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MOBMU OIINCY AITAPATYPH
®decpkoBa K.O.
Hayxoswii kepiBauk — jou. Paxmic JI.1O.
XapKiBCbKUI HAlLlIOHAIBHUN YHIBEPCUTET PaJi0CICKTPOHIKU
(61166, Xapkis, np. Hayku, 14, kad. AITIOT, Ten. (057) 702-13-26)

e-mail: kseniia.feskova@nure.ua, ten. +38(067) 576-73-34
Hardware description languages are general algorithmic languages; They are
languages capable of describing processes running in parallel in time; they are
languages capable of supporting many styles of describing hardware and
engineering applications. Applied to the design of electronic devices, they can
speed up the process of creating the latter, as well as significantly reduce their

cost.

Beryn. B cydacHiil MIKpOENEKTPOHILI HalyacTille MPOEeKTYIOThCA Ta
BUKOPUCTOBYIOTbCA HaaBenukl iHTerpanbHi cxemu (HBIC). B nmanux cxemax
CTYMIHb 1IHTETpallii CATa€ AECATKU TUCAY BEHTUIIB Ha KpUCTasi. 31 30UIbIICHHSIM
€JIEMEHTIB CXEMH 3pOCTa€ CKIAIHICTh MPOCKTYBaHHSI. MOBU OMHCY amaparypu
ICHYIOTh JUISI IIBUAKOTO KOPEKTHOTO TIPOEKTYBAaHHS IHTErpajlbHUX CXEM Ta
JT03BOJISIIOTH 3HAYHO 3MEHIIUTHU iX coOiBapTicTh. Lli MOBHM, Ha mpoTUBary MoBi
IporpaMyBaHHs, ONKUCYIOTh 3B'SI30K B MPUCTPOi. A (QyHKLIOHYBAHHS IIPUCTPOIO
OyJie BimOyBaTHCS BIJIMOBIAHO IO TOT'O 30BHIIITHLOTO BIUTUBY, IKUI Oy/1e 10 HHOTO
3aificHroBaTucs [1].

06 ’ekmom 0ocnioxiceHHs € MOBH OIUCY anapatypu. [CHye Benuka KiJIbKiCTh
MOB OITHCY arapaTHUX 3aco0iB. AJie B JaHUM Yac HaWO1IbII MOMIUPEHUMH 1 YACTO
BukopucrtoByBanuMu € VHDL, Verilog, System Verilog 1 SystemC [2]. MoBu
onucy anaparypu (HDLs), VHDL 1 Verilog, 3acTOCOBYIOTBCS JIJ1s1 MPOEKTYBAaHHS
1 cunTe3y uugpoBux cxeM. HoBa MoBa SystemVerilog € 10noBHEHOIO BEpCI€rO
MoBu Verilog, mpu3HayeHOi i1 BUPIIMICHHS JEKUIBKOX 3aBJaHb arapaTHO-
OpPIEHTOBAaHOTO CHUCTEMHOTO TmpoekTyBaHHsA. SystemC. byna crBopeHa mis
npoektyBaHHs SOC — npuctpoiB Ha ESL — piBHi (electronic system-level) ns
pPO3pOOHHUKIB, siKi BUKOpHCTOBYIOTH C / C++ [3].

3mict pochimkends. VHDL miaTpumye Tpu pi3HUX CTWJ JJIS OMUCY
anmapatHux apxitektyp. Ilepmmii 3 HuUX — CTpyKTypHuii omuc (structural
description), B sKOMYy apxiTEeKTypa TMpEJCTaBISE€ThCA y BUTIIAIL i€papxii
MOB's3aHUX KOMIIOHEHTIB. [Ipyruit — notokoswuii onuc (data-flow description), B
AKOMY apXITEeKTypa TMPEJACTABISEThCA Y BUIJISAL Oe3mivl  mapajieabHuX
pPEECTPOBUX ONEpalliid, KOKHA 3 SIKUX KEpPYe€TbCS BEHTHJIBHUMU CHTHAJIaMH.
[ToTokoBUI OMUC BIAMOBIZAE CTHIIIO OMHCY, IO BUKOPHUCTOBYETHCS B MOBax
peectpoBux nepeaad. I, Hapemri, moBeaiHkoBuit onuc (behavioral description), B
SKOMY TIEPETBOPEHHS OMUCYETHCS TOCTiAOBHUMHU MTPOTPAMHUMU TTPOTIO3HIIISIMH,
Kl CXO1 Ha MoAiOHI B OyAb-sIKIM Cy4yacHId MOBI MpOrpamMyBaHHSI BHCOKOTO
piBHs. Bci Tpu cTUIi MOXKYTh CHIJIBHO BUKOPUCTOBYBATHUCS B OJIHINA apXITEKTYPI.



VY Verilog icaytors cnenudivuai o6'ektu (UDP, Specify-610ku), sxi He
MaroTh aHaioriB B VHDL. Takox cmin 3ranatu ctagmapt PLI (Program Language
Interface), skuii mo3BOJIIE BKJIIOYATH (PYHKINI, HAMUCaHI KOPUCTYBadyeM
(manpukian, Ha C), B KO CUMYJISITOpA.

SystemVerilog - mepma moBa omnucy i Bepudikartii amaparypu (HDVL), sika
e posmmpenHsm ctangapty IEEE 1364 Verilog-2001 1 mgo3Bojise 3HA4YHO
MIJBUIIUTH MPOAYKTUBHICTh MPOEKTYBaHHS, IO CKJIAJA€TbCA 3  BEJIHUKOL
KUIBKOCT1 BEHTHIJIIB, 3 BEJIMKUM HAaBaHTXCHHSIM IIMHHU MpoekTiB. CTraHmapr:
IEEE Std. 1800-2005 SystemVerilog (Accellera). SystemVerilog npu3Hauenuii
TOJIOBHUM YMHOM JIJIsl CTBOPEHHS Oe3MepepBHOro mpoliecy npoektyBanHs SoC,
MOYMHAIOYH Bi noBeaiHky 1 3akinuyroun GDSII-onucom. [Ipote SystemVerilog
TakoX miarpumye cTBopeHHs TL-moxmeneit. Takmit 30ir BiacTHBOCTEH
Bepudikarii mixk SystemC i SystemVerilog € ocHOBOIO Il 3B'SI3KIB MiX
CUCTEMHHUM PIBHEM 1 peai3all€ero KpUucTana.

SystemC € HaaOynoBOIO CTaHAAPTHOI MOBHM mporpamyBaHHs C++ Ta
pearizoBaHa y BUTJIS1 OKpeMuX 010110TeK crieniaibHUX KiaciB. Jlani 010a10Texku
MICTATh B €001 KOHCTPYKIIii, IO JO3BOJSIOTH CTBOPIOBATH €(PEKTHBHI 1 TOYHI
MO/IeJIl IPOrpaMHUX AJITOPUTMIB, allapaTHUX APXITEKTYP, IHTEp(ENCIB 1 CXeM Ha
CUCTEMHOMY piBHI, TOOTO MPAKTHUYHO BCiX KOMIIOHEHTIB BOYJOBaHUX CHCTEM.
Takuit miaxig Mae 3HAYHUHN MOTEHITIa], OCKUIBKUA IPYHTYEThCS Ha OJHOPITHOMY
ornuct C++ 1 JIerko A03BOJISIE MOJEIIOBATH, TECTYBaTH CUCTEMHM, PO3IJIAIATH
aNbTepHATUBHI apXiTeKTypu. KpiM Tor0, KOMaH/Ii MPOEKTYBaIbHUKIB MOXKE OyTH
3aIpONOHOBAHO PO3TOPHYTHI OIKUC Mpoiiecy podboTu Beiei cuctemu. Lleit onuc €
nporpamoro C++, sika pu BUKOHAHHI MTOBOJAUTHCS TaK CaMo, SIK 1 CUCTEMA.

BucHoBku. MoBu omucy amapatypu BUKOPHCTOBYIOTHCS ISl CTBOPEHHS
¢ynkuionansHux 1 RTL-Mozpenel, onucy mU@PpOBUX CXeM, MOJEIIOBaHHS Ta
aHamizy iXx ¢yHKIIOHyBaHHS. KUIBKICTh IIUX MOB 3YMOBJIEHA PO3BUTKOM Ta
JIOTIOBHEHHSIM BJK€ ICHYIOUMX MJIs TOTO, 1100 BHpIIIyBaTHM HOBI 3ajayl Ta
npo0eMHu, sIKI BAHUKAIOTh MPY 30UTBIIEHHI PO3MIPIB Ta YCKJIAJIHEHHI CXEM.

Cnucok BUKOPUCTAHOI JITEPATYPH:

1. KapmenOoiim I. Kopotkuii kypc HDL. Yactuna 1. Beegenns — 2008.

2. Ormsin cy9acHHX MOB OTHCY anapaTypu / 3HaiioMcTBO 3 SystemC.

3. Xaxanona I.B. Ormsin cyyacHuX mudpoBUX IPUCTPOIB, 3aC00iB, METOIIB
1 eneMeHTHO1 6a3u A iX nmpoektyBanus — 2011,



CTEXEHHS 3A IOKASHUKAMU CUCTEMU KEPYBAHHSA 3A
JOMOMOI'OI0 BLUETOTH CEPBEPA HA BA3I RASPBERRY PI 4B
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Bluetooth is a wireless technology standard used for exchanging data
between fixed and mobile devices over short distances using UHF radio waves.
With this data transfer technology, you can not only control devices but also
monitor their indicators. Deployed Bluetooth server on a Raspberry Pi and a
mobile application as a client are good examples of this interaction. The article
considers the advantages and capabilities of this system.

bes3npoBijiHI TEXHOJIOTIT € HEBIJI’€MHOIO YaCTHHOIO HAIIOTO ChOTOJCHHS.
Haii6imemm Bigomi 3 Hux — e Wi-Fi ta Bluetooth. Kosken 3 Hux mae cBoi epeBaru
Ta HEJOJIKH.

Wi-Fi Big mouaTtky OyB CTBOpEHUI /Ui TOTO, 00 MPHOpATH 3aiiBi APOTH,
K1 TaK 3aBaXxaroTh B o(pici abo OyIUHKY, BIH BUKOPUCTOBY€ETHCSA, 11100 CTBOPUTH
BENIUKY O€37pOTOBY MEpexy, a00 CHHXPOHI3YBaTH MPUCTPOi, HAIIPUKIAA B pasi
BUKOPHUCTaHHA 0e31poToBoi MULIKU. A ock Bluetooth cTBoproBaBcs s nepenayi
daiimiB MK JBOMA MPUCTPOIO, TPU I[bOMY 0€3 BUKOPHUCTAHHS Kabemto, TOOTO,
0e3poTOBOI Mepeayi.

VY npocToTi HaamTyBaHHs 1 ycTaHOBKH Oepe Bepx Bluetooth, ockinbku e
BUJl CHTHaly € HabaraTo NpPOCTIIIUM, JJIi MOro YCTaHOBKM HE MOTPIOHO
aOCOJIIOTHO HIYOr0, BUCTAYUTh TUIBKH JIBa NPHUCTPOI 3 HOro MIATPUMKOKO 1
MPOCTOTO MiATBEPMKEHHSI, MICJIS I[OT0 MOXKHA BUIBHO MEPEHOCUTH Pi3HI (paiiiu.
3 Wi-Fi Bce nabararo ckiagHimie, TyT 0OOB'A3KOBO NOTPIOHA HASBHICTh TOYKU
nocTynmy abo K MapuipyTu3aropa, MICIAsS YOro MOTpiOHO 1€ HaJIAIITyBaTH
0e3IpOTOBY MEpeKy Ha KOMIM'IOTEpl, 10 HE 3aBXKIU JIETKE 3aBAaHHS s
MOYATKIBIIIB KOPUCTYBAYIB.

[IBuaKiCTh MEpeaadi JaHUX TEXK CUIBHO BIAPI3HIIOTHCS, IPU YOMY T'OJIOBHA
repeBara, 3BU4aHo Xk, 3a Wi-Fi, TyT Bam HamaeTbcs mBHUaKicTh 10 108 meradir
B CeKyHay, skmo mopiBHioBaTtd 0.8 merabit Bim Bluetooth, To pisHums crae
oueBuaHOMO [1].

HesBaxkaroun Ha Majiy HIBHAKICTE oOMiHy manumu Bluetooth Gepe Bepx
CBOE€I0 MOOUIBbHICTIO. Hampuknan, mpu po3poOili po3yMHUM JOMOM BapTo O
Bukopuctatu Wi-Fi. Ase B Toii ke 9ac, KOJIM MU KOPUCTYEMOCH TIPUCTPOEM, SIKUI
KPIMUTHCS HA BEJIOCUTIE]] UM JIIOJIMHY, TO TOTPIOHO OpaTH 10 yBaru KOMNAKTHICTb
Ta MPOCTOTY HAJAIITYBaHHs. 3 OTJIsAY Ha 1 Oyia oOpana TexHosoris Bluetooth.

[Tounnaroun 3 Bepcii 3 B ogHomiaTHUI KOMIT'IOTEp Ma€ MIATPUMKY 000X
TEXHOJIOT1i, TOMY HE Ma€ MOTpeOr JOKYIOBYBATH BiICYTHI MOAYII.
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Otxe, uist Toro mo6 crBoputH npoctuii Bluetooth cepsep Ta mouaTn 0OMin
OB IOMJICHHSIMH TTOTPi0OHI1 Jinmme cam Raspberry Pi (BukopucToByeThes Bepcis 4
B) ta MmoOibHMIA TEIe(OH.

Jani BigOyBaeThCsl MEPBUHHE HAJAIITYBaHHS Ta YCTaHOBKAa MOTPIOHMX
01010TEK.

Ockinpku Raspbian € Unix-rmoaiOHoo omnepaiiiiHo0 CHCTEMOIO, TO MU BKe
MaeMO BCTaHOBJICHY Bepcito 2.7 MOoBH mporpamyBanHs Python. s moBa Bimoma
CBOEI0 BEJUKOIO KUIBKICTIO 010mioTek. Ilicms ycTaHOBKHM MOTPIOHOTO
nporpamMHoro 3a0esmnedeHHs [3] Tpeba BChOrO JIMINE CIAPUTH MPHUCTPOI Ta
3aIyCcTUTU caMm cepBep. Bech mponec 3ailiMae He Ounbiie 10 XBUIMH Ta €
MaKCHMajabHO mpocTuM. Ilpum ycraHoBmi 0i0mioreku pybluez € MokIuBiCTH
3aIlyCTUTH clieHapiii mpoctoro rfcomm-cepsepy. IIporoxonr RFCOMM emy-
JII0€ TIOCITiIoBHI TIopTH 1oBepx mpotokoiny L2ZCAP. RFCOMM sBnsie co6oro
MPOCTUN TPAHCTIOPTHUHN MTPOTOKOJ, 3 JOJATKOBUMH MOKIUBOCTIMH IO €MYJISIIIi
9 nmaHIOTIB TOCHiMOBHUX mTOpTiB RS-232. JlaHWiA MPOTOKON MATPUMYE
ojHOYacHO 710 60 3'emHaHb MiXx JaBOMa mprcTposimu Bluetooth [3]. 3a 6axanusM
MOXHa CKOITIIOBaTH HOTO KOJI Ta Biipe/laryBaTH IiJ CBOI I[ii.

[licns 3amycky cepBepa, BiH OyJie yekaTH Ha 3 €JIHaHHS. 3a HasBHOCTI
BIJIMOBIJTHOTO 3aCTOCYHKY JIOCTaTHIO BHUOpAaTH IIJILOBUM MPUCTPIM Ta MmovyaTu
OOMIH JTaHUMHU.

B naGoparopHux ymoBax JJisi TECTyBaHHSI ONMUCAHOTO BHUIlE (YHKIIIOHATY
Oyno ctBopeHo Haumnpoctimuii Bluetooth-yar. 3 yrneBHEHICTIO MOXKHA CKa3aTH,
110 0OMIH MOBIAOMJICHHSIMH B110YBaBCSI KOPEKTHO.

3 HENOJIIKIB BapTO 3a3HAYMTH, IO IMICIs 3aBEpUICHHS POOOTHU 3 OJHUM
IIPUCTPOEM CEpBEP MOTPIOHO Nepe3anyckaTu. Takoxk He ¢ 3a0yBaTu, 110 SIKIIO
CHIJIKYBaHHS MIK IMPUCTPOSIMU HE € OCHOBHOIO METOIO CTBOPIOBAHOI CHCTEMU
(HampuKJIa JUIIe NI BiAMPaABICHHS «3BITHOCTI», a HE MPUHOMY KOMaHJ), TO
naHui (yHKIIOHANI Tpeda BUHECTU B OKPEMUI MOTIK, 1100 YHUKHYTH MPOCTOIO
M1]1 YaC OYIKyBaHHS M1 IKJIFOYCHHS.

Cnucok BUKOPHUCTAHOI JITEPATYPH:

1. Kakas pasuuma mexnay Wi-Fi u Bluetooth? [Enextponnuii pecypc] /
DARKNEON27. — 2013. — Pexxum goctymny 1o pecypcey: http://mww.nortel.ru/
computer/kakaya-raznica-mezhdu-wi-fi-i-bluetooth.htm.

2. Raspberry Pi Bluetooth setup and running Rfcomm server [Enektponnuii
pecypc]. — 2017. — Pexum pmoctymy jmo pecypey: https://www.youtube.
com/watch?v=DmtJBc229Rg&ab_channel=K4CZP3R.

3. Bluetooth Lib written in Python [Enekrponnuii pecypc] — Pexum
noctyny a0 pecypey: https://github.com/karulis/pybluez.



CHEIUAJIM3UPOBAHHOE YCTPOMCTBO YIIPABJIEHUSI
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(61166, Xapkis, npocn. Hayku,14, kad. AIIBT, ten. (057) 702-13- 06)
e-mail: volodymyr.komarovskyi@nure.ua, daxc (057) 702-11- 13
This article describes the peculiarity of using the Arduino controller and
MPU-9250 to develop a device for controlling a computer. Particular attention is
paid to the advantages and disadvantages of the used components. The article
describes the design idea of a new computer control device.

B Hacrosmee BpeMss Ha pPBIHKE NPHCYTCTBYET OOJBIIOE KOJIMYECTBO
pPa3sHOOOpA3HBIX pEIICHHWH TI0 YIPaBICHHIO KoMmIlbloTepoM. Hamboiee
MONYJSIPHBIMU M3 HHUX SIBJSIIOTCS. KOMIBIOTEPHBIM MAaHUIYJISITOP MBIIIb U
kiaBuatypa. OpHako i1 HEKOTOPBIX  MPUIOXKEHUH  HEOOXOJUMBI
CHeUaI3UPOBaHHbIE YCTPOMCTBA, HANpUMEp, YCTPOMCTBA YIpaBICHUS s
JIOJEd C OrpaHUYEHHBIMH BO3MOXXHOCTAMH, poOoToTexHuKa. IloaTtomy
pa3paboTKa HOBBIX MAaHUIYJIATOPOB, PEIIAIOIINUX CIECIUATM3UPOBAHHBIC 3a/1a4H,
ABJIIETCS  aKkTyalbHOW 3amaded. Kak mpaBuio, mnpuHIUN — JEHCTBUS
CHELUHUAIM3UPOBAHHBIX  YCTPOMCTB  YNpAaBJIEHUS OCHOBAaH Ha Iepeaaye
HaIpaBJICHUS U CKOPOCTU JBWIKEHUS (MBIIb, CTUK JIPKONCTHKA, CEHCOpPHAs
NaHesb) WK BBOJIE KOMaH]] MOCPEACTBOM HAXKATHUS KHOTIOK WJIM UX KOMOMHAIIMIA
(kmaBuaTypa, KHOINKH yrpaBieHusi). HOBBI 1oaAXoa K yIpaBIEHUIO
AJIIEKTPOHHBIMU YCTPOWCTBAMHU OCHOBAaH Ha MPUMEHEHUU MHUKPOKOHTPOJUIEPOB,
OOBEAUHSIONINX Ha OAHOM KpHUCTaJUIe Mpolieccop, nepudepuiiHbie yCTporucTBa,
O3V u I13V.

[lenr wuccnenoBaHus — MOBbIIIEHUE SPQGEKTUBHOCTH U yMEHBIICHHUE
CTOMMOCTH CIIELIMAIM3UPOBAHHBIX YCTPOMCTB YIPABICHUSI KOMIIBIOTEPOM 3a CUET
UCTIOJIB30BaHUsI MUKPOKOHTpOuiepa Arduino u 1aT4uKkoB ABMKEHUS.

3agada uccieaoBaHus: pa3paboTKa yCTPOHUCTBA YIIPABICHUS KOMITBIOTEPOM
Ha OCHOBE IMpeoOpa3oBaHUs ABMKEHUN PYKU (KECTOB KHUCTH) B KOMAaH/IBI
ynpaBieHus: 00bekTOM. Ha phIHKE CyIIiecTByeT HECKOJBKO MNPEeAJIOKEHUH,
UCIIOJB3YIONIMX OMUCAHHBIM IMOJXOJI, OJHAKO MX II€HA CIMIIKOM BBICOKA JIs
ooeryHOr0 motpedutens (2808, Thalmic Labs MYO), a momrensHOE
MCIIOJIb30BaHUE OT/AEJIbHBIX MPOTOTUIIOB BBI3BIBAET HEMPUSATHBIC ONIYIICHUS U
BPEIUT 30POBBIO.

MukpokonTposuiep Arduin0 sBisieTcs OTHOW W3 CaMbIX JIOCTYITHBIX
IpPOrpaMMHUPYEMBIX — anmaparHblX IiIaTpopM s paboThl € pa3HbIMU
bu3nuecKuMu 00bEKTaMHU, KOTOPBIM MO3BOJISIET U3MEHATh MapaMeTphl O0OBEKTa
yIOpaBJICHUs IPU U3MEHEHUU MMapaMeTpoB ynpasiisitomero Mmoayis. CymniecTByer
0oJbIIIOE pa3HoOOpaszre KOHTposLiepoB Arduino, KOTophIe MO3BOJIIOT CO3/aBaTh



pa3liMuHble TI0 MPOU3BOAMTENBHOCTH W JU3aliHy CHEIUATU3UPOBAHHBIC
YCTPOMCTBA yIIPABJICHUA.

J1J1s BBIMIOJTHEHHSI TTOCTABIICHHOM 3a1aun BhIOpaHa turata Arduino Nano, Tak
KaKk OHa 00JIallaeT PSAOM XapaKTEPUCTUK, KOTOPbIE AIOT €l MPEeUMYIIECTBa
nepej APyruMu MjaaTaMu, B YaCTHOCTH:

- OTHOCHUTEJILHO HEBBICOKas 1ieHa (Tipudim3uteasHo 100 rpH);

- BBICOKAs ITPOM3BOIUTEIILHOCTD, cpaBHUMast ¢ Arduino Uno;

- KOMITIAKTHBIA pa3Mep, MO3BOJISIIONINANA BBITIOJIHUTE OTpaHUYeHUs 10 (GopM-
(bakTopy pazpabaTbIBa€MOro yCTPONCTBA YIIPABICHHUS.

Jns pacrio3HaBaHUsI JBUKEHUM PYKH BBIOpAaH CHEHUATU3UPOBAHHBIN 9-
oceBoil gatuuk aABwxkeHus MPU-9250, xoTopblid OTIMYaeTCs OT CBOEro
npeamectBeHHnKa MPU-6050 noBbIlIEHHON TOYHOCTHIO U UyBCTBUTEIBHOCTHIO,
MO3BOJIIET OTCIICKUBATH IEPEMEIICHUS U IOBOPOT PYKHU MOJIH30BATEIIS.

Pacno3HaBaHue KECTOB MalbllaMU OCYIIECTBISIETCSI C  IOMOIIBIO
KOHTAKTHBIX MOBEPXHOCTEW, PpA3MEHICHHbIX HA TMOIYIIEYKaX MalblEB.
CONpUKOCHOBEHHE 3THUX MOBEPXHOCTEH OTCIICKHBAIOTCS ¢ MoMoIso Arduino
Nano u uHTepnpeTupyercs Kak »KecThl. B 3aBUCUMOCTH OT KOJIMYECTBA TaKUX
MOBEPXHOCTEH M HMX TOJIOKEHUSI MOKHO CO3/aBaTh OOJBIIOE KOJIMYECTBO
YIPABJISIIONIUX JKECTOB, YTO MO3BOJUT 3alIM(ppPOBaTh B HUX BCE HEOOXOIUMBIC
KOMaHJIbl JJI1 paboThl ¢ KOMIboTepoM. [lpu HEeoOXO0AMMOCTH KOJIUYECTBO
KOHTAKTHBIX MMOBEPXHOCTEH MOXKHO PACIIMPUTH 3a CUET BTOPOU PYKU WU JlaXKe
BCETO TeJla, 4To OyJeT OYeHb MOJIE3HO, Harpumep, B chepe VR urp.

TexHoNOorusl MUCTAHIIMOHHOTO YMIPABJICHUS KOMIIBIOTEPOM C MOMOIIBIO
KECTOB PYK Ha OCHOBE HCIIOJIb30BaHHMS KOHTpoJuiepa Arduino, maruuka
newkeHus: MPU-9250 u KOHTakTHBIX TOBEPXHOCTEH MMO3BOJISIET CO3/7aBaTh
KOMIIOHEHThI CUCTEM HCKYCCTBEHHOTO MHTEJUICKTA, JOTOJHEHHOW pPeaibHOCTH,
0T, poGOTOB-MaHMUIYISTOPOB, HWHTEPAKTUBHBIX  cuUCTeM. Peamuzanus
YCTPOMCTBA  JUCTAHIIMOHHOTO  YIPABJICHUS  XapaKTEPU3YETCs  HU3KOU
CTOMMOCTBIO, THOKOCTBIO, BO3MOXXHOCTBHIO YIIPABJICHHUS JIOOBIM KOHTEHTOM,
BBICOKOM TOYHOCTBIO.

CHnuCcoK UCIOIB30BaHOM JIUTEPATYPHI:

1. Jeremy Blum Exploring Arduino. John Wiley & Sons, Inc., 2013.

2. O630p kouTposuiepa ThalmicLabs Magic Myo Gesture Control Armband
/I appleinsider.ru [Enextponnunii pecypc] URL: https://appleinsider.ru/obzory-
zheleza/obzor-kontrollera-thalmiclabs-magic-myo-gesture-control-
armband.html (mara o6pamenwus: 21.02.2021).

3. MPU 9250 u Arduino — cxema noaxitouenus // voltiq.ru [EnexrponHwmii
pecypc] URL: https://voltig.ru/mpu-9250-and-arduino/ (mata oOparieHus:
21.02.2021).
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AJJAIITUBHE NIJICBITJIIOBAHHS MOHITOPY HA BA31I ARDUINO
NANO 31 CBITJ0AI0JJHOIKO CTPIYKOIO
bonnmapenxo b. B.
HayxoBwii kepiBHUK — K.T.H, fo11. Kymak E.M.
XapKiBCbKUI HAlLlIOHAIBHUN YHIBEPCUTET PaJi0CICKTPOHIKU
(61166, Xapkis, np. Haykwu, 14, kad. AIIOT, Ten. (057) 702-13-26)
e-mail: bohdan.bondarenko@nure.ua

The address LED (light emitting diode) strip is a strip of address diodes. One
such strip consists of three RGB (red, green, blue) diodes and a controller. Thus,
each LED has already a controller (ws2812) with three transistor outputs.
Microcontroller based devices whose principle is to change the color of each LED
individually are used to control the brightness and color of the LED strip. The
address LED strip is directly connected to the Arduino Nano ATmega 328
module. With this structure, it is possible to control the color of any of the LEDs
in the tape and create wonderful effects and impressive value to use.

Ha crorogHimHii neHp npoOieMa MOTIPIIEHHS 30py CY4YacHOl JIFOJAWHU
[IOCTA€E HE Ha OCTAaHHBOMY MICLI, Y€pe3 YK€ BEIHUKY pPO3MOBCIOIKEHICTD
KOMIT IOTEpIB SIK Y BUPOOHUIITBI Ta Oi3HECI, TaK 1 B MUCTELTBI Ta BIJMOYUHKY.
Takoxx 1IbOMY CHPUSAIOTH OOCTaBUHU IO MPHU3BEIN OYKBAJIBHO YCIX CHJIITH IO
JIOMIBKaXx.

3a nornoMororo cBiTioaAi0H01 LED cTpiuku MOKIIUBO HE JIUIIIE TPUKPACUTH
CBOIO KIMHATy, @ ¥ TaKOX 3aCTOCYBaTH ii y CTBOPEHHI IHIIUX MPUIAIIB SIK
OCHOBHHUM YM J0JIATKOBUI e€JIeMEHT OcBiTJIeHH:. B3aemoitoun 3 LED cTpiukoro,
MOXHa CaMOCTIMHO pEryJjloBaTH SICKpPaBICTb, OOUpATH KOJIP YU PEXKUM
OCBITJICHHSI, 1110 MOKJIMBO 32 JOCTYIHUX (PYHKIIA CaMO1 CTPIUKH.

PexxuM cyyacHOi JTIOJUHU Ta TOCHIIKEHHS Y cepi BIUTUBY Ta CIPUUHSTTS
HITYYHOT'O CBITJIa OYMMa 1 3MIHH TOCTPOTHU 30pY 3HAXOAATH KOPEJALII0 MiXK MIKOM
NOTIPUIEHHSI 30py Ta BUKOPUCTAHHSAM CBITJIA IUTYYHHX E€KPaHIB y KOHTPACTHO
TeMHOMY ab0 HE JOCTaTHLO OCBITIICHOMY cepeoBuILl. Uepes 1110 MOKHA 3po0UTH
BHCHOBOK, IIO JIJIsI MEHIIO! KON 04aM JIOCHTh SIKOMOTa CUJIbHIIIIE TTOM’ IKIITUTH
KOHTPACT €KPaHy 3 CEPEIOBUIIIEM, Y YOMY CHUJIBHO JI0OMOMOXKE CaMe CBITIOI0IHA
CTpiuKa, IO Bi3yaJbHO MPOAOBKYBATHUME 300paKeHHS €KpaHy Ha CTIHY IO
CTOITh MO3a1y.

OCHOBHMM MaTepiajioM [Uisi CTBOPEHHS NpWIady, Y HAIIOMYy BHIIaJKy
aJanTHBHOTO TIJCBITIIFOBaHHS, OyJI0 B35ATO MiKpokoHTpojiep Arduino Nano
ATmega 328 Ha OCHOBI SIKOTO MOXKHa MOOYAyBaTH KOMIT IOTEPHY CUCTEMY JIJIs
KepyBaHHS aJlallTUBHUM OCBITJIIEHHsIM. BoHa Oyne mependadatu podoty LED
CTPIUYKM HEHaye MPOJOBXEHHS CaMOro €KpaHy 1 sIKOMOra HaWIUIaBHIIIEe HOTo
BIJIETIHHSA Yy CEpeloBHILE IMpami abo BIANOYMHKY KopucTyBaya. Jlopeui
aJIaNTUBHICTh KOHCTPYKIII Oyne TapaHTyBaTH HASBHICTh CBITJIOYYTJIMBOIO
dboTomaiony, yepe3 KUl MoIeNIb Oy i€ 3MIHIOBAaTH SICKPaBICTh BJIACHOTO CBITJIa HA
OCHOBI JIaHUX CEPEJIOBUIIA Y IKOMY 3HAXOAUTHCS.
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HeoOxi1HO BU3HAUUTHUCS 3 TEXHIYHUMHU XapaKTEPUCTUKAMU Ta BUMOTaMHU
cuctemu. KoMaHu B CBITJIOZIOMHIN CTpidlll MepeAaroThes Bif Aioga 10 mioja,
TOOTO MOCHIIOBHO. Y CTPIYKU € MOYATOK 1 KiHellb, HAMPSIMOK PyXy KOMaH] Ha
JESTKUX MOJIEJISIX 3a3HAaYeHO CTpiioukamu. B Hamriit anpecHiit ctpiumi ws2812 tpu
KOHTaKTH. J[Ba mpu3HAYCHI AJIA JKUBJICHHS, a TPETId IJIs MPSMOTO 3B 53Ky 3
MOJAyJIEM Mikporpoiiecopa. Toi, 10 3HAXOAUTHCS HA TMOYATKY CTPIYKH
ndpoBuil BXija, a B KiHI — BUxiJ curHany. CTpiuka 3anmyicye KOMaHId Ha BXiJ
ctpiukd. KiHleBuii KOHTaKT MOTPIOCH JJIs MIiAKIIOUECHHS JO0JAaTKOBUX YaCTHUH
CTpiuKH abo 3'€eHAHHS IIJIMX MATpHUIlb, K1 IIe Kpalle MepelarTh CIEKTP
KOJILOPIB Ha SICKPABOCTI, ajie MOTPEOYIOTh OLIBIITUX MEPEKEBUX PECYPCIB.

[Ilomo muTaHHS >KUBJIEHHS CBITJIOMIOMHOI CTPIYKH Ta MIKPOKOHTpPOJIEpA.
OauH KOJip OAHOTO CBITJIO/10/1a MPH MAaKCUMAaNbHIN sckpaBocTi (OUTHil KoIip,
KOJI BCE 3 OCHOBHUX IMPAIIOIOTh HA MakcuMyM) criokuBae 20 MA. OCKIJIbKH B
KOXXHOMY 3 HHX TPH KOJIbOPH, TO pa3oM BUXOoAUTh 60 MA Ha oguH aion. Came
TOMY Kpaiie oOupaTd Takud OJOK >KUBICHHS, KOTPUIM BIOPAETHCS 3 JaHUMHU
HaBaHTAKCHHAMH. by/e TOIITFHUM TaKOXK 3a3/1aJIeT1/Ib MOAYMATH - JI€, 5K, 1 UM
came OyJie 3aKpilieHa CBITJIONI0/{HA CTPIUKa Ha KOPITyCl €KpaHy MepCOHAIBHOIO
KOMII FOTEpA.

[Ipo/1oBXKYyIOUM MUTAHHS TEXHIYHOTO XapakTepy, HeoOX1THO PO3yMITH, IO
CBITJIOJIIOIHA CTPIUKA, sIKA 3HAXOIUTHCS B POOOUOMY CTaH1, CTBOPIOE IEPEIIKO TN
Ha JIHIIO KMBJICHHS, a SAKIIO CTpiuka 1 Moaysib Arduino >KUBISATHCS BiJ OJHOTO
JoKepenia, TO TMEPEHIKOAM HAIXOJATh Ja MIKPOKOHTpoJiepa 1 MOXKYTh CTaTH
MPUYUHOI0 HECTAaOUIbHOI POOOTH YM HaBITH Iepe3aBaHTaKEHHs. Buxomsuum 3
yChOTO BUIIIECKA3aHOTO, HAUTIPOCTIIINI BapiaHT JIJIsl JKUBJICHHS aJIpECHOI CTPIUKH
Ta MIKPOKOHTpOJIEpa — MOTY>KHUI OJIOK JKUBJIEHHS Ha 5 B.

He moxHa He 3BepHYTH yBary Ha HU3BKY BapTiCTh Ta JOCTYITHICTb
CKJIQZJIOBUX CUCTEMH, OCOOIMBO SIKIIO KOPUCTYBATUChH CIABHO3BICHUM CXIJTHUM
CalTOM-NIOCTaYaJIbBHUKOM, 1[0 POOUTH iI aBTOMATUYHO MPUBAOIMBOIO Ta
JOCTYITHOIO JJI OUIBIIOCTI KOPHUCTYBaudiB IO XOU TPOXH PO3YyMIIOTHCS Yy
pamioenekTpoHiii. CucTeMy OCBITIICHHS MOKHA BJIOCKOHAJIUTU Ta MEPETBOPUTH
y TOTOBUH NPOAYKT Mij Pi3HY JAlaroHajib €KpaHy.

Byro npoBeneHo eKCriepuMeHT 3 BUKOPUCTAHHSIM CBITJIOAI0IHOT MAaTPHII Y
TaHgeMi 3 (Goromiogom. 3’sicyBanocs, IO JUIsi TaKoi CHUCTEMH HEOOXiTHO
30UTBIIUTH TIO/Ia4y KUBJIEHHA. PiBEHb SICKpABOCTI 3HAYHO Kpaliuii Ta OiIbII
TJTABHUM T1]] 4ac 3MIHU OCBITJICHHSI HABKPYTH TIPUIIATY.

Cnucok BUKOPHUCTAHOI JITEPATYypH:

1. Arduino Documentation: [EstekTpoHHMI pecypc] //
https://www.arduino.cc/en/Tutorial/HomePage

2. Savasgard E. Arduino: 101 Beginners Guide: How to get started with
Your Arduino Paperback. — July 29, 2015.

3. Ilpodinaktuka mpoOseM 3 30pOM 1 TOM’SIKIIEHHS MIKIJIUBOTO
cepenopuiia [Enextponnuit pecypc] // https://moz.gov.ua/article/health/chomu-
pogirshuetsja-zir-pravda-i-mifi
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MPUCTPIN JJISI TOKA3Y EMOLI NI MEAAYHOIO MACKOIO
3A JJOIMIOMOTOIO IJIATH ARDUINO NANO

Mynsr B.O.
HaykoBwuii kepiBHUK — K.T.H., IolIeHT XaxaHoBa [.B.
XapKiBChKUM HAIllOHATBHUN YHIBEPCUTET PaJIi10CICKTPOHIKH
61166, Xapkis, npocn. Hayku,14, kad. AIIBT, Ten. (099) 771 4978
e-mail: vladyslav.shults@nure.ua

Microelectronics is going through another stage of rapid development, and
this is largely due to the rapid development and implementation of new element
base. Thanks to microprocessors with advanced peripherals and flexible
capabilities — the so-called systems on a chip — a real revolution has occurred in
digital equipment. This article presents an overview and analysis of f modern
programmable system on a chip from Arduino Nano which is based on
ATmega328 or ATmegal68 microcontroller, which is one of the world leaders in
systems on crystals.

Ha croronHimiHiii 1eHb MPOEKTYBaHHS y BUTIIA L cucTeM Ha kKpucTani (CuK)
CTPIMKO PO3BHHYJIOCS, SIK HOBUW HaIpsSIMOK MPOEKTYBaHHS €JIEKTPOHHOI
anaparypu. B minomy nonstrs cucrema Ha kpuctaii (CuK) nependayae Oy1b-sKy
OUIBII-MEHII CKJIATHY 1 (PYHKI[IOHAJIILHO 3aBEPIICHY CUCTEMY, KA MICTHUTb, SIK
MpaBUJIO, MiKpormporecopHe sjapo. OCHOBHUU croci0 peamizaiii HanO1IbII
CKJIAHUX CHUCTeM - 3aMoOBHI iHTerpainpHi cxemu (ASIC). [Ins HeBenukux
MIPOEKTIB 1 SIK TIOMOMDKHHMM 3aci0 BukopuctoByroThes [TJIIC.

06’ exmom docniodcennss € Arduino Nano — 1ie moBHOQYHKIIIOHATEHUI
MIHIATIOpHUM mpucTpiii Ha 0a3l  MikpokoHTpoiepa ATmega328 skuii
aJanTOBaHWM JUIsi BUKOPUCTAHHA 3 MAaKETHOI IUIaTU. 3a (PYyHKLIOHAJIBHICTIO
Arduino Nano cxoxwuit Ha Arduino Duemilanove, 1 Bipi3HA€TbCS BiJ HBOTO
po3Mipamu, BICYTHIM po3'eMOM KHUBJIEHHS Ta iHIIMM TUioM USB-kabento.

Arduino Nano € 1ocuts AemeBuM MiKPOKOHTPOJIEPOM, SIKHH MiIXOAUTh JJIs
pPI3HHX TPOEKTIB Ha OCHOBI MIKpOKOHTpojepa. I[Iporpamue 3abe3nedyeHHs
Arduino 3aiiicHIOe po6oTy Ha O11bIIOCTI Bimomux mporpam Windows, Macintosh
OS X, Linux. Horo mporpamHa 060JI04Ka JOCHTb TIPOCTa B 3aCTOCYBAaHHi JUIs
HOBAYKIB, aji€ BeJIbMU THYYKa JJI JJOCBIAUEHUX KOPUCTYBAU1B, 100 ONTUMAIBLHO
IIBUJIKO JIOCSATTH MOTpiOHOTO pe3ynbrary. Llle omHa BIacTUBICTD 11€ BIIKPUTICTD
BUXIJTHOTO KOJY, cCamMa MOBa MOKE€ pO3IIHMproBaTuCsA 3a gomnomoror C ++
010J110TEK.

[Tnara Arduino Nano, moOymoBaHa Ha MikpokoHTpojepi ATmega328
(Arduino Nano 3.0) ta mae HeBenuki po3mipu. Bona mae cxoxy 3 Arduino
Duemilanove (yHKIIOHAIBHICTh, MIPOTE BIAPI3HAETHCS CKIaJAOM. BiIMiIHHICTH
MOJISITAa€ Y BIICYTHOCTI CHJIOBOTO PO3'€MY IMOCTIMHOTO CTpyMy 1 poOOTI uepes
kabenp Mini-B USB. Nano po3po6iieHa i npoaaetbest kommnaniero Gravitech.

Tomy Oyno BupimeHo Ha 6a3i Arduino Nano cTBopuTH CUCTEMY KepyBaHHS
aJIPECHOIO CBITIIOMIOTHOIO CTPIUKOI0, siKa OyJia crasiHa B MaTpUIliO 8 Ha §, TaKOXK
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B TIporpami OyJI0 CTBOPEHO 8 TOJIOKEHBb POTA, 1 YUM TOJIOCHIIIUHN TOJIOC, TUM
O1bIIIe 3MIHIOETHCS TTOJI0KEHHS POTa, @ TAKOK €MOIIii, K1 3aJIe)KaTh BiJ 4aCTOTH
rojiocy, 1 BCe Il 3 NWCTAHIIWHUM KepyBaHHsIM. KepyBanHs Matpuiil Oyze
BHKOHYBATHCS 3a JIOMIOMOT'OI0 IIepeaadi 3 MiKpodOHY TOJIOCY Yepe3 OC3IpOTOBY
Mepexy A0 miaTu. Taka MOelNb 103BOIUTh TECTYBATH 1 IOCHIIKYBAaTH aJITOPUTM
(GyHKITIOHYBaHHSI, peajli30BaHUN B MPUCTPOi B peaIbHOMY Yacl.

Mema Oocnioxcennss — po3poOKa  CHUCTEMH KEpyBaHHsS aJpEeCHOI0
CBITJIOZI0JHOIO MATPHUIICIO 3a JOIIOMOTr010 MikpogoHy Ta matu Arduino Nano Ha
0a3i mikpokoHTposiepa ATmega328 (Arduino Nano 3.0).

Mopens 3anpornoHOBaHO1 CUCTEMU 0a3y€eThCsl Ha MIKPOKOHTpoJiepl Arduino,
a 11e 03Hayae, 10 BOHA MOe OyTH MepenporpaMoBaHa B 3aJI€KHOCTI Bl po3MIpy
Tiel uM 1HIIOI MaTpwuii, abo CBITIOBOI aapecHOi cTpiuku. IlpuHImm podoTH
CHUCTEMHU TIOJISITa€ y TOMY, IO B HAMMKMCAHY Mporpamy OyJe 3amrcaHo IeKiTbKa
TrOJIOCOBHX YacTOT, Ta caM Trojoc (BiJ HAWUTHUXIIIONO J0 HAMT'Y4YHIIIOro), a
KOPHCTYBau, B 3aJI’)KHOCTI BIJ TYYHOCTI Ta YacCTOTH ToJIOCy, OyJe IMITyBaTu
MPOIIEC CHUIKYBAaHHS Yyepe3 MAcKy (caM MpUCTpii Oye MOMIIEHUN B CEPEANHY
Mackd). JlaHi mpo TYy4YHICTH TOJOCY 3 MIKpOoQOHY TMepeaaroThcs Ha
MikpokoHTposiep ATmega328. Lleit mpuitmad 0OpoOIIFOE JdaHI MPO TOJOC, Ta
BIJIMPABIISIE 10 MATPHIIi, IKa BUBOJUTD P13H1 MOJOKEHHS poTa, ab0 eMoIriro. Jis
PO3pOOKH, HAJIArOJKEHHS 1 TECTYBaHHS CUCTEMHU OYJI0 po3pobiieHe mporpamMHe
3a0€3MeUeHHs], 32 JJOTIOMOT'OI0 SIKOTO OyJI0 3alKiCaHo Pi3HI YaCTOTH Ta TYYHICTb
rojiocy, Ta cama cuctema Jjisi 0OpoOKHU TaHUX.

Ha crorogni cucremu Ha kpuctani (CuK) wmatore Oe3miu  Bapiaiiid
3aCTOCYBaHHSA, SIKI € JOCTYITHHMMH 3aBISKH HM3bKIH IIiHI, TOMYy iX MOJKHa
HaJAIITyBaTH Mija CBOI 3aaadi. Hayxoea Ho6u3Ha BU3HAYAETHCS BUKOPHUCTAHHSIM
CUCTEMU Ha IJIaTI JJisl KepyBaHHS CBITJIOIIOAHUMHU MATPULISIMU a00 CTPIYKAMHU.
Bce 1ie Hajae MOXJIMBICTh MOKa3aTH JAOCTYIHICTh CUCTEM HA IJIaTi, a TaKOX
MOXJIMBICTh 3pOOMTH 3HAYHO JICIICBIIMM OCBITJICHHS PEKJIaMHUX OIrOOpaiB Ta
JEKOpY Ha 0a3i CBITJIOAI0IHUX MATPHUILlb a00 CBITIOAIOAHUX CTPIUOK.

Cnucok BUKOPUCTAHO1 JITEpaTypH:

1. Arduino Essentials: Enter the World of Arduino and Its Peripherals and

Start Creating Interesting Projects [ Tekcr]: noBigauk / @pencic [Mepea, 2015
—190c.

2. Cucremsl Ha kpuctauie. [Enexkrponnuii pecypc| — Pexxum mocrymy Ao
pecypcy: https://www.electronics.ru/journal/article/1040

3. Hardware Arduino Nano. [Enexkrponnuii pecypc] — Pexum noctymy 10

pecypcy: https://doc.arduino.ua/ru/hardware/Nano
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CUCTEMU KEPYBAHHSA AJ/IPECHOIO CBITJOAIOAHOIO
MATPHUIEIO
KOpuenko O.B.
HayxoBwii kepiBHUK — K.T.H., JoueHT Paxuic J[.1O.
XapKiBCbKUI HAlLlIOHAIBHUN YHIBEPCUTET PaJi0CICKTPOHIKU
61166, Xapkis, npocn. Hayku, 14, kad. AITIOT, Ten. (057) 702 1326
e-mail: oleksandr.yurchenko@nure.ua
LED-based dot matrix displays bring new dimensions of versatility and eye-
pleasing visual effects. These abstracts present an overview and analysis of a
modern programmable chip system from Arduino, which is one of the world
leaders in systems on crystals, on the basis of which the control system of the
address LED matrix was created.

Beryn. 3a ocTaHHE OECATUIITTS CTPIMKO PO3BUHYBCS HOBHI HANpsSMOK
NPOEKTyBaHHS €JEKTPOHHOI amapaTypu, a came, IPOEKTyBaHHS amaparypu y
Buriisiii cucteM Ha kpuctam (CHK). CuK Bwmingye (yHKIIOHAIBHI BY3JIH
3aKIHUEHOTO0 MPUCTPOI0, IHTETPOBAHOTO Ha KpHUCTal, JUIsI aBTOHOMHOIO
BUKOPHUCTAHHS B €JICKTPOHHIH anapatypi [1]. Take amapaTae 3a0e31edeHHs MOXKE
OyTH BHUKOpHCTaHE JMJIA peaizallisi pi3HUX MPUCTPOIB, OCOOIMBO THUX, WIO
noTpeOyIOTh 3MEHIIICHHS PO3MipiB 0€3 BTpaTH iX €(h)eKTUBHOCTI.

06 ’ekmom Odocnidxncennss € cucrema Ha miati WeMos D1 mini Ha 6as3i
MikpokoHTpoJsiepa ESP8266. Ha croroanimmHiii aeHb y CBITI icHye Oarato
MPUKJIAAIB peatizallli TaKuX CUCTEM BiJl PI3HMX BUPOOHMKIB, Hanpukias: Intel,
Broadcom, STM, 1 T.1i1. Ajie TOJJIOBHUM HEIOJIKOM TaKUX CUCTEM € TOH (pakT, 110
BOHH 3alporpaMoBaHi Ha BU3HAYEHUN HAO1p PyHKIIIN, IKUM, HallYacTilIe, HE Ma€e
MO>KJIMBOCTEN 3MIHUTHU. [HOAI 1Ie 100pe, 00 He BCi Moau OyAyTh NpOrpaMyBaTu
iX mja cBOi MOTpeOM, HaiyacTille BOHM BUKOPHCTOBYIOTH JIMILIE BHU3HAYEHI
¢bynkuii. Takox “3aKpUTTA” AJITOPUTMIB B1Jl 3BUMAHOTO KOPUCTYBaya, TapaHTye
Oe3meKy, [K JIJIs1 BApOOHMKA TakK 1 JUIsl KOPUCTYBaya, BiJ 1M SIKOTO CUCTEMA MOXKeE
NoCTpaXkaaTH. AJie ICHYIOTb KOPHCTYBaul, $IKI 3aBISKU CBOEMY KpEaTUBY
CTBOPIOIOTH JIMCHO KOPHUCHI pedl Ha 0a31 CUCTEMH Ha KPHUCTali,a/)Ke caMme TaKi
JIOM pyXaloTh Mporpec 1 poOJsTh Halle KUTTA mpoctime. Jjis Toro, 1moo
030y THUCS ITUX HEJOJIIKIB OYJI0 BUPIIIIEHO BUKOPUCTATH CUCTEMY, 1[0 MOXKE OyTH
3amporpaMoBaHa 3a JOMOMOTOI0 BIJIKPUTOTO cepeAoBHIna po3podku Arduino
IDE.

3micm Oocniodcenna. Cuctema Ha mmnati WeMos DI mini Ha 06a3i
MikpokoHTpoJsiepa ESP8266, B OULIBIIOCTI BUIAJKIB BHUKOPUCTOBYETHCS JUIS
HAJaroJKeHHs O€3ApOTOBOTO 3’€HAHHA TMPHUCTPOI0 JO SIKOTO IUIATy
i IKITI0Yal0Th, ajleé BOHA MOXKe TiepeaBaTH 1HCTPYKIi Ta curHanu. Tomy OyIo
BUpinieHo Ha 6a31 WeMos D1 mini cTBOpUTH CUCTEMY KEpPYBaHHS aJPECHOIO
CBITJIOZIOJHOIO MATPHIICIO [2] 3 IUCTaHIIHHIM KepyBaHHAM depe3 TeedoH.

Meton kepyBaHHs MaTpuliero, Oyjae OazyBaTuCs Ha repenayi 3 TeneoHy
KOJIBOPY Ta ajpecy uepe3 0e3IpoTOBY MEPEXy M0 IJIaTH, a TAKOXK PETYITIOBATH
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SICKpPaBICTh CBITIOAIOMIB . Taka MOJENb JIO3BOJIMTh TECTYBATH 1 JOCIIKYBaTH
anropuT™ (PYHKITIOHYBaHHS, peai30BaHUI B MMPUCTPOi B peaJTbHOMY Yaci.

Monens 3anpornoHoBaHO1 cucTeMu 6a3y€eThbest Ha MiKpOKOHTposiepi Arduino,
a 3HAYMTh MOXE OYTH IEepenporpaMoBaHa B 3aJICKHOCTI BiJl PO3MIpy Ti€l uu
1HIIO1 ajpecoi MaTtpuii abo cBiTIOAiomHOoi axpecHoi crpiuku [3]. [IpuHImMm
poOOTH CUCTEMU MOJSITae y TOMY, IO MporpaMa HamucaHa Jjisi Tenedony Oyge
BHUBOJIUTH Ha €KpaH ABOBUMIPHUN MAaCHUB,pO3MIpP SKOTO MOXJIMBO HAaJallITyBaTU
OMMPAIOYMCh Ha pO3MIip MaTpulll a00 CTPIYKH, a KOPUCTYBAU CaM BUPINIYE, IKUAN
KOJIp y SIKY “KOMIpKY” MOMICTUTU. JlaHHI TIPO KOOPJIMHATU TMEPEAArOThCA Ha
MikpokoHTposiep ESP8266. lleit mnpuiiMau 00poOiitoe naHHI MpoO  KOJip,
KOOPJIMHATH B MACHBI Ta BIAMPABIISIE JO MATPUIIL. TaKOX IMICJIsl TOTO, SIK KOKEeH
KOJIIp JTOCATHE CBOET ajpecu 3 Tele(OHy TaKOK MOXKJIMBO IEPEeaaTH 1HCTPYKIT
10 JI0 SICKPABOCTI CBITIIOMIO/IIB, HE3AJICIKHO BiJl KOJIbopy. Lle mo3BomuTh momatu
THYYKOCTI y HaJlallITyBaHHI IUIaTH, aje SICKPaBICTh CBITJOMIOJNIB MEPEAAETHCA
0JIpa3y 10 BCIX, TOMY HE Ma€ MOXJIMBOCTI HAAIITYBATH SICKPABICTh JIJIT KOKHOTO
CBITJIOZI0/A.

Tomy, mema 0ocrioxcenHss — MPOSKTYBAHHS CUCTEMHU KEPyBaHHS aPECHOIO
CBITJIOZIOJHOIO MaTpulelo 3a jgomnomoroto minatu WeMos D1 nHa 06a3si
MikpokoHTpoJiepa ESP8266.

Bucnosku. Ha choromHimHii AeHb CUCTEMM Ha KpPHCTaJll MalOTh Oe3mid
METO/IB 3aCTOCYBaHHS Ta JOCTYIHI, SIK TIO I[lHI, TaK 1 3 TOYKH 30Dy
nepenporpaMmyBaHHs i cBoi 3anayi. B sikocti npuknany Bukopuctanas CHK
OyJ10 3aMpPONOHOBAHO CUCTEMY KEepyBaHHS aIpECHOIO CBITIIO/I10HOI0 MATPHUIIEIO.
Jlnst po3poOKHM, HamaroKEHHsI 1 TECTYBAaHHS II€l CUCTEMH OyJo po3poOJIeHO
nporpaMHe 3a0e3nedeHHs s Teaedony.

Hayxosa noeuzna BU3HAYAETHCS BHUKOPHUCTAHHSAM CUCTEMH Ha TUIATi IS
KEepyBaHHS CBITJIOIIOAHUMHU MATPULIIMH 200 CBITJIOAI0AHUMHU cTpiukamu. Lle gae
MOXJIMBICTh MOKa3aTh JocTynHIicTh CHK mJisi BUKOpUCTaHHS y pi3HUX cdepax
XKUTTS, B TOMY YHUCHI JUIsl PO3pOOKH OUTbII JEHIEBIIMX PEKIAMHUX OaHepiB Ta
€JIEMEHTIB JAeKOpY Ha 0a31 CBITIOA10HUX MATPULIb a00 CBITJIIOAIOIHUX CTPIUOK.

Cnucok BUKOPHUCTAHOI JITEPATYpH:

1. Hemynpor B. Cucremsl Ha kpuctasie. [IpoektupoBanue u pasputue /
B. Hemynpos, I'. Maptun. — M.: Texnocdepa, 2004. — 216 c.

2. Beitaept JIxx. CBiTJIOA10/1HE OCBITICHHS: MPUHIMITH POOOTH, IIEPEBAry i
obnacTi 3acrocyBanus / JIx. Beitnept. — Philips Solid-State Lighting Solutions,
Inc, 2010. — 156 c.

3. Perea F. Arduino Essentials: Enter the World of Arduino and
Peripherals and Start Creating Interesting Projects / Francis Perea. — Packt
Publishing, 2015. — 206 .
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JTUCTAHIIIMHE KYPYBAHHSI OBJIAJTHAHHSIM HA BA3I ARDUINO
UNO R3 3A TOIIOMOI'OIO WI-FI
Kapnenko K.O.
HayxoBwuii kepiBHUK — K.T.H, J1011. XaxaHosa [".B.
XapKiBCbKUI HAlLlIOHAIBHUN YHIBEPCUTET PaJi0CICKTPOHIKU
(61166,Xapkis, np.Hayxku, 14, kadg.AIIBT, (057)702-13-54)
e-mail: kateryna.karpenko@nure.ua
WI-FI is a family of wireless network protocols, based on the IEEE 802.11
family of standards, which are commonly used for local area networking of
devices and Internet access. With this data transfer technology, you can not only
control devices but also monitor their indicators. Deployed local server on an
Arduino UNO and computer as a client are good examples of this interaction. The
article considers the advantages and capabilities of this system.

[lepcneKTUBHICTh PO3POOKH MPHUCTPOIO JUCTAHLIMHOTO KEPYBaHHS JIyXKe
BHCOKa, TOMY 110 JJaHA CUCTEMA BIJPI3HIEThCA YHIBEepcaabHICTIO. Lle o3Hauae, 1110
Ha 0a3l OJHOTrO KOHTpoJiepa MOXHa NOOyAyBaTH CHUCTEMY 3 (PYHKUIIMHU
YOPABIIHHSA OJHOYACHO JEKUIbKOMa O0JIaJHAHHAMH, a TAKOX 3 MOJKIIHMBICTIO
3amaBanHs (3a pomomoroto IIK uym cmaprdony) 1 BimmaneHoi 3miHM (depes
IHTEpPHET) HaJIAIITYBaHb KOHTPOJIEpa.

HaiiBaxxnusimoto nepesaroro Wi-Fi 1ie Te, mo ams 3'eqHaHHS HE TOTPIOHO
HISKUX TMPOoBOJIIB. OJHUM 3 MO3UTUBHUX MOMEHTIB TaKoi Mepexi, € MpOoCToTa ii
YCTaHOBKH 1 TiKItoueHHA. [Ipu miakIr04eHH1 HOBOTO MPUCTPOIO 110 Mepexi Wi-
Fi Bce BiOyBaeThCsl qyKe JIETKO, BaM Tpeba Oyne 3poO0uTH, TIIbKU, HEBEJIHUKY
HaJalTyBaHHS poOyTepa, B pa3l HEOOXIMHOCTI, HaJalUTyBaHHS Oe3meku 1
mudpyBanHs [1].

KoHTponepu, gki MiIKIIOYAIOTHCS 10 MEPEKI HA3UBAIOTHCS MEPEKEBUMHU
KOHTpoJiepaMu. BUIbLIICTE MEPEeKEeBUX KOHTPOJIEPIB MOXKHA IHTETPYBaTH 3
anapaTHUM abo MPOrpaMHUM 3a0€3MEYEHHSAM Bijl 1HIIMX BUPOOHUKIB (TIPOTOKOII
ONVIF € cranmapTtoMm ajig BCiX BEIMKHUX MOCTAYAJIbHHUKIB CHCTEM KOHTPOJIIO
JOCTYTLY

OcHoBHUMHU elleMeHTaMu cxemHu € Tiata Arduino moaens Uno Rev3 Ha 6asi
nporecopa ATmega328 3 TakToBOIO YactoTroro 16 MI'm, 1o BoJIOI€ MaM'ITTIO
32 xb 1 20 KOHTPOILOBAHUX KOHTAKTIB BBeACHHS 1 BuBeneHH [2] 1 Wi-Fi Moaynb
ESP8266, axuit mae mpouecop Tensilica (anri.). MoxiuBuii HerapaHTOBaHUN
posrid g0 160 MI'u.6 IEEE 802.11 b/ g/ n Wi-Fi. Ilintpumyetscst WEP 1 WPA
/ WPAZ2[3]. Kontaktu Vcc i GND Wi-Fi moaynas ESP8266 Ge3mocepeanbo
nigKrodeHi 10 koHTakTiB 3.3V 1 GND miatu Arduino, a kontakt CH_PD Wi-Fi
Moyt Takox miakiaroueHuit a0 3.3V. Konraktu TX 1 RX monyns ESP8266
miKII0YeHi 10 KoHTakTiB 2 1 3 mumatu Arduino. Software Serial Library
(Oi10mioTeka TOCHITOBHOI  3B'SI3KY) BUKOPUCTOBYETbCS ISl 31MCHEHHS
MIOCJTIZIOBHOI 3B's13Ky Ha KoHTakTax 2 i 3 miatu Arduino (3amicth KOHTaKTIB 01 1,
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SIKI BHUKOPHUCTOBYIOTBCS JUIS TOCTINOBHOI 3B's3Ky B rmiari Arduino 3a
3aMOBYYBaHHSM).

Y nporpami Hacamriepea HaM HeoOxiaHO Oyne 3'eqnarn Ham Wi-Fi moxyib
3 Wi-Fi poyrepom mo6 migxmounta Wi-Fi Mmoxyns 1o mepexi inteprer. [lotim
MU MTOBUHHI CKOH(ITYpYBaTH JIOKAIBHUN CEpBEP, IEPEAATH JaH1 Ha BEO-CTOPIHKY
1 3aKpuTH 3'€eHaHHSA. JJI9 [IOTO HAaM HEOOX1HO BUKOHATH TaKi JIii:

- BHOpaTH HEOOXITHHWHA peXUM poOOTH 3a JomoMOror komanmu AT +
CWMODE = mode _id;

- Big'eqnatu Wi-Fi moxyns Big komummaboi Wi-Fi Mepexi 3a 1omoMororo
komauau AT + CWQAP ockinmpku monayns ESP8266 3a 3amoBuyBaHHSIM
ABTOMATHYHO 3'€IHYETHCS 3 TIONEPEIHBOI BUKOPUCTaHOT Mepexeto Wi-Fi;

- 3'emnatu moayib ESP8266 3 Wi-Fi poyrepom 3a 101moMOror0 KOMaHIIH:
AT + CWJAP ="wifi_username", "wifi_password";

- orpumartu [P aapecy 3a nonomororo komanau AT + CIFSR;

- 3aIATH PEXHUM MYJIbTUILUIEKCYBaHHS 3a JOomomMorow komanau AT +
CIPMUX =1;

- ckoHpirypyBatu ESP8266 sk cepBep 3a gomomororo komaHau AT +
CIPSERVER =1, port_no (port moxe 0ytu 80);

- 3a JIOTNIOMOIOI0 BIJAMOBIAHUX KOMAaH]I NEpedaBaTH JlaHi Ha CTBOPECHUI
nokanbauil cepBep: AT + CIPSEND = id, length of data; Id = ID no. of transmit
connection (HOMep 3'€THAHHS);

- micis mepeaadi TaHWuX HEOOXITHO 3aKpUTH 3'€THaHHS 3a JTOMOMOTOIO
komanau: AT + CIPCLOSE = 0, nabpatu IP agpeca B psiaky aapecu Baiioro
Opaysepa 1 HaTucHyTH Enter.

3 HENOJIKIB BapTO 3a3HAYMUTH, 110 JI1 POOOTH TaKOi CUCTEMH HEOOX1THUN
ctabuibauii 0e3nporosuit WI-FI 38's130k.

Cnucok BUKOPHUCTAHOI JITEPATYypH:

1. CereBbie W 0ONaYHBIC KOHTPOJUJIEPHI: PA3JIUYMUS U TMPEUMYIIECTBA —
[OnekTponnbiii  pecypc] — 2021. — Pexum gocrymy 10 pecypey:
https://worldvision.com.ua/setevye-i-oblachnye-kontrollery-razlichiya-i-
preimushchestva/

2. Ilmara Arduino Uno R3: cxema, omucanue, TOJKIIOUCHHE YCTPOMCTB.
[Dnexkrponnsiii  pecypc] — 2019. — Pexum goctymy 0 pecypcy:
https://arduinomaster.ru/platy-arduino/plata-arduino-uno/

3. ESP8266. [DnexTponnsrii pecype] — 2019. — Pexxum qoctymy 10 pecypey:
https://ru.wikipedia.org/wiki/ESP8266
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TECTYBAHHS HU®POBUX CXEM
Xpsmna I1.O.
HayxoBwii kepiBHUK — K.T.H., JoueHT Paxuic J[.1O.
XapKiBCbKUI HAlLlIOHAIBHUN YHIBEPCUTET PaJi0CICKTPOHIKU
61166, Xapkis, npocn. Hayku,14, kad. AIIOT, rten. (057) 702-13-26
e-mail: pavlo.khriapa@nure.ua

Improving the reliability of computing devices is currently becoming one of
the main directions of development of computing technology. Testing of discrete
circuits by the method of mathematical fault detection is becoming one of the
means of increasing reliability.

Merta pobGotu. Meroto poOOTH € OIS METOMIB MaTeMaTUIHOTO
TECTYBaHHS, TOCIIHKEHHS 1X IOCTOBIPHOCTI, a TAKOX PO3poOKa KOMOIHAIIIIMHUX
CXEM, 110 Peai3yloTh 11 METOIH.

JInst MOCATHEHHS MOCTAaBJIEHUX IUIEH HaM MOTPIOHO BUPIMIMTH HACTYIHI
3aBJAHHS:

1) ni3HaTucs MpoO CyTh TECTyBaHHS HU(PPOBUX CXEM Ta BUAU MOJEEH
HECIIPABHOCTEM;

2) noOyayBaTH JIeKijabKka KOMOIHAIIIMHUX CXeM IS JTOCTIHPKEHHS METOJIB
oOYI0BH TECTIB;

3) mpoaHamizyBaTH 3HAa4YeHHS (YHKIIIOHAIBHOCTI Ta JOCTOBIPHOCTI
pe3yJIbTaTIB.

O6’ext mocnimxeHHss. O0’€KTOM JOCTIIKEHHS € (PYHKIIOHAIBHICTh Ta
IPOCTOTA BUKOPUCTAHHS METOy TECTYBaHHsI KOMOIHAIIHOT CXEMH.

HaykoBa HOBHM3Ha Ta MpakTU4YHA LIHHICTH pe3yJbTaTiB. CydacHi Npuiaau
HEMO>KJIUBO YSBUTH 0€3 KOMO1HaIi1HOi Toriku. LI TeMa Moxe OyTH IIIKaBOO JIs
MalOyTHIX CHEUIANTICTIB, AKI MParHyTh BHUBYATH KOMII IOTEPHY I1HXEHEPIIO B
MaiOyTHbOMY. Pe3ynbTatu 1BOTO JOCHIIKEHHS MOXYTh MaTH IMpakTU4YHE Ta
TEOPETUYHE BUKOPUCTAHHS B HAILIOMY YHIBEPCHUTETI.

PesynbTaTu pochimkens. [l yac Haoro AOCIIKEHHS] MU 3’ CYBaJIH, 110
ICHYIOTb Pi3HI TUIIA HECIIPABHOCTEH, SIKI MO>KHA MPEJCTABUTH TAOJIULICIO.

@OyHKIIOHAIBHMM piBeHb | CucTema OyeBux QyHKIIIN [Tommiika
Jloriynuii piBeHb KomoOinaiiitHa cxema HecripaBHicTh
®Di3UYHU piBEHb JIucKpeTHUM npuiaj JHedekr
TunoBumu nedexramu € oOpuB 1 3amukanHa. OOpuB BiANOBIIAE
MOPYIICHHIO 3'€THAHHS KOMITOHEHTIB IMPHUCTPOI. 3aMUKAHHS YTBOPIOETHCS B
pe3yabTaTi 3'€IHaHHA JIIHIM TPUCTPOIO, SIKI B CIPaBHIA CHCTEMI MOBUHHI OyTH
130JIbOBaH1 OJMH BiJl OJHOTO. ICHYIOTH THIIOBI MOJIEJ1 HECHPABHOCTEH, a caMme
MOOJMHOKI KOHCTaHTHI HecmpaBHocTi (Stack-atfault O, stack-atfault 1), kpathi
KoHCTaHTHI HecmpaBHocTi (Mmultiplestack-atfaults), moctukoBi HecmpaBHOCTI
(bridgefaults), 3arpumku  (delayfaults) Ta mepemixkHI  HECHpaBHOCTI
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(transientfaults). [{ist 3amanux KOMOIHAIIHHUX CXEM MU BUKOPHCTAIH JIEKUIbKA
METO/IIB TeHepaIlii TeCTiB.

[ToBHMIT epeBipAIOYNIl TECT JIJIs1 MHOKUHU HECTIPABHOCTEH — 116 MHOKMHA
HAaOOpIB 3HAYECHHb 3MIHHHUX (JIOTIYHHNA BEKTOp), IIO MICTUTh TPHHAWNMHI TIO
OJHOMY TecTy JUIi KOXHOi HecrmpaBHocTi MHOoxuHM T. Horo Hemomikom e
Benukuit 00’ em [13Y, ToMy Ha HOT0 OCHOB1 CTBOPEHO JICK1JIbKA METO/TIB T'eHeparlli
TECTIB (BUUEPIHE 1 IceBaoBUUEpIHE). J{J11 cxeMu 3 n BXoJilaMu OyAy€eThcs O0e3114
MOJJIMBHX OyJIeBUX BEKTOpiB J0BXHHH n (Bchoro2"). OnHak, Iieit meton
OPUAATHUM TUIBKU JUISI CXEM 3 MaJldM YUCJIOM BXO/IIB, TaK SIK 4ac T€CTYBaHHS
3aJIeXKUTh €KCITOHEHIIanbHO Bil N. [Ipu n>20 BUueprHe TeCTyBaHHS HEMOKIIUBO.
Mo>kiinBa reHepailisi ICeBJA0OBUUEPITHOTO TECTY, SKUW BUMAarae 3Ha4HO MEHIIUX
BUTpPAT Yacy, ajie BXOJM 1 BUXOJU CETMEHTIB HE 3aBXKIU € BXOJaMHU 1 BUXOJIaMH
CXEMH, 1110 € JOCUTh BaroMuM HeaomikoMm. JloOpe mokaszaB cebe MmomylsspHHiA
IICEBJIOBUNIAKOBUH TECT, KU BUABISAE 90-95% KOHCTAaHTHUX HECIPABHOCTEW,
asie BiH MOoTpelye 3HAUYHUX OOUMCITIOBaIbHUX BHUTpaT. CrpoOyBamy MO€IHAHHS
BUIIAJIKOBOI F€HEpaIlii TECTOBUX HAOOPIB 1 AETEPMIHOBAHUX TECTIB JI€ TIOPIBHIHO
HEBEJIMKEUNCIIO  TNOMNEPEeIHbO  OTPUMAHMX  (JIETEpMIHOBAaHMX)  HAOOpIB
BOY/IOBYIOTHCS B TIOCITIJIOBHICTD, IIIO TEHEPYETHCSA TaTYNKOM. B miboMy BUTIAAKY
MHOKHMHA 30epekeHX HaOOP1B HEBEIHMKA, TOMY BapTICTh peatizallii Oy/ie HIxKyYe,
HIK TpU BUKOPUCTaHHI 30epekeHuX TecTiB. HactymHi wmetomu OyayTh
BUKOPHCTOBYBATH 3HAHHS JIOTTYHOT MepeKi. MeTo ] KpUTUYHUX IUISIXIB JI€ BXOAH
CXEMH TOJA€ThCA HAOIp MICIS YOro KOXKEH BXIJlT KOXXHOTO €JIeMEHTa CXEeMHU
npuiiMae nmeBHe 3HaueHHs. MeTo/ akTHBI3aIlll OJTHOMIPHOTO MUISAXY i71es SKOTO
noJisirae 'y BHOOpP1 HUISIXY BiA MICIHS HECHPABHOCTI JO JIEIKOTO 30BHIIIHHOTO
BUXOJYy 1 aKTHBI3aIlli 1IbOT0 NULIXY. OJHAK, BIH HE FapaHTY€ MOO0YI0BU TECTY JJIs
BCIX HECIIPAaBHOCTEH, TaK SK CXemMa MOXXe OyTH Takoi CTPYKTYpPH, KOJH
HEMOXXJIMBO aKTUBI3yBAaTUTUIbKM OJMH IIISAX, a aKTUBI3AIlS KUIBKOX MHIISAXIB
OJIHOYACHOIIPU3BOJIUTh 10 KOHQIIKTY. ['apHuM € Meroa QyHKUINA, IO
BIJIPI3HSIOTHCA, J€ BHUPIIIMBIIM JACKIIbKAa OYyJIEBUX PIBHSAHb 33 aJIrOPUTMOM
MOXHa OTPUMAaTH TECTOBUM HaO1p 3a7aHOT HECTTPABHOCTI.

BucnoBku:B X011 Hammoro JoCiiKeHHsT MU 3'ICyBalid ISl 4Or0 MOTpiOHE
TECTyBaHHS  KOMOIHAIIIMHUX  CX€M, PO3TJISHYJIM  JIeKUIbKa  OCHOBHUX
MaTeMaTHUYHUX METOJIIB Te€Hepallii Ta MoOyJ0BU TECTIB HA OCHOBI 33/IaHUX CXEM
Ta MapaMeTpiB 1 OTpUMAIIA PE3YyJbTATH iX (PYHKIIOHAIBHOCTI, IOCTOBIPHOCTI 1
MPOCTOTH BUKOPUCTAHHS.

Cnucok BUKOPHUCTAHOI JITEPATYypH:
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2002. — 224 c.
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20



ABTOMATHA MOJIEJIb ITAPKYBAHHA
TPAHCIIOPTHOI'O 3ACOBY
Konkoschkuii B.1.
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e-mail: vitalii.kolkovskyi@nure.ua
An automaton model of a vehicle parking system is proposed by integrating
a control device and constructing interactions between it and vehicle control and
Sensors systems.

Beryn. I[Iporec mapkyBaHHS TPAaHCTIOPTHOTO 3aC00Y € JOCUTH HEOE3MEUHNUM,
BUMara€e BUCOKOT TOYHOCTI BUKOHaHHs. CaMe MiABUIIIEHHS TOYHOCTI € OCHOBHOIO
MeTor ymnpaBiiHHA. [lin 4ac BUKOHAHHS MPOIECY MApKyBaHHS TPAHCIOPTHHIMA
3aci0 pyXaeThCs B yMOBax OOMEXKEHOr0 MPOCTOPY Ta OadueHHs. MaHeBpH, IO
HEOOXIJH1 ISl PO3TalllyBaHHS aBTOMOOUII Ha NapKyBaJbHE MICLIE, MMOBHUHHI
BUKOHYBAaTHCh IUIABHO, JIOCUTh TOYHO, 0€3 pI3KHX pyXIB Ta 3a IEBHUM
MOCTIOBHUM aldropuTMoM. Takok Ha TMpolec YIpaBIiHHS MapKyBaHHIM
BIUIMBAae 0Oe3miu  (GakTopiB, Takl SK PO3MIpU TPAHCIOPTHOTO 3acoly,
XapaKTEPUCTUKU HWOT0 pPyJIbOBOI CHUCTEMH, JTOCTATHE MicCIe Ul MapKyBaHHS,
MO>KJIMBICTh BHUHUKHEHHS pPaNTOBUX OOCTaBMH Ha J0pO31 1, HaBiTh, CTaH
JOPOKHBOTO MoJoTHA. OTXKE, MpOoIleC BUMarae BUCOKOTO PiBHSA TOYHOCTI IS
0e3MeKu 1 KOPEKTHOCTI pOOOTH CUCTEMU 3 KIHIIEBOIO YCTAHOBKOIO TPAHCIIOPTHOTO
3ac00y TOYHO B 3a3Ha4YE€H1 MEXi MapKyBaJIbHOTO MICIIS.

Mema Oocniodxcenns — TIABUILEHHS SIKOCTI Ta O€3MEKU CUCTEMU
aBTOMATUYHOI'O IMAPKYBAaHHS TPAHCIOPTHOTO 3aco0y 3a paxyHOK MOOYyI0BU
aBTOMATHOI MOJIEJIl CUCTEMH YIPaBIIHHS, PIIIEHHS B SKi OyAyThb MpuiiMaTucs
Ha OCHOBI HAasBHUX B TPAHCIOPTHOMY 3aco0l JaTUYMKIB BUMIPIOBAHHS BIACTaHi,
HasIBHOCTI TNEpPENIKOM, MOJOKEeHHs 00'ekTa B mpoctopi. Po3poOka aBTOMaTHOL
MOJIeN1 B3a€MO/Iii TPAHCTIOPTHOTO 3ac00y 1 MPUCTPOIO YIIPABIIIHHS, 1€ BC1 €Tanu
Ipolecy TMepeMIllleHHs aBTOMOOLIS Ha MapKyBajbHEe Micue OyAyTh
3IIACHIOBATHCS ABTOMATUYHO, 1€ IO3BOJIUTH 3 BUCOKOIO TOUHICTIO, IPYHTYIOUYHCh
Ha HasIBHOMY QJITOPUTMI MaHEBPIB 1 KOHTPOJIIOBATU PyX TPAHCIIOPTHOTO 3aCO0Y
B 3QJICKHOCTI BiJ] OOCTaBUH 1 JOPOKHBOI CUTYaIlli HABKOJIO aBTOMOOLJIS.

Jlnst peanizariii Takoi cucteMu Oyio MPUWHATE PIICHHS PO3IUTUTH MOPIIEC
YIOpaBJIIHHS Ha /1Bl YaCTUHU: 1) BUKOHAHHS 3aJjaHUX MaHEBPIB 1 301p JaHUX; 2)
aHai3 OTPUMAHMX JIaHUX 1 (HOPMYyBaHHS HACTYMHOTO MaHEBPY. TaKUM YHMHOM,
MOXHA PO3NOJAUIUTH YIPABIIHHSA CHCTEMH Ha KEpYyHUHMil 1 omnepauiiHun
aBTOMAaTH [2].

Jnst Toro, o0 OIIHUTH Pi3HOMAaHITHI (haKTOPHU NPH MApKyBaHHI HEOOX1aHA
HasBHICTh BEJIMKOI KIJTBKOCTI CEHCOPIB MO MEPUMETPY TPAHCIIOPTHOIO 3acoly.
BoHu MOXXyTh BapitoBaTUCS B 3aJI€KHOCTI B1Jl KOMIUIEKTAIlli, ajle HalvyacTile 10
HUX BIJIHOCSATHCSA YJBTPA3BYKOBI Ta 1H(payepBOHI JAaTUYUKHU BIJCTaHi, JIJApH,
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Bigeokamepu. Takox cii BpaxoByBaTH iH(OpMAaLIiio PO MPOiICHY BiACTaHb, 3a
paxyHOK Hel MO’KHA MPOCTIIE BU3HAYATH MOTOYHUM eTall MapKyBaHHsI, a TAKOX,
nepesaBaTé KOMaHIM Ha BAKOHAHHS MaHEBPiB Ha MEBHY BiJCTaHb.

B3aemoziss mpuctpoiB moBuHHa OyTH MOOyAOBaHA TaKUM YHHOM, I00
OpUCTPil yHpaBiiHHS, IPYHTYIOUHCh HAa JAHUX 3 CEHCOPIB, MaB MOKJIMBICTh
nepeaaTi HOBy KOMaHy B OyJb-SIKMi MOMEHT 4Yacy Ha omnepariiHuii aBTomar.
Toii, B CBOIO 4epry, MOBUHEH MaTH MOKJIUBICTb MUTTEBO MEPEUTH 1O BUKOHAHHS
3a3HAYCHMX JIIHA 1 TOYaTH IIepeaady HOBOI MOPIIii JaHUX 3 JaTYUKIB HA MPUCTPIN
yIIpaBJIiHHS.

B pesyabTati anamizy Oyso 3anponoHoBaHo aBTomat (puc. 1) 3 HaCTymHUM
Habopom curHaniie: X1, Y1, X2, Y2, M, N, ae 1) BXiAHI CUTHAJIM IS 3aITyCKY
poOoTH aBTOMAaTa, BUOOPY CIOCOOY MapKyBaHHS 1 T.J.; 2) BUXIJIHI CIIOBIIIATbHI
CUTHAJIH, IO MiATBEPKYIOTh BUKOHAHHS OTepallii mapKyBaHHA; 3) BXiJHI JaHi
KoH(pirypamii cucremu, iH(popMmalis 3 [JaTYUKIB, IHIII XapPAKTEPUCTUKH
aBTOMOOUISA; 4) CUTHAIM HA MIJKOHTPOJBHI MPUCTPOL IS 3IMCHEHHS PyXy
TPAHCIIOPTHOTO 3ac00y; 5) CUTHAIU KEpyBaHHS TPAHCIOPTHUM 3aco0oM; 6)
CUTHAJIH, 110 MICTATh MOTOYHUI €Tan BUKOHAHHS 33/J1aHOTO 3aBJAaHHS 1 MOBHY
1H(opMalIlito 3 JaTUYUKIB TPAHCTIOPTHOT'O 3aCO0Y.

X1 Y1
N M
OA
X2 Y2

Pucynoxk 1 — B3zaemonist po6oTn aBTOMaTa

[le nano MOXIMBICTh CHCTEMHOI IHTErpauii MPUCTPOIO YMpPaBIIHHA, 1
CTBOPEHHSI aBTOMATHOI CTPYKTYpH POOOTH CHUCTEMHM, 1[0, B CBOIO Yepry, Jae€
MO>KJIMUBICTh B 3HAYHIA Mipl MIJIBUIIATA TOYHICTh BUKOHAHHSA YNPABIIHHAM
MPOIIECOM TMapKyBaHHS, 3aCTOCOBYIOUM JIaHI 3 HAsBHUX JaTYUKIB 1 CHUCTEM
TPaAHCTIOPTHOTO 3aC00Y sl KOPETyBaHHS MaHEBPIB.

Cnucok BUKOPHUCTAHOI JITEPATYPH:

1. Komn’torepHa cxeMoTexHika: nmiapyyHuk / Kpuyns I'.®., Psbenbkuid,
B.M., Psazannes O.1. — JIyrancek: Bua-so CHY im.. B. lans, 2009. — 744c.

2. CagenneB A 4. [lpuknannas Teopus U poBbIX aBTOMATOB. - M.: Brici.
k. 1987,-272c.
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BUKOPUCTAHHS TEXHOJIOI'Il WI-FI AJI51 PEAJIIBALIIL
CUCTEMMU JUCTAHIIMHOT O CJIJKYBAHHSI
bepesoBcbka B. €.

HayxoBwii kepiBHHK — f011. XaxaHoBa A. B.

XapKiBCbKUI HAlLlIOHAIBHUN YHIBEPCUTET PaJi0CICKTPOHIKU
(61166, Xapkis, np. Haykwu, 14, kad. AIIOT, Ten. (057) 702-13-26)
e-mail: veronika.berezovska@nure.ua, temn. +38(068)343-82-64

Wi-Fiis a family of wireless network protocols, based on the IEEE
802.11 family of standards, which are commonly used for local area
networking of devices and Internet access. The article considers positive sizes of
realizing a truly remote tracking system with the use of this technology.

Ha cporognimHii MOMEHT JUCTAHIIMHE BIJACTEKEHHS  CTPIMKO
pPO3BUBAETBHCS 1 3aCTOCOBYEThCS B OaraThbox cdepax KUTTETISUIBHOCTI.
Jluctanuiiine BIACTEXXEHHS - 1€ niepeaada iHdopmarlii Big 00'eKTa ynpaBIiHHS 10
oIepaTopa, 110 3HaXOAUTHCS Ha BiJICTaHl. BOHO MOCTYNOBO 3all0BHIOE CUCTEMU
aBTOMAaTH3allli, TAK SIK HE 3aBXK/U € MOXKJIUBICTh OE3MOCEPETHBO CIIOCTEPIraTH 3a
00'€eKTOM YTpaBIIIHHS, HANPUKIIAJ, KOO0 00'€KT pyXaeTbcd abo nepedyBae Ha
3HAYHIN BIZICTaH1 Y¥ B arpeCUBHOMY cepeoBuIlli. J(ucTaHiliitHe BiICTEKEHHS 3a
CUCTEMOIO YIPaBIIiHHS 3aTBOPHUM MEXaHI3MOM HEOOX1/IHO, B IIEpUIY Yepry, JUIs
oe3neku oO0'exra. Ilpu Oyap-SkuMX HaA3BHYAWHUX MOAISIX YU MOPYLICHHSIX B
MPUMIIICHH], OOJIaMHAHOMY CHCTEMOIO 3 JIHCTAaHUIMHUM BiJICTEKCHHSM,
Habararo MmpocTiiie 3HalTH BIAMOBIIAIBLHOTO 3a 110 moj1it0. CydyacH1 TEXHOJOT 1]
JIO3BOJISIIOTh CTBOPUTH JUCTAHLIMHE KEpPyBaHHA B JOMAILHIX YMOBax IpH
HE3HAYHUX BUTPATax HA CKIAJO0BI CHCTEMHU.

Peanizariiss quCTaHIIHHOTO CIIOCTEPEKEHHA 32 3aTBOPHUM MEXAHI3MOM Mae
HIMPOKHUI CIIEKTpP, BCE 3aJIKUTh Bl mepeciigyBaHoi MeTH. Lle MoxyTh OyTH
JBepl BIJ Trapaxa, OyJAMHKY, KBapThpu Ta ceild. Ilepenaya BigOyBaeTbcs 3a
JOTIOMOTOI0  PI3HMX CHOCO0IB TpaHCNOPTYBaHHS LHUQPPoBOi 1HGOpMaILii Bijg
JoKepena 10 odepkyBaya. Ilepepaxyemo HaWmomyJisipHIII 3 HHX: Hepenaya
iH(popmarrii no kanany Ethernet; nmo iHdpadepBoHOMY KaHamy; 3 BUKOPUCTAHHSAM
texnosorii Bluetooth; 3a romomororo Wi-Fi.

Ha mouatky Bukopucranns ycranoBka Wireless LAN pekoMeHyBanacs
TaM, JIe pO3ropTaHHs KaOEIbHOI CUCTEMH OYJI0 HEMOXKIIMBO a00 HEIOILIBHO 3
TOYKM 30py ekoHomii. Ha nanuii MomeHT y OaraThOX OpraHizarfisx
BUKOPUCTOBYETHCS Wi-F1, Tak K pH MEBHUX YMOBAX MIBUIKICTh POOOTH MEPExXi
Bke mnepesuirye 1000 MOit / cex. KopuctyBaui MOXyTh MepeMIIIATUCT MiX
TOYKaMHU JOCTYIy MO TepuTopii MOKpUTT Mepexi Wi-Fi. MoOubHI npucTpoi
(KTIK, cmaprdonu, PSP 1 HOyrOykm), ocHamieHi KiieHTCbkuMU Wi-Fi
IpUiMaTbHO-TIEpeIaBaIbHUMHU  TIPUCTPOSIMH, MOXYTh  MIAKITIOYATHCA 10
JIOKaJIbHOI Mepexi 1 OTpUMYBaTH JIOCTYI B [HTEpHET yepe3 TOUKK AOCTyIy abo
XOT-CTIOTH.
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Crangapt IEEE 802.11 € 0a3oBuM craHgaptoM s MOOYIOBH
0e31pOoTOBUX JIOKATHLHUX MepeK. L{el cTanaapT MOCTIHHO BAOCKOHAIOBABCA, 1 B
JAaHWH Yac iCHYE I1iJIe CIMENCTBO, 10 sikoro BimHocATh cnernudikarii [EEE 802.11
3 TITEpHUMH 1HAEKCcaMHu a-z. O HaAK TUTHKY YOTUPH 3 HUX (a, b, g11) € OCHOBHHMHU
1 KOPUCTYIOTbCS HAO1MIBIIION0 MOMYJISIPHICTIO Y BUPOOHUKIB 001 IHAHHSA, 1HIII 5K
(3-f, h-n) € nomoBHEHHs, YIOCKOHAJICHHS a00 BUIPABICHHS NPUHHATHX
cnenudikariii. Teopetruuano 802.11n 3maTHui 3a0e3N€YUTH IBUJIKICTD Mepeaadl
naaux 1o 480 Moit / c.

JIns mocTiHOT eKcIuTyaTallii CUCTEMH CTEXEHHsI HeoOXigHa TEXHOJIOT1s,
sKa 0 Ha/liiHO (yHKITIOHYBaa B MPUMIIIIEHHI, TaK, 11100 CUTHAJI, 1110 IePe1acThCs,
BIIEBHEHO MPOXOJUB Y€PE3 CTIHU. 3 OISy Ha 1€, PIIICHHS BUKOPUCTAHHS TOTO
X 1H(PpauepBOHOTO KaHAY IS Tiepeiadl JaHUX CTa€ HEHalIMHUM, HE3BaKal0uu
Ha MO3UTHUBHI CTOPOHH JITAHOT TEXHOJIOTI.

Jls1 Toro, o6 poOoTa 11i€i cucTeMu 0yJia 3py4HOIO JJIst O1IBIIOT KIJTBKOCTI
JII0JIeH, ToUUIbHIIIE Oy/ie 3poOuTn BuOip Ha KopucTh TexHousorii WiFi. Lleit Bua
nepeaadl JaHuX HabaraTo OUIbII MOIIKMPEHUH B MOPIBHAHHI 3 iHIIMMHU. Jl0 TOTrO
x Wi-F1 npoioBxxye HaOMpaTH CBOIO MOMYJIAPHICTh, TOMY IO Ha ChOTOAHIIIHIMI
neHb Wi-Fi Monynbs BOyJOBaHMN MPakTUYHO B YCIX MOOUIBHHMX Tele(oHaXx,
HOYTOYKaXx 1 HaBiTh JIEAKUX €JIEKTPOHHUX KHUTaX. Taka MOMMPEHICTh JO3BOIHUTh
peaizyBaTy Mo-ClpaBKHbOMY JUCTAHIIIITHY CUCTEMY CTEKCHHS.

Otxe, ana peamizaiii 3B’S3Ky MDK BeO-cepBepoM Ta, O€3MOCEpeHbO,
IUTATOK0 BHUKOPHUCTOBYEThCS cepezoBuie mnporpamyBands Arduino IDE Ta
010ioTeka It HajamTyBaHHs BOygoBanoro Wi-Fi moaymst ESP8266WiFi.h.

[Ticns 3amycky cepBepa, BiH Oy/ie YeKaTy Ha 3’ €IHaHHs. 3a HasIBHOCTI Jali
HEOOXI1HO M’ €aHATHCS 10 HLOTO 3a gqonmomMororo komaunau WiFi.begin.

B naGoparopHux ymMoBax JJjisi TECTyBaHHSI ONMMCAHOTO BHUILE (DYHKIIIOHATY
OyJI0 CTBOpPEHO BeO-CcepBeEp 1 MPOBEACHO MEPECHIIKY Ta 00OpPOOKY MOBIIOMIICHb. 3
VIEBHEHICTIO MOXHA CKa3aTd, 110 OOMIH TIOBIJIOMJIEHHSIMH BigOyBaBCs
KOPEKTHO.

Cnucok BUKOPHUCTAHOI JITEPATYPH:

1. Pa3Butue TtexHosorun OecnpoBoanbix ceteil: crangapt IEEE 802.11
[Enextponnmii pecypc] / CranuciaB Kopoteirun. — 2013. — Pesxxum noctymy 10
pecypcey: https://www.ixbt.com/comm/wlan.shtml

2. [Togxmouenne Arduino x HHTepHeTy: HacTpoiika peXuMa KIHEHT-
cepsep, oopadotka GET u POST 3anpocos. [Enexkrponnuii pecype] / I'pankun
C.C. - 2016. - Pexum goctymy 1o pecypcy: http://cxem.net
/arduino/arduinol76.php
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PO3YMHI JATUUKU TA BUKOHABYI MEXAHI3MU SAK MEMS
(SMART SENSORS AND ACTUATORS AS MEMS)
Kamincekuii A.A.

HayxoBwuii kepiBHUK — K.T.H., 011. XaxaHoBa [".B.

XapKiBCbKUI HAlLlIOHAIBHUN YHIBEPCUTET PaJi0CICKTPOHIKU
(61166, Xapkis, np. Haykwu, 14, kad. AIIOT, (057)702-13-26)
e-mail: adrian.kaminskyi@nure.ua

Smart sensors and MEMS can include a variety of devices and systems that
have a high level of functionality. They do this either by integrating multiple
sensing and actuating modes into one device, or else by integrating sensing and
actuating with information processing, analog-to-digital conversion and memory
functions.

[lin cnroBaMu «po3yMHUM OYJIHMHOK» KOKHA JIIOJIMHA YSBIISIE IIOCh CBOE 1
4acTo 1€ 3BOJIUTHCS JIO0 HAYKOBOi (DAHTACTUKHU. PO3YMHUM OYJIMHOK MOBHHEH
roTyBaTH CHIJIAHOK 1 BraJiaT, IO CaM€ XOY€ BJIACHUK, a00 * MOHITOPUTH
MIPOTHO3M MOTOJIM Ta PAJUTHU 110 OJATHYTH, a00 MiAKa3aTH, sIKI BaXKJIMB1 CIIpaBU
rocroiap Mae 3po0UTH ChOTOIHI.

Po3ymHuM € To#t OynMHOK, (yHKIIOHAJTLHUMHU CHCTEMaMU SIKOTO MOYHA
KEepyBaTH BiIaJICHO, Ta KWW CIIOBICTUTH MPO HAJA3BUYAWHI CUTYaIlli BIACHUKA.
3BUYaitHO, HE ITYYHUHN THTEJIEKT, MPOTE KUTTS Ta MaiHO MOKE BPATYBATH.

Cuctema Po3ymuuii JliMm Moke CKIamaTvcs SK 3 KUIBKOX JAaTYUKIB Tak i3
mimux cucreM. [onoBHa 3amaya  JaTYMKIB — 1€ ONTUMI3AIlS TIPOLECy
OOCITyroByBaHHsSI ~ BCTAHOBJIEHOTO  OOJIaJlHAHHA  3aBISKU  IOCTIHHOMY
MOHITOPUHIY W aHAJ3y JaHUX.

Y MUHYJIOMY MOCTIHHO BCTAHOBJICHMI MOHITOPUHI CTaHy OyJji0 3aHaATO
JIOPOTUM  pIIEHHSIM JJisl  BUKOpUCTaHHS. HoBe eKkoHOMIYHE pillleHHs
KapIMHAJIBHO 3MIHIOE MiAXiA A0 OOCIyroByBaHHS Ta JUCTAHIIIHHOTO
MOHITOPUHTY 00JIaTHAHHS.

MOHITOPUHT CTaHy O3Hauae, MO POOOTH MO TEXHIYHOMY O00CITYyrOBYBaHHIO
MOXYTh OyTH 3allJIaHOBaH1 3a3Jajieri/ib, IO CKOPOYYE dYac MPOCTOI Ta
HiATpUMY€ OUTBIIT TPUBAIUN TEPMIH Tpail obiagHaHHS. [HIMMMU cloBaMU —
Smart Sensor migka3ye BaM, K0JIid HEOOX1HO IPOBECTU PEMOHT a00 MO3ariaHOBe
oOCIyroByBaHHs OOJIaJHAHHS Ha OCHOBI aHami3y Ta TPEHAY 3MiHEHb
oTepalliifHuX mapameTpiB.

VY Ttoii camuit yac pimeHHs renepye «Benuki gani» (Big Data) mpo cran
oOnaHaHHS, 32 IONMIOMOTOI0 SKUX MOKHA MPUUMATH PIllIEHHS, CIIPSIMOBAHUX Ha
ONTHUMI3allil0 BUPOOHUYOTO TMPOIECY Ta MIJBUIIEHHS EHEeproepeKTUBHOCTI
MINPUEMCTBA B LIJIOMY.

MEMS — ue TexHOJOriYHMM Tpolec, B SKOMY MEXaHIYHI Ta
€JIEKTPOMEXaHIYH1 IPUCTPOi a00 KOHCTPYKIIIi KOHCTPYIOIOTh 3 BUKOPUCTAHHSIM
CHEelIAIbHUX METO/IIB MiKkpoTexHosorid. I{i Meromum BKIHOYaIOTh: 00’ €MHY
MIKPOOOPOOKY, TOBEPXHEBY CIKPOOOPOOKY, CKIICIOBAHHS TIACTHH.
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[Tpuctpiii BBaxkaerbca mpuctpoeM MEMS, skmo BiH 33J0BOJbHSE
HACTYITHUM BUMOTaM:

SK110 po3Mmip HOTo eeMeHTa CTaHOBUTS Bija 0,1 MKM 710 COTHI MIKpPOMETPIB.

Sxu1o B fioro po0oTi € siKich enekTpuyuHi PyHKiii. Lle Moxke BkitouaT B 001
TEHEpAIli0 HAIPyTH 3a PaxXyHOK EJIeKTPOMArHiTHOI IHIYKINi, MUISIXOM 3MiHH
NPOMIKKY MiX JIBOMa €JIeKTpoAamMu abo 3a JOMOMOTOI0 I’ €30€JIEeKTPUYHOTO
Marepiany.

Skio npucTpiit Mae neski MexaHiuHi (PyHKIi, Taki sk gedopmarliis 0aaku
abo nmiadgparmu yepes Hanpsr adbo aedopmaiiiro.

Skmo y Hporo € cucremMHui ¢QyHkiioHnan. IlpucTtpiii moBuHEeH OyTH
1HTErpOBaHUH 3 IHIIIMMU CXEMaMH, JUIs TOTO, 100 chopMyBatu cuctemy. Lle Oyae
iHTep(delicHa cxeMa Ta yrnakoBKa JIsl IPUCTPOIO, SIKUH CTaHEe KOPUCHUM.

