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CKJIAJHUMH CHCTEMaMH, 3 BUKOPHCTAHHAM 1H(OpMAIiiHO-KOMYHIKAIITHUX TEXHOJIOT1H B OCBITI,
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Cexkuist A. TeopeTnuHi 1 MpaKTUYHI ACTIEKTH CTBOPECHHS Ta ONTHUMI3aIlii
Cy4acHuX iH(OpMaIliifHO-KOMYHIKallIHHUX CUCTEM

AHAJII3 TOHAJIBHOCTI TEKCTIB 3 BUKOPUCTAHHAM MOJIEJIEH
I''IMBOKOI'O HABYAHHA

AxmenoB P. P., beskoposaiinuii B. C., [lepoennes B. /1.
KwuiBcbkuii HalioHAIBHUN €KOHOMIYHHMH yHiBepcuTeT iMeH1 Baguma ['erbmana, M. Kuis, Ykpaina

Anoranisi. PoboTa npucssueHa po3poOili MoJeNni aHami3y TOHAJIBHOCTI TEKCTIB i3 BUKOPUCTAHHSAM
TMHOOKMX HEMPOHHHUX MEpeXK. 3 II€I0 METOIO B POOOTI OyJT0 3aIpOIIOHOBAHO apXiTEKTYPY, IO CKIATA€THCS
i3 mepen-naBueHoi mojaeni BERT (Bidirectional Encoder Representations from Transformers), mo 3xificHioe
nornepeaHto 00poOKy TEKCTy, TOKEHi3allilo Ta BEKTOpHE MPEACTaBICHHS CIIiB, Ta MOJENI Kiacudikaropa Ha
0a3i morictmaHoi perpecii. O0’€KTOM MOCHIHKEHHS € aHali3 TOHAIBHOCTI TEKCTIB (CCHTHMEHT-aHali3).
IIpenqmeToMm mOCHiMKEHHS € MoIeai 0OpOoOKH MPUPOIHOI MOBH Ha OCHOBI TVIMOOKHUX HEHPOHHHUX MEPEK.
3riIHO 3 OJIepIKAaHUMHU Pe3yJIbTaTaMH Hallla MOJIC/ b TI0Ka3alia Ha TECTOBIM BUOIpIN TOYHICTh 82% B TepMiHaX
metpukn Accuracy. [IpoBemeHe eKcliepuMEHTaNbHE OCHIKEHHS CBIAYUTH MPO TEPCIEKTHBHICTH
3aMpOIIOHOBAHOTO MiIXOAY 3MIMCHEHHS CEHTHMEHT-aHaNi3y 3 BHKOPHCTAaHHIM IIepel-HaBUYeHOI MOaemi
BERT. B nomanbmumx JOCIIDKEHHSX MOKHAa BUKOPHCTOBYBATH OLNBIN CKIIAJHI MOJEINI Kiacu(pikaTopis,
3[1HICHIOBAaTH 0araToKIacoBy KilacH]iKallilo, acleKTHHN CeHTUMEHT-aHali3.

Kuarouosi ciioBa: Mmozeni 00poOKHM pHUpOIHOT MOBH, CEHTUMEHT-aHalli3, TITHOOKI HEHPOHHI Mepexi,
monens BERT.

TEXT SENTIMENT ANALYSIS USING DEEP LEARNING MODELS

Akhmedov R., Bezkorovainyi V., Derbentsev V.
Kyiv National Economic University named after Vadym Hetman, Kyiv, Ukraine

Abstract. This paper is devoted to the development of Sentiment Analysis model using Deep Neural
Networks (DNNSs). For this purpose, pre-trained BERT-based (Bidirectional Encoder Representations from
Transformers) architecture has been proposed. BERT unit provides data preprocessing, tokenization and
word embedding, and the Logistic Regression unit performs final classification. Sentiment Analysis (SA) is
the object of research. As modelling tool Natural Language Processing models based on DNNs (subject)
have been used. According to the obtained results, our model has shown an accuracy of 82% on the test
dataset in terms of the Accuracy metric. Experimental setup has shown availability of proposed approach of
applying pre-trained BERT model for SA task. Father research can be focused on the use of more complex
classification models, providing multiclass classification, implementation of aspect-based SA.

Keywords: Natural Language Processing, Sentiment Analysis, Deep Neural Networks, BERT.

Beryn. CrpiMkuit po3BUTOK eneKTpoHHUX 3MI Ta comiaqbHUX Mepex J1aB HOBUM MOIITOBX
PO3BUTKY aBTOMAaTHM30BaHUX cucTteM oOpoOku mpupoanoi moBu (Natural Language Processing,
NLP). OnauMm i3 BaknuBuX 3aBaaHb NLP € aHaji3 TOHaIbHOCTI TEKCTiB, a00 CEHTUMEHT aHali3
(Sentiment Analysis, SA) [1]. SA — e cipoba «BUTATTH» 3 TEKCTY Cy0’EKTHBHI XapaKTEPUCTHKH:
eMollii, capka3M, po3ryOleHICTh, Migo3piiicTh Tomo. OcHOBHA MeTa SA monsrae y 3/iliCHEeHHI
kjacudikamii MOJSIPHOCTI JAHOTO JIOKyMEHTa (BUCIIOBIIOBAHHS, pPEUYEHHS, TBITa TOIIO) Ta
BU3HAUEHHI, YU € J[yMKa, BUCJIOBJIEHA B HHOMY, MO3UTHBHOIO, HETATUBHOI YH HEUTPAIBHOIO.
[Tporpec y NLP OyB nocsiruyTuii 3aBAsSKM BUKOPUCTaHHIO Mojeneil mrydnoro intenekty (II),
30KpeMa Mojiesieii Ha OCHOBI rimOokux HedponHux mepex [2], [3]. 3 Touku 30py III SA €
npobaemMoro 6iHapHOT a00 OGaraTokIacoBoi Kiracudikarii.

MeTo10 po60TH € po3pOoOIECHHS aBTOMATU30BaHOT CHCTEMHU aHaTi3y TOHAIBHOCTI TEKCTIB Ha
ocHOBI TO0Ko1 Mepexxi BERT [4].

Mopnens BERT, 1o 3ampornonoBana gocuigannkamu kommnanii Google [4], € mepen-HaBYEHOIO
MOJIEJUTIO JUIsl BUpilIeHHs pi3HUX 3a1a4 NLP. 3aMicTh peKypeHTHUX HEHPOHHUX MEpEX MOJEb
BUKOPUCTOBYE apxiTekTypy Transformer, 3acHoBaHy He Ha 3BOPOTHOMY 3B'A3KY, @ Ha MEXaHI3Mi



«yBarm» Ta «camoyBaru» (Attention and Self-attention Mechanism). Ils Mmozens Oyna HaBueHa Ha
BEJIMYE3HOMY KOPITyCl HEPO3MIUEHOT0 TEKCTY, BKIIOUaroun Bikineniro.

besnocepenne HaBYaHHS 11i€1 MOJIEII BUMArae BEJIMKUX OOUMCITIOBAIBHUX PECYPCIB, OCKLIIBKU
HaBiTh 0a3oBa Bepcis MicTuTh Oubie 100 MuH. mapamerpiB. Aje, Xoda 11 MOJAETh He Oyna
npu3HavyeHa Uil kiacudikamii TekcTiB, moxeni tuny BERT € yHiBepcasibHUMM Ta 37aTHHUMH
«BUTSTYBATH» 3 TEKCTY O3HAKH, KOPUCHI JIJIsI BUPILIEHHS 0araTbox 3a/1ad TEKCTOBOTO aHamizy. Tomy
nonepenabo HaBdeHy BERT MoykHa mepeHanamryBaTi JOAaBaHHIM KiTBKOX JOJaTKOBUX BUXIJTHHUX
MOBHO3B SI3HUX IIApiB, 100 CTBOPUTH HOBI MOJENi U1l Pi3HOMaHITHUX 3aBaaHb NLP, Bkirodaroun
SA. Ilpu npoMy 1j1s1 HaBYaHHS MOJIE HEOOX1AHO, 3/eOUTBIIIOro, JUIIE HABYUTH KiacudikaTop 3
MiHIMaTbHUMHE 3MiHamu camoi Mozeni BERT min wac ¢da3u HaB4aHHS (MOKHA JIUIIE «TOHABYHUTHY
JoJlaH1 KijbKa mapiB 3 BukopuctanHsM 0i0miorekn TensorFlow [5], abo uepe3 o6ononky Keras
BERT [6]). Takuii nporiec HaB4aHHS Ha3UBAETHCS TOHKUM HAIAIITYBAHHSIM JUII KOHKPETHOI 3a1a4i.
st BupimeHHs 3aga4i SA €IeKTPOHHHMX TEKCTIB HaMHu OyJI0 3alpoIOHOBAHO TaKy apXiTEKTYpYy:
mojienib BERT 00po6iisie peueHHs (31CHIOE TOTIepeIHI0 00pOOKY TEKCTY, TOKEHI3AIIII0 Ta CTBOPIOE
BEKTOPHE IOJAHHS CJIiB — €MOEIHTH) Ta IMepeaac OTpuMaHy iH(GOpPMAI0 y HACTYIHY MOJEIb-
KJIacudikarop, sKa i 311HCHIOE CCHTUMEHT aHaJi3.

B sixocti mogeni BERT Gyno Bukopuctano 6a30BHii BapiaHT MOJENi JIJIsl aHTTIHCHKOT MOBU
BERT-Base, Uncased (12-layer, 768-hidden, 12-heads, 110M parameters), sika 3HaXOIUTHCS Y
BiTbHOMY AocTymi y penosutapii GitHab [7]. [Ins Tokenizamii Oyno Bukopuctano wordpiece-
TOKEHI3aTop AJIsl IepeTBOpEHHs BXiMHUX paakiB y BERT-cymicHmit popmart.

Sk Mmoaenb-knacudikarop O0yno 06paHo MOJENb 3BUUYANHOT JTIOTiCTUYHOT perpecii 3 PyHKIIi€r0
aktuBaiii Softmax. OcCKiJbKM CEHTUMEHT-aHali3 3BOAMTHCS JO 3ahadi Kiacudikaiii, TO
nepeBaraMu  MoJIeIi JIOTICTHYHOI perpecii € Te, MO Ha BHXOAI BOHA A€ WMOBIPHOCTI
nporHo3oBanux kiaciB. Moxenrs BERT-Base-Uncased Oyna ngoHaBYeHa 3 BHKOPHCTaHHSIM
ontumizatopa Adam npotsaroM 5 enox. Ak QyHKII0 TOXUOKH OYyJI0 BUKOPUCTAHO KATEropiaabHy
KPOC-EHTPOIIIIO.

Jns peanizauii mozeni Oyno Bukopuctano natacetr Large Movie Review Dataset [8], sixuit
MicTuTh Onm3bko 50 THC. po3MiueHUX TeKcTiB. BiH mpusHauenwii s OiHapHOi Kiacugikarii
HACTPOIB 1 MICTUTH Habarato OiIbIIe NaHUX, HIXK OyAb-sKi onepeaHi Habopu JaHUX y Lii ramysi.
3riJIHO 3 OJIep)KaHUMU pe3yIbTaTaMH Hallla MOJIENb IMOKa3aja Ha TeCTOBIM BUOIpIl TOUHICTh 82% B
TepMiHax MeTpHKU ACCUracy (BiJHOIICHHS KiTbKOCTiI BIpHO KIacH(iKOBaHUX MPUKIAMIIB JIO iX
3arajJbHOrO 00CSTY).

BucnoBku. I[IpoBeneHe exkcrniepuMeHTaNbHE JTOCIIHKEHHS CBITYUTH MPO MEPCHEKTUBHICTh
3aMpOINOHOBAHOTO TMiIXOAY 3AiMCHEHHS SA 3 BUKOpPHCTaHHSM repen-HaBueHoi mojeni BERT. B
MOJAJbIINUX JOCHIKEHHSIX MOKHAa BHUKOPHCTOBYBATH OLTBIN CKJIaTHI Mojeni kiacudikaTopiB
(Hampukiaja, 1HOI MOJAEN! HEHMpOHHMX Mepex), 3IIHCHIOBaTH 0araTokyiacoBy KiacuQikailito,
acnektHuM SA. JIOUITPHUM TakoXX € TECTyBaHHA Ha JIOMEHAaX IHIIMX MPEAMETHUX Taly3ei,
30KpeMa, caiiTax HOBUH.
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AJITOPUTM MAIINMHHOT'O HABYAHHSI
HA OCHOBI I'AYCIBCBKOI 3MIIAHOI MOJIEJIT _
JJIAA EKOJIOT'TYHO CITPUATINBUX TEXHOJIOI'IA TEJIEKOMYHIKAIIN

Ionyonuuuii O. I'., 'adpycenko €. 1., Tapanenko A. I'., Cio6oasn O. I1., ’Kaposa O. B.
HamionanbHuii aBianiinuii ynisepcuret, M. Kuis, Ykpaina

AHoTanis. MeToro IOCTiKEHHsS € po3po0JeHHs] aNropuTMy MAIIMHHOTO HaBYaHHS JAJs aHAIli3y
aHCaMOJIiB CHTHAJIBbHO-KOJOBUX KOHCTPYKLIM HUIAXOM iX KiacTepu3alii B MalONOTYXKHHUX EKOJOTI4HO
CHPUATIUBHUX TEXHOJOTiAX TenexkoMyHikalin DSSS NOMA. O6’ekToM 1ocHiIKeHHS € IPOLEeCH opraHizaii
¢iznunoro piBas cuctem DSSS NOMA. IlpeaMeToM AOCHiIKEHHS € B3a€MHO KOPENSIiiiHI BIaCTUBOCTI
aHCaMOJIiB CUTHAJILHO-KOJIOBUX KOHCTPYKIIH, SIKi MiAJSATAalOTh aHai3y IUIS OpraHi3auii Ta ympaBiiHHS
nporiecamu Ha ¢isuyHoMy piBHI cuctem DSSS NOMA. VYV gocmikeHHI BHKOPHUCTOBYETHCS METOJ
MaKCHMAaJbHOI TPaBAONOMIOHOCTI, KWW peamizoBaHo y wMoaudikanii EM-anroputMmy sl OMiHKH
mapaMeTpiB TayciBChbKOi 3MimaHoi Mojaeni Ta ii NMPUXOBaHWX 3MIHHUX. Y Pe3yNIbTaTi AOCHIHKEHHS
3aMpOTIOHOBAHO HOBY MapaMeTpHUYHO-KpuTepianbHy Moaudikamito EM-anmroputmy 3 BumaneHHIM
CKJIQ/IOBUX TayCiBCHKOI 3MilIaHOI MOJENi Ta TOJATKOBUMH KPUTEPIAMHU KJIacTepH3alii Al MOTIHOICHOTO
CTaTHCTUYHOTO aHATi3y B3a€EMHHUX KOPEJSIii MK CHTHAIBHO-KOTOBIMH KOHCTPYKIIisiMu y ciuctemax DSSS
NOMA.

KuarouoBi ciioBa: ManomnortyxHi TexHomorii TenekomyHikariit, DSSS, NOMA, mamvHHe HaBYaHHSA,
rayciBcbka 3Mimana Monenb, EM-anroputM, cranuii po3BUTOK.

MACHINE LEARNING ALGORITHM BASED ON GAUSSIAN MIXTURE MODEL
FOR ENVIRONMENTALLY FRIENDLY TELECOMMUNICATIONS

Holubnychyi O., Gabrousenko Ye., Taranenko A., Slobodian O., Zharova O.
National Aviation University, Kyiv, Ukraine

Abstract. The aim of the study is to develop a new machine learning algorithm for analysis of sets of
code structures by means of their clustering in low power environmentally friendly DSSS NOMA
communications. The object of the study is processes of organization of physical layer of DSSS NOMA
systems. The subject of the study is cross-correlation properties of sets of code structures that should be
analyzed to organize and control processes at the physical layer of DSSS NOMA systems. The study uses a
specific method of maximum likelihood estimation, which is implemented in the EM-algorithm for
estimating the parameters of Gaussian mixture model (GMM) and its hidden variables. The research results
propose a new modification (parametric and criteria features) of the EM-algorithm with removing
components of the GMM and additional clustering criteria for a deep statistical analysis of cross-correlations
between code structures in DSSS NOMA systems.

Keywords: low power communications, DSSS, NOMA, machine learning, Gaussian mixture model,
EM-algorithm, sustainable development.

Beryn. BaxinBoro 0COOMMBICTIO METOJIB MAIIMHHOTO HAaBYaHHSA € 4acTKoBa ab0 MOBHA
aBTOMAaTH3allisl, sIKa 3BOAUTHCS 10 poOAacTHOT 0OPOOKH JaHUX 1 CUTHANIB 3 BUKOPUCTAHHSIM JIMIIIE
BXITHUX JaHMX, SKI MIATAI0Th aHamizy. MeToau Ta aJropuTMH MAIIMHHOTO HAaBYaHHS €
NEePCHEKTUBHUMH JIJIsl BUPIILIEHHs Pi3HUX 3a/1a4, MOB’s3aHuX 13 LMy cTanoro po3BUTKY 1100
HOBHX 1H(QOpMaLIHHO-KOMYHIKAIIiHUX TexHonorid (mim 9 1 11), 30kpema, 3amau B oOnacti
MaJIONOTYKHUX €KOJIOTIYHO CHPUSTIMBUX TEXHOJOTIH TEIeKOMYHIKalild, TaKUX SIK TEXHOJOTI]
3B’A3KYy 3 PO3IIMPEHHSAM CHEKTpa Ta HEOPTOTOHAJIbHUMHU CHUTHAJIBHO-KOJOBHUMHU KOHCTPYKIIISIMH
DSSS NOMA [1].

Meta po60oTH — pO3pOOJICHHS aITOPUTMY MAITMHHOTO HaBYaHHS /I aHATI3y aHCamOJIiB
CUTHAJIBHO-KOJOBUX KOHCTPYKLIN IIJISIXOM iX KJIacTepH3allii 3a KpUTEepieM KOPEISIHHNX 3B’ A3KiB
JUTSL MAJIOTIOTYKHUX €KOJIOTIYHO CIPUSATIMBUX TEXHONIOT1H TenexkomyHikaniii DSSS NOMA.

IMocTanoBKka mpodiaemMu. Y MalONOTYKHUX TEXHOJOTiAX TenekomyHikamiii DSSS, ski
MNOEAHYIOTHCSI 3 HEOPTOrOHAJIBHUMM KOJAaMH, MpoOiieMa MoJisArae y HEeoOXiJHOCTI 31iIHCHEHHs
NOriauOJIeHOro0 aHali3y HEOPTOrOHAJIbHUX AaHCaMONIB CHUTHAJIbHO-KOJOBUX KOHCTPYKLINA 3a
KpUTEpieEM X KOpEeSLiIHHUX 3B’SI3KIB JUIS MiJBUINEHHS €(eKTUBHOCTI OOpPOOKH Ta mepenaBaHHs
TTAHHX.



OcHoBHa yacTuHa. [lornmOieHMA CTATUCTUYHUN aHa3 B3a€EMHHUX KOPEIAIIN MIiX
CHUTHAJIbHO-KOAOBUMH KOHCTpyKIisiMu B DSSS NOMA cucremax moxe OyTH 3aCHOBaHUH Ha ix
KJIacTepHU3allii 3a JOMOMOTOI TraycCiBCbKOi 3Mimanoi moxaeni ta EM-anroputmy. ns cymimri
OLlIHEHUX 1H(OPMATHBHUX B3AEMHHUX KOpeslii (ToOTo BHIe ab0 HMXKYE TOJOBHOI JiaroHaii
KopesiiiiHoi matpuii) F = {7’]}, j= 1,D, D = Q(Q — 1)/2 — kinmbKicTh €IEMEHTIB BHIllEe ab0
HIDKYE OCHOBHOI JlaroHalli KopensmiiHoi Marpuil, @ — KUIBKICTb CHUTHAJIBHO-KOJOBUX
KOHCTPYKIIH, rayciBChKa 3MillIaHa MOZEIb MpecTaBieHa y popmi

K o2
p(F)= ZekN( Hkack) Ze—kexp —M ’
k=1 Oy J2n 20y
ne p(#) — UiIbHICTS PO3MOILTY BUITAAKOBOI BeMYMHH 7, K — KiJIBKICTh CKJIaJOBHUX CYMIIlIi, sSKa
TIpeCcTaBIeHa rayCiBChKOI 3Mimmanow Mmoaemno; N (F;uy, 02) — K-Ta rayciBchka ckiamoBa
(po3moin) i3 cepeiHiM 3HAYEHHSM |1, Ta AUCIEPCIEI0 02, O BXOAUTH 10 CKIaay cymimi p(7); 0,
— BaroBuii koedimient K-i rayciBcpkoi ckianoBoi y cymimi p (7).

Bekrop mapamerpie mozxem w = {0, n, 6} = {64, ..., 0k, 1y, ..., Ug, O1, ..., Ok} € TPEAMETOM
OLIIHIOBAHHS, OJJTHAK OCHOBHHMM PE3yJbTATOM aHAJI3y Yy 3alPOIIOHOBAHOMY aJTOPUTMI € 3HAUCHHS
MPUXOBAHUX 3MIHHUX TayCiBCHKOI 3MilIaHOI MoJem Y = (y i k) j =1,D, k=1,K, sxi Ha S-if
iTepauii € olliHKaMK anocTepiopHux MoBipHOCTEl NpuHanexHOCTi 7j 10 K- rayciBchkoi cki1a10B01
(xknactepa):

2
e(s—l) (F- —],l<ks_l>) K
Y =l —exp| = > e = XP[
) (s-1) \2 (s-1) 2
o, '2m Z(Gﬁs >) =1} /21 2(G|<S >)
CrannaprHa peatizanis EM-alropuTMy XapaKTepuU3yeThCs OCOOJIMBOCTAMH, SKI MOXKYTh
06MesKyBaTH #0r0 BUKOPHCTAHHSA: Ty TIHBICTH /10 modatkoux napametpis o' = {00, p(0) g0},
IO MOYE MPU3BOMTH JIO TOSBU PO3B’SA3KIB 3a/1a4 y JIOKAIBLHUX EKCTPEMYMAaX JIOTapH(pMidHOT

(F—w)

2
20

, sKa

D
¢GyHKIii  TPaBIOMONIOHOCTI L((o|f') = Ian(l’j|(o) Zlnz exp| —
j=1 =1k 1Gk\/_
HiJUIArae MakCHMI3allil; arpiopHa HEBU3HAUEHICTh KUIBKOCT1 CKIAAOBUX (KiacTepiB) cymimni K
HEOOXIJIHICTh 3allpOBAKEHHS JTOJATKOBUX KPUTEPIiB JOJaBaHHS YW BHJIYYEHHS CKJIAQJIOBHX
(kmacrepiB); HEOOXIAHICTb BpaxyBaHHS cheuu@IKd 3anadl Juid OpaBWIBHOI IHTEprpeTarii
OTPUMAaHUX PE3yJIbTaTiB; MOXKIIMBA [10sIBA MATEMAaTUUYHUX CUHTYJIIpHOCTEH (HEBU3HAYEHOCTEN) A
yac itepauiiHux npoueayp EM-anroputmy, sKi HiJUISIraloTh PO3KPUTTIO Ta IMOSICHEHHIO 3
ypaxyBaHHSIM KOHTEKCTY 3aJladi 3 METOI0 MOAAJBIIOro 3a0e3MeueHHs] KOPEKTHOTO MPOJIOBKEHHS
peamizanii EM-anroputmy.

3amponoHoBaHa JJIs BUPILIEHHS IOCTAaBIEHOI NpoOJeMH NapaMeTpUYHO-KpUTepialbHa

mMonupikanis EM-aaroputMy 3 BUAAJECHHSIM CKJIaJOBUX rayCiBChKOI 3MIIIaHOT MOJIEI MOJIATAE y:

1. OGrpyHTyBaHHI CTPYKTYpHOTo napaMmerpa K Ta Horo BapiaTUBHOCTI,

2. OGIpyHTYBaHHI OYATKOBUX MmapaMeTpis Mozaeni w!? = {9(0>, u(®, 0'(0>};

3. BBenenHi Ta oOTpyHTYBaHHI JOJATKOBHX KPHUTEPIiB KiIacTepu3allii JUIsl HAIAIITyBaHHS
EM-anroputmy B yMOBax BUHUKHEHHSI MAaTEMAaTUYHUX CUHTYJIAPHOCTEH Y JTorapugmiuHii
¢yukuii nmparomoxionocTi L(w|F), BpaxyBanHi 0cOOIUBOCTEH KOHTEKCTY KIIaCTEPH3aIlil
€JIEMEHTIB.

BucHoBkH. 3anponoHOBAaHO HOBY IapaMETpUYHO-KpUTepiaibHy Moaudikauito EM-

QITOPUTMY 3 BUIAJICHHSAM CKJIQIOBHX I'ayCiBCbKOI 3MIIIAHOI MOJIENI Ta JOAATKOBUMH KPUTEPISIMU
KJIacTepu3alii JUisi MOTJIMOIEHOr0 CTATUCTUYHOTO aHai3y B3aEMHHMX KOPEJSIINH MIXK CUTHAJIBHO-

KOJIOBUMH KOHCTPYKIISIMH Yy MAJONOTYKHMX €KOJIOTIYHO CHpUSTIMBUX TexHojorisx DSSS
NOMA.



CnucoK BUKOPUCTAHMX JIZKepeJt
1. Alempowered RIS-assisted NOMA networks: deep learning or reinforcement learning? / R. Zhong
et al. IEEE Journal on Selected Areas in Communications. 2022. No.40 (1). P.182-196.
doi: 10.1109/JSAC.2021.3126068.

MPUCKOPEHHS ONIEPALIN HAJl TIEPECTAHOBKAMM 3A JIOIIOMOI'OIO
I'PA®IYHUX ITPUCKOPIOBAYIB

JlaBpancekuii A. O., ®aype E. B., Ckynbkuii A. b., bBazino K. B.
Uepkachkuii I1epKaBHUM TEXHOJIOTTYHHM YHIBepcUTeT, M. Uepkacu, Ykpaina

AHoTania. I'padiuni mpucKoproBad4i BHUKOPHCTOBYIOTHCS B 0araThbOX CYYaCHHUX KOMIT FOTEPHHAX
cucrteMax. BoHH CKJIaaroThCs 3 BEMHUKOI KUTHKOCTI OOUUCITIOBATEHUX OJI0KIB HEBEIMKOI MPOYKTUBHOCTI, 110
MOXYTb OyTH BHUKOPHCTaHi AJISl OHepaliil, siki BUKOHYIOTbCS MapajielibHO. Y TaKOMy BHUINAJKY 3arajibHa
MIPOAYKTHBHICTh AITOPUTMY 3HAYHO 301IBIITY€ETHCS MTOPIBHSHO 3 BUKOPHUCTAHHSIM LIEHTPAIHFHOTO MIPOIIecopa.
HocmimkeHHsT CTIMKOCTI MPOTH aTaku Tepebopy KPHUITOMPOTOKOMIB, SIKI BHKOPHCTOBYIOTH oOIepariii 3
MepecTaHOBKAMH, 30KpeMa, TPhOXETAITHOI'O KPUITOrpadiqHOro MPOTOKOITY, MOYKE BUKOHYBATHUCS ITapaielbHO
JUIA PI3HUX TEPEeCTaHOBOK. TOMy aKTyalbHHUM € BH3HAYECHHS MOXIIMBOCTI BHUKOPHUCTaHHS TrpadidHuX
MIPOIIECOPIB ISl MPUCKOPEHHS OTIepalliii Haja nepecTaHoBKaMd. [ 1iporo B poOOTI BHUpIMIEHO Taki 3amadi:
BU3HA4YEHO HAWOLIbII BUKOPUCTOBYBAaHI OMepallii Haj epecTaHOBKaMH; pO3POOJICHO MPOTpaMHUI KO/, SIKUI
peaizye 1 omeparlii Ta MOke BAKOPUCTOBYBATH arapatHi 3aco0u rpadiuHux MpolecopiB; BUKOHAHO OIIHKY
MPOMYKTHBHOCTI oOumnciieHb. OTpuMaHi B poOOTi pe3ynbTaTH CBiAYaTh MpO €(hEeKTUBHICTH BUKOPUCTAHHSI
armapaTHUX OJIOKIB rpadiuyHHX IMPOLECOpiB AJIS MPUCKOPESHHS ONepalii MHOXXCHHS MEPEecTaHOBOK, ajie 3a
YMOBH, SIKIIIO OTHOYACHO BUKOHYETHCS HE MEHIIIE IT°SITH TaKUX OTEPariii.

KarouoBi cioBa: mepectaHoBKH, TpadidHHii TMpolecop, aTaka mepedopy, KpunrorpadidHuii
HPOTOKOIL.

ACCELERATION OF OPERATIONS ON PERMUTATIONS USING GRAPHICS
PROCESSING UNITS

Lavdanskyi A., Faure E., Skutskyi A., Bazilo K.
Cherkasy State Technological University, Cherkasy, Ukraine

Abstract. Graphics processing units are used in many modern computer systems. They consist of a large
number of low-performance computing units that can be used for operations in parallel. In this case, the overall
algorithm performance significantly increases compared to the central processing unit use. Tests against a
brute-force attack of cryptoprotocols that use operations on permutations, such as a three-pass cryptographic
protocol, can be performed in parallel for different permutations. Therefore, it is important to determine the
ability to use graphics processing units to accelerate operations on permutations. For this, the following tasks
are solved in this study: the most used operations on permutations are defined; the program code that
implements these operations and can use graphics processing units’ hardware is developed; the performance of
different approaches is assessed. The results of the study indicate the effectiveness of the use of hardware units
of graphics processing units to accelerate the multiplication of permutations, but if at least five such operations
are performed simultaneously.

Keywords: permutations, graphics processing unit, brute-force attack, cryptographic protocol.

Beryn. TppoxeramHuii KpuntorpaiyHMi TPOTOKOI HAa OCHOBI IepecTaHoBOK  [1]
BUKOPHCTOBYE pi3HI orepallii HaJ| IepecTaHOBKaMH: MHOKEHHS, pO3KJIa]l y 100yTOK LUKJIIB, 110 HE
NEePETUHAIOTHCS, 3HAXO/DKEHHS 3BOPOTHOI TEPECTAHOBKM Towlo. K 1 Oyap-sKHi 1HIIHHA
KpUnTorpadiuHuil IpOTOKOJ, TPhOXETATHUHN KpunTorpadiqyHuil MPOTOKOJ HAa OCHOBI MIEPECTaHOBOK
MOXxe OyTH 3/1laMaHuil 3a JIOTIOMOrOI0 aTaku MOBHOro mepedopy. IIpoTe mapamerpu MpoOTOKOTY
MOBUHHI OyTH BU3HAYEH1 TAKMM YHHOM, 11100 MOXKJIMBUN Yac 371aMy IIPOTOKOJTY BiJIITOBIIaB BUMOTaM
70 #oro KpunTocTiiikocti. Pazom 3 TuM, pi3Hi anapartHi Gmokw, Taki sk iHcTpykuii SIMD (single
instruction, multiple data) [2] abo rpadivni mporecopu, MOXYTh 30UTBIINTH IBUIKICTH MEepedopy
MOXITUBHX KPUOTOTPaidHUX KIFOUiIB, SIKI BUKOPHUCTOBYIOTbCS B NMPOTOKOJI. TakuM YMHOM, JUIS
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BCTAHOBJICHHS [TapaMeTPiB MEPETBOPEHHS, 30KpeMa, JOBKHUHU KJIIoua Ta 3a0e3MeUeHHs] BU3HAUEHOT
KpurTorpadiyHoi CTIHKOCTI MPOTOKOJIY HEOOXIAHO BOJIOMITH 1H(GOPMAIUEO IIOAO IIBUAKOCTI
nepe0opy KITFOUiB 3a IOTIOMOTOIO CIEIialli30BaHUX anapaTHUX OJIOKIB.

VY HaifrpocTinioMy BapiaHTi, omeparii, 110 BUKOPUCTOBYIOTHCS JJIsl pOOOTH TPHOXETAITHOTO
KpUnTorpadgiqyHoro MpOTOKOIY HAa OCHOBI IEPECTaHOBOK, po3paxoByroThcs Ha CPU (central
processing unit) 3aragbHOro npu3HadeHHs. OTHUM 3 MiIXO/IiB, IO T03BOJISE MPUCKOPUTH BUKOHAHHS
oreparliif HaJ| epecTaHOBKAMH, € BUKOPHCTaHHs iHCTPpYKIiid SIMD. PazoM 3 TuM, sik moka3zano B [3],
nie OUTBHIIOrO MiJBUIIEHHS MPOAYKTUBHOCTI BUKOHAHHS OIEpaliii HaJ MepecTaHOBKAMU MOXKHA
JOCSITTH 3a JIONIOMOTOK0 cydacHuX rpadiunux mporecopiB — GPU (graphics processing unit).
3okpema, Bukopuctanss 1argopmu Nvidia CUDA Ha ocHOBI BUKOpuCTaHHsS coTeHb simep GPU
JI03BOJISIE 3HAYHO MPUIIBUIIUTH AJITOPUTMH, Ki 00pOOIIAIOTH BENHKI OJIOKM JaHUX: COPTYBaHHS,
BEHBIIET-TIEPETBOPEHHS, MOJICKYJISIpHA AMHAMIKA, MAITMHHE HAaBYaHHSI TOLIO.

MeTtor0 po60TH € MiIBULICHHS IIBUAKOIIT Onepaiiid HaJ MepecTaHOBKAaMH B TPHOXETAITHOMY
kpunrorpadiyaomy nporokodi [1] 3a paxyHok Bukopucranss miargopmu CUDA.

OcHoBHa yacTuHa. OHI€I0 3 HAMOUIBII BUKOPHUCTOBYBAHMX OIEpaliil y TPHOXETAITHOMY
kpunrorpadigHomy npotokodi [1] € MHOKeHHS niepecTaHoBOK. 151 omepariist BAKOPUCTOBYETHCS ISt

00O4NCIIeHHS 3HaueHb Y, —Y,, KIIO4iB O, 1 Oy, BU3HAYCHHS MOBIJOMIICHHS 77 . 3arajgoM OIM3bKO

MIOJIOBMHH OTIepaIliid HaJ| IepecTaHOBKAMH, SIKi BAKOHYIOTHCS B IPOTOKOJTI, I1€ OTepartii MHOKEHHSI.

J171st o1iHIOBaHHS IPOIYKTUBHOCTI OMEpaliiii MHOKEHHS [IePECTaHOBOK CTBOPEHO aJTOPUTM,
10 BUKOHYE MHOXEHHS JBOX repectanoBok Ha CPU (6e3 incTpykuiii SIMD) i GPU (3 CUDA).
[MopiBHSHHS MPOJAYKTUBHOCTI IMX pealtizaiiil BukoHaHo Ha 6a3i Google Benchmark [4]. loxuna
nepecTaHoBOK (ikcoBaHa 1 ckianae 32768 enemeHTiB. Y pob6oTti Bukopuctano CPU Ryzen 5 3600
ta GPU GTX 1070.

Pe3ynbrat ekcepuMeHTy CBiYaTh, IO MPOJYKTUBHICTE MHOKEHHS JBOX MEPECTAaHOBOK
st GPU ckiianae 6mu3bko 3100 MHOKEHB/CEKYHAY 1 € 3HaYHO HIKYOK0, HiK At CPU (61u3bko
12400 muOXeHb/cekyHay). Lleit pe3ynbraT mosicHIOETbCs 3 TOukH 30py apxitekrypu GPU. GPU e
JTUCKPETHOIO amapaTHO0 IUIAT(GOPMOIO 31 CBOIMH OOYMCIIOBAIFHUMH OJOKaMH Ta Iam’sTTIO,
nigkmrodeHoro 1o CPU muHoro manux. O6pooiieni B CPU nani, moBuHHI OyTH Hamiciani 1o GPU,
00pobiieHi Ta mepenani Hazan y nam st CPU. Take nepenaBanns nanux no ta 3 GPU 3aiimae
OlnbIIIe Yacy, HiXK caMa oreparlisi MHO>KEHHS, 1110 3yMOBIIEHO MOPIBHSIHO HU3bKOIO IIBUIKICTIO IIIUH
JaHUX.

BukonaeMo excriepuMeHTaIbHEe AOCTIHKEHHS TPOAYKTUBHOCTI peatizallii OuTbIIoro yncia
MHOKE€Hb TIEPEeCTaHOBOK. MHOXXKMHA TEPECTAHOBOK, MHOXEHHS SKHUX HEOOXIHO MPOBECTH,
dopmyetscs CPU B onepaTuBHiil mam’sTi Ta nepeminryerbes B mam’ste GPU, ae BinOyBaeThes
napasneibHe MHOKEHHS TIEPeCTaHOBOK. Y Cl pe3yabTaTH MepeMilnyroThcs B mam’sitb CPU.

Pe3ynbrat ekciepuMeHTY MOKa3yIOTh, IO MPOIYKTHUBHICTH MHOKEHHS MEPECTaHOBOK Yy
GPU nounHae nepeBuIyBaTH POIyKTUBHICTh aHajoriyHoi onepaiiii Ha CPU nounnatoun Bxe 3 5
napaneiabHUX MHOXEHb, 1ociraroun 3HaueHHs 01u3bko 14900 MHOXKeHb/cekyHy. MakcumalibHa
MPOYKTUBHICTE AocaraeThes 3a 1000 mapanensuux MHOKEHD (188000 MHOKEHB/CEKYHTY).

BucnoBok. Pe3ynbratu gocnimxeHHs cBiq4aTh, mo BukopuctanHs GPU 3amicts CPU st
napaselbHOr0 MHOKEHHS JIEKLIBKOX MEePECTaHOBOK He € e)eKTUBHUM. BogHoUac, BUKOpUCTAHHS
GPU Moxe 3HauHO MPUCKOPUTH Omepaiii MHOXKEHHSI BEJIMKOi KUIBKOCTI Map MepecTaHOBOK,
nocsratoun s 1000 mapanenbHUX MHOXKEHb MIABHINEHHS IMBUAKONII y 15 pas3iB BIIHOCHO
BUKOHaHHs MHOKeHHsI Ha CPU. Takum unHoM, Bukopuctanns miargopmu CUDA no3Bosisie GinbIin
TOYHO OIIIHUTH CTIHKICTh 1O aTakhu IOBHOTO IMepedopy TPHhOXETAITHOTO KpHUNTOrpadiyHOTO
MPOTOKOITY HAa OCHOBI IIEPECTAHOBOK Ta BCTAHOBHUTH BiJMOBIIHI TApaMETPU NIEPETBOPEHHSI.

Cnycox BUKOPUCTAHUX JKepeJ
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BUKOPUCTAHHS MIKPOCEPBICHOI APXITEKTYPH IK OCHOBH
JJIA 3BABE3IIEYEHHSA POBOTHU 3 JAHUMHU
B IHOOPMAIIMHO-AHAJIITUYHINA CUCTEMI JIJISI OLITHIOBAHHS
PIBHA PU3UKY BAHKPYTCTBA IIIIAIITPUEMCTBA

CinbkoBcbknii A. I1.
UYepkacbKuil 1epKaBHHUIA TEXHOJIOTIYHUH yHIBepcUTeT, M. Uepkacu, YkpaiHa

Anortanisi. Posrnsgaerscs muTaHHS O€3MeKW IepeJaBaHHS NaHUX MDK MiKpocepBicaMu, o
HaJeXaTh 10 TPynmu MikpocepsiciB iH(popmamiiiHo-aHamiTHaHOi cuctemu (IAC) mist oriHIOBaHHS PiBHA
pU3KKY OaHKPYTCTBa MiJNPUEMCTBA 3a JOMOMOTOK pPOOOTH 3 KINBKICHUMH IOKa3HWKaMH. 30KpeMa,
NPOTOHYETHCS ONWH 31 IUIAXIB PO3B'sA3aHHS W€l mpoOjeMu 3a JOMOMOrol BHUKOPUCTAaHHS OpOKepy
MOBIJIOMJICHb JUISI B3aeMOJii MK MikpocepBicamu. [IpencTaBiieHO OIS aBTOMAaTH3allii CepeIoBHINa
pO3rOpTaHHs, IO JO3BOJHUTH KEPyBaTW KOHTEHHEpaMH Ha PIBHI 130JIs1ii OKPEeMHUX IPOLECIB Ta yCYHE
HEOOXiTHICTh BTpy4YaHHS PO3pOOHMKA B TIPOIlEC YMPaBIiHHA MiKpocepBicamu. BaximBy poib Tpu IIbOMY
Biflirpae 3abe3meueHHs BimMoBocTiMKOCTI rpymu MikpocepsiciB IAC. IlpencraBmeHo ormisa peasizarii
noniiHO-opieHTOBaHOi apxiTekTypw, a Takox Ul Driven Design migxomy mpu CTBOpEHHI MpoOTrpamMHHUX
3aCTOCYHKIB 3 BUKOPUCTaHHIM MiKpocepBicHOI apxitekTypu. [IpeacraBneno peanizamito npuniumis SOLID
SK OCHOBHU Juisl MOOYyn0BH iH(OpMaliiiHO-aHATITHYHOT CUCTEMH Ha OCHOBI MIKPOCEpBICHOI apXiTeKTypH,
KOJIM OJTUH MIKPOCEPBIC Ma€ JIMIIE OJHY 30HY BIAMOBIJAJILHOCTI, a CYKYITHICTh YCIX MiKPOCEPBICIB TapaHTye
TTOBHOI[IHHUH (pyHKITIOHATT.

KarouoBi ciioBa: MikpocepBicHa apxXiTeKTypa, IIONIHHO-Opi€EHTOBaHA apXiTeKTypa, Opokep
HOBiIOMJICHB, aBTOMATH3aLlisl CEPEIOBUIIIA PO3TOPTAHHS.

USE OF MICROSERVICE ARCHITECTURE AS A BASIS
FOR PROVIDING WORK WITH DATA
IN THE INFORMATION-ANALYTICAL SYSTEM
TO ASSESS THE RISK OF ENTERPRISE BANKRUPTCY

Sinkovskyi A.
Cherkasy State Technological University, Cherkasy, Ukraine

Abstract. Secure data transfer between microservices belonging to the group of microservices of the
information-analytical system to assess the level of risk of enterprise bankruptcy by working with
quantitative indicators is considered. One way to solve this problem by using a message broker for moving
data between microservices is also suggested. An overview of the deployment environment automation is
presented, which will allow to manage containers at the level of isolation of individual processes and
eliminate the need for developer intervention in the microservice management process. Providing fault
tolerance of microservices plays an important role in this process. The main elements of event-oriented
architecture and Ul Driven Design are described. They are used to create software applications using
microservice architecture. The implementation of SOLID principles as a basis for building an information-
analytical system based on microservice architecture is presented, when one microservice has only one area
of responsibility, and the totality of all microservices guarantees full functionality.

Keywords: microservice architecture, event-oriented architecture, message broker, deployment
environment automation.

Beryn. ¥V paMkax aumcepTaiiifHOro JOCHIKEHHS aBTOpa po3polisieTbest iH(popMarlliiHo-
aHaJTITUYHA CUCTEMA JIJIsl OIIHIOBAHHS PIBHS PU3HMKY OAHKPYTCTBA MIAMPUEMCTBA, 0, 30KpEMa, €
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IHCTpyMEHTOM i [1]: OILiHIOBaHHS MOTOYHOTO CTaHy MiANPHEMCTBA Ha OCHOBI aHaJi3y CTaHy
pi3Hux OGizHec-mporeciB ((piHaHCOBUX, BUPOOHMYMX, YIPABIIHCHKHX, KAJAPOBUX, MAPKETUHTOBUX
IHHOBAIIIMHKX ); OI[IHIOBaHHS PiBHS PU3UKY OAHKPYTCTBA MIIIMPUEMCTBA (3a JOIIOMOTOI0 METO/IiB
JUCKPUMIHAHTHOTO aHaJi3y, amapary HedYiTKHX MHOXHH [2]) Ta HagaHHA pEeKOMEHIalii
KEPIBHUIITBY IIOJI0 3MCHIICHHS IIbOTO PU3UKY; MOOYIOBU CTpaTerii pO3BUTKY MiANPHEMCTBA HA
OCHOBI PEeKOMEH/ a1}l iHpopMaIiiHO-aHATITHYHOI CHCTEMHU.

ITocTranoBka 3aaaui. BaxxmBumu npobiemu, 1o peatizyrorbes 3a3HaueHor0 [AC Takox €:
EKCIIOPTYBaHHS/IMIIOPTYBAHHST JTaHUX [110/3 1H(OPMALIMHUX CHUCTEM IOAATKOBOI CITYXOH,
JepkaBHOI (PiCKATBHOT CITYKOH Ta THIITUX CTYKO0, 3 IKMMH KOHTAKTY€ MIAMPUEMCTBO; (POPMYBaHHSI
3BITY 3aJIe)KHO Bi 00panoi popMu Ta TUIY 3BITY; CHPOIIECHHS JOKYMEHTOOOITY 1 KOMYHIKaIlii MK
BIIJIIJIAMU TMIANPUEMCTBA; BHU3HAYCHHS Ta BaJlIyBaHHS BXITHUX JaHUX; Oe3leyHa Irepeaada Ta
30epiraHHs JaHUX;, CTBOPEHHS aBTOMATHMYHHUX IIIJIKa30K Ta aBTO3AMOBHEHHs naaHuX. g ix
BUPIIIEHHS MPONOHYETHCS BUKOPUCTOBYBATH 1H(POpPMAIIIifHY TEXHOJIOT1I0 Ha OCHOB1 MiKPOCEPBICIB.

