(HOT0 KPEMHIIO JOCIIKYBaBCs B
Oaratbox pobotax. Tak, epexT BiJ PO3MILIEHHS HAHOYACTMHOK 30JI0Ta HaJ OCBITIIOBAHOIO
MOBEPXHEI0 HaIMIBIPOBIIHMKAa BuBYaBca B [1]. B poboti [2] OyB mochimkeHuit edext
JIOKaJIi3allii BUIPOMIHIOBAHHS B IIOTJIMHAIOUOMY IIapi aMOp(HOro KPEeMHII0 MPH PO3MIILIEHH1
HAaHOYACTHMHOK cpi0la Ha TMOBEpXHI MeTajneBoro BifOuBaya. IlocuiieHHS NOTrTMHAHHSA
COHSYHOTO BHITPOMIHIOBAHHS NpPU PpO3MIIIEHHI HAHOYACTHHOK 30JI0Ta BCEpEIuHI MIapy
aMOp(HOro KPEMHII0 1 MOKJIMBICTh €(EKTUBHO KOHTPOJIIOBATH PiBEHb OTTIMHAHHS 3MIHIOIOUN
TOBIIMHY IIapy KPEMHIIO IPOJEMOHCTPOBAaHO B poOoTI [3].

VY pomy noCIiKEHHI 3a TonoMoroto mporpamuoro nakera Silvaco TCAD nposeaeHo
MO/I€TFOBaHHS TOHKOILJIIBKOBOI'O COHS'YHOI'O €JIEMEHTA 3 aMOP(HOT0 KPEMHIIO 3 AJIFOMIHIEBUMU
HaHOYACTUHKaMHM, PO3TALIOBAHUMHM HaJl BEPXHIM 1 MiJ] HUXKHIM MPO30OPUMHU E€JIEKTPOJAMH.
JIBOXBUMIpHA MOJIENb PO3IJISHYTOTO COHSYHOIO eJeMeHTa Ioka3aHa Ha puc. 1. CoHsyHMI
€IIEMEHT SIBJIIE COOOI0 TOHKOIUTIBKOBY P-I-N CTPYKTYPY 3 aMOP(HHOT0 KPeMHit0 ToBIIHHOO 300
HM. Ha nuneBuit ta TMiIbHUI OOKM p-i-n CTPYKTYPH HAHECCHI MPO30pPi €IEKTPOAM 3 OKCHIY
iH71f0-0o0Ba. Haj BepXHIM 1 MiJi HUKHIM MPO30PUMHU €JIEKTPOJaMHU PO3MIIIEHI aIIOMIHIEB]
HAHOYACTUHKHU KpyTioi (opMH, sIKi € 130IbOBAaHUMU BiJ] €IEKTPOAIB B IIapax Mpo30poro Ajs
BUIIPOMIHIOBAaHHS Martepiany, mo He mae BTpar. Metogom FDTD, sikuii BXOIUTh A0 CKIamy
nporpamHoro  makery Silvaco TCAD  po3paxoBaHa  iHTEHCHUBHICTb  COHSIYHOTO
BUIIPOMIHIOBaHHS B CTPYKTYpi PO3IJISTHYTOI'O COHSAYHOTO €JIEMEHTA 1 Ha I1iif OCHOBI BU3HAYEHI
HOro OCHOBHI €JIEKTPUYHI XapaKTEepUCTUKHU 13 3aCTOCYBaHHAM nudy3iiiHO-AperdoBoi Moaeni

pPYyXy HOCIiB 3apsny.
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Pesynbrati MojenrOBaHHS CBiMYaTh MPO TE, IO HAHOYACTUHKH, PO3TAIIOBaHI HaJl
BEPXHIM MPO30PHM E€JIEKTPOJOM 1 MiJ HWKHIM MPO30PUM €JIEKTPOIAOM COHSYHOTO €JIEMEHTa
CHPUSIOTh CTBOPEHHIO B (DOTOAKTHBHOMY IApi HAIMIBIPOBITHHUKA JIOKATHHUX MaKCHMYyMiB
IHTEHCHUBHOCTI BHIIPOMiHIOBaHHs (auB. Puc. 2) 1, BiAMoBiIHO, MIBUAKOCTI (hoTOTreHeparlii, 1o
NPU3BOAUTH 10 301bIIeHHS (GoTocTpyMmy. BuOip onTHManbHOTO paaiyCcy HaHOYACTHHOK 1
BiJICTaH1 M’k HAHOYACTHHKAMHU JIO3BOJISIE TOCSTTH B TOHKOIUTIBKOBOMY COHSTYHOMY €JIEMEHTI 3
aMop(HOTo KpeMHiI0 3Ha4YeHb KoedimieHTa KoprucHoi Aii monan 13%.

[1] Derkacs D., Lim S.H., Matheu P., Mar W., Yu E.T. Improved performance of amorphous
silicon solar cells via scattering from surface plasmon polaritons in nearby metallic
nanoparticles, Applied Physics Letters. No. 89. (2006). P. 093103-1-093103-3.

[2] Wang P.H., Theuring M., Vehse M., Steenhoff V., Agert C., Brolo A.G. Light trapping in
a-Si:H thin film solar cells using silver nanostructures. AIP Advances. No. 7. (2017).
P. 015019-1-015019-8.

[3] Faraone G., Modi R., Marom S., Podest A., Vece M. Increasing the optical absorption in a-Si
thin films by embedding gold Nanoparticles. Optical Materials. No. 75. (2018). P. 204-210.

THIN-FILM SOLAR CELL WITH DOUBLE-SIDED COATING
OF METAL NANOPARTICLES

A. Gnilenko!, S. Plaksin?
10les Honchar Dnipro National University
?|nstitute of Transport Systems and Technologies NASU
gnilenko@ua.fm, svp@westa-inter.com

An amorphous silicon thin-film solar cell with double-sided coating of aluminum
nanoparticles is simulated using Silvaco TCAD software package. Solar radiation intensity
inside the cell is computed using FDTD method to obtain basic electrical characteristics of the
thin-film solar cell under consideration. Optimal sizes and arrangement of nanoparticles are
found and the possibility of increasing solar cell efficiency due to solar radiation retention in
the photoactive layer is demonstrated.
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EJIEKTPOIIPOBIJHICThD KEPAMUKHU CUCTEM
VO:-BAHAJI€EBO-®POCPATHE CKJIO (B®C) TA
VO-B®C-Sn0: 3 IOBABKAMMH Cu TA Cu:0

B. Koa0ynos, O. IBon, O. Bamepyk
J[Hinposcoxuii nayionaneruil yHieepcumem imeni Onecs [ onuapa
kolbunov_vadim@i.ua

CkJiokepamiuHi Marepiajd Ha OCHOBI cucTeMm jgiokcun Banafiro (VO2)-BaHalieBo-
docharne ckino (BOC) ta VO-BDC-SnO, marwTth pi3ky (Ha 2-3 TOpsAIKYy) 3MiHY
eJIeKTponpoBiAHOCTI B oOmacti Temmeparypu Tt = 341K ¢dasoBoro mnepexomy wmerai-
HamniBnpoBiHuK (PIIMH) B VO2. lle mae MoXIMBICTh BUKOPUCTOBYBATH TaKi MaTepiajid B
KPUTHUYHUX TEPMOPE3UCTOPax, IO MOEAHYIOTh BIACTUBOCTI 3BUYAWHOTO TEPMOPE3UCTOpa 3
HEraTUBHUM TEMITEpAaTYpHUM KoedillieHToM oropy i Tepmiunoro pene [1].

MeToro 1aH01 pOOOTH € NOCIIKEHHS eJICKTPOIPOBITHOCTI CKIIOKepamiku cucteM VOr—
B®C i VO2-BD®C-Sn0O3 3 no6aBkamu Cu 1 Cu20 B mupokiit 061acTi TeMeparyp.

Ha TemneparypHuX 3ajeXKHOCTSIX MHUTOMOI €NeKTPOIPOBIIHOCTI ¢ CKJIOKEpaMiku
(Bar.%) 40VO2-15VPG-aCu20—(45-a)Sn0O2 3 pizaum BmicTom oo Cu20 npu o < 5 Bar.%
crnoctepiraersest ctpubok o npu 341 K, sxuit nos'sizanwmii 3 ®IIMH B VO (puc. 1). Y cknanax
3 BMICTOM 3aKucCy Miji 8 Bar.% i Ouibie ctpubok o BiacyTHiN. [loaiOHy NOBEAIHKY O MOKa3ye
Takox ckiokepamika cuctemu VO,—BDC 3 nob6askoro Cu. [IpuunHoro BiicyTHOCTI cTpubKa o,
HMOBIpHO, € BIICYTHICTB MpOTiKaHH: 10 (azi VO2, 110 00yMOBIEHO MAJIUM BMIiCTOM JiOKCHTY
BaHafito0. e miaTBepaKyl0Th AaHi AUPEPEHLIHHOTO TEPMIYHOTO aHai3y, 3T1IHO SKUM BMICT
VO y ckitokepamiIli pi3ko 3MEHIIYEThCS, KOJIM BMICT T0OaBKHU Miji epeBuiye S5 Bar.%. [lpu
BMicTi Cu 15 Bar.% Bmict VO3 He nepeBumtye 1,5 Bar. %.

157 3mentrerns Bmicty VO2 i3 3pocTaHHIM

BMICTY Mial, HMOBIpHO, € HaCIiJIKOM

0.5¢ OKHCIIIOBAIbHO-BITHOBIIIOBAHUX  peaKIii

‘.'E os! \:% Mi)K LAMU [KOMIIOHEHTaMH, ﬂKi
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- % PEHTIeHIBCHKHUX CIIEKTPax CKIOKepaMiKH,
Lo 28 T‘%,q_ . kom BmictT Cuz0 nepesurrye 7 Bar.% [2].
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Puc. 1. TemnepaTtypHi 3a1eXHOCTi MTUTOMOT

2 34 56 7 8 91011 1213

Takux (a3 y ckiokepamili Ha ocHOBI VO2 3
MM ABUILEHUM BMICTOM Miji Oyma
MiATBEP/KCHA JAaHUMH PEHTTeHO()A30BOTO

eJleKTponpoBiAHocTi ckiokepamikn 40V02-15VPG-
aCu20- (45-a)Sn0Oz2 3 BmicTrom Cu20 a Bar.%: 1 - 2;
2-5;3-8;4-10.

aHaizy, MpeJcTaBIeHUMHU B poOoTi [2].
Bximany ®IIMH ¢a3 Marnen y
MUTOMY €JIEKTPOIPOBIIHICTh CKIOKEPAMIKH
Ha ocHOBI1 VO2 3 miABUIIIEHUM BMIiCTOM Miji (8 Bar.% 1 Oi1blie) BUABISAETHCS SK 371aMU JITHIHHOT
3aJI)KHOCTI €JIEKTPONPOBIHOCTI B KoopauHatax Apeniyca loge ~ 1/T 3 mepexomom i3
3pOCTaHHIM TEMIIepaTypu Bij OLIbIIOI eHeprii aKTUBALil eJIeKTPONPOBITHOCTI 10 MEHINO].
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Taki 3mamu Ha puc. 1 mokasani ctpinkamu. Bonn Maiots micue npu temmneparypax 240 K, 150
K1 130 K, sxi Bigmosinatrote ®IIMH y dazax Marueni V407, VsOg 1 V6013, BioOBiIHO.

HasBHiCTh BKJIaZy B €JIEKTPOINPOBITHICTh CKIOKEpaMIKM O3HAYCHHUX BHIIE (a3
CBIIUUTH TIPO Te, IO iX 00'€eMHa YacTKa NEpPEBUIIYyE TOpPIr mporikaHHs. [Ipu HeBenMKHX
nobaBKax Miai mpoTikaHHS Mo ¢a3zax MarHemni BiACYTHE 3a PaxyHOK X Majoro BMICTY i
OCHOBHHMIA BHECOK B €JICKTPOIIPOBITHICTH CKIOKepaMiku 3abe3neuye VO2. Crif 3a3HaYUTH, 110
npu BMicTi MiJii oo < 5 Bar.% kpucranitu (a3 Marterni, 1110 YTBOPUJIUCH IPU CUHTE31 KEPaMiK1
po3ramoBaHi B mpomapkax B®C wmix kpuctamitamu VO, Ockinbku i (a3u npu
Temreparypax BuIux 3a 273 K 3HaXoa4ThCcsl y METIEBOMY CTaHi, BOHU YTBOPIOKOTb JI0JIaTKOBI
NPOBiAHI €EKTPUYHI 3B’ A3KU MK KpucTanitamu VOz. Lle cripusie mpoTiKaHHIO MO KpUCTATIITaM
VO, 1 3a paxyHOK pPO3BUTOI CITKH TPOBIJHUX 3B’S3KIB MK HUMH CIpHS€ 30UIbIICHHIO
cTabIBbHOCTI MpU TepMoIHKiIax uyepe3 Temmeparypy ®IIMH miokcuay Banamiro.

Taxkum 4MHOM, BCTaHOBJIEHO, 1110 CTPUOOK o B o0Onacti remnepatypu Tt =341 K ®IIMH B
VO cnocrepiraerscsi TIBKU U CKIaniB ckiokepamiku cucreM VO2—-BOC i VO,-BOC—
SnOy, ski micTsaTe He Outbime 5 Bar.% mo6aBok Cu a6o Cux0. Komum ix BMICT nepeBHIye 5
Bar.%, pi3ko 3MeHIyeTbcss BMICT VO2 1 B PEHTICHIBCHKUX CIEKTPax CKIOKEPaMiKu
s'sBistorbest  miHIT  paz VaO7, VeOi3, Vs50o. IlpuunHOIO [BOTO € OKHUCIIOBAIBHO-
BiJTHOBJIIOBAJIbHI peaKiii B pinkiii (asi mpu cunTtesi kepamiku. Pa3osi nepexonn okcuai V407,
V509 1 V6013 BUSABIAIOTBCSA B TEMIEPATYPHIN 3aI€KHOCTI 0, SIK 371aMH 11 JTIHIMHUX IIJISHOK B
koopauHarax logo~ 1/T npu remnepatypax ®IIMH T; B uux ¢azax. Enepris aktupanii o npu
T>Tt menma Hixk npu T<Ty, 1m0 CBIAYUTH MPO 3MIHY €HEPreTHYHOI CTPYKTYPH 30H, SIKa €
XapaKkTepHOIO Ui (ha30BOr0 MEPEXOAy METalI-HaIliBIPOBIIHHUK.

[1] UBon A.U., KonOynos B.P., Yepunenko .M. 3amura 010ka mUTaHKSI KOMITBIOTEPA OT TOKA
BrroueHus. Cucremni Texnosorii. Bum. 64, N° 5. (2009). C. 80 — 88.

[2] Kolbunov V.R., Ivon A.l, Kunitskiy Y.A., Chernenko I.M. The influence of
microstructure and phase composition of glass ceramics in the VO2-V205-P205-Cu,0O—
SnO, system on the electrical properties related to the metal-semiconductor phase
transition. Ceramics International. Vol. 39, N°. 4. (2013). P. 3613-3620.

CONDUCTIVITY OF CERAMICS IN SYSTEMS
VO2-VANADIUM PHOSPHATE GLASS (VPG) AND
VO2-VPG-SnO2 WITH CU AND Cu20 ADDITIVES

V. Kolbunov, A. Ivon, O. Vasheruk
Oles Honchar Dnipro National University
kolbunov_vadim@i.ua

The conductivity o of glass-ceramics in systems VO>—vanadium phosphate glass (VPG)
and VO—-VPG-Sn0O- with additives of Cu and Cu.O was investigated in the temperature range
of 77 K-400 K. It was found that the jump of conductivity at temperature of metal-
semiconductor phase transition (MSPT) in VO2 (Tt = 341K) take place only for glass-ceramics
containing not more than 5 wt.% of these additives. The content of VO decreases sharply when
the content of Cu and Cu20 is more than 5 wt. %. The reason for this is the oxidation-reduction
reactions in the liquid phase between Cu and VO; at ceramics synthesis. These reactions result
in the appearance of Magneli phases in glass-ceramics composition. The phase transitions in
Magneli phases V407, V509, and V013 appear in the temperature dependence of o, as bends
of the straight lines in coordinates logo ~ 1/T at the phase transition temperatures T: of these
phases: 240K, 150K, and 130K.
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BIIJIUB CTPYMOBUX IIEPEBAHTA’KEHDb HA
EJEKTPUYHI XAPAKTEPUCTUKHU KPEMHIEBUX
POTOEJEKTPUYHUX ITEPETBOPIOBAYIB
COHAYHUX BATAPEM

O. IBanyeHko

Jninpoecoxuii Hayionanvruti ynieepcumem imeni Onecs I onuapa
IvanchenkoAV@ukr.net

@Di3MYHUMH TIPUYMHAMHM HEHAJIHHOCTI (oToenekTpuyHux neperBoproBadiB (DEII)
COHSYHMX OaTapeil MOKyTh OyTH HMOUIKO/KEHHS KOPO3i€l0 B MPOIIECi eKCIUTyaTallii, “cxoBaHi”
BUPOOHMNYI e eKTH, HeCTIpaBHi OJ0KYr0Y1 1 00B1IHI 101 200 pe3ybTaTH AeTpaaaii 130l
miJ Ji€l0 HaBKOJMIIHBOTO cepenoBHmia. Haciimoxk BImMBY 3a3Ha4eHHUX (AKTOPIB —
BUHUKHEHHS CTPYMOBHUX IIEpEBaHTaKEHb 1 MOsIBa JIOKaIbHUX neperpisiB y EIL.

OcTtaHHIM YacoM MiABUINEHHS HAJAIHHOCTI 3B’ I3Y€ETHCS 3 EPCIEKTHBOIO BUKOPUCTAHHS
JIOJIATKOBUX TPUCTPOIB JUIS 130JIA11i1 HEAKTUBHUX (3aTiHEHUX a00 nedeKTHUX) objacTeit sk
okpemux @EII, Tak i iXHIX MOIyJiB, 30KpeMa CaMOBiIHOBIMIOBaHUX 3ano0ixkHUKIB PPTC
(polymeric positive temperature coefficient) tuny “PolySwitch”. OcoOaHBOCTIMH TakHX
3armoODKHUKIB € PI3KUH Tepexil 3 BUCOKOMPOBIIHOTO CTaHy Yy HHU3BKONPOBIAHUN TpH
temneparypi 125 °C. Ilpu Bukopucrantni PPTC y SKOCTI eJeMeHTIB CTpyMOBOIO 3aXHCTy €
BaxnuBuM noseninka OEI npu minBumennx temneparypax. Tak B [1] Oyno BcTaHOBIIEHO, 110
npu nepedyBanni EI npu remnepatypax 10 150 °C y TeMHOBOMY peXuMI 1 TPH OCBITIICHHI
B PO3IMKHYTOMY Ta KOPOTKO3aMKHEHOMY CTaHax B IHTEpBaJll 4aciB 10 6 TOJIMH HE BUSABISETHCS
3HaYHHUX 3MiH OCHOBHUX ()YHKIIOHAJIbHUX XapaKTEPUCTHK 1 mapameTpiB gocmimkennx DEII
Ha OCHOBI MOHOKPHUCTaJIIYHOTO KpeMmHito. B [2] mpencraBieni gaHi AOCTIIKEHHS HACHTIIKIB
0e3nmocepeIHbOr0 MPOTIKAHHS BETUKUX CTPYMIB uepe3 3BOpoTHO 3MmimieHuit aiog PEII, mo
HPU3BOJATH 0 HOro HarpiBy Ta BUXOy 3 Jiaxy. OJHaK 3a3HaueH1 JOCTIKEHHS IPOBOIMIIUCS,
B OCHOBHOMY, 3 METOIO MOIJIMOJIEHOr0 BUBYaHHS MeXaHi3MiB poOoto. [lutanus npo piBeHb
nerpagamii 1 30epexenHs @EIl micns BIUIMBY CTPYMOBHUX IE€pPEBAHTAXEHb IPOTATOM
00MEXKEHOT0 MPOMIKKY Yacy JAOTEIep € HEIOCTATHbO AOCTIHKCHUM.

B 1iit po6oTi npexacTasieHi JaHi Mpo BIUIUB HETPUBAIMX CTPYMOBHX IE€PEBAHTAKEHB
Ha BOJbT-aMIIEPHI 1 BOJIBT-BATHI XapaKTEPUCTUKH (HOTOETEKTPUUHUX MEPETBOPIOBAYIB
COHS'YHMX OaTapeil 1 iXHI TEXHIYHI TapaMeTpH.

VY nocnigxeHHsx BukopucroByBanucs 3pasku OEIl 3 MOHOKpHCTaIIYHOTO KPEMHIIO
K/Ib-10 3 mpocBiTmorouuM NOKpUTTAM Ha ocHOBI ITO. [lng peectparii CBITIOBHX BOJIBT-
aMITepHUX XapaKTePUCTHK 3aCTOCOBYBABCS crieniaabHAN eKCTIEpUMEHTAIBHUIN
aBTOMATH30BAHUH BHUMIPIOBAIBHUI KOMIUIEKC, SKHH BUKOPUCTOBYE BIIOMHHA METOA
BOJIbTMeTpa-ammnepmerpa. CTEH]T J03BOJISIB K JDKEPENIO CBITIIa BUKOPHCTOBYBATH TPUPOIHE
COHSTYHE BUIIPOMIHIOBaHHS.

Cran npo6oro ®EII nocsrascst mogauero Ha HHOTO IMOCTIMHOI HAIPYTW 3BOPOTHOIO
3MILEHHS IPOTIATrOM AEKUIBKOX MIHYT, SIKa TIOCTYIOBO 301JIbIIYBaJIacs 10 3HAYCHHS, IPH IKUX
MOYMHANIOCS pi3Ke HeKepoBaHe 301IbIIeHHs cTpyMy. Y 1eid MmoMmeHT yacy DEII BigkmtouaBcs
BiJ] JUKepesia HallpyTy 3a JOMOMOTOI0 IepeMUKaya.

HochimxyBanucs  3MIHM  BOJBT-aMIIEPHMX 1  BOJBT-BATHUX  XapaKTEPUCTHUK
(OTOENEKTPUYHUX TEPETBOPIOBAYIB COHSYHUX Oarapeil 1 IXHI €JNEeKTPUYHI IMapaMeTpH.
[{uknigHl CTPyMOBI NEPEBAHTAXKEHHS, SIKI BUKOPHUCTOBYBAJIMCS, MOJIATAIM B IMPOIYCKaHHI
CTpyMy MPOOOI0 MPOTATOM ~ 5 CEeKyHH uepe3 3BOpoTHO 3mimenuid aion @EII 3 moganpmmm
OXOJIOJDKEHHSIM JI0 KIMHATHUX TeMITEpaTyp.
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BcranoBieHo, 10 Taki CTPYMOBI TEPEBAHTAXEHHS MPHU3BOAATH 10 JAerpajarii
napametpiB @EII (puc. 1). ¥ menmiit Mipi 3HWKY€EThCS Harnpyra xosocroro xoay (~ 0,5 % 3a
1 nux), a B OUIbIIINA Mipi — CTPYM KOPOTKOTO 3aMHuKaHHA (~ 1,5 % 3a 1 nuki) 1 MOTYXHICTH
(mo 3,5 % 3a 1 mukdm).
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Puc. 1. Boabr-BaTHi xapaktepucruku 3pa3ka ®EII g0 (1) Ta micist aBopasosoro (2) i BocbMupasosoro (3)
nepedyBanis ®EIl y crani npo6o1o 3BOPOTHUM eJIEKTPUYHUM CTPYMOM (2) Ta 3aJI€KHICTh MAKCUMAJIbHOT
NOTY:KHOCTi Pmax ®EIl Bim w4meaa mukiaiB crpymoBoro mepepantaskennsi (Pmax” — Bigmosimae
BUXiZHOMY cTaHy 3pa3dka @®EII) (0). Touku — ekcrepuMeHT, IITPUXOBA JiHisl — anpoxcumManis

Jliana3oH 4aciB crpaiboByBaHHsS 3amoOixHUKIB “PolySwitch” 3HauHO MeHmIe
OTPUMAHUX OIIHOK TpHUBAIOCTI po3BUTKY mpoboro @EIl. Ili pgani, cBimyaTh mpo
MEPCIEeKTUBHICTh pealizallii 3aXUCTy Ha OCHOBI TaKUX 3aMO01KHHKIB K 3aC00IB 3aXUCTY BiJ
CTPYMOBUX TICPEBAaHTAXCHb IPM BHHUKHEHHI TMO3AIITAaTHUX CHTyalid Yy poOoTi
(OTOCTICKTPUIHUX CUCTEM COHSIYHHX OaTapeil.

[1] UBanuenko A. B., Masypuk C. B., Toukomkyp A. C. HcciaenoBanue XapakTepHCTHK
KpEMHHEBBIX (POTORIEKTPUUECKUX IIpeoOpa3oBaTeseil COITHEUHbIX OaTapeil mpu neperpese.
TexHoNOrHs ¥ KOHCTPYUPOBAHKE B IEKTPOHHOU ammaparype. Ne 4. (2018). C. 14-20.

[2] Breitenstein O., Bauer J., Bothe K. et al. Understanding junction breakdown in
multicrystalline solar cells. Journal of Applied Physics. Vol. 109, iss. 7. (2011).
Article ID 071101. 10 pages.

INFLUENCE OF CURRENT OVERLOAD
ON THE ELECTRICAL CHARACTERISTICS OF SILICON
PHOTOVOLTAIC CELLS OF SOLAR ARRAYS

A. lvanchenko
Oles Honchar Dnipro National University
IvanchenkoAV@ukr.net

Changes in the current-voltage and volt-watt characteristics of photovoltaic cells of solar
arrays and their electrical parameters were investigated in this paper. Cyclic current overloads
were used, namely, the breakdown current was passed through a reverse biased diode of
photovoltaic cell during ~5 seconds after which the photovoltaic cell was cooled to room
temperature. It has been established that such current overloads lead to degradation parameters
of the photovoltaic cell. Open circuit voltage (~ 0.5% per 1 cycle) decreases to a lesser extent,
short circuit current (~ 1.5% per 1 cycle) and power (up to 3.5% per 1 cycle) decrease to a
greater extent. It was shown that fuses of the “PolySwitch” type can be used as a means of
protection against current overloads in the event of emergency situations in the operation of
photovoltaic modules of solar arrays.
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OYHKUIOHAJIIBALIIA IBOBUMIPHUX
HAIIIBITPOBITHUKOBUX MATEPIAJIIB

P. bana6aii, A. Co,ioMeHKO

Kpusopizvkuii deporcasnuii nedacociunuil yHigepcumem
balabai@i.ua

JIBOBUMIpHI ~ HamiBOPOBIIHUKOBI  MaTepianu  SBIAIOTH  COOOI0  HAMTOHIII
HAIIBIPOBIIHUKY, SIKI BOJOMIIOTh OaraTbMa HOBHMH BJIACTHUBOCTSIMHU TOPIBHSHO 31 CBOIMHU
00’emuumu anajoramu. Cepes nepeBar MO>KHa BUOKPEMUTH TOBIIMHY B OJUH a00 JeKlIbKa
aTOMIB, BIJICYTHICTh TTOBEPXHEBO BIJOKPEMIICHHX 3B'S3KiB, YMMaJi 3a00pOHEH] 30HU, BUCOKY
PYXJIIUBICTH HOCI1B, BUCOKY THYUKICTb Ta 3JJaTHICTh IITYYHOT O oeAHaHHA. OIHAK 0C ICHYIOTh
JesiKi  MEepelIKoad, 10  3aBaKaloTh  MPAKTHYHOMY  3aCTOCYBAaHHIO  JIBOBUMIPHHUX
HaIiBIPOBIIHUKOBUX MaTepiaiB, O/IHA 3 IKUX — IOKPALICHHS MTPOJTYKTUBHOCTI MPUCTPOIB [1].
OctanHs Hacammepe] 3aJIeKUTh BiJ €JIEKTPOHHHX BJIACTUBOCTEH MaTepialiB, IIO JEXKaTh B
OCHOBI MPUCTPOIB. 3 METOIO BUSABJICHHS HOBUX (JAaKTOPiB BIUIMBY Ha €NIEKTPOHHI BIACTUBOCTI
JIBOBUMIPHHX HAaITiBIPOBIIHUKOBUX MarepiajiB 311JICHEHO HU3KY  MOJIEIbHHUX
dyHKITIOHATI3aiMHUX MoAMQIKaIliid, a came: MOETHAHHS YHCTUX Ta (YHKI[IOHATI30BaHUX
MarepiajliB B OAHIA CTPYKTYypi, NMOKPOKOBa 3aMiHa OJHUX aTOMIB CTPYKTYpPH IHIIUMH,
3aCTOCYBaHHS CTATHYHOTO TUCKY Ha CTPYKTYPY, BUTHH CTPYKTYPH Ha NEBHHUH KYT, aJIcOpOLis
MOJIEKYJIM Ha TOBEPXHIO CTPYKTypH. KopHCTyrOUHCh aBTOPCHKUM MPOTPAMHHUM KOJOM, IO
0a3yeTbcs Ha MeToJaX (DYHKIIOHATY €JIEKTPOHHOI TYCTHHH Ta ICEBIOMOTEHIlIaNy 13 MepIINX
MIPUHITUITIB, OTPUMaH1 BiIOBIIHI KOMIT FOTEPHI MOJIEITI.

[TponioHy€eThCSI TPUHIMIIOBO HOBE IOETHAHHS YUCTOrO Ta (DYHKIIIOHAII30BAaHOTO
rpadeHy B OIHY ABOBUMIPHY CTPYKTYpY 3a Hamepes CIUIaHOBAHUM MarOHKOM. CTBOPIOIOYH
Ha JINCTI TpadeHy IIIIXOM MEBHUX TEXHOJOTIYHUX NMPHUHOMIB OKpeMi IUISHKHM JIOKaJIbHOI
ajzcopOuii pi3HUMX XIMIYHUX eJleMeHTIB (TifporeH, ¢Top, XJOp), MOXKHa OpraHizyBaTu
JTBOBUMIpPHY CTPYKTYypy Ha CHilbHIAH KapOoHOBiii ocHOBi (Puc.la). V 3MomenboBaHHX
JIBOBHMIPHHUX CTPYKTYPax CIOCTEpPIraroThCs 3MIiHM B €JIEKTPOHHUX BIIACTHBOCTSIX. HasBHE
YiTKE TMEepPepo3MOAUICHHS 00iacTel 3apsay pI3HOTO 3HAKYy y CTPYKTypi rpaden/rpadaH.
VY nomuHi CTPYKTYp GOPMYIOTECS 00JaCTi 3 PI3HOI0 KOHIIEHTPAIIIEI0 €JIEKTPOHHOI TYCTHHH,
10 CHOPUYMHSE BHHUKHEHHS MDK HUMHM NOTEHLIadbHUX Oap’epiB. BcraHoBieHo, 1o
poNoHOBaHe (PyHKIIOHANTI3aliHHE TOE€AHAHHS TPU3BOAUTD /10 3HAUYHOTO 301IbIIEHHS IIUPUHU
3a00pOHEHOT 30HH Y CTPYKTYpi rpaden/rpadaH.
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Puc. 1. a) mpumiTuBHa KoMipka 3 aTOMHHM 0a3MCOM /UIi MOJENIOBAHHSA [BOBMMIPHHMX CTPYKTYpP
rpaden/rpadan, rpaden/dawporpaden, rpaden/xjgoporpaden; 06) nmpuMiTMBHA KOMipKa 3 aTOMHHM
06a3ucoM JJi1sl MOe/TIOBAHHS BUTHHY ABOBHUMIpPHOI cTPYKTYpH rpaden/rpadan (3aiBa a=0°, cnpasa o=3°),
B) NPUMITHBHA KOMIpKa 3 aTOMHHUM 0a3MCcOM JJIsi MO/JEJIOBAHHSI HECKIHYEHHOT0 JIMCTAa YOPHOro
docdopeny 3 ancopdboBaHMMH MOJIEKYJIAMH

[lonanpme TecTyBaHHA (YHKLIOHANI3AIHHUX BIUIMBIB BHUSBHJIO Taki 3MiHH.
Bcranosneno, 1o miciast TopyBaHHs CTPYKTYpH rpaden/rpadaH BigOyBaeThCs Mepepo3noil
3apsay 31 30UIbIIeHHSM pi3HULI 3apsany. CrnocrepiraeTbcsi mocuieHHs KoBaneHTHHX C-H
3B'SI3KIB (DYHKIIIOHAJII30BAaHOTO TpadeHa, M0 MPOSBISIETHCS Yy 30UTBIICHH] IHTEHCHUBHOCTI
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T'YCTHHH BaJICHTHUX CJICKTPOHIB y3JIOBXK HANPSMKIB 3B'I3Ky. 3HAUCHHSI IIMPUHU 3a00POHEHOI
30HU JIBOBUMIPHUX CTPYKTYp rpaden/rpadan ta rpaden/duroporpadgan MaroTh KOJIMBATbHAM
xapakrep. ToOTo, 3MiHIOIOUM CTYIiHb (TOPYBaHHS Ha YaCTHHAX HABEJECHUX IBOBUMIPHHUX
CTPYKTYp, MOKHA KOHTPOJIFOBATH iX pe3ucTHBHI BiacTUBOCTI [2]. [Toka3zaHo, 1110 MmiABHUIICHHS
TUCKY TakoX mocwioe KoBaneHTHI C-H 3B’s3ku  (yHKIiOHami30BaHOTO TrpadeHa.
Crocrepiraetbcsi  30UIBLICHHS IIMPHUHA 3a00pPOHEHOI 30HM JBOBHMIPHOI CTPYKTYpHU
rpaden/rpadan npu ii crucHenHi a0 5 %. Ilpu noganemiomy crucHenHi no 7,5% ta 10%
MIMPHHA 3a00pOHEHOI 30HU PI3KO 3MEHIIYETHCS, IO CBIAYUTH MPO MOCHICHHS MPOBIIHUX
BJIACTUBOCTEH CTPYKTypu. Bu3HaueHo, 10 pi3HMI 3apsliiB y CTPYKTypi Tpaden/rpadan
Jocsira€ HalO1IBIIIOro 3HAYeHHS TpH i1 BUTHHI Ha KyT 0=3° (Puc.16). [Ipu Buruni Ha xyt o=1°
HIMpHHA 3a00pOHEHOI 30HW HaOyBae HaiOiapmoro 3Hauenus [3]. Jns TecryBaHHS
GyHKIIOHATI3AMIHHOTO BIUIMBY  aicopOIii MoyieKysl 00 ’€KTOM JOCTIKEHHS 0oOpaHo
HEeCcKiHUeHHM TucT YopHOTO (hocdopeny (UD) (Puc. 1B). Ilokazano, mo axcopOuis MOJIEKyI
kapOaminy Ha moBepxHio ymcta YD mpu3BOANUTE 10 MEPEPO3NOALTY eIeKTPOHHOI TYCTHHU B
HbOMY. HakomuyeHHs eNeKTpUYHOrO 3apsily Ha MAUISHKAX Wi MOJEKyJaMH CHPUYHHSIE
BUHUKHEHHS 00JIACTEH, B IKUX 3aps/IM HA aTOMHHX OCTOBaX 3MIHIOIOTh 3HAK HAa IPOTHIICKHUH.
OnHOPIAHICTE PO3MOLTY €IEKTPOHHOI I'yCTUHU B JucTi YD 3HUKA€E, yTBOPIOIOTHCSA TUISTHKU
IIPOCTOPOBOTO 3apsiay Pi3HOro 3HAKY. BcTaHOBIEGHO, 10 aacopOilis MOJIeKys KapOaminay Ha
noBepxHio mcta YD npu3BOANUTE 10 3MiHH HOTO TTPOBIIHOCTI.

3amporoHOBaHO ~ Ta  MPOTECTOBAaHO B OOYMCIIOBAILHOMY  €KCIIEPHMEHTI
¢ynkuionamizamiiini Monugikamii JIBOBUMIPHUX HAIiBIPOBITHUKOBHX MaTepiamiB, IO
NPU3BOJIATH JI0 3MiHH 1X €JICKTPOHHUX BIACTUBOCTEH.

[1] Wang F., Wang Zh., Jiang Ch. et al. Progress on Electronic and Optoelectronic Devices of
2D Layered Semiconducting Materials. Small. 1604298 (2017). P. 1-27.
https://doi.org/10.1002/smll.201604298

[2] Balabai R., Solomenko A., Kravtsova D. Electronic and photonic properties of lateral
heterostructures based on functionalized graphene depending on the degree of fluorination.
Molecular Crystals and Liquid Crystals. Vol. 673:1. (2018). P. 125-136.
https://doi.org/10.1080/15421406.2019.1578502

[3] Balabai R., Solomenko A. Flexible 2D layered material junctions. Applied Nanoscience.
Vol. 9 (5) (2019). P. 1011-1016. https://doi.org/10.1007/s13204-018-0709-9

FUNCTIONALIZATION OF 2D SEMICONDUCTING
MATERIALS

R. Balabai, A. Solomenko
Kryvyi Rih State Pedagogical University
balabai@i.ua

2D semiconducting materials (2DSM) represent the thinnest semiconductors, holding
many novel properties. However, there are still some obstacles prohibiting the practical
applications of 2DSM, one of which is to improve the device performance [1]. First of all it
depends on the electronic properties of the materials underlying the devices. In order to identify
new factors influencing the electronic properties of 2DSM, a number of model functionalization
modifications were performed, namely: the combination of pure and functionalized materials
in one structure, step-by-step replacement of one structure atoms by another, the applying of
static pressure on the structure, bend of the structure, adsorption of molecules to the structure
surface. Within the framework of the methods of the electron density functional and the ab
initio pseudopotential the corresponding computer models were obtained.
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BIIVIUB EJIIITUYHOCTI 3PA3KA HA TOYHICTD
BUMIPIOBAHHS JIEJEKTPUYHOI MIPOHUKHOCTI 3A
JOIHHOMOI'OIO BIKOHIYHOI'O PE3OHATOPA

B. Moty3, M. [eain, [I. CanTukoB
Jninposecoxuii HayionanvHuti ynieepcumem imeni Onecs I onuapa
vlad.motuz@gmail.com

PoGora mnpucBsyeHa NUTAaHHSIM BHUMIPIOBaHHS JICJIEKTPUYHOI MPOHUKHOCTI 3a
JIOTIOMOT'0F0 O1KOHIYHUX PE30HATOPIB, IO MPEACTABIISIIOTH COO0K0 00’ €qHAHHS IBOX YCIUCHUX
KOHYCIB i3 3arajbHO0 0CHOBOIO [1]. Taki pe3oHaTOpH MarOTh PO3PIIKEHHI CIHEKTP BIIACHHX
9acTOT Ta BUCOKY JOOPOTHICTE. [{MmiHAPUIHMIA 3pa30K PO3MIIYETHCS B3IOBXK OCI pe3oHaTOpa
4yepe3 OTBOPU B 3aKPUTHYHHX Ul PoOOYOro TUIy KoiMBaHb oOnactsax (puc. 1). B skocti
poOOUYNX KOJNWMBaHb HAWYACTIIIE 3aCTOCOBYIOTH a3MMYTaJIbHO-CUMETPUYHI KOJHMBAHHS THITY
HO]_p.

Jlns mpoBeneHHsS BHMIPIOBaHb HEOOXIMHO 3a0€3MEUUTH OJIHO3HAYHUU 3B’SI30K MIiXK
napaMeTpamM pe30HaTopa Ta JOCHIIKYBAaHOTO 3pa3ka. s 1poro HEOOXiIHO BHUKIIOUUTH
BIUTMB 30BHINIHIX (aKTOpiB Ta 3a0€3MEUNTH BIIIOBIIHY T€OMETPIit0 3pa3ka. MeTor podoTh
OyIo MoCHiKEeHHs BIUTUBY BiIXHICHHS (JOPMH JOCIIIKYBAHOTO 3pa3Ka BiJl HMITIHAPUIHOT HA
napamMeTpH OiKOHIYHOTO Pe30HATOPa Ta TOYHICTh BU3HAYCHHS JieJIEKTPUYHOT IIPOHUKHOCTI.

ao

71 22

Zc2

Zc1,

Puc. 1. BikoniuHuii pe3oHaTOp 3 A0CTIIKYBAHUM 3Pa3KOM

byno mpoBeneHo uucenbHE MOJAETIOBAHHSA OIKOHIYHOIO pe30HAToOpa 3 akcCladbHUM
3pa3KoM 3a JOTIOMOT'0 MPOTPAMHOT0 3a0€3MeUeHHs, SIKE peaiizye MeTO/ KIHIICBUX €JIEMEHTIB.
Oco0nuBuil  iHTEpeC MPEACTABIsUI0 JOCHIDKEHHSI BIUIMBY TI'€OMETPUYHUX IapaMeTpiB
JIOCITIJIKYBAHOTO 3pa3Ka Ha XapaKTEPUCTHKH PE30HATOPA.

Ha puc. 2 nokasani 3a1€XHOCTI pe30HAHCHOI YaCTOTH OIKOHIYHOTO pe30HATOpa s
konuBaHHs TUIY Ho11 BiJ €INTHYHOCTI MOMEPEUHOro Mepepizy AoCaiKyBaHOro 3pa3ka. TyT
A — BiIXwieHHs paJilycy 3pa3ka B OJHIM IUIOHIMHI Bia 3amaHoro. [lapamerpu pesonatopa:
HaWOLIBIIMI pamiyc ao = 25,25 MM, KyT npu BepmuHiI kKoHyca ® =30°. Pesonatop
HiKJII0YA€THCS IO 30BHIIIHBOTO XBHJIEBIAHOTO TPAKTy 3a CXEMOIO «Ha MpPOXiay», pajiycu
0TBOpIB 3B’s13Ky I'1 = 4,00 mm, Iz = 3,25 mmM. IlpuBeseHi 3aneXHOCTI JUIs 3pa3KiB 3 KBapIily
(e=3,8) miamerpamu 4, 5 Ta 6 MMm.

VY pa3i HEBENUKHX BIIXWJIEHb 3aJ€KHOCTI MalOTh MaibkKe JIIHIMHUX XapakTep, LI0
JI03BOJISIE CIIPOCTUTH BPaxXyBaHHS X BILTMBY Ha pe30HAHCHY YaCTOTY pe3oHaTopa. Po3paxyHku
MOKa3yIoTh, IO BIAXWJIEHHS pajiyca MONEPeYHOro mepepisy Bi okpyxHocTi Ha 0,1 MM

1V BeeykpaiHcbka HAYKOBO-NIPAKTHYHA KOH(pepeHIIis
«[IEPCIEKTUBHI HAIIPSIMKHU CYYACHOI EJIEKTPOHIKH, IHOOPMAIIMHUX 1
KOMIT'IOTEPHUX CUCTEM» MEICS-2019
27-29 mucronana 2019 p., {ninpo, Ykpaina



188 Cexuist IV. ®YHKIIIOHAJIbHA EJJEKTPOHIKA. MIKPO- I HAHOTEXHOJIOT'Ti

NPUBOAUTH JJIS 3pa3KiB 3 AiamMeTpamu 4, 5 Ta 6 MM /10 3MiHM pe30HAaHCHOI yacToT Ha 1,8, 4,5
Ta 6,0 MI'n, mo cximagae 0,019, 0,047 ta 0,064%, BiamoBigHO.

—o—d=4,0 mm
9,4
—#—d=5,0 mm
9,38
d=6,0 mm
9,36 f !
0 0,2 0,4 0,6 0,8 1

A, mm

Puc. 2. 3anexxkHicTh pe30HAHCHOI YacTOTH 0IKOHIYHOIO pe3oHaTopa Big A

PesynpTaT 4HMCENBHOrO MOJENIOBAHHSA IMOKa3ald, IO BIAXWIEHHS (QOpMHU
JeNIeKTPUYHMX 3pa3KiB Bl HMITIHIPUYHOT IPU3BOAUTE JI0 CYTTEBUX 3MiH PE30HAHCHOI YaCTOTH
OIKOHIYHOTO pe30HaTopa. BITMB MOCHITIOETHCS B pa3i 301IbIIEHHS TEOMETPUIHUX PO3MIpIB Ta
NPOHHUKHOCTI 3pa3KiB. [|Jis 3pa3kiB 3 ieIeKTPHUYHOIO MPOHUKHICTIO ~3,8 Ta pajiycom 2-3 MM
BIIXWJICHHS Bia 1putinapuaHocti Behoro Ha 0,1 MM (3-5%) mpu3BOAUTH A0 3MIHH 4acTOTH
OIKOHIYHOTO pe3oHaropa Ha Jiekinbka M. B cBoro uepry, BigxuneHnHs yactotu Ha 1 MI'n
(0,01%) pu3BOIUTH 0 MOMUIIKK y BU3HAUCHHI € puoan3Ho 10%.

[1] Apobaxun O. O. 3adonorHsiii [1. U., [Tpusanos E. H. Pe3onancHbIe CBOWCTBA aKCHATIBHO-
CHMMETPUYHBIX ~ MHKPOBOJIHOBBIX ~ PE30HATOPOB C  KOHHYECKHMMH  DJIEMEHTAMH.
Pagnodusuka u pagroacrponomus. T. 14. (2009). C. 431- 441.

THE EFFECT OF ELLIPTICITY OF SAMPLES ON THE
MEASUREMENT ERROR OF THE DIELECTRIC CONSTANT
USING A BICONICAL RESONATOR

V. Motuz, M. Pelin, D. Saltykov
Oles Honchar Dnipro National University
vlad.motuz@gmail.com

The paper is devoted to the measurement of dielectric constant by using of biconical
resonator. The effect of the cylindrical deviations of the test samples on the parameters of the
biconical resonator and the accuracy of measurements were studied. Responses of the resonance
frequency on deviation of cylindricity were obtained.
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YHIBEPCAJIbHUM OIITUYHO - EJEKTPOHHUM
IMPUCTPIN

JI. Ma3zyp, 3. HikonoBa
Inorcenepnuti incmumym 3anopizpko2o HAYIOHANLHO20 YHIGEPCUMENY
nza@zgia.zp.ua

3riJHO CTaTUCTHKH, B HAIIH KpaiHi KOXKHI I’ SITh XBUJIMH BUHUKAIOTH TOXKEXKi, KOKHY
TOJIMHY y BOTHI THHE JIIOJIMHA, & OJTU3bKO ABAALATH OTPUMYIOThH OMiKU. 80% IMOXKeX BUHUKAE 3
BUHU JTFOACHKOT 0€31MeYHOCTi. Y CTaHOBKA MPOTHIIOKEKHUX IPUCTPOIB MOXKE TMOMEPEIUTH TIPO
MO’KEeX1 Ta 30epertu KUTTs Jrojeil. BaxuinBum dakTopom 1uist 30epekeHHS iX 310pOB’ ST TaKOXK
€ KOHTPOJIb TOKCHYHUX BIUIMBIB BiJI MATIHHS [IUTAPOK.

Ocob6nuBiCTIO (YHKI[IOHYBaHHS CHCTEM KOHTPOJIIO JUMOBOTO 3a0pyIJHEHHS €
B3a€MO/Iisl BCIX JIAHOK Y peajibHOMY 4aci Ta 3a0e3MeueHHs CHHXPOHHOTO BUKOHAHHS OTIepalliil.
OpHuMH 13 HAAIHHUX Ta JIEBUX CKIAIOBHX TaKOI CHCTEMH € IPHUCTPOI , K1 CIIPAIbOBYIOTh Ha
BUHUKHEHHS TUMY.

ABTOpaMHU 3alpoONOHOBAaHO YHIBEPCAIbHUN ONTUYHO — ENEKTPOHHUN MPUCTPIH 3
BOJIOKOHHO - ONTHYHHUM 3B’SI3KOM, poOO0Ta SIKOTO OCHOBaHa Ha (ikcarii IpoayKTiB TOPiHHSA
BHACJIIJIOK CIpAIfOBaHHSI ONTHYHOI cucrteMu. IIpocrora mMomeni i BUXIIHUX NaHUX I ii
peatizarii 3a06e3ne4arb BUCOKY pGSyJIBTaTHBHiCTB Ta Ha/TIHHICTB.

Y Kopnyc1 MIPUCTPOIO p03M11ueH0 CBITJIONION Ta (OTOCIEMEHT, SIKHU Mae BCITKY
‘IYTJ'II/IBICTB 1 crnpaiboBy€ MPHU MiHIMATbHIN KOHueHTpaun mumy. Jlis 3a0e3neyeHHs] eKOHOMIT
eHeprii BOHM He 0ayaTh OJWH OJHOTO, OCKUIBKM HE 3HAXOIATHCSA Ha OJHIM ONTHYHIN BICI.
CBITIIO/10] HEBEJIMKOI MOTYKHOCTI BHUIPOMIHIOE BY3bKOHAIPABICHHUN MYYOK CBITJIa, MiA
kyroM 90° 110 SKOTO BCTaHOBJICHO (hOTOCIEMEHT, 1 MPALIOE B IMIYJIbCHOMY pexxumi. IToku y
MOBITPI HEMA€E UMY, Ha OTOCIIEMEHT HE MOTaIa€e CBITIIO 1 MPWIIAJ He mojaae curHany. Komu B
KOPITYC MOMNaaae UM, HAMPUKIAMI, BiJ MadiHHSA a00 3aJUMIICHHS 00’ €KTY , BUIIPOMIHIOBAaHHS
CBITJIO/I0/1A, BiIOOpa)KalOUUCh Bijl 9YaCTOYOK AUMY, momnangae Ha ¢oToenemeHT. [licus mporo
CHUTHQJ TIOCTYNa€ Ha CHUCTEMY VYIOPABIIHHS (HANpUKIAJ, pearyBaHHA MICHs ACKIITBKOX
IMITyNIbCIB @00 CHHXPOHI3allii 31 CBITIO0M10A0M), (POPMYETHCS CUTHAN CHpPAIFOBAHHS , SIKUI
MOke (pIKCYBATHUCS 11’ €30BUITPOMIHIOBaUEM 200 PaliOMOJTYJIEM.

VY mopiBHAHHI 3 BIIOMHUMH MPHUCTPOSIMH CTaTUYHHUIA CTPYM HOTO >KHMBIEHHS 3HAYHO
MEHIINH 1 ckianae 4-5 MKA, Mpu bOMY OJUH pa3 Ha 4 CEKyHIU CTPYM JOCATAE ONU3BKO
25-35 MKA, a ojiiH pa3 B 45 ceKyH] crajlaxy€e CUTHAJIBHUN CBITIIONION 1 CTPYM MiJICKaKy€e 10
150mkA. Cepenns TutoniyHa Jiii Takoi CUCTEMU 3HAXOIUTHCS B Mekax 100 KBaapaTHUX METPIB.
Jlo mepeBar Tako CIiJ BiIHECTH TaKi YMHHUKHU: I[IHOBA JOCTYIHICTh; MIBUIKICTh peakKilii Ha
MIOSIBJICHHS TUMY; TIPOCTOTA YCTAHOBKH Ta JIOBTOBIUHICTb.