Jna anamizy kKoxkHoro mnpuctporo MEMS pobutbes 30cepemxene
NPUMYILIEHHS: SKIIO PO3MIp MPUCTPOI0 HA0AaraTo MeEHIIEe, HIK XapaKTEpHHMA
MacmTad JOBXKHHM SIBUILNA, TO MPOCTOPOBUX 3MIH He Oyne. Ilpu Takomy
MPUITYIICHHI MOJICTIIOBAHHS CTA€ MPOCTIIIIE.

€ tpu onepauii B MEMS:

- BusBneHHs: BUMIp MEXaHIYHOTO BXOJAY IUIIXOM MEPETBOPEHHS HOTO B
€JEKTPUYHUN CUTHAJL.

- IlpuBenenHs B [it0: BUKOPUCTAHHS EJIEKTPUYHOTO CHUTHANY IS
MEePEMIIICHHS] MEXaHIYHOI KOHCTPYKIII].

- BupoOHUIITBO €Heprii: reHepye EHEPrito Bl MEXaHIYHOTO BXOY.

Cnucok BUKOPHUCTAHOI JITEPATYPH:

1. Senturia, Ctusen . (2001). An3aiiH MUKpPOCUCTEM.

2. Chin, II3yn-Shune (2000). ITneHKH ¢ TOCTOSHHBIMH MarHUTaMH IS
IIPUMEHEHUS B MUKPOAJIEKTPOMEXAHUUECKUX cUcTeMax. JKypHain maruetusma u
MAaruuTHBIX MaTCPHUAJIOB.

3. Fabrication and integration of permanent magnet materials into MEMS
transducers — 2010 — Pexum npoctymy mo pecypey: [Emexrponnuii pecypc]
https://ui.adsabs. harvard.edu/abs/2010PhDT49W/abstract
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EJEKTPOHHA KHUI'A HA ARDUINONANO
Xpsmna I1.O.
HayxoBwii kepiBHUK — K.T.H., JoueHT Paxuic J[.1O.
XapKiBCbKUI HAlLlIOHAIBHUN YHIBEPCUTET PaJi0CICKTPOHIKU

61166, Xapkis, npocm. Hayku, 14, kad. ATIOT, Ten. (057) 702-13-26

e-mail: pavlo.khriapa@nure.ua.

Computers have long been an integral part of our daily and professional
lives. But sometimes we forget that in addition to them, we are surrounded by
very small computers, and we are not talking about phones, but about
microcontrollers. To improve student learning, | suggest considering a compact
e-book based on Arduino.

Meta po6oTu. MeToro mpoeKTy € po3poOKa mporpamMu MPOIITUBKY JJISI CXEMHU
Ha 0a3l Arduino, CTBOpPEHHS €JIEKTPUYHOI CXEMH Ta MPOTOTHUILY €JIEKTPOHHOI
KHHTH.

JI71s1 TOCATHEHHS OCTABJICHUX L1JIEH NOTPIOHO BUKOHATH HACTYIIHE:

1. Ji3HaTucs mpo OCHOBHI (PYHKIIT €JIEKTPOHHOI KHUTH, PpO3pOOUTH
€JIEKTPOHHY cxemy Ha 0a31 ArduinoNano.

2. CTBOpUTH NPOTpaMy-IIPOIIUBKY Ta MPOTECTYBATH 1l.

3. 3HaiiTh OCHOBHI KOMITOHEHTH JIJIsl MAaKETy, IEPEBIPUTH iX Mpare31aTHICTh
Ta 3’ €JTHATH Pa30M.

06 ’ekmom 00cCniOdHceHHss € BUBUYEHHS JIITEpaTypH, CTBOPEHHS TECTOBHUX
porpam Ha KOMIT FOTEP1, CTBOPEHHS CXEMHU 1 IEpEeBIpKa MPUIIATy.

Hayxosa mosusna ma npaxmuuna yinnicme pezynvmamis. EnexTpoHHI
KHUTH JIETKI W MICTKI, TTOBCIOAHUHN TMEpexiJ Ha €JIEKTPOHHI HOCIi JOMOMOXKE
30eperTyd JICH, 10 BAXJIMBO IS JIIOJIEH, SIKI MIKIYIOThCA MPO EKOJIOTIIO.
BukopucTaHHs €E€KTPOHHUX KHUT BHTIJHO 3 €KOHOMIYHOI TOYKH 30Dy, aJKe
€JIEKTPOHHUMU (popMaT 3HAYHO JEUIEBIIUHI 3a MarepoBy BEPCIIO.

PesynbraTtu pobotu. Jljisi 6a30Boi poOOTH €IEKTPOHHOI KHUTH MOTpiOHA
mata ArduinoNano 3 ginom Atmega 328p, OLED aucrneii 0.96" 12C 128x64,
MoayJsib micro SD cardreader, SD-kapTta, 3 KHONKM yIpaBJiiHHS, HaJpyKOBaHA
cxema IS 3’ €JHaHHS €JIEMEHTIB IPOTOTHUITY 3 JPKEPEJIOM KUBJEHHs (OaTapeiika
CR2025/2032) [1].

MikpokonTtposiepu AVR wmaioTh TrapBapJChbKy apXIiTEKTypy 1 CHCTEMY
KoMaHJ, Omu3bKy g0 imeosorii RISC [2]. Arduino (Apnayino) — amapaTHa
oOuucoBanbHa MIarGopma JJIsi aMaTOpChKOTO KOHCTPYIOBAHHS, OCHOBHHUMH
KOMITOHEHTaMHU SIKO1 € IIaTa MIKpOKOHTpOJIepa 3 eJIeMEHTaMU BBOIY/BUBOY Ta
cepenoBuile po3podku Processing/Wiring Ha moBi nporpamyBanus C/C++ [3].
Bbyno po3pob6ieHo cxemy mpuiaay Ta HaJAPYKOBAHO il 3a JOMOMOTOI CEpBICY
EasyEDA. CrBoproroun mnpuiaa Ha 0a3i Arduino, mporpama-npouimBka
po3pobIieHa y IHTETPOBAHOMY CEpPEOBUIII pOo3poOKH 3a aornomMororw CH++, ska
NpU3HaYeHa JJIsl CTBOPEHHS 1 3aBaHTAKEHHS TporpaM Ha Arduino-cyMmicHi IJiaTH,
a TaKOXX Ha IJIATH 1HIIMX BUPOOHMKIB. [[Jisl IbOrO MPOEKTY MOTPEOYIOTHCS TpU
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6i6miorexu: Simple OLED, SD, SPI. bi6mioreka SD no3Bomnsie 3uutyBaTH i
3anucyBaTH iHpopMariito Ha SD-kapty mam'sti. [Ipu po6oTi 3 KapTor0 mam'siTi
HEOOX1THO BUKOPHCTOBYBATH KOPOTKI iMeHa QaitniB y popmari 8.3 (8 cumBoiB
— iM'st daiiny, 3 cUMBOJM — po3IMIKpeHHs ). B3aemMo i Mi>k MIKPOKOHTPOJIEPOM 1
SD-kaproro  mam'sati  3pgiiicHroerbess 1o  mmHI  SPI. Simple_OLED
BUKOPUCTOBYETHCS 11 KOPEKTHOTO BHUBOAY 1H(Mopmamii Ha aucriied 1o
craugapty nepeaaui ganux SPI. Ile momudikoBana 0i0i0oTeka Ha OCHOBI
OLED _I12C, saxa miarpumye peamizaiito auciuiero 128x64. daiin 13 mpudramu
MOAM(IKOBAHO JUIsl BUBOAY pOCIHCBKOTO 1 YKpaiHchkoro andasity. SPI
0i0mioTexka Jo03BosisiEe  ApAyiHO B3aemojiie 3 pizHuMu  SPI-mpucrtposimu,
BUCTYIMAlOUW TP I[OMY B poyli Beaydoro npuctporo. IHtepdetic SPI
BIJIPI3HSIETHCS BIIHOCHO BHCOKOIO IIBHIKICTIO 1 TPHW3HAYCHWH IS 3B'SI3KY
OMM3BKO PO3TAIIOBAaHUX MPHUCTPOiB [4]. Po3pobuBmmM 1 mpoTecTyBaBIIN
nporpaMmy TmepeiieMo A0 CTBOpPEHHS mpoToTumy. Jlo HaApyKOBaHOI CXeMH
NOTPIOHO MpUMAsTU 3alporpaMOBaHUN MIKpOKOHTpoJsiep Atmega 328P, po3’em
st Micro-SD, OLED nucnieil Ta 6atapeliHuid BIJICIK 3 KHONKAMU YNPaBIIIHHA
(Pageup, Pagedown, Set). BaxnuBo Te, o micro-SD noBuHHa 0yTH y hopmMarti
FAT-16 abo FAT-32, a texcroBi ¢aiinu Ha Hill popmary UTF-8. Sk mxepeno
JKUBJICHHS TaxoasaTh O6atapeiiku CR2020/2032, ski TpuMaroTh 3apsia 10 TPhOX
roJiuH pobotu mporotuny. KinbkicTs daiiiniB Ha HOCli 0OMexkeHa 00’ €eMOM HOCIS.
Jiig Toro 106 3aBaHTaXUTH HOBUM CKETY J0 NpuiIaxy nepeadadeHuil po3’eM amis
nporpamMaropa.

BucHoBkr. CTBOpPEHO Mporpamy-HpoIIUBKY I cXeMu Ha 0a3i Arduino,
CTBOPEHO €JIEKTPUYHY CXEMy Ta MPOTOTHN €JIeKTPOHHOI KHUTU. lIporpamny
peamizanito OyJ0 BHKOHAaHO B IHTETPOBAHOMY CEPEJOBHILI  PO3POOKH
ArduinolDE, cketu nns sxoi O0yJsio peanizoBano MoBoro C++. JlaHa po3poOka €
aKTyaJIbHOIO y cdepl CydyaCHHUX KOMIT IOTEPHUX TEXHOJIOTIH, SIKI TSKIIOTH J0
BJIOCKOHAJICHHS] 3BUUHUX HaM pedeid, 100 3poOUTH iX O1IbII KOMIAKTHUMHU Ta
¢byHKU10HATEHUMU. PO3po0JieHa eJ1eKTpOHHA KHUTa MOKE OyTH BUKOPHUCTaHa SIK
Marepian s MaWOyTHIX AOCHIDKeHb y Wi cdepl Ta NPUHECEHE YUMo
KOPHUCHOI 1H(pOopMallii.

Cnucok BUKOPHUCTAHOI JITEPaTypH:

1. Arduino — Products [Enexrponnuii pecypc]. — Pexum moctymy:
www.arduino.cc/Main/Products — J[lara 3Bepuenns: 15.02.2021. — 3aron. 3
eKpaHa.

2. ITerin B.A. [IpoekTu 3 BukopuctanusiMm koutpoiiepa Arduino / B.A. Tletin
//BXB-IlerepOypr. — Cankr I[letepOypr, 2014. — 400 c.

3. Xabp-Xabp  [Enextponnuii  pecypc]. —  Pexum  pocrymy:
https://habr.com/ru/ — Jlata 3Beprenns: 14.02.2021. — 3aro. 3 ekpaHa.
4. Arduino — Projects [Enexktponnmii pecypc]. — Pexum gocrymy:

http://arduino-project.net/ — [lara 3Bepaenns: 15.02.2021. — 3aro:. 3 ekpaHa.

28


http://arduino-project.net/#_blank
http://arduino-project.net/#_blank

MOIIYK HOBUX PIIIEHD JI)ISI CTBOPEHHSI HEUPOHHUX
MEPEX
Anamosuu B.P.
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e-mail: vladyslav.adamovych@nure.ua

The article attempts to find hardware opportunities for profitable porting of
neural networks trained on classical computers, bypassing the use of GPUSs.
Because GPUs have been able to meet demand, they are often used in data centers.
But with improved performance of FPGAs and microcontrollers, Asics will allow
data centers to use them to meet their computing power and power consumption
needs. This makes it possible to emulate deep learning by sequentially processing
multiple layers of convolutional neural networks.

Beryn. He3pakaroun Ha Te 110 HEMPOHHI MEpEXl SIK HAYKOBO-TEXHIYHUUI
00'€KT ICHYIOTh MTOHA/I MIBCTOJITTS, OCHOBHI CIIOCOOM iX MPaKTUYHOI peani3alii
O0OMEXYIOThCS 00JIaCTIO MPOTPAMHOIO0 MOJICTIOBAHHSA B PI3HUX CEPEIOBUILAX
Bi3yaJIbHOTO (1  HEBI3yaJlbHOr0) MpoeKkTyBaHHsA. [Iporpamui peamizaitii
nepeBaXxaroTh Haj arnapaTHuMu. Kpim Toro, anapatHi peaniszailii BHacIi0K CBO€T
BIJIHOCHOI JIOpPOXHEYl JIOCI HE MAarOTh MOBCIOJHOTO mnomupeHHs. OmHak iX
MMTOMa Bara B 3arajbHiil KUIBKOCTI CBITOBHX TEXHOJIOTIYHUX PO3POOOK
HeyxwibHO 3poctae[l]. IlITyunuii iHTENEeKT — 1Ie MallOyTHE OOYKMCIICHb, BEJIUKA
KUIBKICTh JTOCJIIJIP)KEHb MPOBOJAUTHCS B CHPOO1 CTBOPUTH KOPUCHUM 1 HAIIMHUIMA
III. Yactuna pocmimkens I Bkirouyae B cebe BHBUEHHS 00J1acTi, IO
HA3WBAETHCS TIMOOKUM HABUAHHSM, SKa € Taly33I0 MAIIMHHOTO HaBYaHHS, SKa
BUKOPHUCTOBYE AJITOPUTMHU JJIsI MOJEIIOBaHHSI aOCTpakiliii BUCOKOro piBHs. B
JaHUM 4ac JJIsi MOJCJIIOBAHHS TMPOIIECIB MITMOOKOr0 HAaBYaHHS 1 OOPOOKM IUX
QITOPUTMIB PO3POOJISIIOTECA BEJNMKI CHCTEMH 3 BUKOPHUCTaHHSIM TpadiuHUX
MPOIIECOPIB B SIKOCTI IEHTpPaIbHOTO 3aco0y o00poOku. Benuka wyacTuHa
CHOTOAHIIIHIX MAaCOBUX OOYMCIIEHb BUKOPUCTOBYE IpadiyHl MPOLECOPU, TOMY
o 3akoH Mypa 3a OCTaHH1 KUIbKa JECATUIITH 30epircs, mpoTe HaOIMKAEThCs
TOM 4ac, Koiu po3BUTOK rpadiunux mpoiecopiB (GPU) ne Oyne BianoBigaTu
sBumoram anroputmis I [2]. Ha momaTok 10 00YMCITIOBAILHOI MOTYXKHOCTI, ITi
GPU-cucremMu Takox CIOXHBAIOTh BEIUKY KITBKICTH eHeprii. [locTae nuranHs,
SK MO>KHA 30UTBIITUTH 00YUCITIOBAIBHY TTOTYXKHICTh TIPU OJHOYACHOMY 3HIKCHHI
€HEPrOCIOKUBAHHS B MPOIECI BUKOHAHHS aNTOPUTMIB TJIMOOKOTO HaBUYaHHS?
MeTor OCHIHKEHHS € TOIIyK amapaTHUX MOXJIMBOCTEHCTH [JIsl BUT1IHOTO
MOPTYBaHHS HEHUPOHHUX Mepek, HaBueHOi Ha KiacuuHux EOM B 00xia
BUKOPHUCTaHHA rpaiyHUX MPOLIECOPIB.

3mict gocnigxeHHs. CUTHAbHI MPOLECOPU XapaKTEepU3ye IMOPIBHSIHO
HU3bKa BapTICTh PO3POOKH, BENUKAa €JIeMEHTHa 0a3a 3 BEJIMKOI KUIbKICTIO
HaJIaro/DKyBAJIbBHUX 3ac001B 1 JOMOMDKHOTO MIPOTpaMHOIo 3a0e3rnedyeHHs, a
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TaK0X BHUCOKA MPOIYKTHUBHICTh, IO 3pOOMUIIO CUTHAJIBHI MPOLECOPH HAWOLIbII
HOMYJISIPHUMU  00'€KTaMHU JIsl TMOOYZOBH amapaTHUX peanmi3amiii HeHpOoHHUX
Mepex [3]. MopentoBaHHST HEUPOHHUX MEPEX HA CHUTHAIBHUX Mpolecopax
3MIHCHIOETHCS TUTBKU TIPOTPAMHHM CIIOCOO0M, 110 IO3BOJISIE B pa3i HEOOX1THOCTI
JeTKO MOAM(IKYBaTH BUKOPHCTOBYBAHUI aJTOPUTM 1 CTPYKTYpy Mepexi. [Ipu
MIPOEKTYBaHHI armapaTHOl peajizailii HeWpOCUCTEM BPaxOBYIOThCS, MEPII 3a BCE,
TaKl XapaKTEPUCTHUKH, SIK MacIITa0OBaHICTh, BApPTICTb PO3pPOOKHU, CYMICHICTH 3
nonepeaHiMu 1 MaifOyTHIMH BepcisiMu. B pasi, koau ais po3poOHMKAa KpUTHYHI
TEPMIHH PO3POOKH 1 BapTICTh, CJiJ] 3BEPHYTHU yBary Ha CUTHaJIbHI MPOIECOPH 1
npolecopu sl KackaJoBaHuX  apxitekTyp. CurHaibpHi — mOpouecopu
MacmTabylOThCsl JIOCUTh IOTAaHO, ajieé po3poOKa HEHPOHHMX MEpEeX Ha HUX
3aBJIKM PO3BUHEHINA TEXHIUHIA MIATPUMII 3 OOKY BUPOOHHKIB JOCUTH MPOCTA.
[Tpu upomy mpus'szka 10 amapatHoi yactuHu DSP He 103BONUTH 3 JETKICTIO
MEPEHOCUTH HEHUPOHHY MEpeXy 3 OJHI€I elleMeHTHOI 0a3u Ha iHmry. Jlus
HEHPOCHUTHAJIBHUX MPOLECOPIB B LLIOMY XapakTepHO BCE T€ X came, W10
CIpPaBEIJIMBO [IJII CUTHAJIIBHUX MPOLecCOpiB. BiIMIHHOCTI MOJSATaloTh B OUIBII
BHUCOKIM MPOJYyKTUBHOCTI 32 PaxyHOK HAsSBHOCTI BOYJIOBAaHOTO BEKTOPHOIO
criBOpoliecopa 1 OIblI BY3bKO1 cherianizailii, B OUIBIIOCTI BHUIIAJKIB
Op1EHTOBAHOT HA KOHKPETHUI BUJI HEHPOHHOI MEPEXI.

BucnoBok. BukoHaHHs O11bII IIBUAKUX 1 €EKTUBHUX OOUUCIICHB TO3BOJISIE
po3po0saTH TepenoBi nporpamu. ['uOoke HaBYaHHS Ta 1HINI TPOrpaMH, SKi
IHTEHCUBHO BHMKOPUCTOBYIOTH OOUMCIIOBAJIbHI PECypCH, 3HAXOASAThCS Ha
nepeaHboMy Kpai JociixkeHb. OCKUIbKA TpadiuHi MpOIEcopu 3MOIIIU
3aJJOBOJIbHUTH MOMWT, BOHM YacTO BHUKOPHCTOBYIOTHCS B LEHTpax OOpOOKH
nanux. Ane 3 mominmenHsM npoaykrtuBHocTi [TJIIC, mikpokornTponepis, ASIC
JI03BOJIUTH IIEHTpaM OOpOOKHM NaHWX BUKOPUCTOBYBATH 1 1X JJIs 3aOBOJICHHS
notpe® B OOUYMCIIOBATHHMX MOXKIMBOCTSIX 1 eHeprocmoxuBaHHi. lle mae
MOJKJIMBICTh €MYJIIOBaTH TJIMOOKE HABYAHHS MUIIXOM TMOCTiZOBHOT 0OpOOKH
JEKUIBKOX IIapiB 3rOPTKOBUX HEMPOHHUX MEPEK.
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A heuristic algorithm for constructing a decision tree for an FSM transition
graph with cycles is offered. The decision tree obtained by the proposed algorithm
Is intended for constructing a non-destructive diagnostic experiment for the FSM.

Beenenne. Huskuil ypoBeHb TECTONPUTOJHOCTH YCTPOWCTBA IMPUBOAUT K
YBEIUYECHUI0 BpPEMEHM M YXYJAIICHUIO KayecTBa €ro TEeCTUPOBAHUS.
OYHKIMOHAIBHBIE METOAbl TECTOINPUTOJHOTO MPOECKTUPOBAHMS LUDPOBBIX
YCTPOMCTB MOAPOOHO paccMOTpeHbl B [1], rae s uu@poBBIX aBTOMATOB,
IIPEICTABICHHBIX B (pOpME TaOJMI] MEpPEXO0I0B-BBIXOJOB, BBEJAEHBI IMOHATUSA
JMAarHOCTUPYEMBIX KJIacCOB aBTOMATOB. PaccMoOTpeHbl mponeaypsl MPOBEACHUS
JUAarHOCTUYECKOIO0  DKCIIEpUMEHTa C aBTOMaTaMd C  HCIOJIb30BAHHEM
YCTaHOBOYHBIX, CHHXPOHU3UPYIOIINX, THArHOCTUYECKUX U XapaKTEPUCTUIECKUX
nocnenoBareiabHocTell. B pabote [2] ¢ 1enpio NOBBIIEHUS TECTO-IPUTOJHOCTH
KOHEYHOI'0 YIpaBistoniero aBromara (YA) aBTopaMM H3JI0)KEHA KOHULEHIUS
BBEJICHUS annapaTypHOU N30BITOYHOCTH B MOJIENIb a0CTPAaKTHOrO aBToMaTta. s
IOCTPOEHUS TE€CTa peau3yeTcsl cTpaTerus o0xoaa Bcex Ayr rpada mepexooB
(I'Tl) YA, naunHasi ¢ Ha4aJIbHOW BepIUMHBIL. JJaHHBIN MOAXOA MPEAYCMATPUBAET
IPOBEICHHE TAaK HA3bIBAEMOI0  «HEPa3pyILIAIOMIEr0» JIUarHOCTHYECKOrO
skcnepumenta (HJIA), B KOTOpOM B KOHIIE KaX0i MPOBEPKU aBTOMAT JIOTUYHO
WIN NPUHYAUTEIBHO BO3BPAILAETCS B UCXOJIHOE cocTosHue. g peanuzauuu
ctpaterun obxona Bcex ayr I'Il mo mertonuke, npeaiokeHHou B [3], cTtpoutcs
JIEpeBO pelIeHuid a1 o0xoja myTed (MapmipyToB) rpada. DTta MeToauKa He
no3BoJisieT oOpabateiBaTh HenuHelHble ['CA, nmopoxnatomue nukisl B I'TI. B
CBSI3U C OTUM: 00beKkm ucciedosanus — Tpad mnepexonoB YA; npeomem
ucciedosawusi — MTOCTPOCHHE JIepeBa peIIeHUM, naromiero Bce mytu ooxona I'T1;
yenv uccned0oganus — pa3paboTKa 3BPUCTUUYECKOTO aNTOPUTMA IOCTPOCHHUS
nepesa pewiennit i 'l ¢ nukimamu.

Conepxxanue uccienoBanus. s onucanus rpada mepexoioB aBTOMara
OPEJIOAKEHO  HCHOJB30BaTh  MOJM(DULIMPOBAHHYIO MAaTPULy CMEXKHOCTH
pasmepom (M X M), rne M - xonnmyecTBO BepiivH B rpade aBromara. JlaHHas
MaTpHIla XapakTepU3yeTcss TeM, YTO JUIsl KaXKJIOM BepIIMHBI rpada mepexoioB
(cpoxku MaTpullpl) B siY€HKAX MATPUIbl HAXOJATCA MMEHA YT, COEIMHSIOMINX
JTAHHYIO0 BEPILIMHY C BepIIMHAMU-TIpeeMHUKaMu (cTonouamu). [Ipu aTom B 01HOIM
syeike MOTYT ObITh OoJiee OAHOU JyTH (MyJIbTUTpAd).
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Jlnst peanu3anuu cTpateruu 00Xoja BceX Ayr rpada CTpouTcs OMHApHOE
JEpeBO perieHuil (mepeBo oOxona rpada) mo clemyroneMy anroputmy. 1.
[locTpoeHune nepeBa HAYMHACTCA C HAYAIBHOM BEPIUMHBI a9. AHAIU3UPYETCA
mepBasi CTpOYKa MAaTPHIIBI CMEXKHOCTH W COCTaBJSIETCS CIHCOK BEPIIUH-
npeeMHUKOB. 2. M3 cmHcka MpeeMHUKOB W30WpaeTcs TNepBas BEpIIMHA |
BKJIIOYAETCS B JIEPEBO, COOTBETCTBYIOIIAS sU€iKa B MaTpulle (Ayra) moMeyaeTcsl.
3. Jlns cTpOKH, COOTBETCTBYIOUIEH 3TOMY HOMEpY, COCTABIISIETCS CIIMCOK X
npeeMHUKOB. [Ipu nanpHelieM aHanu3e CHUCKA MPEEMHUKOB MPEUMYIIECTBO
OTIaeTcs HermoMeudeHHBIM sueiikaM. 4. Iloctpoenuwe wmapuipyra B rpade
3aBepIACTCS B CIEAYIOUX CIydasX: ouepeaHas BEpIIMHA-IPEEMHUK SBIISECTCS
HayaJbHON (TEpMHHAIBHOM) BEpPIIMHOW ap (3aBEpIICHHBIA MUK PaOOTHI
aBTOMAaTa); WCXOJHAas Ayra SBISETCS MNeTJied (3JEMEHT TIJaBHOM JHaroHalv
MaTpHULIbl CMEXKHOCTH); B MAapIIPyTE TMOSBISETCS BEPIIMHA, KOTOpas YxKe
IPUCYTCTBYET B 3TOM MapupyTe (UMKA B Tpade mnepexonoB, (UKCUpyeTcs
HavajbHas BepiunHa 1ukia). 5. I1. 2, 3 u 4 moBTOpSItOTCS 10 T€X MOP, IOKA BCE
MapuIpyTbl HE JAOUIYT 0 TEPMUHAJIBHOU (KOHEYHOU) BepiiuHbl. 6. Iletnu u
MapUIPyTHI C IIUKJIAMHU 3aHOCSTCS B OTJEIBbHBIN CTEeK. [1eTin MOTyT BCTaBIATHCS
B JTI0OBIE MapIUIPYTHI, TJI€ €CTh COOTBETCTBYIOIINE BEpIINHBL. 7. J{J1s MapmipyToB
U3 CTEeKa LUKIOB JOCTPAaMBAIOTCS MAapUIPyThl BO3BpAILlEHUS B HaYaJIbHYIO
BEPILMHY IyTEM HCIIOJIb30BaHUs (PParMEHTOB MapUIPyTOB C 3TOW BEPIIMHBI JI0
TEPMHUHAJIHOM BEpIIMHBI (Takoll MapuipyT Bcerga Oynaer, HCXOols U3
CTaHJIAPTHBIX YCIIOBUH J10CATAEMOCTH rpada).

BoiBobl. Hayunas Ho6u3Ha COCTOUT B JAlbHEHIIIEM Pa3BUTUU aJITOpPUTMa
noctpoeHus gepea peweHuil [Tl aBTOMara mnpu HaJIWYUM  LHUKIIOB.
llpakmuueckas  3nHauumocms — JEPEBO  PEIICHHH, MOCTPOEHHOE IO
MIPEUIOKEHHOMY aJIrOPUTMY IIpeaHa3HadeHo s noctpoenus H/ID nag YA.
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XMAPHI TEXHOJIOTII Y PO3YMHUX BYJUMHKAX
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A model of the system of interaction between the user and intelligent devices
with the use of modern wireless technologies, as well as capable of storing a large
amount of information using cloud services, is proposed. Modern technologies of
data storage and processing on the server side, data transfer protocols and basic
software functions are considered. Such a system will be characterized by
reliability and stability of data transmission, as well as flexibility for further
expansion.

Beryn. Bee 6uabln nomyasipHUM Yy CBITI CTa€ aBToMmaTu3allis OyJIUHKIB 3a
JIOTIOMOTOI0  PI3HOMAHITHUX PO3yMHHUX MPUCTPOIB, AKI OO0’ €AHYIOTH B OJHY
BEJIMKY Ta CKJaJHy cucrteMy. [HTenekTyanbHa cuctema 300py iH(opmanii Ta
JUCTAaHUIAHOTO KEpPyBaHHS pPI3HOMAHITHUMH CMapT-TIPWIAJaMu  BKIIOYAE
3B’s13aHI MK COO0I0 KOMITOHEHTH: 1) mpHUCTPOi 31 cTaHIapTaMu OE3MPOBITHUX
TEXHOJIOT1H; 2) HeHTpaJbHUI KOHTpojep; 3) 1oAaToK KopucTyBauda. OCKUIBKH
KUIBKICTh PI3HOMAHITHUX MPUJIAIIB 3 KOXKHUM JHEM 30UIbLIYETHCS, HEOOX1THO
IIYKaTH HOBI pIIIEHHS JUIg OOJIETIIEHHS KepyBaHHS HUMH. BuxopuctaHHs
XMapHUX CEPBEPIB — SABUIIE BXKE JIABHO HE PIJIKICHE, 11€ OJIMH 3 HalOe3MeUHIIINuX
MeTO/I1B 30epiranHs iHdopmaIlii, TOCTYI J0 SKOi MOKHA OTPUMATHU 3 OYIb-IKO1
TOYKM y CBITI, MalOYM MIJKIIOUEHHA 10 Mepexi [1]. Meroro nochiakeHHs €
MOIIYK CTaHAApPTIB Ta TEXHOJOTIH, SIKI IIMPOKO BUKOPUCTOBYIOTHCS Y CUCTEMAX
aBTOMAaTH3allli, METOJIIB Nepenadl Ta oOpoOKM JaHUX Ha BiAJAJIE€HOMY CepBepl
TSl IOJAJIBIIOTO 30€epiranHsl, MiBUILICHHS SKOCTI B3a€MOJIii MIXK KOPUCTYyBaueM
Ta PI3HOMAaHITHUMH CMapT-TipuiiagamMu y pexkumi online .

3MICT AOCHII)KEHHS. BUKOpUCTaHHA XMapHUX TEXHOJIOTIM [ae 3Mory
30epiratu iHpopMallito, sika HAAXOAUTH BiJl CEHCOPIB MPUCTPOiB. Lle o3Havae, 110
iH(popmarlliss Moxke He 30epiraTUcs Ha caMOMy TpHiIajai abo KOHTPOJEpi, TUM
caMMM He 3aliMaTd MaM’siTh CaMOro NPHUCTPOI0, a BIANPABUBILK JIaHI [0
XMapHOTO CXOBHIIA, MOXKHa 30epiratu ix y HabaraTto OuUTbIIOMY 00Cs31,
rapadTyrodu Oe3neky nmux gaHux. OKpiM IbOTO TaKUM MAXIT Ay’KEe THYYKHH,
a/pke MOYKHA 3 JIETKICTIO 30UIbIIyBaTH 00’e€M mam aTi. Taki CHCTEMH BXKe
pPO3POOIISIOTECS HA MPAKTUINl Ta CKIAAIOTHCS 3 TaKUX CKIAMOBUX: 1) cMapT-
OPUCTPOI 3  IHAUBIAYyaJIbHUMHU  1AeHTH(IKaTOpamMu Ta  Oe3MpOBIIHUMHU
TEXHOJIOT1SIMU; 2) ILEHTPaJbHUNA NPUCTPIA — KOHTpOJIEp, Ui B3aeMOAIl 3
npuiagaMu; 3) XMapHHUid cepBep 3 HEOOX1IHUM MTPOTrpaMHUM 3a0€3MEeUEHH M IS
30epiranHs Ta 0OpoOKM JaHux; 4) J0JAaTOK KOpuCTyBaua. Bzaemomiss Mix
KOPUCTYBaue€M Ta cepBepoM OyJie BiIOyBaTHCS 3a JOMNOMOTOI MOOIIBHOTO
nonatka 3 apxitekrypaum ctuiiem REST, sxuii BukopuctoBye HT TP sik cranapt
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nepemadi ganux [2]. OOMiH iH(DOpMAaIliEr0 MK TIPUIalaMd Ta CepBEepoM Oyne
BimOyBatucs 3a nporokosiom MQTT(Message Queue Telemetry Transport). Let
MPOTOKOJI CTBOpPEHUH Myisi mepenadi manux y ¢ainnax popmary JSON, a cama
nepenavya BiAOYBa€ThCS 3a CXEMOIO BHUIABHUK-MIANUCHHUK. Lleit mpoToxon
IIMPOKO BUKOPUCTOBYETHCS y cucteMax [utepuety peueit(10T), amxe mae HU3bKI
0oOUYHCITIOBAJIbHI TOTPEOM Ta rapaHTye SIKICHHMM 3B’S30K HaBITH Y MEpExkax 3
HU3BKOIO TPOIYCKHOI 3aatHicTio [3]. Ha camomy cepBepi MOBHHHO OyTU
CrieliaJibHe TporpamMHe 3abes3reueHHs, sike Oynae oOpoOssaTu iHdopMmarriro Ta
KepyBaTu IMepeAavyero MOBIJOMIIEHb MK I1HIIMMU KOMIIOHEHTAMU CHCTEMH.
barato kommaHiii HajalOTh KOPUCTyBayaM 3MOTY OpPEHIyBaTH CEpBEp Ta
pPO3rOPHYTH Ha HBOMY CBOE TIporpaMmHe 3a0e3neuyeHHs. I[CHYIOTh TOTOBI
IHCTPYMEHTH, SIKi JAIOTh MOYJIMBICTH CAMOMY CTBOPIOBAaTH a00 KOH(DIrypyBaTu
BJIACHY ITiJ1 3aaHi motpeou. Jlogarok Node-RED, skwuii tocTymHui Ha Ty OJ1igHO-
XMapHid miaTdopmi Bluemix mo3Bosisie BcTaHOBIIOBATH Pi3HI (YHKIIOHATBHI
BY3JIM CUCTEMH Ta 3MIHIOBATH 1X JIOTIKY 3aB/Asiku TpadigHomy iHTepdeiicy. Takum
YMHOM MO’KHA BJIACHOPYY 3pOOHMTH Tporpamy, y sIKy 3TOJOM, MPHU JOAaBaHHI
HOBUX IMPUJIAJiB, MOXKHA JI0JaBaTh HOBUH (DYHKIIOHAJ. 3arajoM, OCIII0BHICTb
N, SIKI BUKOHYE€ KOpPUCTYBad Ta CEpPBEpP BUIIISIAE€ HACTYIHUM YHHOM: 1)
KOPUCTYBau BCTAHOBIIOE 3’ €JHAHHS 3 XMapHUM CEPBEPOM uepe3 MOOUIbHHIA
JI0JIaTOK; 2) KOPUCTYBay MPOXOJUTH aBTOPHU3AIII0 Y CUCTEMY. 3)3aBaHTaKECHHS
rpadiuHoro iHTepdeiicy; 4) cepBep TEHEpye 3alUT I TMEPEBIPKU CTATYCY
MPWIAJIIB y CUCTEMI; 5) micisi OTpUMaHHS BIAMOBIAL HA 3amuT, 30epirae gaHi Ta
B1JI00paXxye HEOOX1IHY 1H(OPMAIliI0 KOPUCTYBAYEBI.

BucHoBOK: 3aBisiKu BUKOPUCTAHHIO BIJITAJICHUX cepBepiB y cucteMax 0T
3’ABIISIETbCSI MOXJIMBICTH 30€piraHHs BEJIMKOi KUIBKOCTI PI3HOMAHITHOI
1H(pOopMaIlli Ta JUCTAaHIIMHOT B3aEMO/I1i MIXK KOPUCTYBaueM Ta npuiagamu. Takui
MIJIX17] MOXKE 3HU3UTHU 3aTpaTh Ha OOJIaJHAHHS, SIKE JloBeJocs O mpuadatu Ta
BCTAaHOBUTHU B caMOMYy OyAMHKY, a 3aBASKUA CBOil THYYKOCTI CUCTEMA MOXKE Oy TH
posipeHa. BUKOPUCTOBYIOUM Cy4yacHI TEXHOJOTIi Ta MPOTOKOJIM Tepeaadi
JAaHUX MOKHA TapaHTyBaTH Oe3neky nepenayi Ta 30epiraHHs 1Hpopmaiii y
CUCTEMI.
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Y3AT'AJIBHEHI APXITEKTYPU AITAPATHUX OBUNCJIFOBAYIB C
BITOBUMHU ITOTOKAMMU JAHUX
Ky3niuenko T., FOmenxo C.
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Two generalized architectures of bit-stream computers of fractional-rational
and irrational functions that perform functional transformation of bitstream data
in accordance with the required function are considered.

OaHMUM 3 IPOTPECUBHUX HAMPSIMKIB PO3POOKU CYYaCHUX OOUYUCIIIOBAIIBHUX
CHCTEM € CTBOPEHHS HOBHX 1 BJOCKOHAJICHHSI ICHYIOUMX 3aC001B 00UHCIIOBATIHLHOT
TE€XHIKH, [IAPOKO BUKOPUCTOBYBAaHUX IMPHU BUPIIICHHI HANpPI3HOMAaHITHIIINX
3aBJIaHb.

MeToro AJOCHIKEHHSI € aHall3 y3arajlbHEHUX apXITEKTyp OIT-IOTOKOBUX
OOYHMCIIOBAaYIB €JIEeMEHTApHUX MareMathuyHux (yHkuiil (Puc.l, 2), Ha OCHOBI
AKAX € MOXIIMUBICTh 3M1MCHIOBATH CHUHTE3 apXITEKTYpHUX  MOJeJIeH
00YHCITIOBAYIB.

VY3aranpHeHa apXiTekTypa OiT-oTOoKoBOro online-o04ucitoBaya ApoOOBO-
pamionanbHoi QyHkiii (Puc.1) mictuts: nepmuit Block1 1 npyruit Block2 6moxu
dbopMyBaHHS TPHUPOCTIB TrpardyacTUX (YHKIINA JIBOI Ta TMpPaBOi YaCTUH
HEPIBHOCTEH MaTeMaTHYHUX Mojened online-o0umciroBadiB 1 MpeacTaBiIsiOTh
co00I0 KOHBEEPHI apXiTEKTypu, MOOYy/JOBaHI HA OCHOBI CTPYKTypu OiT-
MOTOKOBOI'0 00YHMCIIOBava MOJIHOMIB [1].

Block 1 Block 1

x L
SM_RES Y SM_int Yt SM_RES M
Block 2 Block 2 Block 3
Puc. 1 — V3aransHena Puc. 2 — Y3araapHeHa apXiTekTypa
apXiTekTypa 0iT-II0TOKOBOrO oOyHcIIoBaya ippaioHanbHUX QyHKIINH
0o0YHCIIIOBayYa

OCHOBHUM OOYHCIIIOBAIBHUM SIIPOM  OIT-TIOTOKOBHX OOYHCIIIOBAYIB €
napajielbHUA HarpoMmapKyrounii cymatop pesyiastaty SM_RES 31 3BopoTHHM
3B’SI3KOM, 110 BUKOPUCTOBYETHCS B SKOCTI KOMIIOHEHTa TOPIBHSHHS
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napanenbHux KoniB. CyMaTop TOpIBHIOE MPHUPOCTH JBOX OJHOYACHO
BIAITBOPIOBAaHUX BHUCXIIHUX cTymiHYacTux ¢yHkmiid. [Ipupoctn  QyHkmii
apryMEHTY MOJAI0THCS B CYyMaTop 3a TIOTIOMOTOI0 O1T BXiTHOTO OITOBOTO MOTOKY
X B MPSIMOMY KOJIi, @ TPUPOCTU (PYHKIIII, 110 sABIIsI€ COOOIO PiBHI BIATBOPIOBAHOI
CTYMHYACTOI (PYHKINi - HOTO BUXIMHUMH OiTaMU B J0JAaTKOBOMY Koxi. bitw
NIEPETIOBHEHHSI CyMaTopy Vy BIAMOBiIalOTh MOYATKy (OpPMYyBaHHS KOXKHOI
4eproBoi CXOAMHKH alpOKCUMYI0U01 (YHKIIT o0uncioBaya [2].

B y3aranmbHeHilt  apxiTekTypi OIT-TIOTOKOBOrO  OOYHCIIOBada, IIO
npuBeneHUl Ha Puc.2 peanmi3yloTbcsi MareMaTH4HI MOJEl OIT-MIOTOKOBHUX
o0uHrCIIOBaviB ippalioHaIbHUX (PYyHKII. Y3arajabHeHa apXiTeKTypHa MOJIEIb
oOuncioBaya ipparioHaaTbHUX QYHKIIH MICTUTh 2 MOJTYJII:

1. Moayne o0urcneHHsl MPOMDKHOT (PYHKIIIT, IO peai3y€eThCs Ha MEPIIOMY
erarti o04HcieHb, sskuit mictuth 010ku Block 1, Block 2 i cymarop SM_int.

2. Moaynp oO4YMCIEHHS PEe3yJIbTAaTy 1ppalioHaIbHOI (PYHKII, 10 MICTHTh
omok Block 3 i cymarop pesyasrary SM_RES. Block 3 mpencraBisie coboro
KOHBEEPHY ApXITEKTYpYy, N0OYA0BaHY HAa OCHOBI O0YHCIIIOBaYa MOJIHOMIB.

OOGuucieHHs ipparioHaIbHO1T QYHKIIIT 3/{1HCHIOETHCS MOCIJOBHO B 2 €TallU.
Ha nmepiuoMy eTani BU3HAYa€ThCs 3HAUEHHS IPOMiKHOT QyHKIIT Vi, =T (X), mo

€ pe3yJbTaToM OOYHMCIEeHHS ApoOoBO-pamioHanbHOI. Ha gpyromy erarmi
0OYHMCIIEHb BU3HAYAETHCS 3HAUEHHS 1ppallloHaIbHOI (PYHKIIII, IO € PE3yIbTaTOM
noOyBaHHS KOpEHs 13 pe3yJbTaTy OOYMCIEHHS MNPOMDKHOI JIpoOOBO-
panioHaNbHOI (PYHKIIII.

BucHoBku. Po3risiHyTo 1Bl y3arajabHEHI apXiTeKTypu OIT-MOTOKOBHUX
o0UHKCIIOBaYiB  JAPOOOBO-pAIlIOHATBHUX Ta IppallioOHAIbHUX (QYHKINH, 110
BUKOHYIOTh (DYHKIIIOHAJIbHE TMEPETBOPEHHSI OITOBUX TMOTOKIB JaHUX Y
BIIMOBIAHOCTI 10 He0OX1MHOT PyHKIIIi. OCHOBHUM OOUYHCITIOBAIBHUM SJIPOM O1T-
NOTOKOBUX OOYHUCIIOBaYiB € TapajelbHUN HArpoMajpKylo4duil  cymaTop
pesynbTaty SM_RES 31 3BOpOTHUM 3B’SI3KOM, 1110 BUKOPHUCTOBYETHCS B SIKOCTI
KOMITOHEHTA TTOPIBHSIHHS KOJIiB.
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MOKJIUBOCTI TA HOBI PIIIEHHS B ACUHXPOHHIN B3A€EMO 11
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The modern possibilities which are available for using both in Desktop and
Embedded Software development require more facilities from compiler vendors
and tools companies. There are many approaches for building a complex system,
but some of them could be extended with a modern one. This article is a brief
overview of concepts of coroutines and some of stable methods for designing an
embedded firmware.

3pocTarodi TEHAEHII y PO3BUTKY MOB BHCOKOTO MpPOrpaMyBaHHS, IO
BUKOPHUCTOBYIOThCS ¥ BOYJOBaHUX CHCTEMAax JO03BOJIAIOTH BUKOPHCTOBYBATH
HOBI MOKJIMBOCTI JIJIs1 CTBOPEHHS THYYKHX, KOMITAKTHUX Ta MBUIKKUX pimeHb. He
3B@XAlOYM HA CTBOPEHHS HOBUX MUISXIB Ta IHCTPYMEHTIB, pO3poOKa
IPOrpaMHOro 3a0e3nedyeHHs A BOYJAOBAHUX CUCTEM 0a3yeTbcs Ha MOIEINAX
MalllMHU CTaHIB Ta/ab0 KOMOiHAaIlli 3 BUKOPUCTAaHHSIM HESIBHOI Iepejadi CTaHy
MDK IMPOrpaMHUMHU MOAYJISIMU. MoJienb MallliHU CTaHIB € HAaHOUIbII THYYKOIO,
00 /103BOJIIE MPOEKTYBATH HAIMHI CUHXPOHHI HUIIXH POOOTH CHUCTEMH, alie 3
BUHUKHEHHAM NpobOieM 3 0OpoOKOI HMOMMJIOK Ta BBEACHHSAM AaCHHXPOHHOI
B3a€MO/III.

Takox, M yac J0AaBaHHS Y CUCTEMY, IO PO3POOITIOETHCS, ACHHXPOHHUX
KOMITOHEHTIB, Hamnpukiana, (iHtepdeiiciB 3 moxmBocTsMu DMA), MoxiuBe
BUHUKHEHHS MPOMDKHMX CTaHIB, II0 Yy 3arajbHId MOJENl MalluHU CTaHIB
BUKJIMKAE MPOOJIEMH 3 MOAAIBIINM CYNpPOBOLKCHHsAM cuctemu.[1] HactymHoro
po0IeMOL0, 110 3’ SABISIETHCS, € HEOOX1IHICTh Mepeiadl KOHTEKCTY MIK PI3HUMHU
MOJYJISIMH, Ta/ab0 TepeHeceHHs MpOoIecy BUKOHAHHS MporpaMu 3 0O0poOHMKa
nepepuBaHHs 10 TOJIOBHOTO UKy BUKOHAaHHS. OJHUM 3 BapiaHTIB BUPIIICHHS
npoOJeMu Ta PO3MOIITY KOMIIOHEHTIB/KOHTEKCTIB € J0JaBaHHS JO CHUCTEMHU
Omnepariitnoi Cuctemu PeanpHoro Yacy(OCPB), mo pmami mo3Boiisie
BUKOPUCTOBYBAaTH BCl MOXJIUBOCTI Omepariiinoi CucremMu Ta NpPOEKTyBaTU
CUCTEeMYy 3 ypaxyBaHHsSM HeoOXimHumx motpe0. Ilix gac Buxkopuctanus OCPB
MOXYTh BUHUKATH TIPOOJIEMH, TIOB’s13aH1 3 11 HEKOPEKTHUM BUKOPUCTAHHSAM JJIs
3aj1a4, 1110 HE MOTPeOYITh MUTTEBOTO BIIKIIMKY BiJ cMcTeMH, abo € Soft-realtime
koMrioHeHTaMu. Koy, 3 60Ky mam’sTi Ta MPOLIECOPHOTO Yacy MOXKYTh OyTH
OlsIbllle, HIX)K HEOOX1JIHI MOTPedH y nepenadi Ta 30epeKeHH1 KOHTEKCTY BUKIUKY
¢bynkuii Ta/ado crany nporpamu. Takox, He Bci MexaHi3Mu OC € THYyYKUMH Y
KoH(irypaii, mo6 3a0e3nedyBaTH MOBHOLIHHUM KOHTPOJb 33 PO3MOAIIOM

pecypcis.
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VY BumaaKy BUKOPHUCTaHHS IHCTPYMEHTIB, 1m0 Oynu AoaaHi sk experimental
features y 2015 pomi mo kommimsatopa MSVC ta Bu3HaHI SK CTaHAApTHI Y
cragmapti C++20 — s MATPUMKHA KOHIEMIii (QyHKIiH, o0 MOXYTh
BIIHOBIIIOBATH CBii cTaH Ta/abo 30epiraTé WOro - JIA TPOSKTYBAHHS
BOyoBaHoro I13 € 1oCTyImHUM MOXKJIMBICTH BUKOPUCTAHHS COMPOTpaM y SIKOCTI
MPUMITHBIB, III0 MOXYTh 3a0e3ledyBaTh IIBUJKICTb IIPU TEPEKIIOUCHHI
KOHTCKCTY BHKOHAHHS, BUKOPHCTOBYBATH Yy MOBHIN Mipi MoxkiuBocTi lock-free
porpaMyBaHHs Ta KOOIIEpATHBHOI O0araro3aaavyHocTi.[2]

[ToBHOIIIHHO, KOHIIEMIliSI COMpPOrpaM HE € HOBOIO 3 OOKy 30py
nporpamyBanHs Ta Computer Science, ane moJaBaHHS 0 CTaHIAPTHUX
MEXaHI3MIB KOMITUISITOPIB JI03BOJIsIE BUKOPUCTOBYBATH BCi 11 MoxkiauBOCTI. Ha
JaHW MOMEHT TIOBHOIlIHHA MiITpUMKa jJocTtynHa y komminstopax Clang, GCC
10.2, MSVC 16.8[2], moBHOIIIHHE BUKOPUCTAHHS MOXKITUBE SIK Y BUMAJIKY PIllICHb
3 OIEpaliiHOK CUCTEMOI0 Ta HaOOpOM IHCTPYMEHTIB arm-gcc-eabi, Tak i y
BUIIAJKy BUKOpHCTaHHs bare-metal cuctem 3 BiamoBigaum arm-gcc-non-eabi.
MOXJIMBICT KOHTPOJIIO 32 BUKOPUCTAHHSAM PO3MOJLITY JUHAMIYHOI IaMm’sTi
MOxe OyTH peasli3oBaHa 3a JOMOMOIOI0 TEPEBAHTAXKEHHS BIJIMOBIAHUX
ormepatopiB New ta delete amsa xopucryBampkoro Tumy Awaitable, mo €
HEOOXITHUM JI0 peai3alii ] yac BUKOPUCTAHHS comporpam.[3]

Takum YMHOM, PO3TIISIHYT1 KOHIEMIIIT Ta KOPOTKHI OTJIsi]] MOKJIMBOCTEH, 1110
BIUTMBAIOTh HA TIOKPAIICHHS Ta CTPYKTYpHU3aIlll0 B3a€EMOJII ACUHXPOHHUX
KOMITOHEHTIB, JI03BOJISIIOTh BUKOPUCTOBYBATH SIK iX KOMOIHAIlIMHI BapiaHTH, TaK
1 OKpeMe BUKOPUCTaHHS KOXKHOIO 3 KOMIOHEHTIB. CIliJl BII3HAYUTH 3pPOCTAIOUY
HOMYJIAPHICTh Y BUKOPUCTAHHI COMporpam Juis peaiizaiiii HeOaokyrodoro 1/O Ta
B3a€MO/IIi C MEPEKEBUMHU 1HTEep(dericaMu JUIsl CIIPOLIEHHS CTPYKTYpU IPOrpaMHU
Ta 30UIBIIEHHS MIBUAKOCTI 32 PaXyHOK 3MEHILEHHS 4Yacy Ha IMEpPEeKIIOUYEHHS
KOHTEKCTY Ta HOT0 BiIHOBJICHHS.
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Nowadays, contactless data exchange technologies are becoming more and
more popular. Devices with such a built-in system today are very small, very easy
to use, simplify data processing and are widely used in various fields of human
activity. Many people do not even imagine that people use RFID technology every
day in the home, for example when paying for purchases in the store. This
technology can recognize both living beings and inanimate objects: for example,
containers, shoes, vehicles and more. Biometric methods or barcodes are another
method of Auto-ID.

Beryn. B ocranHii yac TexHOJOrT 0€3KOHTAaKTHOrO OOMIHY JaHHUMH BCE
aKkTuBHIIIE HaOyBalOTh nomyJsipHocTi. IlpucTtpoi 3 Takow BOYIOBAaHOIO
CUCTEMOIO0 BXKE€ Ha ChOTOJHINIHINA JI€Hb MAalTh Ty>KE€ Majlui pO3Mip, JTOCUTH
OpOCTI Y BHUKOPUCTAHHI, CHPONIIYIOTh OOpOOKY JaHuX 1 IIUPOKO
BUKOPHCTOBYIOTHCS B HAPI3HOMAaHITHIIMUX c(pepax JTroachKoi nisibHOCTI. RFID-
TEXHOJIOT1] BUKOPHUCTOBYIOTHCSI KOXKHOT'O JHS Y MOOYTI, HAPUKJIaJ, IpU OIIATI
MOKYTOK Y Mara3uHi. J[aHa TEeXHOJIOT1sI MOXe pO3Mi3HABATH SIK KMBI1 ICTOTH, TaK 1
HEXUBI TPEIMETH: KOHTEMHEpHU, B3YTTS, TPAHCIOPTHI 3acoOu. biomerpuuHi
METOJM a0 MITPUX-KOJIU € 1HIITUM MeTojoM Auto-ID.

OcHoBnuit 3micT. RFID — 11e cydacHa TexHosoris i1eHTudikallii, mo Hajaae
3HAYHO OUIbLIE MOKJIMBOCTEH y TMOpPIBHSHHI 3 TPaJUUIMHUMH CHUCTEMaMH
mapkyBaHHd. HaitOutem nmommpeni RFID-MiTku, sik 1 6arato mTpux-KOAiB, €
camokJeroul eTukeTku. [Ipote skmio Ha mTpux-KoAl iHpopmallis 30epiraeTbcs B
rpadiyHOMY BUIJISIZIL, TO HA MITKY JaHl 3aHOCATHCA 1 3UUTYIOThCS 32 JOIIOMOT' OO
pPaal0XBUJIb.

RFID-miTka siBjisie cO0010 MiHIaTIOPHUM 3amaM’ ATOBYIOUMI npuctpiil. Bona
CKJIQJAEThCS 3 MIKpoUina, ikl 30epirae iHdopmaIlito, i aHTEHH, 32 JIOTIOMOT OO
AKoi MiTKa 111 JaHi nepenae i otpumye. [noai RFID-miTka Mae BiacHe mxeperno
JKUBJIEHHS (Takli MITKM Ha3WBAlOTh AKTUBHHMH), ajie OUIBIIICTh MITOK HOTO
no30aBieHi (11 MITKA Ha3UBAIOTh MTACUBHUMHU).

Y mam’sti RFID-mitku 306epiraeTbcsi 11 BIACHUM yHIKaJIbHUNW HOMEp 1
npu3HayeHa i KopucTyBada iHpopmaiiisa. Komu miTka moTparisie B 30HY
peectpaitii, iHMOpMaIlisl PO3IIISLIAETHCA 3UUTYBAYEM, CIICLHIATIBHUM MPUIIAJIOM,
3JIaTHUM YUTATH 1 3a1IMCyBaTH 1H(OPMAIIIIO B MITKaX.

AxtuBHI RFID-MiTKM BUKOPHCTOBYIOTH IJIsi MIE€peaadl €HEprit0 BIACHOTO
eJIeMEHTa KUBJICHHs. BOHM 3a3BUYail mporpaMyroThCs TakK, 00 BUIPOMIHIOBATH
CBIM CHUTHaJl 4epe3 NEeBHI MPOMDKKU 4acy (Hampukiaa, 1 pa3 B CEKyHAY).
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Jlucraniis, Ha SKid MOXKIUBO dynTaHHsa TakuxX RFID-MiTOK, MoXke TOXOIUTH 10
100 metpis.

[TacuBanMu RFID-MiTkaMu Ha3MBAIOTh TaKi MITKH, SKi HE MalOTh BJIACHOTO
BOyT0BaHOTO JKepena xkuBieHHs. RFID-MiTku BUKOPUCTOBYIOTH AJisi pOoOOTH 3
CHEPrifo MO 3a TUIIOM Mpuiaga-3uuTyBada. Crif BiA3HAYWTH, IO TACUBHI
MITKH MOXKYTb MPAIFOBATH JIMIIIE HA BIIHOCHO Mautiil BijcTaHi (MpuOIM3HO, 10 8
METpIB), IPOTE 3a I1€1 yMOBU BOHM BIAPI3HAIOTHCS BITHOCHO MAIIMMHU PO3MIpaMH
J1a IOCUTH JOCTYITHOIO I[1HOIO.

HamiBnacuBui RFID-MiTkn mpaifioroTe 3a TUM CaMUM IPUHIMIIOM, IO 1
MACHBHI, aJle¢ BOHM MaloTh Oarapero JJisi >KUBJICHHS. MOJKHa cKa3aTu, 10 Take
pIILIEHHS € KOMIIPOMICOM B IUTaHI BapTOCTI, XapakTepucTuk 1 po3mipy RFID-
MITOK.

AxtuBHl RFID-MITKM BBa)karoThbCs HaWHAMIHHIIMIMMA Ta II€ ITOBHICTIO
onpaBnaHo. BoHM MOKYTh IiepeiaBaTi CUTHA HABITh Yepe3 MeTar abo BOY, 110
HE € MPOCTOI0 onepaiiero. Taki MITKH MOXKYTb OyTH OCHAIEHUMHU CIIeLiaJIbHUMH
BOY/IOBAHMMM JaTYMKAMHU, SIKI HOTPIOH1 ISl OLIIHKY TEMIIEpaTypH, OCBITIEHOCTI
Ta BOJIOTOCTI UM IHIIUX MapaMeTpiB HABKOJIMIIHBOIO CEPEAOBHILA ad0 10MY, IO
noTpiOH1 croxkuBayeBl. OTxe RFID-MITKM copusitoTh  BIICTEXKEHHIO a0o0
JOTPUMAHHIO YMOB HEOOX1IHOTO HOPMOKOHTPOJIIO 30€piraHHs.

BucnoBok. Takum unHOM, Oyiu po3risinyTi RFID MiTku 3 pi3HHX TUIIB iX
JKUBJICHHSI pa30M 3 KOPOTKUM OTJISIIOM MOKJIMBOCTEW. 3a BUKOHaHHSIM RFID-
MITKH MOXXYTb SIBJISITH COOOIO TUTACTHKOBI KapTKH, KOPIYCHI MITKH, OpeiKku, a
TaKOXX CaMOKJICIOUl €THUKETKH 3 mamepy abo Tepmoruiactuky. IcHye dopmar
«HEBUJIUMOI» E€TUKETKH, sika 0e3rmocepeHh0 BOYJAOBYETHCA B YIIAKOBKY TOBApY
Ha eTani BUpOOHHUIITBA.

OTtxe, came macuBHI HU3bKOYacTOTHI RFID-MITKH y CHOTOJIEHHI € OJHUMU
3 HaWOUIBII PO3MOBCIOUKEHUX Ta 3aTpeOyBaHMX, TOMY  II1JIBUILECHHS
KOMIMAaKTHOCTI TETriB 3 OJHOYACHUM 3HIDKCHHSIM iX BapTOCTI € aKTyaJlbHOIO
3aJ1ayelo.
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2. RFID texHoorisg aBromatnuHoi inenTudikarii [Enexrponnuii pecypc] —
Pexum  pgocrymy 1o  pecypey:  https://www.vostok.dp.ua/ukr/infal/rfid/
rfid_tekhnologiya/

3. What is RFID and How Does RFID Work? [Enextponnuii pecypc] —
Pexxum poctyny no pecypey: https://www.abr.com/what-is-rfid-how-does-rfid-
work/

4. Manim bxynrani RFID-texnonoruu Ha ciy>x0e Bamero ousseca. -
2005: Sun Microsystems, Inc.
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This work was created to analyze the acceleration of ADC and the
subsequent use of the knowledge gained in practice.

Amnanoro-mdposuii neperBoproBau (ALII) sBise coboro mpuCTpiil as
NEPETBOPEHHS AHAJIOTOBOTO CHUTHAJY 3 HEMEPEepBHUM YacOM Ta IOCTIHHOIO
aMIUTITy1I0l0 B LU(POBUI cHUTHAN 3 JAMCKPETHUM YacoM Ta JHUCKPETHOIO
amrutitynoto. ALl xapakrepusyeTbcs BIIHOUIEHHSM CUTHAIYy [0 LIyMYy Ta
IPOIMYCKHOI 3AaTHICTIO. BinHOmIEHHS CcurHaily A0 UIyMy HaidyacTiiie
MPEACTABIIAIOTh Y BUIJISIAL €PEeKTUBHOTO unciia 01TiB i auckperusaiii (ENOB),
Hanpukiaa B MikpokoHTposiepax ATmega328/P ENOB 10 6it. Tum udacom
npomyckHa 3aatHicTh ALIT e yacrora auckpeTu3anii CUrHamty.

st podotu ALIIT B mikpokonTposiepi ATmega328/P BUKOPUCTOBYIOTHCS
yotupu BochbMu OitHi perictpu: ADMUX, ADCSRA, ADCH ta ADCL.
ADMUX - perictp Bubopy mynbtumiekcopa AIIIL. Bin BUKopucToBYeThHCS 7151
BUOOpY aHAJIOTOBOr0 KaHajly Ta BCTaHOBJEHHS omopHoi Hampyru. ADCH Ta
ADCL - perictpu nns 36epiranns pesynbtatiB 3 ALII. ADCSRA 1e perictp
crany ta ynpaiinHs AIIIl. ADEN - ceomuii 6iT perictpy ADCSRA mnpu
BCTAHOBJIEHH1 oro B 1 OIT 103BoJisie aHamoro-uugpose nepeTBopeHHs. [lpu
BcraHoBieHHI 1 B ADSC (moctuit 6it perictpy ADCSRA) ALII nounnae
NEPETBOPEHHA, MO 3aKiH4YeHHIO nepeTBopeHHs 0iT ADSC Oyne nopiBHIOBAaTH
Hymo. ADATE - m’sruit Oit perictpy ADCSRA, mo kepye aBTOMaTUYHUM
3amyckoM aHasoro-uudposoro neperBopeHHs. ADIF ta ADIE - yerBeptuii Ta
TpeTiit O0itu perictpy ADCSRA, 1m0 kepytoTs nepepuBanasiMu. ADPS - Tpu 61tu
perictpy ADCSRA, mo kepytoTs giabHukoM yactotu AL [1].

[ ADPS2| ADPS1| ADPS0 Division Factor
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Pucynox 1 — KomM6iHarii 01T, 110 BinoBigatoTh koedirienty mimenus AL

Yactoty ALIIT MoxHa BUBHAUUTH, SKIIO pOOOUY YaCTOTY MIKPOKOHTpOJIEpa
po3auuTy Ha koediuieHT AutenHs ALIl. Hanpuknaza, sKIo MiKpOKOHTpOJIEp
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npaioe Ha 9actoTi 16 MI' 1 koediuieHT aieHHs AopiBHIOE 128, Toai yacToTa
ANLIl O6yne nopiBuioBatu 125KI'm. Ilpum Takomy pexumi pobotu ENOB
nopiBHIOE, TprOaM3HO, 10 61T [2,3] Ta BU3HAaYa€THCS 32 HOPMYIIOIO

ENOB = (SNR - 1,76 nb) / 6,02 nb, (1)
ne SNR — BijiHOIIEHHS piBHSI CUTHAITY /10 PIBHS LIyMY.
Yacroty ALl HEMOXIHBO HApOIIyBaTH OE3KIHEUHO, Yepe3 T M0 3POCTaE

CUTHAJ IIYMY Ta 3MEHIITYEThCS e(PEKTUBHE YUCIIO0 OIT JIs AUCKPETHU3allii.

104

Effective Number of Bits (ENOB)

-

5+ T i~ - %,
125kHz 250kHz 500kHz 1MHz 2MHz 4MHz
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Pucynok 2 — I'padixk 3anexnocti ENOB Bix wactorn ALIT

BucnoBku. byna mpoananizoBaHa 3ajie:KHICTh €(EKTUBHOTO YHCa OIT IS
nuckpetusamii Big dactotd ALl SIkmo morpiOHa JOCHTH BHCOKa TOYHICTD,
HEOOXITHO BCTaHOBUTH TakToBy wactotry Big 50 go 250 xl'm. Ilporpamue
3abe3nedenHst Arduino 3a 3amoBuyBaHHAM BcTtaHoBIoe ADPS na Obl11, To6TO
Koe(DIIieHT ITIeHHs JopiBHIOE 128.

Cnucok BUKOPHUCTAHOI JITEPATYPH:
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2. Open music labs Atmega ADC. [Enekrtponnuii pecypc]. — Pexum
noctymy http://www.openmusiclabs.com/learning/digital/atmega-adc/index.htmi
(mata 3Bepuenns 23.02.2021).

3. Open music labs ATmega ADC in-depth analysis. [Enextponnuii
pecypc]. — Pexum moctymy http://www.openmusiclabs.com/learning/digital
/atmega-adc/in-depth/index.html (23.02.2021).
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CIIOCOBMU 3BHUXEHHS MATEPIAJIBHUX BUTPAT HA
BIZITBOPEHHSI CTAHY ®I3UYHOI'O CEPEJIOBHUILA ITPH
TECTYBAHHI CIHEHIAJII3BOBAHUX KOMIT'IOTEPHUX CUCTEM
Hertsap O.M.
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61166, Xapkis, npocn. Hayku, 14, kad. AIIOT, ren. (057) 702-00-00
e-mail: oleksandr.dehtiar@nure.ua

Progress in development of software and the expansion of areas of its usage
leads to an increase in the complexity of the developed solutions. The
complication of the subject logic of the system as a result requires the
improvement of all stages of the development cycle: definition of requirements,
development and testing. Detailed testing requires more time and higher skills of
performers. In case of specialized computer systems that receive information
about the environment and interact with it, the time-consuming task is to create
and repeat the exact state of physical environment for each execution of the test
scenario.

3 pPO3BUTKOM HPOrpaMHOro 3a0e3MeyYeHHs] BCE 4YacTillle OJHUMH 3
HaNBaXJIMBILIUX 3a]a4 MPH Po3poO1l NPOAYKTY € MPUCKOPEHHS Ta 3MEHIICHHS
BUTpAT Ha TECTyBaHHs cUCTeMU. buibll ToOro, s psAay OpeaMeTHUX o0nacTel,
— TaKuX SIK MEJIWYHI, TPAHCHOPTHI, KOCMI4HI 3aco0U 1 MPUCTPOi, TOILO,
nepeBipKa BIAMOBITHOCTI PO3pOOIEHOI CHCTEMU OCTABICHUM (PYHKIIIOHATBHUM
BUMOTaM, BUMOTaM O€3MeKH Ta HAJAIHHOCTH € T'OJIOBHOK. 371e01IbIIOro, uepes
PU3MK BEJIIMKUX MaTepialiIbHUX BUTpAT Ta/ad0 pU3UKY HAHECEHHSI UIKOAU
3I0POB’ IO JIIO/IMHHU.

OCHOBOIIOJIO)KHUM clieHapieM [1] y TecTyBaHHI MporpaMHO-anapaTHUX
CUCTEM, 110 OTPUMYIOThH JIaH1 Mpo (Hi3uyHE CepeOBUIIE 3a JOTTOMOT OO JTATYMKIB
Ta MOXYT BIUIMBaTH HAa HBOTO, € HEOOXIJHICTh TOYHOTO BIATBOPEHHS CTaHy
00’ekTy B3aemoxii. O4YEBHUIHUM PINIEHHAM MOXe OyTH Oe3nocepenHe
BIITBOPEHHSI CTaHy PEAJTbHOTO CEPEJOBHINA YW BUKOPHUCTAHHS JTOTOMIKHOTO
eMYJII0U0ro o0JIaJHaHHS, III0 OyJle HalaBaTH PO3pOOTIOBaHIM CUCTEMI JIaHl TIPO
CepelloBUIIE, B 00X1]] TaTYMKIB, IIJIIXOM THX K€ anapatHux iHTepdeinciB (1IuH).
Opnak Takuii crocid TakoXX MoTpedye BUTpaT NpuaOaHHsS abo po3poOKH Ta
BUPOOHMIITBA allapaTHUX PIlIEHb 1 MOXKEe OyTH HEIOCTATHHO THYYKUM Y BHUITAJIKY
3MiHU (YHKI[IOHATBHUX BUMOT B yMOBaX PUHKY, 1110 JUHAMIYHO PO3BUBAETHCS.

Po3mnoBcrokeHNM pIIIEHHSIM 3a/1a41 BIITBOPEHHS CTaHy 00’ €KTY B3a€MOII1
€ MiHIMI3aI[isl 3B’SI3HOCTI YaCTHH MiJ Yac MoOyJOBH apXiTEKTYpH MPOrPaMHOIO
3a0e3neueHHs [2]. Lle He TUIbKM MoOJermye MacmTaOyBaHHS PIIEHHS MpH
po3po0l1li, a i JO3BOJISIE CTBOPIOBATH T4 BUKOPUCTOBYBATH (DIKTHBHI CYTHOCTI
(mock objects), o HamgarOTh BEXIAHI JaHi 10 MPEAMETHOI JIOTIKK CHCTEMH 200
aHaNI3yI0Th Pe3yJIbTYIOUY MOBEAIHKY 4K AaHi. BuxiaHi qaHi GiKTUBHOTO 00’ €KTY
JOCTYMy MOXYTh OYTH 3a37aJieTi/ib BU3HAYEHI TECTOBOIO BUOIPKOIO, a MOXYTh
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Oa3yBaTUCS HA B3a€EMOJIIl 3 1HIIOI CYTHICTIO. Taka B3aemois 00’€KTIB MOXeE
BUKOPHUCTOBYBATUCh [IJI1 YaCTUH CHUCTEMH, IO 3MIHIOIOTh HaBKOJHUIITHE
CEpEIOBUIIE B PE3YJIBTATI aHAJI3Y CTaHy TOTO K CEPEIOBHUIIA.

[Tpu po3poliii creriani30BaHUX KOMIT IOTEPHUX CHUCTEM BHUTPATHOIO €
3aja4a HaJaHHS B JOCTaTHIN KIJTbKOCTI aKTyalbHUX amapaTHUX IU1aTdopm Jis
pO3rOpTaHHsl MPOTPaMHOTO 3a0e3nedyeHHs. MOXJIMBUM HUISIXOM 3HWKCHHS
BUTpAT y JaHOMY NUTaHHI € MOXJIMBICTh PO3TOPTAHHS HA OJHIN amapaTHid
maTGopMi  JICKUIBKOX aOCOJIFOTHO HE3aJICKHUX MPOTPAaMHUX KOMIIOHEHTIB
pO3po0IIOBaHOI cHCTEMH. 3aco0M BIpTyami3allii piBHSA OmNepariiHoi CUCTEMU
(OS-level virtualization) 103BOJISIOTH aOCTparyBaTH Ta i30JIIOBaTH MPOTPaMHE
3a0€3IeUeHHs] BiJ CHCTEMH, Ha SKIH BOHO BHUKOHYe€Tbcs. Ha BinmMiHy Bin
MOBHOITIHHUX CHCTEMHHX (amapaTHUX) BIPTyaJbHUX MAIIMH, 110 CTBOPIOIOTH
MOBHY KOIIIO OMEPAIiHOI CHUCTEMHU 3 YCIMH BIAMOBIIHUMH 3aJICKHOCTSIMH,
3aco0M PIBHS OINEpaIiiHOT CHUCTEMHM HAJalOTh MiHIMalbHE HEOOXIgHE i
BUKOHAHHS OKPEMOTO TPOTPAMHOT0 3a0€3MEUCHHS CEPEIOBHINE 1 OOMEKCHHI,
oOpaHuii KoOpucTyBaueMm, HaOlp 3ajexkHocTel. CTBOpPEHHS HE3AICKHUX
KOPHUCTYBAIIbKUX CEPEIOBUI HAJA€ THYYKICTh y HaJAMTYBaHHI JOCTYIHHUX
BUKOHYBAaHIi IpOrpami eJIeMEHTIB rOCIOAapChbKOl CUCTEMH, ii 00U CIIIOBATIBHUX
pecypciB, A0cTymy 10 (ailioBoi cucTeMu Ta MepekeBUX B3aeMoiil. Lle moxke
OyTH BUKOPHUCTAHO JUIsl PO3TOPTAHHS Ha OAHIN anmapaTHiil miaTtgopMi IeKUTHBKOX
IIEHTUYHUX 130JJbOBAaHMX CEPEAOBHIN, OJHAK 3 BIJIMIHHUMH BepCisIMHU
3aCTOCYHKY, 1110 pO3pO0JIA€THCS.

TakuM YWHOM, TO€THAHHS PO3IISIHYTHX 3aco0iB  BipTyamizamii 1
3acTOCyBaHHs ()IKTUBHUX CYTHOCTEH JI03BOJISIE CIIOCTEPIraTU 3a OJIHOYACHOIO
MOBEIIHKOIO PI3HUX BEpCii a00 HAJIAIITYyBaHb CUCTEMH IPH BIUIMBI OJHUX 1 TUX
K€ BXIJTHUX JAHMX YU KEPYIOUUX CUTHAJIB, PEalbHUX 3 MOTOYHOTO (DI3UYHOIO
CepeNoBUINA, YA TECTOBHMX 3 MIATOTOBJIEHOT BUOIpKH. MOKIUBICTH 130JI0BAaTH
YaCTUHY CUCTEMH BiJl peaIbHOTO CEPEIOBHIIIA, III0 BHACIIIIOK MPEIMETHOI JIOT1KH
Mae€ BIUTMBATH Ha HOTO, Ha €Talll TECTyBaHHS € 0COOJIMBO BKJIMBOIO Y BUTIAIKAX,
KOJIM TIPUCYTHI PH3UKH O€3MOCEPETHHOTO UM OIOCEPEIKOBAHOTO HAHECEHHS
IIKOJIM MaifHy a0o0 3/10pOB't0 KOpUCTyBaya.

Cnucok BUKOPHUCTAHOI JITEPATypH:

1. Patton R. Software Testing / Ron Patton., 2000. — 408 c. — (Sams
Publishing).

2. Martin R. C. Clean Architecture: A Craftsman's Guide to Software
Structure and Design / Robert C. Martin., 2017. — 432 c. — (Pearson).
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MOJAEJIOBAHHSA HUP®POBUX ®LJIBTPIB HA IIJIIC

Bonxkos €.1.
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e-mail: vladyslav.adamovych@nure.ua

Considered of modeling of filters with finite and infinite impulse response
using modern toolkits — CAD ISE Xilinx and MatLab MathWorks with their
realization on Spartan-3E FPGA.

[IporpamoBani soriuni iHTerpanshi  cxemu (IIJIIC) craroTh Bce
HOHII/IpeHiH_II/IMI/I B IIBUKO/1I0401 IU(POBIiH 00pOOIIi CUTHAIB 1 3aCTOCOBYIOTHCS
SK 17ealibHl CIIBIPOLIECOPU IJIsl CTAaHAAPTHUX MPHUCTPOIB LU(POBOi 00poOKHU
curHaiiB (LIOC). 3aBasgku mapaneinbHOl apXiTEeKTypl 1 peKOHQIrypipyeMomy
anapatrHoMy 3a0e3nedeHHio [IJIIC BonomiroTh BEIMKOI OOYHUCITIOBAIBLHOIO
OPOAYKTUBHICTIO 1 JIO3BOJISIIOTH PO3POOJISTH HACTPOIOIOTHCS CTPYKTYpHU IS
1neanbHOl peanizaiii anroputmis [{OC.

[TpoexryBanus npuctpoiB LIOC na IJIIC sBnse coboro GaratopiBHEBUI
lepapxiuHuii mpornec. B oneparisix nudpoBoi 00poOku curHaiiB oco0IrBa yBara
npualIgeTbes UQppoBoi ibTparti [1], sika B cepeTHbOMY 3aiiMa€ 70 MOJOBHHU
BChOTO 00csry oOuucneHb. [Ipm 1poMy B Takux cUCTEMax, SK CHUCTEMH
po3Ii3HaBaHHA MOBU a00 BUMIPIOBAJIbHI CHCTEMHU, BAXJIMBUM € 3a0€3MCUCHHS
JIHIAHOCTI (pa30BUX XapaKTepUCTUK. JlaHa BMMOra BUKOHYETHCS IpH 0OpoOIi
CUTHAJIIB IU(PPOBUMH PUIBTPAMHU 3 KIHLIEBOIO IMITYJIbCHOIO XapaKTEPUCTHKOIO.

K1X-}piapTpy € TpUHIMIOBO CTIMKUMH CUCTEMAaMHU, 1 TPOLIEC OOUHCIICHHS
iX Koe(ilIEHTIB HE BUKJIMKAE yCKIaaHeHb. OHaK MPpU MIJBUILEHUX BUMOTax J0
BUOIPKOBOCTI TakuX (PpiIbTpiB — KpyTi ciaan AYX Ta XapaKTepuCTUKH 3aracaHHs
— HeoOXigHI 3HayHl amapaTHi Ta OOYMCIIOBAJIIbHI BUTPATH, IO HAKIIAJIAE
oOMekeHHs Ha mpakTuuHy peanizamniro KMX-binsTpiB Ha OCHOBI TpaAHIIHHUX
KOMITOHEHTIB U(PPOBOT €IEKTPOHIKH, 30KpeMa MIKPOMIPOIECOPIB 1 CUTHATBHUX
nporecopiB (DSP). 11i oOMexeHHs MO)XKHA BHKIIOUMTH mpu peamizaiii KNX-
Gb1IBTPIB HA OCHOBI Cy4acHOi KoMIOHEeHTHO1 6a3u - [TJIIC.

Ha Bigminy Big KUX-¢ineTpiB QinbTpyu 3 HECKIHYEHHOI IMITYJIHCHOIO
xapaktepuctukoro (BUX-¢pineTpu, ado pexypcuBHI (PUIBTpU) HE BOJOIIIOTH
CTpPOTO JIIHIMHOI (pa30BOi XapaKTEPUCTUKOIO, 32 BUHATKOM OKPEMOTO BUMIAIKY,
KOJIM BCl MOJIOCH 3HAXOMSThCA HAa OJAMHUYHOMY KoJii. OgHak BOHU OUIbII
epextuBHl, HIX KUX-binbTpu, 1 MalOTh MEHIIUNA MOPSAOK HPHU OJHAKOBHX
napaMmeTpax.

OcoOnuBicTio BUX-QinbTpiB € MOXIMBICTb CcaMO30yDKEHHS TIpH
HEJOCTaTHIM  PO3psiAHOCTI  Koe(dimieHTiB  ¢iabTpa abo HENpaBUILHOMY
PO3paxyHKy TepenaBaibHOi XapaKTePUCTUKHU. [ TOro mo0 3MEHIINTH BILTUB
oOMexkeHOl0  po3psaHocTi  koedimieHTiB, BUX-dinbTpu  CHHTE3YIOTH
MOCJIJOBHUM KAaCKaJHUM 3'€JTHAHHSIM JIAHOK JIPYTOTO MOPSIKY.
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Po3pobka mpuctpoiB mudpoBoi o6podku curaanis Ha [1JIIC, B 3aransHOMY
BUMAJKY, SBJIA€ COOOI0 HOBY TEXHOJIOTIIO MPOEKTYBAHHS, BKJIIOYAIOUU 1X
BUTOTOBJICHHSA 1 CYNpOBiJl. byno po3risiHyTe mpoekTyBaHHS UGPOBUX (DIIBTPIB
Ha [UIIC ¢ipmu Xilinx. JIOCTOBIpHICTh OTPUMAHUX PE3YNIbTATIB MEpEBipsIIacs 3a
JIOTIOMOTOI0 1IHCTPYMEHTAJIBHUX 3ac001B mpoekTyBaHHs (ipMm Xilinx. Peamizariis
uudposoro ¢puteTpa 6yna Bukonana Ha [IJIIC Spartan-3E cimeiictBa FPGA, sika
3aBJSIKA OCOOJIMBOCTSIM CBO€1 apXITEKTypH HaJa€ JBa KIIIOUOBI MepeBaru s
uudpoBoi oOpoOku cur”amis. [lo-nepie, apxitekrypa FPGA uepe3 Bucoky
MPOAYKTUBHOCTI YK€ T0OpE MiAXOAUTH JJIs MapajaeaIbHOT0 BUKOHAHHS (DYHKITIH
1idpoBoi 0O6POOKK CUTHATIB 1, O-APYre, MOXKIUBICTh NporpamyBanHs [1JIIC
JIO3BOJIAE  3HAWUTH Kommpomic MK 3amisHumu  pecypcamu [IJIIC 1
OPOAYKTHBHICTIO TPOEKTOBAHOTO MPHUCTPOI0 3a  JIONOMOTOI0  BHOOpY
BIJIMTOBITHOTO PiBHS Mapayielizmy.

InTerpania maremarnuHoro mnakety MatLab Simulink e edexTuBHHM
CrIoco0OM BUPILIEHHS 3aBAaHb B 0071acTl HU(PPOBOT 0OPOOKM CUTHAMTIB 1 103BOJISE
He BHUKaTth B ocobmuBocTi apxitexktypu [IJIIC, nmpoBoauTu mpoeKkTyBaHHS B
OCHOBHOMY B cepenoBuili MatLab, oTpumyroun moTiM pobouyy KOHQIryparito
[JTIC. 3acTocoByroun naker SystemGenerator, po3po0iieHnii cijabHO (hipMaMu
Xilinx 1 MathWorks, mMokHa CHHTE3yBaTH HEOOXIAHY CHCTeMHY (YHKIIIIO
G1IBTpY, MPOBECTH MOJECIIOBAHHS HOro poOOTH 1 3reHepyBaTH KOJ IS
nporpamyBanHs [1JIIC 6e3nocepennno 3 cepegonuiia Simulink.

[IpoextyBanus nudpoBux ¢inetpiB Ha IIJIIC ckiamaeTscs 3 HACTyIMHUX
etamiB: 1) po3pobka mMozem muppoBoro (GpuILTPY Ha CUCTEMHOMY piBHI; 2)
MIPOEKTYBaHHS Ha PiBHI PETiCTPOBUX Mepeiay; 3) JOTTYHUN CUHTE3, PO3MIIICHHS
1 TpacyBanHs B IIJIIC. Ha mepumiomy erami po3poOinserbcs monens LD Ha
CUCTEMHOMY PIBHI, JIJIsl IKOTO XapaKTEepHO PIIIEHHS TaKUX 3a7a4, K BUOIp TUILY
b1IpTpa, pO3paxyHOK NOPAJKY 1 Koe(ilIEHTIB nepeaaBaibHOl (QYHKIIII, a TAKOXK
KBaHTyBaHHSl KoeQiuieHTiB. [IpoekTyBaHHS TNPOBOAUTHCS B CEPEIOBUILI
FDATool cuctemu MatLab. 1o 3aBepiieHH1 CHHTE3y aBTOMAaTHYHO BUIAIOTHCA
rpadik XapaKTepUCTUKH 3aracaHHs 1 NOTOYHA iH(opmalis npo QuUIBTPI:
CTPYKTYPpI, MOPSIKY, CTIMKOCTI 1 KoedilieHTax QiabTpa.
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Cloud computing web-services are widely used in almost every big system
nowadays. One of the top-vendors and providers of cloud web-services is Amazon
(AWS — Amazon Web Services), that presented such technology as Serverless.
That means app logic could work server-free, outside the complete application.
Thus, the purpose of this article is to see whether it makes sense to use Serverless
approach for a sequential executing of several functions.

Hapa3i 0araro 10oAaTkiB BHKOPUCTOBYIOTH XMapHI OOYHMCIEHHS, TOMY
NUTaHHS, Y4 BUKOPUCTOBYBATU 0€3-CEpBEPHI TEXHOJOTII a00 X MaTu (PI3UUHHIA
CepBEp TAKOXK € aKTyaJIbHUM Ta MOTpelye NeTalbHOi yBaru. Y Miil poOoTi K
Cloud Computing npogaiinep Oynae posriasgarucs Amazon Web Service (AWS).

3a3Buyail cucTeMu po30UTI CEMAHTHUYHO Ha JIesKi KOMIIOHEHTH, KOKEH 3
SKUX BIJIIIOBIIA€E 3a JIOTIKY poOOTH OKpeMoi YyacTHHU NMpoAykTy. Hexait pobora
OJTHOTO 3 KOMIIOHEHTIB TaKOl CHUCTEMHM IIOJIATa€ MOCIIAOBHOCTI BUKOHAHHS
bynkuiin. Koxna QyHKIis 6a3yeThesi Ha pe3yJibTaTi MONepe/IHbO1, BAKOHYE CBOIO
poOoTYy Ta nepenae pe3yabTaT y HACTYIHY.

[Tpobnema, sk peani3yBaTh TakUil KOMIIOHEHT: 3a JIOIIOMOTo0 0e3-
CEpBEPHUX OOYMCIIEHb YU OKPEMOI'O CEPBEPY 3 MOHOJITHUM MiHi-CEPBICOM, IO
Oyne BUKIMKATH (QYyHKLII BCepenuHl CBO€i poOoTH. IcHye aymka, 1m0 TyT
Serverless He OTpiOEH, TOMY MEPIIHM PO3TIASTHEMO CEPBEPHUN T IX11.

Jlnst Takoi cutyauii 3a3Buyail BukopuctoBytotb AWS EC2 (Elastic Compute
Cloud). Ilicna HamamTyBaHb 1HPPACTPYKTYPH Ta 3aMYyCKY JOAATKY 13 JIOTIKOIO
NOTPIOHOIO JUIsl J0JaTKa B IIJIoMy a00 i KOMIIOHEHTa, MaeEMO CepBep 13
3aIMyIEHOK CUCTEMOIO a00 ii YACTUHOIO.

Posrisgaroun MOHOMITHY cCUCTEMy Ha OJHOMY ec2 a0o HaBiTh OKPEMOTO
CEMaHTHYHOTO KOMITOHEHTY 3 IOCTIJOBHICTIO (DYHKIIIH, CTa€ 3pO3yMIJIO, IO
BEJIMKA 3aBAHTAXKEHICTh HA ONEpaTHBHY Ta (GI3UYHY MaMm’sITh Ta HU3bKA
IIIBUJIKICTh BUKOHAHHS TIPU3BOJIATH JIO ITOraHOT pOOOTH CUCTEMH B IIJIOMY.

[ndpacTpykrypa ¢dizuyHoro cepepa morpedye MOCTIHHOTO HArJsAy Ta
HIATPUMKH. SIKIIO yCl MOCHII0BHI (PYHKIIIT BUKOHYIOTHCS B OJTHOMY JOJATKY, TO
MOMUJIKA OJIHIET 3 HUX — I1¢ TTOMHUJIKa BChOTO KOMIIOHEHTY. Bennka KUIbKICTh
3aMUTIB JI0 €C2 MOXXE NEepPeHAaBAHTAXXUTH OMepalliiHy Mam’sTh 1 JOBEIEThCS
30uTbITyBaTH RAM, a 11e 301/1bI1IeHHS KOUITIB Ta HANAIITYBaHHS 1IHQPACTPYKTYypH
3aHOBO.

[TocTynoBo Bupilrytoun mpodsiaemu (i3UUHOro cepBepy, Serverless ctae B
Harojl. Yci nociifioBHi PyHKIT 3aMiHsitoThess okpemumu AWS Lambda, 0es-
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cepBepHUMH (QYHKIISIMU. Tenep KOMIIOHEHT 3aIlyCKae JIETKUH J0JaTOK, IO
TIIBKY YeKae pe3ynbraTy BukoHaHHs AWS Lambda. OmnaTta Tpoxu 3pocia, ajxke
3a KO>keH BUKIUK Lambda moTpiOHO miaTutu, ane TIIbKU 3a MMaM sTh, 10 Oyia
BUKOPHCTAaHA TiJ 4Yac BUKOHAHHSA, TOMY IPaBWJIBHO OINTUMI3YBaBIIHU, KOIITH
OyIyTh MiHIMAJTHLHUMHU.

3aJIMIIUIOCh BUPIIIUTU TPOOJEeMy MOCTIHHO Mpaliodoro cepsicy ec2.
3aminumo Horo Ha AWS Lambda, Toni MaeMo yBech OKpeMHUl KOMIIOHEHT SIK
Serverless GyHKIII10, KA HE MTOTPEOYE KOIITIB, TOKW HE BUKOPUCTOBYETHCH.

[Ipobiema nporo miaxoxay y tomy, mo AWS Lambda mpairoe micns ii
BUKJIMKY, TIOTIM BOHAa «BUKIIIOUAETHCS», TOOTO CTaH 1i BUKOHAHHS HEMOMJIMBO
noauBuTUcs Ta Biactexkutu. AWS Lambda He Mae KOHTEKCTy, TOMy IHpu
HENpaBWIBHINA poOOTI OyIb SKOT 3 HUX, Oyie Ty’Ke BaXXKO 3pO3YMITH, SIKUI OYyB
Buxia QyHkuii Ta yn Oynu noMunkd. Yu o3Hayae 11e, 1o NoTpiOHO MOBEPHYTHUCS
710 TIONEPETHBOI0 MIAXOAY, KoM (DI3UYHUI cepBep MpaloBaB MOCTIMHO Ta MaB
1CTOpIIO 3aIUTIB TOIIO?

[Ipononyetsecst pimenHsi: AWS Step Function. ILle BigHOCHO HOBa
TEXHOJIOT1, 10 po3pobiieHa Ha 0a3i KiHIeBOro aBTomary. lle 3acid6 opranizaiii
0e3-cepBepHUX (DYHKLIM, SKUI MOJETIIye CTBOPEHHS MOCHIIOBHOCTEN (PYHKIIN
AWS Lambda i pizaux cepBiciB AWS. 3a 101MoMoroo BizyajlbHOT0 iHTEepdeicy
MO’KHa CTBOPIOBATH 1 3aIyCKaTH poOOYl MPOLIECH 3 KOHTPOJIBHUMH TOUKaMH a0o
YIOPABIIHHAM MOJISIMU JJI 30€peKeHHS CTaHy mporpaMu. BuxiaHi JaH1 0JJHOTO
KPOKY CTalOTh BXIAHMMHM JaHUMHU HAaCTyHHOTIO Kpoky. KoxkeH Kpok y AoJaTky
OYiKyBaHUM YMHOM BUKOHYETHCS B 3a3HaYCHOMY HOPSAAKY 3T1AHO 3a/1aHO01 O13HeC-
JIOTIKH.

3aBnsku BOyJoBaHUM 3aco0aM ympasiiHHS Step Functions ympasisie
MOCIAOBHOCTSIMUA, OOPOOKOI0 MOMHUJIOK, aJITOPUTMOM MOBTOPY 1 CTaHOM, IO
JI03BOJISIE 3HATH 3HAYHY YaCTUHY OMeEpaliiHol HaBaHTaXEHHS 3 KOMaHIU
PO3pPOOHUKIB.

[TincymMoByrO4H, MOCTIJOBHE BUKOHAHHS (PYHKIIH MOKe OyTH peani3oBaHO
3a goromororo Serverless, a came, Ha npukiani AWS, 3a nonomorotro Lambda ta
Step Function. OxpeMuii KOMIIOHEHT CHCTEMU JIJIsl IIbOTO Oyje 0e3-CepBEepHUM
KIHIIEBUM aBTOMAaTOM, IO 3amyckae XMapoBi (yHKIIii, 30epirae ix cTaH, Ta
NOBEPTAE pe3yJIbTaT BUKOHAHHS. SIK pe3ysbTaT — COpOIIEHHS pOOOTH CHUCTEMU 3a
JIOTIOMOTOI0 XMapHUX OOYHCIIEHb.

Cnucok BUKOPHUCTAHOI JITEPATypH:
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«binowm. Jlabopatopis 3HaHb», 2019 — 200 cTp.
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The goal of the work is to study the effectiveness of methods and tools for
developing of serverless applications. The study of the effectiveness of methods
and tools for developing of serverless applications is carried out on the basis of
the analysis of experimental data obtained using the assessment methodology
developed by the author and predefined efficiency criteria.

CpoOrojiHi BaXKO YSIBUTH XOY OJMH JOJATOK, B SIKOMy Oyiu O BIACYTHI
300paxeHHs. AJie HEOOX1THO PO3YMITH, IO JIJIsl 0araThoX JI0JATKIB 300paKeHHS
noTpe0yoTh 00poOKH, OyIb i€ 3MiHa PO3MIpPY, KOMIIPECIs, JOIaBaHHS BOJISIHOTO
3HaKy, Tolo. Bcl 1l omepaiii BUKOHYIOTbCSI BIJIHOCHO JOBIO 1, SIK MPaBHIIO,
aCUHXpPOHHO. AJle yacTto OyBae, 10 BUAUICHI pecypcu it (OHOBOI 00poOKU
3HAXOMAThCS 0e3 Aina a0 HaBMaKU HE BCTUTalOTh OOPOOJISTH BCl 300pakeHHsI, B
TaKOMY BUIIaJIKy BJIACHUK Jl0JjaTKa a0 BUTpayae 3aiiBi rpolili abo A0JaTOK JyKe
JIOBro 00po0iisie 300pakeHHST 1 3MyIIy€ KOPUCTyBadya YeKaTH. 3 I[HUMHU
npoOemMaMu BIIMIHHO CIIPABIISIIOTHCA OeccepBepHi OOUMCIICHHS.

g OeccepBepHUX OOYMCICHb BHKOPUCTOBYETHCS apXITEKTypa, sKa
J03BOJISIE TIepeAaTH OUIbILY YaCTUHY OIEpaliiHOl BiANOBIAAIBHOCTI XMAPHOMY
npoBaiepy 1 TUM CaMUM OTpUMAaTH OiJIbIIE THYYKOCTI Ta 1HHOBALIMHUX
MOKJIMBOCTEN. beccepBepHi OOUYMCIIEHHS TO3BOJISIOTh CTBOPIOBATH 1 3aITyCKATH
JOJIaTKH 1 CEpBICH, HE TypOyIOUUCH PO cepBepu. BoHU yCyBatoTh HEOOX1IHICTh
3aliMaTUCsl MTUTAHHSIMH YIIPABIiHHA 1HPPACTPYKTYpPOIO - TAKUMU, HAPUKIIA, K
BUJIIJIEHHSI cepBepiB ab0 kiacTepiB. beccepBepHi OOYHMCIEHHS MOXHA
BUKOPUCTOBYBAaTH MPAKTUYHO i1 OyIb-IKOr0 THUILy AOAATKIB a0O CEepBICIB
CEPBEPHOI YaCTHUHU, TIPHU IIOMY BC€, 1110 MOTPIOHO JIJIs 3aIMyCKY 1 MacIITa0yBaHHS
J0/1aTKa, BUKOHYEThCs 0e3 BTpydaHHs KitieHTa [1].

[TepeBaru 6eccepBepHOT apXITEKTYpH MOJATAIOTh Y HACTYITHOMY:

- 3MEHIICHHs Koy. €AuHe, 0 MAa€ IIHHICTD - 11€ QYHKIIIS, SIKY HaJla€ KO,
a He caMm koj. Komm po3poOHUK 3HAXOMUTh 3acO0M HaJaHHS UUX (GYHKIIIH,
OJTHOYACHO OOMEXYHUH OOCAT MiATPUMYBAHOTO KOy 1 HaBiTh NpPH TOBHIN
BIIMOBI BiJ] KOJly, 3HHXKY€ThCS 3arajibHa CKJIaJHICTh 3aCTOCYBAHHS;

- BIJICYTHICTh HEOOXIAHOCTI KepyBaTu cepBepamu. He moTpiOHO BUIIIATH
cepBepu abo oOciyroByBatu ix. He moTpiOHi ycTaHOBKa, 00CIyroByBaHHS a0
aIMIHICTPYBaHHS IPOTPAMHOI0 3a0e3MedYeHHs: a00 cepeIoBHINa BUKOHAHHS [2];

- MacmraboBaHicTh. [Ipu CTBOpeHHI porpamMu He OTPiIOHO TypOyBaTHCs
po Te, 10 CTAHEeThCS, SIKIIO JOJATOK CTaHE HaJ3BHUYAWHO MOIYJIAPHUM Ta HE
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BUCTAaUUTh PECYpPCiB, 1100 OOCIyroByBaTH YCIX KOPUCTYBauiB. XMapHHA
npoBaiiep aBTOMAaTUYHO MaciuTabye J0JaTOK, BUKOHYIOUM KOJ y BIAIOBIAb Ha
KOXKHY B3aemofito. Konx, B CBOIO uyepry, BHUKOHYEThCS MapaliebHO 1
THAUBITyJTbHO 00pO0JIsiE KOKEH TPUTED;

- BapTicTh. [Ipu TpaauiiHOMy MiIX0/1 OTUIaTa 0OYUCITIOBATBHUX PECYPCIB
HE 3aJIie)KUTh BiJ TOTO, BHUKOPHUCTOBYIOTbCS BOHM 4YM Hi. SKio moTpiOHO
NEPEeKOHATUCh B TOMY, L0 JIOJIaTOK OyJe MpalioBaTH KOPEKTHO HEOOX1IHO
HiATOTYBATUCH 10 HANOUIBIIOr0 poOOYOro HaBaHTAKEHHS, SKe MOTJo O OyTH,
HE3aJIeKHO BiJ TOTrO, YU JOCIT JOJAaTOK Iboro piBHsA. IIpu OeccepBepHUX
TEXHOJIOT1SIX OIUIaTa 3/1ICHIOETHCS TIIIBKU 3a T€, 1[0 BUKOPUCTOBYETHCHA.

beccepBepHi  OOYMCIIEHHS  TMPOAOBXKYIOTH  PO3BHBATHUCS,  OCKLIBKH
OeccepBepHI MpOBalepyu MPOMOHYIOTh PIIIEHHS, L0 JIO3BOJSIOTH MOJ0JIATU
JesKl 3 IXHIX HeoaiKiB. OJUH 3 TAKUX HEJOIKIB - XOJIOJHHUM CTapT.