Metoro podotu € immiemenTanist 10 MVP (Minimum Viable Product) rpymnu mikpocepsicis
IAC st OIiHIOBaHHS PiBHSI PU3HKY OaHKPYTCTBA MiANIPUEMCTBA, IO 3a0€3MEUYIOTh ONPAIOBAHHS
JIAHUX, 10 XapaKTEePU3yIOTh KUIbKICHI MOKa3HUKHU IiSUTBHOCTI MIATPHEMCTBA.

OcHoBHa yactuHa. [l cTBopeHHs rpynu MikpocepBiciB IAC ans ouiHIOBaHHSA pPiBHS
pu3uKy OAaHKPYTCTBA MiJIPUEMCTBA, IO CIIEHIATI3YEThCA HA POOOTI 3 KUTbKICHUMH JTaHUMH, OyIa
BUKOPHCTaHa MOBa IIpOTrpaMyBaHHs Java.

VY rpymi MiKpOCEpBICiB, MIO CHEMiai3yeThCsi Ha POOOTI 3 KUIBKICHUMH ITaHWMH, MOXHA
BU3HAYUTH OCHOBHI MIKpOCEpBicH, 0 sKHX BimHOcAThCs: «lHTepdeiic kopucryBaua» (Ul),
«Cuctema o0miky» (Accounting system), «Cucrema 3BiTHOCTI» (Report system), «Cucrema
KoHCTpytoBaHHs 3BiTiB» (Report builder system), «Cucrema kepyBanns manumu» (Data manager
system) (pucyHok 1).

— B8 |
il Accounting i 1| Remote storage :
| system ' | service : 1
_________________ i| Report builder |:
i system :

REST Report system  |r----------meennnn ’

Kafka broker

R ——

Pucynok 1 — I'pyna mikpocepgiciB [AC, 1o crerianizyerbes Ha poOOTi 3 KUTbKICHUMU JaHUMH

Koxen cepsic 3 rpynu mikpocepBiciB IAC 11 OIiHIOBaHHS PiBHS pU3UKY OaHKPYTCTBa
HiAIPUEMCTBA, 1O CIEHiali3yeTbcs Ha poOOTI 3 KUIBKICHUMHU JaHUMH, MOOyIOBaHI HaBKOJIO
0i3Hec-oTped, KOJIM KOXEH CepBIC BIANOBIJAE 3a KOHKPETHUH MpOIEC Ta PO3TOPTAETHCA
HE3aJIC)KHO OJIMH BiJl OJTHOTO 3 BUKOPHCTAaHHSIM aBTOMAaTH30BAHOTO CEPEIOBHINA pO3ropTaHHs. Lls
rpyna mikpocepsiciB BukopructoBye REST APl ta Apache Katka ans B3iemozii oquH 3 oqHuM.
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Bubip Apache Kafka, sk Opokepa moBigomisieHb Uil JaHOI TPYIMU MIKpOCEpBICIB OyB
CIPUYUHEHUH PSIOM OCHOBHUX MPUYHH [3]: MOBIJOMIICHHS MOXKYTh JyOIIOBATUCS AJISl ACKITBKOX
MIKPOCEpBICIB OJIHOYACHO; TOBIJIOMJICHHS HE TOBHMHHI OyTH BTpad€HI MpU TMepeaadi Mix
MiKpocepBicaMy; IeKIJIbKa MIKPOCEpPBICIB MOKYTh CIIOXKMBATH OJIHI i Ti cami J1aHi; OBIJOMJICHHS
MOXXYTh MICTHTH JIeTajIi30BaHui, 00'eMHUI payload.

Yac rapanToBaHoro 30epiranHsi JaHUX Ha OpOKepi MOXHA KOHTPOJIOBATU 32 JOMOMOTOIO
CIeliaJIbHUX HalallTyBaHb. TpHUBAIiCTh 30epiraHHs MOBIJOMJICHh HE BIUIMBAE Ha 3arajbHy
IPOAYKTHBHICT CUCTEMHU.

Apache Kafka yMOBHO ckiaiaeTbes 3 TphOX KOMIIOHEHTIB (PUCYHOK 2): cepBep (Opokep);
npomtocep (producer) — HaJCUIIae TIOBIIOMIICHHS OpOKepy; KOHCBIOMEp (concumer) — 4HTae I
MOBIIOMJICHHS, BUKOPUCTOBYIOUM Mozenb pull [3].

producer kaflka broker concumer

Pucynok 2 — Komnonentu Apache Katka

B peamizoBaniii Tpymi MIKpOCepBiCiB, M0 3a0e3meuyroTh pPoOOTYy 3 KUIbKICHUMH
MOKa3HUKaMH, Mpojrocepamu € «Crucrema o0iKy», a 0JIHOYACHO 1 TPOJIOCEPOM 1 KOHCIOMEPOM
BUCTYIAIOTh HACTYIHI MikpocepBicu: «Cucrema KepyBaHHs JHaHUMU», «CucTeMa 3BITHOCTI,
«Cucrtema KOHCTpYIOBaHHS 3BiTiB». OCHOBHOIO i7IC€F0 BUKOPHCTaHHS OpoKepa MOBiIOMIICHB, a
caMe TPOJIFOCEPIB Ta KOHCBIOMEPIB, JJIs 3B’SI3KiB MK MIKpPOCEpBICaMHM, € peati3allis MOoIiiHO-
opieHTOBaHOI apxiTekTypH [4], a Takoxx UI Driven Design minxony [5].

JUis  onucaHHS KOHTPAakTiB IOBIIOMIIEHb, IO TEPENAIOThCS MIDK MPOJIOCEPOM Ta
KOHChIOMEpOM BUKOpHCTOBYeThbcs AsyncAPI [6]. ILleit iHcTpyMeHT [03BOJIsi€ BH3HAYATH
iHTep¢eiicu acunxpoHHux API 1 He 3aneXuTh Bi MPOTOKOTY. ABTOMaTUYHA TeHepallis Koay A
TaKUX MOB IporpamyBaHHs sk TypeScript, Java, C# Ta iH. € BATOMUM apryMEeHTOM, IO J103BOJISIE
JEKITBKOM pO3pOOHMKAM TPAIlOBaTH MapajielbHO 3 PI3HUMH MiKpocepBicaMH, siKi OyIqyTh
BUKOPHCTOBYBATH CIIUJIBHUN KOHTPAKT JJI1 KOMYHIKaIlil OJTUH 3 OJTHUM.

Buxopucranns REST, mo € crunem nusaitny API, saxuit o3Hauae nepenady ctaHy neperisaay,
3yMOBJIEHO MPOCTOTOK0 MAaCIITA0OBAaHOCTI, THYYKICTIO Ta HEOOXITHICTIO 3pYyYHOTO JOCTYIY JO
JnokyMeHTanii. Jlns 3pyyHOro MpeacTaBieHHs AOKYMEHTAIlll AJi OCHOBHHMX KIHIIEBUX TOYOK
BUKOpUCTOBYETHCST OpenAPI [7], mo siBisie coboro GpopmarnizoBany crienudikaiito 1 eKOCUCTEMY 3
BEJIMKOIO KUIBKICTIO 1HCTPYMEHTIB, 110 3a0e3mneuye iHTepdeiic Mix front-end cucremu, xojom
6107110TeK HU3BKOT'O PIBHS 1 KOMEPIIMHUMHU pillleHHIMHU y BUrsial APL

Jns  aBTOMaTHM3alii cepeoBMINA PO3TOPTaHHSA, M KOXHOTO 3  MIKPOCEpBICIB,
BUKOPHUCTOBYEThcs cuctema Docker [8], 1m0 q03Bossie kepyBaTu KOHTEHHEpaMH Ha PiBHI 13055111
oKpeMux mporeciB, Ta cucrema Kubernetes [9], mo nomomarae macmtaOyBaTu Ta KepyBaTH
3aCTOCYHKaMHM y KOHTeiHepax. Bukopucranus konrelinepis (Docker) Ta opkecrpanii (Kubernetes)
JUIA  YIIaKOBKM, PO3rOpTaHHS 1 OOCIyroBYBaHHS MIKPOCEpPBICHOI apXITEKTYpH [JO3BOJISE
MaciITadyBaTH Ta KOHTPOJIFOBATH CTaH SIK OKPEMUX MIKPOCEPBICIB, TaK 1 CHCTEMH B ILIIOMY.

Sk BinjaneHe cepBiC-CXOBMIE JAHUX BUKOPUCTOBYeThCs Amazon S3(Amazon Simple
Storage Service). Lleii cepBic Haiae MOXKIIMBICTB 30epiraTu it OTPUMYBATH JaHi OYIb-IKOT0 00CsTY,
y OyIb-SIKHit Yac 3 OyIb-sIKOi TOYKU MEPExki, TOOTO, Tak 3BaHU, (aitnosuii xocTurr [10].

KoskeH 3 BHIIe3a3HaY€HUX MOIYJIIB BUKOHYE CBOIO CIENU(DIUHY pOJIh Ta CIIBIIPAIIOE OJIHUH 3
OJIHUM 32 JIOTIOMOTOI0 CIIUJIBHUX KOHTPAKTIB. Lle CTBOPIOE MOBHOIIIHHY CUCTEMY, SIKa BiJIOBIJIA€ 32
po0OTY 3 KUIbKICHUMU MTOKa3HUKAMU BBEJIEHUMU a00 3aBaHTa)KEHUMHU KOPUCTYBaUEM.
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BucnoBku. Ha crorogni He iCHye mporpaMHOTO 3a0e3MedYeHHs Ha PUHKY 1H(GOpMAaIiitHUX
TEXHOJIOTiN YKpaiHu, sike O moenHyBajo B co0i B3aeMofilo 3 iH(OpMaifHUMHU CHCTEMaMH
MOJATKOBOI CIIy)kOu, AepkaBHOI (pickambHOI CiykOM Ta iHGOpPMalIMHUMH CHCTEMaMH I1HIIMX
cIyk0, 3 SKUMH KOHTaKTy€ HWIANMPUEMCTBO, a TAaKOX, MPOTPAMHOTrO 3a0e3NedeHHs, sKe O
Joriomarajo B GopMyBaHHI 3BITHOCTI B 3aJI€XKHOCTI BiJl 00paHOi OopMHU Ta THITY 3BITY, B CIIPOIICHH1
JOKYMEHTOO0ITy 1 KOMYHIKaIii MiX BiJiilaMH HiANPHEMCTBA, Yy BU3HAUCHHI Ta BajilyBaHHA
BXI/IHUX JIaHUX, B CTBOPCHHI aBTOMAaTUYHHX MiJKa30K Ta aBTO3aIIOBHEHHS JIaHUX Ta rapaHTyBaJIO
0 Oesmeuny niepenavy Ta 30epiraHHs JaHUX.

Y pamkax AMCEpTAIlifHOrO JOCIi/KEHHS pPO3pOOJIEHO Ta YacTKOBO BIIPOBAKEHO
iH(pOopMariifiHy TEXHOJIOTiI0 Ha OCHOBI rpymu MikpocepsiciB IAC 1 OLiHIOBaHHS PIBHA PU3HKY
OaHKpyTCTBa MIAMPUEMCTBA, IO BIAMOBIAAIOTH 3a POOOTY 3 KUIbKICHUMH JTaHUMH, BU3HAYEHO ii
NPU3HAYCHHS IS JISUTBHOCTI MIJIPUEMCTBA Ta TaKOX SBISETHCS YACTUHOIO iH(OpMAIiHOT
TEXHOJIOTII, sika O 3aJ0BOJIbHWJIA BHWINE3a3HaueHl MoTpeOu. HaBemeHo Xim po3poOKH Tpynu
mikpocepsiciB IAC Ta npuHIUI po3poOKH CTATUCTUYHOTO arapary.
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METO/I 3rOPTKU I'PA®OBUX MOJIEJEA INPOI' PAMHHUX KOMIIOHEHTIB
JJIs1 AHAJI3Y IMHAMIYHUX BJIACTUBOCTEU NPOT'PAMHUX CUCTEM

Cynpynenko O. O., I'pedenosuu IO. €.
Yepkacbkuil HallioHanbHUH yHiBepcuTeT iMeHi bornana XmenbHuipkoro, M. Yepkacu, Ykpaina

AHoTanisi. MeTa I0CHIHKSHHS T0JISrae y 3MEHIIEHHI pOo3MIpHOCTI rpad)oBOi MOJIENi MPOrpaMHOro
KOMIIOHEHTa Oe3 BTpaTH €JEMEHTIB MapalelbHUX 1 KOHKYPYIOUHMX HpomueciB. 3aBHaHHS poOOTH —
cUCTEMaTH3allisl BapiaHTIB KOHCTPYKUIH A PEKOMIIO3MILII MOJENi MporpamMHoi cuctemu, (OpMyBaHHS
MPaBHJI 1HKAICYJIALIT €JIEMEHTIB MOJCII MPOrPaMHOT0 KOMIIOHEHTA, IO JI03BOJIUTH 30€PErTH CIIEMEHTH,
noB’si3aHi 3 mapaienisMoM. O0’€KTOM IOCTIIKEHHS! € MOZAEJb MPOrPaMHOro 3a0e3Me4YeHHs 3 CyTTEBUM
napaenisMoM Ha ocHOBI Mepex [leTpi; mpenMeToM IOCTiIKEeHDb € AUITHKH MOJENI B MIiCLSIX PO3ralyKeHb
Ta 3JUTTS HapalieIbHUX MOTOKIB, TAKOXK JIIISTHKY, Ha SKHX MEPEIUITalOThCS TapajelibHi TOTOKH, IUKIU Ta
BEPUIMHNA KOHTPOI0. MeTOoIH JTOCIIKeHb: KOMIIOHEHTHO-OPIEHTOBaHE MOJICIIOBAaHHS, Teopis rpadis,
MaTpUYHUA onuc ouiHHMX Mepex llerpi. Pesympratu nmocnimkeHb monsirailoTe y (OpPMYBaHHI METOLY
3TOPTKH ISl 3MEHIIEHHS PO3MIPHOCTI MOZEJIEeH NPOrpaMHHUX KOMIIOHEHTIB, LIO JIO3BOJISIE TOTPUMATHCH
oOMesxeHb 1o po3MipHOcTi Mojesei [13 st iX aHamizy METoZI0M iHBapiaHTIB.
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Kuarou4oBi ciaoBa: Momens TPOrpaMHOTO KOMIIOHEHTA, IMapajielibHi TpolecH, Mepexi lletpi,
PEKOMITO3HITISI MOJEIi, METOJI 3TOPTKH.

CONVOLUTION METHOD OF GRAPH MODELS OF SOFTWARE COMPONENTS
FOR ANALYSIS OF DYNAMIC PROPERTIES OF SOFTWARE SYSTEMS

Suprunenko O., Grebenovych J.
The Bohdan Khmelnytsky National University of Cherkasy, Cherkasy, Ukraine

Abstract. The purpose of research is to decrease the dimension of the graph model of software
component without losing elements of parallel and concurrent processes. This paper has the objective to
systematize construction variants for the recomposition of the software model, to obtain the encapsulation
rules of elements of the software component model which helps to save elements associated to the
parallelism. The object of research is a software model with significant parallelism based on Petri nets; the
subject of research is the areas of the model in the places of branching and merging of parallel flows, as well
as areas where parallel flows, cycles and control vertices are intertwined. Methods of research are:
component oriented modeling, graph theory, matrix description of Petri-nets. The results of the research are
to form a convolution method to reduce the dimensionality of software component models, which allows to
comply with the limitations on the dimensionality of software models for their analysis by the invariant
method.

Keywords: software component model, parallel processes, Petri nets, recomposition of model,
convolution method.

Beryn. Ilpu 3acrocyBanHi komOiHOBaHOTO Tiaxomy [1] Ta IHCTpyMEHTIB Ha OCHOBI Mepex
[Tetpi (PN), nyst moO6ynoBu 1 aHanizy Moiesei 3 mapaneaizMoM MOTPiOHO JOTPUMYBATHCh PUHIIMITIB
noOy/I0OBH MOJIelli, CIPSIMOBaHI Ha CIHpoOIIeHHA ii (opMyBaHHA Ta ajanTamii 1O Bi3yaJbHO-
acoI[iaTMBHOTO Ta IHBapiaHTHOTO aHami3y. [Ipu nmpoBeaeHH IHBapiaHTHOTO aHai3y [2] € 0OOMeXeHHS
PO3MIpHOCTI 33/1a4i, 0 TO3BOJISIOTH PO3PaxXyBaTH IHBAPIaHTH 33 MPUHUHIATHUHN Yac. JIJIst IPUKITaTHIX
3aa4 Bubuparoth oomexeni PN (finite-capasity net), 1ociimKyOTh po3B’si3aHHs MPOOIEM aHATI3Y
KOMIIOHEHTHUX [3], BKiIageHux [4] Ta iHmmx oomexenux [S] mepex Ilerpi.

Meta pobdotn — y popMyBaHHI METOJly 3TOPTKH, SIKUH 103BOJISIE MPOBECTH 1HKAIMCYJIALIIO
€JIEMEHTIB MOJIENI MPOrPaMHOT0 KOMITOHEHTa, 30epiraloyn OmucC MapaieIbHUX Ta KOHKYPYIOUHX
IPOIIECiB, UM 3MILIAHUX KOHCTPYKIIIH (MapaienbHi HOTOKH, UK Ta BEPIINHU KOHTPOJIIO).

IToctanoBka mnpobGaemu. /s AMHAMIYHOTO aHamizy rpadoBUX MofeNneld CyTTEBUM
00MEXyI0UNM (PAKTOPOM € PO3MIPHICTh MOJIENi, 3HaYHE 3POCTaHHS PO3MIPHOCTI ITPH 3aCTOCYBaHH1
METONy 1HBapiaHTiB [2] NPUBOAUTH OO EKCHOHEHLIWHOTO 3pOCTaHHS Yacy Ha pO3paxyHOK
iHBapiaHTiB. {1 po3B’s3aHHS NpoOIeMU y peAyKOBaHiM MoZesi 3ajiMIIaoTh JIMIIE €IeMEHTH 3
MapayieNbHICTIO, KOHKYPYIOUMMHM TpOIlECAaMU YHM 1HIN CKJIaJHI KOHCTPYKIIi, TOB’s3aHl 3
napaneai3MOM.

Po3B’sizanns npo6Jsemu. Ha 1-my erani yci MoJieni KOMIIOHEHTIB aHAII3yIOThCS OKPEMO, a
BIUIMB MDKKOMIOHEHTHHX 3B’S3KiB Ta 30BHIIIHIX (DAaKTOpPIB HAJAIUITOBYETHCS B YIPABISIOUMX
BEKTOPAax BIAMOBIAHUX BeplIuH. [Ipu ycnintHoMy mpoxo/KeHHl 1-ro eramy BIAJAropkeHi MOJel
KOMITOHEHTIB (cyOMo/ieli) 30upatoThes y 3arajbHy MOJIENb IUIIXOM MOCIIOBHOTO MiKIIOYEHHS
cyOMozieneil 10 4acTKOBOi MOJIEl CUCTEMH, 110 BUKJIMKA€E MIBUAKE 3pOCTaHHS po3MipHOCTIi. g
MPOBEJICHHS aHATITHYHUX JOCTII)KEHb YaCTKOBOI MOJIeJIi He0OXiJHe 3HIKEHHS 11 pO3MIpHOCTI, 1110
JOCSATAETHCSI 3TOPTKOI0 JIUJISTHOK, SIKi HE MAalOTh KPUTHYHUX BIACTHBOCTEH. AJleé MOMIJIMBOCTI
3rOPTKU HE OOMEKYIOThCS 33/1a4€10 MOKPUTTSI CTPYKTYPH OUIBIIT IPOCTUMHU MOJU(IKAIIIMI MEPEX
[Tetpi, st axux noBeaeHi 0e3nedexTHi BIacTUBOCTI. MeTom 3ropTKH Ma€ psJl MPaBWIIL, 3a SIKUMH
IPOBOJIUTHCS 3TOPTKA TUISHOK YaCTKOBOI MOJIEN /ISl 3SMEHIIEHHS il pO3MipHOCTI.

Ilpasuno 1. Jlinsaka cyOMozeni, 0 Ma€e OJHY BXIAHY i OJIHY BUXIJHY BEPIIUHU MICLb 1 HE
Mae 3B’S3KiB BiJl BHYTPIIHIX BEpIIMH, 3rOPTAETbCA B OAHY BepiMHy Micug. IIpaBuio Takox
3aCTOCOBYETHCS JI0 AUISTHOK CYMIKHUX CyOMOJIeNe 3 TakuMHu >k oOMekeHHsaMH. [Ipu BcTaHOBIIEHHI
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JIOMAaTKOBUX 3B’SI3KIB 3 IHIIMMH €JIEMEHTaMH MOJeNl pO3IIIAIal0Th BaplaHTH iX 3B’SI3KYy 3
BEPIIMHOIO 3rOPTKHU Yepe3 BIAMOBIIHY BEPIIMHY MEPEeXo1y, HalpHKia, yepes t2 Ha pucyHky 1, b.

Pucynok 1 — Ipuximan 3ropTku ciabko Pucyrok 2 — IIpukiaj 3rOpTKY IHKITIYHAX
3B’sI3aHUX €JIEMEHTIB CyOMoeri KOHCTPYKIIM Y BCPIITUHY MICIIA

Ilpasuno 2. Bci pgiunstHkr cyOMojeni, TOKPHTI aBTOMAaTHUMH Ta MapkoBaHuMu PN,
3TOPTAIOThCS Y BEPIIMHY MicCI. SIKIIO AUISHKA OOMEXKYETHCS BEpIIMHAMHU IEPEXOJIiB, BOHA
3rOpPTAETHCS Y BEPIIMHY MICI, sKa i mepeaye; npH ii NepeoOTsDKEHHI HANAIITYBAaHHIMHA — Y
BUXIJIHY BEPIIMHY MiCLS €] TUISHKH.

Ilpasuno 3. Tlpu 3ropTiii KOHCTPYKIINA THUITY «KPUTHYHOTO PO3AUTY» Tpyla OB’ S3aHUX
€JIEMEHTIB 3TOPTAETHCS Y BEPIINHY ITEPEXOY, IO MA€ SIEMEHTH MOJICII MK BepiuHaMu ty - te.

Ilpasuno 4. [1pu BUANICHHI TOBUIBHUX [UKIIYHUX KOHCTPYKI[if, BOHH 3rOPTAIOTHCS Y Mapy
BEPLUINH 77(pg,t, 4)> Y AKAX 32 OTPEOH BCTAHOBIIIOKOTHCS 3HAYCHHS B YIPABIIAIOYMX BEKTOPAX.

SIK110 € BUXiTHA BEPIUIMHA IIEPEXOTY /10 3TOPHYTOI (MicIs), y sIKiil He 3MIHIOETHCSI KUTBKICTh Ta Bara
BXIJJHMX Ta BUXIAHHUX OYT, 3TOpTKa BiJOYBa€ThCS y BEpUIMHY Miclid. Tak, MpU BUOKPEMIICHHI
JIOBUTBHUX IMKJIIB 3rOpPTKa BigOyBaeThcs y mapy BepinuH (pucyHok 1) p41 Ta t%. Bepmuna
nepexony t2 momana sk 3B’si3Ka U1 HoTpuMaHHs npaBwi PN. Aje € BUHSTKHM — MPHU 3rOPTIi
KOHCTPYKIIii (PHCYHOK 2, &) y BEepIIHHY Micit P o (pucyHoK 2, b) morpebu y 1o/1aBaHHI BEPIIUHH
MEepexo/1y He BUHUKIIO, POJIb 3B SA3YI0UOi 3aUIINIACK 32 4.

Ilpasuno 5. SIxkmo y cyOmoneni BUIUISETBCS poO3rajy’kKeHa AUISTHKa CHJIBHO 3B’SI3aHHUX
€JIEMEHTIB, OOMeKeHa BEepIIMHAMH TEePEXO/IiB, BOHA 3TOPTAETHCS 0 BEPIIMHH MEPEXOy, SKIIO
Taka JUITHKa OOMEXKEHa BEpIIMHAMU MiCIlb, BOHA 3TOPTAETHCA JO BEPIIMHUA MICISI YU [0
17(Pst+ts s Popg) A1 BCTAHOBJICHHS XapaKTEPUCTUK (HAIPHKIAJ, YACOBHX).

Ilpasuno 6. Slkumo BupieHa IUISHKA CWJIBHO 3B’S3aHMX €JIEMEHTIB MOYMHAETHCS BiJ
BEPIIMHH MICI 1 3aKiHIY€THCS BEPIIMHOIO MEPEXO/y, TO BOHH 3TOPTAIOTECS Y MAPY 77( Pyt g) 1

NEepPEeBIPSIETHCS HAJIATOJDKEHHS YIIPABIISIOUOTO BEKTOPA Y fend. SIKIIO MiISIHKA MOYMHAETHCS Bij
BEPIIMHH [EPEXOY 1 3aKIHIYEThCS y BEPIIMHI MICI[s, 3rOPTKA BIIOYBAETBECA Y MAPY 77(ty;, Popg) |

XapaKTEPUCTUKHU KIHIEBOT BEPIINHU MiCIsl TOTPEOYIOTH MEPEBIPKU HA OOMEKEHICTb.
Ilpasuno 7. KoHCTpyKIii, SIKi BIANOBIAAIOTH MaTepHaM MEPUIOi MIArpynu Apyroi rpymnu [6],
MOXYTb OYTH 3TOPHYTI y KOHCTPYKUIIO THIY 77(Pg,t;, Pgrq) 3 HANATOKEHHSAM YIPABIISIOHYOr0

BEKTOpA 1A 1.

BuznauaeMo, 4n BiIOKpeMIIEH1 AUTSTHKY IEPETUHAIOTHCS, SIKILO TAK, TO 3rOPTAEMO TY 3 HUX, KA
Mae OUIblIe YUCIIO BEPILUH. 3a MpaBHiIaMH 3TOPTKH KIACU(PIKyeMO BUUIEH] TUISIHKA Ta BUOUPAEMO
THI KOHCTPYKIIIT T 3rOPTKU KOXKHOI 3 HUX. 3TOPTKY MPOBOIUMO HOCIIIIOBHO 3 KOXKHOIO 3 BUIILIIEHUX
JUTSTHOK. SIKIIO MeBHA TUISTHKA MIEPETHHAETHCS 3 HIIOO, ajieé Ma€ MEHIITY KUJTbKICTh BEPIIUH, TO BOHA
HE 3rOPTa€ThCs, ajle MOXKE PO3IIIAAATUCh HAa HACTYITHOMY KPOIIl 3TOPTKH.

BucnoBku. Takum uyMHOM, mpu 30upaHHI cyOMmojeneil y wyacTkoBy Mozenb [I3
IPOBOAUTHCA X PEKOMIIO3MIIsI 3 BHUKOPHUCTAHHSAM METOAY 3TOPTKM, IO NPUBOAUTH JI0
3MEHIIIEHHS Po3MipHOCTI Mojeni. [IpormoHoBaHMiT METO A J03BOJISIE 3TOPTATH HE JIUIIE TITISTHKA
MOjIe, 110 TOKPHUBAIOTHCS OUIbII MPOoCcTUMU MoAudikamisMu mepex [lerpi, st Skux n1oBeaeH1
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O0e3nedexTHi BractuBOCTl. [lpaBwmiia, BU3HA4YEeHI y METOAl 3TOPTKH, MO3BOJISIOTH 3ropTaTH 1
CKJIaJIHI KOHCTPYKIIi, B SKHX NEPEIUIITAIOThCS MapajelbHi MOTOKH, LMKIW Ta BEPIIMHU
KOHTPOJTIO.

[Tpu mpakTHYHOMY 3aCTOCYBaHHI METOAY 3MEHIIEHHS po3MipHOCTi gocsirae 30%, 110 3Ha4HO
CIPOIIY€E iMiTalliHEe JTOCIHIIKCHHSI Ta aHaTi3 TUHAMIYHHUX BJIACTUBOCTEH MOOYTOBAaHMX MOJIEIICH.
Pa3om 3 TUM BCi CyTTEBI KOHCTPYKIIii, TOB’s3aH1 3 apayiesi3MOM YM KOHKYPYIOUUMH MPOIecaMu
3aJUINAIOTECS Y MOJENSAX MPOrpaMHHUX KOMIIOHEHTIB 1 JI03BOJISIIOTH AHATITUYHUMHU METOJAMH
MPOBOJIUTH BUSBJICHHS SIBHUX Ta IPUXOBAHUX MMOMUJIOK Y YAaCTKOBIH MOJIENI Ta MOJIeITi TPOrpaMHO1
CHUCTEMH B IIIJIOMY.
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OCOBJIMBOCTI 3BACTOCYBAHHA KOMBIHOBAHOI'O INIAXOAY
JIO IMITAIIIMHOT O MOJEJIIOBAHHSI ITPOTPAMHOTI'O 3ABE3ITEYEHHSI
3 ITAPAJIEJII3MOM ITPU JOCJIZKEHHI MOAEJII MIKPOCEPBICY

Cynpysenko O. O., Onnmenko b. O., Hexonocko I1. M.
Yepkacbkuil HallioHanbHUH yHiBepcuTeT iMeHi bornana XmenbHuipkoro, M. Yepkacu, Ykpaina

AHoTanisi. MeTa MociKEHHS TMONSrae y T0BeJAeHHI e()eKTHBHOCTI 3aCTOCYBaHHS KOMOIHOBaHOTO
MiJXoay 10 iMiTariiiiHoro mozenmoBanHs [13 3 mapaienizMoM Ha MPUKIAJI MPOTPAMHOTO MiKpOCEPBICY.
3aBmanHa poboTn — moOynoBa imiTauiiHOT MoAeNi MiKpocepBicy Ta il aHami3, BUSBICHHS HEAONIKIB Y
(GyHKIIIOHYBaHHI MiKpocepBicy, (OpMyBaHHS TPOEKTHHX pilleHb 0e3 (YHKIIOHATBFHUX HEJOMIKIB.
O0’€eKTOM JIOCTIDKEHHS € IMITalliiiHa MOJIeNIb MIKPOCEPBICY 3 Mapaliei3MOM; MPEAMETOM JIOCIIDKEHHS €
(YHKIIIOHABHI HENOJIKM Ta BapiaHTH IX YCyHEHHsS. MeTonu IOCIiKeHb: KOMIIOHEHTHO-OPi€EHTOBaHE
MoJieIFOBaHHs, Mepexi [leTpi, koMOIHOBaHUH MIIXIJ 0 IMITAI[ITHOrO MOJICITFOBAHHS MPOTrPaMHUX 3ac00iB
3 mapaienizMoM. PesynbTaTH JIOCIHIDKEHb TMOJIATAIOTh y 3acTOCYBaHHI KOMOIHOBAHOIO IMiJAXOAY O
iMiTarifiHoro mojnemosanHs 113 3 mapanenizMoMm JUisi BU3HA4YeHHSI JUHAMIYHUX BJIACTUBOCTEH MOJEINI
MIKpOCEpBICY, IO JO3BOJISIOTH BHSBUTH (DYHKIIOHAIBHI HEJONIKH Yy MOJeNi, MmoOyayBaTH MpPOEKTHI
pillleHHs JJ1s1 IX YCYHEHHs, IEPEBIpUTH AMHAMIYHI BIACTUBOCTI 3aIPOIIOHOBAHUX PIillICHb.

KurouoBi cioBa: mepexi Ilerpi, imiTaumiliHa Momens MikpocepBicy, KOMOIHOBaHMH MiAXix 10
iMiTaniHoTO MozentoBanHi [13 3 mapanenizmoM, QyHKIIIOHATBHI HEJOIIKH, THHAMIYHI BIIACTHBOCTI.

PECULIARITIES OF APPLICATION OF COMBINED APPROACH
TO SIMULATION OF SOFTWARE WITH PARALLELISM
IN THE RESEARCH OF THE MICROSERVICE MODEL
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Suprunenko 0., Onyshchenko B., Nedonosko P.
The Bohdan Khmelnytsky National University of Cherkasy, Cherkasy, Ukraine

Abstract. The purpose of the research is to prove the effectiveness of a combined approach to software
simulation with parallelism on the example of software microservice. The task of the work is to build a
simulation model of a microservice and to analyze it, to identify deficiencies in the functioning of the
microservice, to form design solutions without functional deficiencies. The object of research is a simulation
model of microservice with parallelism; the subject of research is functional deficiencies and options for
their elimination. Research methods are: component-oriented modeling, Petri nets, a combined approach to
software simulation with parallelism. The results of the research are to apply a combined approach to
software simulation with parallelism to determine dynamic properties of the microservice model, to identify
functional defects in the model, to build design solutions for their elimination, to check dynamic properties
of the proposed solutions.

Keywords: Petri nets, simulation model of microservice, combined approach to software simulation
with parallelism, functional defects, dynamic properties.

Beryn. 3actocyBanHs KOMOIHOBAHOTO MiAXOY A0 IMITAIITHOTO MOJICTFOBAHHSI ITPOTPaAMHUX
3aco0iB (I13) 3 mapanenizmom [ 1] mependauene y JBOX BapiaHTax — MPU MPOESKTYBAaHHI IPOTPaMHUX
3aco0iB 3 mapaieni3sMoM [2] Ta mpu mepeBipii BXKE iICHYIOUHX MPOrpaMHHUX MPOEKTIB. Y poOoTi
MIPEJICTaBJICHI PE3yJbTAaTH EKCIICPUMEHTAIBHOTO 3aCTOCYBAaHHS KOMOIHOBAHOTO ITiIXOY JI0 3a1adi
aHaJli3y MOJieJIi MIKPOCEPBICY, IKU CKIIQAA€ThCA 3 KUIBKOX KOMITOHEHTIB.

Merta po6oTH — IOCIIPKCHHS €()EeKTHBHOCTI KOMOIHOBAHOTO MiIXOMY MO IMITaIliiHOTO
mogemoBanHs I3 3 mapaneni3MoM Ha NpUKIaAl OPOrpaMHOro 3aco0y, SKUH Mae HEBEIMKY
KUJIBKICTh TICHO 3B’SI3aHUX KOMITOHEHTIB.

IMocTanoBka mpodjemu. [Ipu moOynoBi Ta AOCHIKEHHI MOJENEH MpPOrpaMHHUX 3ac00iB
noTpiOHO BpaxoOBYBaTH BEIMKY KUIBKICTH €JIEMEHTIB Ta iX mapamerpiB, sSKi TOB’si3aHi 3
(GyHKIIIOHYBaHHSIM Ta pe3yiabTaTamMu poOOTH. BaMBO mepeBipuTH MOJAENTh MIKpPOCEpBICY Ha
HasBHICTb NPUXOBAaHUX IIOMWJIOK, a TaKOX IPOAaHaTi3yBaTH IPOLECH, IO HPUBOAATH JO
HEOaKaHOTO KOPUCTYBAILKOTO 10CBiAY. [Ipu BUsBICHHI HEAOMIKIB Ta MOMHIIOK Y MOJIEJTi BaXKIJIMBO
chopMyBaTH TPOEKTHI PIIICHHS, SKi MPOWIYTh HEOOXiTHI MEPEeBIPKH Ta JIO3BOJISATH MOJOJATH
BUSIBJICHI HE/IOJIKH.

Po3p’sizanns npoOJaemu. [l aHanizy QyHKIIIOHYBaHHS MIKpOCEPBICY BiJ€OJ3BIHKIB Ha
ocHOB1 Mepex [lerpi moOynoBana Mozenb (pUcyHOK 1), Ha sKii BitoOpakeH1 eTanu NepeBipKy Ta
HIJKII0YEHHS TPhOX KaTeropiil KOpHCTyBadiB JO BiJI€O/3BIHKA, 3apEECTPOBAHUX KOPHCTYBadiB
CepBICy; TOCTEeH, IKI KOPUCTYIOTHCSI CEpBICOM alle He 3apeecTpOBaHi; a TAKOK FOCTEH, sIKi He MalOTh
JIOCTYITy JI0 cepBicy (30BHIMIHIX roctei). Takoxx omucaHui mporec mnepeOyBaHHS y CeaHCl
BiJICO/I3BIHKA Ta KOPEKTHOI'O BUXOAY 3 CeaHCy BCiX KaTeropiil kopucrysauiB. [Ipu imiTamiiiHomy
MO/ICJIFOBaHHI BUKOPHCTOBYBAIACh MOYaTKOBA po3MiTKa Mozeni: to(Po) = 5 ta o(p1e) = 2.

[Tpu iHBapianTHOMY aHadi31 [3] MOYaTKOBOI MOJIEl MIKPOCEPBICY 3’ SICYBaJIOCh, 1110 BEPIIUH
nepexoAiB t22 Ta t23) He MOKPUTI HEHYJIBOBUMH CKJIaJ0BUMH y T-iHBapiaHTi, IO CBIAYUTH MPO
NOpYILIEHHSI BJIACTUBOCTI XHMBOCTI. Takoxk 3a T-iHBapiaHTamMu OynM BHSBJIEHI NpoOJIEeMH Y
BEpILIMHAX MepexomiB tos — tog. Ilpu ananizi P-iHBapiaHTiB HEHYIbOBUMHU 3HAYCHHSIMHU HE MOKPUTI
€JIeMEHTH, NOB’s3aHl 3 BEpUIMHAMHM MICIb P12 Ta P13, L0 MOSACHIOETHCS MMOPYILIEHHSIM
30epexyBaHOCTI PO3MITKH, L€ MiATBEP/HKEHO 1 IPU IMITallifHOMY MOJIETIOBaHHI.

JI71st MOCTiIOBHOTO aHaI3y BUAUICHUX MpoOsieM moOyaoBaHa MOJeNb Oyina po3JijieHa Ha
Tpu cyOMozeni, KOXHa 3 SKUX BigoOpaxaina okpemy npoOiemy. CyOMojeni nmpoaHaii3oBaHi Ta
3ampOIIOHOBAH1 PIICHHS, K1 JO3BOJIMIIM TTOI0IATH BUsBIIEHI Tpobaemu. [Ipu nmpoBeaeHH1 aHATI3Y
Ta peKOMIO3MLii cyOMoenel y nilicHy Mozienb (pucyHok 1) po3mip mozesni OyB 3MEHIIEHUH Ha
35% (MOTYXHICTh MHOXXWHHM BeplIMH mepexoaiB |T[). 3ampormoHOBaHi PpIillIeHHS MOBHICTIO
«TOKPUTI» HEHYJIbOBUMU CKJIaoBUMHU P- Ta T-iHBapiaHTIB, 1110 TOBOIUTH iX )KHUBICTh, OOMEXKEHICTh
Ta 30epexyBaHicTh [3]. Takoxx Oynu nOTpMMaHI YyMOBHM IMOBHOI KEpOBaHOCTI MOAENI, IO €
B)XJIUBUM ITOKA3HUKOM SIKOCT1 IPOITOHOBAHMX MPOEKTHUX PIIlIECHb.
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Pucynok 1 — [TouaTkoBa Ta nepeTBOpeHa MOJIeNi MiKpOCEPBICY BiI€OI3BIHKIB

BucHoBku. TakuM 4MHOM, NIpH BUKOPUCTaHHI KOMOIHOBAHOTO IMiJXOAY 10 IMITamiifHOTO
MOJIEJTFOBaHHS MIPOTPaMHUX 3ac001B 3 Mapaliei3MOM Ha MPUKJIaAl MiKpOCEPBICY BIAIOCS BUSBUTH
NOTEHIIHI KOH(IIKTHI CUTYAIli1l, IPOBECTH X MOETATHUI aHaJIi3 Ta 3aIPOIIOHYBATH 30aJlaHCOBaH1
MPOEKTHI PIlIeHHs, AKI MIABHINYIOTh HaAiiHicTh poOotu [I3, 3MeHIIyIOTH BUTpaTH Ha WHOTO
obciyroByBanHs. KoH(mikTHI cuTyarlii BUSBICHI HA OCHOBI aHATi3y NTWHAMIYHHX BIIACTHBOCTEH
no0yJ0BaHUX MOJIENCH, SIKHI JTO3BOJISIE HE TIJIbKU BHSIBUTU HEIOJIIKUA MOJENi, a i BU3HAUUTH X
JOKaji3amifo Ui moOylIOBH NPOCKTHHX pIMIEHh Ta TEPEBIPKH IX HA BIICYTHICTh SBHUX Ta
MPUXOBAaHUX TTOMIJIOK.

Cnncoxk BUKOPUCTAHUX JIZKepeJt

1. Suprunenko O. Combined approach architecture development to simulation modeling of systems
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Cexkuis B. [ndopmariiiHi TeXHOJIOTIT MOJICTIOBAHHS CKIAIHUX CHCTEM

METO/ OOIHIOBAHHA AKOCTI HIAI'OTOBKH IIJIOTIB
3A 3MIHOIO KYTA TAHT'AXY 1111 YAC TOJIBOTY
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I'pumenxo 10.}, Pomanenko B.}, 3anicbknii M.!, ®ypcenko T.?
'Hanionansuuit aBianiitnuii yaisepcurer, Kuis, Ykpaina
2KuiBCchKHil HAIliOHATBHUI €KOHOMIYHMIA yHiBepcuTeT iMeHi Bammuma IetbMana, Kui, Ykpaina

AHoTanis. Y cTaTTi po3TisAaeThCs CHCTEMa KePyBaHHA JiTaKoM epraTudHoro Tuiry. OCHOBHA yBara
30cepe/KeHa Ha OLIHII SKOCTI MiATOTOBKH MUIOTIB HA OCHOBI aHaJi3y 3MiHHU MMapaMeTpiB MOJIBOTY JIiTaKa.
30kpemMa, PO3MIISIAIOTECS OCOOJIMBOCTI OOpPOOKM JaHMX IMOMO KyTa TaHTaxy. JlaHi BHMiproBaHb
PO3TIIAIA0THCS SIK BUITAIKOBA BEJIMYMHA Ta OTPHMAaHI Ha TIOBHOMY TpeHaxepi AH-148 3 BigMoBamu Ta 0e3,
a TaKO’XK Ha OCHOBI pO3MH(PPOBOK (haKTHIHUX MOJIBOTIB JriTaka B-737. Y po06oTi BUKOHAaHHWH CHHTE3 METOIIB
BUSIBJICHHSI HasBHOCTI CKJIAJHHMX BiMOB 0OiamHaHHS JyiTaka. CHHTE3 BUKOHYBAaBCS Ha OCHOBI KPUTEPItO
Hetimana-IlipcoHa, a Takox ONITUMAaNIBHOTO KpuTepito batieca. AHai3 3anpONOHOBAHOTO METOTy 3aCBiTUHB
T ABUIIEHHS €(eKTUBHOCTI SIKOCTI MIOTYBaHHS Ta 3MEHIIEHHS CEPEeNHbOI MOMIIKHA TTPUAHSATTS PIIICHHS
IIOJI0 CTaHy epraTUYHOI CHCTEMHU.

Karouogi cjioBa: BUNaIkoBUi NPOIIEC; SKICTh TEXHIKH MIJIOTYBaHHS, JETEKTOP; JHOACHKUI (hakTop.

METHOD OF EVALUATION OF THE QUALITY OF PILOT TRAINING
BY CHANGING THE TANGING ANGLE DURING THE FLIGHT

Hryshchenko Yu.%, Romanenko V.%, Zaliskyi M., Fursenko T.?
!National Aviation University, Kyiv, Ukraine
2Kyiv National Economic University named after Vadym Hetman, Kyiv, Ukraine

Abstract. The paper deals with the control system of ergatic aircraft. The main attention is paid to
evaluation of the quality of pilot training using flight data processing. Measurement data are considered as a
random variable and obtained on a full simulator An-148 with and without failures, as well as on the basis
of transcripts of actual flights of the aircraft B-737. The paper presents the synthesis of methods for detecting
complex failures of aircraft equipment. The synthesis is performed on the basis of Neyman-Pearson criterion
and optimal Bayesian criterion. The analysis of the proposed method has shown an increase in the efficiency
of piloting quality and a decrease in the average error of decision-making on the state of ergatic system.

Keywords: random process; quality of piloting technique; detector; human factor.