UNIVERSAL OPTICAL - ELECTRONIC DEVICE

D. Mazur, Z. Nikonova
Engineering Institute of Zaporizhzhya National University
nza@zgia.zp.ua

The proposed optoelectronic device can detect the presence of smoke in the smallest
fraction (from 0.01 um) of combustion products. They can be installed on the ceiling or on the
wall 20 to 25 cm below the ceiling in both residential and industrial premises. Large areas
should be provided with several such devices, pre-dividing them into zones. The parameters
you specify are determined by the sensitivity setting, since optical spectra allow you to perform
devices over a wide range of values.
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BUMIPIOBAHHSA MTAPAMETPIB JIEJIEKTPUYHHUX
IIVIIBOK 3A JOITOMOI'OIO BIKOHIYHUX PE3OHATOPIB

/1. Boiuneus, C. HikoJsi0os, /I. CaaTukon
Jninposecoxuii Hayionanvruti ynieepcumem imeni Onecs I onuapa
slavutich11.96@gmail.com

KonTtponp mapamerpiB IUIIBKOBUX MartepiajliB, y TOMY YHCI B XOJi TE€XHOJOTI4HOTO
NPOIIECY, € BAKIMBOIO IPAKTUYHOIO 3a1a4et0. [lepcrieKTHBHUM JUTst pO3B’si3aHHs IaHO 3a1a4i
€ 3aCTOCYBaHHS PaJiOXBHIBOBHX METONIB. B pamioXBHIbOBUX BUMIPIOBAJIBHUX MPHCTPOSX
HBY niama3ony Juisi BU3HAYEHHS MapaMETPiB JiCNIEKTPUKIB YacTO BHKOPHCTOBYIOTh
pi3HOMaHITHI pe30HAaHCHI cUCTeMU. MeToro AaHoi poOoTH OylI0 JOCTIIKEHHS MOKIMBOCTEH
3aCTOCYBaHHA OIKOHIYHMX pE30HATOpIB JUIsI BUMIPIOBAHHS MapaMETpiB JIEIEKTPHYHUX
TUTIBKOBUX MarepialiB. BBaxkanocs, 1mo gocnipkyBaHa AieeKTpUYHa IUTiBKa pO3TalloBaHa B
[EHTpaIbHOMY Tiepepi3i pe3onaropa (puc. 1). Pobounm oOpano xonmmBanHs Hoi1 THIy, sk
HaNO1IbII TOOPOTHE 1 YyTJIMBE 10 3MiH MapaMeTpiB JOCTiIKYBaHOTO MaTepiay.

1
i
i\
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Puc. 1. BikoHiununii pe3oHaTOp 3 AOCJHIIKYBAHUM 3Pa3KOM

[TpoBeneHa omiHKa BIUIMBY MapaMeTpiB AI€JIEKTPUYHUX 3pa3KiB Ha XapaKTEPUCTHUKU
pe3onaropa. bynu onepkaHi 3a1€XHOCTI PE30HAHCHOT YaCTOTH 1 JOOPOTHOCTI OIKOHIYHOTO
pe3oHaTopa A KoiauBaHHA Hoir TuUMy Bif Ai€JeKTPUYHOT MPOHUKHOCTI € Ta TOBIIMHU
JIOCIIJIKYBAHOTO 3pa3Ky. BCTaHOBIIEHO, 110 3a€KHICTh PE30HAHCHOI YacTOTH BiJl TOBLIMHU
IUTIBKM HOCHUTh TPAKTUYHO JHIMHUI Xapakrtep. Pe3onarop noOpe uyTauBui 10 3MIHU
napaMeTpiB JOCTIKYBAaHOTO 3pa3Ky, HAPUKIAA, Ul pe30HaTopa 3 pajiycoM ao = 25 MM 1
KyToM 0 = 30° 3MiHa TOBUIMHM IUTIBKH 3 noJiieTuieny (€ = 2,25) Bcboro Ha 0,05 MM BUKIIMKaE
3MiHY pe30HaHCHOI yacToTu npubiu3Ho Ha 50 MI'. HaBanTaxena noOpoTHICTE pe3oHaTOpa 3
Mijli, TiIKIFOYEHOro Ha mpoxif, 30epiramacs gocuth Bucokow (Q > 3000) mast 3paskiB 3
BIJTHOCHOIO ITPOHUKHICTIO (€ < 4) TOBIIMHOIO 70 1 MM.

MEASUREMENT OF DIELECTRIC FILM PARAMETERS
USING BICONIC RESONATORS

D. Volynets, S. Nikolov, D. Saltykov
Oles Honchar Dnipro National University
slavutich11.96@gmail.com

The paper is devoted to the study of the possibility of using biconical resonators for
monitoring and measuring the parameters of dielectric films. The dependences of the resonant
frequency and the Q-factor of the biconical resonator for the Hoi1 mode on the dielectric
constant and thickness of the investigated dielectric sample were obtained. It was found that the
biconical resonator has good sensitivity to changes in the parameters of the test film, while the
Q-factor of the resonator was kept quite high (Q > 3000) for samples made of a dielectric with
€ <4 and a thickness of up to 1 mm.
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TEMIIEPATYPHO-CTIHKI MATEPIAJIU
HA II-VI CHOJYKAX

M. Cabotos?, O. C1b0TOB?
Yepniseyvruti HayionanvHuli ynieepcumem imeni fOpis @edvrkosuua
! m.slyotov@chnu.edu.ua, 2 o.slyotov@chnu.edu.ua

Baxxnuoro npo6iieMor0 A Cy4yacHOI TBEPIOTLIBHOI €JIEKTPOHIKH € MOKJIUBICTD
eKCIUTyaTarii IpuiaaiB Mpu eKCTPeMaTbHUX YMOBax. BilMOBIAHO IS €JIEMEHTHOI 0asu
[IOCTa€ 3aBJaHHSA OTPUMAHHS HAIIBIPOBIJIHUKOBUX MPHUCTPOIB 3 PO3LMIUPEHUMHU
(GyHKIIOHATBHIMH MOKIUBOCTSAMU. J[0 TOTO K, 32 TAKMX YMOB HEOOXiTHUM € CTIHKICTb 70
BIUTMBY 30BHINIHIX ()aKTOPiB (i3UKO-TEXHIYHUX IapaMeTpiB 1 XapaKTEPUCTHUK, a IS
ONTHYHUX CEHCOpIB — BHCOKAa €(EeKTUBHICTh reHepaliifHO-peKOMOIHAINHIX IPOIECiB,
0COOJIMBO y BMIAJIKy MajoO ONAaHOBAHOI KOPOTKOXBMJIBOBOI oOusacTi. Bkazane 3ymoBiroe
BaXJIMBICTh MOMIYKY 1 3aMiHM INHPOKO BXHBaHMX HamiBopoBigHukis (Ge, Si,
I11-V-cnonmykn) Ginpir mupoxko3oHHuMHE |-V I-ciomykam.

BcTranoBnena TemiiepatypHa CTiKICTh MaTepialiiB Ha OCHOBI XaJIbKOT€H1IIB KaAMIiIO
1 IUHKY TpH HasSBHOCTI B HHUX i30BajeHTHUX nomimok (IB/I) BoHum yTBOpIOIOTHCS
exementami |l 1 VI rpym npu BilMOBIAHMX TEXHOJOTIYHUX YMOBaX iX BBeJIeHHS. /{15 nporo
BUKOPHCTOBYBABCS METOJI 130TepMiyHOro Biamany 6azosux |1-VI conyk y mapax Bkazanmux
eJleMeHTiB y BakyymoBaHux 10 10 * Topp. KBaplOBUX ammyinax. YMOBH PiBHOBaXHOTO
BBEJICHHS €JIEMEHTIB 3a0e3nmedye OTPUMaHHA MpH  BIANOBIAHUX TeMIlepaTypax
MOBEPXHEBUX IIApPiB, Kl € aKTUBHUMH OOJIACTSIMU y MEpEeBa)Kar0viil OIBIIOCTI MPUIAAiB
enekTpoHiku. CTPYKTYpHI BJIACTHBOCTI OTPUMAHUX IIapiB BH3HAYAIHMCS 33 METOJAMH
peHTTeHiBChKOI  Tomorpadii 1  JBOKPHUCTaAbHOI  IuU(pakTOMETPii. Cnektpu
¢dotomominectenuii (OJI), ontuunoro BigduBanHs (OB) 1 ¢oTOUYTANBOCTI BUMIPIOBATIUCS
Ha YyHIBEpCaJbHIM YCTaHOBII SIK 32 KJIACUYHOIO METOJIMKOIO, TaK 1 3 BUKOPUCTAHHSM A-
mMoaysinii. OcTaHHE O3BOJMIIO BCTAHOBHTH CKJIAJOBI CMYTH CYMapHHX CIEKTPIB Ta
BU3HAYMTH 3a IX BIACTUBOCTSIMHM NPUPOY F'eHepaliiHO-peKOMOIHAIIHHNUX TPOIECIB.

3MiHa TEXHOJIOTIYHUX YMOB 3a0e3neuye exementam |l 1 VI rpyn ymoBu popmyBanHs
IBJl un yTBOpeHHs wmapiB HOBOi XiMiyHOi cmomyku, ToO0TO rerepomapis (I'I). Tax
neryBanHs Mg uu Oz npu3BoauTh 10 yTBopeHHs mapis ZnSe:Mg, CdTe:Mg uu CdTe:O.
3a3Ha4ynMo, 1110 MPH A0JAaTKOBOMY Bianani ZnSe:Mg Ha noBitpi yrBoproetbess ZnO:Mg [1].
Bigman npu onTUManbHMX yMmoBax migkaazok B-ZnS, a-CdS, o-CdSe 3abesmeuyiorh
CTabUIbHICTh rekcaroHanbHoOi (o) 1 KyOiuHoi () mMomudikamiif rpaTku 1 HE3MIHHICTb
napaMmeTpiB Ta BJIACTUBOCTEH rm a-ZnSe/a-CdSe, a-ZnSe/a-CdS,
B-ZnSe/B-ZnS, P-CdSe/B-ZnSe, o-CdTe/a-CdS i TBepaux pO34YHMHIB 3aMilllCHHS
a- ZnSexS1-x. Y Takux ['lll pons IB/] rparoTs 3aumkoBi (He TOBHICTIO 3aMillIeHH]) aTOMH
6a30BOTO KpHUcTaiy, HalpuKIaja B-ZnSe + Cd — B-CdSe + Zn qH
a-CdSe + Zn — a-ZnSe + Cd. BaxmuBuM i X OPaKTHYHOTO BUKOPUCTAHHS €
IHTEHCHUBHE BUIPOMIHIOBAaHHS y KpailoBiii 00JacTi 3 BUCOKOIO KBAHTOBOIO €()EeKTHBHICTIO
n =8-12 %. 3a3HauMmo, [0, HANpHUKIana, Ha HejaeroBanomy CdTe moMiHECHEHINS He
cnocrepiranacs, a qaui1 ZnSe — 5 =0,1-0,4 %. JleryBauus IBJl o00ymoBito€e
BUIPOMIHIOBaHHS, sIKe Npu hw > Eg BU3HAUaeThcs MIK30HHUMM TEpPEXO0JlaMH BUIbHHUX
HOCI1B 3apsany 1 npu hw < Eg — anirinmsauiero 3B’s3aHux Ha IBJ] excurtoniB. CTpyKTypHi
JOCITI[DKEHHST JO3BOJIMJIM BCTAHOBUTH HE3HAYHY JIOKaJdbHY JHedopmariiro TeTpaenpa
KpucTaiaiyHoi rpatku. Came BOHa 3yMOBIIIO€ JIOKaJli3allil0 MOTEHIlialy aTOMiB 1 iCTOTHY
nedopmaniro xBuiaboBoi (yHkuii HociiB 3apsay IBJ] [2]. Sk Hacniiok, eKCUTOH
3axorutoeTbest IB/l, 1m0 BU3HAuae BUCOKY IHTEHCHUBHICTh BUIIPOMIHIOBaHHS, a, TOJIOBHE,
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cripusie Horo TemiepaTypHiii crabinpHOCTI [3]. Crmabka TemieparypHa 3alexXHICTh
IHTEHCHUBHOCTI JIFoMiHecIeHIil mokasana Ha npukiani [l B-CdSe i a-ZnSe necrangapTHOi
KpucTaiaiyHoi moaudikaii, puc. 1.
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Puc. 1. Cnektpu doroominecueHuii rerepomapis a-ZnSe (1, 2) i p-CdSe (3, 4)
npu T = 300 K (1, 3), 530 K (2, 4).

KpaiioBe BunpomiHioBaHHs 3MeHIIYEThCA y 2,5 pas3u npu 3mini 7 = 300 K go 550 K.
AHani3 BIUIMBY TeMIlepaTypd BUSBHB 3MEHUICHHS IHTEHCHUBHOCTI BHUIIPOMIHIOBAHHS Yy
cuiBBigHomenHi 0,8 1 0,86 Ha KOPHCTh MIK30HHOI pekoMOiHamii. 3MCHIICHHS BHECKY
€KCUTOHHOI CMYTH MOSCHIOETHCS BIUIMBOM TEMIIEPATypU HA €HEPrito 3B A3KY €JIeKTPOHHO-
OipkoBOi mmapu Ta il 3 HEeHTpoM. BaxIMBUM € eKCIEepUMEHTAIBHO BCTAHOBIICHA
MOBTOPIOBAHICTh XapakTepy 3MIHU CIEKTPIB Ta IHTEHCHUBHOCTI MpU OaraTOKpaTHHUX
BHUMIPIOBaHHSAX BIPOJOBXK ABOX POKiB. Taka BuCOKa TeMIepaTypHa CTaOUIBHICTH 3 4acoM
Ta TIOBTOPIOBAHICTh BIIACTMBOCTEH, XapaKTEpPUCTUK Ta MapaMeTpiB MOXYTb OyTH
BUKOPHCTaH1, 30KpeMa, y pi3HOr0 TUIy CEHCOPAaX MpHU peecTpalii TeMnepaTypu.

[1] CnéroB M.M., Koconosckuiit B.B., Cnéro A.M., Vupsuunkuit K.C. CeHcopsl ¢
U30BaJICHTHBIMU ITpuMecsiMu // CeHCOpHa MIKpOENEeKTPOHIKa 1 MIKPOCHCTEMHI TEXHOJIOTI].
T. 8 (2). (2011). C. 71-75.

[2] Maxuwuii B.I1., Papanckuiit M. /1., CiéroB A.M., Tkauenko 1.B. Biusuue npumecu Maraus
Ha CTPYKTYpY, CIEKTPbl JIIOMHHECICHIIMHM W OTpaKEeHHs KpuctauioB ZnSe //
Heoprannueckue matepuanst. T.40(9). (2004). C. 1-4.

[3] ®uctyns B.M. ATOMBI JCTHPYIOIIMX MPUMECEH B TMOIYMPOBOJHHKAX (COCTOSIHHE W
nosezienue). M.: ®usmariut. (2004). 432 c.

THERMO-RESISTANT MATERIALS ON THE BASE OF I1-VI
COMPOUNDS

M. Slyotov?!, O. Slyotov?
Yury Fed’kovich Chernivtsi National University
I m.slyotov@chnu.edu.ua, 2 o.slyotov@chnu.edu.ua

The properties of 11-VI compounds doped with isovalent impurities were
investigated. The high quantum efficiency of their radiation in the boundary region has been
established. It is determined by the processes of isovalent impurity introduction into the
tetrahedra of the crystal lattice. Such local deformation determines the high temperature,
including 550 K, stability of radiation characteristics and properties in the boundary region.
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CTPYKTYPHI, CYBCTPYKTYPHI BIACTUBOCTI TA
XIMIYHUU CKJIA IIVIIBOK ZnO, HAHECEHHUX IPYKOM
HAHOYOPHHUJIAMMU HA 'HYUYKI HIJKJTAIKHA

O. loopoxkan, P. [Tmennunnii, /{. Kypoaros, A. Onanaciok
Cymcoruii 0eparcasnuil yHisepcumem
dobrozhan.a@gmail.com, opanasyuk_sumdu@ukr.net

VY Ham yac Bce akTHBHIILIE PO3BUBAETHCS HANPSAMOK IOB'SI3aHUM 31 CTBOPEHHSIM
IpUIaiB THYYKOi €JIEKTPOHIKM 3 BUKOPUCTaHHSM JIBO- Ta TPUBMMIpPHOro Ipyky. Tak, Bxke
PO3pOOIIAIOTECA THYYKI (DOTOENEKTPUYHI TEPETBOPIOBAYi, TEPMOEIEKTPHYHI T€HEPaTOpH,
cercopu, Tomo. Cepen pi3HMX BUAIB APYKY EJIEKTPOHIKM OCOOJIHMBY YBary HpUIUIAIOTH
JIBOBUMIPHOMY 1H)KEKL1HHOMY, TpUBUMipHOMY Ta cripeii-metony [1]. Cepen Hux, cipeif-meTos
JPYKy Ma€ Taki mepeBary sik MacITaboBaHICTh, ICIICBH3HA Ta MOXKJIMBICTh HAHECEHHSI TUTIBOK
Ha Pi3HI TUIU MIIKIAI0K, BKIIoYatoun rHydKi [2]. Cepen maTepiamiB, ki BHKOPHUCTOBYIOTHCS
JUIs CTBOPEHHS (DYHKI[IOHAIbHUX €JIEMEHTIB eJIEeKTPOHHUX MpUiIaliB, OCOOJIMBY yBary
IpUBEPTAE HANIBIOPOBIAHMKOBA croiyka ZnO, sKa XapaKTepU3YeTbCS XOPOIIMMH (i3uKo-
XIMIYHUMH BIIACTHBOCTSIMH Ta, 30KpeMa, BUKOPHUCTOBYETHCS Yy TIpuiagax (HOTOBOIBTAIKH,
TEPMOEIIEKTPUKH, CECHCOPUKH, TOIIIO.

JUis  CTBOpPEHHS THYYKOI €JIEKTPOHIKM NEepCHEeKTMBHUM €  BUKOPHCTAHHS
HaHOMaTepialliB, pO3MIIIEHUX B OPTaHIYHIM MATPHIIi, IO JO3BOJISIE CTBOPIOBATH ITOKPUTTS, SKi
€ CTiMkuMH 70 Jedopmariii Ta po3TATyBaHb, IIO JO3BOJSIE MpHJIAJaM MaTdh MOTPiOHI
eKcIUTyaTaliiiHi xapaktepuctuku. Cepen MeToNiB CUHTe3y HaHokpucramiB ZnO ocobivBa
yBary NpUAUISETCA CUHTE3Y Y MOJI0IbHO-KOJIOIIHUX PO3UMHHUKAX. BiH 103BoJIsiE OTpUMaTH
HaHOMaTepiay 3 KOHTPOJIHOBAHUMH (Di3MKO-XIMIYHHUMH BIIACTHBOCTSIMH, € ICHICBUM, IIBHIKUM
Ta MacmTaboBaHuM. EkcrimyaTamniiiHi XapaKTepUCTUKH MPHIAAIB eNEeKTPOHIKU 3aiexarb BiJ
(byHAaMEHTAIbHUX XapaKTePUCTUK IUTIBOK, SKI BH3HAYAIOTbCS pPEXMMaMU OTPUMAaHHS.
30KpeMa, BUBYEHHS CTPYKTYpPHU, CYOCTPYKTYPH, ONITUYHHUX T4 MOP(OIOTIYHUX BIACTUBOCTEH,
XIMIYHOIO CKJIay IJTIBOK, OTPUMAHUX IIPU PI3HUX (PI3UKO-XIMIUHUX PEKUMAX J1a€ MOXKIIUBICTh
PO3LIMPUTH 00JaCTh 3aCTOCYBAaHb TAKMX (YHKIIOHAJBHHUX €JIEMEHTIB y Mpuiajax THydKol
JIPYKOBaHOi €JEeKTPOHIKH. Y 3B’S3Ky 3 IUM, y poOOTI Oyau BHUBYEHI CTPYKTYpHI Ta
CyOCTpYKTYpHI BIaCTUBOCTI Ta XIMIYHUH cKJ1aj Mu1iBoK ZnO, OTpUMaHUX CIIPEEBUM JPYKOM Ha
FHYYKHX, a caMeé TOJiaMiJHUX MiAKJIaJKaX, 3 BUKOPUCTAHHSM CHHTE30BaHMX paHille
HaHOKPHCTAIB.

Hanoxpucrann ZnO Oynum CHHTE30BaHI 3 BHUKOPHCTAHHSAM IOJI10JIBHO-KOJIOTAHOIO
merony. IIpu oMy cymim 8,8 T HUMHKY anerary auriapary, 40 mMia etuneHriikoiwoo, 1,76 r
MOTIBIHUIIIPOJOHY HarpiBanacs 10 160 °C (mBuakicts HarpiBy 16 °C/xB) Ta BUTpUMYyBaiach
npotsirom 180 xB. Bubipku Matepiany npoBoaniacs MpH pi3HOMY yaci pocTy HAaHOKPUCTAIIIB:
30 xB, 60 xB, 120 xB, 180 xB. HaHouopHWMIa 111 cripeld HaHECEHHs OyJIM YTBOPEHI MUISTXOM
JTUCTIepryBaHHS 4 MJI CBI)KOCUHTE30BaHUX HAHOKPHUCTAJIB, BUPOIIEHUX NpoTsiroM 120 xB, y 6
MJI IUCTHIIbOBaHOT BoAuM. [1niBku ZnO HaHOCHIIUCS cIpeif METO/I0M, 3 BUKOPUCTaHHSAM paHillie
po3pobneHoro obmamHanHs, Ha Harpity no 150 °C migkmaaky y armocdepi. [Ipu mpomy
BIJICTaHb MDK COIUIOM PO3IMUJIIOBaYa Ta IMIJKJIAJKOK cTaHoBWiIa 15 cMm; Oymo BukoHaHo 20
LUKJIIB HAHECEHHSI; Yac IIUKJTy PO3MHJIEHHS CTAHOBUB 3 C; May3a MK IUKJIAaMH ckiana 5 ¢. Sk
HiKJIaJKa BUKOPUCTOBYBABCS THYUKHI moJiamiz (KarnToH) i3 po3MipamMu 5 cM X -2 cMm X 125
MKM, MTOTIEPEIHBO OUHUIIEHUH B 130nmponuioBomMy ciupTi. [licns HanecenHs, miBku ZnO Oynu
BiJIIIAJICHI TTPH TeMItepatypax Tgon. = 200, 275, 400 °C Ta 4gaci Bignany tso, = 10 xB, 60 xB.

MopdooriuHi BIaCTUBOCTI HAHOKPUCTATIB Ta MIIBOK ZnO BUBYAIKCS 32 JJOITOMOTOI0
aTOMHO-CHJIOBOTO ~ MIKPOCKOITY, TPOCBIY4yBaJbHOTO Ta CKAaHYBAJIBHOTO EJIEKTPOHHOTO
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MiKpocKomiB. XiMIYHHMI aHali3 MPOBOAMBCS 3 BUKOPUCTAHHSAM METOAY CHEProAUCHEepPCiiHHOI
PEHTIeHIBCbKOI  cmekTpockomii.  CTpyKTypHI Ta  CYOCTPYKTYpHI  XapaKTEPHUCTHKHU
HAHOKPHCTATIB Ta ITIBOK ZnO BUBYAIKCS METOJIOM PEHTTEHOAU(PPAKTOMETPUIHOTO aHAITI3Y.

Bcranosneno, mo Hanokpucranu ZnO O0ynu oqHopazHUMU Ta 3MIHIOBAIH CBOI pO3MipH
d = (12,0-17,3) &£ 3 HM y 3a1exKHOCTI BiJ 9acy pocTy thoem. = (30-180) xB. ITokazano, 110
HAHOKPUCTAIM BCTYMNAIOTh y cTajaito ao3piBaHHA OcBanbaa mpH tpoen. = 120 xB. YTBOpeHi
wiiBkd ZnO XapakTepu3yBalIucs OAHO(A3HICTIO Ta MICTHJIM HAHOKPUCTAIW B OpraHiuHil
MaTpuili, 00’eM sKOi 3MEHIITyBaBCsA IMPHW 30UIBIIEHHI TEMIIEpaTypH Ta 4Yacy BiJmany, M0
HiATBEP/KYBAIOCH pe3yJbTaTaMU JOCHIUKEHb METOAOM aTOMHO-CHJIOBOI MIiKpPOCKOIIIi.
CTpyKTypHI Ta CyOCTPYKTYpHI XapaKTepUCTUKH HAHOKPHUCTAJIB Ta IUIIBOK IMOKPAIyBaIACS
npu 30UTBIIEHHI Yacy POCTY lpoem, TemmepaTypu Teon Ta dacy teon Bimmamy. YTBOpeHi
MaTepiajay XapaKTepU3yBajKCs HAUIMIIKOM KHCHIO Y CBOEMY CKJaJl Ta PIBHOMIPHUM
PO3MOAIOM XIMIYHUX €JIEMEHTIB 3a moBepxHero. [miBku Oynu CymibHUMH, Malu A00py
aAre3iro A0 MOBEpXHI MiAKIaAKH Ta ToBUIMHY t = 2+ (0,4 mMxkMm. HaHokpucTanu Ta MIiBKU
MOKa3yBaJIM XOPOIIli ONTUYHI XapaKTEPUCTUKH, MAJIH IIUPUHY 3a00poHEHO0T 30HH Eq = 3,3 £ 0,1
eB ta koedimient npomyckanns 7 = 60-80 %.

[TniBku ZnO nocmipkeni y gaHiii poOOTi BOJIOIIIOTH BIACTHBOCTSIMH MPHIATHUMH JJIS
BUKODUCTaHHA Yy THYYKUX MIKpONpUiIalax eJNeKTpOHIKH, 30kpemMa y ¢oro- Ta
TEPMOETICKTPUIHHX TIEPETBOPIOBAYAX.

[1] L. Nayak, S. Mohanty, S. Nayak, A. Ramadoss. A Review on Inkjet Printing of
Nanoparticle Inks for Flexible Electronics. Journal of Materials Chemistry C. Vol. 7.
(2019). P. 8771-8795.

[2] W. Wu. Stretchable Electronics: Functional Materials, Fabrication, Strategies Applications.
Science Technology of Advanced Materials. Vol. 20. (2018). P. 187-224.

STRUCTURAL, SUBSTRUCTURAL PROPERTIES AND
CHEMICAL COMPOSITION OF FLEXIBLE ZNO FILMS
DEPOSITED BY SPRAY PRINTING OF NANOINKS

O. Dobrozhan, R. Pshenychnyi, D. Kurbatov, A. Opanasyuk
Sumy State University
dobrozhan.a@gmail.com, opanasyuk_sumdu@ukr.net

In this work, flexible ZnO films were obtained by spray printing of polyol-mediated
nanocrystals. ZnO films were thermally treated at 200-400 °C in the ambient atmosphere for
10 and 60 min. Morphological, structural, substructural properties and chemical composition
were investigated in synthesized and deposited ZnO films. Phase composition, pole density,
orientation factor, scattering domain sizes, level of microdeformations, microstrains, density of
dislocations, lattice volume and parameters, nanocrystal sizes, roughness, chemical
composition, optical features were studied for synthesized nanocrystals, as-deposited and
thermally treated ZnO films.

X-ray analysis, transmission and scanning electron microscopy, atomic-force
microscopy, IR spectroscopy, energy disperse X-ray spectroscopy were used to investigated
obtained ZnO nanocrystals and films.

The developed ZnO films possess the fundamental properties suitable for the application
in the electronic microdevices, particularly in the solar cells and thermoelectric generators.
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BIIJIMB TOMIIIOK Nb20s5 TA Bi:O3 HA EJIEKTPUYHI
ITAPAMETPU OKCHUJIHO-OJIOB’AHUX BAPUCTOPIB

A. MeabaukoB, O. I'annonoB
J[Hinposcoxuil nayionanerui yHieepcumem imeni Onecs I onuapa
melnikovweb@gmail.com

Jlo npwitaiB GyHKIIIOHATBHOI €IEKTPOHIKH, 1110 3aCTOCOBYIOTHCS ISl 3aXHUCTY PI3HUX
npUCTPOIB BiJI NEpEHANpPYTH, BITHOCATHCS KEepaMmiuyHi BapUCTOPU HA OCHOBI OKCHIY OJIOBA.
BoHu MaroTh TOCHUTH BENIMKE 3HAYCHHs Koe(illieHTa HEeTMiHIHHOCTI f, ane, BOAHOYAC, 1 BEIUKI
3HAYCHHs KJIaCH(IKAI[IIfHOT HAPYKEHOCTI SIEKTPUYHOTO 1OJIsl £1 Ta MUTOMOTO OTMOpPY 3€pPeH
p. Jlns 3MeHIenHs 3Ha4eHHs E1 0 CKJIaly KepaMikd JOJal0Th OKCHUIN 3 HU3BKOI TeMIlepa-
TYpOIO IUIABJICHHS, a JJIsl 3MEHIIEHHs 3HA4YEHHS p — AOHOpPHI 10 okcuay SNO2 gomimku. B
npeCTaBiIeHii poOOTi 3 i€ METOK BUKOpUCTaHi BiAmoBiaHo okcuau BixO3 1 Nb2Os.

Kepamika (98,95-x-y) SnO2 - 1,0 C0304 - x Nb2Os - 0,05 Cr203 - y Bi»O3, 1e x=0,1;0,3;0,5;
0,75;1,0; 1,51y=0;0,5; 1,0 mom. %, Oyna cnieuena npu 1350°C (3ro.), CTBOpEHO O 3 eNeKTPoau
Ha KO)KHOMY 3pasKy, TOCIIKeH] 1X eNeKTpUYHI XapaKTEPUCTHKH Ta PO3paxoBaHi apaMeTpHu.
[Ipu BBegeHHI [0 CKIamy

—0— 0,1 Mmon.%
10°{ —0—0,75 mon.%

—4—1,0 mon.% KepaMiKH OKCHJLY BICMYTY

3] —0—1,5 % . c o .
i Hen 30UIBINYETHCS  CEPENHiii  po3Mip
10 3epeH SnO2 1, BIZIIOBIAHO,

3MeHIIyeTbCd 3HaueHHd FEi1. llpu
MiBUIICHHI KOHIEHTpallii OKCUAY

Nb20s mo 1,5 moi. % 30ibHIyeThCs
sHadeHHs E1 10 9640 B/cwm (tabi. 1)
1 3MEHIIYETHCS ENEKTPOIPOBIAHICT

10 0 o : 10 B cimabkomy momi o (pwuc. 1).

Puc. 1. 3a€XHOCTI TYCTHHH CTPYMY | BiJl HATIPYKEHOCTI €JIEKT- Haiibinemy — memmiimicte  BAX
puunoro nons E kepamixu SN0z - C0304 - Nb2Os - Cro0z 3 nomim- (= 80) i 3HaveHHs ycaaku y =14
xoto 0,5 mox. % Bix03 i pi3Horo konuenTpauieto okcuxy Nb2Os IpH  HaifiMEHNIOMY 3HA4YeHHi o

Tab6mn. 1. [MapameTpu kepamiku SO, - C0304 - NDB2Os - Crz03 3
Jomimkoro 0,5 moi. % BipOs i pizHoro konientpaitieto NbyOs

(8,1-10 1 Om*-cm?) mae xepamika 3
KoHIeHTpamniero  gomimku  Nb2Os

Nb2Os, 7, p E1, o, 1 mom. %. JloCHTHb BEITHKHN BMICT
moi. % % B-em Om*tem™ okcuagy  Nb2Os y  3paskax
0,1 10,0 | 60 1670 48107 (1,5 mon. %) moripuiye crikaHHs
0,75 14,0 49 3430 9,2:1010 KepaMikh W TPHU3BOAUTH  JIO
1,0 14,0 | 80 4670 8,1-10 YTBOPEHHS HEBUCOKUX MOTEHI[ANb-
1,5 13,0 | 46 9640 1,6-101° Hux Gap’epiB Ha Mexkax 3eped SnO».

THE EFFECT OF Nb20s AND Bi2O3s ADDITIONS ON THE
ELECTRICAL PROPERTIES OF TIN OXIDE BASED

VARISTORS

A. Melnikov, O. Gaponov
Oles Honchar Dnipro National University
melnikovweb@gmail.com

The addition of Bi»Os to the SnO2 - Co304 - Nb2Os - Cr.03 ceramic system resulted in
the higher grain size SnO; and the lower breakdown electric field E:. The enhancement of
Nb2Os concentration increases the electric field E1 and the nonlinear coefficient § up to 80.
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OOTOUYYTJIUBI CTPYKTYPU
HA OCHOBI IAPIB II-VI CITIOJYK

M. Cabotos?, O. C1b0TOB?
Yepniseyvruti HayionanvHul ynieepcumem imeni fOpiss @edvrosuua
! m.slyotov@chnu.edu.ua, 2 o.slyotov@chnu.edu.ua

@OTOUYTIMBI CTPYKTYPY IIMPOKO BHKOPHUCTOBYIOTHCS y CYYaCHHX EJIEKTPOHHUX
IpHJIaJax 1 3aCTOCOBYIOTHCS Yy Pi3HUX 00JACTSIX HAYKH, TEXHIKH, €KOJOT 1YHUX 1 METUYHUX
cucremax, O10TexXHOJOrii Tomo. BOHM MOXYTb BHUIOTOBISTHUCS K OKpEeMi MNPUCTPOI
(boTomionu, COHSAYHI €JIEMEHTH TOIIO), TaK 1 PI3HOrO THUIY CHUCTEMH BiJIOOpaKCHHS
iHdopmamii Ta mpuiIagu IHTETpaIbHOI ONTHKU. Ba)JIMBUM [JIs1 HUX IOCTAa€ MOXKJIHBICThH
BUKOPHCTAHHS MPH EKCTPEMAILHUX YMOBAX, 30KPEMa, BUCOKHX TEMIIEpaTypax 1 piBHSIX
pamianii. IIupoko BI/IKOpI/ICTOByBaHl kiaacu4Hi HamiBrnposinuuku (Si, Ge, I11-V cnonykn)
4acTo He 3a0e3MeuyroTh BiNOBIHI MPU BKa3aHUX YMOBAX XapaKTePHCTHKH 1 mapameTpu.
ToMy akTyabHUM NUTAHHSIM € MOIIYK HOBUX MaTepialliB 1 TEXHOJIOTIH iX OTpUMaHHSI.

[IpoBeaeHi qOCHIKEHHS BUSBUIN NEPCIICKTUBHICTD K BUKOpHCTaHHS mapiB |-V
CHoJyK y oronpuiiagax, Tak i METOAy iX BUTOTOBICHHS. [Ipu iX oTpuMaHHI yTBOPIOIOTHCS
reTeponepexii 3 BIANOBIAHMMH /O BHUIPSAMISIOUOTO Oap’epy  BIIACTUBOCTSIMH.
BupouryBanHs MpoBOAMIOCS METOIOM 130T€pMIYHOrO Biamany 0a3oBux miakianok |1-VI
CIIOJIYK Y HacWYeHii mapi i3oBasieHTHUX eneMeHTiB [1]. 3a Takux ymoB mpouec audysii
BH3HAYa€ pEAKI[IF0 130BAJICHTHOIO 3aMilICHHS Y KaTIOHHIM YW aHIOHHIM miarparii
MiJKIaJAKA. YTBOPIOETHCA MOBEPXHEBUM IIap I1HIIOTO XIMIYHOTO CKJIady, HaMpHUKIIAJ
ZnSe + Te — ZnTe + Se. 3anumikoBi aToMu (BIAMOBIIHO S€) BiIirparOTh poJb 130BaJICHTHOI
nomimku (IBJ]). Takoro Tumy MOMIIIKY BIUTUBAIOTh Ha KPUCTAIIYHY I'PATKY, IO O0YMOBIIOE
1CTOTHE MiJIBUILIIEHHS €()EeKTUBHOCTI FreHepaliiHO-peKoMOIHaLIHHUX IPOLECIB, @ TAKOXK CIIPUSE
HiABUILEHHIO TEMIIEpaTypHOi 1 paJialiifHo1 CTIHKOCTI.

MeTtogoM  130BaJI€HTHOTO  3aMillleHHd OTpuMaHo  Qoroxioau. Buroroneni
rereponepexoan 3abe3nedyroTh YyTimBicTh y mianmasoni  0,38-0,82 MkM 3 BHCOKOIO
BUsBJIsI0UOI0 3/1aTHICTIO Tipu 300 K. ['onoBHI mapameTpu AESKHX 3 OCHOBHMX BUI'OTOBJIEHHX
OpuiIagiB 1 NPUCTPOIB HAaBEACHO y TaOmuIi. Y Hill OTpUMaHMi 130BaJICHTHUM 3aMILICHHSAM
reTepoInIap BKa3zaHo MepIInM.

Tabmuus 1. [TapameTpu ¢oToaioniB

Crpykrypu AA, MEM S, A/BT
pZnTe-nZnSe 0,51-0,68 0,3
nCdTe-pZnTe 0,56-0,83 0,4
pCdTe-nCdS 0,54-1,0 0,4

o Toro x, AA me 0OmacTh CIEKTPANbHOI YyTIMBOCTI, a Sj = — MaKCHMallbHa

MOHOXpPOMAaTHYHAa YYTJIUBICTh. BiaMiTHMO, 10 (QOTOMIONM XapaKTEpU3YIOTbCS BEIUKUM
Jianma30HOM JIHIMHOCTI MpU eKCIUTyaTalii B peXuMi KOPOTKOTO 3aMHKaHHS 1 BHUSBIISIOUOIO
3matHicTio ipu 300 K He merme 10 ¥ B 1-em Ty 7.

3a3HauYMMO, 10 BUTOTOBJIEHI METOAOM 130BAJICHTHOT'O 3aMILIEHHS TI'€TE€pPOCTPYKTYpPH
nCdTe-pZnTe i pCdTe-nZnTe Takox MOXYTb OyTH €()EKTUBHHMH IECTEKTOPaMH JIa3€pPHOTO
BUITPOMIHIOBaHHS, 0co0muBo He-Ne-nazepa [2]. Sk BigoMo, Taki Jkeperia BiIirpaioTh BaXKIUBY
pONb K y PI3HOTO TUITy EKOJOTIYHHMX 1 OIONOTIYHMX CHCTEeMaxX, TaK 1 MpU JOCTIIKEHHI
PI3HOMAHITHMX ONTHYHO-aHI30TPONMHMX ImapiB. OCTaHHI BUMIPIOBaHHSA JO3BOJISIOTH
JIETEKTYBaTH OCOOJIMBOCTI CTPYKTYpPH 3a METOAO AudepeHImiaabHoi Miomiep-MaTpuaHol
MOJISIpU3aILii.
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EdexTuBHI CEeHCOpM ONTHYHOIO BHUIIPOMIHIOBAaHHS MOXYTh OyTHM BHI'OTOBIJIEHI Ha
OCHOBI ITOBEPXHEBO-0ap’EPHUX CTPYKTYp. 30KpeMa, Ha OTPUMAHMX rerepomapax ZnSe, ZnS i
GaN oTpuMaHO YYTIMBICTB, siKa OXOILUTOE yiabTpadioneroBy (YD) obmacts. CrnekTpanbHi
KpuBi ()OTOYYTIMBOCTI BUTOTOBJICHUX CTPYKTYP METaI-HAIMIBIPOBIAHUK HAaBEICHO Ha puc. 1.

S, > BLI. OIL.
1,0

1

!

1

1

U

1

! 3
1Y
|
1

I

1

1

1

1
I

I’i

35 45 ho,eB

!
2.5
Puc. 1. Cuexrpu ¢orouyriausocti konrakriB: Ni — ZnSe (1), Ni — GaN (2)
Ta Ni —ZnS (3) npu 300 K.

MakcuMyM CIIEKTPaIbHOTO PO3MOJLIY MPHITAa€ Ha 00JIACTh €Hepriii oToHIB, sSKa
BI/INIOBIJJa€ IMPHUHI 3a00pOHEHO0T 30HM Matepiay. CTpyM KOPOTKOIO 3aMHMKaHHS OTPUMaHHUX
TioiB lsc JTiHIHHO 3aJI€XUTh Bl TOTYXHOCTI ONPOMIHEHHSI P B HIMPOKOMY iHTEpBaJIi 3MiHHU.
[Ipu 36inbienHi P Hampyra XoJocToro xony Voc IMpsSMye 10 HAaCHYCHHS, a MaKCHMaJbHE
3HaYeHHs BHM3HAYA€THCS TOJIOBHUM UYMHOM BHCOTOI Oap’epa ¢p 1 T'YCTUHOIO TEMHOBOTO

ctpymy lo.

[1] Makhniy V.P., Baranjuk V.Ye., Demich M.V., Melnik VV.V., Malimon 1.V, Slyotov M.M.,
Sobistchanskiy B.M., Stets E.V. Isovalent substitution — a perspective methods of
producing heterojunction optoelectronical devices // Proceedings of SPIE. 4425. (2000).

P. 272-276.
[2] Makhniy V.P., Baranyuk V.Ye., Slyotov M.M., Stets O.V. II-VI compounds wide-band
barrier detectors of He-Ne-laser // Proceedings of SPIE. 4607. (2001). P. 345-348.

PHOTOSESITIVE STRUCTURES
ON THE BASE OF I1-VI COMPOUNDS LAYERS

M. Slyotov?!, O. Slyotov?
Yury Fed’kovich Chernivtsi National University
I m.slyotov@chnu.edu.ua, 2 o.slyotov@chnu.edu.ua

The layers of 1I-VI compounds were obtained by the method of isovalent
substitution. Based on them, photosensitive photostructures were made. The spectral range
of their sensitivity is determined by the material and construction. For photodiodes, the
sensitivity range is 0.38-0.82 um. In the case of wide-gap materials, surface-barrier
structures are characterized by sensitivity in the short-wave region, including ultraviolet,

namely 0.206-0.45 pm.

1V BeeykpaiHcbka HAYKOBO-NIPAKTHYHA KOH(pepeHIIis
«[IEPCIEKTUBHI HAIIPSIMKHU CYYACHOI EJIEKTPOHIKH, IHOOPMAIIMHUX 1
KOMIT'IOTEPHUX CUCTEM» MEICS-2019
27-29 mucronana 2019 p., {ninpo, Ykpaina



198 Cexuist IV. ®YHKIIIOHAJIbHA EJJEKTPOHIKA. MIKPO- I HAHOTEXHOJIOT'Ti

JAETEKTOPHU YJIIbTPA®IOJETOBOI'O
BUITPOMIHIOBAHHA HA OCHOBI I'ETEPOCTPYKTYPHU
TiN/n-SiC

I. lIBeatok, M. CosoBamn, I'. [IapxomeHko

Yepniseyvkuil Hayionanvuuu ynisepcumem imeri FOpis @edvkosuua
vanyashved1806@ukr.net

Kap6in xpemuito (SiC) — marepian, SKMH 3HAXOAUTh MPAKTHYHE 3aCTOCYBAaHHS B
JIeTeKTopax yiubTpadioneroBoro BumpowmiHioBaHHs. dorompuitmaui Ha ocHOBI SiC
JIO3BOJISIFOTH JIOCSITTH BUCOKOTO CITIBBIIHOIIEHHS CHTHA - mryM. Lle poOuTh iX ineanbHUMH
dboronpuiiMayamMu A MOHITOPHUHTY yibTpadioneroBoro crnekTpy. Hitpug turany TiN - e
MaTepiaj i3 MHUPOKOI0 3a00POHEHOI0 30HOI0 3 XOPOITUMU (Pi3UKO-XIMIYHHUMH TTapaMeTPaMH.

['eTepocTpyKTypH BUTOTOBISLUTUCH HAaHECEHHSM TOHKMX IUTIBOK TiN Ha momepeaHbo
noJiipoBany noBepxHio miactuiu SiC (5x5x0,36mMM) B yHiBepcaibHill BaKyyMHIH yCTaHOBII
Leybold — Heraeus L560 3a 101oMoron peakTHBHOTO PO3MUJICHHS MIllIEHI YUCTOTO TUTAHY B
CepeIOBUINI CyMilIi Ta3iB aproHy i a3oTy, IpW MOCTiHHIA Hampy3i. BukopuctoByBamock
KOPOTKOYAaCHE MPOTPABIIOBAaHHS OOMOapayBalbHHUMH 10HAMU aproHy MOBEpPXHI MiIIeHI Ta
HIAKIAIKA 7151 BUJAICHHS HEKOHTPOJILOBAaHOTO 3a0pyaHenHs. Ilix yac mporecy HanuiaeHHs
napuiagbHi TUCKM Y BaKyyMHIN Kamepi craHOBWIH ~ 2,4mbar ansa aprony i ~ 4,8mbar s
azoty. [lotyxnicte marHeTpoHa ~ 120Bt. [Iporec HamumiieHHs TPOXOIUB MPOTATOM ~ 15XB,
npu temmneparypi migknagka 250°C. Tonki mmiBku TiN Takox Oy HamwiIeH! Ha CKIISHI
IT1JIKJIAJIKK JIJI1 BA3HAYEHHS ONITUYHUX MTapaMeTPiB TOHKHX IUTiBOK. OTprMaHi IJIiBKU BOJIOILTH
N-TUIIOM IIPOBITHOCTI.

HocnigxeHo enekTpuyHi BiacTuBocTi rereponepexofiB TiN/n-SiC npu  pi3zHHX
TeMIepaTypax, BHU3HAUYE€HO BHCOTY IOTEHLIAIBHOTO Oap’epy, BCTAHOBIIEHO JIOMIHYIOUI
MeXaHi3Mu cTpymonepeHocy. IIpoayKTuBHICTH (oTompuiiMadya OI[IHEHO 3a JOIOMOTOH0
BU3HAYEHOI YYTJIMBOCTI 1 JIETEKTUBHOCTI. BcTaHOBNIEHO, IO JOCTIKYBaHI reTeponepexoan
TiN/n-SiC  moxHa yCHIIIHO BHKOPHCTOBYBAaTH SIK JIETEKTOPU  yIbTPadioaeTOBOro
BUITPOMIHIOBaHHS.

DETECTORS OF ULTRAVIOLET RADIATION BASED ON
HETEROSTRUCTURE TiN/n-SIC

I. Shvediuk, M. Solovan, G. Parkhomenko

Chernivtsi National University Yu. Fedkovich
vanyashved1806 @ukr.net

The electrical properties of TiN/n-SiC heterostructure were investigated at different
temperatures, were determined the height of the potential barrier and the dominant mechanisms
of current transfer. The performance of the photodetector is evaluated using a certain sensitivity
and detectability. It has been established that the investigated TiN/n-SiC heterostructure can be
successfully used as ultraviolet radiation detectors.
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BUKOPUCTAHHSA KPUCTAJIB ZnSe<Te> JIJIA
CTBOPEHHSA HAJICIIEKTPAJIBHUX OIITUYHUX CUCTEM

O. Kinzepcbka, I. Cenko
Yepniseyvkuii Hayionanvhull yHieepcumem imeri FOpis @edvkosuua
oksanakinzerska@gmail.com

Bukopucranas wmarepiajiiB 3 HIMPOKHM CIEKTPAJIbHUM Jialla30HOM € OIHHUM 13
MOXXJIMBUX [UISXIB MIABUIIEHHSA (DI3UKO-TEXHIYHUX IMapaMeTpiB Ta eKCIUTyaTalliliHuX
MOYJIMBOCTEH ONTHKO-EIIEKTPOHHHUX CUCTeM. TakuM MarepiajoM € CeJeHiJl IUHKY, OCKUIbKU
BiH BOJIOJII€ BUCOKOIO TEMIIEPATYPOIO IIJIABJIEHHS, CTIMKICTIO /10 Jii aTMochepH, MeXaHI YHOIO
MIIHICTIO 1 3HAYHUM ONITUYHUM ITporycKkaHHsAM 50-60% B IIMPOKOMY Jiana3oHi JOBKHUH XBUIIb
(0,5-20 mkm) [1,2]. Bpaxyemo Takox Te, 0 IPO30piCTh ZnSe B BUIUMOMY Jialla30Hi CUIIbHO
CHpOILY€e IOCTYBaHHS OINTHUYHUX CUCTEM 3 €JeMEHTaMH Ha Horo 0a3i B MOPIBHAHHI 3
aHAIOTIYHUMU TpucTposiMu Ha ocHOBI GaAs i1 CdTe. Omnak, Taki ONTHYHI BIACTUBOCTI
XapaKTepHI TUIbKU [yl BUCOKOUUCTHX MOHOKPHCTANIB CEJICHIAY LIMHKY, SIKI Ha )Kajb, MAlOTh
Iy’)Ke HU3bKY CTIMKICTh A0 Aii pI3HOTO THUMY 10HI3YIOUMX BUIIPOMIHIOBAHb Ta MOTYKHUX
Ja3epHUX MOTOKiB. [{ux HemomikiB, MOXKHA MO30YTHCH MUIAXOM JIETYBaHHS KpUCTaliB ZnSe
130BAJIGHTHOIO JIOMIIIKOIO Telypy B Ipolueci pocTy. Taki KpHCTalIM XapaKTepU3yHOTbCs
BucokuMu Tepmiunoro (~500 K) i pamiamiitnoo (~107 pam) cTiiKOCTAME, YacOBOIO
CTaOUTBbHICTIO, a TaKoX BUCOKOIO epektuBHICTIO (~30% mpu 300 K) pamionrominecueHIii.
Henonikom kpuctaniB ZnSe<Te> € BIACYTHICTh MPOMYyCKaHHs npu A~ 6 MkM (puc. 1), mo He
JI03BOJISIE BUKOPUCTOBYBATH 1X B HIMPOKOCMYTOBUX TaK 3BaHMX HAJCTIEKTPAIBHUX ONTHYHHX
cucreMax [2]. B naniii po60Ti 0GroBOPIOIOTHCS MOXKIMBOCTI PO3IIUPEHHS 001aCTi MPO30POCTi
kpuctaniB ZnSe<Te> npu 30epexeHHi IX TepMIdHOI Ta paaiaiiHol CTIKOCTEH.

OHuM 13 MOXKJIMBHX IIJISAXIB PO3IMIUPEHHS 00JIACTI MPO30POCTI TAKUX KPHUCTATIB €
neryBaHHs ix pinkicHozemensHuMu enemeHtamu (P3E). Tak B po6orti [3], moBeaeHo, 110
BRenienns P3E B kpucTanu um emitakciiini miisku crnonyk A®B° B mporieci pocTy HpU3BOIHTS
710 e(heKTUBHOTO OYMIIEHHS X BiJ (poHOBUX JoMillok. [ToniOHMit edekt crocrepiraBcst HaMu
paHille MpH JieryBaHHI KpUCTalliB ZnSe JOMIIIKOI Yb 3 mapoBoi ga3u B 3aKpuTOMYy 00’ €Mi
[4]. ITepeBaroro Takoro MeTo1y B HOPiBHSIHHI 3 METOAOM [3] € MOXKIIUBICTh HOT'O BUKOPHCTAHHS
JUIS BXK€ BUPOIIEHUX KPUCTAJIIB UM IIAPIB 3 BMICTOM Pi3HUX JOMIIIIOK.