3a3Buuaii, kosn TMeBHa OeccepBepHa QyHKiis [3] He BHUKIUKAETHCS
IPOTATrOM JESIKOr0 4Yacy, mpoBaiiiep ii BiAKItOYae, o0 3a0laUTH €HEPTIIO 1
YHUKHYTH HaJJIMIIKOBOrO BHJIUIEHHS pecypciB. HactymHoro pazy, Koiu
KOPHCTYBa4 3alyCTUTh AOJATOK, SIKUW BUKIUKAE 110 (PyHKIIIIO, OeccepBepHOMY
IIpoBaiiiepy MOBEIEThCA BKIKOYUTH 11 3HOBY 1 IOYATH ii BUKOPUCTOBYBaTH. Lle
TI0JIa€ NIESKY 3aTPUMKY, BIIOMY SIK «XOJIOIHHMA CTapT».

Ax TinbkKM QyHKUIA OyJe 3amyllieHa, BOHA OyJle BUKIMKATHCS Habaratro
IIBUJIIIE TIPU HACTYITHUX 3alUTax (TETUIMM CTapT), aje sIKIo (PYyHKIIis 3HOBY HE
Oyze 3anuTyBaTUCS MPOTIATOM JIESKOT0 4acy, BOHA 3HOBY Iepeiiie B HEAKTUBHUIMA
crad. | HacTymHuM KOpHCTyBad, KU 3alpOCUTh 110 (PYHKIIIO, 3ITKHETHCS 3
JIESIKOI0 3aTPUMKOIO BIJAIMOBIJI Yepe3 XOJIOAHUN 3amycK. XOJIOAHUM CTapT - e
HEOOX1THUN KOMITPOMIC IPU BUKOPUCTAaHHI OeccepBEpHUX OOUHCIICHb.

3 yacoM yCyBa€eThCs Bce OLIbIIIE HEMOMIKIB, OB’ I3aHUX 3 BUKOPHUCTAHHAM
OeccepBepHUX CHUCTEM, 110 OOYMOBIIOE 3POCTAHHS TOIYJISPHOCTI II€T MO
oOuucienb. MeToro poOOTH € 3aiiicHEeHHS BHOOPY HalOUIbIl e(QEeKTUBHHUX
METO/IIB 1 3aC001B po3p0oOKU OeccepBepHUX NOJATKIB Jjisi 00poOKHU 300paKeHb,
SKI BUKOHYIOTBCS 3a pe3yJbTaTaMH EKCHEPUMEHTATbHUX  JOCIiIKEHb,
MPOBEJEHUX HAa OCHOBI PO3pOOJEHOT aBTOPOM METOAUKU OI[IHIOBAHHS
e(EeKTUBHOCTI1, OOpaHUX KPUTEPIIB Ta pO3POOJICHUX PEKOMEHIALIIM.

Cnucok BUKOPHUCTAHOI JITEPATYPH:
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133-146.

2. Papazoglou M. P. Web Services: Principles and Technology / M. P.
Papazoglou // Tilburg: Pearson Education — 2008.

3. Google Cloud Functions. [Enektponnuii pecypc| // Pexxum mocrymy:
https://cloud.google.com/functions/

o1



CHELIAJI3OBAHA BEB-BPAY3EPHA KOMYHIKAIIMHA
CUCTEMA MI’K BUKJIATAYAMMU TA CTYAEHTAMU B
OCBITHBOMY KUTTI XHYPE
Por C.B.

HaykoBuii kepiBHUK — K.T.H., JI01I. XaxaHoBa [.B.

XapKiBCbKUI HAlLlIOHAIBHUN YHIBEPCUTET paaioenekTpoHiku 61166, Xapkis,
npoct. Hayku,14, kad. AIIOT, Ten. (057) 702-13- 26
e-mail: serhii.roh@nure.ua

This work is regarding implement specialized communication system in
NURE life. The main idea is to build a web application with individual interface
and specific logic cases. Extending the logic of the common solutions of existing
messengers in present with specific cases, that crucially needed to be considered
in university communication type. Also the important things is to adjust privacy
and secure. As the benefit approach is to provide more control, flexibility of
managing, administration of the communication system, to the university hands.

HeliMoBipHa KITBKICTh KOMYHIKAIIIHHUX CHUCTEM OTOYYE PSIOBOTO
KOpUCTyBaua 1HTEpHETY. Pi3HOMaHITHICTh TUIIIB TaKMX CHCTEM 3HaWJ]Ieé CBOTO
KOPUCTYBauya B 3aJEKHOCTI BiJl HOro cy0 e€KTMBHUX TMOTpeO Ta IIijei
BUKOpUCTaHHA. Hal0inpmn  momyssipHUM — cocoOOM — KOMyHIKarlii, Ha
CHOTOAHIIIHIN J€Hb, € JUCTyBaHHSA, TOMY MECCEHKEpH 3alMaloTh MEpITy
no3uuiro B BuOopi. Ilompu cTpiMKHMII PO3BUTOK pIlIEHbh Ta MOKpAlleHb B
peanizallii BeO-KOMYyHIKaI[IMHUX CHUCTEM, BCl BOHHM CTalOTh CXOXKHMH OJIMH Ha
ONHMM wyepe3 iX TiOpuaM3alio 3 Bifeo, ayaio 3B'SI3KOBOI0, Ta €(ipHOIO
KOMYHIKaIllet0 B OAMH 3acTocyHOK. Came 1€l miAXiJ pO3MHUBA€ TpaHULl
YHIKQJIBHOCTI Ta creniaizaiii TaKux cucteM. BoHM cTaHOBATCA CUCTEMaMU Macc
MapkeTy. [HITMMU cJI0BaMH BOHH CTAIOTh PIIIEHHSM JIJIs1 BCOTO.

Came BenMKHiIl PI3HOBHUJ OJIHAKOBUX PIIIEHh HA PUHKY MECEHKEPIB Ta 1X
OpPIEHTOBAHICTh HA 3arajbHE BUKOPUCTaHHS, TOPOKYE MPOOIEMATUKY
HEOYEBHUJHOTO BHUOOpPY KOPUCTyBauye€M 3aCTOCYHKY JUIsl BHKOPHUCTAHHS B
0COOJIMBUX YMOBAX, HAMPUKIIAJl, B HABYAIHLHOMY IPOIIECi.

Jana mpoOiemMatuka MOpOKye moTpeldy B peaizallii chelianizoBaHuX
cucTeM, 10 OyAyTh OplEHTOBaHI Ha OkpeMy cdepy AisulbHOCTI JtoauHu.lle
CIPOCTY€E Yac KOPHCTyBaua, MPH MONIYKY KOMYHIKAI[IHHOT CUCTEMH JIJIT HHOTO
yepe3 By3bKy HaIpaBlICHICTh. B HamomMy BUMaAKy - CUCTEMH JJIsi KOMYHIKAIIil
MDK CTYJICHTaMH Ta BUKJIQJIalIbKUM CKIIAJIOM.

[Tpu po3pobii cremianizoBaHoro Bed-mecenmxepy ainss XHYPE, Bunnkae
PSi IO3UTUBHUX peUeH I 3aKIady.

OnuH 3 HAWTOJIOBHIMIMX — II€ T, M0 aJMIHICTPYBaHHS Ta MOJepalis
3aCTOCYHKY Oyze nepefaHa B pyKd 3aKjiajy, IO OApa3y HaJa€e MPSAMHUMA JOCTYyM
JI0 YTIPABJIIHHS IPUBATHICTIO Ta BUSBJICHHIO 3arp03 Ta HEOKAHUX 1M B CUCTEMI
B1Jl KOPYCTYBauiB.
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[HImIMiT HEe MeHIIT BaXKTMBUH (GaKTOP I1€ T€, 10 POMUPEHHSI 200 CKOPOUCHHS
(byHKIIIOHATy CHCTEMH TaKOX MEPEeXOAUTh M0 pykK yHiBepcutery. [Iporpamictu
CUCTEMH 3a TOTPEOHICTIO BHINY 3pOOWTH, HANpUKIAA, (QYyHKIIOHAT
aBTOMATUYHOTO PO3IMOAUICHHS CTYJIEHTIB Ha rpynu. JlogaTu, HampuKkiazi, poib
BHUKJIaJa4a ab0 CTapOCTH, KOPUCTYBa4 SKOi OyJie MaTH YHIKaJbHI MOXXJIMBOCTI B
CUCTEMU.

IIle 6arato iHImIMX OeHEDITIB BiJ TAKOI CUCTEMH ISl YHUBEPCUTETY MOYKHO
BUCBITIIUTH, aji€ HifKa 13 HUX HE 3PIBHAETHCS 3 BAXKIMBICTIO MOTEHIIAIBHOTO
PO3BUTKY CUCTEMH, sIKa B CBiH 4ac, 3a JOTIOMOTOI0 TPaMOTHOT'O aIMiHICTPYBaHHS,
PO3IIMPEHHS Ta MOKPAIEHHs, MOKEe OTPUMATH 3BaHHS YHIKAJIbHOCTI Ta CTAaTH
cupapai miHaUM B kuTTi XHYPE.

Peanizartist moai6H01 cucteMu 0yie€ BAKOHYBAaTHUCh B 2 PO3MOJIIBHUX €TallH.

[lepmmii etan — me eran KOH(IrypyBaHHsS Ta MIiATOTOBKA JaHUX IO
KOpHUCTYyBauaM, a 1€ WICHU YHIBepcHUTeTy, B cuctemi Firebase, sika € cydacHuwm,
JIETKUM Ta THYYKHUM PIIICHHSM MPHU MPOEKTYBaHHA M0/110HOTO poay cucteMm. [laHi
po 4WICHIB yHUBEpCcHUTETY IiaHyeTbes oTpumyBaTu 3 CIST API. OnoBneHHs
JaHux B 0a3l jmanux cuctemMu FireStore Oyje BUKOHYBaTHCS MEPIOJAYHO
aBTOMATHUYHO a00 MaHyaJbHO 3 3AIyYEHHSM aJIMiHICTpaTOpa.

Jpyrum eranom € po3poOka BeO-3aCTOCYHKY, KIIE€HTCHKOI YacTUHH, 3
BUKOPUCTAaHHSAM BIJIKOH(ITypOBaHOro 3a3AalieriTh XMapHOro ceppicy Firebase.
Jlanuii piBeHb CUCTEMH peai30BaHO 3a JOIMOMOTOI0 TeXHOJIOT1i Angular Ha MOBi
TypeScript. TexHoJorist BKitodae B cede 6e3nocepento podoty 3 HTML ta CSS.
[le mae 3mory po3poOuTH iHTEpQEc MporpaMu Ta 3ATyYUTH JO POIPOOKH ITiIX1]1
PEaKTUBHOTO MPOrpaMyBaHHs 3a JonoMoror RxJS.

3B'130K MK KJIEHTCHKMM PIBHEM Ta CEPBEPHOI0 YACTUHOIO B po3poOiii
cucTteMu Oyne peai3oBaHO 3a JOMOMOIOK 1HTErpauii B KJIIEHTCbKY YacTHHY
nporpamtoro intepdeiicy (API) Big Firebase 1o mae peasnizanito mij TEXHOIOT 1O
Angular, Ha3Ba npukiagHoro iHTepdeiicy - AngularFire.

OTxe MaeMoO Takud TJIaH 3 peajizailii CHeriaai30BaHOi CHUCTEMHU SKY
MOKEMO PO3MIUPUTH CHCIUPIYHUM (YHKIIOHATIOM, TaKUM SK PO3MOAUICHHS
KOPHUCTYBadiB Ha poJii 3 iX OOMEXKEHHSIMH Ta MPUBLIESIMU, TPYyIyBaHHS B Yat
KIMHATH 110 TpyIaM Ta 1HIIIe.

Cnucok BUKOPUCTAHO1 JITEpaTypu:

1. Hoxymenrariist mo Angular [Enextponnuii pecypc] // Pexxum noctymy:
https://angular.io/docs
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https://firebase.google.com/docs/web/setup
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(61166, Xapkis, np. Haykwu, 14, kad. AITIOT, Ten. (057) 702-13-26)
e-mail: lilita.pohorielova@nure.ua
Data compression is widely used in various fields of science and technology.
Compression is especially important when transmitting information. This field of
application is very widespread in recent years, when humanity generates more and
more information and needs a high exchange rate. The problem of rational storage
and transmission of large amounts of data using the mechanism of neural
networks is considered. Explains the basic terminology and operating principles
of the three most popular neural network architectures.

3a yac MacoBOrO MOMIMPEHHS TEXHOJOTIM JIOJIU F€HEPYBaIH BEIUYE3HY
KUIBKICTh JJaHUX. Y 3B’SI3KYy 3 IIMM IOCTAa€ MUTaHHS pallloHai3alli mpoiecy
30epira”Hs Ta nepegadi 3HayHUX 00’ eMiB 1H(popmarlii. BupimeHHsa naHoi 3aaadi
JOCATAETHCS PI3HOMAHITHUMHU aITOPUTMIYHUMHU TIEPETBOPEHHIMHU — CTUCHEHHSIM
JAHUX.

CrucHeHHs JaHuX (KOMIIpECist) sIBJIsiE COOOI0 MPOLEC MTEPEKOTyBaHHS JaHUX
3 METOIO 3MEHIICHHS IXHBOTO 00CsTY, 00’ €My, PO3MIpY.

HelipoHHoI0 Mepekero Ha3MBalOTh MOCIIIOBHICTh HEHPOHIB, 3'€THAHUX MIXK
co00I0 cCHHalcaMH, CTPYKTypa fAKMX Oyja mnoOyAoBaHa 3a MPUHLHUIIOM
oprasizaiiii Ta pyHKI[IOHYBaHHS 010J0T1YHUX HEUPOHHUX MEPEK.

Ha BigMiHy BiJ TpaguIliHHUX METOJIB CTUCHEHHS - MaTEMaTHYHOTO
OOYHMCIIEHHS 1 BUJAJCHHS HAJAMIPHOCTI - HEHPOHHA Mepexa NpHU BUPIIICHHI
3a/layl CTHCHEHHS BHMXOAUTh 3 MIPKYBaHb HECTayl pecypciB. 3AaTHICTb
HEHPOHHHMX MEPEXK /10 BUSIBJICHHS B3a€MO3B'sI3K1B MK PI3HUMH ITapaMeTpamMu Jae
MO>KJIMBICTh Ha/IaBaTH J1aH1 BEJIMKOI PO3MIPHOCTI OLIbII KOMIAKTHO.

JInsi CTUCHEHHA AaHUX HaWvacTillle BUKOPUCTOBYIOTHCS TaKl apXiTEKTYypH
HEUPOHHUX MEPEXK:

HelipoH-mepenoke: 1. Mepeoca Koxownena i ii eapiayii. Mepexa
Koxonena - 1ie cnemiaabHuil TUI HEUPOHHOT MEpexKi
JUIs BHIIICHHS 3amavi kiaactepusaiii (00'eqHaHHS
CXOXHUX O00'€ekTIB B Tpynu — Kiacrtepu). Bona
CKJIaJIa€ThCSl BCHOTO 3 JBOX IapiB - BXIJHOTO
(pO3MOAIIBHOTO) 1 BUX1THOTO, IKUI TaKOK Ha3UBAIOTh
mapoM Koxonena. Taka Mepexa  I03BOJIIE
Bxix KOMIAKTHO TMPEJCTABISITH 1 30epiratu nmadi (s
OT'0 3aMICTh 30€piraHHs BCIX JAHUX 3aJIHILAIOTH 1O
OJIHOMY THUIIOBOMY CIIOCTEPEXKEHHS 3 KOXKHOIO
KJlacTepa, 10 HE € aJIrOpuTMOM CTUCHEHHA 0e3
BTpaT). Taki apXiTeKTypa 4acTO BUKOPUCTOBYETHCS JJIs CTUCHEHHS 300paKeHb 3
BTPATOIO SIKOCTI.

Pucynox 1 — Monens
Mepexi Koxonena
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2. Acoyiamuena nam'sme  (Mepexa
Xondinma,  ABOCHpSMOBaHA  acolliaTHBHA
naM'ath Ta iH.). CTHCHEHHS MaHWX IS I[bOTO
KJIaCy MepeX € MOOIYHUM sIBUIIIEM. [ 0OTOBHUM iX
NPU3HAYEHHSM € BIJHOBJICHHS BHXIiJHOTO
curHainry / o0pazy 3  3alrymJIeHHX — /
MOIIKO/PKEHUX BX1IHUX AaHuX. Haltyacrime, Ha
BX1J] IUX MEPEX MOJIA€ThCA 3alTyMIIEHU 00pa3
Ti€1 K PO3MIPHOCTI.

Mepexka Xomdinga — Ii¢ MOBHO3B s3Ha PUCYHOK 2 — ApxiTekTypa
HITYYHAa HEWpPOHHA MEpEeka, IO CKIAAAEThCsS 3 Mepexi Xomndinaa
OJHOTO IIapy HEWPOHIB, SAKUI OFAHOYACHO €
BX1JTHUM 1 BUX1JTHUM IIapoM. Matpuiis BariB Mmepesxi Xomndiiga € CHMETpHYHOIO.
KosxeH HeiipoH MOKe MaTH OJIMH 13 ABOX CcTaHiB: 1 Ta -1.

3. Memoo «nnswkogoeo 2opreuxay». I'onoBHa
171IesT METOJly MOJsiTae y TOMY, IO apXITEKTypa
MEpeXl 1 aJTOpUTM HABYaHHA TaKl, IO BEKTOP
BEJIMKOI pO3MIPHOCTI NOTPIOHO MEPENATH 3 BXOIY
HEHPOHHOI MepexXl Ha 1i BUXOAU Yepe3 BIIHOCHO
HEBEJIMKUX PO3MIPIB KaHal. Y SKOCTI aHaJorii
MO’KHAa HABECTU MICOYHHM TOJUHHHK, JIIMKY abo
IUISIIKOBE Topiieuko (puc. 3). g peanizamii
CTUCHEHHS TaKOro pojay  BHKOPUCTOBYIOTb
OararomrapoBuil mepcenTpoH (MOAENb HEHPOMEPEXK), KUIbKICTh HEHPOHIB SKOTO
y BXIJTHOMY 1 BUXIJIHOMY IIapi OJHAKOBO, MK HUMHU PO3MIIIYIOThCS JEKUIbKA
MPUXOBAHUX IIAPIB MEHIIOTO PO3MIpY.

OTxe, HeMPOMEPEIKEB1 TEXHOJIOT1I HaJlal0Th ChOTOHI MIUPOKI MOMKIUBOCTI
JUIsl BUPILIEHHS PI3HOMAHITHOTO CIEKTPY 3a/ay, cepej SIKMX BaroMe Micue
3aiiMaroTh 3a/1ayl CTUCHEHHS JaHUX. Y TOPIBHSHHI 3 TPAAUIIHHUMU METOAAMU
MaTE€MaTUYHOI CTaTUCTHKHU, Kiacu@ikamli Ta anpoKcUMallii, I TEXHOJOTIi
3a0e3MeYyI0Th JOCUTh BUCOKY SIKICTh PIllIEeHb IPU MEHIINX BUTpATaXx.

5 5 5 8 .
e 0
sgooee

Pucynoxk 3 — ApxitekTtypa
MICOYHUM TOJTMHHUK

Crucox BUKOPUCTAHOI JIITEpaTypu:

1. MaziamBim A. P. JlomiibHICTF BUKOPUCTAHHS HEHPOHHUX MEPEX IS
cTUCHEHHs Bimeomanux / A. P. MaziamBini // [ndopmariiitHo-Kepyrodi CUCTEMH
Ha 3aJ1I3HUYHOMY TpaHcmopTi. - 2016. - Ne 6. - C. 30-35.

2. Ocosckuit C. Heliponnbie cetn st ob6paboTku mHbopManmu. Ilep. c
nosibekoro M.JI. Pyaunckoro. - MockBa: @uHaHChl U ctatuctuka, 2002. - 344 c.

3. Mimanuyk A.Il., Kommpecis 300paxkeHb 3a ITONOMOTOK HEWPOHHOI
Mepexi mnpsmoro mnomupeHHs / Al Mimanuyk., O.K. Konecuuubkuid.//
M.Binnawui, 11-14 sxoBtast 2016 poky.— Binauus: IES, 2016. — C.38-39.
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CUCTEMA KOHTPOJIIO I YITPABJITHHSA JOCTYIIOM HA OCHOBI
TEXHOJIOI'I RFID
[Tamkos /1. O.
HayxoBwii kepiBHHK — fo11. XaxaHoBa ['. B.
XapKiBCbKUI HAlLlIOHAIBHUN YHIBEPCUTET PaAi0eTIeKTPOHIKH
(61166, Xapbkos, ip. Hayku, 14, kad. AIIOT, Ten. (057) 702-13-26)
e-mail: dmytro.pashkov@nure.ua

Physical access control systems or PACS based on RFID technology has
long been a part of our daily life. We bump into them in government buildings,
offices, private homes. They provide security and access control to the facility,
but the need to carry physical access-tokens is inconvenient. It was decided to
develop a compact and universal RFID key that will store all the necessary user
identifiers and provide the ability to select the desired key.

CucreMH KOHTPOJIIO 1 YHPABIIHHS JTOCTYIIOM L€ CYKYIHICTh TE€XHIYHUX
3ac001B, CIOPSIMOBAaHUX HA KOHTPOJIb BXOAY 1 BUXOAY B NPHUMIIIECHHS 3 METOIO
3a0e3reueHHs 0e3MeKH Ta peryIoBaHHs BiBIyBaHHs 1eBHOTO 00'ekta. CKVY /]
BUKOPHCTOBYETHCS HE TUIBKM HAa BETUKUX MPOMUCIOBUX MIJIPUEMCTBAX, a il B
opicHUX OyIIBISAX, XUTJIOBUX MNPUMILNICHHIX, HNPUBATHUX 1 JEpKaBHUX
yCTOHOBax. ' paMOTHO Hayaro/pkeHa cucreMa J03BOJIsi€ BECTU OOJIK poOoUuoro
yacy, BeJCHHS 0a3u mepcoHany abo BiABIAyBadiB, IHTETPAIlil0 3 CHCTEMOIO
O€3IeKH Ta 1HIII IepeBaru aBToMaTHU3aIlii.

CydacHl cHUCTEMH KOHTPOJIO Ta YIPaBIIHHA JOCTYIIOM HE OOMEXeH1 Y
BUOOpP1 OCHOBHOI TEXHOJIOTII AJisi 3uuTyBava 1 cucremu ineHtudikamii. CKY /I
MOKYTh BHUKOPHCTOBYBATH O10METpPUYHI JaHI KOpPUCTyBada (BAOUTOK MaIbLs
abo (Qororpammerpis 0coOM), MaTH B OCHOBI CKJIAgHUWA aJrOPUTM 3
BUKOPUCTAHHSAM INTYYHOTO 1HTENEKTy Ta MAIIMHHOTO HAaBYaHHS IS
1AeHTH(IKalll KOpUCTyBava 4yepe3 Biaeo NoTik. HalnmommupeHimui, 3py4yHuil B
00CIyroByBaHHI 1 ONITUMAJIbHUI HA ChOTOIHIIIHIN IEeHb CTAaHAAPT BUKOPUCTOBYE
piieHHst Ha ocHOBI TexHoJorii RFID.

Texnonoria pagioyacToTHoi i1eHTU(dikanii adbo RFID - e cucrema, B Ky
BXOJUTh 2 KOMIIOHEHTA: MITKa 1 34MTyBay. Y CHUCTEMaX KOHTPOJIO JIOCTYITY
34MTYyBay 3a3BUYail MOHTYETHCS Ha 30BHIIIHIO YaCTUHY 00'€KTa (IBEp1, CTIHU 200
BUHECEHMI TepMiHAIT), a B IKOCTI cucteMu iaeHTHdikarii Buctynae RFID miTka
abo kapTa, sika 30epirae iH(GOpPMAIlIO JT03BOJISE€ YHIKAIBHO 1ACHTU(IKYBATU
kopuctyBada. RFID miTka dacrimie 3a Bce He Ma€ CBOTO OKPEMOIo JiKepela
KUBJICHHs. ENeKTpuuHui CTpyM, IHAYKOBAHMHM B QHTEHI €JIEKTPOMArHiTHUM
CUTHAJIOM  BIJ 34MTyBaya, 3a0e3leyye JOCTAaTHIO MOTYXKHICTh  JJId
(GyHKI10HYBaHHS KPEMHIEBOTO Yila, pO3MIILIEHOTO B MITII, 1 IepeAayl CUTHAILY Y
BIJIIIOB1/Ib.

OcHOBHUH MIHYC Al KIHIIEBOTO KOPHCTyBauya CHUCTEMU KOHTPOJIIO Ta
YOpPaBIIHHSA JOCTYIOM, MoOyaoBaHoi Ha texHosorii RFID, mnonsrae B
HEOOX1THOCTI HOCUTH 3 00010 (h13MUHY KapTy sk 3aci0 inentudikaii. Kapra mae

56


mailto:dmytro.pashkov@nure.ua

HEBEJIHKI radapuTH 1 OMIIIAETHCS B TAMAHEIIb, ajie 1X 3a3BHYail MOTPIOHO HOCUTH
nekinpka. JloMmodoHHU 3aMOK, odicHa Oy/iBIs, HABYAIBHUIN 3aKIaJ], CKpPi3b €
CHUCTEeMH KOHTPOJIO JOCTYIy Ta BUKOPHUCTOBYIOTHCS CBOI OKpeMi KapTKU IS
imenTuikalii KopucTyBaua.

Po3pobka yHiikoBaHOTO MPHUCTPOIO IS 1meHTHdIKALIl KOPUCTYBayiB 3
MOXJIMBICTIO 3aBaHTaXEHHS 1 BHOOPY PI3HUX KIIOYIB TOJIETIINIA O KUTTA
(b1HaTbHUM KOPHUCTYBAYiB CUCTEMHU KOHTPOJIIO JIOCTYIMy. B SKOCTI Kepyrodoro
MPUCTPOIO YHIBEPCATIHHOTO KJtoua OyJIo MPUMHATO pIIIEHHS BUKOPHCTOBYBATU
MikpokoHTpoJiep ATtiny85 ¢ipmu Atmel.

ATtiny85 — e 8-6itHuit AVR MikpokonTpoiep ¢hipmu Atmel, mpeacTaBHUK
cimelcTna tiny. MikpOKOHTpOJIEpH AaHOTO CIMENCTBA, SIK BUTUIUBAE 3 MOTO Ha3BH,
€ MOJIOAIUMH B JTiHINII AVR: y HUX MeHIIIe YUCI0 JiHINA BBEACHHS -BUBEACHHS,
MeHIIMKH o0cAr maM'saTi 1 oOMexeHHil Hallp mnepudepiiHuX MPUCTPOIB Y
NopiBHSIHHI 3 MikpokoHTposiepamu mega / XMEGA. Arne e okymnaerbcs ix
MEHIIOK0 BAPTICTIO 1 MAIMMH po3MipaMu. MiKpOKOHTpoJsiep o0iajiae BichMOMa
KUJ1I00aiiTaMu BOyJOBaHO1 €HEPro-HE3aJIeKHOI TaM'ST1, 110 OUIBII HIXK JOCTaTHHO
s 30epiraHHs TPOrPaMHOTO KOAy Ta TpPU3HAYEHOI Ui KOpHCTyBada
1H(popmarii.

Kpim Toro, tiny MiKpOKOHTPOJEpH MalOTh Ty X MPOAYKTUBHICTH, IO 1
CTapiill MIKpOKOHTpoJiepH cimeiicTBa mega. Ile poOuTh ix BIIMIHHUM BHOOpPOM
JUIsL CTBOPEHHS MIPUCTPOIB, IO HE BUMAraioTh HIMPOKOTO Habopy nepudepii, ae
po3Mip 1 IliHa MIKPOKOHTpoJiepa MaloTh 3HadeHHs: tinyAVR 3HaxomsTh
3aCTOCYBaHHs B MOPTAaTUBHUX HaBiratropax, mieepax, Teie(oHax, CIIOpTUBHUX
rajpkeTax, moOyTOBIM TEXHIIll, €IEKTPOHHMX IrpalllkaxX, MyJbTaX JUCTAHIIHHOTO
KEepPYBaHHsI, IHTEJICKTYyallbHUX JaTYMKaX Ta B 0ararboxX 1HIIUX MPUCTPosiX. s
cuniikyBaHHsa 3 RFID 3uutyBauem Oyjlie BUKOPUCTOBYBATHCS IUIOCKAa aHTEHA 3
yactoToto 125kHz, o € crangapToM Jj1st JaHOTO POy CUCTEM.

Cnucok BUKOPUCTAHOI JITEPATYPH:
1. TexHuueckas JOKYMEHTAlLUs U ClieHU(PUKAIUA MUKPOKOHTPOJLIEpA

ATtiny85. [Enektponnuii pecypc] // Pexxum goctymy: https://docs.heltec.cn

/download/oled/096/0.960led-specification.pdf

2. wnar . Tonnsiit cnipaBounuk no C. Cankrt-IletepOypr: « Buibsimcy,
2007.
3. RFID Handbook: Fundamentals and Applications in Contactless Smart

Cards, Radio Frequency Identification and Near-Field Communication, 3rd
Edition. Klaus Finkenzeller, 2010.
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BUKOPUCTAHHS PO3INOAIJIEHUX TPAH3AKIIN B
MIKPOCEPBICHIN APXITEKTYPI
Koxyxap A.C.
HayxoBwuii kepiBHUK — K.T.H., 1o11. Koousin O.A.
XapKiBCbKUI HAlLlIOHAIBHUN YHIBEPCUTET PaJi0CICKTPOHIKU
(61166, Xapkis, np. Hayku, 14, xad. Inpopmaruku, ten. (057) 702-14-19)
e-mail: anatol.kozhukhar@nure.ua

In the microservice world, it is common that transactions may take a long
journey to complete. Having multiple databases and communicating with multiple
services makes it more complex and makes it difficult to keep the consistency of
data. local ACID transactions also won't help if the communication happens
between separate services with multiple databases.

Peanizariist Ko3kHO1 JA1I0BOI omeparlii, 10 0XOIUTI0E KiIbKa CIyK0 € caroro.
Cara — 11e MOCHiOBHICTh JIOKAJIbHUX TpaH3akiiil. KoxHa JokanbHa TpaH3aKIlis
OHOBJIIOE 0a3zy JaHuX 1 MyOJIiKye MOBIIOMJIEHHS a00 MOAi0, 100 1HIIIIOBATU
HACTYTMHY JIOKaJIbHY TPaH3aKIIIIO B ca3l. SKIO JOKadbHa TPaH3aKIIisl HE BAAETHCS,
OCKIJIBKM BOHa Topyllye OI3HEC-paBWJIO, TO cara BHUKOHYE CEpIIO
KOMITCHCAIIMHUX TPaH3aKI[IHd, SKI CKAaCOBYIOTh 3MIHHM, BHECEH1 IMOMNEPEIHIMU
JIOKAJTbHUMU TPAH3aKIIISIMU.

IcHye nBa nUIIXW KOOpAMHAILIIT car:

1. Xopeorpadist — Ko’KHa JIOKaJIbHA TPAH3AKI[IS MyOJIIKY€E MO/Ii IOMEHY, SKi
IHIIIIOIOTH JOKAJIbHI TPAH3aKIIii B IHIIHUX CIyk0ax;

2. Opkectpaliis — opkecTparop (00’€KT) MOBIAOMIISIE y4YaCHUKAM, SKi

JIOKaJbHI TpaH3aKLii BAKOHYBaTH.
action
success

Elae]]
success

approved approved

Service_1 Service_2

Pucynox 1 — Cara xopeorpadis
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[Tpunuun po6otu narrepHy «Xopeorpadis» € TaKuMm:

1) Cepgic Nel BHKOHYE yCIIIITHO OTIEPAILito;

2) Cepgic Ne2 BUKOHY€E yCHIIIHO a00 HE YCIIITHO OTEPaIliio;

3) Cepsic Nel otpumye mosimomuieHHs Bif Cepsic No2 Ta 3MiHIOE CTaH
00’€eKTa.

action request

|

Service_1 Service_2

do chain -
Action Service do action

completed | Action Service

Saga Object
save

approve approved

Pucynox 2 — Cara opkecTpoBKa

[TpuHun pobotu narrepHy «OpKecTpOBKa» € TAKUM:

1) ITocuna€eTbcs 3aMMT Ha CEPBIC;

2)B Cepsici Nel BUKOHYIOTBCs [ii, 30epira€tbcs cTtaH o0OiekTy Ta
CTBOPIOETHCS 00’ €KT caru;

3) Bukonyethcst ais Ha niepeaady podotu Cepsicy Ne2;

4) B 3anexHocTi Big pe3yiabraty Ceppicy Ne2 cara 3MiHIOE CTaH 00’€KTY
Cepgica Nel.

BucnoBok. Cara matepH mpu MPOEKTYBaHHI MIKPOCEPBICIB € Ba)JIMBOIO
YaCTUHOIO JUIsi MOOYJOBH CHCTEM 3 PO3MOAUICHUMH TpaH3akiismMu. OOMiH
JAHHUMU MIDK MIKpocepBicaMH € sk B Xxopeorpadii Tak 1 B OpPKECTPOBKI.
Xopeorpadisi BUKOPUCTOBYETHCS JJIsl 30BHIIIHBOTO MPOEKTYBAHHS TPaH3aKIIIMA
MDK MIKpOCEpBICAaMH, TOJ1 SIK OPKECTPOBKA perjiaMeHTye poOOTy OJHOTO
nporiecy (Ciyk0u) Ta ONMUCYE MOPSAOK BU30BY ITUX CIIYXKO.
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MOAEJII TA METOAN JIATHOCTYBAHHSA ABTOMATHHUX
HDL-MOJEJENA CACTEM JJIOI'TYHOI'O YIIPABJITHHSI
Kucasanceka /[.B.

HayxoBwuii kepiBHUK — K.T.H., fo11. llkine O.C.

XapKiBCbKUI HAlLlIOHAIBHUN YHIBEPCUTET PaJi0CICKTPOHIKU
(61166, Xapkis, npocn. Hayku, 14, kap. AIIOT, ten. (057) 702-13- 26)
e-mail: daria.kyslianska@nure.ua

Verification of HDL-models of logic control devices. Verification of HDL-
models is one of the most important and most efficient steps in the automated
design of modern digital attachments per hour. During the verification process,
there is a reconversion of the appearance of the cob specificity that is discarded
to the code. Among the many models of verification, two types are especially
visible: functional and clock. The first type to ignore the watch's characteristics
of the project, in the other, the emphasis is on rejecting the assessments of watch
authorities to the project.

OnHUM 3 KJ1aClB CUCTEM aBTOMATUYHOTO YIPABIIHHS € CUCTEMH JIOTTYHOTO
yrpasiinas (CJIY). Cneuudika CJIY nossirae B ToMy, 1110 Y HUX BX1/IHI CUTHAJIH
X 1 BUXIJHI cUTHaIKd Y MOXYTh NPUUMATH TUIBKM JBa 3Ha4yeHHs - 0 Ta 1.
OO6'extamu ympaBiaiaHs (OY) st cucTeM JIOTIYHOTO YIPABIIHHS € KIIAlaHw,
BEHTUWJISITOPH, €JIEKTPOJABUTYHH, IPUCTPOI OCBITICHHS, MPUCTPOI PETYJIIOBAHHS
TEMIEPATYPHU, BOJIOTOCTI, TUCKY TOLIO.

CJIY BnnuBaroTh Ha OY He 6e3mocepeiHbo, a Uepe3 BUKOHABYl MEXaHI3MU
— EJIEKTPOMEXAHIUHI Ta T1IPOPOMEXaHIYHI MEePETBOPIOBAYl, PETYJISTOPH THUCKY,
TEPMOPETYJIATOPH TOLIO. ToMy Mpu MOOYI0BI TAKUX CUCTEM MEepeAdAYa€THCS, 10
BOHHU BX0osTh 110 ckiaaxy OVY. [ndopmaris npo podbotry OV nagxonuts g0 CJIY
B/l CUTHAJI13aTOP1B MOJIOKEHHS, CTaHy 1 apamMeTpiB (JaT4MKIB Ta ceHcopiB). [1pu
IbOMY HEOOXIJHO 3a3HAYMTH, [0 CUTHAJI3aTOpU MapamMeTpiB CKIIAIAIOThCA 3
JIBOX CKJAJOBHUX - JaTydMKa 1 BTOPUHHOIO Mpuiany (MepeTBoproBaya), SKHiA
3MIICHIOE MOPIBHSAHHS 3HAYEHHS aHAJIOTOBOTO CUTHAY BiJ JAaTUYMKA 13 3aJaHUMHU
3HAYEHHAMM MapaMeTpiB, 1 popmyBaHHs ABiMikoBoro curnainy {0, 1}. Ilpu npomy
«0» BH3HAYAECTLCS BUXOJOM 3HAUYEHHS 3a ME)X1 BCTAHOBJIEHHMX [lalla3oHiB, a «1»
— 3HaXOPKCHHSIM 3HAaY€HHS MapamMeTpy y 3aJaHoMY Jiana3oHi.

[Ipu omuci anroputmy (yHKIIIOHYBaHHS ITU(POBUX MPHUCTPOIB JOTIYHOTO
kepyBaHHs B CAIIP ogHuM 13 CTUJIIB HamMCaHHS KOy € CTUJIb aBTOMAaTHOTO
nporpamyBaHHsi. CyTh aBTOMATHOTO MpOTpamMyBaHHSI TOJISITa€ B BIJIUICHHI
OIHCY JIOT1KH MOBEIHKY (32 KX YMOB HEOOX1THO BUKOHATH Ti UM 1HIII JIii) Bix
OMKCY MOr0 CEMaHTHKHU (BJIACHE CEHCY KOXKHOTO 3 [ii). B sIKOCTI Bi3yaJIbHOTO
NPEACTABICHHS  alropuT™My  (YHKLIOHYBAaHHS  BUKOPUCTOBYETbCA  Tpad
nepexoniB. (State diagram), sikuii € HE TIIBKM BI3yaJbHUM BiJIOOpaKECHHSIM
anroputMmy (hyHKIIIOHYBaHHS, ajie i MOBHOI MOT0 MaTeMaTUYHOK MOJIEILIIO.

binbmiicte  peanbHUX CHUCTEM JIOTIYHOTO YIpPaBJIiHHA € CHCTEeMaMu
peanrpbHOro 4acy 1 JJsi iX peamizamii NPUHAHATO BUKOPUCTOBYBATH MOJIETh
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gacoBoro aptomata (timed FSM), a 1ng Bi3yanbHOrO MpeACTaBICHHS
temropasibhnii  tpad mepexomiB  (Temporal State  Diagram). Ilpwm
aBTOMATHU30BaHOMY CHHTE31 YaCOBHX aBTOMATiB 3 BHKOPUCTAHHSIM MOB OIHCY
amapatypH I KOPEKTHOTO CHHTE3y CXEMH aBTOMAaTa 3 ypaxyBaHHSIM YacOBHX
napamMeTpiB, BUKOPHCTOBYIOThCS IMA0JOHM aBTOMATHOTO NPOTpaMyBaHHs Ha
MoBax omwucy amaparypu (HDL). ns moBu VHDL ne cremianpHa CTpyKTypa
VHDL-Mopemni, B sikii pyHKIIIT MepexoiB 1 BUXO1B BUIICHI B OKPEM1 ITPOIIECH,
NpPU3HAYEHHST HOBOTO CTaHy 3MIMCHIOEThCS B  CIELIAJLHOMY  IpOIIeci,
MOB'A3aHOMY 3 CHHXPOHI3AIIEI0, a 3aTPUMKH PEalli3yIOThCS uYepe3 JIUMUIbHUK
aBTOMATHHUX TakTiB. [Ipu 0O6poOIIl 30BHINIHIX MOIN B CUCTEMAaX peaJbHOr0 Yacy
Tpeba BpaxoByBaTH YaCOBUI MPOMIXKOK, MMPOTSITOM SIKOTO 30BHILIHS OIS MOXKeE
3MIHUTH QJITOPUTM POOOTH KEPYIOUOTO aBTOMATA.

Jns HDL-moneneii KiHIIEBHX aBTOMATIB MOKHA BH3HAYUTHU THIIN IIOMHUJIOK
MPOEKTYBAHHS: «3aMiHa oreparopa» (JOT14HOro abo apupMeTUYHOr0) 1 «3aMiHa
ornepanaa» (B omeparopi nmpuzHadueHHsi a0 ymoBHOMY). [lns HDL-moneneit B
dbopmi aBTOMATHOTO MIA0JIOHY TMOMIJIKM TPOSKTYBAaHHS MOKHA BH3HAYUTH SK
MOMUJIKA y BUOOplI MOTOYHOTO CTaHy B omepaTopi when, momuika BHOODPY
HACTYITHOT'O CTaHy B (DyHKLII IEPEeXO01B (ai 3aMICTb d;j), IOMUIIKa B onieparopt if (
) Mpu aHaji31 BX1IHOTO CUTHATY, TOMHJIKA B IPU3HAYEHH]1 BUX1JHOTO CUTHAITY.

VY Bunanky HasBHOCTI TpadoBoi Mojen Mypa aJis aBTOMaTHOTO MPUCTPOIO
KepyBaHHA (PYHKI[IOHAJIbHE MOKPUTTA crenudikaiii Moxke OyTH 3BEICHO 0
00x0Jly BCiX cTaHIB aBTOMara Mypa Ta peaiizailii ycix mepexodiB y KOKHOMY
crani. [Ipu npoBenenHi Bepudikallii aBTOMaTHUX MOJENeH peaizyeThCsl Tak
3BaHUN «HEpYyHHIBHUID» miarHOocTUYHUM ekcriepuMeHT (E) mpu mpoBeneHH1
AaKoro tect (00x1 rpada) MOYMHAETHCS 3 MOYATKOBOI BEPIIMHY rpada nepexoaiB
1 MOBEPTAETHCS B 1 K€ CTaH. /{1 BUKIIFOYHOTO KJ1acy aBTOMATIB (KOXKHA JyTra
Ma€ YHIKaJgbHYy (DYHKI[I}O BUXO/IB, 110 € XapaKTEPHUM JJisi MOJEJIEH MPUCTPOiB
JIOTIYHOTO KEPYBaHHsI)) OJHOPA30BUM 00XiJ JA03BOJISIE BUSIBUTH MOOJUHOKI Ta
KpaTHI MOMUWJIKM IPOEKTYBaHHS, SIKI 3MIHIOIOTH (DYHKI[lT EpEeXoAiB 1 BUXO/IB
aBTOMarTa.

[To meroauil, BuknaneHil y [1], Oyayerbes AepeBo pillieHb AJid T0OyA0BH
BKa3aHOTO HEPYWHIBHOTO J1arHOCTUYHOTO ekcriepuMenTy. Takuit JIE rapantye
JOCSDKHICTB BCIX CTaHIB KEpyIOUOTO aBTOMaTa Ta peajizalliio BCIX MepexXoiiB y
KOXHOMY cTaHi. OCOOJMBICTIO HABEJAEHOTO JIepeBa € MPUCYTHICTH y HBOMY
«HESIBHOTO» IMKIy, SKUW BHHUKAE MPH HASBHOCTI Ha NUIAXy 00xomy rpada
oJIHOMMEHHUX BepiuH. [Ipu aHamizi JepeBa pillleHb BPaXOBYIOTHCS 4YacOBI
napameTpy alTOpUTMY YIIpaBIiHHSA, K1 3a1aH1 y crienudikaiii.
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Cloud services, which allow you to transfer computing resources and data to
remote Internet servers, in recent years have become one of the main trends in the
development of IT technologies. Performance considerations are vital for the
overall success of cloud computing, including the optimum cost of cloud services,
reliability and scalability. The aim of this work is to investigate and compare
virtual machines in the cloud, their performance, their advantages and
disadavantages to propose the way of choosing the most suitable cloud provider

for different kind of applications to satisfy business requirements.

Ha cporoasi, qy’ke 4acTO BUHUKA€E MUTAHHA IPOTyKTUBHOCTI 3aCTOCYHKIB Y
npoiieci po3poOku. barato BeIMKUX KOMITaHIN yCBIIOMIIIOIOTH 200 OJIM3BKI 10
YCBIAOMJIEHHSI B@XKJIMBOCTI PO3BUTKY I[bOTO HAINpPSIMKY. XMapHI TEXHOJIOT1i
BIJIKPUBAIOCh MOXJIMBOCTI JI0 MacliTa0yBaHHs OOYMCIIOBAHMX PECYpPCIB Ha
BUMOTY Ta BHOOpY ONTHUMAalbHOI OOUYMCIIOBAIBHOI MOTYXHOCTI KOHKPETHHUX
MaIlMH, 0 3a0e3ledyy€e THY4YKY CHUCTEMY KOHTPOJIO MPOJYKTUBHOCTI. XMapH
3a0e3neuyoTh e(eKTUBHY Ol13HEC-MOJieNb, y SKI KOpPUCTyBad IUIATUTh 3a
pecypcu TUIbKM 3a HEOOXIAHOCTI, XMapHi OOYHUCICHHS TMEPETBOPIOIOTHCS Ha
E€KOHOMIYHY  OOYMCIIOBaJbHYy  mnapaaurMy. OpjHak, BUOIp  XMapHOIo
NOCTayajJbHUKA € YacTUHOI (yHAAMEHTY IMpH MOOYyAOBI Cy4acHOi CHCTEMH.
OnTtumaneHui BHOIp MPaBWIBHOT XMapu rpa€ BaXKIWBY POJb y PO3BUTKY Ta
YCIIXy 3aCTOCYHKY. IcHye 0Garato pi3HMX MOCTayajdbHUKIB XMap, SKI MOXHa
oOpaTH 1Jisi BUPILIEHHS TOCTABJICHMX 3aJ1ay BYACHO 1 B paMKax OIOJIKETY.

3aBOsSKM  aHaNi3y  MPOAYKTHBHOCTI  BIPTyaJbHMX  MalllMH Yy
HalnmonyssipHimmx xmapax Microsoft Azure, Amazon Web Services ta Google
Cloud, BuokpeMieHHs iX TUTIOCIB Ta MIHYCiB, MU MOXKEMO BU3HAYUTH HAWKpAaIy
JUISL TIEBHUX YMOB IIaTopmy Juist moOyoBu cucreMu. [lepir 3a Bce, He0OX1AHO
HaJIaTH BIJIIOB1Ih HA TaKi MMMTAHHS SK THII IIOCTABJICHOT 3a/1a4i Ta repeadauyBaHa
KUIBKICTh KOPHUCTYBauiB, OYIKYBaHM 4Yall BIATyKa CHCTEMH, apXITEKTypa
CUCTEMHU Ta HasiBHI IHCTPYMEHTH PO3pOOKH MPOrpaMHOIo 3a0€3neYeHHS.

Microsoft Azure — xmapHa matdopma Bia kommanii Microsoft. Bona Hamae
MOXJIMBOCTI PO3POOKH MPOTPaMHUX 3aCTOCYHKIB, BUKOHAHHSI 3aCTOCYHKIB Ta
30epiranns ganmx y xmapi. Cepsic Microsoft Virtual Machines no3Boisie
KOpPUCTYBauaM 3alyCKaTH BIPTyaJibHI MAIMHU 3arajbHOTO MpPHU3HAYEHHS Mij
kepiBaunTBoM Microsoft Windows, Linux, a Takox iHII 00pa3u MOMyJISIPHUX
cepBicHux mnaketiB. IlinTpumye Taki MoBuM mporpamyBanHs, sk .NET, Java,
Node.js, Python, PHP, Go [1].
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Amazon Web Services — koMepiiiiiHa my0JrigHa XMapa, siKa MiATpUMY€EThCS
Ta PO3BUBAETHCS KoMIiaHiero AMazon. Hamae kopucTyBauam MOCIYTU SIK TI0
iHGpacTpyKTypHii Mojem (BIpTyalbHI CepBepH), Tak 1 MMIaTGOPMHOTO PiBHS
(xmapHi 0a3u naHux, Oe3cepBepHi oOuUMCIEeHHS, 3aco0M po3poOku). Kiroyosa
iHpacTpyKTypHa mociyra — opeHjaa BipryansHux cepsepiB EC2. Kopucrtysaui
OTPUMYIOTh JIOCTYII JIO BipTyaJbHUX MAIIIMH, SIK1 MPaIIOI0Th Ha TirepBizopi Xen
Ta 1HauBiAyasbHOMY BapianTi KVM. AWS Hamae MOXIMBICTH 0oO0paTH
OOYHCITIOBaHY TMOTYXXHICTh MAalllMH, a TaK0oX MAallMHA 3 JIOCTYIIOM [0
cnemiamizoBanoro ob6bnamgHanHs — GPGPU BimeokapTu, ski mar0Th Jal0Th
MOXJIMBICTh ~ BUKOPHUCTOBYBAaTH rpadiuyHUM  TPOIECOp KapTH  3aMICTh
IIEHTPAJIBHOTO MPOIECOPY ISl OOUMCITIOBAHHS MaTeMaTUYHUX orepartii [2].

Google Cloud — Habop xMapHUX CITyk0, sSIKiI HagarThCs Kommnaniero Google
Ta BUKOHYIOThCSI Ha Tii camiil 1HQPACTPyKTypi, SIKa BHUKOPUCTOBYETHCS IS
Google Search ta YouTube. Hamae mocmyry Google Compute Engine, ska
J03BOJIsIE CTBOPIOBAaTH Ta 3aIlyCKAaTH BIPTyajbHI MAallMHU B 1HQPACTPyKTypi
Google ta nmporonye MacmTaOyBaHHS, MPOAYKTUBHICTH Ta JTO3BOJISIE 3aITyCKATH
BEJIMK1 00UMCIIIOBaHI Kiactepu [3].

Jlns toro, mo0 oOpaTH OJHY 3 TPHOX XMAapHHUX IIATPOPM, HEOOXITHO
PO3yMITH MOXKJIMBOCTI KOKHO1 3 HUX. OCHOBHI ITapaMeTpH, sIKi CII1]] BpaXOBYBaTH
npy BUOOp1 BIPTyasIbHOI MAIIIMHU: MPOAYKTUBHICTH OCHOBHMX KOMITOHEHTIB,
MO>KJIMBICTh JUHAMIYHOT 3MIHU MPOAYKTHUBHOCTI 3a MOTpPEeOU Ta JOCTYIHICTDH
IIBUJIKICHOTO TUITY HaKOTIMYyBaJa JaHuXx [4].

[TpoTsiroM noCTiKEeHHS MPOAYKTHBHOCTI BIPTYaJIbHUX MAIIUH y XMapi,
OyJ10 poaHasi30BaHO Ta 3po0JieHa MOPIBHSJIbHA XapaKTEPUCTUKA IIBUIKOCTI
poOOTH OCHOBHHMX CKJIQJOBUX YAaCTUH BIPTyaJIbHUX MalllMH, TaKUX SK
npoiiecopu, HakonuuyBaui ganux (HDD Ta SSD), omepaTuBHa mnam’siThb.
MakcuMalibHO ONTUMAaJILHOIO BIPTYaJIbHOIO MAIlIMHOI OyJie BBaXKaTUCS Ta,
sKa OyJie BUPIITyBaTH MOCTABJICHY 3a7ady B MiHIMaIbH1 KOIIITH.

Cnucok BUKOPHUCTAHOI JIITEPATYPH:

1. MS Azure (Wikipedia) URL: https://ru.wikipedia.org/wiki/Microsoft
_Azure (nata 3BepHeHHs 26.02.2021).

2. AWS (Wikipedia) URL: https://ru.wikipedia.org/wiki/Amazon_Web
_Services (n1ata 3BepHeHHs 26.02.2021).

3. Google Cloud Compute Engine documentation URL.:
https://cloud.google.com/compute/docs (nata 3BepHenHs 26.02.2021).

4. Smelyakov K., Chupryna A., Karachevtsev D., Kulemza D., Samoilenko
Y., Patlan O. Effectiveness of Preprocessing Algorithms for Natural Language
Processing Applications //2020 IEEE International Scientific-Practical
Conference Problems of Infocommunications, Science and Technology (PIC
S&amp;T), 6-9 Oct. 2020, Kharkiv, Ukraine. — P. 1-5.

63



FEATURES OF MICROPROCESSORS OPERATION AND USE
Mohamed Ayoub Ismail
Scientific supervisor — Cand. Sc. (Technology), Associate Professor D. Sytnikov
Kharkov National University of Radio Electronics
Systems Engineering Department, 14, Nauka Ave., Kharkov,
e-mail: Mohamed.ayoub.ismail@nure.ua

The large amount of information inside companies and the social networks
are producing exponential growth in the amount of data being produced. Data
analysis techniques must therefore be improved to enable all this information to
be processed. One of the most commonly used techniques for extracting
information in the data mining field is that of association rules, which accurately
represent the frequent co-occurrence of items in a dataset.

Data is the new currency of the modern age and sometimes we might not
even realize how much it affects our everyday lives. Data is everywhere. It has
already started influencing everything in our lives, right from our music and TV
show preferences to smart assistants who can accomplish a host of tasks for us,
thereby making our lives much more convenient and comfortable.

The changes in how data is collected have occurred so rapidly that data is
more prevalent in daily life than you might think. Companies and organizations
are collecting information about their targeted audiences. They know what you’re
watching, what you’re reading, and what you’re buying. This access to key,
personalized data then affects your daily experience in some of the most important
and common areas of life.

Association rules analyzes the buying habits of customers to identify
associations between the different items that the customers place in their
“shopping baskets.” In such analyses, each record in the database represents a
shopping basket, and the variables represent items. Variable values will typically
be binary and indicate whether the respective item was purchased (true) or not
(false). That’s why Association rules can discover what items that costumers
typically purchase together.

These associations can be used by a supermarket, like an example to place
co-purchased items in adjacent shelves to increase sales .it is like to encourage
customers to buy them within single visits to the supermarket based on the way
how items placed and presented. Association rules mining presented like a
technique and a part of the field of data mining.

Association Rule is one of the very important concepts of machine learning.
It identifies frequent if-then associations called association rules which consists
of an antecedent (if) and a consequent (then). If X and Y then Z , we present X
and Y as Antecedent , for Z as Consequent.

Apriori is an algorithm for frequent item set mining and association rule
learning over transactional databases. It proceeds by identifying the frequent
individual items in the database. It uses an iterative approach to find frequent
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itemsets in the transaction database and then generate association rules.lIt is based
on the principle of Apriori: a subset of a frequent itemset must also be a frequent
itemset.For example, if {I1, 12} is a frequent itemset then {I11} and {12} must be
frequent itemsets. More generally, subsets of k-1 items of a set of k frequent items
are frequent.

AsetofitemsI={il, 12, ....cccoevrrnnnn. , iIm}.A set of transactions (transaction
base T) T={t1, t2, ............ , tn}.Each ti is a set of items t < | .Each ti transaction
has an identifier (TID).

The construction of frequent items is iterative: we first build frequent items
containing only one item, then those containing 2 items, then those containing 3
items .We start by determining the frequent items of size 1, we note this set
L1.Then, we build the set C2 of frequent candidate items of size 2: they are all the
pairs built from the frequent items of size 1.

The list of frequent items of size 2 (L2) is obtained by retaining only those
elements of C2 whose support is greater than the threshold (the frequency
property of the itemset).We then build C3, all the triplets of items whose 3 sub-
pairs are in L2 and we only retain those whose support is higher than the threshold,
which produces L3.We do the same thing until we find Li empty.

The calculation of supports is expensive. The generation of rules is
expensive. The algorithm scans the database too many times, which reduces the
overall performance. Due to this, the algorithm assumes that the database is
permanent in the memory.

As a conclusion we can mention that association rules can used in social
science such as counseling. Association rules mining is used to find relationships
or associations between frequently occurring variables. An important point to note
is that the discovered in Association rules should not be taken as a definitive
model that describes the solution to the problem at hand, because association rules
are generated on the basis of frequency counts of variables in the data sets.
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This paper covers relatively new and emerging subject of the elliptic curve
crypto systems which fundamental security is based on the algorithmically hard
discrete logarithm problem.It presents a comparative analysis of RSA and ECC.
Cryptosystems based on elliptic curves emerge as an alternative to the RSA
cryptosystems. The security of the RSA cryptosystem is based on the integer
factorization problem (IFP) whereas the security of ECC is based on the EC
discrete logarithm problem (ECDLP).The experimentation was conducted for
finding time lapse during encryption, decryption by RSA and ECC.The
conclusion contains a brief summary of the elliptic curve cryptosystem practical
applications, the potential practical benefits and disadvantages of ECC.

KoMmm'toTepHi cucteMu akTUBHO BIIPOBAKYIOTHCS Y BCl CepH HAIIOrOo
KUTTS. BHACIIIOK 1IOT'0 3HAYHO 301JIBIITUBCS IHTEpEC KOPHUCTYBAUiB JI0 IIPOOIeM
3axucty iH@opmMarii. [Ipobremy nepenaui nesxoi KoH@iaeHIiitHOT 1HPOpMaITii
ajipecary MO>KHA BUPIIIUTH 32 JOTIOMOTOI0 aCUMETPUYHUX KPUIITOCUCTEM.

[upoke Bukopuctanus emntuuyHux KpuBux (nani EK) B kpunrorpadii
3aCHOBAHO Ha TaKid BJIACTUBOCTI, 10 3aBJaHHS JUCKPETHOTrO JorapudMyBaHHS
(mam JIJI) na EK € 6i1b11 TpyioMicTKuM, HixK 3aBaaHHs JIJI B CKiHUEHUX MOJISX.
Yepe3 HUBKY YCHIIIHUX aTaKk Ha CHCTEMHU, OCHOBaHiI Ha ckianHocti JIJI B
CKIHUEHHUX Tmonsix, JAeski cranpapta EIIIl Oynmu mnepeBeneni Ha EK.
Kpunrocuctemu Ha ocHoBi EK oTpuMyioTh Bce Oulbllie PO3MOBCIOJIKEHHS SIK
aNbTepHATHBA, a HE 3aMiHa cucTeM Ha ocHOBI RSA. Bonu MaroTh nepeBaru npu
BUKOPUCTAaHHI B TMPUCTPOAX 3 MAJONOTY>KHUMH mpouecopaMmu Ta / abo
MAJICHBKOIO MMaM'ATTIO.

ExcrnioHeHItiabHl aJrOpUTMH JIJIS BHPIIICHHS PO3B's3aHHs 3amgadi J[JI B
rpymi TOYOK KPHUBOI: MeTOA MOoBHOro mepebopy, amroputm Ilomira-Cinsepa-
XemmanHa, anroput™ lllenkca, p-merox [lomnapaa romwo.

Tabmuus 1 — IlopiBHsiHHS edekTUBHOCTI MeTtona p-Ilommapaa ta metomy
dakTopuzaiii BEIMKUX YHCEJI 3a JOMOMOTOI0 pEeIIeTa YHCIOBOTO TOJs
3arajbHOTO BUTIISAY:

Enintuuna Kpunrorpadis RSA
Hosxuna | Yac B3nomy(MIPS- | Jlosxkuna | Yac B3nomy(MIPS-
KJI04a POKH) KJI04a POKH)
150 3.8:10"10 512 (3-10M4
205 7.1-10M18 768 2-10"8
234 3.8:10"28 1536 | 3-10"16
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AHani3zyouu AaHi, poOMMO BUCHOBOK, 1[0 OJIMH 1 TOW CaMH PIBEHb 3aXUCTY
JOCATAETHCS Y BUIMAJIKY €NINTUYHOT KpUATorpadii mpu 3HaYHO MEHIIIH JOBXKUHU
KJTI0Ya.

Omnepariisi CKAISPHOTO MHOKEHHS-aHAJIOT OTIepallii MiJHECEHHS 0 CTETICHS
B KiHIeBOMY moii. Tomy B eminTuuHiii kpunrorpadii B poii mpsaAMoi 3aaadi
BUCTYIIA€ CKaJSIPHE MHOXKEHHS TOUKHU KpuBOi (po3paxyBaHHs Q =mP) O6epuena
3aJlaya Ma€ Ha3By — AMCKPETHE Jorapu@myBaHHS Ha €IINTUYHIN KPUBIH, 110
(bOopMyITIOETHCA TaKUM YMHOM: 32 BimomMumu P ta Q, 3HaiiTH Take yucio m, Jyis
akoro mP=Q. Crilikictb mu@piB BU3HAYAETHCS CKIATHICTIO PO3B’SI3aHHS
piBHsiHHS MP=Q BimHOCHO m, ¢ Touku P Ta Q Hamexarh OJHIN HMKIIYHIN
MIATPYIIL.

Krnacu kpunrorpadidyao ciiabkux KpUBHX, SIKHX CI11 YHUKATH:

- xpuBi Hax GF(2M) , ne m — Hemnpocrte uncio. [lludpyBanHs Ha Takux
KPUBUX MiIa€ThCS aTakaM Beis;

- kpuBi Haja nojaem GF(Q) i3 3aranbHuM yuciiom Touok Ng =  Bpa3iuBi s
aTaku, sKa BiJjoOpakae TOYKU JaHOI KPUBOI B aIUTUBHY I'PYITy MOJIS;

- aHoOMaJIbHI eminThyHi KpuBi Hajg moseM GF(Q) xoiu 3arajbHe YHCIIO
TO4OK Ha KpuBiit Nge = p , p — nmpocTe uucio;

- CYNEPCHUHTYJISIPHI €INTUYHI KPUBI.

Kpunroanropurmu Ha EK OynytoThcs aHAIOTIYHO ajaropuTMaM B MPOCTUX
KIHIIEBUX MOJsiX. DaKTUYHO MiAHECEHHS J0 CTENEHS 3a BEJIMKUM MOJYJIEM, IO
BU3HAYA€ CTINKICTh MU(Dpy, 3aMIHIOETHCS Ha CKAISPHUA JHOOYTOK TOYKU
eMNTUYHOT KpuBOi. HalOimpll MUPOKO 3aCTOCOBAHUMHU  CIINTHYHUMHU
aHaJoramMy CHUCTEM 3 BIIKPUTHUM KIIOYEM €: aHAJOTH BIAKPUTOIO PO3MOALTY
kiouiB Jlibdi-Xemnmmana (ECDH), cucremu Mecci-Omypu, cuctemu Eib-
Mamans.

VY 3B'I3Ky 3 TUM, 10 OpU BUKOpUCTaHHI Ipyn Toyok EK cTiiikicTh 110
KpUIITOAHATI3y JOCUTh BHCOKA, 3'IBISIETHCA MOXKIUBICTH BHUKOPHUCTOBYBATH
MOJYJIl IEPETBOPEHHS MEHIIUX PO3MIPiB, HIK NPHU MEPETBOPEHHAX Yy MOJISIX Ta
KimbLsx. SIK moka3sye aHaui3, JOCTaTHLO Po3Mipy Moxys Bix 219 ta Ginbe.

SIK BHCHOBOK, MO’KHA 3a3HAYUTH, IO HAWOJMKYMM YacoM B SKOCTI
HampaBiaeHoro mmudpy OyAyTh BUKOPHUCTOBYBATHUCS aJITOPUTMHU (CXEMHU),
peai3oBaHi B rpyrax TOYOK Ha eJNTHYHIA KPUBIH.
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The disclosure of the relevance of this topic in the XXI century. The
definition of block ciphers. The description of the main difference from stream
symmetric ciphers. The demonstration of the brief description (key length, block
size, number of rounds, etc.) some of the most important algorithms in US history.
The assessment of crypto resistance, using these ciphers as an example. The
demonstration of the spreadsheet to compare their characteristics. Based on the
analyzed material, the generalization of the most reliable information protection
algorithm among 3 ciphers.

Ha croroaHimmHiil 1eHb ICHy€ aKTyajlbHa HayKOBa-TE€XHIYHA 3ajaya , sfKa
0a3yeThbCs Ha 3aXUCTI KOH(DIIEHIIMHOCTI Ta LUTICHOCTI 1H(opMarlii. 3’ IBISIOThCA
HOBI METOJIM aTak MHU(}pPIB, TOMY BaXJIMBE ICHYBAHHS Ta YIOCKOHAJICHHSI CTIMKUX
JI0 KpUNTOrpadiuHUX aTaK aJrOpUTMIB.

Jlist po3rasiay Oyiio B3sTO 3 MOMYJISPHUX OJIOYHUX CUMETPUYHUX MIU(]PIB:
DES, Triple DES ta AES.

brnounnit mmdpp — kKpunrtorpadiyHUN aIrOPUTM, SKUH Mae€ OJUHMIIIO
KOJyBaHHSI OJIOK 3 JAeKinbkox OaitiB. [loTokoBuii mmdp, HA BIAMIHY Bij
OJIOYHOT0, HaJa€ KJIIOY JOBUIBHOI JOBXWHH, 110 HAKIAJAETHCS HAa BIIKPUTHMA
TEKCT 1001TOBO. biiouHi mmdpu NOAIAI0TE HA 2 TPYIU: Ti, 10 BAKOPUCTOBYIOTh
CTpykTypy DeiicTens Ta Ti, 110 BUKOPUCTOBYIOTb MEPEXKY IEpPECTaHOBOK-
M1JICTaHOBOK (SP-Mepexi).

DES (Data Encryption Standard) - 6;iounuii aroput™ muQpyBaHHS, KU
Mae JOBXHUHY OJIOKYy 64 01T, sIK 1 IOBKMHA KIJIIOYa, KIJIbKICTh payHIIB CTAaHOBUTH
16. Ockinbkn DES 3acHoBanmii Ha cTpykTypi ®eiictens, sika Oyma 3ragaHa
paHilie, TO BiIOyBaeThCA IEBHE NEPETBOPEHHA TeKcTy( moAain OoKy Ha 2
MOJIOBUHM TIepe]] TUM, SIK MPOUTH eTanu MU(ppPyBaHHs), IPU SIKOMY 3Hau€HHS,
oOYHMCIIeH]I BiJl OJIHIET 3 YaCTUH TEKCTY, HAKJIaIa€ThCs Ha 1HINI YacTUHU. OHAK,
aHaTI3yI0YM KPUIIOCTINKICTh, Tpeba 3ayBaKUTH JOBKUHY Kitoya — 56 OiT. Tomy
31 3pOCTaHHSAM PO3PaXYHKOBOI IMOTY>KHOCTI KOMIT'IOTEPIB 3 SIBHJIUCS CYMHIBH
o0 Kpwumnoctiiikocti anroputMmy. Komanma distributed.net o6'ennamacs 3
npencraaukamu Electronic Frontier Foundation 1 3mamana mmdpysanas DES
MEHII HiX 3a 100y. Takum unHOM, aniroput™ mudpysanas DES noctaTtapo Taku
HE CTIMKUH.

Jnst BupimienHs wiei npodsemu Ha ocHoBl DES Oyno crBopenHo HoBuid,
nokpaiieHuii Bapiant anroputmy — Triple DES( 3DES). Ha Binminy Big DES
JIOBXKMHA KJIoYa CTaHOBUTH 168 OiT, moBxkuHa Onoky 64 Oir. [Ipouemypa
mrdpyBaHHsS aHAJIOT14HA A0 6a3ucHoro anroputMy. oo cridikocTi 10 aTak, TO

69


mailto:yana.martynenko@nure.ua

oesymoBHO 3DES € Oinbin HamiiiHUM, OJHAK, 30UIBLIYIOUM PO3MIp KIIIOYa,
3aCHOBHUKU MH(py 301N B 3 pa3u KIIBKICTh payHAIB, Y Takuil crociod
3MEHIIUBIIN MBUIKICTh poboTH anroputmy. I DES, 1 3DES BukopuctoBy1oTs 64-
O1THHI po3Mip 6510Ky. 3 MipKyBaHb €()eKTHBHOCTI Ta O€3IeKH OakaHO 301TBIIIATH
iXHIi po3mip.

Ha miacraBi 1mux MipkyBaHb Oyji0o CTBOpeHO HOBHMM anroput™M  AES
(Advanced Encryption Standard). BpaxyBaBiiu Heao KK MONEPEAHIX MIHGPIB,
3aCHOBHUKH alITOPUTMY cTBOpUIH 128-0iTHUi Oi10K. [[0BXXKHMHA KJTFOYa CTAHOBUTH
128/192/256 6it. KinpKicTh payHAIB 3aJICKUTh BiJl JOBXKUHHU OJIOKY. AJITOPUTM
0a3yeTbCsi Ha OCHOBI TPUHIUIY TMPOCKTYBAHHS, BIIOMOTO SIK Mepeka
nepecTaHOBKU-TI1CTaHOBOK. CIMpaloyuch Ha JIaHi 1010 po3Mipy kitoua, AES €
CTIKHUM aJITOPUTMOM JI0 KpUNTOrpaiuHUX aTak.

Tabmuug 1 — Y3aranpHeHa XapakTEpUCTHKA AITOPUTMIB

HazBa
ANTOPUTMY DES Triple DES AES
Mepexa
[Iponenypa CtpykTypa CrpykTtypa NepeCcTaHOBOK-
mndpyBaHHs QericTens QelicTens M1JICTAHOBOK
JloBXXKMHA KJIr04a 56 6iT 168 6iT 128/192/256 61T
JloBxuHa 010Ky 64 0iT 64 0iT 128 OiT
IToBinpHIIIE,
Hixx AES, [loBinpHIMIIE, [IBumme, Hix
[IIBuakicTh MIBUJIIIE, HDK | HIXK aJTOPUTMHU anroputmu 3DES
BUKOHAHHS 3DES AES ta DES ta DES
PiBenp
KPUIITOCTIMKOCTI Husbpkuit JocrarHiii Bucoxunii

Biarak, BpaxoByr04H MosiBy HOBUX YA0CKOHaNIEHUX MeTo11B atak DES craB
MeHmn HaaiiauM. Cepennio nosuilito 3aiimae 3DES yepe3 moBuibHY HMIBUIAKICTD
BUKOHAHHS. BpaxoByrouu BHIIE€3a3HAUEHI XapaKTEPUCTUYHI JaHi, MOKHA
3poOUTH BUCHOBOK, 0 AES — edexTuBHMII 1 HaAIMHUN aNTOPUTM 3aXHCTY
1H(popMaIlli, apryMeHTYIOUH BIICYTHICTIO «BJIaJIUX» KPUIITOTpadiuHUX aTak.

Cnucok BUKOPUCTAHOI JITEPATYPH:

1. Moore J.H. Cycle Structure of the DES with Weak and Semi-Weak
keys//Advances in Cryptology. Berlin: Springer-Verlag,1987.pp. 2-32

2. bapuueB C. T'., T'onuapo B. B., Cepos P. E. 2.4.2. Cranmapt AES.
Anroputm Rijdael / OcHOBBI cOBpeMeHHOM KpunTorpaguu — 3-¢ u3l.

3. Fomichev V.M., Koreneva A.M. Evaluation of the maximum performance
of block encryption algoritms.2019. V.10. No.2. P. 7-16
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NEHTECT JOCJIIIKEHHA AAK CEPBIC
Oxumenko B.1.
HayxoBwuii kepiBHUK — K.T.H., Aou. ®emtomun O.1.
XapKiBCbKUI HAlLlIOHAIBHUN YHIBEPCUTET PaJi0CICKTPOHIKU
(61666, m. Xapkis, ip. Hayku 14, xad. besneku iHpopMamiitHIX TEXHOJIOT1H,
ten. (057) 702-14-25, email: d_its@nure.ua)

The given work is dedicated to the introduction to penetration testing
methodologies. One of the most reliable ways of maintaining information security
Is regular conducting of penetration testing. The main objective of penetration
testing is to identify security weaknesses by simulation of real attacks. The
methodology of pentest research as a service offered to clients of cloud services
and local computers is considered. One of the possible architectures is offered.

VY nHami 1Hi, 0coOJMBO MICIs MOYATKy MaHAeMIi, Bce OlIble KOMIIaHiH, K
CTapux, TaK 1 HOBUX, IPHUCTOCYBAJIUCh 1O BIPTYyaJIbHOI'O KEPYBaHHS iXHIMHU
JTIJTOBMMHM OIEpalisiMd Ta MpolecaMH. 3a3BUYail lie nependayae BKIIOYEHHS
HOBUX Ta ICHYIOYMX TEXHOJIOTIA Yy Taki omeparii, sKi MOJIETIIYIOTh BEJCHHS
0i13Hecy Ta MiABUILYIOTh NTPUOYTKOBICTh. Lli TeXHODOrIi MOXKYTh OyTH y QopMi
HACTUIBHOTO IIPOrPaMHOT0 3a0e3eYeHHs], BeO-10/1aTKIB, MEPEKEBUX JI0IATKIB Ta
KoH(pirypamii. OgHak 111 TEXHOJIOTIl MOXKYTh MaTH Bpa3juBl Micls SKi BiJoMi,
asie He OyJIM BUIIPaBJICHI IPOAABIISIMHU, 1110 CTBOPIOE HUIAX JUIsl BAKOPUCTAHHS LIUX
MICIb 37JI0BMUCHUKAMH.

BceraHoBieHHS MeTOAOJOrl TECTyBaHHS Ha NPOHUKHEHHs HaOyBae Bce
OUIBIIOTO 3HAYEHHS MPHU PO3MJIsLAl Oe3neku JaHuX y BeO-7oJaTKax Ta MpH
peanizallii TeXHOJOT1i XMapHUX 00YMCIeHb. UM OUIbIIE MU MOKJIAAAEMOCH Ha
MEpeKeBl KOMYHIKAI[li Ta XMapHI CUCTEMHU [aHUX, TUM OUIbIIE MH CTaEMO
BPa3JIMBUMM JI0 MOTEHLIMHO HIKIJJIMBUX KiOepaTak CTOPOHHIX CTOPIH.

Ha cborojHimHid J1eHb aKTUBHO PO3BHBAETHCS METOOJIOTISI OpraHizaiii
MEHTECT JOCTiKEHH ik cepBicy — Penetration Test as a Service (PTaaS), uio
OyJla 3amporoHOBaHa JOCUTh HEJaBHO. MeTow JaHoi poOOTH € aHami3
3alpONOHOBAHOI MoJeNl 11 (YHKIIOHYBaHHS Ta BHU3HAYEHHS OCHOBHUX
KOMITIOHEHT [JI B3a€MO/I].

be3nepepBHe TecTyBaHHS Ha MPOHUKHEHHS JI03BOJISIE KJIIEHTAM HE TUIbKU
OTPUMATH 3aXUCT MEPUMETPA, ajie 1 MOXKIIUBICTh NEPEIVIAIaTH B peaJIbHOMY Yaci
HaWOUIBIN aKTyaabHy 1H(OpMaIito, sika iM OTpiOHA, NIl MPUUHSTTS HAWO1IBII
TOYHHUX 1 CBOEYACHUX PIIIEHb LI0JI0 YCYHEHHS BPa3IMBOCTEH.

VY cnemiansHoMy iHTepdeiici, sikuii Hagae PTaaS, ¢daxisii 3 oxoponu
nepuMeTpa MAaTUMYTh MOCTIMHUN JOCTYI 10 Takoi iH(popmallii B Oyab-sKuii yac,
HE3aJIEXKHO B1J] TOTO, MPOBOJAMTHCS B JAaHUH Yac MepeBipKa Ha MPOHUKHEHHS a0o
BKE€ 3aBepuieHa. Ha 1oaaTok A0 akTyalbHMX JaHHUX, B 4acTO TAKOXK MOMKETE
OTpUMATU JOCTYIl [0 TNOBHOI 0a3u 3HaHb, AaHAIITUKU Ta TMOpaja IIOJO
NOM'SIKILIEHHS 3arpo3 Oe3meni Bia nocradanbHukiB PTaaS, a Takox nepesipku
e(eKTUBHOCTI JIKyBaHHS Bpa3JIMBOCTI. 3alpolOHOBaHA apXITEKTypa CUCTEMHU
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CKJIQIa€ThCS 3 LIEHTPY MEHTECT-OMepalliii, 1e 3A1ICHIOEThCS TIIaHyBaHHs, HA0OpY
cepBepiB iHTerpamii (Ha 6a3i Docker Ta BipTyansHuX MammH), cepBiciB AWS Ta
HabOpy cepBepiB s 3a0e3MedeHHs] 0e3M0CcCepeIHhO CEPBICIB MOHITOPUHTY Ta
IIEH TeCTyBaHHS.

[HTETpallis 3 XMapHUMH TIPOBaiiiepaMu Ta JIOKAJTLHOIO 1HPPACTPYKTYPOIO
JI03BOJISIE HAM B3a€MOTIOB'sI3aHI TIEPETBOPEHHSI MEPEKEBHUX apec, BipTyaIbHUX
IP-anpec Ta iH11101 BaXKIMBOI 1H(pOpMAaITii, IKa CTOCYETHCS BPA3JIMBUX CUCTEM.

[TocTiiiHUIT MOHITOPUHT CXOBHII IIpOrpaM Ta iHTErpallis 3 IHCTPYMEHTaMU
kouBeepy CI/ CD nmo3Bosisie 3amyckaTy Ta aHali3yBaTd CTaTHYHE Ta JUHAMIYHE
(SAST / DAST) TtectyBaHHsi Oe3neku AOJATKIB KOKHOTO paszy, KOJM BHU
pO3TropTaEeTe KOJI.
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Pucynoxk 1 — Apxitektypa PTaaS

Meton naganas nociayr PTaaS noOpe mpaittoe asis OUIBIIOCTI KOMITaHiMH,
HE3aJIeXKHO BiJl iX po3mipy. Haituacriie rHydkicTs iatdopm, 1o 3a0e3neqyoTh
PTaaS, mae MOXIUBICTH TO€IHYBAaTH BCE, IO TMOTPIOHO JJII 3aXHCTY
iHpopMariiiHOi CHUCTEeMH KII€HTAa, aJKe BOHA IOEAHYE B €001 MOCTIMHUMN
MOHITOPUHT O€3MEKH, yIPaBIIHHS BPA3JIUBICTIO, & TAKOXK MOCTIMHY MATPUMKY Ta
MOpajJii EKCIEPTIB.

CrrcoK BUKOPHUCTAHOI JIITEpaTypH:

1. What is pen test (penetration testing)? [Enexkrponnmii pecypc] / [Linda
Rosencrance, Puneet Mehta] // Whatls.com. — 2018. — Pexwum moctymy 0
pecypcy: https://searchsecurity.techtarget.com/definition/penetration-testing

2. Penetration Testing as a Service [ Enekrponnnii pecypc]/ [Raj Pagariya].
— Pexum goctymy g0  pecypcy:  https://securityboulevard.com/2019
/04/penetration-testing-as-a-service/
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3BIP TA AHAJII3 JAHUX 3 MEPEXI HONEYPOT
Pycanos I'.O.
HayxoBwuii kepiBHUK — K.T.H., Aou. ®emtomun O.1.
XapKiBCbKHUI HALlIOHAIBHUN YHIBEPCUTET PaJi0CIEeKTPOHIKH
(61666, m. Xapkis, ip. Hayku 14, xad. besneku iHpopMamiitHIX TEXHOJIOT1H,
ten. (057) 702-14-25, email: d_its@nure.ua)

The given work is dedicated to the means of collecting and analyzing the
data received from honeypots. The tools and methods used by hackers to achieve
their goals — be it a simple challenge or terrorism acts — are constantly changing
and new ones appear that might not be publicly known. The data gathered from
these honeypots can later be used for analysis which can give the honeypot owners
the clue about these methods and tools used by hackers, to be able to protect the
real systems against these kinds of attacks.

Cuctemu honeypot (aHria. - TOpIIMK 3 MEIOM) — 1€ PECypcH, SKi
BUKOPUCTOBYIOTBCA SIK CBOEPIJIHA «IIPUMAHKa» JJisl XakepiB. BoHH He MICTATH
HISKOI HacIpaB/ll BaKJIMBOI 1HPOpPMAIlii, 130JIbOBaHI B1Jl CIIPaBkHIX cepBepiB a00
0a3 1aHuX, X04a 30BHI CTBOPIOIOTH BUAUMICTB 3BOPOTHROTO. [IpocTrMHU ciioBamy,
1le pecypcH, 3a1a4a AIKuX 6yTu aTakoBanumu [1]. Ix Mera monsrae B ckanyBaHHi
OyIb-IKUX i, K1 XaKep 3aCTOCOBYE JJISI BUKOHAHHS HECAHKIIMHUX il B OIK
honeypot-y. Mepexi, 10 MiCTSATh JCKiIJIbKAa TAaKUX CHCTEM, TaKOX HA3UBAIOTh
honeynets.

Honeypot cucremMu MoxyTh OyTH peaiizoBaHi 3a JOIIOMOIO0 POrPaMHOIO
3a0€3MeUeHHs 3 PI3HUMU MOMKIIMBOCTSIMU: B1Jl eMYJIALIT pOOOTH OKpEMHUX CEPBICIB
onepauniiHoi cucteMu abo pobdOTH MepexHUuX Cciayk0 a0 o0pa3iB OKpeMHX
OomnepauliiHUX CHCTEM Ta eMyJidlli OKpPEeMUX cepBepiB Ha  (Pi3UUHIN
OOYHUCIIOBANIbHIA MAIIUHI.

AKTyaJlbHUM TUTAHHSM JIJ1 TOJA1I0HUX CHUCTEM € MOOyA0Ba CUCTEMU 300Dy
Ta 30epiraHHs JaHuX BiJ honeypot-iB, MO eMyNI00Th POOOTY MOTEHUINHUX
CEpBICIB-MIILIEHEN BiJl HU3bKOTO JO BUCOKOIO PiBHIB.

Metoro naHoi poOOTH € aHali3 Ta CHCTeMaTu3allis JaHUX BIJl PI3ZHUX
Mozenel honeypot-iB 17151 3a06e3MeueHHs MOJabIIoi iX 00poOKu Ta 30epiraHHs.
J71st 11bOTO 3aITPOTIOHOBAHO CXEeMY 30MpaHHs Ta MEPETBOPEHHS JaHUX Bl PI3HUX
honeypot cucteM aJisi KOJEKIIFOBaHHS Ta BUBEICHHS Y HAOYHOMY BHIJISIII Ha
eKpaH poOOUYOTo MICIIs aAMIHICTpaTOpa 332 JOTIOMOT0I0 Web-3aCTOCYHKY.

Jawni, mo 306upatotbest 3 honeypot-iB MarOTh HE TUIBKH MICTHTH OYJb-Ki
JeTanl, MO MOXYyTh OyTH BHUKOpPUCTaHI JUIisl aHamilzy, ajge ¥ OyTu diTKO
CTPYKTYpPOBaHUMH JIJIs MOKJIMBOCTI TIPOBEICHHS Takoro aHamizy. L{boro Moxkna
JOCSATTH CIEIliaTbHUMH KOJIEKTOPaMH — IPOTPaMHUMU JI0/IaTKaMH, KOXKEH 3 TKUX
puUB’si3aHMM 10 cBOro honeypot-y, BiH 30KMpae 1aHi 3 HOTO JIOKAJbHUX JIOT1B 200
0a3u naHux, opmatye iX BiAMOBIIHO 10 BU3HAYEHOI CTPYKTYPH Ta MEpenae a0
IEHTPAJILHOTO CepBepy 0a3 TaHUX IS aHATI3Y.
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CTpyKkTypa MaHUX, IO MEPEAAIOTHCI, MAE€ JaBaTH 3MOTY JETAIBHOTO iX
aHamizy. JlJs 1IbOr0 BHKOPUCTOBYETHCS PsJl PI3HUX METPHUK (IS MPHUKIAIy B
Tabnwuii 1 3amponoHoBaHi eski 3 HUX [2]).

Tabmuus 1. —Habip meTpuk a1 aHamizy

[TocTanoBka nmpobyieMu Amnaiz

HaiiGinb1n iMOBIpHI Jkepena atak IP-anpecu; nomenni imena, URL-anpecu;
User-arentu; onepaniiiHi CHCTEMH;
Bigoutku (fingerprints)

Linb aTaku IP anpecu; moptu, TpaHCIIOPTHI MPOTOKOJIH;
CITY>KOH, TIPOLIECH; BPa3JIMBOCTI

YacroTa Ta TpUBAIICTh aTaKU YacroTa cram - moBigoMIIeHHS, email 3a
OJIMHUIIIO Yacy; aHaui3 Tpadiky - Horo
pO3Mip, KUTbKICTh 3aITUTIB Ta BiANOBIICH
TOIIO 33 OJIMHMIIIO Yacy; TPUBAIOCTI
OKpEMUX CEeCiii, IHTepBaIiB Mi’K HUMHU

[TopiBHSHHS MTOIIUPEHHS I'padikm arak; rpadiku HOMIMPEHHS

BusiBnenns ma0ioH1B atak Merton ronoBaux koMmroHeHT (PCA);
CHUMBOJIbHA arperatHa alnpoKcUMallis
(SAX); MmeToa HaMOUIBIIOT CITBHOL
nignocmigoBHocti (LCS)

BusiBneHHs 0CHOBHOI IPUYMHU ISN (HOMEp MOYaTKOBOT MOCIIJOBHOCT1);
KOTepeHTHICTh KiacTepis; EIP

binpima yactuHa naHux MOTpeOye AETAIbHOrO aHami3y Jis BUSBICHHS
OCHOBHOI NPUYMHHM aTaKW, TOMY JaHl, 110 NPUUMAIOThCA Ta aHAII3yIOThCS
3alpONOHOBAHOI0 CHCTEMOIO BiJ pi3HUX honeypot-iB monomararoTh BUPILIUTH
1[I0 HETpUBIlwIbHY 3amauy. Jns ckimagHux wmepex honeypot-iB HEOOXITHO
BUKOPUCTOBYBATH OLIbII CKJIAQJHUN MaTeMAaTHUYHUN amapar, TaKUil K MOIIyK
acolllaTUBHUX MPaBWJI, HEUPOHHI MEPEX1 TOLI0, TOMY LIl HAMPSIMOK PO3BUTKY
noTpedye MOAANBIINUX JOCTIIKEHb.

Cnucok BUKOPHUCTAHOI JIITEPATYPH:
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2. A Survey on Honeypot Software and Data Analysis [EnexTpoHHuit
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JOCJLI)KEHHSI METOJOJIOI'TA TECTYBAHHS HA
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(61666, M. Xapkis, rip. Hayku 14, kad. besneku iHbopMaIiiftHIX TEXHOJIOTIH,
ten. (057) 702-14-25, email: d_its@nure.ua)

The given work is dedicated to the overview of popular penetration testing
methods. The tools and methods used by hackers to achieve their goals are
changing and improving. The main purpose of penetration testing is helping
companies to secure their information by preparing them with simulation of real
attacks. Penetration testing doesn’t have established standard to cover all types of
tested applications. But there are many methodologies with their approaches and
recommendations.

VY nHam yac, konu 1HQOpMaLiiHI TEXHOJIOT1I € JOCHUTh 3BUYHUM 3aCO00M
B3a€MO/Ii1, a iHdopMallisi — HalIIHHIIIA BaJItOTa, 3aBX AU Oy 1€ TOJIOBHUM MUTAHHS
30epekeHHs Ta 00pOOKH i€l iHDOpMaIii.

3aBkaAM € BpasiduBi MICIlS, SIKI YMOBHO MO’KHA MOJUIMTH Ha JBI TPYIIH:
BiIoMi Ta HeBiioMi. Oco0JIMBO HEOE3NMEUHOI0 € Apyra rpymna, ki He MaroTh
rOTOBUX Ta MEPEBIPEHUX BUIIPABJICHb 1 peKOMEHAaIM /15 3anobirans. Tomy,
npoOiema 3axucTy iHpopMallii € JOCUTh HEOOX1THOIO.

Penetration testing (aHri.— TecTyBaHHs Ha MPOHUKHEHHS) 3TiAHO 3 [1] — €
METOJ] OIL[IHIOBAHHS 3aXHUIIEHOCTI KOMITIOTEPHOI CUCTEMH YU MEPEXl HUIIXOM
YaCTKOBOI'O MOJEJIIOBAHHS [1i 30BHIIIHIX 3JIOBMHCHHKIB 3 IPOHUKHEHHS y HEl
(SIK1 HE MalTh AaBTOPU30BAHUX 3aCO0IB JOCTYIY 10 CHCTEMH) 1 BHYTPILIHIX
3JIOBMHUCHUKIB (SIKI MalOTh IEBHUH pPIBEHb CAHKI[IOHOBAHOTO aocTyiy). llei
MPOIIEC BKIIFOYAE AaKTUBHUHN aHaJI3 CUCTEMHU 3 BUSIBJICHHS Oy Ib-SKO1 MOTCHIIIHOT
BPa3JMBOCTI, 0 MOXK€ BHHUKATH BHACHIIJIOK HEMPaBWIbHOI KOH Irypartii
CUCTEMHU, BIJIOMUX 1 HEBIJOMHX Je(EKTIB amapaTHUX 3ac00IB Ta MPOrPAMHOTO
3a0e3MeyeHHs.

BigcyTHicTh B TakoMy MacimTaOHOMY MPOIEC] €IMHOTO CTAaHAAPTy POOUTH
Oprasizaiiio, peaii3alilo, 3BITHICTh 1 aHANI3 PE3yJbTATIB JOCUTh CKIIaJHUMU
3amayamMu. IcHye JdekiJibka METOMOJOTIM JJisi TPOBEJACHHS TECTyBaHHS Ha
IPOHUKHEHHS, fKi Oyiau po3poOJieHl PI3HUMHM OpraHaMM Ta KOMIIAHISIMU 3
Ki0epOe3nexu.

Y wmifi pobotri Oyze MPOBEAEHO OIS MOMYJSPHUX METOJOJOTINA s
TECTyBaHHS Ha MPOHUKHEHHS. AJie Tpeba 3a3HAYMTH, 110 BOHH BiIPI3HAIOTHCS B
TIH YW 1HOIN Mipl: TOYMHAOYM 3 00JacTi BUKOPUCTAHHS 1 3aKIHUYIOYH
rJI00QJIBHUM IT1IXO0JIOM JI0 OpraHi3arlii mporecy.

Omnuc nonyaspHUX METOI0JIOTIH BUIJISIIA€ HACTYITHUM yiuHOM (1uB. [2]):

1) OSSTMM. OSSTMM — 1ie MexaHi3M, SIKAH BHKOPHCTOBYETHCS IS
BU3HAYEHHS onepaliifHoi 0e3neku 1iJiboBoi oosacti. Lle, mo cyTi, BUMiproBaHHS
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3aXUCTY MK aKTUBaMH, BUKOPUCTOBYIOUH (DOPMYITY 3 METOAOM Ta MIAXOJ0M ISl
imenTudikaiii Ta Kareropusaili 3aco0iB KOHTpOJIO (3aXx0iB Oe3meku) Ta
oOMekeHb (c1abKkux cTopiH a0 Bpa3IuBOCTEN ).

2) OWASP. lleii ¢periMmBopk 3abe3reuye METOAOJOTII0 TECTyBaHHS Ha
MIPOHUKHEHHS JTOJATKIB, SIKA MOXE HE TUTbKH BUSBUTH BPA3JIMBOCTI, SKi 4acTO
3yCTpIuaroThCs B IHTEpHETI Ta MOOUIBHUX J0JIaTKaX, aje TaK0X BUSBUTH O1IBII
CKJIQJIHI JIOT14H1 HEJOJIIKH, [0 BUHUKAIOTh BHACIIIOK HEOE3IMEeUHOI MPaKTHKU
PO3pPOOKHU.

3) NIST. Ha BigmiHy Bij iHIIUX TOCIOHMKIB 3 iHQOpMAIIIHOT Oe3NeKH, BiH
MPOIMOHY€E OB KOHKPETHI BKAa3IBKH JUIsl TECTEPIB HAa IMPOHUKHEHHS. 3a
JIOTIOMOTOI0 111€1 OCHOBM MOJKHAa Ha rapaHTyBaTu iH(}opMalliiiHy Oe3NeKy B
PI3HUX TaTy3sX, BKIOYAI0Ud 0aHKIBCbKY, KOMYHIKAI[IHY Ta CHEPreTUYHY.

4) PTES. J1oTpUMYIOYHCH IILOTO CTAHIAPTY TECTYBAHHS Ha MPOHHKHCHHS,
TEeCTEpH SKOMOTra OJMKYe 3HAHOMIISITHCS 3 OPTraHi3allel0 Ta X TEXHOJIOTTYHUM
KOHTEKCTOM, JO3BOJISIIOUM iM BHM3HAYaTU HAWJIOCKOHAIIII CLIEHApii aTak, siKi
MoxHa Oyno O 3pobutu. Cim eramiB, nepeadavyeHUX ILHUM CTaHIAAPTOM,
TapaHTYIOTh YCITIITHE BUTTPOOYBAHHS HA TPOHUKHEHHS, TPOITOHYIOYH TPAKTHIHI
pEeKOMeHaaIli.

5) ISSAF. 1li HaGopu cTaHIapTiB JTO3BOJISAIOTH TECTYBAIBHUKY PETEIBHO
IUIaHYBaTH Ta JOKYMEHTYBaTH KOXKE€H KpPOK MpOLEAypd BUIPOOYBaHHS Ha
MPOHUKHEHHS, BiJ IUTAHYBaHHS Ta OLIHKK [0 3BITYBaHHS Ta 3HUIICHHS
apredaxris. Lleil crangapT BIAMOBIIA€ BCIM €Taram MmpoIiecy.

Ha nanuit MOMEHT HE 1ICHYy€ KOMIUIEKCHOT METO/I0JI0T1i MPOBEJECHHS JAHOTO
BUly TecTyBaHHs. KokHa 3 pO3IMIsSHYyTHX B JaHId pPoOOOTI METOO0JIOTii
(bOKyCy€eThCsI Ha TEBHUX TUTAHHAX, 1 SK HACHIJOK, TPH TPOBEIACHHI
KOMIUIEKCHOTO TECTYBaHHS HA MPOHUKHEHHS] HEMOXKJIUBO MOBHICTIO OMMHUPATHUCH
JIMIIIE Ha OJIHY METOJIONOTII0. 3 HAIlIO1 TOYKHU 30PY TYT HEOOXITHO OPIEHTYBATHUCH
Ha MacluTabu Oprasi3auli Ta LIHHICTb PECYpCIB, IO 30€pirarThCs, a TAKOX
YacoBl XapaKTEPUCTUKU JJI1 BIPOBAIKECHHS Ta BUKOPUCTAHHS Ti€l YW IHINOL
METOTUKU.

CrrcoK BUKOPHUCTAHOI JIITEpaTypH:

1. Wikipedia [Enextponnuit pecypc] — 2021. — Pexum moctymy [0
pecypcy: https://clck.ru/TV29f.

2. Top 5 Penetration Testing Methodologies and Standards [EnexTponnuii
pecypc] — Pexxum moctymy nmo pecypey: https://www.vumetric.com/blog/top-
penetration-testing-methodologies/.
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INPOEKTYBAHHSA TA PO3POBKA 3AXUIIEHOTI'O MOBIJIBHOTI'O
JOIJATKY ONNOBIIMEHHSA BAKJIMBOIO IHOOPMALIECTIO

Kpuriu B.P.
HaykoBuii kepiBHUK — cT.BUKJI. Onemiko [.B.
XapKiBChKHMM HAIllOHATBLHUM YHIBEPCUTET PATI0CIICKTPOHIKH
61166, Xapkis, npocn. Hayku, 14, kad. BIT, Ten. (057) 702-14-25
e-mail: vladyslav.kryhin@nure.ua

The information notification system in smartphones is relevant for today.
Every year, a person has to memorize more and more information. The mobile
application has a number of advantages: the ability to use everywhere (everyone
goes with smartphones), data will be protected by login and password and stored
on the server, it is possible to use not only on a smartphone but also on a tablet.
Our application can help in primary schools. Students will be able to receive
important information from teachers (such as the beginning of the couple,
additional hours for consultations etc.) and teachers will be able interact quickly
with students.