Beryn. AHani3 IbOTHHMX MOYEPKIB 3a TapaMeTpaMH MOJIbOTY Ha KOMIUIEKCHOMY TpeHaXKepl
JiTaka 3 BIAKIIOYEHMM BIUIMBOM JOBKIJUIS MOKa3aB, KOXKEH IMIJIOT Mae CBill mouepk. Bumaakosi
(GyHKIIT 3MIHM TapaMeTPiB MOJIbOTY 3a KPEHOM Ta TaHTaKeM NP MOJbOTI MOXKHA 1IEHTU(P1KYBaTH
32 HaJEXHICTIO KOHKpeTHOMY mijoTy. [losiBa neTepMiHOBaHOI CKIIaJOBOI € O3HAKOK 3MiHU
JHOTHOTO TOYEpPKY y pa3l BIUIMBY HETraTUBHUX (akTopiB Ha minota. B pesynbrari panime
npoBefeHux JociikeHb Ha TpeHaxepli KTC An-148 Oyno BcraHoBieHO, 1m0 6e3 BiAMOB abo 3
OJIMHOYHMMH BIIMOBaMHU CTATUCTUYHHH PO3MOJALT KyTa KpPEHY HE CYNEepeYuTb HOPMAJIbHOMY
3aKoHY po3noainy [1].

Merta poboTu — miABHMILEHHS SKOCTI (DYHKIIOHYBAaHHS €pPraTUYHOI CUCTEMH YIPaBIIHHSI
HOBITPSIHUM CYJTHOM Ha OCHOBI MPUIHSTTS PillIEHHS 111010 3MiHHM KyTa TaHTaxy.

ITocTanoBka 3aaaui nocaixkenns. [Ipu oqHoyacHOMY Aii OlIbIIe 1BOX CEPHO3HUX B1IMOB
CTaTUCTUYHUM pPO3MOALT KyTa KpeHy He CyNepeuuTh Yy3arajJbHeHOMY po3monily BeitOymia.
Hageneni y pobotax [1, 2] pe3ynpTaTi aHaii3y TPEHIIB 3MIHM KyTa KpeHY MOKa3aJlid HasBHICTb
JIeTepMIHOBAHOI CHHYCOIAaJIbHOI CKJIQJOBOI y BUNAJAKY il CKJIaJHUX BiAMOB. ToMy HEOOXiIHO
TaKOX MEePEeBIPUTH HASIBHICTh JETEPMIHOBAHOI CKJIAJIOBOI Y TPEHaX 3MIHU TAHTaXy MPHU MPOCTUX
Ta CKJIaJHUX MOJbOTaX.

Bupimennst npo6aemu. Ha nepimriii ctaaii qociipKeHHS BUKOHAHWKM aHAII3 TPEH B 3MIHU
KyTa TaHTaXy y BHUMAJKy HOPMAaJbHOTO MOJBOTY Ta y BUMAJKY HAsBHOCTI CKJIaJHHX BiJIMOB.
Pesynpratu anamizy peaJbHMX CTaTUCTMYHUX JaHUX HaBeleHO Ha pucyHky 1. IlpoBeaenmii
PO3paxyHOK IMOKa3aB, 110 TICTOTPaMU Ha PUCYHKY | y3TOJKYIOTBCS 3 HOPMAJbHUM 3aKOHOM (y
BUITAJIKy HOPMAJIHHOTO TIOJIbOTY) Ta y3araibHEHUM po3noauiom BeilOymia (y BUnaaKy mojiboTy 31
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CKJIATHUMHU BigIMOBaMHu). BisyanbHul aHami3 TpeHAy 3MiHM KyTa TaHTaXy IOKa3aB HasBHICTH Y

HbOMY CHHYCOIJAJIBHOI CKJIaI0BOI.
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Pucynox 1 — I'icrorpamu jy1st pe3y/abTaTiB BUMIpIOBaHHS KyTa TaHTaXYy:
a) HOPMAaJBbHUH MOJIT, 0) MOJIT y BUMAKY HASIBHOCTI CKIIQJIHUX BiIMOB

fgi,0.8

JIns BUSBIIEHHS CHHYCOINAJIbHOI CKJIaJOBOi TECTYIOThCA [Bl rimoresu: rinoresa H, —

peanizaniss BUOIPKM ONMUCYEThCS OaraTOBUMIPHUM I'ayCCOBUM DPO3IOALIOM; ajdbTepHaTuBa H, —
peadtizalisi MICTUTh KOPHCHUHN CHHYCOinHUH curHan. Biamosigi ¢GyHKHil mpaBromoaioHOCTI Ist

Fil‘IOTCSI/I Ta aJIbTCPHATUBH
N
ZN:(xi—i)z z:(><i*i*5i)2
1 _i=tL . 1 _Hziz
F (X Xy Xy [Hp) =t 2 F (X Xy Xy [H) = 2
(G n) (G 271)

BI/I6ipKOBe 3HAa4YCHHA IIOJ0 BI/IMipI-OBaHHSI KyTa TaHI'axy, XTa G — MareMaTU4HE

— BIIOMI 3HAYCHHSI BIIIIKIB JUCKPETHOTO

CIIOJIiBaHHS Ta CTaHAAPTHE BIAXWICHHS, S,

CHUHYCOIJAIbHOTO CUTHAITY.
Jlorapudm BiTHOIICHHS TPABIONOIIOHOCTI

INT(X,, Xy, ..., X )—iiS(x —X)— ! zN:sz
19 N2y AN (52 = i i 202 — i

[Topir npulHATTA pimieHHs V po3paxoByeThcsi Ha OCHOBI kpurepito Heiimana-Ilipcona ta
0aileCiBCHKOTO MIAXOAY. Y TMEpIIOMYy BHUIAAKY JJIi HOTO 3HAXOKEHHS HEOOXITHO BUPIIIUTH
PIBHSHHS U1 337aHOT IMOBIPHOCTI Ol TIOMUJIKH MIEPIIOTO POy

13 _ 1 &,
Prl— » S.(x. —X)— S“>V /H, |[=a.
ng |(| ) 262; i 0

VY npyromy BUIAJIKy 03HAKOIO CKJIAJTHUX BIIMOB € BUKOHAHHS HEPIBHOCTI

N _ N
>Si(x -%X)=V =c?In 9Cu=Co +0.5>S,%,
i1 pC i1

10~ “~u1

me P Ta q — ampiopHi WMOBIpHOCTI rinotesu Ta anbrepHarusu, Cy, ta C,; — BuTpatn, nos’s3aui

3 npaBuinbHUME pimeHasamy, Cy, Ta C,, — BUTpaTy, MoB’A3aHi 3 TOMHIKOBUMH PIlICHHSAMU.

AHaii3 3anponoOHOBAaHUX TMPOILENYp BHSBIECHHS CKJIAJHUX BIAMOB IMiJl 4ac IOJBOTY
BUKOHYBABCS Ha OCHOBI CTaTHUCTHYHOTO MOJIENIOBAHHS IUISIXOM MOOYAOBU XapaKTEPHCTUK
BUSIBJICHHS.

BuCHOBOK. Y po0OTi BUKOHAHO CHHTE3 METO/IB BHUSBICHHS MPUCYTHOCTI B TPEHAAX 3MIHU
KyTa TaHTa)Ky KOMIIOHEHTIB, III0 BKa3ylOTh Ha CKJIaJHI BIAMOBH MiJ 4yac MoiboTy. llpu mpomy
BUKOPHCTAHO JIBa METOJIU: Ha OCHOBI KpuTepito Heiimana-IlipcoHa Ta onTUMalbHOTO KPUTEPIIO
baifeca. AHami3 3ampomMOHOBAHUX METOJMIB 3aCBIAYMB MIABUIICHHS HMOBIPHOCTI MPaBHJIBLHOTO
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BUSIBJICHHSI CTPECOBHUX CHTYallld y moiboTi 10 0.9986, 1110 3HAYHO 3MEHIIY€E PU3HK BHHHUKHEHHS
aBlarifHuX IOIIi.

Cnncoxk BUKOPUCTAHUX JIZKepeJt
1. Data processing in the pilot training process on the integrated aircraft simulator / Yu. Hryshchenko,
M. Zaliskyi, S. Pavlova et al. Electrical, Control and Communication Engineering. 2021. Vol. 17. P. 67-76.
2. Hryshchenko Yu., Romanenko V., Zaliskyi M. Quality assessment of aircraft glide path entrance.
CEUR Workshop Proceedings. 2020. Vol. 2711. P. 649-660.

BILIUMB 3AKPUTTS NOBITPSAHOI'O ITPOCTOPY YKPATHU
HA TVIOBAJIBHY ABIATPAHCIIOPTHY CUCTEMY

IBamyk O., OcTpoymos 1.
HamionansHuii aBiamiitnuii yHiBepeurtet, M. KuiB, Ykpaina

AHoTanisi. Y CTaTTi JOCHIIKYETbCA YKpaiHChKa Mepe)ka MapHIpyTiB, SKI € YaCTHHOIO CBITOBOL
aBiaTpaHCIIOPTHOI cUcTeMH. BHaciIOK BTOPrHEHHsI pOCIHCHKUX BiMChK B YKpainy 23 mororo 2022 poky
3HAYHA YacTHHA TMOBITPAHOTO MPOCTOPY € 3aKPUTOI, L0 CHPUYMHHUIO CEPHO3HI MpOOIeMH ISt
(hyHKIIIOHYBaHHS BCi€l aBiaTpaHCIOPTHOI CHCTEMH. |'@OMeTpisi MiCIEeTON0KEeHHS TTOBITPSHOTO IPOCTOpY,
IO MOTpAarnmia Ml OOMEXEHHs, CTBOPIOE 3HAYHY MEPETOHYy JUIsl MPSAMHUX aBlaTpaHCHOPTHUX TOTOKIB, IO
CHONy4aloTh Kpainu A3ii 3 kpainamu [liBHiuHOI AMepuku Ta €Bponu. Y poOOTi HaBeAECHO PE3yNbTaTH
CTaTHCTHYHOTO aHAJli3y PETyIIpHUX aBialepeBe3eHb 3 MPSIMHM CHOJIYYSHHSM 3 aeporopTiB YKpaiHH.
BrpaTta moBiTpsHOrO pyXy OIIIHIOETHCS 3a IOTIOMOTOK KyMYJSTHBHHX (DYHKIIH 3arainbHOI JOBKWHHU
TPAEKTOPIi, 3araJbHOr0 Yacy MOJIbOTY, KIIBKOCTI MiCIlb, SIKi He OyJIM 3a0e3IeUeHi, Ta mapaMeTpa HasBHUX
MiCIb-KiToMeTpiB. Po3noin 1iux mapaMeTpiB TOCTiIHKEHO OKPEMO 32 KOXKHUM KopucTyBadeM. OKpiM TOro,
MPOAHANII30BaHO PE3yJIbTAaTH TEperUiaHyBaHHS TPAEKTOPIM TpaH3UTHUX MapmipyTiB. OTpuMaHi HayKOBi
pe3yAbTaTH CBi4aTh MPO 3HauHe 301IbIICHHS JOBXKUHHI TPAEKTOPII, 4acy MOJIBbOTY, KUIBKOCTI HEOOX1THOTO
najyBa Ta I0JJaTKOBOTO BUKUAY BYTJICIIO B aTMocdepy.

Kiro4oBi cioBa: MojeNOBaHHS MOBITPSHOTO pyXy, CTaTHCTHYHMN aHaNi3, aBiaTpaHCIOpPTHA
cucTeMa, OBITPSAHUH MpocTip YKpaiHu, MOTIK MOBITPSIHOTO PYXY.

IMPACT OF CLOSED UKRAINIAN AIRSPACE
ON GLOBAL AIR TRANSPORT SYSTEM

Ivashchuk O., Ostroumov 1.
National Aviation University, Kyiv, Ukraine

Abstract. Ukrainian airways network is a part of global air transport system. As a result of military
invasion of Ukraine by Russian troops on February 23, 2022 much of the airspace is closed, which has caused
serious problems for the functioning of the entire air transport system. The geometry of closed airspace
seriously affects direct connections from Asia to North America and European countries. The paper presents
the results of statistical analysis of scheduled air services with direct connections from the airports of
Ukraine. The loss of air traffic is estimated using the cumulative functions of the total length of the trajectory,
the total flight time, the number of seats that haven’t been provided, and the parameter of available seats-
kilometers. The distribution of these parameters has been studied separately for each user. In addition, the
results of re-planning the trajectories of transit routes are analyzed. The obtained scientific results indicate a
significant increase in the length of the trajectory, flight time, the amount of fuel required and additional
carbon emissions.

Keywords: air traffic modeling, statistical analysis; air transport system; Ukrainian airspace; air traffic
flow.

Beryn. KopuctyBadi MOBITPSHOTO MPOCTOPY BUKOPHUCTOBYIOTH PO3TaNy:KEHY MEPEKY
MOBITPSHUX MapIIPYTIB JJIs BAKOHAHHS IOJBOTIB. Mepexki MOBITPSIHUX MapIIPyTiB KOXKHOI 3 KpaiH
00’ €THYIOUYHCh CTBOPIOIOTH CBITOBY MOBITPSIHY TPAaHCHOPTHY cuctemy [1]. fAkio 3 Toi un iHIION
NPUYMHU TOBITPSHUIM MPOCTIp KpaiHW OTOJIOIIYETHCS 3aKPUTHM aBIaKOMIIAHISIM JOBOAMTHCS
Hrykatd oOXiHI MapuIpyTu 00 30epertu HampsiMok 3abe3neueHHs: nocayr. [Ipore, sik mokaszye
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NpPaKTUKa Taki 00XiAHI MapUIPyTH € 3a3BUYail JOBIIMMH, 10 03HAYAE 30UIBIICHHS Yacy MOJbOTY,
00’eM MajabHOTO HEOOXITHOTO Ui BHKOHAHHS MOJbOTY, BUKUIAIB CO2 sKi yTBOPIOIOTHCS IPH
3rOpSHHI NaJIBHOTO, IO y PE3YNIbTaTi MPsIMO BIUIMBAE HA MiIBUILEHHS BaPTOCTI aBiarnepeBe3eHb IS
KIHIIEBOT'O KOPHCTyBaya.

Meta po6oTu. MeToro poOOTH € aHaii3 1 BUBYCHHS HACIIJIKIB 3aKPHUTTS TOBITPSHOTO
npoctopy YKpainu i r100aabHOT aBiaTpaHCIIOPTHOI CHCTEMH.

IMocranoBka 3axaui gocaifzkeHHs. s aHai3y MOBITPSHOTO PyXy MH BUKOPHCTaeMO 0a3y
JTaHuX CGOPMOBAHMX 3a pe3yabTaTaMH IIepeiadi JaHUX CTOCOBHO MICIICHOJIIOKEHHS KOXKHOTO
KOPHUCTYBaya 3a KOHIICTIIIEI0 aBTOMAaTUYHOTO 3aJISKHOTO CIIOCTEPEKEHHS. MU BUKOPHCTAIH JaHi
BCIX MOJBOTIB Y aepoONopTH YKpaiHW 3a OCTaHHI TpH Micsmi. Pe3ynpraT aHamizy JaHUX JTO3BOJIMB
BUSIBUTH PEUCH, 1110 TIOBTOPIOBAINCH Ha MOCTIMHIN ocHOBI. Bu3HnaueHmii rpadik peiciB 103BOIHUTH
CIPOTHO3YBATH KUIBKICTh 3aIUIAHOBAHHUX PEHCiB, 110 HE OyIU BUKOHAHHI MPOTATOM YChOTO MEPIOy
3aKPUTTS MOBITPSHOTO IPOCTOPY 1 SIK pe3yiIbTaT OL[IHUTH BTPATH.

Bupimennst npo6JjemMu. Y 10CTiDKEHHI MU BUKOPHUCTAJIM JIaH1 TMTOBITPSIHOTO PYXY 32 OCTaHH1
TPU MICSIIi, 100 BU3HAYUTH PEryJSIPHI peiich 3 yKpaiHCBKUX aeporopTiB. YCi peryisipHi peicu
HOBTOPIOIOTBCS. LIOTHXKHSA 1 MOXYTh OyTH BHMKOPHCTaHI Ul TPOTHO3YBAHHS PEryJSPHHUX
aBiarepeBe3eHb. 3/1eOUIBIIOr0 peryisipHi pedicu Oynu i1eHTH(IKOBaHI 3 TaKUX YKpPAiHCBKUX
aeporioptiB: bopucnine (UKBB), Xymsan (UKKK), JIsBiB (UKLL), Oneca (UKO), Xapkis
(UKHH), 3anopixoks (UKDE), {ainpo (UKDD) ta Isano-®pankiscek (UKLI). Bei i aepornoptu €
MIKHApOJHUMH, TOMY MOXYTh IPUHAMATH HE TUTBKH BHYTPIIIHI, a i MbKHApOIHI pericy. ba3a nannx
MOBITPSIHOTO PYXy MICTHUTD 76 YHIKAIbHUX PEHCIB 3 HAPSIMKAMU 110 BCbOMY CBITY.

PesynbraTu aHanisy naHUX CBiUaTh MO TE, IO PErYISPHI MacAKUPChKI PeHCH BUKOHYBAIN
28 pi3HHMX aBiaKOMIIaHii, IO MPALIOIOTh B YKPAaiHCBKUX aeporopTax. [Ipumyckarodm cTamicTh
rpadiky peryispHUX peHcCiB MOXKIUBO CIIPOTHO3YBATH PO3MOJLT MOBITPSHOrO pyxy Ha 63 mHi
3aKPHUTTS TOBITPSHOTO MPOCTOPY. MU BUKOPUCTOBYEMO YaCOBI paMKu 3 24 JTr0TOro 1o 27 KBITHS
2022 poky aisi MPOTHO3YBAHHS 3aIJIAHOBAHOTO TIOBITPSIHOTO PYXY.

HaykoBa HOBHM3Ha POOOTH IOJISTA€E y OIIHIOBaHHI 3aralbHUX BTPAT MOBITPSHOTO PyXy 3a
CYKYIHOI (DYHKITI€0 3arajibHOI JOBXHHHM TPAEKTOPid JUIs peiciB 3 aepomopTiB YKpaiHw.
Pe3ynpraTi BTpaT 3arayibHOi JOBXWHH TPAEKTOPii MpEACTaBlIeHI HAa PUCYHKY 1, a pe3yiabTaTH
CYKYITHHX BTPATH B KUTBKOCTI MicIb-KitomMeTpiB (ASK) 3a K0)KHOIO aBiakOMITaHI€ TpeICTaBICH] Ha

PUCYHKY 2.
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BucHoBok. Pociiicbkuii BilicCbkOBE BTOPrHEHHS B YKpaiHy CIPHUUMHHUB 3aKPUTTS 3HAYHOI
YaCTMHH TOBITPSHOTO MPOCTOPY IUIOME0 OMM3bKo 18 MiH KM?. Pe3ymbTaTH CTaTHCTHYHOTO
aHaJi3y BKa3yloTh Ha MPAKTUYHI Pe3ylIbTaTH JOCIIKEHHS: 32 63 THI 3arajibHi BTPATH JOBXHHU
TpaeKTOPIT JIULIE JUIsl pETYJIAPHUX MTEPEBE3EHb AOCATAIOTh 16 MIIH KM; HEe HaJaHo 6Ju3bko 1,6 MIH
MICIIb, IO MIPU3BEIIO J0 3arajJbHuX BTpat koedimienta ASK Ha piBHI 3 Miipa Micuib-kM. Pe3ynbratu
MO/JICJIIOBAHHS 3arajlbHUX BTPAT 3a 4Yac MOJbOTY JAOCArarTh 4,7 MJIH TOAWH. ABiaKOMIaHii
BTpaTuiu 3arajioM 01m3bpko 411 HanpsiMkiB — 1630 peiiciB MOTHXKHSL.
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Cnncoxk BUKOPMCTAHUX JIZKepeJt
1. Configuration aalysis of Ukrainian flight routes network / O. lvashchuk, 1.V. Ostroumov,
N.S. Kuzmenko et al. 16th International Conference on the Experience of Designing and Application of
CAD Systems (CADSM). 2021. P. 6-10. doi: 10.1109/CADSM52681.2021.9385263.

MOJAEJIb CUCTEMM 10T-PIIIEHHA 111 MOHITOPUHI'Y
TA AHAJII3Y CMITTE3BEPII'AHHSA TBEPAUX BIAXOAIB

Kpasuenko O. B.!, Teapaoscbkuii B. I'.!, Cusoruas JI. B.?
'KwuiBchkuit HamioHanbHUIT yHiBepcuTeT iMeHi Tapaca Illepuenka, M. Kuis, Ykpaina
2YepkachKHii IepKaBHUI TEXHOJIOT1YHMH yHiBepcuTeT, M. Uepkacu, Ykpaina

Awnorauis. He cexper, mo npo6iema 30epiraHss TBepAUX BiIXOIIB J0 MOYATKy MpoLecy iX yTumizamii
€ Ha CbOTOfHI aKTyalbHOIO. [lepenoBHeHi cMiTTeBi Oaku € MpoOIeMO0 HE TIMBKHM MIg YKpaiHu, a ¥ Juis
Oaratpox kpain €Bpomm. O6’extom mocmimkeHHs € loT-mpucTpoi s KOHTPOIIO Ta MOHITOPUHTY PiBHS
HAIIOBHEHOCTI EMHOCTEH IIJIs TBEPIUX BiaxomiB. [IpeamMerom HOCimKEHHS € amapaTHi Ta IporpamMHi 3acoou
1t po3podku loT-pimeHs B cepi MOHITOPHHTY Ta aHAJII3y CUCTEMH CMITTe30epiraHHs TBEPIUX BiAXOIiB. Y
po0oTi mpononyeThcst Moienb [oT-pileHHs 1711 MOHITOPHHTY Ta aHaIli3y CUCTEMH CMITTe30epiranHst TBEPIUX
BinxoniB. Bukonano omnwmc camoi Mmoxeni. HaBemeHo (QyHKIiOHaNBHI CXeMHM B3a€MOJIi amapaTHOI Ta
MpOrpaMHOi YaCTHHHU 11i€ cucteMu. OTpUMaHi eKCTIEPUMEHTAJIbHI Pe3yJIbTaTH MOKA3YIOTh, 1110 BIPOBaKCHHS
IoT-cucTeMu B IPaKTHKY JJO3BOJISIE EKOHOMUTH Yac Ta KOIITH JUIS i JIPHEMCTB, SIKi 3aCTOCYIOTH IIF0 MOJEIb
y TIpo1ieci 30MpaHHs Ta TAMYACOBOTO 30€piraHHst COPTOBAHOTO CMITTSI.

KuarouoBsi cioBa: loT-pimenns, Moxens, aHai3, MOHITOPHHT, COPTOBaHE CMITTSI.

IOT SOLUTION SYSTEM MODEL FOR MONITORING AND ANALYSIS
OF SOLID WASTE CONSERVATION

Kravchenko O.%, Tvardovsky V.1, Sivoglaz D.?
Taras Shevchenko National University of Kyiv, Kyiv, Ukraine
2Cherkasy State Technological University, Cherkasy, Ukraine

Abstract. It is no secret that the problem of solid waste storage before the start of the disposal process
is relevant today. Overcrowded garbage cans are a problem not only for Ukraine, but also for many European
countries. The object of research is 0T devices for control and monitoring of the level of solid waste containers.
The subject of research is hardware and software for the development of 10T solutions in the field of monitoring
and analysis of solid waste disposal system. The paper proposes an IoT solution model for monitoring and
analysis of solid waste disposal system. The description of the model itself is performed. Functional schemes
of interaction of hardware and software of this system are given. The obtained experimental results show that
the implementation of the loT system in practice saves time and money for companies that use this model in
the process of collection and temporary storage of sorted waste.

Keywords: 10T solution, model, analysis, monitoring, sorted garbage.

Beryn. [lepenoBHeH1 CMITTEBI Oaku € MPoOIEMOI0 HE TIIIbKY A YKpaiHu, a i ajs 0aratbox
Kkpain €Bponu. B enoxy [nTepHety peueit 6arato npucTpoiB po3poOiIsitoTbCs 3 HAro Iy MOKPALTUTH
abo K ONTUMI3yBaTH 3arajbHi MpoOieMu MICT Ta cenuml. [IuTaHHS pPErynspHOCTI OUHMIIEHHS
CMITTEBUX KOHTEWHEPIB 011 OYAMHKIB € aKTyaJIbHUM.

Bukisiag ocHoBHoro marepiaiay. B poGorax [1, 2] BukoHaHO aHami3 iHopMarii 11040
icaytounx loT mpucTpoiB UIss KOHTPOJIO Ta MOHITOPHHTY DPIBHS HAallOBHEHOCTI €MHOCTEH IIs
TBEPAMX BIAXOJIB, a TaKOX anapaTHOr0 Ta IMPOrpaMHOro 3a0e3leyeHHs, W0 AaKTHUBHO
3actocoByeThes B [oT mpoekTax. JlociiakeHHs MOKa3aiy, 1110 B YCiX PIIICHHSX ISl MOHITOPUHTY
pPIBHA HANOBHEHOCTI €MHOCTEH BUKOPHCTOBYETbCA YIbTPa3BYKOBUH JaTUMK BIACTaHI Ta
BUKOPUCTOBYIOTh HE3MiHHI OaTapeiku, a TaKoX CIIAKYIOTh 3a TUM, UM HE 3aropiBcs KOHTEHHEp.
Hamoro 3anmavero € po3poOka mopeni loT-pimeHHS UIsi MOHITOPUHIY Ta aHalli3y CHCTEMH
CMITTe30epiraHHs TBEPAUX BIAXOMIB, Ha OCHOBI SIKOi BUKOHYETHCS MPOEKT Ta MpOorpamHa
peamnizaiis [oT cucremu.
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Meta po6oTn — po3poOka Ta MPOEKTYyBaHHS 1 MpOrpaMHa peani3allisi BUCOKOS(PEKTHBHOT
cuctemu [oT pimeHb Ha OCHOBI MeTOY 3a0€3IeUeHHS MPOIECY MOHITOPUHTY Ta aHAI3y CHCTEMHU
CMITTe30epiranHs TBEPAUX BiXO/IB. ATlapaTHUM 3a0e3MeYeHHsIM MO € MPUCTPIH I aHaNi3y
3alOBHEHOCT] CMITTEBUX KOHTEHHEPIB 3 MOJIMBICTIO MepeAayi JaHUX PO CTaH 3allOBHEHOCTI
KOHTEIHepa, MOJIOKCHHSI KPUIIIKU 200 K caMOro KOHTEHHepa i BUTIAJKIB, KOJIM KOHTEeHHEp Oy/ie
MepEeBEPHYTHUI a00 K KpHILIKa KOHTEHHEpa Oy/1e MiIHATa, OCKUIBKH MPUCTPii Oy/e po3TaloBaHUi
Ha KpUIIII 13 BHYTPINIHBOI CTOPOHW KOHTeWHepa. Takok mpuUCTpidi Mae OyTH OCHaIICHUU
MOXJIMBICTIO TIEPEBIPKM KOHTEHHEpa Ha MpEeAMET IMMAnany I 3arnoOiraHHs TOTCHIIHHUX
HEIIaCHUX BHUITAJKIB Ta BUKHY B aTMOC(Epy MIKIJIMBUX BiIXOIIB.

Metox [Isi MOHITOPHHTY Ta aHajli3y CHCTEMH CMITT€30epiraHHsi TBEpAMX BiIXOJiIB
CKJIaJIa€ThCS 3 HACTYITHUX KPOKIB:

Kpok 1. IlepeBipka crapToBUX 3Ha4€Hb. BiAMOBIAHO 7O CTAPTOBUX MOKA3HHUKIB JATYUKIB B
M0/1aJIbIIIOMY BU3HAYAETHCS BIAXOJKEHHS BiJ HOPMHU CTaHy KOHTEHHEpa.

Kpoxk 2. IlepeBipka crany koHTeiHepa. Jliis 3abe3neueHHs: TOUHOCTI IePEeBipKH 3aTIOBHEHOCTI
KOHTEWHEepa 3YMTYIOThCS MOKA3HUKHU JAaTYMKIB HA MPEAMET BiAMAIy 4d BUAUICHHS HEOe3MeuHUX
PEUYOBHH, a TAKOXK MOJIOKEHHS KOHTEHHEPa BiIHOCHO IMTOYAaTKOBOTO.

Kpox 3. Ananmi3 nokaszHukiB aatunka MQ-2 [3]. Skumio 3Ha4YeHHA JaT4MKa BKa3ylOTh Ha
HasIBHICTb AUMY, TO HaJICUJIA€ThCS MTOBIJOMIICHHS PO HEOE3MeKy.

Kpoxk 4. Anani3z nokasnukiB garuyuka GY-521[3]. fxkuio 3HayeHHs JaTuyuMKa BKa3ylOTb Ha
HEBIJIOBIIHICTh CTapTOBOMY IIOJIOXKCHHSI, TO HAJICUJIAETHCS IOBIJOMIICHHS IMPO HEKOPEKTHE
MOJIOKCHHSI KOHTCHHEpa, 4epe3 IO HEMOXKIMBO MPABUIBHO BUMIPSATH CTaH 3allOBHEHOCTI
KOHTENHepa.

Kpox 5. IlepeBipka 3amoBHEHOCTI KOHTeiHepa. Skmo maatyuk MQ-2 He curHaiizye mpo
Hebe3neky, a natynk GY-521 Bka3ye Ha KOpEKTHE IMOJIOKEHHsSI KOHTeHHepa, TO/l Bi0yBaeThCs
3unTyBaHHS 3HaYeHb 3 garynka HC-SRO04 [3]i Ha OCHOBI JaHUX POOHWTHCS BHUCHOBOK IIOJIO
3aII0BHEHOCTI KOHTEHHEpA.

Ha pucynky 1 HaBeneHO OJIOK-CXeMy pOOOTH MPOrpaMHOro 3a0e3redyeHHs MPUiaay Ha OCHOBI

MeToay aHaJ'Ii3y, IO MPOIIOHYETHCSI.
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Pucynox 1 — briok-cxema po6oTu mporpamaoro 3adesneuents cucremu [oT pimenHs

Ha ocHOBiI MeTO/1a MOHITOPUHTY Ta aHaJli3y CHCTEMH CMITT€30epiraHHsl TBEPJUX BiJIXOJIB
CIPOEKTOBAHO Ta MPOrpPaMHO peani3oBaHO BHUCOKOepeKTUBHY cucreMy |0T pimens s
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MOHITOPUHTY Ta aHaji3y CTaHy KOHTEHHepa 3 MIHIMAJIbHUM BUKOPHCTAHHSIM EHEPropecypciB
MIKPOKOMIT FOTEpA.

BucHoBkH. Pe3ynbpraTi 31iHCHEHUX Y MPOEKTI JOCHTIPKEHb MOXKYTh OyTH BUKOPUCTaHI MpH
npoektyBanHi loT mpucTpoiB 3 moaiOHUM (YHKIIIOHAIOM, a CHPOEKTOBAaHE Ta PO3pO0IIeHE PilllEHHS
MOJKe OYTH 3aBEpIICHE 1 JOMOBHEHE ISl MPAKTUYHOTO BUKOPUCTAHHS 1 B KOMEPIIIMHKX IT1ISIX.

Cnuncoxk BUKOPUCTAHUX JIZKepeJt

1. Teapmoscekuii B. I'., KpaBuenko O. B. loT-pimeHHs A MOHITOPHHTY Ta aHali3y CHCTEMHU
CMITTE30epiranHs TBEPAMX Bix0aiB. Mixcnapoona naykoso-npaxmuuna xongepenyis, (1-2 mot. 2022 p.).
180 p.

2. Tvardovskyi V., Kravchenko O., Besedina S. Design of loT-solution for monitoring and analysis
of the solid waste storage system. Technology Audit and Production Reserves. 2022. Vol. 2. No. 2 (64).
Information and control systems. Information technologies. P. 6-10.
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METHODS FOR SOLVING EQUATIONS OF ELECTRIC CIRCUIT
WHEN CALCULATING A STATIC MODE

Sytnyk O., Protasov S., Klyuchka K., Kyselova A.
Cherkasy State Technological University, Cherkasy, Ukraine

Abstract. The analysis and calculation of a static mode, that is associated with the solution of systems
of nonlinear algebraic equations, describing the established mode of their operation, is characteristic for
electric circuits. In most cases, algorithms are used to solve systems of algebraic equations, that are based
on Newton's method, which is characterized by a quadratic convergence rate of an approximate solution.
The object of research is the processes in nonlinear electrical circuits. The subject of research is methods and
algorithms for solving the equations of electric circuits in the calculation of static mode. This paper proposes
to use a modification of Newton's method to solve equations, taking into account the nature of the
nonlinearity of volt-ampere characteristics of the elements in the circle. This approach makes it possible to
build effective numerical algorithms and develop the appropriate software tools for modeling electric circuits
on their basis.

Keywords: nonlinear equations, electric circuit, modelling, Newton’s method.

METOJH PO3B’SI3AHHSA PIBHAHB EJIEKTPUYHOI'O KOJIA
IIPU PO3PAXYHKY CTATUYHOI'O PEXXKUMY

Cutnuk O.0., IIporacor C.10., Knwouka K.M., Kuceasoa I'.O.
UYepkacbkuii iep>KaBHHI TEXHOJOTIYHUAHN YHIBepcHTET, M. Uepkacu, Ykpaina

AHoTanis. 15 eJEeKTpUYHMX KiJl XapakTepHUM € aHaji3 Ta PO3PaxyHOK CTAaTHYHOI'O PEXUMY,
MIOB'SI3aHUH 3 PO3B’SI3KOM CHUCTEM HEJIHIMHUX anreOpaiuHuX piBHSHb, IO OMHUCYIOTh 3a3HAYCHUN PeXUM. Y
OUTBIIOCTI BHUMAJAKIB Ul PO3B’sI3aHHS CHUCTEM anreOpaiyHuX PiBHSAHb BHKOPHUCTOBYIOTHCSI alrOPUTMH, B
OCHOBI SIKUX JIKHUTh MeTO]1 HpI0TOHA, 1110 Mae KBaipaTUYHy MIBUAKICTH 301)KHOCT1 HAOIMIKEHOTO PO3B’SI3KY.
O06'exTOM AOCIIIKEHHS € TIPOLIECH B HEJIIHIMHUX €JIEKTPUYHUX Kosax. [IpeameTom nociimxeHHs € MeToan
Ta aITOPUTMH PO3B’S3KYy PIBHAHB €JICKTPUYHHUX KT MPHU PO3PaxXyHKY CTaTHUYHOTO PeXHMy. Y poOoTi
NPONOHYETHCS ATl pO3B’I3aHHS PiBHSHb BUKOPUCTOBYBaTH Moau(pikawito merony HeioToHa, 1o BpaxoBye
XapakTep HEIIHIMHOCTI BOJbT-aMIICPHUX XapaKTEPUCTHK €JEeMEHTIB Koja. lled miaxij Iae MOXIUBICTh
noOyayBaTH e(EKTHBHI YHCENIBbHI AITOPUTMH Ta PO3POOUTH Ha TX OCHOBI POrpaMHi 3acO0HM MO/JICITIOBAHHS
CJIEKTPUYHUX KiJI.

KrouoBi cioBa: HemnmiHiiHI piBHAHHS, €IEKTPUYHE KOJIO, MOAEIIOBaHHS, MeToa HpioTOHA.

Introduction. Analysis of electric circuits is both an independent task, the solution result of
which is of unconditional interest to specialists in the field of electrical engineering and electronics,
allowing to study more deeply the mechanism of the circle at the level of a mathematical model,
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and the basis for solving problems of diagnosis, identification and optimization of electrical circuits,
etc. [1].

Formulation of the problem. Nonlinear electric circuits are characterized by the analysis
and calculation of the static mode associated with the solution of systems of nonlinear algebraic
equations describing the established operational mode of such circles. As a matter of fact [2, 3], it
Is impossible to obtain an accurate solution of such equations in general form and various numerical
methods are used to find the roots, which are associated with the implementation of sequential
approximations for equations of non-binding of the form

F(X)=0, )
where F(X) =[x, Xp,..., %, ], F(X)=[f,(X), f,(X),..., f,(X)]', t — transportation.

The purpose of the work is to analyze and justify the choice of an effective method of solving
equations of an electric circuit when calculating a static mode.

Presentation of the main material. To solve the equations of the electric circuit, iterative
methods and methods of minimization can be used while calculating the static mode [2, 3].

Iterative methods are based on the idea of choosing a certain initial approximation of the
system roots in the nonlinear equations and clarifying them according to a certain iterative scheme.
The use of iterative methods is associated with two main difficulties. Firstly, the computation
process can be inconsistent and, secondly, convergence can be so slow that it is almost impossible
to achieve a satisfactory approximation of the solution.

Out of the minimization methods in solving systems of linear and nonlinear equations of
appearance (1), deterministic methods of optimization of the first and second orders are most often
used, which have a number of very significant drawbacks.

Recently, a lot of attention has been drawn to random search methods [2]. Sufficient
convergence, simplicity of implementation and adjustment makes the usage of these methods very
promising in many cases. It is possible when the random search algorithm that is used to solve some
systems of nonlinear equations, in some cases the use of minimization methods is the only possible
way to solve systems of nonlinear algebraic equations since the use of iterative methods for the
same systems of equations does not allow to find the roots.

Random search algorithms can be used in the analysis of static mode. It is shown that the
random search algorithm with training can be successfully used to calculate the initial
approximation more successfully than zero [3].

In most modern analysis programs of nonlinear electric circuits for solving systems of
algebraic equations, algorithms based on Newton’s method are used, where the latter has a quadratic
convergence rate of an approximate solution or its modification [2, 4]. Thus, a well-known
modification of Newton's method is Matveev-Broide’s method [2], the essence of which is that the
norm of the bond vector, that should strive to zero when approaching the solution, is considered
non-growing. Although Matveev-Broide method excludes the divergence of the iterative process,
convergence is achieved not in all cases. The use of a combination of Newton’s, Matveev-Broide’s
and Davydenko’s methods [2, 4], allows getting a solution in the vast majority of cases, but the
computer time costs may be quite significant.

The most effective for solving equations of an electric circuit when calculating a static mode
in terms of convergence and reliability speed is the use of a modification of Newton's method, that
takes into account the nature of the nonlinearity of volt-ampere characteristics of the elements in
the circle. The effectiveness of this approach illustrates the result of solving the equation
f(x)=—R, +E—u(x), describing the diode circuit (Figure 1, a), represented by a graphical
interpretation (Figure 1, b), which indicates the need to take measures to possibly stop the
computational process when calculating the exponential function in the case E >>0.
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Figure 1 (a) — Diode circuit; (b) — graphical interpretation of the solution of the equation
f(x)=—R, +E—-u(x)

As a result of research it is established that this approach also improves the convergence of
the computational process and overcomes the difficulties associated with the exponential nature of
the nonlinearity of equations describing electrical circuits.

Conclusions. The use of a modification of Newton’s method allows getting a solution under
any initial conditions with the required convergence rate of an approximate solution of equations in
the electric circuit in static mode. This approach makes it possible to build effective numerical
algorithms and develop on their basis the appropriate software tools for modeling and expand the
capabilities of modern computer tools for scientific and engineering calculations electric circuits.
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Cekuis C. [ndopmariifini TEXHOJIOTII B TEXHII Ta pOOOTOTEXHIIT

PEAJIIBAIIA MYJbTUMOIJAJIBHUX TPAHCIIOPTHHUX 3AJTAY
3A TOMMOMOI' OO CUCTEM JIHIHHUX MATPUYHUX PIBHSIHb

I'onuapos A. B., Morixeii C. O.
Uepkachkuii 1epKaBHUM TEXHOJIOTTYHHM YHIBepcUTeT, M. Uepkacu, Ykpaina

Anoranisi. O0’€KTOM JOCHIKEHHS € OaraToKpuTepiaibHa MyJIbTUMOJAIbHA TPAHCIIOPTHA 33/1a4a 3
JBOMa IUTLOBUMH (PYHKIISIMH MiHiMi3alii co0iBapTOCTI Ta PU3MKY TPAHCHOPTHUX IEpeBe3eHb. METOI0
po0OOTH € BUBUYEHHS OCOOJIMBOCTEH peaiizamii Imiei 3amadi 3a JOTIOMOTO0 METOMIB OaraToKpHTepiaabHOL
omTuMizaiii. 3aBJaHHs JOCHTIHKEHHS — MPOJIEMOHCTPYBATH MOXKIIUBICTD 3BEJIEHHS MMOCTABIEHOI 3a/1a4i 10
CHUCTEMH JIIHIHHUX MaTpUYHUX piBHAHB. {715 MOOYyAOBH ONOPHUX IJIaHIB 3a[4adi BUKOPUCTAHO alTOPUTM
metoay lllteiiHepa, sikuii 6a3yeThCcsl Ha BiAIIYKaHHI «KOMIPOMICHOTO» OMOPHOTO IUTaHY MK Pi3HUMH
BHJIaMH TpaHCHOPTY. baraTokpuTepianpHiCTh 3a/1a4i MPOMIOHYETHCS PeaTi3yBaTH 13 3aCTOCYBaHHSIM METO/IIB
BaroBUX KOe(ili€eHTIB Ta MOCTIIOBHUX MOCTYIOK, aJalTOBAHUX 3 YPaXyBaHHSIM 0COOJIMBOCTEH MOCTAHOBKH
JOCIiKyBaHol 3aaaui. [lokazaHo, 110 PO3MIPHICTH BiMOBIIHOI CUCTEMH JIIHINHUX MAaTPUYHUX DPIBHIHb
Oe3mocepeTHbO 3aJIEKHUTH BiJl KUTBKOCTI MITFOBUX (DYHKIIIH 3aa9i JOCTIKEHHs. TakuM YHHOM, OCHOBHIM
pe3ynbTaTOM IBOTO JOCTIKEHHS € po3poOKa HOBOTO METONY PO3B’s3aHHA OaraTOKpUTEpialbHOT
MYJIbTUMOJIAJILHOT TPaHCIIOPTHOI 3aJ1adi, OCHOBHA 1Jiesl IKOT'0 MOJISTae y 3BSICHHI 11 10 CUCTeMH JIiHIHHUX
MaTPUYHUX PiBHSHB, peaii3allis sKoi MPOBOAMTHCSA 3a JOMOMOTOIO 3aC00iB KOMIT IOTEPHOI MaTeMaTHKU
(Mathcad).

KarouoBi ciaoBa: OaraTtokpurepiadbHa ONTHUMI3allisd, MYJIBTHMOJAJbHA TPAHCIIOPTHA 3ajlaya,
cucTeMa JIHIMHUX MaTpHYHUX PiBHIHB, MeTo] LLITeliHepa, 3ac00M KOMIT I0TEPHOT MaTEMaTHKH.

REALIZATION OF MULTIMODAL TRANSPORT PROBLEMS
USING SYSTEMS OF LINEAR MATRIX EQUATIONS

Honcharov A., Mogilei S.
Cherkasy State Technological University, Cherkasy, Ukraine

Abstract. The investigation is aimed at a multicriteria multimodal transport problem with two
objective functions of minimizing the cost and risks of transportations. The purpose of the article is to analyze
the characteristics of solution for the problem given through methods of multicriteria optimization. The task
is to demonstrate the possibility of transforming the problem into the system of linear matrix equations. To
construct reference plans of the problem, the algorithm of Steiner’s method based on determining the
compromising reference plan for different means of transportation had been used. The multicriteria character
of the problem is to be solved through weighted coefficients methods and successive concessions adapted to
peculiar standards of the problem given. The measurement of the related system of linear matrix equations
is directly dependent on the number of objective functions of the research problem. Thus, the main result of
the research is the development of a new method of solving a multicriteria multimodal transport problem,
the general sense of which is transforming it into a system of linear matrix equations and it is solved by
means of computer mathematics tools (Mathcad).

Keywords: multicriteria optimization, multimodal transport problem, system of linear matrix
equations, Steiner’s method, computer mathematics tools.

Beryn. JlorictuuHi 3ajadi, sIKi CbOTOJHI MOCTAIOTh MEpe] JOCIHIAHUKAMU TPAaHCIOPTHUX
nepeBe3eHb, MalOTh HAA3BUYAHUM piBeHb CKiIagHOCTI. e 3yMOBIEHO K BUCOKOK MOJAIbHICTIO
TaKuX 3334, TaK 1 BEJIMKMM HaOOpOM KpuTepiiB JoricTuyHoi ontuMizanii. Kpim Toro, 3Baxkatoun
Ha Te, IO KJIACMYHA TPAHCIOPTHA 3a/a4ya TOJSITrae y BU3HAYEHHI ONTHMAJIBHOTO TUIAHY
TPAHCHOPTHUX MEPEBE3EHb, CYTTEBUI BIUIMB Ha 00CAT 0OpOOIIIOBAHMX JAHWX MAa€ PO3MIPHICTDH
Takoil 3aJa4yl — IHIIUMH CJIOBaMH, KUIbKICTh IYHKTIB BIJIIPAaBKU Ta JOCTaBKM BaHTaxiB. Came
IPOMI3/KICTIO Cy4YaCHHUX TPAHCHOPTHUX 3aJ1a4 1 BA3HAYAETHCS aKTYAIbHICTh JAHOTO IOCIIKEHHS.