O06’exkTaMu AOCIIIKEHb € KPUCTAJIM, BUPOILIEHI 3 PO3IIABY MiJ Jl0 IHEPTHOIO Tasy 1
JIeTOBaHI B MPOIIEC] POCTY 130BaJICHTHOIO JOMIIIKOIO Tenypy. Bupizani 3 06’€MHOro KpucTamy
ZnSe<Te> miacTHHKK THIIOPO3MipoM 5x5x1 MM® MpOXoauIM MOeTanHi MexXaHiyHe Ta XiMidHe
nonipyBanHs B po3umHi Cr203:HCI=2:3, Ta BiAMHBaJIMCh B JUCTHIILOBaHIHA BOMi. SIKiCTh
MOBEPXHI KOHTPOIIOBAJIOCH Bi3yaJbHO 3a MOSIBOIO 00’€MHOI MoMapaH4yeBOi JTIOMiIHECIEHIII,
xapakTepHoi 15 kpucTaniB ZnSe<Te> mix aiero Nz-nazepa. CrieKTpu ONTUYHOTO MPOIMYCKaHHS

T, 06’extiB KoCIiKEHb BHUMIPIOBAJIUCH B CIIEKTPAIIEHOMY Jiara3oHi 1-25 MKM 3 J0ITOMOT010

[U-®yp’e cnekrpodoromerpa NICOLET 6700. TunoBuii criekTp ONTUYHOTO MPOIYCKAHHS
kpuctaniB ZnSe<Te>, npencraBinenuid kpuBoro 1 Ha puc. | Ta oOMexyeTbcs Alanma3oHOM
noBXuH xBWIb 0,5-6 MKM, 1m0 poOWTH WOr0 HEMPUAATHUM JUIS BHKOPHCTaHHS B
HAJICTIEKTPaJIbHAX CUCTEMaX. BiZICyTHICTh MpoITycKaHHs IpU A ~ 6 MKM, HalleBHO 0OYMOBJICHA
nepexoaaMu eNeKTPOHIB 3 BaJICHTHOI 30HH Ha piBHI 3 eHeprieto ioHi3auii 0,2 eB. L{g Benuunna

. ‘o 4
OJM3bKa 10 BEMYWHN [IMOWHM 3aJITaHHs BiJ’€MHHUX OJHO3APSIHUX BaKaHCii HUHKY V7, B
kpuctanax ZnSe<Te> 3 kouuentpamicio 10?2 cm. Ilpu nepeTBopeHHi ii 3 0fHO3APAAHOI B

"
ABOX3apia/IHY BAKaHCIIO I[UHKY VZn , OCTaHHA MOXC O6’€,Z[HyBaTI/ICB 3 A0AaTHOXO

L . e . . .
OHO3apsAAHOIO BAKAHCIEIO CCIICHY ng 1 YTBOPIOBATH acCollaTH VZn VSe , AK1 B1AIOBIOAKOTH 3a
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MIOMapaH4YeBY CMYTY JIFOMIHECICHLIT ceneHiny uuHKy. OTxe, 11 301IbIIeHHS POITyCKaHHS B
[4-o6macTi He0OXiTHO 3MEHITUTH KOHIIEHTPAIlII0 OHO3APSIIHIUX BaKaHCIH IIMHKY.

T,, %
60
T T T T I
ZnSe<Te> ZnSe<Te>:Yb
45 [ T
300K
30 [ T
15 | T
0 J
0 5 10 15 20 25 A, MKM

Puc. 1. CiekTp ONTHYHOI0 MPOMYCKAHHS 00’ €KTIiB A0CTiTzKeHHS

JleryBaHHS MIATOTOBIEHUX MiAKIAAMHOK ZnSe<Te> pomimkoro Yb 3miiicHIOBanIoch
nusaxoM audysii mapoBoi ¢aszu B 3akputoMy 00’eMi [4]. CrieKTpH ONTUYHOTO MPOIMYCKaHHS
nigkiaaanHok ZnSe<Te>:Yb HaBeneni Ha puc. 1, kpuBa 2, MOKa3ylo0Th, IO JIETYBaHHS iTepOieM
BiJTHOBJIIOE CIIEKTP ONTHUYHOTO IPOIMYCKaHHS a0 3HaueHb 35-50%, SKUil € THIOBUM IS
0e310MIIIKOBUX KpHCTaliB ZnSe, M0 HE NPOHIUM creniatbHol 00poOKku moBepxHi. Pazom 3
UM, Kpuctanu ZnSe<Te>:Yb MaroTh OiIbIl BUCOKY TeMIepaTypHy Ta pajialiiiHy CTiHKICTb,
3aBJIIKM HAsIBHOCTI 130BaJICHOI JOMIIIKU TEIYPY.

[1] TaBpumyk E.M. Onrtuueckue s5eMeHTHl U3 CynbbuIa MUHKA U CElICHHAA IIMHKA JUIS
uHdpakpacHoii Texauku / ['appumyk E.M., Smuna 3.B. // Ontuaeckuit sxypHai. — 2005.
- Ne7. - C. 57-59.

[2] Cenuxk B.H. IlpumeHeHne  KpUCTAUIOB B  TEPCHEKTUBHBIX  pa3paboTkax
THIEPCIIEKTPaIbHBIX onTHdeckux cucreM // [lpuknaanas ¢usuka. — 2007. - Ne3. — C.134-
141.

[3] Topenentok A.T., Kamanuu A.B., Imuar H.M. PenkosemenbHble 3JIEMEHTHI B
texHojoruu coenunenuii AIIIBV u npudopos Ha ux ocHoBe / ['openentok A.T., Kamanun
A.B., HImuar H.M. // ®TII. -2003. — T.37., B.8. — C.922-940.

[4] Makhniy V.P. «Purrification effects» in zinc selenide crystals doped with ytterbium from
vapor phase / Makhniy V.P., Kinzerska O.V., Senko .M. / Telecom. and Radio
Engineering. — 2017. - V.75.,1.3. — P. 279-284

THE USE OF CRYSTALS ZnSe<Te>TO CREATE OVER THE
SPECTRAL OPTICAL SYSTEMS

O. Kinzerska, 1. Senko
Yuri Fedkovych Chernivtsi National University
oksanakinzerska@gmail.com

The prospects for the use of molten ZnSe <Te> crystals after their additional doping
with rare-earth elements to create superspectral optical elements with elevated temperature and
radiation resistance are discussed.
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SYNTHESIS AND ELECTRICAL CONDUCTIVITY OF NEW
SODIUM-CONTAINING SOLID ELECTROLYTES

I. Studenyak, A. Pogodin, V. Studenyak, O. Kokhan
Uzhhorod National University
studenyak@dr.com

Superionic conductors of argyrodite type are promising for applications as solid
electrolytes, supercapacitors, ion-selective membranes, and other electrochemical devices [1,
2]. Besides the mono- and polycrystalline forms, they can be fabricated as nanoparticles
embedded in organic polymer matrices or in liquid crystals, as ceramics and thin films. In the
last decade, lithium-containing LisPSsX (X= ClI, Br, 1) argyrodite superionic conductors have
been actively studied as promising materials for all-solid-state batteries [3]. Therefore, very
interesting to search for new argyrodite-type superionic materials with alkali metal cations, in
particular sodium-containing ones.

NasPSsCl and NasPSsBr were synthesised from high-purity elemental components. A
two-temperature synthesis method was employed. The specially designed container with the
loaded components was placed in a two-zone vertical resistive oven with electronically
controlled temperatures. NasPSsCl and NasPSsBr were synthesised by stepwise temperature
increase with aging at 423 K for full fixation of sulphur and phosphorus. At such conditions
sodium does not react with the container material while the interaction with the sulphur vapour
is slow, without intense heat liberation. Further heating was performed at a rate of 50 K/h up to
the maximal temperature of 1125 K (for NagPSsCl) or 1070 K (for NasPSsBr) which is 50 K
above the melting point for NaCl and NaBr, respectively. After aging at this temperature for 24
h the melt was cooled to 773-853 K (30 to 50 K above the crystallisation point) with 24 h aging
and further cooled down to room temperature at a rate of 50 K/h. The synthesis resulted in
visually polycrystal-like materials of white or light yellow colour. The specimens obtained did
not stick to the quartz container or interact with its material. The materials synthesised appeared
to be rather hygroscopic what encumbered their subsequent studies.

Electric conductivity of NasPSsCl and NasPSsBr was measured by the impedance
spectroscopy in the frequency range from 10 Hz to 300 kHz using a high-precision Applent AT
2818 LCR meter. The measurements were performed at room temperature by a two-electrode
method using gold electron blocking contacts. The frequency dependences of total electrical
conductivity for NasPSsCl and NagPSsBr have shown that the conductivity appears to increase
with frequency, being higher for NagPSsBr, for which at the frequency of 1 kHz it is 8.05x10°
S/cm while for NagPSsCl it is 4.15x10° S/cm. These values of conductivity are in agreement
with those reported for lithium-containing argyrodites of this family.

[1] Nilges T., Pfitzner A. A structural differentiation of quaternary copper argirodites:
Structure — property relations of high temperature ion conductors. Z. Kristallogr. Vol. 220.
(2005). P. 281-294.

[2] Studenyak I.P., Kranjéec M., Kurik M.V. Urbach rule and disordering processes in
CusP(S1-xSex)sBr1-yly superionic conductors. J. Phys. Chem. Solids. Vol. 67. (2006). P. 807-
817.

[3] Deiseroth H.-J., Kong S.-T., Eckert H., Vannahme J., Reiner C., Zaifl T., Schlosser M.
LiePSsX: a class of crystalline Li-rich solids with an unusually high Li+ mobility. Angew.
Chem. Int. Ed. Vol. 47. (2008). P. 755-758.
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MOIUPIKALIIA HAHOKPUCTAJIIB ZnO:Mn BOJAHEM

O. KoBanenko, B. Boposcbkuii, B. banadyxa
Jninposecoxuii HayionanvHuti ynieepcumem imeni Onecs I onuapa
kovalenko.dnu@gmail.com

3anikaBieHICTh A0 po30aBiIeHUX MarHiTHuX HamiBnposinHukiB (MHII) obymoBiena
MOKJIMBICTIO 1X BHUKOPHCTaHHS Yy TMpwiagax CHIHTPOHIKM. OKCUA UUHKY, JeroBaHUil
mapranuem (ZnO:Mn), BXOAUTH 10 KJIacy IMX MaTepiamiB. 3aBISKH CBOIM BUHHSITKOBUM
BJIACTUBOCTSIM BIH OCTaHHIM YacoM IHTEHCHUBHO JOCHIIKyeTbca. BcraHoBieHo, 110
depomarnitHi Biactuocti (®B) manokpucranis (HK) ZnO:Mn nipu kiMHaTHIM TeMIiepaTypi
BUHUKAIOTH MiJ Yyac HU3bKoTemreparypHoro cuutedy ( T < 500°C) Ta nmpu yMOBi HassBHOCTI y
HK 3naunoi kinbkocTi aedekriB. Bigomo, mo moaudikaiis nopepxni HK nHamiBmnpoBigHuKiB
NPUBOAUTH J0 3MiHHU iX Je(EeKTHOro CTaHy Ta €HEPreTUYHUX PIBHIB 30HHOI cTpyKTypH. Lle
MO3HAYAETHCS Y TIOSIB1 HOBUX (DI3WYHHUX BIACTHBOCTEH. TOMY HOCTIDKEHHS BILTUBY Moqudikarii
nmoBepxai HK ZnO:Mn Ha ix (i3udHI BIaCTHBOCTI € aKTyaJlbHUM, 00 BOHO JO3BOJISE PO3IIHMPUTH
MPaKTHYHEe BUKOPUCTAHHS TaKUX Mmarepiamis npu cuate3i PMH. OqHuM 13 MeToaiB Moaudikarii
nosepxHi HK € ix Tepmiuna oOpoOka BogHeM. Bimomo, 1o BOJEHB IiJl Yac BiAmady Hpu
HOMipHHX TEMIIEpaTypax B3a€MOJI€ 3 KHCHEM Ha HOBerHi HK ZnO, YTBOPIOKOUH BEJTHKY
KUTBKICTh BIIaCHUX JIe()EKTiB, IIPOKCUIBHUX IPYH Ta Pi3HUX BoJHEBUX Komruiekci [1]. [Ipu
OILIIHIII BIUTMBY IPOIIECY MOIII/I(blKaIIII Ha BnactuBocti HK HeoOximHO BPaXOBYBATH X BHX1THUH
nedeKTHUN CTaH, SIKUM 3aJIe)KUTh BiJl METOAY CUHTE3Y a00 peKuMy TepMidHOT 00poOku. Tak
HK ZnO:Mn, cuHTE30BaHi METOJOM YJIBTPa3ByKOBOTro mipoiidy aepozonto (VIIA) dopmyrotbes y
HEPIBHOBAKHUX YMOBaX, 110 00OYMOBIIIOE HAsABHICTh Y HUX BEJIMKOI KITBKOCTI AedekTiB [2]. YV
Toil ke yac Taki HK, orpumani Meromom kpioximiunoro cuntesy (KXC), MaoTh He 3HAUHY
neEeKTHICTh TOBEPXHI TOMy, IO IX YTBOPEHHS BIAOYBAETHCS IPOTATOM HJOBIOTO Yacy Yy
piBHOBaXHMX yMoBax [3]. BaxximBo mpoBecTH MOpIBHSUIBHUN aHaNi3 BIUIMBY Ha (i3WdHi
BJIacTUBOCTI Mo (ikalii noBepxHi BogHeM HK ZnO:Mn, cuHTe30BaHUX DPI3HUMH METO/IaMH.

Metorw poGoti Oyii0 BCTaHOBJIEHHS 3aJEKHOCTI MAarHITHHX XapakTepucTHK 3pas3kiB HK
ZnO:Mn, otpumanux Metoaamu YIIA ta KXC, Bin TepMidHOT 00pOOKH BOJHEM.

HocnimxenHto mipsranu 3paskin HK ZnO:Mn i3 koHIeHTpaliero Maprasis 2 at%, oTpuMaHi
panime merogamu YIIA ta KXC 3a TeXHONOTIYHMME pexUMaMy, siKi IpuBeJeHi y poborax [3,4]. V
SIKOCTI BUXIJIHUX KOMIIOHEHTIB IPU CHUHTE31 3pa3KiB IIMMH METOJaMH BHKOPUCTOBYBAJIHMCh PO3UUHH
HiTpaTiB Ta cynbhaTiB NUHKY 1 MapraHito, a temneparypa cunresiB Oyma T = 550°C ta 850°C,
BigmoBiaHo. Moaudikariss moBepxHi HK mpoBomuiach nuisxom TepMmidHOi 0OpOOKH 3pas3KiB HpHU
temneparypi T = 550°C B iHepTHOMY Ta30BOMY CEpeIOBHIII y CyMili ra3iB a30ty Ta BoaHio ( Ha @ N2 =
1:3) mpotsirom 20 xB. OXOJIOJUKEHHS! 3pa3KiB BiOyBaloch KOpOTKOTepMiHOBO ( 15 xB.) y motori
rasonoioHoro a3oty. MarHiTHI BIaCTUBOCTI 3pa3KiB BHUBUYAIMCh METOJOM BiOpOMarHiToMeTpii
Ha eKCIIepUMEHTaIbHOMY BiOpomarHeromerpi. OTpuMaHi pe3yabTaTy NpUBeeHI Ha puc. 1.

Hocnimkenns 3pazka HK ZnO:Mn cunrte3oBanoro merogoM YIIA mpu remnepatypi T =550°C
I0Ka3aJ10, 110 TepMiuHa 00poOKa Horo BoJHeM He MpUBOIUTH 10 3MiHU @B. Lleit 3pa3ok micis cuHTe3y
Bosonie @B (puc.la, minig 1). AHani3 KpuBOi HAMArHIY€HOCTI 3pa3Ka IMOKa3ye, 110 BOHA HE Ma€ CTaHy
HACUYCHOCTI MPU BEJIMKUX MarHiTHUX NOysX. Lle CBiTYMTh Mpo HasBHICTH y 3pa3Ky IapamarHiTHOI
¢a3u. Bigman 3paska Ha noBiTpi npu Temmepatypi T = 550°C mpotsrom 20xB. 3meHmye Horo ®B
(tinis 3). [Micns repmiunoi 06po6ku npu T = 850°C npotsrom 20 xB. @B 3HMKaI0TE, a 3pa30k HaOyBae
napamarHiTHUX BiactuBoctedl (puc.la, miHis 4). Bigman mporo 3paska y BOJHEBOMY CepElIOBHIII
npotsarom 20 xB. ipu T = 550°C nonoemroe fioro ®B (puc.la, ninisg 2). Otpumani pe3yIbTaTH MOXKYTh
OyTH TIOSICHEHHI 3MeHIeHHsM KiutbkocTi aedektiB HK ZnO:Mn min 4dac Bimnanmy Ha TOBIiTpi Ta
301IBIICHHSM X Ticisl TepMidHOT 00pOOKH 3pa3ka y BOJAHEBOMY ra30BOMY CEPEJIOBHIIII.

AHaJ3 KpUBOi HAMATHIYEHOCTI 3pas3ka, CHHTe30BaHOro MetogoM KXC, mokasye, 1o y Horo
CKJIaJi iCHye He3HauHa KiIbKicTh (hepoMartiTHoi (asu, ajie y HiioMy BiH Ma€ napamMarHiTHi BIaCTUBOCTI
(puc.16, minis 1). Tepmiuna oOpoOka BOJHEM MOBHICTIO MEPEeBOJUTH HOTO i3 MapaMarHiTHOIO y
depomarnitauii crad (puc. 10, minis 2). ITopiBHioroun kpuBi HamarHiuenocti 3paskis HK ZnO:Mn
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miciist 0OpoOKH iX BOTHEM MOXKIIMBO 3pOOMTH BUCHOBOK IPO T€, 10 BOHU MAalOTh CTaH HACHYEHOCTI IIPU
BEJIMKHUX MarHITHHUX MOJISIX, 8 Y 3pa3Kax MPHUCYTHS TibKH epomarHiTHa daza. Monudikaris moBepxHi
HK BogHeM npuBOIUTH A0 3HUKHEHHS MTapaMarHiTHUX Ta MOSIBH (hepOMarHiTHUX BIACTHBOCTEH.

0,070 I 0,050
1
1 - as-grown . ./ PRv— 1 ./
2 - anneal. 550°C, H, = g /
. 2 0,025 4 2 - anneal. 550°C, H
0,035 3 - annealung 550°C, air 3 2 / )
4 - annealung 850°C, air /2 >’;<73 1 > .- o—t
g’ —1 3 ::;g:l/
£ 000 — E 0,000 e
[Tl /A-A- - ...ﬂ.‘
n A s — -
= | ¥ spray pyrolysis —_— - féeegfe“;ldryl;;t/l
—e—] o ZnO:Mn - 2% 0,025 / nO:Mn - 2%
-0,035 ’
L L}
_— ./ /
-0,050
-0,070 y
-4000 ~2000 0 2000 4000 ~2000 0 2000 4000
H, mT H, mT
a 0

Puc 1. Kpusi Hamarnivenocri 3paskis HK ZnO:Mn (Mn-2a1%), orpumanux merogom YIIA (a) Ta
meToaoM KXC (6 : 1- cunTe30Banmii 3pa3ok, 2 —3pa3ok nicias Bignaay npu temneparypi T =550°C B cymimni
rasis azory ta Boanio ( H2:N2 = 1:3), 3 — 3pa3ok micJas Bignasy Ha nosiTpi npu tremneparypi T = 550°C ,
4 — micas Bignaay Ha nositpi mpu temneparypi T = 850°C.

TakuM YHHOM, OyJ10 BCTAHOBIIEHO, 1110 Moaudikaris moBepxai HK ZnO:Mn Boaxem 36ib11ye
@B 3pa3skiB He 3aJIeXHO Bij crocoly ix orpumants. [Ipu IbOMy 1MoKa3zaHo, o Biaman B aTMocdepi
BOJIHIO MOYKE BITHOBHTHU ()epOMArHeTHU3M 3pa3KiB, KUK OyB BTpayeHUH MiJ 4ac BiImainy Ha
noBiTpi. OTpuMaHi pe3ynbTaTH MOXYTh OyTH BHKOPHCTaHI MpH pO3pOOLi TEXHOJIOTTYHUX
pexxumiB cuatesy PMH.

[1] Lavrov E. V., Herklotz F., and Weber J. Identification of two hydrogen donors in ZnO.
2009, Phys. Rev. B, Vol. 79, 165210. p 1-13.

[2] Vorovsky V.Yu., Kovalenko A.V., Kushneryov A.l., Khmelenko O.V. Preparation of
zincoxide nanopowders doped with manganese which have ferromagnetic properties at
room temperature. J. Functional Materials, 25, 1, 2018, p. 1-6.

[3] Bynanmsiit M.®., Boposckuii B.1IO., Koanenko A.B. CTpykTypa rpaHyll MarHUTHBIX
HAHOIIOPOUIKOB HUKEIb-IIMHKOBOTO (peppHTa, MOJy4YEHHBIX KPUOXUMUYECKUM METOJIOM.
XKypHan HaHO-Ta eneKTpoHHOT (isuku, T.9. Ne3. (2017). c¢. 03036-03041

SURFACE MODIFICATION OF ZnO:Mn NANOCRYSTALS
WITH HIDROGEN

A. Kovalenko, V. Thieves, V. Balabukha
Oles Honchar Dnipro National University
kovalenko.dnu@gmail.com

The effect of surface modification of ZnO: Mn nanocrystals with hydrogen on their
magnetic properties was investigated. Modification was carried out by annealing the
samples in a gaseous medium containing hydrogen. We studied samples obtained by
ultrasonic pyrolysis of aerosol and freeze-drying method. It was found that annealing in a
hydrogen gas medium increases the magnetization of the samples, regardless of the method
of their preparation. It was shown that annealing in a hydrogen atmosphere can restore the
ferromagnetic properties of samples that they lost during annealing in air.

1V BeeykpaiHcbka HAYKOBO-NIPAKTHYHA KOH(pepeHIIis
«[IEPCIEKTUBHI HAIIPSIMKHU CYYACHOI EJIEKTPOHIKH, IHOOPMAIIMHUX 1
KOMIT'IOTEPHUX CUCTEM» MEICS-2019
27-29 mucronana 2019 p., {ninpo, Ykpaina



204 Cexuist IV. ®YHKIIIOHAJIbHA EJJEKTPOHIKA. MIKPO- I HAHOTEXHOJIOT'Ti

MOAEJTIOBAHHA 3CYBY ®EJJOPOBA-EMBEPA HA MEZKI
JIEJIEKTPUKA 3 ®PAKTAJIBHO KOH®II'YPOBAHUM
METAMATEPIAJIOM

€. lllama, B. Ony¢pienko, T. Ciarocapona
Hayionanvnuu ynieepcumem «3anopizbka nonimextikay»
onufr@zntu.edu.ua

Teopito dpakranpHoro mapy [1] 3acTocyemo myis IOCHIKEHHS €(GEeKTYy BIUIUBY
dpakTabHO KOH(QIrypoBaHoi TrpaHuili Ha mpupicT ¢a3u Ta OidyHe 3MIIICHHS XBUIIb
BHUCOKOYACTOTHOTO (TeparepueBoro Ta ONTHYHOIO) TIPOMEHsS, M0 Ha0yBae IOBHOTO
BHYTPIIIHBOTO BiAOUTTS NpU MOMIMPEHHI 3 (PpakTalbHO KOH(IrypOBaHOTO CEpeOBHUINA 3
OUIBIIOO MITBHICTIO y CEPEIOBUIIE 3 MEHIIO0 iIbHICTIO (O1uHui 3cyB denopoBa-EmOepa).
Lleit edexT 3a3BHUaii OSCHIOIOTH BIUTMBOM IepexinHoro mapy (y Hamriii moaeni — GppaxTaabHO
KOH(DIrypoBaHOT0) Ha MEXi PO3iay cepemoBHIl [2], 3MIHOI XapaKTEPUCTUYHUX TTapaMETPiB
aTOMHOI CTPYKTYpPH PEUYOBHHH, HAaHECEHHSIM Ha IOBEPXHIO ONTOBOJOKHA IUTIBOK Pi3HOTO
NPU3HAYCHHS ISl YIPABJIIHHS TapaMeTpaMK CTPYKTYPH, 3aXHCHUX MTOKPUTTIB TOIIIO.

JInst po3B‘sA3yBaHHS TaKMX 3aja4 BBOAMMO Y po3risin audepinrerpan d“X B3IOBK
onHiel 3 xoopauHat (OX y TUIOIIMHI MaiHHA €NEeKTPOMArHiTHOI XBWIIi) (ppakTampHOI Mexi

pO3IiTy ABOX CEpEelOBHIN 3 IOKa3HMKAMHU 3aJIOMJICHHS N, = \/a N, = m ;N >n,
(&, 4, — BIOMOBIIHO [TieNEKTPUYHA Ta MArHITHA MPOHUKHOCTI CEPEIOBHUIN) Ta YPaXOBYEMO
fioro 385130k 3 xpodoBoro moximaorw d“L(X)=,D L(x)d“X, ne npoboBy moxinxy , D L(X)
3acrocyemo y gopmi Pimana-JliyBims.

Hns 3a/1a4i po MaiHHA IIJIOCKOT €JIEKTPOMAarHiTHOL XBUII
{E(F,1),H(F,t)}={E, H}ei(Rr—a) Ha TPAHMIIO PO3JUTY TBOX CEPENIOBHUII, OJHE 3 SKHUX —
dbpakTanbHe 31 CKEMIIHroM «, 3 piBHAHR MakcBemia Al Jy)K€ BHCOKHX YacToT (B

TeparepleBoMy Ta ONTUYHOMY Jlialla30Hax ) BU3HaUYaeEMO Koe(ilieHT pedpakiii ppakTaibHOTo
M o\le  Tfr

cepenoBuma Ng =—(Ik)™“ =——, ne N, N,— NOKa3HUKHU 3aJOMJCHHS CEepeJOBHIL]
Ny ny

(ny >n,) 6e3 dpaxranizawii, L — eiikonarn, E Ta H — BeKTOpH €NEKTPUYHOIrO i MArHITHOTO

. . PO — v = o
TMOJIiB, XBHJIBOBHH BekTOop K =—M, M=nMn- Bektop pedpakiiii, N —OJAUHUIHKIA BEKTOP
C

¢azoBoi HOopMaii. Takuil miAXia A03BOJISE PO3IJISANATH SBUIIA, MEepeOIr AKUX MOSCHIOETHCS
3aco0amM# TeOMETPUYHOI ONITHKH Ta XBUIIBOBOIO ITPHPOJIO0 CBITIA.

Bekropu pedpakuii XBHiIb NaiHH, BIIOUTTS Ta MPOXo/keHHs [3] BU3HaYaeMo TakuM
YHHOM:

My =b+mad, M, =b-med, M =b+n7,0, 7y =y —b?, 7, =43 -b?, (1)

ne § - OOMHMYHA HOpPMalb 10 MEXi po3mity ceperoBuin, BekTop b 3 mMomynem
‘b‘ =Ny SIN@y =Ny SINQ, (@, Py — KyTH TAAIHHS | 3aIOMIICHHS) JISKUTh HA JHIT IIepeTHHy

TJIONIMHU TAIIHHS 1 TUTONTUHU PO3UTY CEPEIOBUIN. XBHJIS MPOXO/KEHHS 32 YMOB ITOBHOTO
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BHYTPIIITHHOTO BIIOUTTS y (pakranpbHe CEepelOBHINE CTA€ HEOMHOPIMHOIO 3 BiAMOBIIHUM
KOMILIEKCHUM BeKTOpoM pedpakuii My =0 +in,, 77, = Jb% - n% , Mo =017y,

Busnaunmo y Hamiii mojeni cepeqHiii moTik eHeprii y apyromy cepenoBuili [3] sk
= b a . - . . .
S = 81H+ S, H, d=Dbx({, ne MOB3MOBXHE 3MIIIECHHSA BIAOMTOrO My4Ka Yy HANPSIMKY
BekTopa b (3cyB I'yca-XeHXeH) BH3HAYA€ThCS KOMIIOHCHTOI Sp, a HEHYJIbOBE 3HAUCHHS

KOMIIOHEHTH S, onmcye Oiunuii 3cyB Penoposa-Embepa:

201, 2 2
_C = —%Z 2 (711 €1) 2 My (76 111) _
Sl_Z_‘b‘e A2 > 2 2Bl T 2.2 7 2
7 Ny (Mg 1) + Mg (7262) NG (g 11)” + N (172422)
cplemnism, ' AB” _ _
= ‘ ‘ Im| —— | s=0nuy +in'y n)me, —in'y &), (2)
7T fr S

e KOMILIEKCHI Koe(ilieHTH 3a1a10Th IOJSIPU3AIIil0 XBIIM AJiHH, a 3HAK B 5S¢ 1 S, BU3Hadae

HanpsiM O019HOTO 3CcyBY. 3a Bupaszamu (1) 1 (2) BU3HaU€HO 3HAYHUI BIIUB (PpaKkTaabHOI MExi
Ha 3HA4YeHS 3CYBiB, IX MAaKCHMyMH Ta iX BIJCYTHICTB; JJISI CYyLIJIBHOTO CEpPEIOBHINA, KON
CKEWJIHT @ =1, pe3ynbTaTu Mojieni 30iraloTbes 3 KIaCUYHUMU.

Po3rnsim Momeni 1Sl TUTaHApHOTO ONTOBOJIOKHA IMOKA3ye i1 3aCTOCOBHICTH J0 OMHCY
dbpakTanbHO KOH(IrypoBaHOI MEXi CepeloBHUII JIsl KoMImeHcalii HebaxkaHux 3cyBiB ['yca-
XenxeH ta EmOepa-®DenopoBa, a TakoxX JUIsl MiICHICHHS €(eKTiB Y MPUCTPOSX 3BOPOTHHOTO
HANPSIMKY MOIIMPEHHS XBUJIb Y TaK 3BaHUX €K30THYHUX «TIAaCTKaX CBITIa».

[1] Onydpienko B.M. TTorenmuiany ¢ppakTaibHUX 3apsdiB i CTPYMIB Y IITYYHOMY CEPEIOBHIIII.
Panioenekrponika. [ndpopmaruka. Yopasmiaas. Nel(1). 2004. C. 18-21.

[2] Onufrienko V.M., Slyusarova T.l., Onufriyenko L.M. Planar fractally-shaped terahertz
waveguide: on the Goos-Hanchen effect. Proceedings 14" Intern. Conf. on advanced TRTC
Engineering. (Lviv, Ukraine, April 2018). P. 1237-1240.

[3] ®enopo @.U. Teopus ruporpornuu. Munck: Hayka u rexanka. 1976. 456 c.

IMBERT-FEDOROV SHIFT MODELLING ON A
DIELECTRIC-FRACTAL METAMATERIAL BOUNDARY

E. Shama, V. Onufrienko, T. Slyusarova
National University «Zaporizhzhia Polytechnicy
onufr@zntu.edu.ua

The theory of a fractal layer it is applied to examination of agency effect fractal
configured boundaries on a phase increment and waves lateral bias of a high-frequency
radiation in the condition of total internal reflexion. For a solution of a problem a differintegral
introduced along one co-ordinate on a fractal dielectric-metamaterial boundary. The
considerable agency of fractal boundary on a sign and quantity Imbert-Fedorov shift, on
occurrence and lack of maximums is revealed. For no fractal mediums boundary the
coincidence of study to the classical data is scored.
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EJEKTPOHPOBIJHICTb MIKPOKPUCTAJITYHUX
CIIOJIYK Li2O-7GeO: 3 JOMIIIKAMHA

. ®poaos, M. Tpydiuun
Jninposecoxuii hayionanvruti yHieepcumem imeni Onecsa I onuapa
yanush.friv@gmail.com

Kpucranu renrarepmanary iitito LioGe7O1s mpuBepraroTh yBary sSK IepCIeKTHBHA
MaTpHIls JIsi CTBOPEHHSI HOBUX CYNEPIOHHHMX MPOBITHUKIB. B poborax [1,2] moka3aHo, 1o
nomitoBanHs ioHamMu Cr ta Mn 103BoJisie KOHTPOJIIOBATH MPOBITHICTH G MOHOKPHUCTAJIB

Li,Ge7015 B mmpokux mexax (puc. 1, kpusi 2, 3). Brutus neryBanus Cr ta Mn o0ymoBieHwHii
MeXaHi3MaMH 3aps10BOT KOMIICHCallii IIPY YTBOPEHHI JOMIIIKOBHUX LIEHTPIB [2].

107! :\
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Pucynok 1 — 3anexnicts 100yTKy (0 T) Bix 3BopoTHboi Temnepatypu 1/T nis 6e3nomimkoBux (1) Ta
noniiioBanux Cr (2) it Mn (3) monokpucraiis Li2GerO1s [2]. BumiproBanHs npoBeeHi y 3MiHHOMY 1oJIi
Ha vyacrori f=1 kHz.

30inbIICHHS] Maike Ha TOPSIOK MPOBIAHOCTI G y Kpuctanax Li2Ge7O1s:Cr (puc. 1,
KpUBa 2) BU3HAYAETHCS BUHMKHEHHSM MIKBY3JOBHMX 10HOIB JiTiI0 ALi, 110 KOMIIEHCYIOTh
HaJUTMIIKOBHH 3apsj JOMIIIKM HpH TeTepoBajeHTHOMY 3amimensi Cr*—Ge*'. 3apsn-
KoMmmeHcyrodi ioan Li* 3matwi 3ammmaru nmapri nentpu Cri*-Li*, mepemimryBatucs B3H0BK
CTPYKTYPHHUX KaHaJIIB 1 JalOBaTU BHECOK JI0 €JIEKTPOIPOBIAHOCTI.

ITpu BuBuenHi cnektpiB EIIP aBTopamu [3] noka3zaHo, 1110 3apsa0Ba KOMIEHcaLlls IPU
samimenHi Mn**—Li* 3a0esneuyerbcs mosBOIO INiTieBMX BakaHciii Vii. Bakaucii Vi €
MacTKaMHu I MDKBY3JIOBHX 10HIB AL 1 NMPU3BOAATH A0 3MEHIICHHS I1X KOHIIEHTpAIii.
BianoginHo, eryBaHHs ioHaMu Mn CyTTEBO 3MEHIIIy€e TPOBiHICTH MOHOKpHUCTaiB Li2Ge701s
(puc.1, xpusa 3).

Ha ocnoBi manux [1,2] 3poOieHO BHCHOBOK, IO TEeMIIEpAaTypHE 3pPOCTaHHS
eIIeKTPONpOBiAHOCTI B MOHOKpHUcTanax Li2Ge7O1s 06ymoBIeHe pyXoM MiKBY3/10BUX iOHIB Ll
Y3/10BXK CTPYKTYPHHUX KaHAJIB.

B naniii poGoTi mpoBeneHo BuMiproBaHHS 3anexHocTedl o(T) Oe3momimkoBHX Ta
neroBanux Cr ta Mn cronyk LioGe;O1s y momikpuctangiuHomy crani. JlocmimKyBaHi 3pa3ku
OTpUMaHO UUIAXOM JeBiTpudikamii ckiaa. OTpuMaHi JaHl MNpeAcTaBlieHl Ha pHuC.2 B
KoopanHaTax AppeHniyca. BuaHo, 110 3a1eHOCTI Ha puc.2 COpAMIISIOTHCS, TPUOIU3HO, BULIE
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500 K. Lle o3Hauae, 1m0 TemrepaTypHe 3pOCTaHHS €IEKTPUYHOI MPOBITHOCTI Mae€ TEPMIYHO
AKTUBOBAHUU XapakTep.

10 4 —a— LixGerO1s pure
o— Li2GerOi5:Cr
;] —a— LixGeyO15:Mn
401
5 0,01 4
Ly
[=]
1E-3 4
1E-4 :
1 A e
1E-5 T T T T T T . T
1,0 15 2,0 25 3,0
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Pucynok 2 — 3anexuicts 100yTKy (6 T) Bix 1/T ns 6e3qomimkoBux ta gomiiioBanux Cr i Mn 3pa3skis
Li2Ge7O1s y mikpokpucraniunomy crani. f=1 kHz

[lopiBusiHHS pe3ynbTaTiB Ha puc.l,2 cBiguuTh, wo JjeryBanHs Cr miaBuILye
npoBiaHicTs Li2Ge7015 y MOHO- 1 MIKpOKpHUCTaIiYHOMY cTaHax. Lle CBIiAUnTh Mpo 301IbIICHHS
KOHIICHTpalii ALj y JISTOBaHUX 3pa3Kax.

Ha Bigminy, neryBanas Mn mMae pi3HuiA eeKT A5t MOHO- 1 MIKPOKPHCTAIIYHHX 3Pa3KiB.
VYV  wmonokpuctanax Li2Ge7O1i5:Mn o 3menmiyetbes (puc.l, kpuBa 3) i, HaBmaku, Yy
mikpokpuctaiax LiGe7O1s: Mn mpoBifHICTh TpOXU 301IbIIYEThCS. TaKy MOBEIIHKY MOXKHA
HOSICHUTH 30CepeKEHHIM JOMIIIKH MN y MIDKKPUCTaTITHUX MPOIIapKaXx.

[1] Volnianskii M.D., Trubitsyn M.P., Obaidat Yahia AH. Anisotropy of the electrical
conductivity of lithium heptagermanate crystals // Physics of the Solid State. — 2008. — V.
50, No 3. — P. 422-424.

[2] Trubitsyn M.P., Volnianskii M.D., Obaidat Yahia AH. lonic conduction in Li>Ge7O1s
crystals doped with Cr and Mn ions // Physics of the Solid State. — 2008. — V. 50, No 7. —
P. 1234-1237.

[3] Trubitsyn, MP; Volnyanskii, MD; Kudzin, AYu: EPR of Mn?* ions in lithium
heptagermanate  crystal//  Kristallografiya Volume:36  Issue:6, Pages: 1472—
6 Published: 1991 (5)

ELECTRICAL CONDUCTIVITY OF Li20-7GeO:
MICROCRYSTALLINE COMPOUNDS WITH IMPURITIES

Y. Frolov, M. Trubitsyn
Oles Honchar Dnipro National University
yanush.friv@gmail.com

The article deals with the temperature dependence of conductivity in nominally pure
and doped Li>O-7GeO> in microcrystalline state. The data are compared with the results
obtained for single crystals of LioGe7O1s.
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BUI'OTOBJ/IEHHS, EJIEKTPUYHI TA €EMHICHI
BJIACTUBOCTITETEPOCTPYKTYP AIN/CdTe

II. Map’sanuyk, E. Maiictpyk, M. CoJsioBaH,
I. Ouexcenko, I'. [Tapxomenko, JI. Jlumko

Yepniseyvkuil Hayionanvuuu ynisepcumem imeri FOpia @edvkosuua
p.maryanchuk@chnu.edu.ua

Hitpun amominito (AIN) — cnonyka enementiB A'"'BY, mo Mae rekcaronanbny
KPHUCTAIIUHY CTPYKTYpY, BIIOMY sK BIOpUMT. CTIHKMI 1O BUCOKHMX TeMIIEpaTyp B IHEPTHUX
atMocdepax. Binpi3HA€TbCS BHCOKMM E€IEKTPUYHUM OIOPOM, BHCOKOIO CTIHKICTIO [0
npoOMBHOI Hampyru. Mae IIMPOKI MOMJIMBOCTI 3aCTOCYBAaHHS B MIKPOEIEKTPOHHUX
HPUCTPOSIX, 30KpeMa y BUTOTOBJICHHI CBITJIO JI0/[iB, OCKUILKU IMpHHA 3a00poHeHoi 30Hu. AIN
6mu3bko 6 eB [1, 2].

Tenypun kagmito Mae CHpUSTINBY s €(PEKTUBHOIO IEPETBOPEHHSI COHSYHOTO
BUIIPOMIHIOBaHHS IHPUHY 3a00poHeHO0i 30HU (1,44eB) 1 BiTHOCUTBCS 10 HAIIBIIPOBIJHHKIB 3
OpsIMUMH ONTHYHUMHU Tiepexogamu. BiH € onHiero 3 HebaraTbOX CHONYK E€JIEMEHTIB A''BV!
IpynH, SKi MOXYTh BOJIOHITH SIK p- Tak in-tunmamu mpoBigHocTi. [llupoke 3acTocyBaHHS
orpumanu kpuctamu CdTe, siki MalOTh P-TUN MPOBIAHOCTI OJHAK ICHYE DSl MPOOJIEM IO
CTBOPEHHIO OMIYHHMX KOHTakTiB 10 wuux KpuctaniB. IlepeBaroro n-CdTe e mpocrora
(dbopMyBaHHS OMIYHUX KOHTAKTIB.

Hanecennss mmiBok AIN mpoBogmnmocs Ha migkmagka n-CdTe Ta p-CdTe B
yHiBepcanbHii BakyyMHil yctanoBli Leybold-Heraeus L560 3a momoMororo peakTHBHOTO
MarHeTPOHHOTO  PO3MWICHHSA.  BodbT-aMmepHi  XapaKTEpUCTHKH  JOCHTIKYBAaHHX
reTepOCTPYKTYP BHUMIPIOBAIM 32 CTAaHAAPTHOI METOAMKOIO 3 BHUKOPHUCTaHHSIM TOYHOTO
demto/miko ammepmetpa KeysightB2985A 3 BOynoBanum mxepenom (£1000 B), a B sikocTi
BOJIbTMETpa BUKopucToByBaiu Agilent 34410A.