3 KOXXKHHUM POKOM, JIIOJIMHA Ma€ 3amaM'dTOByBaTU Bce Ounbiie 1 Ouiblie
iH(popmarii. Harpuknaz, 3anaMm’siTaTd po3Kiaaj AUIOBUX 3YCTpiuel Yu PO3KIIaja
3aHITh MOXKE OyTH JyXe CKIaaHO, SKII0 Takoi iHopmaiii 6araro. Cucrema
OTIOBIIIEHHS Y cMapT(OHAX € aKTyaJbHOIO y Hall yacu. Takuii I0AaTOK MOXKeE
JIOTIOMAraTy y BHIIUX HaBUAJIBHUX 3aKjianax. Tak, yuyHl 3MOXYTb OTPUMYBaTH
iHpopMariito mMpo MoyaTok mapu abo Mpo JOJATKOBI 3aHATTSA, a BHUKIJIAaadl
3MOXYTb CIIAKYBAaTH 3a 4aCOM JICKIIii, HE BIJBOJIIKAIOUNUCH, @ TAKOXK OIMOBIIIATH
CTYJIEHTIB BaXJIMBOIO 1H(QoOpMalier0. MoOILIbHUN JOIaTOK Mae HU3KY MepeBar:
MO>KJIMUBICTh BUKOPUCTOBYBAaTH BClOIU (yci XOASATh 31 cMapTdoHaMM), [aHi
3aXMIIEHH1 JJOTTHOM Ta MapoJjieM Ta 30epiratoTbesi Ha CEpBEPl, TOMY € MOXKIIUBICTb
KOPHUCTYBATHUCS 10JATKOM HE TUIbKM Ha cMapTQOHi, ajie i1 Ha MJIaHIIETI.

J171s1 BAKOpHUCTaHHS TOAATKY KOPUCTYyBady NOTP1OHO cTBOpUTH npoduib. Lle
He 3aiime Oarato yacy, 0o FireStore 3poOHMB MOXJIMBUM pPEECTpAI0 32
nornoMmororo google.com. Ilicnst aBTopuzamii maHHi OyAayThb aBTOMAaTHYHO
30epiraTuch. Y M0IaTKy peanizoBaHO 0a30BHil HAOIp 1HCTPYMEHTIB: JOJaBaHHS
HOBUX OTOBIIIECHb, pEIaTyBaHHS Ta BUAAJIEHHA iX. Y (YHKIIII J0JaBaHHS HOBUX
OTOBINIEHb € MOXJIMBICTh 00paTW dYac, naary, Ha3By Ta 3pOOUTH OIHC
noBiomiieHHd. DYHKIlIA pelaryBaHHs OMOBIIIEHb Ja€ MOXJIMBICTh pearyBaTH
yac, JaTy, Ha3By Ta OMUC BIAMOBIAHO.

Jlanuii MOOUIBHUN NTOAATOK PO3POOJICHHM 3a AONOMOTOK (PEHMBOPKY
Flutter, axuii € cydacHUM, OTY>KHUM Ta 3pYYHUM 1HCTPYMEHTOM JUIsl PO3POOKU
MOOLTEHUX A0AaTKIB. DpeldMBOPK 103BOJIsIE MiAKIIOUaTH Taki maketn sk BloC,
Cubit, Provider, FireStore ta FireBase ta Oararo IHIIHMX, SKI JOIIOMararoTh
pealizyBaTH aBTOPHU3AIlil0 Ta 3B’S30K 3 cepBepamu. OCHOBHA ifesi moOya0BU
1HTEpdeiicy KopucTyBaua, BukopructoBytoun Flutter — e noOynoBa inTepdeicy
3a JOMOMOIOI0 HamucaHHs kKoxy. Bu 3aBxnaum Oyayere nepeBO 3 BIDKETIB y
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BaloMy JoiaTtky. ¥ Bac He Oyne drag-and-drop iHTepdelicy mis maoaaBaHHS
KHOIIOK YW TEKCTy Ha €KpaH, SKui 0aunTh KopucTyBad. HatomicTh BU Oymere
MycaTy Juiie koj. Bi3dyanbpHa 4acTWHA KOy, SKa BIAMOBIIAE 3a iHTEpEHC - 11e
Bi[DKeTH. Bimker — me 9yacTWHa KOy, IO BUKOHYE TEBHY IHCTPYKIIitO, 100
BiIOOpa3UTH TMOTPIOHWI €IeMEHT Ha eKpaHl KOpHUCTyBada. BHKOPHUCTOBYHOYH
BIJKETH, MM OYyJIyEMO TakK 3BaHE JIEPEBO 3 BIIKETIB, JI&¢ KOPEHEM JepeBa € Halll
JI0AATOK, a HOTo T'UIKK — 11€ BIAMOBIAHO 1HIII BIDKETH, K1 OYTyTh BIJMOBIIATH 32
Te, 100 Bi0Opa3uTH HEOOXIIHY HaM CTOPIHKY.

[Taker FireBase, skuii BUKOPHUCTOBYETbCS Y JOJATKy, Ja€ 3MOTY
3B’s13yBatuca 3 cepBepamu (Google Ta 3poOMB MOXKIMBOIO peEeCTpalliio 3a
nonomoroto email, Facebook ta Twitter, a maket FireStore momomir 36epertu Bci
naHi 3amudpoBaHo B XMapHOMY cxoBHIIi. Takox, 3a momomoroio FireBase €
MO>KJIUBICTh 3pOOHWTH CHUCTEMY MiAMUCOK. Tak, Hampukiajn, BUKIAIad MOXKE
CTBOPHUTH 3aHATTS IS TMEBHOI TPy, a Jaji, HATHCKAIOUd Ha BUIAJAI0UNN
CIIMCOK, BIH 00Mpae rpymy, o Tpeda CIOBICTUTH 1 HAOMpPA€E TEKCT MOBITOMJIICHHS.
OTpuMaroTh OMOBIIIEHHS TUIBKW CTYAEHTH, SIK1 MIAMUCaHI HAa IbOTO BUKJIAa/J1aya
Ta oOpanu cBorw rpymy. [IpairoBaTi 3 CUCTEMOIO Ta CTBOPIOBATH OMOBIIIECHHS
MOK€ HE TUTbKHM BUKJIAJad, a HAIPHUKJIA], CTApoCTa - JUIsl 300py TPYIH i 9ac
3yCTpiul 3 KypaTtopaM, ado 3aBijiyBau Kadeapu - 11 OTOBIIIEHHS BUKJIaAa4qiB PO
MaiOyTHe 3acigaHHs kKadenpu. IloBigomIiIeHHS OTpPUMArOTh TIIBKH  Ti
KOpPHCTYBaul, SKI MIAMNKCaHI Ha BIATOBIIHY JIIOAUHY Ta SKHX OOpaiM i 4ac
po3cuiku moBigoMiieHb. CaMe TOMY Takl OMOBIIIEHHS HE OYIyTh BIJBOJIIKATH
BUKJIa/1aya a00 1HIIIMX KOPUCTYBAYiB, KOTO PO3CUIIKA HE CTOCY€EThCs. Takox Oyiia
peanizoBaHa MOXJIMBICTh BUAUIATA CEpPEJ] OTPUMYBAUiB OJHIET TPYIU OKPEMUX
KOPHUCTYBAuIB, JJIS SIKUX TPU3HAUYECHE OMOBIIICHHS.

Jlnst poGoTH 3 hpeiiMBOpKOM OyJia BUKOpUCTaHA MOBA IporpamyBaHHs Dart.
MoBa Mmae cxoxunii Ha Java CHHTaKCHC, HE BUMarae SsBHOTO BU3HAYCHHS THUITIB 1 11
MO>XHa BUKOPHCTOBYBATH JIsl CTBOPEHHS CEPBEPHHUX Ta KIIEHTCHKHUX JOJATKIB.
BaxunBoto nepeBaroro ¢periMBopky Flutter € MOXIUBICTE pO3pOOISATH TOAATKH
onapasy Ha 2 mnatdopmu. Po3pobieHuM 101aTKOM MOKJIIMBO KOPUCTYBATHUCS SIK
Ha cucteMi IOS, Tak 1 Ha Android.

Bce 1€ 1a€ MOXITUBICTD 3pOOUTH pO3pOOKY IMIBUJIKOIO Ta MACIITA0OBAHOIO.

Cnucok BUKOPHUCTAHOI JITEPATYPH:

1. Practical Flutter/ V. Zammetti., 2020. — 328 c.

2. [Touemy moOuIBHOE puiioskeHue Ha Flutter — xoporas unest st OuzHeca
B 2020 rony [Enextponnuii pecypc]| / EBrenusi CarypoBa. — 2020. — Pexum
noctyny a0 pecypey: https://ve.ru/dev/131105-pochemu-mobilnoe-prilozhenie-
na-flutter-horoshaya-ideya-dlya-biznesa-v-2020-godu.

3. Tengenuii po3sutky IT-punky Ykpainu [Enekrponnuit pecypc| / Poman
Citaiuenko. — 2017. — Pexum goctyny g0 pecypcey: https://dan-
it.com.ua/uk/tendencii-razvitiya-rynka-ukrainy.
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KOMIIIEKC OO0 3AXUCTY BIJI ®IIIMHI'OBUX ATAK
Koxymxko /1.P.
HayxoBwuii kepiBHUK — K.T.H., fo11. @emromun O.]1.
XapKiBCbKUI HAlLlIOHAIBHUN YHIBEPCUTET PaJi0CICKTPOHIKU
(61666, m. Xapkis, ip. Hayku 14, xad. besneku iHpopMamiitHIX TEXHOJIOT1H,
ten. (057) 702-14-25, email: d_its@nure.ua)

The given work is dedicated to the best practices of awareness of phishing
attacks. Phishing attacks are usually very massive, so they can touch anybody.
Basic behavior rules can help people save from most attacks and protect their
personal data.

®imunar (anra phishing Big fishing — pubosioBIIsA) — 11€ 3I0YMHHE JISTHHS B
[atepHeTi, sxe BiAOYBa€ThCs, KOJIM 3JI0BMHUCHA BeO-CTOpiHKA BUAa€ cede 3a
3aKOHHY BeO-CTOPIHKY 3 METOI0 OTpMMaHHs KOH(IiJIEHIIHHOI 1HdopMarllii Bijg
KopuctyBaua [1].

i meTo/M 3a3BUYail BKJIIOYAIOTH MIAXPAChKy €MEKTPOHHY MOIITY Ta BeO-
caliTh, sKI BUJAIOTh ce0€ 3a 3aKOHHI EJIEKTPOHHY TMOIITYy Ta BeO-calTu.
[[Taxpaiicbki €JIEKTPOHHI JUCTH MOXKHA BBaXKATU 3JIOBMHUCHOIO (HOPMOIO
HeOa)kaHOi MacOBOI €JIEKTPOHHOI MOIITH, 3aTaJIbHOBIIOMOT siK "criam". 3Buuaiiti
KOPHUCTYBaul BPa3JIMBl 0 KPAII’KKKM OCOOMCTUX JAHUX Ta JEAKUX (PIHAHCOBHUX
BTpaT uepe3 axpaichki omepanii. M1HAHCOBI YCTAHOBH PHU3HMKYIOTh 4Yepe3
BEJIMKY KUIBKICTh IIAaXpaiiCbKUX OMNEpaliil 13 BUKOPUCTAHHSIM BHKPaJACHOI
1H(popmarii.

QDImMHr-aTaku 4acTo € JyXe MaclITaOHUMH MOJIISAMH, K1 CIIPSIMOBaHI Ha
THCSAYl CIOXKHMBadiB abo OuIbIe, B HaAli, MO HAa NIEBHUM BIJICOTOK 3ax0ue
BIIMOBICTU. BiAHOCHO BENMKUNA BIACOTOK OJIEpXKYBayiB BIJAMOBIIalOTh Ha
CJICKTPOHHI JINCTH, OCKIJIbKM BOHHM BUJIAFOTHCS 3aKOHHUMH, 1 1X aBTCHTHYHICTH
HEMO>KJIUBO JIETKO TiepeBipuTH. OLIHKY PIBHS BIAMOBIAI KOJUBaIOTHCS Bif 1% 10
20%, 3anexHO Big aTaku [2].

OCKiTbKM MK 3JI0OBMHCHMKOM Ta CIOXXHBa4eM HE ICHYE OCOOMCTOTO
KOHTaKTy, CIIO’KMBAa4 Ma€ Ay>ke Majo iHpopMalii i poOoTH, 1100 BUPIIIUTH,
YH € eJICKTPOHHHM JIUCT a00 BeO-CalT 3aKOHHUM.

MeToro [aHOro JOCHIIKEHHS € BHpPIMIEHHS MpoOjaeMu e(EeKTUBHOI
¢inpTparii BeO-CaliTiB Ha NpPEeAMET BUSABJICHHS NOTEHIINHO (IIIMHIOBOIO
KOHTEHTY 32 pPaxXyHOK pO3pOOKM Ta BUKOPUCTAaHHS CIELIaI30BaHOIO
POrpaMHOro OAATKY JJisi O0OPOTHOU 31 3TOUMHHUM KOHTEHTOM.

Ha cporogni HailOuiblIe pPO3MOBCIOMKEHHS ISl 3aXUCTY BiJ (DILIUHTY
OTpUMAaJIM HACTYyIHI METOAM: 1) BUKOPUCTAHHS HACTIIBHUX MPOrpaM aHTHCHaM-
binpTparii; 2) BUKOPHUCTaHHS CIyX)0 KOHQIIEHIIIHHOCTI KoMITtoTtepa; 3)
BBEJICHHS BeO-aJpecu Ta TepeBipka 1i HAa CHOPaBXKHICTh; 4) BCTAHOBJICHHS
AHTUBIPYCHOTO Ta aHTUIIITUTYHCHKOTO MPOTPAMHOTO 3a0€3MEUYCHHSI.

[TepeniueHi MeTOAM MaIOTh CBOI ITepeBaryu Ta HeJOMKH. BUIBIIICTh IMiIXO1B
3BOJIUTHCS JI0 BUKOPHUCTAHHS CIICIIaTi30BaHOr0, SK IIPABHIIO, KOMEPIIHHOTO
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IPOrpaMHOT0 3a0€3MeUYeHHs 3 METOI0 OJIOKYBaHHS MOKJIMBOCTEH IIaxpais.
[TonibHe mporpamHe 3a0e3medYeHHs BUMAara€ TOHKOTO HaJaITyBaHHS 3aco0iB
dimpTparii Ta IOBipH A0 TEXHIYHOI peamizamii aHali3y, ajke MoCcTadyalbHUKA
JIOCUTh PIIKO PO3KPHBAIOTH BUKOPHCTOBYBAHI TEXHOJIOTII aHali3y, a TaKOX
HAAAI0Th 1H(OPMAIIiIO PO KUTBKICTh XUOHUX CIPallbOBYBaHb. BUTBIIICT 3 HUX
MalOTh CKJIQJHUN iHTepdelic HalalTyBaHHSA, BCTAHOBIIOIOTHCA SIK OKpeMi
IUIATiHM Ta TOJIATKU Ha MAIIMHY KIIIEHTA, PIAKO OHOBIIOIOTHCA.

[a—
Landing URL
l Data sources
[Whilclisl(WL)J [ Phish detector J I Target identifier ]

Red icon +
Warning

Pucynoxk 1 — Anroput™m aHanizy Ha peaMeT (PiluHry

3anponoHOBaHUil B poOOTI MPOrpaMHHUI JTOAATOK BUKOPUCTOBYE B CBOIM
apXITEKTypl aJrOPUTM aHaII3y KOHTEHTY CalTIB MO TPhOX OCHOBHUX CKJIAJIOBUX
(muB. puc. 1): mepeBipka 3a TEXHOJIOTI€0 OUTMX CIUCKIB, IETEKTOpa (QIIIMHTOBOTO
KOHTEHTY Ta aHajizy notenuiitHoro URL st mepexony.

Ile¥t migxix I03BOJSE€ aBTOMATHYHO BHSBIATH Ta BUIAIATH IIKIIIHBE
nporpamMHe 3a0e3rnedeHHs Ta OJIOKyBaTH BHUXIJIHY JOCTAaBKY KOH(D1IEHINIHOT
1H(DOopMaIrii 31I0BMUCHUM CTOpOHaM. B cBOill po0OOTI KOMILJIEKC HE BUKOPHUCTOBYE
KOMEPIIIHHOT CKIIa0BO1 TOOTO MOKe OyTH BITBHO PO3MOBCIOIKEHUM.

Cnucok BUKOPHUCTAHOI JITEPATYPH:
1. Jeeva, S.C., Rajsingh, E.B. Intelligent phishing url detection using

association rule mining.//Hum. Cent. Comput. Inf. Sci. 6, 10 (2016).
https://doi.org/10.1186/513673-016-0064-3.

2. Tally, G., R. Thomas and Tom Van Vleck. Anti-Phishing: Best Practices
for Institutions and Consumers. [Enexktponnuii pecypc]. — 2004. — Pexum
JIOCTyIy 70 pecypey: https:  //www.semanticscholar.org/paper  /Anti-
Phishing%3A-Best-Practices-for-Institutions-and-Tally  Thomas/3e5aeOfb6cba
7¢975bb2ca2da50b659e98493441.

80



AHAJII3 BE3IIEKH EJIEMEHTIB BE3/IPOTOBUX CEHCOPHHX
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(61166, Xapkis, npocn. Hayku, 14, kad. besneku iHbopMaIiifHUX TEXHOIOTIH,
ten. (057) 702-14-25)
e-mail: kateryna.komarets@nure.ua

Security and privacy are important issues in all types of networks. These
problems are of particular importance in wireless sensor networks, because the
unique characteristics of these networks and the purpose of the programs they
serve, make them attractive targets for intrusions and other attacks. To solve the
problem of security and protection of information in wireless sensor networks,
but now technologies are developing very fast and newer methods of attacks are
appearing, so this process is relevant at the moment and requires constant research
and updating of methods of combating attacks.

KoMm'rotepHa 1 MepexeBa Oe3nexka — 1€ CYKYHHICTh BCIX CTpaterid,
MEXaHI3MIB 1 CIyk0, SKI HaJalTh KOMITIOTEpHIM cuctemi abo Mepexi
HEOOXITHUN 3aXHUCT BiJI HECAHKIIOHOBAHOTO JIOCTYIy Ta HemependayyBaHOTO
BUKOpUCTaHHA. BUIblIicTh MeXaH13MiB O€3MEeKH CTBOPEHO JJII TPHOX OCHOBHUX
Mojenied Oe3leKu: NpHuBaTHA BIACHICTh, IUICHICTh 1 JOCTYHHICTh. [lpu
3aCTOCYBAaHHI O€3pOTOBHX CEHCOPHMX MEpPEK BUHUKA€E O€31Y YHIKaJIbHUX
npo0semM, siki TOTPIOHO PO3TJISHYTH, 3BEPTAIOYUCH 10 MpoOsieM Oe3nekH, sKi
MOKYTh BUHHUKHYTH B JIOJJaTKaX CEHCOPHOT MEepexi:

1. OOMexeHHs pecypcy.

2. BiACyTHICTh LIEHTPAIBHOTO YIIPABJIIHHS.

3. Bignanene po3ranryBaHHS.

4. 3B'A30K, CXWJIBHUU O BTpaT.

Ines O6e3npoToBOi Oe3neku mossirae B TOMY, MO0 BUKOPUCTOBYBATH
0€3pOTOBI BIACTUBOCTI, 3aIIPOINIOHOBAHI CAMHUM CIIOCOOOM 117151 pO3POOKH JIETKUX
MeXaHi3MIB Oe3nekr. MOXKJIMBI HACTYMHI MOKa3HHUKH, 00 OIIHUTH, YM CXeMa
Oe3MeKu BIAMOBIa€ BUMOraM O€3MPOBOIOBUX CEHCOPHUX MEPEK:

- 0Oe3meka;

- BIJIMOBa;

- eHeproe(eKTUBHICTD;
- THYYKICTB;

- MacmTa0OBaHICTh;

- BIJIMOBOCTIHKICTB;

- CaMOBIJIHOBJICHHS.
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ATaka THUTaHIB BTPyYaHHS B CEHCOpPHI Mepexi BiIOyBaeTbcs, KOJIU
OPOTUBHUK OTpUMYy€ (I3UUHUN TOCTYH JO CEHCOPHOTO BY37a, JO03BOJISIOUH
aTaKylouoOMy 3HHINATA a00 3MIHHTH TPHUCTPIA, OTPUMYE TOCTYIl 1O
KoHOiAeHIHOT iHdopmamii (Hampukiaa, KpunTorpadiuxi kirodi), abo
BUKOPHUCTOBYE TPHUCTPIN SK TOUKY BXOAY JMJS TMOAANBIIMX aTaK B MEPExi.
Mo:xIHBI pi3HI CTpaTerii, K1 J03BOJISIOTh 3aXMINATH MPUCTPIN BiJl BTPYUYAHHS 1
HACJIJIKIB, HANpPHKJAJ, BUKOPUCTAHHS MaTeplajiB sl KOpIyCy, skl OyayTh
CTIMKHUMHU J10 30BHIIIHIX BIUTMBIB UM BUIAJICHHS 1H(POpMAIIii 3 TPUCTPOrO a00 HOro
BUKJIIOYEHHS, KOJM  BUsIBIeHa araka. Hanpukman, Meroa,  4acTo
BUKOPUCTOBYBAaHMM B CHCTEMax, III0 00poOjsie KOH(iAeHIIHHY 1H(pOpMaIlito,
MOBUHEH CTEPTU iX JlaHI KOXHOTO pasy, KOJM aKTHUBYETHCS CBITJIIOUYTIWBUNA
CEHCOP (SKILO BIAKPUBAETHCA KOPIYCY TEPMIHAIY).

ATaku Ha 06e3MPOBOIOBI CEHCOPHI MEPEKl 3/1HCHIOIOTHCS Ha BCIX PIBHSX.
[TounHarouu BiJ (p13MYHOTO BTPYUYaHHS, KOJIHU BILUIUB BIIOYBAETHCS HA CaM CEHCOP
1 3aKiHYyIOUd BTpPYYaHHSIM B poOOTy MpOrpaM KEpyBaHHI MEPEXKEIO.
Oco0MBOCTI €KCILTyaTallli 3HAYHO YCKIIQHIOIOTh MPOIIeC 3a0€3Meuy0Th MPOoIecC
3axucty Oesnexku. Ha (izmyHOMY pIBHI aTaku XapaKTEepU3YIOThCS (PI3MYHUM
BTPYYaHHSIM B CTPYKTYpy MeEpexi, a TakKoX MJiIMH. M0 CIOPUYUHSAIOTH
BHUCHA)XEHHsI pECYpCIB CaMOro JaT4uKa.

ATaky Ha KaHAJIbHOMY PIBHI BUKJIMKAIOTh 3aTPUMKHU B Nepejadl JaHUX, a,
BIJINOBIJTHO, 1H(OpMAITis, 10 MEepPEeAaeThCs, BTpayae CBOIO aKTyalbHICTh, a0o
BUKJIMKAIOTh MIOBTOPHY NE€peiayy MaKeTiB JaHUX.

ATaku Ha MEpEe)EeBOMY pIBHI BTPYYarOThCs B MpoOIleC Iepenadi JAaHux. B
TaKUX BUIAJKaX IIKIJAJUBUN BY30JI CTa€ OCHOBHHUM BY3JIOM B MEPEXI 1 BECh
Tpadik OyJe nepeaaBaTUCs Yepe3 HbOrO 1 BUXOAUTH 3 MEpPEXkKl. 3a3BUYAid, BY3JIH
ypa3iuBl 10 BUCHAKEHHS NIaM'ATI 1 TOMY MICJISI TAKUX aTaK MOXXYTb BIMOBIISITH
y BCTaHOBJIEHHI 3B’SI3Ky 3 1HINMMHM By3Jamu. Hacmigku araku Ha
KOH(D1IEHIIMHICT, HEOEe3MeuHl THUM, IO IIKIJUIMBUH BY30J MOXE OTpHUMAaTH
CEKpeTHY 1H(opMallito, OTpUMaBIIU AOCTYM 10 1HpOpMaIlii, 1o 30epiranacs Ha
CEHCOPHOMY BY3J1i a00 MIACIyXaBIIN MEPEXKY.

B nam yac icHye 6araTo MeToaiB Juisl 3a0€3MeUeHHs 3aXUCTy 1H(opMmalii B
MepeXxax, ajieé BpaXxoBYHOUH 0coOnuBOCTI po6oTH BCM He BCi BOHH MOXYTh
3aCTOCOBYBATHUCS B 0€3MPOBOIOBUX CEHCOPHUX MEPEkKaX.
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ten. (06272) 6-23-50, e-mail: rdckonst@ukr.net

The main global trend of modern social life is an increasingly progressive
transition to a virtual information space - online existence. It is impossible and
pointless to resist this objective revolutionary change. But perhaps the region
needs to take into account new trends and new threats. The impact of information
processes in everyday life on humanity highlights the importance of issues of
social life, in particular the problems of information interactions and information
threats in various forms of manifestation. Awareness of these threats, has led to
close attention to information security in the health care system.

Posnopsmxennsim KaGinery MinictpiB Ykpainu Big 17.01.18 p. Ne 67-p
cxBasieHo KoHIierniiito po3BUTKY IIU(GpOBOi EKOHOMIKH Ta cycniyibcTBa Ha 2018 —
2020 poxu. 3a3HaueHUM JOKYMEHT mependadae 3M1MCHEHHS 3aXOJIB «IIOI0
BIIPOBAXKEHHSI BIATIOBIAHUX CTUMYJIIB JIJIsl HU(PPOBI3allli EKOHOMIKH, CyCHIbHOI
Ta collaigbHOI cep, yCBIAOMIIEHHS HASIBHUX BUKIIMKIB Ta IHCTPYMEHTIB PO3BUTKY
nudpoBux 1HPPACTPYKTYp, HAOYTTS TpoMajasiHaMU IU(POBUX KOMIETEHIIIH, a
TaKOXX BU3HAYa€ KPUTUYHI cepu Ta MpoekTu Hu(poBi3allii, CTUMYIIOBAHHS
BHYTPIIIHHOTO PUHKY BHPOOHHIITBA, BUKOPUCTAHHS Ta CHOKUBAHHS ITUMPOBUX
TeXHoJIoT1H» [1].

[MudpoBa ekoHOMIKA CTBOPIOE TAKOXK HOBI PHU3WKH, BKJIIOYAIOYU 3arpO3d
Ki0epOe3neku, MoJIermeHHs] He3aKOHHOT €KOHOMIYHOI JisSJTbHOCTI 1 TOCSATaHHS Ha
HEJIOTOPKAHHICTh MPUBATHOTO KHUTTS. [lomyk HOBUX pillleHb BUMArae CrijbHUX
3yCUJIb YPSIiB, TPOMAJSHCHKOTO CYCHUIbCTBA, aKaJEMIYHMX KiJl, HAyKOBOi
CHUIBHOTH Ta TeXHOJIOTiYHOTO cekropa. [lpunmun 7 Konmeniii 3a3Hayae:
«Indpopmariiiina Oe3reka, KkibepOe3neka, 3aXHUCT TICPCOHAIBHUX JIAHUX,
HEJOTOPKAHHICTh OCOOMCTOrO JKUTTS Ta TMpPaB KOPHUCTYBaudiB IUGPOBUX
TEXHOJIOT1M, 3MIIHEHHs Ta 3aXWUCT JOBIpM Yy KiOepmpocTopi €, 30Kpema,
nepelyMoOBaMi  OJHOYACHOTO IM(PPOBOr0  PO3BUTKY Ta  BIAMOBIIHOIO
MIOTIEPE/KEHHS, YCYHCHHS Ta YIPaBIiHHS CYIMyTHIMUA PH3UKAMI).

VY tpaBHi 2018 poky HaOpaB YMHHOCTI 3arajJlbHUM pEriaaMeHT 3aXUCTy
nepconanpaux aanux GDPR (Regulation (EU) 2016/679); nani — Permamenr).
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[Hum nokymenTtoMm €Bpomneiickkuil napiameHt, Paga €Bponelicbkoro Coro3y Ta
€Bpomneiickka KOMICisl TiACIIIOITh 1 YHI(QIKYIOTh 3aXHCT MEPCOHATBHUX JTaHUX
Bcix oci6 B €C. PermaMeHT BIiMHE Ha MISUTHHICTH 3aKJIaJiB OXOPOHH 3/I0POB'S,
[0 MaloTh HIpeAcTaBHHITBA B KpaiHax €C. Bci memycranoBu 3000B's3aHi
BukoHyBatu Permament. [lpu mpomy ypsiam kpain-ydacaunb €C He MOBHHHI
3MIHIOBAaTH JIOKaJIbHI HOPMATUBHO-TIPaBoB1 akTu. Ockinbku YKpaina y 2014 poi
nignucana JloroBip mnpo acomiamito 3 €C, yKpaiHCbKI YCTaHOBH, WIO
BUKOPHUCTOBYIOTh MEPCOHAIBHI JaH1 namieHTiB-rpoMajsin €C, Bxe 3 25.05.2018
3000B'13aH1 IOTPUMYBATHCS HOPM HOBOTO JIOKYMEHTa. 3a TMOpYIICHHS
Pernmamenty 3akiajg MOXXyTh omtpadyBaT Ha cymy 10 20 MitH €Bpo abo 10 4%
B1JI CyMH p1uyHOTO (piHAHCOBOT'O 00OPOTY 3a MOIepeHIi (hiHAHCOBHI PIK.

B onosneniii «Ctpaterii HalioHaNbHOT Oe3nekn YKpaiHmy», 3aTBEPIKEHOT
[Tpesunenrom Ykpainu 14 Bepecus 2020 poky, cepen IpiOpUTETIB HAIllOHATBHOT
O€3MeKN BKA3YEThCS «IOCUJICHHS CIPOMOXKHOCTEH HAI[lOHABHOI CHUCTEMH
kibepOe3nekn st e(eKTUBHOI MPOTHAlI KiOep3arpo3aM y Cy4acHOMY
Oe3nekoBoMy cepenoBunly. Y m. 52 Crparerii Bka3zyeTbes, 1Mo «OCHOBHE
3aBJaHHS PO3BUTKY CUCTEMH Ki10epOe3NeKH — rapaHTyBaHHS KIOEpCTIMKOCTI Ta
Ki0epOe3neKku HallloOHAJIbHOT 1H(POpMAaIIiiTHOT IHPPACTPYKTYpH, 30KpeMa B yMOBaX
udpoBoi Tpanchopmartii» [2].

bararouncieHHICTh €JIeMEHTIB KiOepImpocTopy, Ta B3a€MO3B'S3KIB MK
HUMH, MOXJIMBICTh  3aCTOCYBaHHS  CHEI[laIbHUX  TEXHIK  YMNPaBIIIHHA
IHTEHCU(DIKYIOTh PO3BUTOK PI3HOMAHITHUX 3arpo3. AJie Il ) cami 0COOJIMBOCTI
KiIOeprpocTopy MOXKYTh CTaTH BaXJIUBUM  (HaKTOPOM Yy  IIiJIBUIIECHHI
e(eKTUBHOCTI CHCTEM, IO 3a0e3MeuyioTh 3aXucT Biag  3arpo3. g 1poro
HEO0OX1THO KOOPAMHYBATH 3yCUJUISI BCIX 3aI[IKaBJICHUX YYACHUKIB Ta CTBOPIOBATH
BIJIMOBIJIHI MexaH13MHU. [loTpiOHO MpaBUIBHO MPOrHO3YBaTH HEOE3NMEKH W
OoOTpyHTOBAHO BHOMpPATH pallioHaNIbHI 3ax0au 3axucty. Came kibepOe3neka Mae
Ha METI po3B's13aHHA LIMX MUTAHb 1 3a0€3MEUYEHHS] HOPMAIbHOTO (DYHKIIIOHYBAHHS
KiI0eprpocTopy, 3aXUINAOYM HOro BiA 3arpo3 €(PEeKTHBHUM YHMHOM IpaBa
MAII€HTIB.

Cnucok BUKOPUCTAHOI JITEPATYPH:

1. Konmuernist po3BUTKY 1U(PPOBOT €KOHOMIKM Ta cycmiibcTBa Ha 2018 —
2020 poku: Posnopsyxkenns Kadinery MinictpiB Ykpainu Big 17.01.18 p. Ne 67-
p. Ypsanosuii kyp’ep. 11.05.2018. Ne 88.

2. Yka3z [Ilpesunmenta VYkpainm Ne392/2020 Ilpo pimenns Paau
HallloHaIBHOI Oe3meku 1 oboponn Ykpainu Bin 14 Bepecus 2020 poky «Ilpo
Crparerito HaI[lOHAJIbHOI Oe3mneKu VYkpainm». URL:
https://www.president.gov.ua/documents/3922020-35037 (mata  3BEpHEHHS:
26.02.2021).
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With the rapid growth of emerging applications like social network, semantic
web, sensor networks and LBS (Location Based Service) applications, a variety
of data to be processed continues to witness a quick increase. Effective
management and processing of large-scale data poses an interesting but critical
challenge. Recently, big data has attracted a lot of attention from academia,
industry as well as government. This paper introduces several big data processing
techniques from system and application aspects.

In the last two decades, the continuous increase of computational power has
produced an overwhelming flow of data. Big data is not only becoming more
available but also more understandable to computers.

Big data and cloud computing are both the fastest-moving technologies
identified in Gartner Inc.’s 2012 Hype Cycle for Emerging Technologies.

Then what is Big Data? According to Gartner, “Big Data are high-volume,
high-velocity, and/or high-variety information assets that require new forms of
processing to enable enhanced decision making, insight discovery and process
optimization.” According to Wikimedia, “In information technology, big data is
a collection of data sets so large and complex that it becomes difficult to process
using on-hand database management tools.”

In this age of data explosion, parallel processing is essential to perform a
massive volume of data in a timely manner. In contrast, the use of distributed
techniques and algorithms is the key to achieve better scalability and performance
in processing big data. At present, there are a lot of popular parallel and distributed
processing models, including MPI, General Purpose GPU (GPGPU), MapReduce
and MapReduce-like. The most widely used Big Data technologies
Y ARN/Hadoop, Spark, Flink and Hyracks/ASTERISK are presented in the next
section.

In many Big Data scenarios, Apache Hadoop has become the data and
computational standard for sharing and accessing data and computational
resources. Hadoop is a scalable open-source computation framework that allows
the partitioning of computation processes across many host servers which are not
necessarily high-performance computers. It has two main components: a
MapReduce execution engine and a distributed file system (DFS) called HDFS —
Hadoop Distributed FileSystem. The advantages of Hadoop mainly lie in its high
flexibility, scalability, low-cost, and reliability for managing and efficiently
processing a large volume of structured and unstructured datasets, as well as
providing job schedules for balancing data, resource and task loads. Hadoop
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evolved to YARN — Yet Another Resource Negotiator, delegating many
scheduling functions to per-application components.

Apache Spark is a unified engine for distributed data processing. It has a
programming model similar to MapReduce but extends it with a datasharing
abstraction called Resilient Distributed Datasets, or RDDs. Using this extension,
Spark can capture a wide range of processing workloads that previously needed
separate engines, including SQL, streaming, machine learning, and graph
processing. Spark was also designed to overcome the disk 1/O limitations and
improve the performance of earlier systems. The main feature of Spark is its
ability to perform in-memory computations. It allows the data to be cached in
memory, thus eliminating the YARN’s disk overhead limitation for iterative tasks.

Apache Flink is an open-source stream and batch processing framework for
distributed and high-performing applications originated from project. It is built on
the philosophy that many classes of data processing applications, including real-
time analytics, continuous data pipelines, historical data processing, and iterative
algorithms can be expressed and executed as pipelined fault-tolerant data flows.
Flink can run as a completely independent framework, or on top of HDFS and
YARN. It leverages in-memory storage for improving the performance of the
runtime execution. The main novelties of Flink in comparison to previous Big
Data technologies: a distributed data flow runtime that exploits pipelined
streaming execution for batch and stream workloads; exactly-once state
consistency through lightweight checkpointing; native iterative processing; and a
sophisticated window semantics, supporting out-of-order processing.

Hyracks/ASTERIX is a partitioned-parallel software platform designed to
run data-intensive computations on large shared-nothing clusters. Hyracks
includes a collection of operators that can be used to assemble data processing
jobs without needing to write Map and Reduce code. Moreover, it also provides a
Yarn compatible layer to run existing MapReduce jobs. Hyracks provides
performance gains over MapReduce through its more flexible user model, while
also being a more efficient implementation than Hadoop for MapReduce jobs for
a variety of data-intensive use cases. Hyracks also achieves fault recovery
performance gains over Hadoop by offering a less pessimistic approach to fault
handling.
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It is a clear fact that a greater role in enforcing online copyright plays
technology. So | will try to analyze of technical tools, that allow effectively
protect copyrights to published works in the Internet for copyright holders.

The issue of user copyright compliance becomes relevant with the
development of the World Wide Web. Due to technical progress and dynamic
increase of users number it is fair to say, that the international law in the field of
protection of copyright cannot protect the rights of the author's content, located in
the network.

As for the national legislation, it still does not contain norms that would
reflect the specifics of the use and protection of the work on the Internet. This
leads to even greater aggravation of the problem. Interestingly, that among
professionals is still no consensus over whether or requires legislative regulation.

The greatest damage gets online library of text, music and video files. The
owners of the copyrights have a choice from a wide range of both technical and
legal ways of control the deployment of content in the Internet until the violation
of rights to them. Technical means of protection of copyrights in the Internet we
can arbitrarily distributed on ways to identify objects of copyright law and related
rights, limiting access cryptographic transformation etc.

Identification of objects of copyright law carried out by using an
identification code, ISBN, digital signature, digital brand.

The ISBN (International Standard Book Number) isa numeric
commercial book unique identifier. ISAN is a numbering system for the
identification of audiovisual works. Digital ID DOI accompanying works or their
parts, allowing to trace the "fate" of the object in trade turnover.

Digital signature allows you to identify the true author of content.

The most common system is the "digital watermarks", introduced in the
content (text, images, and so on.). The main its advantage is the fact that user does
not see any encoded symbols - Icon copyright ©, name of author, year of
publication. However, with the use of certain software tool it is possible to prove
that the files contain additional information e.g. author.

It is possible to limit access to materials, which are located in the Internet,
providing access to resources for pre-payment. Also, author can use "digital
envelope" that involve concluding an agreement with the owners of resources in
the network. In addition, author may use methods of cryptographic conversion of
materials, such as encryption. It allows to limit or completely exclude the
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possibility of copying works (for example, SCMS system, which allows making
one copy of the document and prevents further copying of this copy).

Another way to protect content from improper usage in the Internet is
creating web-depositories, which allow you to capture objects of intellectual
property in the Internet and fix their legal status.

Owners of copyright can control the use of facilities in the Internet with the
help of:

- limitation of functionality. In this approach, the owner of the copyright law
allows the user to copy a work, which has functional limitations. This approach is
one of the ways of implementation in the life of the business-model as "try before
you buy" and "sell improved versions";

- use of code words. An original method of controlling the use of copyright
objects. It consists in introducing into the text rare and exotic words. By it author
can trace the use of his own work;

- "timer" setting. Similarly to the acceptance of functional limitations,
according to this approach, the owner of the copyright distributes functionally
complete object of intellectual property, but sets a date after which access to it is
impossible. One variant of this approach involves closing the seller's access to the
work after a certain number of uses (for example, after viewing a computer file
10 times it will be impossible to view more).

- protection against copying. Under this approach, the seller limits the
number of times when a computer file can be copied. Protection from copying
was the norm in the 1980s but later became out of use, because of users
complained on discomfort and the defense was easy to "break™;

- Cryptographic envelopes. Cryptographic envelopes - is software that
encrypts content so that access can be obtained only with the use of the proper
key to the cipher. The owners of the rights can defend their right to content,
distributing them in the cryptographic envelope and demanding of user fees for
key by means of which the work can "remove" the “envelope".

Thus, as we see, the authors have access to a wide range of technical means
to protect copyright on the Internet. The choice of method depends on the type of
the content, the objective form of existence and the limits of use established by
the author. However, none of the methods are fully effective, because the growth
of the commercial value of created content leads to creation of new ways of illegal
copying of objects of copyright law located in the Internet.
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XapKiBCbKHI HAlLlIOHAIBHUN YHIBEPCUTET PaAi0CTICKTPOHIKU
(61166, Xapxkis, npocn. Hayxku,14, kap. EOM)
e-mail: kateryna.melnykova@nure.ua

In this article, we will look at designing an automatic plant watering system
based on an Arduino board, which will provide periodic water supply to your
plants and send you signals about it. This system will be based on the use of a soil
moisture sensor, which will check the soil moisture level and if it is below a
predetermined level, the Arduino board will turn on a water pump to provide
water to the plants. The presented system will be of great help on farms, gardens
and homes.

B yac TeXHIYHOTO NPOPHUBY, KOJIM HayKa 1 TEXHIKA MMOCTIHHO pO3BUBAIOTHCH,
€ aKTyaJbHUM ICTOTHO CIIPOCTUTH Ta MPUCKOPUTH MPOIECH, MO SIKUX 3BUKIIO
CYCHITBCTBO. B gaHmii MOMEHT Ha KOXXHOMY KpOIl BIIPOBAKYIOTHCS
aBTOMATU30BaHI TEXHOJIOT1i Ta BAKOPUCTOBYIOThCS Y 0araTbox cepax JroIChKOi
nistmeHOCTI. [lepmni aBTOMaTm3oBaHi mpucTpoi 3’aBwimch y 60-x pokax XX
CTOpiuusi, ajge TUIbKM 3apa3 M[OYaJlochb iX AaKTUBHE 3aCTOCYBaHHS.
ABTOMaTH30BaHa CUCTEMa YIPABIIIHHSA — aBTOMAaTU30BaHa CUCTEMa, IIpU3HAYeHa
JUTsl aBTOMATHU3allil MPoIieciB 30MpaHHs Ta epecuianns iHopmarlii npo 00’ €Kt
yIpaBIiHHSA, i1 IepepoOJIeHHs Ta BUAA4l KEPIBHUX JI HAa 00 €KT yHpaBIIiHHS,
CYKYITHICTh MaTE€MaTUYHHUX METOMIB,TEXHIYHUX 3aco0IB 1 OpraHi3aliiHuX
KOMILJIEKCIB, 110 3a0€3MeuyoTh pallOHaJIbHE YHPAaBIiHHSA CKIAJHUM 00'€KTOM
ab0 MpoIEecoM BIAMOBIIHO 10 3a1aHOT METH.

HaiiBaxxnusime 3aBaanHs ACY — migBunieHHs! €()eKTUBHOCTI yNPaBIIIHHS
00'€eKTOM Ha OCHOBI 3pOCTaHHS MPOAYKTHBHOCTI TMpaill Ta BAOCKOHAJIECHHS
METO/I1B TUIAHYBaHHS MpOLECy YNpaBiiHHA. Taki CHCTEMH CHPaBHO MPALIOIOTh Y
0araTb0X CHUCTEMAaxX JOPOKHBOTO PyXy, B CUCTEMAX 1HPOPMALIIMHUX TEXHOJIOT1H,
chepax O13HeCy Ta MPOMHUCIOBOIO TOCIOAAPCTRA.

OO0’ €eKTOM JTOCIIIPKEHHS € aBTOMAaTHU30BaHa CUCTEMa YIIPaBIIiHHS MPOIIECOM
MOJIUBY 3a JIONIOMOT'0I0 MIKPOKOHTpOJIEpA.

[IpeameToM [OCHIPKEHHS — TEXHOJIOTIUHI IapaMeTpu Tpolecy, SKi
3aCTOCOBYIOTHCS JJI PO3POOJICHHS aBTOMAaTU30BaHOI CUCTEMU KEPYBaHHS HUM.

[Tpu po3poOiii cuctemu Ha movyaTkoBomy etarmi Oyio po3podseno IDEFO -
aiarpaMy, sKa rpadiqHo onucye cucteMy: 00'exkTu, QyHKIT uu mpoiecu. Mix
00'€eKTaMM MOJIE1 BCTAaHOBIIOIOTHCS B3a€EMO3B'SI3KY MIANOPAIKYBaHHS. Sk
MIPAaBUJIO, BUKOPHCTOBYETHCS IMPOILIECHO-OPIEHTOBAHE MiMOPSAIKYBAHHS, SKE
3aCTOCOBYEThCSl ~ TIPU  IPOILIECHO-OPIEHTOBAHOI  jetamizamii  QyHKIIT
(mocnigoBHICTh (PYHKIIIN, CKIaJA0BHX mpoueciB). Ha camoMy BepxHbOMY piBHI
HABOAMUTHCS Kiacudikallis O13HeC-TpoleciB 1 iX o0'eqHanHs B rpynu. B nanomy
PIBHI JlarpaMH OMHUCY€EThCA CUCTEMA B 3araJibHOMy BUTJISAIL. Jlo BXoAy Ha OJOK
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MOTA€ThCST HACTYMHA 1H(OpPMAIIiS: KUIBKICTh POCIIWH, HAaWMEHYBAaHHS JaHOI
POCIIMHHU Ta KpUTEPii pIBHS BOJIOTOCTI JUTsl JaHOT pocinuHu. Ha BUxo1i oTpuMaemMo
KepyloUdl CUTHAIW JJIsi TOJMBY TMEBHOI POCIAMHH Ta CTAaTHUCTUYHI JaHl IS
CIIOCTEPEKEHHS Ta BIAHOBJICHHS CHCTEMHU.

Jl51a HopManbHOI pOOOTH CUCTEMH, B Hili TOBHHHI OyTH MPUCYTHI OCHOBHI
KOMITOHEHTH, 1110 3'€THaHH1 MI>K c00010: Arduino Nano, TpaH3UCTOPHU, PE3UCTOPH,
CBITJIOJZIIOH, TaTYUKW BUMIpIoBaHHsA Ta myiata (PucyHok 1).
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Pucynok 4 — CxeMa cucteMu aBTOMaTHU30BaHOTO MOJIUBY

[lepeanpoekTHI JOCIIKEHHS BKIIFOUAIN PO3PaXyHOK XapaKTEPUCTUK JaHOT
cuctemu ta no0yaoBy IDEF(0-niarpamu npouecy aBTOMaTH4YHOTO MOJIUBY.
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Using the example of resistance calibration on a direct current, the features
of taking into account the distribution of input valuess in the procedure for
estimating uncertainty when using the method of excesses and propagation of
expanded uncertainty are shown. The procedure for estimating the measurement
uncertainty is described, and the uncertainty budget is given. An example of
uncertainty estimation of measurements when calibrating a resistance box P33
class 0.2 using a Fluke 8508A digital multimeter is described.

OueHMBaHWE HEONPENCIEHHOCTH MW3MEPEHUMM B AKKPEIWTOBAHHBIX
UCIIBITATENIbHBIX M KaJlUOpPOBOYHBIX  JTAOOPATOPUSIX  PETJIAMEHTUPOBAHO
MexkyHapoaHbIM ctangapTom [SO 17025:2017 [1]. IIpm aTom [ 1] mpeanuceiBaer
UCIIOB30BaTh B KA4eCTBE HOPMATUBHOIO JOKyMeHTa PyKoBOACTBO 1O

BBIDOKEHUIO  HeompeaeneHHoctn u3Mmepenuin  (GUM)  [2]. Onnako
ucnoas3oBaHnue GUM compsiKeHO C psAIoM HEJOCTATKOB, OCHOBHBIM U3 KOTOPBIX
ABJISIETCS HE3aBUCHUMOCTh MOJIy4Ya€MbIX OIICHOK paclMpeHHON

HEOIpPEAEICHHOCTH OT 3aKoHOB pactpeneneHus (PDF) BXOOHBIX BEIWYUH U
HaJW4Yu€ CMELICHUS YHWCIOBBIX 3HAYEHUW U3MEPSEMON BEIWYMHBI U €€
CTaHIAPTHOM W PACHIMPEHHOM HEOMNPEIEICHHOCTEW TPU  HEJIUHEUHBIX
MOJICJbHBIX ypaBHeHHMSX. MMeHHo mnostomy PabGoueit rpymmoir 1 (WG-1)
OObeIMHEHHOTO KOMHUTETa 10 pykoBoacTBaM B Merposorun (JCGM)
pa3zpadotano [Jononnenue 1 k GUM ocHoBanHoe Ha metoae Moute-Kapio [3],
YCTPAHSIIOUIEM YKa3aHHblEe HelocTaTKu. OAHAKO CIeQyeT OTMETUTh, YTO JaXe
IpU JIMHEWMHBIX MOJICJIBHBIX YPAaBHEHUSX U TayCCOBCKUX paclpeeleHUsIX
BXOJIHBIX BEJIMYMH OLIEHKU HEOIPEICICHHOCTH, MOIydYaeMble ¢ TOMOIIbIO [1] u
[2] oTmruarorest Apyr oT apyra [4]. [[puunHO 3TOMY SIBISIOTCSA Pa3HbIE MOIX0IbI
K OIICHUBAHUIO XapaKTEPUCTUK HEOTPEIETICHHOCTH TUIa A B 000UX TOKyMEHTaX
[4]. TloaTomMy mpu pa3paboTKe NpOLEIYyp OICHUBAHHUS HEONPEIACICHHOCTH
[[EJIECO00pa3HO OMUPAThCS Ha TMOAXOJbl, MTPHUBOASIINE K pe3yibTaTam,
COBMECTHUMBIM C pe3yJibTaTaMH, NoydyaeMbiMu MeToqoM Moure-Kapno. Takue
noaxoapl omucanbl B paspadoranHoi B HHI[ «uCTHTYT MeTponorum»
MPOLIEAYPE OLEHKU HEOIMPEAEICHHOCTH U3MEPEHUM, OJHAKO ATOT JOKYMEHT HE
COJICP)KUT MPUMEPOB HUCTIOIB30BAHHUS IIPEIJIaraeMbIX MOX0/10B. BocmonHss 3 ToT
npo0e, B cTatbe [S], Ha KOTOPOIl OCHOBBIBAIOTCS JJAHHBIE T€3UCHI, PACCMOTPEHBI
OCOOCHHOCTH yYeTa 3aKOHOB pachpeiciieHUH BXOAHBIX BEJIUYUH TMpU
OIICHUBAHUU HEOMPEACICHHOCTH U3MEPEHUH Ha NMPUMEpe KaTuOPOBKU Mara3nHa
COTNIPOTUBJICHUS.

92



BriBogbI.

1. Ilpu olleHMBaHUU HEONPEAEIECHHOCTH B KATHOPOBOYHBIX Ja00OpaTOpUAX
UCIIOJB3YIOT PyKOBOJACTBO IO BBIPAKEHHUIO HEONPEACICHHOCTH W3MEPEHHU H
JlonosHeHne K HeMy, OCHOBaHHOE Ha MeToie MoHnTe-Kapio, naromue paznnyHbie
3HAYEHUS HEONPEIEICHHOCTH  MpPHU JIMHEHWHBIX MOJEIBHBIX YPABHEHHUAX H
rayCCOBCKHMX PaclpeleiICHUAX BXOAHBIX BEIIMUHH.

2. Jlma ycTpaHeHHMs PacXOXKICHHUM B OIEHKaX HEOINPEIEIECHHOCTH
MPEIaraeTcsl MUCIOJIb30BAaHUE METOAA JKCIECCOB M 3aKOHA PaCIpOCTPaHEHUS
paclIMpeHHONW HEeONpeaACICHHOCTH, OIMCaHHbie B paspadoranHor B HHI]
«HCTUTYT  METPOJOTHM»  TPOLEAYpPE OLCHUBAHMS  HEOIPEICICHHOCTU
W3MEPEHUM.

3. PaccMoTrpensl mpoueaypsl OUCHHBAHUS HEOMPEACICHHOCTH MPHU
KaTuOpOBKE MarasMHa CONPOTHBJICHHUS Ha TIOCTOSSHHOM TOKE, COCTABJICHBI
OIOKEThl HEONPEIETEHHOCTH, KOTOPBIE MOTYT CIIY’KUTh OCHOBOM JIJISl CO3JIaHUS
IIPOTrPaMMHBIX CPEACTBA JJII aBTOMATU3allMM OLICHMBAHUS HEONPEEIECHHOCTH
U3MEPEHUI MPU KaJTuOpPOBKeE.

4. HccrnenoBaHue HEONPENEIEHHOCTH W3MEPEHHUM, NPOBOJHWMBIX IIPH
NOBEpPKE Mara3uHa conpotuiieHuid P33 ¢ momouipio nu@poBoro MyjiabTUMETPA
Fluke 8508A moka3ano XopoIllee COBMAJCHHUE IOJTYUYECHHBIX PE3YJIbTAaTOB C
OLICHKaMHU PacCIIMPEHHON HEONPEIEIEHHOCTH, MOIYyYaeMbIMU METOI0M MOHTE-
Kapio.
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The presented work is devoted to solving the problem of organizing online
meetings of the department. The project proposes the implementation of online
meetings in the form of voting. Implements the distribution of users by roles, the
creation of polls of various types, such as with one or more answer options, and
the ability to rank answer options. It is proposed to use the Schulte method to
implement voting with the possibility of ranking the answer options. The ability
to receive a list of meeting participants, send notifications by mail and a report in
PDF format.

Jlnst oOroBOopeHHs Ta NPUUHSATTS OyIb-SKUX PILIEHb II0J0 HAaBYAIBHOIO
MPOIIeCY y BUIUX HaBYAIBHUX 3aKjiajaxX, MPOBEIACHHS 3aXOiB IS CTY/ICHTIB,
BUPIIIEHHS CKJIAJHUX MHUTaHb MPOBOISATHCSA 3aciiaHHs Kadenpu. 3acimaHHA
nepeadayaroTh 300pu CIIBPOOITHUKIB /Ui BUPIIIEHHS TEPEJIiKy MOCTaBICHUX
NUTaHb. Y 0araThOX BUMAAKaX MPUUHSTTS PIlIEHHS TOTPEOY€E BpaxyBaHHS TyMKU
yCIX CIIBPOOITHUKIB IUISIXOM iX OMUTYBaHHS, 3aKPUTOT0 uu BiKpuToro. [Iporec
ONMUTYBAaHHS TIOJISATa€ B TOMY, IO BIAMOBIJATBHUMU OCOOAMHU 3aJar0ThCS
CHelllaJIbHI 3alMTaHHsA, BIATOBIAI Ha SKI JO3BOJISIOTH OTPUMATH HEOOXIIHI
B1JJOMOCTI 3aJI€KHO B1J METH 3acijaHus [1].

VY cydacHMX yMOBax Bce OLIbII aKTyaJbHUM CTAa€ BUKOPUCTAHHS 3ac00iB,
1o 3a0e3MeuyloTh MPOBEACHHS 3acCilaHb Ta 1HIIMX 3aXOMAIB Y JUCTaHIIHHOMY
dopmari. Lle 7103BoIIsIE NUCTAHLIIMHO MPUUMATH YYacTh CIIBPOOITHUKAM Mij Yac
KapaHTWHY, YA MPU IHIIAX TPHYWHAX, 0 YHEMOXKIIWBIIOIOTH MPUCYTHICTH Y
€IMHOMY IPUMIIICHHI.

IcHye OaraTto BHIIB ONHUTYBaHb, ajge Ha OUIBLIOCTI CEPBICIB Yy MEpexi
[HTEpHET, MPU3HAYCHUX IS IILOTO, pealli3oBaHa MATPUMKA OTTUTYBaHb y BUTIISII
rOJIOCYBaHHsI, TaKOX caMe I BHWJ ONMUTYBaHHS HAWOLIbINE MIIXOIUTH IS
BUKOPHMCTAHHS MPH MPOBEACHHI 3acifianb [2]. ['omocyBaHHS — cIOCIO IPUAHATTS
pIIIICHHST TPYIIOI JIIOJIEH, MpU SKOMY 3arajibHa AyMKa (POPMYETHCS ILISIXOM
MipaxyHKy TOJ0CIB ujieHiB 3aciganns. HaitOubin 3aTpeOyBaHUMY HA JaHUH Yac
€ TOJIOCYBaHHS 3 MOKJIUBICTIO BUOOPY OJHOTO YM KUTHKOX BapiaHTIB BiATMOBIII,
ab0 BHOIp NUISIXOM po3cTaBlieHHs npiopuTeTiB [1]. [ns peanizaliii Takoro BUAY
rojiocyBanb Moxke 0ytu Bukopuctanuit meron lllynene [3]. Ha xans, icHyroul
OHJIAH-CEPBICH MIATPUMYIOTh TUIBKHU FOJIOCYBaHHS 3 MOXKIIMBICTIO BUOOPY JIMILIE
OJIHOTO 3 JEKUIBKOX BapiaHTIB.

OcHoBHa imes pamxyBaHHs 3rigHO Metonay lllynpie momnsrae B ToMmy, 110
nepeMarae Ta KaHAWAATypa, sSKa OTpuMajia HaMOUIbINY KUIBKICTh BHUCOKHX
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piOpUTETIB, TOOTO Ta, sika HaOpana HailOiuIbIIe OamiB, a He 000B’SI3KOBO Oyia
oOpaHa 3 MepIIuM MPIOPUTETOM HAHOIBIIOT KITHKICTIO KOPUCTYBadiB. Brucokwmii
MpIOpUTET Ma€ HAHOUIBIIMIA Oa, a HU3bKUM, BIAMOBITHO, HAMEHIITHI 0aj, abo
BIJICYTHICTh OamiB B3arami. SIKIIO TpH MiApaxyBaHHI TOJOCIB BHUSBISETHCS
JIeKIJIbKa KaHAMJIATIB, SIKI MAlOTh OJIHAKOBY KUTBbKICTH OaiiB, TO IIepeMarae TOH,
3a KOT'0 MPOroJjiocyBajia OiibIla KiIbKICTh PECIIOHICHTIB [3].

3anponoHoBaHe B poOOTI pIlIEHHS € Be0-3aCTOCYHKOM, IO J03BOJISIE
BUKOPHUCTAHHS CEpBiCy Ha OyIb-SKOMYy 3 TMPHUCTPOIB. ApPXITEKTypa pillICHHS
3acHoBaHa Ha mabJoHi npoektryBaHHs MVC (Model-View-Controller, «Mozeins-
Vasnenusa-KonTposnep»), mo 3abde3neuye MOAUT JTaHUX IMPOrpaMu, pearizallii
PU3HAYCHOTO ISl KOPUCTYyBada iHTepQeiicy 3aCTOCYHKY Ta Kepyrouoi JOTiKA Ha
TPU OKPEMHX KOMIIOHEHTH: BIAMOBITHO MOJIENb, ySIBICHHA Ta KOHTpoJep. Taka
noOysioBa 3aCTOCYHKY 3abe3nedye He3alekHy MOAUQIKAII0 KOXHOTO
KOMITIOHEHTA OJIUH B1J] OTHOTO (PUCYHOK 1).

User Request Routing Database
atabase

AT

View Controller Model

Pucynox 1 — ApxiTekTypa Be0-3aCTOCYHKY

VY Be0-3aCTOCYHKY peai30BaHMil PO3MOJLT KOPUCTYBadiB 3a POJISIMH,
CTBOPEHHsI OMHUTYBaHb PI3HOTO TuIy (3 OJHUM ab0 KUIbKOMa BaplaHTaMu
BIJINOBIJIEH, UM MOXMJIMBICTIO paHXyBaHHS BapiaHTIB BiAmnosiaeit). OcobiuBe
3HA4YeHHs Yy KOHTEKCTI POBEJCHHs OHJIAH-3aCilaHb Y HaBYaJbHUX YCTAHOBAX,
MarOTh MOKJIMBOCTI (DOPMYBaHHS Ta OTPUMAaHHS MEPENIKiB AKTUBHUX YYACHUKIB
3yCTpiul, iX CIHOBIIICHHS MIJISXOM TIOMITOBOI PO3CUJIKA Ta aBTOMAaTHU3aIlis
MIArOTOBKH 3BITIB 3ax01y y (opmati PDF.
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The paper analyzes the factors that affect the throughput of virtual tunnels
built in a heterogeneous computer network using VPN technology. The Hoare
mathematical apparatus is used as the evaluation mechanism.

The success of modern Internet business directly depends on the
infrastructure that implements it. The main factor that underlies the fault tolerance
of such infrastructures is the use of resource redundancy schemes. That is, by
creating schemes with a high level of redundancy, it is possible to achieve
imperceptible for users mode of switching of serving services to use redundancy
schemes.

Promising in our time is the model of using cloud technologies, and the
scheme to increase redundancy is the duplication of cloud infrastructure on the
basis of other service vendors. Thus, the scientific and applied problem of creating
reliable communication channels with a high level of security in data replication
between cloud sites and estimating the capacity of such channels is relevant.

As the most popular solution in this paper we consider a solution using VPN
(Virtual Private Network) technology. VPN is a secure virtual network that allows
secure transmission of data over unprotected computer networks, such as the
Internet.

The target function, which can be used as a mathematical form of writing the
work problem has the form:

ZV:KN — min

n=1

T, —> min, 1 I, — min

VPN
9, > max

9, — min

where Typy is the data transfer time in the VPN tunnel;

K, . network delay s-segments of a heterogeneous computer network;

I VPN tunnel rearrangement time in case of "service failure" error;
e, r - elastic and inelastic data types transmitted between nodes through the
tunnel.
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Let's take an example. Figure 1 shows a scheme with six intermediate
networks marked by semicircles. Each of them is characterized by its own
bandwidth, which depends on the factors given in the mathematical model. The
time it takes to transmit data between nodes is calculated as the sum of times: t1,
t2, 13, t4, t5 and t6. It is also important to point out that delays at the border nodes
may have an insignificant effect. To estimate the capacity of such a network, it is
advisable to use the mathematical apparatus discussed above.

o
5
=

USERS

ALIS NIVIN JHL HLIM 38071V V SYM JY3IHL 41 NOLLD3HIO3Y

MIRROR

Figure 1 — Example of a heterogeneous network in which virtual tunnels
between reference nodes are used

Thus, this paper presents a method for estimating the throughput capacity
of a VPN tunnel in a heterogeneous computer network.

References:

1. TkauoBa B.M. Amnamiz MeroaiB 3a0e3leyeHHS B1IMOBOCTIMKOCTI
oBepiieiinnx Mepexk /| B.M. Txkauoma, K.II. I'Bo3mernska // TIpoGnemu
iH(opmaTu3zamii : Te3u aom. 8-1 MbKHAp. HayK.-TeXH. KOoH(., 26-27 nucromnama
2020 p., m. YUepkacu, M. XapkiB, M. baky, M. benbcbko-bsana. T. 1 / Uepk. nepx.
TEXHOJIOT. YH-T [Ta iH.]. — XapkiB, 2020. — C. 44.

2. Tkachov, V., Bondarenko, M., Ulyanov, O., & Reznichenko, O. (2019,
December). Overlay Network Infrastructure for Remote Control of Radio
Astronomy Observatory. In 2019 IEEE International Conference on Advanced
Trends in Information Theory (ATIT) (pp. 161-165).

3. Tkachov V.M. Architecture of Overlay Network with Nested VPN
Tunneling / V. Tkachov, M. Bondarenko, M. Hunko // Cy4acHi Hampsmu
pPO3BUTKY 1H(HOPMAITITHO-KOMYHIKAIIMHUX TEXHOJIOTIM Ta 3ac00iB ympaBIiHHS:
MaTepiaiay ecATol MIXKHAPOJHOI HAYKOBO-TEXHIYHOI KOoH(pepeHiii. — baky: BA
3C AP; Xapkis: JAIT « XHJII TM»; Xumna: YMXK, 2020. — C. 36.

97



ANALYSIS OF MULTIMEDIA DATA REPLICATION METHODS
Hvozdetska Kateryna
Scientific supervisor - candidate of technical sciences, associate professor
Tkachov Vitalii
Kharkiv National University of Radioelectronics
14 Nauky ave., Kharkiv, 61166, EOM department, tel. (057) 702-13-54
e-mail: kateryna.hvozdetska@ieee.org
This work is devoted to the analysis of existing methods of data replication
when using the scheme of increasing fault-tolerance of servers with multimedia
content. It analyzes such methods as detachment/attachment method, one-way
and two-way replication methods.

Data replication is an important mechanism for ensuring data integrity. For
all these replication types, the multimedia data of the primary server must be used
as a data source to create a replica. All types of such data are supported in both
network-connected and standalone environments [1-5].

So, let us analyze these replication methods:

- attached/detached replication allows you to edit the data of a child replica
and then synchronize those changes with the parent replica;

- one-way replication allows for repeatedly sending data changes either from
the parent replica to the child replica, or from the child replica to the parent
replica;

- two-way replication allows sending data changes from the parent replica to
the child replica or from the child replica to the parent replica multiple times. If
the same row is edited in both replicas of the multimedia database, a conflict will
be detected when the replicas are synchronized. Reconciliation policies are
available to resolve conflicts.

Next, it is reasonable to analyze the circumstances when it is appropriate to
choose one or another type of replication.

If it is necessary to create a replica in personal or file databases of multimedia
data, one should use detached/attached or unidirectional replications.

However, if licensed media content is used to edit the data of a child replica,
then personal media storage databases of system users should be used as the target
database.

Using such a media database instead of a shared or file database will allow
two-way replicas to be created. By using two-way replicas, it is possible to
synchronize changes many times without having to create replicas again.

One-way replication would be ideal if there is a need to publish changes from
the main production server to the server that publishes data to a specific user
community (topic group).

One-way replication provides one-way synchronization of changes and does
not require the child replica data to be versioned when using a simple data model.
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When using a simple model, the fact that the types are simple makes the data
more versatile because it does not need to conform to complex data structures,
such as Esri.

When implementing a one-way system, where the child replica data may
sometimes need to be edited, two-way replication should be used. Because one-
way replication will have the child replica data as read-only, synchronization can
overwrite changes made to the child replica data.

The two-way replication conflict detection logic will flag these differences
as conflicts. This will allow the system to decide how these differences should be
resolved. Two-way replication allows data to be exchanged in both directions, but
it will also work in cases where you only need to send changes in one direction.

Thus, this analysis shows in which cases it is reasonable to use one or another
type of multimedia data replication.

The using of the proposed solution significantly simplifies the stage of
designing and creating large distributed systems for storing large amounts of
multimedia data. The quantitative effect is about 8-10 percent compared to other
approaches.
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The use of a large number of different network devices is a pattern within
Industry 5.0. Increasing volumes of data lead to congestion in existing networks.
The work is devoted to the review of solutions to the problem of elastic data
transmission in heterogeneous networks and ways to avoid this kind of
congestion.

The rapid development of the next industrial revolution and the emergence
of the concept of Industry 5.0 have led to the fact that the data streams that
circulate on the Internet are often unable to adapt to all their infrastructural
features. Consequently, the stack of 4G networks and high-speed fiber optic links
Is a prime example of this challenge.

Due to the fact that elastic traffic (video, voice, IP-telephony) in low-speed
segments of heterogeneous networks formed from the above stacks occupies a
monopoly position, the fast transfer of elastic traffic (offline content files) is out
of the question. At the same time, there is an urgent need to transmit high quality
multimedia to users of wireless, including mobile networks [1]. Providers of data
transmission services strive in every possible way to normalize data flows, which
directly affects the level of services provided.

Thus, the task of analyzing the existing solutions for elastic data transmission
in heterogeneous computer networks with minimal losses of inelastic traffic in the
service packages of providers is relevant.

So, let us analyze the main approaches to minimize delays in elastic traffic
transmission. First, in order to ensure acceptable quality of multimedia data
transmission, applications and sites impose strict conditions and restrictions for
data transport, introducing criterion base for authorized users, unauthorized, but
such who make up the core audience and users who are new. Among the sub-
criteria that affect this are: time delay value and packet loss rate [2].

The disadvantage of this approach is the need to accumulate a lot of
information about users, which is quite veiled in the field of international law.

The second solution is based on the principles of buffering and intermediate
storage of data on the nodes. This solution is well-proven and used on Tier-2
routers.

The peculiarity of the solution is the use of infrastructure for buffering as
opposed to destroying data packets that overflow the internal buffers of the
network nodes.
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Thus, a virtual superstructure is created, which allows with less speed, but
still achieve the maximum of the target function to serve users, while in the first
case, such users received denial of service [3-5].

However, the disadvantage of this solution is that several vendors
monopolize the services of such a data transmission solution, and private solutions
offer the use of virtualization technologies, which introduce additional delays in
elastic traffic transmission processes.

Thus, the analysis of the main solutions for the problem of elastic data
transmission in heterogeneous computer networks shows the effectiveness of
combined approaches.

As further work in this area it is necessary to consider such issues:

- the relevance of creating combined models based on the existing approach;

- assessment of the degree of heterogeneity of computer networks;

- assessment of the security performance of virtual networks for elastic data
transmission;

- analysis of technical solutions into which the developed approaches can be
integrated.
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The task of developing a software package to determine the occupancy of
the communication line is relevant and in demand today. For this development it
IS not enough only to develop the program, also dangerous permissions are
needed. This publication deals with the specifics of granting permissions.

In order for the Android cellular network occupancy application to work
correctly, you need to grant permissions. A little more detail about permissions
and granting permissions in Android OS. The Android operating system is
designed in such a way that in order to perform certain operations or access certain
resources, the application must have permission to do so.

Some permissions require more attention than others. Some of them, like
accessing the Internet and stopping background processes, belong to the «normaly»
category, because they are not dangerous for the user.

Others, such as accessing the calendar and contacts, recording audio, using
wearable sensors, and reading data from external storage, are considered
dangerous.

Users of Android 6.0 and newer versions can choose which permissions to
give to apps after they are installed. In earlier versions, there was no choice.
Cybercriminals have learned to use this to their advantage.

Now that security loophole has been closed. As of August 1, 2018, Google
requires apps to be compatible with an Android version at least 8.0.

Since app permissions must be granted before installation, it's important to
know how they can affect privacy. There are nine groups of dangerous
permissions. If a user grants or denies one of the permissions in a group, that
choice extends to the other permissions in the same group.

The groups are:

- wearable sensors;

- calendar;

- camera;

- contacts;

- location;

- microphone;

- telephone;
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- SMS;

- memory.

For the application to work correctly, one of the prerequisites is the condition
of granting permissions. For this application it is necessary to grant permissions
to the Internet and contacts.

<manifest xmlns:android:

android
android
n android:name

Fig. 1 - Example of granting permits

It is also worth noting that permissions must be written in the manifest and
requested in the Runtime.

Additional features of mobile app development, such as resource
optimization, testing, and publishing the app to the Google play console are
suggested for further publications.
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Today, mobile devices are more than a communication device, but also a

personal assistant, a planner and a device for entertainment. but still the main
unchanged function is the possibility of voice communication through cellular
communication. We propose to develop a software package to determine the
occupancy of the communication line.

Mobile devices running the Android OS are the most popular mobile devices
in the world. According to indicators - about 55% of people use Android
smartphones. Thus, it will be convenient to know the line status of the expected
interlocutor [1][2].

No
Yes

Phone is
running?

No—

~{

Fig. 1 - Block diagram of the proposed program
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During the analysis of this problem was proposed a block diagram of the
algorithm (Fig. 1) of the program to determine the line availability of the called
party [3].

The user launches the application and requests the availability of the line of
the interlocutor, who needs to make a call. The application checks whether the
line is busy and whether the phone is running. Determining if the phone is on
allows us to determine if the interlocutor's device is turned on or if he or she is
within range. It is worth noting that the application will work correctly if four
conditions are met:

- the app is installed;

- the application is running or in autorun;

- the necessary permissions are given;

- the mobile Internet on the device is enabled.

At first glance, it may seem that nothing will happen that could cause the
application to work incorrectly. But in fact all of the above conditions must be
met.

Thus, this task is relevant and requires further development. For further
research it is proposed to study the features of granting permission to use the
mobile Internet, check the call log, optimize battery power consumption, optimize
the load on the main physical components of the device, as well as research the
impact of this application on the device security and privacy of the user.
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Mobile applications are becoming a part of our lives more and more firmly.

Today, the most popular smartphones are those running Android and OC IOS.
However, the use of devices running Android OS keeps at the level of 50-55%,
making this platform the most popular. Thus, the development of an application
to monitor the state of the network is an urgent task.

The development of modern mobile applications has become more relevant
than ever. According to global research, more and more people prefer mobile
devices to computers. Thus, developers are being forced to develop applications
for mobile devices, in particular those running on Android.

The Android OS began its development in 2003. It was founded by a group
of talented developers who began to experiment and create designs for gadgets
that could go online and run on the open-source operating system they wrote [1].
Perhaps the most famous person in their team is Andy Rubin.

The domain android.com, which they once bought, became the name of their
development. By the year 2005 the working version of Android was created and,
after negotiations in August 2005, Google bought the Android company for $130
million, and the development team moved to Google. As time has shown, the deal
turned out to be an extremely profitable investment for Google [2].

It took a long time to improve the platform, but in 2008 there was the first
smartphone on the open operating system Android, released for sale (it was
presented by the brand NTS), which in the future received an update to the system
available to all users [3].

The new convenient open-source system allowed anyone to write programs
for it, the mass appearance of which was not long in coming. Thus, the Android
platform provided flexible and easy ways to personalize any smartphone for a
particular user.

Android is one of the first to be able to update software over the air, that is,
without using a computer for this purpose. Each subsequent version fixes bugs of
the previous one. The closer the device model is to the top model, the longer
support for updates it will receive.

Given the advantages of this OS, users are loyal to such disadvantages as a
record load on the battery, compared with competitors, not the highest system
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stability, often low-grade applications, openness to viruses and low level of
security of user data.

And, despite the fact that the brand NTS noticeably lost its prevalence at this
time, in 2009 a lot of devices running Android OS began to gain mass popularity.
For the average consumer the benefits of Android are manifested in the following:
the ability to configure the smartphone by yourself, the choice of appearance of
the menu, the choice of a variety of programs, the ability to support files in
different formats, the rapid transfer of information from the device to another
device, etc.

Thus, cell phones are not only a means of communication, but are beginning
to replace the full-fledged computers with their own environment, their own
applications and their own features. But in spite of all the mentioned, the main
task of the mobile device is to keep in touch.

For the convenient use of cell phones will be appropriate to develop a
software package, which will monitor the status of the mobile network of the 2nd
user and notify the 1st user about it, provided they both install and provide
permissions. Thus the application will work on the principle of peer-to-peer.

Communication between peer-to-peer networks should take place by
transmitting information through the mobile Internet of each device. This method
has a clear disadvantage: today there are large areas where there is no coverage
by mobile operators. However, despite this disadvantage, this method has
advantages: simplicity and convenience. Thus, the use of a mobile network is the
most rational for this task.
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The Arduino is one of the most successful open source hardware projects in
the world. Arduino boards based on open designs released by the team of
developers have been fabricated in many countries that have made the boards
popular. The usage of this platform allows students to get knowledge in hardware
and electronic schemes.

The modern market of IT services is increasingly in need of specialists in the
field of embedded systems, in particular with a specialization in hardware
platforms. According to the results of a number of rating surveys, one of the
easiest to learn is the debugging platform Arduino [1]. Thus, the purpose of this
work is to analyze the features of the use of the Arduino platform in the
educational process to create principles that are the basis for knowledge by
specialists in the development and programming of microcontroller systems.

The development of the Arduino platform dates back to 2005, when the task
arose to create a debug board that would meet such requirements as: easy to use
by specialists, adaptive when connected to various devices (for example relays,
motors, sensors, etc.), free in programming in one of the basic programming
languages (based on the C++ language, which has undergone some changes and
was called Arduino C); economically feasible, as the market was focused on
students and people who can not spend enough money on their education.

The technological feature is that when choosing a microcontroller for the
platform, a family of 8-bit AVR microcontrollers was chosen. This is justified by
their speed. In turn, the speed is achieved due to the fact that most instructions on
AVR-microcontrollers are executed in one cycle, on analogues - at least several
cycles. Another feature is that each board has a ready-to-use firmware on its
microcontroller. This allows you to use the platform immediately by connecting
it to a device (on which the IDE is pre-installed) with a USB-Type-B AM-BM
cable and downloading the appropriate software through it.

Consider the features of the most commonly used features and functions of
the platform. Arduino LLC currently provides more than 16 assembled platforms
[2]. The smallest platform has 14 digital inputs / outputs. In particular, 6 of them
can be used for pulse-width modulation when the sawtooth signal is generated by
an N-bit counter. The board also has 6 analog inputs / outputs that allow the user
to interact with analog devices.
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It is worth noting that the digital outputs have a certain frequency. In
particular, in the periods of signals between the fronts of the clock pulses at the
digital output, you can keep a high or low signal level. Approximating the
dynamics of change allows you to assess the state of the device depending on the
tasks it performs. If necessary, the number of inputs / outputs can be scaled using
additional expansion cards.

At the turn of 2010/20, the Due board, which is based on the ARM Cortex-
M3 architecture, entered serial production. This architecture is characterized by
the following parameters: 32-bit core, core frequency is 84 MHz and flash
memory is 512 KB. When using the Arduino platform, the following
disadvantages should be taken into account: higher price for more powerful
implementations, uneven power consumption of components, difficulty in
organizing autonomous power systems.

In recent years, a modern implementation of the Arduino Yun has appeared
on the market. It is built on the Arduino Leonardo platform, but differs in the
presence of a Wi-Fi and Ethernet module (in previous versions, Wi-Fi and
Ethernet modules could be connected separately). The innovation of the platform
is that it was controlled by a combination of ATmega32u4 microcontroller and
Atheros AR9331 SoC, running the Linilo distribution (that is modified OpenWRT
distribution [3]). Thus, the developers of the Arduino platform have expanded the
range of tasks that can solve their Arduino Yun.

Summarizing the above, it can be noted that the use of Arduino debugging
platforms in the educational process allows to increase the level of proximity of
the recipient of knowledge in the field of computer engineering in order to become
a qualified specialist in the subject area.
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Raspberry Pi is the name of a series of single-board computers and high-
performance microcontrollers. First of them was launched by the Raspberry Pi
Foundation in 2012. A UK charity that aims to teach people in computing and
provide them with easy knowledge in the Internet of Things, giving a big
opportunity to use their products. Also it is cheap and costs less than 35 $ and
there is a model that costs only 5$.

The methodology of training specialists in the field of computer engineering
Is based on a number of principles based on the proposals of employers, graduates
and students themselves. These principles are regulated by state standards in the
field of higher education and organically combine the requirements of industry
and basic training of higher education [1].

The purpose of this work is to analyze the methods of using one of the most
popular platforms Raspberry Pi (RPi) in the training of specialists in the field of
computer engineering. The RPi platform has a large number of release lines that
have a common concept, but different power, design or component base [2-3].

An RPi is a single-board mini-computer that runs on a unified operating
system (OS). The most used is Linux. This is due to the fact that it requires 35
MB of RAM. The use of other operating systems may require other technical
characteristics of the boards.

The first RPi run requires the Linux kernel to be installed on the device's
RAM. A flash drive is used for this purpose. There are many Linux distributions
that are designed for different tasks, but usually use Raspbian Jessie or Ubuntu
distributions. They are based on the Debian distribution and have a high level of
reliability. It should be noted that some modifications of the RPi platform can
work with Windows 10 IoT Core. This increases the popularity of the platform in
the training of computer engineers.

The use of mini-computers in the educational process is explained by the fact
that the use of microcontrollers and debug boards has a number of limitations in
the application of practical knowledge. Unlike the Arduino, RPi supports
peripherals via USB, HDMI, RCA Jack, Ethernet and built-in Wi-Fi and
Bluetooth modules. The RPi also has at least 40 GPIO pins for connecting sensors,
expansion modules, and more. The use of single-board computers has gained
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popularity due to a strong community of experts who support the updating of the
technical literature on project development on RPi .

Let us analyze the main methods of using the RPi platform:

- use of the platform in information communications. The platform allows
you to install a virtual PBX Asteriks. The essence of the projects is that you need
to build a GSM gateway based on a mini-computer, connecting a 3G/4G modem
and configuring the Asteriks channel driver. On request, you can install the
graphical interface FreeBPX or RasBPX;

- use of the platform in the media space. Because the platform has the ability
to connect to the Internet, it can often be used to manage network hard drives with
SSH access. In particular, RPi supports Consumer Electronics Control
technology. Thus, to control peripherals that are connected via the HDMI port,
you can only use the remote control when viewing media content, etc.;

- use the platform as a control mini-computer for a smart home. Based on a
satisfactory level of computing power, the platform can integrate a large number
of controllers connected to the RS-485 bus to service multiple devices. The
technical features are that the RS-485 bus connects to the web server, which is
organized on RPI, via the RS-485/UART converter. The web interface of the
system allows you to control all devices and receive information from them about
their status in real time. And due to the network interface, you can organize remote
control of the system via a 3G/4G modem.

These are not all areas where a mini-computer can be used, but the above is
enough to conclude that RPi provides many opportunities in the training of
computer engineers.

Thus, by organically combining the principles of using RPi with other
platforms, it is possible to create methodological principles of software and
hardware training in computer engineering. The new knowledge will also increase
the level of knowledge when working with specific operating systems based on
the interaction of computers, peripherals and microcontrollers.
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The analysis of the peculiarities of the creation of voice transmission
technology through packet networks is performed in the work, taking into account
that the role of the PBX is performed by the virtualized cloud platform. The work
is a review work and is devoted to the promotion of the use of modern cloud
technologies within the concept of Industry 5.0.

The development of IP telephony has radically changed the speed of voice
information. The transmission of voice information over an IP network imposes
much stricter requirements on the network infrastructure than any other
application. The degree of network availability, packet loss and time delays can
have a significant impact on the quality of voice communication [1-2].

To eliminate the factors of negative impact on the network on the quality of
communication, it is necessary not only to design the network itself, but also to
regularly monitor its operation, traffic analysis and its modeling. Of course, the
data network itself is not the only possible source of various communication
defects, problems can also be caused by poor quality headsets, unprofessionally
configured digital-analog gateways, and so on.

While traditional computer voice data networks were based on circuit-
switched trunks for telephone traffic, voice packet-switched technology is now
increasingly being used. This method of voice transmission is called IP-telephony
or VolIP.

In recent years, the interest of various actors in the information services
market (telecom operators, Internet providers, equipment manufacturers and
users) has grown tremendously in this type of communication, due to the
development of new standards and protocols, when IP-telephone conversation
came close to quality to a telephone conversation on classic telephone networks.
This is due to the fact that IP-telephony can significantly save the required
bandwidth, which inevitably leads to lower tariffs, especially for long-distance
and international telephone calls. Despite a number of problems with the
introduction of new technology (the difficulty of ensuring high end-to-end
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telephone quality, incompatibility of equipment from different manufacturers, the
high cost of hardware and software), IP-telephony (including web applications)
allows users to offer completely new, impossible for traditional telephony
services and applications [3].

The concept of IP telephony service provided by a virtual hosting provider
implies not only the use of the Internet as a medium for voice transmission, but
the use of the IP protocol and technologies that provide reliable and high quality
voice information in packet switched networks. The lack of guaranteed quality of
service in speech transmission is compensated by the emergence of technologies
such as Multiprotocol Label Switching MPLS, Resource Reservation Protocol
(RSVP), Differentiated Services (DiffServ) and others.

It should be noted that the standardization of voice technologies based on the
TCP / IP stack and their support by the leaders of the packet telephony market
ensure the compatibility of equipment from different manufacturers and allow
creating systems in which calls from analog telephone connected to the router port
to a personal computer. or from a personal computer to a PSTN number in three
IP telephony scenarios.

So, the introduction of VolP-telephony services allows to obtain both
advantages in the quality of telephony services and to ensure the appropriate level
of cybersecurity when transmitting voice data in public networks.
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The abstracts are devoted to an analysis of the factors that influence the
performance of cloud infrastructure components in which services are provided
according to the 1aaS model, and evaluation of the performance of such systems.

The paradigm for building cloud infrastructures nowadays is primarily
related to the use of nested virtualization methodology [1-2]. This methodology
Is based on a number of principles, models, methods, and the technologies that
implement them [3-4]. Most of them are devoted to solving the general problem
of increasing the reliability of the above class of infrastructures by creating
redundancy systems. At the same time, the task of evaluating the performance of
cloud infrastructure components when selecting a service usage scheme is
relevant.

In this paper, Infrastructure as a Service (1aaS) model is considered as a cloud
infrastructure. 1aaS is a service model within which the consumer is allowed to
manage data processing and storage facilities, communication networks and other
fundamental computing resources on which the consumer can host and install any
software, which may include operating systems and applications. The consumer
does not control the physical and virtual infrastructure that underpins the cloud,
but it does control the operating systems, storage systems, installed software and
has limited control over certain network components and host firewalls. The task
of assessing performance is complicated by the fact that the end user cannot
always obtain information about the physical infrastructure of the server, cluster,
data center.

When leasing virtual infrastructure from an laaS provider, there are different
scales of laaS services: virtual server (VPS/VDS) and virtual network. In the first
case, a customer rents a single virtual server; in the second, it rents a pool of virtual
servers with the option of consolidating them into a virtual container.

As a mathematical model to estimate performance of the laaS infrastructure
components we propose to use:

i l0g B(t)
S(I)=Iim o
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where S(1) is the computational capacity of the component, defined by the
execution of I-tasks; B(t) - the number of different tasks whose execution time is

equal to t.

As a result of experiments, using tools [4], a comparative analysis was
carried out to obtain an estimate of the performance of laaS infrastructures of
Google Cloud vendors and their own. The task chosen was a search for prime
numbers using the Sundaram lattice method. The detailed conditions of the
experiment are described in the report.

The results showed that Google Cloud uses an approach that does not allow
monopolization of computing resources, i.e. its virtualization concept is nested,
its own infrastructure natively demonstrated the lack of nested virtualization
system, as monopolization of resources took place. Thus, the paper proposes
further research using the proposed approach to evaluate the performance of cloud
infrastructure components.
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The thesis is devoted to developing scenarios that are designed to improve
the performance of cloud infrastructure, which is built using the principles of
nested virtualization. The paper presents recommendations for the practical
application of scenarios in the installation of different types of clouds.

In developing countries, the cloud service delivery model is based on the
principles of nested virtualization [1-2]. Service providers, in order not to create
their own physical infrastructure, buy ready-made solutions in the form of virtual
superservers. These super servers are used as virtual data centres to provide
various hosting services, etc. The degree of nesting has a direct impact on the
performance of end-user virtualisation systems. Thus, the task of developing
scenarios to improve the performance of cloud nested infrastructures is relevant.

As a result of the subject area analysis, the following performance
influencing factors have been identified: connectivity of physical infrastructure
components, type of virtualization and physical and logical architecture of the
virtualization system.

A key factor is the physical architecture of the virtualisation system as a
source of resources for the end-user. After analyzing the existing server chassis
types, it can be seen that the best solution is to choose a Blade server. The main
advantage of this scenario is: hot-swappable components, which increase fault-
tolerance and reduce the time of service failure in case of hardware failure. To
evaluate the hardware components are used the following software products:
vCenter Performance Counters - performance counters, the graphs of which can
be viewed through the vSphere Client. Information on these counters is available
in the WEB version of the ESXTOP client - a utility that runs from the ESXi
command line. It can be used to retrieve real-time performance counter values.

These tools allow you to create scenarios to improve the performance of your
cloud infrastructure using nested virtualization. They show frequent problems in
the organization of physical system components, such as insufficient CPU
frequency, improper sizing of virtual machine cores, and imbalanced CPU usage
by CPU on the server [3].

Another important factor that affects performance is the coherence of the
logical structure of the virtual server. It depends on the placement of its
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components, the organisation of data exchange [4], which can affect the speed of
the structure as a whole.

The third factor, which requires the development of a separate set of
scenarios, is the type of virtualisation. For example, when analysing the degree of
nesting of virtual shells, the end user will experience minimal losses. There may
be constraints in the form of operating system monotypes. In this case, a
paravirtualised scenario would give slightly higher performance loss, while full
virtualisation could introduce critical performance loss, which negatively affects
the considered virtualisation server logical configuration scenario.

The report presents the results of the scenarios considered. Experimental
studies were conducted in the teaching laboratories of the Department of
Electronic Calculating Machines.
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The abstracts are devoted to research of known methods of providing fault-
tolerance of cloud infrastructure with the architecture of nested virtualization by
setting of model experiments in order to determine the degree of consistency of
established approaches to the dynamically developing technologies of nested
virtualization, which are the basis of regional technologies

To date, the task of investigating established fault tolerance methods for
cloud infrastructure with nested virtualization architecture is relevant [1-2]. This
is due both to rapid technological advances, in particular the emergence of new
virtualization technologies [3], and because of purely technical aspects [4], for
example, the failure or failure of a major node leads to the collapse of the entire
nested architecture.

As a subject of research, the methods described in are considered [5].
Generally, cloud infrastructure involves more than a single physical or virtual
server. Data stored in the cloud is distributed among these servers automatically
and transparently to the user, i.e. a load balancing strategy of individual servers is
implemented.

Another method that was investigated was to ensure the resilience of the
cloud infrastructure by periodically maintaining the state of computing processes
based on ‘checkpoints'. Studies have shown that this method allows processes to
recover state in case of failure, with processes exchanging messages to monitor
each other's states.

As the resilience of cloud infrastructure is based on improving the individual
reliability of each individual server. As each process runs in an isolated
environment, a specialised software module, located outside the investigated
structure and responsible for the correctness of its operation, is used to monitor
the state of the process.

The external location of the module with respect to the process under study
ensures that the process is not distorted, and the accumulated heuristics allow the
decision to create the next checkpoint. System recovery involves rolling back the
state of the computational process to the last known correct checkpoint.

Research shows that the most interesting method for fault-tolerant cloud
infrastructure operation is the message retention method. The method is based on
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the assumption that any change in the state of the entire system can be described
as a sequence of messages. These messages change the state of one of the system
components. Such messages are recorded asynchronously (without affecting the
computational process itself) in the form of a queue located in a separate memory
area, which allows to restore the system state after failures by replaying the stored
messages.

Thus, the issue of fault tolerance of cloud infrastructure should be considered
holistically, with mandatory consideration of computer network bandwidth.

The issue of assessing the system-wide reliability of the cloud infrastructure
in relation to the consumer is of considerable interest with further formalisation
of the reliability baselines (host and intermediate hardware, software, etc.) and
new methods for such assessment.
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With a steady rise in electricity prices and many environmental and technical
factors forcing to look for innovative technologies for the decision problems
related to energy efficient street lighting. There is an optimal solution to the
problems automation of lighting system by developing intelligent systems for
control of street lighting lanterns.

B nmanuii yac Mepexi BYJIMYHOIO OCBITJIEHHS € CYTTE€BOIO YACTHHOIO
CTPYKTYPH KOMYHAJIBHOTO TOCIOAAPCTBA MICT, CENUI 1 BEJIMKUX IIANPUEMCTB.
CyuacHi Mepexi BYJIMYHOTO OCBITJICHHS - II€ €HEProeMHI 00'€KTH, MpaBUJIbHA
noOyJoBa SKHX, BaXJUBa IS 1X €QEKTHBHOI poOOOTH, paliOHAIBHOIO
BUKOPHUCTAHHS 1 MiHIMI3allli BTpaT EHEPropecypciB.

Tomy anpTepHaATUBHUM METOJOM aBTOMATUYHOTO YMPABIIHHS B CUCTEMaXx
BYJIMYHOTO OCBITJICHHS € BUKOPUCTaHHSA Tpadika BKIIOYEHb 1 BUKIIOYCHD
ocBiTiieHHs. [Ipu TakoMy miAX0A1 KOHTPOJIEp HA MIACTaBl 1aTH, THS TUXKHS 1 4acy
100U, BMUKae ab0 BUMUKAe ocBiTieHHs. Llelh MeTos € mpocTuM 1 eheKTUBHUM
[1]:

-y aBTOMaTUYHOMY PEXHMI CYBOPO JOTPUMYETHCS PO3KIANY, OCKUIBKH
BUKJTFOYAETHCS BIUTUB JIFOJCHKOTO (haKTOpYy;

- HEeMae HEOOXIJIHOCTI BHUDKIKATU Ha TEPEBIPKY BKIIOUEHHSA abo
BIJIKJIFOUEHHS OCBITJIEHHS,

- y pa3l He BIAKIIOYEHHS OCBITJIEHHS HE BiAOyBaeTbcs BTpaT
CJIEKTPOCHEPT1i, TaK K TUCIIETYEP OTMEPATUBHO PO II€ CIOBIMIAETHCS 1 BXKUBAE
BIIMOBIHUX 3aX0/iB (paHiIle Mpo HEBYACHE BIIKIFOUCHHS MOBIIOMIISIIA Yepe3
KUTbKa TOJIMH TPOMAJISTHHN);

- I 3OIACHEHHS TEXHIYHOrO OOMIKYy €Heprii Hemae HeoOX1THOCTI
BUDK/DKATH 1 3HIMATH TIOKa3aHHS 3 JIIYMJIBHUKIB Bi3yaJIbHO;

- OuIbII HaJIMHA cucTeMa, TOOYA0BaHa 3 CYyYaCHUX KOMIIOHEHTIB, BUMArae
MEHIIIE BUTPAT Ha CBOE OOCITYTrOBYBaHHSI BUKOPUCTAHHS B SIKOCTI OCBITIFOBAHOTO
€JIEMEHTA CBITJIOIO/IIB I03BOJISIE 3MEHIIIUTH BTPATH CIIOKUTOT TOTYKHOCTI.

CucreMr aBTOMATHYHOTO KEPYBaHHS BYJIUYHUM OCBITJICHHSM 3a3BUYAM
MPAIOIOTh M1J1 YIPABIIHHAM 30HAJILHOTO KOHTpoJjepa abo cepBepa. 3aJIe’KHO Bij
QITOPUTMY YIIPaBIiHHSA, KOHTpoJiep (OpPMY€ CHTHAJ, HANPHKIAA, BKIIOYCHHS
rpynu BYyJIMYHUX JIIXTapiB. s nepenayl boro cCUrHaiay Ha BUKOHABYI MPUCTPOI
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(3a3BMuail eNeKTPOHHI OanacTH JaMM BYJIMYHHUX JIXTapiB) BUKOPHUCTOBYIOTHCS
TaKl 3aco0u:

- cIaOKOCTPYMOBI CUTHAJIBbHI JiHIT (3BUTa mapu, RS-485 1 1.1.);
- paJlioKaHaL;

- GSM-kanauir;

- lepeiaya CUTHaIy 10 CUJI0OBOMY Kaberto [2].

CyyacHi cucTeMH aBTOMAaTUYHOTO KEPYBaHHSI BYJUYHHM OCBITIEHHSM 3
BukopuctanHaM GSM - MmogeMy OyAyIOTh 3a TPUPIBHEBOIO apXITEKTYPOIO:

- 0J10K 6e3MocepeIHHOT0 YIPABIIHHS JAMIIOI UM TPYTOI0 JIaMII B JIiXTapi
BYJIMYHOT'O OCBITJICHHS;

- mada 30HaJBLHOTO PIBHSA yNpaBIiHHA (BYJIUIl a00 KBapTa);

- LEHTPAJIIBLHUI CEpBEP TEPUTOPII.

VY Takiii cucreMi OyJb-Ky JIaMIly MOXXKHA BKJIIOYUTH a00 BUKIIOYUTH
CUTHAJIOM 3 IEHTpaJibHOTO cepBepa. Lle mocsraerbcs 3acTocyBaHHAM OJIOKIB
0e3Mmocepe/THbOr0 yMpaBIliHHS JlaMiior. Posmiara 3a 11 3py4HOCTI - BHCOKA
BapTICTh amapatHoi yacTunu [3-4].

Cucrema 1HAMBIYAILHOTO YIIPABIIHHS KOXKHOI JlaMmioro mo GSM-kanairy
Ha TMPAKTUI[l HE 3aCTOCOBYEThCS uepe3 BUCOKY BapTicTh GSM-momemiB i
HEOOX1THOCTI BCTaHOBJEHHA I1HAUBIAyalbHUX SIM-KkapT B KOXEH OJOK 1
noaanbmoro oomiky Burpar. Tomy GSM-kaHain BAKOPUCTOBYIOTh TUIBKHU Ha P1BHI
30HAJIBHOTO IIa(H YIIPaBIIHHS.
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The expansion of Internet access in Ukraine and the first steps towards
building e-government of official institutions encourage not only the introduction
of its technological component, but also the adoption of appropriate principles and
approaches to public e-government in the information society. Novelty and
practicality of the new concept, setting the conditions for building e-government
- the key to the effectiveness and efficiency of measures to implement computer
technology in management practice, the path to becoming a developed high-tech
state of Ukraine.

CporojiHi - mMBUAKE MOMMPEHHS [HTEpHETY Ta rio0anbHOI MEpexi CTajo
OCHOBOIO JUIsl 3MIHM MPIOPUTETIB 3 BHYTPIMIHIX YIPaBIIHCBKUX NOTped Ha
nOoTpeOu 30BHIIIHI — TPOMAJITHCHKI 3B’ SI3KU. [HTEpHET 3 4acoM cTaB €(pEKTUBHOIO
E€KOHOMIYHOIO TJIaT(HOPMOI0, 30pPIEHTOBAHOIO HAa KOPUCTYBAYiB-CIIY>KOOBIIIB, 110
OJIep>KaJIi MOXJIMBICTh KOHTAKTYBATHUCS 3 TPOMAJIIHAMH Ta PO3MOBCIOKYBATU
BenuKki oOcaru iHdopmMarllii cepesl rpoMagcbkocti. Ha ocHOBI 1HGoOpMaIiitHIX
TEXHOJIOT1M TMPHUCKOPIOETHCA TMpOIeC MNPUUHATTS pilleHb Ta IiX peajizaiiii,
BUBUIBHSETBCS ~ poOOUMii  4ac, 3’SBISETHCS  MeEXaHI3M  €(EeKTHUBHOTO
KOHCYJIBTYBaHHSI TPOMAJICHKOCTI OO JAEPKABHOI IMOJITUKH, OKPECIIOIOTHCS
HOBI KaHAJIM HaJaHHS TpoMajsHaM 1Hdopmaii ta nocayr [1].