30



MeTow JOCTiAKeHHsI € BHUBYCHHS MOXJIMBOCTI 3BEIECHHS OaraTOKpHUTEpialbHUX
MYyJTBTUMOJIATFHUX TPAHCIOPTHUX 33]1a4 IO AaHAIOTIYHUX OJHOKPUTEPIaTbHUX 3 OJHUM 3aC000M
JIOCTaBKH BaHTaXXiB — TOOTO, KJITACHYHUX TPAHCIOPTHHX 3a1a4. CaMa peastizarlis 3a/1a4 TAKOTO THITY
3arajJioM HEMOXJIMBa 0€3 BHUKOPHCTAHHS CIEI[iali30BaHOr0 MPOrpaMHOro 3abe3meueHHs
(manpukiaa, Mathcad, Matlab Tomro).

IMocTranoBka 3agaui. [loOyayemMo Monenb KIaCHYHOI MYJIbTUMOAAIBHOI TPAHCIOPTHOI
3amaul s TPbOX BHIB TpaHcmoptry. JlaHa Mojens Oyne MICTUTH OJHY IIIBOBY (DYHKIIIIO
Minimizanii S Ta Tpu MaTpuLi coGiBapTocTeli mepeBeseHb CK:

S=C*x X* - min,
Ch=(ci ) X =(x) k=13

ne i=1,n, j=1,m — KUIbKICTh ITYHKTIB BIAMPABKH 1 JOCTAaBKH BIIMOBITHO.

1)

Kk . . .
X" — mykaHi MaTpuLli OMOPHUX IUIaHIB [0 KOKHOMY BUY TPAHCIIOPTY;

ck xi‘; — BIAMOBITHO COOIBAPTICTH (32 OJMHUIIIO) Ta KUIBKICTh BAHTAXY, 1110 IIEPEBO3UTHCS 3

i
I-TO MMyHKTY BIANPABKH J0 |-TO MYHKTY JOCTaBKH K-M BHJIOM TpaHCHOPTY.
OcHoBHa yacTuHa. Bignomenns C*x X* posnucyerscs sk:

3 nm
k k k k
C'xX :ZZCij-Xij, (2)
k=1i,j-1
T00TO, MUTbOBA (YHKIS 3a7adi S € CyMOI JTOOYTKIB BiIIOBITHUX €JIEMEHTIB MaTPHUIlh
co0iBapTocTeH 1 OMOPHUX MJIAHIB MO BCIM BUAaM TPAHCIIOPTY.
Pozmupumo nocranoBky 3agauy (1) Ta modyayeMo Moieb MyIbTUMOAAIbHOT TPAHCTIOPTHOI
3aj1a4i, sIKa MICTUTb JBi IIUThOBI QYHKIIT MiHIMI3alii — cobiBapTocTi S i pu3uky R [1]:
S=CkxX* > min,
R=R"x X" - min, ©)
k Ky-BK _ (rkY- Y K _ (vKY I 71 2
C'= (Cij)' R" = (rij )1 X" = (Xij)!k =13,

“ — pU3MK NepeBe3eHHs OJMHHIN BAaHTAXy 3 I-TO NMYHKTY BiINIPaBKU 10 j-TO IyHKTY

ac rij -
nocTaBKU K-M BHIOM TpaHCTIOpTY (MaTpHIli pusukiB R e Bigomumm).
ITpu peanizamii 3a1a4i (3) OTpUMaEMO HACTYIIHY CUCTEMY JIHIMHUX MAaTPUYHUX PIBHSAHb:

1 2 3
X"+ X"+ X=X,
1 1 2 2 3 3 _
CxX +C°xX“+C°xX*=S;, (4)
1 1, p2 2 3 3
R'x X" +R* xX“+R*x X" =R .
3acrocyBaBmin Meron lllreitnepa [1] nmo 3amaui (3), oTpuMaeMo MiHIMalbHI 3HAYEHHS
ninboBux ¢ynxuin S =S ,R=R ..
BucnHoBku. TakuM 4YMHOM, B [JOCHIJJKEHHI ONKWCAHO HOBUHM METOH 3BEIEHHSI O —
KpHUTEpiaIbHOI MyJIbTUMOAAIBLHOI TPAHCIOPTHOT 3341 10 KJIACUYHOI TPAHCIOPTHOT 331a4i — uepe3
noOyOBYy CHCTEMH JHIHHMX MAaTPUYHUX piBHSHB po3mipHOocTi O +1. Ile mae MOXIHMBICTH

po3poOUTH BIATIOBITHUN aNTOPUTM PO3B’SI3aHHS MOCTABJIICHUX 3aja4 1 peaii3yBaTH IIl 3a7adi 3a
JIOTTIOMOT OO CIIeIiali30BaHOTO MIPOTPaMHOTO 3a0e3neueHHs, 30kpema, B cepenoruiii Mathcad [2].
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THTEJEKTYAJIbHUN KOHTPOJIb MEXAHIYHUX XAPAKTEPUCTHUK
OIITUYHUX BUPOBIB

Makapenko 1. O., ®enopos €. €., bonaapenko IO. 0.
Uepkachkuil 1epKaBHUM TEXHOJIOTTYHHM YHIBepcuTeT, M. Uepkacu, Ykpaina

Anoranis. [IpiopureTHUMH 3aBHaHHSIMH B paMKax Ii€i poOOTH € pO3poOJIeHHS MPOIecy
IHTEJNIEKTYaIbHOTO KOHTPOJIF0 MEXaHIYHUX XapaKTePUCTHK ONTHYHUX BUPOOIB, HOTO aBTOMAaTH3allid, a
TAaKOXK 3MEHIIEHHS OOYHCIIOBAIBLHOI CKIAQAHOCTI, 301IbIIEHHS TOYHOCTI Ta HagifiHocTi. MeToro
JOCHIDKEHHS € MiABUILEHHSA e()EeKTUBHOCTI KOHTPOJIO MEXaHIYHHX XapaKTEPHCTHK ONTHYHUX BHUPOOIB
IUITXOM 3aCTOCYBaHHS IMITYYHOT HEUPOHEUITKOI Mepexi, HABYaHHA SKO1 3A1MCHIOETHCSI HA OCHOBI IMyHHOTO
anroputMy. B po0OTi po3pobieHo Ta NOCHIKEHO IITYYHY HEWPOHEUITKY MEpexy Uil aBTOMaTH3amii
IHTENIeKTYaJIbHOTO KOHTPOJII0 MEXaHIYHHX XapaKTepUCTHK ONTHYHUX BHUpOOiB, M0 3abe3mneuye
NPE/ICTaBICHHS 3HAHb 32 PaxXyHOK KOHTPONIO XapaKTEPUCTHK ONTHYHUX BHUPOOIB SK 3pO3yMUTHX Ui
JIOJICHKOL JIOTIKK TpaBmWil; 3MeHIIye y 2,8-3,1 pasu cepeqHbOKBaApaTHYHy MOMMIKY Ta y 7-11 pasis
HMOBIpDHICTP TPUUHSATTS HEMPaBWIBHOTO PILIEHHS, a TaKOX, 3arajioM, OOYHCIIOBAJIBHY CKJIaIHICTH
KOHTPOJIIO IIUISIXOM aBTOMAaTHYHOTO BHOOPY CTPYKTypH MOJENi INTY4HOI HEHPOHEYITKOi Mepexi,
3MEHIICHHS HMOBIPHOCTI MONAIaHHS B JIOKAJBHUH €KCTPEMYM Ta BUKOPUCTAHHS TEXHOJIOTI MapanenbHOl
00poOku iHdopMmalii [ iIMyHHOT'O alrOPUTMY Ta 3BOPOTHOTO PO3MOBCIOKCHHS Y MAKETHOMY PEKHMI.
JloBeieHO MOXKJIMBICTh BUKOPHCTAHHS MIPOIIECY 1HTEIEKTYaTbHOTO KOHTPOJIO MEXaHIYHUX XapaKTePUCTHK
ONTUYHHX BUPOOIB Yy Pi3HUX iHPOPMAIIITHO-BIMIPIOBAIFHIX KOMILTEKCAX.

KarouoBi cioBa: ontuuHuMii BHpiO, KpuTepii eheKTHBHOCTI, HeHpomepexka, CHCTeMa HEYITKOro
BUBE/ICHHSI, IMyHHHI JITOPUTM.

INTELLECTUAL CONTROL OF MECHANICAL CHARACTERISTICS
OF OPTICAL PRODUCTS

Makarenko I., Fedorov Ye., Bondarenko Yu.
Cherkasy State Technological University, Cherkasy, Ukraine

Abstract. The priority tasks within the framework of this work are the development of the process of
intellectual control of mechanical characteristics of optical products, its automation, as well as reducing the
computational complexity, increasing the accuracy and reliability. The aim of the research is to increase the
efficiency of control of mechanical characteristics of optical products by using an artificial fuzzy network,
which is trained on the basis of an immune algorithm. The paper developes and investigates the artificial
neural network for automation of intellectual control of mechanical characteristics of optical products, which
provides representation of knowledge due to control of characteristics of optical products as rules clear to
human logic; reduces the RMS error by 2.8-3.1 times and the probability of making the wrong decision by
7-11 times, as well as, in general, the computational complexity of control by automatically selecting the
model structure of the artificial fuzzy network, reducing the probability of hitting the local extremum and
using technology parallel information processing for the immune algorithm and back propagation in batch
mode. The possibility of using the process of intellectual control of mechanical characteristics of optical
products in various information and measuring systems is proved.

Keywords: optical product, efficiency criteria, neural network, fuzzy inference system, immune
algorithm.

Beryn. 3actocyBaHHsS ONTUYHUX BUPOOIB B PI3HOMAHITHUX cdepax JHOACHKOI JISIbHOCTI
(moOyToBi#, BIHCHKOBII, TEIEKOMYHIKalliliHili, MEIUYHIA TOIIO) OCTaHHIM YacoM HalyBae€ yce
Outbmoro mnommupeHHs. OcoOiMBOi MOMYISPHOCTI PO3BUTOK BIJHOBIIOBAJbHUX, €HEPro- Ta
pecypco30epiralounx TeXHOJIOT1i BUTOTOBJICHHS Cy4aCHUX ONTHYHUX MPUCTPOIB 1 CCTEM HaOyBae
B paMKax KOHIemIii cramoro po3BuTKy Ta iHimiatuBu «Industry 4.0» [1]. B Toit ke uac,
BpPaxoBYIOUM CHeUH(}iKy BHKOPHUCTAHHS TaKUX ONTHUYHMX BHPOOIB B YMOBAaX OTOYYIOYOTO
cepeoBHIlla (4acTO — arpecUBHMX Ta EKCTpEeMalbHHX), OCOOJMBO B Tally3sfX KpPUTHYHOIO
3acTOCYBaHHA (€HEpreTHka, KOCMiyHa, BIHChKOBA, MEIMYHA Taly3i Ta iHINI), aKTyaJbHUM MOCTA€E
MUTaHHS BUCOKOE(EKTHBHOI'O KOHTPOJIIO CaME€ MEXaHIYHMX XapaKTEepUCTUK LUX BUpoOiB. Ilpu
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bOMY, Ha JYMKY aBTOpIB, MEPCHEKTUBHUM B IMPOLIECI KOHTPOII MEXaHIYHUX XapaKTEPUCTHK
ONTUYHUX BUPOOIB € BHUKOPHCTAHHS INTYYHOI HEHPOHEUITKOI Mepexi, A KO HaBYaHHS
MIPOBOJIUTHCS 32 JIONIOMOTOI0 IMYHHOTO alropuTmy [2].

Merta gocaim:keHHs: MiIBUILEHHS €()EKTUBHOCTI KOHTPOJIIO MEXaHIYHUX XapaKTEPUCTUK
ONTUYHUX BUPOOIB ILISXOM 3aCTOCYBAaHHS IITYYHOI HEHPOHEUITKOI Mepeki, HaBYaHHSA SKOi
3IHCHIOETHCS HA OCHOBI IMYHHOT'O aJITOPUTMY.

IloctanoBka mnpodjemu. Ha edeKkTUBHICTH KOHTPOJIO MEXaHIYHUX XapaKTEPUCTHK
ONTHYHUX BUPOOIB TPATUIIHHUMHU METOJAMHU Ta 3ac00aMU 3HAYHHWKA BIUTMB MAlOTh CTOXACTHYHI
(dakTOpU OTOUYIOUOTO CEePEIOBUIIA, IS SKUX BIJCYTHI OJTHO3HAYHI 3aKOHOMIPHOCTI, 1110 MOKYTh
OyTH OINMMCaHI METOJaMH KJIACHYHOI JIOTIKH Ta Teopii MHOXHH. [Ipu 11bOMy 3HaYHA CKJIAJIHICTD,
OTIEPATUBHICTh TAa MACOBICTh 3/IMCHIOBAHMX IIUKJIIB KOHTPOJIIO BUMArae 3aCTOCYBaHHS Cy4aCHUX
M1IXO/IIB 13 3AIy4eHHSIM HEUPOMEPEKEeBUX TeXHOJIOT1H. ToMy B 1aHii poOOTI HABOJUTHCS TPOIIEC
CTBOpPEHHSI INTYYHOI HEMPOHEUITKOI Mepexi s 3AIHCHEHHsS 1HTEJIEKTYaJbHOTO KOHTPOJIIO
MEXaHIYHUX XapaKTEPUCTHK ONTHYHHUX BHUPOOIB.

Po3po0.ienHs1 Ta J0CTiAKEHHS IITYYHOI HEHPOHEUYITKOI Mepe:Ki VISl IHTeJIEeKTYaJIbHOT0
KOHTPOJII0 MeXaHiYHMX XapaKTePHCTHK ONTHYHUX BHUPOOIB. [l HOCATHEHHS MOCTaBIICHOI
METH B HAYKOBOMY JOCHI/KEHHI Oy BUPIIICH] HACTYIIHI 3aB/IaHHS.

Crovatky BigOyBajocsi CTBOPEHHS CHCTEMH HEUITKOTO KOHTPOJIIO  MEXaHIYHHX
XapaKTepUCTHK ONTUYHHUX BUPOOIB, KOTpa mependayana (opMyBaHHS JIHTBICTUYHUX 3MIHHUX, B
SKOCTI SIKHX Oyino oOpaHO, 30KpeMa: MOAYNb MPYKHOCTI, yIapHY B S3KICTb, OMip 30BHIIIHIM
HABAaHTA)XCHHSAM Ta MEXY MIIHOCTI 31 3HAYEHHSIMH, O0JACTAMHU SIKUX € HEUiTKI MHOXKUHU. [Ipu
[IbOMY, BUX1THOIO 3MIHHOIO OYJIO 0OpaHO Ji0, 110 3MIHIOE BETHUYNHY MEXaHIYHUX XapaKTEPUCTHK
OonTUYHUX BUPOOiB. HacTymHuMu kpokamu ctaiu (popMyBaHHS 0a3u HEUITKUX MPaBUI (y KITBKOCTI
16 npaBmin) Ta npoBeneHHs ¢asudikarii. Ilpu npoMy K QyHKIIT TPUHAIEKHOCTI Oys0 00paHO

10 x—my i . —
¢ymxuii layca p; (x)=exp 5 % ' Ma, (x) =1_M/sﬂ(xi) , e 1 €14, mijj—MaTteMaTHuHe

i1

OUIKYBaHHS, Gij — CEpPEIHbOKBAJPAaTUYHE BIIXUICHHS, K Taki, M0 3a (aKTOM TOro, IO BXiJTHI
napaMeTpy € Pe3ysbTaTOM il 3HA4YHOI KUIBKOCTI (paKTOpiB, BiAMOBIJAIOTH YMOBI, IO BCi BOHU
MalOTh OJIHAKOBO HEe3HAayHWil BmIMB. HacTymHuil kpok nependayaB arperyBaHHS YMOB JUIsS
KOKHOT'O IpaBMJIa IUISIXOM MIHIMI3alil QYHKIIM MIPUHAIEKHOCT] 3 MOAABIIOK aKTUBI3AIlI€l0 Ta
arperyBaHHsSIM BUCHOBKIB. Y pe3yabTaTi 4oro QyHKIliS MPUHATIEKHOCT] Pe3yIbTYI0UOT0 BUCHOBKY
BU3HAYAJIACh Y BUTJISAII:

be (X, 2) = max{u (X, 2), .., ue (X, 2)}, 2€1,3).

Hacrynna  npedasudikamiss  nusaxom  MakcuMizamii  QyHKUil — IOpUHAJIEKHOCTI
Z" =argmax us(X,z), ze€l3 nosonsna BU3HAYATH HOMEP BHAY Mii, IO 3MiHIOE BETUYUHY
z

MEXaHIYHUX XapaKTEPUCTUK ONTUYHUX BUPOOIB.

Ha nactynHomy erami Oyna cTBOpeHa N‘SITHUIIApOBa MaTeMaTHMYHa MOJENb IITYYHOI
HeNpoHeuITKOI Mepeki KOHTPOIII0. BXiiHuM (Hy1b0BMI) Iap 111€1 Mepeki MICTUB YOTUPU HEUPOHH,
1110 BiJAMOBI/IAN0 KUIBKOCTI BX1AHUX 3MiHHUX. [lepmuii npuxoBaHuii map peanizyBas ¢a3udikariro
Ta MICTUB BICIM HEHpOHIB, 110 BIAMOBIAAE€ KUIBKOCTI 3HaY€Hb JIIHTBICTUYHUX BXIJIHUX 3MIHHUX.
Jpyruil mpuxoBaHuil map peanizyBaB arperyBaHHs YMOB 1 MICTHB ILIICTHAJISATh HEWPOHIB, IO
BIJINOBIIa€ KUIBKOCTI HEYITKUX MpaBui. TpeTiil mpuxoBaHMH Iap peani3yBaB aKTUBI3AIllIO
BHUCHOBKIB 1 MICTHB IIICTHAAUATh HEHPOHIB, IIO BIANOBIAa€ KITBKOCTI HEWITKUX MpPaBWI, a
BUXIIHUN (YeTBEpTUi) HIap peani3yBaB arperyBaHHs BUCHOBKIB Ta MICTHB TPH HEHPOHH, IO
BIAIIOBiZa€ KIJILKOCTI 3HAYEHb JIHIBICTUYHUX BHXITHMX 3MIHHHX. 3arajaoM, MaTeMaTHYHa MOJEIb
HITY4YHOI HEHPOHEUITKOI Mepeski Ha OCHOBI min-max HEHpOHIB Mae BUTJISIA:

Y, :“C(x,z)zrrrem%)é W, W mln{rirelmrjrle%{w”u;\j (xi)},uér(z)} ,2e€l13.

33



Jani BigOyBaBcst BUOIp KpUTEPIiB OIIHKK €(EKTHBHOCTI OTPUMAHOT MAaTEeMAaTHYHOI MOJIEIII.
Tak, U1 OLIHKM mapaMeTpU4Hoi i1eHTudikamii Takoi Moeni Oynu oOpaHi Taki KpUTEpii:

. . 1 & ) .
- Kpurepiii TouHocti F :_Zz(ypz -d,) — min ;
p=1 z=1
1 P
- kputepii HagiitHOCTI F = —Z[arg max y,, # arg maxd Z} —min;
P 23 P 23 P 0
- Kputepit mBuakonii F =T — mein ,

ne dpz — BiAryk, orpumanuii 3 06‘exry ynpasiinns, d, €{0,3}, Yp: — Biaryk, orpumanuii no

Mojeni, P — KiTbKICTh TECTOBUX peastizaiiil.

Inentudikarmis mapamMeTpiB MaTeMaTHYHOI MOJENI INTY4YHOI HEHPOHEHITKOI Mepexi
KOHTPOJIIO MEXaHIYHUX XapaKTEPUCTUK ONTHYHUX BUPOOIB 3 ypaxyBaHHSAM aJrOPUTMY 3BOPOTHOTO
HNOLIMPEHHs y NMaKeTHOMY peXHMi mependadae oO0UMCICHHS BUXIAHOIO CHUTHAILy 32 OTPUMAHOIO
MaTeMaTHYHOIO MOJEJUII0 Ta €Heprii NOMUIKH HeHpoMepexi 3 MOJAIbLIOK MEPEBIPKOI0 YMOBHU
3aBEpILCHHS.

Ha 3aBepmanbHOMy etari BigOyBanacs ifeHTHdIKallisg mapaMeTpiB MaTeMaTUYHOI MoJeml
MITYYHOI HEWPOHEUITKOI MEpeXi KOHTPOJIIO MEXaHIYHHX XapaKTEPUCTHK ONTHYHUX BUPOOIB 3
ypaxyBaHHSIM IMyHHOTO QJITOPUTMY «MOAHM(iKOBaHa MITyYHA iMyHHA Mepexkay. CyTh Moaudikarii
HoJjsirana y ToMy, 110 Ha eTani CTUCKYBaHHS B MHOXKMHI HE OOYMCIIIOETbCS OTOYEHHS KIIITUHOK,
3Ha4YeHHs (QYHKIIT Tl SKUX MEHIIEe HAMKPaIoro cepeHhOr0 3HAYeHHS LiJIi 32 yciMa iTepariisiMu,
10 3MEHIIYE O0YHCIIOBANBHY CKIAIHICTh aITOPUTMY. YUCenbHE JOCHTIHKEHHS 3alpOIIOHOBAHIX
MaTeMaTUYHUX Mozelel mpoBoauiock y naketi MATLAB.

B pesynpraTi mpoBEeNeHHMX OCTI/DKEHb Ta IMOPIBHSUIBHOTO aHaNi3y pe3yJbTaTiB 3a
OTPUMAHUMHU 32 JI0IIOMOI'00 PO3POOJICHOT IITYYHOI HEHPOHEUITKOI MepesKi KOHTPOJII0 MEXaHIUHUX
XapaKkTEepUCTUK ONTUYHHUX BHUPOOIB 3 pe3ynbTaTaMM, OTPUMAHMMU 3 BHUKOPHCTAHHSIM
QIbTEPHATHUBHOI ~ HEHpoMepexxki  TuUmy  OaraTomapoBWid — MEPCENTPOH 13 3BOPOTHHUM
PO3MOBCIOKEHHSIM (sika cebe 3apeKoMeHayBalla y 3ajadax BHCOKOTOYHOIO KOHTPOJIO) Oyio
MOKA3aHO CYTTEBE CIPOIICHHS OOYMCIIIOBAJIBHOI CKIIAJHOCTI MPOIECY KOHTPOIIO, 3MEHIICHHS
CepPEeIHhOKBAIPATUYHOI TOMUJIKU 31 3HaueHHs 28,8-33,2 no 3unauenHs 9,3-11,5 ta iimoBipHOCTI
NPURHATHX HETPaBWIBHUX pimieHb 31 3HaueHHs 0,089-0,112 no 3nauenns 0,008-0,013.

BucHoBku. 3anpornoHOBaHMM MIAXIA [0 IHTENEKTYaJlbHOTO KOHTPOJIIO MEXaHIYHUX
XapaKTEePUCTHK ONTUYHUX BUPOOIB aBTOMATH3Ye MPOIIEC TAKOIO KOHTPOIIIO; 3a0e3Meuye ysaBIeHHS
3HaHHS LI0J0 KOHTPOJIIO XapaKTePUCTUK ONTUYHUX BUPOOIB, SIK MPABMJI, SIKI JIETKO JOCTYIHI JJIs
PO3YMiHHS JIFOAMHO; 3MEHIIIYE OOUHCITIOBANIbHY CKIIAHICTh, CEPETHBOKBAIPATUYHY TOMHIIKY Y
2,8-3,1 pa3u Ta HMOBIpPHICTh NPUHHATTA HENpaBWIbHOrO pimieHHS y 7-11 pa3iB 3a paxyHOK
aBTOMATUYHOTO BUOOPY CTPYKTYPH MOJIEN] IITYYHOI HEUPOHEUITKOT MEpEXkl, a TAKOK MPUBOJIUTH
JI0 3MEHIICHHSI WMOBIPHOCTI TOMAJaHHS B JIOKAIBHUN EKCTPEMYM Ta BUKOPUCTAHHS TEXHOJIOTIi
napaneiabHoi 00poOku 1H(OpMaLi A7 IMyHHOTO alrOPUTMY Ta 3BOPOTHOTO PO3MOBCIOJKEHHS Y
MakeTHOMY pexuMi. Po3poOieHuil MeToj  IHTENEKTYaIbHOTO KOHTPOJIIO  MEXaHIYHUX
XapaKTEepUCTUK ONTHYHUX BHUPOOIB MOXKE BHKOPHUCTOBYBATUCH Yy PI3HMX iH(pOpMaliiHo-
BUMIPIOBAJIbHUX KOMITJIEKCAX.

Cnmncoxk BUKOPMCTAHUX JIZKepeJt
1. Zheng T., Ardolino M., Bacchetti A., Perona M. The applications of Industry 4.0 technologies in
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2. Du K.-L., Swamy K. M. S. Neural Networks and Statistical Learning. London: Springer-Verlag,
2014.
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BUKOPUCTAHHA POBOTOTEXHIYHUX HPI/IC"[POiB TA IHTEPHETY PEYEM
Y HABYAHHI TA HAYKOBO-AOCJIIJAHIN POBOTI CTYJEHTIB

Amnpapienko B. O., boiiko B. B.
UYepkacbKuil epKaBHHUIA TEXHOJIOTIYHUH yHIBepcuTeT, M. Uepkacu, Ykpaina

AHoTamnis. Y poOoTi 3aIIponoHOBaHO BUKOPHCTaHHA [HTEpHETY pedeit Ta poOOTOTEXHIKM B HABYAHH1
CTYZACHTIB TEXHIYHHUX CIELiabHOCTEH, SIKi X0UyTh OYyTH KOHKYPEHTHHUMH B CyYaCHHUX Pealisx Ta IparHyTb
OTIaHyBaTH HOBI MOYKITMBOCTI MIKPOETIEKTPOHIKH Ta MIKPOKOMIT FOTEPHOI TEXHIKH. PO3TIISTHYTO MOKIIHBICTD
3aITydeHHs TaKUX CTYJEHTIB A0 HAyKOBO-IOCHITHOI pOOOTH Yepe3 ydacTb Y HayKOBOMY TYPTKY IpH Kadenpi
VHIBEPCUTETY Ui OTpUMAaHHsS 3HaHb MPO (Qi3WYHI Ta MaTeMAaTWYHI OCHOBH POOOTOTEXHIKH, MPUHIIAIIN
(hyHKITIOHYBaHHS ENEKTPOTEXHIYHUX MPUCTPOIB, KOHCTPYIOBAaHHS POOOTOTEXHIYHHUX MPHUCTPOIB Ta IX
MPOrpaMyBaHHS, CTBOPEHHS Ta BiIUTaro/PKEHHS PO3YMHHUX MPUCTPOIB, IO MOJETIIYIOTh Ta POOISTH OiIbIII
PI3HOMAaHITHAM HAaIIIE KUTTA.

Y momoBifi mpeacTaBIeHo JOCBiL poOOTH HAYKOBOTO T'YPTKA, OCHOBHE MPU3HAYEHHS SIKOTO ITOJIATAE
B CTBOPEHHI T'PYN 3alliKaBICHUX CTYJEHTIB JUIs pealizalii CIiIbHUX MPOEKTIB y Talxy3i poOOTOTEXHIKH Ta
IaTepHeTy peueii, 0 € CbOroJHI aKTYaIbHUMH Ta [iIKaBUMHU, BUMaraloTh IEBHOI TEOPETUYHOT 1 TPAaKTUYHOT
MIATOTOBKH 3 TEXHIYHUX JUCLUILIIH.

Kurouogi ciioBa: rypTok, poOOTOTEXHiKa, IpOrpaMyBaHHs, [HTEepHET peyei.

USE OF ROBOTIC DEVICES AND INTERNET OF THINGS
IN TEACHING AND RESEARCH WORK OF STUDENTS

Andriienko V., Boyko V.
Cherkasy State Technological University, Cherkasy, Ukraine

Abstract. The paper proposes the use of the Internet of Things and robotics in the training of students
of technical specialties who want to be competitive in modern realities and seek to master new opportunities
in microelectronics and microcomputer technology. The possibility of involving such students in research
work through participation in a research group at the University Department to gain knowledge about
physical and mathematical foundations of robotics, principles of electrical devices, design of robotic devices
and their programming, creation and debugging of smart devices that facilitate and make more diverse our
lives is considered.

The report presents the experience of the scientific group, the main purpose of which is to create
groups of interested students to implement joint projects in robotics and the Internet of Things, which are
relevant and interesting today, require some theoretical and practical training in technical disciplines.

Keywords: group, robotics, programming, Internet of Things.

Beryn. CphorofHi cyyacHOMY CTYIEHTY B)XK€ MaJlo BUBUEHHS JIMIIE 3arajlbHUX AUCLMILUIIH
npodeciiiHol MiATOTOBKM 3 HaBYAIBHOTO IUIaHY KOHKPETHOI CIELialbHOCTI, OCOOIUBO KOJIU HE
pO3yMie€l, J1e MOYKHA 3aCTOCYBaTH BCi 111 OTpuMaHHI 3HaHHSA. [Ipodecionanizm BUKIagaviB Ta ix
XKHUTTEBUI JOCBiJ CTBOPIOIOTH YMOBHM JUIsl OJIEpXKAHHS CTYIEHTaMU TEOPETHYHOI Ta MPaKTHYHOI
HiArOTOBKY 3 0a30BHX IpeaMeTiB. Bei BUKIIagayi 3p03yMiIo Ta TOCTYIHO TOTYIOTh OCHOBY 3HaHb
CTYAICHTIB 3 HaBEACHHSM NPUKIANIB 3 CY4aCHOTO JKHTTS, INPOIOHYIOTH NEPEBIpUTH Il Ha
7a00paTOpPHUX Ta MPAKTUYHUX 3aHATTIX. AJe, KpiM TOro, MiJl 4ac HAaBYaHHS B YHIBEpCHUTETI
CTYJEHTOB1 MOTPIOHO Ha/aTU MOXJIMBICTh PO3BUBATH MOTO IHIUBIAYaIbHICTb, MPOSBIATUH HOTO
ocoOucTi 3110HOCTI, MpaloBaTH B KOMaH/l HaJl peaJbHUMHU IIpoeKTaMu. Bee 11e cTae MOXIJIMBUM Y
11032 HaBYaJIbHOMY CepeIOBUILll, CTBOPEHOMY B paMKaX HayKOBOT'O CTYJEHTChKOI'O I'ypTKa.

MeTo10 po60TH € CTBOPEHHS YMOB JUIsl HAYKOBOT'O Ta MPO(ECiifHOTO 3pOCTaHHs CTY/EHTIB
Ha OCHOBI JOCHTIXKEHb CHCTEM IHTEPHET pedeil Ta poOOTOTEXHIKM Yepe3 3aTy4eHHS iX 0 y4acTi y
HAayKOBOMY I'ypTKY Kadeapu KOMIT IOTEPHUX HayK Ta cucreMHoro ananizy YATY.

ITocTanoBka 3aaaui. 3aB1aHHS HAYKOBOTO CTYAEHTCHKOTO IypTKa «OCHOBU pOOOTOTEXHIKU
ta [HTEepHeT peueil» — cTBOPUTH KOM(OPTHI YMOBHU Ui 1HIUBIAYaJbHOTO PO3BUTKY CTY/AEHTIB,
3a0€3MeYnTH iX HAayKOBO-AOCTIIHY MISUTBHICTh HEOOXITHUM TEXHIYHUM OOJIaIHAHHIM ISt
YCBIIOMJICHHSI POOOTH pPI3HOMAHITHUX JaT4YMKiB, MPUCTPOIB JUIS TPOBEJIEHHS HAyKOBUX
JIOCITIJIKEHb Ta CTBOPEHHSI HOBITHIX pOOOTOTEXHIUHUX MPUCTPOIB Ta [HTEpHET peueit.

OcHoBHa yacTuHa. HaykoBuii rypTok kadeapu — 1ie rpyna 3aiikaBiIeHuX oci0, sSKi MOoeIHaH1
CHUIbHUM BHJIOM 1HHOBALIMHOT JISUTBHOCTI /1JIs1 BUPIIIEHHS CY4aCHUX HAyKOBUX 3a/1ad. KimrouoBumu
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3aBJaHHAMH JisTHOCTI HAYKOBOTO TYPTKAa €: OCBOEHHS Ta PO3YMIHHA CTyJCHTaMH Kadenpu
METOJI0JIOT1i HAyKOBUX JOCIIIKEHb; 3100YTTA MPAKTUYHUX HABUKIB KOHCTPYIOBAHHS, p03po61<1/1 1
porpaMmyBaHHs POOOTOTEXHIYHMX MPHUCTPOIB Ta iX 3aCTOCYBaHHS Ha MPAKTHUIll; MIArOTOBKa
CHpaBXkHIX TpodecioHalliB 3 BiIMOBIIHUM piBHEM HEOOXIAHOI IS IX cremiaiizaiii; po3BHUTOK
HayKOBOT'O TIOTEHIIIATY CTY/EHTIB; IPOBEJACHHS IIKABUX CEMIHAPIB Ta «MO3KOBHUX IIITYPMIB».

Jnis peamizanii 3a3Ha4eHUX 3a/1a4 BC1 YH4aCHUKHU CTYJICHTCHKOTO HAYKOBOT'O I'ypPTKa MOBUHHI
NPOBOJIUTH MEPIOANYHI 3acifanHs Ta 3ycTpivi. [lig yac nux 3ycTpiyei 3’IBISETbCS MOMKINBICTh
3aCTOCOBYBATH 3HAHHS Ta BMiHb CTYACHTIB, 110 OTPHMaHI IiJl Yac HaBYaHHS, B POOOTOTEXHIIII.
3apa3 CcTajo0 MOMIJIMBHM Ta JOCTYIIHUM BUKOPUCTAHHS PI3HUX 3ac00iB sl CTBOPEHHS
POOOTOTEXHIKH, CITOCTEPIraTy 32 HOBUMH PO3POOKAaMH Y CBITI HOBITHIX TEXHOJIOTIH, 1110 BCE OLIbIIIE
BUKJIMKA€E IHTEpeC M0 MPUHIUIY poOOTH JaHUX MPUCTPOIB, B TOMY YHCIi [HTepHET peuei, 10
mporpamMyBaHHsI iX TOBEIIHKH, MEXaHIKO-TeXHIYHUX NPHHIMIIB iX MOOyIOBU Ta POOOTH,
€JIEKTPOMEXaHIYHOTO TEPETBOPEHHS CUTHAIIIB B PYX IUX MPUCTPOiB. MaTemaTHyHa CKJIaZoBa B
pO3paxyHKax Ta MEPETBOPEHHSX CHUTHATIB Ta JAHWX € TAKOX HEBIT €MHOIO OCOOIHMBICTIO JUIS
CTBOPEHHS POOOTIB.

VY Mexax HayKOBOTO TypTKa Kadeapu Ta 3a MITPUMKU [HXHHIpUHTOBOI JabopaTtopil
Noosphere Engineering School, mo ctBopeno B UepkacbkoMy Aep:KaBHOMY TEXHOJIOTTYHOMY
VHIBEPCHUTETI, MH 3a0e3MeYyeMO CTYACHTIB HEOOXiMHUM OOJaJHAHHSAM JUIS BUBYCHHS
POOOTOTEXHIYHUX CHCTEM Ta AOCHIIKeHHs [HTepHeT peueil, mo0 KoKeH moyaTKiBelb CIpoOyBaB
cebc pPO3pPOOHMKOM BiJ MPOCTOrO0 AAPECHOrO CBITJIOMIONA, JO HANUCAHHSA TMPOrPaMH
iHTenekTyanbHol cucremu pobotn SMART-micta. IIporpamyBanHsSt poOOTH €IEKTPUYHUX
JIBUTYHIB NIl CTBOPEHHSI MOJENel eIeKTpOMOOLTiB, Y KOHTPOJIb CEPBOJABUIYHA TSI PYXOMOT'O
CIIEMEHTY Y BUIVIAII poOOTa-MaHimyssiTopa. 3acTOCyBaBIy Mikpokowmin totepu Raspberry Pi3 ta
Raspberry Pi4, 3’sBiserbcsi MOXKIHBICTH BiJJAJICHOr0 KOHTPOJIO Ta YIPaBIiHHSI pPOOOTOIO
«pO3yMHUM» OyauHKOM, a BukopuctaHHs Bluetooth un WIiFi Hamae MOXIMBICTH KepyBaTH
BiJIaJICHO CBOIM BJIACHHM PO3POOJIEHUM MPHUCTPOEM.

Takox CTyICHTH MaiOTh MOXIMBICTh BHBYAaTH OCHOBH POOOTOTEXHIKH Ta MPOCKTYBATH
MOJEIIb MaPI6yTHBOFO IPUCTPOLO, CTBOPIOBATH iX Ha 3D NPUHTEPaX B YHIBEPCHTETI. O6r0130peHH51
CBOIX MPOEKTIB Ta 3a/1a4 Y HEBEIUKHUX IPyHax Ja€ MOXKIUBICTh CTy/IEHTaM 3pOOUTH CBiil BHECOK Y
KiHIeBUH pe3ynbraT. CXeMHEe IpelCTaBlIeHHS OOTOBOPIOETHCS N0 JAETaleld Ta KOXEH Mae
MOJKJIMBICTB CHAATH il 3a JOIMOMOTIOO MastIbHOI CTaHIT, 00 K 3BUYAHHOI0 HasJIbHUKA, [0 TAKOXK
€ B Hammx Jiaboparopisx. CTyaeHTaM JOCTYITHI MiKpOKOHTposiepH Ha 6a3i Arduino, ESP 8266 —
iara, 110 creuiagbHo po3pobiieHa s «IHTepHeT peueii».

CryneHTH, ydJacCHUKH HayKOBOT'O TypTKa KadeIpH, MalOTh YHIKAJIbHY MOXKIIUBICTh HABYATHCh
Ha kypci «loT Fundamentals» Ta omepsxaTi HaBU4uKu MojenoBants B PacketTracer B Mepesxesiii
Axanemii CISCO mpu YATY. Ha mpakTHUHUX 3aHATTAX CTYACHTAM HAJA€ThCS MOXKIUBICTD
NpaIoBaTH HE TIABKM 3 JaT4YUKaMH Ta MIKPDOKOHTpOJIEpaMH, ajlé W BUKOPUCTOBYBATH
Mikpokomit'rotepr Raspberry Pi4, mo nae MoxmuBicTh kepyBaTu «PO3yMHHM OyIHHKOMY,
1H(pOpMaIiifHOIO MaHeNII0 YU CaMOCTIHHUM poOOTOM Yyepe3 Mepexy Internet.

BucnoBok. CydacHa BHWIIIa OCBiTa Ta HOBITHI TEXHOJIOTii Y BCBOMY CBIiTI BUMararTh BiJ
MaifOyTHiX @QaxiBuiB y ramy3i IT Ta iHXEHepiB TEXHIYHUX CHELiaJbHOCTEH BiJIOBITHUX
npodeciiHux KomreTreHTHocTed. OIHUM 3 eQEeKTUBHUX MIAXOAIB Ha HUIAXY (OpMYyBaHHS
KOHKYPEHTOCIIPOMOKHOTO (axiBIl Ha MDKHAapOAHOMY pPHMHKY IMpalli € aKTUBHE 3aly4eHHS
3100yBaviB BHILOI OCBITU /10 HAayKOBO-IOCTIAHOI MISJIBHOCTI MiJ Yac HaBYaHHS, PO3BUTOK iX
1HAMBITya bHOCTI, CTBOPEHHS YMOB JJIsl IPOSIBY iX 0COOMCTUX 3A10HOCTEH, HAOYTTS MPAKTUYHOTO
JIOCBIJy NpalioBaTh B KOMaH[i Haj pealbHUMU MpoeKTamMH. Peanizaliis bOro MiXoay MOXKJIHBA
3aBISKA CTBOPEHHIO YMOB JIJIsl HAYKOBOTO Ta IPO(DECIitHOT0 3pOCTaHHs CTYACHTIB Uepe3 3aTydeHHS
iX J10 yuacTi y HayKOBOMY T'YPTKY KadeJIpHu YHIBEpCHUTETY.
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Cexkutist D. [HdopmartiitHo-KOMYHIKaITIiHI TEXHOTIi B YIIpaBJIiHHI

BEB-OPIEHTOBAHWI PECYPC JIJIsI IPOBEJAEHHS I'PYIIOBOI EKCIIEPTHU3H
METOJIAMU ITPUVHATTS PINIEHD

€¢imos B. B., Oxcamurtna JI. I1., MakcumoB A. €., Tpuyc 1O. B.
Yepkacbkuii 1epKaBHUN TEXHOJIOTTYHUNA YHIBEPCUTET

AHoTanis. BukopuctanHs cuCTeM MiATPUMKH MIPUAHATTS pillieHb Niependayae 3amydeHHs! eKCIepTiB
3 HaJIJaHHAM 3py4YHHX 3ac00iB [l aBTOMAaTH3allii IpoLecy MpoBeAeHHs ekcepTusu. Ll poboTa npucesueHa
po3po0d1Ii BeO-0pieHTOBAHOTO PECypCy I MPOBEIACHHS I'PYIMOBOI €KCIEPTHU3U 3 BUKOPUCTAHHSIM METO/IB
OpUAHATTS pimeHb. 00’ €KTOM AOCIiIKEHHS € MPOLIeC OpraHizalii Ta MpOBEACHHS IPYNOBOI €KCIIEPTH3H IS
HiATPUMKU TPUHAHATTA pimieHb. [IpenmeTom mocmimkeHHsT € BeO-Opi€HTOBaHUHU pecypc AJsl IPOBEICHHS
rpynoBoi ekcrieptu3u. OcobauBa yBara IpUIUISIETHCS TPOrPAMHIM 3ac00aM, 1[0 BUKOPHUCTOBYBAIHCS IS
po3podKku pecypcy. PesympratoM poOoTH € po3pobieHuil BeO-Opi€HTOBAaHWN pecypc A €KCIIEPTHOTO
OLIIHIOBaHHS, SKHH 3a0e3MeYnTh KOPUCTYyBauaM uepe3 Mepexy Internet mocTynm Ao iHCTpyMEHTIB
MIPOBEJICHHS EKCIIEPTHOTO aHalli3y peajbHUX 3a1ad i mpoOeM Ha OCHOBI METOJIB MPHHHATTS DIillleHb,
30KpeMa aHKeTHHUX METOJIIB i METOIy aHalli3y iepapxiit.

KarouoBi ciioBa: cucreMa miATPUMKH IPUHHSATTS pillieHb, BeO-OpiEHTOBaHUI pecypc, METO] aHAIli3y
iepapxiii, aHKeTHI METOIH.

WEB-ORIENTED RESOURCE FOR CONDUCTING GROUP EXPERTISE
BY DECISION-MAKING METHODS

Yefimov V., Oksamytna L., Maksymov A., Tryus Y.
Cherkasy State Technological University

Abstract. The use of decision support systems provides the involvement of experts with the provision
of convenient tools to automate the examination process. This paper focuses on the development of a web-
based resource for group expertise using decision-making methods. The object of research is the process of
organizing and conducting a group expertise to support decision-making. The subject of the study is a web-
based resource for group expertise. Particular attention is paid to the software used to develop the resource.
The result is a web-based resource for experts' review that will provide Internet users with access to tools for
expert analysis of real problems and issues based on decision-making methods, including questionnaires and
hierarchical analysis.

Keywords: decision support system, web-oriented resource, analytic hierarchy process, questionnaire
methods.

Beryn. Ha cygacHoMy eTani MeTOIu €KCIIEPTHOIO OL[IHIOBaHHSI 3aCTOCOBYIOTh y PI3HUX
rajy3six NpakTUYHOI Ta HAyKOBOT JIsSUIBHOCTI JUIsl IPUHHATTSA pitieHsb. L{i MeTou He3aMiHH1 IiJ] yac
BUPIIICHHS CKJIAJHUX YIOPABIIHCBKUX Ta COLAJIbHO-€KOHOMIUHUX MpodieMm, aHamizy W
IPOTHO3YBaHHS CUTYaLlIH.

IlocranoBka 3agaui. CporogHi piBeHb KOHKYPEHTOCIPOMOXHOCTI  OyAb-SIKOTO
HiANPUEMCTBA BU3HAYAETHCS IMIBUAKICTIO TA MPABWIBHICTIO MPUMHATTS pillleHb, Y 3B’ SI3KY 3 YUM
BHUHUKA€ MOTpeba y BIPOBAHKEHHI B iX JISUIBHICTh CUCTEM MIATPUMKHU NPUHHATTS pieHs (CIITIP).
Ix 3acTocyBaHHs Haae MOXKIIMBICTh ABTOMATH3YBATH Ta ONTHMi3yBaTH POOOTY IIiMPUEMCTBA, IO
3HAYHO CIIPOLIY€ MOPIBHSAHHS albTEPHATUB JUIsi OOpaHHS HaMKpamoro BaplaHTy 3a MEBHUMU
kputepisimu. ToMy akTyanbHOIO € TpoOjeMa MPOEKTYBaHHS Ta CTBOPEHHsS BeO-OpiEHTOBAHUX
CIITIP, siki 6 HajgaBalM MOJKJIMBICTh KEpIBHMKAM B OHJIAWH peXHUMI NpUIMaTH pIlIEHHS 3
BUKOPUCTAHHSAM METOMIB MPUIHSATTS PIllIEHb IIOJ0 PO3B’A3yBaHHs TUIIOBHX 3ajay yIpPaBIiHHSI. Y
JIOTIOBIZIl PO3TJISIIAIOTBHCS 33/adya 3 PO3pOOJIEHHS BeO-OpPIEHTOBAHOTO pECypcy MNPOBEACHHS
IPYNOBOi €KCIIEPTU3H, 1II0 MOKHA OyTH IHTEIPOBaHA K OKPEMUN MOJYJb 10 CUCTEMH MiATPUMKH
OPUMHSTTSA PIlLIECHb.
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MeTow po0doTH € CTBOPEHHs BEO-OPIEHTOBAHOI'O PECYPCY AJS NPOBEIEHHS I'PYNOBOTO
€KCIEPTHOTO OLIHIOBAHHS 32 JOTIOMOT'0I0 METO/IiB MIPUUHATTS PillICHb.