4
1,9}
<
=18 <
3 = > <
1,7+ «
.|
< 1,6 : _ _ p *
L 300 310 320 330 340
Eﬂ 2 2 0 .
~ « *y
4 337K < .’ va
m 301K LIRS
1F | ® 303K DR P o |
A 309K n RS
v 318K LB };'
& 330K «Co* ;i
o® ol
~~~~~~~~ PPET 3 2 el : ! -
0 1 2 3 4
.V

Puc. 1. Hpsami rinku BAX npu pizaux temneparypax as AIN/p-CdTe (Ha BcTaBli — TeMnepaTypHa
3aJIesKHICTh BUCOTH MOTEHIiaJILHOTO 6ap’epy).
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3a nomoMorow exkcrpanoisnii mpsMomiHiMHMX ainsHOK BAX, mo oci Hampyr
BU3HAYMJIM BUCOTY ITOTEHLIAJIBHOTO Oap'epa rereponepexoy, TeMiepaTrypHa 3aleXHICTh AKOi
npejcTaBieHa Ha BeTaBili puc. l.Bucora noreHmiansHoro 6ap’epa npu KiMHaTHIM Temmeparypi
CTaHOBUTH ~2.5 eB mns n-tuny ta ~1,9 mis p-tumy. [Ipu 306ibIIeHH] TeMniepaTypu BUCOTa
NOTCHLIAILHOTO Oap’epy 3MeHInyeTbes. [3 nmaHoi 3anexxHOcTi @=f(T) Bu3Haummm s
AIN/n-CdTe: @o(0) = 7,6 eB ta Bp=-16,7-102eB-K* i s AIN/p-CdTe: ¢o(0) =4,2 eB 1a B, =
-7,7-10% eB-K™.

Koediuienr sunpsmienns mis AIN/p-CdTeRR~10%amms AIN/n-CdTeRR~10 (mpn
30BHIIIHBOMY 3MillleHHi 2,5 B).

Ha puc.2 noka3aHo BosibT-(hapaHi XapaKTepUCTUKH AOCIIPKYBAHOTO FE€TEPONEPEXOaY
AIN/p-CdTe Bumipsni LCRMeterBR2876 npu kiMHaTHiii Temneparypi i pi3HMX YacToTax
30y/PKYIO4OTO CUTHATTY.

200 v, s e
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Puc. 2. BOX rereponepexoay AIN/p-CdTe npu pi3Hux yacrorax

Hanpyra Bifciuky BU3HaYeHA 3a JOMOMOTOI0 €KCTPAIOJIALIT MPAMOIHIMHUX TUISHOK
B®X, 1o oci Hanpyr 100pe KOpEItoe 3 BUCOTOO MOTEHIIaIbHOT0 0ap’epy BU3HaueHoto 3 BAX.
I3 3anexuocti IN(1)=f(V) BusHaunmm koedirieHT He i1eanTbHOCTI.

[1] D. Liufu, K.C. Kao, J. Vac. Sci. Technol. A 16 1998 2360.
[2] G. Selvadurayand L. Sheet, Mater. Sci. Technol. 9, 463 (1993).

MANUFACTURING, ELECTRICAL AND CAPACITANCE
PROPERTIES OF THE AIN/CdTe HETEROSTRUCTURES

P. Marianchuk, E. Maistruk, M. Solovan,
I. Olexenko, H. Parkhomenko, L. Dymko
Yuriy Fedkovych Chernivtsi National University
p.maryanchuk@chnu.edu.ua

Hererostructure were fabricated by reactive magnetron deposition. Electrical and
capacitance characteristics investigated. The temperature dependence of the potential barrier
height is investigated. The basic electrical parameters of heterojunctions are determined.
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YIIPABJIIHHSA CTPYMOM I10JIbOBOI'O TPAH3UCTOPA 3
DOPAKTAJIBHO IMITEAAHCHHUM KAHAJIOM

B. Ony¢pienko, €. lllama, JI. Ony¢picHko
Hayionanvnuu ynieepcumem «3anopizoka nonimexHikay»
onufr@zntu.edu.ua

Y nmaniii poOOTI pO3IIIAHYTAa MOXJIMBICTH YIPABIiHHSI CTPYMOM Yy TpHIIagax
paiOENeKTPOHIKM Ha OCHOBI MeETaj-OKCH/-HAmiBIPOBITHUKOBUX CTpykTYp (MOHII), mo
(YHKIIOHYIOTh Ha OCHOBI 3MIHHM IPOBIJHOCTI «KaHAIy» MK «BHTOKOM» 1 «CTOKOM» Y
¢dpakranpHO KOH(]IrypoBaHiii 001acTi HAMIBIPOBIAHUKA HA TPAHMULI 3 TI€IEKTPHYHUM IIAPOM
M TI€10 eIEKTPUIHOro mosts. [HTepec 10 po3poOKH TaKUX €JIEMEHTIB B CKJIAJll 1HTErpaabHOT
MIKPOCXEMH TIOSICHIOETBCS THM, IO OUIBIIICTh CY4aCHHUX aHAJOTOBHX 1 IU(POBHX
IHTErpalbHUX MIKpocxeM BHKOHYIOThcs came 1o MOHII-texnonorii [1]. Bizomi npuiiomu
aHAJOTOBOTO MOJICIIOBAHHS (DI3WYHUX CHUCTEM 0a3yrOThCS Ha MOAIOHOCTI audepeHIiaTbHuX
PIBHSIHB LIJTOTO MOPSAKY PIBHSHHSIM €JIEKTPUYHHX JIAHIIOTIB, 10 CKJIAJAI0ThCA 31 3BUYAHHUX
R—, L— 1 C— enemenTiB [2].

JUia mepeBipKM JOCSNKHOCTI MOCTaBIEHOI METH Ha MEpLIOMY €Tami JOCHIIKEHHS
HEOOXITHO PO3pOOUTH 1 MpoaHaNTi3yBaTH MaTeMaTHYHY MOJICIb YIIPABIiHHS IapamMeTpaMH
HaITIBIIPOBIIHOTO €JIeMeHTa Ha OCHOBI pakTanbHo iMnenancHoi MOHII-cTpykTypu.

Teopis ¢pakranpHOro mapy [3] Ha Mexi pO3ALTy ABOX CEpeloBUII 0a3zyeTbcs Ha

1 dx

[(e) (t—x)"
noxignoro  d“L(X)=, DZ L(x)d“X. me mpoGoBa moximHa Dfi‘ L(X) BuxopucroByeThCSH Y

BU3HAUCHHI JpoOoBoro mudepenmiana d“x =

, WOrO 3Bs3Ky 3 JpOOOBOIO

dbopmi Pimana-JliyBimis.

Buznaunmo BemMUMHY CTpyMy, IO B cucTeMi koopawHat (X,Y,Z) MpoTikae depes
HaIBIIPOBITHUKOBUH efleMeHT po3mipoMm a (no 0x) xb (no 0z) x1 (no 0y), skum MoeroemMo
(dpakTambHO KOH(DITYpPOBAaHUI 110 Yy KaHaJ CTAJIOro nepepizy ax b = const, sixmo 1o enemenra

npukiaaeHo Hanpyry U .

3rimHo 3 audepiHTerpaabHuM 3akoHOM OMa, 1110 BUKOHYETHCS B YMOBax 3a3Ha4eHOI
reomMeTpii (hpakTaqbHOrO €JIeMEHTa, CTPYM Yy KaHaill MOB‘S3aHUI 3 PO3MOAUIOM MOTeHIiaza
HACTYITHUMU 3aJIeKHOCTSIMH:

a

d 1
I(a):_a ;0)’; |(a)day:—0da(0y; I(a) 1 dyI 17a:_ada(0’
d?y I(a) (y-y)
a Micysl BIATBOPEHHS BETMUMHH CTPYMY Ta HApPyTH 3 AudepiHTerpajiiB MaeMo
1@~ _o T8+ qpy@. 1)

Ia

3 (1) BuaHO, 110 3a JAHOIO BEIMUYMHOIO HANPYTH € MOXIJIMBICTh YIPABIIHHSA CTPYMOM
K 3MIHOKO PO3MIpy MOMepedyHoro mepepizy ab ta mporspkHicTio | kaHamy, Tak i 3MiHOO
BEJIMYMHU CKEHIIIHTY @ (pakTaibHOTO IIapy HUXKHBOI TpaHi kKaHaiy. [Ipy npoMy BHUSIBIIIEMO
HEJIIHIAHUM PO3IO/IiJI MOTEHIialy B KaHai
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| ) ya :‘ (@)
o I'l+a) Y

2)

VY HamoMy BUNAAKY (QpaKTaJbHOI MOJIENl BUSBICHO 3aJ€KHICTh Bil KOOPIUHATH Y

HANpYy>KEHOCTI MOJs, y 3B‘SI3Ky 3 UMM BHMHHUKAE i7esl OJIEpXKaHHSA HACHYCHOCTI CTPyMy 3a

pPaxyHOK YIpPaBIIHHS MOTEHINAJIOM, IO, SK BHJIHO 3 (2), MOKHAa TEOPETHYHO 3iHCHIOBATH

TpbOMa CIOCOOAMHU: 3MIHOIO T€OMETPUYHOI KOHpiryparii (pakTaabHOrO IMIapy B3JIOBXK Y
(@)

BapifOBaHHSAM CKEMIIHroBoro mokasuuka: ——— f(a,y) = ‘q)(“)
o

y

(mopeyHO 3ayBaXKUTH, 1110

MOKa3HUK & MOXe HaOyBaTH CTalIMX, 3MIHHMX, KOMIUICKCHUX 3HA4Y€Hb); 3MiHOIW (i3nyHOT
BEJIMYMHU TPOBITHOCTI 3a BUAUIGHUM 11 (pakTaabHOi 3aleXHOCTI BiA Yy Ta a:
| (@)

o(a,y)
19 a,y)
O

y =|p{

; 3BMIHOIO (DI3UYHOI BEJTMUMHU CTPYMY (3apsny) 3a (ppakTaabHUM 3aKOHOM

y=|p?|.

@opmyna (2) TaKoXK JIEMOHCTPYE MOKJIMBICTD  yIPaBIIiHHS

NOTEHIIaJIOM KaHaly 3a J0IOMOrol0 (pakTaJbHOTO PO3MOALTY €IEKTPUYHOrO IOJIs, IO €
rpagi€eHTOM MOTEHIlIaNy.

3ayBaKuMo, 110 MPAKTUYHA peaii3allisi HaBEeACHUX TEOPETUYHMUX PE3yJbTaTiB MOKE
BUKOPUCTOBYBaTUCh Il BOpPOBa/pKeHHS posriasHyroi MOHII-ctpyktypu y  ckiafg
HAIIBIIPOBIIHUKOBHX IHTETPAIBHUX MIKPO- 1 HAHOCXEM JIJIsl pealtizallii MpuCcTPoiB JpoOOBOTO
iHTerpoaudepeHiiioBaHHsl B QJaNTHBHUX CHUCTEMax, NPOTPaMOBAaHUX  AHAJIOTOBUX
IHTETpaTBbHUX CXeM, (DiIbTpax, po3B A3yBavax Au(epeHIiaIbHIX PIBHAHD APOOOBOTO MOPSAKY
TOIIO.

[1] Ymakos IT.A., lagpun A.B. Peanuzarus napaMeTpuveckoro 3jIMeHTa ¢ (pakTaibHbIM
umnenaicoM Ha ocHoBe MOII-cTpykTypbl. UHTemIeKTyanbHble CHCTEMBI B IPOU3BOICTBE.
Nel (28). 20016. C. 59-62.

[2] Onydpienko B.M., Ownydpienko JL.M. [udepinrerpanbHa MoIelb HOIEOBOTO
TpaH3ucTopa 3 (pakTaJbHUM HaHOIIApoM KaHalmy. Di3MKO-TeXHIUHI mHpobiIemMu
nepeaaBaHHs, 00poOsieHHs Ta 30epiranHs iHopMalii B iHQOKOMYHIKAIITHUX cHCTEeMaXx:
VII MixHapoaHa HayKkoBo-nipakTu4Ha KoH(pepenuis (YepHisii, Ykpaina, 8-10 nmucromazna
2018).C.113-114.

[3] Onydpienko B.M. IToteniiianu GppakTaabHUX 3apsiiiB CTPYMIB Y IITYYHOMY CEPEIOBHIIIL.
Panioenexrponika. [ndpopmaruka. Yupasmiaas. Nel. (2004). C. 18-21.

THE CURRENT MANAGEMENT OF THE FIELD-EFFECT
TRANSISTOR WITH FRACTAL IMPEDANCE CHANNEL

V. Onufrienko, E. Shama, L. Onufriyenko
National University «Zaporizhzhia Polytechnicy
onufr@zntu.edu.ua

The mathematical model of management parameter in fractal impedance structure
metal-oxide-semiconductor (field-effect transistor) it is analyzed. Differintegral theory of
fractal stratum on a two mediums interface is applied for this purpose. It is revealed a possibility
of a current management of structure by means of geometrical and physical modification
properties of a fractal stratum. Practical embodying of effects examination in micro integrated
circuit and nano-shema is specified.
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T'EHEPAIIIAHO - PEKOMBIHAIIIAHI ITPOIIECH B
I3OTUIMHMUX FTETEPOMEPEXOJIAX n-Mn203/n-CdZnTe

I. Opaenbknii, M. Linamyk, E. MaiicTpyk, II. Map’saauyk, O. Ilapgeniok
Yepuiseyvkuil Hayionanvruu ynieepcumem im. 0. @edvkosuua
i.orletskyi@chnu.edu.ua

HaniBnpoBiAHUKOBI TOHKI IUTBKM OKCHIY Mapraumioo MnzOs mepcrneKkTHBHI Uis
CTBOpEHHsI (OTONMpPHIIMAUiB BUIUMOI OOJIACTI CIEKTpa BUIIPOMIHIOBAaHHS. BOHM BOJIOAIIOTH
3aJOBUIbHUMHU C€HEPreTUYHUMHU [apaMeTpamMH 1 JIOCTATHbO BHCOKHUM KOE(]II[IEHTOM
IPOIYCKaHHs CBITJA Ul 3aCTOCYBAHHS y BUIIIAAL (PPOHTAIIBHOTO 1Iapy (GOTONEPETBOPIOBAUiB
[1]. Jnst BUTOTOBIEHHS TeTeponepexoiB i3 MnO3 A0IIIBPHO BUOUpATH HAMIBIPOBIIHUKH 13
BHCOKHM KO€(}iIIEHTOM MOTJIMHAHHS Ta IIMPUHOIO 3a00pOHEHOI 30HU OJn3bKOoIO0 110 1,5 eB, mo
sakux BigHOocuThcst CdZnTe.

I3otumnHi rerepornepexoau N-Mn203/n-CdZNnTe Oyiu BUroTOBIICHI HAHECCHHAM TOHKUX
wiiBok Mn203 Ha moBepxHiO Harpitux g0 temmeparypu Ts = 350 °C mimkmamok CdZnTe
METO/IOM CIIpei-mipoui3y 3a arMocdepHoro THCKy 3 BukopucTaHHsM 0,1 M po3uuny codi
JBOXJIOPUCTOTO YOTHPUBOAHOTO Mapraniio MnClz-4H,0 B GiaucTrnboBaHiii BOII.

Jsisi BUTOTOBJICHHSI CTPYKTYP BUKOPHCTOBYBAJIM MiAKJIAIKU, OTPUMAHI CKOJIOBAHHAM
BHPOIIEHUX BEPTHKAILHUM MeTo10M bpimkmena kpucranis CdZNnTe, 1eroBaHoro AOMIIIKOO
xyopy. Ilpu Temmeparypt 295K ix KiHeTMYHI MapaMeTpu CTAaHOBWIM: IHTOMaA
enekTpornpoBinHicts ¢ = 52,3 Omt-cM™, koHmenTpamis HociiB 3apsay n = 4,3-10Y7 cm®,
PYXIHUBIiCTb eTeKTpoHiB un =~ 760 cm? -B1-cl,

OnrtuyHa mupuHa 3a00pOHEHOT 30HU, SIKY BU3HAYAIH €KCTPAIOJISLIE0 TPAMOIIHIHUX
NINSHOK 3almexHOCTi (ahv)? = f(hv) 10 HYIHOBOrO 3HAaueHHS Koe(illieHTa IOTIMHAHHS,
ctaHoBuna Eq = 2.12 eB, mo nobpe y3romxyerscs 3 BIZJOMUMHU B JIITEpaTypi 3HaYCHHIMH Eg
Iutst criostyku Mn20g.

BoabT-amnepHi XapaKTEPUCTUKU (BAX) TETEPOCTPYKTYP n-Mn20s/n-
CdZnTe BumiproBay 3a JOMOMOTOK arapaTHO-MPOrPaAMHOTO KOMIUIEKCY, peali30BaHOrO Ha
0a3i miarpopmu Arduino, mupposoro mymerumerpa Agilent 34410A Ta mporpamMoBaHOTO
Jokepena skubieHHs Siglent SPD3303X, siki kepyBajduch NMEPCOHAIBHUM KOMII IOTEPOM 3a
JIOTIOMOT'0}0 MPOTrPaMHOT0 3a0e3MeueHHsI, CTBOPEHOI0 aBTopaMu y cepenoBuili LabView.

JHocnimkenns BAX i3otunaux rereponepexoniB N-Mn203/n-CdZnTe npu npsmux Ta
3BOPOTHHX Hampyrax B TemreparypHoMy miama3oni 7 =295-339 K BkasyroTh Ha iX
BUIIPSMIISIFOY1 BJIACTUBOCTI 3 KOHTAKTHOIO Pi3HUIEIO oTeHUiatiB ¢k ~ 1,0 B Ta xoedinienToOM
sunpamienns ~ 10* npu [V| = 1,5 B ta T=295 K.

IMpu HeBenmukux npsmux 3mimeHHsx 3KT/q<V <04 B BAX npochimkyBaHuX
CTPYKTYp, moOynoBaHi B koopauHarax Inl = f(V), xapakrepusyBaiucs npsiMUMH JTiHIAMH 3
HaXWJIOM, SIKMH 3aJIe)KUTh BiJ TeMrepaTypu. BusHauenuii koedilieHT HeineanbHOCTI 4 ~ 2.
Bcranosneni oco6nuBocTi BAX Bka3yloTh Ha HasiBHICTh peKOMOIHAIIMHUX MPOLIECiB B 00JIACTI
MPOCTOPOBOTO 3apsay CTPYKTYpH uepe3 TiHOOKi HeHTpH 3 eHepriero Ei = Eg/2. Ockinbku
OCHOBHUH Oap’ep popmyeTbes 31 ctopoHu N-CdZnTe 1 BUKOHY€EThCS yMOBa qok=1eB>
Ey/2 = 0.76 eB (Eg=1,53¢eB npu T =295K m1s CdZnTe), To pexoMmOiHaliiHI CTpyMH €
BU3HAYAJIbHUMHU.

Busnauena 3a BIJOMOIO METOJIMKOIO INIMOMHA 3aJIAraHHs PEKOMOIHAIIMHMX pIBHIB
cranoBmia Etr =~ 0,52 eB, mo 3HauHO MeHIe Bijg odikyBaHOi BenmuuuHH E¢/2 = 0,76eB.
OTpumaHa HEY3roJKEHICTh MOSCHIOETHCS B paMKax Teopii peKoMOiHallii 32 y4acTio JJOHOPHO-
akuenropHux nap ([JAIl). Tomy orpumane 3HaueHHs Et BiAMOBiIa€ aKIENTOPHUM PIBHSAM, 1110
BXxOomiaTh g0 ckmaxy JIAIT Ta depe3 ki BijgOyBaeTbcs peKoMmOiHAIis  HOCIIB
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3apsay. BpaxoBytoun HasiBHY B jiTeparypi iHGopMalliio mpo Hpupoay TiIuOOKHX pPIBHIB Y
3aboponeHniit 30H1 kpuctaniB CdTe:Cl, MoxkHa MOMYCTUTH, IO 3HANJACHUN C€HEPreTUYHHI
piBeHb, po3mimmenuii Ha 0,52 eB Bij kpato BaJeHTHOI 30HH Ta BiJNOBIa€ CKIATHUM Jie(eKTam,
manpuiian (V5D")", (A?Cl;,) (41D — $hoHOBI 1OMilIKK TOHOPIB Ta AKIIENTOPIB).
BcranoBiiena Bu3HaUajgbHa poJib peKOMOIHAMIMHUX TpoIeciB y (GopMyBaHHI TPSIMUX
CTPYMIB JI03BOJIsSi€ BBaXKaTH, L0 MPHU 3BOPOTHUX HAMpPYrax AOMIHYIOTh HPOLECH reHepaiii
HOCIiB 3apsaay uepe3 Ti K eHepreTnyHi piBHi. OTpuMaHa 3 TeMmIepaTypHOI 3aJIeKHOCTI
3BOPOTHOTO CTpyMy MpHu (iKcoBaHIN Hampy3i TNIMOWHA 3alsATaHHS TeHEpaIiiHOro pPIiBHS
crtanoBuTh 0,52 eB, mo nobpe cniBmanae i3 BKa3aHUM BHIIe 3Ha4YeHHAM Et. [Ipu 3BOpoTHHX
sminieHHsx 3KT <V <0.75 B BAX retepocTpyKTyp XapakTepH3yOThCs JIHIHHOO 3aJISKHICTIO
CTpyMY BiJl HampyTH y BCii TeMIiepaTypHii o6acTi gocmikeHsb. Lle cymepednts 3anexHOCTI
Ise= f(/p, -qv ), TIpH sKifl 3MiHa TeHepauifiHOro cTpymy mponopuiiina mmpuHi 6ap’epHoi

obmacti. CrioctepekyBaHa JiHilHA 3aIeKHICTh |5= f(V) € xapakTepHOIO IS BUNIAAKY, KON
reHepaniiHo-peKOMOIHAIMHUI PiBeHb JOCTaTHHO BiJJAJICHUH BiJ cepeanHU 3a00pOHEHOI
30HHM HaIliBOPOBITHHUKA, IO MiATBEPAKYETHCS EKCIIEPUMEHTAIBHO.

3a aHamizoM eHepreTuvHoi giarpamu cTpykTypu N-Mn20s3/n-CdZnTe wocii 3apsay
(mipku 1 eJeKTpOHM TpU pEeKoMOiHalii Ta TreHepamii, BIAMOBITHO), IOCTYMAalOTh Ha
reHepaniiHo-peKOMOIHALIHHI IICHTPH 3 MOBEPXHEBUX EHEPreTUYHHX PiBHIB, PO3MIIIEHUX Ha
TOMY K PiBHI €HEpriil.

OTxe, IpU HEBENUKUX MPSAMUX 1 3BOPOTHUX 3MIIICHHAX, CTPYMH Kpi3b 130THITHUH
rereporniepexin N-Mnz03/n-CdZnTe, skuil OTPUMYETHCS HAHECEHHHSM METOJOM CIIPEii-
niposizy TOHKMX IUIiBOK Mn203 Ha cBikockonoTi ruactuHkun —CdZnTe, Bu3HavaroThCs
reHepaniiHo-peKoMOIHALIMHUMHU TIpoliecaM B o0usacTi mpoctopoBoro 3apsay CdZnTe 3a
Y4acTIO JIOHOPHO-aKIENTOPHUX Tap.

[1] Phishdadian S., Shariati Ghaleno A.M. In_uences of nnealing Temperature on the Optical
and Structural Properties of Manganese Oxide Thin Film by Zn Doping from ol _Gel
Technique. Acta Physica Polonica A. Vol. 123. (2013). P. 741-745.

GENERATION - RECOMBINATION PROCESSES IN
ISOTYPE HETEROJUNCTIONS n-Mn203/n-CdZnTe

I. Orletskyi, M. llashchuk, E. Maistruk, P. Marianchuk, O. Parfenyuk
Yuriy Fedkovych Chernivtsi National University
i.orletskyi@chnu.edu.ua

Isotype n-Mn203/n-CdZnTe heterojunctions with diode properties are obtained by using
a method of spray-pyrolysis of thin Mn.O3 films onto freshly cleaved plates of solid solution
CdZnTe crystals doped with chlorine. The rectification factor of the heterostructures is of the
order of 10*at [V| = 1.5 V. The contact potential difference is ¢x = 1.0 V. Starting from an
analysis of the temperature dependences of the I-V-characteristics it is established that
generation — recombination processes are determinative in the formation of direct and reverse
currents of the surface-barrier n-Mn,0O3z/n-CdZnTe structure. The obtained experimental results
are explained to be due to the generation and recombination of charge carriers with a
participation of donor-acceptor pairs. The determined energy depth E;= Ev + 0.52 eV of the

generation-recombination level in the energy gap is associated with complex defects (Vé% D)~
and (ACI},)".

1V BeeykpaiHcbka HAYKOBO-NIPAKTHYHA KOH(pepeHIIis
«[IEPCIEKTUBHI HAIIPSIMKHU CYYACHOI EJIEKTPOHIKH, IHOOPMAIIMHUX 1
KOMIT'IOTEPHUX CUCTEM» MEICS-2019
27-29 mucronana 2019 p., {ninpo, Ykpaina


mailto:i.orletskyi@chnu.edu.ua

214 Cexuist IV. ®YHKIIIOHAJIbHA EJJEKTPOHIKA. MIKPO- I HAHOTEXHOJIOT'Ti

PO3PAXYHOK C-V XAPAKTEPUCTHUK ®PAKTAJIBHUX
CTPYKTYP «METAJI-OKUCEJI-HAIIIBITPOBITHUK»

B. Ony¢pienko, T. Carwcaposa, JI. OnydpieHko
Hayionanvnuu ynieepcumem «3anopizoka noiimexHikay»
onufr@zntu.edu.ua

OnHuM 13 MEPCHEKTHUBHHUX HAIMPSMIB PO3BUTKY CYYacCHOI PaJiOEIEKTPOHIKH CTallo
JOCTIPKeHHST MeTamarepiaiiB y YacTOTHUX Jiama3oHax, /1€ NPOSBISIOTHCA €PEeKTH, II0
BUHUKAIOTh y MpUJIaJlaX 3 HAIMiBIPOBITHUM CEPEIOBHIIEM Ta PO3IMOMIJICHUMH Bijl €MHHUMHU
eMHOCTSIMH ¥ iHaykTuBHOCTsAME [1]. docmigaukamu 3 Purdue University 3ampornoHoBaHO
TEXHOJIOTIYHY peaji3allil0 CErHETOCJIECKTPUYHOr0 METaMaTepialibHOTO Iapy 3 BiJ €MHOIO
€MHICTIO, 1110 MiIBUIIy€e €(EeKTUBHICTD TPAH3UCTOPA.

Jlyis BUSIBJICHHSI BIUIMBY HAa €MHICHO-TIOTCHIIIATbHI XapaKTEPUCTHKH (pakTaibHO
KOH(ITypOBaHUX METaJI-OKUCEI-HAIIBIIPOBITHUKOBUX CTPYKTYP PO3TIISTHEMO Jalli TCOPETHUHY
MOJIeNb iMiTalii TPOBIAHOCTI HAHOMIAPY B E€NEKTPOHHHUX MPHUCTPOSX, MO0 (PYHKIIOHYIOTH Y
Jiana3zoHi MK BIJHOCHO HU3bKUMHU Ta BUCOKUMH yacToTamu. [100yn0By dpakTanpHOi MOaei
iMiTaIii €MHOCTI HAHOLIAPY OKUCIY Ha MEKI METall-HaMiBIPOBIAHUK Y MPOCTOPI SIK (YHKIIIT
MHOXHHH 3A1HCHUMO BBOJIOM Y po3riisia aAudepinrerpanbHoi annbda-hopMu MHOKHH (Pi3HIHUX
3apsAiB (€JIEMEHTIB CTpyMy) B MeTaMarepiaibHOMY cepeloBUll [2] Ta eIeKTpOCTaTHYHOI
emuocti C =Q@ /U, ne Q) —¢pakransHo posnoxinenuit 3apsn, U —mnorenmian. Y
KJIACU4HIii Teopii ( AuB., HATIP., [3]) BUSABIECHO, 10 MPUCYTHICTh Y HAIBIIPOBIAHUKY 00 €MHOTO
3apsany Q , IO 3aJISKUTH BiJ HANPYTH 3MILEHHS V Ha METaleBOMY €JIeKTPOi, TPU3BOAUTH

JI0 3aeXHOCTI Bifl Vg 1 po3paxoBaHoi Ha ojuHuII0 Mo noHoi emuocti C, =dQ, /dV;
MeTal-OKUCeN-HamiBIpoBiaaukoBoi cTpyktypu ( Q, =-Q, —Q, ne Q,- nuromuii 3apsn
3atBOpy, Q. - 3apsan Ha MexXl [JIeIeKTPUK-HamiBOPOBIAHMK). llel knacuyHuil eQexT

BU3HAETbCS OCHOBOIO METOJY JOCHIJDKEHHS €MHICHO-BOJBTOBUX XapaKTepucTHK. Jlns
BUIAJIKY JOCTaTHBO HU3bKOI YACTOTH 3MIHHOTO CUTHAITY, III0 TIOJIAETHCS HA 3aTBOP, Ta CTAJIIOT0
BEJIMKOTO BIJI‘€EMHOr0 3MIIIEHHs V OUIA MOBEpXHI HAMIBIIPOBIJHHMKA ICHYE 30aradeHuit

OCHOBHMMH HOCISIMHU (AipkaMu) map. BuMiproBaHa €MHICTh MPAKTUYHO 301ra€ThCsl 3 EMHICTIO
okucny C, ~C, =¢,, /X, (&, - HieNeKTpUYHA NMPOHUKHICTh APy OKHCIY, X,- TOBIIMHA
[BOTO Iapy). 3MEHIIICHHS [\/G| MPU3BOJIUTE /10 30UIBIICHHS TOBIIMHHU 30arayeHoro Iapy,
OTXe€, 0 3MeHIleHHs OBHOI eMHOCTI C,. [losiBa 3011HEHOT 061aCTi Ta MOAANbIIE 3MEHILIEHHS

€MHOCTI TOB‘s3aHI 3 HEJOCTaTHbOI BEJIMYMHOIO 3MIIIEHHS JJIs KOMIIEHCAallli BIUIMBY
JIOAATHOTO 00°‘€MHOro 3apsiiy B IIapl OKUCIy. 3 MOYaTKoM iHBepcii BenmuumHa C, pi3ko

3pocTae 1 HabauxkaeTbes 10 C,, KOJIM KOHIIEHTpalliss HEOCHOBHUX HOCIiB IOOIM3Y MOBEPXHI
CTa€ BEJIMKOIO i eKpaHye 301 HEeHy 00JacTh BiJl MOAAIBIIOr0 3pocTanHs mos [3].

dQ,
do,
peKuMI 1HBEepCli BU3HAYA€ThCS TOBUIMHOK 3011HEHOI 0071acTl X, , IPOABIAEThCA (PpaKTaIbHA

Ha BucOkMX 4acTOTax, KOJIM BEIUYMHA €MHOCTI HamiBnpoBigHuka C, =—

CTPYKTYpa PO3MOJILTY HOCIIB 3aps/1y 1 MOXHA 3allMcaTi BUPA3H Ui EMHOCTI
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ct = & @=L ye o Cofq) fuXe ) )
X4 F(l+a) Co €sXo

JInst mocmiypKeHHsT MIBUKOTO MEPEKITIOYaHHsI CUCTEMH B PEXHMM 1HBEpCii, KOIU 3apsj
iHBepCiiHOrO Mmapy He BCTHra€ CQOpPMYBATHCh, L0 CYIPOBO/DKYETbCS BHHHKHEHHSIM

¢s = % +Vt'
NepexiIHUX MPOLECIB, 3 ypaxyBaHHAM Co Ta iHTerpyBaHHAM piBHSHHS [lyaccona
OJIEPKYEMO
Xg l+a
X
&% g INa+2)
VI -1
c c 1 -1+ |1-a, ZC;\IOVG
V £
“t=l1+ 2] =1+ a7, : adzfofz, 1<f<2. (2
C, C, a, rp+1

Jlnsi CKeHITHroBOro TMoKa3HWKa £ =2 ozaepkani 3anexknocti (1) i (2) 30iraroThest 3

BIZIOMHMH KJIACHYHUMHU pe3yJibTaTaMu. Binmiuaemo 3Ha4HUI BIUIMB PaKTaIbHOTO PO3MNOILTY
HOCIiB 3apsiB Ha EMHICTH (2), IO TEOPETUYHO IMiATBEPKYE MOKIMBICTD 301IbIICHHS B pa3u
€MHOCTI  METaJl-OKHCEI-HAIIBIPOBITHUKOBUX CTPYKTYp, 30KpeMa, JUIi IiJIBHIICHHS
e(eKTUBHOCTI MOJIBOBOIO TPAH3UCTOPA.

[1] Onufrienko V.M., Slyusarova T.l., Onufriyenko L.M. Planar fractally-shaped terahertz
waveguide: on the Goos-Hanchen effect. 14th International Conference on Advanced
Trends in Radioelectronics, Telecommunications and Computer Engineering. Proceedings.
(Lviv, Ukraine, April 2018). P. 1237-1240.

[2] Onydpienko B.M. [NoreHmianu GppakTaabHUX 3apsIiB i CTPYMIB Y IITYYHOMY CEPEIOBHIIIL.
Panioenextponika. [npopmaruka. Ynpasninus. Nel. (2004). C. 18-21.

[3] Ko66oma P. Teopust v mpuMeHEeHHE MOJIEBBIX TpaH3ucTopoB. [lep. ¢ anri. (1975). 304 c.

THE C-V CHARACTERISTICS CALCULATION OF METAL-
OXIDE-SEMICONDUCTOR FRACTAL STRUCTURES

V. Onufrienko, T. Slyusarova, L. Onufriyenko
National University «Zaporizhzhia Polytechnicy
onufr@zntu.edu.ua

The new theoretical model of the nano-stratum conductivity imitation in electronic
devices for the influence detection on capacitance-potential characteristics of fractal metal-
oxide-semiconductor structures it is viewed. The fractal model creation is carried out by
introduction in viewing differintegral alpha-shapes of physical charges (current elements) sets
in metamaterial medium. The considerable influence of fractal charges distribution on capacity
nano-stratum is revealed. The application possibility of our calculation results for efficiency
pinch of the field-effect transistor is specified.
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BJIOCKOHAJIEHA MOJEJIb HEJIIHIHHOI'O EJJEMEHTA
IITYYHOI'O HEMPOHA HA OCHOBI IIPUIAIIB
AHAJIOIOBOI EJIEKTPOHIKH

I. bex, O. I'puneBuu, C. HoBak, M. Xo:xaii
Kuiscokuu nayionanvruti ynisepcumem imeni Tapaca lllesuenka
novak.s.a.24@gmail.com

Jocnioyceno pobomy maxemy 600CKOHANIEHOI cXeMU HENIHINIHO020 eleMeHma
WMY4YHO020 HEUPOHAa 0714 AHA10206020 0OYUCTEHHA 2iNEPOOITUHO20 maH2zenca 6i0 6Xi0H020
cucnanyllokazano, uio cxema i3 3acmocy8anHam OughepeHuianbHo20 KAcKady Ha OCHOBI
IHmMezpanbHoi MPaH3UCMOPHOT 30ipKU ModHce OYymMuU BUKOPUCMAHA Y AKOCMI HEAIHIIHO020
eneMenma Wmy4yHo20 Hellpona ma 3ade3neyyeamu movYHicms oouuciens He zipuie 45%.

Beryn. Iarepec B mpoBeneHHi gocimipkeHs mrydyHux HevponiB (IIIH) ta mryunmx
HeliponHux mepex (LILHHM) oGymoBneHuit Tim, 1o crnocidé o6podku iHdopMarllii JH0ACHKUM
MO3KOM CHJIBHO BiJIPi3HSETHCS BiJ METOJIB, sSIKi 3a3BUYall BUKOPHUCTOBYIOTHCS IU(PPOBUMHU
KOMIT toTepaMu. M0O30K BOJIOJII€ 3aTHICTIO OPraHi30BYBaTH CBOI CTPYKTYpPHI KOMIIOHEHTH, SIK1
HA3UBAIOTHCS HEUPOHAMHU, TaK, III00 BOHM MOTJIM BUKOHYBAaTH KOHKPETHI 3a/1a4l (HalpuKIIa/,
po3mizHaBaHHs 00pa3iB, 0OpOOKY CHTHANIB OpraHiB 4yTTs, MOTOpPHI (hYHKIIIT) B KiJIbKa pa3iB
MIBH/IIIE, HIXK 116 MOKYTh BUKOHYBATH HAaHIIBU/IIII CydacHi KoM totepu [1].

ITpu noOya0B1 IITYYHOTO HEMPOHA BUKOPUCTOBYETHCS HOro MareMaTuyHa Mojenb [1],
70 CKJIaay SKOI BXOAWTH HENIHIWHUKN eleMeHT, 1o 3alesnedye Tak 3BaHy «(PYHKIIIO
AKTHUBALI1», 3T1JHO 3 IKOKO OOYHCIIOETHCS BUX1IHUN curHai. Bix BuOOpy KOHKpeTHOT (pyHKIIIT
aKTHUBAIi] 3aJICKUTH SIK TOYHICTH pOOOTH MOENi, TaK 1 CKJIQAHICTh MPAKTUYHOI peajizarii
HMITy4HOTro HelipoHa. B po6oTi [2] y skocTi QyHKIIIT akTHBaLlli 00paHO TinepOoiuHNi TaHTEHC,
a Horo aHajoroBe OOYHMCIIEHHS peali30BaHO 3a JIONIOMOTOI0 CXE€MHU 3 BHKOPUCTAHHIM
JuQepeHIiaTbHOro Kackaqy Ha mapi OImoJspHUX TpaH3ucTopiB 2N2222, mpu 1bOMy
JTOCJIIJDKEHHS poOOTH CXeMH, 310paHOi Ha MaKeTHIH IUIaTi, MOKa3aJo HE3aJ0BIIbHY TOYHICTh
oOunciaeHHs — 160%. 3 MeToro MiABUIIEHHS TOYHOCTI, 0yJ10 310paHo Ta JOCHIKEHO cxeMy [3],
Jie He JIHINHICT 3a0€3MeuyeThCs IHTErpaIbHO0 TpaH3UCTOpHOO 301pkoto BC847BS.

Metoauka Ta iHCTpyMeHTH Aoc/ifKkeHb. HaBeneHi B poOOTi pe3yabTaTh OTpUMaHi
U JOCIIHPKEHHI pOO0YOro MakeTy HEeJIIHIMHOIO eJIeMEHTa IITY4YHOr0 HelpoHa, 310paHoro Ha
MakeTHii riati. [IpuHnumoBa cxema 3 yciMa HOMiHaJIaMHU €JIEeMEHTIB 300pakeHa Ha puc. 1.

-
-

+12B

-
-

-12B

Puc. 1. [IpunuunoBa cxeMa BIOCKOHAJIEHOI0 HeJIiHiliHOr0 ejleMeHTy (opMAaIbLHOT0 HelipoHa

PesyabTaTn nocaigxkeHb Ta ix o0roBopeHHs. Ilicis mpoBeneHHS HajlaroaKEeHHs
cxeMu 3a jgomnomoror pesucropiB R3, RS5, R12, R14 Oyna BumipsHa ii mnpoxiaHa
XapaKTepUCTHKA y CTATUYHOMY pexkuMi. ['padik mpoxiTHOI XapaKTePUCTUKH CXEMU 300paXeHO
Ha pucC. 2.
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FnepboniyHUi TaHreHc + EKcnepumeHTanbHa

%

Puc. 2. IIpoxigna xapaKkTepHCTHKA MaKeTy CXeMH HeJliHiliHOT0 eleMeHTY ¢GOpMaJILHOIO HelipoHa
3 TPAH3MCTOPHOIO 30ipPKOIO Mic/Isl HAJATOIKEHHS

BunHo, 110 kpuBa, OTpuMaHa eKCIIEPUMEHTAIBHO, 3HAXOAUTHCS Y TApHI BIAMIOBITHOCTI
3 rpadikoM rinepooIiyHOrO TaHTe€HCY, PO3PaXxOBaHUM aHAMITHYHO. [Ipy oMy MakcuManbHe
3HAYEHHS BIAHOCHOI MOXUOKH aHAIOTOBOTO OOYHCIICHHS TinepOoIiYHOTO TAHT€HCY CTAaHOBUTH
45%, 1o mpuOIM3HO BTPHUUI MEHIIIE, 3a IMONepeIHi pe3ynbTaT [2]. MokHa 3p0OUTH BUCHOBOK,
mo 3amiHa TpaH3ucTopiB 2N2222 Ha Tpansuctopny 30ipky BC847BS nana mo3uTuBHHIA
pe3ynbTaT 1 J03BOJWJIA TOMITHO MIJBUIMUTH TOYHICTH AaHAJIOTOBOrO  OOYHCIIEHHS
rinepOoiYHOr0 TaHTeHCa, 0COOIUBO B OKOJI MOYATKy KOOPMHAT.

BucHoBku. Ha mizncraBi oTpuMaHux pe3yabTaTiB MOXKHA 3pOOUTH TaKi BHCHOBKH:

1. BukopucTaHHs IHTErpajbHOI TPAaH3UCTOPHOI 30IpKM Yy CXeMi aHaJlOroBOTO
00uHrCIeHHS rinepOoJIIYHOrO TAaHTeHCA T03BOJISIE ITOKPAIIUTH TOYHICTh CXEMH, 30KpeMa B OKOJI1
MOYaTKy KOOPIMHAT BEJIMIMHA BiTHOCHOT IIOXHOKH aHAJIOTOBOTO OOYMCIICHHS CTAaHOBHTH 45%,
110 MPUOIM3HO BTPUYi MEHIIIE, 32 ITOTIePEIHIN pe3yIbTaT.

2. Cxema, noOynoBaHa 3 BUKOPUCTAHHSAM IHTErpaJIbHOI TPAH3UCTOPHOI 301pKH, MOKE
OyTH BUKOPHCTaHA Yy SIKOCTI HEJIHIMHOTO €JeMEHTa IITYYHOro HeipoHa. [l miJBHUIIEHHS
TOYHOCT1 O04MCIIeHb 1 cTallmi3anii nepeaaBagbHOI XapaKTepUCTUKN HEOOX1IHE MoJanblie ii
BJIOCKOHAJICHHSI.

[1] Xaiikun C. Heiiponnsie cetu. M.: M3natenbckuit oM «Buibsmey» (2006) . 1104c.

[2] Andrusenko V., Bekh I., Novak S. Simulation of Neural Networks by the Analog
Calculating Machine (ACM) (in the task of approximation of mathematical functions).
BicH. KuiBcek. yH-TY, cep. Pamiodizuka i enexrponika. (2015). Ne (1) 21. C. 10-13.

[3] Bekh LI., Grinevich O.V., Novak S.O. Computer simulation of a formal neuron based on
analogue electronics devices. XIII international conference “Electronics and applied
physics”. (2017). Kiev, Ukraine. P. 209-210.

IMPROVED MODEL OF NON-LINEAR ELEMENT OF
FORMAL NEURON BASED ON ANALOG ELECTRONICS

I. Bekh, O. Grinevich, S. Novak, M. Khojai
Taras Shevchenko National University of Kyiv

The simulation of the layout of an advanced scheme of a nonlinear element of an
artificial neuron for analog calculation of hyperbolic tangent from an input signal is performed.
It is shown that a circuit using a differential cascade based on a transistor assembly can be used
as a nonlinear element of an artificial neuron and provide a computational accuracy of at
least 45%.
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EJJEKTPUYHI BJACTUBOCTI HU3bKOBOJIBTHOI
BAPUCTOPHOI KEPAMIKHA HA OCHOBI Sn0O: 3
JOBABKOIO OKCHUAY CYPMU

A. Kporenko, I. CkypaToBchbKH
J[Hinposcoxuii nayionaneruil yHieepcumem imeni Onecs I onuapa
artur.krotenko@gmail.com

Jliokcua osioBa AJii BUTOTOBJICHHS BapUCTOPHOI KEpamiKu AOCHIIKYETbCS TOCHUTH
naBHo [1, 2]. HoBuii cruteck iHTepecy no mociimkenb SnOz BapHCTOpIB MOYABCS MiCH
OTpUMaHHS HU3bKOBOJIBTHOI BAPUCTOPHOT KEpaMiKH Ha OCHOBI A10KCHTY 0JioBa [ 3], 110 JOBrUit
Yac BBAXAJIOCh HEMOXKIIUBUM.

[IpencraBnsie  iCTOTHHMH  iHTEpeC JOCHIIKEHHS  MOXIIMBOCTI  MPOTHO3YBAaHHS
eJIEKTPUYHUX BIACTHUBOCTEH Ta iX ONTHUMI3allli y BapUCTOPHINA KepaMilli, JAJii YOTO MOXKHA
BUKOPHCTOBYBATH HEMPOHHI MEPEXKi.

VY nauiii poOOTI Al OTPUMAHHS HaBYAJILHOTO HA0OpY HEHPOHHOT MEpPEXi BUTOTOBJIICHO
psin ckianiB BapuctopHoi kepamiku 3 qobaBkamu C0304, Bi2Os, Cr203 ta pi3HEM BMiCTOM
00aBKH OKCUY CYPMHU 1 JOCIIJKEHO X eeKTPUYHI BIACTUBOCTI.

MexaHi3M eNeKTPONPOBITHOCTI BAPUCTOPHOT KepaMiku 0a3yeThesi Ha MOJIEIIi TIEPEHOCY
3apsay depe3 MOTEHIlaNbHI Oap‘epu Ha MeXax 3epeH, NP YOMY BHUCOTA MOTCHIlIaThHUX
Oap‘epiB JOCUTH ICTOTHO 3MEHIIIYETHCS 31 3pOCTAHHSM HANPYTH HAa BApUCTOPHIN AinsHIl BAX.

Kepamiky oTpuMaHO 3a CTaHJAPTHOIO TEXHOJIOTIEI0, IO BKIIOYAE 3MINTyBaHHS
BUX1JIHUX KOMIIOHEHT 3 JOJaBaHHSAM €TaHOIy, MpecyBaHHs 3pa3KiB miJ THckoM 60 Mlla Ta
BUnaioBaHHs npu temneparypi 1350 °C npotsrom 1 rogunm.

EnextpuuHi mapaMeTpu oTpMMaHOi KepaMiKi HaBezIeHi B Tao. 1.

Tabnuys 1
Enexmpuuni napamempu oocnioscysanoi kepamixu cucmemu SnQOz2 — 3 mon.% CoO — 0.05
mon.% Cr203 — I mon.% BizOs 3 dobaskoio Sb20s

Jlo6aBka Sb20s, B E1, B om™ o, Om? a, cm B
Mo %

0 21 3900 3,810 0,0053
0,01 14 4300 1,51010 0,0031
0,03 15 2470 7,2 1010 0,0064
0,05 27 1270 4,910° 0,0213
0,07 11 1900 2,910° 0,0059
0,1 9 1400 5,410° 0,0066
0,13 10 1400 1,2 108 0,0073
0,15 8 1400 1,2 108 0,0060

1 4 700 7,510° 0,0056
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3 pgaHux TaONMII BUAHO, IO 31 3POCTaHHAM BMICTY J00aBKM OKCHIY CYpMHU
kiacudikaiiifHa HaNpy>XEeHICTh €JIEKTPUYHOTO IOJS 3MEHIITYEThCS. 3MEHIIYEThCS TaKOX 1
KOe(]iIieHT HETIHIMHOCTI BOJIBT-aMIIEPHOT XapaKTEPUCTHKH.

MinimanbHe 3HaYCHHs Kiacu(DikaliifHOI HAIPYKEHOCT1 MO JUIsl KepaMiKd CKJIaaae
1270 B cm? npu Bmicti okcumy cypmu 0.05 mon. %. Lleit xe 3pa3zok mMae i MakcHMajbHE
3Ha4YeHHs Koe(dimieHTy HemniHiiHOCTI 3. HeomivyHi1 BIaCTUBOCTI KepaMiku MOPIBHIOBAJIMCH 3a
JIOTIOMOT'OF0  TTOKa3HUKA HENIHIMHOCTI o [2], 10 JOpIBHIOE BIIHOIIEHHIO KoedillieHTa
HeniHidHOCTI B 10 KiacudikamiifHoi HampyXeHocTi enekrpuuHoro noss Ei. s ckmany 3
BMmictoM cypmu 0.05 ™o % 1ueidl mapaMmerp TakoXkX Mae MaKCHMajbHE 3HAauYeHHS
0.0213 cm B,

3HavyeHHS eHeprii akTHWBAIlii €JEeKTPUYHOI MPOBIAHOCTI (IO MaiKe CIIBHATAE 3
BUCOTOIO TMOTEHLIATBHUX Oap’€piB HA MeXKaxX 3epeH Ui BapHCTOPHOI KepaMiKH) CKIIAJal0Th
6sm3bko 0.7 - 0.8 eB.

CypMa € BiIOMOIO JOHOPHOIO AOMIIIKOI Ui MIOKCHUAY OJIoBa. TakuM YUHOM,
HMOBIpHO, IO OKCHJ CYpMH PO3YMHSETHCA Yy rparii SnOz Ta 30iIblIye MPOBIIHICTh 3€pPEeH
KepaMiK{ 32 paXyHOK YTBOPEHHS MUIKUX JOHOPHUX PIBHIB Y 3a00pOHEHIN 30HI.

[1] Pianaro S. A., Bueno P. R., Longo E., Varela J. A. A new SnO2-based varistor system //
Journal of Material Science Letters. Vol. 14, Ne 10. (1995) P. 692-694.

[2] Glot A. B., Skuratovsky I. A. Non-Ohmic conduction in tin dioxide based varistor ceramics
// Materials Chemistry and Physics. Vol. 99, Ne 2-3. (2006) P. 487-493.

[3] Glot A.B., Bulpett R., Ivon A.l., Gallegos-Acevedo P.M. Electrical properties of SnO>
ceramics for low voltage varistors // Physica B: Condensed Matter Vol. 457 (2015)
P. 108-112.

ELECTRICAL PROPERTIES OF LOW VOLTAGE SnO:2
BASED VARISTOR CERAMICS WITH ADDITION OF
ANTIMONY OXIDE

A. Krotenko, I. Skuratovsky
Oles Honchar Dnipro National University
artur.krotenko@gmail.com

The tin dioxide-based ceramics in the system SnO2-Bi»03-C0304-Cr,0s3 are obtained by
the conventional mixed oxides route. The electrical properties of these materials are studied.

Voltage-current characteristics of ceramics are studied in respect of different amount of
antimony oxide addition in the range of 0 — 1 mol.%.

It was shown, that addition of Sh,Os reduces an electrical field from E; = 4000 V cm!
to E; = 700 V cm for ceramic with 1 mol. % of Sh,Os. Maximal nonlinearity coefficient
(B = 27) for ceramics with 0.05 mol. % of Sh.Os and relatively not high for SnO»-based systems
value E1 = 1270 V cm™ was obtained.

Electrical conductivity of this ceramics is controlled by grain boundary high potential
barriers with height 0.6 — 0.8 eV.
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MOIEJIIOBAHHS EJIEKTPO®ISUYHUX
XAPAKTEPUCTUK CAMOBITHOB/IIOBAHUX
SAITIOBI’KHUKIB HA BA3I KOMIIO3UTIB
HOJJIETUJIEH-HAHOBYIJVIEILb

O. JIsmkoB
J[Hinposcoxuil nayionanerui yHieepcumem imeni Onecs [ onuapa
alexdnu@ukr.net

Jlnst onTuMizalii mapaMeTpiB caMOBITHOBIIOBAIbHUX 3arno0iKHKUKIB (CB3) namu Oyna
noOyioBaHa MaTeMaTuIHa MOJECIb iX eNeKTPO(I3UIHUX XapaKTepucTuk. [lpu 11boMy METOr0
poGotu Oyno CTBOpPEHHS MOJIENi, IO KOPEKTHO OIMKCYE TMPOIEeCH sKi BiIOyBarOThCS B
KOMITO3UTaX IOJICTUJICH-HAHOBYTJICIIb, Ha OCHOBI SIKHUX BUPOOJSIIOTBHCs cydacHi CB3, Ta
BU3HAUCHHS BEJIMYUH 1 YUHHUKIB HA K1 MO’KHA BIUTMHYTH MOAU(DIKYIOUH CKIIa]1 3a11001)KHUKIB
JUI. BUPINICHHS 3aBJIaHHS BUKOPHCTaHHS B JIAHIFOTAX 3aXUCTy (OTOEJIEMEHTIB COHSIYHUX
Oarapeit. MoienmoBaHHS ITPOBOIMIIOCS B MporpamMHoMy maketi Mathcad.

ExcniepuMeHTanbHO ~ CHOCTEPEXKYBAaHMM  MOPOTOBHH  XapakTep  3aJeKHOCTI
EJICKTPUYHOTO OMOPY KOMIIO3HUTY BiJl MACOBOI YaCTKH HAIOBHIOBAYA 3a3BUYAN PO3IIISAIAETHCS
3 TOYKH 30py TeOopii MepKOAIii B pi3HUX Bapiarisx [1]. BiagnosigHo 1o miei Teopii npu neBHin
00'eMHIN YacTIl TEXHIYHOTO BYIJICHIO B KOMIIO3UTI YACTUHKH TEXHIYHOTO BYIJICLIO
YTBOPIOIOTH B MaTPHIIi OTiETUIICHY HECKIHUCHHUH KITacTep, 32 PaXyHOK YOTO CIIOCTEPIraeThCs
3HAYHE 3HWKCHHS ITUTOMOI OTIOPY.

B ocHOBY 0yi10 MOKJIaIcHO TPUBUMIPHY MOJIeITb MPOTiKaHHs [1]:

6 = od(Xe —X) ¥, mpu X < Xc;
6 = om(Gd/om)® , TIpH X = Xc; 1)

G = om(X —Xc)', mpu X > Xc,

7€ X - 00'eMHa YacTKa MPOBITHUKOBOT (pa3u 3 MUTOMOIO IPOBITHICTIO Gm; Xc - KPUTUYHA
KOHIEHTpalls (IOpir MPOTIKaHHA); Gd — MUTOMA MPOBIIHICTh J1€NeKTpU4HOi a3y, g, s, t -
kputuuni ingekcu (g = t- (1/s -1)). Inaexcu momeni q=1,s=0,62,t=1,6 06paHi 3 IPUITYIIICHHS
npo JBoX(a3HICTh 1 CTATUCTUYHOI B3a€MO3aMIHHOCTI KOMIIOHEHT Kommo3uTy. Ilopir
NPOTIKaHHA NpHU oMy oOpanuil xc = 0,15, sk cepenHiil TeOpeTUYHHUI UIsl JaHOI MOJEI.
3Ha4yeHHs eNIEKTPONPOBIAHOCTI TaKOXX BUOMpPATHUCS K CEpelHi - AJS TEXHIYHOTO BYTJIELIO
5000 (Om-m)L; st momiernneny — 5 104 (Om-m) ™.

JIiniitH1 po3Mipu MonenbHoro 3paska CB3 obupanu ananoriuxi npomuciosomy MF-
R400: moma noBepxHi i enekrpoaom S = 150 mm?, Tommaa d = 1 M.

B o6uacTi TeopeTHYHOrOo opora npoTiKaHHs CIOCTEPIraeThCs Pi3KU CTPUOOK MUTOMOT
€JIEKTPONPOBIAHOCTI MaTepiany. IlonieTnnen Mae 3Ha4HO OUIBIII 3HAYEHHS TEMIIEPAaTypHOTO
KoeillieHTa JiHIHHOTO PO3IIMPEHHS HIXK TEXHIUHUI Byryiens. B pe3ynabTati npH miBUIIECHH]
TEMIEpAaTypyu BIAHOCHUN OOCST MOJIMEPHOI MaTpHIll 30UIbIIYETHCS, IO NPU3BOAUTH [0
PO3pUBY KaHATIB NPOTIKAHHA €JIEKTPUYHOTO CTPYMY Uepe3 KOMITO3UT 1 MaliHHSA MPOBIAHOCTI.
OO0'emMHa dYacTKa BYTJICIIEBOTO HAMOBHIOBAa4Ya IMPH I[bOMY 3HIKYETHCS, IO BPAXOBYETHCS
BimoBiiHO 10 (1). Pe3ynpTaTm MOJENIOBaHHS TEMIIEPaTypHOI 3aJIeKHOCTI  OTMOpY
npejcTaBieHi Ha puc. 1.
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Puc. 1. TemnepatypHa 3aJIe;KHiCTh 0IOPY MOAEIBHOTO 3pa3Ka (118 MOYATKOBOI 00'€eMHOI YaCTKHU
HanoBHoBaya 0,17).

R, Ohm

Ha migcraBi BHIeHaBENEHOI 3aJIeKHOCTI OynM TakoX OTpuMaHi: 1) TemmeparypHi
3aJIEKHOCTI OMOPY MOJIEJIFHOTO 3pa3Ka MpH Pi3HIM KOHIIEHTpallii HAIIOBHIOBAYa; 2) 3aJICKHICTh
TeMIeparypu 3aro0KHUKIB Bijl 4acy ITiCIs Mojavi Ha 3pa3oK (DiIKCOBAHOTO HAIPYTH; 3) BOJBT-
aMIIepHi XapaKTepUCTUKH; 4) 3a7IeKHICTh BIIHOIIEHHS OMOPY 3pa3KiB B pO3IrpiToMy CTaHi 70 iX
OIOpY pY KIMHATHIN TeMIepaTypi.

3icTaBeHHs pe3yJbTaTiB MOJIENIOBAHHS 3 €KCIEPUMEHTAIbHUMU JJAHUMU [2] 103BOJISIE
3pOOUTH BHCHOBOK TPO iX 33JOBUIBHMIA 30ir, MO J03BOJISIE BU3HAYUTH HAMPSMOK OMTUMI3ALIi
TEXHOJIOT1i BUTOTOBJICHHS 3aMI001KHUKIB JUIsl OTPMMAaHHS HEOOX1THUX MapaMeTpiB.

[1] Lux F. Models proposed to explain the electrical conductivity of mixtures made of
conductive and insulating materials. Journal of materials science, Vol. 28, Ne. 2, (1993).
p. 285-301.

[2] Lyashkov A.Yu., Tonkoshkur A.S. Varistor composites with a positive temperature
coefficient of resistance. Technical Physics, Vol. 56(3), (2011). p. 427-428.

MODELING OF ELECTROPHYSICAL CHARACTERISTICS
OF SELF-RESETING FUSES ON THE BASIS OF
POLYETHYLENE-NANOCARBON COMPOSITES

A. Lyashkov
Oles Honchar Dnipro National University
alexdnu@ukr.net

The mathematical model of self-heating fuses was built to optimize their parameters. A
three-dimensional percolation model was used. The simulation results are in satisfactory
agreement with the experimental data. This allows to determine the optimization direction of
fuses technology to obtain the required parameters.
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BIIJIMB BY IIJIA3BMOBOI OGPOEKH HA BJIACTHUBOCTI
HAHOPO3MIPHUX IIJIIBOK MoS:

O. Korik?, I1. Oxoain?, 0. T'omeniox?, O. Cino6oasin?, C. MaJjiora?,

I1. JInuteun?, A. Hikoaenko?, A. Hazapos!?
Hayionanvnuii Texniunuii Yuisepcumem Yxpainu imeni Ieops Cukopcokozo « KITIy
2[ucmumym @izuxu Hanienpogionuxis im. B.€. Jlawxapvosa HAH Ypainu
nazarov@lab15.kiev.ua

bicynedin wmomibgeny (M0S2) € HenpsMO30HUM HAaIiBOPOBIIHUKOM, SIKUHA B
OJIHOIIIAPOBOMY BUTJISA/I CTA€ MPSIMO3OHHUM 3 HIMPUHOK 3a00poHeHoi 30HU 1.8 eB. Takum
yuHOM, MO0S? € TepCeKTUBHUM MaTepiajoM Il HAHOEJIEKTPOHIIl Ta OMTOEJICKTPOHIMI i
KepyBaHHS HOro eNeKTpo(i3HYHIUMH BIACTUBOCTSIMH € YK€ BOXJIUBOIO MPOoOsieMoro. OaHUM
13 METOJIiB, MIO JO3BOJISIE JIUTYBATH MAaTepiaid, 3MEHBIIYBAaTH KOHIEHTPAIIO E€JIEKTPHYHO
AKTUBHUX Je(eKTiB, 3HIMATU MEXaHIYHYy Halpyry Marepially, € BOAHEBO-IJIa3MOBa 00poOKa
[1]. B naniit poOGOTi MPONOHYETHCSI BUKOPUCTATH BOIHEBO-TLIIA3MOBY 00pOOKY Jiutst MOM(iKaIii
(bi3MYHUX BIACTUBOCTEH ABOBHUMIpHUX CTPYKTYp M0So.

B po6oti BukopuctoByethcsi BU mnazmoBa o6po6ka (13.6 MI'1r) B peakTopi 110AHOTO