Jlep>kaBH1 ~ yCTaHOBM, SIKI ~ YCHIIIHO  BIOPOBAIKYIOTH  MpOTrpamy
«EnexTpoHHU ypsia», MalOTh HACTYTIHI EPEBAru:

- BIAKPUTICTH 1 IIUPOKE OXOIUICHHS;

- Opl€HTAallisl HAa TOTPEeOU COKUBAYIB;

- IHTerparlisi NocIiyT;

- MAPTHEPCTBO MIXK JIEP>KABOIO 1 MPUBATHUM CEKTOPOM.

AKTyallbHICTh pOOOTH 3yMOBJIEHA HEOOXITHICTIO TIONIYKY Ta 3aCTOCYBaHHS
HOBITHIX TEXHOJIOTIA y Tpoliecax BHUPOOJIECHHS, MPUUHATTA 1 BIPOBAKEHHS
JIEp’)KaBHUX KEPYIOUMX PIIIeHb, aHATI3y HAMpsiMiB HACTYIHOTO EJIEKTPOHHOTO
PO3BUTKY JIEpKaBH 3 €JIEeMEHTaMH 1H(GOPMAIIIITHOTO CYCIIILCTBA.

3 1i€ro MeTor0 OyIM BUKOHAHI TOCTIKEHHSI IIOJI0 pPO3POOKHU TTPOTrpaMHOTo
3a0e3MnedeHHs] Mo poOOoTI 3 JaHHUMH, a caMe MO BBEAECHHIO, 300py, 00poOKH,
30epeKEeHHIO Ta MOIIYKY.

Ha npuknani ctBopeHHs BeO mopTaity AJs OJep>KaHHs MMOCBIIYEHHSI 0COOU
po3pobiieHo 1HGOopMaIliiiHa MOJICNIb JIEPKIIOCTYT CKIAAA€ThCS 3 BOCHbMHU KJIAaciB
1H(popMaIiHUX 00'€KTIB SIKI MIPEACTABIIEHI pUCYyHOK 1.
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Pucynok 1 — [npopmariiitHa MoJIenb AepKABHUX TOCITYT

Hnst po3poOku  BeO-IOJATKy  peaji3oBaHO  MPUHLUN  MOIUTY
BIJIOBIJIAJIBHOCTI MK BHYTPIIIHBOIO pEAI3aIl€El0 Ta 30BHIIIHIM MOJAHHSIM -
«Front-end» Ta «Back-end». Jlns cTBOpeHHsS mNpoeKTy OyJio HamwcaHe Ta
MIPOTECTOBAHE MPOTPaAaMHUIN T0JIaTOK KITIEHT cepBic 3a qonomororo HTML, CSS,
JavaScript ta Bootstrap. ba3sy manux SQL peanizoBano 3aBasku moBi PHP Tta
cucteMi yrpaBiiHHs 6a3zoro nanux PhpMyAdmin [2].

Cnucok BUKOPHUCTAHOI JITEPATYPH:

1. Enextponne ypsayBanas [Enexrponnuii pecypc] / Wikipedia — Pesxxum
noctymy: Www / URL: https://uk.wikipedia.org/wiki/EnekTpoHHe ypsiiyBaHHS

2. PHP [Enexrponnnii pecypc] /PHP.SU — Pexxum moctymy: www / URL:
http://www.php.su/php/?php.
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METO/IA PO3INI3BHABAHHSA CTPYKTYPHUX EJIEMEHTIB
BIBJIIOI'PA®IYHUX TIOCUJIAHDb
Punac O.O.
HaykoBuii kepiBHUK — K.T.H., [Bamenko I'.C.
XapKiBCbKUI HAlLlIOHAIBHUN YHIBEPCUTET PaJi0CICKTPOHIKU
(61166, Xapkis, np. Hayku,14, kad. EOM, Tein. (057) 702-13-54),
E-mail: heorhii.ivashchenko@nure.ua, oleksandr.rynas@nure.ua
The presented work is devoted to the analysis of methods of recognizing the
structural elements of bibliographical reference. The problems of importing
bibliographic references, dividing a bibliographic reference into constituent parts,
extracting entities from the text of the imported reference, and representing the
text in a form suitable for use in machine learning were considered. It was
proposed to use Natural Language Processing (NLP) approach as well as recurrent
neural networks. The proposed solution provides automation of one of the stages
of bibliographic references import.

CtBOpeHHs Oyab-sIKOI HAyKOBOi pOOOTHM B yMOBAaX CY4acHOTO PO3BUTKY
HAayKOBUX JOCIIKEHb HEMOXJIMBE O€3 MONEepEeIHbOTO aHaji3y BEJIMYE3HOI
KUIBKOCT1 HAYKOBUX Tpallb, Y SKUX PO3KPUBAIOTHCS OCOOIMBOCTI, MIEpEeBaru Ta
HEJIONIKM ICHYIOUMX MiXOJIB JO BUPIIIEHHS MOCTaBJIEHOI 3adadi. Po3risHyTi
HAyKOBI Mpalll MOBUHHI OyTH MepesiyeH] y CUCKY BUKOPUCTAHUX JIKEPEII, TPy
yoMmy (popMaTr OMUCY JJisi KOKHOTO HAyKOBOTO BUIAHHS MOKE OyTH BIIACHHM.
Tomy akTyanbHOIO MPOOJIEMOIO € aBTOMAaTU3allisl pobotu 3 6ibmiorpadiuHUMU
JDKEpEIaMu.

IcuytoTe mporpamui 3acobu, 30kpema, Zotero, Citavi ta BibTeX, ski
NpU3HayYeH1 AJid KepyBaHHs Oi0miorpadiyHoro 1H(poOpMaIli€n, Ta JT03BOJSIOTH
dbopmyBatu O10miorpadiyHi NOCHIaHHA y NOTpiOHOMY (hopmaTi, BIAMOBIAHO A0
3aJlaHuX CTaHAapTiB Oi0miorpadiyHUX OINMKCIB, BUKOPUCTOBYIOUM 3a31aJeriib
NIArOTOBJEH] CTWIBbOBI (haliu, 110 BHU3HAYalOTh (OpMaAT NPENCTABICHHS
310paHuX AaHUX. AJie ICHYI0Y1 pillIeHHd NepeadadaroTh pyyHe HAaOBHEHHS 0a3u
JAHUX JDKepell, sika HeoOxigHa miis poOoTH 3acTocyHKIB [1]. Takum duHOM,
30UBIIIEHHST KUIBKOCTI BUKOPHUCTOBYBAaHUX HAYKOBHX JDKEpeNl MOTpelye
aBTOMATH3allI0 Tpolecy iMmopty Oi0miorpadiyHuX MOCWIIaHb, 10 HaAaHl y
BUTJISIII TEKCTOBUX JaHUX VY ICHyroumx myOmikamisx. lle € HeTrpuBialibHUM
3aBJaHHSAM, OCKUIBKM €IMHHX CTaHAapTiB odopmiieHHs Oi0miorpadiyHux
MOCWJIaHb Y PI3HUX BUJAHHSX HE iICHYE [2].

OcHOBHE 3aB/IaHHSI IMIIOPTY TMOJISTAaE B TOMY, 1100 30eperTu iHpopMallio 13
616morpadiuHOrO MOCUJIaHHS B 0a3y JaHUX JJISI MOJAIBIIIOTO IEPETBOPEHHS 1I1€1
iHpopMallii B moOcuUiaHHS 1HIIOTO (opMaTy BIAMOBIIHO 10 3a3JalieTiab
CTBOPEHOTO CTUJILOBOTO odopmiieHHS. OHAK BIICYTHICTh €IMHUX CTaHIAPTIB
010morpaiyHOr0 ONMUCY MNPHU3BOJUTH 1O TOrO, IO BU3HAYECHHS CKJIAJIOBUX
YaCTUH MOCHUJIAaHHS CTa€ JOCUTH CKJIAJHUM Ta TPYIOMICTKUM mporiecoM. Yepes
1Ie BUHUKAE HEOOXIAHICTH B AaBTOMATUYHOMY po30OUTTI 0616iorpadiyHOro
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MOCUJIAaHHS Ha CKJIaJI0B1 YaCTUHU. J[J151 IbOTO MOXKYTh OyTH BUKOPUCTaH1 METOAH
MAITMHHOTO HABYaHHSI, SKI BXOASATH JI0 HAMPSMKY INTYYHOTO IHTENEKTY Ta
matematnyHoi miHrBicTuku Natural Language Processing (NLP) [3]. Ileit
HaIPSMOK BKJIFOYAE TaKi CIIOCOOW aHaMi3y TEKCTY K py4YHE KOTyBaHHS HAOOpy
MIPaBUJI Pa30M 3 TIONIYKOM Y CIIOBHUKY, CTATUCTHYHI METO/IU Ta MITYYHI HEHPOHHI
Mepexi (IIIHM). HaiiGiunem nonyisipHUMH  peanizamisMu  miaxony NLP
BBakatoThcsl Curiosity-Al/Catalyst, Stanford CoreNLP, Natural Language
Toolkit (NLTK), Scikit learn, Tensorflow [4].

Metoro poboTH € aHami3 MiAXOMIB JIJIi BUPIIICHHS 3ajadl PO30UTTS
010morpadiyHOro MOCUJIAHHS Ha CKJIaAo0Bl dacTWHU. Llg 3amada BXoAuTh 10
OJIHOTO 3 eTamiB IMIopTy O10miorpadiyHuX AaHUX 13 ICHYIOUMX (HailliB, 110
MICTATh CIIHCKU Oi0miorpadiuamx mocuinanb. J[as 0O6pobku 6ibmiorpadigHOro
MOCHUJIAaHHS PO3TJITHYTO BUKOPUCTAHHS HEUPOHHOT MEPEXKi, y IKOCTI BUXOAY SIKOT
MOXHa OTpuMatu O10aiorpadiyHe MOCUIaHHS, MOJIJIEHEe Ha CKJIAJ 0Bl YACTUHH,
Takl sIK aBTOPH, BUJAHHS, Ha3Ba JpKepesia Ta IHIIL, y 3aJE€KHOCTI BIJ THILY
nyOJiKarii (cTarTs y )KypHali, KHUra, MoHorpadist Ta 1HI1).

Jlns  BUpIIEHHS 3aJadl  pO3Mi3HABAaHHS  CTPYKTYpPHHUX  €JIEMEHTIB
010m10orpadiuHUX MocuiaaHb B poOOTI TOCHIIKEHO BUKOPHCTAHHS PEKYPEHTHOI
HeliponHoi Mepexi. Jlins BukopucranHs IIIHM nporo Tumy HEOOXITHUMHU €
BUOIPDKM [IJIi HABYaHHS Ta TECTyBaHHS HEHWPOHHOI Mepexi, 5Kl OyIayTh
CKJIaJaTHCs 13 PI3HUX 3a BUJOM Ta CTPYKTyporo Oi0miorpadidyHuUX MOCHUIIAHb.
Cama 3aa4ya po30utTs 616710rpadiuHOTO MOCUIAHHS Ha CKJIaI0B1 YaCTUHU MOKE
OyTH 1HTEpHpeToOBaHA Yy BUIJISAI 3a7adl OTPUMAHHS CYTHOCTEM 3 TEKCTY.
Ock1bKH HEMpOHHA MEpeka He MOKe Oe31ocepeIHbO BUKOPUCTOBYBATH TEKCT Yy
SAKOCT1 BX1IHMX [TapaMeTpiB, TOMY BUHUKAE 3a/1a4a EPETBOPEHHS TEKCTY y BUJ,
NPUIATHUNA U1 BUKOPUCTAHHS 3 HEUPOHHUMH Mepexamu. s 1poro
BUKOHYETBHCS MEPBUHHA 00pPOOKa BXIIHOTO TEKCTY, IO MICTUThH TaKi €Tamu, sK
TOKEHI13aI1lisl TEeKCTY (MO171 O€3MepepBHOTO TEKCTY HAa OKPEMI CJIOBA Ta CUMBOJIN)
Ta BEKTOpHU3allisl (MIEpEeTBOPEHHS TOKEHIB B YUCIIOB1 BEKTOPA).

Crrcox BUKOPHUCTAHOI JIITEpaTypu:

1. Kapnenko O.0. AHaIITUKO-CHHTETHMYHA TiepepoOKa JOKYMEHTHOI
iHdopmarii:  6i0miorpadgiuanii  onmuc.  HarioHanbHMII  aepOKOCMIYHHMIA
yHiBepcuteT iM. M. €. XKykoscbkoro «XAl». —2010. — 138 c.

2. IBamenko I'.C., Pumac O.0. Meroau BupimeHHs nOpoOIeMu
kiacudikarii 6i6miorpadiunux nmocwianb. [Ipobnemu iHdopmaTH3alii: BockMa
MDKHApOJIHA HayKOBO-TexHiuHa KoHpepentis. — 2020. — C. 9.

3. Illesener O.I'., IlerpakoB A.B. Knaccudukanus TeKCTOB ¢ OMOIIIbIO
JIEPEBBEB PELICHUN U HEMPOHHBIX CETEH NPSMOr0 pacipocTpaHeHUs. BecTHUK
Tomckoro rocyaapcrsenHoro yausepcutera. — 2006. No290. C. 300-301.

4. bmusniok b. O., Bacunbesa JI. B., CtpenasnukoB U. /., Tkauyk /I. C.
CoBpeMeHHBbIE METOJbl O0pa0OTKH E€CTECTBEHHOTO s3bIKa. XapbKOBCKHUM
HalMOHAJIbHBIA yHUBEpcuTeT uMenn B. H. Kapasuna. —2017. C. 16
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OCOBJINBOCTI CTBOPEHHS BJIACHUX YABJIEHDb B PO3POBIII
MOBIJIBHUX 3ACTOCYHKIB
AdanacbeBa A.M., ['yupko M.A.
HayxoBwuii kepiBHUK — K.T.H., CT. BUKJI. TkauoB B.M.
XapKiBCbKUI HAlLlIOHAIBHUN YHIBEPCUTET PaJi0CICKTPOHIKU
(61166, Xapki, npocn. Haykwu, 14, kap. EOM, Tein. (057) 702-13-54)
e-mail: d_ec@nure.ua

Developers are constantly designing different kinds of user interfaces using
XML, but in addition to that, it is easy to learn how to create your own views,
which open up new benefits and avoid boilerplate code reuse. Android has a wide
range of pre-built widgets and layouts for creating a user interface, but they cannot
meet all the requirements of our applications. In addition, here the ability to create
your own views comes to the rescue. By creating your own view subclass, you
can get the most complete control over the appearance and functionality of a
display element.

JI1st CTBOpEHHS BJIACHOTO YSBJICHHSI HEOOX1THO PO3POOUTH Kilac, IKU Oyie
PO3LIMPIOBATH OJIMH 3 HASIBHUX KJIACIB, SIKI B CBOIO 4epry OyayTh PO3IIMPEHI 3
kiaciB View a6o ViewGroup. /laii HeoOXiTHO J0JaTH KOHCTPYKTOPH J0 HAIIIOTO
kiacy. Ix Oyne nekinbka. HalimpocTimmii — fuisi CTBOPEHHST YSBJICHHS 3 KOJY
nporpaMu — IMpuiMae TUIbKU OAWH mapameTp(KoHTEKCT). KoHTeker — 00'ekT
yepes KU MOKHA OTPUMATH AOCTYII 0 IOTOYHOT TEMH, PECYpPCiB 1 T. [.. € 11e 2
KOHCTPYKTOpPH, SIKI MPUUMAIOTH 11I€ aTpuOyTH Ta CTHIII BiAMOBiAHO. [lepmuii, 3
BUIIIE 3a3HAYCHUX - KOHCTPYKTODP, SIKHM BHUKJIMKAETHCA NpuU (HOpMYBaHHI
ysaBieHHs1 3 XML-¢aiiny. BiH BUKIMKA€ThCS, KOJIU YSBICHHS CTBOPIOETHCA 3
XML-daiiny, 1o MiCTUTh aTpUOyTH YSBJICHHS. Y 1IbOMY BapiaHTi KOHCTPYKTOpa
BUKOPUCTOBYETHCS CTUJIb 32 3aMOBUYBaHHAM (0), TOMY 3aCTOCOBYIOTHCS TIIbKH
T1 3HaYCHHS aTpUOYTIB, SIK1 € B TEM1 KOHTEKCTY 1 3aiaHOMy Habopi AttributeSet.
Takox KOHCTPYKTOp MOXe OyTH BHU3HAYEHHM 3a JOMNOMOIOK aHOTalli
@JvmOverloads.

VY uporo kmacy o00B'si3k0BO moBHHEH OyTtu metoj OnDraw (canvas:
Canvas?). Bin npuiimae mapametp Canvas (TIOJIOTHO), 3a JIOMOMOTOIO SIKOTO
KOMIIOHEHT YSIBJIEHHS MO)Xe MantoBaTH ceOe. [ ManioBaHHS Ha IMOJIOTHI
HeoOximqHO cTBOopuTH 00'ekT Paint. Sk mpaBumo, mporec MalarOBaHHS
BU3HAYAETHCS IBOMA ACTIEKTaMU:

- III0 MAJTIOBATH (BU3HAYAEThCS 00'ekToM Canvas);

- IK MaJIIOBaTH (BU3Ha4Ya€eThCs 00'ekToM Paint).

Hanpuknan, Canvas Hamgae MeToJ IS MalltoBaHHs JiiHii, a Paint Hamae
METO/H JIJIs BU3HAYCHHS KOIbopy 1€l minii. Hampuknan, o6'ext Canvas B kiaci
HaJa€ METOJ IS MalfoBaHHS Kojia, a 00'ekT Paint 3amoBHIOE i KOJBOPOM.
[Ipocrime kaxyuu, Canvas Bu3Havae, siki pirypu Mo>kHa HaMaJIlOBaTH Ha €KpaHi,
a Paint Bu3Ha4ae BJIaCTUBOCTI HAMAJTLOBAHUX (PITyp - KOMIp, CTHIIb, PUPT 1 T. 1.
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[Ipn BUKOHAHHI BIATBOPEHHS 3aBXIu TpeOa mam'sTaT Mpo Te, IO CIiA
MOBTOPHO BHKOPUCTOBYBATH O0'€KTH 3aMiCTh CTBOpeHHA HOBUX. IDE moxe
BKa3aTH Ha TMOTEHLIWHI mpoOiemMH, ajie TMOKIaJaTucs Ha Hei He BapTo.
Hanpukian, BoHa HE 3MOXKe BIICTEKHUTH BUMAAO0K, KOIH 00'€KTH CTBOPIOIOTHCS
BCEpEAMHI METOIB, IO BUKIMKAIOTHCS 3 MeTomy onDraw (). Tomy kpare
MepeBIPSITH BC1 CAaMOCTIIHO.

OTxe, MM 3aJaidd BjacHEe YsBJICHHS. SIKIIO MM XOYEeMO OHOBJIIOBATU
YSIBJICHHS TPU 3MiH1 SIKOTO-HEOY/Ib BJIACTHUBOCTI a00 3 SKOICh 1HINOI MPUYHHH,
[HOTO MOKHA JTIOCSITTH JIBOMa OCHOBHUMH CIIOCOOaMHU:

invalidate () - me MeTon, SKHil IHIIIIOE MPUMYCOBY IE€PEMabOBYBaHHS
neBHoro ysBiaeHHs. [Ipocrtime kaxyuu, meros invalidate () ciig BUKJIMKATH B
pasi, KoJii TOoTpiOHA 3MiHA 30BHIIITHBOTO BUTJISITY YSBIICHHS.

ko B SKUHWCh MOMEHT BiOyBaeThbCs 3MiHA CTaHy YSBJICHHS, TO METOJ
requestLayout () moBiOMIIsIE CHUCTEM1 YSIBIEHb, IO HEOOXITHO 3poOUTH
nepepaxyHok ¢a3 «Bumip» (Measure) 1 «maker» (Layout) ans qaHoro nogaHHs
(BuMip — MakeT — MamtoBaHHs). [Ipocrime kaxyuu, metona requestLayout ()
CJIIJI BUKJIMKATH B pa3i, KOJHM MOTPIOHA 3MiHA MEX YSBJICHHA. TaKoK MOMJIHBO
BCTAHOBUTH 1IHTEPBAJL, Yepe3 AKUi Oy 1y crpaiboByBaTi MeTo invalidate (). {00
e 3pobutn HeoOXiaHo BHKIMKatu Meton invalidateDelay (val ms: Long) B
metoai OnDraw (). Meton invalidateDelay npuiiMae oiuH napameTp — 4ac, uyepes
KUl OyJze cpanboByBath MeTo/] invalidate () Ta mepemaeTbest B MUTICEKyHAAX.

Cnucok BUKOPUCTAHOI JITEPATYPH:

1. Vitalit Tkachov, Anna Budko, Kateryna Hvozdetska and Daryna
Hrebeniuk. Method of Building Dynamic Multi-hop VPN Chains for Ensuring
Security of Terminal Access Systems // IEEE International Scientific-Practical
Conference Problems of Infocommunications, Science and Technology (PIC
S&T): Kharkiv 06-09 oct. 2020, Kharkiv.

2. Tkachov, V., Bondarenko, M., Ulyanov, O., & Reznichenko, O. (2019,
December). Overlay Network Infrastructure for Remote Control of Radio
Astronomy Observatory. In 2019 IEEE International Conference on Advanced
Trends in Information Theory (ATIT) (pp. 161-165).

3. Tkachov, V., Hunko, M., Volotka, V.: Scenarios for Implementation of
Nested Virtualization Technology in Task of Improving Cloud Firewall Fault
Tolerance. In 2019 IEEE International Scientific-Practical Conference Problems
of Infocommunications, Science and Technology (PIC S&T), pp. 759-763. IEEE
(2019).

4. Hunko M.A., Tkachov V.M. Development of a module for sorting the
ipaddresses of user nodes in cloud firewall protection of web resources. [leB’ara
MDKHApOJIHA HAayKOBO-TEXHIYHAa KOH(epeHiiss «CydacHl HampsiMu PO3BUTKY

1H(hOpMaIITHOKOMYHIKAIMHUX TEXHOJOTH Ta 3aco0iB ympasiiHH». 2019. C.
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OCOBJIMBOCTI PO3POBKH TA MYBJIKAILII MOBIJIbHUX
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e-mail: d_ec@nure.ua

The termination of cooperation between Google and Huawei has led to the
fact that Huawei on its new devices can no longer use Google services (app store,
geolocation, maps, push notifications, analytics, etc.), which turns the device into
a brick for the user. If it were not for a Chinese company, then, most likely, its
business related to Android would have simply stopped there. However, the
company is Chinese, big and they took the path of import substitution, quickly
implementing functionality similar to Google services. This publication provides
an overview of the development features for App gallery.

[Ticns Toro, ik KOMIaHii po3ipBaiiv Oyab-sK1 cTOCyHKH (cniBnpaus Google
3 Huawel) roctpo nmocTasio nuTaHHs Opo Aajli IcCHyBaHHA Kopropauii Huawei. Ha
mo OyJio 3ampONOHOBAHO CTBOPUTH CBIMl MaillaHYMK 1 CBOIM CEpBICH.
[TponoHyeThCs OTIISIT 0COOIMBOCTEN JaHOI MIATGOPMH.

OTxe, HeOOX1THO:

- CrBOpUTHU aKKayHT pO3pOOHHKA, MIIKIIOYAEMO 3aJI€KHOCT1, TOTYEMO KOJ
710 BIIPOBAJKEHHS.

- BOynosatu Huawei Analytics.

- BuxkopucroByBartu reosokauito Big Huawei.

- Huawei maps. BukopucrtoByBatu 3amictb Google maps aiia AppGallery.

Tpowku aetanbHimie Npo Aeskl Kpoku. Kox moBuHeH OyTM HamucaHUi
noope. [ 6ytu 6e3 6ariB (xoua 11e camo o000 3p0O3yMLJIO - HaBIMIO KOJ 3 Oaramu
nucatu?). Ilix noOpe OymemMo MaT Ha yBa3l OUIBII-MEHII CTaHAAPTHY
apxiTekTypy, MimMikpyroTh mig Clean. SIkmo kox 3 Google 616mioTex po3MazaHuii
pIBHUM IIApOM MO BChOMY IMPOEKTYy, TO y MEHE€ JJs Bac IOraHi HOBMHHU.
Hampuknang y Bac moxke He OyTH aOcTpakiii Haj aHAMITUKOK 1 / abo Hax
orpuManumu Bil Google koopauHatamu. B 11boMy BuUManky AoBeneTbes ii
3aBECTH, MIO0 MOYMCTUTH KOJ BIJ IMIOPTY TYIJIOBUX KJAaciB, siKi OyayTb
HEJIOCTYITHI, KOJIM MU TIpudepeMo ix 3 30ipku. Bukopucrtanus DI. [lyxe crpoirye
abcTparyBaHHSl HaJl aHaJITUKOIO 1 reoJiokauii. BukopuctoByemo iHtepdeiicu,
yepe3 DI mnepenmaroun mnotpiOHy peanmizamito. Kaptu He Tpeba 3aHanTo
KacTOMI3yBaTH. 30KpeMa, OCHOBHA CKIIaJHICTb Oyae 3 al0cTparyBaHHSIM Haj
KJjacrepizauieit MmapkepiB. HeoOxiaHO 3apeecTpyBaTucs Ha OKpeMoMy caiTi. Tyt
3HAJI00UTHCS macnopt / mpaBa + TiacTHMKoBa Kaprta. JleHb-ABa Bac Oyjae MTu
nepeBipKa, MOTIM aKKayHT 3ampaiitoe. SKIo parnToM MoCk IiJIe He TaK — MpUiiie
MOB1JIOMJICHHSI, JIe TIIATPUMKA JIOKJIaIHO TTosicHUTh. [licis cninkyBanHs 3 Google
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Play Bce Burmsimae mgyxe KpyTo - POCIHCHKOMOBHA TEXIIATPUMKA BiAMOBiIA€E
mBUAKO.lani HeoOX1IHO MPUHHATH YTOIU PO 0OpOOKY MEPCOHANBHUX JTaHUX.

CTBOpPIOEMO TIPOEKT MPOTrpaMu, BKazyrouu makeT (BiH ke Applicationld).

Axmo moTpibHO mMIe ¥ BOYMOBaHI MOKYNKH peaii3yBaTH - TO Tpeba: a)
3anoBHUTH AaHi 0aHKIBCHKOTO paxyHKy; 0) Po3mpykyBatu i 3alIOBHUTH 3as1BY PO
TpaHCKOPJOHHE nepeaayi nepconanbHux nanux B KHP; B) Hanicnatu ckan pazom
3 JaHUMHU 3 MYHKTY a; ) Haxicnatu 3asBy 3 mMyHKTY O 1o momTor B MoCKBy.
Komnu 3asBa gifine - npuiine e-mail 1 3aIUIIUTBCA TUTBKM aKTUBYBAaTHU CEPBIC B
HacTpolkax mpoekty. Ha momrti OyBarOTh HAKJIAIKU - MOKIUBO, JOBEIETHCS
nouekaTu. S mapy THXKHIB 4YeKaB, MOTIM TOJ3BOHUB BIAMOBIIATLHOMY 32 II€ B
Huawei - 3ameBHmIn, 110 mpoOseMy BupimaTh. 1 Bupimmin. Jlaai BKIOYaeEMo
cepBic anamiTukd. Ha BimMiHy Big Treosnokamii 1 KapT, BKJIIOYEHHX 3a
3aMOBYYBaHHSAM, II¢ MOTpiOHO 3poduTHu Bpyuny. [domaemo SHA-256 mns Bcix
KJIIOYiB, SIKUMHU Oyje MIANUCaHO A0JaToK. ToOTo nedakHMe KIIIO4i 1 pelli3Huil
K04, Bukauyemo ananor google-services.json, B pa3i Huawei 3BaHwmii
agconnect-services.json OTxe, MIIKIIOYEHI HEOOX1IH1 3aiexHOocTi. CTBOpPEHO
nanku, e 0yne koa. CTBOpeHO akKayHT po3pOOHUKA 1 BUKOHAHI HEOOX1aH1 JIii 1O
CTBOPEHHIO MPOEKTYy Mporpamu. J[ns HacTymHUX MyOJiKalii MpONOHYETHCA
MoIaJibllie PO3BUHEHHS I1i€1 TeMHU, a came, BOyayBaTu aHamTuky He Bin Google,
a Big Huawei.
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Modern mobile app development has become more relevant than ever.
According to world studies, more and more people prefer mobile devices over
computers. Thus, development should be fast and cheap. There are different ways
to make mobile app development cheaper. The most popular of these is cross-
platform application development.

CtBopeHHsT  Kpoc-TuIaTHOPMHUX  MOOUIBHUX  3aCTOCYHKIB  ChOTO/JIHI
BIIOYBA€EThCS B PIZHUX CEPEIOBMIIAX Ta HA pI3HUX CTEKax TEXHOJIOTIM.
Haitmmonysipwinm 3 Hux: Xamarin Forms, React Native ta Flutter.

Pozrisitnemo octannii. Flutter - 6e3ko1mToBHUN 1 BIAKpUTHI HaO1p 3aco0iB
pO3pOOKH  MOOLIBHOTO  KOPUCTYBAJIBHHMIIBKOTO  1HTEp(ENCy, CTBOPEHHI
koMmraniero Google 1 Bumymennit B TpaBHi 2017 poxky. IIpocTime kaxy4u, 3a
nornoMorow Flutter MOXIMBO CTBOPUTH BJIaCHE MOOITBHUM JOJATOK 3 OJIHUM
MacuBoM koay. Lle o3Hauae, mo maiis ctBopenHs ABox goaatkiB (IOS 1 Android)
MO>KHAa BUKOPHCTOBYBATH €JIJMHY MOBY IIpOrpaMyBaHHs 1 0JiHy 0a3y KoJy.

Flutter HariaieHuii Ha 1B1 BaXKJIMBI1 peyi:

- SDK (Software Development Kit): HaOip iHCTpYMEHTIB, KU IOTTOMOXKE
BaM y po3po0I1i 70oaaTKiB. Takoxk BIH MICTUTh MOXKJIMBOCTI JIJII KOMIILIIALIT KOTY
B HAaTUBHOMY MamuHHOMY Kol (kox it IOS 1 Android).

- Framework (bi6ioTeka npu3HaueHOro /Ui KOPUCTYBaya iHTepdeicy Ha
ocHOB1 BimkeTiB): Konekiis (QyHKIIIOHAIBHUX €JIeMEHTIB MPU3HAYEHOTO IS
KOpHUCTyBada 1HTepdeicy (KHOMOK, TEeKCTOBHX BBOJIB, MOB3YHKIB 1 T.1.), SIKi
MO>KHA MEPCOHATI3YyBaTH 1]l 0COOHMCTI MepeBary.

Jnst po3poOku 3 Flutter BUKOpPHCTOBYEThCS MOBa MpOrpamMyBaHHS [
Ha3Boro Dart. e Takox moBa Google, ctBopeHa B >k0BTHI 2011 poky, ajne 3Ha4HO
MOJIMNIIeHa B OCTaHHI poku. Dart ¢okycyeTbcsi Ha PO3BUTKY BEpPCTKH BeO-
CTOPIHOK, HOTO MO>KHA 3 JIETKICTIO BUKOPUCTOBYBATH AJIsI CTBOPEHHSI MOO1IBHUX
1 BeO-nmonatkiB. Flutter - cyudacna miardopma! 3 ioro gomomoror HabaraTo
JIeTIIe CTBOPIOBATH MOOUIBbHI nojaTku. Po3poOka Ha Java, Swift abo React
Native, To 30BcIM iHIIA pid, HiX Flutter.

3aBasku Flutter, moxHa 3MiHIOBaTH CBi KOa 1 OauyuTH pe3yjbTaTHd B
peanpHOMY 4aci. [{e nasuBaeThcst Hot-Reload. Jlyis moHOBEHHS caMoro gomaTka
noTpiOHO 30BciM Hebararo 4acy. Jleski 3HauHl Moaudikamii MOXYTh
MePEe3aBaHTAKUTU JIOJIATOK, aje SKIO BH MPAIIOETE, K IU3aiiHEDP, HAIPUKIIA],
3MIHIOETE PO3MIp CIEMEHTIB, TO I1e MOKIMBO IpocTo B peskumi Hot-Reload!
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4  ocHOBHI TpHYMHU  BuUKOpucTtoByBatu Flutter gms  Bamoro
MVP(MiHIMaIBHO KUTTE3TATHUIN TPOAYKT):

- Po3pobutu MmoGinbHMIA ToaaTok 3 Flutter nemmesie, ToMy 1110 He TOTPiOHO
CTBOPIOBATH 1 - MATPUMYBATH JBa MOOUTEHUX oaaTku (oane a7 [OS 1 Android).

- Hns ctBopennst MVP nocuth ogHOTO po3poOHHUKA.

- lle epexTHBHO; HEMOKIIMBO OMITHUTH PI3HUIIIO MiK HATUBHUM J10JIaTKOM
1 nogatkoM Flutter.

- e rapHo; Bu MoskeTe 1eTKO BUKOPHCTOBYBATH BIKETH, 10 HATAIOTHCS
Flutter, i mepconanizyBatu ix AJisi CTBOPEHHS OPHUTiHAJIHHOTO MPU3HAYCHOTO IS
KOpHCTyBaua iHTepQecy A1l BalluX KII1€HTIB.

Flutter noctynuutii B pisHux IDE. J/[Ba ocHOBHUX pefakTopa KOy 1 po3po0KU
3a jorroMororo 11i€ei Texuonorii - Android Studio (IntelliJ) 1 VS Code.

Android Studio - e moBHOIIIHHE TpOrpaMHe 3a0e3MeUeHHS, JIe BCe OTPIOHE
B)KE€ IHTEIPOBAHO; JJIA 3allyCKy HEOOX1/IHO 3aBaHTakuTH rarinu Flutter 1 Dart.

VS Code - mpocTuii iHCTPYMEHT, BCE HAJIAIITOBYETHhCS UYepe3 IUIATiHU 3
MapKeTIUIeica.

OTxe, BukopucTanss Flutter cboro/Hi 11e He TiTBKH 3pyYHO Ta MIBUIKO, aJle
11e i BUTiTHO. A KOJIY II€ BUT1AHO, TO II€ IIBHUJIKO ITiIXOIUTIOE€ PUHOK Ta MOMHT Ha
TaKuX CIEIIAICTIB € 1 KOXKHOTO POKY POCTE.
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Android offers a sophisticated and powerful componentized model for
building your Ul, based on the fundamental layout classes: View and ViewGroup.
To start with, the platform includes a variety of prebuilt View and ViewGroup
subclasses — called widgets and layouts, respectively — that you can use to
construct your Ul. Creating your own View subclasses gives you precise control
over the appearance and function of a screen element. To give an idea of the
control you get with custom views.

P03poOHMKY TOCTIHHO TPOEKTYIOTh Pi3HI BUAM IHTEPPEICIB KOPUCTYBaya 3a
nonomororo XML, ane Ha J04aTOK A0 IIHOIO MOYKHA JIOCUTH JIETKO OCBOITH
CTBOPEHHSI BJIACHUX YABIICHb, SIKI BIAKPUBAIOTh HOBI NEpEeBarv 1 JO3BOJISIIOTH
YHUKHYTHU [TOBTOPHOT'O BUKOPUCTaHHS madiioHHOro koay.llepur Hixk OpaTucs 3a
poOOTYy 3 BIaCHUMH YSIBJICHHSIMH, KOPUCHO BUBYUTH KUTTEBUM LIUKII YSIBICHHS.

Constructors

onAttachedToWindow()

le
AJ

measure()

'

onMeasure()

layout()

)

onLayout()

requestlLayout()
3

dispatchToDraw()

'

draw()

.

onDraw()

Visible to
User

Pucynok 1 — XXuTreBuii HUKII ySIBICHHS

invalidate()
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B Android moctymHuii mmpoxkuii HaOlp TOTOBHX BIJKETIB 1 MaKETIB I
CTBOpEHHsI 1HTep(deiicy B3aemojii 3 KOpPHCTyBaueM, MPOTE€ BOHU HE MOXKYTh
3aJI0BOJIbHUTH BCl BUMOTHM HAaIlMX JOJATKIB. | TyT Ha JOMOMOTY MHPUXOAWUTH
MOKJIUBICTh CTBOPEHHSI BJIACHWX YsiBiICHb. CTBOPWBINIM BIACHUHM IMiIKIIAC
ySIBIICHHS, MOKHAa OTPUMATH MAaKCHUMAaJbHO IMOBHUUA KOHTPOJb 32 30BHIIIHIM
BUTJIAIOM 1 (pyHKIIOHANIOM ekpaHHOro enemeHty. LI[o6 peanizyBaTu BiacHe
ySBJCHHS, B OUIBIIOCTI BHIAJKIB 3HAJAOOWTHbCA Oulbllle dYacy, HDK Ha
BUKOPUCTAHHA 3BUYAaHUX YsABJI€HHb. CTBOPIOBATH BJIACHI YSBJICHHS BapTO JIUIIIE
B TOMY BUNAJKY, SKIIO HEMa€ I1HIIOTO, OLIBII MPOCTOTO CIOCO0Y peajizyBaTH
MOTPIOHY BaM MOJKJIMBICTh a00 SKIIO Y Bac € SKi-HEOY/Ib 13 3a3HAUCHUX HIDKYE
npobiieM, sIKi MO’KHA YCYHYTH 32 PaXyHOK CTBOPEHHSI BIIACHOTO YSIBJICHHS.

Ochb aeski 3 MpUYNUH CTBOPESHHS BIACHOTO YSBIICHHS:

1. ITpoyKTUBHICTh: B BalllOMy J0JaTKy Oarato ysBJI€Hb 1 BHU XOYeTe
ONTUMI3YBaTH iX, HAMAJIOBABIIIU OJIHE, OUIBIII JIETKE BJIACHE YSBIICHHS.

2. € cknaaHa 1€papxis YABJICHb, Ky BaXXKO BUKOPHUCTOBYBATH 1
H1TPUMYBATH.

3. HeoOXximHO CTBOpPUTH cCHeEIliali3oBaHe VYSABICHHSA, SKE MOTpelye
MaJIOBaHHs Bpy4YHY.JMBJISIYMCH HA yCE BUIICONMCAHE MOKHA 3POOUTH BUCHOBOK,
0 BUKOPUCTaHHS BJIACHUX VSABIICHb BaXIJIMBAa YacTHHA  PO3POOKH
MOHO(YHKI[IOHAIBHUX JTOJATKIB.
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In this article, I'll explore the differences between the Java Virtual Machine
(JVM) and the Dalvik Virtual Machine (DVM). Both VM's run applications
written in Java, but they use different techniques and processes to compile and
run code. Conceptually, there is little difference from an application level between
a DVM and a JVM. Architecturally, there is a major difference between the
registerbased DVM and the stack-based JVM.

Java Virtual Machine - BipTyanpHa MarinHa, 3JaTHa BUKOHYBAaTH OalT-KOJI
Java HezanexHo Bij 6a3oBoi matdopmu. Bona cnupaerbes Ha nmpuHiun "Write
once, run anywhere". baiiT-kox Java moxke Oyt 3amymieHuii Ha OyAb-sKiid
MaiuHi, 3aaTHoi miaTpumyBatd JVM. Komninsarop Java meperBoproe .java
daiinu B class-gaitnu (6aitt-kon). baiit-kon nepenaetscs JVM, skuii KOMIiIIO€e
HOro B MalIMHHUM KO/ JIJIs1 BUKOHaHHA Oe3nocepeanno Ha CPU.

OcobmuBocti JVM 11e: cTekoBa apxiTEKTypa: B SIKOCTI CTPYKTYpH JaHUX,
Ky TOMIIIAIOTBCA 1 30€epiraroThCsi METOAM, BUKOPUCTOBYEThCS CTEeK. BiH
npaitoe 3a cxeMmoro LIFO abo "Last in - First Out" abo "OcraHHIM yBIHIIOB,
nepmuM BuioB"; Mosxe 3anmyckatu Tiibku class-aitnu.; Bukopucrosye JIT-
kommistop. Dalvik Virtual Machine (DVM) - BiptyanbHa Java maimHa,
po3polieHa, sk yacTuHa MoOUTbHOT iatgopmu Android. MoxHa ckaszaTu, 110
Dalvik - nie cepenoBuIie Il BUKOHAHHS KOMITOHCHTIB OMNEpPAIiMHOT CHCTEMHU
Android 1 npu3HaueHuX 17151 KOprucTyBaya JoaaTkiB. KoxkeH npouec BUKOHY€EThCS
B CBOEMY, 130JIbOBAaHOMY ajipecHOMY mpocTtopi. Komm kopucTyBad 3amyckae
noaaTok (abo orepaliiiiHa cucTeMa 3armyCcKae OJIMH 31 CBOiX KOMIIOHEHTIB), SIAPO
BipTyasibHoi Mamuuu Dalvik (Zygote Dalvik VM) crTBOproe okpemuii,
3aXUIIEHUH MPOIEC B 3arayibHIM MaM'siTi, B SKOMY 0€3M0CEePETHBO PO3TOPTAETHCS
VM, sK cepenoBHUIlle Jid 3alyCKy Nporpamu. [HIMMH ClOBaMH, 3CEpEeAUHU
Android Burnsmae sk HaOip BipTyanbHux Mamud Dalvik, B KoxHIH 3 gKuX
BUKOHYEThCS n0aaToK. OcobmuBocti DVM 11e: BUKOpPUCTaHHS apXITEKTypH Ha
OCHOBI PETICTPiB: CTPYKTypa AAaHUX, KyJAH MOMIIIAIOTHCS METO/AU, 3aCHOBaHA Ha
pericTpax mporiecopa. 3a paxyHok BincyTHocTi onepartiii POP 1 PUSH, komanau
B PEECTPOBOI BIPTYaJIbHIN MaIllMHI BUKOHYIOTHCS IIIBUJIIIE aHAIOTTYHUX KOMAaH/]I
CTEKOBOM BIpTyasllbHOI MaluHU.; BukoHye OaifT-koj BiacHOro ¢opmary:
Android dexer, nmeperBoproe class-gaitiin B popmar .dex, ontumizoBaHi AJis
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BukoHaHHs Ha Dalvik VM. Ha Bigminy Bin class-¢aiiny, dex-daiin MicTuTh
BiJIpa3y KiJibKa KJIaciB.

(dex)
20 |
1

Java Source Java Source
Code Code
{qavo) Ciave)

Java Java

Compiler Compiler
(javac) avac)
Java Byte code Java Byte code
{.class (.class;

i
i DEX
: Compiler
1
i Dalvik Byte
1 code
1
i
1
i
1
1
v

Stack-based

1
I
i ‘t"h

Pucynox 1 — IopiBHSIHHS CTPYKTYpH BUKOHaHHS nipotieciB y JVM ta DVM

Pi3nuis B piBHi goaarkiB Mixk DVM 1 JVM He3HnauHa. ApXiTEKTYpHO, ICHY€
Benuka pi3HuI Mk DVM 3 perictpom 1 JVM Ha 0CHOBI cTeka.

O6uaBa BUKOPUCTOBYIOTH MoJienb koay VM. [Ipote, DVM BuxopucroBye
PEECTPOBI KOJU Omepalii, skl MOKHA MOPIBHATHU 3 IHCTPYKLISIMU OalT-KOJly Ha
OCHOBI1 PETICTPIB, AKI BKE€ BUKOHYIOTH OUIBINICTH HUIbOBUX Muatdopm. Cronu
BXOJATH Taki apxiTekTypH, sk ARM 1 MIPS, a Takox x86-CyMiCHI apXITeKTypH
Bix Intel, AMD i1 VIA Technologies.
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Users often avoid downloading apps that seem too large, particularly in
emerging markets where devices connect to often-spotty 2G and 3G networks or
work on pay-by-the-byte plans. In addition to these issues, devices may have only
limited storage available, making it even more important to be mindful about your
app’s size.

Ha puHkax 3 [g0porwM IHTEPHETOM 1 MAaJIOTIOTYKHUMHU TPUCTPOSIMH
O0opoTh0a iije OykBadbHO 3a MeradaiTh. 3aBaHTa)kaTh Balll JOJATOK Y HI -
3aNeXuUTh Bl po3Mipy. Hampuknazn, po3pooHuku Opera Ayke NUIIAIOTHCS THM,
o ix gojaTok 3aiiMae Bcboro 8§ MO. HeoOXigHO MIHIMIZYBaTH KIJIbKICTb
010motek. Cnouatky Tpeba mpubOpatu 3aiiBi 0107110TEKH, a MOTIM MNPUUTH 10
BIJIMOBH BiJl CTOPOHHIX O0i10moTeKk B HUIoMy. BoHH cHpomiyroTh poOoTy
PO3pOOHUKIB, alie 3apajy Mapy 3pydHUX QYHKIIN MiIKII0YaTd Ty 010J110TeKy
HEepo3yMHO. ToMy TapHHMM TOHOM OyJie CaMOCTIMHO ONHMCYBaTH JOTIKY ITiJI
NoTpeOr KOXKHOTO MPOEKTY. 3BUYAlHO, 11€ 3aiiMae Oujibllie yacy, OuIblie KOoay,
3aTe 3HAYHO CKOPOYY€E PO3MIp IPOrPaAMH.

He tpumaiitu y npoekti 6101i0TeKn 31 cxoxkuMm ¢yHKiioHamoMm. Komm
BUKOpPUCTaHHA 010J110TEK HEMHHYYE - CTBOPEHHS peKJIaMH, HAIpUKIIaJ — Tpeda
MOAUBUTHCS SKI O10JIOTEKH BOHM MICTATh BcepeauHi. MOXKIHBO, BapTo
BIJIMOBUTHCS BIJl YIIOOJEHOI HAa KOPUCTh Ti€l, IO BXE€ JIGKUTh B I1HIIIM.
BuxopucrtoByiiTe jerki 300paxkenns. Pecypcu Moy nporpaMu - KapTUHKH Ta
HIIIE - YacTO 3aiiMaroTh Hailbubmie mici. 3Menmnyire ix. e mpocrime, HiX
NpuayMaTd, 1€ 3MEHIIyBaTh po3mip Hajami. [ 1uporo rapHoO MiAXOISATH
BEKTOPHI 300pakKeHHS - BOHHM CKJIAJAIOThCA 3 MPOCTUX TE€OMETPUUYHHUX Piryp,
TOMY 130BHI 3p0O3yMiJi, 1 3aiMarOTh MaJio MicClis. 3aMiCTh CTAaHAAPTHOI YITAaKOBKH
3 I'ITM KapTUHOK M1]1 pi3H1 (pOopMaTH TUCIIIEIB, BU I0OJA€TE OJJHY BEKTOpHY. BoHa
3MIHIOE PO3MIpP, HE BTpAvYarO4M SIKOCTI. 3 MIHYCIB - 300paK€HHS IMOBUHHE OyTH
npoctuM. CKIagHy KapTUHKY HAMaJllOBaTH B BEKTOpPI MOXHa, aje Iie He
ONTUMAJIbHUM BapiaHT, a/Ke BOHA BCe OAHO Oyjae OaraTo BaXKUTH 1 JTOBIO
Ipy3uThes. SIKIO KapTUHKA CKJIaJHA, MOKHO BUKOpuUCTOBYBaTH WebP. Ile
T'YIJIOBCHKUN (DOpMaT CTUCHEHHS, SIKMH JTI03BOJISIE 3MEHIIIMTH Bary 300pa’KCHHS
Mmajo He B 10 pa3iB.HeoOximqHO KOpUCTYBATUCS YTUIIITAaMU JJIs TIEPETBOPEHHS
koxy. Icnye yrumnita Proguard, ane € i ini1 Bapiantu. KpiMm nepeTBopeHHs KOy
70 CTaHy HEYMTAOEIHbHOCTI, BOHA BUSBIISE 1 BUJAJSE€ HEBUKOPUCTaHI PECYypCH,
TUM CaMUM OTNITUMI3YIOUH HOTO.
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Kopucryiitecss pecypcamu mnatdopmu. Hanpuknaa, y Android e
BHYTpilHIM kjac drawable objects, sxkuii m03BOJsIE MalOBaTH MPOCTI
300paKEeHHSI BCEPEMHI CUCTEMH, HE JI0JAI0UYH HIYOTO B pECYpCH. 3aJaiiTe JOTIKY
CTBOPCHHSI €JIEMEHTA 1 BIH BIIMATIOETHCS CAMOCTIITHO B MOMEHT 3aBaHTAKCHHS
rpadiunoro iHTepdericy. BukopucroByiite pecypcu aekinbka pa3. Hampuknan,
KapTHHKHU sIK1 TyOJIIOI0THCS B PI3HUX KOJIbOpaxX MOKHA 30epiratu He AK J1Bi KOmii,
a K OJHy Ta KOJIpHUH (PiabTp sl Hel. Y MOoIIyKaxX TaKuX OMTHMIi3alliiHUX
BaplaHTIB BU BUTpATHTE 4Yac, aje€ BOHO TOTO0 BapTO 3apagu 30EpE’KEeHHS
MiHIMaJbHOTO 00csTy mporpamu. Moxnuse Bukopuctanus App Bundle - tun
30IpKM JOJATKy, KOJM €JIEMEHTHU JUIsi KOXKHOTO KOPHCTyBaua 30UparoThCs
IHAUBITyaIbHO HE po3poOHMKOM, a B PlayMarket. Ile omntumizye posmip,
PlayMarket moBigomiisie, 1o 1ie JomoMarae 3SMEeHIIATH po3Mip rporpamu Ha 30%.
OnTuMizyiiTe MIBUIKICTh BIAOOpakeHHs 1HTep(deicy - 1€ aKTyalbHO IS
KOPUCTYBauiB 31 «cjla0kuMm 3ami3om». HalyacTimie mnpu3HaueHud Ui
KOpHUCTyBaua iHTepdeiic BepcraeThes B xml (aiini - 1e 3py4HO 1 HIBUIKO B
MOPIBHSIHHI 3 BEpCTKOIO0 B Koxl. lle He 3amxkau 1oOpe Mmo3HavaeThCs HA yaci
00poOku Ul, 0oco6imBO Ha ci1labKuX NpUcTposax. MokHA TPOXH NPUCKOPUTH LIEH
mpoliec, SKIIO 3aJaTh BEPCTKY B KoJi. Tak MM 3a0maguMo 4ac Ha Tpoleci
nepeTBOpeHHs Xml BepcTkum B Koa. AOO X MOXHAa BHKOPHCTOBYBAaTH KJjlac
AsyncLayoutInflater, mo6 3poOuTH 1€l mporec acHHXPOHHHUM. MOXKIHBO,
3arajbHa WIBUJKICTH OOpOOKM HE 3OUIBIIUTHCA, aje Xoya O 3poOUThH
KOPUCTYBAJIbHUIIBKUN 1HTEP(ENC OUIBII Yy TIUBHM.

Cnucok BUKOPUCTAHOI JITEPATYPH:

1. Vitalii Tkachov, Anna Budko, Kateryna Hvozdetska and Daryna
Hrebeniuk. Method of Building Dynamic Multi-hop VPN Chains for Ensuring
Security of Terminal Access Systems // IEEE International Scientific-Practical
Conference Problems of Infocommunications, Science and Technology (PIC
S&T): Kharkiv 06-09 oct. 2020, Kharkiv.

2. Tkachov, V., Hunko, M., Volotka, V.: Scenarios for Implementation of
Nested Virtualization Technology in Task of Improving Cloud Firewall Fault
Tolerance. In 2019 IEEE International Scientific-Practical Conference Problems
of Infocommunications, Science and Technology (PIC S&T), pp. 759-763. IEEE
(2019).
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MDKHApOJIHA HAayKOBO-TeXHIYHAa KOHGepeHiiss «CydacHl HampsiMU PO3BUTKY
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Do you wish to make your high-traffic web or mobile app faster and more
resistant to sudden spikes in usage? There are many things you can do to achieve
that. Most importantly, you have to view this as part of a bigger process of
analyzing the state of your app (why did it turn out like this in the first place) and
making sure that these problems won’t happen again.

Jlexuibka pokiB motomy, Koy nepuri Android-cmapT@oHHu nmoTpanuiu 10
PYK HOBUX KOPHCTYyBauiB, y 0OararbOx BIgpa3y BUHHUKIA MpoOIeMu 3
HEKOHTPOJIbOBAaHUM BHUTPATOI Tpadiky, yepe3 10 «HEMATOTOBIEHI» Tapudu
CIIyCTOLIYBAJIKCS B JIYE€HI1 TOJAMHM, & TO i XBWIMHH, 3aJUIIA0YN KOPUCTYBayiB
0e3 3ac001B Ha paXxyHKY. 3apa3 111 Ipo0sieMa He HACTUIBKHU aKTyallbHa, ajie 3HaHHS
Ipo Te, SIK IPAaBUJILHO KOHTPOJIIOBATH Tpadik y JoJaTKax Kl po3poOIIIOI0ThCS,
HIKOJIU HE OYyAyTh 3aiiBUMHU.

Request

Some app

Static Assets

[ From Cache }

Response
Update the
Cache

Pucynok 1 — I[Ipukian cuctemMu KellyBaHHS JaHUX Y TOJATKY
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BincyTHicTh 1HTEpHETY - IIe HE TIOMUJIKA, a CTaH AoAarky. | 3 HuMm Tpeda
BMITH MpaBWIbHO MpAIlOBaTH. Y KOpHUCTyBaya INOBHUHEH OyTH JOCTYI [0
iH(opMalrii - Hexail BiH TUBUTHCS, YUTAE, TTOKA3yHTE IO MAaKCUMYMY BCe, IIIO €.
He tpeba Binmpasmnstu ioro Hazan. ToOTo, BIACYTHICTh IHTEPHETY HE MMOBHHHA
MaTH HETaTUBHUM BIUIMB Ha J0JATOK. TakoX, sIK 1 BIACYTHICTh CHELIaJIbHUX
JI03BOJIIB BiJl KOPUCTyBaya, BICYTHICTh IHTEPHETY MOXKE OOMEXKYBAaTU TUIbKU
okpeMi pyHkIi1 Takox HeoOXiIHO KeuryBaTh AaHi. Ekonomuti Tpadik B Adpuri
Ny’K€ Ba)XXJIMBO - BIH Ha Bary 30Ji0Ta. ToMy SIK TUIBKM KOPHCTYyBad BIJKPUBAE
CTpIYKy HOBHH, Bcs iH(OpMaIlisi TOBHHHA KenryBaTucs. Komu nponazie iHTepHeT
a0o JTroANHA BUile-3aiiie B 101aT0K, KOHTEHT He Oy/ie 3aBaHTaXyBaTUCS 1IE Pa3.

ETag. IlepezaBantaxeHHSI TaHUX - HEYCBIIOMJIEHA I03€p-3BUYKA, SIKYy HE
MOMIYa€NI MPU HEJOPOTOMY IHTEPHETI, ajie Ha PUHKAaX, IO PO3BUBAIOTHCS II€
komtye goporo. Jlorika ETag anamizye naHi mo Xemry 1 OHOBIIOE TUIBKU
1H(popMaIlilo sKka 3MIHWJTAcs, a00 BIAIPABISIE 3alUT «KOHTEHT HE 3MIHUBCS»,
Baroro He Oumpiie 1 KO. baxkano nmomaBatw ii B JIOTIKY 3amlMTIiB, SIKI MOXYTb
noBepraT Oarato AaHuX. BinkitoueHHs KapTUHOK. Tak KOpUCTyBau YHUTAE
HOBUHM, aJIe HE BUTpadae Tpadik HA 3aBAHTAKECHHS 300paxKeHb. 3a OakaHHSM,
BIH MOXe€ 1X «BKJIIOUUTH» HATHUCKaHHSIM, ajle aBTOMAaTUYHO BOHU MIATATYBaTUCS
He OyayTh, TaKi MOMJIMBOCTI peaiizye OUIBIIICTh MECEIKEPIB.

Cnucok BUKOPHUCTAHOI JITEPATYPH:
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Conference Problems of Infocommunications, Science and Technology (PIC
S&T): Kharkiv 06-09 oct. 2020, Kharkiv.

2. Tkachov, V., Bondarenko, M., Ulyanov, O., & Reznichenko, O. (2019,
December). Overlay Network Infrastructure for Remote Control of Radio
Astronomy Observatory. In 2019 IEEE International Conference on Advanced
Trends in Information Theory (ATIT) (pp. 161-165).

3. Tkachov, V., Hunko, M., Volotka, V.: Scenarios for Implementation of
Nested Virtualization Technology in Task of Improving Cloud Firewall Fault
Tolerance. In 2019 IEEE International Scientific-Practical Conference Problems
of Infocommunications, Science and Technology (PIC S&T), pp. 759-763. IEEE
(2019).

4. Hunko M.A., Tkachov V.M. Development of a module for sorting the
ipaddresses of user nodes in cloud firewall protection of web resources. /lep’siTa
MDKHApOJIHa HAayKOBO-TeXHIYHAa KoHbepeHIiss «CydacHl HampsiMH PO3BUTKY

1H(hOpMaIITHOKOMYHIKaIMHUX TEXHOJOr1M Ta 3aco0iB ynpasmiHHsS». 2019. C.
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User identification is required in many applications that process personal
data, such as online banking. According to a Spiceworks study, more than 60% of
companies in Europe and North America use biometrics to protect their data and
believe that this method is more reliable than a pin code or a combination of login
and password. 10% of respondents are sure that only biometrics is enough for
identification, while other companies insist on using additional methods. This
publication provides an overview of biometrics and data security in today's world.

Jns igenTudikanii KopucTtyBada B JIOAATKY MOXXKHA BHUKOPHUCTOBYBATH
OloMeTpii - HanpUKJIad, BIIOUTOK Nk, CKAHEPU PalIyKHOT 000JIOHKHU OKa 200
reomMeTpii 00IMyysl.

[TonysnsipHi ciocoOu 610METPUYHOT 11IeHTUDIKALTIT:

- ckaHep Bi10uTKa naneig (fingerprint) - 57%;

- ckanep reometpii ocobu (face ID) - 14%;

- cKaHep paitnyxHoi ooononku oka (IRIS) - 5%);

- TeoMeTpis pyku - 4%.

[cHyrOTH 1 1HIII criocoOu ayTeHTU(]iKallii, HAPUKIIad, TOJI0COBa OIOMETPIs
poTe, iX HaAIMHICTh HIDKYE, TOMY 3BEPTAIOTHCS 0 HUX PIJIIIE.

Ckanep BinmoOuTtka nanslig (fingerprint).

KoxeH BUpoOHUK MOOLITBHUX MTPUCTPOIB MPOIMIOHYE CBOT METOAM OTPUMAHHS
Ta 30epiraHHs laHux KopuctyBaya. Tak, Ha npuctposx Apple 3pa3ok BiaOUTKa
najblsl MPOBOAUTHCS uepe3 Xel-(QyHKII0 nepesl 30€peKEeHHSIM B 3aXHUILECHUM
oOuncmoBaIbHUM MOAyJb. Bei mporecu, mo — noB'szanit 3 Touch ID,
B1I0YBaIOTHCS came B I[bOMY MOJYJII, 1 Taki J1aHI HEMOKJIUBO BUTSTTH 3 HBOTO.
Ha npuctposix Android cTymiHb O€3MeKH 3alIeKUTh BiJ] BUPOOHHKA Ta SIKI BIiH
BUKOPHUCTOBYE MIAXOAM 1 pitieHHs. SIK nmpaBuiio, podoTa 31 CKaHEpaMH BiJIOUTKa
najgbll  PErJaMEHTYEThCS OKPEMHUMH JIOKYMEHTaMH, B TOMY  YHCII
cnerudikamismu Google. [IpoBigHi BupoOHUKH cMapT(doOHIB, Taki sk Samsung,
BUKOPHCTOBYIOTh JIOCUTH HAJlIMHI Ta TOYHI EMHICHI CEHCOPH, 110 3a0€3MeUyI0Th
BHUCOKY CTyIIHb Oe3neku ganux. OJHaK, OKpeMi HEBEJIWKI KOMITaHii MOXYTb
3aCTOCOBYBATH MEHII HaJ1iHI ceHCopH 1 30epiratv BiIOUTKH HA MPUCTPOI, 1HOI
HaBITh Y BUIbHOMY JIOCTYTII.

Ckanep reometpii ocoou (face ID).

Skmo gomarok iAeHTU(DIKYye KOPUCTyBaya MO OOJMYYIO, TO CKaHyBaHHS
3MIACHIOIOTh 3a PaxyHOK €MHICHOT KaMepu. Y TIOpIBHSHHI 3 TONEepeaHIM
criocoO0M, TyT MOTPIOHO 1€ OUIBII CKIaAHUN aarOpuTM, IO BUMAarae BUCOKOI
TOYHOCTI 3aXOIUIEHHS 300pa)k€HHA Ta po3nojauny Ouibiie HiXK 30 THCSY
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KOHTPOJIbHUX TOYOK MO 300paXKeHHIO 0COOM KOpPHUCTyBauya. Y CBOIO 4epry, Iie
BU3HAua€ OUIBII BUCOKI BUMOTH /10 Kamepu cMapTdona. Ha mpaxTuili eMHICHHIA
CKaHep BHBYA€ OOIMYYS KOPHUCTyBada, BUOYIOBYIOUM T€OMETPHUYHY MOJENb 1
NEPETBOPIOIOYM 11 B pe3yibTaTh OOYHUCIICHHS, sIKI MokHa 30epiratu. Ilig yac
aBTOpH3allli pe3yabTaT O0UHCIEHHS (3 ypaXyBaHHSIM MOXUOKH) 1151 KOHKPETHOTO
KOpPHUCTYBaya 3ICTaBJSIETHCS 3 PE3YyJIbTATOM, IO 30epiraloThesi B mam'sti. [lpu
IIbOMY HE BCl MPUCTPOI HAAAIOTh MOBHOIIHHI MOXJIMBOCTI ISl PO3IMi3HABaAHHS
oci0. IHkomuM BUPOOHMKHM OOMEXYIOThCA 2D-CkaHyBaHHSIM 3a JOIMOMOTOIO
3BUYANHOI kKamepH. Sk nmpaBuiio, mpu bOMy Ha 300pa’kKeHHI BUALIIETHCS 0c00a,
Ky MOKHA TOPIBHATH 3 IHIIMMHU 300pakeHHAMH B 0asi. SIKI0 3 10AaTKOM HE
BJIaCThCSl 3HAUTH BIAMIHHOCTI, TO KOPHUCTyBau MOKe OyTH pO3Mi3HAHUHU SK
BJIACHHK.

Ckanep pariayxxHoi o6omonku oka (IRIS).

IRIS - me He ckaHep ciTkiBKH OKa. L[ TexHONOTIsS CKaHye palmgyx HY
000JIOHKY, sIKa OTOYY€ 31HUIIO, TOJI SIK CITKIBKA PO3TAIIOBYETHCS BCEPEAMHI 04l
Ha 3aaHii cTiHmi. CkaHep BU3HA4Ya€ OCOOJMBOCTI 30BHIIIHOCTI KOPUCTyBaua
1 reomMeTpuyHy (popmy paily’kKKv, BUKOPUCTOBYIOUM €MHICHI Kamepu. Xoua
TaKUil croci0 010METPUYHOIO 3aXUCTy MOXKE 3aTHCS EPCIEKTUBHUM, Y HbOTO
€ CBOI Ypa3iauBOCTI. 3 OJHOTrO OOKy, JUIsl 3HATTS OJOKYBAaHHS HEJOCTAaTHBO
3HaWTH 1 mpen'sBuTH ¢GoTorpadiro BIACHHUKA, AK€ KamMepa BU3HAYae 00CsT
300pakeHHs. OJHaK, TaKUil PU3UK BHUIIE MpPU OJHOYACHOMY BHKOPUCTaHHI
dboTorpadii Ta KOHTaKTHUX JiH3. CKaHep CITKIBKU OKa B IIbOMY BIJTHOIIIEHHI MOKE
OyTu Oe3neuHilie, OCKUIbKY JIaHi BJACHUKAa HEMOXJIIMBO OTPUMATH Y BIAKPUTHX
JpKepenax abo BrajgaTi.

Cnucok BUKOPHUCTAHOI JIITEpPaTypu:
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S&T): Kharkiv 06-09 oct. 2020, Kharkiv.

2. Tkachov, V., Bondarenko, M., Ulyanov, O., & Reznichenko, O. (2019,
December). Overlay Network Infrastructure for Remote Control of Radio
Astronomy Observatory. In 2019 IEEE International Conference on Advanced
Trends in Information Theory (ATIT) (pp. 161-165).

3. Tkachov, V., Hunko, M., Volotka, V.: Scenarios for Implementation of
Nested Virtualization Technology in Task of Improving Cloud Firewall Fault
Tolerance. In 2019 IEEE International Scientific-Practical Conference Problems
of Infocommunications, Science and Technology (PIC S&T), pp. 759-763. IEEE
(2019).
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As practice has shown, this is an actual dilemma for both customers and
novice developers who want to acquire the most useful experience for their future
career. Programming in a native environment requires knowledge of the relevant
languages. For Android, this is Kotlin and / or Java, and for iOS, Swift and / or
Objective-C. In principle, you can get by with one of two for each platform,
especially since Google is actively developing Kotlin, and Apple is investing a lot
of effort in improving Swift. This publication offers an overview of a comparison
of different approaches to developing android applications.

KoxeH [eHb KUIBKICTh MOOUIBHHUX KOPHUCTYBaudiB 3pOCTa€E, a OTKe
1 pO3BHMBAETHCS CBITOBUM PHHOK MOOUIBHMX JOJATKiB. ICHye nBa miaxonau
PO3pOOKHU: HATUBHUI Ta KpOC-TIIATPOPMHHUIA.

HatuBHu# miuaxia

Jonatok po3pobuisieTbest Ha "pinHiIM" MOBI g KOxHOI miatdopmu. s
Android - iie Kotlin a6o Java, a qi1s1 i0OS - e Swift abo Objective-C. Sk nmpaBuiio
MO>KHa OOIMTHCS OTHUM 3 JBOX JIJIsL KOKHOI TiaTgopMu, THUM Oubiie, mo Google
akTuBHO po3BuBae Kotlin, a Apple Bkilagae BenMki 3yCHUIUIs y BJOCKOHAJICHHS
Swift.

[lepeBarn BUKOpUCTAaHHS HATUBHUX MOB B TOMY, IIIO PO3POOJIEHUN HA HUX
J0JIaTOK Oy/ie TpalfoBaTH MIBU/IIE Ta 3MOKE BUKOPUCTOBYBATH BC1 MOMJIMBOCTI
miatpopmu, a 1HTEepderc Oyae 3po3ymMumid Ta 3pydHUil OyAb-sSKOMY
KopucTyBaueBl miargopmu. Jlo Toro * po3poOisTH HATUBHI JOJATKH JIyXKe
npocto. Skmio  BiA  OporpaMM  MOTPIOHO  OTPUMATH  MaKCUMAJIbHY
POJYKTUBHICTh, TO BHUKOPHUCTOBYIOTh HATHUBHY pO3poOKYy. ['0JIOBHMII MiHYC
[HOTO MIIXO0My B TOMY, IO MijJl KOXKHY MIaTGopMy IOBOAUTHCS CTBOPIOBATU
OKpEeMHl 10aTOK, Xoua OuIbIa YacThHA (YHKIIIOHATEHUX MOXJIMBOCTEHN Oyne
OJTHAKOBOIO. SIKIITO % MOTPIOHO pO3pOOUTH KIJIbKA IOAATKIB, TO 1IeH mporiec Oye
OUIBII TPUBAIMM 1 BUTPATHUM.

Kpocmnardgopmua po3pobka

IcHye nBa OCHOBHUX CHOCOOM PO3pOOUTH KpOCTUIaT(GOPMHUN TOAATOK:
3poOUTH 11€ BpyUHY, Hanucapiy ko Ha C ++ Ta 00ropTku Asis pi3HUX miatdopm,
a00 BUKOPUCTOBYBATH OJIHY 13 CHEIIaJIbHO PO3POOJIEHUX TEXHOJIOTIH.

Po3pobOka BpyuHYy.

[lepmuii crioci0 nmossirae y Tomy, 1o ko Ha C ++ MoHa 3aIyCTUTH Oy 1b-
ne. B Android mns nporo BukopuctoByerbes NDK, Windows Phone - Managed
C, 1Hmi miatGopMu TakoX MalTh CBOi CIOCOOM OOpOOUTH 1 3aMyCTUTH KOI.
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[nma crpaBa - Takuil Koj OyJe oOMexXeHH y cBOiX MOXKIUBOCTAX. Hanpukian,
B Android BiH He 3MOXXE 3BEpHYTHCS 10 €KpaHy ab0 HaBiTh CaMOCTIHHO
samyctutuca. 11{o6 yHUKHYTH IIUX 00MEXeHb, CIIOYaTKy MUIIEThCs 0610Ti0TeKa 3
OCHOBHOIO Jiorikoto Ha C ++, a moTiM - 0O0ropTka Ha HATUBHOIO MOBOIO, fKa
3armyckae 010;110TeKy Ta 3abe3mnedye ii B3aEMOIII0 3 TPUCTPOEM.

Hpyruii cnoci6 moysirae 'y  BUKOPHUCTaHHI OJIHIET 3  TEXHOJOTIH
KpocIiaT(opMHOI po3poOKH, IKUX Ha CHOTOJIHIIIHIN JeHb ICHYE YuMao. IcHye
nonyJsipHuil  kpocriatdhopmuuii  ppeitmBopk - Flutter. Jlns poGotu 3 HuUM
noTpiOHO 3HATH MOBY mporpamyBaHHs Dart. Flutter ctae Bce O1bII1 MOMYIIPHUM
cepen nporpamicTiB (po3poOHKKIB MOOLTEHUX Bepciii eBay, Aliexpress 1 HaBiTh
Meduza.io). OcHOBHI HEIOJNIKH KpOCIUIAT(MOPMHOI PO3POOKH - CKJIAIHICTDH
PO3poOKH PYHKIIIOHATBHOCTI Ta 30UTbIeHHs BUTpaT. KpocmnatdopMmHi gogaTku
HEPIJIKO MPAIOIOTh MOBLILHIIIE HATUBHUX.

HaiironoBHII010 BIAMIHHICTIO HATUBHOTO MiAXOAY Bl KPOCILIAT(HOPMHOIO
MOJISITAa€ y TOMY, IO OJWH 1 TOU ke J0JaTOK po3po0iseThest okpemo 1 mia 108,
1 mig Android, a B kpocmiaTopMHOMY MIJIXOJI1 PO3POOIISIETHCS JIUILIE 32 OAUH
pa3. Jusg Toro, mo0O 3po3yMiTH, SIKUM MiAXiA Kpaiie, MOTpiOHO OLIHUTH
CKJIQJHICTh Ta YHIKaJbHICTh J0AATKY. IIpoCTi pimieHHs: BUTIOHIIIE pO3po0IATH
Ha KpOCIUIAT(POPMHUX TEXHOJOTISAX, alle YUM CKIaAHIIIEe (YHKI[IOHATBHICTD -
THUM O1JIbIIIe BUT1THOIO CTa€ HATHBHA PO3pOOKa.
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The rapid development of information technology in recent years has led to
the emergence of many new various devices and technologies, including tablets,
smartphones, smart watches and other gadgets. At the moment there are quite a
few tools and integrated development environments for different tasks of
developers. To speed up, and as a consequence, to reduce the cost of development,
it is not only possible, but also necessary to use tools that reduce development
time by 15-20 percent. This publication provides an overview of tools and IDEs.

OcTtanHIM 4YacoM OypXJMBUH pPO3BUTOK 1H(OPMAIIHHUX TEXHOJIOTIH
IPU3BIB JO MOSBH BEJIMKOI KUIBKOCTI HOBHX PI3HHX HPHUCTPOIB 1 TEXHOJIOTIH,
B TOMY YHMCJI IUIAHLIETIB, CMAapTPOHIB, CMAPT-TOJMHHHUKIB Ta IHIIUX Ta»KETiB.
Bonu Bce Ou1bLI MIITHO BXOJATH B HAIIE JKUTTS Ta CTAlOTh 3BUYHHMHU pPEUaMHU.
Jlinupytroua matdopMma cepesi TakKuxX MPUCTPOIB € onepaiiitHa cuctema Android.
B nanwuit yac Java € HalnomyJsSipHIIIIOI MOBOIO MPOrPaMyBaHHSI /ISl MOOUIBHOT
po3poOku Android-gonatkiB. Xoua Google aktuBHO npocyBae Kotlin sik MoBy,
KU TTOBUHEH OyJie 3aMiHuTH Java.

MoBH mnporpaMmyBaHHS, sIKI BUKOPUCTOBYIOThCS JUIsi po3poOku Android-
JIOJATKIB.

Java € odimiitnoro MoBoO 11t po3poOku Android 1 miaTpumyethest Android
Studio.

Kotlin € odimiiinoro 1 HalloCTaHHIIIO BBEIEHOO MOBOIO Android; cxoxuii
Ha Java, asie B 0aratb0OX BIJTHOIIICHHSIX TPOXH JIETIIE.

C # xinpka 3pydHimie sl moyaTKiBimiB Ha BiaMiHy Big C abo C ++. Bin
HNIATPUMYETHCA JACSIKUMH JYyX€ 3pyYHUMHU 1HCTpyMeHTaMu, Hanpukian Unity 1
Xamarin, fKi BIIMIHHO MIAXOASATH JJIS PO3POOKHU Irop 1 KpOC-TUIATPOPMHUX
nonatkiB. BASIC HeliMOBIpHO TpHEMHHMM y BHUKOPUCTaHHI 1 € 1JcabHUM
MOYATKOM JIJIsl HABYaHHS KOJyBaHHS.

CepenoBuia po3pooku s miatdopmu Android.

Android Studio, 3acHoBana Ha mporpamHomMy 3abe3nedenHi Intelli] IDEA
Bi Kommanii JetBrains, - odimiitne cepenoBuiie po3podku Android gomatkis.
Android Studio mpononyerscs 'y Burisigi makety 3 Android SDK, sxwii
CKJIaJIa€ThCsl 3 HAOOPY THCTPYMEHTIB, SIKI BUKOPUCTOBYIOTHCS JIJISI TOJICTIIICHHS
po3poOku Android. Takox € Bi3yaJIbHUM KOHCTPYKTOD, SIKUA POOHUTH MpOLEC
OB JIETKUM, a PO3LIUPEHI, MOTY>KHI (YHKIII MOCTIMHO HOAAIOThCS, 1100
HAJaTHU PO3pOOHUKAM JOCTYT JI0 TAKHX peUei, SK XMapHe CXOBHIIIE.

Unity.
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[le mixkmuaTdopMHE cepenoBHINE PO3poOKH KoMmm'toTepHux irop. Unity
JI03BOJISIE CTBOPIOBATH JIOJATKH, IO MPAIIOIOTh Mif Ouibil HDK 20 pi3HUMH
OTEpaIifHUMH CHCTEMaMHU, 10 BKJIIOYAIOTh MEPCOHAIbHI KOMIT'IOTEpPH, ITPOBi
KOHCOJIi, MOOLIbHI MPUCTPOI, IHTEPHET-A0AATKH To1o. OCHOBHUMU NIEpeBaraMu
Unity € HasBHICTh BI3yaJbHOTO CEpEIOBHINA PO3POOKH, MIKIUIAT(HOPMHOI
MIJITPUMKH 1 MOJYJIBHOT CUCTEMH KOMITOHEHTIB. JI0 HEIOJIKIB BiIHOCATH IOSBY
CKJIQJIHOIIIB TpH PoOOTI 3 0araTOKOMIIOHEHTHUMHU CX€MaMH 1 TPYJIHOII IMpHU
MIJKJIFOYEHHI 30BHIMIHIX 010110TeK. Llei 1HCTpyMEHT 3 BIIKPUTHUM BHUXITHUM
KOJIOM, SIKU JO3BOJISIE HEUMOBIPHO JIETKO CTBOPIOBATH CBOT BJIACHI iTpH.

Corona.

Corona npoIoHye€ 1€ OJUH MPOCTUN BapiaHT AJIsi PO3POOKU JOAATKIB JIs
Android. KogyBatu B LUA nabararo mpocrimie, Hixk B Java. Bin miaTrpumye Bci
BJIaCH1 010J1I0TEKH, IO T03BOJISE MyOTIKyBaTH JaHl Ha IEKUTHKOX IiaTdopmax.

PhoneGap.

PhoneGap npairoe nHa Apache Cordova 1 103BoJisie CTBOPIOBAaTH JOJATKH,
10 BUKOPHUCTOBYIOTh KOJI, IKUI 3a3BUYail BAKOPUCTOBYIOTH JUIsl CTBOPEHHS BEO-
caiity: HTML, CSS 1 JavaScript. [Iporpamu Android-gonaTkiB Mo>kHa CTBOPUTH
OpakTHUYHO Ha OyAb-AKili TOMmyNsIpHid MOBI mTporpamyBaHHS. Ale, ™00
BUKOPHCTOBYBAaTH BCl MOXJIMBOCTI OIEpaliifHOI CUCTEMM 1 MaTH JOCTYI JI0
HaiHOBImUX QyHKIIH Android, To kparie BukopuctoByBatu Java abo Kotlin.
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One of the key components of the information society is the availability of
e-government and document management systems in enterprises. Document
management systems help to automate, reorganize and accelerate work processes
in enterprises and government agencies, which, in turn, requires a number of
socio-political decisions that meet the transformations in all spheres of life,
namely, in the processes of preparation and decision-making, in content and forms
of governance, in the notions of human rights, national and personal security, in
the assessment of strategic resources.

[IpaBunpHa  opranizamiss  JOKYMEHTOOOITY  CHpHSiE  ONEpPaTUBHOMY
IPOXO/KEHHIO  JIOKYMEHTIB B  amapari  YNpaBliHHA, PIBHOMIPHOMY
3aBaHTAXKEHHIO TMIAPO3JUIIB 1 TOCAJOBUX 0CI0O, MO3UTHUBHO BIUIMBAE HAa
YIPABIIHCHKUANM TMPOIIEC 3arajioM, JOKYMEHTOOOIT B YCTaHOBI ICHY€ Yy BUIJISI
MOTOKIB JIOKYMEHTIB, SIK1 ITUPKYJIIOIOTh MK TyHKTaMU OIpaIfoBaHHs iHQopMarltii
(KepiBHUKaMHU YCTaHOBHM 1 CTPYKTYPHHUX IMIApO3/AUIIB, (axiBIliB) 1 MyHKTAMHU
TEXHIYHOT'O OIPAIfOBaHHS JOKYMEHTIB (E€KCIeIuLis, MauOpo, KOMitoBaIbHO-
pPO3MHOXKYBaJIbHa ciyk0a) [1]. BizyanbHoto (hopmMoro mojilaHHS €IeKTPOHHOTO
JIOKyMEHTA € BIIOOpaX€HHSI JaHUX, SIKI BIH MICTUTh, €JIE€KTPOHHUMH 3aco0amu
abo Ha mamepl y (opmi, OpUIATHIA ISl TpUMaHHS HOTO 3MICTY JIFOJIUHOIO.
OCHOBHUMHU BUMOTAaMH JI0 TaKOi CUCTEMHU JOKYMEHTOOOITY OyAyTh:

- 30epiraHHs €JeKTPOHHUX JOKYMEHTIB Ta apX1BiB Yy €JMHOMY CXOBHIII];

- BIANPABIICHHS, Ta OTPUMAHHS IOKYMEHTIB;

- MOKJIMBICTh BIJIHOBUTH BHUJIAJICHI IOKYMEHTH;

- MOXJIMBICTh aBTOPH3aLlli y CEpBICi;

- PO3MEXyBaHHs MTpaB Ha 0OPOOKY JTOKYMEHTIB ISl PI3HUX KOPUCTYBAYiB;

- 0E3MeYHICTh Mepeadi JaHuX y CepBici;

- CTaOLIBHICTD 1 OE3MEeYHICTh CUCTEMHU.

AKTyalnbHICTh pOOOTH 3yMOBJIEHAa HEOOXITHICTIO MOIIYKY Ta 3aCTOCYBaHHS
HOBITHIX TEXHOJOTIM y mpouecax BUPOOJEHHS, MPUNUHATTSA 1 BIPOBAKCHHS
KEPYIOUUX PIlIeHb B CUCTEMaX JOKYMEHTO00Iry. 3 i€l MEeTO Oyiid BUKOHaHI
JTOCITIKEHHS 11010 PO3pOOKH MTPOTPAMHOI0 3a0€3MeUeHHS M0 POOOTI 3 JaHHUMHU
JUTSl CUCTEMH IOKYMEHTOOOITY 1110 IHTErpoBaHa 3 0()iICHUMH 3aCTOCYBAHHIMU.

Jns1 30epiranHs TOKYMEHTIB Ta JaHUX KOPUCTYBadiB HE0OX1/1Ha Oa3a JaHUX,
HallkpauuM BapiaHToMm Oyzae BukopucTanHs MySQL 0a3u nanux.

MySQL, ue BinbHa cucTeMa KepyBaHHS penduiiiHumMu 6azamu ganux. Ll
cucrtema kepyBanHs 6azamu nanux (CKBJI) 3 Binkputum KogoMm Oyiia CTBOpeHa
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K aJbTepHaTHBa KoMmeplidHuM cucremam. MySQL wHamae Oaratuii Habip
(GYHKIIIOHATBHUX MOJIMBOCTEH, SIKI MIATPUMYIOTh O€3MEUYHE CePeIOBHILE IS
30epiranHs, 00CIyroByBaHHS Ta OTPUMAaHHS JaHUX.

Cepen cydacHHX CepBEpIiB HaWKpamydM BapiaHTOM OyJe BUKOPHUCTATH
Node.js cepBep. Node.js - 1me cepBepHa muiatdopma, M0 MPU3HAYCHA IS
CTBOPEHHS MAacCHITa0OBaHUX PO3MOAUICHUX CEPBEpHUX JOJATKIB, sKa
BUKOPUCTOBYE TOIEBOOPIEHTOBAHY apXiTEKTypy Ta HEOJIOKYIOUY aCHHXPOHHY
B3a€EMOJIIIO.

Ha pucynky 1 nokaszana ¢yHkuioHaibHa OJOK-CXeMa CHCTEMH.

Pucynox 1 - OCHOBHI €JIEMEHTH CUCTEMU

Buxopucrtansas cepBicy H03BOJSIE KOPUCTYyBady OTPUMYBATH TOCITYTH
CJIEKTPOHHOTO BpsATyBaHHS 4epe3 [HTepHeT, 110, B CBOIO Yepry, MPUIIBUAIIYE
poLIeC OTPUMAHHS MOCTYT.

[Ipu peamizanii npoekty, Oyna BUKOpUCTaHa MoOBa IporpamyBaHHs TS,
maTdopmMma express, a Takox 06a3za nanux MySQL. KnieHT cepBicy HanucaHuii Ha
HTML, SASS, TS, Angular ta Bootstrap.

Cnucok BUKOPHUCTAHOI JITEPATYPH:
1. dxorok 1. B. IlpaBoBi OCHOBH €BpPONEHCHKOI  I1HTErpalii:
3aranpHOTeopeTnuHM anam3 / [. B. Skosiok. - X. : [IpaBo, 2013. - 760 c.
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ASP.NET Core technology was chosen for the development of the web
portal, because the server side is cross-platform. It has Razor presentation
technology, has a good service implementation architecture, middleware, it is
possible to use the MVC template. It is also possible to interact with the database
through the Entity Framework Core, which allows you to use ORM. The
technology used also has a good system of routing, filtering, and also allows to
serialize data in JSON format.

[Iporpama «EnextponHa VYkpaina» mnepenbavae 3axoAu sl LIAPOKOTO
BIIPOBA/KCHHS CUCTEMH €-ypsyBaHHsS B YKpaiHi, a caMe — CTBOPEHHS €IMHOTO
BeO-MoOpTaly OpraHiB BUKOHABYOI BJIaJIM Ta 1HTErpallis B HbOIO BEO-CaTIB Ta
CJIEKTPOHHUX 1H(QOPMAIIMHUX CUCTEM 1 PECypCiB OpraHiB BUKOHABUOI BJIAJH 3
JOTPUMAaHHIM BHUMOT JI0 3axHUCTy 1HQopmaiii. MoBa iiie mpo BUKOPHUCTaHHS
MOJIMBOCTeH  iH(poOpMamiiHo-KoMyHiKaninaux  TexHojorid  (IKT)  mus
3aJIOBOJICHHSI TIOTpeO TpoMajisiH, KOMIIaHii Ta Oi3HECYy, HaJaHHS 1HTErPOBAHUX
CJICKTPOHHUX TMOCIYT 3a KUTTEBUMH Ta OI13HEC-CUTYAIIISIMHU; peai3allisi TPUHIUITY
€MMHOro BiKHa («one-Stop-shop») nuIAXoM  3a0e3medyeHHs PO3BUTKY  Ta
(YHKLIOHYBaHHS €JIMHOTO JEP>KaBHOIO MOPTATy aJMIHICTPaTUBHHUX MOCIYT SIK
€IMHOI TOYKH JOCTYIY (PI3MYHHMX Ta OPUAMYHHUX OCIO 7O €IEKTPOHHMX MOCIYT;
PO3BUTOK €IEKTPOHHUX IMyOMIYHHUX 3aKYIIIBEIb, €IEKTPOHHUX JIOTOBOPIB 1 paXyHKIB,
CNIeKTPOHHUX aYKIIOHIB, CTUMYJIIOBaHHS BHUKOPHCTAHHS €JEKTPOHHUX TMOCIYT
(bI3UYHUMU Ta FOPUIMYHUMHU 0COOaMHU.

AKTyallbHICTh pOOOTH 3yMOBJIEHA HEOOXIJHICTIO MOIIYKY Ta 3aCTOCYBaHHS
HOBITHIX TEXHOJIOTIA y TMpolecax BUPOOJICHHS, MPUUHATTS 1 BIPOBAIKECHHS
JIepKaBHUX KEPYIOUHX PIllIeHb B MUTAaHHIX €JICKTPOHHOT KOMepIlii (e-commerce).

3 1i€ro MeToro OyiIM BUKOHAHI TOCIIPKEHHS 1100 PO3POOKH IPOTrPaMHOTO
3a0e3MnedeHHsI Mo PoOO0TI 3 JAHHUMHU JIJIsI PEECTpallii KOMMaHii.

Jlnst ctBOpeHHs BeO mopTaity Jijisi poOOTH 3 JaHUMU, 0yJI0 BUKOPUCTOBBaHI
HacTynHi iHcTpymeHnTtu: Entity Framework ta SQL Server. Entity Framework
(EF) Core - HOBITHS T€XHOJIOTISI pOOOTH 3 JaHUMH, CTBOPEHA I'PYIIOI0 PO3POOKH
ASP.NET; came ueit ¢peliMBOpK pEKOMEHIYEThCS BUKOPUCTOBYBATU IMPHU
ctBopenHi noaatkiB ASP.NET Core. EF Core Bignocutscsa no kareropii ORM
(Object Relational Mapper, «00'ekTHO-pesLiiHEe BiTOOpaXKeHHS»); 11e O3HAYAE,
10 BU PATYETECS B CKJIQJHONIIB IEPETBOPEHHS JAHUX 3 PEISALIMHOTO CXOBUINA
1 00'eKTHO-OPIEHTOBAHOI MpPEeIMETHOI Mojeni Bamioro 3actocyBaHHs [1]. Ilpu
BuKopucTanHi Entity Framework, sk npomapok miast po6oTH 3 JTaHHUMH, BHpa3
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MoJieiIi mpeaMeTHoi o0acTi 3aificHoeThes yepe3 POCO-06'extu (Plain Old CLR
Objects). Entity Framework 6epe Ha cebe Bci KJIONOTH B TOPIBHSHHI
BJIACTMBOCTEH KJIacy 3a IOMIOMOTOIO CTOBIIIIB KOHKPETHOT TaOuuIll 0a3u JaHuX,
Ta yHOpaBisie BIJOOpaKEHHSAM 1 OyAb-KUMH B3a€MOAISIMH 3 0a3010 JaHHX. Y
Entity Framework Core xommanis Microsoft namama mnpoctmit APl mns
3aBaHTaXXEHHS 1 30epekeHHs 1H(opMmarlii B 6a31 gaHux. baraTteox momumpeHux
npobisiem, BiractuBux ORM, MokHa YHUKHYTH pO3OHUTTSIM BEIUMKHX MOJCICH
JTAHUX Ha MEHIIIN, OUTbII KEpOBaH1 0OMEXKEHI KOHTEKCTH.
Ha pucynky 1moka3ana 6J10K-cxeMa poOOTH IpOTpamH.

f ' f
ABTOpU3aLin PeecTpauin pEBCTPaLEI_H L
KoOMMaHIi s
l ! '
3anoBHeHHA | & . 3anoBHeHHA g JanosHeHHs | &
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e g2 I 22 g
= [T |
Bi E £ é g BipHo §
ipHO
3anqiueuq F!iPHO M 3AN0OBHEHO c
[ 3anOBHEHD
i HET HET
aa HET
flosinouneHHs MosigoMneHHs NosigomneHHs
i yCnilHoT yenilwHoi peecTpauii
asTopu3aLji peecTpaii ot peee

Pucynox 1 — biok cxema po6oTtu riporpamu

BukopucranHs BeO-mopTany J103BOJSE BUKOHYBATH Omepallii MoB'sa3aHl 3
peecTpartiiero 0e3nocepeHbo yepe3 [HTepHeT, TakuM YHHOM HeMa€e HeOOX1AHOCTI
BUTpayaTH 4Yac Ha NEpECHSIaHHA JOKYMEHTIB Uil peecTpaiii komnanii. [lpu
peaizaiii mpoexTy, OyJia BUKOpUCTaHa MOBa miporpamyBaHHsi C# pa3zom 3 623010
nanux SQL Server. Kmient cepsicy namucanuii Ha HTML pazom 3 CSS Ta
Bootstrap.

Cnucok BUKOPHUCTAHOI JIITEPATYPH:
1. Pro Entity Framework Core 2 for ASP.NET Core MVC [Tekct]/ Freeman
A. Apress, 2018. — 650 c.
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Fuzzy sets were introduced by Zadeh as a means of representing and
manipulating data that was not precise, but rather fuzzy. Fuzzy logic provides an
inference morphology that enables approximate human reasoning capabilities to
be applied to knowledge-based systems. The theory of fuzzy logic provides a
mathematical strength to capture the uncertainties associated with human
cognitive processes, such as thinking and reasoning. The conventional approaches
to knowledge representation lack the means for representating the meaning of
fuzzy concepts. As a consequence, the approaches based on first order logic and
classical probablity theory do not provide an appropriate conceptual framework
for dealing with the representation of commonsense knowledge, since such

knowledge is by its nature both lexically imprecise and noncategorical.

Heuitki cucremu 6a3yroThcs Ha HEUITKIHM JIOTIII, TOOTO 1€ CHCTEMH, IIO
aHaAMI3yIOTh AHAJIOTOBI BX1JHI 3HAYEHHSA, SIKI MOXYTh MpUHAMaTH Oe3nepepBHI
3HaueHHd Bia 0 1o 1 (Ha BigMiHy Big 1udpoBoi nuxotoMii 0 ado 1). B nanuii yac
HEYITKI CUCTEMH IIHUPOKO 3aCTOCOBYETHCS B OOUHUCIIIOBATBHUX 1 1H(OpMAIiTHUX
CUCTEMaxX PI3HOTO MPU3HAYEHHSI, TaK K BOHU BUSBUJIUCS HE3aMIHHUMH B THX
BUIA/KaX, KOJIM Ha TTOCTaBJIEHI MUTAHHS HE MOKJIMBO OTPUMATH YiTKI BiJIOBIII
abo Hamepej HEB1JIOMI BCl MOXJIMBI cutyalii. Hanpukinan, B HEWITKIM JiOriIi
BHCJIOBJTIOBAHHS BUIY «X € BEJIHMKE YUCJIO» IHTEPIPETYETHCSA SK T, M0 Ma€
HETOYHE 3HAYCHHS, IO XapaKTEPU3YETHCA JESKOK HEYITKO MHOXXHHOIO.
[ITyyHuil 1HTENEKT 1 HEWPOHHI Mepexi — I1e crmpobda MOJIENIOBAaHHSA Ha
KOMM'TOTEp1 MOBEIHKY JIIOAUHU. A TaK K JIFOAU PIJIKO Oa4aTh HABKOJIUIITHINA CBIT
JIMIIE B YOPHO-O1JIOMY KOJIbOP1, BAHUKAE HEOOX1AHICTh Y BUKOPUCTAHH1 HEHITKO1
JIOT1KH.

Hetipo-HeuiTki cuctemMu ab0 HEUITKI HEWPOHHI MEpeXi — 1€ CHUCTEMU 3
00JacTl MITYYHOTO 1HTENEKTY, AKi KOMOIHYIOTh METOJIU IITYYHUX HEHUPOHHUX
MEpEX 1 CUCTEM HEUITKO1 JoTiku. Helipo-HeuiTKi CuCTeMH € Pe3yJIbTaToOM Cpoou
CTBOPEHHSI T1IOPUIHOI 1IHTEIEKTYyalIbHOI CUCTEMH, siKa O JlaBajia CHHEPTeTUYHUN
e(eKT MUX JABOX MIIXOJIB IIJISIXOM KOMOIHYBaHHS JIFOJMHOIIOMIOHOTO CTHJIIO
MIpKyBaHb HEYITKMX CHCTEM 3 HaBYAHHSM 1 KOHHEKIIIOHICTCKOW CTPYKTYPOIO
HEUPOHHUX MEPEK.

Hetipo-HeuiTka cucTeMa BKIIOYAE JTIOACHKHHM CTHIJIb MipKYBaHb HEYITKHX
CHCTEM 3aBJISIKM BUKOPUCTAHHIO HEYITKMX MHOXXHMH Ta JIHTBICTUIHY MOJCIb, 10
ckinagaerbess 3 HaOopy HewiTkux mnpaBui |F-THEN. OcnoBna cuna neiipo-
HEYITKUX CHCTEM TIOJIAra€ B TOMY, IO BOHH € YHIBEpPCAIbHUMH
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anmpoKCUMaTopaMHu 31 3JaTHICTIO 3alUTyBaTW 1HTeprpeTroBaHi mpasuia IF-
THEN.

[lepeBaru HEMPO-HEUITKUX CUCTEM BKIIIOYAIOTh JB1 CYNIEPEUIHBI BUMOTH JI0
HEYITKOTO MOJICTIOBAHHSA: IHTEpIpeTabenbHICTh Ta TOUHICTh. Ha mpakTuili, oqHa
3 HHUX 3aBXIu TepeBaxkae. Heipo-HewiTki cuctemMu B 00JacTi JOCTIIHKCHb
HEYITKOTO MOJICJIIOBAaHHS MOAUIAIOTH Ha JIB1 00JaCTI:

- JIIHTBICTUYHE  HEUITKE  MOJCIIOBAHHS, SKE  OpIEHTOBaHE  Ha
1HTepIpeTadeNbHICTh, IEPEBAKHO MOJIeNIb MamaHi,

- TOYHE HEUITKE MOJEIIOBaHHS, III0 OPIEHTOBAHE HA TOYHICTh, TOJOBHUM
yuHOM Mojienb Takari-Cyreno-Kanra (TCK).

Crnin 3a3HauUTH, MO 1HTEPHPETAOETBHICT, HEHPO-HEUITKUX CUCTEM THUITY
Mampaani Moxke OyTH BTpaueHa. JIJist MOJINIIeHHs IHTepIpeTadeTbHOCTI Helpo-
HEYITKUX CHUCTeM HEOOXITHO BXKWUTU TEBHUX 3aXO/diB, B SKHX TaKOX
OOrOBOPIOIOTHCS BAXKJIMBI ACTIEKTH 1HTEPIIPETAIlli HEHPO-HEUITKIX CUCTEM.

HemonaBHi qOCHIIKEHHSI CTOCYIOTHCSA 1HTEIEKTYaIbHOTO aHANi3y MOTOKY
JTAaHUX, JIe HEUPO-HEUITKI CUCTEMH IOC1JIOBHO OHOBITIOIOTHCSI HOBUMU BX1THUMHU
3pa3kaMd Ha BHUMOTY Ta Ha JbOTy. TakuM YHWHOM, OHOBJIEHHS CHCTEMH
BKJIFOYAIOTh HE TUIbKH PEKYpPCHUBHY aJanTalll0 MapaMmeTpiB MOJIEN, ale TaKoX
JMHAMIYHY €BOJIIOIII0 Ta CKOPOUCHHS KOMIIOHEHTIB MOJiei1 (HEHPOHIB, ITpaBull),
100 aJeKBaTHO BIIOpaTUCA 3 Apei(oM KOHIIEMIli Ta MOBEAIHKOK CUCTEMH, 110
JWHAMIYHO 3MIHIOETBCS Ta 3aBXAU MIATPUMYBATHU CHCTEMHU/MOJIENT B
aKTyaJlbHOMY CTaHI.