OcHoBHa 4actmHa. TunoBumu mnpoOneMamu, sKi NOTpEOYIOTb IPOBEIEHHS SK
1HIMBIyaNbHOI, TaK 1 TPYMOBOI €KCIIEPTU3H, €: BUZHAYCHHS METH PO3BUTKY 00’ €KTa yIpaBIiHHS;
IPOTHO3YBaHHS; PO3pOOJIEHHS CLEHApiiB; F€HEpYBaHHS albTEPHATUBHUX BApIaHTIB NPUNHATTA
pileHb; po3poOJIeHHsI CHCTEMH KUIBKICHUX OIIHOK; BU3HAUEHHS PEUTHHTIB TOWIO. Y BCIX LUX
BUIIA/IKAX JIOBOJUTHCS 3BEPTATUCS 10 JYMKHU eKcrepTiB. Exkcriept — 11e komneTeHTHHH (axiBeusp 13
NEBHOTO NMUTAHHSA, YHMI OLIHKU Ta CY/DKEHHS 3 MPUBOJY 00’ €KTa €KCIIEPTU3U BPaxOBYIOTh Mij 4ac
npuiiHATTa pimenHs [1]. IIporHo3oBaHe ekcrepTHE OIIHIOBaHHS BigoOpaxkae i1HAMBITyalbHI
norsAau (paxiBI[iB CTOCOBHO TEPCIEKTHB PO3BUTKY OO’€KTa YIpaBIiHHSA W TIPYHTYEThCS Ha
MoOum3anii ¢gaxoBoro mocBimy Ta iHTYIHii. OXHUM 3 NUISXIB MMiJBHINCHHS SKOCTI PE3y/bTaTiB
EKCIEePTHU3H € 3aJiUeHHs 10 ii IPOBEeIEeHHS IPYIH €KCIIEPTiB.

Jlis po3poOku BeO-OpPIEHTOBAHOTO pecypcy IPOBEINEHHS TIPYNOBOi €KCIepTU3u Oyllo
JOCTIKEHO TIPEIMETHY 00JIacTh, IPOaHAII30BAHO HANOIIBIN BiJOMI ICHYIOUI aHAJIOTH, BUKOHAHO
KOHIIENITyalbHE Ta JIOI1YHE MPOEKTYBaHHS pECypcy AJsl IPYNOBOrO €KCIIEPTHOIO OLIHIOBAHHSA 3
METOI0 MOoJANIbIIOi (DI3MYHOI pearizamii 3 BUKOPUCTAHHSIM JOKYMEHTHO-OPIEHTOBAHOI CHCTEMH
kepyBanHs 60azamu qanux (CKBJ).

[lepen CTBOpEeHHSM MPOTPAMHOTO MPOIYKTY aBTOPaMH MPOBEACHUN OTJIS 1 aHATI3 JESKUX
ICHYIOUHMX CHCTEM JJIsl eKCIIEPTHOTO OLIIHIOBAHHS, 30KpeMa oHJlaiiH-cucTteM: Business Performance
Management [2], easyAHP [3], Online Output [4], 123ahp [5]. Ha ocHOBI npoBeneHOr0 aHai3y
0yJ0 BHOKPEMJICHO OCHOBHY BHMOTY JI0 PeCypcy: CTBOPEHHsSI BeO-Opi€HTOBaHOI iH(pOpMaIliitHO
CHCTEMH 3 IHTYITHBHO 3pO3yMIJIHM iHTEp(EHcOM I MPUIHSTTS PillieHb 3 MiATPHUMKOIO METOIIB
IPYyNOBOi EKCIIEPTU3H.

Y pecypci peamizoBaHO Taki (YHKIIi: yHOpaBIiHHA KOpUCTyBadaMu (peecTparis
KOPUCTYBayiB, KEPYBaHHS pOJIAMHU); O3HAHOMJIEHHS 3 METOJaMM E€KCIEpTHOIO OILIIHIOBAHHS;
3a0e3MeueHHsT TMPOBEACHHS  IHIWBIAYaThbHOTO EKCIIEPTHOTO  OIIHIOBAaHHS; 3a0e3MeYCHHS
IPOBE/IEHHS T'PYINOBOI0 €KCIIEPTHOrO OLIHIOBAHHA; KepyBaHHs 0a3aMH JaHMX: KOpPHCTYBauiB,
eKCIEpTiB, 1HAMBIIyalbHUX 1 TPYMOBUX EKCIIEPTU3; MPOBEICHHS EKCIIEPTHOTO OLIHIOBAHHS 32
METOAaMU MNPUHHATTA pillleHb, arperyBaHHs JyMOK €KCHEepTiB i BUBEICHHS OJEep:KaHUX
pe3yNbTaTiB.

OyHKIIOHATIbHI BUMOTH JI0 pecypcy: KepyBaHHs 0a3010 JaHHX; AaCMHXpPOHHAa 0O0poOka
3aMUTIB, MOAYJIBHICTh (JIETKICTh TMOJAJIBIIOTO JOMOBHEHHS CHUCTEMH HOBUM (DYHKIIIOHAJIOM),
3axXHUCT BiJ 1H €KIi; poOOTa 3 MOMITOBUMM CepBicaMM Ul KOMYHIKAIil 3 KOpHCTyBauaMH Ta
eKCIIepTaMHu; PO3IIOIITICHHS POJICH.

HedyHkiioHambHI BUMOTH /10 PECypCy: 3pYYHICTh BUKOPUCTaHHS — IIOBHUHEH OYTH
IHTYITUBHO 3po3yMuIni 1HTEepdeic g poOOTH 3 CUCTEMOIO; HAIINMHICTh — CHUCTEMa MOBHHHA
KOPEKTHO 3aBEpPIIYBAaTH CBOIO POOOTY y OyAb-IKHX CUTYaIlisiX; O€3MEeUHICTh — cUCcTeMa posiel He
MOBHHHA JIO3BOJIATH JIOCTYII JI0 PECYpCiB HECTBOPEHHX KOPUCTYBAadeM, 3a BUKIIOYCHHSM
aJIMiHICTpaTopa.

B pe3ynbpTaTi mpoBeNEHHX MOCTIIXKEHb y POOOTI BUKOHAHO KOHIENTYyaJIbHE Ta JIOTIYHE
NPOEKTYBaHHsS BeO-OPIEHTOBAHOIO pecypcy JMjsl eKCHepTHOro oIfiHioBaHHA. Ha pucynky 1
NpeJCTaBIeHa JIOTiYHA MOJENb IMPOBEACHHS 1HAMBIMyalbHOI EKCIEPTH3H, a HAa PHCYHKY 2 —
IPyNOBOi €KCIIEPTUBH.

Moneparop abo aaMiHICTPaTOp CUCTEMHU CTBOPIOE IPYMOBY €KCIIEPTH3Y 1 BUKOHYE POJIb il
KepiBHHKa. BiH HaJcHIa€ 3ampoIIeHHs Ha CTBOPEHY €KCHEepTH3y THM eKcIlepTam, siki € y 0asi
CUCTEMHM Ta € HaiOumpm KBanmiikoBaHuMH y cdepi, 10 BiAmoBinae exkcrneptusi. Excneptu
OTPUMYIOTH 3allPOLICHHS, MPUIMAIOTh 1X (200 BIAXWISAIOTH) Ta BHOCSTH CBOi €KCHEPTHI AYMKHU Y
BIIMOB1IHI aHKeTH. [licist mboro cucTemMoro GOpPMYETHCS arperoOBaHUN PE3YJIbTaT EKCIEPTH3U 3a
o0panuM MeTo oM. KepiBHUK eKCIepTH3H MOXKE MEPETIITHYTH O/Iep:KaHUi pe3ynbTaT eKCIepTU3H,
IpoaHaNi3yBaTH BIAMOBIAI KOKHOTO €KCIepTa 1 Ha/laTH peKOMEHAallil 11010 MPUNHHATTS pilIEHHS.

Jlo ckiagy pecypcy BXOJSATh Taki MiJICUCTEMHU: aJMiHICTpATUBHA YaCTHHA; MiJCUCTEMA JUIS
BBEJICHHS BXIJIHMX JJaHUX JUIA TPOBEACHHS EKCIEpTH3; MiJACUCTEMAa peaii3aiii MEeTOIiB
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€KCIIEPTHOTO OIIHIOBaHHS; MiJCUCTEMA JJIsi BUBEJCHHS PE3YyJIbTaTIiB €KCIIEPTHOTO OI[IHIOBAHHS;
mificucTeMa yrnpasiiHHS 023010 JaHUX; MiJCUCTEMA JIAIOTy 3 KOPUCTYBAYaMH.

Y4acTk ¥ rpynoBid
EKCNepTu3i (Yepes
aHKETY)
| VY

Y

h 4
N
CTBOpEHHA [poBeAeHHA
IHOMBIAYaNLHOI 00paxyHKy eKCnepTHOT
eKCnepTMIn | OYMEM
F

Mepernag
iHAWBIOYANbHHX
EKCNepTH3 / aHKeT

ABTOPU3ALYA

Excnept PenarysadHa

IHAMBIOYanbHOT
EKCMEepPTHIN

OTpUMaHHA
pesynLTaTiB

Pucynok 1 — JloriuHa Mo/ieb IPOBEACHHS 1HANBIYaIbHOT €KCIIEPTU3H

o poduTE KepiEHHK eKCIePTHIN

PoacHnanms
2aMPONIEHE
EKCIIEPTaM

CreopeHEHT
TPVIOEO] eKIepPTHZH

OTpHMAHHA
pesyIETaTIE

Kepiemur

Arperams
EKCIePTHHX JyMOK

IITo pofaATE excnepTH

Y

s
4\11 o OtpHMaEHT

" zanpomens

BrecerH:
EKCTIePTHEX JyMOK

Excneptr
Pucynok 2 — JloriuHa Mo/ie/b IPOBEACHHS TPYNOBOiI €KCIEPTH3U

Jliss CTBOpEHHS MPOrpaMHOTO MPOAYKTY BHUKOPHUCTAaHO Taki MOMYJSPHI TEXHOJOTIl i
po3pobku BeO-moaatkiB: dpeiimBopk Angular, Nodels cepBep i 6aza nanux MongoDB. O6pani
TEXHOJIOTI] LIJIKOM 3aJ0BOJBHSIOTH BCIM (YHKIIIOHAJHLHUM 1 HE(YHKLIOHAIBHUM BUMOTaMm J0
TaKOTO TUITY TIPOTPAMHOTO 3a0e3MeUYeHHS.
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baza nanux MongoDB 36epirae inpopMmaliiro mpo KopucTyBadiB Ta ix ekcrepTusu. CepBepHa
yacTHMHaA 3a0e3redye aBTOPHU3AIll0 KOPHUCTYBadiB, HaJaHHS iM TpaBa JOCTYNy, BHKOHYE YcCi
orepaiii 3 033010 JaHUX Ta arperye JYMKH €KCIEpTiB y TpyNOBHX eKcrepTu3ax. KiieHTchka
YacTHHA BUKOHYE POJIb IHTEPPEHCY CHCTEMH Ta peai3ye eKCIepTHI METOIH.

Ha pucynky 3 npencraBiieHa MOJICIb CTPYKTYPH PeCypcy Ta 3aco0u HOro po3poOKH.

KopucTysadi

MongoDB

Ekcneptian
p Baza aHu:

[pynoBi eKcnepTvam

ABTODKWIAUIA [ AyTeHTUDIKAUIR
OnA ekcnepTie

Mode.js + Express.js

CRUD onepauii

Backend
0nA agMmiHicTparopie Arperaiis pesynsTatia
rpYNoED| eKCNepTUEM
IHTepdeic
Angular
Frontend
EkcnepTHi meTogM

Pucynok 3 — Mopelns CTpyKTypHr pecypey

BucHoBku. Po3pobneHuii BeO-opi€eHTOBaHMM pecypc MpOBEJIEHHsS T'PYINOBOI €KCIEPTU3H
Ha/1a€ MOXKJIUBICTh KOPHCTYBayaM 3/11HCHIOBATH €KCIIEPTU3Y /ISl IPUHHATTS PILICHHS B CKJIAJHUX
3ajadax Oi13Hecy 3 BUKOPHCTAaHHIM BeO-TEXHOJIOT1H, CTBOpIOBaTH 0a3u JaHUX €KCIEpTiB, I1a0JIOHIB
aHKeT JUIs eKCIepTH3, 0aHK MPOBEJCHUX €KCIIEPTU3, OJIepKATU TEOPETHYHI BIZIOMOCTI TPO METOIU
€KCIEepTHOIO OIIHIOBAHHS, 1[0 peali3oBaHO B PeCypci, 30KpeMa Mpo METOJ aHaji3y iepapXxii,
aHKETHI METO/AU. Y MOJANbIIOMY IUIAHYETHCS B pecypci peallizyBaTH A€kl METOAM MPUHHSATTA
pillIeHb B YMOBaxX PU3UKY Ta HEBU3HAYEHOCTI.
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WEB-OPIEHTOBAHUI PECYPC JIJISI KJIACUPIKAIIIL 3ATAY
JIO MATPHUIII EU3EHXAYEPA 3A METOJOM AHAJII3Y IEPAPXIA

Maxkcumos A. €.
UYepkacbKuil epKaBHHUIA TEXHOJIOTIYHUH yHIBepcUTeT, M. Uepkacu, YkpaiHa

Anoranis. Cepeq MeToniB TaliM-MEHEDKMEHTY IIMPOKO 3aCTOCOBAHOIO € MaTpullsil ElzeHxayepa,
CYTHICTH SIKOi TIONISITAa€ B PO3MOALUTI 33Jad 3a YOTHPMa CTYNEHSIMH Ba)KITMBOCTI — Ba)KJIMBI-TEPMIiHOBI,
BaKJIMBI-HETEPMIHOBI, HEBa)KJIHMBI-TEPMIHOBI, HEBaIMBi-HETepMiHOBI. [IpH 1IbOMY 1HKONH TOCHUTH BaXKKO
TOYHO BU3HAYHTH, 0 AKOi 3 KATErOpii HaJIS)KUTH BXiAHA 3a/1a4a. TOMyY B IIMX yMOBaX BUHUKAE HEOOXiTHICT
CTBOpPEHHS CHUCTeMH s Kiacudikarlii 3aiad 3a BIAMOBITHAMH CTYNEHSIMH BaXKIUBOCTI. Y JIOCIIHKEHHI
aBTOPOM 3aIllPONIOHOBAHO 3aCTOCYBAaTH METOJ aHali3y iepapxiit (MAI) muist mopiBHSHHS MiK cOO0I0 BXiTHUX
3a/a4 3a KPUTEPisIMU BAXIUBOCTI 1 TepMiHOBOCTI. OO’ €KTOM JOCTIIHKEHHS € METOJ TaWM-MEHEKMEHTY
«matpurs Eizeaxayepay. [IpemmeTom mociimkeHHs € web-opieHTOBaHUi pecypc, o 3a0e3meuye B pexkumi
OHJIAliH aBTOMAaTH3alilo Tpolecy kinacudikamii BXigHUX 3afad qo Mmarpuui EfzeHxayepa 3a cTyneHIMHU
BAXUIMBOCTI 3 BHUKOPHCTAaHHSIM METOAY aHamizy iepapxiid. OTpuMaHI eKCIIEpHUMEHTANbHI pe3ylbTaTH
MiATBEPKYIOTh JOIUTBHICT 3aCTOCYBaHHS aBTOPCHKOTO TOEAHAHHS MeTony Marpuili FifseHxayepa Ta
MAL

KarouoBi ciioBa: TaiiM-MEHEIKMEHT, NPUHHATTA pIllleHb, METOJl aHAN3y iepapXiid, MaTpHUIli
Eizenxayepa, knacudikaris 3ana4, iHpopMamiifHi TEXHOIOTIT sl IPUAHSATTS PillIeHb.

WEB-ORIENTED RESOURCE FOR CLASSIFICATION OF TASKS
TO THE EISENHOWER MATRIX BY THE ANALYTIC HIERARCHY PROCESS

Maksymov A.
Cherkasy State Technological University, Cherkasy, Ukraine

Abstract. Among the methods of time management is widely used Eisenhower matrix, the essence of
which is to divide the tasks into four degrees of importance — important-urgent, important-non-urgent,
unimportant-urgent, unimportant-non-urgent. At the same time, it is sometimes quite difficult to determine
exactly which of the categories the input task belongs to. Therefore, in these conditions there is a need to
create a system for classifying tasks according to the appropriate degrees of importance. In the research, the
author has proposed to use analytic hierarchy process (AHP) to compare the input tasks on the criteria of
importance and urgency. The object of research is the method of time management "Eisenhower matrix".
The subject of research is a web-oriented resource that provides online automation of the process of
classification of input tasks to the Eisenhower matrix by degrees of importance using the analytic hierarchy
process. The obtained experimental results confirm the expediency of using the author’s combination of the
Eisenhower matrix method and AHP.

Keywords: time management, decision-making, analytic hierarchy process, Eisenhower matrix,
classification of tasks, information technologies for decision-making.

Buxaan ocHoBHoro marepiany. KepyBanus vacom abo TaiiM-MeHEKMEHT (B1J] aHIJI. time
management) — HayKa PO CYKYITHICTb METO/IIB Ta TEXHOJIOT1M ONTUMAIBHOI OpraHi3alli Jacy ta
e(EeKTUBHOCTI HOro BUKOPUCTAHHS JUIl BUKOHAHHS IMOTOYHMX 3aBJIaHb, MIPOEKTIB Ta KaJCHIApHUX
nomii [1]. Marpuns Eiizenxayepa — 1ie MeToA, SIKMI BUKOPHCTOBYE MPUHIMUIN Ba)KIMBOCTI Ta
TEpMIHOBOCTI JJIsl OpraHizallii MpiopUTETIB Ta poOOUOro HaBaHTAXKEHHs. AJsie KpuTepil Kiacudikarii
3a7a4 y JAHOMY BUNAJIKy € JOCHTh a0CTPakTHUMH, TOMY HaOyBa€ aKTYalbHOCTI 3aCTOCYBaHHS
JI0JTAaTKOBOTO MAaTEMATHYHOIO arapary 3 METOAIB NMPUUHATTS PILIEHb JJIsl BU3HAYEHHS MPIOPUTETIB
3a1ay.

Meta po6oTu — CTBOpEHHS MO U1 Web-OpIEHTOBAHOT CUCTEMH MiATPUMKH MPUHHATTS
pileHs, mo 3abe3nedyye B pexXuMi OHJIAWH aBTOMATH3allii0 Mporiecy Kiacu@ikallli BXiTHAX 3a1a4
no marpuii Eifzenxayepa 3a cTyneHsIMH Ba)JIMBOCTI 3 BUKOPUCTAaHHAM METO/Y aHali3y iepapxii.
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IlocTtanoBka 3agaui. Po3nonain 3amau TalM-MEHEKMEHTY, SIKI TPEICTABICHO MHOXHHOIO
anbTepHaTHB A={ai, a2, ..., a,}, BiIOyBa€eTHCS 3a JOMIOMOTOI0 MHOKUHH KputepiiB K={k1, k2, ...,
km}. 3rimHo 3 MeTomom «Mmatpullsi Elizenxayepa» K — MHOKHHA CTYIIEHIB BaXKJIMBOCTI 3a1a4 [2],
KUTBKICTh SIKMX B KJIACHYHOMY METO/1 OpiBHIOE m = 4. BinnoBigHO, 0co0a, sika mpuiiMae pilleHHs
(OITP), BUKOPUCTOBYE /ISl OLIIHIOBAHHS 3aj[ay Taki KpUTepii: k1 — BaXKIIMBI-TEpMiHOBI (3a1a4i, 110
BHMAararTh HETAaWHOTO BUPINICHHS), k> — BaKJIMBI-HETEPMIHOBI (3a7a4i, BUKOHAHHS SKUX Tpeda
NPU3HAYUTH Ha MI3HIIHMHA CTPOK), k3 — HEBAXUIMBI-TEPMIiHOBI (3amaui, AKi BapTO AEJEryBaTu
IHITUM), k4 — HEBaXKJIMBI-HETEPMIHOBI (3a11a4i, sIKi MOTPIOHO BiAKIACTH a00 B3araji BUJAIHUTH).

SIK110 KUTBKICTB 3a71a4 B MHOXKHHI A OubIie 4, TO JUIsl BU3HAYCHHS MPIOPUTETHOCTI KX 3a7a4
JOIIUTLHO 3aCTOCOBYBAaTH METOJl aHaNi3y iepapxiil [3], mpu mbpoMy 3a3HaueHi KpuUTepii MaroTh
OJIHAaKOBY Bary B OI[IHIOBaHHI 3a7a4. J{1s1 po3B’si3yBaHH i€l 3a71a4i MOXKYTb 3a]y4aTHCh EKCIIEPTH
3 YOpaBIiHHA MPOEKTaMH, SKI 3AIMCHIOIOTh TOPIBHSHHSA 1 OIIIHIOBAHHS QJIBTEPHATHB Y
BIJIMIOBITHOCTI J10 KpUTEPiiB, BUKOpHCTOBYIOUH miKkaiy Caari [3].

OcHoBHa yacTuHa. PosrisiHemo ocobmmBocTi Bukopuctanas MAI aiis knacudikartii 3amaq
3a 3aJJaHMMU KpuTepisimu B Metoi Eifzenxayepa.

Ockinpku kputepii ki (i=1,2,3,4) € piBHO3HAUHUMU (MaTpULd TAPHUX TOPIBHSAHb €
OJIMHUYHOIO), TO X MOPiBHAHHS 32 MAI Mixk 00010 He MPOBOIUTHCS. TOMy cIOYaTKy MpOBOIUTHCS
NOPIBHSHHS aJIbTEPHATHB 3 MHOKHHU A4 32 KpUTEPIEM k| — «BaXKIIMBI-TEPMIHOBI 3a/1a4i» Ta 1X aHAII3
Ha BKJIIOYEHHS J10 Kiacy 3aaa4d C| 3a TaKOI0 MPOIEeaypoIo.

Hexait Q — BenwunHa Bard, Mo BH3HAYA€ BKIIOYCHHS AIBTCPHATHBH d; IO BIAMOBITHOTO
kiacy 3amau C; 3a kputepieM k; (i=1,2,3,4), TOOTO, SKIIO y BEKTOPI MPIOPUTETIB W=(W))j=1,... n,
onepkanomy 3a MAI npu mnopiBHSHHI anbTepHaTUB [3], BiAmoBigHA BenuuuHa Ww;>(Q, TO
aTbTepHATHBA @; MTOTpAIUIIE 10 Kiacy 3anaad C; 3 MPIOPUTETOM W; i BUIIYYA€ThCS 3 MOMAIBIIOTO
aHai3y 3a IHIIMMH KPUTEPISIMHU; Y MPOTUIICKHOMY BHUMAJKY ajbTepHATHUBA d; 3AIUIIAETHCS Yy
MHOKMHI albTEepPHATUB (3a/1a4) JAJs MOAANBIIOrO TMOPIBHSHHS 32 HACTYIMHUM KpUTEpieEM Kj+1
(=1,2,3). 3a 3amoBuyBaHHsAM, mapamerp ( nopiBHioe (.25, OCKUIbKM MaeMO 4 PiBHO3HAYHHX
kputepii (0=1/4=0.25), ane 3Ha4EeHHS IOTO MapamMeTpa MOXHa 301IbIHUTH (70 1), MO0 miaHATH
HUOKHIM TOpIT BKIIIOUEHHS albTEpHATUB JI0 MEBHOTo kiacy 3amad C; (BIAMOBITHOTO KBajpara
matpuill Eiizenxayepa) (i=1,2,3,4).

3a momoMoror o0paxoBaHUX Bar BUOKPEMIIIOIOTHCS MPIOPUTETHI 3a1adi JIJIsl BUKOHAHHS B
KOXKHOMY KBajpati maTpuili Eif3enxayepa, 1110, B CBOIO 4YEpry, Ja€ PO3YMIHHS BaXKITMBOCT1 KOXKHOL
3a/1a4ul y MeXax BIAMOBIAHOTO Kiacy. [Ipukian mopiBHSIHHS BXIIHMX 3aJ]1a4 3a BIJMOBITHICTIO JI0
KJacy ki1 «BaxnBi-TepMiHOBI» IPOJEMOHCTPOBAHO HA PUCYHKY 1.

@opMaIbHO 3a JIONOMOIOK OMNMCAHOI MHPOLEAYpPH BiAOYBA€ETbCS PO3OUTTS MHOXKUHU
anerepuatuB A = {ay,a,, ..., a,} Ha Kyacu 3a/1a4 BHIY:

G = {agi),ag), ...,ag?},
e
A=UL G, GNCG =0, i+j,ij=1,..4,

ajgi) € A, W(a}(l)) > Q;] = 11 ---;Si'Z?zl Si =n, L = 1’ ""4’

;Y BEKTOpI MPiOPHTETIB W® marpuni

NapHUX NOPIBHSAHb aTbTEPHATHUB 3a KpuTepieM k;, i = 1, ... 4.

Bumeonucana npoteaypa 103BoJIsi€ 3 OUTBIIO0 TOYHICTIO KJIacu(iKyBaTH 3a/1a4i 0 MaTpuLl
Eifsenxayepa, a TakoX YHNOpSAKYBaTH iX 3a MpiopUTETOM, 110 moiermuTth podoty OIIP mpu
PO3MOALI 33/1a4 TaliM-MEHEKMEHTY.

3a gomomororw ctBopeHoro web-pecypey [4] kopuctyBau (OIIP, ekcrepT) BBOIUTH Yy
3arpoNOHOBaHM Ia0JIOH Meperik HeoOX1THUX 3aj1au B SIKOCTI aJlbTepHATUB, IIPU LIbOMY KpUTEpii
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3 MHOKMHHM K BK€ BBEJICHI y IIIa0JI0H y BIAMOBITHOCTI 10 MeToonorii marpuiil Eitzenxayepa. [ami,
ICJIs MOETANTHOTO 3alOBHEHHS MAaTpPUIb NMOPIBHSAHb aJbTEPHATHUB JUIS BIAMOBIIHUX KpPUTEPIiB,
KOPUCTYBa4 OJICP)KHUThH 3allOBHEHY MaTpuiro EiizeHxayepa i3 3a3Ha4CHHSM MPIOPUTETY 3a1ad Yy
KOKHOMY KJ1aci (pUCYHOK 2).

Donucamu MposecTn OHOBMTH BignosicTi # Bara
MOogyns TECTYBAHHA EEpCity MoginuTMcs Ha BigcopTysati MepernaHyTa
ana HOBOro nporpamm CTEOPHTH CTaTTAMMW 5 ENEKTPOHHI NOWTOSHA Bineokypc 3 Oonucati 0.3566
& nporpamM MOOVAA Ha canTi CEBil Gnor aTi TMCTH cnam Ou3anHy MoAynb AnA
nporpamu
Aonucath 1 2 4 B 7 7 g 2
Moayne AnA NposecTy 02774
nporpaMu TeCTYBaHHA
HOBOTo Moayna
NposecTH 12 1 3 5 8 7 E} 3
TECTYE3HHRA OHOEWTH EEpCitD 01385
HOEOTD nporpamm Ha
mofyna canTi
OnosuTu 114 113 1 5 3 2 7 5 CraopwTw caiit 0.0564
BepCim Bnor
nporpamm Ha
caTi Moginummcs 0.0496
CTaTTAMM B YaTi
CTEOPHMTH 16 15 15 1 2 173 5 3
cEIM " BignoeicTi Ha 00735
X EneKTPOHHI
NoginuTucs 17 16 13 172 1 112 4 3 i
CTaTTAMK B
Han Bipcoprysath 0.0187
NOWTOBHIA CNam
BignoeicTu 17 17 12 3 2 1 3 3
Ha >
R MepernAHyTH 0.0293
enexTpoHHI BIeORYDE 3
AMCTH AcoRYP
OM3anHy
Bincoprysatm 119 119 T 15 174 113 1 113
NoWToSHA
cnam
Nepernanym 113 18 15 13 113 113 3 1
Bigeokypc 3
OnzaRHy
Dim Lmax 1o BO
S.0000 8.6016 0.0859 0.0610

MpasWno TPaHIMTWEHOCTI HE NopyLLeHD, ockinkkKn BO == 0.1, OuiHkM smiH He noTpeSyioTs.

Pucynok 1 — IlopiBHsIHHSI anbTepHATUB 3a KpuTepieM ki 3a nonomoroto CIIIIP «Decisionery» [4]

Bawnusi-TepmiHOBi Baxnuei-HeTepmMmiHOBI
3apada Bara 3apava Bara
LNonucaTh moayne Ansa nporpamiu 0.3566 OHOBUTK BEPCIK NPpOrpaMn Ha canTi 0.4464
MpoBecTW TECTYBAHHA HOBOMO MOAYIA 02774 CTROPUTA CBIA Onor 0.2706
Hesaxnusi-TrepmiHoBi Hesaxnusi-HeTepMiHOBI
3apava Bara 3apada Bara
MoginUTUCE CTaTTAMMU B YaTi 0.5638 lNepernAHyTH BIQEOKYPC 2 AW3aAHY 0.8000
BianoeicTv Ha eNeKTPOoHHI NUCTH 0.2634 BiacopTyeaTy NOWTOBWIA Cnam 0.2000

Pucynok 2 — 3anoBHena marpuns Eitzenxayepa 3a qonomororo CIIIP «Decisionery [4]

BucnoBku. B pesynbraTi nocnikeHHs Oya0 CTBOPEHO MOIYJb A web-opi€eHTOBaHOI
CUCTEMM HIATPUMKU MPUNHATTS pillleHb, 110 3a0e3leuye B PEeXHUMI OHJIANH aBTOMATH3AIII0
nporecy kinacugikamii BXiIHUX 3amay g0 MaTpuui Eif3eHxayepa 3a CTyMeHSMH BaXKJIHMBOCTI 3
BUKOPUCTAHHSM METOJTy aHAJII3y i€papxii.
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OTpuMaHi EeKCIEpUMEHTAIbHI PEe3yNbTaTH MATBEPKYIOTh JOIUIBHICTD BHKOPHUCTAHHS
aBTOPCHKOTO MiIXOMy 0 Kiacudikaii 3a1a4 TaliM-MEHEKMEHTY, 1[0 BUKOPUCTOBYE IMOETHAHHS
Meroay Matpulli Efizenxayepa Ta MeToay aHami3y i€papxii.
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Cexkuist E. Indopmartiiini TexHosorii y cepi iHTEIEKTyaTbHUX 00UYHCIICHb

METO/M 1 3ACOBM HEYITKOI ATATITAIIIT
B METAEBPUCTHUYHUX AJITOPUTMAX I''TOBAJIBHOI ONITUMIBAIII

I'eiixo A. B., Tpuyc 1O. B.
UepkacbKuil 1ep>KaBHUM TEXHOJIOTIYHUN YHIBEPCUTET

AHoranisi. BizoMi MeTaeBpUCTHYHI METOAM TI00ANBHOI ONTUMI3allii, IO IMITYIOTH MPOLIECH YKHBOT
Ta HEKUBOI IPUPOJIH, TIOPSA 3 IepeBaraMu HaJl KIIaCHYHUMHU METOIaMH ONITUMi3alii MaloTh i CBOT HEZIOJIIKH,
TOJIOBHUMH 3 SIKUX €. MTOBUIbHA 301KHICTH 1 MOTPAIUISIHHS Y JIOKAJIbHI eKCTPEMYMH, IO POOUTEH i AITOPUTMH
HEJOCTAaTHhO E(PEeKTUBHUMH IIPH PO3B’SI3yBaHHI pEANbHUX ONTHMIi3amiiHuX 3amad. Jlims 30imbmieHHs
MIBUAKOCTI 301KHOCTI METaeBPUCTUYHHX METOIB TIIOOATbHOI ONTHMI3aIlii Ta 3a0e3Me4YeHHs IOIIyKY
ONTHMATBHOTO PillleHHs e()eKTUBHUM € BUKOPHUCTAHHS PI3HUX aJalTHBHHUX CXEM 1 MiIXO/IB IO yIPABIiHHS
napamMeTpaMd LUX MeETOAiB. SIK ToKa3aau MOCTIIKEHHS OCTaHHIX POKiB, OJHHM 13 MOMIMPEHUX
IHCTPYMEHTIB, IO BHKOPUCTOBYIOTHCS AJISI KEPYBaHHS MapaMeTpaMH METaeBPUCTUYHUX alTOPUTMIB, €
3aCTOCYBaHHs KOHTpoJiepiB HeuiTkol Joriku (Fuzzy Logic Controller, FLC).

MeTtoro nociipKeHHS € OOTPYHTYBAaHHS 3arallbHOTO MiAXOMY 10 MOOYTOBH KOHTPOJIEPIB HEUITKOL
JIOTIKH JIJIS TapaMeTPiB METAeBPUCTUIHUX ATOPUTMIB 1 Ha HOTO OCHOBI PO3pOOJICHHS aIaITHBHOTO METOAY
VIpaBIliHHS [AMHU MapaMeTpamH, o 3a0e3MeYuTh OadaHCc MK MIBHAKICTIO 1X 301KHOCTI Ta MOUIYKOM
r100AIbHOTO ONTUMANBFHOTO pillleHHs. TakoXk y Mekax MOCTIIKCHHS CTBOPIOETHCS BeO-OpiEHTOBaHMIA
NPOTPaMHUI NPOIYKT AJIsl peanizallii HalOiIbII MOMyISPHUX METACBPUCTUYHUX AITOPUTMIB 3 MOKITUBICTIO
BUKOPHCTaHHS Pi3HUX CXEM aJlanTailii ix mapameTpiB, 30KpeMa it HeUiTKoi afanrariii.

KarouoBi cioBa: MeTaeBpUCTHYHI METOIM, aJaNTHBHI alTOPUTMH TJIO0AIBHOI ONTHMI3aIii,
KOHTPOJICPH HEYITKOI JIOTIiKH.

METHODS AND MEANS OF FUZZY ADAPTATION
IN METAUHEURISTIC ALGORITHMS OF GLOBAL OPTIMIZATION

Heyko A., Tryus Y.
Cherkasy State Technological University

Abstract. Known metaheuristic methods of global optimization that mimic the processes of animate
and inanimate nature, along with the advantages over classical optimization methods have their drawbacks,
the main of which are: slow convergence and falling into local extremes, which makes these algorithms
ineffective in solving real optimization problems. To increase the rate of convergence of metaheuristic
methods of global optimization and ensure the search for the optimal solution, it is effective to use various
adaptive schemes and approaches to managing the parameters of these methods. Recent studies have shown
that one of the common tools used to control the parameters of metaheuristic algorithms is the use of Fuzzy
Logic Controllers (FLC).

The aim of the study is to substantiate the general approach to constructing fuzzy logic controllers for
metaheuristic algorithm parameters and based on it to develop an adaptive method of managing these
parameters, which will provide a balance between the speed of their convergence and finding the best global
solution. The study also creates a web-based software product for the implementation of the most popular
metaheuristic algorithms with the possibility of using different schemes of adaptation of their parameters,
including fuzzy adaptation.

Keywords: metaheuristic methods, adaptive algorithms of global optimization, Fuzzy Logic
Controllers.

Beryn. barato 3aiauy, 1110 BUHUKAIOTh Y TaKUX (yHIAMEHTAIBHUX HayKax, K (i3HKa, XiMisd,
MoJIEKyJIsipHa 010JI0Tis, @ TAKOK y 6araTb0oX MPUKIAJHUX HAayKaXx 1 raily3siX JOJChKOT AiSUIBHOCTI:
€KOHOMiKa, BUPOOHUIITBO, (piHAHCH, YIpPaBIiHHS, TEXHIKa, TPAHCHOPT, MEAUIIMHA, COIIOJOTis,
OCBITa TOIIO, 3BOJATBHCS 1O 3ajau HemepepBHOI Ta/abo IUCKpeTHOi rioOanbHOT ONTHMI3aii.
OcoOnuBocTi IMX 3a7ad MOB’S3aHI 3 THUM, IO IX MaTeMaTU4yHI MOJENl XapaKTepU3YKThCS
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CKJIAJTHOIO TOTIOJIOTIE€I0 TTIOBEPXHI MOITYKY, MYJIbTHEKCTPEMAIbHICTIO, HEHINHICTIO, HETJIAIKICTIO
MITLOBUX (QYHKIIN 1 (QYHKIIH-OOMEXEHb, BEIUKOI PO3MIPHICTIO TPOCTOPY TIOIIYKY Ta
OaratokpurtepianpHicTIoO. ToMy iX po3B’s3yBaHHS TpPAAMLIHHUMH METOJaMM ONTHUMI3alii
yCKJIaJHEHe, 200 HEMOXKIIUBE.

Jns eekTUBHOTO pO3B’SA3yBaHHS 3a3HAYCHUX 3aJad omnTuMmizamii 3 KiHIg XX CTOJITTSA
HAYKOBIIl [TOYAJIM IHTEHCHUBHO PO3POOJISATH CTOXAaCTUYHI MOUTYKOBI METOM ONTUMI3allii, 30KpeMa
METOAM BUIAJIKOBOTO TOIIYKY HYJIBOBOTO MOPSAKY IJIsi 3HAXOJKEHHS TI00aJIbHOTO EKCTPEMYMY
ITIL0BOT PYHKITIT Ha AOMyCTUMINA MHOXKHHI. OCcOOJIMBE MiCIIe cepe/l METOIIB BUITAIKOBOTO ITOITYKY
HaJIC)KUTh EBPUCTUYHUM METOJ[aM, 3aCHOBAaHUM Ha imiTallii (MOJIeIrOBaHH1) IPUPOAHIX MPOIIECIB,
110 3a03WYEHI y KHUBOI Ta HEXXUBOI IPUPOJIHU 1 peasli3yroTh aJaliTUBHUIN BUITaJKOBHIA MOLIYK.

Cepen eBpUCTHYHHUX METO/IIB BHAUISIOTH MOBEIIHKOBI METO/IM, 3aCHOBaHI Ha MOJICITFOBaHHI1
KOJICKTUBHOI IMOBEAIHKM CAMOOPTaHi30BaHUX MOMYJISILIIHIX CUCTEM.

Taki MeToau Ie Ha3WBaIOTh METOJaMM KoJiekTUBHOro iHtenekty (Swarm Intelligence),
METaeBPUCTUYHUMHU METOJIaMH, OaraToareHTHUMH METOAAMU, MOMYJIALIHHUMHI METOJaMH .

[Topsin 3 mepeBaramMu HaJl KIIACUYHUMU METOJIaMU ONITUMI3allil METaeBPUCTHUYHI METOIU Y iX
KaHOHIYHOMY BHWIJISIII MAarOTh 1 CBOi HEJOJIKH, TOJOBHHMH 3 SIKHX €: IMOBUIbHA 301KHICTH i
NOTPAIIISTHHS Y JIOKaJIbHI €KCTPEMYMH, 1110 POOUTH 1li AITOPUTMHU HEJOCTATHBO €(DEKTUBHUMH IIPH
pPO3B’sI3yBaHHI pealbHUX ONTUMI3aliiHUX 3amad. [[ns 301IbIIeHHA MIBUIKOCTI 301KHOCTI Ta
3a0e3nedeHHs MOIIyKY ONTHMAJIBHOTO PillleHHS €()eKTUBHUM € BUKOPHCTAHHS Pi3HUX aJallTUBHUX
CXeM 1 MIXOIB 0 YNpaBIiHHA MapaMeTpamMH LUX aIrOpUTMIB. SIK MOKazaiw JOCIIJKCHHS
ocrannix pokiB (Y. T. Juang, S. L. Tung, H. C. Chiu, Hafiz Tayyab Rauf, Sumbal Malik, Umar
Shoaib, Muhammad Naeem Irfan, M. Ikramullah Lali, Luis Rodriguez, Oscar Castillo, José Soria,
Patricia Melin, Fevrier Valdez, Claudia I. Gonzalez, Gabriela E. Martinez, Jesus Soto, Fatemeh-
Sadat Saeidi-Khabisi, Esmat Rashedi), omuum i3 TOIMKMPEHUX IHCTPYMEHTIB, IO
BUKOPHUCTOBYIOThCS /171l KEPYBAHHSA MapaMeTpaMi METaeBPUCTHUHUX aJITOPUTMIB, € 3aCTOCYBAHHS
KOHTpoJiepiB HewiTKoi Joriku (Fuzzy Logic Controller, FLC), nanpukiaz st TAKUX aJrOPUTMIB,
sk MeTo]1 poto yacTuHOK (Particle Swarm Optimization, PSO), meron kaxxanis (Bat-Inspired, BA),
meron cipux BoBkiB (Grey Wolf Optimizer, GWO), amropurM rpaBiTamiifHOro
nomyky (Gravitational Search Algorithm, GSA).

ITocTanoBka 3anaui. BpaxoByroun BuIlle cKka3aHe, y JOCTIIKEHHI ITepe10aueHO BUPIILIECHHS
TaKMX OCHOBHUX 3aBJaHb: MpoaHamidyBatu icHytoun FLC gyig ympaBiiHHS mapameTpaMu
METaeBPUCTUYHUX AITOPUTMIB MONIYKY TJ100aIbHOI ONTUMI3aLil MyJIbTUMOIATBHUX (DYHKIIIH, 110
IMITYIOTh TIPOIIECH XXHBOI Ta HEXHBOI MpUpojaH, 30kpema anroputmis PSO, BA, GWO, GSA);
pPO3pOOHUTH aNAaNTUBHUNA METOJ YIPABIiHHSA MapaMeTpaMd METAeBPUCTUYHHMX alTOPUTMIB Ha
OCHOBI  HEYITKOI JIOTiKHM;, CTBOPUTH WeD-opi€eHTOBaHM JOAAaTOK JUIA  JOCIIIKCHHS
METaeBPICTUYHUX AJITOPUTMIB; IPOBECTU YUCEIbHUN €KCIIEPUMEHT L1010 MEPEBIPKU €PEKTUBHOCTI
Bukopuctanua FLC st ynpaBiiiHHS apaMeTpaMu METaeBPUCTUYHUX AITOPUTMIB y MTOPIBHSIHHI 3
IHITMMHY aJaNTHBHUMH CXEMaMH Ha TECTOBUX 3a/ladaX ONTUMI3allii 3 BUKOPUCTAHHSAM aBTOPCHKOTO
BE0-OpIEHTOBAHOTO MTPOTPAMHOTO TIPOYKTY.

Mertoro pocainkeHHs1 € OOIPYHTYBaHHSI 3arajJbHOro MiAXOAY A0 MOOYyIOBH KOHTPOJIEPIB
HEUITKOT JIOTIKM JJIsl MapaMeTpiB METAeBPUCTUYHMX aJITOPUTMIB, HAa MOro OCHOBI pO3poOHMTH
aJanTUBHUM METOJI YIIPABIIHHS [IMMH TTapaMeTpaMH, 1110 3a0€3MeUnTh OaaHC MiX IMIBUIKICTIO 1X
30DKHOCTI Ta TMONIYKOM TJI00AJBHOTO ONTUMAJIBHOTO pIIIEHHS, a TaKOXX CTBOPEHHSA BeO-
OpIEHTOBAHOTO MPOTPAMHOTO MPOAYKTY JAJIS pealizailii HaiO1IbIl MOMYIIPHUX METACBPUCTUIHHIX
MPOBEJICHHS YMCEIBHOTO EKCIEPUMEHTY WIOJO0 TMEepeBIpKU e(QEeKTUBHOCTI 3arporOHOBAHOIO
aJaNTUBHOTO METOTY.

OcHoBHa yacTtuHa. Ha OCHOBI j0CIipKeHb, HaBeleHUuX y podotax [2]-[5], Oyno BumineHo
K TepeBary, Tak 1 HeJOMIKU aIallTUBHUX HEYITKUX BapiaHTIB METAeBPUCTUYHUX METO/IIB.