Tty B atMocdepi Qopminr-razy (10%H2+90%Nz) i aprony (mns nopiBHsHHA). s
BU3HAYCHHS CTPYKTYPH BHKOPHUCTOBYBAJIMCH METOAM KOMOIHAIIIHHOTO PO3CISIHHS CBITJIA
(KPC), aromnOi cu0BOi MiKpockomii Ta omnTtuyHOi Mikpockomii. [l mocmigxeHHs
eJIeKTPO(I3MYHUX BJIACTUBOCTEH KoJOigHMKA po3unH MOS; posmmimoBaBcs Ha  30J10Ti
€JIEKTPOAU (IMB. BCTaBKY Ha JIIBOMY PUCYHKY). Ilicisa ¢popmyBaHHS KOHTaKTy BUMIPIOBATIUCH
BOJIbT-aMIIEPHI XapaKTEPUCTUKU CTPYKTYpH. PUCYHKHM NIE€MOHCTPYIOTh 3HA4YHE 3POCTAHHS
cTpyMy Ticisi 00pobok y (opminr-rasi i aprony, npote micis 40 cekyHa oOpoOKH B aproHi
MOYMHAIOTH MPOSBISATUCS JETpajalliiiHi mpolecH (AUB. MPaBU PUCYHOK).

T 14 :
53 \ ——Ar
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o ]
: e ]
b c
8
_ 7]
S '
= € 014
] k-] ]
£ 3
3 5
z T
\____.
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Pucynoxk. |-V xapakrepucrukn niaactTunkun MoSz, po3ramoBanoi Mi’k 30J10THMH eJIEKTPOIaMH, 10
i micass BY nna3mosoi 00pobku y dopminr-rasi (3;1iBa), a Tako:k HopManizoBanuii qudepeHuiiniii omip
(V=5B) B 3aj1e:KHOCTi Bi Yacy maa3mMoBoi 00podku (cnipaBa).

V cnexrpax KPC croctepiramuice tumiuni poronni momu (Elag i Aig), siKi BigmoBimarots
kpuctarigunomy MoS;. Eneprernune nonoxeHHs ux (GOHOHHUX MOJI CBITYUTH MPO TOBIIUHY
iacTiHOK M0S;, sika Oinpina HiXK yoTupu MoHomiapa. [licist mia3MoBo-BoIHEBOI 00pOOKH
€HepreTUvHa JUCTaHLIA MK IIMMU (POHOHHMMHU MOJIaMU HE 3MIHIOBAIACh, 110 CBIAYUTH MPO
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BIJICYTHICTh 3MEHBIICHHS 11apiB MaTepiany. [Ipote crioctepiraerbest G1akuTHUI 3CyB JiHIH Alg
i By y ciextpi KPC, 1m0 MOXe BiZNOBigaTH Ipo J0JaTHE JIUTyBaHHA MaTepialy gipkamu. B
poOOTI aHAMI3YEThCS 3MiHA MPOIECIB TpaHCHOPTY 3apsaay y rmiiBii M0OSz 1 iX 3B'SI30Kk i3
CTPYKTYPOIO ILUTiBKH.

[1] Nazarov A.N., Lysenko V.S., Nazarova T.M. Hydrogen Plasma Treatment of Silicon Thin-
Film Structures and Nanostructured Layers. Semiconductor Physics, Quantum Electronics
& Optoelectronics. Vol. 11. (2008). P. 101-123.

RF PLASMA TREATMENT EFFECT ON PROPERTIES OF
NANOSCALE MoS; FLAKES

0. Kotik!, P. Okholin?, Yu. Gomeniuk?, O. Slobodian?, S. Malyuta?,

P. Lytvyn?, A. Nikolenko?, A. Nazarov?!?
National Technical University of Ukraine “Igor Sikorsky KPI”
2L ashkaryov Institute of Semiconductor Physics NAS of Ukraine

nazarov@Ilabl15.kiev.ua

Effect of RF plasma treatment in forming gas and argon of 2D MoS: flakes is studied.
It was shown that both type of the treatments resulted in reduction of differential resistance of
the flakes that can be associated with additional doping of the material by holes. The last
conclusion was obtained from micro-Raman research.

PHOTOELECTROCHEMICAL WATER SPLITTING BY
PHOTOELECTRODES GROWN ON SnO: CERAMICS

Alexander N. Bondarchuk?, Ivan Corrales-Mendoza?, Sergio A. Tomas?,

Luis A. Arellanes-Mendoza®
YUniversidad Tecnolégica de la Mixteca, Huajuapan 69000, Oaxaca, México,
alexbondua@yahoo.com
2Departamento de Fisica, Centro de Investigacion y de Estudios Avanzados del I.P.N., A.P.
14-740, Ciudad de México, 07360, México

The observed trends in today's world clearly show that humanity stands at the threshold
of an energy revolution that will initiate the domination of renewable sources of energy in
everyday life. The depletion of petroleum and gas fields, a grave deterioration of the
environment and the resulting global warming make this an inevitable reality.

Photoelectrochemical (PEC) water splitting using solar energy is a highly promising
technology to produce hydrogen as an environmentally friendly and renewable fuel with high-
energy density (120-142 MJ/kg). During this process, the decomposition of H.O molecules into
H> and Oz occurs on the photocatalytic structures of photoelectrode under solar light. Hydrogen
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generation by this method was successfully tested in many labs. However, PEC water splitting
on an industrial level requires the development of photoelectrodes which are relatively cheap
in their large-scale production, environment-friendly and have a solar-to-hydrogen efficiency
10% or higher. To the best of our knowledge, this target has not been reached yet and is an
ongoing challenge for many researchers.

In this work, we report about low-cost hematite (Fe203) and bismuth vanadate (BiVOa)
photoelectrodes with a relatively high PEC performance grown on conductive and high-porous
SnO»-ceramics acting as a substrate to host photocatalytic coating. The Fe>Os-electrodes,
ceramic substrate and the Ag-contact electrodes were prepared as was described in [1]. The
BiVO4-coating on the ceramic substrate was formed by the deposition of the BiVO4-precursor
delivered to the substrate in air-flow as a nebulized aerosol at room temperature and subsequent
heat treatment in air at 700°C for 1 h. The preparation of BiVVOs-precursor was reported in [2].

The novelty of our approach consists in using easy-to-fabricate, conductive, and porous
volume ceramics as substrate to host the Fe2Os or BiVVOs-coating that results in the high PEC
performance of such photoelectrodes (Fig. 1). For the hematite photoelectrode reported here
the photocurrent density of 2.8 mA cm? is achieved, and 1.1 mA cm? for the BiVO4
photoanode at 1.23 V vs. RHE (reversible hydrogen electrode) in aqueous 0.1 M NaOH
electrolyte under LED illumination (Thorlabs M455L2, A = 455 nm). These photocurrents are
observed for unmodified photoelectrodes without adding a surface catalyst. The obtained
results suggest that the relatively high PEC performance of reported photoelectrode is a result
of using conductive and porous ceramic substrates to host photocatalytic coating.
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Fig.1. SEM micrographs of the Fe:Os - and BiVOa— photoelectrodes: a) front view and (b) the cross-
section of Fe20s-coating; (c) the cross-section of BiVOs-coating; (d) Cyclic voltammetry under chopped
blue light (x=455 nm, 0.03 Hz) at increase potential and in the dark at decrease potential.
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The porosity of the used SnO»-based ceramics allows some permeation of the precursors
into substrate and 3D-growth of the photoactive layer (SnO.-grains covered by BiVO4 or Fe2Oz)
to a depth of several micrometers (Fig.1b). At the same time, the thickness of the photocatalytic
coating on individual grains is sufficiently thin (about 100-200 nm), which is favorable for
charge diffusion to a material surface. In addition, the small size of ceramic grains (200-500
nm) is comparable to wavelengths of visible solar radiation (360-740 nm) and therefore, such
3D relief of a photoelectrode surface creates a good condition for a strong harvesting of light.
The conductive bulk ceramics of substrate formed by the connecting SnO»-grains create
favorable conditions for charge separation and electron transport to an external electric circuit.
This architecture of the photoactive layer assures a good light absorption and electron
harvesting, which results in a good PEC performance of the bulk ceramic photoanode.
Acknowledgements. This study was supported by the CONACYT-Mexico (project #A1-S-
20353).

[1] Bondarchuk A.N, Corrales-Mendoza I., Tomas S.A., Marken F. A hematite photoelectrode
grown on porous and conductive SnO, ceramics for solar-driven water splitting. Int. J.
Hydrogen Energy. VVol.44. (2019). P. 19667-19675.

[2] Bondarchuk A.N, Marken F., Peter L.M., Rymansai Z., Iravani P. Preparation of the BiVO4
film photoelectrode by a printer. VII Ukrainian scientific conference on physics of
semiconductors. Book of Abstracts. (Dnipro, Ukraine, 26-30 September 2016). P. 265-266.

TOHKOIVIIBKOBI 'ETEPOCTPYKTYPH CdTe B
COHSIYHIN EHEPTETHUIII

T. Masyp'?, M. Ma3yp?

Y Mpuxapnamcoxuii nayionanvnuii ynieepcumem imeni Bacuna Cmeganuxa
ZleaHo-@paHKiSCbKud HAayioHanbHUll MexHiYHull YHigepcumem Hagdmu i 2a3y
tetiana.mazur@nung.edu.ua

AKTyanbpHICTb €HEepPreTMuHoi NpoOJIeMH 3yMOBIIOE HEOOXIAHICTH PO3pOOKH 1
BUPOOHUIITBA BIJIHOBJIIOBAaHUX JDKEpEN, cepel  SKUX ocoOnMBe Micle 3ailMaroTh
HamiBIpPOBIIHUKOBI coHs4HI enemMeHTH (CE), mo 3a0e3neuyioTh NpsMe MEepeTBOPEHHS
COHSIYHOI €HEeprii B eIEKTPUYHY.

Xoua MOHOKPHUCTAJIIYHUM KpeMHiM Sicr MOKM LI0 NPOAOBXKYE 3aliMaTH J1IUPYHOUi
MO3UIIii, MPOTE OCTAaHHIM YacOM Bce OUTbIIIe yBaru NpUALISETHCS HIIUM MaTepiajiam, 10 IKHUX,
30KpeMa, BiTHOCAThCA amopdHuii kpeMHiit (a-Si: H), aucenenigu mipi-inaito (CIS) ta mimi-
ingito-ranito (CIGS), a takox temypun kammito ( CdTe). llle ogHiero 3 mepeBar BKazaHUX
HaMIBIIPOBIIHUKIB y TOpPIBHSHHI 3 Sicr € iX Outbll e(eKTUBHE MOMVIMHAHHSA ONTHYHOTO
BUIIPOMIHIOBaHHS, 110 JIOITyCKa€ BUTOTOBJIEHHS JiemeBMxX ToHKOmIiBKoBuX CE. Ilpu yomy
cepenns edpextuBHicTh 77 rerepoctpyktyp (I'C) n-CdS / p-CdTe npu 300 K B ymoBax

ocBiTiieHHs AMI1,5 cranoButh ~ 16%, mo Maiike B JBa pa3d MEHIIE TEOPETUYHOTO
3HaueHHs[ 1].
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BBaskaeTbcs, 1110 OJHIEIO 3 IPUYMH LBOTO € MaJIMI Yac KUTTSA 7, HEOCHOBHMX HOCIiB, AKi
00YMOBJIIOIOTH BUCOKY IIBUIKICTh peKOMOIHAIIT v, Ha Mexax po3airy komnoHeHT I'C ta 3epeH
nonikpucraniyaoi mwiBku CdTe. ¥V 3B'13Ky 3 UM 3MeHIIEHHs U, (30UIbLICHHS 7,) NOBUHHO
NPUBOJIMTH JI0 MOJIIMIIEHHS: OCHOBHUX napameTpiB CE - cTpyMy KOPOTKOTo 3aMUKaHHs J . Ta
HaMpyru xosocroro xouny V, .. EkciepuMeHTanbHO 11 MiTBepIKY€EThCS 30UIbIIeHHM V3
0,84 1o 0,93 B mipu 3amini momxikpucranigaoi iiBku CdTe MOHOKPUCTAIIYHOO i IKIAIKOI0 B
rerepoctpykrypHoMy CE n-CdS / p-CdTe. Husbki 3HaueHHst J, ., a B KIHIIEBOMY MiICYMKY 1

K.K.Jl. IIUX 3pa3KiB, 3yMOBJICHI BEJIMKUM OIOPOM JOCHUTh TOBCTHX 0a30BHX ITiJIKJIAJIUHOK p-
CdTe, xonuentpanuis BimbHUX Hipok B sikux mpu 300 K me mepesumye 7-10® cm?. A
MOKpAIIEHHS CTPYKTYPHOI IOCKOHAIOCTI (poToakTuBHOTO 11apy p-CdTe B TonkomniBkoBux CE
n-CdS / p-CdTe no3Boswio migusta 77 g0 ~ 21%, xo4a V, . 3pocna Bchoro Ha 0,03 B [2].

C
30ubIIeHHs] €(DEKTUBHOCTI B JTAHOMY BHIAJKY IOB'SA3aHE 3 POCTOM J . BHACIIJIOK Pi3KOr0

3MEHIICHHs TocigoBHOrO onopy I'C, 1110 Bu3Ha4YaeThcss ToHKUM 1mapom p-CdTe. Ipu iipomy

CTPYyM KOPOTKOTO 3aMMKaHHs | . € niHiliHOIO (yHKIi€0 piBHS OCBiTIEHOCTI L mpwu ii 3MiHi

Mexax Oinblie 4oTHphOX mopsiakiB. Hampyra xomoctoro xomy V, . mpomopuiiina IgL npu

HU3BKUX PIBHSAX OCBITIICHOCTI 1 IparHe A0 HACHYEHHS MPHU BEITUKUX, puc 1.

Vo, V Jsc, mA/cm?
10 - _ 107
B 300K n
06 | — — - ]
Puc. 1. 3anexnocri J,  Ta V _ nam
NOBepXHeBO-0ap’epHux  aiogiB  Ha
CdTe:O2 cyberpari Bin rycrunu
02 | 4 1072 NOTOKY BHMIPOMIHIOBAHHS COHSYHOL
eHepril.
| | | | |
1073 107 10! P, mWt/cm?

HeBenuke 3HaueHHs nmpupocty V, . 103BOJISIE€ 3pOOUTH BUCHOBOK TIPO Te, 110 YaC XKUTTS

HEOCHOBHHUX HOCIIB BH3HAYA€ThCS, NMEPEBAKHUM YHMHOM, PEKOMOIHALIHHUMU MpollecaMy Ha
Mexi monaury komrnoHeHT I'C. Tum yacoMm, BHKOPHCTOBYIOUHM pi3HI CHocoOM macuBarlii
MOBEPXOHb MOHOKPHUCTAJIIB 1 KPYITHO3EPHUCTUX HAIIBKPUCTAIIYHUX TUTIBOK, MOXKHA 3MEHIITUTH
BEJIMUMHY U, Ha 1-2 mopsaku [3].

[1] I'pemenok B.®., TuanoB M.C., 3anecckuit B.b.. ConHeuHbIe 3JIEMEHTHI Ha OCHOBE
MOJIYIPOBOHUKOBBIX MaTepuaios. Uzn. Lentp. BI'Y, M. (2007). 222 c.

[2] Green M.A., Emery K., Hishikava Y., Warta W., Dunlop E.D.. Solar cell efficiency tables
(version 47) //Prog. Photovolt: Res. Appl., 24. (2016). P.3-11.

[3] Reese M.O., Perkins C.L., Burst I.M., Farrell S., Bames T.M., Jonston S.W.. Intrinsing
surface passivation of CdTe // J. Appl. Phys., 118. (2015). P.155305
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NEW TIN DIOXIDE BASED VARISTOR CERAMICS WITH
HIGH NONLINEARITY COEFFICIENT

T. Mazur!?, M. Mazur?
L vasily Stefanik Prikarpathian National University
2 lvano-Frankivsk National Technical University of Oil and Gas
tetiana.mazur@nung.edu.ua

The paper discusses the advantages and disadvantages of the most used today
semiconductor materials of different structural perfection (single crystals, polycrystalline and
amorphous) to create solar cells. The main attention is paid to the study of the possibilities of
using single-crystal cadmium telluride as photoconverters.

A number of technological methods for modifying n-CdTe substrates are analyzed,
which lead to a significant improvement in the electrical and photoelectric parameters and
characteristics of surface-barrier diodes (SBD).

B3AEMO/II ENITAKCIHHUX LIAPIB Al/CuO

O. YepnikoBa
Kpusopisvkuti nayionanvHutl ynigepcumem
hmchernikova@gmail.com

HanoeneprernuHni matepiaiu s HayKOBIIB MPEJCTABIAIOTh BEJIMUKHUI 1HTEpeC MHpu
BUTOTOBJIEHHI MiKpoenekTpoMexaHiuHux cucureM (MEMC), ockiIbkM iX MOXHa JIETKO
iHTerpyBaTH, HANPUKJIA/, Y MiKpOaKyMyJIsSTOpH Ta AeToHatopu [1]. Ix Bucoka ryctuna eneprii
Ta CYMICHICTh 13 3BHYAlHMMM TEXHOJIOTiIMH BHUIOTOBJIIEHHS pOOUTH IX I1J€abHUMHU
KOMIIOHEHTaMH aBTOHOMHHMX MIKpPO- Ta HAHOCHCTEM, IO BUKOPUCTOBYIOTHCS IpH
BUTOTOBJICHHI MIKPOCXEM JJiIsi pO3pOOKM CHCTEM B HaHOEHEpreTuill. ToMy HaHOTUIACTUHH
Al/CuQO iHTEHCHUBHO BUBYAIOTHCSI MPOTATOM OCTAaHHBOTO JECATUIITTS, PO LIO CBIIYaTh PN
EKCIIEPUMEHTAIbHUX Ta TEOPETUIHUX JTOCIIIKEHBD [2].

B ymoBax BIOCKOHaJIeHHS MatepiaigiB Ta OaraToyHKIIOHAIBHUX €IEKTPOHHUX
IPUCTPOIB, B MPOIECCI BUTOTOBICHHS LIUX MaTepiaiB, HEOOX1THHUIA aOCOIIOTHUI KOHTPOJIb 32
aTOMHOIO [TOBEpXHEI0 MaTepiany. ToMy MPOrHO3yBaHHs MPOLIECY MOJIEIIOBAHHS OCAKEHHS €
CTpATETIYHO BAKJIMBHUM, OCKUTBKH, II€ MOKE IOMOMOTTH OCBOITH (POPMYBaHHS TOBEPXOHB
JOCTIIPKYBaHUX MaTeplaliB.

VY 1iit po6OTi 3aCTOCOBY€EThCS OaraTopiBHEBHM MiXix MojentoBaHHs ocakeHHs CuO
Ha noBepxHio Al(100). Hanorepmitu AICuO - eHepreTuuHi MaTepiaiy, SKi 31aTHI BUBUIBHATH
BEJIMKY KUIbKIicTh eHeprii. L{i marepiaan MoxyTh OyTH po3poOiieHi sk OararomapoBi MIIiBKU
TOBIIUHOIO HAHOMETPOM 3a JIOTIOMOTOI0 TPOIleCy OCa/pKeHHs po3mmieHHs. OpHak mig Jac
TAaKOro MpPOLECY OCAKEHHS, CIIOCTEPIra€TbCcsl YTBOPEHHS HEKOHTPOJBOBAHUX MiX(pa3HUX
nrapiB Mixk mapamu Al ta CuO BHachinok atoMHOI nudysii Ha Mexi 00ox marepianmi. Lli
MibK(]a3HI mapu moKa3aHi K Oap'epHi IapH, SKi BH3HAYaTUMYTh KIHIEBI BIIACTHUBOCTI
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MmarepiaiiB. 3 METOIO pO3pOOKH Ta BUTOTOBJICHHS MaTEPiajIiB i3 CrieiaIbHUMH BIACTHBOCTSIMH,
B)XJIMBO BMITH MPOTHa3yBaTH (popMyBaHHS HUX MDK(A3HHUX IIapiB.

JIst pOo3yMiHHS JIOKQJIBPHUX MEXaHi3MiB, 110 MPOTIKAIOTh Ha MOBEPXHI ITiJI Yac POCTY
wiiBku Al/CuQO, nmpoBeeHO TeopeTuuHe 00UMCICHHS Ha OCHOBI METOTy Teopii (hyHKITIOHATY 1
pO3paxyHKiB 3 mepmux npuHImMB. OCKUIBKM TiJ 4Yac TMepIIoro eTamy OCaJKCHHs
crnocTepiraersest nucouiatuBHa afgcopOuis CuO na Al. Mu 30cepeaniy Halry yBary Ha TaKHX
nporecax sk: audysii atomiB Cu Ha moBepxHi Al (100); B3aemonii Cu ta O Ha OBEPXHIO
IUTIBKH; MPOHUKHEHHS aToMiB Cu B IPUIIOBEPXHEBI IapH Ta TIudIIe B CyOCTpart.

B pesynmprari Hammx po3paxyHKiB mokazaHo, mo CuO 3a3Hae AUCOLIATHBHOI
xemocopO1ii Ha moBepxHi Al(100), BHacmimok yoro atomu Cu 1 O MarwTh TEHJICHIIIIO
B1JIOKpEMJTIOBATHCS OJIMH BiJl ogHOT0. OCca/PKeHHS MiIl cripusie BBeAeHHI0 Cu y IPUIIOBEpXHEBI
mapu Al, 0coGnMBO mpu KiIacTepu3aliii, o 3HIKYE Oap'ep akTUBAIl IPOHUKHEHHS.

[1] Rossi C., Zhang K., Esteve D., Alphonse P.. Tailhades P., Vahlas C. Nanoenergetic
Materials for Mems: A Review. J. Microelectromech. Syst. Vol. 16. (2007). P. 919-931.

[2] zZhu P., Shen R., Zhou X., Hu Y. Energetic Igniters Realized by Integrating Al/CuO
Reactive Multilayer Films with Cr Films. J. Appl. Phys. Vol. 110. (2011). 074513.

INTERACTION BETWEEN THE EPITAXIAL LAYERS OF
Al/CuO

O. Chernikova
Kriviy Rih National University
hmchernikova@gmail.com

In order to understand the local mechanisms that occur on the surface during the growth
of the Al/CuO film, a theoretical calculation was performed based on the method of functional
theory and first principles calculations. Dissociative CuO adsorption on Al is observed during
the first deposition stage. We have focused our attention on such processes as: diffusion of Cu
atoms on the Al (100) surface; Interactions between Cu and O on the film surface; penetration
of Cu atoms into the surface layers and deeper into the substrate.

As a result of our calculations, it is shown that CuO undergoes dissociative
chemisorption on the Al (100) surface, which causes the Cu and O atoms to tend to separate
from each other. Copper deposition promotes the introduction of Cu into the Al surface layers,
especially during clustering, which lowers the penetration activation barrier.
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OBTAINING OF ZnSxSeix NANOCRYSTALS BY SHS
METHOD

A. Kovalenko, O. Khmelenko, Y. Plakhtii, V. Slavnyi
Oles Honchar Dniprovsk National University
kovalenko.dnu@gmail.com

ZnSxSe1x solid solutions have long attracted the attention of researchers, since they are
promising materials for the creation of various micro- and optoelectronic devices: LEDs, lasers,
luminescent matrices, white light sources, photodetectors, sensors, etc. [1]. An additional
interest in these solid solutions is due to their use in optoelectronic structures in the form of
nanocrystals (NCs). In this connection, the development of promising technologies for the
synthesis of NCs is an urgent task. We used the self-propagation method of high-temperature
synthesis (SHS) to obtain ZnSxSe1x NCs. This method is characterized by several advantages:
short time of the technological process, the ability to obtain the final product in large volumes,
low cost and energy consumption per unit of production, the simplicity of the equipment used
and its environmental safety [2].

The synthesis of NCs of ZnSxSe1x solid solutions was carried out according to the
procedure described in the work [3]. The SHS reaction was initiated by a thermal pulse, which
provided a current of ~ 35 A. The image of NC particles was obtained using a REMMA-102-
02 scanning electron microscope; X-ray diffraction analysis (XRD) of the obtained NC was
carried out on a DRON-2 diffractometer using Co K, radiation (Fig. 1). EPR spectra were
studied on a Radiopan SE / X-2543 radio spectrometer (Fig. 2).
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Figure 1. Surface morphology of ZnSxSe1.x NC at x = 0 (a); X-ray data (b) of ZnSxSe1x NCs at x = 0; on
X-ray diffraction patterns, the symbol * marks the ZnSeO4 phase.

The ZnSxSe1x NC crystals obtained by SHS were a powder whose morphology is shown
in Fig. 1a. The XRD data (Fig. 1b) shows that this powder consisted of polycrystals with a
mixed crystal framework and average sizes of 1 - 5 um that in turn consisted of NC. Their
dimensions were determined by the Scherrer technique and were within 55 + 5 nm. The
minimum dimensions of the ZnSxSe1.x NC were specific to the value x = 0.2, and the maximum
for the compound x = 1. The fraction of the hexagonal phase in the ZnS NC was ~ (65 + 5)%,
the cubic phase ~ (35 £ 5)%, in the ZnSo.8Se0.2 NC — (60 £ 5)% and (40 + 5)%, in the ZnSo.8Seo.2
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NC — (50 £ 5)% and (50 £ 5)%, and in the ZnSe NC — (30 = 5)% and (70 + 5)%, respectively.
Thus, when the x parameter decreases, the fraction of the cubic phase in the ZnSxSe;.x NC
increased.The parameters of the NC crystal lattice of ZnSxSe1x solid solutions in the cubic
phase were in the range from a = 5.386 A (for x = 1) to a = 5.630 A (for x = 0). Degrees of
micrgdeformations of the ZnSxSe1x (Aa/a) NC crystal lattice lie in the range from 5-10% to
2-107°,

The EPR spectra of the ZnSxSe1.x NCs are quite complex [3]. Especially noteworthy is
the EPR spectrum of the ZnSe NC, shown in Fig. 2. The central part of the spectrum is
represented by two groups of lines with the hyperfine structure (HFS) of Mn?* ions, each of
which consists of six lines. The most intense group is characterized by g = 2.003 and the
constant HFS Ay = 62.68 Oersted. A less intense spectrum is superimposed on this group of
lines, which is characterized by the following parameters: g = 2.005 and constant HFS A, =
64.98 Oersted. Most likely, these lines of HFS of Mn?* ions belong to those paramagnetic
centers that are in the cubic and hexagonal surroundings of ZnSe NC, respectively, which is in
good agreement with the XRD data. To the left of the intense central group of lines, an EPR
spectrum is registered consisting of six low-intensity lines with spectrum parameters: g ~ 1.8
and constant HFS As = 64.91 Oersted. An EPR spectrum consisting of six low-intensity lines
with spectrum parameters: g ~ 2.4 and HFS constant A4 = 66.88 Oersted is also registered on
the right side of the central group of lines. It is possible that these EPR spectra are associated
with Mn?* ions located on the surface of NC, or in the ZnO phases (SHS synthesis was
performed in air) and ZnSeQ4. To obtain more accurate information about the location of Mn?*
ions, additional studies are needed.
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Figure 2. The EPR spectrum of the
ZnSxSe1x NC atx =0, T =300 K.
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[1] Korbutiak D. V., Kovalenko O. V., Budzuliak S. I. Light-emitting properties of quantum
dots made of semiconductor compounds A2Bs. Ukr. J. Phys. Rewievs. Vol.7. (2012). P.
48-95.

[2] Levashov E. A., Mukasyan A. S., Rogachev A. S., & Shtansky D. V. Self-propagating
high-temperature synthesis of advanced materials and coatings. International Materials
Reviews.Vol. 62. (2016).P. 203-239.

[3] Kovalenko A. V., Ye G. Plakhtii, Khmelenko O. V. The peculiarities of the properties of
ZnSxSe1x. Functional materials.Vol. 25. (2018). P.665-669.
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EJEKTPOHHI BJJACTUBOCTI MIZKIIOJIIMEPHOI'O
KOMIIVIEKCA PEDOT:PSS Y CKJIAII OPTAHO-
HEOPTAHIYHUX ®OTOBOJILTAIKIB

B. Jlo6anoB, M. Tepebincbka, O. ®@inonenko, O. Tkauyk
Incmumym ximii nosepxui im. A.A. Yyiiko
Hayionanvnoi akademii nayx Ykpainu
natbu@ukr.net

Ha nanuii yac criocrepiraerbes iICTOTHE 3pOCTAHHS YaCTKU COHSAYHOI €JIEKTpOeHeprii y
CBITOBOMY BHPOOHMIITBI eJeKTpoeHeprii. Sk mpucTpoi, IO NEepeTBOPIOIOTH EHEPTilo
COHSTYHOTO BHUIIPOMIHIOBAHHS B €JIEKTPUYHY, 3a3BUYald, 3aCTOCOBYIOTHCS HAIliBIIPOBIIHUKOBI
consyHi poroenemenT (CD). MakcumanbHa e(h)eKTUBHICTD ITEPETBOPECHHS COHSAYHOI SHEpPTii B
eJIeKTPUYHY Kpamux 3pa3kiB kpemHieBux CO cknanae 24.7%.

Henoniku kpeMHieBHX Ta 1HIMX Heopraniuaux C®, iX gocuTh 0OMEeXeHa 3JaTHICTh
BUPOOJISATH PEHTAOENIbHY €JEeKTPOCHEPTilo MiJIITOBXYIOTh J0 JOCIHIIPKEHHS BJIACTUBOCTEH
OpraHiYHUX HAMIBOPOBIAHHUKIB ((OTOBONBTAIKIB) - MOJMIMEPIB ab0 HU3BKOMOJEKYISPHUX
CHOJYK, IIO MICTSTh 3B'si3aHi JaHIIOTH aromiB Byriemio. Opraniuyni CO, sKi mpamroTs Ha
TOHKHX IUTIBKaX OpraHigHUX (OTOBONIBTAIKIB, MOKYTh OyTH JIETKO BUTOTOBJICH] 32 IOTIOMOT OO
OPOCTUX 1 MaJO BHUTPATHUX TEXHOJOIIH, HaNpUKiIag, METOJOM pYJOHHOIO JpPYKY.
BnactuBocti, mpuramanHi opranidHuM C®, M03BOISITH iX BUKOPHCTOBYBATH CKpIi3b, €
noTpiOHI MexaHi4Ha THYYKICTh, Mayja Bara 1 Benuka Iuioma. OxHUM 3  HaHOLIBII
HNEPCHEKTUBHUX MaTepiajiB COHSYHOI (POTOBOJIBTAIKM € MIKMOJEKYISIPHUM KOMIUIEKC
noni(3,4-etunenauokcutiopenr) abo PEDOT 3 nomictiponcynbdoHoBoro kucioTor ado PSS.

VY nonoBial HaBEAEHO pPe3yibTaTH KBAaHTOBO-XIMIYHUX JOCHIIKEHb CTPYKTYPHHX 1
€JIEKTPOHHUX BJacTUBOCTel iHTeprnoniMepHoro kommiaekca PEDOT:PSS, ski BukoHaHi B
TpbOX acmekTax. [lomepenHbO BHKOHYBalach ONTHUMI3allil MPOCTOPOBOI CTPYKTYpHU
MDKITOJIIMEPHOTO KOMIUIEKCa. B mojgampmioMy po3paxoBYBaBCs pO3MOIUT 3apsiay TIO
CHpsDKEHOMY JIaHIIOTy oJiiromepiB 3,4-etunenanokcutiopeny (EDOT), mo mae BupimanbHe
3HAYeHHs Ui JIEKTPOCTAaTUYHOI B3a€MOJIl, sKe 3a1ae (GopMyBaHHSA CYyNpaMoJIEKyJISIpHOi
ctpyktypu komiiekca PEDOT:PSS. I, napemiri, obuucnroBanacs MIMpPUHA €HEPreTHYHOI
e Mk HOMO 1 LUMO, sax BaxiuBuil ¢dakTtop, 10 Ja€ YSIBIEHHSA MO0
€JIEKTPONPOBIAHOCTI moyiMepHoro jdaHutora. IHupuna mimman mbk HOMO 1 LUMO
po3paxoByBajlacs OKpeMO IJisi oJuromepy 3,4-eTHJIEHIUOKCHTIOPEHY, IO CKIagaBcsi 3
nBaHaausaTu enemeHTapHux JiaHok (12EDOT) B 3apsnoBux cranax 0, +2 1 +4, 1 oniromepis
CTHPOJICYIb(POHOBOM KUCIOTH, SKi MicTHiM 2 a6o 4 MoHOMepHUX oauHuIi (2SS abo 4SS) 3
3apsioM -2 Ta -4 BinnosinHo. Kommuieke PEDOT:PSS posrisinascs B HeiiTtpansHOMY cTaHi. Bei
po3paxyHku BUKOHyBaycsi MetofoM PDF 3 oOMinHO-Kopensiiiaum pyukmionaniom B3LYP 3
BUKOpPUCTaHHAM 0azucy 6-31 G **.

Jlanwioru m-crpspkeHHs MojekyisipHux opOitaneit HOMO 1 LUMO HeliTpanbHOTO
onuromepa 12EDOT nenokanizoBaHi 1o BCiil JOBXKUHI BYTIJIelleBOro ocToBa. Pi3HuUIS eHepriit
opb6itaneit HOMO i LUMO st oniromepa 12EDOT, 3rigiHo po3paxyHKiB, CTAaHOBUTH 2,25 eB.
Jlns kommnekca 12EDOT?*:2SS% enepretuunuii 3az30p HOMO - LUMO 3menmmyetbes 10 1,09
eB, a mna xommmekca 12EDOT*:4SS* Bin nopiBmioe 0,73 eB. CucreMaTnyHe 3HMKEHHS
mpunu 3a3opy Mk HOMO 1 LUMO uiTko BKka3ye Ha Te, 1110 €J1eKTpOHHA I'yCTUHA CUCTEMU
micyis JIETYBaHHS MOXE JIETKO MiJaBaTuCs 3MiHaMm, 1, TaKMM 4YHHOM, 3a0e3Nedyroun
MiBUINEHHS EJIEKTPOIPOBITHOCTI 3 MiABUINEHHSIM CTYICHS JIETYBaHHs, IO BiAMOBigae
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eKcIepuMeHTanbHuM jganuM. Jlna kommiekca 12EDOT?*:2SS? op6urans HOMO B
OCHOBHOMY JioKajizoBaHa Ha yactuHu 12EDOT 3 HeBenumkum BHeckoM Big — SOsH rpyn
a"ioHa, Toi sik opoutaiis HOMO-1 B ocHOBHOMY JI0KaJIi30BaHa Ha aHIOHHIH yacTuni. OpOiTai
LUMO i LUMO+1 maifke noBHICTIO TOKastizoBani Ha pparmenti 12EDOT?*. [ng kommiekca
12EDOT#*:4SS* xapakrepna nokanizanis HOMO i HOMO-1 ma 12EDOT*", B Toii wac sk
He3aiiHaTi op6itami LUMO i LUMO + 1 mepeBakHO CKOHIIGHTPOBaHi Ha (parmenti 4SS*,

MogenoBaHHSIM TaKOK BCTAHOBJIEHA HASBHICTH PO3’€IHAHUX IOJISAPOHIB B JIAHIIO31
12PEDOT. IlpoTe, B CHIBHOJETOBAaHUX CHCTEMaX, TAaKHX SK MIXMOJICKYJISIPHUA KOMIUIEKC
PEDOT:PSS, OimonspoHu, IIBUAIIE 3a BCE, MPUCYTHI B SAKOCTI HOCIIB CTpymy.
ExcriepuMeHTanbHi pe3yinbTaTH, HAsBHI B JIiTEpaTypi, HE 30Iral0oThCsi TIOBHICTIO 3 JTaHUMU
TEOPETUYHHUX PO3PaxyHKiB, ajie¢ CIiJl MaM'aTaTd, W10 KBAaHTOBO-XIMIYHI JOCTiIKEHHS
MIPOBOJIATHCS 3 BUKOPUCTAHHAM Aye KopoTkoro jaHiora 12EDOT 1 6e3 ypaxyBaHHS BIUTUBY
po3unHHMKA. OTXKE, He MOXKHA OYiKYBATH, 110 YCi TEOPETHYHO OTPUMAaHI JaHi OyayTh 1/1ealIbHO
BiAMOBigaTH AociaigHuM. lIpore, pe3ynbTaTd TEOPETHYHUX PO3PAXyHKIB IMOKazand (akT
ICHyBaHHsI B3a€MOJIli MDK JBOMa MOJIIMEPaMH, II0 B KIHIIEBOMY MiJCYMKY MPU3BOJIUTH 0
YHIKQJIbHOI CTaOLIBHOCTI CTPYKTYPH TaKoi, ik MibkMouekysipaoi kommiekc PEDOT Tta PSS.

Jnst Hu3bKOro cTyneHs okucHeHHs onuromepa 12EDOT BinOyBaeThcsi yTBOpEHHS
napaMarHiTHUX noJsipoHiB. [Ipu 301bIIeHH] CTYTIEHS OKUCHEHHS MTOJIIPOHU MEPETBOPIOIOTHCS
y OINOJNSPOHU, KOKEH 3 AKHX JIOKaTi3yeThCs Ha (hparMeHTi, 10 CKIAAA€THCS 3 YOTUPHOX JIAHOK
EDOT, sikuii MOXe mepeMilaTics Y30BXK IMOJIIMEPHOTO JIAHIIOTa 32 paXxyHOK peopraHizaii
CHUCTEMH TMOABIMHUX 1 OpJMHAPHUX 3B'A3KIB.

3icTaBieHHS HASBHUX B JIITEPaTypi €KCIEPUMEHTAIbHUX PE3YAbTATIB 3 TaHUMU OJIHIET
abo0 NeKITbKOX TEOPETUYHUX MOJIENICH /T03BOJIsIE a00 OMHMCATH CIIOCTEPEKyBaHI SBUINA B
paMKax BiIOMHX Teopiid, ab0 BHUSBUTH TPOTAIMHU B YABICHHAX MIOAO MEXaHI3My
eNeKTponpoBigHocTi. Lle mae MOXIHUBICTH HAOMM3UTHCS 10 PO3YMIHHS TMPOIIECIB MEPEHOCY
3apsay B HOBUX MaTepiajiax, Kl B1I0yBarOThCS peaibHO.

ELECTRONIC PROPERTIES OF THE PEDOT:PSS
INTERPOLYMER COMPLEX IN THE COMPOSITION OF
ORGANIC-INORGANIC PHOTOVOLTAICS

V. Lobanov, M. Terebinska, O. Filonenko, O. Tkachuk
0.0. Chuiko Institute of Surface Chemistry
of National Academy of Sciences of Ukraine
natbu@ukr.net

Using the DFT method (B3LYP, 6-31 G**), quantum-chemical calculations on the
12EDOT oligomer, consisting of 12 units of 3,4-ethylenedioxythiophene in charge states 0, +2,
and +4, styrene sulfonic acid oligomers (SS) containing 2 or 4 elementary units with charges of
-2 and -4, respectively, as well as intermolecular complexes 12EDOT?":25S%* and
12EDOT*":4SS* were performed. A systematic decrease in the gap width between HOMO and
LUMO in intermolecular complexes was found compared with that in the 12EDOT oligomer,
clearly indicating an increase in their electrical conductivity with an increase in the degree of
doping. Simulation also elucidated the presence of separated polarons in the 12PEDOT chain
with small doping, while in heavily doped systems, bipolarons are most likely present as current
carriers.
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OIMPOMIHEHHS IOHAMM T'EJITIO SIK CITIOCIB
®OPMYBAHHS YIIOPSIIKOBAHUX CTPYKTYP
Y KPEMHII

I'. I'aiipap, M. Crapunk, M. IliHKOBCcbKa
Incmumym so0epnux oocnioxncenv HAH Ykpainu
gaydar@kinr.kiev.ua

ImmuanTanis 10HIB rasiB, TAKUX SK BOJCHBb, HEOH, aprOH, Teii, IPeACTaBIIsIE€ 3HAYHUN
IHTEepeC 3aBISIKH MOJMKIMBOCTI YIOPSAKOBAHOTO BBEACHHS HaHomop y kpucrtan [1]. Temiit
cilabKo po34MHSEThCS B Si. Y mporeci ONpOMIHEHHS BiH 30MpAEThCs B Ta30HANOBHEHI
BakaHciitHi komiutekcu. [Ipu mHarpiBanui Si go temmepartypu moHan 400 °C 1i KOMIUIEKCH
POCTYTB, TeIiil 3 HUX 3BUIBHSETHCS 1 3aJIMINAIOTHCS TOPOKHUHU. Taki HOPOKHUHU MAIOTh YHCTI
BHYTPIIIHI MOBEPXHI, 5IKI MOXKYTh BUTATYBATH OyIb-Ki HeOaxaH1 JOMIIIKH 3 00'eMy KpUCTala
1 ClIyryBaTd IIEHTpaMH pellakcalii HampyxkeHb y rparmi [2]. YMoBamMu OTpUMaHHS
BIIOPSAKOBAHUX CTPYKTYP B OIPOMIHEHUX KpHCTalIaX € BEIHKI (pIIroeHCH 10HIB. 3a TAKUX YMOB
MOXYTh BiIOyBaTHCS cerperauis i aHoMallbHe IEPEHECeHHS JOMIIIOK 1 1e(heKTiB.

Meta poOOTH — BCTAaHOBUTH OCOOJMBOCTI (POPMYBaHHS YHOPSAKOBAHUX CTPYKTYp Y
KpPEMHii, OIPOMiHEHOMY BEIMKUMHU (IIFOCHCAMH BUCOKOCHEPTETUYHHX 10HIB TeIif0.

JlocmiKEeHO KPUCTAIM KPEMHII0, BUPOIIEHI MeToA0M YoXpaibChKOTrO Ta OMPOMIHEHI
ionamu remiro 3 eHeprieio 27,2 MeB ¢umoencamu 10°-10Y cm? npu BapiroBanHi mineHOCTI
cTpyMy Iyuka B giamazoni 0,25-1,0 MKA/cM2. 3pa3ku mijg yac ONMPOMIHEHHS OXOJOKYBaH
IPOTIYHOIO BOJAOIO 1 X TeMIiepaTypa rnpu nupomy He nepesuirysaia 100 °C.

Pentreniscpka Tomorpadis ompomiHeHOro 3paska Si, 3HATa michas uutidyBaHHS i
XIMIYHOTO TOJIpyBaHHS MOBEPXHI, IOKa3zaja 3Ha4yHI MOPYILIEHHS CTPYKTYpH B 00JacTi
rajpMyBaHHS 10HIB Ha TiuOuHI OGmm3bko 360 mxm. Ha wmikpodororpadisx mosepxHi Si,
OTPUMAHUX 3a JIONOMOIOI0 pAacTpoOBOi EJNEKTPOHHOI MIKPOCKOMII MicCis ONpPOMIHEHHS
dmoencom 10Y ¢cM? npu 3MmiHi WINBHOCTI CTpyMy Tydka ioHiB y miamasoHi 0,25—
0,45 MxA/cM?,  BrOpAnKOBaHI CTPYKTypu fAeeKTiB y BUITIAAI JTiHIA  HampyKeHb,
NEePIEHINKYIAPHUX HAIMPSIMKY CTPYMYy 10HHOTO Iydka, OyJlo BHJIHO K B 001acTi mpooiry
10HIB, TaK 1 3a JiHI€IO ranbMyBaHHs (edekT nanekonii). BcranoBieHo, mo ¢opMyBaHHS
BIIOPSAKOBAHOI J€(PEKTHOI CTPYKTYPH IPU ONPOMIHEHHI Si BUCOKOEHEPIeTUYHUMH 10HAMU €
YYTJIMBUM JI0 IHTEHCUBHOCTI 10HHOTO ITyYKa.

3i 36iTbIIEHHSM ITITBHOCTI CTPYMy IydKa iOHIB reifo 10 1 MKA/cM? MiHii HalpyKeHb
3'IBISUIMCSA TIABKU B 007acTi Mpobiry ioHiB. EQexT nanekoii 3a HuX yMOB HE CIIOCTEPIraBcsl.
KinpkicTh diHIM HanmpykeHb B 00jacTi mpoOIry 10HIB BH3Hayayacs, WMOBIPHO, PO3IOALIOM
TEeMIIepaTypu 3a ONPOMiIHIOBAHOIO MOBEPXHEIO, 3MEHIITYIOUHCh BiJI IIGHTPY /10 Kpalo 3pa3Ka, Je
0yJ0 MakcUMallbHE OXOJOJDKEHHsS. Pe3ynbratu meranorpadiuHoro JOCHiKeHHS 3pa3ka Si,
ompomineHoro dmoercom 10 cM2 mpu minkHOCTI CTpyMy ioHHOTO myuka 1 MKA/cMm?, micns
BHUOIPKOBOTO MPOTPABIIIOBAHHS MOKAa3ajH, 10 00JIaCTh TajlbMYyBAaHHS 10HIB TeJII0 € CHUIBHO
MOILIKO/DKEHOI 007acTio Si, sKa CKJIAJae€ThCsl 3 TMOPOXKHUH PI3HUX pPO3MIpiB 1 (opm,
BUTPABJICHUX SK CYHUIBHHH map W y BUIJIAAI OKpemux kiactepiB (puc. 1). IIporpaBnena
rajJpMiBHA JIiHIS HE OJHAKOBa MO IIMPHHI: Ha Kparo ONMPOMIHEHOi O0JIacTi rajJbMiBHA JiHISA
BY’)KUa, HIK y IEHTp1. Y 6e3nocepeiHiii OJU3bKOCTI B HET ciocTepiranucs OKpeMi JUCIoKallii,
JMCIIOKAIIMHI MeTJi 1 MOPOKHUHU. MakcuMmanbHa IIUPHUHA JiHII — B IEHTPI ONPOMIHEHOI
o0nacti (651136K0 90 MKM).

MixkpocgoTtorpadii obxacti npodiry i cMyru raJibMyBaHHS 10HIB reqito y Si, oTpuMaHi
3a JIONOMOIOI0 PacTPOBOIO €JIEKTPOHHOTO MIKPOCKOIA, MOKa3ald, L0 CTPYKTypa oOjacTi
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npo6iry Oyia He MOHOKPHUCTAIIYHOIO, a (pparMEeHTapHOIO 1 MaJla CyKYyIHICTh BIOPSAKOBAaHUX
JHIA HaNpY>XeHb, MOB'A3aHUX 13 IeeKTaMu, NMapajebHUX CMY31 TaJibMyBaHHs 1 10HIB remito

(puc. 2).

I

Puc. 2. PacTtpoBa ejrekTponHa mikpodotorpadis
noBepxHi Si mic1s onpomMiHeHHA NpH WiNbHOCTI
cTpyMy ionHoro myuka 1 MmxA/em?: 1 — cmyra
rajJilbMyBaHHs ioHiB; I — 0061acTh npodiry; 11 —
00J1aCcTh 32 cCMYTO0I0 rajJbMyBaHHA. CTpinkoro
BKa3aHO HanpsM onpoMiHeHHs. Ha BcraBui —
CTPYKTYpAa ALIAHKHU 00J1acTi mpodiry

Puc. 1. Mikpodororpadis BubipkosBoro
TpaBJieHHs (Y LeHTPpi 00J1acTi onpoMiHeHH)
nicjist onpoMineHHs Si: 1 — cMyra ranibMyBaHHS
ioniB. CTpinKo10 BKa3aHO HANIPSAM ONPOMiHEHHS.
Ha BcTaBni — cTpykTYypa AiNAHKH rajabMiBHOI
cmyru 1

[1] Vishnyakov V.M., Donnelly S.E., Carter G. The influence of impurities on the growth of
helium-induced cavities in silicon. J. Appl. Phys. V. 94, No. 1. (2003). P. 238-244.

[2] Kogler R., Peeva A., Werner P., Skorupa W., Gosele U. Gettering centres in high-energy
ion-implanted silicon investigated by point defect recombination. Nucl. Instrum. Methods
Phys. Res. B. V. 175-177. (2001). P. 340-344.

IRRADIATION WITH HELIUM IONS AS A METHOD OF
FORMING THE ORDERED STRUCTURES IN SILICON

G. Gaidar, M. Starchyk, M. Pinkovska
Institute for Nuclear Research of the NAS of Ukraine
gaydar@kinr.kiev.ua

The comprehensive studies of the action of high-energy helium ions on Si crystals
showed that in the case of prolonged irradiation with a large energy release, a large number of
defects accumulate in a thin layer of a crystal. The areas of disordering that arose during the
previous stages of irradiation are overlapped. As a result of the interaction of defects, a violation
of the initial crystal structure occurs, and new conditions of defect formation arise. The process
of defect formation passes through a stage of radiation-stimulated structural ordering (in the
form of stress lines perpendicular to the direction of the current of the ion beam). Accordingly,
the electrophysical, structural, and optical properties of the irradiated crystals are modified.

The metallographic studies of the structure of irradiated Si, which reveal the distribution
of defects along the direction of irradiation, indicate that, although the highest voltages of the
Si lattice are observed in the braking region of ions (as provided by the theory of interaction of
radiation with a crystal), for large fluences, the layered distribution of stresses are observed in
the ion pass region and beyond the band of their braking. It was established that the effect of
structural ordering of defects in Si depends on the ion current density (irradiation intensity) and
occurs at low beam current densities, that is, at lower irradiation temperatures.
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BU3HAYEHHS 3A JAHUMHU IMITYIbCHUX
BUITPOBYBAHD JITHIMHOI'O OHIOPY, 11O OBMEZKYE
CTPYM BAPBH’€EPIB BAPUCTOPHUX MATEPIAJIIB

P. JIaBpos, O. IBoH
Jninpoecoxuii Hayionanvruti ynieepcumem imeni Onecs I onuapa
aii_vel93@i.ua

Kepamiuni BapucTopHi MaTepiasii Ha OCHOBI okcuaiB IuHKy ZnO 1 osoBa SnO:
BUKOPUCTOBYIOTh Y BHUPOOHHMLTBI BapucTOpiB. OCOONMBICTIO IUX MaTepialiB € BHCOKa
HENHIAHICTh BoNbTaMIepHOi xapakTepucTukd (BAX), mo [103BoJisi€ 3acTOCOBYBATH
BapHCTOPH HA iX OCHOBI JUISl 3aXUCTY €JIEKTPOHHOTO Ta €JICKTPOTEXHIYHOro 0OJaHAHHS BiJl
nepeHarnpyru. Bucoka HeniniiiHicTs BAX BapucTopHHX MaTepiaiiB 00yMOBIIEHA MOABIHHUMU
eHepreTuuHuMu Oap’epamu llloTTku, siki hopMyroThcs Ha KOHTakTI 3epeH ZNO 1 SnO2 npu
CHHTE31 KepaMiku. B 00macTi CHIIBHUX ENEKTPUYHHX CTPYMIB CIOCTEPITraeThCsl 3HIKCHHS
koedimienty HeniniitHocTi BAX 13 3pocTanHsMm ctpymy. Taka nmoBeninka 00yMOBJIeHA TUM, IO