HaiiG11p1oro nomupeHHs B JaHUM yac HaOyu apxiTekTypu HeuiTkoi HC
Bunry ANFIS 1 TSK. JloBemeno, mio Taki Mepexi € YHIBEpCalbHUMU
anmpOKCUMATOPaAMHU.

[IBuAKI anrOpUTMU HABYAHHS Ta IHTEPIPETAOCIBHICTh HAKOIMYEHUX 3HAHb
3pOOMIIM HEUITKI HEUPOHH1 MEPEkK1 OJTHUM 3 HANTIEPCTIEKTUBHIMINX 1 €hEeKTUBHUX
IHCTPYMEHTIB M'SIKMX 00UMCIIEHb HA ChOTOIHIIIHIN JIEHb.
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Given the popularity of biometric identification technologies, in particular,
fingerprint identification technology, we are faced with an urgent problem of
improving the quality of fingerprint images. The image quality of fingerprints
during the scanning process is influenced by many factors, from the environment
to the human factor. Taking into account all the previously listed problems, we
can safely use the image filtering algorithm, in particular, the Gabor filter showed
the highest efficiency. This approach showed the highest value of the quality
index of the detail from the image and a higher percentage of error-free local and
global fingerprint features.

[Ipobnema imentudikaiii ocodn ICHye€ AOCHUTh JIaBHO, JIOJIMHI 3aBXKIU
HEOOX1THO OyJI0 OYTH YITKO BIIEBHEHOIO, III0 BOHA CIIUIKYETHCS 3 MOTPIOHOMO i
0c00010, TOMy MOXKHa CKaszaTH, 1o npobiema igeHTudikaiii Oyna, € Ta Oynue
aKTyaJbHOIO 1 B MAaOYTHHOMY. Y 3arajibHOMY BUIAJIKY 1IeHTU(]IKaIlIS 00'€KTa —
e HOoro ymi3HaHHS, OTOTOKHEHHS 13 KUM-HEOyAb (4YMM-HEOynb). SKIIo Xk
TOBOPUTH TPO 001acTh iHHOPMAIIIHHUX TEXHOJOTIN, TO JaHUN TEPMiH 3a3BUYAil
O3HAYa€ BCTAHOBJICHHS 0COOMCTOCTI KopucTyBaya. Lleii nporiec HeoOXiaAHMI 1ist
TOTO, MO0 cUcTEMa Hajall 3MOIJIa YXBAJIWTH PILIEHHS LIOJ0 BUAAYl JIFOJHHI
J03BOJTY JJIs poOOTH Ha KOMIT'FOTEPI, JOCTYMY /10 3aKpUTOi 1H(OopMalii, IEBHUX
npaB Ta iHIIE. TakuM 4YMHOM, 1AEHTH(IKALIS € OJHMM 13 OCHOBHHUX IOHATH B
iHpopMaiiHii Oe3merni [1].

OnHuM 13 OCHOBHUX THUMIB 1A€HTH(]IKALII € O10METpisl, KOTpa BKE JAaBHO
nepeniia 13 po3psaay aHTaCTUKH 0 PO3PSIAY CyUYaCHUX TEXHOJIOT1H, 1110 Ha0yIH
HOBOTO, OUIbII BaXXJIMBOTO 3HAYEHHS HIXK HaBITh MIBCTOMITTA Tomy. Ilin
OlIOMETPUYHUMHU TEXHOJIOTISIMH HalyacTilie po3yMiloTh aBTOMATHU4HI abo
aBTOMATU30BaHI METOJM PO3Mi3HABAaHHS OCOOU JIFOAMHU 32 HOTO O10JI0TTYHUMU
XapakTepucTukamu abo nposisamu [2]. [Ipukinagamu 010METPHYHUX TEXHOJIOTIH
€ imeHTu(dikaiisg Mo royiocy, Mo4epky, BIIOUTKY MabIiB, PO3PI3y pay KHOI
OOOJIOHKH OKa, pO3pi3y KPOBOHOCHHMX CYIWH 3am’scTs Ta T.. BaximBo
3a3HAYUTH, [0 BUKOPUCTAHHS TIIBKH OlOMETpii B mporecax ineHTudikarii
OCOOMCTOCTI Ma€ Bpa3iuBI MicCIls, TOMY ii HE MOTPIOHO BIAOKPEMIIIOBATH BiJl
METO/IIB KJIACHMYHOI 1AeHTH(IKaIlll, HaNpuKIag napoiabHoi. JlocTaTHiil piBEHb
iH(opMalriitHOT Oe3MeKu NOCATTH MOXKHA TUIBKHU HUISXOM KOMOIHYBaHHS 000X
MIXO/IIB.

Cepen 610METpUYHUX TEXHOJIOT1H, HA JaHUW MOMEHT TEpIle MiCIle 3aiiMae
imeHTudikaiis mo BiAOUTKY MaibIiB. JlaHui Miaxi1 HEe € HOBUM, 1€ JaBHO, HOTO
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noyajqu BHUKOPUCTOBYBATH B KpHUMIHATICTUINI. JlakTUiockomist — pPO3ILT
KPUMIHAJTICTUKH, SKUH 3aliMa€eThbcs JNOCTIHKEHHAM KOHIryparli maniisspHuX
JIHIM Ha MydYKax HajbIlIB PYK 13 METOK BCTaHOBJIEHHS 1JICHTHYHOCTI. MeTon
imeHTudikarii Jroaei 3a BiAOMTKaMM MabIIB (B T.4. IO CJ1Jax MajbIliB PYK),
3aCHOBAHMM Ha YHIKaJIbLHOCTI MajltoHKa MKipu [3]. Ajne roBopsuu 1mpo chepy
iHQopMaIITHUX TEXHOJIOT1H, MOYKHA Ha3BaTH IeW MIJAX1J TaKUM, KU TUIBKU
HaOMpae CBOIO MOMYJISIPHICTb.

JluBnsYnCh, Ha BCE paHile CKa3aHe, MOXXHa KOHCTaTyBaTH (hakT, IO
aKTyaJIbHOIO € TIpo0JIeMa MOKPAIIEHHS SKOCTI 300paKeHb BIIOMTKIB MAJIBINB JJIS
OUTBIII TOYHOI, OE3MOMUIKOBOI POOOTH OioMeTpuyHHX cucteM. [IpobGiiema
HoJisira€ B TOMY, IO Ha SIKICTh BIMOMTKY MajbIliB B Mporeci iaeHTHdIKamii
BIUTMBae OaraTo (akToOpiB, cepel SKUX € CHia 1 KyT HATHUCKy Malbls MpH
CKaHyBaHHI, BOJIOTICTh MOBITPS, YUCTOTA MaNbIsI 1 caMOro ckaHepa. Tomy 1uist
MOKpAIICHHs 300paXeHHs TOTPIOHO BUKOPUCTOBYBATH METOM (PiIbTPYBaHHS.

MeToro A0MOBIZII € aHalli3 METOMIB (PUIBTpYBaHHS 300pa’keHb Ta BUOIp
TaKOroro METOJy, 110 J03BOJIUTH 30UIBIIUTHU SIKICTh 300pa)KEHHS Ta 3MEHIIUTD
B1JICOTOK TOMMJIKOBHX PIIlIEHh O10METPUYHOI CUCTEMH B MPOIIEC] 1ACHTU(IKAIII].

B nmonoBiai mpuBOIUTHCS MOPIBHSHHS PE3YJIbTATIB pOOOTH aJTOPUTMIB IO
MOKPAIICHHIO SKOCTI 300paxkeHb. OTpuMaHi pe3ysibTaTH IOKa3ylOTh, IO
HalOUIbILY €()EeKTUBHICTh Ma€ METOJ] 3 BUKOpUCTAHHIM (QuibTpa ["abopa. lanmii
MIJX1]] MOKa3aB HaWOLIblIe 3HAYECHHS 1HACKCY SKOCTI BWJIYYEHHS JeTall 3i
300pakeHHs Ta OUIBIINI TPOLIEHT 0€3MOMUIKOBOTO 3HAXO/XKCHHS JIOKAJIBbHUX Ta
100aNbHUX O3HAK BIAOUTKY MAJIbLIB MOPIBHIOIOYY 3 IHIIUMU aIrOPUTMaMHU.

Cnucok BUKOPUCTAHOI JITEPATYPH:

1. HaproB P.}O. BiomeTpuuHi TEXHOJOTIi: HaBY. MOCIO. [A7s BUIIMX
HaBuasibHUX 3akaaniB] / P.}O. [apeos, T.M. Jlemexa. — Oneca: OHA3 im. O.C.
ITomoBa, 2016 — 140 c.: 1.

2. Mopo3 A. O. biomerpuuni TexHonorii imentudikamii moguan. Orisg
cucrem / A. O. Mopo3s // Mat. mammnu i cuctemu. - 2011. - Ne 1. - C. 39-45. -
bibmiorp.: 12 Ha3Bs.

3. JakTtunockomiuHi pocmimkennsa : Hapd. moci6. mis cryan. BH3 / O. B.
IIIBenoBa. — K. : KHT, 2010. — 208 c.

153
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The presented work is devoted to the study and comparison of convolutional
neural networks for time series analysis. Various methods are considered, both
traditional classification methods and neural networks. Convolutional neural
networks were chosen to solve problems using traditional methods. Special
attention was paid to one of the classification methods with the addition of a
matrix for the field of Markov transitions (MTF). Since the matrix provides ready-
made information for processing by MTF-MCNN architecture, it helps to reduce
errors and improve the performance of time series processing.

[IpoTekanue pa3sHOOOPA3HBIX €CTECTBEHHBIX WJIM TEXHUYECKHUX MPOIECCOB,
JMHAMUKA M3MEHEHUN MOKa3aHWM MAaTYUKOB U MHOTOE JPYroe MOXKET OBITh
OMMKMCAHO C TIOMOIIbIO BPEMEHHBIX PSIOB — HAOOPOB TMOCIEIOBATEIHHO
MU3MEHSAIOUIMXCS 3HAUEHUM, COOTBETCTBYIOIINX BPEMEHHBIM NHTEPBAJIAM.

[IpuMepoM BpPEMEHHOTO pPsAAa MOXKET CIYKUTh KapAuorpaMma, aHalIu3
dbparMeHTOB KOTOPOH (Y4aCTKOB BPEMEHHOIO Psijia) MO3BOJIAET CAENATh BHIBOJ O
HAJIMYUK TE€X WJIA WHBIX MaTOJOTHil. BRITOBEIM MpUMEPOM aHaIn3a BPEMEHHBIX
PAIIOB SIBIISIETCSI UCIIOJIB30BAHUE JIOTOB MOKA3aHUN JTaTYMKOB aKCEIEPOMETPA U
TUPOCKONa MOOWMJIBHOTO YCTPOMCTBA, B KOTOPBIX MOTYT OBITH BBIJCICHBI
m1abJI0Hb! (TIOCJIE0BATENIBHOCTA 3HAYEHUM), XapaKTepHbIE JUIsl T€X WM MHBIX
JBM>KCHUH MMOJB30BATENS, YTO MOXKET MCIOJIb30BAThCS B MPOIIECCE YIPABICHUS.
Takue npuMepsl aHallM3a BPEMEHHBIX PSIZIOB pacCMaTPUBAIOTCS B paMKax 3aJauu
KJ1IaccuuKalMi — OJTHOTO U3 HAMPABJICHUN aHau3a TaHHbBIX.

AHaJIN3 BpEeMEHHBIX PSJI0OB BKJIIOUAET B €Ol U APyrue akTyallbHbIC 3aa4uH,
HanpuMep, TPOTrHO3UPOBaHUE (MOJyYEHUE MPOTHO3A MOT0/IbI, MPENoIaracMbIX
JAHHBIX O KypcaxX BajJlOT M JIPYTrue), MPU 3TOM HauyaJbHBIE ATalbl HEKOTOPHIX
METOJOB  IMPOTHO3UPOBAHUSI MOTYT CBOJUTBCS K  PEHICHUIO  3aJaud
knaccudukanuu [1]. i aHanvza BpEeMEHHBIX PSIIOB IIUPOKO HCIOIB3YIOTCS
TpaJWIIMOHHBIE METOJABl KiIaccHu(pUKaluKu, Hanbojiee paclpOCTPAHCHHBIMU W3
koTopbix sBisitoTcs DTW-KNN (meton K-6mmkaiimux coceneit) u SAX-BOP, B
KOTOPOM 3HAYEHMS 1EJIEBOI MepeMeHHON 00pabaThIBatOTCs, MyTeM pa3OueHHUs
WX Ha HECKOJIBKO OTIEIbHbIX HWHTEepBaIOB. (OCHOBHBIMH HEJIOCTaTKaMU
PACCMOTPEHHBIX METOJIOB SIBJISIFOTCS BHICOKASI aJlTOPUTMHUYECKAS CJI0KHOCTh U3-
3a mepedopa Ha KaKJOM Il1are BCeX BO3MOXKHBIX MOJIPSI0B BpeMEHHOTO psija [1]
1 HECITOCOOHOCTH BBISBJIATH IIA0JIOHBI, B CIydyae U3MEHEHHST MaclTada 3a1a4yu.
s perieHus 3TUX MpooJIeM MOTYT UCTIOJb30BATHCSI METOAbI BEIUUCIUTEIIHLHOTO
WHTEJIJIEKTa, TaKue UCKyccTBeHHbIe HeponHbie cetu (MHC) [2].
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Cy1ecTBYIOT JaBHO 3apEKOMEHOBABIINE Ce0sl apXUTEKTYPbl HEHPOHHBIX
CeTell, KOTOpbhIE MCHOJB3YIOTCS IS PEIIEHUsS Pa3sHOOOpPA3HBIX 3a/ad aHajlu3a
naHHbIX [2]. OgHoil n3 Hanbosee akTyalbHbIX apXUTEKTYP SBISETCA CBEPTOUHAS
HeriponHast cetb (CNN), 0COOEHHOCTh KOTOPO# 3aKITI0YAETCS B MCTIOIb30BAHUH
CBEPTOYHBIX U MYJIMHTOBBIX CIOEB BHYTPHU CETH.

B paborte paccmarpuBaercs NpUMEHEHHE Pa3HOBHJIHOCTEH CBEPTOUYHBIX
HEHUPOHHBIX CeTEeH ISl pelIeHUs 3a/1auu KiacCU(pUKAIMK BPEMEHHBIX PsIJIOB, Ha
pUMEPE UCIOJIb30BAHUS TAHHBIX ISl 00YyUeHUsl U TECTUPOBAHUS U3 J1aTACETOB
[3]. Ans ananuza Obutn BeIOpanbl apxutekTypsl MCNN 1 MTF-MCNN.

UcnonbzoBanue MHC Multiscale CNN otnnyaercs ot CNN npuMeHeHrneM
CBEPTOK M TMYyJMHra K OTAEIbHBIM Pa3HOBUAHOCTAM IpeoOpa3oBaHUi
BPEMEHHOTO psa (M3MEHEHUE MacIluTada, CIIIa)KMBAHHE BPEMEHHOIO psa).
[Ipumenenre CBEPTOK Ha Pas3HBIX MPEOOPa30BAHUAX HMCXOIHOTO BPEMEHHOTO
psaa XapakTepu3yeTcsl IOTepsSMHU HEKOTOPOW II00anbHOUW MH(pOpMALUU O psje
(0 pacmpeneneHu 3HaAYeHUM B HEM, 00 MX B3aUMOCBSI3M), YTO OOYCJIOBJICHO
JIOKaJIbHOCTBhIO CBEPTOK M NMPUMEHEHHEM IyiuHra. [{ns ymyudmeHuss paOoTsl
apxutektypsl MCNN Kk Heil noOaBieHa 4yacTh, KOTOpas OyAer oOpadaThIBaTh
MTF (Markov Transition Field). Dta 4acTh cOCTOMT M3 ABYX IOJHOCBSI3HBIX
ClI0€B, KOTOpble 00beANHSIOTCS ¢ apXUTeKTypoid MCNN TosbKO Ha MOCleHEM
IIOJIHOCBSA3aHHOM CJIOE.

Jo6asnenue marpuiibl MTF u yactu HelipoHHOM ceTu, oOpabaThiBaroniei
€€, IMO3BOJISICT YBEJIWYUTh KOJMYECTBO MApPAMETPOB I HACTPOWKH, YTO
MO3BOJIIET CHU3UTH BIUSHUE IIPOKIIATHS PA3MEPHOCTI.

CpaBautenphbiii aHanu3 apxutektyp MCNN u MTF-MCNN noka3biBaer,
yto MTF-MCNN noka3biBaer cedst ayuiie, yem opuruHaibHbii MCNN. U3
pe3ynbTaToB cienyer, 4ro nobasnenne uHpopmamuun o MTF  yckopser
CXOIUMOCTh HeWpoHHOU ceTu. Apxurektypa MTF-MCNN umeer cxoxyro
KOH(Urypanuo CBEPTOYHBIX CJIOEB, OJTHAKO K HEW J00aBieHa IMOJHOCBSI3HAs
yacTh Ha matpuie MTF.

[Ipn omuHakoBoM kosmuecTBe mapamerpoB MTF-MCNN mnoka3sbeiBaer
pe3ynbTaThl JIy4lle, T. K. HCIOJb3YET YK€ TOTOBYIO MH(OPMAIUIO U3 MaTpPULIbI
MTF, a He moacTpauBaeT CBOM MapaMeTpbl Il €€ u3BiedyeHus. Mcxons us
OPOBEJAEHHBIX 3KCIEPUMEHTOB, MOXXHO CJEeJaThb BBIBOJ, 4YTO J0OaBJICHHE
marpuel MTEF B HEWpOHHYIO CETh 3HAYMMO IIOBBIIIAET KA4yeCTBO
KJIacCU(DHUKAIIMY U TIOBBIIIAET CKOPOCTh 00YUYEHUsI HEHPOHHOM CETH.
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XapKiBCbKUI HAllIOHAIBHUN YHIBEPCUTET PaAi0eTICKTPOHIKU
61166, Xapkis, npocn. Hayku, 14, kad. EnekTpoHHHX 00YHCITIOBAIBHUX
mariuH, Tei. (096) 497-40-20
e-mail: yuliia.nazarenko@nure.ua
In nowadays «Smart House» is not protected from computer attacks by
hackers. The combination of different technologies when building a system
increases the number of possible security problems, which attracts the attention
of attackers. This article discusses the distribution channels of viruses in the
system and how to solve this problem.

CbOroHi  CHUCTEMHM  PO3YMHOro  OYJMHKY  OTpUMalM  IIHPOKE
PO3MOBCIOJKEHHS, BOHU Jly’Ke 0araro(yHKIIOHAJbHI, a pa3oM 3 LIUM CKJIAIHI.
[ToniOHMMM cucTeMaMu OOJNAHYIOTbCS HE TIJAbKH JKUTIOBI OyIMHKH, a W
JIep’KaBHI yCTAaHOBH, MICLS MacOBOTO CKYIMYEHHS JIIOJEH, a TaKOXK CTpaTerivHi
o0'extu. [loeTHaHHS PI3HUX TEXHOJOTIH MpU MOOYA0BI OJIHIET aBTOMATU30BaHO1
CUCTEMHU 30UIbIIIY€E KUIBKICTh MOIJIMBHX HEHOJIKIB PIMIEHHS 3 TOYKH 30pY
Oe3reku, o, 6€3yMOBHO, IPUBEPTAE YBAry 3JIOBMHUCHUKIB [1].

Ha crorogHimHiii 1eHb CUCTEMH «PO3YMHOIO OYJMHKY» HE BOJIOJIIOTH
MOBHOIIIHHOIO 3aXHUIIEHICTIO Bl1J KOMMI'IOTEPHUX Ta IHIIOTO POy aTak
3JIOBMUCHMKIB. Y 3B'SI3KYy 3 1IUM BUHUKAae HeOe3leka, W0I0 IIaxpaw,
BUKOPHCTOBYIOUH Bpa3IMBOCTI CHUCTEMH, 3MOXKE AMCTAHIIHHO KepyBaTH
«pO3yMHUM OyIHUHKOM» [2].

OpHi€0 3 OCHOBHUX Ypa3jIMBOCTEM O€3MeKHM TaKOi CUCTEMU PO3YMHOIO
OyIMHKY € HE3aXMIIEeHI KaHaIH 3B’ S3KY, 30Kpema:

- ka"an Bluetooth € Bkpaii HeHaAIiHUM 1 JIErKO MOXe MPUUHATH (ailn 3
BIPYCOM B1J] 3JI0BMHCHHMKA, HE 3alIUTABIIN ayTEHTU(IKAIIHHUX TaHUX;

- 3a kaHajioM Wi-F1 3T0BMHUCHUK MO€ aBTOPU3YBATUCS Y BHYTPIIIHIMI
mepexxi Wi-Fi «po3ymHoro OyauHKy» 1 BOpPOBAIUTH MIKIJJIMBE MPOTPaMHE
3a0e3IeYeHHS;

- ypaznuBocti HTTP-kanany, no skomy nmpucTpoi CUCTEMH CIIIKYIOTHCS 13
30BHILUIHBOIO Mepexero [HTepHeT, MOXKyTh 103BOJMTH 3JI0BMHUCHUKY OTPUMATH
KOHTPOJIb HAJ «PO3yMHUM OyIMHKOM», HaBiTh HE TmepedyBalouu B HOro
JIOKaJIbHIM 00YHCITIOBAIBHIN MEPEXKi;

- yepe3 kaHam GSM 370BMUCHUK MOXE BIJIPaBUTH KEPYyHOUl KOMaHAU
cuctemi. 3poOUTH 1€ MOXKHA, HANpPHUKIAJI, 3a JOMOMOrow mnepemadlr SMS-
MOBIJIOMJICHHSI 3 TiAPOOJEHUM HOMEPOM BiAMpPaBHUKA, TUM CaMUM 3I1HCHUTH
HECaHKI[IOHOBAHE YIIPABIIHHS CUCTEMOIO;
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- SIKIIO CEpPBEP PO3YMHOI0 OyIMHKY TaKOX MIAKIIOUEHUH 1 O JTOKAIbHOT
Mepexxi Oy[iBii, TO BipyCHa MporpaMa LiJIKOM MOKE MOTPAnUTH HA MAaIIUHY 3
JOKaIbHOT Mepexi [2].

Cepen OCHOBHI ypa3jaMBOCTI B TIPOrPaMHOMY 3a0€3IMEYEHHI CHCTEM
PO3YMHOTO OYJIWHKY, SSIKUMH KOPUCTYIOTHCSI 3TOBMUCHHUKH JUIsI BIIPOBAIKCHHS
HIKIJUIMBUX IpOTpam:

- BIJICYTHICTb MOKJIMBOCTI OJIOKYBaHHS MiJKJIIOYEHb HEaBTOPU30BAHUX
IIPUCTPOIB;

- BIJCYTHICTh KOHTPOJIO HaJ LIMPOKOMOBHOIO PO3CHJIKOIO JaTrarpaMm B
MEpekKi pO3yMHOT0 OyANHKY;

- BIJICYTHICTb IEPEBIPKU aBTEHTHUYHOCTI KEPYIOUOI IPOrpaMu, 110 Mepeae
NAKETH B MEPEKY PO3yMHOr0 OyAuHKY [3].

106 3axucTuTH cebe Ta CUCTEMY «PO3yMHOI0 OYIUHKY» MOTPIOHO:

- MAKTIOYATH €IEMEHTH PO3YMHOTO OyAWHKY 3 BUKOPHUCTAaHHSIM JIPOTOBHUX
IPOTOKOMIB. SIKIIO 1€ HEMOXJIMBO, BUOUPATH MAKCHUMaJIbHO 3aXHILEHI
0e31poToBi cTanAapTu Tuny ZigBee;

- BUKOPHCTOBYBaTH TIIbKM THMYAcOBE MIAKIIOYCHHS CHCTEMH 10
[HTEpHETY, 1O [O03BOJUTH 3HU3UTU PHU3UK XAKEPCHKUX aTak 1 MIHIMI3Y€E
HEOE3NeKy MOSBU IIKIAJUBOTLO MPOTPAMHOIO 3a0€3MEUYEHHS B IIEHTPAIbHOMY
KOMIT'IOTEPI;

- HIKOJIM HE BUXOJMTH Ha 3B'I30K 3 «PO3YMHUM OYJMHKOM» 3 TPOMAJICBKUX
MICIIb 200 3 4Y>KOT0 00JIaIHAHHS;

- SKIIO JOBOJMUTHCS BUKOpHcTOBYBaTH Bluetooth 1 Wi-Fi, 060B's3koBo
BCTAHOBUTH «IJIYUIWJIKM» HAa THUX AUISHKAX, 1€ 3B'I30K BUXOIUTHh 33 MEXI
OyIUHKY;

- BCTAHOBUTHU CHEIlabHI TaJ)KEeTH, 110 MEePEIIKOIHKAIOTh 371aMy 1 BUTOKY
1H(popMmarii.

3po3yMiJIo, IO MPOTPaMHI aHTUBIPYCHI MPOAYKTH HE MOXKYTh BUPIIIUTH
NMUTAHHS TOBHOI OE3MEeKH CHCTEMH «PO3yMHOTO OYIWHKY». TakuM 4YHHOM,
CTBOPEHHS aHTUBIPYCHOT CHCTEMHU, 3/1aTHOI 3a0e31MeuyBaTH KOMIUIEKCHHM 3aXUCT
CUCTEMHU aBTOMATHU30BAHOIO YMpaBliHHA OyjiBiero OyJe 3aBJaHHAM Ha
HAWOIKY1 POKH.

Crucox BUKOPUCTAHOI JIITEpaTypu:

1. Kacnmepcki K. 3ammcku nocnigauka Komm'torepHux BipyciB / Kpic
Kacnepcki. — Xapkis, 2006. — 316 c. — [Turep.

2. Slivin A. M. Analysis of vulnerabilities in Smart Home system / A. M.
Slivin, A. P. Ivanov. // Uuxunipunr 1 texnosorii. — 2018. — Ne2.

3. Serious flaws found in multiple smart home hubs: Is your device among
them? [Enextponnuii pecypc| // Welivesecurity by ESET. — 2020. — Pexum
JOCTYIy 110 pecypcy: https://www.welivesecurity.com/2020/04/22/serious-flaws-
smart-home-hubs-is-your-device-among-them/.
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In nowadays world, in the era of information different kinds of data covers
every person in the world. Today collecting and analyzing all this information is
an essential part technical progress. That’s why Big-Data, which is one of the
most important technologies of our age, appeared, and each year it’s only
strengthens its positions. But most people who connect their lives with this sphere
forget that knowledge of the origins is also an extremely huge part of being a
professional. In this article I’'m going to have a brief view on the history not only
of Big-Data, but data at all and also to find dependencies of its formation with
stages in history of humanity.

Ha npotskeHnn Bcelt N3BECTHOM HAM HCTOPUU MEPE]T YEIIOBEUYECTBOM CTOSLI
BONIPOC XpaHEHWs U aHanu3za uHpopmanuu. HekoTopblie apxeoyiormueckue
HaXOJIKU CBUJIETEIbCTBYIOT O TOM, YTO emle 10-20 ThIcs4 JeT Ha3a/[ HAlllk IPEIKH
MCIIOJIB30BAIM KOCTH ISl 3allUCH OCTAaTKOB MPOJIOBOJBCTBHUS — MO OAHOM W3
TEOPUN i1 TOPrOBOM AESATEIBHOCTH W Ui MPOTHO3UPOBAHUS OCTATKOB IS
JIUYHBIX HYX]I.

[Ipumeprno B 2000-x rogax Q0 HaIKMX JHEW MEpe] 4eIOBEYECTBOM BCTal
BOIIPOC XPAaHEHUs 3HAYUTENBHO OOJbIIEro 00bemMa nH(OpMaUU, KOTOPbIA ObLI
Obl yA00€H B MCMOJIb30BAHUM U TpPeIHA3HAYayCs Obl HE TOJIBKO MJI JTUYHOTO
WCIIOJIb30BaHus. B ciieicTBUU ATOro Hayaiu MOSIBJISATHCS OUOIUOTEKH, B HAYaJe
BaBunoHnckue, a nosxe u AJeKCaHAPHUICKHE.

OuyeHb OOJNBIION MPOMEKYTOK BPEMEHHU YEJIOBEUYECTBO, B OCHOBHOM,
3aHUMAJIOCh HAKOIUICHHEM U XpaHEHUEM WH(OpMaluu, U HE NpPeANPUHHUMATIO
HUKaKUX CEPhE3HBIX MOMBITOK IS aHanu3a naHHbiX. Ho B cepennne XVII Beka
JIxoH ['paHT, KpOME ITPOYETO BHIITYCTHUII TPY I, OIIMCHIBABIINAN TEOPHUIO, B KOTOPOU
UCIIOJIb30BaHUE AHAJTUTUKU CMEPTHOCTH MO3BOJISIIO MPEayNpexaaTh O Hadale
amuAeMUuu OyOOHHOU YyMBl.

3HAUUTENBHBIX TPOJBMIKEHUN B aHann3e mHpopmaiuu He Obu1o 10 1888
roja, korga ['epman XoymiepuT 3aKOHYMII pabOTy Hal yCTPOHCTBOM, KOTOPOE
M03Xe Ha30BYT TabysiTopoM. OHO, oniepupys iephoKkapTaMu, COKpaIiaio BpeMs
ananu3a uHgopmanuu ¢ 10 et 10 3 mMecses.

C mosiBICHHMEM B HAIlleM MHUpPE MHTEPHETA W IKCIIOHECHIIMAIbHBIM POCTOM
JAHHBIX, XPaHAIIMXCSI Ha CepBepax BOMPOC aHajlM3a OTPOMHOIO KOJIMYECTBA
WHpOpMaIIMU CTOUT KaK HHUKOTJa OCTPO, B CJIEJACTBMM YEro W HAYaJloCh
dbopmupoBanue chepsl Big-Data.
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Tak yTO-)X€ ceroiHs KiIaccuPUUUPYIOT Kak «Oombiue gaHusie»? B 2008
rony Kmuddopn JIuad, B cBoeit craTthe mis xypHaia Nature omucan UX Kak:
«1r00bIE MaccHBBl HEOAHOPOAHBIX AaHHbIX cBbime 150 I'b B cytkm». Ha
CETOMHSIIHUN JIeHb CYIIECTBYET OTrPOMHOE KOJUYECTBO Pa3HOOOPa3HBIX
OTIpENICICHU JAaHHOTO TOHATHA, HO eme co BpemeH Jluaua Big-Data
XapaKTepU3yeTcs MpaBuiioM VVV:

1. O6bem (Volume) — nanHble U3MEPAIOTCS MO (PU3NYECKON BEIMYUHE U
3aHMMAaeMOMY TMPOCTPAHCTBY Ha 1udpoBom HocuTene. K «Our» oTHOCAT
MaccuBsl cBbiie 150 I'0 B cyTkw.

2. Ckopocth, oOHoBieHue (Velocity) — wuHpopMamus perysisipHo
OOHOBJsiIETCST W A O0OpabOTKM B pEaIbHOM BpPEMEHH HEOOXOAUMBI
WHTEJUICKTYaJIbHBIE TEXHOJIOTHH OOJIBIITNX JAHHBIX.

3. PaznooOpasue (Variety) — umHpOpMaIus B MacCHBaX MOXKET HMETh
HEOJHOPOIHBIE (popMaThl, OBITH CTPYKTYPHUPOBAHHON YACTUYHO, MOJHOCTHIO H
CKaIlJIuBaThCs 0€CCUCTEMHO.

Hamocnemok  xoTenmoch-Obl  yHOMSIHYTH O TIEPCIEKTHBAX  JaHHOTO
HarmpaBjieHUs. MHEHUS CHEIUaINCTOB 10 JAaHHOMY BOIPOCY KapJIWHAILHO
pacxonsTcs, oHa rpynna npopouuT bur-Jlate 6e3001aunoe Oyayiiiee 0COOEHHO
B paMKaX Pa3BUTHUSA UCKYCCTBEHHOI'O MHTEIJIEKTa U MATUHHOTO OOYYEHUSs, B TO
BpEMs KakK JIpyTre rOBOPAT O PhIHKE OOJIBIITUX JAHHBIN, KaK O «ITy3bIPE», KOTOPHIi
BOT-BOT CXJIOIHETCS, M, K COXKaJICHWIO, HEBO3MOXKHO TOYHO IIpEACKa3aTh,
KOTOpast U3 TPYMI, OKaKETCS MPaBOM.

Uro-x — ucropust hopmupoBanus Big-Data ropazno riryoike uem kaxkercs,
Y HEPA3PBIBHO CBA3aHO C PA3BUTHEM YEIIOBEUYECTBRA.
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The use of parallel and distributed software systems is one of the ways to
increase productivity, especially in recent years and is used in such industries as
computer graphics, astronomy, medicine, physics, etc. Modern computing
systems consist of several processors or threads and generates the use of specific
code with support for parallelism libraries. Distributed computing is a method of
solving time-consuming computational problems using several computers,
combined into a parallel computing system. The main purpose of such
calculations is to reduce the time required to solve a problem, for example, in a

very large volume of calculations or in real time.

[TpoTsATOM KIUJIBKOX JECATHIIITH OJHUM 13 OCHOBHHMX METOIB 301IbIIICHHS
MPOJYKTUBHOCTI  KOMIT'IOTEpiB  Oyj0  30LIbIIEHHS YacTOTH  TaKTOBOTO
reHeparopa, aine 4epe3 (QyHIAMEHTAIbHI OOMEXEHHS TpU BUPOOHUIITBI
IHTETpAJIbHUX CXeM 30UIbIIEHHS TaKTOBOI YacTOTH TMpoliecopa sK 3acid
OTPUMAaHHSA JTOJATKOBOI MOTYKHOCTI apXITEKTypHU CTa€ HEMOMIUBUM, OCKUIbKU
ICHYIOTb TaKi BUAM OOMEKECHb:

1. IBuakicte mnepemukaHb. Ilpu BHKOpHUCTaHHI Yy HaWIIBUIIINX
KOMYHIKAIlisfX - ONTUYHUX - MIBUAKICTh TIEPEMUKAaHb HE MOXKE MEPEBUIIYBATH
MIBUIKICTH CBITJIA.

2. Po3mip mepeMukaviB. 3aBASKA MEHIIOMY pPO3MIPYy KOMIIOHEHTIB Ta iX
BEJIMKOI KIJIbKOCTI MPUCTPI MOKE MPALFOBATH IIBU/ILIE, ajle ICHY€E (P13UYHA MEXa
Ha pPO3Mip KOMIIOHEHTIB, IIO TOB'SI3aHO 3 X MOJIEKYJSIPHOIO Ta aTOMHOIO
CTPYKTYPOIO.

3. Exonomiuni oOmexeHHs. [[ns 30UIBIICHHS IIBUIKOCTI Mpoliecopa,
IIUTBHOCTI TPaH3UCTOPIB, YMCIA IIAPIB Y KPUCTATl JTOBOAMTHUCS BUPIIIYBATH
YCKJIaAHEH1 HAyKOB1, IHKEHEPH1, BUPOOHUYI1 MMPOOIEMHU.

3aMICTh «TOHKH YacTOT)» HAcTaja ernoxa 0araTosiIiepHUX IPOIECOPIB. YIKE B
JTAHUHW 9ac MaCOBO BUKOPUCTOBYIOTHCS LIEHTPAIbHI IIPOIECOPH, K1 MAIOTh BiJl 4
n0 16 spep 3 TEXHOJIOTIEI TIMEPNOTOYHOCTI, a B TpadiuHHX Mpoiecopax
BIJICOKAPT - COTHI Ta THCSYI.

[1pu 1bOMY Ba)KJIUBO PO3YMITH, 110 MIEPEX1]I 10 OaraTosAepHOCTI OHOUYACHO
3HAMEHY€ 1 HacTaHHS epu MapalelbHUX o04YHclIeHb. Bukopucraru
OOYHUCITIOBANILHUN MOTEHI[1a] 0araTosiICpHUX MPOLECOPIB MOKHA TUIbKH, SIKIIO
3MIMCHUTH MO/I1JT BAKOHYBaHUX 00YHUCIIEHb Ha 1H(POpMAIIiTHO HEe3aJIe)KH]1 YaCTUHU
1 Oprasi3yBaTH BUKOHAHHS KOXHOI YaCTMHU OOYMCIIEHb Ha PI3HUX MOTOKaXx.
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[ToniGHuUil migxXix M03BOJsIE BUKOHYBAaTH HEOOXiJHI OOYHMCIEHHS 3 MEHIIMMHU
BUTpaTaMH dacy, a TaKOXX MOXJIMBICTb OTPUMAHHSI MaKCHMAaJIbHOTO
IPUCKOPEHHS OOMEXKYEThCS TIIBKM KIJIBKICTIO HAsBHUX MOTOKIB 1 KUIBKICTIO
"He3ane)KHUX" YACTHUH Y BUKOHYBaHUX oOuMcieHHsX. Jlyig BUpIIeHHS 3aadl
NOTPIOHO BUKOPUCTOBYBATH MapalieIbHUNM alNTOPUTM, SKUH € MoIu(iKaIli€ro
MOCTIOBHOT 1HCTPYKIIi, a00 CTBOPUTH HOBHM MapajeibHUN aJITOPUTM, SKUN
MOX€ YCYHYTH JIeSKI 3aJIEKHOCT1 MIXK OTepallisiMHu.

Icnye e ouH crnocid BUPIICHHS TPYIOMICTKUX 00YMCTIOBAIBHUX 3aBaHb
3 BHUKOPHUCTaHHSIM JEKUIBKOX KOMIT'IOTEpIB, OO0'€AHAHUX B MapajeibHy
00UYHCITIOBAJIbLHY CHUCTEMY — PO3MOALICHI O0YHCIEHHS, B sKil 0OUYHCIIOBaIbHA
TEXHIKa € aBTOHOMHOIO, a TporpaMHe 3a0e3MeUeHHs — €JUHOI0 CUCTEMOIO, B SIK1H
BCi (paitlim OJHAKOBO JOCTYIHI 31 BCIX MAIlMH 3 BUKOPHUCTAHHSM TMOCTIHHOTO
nuIAxy Aoctymy. OcoOMUBICTIO TAKOTO KOMILUIEKCY € MpOCTe MaciTaOyBaHHS,
SIK€ 3aCTOCOBYIOTH JUISI TiJABHUINEHHS MPOTYKTUBHOCTI 32 pPaxyHOK JOJaBaHHS
HOBUX KOMII'IOTEPIB Y CUCTEMY.

[IpuHun poOOTH PO3NOAIIEHUX OOYMCIEHb MOJArae y TOMy, IO OJHA
BEJIMKA 3aJ1aya, sIKy MO>KHA BUPIIIUTHU TUIHKU 3a IONMIOMOTOI0 CYIEpKOMII'IoTepa
PO30MBAETHCS HA AECATKU TUCSIY MAJIEHbKUX 3aBJaHb, 0OPOOUTH 5IK1 3MOKeE Oyab-
AKUW JoMaiHii abo odicHuUN KOMMI'IOTEp 3a Yac BiJ JIEKUIBKOX XBHJIMH [0
JEKUIBKOX JECATKIB TOAuH. OCKUIBKU IUX MEPCOHATBHUX KOMIM'IOTEPIB MOXKE
OyTH MIAKIIOYEHO J0 MPOEKTY KUIbKa JEeCATKIB THCSY, TO iX 3arajbHa
MPOJYKTUBHICTh MOXKE OYTH Ha PIBHI a TO ¥ MEpeBEpPIIyBaTH OOUYHCIIOBAIBHY
MOTYKHICTBh cynepKoMITroTepiB 3 nepioi necstku TOIT-500.

He3Baxatoun Ha Te, IO BCl PO3MOJIIICHI CUCTEMU MICTATh MO KUIbKa
IIPOLIECOPIB, ICHYIOTh Pi3HI crocoOu ix opranizauii B cuctemy. OcoOiuBoO Lie
BIJIHOCUTBCS JI0 BapiaHTIB iX 3'€JHAHHS 1 OpraHi3anli B3aeMHOro oominy. Takox
CHCTEeMa TIPUXOBYE CKIATHICTh 1 TETEPOreHHY TMPHUPOAY amapaTHOTO
3a0e3MneueHHs], Ha 0a3l SIKOro BOHa MOOyJ0BaHa, HAa/lal0uM BIPTyaJlbHY MaIIUHY
JUTSl BAKOHAHHS JTOJTaTKiB.

OTXe, 0JHOYAaCHE BHKOPUCTAHHS MPOLECOpIB a00 sAep sSK PIIICHHS AJis
30UTbLIEHHS! TPOJYKTUBHOCTI HE JIA€ 17€aJIbHOTO 301JIbILIEHHS MPOAYKTUBHOCTI,
TaK sIK MPOAYKTUBHICTH OYyIb-SIKOT TTapaieJIbHOT MPOrpaMu 0OMexXeHa YaCTHHOIO
KOJy, sSIKa HE MIJIAEThCS PO3MapajeiioBaHHIO, aje ICHYIOTh 3ajadi, JJIS SKUX
BUKOPUCTAHHS TAKMX CUCTEM 3HAYHO 301JIbIIY€ MIBUAKICTH BUKOHAHHS.

Crucox BUKOPUCTAHOI JIITEpaTypu:
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Hay4HbIi penakTop bopeckoB A. B. — M.: /IMK IlIpecc, 2018. — 232 c.: ni.
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3. Knennman M.: BwicokoHarpyxenHble npuioxenus. — CII6.: Ilurep,
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Decision search systems (DSS) or decision support systems (DSS) belong to
the class of intelligent systems (IS), [4]. The topic of SPR and artificial
intelligence (Al) methods, on which these systems are built, includes the relevant
section of systems analysis, see [1] and "operations research” - a discipline that
deals with the quantitative justification of decisions. Artificial intelligence (Al)
originated at the intersection of cybernetics, linguistics, psychology and
programming.

Cucremu nomyky pimenb (CIIP) abo cucremu TIATPUMKH NPUAHATTA
pimens (CIIITP) BigHOCSTHCS 10 Kiacy iHTenekTyanbHux cucteM (IC), [4]. Tema
CIIP 1 metoaiB mryyHoro iHtenekty (LHI), 3a skumu 1i cucremu OyIyrOThCA,
BKJIIOYae B cebe 1 BIAMOBAHUN PO3IIT CHUCTEMHOTO aHamizy, auB [1] 1
JTOCITIDKCHHST ~ omeparii - JUCHUIUIIHM, M0 3alMaeThCcs  KUIbKICHUM
OOIPYHTYBaHHSIM PIILLIEHb.

[ryynuit iaTenekt (LLII) BUHUK Ha CTUKY KIOEPHETHUKH, JIHTBICTHUKH,
MICUXOJIOTIi Ta MporpamMyBaHHS, 1 BU3HAYA€ B JaHUM 4Yac HAyKOBO-TEXHIYHHI
porpec B OUIBIIOCTI raly3eil eKOHOMIKHA, BUPOOHUIITBA 1 B COLIAJIbHIA cdepi.
3okpema, meroau LI 3acTocoByroThCsl B 3a7a4ax Kiacu@ikailli, po3mi3HaBaHHS
oOpa3iB, JOTIYHOTO BWICHOBKY, HABUaHHS, BHU3HAUCHHS METH W TPUHHATTS
pillieHb, CIUIKYBaHHS Ha TPUPOJHUX MOBaxX. Y 3a3HadyeHid poOOTI OMUCAHO
BBeneHHs B I 1 hopmanibhi meToau B cuctemax 111,

BiamitHoto o3Hakoto Il € poGoTa 31 3HaHHSAMU. 3HAHHS, HA BIIMIHY BiJl
JIaHUX, MalOTh TaKl BJIACTUBOCTI:

- BHYTPIIIHBOI IHTEPIPETOBAHUX - pa3oM 3 iHpopmaitiero B 0a3i 3HaHb (b3)
npeCcTaBiieHl 1HQOpMAaIliliHI CTPYKTYpH, IO JAO3BOJISIOTH HE TIIBKU 30epiratu
3HAHHS, a i BAKOPUCTOBYBATH iX;

- CTPYKTYPOBAHICTIO — JEKOMIIO3HUIIIEI0 CKJIATHUX O0'€KTiB Ha OUIBII
MPOCTI 1 BCTAHOBJICHHSIM 3B SI3KIB M1 00'€KTaMH;

- TOB'A3aHICTIO - BJIACTUBICTh BIAOMBAaTH 3aKOHOMIPHOCTI (DaKTiB,
IIPOIICCIB, SIBUII 1 IPUIMHHO-HACTIAKOBUX BiTHOCHH MK HUMH,

- AKTHBHICTIO - 3HAHHS 3a0€3MeuyloTh IUIECTIPSIMOBAHE BUKOPHCTAHHS
1H(popMarii.

CucremMu MOUIyKy pillIeHb.
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3aBAsSKM KOMITIOTEPHUM 3aco0aM BUPIMIYIOTBCS MPOOJIEMHU MPOCTOPY
(Mepe:xi 3B'A3KY), 4acy (IIBUAKICTh IPUAHATTS aJIeKBaTHUX PIllIEHb) 1 MpoOIemMu
oOcsriB mepepoOku  iHGopmamii. Ile, Taxk O6u MOBUTH, SIBHI pe3yJbTaTH
3actocyBanHa EOM, a HesBHI - e ONTHMI3allil €HEpro-peuoBUX IMOTOKIB 3
BIMOBIAHUMH 1H(OPMAaLIHHUMU TOTOKaMHU B PO3TIISIHYTUX CUCTEMaX.

[Ilomo BiX pO3BUTKY 1H(POPMAIIHHUX IMOTOKIB B CYCIUJIBCTBI JIFOJCH MOYKHA
MOTOAUTHCS 3 aBTOPOM KHUTH [2], B sIKill BIH 3a3Ha4a€ HACTYIHI M'SITh MOMEHTIB
y  PO3BUTKY I[UBUII3AIlli: TMOsSBa MOBHM; BHHHUKHEHHS  IHCEMHOCTI,
KHUTOIPYKYBaHHSI; CTBOPEHHS €JEKTPO3B'A3KY; MOOY/I0Ba I100albHOI MEpexi
EOM. MoxHa noaatu: 1 T100aIbHOT MEPEXKI NIepeKadyyBaHHsI €HEpropecypceis, 1
TPaHCHIOPTYBAHHS 1HIIUX PEYOBUX PECYPCIB.

[lepmiumMu  TeOpeTHUHUMHU pPOOOTaMH B Taimy3l IITYYHOTO IHTEJIEKTY
BBakaroTh podoTu I'. Jletionina 1 P. Jlekapra, [5], siki HE3a1€KHO OAMH BiJl OTHOTO
INPOJOBXKWIM 17Iet0 yHiBepcanbHOi Kiacudikauii Hayk (XVII ct.). Onnak
dbopmyBanHs Il K HAYKOBOT'0 HAMPSAMKY MOYMHAETHCS Micis ctBopeHHs EOM (B
40-x pp. XX cromitra) i kibepHetuku Tepmin «lITyqanwmii intenekr» - Artificial
Intelligence (Al) - 6yB 3anpononoBanuii B 1956 p Ha cemiHapi 3 aHAJIOTIYHOIO
Ha3Bolo y JlaptemyacekoMy komemxi (CIIA).Y nepekiai 3 aHTIMCHKOI TEPMiH
«Intelligence» OykBanbHO O3HA4Ya€ «yMIHHS MIPKyBaTH pPO3yMHO», a HeE
«intenekt» (Intellect). AHnani3 BUTOKIB 1 MOCHIJOBHOCTI PO3BHTKY TeOpil
OPUIHATTS PillIeHh MOKHA MPOCTEKUTH HA MPUKIIAJl aHaJ3y PO3BUTKY Teopii
yHpaBIiHHS, JOCUTh T0KJIaJHO BUKJIaIeHOT0 BiJoMUM BueHUM BacuibeBum C.H.
B po6oTi [5]. 3a3HaueHUil OIJIsA[ CYNpPOBOKEHUN BeIUKUM (223) mepenikom
pOOIT BITYU3HSHUX 1 3apyO1’KHUX aBTOPIB.

Crrcox BUKOPHUCTAHOI JIITEpaTypu:
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2. TaBpinoB A.B. ['OpuaHi IHTEJIEKTyaJlbHI CUCTEMH. —
Hosocubipck:HI'TY, 2003.

3. UlITyuyHuii iHTENEKT Ta NPUHHATTS pimnenb,2008,Nel.

4. Tlocmenos I'.C. — CucteMuuii anani3 ta mryyHui inTenext. — 1980.
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JOCJIIIZKEHHA BUMOI' 10 CUCTEMUA
EJIEKTPOHHOI'O JOKYMEHTOOBIT'Y
Hemumocrisuii J].C.
HayxoBwuii kepiBHUK — 1.T.H., 1o11. @ecenko T.I.
XapKiBCbKHUI HAlLlIOHAIBHUN YHIBEPCUTET Pai0CNEeKTPOHIKH
61166, Xapkis, npocnekt Hayku, 14, kad. EnekrponHux 00uncItOBaIbHUX
mamuH, e-mail: tetiana.fesenko@nure.ua
The advantages of electronic document management systems include the
following: saving time, more adequate use of physical space and technology. As
well as increasing the transparency of the internal work of the enterprise, more
flexibility with regard to the physical location of employees, improving the
security of information and documents, reducing the cost of printing, postage
stamps, envelopes and forwarding. The requirements of customers to electronic
document management systems are also affected. It is on them that depends on
which modules of the electronic document management system will be
preliminary.

Cucrema aBTOMaTH3alli JOKYMEHTOOOIry (cucTeMa eJeKTPOHHOTO
JTOKYMEHTOO00ITy) — iHhOopMalliifHa cucTeMa, 1110 3a0e3Mnedye MpoIec CTBOPECHHS,
YOPaBIiHHSA JOCTYIIOM 1 MOIIMPEHHS EJNEeKTPOHHUX JIOKYMEHTIB, a TaKOX
3a0e3neyye KOHTPOJb HaJa IOTOKaMH JOKyMEHTIB B opranizamii. Ilopsaok
€JICKTPOHHOTO  JTOKYMEHTOOOITY = BH3HAYA€ThCA JEPKaBHUMU  OpraHami,
OpraHaMM MICLEBOTO CaMOBpSAYBaHHs, MIJIPUEMCTBAMHU, YCTaHOBaMH Ta
opraHizaIlisiMu B¢ix (popM BJIACHOCTI 3TiHO 3 YUHHUM 3aKOHOJABCTBOM [1].

VY misioMy, cucteMa eleKTpOHHOTo JIokymMeHToo0iry (Electronic Document
Management System, EDM) posrisigaerbes K Sap0 BUPOOHUUOT CHCTEMH, IO
KOOPJIMHYE AISUTHHICTh OKPEMUX MIJACUCTEM YMpaBIiHHS TOKyMeHTaliew. Cepen
nepeBar EDM  Big3zHauaioTh [2]: €KOHOMis 4Yacy Ha TIOMIyK TMarepoBUX
JIOKYMEHTIB; 3MEHIUEHHs (PI3MYHOTO MPOCTOPY AJisi 30epiraHHsi JOKYMEHTIB;
JOCTYIHICTbH (MPO30PICTh) BHYTPIIIHBOI IISNIBHOCTI MiANPUEMCTBA; MOKIIUBICTD
oprasizaiiii THy4Koro rpagiky poOOTH AJi CHiBPOOITHUKIB, @ TAKOXK 3aTyYUTH
TUX, XTO MPAIIOE€ y TEPUTOPIAIHHO BIIJATICHUX TMIAPO3/iiIax; MOKPaIIEHHS
1H(popMarliiiHoi 0e3neKr; 3HMKEHHS TOILITOBUX BUTPAT.

Peanizamisi ycix mepeBar EDM cuctem mnorpebye BpaxyBaHHS BUMOT
BIJIMOBITHOCTI JIOCTYIHOCTI, IIUIICHOCTI Ta KOHPiAeHIiitHOCTI qoKyMeHTi. EDM
MaroTh 3a0e3medyBaTi JOCTYI JI0 JIOKYMEHTIB K ISl IT’STH, TaK 1 JJIsl TUCSY
KOPHUCTYBauiB cucTeMu. Pa3om 3 TMM, MPOAYKTUBHICTD 1 HAAIMHICTH CUCTEMHU HE
NOBHHHI 3HIKYBaTuCs. BaxnuBo, mo miarpuMyBaiacs (QyHKIISI «OJIHOYACHOI
poboTH HaA TOKYMEHTOM» 1 MpH LbOMY CHUCTeMa 3abe3nedyBajia LUTICHICTH
JOKYMEHTY, 3aXHCT B1J HECAaHKI[IOHOBAHOTO JOCTYITy, MiJITPUMKY BiJJaJICHUX
kopuctyBauiB. EDM Moxke OyTu mpeacTtaBieHi K po3nojuieHa iHpopMaliiHa
CUCTEMA, W0 CKJIANA€TbCAd 3 PI3HMX MOJIYJIB, TaK 1 SIK OKPEMUU MOJIYJib
KOPHOPATUBHOI 1H(POpPMAIIHHOT CUCTEMHU.
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[Tpu mpoextyBanHi EDM cucremu cniji BpaxoByBaTH, IO JOKYMEHTHU
MAaIOTh P13Hi JKUTTEBI HUKIH (OJTHI TOKYMEHTHU TUTBKUA IOYMHAIOTH CTBOPIOBATHUCH,
a 1HIII1 — B)KE BTPayvaloTh CHITy Ta apXiBytoTbes). Tomy, EDM Mae MicTuTu 3aco00u
apxiByBaHHS TOKyMeHTIB. L{e MOXyTh OyTH: TUHAMIUHI apXiBH, sIKI OPTaHi30BaHI
Ha MarHiTHUX, ONTMYHUX Ta MAarHiTHO-ONTUYHUX HOCISX; CTaTH4YHI apXiBH, B
AKUX MIKpo(UIbM BHUKOPHUCTOBYEThCS sIK HOCIHA 1H(opMarlii; TiOpuaHi apxiBu
(moeHaHHS AUHAMIYHMX Ta CTATUYHHMX apXiBiB).

JloIaTKOBUMU BUMOTAMH JI0 CUCTEMH EJIEKTPOHHOTO JOKYMEHTOOOITY €
3abe3reueHHs] KOH(IISHIIINHOCTI TaHuX. J[Ji 1[bOro B €JIEKTPOHHUX CHCTEMax
BUKOPHUCTOBYIOTh JIBa THUIM aBTopu3aliid. Privilege — cucremHo-opieHTOBaHa
aBTOpU3AIlis, KA MOMIMPIOETHCS HA BCIO CUCTEMY (HANpHUKIIAJ, CTBOPEHHS a0o
BUJJAJICHHS KOPHUCTYBaiB, MEPErys JOKYMEHTIB 1HIIUMHU KopucTyBadamu. Lli
MOBHOBAYKEHHS HaJIEKaTh aMiHICTpaTopy). Permissions — 06’ €ekTHO-OpieHTOBaH1
MOBHOB&)XEHHS, 1110 3aCTOCOBYIOTHCS /10 BIJAMOBIJIHOTO 00’€KTa (HAMpUKIA,
KOPHCTYBady HAJA€ThCs O3BLI AT POOOTH 3 00’ €KTOM — MAIMKOI0, TOKyMEHTOM
Ta 1HIIMMU CUCTEMHHUMH €JICMEHTAMU ).

CyuacHi CUCTEMH €JIEKTPOHHOTO JIOKYMEHTOOOIry MOTPEOYIOTh MPOCTOro,
THYYKOTO Ta HaIIHHOTO 1HCTPYMEHTY TOIIYKYy. ICHye nBa METOAW TONIyKY
JIOKYMEHTIB: TIEpIIMA — TONIYK JIOKyMEHTa 3a aTpulOyTamu (aBTOp, dac
CTBOPEHHSI, YaC OCTaHHbBO1 3MIHU, IKUM OCTaHHI1/ pa3 3MiIHIOBABCSI, & TAKOXK 1HIIIA
iH(dopMartist), Qpyruil — momyk 3agaHoi (pa3u BCEpelrHI TEKCTY JIOKYMEHTa
(TouyHa BiJIMOBIHICTH Ppa3 abo ojHE 31 CiIiB-(pa3 y TEKCTI JOKYMEHTa, a TaKOX
3a CHHOHIMaMHM, aHTOHIMaMH, 3a MOJIOHICTIO HaIMCaHHS, NOIOHICTIO BUMOBH
dpa3 Ta IHIIMMHU 03HAKaMH Ppa3z).

Cnip 3a3Ha4YMTH, MO KPIM BUMOr J10 (YHKIIOHAJbHUX XAPAKTEPHUCTHK,
BaJ[JTABUMH BUMOTAMH JIJIsI IPUHAHSATTS PillIeHb II0I0 PO3POOKH Ta BIPOBAKCHHS
CUCTEM EJIEKTPOHHOTO JOKYMEHTOOOITY MOXYTh TaKOK OyTH OOIpYyHTYBaHHS
1HBECTHULIIH (1epio/l OKYITHOCTI)

OTxe, AN TPOEKTYBAaHHS Ta BIPOBA/DKCHHS CHUCTEMH EJIEKTPOHHOTO
JIOKyMEHTOOOITY HalO1IbII BAXKJIMBUMU € (PYHKIIOHAIbHI BAMOTY KOPUCTYBaya:
JOCTYIHICTh JTOKYMEHTY HJisi yCIX CHIBPOOITHHKIB KOMIIaHii; 3a0e3nedeHHs
IITICHOCT1 JOKYMEHTIB MIPOTATOM YChOTO JKUTTEBOTO ITUKITY; KOH(IIEHIIIHHICTD
JOKYMEHTIB (y T.4. 3aXHUCT JOKYMEHTIB BijJ HECAHKIIIOHOBAHOTO JOCTYIIY);
HaJIHI 3ac00M apXiByBaHHS; MOAYJBHICTh CUCTEMU; HAJIHHICTh OOJa HAHHS;
MOTYXXKHUW IHCTPYMEHT TOIIYKY JOKYMEHTIB; IHCTPYMEHTH peaiizalii Oi3Hec-
mpoiieciB Ta rpadiudoro iHTepdeiicy. BomHouac HaWOLIBII BaromMow |y
OPUMHATTI  pIIEHHS  3aJMIIAEThCS  BUMOTa  «(pIHAHCOBI  BHUTpATH»
(0OIrpyHTOBAHOCTI 1HBECTHILIIN). ,

Crrcox BUKOPHUCTAHOI JIITEpaTypu:

1. 3akon VYkpainn «lIpo enekTpoHHI JOKYMEHTH Ta eJIEKTPOHHUHN
ToKyMeHTooO01r», Ne 851-1V Bix 22.05.2003 p.

165



YK 004.89:519.876

METOJAU I CI1IOCOBHU OBYNCJ/IIOBAJIBHOI'O
IHTEJIEKTY
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INHEPEBAT'M BUKOPUCTAHHS MOBUM PYTHON
JJA T'NIMBOKOT'O MAIIMHHOI'O HABYAHHA
bepesa €.]1.
HayxoBwuii kepiBHUK — K.T.H., 1o11. Ceparok H.M.
XapKiBCbKUI HAlLlIOHAIBHUN YHIBEPCUTET PaJi0CICKTPOHIKU
(61166, Xapkis, nmpocn. Haykwu,14, kad. KITC, ten. (057) 702-02-45
e-mail: yevhen.bereza@nure.ua
Machine learning was a breakthrough in analytics: thanks to it, it was finally
possible to work with unstructured data - images, sounds, and so on. Python is
widely used in machine learning, its simplicity helps to work on complex
algorithms. The elegant syntax and dynamic text input of Python, along with the
interpreted nature, make it an ideal language for scripting and rapid application
development in many areas on most platforms. Simple Python syntax helps the
programmer test complex algorithms with minimal implementation time.

Machine learning (3 aHr;i. MamMHHE HABYAHHSA) — II€ TEXHOJIOTISA, sKa
JoroMarae mporpaMaM, 3aCHOBaHMM Ha IITYYHOMY 1HTENEKTi, BUMTHUCS Ta
aBTOMATUYHO JaBaTH pe3ynbTaTH, 0e3 yyacTi moauuHu. daxiseup 3 Machine
learning moBuHEH 30UpaTH, CUCTEMATU3yBaTH Ta aHAII3yBaTH JaHi, a MOTIM Ha
OCHOB1 OTpuUMaHOi 1H(opMaIlli CTBOPIOBATH AJITOPUTMU IITYYHOTO 1HTEIIEKTY.
MaimnHHe HaBYaHHS CTajl0 MPOPUBOM B AHAIITHIN: 3aBASKA HOMY HapeuITi
BUSBWIOCH MPALIOBAaTH 3 HECTPYKTYpOBAaHUMH JaHUMH - 300pa’k€HHSIMH,
3ByKaMHM Toml0. MallMHHE HaBUaHHS 3HAXOJIWUTHCA Ha CTUKY MaTeMaTHKH,
porpaMyBaHHs, IITYYHOTO IHTEJEKTY 1 HIKOJM He OyJ0 130JbOBAaHUM Bij
BUpIIITYBaHOi MpoosieMu. OCHOBHUMHU TEHAEHUIIMH MAIIMHHOIO HABYaHHS 3apa3
€.

HeiiponHi mepexi. Bonu mpaiforoTh 3 HECTPYKTYPOBAHOK 1H(POpPMAITIELO,
TaKoIO SIK 300pa’kKeHHS Ta TEKCTOBI JlaHi, MOAI0HO 10 JIFOACKKOro MO3Ky. Lle nae
PO3YMIHHS TOTO, SIK TpaIlO€ TIMOOKE HABYAHHS, CHpPUSE HOTO INMHPOKOMY
PO3BUTKY Ta BHKOPUCTaHHIO. BoHM nomomarairoTh y BHOOpI apXITEKTypH Ta
napameTpiB. HelipoHHI Mepexl TakoX MOXyTh OyTH 3akomoBaHi B Python.
OcHoBHI chepu 3acTOCYBaHHSI HEHPOHHUX MEPEIK:

- OOpoOka 300pakenHs. HelipoHHi Mepexi po3Mi3HAIOTh 1 aBTOMAaTUYHO
KIacu(PiKyIOTh 300paskeHHs, 3MIHIOIOTh BIJICOTOTIK.

- Po3nizHaBaHHS MOBU Ta TOJOCOBI ACUCTEHTH - OJIMH 13 BUJIB HEMPOHHUX
MEpPEK.

- KoHkypeHTHI HeipoHH1 Mepexi. BoHM pomomMaraioTh NpaioBaTtd 3
JAHUMHU, JIe BOXKKO IMO3HAYUTHU Ta CTPYKTYPYBATH X04a O MIHIMAJIBHO.

- Heliponni mepexi Tuny RL. HeliponHna Mepesxa, npu3HaueHa ajis poooTu
3 HU3KOIO JAHMX 0e3 JeTalbHOTO MapKyBaHHs, ale 3 KOHTeKCToM. Moro MoxHa
HABUUTH B3AEMOMISATA 3 HABKOJHUIIHIM CEPEJAOBHUIIEM 3a JOMOMOTOIO
CTIOCTEPEKEHHSI, /Tii Ta BUHATOPOIH.
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CrpoleHHsl MallIMHHOTO HaBuaHHs. L{g TeHaeHIis 3acHOBaHa Ha po3poOI
nporpam, mo6 KOprcTyBadl MOTJIM aBTOMaTU3yBaTH BUOIp MOJieNel, mapaMeTpiB
a00 BIIOCKOHAJIMTH MPOTICC HABYAHHS KJIAAHHSIM MUIII OJJHUM KITIKOM.

Moga nporpammyBanHs Python Haiikparie migxoauTh IS TaKUX 3aBAaHb,
OCKUIBKH BiH JIOCUTH IMIPOCTUH y MOPIBHSIHHI 3 IHIIMMU MOBaMH. bibiie Toro, BiH
Ma€ BiAMIHHI TOKa3HMKU 0O0poOku ganHux. Python - mnomynsapHa woBa
nporpamyBaHHs, cTBopeHa B 1991 pomi I'Bimo Ban Poccymom. Bona mae
e()EeKTUBHI CTPYKTYpH JIaHMX BHCOKOT'O PIBHS Ta NPOCTHM, ajie ePeKTHUBHUMN
H1IX11 10 00’ €KTHO-OPIEHTOBAHOrO MporpaMmyBaHHs. EjerantHuii cuHTaKkcuc Ta
JTUHAMIYHE BBeJeHHsI TekcTy Python, mopsn 3 iHTepnpeToBaHOIO MPHUPOAOIO,
pOOIIITH 1 171€aTbHOI0 MOBOIO TSI CIIEHAPIiB Ta IMIBUAKOT PO3POOKH JTOJATKIB y
Oaratbox 00sacTsax Ha OibIIOCTI TIaThopM. BoHa Moske OyTH BUKOpHCTaHA JIS
BeO-pO3pOOKM Ha CTOPOHI cepBepa, PO3POOKH MPOTpPamMHOrO 3a0e3MEUCHHS Ta
cucteMHux cueHapiiB. Python mpamtoe Ha aexinpkox miardgopmax (Windows,
Mac, Linux, Raspberry Pi Tomo) i Mae npocTuil aHrJIidChKHII CHHTAKCHUC, 110
J03BOJISIE PO3POOHMKAM MHUCATH MPOrpPaMH 3 MEHIIOK KUIBKICTIO PAJIKIB KOy,
HDK 1HIOII MOBU mporpamyBaHHs. Python MokHa BBa)kaTu MpOLETYyPHOIO,
00'€eKTHO-OPIEHTOBAHOIO a00 (PYHKIIIOHAIIBHOIO MOBOIO.

OpHi€l0 3 OCHOBHUX HpuyuH, 4yoMy Python BukopucroByerbcs amst
MaIIMHHOTO HaBYaHHS, € T, III0 BOHA Ma€ 6arato GperMMBOPKIB, SIK1 CIIPOIIYIOTh
Ipolec KOAYBAHHS Ta CKOPOUyIOTh uac po3poOku. Ilpamroroun 3 Python,
IpOrpamicTy He TMOTpiOHO NPUIUIATA BEIUKOiI yBarm Oe3MocepeHbOMY
HAIMCAHHIO KOJy: BIH MO€E 30CEPEAUTH BCIO CBOIO yBary Ha BUPIIICHHI OUIbII
CKJIQJHUX TPOOJIeM, OB’ sI3aHUX 3 MAITMHHUM HaB4YaHHAM. [IpocTuii cuHTakcuc
Python nonomarae nporpamicty nepeBipUTH CKIIAHI aITOPUTMH 3 MIHIMAJILHUM
yacom peanmizauii. llle onniero nepesaroto Python y mammmHHOMYy HaBUaHHI € HOro
THYYKICTh: HAaIllPUKJIAJ, MPOrpamicT Mae BHOIp MiX 00’ €KTHO-OPIEHTOBAHUM
MIX0/I0M Ta ciieHapisiMu. Python gomomarae moeiHyBaTu pi3Hi TUNU HaHuX. JJis
TOro, 4To01 cratu ¢axiBueMm B Machine learning, moTpiOHO 3HATH HE TUILKHU SIK
CUCTEMATU3yBAaTH Ta aHAII3yBaTH [aHl, SIK NpPALOTh 0a30Bl aITOPUTMH,
BUBYATH peajbHl KeHCH, a i 3HaTU MOBY nporpamyBaHHs Python, po3iOpaTucs
OyJie mpocrTiIie.

Bumiesaznaueni ¢akTopu MOACHIOIOTH, YoMy Python Tak mumpoko
BUKOPUCTOBYETHCS y MAIIMHHOMY HaBYaHHI, HWOTO MPOCTOTa Ta THYYKICTh
JIOTIOMAarae TMpaoBaTy HaJ CKJIAJHUMHU aJTOPUTMaMU 3 MIHIMAJIbHUM YacoM
peasi3artii.
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BAKJUBICTHh TEXHOJIOI'T! I''TMBOKOI'O MAIIMHHOT' O
HABYAHHSA
[Torromkina K.O
HayxoBwii kepiBHUK —K.T.H.,J1011. Cepaiok H.M.
XapKiBCbKUI HAlLlIOHAIBHUN YHIBEPCUTET PaJi0CICKTPOHIKU

(61166, Xapkis, nmpocn. Haykwu,14, kap.KITC, Ten. ( 057) 702-10-13)

e-mail: kateryna.potomkina@nure.ua

In deep learning, a computer model learns to perform classification tasks
directly from images, text, or sound. Deep learning models can achieve state-of-
the-art accuracy, sometimes exceeding human-level performance. Models are
trained by using a large set of labeled data and neural network architectures that
contain many layers.

Ax rnuboke HaBUAHHS JOCATAE TAaKUX Bpakarouux pe3ynbTariB? OmHUM
CJIIOBOM, TOYHICTb. | TMOOKE HaBYaHHs 3a0e3Ie€Uy€e TOYHICTh PO3Mi3HABAHHS HA
OBl BUCOKOMY PiBHI, HIX Oyab-Konau panimie. lle momomarae crokuByii
CJICKTPOHII BIAMOBIZATH OYIKYBaHHSIM KOPHUCTYBadiB 1 Ma€ BUpIIIAIBHE
3HAYCHHS TSI JOATKIB, KpUTHYHO BAXIIMBUX TSI OC3MEKH, TAKUX K aBTOMOO1TI
0e3 Bojisl. HegaBHi nocarHeHHs B 001acTi TIMOOKOTO HABUYAHHS MOKPALTUIUCS
HACTUIbKH, 110 TVIMOOKE HABYAHHS TEpEBEpIIye JIOJEH B JCSIKUX 3aBIaHHSX,
TakuX sK Kiacudikaiis 00'eKTiB Ha 300pakKeHHSX. Xouda Teopis MIyOOKOTO
MaIllMHHOTO HaBYaHHs Brepiie 3’sBuiacsa B 1980-x pokax, € JABI OCHOBHI
MPUYUHHU, YEPEe3 K1 BOHO CTaJO0 KOPUCHE TUIBKO HEIIOAaBHO:

Jlist TinOOKOro HaBUaHHS MOTPIOHI BENMKI OOCATHM TMOMIYEHHUX JaHUX.
Hampuknan, st po3poOku aBTOMOOUTIB 0e€3 BOJisS MOTPIOHI MUIbHOHU
300paxeHb 1 TUCSY1 TOJUH BiJI€O.

I'muboke MamMHHE HaBYaHHS BHUMAara€ 3HA4YHUX OOYHUCITIOBAIBHUX
NOTy>HOCTe. BucokonpoaykTuBH1 rpadiuHi TPOLECOPH MarOTh HapaliebHy
apxITEKTypy, sKka e(peKTHBHA JUIsl TJIMOOKOTO HAaBYaHHS. Y TIOEJIHAHHI 3
KJ1acTepamu a0 XMapHUMH OOUMCIIEHHSIMU 11€ J03BOJISIE KOMaH1aM pO3pOOHHKIB
CKOPOTHUTH Yac HaBYAHHS JJISI MEPEK1 INIMOOKOr0 HaBYaHHS 3 TUXKHIB 10 TOJUH
abo MeHILE.
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Pucynox 1 — Cxema poOOTH rTMOOKOTO MAIIMHHOTO HaBYAHHS
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[Tpuknaay ramOOKOro MAIIMHHOTO HABYAHHS Y POOOTI:

Jlomatku TIIMOOKOTO HABYAHHS BUKOPHUCTOBYIOTHCS B PI3HHX Taly3sx, Bif
aBTOMATHU30BaHOTO BOJIHHA JO MEIUYHUX YCTPOHCTB.ABTOMATI3IPOBAHHOE
BOJIIHHS: aBTOMOOUTbHI JOCTIIHUKH BUKOPUCTOBYIOTH TTMOOKE HaBYAHHS IS
ABTOMATUYHOTO BHSBJICHHS TaKuX OO'€KTIB, SK 3HAKH 3YNMHHKH 1 CBITIO(OPH.
Kpim Toro, 17151 BUSIBICHHS MIIIOXO1B BAKOPUCTOBYETHCS IITMOOKE HAaBYaHHS, 110
JoTIoMarae 3HU3UTH KiJIbKICTh aBapii.

AepokocMiyHa  MPOMHUCIOBICTH 1  00OpoHA: TJIMOOKE  HaBYaHHS
BUKOPHUCTOBYETHCS JUIS 1IcHTU(DIKAIT 00'€KTIB 13 CYNyTHHUKIB, K1 BU3HAYAIOTh,
IO IIKABJIATH 00JACTI, @ TAKOXK IS BU3HAYEHHS Oe3leuHuXx abo HeOe3IMeuyHuX
30H JUISA BIACHK.

MeauuHi [IOCHIKEHHS: JOCTIAHUKH paKy BHUKOPHUCTOBYIOTh TJIHOOKE
HAaBYaHHS [JI1 aBTOMATUYHOTO BUSBICHHS pakoBuX KIiTHH. Komanmu 3
KamidopHilicbkkoro yHiBepcuteTy B Jloc-AHJKeneci CTBOPWIA BIOCKOHAICHUM
MIKPOCKOII, SIKHA JO03BOJIIE OTPUMYBaTW BEIUKUA HAOIp JaHUX, WO
BUKOPUCTOBYIOTHCS IJII HAaBUAHHS JOAATKH TVIMOOKOTO HAaBYAHHS MJIS TOYHOI
1AeHTH(IKAL] pAKOBUX KJIITHH.

[IpomucnoBa aBTOMarH3ailisi: TIMOOKE HABYaHHS JOTMOMArae IiJABUIIUTH
Oe3reKy MpaliBHUKIB BaXXKOT0 MalTMHOOYyBaHHS 32 PaXyHOK aBTOMATHYHOTO
BU3HAYCHHS, KOJIU JIIOAU a00 00'€KTH 3HaXOOATHLCS Ha HeOEe3IeUH1M BIICTaH1 BiJl
MaluH.

Enexrtponika: I'mrboke HaBYaHHS BUKOPUCTOBYETHCS ISl aBTOMATUYHOTO
nepeKiaaay MOBU 1 cinyxy. Hampukian, mpucTpoi JOMOMOTH Ha JOMY, SIKi
pearyoTh Ha Balll TOJIOC 1 3HAIOTh Ballll YMOAOOAHHS, MPAaIOOTh Ha OCHOBI
JOJATKIB IJIMOOKOTO HaBYaHHS.

Cnucok BUKOPHUCTAHOI JIITEpaTypH:

1. Habr [Enextponnuii pecypc] Pexxum noctymy: https://habr.com/

2. Schmidhuber, J. (2015). Deep Learning in Neural Networks: An
Overview.

3.Deep  Learning  [EnmextponHmii  pecypc] Pexum  mocrymy:
https://uk.mathworks.com/
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AUTOMATIC TEXT SUMMARIZATION METHODS FOR SCIENTIFIC
ARTICLES
Bogdanova A.
Supervisor - Ph.D., Associate Professor O. Turuta
Kharkiv National University of Radio Electronics
61166, Kharkiv, Nauky ave, 14, Software Engineering Department,
e-mail: alina.bohdanova@nure.ua, mob. 099-367-06-08
This paper is focused on the use of automatic text summarization methods
for extracting summaries from scientific articles. Developing a solution to
creating an abstract for scientific papers can speed up the research process by
shortening the publications up to the most significant parts. The proposed
approach leverages extractive text summarization techniques using TextRank
algorithm with tuning such parameters as similarity function, word embeddings
and words weighting techniques.

The goal of automatic text summarization is to produce a shorter version of
the original text keeping all relevant important information from the original
document intact. Manual text summarization is a complicated, time-consuming
task which often requires domain-specific knowledge. In recent years there has
been an explosion in the amount of text data from a variety of sources and this
information needs to be effectively summarized to be useful. So creating
automatic methods for extracting summaries can significantly speed up the
process of looking through relevant scientific papers.

Generating a shorter version of text while preserving the full meaning of the
original text document might also be an intermediate step before other NLP tasks,
such as text classification or question answering. Processing fewer data might be
more effective in the number of resources needed, keeping the same quality of the
overall system. Creating a fully automatic text summarization system is a
challenging task because computers lack the ability to fully understand the
language and highlight the main points. So machine learning and natural language
processing are often used for dealing with this challenge.

There are two approaches often used for creating texts summaries: extractive
and abstractive. The extractive text summarization technique involves pulling
phrases or even entire sentences from the source text and combining them to make
a summary. The extraction is made according to the defined scoring function
without making any changes to the texts. Abstractive summarization methods
produce a summary by interpreting the text using deep learning and language
models in order to generate a new shorter text — parts of which may not appear as
part of the original document. While abstractive approach is more similar to a
human-written abstract, it requires a lot of data and computational resources to
train and serve deep learning models. Data-driven approaches based on extractive
summarization strategy are more widespread because they are easier and yield
naturally grammatical summaries requiring relatively little linguistic analysis.
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The first step of extractive approach is splitting sentence into key phrases.
Usually, NLP features are used to extract meaningful parts of the sentence, such
as part-of-speech tags, named entities, stop words or sequences. The next step is
to convert those sentences into vector representation. Word embeddings are used
for this step, such as Word2Vec model, Glove embedding, BERT and others.
Than the most relevant vectors are selected for summary. Machine learning
models for binary classification or ranking can be used, but they have one
drawback in common - each sentence is processed independently leading to
duplication of information in summary. Graph based methods deal with this
problem effectively.

TextRank approach is similar to PageRank algorithm, which used to be the
algorithm Google uses for ranking web pages in online search results. It operates
with similarity function which shows how similar 2 sentences are and with
importance functions, telling how relevant a given sentence is. Varying the 2
functions different results can be obtained. The options for similarity function are
cosine similarity, Euclidean distance, Manhattan distance. Importance can be
calculated as average or maximum of individual TF-IDF scores in the text. Text
Rank selects a few sentences which best represent the given input text, keeping
them as different from one another as possible. The overall summarization
pipeline:

NLP Word
. _ methods phrases, Embeddings
O”glnal te}'t

h 4

h

vectors

MLP features:
POS tags, NER

Similarity Importance
function function

h 4

Pic. 1 - Overall summarization pipeline

The best scenario is to have the most representative sentence out of every
mentioned aspect in the text selected in the summary. This can be achieved by
carefully tuning similarity and importance functions. In case text has a lot of
domain specific terms retraining word embeddings might help achieve better
performance.

172



INPOTPAMHA CUCTEMA IIOPIBHAHHSA APXITEKTYP
HENPOHHUX MEPEXK JIUISI 3AJTAY KJIACH®IKALII.
besponnui B.B.

Hayxoswii kepiBauk — fgouent kad. I1l, k.1.1., rouent Typyrta O.I1.
XapKiBCbKUI HAlLlIOHAIBHUN YHIBEPCUTET PaJi0CICKTPOHIKU
61166, Xapkis, npocn. Hayku, 14, xad. I1I

Typically artificial neural networks have a fixed non-linear activation
function at each neuron. ReLU family functions are important components for
deep convolutional networks. We can improve deep neural networks by using
self-learning activation functions for each neuron separately. The parameters of
each neuron-specific activation function are learned by gradient descent along
with the network’s weight. Experiments show that such learning of activation
functions can lead to a significant increase in the performance of deep neural
networks without a significant increase in the number of parameters.

Knacudikarii nonsrae y npopokyBaHHI kateropii abo mojiiai o0'ekra 3a
O3HaKaMu. 3aBAaHHs Kiacu(ikailii 3aCTOCOBYETbCA B OaraTbOX 0O0JIACTSIX.
Hanpuknazn, y TopriBial mis Kinacu@ikamii KIIEHTIB 1 TOBapiB, IO JO3BOJISIE
ONTHUMI3yBaTH CTpATerii Mpoaaxy; B chepl TeaeKOMyHIKalii s Kiacudikarii
aOOHEHTIB; B MEJIUIIMHI 1 OXOPOHI1 3/I0POB's, 100 /11arHOCTYBATH 3aXBOPIOBAHHS,
KJacu(iKyBaTH HACEJICHHS 3a TPyllaMu PU3UKY, TOIIO.

Jlo 4mciia momupeHrux METOIiB plllleHHs 3aa4l Kiiacudikaiili BiTHOCATHCS:

- HEWPOHHI MEpPEexi;

- perpecis;

- JIepeBa pIllEHb;

- METOJl HAUOJIMKYOTO CycCia;

- MaIIWHU OTIOPHUX BEKTOPIB;

- JUCKPUMIHAHTHUHN aHai3.

Heiiponni mepexi € 3aco0oM ampokcuMarlii (yHKIIN, 1m0 J03BOJSE iX
BUKOPUCTOBYBATH B PIlIEHH] 3a/1a4 Kiacudikarii. Ik mpaBuiio, HEHPOHHI MEPEXi
BUSIBJISIIOTHCA HAUOLIBII €(pEKTUBHUM CIIOCOOOM Kiacu(ikarlii.

BaxxnuBoro YacTUHOIO OyIb-SKMX HEWPOHHUX MEpeX 1, BIAMOBIIHO,
HeHpoHa € akTuBaliitHl PyHKIi. @yHKIIS aKTUBALll1 BU3HAYAE BUX1HE 3HAUCHHS
HEHpOHA B 3aJIEKHOCTI BiJl pe3yJbTaTy 3BaKEHOI CyMH BXOJIB 1 MOPOTrOBOIO
3HaueHHA. Big Buay QyHKUIT aKTUBALli 3aJI€KUTh BUOIp aJITOPUTMY HAaBYAHHS
MEpexXi, a TaKOX SAKICTh 1 HaBYAHHSA HA KOHKPETHIA MHOXHWHI JaHUX. Tomy
JOCITIJIKEHHS, CTBOpPEHHS 1 mimlip (yHKIIN akTUBAIli Tpa€ BEIWKY pPOJb B
MUTaHHI HABYaHHS HEUPOHHUX MEPEXK 1, B CBOIO UEPTy, B 3a/1auax Kiacudikarii.

Onaum 3 epeKTUBHUX CTIOCO01B Kiacudikallii € BUKOPUCTAHHS 3rOPTKOBOI
HeriponHoi Mepexi (Convolutional Neural Networks, CNN). AlexNet,
GoogLeNet, ResNet, VGG — HaiiBimoMiilll apXiTeKTYpH 3TOPTKOBHX MEPEXK.
CNN € onHiero 3 popm OararomapoBux HelpoHHUX Mepex. Haituactime B CNN
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BUKOPUCTOBYIOThCS akTuBarliitHi ¢pyHkiii cimericta ReLU. Came ReLU dynkimii
€ 00'eKTOM BUBUYEHHS B JIaHii POOOTI.

PosrisHeMo HacTymHUX mpeacTaBHUKIB ciMericTBa ReLU:

1. IMepmmii 1 HAUTIPOCTIMNN TTPEACTaBHUK (pHC. 1) - MHIMHIN BUIPSIMIISY
a6o namiBmiHiiHUX enemeHT (Rectified linear unit, ReL.U).

f(X) = max(0, X)

2. [Tapamerpuunumii miHiHME Bunpsmissy (puc. 2) (Parameteric rectified

linear unit, PReLU).
f(X) = max(0, X) - & *max(0,-X),

Je o - TapamMeTp, SKUH HaBYAETHCS Pa30M ¢ HEUPOHHOIO MEPEKEIO.

3. AjanTtuBHa KycouHO-JiHiMHA ¢yHKiiss(puc. 3) (Adaptive piecewise
linear, APL).

s
f(x) = max(0, x) +>_a’ *max(0,—x +b),
s=1
ae S - KiJbKiCTh JIAaHOK jamaHoi, aj, b ansai € 1...S — mapamerpu, mIo
HABYAIOTHCS Pa30M 3 BaraMu HEHPOHIB.
4. Takox po3ristHeMo QyHKIIito, siky HazBeMo AReL U (puc. 4) abo Adaptive
ReLU.
f(X) = S*max(0, X) - «* max(0,-X),
1e o, B - mapameTpu, K1 HaBYaIOThCS Pa30M C HEUPOHHOIO MEPEKEIO.
v v BaxxiuBicTb B JOCIIKEHHI
/° TPpEeACTaBIAIOTh OCTaHHI TpU (YHKIII,
1 7 SKI € CaMOHABYAJbHUMHU (QYHKIISIMU
e | V' axruBamii, y SKHX pa3oM 3 Baramu
HEHPOHIB HaBYaOThCs 1 KoedimieHTH. L1
napamMeTpu3oBaHi (QYHKI aKTUBAIl]
BHUBYAIOTHCSl HE3AJICKHO JIsI KOXKHOTO
Puc. 1-RelU Puc. 2 - PRelU(ax=0.1) HeﬁpOHa 3a JOIIOMOI'OIO FpaI[iGHTHOFO
CIIyCKYy 1 MOXYTb SIBJISITH COOOI0 SIK
OITyKJIi, TaK 1 HE OMYKJI (PYHKITI].
o JIist  TOpIBHSIHHSL ~ apXITEKTYyp
_ T HEHPOHHUX MEPEX BUKOPHUCTOBYBABCS
Famsumnnes l pnewi sna: - nabip mamumx CIFAR-10, sxuii siBisie
c co0010 KOJIbOPOB1 300pakeHHs 32x32.
Metoto poboTH € peanmizyBaTH 1
Puc. 3 - PLU Puc. 4- ARelU(z=0.1, TIOPIBHATH  Mepexi 3 P_ifHHMH
6=0.4) apxiTeKTypaMHd Ta  aKTHUBAIlIHHUMH
GyHKIISIMUA 111 BUSIBIIGHHS HalWe(EKTUBHIMIOTO crmoco0y kiacudikarrii
BUKOPUCTOBYIOUM  HEWpoHHI Mepexi. Hamami m  QyHKmii  MoxHa
BUKOPHCTOBYBATH B 1HIIUX 3a/1a4ax, Hanpukian, NLP, posmiznaBanns ayzio abo
B1JI€0, 3a/1aX CerMEHTAaIlii 300paXeHHs, TOIIIO.

/
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METO/ TPOTHO3YBAHHS IOIIUPEHHS COVID-19 B YKPAIHI
HA OCHOBI 3rOPTKOBUX HEMPOHHUX MEPEX
Annpycenko 10.0.

HayxoBwii kepiBHUK — K.T.H., Tpo¢. CutnHikos /I.E.

XapKiBCbKUI HAlLlIOHAIBHUN YHIBEPCUTET Pai0CIEKTPOHIKH
(61166, Xapkis, npocn. Hayku,14, kap. EOM, Ten. (057) 702-00-00)
e-mail: yuliia.andrusenko@nure.ua.

The pandemic of SARS-CoV-2 around the world has made the task of
predicting the spread of COVID-19. To predict the spread of the virus in the
regions of Ukraine, we use the modern InceptionTime model — an ensemble of
deep Convolutional Neural Network (CNN) models, inspired by the Inception-v4
architecture. The advantages of the model are high accuracy and scalability.
Therefore, it is possible to train the model on time series by region simultaneously.
The research results are presented as the Mean Absolute Error for each region and
indicate the high accuracy of the model.

[Tanmemis panimie HeBimomoro kopoHaBupyca SARS-CoV-2, mo BUKIMKae
atunoBy mHeBMOHII0 COVID-19, BruivBae Ha KUTTS JIOJE IO BCHOMY CBITY.
Bnana kpain BBOAUTH KapaHTUHHI 3aX0]iH, 1100 3amo0IrTd MOIMIMPEHHIO BIpYyCY,
K1 3HAYHOIO MIpPOIO BIUIMBAIOTh HA €KOHOMIKY Ta PIBEHb JKUTTS HaceleHHs. B
TaKMX yMOBaX Bce OUIbIIY aKTyaJlbHICTh HAOyBa€ MPOTHO3YBAaHHS MOKa3HUKIB
MOIIUPEHHS 3aXBOPIOBAHOCTI.

3amaua mporHo3yBanHs nomupenHs COVID-19 B Vkpaini posrisiHyTa B
HAaCTYIIHIM TOCTAHOBINl. BXiAHUMH JaHUMH € 4YacoBl pSAAUM IOKAa3HUKIB
3aXBOPIOBAHOCTI MO pErioHaM: KUIbKICTh MIATBEPKEHUX BUMAJKIB, KUIbKICTh
AKTUBHUX BUMAJKIB, KUIbKICTb CMEPTEIbHUX BUIAKIB, IPUPICT MIATBEPIKEHUX
BUMAJAKIB 1 NPUPICT aKTUBHMX. HEOOXiIHO OTpUMATH MPOTHO3 MPUPOCTY
M1TBEPPKEHUX BUMAAKIB Ha 7 JIHIB 3 MiHIMAJIbHOIO MOXHUOKOIO.

B cyuacHux myOuikarisix 3ajiaya mporHo3yBaHHs YaCOBHX PAJIIB PO3TIISHYTa
pPI3HOMaHITHUMHM METOJaMHM Ta MOAMQIKAIIIMUA METOIIB. BHCOKY TOYHICTBH
MOKa3yIOTh MOJCTI 3 BHUKOPUCTAaHHSAM 3TOPTKOBHX HEUPOHHUX MEPEK
(convolutional neural network, CNN). Omxe, m1g AaHoi 3amadi JOIIIBHO
3actocyBaTd CNN.

Cepen wMogeneit kiacudikaiii dYacoBUX psiliB  yBary IpHUBEPTAE
InceptionTime — ancam61b Moaeseir CNN, Ha ocHOBI apxiTekTypH Inception-v4.
[{s Mmozenb He ocTynaeThes 3a TouHicTio nomyssipHii moaeni HIVE-COTE, ane
3/1laTHA MacTabyBaTrcs, HaBYaTUCS oHOoYacHO Ha 1500 yacoBuX psigax 3a oJHy
roauny [1]. Jns maHoi 3amadi 00poOKa AEKUIBKOX YaCOBHUX PS/IIB OJTHOYACHO €
MIPUHIIUIIOBOIO MEPEBAror0, Tak K BXIIHUMHU JJaHUMU € HaO1p 4acOBUX PSIIB 1O
KOXXHOMY perioHy okpemo. Tomy nominbHO Bukopuctatu InceptionTime miis
nporHo3yBanHs nommpenHs COVID-19 B Vkpaini.

JocnipkeHHss peaii3oBaHO 3a  JIONIOMOTIOK)  BHCOKOPIBHEBOI  MOBH
nporpamyBanHs Python 3 BukopucranHsMm 0i0mioTeku tSal, opieHTOBaHOI Ha
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cyyacHl Metoau kiacudikaiii, perpecii Ta MPOTHO3yBaHHS YacCOBHUX PSIIiB.
Bxigni mani otpumyemo 3 odiuiinoro caiity PHBO 3a momomoroio API.
[{inpoBMIT TapaMeTp MTPOTHO3YBAaHHS — MPUPICT MIATBEPKECHUX BUMAJKIB,
yacoBe BIKHO — 56 [HIB, TOPM30OHT NPOTHO3yBaHHS — 7 pAHIB. TOYHICTH
IIPOTHO3YBaHHS OIIHIOETHCS CepeqHbor0 abcomoTHOo moxuokoo (MAE) i
PO3paxoByeThCs 3a hopmyioro [2]:

&".J
1
MAE =EZIAL- _Fl
=1 , (1)
ne N — KiTbKICTh CITOCTEpEeKeHb, A — pealbHe 3HAYCHHS B I-THI MOMEHT
gacy, F — mporao3oBane 3Ha4CHHS B I-THHf MOMEHT Yacy.
Pesynbrar pocnimkeHHs npeactaBieHuil 3HaueHHssMu MAE 1mo perioHam

(puc.1).

0.1

tsia

Zaporizka

Kylvska
Lvivska

Luhanska
Kyiv
Odeska
Poltavska
Rivnenska
Sumska
Mean AE

Vinny
Zakarpatska
Termopilska
Kharkivska
Khersonska
Chernihivska

Kirovohradska
Mykolaivska

Zhytomyrska

Ivano-Frankivska

Pucynok 1 — 3nauenns MAE no perionam.

OTpumMaHi pe3yJIbTaTH MO BCIM pPErioHaM BKa3ylOThb Ha BUCOKY TOYHICTb
po6otu mozeni InceptionTime, yac HaBYaHHS CTAHOBUTH 27 XBUJIUH.

[Toganbn qOCHIIKEHHS BKIIIOYAIOTh 3MiHY IIJTLOBUX IMApaMeTPiB, 4ACOBOTO
BIKHA Ta TOPU3OHTY MPOTHO3YBAHHS. A TaKOX, aHAJ3 3aJIEKHOCTI YAaCTKOBUX
MIPOTHO31B I10 PETi0HAM BiJl CIIJIBHOTO MPOTHO3Y B IILJIOMY.

Cnucok BUKOPHUCTAHOI JITEPATYPH:

1. Hassan Ismail Fawaz, Benjamin Lucas, Germain Forestier.
InceptionTime: Finding AlexNet for Time Series Classification [EnexTponnnii
pecypc]. —2020. Pexxum noctyny: https://arxiv.org/pdf/1909.04939.pdf, BinbHUM.

2. Advantages of the mean absolute error (MAE) over the root mean square
error (RMSE) in assessing average model performance / Willmott, Cort J.;
Matsuura, Kenji // Climate Research Vol. 30, No. 1. (December 19, 2005) - 79—

82 pp.
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OCOBJINBOCTI PO3III3BHABAHHS TEKCTY TA CUMBOJIIB
Slkumaxa M. €.
Hayxoswii kepiBauk — gou. Ceparox H. M.
XapKiBCbKUI HAlLlIOHAIBHUN YHIBEPCUTET PaJi0CICKTPOHIKU
61166, Xapkis, npoct. Hayku, 14, kad. KITC, ten. (057) 702-02-45
e-mail: maksym.yakymakha@nure.ua

In today's world, intelligent object recognition technology as well as text
recognition are in high demand. Prospects for the development of intelligent text
recognition are very great. Thanks to translators that use real-time text recognition
through the camera, the language barrier for people who do not know a foreign
language is erased.

Y cydacHOMY CBITI, IHTEIEKTyaJbHI TEXHOJIOTI] po3mi3HaBaHHs 00 €KTIB, a
TaKOX TEKCTY, CUJIbHO 3aTpeOyBaHi. BOHM BUKOPUCTOBYIOTHCA Mailke yCIO/IH, B
nepeKIIaaviB y peaJbHOMY Yaci, 3a JOTIOMOTH HaBEJICHHS KaMepH Ha TEKCT, KU
Tpeba mepekiactu (puc. 1), M0 posmizHaBaHHS OO0’€KTIB Ha MICII MOCAIKU
Mapcoxo/a, i yac ILi€i caMoi Mocajgku, sk 1e OyJo peajai3oBaHO Ha HOBOMY
Mapcoxo/ii Perseverance, KoTpuid, 3a JOMOMOTU OOYMCIIFOBAHOTO IHTEJIEKTY Ta
CHeliaIbHUX KaMep, 3HANIIOB 1/1eaIbHO pIBHE MICLIE JIJIsl IOCAIKU, Ta HE OTPUMaB
HISIKUX YIIKO/KEHb.

Pucynox 1 — Po3mi3HaHHs TEKCTY

[TepcnekTHBM PO3BUTKY IHTEICKTYyaJIBHOTO PO3IMI3HABAHHS TEKCTY IIyKe
BENUKi. 3aBISKW TepekiagadyaM, B SKUX BHUKOPHUCTOBYETHCS PO3IMi3HABAHHS
TEKCTY y peajlbHOMY 4aci, 4yepe3 KaMepy, MOBHUW Oap’ep y o€, KOTpl HE
3HAIOTh 1HO3EMHOI MOBI — CTHPA€ThCA, ajie 3a3BUYaAl, y TaKUX MEpeKiaaadax
aKIIEHT POOUTHCS JIUIIE HAa HOPMaJbHE PO3IMi3HABAHHS Ta MEPEKIIaj] aHTIHCKOT
MoBU. Tak MOXKHA CKa3aTH 1 HE TIJILKU MPO MepeKIiaaadi, a me i 1 mpo HaBYaJIbHI
JToJaTKA Ha cMapT@oHaX. BUIbIIICTh JOMATKIB OPIEHTOBAHI TUIPKA HA BUBYSHHS
aHriifickoi MoBu. MoBH a3laTChbKUX KpaiH, B TOMY YHCHI 1 SAMNOHCHKA, HE
PUBAOITIOIOTH PO3POOHHUKIB, ajie, B OCTaHHIN Yac, 4epe3 KapaHTHH Ta KapaHTHHHI
oOMexeHHs1, OaraTo JrOJAed, CHUISYM BJOMA, NEPEHHSIIUCS STIOHCHKOIO
KYJIbTYpOI0. Y NESKUX JIFOJICH 3’ SIBUJIOCS OaXKaHHS BUBYHUTHU STIOHCHKY MOBY.
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Byzap siky MOBY mOTpiOHO BHBYATH MOYMHAIOYH 3 andasiTy, ane JOJATKIB,
KOHKPETHO ISl SIMOHCHKOTO andasiTy, MOKHA MOpaxyBaTH Ha MaJbISX OJHIET
pyku. Came ToMy, IEPCIEKTHBA PO3POOKU TAKOI0O JA0ATKY JIy’KE BEJIMKA.