Ilepesacu:
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https://www.sciencedirect.com/science/article/abs/pii/S1568494617301825

1. YucenbHi €KCIEPUMEHTH Ha TECTOBHX 3aJadaxX ONTHMI3allii JEMOHCTPYIOTh y OUTBIIOCTI
BUMAJIKIB TIepeBary, iHO/i CyTTEBY, aAalTUBHUX HEUITKUX METAEBPICTUYHMX AJTOPUTMIB Hajd iX
KaHOHIYHMMH BapiaHTaMH 1 JESIKUMHU IHIIMMH aJallTUBHUMH CXEMaMH, 30KpeMa eBOJIOLIHHUMU;

2. € MOXIUBICTh BU3HAYUTU CILUIbHI KPOKM MOOYZOBU KOHTpPOJIEpPA HEUITKOI JIOTIKU JUISA
yIpaBJIiHHS HapaMeTpaMy aJalTUBHOTO METAeBPICTUYHOTO aJTOPUTMY ONTUMI3allii.

Heoonixu:

1. Ilpu 30imbIIeHH] KUTBKOCTI mapameTpiB, 1o BxoasaTh A0 FLC, 1 30unbmenHi GyHKIINA
HaJIS)KHOCTI, 10 OMUCYIOTh BIAMOBIHI JIHTBICTUYHI 3MiHHI, Pi3KO 30UIBIIYEThCS 0a3a HEUITKUX
MpaBuJI, 10 YIOBUILHIOE pOOOTY AJITOPUTMIB, OCOOJIMBO JIJIS 33]1a4 BEIMKOT PO3MIPHOCTI,

2. EdexruBHicts Bukopuctanas FLC cyTTeBo 3anexuth Big Cy0’€KTUBHOI JYMKHU €KCIIEpTa,
KWW CTBOPIOE 0623y HEUITKUX MPABUIT;

3. 3acTtocyBaHHS Pi3HHX AITOPUTMIB HEUITKOTO JIOTiuHOTO BUBeAcHHS (Mammaani, CyreHo,
IlykamoTo, Jlapcena) mae pizHU#N epeKT, IpH IIbOMY BHSBUTH SKYCh 3aKOHOMIPHICThH MepeBaru
OJIHUX aJITOPUTMIB HAJl IHIIUMHU HE BAATIOCS.

Takox Oyno BHIIICHO OCHOGHI emanu nNoOYO08U KOHMPOLepa HewimKoi J1ociKu s
yIpaBIIiHHS apaMeTpaMHy aJallTHBHOTO METAeBPICTUYHOTO aJITOPUTMY ONTHUMI3allii:

1. BuzHauutu mnapaMeTpu METaeBPICTUYHOTO AaIrOPUTMY, IO OYyAyTh BXOIUTH 10
KOHTpOJIepa HEYITKOI JIOTIKH 1 OyAyTh HUM KEPYBaTHCH.

2. OOpatu 1HAMKATOPH, IO XapaKTEpHU3ylOTh €hEeKTUBHICTH pOOOTH aIroOpuUTMy, 30KpemMa
napamMeTpH Ui BUMIPIOBaHHS MPOTpecy MOMyIsmii (Hampukian, MpupicT HinboBoi (GyHKIIT Ha
CYCIJIHIX iTepalisix), mapaMeTpH sl BAMIPIOBaHHS PI3HOMaHITHOCTI MOMYJISIIIi.

3. Cepen nmx mapaMeTpiB BU3HAYMTH BXiJIHI 1 BHXIJHI MapaMeTpu KOHTpoJiepa HEYITKOi
JIOTIKH.

4. BXigHuM 1 BHUXIJHHM TIIapaMeTpaM KOHTpOJIEpa HEYITKOI JIOTiKM TIOCTaBUTH Y
BIJIMOBITHICTb JIIHTBICTUYHI 3MiHHI Li, 1110 3a1a€THCSI KOPTEKEM:

Li =<, T, Xi, Gi, Mi>,
ae i =1, ..., N, N — KUIbKICTh JIHIBICTHYHHUX 3MIHHHX, TMPH I[BOMY IS KOKHOI 3 BH3HAYCHUX
JTIHTBICTHYHUX 3MIHHUX L BKa3aTu:
— KUIBKICTh HEHITKHX 3MIHHHX ¢, IO BXOJSTH /10 0a30BOT TEPM-MHOKHUHH i,
— 1x 00macTh BU3HAYEHHS X] |
— Tun  QYHKUIH HajexkXHoCTI Uit 0a30BOi  TepM-MHOXKHMHU Ti : TPUKYTHUH,
TpaneuieBuHuM, L-R-pyHKIis neBHOro BUAY Ta iX mapaMeTpy;
— cuctemy MoaudikaTopiB i joridaux 38’5130k G (Mpu HEOOX1THOCTI).
5. 3renepyBaTi 0a3y HEUITKMX MPABUI BUBEJICHHS BUIY:
I; : sxmio (x € A1) & (v € B1), To Z € Cy;
I, : sixmno (x € A2) & (v € B2), T0 Z € Cy;

Ip : sixmno (x € Ap ) & (v € Bp), 10 Z € Cp,

Jie X Ta Y — IMEHA BXIJJHUX 3MIHHUX, Z — 3Ha4Y€HHS 3MIHHOI BUCHOBKY, A1, B1, C1, Az, B2, C2,..., Ap,
Bp, Cp— nmeski 3amani pynkuii HanexHocTi. [Ipy iboMy 4iTKe 3HAYEHHS Zo HEOOXITHO BU3HAYUTH
Ha OCHOBI HaBe/IeHO1 1H(popMallii i YITKUX 3HaYeHb X0 Ta Yo.

6. OOpatu anropuT™M HEYITKOTO JIOT1YHOTO BUBENEHHS, Hampukiaa: Mawmaani, Llykamoro,
CyreHo, Jlapcena.

7. O6patu oquH 3 MeToiB Aedazudikarrii:

— Centroid — MeTo/] IEHTPY TSKIHHS;

— Bisector — meTon Mezianu;

— LOM (Largest Of Maximums) — mMeTo HaiOIIBIIOTO 3 MAKCUMYMIB;

— SOM (Smallest Of Maximums) — meTo/1 HAWMEHIIIOTO 3 MAKCUMYMIB;

— Mom (Mean Of Maximums) — MeTo/1 IIEHTPY MaKCHMYMiB.

Jns  JocmiDKEeHHS METaeBPUCTUYHUX —AaITOPUTMIB  aBTOpaMU  pO3poOsieThes  BeO-
OpPIEHTOBAaHMM TMPOTPAMHUM TPOAYKT, 1o peamizye anroputmMu PSO, BA, GWO, GSA Ta ix
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amanTuBHI Moaudikaiii, 30kpeMa 3 BukopuctanusM FLC, 1 Hajae MOXKIIMBICTE BUKOPUCTOBYBATH
nonaz 20 BitoMux BOyOBaHUX TECTOBUX (PYHKIIIH, a TAKOXK peani3oByBaTH (yHKIII{ KOpUCTYBaya.

[TporpaMuuii IpOAYKT HaJa€ MOKJIMBICTh 3a7aBaTH:

— 3HaueHHS BX1JHUX YIPABIIAIOUUX MapaMeTPiB alTOPUTMIB;

— PpO3MIip MOMYJSIIii;

— PO3MIpHICTh 00JIACTI MOIIYKY;

— MaKCUMaJIbHY KIJIBKICTh ITEpariif;

— TOYHICTH OOYHCIICHB,

— KUIBKICTh MOBTOPIB QJITOPUTMY 3 MOAAIBIINM 30€pEKEHHSIM MPOTOKONY Pe3yibTaTiB 1
BUBEJICHHSIM HalKpaioi crpoou.

PeanizoBano mBUAKE BBEACHHS MEXK rinepkyOy abo rinepnapaieniernineaa nomykKy Juis 3a1a4
BeNMUKOi po3mipHOCTi. JIJis JBOBUMIpHUX 3aja4 ONTUMI3allii mependadyeHa Bizyaumizallis rpadika
TK0BOI (DYHKITIT Ta IepeOir iTeparriiiHoro mpoiecy. [lependauena MOKIUBICTh BBEICHHS MOJIET1
3a/a4yl YMOBHOI ONTHMI3alii 3 JIHIHHUMH 1 HEMHIAHUMHA OOMEXEHHSMH 3 TOJMAJBIIUM il
NEPETBOPEHHAM Y 33/1a4y O€3yMOBHOI ONTUMIi3allii MEeTOAOM mTpagHUX GYHKIIH (30BHIMIHIX 200
Oap’epHUX).

Jnst po3poOku siipa BeO-OpiEHTOBAHOTO MPOTPAMHOTO TPOIYKTY BUKOPUCTOBYETHCS MOBA
nporpamyBanHs C# 1 ¢peiimBopk .net. Jlns crBopeHHs iHTepdeiicy KopucTyBada
BHUKOPHCTOBYETHCS BinkpuTa JavaScript 6iomiorexa React.js. Jlist 30epexeHHs JaHUX OOYKMCICHD
BUKOPHUCTOBYETHCSI 00'€KTHO-pesIiiiHa cucTeMa KepyBaHHA Oazamu manmx PostgreSQL, a s
Bi3yautizaiiii iTepariiiiHoro mpoiecy 3actocoByerbcs React.js i Chart.js.

BucHoBku.

1. CTBOpeHHS aJaNTHBHUX HEYITKAX METACBPUCTUYHHMX AJNTOPUTMIB 1 JIOCIIDKCHHS 1X
e(eKTUBHOCTI € aKTyaJbHOI HAyKOBOIO 1 MPAaKTUYHOIO MPOOJIEMOI0, OCKUIBKH 3a JOIOMOTOIO
KOHTPOJIEPIB HEWITKOI JIOTIKM MOXXHa MOCWJIMTH YM MOCTAOWUTH Pi3HOMAHITHICTh TOMYJIAIMIl Ta
30UTBIIUTH 200 3MEHIIMTH MIBHUAKICTh 301KHOCTI ITUX aJITOPUTMIB.

2. BukopucTaHHs aAanTUBHUX HEUITKAX BApiaHTIB METACBPUCTHYHHUX METO/IIB Ma€ SIK TIEBHI
nepeBard, Tak 1 HEIOJIKH, II0 MOTPiOHO BPaxOBYBATHU MPHU PO3B’SI3yBaHHI KOHKPETHHX 3a/1a4
orrruMizarii. 30kpemMa, cepe]l HeJIoJiKiB BApTO BUAUIATH TaKi: YIIOBUTLHEHHS pOOOTH aJITOPUTMY 32
paxyHOK BUKOHAHHsI HEUITKOro BuBeeHH ((azudikauii) i npouecy aedaszudikamnii, ocodnuBo s
3a/1a4 BEJIMKOT pO3MIpPHOCTI 1 30UIbIIEHHSAM KUIbKICTh MPABUJI HEUITKOTO BUBEJCHHS; MPU MOOYI0BI
NPaBUJI HEYITKOTO BUBEJCHHA 1 (PYHKIIIM HaJeXKHOCTI iX BX1HUX 1 BUXIIHUX MapamMeTpiB 3HAYHY
poJib Tpae cy0’€KTHBHA AyMKa €KcIiepTa, TOMY L[bOMY €Taly iX MmoOyaoBa OTpiOHO HPUIUISATH
0COOJIHMBY YBary, MOXJIMBO 13 3aJy4E€HHSM IPYIH €KCIEePTIB 3 MPOILETypOI0 arperyBaHHs iX 1yMOK;
HE 3aBX/JM HEYITKE KepyBaHHsS Ja€ Kpallll pe3ysbTaTd y MOPIBHAHHI 3 IHIIUMU MiIXOJaMU J10
a/1alTyBaHHS METAaeBPICTUYHUX aITOPUTMIB.

3. lns mocmimkeHHsT €(pEeKTUBHOCTI PI3HMX CXEM HEUiTKOI ajanTallii y MeTaeBpiCTHYHUX
MeTOoJaX TJI00ambHOI OMTHUMI3AIll JOIIBHO 3aCTOCOBYBATH MPOTpaMHi 3aco0H, L0 peai3yroTh
HEUiTKY JIOTiKY, 30KpeMa 3acodu Fuzzy Logic Toolbox cucremu Matlab, a takox cnemianbhe
nporpaMHe 3a0e3NedeHHs, 30KpeMa BeO-OpieHTOBaHE, po3poOKa SKOT0 € aKTyalbHOK HayKOBO-
TEXHIYHOIO TTPOOIEMOIO.
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CAMOOPT AHIZAIISI ITH®OOPMAIIIMHOI'O BAHKY
CUCTEMMU NIJABOPY IHBEHTAPIO JUIS1 HACTIIBHOI'O TEHICY
HA BA3I HEUPOMEPEX

TazerninoB B. A., Cucoenko C. B., XpyasoB M. B.
YepkacbKuil epKaBHHUM TEXHOJIOTIYHUHN yHiBepcuTeT, M. Uepkacu, YKpaina

Anotanis. ChopMynp0BaHO 3aBAaHHS, SKi MOBUHHA PO3B’SA3yBaTH CUCTEMa MiI00PY IHBEHTAPIO AT
HACTUILHOTO TeHicy. [H(opMaIliiHuii 0aHK MICTHTB JJaHi PO BIACTUBOCTI HAKJIAJOK 1 OCHOB, a TAKOX BiZIOMi
KOMOIHAIli HAKJIAaIOK 1 OCHOB. 3alpOTIOHOBAHO BIAMOBIAHI aJNTOpPUTMH UISI KiacHdikamii BXiTHOI
iH(popMalLlii CTOCOBHO iHBEHTApIO IJIsl HACTUILHOTO TEHICY, IO Ja€ MOKJIMBICTh BUAAIUTH 3 OaHKY AaHUX
MajoinpopMatuBHi (hakTopu. CTBOPIOETHCS METOAMKA aHATNITHIHOI 00poOKH iH(opMarllii, sSKa T03BOJISIE
HAJAaTH TPABIIO TEPENIiK MOTPIOHOrO MOMy iHBEHTapro s HacTuUtbHOro TeHicy. lle mae MoxIuBicTh
nepeadavaTH TEHAEHIII PO3BUTKY PWHKY IHBEHTApIO HACTIIBHOTO TEHICY, BUPOOHHMKAaM — IUIAHYBaTH i
3MIHIOBaTH CTPYKTYpPY BUPOOHHMIITBA, a TAKOXK 33I0BONFHUTH iH(pOpMaIiiiHi moTpeOr MOKymiB (TpaBIiB) i
npoaasiiB. Po3po6iieHo MeTox camoopraHizailii iHpopMalifHOro 6aHKy Ha OCHOBI Pe3yJIbTaTy PO3B’ sI3aHHS
3a/1avi KJracTepursaliii, ke OTPIMAaHO 32 JIOTIOMOTOI0 CaMOOpraHizyro4oi Mepexi KoxoHeHa.

KarouoBi ciioBa: HelipoMepeka, caMoopraHizaitisi, Kiactepusailisi, inpopMamiiHui OaHK.

SELF-ORGANIZATION OF THE INFORMATION BANK
OF THE EQUIPMENT SELECTION SYSTEM FOR TABLE TENNIS
BASED ON NEUR NETWORKS

Tazetdinov V., Sysoienko S., Khrulov M.
Cherkasy State Technological University, Cherkasy, Ukraine

Abstract. The tasks to be solved by the equipment selection system for table tennis have been
formulated. The information bank contains data on the properties of rubbers and blades, as well as known
combinations of rubbers and blades. Appropriate algorithms for the classification of input information on
table tennis equipment are proposed, which makes it possible to remove uninformative factors from the data
bank. A method of analytical information processing, which allows the player to provide a list of table tennis
equipment he needs, is created. This makes it possible to forecast trends in the market of table tennis
equipment, manufacturers - to plan and change the structure of production, as well as to meet the information
needs of buyers (players) and sellers. The method of self-organization of the information bank based on the
result of solving the clustering problem, which is obtained with the help of the self-organizing network
Kohonen, is developed.

Keywords: neural network, self-organization, clustering, information bank.

Beryn. CyyacHi TeHJIEHIIT Ha pUHKY HACTIIBbHOTO TEHICY 3yMOBIJIEHI BEJIMKOI KUIBKICTIO
IPUYUH, K1 BU3HAYAIOThCS MIOBEIHKOIO HOro cy0'exTiB. Ha choroaHimHIN J€Hb CIOCTEPIraeThCs
BEJIMKA PI3HOMaHITHICTh O0JIaJJHAHHSA JJIs HacTUIbHOTrO TeHicy. Ha punky npeacrasieno nonas 80
BUPOOHUKIB HAKJII0K 715l HACTLNbHOTO TeHicy [1]. Takox icaye monan 100 BUpoOHUKIB OCHOB st
HacTUIbHOTO TeHicy [2]. KokeH BUpOOHMK Mae cBiii MoxaenbHUil psia. [Ipum Takomy po3maiTTi
o0JyafHaHHS ISl HACTLTFHOTO TEHICY BUOIp OCHOBH Ta HAKJIAJOK CTA€ JIJIS TPABIS AyKE BAXKKUM
3aBJIaHHAM. SIK MOKa3ye MpaKTUKa, OUIBIIICTh IPaBLiB HE B 3M031 c(hOPMYIIOBATH BHUMOTHU 0
obnmagHanHa. Ha mpakTuill rpaBers MOXe OI[IHUTH O00JIaHAHHS JIMIIE TICIS WOTO MPAKTHYHOTO
BUKOPHCTAHHS Ha OCHOBI BJIACHUX BITYYTTIB Ta IrPOBOTro A0CBiTy. BonHouac BiiOyBaeThcs cTpiMKe
3pOCTaHHs CyYaCHMX IHHOBAIlIHHMX TEXHOJOTIH Ta IX 3aCTOCYBaHHS B MOBCAKIEHHOMY XHTTI,
aBTOMAaTH3allisl BCiX cep JIIOACHKOI AIAIBHOCTI. Y TaKUX YMOBAaX OCOOJIMBOIO 3HAYEHHS HaOyBae
npaBWIbHUHN M1A0Ip KOMOIHAIllT HAKJIaJ0K 1 OCHOBH [3].

IMocTtanoBka 3aaay. OcHOBOWO iH(pOpMaLiiHOro 0AHKY CHCTEMH Mi0OpY 1HBEHTApIO JUIs

HACTUIBHOTO TeHICYy € BekTop moliB A = (A, A,, ..., A,), SKi € TOIOBHUMHU (aKTOpaMH, IO
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BIUTMBAIOTh Ha IrPOBI XapaKTEPUCTUKH PAKETKH Il HACTUIBHOTO TeHicy. A4, A,, ..., A, 1e Taki
napameTpH SIK MIBUIKICTh, 00€pTaHHs, KOHTPOJIb, )KOPCTKICTh TYOKH, THUI T'YOKH, 30Ha HAMKPAIIIOTo
BIJICKOKY, 3aTpHMKa M’si4a Ha MOBEPXHI PAKETKH Ta 1HIII.

OTxe, mepIoro 3a7aueio BU3HAUEHHS 3aJIeKHOCTI apamerpa G, SKuil BpaxoBye IIBUIKICTD,
o0epTaHHs Ta KOHTPOJb PAKETKH K BHXIJHOI XapaKTEPUCTHKH BiJ BXiJHUX 3HAYEHb, €
3HAXOKCHHS (QYHKITIT

G=F(A A, ..., Ap). Q)
pyra 3agada nojsirae y 3Haxo/KeHHI MOKa3HUKIB YyTIUBOCTI apamerpa G, ikuii BU3Ha4yae
irpOBi BIACTUBOCTI PAKETKH 1 BPaXOBYE ii IMBUIKICTh, 00€PTaHHS Ta KOHTPOJIb:
fic = 3o b= 225 k=T, ¥
ne fp — aOComOTHUIN MOKA3HHWK YYTIMBOCTI, by — BIIHOCHHMI MOKA3HUK YYTJIUBOCTI; A, G—
cepenHi 3Ha4YeHHs K-ro ¢akTopa 1 BHXITHOT XapaKTEPUCTHKH BIiAMOBIAHO B KOXXHOMY KJlaci
IHBEHTApIO JUIsI HACTUILHOTO TEHICY, IKUH BU3HAYAETHCA EKCIIEPTOM.

BnactuBoctsamu 3amau (1)-(2) e: Benmukuii oOcar BXigHMX AaHuX (B cepenHboMy 20),
NPUCYTHICTh LIYMOBHX €(EKTiB, iICHyBaHHS HETPHUBIAJBHHUX 3AIEKHOCTEH MK (hakropamw, II0
BIUTMBAIOTh Ha BX1J 1 BUXIJHOI XapakKTepucTukor. Po3m’s3anns 3amad (1) - (2) BaXIUBO I
CTBOpEHHs 1H(pOpMaIiifHO-aHATITUYHOI MiIATPUMKH TPOLECIB HAa PHUHKY HACTUIBHOTO TEHICY 1
JIO3BOJIUTh aHANI3yBaTH YMOBHU 1 3HAYHO CHPOINYBaTH MpOLEAYpY BHOOpPY iHBEHTapro s
HACTUIBHOTO TCHICY.

Mera nocainzkenHsi. Metoro poOoTu € po3poOka MeToly camoopranizaiiii iHhopMaiiiiHOTro
Oanky. Lleii meron BKJIIOYa€e 3HAXOJDKCHHS MalloiH()OpMAaTHBHHX 1 He3HAYHUX (DakTopiB 1 iX
MoJ1ajbllie BUJAICHHS.

OcHoBHa uyacTuHa. Onmumizayis ingopmayitinoeo odanxy. s 3amava BUpINIyETbCS 3a
JIONIOMOT0K0 HelipoMepexeBuX TexHoJorii [4]. I{o6 mocsarTu 11boro HeOOXiAHO BUPIILIIKUTH 3324y,
II0 CKJIAJA€THCS Y 3HAXOKCHHI KJIaciB BXiJTHUX BEKTOPIB, SIKi MAIOTh 3arajibHi SKOCTI.

Bxigni BekTopu pOpMyIOThCs 3 BXIIHUX (DAKTOPIB 1 BUXIAHUX XapaKTEPUCTHK, SIK1 B HAILIOMY
BUNAAKy € HacTynmHuMu (A4, A,, ..., Ay, G). Jlo CKIaay Kiactepy Hajuexarb 00pas, BiJCTaHb MiX
SAKUMH HE € OUIBIIO0 32 JesiKe O3UTUBHE 3HAUCHHS., J{71s Bizyanizauii nux oOpasiB mpercTaBuMo
kiactep y Bursial rinepcdepu. Lli o6pa3u noBuHHI
HaJeXaTH 0 rinepcdepu. (pUCyHOK 1).

Opnak gesxi ManoiH(popMmaTuBHI (akTopu
MOXYTb OYTH 3a MekaMHU TinepchepH, BUXOASIUU 1O
OJIHI¥ YM JEKUTbKOX KOOPANHATAX, OCKUIBKHA BOHH HE
BIUIMBAIOTh Ha MPUHAJIEKHICTh /IO IEBHOI TPYIIH.

3HaXO/KEHHS TaKuX (aKkTOpiB 1 BUAAJIEHHS 3
iHpopMmaniiiHoro  0GaHKy  JacTb  MOJKJIMBICTh
CKOPOTHUTH YaCc HAaBYaHHS HEHPOHHOI Mepexi Ta
MiIBUIIUTH TOYHICTh PO3B’S3aHHS 3aa4 Mia0opy
IHBEHTApIO JIJIs1 HACTUILHOTO TEHICY.

X1 Jns  BUKOHaHHS  3adad  KJacTepu3arii
3actrocyeMo Mepexy KoxoHeHa, apxiTeKTypy 1
Pucynox 1 — Knacrepusartis ¢byHkuii skoi HaBeJeHO Ha pUCYHKY 2. HaBuanHs
Mepexki BIJOYBAa€ThCS HA OCHOBI XapaKTEPUCTHK €TAJOHHUX 3Pa3KiB pakeToK. K eTaloHHHM
3pa30K Ui aTakyrouoi I'pu Moxke OyTu BuKopucrano ocHoBy Butterfly Viscariya 3 naxmagkamu
Butterfly TEnergy 05. 3Ha4yeHHS XapaKTEpUCTHK PaKeTOK (OPMYIOThCS Ha OCHOBI BiJTyKiB
kopuctyBaviB [1, 2] Ta excnepTHuX omiHOK. Pe3ynpraToM HaB4YaHHS € (OPMYBaHHS HeEpEIiKy
IHBEHTaps 3 OJU3HKUMHU JI0 €TAJIOHY BIACTUBOCTSIMH.
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Y

@—» TDL weight \

P{1} . -
Delays 1 IW{l1,1} I'DL C —0®
bias /nclsum compet a{l}

b{l}
Pucynok 2 — @ynkuii i apxirekrypa mepexi Koxonena

BucnoBku. Bukonano QopmanizoBaHi MOCTaHOBKHM 3aja4 aHaji3y PHHKY HACTUIBHOTO
TEHICY, A0 AKHX HaJeXaTbh: iACHTU(IKALSA TapaMeTpa, SKHii BpaxoBYe IBUIKICTb, OOCpTaHHS Ta
KOHTPOJIb 1, BU3HAYCHHS KOE(II[IEHTIB YYTJIMBOCTI 3MIHM IMapamMeTpa, LI0 BHU3HAYa€ IrpoBi
BJIACTUBOCTI PAKETKH JI0 3MiHU €K30T€HHHUX (PAKTOPiB. 3alIPOIIOHOBAHO HEMPOMEpPEKEBl MOIETI Ta
METOJM caMooprasizaiii iHpopmaiiitHoro 6anky. HeoOXimHiCTh X BUKOPHCTaHHS BUKIMKaHA
iH(pOpMAaIIfHOI0 HAJJIUIIKOBICTIO Ta IIyMOBUMH edekrtamu. Ha ocHOBI Oaratopa3oBoro
BUKOPUCTaHHs Mepexki KoxoHeHa i po3B’si3aHHs 3aj1adi KiacTepusallii po3poOJeHO METOo.

BITYYCHHS HE3HAUyHMX (aKTOpiB i3 OaHKY JaHUX. 3ampOIIOHOBAHUI METO/I 1a€ MPUCKOPEHHS Ha
20%.
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KOHIEIIIA IHTEJEKTYAJIBHOI HAJIBYJIOBA
HAJI IHCTPYMEHTAJIBHUMMU 3ACOBAMMU IIVIAHYBAHHS ITPOEKTIB

Tecas 10.1, Eropuenxos 0.2, Xunesna 0.2, €ropuenkosa H.5, Karaesa €.}, Xnesunii A.?,
Kaeanna I
YYepkacbkuii nepsaBHUil TEXHOTOTIUHMI yHIBEpCUTET
?KuiBchKuii HalioHanbHUH yHiBepcuteT imeni Tapaca Illepuyenka
$CrnoBanpKuii TexHiYHMI yHiBepcuTeT y bpaTtncnasi

Anoranisi. lloka3aHo HeOOXimHICT, IHTEJEKTyami3alii TMpOLECiB IUIaHyBaHHS IPOEKTIB.
CdhopMynp0BaHO MPUHLMIHN Ta 3a[adi IHTEJIEKTyali3alii npolecy IIaHyBaHHS IPOEKTIB. 3alIpOIIOHOBAHO
KOHIICTIIIIIO 1HTENEKTYalIbHOI HafAOy/JOBH HaJ IHCTPYMEHTAIBHUMH TPOTpaMHUMHU 3aco0aMy YIpaBIIiHHS
NPOEKTaMH, sIKa BKJIIOYAE TPHHIUIH, MiAXiZ, CTPYKTYpY, MOJEIb Ta 3acoOW TUIaHYBaHHS TPOEKTIB.
Bupgineno eranu Ta 3ajavi IUIAaHYBaHHS IIPOEKTIB 3 BUKOPUCTAHHSIM 1HTENEKTyaJbHOI HaAOyIOBH.
Po3pobreno cTpykTypy iHTEIEKTyalIbHOI TEXHOJIOTI IITaHyBaHHs MPOEKTIB. 3alIPONIOHOBAHO BUKOPUCTATH
MOIUQIKOBaHUN  pedICKTOpHUI  MeTox s peawmizamii  IHTENeKTyallbHOI — HagOyJOBH  Hal
IHCTpyMEeHTaILHIMH TIporpaMHuMu 3acobamu MS Project un Oracle Primavera P6. 3anporionoBaHo Mozenb
BUPOOJICHHSI peakuiii Ha TOTIK BXIJHUX [aHUX IO IUIaHy NPOEKTY B iHTEJEKTyadbHi HaaOyIoBi.
Po3pobnena koHiemnis Ta 3aco0u iHTEIeKTYalTbHOT HAIOYI0BH IPOUIILTH €KCIIEPUMEHTAIbHY Ta IPAKTUYHY
MIEPEBIPKY B MPOEKTAX Ta MOKA3aJIU CBOIO €(DEKTHBHICTb.

KrouoBi ciioBa: rmianyBaHHs IPOEKTIB, MPOrpaMHO-iHPOpMaLiiiHi Han0yAOBH, CUCTEMH ILUTYYHOTO
IHTENIeKTY, pepIeKTOPHI 1HTENEeKTyallbHi CUCTEMH.
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CONCEPT OF INTELLECTUAL SUPERSTRUCTURE
OVER PROJECT PLANNING INSTRUMENTS

Teslia 1.2, Yegorchenkov O.2, Khlevna Yu.?, Yegorchenkova N.3, Kataeva E. !, Khlevny A2,
Klevanna G.!
!Cherkasy State Technological University
2Taras Shevchenko National University of Kyiv
3Slovak Technical University in Bratislava

Abstract. The necessity of intellectualization of project planning processes is shown. The principles
and tasks of intellectualization of the project planning process are formulated. The concept of intellectual
superstructure over project management software tools, which includes the principles, approach, structure,
model and tools of project planning, is proposed. Stages and tasks of project planning with the use of
intelligent superstructure are highlighted. The structure of intelligent project planning technology has been
developed. It is proposed to use a modified reflex method to implement an intelligent superstructure to MS
Project or Oracle Primavera P6 software. A model of generating reactions to the flow of input data on the
project plan in intellectual superstructure is proposed. The developed concept and means of intellectual
superstructure have passed experimental and practical testing in projects and have shown their effectiveness.

Keywords: project planning, software and information superstructures, artificial intelligence systems,
reflective intelligent systems.

BcTyn JUnist migBUIIEHHS TOYHOCTI TUIaHIB MPOEKTIB 1 3MEHIICHHS BUTPAT Ha X CTBOPEHH
HCOOXIHO IHTENEKTyali3yBaTH Mpolec IaHyBaHHs. Ha IymKky aBTOpIiB Lie MOXKIHMBO uepe3
CTBOPEHHS lHTeJIeKTyaJILHHX HaJ0yI0B HaJ ICHYIOUMMH I1HCTPYMEHTAIBHUMH MPOTPAMHUMH
3aco0aMu yrpaBiiHHs nmpoektamu, Harpukiaan (MS Project yu Oracle Primavera P6) [1].

Merta pobotu. Metoro pobOTH € po3poOka KOHIIEMII iHTeNeKTyalbHOT HaAOyI0BU Hal
IHCTpYMEHTAJILHUMH 3ac00aMH IIJIaHYBaHHS MTPOEKTIB.

ITocTanoBka 3aga4i. 7151 JOCATHEHHS TOCTABIEHOT METH HEOOX1/IHO 3alIPOINIOHYBATH 3a/1aui
IHTeNeKTyam3amii mpouecy IUIaHyBaHHS IPOEKTIB, PO3POOHTH CTPYKTYPY IHTEIEKTyalbHOT
TEXHOJIOT11 TNIAHYBaHHS MPOEKTIB Ta 3alIPOIIOHYBATH IHCTPYMEHTH ii peaizarii.

OcHoBHa vacTHHA. MeToro Oynp SKOI CUCTEMM IUIAaHYBaHHS € KOOpJAMHALis Ai 1o
BUDIMICHHIO 3a/a4 TpOeKTy. [l 1MOCATHEHHs wi€l METH CUCTeMa IUIaHYBaHHS IPOEKTIB
000B’A3KOBO TOBHMHHA: OTPUMYBATH 1H(POPMALIIO BiJl MEHEKEPIB AN PO3PAaXyHKY IJIaHy;
BUKOPUCTOBYBATH 1H(OpMaIiiiHuii cTaHIapT MPOEKTHO-OPIEHTOBAHOT KOMIIaHii /Ul BpaxXyBaHHS
MOMEpPEeAHbOr0 JOCBIly IJAHYBAaHHS 1 BHMKOHAHHS IUIAHIB IPOEKTIB; BMITH I1HTETpyBaTH 1
aHaJli3yBaTH JlaHl, OTPUMaHI BiJl MEHEKEPIB MPOEKTY Ta 3 1HPOPMAIIIHOTO CTaHAAPTY 3 METOIO
BUJIUUIGHHSI HalOUIbII JTOCTOBIpHOi 1H(OpMallii; po3paxoByBaTu IUIAH MPOEKTY; TOBOJUTH ILJIaH
IIPOEKTIB 0 BUKOHABIIIB, BHOCUTH 3MiHH B IUIaH MPOEKTY MPH HOTO HE BUKOHAHHSI.

Jnis BUpiIIEHHS NTepepaxoBaHUX 3ajiay IHTEJNEeKTyalIbHa Ha/10y10Ba HaJl IHCTPYMEHTAIbHUMHU
3aco0amMM yNpaBJiHHS MPOEKTAMH IOBHHHA CIUIKYBAaTHCS 3 JIIOJMHOK HAa TEMY CTBOPEHHS 1
PO3paxyHKy KaJleH/IapHO-CITbOBOTO Tpadiky Ha MPUPOAHINA MOBI, CAMOCTIITHO BUMTHCS TJIaHYBaTH,
aHayli3yBaTu 1HGOpMaIil0, OOYMCIIOBATH PILICHHS; BIPOBAKYBaTH MPOIECH BHUKOHAHHS Y
BIJIOBIAHOCTI 3 IUIAaHOM; BUKOHYBAaTH MOHITOPUHI pillleHb; KOpUTYyBaTH pimeHHsA. CTpyKkTypa
IHTENEeKTyalbHOT TEXHOJIOTII IUIaHyBaHHS MIOKa3aHa Ha PUCYHKY 1.

N MamnHHe HABYAHHHA

IHTenexryansHui

iHTEepdetiic \ i

InTenexryansHu O6uncieHHs I BripoBakeHHs
. i aHaNi3 JaHUX pimieHs BHKOHAHHS

[adopmamniitanit i

CTaHIapT

Kopurysanns MosniTopuHT
pileHb pitieHp

Pucynoxk 1 — CtpykTypa IHTEIEKTyalIbHOI TEXHOJIOTI{ MJIaHyBaHHS MPOEKTIB
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Hageneni 3ama4i, siki MOTpiOHO BUPINIYBATH B IHTEJIEKTyalbHIM HaAO0yA0B1 (YHKIIIOHABHI 1
iH(opMartiifHo € pizHuMH. Lle BUKIII0Yae MOXIMBICT CTBOPEHHS €IUHOTO Spa X BUPIMICHHS, Y1
TO Ha 0a3i HepoMepeXk, UM 3 BUKOPUCTAHHIM 0a3 3HaHb. TOMY NPOMOHYETHCS BUKOPUCTATH i1el
CTBOpEHHS peIeKTOpHUX IHTeNeKTyanbHuX cucteM [2]. OCHOBHA iX 0COOJMBICTh — MOXKIIUBICTh
0JTHOYACHOT 0OpPOOKH PI3HUX TUIIIB BXIAHUX JAHUX, 3 PO3PI3HEHUX JDKEpEI SIK €MHOTO BXiJHOTO
MOTOKY 3 BUPOOJICHHSM peIieKciB Ha JOBIIbHI KOMOiHaLIi eneMeHTiB nux Aanux. 1o Haitbinbe
HiAXOIUTH JUIsI KOMOIHYBaHHS IIPUPOJAHOMOBHOI iH(opMarllii BiJ MeHeKepiB, (popmanizoBaHoi Ta
MPUPOTHOMOBHOI 1H(oOpMaIii 3 JAOKYMEHTIB 10 TPOEKTY, CTATUCTUYHOI iHQopmarii 3
iH(opMaIIfHOTO CTaHIAPTY Ta periaMeHTHOT iH(opMaIllii BAUKOHaAHHS ITPOEKTIB.

BucHoBKkH. 3anponoHOBaHa KOHIICIIIS CTBOPEHHS IHTENEKTYaJlbHOI HaaOyIOBH Hax
IHCTpYMEHTAbHUMH 3ac00aMH IIJIaHYBaHHS TPOEKTIB Ha 0a3l pedreKTOpHOI IHTENEKTyaabHOI
CHCTEMH, 3JIaTHOI CIIPHIMAaTH Ta 00poOIsATH 1H(POPMALIit0 B 3BUYaKHII IPUPOTHOMOBHIH (opmi Ta
npuiMaTH pilIeHHs 10 TUIAHY IPOEKTY 3 BpPaxXyBaHHSAM HOIEPEIHBOT0 JOCBIY IIaHYBaHHS poOIT
KOHKPETHUMH MEHEJKepaMH 1 CrieliaxicTaMy Ta BEITUYMHU BiAXMICHHS LBOTO IUIaHY BiJ (QakTy
BUKOHAHHS.

Cnncox BUKOPUCTAHUX JIZKepeJt
1. Tecna FO. M., Ky6sska JI. b., €ropuenkos O. B., €ropuenkosa H. FO. [Iporpamuo-indopmartiiiai
HaA0yIOBH B YIIPaBIiHHI MOPThEIIME MPOEKTIB 1 mporpam. [HhopMaltiiiHi mporecy, TEXHOIOTII Ta CHCTEMH
Ha TpaHCHopTi: Hayk. 30. Kuis: HTY, 2014. Bun. 1. C. 11-24.
2. Teslia I., Pylypenko V., Popovych N., Chornyy O. The non-force interaction theory for reflex
system creation with application to TV voice control. 6th International Conference on Agents and Artificial
Intelligence (ICAART 2014). LERIA, France, 2014. P. 288-296.

3HAHHEOPIEHTOBAHA CUCTEMHA OIITUMI3ALIA
B KOHTEKCTI YIIPABJIIHCbKHUX 3ATAY

Yanuaincebkuii 1O. I1.
Iacruryt kibepueTnku imeHi B. M. I'mymikosa HAH Vkpainu

Anoranisi. B po0oTi mokazaHo akTyaibHICTh BUKOPHCTAHHS TEXHOJIOTIi CHCTEMHOT ONTUMI3allii pH
PO3B’s3aHHI 33724 MPUUHATTA pillleHb B MpoOsieMHHUX cuTyalisx. CKIaJHICTh B pealizallii NpUHHATTS
pillileHb ITpH pO3B’3aHHI CyYaCHUX MPUKJIaTHUX 3a]1a4 MMOJISTae B HEOOX1IHOCTI CHHTE3Y Pi3HUX TOUOK 30py
Ha po0JIeMy, HeCyMiICHOCTI 3a/1a4 MPUHHSTTS PillleHb Yepe3 CTPYKTYpy abo 0OMexyroui (aKTOpH TOIIO.

CucreMHa ONTHMI3aLis MPEICTABISETHCS 3aC000M, IO JJO3BOJISIE BPaXOBYBAaTH OCOOJIHMBOCTI 3a1ad
OPUUHSTTS PillleHb Ta ieHTU(IKyBaTH, aHANI3yBaTH Ta PO3B’s3yBaTH Taki 3aaavi. B poboti ommcano
TEXHOJIOTII0 MPUHHATTS PillIeHb JUIs YIPaBJIIHCHKUX 33/]ad, SKa IPYHTYEThCSI HA METOJO0JIOTil CHCTEMHOT
ormtuMizamii. Bci 3HaHHS, MO0 BUKOPUCTOBYIOTHCS B TMPOIECI NMPUHAHSATTS pillleHh Ha OCHOBI CHCTEMHOI
OIITHMI3allii, PO3IJSIIAIOTECS B PO3Pi3i 3HAHb, IO OMMCYIOTh KOHTEKCT, Ta 3HAaHb, 10 ONUCYIOTh KOHTEHT.
Jns 1bOro BUKOPHCTOBYETHCSI B3A€EMOIIOB’si3aHa MHOKMHA OHTOJIOTIH, IO siBIsie cO00K0 OaraTopiBHEBY
acoliaTuBHy CTPYKTypy. [IpefcTaBieH0 OCHOBHI XapaKTEPUCTUKU OHTOJIOTIYHUX CKIIQJOBHX MPHUHSATTS
pillieHb 3a JOMOMOTHM TEXHOJIOTii CHUCTeMHOI onTumizallii. Peaizaliis mporeciB TEXHOJIOTII CUCTEMHOI
onTuMizamii Ta iHTerpamis BiANOBIAHWUX CKJIAZOBUX NPUHHATTA pillleHb Oa3ylOThCs Ha NPEACTaBICHHI
OaraTopiBHEBOI CHCTEMH YIIPaBIiHHA Ta MPUHAHSITTS pilIEeHHS B Hill yepe3 Mojenb AESIKOrO KOHTEKCTY.
KonTekcr onucye YMHHUKY, IO BIUIMBAIOTH HA TIpobiieMy, i 3abe3redye BUMOTH JIO PillieHb, SKi HEOOX1HO
CTBOPHUTH JUIS 0Ci0, IO NMPUIMAIOThH pillleHHs. PO3IISHYTO BHUKOPWUCTAHHS KOHTEKCTY JUIS peaizaiii
TEXHOJIOTIT CUCTEMHOI onTUMi3ariii.

Ko4oBi cj10Ba: KOHTEKCT, OHTOJIOTiS, CHCTEMHA ONTHMI3allisl, CHCTeMa MIITPUMKU HPUHHSATTS
pillleHb, YIIPaBIIiHHS 3HAHHSIMI.

53



KNOWLEDGE-ORIENTED SYSTEM OPTIMIZATION
IN THE CONTEXT OF MANAGEMENT TASKS

Chaplinskyy Y.
V. M. Glushkov Institute of Cybernetics of National Academy of Sciences of Ukraine

Abstract. The paper shows the relevance of using system optimization technology in solving decision-
making tasks in problem situations. The difficulty in implementing decision-making in solving modern
applied problems is the need to synthesize different points of view on the problem, the incompatibility of
decision-making tasks due to structure or limiting factors, and so on.

System optimization is a tool that allows you to take into account the specifics of decision-making
tasks and identify, analyze and solve such problems. The paper describes the technology of decision-making
for management tasks, which is based on the methodology of system optimization. All knowledge used in
the decision-making process based on system optimization is considered in terms of knowledge that
describes the context and knowledge that describes the content. For this purpose, an interconnected set of
ontologies, which is a multilevel associative structure, is used. Basic characteristics of ontological
components of decision-making with the help of system optimization technology are presented.
Implementation of system optimization processes and integration of relevant decision-making components
are based on the presentation of the multi-level system of management and decision-making in it through a
context model. The context describes the factors that influence the problem and provides requirements to
solutions to be generated for decision-makers. The use of context for implementation of system optimization
framework is considered.

Keywords: context, ontology, system optimization, decision support system, knowledge management.

Beryn. KomruiekcHa Ta cucteMHa MIATPUMKA MPUAHATTS PillIeHh CHOTOJHI € JTOMIHYIOUHM
JTUHAMIYHUM JUTOBHM cepeaoBHIeM. JisIbHICTh SIK OKPEMUX JIFOJIEH, TaK 1 iAIMPHEMCTB 3apa3 BCe
OUTBIIIOI0 MIpPOI0 3AJICKHUTH BiJl HASBHUX B HUX 3HAHb SK OJHOTO 3 HAWMIHHINIMX PECypCiB i
3IaTHOCTI iX e()eKTUBHO BUKOPHUCTOBYBATH. BUTBIIIICT CydacHUX 00'€KTIB yIpaBIiHHSI BUMAararmTh
BUKOPHUCTAHHS T'€TePOreHHUX (1€papXi4HUX, KOMIUIEKCHUX, TIOPUIHUX, III0 BAKOPUCTOBYIOTH Pi3HI
MOBH OIHCY TOILI0) MOJIENIeN. 3 IHILIOro OOKY, MPUIHATTS pillieHb B 6araTb0oX cUcTEMax yIpaBIIiHHS
OIUCYIOTHCS B3a€MO3B'I3aHUMU 3afayamu. [Ipu domy, sIK MpaBHJIO, Taki 3a/Jadi BUSABISIOTHCS
HECYMICHMMH 4epe3 iX CTPYKTYypy, 110 CKJIanacs, Ta OOMEXYIOUUMHU (PaKTOpaMHu.

Mera poOGoru — npeACTaBUTH MIATPUMKY TNPUUHATTSA YNPABIIHCHKUX pIIIEHb, IO
0a3yeTbCcsl Ha BUKOPUCTAHHI METOAIB Ta aJTOPUTMIB CUCTEMHOI ONTHUMi3alii i OHTOJOTIUHUX
METO/IB IpEACTaBIEHHsA Ta OOpOOKM 3HAHb 3 BpaxyBaHHAM KOHTEKCTIB PO3B’A3aHHs 3aaau
NPUNHATTS PilIEHb.