OITip MPHUIIOBEPXHEBHX MIAPIB 3epeH, JA¢ Jokami3oBaHi 6ap’epu III0TTKH, cTae MOPIBHSIHUM 3
TiHIAHUM 00’ €MHUM OomopoM 3epeH. OCKUIbKY 11i OMOpU YBIMKHEHI MOCIIOBHO, 3HM)KCHHS
koediuieHTy HemiHiiiHocTi BAX B 005acTi CHJIBHHX ENEKTPUYHHX CTPYMIB € HACIiIKOM
0OMeXEeHHS CTPYMY Kpi3b MIX3epeHH1 0ap’€pu JiHIHHUM OMOPOM 3€PEH.

B naniit pobotu npencTaBieHO 0OTpYHTYBaHHS METOMY, SIKUH 32 JaHUMHU IMITYJIbCHUX
BUNIPOOYBaHb JJO3BOJISIE BUMIPATH, IPH OyAb AKii T'YCTHHI CHJIIBHOTO CTpyMY J, e(eKTUBHUIA
OUTOMUNA JHIAHUA omip i, 0 0OMeXye CcTpyM Mbk3epeHHUx Oap’epiB IloTTku
BapUCTOPHHUX MaTepiaib.

Meton BukopuctoBye BAX, BUMIpsiHY B 00JaCT1 CHJIBHUX €JIEKTPUYHUX CTPYMIB Ha
MOOJMHOKHX IMITYJIbCAaxX HaIpPYyTH, SIK1 HE BUKJIMKAIOTh HAarpiBaHHs 3pa3ka kepamiku. Taka BAX
B MUTOMHX mapamerpax, sk ¢ynkuis E=f(J) (E — mampyxeHicte enekrpudHoro mois, J —
I'YCTHHA CTPyMY), CXeMaTHYHO MOKa3aHa Ha puc. 1.

E

E}
E;®

J

J,
AJ

Puc. 1. CxemaTn4He 300pakeHHsI BOJbTAMIIEPHOI XapaKTePUCTHKH
BAPHCTOPHOI KepaMiKH B 00J1aCTi CHIbHUX eJIEKTPUYHHUX CTPYMiB

Meton Oa3yeTbcsi Ha MOJENl MPOTIKAHHS CWJIBHHUX €JIEKTPUYHUX CTPYMIB Y
BapHUCTOPHIN Kepamilli, SIka BpaXxOBY€e HEBIOPSIKOBAHICTb, IOB’S3aHY 3 PO3KHIOM PO3MIpIB
3epeH 1 BUCOT eHepreTuyHuX Oap’epiB [1]. 3rigHo wii Mojaeni CTpyM HEPIBHOMIPHO MPOTIKa€e
yepe3 MOoNepeyHHil mepepi3 3pa3ka BapUCTOPHOro Matepiany. BiH nokami3yeTbes y muisxax
cTpyMy. Taki NUISAXH ABISAIOTH COOOIO JIAHIIOT MTOCIIITIOBHO YBIMKHEHHX JIIHINHUX OTIOPIB 3€peH
1 HeNHIMHUX OMNOpIB MPHUIIOBEPXHEBUX WIAPIB 3€PEH, i€ pO3TallOBaHI MOABIIHI Oap’epu
[HoTTku. OOMexeHHs cTpyMy 0ap’€piB y TaKOMY JIAHLIOTY, YBIMKHEHOMY MIX €JIeKTpOAaMH
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3pa3ka, IMOYMHAETHCS, KOJIM BCi Oap’eépu B HBOMY MEPEXOISITh y PEKUM 3BOPOTHOTO
€JIEKTPUYIHOTO MPOOOI0 (36HEPOBCHKOTO a00 JAaBUHHOTO). Taki NUISIXH CTPYMY MarOTh Majlui
€JICKTPUYHUI OIip 1 IIYHTYIOTh 1HIII HUISXH, SIKI MICTSATh X04a OM OJIMH HE MpoOUTHi 6ap’ep.
B oOnacti CHMIBHHX ~ENEKTPUYHHUX CTPYMIB JIOMIHYIOUMH BKJIaJ y  HENIHIAHY
EJIIEKTPONPOBITHICTH Oap’epiB Mae TaBUHHUMN Tpo0Oiid. [e mae cenc mpuiHATH, 110 HAa KOXKHOMY
0ap’epi Ha NUIAXY CTPYMY MAJA€ HAIPYTa, sIka CJ1a0KO 3aJIeKUTh BiJ CTPyMY 1 J0piBHIOE Egle
(Eg — mmmprHa 3a00pOHEHOT 30HU 3€pHA, € — 3apsi elieKTpoHa). ToIi, SIKIIOo 10 3pa3Ka KepaMiKu
npukiagaeHa Hanpyra U, a cTpyMm j-Toro nuisxy aopiBHioe lj To
Y, NE
U=1;> R+—2-=2, 1)
1 e
ne Ri — omip I-Toro 3epHa Ha Xy crpymy, Nj — KUIbKicTh Oap’€epiB Ha J-TOMY LUISAXY.
BukonaBmu cymyBanHsi mpaBoi i JiBoi yactuH (1) mo BciM K MOXIMBHM mHuIsixam

CTpyMy, TIpH CTpyMi dYepe3 3pa3ok |, Ta mepemmoBIM 0 MUTOMHUX IapaMeTpiB, MOXKHA
oTpuMaTH BUpa3 st BAX BapucTopHOT KepaMiKi B 00JIaCTi CHIIBHUX €IEKTPUYHUX CTPYMIB:

E = Join + Eo, (2

N.
S 1 . o .
e Plin = EEZ Ri — e(beKTI/IBHI/II/I IMTOMMH JIIHIMHUM OIIIp, IO 06Me>1<y€ CTpyM 6ap €p1B
i=1

npu ryctuHi ctpymy 3paska J = I/S (S — mroma enexktponis, L — TtoBmuHa 3paska); Eo =
Eg/(eLb). 3nauenns Ly Mae ceHc cepeqHbOl BiJICTaHI MK Oap’epamMul y IUIIXax CTPYMY 3pa3Ka
BapUCTOPHOI KEPaMiKH NP MUTOMOMY cTpyMi J. LIt BiicTaHb BU3HAYAETHCS SIK

-1
1 K
L=t L3N,
J=1

I3 cniiBBigHOIIEHHS (2) BUIUIMBAE, 1110 MTUTOMUI JIHIHHUM OIip, SIKUH 0OMeXye CTpyM
6ap’epiB BapUCTOPHOI KepaMiKH MU Oyab SKil TYCTHHI CUJIBHOTO CTpYMY J, MOKHA 3HAWUTH 3a
HaXWJIOM JIOTUYHOI poBeaeHoi B Toulli BAX, mo Bignosigae ctpymy J (puc. 1), sik

Pin = AEIAJ. (3)

BukoHaBIIN eKCTPanosLiio JOTHYHOI 10 IEPETHHY 3 BicCl0 HAaNpyru E, MoxkHa 3HaiTH
3Ha4yeHHs Eo, Ha MiCTaBi SIKOTO MOXKHA PO3paxyBaTu CEepeHIO BifcTaHb Lp Mixk Oap’epamu y
IUIAXaX CTPYMY IPH FYCTHHI cTpyMy J uepe3 3pa3ok kepamiku, sik Ly = Eg/(eEo).

[1] VojtaA., Wen Q., Clarke D. R. Influence of microstructural disorder on the current transport
behavior of varistor ceramics / Comp. Mater. Sci.— 1996. — Vol. 6, Ne 1. — P. 51-62.

DETERMINATION BY DATA OF PULSE TESTS THE
LINEAR RESISTANCE LIMITING THE BARRIERS
CURRENT IN VARISTOR MATERIALS

R. Lavrov, A. lvon
Oles Honchar Dnipro National University
aii_vel93@i.ua

Method for determination of the effective linear resistivity piin, limiting the current of
intergranular barriers in varistor materials is described. The value of piin is determined from the
volt-ampere characteristic obtained by pulse tests in the region of high electric currents.
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ELECTRICAL PROPERTIES OF HIGHLY POROUS
CONDUCTIVE CARBON FILMS

N. Pavlusyak?, Yu. Gomeniuk?, O. Slobodian?, O. Gudymenko?,

A. Rusavsky?, A. Vasin?, A. Nazarov!?
National Technical University of Ukraine “Igor Sikorsky KPI”
2L ashkaryov Institute of Semiconductor Physics NAS of Ukraine

nazarov@lab15.kiev.ua

Porous carbon films are very attractive for different applications such as catalysis,
energy storage, purification of gases and liquids and chemical gas sensors. In case of biomedical
electron devices and chemical sensors based on electrical resistance response a carbon material
has to be both highly porous and highly electrical conductive. In paper [1] method named as
magnetron plasma enhanced chemical vapor deposition (MPECVD) was demonstrated for
fabrication of highly porous carbon film from methane gas decomposition with subsequent high
temperature annealing for graphitization. However high temperature annealing resulted in
increasing of the material density and resistivity reached of several kOhmx>cm that demanded
special measurement equipment for employment the carbon film as resistive gas sensor. In
present work to form porous graphitic carbon film a decomposition of acetylene (C2H>) gas and
very low RF power in MPECVD technique were used for enhancement both porosity and
graphitization.

Using X-ray reflectivity method it was obtained that thermal annealing in N2 atmosphere
at 650°C for carbon films deposited at low RF power always resulted in reduction of material
density for all used acetylene concentration. Whereas for the carbon films deposited at increased
RF power at small acetylene concentration the annealing led to increase of the material density
(as in case presented in [1]), but at high acetylene concentration — to decrease of the material
density. Comparing the density of our carbon films with the value for tetahedral amorphous
carbon (ta-C: 3.26 g/cm®) and graphite (2.26 g/cm®) we can estimate porosity of the film ®(%)
using following simple equation: ®(%) = [1 — (pm/pc)] (%), where pc is the density of the
reference material. Obtained porosity of our graphitized material is about 55% that considerable
higher than was obtained in paper [1] (about 34%).

Resistivity of our graphitized carbon films, measured by four point probes method,
reached values about 200 Ohmxcm that is on order of value lower than in case presented in
paper [1]. It should be noted that high porosity results in increased values of electrical
resistivity, and there is an optimal value of porosity (about 45%) which shows minimal value
of resistivity about 100 Ohmxcm. Temperature dependence of electrical conductivity of our
porous carbon film demonstrates the Mott’s law of T-Y* that corresponds to the variable-range
hopping (VRH) process via the localized states at Fermi level. Frequency dependence of

conductivity of the samples can be presented by power low G=AwS with s<1 that can be also
associated with VRH conductance through the random network of hopping sites. A detailed
analysis of the dependence of charge transport on porosity was carried out.

[1] Slobodian O.M., Rusavsky A.V., Vasin AV., Khyzhun O.Yu., Gudymenko O.1.,
Kladko V.P.,  Nikolenko A.S., Tsykaniuk B.l., Lytvyn P.M., Gomeniuk Yu.V.,
Fesenko O.M., Nazarov A.N. Highly Porous Carbon Films Fabricated by Magnetron
Plasma Enhanced Chemical Vapor Deposition: Structure, Properties and Implementation.
Applied Surface Science. Vol. 496. (2019). P. 143735.
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METACTABIVIbBHI CTAHH B IIVIIBKAX HA OCHOBI
CUCTEMMU Fe-Ag OTPUMAHUX 'APTYBAHHSAM 3 ITAPU

O. Bepec, C. Psaoues, T. Konuisak, B. bames,

A. Kyminepsbos, C. Ilonos, FO. IloranoBu4
Jninpoecoxuii Hayionanvhuti ynieepcumem imeni Onecs I onuapa
e-mail: siryabts@gmail.com

VY piBHOBaXHOMY CTaHI 3ai30 3 CpiOJOM HE 3MIIIYIOTHCS HaBiTH B PIIKOMY CTaHi.
OpmHak s 3a113a 1 IUIATUHM, TUIATUHH 1 ¢pibJia iICHYI0Th pIBHOBaXHI iarpamu cTany. OCKUTbKH
3al1i30 € (epoMarHeTUKOM, Cpibjio — AlaMarHeTHK, IUIATHHA - MApaMarHeTUK, OTPUMAaHHS 1
JOCIIJKeHHs (PI3MYHMX BJIIACTHBOCTEH ITUTIBOK HA X OCHOBI MPE/ICTABIISAE 3HAYHUNA HAYKOBHH 1
NpaKTUYHUHN THTEpecC.

[TniBku FePt BONOIIIOTH BETUKOIO €HEPTi€l0 MAarHITOKPHCTAIIYHOI aHi30TpOIii, 0
MoOke OyTH BHUKOPUCTAHO ISl pO3pOOKH Ha iX OCHOBI HOCIiB iH(opMallii 3 BUCOKOIIITILHIUM
MarHiTHUM 3anucoM [1]. OTpumaHi pe3yibTaTH € NPOJOBKEHHSIM JOCIHIIKEHb BIUIUBY
HEPO3YMHHUX B PIKOMY CTaHi JliaMarHiTHUX JOMIIIOK Ha CTPYKTYpY 1 (i3W4HI BIACTUBOCTI
IIBHM/IKO OXOJIO/PKEHOTO0 3aii3a [2-5]. B po6oTi A0CIiIKEeHO BILIUBY METOTY BUCOKOYACTOTHOTO
ioHHO-IITa3MoBoro po3nmieHHs (BUIIIP) i MmeToxy MoaepHi30BaHOTO TPUEIEKTPOTHOTO I0HHO-
wiazmoBoro posnuieHHs (MTIIP) HaGipHOi MillIeHi Ha CTPYKTYPY Ta BIIACTUBOCTI HATUIICHUX
wiiBok Fe-Ag-Pt [6].

Ocamxenns maiBok ToBIMKUHOW 300-350 HM 311iCHIOBATIOCH HA MOIIPOBaHI MIKIAIKN
3 cutairy CT-32 abo Ha cBixkuii Binkon moHokpuctaiga NaCl B armocdepi Ar mpu THCKY
~133 mIla y MeToJli BUCOKOYACTOTHOTO 10HHO-IIa3MOBOTO po3nwieHHs ~133-53,3 mlla y
METO/Ii MOJIEPHI30BaHOTO TPUEIEKTPOTHOTO 10HHO-TUIA3MOBOTO PO3ITUIICHHS.

B pe3ynbTati enekTpoHOrpadiuHOro i peHTTeHOCTPYKTYPHOTO aHaji3y BCTAHOBIIEHO,
110 y 1IOMHO HanmuieHux IutiBkax Fe- 21 at1.% Ag- 10 at.% Pt yrBOproerbcs amopdHa dasa.
Po3mip o6nacti korepentHoro po3citoBanHs (OKP) amopdHoi dasu, sxka oTpumMana MeTo0M
MOJICPHI30BAaHOTO TPHUEJIEKTPOIHOTO 10HHO-TIJIA3MOBOT'O PO3MUJIEHHS, 3pocTae Bia 1,6 HM 10
2,5 HM 31 3MEHIICHHSM PO3paxOBaHHUX 3HAYCHb CHEPTii aTOMiB, IO Oca/KyIOThCs ,Big ~ 100
eB 1o ~ 20 eB.

AmopodHna ¢aza B miiBkax Fe-Ag-Pt, oTpumMaHux MeTOJJOM BUCOKOYACTOTHOT'O 10HHO-
IJIa3MOBOTO PO3NMIEHHS, XapakTepu3yeTbest OKP ~ 2,5 um.

Tepmiuny crabinpHicTh amoppHuX MIiBOK Fe-Ag-Pt omiHroBanu 3a pe3yiabTaTaMu
BU3HAYCHHS 3MIHU €JICKTPOOTIOPY I Yac HelepepBHOro HarpiBy y Bakyywmi (~13 mlla) 31
mBuakictio 18 K/min.

BukopucToByroun OTpUMaHy 3aJIeXKHICTb, JOCTIIKYBAIU CTPYKTYpY Ta BIacTUBOCTI
IUTIBKH TICIs Bifnany. 3alexHICTh €JIeKTPOONopy BiJl TeMIepaTypH MOKa3ye, 1o amopdHa
wriBka Fe-Ag-Pt crabinpna mo 550-630 K. Tak y miamazoni Ttemmepatyp 290 —550 K
CIIOCTEPIraeThCsl 3BOPOTHA 3MiHA €JIEKTPOONOPY ILTIBKH, sika oTpuMana MetogoM BUIIIP, mio
BKa3ye Ha BIJACYTHICTh (ha3oBUX mepeTBopeHb. [Ipu migsumienHi temneparypu Bix 530 K no
910 K He3BOpOTHE 3MEHIIECHHS €JIEKTPOOINOpY CBITUUTH MPO Te, IO CTPYKTypa IUTIBKU
3MIHIOETHCSL.

VY muiBKax, SKi OTpPUMaHi METOJOM MOJEPHI30BAHOTO TPUEIEKTPOJHOIO 10HHO-
TJIa3MOBOTO PO3MUJICHHS TeMIiepatypa posnanay amopdHoi ¢a3u 3poctae Bix 630 K g0 660 K
IPU 3pOCTaHHI PO3PaXxOBaHUX 3HAUYEHb €HEprii aToMmiB, IO OCaKYIOThes, Bl ~ 20 eB 1o
~ 100 eB.
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MarniTHi BIaCTHBOCTI IUIIBOK JOCTI/KYBaJIM 3a JIOTIOMOTOIO BiOpOMarHiromeTpa.
BuMiproBaHHs IPOBOAMIIMCA HA IIOHHOHAMUIICHUX 1 TEPMOOOPOOICHHX 3pa3Kax MpHU HAIPAMI
30BHINIHBOTO MO mapajienbHo (||) 1 mepneHaukyasapHo (L) mmomuHu 1iiBKU. PesynbTaTn
aHali3zy KpHUBHMX HaMarHiuyBaHHs-po3MarHidyBaHHS IUTiBOK Fe-Ag-Pt mokasyioTs, 110
TepMOOOpOOKa IITIBOK MPU3BOAUTH JI0 3POCTAHHS KOSPUUTUBHOI ¢k Bix 1 kKA/M 10 12 kA/M.
s utiBok Fe-Ag-Pt y moitHoHanmiIeHOMy CTaHi KPUBI TCTEPE3UCY CIIOCTEPIralOThCs TIIbKH
IpY 30BHIIIHHOMY MarHiTHOMY I10JIi, TTapaJIeIbHOMY IJIOUIMHI TUTiBKH. [licast TepMooOpoOKu
KPHUBI TICTEPE3UCYy CIOCTEPIraloThCs MPH HAMpPsMi 30BHIITHBOTO IO K MapajeabHO, TaK i
NEPIEHANKYIISAPHO TIUIONIMHI ITUTIBKM. BCTaHOBJIEHO, IO KOEPIMTHUBHA CWJIA TIPU IO,
NEPICHIUKYIIIPHOMY TUIONIMHI TUTIBKH, Habarato Ounblie, HiX TMpU MapalelbHOMY MO, 1
ckitazae ~95 kA/Mm.

[1] C. Brombacher, Chemnitz University of Technology, Faculty of Natural Science, 2010, P.—
3-6.

[2] Ryabtsev S.1. The Physics of Metals and Metallography vol. 108, N3, (2009), P. 226-231/

[3] Ryabtsev S., Gusevik P., Bashev V., Dotsenko F. Journal of Materials Science and
Engineering A & B, Volume 2, Number 9A, (2012), P.648-653

[4] Touboltsev V., Raisanen J., Kolodyazhnaya M. J.Appl.Phys. V. 92, N 2, (2002). P. 895-
901.

[5] Jen-Hwa Hsu, Lee J.T., Ching-Ray Chang, Lin M.T. Journal of Magnetism and Magnetic
Materials. - V. 226 (2001).. - P.502-504.

[6] Dotsenko F. F., Bashev V. F., Ryabtsev S. I., Korchak A. S. Physics of Metals and
Metallography vol. 110, No. 3: (2010), P. 223-228.

METASTABLE STATES IN FILMS BASED ON THE Fe-Ag
SYSTEM OBTAINED BY QUENCHING FROM VAPOR
STATE

O. Veres, S. Ryabtsev, T. Koshlyak, V. Bashev,

A. Kushnerov, S. Popov, Yu. Potapovich
Oles Honchar Dnieper National University
e-mail: siryabts@gmail.com

The method of high-frequency ion-plasma sputtering and method of modernized ion-
plasma sputtering produced metastable states, including amorphous phases in films of Fe-Ag-
Pt alloys whose components do not mixed in the liquid state. The periods of the crystal lattices
and the dimensions of the crystallites of the nonequilibrium phases in the fresh-sputtered state
and after the heating are determined. The temperatures of the beginning and the end of the
decomposition of metastable phases are established when heated at a constant rate. The electric
and hysteretic magnetic properties of films in freshly dusted and thermally processed states are
measured. The compositions and conditions for obtaining films with low values of the
temperature coefficient of electrical resistivity and coercive force (Hc ~95 kA/m) are
established. Such films can be promising for use as thin-film precision resistors and magnetic
information carriers with an increased recording density.
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MNOPIBHSIHHA IHTEPKAJIALII ATOMIB Na TA Li B AHO/I
AKYMVYJIATOPA, BUKOHAHOI'O I3 SnSz: PO3PAXYHKM 13
HEPHIUX ITPUHIIUIIIB

P. bana6aii, 1. Oaiitnuk, FO. Ilpuxoxa
Kpueopizvkuii 0eparcasnuii nedacociunuil ynisepcumem
balabai@i.ua, prihozhaya.yuliya93@gmail.com

CporonmHi miTii-iOHHI aKyMyJISTOPH € TMPOBIJHOIO CHCTEMOIO HAKONMUYEHHS Ta
30epiraHHs €Heprii, ajie HeI0CTaTHS KUIBKICTh Y IPUPO/IL JITIEBUX PECYPCIB, iX TOKCHYHICTH Ta
BHCOKa BApTICTh MOTpeOy€e MONIYKY HOBHUX MarepialiB. AJIbTEPHATHBHOIO 3aMIHOIO JIITiH-
10HHHMX aKyMYJISITOPIB € HATPil-10HHI, III0 MAIOTh AHAJIOTIYHY EIEKTPOXIMIUHY MOBEIIHKY.

[IpoTsirom ocTaHHBOTO Yacy rpadiT BBa)KaBCS HaWKpaIlUM aHOTHHM MaTepiajioM Jis
TTiA-10HHUX aKyMmymsTopiB. OfHak, Takuid Marepial BHSIBUBCS Hee(DEKTHUBHHUM JJIsi HATPIiii-
I0HHUX aKyMYJIITOPIB, aJKe pajaiyc ioHa Na Oinbiuii 3a paaiyc Li, 1110 npu3BOAUTS 10 HU3HKOT
TEOPETHYHOI EMHOCTI Marepiany. XalbKOTeHi U 3 MIapyBaTO CTPYKTYPOIO MAlOTh BEIMKHIA
MOTEHIIIA] B SKOCTI BUKOPUCTAHHS TAKUX MaTepialliB JjIs aHOMY 10HHUX Oarapeil. 3okpema,
SnS; Mae Taky KpucTanigyHy OyZ0BY, 110 B MeXaX aTOMHHUX IUIOIIMH ICHYE CUIIbHE KOBAJICHTHE
34YCIUICHHSI, @ MK IIapamu BinOyBaroTbes cliaOki Ban-nmep-Baanbcori B3aemognii. [llapyBara
CTPYKTypa SNS2 MICTUTh JOCTATHHO BEIHMKI OOCSTH Ui PyXy iHTepKaJIbOBaHUX aroMiB Li Ta

Na, 1110 Moxe 3a0e3meunTH BUCOKY EMHICTh aHoaHOro Matepiany [1]. Omxke, BuHHKae morpeba

y JIOCHIJKEHHI BUCOKOC(PEKTUBHUX EIEKTPOJHUX MaTepialliB JIs HATpiA-IOHHUX Ta JITiH-
10HHUX OaTapei.

VY naniii po0OoTi pe3ynbTaTH OOYMCIIOBAIBHOTO EKCIEPUMEHTY OTpPUMaHO 32
JIOTIOMOTOI0  aBTOPCHKOT'O TMPOTPAMHOTO KOAY [2], B OCHOBiI SIKOTO TMOKJIAIEHO METO]
(GyHKIIOHATY €JeKTPOHHOI TYCTHHU Ta TICEBAOMOTEHINA] 13 NEepmUX NpuHOUMB [3].
OTpuMaHO HPOCTOPOBI PO3MOIIIN I'YCTUHH BaJCHTHUX ENEKTPOHIB Ta iX mepetuHu (puc. 1),
MIOBHY €HEPTil0 aTOMHOI CHCTEMH €JIEKTPOy, eHepreTHyHi 0ap’epu mirpariii aromiB Na Ta Li
B MDKIIAPOBOMY MpOILIApKYy aHOAY aKyMyJsTOpa, BHMKOHAHOro 13 SNSy mpu pi3Hii
HaroBHEHOCTI oro aromamu Na ta Li.

Y11 AR DORA SRRA B00% BONS 11Tmiii)
BRRS BO00 BERD Ra0s mo 111 'lud 111

L1 E INNNH GO00) RO0R) Bads ATLIR ALY

ALl BORE RN ha0% RA0N haAn Taan

0!00 BANR BRI IRRD I RN AN BRENI SONTS
GOOD D00 BOOE BO00 000 hove 00N W

BORR BURRIRRRRIIORRI RORR 000 RRRA 100N
SO0 DR DOSE U0 RS0 A000 BRN0 (R0eN

Puc. 1. Ilepepizu (110) mpocTopoBUX PpoO3NOALTIB IyCTMHH BajJeHTHMX €JEeKTPOHIB Yy MeKax
KOMIipKH, aTOMHU 623K c K0T MOEII€E ABA Oiapu SNSy, 3 iIHTEPKAJIHLOBAHUMH Y MIZKIIAPOBHIA POLIAPOK
SnS; aromis Na (Bepxwiii psix) Ta Li (HuskHiii psix) npu HanmoBHeHocTi npomapky Bix 12,5% xo 100%
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BcranoBneno, mo pyx atomiB Na Ta Li B MiXKIIapoBoMy pOCTOPi aHOJAHOTO MaTepiaiy
CYIIPOBOJIKYBABCS JIOJAHHAM €HEPreTUYHHUX Oap’€piB, BEMUMHA SKUX 3ajexalia BiJl CTyIeHS
HAIOBHIOBAHOCTI Mpomapky SNSz atomamu Mertany. Bu3HaueHo onTuMaibHYy HAallOBHEHICTh
npomapky SnS; atomamu Na ta Li B 75% (puc.2), npu skiii pyx aromiB Na Tta Li
CYIPOBO/IXKYBABCSI HAMEHIIIMMH €HEPTeTHYHUMH 3aTPaTaMu.
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Puc. 2. 3ajie)KHOCTI BeJIMYNHH €HEPreTHYHOro 0ap’epy Bix HaNOBHEHOCTI MDKIIAPOBOIro
npomapky SnS; aromamu Li a6o Na.

[1] R. Schmuch, R. Wagner, G. Horpel, T. Placke, M. Winter, Performance and cost of
materials for lithium-based rechargeable automotive batteries, Nat. Energy, 3 (2018) 267.

[2] Ab initio calculation [Enexrponnuit pecypc]: IarepHer-mopran. Pexum goctyma:
http://sites.google.com/a/kdpu.edu.ua/calculationphysics/.—3arom. 3 expana.

[3] R. Balabai, Yu. Prikhozha .Intercalation of Li Atoms in a SnS2 Anode of Battery: ab initio
Calculation. Physics and Chemistry of Solid State. — 2019. - V. 20, Ne 2. P. 120-126.

THE COMPARISON OF INTERCALATION OF NA AND Li
ATOMS IN A SnS2; ANODE OF BATTERY: AB INITIO
CALCULATION

R. Balabai, I. Oliynik, Yu. Prikhozha
Kryvyi Rih State Pedagogical University
balabai@i.ua, prihozhaya.yuliya93@gmail.com

Applying the methods of the functional of electronic density and ab initio
pseudopotential, we carried out computational experiments, using the author's software
complex, on atomic models that correctly reproduced the 2-D layered structure of tin
chalcogenides with intercalated Na and Li atoms. The comparison distributions of the density
of valence electrons, the energy barriers of migration of Na and Li atoms in the intermediate
layer SnS; are compared.
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IIEPEBAI'M METOAY CKOPOYEHOI'O OITUCY
BOI'OJIIOBOBA B TEOPII HAJIBUITPOMIHIOBAHHS

C. JIarymunl, O. Coxoaoscbkniil, C. COK0J0BCLKHIT?
Y Tuinposcokuii nayionanvnuii ynisepcumem imeni Onecs I'onuapa
2[Tpuoninposcovka Oepoicasna akademis 6yOieHUYMEa Ma apXimexmypu
lyagush.new@gmail.com

HansunpowmintoBanns [likke [1] — oxHe 3 HaMIiKaBiIMX KOJIEKTHBHUX KBaHTOBUX
SBUII, BOHO BMKIIMKAa€E 3HAYHUI IHTEpeC $AK IOJ€ PO3BUTKY METOJIB HEPIBHOBa)KHOI
CTAaTHCTUYHOI (I3UKM 1 SK [USIX JO0 HOBUX TEXHOJIOTiIM TreHepalii KOTrepeHTHOTO
BUIIPOMIHIOBaHHS, B TOMY YHCJi B YaCTOTHHUX Jialla30HaX, HEJIOCTYIMHHUX JUIs TeHepalii Ha
OCHOBI BHMYIIEHOTO BHIIPOMiHIOBaHHA. Y Mozeni Jlikke po3IJsialoThCs CUCTEMHU
JIBOPIBHEBUX BHUIIPOMIHIOBAYiB, B3a€MOJIIOUMX dYepe3 EJICKTPOMArHiTHE IoJie, MK HUMH
BCTAHOBJIIOETHCS KOPEJISALisl 1 BUHUKAE B IMIYJIbCHOMY PEXKUMI KOOIEpPATUBHE CIOHTaHHE
BUIIPOMIHIOBaHHS, IHTEHCUBHICTb SIKOT'O MPOTMOPIIiifHAa KBaApaTy KIIbKOCTI 30YI’)KEHUX aTOMIB.
VY nmiteparypi 00roBoproBajgach MOKIHMBICTh MOOYIOBH TaAKOTO KOT€PEHTHOTO TeHepaTopa AJis
PEHTTeHIBCHKOTO Ta ramMma-Jiana3oHy (reHepaTtop Ha OCHOB1 003e-KOHJIEHCATY MO3UTPOHIIO).
XapaktepHuid ¢GaxkT — Te, MO I HaIBUIPOMIHIOBaHHSA Teopis mioHaimenmie Ha 20 pokiB
BUTIEpeAniIa eKcrepuMenT. [Ipu 1iboMy JOBIH 4ac TEOPETHKH WM HIISIXOM 3aCTOCYBaHHS
JI0 11i€1 MO/IeTi METO/IB PIBHOBaXKHOI cTaTUCTUKU. Y poboTi bandi ta bonidauo 1975 poky
Oylo 3acTOCOBaHO METOJA  TPOEKIIMHOTO omepaTtopa ¥  J0OBeneHO, [0  edekT
CIOCTEPIraTUMEThCA JJIs1 IPUOCHOBUX MOJ] BUJIOBKEHOI CUCTEMHU.

Ilepie mocnioOBHE JOCHIIKEHHS TMpOLECY caMooprasizamii aTtomiB y Mpoueci
HaOJM>KEHHS JI0 CTaHy piBHOBaru 0yso 3po6sieHo B poboti boromo6osa (moir.), @am Jle Kiena
ta lllymoBcbkoro 1982 poky, ne Oylo 3aCTOCOBaHO METOJ| BMIIyuY€HHS OO30HUX 3MIHHUX,
po3pobuiennii borontro6oBuM 1 boromo6osum (Moi.). Buxoasuu 3 inei iepapxii yaciB y 3aaadi
PO HAJBUIPOMIHIOBAHHA MOXHa BUAUINTH MIBUAKHUI MIpoliec 3MiHU CTaHy mifacucremu F 3
Ha/I3BUYAfHO BEJIMKOI KUIBKICTIO CTYMEHIB BUIBHOCTI — TIOJS BHUIPOMIHIOBAaHHS — 1
«MOBUIBHUI IpoLeC peraKcalii «Manoi» (B CeHC1 KIIbKOCTI CTYNEHIB BUIBHOCTI) MiJICUCTEMH
BunpomiHooBadyiB M. Jlema Boromo0oBa BCTaHOBIIOE 3B’S30K CEPEIHBOTO Bif JOOYTKY
OTepaTopiB MOPOIKEHHSI Ta 3HUIIEHHS MO/ 110JIs Ta JIOBUIBHOTO OIlepaTopa CyKyIHOT CUCTEMHU
(M+F) 3 cepeaniM Bij iX KOMyTaTopa 3a yMOBH, IO B MOYAaTKOBHH MOMEHT BMHKA€ETHCS
B33a€MO/Iis M1JICUCTEM 1 10JI€ 3HAXOAUTHCS B PIBHOBAKHOMY CTaHi 3 IEBHOIO TEMIIEPATYpOIO.

Onucyroun HepiBHOBaXHMHU mpoliec y Moaeni Jlikke MOBENIHKOI CepeHIX aTOMHOT
nigcucreMu M (3HaYeHHS cepeAHbOr0 HE 3aJEeKUTh BlJI TOTO, SKa KapTUHA EBOJIOLIT
BUKOPUCTOBYETHCS ), TPUXOAUMO 10 IU(PEPEHIIaIbHOTO PIBHAHHSA, ¢ (DIrypyloTh T00yTKH,
po3rsHyTI B seMi boronro6oBa, sika J03BOJISi€ BHJIYUYUTH MOJIBOBI OMEpaTOpU M OTpuMaTu
iHTerponvdepeHiiaibHe pIBHSAHHS, JI€ @paBa 4YacTHMHA MICTUTh CepeIHl oIepaTropiB
nigcucteMu M OLIbII BUCOKOTO MOPAIKY, HIXK JIiBa, a IHTETPYBaHHS IPOBOJUTHCS 32 YACOM.
Pesynbrar — iepapxis KIHETMYHHUX PIBHSAHb JUIs migcucreMu M (aHayior JaHIIOXKKIB
boromo6oBa At piBHOBOXKHUX 1 KIHETHUHUX (YHKLIH po3Mojiry). XapakTepHO, IO CTaH
cucreMu JliKke aHaNi3yeThCsl 3a MOBEAIHKOIO CEpPeIHIX MiJICUCTEMU BHUIIPOMiHIOBAYiB, X0ua
HaWIikaBimuM € ctad noiisa. OJHaK 1eW MAXig J03BOJSE TOYHO 3HAWTH Yac 3aTPUMKH
HA/IBUIIPOMIHIOBAIbHOTO  iMmynbey. s Bumaaky  30y[KeHHS  BUIPOMIHIOBauiB
KBa31MOHOXPOMAaTHUYHUM IMITYJILCOM OOTPYHTOBAHO CIOCIO pO3UeIIIEHHS JIAHIIO)KKA Ha eTarri
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BUKOPUCTAHHS KOpENALIHHNX QyHKIIH 2-r0 mopsaky. s 30cepeykeHoi CuCTeMH BUBYABCS
nepedir mporecy 3 ypaxyBaHHSIM KOPETSAIIMHUX (QYHKIIH BHIINX HOPSAKIB;, pO3TIISIAIHUCS
pi3HI BapianTH po3uerieHHs. CyTTEBOTO BHECKY 111 KopemsiiHi pyHKIIT He JaBau.

VY JIHIPOBCHKOMY HAaIllOHAIBHOMY YHiBepcHTeTi Brepuie 1o mozaeni Jlikke Oyio
3aCTOCOBAHO METOJI CKOpoueHoro onucy boromo6osa y popmyintoBaHHi XapKiBCbKOT HAYKOBOT
ko [2]. Criodatky OyJsid BiITBOPEH1 BiIOM1 Pe3yJbTaTH OLIBII MMOCTIAOBHUM 1 PETYJIIPHUM
NUISXOM, IOTIM pPO3TJsAanucs 30yMKEHHS B TMiJACHCTEMI BHUIIPOMIHIOBAYIB 1 JOAATKOBI
ynHHUKY. [lepeBara MeToy moysrae B TOMy, 110 CTaH CUCTEMH MiCIsl TPOXOKEHHS IEBHOTO
Yyacy BH3HAUYAETHCSA KIIBKOMa MAaKpOCKOIIYHMMHU MapameTrpamu (IapaMeTpu CKOPOYEHOTO
onucy — I1CO, siKi MOKYTh MaTH JIOKaJIbHUHN, TIOJBOBUH XapaKTep) i CTATUCTUYHUN OTIepaTop
3HAXOAUTHCS Yy (YHKIIIOHAJIBHIA 3aJ€XHOCTI BiJ HUX, TOOTO MW MaEeMO Biapa3zy CIpaBy 3
cepenHiMu y mieBHUM MoMeHT. Jlo umcna [ICO MoXHA BKIIOYHATH SIK  aMILTITYIU
€JIEKTPOMArHiTHOTO MOJIsI, TaK 1 KOpessimiiHi QyHKUii pi3HOTO MOpsAKy (IIOHAMMEHIIe —
2-r0) —OyIeMO  BHUKOPHUCTOBYBAaTHM  3arajlbHe T[IO3HAYeHHS 7#a, CTaH  I1JICHCTEMH
BUIIPOMIHIOBAYiB MAa€ OMHCYBATHUCS JIOKAIBHOIO XapaKTEPUCTHKOIO — T'YCTHHOIO iX eHeprii €.
OTpuMyeMO JOCUTh TOBHUI omuc (OpMyBaHHS HaABUIIPOMIHIOBAJIBHOIO iMIyibCy [3].
CratucTuyHuii omeparop cucteMu p(17,€) 3aJ0BOJIBHSE IHTETPAILHOMY DIBHSHHIO, SIKE

PO3B’SI3YEThCS ITEPAIIMHAM TUITXOM, a HYJbOBE HaOMIKEHHS 3a yMOB [lerneTMiHCBKOro—
SAnenka ans [1CO [2] — e 1oOyTok KBa3ipiBHOBAKHUX CTATUCTUYHUX OMEPATOPIB IMiJICUCTEM.
Ha xoxxHOMYy eTarti iTepaliiii MU Ma€EMO 3aMKHYTY CUCTeMY Au(epeHIiadbHUX PiBHAHB IS TOTO
Habopy IICO, skum Bupinryemo oOMexuTuch. [Ipobirema po3ueruieHHs HE BUHUKA€E. Alie
XapaKTEPUCTUKH PEUOBHHU 1 ITOJIS TTOB’ 13aH1 MaTepiaIbHUMHU PIBHAHHSIMH. PIBHSIHHS €BOJIOIII]
MaIOTh MIEPCIIEKTHBY YHCEIBLHOTO JTOCIIKCHHS.

[1] Boromo6os H.H. (mn.), IllymoBckuii A.C., CBepxusnyuenue //[lyona: Msn-so OUSU,
1987, 88 c.

[2] Axwuesep A.W., ITenermunckuii C.B., Metopl cratrctruueckoi ¢pusuku /M.: Hayka, 1977,
368 c.

[3] Lyagushyn S.F., Sokolovsky A.l. Kinetics of system of emitters and nonequilibrium
electromagnetic field // Physics of Particles and Nuclei. VVol. 41, Issue 7. (2010). P. 1035-1038.

ADVANTAGES OF THE BOGOLYUBOV REDUCED
DESCRIPTION METHOD IN SUPERRADIANCE THEORY

S. Lyagushyn?, A. Sokolovsky?, S. Sokolovsky?
0les Honchar Dnipro National University
2Prydniprovska State Academy of Civil Engineering and Architecture
lyagush.new@gmail.com

Different approaches to the investigations of superradiance effect famous Dicke model
are presented. The method of boson variable elimination based on Bogolyubov lemma and
corresponding difficulties are described. Opportunities of the reduced description method used
in DNU are revealed. Its advantages are the possibility of studying field correlations, the
simultaneous character of equations, and the absence of chain decoupling problem.
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I'EHEPAIIIA HAHOYACTHUHOK BJIAI'OPOJHUX METAJIIB
Y IVIASMOBO-PIIMHHUX CUCTEMAX
ATMOC®EPHOI'O TUCKY

B. Yepnsak!, B. IOxumenko!, K. IOxumenko?, O. Konxomicusn?, JI. Famasin?,

10. Camuenko?, A. I'opsiuko!
YKuiscoruii nayionanvnuii ynisepcumem imeni Tapaca Illesuenxa
2[ucmumym 6iokonoionoi ximii imeni @. J]. Osuapenxa HAH Vxpainu
oksana_solomenko@ukr.net, yvitaliy@ukr.net

HanpaitoBaHHss HaHOYACTOK Yy IJIa3MOBHUX CHUCTEMax € OJHUM 3 IEPCIEKTUBHUX
HANpsIMKIB  pO3pPOOKH TUIA3MOBHX TEXHOJIOTiH. VY IUIa3MOBUX CHUCTEMax MOJKIIMBE
HANpalOBaHHS HaHOMAaTepialiB pi3HOT MNPHUPOIU, 30Kpema ByrieueBux (¢yiepeHu,
HaHOTPYOKH, rpadeH), HeMeTaJeBUX Ta METaJeBUX HaHOYacTOK. HampalroBaHHs HAHOYACTOK
0JIarOpOTHUX METAJIB Y BUIJISA/II KOJIOIJHUX PO3YMHIB MOXKJIMBE IIPHU 00pOOIIi pO3UHHIB COJIEH
IUX METAJIB IUIa3MOK0 €JIEKTPUYHOIO PO3psily. Y BUMAJIKY KOJM piAMHA BUCTYHA€E Y SIKOCTI
OJTHOTO 3 EJIEKTPOJIIB.

Jl5is HampalroBaHHSI HAHOYACTOK OJaropoAHUX MeTaniB Oyiu po3poOIieHi MIa3MOBO-
PIAMHHI CHCTEMH, IO MOXYTh OyTH BUKOPUCTAaHI, 30KpeMa, I TeHepallii HAaHOYacTOK cpibia
3 PO3UMHY HITparTy cpibia Ta amiadHOTO pO3YMHY OKHUCY cpibrma. B MemunuHi BOHU
(HaHOYACTUHKHU cpibia) BUKOPUCTOBYIOTHCS ISl 3HE3apaKEHHs, IPUCKOPEHHS 3arOsiHHS paH.
Hns peamizamii miei 3amadi MOXyTb OyTH NEpCHEKTHBHHMHU IUIA3MOBO-PIMHHI CHCTEMH
aTMOC(EepHOro TUCKY 3 00EpTOBMM KOB3HMM po3psioM. IHTepec a0 cucteM 3 00epTOBUM
KOB3HUM PO3PSIOM BUKIMKAHUN THM, IO TAaKWUH PO3Ps] TO3BOJSIE OTPUMATH HEPIBHOBAKHY
IU1a3My aTMOC(EpHOro TUCKY BeNUKOro mepepiszy. Lle 3abe3nedye Benuky IUIOILY KOHTAKTy
MDK TUIa3MOIO Ta PIAMHOI, M0 0O0poOsieThcss. BTopuHHMI pO3psii CTBOPIOE CTPUOOK
NOTEHIlially HaJ] MOBEPXHEI piAMHHU, 10 3ale3nedye OuIbIl e(EeKTUBHE MPOHUKHEHHS
AKTUBHHMX YaCTHHOK, 1110 TeHEPYIOThCS MIIa3MOI0.

B po6oTi npoBoaMAKCh AOCHIIKEHHS 10 IeHepalii HaHOYaCTUHOK cpibiia B BOJHHUX
pozunHax AgNOs3 B MIa3MOBO-pIAMHHUX CHCT€MaX aTMOC(EpHOro THUCKY 3 BTOPUHHHUM
pO3pSAIOM Ta PO3PSANIOM, IO 3aHYPEHUN Yy PIAMHY, [0 MIATPUMYIOTHCSI 00€PTOBUM KOB3HUM
pPO3psAOM.

BropunHuii po3ps MIATPUMYETHCS MK MOBEPXHEIO PIAMHM 1 KaHAJIOM OCHOBHOI'O
po3psiay. O6epToBU KOB3HUH pO3ps1y BUKOPUCTOBYETHCS B il cUCTeMI, K MIATPUMYIOUHHA.
[[na3MOTBipHMIA Ta3 TMOMAOTH YEpe3 JIBa TAHTCHIIMHUX KaHamu. OOepTaHHS PO3PSIHOTO
KaHaTy BiOYBA€ThCS 3a paxyHOK OOepTaHHS Ta30BOr0 MOTOKY. EnekTpuduHuii moTeHIrian
NepeaaeThCs PIAMHU Yepe3 eNeKTPO/l B HIKHIN YacTHHI nocyanHu. JKuBieHHs 000X po3psiiB
3IIHCHIOETHCS B/l IBOX HE3AICKHHX JDKEPEIT )KUBIICHHS TTOCTIHHOTO CTPYMY 3 MaKCUMAIIbHOIO
Harpyroto 7 kB a0o Bif Jpkepesn 3SMIHHOTO CTPyMY 3 MaKCUMallbHOO Hanpyroto 7 kB. banacthi
OTOPH BUKOPHUCTOBYIOTHCS JUIsl OOMEXEHHSI MaKCUMAaJIbHOTO CTpyMy 1 cTabumi3allii pexxumy
poOoTH po3psLy.

Sk poGoumii raz BUKOpUCTOBYBaBcs aproH (Ar). O6pobitoBaivuch BOJAHI PO3UMHU
AgNO3 3 monmaBaHHSIM MOBEPXHEBO AKTUBHOI PEYOBHHH (TIOMIBIHUIIMIPONIIOH) y pi3HUX
KibKocTAX 4% Ta 5,5%. MossipHa Mmaca cpibuia y po3uunni Oyna 40000 — 50000 mosnb. Pozunan
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00poOIIOBAIMCh TPU PI3HUX HAmpsMax eJIeKTPUYHOro mojs. B cucreMy 3amuBaiiv po3dyuMH
006’emom 50 mur. ITix yac 0OGpoOKH KOJIip pO3UMHIB 3MIHYBABCsI, a JOHHUH €JIEKTPO BKPUBABCS
TUTIBKOIO.

[Ticna o6poOku BogHuX po3unHiB AgNQOs3, i1 BH3HAYCHHS PO3MIPIB OTPHUMaHUX
YaCTUHOK, BUKOPHCTOBYBAIUCH JEKUIbKAa METOMIB: aTOMHO cujoBa Mikpockomis (ACM) Ta
nuHaMiuHe po3scitoBaHHs cBiTia (JIPC). Meronuka nuaamigHoro po3ciroBanHs citia (JPC)
BUKOHYBAJIaCh 3a JOMOMOroio npuiany Malvern Zetasizer Nano S. Bin o6nagnanuii He-Ne-
Ja3epoM, LI0 MPaIIoe Ha JOBXKHUHI XBWI A = 633 HM Ta Mae pobounii inTepBan Bix 0,6 HM 10
6 MKM.

s toro, mo® [i3HATUCH YW 3MIHIOIOTBCS PO3YMHH 3 YacOM IPOBOJIUIIOCH
BHUMIPIOBAaHHS CIIEKTPIB MOTJIWHAHHS 00pOOJICHUX PO3YHMHIB Bijipasy micis 00poOKu y cuctemi
Ta MPOTATOM JEKIIbKOX 1i0. CHEKTpU MOTIMHAHHS JEKIJIBKOX PO3YMHIB 3 YaCOM 3MIHMIIUCS.
MakcumyMm B okouti 420 HM 3MeHIIUBCs. 11 po3unHU OBEPHYIIUCH 10 BUXITHOTO CTaHY SIKUH
OyB 10 00poOKH. [HIITI 3pa3ku BUSBUIIMCH JJOCUTh CTA0LTFHUMHE Y Yaci. MakcumyM B okou1i 420
HM B IIUX 3pa3Kkax 3MEHIHBCS B 1,5-2 pas3u uepe3 Tpu 00 i 3acTabimi3yBaBcs.

3 oTpUMaHUX pPE3yIbTAaTiB BUAHO, IO MOJBIMHE 3pOCTaHHS KOHILIEHTpalii cpibna y
aucriepcii He TUTBKM HE TPHU3BOJUTH JO arperaiii, a NpU3BOAWUTH, HABiTh, J0 JESIKOTO
3MEHIIICHHS pO3Mipy HAHOYACTHHOK.

* Ilpu o00poOii BCiX NPUTOTOBAHUX PO3YHMHIB IUIA3MOIO BTOPUHHOTO PO3PSIIY
crocTepiranocsi MOTeMHIHHS po3unHy. [loreMHiHHS mpu 00poOLi PO3UMHY HITpaATy
cpi0yia JO3BOJISIE MPHUITYCTHTH, IO MOTEMHIHHS IOB'SI3aHO caMe 3 BHIIQJaHHSAM 3
po34HHY cpibia.

* Po3mipu HaHOYACTHHOK BUMIpsIHI Yepe3 KiIbKa JHIB Miciast 0OpOOKHU OyiIH BiJl AECATKIB
JI0 COTEHb HAaHOMETDIB.

* CuHTe3 HAHOYACTUHOK METOJOM XIMIYHOTO BiJIHOBJIEHHS JIEMOHCTPYE BHCOKY
arperaTMBHY CTIMKICTb CHHTE30BaHMX HaHOAMCIEpCIH cpibia Ta iX NpaKkTHUHY
He3MiHHICTh npoTsirom 20 mil.

» TloniiiHe 3pocTaHHs KOHLIEHTpALIl cpibia y Aucnepcii He MPU3BOIUTH JI0 arperarii, a
HPU3BOJMTH 0 I€SKOTO 3MEHIIEHHS PO3Mipy HAHOYACTHHOK.

GENERATION NOBLE METAL NANOPARTICLES IN
PLASMA-LIQUID SYSTEMS OF ATMOSPHERIC PRESSURE

V. Chernyak?, V. lukhymenko?!, K. lukhymenko?, O. Kolomiiets?,

D. Hamazin?, Y. Samchenko?, A. Goriachko!
Taras Shevchenko National University of Kyiv
2F.D. Ovcharenko Institute of Biocolloidal Chemistry NAS Ukraine
oksana_solomenko@ukr.net, yvitaliy@ukr.net

Generation of silver nanoparticles in plasma-liquid system with secondary discharge
that supported by rotating gliding discharge and system with discharge that immersed in a liquid
were investigated in work. Parameters of liquids after plasma treatment were investigated by
absorption spectroscopy method. The Atomic Force Microscope was used to determine the
particle sizes obtained during the processing.
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EFFECT OF Mo-DOPING ON THE OPTICAL AND
PHOTOELECTRIC PROPERTIES OF CdTe CRYSTALS AND
THEIR DEFECT STRUCTURE

A. Bukivskiit", Yu. Gnatenko?, P. Bukivskij?,

M. Furier!, L. Tarahan!, R. Gamernyk?
YInstitute of Physics of National Academy of Sciences of Ukraine
2Lviv National University
* ap.bukivskii@gmail.com

CdTe semiconductor is a suitable material for elaboration of near-infrared
photodetectors, gamma and X-ray detectors, solar cells and other devices for modern
optoelectronics. The efficiency of these devices is determined by the presence of both intrinsic
and extrinsic defects, as well as optical quality of semiconductor materials. It is well known
that the transition metals of the iron group form deep impurity states in A?B® semiconductors,
which strongly affects their electronic properties, because they are involved in the self-
compensation mechanism

Low temperature photoluminescence (PL) and photodiffusion current (PDC)
measurements are effective methods for studying the defect structure of various semiconductor
materials. That makes it possible to determine the nature and energy levels of both acceptor and
donor centers in semiconductor materials, as well as optical quality of the investigated crystals.

In this work, for the first time, the concentration dependence of photoluminescence and
photodiffusion current spectra of CdTe crystals doped with Mo atoms was studied. This makes
it possible to obtain information on the effect of Mo-doping on the intrinsic defects and the
optical quality of CdTe crystals. It was shown that at low Mo concentrations (N=10%8 cm™), an
intense short-wavelength line is due to the acceptor-bound excitons (A:°X-line) associated with
residual Na impurities. This indicates that the investigated crystals have p-type of conductivity.
The presence of Na atoms in CdTe:Mo crystals is also supported by the observation of
recombination between electrons of the conduction band and acceptor levels associated with
these impurity atoms for the crystals with Nmo=10 cm and Nmo=10%° cm™. The broad intense
band at 1.5474 eV is associated with emission caused by the recombination of free electrons
with acceptor centers, i.e. e-4 optical transition. The energy of this acceptor level corresponds
to Ev+0.0586 eV, which is close to the Aj-acceptor level with the photoionization energy of
58.0 meV, caused by the presence of residual Na impurity. For higher Mo concentrations (N=
10% cm3), the PL spectrum contains only A:°X-line, which is very narrow. This indicates that
the concentration of the acceptor caused by cadmium vacancies is very low, and the crystals
have a high optical quality. For the crystals with Mo concentrations equal to N=10% cm™, a
characteristic peculiarity is the broadening of the exciton PL line and broad bands, which shows
a decrease in optical quality. This may be due to the formation of MoTe, compounds in CdTe
crystals. Therefore, for these crystals, the number of cadmium vacancies is increasing, because
in this case, the Mo impurities are mostly interstitial atoms. Therefore, for these crystals, the
amount of cadmium vacancies increase, since in this case, Mo impurities are mainly interstitial
atoms. The PL bands associated with recombination of DAP, which include the complex
acceptor centers, as well as those due to the presence of dislocations in CdTe:Mo do not appear
in the PL spectra. This induces a decrease in the resistivity of crystals. The results of the
photodiffusion current measurements confirm the conclusion that the defect structure of
CdTe:Mo crystals and their optical quality change.

Our findings indicate a high optical quality of the investigated crystals. Thus, they
provide a way to improve structural properties of CdTe crystals using doping with Mo atoms.
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OIITUYHI ABUIITA B HAHOKOMIIO3UTAX HA OCHOBI
CUHTETHUYHUX OIIAJIIB

A. Jlarumosa, M. /leprayos
Jninposecoxuii Hayionanvruti ynieepcumem imeni Onecs I onuapa
angelalatyshova@gmail.com

CTBOpEHHSI HAHOKOMITO3UTIB Ha OCHOBI cuHTeTHYHUX onaliB (CO) Mae sk IpakKTHYHUN
IHTepeC I BUPIIICHHS 3a/1adyi MiHiaTopu3allii o0iaaHaHHsa I (POTOHIKH, TUTA3MOHIKH Ta
HEJIIHIHHOT ONTUKH, TaK 1 (PyHIAMEHTAJIbHHHA 1HTEpEC JJIA ONTUKH (POTOHHUX KPHUCTATIB i
¢i3uku HU3BKOpO3MipHUX cucteM [1, 2]. PoboTa mpucBsueHa CTBOPEHHIO HAHOKOMIIO3HTIB Ha
ocuoBi CO i axktuBHuX mienekTpukiB KHoPOs, Pb3(PxV1x04)2 (x = 0.5) Ta A0CiiKEHHIO