Jlisg  SKICHOTO pO3Mi3HABaHHS TEKCTY 3aCTOCOBYIOTBCA OaraTomaposi
3ropTKOBaH1 HelpoHHI Mepexi [1] (puc. 2).

CONV3-64

CONV3-128
2 CONV3-256

7 CONV3-512
CONV3-512

/
/ / 7 i

7'/ = / ,,/ ,.// } 2 Prediction

( (7 g

L 4

POOL2

Pucynox 2 — [Ipukiaza 3ropTKOBaHOT MEpexi

B HEX 3aKi1aaeTbes MEBHUM AJITOPUTM, 1110 JO3BOJISIE JOCSITTH ITOCTaBIEHOL
3a/layl NUIIXOM BUKOPUCTaHHS PI3HUX METOJIB, SIKl, B CBOIO YEpry, CKJIaJIal0Th
MOBHY CHCTEMY PO3MI3HABAHHS TEKCTY.

[lepeBaramMmu 3ropTKOBaHUX HEUPOHHUX MEPEK € 3MEHIIEHHS KUIBKOCTI
HEHPOHIB, SIKI HABYAIOTHCA, a SIK HACIIJOK, MPUCKOPEHHS HaBYAHHSA MEPEXKI Ta
3MEHILEHHs] HEOOX1/IHO1 KUJIBKOCTI HaBYaJIbHUX JTaHUX [2,3]. 3a paXyHOK BEJIMKOi
KUJIBKOCT1 a0CTPAaKTHHUX IIAP1B, BOHU 3a0€3ME€YyI0Th YaCTKOBY CTIMKICTh O 3MIH
MacmTady, 3CyBIB, MOBOPOTIB, 3MIH PaKypcy 1 IHIIUX CHOTBOpPEHb. Takox
IepeBaro 3 3pydyHEe po3MapajieioBaHHS OOYMCIIeHb, a II€ O3HAyae, Ie €
MO>KJIMBICTh peati3allii airopuTMmiB poOOTH 1 HaBYAHHS MEPEXi Ha rpadpiayHuX
nporecopax.

TakuM uYMHOM, uepe3 3pOocTarody 3 KOXHHUM POKOM OOUYHCIIOBAJIbHY
MOTYKHICTh, Y MOOUTBHUX MPUCTPOSX, € MOKIMBICTh peajizarii MBUIKOIIFOYO]
3rOPTKOBAaHOI HEMPOHHOT MEPEX1, sIKa JO3BOJUTH IIBUIKO Ta TOYHO PO3IMI3HABATH
HaIlrCaHuM TEKCT.

Cnucok BUKOPUCTAHO1 JITEpaTypu:

1. 3apunioBa P.C., KpuBonoroBa A.E. Pacno3HaBaHHe TEKCTOB C
UCTIONIb30BaHNEM HEHpOHHBIX ceTeid. Hayunsrii xxypHan «Novaumy, 2018. URL:
http://novaum.ru/public/p550.

2. CBepTouHas HEWpOHHAs ceTh. MammHHOEe 00ydeHHE, HEUPOHHBIC CETH,
uckycctBeHHbli  mHTeiekT URL:  https://www.machinelearningmastery.ru
[convolutional-neural-network.

3. CBeprounbie  HeWipoHHble cetn. YHuBepcuter WTMO. URL:
https://neerc.ifmo.ru/wiki/index.php?title.
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BUKOPUCTAHHSA TEXHOJIOI'II KOMIT'FOTEPHOT' O 30PY IIPU
IMPOBEJEHHI OHJIAMH TECTYBAHHSI
TarapuukoB A.O.
HaykoBuii kepiBHUK — K.T.H., Ceprox H.M.
XapKiBCbKUI HAlLlIOHAIBHUN YHIBEPCUTET PaAi0eICKTPOHIKU
(61166, Xapkis, mp. Haykwu,14, kad. KITC, ten. (057) 702-13-54),
E-mail: nataliya.serdyuk@nure.ua, andrii.tatarnykov@nure.ua
The presented work is devoted to the use of computer vision technology

during online testing. The main problems of organizing and conducting online
testing offline are considered. It is proposed to use a hybrid architecture, which is
based on the joint work of the algorithm for finding violations and controlling the
testing process remotely. The proposed solution provides fast and accurate
interaction between students and the control program in real time.

Ha choroaHimiHiii IeHb BCe OUIBIIOT MOMYJISIPHOCT1 HAOUpPa€e BUKOPUCTAHHS
B y4OOBHX 3aKiajaX CHCTeM /JIs OHJAH TECTyBaHHS, SK IE€BOTO METOIY
OIL[IHIOBaHHSI PiBHA 3HaHb CTYAEHTIB. HeoOXiHICTh MPOBEJAEHHS TaKOro THILY
TECTyBaHHS CTaJa I1e OUTBI aKTyaJbHOIO, B 3B'SI3KYy 3 BBEJCHHSIM KapaHTUHHUX
oOMekeHb B OUThIIOCTi KpaiH cBity. I1lo B CBOIO Wepry BHUKIMKAIO panTOBUA
nepexiJi OUIbIIOT YACTUHU HAaBYAJLHUX 3aKJIaJiB Ha (opMaT OHJIAH HABYAHHS.
OpnHak mporiec AMCTAHIIIHHOTO TECTYBaHHS JYy>K€ BPa3IMBUU 10 3JI0BKUBaHb 3
OOKY CTYJIEHTIB — BUKOPUCTAHHS IINAPTaJioK, TOMOMOra CycCiiB, ClipoOu 370My
CUCTEMU TECTYBAaHHS 1 T.1.

Jliia 3a0e3neueHHs. KOHTPOJIIO 3@ MPOLECOM, MOXYTh BUKOPHUCTOBYBATUCS
cucteMu TpokTopuHry [l]. B manux cucremax, BUKJIaJad MOXE B PEXKUMI
peaJbHOro 4Yacy CHocTepiraTd 3a TUM, IO BiAOyBa€TbCs Ha MOHITOpax
TECTOBAHUX 1 Meperyisiiati 3amucu 3 BeO-kamepu. IIpu 1pomy CTyIEHT i
croctepirady MOXYTh Iepe0yBaTH B PI3HUX KyTOUYKax IUIaHeTH. OCHOBHOIO
NepeBaror0 MpHU BHUKOPUCTAHHI TAaKOTO METOAY KOHTPOIIO, € MOXKJIHBICTh
MIJTBEP/PKEHHST OCOOM CTYJIeHTa, OO'€KTHUBHICTh OI[IHIOBaHHS MWOTO 3HaHb,
BUKJIFOYEHHS] MOXJIMBOCTI CIIUCYBAHHS 1 T.1. AJie y 3B'I3Ky 3 LIOPIYHUM POCTOM
KUIBKOCTI CTYJEHTIB B HaBUAJbHMX 3aKjajax, 30UIbIIyIOTBCS 1 HE0OXiJIHI
OIO/DKETHI BUTpaTH Ha <CKUBUX» CIHOCTepirayiB. Tak, Hampukiazg, OJIUH
BUKJIaJIa4y, MOXE OJJHOYACHO CTEKUTU MPUOIU3HO 32 HOTUPMA ayAUTOpisIMU. AJie
B pa3l OpraHi3oBaHOi 3/a4ul TECTY BEJIMKOI TPYIMOK CTYJACHTIB, MOXE
3HAJIOOUTHCS OUIBIIE CIIOCTEPIradiB, SKMX TaKOXK MOTPIOHO Oyjie HABYUTH 1 MpU
IIbOMY KOOpAHMHYBaTH iXHIO podoTy [1,4].

PimenHsM nanoi mpoOiieMu MOXKE CTaTH Mepexif] Ha O1IbII aBTOMATH30BaH1
CUCTEM KOHTPOJIIO, B OCHOBI SKUX OyJI€ BHKOPHUCTAHHS TEXHOJOTIi
KOMI'toTepHOT0 30pYy [2]. Taka mporpama 3MoKe nepe1 TECTyBaHHSIM CAMOCTIMHO
BepHU(DIKyBaTH OCOOUCTICTh CTYJIEHTa, BUKOPUCTOBYIOUH JIJIsl IIHOTO (poTorpadiro
3 0a3u nanux. [licas 4oro B aBTOMaTUYHOMY PEXUMI BIIKPUE JOCTYII JI0 TECTY,
Ta OyJie CTeKUTH 3a TOBEIHKOI CTYyJIEHTa, HAMPSMKOM TOTJISIY, aHai3yBaTH
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3BYKM B KiMHAaTi, (hiKCyBaTH TopyIlieHHsS Ha Bimeo [2,3]. Bxke 3apa3 icHyOTh
Iporpamu, siKi B JesKii Mipi peani3yroTh Takui pyHkuionan. HaiGinb BigoMoro
cepen Hux € Exzamyc [5].

Ex3amyc — 11e mporpaMHuii IpOyKT CTBOPEHUH 1151 3aNI001TaHHS Oy Ab-SIKUX
cpo® CHUCyBaHHSA TijJ 4yac OHJIaWH-TecTyBaHHA. [Iporpama 3a J0MOMOTOIO
MaTEeMaTUYHOTO arnapaTy cama MOKE aHali3yBaTh IOBEIIHKY CTYyJIEHTa 1
BUSIBJISITH MOPYIIEHHA. SIKIIO CTYZEHT B MOMEHT TE€CTYBaHHS OIMyCKae oui, abo
BIJIBEPTAETHCS, AJITOPUTM BiJIpa3y HAJACHIIA€ CUTHAJ HA CEpBEp Npo Te, IO
CTYJIGHT CIIMCY€, TICJIS 4YOTO TECT AaBTOMAaTUYHO 3aBEpIIyeThCS abo
BIJIIPABIISIETHCS TONEPEIKEHHA. TakoXK IMporpaMa CTEXUTh 3a THM, 100
TECTOBAHMM HE BIIXOAUB 1 HE 3aMIHIOBaB ceOe 1HIINMHU J0abMU. OCHOBHOIO X
po06JIEMOIO TAHUX CUCTEM € iX MMOBHICTIO aBTOHOMHHUI pexuM podotu. Uepes Te,
IO BCl PIIIEHHS MPUIMAIOTHCS MPOTPaMoOI0 CaMOCTIMHO, MOXYTh BHUHHKATH
Hernepen0ayeHl CUTyalli, SIKi B CBOIO YEpry MOXYTh 3HH3UTHU OO’ €KTUBHICTb
caMoro TecTyBaHHS [5].

3anpornoHoBaHe B pPOOOTI PIIICHHS TMOJSITa€ Y BUKOPUCTAHHI T1OpUIHOI
CHUCTEMHM CTEXKEHHS 3a IMOBEIIHKOI CTYJICHTIB IiJi Yac TeCTyBaHHA. B OCHOBI
IPOrpamMu JEKUTh BUKOPUCTAHHS MEPEXKI BiAeoKamep, sikl OyyTh PO3TaIIOBAHI
B ayJIuTOpisAX, Ae OyJe MpoXOAWUTU TecTyBaHHS. B mpoueci po6oTu anroputm
Oylne B peXMMI peaJbHOTO Yacy BIJCTEXKYBaTH Ta PEECTPYBATH IMOTEHIIINHI
nopyiuieHHs [4]. ITicis yoro BiAmpaBisITH 3amKcaHi GparMEeHTH BiJleo 3 KaMepu
abo eKkpaHy CTy/JE€HTa Ha KOMII'IOTEp cliocTepiraya. 3aBIsSKd TaKOMY pPEKUMY
pobotH mepeBipka OyJje IMPOBOJUTHCS BiApa3y Ha MiCIll, 1 IpU HEOOX1THOCTI
€K3aMEHATOp 3MOXKE€ OIEpPaTUBHO BIANPABUTHU MONEPEIKEHHS, abo MpOCTO
3aBEpPIINTH TECT TOMY CTYJEHTY, SKAWA TOPYIIMB TpaBHia. A 3a paxyHOK
MaKCHMAaJIbHOI ~aBTOMAaTH3allli TMPOIECY KOHTPOJIIO, €K3aMEHATOp 3MOXKe
OJIHOYACHO MPUHMATH ICIUT y OUIBIIOI KUIBKOCTI MOTOKIB, HE BHUITyCKaIOUU
HIyoro 3 yBaru. [Ipu 1ipoMy (pakTUYHO BUKIIOUAETHCA MOMXKIUBICTh HEKOPEKTHOI
po0OoTH TIpOrpaMu, aJKe OCTATOYHE PIIICHHSI MPUiIMae eK3aMeHaTop.

Cnucok BUKOPUCTAHO1 JITEpaTypu:

1. llo Take MPOKTOPUHI 1 YUM KOPUCHUN Ha icrnuTax [EnekTpoHHUM
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2. Mamunnuii 3ip. o 1e 1 sik HuMm kopuctyBatuca? O6poOka 300pakeHb
ONTUYHOTO  JKepelia [EnekTponHuii  pecypc]. Pexum  mocrtynmy:
https://habr.com/ru/post/350918/

3. lllo Take xomm'toTepHU# 3ip 1 YOMY BOHO 3pPOOUTH PEBOJIOIIID B
E€KOHOMIII1 [EnekTpoHHuMiA pecypcl]. Pexxum JTOCTYIY:
https://trends.rbc.ru/trends/industry/5f1f007e9a794756fafbfa83
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BUKOPUCTAHHS METOAY AKTOP-KPUTHUK JJIS HNIATPUMKHA
NONMYJIALIMHOTO PI3BHOMAHITTS ITPU
HEVPOEBOJIIOIIHHOMY CUHTE3I
Jleomenko C./I.

HayxkoBi kepiBHuKH — K.T.H. HorieHT Omiitauk A.O., a1.1.H., npod. Cy660oTtin C.O.
HarionansHuit yHiBEpCUTET «3amnopi3bKa MOMITEXHIKa)

69063, 3anopixks, Byd. KykoBcskoro 64, kadenpa nporpaMmHux 3aco0iB,
tein. (061) 769-82-67, e-mail: sergleo.zntu@gmail.com.

The popularity of the artificial neural network (ANN) device is explained by
the high level of applicability when working with complex and nonlinear objects
and systems, where the use of classical approaches is insufficient and
demonstrates low levels of accuracy of work. Neuroevolution, as an alternative
approach to the synthesis of ANN (structural and parametric), is based on
stochastic evolutionary methods and solves the problem of tuning a large number
of free parameters. However, neuroevolution methods also face a number of
challenges. For example, lack of genetic diversity. If this problem is not related
to computational resource constraints, then its solution may be to use the basics
of swarm intelligence methods.

HetipoeBomtoriisi, sik (opma MalIMHHOTO HAaBYaHHS, 3’SIBUJIACS Yy SKOCTI
aIbTEPHATHBY HAaBYaHHIO 3 BUKOPUCTAHHAM TpagieHTHUX MeTofiB. Llew miaxin
BUKOPUCTOBYBAB MPHUHIMIN OUIBIIOCTI €BOIIOINHI aNTOPUTMU JUISI CHHTE3Y
Helpomepex. CiiJi TaKOX BUIUTUTH LIy OKpPEMY TPYIy HEHPOEBOIOIIHHUX
METO/IB: METOJAM, IO BUKOHYIOTH €BOJIIOIII0 MDKHEHPOHHHX 3B’SI3KIB Ta
tonoJiorii mepex (TWEANNS), mo 1 € iHauBigyymamu y nomyssimii. Takox
HEUPOEBOJIONIIHI METOAM JIO3BOJISIIOTH pealizyBaTH MiAXOAW HaBYaHHSA Oe€3
BUMTENII Ta HaB4YaHHA 3 migkpimwieHHsM. Came Tomy 1ed  miaxia
BUKOPHCTOBYETHCS aKTUBHO B Taly3sX, A€ MpeaMeTHa o0JacTh MaJOBHBYCHA,
TuHaMivHAa a00 BHMarae JOCHTh CKJIQJIHOTO OMHCY. SIKIO K TOBOPHTH IIPO
BUMAJKUA, KOJIM BCE X TaKW JOCTymHa iHGOpMaIlis MPo 00’€KT MOCTIIKEHHS
(Hanpuknan, icropuyHa 1HQOpMald BiJ CEHCOPIB BCTAHOBJIEHUX Ha 00’€KTI),
CJIiJ BII3HAYUTH, III0 HEUPOESBOJIIOIITHI METOIU I03BOJISIOTH BITHANTH HAUOLIIBIII
ontuMmanbHy TomoJiorito ANN. B 1iboMy BHmagxky ImiJi ONTHMAJIBHICTIO CIIiJI
PO3YMITH MOJICNIb TOMOJIOTiI, [0 HAJAacTh HAMOUIBINY TOYHICTh 3 HANOUIBIN
MPOCTOI0 CTPYKTYPOIO, OCKUIBKM Taka CTpPyKTypa Oyje OoTprMaHa BHACIiJIOK
MOCTYIIOBUX 3MiH.

BuByaroum  MOBEAIHKOBI aJTOPUTMHU Ta 3aKOHOMIPHOCTI Mi3HiIIE OYJ0
PO3p0O0JIEHO HOB1 METO/IU, IO IMITYIOTh HABYAHHS TBAPUH Yy PEATIbHOMY CBITI Ta
BUKOPUCTOBYIOTh TE€BHY OIIIHKY BuHaropoau (mrpacda) 3a MNpaBUIIbHI
(moMmiikoBi) Aii. OJHUM 3 HAWMOMYJISIPHIIIUX METOAIB 3 L€l TPYIU CTaB METO]
akTopa-kpuTthka. Ha choromHimiHii eHb € JEKIJIbKa Bapialiil 1bOro METOMY:
A2C ta A3C. Lli MeTo 1 aKTUBHO BUKOPUCTOBYIOTHCS JIJ1s1 HABUAHHS, HATIPUKIIA],
pexkypenTHUX ANN, OCKUIbKM B L[bOMY BHUIAJIKy BUKOPUCTAHHS T'PaJIEHTHUX
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METO/IIB CTUKAETHCA 13 HU3KOIO CKIIAAHOIIIB a oOMexeHb. Ines A3C monsrae B
TOMY, 100 3aITyCTUTH MHOKHMHY are¢HTIB MapajesibHO, TIPH IbOMY Ha KOXHOMY
KpOIIi KO’KEH 3 areHTIB PO3Pax0BY€E OHOBIICHHS /IS 3HaYeHb BUHaropoau. OHax,
3aMICTh TOTO, 100 MPOCTO MPOIOBKYBATH POOOTY, KOKEH areHT OHOBJIIOE CTaH
Ta Haropojy, 3arajbHi IS BCiX areHTiB. ATEHTH HE YEKarOTh, TTOKH 1HII areHTH
3aBepiIaTh 0OPOOKY CBOIX €IMi30/iB, 1100 OHOBUTH TJI00aTBHI TapaMeTpH (3B1JICH
acMHXpOHHUI). ToMy MOKM OJWH 3 areHTiB 00poOJIsiE OIUH €Mi30/1, I100aJbHe
3HAQYCHHSI HAaropoId MOXe 3MIHIOBATHUCS BHACIIOK J1M 1HIIUX areHTIB.

Y HOBOMY MiIXOJli MPOMOHYETHCS 3ATYYUTH OCHOBHY CTPATETiI0 METOMY
A3C mig vac HedpocuHTe3y. TakuM YMHOM Ha TOYATKy CHHTE3y CTBOPHMO
NoNyJisiIiito, 1Mo OyJae CKiIajgaTucs 13 HU3KKM IHIUBIAIB —  aKTOpIB
((NNagors = {NNgiop . NN NN,go; j) Ta OJHOTO OKpPEMOIO IHJIMBIA — KpUTHKA

actop 11 actor,

(NNgies_orit)- JlomaTKOBO OyIe BU3HAYEHO KPUTHYHE 3HAUCHHs BUHaropoau (Q) Ta
30€piraTucs IOMUIIKA i3 BUXOMIB (ounnyg, o )+ [IICTISL IBOTO 3aITyCKAETHCS TPOLIEC

CUHTE3Y, KWW CTapTy€ 13 BU3HAUCHHS TE€HETUYHOI 1H(OpMallii cepell 1HIUBIIIB
Ta KOAyBaHHs Ii€i 1HpopMmamii. Jlam cnuparounch Ha Joriky meroay A3C
HeHpoMepexi MOMyJIsLIl HA CBOEMY BXO/Il OTPUMY€ HaBUYaJbHI JjaHl, a HA BUXO/I1
Bumae il (actiondy ), Kl TMOBHUHHI BECTH J0 3OUIBIICHHS HAropojaud Ta

NNactor,

3MCHIICHHS IOMIJIKH ((Q — MaX, &oungqp o — Min ). TIOKH 11 JIIT BUIIAKOBI 1 IPOCTO

3aJIeKaTh BIJI MTPOXOHKEHHS CUTHAITY BCEPEIMHI MEPEXKI, 1€ 3yMOBJICHO THUM, 110
HelipoMepeska I1e He HaBueHa. [ 100aabHa %K HEHPOMEPEKA NN, o HEXaH TAKOK

Ma€ JJOCTYIl 0 MOYaTKOBUX [AHHX, ale I 1 CHHXPOHH3YE actionf 3 BHXOIY

MEpeX akTOpiB. A Ha BUXOJl HEXall MPOTHO3YE TIIbKH HAropoay Q, sika Oyze
OTpHUMaHa, SKIIO 3aCTOCYBATH 111 Jii.

Tox, mIpy BHUKOPUCTAHHI 3alPOMOHOBAHOTO IMIIXOMdY, IepeBaraMu MO>KHa
BBaXKaTH T€, 1IO:

- ICHy€ MOJIMBICTb BHMKOPUCTAHHS OIIBII MPOCTUX HEUPOMEPEK, IO
MOCTYIIOBO OYyTh YCKIIQHIOBATH CBO1 apXiTEKTypH;

- HaBiTh MPU BUKOPUCTAHHI CEJIEKTUBHOTO BIJICIKAHHS PI3HOMAHITHICThH
OyJie maTpuMyBaTHCS Ta 3a0e31euyBaTHCS.

Cnucok BUKOPHUCTAHOI JIITEPATYPH:
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Intelligence and Al in Games. — 2017. — Vol. 9(01). — P. 25-41. DOI:
10.1109/TCIAIG.2015.2494596

2. Reinforcement Learning: Deep Q Networks, 2020 [Electronic resource].
— Access mode: https://blogs.oracle.com/datascience/reinforcement-learning-
deep-g-networks
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A neural network (also an artificial neural network, ANN) is a mathematical
model, as well as its software or hardware implementation, built on the principle
of the organization and functioning of biological neural networks - networks of
nerve cells of a living organism. This concept arose when studying the processes
occurring in the brain, and when trying to model these processes. The first such
attempt was the neural networks of W. McCulloch and W. Pitts. After the
development of learning algorithms, the resulting models began to be used for
practical purposes: in forecasting problems, for pattern recognition, in control
problems, etc.

BiacHUKM KOKHOTO CEpBICY 3allIKaBJ€HI B TOMY, 1100 KOKEH KOPUCTyBay
3aJMIIaBcs Ha X caifTi abo 10J1aTKy K MOKHa JOBIIIE. SIK ske MpoOYyIUTH B HHOMY
iHTepec? Bigomo, 110 kopucTtyBayu Oy/1e OUTbIIE 3aI[iKaBICHUHN y CalTl, SIKUW HIOH
CHIJIKYETHCS OCOOMCTO 3 HUM, a HE MPOCTO MOBOJUTH ceOe SK poOOT, SIKUN
JIOHOCUTH 1H(hOopMaIlito. | TyT BUHUKA€E MUTaHHS: SIK K€ CIIPOEKTYBATH CBIl CEpPBIC
TakuM 4YuHOM? SIK HaBYMTH MOTO BHUPIZHATH 1HJIUBIAYAIbHICTH KOXKHOTO?
BiamoBiaro Ha 11l MTUTaHHS MOXKYTh CTaTH PEKOMEHIAITIHI CHCTEMH.

Ane SK K€ HaBUYMTUM Hally [porpamy 1I€HTU(]IKyBaTH KOMXKHOTO
KOpPHUCTYyBaua Ta e ¥ BUOMpATH KOHTEHT 0cOOUCTO 11715l Hhoro? Came AJid LbOro
HaM OyJlyTh NOTPIOHI HEHPOHHI MEPEXKI.

HelipoHHi Mepexi yCHIIIHO 3aCTOCOBYIOTBCS B CaMHUX PI3HMX 00JacTiIX -
0i13Hecl, MEIULMHI, TeXHill, reojorii, ¢i3uni. HelipoHHi Mmepexi BBIMIUIM B
NPaKTUKY CKpi3b, [J€ TMOTPIOHO BUPIMIMTA 3aBJAHHSA IPOTHO3YBAHHS,
kinacudikamii a6o ympasmiaag [1]. Takwii Bpakarouuii yCIiX BH3HAYAETHCS
KUJIbKOMa MPUYUHAMMU:

1. barati moxknuBocTi. HelipoHHI Mepexki - BUKIIOYHO MOTY>KHUU METOJ
MOJICTIOBaHHS, 110 JIO3BOJISIE BIATBOPIOBATH HAJ3BUYANHO CKJIATHI 3aJICKHOCTI.
Kpim Toro, HEMpOHHI Mepexki CIPaBISIOTHCS 3 MPOKISATTSIM PO3MIPHOCTI, SIKE HE
JT03BOJISIE MOJICTIOBATH JIIHIMHI 3aJIEKHOCTI B pa3l BETUKOTO YUCIIA 3MIHHUX;

2. IlpocroTa y BukopucTtanHi. HelipoHHi Mepexi HaBYaIOThCS Ha IPUKIIaAax.
KopuctyBau mepesxi migoupae npeIcTaBHUIIBKI J1aHi, a MOTIM 3aITyCKa€ allrOPUTM
HaBYaHHS, SKHI aBTOMATHUYHO CIIPUIIMA€E CTPYKTYpPY AaHuX [2].

Beo6-caiiT, mo Oyne po3poOseHo, MaTUME MOXKIMBICTh peecTpallii Ta
aBTopuzalii. Bin Oyzae npu3HaueHui 71 BIIOOpaKEHHSI KOPUCTYBAYEBl CIIUCKY
KIHOCTPIYOK, BUnyuieHuX 3 1970 poky i MOKJIMBOCTI BUAABaTH MOMY CIHCOK
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¢biapMiB, 1O HaiiOUIbIIe OyayTh BIANOBIAATH HOro mepeBaram. Takox
KOPHCTYyBa4 MaTUME 3MOTY OLIHUTH (UIbM i 3aJUIIUTA KOMEHTap 70 HBOTO.

HeoOximHO BU3HAYUTHUCS 3 TEXHIYHUMHU XapaKTEPUCTUKAMU Ta BUMOTaMU
cuctemu. B mporieci ganoi po6otu Oy/ie HamrcaHo BeO CailT 3a TOOMOTOI0 MOBH
nporpamyBanHs Python 1 ¢dpeiimBopky mist cTBopeHHST web-cepBepy Django.
Bubip naHHOi MOBH OOIpYHTOBAaHO THUM, IO TMEpeBa)kHa OIBIIICTh TOTOBUX
pllIEHB IS BUKOPUCTAHHS HEMPOHHUX MEPEX pealli3oBaHa came Ha I MOBI.
Jlnst cTBOpeHHS Kii€eHTChbKOT yacTuHu Oyzae Bukopuctrano HTML, CSS 1 moBy
nporpamyBaHHsi Javascript, a came d¢peiimBopk React.js, mpuszHaueHuil s
po3poOku single page applications. Lle o3Havae, 1m0 KIIEHT HE Oye 3BEpTATUCS
JI0 CepBepy KOXKEH pa3, KOJIM HoMy MOTpiOHO OyJ€ OHOBUTH CTOPIHKY abo
3arpy3uTH SKyCh HOBY. 3 cepBepy Oyae Hazgiciano guiie oqua HTML daiin, skwit
noTiM OyJie MPOCUTH B HBOTO JiKIIe NaHHi, BUKopuctoBytoun REST API.

Jns xaienTebkoi yactTunu BUKOpucToBYyeThess HTML, CSS Tta, 3Buuaiino,
MoBa JavaScript. HemogaBuo JavaScript 3aiiHsIB MicIle cepe KpalluxX MOB JJis
BHUBUYEHHS 3a Bepciero IBM B 2017 pomi. Ha npoMy eTani BiH BUKOPUCTOBY€ETHCS
SK ISl KIIEHTCHKOI, TaK 1 JJig CEpBEPHOI YACTHHU Ta JOTOMArae MpoeKTyBaTu
npuBabnuBi 1HTEepdelicu, 30arauyyBaTd BeO-I0JaTKU Oararbma (DYHKIISIMHU,
3MIHIOBATH BEO-CTOPIHKM B PEIbHOMY 4Yaci Ta 6arato iHIIoro.

Tum wyacom, JavaScript ¢GpeliMBOpKH MOXYTh CTaTH KIIOYOBHUM
IHCTPYMEHTOM JJIs IIBUJIKOT pO3pO0OKHU BeO-caiiTiB. BoHM ciykaTh KapkacoM st
OKpEMHUX JOJaTKIB, IO J03BOJSIOTH PO3POOHMKAM MEHIE TypOyBaTHCS IPO
CTPYKTYpY KOoay abo HIATPUMKY B TOHM Yac, KOJIM BOHU 30CEPEIKEH1 HA CTBOPEHHI
CKJIaJTHUX CJIEMEHTIB iHTepdeticy [3].

OckuIbKM cHCTEMY OyJI0 CTBOPEHO Ta MPOTECTOBAHO Yy J1aOOpaTOPHUX
yMOBAax, TO HE MOXHa OyTH MEBHUM Y il 0€3B1IMOBHII pOOOTI, OCKUIBKH AESIKI ii
napameTpH 3ajiexxaTh Bi mokasHukiB CPU, HaBaHTa)keHHS MEepEXi Ta IMIBUIAKOCTI
IHTEPHETY.

PexkoMenpariifHy cucTeMy MOKHa BIOCKOHAJIUTH Ta TIEPETBOPUTU Y
rOTOBUI MPOJAYKT (CEpBIC) 3a JIOMOMOTOK MIAKIIOUECHHS Ta IHTrepaiii i3
COLIMEpPEKaMU TaM yciMa aKTyalbHIMU CEpBICaMHU.

Cncok BUKOPHUCTAHO1 JIITEpaTypH:
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The rapid pace of developments in Artificial Intelligence (Al) is providing
unprecedented opportunities to enhance the performance of different industries
and businesses, including the transport sector. The innovations introduced by Al
include highly advanced computational methods that mimic the way the human
brain works. Moreover, it is promising for transport authorities to determine the
way to use these technologies to create a rapid improvement in relieving
congestion, making travel time more reliable to their customers and improve the
economics and productivity.

CborogHi BXE€ HIKOTO HE 3AUBYBATH IUTYYHUM I1HTEJIEKTOM, 1€
CJIOBOCTIOJIYYEHHS BCE CTAJIO OYJIEHHUM HaBITh JJIs 3BUYaiHuX itoAeH. Ll Tyunnii
IHTEJIEKT BIPOBAHKYIOTh MaiKe y BCl raiy3i, 00 JII0I1 MparnyTh BJOCKOHAIUTH
ICHYIOYl CHCTEMH 3aJJIs MIJBUINCHHS Oe3neku Ta eeKTUBHOCTI. OnTuMizallis
JIOPOKHBOTO PYXY TAKOXK HE cTasia BUHATKOM. ChOTO/IHI B JISIKUX KpaiHax ICHY€
mpoOsema MoB’si3aHa 13 3aToOpaMH Ha JOPOTax, a TaKoK 0€3MEK0I0, TOMY MOCTAE
MUTaHHS BUPIIEHHS I1€T TPOOIEMHU.

barato mpoiieciB JOPOKHBOTO PyXy MOKHA 3HAYHO MOKpamuTu. Koxxnomy
BOJI1I0 JJOBOAMJIOCS Ye€KaTh OIS CBITIIO(OPY JAEKUIbKAa XBUJIMH, HABITh KOJIUA JIJIS
OO0 HEMa€ SIBHOI MPUYMHHU, 3a BUHSATKOM TOTO, IO CHUCTeMa CBiTIodopa
npairoe 3a (IKCOBAaHOI CXEMOIO, sIka MOBHICTIO HE 3aJICKUTh BiJl MOTOYHOT
JIOPOKHBOI CUTyallli. BUKOpUCTaHHS IITYYHOTO 1HTENEKTY Jig 3a0e3MeueHHs
TpadiKy 3 BIANOBIAHICTIO 10 MOTOYHOI CUTYyalli Mae cBoi nepesaru. [lo-nepiue,
3aBJSIKA TOMY, IO 1HTEJNEKTyallbHa cucTeMa OyJle aHali3yBaTH 3aBAHTAKEHICTh
Jopir, Boli OyayTh MEHUIIE CTOSATH y 3aTOpax He BUTpayarouu cBiid yac. [lo-
Jpyre, MeHIle nepedyBaHHs 01 CBITJIO(OPY TOMOMOKE ONTUMI3yBaTH O13HEC-
MPOIIECH TaKi SK MOCTaBKH, 10 Y€ BUTIAHO BiIOOPA3UTHCS Y €KOHOMIYHOMY
miadi. [lo-Tpere, BUXOmdAuM 3 TEPIIOi TNEpeBard, IJaBHE NEpecyBaHHsS 0e3
3aTPUMOK CIPHUATIMBO BIUIMBAE Ha JOBKULIS, 4Yepe3 MEHIIe BUKHUIAHHS
HIKIJIJTUBUX PEYOBUH.

Jlist aHamizy MOPOXKHBOTO PYXy PO3TJISHEMO OJIHY 3 MEpeBaKaOunuX
MoJieJiel YaCOBUX PsiJiiB, MPOrHO3YBaHHS HA OCHOBI BUKOPUCTAaHHS aBTOperpecii
3 pyxomum cepentim (ARIMA) [1]. docnigHuke TpaHCIIOPTY BUKOPUCTOBYBAIH
ARIMA Ta ii Bapiarii 15 MOPIBHSIHHS MOKA3HUKIB CTATUCTUYHUX Ta 02€CIBCHKUX
KOMOIHOBAaHUX MOJI€JIE 3 OJUHAPHUMHU MOJCIISIMH YacCOBUX PSJIB IS
KOPOTKOCTPOKOBOI'O MPOrHO3yBaHHs Tpadiky. IX pe3ynbTaTu MoKasyroTh, 11O
METOAM KOMOIHOBAHOI JIHIMHOI perpecii MOXyTh 3a0€3Me4uTH OiIbII TOYHE
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MPOTHO3YBaHHA, HDK KOMOiHOBaHI Mmojeni baeca [2]. Omnak pesynbratu
0a3yloThCcsl Ha KOPOTKOTEPMIHOBOMY IPOTHO3YBAaHHI Ta BpPaxOBYIOTH JIUIIIE
KoHKpeTHI Bumaaku. Mogenr ARIMA 3actocoByBaiu Ajisi MPOTHO3YBAaHHS
o0cATy pyXy Ha MIKMICBKHX BYJTUIISX.

Cucrema omrumisaliii JOPOKHBOTO pyXy Oyjae CKIagaTHCS 3 KaMmep Bifeo
CIIOCTEPEXKEHHSI Ta MporpaMu HamMcaHoi Ha MOBI mporpamyBaHHs Python.
Python 3apeectpyBaB cebe y SAKOCTI MEpeXiJIHOI MOBU IIPOTrpaMyBaHHS JIJis
po3po0ku LI. Oaniero 3 mpuuuH, yomy BiH miaxoauts A LI, € #ioro mpoctora.
Bpaxosyroun, mo LI € qyxe ckinaaHorw obnacTio, Oyne HabaraTo Kpaiie, sIKIo
MOBa MPOTrpaMyBaHHs, 1110 BUKOPUCTOBYETHCS OyJie MPOCTOIO ISl PO3YyMIHHS Ta
peanizauii. CuHTakcuc st mporpamyBaHHs Ha Python moxke OyTtu Jerko
BUBUYEHUI OyIb-KMM, XTO IIKaBUThCSA MporpamyBaHHsM. Python — 1e
yHIBEpCaTbHUII MOBa, IO MIATPUMYE Pi3HI CTUIl TporpamyBaHHS. BonHu
BKJIIOUAIOTh y ce0e 00'€eKTHO-OpieHTOBaHE, (YyHKI[IOHAJIbHE Ta MPOLETypHE
nporpamyBaHHs. S3uk Mae Oe3miu 010J10TEK, SKI MIATPUMYIOTh IITYYHHMA
iHTenekT. OMHUM 13 HUX € Pybrain, skl BUKOPUCTOBYETHCS ISl MAIIMHHOTO
HaBuaHHs B Python. [lle onna BaxkiuBa 610110Teka - Numpy, sika npu3HaueHa JJis
BUKOHAHHS CKJIaJIHUX OOYNCIICHb.

[Tporpama Oyzne oTpuMyBaTH 3 KaMep B1JI€OCIOCTEPEKEHHS 300paKEHHS Y
pealbHOMY Yaci, sSika IOTIM 3a JIOTIOMOT 010 010J110TeK Oy 1e 00UNCITIIOBATH CKIIBKU
MAaIllIuH CTOITh Ha CBITIO(OpPI Ta 3a JOMOMOIOI aJITOPUTMIB MPOPAXOBYBATH Y
SAKOMY caMe HamnpsIMKy 30uparoThes ixaTi Mamuni. [icas iporo Oyae npuiHATO
pILICHHS, AKUW caMe KOJIp Ta Ha sIKOMY CBITIIOGOpI MOTPIOHO 3MIHUTH JUIS
3MEHIIICHHS 3aTPUMOK Ha mepexpecTi. Takox mepeadadeHo 1 pyx MIMIOXO/IIB,
KOJIK OIS mepexoay Oy/ie CTOSITH JItou Tpeba Oy1e TaKoK 3MIHIOBATHU CBITJIO, SIK
MIPU TIOYATKY TaK U KiHII pyXY.

3aBIsAKY 11 CUCTEM1 aBTOMOOUIICTH Ta MIIIOXO0IH 3MOXKYTh PO3PaXxOBYBaTH
Ha CBO€YAaCHE OTPUMAHHA TIOYAaTKOBOTO TIEPECyBaHHS 3 MIHIMaJIbHUMHU
3aTpUMKaMH, M0 J00pe BiIOOpa3UThCS HA iX €MOIiHIA ckiIagoBid. Takox
NOMIPHHI BIUIMB Ha IOBKULIS Ta EKOHOMIYHY.
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The market of systems that use biometric identification along with
authentication is constantly growing and evolving. In the control and management
systems used to gain access to the protected area, the use of biometrics can
increase the level of security, as well as the convenience of obtaining access.
One of the main problems of biometric authentication is a fairly high risk of
unauthorized access using the weaknesses of ordinary biometric authentication
systems, because of this problem biometrics is very rarely used in places where a
high level of protection is required [2].
As a solution to this problem, this article proposes using the system which
uses multiple biometric factors backed up by each other. The example of such a
system was designed and described in this article.

OOcsT pUHKY CHUCTEM, B SIKMX 3aCTOCOBY€EThCA OlOMETpUYHA 1IeHTU]IKALIIS
nopsiJT 3 ayTeHTU(dIKaIl€r0, 0e3MepepBHO 3pOcTae 1 po3BUBaEThes. [Ipukinanamu
MOXYTh CIYXXUTH CHUCTEMH O€3MEKH B JIEP)KAaBHUX CTPYKTypaX, OaHKIBCHKUX
YCTaHOBAaxX, MPUBAaTHUX KOMIIAHISX, @ TAKOXK B aepoIoprax, BOK3allaX, METpO,
po0OoTa sSKMX 3acHOBaHa Ha OOpOOL OlOMETPUYHMX AAHMX MJI1 TPUUHATTS
pilieHb. Y cHUCTeMax KOHTPOJIIO 1 YyHpaBiiHHS, SKI BUKOPHUCTOBYIOTHCS IS
OTPUMAaHHS JOCTYITy Ha TEPUTOPIIO, 1110 OXOPOHSETHCS, 3aCTOCYBaHHS O10MeTpii
JT03BOJISIE MIABUIIUTH PIBEHb O€3MEKH, a TAKOXK 3PYUHICTh OTPUMAHHS JIOMYCKY.

Tunosi npuctpoi ayg 30opy 6GloMeTpUyuHO1 1HPOpPMaILii: BITOUTKA NaJbIIIB,
reomMeTpisi 00JMyYsl, paay’kHa 00O0JIOHKA Ouel, CXeMa BEH, reéOMEeTpis JI0JIOHI,
3anax/apomat moaunu, JIHK ta ciTkiBka oka [1].

OpHa 3 OCHOBHUX ITpo0sIeM O10MeTpUUHOT aBTeHTU(]IKAIIIT € TOBOII BUCOKHIA
PU3UK HECAHKI[IOHOBAHOTO JOCTYIY BHKOPUCTOBYIOUHM CJIA0KOCTI OpJIMHAPHUX
cucTeM OlOMETpHUYHOi aBTeHTH(iKaIlii, 13-3a 1i€i mpobOiaeMu OlOMeTpis TyxKe
PIIKO BUKOPUCTOBYETHCS Y MICIISIX JI€ MTOTPIOHUI BUCOKHUI PiBEHB 3axXUCTy [2].

SAx  BapianT  mOKpamieHHs ~ OloMeTpu4YHOi  aBTeHTH(dIKamii €
BUKOPUCTOBYBAHHS JICKIIBKOX (DakTOpiB OlOMETpii JIOJUHU Ta 3aCTOCYBaHHS
OUIBII JIOCKOHAJIMX QJITOPUTMIB pO3MI3HABAaHHA. BUKOpPUCTaHHS [EKUIBKOX
(GbakTopiB HE rapaHTye€ MOBHHUI 3aXUCT BiJl HECAHKI[IOHOBAHOTO JOCTYIy, alie
NOJIMIIYE PIBEHb 3aXHCTy JO TOTO PpIBHS J€ TaKy CHCTEMY MOHa
BUKOPUCTOBYBATH B TAKUX MICLSX SIK: OaHKH, Ce(PU, OXOPOHIOBAHI TEPUTOPII.

VY cnpoekToBaHiil cuCTeMi BUKOPUCTOBYIOTHCA Taki 010METpPHYHI O3HAKH:
BIIOUTKU TAaJIbIIIB, TEOMETPIs O0JIMYUYS Ta TOJIOC JIOAUHU. A JJIsi OTpUMAaHHS
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JAaHUX: CKaHep BINOWTKIB MajbIliB, Kamepa 3 po3mipoM 3o0paxkeHHs 720p Ta
MIKpO(QOH.

Cucrema TakoTro poay TaKOK MOJKE IOMTOMAraTH y BUSBIICHHI 3JIOUYMHIIIB TaK
SK CHCTEMa MO>K€ BU3HAYUTH JIFOJIEH Y PO3IIYKY IO X 610METPUYHHUM JaHUM SIKi
MOKHA OTpUMATH 13 0a3 AaHMUX MONIMii a00 MOPIBHATH OTpUMAHE OOIMYYA 3i
CIIUCKOM B1JIOMUX JIIOJIEH B PO3IIYKY.

Metoro poOOTH € JOCHIIKEHHS CY4YaCHHX aJlFTOPUTMIB O1OMETPHUYHOI
aBTeHTH(IKaIli, Mo0ygoBa Ta OOIpyHTYBaHHS €(GEKTUBHOCTI CHCTEMU
OararodakTopHoi OioMeTpuU4HOi aBTeHTH(ikaiii. 3a MeTroAun OiOMETPUYHOI
aBTeHTHdIKaIIi OyJld B3SATI AJITOPUTMHU PO3IMI3HABAHHS T'eoMeTpii o0Imyysl,
B1IOUTKIB MaJIBIIIB PyK Ta royocy [3].

B naniii po60Ti HaBeneH1 pe3ynbTaTi BUMIPIOBaHb €(DEKTUBHOCTI CHCTEMU
OaratoakTopHOi OioMeTpuyHOi aBTEHTH]IKallli, TMOPIBHIHHSI Cy4acHUX
QITOPUTMIB PO3Mi3HABAHHS OIOMETPUYHHUX (PAKTOPIB Ta OMNUC BUKOPHCTAHUX
IPUCTPOIB Il MOOYIyBaHHS CHUCTEMH, a TaKOX pO3PaxyHOK cCOOIBapTOCTI
o0y I0BY TaKOi CUCTEMU /ISl KOMEPLIHHOTO BUKOPUCTAHHS.

OTtpumaHni pe3ysbTatd poOOTH CBIAYATH MPO MiABUIIEHHS PIBHS OE3IEKH,
ONnMparoyvuch Ha 3MeHIIeHHd napameTpiB FAR ta FRR y cucremi, y mopiBHsAHHI 3
CUCTEMaMH, SIKI BUKOPUCTOBYIOTH JIUILE OJHY O10METPUYHY O3HAKY JFOAUHHU.
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Time series forecasting is one of the most popular approaches to forecasting
the development of economic processes, the volume of trade operations, the
volume of production and accumulation of products in warehouses, the evaluation
of alternative economic strategies, formation of budgets of enterprises and the
state, forecasting and management of economic and financial risks and other
spheres. Neural networks are effective for linear analysis and forecasting of time
series. If neural networks can compete with traditional prediction models for
linear data with noise, they can be used in even broader situations for forecasting
physical objects.

YacoBi psaau — 3arajibHa npo0ieMa, sika MpeACcTaBise BETUKUNA TPaKTUUHUI
iHTepec g 6araTbOX JMCLMIUIIH. IX BHUKOPHCTaHHS J03BOJAE 3 IIEBHONO
NMOXUOKOI BHSBJISATH MalOyTHI 3HAa4YeHHs cepii MOoAIM 3a MONepeaHIMH
3HaueHHAMH. CbOTOJHI MPEACTaBICHO OaraTo YCHIIIHUX PIIIeHb Yy PI3HUX
rajry3six, TakKux ik eKOHOMIKa, ¢iHaHcu Ta riaposoris. 1o cTocyeThest ITYyYHUX
Helponnux mepex (IIIHM), To MoHa BIEBHEHO CKa3aTH PO iX 3aCTOCYBAHHS Y
0aratboX O0O0JACTSIX CTATHUCTHKH, OJHIEI0 3 SIKUX 1 € MPOTHO3YBAHHS YacCOBHX
psaaiB. Ockuibku IITHM Moke MozientoBaTH SIK HENIHIMHI, TakK 1 JIIHIMHI CTPYKTYpH
YacOBUX PSAIIB, 1X BHUKOPHCTAHHS MpPU NPOTHO3YBAaHHI MOXKE JaTu Kparli
pe3yabTaTh, HiXK 1HII MeTou [1]. SIk TeopeTuyHi, TaK 1 eMIipUYHI BUCHOBKH B
JOCHIKYBaHUX TMPOEKTaX MOKa3ylTh, M0 MOEAHAHHS PI3HUX METOMAIB MOXE
OyTH aQeKTUBHUM Ta €()EKTUBHUM CIIOCOOOM IMOKPAILIEHHS IPOTHO31B.

IcHye nekiyibka OCHOBHUX METO/IIB MPOTHO3YBAaHHS, a CaMe:

MEeBHUX 3HaHb MPEIMETHOI 00JACTI YH, IHITUMHU CIIOBAMH, — Mepe10ayeHHS;

- TIPOTHO3YBaHHS Ha OCHOBI BHUKOPHCTAaHHS aBTOpErpecii 3 pyXxoMum
cepelHIM abo0 3 IHTErPOBAHMM PYXOMHUM CEPEIHIM 3HA4YE€HHSM (4acoBl psau
OJIHI€T 3MIHHO1);

- MPOTHO3YBaHHA Ha OCHOBI BHUKOPUCTAaHHS YacOBUX pSAIIB JIEKLIBKOX
3MiHHUX [2].

B 3aranpHOMY BUIAJKy MPOTHO3 MOXKE MPEICTABIATUACSA OJHUM 3HAYCHHSAM
3MIHHOiI, I1HTEPBAJIOM, SIKHW MICTUTh IO BHUIAJIKOBY 3MIHHY, a TaKOX
WMOBIPHICTIO TIPUCBOEHHS 3MIHHIN JESKOTO 3HAYEHHS 3 BKA3aHOTO 1HTEpPBAIY.
BiamoBiHO 10 CKJIaIOBUX MPOIIECY, SIKI HEOOX1THO MPOTHO3YBATH, BIIOYBAETHCS
MOCTaHOBKA 33/1a4l MO0y 10BU MaTEMaTHYHO1, JJOT19HOT 200 MMOBIPHICHOT MOJIENI,
MeTa SIKUX MOJIATae y 3a0e3MeYeHH] BUCOKOT SIKOCTI IPOTHO3Y.
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JloLinpHO 3BEpHYTH yBary Ha METOJ| IPOrHO3YBaHHS 3 aBTOPETPECHBHUM
(AR) interpoBanuMm pyxomum cepenHiM  (IMA) 3HadeHHsM (3 aHIL
AutoRegressive Integrated Moving Average — ARIMA). [laauii MmeTon € (1)0pM0}0
pereCII/IHOFO aHaJi3y, 0 BUMIPIOE cuity OJTHI€T 3aJI€KHOT 3MIHHOT 1010 1HIITNX
smiHHUX. ARIMA  sBnseTbcs OnHI€ 13  HAWMOMYJSPHIIMX — MOJEICH
MPOTHO3YBAHHS YaCOBUX PsiB 3a ocTaHHI 30 pOKiB, a 3aCTOCYBaHHS iX pa3oM 3
IITHM no3BoJisie 0QHAKOBO MOJCIIOBATH K JIHIMHI, TaK 1 HEJIHINAHI MOJIEII.
[Nopunni mogeni ARIMA 31 IIHM wacto mopiBHIOIOTH 13 HEOAHO3HAYHUMH
BHCHOBKaMU 3 TOYKH 30pY IE€peBard B MPOTHO3YBAHHI PE3YJbTATIB, 10 3HAYHO
MIJIBUIYIOTH iX TOYHICTS [3].

[Ipote, HEe3BaKalOUM HA YCIIX MTYYHUX HEUPOHHUX MEPEXK K CAMOCTIIHO,
Tak 1y MOEIHAHH] 3 METOJJaMHU MPOTHO3yBaHHS, ICHYIOTh BCE K MEBHI MPOOIEMH,
K1 TIOB’s13aHi 31 cnernudikamniero Mmozeni. Lle moscHIoeTbecs TUM, IO OUIBIIICTH
pimieHs y mpouect crneuudikaiii € cy0’€KTUBHMMH Ta 4acTo 0a3yloThbCs Ha
nocBizil moaenicta. llle onHa noctiitHa npobyiema — MoMiTHa BiICYTHICTh 3MiH B
po3mmpenHi Moaen MA 13 3actocyBanHsam [ITHM y nopiBHsSIHHI 3 pO3LIUPEHHIM
AR mopemni. ToO6To, 3Hayna yactuna npono3uuiid ITHM 0a3yerbcs Ha HENMHIMHIN
aBTOperpecuBHii cTpykTypi. CaMe 11e OOMEXKEHHS HE JI03BOJISE MPaBUIBHO
MOJICJIFOBATH YaCOBI1 PSIH , 110 MICTATH BIacTuBI MA KOMIIOHEHTH.

JlunaMiyHa MOBEIHKA OLIBIIOCTI YaCOBHX PSJIIB y HAIIOMY pPEaIbHOMY
KHUTTI, 3 WOTO aBTOPETPECUBHUMH Ta YCHAJKOBAHUMHU TEPMIHAMU PYXOMOTO
CEepeHbOTO 3HAYEHHS, CTBOPIOE TPYAHOIIl Ui HPOTHO3YBaHHS HENIHIMHUX
YacOBHUX PSIiB, Kl MICTATHh YCIAJKOBaHI CEpEIHI TEPMIHU, BUKOPUCTOBYIOUHU
METO/I0JIOTIi OOYMCITIOBAIBHOTO 1HTENEKTY, Taki K HeHpoHH1 Mepexi. JlaHwmii
METOJT MOJIeNIl JIO3BOJISIE BU3HAYATH KOHKPETHI MOJEN 3a HHU3BKHUX
OOYHUCTIOBAJILHUX BUTpAT.

Ha nanuii MOMEHT 3’SBISIFOTBCS HOB1 MIJXOJIM MPOTHO3YBaHHS YaCOBUX
PAAIB, METOIO AKUX € IMOJOJIAHHSA NPOOJIEM OLIHKK CTaHy PUHKY, PO3MIPHOCTI
MoOJieJIel, BUSBIICHHS O3HAK CUCTEM BUIIOrO piBHSA Towo. Lli miaxoan 6a3yroThes
Ha 3aCTOCYBaHHI TaKUX PO3JLUIIB CYy4acCHOI MaTE€MAaTHKH, SIK: €BOJIIOLIS, TEOPisd
CTOXaCTUYHOTO  MOJIEIIOBAHHS, Teopis KaracTtpod 1 Teopid CHCTEM
camMooprasizailii, BKJIIOYal0Uu TeHETUYHI aITOPUTMH Ta HEUITKY JIOTIKY.
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A multithreshold approach in neural computations provide us with the more
powerful neural units than classical thresholds ones. The advantage of the
expressive power of multithreshold elements was estimated. We consider 2-layer
neural networks consisting of the simplest multithreshold elements, namely,
bithreshold units. We show that the use of bithreshold neurons instead of single-
threshold units allows to halve the size of the hidden layer. We propose the
algorithm for the synthesis of the 2-layer neural network consisting of the
bithreshold hidden layer and the threshold output neural unit.

OyHKIIOHATBHAN €JIEMEHT 3 N J1IIICHUMU BXOJAMH X,,..., X, T BUXOIOM Y IS
Ha3MBaETHCS IBONOPOTroBUM HelpoHHUM efieMeHToM (/IHE) 3 BaroBum BekTOpom
W =(W,,...,w,)€R" ta noporamu t,,t, eR (t, <t,), axmo y= fie, (w-x) [1, 2],

ne W-X — ckansipHuid 1oOyTOK W Ta X , ftl‘t2 — ABOMOPOroBa (hyHKIIISI AaKTUBALIIi:

-1 ift <z<t,,
ftltz(z):{ i

1 otherwise

Input Hidden Output
layer layer of BNs layer

Pucynok 1 — JIBonioporosa HelipoMepexka
Posrnsitnemo nBomapoBy HeWpomepekeBy apxitektypy Ha 6a3i JIHE,

HaBesieHy Ha puc. 1. Mepexa mae N BxoxiB, nmpuxoBanuii map 3 JJHE ta ogun
MOPOTOBHI HEUPOH Y BUXITHOMY IITapi.
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Mu OyaemMo BUKOPHCTOBYBATH HEUPOMEPEXKY I pealizallii 3a4aH0ro po3-
outts (A", A7) ckinuenHoi MHOKUHHU A [3]. Po3risiHeMo HACTYMHUN aJropUT™M
CHUHTE3Y HeHpoMepexKi:

1. k<0
2. AKIIO ‘A“< A'l, To
B A, CA,vel
1HAKIIIE
B—A C—A,ve-1
. k<«—k+1
. r<min{n,|B|}

. 3a”ectu I BekTOpiB 3 By X

3
4
5
6. Bimmykatu po3s’s3ok cuctemu X -W =1 X' € X, i =1r
7. g(—amin{‘w-x—]HXeC}

8

. B(—B\{XEBHW'X—].‘<8}

. Homatu [IHE (W,l— &1+ 8) y TIPUXOBAHUH 11ap

(o]

10. Axmo B # &, noBepHyTHCS HA KPOK 3

11. Jonaru Buxinuuii HelipoH 3 Baramu 1 i moporom K —0.5.

[TapameTrp @ MoOXe BBaXKAaTHUCS MIPOIO TOJEPAHTHOCTI Mepexi. SIKio
0<a <1, To Mmepexa 100pe Ipalltoe Ha HaBYaIbHINA BUOIPIII alie MOKe OyTH «I1e-
peHaBueHay. SIKio 3HaueHHsT (& Tpoxu Ourbine 3a 1, To Mepexka MOXKe JeMOH-
CTpYBAaTH Kpallly 3JaTHICTh /10 y3araJbHEeHHS.

Cifi 3a3HaYHTH, 110 KOPEKTHICTh HABEICHOT'O aJITOPUTMY 00IpyHTOBaHa B [4].
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Until then, there are prospects for the development of urbanized agricultural
production (farm farming) based on the analysis of key innovative technological
and market trends. It means that there is a tendency towards a speedy obsession
with native lands, the cultivation of resources in ecosystems, including resources
in the light ocean, negative inheritance of changes in the climate are the main
factors of growth in the development of traditional The revision of the territory of
the mass media from the mass markets should be carried out until the approval of
the significant communications of the views.

JlocnmiKyroul  MEpPCHEeKTUBH  PO3BUTKY  CBITOBOTO  ypOaHI30BaHOTO
arpoBUpoOHUIITBA  (CITi-epMepcTBa) HA  OCHOBI  aHai3y  KIIOYOBHUX
1HHOBAIIIMHUX TEXHOJOTIYHHUX 1 PUHKOBUX TPEH/IIB. BII3HAYAETHCS, 1110 TCHACHITIT
JI0 CKOPOUYEHHSI 00CSry pOJI0YMX 3€MElb, BUUEPIaHHs PECYpCIB €KOCUCTEM, B
TOMY YHCJ1 PECYpCiB CBITOBOTO OKe€aHy, HEraTHMBHI HACTIJAKUA 3MIH KIIMaTy €
OCHOBHMMH  JIMITYIOYUMHU  (aKTOpamMu TMpPU  PO3BUTKY  TPATUIIHNHOTO
CUIbCHKOTOCTIOAAPCHKOTO BUPOOHMIITBA Ta MEPCHEKTUBHOTO 3a0€3MEeUeHHS
3pOCTalOUOro HACEJEHHsS IUIaHETH. BinjganeHicTe TepuTOopii 3 MacoBUM
BUPOOHMIITBOM 1K1 BIJI MAaCOBUX PHUHKIB MPHU3BOJUTH JI0 YTBOPEHHS 3HAYHUX
oOcAriB BiIXoIB. Po3risgaeTbcsi MepCcrneKTHBa PO3BUTKY CBITOBOI Tally3i
PO3BUTKY, HABOJAMUTHCS OIJISAJl IHHOBALIMHUX TEXHOJIOT1HM, PO3BUTOK SIKMX Oy[e
CYNpOBOKYBaTU Lie nepexin [1].

Ha ciTi-dpepmi BUKOPUCTOBYEMO cCyd4acHe OOJIaJlHaHHA ISl KOHTPOJIIO
MIKPOKJIIMATY, 10 arnapaTHOi YaCTUHU SIKOTO BIAHOCATH JATYMKH, KOMYTaTOpH
JUIS 3’ €THAHHS Ta JIYMIIBHUKH. Y 3B 3Ky 3 THUM, IO TOCIOJApPChKa MiSIbHICTD
3HAXOJWUTHCS Yy TMPUMIIIEHHI, i MOTpiOEH CBiM KiIiMaT: MEBHA BOJOTICTH Ta
TeMIlepaTypa i PI3HUX KYyJIbTYyp, ULl JHS Ta HOYI, IITy4YHE OCBITJICHHS,
MITYYHUHN BITEP Ta BEHTHIISIIIS.

Jlo kjiMaTHYHA YCTaHOBKU B CBOIO UEPry, BKIIIOUAIOTHCS KOHCTPYKTHBHI
€JIEMEHTU CUCTEM ONAJICHHS, BEHTWIALII Ta KOHIUIIIOHYBaHHS, B TOMY YHCIHI
paaiaTop OMaJICHHS, BEHTWIATOP MOBITPS Ta KOHJUIIIOHEP, IO CKIAAAEThCA 3
BUIIAPHUKA, KOMIIpEcopa, KOHAEHcaTopa 1 pecuBepa. YIpaBIiHHSA KIIMaTHYHOI
YCTaHOBKOIO 3/IIMCHIOE BiJiMOBiAHA cucTeMa. OCHOBHUMH €JIEMEHTAMU CUCTEMHU
€ BXIJHI JaTYMKH, OJOK YIpaBIIHHS 1 BUKOHABUYl NpUCTPOi. BXigHI nartymku
BUMIPIOIOTh BIAMOBIJIHI (PI3UYHI MapamMeTpHu 1 MEPEeTBOPATh iX B EJIEKTPHUUHI
curHainu. Jlo BXIJHUX JaTYMKIB CHUCTEMH YIPaBIIHHS BIAHOCSTHCA JATUUKH
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TEMIEPAaTypyd 30BHIIIHHOTO TMOBITPS, PIBHS COHSYHOIO BHUIIPOMIHIOBAHHS
(poromion), BUXITHOI TeMIlepaTypH, MOTEHI[IOMETPH 3aCIIHOK, TeMIepaTypH
BUITAPHUKA, TUCKY B CHUCTEMI KOHAWIIOHYBaHHA. KiTbKICTh JATYMKIB BUXITHOI
TEeMITepaTypy BU3HAYAETHCSI KOHCTPYKITIEI0 CUCTEMHU KIIIMaT-KOHTPOJTHO. 2]

Enextponnuii 6JI0K yrpaBIiHHS CHCTEMH PUHUMAE CUTHAIM BiJ JATYHUKIB 1
BIIMOBIZHO JI0 3aKjajeHoi mporpamu ¢GopMye Kepyrodi BIUIMBY Ha BUKOHABYI
npucTtpoi. Jlo BUKOHAaBYMX MPUCTPOIB BITHOCATHCS MPUBOAM 3aCTIHOK 1
CJIEKTPOJBUTYH BEHTWJISITOpAa MPUILUIMBHOIO TMOBITPSA, 3a JIONOMOIOI0 SIKHX
CTBOPIOETHCS 1 MIATPUMYETHCA 3aJaHU TEeMIEpPaTypHUH pexuM. 3acIiHKU
MOXYTh MaTH MEXaHIYHHUM a00 eNEeKTPUUHUMN MTPUBIJ.

[TapameTpu TOBITPSTHOTO CEPENIOBUINA BIAMOBIAHO /10 CTaHAAPTY MMOBHHHI
3a0e3MevyBaTucs 1 KOHTPOJIOBATHUCA 10 BCbOMY 00'eMy OOCITYrOBY€THCS 30HHU,
JUISL 4YOTO BCTAHOBJICH] MICLISI BUMIPIOBaHHS iX 3HAYEHb 1 HABOJATHCS JOMYCTUMI
BIIXUJICHHSI B PI3HUX TOYKaX 0OCIYyTOBYETHCS 30HH.

TakuM YWUHOM BHAJIOCS CIPOCTHTH POOOTY NPHUMIIICHHS, 3MCHIIUTH
KUIBKICTh MPAIIBHUKIB Ta HAJAaroJUTH BUPOOKY MPOAYKIli, a TaKOXK 30epertu
CaHITapio.

»ie

9

L

E

Pucynoxk 1 — Mojens cucteMu KOpEryBaHHs TaTYUKIB
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This article describes the basic principles of one of the popular methods for
training neural networks - the backpropagation method. This method provides
high quality training of neural networks for pattern recognition. The gradient
descent method is used to minimize the error rate. In practice, usage of the
gradient descent method can produce a vanishing gradient problem. To solve this
problem, the article proposes to use preliminary data normalization, the usage of
batch normalization layers to reduce training time, solve the problem of neural
network retraining and vanishing gradient problem.

OnHuM 3 MOMYJISIPHUX i HAaBYAHHS HEUPOHHUX MEPEXK, B TOMY YHUCHI
IJTHOOKUX, € alrOpUTM 3BOPOTHOro momupenHs momuiku (backpropagation
algorithm), 3acHoBaHMiI HA METO/Ii TPAIEHTHOTO CIYCKY. AJITOPUTM 3BOPOTHOTO
MOIIUPEHHS TOMIIKH BUKOPUCTOBY€E HAaBYaHHS 3 YUUTENEM, JJIs IbOTO MOTpiOHA
HAsSBHICTh HABUYaJbHOI MHOXHWHHU 13 3a3[ajeri/ib BIJOMUMH MPAaBUILHUMU
BIJIMOBIIIMU. BBOIUTHCA Mipa TMOMMIIKH, SKa BU3HA4Ya€, HACKIIBKUA CHIIBHO
BUXI1JIHI 3HAYEHHS MEPEKl BIAPI3HAIOTHCS Bl MpaBUILHUX BiamoBijgei. IloTim
Mipa TIOMHUJIKH MIHIMI3Y€EThCS 3@ JIOTIOMOI'OK) METOJAY TPATIEHTHOTO CITYCKY
[UISIXOM 3MIHHM 3HAY€Hb Bar B MEPExi.

J1mst TOro 1100 OIIHUTH, HACKIJIBKH CHJILHO KOKHA Bara BIIMBA€E HA BUX1JTHE
3HAQYECHHS, PO3PAaXOBYIOThCS YACTKOBI MOXIJHI MOMWJIKMA 3a Baramu. [loTim
IIPOBOJUTHCA 3MIHA Bar Ha HEBEJIMKI 3HAYEHHA 3 ypaxyBaHHSAM rpajieHrta. Tak
MOBTOPIOETHCS 10 TUX Iip, MOKM TMOMHUJIKA HAa BHUXOJl HE CKOPOTUTHCS MO
JOMyCTUMUX 3HaueHb. [[0UaTKOBI 3HAUEHHS Bar HEHUPOHIB B MEPEXK1 3aJ1al0ThCS
BUITAJIKOBUM YMHOM. Y TJIMOOKIM HEMPOHHINA MEPEXKI 3 IEKIIIbKOMA TPUXOBAHUMHU
[1apaMu MPOBOJUTHCS PO3PAXYHOK MTOMIIIKH, sIKA TIEPEAAE€THCS BT OHOTO MIAPY
1o iummoro [1].

Ha npaxTuiil 1711 HaBYaHHS HEHPOHHUX MEPEK JOLUIBHO BUKOPUCTOBYBATH
METOJI CTOXaCTHYHOTO TPAIIEHTHOTO CITYCKY a0o oro monudikartiii, ane 0JHOTO
QITOPUTMY 3BOPOTHOTO TMOIIMPEHHS MOMUJIKA HEJOCTATHHO IS €(PEKTUBHOTO
rnOOKOro HaBYaHHs. He3Baxkarouun Ha esiKl yCHIIIHI TPUKIaAn, BAKOPUCTAHHS
O1BII OAHOTO MPUXOBAHOTO IAPYy HE YacTO JaBaJI0 MEpeBard Ha MPaKTHIIL.
[IpyunHa 1BOro - mpobiema 3HUKAKOYOro rpanieHTy. Ilpu BHKOpHCTaHHI
TpaAULIIHUX (YHKIIN aKTUBAllli, CATHAJIIM NP0 OOEPHEHO PO3MOBCIOAKYBAaHHI
MOMUJIKM TIBUJIKO CTalOTh Jy)X€ MaJleHbKUMH (200 HaBMaku, HaAMIPHO
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BEJIMKUMHU). Y MPaKTUYHHUX 3aBIAHHIX BOHHM 3MEHIIYIOTHCSI €KCIIOHEHITIAIBHO 3
KUTBKICTIO IIApiB B MEPEKIi.

[cTOoTHMII BHECOK B PO3BUTOK HEHPOHHHX MEpEX BHECHA MPOIO3UILis
BUKOPHCTOBYBaHHS HamiBIiHIMHNX ¢(yHKII0 akTuBarii (rectified linear unit.
Taka QyHKIis akTUBaLii J03BOJISE O30y THCS MPOOIEMHU 3HUKAIOYOTO TPAII€HTA,
TOMY IIO MPHY MO3UTUBHOMY 3HAYEHH1 CUTHAJTYy HE B1I0YBA€ThCS MOT0 3MIHM, HA
BIIMIHY BiJl cUrMoOifaibHUX (YHKINN akTuBalii. KpiM Toro, HamiBiiHifHa
GyHKIIS aKTHBAIli J103BOJISIE CKOPOTHUTH Yac HaBYaHHS HEUPOHHOI MEpPEexi.
Heliponu, BUX1JHUM CUTHAJ SIKUX HETaTUBHUI, HE O€PYTh y4acTi B pO3paxyHKax,
a JUIS 1HIIUX MOTPIOHO BUKOHYBATH TIJIbKH JIIHINHI OOUYUCIICHHS.

3rilH0 3 JOCHIPKEHHSIM, BHKOPHUCTAHHS JIOTICTUYHOI CHUTMOIiJaIbHOI
GYyHKIIT CHOIIPHO 3 TMOYATKOBOKO 1HIIIATI3AIllE€l0 Bar MOTAHO MiAXOAUTH IS
CTBOpPEHHS TNIMOOKUX HEMPOHHUX MEPEX, TOMY IO MPU3BOAUTH JI0 IIBHUAKOTO
Hacu4yeHHs. OyHKIIIS aKTUBAIIl] «T1IepOOIIYHUNA TAHT€HC» TaKOK MPOOJIEMOIO HE
BOJIOJI€ 3aBJISKHM CUMETPUYHOCTI. TOMy HOUIIBHO BUKOPHCTOBYBATH METOJ
1HILIami3amii Bar HEHWPOHHOI MEpexXi, M0 HA3MBAETHCS HOPMAII30BaHOIO
iHimiamizamiero [2].

BukopucTaHHs HOpMaii30BaHOI 1HIMami3anli MPU3BOAUTH 10 3HMKEHHS
HAaCUYEHHS HEHPOHIB Ta CUTHAJ NPO NOMUJIKY MOLIMPIOETHCA 3HAUHO Kpalle.
Metoa HOpMaITi30BaHOI 1HIIIAI3a1lli Bar OyB aJanTOBAaHUM JJIs HAMiBIIHIMHUX
GyHKINT aKkTHUBAIIIi.

Meton HoOpMami30BaHOI 1HIIIAMI3aIlli Bar J03BOJISE JOCATATH SKICHOTO
HABUYaHHS TIMOOKHUX HEHUPOHHUX Mepek 0e3 HeoOX1THOCTI BUKOPHCTOBYBATU
norepeHe HaBYaHHs 0e3 yuurens [3].

Hopmanizaiiiss BUKOHYETHCSI OKPEMO JJIsi KOXHOTO TMaKeTy MaHux (mini-
batch) MeTomy cTOXaCTUYHOTO TpaJl€HTHOTO CHYCKy (a0o oro monudikariii).
Jlnst 30epekeHHs BUPAa3HOCTI JAHWX, BAKOHYETHCS 3CYB Ta MacIITa0yBaHHS.

[lakeTHa HOpMami3allisg peani3yeTbCs Yy BHUIJISAAl IIApIB  MAKETHOI
HOpMaJIi3allii, Kl BCTaBJISIOTHCS B OTPIOHE MiClie B HEHPOHHIA MEpexi, B TOMY
yucial  Kiibka pasiB.  J[0JaTKOBOIO MEpeBarord BUKOPUCTAHHSA IMAKETHOL
HOpMaJTi3allii € CKOpOUEHHS Yacy HaBUaHHS Ta 3HIDKEHHS NIEpeHaBYaHHSI.

Metonu HOpMami30BaHOI iHIIIaTi3allii Bar Ta mapu MakeTHOI HopMaTi3aiii
JTO3BOJISIIOTH HA TPAKTHUIl BIOPATHUCS 3 MPOOJIEMOIO 3HHMKAIOUOTO T'paji€HTa i
HaBYATH TJIMOOKI HEHPOHHI MEpeXi, IO CKIAJAIOThCS 3 JEKIIBKOX JECATKIB
1apiB.
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The use of neural networks in medicine has been made possible by the advent
of large amounts of tagged data, as well as markedly increased computing power
and the proliferation of cloud storage in all sectors. In medicine, this will have an
impact on three levels: for physicians, neural networks help to interpret images
quickly and accurately; for health systems - improve workflow, which leads to the
potential reduction of medical errors; for patients - allow them to process their
own data to promote good health.

30BCIM HEAABHO IITYYHI HEHPOHHI MEPEXkK1 OyJIM JOCTYIHI TUIBKU BETUKUM
KOMIIaHisIM, aJie 32 OCTaHH1 POKH 3'IBUJIOCS 031114 JOCTYITHUX PIllIeHb, TOTOBUX
3ac001B pO3pOOKH 1 XMAapHUX CEPBICIB, 5K JIETKO aJIallTyBaTH JI0 CBOIX 3aB/aHb.
Heliponni Mepexi MOXYTh JOMOMOITH KOMIIAHISIM CTaTH Kpalle Biapasy IO
JNEKUIBKOX ~ HampsAMKax:  ONTUMI3yBaTH  OI3HEC-JIOTICTUKY,  TOJIIIIUTH
MIPOTHO3YBAHHS Ta B3a€MOJIisl 3 KIIIEHTaMU. B KIHIIEBOMY paxyHKY BOHH JIalOTh
MO>KJIUBICTh ~ MIIBUIIUTH KOHKYPEHTOCHPOMOXXHICTh 32 PaxyHOK OiIbII
rIMOOKOTO aHali3y BCIX JOCTYNMHUX JaHUX. BUKOpUCTaHHA HEHPOMEpPEK Y
MEIIUIIMHI CTaJ0 MOXJIMBUM 3aBJSIKA TOSIBI BEIUKOI KIIBKOCTI PO3MIYEHUX
JaHUX, a TaKOoX TIOMITHO TIJBUINEHOI OOYUCIIOBAIBLHOI MOTYXKHOCTI Ta
PO3MOBCIOKEHHIO XMApHUX CXOBHII JTAHUX y BCIX CEKTOpax. Y METUIUHI TIe
Oyle MaTu BIUIMB Ha TPHOX PIBHAX: JUIS JIIKApiB HEHpOMEpexi JOIMOMararoTh
HIBUKO 1 TOYHO IHTEPIPETYBATH 300paKEHHS; ISl CUCTEM OXOPOHU 3/10POB’S —
MOKPAIyITh POOOYMI MPOIEC, 1O MPUBOJUTH JO MOTEHIIMHOTO 3MEHIIECHHS
MEIUYHUX TOMWIOK; JJISl TAIIEHTIB — JO03BOJSIOTH CAMOCTIHHO 0O0pOOJISTH
BJIACHI JIaH1 JIs 3MILIHEHHS 3I0POB’SI.

Ha cboromui icHye 6e37i4 JOCHIIKEeHb 1 po3p0o00K 1100 BHUKOPUCTAHHS
HEHPOHHUX MEPeX y MeaunuHi. Tak, SCKpaBUM MPHUKIAJAOM € alTOPUTM
LYNAJ1] Bixm Google Al, sixuii Mmoxe 3 99% TOYHICTIO BU3HAYMTH HASBHICTH
MeTacTa3 pakKy MOJOYHOI 3ajo3u. TakoX aHaJIOTiuHI aJTOPUTMU MOXKYThb
BUSIBJSITA  TICPEJIOMH, KPOBOBWJIMBU, PETHUHOMATIIO, YPaXKECHHS IIKIPH,
MTHEBMOHII0, TIIEpTpodit0 cepllsi, KOJarc JIErkoro Ta aHeBpu3My. Bupimryroun
npobsieMy KOH(IIEHIIMHOCTI aaHux namieHTiB, gociiaauku NVIDIA, kiniHiku
Maiio 1 LleHTpy AOCIIPKEHHS KJITHIYHUX JAHUX MPEACTaBUIIA HEUPOMEpEexKyY s
cTBOopeHHs 3HIMKIB [2] MPT ro0JI0OBHOrO MO3KYy, $KI TIOTIM MOXHa
BUKOPUCTOBYBATH JJIi HaBYaHHS aJTOPUTMIB JIarHOCTUKH. TakoX BUYEHl 13
VYuiBepcurety IleHcuiibBaHii po3po0OHIid HEHPOHHY MEPEXKY, AKa aHAITI3Y€ TOCTH
KopucTyBauiB y Facebook 1 BusiBisie HasiBHICTH Aenpecii [3]. [CHyroTh anroputmu,
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IO JOMOMAaralTh JIOASM CIIAKyBaTH 3a CTaHOM CBOTO 3/0pOB’S Ta HAaBITh
MOKYTh BUKJIMKATH MIBUAKY TP 3HAYHOMY BIIXHJICHHIO BiJl HOPMHU.

BukopucTtoByoun moioHi alroputMu y MailOyTHROMY, MOKHA CTBOPHUTHU
KOMITJIEKCHY CHCTEMY, SIKa O CITiIKyBaJIa 3a JIF0IMHOIO TIPOTATOM yChOTO ii JKHUTTSI,
Mana 6 JoCTym 70 ii JKUTTEBUX MOKA3HHUKIB, K1 OTPUMYBAJINCh OH 3a JOTIOMOTOI0
BOY/IOBAHMX JIaTYUKIB, HAMIPUKJIIAJ, Y CMapT TOJUHHUK a00 B TenedoH. 3aBasku
IIbOMY MOJKHa OyJie CIocTepiraTd 3a JWHAMIKOI 3MIHM IOKa3HUKIB, POOUTH
BHCHOBKH 3a JOTIOMOT'0I0 HeHpoMepex 1 IepeaBaTy ix JIKapro 3a HeOOX1THOCTI.

[Ipy BUKOpPUCTAHHI HEHPOMEpPEXK YyCl MpollecH B JiKapHi, MOB’sA3aHl 3
JIIarHOCTUKOI0, OyayTh OUIbII TOYHUMH Ta MMIBUAKUMH, IO 3MEHIIUTH
HABAHTAKEHHA HA JIIKapHI Ta MEIUYHUX MPALIBHUKIB. AJITOPUTMH 3 JOCTYIIOM
70 BEJIMKUX MACHBIB JaHUX 3MOXYTh IepeadadyBaTH TOSBY a00 BUSBHTH
PO3BUTOK XBOPOOU HA PAaHHHOMY €TaITi 1 3aBASKH 3aBYACHOMY J1arHO3y 3yITUHUTH
PO3BUTOK XBOPOOU Ha paHHIN cTaii.

Jla\l TeXHOJIOr1l JO3BOMSATH HOJIIIIHMTUA SKICTh Ta MBUAKICTH MEIUYIHOTO
0OCIyroByBaHHsI Ta 3pOOUTH MOro OLIBII 3pYYHUM SK JJIA JIKaps, Tak 1 1
namiedHTa. Aje s 1pOro Tpebda MOMINIIUTH PpoOOTy aaropTUMIB, 1100
MIHIMI3yBaTl MOKJIMBICTb IOMWJIKH, Ta BHPIIIUTUH MpodiieMy Oe3neku
KOH(IIEeHIIMHNX JaHuX mnariedta. [IpoTe Bke Ha JaHOMY eTami ajlropuTMHU
MOXXYTh BHUKOHYBAaTH YacCTHHY pOOOTH JUIsl MONEPEIHbOrO JIarHo3y IO
peHTreHorpamam Ta 3HIMKam MpT.
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An intelligent security system using computer vision can be created to
monitor warehouses or living spaces. Such a system is created in order to timely
identify the threat and respond to it. An intelligent security system can be a better
replacement for conventional alarm and video surveillance systems. The system
includes a base station for data processing and automatic drones, which should
patrol a given area and transmit video and information from sensors to the base
station. The system can be implemented on a Raspberry Pi microcomputer, which
will process images transmitted via wireless communication from the ESP8266
or ESP32 modules.

CyuacHuii cBIT OTpeOye Bce OUIbII HE3BUYANHUX CUCTEM O€3MEKH Ha 3MIHY
3BMUYallHUM KaMepaMm BigeocnocTtepexeHHa. CHCTeMH OXOpOHHM CTal0Th BCE
O1JIbIII aBTOMATHU30BAaHUMHU, aJie BCTAHOBJICHHSI BEJTUKOI K1JIbKOCTI KaMep He J1acTh
3MOT'Yy MaKCHMaJbHO CTEXHTH 3a MOTP1OHOIO TepuTopiero. ToMy TONOBHEHHSIM
JI0 TakOl CUCTEMHU MOXXYTh CTaTH aBTOMATHUYHI IHTENEKTyalbHI MPHUCTPOI, SKi
NaTpyJIIOBAaTUMYTh 3aJlaHl TEPUTOPIi, Ta IEpeIaBaTUMYTh BiJIeO Ta IHPOPMAITIIO 3
JATYMKIB TIPO TEepecyBaHHS OO €KTIB Ha TEPUTOPIi SKYy BOHHU MATPYJIOIOTh.
CucTteMa KOMIT' FOTEPHOTO 30pYy Y peaJIbHOMY 4acl 3poOUThs 00pOOKY BiJi€0, 1 Oye
NPUIHATE PIIEHHS O A0 Al Kl moTpiOHO Oyne BUKOHATU. Taka cucrema
OXOPOHM MOXE BHUKOPHCTOBYBAaTHUCh Yy CKJIAJICHKUX MPHUMIMIEHHAX, a00 y
IUBUIBHUX OYJIMHKAX Ta KBapTUPAX.

Jlns peamizaiii Takoi CHUCTEMH ICHY€ Ay e 0arato MiKpOKOHTPOJEPHHX
MOJIyJIiB, TOMY BHO1p KOMIIOHEHTIB HE € 0OOMekeHUM. OCHOBHA YaCTUHA CUCTEMHU
Oe3meKkr MOXe peani3yBaTucs Ha MIKpokomil totepi Raspberry Pi, skuit Oyne
BUKOHYBATH OCHOBHY (YHKI[II0 OOpOOKM 300pakeHb 1 JIaHUX Ta TPUUHSITTS
pitens. [IpuctposiMu 17151 maTpyIrOBaHHS MOXYTh OYTH SK JITar04i JPOHU TaK 1
Ha3eMH1 poOOTH Ha KoJecaX, OCHOBHOIO (DYHKIIi€IO SIKUX Oyje TpaHCIIOBaHHS
BiJIeo Ta iH(OpMaIli 3 TaTUYMKIB 10 MIKPOKOMIT IOTE€pa Ta CJIIyBaHHS 3aBYaCHO
3aJlaHOMy MapHipyTy naTtpyiatoBaHHs. Cami IpOHM MOXKHA peali3yBaTH 3a
JI0TTOMOT 010 MikpokoHTposiepiB ESP32, a6o Arduino y 38’sa3mi 3 ESP8266, 1110
JacTh 3MOTY SIK 3amporpamyBaTd MPHUCTPIH A CHiAyBaHHSA IO 3aJaHOMY
MapuIpyTy TakK 1 BCTAHOBUTH 0€3pOTOBHI 3B 530K 13 CTAHII1€:0 OOPOOKHU.

Raspberry Pi mnoOynoBanuit Ha cucteMi-Ha-uuni (SoC) Broadcom
BCM2835, axa Bkirouyae B cebe mporecop ARM 13 TakTtoBow udactororo 700
MI 1, rpadiunuii nporecop VideoCore IV, 1512 un 256 mera0aiitiB onepaTuBHOI
nam'ari. TBepauii AUCK BIACYTHIM, HATOMICTh BUKOpHUCTOBYEeThCA SD kapra. Taka
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arapaTHa Ha4MHKa J03BOJISIE BIATBOPIOBATH Bineo ¢popmary H.264 B po3aiibHiii
smatHocTi 1080p.

ESP32 - cepis  Hemoporux  MIKPOKOHTPOJEpPIB 3  HU3BKUM
CHEeproCIOXKUBAHHAM. SIBISIIOTH COOOI0 CHCTEMY Ha KPUCTall 3 1HTEIPOBaHUM
Wi-Fi i Bluetooth xonTposiepamu 1 antenamu. Y cepii ESP32 BukoprcToByeThCs
MikpoxonTposuiepHi sapo Tensilica Xtensa LX6 B BapiaHTax 3 JIBOMa 1 OJTHUM
anapoM. B cucremy iHTerpoBaHUM paJiovyacTOTHUN TpakT: TpaHchopmaTop,
BOYJIOBaHI aHTEHHI KOMYTaTOPH, paJlo4acTOTHI KOMIIOHCHTH, MaJIOUTyMHUN
MIJCUITIIOBAY, TJCUIIIOBAY TOTY>XHOCTI, GUIBTPU 1 MOAYJIl  yIpaBJIiHHS
xuneHHssM. ESP32 ctBopenuii 1 po3pobiienuii komnaniero Espressif Systems,
KUTAChKOIO KOMIaHi€lo, po3ramoBaHoi B [llanxai, a BUpoOIise€Tbcs KOMITaHIEIO
TSMC mno Ttexmpouecy 40 uM. Cepis € HAaCTyMHHKOM MIKPOKOHTPOJIEPIB
ESP8266.

Henonikamu Takoi CHCTEMH MOXYThb OyTH, SKICTh 300pa)K€Hb 3 JPOHIB
HU3bKa, TaK SK CHUCTEMa HampaBjeHa Ha IIBUJKE BIACTEKEHHS OO €KTIB Ta
00poOKy 1H(opMarlii mpo HUX. Takox MOTPIOHE MOCTiiiHE *KUBJICHHS 0a30BOi
CTaHI[ii 0OpOOKH, Ta peai3alis CTaHLIi aBTOMATUYHOI MI3apsIKU APOHIB, IO
Oyze BKIIIOUATH aJrOpPUTM MOBEPHEHHS ApOHA J0 CTAHIII MpU HU3BKOMY 3apsii
aKyMyJISTOpHUX OaTapeil Ta 3aMiHy MO0 Ha 1HIIUHN Ha Yac 3apsIKHu.

3apa3 icHye cxoxuit crapramn Bijg kommnanii Sunflower Labs. Po3pobnena
KOMIIaHI€I0 cucTeMa Oe3neku O0a3yeTbCs Ha CHUIBHOMY BHUKOPHCTAaHHI
«PO3yMHUX» JIaTYUKIB [0 MEPUMETPY JUISHKK 1 O€3MUIOTHUX JITaJIbHHUX
amapariB, OCHAIICHUX KaMmepaMu, SKi JO3BOJISITh TIOCTIHHO CTEXKUTU 3a
MIPUBATHOIO BJIACHICTIO KOPUCTYBaUiB. J[aTUMKK IPEICTaBISAIOTH COOO00 3BUYAIHI
CaJI0B1 JIIXTapi, 10 BCTAHOBIIIOIOTHCS B 3eMJIt0. BOHU MICTSATH OlIbIe JIeCsITKa
pI3HUX JETEKTOpPiB, 3aBIASKUA SKUM KOXCH OKPEMHi E€JIEMEHT CHCTEMU MOXKeE
3B'I3yBAaTHCS 3 IHIIMMH 1 TEPEBIPATH, YU HE NOpYyIIeHO Oe3neky. Jlaruuku
pearyroTh Ha pyxu, BiOpamii 1 3Byku. Komm cuctema BUSIBIS€ TOTEHIIIMHE
JoKepeno HeOe3neku, BoHa 1HPOpMye Mpo 1€ rocnojaps, SIKUA MOXKe
CKOPUCTATUCS JIPOHOM 1 3a JOMOMOTOI HMOTO KaMepH MOAMBHUTHCS, IO X
cranocs.[4]
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Nonlinear nonstationary processes, that are available in the most different
domains of life including finances, are accompanied by various difficulties of
analysis in the form of data incompleteness, various uncertainties, fuzziness, and
low accuracy of the data available. The problem of development and usage of the
methods for correct data processing and further handling of these kinds of the
processes are quite relevant today. The article provides short review of some
models and data processing methods used in risk management systems.

OnepatiiiHuil — 11e pu3uK HaCTaHHsS 30MTKY B pe3yJIbTaTl HEaIeKBaTHUX a00
MOMIWJIKOBUX BHYTPIIIHIX TPOIECIB, A1 CIIBPOOITHUKIB 1 CUCTEM a00 BIUIMBY
HECTIPUATIUBUX 11 (hiHAHCOBOI OpraHizaiiii 30BHIIIHIX moii [1].

OmnepariiiHi pU3UKH PO3IISIAIOTHCA 3 TOUKH 30pY HEJOCTATHBO SIKICHOTO
GbyHKIIOHYBaHHSA  1H(POpPMaIIMHO-aHATITUYHUX CHUCTEM Ta HE3aJ0BUIbHOI
peamizaiii BUPOOHMYUX TMPOIECIB, (PYHKIIIOHATLHOCTI CHCTEM KEpyBaHHS Ta
BIJIMBY 30BHIIIHIX (hAKTOPIB 3 ypaxyBaHHSIM MOKJIUBOCTI JIOJCHKUX MOMMJIOK.
Jlo omnepauiiiHUX BIJHOCSTH JIFOACHKI, MPOLECyallbHI, CUCTEMHI PU3HKUA Ta
PU3MKHN HACTAaHHS HECTIPUATIMBUX 30BHIIIHIX MOAINA. OCHOBHOIO METOIO aHali3y
omepalrifHuX pU3UKIB € Mo0yAoBa MoJelied pPO3MOAUIIB BTpaT 3 METOIO
OTPUMAaHHS MOXJIMBOCTI OI[IHIOBAHHSI O41KYBAaHOT'O 3HAYEHHSI BTparT.

VYnpasniHHs (IHAHCOBUM PU3HKOM Mepeadaydae Taki Jii:

- BHSIBJICHHS HACHIAKIB JISUIBHOCTI €KOHOMIYHUX CYO’€KTIB B yMOBax
HACTaHHS PU3UKY;

- BHM3HAYEHHS IMOBIPHOCTI HACTAHHS PU3HKY;

- NPUUHATTS PIlIEHb CTOCOBHO HACTaHHS a00 YHUKHEHHS BiAMOBITHUX
CUTYalllif;

- peaiizaliilo TMONEPeHKYBAIIbHUX, 3aXMCHUX a00 KOMIICHCAIIHHUX
3aX0/11B, CIPSIMOBAHNX HA 3MEHIIICHHS] HECTIPUATINBUX HACTIIKIB [2].

OuiHIOBaHHSI PU3UKY — TIPOIEC, IO MOEAHYE I1MEHTU(IKAIII0, aHa3 1
OTPUMaHHSI TOPIBHSJIBHUX OILIHOK PU3UKIB. [l MOCHIIKEHHS omeparliiHux
PHU3UKIB BUKOPUCTOBYIOTh Pi3HI METOAHM, Cepel IKux Taki [3, 4]:

- Analytic Hierarchy Process (AHP) — Tounumii minxix a0 KiUTbKICHOTO
OLIIHIOBAHHSI BarOoBUX KOE(I111EHTIB BUKOPUCTAHUX KPUTEP1iB IPUUHSTTS PIlICHb.
JlocBiJl €KCIEepTIB BUKOPUCTOBYETHCS JJII OLIHIOBAHHS BIJHOCHOT BEJIMYUHU
(bakTopiB 3a TONOMOI0I0 MAPHUX MOPIBHSIHb.
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- Hybrid Dynamic Bayesian Networks (HDBNS) — s moaenroBaHHS
NPUYUHHO-HACTIIKOBUX €(EeKTIB Ta 3B’A3KIB MDK €JeMEHTaMH CHUCTEMH
yHOpaBIiHHS (MEHEI)KMEHTY) Y BUMIQJKy HACTaHHS BIIMOBH y CHCTEMI.

- LDA (Loss Distribution approach) — minxigx Ha OCHOBI OIIHIOBaHHS
pO3MOALTy WMOBIPHOCTEW BTpaT, SKWA HAJAA€ MOXKJIHUBICTH 3 JOCTATHHOIO
TOYHICTIO pO3paxyBaTd 00’€M KamiTalxy, HEOOXITHOTO Uil TIOKPHUTTS
OTepaIiifHIX PU3HKIB.

CyuacHi cucteMd maATpuMKU npuitHATTS pimens (CIIIP) — mpaktuune
3aCTOCYBAaHHS TEXHOJIOTIA INTYYHOTO IHTEJEKTY, CTaTUCTUYHO-HMOBIPHICHUX
METO/IB aHaNi3y JaHUX Ta MoOyJOBM MaTeMaTHMYHUX MOJENEH, SKe J03BOJISE
HiABUIIMTHA IIBUIKICTh Ta SKICTh MPUUHSATTS PIIICHHS B yMOBaxX HEMOBHOTH,
HETOYHOCTI 1H(OpMaIlii, HASBHOCTI I1HIIMX HEeBU3Ha4YeHocTed Tomio. Cepen
METOJIIB IITYYHOTO IHTENEKTY, SKi aKTHBHO BUKOPHUCTOBYIOTHCS CHOTOJIHI B
CIIIIP, Taxi:

- 0OalieciBCbKI Mepexi — iX OCHOBHa TepeBara MOJIATae y MOKIJIUBOCTI
OJIHOYACHOTO BHUKOPUCTAHHS EKCIEPTHUX OIIHOK 1 MaTeMaTUYHUX METOJIB;
JIOMYCKAETHCSI BUCOKA PO3MIPHICTh TAaKUX MOJIENIeH; BUKOPUCTAHHS €KCIIEPTHUX
Cy/DKEHb HaJla€ MOXJIMBICTh BpPAaXOBYBaTH 3aJIEKHOCTI PIBHA PHUBUKY BiJl
bakToOpiB pU3UKY 1 3aJEKHOCTI MK (PaKTOpaMH pU3UKY 3a JOTOMOTOI0 KapTu
PHU3HKIB;

- OalleciBcbka perpecid, HMOBIpHICHA (inbTpalis AaHuX, OaleciBChbke
OLIIHIOBAHHS MTAPAMETPIB;

- HEWpOHHI Mepexl, JaepeBa (JIiC) pilleHb;

- METOJIM HEUITKOI JIOT1KH Ta HEHPOHEUITKI MOJIETIL;

- METOJ IPYINOBOTO ypaxyBaHHs apryMEHTIB Ta 1H.
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An analysis of artificial intelligence methods for agent-oriented modeling
was made in the paper. The preferred approach in agent programming is based on
the "belief-desire-intention™ model (BDI). Artificial intelligence techniques for
MAS design can be integrated in two main areas: knowledge representation and
management of agents' beliefs and goals. Research has shown that there are two
main strategies for integrating artificial intelligence with belief-desire-intent agent
programming languages: Al as a service and Al embedded in BDI agents.

Metoau mrtyunoro intenekty (IIII) mpuBepraroTh Bce Oiblie yBaru,
OCKUIbKU MOXYTh 3pooutu I Takum, 110 miamgaeTbcsi KOHTPOJIIO 1 JIFOJACHKOMY
po3yMmiHHIO. Y TOW e uyac, areHTH 1 OaratoareHTHi cucremu (MAS)
3aKJIaJJAlOTBCS B OCHOBY IPOEKTYBaHHS IHTEIEKTyalbHUX cUcTeM. Ocbhb YoMy
PO3YMIHHSI IOTOYHOTO CTAaHY IHTEJIEKTyalbHHUX TEXHOJOTIM ains MAS B nanuit
yac Mae€ MepUIopsiAHE 3HAYEHHA. Y TparHeHHI CTBOPUTH AaBTOHOMHI
IHTEJIEKTyalbHI CUCTEMH, 1110 3/1aTHI (JOPMYBATH TINOTE3H, IPUIMATH PilLICHHS,
BUMTHCS Ha JAaHMX 1 aJanTyBaTH CBOK TMOBEIIHKY 1O 3MiH 30BHILIHBOTO
CepeIOBHUILA, CTAJM 3'ABIIATUCS HOBI KOHUENIi. Tak, Hanpukia, aBTopu poOOTH
[1], cTBepmXyIOTh, IO IHTEJIEKTyallbHI CHUCTEMU OyJIyTh HaBUYaTHUCS 3
BUKOPUCTAHHAM METOJIB MamMHHOro HaB4yaHHs (ML), a He moabpmu-
nporpamictamu. OaHak 1HOI [2], CTBEPIKYIOTh, 110 MAallMHHE HABYAHHS Mae
OOMEKEHHS 1 HE MOKE CITYKUTH €JMHOI0 OCHOBOIO aBTOHOMHUX CHUCTEM, 3JaTHUX
0 PpO3yMHOI TOBENIHKM B CKIAJHUX cepeloBUIIax. biibll TOro, BOHH
CTBEP/KYIOTh, IO IHTEJIEKTyaJbHI CHCTEMU HACTYINHOIO MOKOJIIHHS, OyayTh
BiJIYyBaTH, BUUTHUCS, PO3MIPKOBYBATHU 1 B3AEMOJIISITH 3 JIFOJbMHU.

Jnst mpoektyBanHs ~ MAS  3a3Buuaii BUKOPUCTOBYEThCS — Habip
B3a€MO3B'SI3aHUX KOHIICMI[IN, BKJIIOYAIOYM TEPEKOHAHHS, J1i, IJIaHW, HaMIpH,
HOPMH, pOJI 1 TPYNH, a TAKOX 3arajbHUNA MPOIEC PO3POOKH MPOrPAMHOTO
3a0e3MeYeHHs], BKIIIOUal0un MOJICIIOBAHHS, IPOTPaMyBaHHS Ta TECTYBaHHSI.

[Ipu po3po0611i areHTiB 3a3BUYail BAKOPUCTOBYIOTHCSI MOBH IIPOTpaMyBaHHS
areHTiB CIEUIAIbHOTO TPU3HAYEHHS, SKI HaJalTh MporpamMHi aldcTpakuii,
0e3nocepeIHbO MIATPUMYIOTh Taki KOHIICMIlli, K MEepPEeKOHaHHs, I, TJIaHU,
HaMIpH 1 T.1., 1 TUIATPOPMHU IPOrpaMyBaHHS areHTIB, K1 HAIAIOTh PYHKIT AJis
po3po0ku MAS, BKITtOUalOUl KOMYHIKAITIIO.