IMocTranoBka 3anayi. J{71s1 3a0e3nevyeHHss NPURHATTA pillieHb B CYYaCHUX YMOBaxX HEOOX1Hi
BIJINOB1JIHI 3aC00M, 110 BiIOOPaKaIOTh 3rajlaHi 0COOJMBOCTI MPUUHSTTS PIICHb Ta JO3BOJISIIOTH
11eHTuiIKyBaTH, aHANII3yBaTH Ta MaHIMyJIIOBAaTH BCIM PI3HOMAHITTAM O0'€KTIB Ta BiJHOIIEHb, 1110
HasiBHI B CHCTEMi YNpaBIliHHI Ta MOXYTb OyTH BHKOPUCTaHI B MPOOJEMHHMX cHUTyaulisx. Takum
OCOOJIMBOCTSIM 3aJ1a4 MPUUHSTTS PIIIEHb 330BOJIBHSIE TEXHOJIOTIS CUCTEMHOI ONMTHUMI3aIlli, sKka
Oyna 3anpornioHoBaHa B. M. I'mymkoBum [1].

Bupimenns 3agaui. CyuyacHa peanizailis MiITPUMKH HOPURHATTS YNPABIIHCHKUX PIlIEHb
0a3yeTbCs Ha TMOEIHAHHI Ta iHTerpaiii 3HaHb, PO3YMIHHI Ta 17esX PO3B’A3aHHS MHOXXHUH
B3a€MO3B’3aHUX 33/1a4 3 PI3HUX NPEJAMETHHX OO0JIacTel, KOKHA 3 SKMX Ma€ CBOi crerudiuHi
nepenymMoBu. Taka mMiATpUMKA MNPUMHATTS pIlIEHb XapaKTEPU3YeThCS PI3HOMAHITHICTIO,
0araToBUMIpPHICTIO, OaraTopiBHEBICTIO.

B pamkax Takoro mpuHHATTS pillieHb JIFOJUHI, 10 MpUiMae pillIeHHs, HEOOX1HO BpaxyBaTH
MHOXHHY BJIACTHBOCTEH, IO BHU3HAYAIOTHCS Ta BHUKOPHCTOBYIOTHCS OaHOYacHO. lle BuMarae
PO3IIIATY MPOLECIB, CTPYKTYP, PECYPCiB, HABKOJIMIITHLOIO CEPEOBHUIIA, @ TAKOXK B3a€EMOJIT MK
aKTOpaMM IMpolecy NpuHHATTA pimeHb. CKIAAHICTh B peani3alii Takoro NPUHHATTS pilleHb
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MoJIsirae B HEOOX1THOCTI CHHTE3Y PI3HUX TOUOK 30pY Ha TPOOJIeMy, HECYMICHICTD 3a71a4 IPUHHATTS
pilieHs yepe3 CTpPYKTypy abo oOmexyrodi ¢axtopu Tomo. L{uM 0coOIMBOCTSAM MpOIECiB
NPUIHATTS PIMICHb 33/JI0BOJIBHSE TEXHOJOTiS CHCTEMHOI OINTHMi3alii, CyTh SIKOi IOJIATAa€E B
[iIeCHpAMOBAaHIi 3MiHI MOJENell NMPUHHATTS PIlIeHb AJIS JOCSITHEHHS CHUIBHOCTI Ta y BHOOpi
HANOUIBII MPUHHATHOTO PINICHHS MMOCTABJICHOT 3a7adi. P0o3B’s3aHHS 3a/1a4 HA OCHOBI CHCTEMHOT
OIITHMI3allii MOYKHA TIPEJCTaBUTH B BUIJISI MOCTIIOBHOCTI JIFOJMHO-MAIIMHHUX HPOLEAYp, IO
BKIIIOYAIOTh (OpMYBaHHS MOJENIi TOYAaTKOBOI 3aladi B TEpPMIHAX TMPEIMETHOI 00IacTi,
nepeBeieHHs c(hOPMOBAHOT MOJIENTi B 00JIACTh 3a/1a4, HAIIPUKIIA MATEMaTHYHOTO IPOrpaMyBaHHS,
Ta PO3B’A3aHHS 33/1a4i MAaTEMaTUYHOTO NPOrpaMyBaHHs B OaraToKpuTepiaibHii moctanoBmi. s
NpPEICTaBICHHS 33/7a4 MPUUHATTS pIlleHb Ta peaji3amii Mmpouecy NPUHHATTS pilieHb OyaemMo
BUKOPHCTOBYBATH B3Aa€EMOIIOB’I3aHy MHOXHHY OHTOJIOTiM NPHHUHATTS PIllIeHb, IO SIBJISE COOOIO
0araTopiBHEBY acOLliaTHBHY CTPYKTYpPY [2], sika BKJIIOYA€ HACTYMHI OHTOJOTI{: METAOHTOJIOTIIO;
0a30By OHTOJIOTiIO; KOHTEKCTHY OHTOJIOTiI0; MHOXHHY OHTOJIOTiH NpEICTaBICHHS IPOLECY
MIPUAHATTS PIiIlICHb; OHTOJIOTIIO peai3alliii; OHTOJIOTIIO MPEACTaBICHHS KOPUCTYBada Ta B3aEMOIIT
3 HuM. [lpu peamizanii npuidHATTA pilleHb HEOOXiTHO BUKOPUCTOBYBATH TUIBKU Ti OCOOIMBOCTI
TIHCHOCTI, SIKI € HAaWBaXIJIMBIIIUMHU JJI1 CUTyallli 4yu mpobieMu, TOOTO meBHUM KoHTEeKCT. Ilix
KOHTEKCTOM OyIemMo po3yMiTH Oynb-iKy iHdopMallito, sika Moxke OyTH BHUKOpHCTaHa abo
XapakTepu3ye BIAMOBIAHY MpoOieMHy 00nacTh. IIpu mboMy KOHIEHTPYETHCS yBara Ha IEBHUX
KOHKPETHUX XapaKTEePUCTUKAX, SIKi BU3HAYAIOTHCS Yepe3 TOUKH 30pY (aCHEKTH PO3TILILY).
BucHOBOK. BukopucTaHHs 3HAHHEOPIEHTOBAHOI CHCTEMHOI ONTUMI3allil a€ MOXKIUBICTb
nepelT 1o Oe3MepepBHOTO aHai3y CUTyallid Ta IUIAaHYBaHHI [iil, 3a0e3ledye MpOBEICHHS
KOPEKI[ii mpolecy NPUHHATTS pillleHb 0€3 MOpPYIIEHHS TEXHOJIOTIYHOI IUTICHOCTI, JOIMYCKae
OaraToBapiaHTHICTH BapiaHTIB pillleHb Ta MOXJIMBICTH IX OTPUMAaHHS 3a PI3HUMHU KPUTEPIsMH 1
MozessiMu. Pe3ynbpraTi poGoTH Oyie BUKOPHCTAaHO B paMKax HayKOBOi poOoTH «P0o3poOuTy THUITOBI
OHTOJIOTOKEpPOBaHi MPOIEYPU CUCTEMHOI ONTHMI3allii s pO3B'I3aHHS NPUKIATHUX 337039,

Cnncoxk BUKOPUCTAHUX JIZKepeJt
1. Inymkor B. M. O cucremHuoit ontumuzanuu. Kubepuemuxa. 1980. Ne 5. C. 89—90.
2. Yamnincekuii 1O. I1., Cy66otina O. B. OHTONOrS Ta KOHTEKCT IPH PO3B’SI3aHHI NMPHUKIAJIHUX
3aja4 NPUUHATTSA piteHb. [lImyunuii inmenexm. 2016. Ne 2. C. 147-155.
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Cexkuist F. [HpopMmariitHo-KOMyHIKAaI[iiiHI CHCTEMH Ta MEPEXxKi

PEAJIIBALISA HIBUJIKOAIIOYOI CACTEMHM MOHITOPUHI'Y TA CTATUCTUKHA
BIJJAJIEHUX BEB-PECYPCIB

baoenko B. I'., Muponiok T. B., Bucoubknii C. B., Bucouska 1. II.
Uepkachkuiil 1epKaBHUM TEXHOJIOTTYHHMMA yHiBepcuTeT, M. Uepkacu, Ykpaina

Anoranis. 30ip 1 aHaji3 CTATUCTHKHM BiABIAYBaHOCTI CAlTy BaXJIMBHHA IS OIiHKKA Oaratbox
napameTpiB, MIO XapaKTepU3ylOTh EQPEKTHBHICTH POOOTH cailTy (pekjaMHi KammaHii, OomTuMi3alisd,
NapTHEPCHKi MOCHIaHHs). A 0TKe, po3po0Ka HOBHUX Ta BAOCKOHAIEHHS iCHYIOUHMX 1HCTPYMEHTIB 7151 300py
Ta IHTEpIpeTalii CTATUCTHYHNX JaHUX, & TAKOX 1X 0OpOOKH Ta aHANI3y € CHOTOHI aKTyaJIbHOIO 3a/1a4elO.
OOG'eKTOM JOCHIUKEHHSI € CTAaTHCTHKAa Ta MOHITOPHHT BiJBIAYBAaHOCTI BigAalieHMX BeO-pecypciB.
[TpeameTrom nociiKEHHs € MPOrpamMHe 3a0e3MeUeHHs 15 peai3alii CHCTeMH MOHITOPUHTY Ta CTATHCTHKH.
Pe3ynpTaToM MOCHIPKEHHS € peani3oBaHa CHCTEMa MOHITOPHHTY Ta CTaTHCTHKH, SIKa BUKOHYE 30ip Ta
BIJIIPaBKy JTAaHUX IIPO BiJIBiyBaHHSA 3 pecypcy BeO-MaicTpa 10 cepBepa y (POHOBOMY PEXKMI, 32 paXyHOK
4oro 301IblLIye MIBUAKICTh MOOYIOBH CTOPIHKM peCcypCy Yy [Ba pasu, IO MiATBEPKYe e(peKTUBHICTH
3aCTOCYBaHHsI peali30BaHOi CHCTEMH MOHITOPHHTY 1 CTATHCTHKH BiJTaJIEeHUX BeO-pPecypciB.

KuarouoBsi ciioBa: BeO-cepBic, MOHITOPHHT, CTATHCTHKA, CEPBEP, IIBUAKOIIS.

IMPLEMENTATION OF HIGH-SPEED SYSTEM OF MONITORING AND STATISTICS
OF REMOTE WEB RESOURCES

Babenko V., Myroniuk T., Vysotsky S., Vysotska I.
Cherkasy State Technological University, Cherkasy, Ukraine

Abstract. Collection and analysis of website traffic statistics is important for evaluating many
parameters that characterise the effectiveness of a website (advertising campaigns, optimisation, affiliate
links). Consequently, the development of new and the improvement of existing tools for collecting and
interpreting statistical data, as well as their processing and analysis, is an urgent task today. The object of
research is statistics and monitoring of remote web resources attendance. The subject of research is the
software implementation of the system of monitoring and statistics. The result is the implemented system of
monitoring and statistics, which collects and sends data on attendance from webmaster's resource to the
server in the background, thereby doubling the speed of building the resource page, which confirms the
effectiveness of the implemented system of monitoring and statistics of remote web resources.

Keywords: web service, monitoring, statistics, server, speed.

Beryn. Ha cborosHimHiid 1eHb CTaTUCTHKA Ta MOHITOPHHI HAJa€ MOXKJIMBICTH OTPUMATH
JlaHl Tpo KIIBKICTh MEPErJiAiB CTOPIHKM Ta pecypcy B IIUIOMY, Ipo reorpadiio BiABIAYBaHHS
caifty, Ai3HaTucs 1H(GOpPMAIIiI0 PO NePeXoar MK CTOPIHKaMH, a TAKOXK ayIuTOpito BeO-caiTy [1].
Boanouac 30ip Ta iHTepmperalis CTaTUCTUYHHUX JaHUX MOXYTh YCKIIQJHIOBAaTUCA PAIOM
OOMEXeHb, 10 MOXYTb OyTH MOB'I3aHMMH, SIK 3 TEXHIYHUMU OCOOJUBOCTSIMH MEpEexXi Ta
KOHKPETHHMX CaiTIB, TaK 1 3 PI3HOMAHITHICTIO MIJIXOJIB HIOJ0 300pYy CTaTHUCTUKHU Ta HAasBHOIO
HIMPOKOTo crekTpa 3aco0iB [2]. Ha nanuit MOMEHT 0051acTh 3aCTOCYBaHHS CUCTEM CTaTUCTHKH Ta
MOHITOPHHTY Be0O-caiiTiB [3] € mocuTh BuUBYEHO. HalimonmynaspHIIMMU TaKUMH CHCTEMaMH €
Google Analytics, Open Web Analytics ta AngelFish. Ajie 0CHOBHHM HEIOTIKOM TaKUX CUCTEM €
MOBIJIbHA MIBUIKICTh 3aBAHTAKEHHS PECYPCIB B CUCTEMY.

MeTta po6oTu —po3poOKa allbTEpHATUBHOTO CLIOCO0Y 300py CTaTUCTUKH BiJIBITyBaHOCTI BEO-
pecypcy Ta peamizailisi Ha WOTO OCHOBI IIBHAKOMIFOYOI CHCTEMH MOHITOPHUHTY Ta CTATUCTHUKH
BiJiIalIeHUX BeO-pecypciB.

OcHoBHA YacTHHA. 3aPOTIOHOBAHUIN HAMHM MiJIX1] 100 300py CTATUCTHYHUX JAHHUX PO
BIJIBIIyBaHICTh CaiiTy Hagae MOXJIMBICTh KOPUCTYyBaueBl cuctemu, a came, WEB-maiicTpy,
BUKOPHCTOBYIOUM MeTOJ ()OHOBOTO 3BEpHEHHS 10 cepBepy Ta KpocaomeHHoro AJAX-3zamury,
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http://www.openwebanalytics.com/

3MEHIIUTH Yac cTBOpeHHs Opayzepom HTML-cropinku. Po3pobiiena cuctema CKIIaiaeThes 3 TBOX
YaCTHH: CEpPBEPHOI, ska 30Wpae Ta ONpalboOBYE [aHI BiJ BeO-CATIB KOPHUCTYBadiB Ta
KOPHUCTYBAI[bKO1, III0 BUKOHYE POOOTY 3 00pOOJIEHUMHU TaHUMH Ta 3[IHCHIOE MIATOTOBKY IIOAO 1X
MOJIAaHHS Y BIANOBIAHOMY BUIJISAI KOpucTyBadaMm cucteMd. OCHOBHA BiJMIHHICTH CTBOPEHOI
CUCTEeMH BiJl BXK€ ICHYIOUHMX CHUCTEM IIOJSITa€ B TOMY, LIO0 CHCTEMa BHUKOPHCTOBYE (DOHOBY
BIZIMpaBKy Ta OOpOOKY AaHUX MPO BiJIBiAyBaHHS. 3aBISKM TAaKOMY MiAXOIy CHUCTEMa Hajae
MO>KJIMBICTh 3MEHIIYBaTH BHUTPATH 4Yacy Ha MOOYyIOBY CTOPIHKM pecypcy BeO-MaiicTpa, aie,
BOJIHOYAC, OTPUMYBATH BCIO HE0OXinHy iH(opmarito mnpo cratuctuky. Pospobienuit JavaScript
KOJ PO3MIIIYEThCSI Ha CTOPOHI KIII€EHTa Ta BUKOHYE 3allUT /0 BiAJIaJIEHOTO CEpPBEPY HA OCHOBI
KpocaoMeHHOro AJAX-3anuTy, 110, B CBOIO Yepry, BUKOHYETbCS B (DOHOBOMY PEXKHMI MicCIis
IIOBHOT'O 3aBAHTAXKEHHS CTOPIHKU.

[NopiBHsUIBHUI aHATI3 OKPEMHX MOKAa3HUKIB MIBUAKOAIT peali3oBaHOi CHCTEMH MOHITOPUHTY
Ta CTATUCTUKH BIJJIAJICHUX BEO-pECypCiB 13 Cy4aCHUMHU MOMYJISIPHUMHU aHAJIOTTYHUMU CUCTEMaMH,
takumu sk, Google Analytics, Open Web Analytics Ta AngelFish naBeneno Ha pucynky 1. s
OTPUMAaHHS Pe3y/lbTaTy IIBUJIKOCTI 3aBaHTaXKCHHS BEO-CTOPIHKM MM BHUKOPHUCTAIM BIIKPHUTE
nporpamuae 3abe3neueHHs kommanii Google Lighthouse. ba3oBi xapakTepuCTHKH amapaTHOTO
3a0e3nedeHHs A IMPOBEAECHHS eKCHepUMEHTaIbHUX AociipkeHb: Apple MacBook Pro 2019;
CPU: Intel Core 17 2,6 I'Tu; RAM: 16 I'b DDR4 2400 MI'1i; GPU: Radeon Pro 555X.
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CTBOpEHa CHCTEMA Open Wehb Analytics Google Analytics AngelFish
| PobBoTa thoHoBOrO B 3aBaHTaMEeHHs [ Nobyaosa WEB-
CKpHMNTY KOHTEHTY CaumTy

Pucynok 1 — Yac 3aBaHTaxXeHHS peCypCiB IIPH 3aCTOCYBaHHI PO3POOJICHOTO ITiIXO Ty
1010 peasli3allii CUCTEMHU CTaTUCTUKU Ta MOHITOPUHTY

Yac 3aBaHTa)KE€HHS CTOPIHKH ITPH BUKOPUCTaHHI peanizoBanoro [13 cranoBuTs 1,5 cexyHu,
TOJIi SIK MPU BUKOPUCTAHHI aHAJIOTiB HEOOX1AHO Oinblie 3 ceKyH, o y 2 pa3u Oinblie.
BucnoBku. HaykoBa HOBH3HA JaHOTO JIOCIIKEHHS TIOJISTA€ Y CTBOPEHHI Ta 3aCTOCYBaHHI1
HOBOTO MiJIX0AY 1110/10 0OMiHY 1H(OpMaIli€l0 MK PECYPCOM Ta CEPBEPOM, 1110 MIHIMI3Y€E KUTbKICTh
TpadiKy, IKH BUKOPUCTOBYETHCS TIPH BiJIIIPABIEHHI IAaHUX HA cepBep. Pe3ynbpTaToM € peanizoBaHa
cucTeMa, siKa 3a paXyHOK BUKOPHCTAaHHs 3alIPOIIOHOBAHOTO MiAX0/ly Ha OCHOBI ()OHOBOI BiJIIPaBKU
Ta 0OpOOKM JTaHWX TMPO BiJIBIAYBaHHS, HAJla€ MOXKJIMBICTh 3MEHIIIUTH BUTPATH Yacy Ha OOYIOBY
CTOPIHKH pecypcy BeO-MaiicTpa, OTpUMYIOUYM IpH IIbOMY BCIO HEOOXiTHY 1H(OpMAIi0 Mpo
CTAaTUCTUKY. Y pe3yibTaTi MPOBEICHHS MOPIBHAJIBHOIO aHaNI3y MIBHAKOMII BeO-caiiTy Oyio
BU3HAYEHO, 1110 3aCTOCYBAaHHS PO3POOJIEHOT CHCTEMH MOHITOPUHTY Ta CTATUCTHKY BiJIaJIeHUX BeO-
pecypciB 30UTBIINYE MBUAKICTH 3aBAaHTAXKECHHS OLTBIIE HIX Y JBa Pa3H.
CnucoK BUKOPHCTAHUX JKepel
1. IMaxompuyk S1. IHcTpyMeHTH BeO-aHAJNITHKK IS aHami3zy BiaBigyBauiB caiTiB. CycriibHi
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METO/J 3MEHIIEHHS PIBHA ITO3ACMYT'OBOI'O BUITIPOMIHIOBAHHSA
Y TEXHOJIOT'II OFDM

buxos P. T'.
JepxaBHUH yHIBEPCUTET IHTEICKTYyaJIbHUX TEXHOJIOTIH 1 3B’ 513Ky, M. Oneca, Ykpaina

Anoranis. Texnomoris OFDM 0a3yerbcs Ha TapalenbHHUX MOTOKaxX Iepenadi indopmarii i3
VIITBHEHHSIM HecyuuX 4acToT. CrnekrpanbHa minbHicTh OFDM curaany 3HauyHOIO MipO0 BH3HAYA€THCS
CHEKTPOM (HOPMYIOUOTO iMIyNbCY. 3almpoNoHOBaHAa AamnpoKCHUMalis iIMOYJbCy 3 BBEACHHSIM HOBHX
nmapaMeTpiB JTO3BOJISAE€ 30UTBIIUTH KUTBKICTHh HWOTO CTYyHEeHIB CBOOOIM 1 CKOHCTPYIOBaTH CHTHANl 3
HEOOX1THUMU BIacTUBOCTSIMH. OO’ €KTOM AOCIIIKEHHS € MTOIITYK METO[iB 3SMEHIIIEHHSI PiBHS II03aCMYTOBOTO
BuripoMiHtoBaHHsA B OFDM cucremi. [Ipenmer mocmimkeHHS — 3aCTOCYBaHHS (POPMYIOUUX IMITYJIBCIB IS
3MEHIIEHHS M03acMyroBoro BunpomiHioBaHHs B OFDM cucremi. OTpuMaHi pe3ynbTaTé MOKA3aiH, IO
CHHTE30BaHUH ABONapamMeTpuyHuil opMyrounii iMmysbe HalikBicTa Mae MEHIIMIA piBEeHb MEPIIUX O1YHUX
MIETFOCTKIB CIIEKTPAIbHOI HIUTBHOCTI TOPIBHSHO 3 TaKMMH IMIIyJbCaMU, SIK TPSMOKYTHHH IMITyIIEC Ta
iMmynise BUny «llpumigasaTwii kocuHyc». HampsMoM moganbeioro TociiKeHHs € OIiHKa 3aBaJOCTIHKOCTI
OFDM cucteMu B yMOBax MiKKaHaIBHOI iHTEp(EpeHIIii 3 BAKOPUCTAHHSM CHHTE30BAHOTO IMITYIIBCY.

Karouosi cioBa: imnynbsc HalikBicrta, criekTp, mo3acMmyrose BunpomintoBanus, OFDM.

METHOD OF REDUCTION OF OUT-OF-BAND EMISSION IN OFDM TECHNOLOGY

Bykov R.
State University of Intelligent Technologies and Communications, Odesa, Ukraine

Abstract. OFDM technology is based on parallel data streams with frequency multiplexing. Spectral
density of OFDM signal is largely determined by the spectrum of its shaping pulse. The proposed
approximation of pulse shaping with the introduction of new parameters allows to increase the number of its
degrees of freedom and to construct a signal with required properties. The object of research is to find
methods to reduce the level of the out-of-band emission in the OFDM system. The subject of research is the
use of pulse shaping to reduce out-of-band emission in the OFDM system. Obtained results show that
synthesized twoparametric Nyquist shaping pulse has the lowest level of first side lobes of its spectral density
compared to pulses, such as rectangular pulse and raised-cosine pulse. The direction of further research is to
estimate the noise immunity of the OFDM system in the conditions of interchannel interference using the
synthesized pulse.

Keywords: Nyquist pulse, spectrum, out-of-band emission, OFDM.

Beryn. Jlns OFDM curnaniB xapakTepHUM € MIJBUIIEHUNM PIBEHb OIYHUX MENIOCTKIB
CHEKTPaJIbHOI IIIIbHOCTI. BUCOKMII piBEHb 03aCMYTOBOI'O BUIIPOMIHIOBAHHSI MOXE CTBOPIOBAaTH
3aBagy CYCIIHIM pajiociayx0aM, JJ0AaTKOBO TMOTIPIIYEThCS 3aBaJOCTIMKICTh CHUCTEMH IpH
YaCTOTHUX 3CyBaX MDK IepenaBaueM 1 mpuitmMauem. Jlis 3MEHIIEHHS pIBHS I03aCMYrOBOTO
BUITPOMIHIOBAHHS ICHYIOTh pi3HI MeTOU. 30KpeMa, y repeiaBaul BUKOPUCTOBYIOThCS (opMyroUi
imnyneen Haiikicra [1]. YV nanomy moBiIOMIIEHHI AJisi Ti€l K METH 3aCTOCOBYETHCS METO,
3aCHOBAHMU Ha BUKOPUCTaHHI OaraTonapaMeTpuuHuX (QyHKIIIH.

Mera poGorm — cunHTe3 ¢opmyouoro imnyiascy HalikBicTa 3 HHM3BKUM piBHEM
[103aCMYT'OBOI'0 BUITPOMIHIOBAaHHSI.

IMocTanoBKa 3aga4i. Y po0OoTi OyIi0 MOCTAaBICHO TaKi 3a/1a4i:
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- JIOCJIIDKEHHSI 3aJISKHOCTI PIBHS 1M03aCMYTOBOTO BHUIIPOMIHIOBAHHS JIBOIAPAMETPUUHOTO
dbopmyrodoro iMimynbcy HallkBicTa y mepmmx TphOX OIYHUX MENIOCTKAX CIEKTPATbHOI IIITBHOCTI
BiJ mapameTtpa 3 ipu dikcoBaHomy napametpi a=0,25.

- TOpIBHSHHA PIBHSA [103aCMYT'OBOTO BHUIIPOMIHIOBAHHS 3 IHIIMMH IMIYJIbCAMH, IO
3actocoByoThcs B OFDM cucremi.

OcHoBHa yacTuHa. B sKocti mocnmimkyBaHux (yHKIiH oOpaHi MPSAMOKYTHHH iMITYJbC,
iMmynbe Buny «lIpumigasatuit kocunyc» [2] Ta nBonapametpuuna gyHkiiis HaiikBicTa 3 KyckoBo-
JiHIKHOIO anpokcumaitieto [3]:

U,|t|£%;
5,(t) = T (1)
0, t|>—=,
2
U, 0<|t| <ty
s,(t) = %[Hcos(%@ﬂ—(1—oc)TED],tAs|t|<tB; 2)
0, [t|>tg,
U, 0<|t| <ty
1-B)U, t, <|t|<t.;
Sa(t): ( B) A || C. (3)
BU, te <|t| <tg;
0, It > tg,

Binnosinni ciekrpanpeHi minbHOCTI (1)-(3) BU3HAYAIOTHCS SIK:

S,(f)=UT sinc(xTf), 4)

. Tf
S,(f)=UT smc(an)%, 6)
S5(f)=UT sinc(xTf)[ 1-2B(1-cos(anTf )], (6)

sin(x)/x, x=0,

Sinc(x):{l, x=0.

Bupas, mo Bu3Hayae eHeprito y MepUIMX TPhbOX OIYHMX TMENIOCTKaX CIEeKTpa
npu Af = [1/ T:;4/ T] , MOKe OyTHU MpeACTaBICHUHN Y BUTIISIL

4lT 2
E=[[S(f) df. @)
uT

3a Bupazom (7) 6yB noOynoBaHuii rpadix 3aaeKHOCTI HOPMOBAHOT €HEPrii NepIIMX O1YHUX
HEIOCTKIB CIEKTPaIbHOT IITbHOCTI (yHKIIT (6) Bix mapametpa 3 mpu 0=0,25 (pucyHok 1).
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MiHiMaJIbHOMY 3HA4YeHHIO eHeprii Ha pucyHky 1 BignoBimae mnapamerp Ponr=0,422.

0.06 T

0.05}

0.04 +

0.03+
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a=0.25
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0 0.2

0.4

B
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Pucynok 1 — 3anexHicTh HOPMOBAHOT €HEPrii NePIINX TPHOX OIYHUX MEITIOCTKIB
CHEKTPAIBbHOI IIUIBHOCTI (POPMYIOUOT0 IMIYJIbCY Bix napamerpa 3 npu a=0,25

Ha pucynky 2 HaBeneni rpadiku JOCTiKYBaHUX (YHKIIN y 9acOBiil Ta 4acTOTHIM 00acTi.

1.4 1.4
- -.\l - -.\‘
1.2l :LQ ..... s, (a=0.25) 121 ng) evees, (a=0.25)
U —s, (a=0.25, 3-0.422) 3 —s, (a=025, 3-0.422)

1t - 1t
0.81 0.8
0.6F 0.6+
0.4} 0.4
0.2 0.2+ Y =, £ .

0 0 2 Ly g | AN ,r‘{"" A

-1 1 -4 -3 -2 -1 0 1 2 3 4

t/T fT
(a) (6)

Pucynok 2 — I'padiku 1ocaiiKyBaHuX IMITYJIbCIB Y YAaCOBIH Ta YaCTOTHIN 00nacTi

AHai3 pucyHKa 2 MoKasye, 1110 CHHTE30BaHa JBOIapaMeTpuyHa (YyHKIls Mae HalMEeHIIUN
piBeHb NepHIMX OIYHUX TMETIOCTKIB CHEKTPaldbHOI WIUIBHOCTI Cepell TPbOX JIOCIIIKYBaHUX
immyseciB (4)-(6).

BucnoBku. CuHTE30BaHO ABONapaMeTpuyHuil popMyrounii imnynsc HalikBicTa 3 HU3BKUM
pIBHEM €Heprii meprux O1YHUX METIOCTKIB CIIEKTPATIbHOI MUIBHOCTI 17151 3acTocyBanHs B OFDM
cucremi. Llel iMmynbc Mae MEHIIMH piBeHb MO3aCMYroBOrO BUIPOMiHIOBaHHA npu 0=0,25 Ta
Borr=0,422 MOPIiBHAHO 3 MPSAMOKYTHUM IMITYJIbCOM Ta iMITYJIbCOM BUIY «IIpUTIiTHATHIT KOCHHYC).

Cnmncoxk BUKOPUCTAHUX JIZKepeJt
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IHTEJIEKTYAJIbHA METOAUKA BUMIPIOBAHHS ITAPAMETPIB CUT'HAJIIB
JJISI HIMPOKOCMYT OBUX SDR CUCTEM KOT'HITUBHOI'O PAJIIO

Tonyonuuwuii O. I'., 3adicskunii M. 10., Tapanenko A. I'., l'a6pycenko €. L., lllepouna O. A.
HamnionanbHuii aBianiinuii yaisepcurer, M. KuiB, Ykpaina

AHoTtanisi. Meroro AOCHIMKEHHS € pPO3pOOICHHS IHTEIeKTYalbHOI METOIWKHA BHMIPIOBAaHHS
napamMeTpiB CHUTHaTiB Uil IIHPOKOCMYTOBHUX pPaIiOCHCTEM KOTHITHMBHOTO pagio 31 3MiHIOBaHUMH
napaMeTpaMH CHTHAJIBHO-KOJOBHX KOHCTPYKIIHM, fKa aJanToBaHa O BHKOPHCTaHHS IPOTPAMHO-
amapaTHUMH 3acobamMu paiocHcTeM 3 0OpPOOJICHHAM CHUTHANIB Ha mporpamuomy piai (Software Defined
Radio, SDR). O0’ekTOM IOCTiIKEHHS € MPOIECH BUMIpPIOBAaHHS €HEPTETHYHMX ITapaMETPiB CUTHAIIB i
3aBaj. [IpeqmMeToM MOCHTIHKEHHS € CUTHAIM Ta mIyMH (iX aJUTHUBHI Ta MyJIbTHUIUTIKATUBHI CKIIAIOBI), SIKi
HiIISTaI0Th BUMIPIOBAaHHIO Ha (DI3HYHOMY PiBHI MHPOKOocMyroBux SDR cucTeM KOTHITHBHOTO paiio. Y
JOCHIDKEHHI BHKOPHUCTOBYETHCS METOJ HENPSMHUX BHMIpIOBaHb Ta KOpENALIHHHNA MeTon OOpoOIeHHS
CHTHAJIB 3 BBE/ICHHSM JI0JJATKOBHX BUMIpPIOBAJIbHUX CHTHANIB. [HTENeKTyaabHa CKIIa10Ba 3aIIPOIIOHOBAHO]
B pe3ynbTaTi JOOCHiMIKEHb METOAMKH IIONSTa€ B AaBTOMATUYHOMY AaJaNTHBHOMY HaJallTyBaHHI
BHMIPIOBAIBHOI CHCTEMH 00pOOJICHHS CUTHAJIIB IUISIXOM BCTAHOBJICHHS 11 ONITUMAIBLHUX ITapaMeTPiB.

Karo4oBi ciioBa: mmpokocMyroBa pagiocucreMa, IporpaMHoO-anapaTHi 3aco0M TeJIeKOMYHIKallil,
KOTHITHBHE Pajio, BUMIPIOBaHHS CUTHAIIIB, IHTEJIEKTya hbHa CUCTEMA.

INTELLIGENT TECHNIQUE OF MEASUREMENT OF SIGNAL PARAMETERS
FOR BROADBAND SDR SYSTEMS OF COGNITIVE RADIO

Holubnychyi O., Zaliskyi M., Taranenko A., Gabrousenko Ye., Shcherbyna O.
National Aviation University, Kyiv, Ukraine

Abstract. The aim of the study is to develop an intelligent technique of measurement of signal
parameters for broadband cognitive radio systems, which takes into account a variability of parameters of
signal and code structures and a possibility of signal processing in a Software Defined Radio (SDR)
equipment. The object of research is the processes of measuring the energy parameters of signal and noise.
The subject of research is signals and noises (their additive and multiplicative components), which are to be
measured at the physical level of broadband SDR systems of cognitive radio. The study uses the method of
indirect measurements and the correlation method of signal processing with the introduction of additional
measurement signals. The intelligent component of the proposed technique is the automatic adaptive tuning
of the measuring system of signal processing by setting its optimal parameters.

Keywords: broadband radio system, telecommunications software and hardware, cognitive radio,
signal measurement, intelligent system

Beryn. [HTEenexkTyanbHi cuCTEMH, sIKi OB’ A3aH1 3 0OPOOJIEHHSAM CUTHAIIIB 1 BUMIPIOBAaHHSIM
iX mapaMeTpiB, BHUKOPUCTOBYIOTbCA B Taily3l Cy4acHUX iH(pOpMaliiHO-KOMYyHIKalliHHUX
TexHosori [1]. MeTtoau BHUMIpIOBaHHsS IapaMeTpiB CUTHATY € OCOOJMBO BAXKJIUBUMM JUIS
HIMPOKOCMYTOBUX MAaJONOTYKHHUX TEJIEKOMYHIKAI[ITHUX CHCTEM, SKi XapaKTepU3YyeTbCS MalIUMU
3HAUEHHSMU CIIBBIAHOIIEHHS] CUTHAJ/IIYM, HAOpUKIA[, PsSAYy CHUCTEM KOTHITUBHOTO pagio.
Pi3HOBHIOM BHMIpIOBaHb MapaMeTpiB CUTHAIIB B I[bOMY KOHTEKCTI € BUMIPIOBAaHHS MapaMmeTpiB
curHaimiB Ta 3aBaj B SDR cucteMax 3 po3mIMpeHHsIM CIIEKTpa CUTHATY Ta 3MIHHUMHU TTapaMeTpamH.

Mera poboru — po3po0JIeHHS IHTENEKTYyaJbHOI METOJUKHM BHUMIPIOBaHHS MapaMeTpiB
CUTHAIIIB /ISl UpoKocMyroBux SDR crcTeM KOTHITUBHOTO pajiio, sSIka BpaXOBYE€ MaTeMAaTHUIHHNA
OMHC CHUTHAJIB 13 PO3IMIMPEHHUM CIEKTPOM Ta O0araToOmO3ULIHHOI MOIYJIALI€I0, BapitOBaHHS
napameTpiB 1ux curHaiis B SDR cucremax, a Takok BUKOPUCTOBYE TOUHICTh BUMIPIOBAaHb IS
a/IalITUBHOTO HAJIAIITyBaHHS.

IMocTanoBka mpobdaemu. Y mmpokocmyroBux SDR cuctemax KOTHITMBHOTO pajio NpH
00pOOJICHH] CUTHAIBHO-KOJOBUX KOHCTPYKIIH OKpeMme MicIe Mocijfae mpobiemMa OLiHIOBaHHS
PIBHS CHUTHAJIIB, OJIM3BKUX 3@ CBOIMM BJIACTUBOCTSMHM 10 IIyMY, Ta 3aBaJl, OCKUIbKU ONTHUMAaJbHI
MOPOTOB1 3HAUEHHS MPUUHATTS pillieHb (PO NPUUHATUN CUMBOJ TOLIO) 3aJieXkKaTh Bl IIUX JaHUX
Ta CYTTEBO BIUIMBAIOTh Ha €()EKTUBHICTH M€pelaBaHHs Ta 00POOJIEHHS CUTHAMIB 1 JaHUX B ILILIIOMY.

Bukaaa ocHoBHOro marepiauay. Curnan Ha Bxoai SDR npuiimaya y cuctemi KOTHITUBHOTO
pazio mpv BUKOPUCTaHHI CUTHAJIIB 3 PO3MIMPEHUM CIIEKTPOM MOXKe OyTH Mpe/ICTaBIeHUIH BUPa30M
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Z(t)=pS(t)+n(t):pglan (t)%, (t)+n(t). n=L.N, )

Jie |L — CKJIaJI0Ba MYJIbTUTUTIKATHBHUX 3aBaJl, PIBEHb SKHUX € CTaJIMM ITOPIBHSIHO 3 TPUBAIICTIO OJJTHOTO
HiepeIaHoro cuMBoITy T, 1(t) — aguTuBHi 3aBagu, N — KUTBKICTh OPTOrOHAIBHUX CKJIAI0OBHX CUTHATY
3 6asoro G, a,(t) — cumBOMM 3 M CHMETPHYHMMH aMILNTYJHHMU PIBHAMU Q,;, |=1M , sxi
HIEPEIAI0THCS 3 BUKOPUCTAHHIM OMOPHUX OPTOTOHAIBHHUX CUTHANIB X, (t). 3HAYEHHS L Ta JHCTIepCist
aJINTHBHHX 3aBaj] Oy € IPEIMETOM OIIHIOBAHHS B METO/IHIL, SIKa IPOTIOHYEThCS.

3anporoHoBaHa METOMKA BUMIPIOBAHHS ITapaMeTPiB CUTHAJIIB 0a3yeThbCs HA TaKii cucTeMi
00pOOJICHHSI CUTHAJIIB!

En = J [ KnZ (8)+ iy (1) ]| Lk (1) + &, (1) |, )
tet

ne K,,,, L, — xoedimientu mixcunenns (npunymenns) Z(t) ta x,,(t) BianoBigHo; fi,, (t), &, (t) —
B3a€MHO HEKOPEJIbOBaHI CUTHAIM Ha IHTEpBaJli yacy t € T, sIKi JOAATKOBO (DOPMYIOTHCS y CUCTEMI
00pOOJIEHHSI CUTHAJIB Ta € ONM3BKMMHU 32 CTaTUCTUYHHUMHU BIIACTUBOCTSMH 1O OUIOTO IIyMYy;
3amporoHOBaHa CHUCTeMa OOPOOJICHHS CHTHATMIB MICTUTh JBI JIaHKU O0poOku, m = 1,2
(pucyHoK 1).

L et

o A A A

5 Al
(1) G, 4, H
Z(r) x,(2) & =1 O6umMcneHHs KoedilieHTiB gl OBuncneHHs 9’
- a s e = 2 o,
éz(") %..” AlvArBsz’ (11 (3 2} “’Gn %]'-
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Pucynok 1 — Cuctema o6po06IeHHs CUTHAIB,
sIKa peai3zye 3apOorOHOBaHY METOINKY BUMIiPIOBAHHS

BucHoBKkH. 3anponoHOBaHa iHTENEKTyallbHa METOIMKAa BUMIPIOBaHHS MapaMeTpiB CUTHATIB
JUTs A pOKOcMyToBHX SDR crcTeM KOTHITUBHOTO pajio. 3amporoHoBaHa METOAMKA 3aCHOBAaHA Ha
METO/II HETIPSAMHUX BUMIPIOBaHb 1 JI03BOJISE OI[IHIOBATH PiBEHb CUTHAITY, MYJIbTHILTIKATUBHUX Ta
aIUTUBHUX 3aBajJ. [HTENEeKTyallbHa CKJIaJ0Ba 3alpONMOHOBAHOI METOJMKH TOJSITaE Yy
ABTOMAaTUYHOMY QJaNTHBHOMY HAJIAIMITyBaHHI CHCTEMH OOpOOJICHHS CHUTHATIB MUISTXOM
BCTAHOBJICHHS 11 ONTHUMAaJIbHHUX ITapaMeTpiB.

Cnmncox BUKOPMCTAHUX JIZKepeJt
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3ABE3IIEYEHHSA AKOCTI OBCJIYI'OBYBAHHA TPA®IKY
MYJIbTUCEPBICHUMU MEPEKXAMU

Mopkyn B. C.}, T'pumenxo C. M.2, I'pumenko 5. 0.3
'KpuBopisbknii HanioHaTbHUIT yHiBepcuTeT, M. KpuBuit Pir, Ykpaina
?[lep>xaBHUI OJIATKOBUI yHiBepCcUTeET, M. Ipminb, Ykpaina
3JlepaBHuii yHiBepCUTET TeneKkoMyHiKamii, M. Kuis, Ykpaina

AHoTamnis. 3acTocyBaHHs iH(OpMaLiiHO-KOMYHIKalifHNX TEXHOJIOTiIH B HABYaHHI Ha Cy4acHOMY
etari, 0€3CyMHIBHO, MOXE CTAaTH KaTali3aTOPOM Yy BHPIIICHHI BXKIIMBUX COLIATBHHUX 3aad IiIBUIICHHS
JIOCTYITHOCTI 1 IKOCTI OCBITHIX pecypciB Ta mociyr. Bece 3MiHMIIOCS 3 Tpuxoa0oM [HTepHETY B KOXKHHUM JiM.
Iocriitae 3poctanHs obcsary iHdopmarii, 30iTbIIEHHS MBUIKOCTI TepeAadi iHGOpMaIifHIX MOTOKIB Y
IUQPOBHUX MeEpekax 3B'A3KY, SK 1 paHille, 3aJMIIAEThCS aKTyalbHUM. [HpopManiiiHi TexHomorii 1ocsariu
HeOyBaJIoro PO3KBITY. AKTyaJbHHUM € 3aBJIaHHA OL[IHKH SIKOCTi 00CIyroByBaHHs MOTOKiB Tpadiky. MeToro
CTaTTi € AOCTiIKeHHS TpadiKy Ta SKOCTi 3a0e3MeUeHHs U1 KOpUCTyBadiB. OO’ €KTOM JOCHiKEHHS € Tpadik
MYJBTHCEPBICHUX Mepexk. [l TOCATHEHHS MMOCTaBIeHOI MeTH OyJI0 BUKOPHCTAHO METOAM JOCHIPKCHHS:
TEOpEeTHYHI (aHali3, y3arallbHEeHH:) Ta CTPYKTYPHO-(pyHKIIOHANBHI. Pe3ynbpraTamu TOCHIHKEHHS € O3HAKH
KOHTPOJIIO Ha 00’€KTi, 30KpeMa MOKa3HUKH SIKOCTI (YHKIIOHYBaHHS, TaKi SIK e()eKTUBHICTb, HAIiHICTB,
TOYHICTb.

Kuro4oBi cjioBa: indopmariiiiti TeXHOJIOTIT, 3aCTOCYBaHHs, KOHTPOJIb, MYJIBTUCEPBICHI MEPEKI.

ENSURING THE QUALITY OF TRAFFIC SERVICE BY MULTISERVICE NETWORKS

Morkun V.!, Hryshchenko S.?, Hryshchenko Y.}
'Kryvyi Rih National University, Kryvyi Rih, Ukraine
2State Tax University, Irpin, Ukraine
3State University of Telecommunications, Kyiv, Ukraine

Abstract. The use of information and communication technologies in education at the present stage,
undoubtedly, can become a catalyst in solving important social problems of increasing accessibility and
guality of educational resources and services. Everything has changed with the arrival of the Internet to
every home. The constant increase in the amount of information, increase in the speed of transmission of
information flows in digital communication networks, as before, remain relevant. Information technologies
have reached an unprecedented level of sophistication. The task of assessing the quality of traffic flow
servicing is relevant. The aim of the article is to study the traffic and quality of maintenance for users. The
object of research is the traffic of multiservice networks. To achieve this goal, the following research
methods have been used: theoretical (analyzing, summarizing) and structural-functional ones. The results
of the study are signs of control on the object, including indicators of quality of operation, such as efficiency,
reliability, accuracy.

Keywords: information technologies, implementation, control, multiservice networks.

Beryn. CydacHuii piBeHb pO3BUTKY 1HPOPMAILIITHOTO CYCIIJILCTBA Ta IHTENEKTYaIbHUX cep
JISIBHOCTI JIIOJIMHU B CY4YaCHOMY CYCIUIBCTBI 0a3yeTbcs Ha BHMKOPUCTaHHI LU(POBUX Ta
TeJIeKOMYHIKaliiHX TexHojorii. IloctiiiHe 3poctanHs oOcsary iHdopmarii, 30UIbIIEHHS
MIBUJKOCTI Tepenavi iHGopMaliiHUX MOTOKIB y HHU(POBHX Mepexkax 3B'SI3Ky, K 1 paHille,
3aJIMIIAE€THCA aKTyaJIbHUM 3aBJIaHHSM OIIHKHU SIKOCT1 0OCIIyrOBYBaHHS MOTOKIB TpadikKy.