CIIEKTPIB 1X MpomycKkaHHs (BIIOMBAHHS) Ta PAMaHIBCHKOTO PO3CiFOBaHHS.

HanokomMmo3utu oOTpuMaHi MeTOJaMH TPOCOYEHHS B pO3YMHI Ta pO3IJIaBi 3
MOJJATBIIIO0 KPUCTATI3AI[I€I0 BBEICHUX JICIIEKTPUKIB y ITOpax onanoBoi MaTpuili. CrekTpanbHi
JOCITIJIKCHHSI TPOBEJICH] 3a JIOMIOMOIO0 JIA3EPHOTO CHEKTPOMETpa Ha OCHOBI IMOJBIHHOTO
monoxpomatopa IPC-12 i3 cucremoro peectpariii B pexxuMi J1id0u (oTOHIB. 3a 3MILICHHAM
OperiBcbKOro IU(PaKLUifHOTO MaKCHMyMy IIOBEJCHO OIIHKY CTENeHI 3allOBHEHHS IIOD.
CriekTpH pamMaHiBCbKOTO PO3CIFOBAaHHS 32 KIMHATHOI TeMIIEpaTypH 3acBiIUyIOTh (hOpMYyBaHHS
KpucTasniyHoi a3y BBEJCHUX PEUYOBHH Ta HE3MIHHICTh CTexioMeTpii ckiaxy. Bussieno
NEepepo3MOIi CHeKTPAIbHOI IHTEHCHBHOCTI Ta YINUPEHHS IEBHUX CMYT IOPIBHSIHO 13
paMaHIBCBKUMHU CIIEKTpaMH MOHOKPHCTAJiB BIAMOBIAHMX peuoBuH. CrocrepexyBaHi
BIJIMIHHOCTI ITPOaHAJII30BaHO 3 ypaxXyBaHHSM MOXJIMBOTO MPOSIBY MOBEPXHEBUX KOJIMBAILHUX
MOJI.

[1] Lytle, J.C., and Stein, A, Recent Progress in Syntheses and Applications of Inverse Opals
and Related Macroporous Materials Prepared by Colloidal Crystal Templating, in Annual
Review of Nano Research, vol. 1, G. Cao and C. J. Brinker, Eds., 2006, pp. 1-79.

[2] Armstrong, Eileen, and Colm O’Dwyer. Artificial Opal Photonic Crystals and Inverse Opal
Structures-Fundamentals and Applications from Optics to Energy Storage. Journal of
Materials Chemistry C, 2015. https://doi.org/10.1039/c5tc01083g.

OPTICAL PHENOMENA IN OPAL-BASED
NANOCOMPOSITES

A. Latyshova, M. Derhachov
Oles Honchar Dnipro National University
angelalatyshova@gmail.com

Fabrication of opal-based nanocomposites has both practical interest for minimizing
sizes of devices for photonics, plasmonics and nonlinear optics, and fundamental interest for
optics of photonic crystals and physics of low-dimensional system. The work is devoted to
fabricating opal-KH2POj4, opal-Pbs(PxV1-x04)2 (x = 0.5) nanocomposites with exploiting the
solution- and melt-based methods, and to investigating their transmission (reflection) and
Raman spectra with using the DFS-12 double monochromator laser spectrometer. Crystalline
state of the embedded compounds and their stoichiometry are proved by Raman spectra.
Observed broadening of some Raman bands are discussed with considering a role of surface
vibrational modes.
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GROWTH AND ELECTRICAL STUDIES OF
(CuixAg,)7GeSesl SOLID ELECTROLYTES

A. Pogodin, O. Yamkovy, V. Studenyak, M. Filep, O. Kokhan, I. Studenyak
Uzhhorod National University
artempogodin88@gmail.com

Cu7GeSesl and AgzGeSesl crystals belong to the superionic compounds with argyrodite
structure [1, 2]. Representatives of the argyrodite family are widely investigated for applications
as solid state batteries, supercapacitors and electrochemical sensors [2, 3].

Cu7GeSesl and AgzGeSesl crystals were obtained by directed crystallization from the
melt while mixed (CuixAgx)7GeSesl (x=0, 0.25, 0.5, 0.75, 1) crystals on their base were
obtained by zone crystallization from the melt using a modified method. As a starting material
for the growth of mixed (Cu1-.Agx)7GeSes| crystals we used previously synthesized Cu7GeSes|
and Ag7GeSesl. Growth of (Cui«Agx)7GeSesl mixed crystals includes forming a
monocrystalline nucleating seed by accumulative recrystallization in the lower conical part of
the growth container (48 hours). The crystallization front rate was 0.4 mm/h. After moving the
ampoule with the crystal into the annealing region, it is annealed for homogenizing for 3 days,
which is required to remove thermal stresses in the crystals. Thus, (Cui.xAgx)7GeSesl mixed
crystals with x=0, 0.25, 0.5, 0.75 and 1 of 2040 mm in length and 10-15 mm in diameter were
obtained.

The electrical conductivity of (Cui-<Agx)7GeSesl mixed crystals was investigated by
impedance spectroscopy in the frequency range of 20 Hz —2x10® Hz and temperature interval
292-378 K, using a high-precision Keysight E4980A LCR meter. Temperature and frequency
dependences of the electrical conductivity were analyzed. For the detailed studies of the
frequency behavior of the electrical conductivity and its separation into ionic and electronic
components, a standard approach using electrode equivalent circuits and their analysis with
Nyquist plots was used. The electric conductivity of the mixed (CuixAgx)7GeSesl crystals
follows the Arrhenius law. The compositional dependence of the ionic conductivity is nonlinear
with a maximum, whereas the electronic conductivity for the mixed (Cu1-xAgx)7GeSes| crystals
nonlinearly decreases without any anomalies with silver content increase. Simultaneously, the
nonlinear compositional dependence of the activation energy of the ionic conductivity reveals
a maximum for the (Cuo.25Ago.75)7GeSesl crystal and the activation energy of the electronic
conductivity nonlinearly grows with silver content increase. It should be noted that at the
transition from the Cu7sGeSes| crystal where the electronic conductivity is 39 times greater than
the ionic one, to AgsGeSesl, the ratio cion/cel tends to increase and in AgrGeSesl crystal the
ionic conductivity is 4.5 times greater than the electronic one.

[1] Kuhs W.F., Nitsche R., Scheunemann K. The argyrodites — a new family of the tetrahedrally
close-packed structures. Mat. Res. Bull. Vol. 14. (1979). P. 241-248.

[2] Nilges T., Pfitzner A. A structural differentiation of quaternary copper argirodites:
Structure — property relations of high temperature ion conductors. Z. Kristallogr. Vol. 220.
(2005). P. 281-294.

[3] Studenyak I.P., Kranj¢ec M., Kurik M.V. Urbach rule and disordering processes in CusP(S:-
xSex)sBri.yly superionic conductors. J. Phys. Chem. Solids. Vol. 67. (2006). P. 807-817.
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PEJAKCAIIISI TEMIIEPATYP I IBUJIKOCTEHN
KOMIOHEHT IIJIASBMH B MOAEJII TIOPEHIIA

I. KpaBuyk?, O. CokonoBcenkniil, C. CokonosebkniiZ, O. I'pinimmn?
YUTninpoecwxuii nayionanvnuii ynisepcumem imeni Onecs I'onuapa
2[Tpuoninposcovka depoicasna akademis 6yOieHUYMEA Ma apXimexmypu

kravchuk3571@gmail.com

JIOCHIIKYIOTBCS ~ pelaKcaliifHi TpolecH B TOBHICTIO 10HI30BaHIM Iia3mMi B
y3aranbHeHii Mmozaeni Jlopenna. B miii Mmoneni, moOyaoBaHiii Ha OCHOBI KIHETUYHOTO PiBHSAHHS
Jlangay, BpaxoBYeThCS TUJIBKH €JIEKTPOH-10HHA B3a€MOJIs, a IMJICHCTEMa 10HIB BBAXKAETHCS
PIBHOB&XXHOIO 3 Temieparyporo T,. PosriasmaroTecs mpouecd B IPOCTOPOBO-OAHOPIiAHIH

1asMi, Kl 3BOJSATHCS O penakcalii Temreparyp i MIBUIKOCTeM KOMIOHEHT. BinmosigHi
KIHCTUYHI PIBHSHHS MatOTh BUTIISI [ 1,2]

ou, =—A,u,, OT =—A (T =T )+(24,— )M 13, ()

ae U, 1 T —ImBHAKICTB 1 TEeMIIEpaTypa eJ1eKTPOHHOI KOMIIOHEHTH (BBaXKA€ThCS, 1110 MMiJCUCTEMA

ioniB nokoirecs). Koediuientn penakcauii A,, A, 3a10BOJBHAIOTH PIBHAHHS HA BIIACHI

GyHKLii Ap , Bp i BacHi 3Ha4eHHA A, , A,
KA =1;A,, KBppn:ﬂqupn, 2

ne K — omeparop niHeapru30BaHOTO iHTErpajia 3iTKHEHb CUCTEMH

o p 4,21 (A3 P P
K = —| — — Ll _ D = 272 L d A rS y
% op, mT, P p) p| u(P) ° '[ P Wirn (m M j (3

Sy(u) = (u25n| —u,u)/ u’.

Tyr m, M — macu eneKTpoHa i ioHa, —€, €Z — 3apsju CNEeKTPOHa 1 10Ha, W,, — PO3MOZLI
Makcsesia st 10HIB, L — KynoHIBCbKHH storapid™m (@, — N0BiIbHA QYHKLIS).
. , . -
PiBastHHS (2) pO3B’A3YIOTHCS METOJIOM O0IpBAaHOTO PO3BUHEHHS (PYHKIIIH Ap : Bp 3a
opToroHansHUMH noninoMamu Conina S (X), sKi OpTOroHaJbHi 3 Baroro X“€™” Ha iHTepBaii

(0,+0) (& — miticae monatHe ymcino). Takuid minxix € BapianT Metona ['anepkina. PiBHSHHS

(2) € piBusHHs @pearonsma Il poxy. 301KHICTh TAKOTO MiIXOY HEMOXKIMBO JIOBECTH, TOMY
PO3TIISIIAIOTECS HAOIMKEHHS OJTHOTO Ta JIBOX TOJIIHOMIB 3 METOIO iX MOPIBHSHHS. 3amada
3BOJIUTBHCSA /10 PO3PAXYHKY OUTIHIHHUX (HOPM (Iy’KOK) BULY

aab

fa, b,}=[d’pw, D, (p) 7= @

ae W, — po3mozin MakcBesuia sl €J1eKTPOHIB (ap , bp — noBuMbHI QyHKIT). Takum nuissxom

MPUXOAUMO 10 GopMyJT HAOIM>KEHHS OIHOTO MOJIHOMA
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/1151] = Aoo / Xo ﬂ“#l] = Bll / Y1 (4)

1 HaOIM>KEHHS IBOX IOJIIHOMIB

/1[2] {(XoAn + Xleo) [(XoAn Aoo)2 - 4X0X1(A11A\)0 - A01A10)]1/2} / 2X0X1,

()
i[TZ] - {(lezz Y, Bll) _[(lezz + yzBll)2 - 4y1Y2(Bllez - BlZBZl)]M} / 2y1y2

(Xo» X, ;s Y, —AesKi Biomi xkoedinieHTH), B AKi BXxoaaTh Matpuni A, B, , Bu3sHaueHi

nn' >

dbopmynamu
A :{p|sr?/2(‘9p ITy), pISr?'/Z(gp IT)} B :{Silz (8p /To)’Si{Z (gp ITy)} (6)

[Topanpmmid po3ris 3BOAUTHCA 10 PO3PAXYHKY TAKHX JTYKOK:

{pn' pl}’ {pn"gp pl}7 {gp pn’gp pl}’ {gp’gp}’ {gp’gpz)}’ {85’85}' (7)
Hamu otpumana 3araibHa (opMyiia, ska 3Ha4HO CIIPOIIYIO PO3paxyHKH [2]
o, 0D,

apln apl' p1—’((mT02))ﬂ2(ﬂQc+Q)

nn,m"’C
1+ H )1/2-|-01/2

{a,.b}= jd 0,d°qw W,

(8)

IIpu mpoMy crmouatky Ciifi po3paxyBaTH iHTerpan 3a (., CKOPUCTAaBIIUCH TOTOMKHICTIO
S, (9)q, =0 i nenapuictio nesikux QpyHKuiH, a 0TiM — 3a § . OTpUMaHi pe3yIbTaTH JETAIbHO

00TOBOPIOIOTHCH.

[1] Sokolovsky, S., Sokolovsky, A. Mobility of electrons in plasma. 2019 IEEE 2nd Ukraine
Conference on Electrical and Computer Engineering (UKRCON). Proceedings ISBN: 978-
1-7281-3882-4 (Lviv, Ukraine, July 2 — 6). P. 783-787.

[2] Sokolovsky, S.A., Sokolovsky A.S., Kravchuk, 1.S., Grinishin, O.A. Relaxation processes
in completely ionized plasma in generalized Lorentz model. Journal of Physics and
Electronics. Vol. 26, No. 2 (2018). P. 17-28.

TEMPERATURE AND VELOCITY COMPONENT
PLASMA RELAXATION IN LORENTZ MODEL

I. Kravchuk?, O. Sokolovsky?, S. Sokolovsky?, O. Grinishin?
10les Honchar Dnipro National University
2Prydniprovs 'ka State Academy of Civil Engineering and Architecture
kravchuk3571@gmail.com

Relaxation phenomena in spatially uniform completely ionized plasma are investigated
in a generalized Lorentz model. The problem is reduced to solution of the spectral problem for
the collision integral operator. The investigation is based on a method of truncated expansion
of the eigenfunctions in the Sonine polynomials. The convergence of the method is analyzed
by comparing the one- and two-polynomial approximations.
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DARK MATTER SIGNALS DESCRIPTION IN THE
SCATTERING PROCESSES IN THE GENERALIZED
YUKAWA MODEL

M. Dmytriiev?, V. Skalozub?

Oles Honchar Dnipro National University
Ydmytrijev_m@ffeks.dnulive.dp.ua, 2skalozubvw@gmail.com

According to present day results of the LHC experiment data analysis, there were no
dark matter candidates found. The purpose of this work is to present a possible theoretical
explanation why it could be so.

In our consideration, we propose a simple dark matter model of the heavy fermions
described by the field ¥. A visible matter is modeled by the pair of scalar fields — light ¢ and
heavy y. These fields interact with dark matter through Yukawa’s couplings. Besides, there is
the doublet of fermions fields y1 and 2 interacting with ¢ and y with different couplings. The
Yukawa model is chosen as the simplest one for the interaction carrier, which allows us to take
into consideration the qualitatively important effect of the coupling constant values. At the same
time, the transformation properties of visible fields are not accounted for as inessential.

We start from the Lagrangian:

L= %[(Qﬁ)z —ﬂ2¢2}+%[(8‘,;{)2 —A212J+
> wa(ir0, —g,8-9,x-mp+ ¥ (ir'0, -M)¥ - )

a=1,2
2"+ pp 2t —Ex* -G, W y¥

As we see, fermions interact with each other via the interchange of scalar particles. - it
can be considered as the effective four-fermions vertexes. Probability of certain scenario of
interaction — through ¢ or y field — depends on the mixing angle between these two fields.
Moreover, the polarization tensor of y contains also the contribution of the ¥ fermion loop.
Hence, the differential cross-section o of the four-fermions interaction depends on the mass of
the dark matter particle and the mixing angle between scalar fields. We set this angle to be
equaled 103-10", while the mass of ¥ is much bigger than the mass of y1 or y2. Because of
this, a cross-section width becomes significant, so that such a signal can be missed in the data
analysis on the LHC as a noise. This is probably because the narrow width approximation is
applied in processing of data treating applied by Collaborations.

Taking into account the facts listed above, the differential cross-section of the four-
fermion interaction is obtained and its spatial angular dependence is investigated. The
renormalisations of the couplings and masses are fulfilled. We investigate how the ¢ changes
dependently on the P field mass and the mixing angle of scalar fields. Process w,y; =y, iS

considered.

[1] A. Gulov, A. Kozhushko, V. Skalozub. Global search for the Z' boson in scattering
processes - uinpo: JIIPA, 2018. - 124 c.
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BIIJIUB EJIEKTPUYHOI'O 11OJISA HA JIIOMIHECHEIIIO
KPUCTAJIIB ZnS

L. IliuxkoBcbkuii, M. By1anmii, O. Mopo3os
Jninpoecoxuii hayionanvruti yHieepcumem imeni Onecs I onuapa
danil.pichkovskiy@gmail.com

[Ipu ocBiTieHH1 TIOMiHO(OPIB 1 OAHOYACHIH /i1 HA HUX €JIEKTPUYHOTO TOJIS, SICKPaBICTh
CBITIHHS  3a3BMYaii HE  JIOPIBHIOE  CyMi  sICKpaBOCTeH.  SIBumma, CymMbKHI 3
enekrponominectenieto (EJI), mikasi 3 TOUKM 30py pO3MIUPEHHS BiJOMOCTEH PO yMOBH il
MOJISl B KPHCTAIaX, OCKUIBKH BOHHU TPOSBISIOTHCS K TPU BEIUKIA HAIpy3i, MPH SKid BXKe
cnoctepiraersest EJI, Tak 1 mpu Maniii Hanpy3i, HenocTaTHii 1 30ympxenHs EJIL.

VY nmaHiii poOOTI JOCITIKYBAIUCS KPUCTATU ZnS, BUPOIICHI 3 PO3IUIABY MO METOIY
bpumxMena mi THCKOM iHepTHOTO raszy. [[ns mocnimkeHb 3pa3Ku BUPI3yBaJIUCA y BUTISIL
NpSMOKYTHUX TapasnenerineaiB po3mipoM 3x3x1 mm. Peectpamist cnextpis EJI nmpoBoannacs
3a JIOMOMOroK MoHOXpomatopa MJIP - 12 1 oxomomkyBaHOrO (POTOEIEKTPOHHOTO
nomHoxkyBaya DEII - 136 mpairoro4oro B pexumi paxyHKY OJHOCIEKTPOHHUX IMITYJIbCIB.
YabTpasBykosi (Y3) konuBaHHs 30yKYBaJIUCS B I'€30TICPETBOPIOBAYI 3 IUPKOHAT TUTAHATY
CBUHIIIO, IOTIM TEpeJaBaics Ha AIOMIHIEBUI KOHIIEHTPATOp, JO SKOTO IPHKJICIOBABCS
3pa3okK.

1,0
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= =
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Puc. 1. Cnekrpu: ®JI (a), ®J + EJI (0) kpucramxiB ZnS

Cnextpu ®JI B kpuctanax ZnS noka3zati Ha puc. 1, a. CriekTp po3TaioBaHui B 3eleHii
001acTi CIEeKTPY 3 MakCMMyMOM Ha JIOBXHHI XBWJII A = 523 HM 1 0OyMOBJIEHHUH DPI3HUMHU
neHTpamu. B pesynbrari aii enexktpudHoro mosst crnektpu DJI mocnimkyBaHHMX 3pasKiB
3MiHIOI0TheA (pucl, 6). B pe3ynbraTi Aii yIbTpa3ByKy Ha JOCTIKYBaH1 3pa3Ku 30UIbLIYEThCS
ackpaBictb @JI. 3icraBneHHS LMX (QakTiB J03BOJSE BIIHOCUTHCS O HUX SK IPOLECIB,
MOB'SI3aHUX 3 MEPEMIIICHHSIM JUCIOKalil Aegopmarliii KpUCTaiB.

THE EFFECT OF THE ELECTRICAL FIELD ON
LUMINESCTION ZnS CRYSTALS

D. Pichkovskiy, M. Bulanyi, O. Morozov
Oles Honchar Dnipro National University
e-mail:danil.pichkovskiy@gmail.com

As a result of the action of ultrasound on the test samples increases - the brightness of
the PL. Comparison of these facts allows us to treat them as processes related to the
displacement of crystal deformation dislocations.
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PO3PAXYHOK EMICIMHUX CIHEKTPIB KBAHTOBUX
TOYOK B HAINIBIIPOBITHUKAX A3''B,Y

. CrenaHuYnKoOB

XepcoHcvKutl HaYiOHALHUL MEeXHIYHUL YHI8epcumem
dmitro_step75@ukr.net

B ocranni pokn HaHokpucTaniyHi kBaHTOBI ToukH (KT) BUKIMKaIOTh 3HAYHY yBary B
obsacti (OTOHIKH, OCKUIBKM BOHHU JIO3BOJISIIOTH OTPUMYBAaTH BY3bKi €MICIiHI CIIEKTpH 3
MO>KJTUBICTIO TX KOPEKIIii, 3 MUPOKUMHU CIIEKTPAMU TIOTJIMHAHHS, 3HAYHUM KBAHTOBUM BUXO0I0M
Ta BIJHOCHO BUCOKOIO CBITJIOCTIMKICTIO.

Apcenin kaamito CdsAs; — Bysbkosonnuii As''B,Y manisnposiguuk (Eg~-0,19 eB) 3
E€KCUTOHHHUM pajiiycoM ~47 HM Ta iIHBEPTOBAHOIO 30HHOKO CTPYKTYpO. TOMY OUiKy€ThCSI, IO
1Iei MaTepiai MoKaxke eKcTpeMaibHe KBAaHTOBE 0OMEXeHHs, o1ione 10 PbSe. Mana mupuna
3a00OpPOHEHOI 30HM Pa30M 3 BEIHMKHM PajilycOM €KCHTOHA J103BoJisie cuHTesyBatu KT, ski
OynyTh JaBaTH eMiCiiiHI CMyTH y mHMpOKoMy aiana3oHi criekrpa Bix 0.6 eB mo 2.3 eB (~530-
2000 um) [1]. dns crabimizamii KT #a ocHoBi Cd3AS2 0IIIEHO BUKOPHUCTOBYBATH 30BHIIIHIO
000JIOHKY 3 1HILIOTO A3'"'ByY HamiBIpoBiaHUKa — docdiny kaamiro CdsP2, OckibKH BiH Mae
NOIIOHY KPUCTAIIYHY CTPYKTYPY 1 OibIny mupuHy 3a6opoHenoi 30uu (Eq~0.5 eB).

E, eV 2)

2 \ b) p(R)/m,
1.1=0.85 nm

4 2. 1=0nm \
\1 \ O experiment 0.4
3 \

) \ 0.3
q
1 N\sﬂ\ \ 0.2
1 2 3 4 5 6 1 3 5 7
R, nm R, nm

Puc.1. Exeprist yrBopeHHsi eKCUTOHY (2) Ta npuBeieHa epekTUBHA Maca ekcuToHy (D) mpu pizHux
po3mipax KT CdzAs>.

B po6orti 3anponionoBano Mojens chepuunoi KT, ska 06’enHye y cobi BapiamiiHuii MeTo 3
edextuBHOIO Macoro U(R) y sKOCTI BapiamiffHOro mapaMeTpy i NPUIYLICHHS NP0 iCHYyBaHHS
30BHILIHBOTO MIApy 3aBTOBHIKH |, KMl 0TOYye HAHOKPUCTANIYHUI KOp pamiyca R iy sikomy Moxe
pyxaTucsi eKCUTOH. Taka MOjieNb 3HaYHO Kpallle ONKCYE eKCIiepruMeHTalbHi pesyabratu [2]. [Ipuknan
po3paxynky st KT CdsAs, HaBeneHo Ha puc. 1. [TopiBHSHHS eHeprii yTBOPEHHS €KCUTOHA 3
eKCTICPUMEHTAIbHIMH JaHUMHU T10 CIIEKTpaxX TMOTJIMHAHHS 1 JIFOMIHECIICHIN TMOKa3ye, M0
HEBpaxyBaHHs 30BHILIHBOTO LIAPY Ja€ 3aBUIICHI pe3ynbTaTH (puc.1(a)).

[TinTBepKeHHsIM  3ampornoHoBaHol TeopetnyHoi Mmogeni KT Ttakox € mobpe
Y3TODKEHHSI TCOPETUYHUX CIICKTPIB JIFOMIHECIICHIIIT 3 ekcriepuMeHToM (puc.2(a,b)). 3rimno 3
eKCTICpUMEHTAIbHIMHY TaHUMH TIKU JTIOMIHECIIeHITT 3MmimnytroThes Bif 1,65 eB 1o 0,65 eB npu
3miHi po3mipy KT CdsAs; Big 2 HMm 110 5 M [1].
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Puc.2. Teopernunuii (a) Ta ekcnepumenrtaiabHuii (D) cnexrpu JominecueHuii npu pisHux po3mipax
KT CdsAs.. Hudpamu noznaueno pizui po3mipu KT: 1 -5 um, 2 — 4,5 um, 3 — 4 um, 4 — 3,5 um,
5-3uM,6-2,5HM,7 —2 HM.

[1] Harris D., Allen P., Han H.-S., Walker B., Lee J., Bawendi M. Synthesis of cadmium
arsenide quantum dots luminescent in the infrared. J. Am. Chem. Soc. Vol. 133 (2011).
P.4676-4679.

[2] Stepanchikov D. Exciton states in tetragonal As''B,Y semiconductor quantum dots. Visnyk
of KNTU. Vol.1,Ne56. (2016). P.11-17.

CALCULATION OF QUANTUM DOTS EMISSION SPECTRA
IN A3''B,Y SEMICONDUCTORS

D. Stepanchikov
Kherson National Technical University
dmitro_step75@ukr.net

In this work the new model which is used to describe energetic spectrum of an exciton
in [I-V tetragonal semiconductor quantum dots is offered. A theoretical approach, based on the
effective mass approximation is used. A semiconductor nanoparticle consists of a nanocrystal
core (semiconductor) of radius R, capped with an external layer of thickness / covalently bound
to crystalline surface during the synthesis process. The new model assumes that the exciton,
generated in a semiconductor nanocrystal, can penetrate the medium outside the crystal
boundary. In the framework of the quantum dot model taking into account the fact that the
effective exciton mass u = u(R) is a function of quantum dot radius R. Exciton formation energy
and luminescence spectrums in the region of fundamental band edge of Cd3As>(CdsP2) core
shell quantum dots are theoretically calculated. The results are discussed and compared with
those of experiments.
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TOCTUIKEHHS CIEKTPIB JIIOMIHECIEHIII BIJI
PISHMX TOUYOK MOBEPXHI ®OTOHHUX KPUCTAJIIB

O. ITankparos, A. €Bunk
J[Hinposcoxuil nayionaneruil yHieepcumem imeni Onecs I onuapa
liquidfireman@gmail.com

@OTOHHI KpHUCTAIN — TMPEACTABISIOTh COOOI0 CTPYKTYpH, SKI XapaKTepHU3YIOTHCS
MEePIOIMYHOI0 3MIHOK JIEJICKTPUYHOI MPOHUKHOCTI B mpocTopi. ONTHYHI BIIACTHBOCTI
(OTOHHMX KpPHUCTANIB CHJIBHO BIJIPI3HSAIOTHCA BiJ ONTHYHUX BIACTUBOCTEH CYLIIBHHX
cepenoBuill. IlomupeHHs BUIPOMIHIOBaHHS BcepeauHi (OTOHHOTO KpHUCTala 3aBISKH
NEepiOIMYHOCTI CEPEAOBUINA CTAE CXOKHUM Ha PyX €IEKTPOHA BCepeIrHI 3BUYaifHOTO KpHCTaa
miJ Ai€0 TepioAMYHOro MOTeHIlany. B pe3ynpTaTi elneKTpoMarHiTHi XBWIl B (DOTOHHUX
KpHUCTaJTax MarTh 30HHUH CIEKTpP 1 KOOPAWHATHY 3aJIe)KHICTh, aHAJOTIYHY KBa31iMITYJIbCY
€JIEKTPOHIB B 3BUYaliHUX KpHcTanax [1-2].

3 pobir [2-3] Bimomo, MmO (QOTOHHOKPUCTAIIYHE cepeloBUIIe (MEPioaUIHE
JIETIEKTPUYHE CEPEIOBHUIIE 3 MEPI0AOM OJTM3BKUM J0 JTOBXUHU XBUJI1 CBITJIA) MOYKE BILUTMBATH
Ha XapaKTEPUCTUKH CIIEKTPIiB JTFOMiHECIICHIIIT.

Meta gaHHOi poOOTH AOCTIAUTH BIUIMB PO3YMOPSAKYBAaHHS CTPYKTYpU (POTOHHOTO
KpHCTala Ha XapaKTEPUCTHKHU CIIEKTPIB JFOMiHECIIEHIIIT

Perynspna cuctema mip GpoToHHOrO Kprictana Oyiia 3allOBHEHA JIa3epHUM OapBHUKOM
ponamin 6G(R6G). JlocmimpkyBaHuii 3pa30K PO3MIIIYBaBCsA y CIEIIaJbHOMY BiJICIKY IMEpes
BXIZJHOIO MIUIMHOK CIEKTPOMETpa, a pojib JKepenaa 30yIKyr4oro BUIIPOMIHIOBAHHS
BUKOHYBAaB TBEPJOTUIBHUH JIa3ep 3 I0HOI0 HAKaYKoI 13 Amax = 532 uwm. [{ns BuMiproBaHHS
CHeKTpa oOupanacs Touka Ha OTOHHOMY KpHCTali, Jiana3oH JOBXKHHU XBHJIb CTAHOBUTD BiJ
535 uM 10 620 HM.

VY sKOCTI KIJIBKICHOTO MapaMmeTpy, SKHM BHpa)kae CTYIIHb YHOPSAKOBAHOCTI 3pa3Kka
OyJi0 BBEICHO KOEQIIEHT YIMOPSAKOBAHOCTI, 1[0 BUPAKAETHCS AK BIIHOIIEHHS 1PU3YIOYOTO
00’eMy 3pa3ka 10 3arajJpHOr0 00’eMy 3pa3ka. 3 METOI0 KOPEKTHOI OIIHKH BEIMYHUHU
1pU30BaHOi Ta 3arajbHOI oI, (oTorpadii MOBEpPXOHb 3pa3KiB MiJJaBAINCA MPOTrpaMHIN
0o0pobui y rpadiunomy pemaktopi. Pororpadis 3HeOapBIIOBANACH Ha MiIOMPABCS KOHTPACT
TaKUM YHMHOM, 1100 KUIBKICTh CBITJIUX AUISHOK CIIBIAJajia 3 KUIBKICTIO 1pU3YIOUHX IJISTHOK
BUJIIEHOT 00J1acTi 3pa3ka.

Tabnuus 1 — 3HaueHHs1 BEIMYMHU KOE]Iili€HTIB YIOPSIKOBAaHHOCTI Ta IHTErPpaIbHOI IHTEHCUBHOCTI
CHEKTPIB JIFOMiHICIICHIIi.

Ne n Vinmezp.
1 0,65 744
2 0,68 1526
3 0,71 1613
4 0,76 1744
5 0,81 1795

Sk pesymnbrar (puc. 1), Oyno BCTAHOBJIEHO 3aKOHOMIPHICTh BEJIMYHHHU IHTETPaIbHOI
IHTEHCUBHOCTI CIIEKTPIB JIFOMIHECHEHLI] BiJ KOEQII[IEHTY BIOPSIKOBAHOCTI CTPYKTYypH B
PI3HUX TOYKaX 3pa3Ka.
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Pucynok 1 — I'padik 3anexxHocTi BizHOCHOTO0 KoedinieHTa cTyneHs
YHOPSIAKOBAHOCTI CTPYKTYPH BiJ iHTerpajbHOI iIHTeHCHBHOCTI.

[1] Sakoda K. Optical properties of photonic crystals [Text] / K. Sakoda — Springer Verlag,
2005. — 223p.

[2] E.Yablonovich. Inhibited Spontaneous Emission in Solid-State Physics and
Electronics[Text] // Phys. Rev. Lett., 58 (1987) 2059.

[3] Beikos B. I1. CrionTanHOE n3ityueHue B nepuoandeckoii crpykrype [Tekcr] / B.I1.beikoB //
KOTD. —1972. - T.62, Bein.2 — C. 505-513.

LUMINESCENCE SPECTRUM RESEARCH FROM
DIFFERENT POINTS OF THE SURFACES OF PHOTONIC
CRYSTALS

A. Pankratov, A. Yevchik
Oles Honchar Dnieper National University
liquidfireman@gmail.com

Luminescence spectra at different points on the surface of photonic crystals are
considered. To enhance the luminescent properties of the sample, the regular photonic crystal
pore system was filled with rhodamine 6G (R6G) laser dye. The point on the photonic crystal
was chosen to measure the spectrum, the wavelength range being from 535 nm to 620 nm. As
a result, the values of the ordering coefficients and the integrated intensity of the luminescence
spectra were obtained. Also, the law of the magnitude of the integral and intensity spectra of
the luminescence spectrum of the order of the structure at different points of the image was
established.
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COMPUTATIONAL STUDY OF NONLINEAR OPTICAL
PROPERTIES OF BENZOXAZOLES EXHIBITING EXCITED
STATE PROTON TRANSFER

Y. Syetov
Oles Honchar Dnipro National University,
setov2003@yahoo.com

Organic substances are considered as possible nonlinear optical materials due to large
values of their nonlinear susceptibilities caused by weak coupling of 7 electrons with nuclei in
the molecules. 2-(2'-hydroxyphenyl)benzoxazole (HBO), 2,5-bis(2-benzoxazolyl)phenol
(DBP) and 2,5-bis(2-benzoxazolyl)hydroquinone (BBHQ) (Fig. 1) are organic compounds with
single and double hydrogen bonds undergoing photoinduced excited state intramolecular proton
transfer (ESIPT). The enol structures with OH...N hydrogen bonds shown in Fig. 1 have the
lowest energy in the ground state. The ESIPT converts enol structure of the molecules with
OH...N hydrogen bonds into keto structure with O...HN hydrogen bonds and causes
appearance of fluorescence with an anomalously large Stokes shift.

Hyperpolarizability tensors ;5 and two-photon absorption cross sections of transitions

in molecules of HBO, DBP and BBHQ were evaluated by the quadratic response DFT method
using the B3LYP functional and 6-31G(d,p) basis set. Structures of the molecules are obtained
in the ground state by optimization toward the energy minimum. All calculations were
performed with the DALTON program package.

The molecules of HBO and DBP possess dipole moments of 2.13 and 1.67 D
correspondingly. The value for structure d of DBP is 3.18 D. The directions of the dipole
moment are not parallel to the long axes of the molecules; the angles are 52° (HBO), 23° (DBP,
structure ¢) and 61° (DBP, structure d). A molecule of BBHQ has zero dipole moment and
components of the hyperpolarizability tensor due to its cetrosymmetric structure.

Presence of the second benzoxazole fragment in the molecule of DBP substantially increases
the value . (axis x corresponds to long principal axis of inertia) in relation to HBO, and S, of DBP
is more than 10 times larger than other components of the tensor. The less stable structure d demonstrates
larger components £ related to the short axes y than the structure b, whereas the values of the component
Py are close.

In contrast to the linear absorption where the transitions to the two lowest excited states
are prominent, the two-photon absorption cross sections are significant for the transitions to
higher states which are weak in one-photon absorption spectra. DBP and BBHQ demonstrate
the maximum cross section of about ten times larger than that of HBO. The largest value of the
cross section is calculated for 2,5-bis(2-benzoxazolyl)hydroquinone to be about 1500 units of
Goeppert-Mayer for excitation at 600 nm.

H-O H-O H-O H-O
L L ) (L o1 L A
O T ~O~<10 GO0
(0] (0] N (0] N (0] O
O-H
a b c d

Fig. 1. Molecular structure of HBO (a), BBHQ (b) and two conformations of DBP (c,d).
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INOJIIMEPHI KOMIIO3UTHU HA OCHOBI BAPUCTOPHUX
KEPAMIK B AKOCTI HAITOBHIOBAYA

O. I'onyonubkuii, B. Kapnenko, B. Makapos, O. JIsmkos

J[Hinposcoxuil nayionaneruil yHieepcumem imeni Onecs I onuapa
mvol3@ukr.net

[TonmiMepHi KOMIO3UTH MIMPOKO BUKOPUCTOBYIOTHCS JJISl TIO3UCTOPHHUX EJIEMEHTIB 1
CaMOBITHOBJIIOBIBHUX 3aIO01KHUKIB 3aB/ISIKA TTO3UTUBHOMY TEMIIEpaTypHOMY KOEQIIli€HTY
onopy (TKO). B sikocTi HarmoBHIOBa4a 3aCTOCOBYBAIUCS MTOPOILIKH I'padiTy, KapOigy KpeMHiro,
MOHOKPHCTJIIYHOTO KPEMHIIO 1 Pi3HUX OKCHIIB MeTaliB [1-2].

Y paniii poOOTI HaBeAEHI pe3ylbTaTH CUHTE3y 1 JOCHIIKEHHS eJNeKTPUYHUX
BJIACTUBOCTEH KOMIIO3HTIB, IO MPEICTABIAIOTH COOOI0 CHCTEMY YaCTHHOK KepaMiKi Ha OCHOBI
oKcuay Bodb(ppamy abo OKcuIy IMHKY B TMOJieTUICHOBI wmaTpuui. IlouaTkoBuMuU
KOMITOHEHTaMHU KOMITO3UTY Oyiu BapucTopHa kepamika ckiaaxy WO3-Na20O-MnO2z-Al203, abo
Zn0-Bi»03-C00-Sh>03-Sn02-Mn0O-B203 Ta momieTniieH HU3bKOT MI1IBHOCTI.

[Ipu BHUrOTOBJIEHHI 3pa3KiB 3aCTOCOBYBAJIIMCH HACTYMHI TEXHOJOTIYHI OIeparii:
MEXaHIYHEe MOJIPIOHCHHSI KepaMiKu; IMPOCIIOBAaHHS IOPOINKY Yepe3 CUTa 3 po3MipaMu
4acTUHOK He Oinbiie 40 MKM; 3MilTyBaHHS MOPOIIKOIO/11I0HOT KepaMikH 3 MOJIETUIICHOM
IIPU TEMIIEPATypPl MEePEX0ly OCTAHHBOTO B B'S3KOTEKYYHMH CTaH; MPECYBAaHHS IIUXTH IIiJ
tuckom 100 MIla y Burmasai AMCKiB TOBIIMHOIO ~ 1 MM; mporpiBaHHs 3pa3KiB 3
BIIPECCOBHBAHUMI MIiJIHUMHU €JEKTPOJaMU TMPH TeMIlepaTypi IUIABICHHS KpICTAJIUTIB
nosietusieny (~ 130°C [3]) i tucky 0,1 MIla npotsirom 30 XBHIIHH.

Ha pwuc. 1 npencrasieni BojbT-amIepHi Xapakrepuctuku (BAX) kxommno3uTis
MOJTIETUJICH-BapUCTOPHA KepaMika 1 caMuXx BapuCTOpiB. BosbT-aMIiepHi XapakTepUCTUKU
3pa3kiB KoMno3uty (puc. 1 kpusi 2, 4), Takox sk 1 camoi kepamiku (puc. 1 kpusi 1, 3),
HEJIHIMHI 1 MaloTh OLIbII BUCOKY KJIacu(iKalliifHy Hampyra, HiXK [MOYaTKOBI BapUCTOPH.
Koedimient neninitnocTi BAX KOMIO3UTIB €110 MEHIIUNA HIXK Y BIAMIOBIIHUX BapUCTOPIB.
I{e Mmo>XHA MOSCHUTH YaCTKOBUM PYHHYBaHHSIM Oap'epHOTO 11apy B BHACII1I0K MEXaHIYHOTO
JIpoOJIeHHS 1 HACTYHOI TepMOOOPOOKH.

[lepeBaroto komnosutiB € nozutuBHuil TKO, mo 3ano0irae npo6oro 1 gerpaaarii
TaKMX EJEMEHTIB 3aXHCTy. 3pOCTaHHS TEMIIepaTypH TMPU3BOJAUTH JI0 PO3IIHUPEHHS
NOJIIETUIIEHY, AKUH Mae Koe(ilieHT JiHIHHOTO PpO3IIMPEHHS, M0 3HAYHO MEPEeBUIILYE
AQHAJIOTIYHUHN MapaMeTp ISl OKCHIIB LMHKY 1 Bosbdpamy. [lpu mpomy 30UIbLIYETHCS
cepe/Hs BiJICTaHb MK OKPEMHMH YaCTHHKaMHU BapHCTOPHOI Kepamiku, 1€ MPU3BOJAE IO
pPO3pHBY YACTHHW KaHAJIB MPOTIKAHHS EJIEKTPUYHOTO CTpyMmy. ToMy cmocrtepiraiocs
30UIbLIEHH omopy 3 pocToM Temmepatypu. 3HadeHHs TKO (o) po3paxoByBanocs B
inTepBani temneparyp 30-80°C B mpumymieHHi JiHIHHOTO XapaKTepy HOro 3MiHU TIpH
HU3BKil HATIPy)KEHOCTi eleKTPHYHOTO MO i JopiBHIOBaNO0 o = 0,22°C™ nnua xkomMmos3uTy 3
BoIb(hpaM-OKCUIHOIO Kepamikoro Ta o = 0,07 °C 1 koMIo3uTy 3 OKCHAHO-IIMHKOBOKO
KepaMmiKoro. 3 pOCTOM HaIpyKeHOCTI efekTpruuyHoro nosst 3HadenHss TKO 3pocraro.

HaBeneni pe3ynbTaTH J103BOJIAIOTH 3pOOMTH BHUCHOBOK MPO TMEPCIEKTUBHICTh
MOJIIMEPHUX KOMITO3UTIB HAa OCHOBI BapUCTOPHUX KepamiK JUIsi pO3pOOKH TO3HCTOPIB 3
BucokuM TKO.
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Puc. 1. 3ajieskHicTh TyCTHHH CTPYMY Bil HANIPY’KEHOCTI €1eKTPUYHOTI0 110JIs1 BAPUCTOPIB Ha
ocHoBi WOs3 (1) Ta ZnO (CH-2-26) (3) i koMII03UTiB NMoJIieTHIeH-BapucTOpHa Kepamika WOs3 (2)
Ta noJjieTuJeH-BapucTopHa Kepamika ZnO (4).

[1] [lIeByenko B.I'.  OcHOBBI ~ (M3MKHK IOJUMEPHBIX KOMIIO3MIIMOHHBIX MaTEPHUAJIOB.
Mocksa: MI'Y. (2010). 99 c.

[2] Lyashkov A.Yu., Tonkoshkur A.S. Varistor composites with a positive temperature
coefficient of resistance. Technical Physics, Vol. 56(3), (2011). p. 427-428.

[3] MonsixoB A.B., lyntos ®.U., Copues A.D. ITonusTriieH BBICOKOTO aaBieHus. Haydaro-
TEXHUYECKHE OCHOBBI IPOMBIIIICHHOr0 cuHTe3a. Jlenunrpa: Xumust. (1988). 200 c.

POLYMER COMPOSITES WITH VARISTOR CERAMICS AS
A FILLER

O. Holubytskyi, V. Karpenko, V. Makarov, A. Lyashkov
Oles Honchar Dnipro National University
mvol3@ukr.net

The results of the synthesis and investigation of the electric properties of polymeric
varistor composites were presented. Such composites consisted of the nonlinear zinc oxide or
tungsten oxide ceramics paricles introduced into the polyethylene matrix.

The current-voltage characteristics of the varistor composites are non-linear and have a
higher threshold voltage than initial oxide varistors. The coefficient of non-linearity of the I-V
characteristics of composites is slightly lower than for the varistors. The temperature coefficient
of resistance at 30-80 was a = 0,22°C! for the tungsten-oxide ceramics composite and o =
0,07°C"* for the zinc-oxide ceramics composite.
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CIIEKTPU BIABUTTSA OJHOMIPHOI BPETIBCBHKOI
CTPYKTYPU 3 YPAXYBAHHSIM JUCIHEPCII IOKA3HUKA
3AJIOMJUVIEHHSA TA HEPIBHOMIPHOCTI TOBIIUHHA
ITAPIB

P. Kuciapb, A. €Bunk
J[Hinposcoxuil nayionaneruil yHieepcumem imeni Onecs I onuapa
kiselroman280@gmail.com

bperrieceka mudpakiiss — sBUIIE CUIBHOTO PO3CIIOBAaHHS XBWJIb Ha IEPIOJIMYHIN
peunTIi po3ciloBayiB MpM TMEBHUX KyTax NaaiHHSA 1 JOBXMHAX XBWiIb. [lamaroua XBuWIIS
MOCIIJJOBHO BiJOMBA€ETHCA BiJl KOXKHOTO LIApy MEPIOJUYHOI CTPYKTYpPHU; BCl BIAOUTI pOMeEHi
KOTEPEHTHI 1 HyTh B OJHOMY HAIPsIMKY, 110 T03BOJIsiE IM iHTepdepyBaTH.

Mera 11i€i poOOTH JOCHITUTH CHEKTPH BIiAOWTTS HA OCHOBI OJHOMIPHOI MOEi
OperiBChKOI CTPYKTYPH 3 ypaxyBaHHSIM JIUCIIEPCii MOKa3HUKA 3aJIOMJICHHS Ta HEPIBHOMIPHOCTI
PO3MIpIB HIapy.

JlocmipkeHo 3MiHY XapakTepy CIEKTPiB BiAOUTTS 31 30UIBIICHHSIM BIUITMBY IUCHEpCil
MOKa3HUKa 3anmomiieHHs. [[ns i€l 4acTUHU AOCHIKEHHsS 30UIbLIyBaBCS BIUTUB AMCIIEPCIT
MOKA3HMWKA 3aJIOMJICHHS NUIIXOM 3MIHHM Barv BiJIIOBIAHOTO KOE(II[iEHTa 3aJTOMJICHHS, IO
XapaKTepU3yeThCs 3aJCKHICTIO BiJ 4acTOTH. J{OCHiIKEHO BIUITMB HEPIBHOMIPHOCTI TOBIIUHU
[I1apiB CTPYKTYPH Ha CIIEKTP BiAOUTTS. IJIst IbOTO B MOJIENi OpETiBChKOI CTPYKTYPH JI0 TIEPIOTY
JOJIaBajIiCsl BUMAAKOBI 3HAYEHHS B MeXaX IEBHOI BEJIMYMHHU PO3MOPOIICHHS mapy. bymno
BUSIBJICHO 3MiHY XapakTepy CHEKTpiB BiAOWUTTS 31 30iIbIICHHSIM BIUIMBY BEIWYHHU
HeoHOpigHOCTI. CrocTepexyBaHa IMpoka cmyra B niamaszoni Big 280 um mo 330 HM 3i
30UIBIIEHHSIM BEJIMYMHM BUIIQJKOBOTO IapaMETpPy CTa€ OLIbII BHPAXKEHOIO Ta CTAHOBUTH
OUIBII PI3KUI XapakKTep.

31 301IbIIEHHSM BIUIMBY JUCHEpCli MOKa3HUKA 3aJIOMJIEHHS, TOCTYIOBO MOPYIIYETHCS
cTpyktypa cmyr B oOmacti 300 HM. Po3moain cmyr B wmiii o0iacTi HOCUTH Bce Olblie
BUNAJKOBUM xapaktep. He nuBiIsiunMch HAa BUMAAKOBHI XapaKTep MOKHA MPOBECTU CEPEIHIO
JiHiIO, siKa Oy/Ie MaTy BUTIISA] IIUPOKOI cMyrd B nianasoHi Big 280 uM 1o 330 M. [Ipuyomy
OyJie MOCTYNOBO MEPEXOIUTH B CMYTH OperiBcbkoi Audpakiii. CMyTH, sIKi CI1AYIOTh MICHS i€l
CMYTH [TOCTYIIOBO 3BY)KYIOThCSI, @ BiICTaHb MK HUMH 301JIBIIYETHCS.

REFLECTION SPECTRA OF A ONE-DIMENSIONAL BRAGG

STRUCTURE TAKING INTO ACCOUNT THE VARIANCE OF

THE REFRACTIVE INDEX AND THE UNEVEN THICKNESS
OF THE LAYERS

R. Kysil, A. Yevchik
Oles Honchar Dnieper National University
kiselroman280@gmail.com

This paper deals with study of the reflection spectra of the Bragg structure, taking into
account the dispersion of the refractive index and the violation of structure regularity.

The results of the work can be used for further development of Bragg's model
approximated to real conditions; results can be used to create devices based on Bragg structures.
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10 METOAUKHU BUSHAYEHHS ITAPAMETPA
AHI3OTPOIII TEPMOEPC r-Si, IPYKHO
JAE®OPMOBAHOI'O B310OBX [110]

I'. Taiinap
Incmumym so0epnux oocnioxncenv HAH Ykpainu
gaydar@kinr.kiev.ua

[apamerp amizoTpomii Tepmoepc M= a|?/a? xapaktepusye BimHOmIECHHS
M103JI0BXKHBOT (and’) no tonepedoi (a?) cknamoBux (GOHOHHOI YACTHHH TEPMOEPC s

OKPEMOTO 130€HEPreTUYHOTO elincoiga 1 € QyHJIaMEHTAIBHUM IapaMeTpoM Teopil
TEPMOETICKTPUYHUX 1 TEPMOMArHITHHX SBHIN y O0araToJOJMHHUX HaIliBIIPOBIJHUKAX 3a
HAsIBHOCTI €JICKTPOH-(DOHOHHOTO 3aXOIUICHHSI.

VY mpai [1] onrcaHo MeToT BU3HAYCHHS mapaMeTpa M 3a pe3yiabTaTaMi BUMIpIOBaHb

TEH30010pY 1 TeH30TepMoepc Yy pasi aedopmaiii N-Si B HanpsiMky [001] (To6TO 32 ymMOB X

, VT || [001]), ne X — MexaHiuyHE HANpPYKEHHs, | — IMUIBHICTH CTPYMY IpPHU BUMIipIOBaHHI

nuromoro onopy p = p (X); VI — rpaaieHT TeMrneparypu MpH BUMIpIOBaHHI TEH30TEpPMOEPC
a= a(X)). 3uauenns M, oxepxani BiAmoBiaHO 10 [1], y kpucramax N-Si, BUPOIICHHX Y
HanpsMky [001] metomom YoxpallbcbKOro, MOXYTh CIOTBOPIOBATUCS IIAPYBAaTICTIO B
PO3MOALT 3aJHMITKOBOI JOMIMIKK KHUCHIO (B HAmpsMKy oci pocTy). Tomy BaXIMBO MaTH
MO>KJIMBICTh BU3HAYaTH MapaMmerp M TakoxX y KpucTtanorpadiyHOMy HANpsSMKY, BIAMIHHOMY
Bix [001].

Po3po01ii, oOrpyHTyBaHHIO Ta TpaKTU4YHIA ampoOarii METOAMKH BHU3HAYEHHS
M = o?/ . xpucraniB n-Si 3a BumiproBarHamu p (X) i a (X) B310BXk KpucTamorpadigHoro
HanpsaMmKy [110] npucssiueHe naHe JOCTiKEHHS.

Ha ocHoOBI Teopii aHI30TPOMHOIO PO3CIIOBAHHSA MOXHa MOJAaTH KOMIIOHEHTH TEH30pa

Tenszotepmoepc ¢ ? mns N-Siy Takomy Bursagi [2]:

A¢Ea?§(x):[(M—K)(2K+1)_+ 3K(M-1) pik(X)] 1)
KT gl (1-K)(2K+M) * " (K-1)(2K+M) p,

ne a? (X)/al i py (X)! p, — KOMIOHEHTH (OHOHHOI YACTUHM TEH30TEPMOEPC i TEH30010DY,
BiJTHECEH] JI0 BIAMOBIIHUX 3HAU€Hb THX CaMHX MapaMeTpiB y HeaehopMOBaHOMY KpUCTai;
K =, / p1y — TAPAMETp aHI30TPOILii PyXJIMBOCTI; &, — ACNbTa-QyHKIISL.

V pasi cranoi 3araqpHOi KOHLEHTpaLii HOCIIB 3apsiay B ¢-30Hi (Ne = CONSt) rpaHnuHe