[TnaTdopmu quist nporpamyBanns arentiB (JADEC [3], SARL [4], JIAC [5))
3a3BUyail 3a0e3mevyroTh MIATPUMKY MOBHU IporpamyBaHHS, HalyacTimie Java.
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[lepeBakHuii miAXiZ B TPOrpaMyBaHHI areHTIB 3aCHOBAaHWM Ha MO
«mepekoHaHHsg-0axanHs-Hamip» (BDI) [6]. Takwmii migxigm MoXe BHECTH B
PO3p00OKy MaliOyTHIX aBTOHOMHHMX 1HTCJICKTYyaJIbHUX CHCTEM 3HAYHI IIEpPEBar, B
TOMY YHUCHI OUTBII MBHIKY PO3POOKY, KOHTEKCTHO-3aJEKHY CTIHKY MOBEIIHKY.
[HTETpaIlis METOIB MITYYHOTO 1HTEICKTY MOKE MIABUIIUTH PiBEHb aOCTpaKIIii
IIporpaMyBaHHsI arceHTIB 3a PaxyHOK IIJBHIINCHHS 0a30BOi KOMIIETEHIII MOB 1
miaTopM areHTiB. Y Mipy NIABUIIEHHS piBHSA KBaniikaiii y areHTa, poJib
PO3pOOHUKA 3MIHUTHCS BiJl MPOrpaMyBaHHS TOTO, IO areHT Oy/1e pOOUTH Y BCiX
CUTyaIllsIX, Ha HaJlaHHSI OUIBII CTpaTeriyHoi 1H(opmallli, eBpUCTUKU, TMOpas,
COIliaJIbHUX 3HaHb PO TE, 1[0 areHT MOBUHEH (200 HE TOBUHEH) POOUTH.

VY KOXHOMY IIMKJII areHT, 3amporpamMoBaHuii Ha ocHOBI BDI, moBuHeH
NpUMaTH PIICHHS NP0 TE, IO POOWTH Maji»: 1€ O3HAYa€ IUIaHyBaHHS
JMOCSTHEHHS IIOCTABIICHOI METH; SIKMA 3 NPHAHATAX B JaHWK dYac IUIaHIB
peaii3yBaTH B IOTOYHHMI MOMEHT; 1 SIK Il TIJITaHW TTIOBUHH1 BUKOHYBaTHCs. baraTto
npoOJjieM, TOB'SI3aHUX 3 NPUUHATTAM I[UX PIIIEHb, MOXHA BHUPIIIUTU 32
JOTIOMOTOI0 METOJIIB IITYYHOTO 1HTEICKTY, TaKWX SK MAaIlMHHE HaBYaHHS.
[HTErpyBaTH METOAM IITYYHOTO IHTEJEKTY JJIsi MpoekTyBaHHS MAS MokHa B
JBOX OCHOBHHX HalpsAMKax: YsBJICHHS 3HaHb, HANPHUKIAA, 1 OOpOOKH
CKJIAJHUX OHTOJIOTIM abo HeBU3HaueHOwO 1HdopMarlii; 1 yHIpaBIiHHSA
MEePEeKOHAHHSMU Ta IIISIMU areHTIB.

3a pe3yipTaTaMu TPOBEICHUX JOCTIIKEHb OyJI0 BUSIBICHO, IO MOXHA
BUJIIJTUTH JIBI OCHOBHI ctpaterii juis interpamnii I 3 MmoBamu nporpamyBaHHs
arentiB Ha ocHoB1 BDI: IIII six mociyra ta I BnpoBamkenuit B arentis BDI.
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The report considers the construction of a decision support system based on
artificial neural networks. The decision-making procedure is based on the analysis
of the current situation, target functions and knowledge base using a trained neural
network about the possible state or properties.

Ha cporoanimHiii 1eHb iICHYy€ BEJIMKa KUTbKICTh Taly3ei, /I MmiImprHeMCTBA
neperiii Ha MOBHY ab0 YacTKOBY aBTOMATH3AIIO0 1 3 KOKHUM JIHEM TaKHX
NIJIPUEMCTB CTa€ Bce Oubiie 1 Oubiie. Ha 3MiHy JI0JIMHI PUXOATH TOBHICTIO
aBTOMATU30BaHI CHUCTEMH, KOTP1 MIHIMI3YIOTb a00 U MOBHICTIO BHKIIOYAOTh
mojicbkuil akTop. ONHIEIO 3 TAKUX CUCTEM € CUCTEMa MIATPUMKHU TMPUHHATTS
pimens (CIIIIP) Ha OCHOBI IITYYHUX HEUPOHHUX MEPEXK.

[Iltyuna HeWpoHHA Mepeka NPEACTABIAEThCA SK CHUCTEMA MITYYHHUX
HEUPOHIB, KOTP1 00’ €THaHHI MK COOOI0 CHHAIITUYHUMH 3B’ si3KaMH. CIIOYaTKy
nepeaaeTbes iHGopMallis y BUTIISAII ABIHKOBOIO BEKTOpPY Ha BXin Mmepexi. Ha
OCHOBI 1H(oOpMalii MPO MOXKJIUBUM CTaH abo0 BIIACTUBOCTI CEpPEIOBUIIA
CTBOPIOIOTHCSI HEMPOHM, Ha SKI HAC TPaHCIAIISA KJIaciB SBHII, MOTEHIIMHO
3IaTHUX Ha icHyBaHHsA B cucTemi. KoxkeH kiac, KOTpui BioOpakaeTbcsl Ha
HEHpPOHI, MOXKE€ MAaTH MiJKJIAc, 0 COpuiiMaeThcsi HeHpoHOM. KokeH HelpoH
POBOJUTh CTAaTUYHUN aHami3 miakiaacy. Iliq yac HakOIIeHHS CTaTUYHOI
1H(pOopMaIlli Npo MiAKIAC y HEUpOHA 3’ IBJSETHCS MOKIIUMBICTD IPUNUHATTS PIlLIEHb
PO BIJHECEHHS MIJKJIACY 10 BUIAJKOBOrO ab0 HE BHUIIAJKOBOIO siBUIIA abo
CTaHy B cucTeMi. TakuM YMHOM B110yBa€ThCSl HABUYAHHS HEUPOHY.

[licnst 3akiHUYEHHsT HaBYaHHS HeWpoHa i#oro cdopmoBaHuii o0pa3
1IEHTU(PIKY€ETHCA HOMEPOM AaHOro HelpoHa. CHpUMHATHI HEMPOHOM IiJIKJIAC
saBUI] 200 CTaHIB, 10 BUKIHWKAB HOTro HaBYaHHS, TOOTO CTATUYHO JOCTOBIPHO
ICHyIO4€ B CHCTEMi IIPOCTOPOBO-THMYACOBE SBHINE a00 CTaH, HA3MBAETHCS
npooOpaszom 06paszy. ChopmoBaHuii 00pa3 po3Mi3HAETHCS 0JI0KOM (pOpMyBaHHS
o0pa3iB, KOJU CIOCTepiraeTbes Woro mpoodpas. Ilicias popMyBaHHS eMITIPUIHO
chOopMOBaHUX 3HaHb MPO (PYHKIIOHATHHI BJIACTUBOCTI CHUCTEMHU BiIOYBAETHCS
NepeHeCceHHs JaHuX 10 OJIoKy 0a3u 3HaHb. HacTymHMM KpPOKOM € 1HTerpajibHa
OLIIHKA SIKOCTI CTaHIB, IO BUPOOJISIETHCS B OJIOI1 OLIIHKU CTaHy.

[Iporneypa NpuMHATTS pillieHb OCHOBYETHCS Ha aHaJI131 MOTOYHOI CUTYaIlIi,
HITb0BUX (YHKIIN 1 0a31 3HaHb, JaHAa NpoLeaypa BiAOyBaeTbcsi B OOl
NPUIHATTS pillieHb. Y OJIOI BUSHAUYECHHS Yacy NPUUHSTTS PILIEHb BU3HAYAETHCS
rivOuHa neperssaay 0a3u 3HaHb, B 3aJI€KHOCTI BiJl HIOTOYHOI OI[IHKU CYKYITHOCTI
00’ekTiB. UM OuIblIE CYKYNHICTh OO’€KTIB, TUM OUIbIlle 3HAUYEHHS 00pa3iB
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3/IaTHA ypaxyBaTH Kepyroda CHCTeMa MpU yXBAJICHHI pimieHHs. Bim KiUIbKOCTI
CYKYIHOCTEH 00 ’€KTIB 3aJIeXUTh MIBUAKICTh MPUUHATTA pilmieHb. Tak B
y3arajlbHEHOMY BUIJIAl pPEai30BaHO AalTOPUTM TNPUUHATTS pillleHb, SKUN
CXEMAaTUYHO MPECTABICHO HA pHC. | y BUTIISAII HEMPOHHOT MEPEXKi.

BexTop BxigHux
curHanie
——

BekTop BXigHUX
curHanis
——

BekTop BXigHWX
curHanie
—_—

Helipoxu
MOKUBMX ARMLY

Pucynoxk 1 — HeliponHa mepeska NpUiHATTS pillIeHb

Oco6mnuBicth CIIIIP Ha OCHOBI MTYYHUX HEUPOHHHX MEPEXK TOJATAE B
TOMY, IO HAaKOINWYEHHS KEpPYIOUOK CHUCTEMOI0 EMMIpUYHUX 3HaHb PO
BJIACTUBOCTI 00’ €KTa KEPYBAHHSI 1 IPUUHSTTS PIIlICHb IPOBOISITHCS aBTOMATUYHO
Ha OCHOBI HAaKOIUJIEHWX 3HaHb. BaximBuM € Te, MO MO Mipl 3pPOCTaHHS
HAKOIJICHUX 3HAHb MIJBUIIYETHCS 1 KICTh MPUUHATTSA pimieHb. [le o3Hauae, 110
CUCTEeMa MOCTIMHO BeJe MOLIYK MOKIMBOCTEH B MOTOYHUX YMOBAX Ta MOJIMIIY€E
camy cebe. /1o MiHyC1B MOKHa BITHECTH CIa]l IIBUAKOCTI PUIUHATTS pIILIEHb NPU
BEJMKOMY 00’ €M1 BXiAHOT 1HPopMaliii a0 BeIMKoMy 00’ emi 0a3u 3HaHb.

BukopuctanHs NoaI0HUX CHUCTEM HE Mae OOMEeXeHb, TOBHA 200 YacTKOBa
BIJIMOBA BIJ JIFOJICBKOTO BTPY4YaHHs B poOOUiil MPOLEC EeKOHOMUTD Jyxe OaraTo
MaTepialbHUX PECYPCIB 1 BOHU O1IbII TOYHI.

Cnucok BUKOPUCTAHOI JITEPATYPH:

1. bynrakoB C.C. IlepcrieKTUBBI BHEAPEHUSI HEHUPOHHBIX CETE B
peasmzanuto CIIIIP / Monooot yuenwii, Ned, 2016. — C. 343-346.

2. Bunel, Rudy, et al. "A unified view of piecewise linear neural network
verification. / arXiv preprint arXiv: 1711.00455 (2017).
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The report discusses the use of convolutional neural networks for
recognizing the presence of masks on a person's face from images and videos. For
this, the MobilNet architecture is used, the use of which requires fewer resources.

Macka st o6muuusi ctajga MIMPOKO BUKOPUCTOBYBATHUCS B JAHUU 4ac sIK
YacTMHA CTaHAApPTHOTO 3aXHUCTY BiJ MOUIMPEHHS BIPYCiB, OCOOJMBO i Yac
cnanaxy Bipycy Covid-19. ¥V meBHOMy ceHci, OaraTo Jrojgeld abo opraHizarii
MOBUHHI MaTH MOJIMBICTh BU3HAYUTH, YU MAIOTh JIOJM MAcKy Ha OOJM4YYl B
naHii cutyanii yu Hi. [loTpedu B MX JaHUX MOBUHHI OYyTH aBTOMATH30BaHI B
pEeXUMI peanbHOro yacy. [cHye Takox notpeda B 00UHCIIOBATBHOMY MPOIIEC] IS
aHajizy 1 pO3Mi3HaBaHHA OCOOM 3 Mackow abo Oe3 Hei. B TemepimHiid yac
3ropTkoBi HeilpoHHi Mepexi (3HM) € onHi€o 3 OCHOBHUX KaTeropid yis
BUKOHAHHS pO3Ii3HaBaHHA 00pa3iB 1 kiacudikaiii 300paxens [1]. Kiacudikaris
300paxkenb 3HM Gepe BximHe 300paxeHHs, 00pobiise ioro 1 kiacudikye 3a
NeBHUMH KaTteropisiMmu. [lpm 1pboMy KOMIT'IOTEpU CHPUNAMAIOTh BXI1JHE
300paKEeHHSI SIK MACHUB IIKCEIIB 1 1€ 3aJIEKUTh BiJ] I03BOJY 300pakeHHSI.

MobileNet € apxiTexktypHoro moaens 3HM s kinacudikaiii 300paskeHHs 1
MOOUIBHOTO 30py. ICHye Oe3niu pi3HuX Mojenel, ane mo poouts MobileNet
0COOJIMBUM, TaK II€ T€, IO L5 MOJIENIb MA€ Ay»e HU3bK1 €KCIUTyaTalliiiHi BUTpaTH
TS 3aIyCKy HaBYaHHs [2]. BoHa i1eaibHO MIAXOAUTh JJIsl MOOLTBHUX MPUCTPOIB,
BOys0BaHUX cucteM 1 komm totepiB 6e3 GPU. Takox Halikpaie miaiiiae ass
Opay3epiB web 5, Tak K BOHM MarOTh 0OMEXEHHSI 32 00YUCIEHHAMU, TpadiuHii
00po011i 1 30epiraHHIO TaHUX.

B apxitexktypi MobileNet nns MoOUIBHUX MepeX 3ropTka MO TIMOUHI
3aCTOCOBYE OJWH (UIBTp JO KOXKHOTO BXiMHOTO KaHaimy. Ilotim 3roptka 3a
BKa31BHUKOM 3aCTOCOBY€E 3ropTKy 1 X 1 nmnsi 00’€qHaHHSA BUXOIB MO TIHOUHI.
CrangapTHa 3ropTKa QiabTpye 1 00’ €JHy€E BXOAM B HOBUI HAO1p BUXO/IIB 32 OJUH
KpoK. BimminpHa mo rmOuHI 3ropTKa po3ifise 1€ Ha Ba MIapHU: OKPEMU I1ap
Uit uIbTpanii 1 OKpeMuid map st 00’ €HaHHA, M0 MPU3BOJUTH J0 PI3KOTO
CKOpOYeHHsI o0uYmciieHb 1 po3MmipiB momeni [2]. Ha puc. 1 mpencrasiena
cTpykrypa MobileNet, B sKkiii JBa NpOCTHX INIOOANBHUX TillepHapameTpa
e(EeKTUBHO MOEAHYIOTh B COO1 3aTPUMKY 1 TOUHICTb.

JI71s1 HaBYaHHSI HEUPOHHOI MEPEKi BUKOPUCTOBYBABCS 3aralibHOAOCTYTHUIN
HaOlp pganux s posmizHaBaHHS ocid VGGFace2 [3]. 3o0paxeHHs
3aBaHTaXYIOThCs 3a gomnomoroto Google Image Search 1 kokHa nroguHa Mae
BEJIMKI BIIMIHHOCTI B 1031, Billl, OCBITJICHH1, €THIYHI! MPUHAJIEKHOCTI 1 Tpodecii.
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Pucynox 1 — Ctpykrypa MobileNet

Habip manux mo posmi3HaBaHHIO 0C10 3 MaCKaMH MTOBWHEH BKITIOYATH B ceOe
KiJIbKa MAacKOBaHMX 1 HE3aMaCKOBaHUX 300pakeHb OCI0 OMHOTO 1 TOro X
cy0’exra. Iy mpoctotr BuOUpaBcs Habip ganux mo S 000 mackoanux 1 90 000
He3aMackoBaHUX oci0. Tomy mpu monaull HaOOpy MaHUX Ha TMOCIHIJIOBHICTH/
NepeBipKYy MOBUHHO 30epiraTucs 0JJHAKOBA MPOMOPIIis 3pa3KiB B MOCIIIOBHOCTI 1
nepeBipIl, sIK 1 BChOro Habopy naHux.ApxitekrypHa mojnens 3HM MobileNet
Ma€ Malli BUTPaTH PECypCiB, OTKE AOOPE MITXOIUTh JJisi MAIIMHHOTO HABYaAHHS
M0 BUSBJIEHHI OCOOOBHMX MAacCOK, IO B TOJAJBIIOMY JO3BOJIUTh B PEKUMI
peanbHOro Yacy mo TeiedoHy abo K IHIIUMHU JOCTYyHHHUMH CIIOCOOaMu
BIJICTe)KYBaTH HasBHICTb MAaCKH Ha JIFOIMHI.

Crucox BUKOPUCTAHOI JIITEpaTypu:

1. Ceéprounas HelipoHHas ceTb. [Enmexrtponnuii pecypc| / Bikimemis. —
Pexxum nmoctymy: www [/ URL: https://ru.wikipedia.org/wiki/CBépTounas
_HeWpoHHas_cetsb — 10.02.2021 p.

2. llepemaua oOyuenusi c¢ wucnonb3oBanueM MobilNet u Keras.
[Enektponnnii  pecypc] / MammHHOe 00y4YeHHE, HCHPOHHBIC CETH,
UCKYCCTBEHHBIH  WHTEUIEKT. — Pexwum  moctymy: www /  URL:
https://www.machinelearningmastery.ru/transfer-learning-using-mobilenet-and-
keras-c75daf7ff299/ — 06.11.2018 p.

3. VGGFace2 Dataset for Face Recognition. [Enektponnuii pecypc] /
GitHub. — Pexxum moctymy: www / URL.: https://github.com/ox-vgg/vgg_face?2 -
18.02.2020 p.
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The report considers the creation of a system to support clinical decision-
making based on the use of synergies between multi-agent systems and reasoning
based on precedents to improve the implementation of mechanisms for learning
and adaptation to the specifics of the problem environment.

B temnepimHiii yac akTyanbHOIO € Mpo0jeMa CTBOPEHHS CUCTEM MIATPUMKHU
npuitHATTA pimenb (DSS — Decision Support Systems), siki 3HaX01ATh BCe OLIBIIT
IIMPOKE 3aCTOCYBAHHS MPHU BHPIMIEHHI CKIAJHUX BaXKo (HopMai30BaHUX
3aBllaHb, SKUMH €, 30KpeMa, 3aBIaHHS 1arHOCTUKHU PI3HUX 3aXBOPIOBaHb B
MEIUIMHI. 3ajaya MPUUHATTSA pILIEHb YCKIAIHAETBCS 3a PaxXyHOK MOTpeOH
BpaxyBaHHs BEJIMKOI KUIBKOCTI pI3HUX YMHHUKIB. B nepury yepry, 11e BUKJIUKaHO
CKJIQJHICTIO 30MpaHHs 1 aHalli3y BEJIMKOro 00’eMy 1Hdopmailii, HEOOX1IHOT AJis
npuitmManHs pimeHHs. CucTteMa mATPUMKHI TPUHHATTS KiIiHIYHKUX pimeHb (CDSS
— clinical DSS) npusnaueHa I MOJIMIIEHHS HaJaHHS MEIUYHOI JOIOMOTH
[UIIXOM BJIOCKOHAJICHHS MEIUYHUX PIIIEHh 332 PAaXyHOK IIJIECIPSIMOBAHUX
KJIIHIYHUX 3HaHb, 1H(OpMaIlli Mpo MaIli€HTIB Ta 1HIIOI MEIUYHOI 1H(pOopMaIlii.
OcHOBHI OOMEKEHHS B1JIOMUX METOJIIB 1 TEXHOJOT1H, 110 BUKOPUCTOBYIOTHCS B
nanuii yac B CDSS payns BupilieHHS BaXko (opMalli3oBaHUX 3aBJIaHb,
00yMOBJIEHI HETOCTATHROIO €PEKTUBHICTIO PIllICHHS B HUX MPOOJIeM HAaBYaHHS,
HaJalTyBaHHS 1 ajanTaiii g0 MmpoOsieMHOi 00yacTi, OOpOOKH HEMOBHOI 1
HETOYHOI BUIXiIHOI iH(oOpMarlii, iHTeprpeTalii JaHuX 1 HAKOMHMYCHHS 3HaHb
€KCIIepTiB, OJHAKOBOTO MOAaHHs 1H(OpMaIli, 0 HAAXOAUTH 3 PI3HUX JIKEpE
too. 11 oomexenHss B CDSS mMoxyTh OyTH BUpILIEH] HIJISXOM BUKOPHUCTAHHS
CUHEpri3My MiK MyJbTHareHTHUMHU cucteMamu (MAS — Multi-Agent Systems) i
MipKyBaHHsMH Ha ocHOBI npenenaeHTiB (CBR — Case-Based Reasoning). Takum
guHoM, nociimkeHHss CDSS na ocHoBi MAS, mo BukopuctoByroTh CBR, mis
MIJBUINCHHS ¢(PEKTUBHOCTI peaiizallii B HUX MEXaHI3MiB HaBYaHHS 1 ajanTarii
710 0COOIMBOCTEN TTPOOIEMHOT CEPEIOBUIIIA, € BAKIMBUMU 1 aKTyaJIbHUMU.

MynbTHareHTHa TEXHOJIOTISI BHUKOPUCTOBYETHCS 3 METOK OTPUMAaHHS,
MOBTOPHOTO BUKOPUCTAHHA Ta anantaiii npenenaeHTiB y cuctemi CBR. Cucrema
CBR 3 BUKOpHCTaHHSM MYJIbTHATEHTHUX TEXHOJIOTIH CKIAAA€ThCS 3 HACTYITHUX
OCHOBHUX areHTIB:

- TIOIIYKOBHM areHT: KOJM HOBY TMpoOJeMy BBOISATH O CHCTEMH,
MOIIYKOBHM areHT BUPIlLye (PYHKIIT IO MOUTYKY BUMAAKy HalOLIbII CX0XKOI0 J0
npobsiemu. [Tomnyk 3aBepiryeThCs, KOJIU areHT 3HAMIIOB 1HJIEKCH YCIX BHUIIAJIKIB
MIIXOSIINX 10 TPOOIeMU;
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- areHT ajamnTaiii: BHU3HAYa€ PIZHUII0 MDK OOpaHMMHU BHUMAJKaAMH U
po6JIeMOI0, 1 SKIIO HEOOX1THO 3aCTOCOBY€E HaOlp HEOOXITHUX MPABUI AJISL TOTO
00 cTape pileHHs K HAKpaIie MiIX0I1usI0 10 HOBOi MPoOIeMu;

- areHT TMOKpAIIeHHA: BIH KPUTUKY€E aJanTOBaHE pIIICHHS MPOTH
nornepeanix pe3yapTaTiB. OauH 13 crnoco0iB 3poOUTH 1€ — MOPIBHATU HOTO 3
aHAJIOTTYHUMH PIIICHHSMU MOMEPEAHIX BUMAIKIB. SIKIIIO iCHY€E BiZloMa OMMIIKA
JUTS TIOX1THOTO PIIIEHHS, CUCTEMA MOTIM BHUPIIIYE, YU € OIIOHICTh TOCTATHBHOIO,
100 Mi103pI0BAaTH, 110 HOBE pPillleHHS Oy/e HEeBlaJNM;

- areHT BUKOHAHHS: MICJIA TOTO, SK PIIIEHHS KPUTUKYETHCS, BUKOHABEIh
3aCTOCOBY€E BHIIyKaHE PIIICHHS 10 MOTOYHOI MPOOIeMH;

- OIIHIOBAY: SIKIIO PE3YyJbTaTH € TAaKUMH, SK OUYIKYBaJIOCS, MOJANbIINI
aHalli3 HE TPOBOJUTHCS, a BHUMAAKM Ta iX BHUpIMIEHHS 30epiraroThcsi abo
BUKOPUCTOBYIOTbCS JJIi BUPIIICHHS MalOyTHIX mpoOieM. SIKmio Hi, pillieHHS
OyJie eperiasHyTe.

Jlnst Toro mo6 noeanatu areHtiB CIIIIP Ta areHTiB MipKyBaHb Ha OCHOBI
MpelEeeHTIB, HEOOX1AHO i1’ €HATH MOIIYKOBOTO areHTa J0 areHTy MPUIHHATTS
piieHs. Y camiil cucteMi MipKyBaHb Ha OCHOBI TPEIIE/ICHTIB, 3asBKa CIIOYATKY
HOTpAIUISE 10 MOUTYKOBOI'O areHTa, SKUi BUpIlLye (PyHKIIIT IO MOLIYKY BUITaIKIB
HalOUTbII cXOXHUX 110 mpodsemu. Ilicas doro mepemae pesynbTaT JO areHTy
ajanTalii, SKuii BU3Haya€e Pi3HUII0 MK BUOpAaHUMH BUIIaJIKaMHU U TIPOOJIEMO}0, 1
SKIIO HEOOXITHO 3aCTOCOBY€E HAOIp HEOOXIHUX MPaBHII JUIsl TOro 100 crape
pIlIEHHST SIK HaMKpalie MiIXOAuWI0 10 HOBOi mpoOsiemu. Ilicias yoro areHT
HOKpAILEHHS KPUTUKY€E aJalTOBAHE PIIICHHS MPOTU MONEPETHIX pe3ysbTaTiB i
HICJIsI TOTO, SIK PIIICHHSA KPUTUKYETHCS, areHT BUKOHAHHSI 3aCTOCOBY€E BHUIITYKaHE
pillIEHHS 10 TOTOYHOI MpobsieMu. B KiHIN o1liHIOBaY 30epirae pe3ynbTaT A0 0a3u
MPELeeHTIB, U TOaIbIIIOTO BUKOPUCTAHHS 1 BIAMPABIISE PE3yIbTaT 10 areHTy
NPUIHATTS pIlIEHb, KUK B CBOIO YEPry 4Yepe3 areHTa KOOpJWHAalli MOBepTae
pe3yNbTaT 10 KOPUCTyBaya.

Bynu BUKOHaHI eKCIEpUMEHTANIbHI TOCHII)KEHHS 151 BU3HAUYEHHS J11arHO3y
3axXBOPIOBaHHs cepld. /s TecToBOi cucTeMu BUKOPUCTOBYBAaBCS Habip JAaHUX,
sxuit Hamiuye nonas 300 3amuciB i mae 14 arpulOyTiB. AHANMI3yI0YM OTPUMaHi 1aHi
pO3MOAUTY Yacy Ha TMPHUUHATTS pillleHb, MOKHA 3pOOUTH BHUCHOBOK, IO areHT
MPUIHATTS pieHHs 3aiimae 61136K0 40% Bi1 BC1X 00UHCIICHb B CUCTEMI. A SIKIIO
BpaxyBaTH, 1110 JI0 HEJOJIKIB poOOTH MipKyBaHb Ha OCHOBI MPEIECHTIB MOKHA
BIJIHECTH 30UIBIIICHHS Yacy MOIIYKY HaWOMMKYUX TPEIEICHTIB, BUXOIUTh, 110
HEOOXITHO MPOBECTU MOPIBHSUIBHUN aHali3 yacy MOLIYKY B 3aJIeKHOCTI BiA
po3mipy 0a3u mpeneeHTiB. B pe3ynbraTi TecTyBaHHS MOXHA BIA3HAYUTH, 110 31
30UTBIICHHSIM ~ KIJTBKOCTI MpEUEeAeHTIB B 0a3l 4Yac NpUUHATTS PIIICHb
30UIBIIIYETHCS, ajle 1€ BiI0YBA€ThCS IJIABHO 1 HE 3HAYHO BIUIMBAE HA 3arajbHUM
yac pobotu. EkciepuMeHTanbHi JOCTIKEHHS MOKa3all CIIPOMOKHICTh CUCTEMHU
npuiiMaTy pIlIeHHs, TaK [0 BOHa MOKe OyTH BHUKOPHCTAaHA IJSl MPUHHSATTS
pIllIeHb B peaIbHUX YMOBaX.
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The problem of technical diagnostics is considered, namely, the study of the
structural strength of blades, the main strength indicator of which is their
characteristic of fatigue resistance. A modification of the generalized genetic
algorithm has been developed, in particular, a genetic search mechanism has been
developed to improve the accuracy of predicting random processes, and a
procedure for the formation of an initial population has been determined taking
into account heuretic constraints. The proposed methods and means are suitable
for their application for the problem of predicting the points of critical loads in
the diagnosis of gas turbine blades of aircraft engines during operation.

MeTonu TEXHIYHOTO J11arHOCTYBAaHHS HaOyJM IMIUPOKOTO MOIIMPEHHS MPU
J1arHOCTYBaHHs JeTajed aBiallifHuX ABUTYHIB. Ha choromni razosi TypOiHH,
3aBJSIKM TAaKUM SIKOCTAM SIK MaJla MUTOMa METaJIOEMHICTh 1 TPYJIOMICTKICTb
BUTOTOBJICHHS, BHUCOKA CTYIIHb aBTOMAaTH3allli yMpaBlliHHA 1 €KCIUTyaTalliiiHa
HaJIIHHICTh, OTPUMAJIH IITUPOKE MOMIMPEHHS B IKOCT1 aBiaaBUryHiB. [1iaBUIIIEHHS
MATOMOI TOTY>KHOCTI 1 €KOHOMIYHOCTI CY4YaCHUX Ta30TypOIHHMX YCTaHOBOK
HEPO3PHUBHO MOB'SI3aHO 3 IHTEHCH(IKALIEIO MPOIECIB MEPETBOPEHHSI €HEPrii Ta
30UTBLIIEHHSIM PIBHS €KCIUTyaTal[liHUX HaBaHTaXKeHb, 10 BIUIMBAIOTh Ha iX
eneMeHTH [1].

PoGoui yionaTtku € OJHUMM 3 HaWBIAMOBIIATIBHIMIUMHU 1 HAWJOPOKIYUMU
eJIeMEHTaMU B Tra3oTypOIHHUX JBUTyHaX, SIKI MIIJAIOThCs Oe3nmocepeaniil i
BHUCOKOI TEMIIEpPaTypH ra30BOro MOTOKY, 3HAYHOIO HAIPYTO0 Bij BIALIECHTPOBUX 1
aepoauHaMigHuX cui [1].

OCHOBHUM MMOKA3HUKOM, 1[0 BU3HAYAE MPAIE3/1aTHICTh JIOMATOK BIPOJAOBXK
TPUBAJIOi EKCIUTyaTarlii, € iX XapakTepUCTHKA OMOPY BTOMH, SIKUI 3MIHIOETHCS B
mpoiieci HampairoBanHs. Omnip BTOMH TypOIHHUX JIONATOK MOYKE 3HAYHOIO MipOIO
BapilOBATHUCS Yepe3 BILUIMB KOHCTPYKIIMHUX, TEXHOJOTTYHUX 1 €KCILTyaTaIliitHIX
YUHHUKIB. J[J7151 KOKHOT TOMATKK XapaKTepHUM € aepouHaMIvyHui ipodisib [2].

Sk mpaBuio, AeTadi aBiallilHUX JBUTYHIB € JIOBOJII JIOPOTUMH, TOMY
JIarHOCTYBaHHS X 3a JIOMOMOTOK0 METO/IB PYWHIBHOTO /1arHOCTYBAaHHS € He
30BCiM eekTuBHUM. [le 00yMOBIIIOE HEOOX1THICTh PO3POOKH METO/IIB, MOJIEIICH
Ta MPOTpaMHUX 3ac00iB JJIsI TEXHIYHOIO JIIarHOCTYBaHHS JETalled aBlalliiftHUX
JIBUTYHIB HA OCHOB1 METOJ[iB OOYHMCITIOBAIILHOTO 1HTENEKTY [3].
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AKTYallbHICTh TEMHU JOCIHIJDKEHHS TOJSATaE B HASIBHOCTI HEOOXIITHOCTI
TOYHUX 1 IMIBUAKUX METOJIB TMOIIYKYy KPUTHUYHUX TOUYOK (YHKLIA pPi3HOI
CKJIaIHOCT1, 0COOJIMBO MYJIbTUMOAAIBHUX 1 QYHKIIIH, IO MAIOTh PO3PUBHU. AJDKE
B TaKMX BHIIaJKax 3aCTOCYBaHHS CTAaHIAPTHUX METOIB MOIIYKY YCKIIAIHIOE,
poOuTH OUIBII 3aTpaTHUM 1 30LIbIIyE dYac mpoiecy oOpoOku iH(opMaIlii.
Oco0nmuBO TOCTPO Taka mpobiieMa MocTae B OOJACTAX, B SKHUX IMPOLECcH
JI1arHOCTUKHU KPUTHUYHI J0 Yacy 1 BUCOKOI TOYHOCTI, TaKUX SIK aBiaOyyBaHHS [4].

JIns BUpIIIEHHS MMOCTABJICHOTO 3aBJaHHs OyJio po3pobiieHo Moaudikariro
y3arajibHEHOr0 TEHETHUYHOTO aJTrOpUTMY, 30KpeMa 3alpONOHOBAHO MEXaHI3M
T€HETHUYHOI0 MOIIYKY JJIsl IMiJIBUILIEHHS TOYHOCTI MPOTHO3YBAHHS BUITAJIKOBHX
MPOLIECIB, a TAKOX BU3HAYEHO Tpoleaypy GOopMyBaHHS MOYATKOBOI MOIMYJISIIIT 3
ypaxyBaHHSIM €BPUCTHYHUX OOMEKEHb.

3anpornoHOBaHO €BOJIOLIMHMI OmepaTop BiAOOPY, B SIKOMY IMpH TeHeparii
NEPILIOTo MOKOJIIHHS 3aCTOCOBYETHCS B1AOIp Ha OCHOBI IOPOTa B 3aJI€KHOCTI Bij
3HAYEHHA LUIbOBOI ()YHKIIIi, @ HA HACTYIHUX ITE€paLisiX BiAOIp MPOBOAUTHCS 3
NpeICTaBHUKAMU TOTOYHOTO TOKOMIHHS Ta X HalaJKiB Tak, 10 B HOBE
MOKOJIIHHS MOTPAIUIATh HAWUMPUCTOCOBaHImI ocoOounu. OmnepaTopu MyTali Ta
1HBepCli y 3anponoHoBaHii Moau(iKkalii HaJamTOBaHl TAKUM YHHOM, 110 TOLIYK
IPOBOJNUTHCA B HEJOCIIDKEHUX 00sacTsaX. Lle 703BoJIsie MIABUIMTH MIBUIKICTb
301KHOCTI €BOJIIOIIIMHOT ONTUMI3allli MPU MaIUX KUIBKOCTSIX MOKOJIHB 1 MajuX
pO3Mipax MOIyJISIIIi.
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INPOT'PAMHA PEAJIIBALISA 3ACTOCYHKY JIJIA 3AJTYUEHHSA
KOHITIB HA ®IHAHCYBAHHS ITPOEKTIB
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HayxoBi kepiBHUKH — CT. BUKI. PenopueHko €.M,
K.T.H., go1. Cremanenko O.0.
HarionansHuit yHiBEpCUTET «3amnopi3bKa MOMITEXHIKa)
69063, 3anopixks, Byd. JKykoBcbKoro,64, kad. nporpamMmHux 3aco0iB, Tell.
38(061) 7698273, e-mail: evg.fedorchenko@gmail.com, alex@zntu.edu.ua.
The modern investment market is a set of systemically significant
instruments, differing in types, forms and opportunities. Crowdfunding is now
gaining ground. The paper considers the mechanism of financing projects through
crowdfunding. The relevance of such an analysis is determined, on the one hand,
by the growing popularity of this method of financing, on the other hand, by the
insufficient study of the issue. Software was developed to raise funds for project
financing to improve the convenience of interaction between project authors and
sponsors. The developed software is cross-platform and is a client-server system.
The interface of the developed software is intuitive and easy to use.

VY cydacHOMy CBITI 4acTO TpaIuUBIETbCS, L0 JUIs peaiizailii ied HeMae
KOIITIB: 3 I[i€] MPUYMHU COTHI CTAPTAIliB 3aBEPIIYIOTh CBOE ICHYBaHHSI, BUHAX 01U
HE peai3yloThCs, HE 3HIMAIOThCS (BiIbMHU, OJHAK, SKIIO 1/1es1 TIMCHO ITiKaBa, TO B
CBITI 3HaWJEThCA OaraTo JrOJieH, TOTOBUX MIJITPUMATH ii 1 BKJIACTH TpolIi B ii
peanizaiiio, came i LbOro ICHYIOTHh KpayadaHIiHroBl MaigaHuuku. BoHu
JI03BOJISIIOTH PO3MOBCIOUTH 1H(OPMAILIFO PO MPOEKT CEPE]T JTIOJEH, SIKI MOXKYTh
IHBECTYBATH BJIACHI KOIITH B peai3allito IiKaBuX I HUX ineit [1].

Po3BUTOK Cy0’€KTIB €KOHOMIYHOI JISUTBHOCTI 3alleXUTh BiJ Oararbox
YUHHUKIB, JI€ BaXXJUBE MiClIe 3aiiMae 3alydeHHs (PIHAHCOBUX PECYpCIB JIs
PO3BUTKY 1HHOBAIIHHUX c(hep EKOHOMIKH, BHACIIJOK PO3BUTKY 1H(OpMAaIITHUX
TEXHOJIOT1 CTBOPIOIOTHCS HOBI (GopMH (piHAHCYBaHHS, SKI 0a3zylOThCs Ha
IPOMAJICHKIM y4YacTi: MOTEHLIMHUMH 1HBECTOpAaMU MOXYThb OYTH NeEpeciuHi
IpOMAJsiHU, MPOTE Yepe3 CKJIaJHYy EKOHOMIYHY CHUTYyaliilo, Opak KOIUTIB Ta
PU3UKOBAHICTh, BOHU MOKH 110 YTPUMYIOThCS Bijl 1HBECTyBaHHs. BaxxmuBe mpu
[IbOMY PO3yMIHHS TOro, IO caMO(pIHAHCYBAHHS € aKTyaJlbHUM CIOCOOOM
HOIIYKY PECYpCiB AJIsi BJACHOI'O PO3BUTKY KOMIIaHIi, 11€ 3yMOBIIIOE PO3BUTOK
KpayapaHAUHTY, SKUH HAa ChOTOJHI MOTpeOye aKTUBI3aIlli CBOTO PO3BUTKY B
HaIi kpaiui [2].

OgHuM 31 NUISXIB PO3BUTKY JAHOTO HANpPSIMKY € CTBOPEHHS HOBHX
miaTpopM, Ha SKUX MOXKJIMBAa KOMYHIKAIliSl aBTOPIB 1/Ied 3 MOTEHIIWHUMU
iHBecTopamu. ToMmy po3poOJeHUN 3aCTOCYHOK TMPUCBIYCHUN aKTyalbHIN
npo0JieMi po3poOJICHHSI TPOTPAMHOI0 3a0€3MEUCHHS 1JIsI 3aTyUYCHHs KOIITIB Ha
(d1HaHCYBaHHSI TPOEKTIB AJIs MOJIIMILIEHHS 3pYYHOCTI B3a€EMO/I1T aBTOPIB MPOEKTIB
31 cioHcopami [3].
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[lepen po3pobkoio0 mporpamHoro 3ale3meueHHs OyJI0 MPOaHaIi30BaHO
OPUHLIUIK pOoOOTH, MOJENI OpraHizailii 3aJydyeHHs KOIITIB Ha (hiHAHCYBAHHS
MIPOEKTIB 1 QyHKIIOHATBHICT MporpaMuux anasoris (Kickstarter, CriJbHOKOIIT)
JUIS TOTO, MI00 palioHAJIbHO BUAUIETH (PYHKIIIOHATbHI BUMOTH JO MPOTPAMHU 3
IpeICTaBICHHSM JllarpaMu IpeeaeHTiB. Bubip MoBu nporpaMyBaHHs BUIaB Ha
Java nns peanmizaiii, a Jyisi CUCTEMM KepyBaHHA 0azamu JaHuUX Oyyo oOpaHo
MySQL. Takox, 1uist pearnizaiiii BAKOPUCTAHO BEOIHPPACTPYKTYPY AJIsI IIBUJIKOT
po3po0Kku — Mikpo-hpeitmBopK Spark.

Po3pobinene nporpamue 3a0e3ne4eHHs € KpocIiaT(OPpMHUM 1 MPEACTaBIISE
co00I0 KIIEHT-CEpPBEPHY cHCTeMy. PileHHs, 3a HE0OXiAHOCTI, MOxe OyTu
nepeTBopeHe Ha BeO3acTocyHOK. [Iporpama n03BOJIsiE B3a€EMOJISTH aBTOPaAM
NPOEKTIB 3 TMOTCHLIMHUMU croHcopamu. [Iporpama Hajgae MOKJIMBICTB
nyOmiKkamii BJIaCHOTO TPOEKTY, MEPEryisiAy MPOEKTIB, MEPeryiaay HalKpammx
IIPOEKTIB, TMEPEryisily HOBUX IIPOEKTIB, MEPEryialy YCHIIIHUX MPOEKTIB,
NEPETJISIy HEBIAJINX MPOEKTIB, KOMEHTYBAaHHS, MOXJIMBICTh BKJIAJaTH TPOIIi B
IIPOEKT, TOMOBHIOBATH PAXYHOK, BHKOHYBATH PEECTPALII0 Ta aBTOPU3ALIIO
aKayHTy.

[Iporpama Mae axkTyaidbHI 32 (PYHKIIOHAIBHUMU  MOKJIHUBOCTSIMU
XapakTepUCTUKH Ta OynoBy. BoHa Moke mnpaioBaTH Ha MEPCOHATBHOMY
KOMIT'IOTepi @00 HOYTOYII1 31 BCTAHOBJIEHOIO orepalliiiHoro cucremoro Windows
10, Mac OS X, Linux, abo Solaris. J[0JJaTKOBO MOBUHHO OyTH BCTAHOBJICHE TaKe
nporpaMHe 3a0e3leueHHs, K CUCTeMa KepyBaHHA Oasamu aanux MySQL, a
takox kKoMIuiekT Java SE Development Kit 13.

Iatepdeiic po3pobieHOro mHporpaMHOro 3a0e3MedYeHHs] € 1HTYITHBHO
3pO3yMUIMI Ta JIeTKMA y BHUKOpHUCTaHHI. Hampukman, roioBHa CTOpIHKA
MpOTrpaMu MICTUTh TaKi €JIEMEHTH: OCHOBHE MEHIO, BiJIOOpakeHE B JIIBIM YaCTUHI
BIKHA, Ta MEHIO KepyBaHHs BIIOOpaKEHHSIM MPOEKTIB, PO3TAILIOBAHE MpaBIlIe,
NOCEepPEe/IMHI BIKHA B BEpXHIH YaCTHHI.
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The scientific novelty of the work is in the proposed method of prediction of
the number of concluded declarations with the doctor, characterized by the usage
of long short term memory as neural network architecture to predict the number
of declarations for future time periods, which allows hospital management to
decide on planning its activities. Prediction is performed for 3 following months
based on 24 monthly values of concluded declarations with the doctor. Solving of
the problem is practically significant for the support of medical sphere in Ukraine.

Menuuna cepa Oy1b-9K01 KpaiHU Ma€ OJAMH 3 HAUMOTYKHIIINX BIJIMBIB HA
€KOHOMIKY 3arajoM. OKpiM TOro OyJib-gKi 3MiHH, K1 BIIOYBalOThCA B Liil cdepi,
OpU3BOAATH JO BEIWKOTO BIUIMBY Ha JIIOJCHKE JKHUTTA. BIpoBamKeHHS
MPOrpaMHUX 1HCTPYMEHTIB y POOOTY JMaHOi cepH € ayKe BaXIJIUBUM, aje 1
CKJIQJHUM MPOIecOM. Y BIJIMOBITHOCTI 3 pedopmoro chepr 0XOpOHH 30POB’s,
sKa BIPOBA/DKYEThCA B YKpaiHi, MAllleHTH MAaloTh YKJIaIaTd JeKiapaiii 3
CIMEHHHMH JIIKApSMU Ha BUKOHAHHS MEIUYHUX MOCIIYT.

Ha panuii MOMEHT ICHYIOTH MpOTrpamMHI NPOAYKTH, SKI JIO3BOJSIOTH
yKJIaJaTH Taki AEKIapallii 3 JiKapsMHU 0 BCii KpaiHi, ajie Ipy [bOMY HEOOX1THO
PO3YMITH, IO KUIBKICTh JAEKJapaiiid Jjsi KOXKHOIo JIKapsi — 1€ MOKa3HHUK
e(heKTUBHOCTI Horo pobotu. SKIo MeaIuYHUM 3aKiaj 3arajoM 1 Jiikap 30KpemMa
OyoyThb MaTH MEXaHIi3M MPOTHO3YBAHHS KIJIBKOCTI JEKJapallii, ki 3 JiKapeM
Oyle miamucaHo B MalOyTHROMY, TO II€ JO3BOJUTH €(EKTUBHIIIE TIaHyBaTH
BJIACHY JIISUTBHICTD SIK JIIKApsIM, TaK 1 MEAUYHUM 3aKJIaJIaM.

3ajmaya MOPOTHO3YBaHHS KUIBKOCTI YKIAIEHUX JeKjapaliid 3 JiKapem
MOJIATa€ B IPOTrHO3yBaHHI KIJIBKOCTI YKJIQJEHUX ACKIapalliil 3 3aJaHuM JIIKapem
Ha HACTYIHHH niepion (ab0 HacTymHi K rmepiofiB) 3a 3HAUEHHSIMH MOMEPEIHIX N
NepioJiiB Yacy TIE€T K TPUBAIICTIO, IO (POPMYIOTHh TOCIIOBHICTh BiMOBITHUX
3HAYeHb KIJIBKOCTI YKJIaJCHUX JIeKJIapalliii BC1X MAalli€HTIB 3 3aJJaHUM JIIKapeM 3a
111 POMDKKH Yacy.

st po3B’sizaHHs 1i€i 3amadli Mae OyTH BH3HAYE€HO MOJECINb, sika Oyje
BUKOHYBAaTH MOJICTIOBAHHS 3aJCKHOCTI BHUXOMIB (KLJIBKOCTI  YKJIQJCHUX
JICKJIapalliid 3 3aJaHuM JIiKapeM Ha HacTyIHi K mepioiB) Bix BXOIIB (KUIBKOCTI
YKJIaJICHUX JIeKJIapalliii 3a monepeaHi N nepioiiB 4acy) i J03BOJISATH O0OUUCITIOBATH
3HAUYEHHS HA BHUXOJl 3a 3aJaHUMU 3HaueHHSIMHA BxomiB. OCKUIBKH 3ajaya
MPOTHO3YBAaHHS KUIBKOCTI YKIJIQJEHUX JeKiapaliid 3 JKapeM € 3aJlayero
MPOTHO3YBAaHHS YacOBOTO Psiy, TO JUIsl il BUpIMIEHHS OyJ0 3ampOorOHOBAHO
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BUKOPHCTOBYBaTH MOeNb Ha OcHOBI apxiTekTypu Long Short Term Memory
(LSTM).

Jy1st BUKOHAHHS TIPOTHO3YBAHHS CIIOYATKy Ma€ OyTH BUKOHAHA IiATOTOBKA
BUOIpKM daHuWX. J[7s mbOro peami3yeTbcsl BUTSATAHHS JaHUX 3 0a3u JaHUX,
aKyMYJISIIisl CTATUCTHKY 010 KOKHOTO JKaps B cUcTeMI 1 popMyBaHHs BUOIPKH
nanux. Crioyatky Mae OyTH 3a1aHO YaCOBUM FTOPU30HT J1s1 POpMYyBaHHS BUOIPKH.
YacoBuil TOpU3OHT OXOIUTIOE MIHIMAJIbHY JaTy, 3 SKOi HaKOIMUYYEThCS
CTaTUCTHKA, 1 TPUBAE 0 MOTOYHOI naTu. [Ipu npboMy mae OyTu 3a7aHo Oa30BUI
JacoBUM nepio1. B ssIkocTi Takoro Moke BUKOPUCTOBYBATHUCS Mics1lb. BimoBiaHO
KUTBKICTh ITOBHUX MICSII1B — TPUBAJIICTh YaCOBOT'0 ropu30HTY. KokeH ex3eMIuIsp
BUOIDKM JaHUX MPEICTaBICHUH HaOopoM K+N 3Ha4YeHb, KOXHE 3 SKUX
MIPEICTABIISIE CyMapHy KUIBKICTh JCKJIapalliid, ski OyiaM yKIaaeHl 3 3aJaHuM
JikapeM 3a 3ajaHuid 0a3oBHW mepiof. SIKImIO IS SIKOTOCh JIKaps KITBKICTh
0a30BHX MEPIO/IIB, 3a KOO JJII HHOTO HAKOMUYEHO CTATUCTUKY, € OUIBIIIOI0 HIXK
k+n, To 3 Takoi MOCHiAOBHOCTI JaHUX Mae OyTH CcQOpMOBaHO HAOIp
MIAMOCTIIOBHOCTEN naHuX. KOoXeH ek3eMIUIap BUOIPKH CKIIAIA€ThCs 31 BX1AHUX
O3HaK, NPEJICTaBJICHUX BIIMOBIAHO K 3HAYCHHAMH Ta BHUXIJHOI O3HAKH,
IPEACTABICHOI KUIBKICTIO AEKJIapaliil, Ky YKIaJeHO 3 JIaHUM JIKapeM B
HacTynH1 6a30B1 nepiou (N MiCSIIiB).

Jlami HeoOX1HO CTBOPUTH MOJIENb MPOTHO3YBAHHS KUIBKOCTI YKIJIaJIEHUX
JeKJapailiit 3 JikapeM. byno BukopucTano mojiens 3 1soMa npuxoBanumu LSTM
[IapaMu 1 OJJHUM MIOBHO3B’ I3HUM, PE3YJIbTaTU OOYUCIICHHS SIKOTO MMO[aBajIiCs Ha
BUX1HUH map. KibKicTh HEMPOHIB BX1AHOTO IIapy JOpiBHIOBaNIA 24, a KIJTBKICTh
HEHPOHIB  BHUXIJHOTO Mmapy JjopiBHOBaia 3. ToOTo mporHo3yBaHHs
3/1MCHIOBAJIOCh HAa OCHOBI JIAaHUX TPO 2 MOMEpeaHI PpoKru poOOTH Jikaps Ha 3
HACTYMH1 MICSLII.

[Ticns uporo Mae OyTH peanizoBaHO TMTMOOKE HABYAHHS CTBOPEHOI MOJENI
Ha OCHOBI JIaHUX, MIATOTOBJICHUX HA MEPIIOMY €Tarll.

Ha ocHOBI HaBueHOi MoOJENl KOXXHOTO MicAllsl Mae OyTH BHUKOHAHO
OHOBJICHHSI KUIBKOCTI OYIKYBaHMX MJI YKJIQJACHHS JEKJIapaliil 3 JiKapem Ha
HacTynHi 0a3oBi mepioau (Ha HACTymHI 3 Micsll) Ha OCHOBI 3HA4€Hb IPO
nonepeaHi mepiogu (24  wicsans). BiamoBimHO I LBOTO  Peali3yeThes
Nepeo0UYNCIICHHs KUTBKOCTI JIEKJIapalii, yKIaAeHUX 3a MICsilb. TakuM 4uCIOM
BBA)KAETHCS caMe aKTHBHA KIJIbKICTh Jekiapaiiiii. ToOTOo SKIIo MamieHT IpUiTHSB
pillIeHHS] 3MIHUTH JIIKaps 1 yKJIaB HOBY JEKJIapallifo, TO B CTATUCTHUIIl 32 MICAIIb
Mae OyTH BpaxOBaHO TIJILKHM WOTO HOBY jekiapaiito. [t Oynb-sikoro marieHTa
JeKJaparlisi 3a 6a30BuUii Mepio ] Mae BPaxOBYBAaTHCs TUIbKH | pas.

TakuM YMHOM, HAayKOBa HOBHM3HAa POOOTH TIOJIATAE B TOMY, IO B HIiH
3alpOINOHOBAHO METOJ MPOTHO3YBAaHHS KIIBKOCTI YKJIAJACHUX JeKJapaiii 3
JiKapeM, M0 XapaKTePHU3y€EThCsI BAKOPUCTAHHSIM HEHPOHHOT MEPEXKi apXiTEKTYyPH
LSTM n1st mporHo3yBaHHs KUIBKOCTI J€KIapaliii Ha MalOyTHIO TTOCIT1JOBHICTh
MepioiB Yacy, 110 J03BOJISIE MEHEKMEHTY JIIKapH1 IUIAHYBATH 1 KEPYBATH CBOEIO
IISUTBHICTIO.
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The Multi-Agent Pathfinding (MAPF) problem is the fundamental problem
of planning paths for multiple agents, where the key constraint is that the agents
will be able to follow these paths concurrently without colliding with each other.
The proposed work is devoted to analyzing of the main problems associated with
multi-agent path finding solutions in context of dynamic/configurable
environment systems (also known as C-MAPF). An environment is said to be
configurable when its structure and topology can be controlled within some given
constraints.

MynbrrarentHeli nouck mytu (MAPF) - cnokHast 3a1aua, uMero1as MHOTO
MPAKTUYECKUX MPUMEHEHUNH B POOOTOTEXHUKE, BHJICOMTPAX, MapIIPyTH3ALUU
TPaHCIIOPTHBIX CPENICTB U Ipyrux cepax. [Ipumepsl 3anauun cocrosT us rpada G
= (V, E) u arenToB. Y KaXJ0ro areHTa €CTh CTapTOBas U KOHEYHAs MO3UIIUH.
3ajaya COCTOUT B TOM, YTOOBI 0€3 CTOJKHOBEHHM MEPEMECTUTH BCEX areHTOB C
UX [eJIIMA, MUHUMHU3UPYS (PYHKITUIO COBOKYITHBIX PACXOOB.

B cBoeit o6miert popme MAPF siBnsiercss NP-nonHoi#t 3aiauelt, moTomy 4To
3TO 0000IIEHHUE TOJOBOJIOMKH CKOJB3SIICH IIUTKH, KoTopas sBisercs NP-
noiHou. M3-3a ciioHOCTH TpoOJeMbl OoJblas 4acTh HCCIEIOBAHUM Obliia
COCpeIOTOYeHa Ha JICHEHTPAIM30BAHHBIX TMOAXOJAX, KOTOphIE MOTYT
BO3BpallaTh HEONMTUMAJIbHbBIE PEIICHUS] U, B HEKOTOPBIX CIydasiX, HE SIBISETCS
nonHbiM. Bxoansie nanusie MAPF: rpad G (V, E) u k arenToB, 0003Ha4€HHBIX
Kak aj, a2 ... ak. KaKplil areHT a; CBSI3aH ¢ BEPIIMHAMM HAadalla v UEeNu: Si U gi. B
HAYaJIbHBII MOMEHT BpeMEHM t = ( KaKIblii areHT a; HaXOJHWTCA B MECTE
pacIoNoKeHUs si. MexAy MOcCIeA0BaTeIbHBIMU TOUYKAMU BPEMEHHM KaXIbIi
areHT MOXET BBINOJIHUThH JIEUCTBHE IO TEPEMEIICHHI0 (MOve) B COCEIHEee
MECTOTIOJIOKEHHUE HIIM MOXKET OCTaBaThCs B PEXHUME OXKUJaHuUs (wait) B CBOeM
PaCIIOJIOKEHUH.

OrpaHuyeHue COCTOUT B TOM, UYTO Ka)<Jasi BEpPIIMHA MOXKET ObITh 3aHsTa HE
OoJiee yeM OJTHMM areHTOM B JTaHHBIA MOMEHT. Kpome Toro, eciu a u b aBisiroTcs
COCEJHUMHU BEpIIMHAMHU, JIBa PaA3JIMYHBIX areHTa HE MOTYT OJHOBPEMEHHO
nepeceyb COCIUHSIONIYI0 KPOMKY B MPOTHBOIOJOKHBIX HaMpaBieHUsIX (OT a 10
b u or b k a). OgHAKO areHTaMm pa3pemieHo CcleI0BaTh APYT 3a APYTOM, TO €CTh
areHT aj MOXKET MepeMeIaThCs OT X JI0 Y OJHOBPEMEHHO C MePEMEIIICHUEM areHTa
8 OT y A0 z. 3aJja4a COCTOUT B TOM, YTOOBI HAMTH MOCIIEN0BATENBHOCTD JEHCTBUM
{move, wait} &mJ1 KaXJIOro areHTa TakuM OOpa3oM, YTOOBI Ka)Iblii areHT
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HAXOAMJICS B CBOEH 1I€TIEBOM MO3ULIMHU, CTPEMSCH MUHUMHU3UPOBATH TTI00ATBHYIO
¢ynkuuio 3arpar. DyHKOHUS CTOMMOCTH - 3TO CyMMa (II0 BCEM AareHTam)
KOJIMYECTBA BPEMEHHBIX IIIaroB, HEOOXOAWMBIX ISl JOCTHXKCHUS IIEJIEBOTO
MecTonojoxeHus. tak, o0a AeicTBUS - IepeMelIeHUe U 0XKUAaHus - cTosT 1.0,
32 UCKJIFOUEHUEM ClIydasi, KOIr/1a IEMCTBUE 0KHJIaHUS IPUMEHSETCS K LEJIEBOMY
MECTOHAXO0XKJAECHUE areHTa U HUYEro He CTOUT. Eciu areHr aeT m pa3 B CBOEM
LEJIEBOM MECTOMOJIOKEHNUN, a 3aTeM MEPEMENIAETCI, CTOUMOCTh 3TOrO
nepemenienus cocrapiusier m+ 1 [1, 2].

MAPF wurpaer BaKHyX pOJIb BO MHOTHUX PEAJbHBIX MPUIIOKECHUSX, TIE
ABTOHOMHBIE areHThI JOJKHBI KOOPAUHUPOBATH CBOU JEUCTBUS I JOCTUKEHUS
cBoux Iiener 6e3 koHdaukToB. [Ipodbnemst MAPF uvacto Bo3HuKaloT B cpenax,
KOTOpbIE OOBIYHO CUUTAKOTCS CTATHYHBIMU M 3apaHee M3BECTHbIMU. B ciyyasx,
KOI'JIa cpefia He SIBJSETCSl CTaTUYHOM, 3a1a4a pacmupsercs 10 C-MAPF, o ectb
MAPF B HacTpanBaembIX cpenax, HOBbII BapuaHT npodiemsl MAPF, B koTopom
cpelia SIBJIsIeTCA HAaCTPauBaeMOM, 8 UMEHHO €€ CTPYKTYpPOH U TOMOJIOTHEN MOMKHO
YOPaBJISATH B paMKaX HEKOTOPBIX 3aJaHHBIX OrpaHuyeHuil. PaccMmoTpum,
HaIllpuMep, MPUIIOKEHUE CKIIAJICKOW JIOTUCTUKH: OKpPY’Karollas cpefa MOXKET
ObITh M3MEHEHa (M0 KpailHel Mepe, 10 HEKOTOPOMl CTEMEeHH) MEHEeIKepaMu
CKJaza, HalpuMep, IMyTeM U3MEHEHHS TOJI0KEHUS TOJIOK MO0 MyTeM yJaJleHus
win J00aBieHusl BpeMeHHbIX cTeH. s pemenus npobiembr C-MAPF He
NOAXOJAT cTaHfgapTHeie anroputMbl pemennss MAPF. CymectByror naBa
aJIrOpUTMa JUIsl €€ pelieHns, 00a OCHOBaHHbIE Ha IIOMCKE HA OCHOBE KOH(IMKTOB
(CBS), coBpeMmennom anroputme MAPF.

Bo-nepBeix, Parallel CBS (P-CBS), KoTOpblii HIIET pelIeHuE,
OJTHOBPEMEHHO paccMaTpHBasi BCE BO3MOKHbIE KOH(PUTYpaLuu cpebl. A TaKxke
Abstract CBS (A-CBS), pacmmupennas Bepcuto anroputma CBS, koTopsrii
pemaer npobisembl C-MAPF, BBoast HOBBIM TN KOH(JIUKTa B JOIMYCTHUMBIX
KOH(purypauusx cpeasl. JlaHHble pemaTenu siBIsioTCS OJHOBPEMEHHO MOJTHBIMU
Y ONTUMAJIbHBIMU, a TAK)KE UMEIOT BBICOKYIO TPOU3BOAUTENBHOCTD B PA3JIMYHbIX
ycinoBusiX. Vcnonb3oBaHuEe MAaHHBIX AJTOPUTMOB TO3BOJISIET pEIIaTh 3aJady
MYJIbTHAr€HTHOTO TOMCKA TyTH B IMHAMHYECKUX Cpeaax.

HepequL HCIIOJIB30BAHHBIX UICTOUYHHUKOB.
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Today, the Uber platform in Ukraine and around the world seeks to provide
safer and more reliable transportation through global logistics markets. To achieve
this, the Uber platform relies heavily on decision-driven data management at
every level, from forecasting driver demand at the time of ordering to identifying
and eliminating bottlenecks in the partner driver registration process. Over time,
the need for more proposal reviews has resulted in more than 100 petabytes of
analytics that need to be cleaned, stored, and maintained with minimal latency
through the existing Hadoop-based big data platform [1].

With the growing demand for services using the UBER platform, the
company is scaling up data warehouses to reduce these costs. For example: deletes
obsolete data, freeing up space for new ones. In addition, much of the Big Data
platform has not been scaled horizontally. Therefore, the main goal was to unlock
the critical need of business for centralized access to data. The UBER data
warehouse is efficiently used as a data lake, accumulating all raw data, as well as
performing all modeling and maintenance.

Thus, the intellectual analysis of the big data collected by Uber, in the
concept of smart city development, will improve the logistics system of
transportation, which will improve the quality of life of the municipality, air
quality, traffic congestion and sustainability.

Croronni mnatdopma Uber B YkpaiHi Ta CBITI mparHe 3a0e3NeunTd Bce
OubII Oe3eyHl Ta HaAliHI MepeBe3eHHs Yepe3 CBITOBI JOTICTUYHI pUHKU. [[iis
nocsarta nporo, miaatdopma Uber, 6arato B 4oMy IPYHTYEThCS Ha HPUUHSTTI
pillieHh KePOBAaHMMHU JAHUMH Ha KOKHOMY PiBHiI, @ caM€ BiJ MPOTHO3YBaHHS
MOMUTY BOJIIB 1]l Yac MPOBEJCHHS 3aMOBJICHHS, /10 BUSBIICHHS Ta yYCYHEHHS
BY3BKHX MICI[b Y TIPOIIECI PEECTpAIlii BOIA-MIApTHEPA M1/ Yac BIAIMITYBaHHS HUM
Ha po0OoTy. 3 TUIMHOM 4Yacy noTpeda y OuIbIIA KIJTBKOCTI OTJISIIB MPOMO3UITIN
npusBena 0 orpuMaHHs mnoHan 100 nerabalT aHAMITUYHUX JaHUX, SIKI
HEOOXITHO OYMCTHUTH, 30epiraTi Ta 0OCIyroByBaTH 3 MIHIMAJIbHOIO 3aTPUMKOIO
yepes iICHyrouy miargopmy Benkux gaHux Ha 6a3i Hadoop [1].

[Toctae akTyanmpHa 3a7ada, 1HTENEKTYaJIbHOTO aHali3y BEJIHKUX JaHUX
310panux kommaniero Uber, y KOHIICMINIO PO3BHUTKY “pO3yMHOTO MicTa” IS
po3ymMHOi MOO1TBHOCTI. PO3yMHa MOOUTBHICTE TIepei0ayae CTBOPEHHS 3B’ sI3aHUX
TPAHCIIOPTHUX CHCTEM, SKI TPOIMOHYIOTh THYYKICTh Ta €()EKTUBHICTH [IJIs
KOM(OPTHOTO MPOKUBAHHS HOTO KUTEMTIB [2].
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[Tounnatoun 3 2014 poky, po6otu Hax po3poOkoro pimnenns Big Data, sike
3a0e3rnevye HaAIMHICTh TaHUX, MacIITaOOBaHICTh Ta 3PYUYHICTh Y BUKOPHUCTAHHI,
MPU3BENO A0 301IbIIEHHS MIBUIKOCTI Ta €PEKTUBHOCTI 1i€i TIaTHOPMH.

[lepcniektrBu po3BUTKY miatdopmu Uber € HACTYTHUMH:

- 301IbIIEHHSI BOJIiB, SKi KOPUCTYIOTHCSA JAaHOIO IMOCIYTOI0 B KOXHOMY
MICTI;

- 301IbIIEHHS KUTBKOCTI BX1IHOTO TpadiKy;

- HEOOXIiIHICTh AOCTYIy Ta aHaNI3y BCIX JaHHX.

Jlna nocsirneHHs po3BUTKY miaTdopma Uber, kiacugikye KOpUCTyBadiB Ha
TPH OCHOBHI KaTeropii, a came:

1. micpki omepamiiiHi KOMaHIMW: Il Ha3eMHI eKiMaxi KepyloTb Ta
MacIITadyroTh TpaHCTIOPTHY Mepexy Uber;

2. BUCHI Ta aHATITUKU JIAaHUX: 11¢ aHAJIITUKH Ta BUYEHI, SKi PO3AUIIIOTHECSA HA
pi3H1 QYHKIIIOHATBHI TPYIIH, SIKUM IMMOTPIOHI1 AaHi, 1100 JOMOMOT'TH KOPUCTYyBayaM
3a0e3MeYnTH HallKpaluii MpoLec TPaHCIOPTYBaHHS;

3. IIKEHEepHI KOMaH/U: PO3POOHUKM KOMIMAHIi, fKI 30CepeArsiucs Ha
CTBOPEHHI aBTOMAaTU30BAaHUX JIOJIATKIB JTaHUX, TAKUX SIK TIaT(GOPMU BUSBICHHS
maxpaiictsa ta mwiatgopmu Driver Onboarding [3].

3 pocToM NONUTy Ha ociIyTu, Bukopuctanus miargopmu UBER, kommnaHis
MaciITadye CXOBUIIA AAaHUX, 00 3MEHIINUTH 11 BUTpaTH. Hanpuknazn: Bunaise
3acTapiyii JaHl 3BUIBHSIOUM MicClie JJig HOBUX. Ha nojmaTok m0 1bporo, 3Ha4yHa
yactuHa matdopmu Big Data He Oysia ropH30HTaIBHO MacIITaboBaHOO. TomMy
OCHOBHOIO METOI0 OyJl0 pO30JIOKYBaTH KpUTUYHY MOTpeOy Oi3Hecy B
HEeHTpai3oBaHOMY JocTymni 10 nanux. CxoBuine manux minatdgopmu UBER
e(pEKTUBHO BHKOPUCTOBYETHCS K «O03€pO JaHUX», HAKOMUYYyIOYH BCi
HEoOpoOJeHl JaHi, a TaKoXX BHUKOHYIOUM BC€ MOJCIIOBaHHSA Ta  iX
00CITyrOByBaHHS.

TakuM YMHOM, IHTEJICKTyaJIbHUM aHami3 BEJIWKUX JaHUX 310paHux
koMmrianiero Uber, y KOHIIETIIO PO3BUTKY ‘“pO3YMHOTO MicTa”, JO3BOJIUTH
HNOKPALIUTH JIOTICTUYHY CUCTEMY IE€pEBE3€Hb, 110 MPHU3BEAE IO MOJIIMIICHHS
SAKOCT1 JKUTTS JKUTENIB MYHIIUIATITETY, SKOCTI TIOBITPS, TPAHCHOPTHUX
MepPEeBaHTAXEHb Ta CTIMKOCTI.

Crucox BUKOPUCTAHOI JIITEpaTypu:

1. Bill Schmarzo Big Data: Understanding How Data Powers Big Business;
Wiley - M., 2013. - 240 c.

2. Polishchuk V. Information Model for Evaluation and Selection of
Instructor Pilots for Smart City Urban Air Mobility / R. Rozenberg, S. Szabo, V.
Polishchuk, H. Némethova, J. Jev¢ak, L. Choma, M. Kelemen jr., D. Vukovi¢ //
IEEE SpliTech 2020: 5th International Conference on Smart and Sustainable
Technologies, (Split, 23-26 September 2020). — Croatia, 2020 — P. 1-6, doi:
10.23919/SpliTech49282.2020.9243702
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INPOT'HO3YBAHHSA TPUBAJIOCTI HABYHAHHSA HA OCHOBI
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JIroBkin B.M., Koctrouenko 1.B.
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69063, 3anopixoks, ByJ. JKykoBcbkoro, 64, kadeapa mporpaMHuX 3aco0iB,
ten. 38-061-7698267, e-mail: vliovkin@gmail.com
The scientific novelty of the paper is in the developed method of prediction
of learning time. The actual time of course or discipline learning by the student
based on duration of learning of the previous courses or disciplines and
parameters which determine new course or discipline is performed based on the
GRU neural network model. The prediction model consists of two GRU layers
and one fully connected layer. It allows to make decisions concerning study of the
course or discipline by the concrete student, including necessary individual
impact.

3 HacTaHHSAM NaHAEMii KOpOHABIPYCY B CBITI AUCTAHIIIIHI (popMu peamizamii
MPOIIECIB OXOMUJIIM Pi3HI Taily31 3HaHb. Cepesl HUX OJHIEI0 3 HAHO1IbIIT aKTUBHO
OXOIUIEHUX € cdepa OCBITHU, OCKIJIBKM Ha Ied TMepioj Maifke BCl BIAMOBIIHI
HaBYAJIbHI Tpollecu OyJu MepeHeceHl B JIUCTaHIiHHY ¢opmy. BiamosigHo
HAsIBHICTh SKICHOTO IHCTPYMEHTY JIJIsi OpraHi3allii JaHOTo MPOIECy € BaKIMBUM
3aBJAHHSAM.

Ha naHuii MOMEHT PHMHOK CHCTEM KepyBaHHS a00 MIATPUMKHU MPOIECY
HaBYaHHS € JOCTaTHbO IIMPOKUM. ICHY€e JOCTaTHRO Oarato pi3HUX MEXaHI3MIiB,
YaCTHHA 3 SIKUX € 0€3KOLITOBHUMH, a YaCTUHA IUIaTHUMHU. [Ipu 11bOMy BaXXJIMBO 1
pPO3YMITH 1HAMBIAyallbHI OCOOJIMBOCTI CTYAEHTIB, 1 KOPHUI'YBaTH Iporpamy
HaBYAHHS MiJ HUX JJis JOCSITHEHHS YCHIIIHOTO pe3yJsbTary. be3 epexkTuBHOrO
IHAMBITYAJIBHOTO MiAXOAY JOCSTHEHHS PE3yJIbTaTy YCKIAQAHUTHCS LIe OlIbIle
HDK TpaauiiiHo. OKpiM TOTO B 3aJIKHOCTI Bij 1HAUBITYyaIbHUX OCOOJUBOCTEH
MO>KHA MTPUIUMATH PILIEHHS 100 3MIHIOBAHHS 3aBJaHHs, 3MIHIOBaHHA (HOpPM, SIKi
BUKOPUCTOBYIOTbCS, MarepiaiiB. Tomy mnpoOiemMy IHMCTaHLUIMHOTO HaBYaHHS
3arajoM 1 BU3HAYEHHS TPHUBAJIOCTI HABUYAHHA y 11 CKJIaJl MOKHAa BBaXXaTH
aKTyaJIbHUMHU.

3amaya TMpPOTrHO3yBaHHS TPUBAJIOCTI HABYaHHS MOJIATa€ B MPOTHO3YBaHHI
TPUBAJIOCTI BHUBUEHHS KOHKPETHUM CTYAEHTOM KOHKPETHOro Kypcy a0o
JTUCIUTUTIHY. 115t IpOTHO3yBaHHS TPUBAJIOCT1 HABYAHHS MOTPIOHO 3 OHOTO OOKY
OIIIHUTHA MUHYJIMH JTOCBiJ BUBYEHHS CTYJACHTOM 1HIIMX JUCIUILUIIH, a 13 1HIIOTO
00Ky MOTpIOHO OIIHUTH caM Kypc (mucumruiiny). ToOTO came KOMIUJIEKCHUN
BILJIMB 1HIWBIIyalIbHUX 1 3arajdbHUX (PAKTOPIB BU3HAYAE B PE3YJIbTATI TPUBANICTD
HABYaHHS.

Ha ocHOBI1 onucaHoi JOTIKM 337a4y MPOTrHO3yBaHHS TPUBAJIOCTI HABYAHHS
MOXHa BHU3HAYUTU K 3a/7adyy BU3HAYEHHSA (DYHKI[IOHAJTIBHOI 3aJIEXKHOCTI
TPUBAJIOCTI BUBYEHHS CTYAEHTOM KypCy (IUCUMIUIIHU) BIiJ TMOCIIJOBHOCTI
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3Ha4YeHb MapaMeTpiB, 10 XapaKTePU3yIOTh JaHUI KypC (AMCLUHUILIIHY) 3arajioM Ta
TPHUBAIICTh BUBYEHHS IaHUM CTYJECHTOM MOTMEPEAHIX KypCiB (AUCIHUILIIH).

Jlnst  po3B’si3aHHA  3adadi  HEOOXITHO CTBOPUTH BIAMOBITHY MOJIETh
MPOTHO3YBAaHHSA Ta BUKOHATH 1i HABYAaHHs. 3alpONOHOBAaHA MOJIEIh MOBHUHHA
ckinagaTucs 3 mapiB gapyHok GRU, sxi oOpoOIsitOTh MOCTiOBHICTS 3HAYCHD
TPUBAJIOCTI HABYAHHS CTYAEHTA, Ta OKPEMOI'O [IOBHO3B’ I3HOTO MIAPY, 110 B SIKOCTI
BXIJTHUX JIaHUX OTPUMYE XapaKTEPUCTUKU KypCy (IUCIUIUTIHU). 3aIIPOIIOHOBAHO
B IMPOIIECl MPAKTUYHOTO BUBYEHHsI BUKopucToByBaTH 2 mapu GRU 1 okpemuii
MOBHO3B I3HUH 11ap, a AaJil 3’ €HYBATH JaH1 IIUX 11apiB B €IMHUI 32 JOTIOMOT' 010
JIOJIATKOBOTO TOBHO3B’sA3HOTrO IMmapy. Ha BuXOll OTpUMY€EThCS 3HAUYECHHS
TPUBAJIOCTI JUIsl JAHOTO BUMNAAKYy BHUBYEHHS Kypcy (AMCUMIUIIHUA) JaHUM
CTYJIEHTOM.

Jlist HaBYaHHS omKcaHoi Mojei Mae OyTH criodaTky c(hpopMOBaHO J1aHi PO
pe3yibTaTH HaBYaHHS CTYJIEHTIB. /[ IbOro AJis KOKHOTO CTyJECHTa Ma€ OyTH
BU3HAYEHO TPUBAJIICTh 1Or0 HaBYaHHS 332 KOKHUM KypcoM (IucUMILTIHOKO). [Tpu
bOMY Ma€ BpaxoByBaTuCAd caMe (PaKTUUHUM YacOBUM MNPOMDKOK. Takum
IPOMI)KKOM MOKHA BBa)KaTU MPOMIKOK Hacy, IO NMOYMHAETHCS 3 MOMEHTY
NEepIIOro Neperiasay OyIb-iKMX JaHuX Kypcy (AMCHMIUIIHM) B HpOrpami
CTYICHTOM, a 3aBepUIal0OdYMM MOMEHTOM € MOMEHT OTPHUMAaHHS OI[IHKU 3a
OCTaHHIO 3JI1aHy pOOOTY, SIKIIIO OOYKMCIICHHS OLIIHKU BiJI0yBAa€ThCSI aBTOMATHYHO,
a00 MOMEHT BHCTAaBJEHHS MIJCYMKOBOI OLIHKM Yy BUIAJAKY, KOJU ISl I[bOTO
IPOBOAUTHCA MEBHA CHIBOEC1IA 31 CTYAEHTOM.

OkpiMm Toro wmae OyTtu chOpMOBaHO MAaCHB JaHHMX MPO BCl KypcH
(IMCUMIUIIHM), L0 XapaKTEepPU3YyIOThCS HACTYIHUMU HapaMeTpH: KUIbKICTb
7a00paTOPHUX Ta MPAKTUUYHHUX POOIT, KUIbKICTh CAMOCTIMHUX POOIT, KUIBKICTh
TECTIB JUIsl TEPEBIPKH 3HaHb CTYAEHTIB, KUIBKICTh MaTepiajiB 3a KypcoM
(IMCUMILUTIHOIO), (POpMa KOHTPOJIIO 3HAHb, KUIBKICTh TEM, 110 PO3TISAAIOTHCS B
Kypcl (IUCLHUIUIIHI), CepeHs TPUBAIICTh HABUAHHS 3a KYpCcOM (AUCIHUILIIHOIO).
OcraHHIN TTOKa3HUK PO3PAXOBYETHCS HA OCHOBI aHaNi3y BCIX BHUBYEHBb KYypCy
(IMCUMIUTIHK) PI3HUMHM CTYJIEHTAMHU Ta YCEPEAHEHHS] OTPUMAHOrO 3HaYeHHs. [e
3arajbHl MapaMeTpH, SKl BIUIMBAIOTh HA BHUBYEHHS Kypcy (IMCLUMIUIIHU) Ta
OTPUMAaHHS I1JICYMKOBOI OI[IHKH OYy/1b-SIKUM CTYJICHTOM.

Ha ocHOBI oTpuMaHUX JaHHX peai3yeThCcsl MIHMOOKEe HaBYaHHS CTBOPEHOI
mozeni. Jlami Ha OCHOBI HABYEHOI MOJIeJi BUKOHYETHCS MPOTHO3YBAHHS
TPUBAJIOCTI HABUAaHHA CTYJEHTOM 3a KypcOM (IMCUHMIUIIHOIO) IJIsi 3a7aHOTrO
HaOopy 3HAYEHb APAMETPIB.

HaykoBa HOBU3HA poOOTH MOJISATAE B PO3POOICHOMY METO/I1 MPOTHO3YBAHHS
TPUBAJIOCTI HABYAHHS, 10 BUKOHYE NPOTHO3YyBaHHSA (PAKTUYHOI TPUBAIIOCTI
BUBYCHHS KypCy (AMCIMIUIIHM) CTYJEHTOM Ha OCHOBI TPHUBAJIOCTI BHUBYEHHS
nonepeAHiX KypciB (IUCIMIUIIH) HUM Ta MapameTpiB, 10 BU3HAYAIOTh HOBUM
Kypc (IUCIUIUTIHY), HA OCHOBI BUKOPHUCTAaHHS Mozeni HelpoHHoi mepexi GRU,
110 J03BOJISIE BUKOHYBATH MPUUHATTS pilllEHb PO OpraHizaiiio podOTH Haj
BUBUYEHHSM KypCy (AMCLMILIIHH).
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IHCTPYMEHTH B 3AJIAYAX BUBHAYEHHSA OB’EKTIB
[MoaBanpuuii €.C.
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61166, Xapkis, mpoct. Hayku, 14, kad. [npopmatuku, Ten. (068) 830-48-81
e-mail: yevhenii.podvalnyi @nure.ua.

This paper discusses tools for identifying objects. The main purpose of the
work is to analyze which methods and tools are available, which are more
effective and in which cases. With the development of software technology, the
task of identifying objects and identifying them is becoming increasingly
important. Given that one software now supports devices with a very wide range
of capacities, it is a question of effective use of object identification and
identification tools. To solve the problem of efficiency, it was proposed to
consider methods - neural networks, the method of comparison with the sample,
the method of nearest neighbors.

VY npaniil poOOTI pO3IIISIAIOTECSA 1HCTPYMEHTH Il BU3HAUYEHHS OO’ €KTIB.
OcHoBHa  MeTa poOOTH - CHpSIMOBaHa MPOAHANI3YBAaTH, SIKI METOAU Ta
IHCTPYMEHTH €, 5IKi € O1IbII €PEKTUBHUMHU Ta Y SIKUX BUIAKAX.

3 PO3BUTKOM TEXHOJIOT1H MPOrpaMHOro 3a0€3NEeUeHHs, 3a/1a4ya BU3HAYECHHS
00’€KTiB Ta ii 11eHTu(IKaIli cTae Bce OUTBII aKTyallbHO. BpaxoBytoun, Te 1110 B
Halll 4Yac OJHE NporpaMHe 3a0e3MeueHHs MIATPUMYIOTh MPUCTPOI 3 JyXKe
IIMPOKHUM J11ala30HOM MOTY>KHOCTEH CTa€ MUTaHHS e(DEKTUBHOTO BUKOPUCTAHHS
IHCTPYMEHTIB BU3HAUCHHS Ta 1IeHTU(IKaIlli 00’ €KTIB.

Yepes Te, 10 3apa3 CUCTEMH Ta MpPOTrpaMHE 3a0e3MEYeHHS — Mae€, JyxkKe
CKJIaJIHy CTPYKTYPY, IHTETPYyBaHHS TaKUX CUCTEM MOTPIOHO POOUTH 3aBUACHO HA
etamni OyayBaHHA apxXiTekTypu. [[ns BupimeHHs npobiemu e(peKTUBHOCTI OyiI0
MIPOMOHOBAHO PO3MIIIHYTH METOAN — HEWPOHHUX MEPEek, METOJ MOPIBHSAHHSA 3i
3pa3KoM , METO HaHOIM>KUKUX CYCIIIB.

HeliponHi Mepexi — Mepexi, fKi HaBYalOThCA (3MIHIOIOTh KOPUTYHOUYUI
BIUIMB) B MPOIIECI HaBYaHHs (BeJMKa KUIbKICTh MOBTOPHUX A1 anroputmy). Ilia
KOPUTYIOUMM BIUTMBOM, 51 MaIO Ha yBa3i — Baru MiXKHEHPOHHUX 3B’ SI3K1B B MTPOIIECi
BUPIIIEHHS ONTUMI3AIIIAHOT 3a/1aul METOJOM TPaJl€eHTHOTO cIycky. ToOTo, B
mpolleci HaBYaHHS HEUPOHHOT Mepexki, BiIOyBa€ThCs BHOIpKAa HAWOIIBII
BIUTMBOBUX IMPU3HAKIB JIIOJUHM, Ta OyJye€ CXEMy BIJAMOBIHOCTI MK HHMH.
Haiikpaiii pesynbTaTH —JIEMOHCTpYyE 3TOPTKOBA HEHWpoHHa Mepexka. Ii
0COOJIMBOCTSIMH € JIOKAJIbHI PEIIENTOPHI MOJIsI, Ta 3aralibHI Baru. 3aBISKU I[bOMY
3rOpTKOBa HEHWpOHHA Mepeka JyXe CTiiika 10 3MIHM MaciTaly BXIiJHOTO
300pa)KeHHsI, 3MIILIEHHAM, 3MiHI paKypcy Ta 1HIIUM 3aBajaM, HallpUKJIaJ HaBITh
NPUPOIHOTO CTAPIHHS.

Mo:xHa 3p00HTH BUCHOBOK, 110 JIAHUM METOJ] — € Jy>K€ BUTPATHUM 3 TOUKU
30py €(eKTUBHOCTI, Yepe3 T€ 1110 TP MOSIB1 HOBOTO OOJWYYSl HEHPOHHINA MEpexKi
noTpiOHO Oyne «HaBUUTHUCS». [ToTpiOeH 1HAMBI Y aTbHUN TIAX1/I, 10 ApXITEKTYPH
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HEHPOHHOI MEpEeXi, M0 € CUTyaTHBHUM KPHUTEPIEM, IO JO0JAE MOKIUBOCTI
THYYKOCTI METOZaM HEHPOHHUX MEPEK.

BrioHe 306pameHHn KapTi oavHan
o0 w28 2% 24 KapTi oanak KapTn cana KapTa oaran
axa 4 x4
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Pucynox 1 — [IpuHIun po6oTH 3ropTKOBUX HEUPOHHUX MEPEK

Posrisitnemo, Meroa TOPIBHSHHS 31 3pa3koM, BIH 3aCTOCOBYETHCH,
HAIPUKJIIAI, TOJIi, KOJIA PO3MI3HAIOTHCS KJIACH BiTOOPaX)aIOTHCS B IPOCTOPI O3HAK
KOMIIAKTHUMHU T€OMETPUYHUMU yrpynoBaHHAMU. J{s kinacudikailii HeBiZOMOTO
00'eKTa 3HAXOUTHCSI HAUOIMKYMI 10 HbOTO TIPOTOTHIL, 1 00'€KT BIIHOCUTHCS 10
TOTO K Kiacy, mo 1 ued npororun. Hiskux y3araibHeHHX 00pa3iB KjaciB B
JAHOMY METOA1 HE (POPMYETHCS.

Meton HaMOMMAKYMX CYCIOIB TOJArae B TOMY, IO MpU KiIacu@ikaiii
HEB1JIOMOTO 00'€KTa 3HaXOAUTHCS 3a7aHe yucio (k) reoMeTpuyHO HANOIMKINX
JI0 HBOTO B MPOCTOP1 O3HAK IHIIUX O00'€KTIB (HAMOMMKYMUX CYCITIB) 3 yXKe
B1JIOMOIO MPUHAJICKHICTIO JIO PO3Mi3HABAaHUM KitacaX. PillleHHs Mpo BiAHECEHHS
HEB1JIOMOT0 00'€KTa 0 TOTO YM IHIIOTO JIarHOCTUYHOTO KJIacy MpUHUMAEThCA
[UIIXOM aHai3y 1H(opMallii Mpo 10 BiIOMY MPUHATIEKHOCTI HOT0 HAHOIKINX
CYC1/1iB, HAIPUKJIA[, 33 JOIMIOMOTOI0 MPOCTOTO MiJIPaXyHKY T'0JIOCIB.

[TizBeaemMo miCyMKH IIPOBEJCHOTO aHAII3y METO/IIB BU3HAYEHHS 00’ €KTIB.
Ha moro aymKy, MeTonn HEHpOHHUX MEpEeX — MOYKHA BHKOPHCTOBYBATH KOJIH
MNOTY>KHICTh OOYMCIIIOBAHOI MAIIMHU € TOCTaTHBO BEJIMKOIO, 1 MOTPiOHA BeJIMKa
TOYHICTh BHUXIJHOTO Pe3ynbTary. MeToJ MOpIBHSAHHS 31 3pa3koOM — JIOPEYHO
BUKOPHUCTOBYBATU MPU 3aBJaHHI 3 HEBEJIMKOI PO3MIPHICTIO MPOCTOPY O3HAK.
MeTton HalOMMKYMX CYCIIB — 4Yepe3 BIICYTHICTh y3arajJlbHEHHsS Ta BHCOKOI
3aJIEKHOCTI Pe3ysbTaTiB Kilacu(ikaiii BiJ MIpU BiJCTaHl (METPHUKH). A TaKOX
Ma€e HEOOX1JHICTh MMOBHOTO NepeOopy HaBUaILHOT BUOIPKU MPH PO3Ii3HABAHHI,
10 IPUBOJIUTH JJO OOUMCITIOBAIBHOI TPYJOMICTKOCTI, CJTi]] BAKOPUCTOBYBATH JJISI
3aBJaHHS HEBEIUKOI PO3MIPHOCTI 3a KIJIBKICTIO KJIaciB Ta O3HAK.

Cnucok BUKOPHUCTAHOI JITEPATYPH:
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PACIIOBHABAHNS U30BPAXKEHUU / A. C. Ipoxomnens, Y. C. Azapos. //
MexayHapoaHas Hay4HO-TpakTHueckas koHgepenius «BIG DATA and
Advanced Analytics. BIG DATA wu ananu3 Bbeicokoro ypoBHs». — 2020. — Ne6. —
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An analysis the use of visualization tools during training was made in the
paper. Research has shown that visualization uses concepts, methods and tools
borrowed from other fields: the principles of map construction, the principles of
data representation in graphs, graphic design, software and others. It is proposed
to use animation to create a generalization, through which you could base your
predictions.

HapuanpHuii mpouec noTpeOye BHPOBAKEHHS HOBUX TEXHOJIOTIH, IO
3a0€3MeUYnTh HAJIEKHY SKICHY MIJTOTOBKY (axiBUIB y 0ararbox raimy3sx 10
poOOTH y MIBUAKO 3MIHIOBAHOMY BHUCOKOTEXHOJOTIYHOMY CEpPEIOBHUIIII.
VYHiBepcaibHUM 3acoOOM HaBYaHHSA € Bi3yaiizaiisi, sfKa BiJoOpaxkae
PI3HOMAHITTSI KOHKPETHUX SIBUII, IPEIMETIB HABKOJUIITHHOTO CBITY; 3a0e3mneuye
CHOPUNHATTSA 1 CIIOCTEPEXKEHHS THUMH, XTO HABUYAETHCS, PEANbHOI IIHCHOCTI,
3HAYHO BIJIMBA€E HA iX CEHCOpHY cdepy, pO3BUBAE MUCIICHHS, YSIBY; CTUMYJIIOE
Mi3HaBaJbHY 1 TBOPUYY AKTUBHICTh, CIPHSE PO3BUTKY IHTEPECY JIO MIIBUILECHHS
npodeciifHOT KOMIIETEHTHOCTI; 3a0e3Meuye IKICTh HaBYaHHS.

VY HaBuajgbHOMY Ipolieci 3aco0u Bizyai3allii BUKOHYIOTh 1H(QOpMaIIiHY 1
Ni3HaBaJbHY (PYHKIIi, a caMe: O3HAMOMJIIEHHS 3 SIBULAMU 1 MPOLIECAMH, SIKI HE
MOXXYTh OYyTHM BIATBOpPEHI; O3HAWOMJIEHHS 13 30BHILIHIM BUIJIAIOM 00’ €KTa,
SBHIIA B MOr0 Cy4aCHOMY BHUIJISIII 1 B MPOLECI PO3BUTKY ab0 3MIHU; HAOUHE
ySBIIEHHS TpO MOpPIBHSHHSA a00 3MIHY XapakTepUCTUK 00 ’€kTa, siBUIa abdo
IpOLIeCy; HAOYHE YSIBICHHS PO MPUHLMI 11 00’ €KTa, yIpaBiIiHHI HUM, TEXHILI
Oe3nexku Tomo. Pa3oM 13 MOsSICHEHHSM BHKJIajada, HAOYHI 3acOOM ITOKJIMKAaHI
3abe3neunt  (OpMyBaHHS OOpA3HOTO YSIBJICHHS, TOBHOI[IHHE PO3KPUTTSA
HABYAJILHOTO MaTepially, MPOLTIOCTPYBATH NMPUINHHO-HACIIIKOBI 3B’ S3KH.

Sx TexHomorig, Biyali3allisi 3aCTOCOBY€E KOHIIEMIlli, METOIU Ta 3acolw,
3aMo3WYeHl 3 IHIIWX Tajy3ed: MPHUHIMIHN MOO0YI0BU KapTu — 3 KapTorpadii,
MIPUHITUIIN IO3HAYCHHS JaHUX y rpadikax — 31 CTAaTUCTUKH, TTpaBUiIa KOMITO3HIIII,
MaKeTyBaHHs, KOJOPUCTUKH — 3 TpadivyHOTO TU3aiHY, CTUIIb HAMMMCAHHS — 3
KYPHAIICTUKH, TMPOTpaMHiI 3aco0u — 3 1H(POPMATUKU Ta MporpamMyBaHHS,
OpI€EHTAllld Ha YMUTAIbKy ayAUTOPi0 — 3 MCHUXOJOrIi, MepeBaXKHO, MCUXOJIOTIi
cpuiHaATTs. Tak, y po06oTi [1] NpONOHYeThCS KOMIT'FOTEPHE CEPEIOBUIIEC
HaBYaHHS, sIKE JO3BOJISIE YUHSIM B1OOPA3UTH CBili MIPOLIEC BUPIIICHHS MPOOIEM Yy
BI3yaJIbHOMY (popMaTi aiisi eeKTUBHOTO MHUCIICHHS 1 po3ayMiB. Kpim Toro, aiis
MOJINIIEHHs caMopediiekcli BKJIIOUEHA MiATPUMKA EKCIEPTIB, JA03BOJISIOUH
YUHSIM BU3HAUUTHU PI3HUILIIO M1 CBOEIO poOOTOIO 1 poO0TOI0 ekcriepTa. [1].
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Bigyanizanis 3aBXIud BUKOPHCTOBYBAaJacs y HaBUYaJIbHOMY IPOILIECI, aye
BITPOJIOBXX Yacy 3MiHIOBajacs ii poiib 1 pyHkuii [2]. Y cydacHOMY HaBUaIbHOMY
nporeci Bizyamizallis BIAITpa€ Baromilly poJib. BimbIICTh Bi3yalli30BaHUX
MPOIIECIB  MPEACTaBICHI  MYyJIbTUMEAIMHUMU  TEXHOJIOTISIMA, OCHOBHUMH
XapaKTePUCTHKAMHU SIKHX €: 00’ €JHaHHA 0araTOKOMIOHEHTHOTO 1H(OPMaIliHHOTO
Cepe/IoBHUIIA B OJHOPITHOMY ITM(PpOBOMY MOJaHHI; 3a0e3MeUeHHs HaIIHHOTO 1
JIOBFOBIYHOTO 30€piraHHs BEIMKUX 00CsT1B iH(OopMaIlii; mpocToTa rnepepoodIeHHS
iHdopmarii [3].

VYV TtenepimHid Yyac OJHUM 13 HAWBaXJIUBIMIMX 1HHOBAIIMHUX HaIpSMIB
PO3BUTKY Bi3yali3alliiHUX TEXHOJOTIM € CUCTEMHU BipTyalabHOI peanbHOCTI. Ilia
yac HaBYAHHS ClIyXad OTOUYYETHCS MOPOHKEHUMHU KOMIT I0TEpOM 00pa3zaMH, 10
Jal0Th BITYYTTS peanbHOCTi. CHCTeMH BIPTYaldbHOI PEaNbHOCTI €(PEKTUBHO
BUKOPHUCTOBYIOTHCS B MeAUIIMHI. CIPUIHATTS JlikapeM TpUBUMIpHOT 1H(opMarrii
po nauieHTa (ToMorpadisi, TPUBUMIpPHI JIJaHI PEHTT€HIBChKHUX anaparis, Y3/ 1 T.
1H.) J103BOJISI€ 3HAYHO MOJINIIUTH SAKICTh POOOTH MEIUKIB. [HTepaKTUBHI MOEI
1 PEKOHCTPYKILisl OpraHiB BUKOPUCTOBYIOTHCS /JIi HABYaHHS, MPOEKTYyBaHHS
XIpypri4HOro BTPy4YaHHS.

AHIMaIlisl TaKOK MOXE SBHO BIJOOpa)KaTH CUTYyalliliHYy IMHAMIKYy, BOHA
MOKE JIOTIOMOTTH YYHSIM IMOOYIyBaTH Y3rOJKE€HI BHCOKOSIKICHI YSBHI MOJENI
CKJIQJIHUX TIPOIIeCiB 3MIHU. AHIMAIlisl HAJa€ Y4YHSIM MOXKJIUBICTH BHOIPKOBO
3BEpTATUCS 3 JIOCTYNMHOK 1H(OpMAIE0 1 TAKUM YMHOM YHHMKATH HaJIMIPHUX
BUMOT 710 00poOku. OnHak, mo6 OyTH epeKTUBHUMHU 3 TOUKH 30PY HABYAHHS,
BUOpaHi MiJIMHOXUHU 1HQOpMAIlli TMOBUHHI MaTH BUCOKY aKTYalbHICTh IS
peaMEeTHOI 00J1acTi Ta 3aBIaHHS.

VY poboTi Oynau BHBYEHI MIIXOIU, SIKI BUKOPHUCTOBYIOTHCS HOBAUKaMHu B
npeaMeTHoi o0JlacTi JyIsi ONMMTYBaHHSA 1HTEPAKTUBHOI aHIMallli CKJIQJHOI
JUHAMIYHOT CHUCTEMH, KOJIM BOHM TOTYyBaJIMCA JO TMOJAJbINOl 3axadi
MPOTHO3yBaHHA. [IpOMOHY€ETHCS BUKOPHUCTOBYBATH aHIMAIlIO IS CTBOPCHHS
y3arajabHEHHS, 3aBJIIKHU SIKOi MOKHA 0yJio O 3aCHOBYBAaTH CBOi POTHO3H.

Cnucok BUKOPUCTAHO1 JITEpaTypu:

1. Wang M. et al. Reflective learning with complex problems in a
visualization-based learning environment with expert support //Computers in
Human Behavior. — 2018. — T. 87. — C. 406-415.

2. Kykosa T. H. Ponp Bu3yanuzamnuu B mKOJILHOM oOpa3oBaHuu. Cankm-
Ilemepobypeckuii oopazosamenvuviii gecmuux. 2016. Beim.1(1). C. 63—71.

3. MynbTumeniiftHi CHUCTeMH $K 3acoOM 1HTEPAKTUBHOTO HABUYAHHS:
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