3Ha4YeHHS 3MIHM omopy N-Si, MOB'sI3aHE 3 MKMIHIMyMHHMM MEPEPO3MOJIIJIOM HOCIIB B yMOBax
X |l 1 | [110] 3amaerncst Bupazom

[110]

szw :2(2K+1j’ (2)
P 3 UK+1

e pl = |im p(x) BIATIOBia€e 00JacTi HaCHYCHHS p = p(X). Po3s's3aBmiu (2) BiAHOCHO

X =0
napamerpa aHizoTpormii pyxauBocTi K, 3Haxo1umo
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K =(3B-2)/(4-3B). (3)

IizcrasuBmy (st KoHKpeTHOro HanmpsivMxy X || [110]) Bupas (2) B (1) i po3s'sasmn
piBHsiHHA (1) BimHOCHO M, MaTUMEMO

M =K ! —21 (4)

1— K+1 A‘i’,[llo]
2K+1) ™~

ne A% 00 :>!im Aif (x) 1 BiAMOBiae 3aBepiieHid cTaii MIXMIHIMyMHOTO TEpPEPO3MOILTY
—0

HOCIiB, 3yMOBJICHOT'O BITUBOM OJHOBICHOT MPYKHO1 Aedopmarrii.
[TincraBuBmm y Bupa3 (4) 3nadenns K, 3naiinene 3 ¢gopmymnu (3) 3a HacHYECHHSIM
TeHzoonopy, a Takoxk Benmuuny A? M9 oGuucneny 3a HacuueHHAM TeH30TEpMOEpC (NpH

a0 = 6200 mxB/rpax) ans kpucrana n-Si (P) (ne = 6,55 - 10* cm®), BupomeHOro B HANIPSAMKY
[001], i ymoB npoBeennx sumiprosanbs (X || || [110], 7=77 K; X || VT [110], T = 85 K),
OJICP)KUMO 3HAauYeHHs IMapamerpa aHizorpomii M =57, ske B Mekax NMOXHOKH BUMIPIOBaHb
Y3TO/DKYETHCS 3 BIAMOBITHUMH MaHUMH mipami [1]. OtpumaHwmii pe3yiabTaT i OOIPYHTOBYE

3pobreHy cnpoOy BuMiproBaHHs nmapamerpa M y kpucranorpadiunomy Hanpsmky [110], mo
He 301raeThCsl y BUXITHOMY KPUCTAII 3 BICCIO HOTO BUPOIIYBaHHSI.

[1] Taiimap I'.I., bapancekuii I1. I. KoHieHTpamilini 3aJIe)KHOCTI apaMeTpa aHi30TpOIil
pyxmuBocti K = g0/p) 1 mapamerpa aHi3oTpomii TepMoepc 3aXOIUICHHS €JICKTPOHIB
doronamu M = a|?/ a1 B n-Ge Ta n-Si. Tepmoenextprka. Ne 5. (2014). C. 22-30.

[2] bapanckwmii [L.., Byma U.C., axoBckuii I.B. Teopusi TEpMOIIEKTPUUECKUX H

TEPMOMAarHUTHBIX SBJIICHHM B aHU30TPOIIHBIX MOJynpoBoAHuKax. Kues: HaykoBa nymka.
(1987). 272 c.

ON THE TECHNIQUE OF DETERMINATION OF THE
ANISOTROPY PARAMETER OF THERMO-EMF OF n-SI
ELASTICALLY DEFORMED ALONG [110]

G. Gaidar
Institute for Nuclear Research of the NAS of Ukraine
gaydar@kinr.kiev.ua

In this paper the technique was proposed for determining the anisotropy parameter of
thermo-emf of n-Si crystals grown by the Czochralski method in the [001] crystallographic
direction and elastically deformed in the [110] direction. The measurements of tensoresistance

and tenso-thermo-emf were performed under the conditions of X || j || [110], 7= 77 K and

X || VT || [110], T = 85 K. The obtained value of the anisotropy parameter M = 5.7 agrees well
with the similar value for n-Si crystals grown and deformed in the [001] direction.

The experimental substantiation of the proposed technique confirms the possibility of
its application for determining the parameter M in the direction [110], which does not coincide
in the original crystal with the axis of its growth.
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JOCIIXKEHHA CJIABKOBIIBUBHUX CTPYKTYP Y
MIKPOXBUWJIBOBOMY AIAITA30HI

€. TpaxTtmaHn

J[Hinposcoxuil nayionanerui yHieepcumem imeni Onecs I onuapa
gekan1997@mail.ua

HeoOxinnicTh MiHIMI3aIil paaiooKalliiHOI TOMITHOCTI TpPH CTBOPEHHI CydYacHOI
BiliCHKOBOI TEXHIKH B JIaHWW Yac HE BUKIUKAE HISIKUX CYMHIBIB — y BCiX HOBUX PO3poOKax B
TIH YW 1HIIIA Mipl BUKOpUCTOBYIOThCs '"Stealth"-texnonorii. IlocrtiitHe BIOCKOHAJIGHHS
pamionoKamiifHuX 3ac00iB poOUTH IO 3a/1a4y BCE OLIBII aKTyaldbHOO i CKIaJAHOI. OCKUIBKI
MOJKJTMBOCTI 3HW)KCHHSI PaJiOJIOKAI[IfHOI TOMITHOCTI OOMEXKEHi, OCHOBHHM 3aBIaHHIM
PO3POOHHKIB CTA€ TOCATHEHHS ONTHMAJIbHUX XapaKTEPUCTHK MOMITHOCTI, 110 3a0€3MeUyI0Th
CKPUTHICTH IEPECYBAHHS, aJIe HE TIOTIPITYIOTh OOHOBHX SKOCTSH TEXHIKH.

Bce pizHOMaHITTS MeTO/1iB 60POTHOM 3 BIAOUTTAM PajlioNIOKALIHOTO CUTHATY MOYKHA
PO3JLUTUTH HA 1Bl TPYIIU: HaJaHHS TEXHIIll cremniaapbHoi ciabkoBinOuBHOI (opmu Ta
BUKOPHUCTAHHS TIOKPUTTIB, MO MOTJMHAIOTH MMAJIAal09y Ha IXHIO MMOBEPXHIO €JICKTPOMATHITHY
EHEpTio.

B po6orti posrisiHyTo GararomapoBi CTPYKTYPH 13 MarHiTOZIIeNeKTPUKIB. 3aBIaHHS
noJsirae y MiHimizarii Mmoayist koedimienrta Binoutts (KB) Bin maHoi cTpyKTypH B 3a1aHOMY
YaCTOTHOMY Jliana3oHi, a TaKOX B MiHIMi3allii TOBIIMHU TaKO1 CTPYKTYPH.

Bynu 3MozenboBaHi 1M’ ATHIIAPOBI TiCIEKTPUYHI CTPYKTYPH Ta PO3pPaxOBaHi YaCTOTHI
xapakrepuctuk Mmoayiisi KB. Byio B3sTo Bigomi 3 poboTu [1] mapameTpu KOKHOTO mapy st
BUIAJIKIB ONTHMI3aIlii METOJOM O>KOJIMHOT KOJIOHIT Ml cyMapHy TOBIIMHY 4 MM.

byna 3acrocoBana ¢opmymna [2] mig pekypcuBHOro po3paxyHky KB:

Rij+RN=1=Dexp(-y12d,) )
1+R;jRIN-I=Vexp(-y;2d;)’

RW-1(w) =

ne R — KB Bix crpykrypu 3 N mapiB; @ — 4acTora; i,j — HoMepu mapis; R; j— KB ®penens Bin
MEXi pO3/IiTy BiAMOBIAHUX M1apiB; 0 — TOBIIUHA IApY; Y, = j% &,, € C — MBUIKICTh CBITJIA;

€ — JieNeKTpUYHa MPOHHUKHICTh IIApy; ] — ysABHA OJMHHI. Bynma nocmijkeHa 3alexHICTh
cepenuboro KB Big Toumau nepmoro mapy d1 (pucyHok 1).

Reep,
b

0 6107 1207 1107 2407 a0 dl, M

3

Pucynok 1 — 3anexnicts cepenaboro KB Biax ToBuiuau nepmoro mapy di
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[licns onTtumizanii ToOBIMH mmIapiB Oyno 3MmeHmeHo cepenHiii KB 3 -27.23 nb
no -28.756, ane cymapHa TOBIIMHA CTPYKTypu 30umbmmmuiack 3 3.663 mm nmo 3.774 mMm. B
pe3yibTaTi OTpuMaHo Takui rpadik yactotHoi 3anexxnocti KB (pucynok 2).

B
E_IPU

a) -p—L 111 6) it
2 3 4 5 6 7 S fITn 0) - 1003 3 P 5 : - S fITn

Pucynok 2 — YacrotHa 3anexnicts KB p1a n’arumaposoi crpykrypu a0 (a) i micist (0) 3MiHM TOBIIUH
wapis. [lyHKTHpHOIO JIiHi€I0 03HaYeHo cepeane 3HaYeHHs1 KB Ha npomixkky Bin 2 1o 8 I'T'n

BrnuB 3MiHM TOBIIMHU 1HIIMX MIapiB OYB CYTTEBO MEHIIKM 1 HE I03BOJIMB OTPUMATH
nopanblie 3HnkeHHs KB.

[1] Toktas A., Ustun D., Yigit E., Sabanci K., Tekbas M. Optimally Synthesizing Multilayer
Radar Absorbing Material (RAM) Using Artificial Bee Colony Algorithm. 2018 XXIlIrd
International Seminar/Workshop on Direct and Inverse Problems of Electromagnetic and
Acoustic Wave Theory (DIPED). (Thilisi, Georgia, 24-27 Sept. 2018).
DOI: 10.1109/DIPED.2018.8543261

[2] Bopyabko B.®., Ipobaxun O.0., Cnasun N.B. Muorouactotasie CBY Hepaspyiaroriye
METO/ABl M3MEPEHUs] MapaMeTpPOB CIOUCTBIX IMANEKTpUKOB. JlHemponerposck: JAI'Y.
(1992). 120 c.

RESEARCH OF STRUCTURES WITH SMALL
REFLECTIVITY IN THE MICROWAVE RANGE

Ye. Trakhtman
Oles Honchar Dnipro National University,
gekan1997@mail.ua

The problem of minimizing the reflection coefficient for a five-layer dielectric structure
is considered in the paper. The dependence of the average reflection coefficient on the thickness
of the first layer d1 was investigated and other parameters of the structure were proposed.

As aresult, the average reflection coefficient was reduced from -27.23 dB to -28.756 by
increasing the overall thickness of the structure from 3.663 mm to 3.774 mm.
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INDUCED EFFECTIVE VERTEXES IN QUARK-GLUON
PLASMA

V. Skalozub
Oles Honchar Dnipro National University
skalozubvv@gmail.com

At the LHC experiments, quark-gluon plasma should be created. After the
deconfinemen phase transition the A0 condensate (Polyakov's loop) forming out of the gluon
G”3 and G”8 fields must be present. This background modifies the spectrum of colored
particles and influences various processes.

Because of violation of the Z(3) symmetry and the Furry theorem for color, in the
plasma the new type phenomena have to be inspired. Among them the creation of induced color
charges, Q3 {ind.}, Q8 {ind}, and the generation of corresponding classical potentials
f3_{cl.}, 8 {cl.}, where the indexes 3 and 8 refer to the directions in the internal group space.
Also the generation of induced gluon-gluon-gluon and gluon-photon-photon vertexes have to
be expected, which result, in particular, in gluon splitting in two photons, inelastic scattering of
photons on the plasma. These are the distinguishable signals of the plasma formation.

In the present talk these effects are described in details.

[1] V. Skalozub. Induced color charges, effective photon-photon-gluon vertex in QGP.
Applications to heavy-ion collisions. Ukraine physics journal. Vol.64,No 8 (2019). P. 743-
748.

THIN FERROELECTRIC FILMS ON DIELECTRIC
SUBSTRATES WITH HIGH THERMAL CONDUCTIVITY

T. Kruzina, S. Popov, Yu. Potapovich, A. Rutskiy, S. Popov
Oles Honchar Dnipro National University
spopov@meta.ua

Achievements in the field of thin ferroelectric films technology have greatly expanded
the range of practical applications of ferroelectrics in microelectronics, particularly in
microwave devices. High values of dielectric constant, which can be influenced by application
of small voltage, make ferroelectric films unique for use in microwave technology. Also, such
films characteristics as low values of dielectric losses and the capacitance overlap coefficient
make the materials more attractive.

Ferroelectric NaosBiosTiOs (NBT) is a promising material to use in electronic devices.
Obtaining of a lead-free thin NBT films is a purpose of many works that have been ongoing for
more than 10 years [1]. At present, the best samples of the obtained thin NBT films show the
dielectric constant of 600-800 and the residual polarization of 12 uC/cm? In most studies,
silicon wafers are used as a substrate, due to the desire for compatibility with existing
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semiconductor microelectronics technology. However, both polycor and sitall wafers have been
successfully used in microwave technology for a long period of time. Such substrates have high
values of bulk and surface resistivities, low values of dielectric losses, have high thermal
conductivity, and what is very significant they have small values of linear expansion
coefficients, which reduces influence of mechanical stresses on deposited films. In this work,
the deposition of thin polycrystalline NBT films on sitall ST-32-1 substrates is investigated.

NBT films were obtained by ion-plasma (three-electrode and magnetron) high-
frequency (RF=13.56 MHz) methods of sputtering of ceramic NBT target in an argon
atmosphere (chamber pressure 1 mTorr). The target was prepared according to the technology
described in [2]. At the first stage the raw materials (BiOz, TiO2, and Na2COs) were prepared
according to stoichiometric ratio, mixed and milled in a ball mill within 12 hours. The mix was
dried up at T=200°C for 24 hours and uniaxially pressed into a tablet with 10 MPa pressure
within 1 hour. The tablet was annealed at 800°C during 15 hours in the air. At the second stage
the NBT tablet was crushed and secondary milled in a ball mill. After drying the powder was
pressed in a tablet of 40 mm in diameter and 3 mm in thickness with the pressure of 15 MPa
within two hours. Secondary annealing was carried out at T=1100°C within two hours in the
air. The phase composition of the target was controlled by X-ray phase analysis.

Sitall substrates were chemically and ionically cleaned in advance. A Pt layer was
deposited on the clear substrate by DC magnetron sputtering. The crystallographic structure of
the Pt layer would promote formation of a correct NBT films structure. The NBT film was
deposited on the Pt covered substrate heated to 150°C, the temperature that was optimal given
the film composition contained the volatile components. Subsequent synthesis of the films was
carried out in an unsealed container with coarse crystalline NBT powder at a temperature of
700°C for 45 minutes in the air. The excessive vapor pressure of the volatile Na and Bi
components compensated for the violation of the film stoichiometry during the synthesis. The
phase composition of obtained films was controlled by X-ray phase analysis.

It was established that the structure and the phase composition of the NBT films were
significantly influenced by the surface morphology of the platinum layer, which significantly
depends on both the substrate temperature during the Pt deposition process and the thickness of
the Pt layer. The Pt film deposited on sitall substrate has a polycrystalline structure without
texture, regardless of the temperature of the substrate during the deposition process. We have
found that an increase in the temperature of the substrate above 300°C upon deposition of Pt
leads to a significant change in the morphology of the platinum surface upon subsequent
annealing at T=700°C. Due to the intensive growth of crystallites in the direction perpendicular
to the film surface, the fine-grained structure turns into a rough, column-like structure. After
the synthesis of NBT film deposited on a Pt surface with such a morphology, the process of
generation and formation of the perovskite phase met difficulties. Often, after the upper
electrode was deposited on the surface of the NBT film, the samples turned out to be shorted,
since the thickness of the deposited NBT film appeared less than the roughness on the platinum
surface. Attempts to increase the thickness of the Pt layer to more than 100 nm also led to an
increase of the film roughness. The substrate temperature of 300°C with a thickness of 85 nm
was the most optimal for obtaining fine-grained polycrystalline structure of the platinum layer
on sitall substrates for deposition and synthesis of NBT films. X-ray diffraction (XRD) analysis
showed that the Pt layer was free of any texture. During the thermal annealing the formation of
several intermediate phases, including low temperature pyrochlore matrix Bii2TiO20, was
observed before the perovskite phase appeared. The final phase transformation occurs through
generation and growth of individual perovskite NBT phase islands in the pyrochlore matrix.
XRD analysis of the films on the sitall substrates showed the presence of a perovskite
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polycrystalline structure with reflexes 20=23°15' (100), 20=33°20"' (110), 20=40°25"' (111).
The reflex in the region 20=30° can be attributed to the pyrochlore phase residues in the film
material. Obtained films had the following ferroelectric parameters: =700, Pr=9 uC/cm?,
Ec=48 kV/cm. The relatively low values of the obtained ferroelectric characteristics can be
associated with the presence of leakage currents, which, when reaching values of J=3-10°
Alcm?, can introduce significant distortions in the values of measured parameters.

[1] Zhou Z.H., Xue J.M., Li W.Z., Wang J. Ferroelectric and electrical behavior of
(Nao.sBios) TiO3 thin film. J Applied Physics Letters. V. 85. (2004). P. 804-806.

[2] Kruzina T.V., Popov S.O., Potapovych Yu.M., Sidak V. M., Kyrylov A. M. Synthesis
technology of the magnetron targets for deposition of NagsBiosTiO3 films. Visnik
Dnipropetrovs’kogo universitetu. Seria Fizika, radioelektronika. V. 23. (2015). P. 122-125.

EJEKTPUYHI BJIACTUBOCTI KPUCTAJIIB LiNaGesO9

. Boauneunb, M. TpyOiuun
J[Hinposcokuil nayionaneruil yHieepcumem imeni Onecs I onuapa

dmitryvol766@gmail.com

Ha TtenepimHiii 4Yac CcHHTE30BaHO OuIbIIE€ JECSATKAa CIHOJIYK CHCTEMHU JITIEBO-
repmanieBux okcuiB Li2O-GeOz. OnuH 3 npeacTaBHUKIB CIMEHCTBA - TeTparepMaHaT JiTiio
Li2Ge4Og, mpuBepTae yBary IOCIHIHUKIB 3aB/SIKH HASSBHOCTI CETHETOCIEKTPUYHOTO (ha30BOro
nepexoay. KpiM Toro, akTMBHO AOMIJKYIOTHCSI €IEKTPUYHI BIACTUBOCTI KPHCTANIB JIITIEBO-
repMaH1€BUX OKCHUIB, sIK1 BUSIBJISIFOTh BUCOKY 10HHY IIPOBIJHICTB IO JIITi10. [OHHIH poBIIHOCTI
BJIACTHBA CWJIbHA aHI30TPOIIis, IO MPSIMO KOPEJIOE 3 XapaKTEepOM CTPYKTYpPHU 1 HarpsiMaMu
KaHaJIB, B IKUX PO3TALIOBYIOTHCS MOO1TBHI KaTioHu L.

B poboTi nociiikeHo eneKTpUYHI BIACTUBOCTI JIITIEBO-HATPIEBOTO TeTparepMaHary
LiNaGesOg, B pemritui sikoro ionu Na 3amimgyrore ionn Li B oaHiil i3 HeekBiBaJeHTHHX
nigpemritok crpykrypu Li2GesOg. JlocmimkyBaHi Kpuctamy Oya0 BHPOIICHO 3a METOI0M
Yoxpanbcbkoro[1]. 3pasku roTyBanucs y BUTUIAAI IJIACTHHOK 3 TOJOBHUMH TOBEPXHSIMH
B3/10BX Kpuctanorpadiunux miommH (100), (010), (001). Ha romoBHI moBepxHi 3pa3KiB
METOZIOM KaTOJHOTO PO3MMJICHHS HAHOCWINCS TUIATHHOBI €IEeKTPOAH. BuMiproBaHHS
MPOBEJEHO y 3MIHHOMY TOJIi MOCTOBHM METOJIOM 3 BUKOPHCTAHHSAM ycTaHOBKHU Ha 0a3i LCR
BumiptoBaua E4980A B mabopatopii 106 KpakiBcbkoro mneayHiBepcutery. YacToTy
BHUMIPIOBAJILHOTO TOJIsl 3MiHIOBanu B iHTeBami Bix 20 Hz mo 2MHz. EnexkrponoBinHicTs Ta
€MHICTH 3pa3KiB BU3HAYAJIMCS Y MPOIIECi HarpiBy BiJl KIMHATHOI TemnepaTypu 1o 520 K.

Otpumani pe3ynbratu 11 3pa3ka (010) mpuseneno Ha puc.l 1 2. MoxHO 6auuTu, 110
JlieNleKTpUYHa TMPOHUKHICTh € MPH TEMIIeparypax TPOXHM BHUIIE KIMHATHOI NMPAaKTUYHO HE
3aJISKUTh BiJ YaCTOTH BUMIpIOBaJIbHOTO mouis (puc.l). YacToTHa nucnepcis cTae MOMITHOO
npu Ttemneparypax Buime 420 K. [lpu HH3BKHMX YacTOTaX CIIOCTEPIraeTbcs HEMiHIMHE
3poctanHsl € mpu HarpiBi. s wactor f>20kHz ne 3pocranns npaktuuHo 3HHMKae. Taka
noseninka €(T) € 3BUYaiiHOIO JUIS pealbHUX CUCTEM 1 BUHUKAE SIK PEe3yJbTaT MiJBUIIECHHS
€MHOCTI 3pa3Ka 3a paxXyHOK BHECKIB PYXJIUBUX J€(EKTiB.
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Puc. 1. 3anexnocri ngienexrpuunoi nponnknocti £(T), Bumipsni B31oB:xk oci [010] npn Bka3aHux yacrorax
3MIHHOIO MO,

TemmepaTypHi 3aJIe)KHOCTI  €IEKTPOINPOBITHOCTI G MOOyJOBaHI B KOOPAWHATAX
Appeniyca puc. 2. Buano, mo npu HarpiBanHi 3pa3ka Buie 450 K mouynHaeTscs 3pocTanHs
MUTOMOI €JIEKTPOIPOBIAHOCTI 332 paXyHOK TEPMIYHO aKTHBOBAHHX IPOLIECIB IIEPEHOCY 3apsy.
Ha ocHoBi janux po6otu [1] ocHOBHHMIT BHECOK B G MOKE OYTH MOB'SI3aHHI 3 PyXOM 10HIB JTiHO
B3JIOBXK CTPYKTYPHUX KaHAIIB.
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Puc. 2. 3anexnocti nutomoi ejexkrponposigHocti o(T), Bumipsini B3noB:k oci [010] npu Brkazanux
4acToTax 3MiHHOIO MOJI.

[1] Volnianskii M.D., Trubitsyn M.P., Bibikova O.A. Electric Properties of LiNaGesOg Single
Crystal // Ferroelectrics.- 2013.- V.443.- P.16-19.
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ELECTRIC PROPERTIES OF LiNaGesO9 CRYSTALS

D. Volynets, M. Trubitsyn
Oles Honchar Dnipro National University
dmitryvol766@gmail.com

Electric properties of LiNaGesOg single crystal have been measured in AC field along
crystallographic axes. On heating above 450 K contributions from mobile charged defects have
been detected to permittivity and conductivity.

PO3POBKA TA JOCIIJPKEHHS MOJEJI BPETTIBCBKOI
CTPYKTYPU 3 PI3HOIO OPICHTALICIO LIAPIB

A. Tapacenko, A. €B4uK
Jninpoecoxuii hayionanvruti ynieepcumem imeni Onecs I onuapa
andretar4@gmail.com

Po3pobrneno monens 1D OperriBcbkoi CTPYKTYpH, sIKa pO3pPaxoBY€e CIEKTP BIIOUTTS
OperriBcbKOi CTPYKTYpPHU 3 ypaxyBaHHSAM pi3HOI opieHTalii mapis. Pe3ynbratu po6OTH MOXYTh
OyTH BUKOPHUCTaHI Ul TMOAAIBIIOI pPO3POOKM HAOJMKEHOI A0 pealbHUX YMOB MOJeNi
OpeTTIBCHKOI CTPYKTYPH; pe3yJIbTaTh MOXKYTh OYTH 3aCTOCOBaHI JJIsl CTBOPEHHSI MPUCTPOIB Ha
OCHOBI1 OperriBCbKHX CTPYKTYP.

Ha ocHoBi mporpamu 151 Marematuanoro moaentoBanist MATLAB Oyno po3paxoBaHo
CHEKTpH BIAOUTTS Ta 3aKOH JucHepcii sl OPerriBCbKUX CTPYKTYP 3 BUKOPUCTAHHSIM METO/IIB
MaTpHIlb IEPEXOy Ta PO3KIATAaHHS €JIEKTPOMArHITHOTO MOJIS MO IJIOCKUM XBUJIsM [1].

Cxemu Mozeni OperriBCbKoi CTPYKTYpH 3 ypaxXyBaHHSM pi3HOI OpieHTalii mapiB
IpHUBENIEHI Ha puc. 1.

n A

Y -
a-de 4 d /

1]
S
[=N

Pucynok 1 — CxemaTn4He 300pazkeHHsI MoJieJiel OperTiBcbKoOI CTPYKTYPH. a — MOJAEJIb LI
MATPHYHOI0 MeTOAy; 0 — MoJeJIb 1JIsl MeTO/Aa PO3KJIAJAHHS eJeKTPOMATHITHOTO MOJIsl MO MJIOCKUM
XBHJISAM

Mogens, sika JOCHIIKYEThCS, SIBJIE€ COOOI0 HAOIp TaKUX CTPYKTYp, I SKHX TeTa
BUCTYIIA€ K KYT Opi€HTALii B 0HY a00 1HITYy cTopoHy. Llel KyT HOCUTh BUITaJKOBUI XapakKTep,
a TOMY NpH 301JIbIIEHH] HOTr0o 3HaUEHHs 3pOCTaE 1 Jiana3oH KyTiB Opi€HTAI] CTPYKTYpH.
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3a gonomororo mozeni (puc.l) 6yno oTpuMaHO CIEKTPU BITOWUTTS 1 3aKOH AMCIEpCii
JUTs1 OpeTrTiBChKOI CTPYKTYPH 3 PI3HOIO OPIEHTAIIIEI0 MIAPiB.

Ha puc. 2,a HaBeneHa 3ajleKHICTh HAMIBIIMPUHHM CIEKTPAJIbHOI JIiHIT Bix KyTa
OpI€HTAIIIl CTPYKTYpPH, Ha pHUC. 2,0 — 3JIeKHICTh KoedillieHTa BiIOUTTS BiJI KyTa, a Ha puc. 2,B
3aJISKHICTh IIUPUHHI 3a00POHEHOT 30HH BiJl KyTa Opi€HTAIlil CTPYKTYpH.

Aw, - 10" pag/c

Pucynok 2 — I'pagiku 3a1e:kH0CTi XapaKTepuCcTHK: a — 3anexkHicTb AA = AM(O);
0 — 3anexnicts R = R(0); B — 3anexuicts Aw = Aw(0)

Po3paxoBaHi criekTpu BiIOUTTS MOKa3aJd IO 31 30UIBIICHHSM BEIMYMHU KyTa MiX
JOKEpPENIOM 1 CTPYKTYPOIO cMyra BiIOUTTA cTae mmpiioo. [Ipu 30iablneHH] 3HaYeHHs KyTa
Opi€HTAIlll CTPYKTYpH KoedilieHT BimOUTTS crae MmeHmmid 1. s xoedirienta BimOUTTS
3’IBJISIETHCS JIesiKe (POHOBE 3HauUeHHs. [JOBrOXBMWIIbOBA YACTHUHA CIIEKTPY CTA€ OLIbII MOJIOTO0
npu 30UIblIeHH] KyTa. [IpuBeneHO 3alieHOCTI 3aKOHY AMcCHepcii Uil pI3HUX 3HaueHb
BeNMYMHHU KyTa. [lokazaHo, mo ¢poToHHa 3a00poHEHa 30Ha 301IBIIYETHCS 3 POCTOM KyTa MiX
JOKEpEeIoM BUIIPOMIHIOBAHHS 1 CTpYKTYpoto. /lucnepciiiii KpuBi po3NOPOILIYIOTHCS, a CEpEeIHs
JiHIS TUCTIEPCIMHUX KPUBUX BHUPIBHIOETHCS HPU 30UIBLICHHI KyTa, 1[0 MPUBOAMUTH 10 MOSBU
JIeSIKOTO HIMPOKOTO Jliara3oHy 4acToT Mo oOuaBa OOkH 3a00poHEHOi 30HHW. TakuMm YHHOM,
HMOBIpPHICTb IPOXO/IXKEHHS Ta BIIOMTTS NPOMEHIB 3 OJIM3bKUMHU XBUIILOBUMHU BEKTOPAMHU CTa€
MaiKe 0JTHAKOBOIO ISl BChOTO JOCIIHKYBAaHOTO CIIEKTpaIbHOTO nAiama3ony. Llei ehext moxe
00yMOBJIIOBATH NOSABY (POHOBOT'O PiBHS B CIIEKTpax BIAOUTTS.

[1] €Bunk A. B. BrumuB nedexTiB CTPYKTypH Ha PO3MOBCIOKCHHS CBITIa Yy (DOTOHHHX
kpuctanax [Texcr] / A. B. €punk // YK 538.938. — 2015. — C. 25-36.

DEVELOPMENT AND RESEARCH OF BRAGG STRUCTURE
MODEL WITH DIFFERENT LAYER ORIENTATION

A. Tarasenko, A. Yevchik
Oles Honchar Dnipro National University
andretar4@gmail.com

The research deals with study of reflection spectra of Bragg structure with allowance
for different orientations of layers and dispersion law for a given structure. The results of the
work can be used for further development of Bragg's model approximated to real conditions;
results can be used to create devices based on Bregg structures.
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JOCJIIIKEHHA XAPAKTEPUCTHUK JUCIIJIES HA
OCHOBI OPTAHIYHHUX CITOJIYK

K. Muxaiinos, A. I'anart
Xapxiscokutl HAYIOHATbHUL YHIBEpCUmMen PpadioeleKmpOHIKU
d_meda@nure.ua

OLED-naneni MaroTh psij mepesar B MOpPiBHAHHI 3 Tpaauuidaumu PK-teneBizopamu.
OpranivHi CBITJIOAIONM CAaMOCTIHHO BHIIPOMIHIOIOTH CBITJIO, a 3HAYHUTh, HE IMOTPEOYIOTH
nifgcBivyBanHs. [lucmuiei Ha 6a3i texnonorii OLED xapakTepu3ytoThCsi HEBEIIMKOK TOBIIUHOIO
1 MJICHBPKUM YacoM BiATryKy. KpiMm Toro, Taki eKkpaHu MaroTh OUTBII BUCOKY B mOpiBHsIHHI 3 PK-
MaHEJISIMH JTO3BLJ 1 Kpalle BiIoOpaxkaroTh KOJIbOPH.

1. Bupobuuurso OLED-TteneBizopiB Oyae 0OXOAUTHCS JEUIeBIIE TaK SIK HA MEPIINi
HOTJISA]] 1I€ TBEP/DKEHHSI MOXKE 3/IaTHCS JUBHHUM, BPaxoByroud BapTicTh Sony XEL-1. Oxnak
OLED-TeneBi3opu BiamToBaHi mpocriie, Hix ix PK-ananoru. Opraniusi CBITJIOAI0U MOXHA
BUPOOJISTH 3 TIOTIMEPIB, 3JaTHUX CBITUTHCS P IPOXO/KEHHI uepe3 HuX cBitia. Lle mo3Bosnse
3HAYHO CIIPOCTUTH KOHCTPYKIIIO TelenpuiiMaya, OCKUIBKU BiJNagae HEOOXiAHICT B LIIOMY
Pl KOMIIOHEHTIB, BUKOpUCTOBYBaHUX B PK-TeneBizopax.

2. OLED-teneBi3opu OUIbII €KOJIOTIUHI 32 PaXyHOK 3HMKEHHS €HEProClOXHBaHHS
CBITJIOZIOTHUX TEJEBi30piB 00YMOBIICHO BiJCYTHICTIO TOpE3BICHOI MiJCBIYyBaHHA. 3a IIUM
noka3HukoM BoHUM Ha 40% mnepeBepuyroTh KOHKYpeHTIB B ocobi JKK. 3pocraroua
HOMYJSIPHICTh  IJIOCKOCKPAaHHUX TEJEBI30PIB  MPHU3BOIUTH JO 3POCTAaHHS CIOXHBAHHS
enekTpoeHeprii, 1 s nepesara OLED e Bkpaii BaxkinuBum. KpiM Toro, BUpoOHUKH OOIIISAIOTH 10
2012 poky 30UTBIIUTH CTPOK CITY>KOH TEJIEBI30piB HA OCHOBI OpraHigyHuX cBiTiaoAioAiB 3 30 000
10 75 000 ronus.

3. OLED-TteneBizopu OinbIn rHy4Ki y OyKBabHOMY ceHci. CBITIONI0IHI EKpaHU MOYKHA
Oyzne BupoOnsATH Ha 6a3i rHyukux noiimepis. Lle no3sonuts 3ropnytn OLED-tenesizop B
PYJIOH 1 MOKJIACTH #Horo B KuIIeHIO. Taka OCOONMBICTH TEXHOJIOTII BIAKPHUBAE IIMPOKI
MOYJIMBOCTI Nepe] au3aiiHepaMu MOOUTbHUX TenedoHiB, HOyTOyKiB 1 MP3-mieepis.

Ax BusBunocsa, texHojoris OLED mnpaktuuHo 3a BciMa MmapaMeTpaMud IOMITHO
Bunepemkae LCD, mpuuomy Temep NmpH OMMCI XapaKTEpUCTUK HCUIIes HaBITh BiAnagae
HEoOX1/IHICTh BKa3yBaTHu JIE€AKl 3BUYHI apaMeTpu. 30kpema, yac BiaAryky y OLED nopiBHioe
10 mikpocekyHaam, mo npubauzHo 1060 pa3iB menmie, domy cydacHux LCD-naneneii.
BnoBuTH Take "3ami3HIOBaHHS" JIIOJICBKE OKO HE 3/1aTHE YucTO (i3ionoriyHo. [Jo Toro x Kyr
ornany ocraHHiXx OLED-ekpaniB ctaHoBuTH Maiixke 180 rpaaycis, npu 1[bOMY HaBITh Y OJJHUX
3 caMHX TEPIIUX MOoJenel 1ei napametp O0yB ke MeHie 160 rpanyciB. Takox He BICTalOTh
MOKa3HUKH SICKPABOCTI 1 KOHTPACTHOCTI. [ paHn4Ha ICKpaBiCTh MOKE AOCSATATH aCTPOHOMIYHUX
100'000 xn/kB. M (3BMYAiHO, B CTaHAAPTHUX MaHENAX 1€l mapamerp Oyae oOMexyBaTHCS
MEHIIUM 3HAYeHHSM), MPUYOMY ii MOKHa BUIPHO 3MIHIOBAaTH B HIMPOKOMY Jiana3oHi, Mpu
HEOOX1THOCTI € MOXJIMBICTh HaBITh 3HM)KYBATH i1 BCbOTO 10 KUTBKOX KaH[IeNl. A KOHTPAaCTHICTh
HaBiTh Yy ICHYIOUMX Mojened 3HaxoauTbes Ha piBHI 5000: 1. 3okpema, Takuil BUCOKMIA
MOKa3HUK JIOCATAETHCS 3aBISKH TOMY, 1[0 OpraHIYHI CBITJIOAIOAM 37aTHI aOCOIIOTHO TOYHO
nepeaaBaTd YOPHUHM KOJip, IO MPOCTO BiJANOBiJa€E BUMKHEHOMY craHy. Ilmoc 1o Bcworo,
OLED-naneni afiekBaTHO MEPEHOCATh PO3KH] TEMIIEpPATyp: BOHH 3/1aTHI (QYHKIIOHYBAaTH MPU
TeMIeparypax Biag MiHyc A0 TpaayciB 3a llenbcieMm mo mmtoc 70 (B AESIKUX BHITaIKax
BUTPUMYIOTh HaBiTh 100)

BucnoBku. [Torpeba B nepeparax, 1o AeMOHCTPYIOTHCSI OPTaHIYHUMH JUCIIIESIMH, 3
KOXKHUM pOKOM 3pocTtae. Llel dhakT mo3Bossie ykiacTu, mo He3abapom aucIiiei, BUPOOIeH] 3
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OLED TexHOJIOTiSIMH, 3 BHCOKOIO HMMOBIPHICTIO CTaHYTh JOMIHAHTHHUMH Ha PHHKY
eJICKTPOHIKM HAPOHOTO CIIO)KMBAHHSA. 3BHYAIHO, ICHYIOTh TEXHOJIOTI4HI TPOOIEMH, SIK MAJIUH
TEPMiH XUTTS CHUHBOTO CBITJIOJIOJA, € TAKOXX KOMEPIIiiHI MpoOiIeMH, TOB'A3aHl 3 BEIHKOIO
BapTticTio OLED-nucneis, ane Bxe 3apas 11i Ipo0IeMH BUPIIIYIOTHCS 1, MOXKIIMBO, BXKE CKOPO
TaKi TeXHOJIOT11 OyyTh MepeBakaTH HaJ TUMHU, AKi OyJIH paHilie

[1] Sameh Sarhan, Chris Richardson. A matter of light // www.embedded.com.

[2] Zhongming Ye. LED Driver implements power factor regulation and dimming function //
www.powermanagementdesignline.com.

[3] Design Challenges of Switching LED Drivers. Application Note AN-1 656 //
www.national.com

STUDY OF DISPLAY CHARACTERISTICS BASED ON
ORGANIC COMPOUNDS

K. Mykhailov, A. Galat.
Kharkiv national University of Radioelectronics
d_meda@nure.ua

When studying the principle of operation of an OLED display (organic light emitting
diode), its device and application. This topic is modern, developing, and therefore relevant. The
reason for the relevance is that at present there is a search for solid-state light sources and
display media, which, due to a number of their advantages, displace traditional light sources,
which have reached their maximum parameters during their century-long history of
development.

The purpose of this work is to develop and study the characteristics of the display based
on organic compounds.

JOCIIAKEHHSA CIIEKTPIB BIIBUTTSA BI/J PI3HUX
TOYOK HOBEPXHI ®OTOHHUX KPUCTAJIIIB

JI. CocHin, A. €BUnk
Jninpoecoxuii nayionanvHuti yHieepcumem imeni Onecs I onuapa
dimchick911@gmail.com

BumipsiHo ciekTpu BiAOUTTS BiJ] pi3HUX TOUOK (POTOHHOTO KPUCTAILTY 3 ypaXyBaHHSIM
nedextiB. Pesynbraté poboTH MOXYTh OyTH BHUKOPHUCTaHI s TOAANBIIOT PO3POOKH
HAOJMMKEHOI 10 pealbHUX YMOB MOJEIi OperriBChbKOi CTPYKTYpPHU; pe3ysIbTaTh MOXYTh OyTH
3aCTOCOBAaHI [yl CTBOPEHHS MIPUCTPOIB HA OCHOBI OPETTiBCHKUX CTPYKTYP.

B poGoti OyB BukopucTaHuii MoAH(IKOBaHUH CIIEKTpOMETp Ha 6a3l MOHOXpoOMaTopa
JADC-12. OcHoBY crieKTpoMeTpa CKiIa1ae noAsiitHui Monoxpomatop JJPC-12, ontruHa cxema
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skoro Bignosigae cxemi EOepra-®acti. ®otonomuoxyBau PEVY-79. CaiTinoBuil my4ok
HaIpaBJIsBCS HA 3Pa30K, 3aKPIMICHUI Ha CTLIbIl Mikpockorma LMA 10.

JocnimpkenHs 1eeKTiB CTPYKTYpHU Ta iX BIUIMB HA ONTHYHI BIaCTUBOCTI CHHTETHYHHX
OB TPHUBOJUTH JI0 HEOOXIAHOCTI MOIIYKY KUIBKICHOTO IapaMeTpy, IO BUPaKATUME
CTYIIIHb YIOPSIIKOBAHOCTI 3pa3ka. To/1i B KOXKHOMY IIIapi MEBHOI TOBIIMHU KiTbKICTh Ne(hEeKTiB
OyJie 0JJHaKOBOK. BiAMOBIAHO KUIBKICTh IpU3YHOYHMX AUISTHOK B KOKHOMY IIapi TEX IMOBHHHA
OyTH OJHAKOBOIO. Y SIKOCTI mapaMeTpy, L0 BHUPaKA€ KUIBKICHY OLIHKY YIMOPSAKOBAHOCTI
3pa3ka BBEACHO KOCQILIEHT 77, KU BUPAKAETHCS SK BITHOUICHHS KUIBKOCTI 1pU3YIOUMX
JIUISHOK JIO 3arajJibHOI JOCHIKYBAaHOI IUIONI 3pa3ka. 3 METOK KOPEKTHOI OI[IHKH IIJIONI
¢dororpadii moBepxOHB 3pa3KiB  MigAaBaTHMCA NporpamHiii  00poOui. dDotorpadis
3HeOApBIIOBAIACH TA IMiIOMPaBCs KOHTPACT TakK, 00 KUIBKICTh CBITIUX MIJISTHOK CITIBIaAasa 3
KUTBKICTIO ipH3YyIOUUX NUISTHOK BUIUICHOT 001acTi 3pa3ka. B momaneioMy 0yino BUKOPUCTaHO
ricrorpamy ISl 3HaXOJDKEHHS TOYHOI KIJTbKOCTI YOPHUX Ta O1JUX IMIKCENIEeH ISl MiIpaxyHKy
HAIIOT0 KOeQiIlieHTa YIOPSIKOBAHOCTI.

bynu BumipsHi cHekTpu BIAOUTTS BiI MACKUIBKOX TOYOK 3pa3ka 3 pI3HOIO
YIIOPSIKOBAHICTIO CTPYKTYpHU. BUSBICHO, IO CHEKTPH BiA PI3HUX TOYOK MAIOTH pi3HE
3HAYEHHS HAMiBIIMPUHU MakKcuMyMy BigOuTTsa. Ha oOCHOBI BcTaHOBIEHUX KOEQIIIEHTIB
YIIOPSIKOBAHOCTI TOYOK 3pa3Ka BEIMYMHHU HAMIBIIMPHH MAKCUMYMIiB OyJIM TIOCTaBIICHI Y
BIJIMOBIJIHICTH 710 OTpUMaHKX KoedimieHTiB. Ha puc. 1 BugHO, 1110 1151 3aJICKHICTh Ma€ JIIHIHHUT
XapaxTep.
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Pucynok 1 — 3ajexxnicTs Ha MiBIIMPUHU CMYTH BiAOUTTSA Bil MOKA3HUKA YNOPSIAKOBAHOCTI

®dororpadyBaHHs MOBEpXH1 (OTOHHOTO KPUCTAJa Y PI3HUX TOYKAX I1]1 30UIbIIEHHSIM B
ONTUYHOMY MIKPOCKOIIl JIO3BOJIWJIO BCTAHOBUTH YITKI MeX1 JUISHOK, IO MaoTh
(OTOHHOKpHCTATIUHI BIaCTUBOCTI. BUBUEHHS CIIEKTPiB BIAOUTTS MOKa3alo, 1110 Ha MiBIIMpUHA
CMYTH BIAOUTTS 301IBIIYETHCS 31 3MEHIIEHHSAM KIUJIBKOCTI TUISTHOK 3 (POTOHHOKPHUCTAIIYHUMHU
BJIACTUBOCTSIMH. Ha OCHOBI BH3HAaYEHOTO TOKAa3HHWKA YIOPSAIKOBAHOCTI CTPYKTYpPH Ta
BUMIPSHUX CIIEKTPIB BCTAHOBJIEHA 3aKOHOMIPHICTh IIbOI'0 MOKAa3HUKA Ta Ha MIBIIUPUHU CMYTH
B11OUTTS. [TokazaHo, 110 1151 3aJI€KHICTh Ma€ JIIHIMHUN XapakTep.

[1] €Buuk A. B. BruiuB nedekrTiB CTpyKTYpHU Ha pPO3MOBCIOJKCHHS CBiTJIA Y (DOTOHHHUX
kpuctanax [Teker] / A. B. €Bunk // YK 538.938. — 2015. — C. 25-36.
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RESEARCH OF SPECTRUM OF REFLECTION FROM
DIFFERENT POINTS OF SURFACE PHOTONIC CRYSTALS

D. Sosnin, A. Yevchik
Oles Honchar Dnipro National University
dimchick911@gmail.com

The reflection spectra from different points of the photonic crystal were measured taking
into account the defects. The results of the work can be used to further develop a model of the
Bragg structure that is close to real; the results can be applied to create devices based on Bragg
structures.

KINETICS AND LIFETIME DISTRIBUTIONS OF EXCITON
PHOTOLUMINESCENCE OF PbMnl; SEMICONDUCTOR
CRYSTALS

A. Bukivskii, Yu. Gnatenko, P. Bukivskii, Yu. Piryatinski
Institute of Physics NAS of Ukraine
ap.bukivskii@gmail.com

As mentioned earlier [1], the layered semiconductor PbMnl> crystals are promising
materials for the development of highly sensitive scintillation detectors of X-rays and gamma
radiation. The investigations of the morphological and structural properties as well as the optical
spectra, namely, low-temperature (T = 4.5K) photoluminescence (PL) and exciton reflection
(ER) spectra showed that these solid solutions are a system with a rather heterogeneous
distribution of manganese ions [1]. This distribution heterogeneity has a strong effect on PL
spectrum of the crystals and we suppose that it also would affect the lifetimes of the optical
energy transfers in the crystal. Therefore, the kinetics and lifetime distribution studies of exciton
PL of PbMnl; semiconductor crystals were carried out.

The PL measurements of the investigated crystals at liquid helium temperatures have
shown PL bands of free excitons (A = 497 nm) and donor-acceptor pairs (A = 509 nm) in Pbl>
crystals as well as the short wavelength band of localized excitons (A = 486 nm) in Pb1.xMnxl.
crystal region embedded in Pbl> matrix.

The time-resolved PL studies which we are reporting gave us information about the
response time of the materials and the dynamics of electronic processes occurring in these
materials, which cause their luminescence.

The PL kinetics of Pbi.xMnxl> crystals were measured using a lifetime spectrometer
LifeSpec?2 at liquid helium temperature at different wavelengths. The analysis of the obtained
PL Kinetic data was carried out by approximation of the decay curve by a large number (N =
200) of exponentials. This method allowed us to establish the lifetime distribution function and
its peaks for each separate PL band.

The PL kinetics of mentioned above bands namely the band of localized excitons, the
bands of donor-acceptor pairs and the free exciton line were analyzed and lifetime distributions
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for these bands were obtained. It should be noted that the PL lifetime of major PL bands of
Pbi-xMnxl2 crystals is affected by the Mn atoms concentration (X) and accordingly by the
distribution heterogeneity of manganese ions. It was shown that structural heterogeneity is
reflected in the lifetime heterogeneity.

[1] Bukivskii A.P., Kovaliuk Z.D., Gamernyk R.V., Stryganyuk G.B., Gnatenko Yu.P.,
Bukivskii P.M. // XXIV ISSSMC, 25 — 30 August, 2019, Odesa, Ukraine.

EFFECTIVE TRIPLE GLUON AND PHOTON-GLUON
VERTEXES IN THE QUARK-GLUON PLASMA

I. Baranov, V. Skalozub
Oles Honchar Dnipro National University
skalozubvv@gmail.com

The quark-gluon plasma is a new object in nature, which consists of quarks and gluons
in the state of asymptotic freedom. Plasma exists at high temperatures and densities and is very
unstable. Due to a number of unique processes, quark-gluon plasma is the main object of
research nowadays. Despite such high interest, many phenomena are not yet investigated.

At low energies the interaction between quarks is so strong that they form a bound state.
However, due to asymptotic freedom at high energies, the effective coupling becomes weak.
Quarks are deconfined and form the quark-gluon plasma state. This is so-called deconfinement
phase transition (DPT).

There is a number of processes absent in vacuum through the Furry’s theorem. This
theorem states that Feynman diagrams with odd number of external photonic lines mutually
cancel (and thus give a zero total contribution to any process amplitude). This is valid for
vacuum, but in the presence of plasma, C-parity is violated, and the theorem ceases to be
satisfied.

The generally recognized SU(3) global symmetry violation mechanism at high
temperatures is the appearance of the so-called Ao-condensate. Its presence leads to the
appearance of the chromomagnetic mass and color charges.

Pic. 1. Effective photon-gluon vertex
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The goal of this work is to investigate two of new type processes, three-lined gluon and
photon-gluon (Pic.1) diagrams. For this reason, it was developed the computational package
based on the Wolfram Mathematica package.

It is needed not only to compute the mentioned diagrams but also to automate the
calculation of other new vertexes which exists in quark-gluon plasma. Expressions for the
simplest processes have already been obtained, but more complex processes must also be taken
into account for further consideration. This significantly increases the complexity and time of
calculations that makes the computational package much more needed.
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