ITocTanoBKa npodiaemMu. 3a1a4er0 CyJYaCHUX TEJIEKOMYHIKAI[IHUX CUCTEM € 3a0e3MedeHHs
3aJJaHOTO PiBHA SKOCTI OOCIyrOBYBaHHSI KOPUCTYBAUiB.

MeTtor poboTH € nociipKeHHs TpadiKy MyJIbTHCEPBICHIX MEPEXK Ta SIKOCT1 3a0e3MmeueHHs
JUISL KOPUCTYBAYiB.

JUis fOCSATHEHHS MOCTaBIEHOI METH OYyJI0 BUKOPUCTAHO TakKi METOAM JOCHIHKEHHS: aHali3
PI3HMX MOTJISAIB HAyKOBIIB Ha NpoOiieMy, IO AOCTIKYETbCS, — JUIsi BUBYEHHSI CTaHy ii
pO3p00IEHOCTI; CTPYKTYPHO-(DYHKIIIOHAIBHUIA — 711 BUIJICHHS Ta XapaKTEPUCTUKU MOJIEIEH Ta
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IH)KEHEPHUX METO/IIB; MOPIBHSHHS — JJI BUSBJICHHS SKICHUX XapaKTEPUCTHK 3a0€3MEUCHHS SIKOCT1
00CITyTOBYBaHHsI, y3arajabHEHHS — JJI BA3HAYEHHS CTaHy JOCTIKeHHS Tpadiky Ta 3a0e3medeHHs
SKOCTI JUII KOPUCTYBAYiB.

OcHoBHa vactuHa. [locriiiHe BIOCKOHAJEHHS Taly3i TEJIEKOMYHIKAlid 3MIHMJIO $K
MOJIITHKY I[IHH, TaK 1 B I[IJIOMY 3HMIKEHHS HaBaHTAXEHHS Ha Iepefady AaHux. (s BUpIMICHHS
npobieM aHamizy TeNeKOMYHIKAIlifHUX CHUCTeM HEOOXiTHO MaTH y CBOEMY pPO3IMOPSIKEHHI
BIJIOBIIHI MOJENI Ta IHXKEHEPHI METOAM, IO JO3BOJISIFOTH HA OCHOBI JaHWX BHMipIOBAHb
OLIIHIOBATH SIKICTh HAaJJaHHS MOCIYT Ta MPOrHO3YBATH XapaKTEPUCTHKU iX poboTu. I Tomy mupoko
3aCTOCOBYETHCS TEOPis CUCTEM MacoBoro oociyropyBanus (CMO).

[liero mpoGiemarukoro 3aiimanucs BueHi JlutsunoB A. JI., MaiiopoB C. A., Epmanr A. K.,
®emnep B. Ta iH.

Hanpuxnan, naykoseup A. K. Epnanr 3akiaB oCHOBU Teopii MacoBOro O0OCIyroByBaHHS B
nepuri 1Ba necatuiitta 20-ro cromitts. B. eiep BBIB MOHATTS MPOIECY PO3MHOKEHHS 1 3aruben,
1 TeOpist cHCTEM MacoBOT0 0OCITYyrOBYBaHHsI IPUBEPHYJIA yBary MaTeMaTHKIB, sIK 00'€KT CEpHO3HOTO
OCIIIKEHHS.

PizHOMaHITHI MiaAX01u MOOYAOBH MYJIBTHCEPBICHUX MEPEXK 1 aHai3y TpadikKy BiIOOpaKeHO
y mpausx 3apyOibkuux apropie W. E. Leland, M. S. Taqqu, W. Willinger, D. V. Wilson,
A. S. Tanenbaum, D. J. Wetherall Ta iH.

VY 3aranpHiit MaTemaTnuHiii Mmogeni CMO Barome miciie 3aiiMae MOJEIb BXiJHOTO TIOTOKY
3as1BoK [2]. KoHTponb QpyHKLIOHYBaHHS MEPEXKi, yCYHEHHS MIEPEBaHTAXKEHb — BCE II€ € YACTHHOIO
B 3a0e3leueHH] HaJIIMHOCTI HEOOXiTHOTO piBHA HaIAIHHOCTI skocTi Mepexi [1]. Dopmu
OI[IHIOBaHHS PO3MIPIB Yepr, M0 3aCTOCOBYBAJIMCS paHille, NPUAATHI BHUKIOYHO IS
IyaCCOHIBCHKUX MOTOKIB, i, PU po3paxyHKax Tpadiky, Jal0Th TOXUOKH, IO MepeBUIYIOTh 100-
200%.

CnocrepexeHHss 3a NMOTOKOM Tpadiky Ha3WBaeThCs MONITHKOK Tpadiky (policing and
shaping — popmyBanHs Ta peryntoBanHs Tpadiky) [1].

30inbIeHAST 00CATY HAJIAHUX MOCIYT PHU3BOJIUTE 10 HEOOXITHOCTI IIBHIKOI peoprani3arii
MepexKi, TOSBM HOBUX aOOHEHTIB Ta Mepepo3IoIlTy HaBaHTaXeHb. Bce 11e BUKIMKAE HEOOXiTHICTh
HIBUJIKOT OI[IHKK HEOOX1THOT MPOITYCKHOT CIIPOMOXKHOCTI IHTEP(EHCIB TOCTYITY.

Y nmux ymoBax po3poOka HOBUX METOJIB aHami3y TpadiKy MYyJIbTHCEPBICHUX MEPEXK, IO
3a0e3MeuyroTh MPOCTOTY PO3PAXyHKIB Ta IXHIO NPUHHATHY TOUHICTh, CTa€ 0COOIMBO AKTyaJIbHOIO.

VY mnakeTHHMX MYJIbTUCEPBICHHMX MepeXaxX 3B'SI3KY TOTOKH TMakeTiB (Tpadik) CyTTEBO
BIJIPI3HSIOTHCS BiJl MOJIEN1 ITyaCCOHIBCHKOTO MOTOKY, 1110 OMUCYEThCS €KCIOHEHIIIHOIO (DyHKIII€I0
pO3MOIUTY IHTEpBANTY Yacy MK MOMEHTaMHU HAJIXOJKEHHS CYCIJIHIX MaKeTiB. TyT MOTOKHU MaKeTiB
dbopMyrOThCS 0€3MIY4I0 PI3HUX JDKEpeN 3alHTiB Ha TOCITYTH, L0 HAJAlOThCS MEpexkero, Ta
MEPEeKHUMHU JO0JaTKaMU, 110 3a0e3MeuyloTh MOCIyrd Mepenadi Bifeo, JaHUX, MOBIEHHS Ta iH.
Jxepena 3anutiB, Oepydd ydacTh y MPOIECi CTBOPEHHS MOTOKY MAaKETIB, ICTOTHO BIAPI3HAIOTHCA
MK COOOI0 3HAYEHHSIMH MUTOMOI 1HTEHCHMBHOCTI HaBaHTa)XeHHsS. |HTEHCHBHICTh HAaBaHTa)KEHHS
PE3yIABTYIOYOTO TIOTOKY MAKETIB Y KOKHUI MOMEHT 4acy 3aJIe)KUTh BiJ TOTO, SIKUMH JIOJaTKaMH
00CITyTOBYIOTBCSI JDKEpEa 3aluTIB Ta CIIBBIAHOIIEHHS iX YMCEIBbHOCTI Ui Pi3HUX JonaatkiB. Ha
CTPYKTYpY TpadiKy TaKoX BIUIMBAIOTH 1 TEXHOJIOTIYHI OCOOJIMBOCTI alrOPUTMIB OOCITyrOBYBaHHS.
SIxmio, HampuKIIa, mociayra 3abe3nedyeThes JAeKiTbKoMa A0AaTKaMH, a0o, SKIIO B MPOTOKOIAX
3aCTOCOBYETHCSI MOBTOpPHA Mepenada HEBIPHO MPUHHATHUX TMAKETiB, TO MOMEHTH BUHHKHEHHS
3aIMTiB HAa BCTAHOBJIEHHS CEaHCIB 3B'sI3Ky CHJILHO KOoperoBaHi. Yepes 11e B rpolieci 00CIyroByBaHHs
BUX1/IHI TOTOKH 3a3HAIOTh 3HAUHUX 3MIH 1 B MIJCYMKOBOMY Tpadiky 3'SBISIFOTHCS TOBIOCTPOKOBI
3aJIe)KHOCTI B IHTEHCHUBHOCTI HAJIXOJDKEHHS MakeTiB. KI€HTH BUMAararmTh Biff MEpexi OLIbII
HaJIMHUX TapaHTIl NPONYKTUBHOCTI. 30KpeMa, MYJIbTUMEIHHI MporpaMu 4acTo HOTPeOyIOTh
MiHIMaJIbHOI MPOMYCKHOI 3/JaTHOCTI Ta MaKCUMAalbHOI 3aTPUMKH A poOOTH mpoaykTiB. Ilpu
[[OMY O3HaKaMHU KOHTPOIIIO € SKiCTh, HA/IIMHICTh, TOYHICTh MOCTYT.

Le cdepa, B skiii [HTepHET nepexuBae TPUBAIUIA NEP10]] OHOBJICHHS.
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[Ipoctum pimeHHSAM aJis 3a0€3MEeUeHHs] BHCOKOi SIKOCTI OOCITYyroBYBaHHS € IMOOYyI0Ba
MepexXi JI0CTaTHBOI MOTYXHOCTI sl OyAb-aKkoro Tpadiky, skuii Oyae KuHyTuil Ha Hporo. Hazpa
IbOTO PillICHHS — HaAMIpHE HaganHsa. OTpuMaHa Mepeka Oyzae nepeHocuTy Tpadik J0JaTKIB 0e3
3HaYHHUX BTpAT 1, 32 YMOBHU TiTHOi CXEMH MapIIPyTH3allii, TOCTABIATUME MAKETH 3 HU3BKOIO
3aTPUMKOIO.

BHCHOBKH. Y3araJbHIOIOYH, MOKHA 3a3HAYUTH, IO Tpadik BXKE HE € MPOCTOI0 CYMOIO
0e3iyl He3aIeKHUX CTAllOHAPHUX Ta OPAMHAPHHUX IIOTOKIB, IIO BJIACTUBO IyaCOHIBCHKHM
MOTOKaM TelIe)OHHUX MEPEeXK 3B'I3KY. Y MYJBTHUCEPBICHHMX MEpEeKax 3 KOMYTAIEI0 IMaKeTiB
Tpadik € PI3HOPIAHUM, a TIOTOKH Pi3HUX IIPOrpaM BUMAaraloTh 3a0€3MeUeHHs BiANOBIHUX PIBHIB
SAKOCTI 00cimyroByBaHHs. O3HaKaMU KOHTPOJIIO HA 00’ €KTI € MOKAa3HUKHU SKOCTI (DyHKIIIOHYBaHHS,
TaKi K e(PeKTUBHICTh, HAIIMHICTh, TOYHICTH Ta 1HIII.

Jist 3a0e3meueHHs IKOCTI 00CITyrOByBaHHS HEOOX1THO BUPIIIIUTHA YOTUPH ACTIEKTH:

— IMOCTaBJICHOTO 3aBAAHHS KOHTPOJIIO NEPEBAHTAKEHb MEPEKHOTO CETMEHTY;

— JIOCSTHEHHSI HEOOX1JHOTO PIBHS JTOCTOBIPHOCTI 32 BUSHAYCHHSIM CTaHy 00'€KTY;

— iH(popMaLiiHiil 3HAYYIIOCT] MapaMeTpiB, BUKOPUCTOBYBAHUX JUUIsl BU3SHAYCHHS O3HAKH,

— BUTIIAI0M (DYHKIIIOHAJIBHOT 3aJI€KHOCTI MMOKAa3HUKA SIKOCTI BiJl HapaMeTpiB;

— YyTJIMBOCTI ITAPAMETPIB JI0 3MiH, 10 Bi0YBaIOThCs B 00'€KTI MPH OB HecripaBHOCTi [3].

Pesromyroun MokHa ckaszaTH, IO HANPSMKAMH MOJATBIINX PO3BIIOK € PO3pOOKa METOIY
JOCTiIKEeHHS TpadiKy MyJIbTUCEPBICHUX MEPEK HAa OCHOBI aHalli3y PO3MOALTY KiITbKOCTI 3asiBOK.
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MPOEKTYBAHHS NIPUBATHUX MEPEX 5G
JJISA ITIOTPEB BUPOBHUYUX IITANTPUEMCTB
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’|lenTpanbHOyKpaiHCHKHI HAITIOHATBHUH TexHiuHNl yHiBepcuTeT, KpormmBHuIbKuii, Ykpaina

Anoranmisi. DaxiBii BIBOJATH KJIHOYOBY pOJIb B aBTOMAaTH3allii BUPOOHHYMX IPOIIECIB Came
TEXHOJIOT1] 3B'S13Ky 5-T0 mokomiaHas. [lo0y10Ba mogiOHUX Mepex MOXKe CTaTH B IMTPUTOJIi IPU aBTOMAaTH3AIli1
BUPOOHUYNX TPOIIECIB CyYacHUX MiNpUeEMCTB. TakuM YMHOM, HEOOXiHO PO3pOOUTH HAOLIBII e(EeKTHBHI
HiAXOAM sl TUIAaHYBaHHS ONTHMAJILHOI apXiTeKTypu MpHUBaTHHX Mepexxk 5G s morped BUPOOHWUYMX
mignpueMctB. JlOCHiKeHHs, TpOBeIeHI B Iiii poOOTi, JO3BOJMIN TPOBECTH PO3POOKY METOIIB
YIOCKOHAJICHHSI MEPEXKEBOI apXiTEKTYpH IiJIPUEMCTB 3 METOI0 MOJANBIIOI ONTHMI3allil BUPOOHUYIMX
nporieciB. Tak, Oysi0 po3po0IeHO MeTo 1 TUIaHyBaHHs Mepexi SG JIs aBTOMAaTH3aIlil BAPOOHWYMX MPOLICCIB
HiAPUEMCTBA, IO Ja€ 3MOT'Y IPOBOJUTHU IJIAHYBaHHS ONTUMAJIbHOI CTPYKTYPHU CTUIBHUKOBOI Mepexi SG
JUTSL ONITAMI3aI1i] BUPOOHUYMX MTPOIIECiB, OIIHIOBATH Ta 3MEHIIYBATH CyKYITHI BUTPATH HA MOOYIOBY MEpexi,
1Py IIbOMY 320e31evyr0un HeoOXi1IH MOKa3HUKH SKOCTI 00CITyrOBYBaHHS BY3JIiB MEepeKi Ta 11 Ha [iifHOCTI.

Kuarouosi ciioBa: 5G, npuBaTHa Mepeska, IPOEKTYBaHHS, BUPOOHUYE MiAIPHEMCTBO.

DESIGN OF PIVATE 5G NETWORKS FOR THE NEEDS
OF MANUFACTURING ENTERPRISES

Odarchenko R.1, Smirnova T.2, Smirnov O.2
65



!National Aviation University, Kyiv, Ukraine
2 Central Ukrainian National Technical University, Kropyvnytskyi, Ukraine

Abstract. Experts assign a key role in the automation of production processes to the 5-th generation
communication technology. The construction of such networks can be useful in automating the production
processes of modern enterprises. Thus, it is necessary to develop the most effective approaches for planning
the optimal architecture of private 5G networks for the needs of industrial enterprises. The research
conducted in this work allows to develop methods for improving the network architecture of enterprises in
order to further optimize production processes. Thus, a method of 5G network planning has been developed
to automate production processes of the enterprise, which allows planning the optimal structure of 5G
cellular network to optimize production processes, evaluate and reduce total network construction costs,
while providing the necessary indicators of network node quality and reliability.

Keywords: 5G, private network, design, manufacturing enterprise.

Beryn. @axiBui BiABOAATH KIIIOYOBY pOJb B aBTOMAaTH3allii BUPOOHWYMX MPOIECIB came
TEXHOJOTii 3B'3Ky 5-ro mokominHs — 5G [1]. 3 ypaxyBanusM Toro, mo Mepexi 5G OymayTsb
00CITyrOBYBaTH KpiM TpaJUIIfHUX MOOLTBHUX TeNe(OHIB BETMKY KUTBKICTh PI3HUX MpHCTpoiB M2M
ta 10T, sxi MaroTh crenudivdi XapakKTepUCTHKH Ta BHMMOTH, BUKOpHCTaHHs TexHojorii Network
Slicing 1o3BosUTh MiABUIINTH €()EKTUBHICTH POOOTH MOOLILHUX MEPEX 3B'SI3KY Ta SAKICTh MOCIYT,
mo HagawoTbes. [lpu  BipTyamizamii MmepekeBUX (YHKIM Mepexi pamiofocTylny OCHOBHA
GyHKIIOHATBHICTh 0a3oBuX craHmii 5G, mo BiamoBimae 3a mudpoBy 0OpoOKYy CHTHATY,
CHHXPOHI3AIlII0 Ta yIpaBliHHS, po3MimnyBatumersest y xmapi (Software Defined Radio — SDR)
okpemo Bif pamioronoBok (RRH) ta anteH, 103BoOJsIFOUN peasli3oByBaTH MEpeBaru KOTHITHBHOTO
pajio Ta 3HMXKYBATH KalliTaJbHI Ta ONEpaLiiiHi BUTpaTH HA MEPEXKY PagiofoCTyIly. 3aCTOCYBaHHS
KOHIICTIIIIT Mepex, II0 caMoopraHizyrotbes, pamiogoctymy (Self Organizing Networks — SON)
3a0€3MeYnTh MiNBUIIEHHS €()EeKTUBHOCTI PO3IOJUTY, SKOCTI OOCIyroByBaHHS KOPHCTYBAdiB Ta
SDN), y siKiif piBeHb YIpPaBIIiHHS MEPEKEI0 BiJOKPEMIICHUH BiJl IPUCTPOIB Tepeaadi 1 peasi3yeTbes
NPOrPpaMHUMH  3aco0aMu, JIO3BOJUTH TEPEPO3MOJUIATH amapaTHi PECypcH 3alie)KHO  BIJ
HaBAHTA)KEHHS, MMIJBUIYIOYH €(EKTUBHICTD iX BUKOPUCTAHHS, CKOPOUEHHS ONEpaLiiHUX BUTpAT 3a
paxyHOK aBTOMAaTu3allii mpoieciB GopMyBaHHS PaAiONOKPUTTA Ta KOOPAMHAII POOOTH CYCiTHIX
0a30BUX CTaHIli pi3HOro piBHs (MiKpo Ta Makpoba3oBux) [2]. Apxitektypa mepexi 5G (SDR i
SDN), y sikiif piBeHb YIPaBITiHHS MEPEXKEI0 BiJOKPEMIICHUH BiJl IPUCTPOIB Tepeaadi 1 peai3yeTbes
MPOrpaMHUMHU  3acOo0aMH, JIO3BOJIUTH MEPEPO3IMOAUIATH amapaTHi pPecypcu 3aJIeXHO  Bif
HaBaHTAXXEHHA, MIJABHUILYIOUYM €(EeKTHUBHICTh iX BUKOpUCTaHHA. Came ToMy moOynoBa MOAIOHUX
MepeX MOKe CTaTH B IPUTOJIi MPH aBTOMATU3allii BUPOOHUYUX MPOLECIB CyYaCHUX MiIPUEMCTB.
Takum yHOM, HEOOX1IHO PO3POOUTH HAHOLIBIN ehEeKTUBHI MiIXOAM IS TUIAHYBAHHS ONTUMATBHOT
apXiTeKTypu MpUBaTHUX Mepex SG st moTped BUPOOHUYHX ITiIIPHEMCTB.

Meta po6oru. HaykoBo 00rpyHTOBaHE IUIaHYBaHHS i ONTHMI3allisl 1HPOpMAIITHUX MEPEK,
AK1 3a0e3MeuyroTh HaJlaHHS 3allUTyBaHMX MOCIYT 13 3aJaHMMM MOKa3HHKaMHM e(EeKTHBHOCTI
(GYHKILIOHYBaHHS, € JyK€ CKJIaJHOI HAyKOBO-TEXHIYHOIO W EKOHOMIYHOIO Mpobiemoro, 0e3
BUPILICHHS SIKOi HEMOXJIMBE CTBOpPEHHs 1H(opMaliiiHOi 1H(PACTPYKTYpH MiIPUEMCTBA, IO
BiJIMOBiAa€ BCiM moTpebdam Ta chopMoBaHUM BHUMOraMm. ToMy MeTOr0 1aHOT pOOOTH € TOCTiKEHHS
npo0JieM Ta BIJIMOBIAHO po3po0Ka pPeKOMEHAIH 110 YCYHEHHIO MPOOJIeM IiJ] Yac MPOEKTYBAHHS
npuBaTHUX Mepex SG.

@opmyJI0BaHHS NPo0JeMH aociaifkeHHsa. [Ipu mpomy Oyno BpaxoBaHO, IO OJHIEIO 3
TOJIOBHUX MPOOJIEM PO3rOPTAaHHS CydacHUX OE3MPOBONOBHX MEPEX 3B'A3KYy € OUIbII epeKTHBHE
IUTaHYBaHHS, IO JIO3BOJIUTH 3 OJHOro OOKy 3a0e3nednTd HEeoOXilHYy SKICTh OOCIYroBYBaHHS
(ui1bOBY €(eKTHUBHICTh) Ta 3 IHIIOTO MIABUIIMTH E€KOHOMIYHY €(EKTHUBHICTH BUKOPUCTAHHS
MEPEXKEBUX PECYPCIB.

ToMmy MeTor0 poOOTH € yTOCKOHAJIEHHS MEPEKEBOi apXITEKTYpH MIJIPUEMCTB 3 METOIO
MOJAJIBIIOT ONTUMI3allil BAPOOHHYUX MPOIIECIB.

Bupimennst npo6semu. KoxxHe BupoOHMYE HiAMPUEMCTBO TOBUHHO OYiKYBaTH OTPUMAaHHS
MaKCHUMaJIbHOTO e()eKTy BiJ BKJIaJaHHs BIACHUX KOUITIB y CBOI BJAacHI MPOEKTH iH(opMaTH3alii.
Bennunny 1poro eekty MokHa BiJOOpa3UTH Ha BEJIMUMHI MPUOYTKY MIAIPUEMCTBA BiJl peanizamii
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poekTy iHhopmaTHu3aii. Buxoasuu 13 nux TBep/HKEHb, MOKHA TTPOBOJIUTH BHOIp ONITUMAIEHOTO
MIPOCKTHOTO pIIIEHHs, BUKOPUCTOBYIOYHM KpUTEpid onTtuMaibHOCTI baiieca-Jlammaca (BL-
kpurepii) [3]. [ouwinbHO TakoX OOIPYHTYBAaTH BHKOPHCTAHHS, $AK OI[IHOYHOI (yHKIi
ONTUMAJIFHOCTI — YHCTOTO MPHUBEACHOTO e(EeKTy 3a MPOEKTOM iHpOpMaTH3allii, IK IHTErpaIbHOTO
MOKa3HUKAa €(PEKTUBHOCTI MPOEKTHHX pillleHb. TakuM YMHOM, 3a aHAI30M pe3yibTatiB [4, 5],
MOXHa 3pOOMTH BHMCHOBOK TMIPO HEOOXIJHICTH pO3TOPTAaHHA Ha MIJIPUEMCTBAX CaMe
MIKpPOCTUIBHUKOBOI CTPYKTYPU MEPEXKi 13 BAKOPUCTAHHAM pajioyactoT y Aiamazonax 700, 800 ab6o
2600 MI .

[Iporec ruranyBaHHs paioMepexi AJIg aBTOMaTH3allii BUPOOHUYUX MPOIECIB MAMPUEMCTBA
HEOOXIJTHO BHKOHYBAaTH Y BiJMOBIIHOCTI /10 HACTYIHOI IMOCIIJOBHOCTI KpPOKiB: NMPOEKTYBAHHS
MIOKPUTTS paaioMEPEKi 13 BUSHAYECHHS MICIISl PO3TalllyBaHHS KOXKHO1 0a30B0Oi CTaHIli (B Mepekax
5G - ¢gNb), moOymoBa KOMYHIKAI[ifHOrO TPAHCIIOPTHOIO CETMEHTY 13 BH3HAYEHHSIM
MICI[€3HAXOJ[KCHHSI KPOCOBHX IPHUMIIIEHb.

BucHoBku. [locmipkeHHs, MpoOBeNeHI B JNaHid poOOTi, JO3BOJWIM TPOBECTH PO3POOKY
METO/IIB yIOCKOHAJICHHSI MEPEXKEBOI apXiTeKTypH MiJIPUEMCTB 3 METOK TOJAIIBIIOT ONTHMI3aIlii
BUPOOHMYMX TporieciB. TakuMm duHOM, OylI0 po3po0JieHO METO IUIaHyBaHHS Mepexi 5SG mms
aBTOMAaTH3aIlii BUPOOHWYHX MPOIIECIB MiAMPUEMCTBA, IO MOJIATAE B ITOCTIIOBHOMY 3a0€3IeYeHHI
NPOEKTYBAHHS TIOKPUTTS PaJiOMEPEkKi 13 BHU3HAYCHHS MICIS PO3TAllyBaHHS KOXHOI 0a30BOi
CTaHII1 3 BHKOPUCTAHHSIM OINTHUMI30BaHOT MOJIENI OIIHKH BTPAT MOTY)KHOCTI PaiOCHTHATY Ha
HUISXY PO3MOBCIOKEHHS 3 ypaxXyBaHHAM OOMEXKEHb IO MiHIMaJIbHINA MPOIYCKHIA 37JaTHOCTI,
KUTBKOCTI MAKJIIOYEHb Ta HaIIHHOCTI Ta MOOYI0BU KOMYHIKAI[IHHOTO TPAHCTIOPTHOT'O CETMEHTY 13
BU3HAYCHHSM ONTHMAJIBHOTO MiCIIE3HAXOKEHHSI KPOCOBUX TPUMIIIICHb.

Po3pobniennii mMeTtox na€e 3MOTY NpPOBOIUTH IUIAHYBAHHS ONTHMAJIbHOI CTPYKTYpH
CTUIbHUKOBOI Mepexi 5G s onTuMizaiii BUPOOHUYMX MPOIECIB, OILIHIOBATH Ta 3MEHIIYBAaTH
CYKYIIHI BUTpPAaTH Ha MOOYAOBY Mepexi, MpU LbOMY 3a0e3Meuyrour HEO0O0X1/1HI MOKAa3HUKH SKOCTI
00CITyroByBaHHS BY3JIiB Mepexi Ta i HaIIHOCTI.
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AHAJII3 3ABAJOCTIMKOCTI IIM®POBOI'O KOTEPEHTHOI'O MOJEMY
3 BIVIMM IIYMOBUM CUT'HAJIOM

epByHincskmii C. M.
UYepkacbkuil 1ep»aBHUM TEXHOJIOTIYHUH yHIBepcUTeT, M. Uepkacu, YkpaiHa

AnoTtanis. HuHi 3HauHa yBara po3poOHUKIB TEIEKOMYHIKAI[IHHUX CHCTEM MPUAUISETHCS CTBOPSHHIO
MOJIEMIB 3 IIYMOMNOJIOHMMH Ta IIYMOBUMH CUTHajdaMH. Taki MOJIEMH MAarOTh Oe3lepeyHi nepeBard B
3aBaJJ03axXMILIEHOCTI, KOH(ieHIiIiHOCTI nepeayi iHdopMarii, eTeKTPOMAarHiTHIH CyMICHOCTI 3 CyCiTHIMH
€JICKTPOHHUMH MPHUCTPOSIMH. B po0OTI NPOBEACHO TEOPETHUUHUI aHai3 3aBaJOCTIMKOCTI JIEMOIYJIATOpa
MOJIEMY 3 CUTHAJIaMH THITy OLJIOr0 IIyMy, 1110 IepeIaroThCs Yepe3 KaHal 3 MOCTIHHUMH HapaMeTpaMu MpH
Iii agUTHBHOI TaycCOBOI 3aBajau. AHalli3 3aBajOCTIHKOCTI BHKOHAHHMH 3 BHKOPHUCTAHHSM METOIY
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XapaKTepUCTUYHUX (YHKLIHA, IO MO3BOJMIO OTPUMATH NOTEHUIHHY TEOpeTH4YHY OLiHKY. OTpumani
TEOPETUYHI PEe3yNbTaTH MOXKYTh OyTH BUKOPUCTaH] IPH MOPIBHILHOMY aHaNi31 3aBaJI0CTIHKOCTI MOJEMIB
3 MIMPOKOCMYTOBHMH CHI'HAJIaMHU.

Kurouosi cioBa: mudposuii 6iHapHUH MOZeM, ITyMOBHI CUTHAJ, XapaKTePUCTUYHI (PyHKIIII.

BER ANALYSIS OF DIGITAL COHERENT MODEM WITH WHITE NOISE SIGNAL

Pervuninsky S.
Cherkasy State Technological University, Cherkasy, Ukraine

Abstract. Currently, significant attention of developers of telecommunication systems is paid to
design of modems with noise-like and noise signals. Such modems have indisputable advantages in terms of
interference protection, confidentiality of information transmission, electromagnetic compatibility with
neighboring electronic devices. Theoretical bit error rate (BER) analysis of a modem demodulator with white
noise type signals transmitted through a channel with constant parameters under the action of additive
Gaussian interference is performed. BER analysis has been performed using the method of characteristic
functions, which allows to obtain a potential theoretical estimate. The obtained theoretical results can be
used in the comparative BER analysis of modems with broadband signals.

Keywords: digital binary modem, noise signal, characteristic function

Beryn. Mojemu 3 MIMPOKOCMYTOBHMH ITYMOBHMH CHUTHAJIAMHU JO3BOJISIIOTH OJHOYACHO
MpALOBaTH BEJIMKOI KUTBKOCTI aDOHEHTIB B OJIHIN CMY31 4acTOT, 3a0€3MeUyl0Th BUCOKUN PiBEHb
CKPUTHOCTI mepeaayi JaHuxX. Xoya MPUHIMIKA BUKOPUCTAHHS IIUPOKOCMYTOBHX CHTHANIB OyiIu
PO3pO0JICHI JIOCTAaTHBO JIaBHO, MPAKTHYHE 3aCTOCYBAHHS TAaKUX CHCTEM BIIOYBAJIOCS B HAIIPSIMKY
BUKOPHUCTAHHS AaHAJIOTOBUX AaJlTOPUTMIB AeMOAyJsiii curHamiB [1]. Ycmixu MiKpOENeKTpOHIKU
3a0e3Meyid MOKJIMBICTh PO3MOYATH PO3POOKY HUMPOBUX AEMOAYISITOPIB IIYMOBHX CHUTHAMTIB 3
no0y/I0BOIO B HUX B3aEMO KOPEIIIHHIX Ta aBTOKOPEIISAIIMHAX METO/IB IEMOTYJISIII].

IlocTranoBka 3axaui. [Ipy HassBHOCTI, Ha TaHWI Yac, BEUKOI KiIJIbKOCTI PI3HUX THUIIIB TAKUX
CUCTEeM THUTAHHSI TEOPETHUYHOTO OOTPYHTYBaHHS MOTEHIIMHOI 3aBaJOCTIHKOCTI HUGPOBHUX
JEMOJTYJIATOPIB IIYMOBHX CHUTHAIIIB 3 KOTCPEHTHUMH METOJaMH OOpPOOKM CHUTHAJIIB IOKH IO HE
BupimeHo. [loxibna 3amaya aHamizy MuppPOBOro KOTEPEeHTHOTO MOJEMY 3 TeHEpalli€l0 CUTHAJIB
Xa0THUYHOI MOCIITOBHOCTI pO3TJISIHYTa B po0OoTi [2].

Meta pobOoTH — OTpMMaHHS AaHATITUYHMX BHUPA3IB MJIs OOYHMCICHHS 3aBaJOCTIMKOCTI
O1HApHOTO KOrepEeHTHOro IU(POBOro MOJEMY IIYMOBHMX CHUTHANIB THUIY «OLIOro» rayccoBOro
IyMmy Ipu poOOTi MO KaHaly 3 MOCTIMHMMHU MapaMeTpaMu, B SIKOMY Jli€ IIEHTPOBaHA aJIUTHBHA
rayccosa 3aBaja.

OcHoBHa vactuHa. CTpyKTypHa cxema OIHApHOrO IM(PPOBOTO MOJEMY 3 IIYMOBUMH
CUTHAJIaMH HaBeJIeHa Ha PUCYHKY 1, Jie BUKOPUCTaH1 HACTYITHI MO3HAYEHHS: - MOIYJISTOP Ma€ J1Ba

TeHepaToOpy €TaJOHHUX IIYMOBUX MOCIiT0BHOCTEH {&d}, k=1,N, J ={0,1}, mo npencrasneHi
BIJUTIKAMHU JIBOX €TaJOHHUX peali3aliil «OiJ0ro» rayccoBOoro Imymy, siki (OpMyroTb BHUXITHY
nocnifoBHicTh S, . Ilepemukay kepyeTbes Bin mkeperna OinapHoro nosigomnenus o; ={'0","1"},
110 IEPENAEThCS Ha i-y TAKTOBOMY 1HTepBaii 7.

JleMoaynsaTOp ClpHiiMae 3 KaHaly mepenadi cymimn S, + N, , sika MOAAETHCS Ha KOPEISTOPH.
KoxeH KOpessiTop mo Jpyromy BXOAY OTPHMYE €TaJIOHHY MOCIHIIOBHICTH S, 10 cdopMoBaHa
OJIOKOM CHHXPOHI3aTOpa CHHXPOHHO 3 Iepeladyero BXiJAHOI MOCIiAOBHOCTI. 3a pe3yibTaToM
KOpeJsiitHol 00poOKH, Mo mpeacTaBiIeH] BeandnHow 3 =3; —9,, noporosuii mpuctpiii (I1IT)

A

dbopmye o1iHKY OiTa O, , 1[0 IPUHHITHUN HA i-y TAKTOBOMY 1HTEPBAII.
[IpoBeneHuii 3 BHUKOPHCTAHHSAM METOJY XapakTepUCTUYHMX (QyHKIiH [3] anHami3
3aBaJIOCTIMKOCTI JAEMOAYNISATOpa, JO03BOJIUB OTpUMaTtu GopMyly Uis OOpaxyHKYy HOMMIIKH

AEMOZY Sl B 3alexHocTi BiA aucmepciit Dg, D, Ta BeaMYMHM B3a€MHOI KOpEJSLil MiX
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. 1 . .. .
HOCITIZIOBHOCTAMH S, Ta Sﬁ. 3 aHajizy OTPUMAHOTO BHpa3y OTPHUMaHI KIHIIEBI pe3yJabTaTH IS
JIBOX THUIIIB BX1JIHUX CHUTHATIB — OPTOTOHAILHUX 1 MPOTUIICKHUX.
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Pucynok 1 — @yHkIrioHanbHa cxemMa [HUPPOBOTO MOAEMY

Ilepexonsun y kiHneBux (Gopmynax Bif 3HAYEHHS AUCIEPCii BUMAAKOBUX BEIUYMH & Ta N
710 IapaMeTpa IEePEBUIIECHHS CUTHANI-3aBaga h?, OTPUMYEMO HACTYIIHI BUPA3H:
_ [AR2 Y- _ )
Pnopm_0’5_®( 2h )’ Pnnpom_015-®(2 h )’ (l)
ne P, opm P, npom — IMOBIPHICTh MTOMIJIKH JEMOJYJISIIi BiIMIOBIAHO JJII OPTOTOHAIBHUX Ta

HpOTI/IHe)KHI/IX CI/IFHaHiB;
X 2
®(x)=(1/27)[exp (-y?)dy — inTerpar fiMoBipHOCTi.
0

BucnoBku. Otpumani popMynu Juist po3paxyHKIB MOTEHIIHHOI 3aBaJJOCTIHKOCTI O1HAPHOTO
KOT€PEHTHOr0 LU(POBOr0 MOJEMY LIYMOBHMX CHTHANIB TUIY «OLJIOT0» IaycCcoOBOrO HIYMY IpH
pPOOOTI [0 CUMETPUYHOMY aTUTUBHOMY KaHay 3 HOCTIHHUMHU napaMeTpamu. HaBeneHi TeopeTnyHi
pe3yNbTaTi MOXYTh OYTH BUKOPUCTaHI MpHU MOPIBHSIBHOMY aHali3y 3aBa/IOCTIIKOCTI MOJIEMIB 3
HIMPOKOCMYTOBUMHU CUTHAJIAMHU.

Cnucoxk BUKOPUCTAHUX JIZKepeJt
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METOA JOCTOBIPHOI'O IIEPEJABAHHS IEPECTAHOBOK
Y CUCTEMAX 3B'A3KY 3 KOPOTKUMHU TAKETAMMU

®aype E. B., lllepo6a A. 1., Ctynka b. A.
YepkacbKuil 1epKaBHHUIA TEXHOJIOTIYHUH yHIBepcUTeT, M. Uepkacu, YkpaiHa

AHoTanisi. Y po0oTi po3poOSIeHO Ta IOCHIMKEHO MeToa 3a0e3NedeHHS BH3HAYCHOTO PiBHS
JIOCTOBIPHOCTI IepeaBaHHs iHpopmalii B cucTeMax 3B’ 43Ky 3 HEPO3AUTPHUM (DaKTOpiaThbHAM KOJAYBAaHHIM
JlaHUX 3a HMOBipHOCTI 0iTOBOi mommikH, OMu3bkoi j0 0,5. OCHOBHUMHU BiAMITHUMHU OCOOJIMBOCTSIMHU
PO3pOOJICHOrO METOJy € BHKOPUCTAHHS MEPECTAHOBKU SIK KOHTEWHEpa JJIsl TPAHCIIOPTYBaHHS KOXHOTO
CHUMBOITy TIEPECTAaHOBKM HEPO3AUTHHOTO (PaKTOPiaIbHOTO KOAY, a TaKOXX Ma)XKOPHUTApHA Ta KOpemsliiiHa
00po0Ka MPUIHATHX 3 KaHATY 3B’SI3Ky (hparMeHTiB 0iTOBOI MOCIiNOBHOCTI. P03po0ieHo Ta peari3oBaHo B
NporpaMHiil iMiTaliHIM MOAeNl alropuTM JAOCTOBIPHOTO MepelaBaHHS MepecTaHoBOK. JlocmimkeHHs
pe3yapTaTiB pOOOTH MOJIENI ISl Pi3HUX IMOBIPHOCTEH 0iTOBOI MOMIJIKM B KaHAII 3B A3KY ITiATBEPIKYIOTh
e(heKTUBHICTh PO3pPO0JICHOTO0 MeToIy. MeToT MoXKe OyTH BUKOPUCTAHUHN Y TEICKOMYHIKAI[IHHUX CUCTEMAaX
3 KOPOTKUMH TTAKETAMH B YMOBaX HU3bKOTO CITIBBITHOIIICHHS CUTHAJI-IITYM.

KarouoBi ciaoBa: dakropiaiIbHWiA  KOZA, IIEPECTAaHOBKA, JOCTOBIPHICTh, TPHOXETAITHUU
KpunTorpadigHuiA MPOTOKOI, KOPOTKUH TaKeT.

METHOD FOR RELIABLE TRANSMISSION OF PERMUTATIONS
IN SHORT PACKET COMMUNICATION SYSTEMS

Faure E., Shcherba A., Stupka B.
Cherkasy State Technological University, Cherkasy, Ukraine

Abstract. The paper describes the development and investigation of a method for ensuring a certain
level of reliability of information transmission in communication systems with nonseparable factorial data
coding for a bit error probability close to 0.5. The main features of the developed method are the use of a
permutation as a container for transporting each permutation symbol of nonseparable factorial code, as well
as the majority and correlation processing of fragments received from the communication channel. An
algorithm for reliable transmission of permutations is developed and implemented in the software simulation
model. Studies of the model results for different probabilities of bit error in the communication channel
confirm the effectiveness of the developed method. The method can be used in telecommunication systems
with short packets in the conditions of low signal-to-noise ratio.

Keywords: factorial code, permutation, reliability, three-pass cryptographic protocol, short packet.

Beryn. Mertogonoris 1HTErpoBaHOro 3axMcTy 1HGopMalii Ha OCHOBI HEpPO3AUIBHOTO
(pakTopianbHOro KOAyBaHHS JaHUX [1] 03BONsSE BUKOPUCTOBYBATH IIEPECTAHOBKH  SIK
TPaHCIIOPTHUHA MeEXaHI3M Yy CHCTeMax 3B'SI3Ky 3 KOPOTKMMH IaKeTaMH, a TaK0oX pealli3yBaTu
CHUIBHUM 3aXUCT JJAHMX, 110 MepelaloThCs, BiJl MOMWIOK KaHaly 3B'SI3Ky Ta HECAHKI[IOHOBAHOT'O
JOCTYTY.

VY mparsix [2], [3] mocnmimkeHO BIaCTMBOCTI HEPO3ALIHLHOTO (haKTOPIabHOTO KOIY [0
BUSIBJICHHS Ta BUIIPABJICHHS IOMUJIOK KaHaTy 3B'A3KY. JloBeieHO €(heKTHUBHICTh KOY, B TOMY YHC1
3a pPaxyHOK #HOro BiacTHBOCTeH CHUHXpOHi3amii [4]. Po3risHyTi MOKIHMBOCTI HEPO3ILIBHOTO
(axTopiaIbHOTO KOAYBaHHS HE JO3BOJISIFOTH iM OYTH BHKOPHUCTAaHUMH B CHCTEMax TepelTaBaHHS
JTAaHUX 3 BUCOKMM DIBHEM 3aBaJ] 1 MMOBIpHicTIO 6iToBOi momuiku 6au3bkoro a0 0,5. Kpim toro,
JIesIK1 TOJIaTKH BUMAraroTh OUTBII BUCOKUX MTOKAa3HUKIB TOCTOBIPHOCTI. Jl0 TAKMX TOIATKIB MOXKYTh
OyTH BiJIHECEHI MPOTOKOJIH MIepeIaBaHHs JaHUX B YMOBAaX HU3bKOTO CITiBBIIHOIIEHHS CUTHAJ-IIIYM,
a TakoK TphoxeramHi kpunrorpadiuni mnportokoiu [5]-[8], 3okpema, TproxeramHumit
KpHunTorpadiuHuil MPOTOKOJ Ha OCHOBI mepecTaHoBOK [9]. ¥V TproxeramHuX MpoOTOKONAx st
nepeJaBaHHs OJIHOTO TOBIJOMJIEHHS JaHl IepelaloTh TpHUUl, M0 30UIbIIye WMOBIPHICTH iX
YpaKeHHS 3aBa/I010.

MeTtow poboTH € 3a0e3MeueHHs JOCTOBIPHOTO TEpelaBaHHs MEPECTaHOBOK, CTIUKOTO 0
BILJIMUBY BUCOKOT'O PiBHSI IIOMUJIOK, HMOBIPHICTb MOSIBU SIKUX Onu3bka 110 0,5.
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MeTox A0CTOBIpHOro mnepeJaBaHHsl MePeCTAHOBOK. /[ns MiABMIEHHS JOCTOBIPHOCTI
nepelaBaHHsl MEePECTAaHOBKM 77 HOBXHHH N KOXEH ii CHMBOJI KOIYETHCS IEPECTAaHOBKOIO
JOBXMHM M , IO BOJOAI€ MaKCUMaJIbHUM 3HA4YEHHSAM MIHIMaJIbHOI BifcTaHi XeMMiHra Bin ii
JBIHKOBOTO TIPEJCTABJICHHS JI0 BCIX 11 IIUKIIYHUX 3CYBIB.

[lpuiiMaueM BUKOPUCTOBYETHCS MaKOPUTApHA Ta KoOpesiiiHa oO0poOKa CHMBOIIIB
HIePECTAaHOBKU 77, sK 11e peaiizoBaHo B [9]. MaxopurapHa o0poOka rnepenbauae GaraTopasoBe
MMOBTOPEHHS CHMBOJIIB 1 HAKOITMYCHHS pe3yibTaTy iX npuiiomy. KopensiiitHa 00poOka nependavae
00YMCIIEeHHS BiJIcTaHEeH XeMMiHTa BiJl KOKHOI OTPUMAaHOI 3 KaHaJly 3B’ 43Ky MOCIIOBHOCTI OIT 10
BCIX BHKOPHCTOBYBAHUX TIieperaBaueM OITOBMX KOMOIHAIili, sKi BiJNOBIJAIOTh CHMBOJAM
NIEPECTAHOBKH.

BusnaueHo TeopeTWYHI OLIHKM HMOBIPHOCTEH MPaBHJIBHOTO Ta XHOHOTO PO3Ii3HABAHHS
CHUMBOJIIB TEepeCTaHOBKH. JOCTI/DKEHO 3aJIeKHOCTI OI[IHOK I PI3HHUX IMOBIPHOCTEH OiTOBOL

IOMHIIKA B KaHaml 3B’s3Ky [,. Po3poOireHo Ta peani3oBaHO alropuT™, IO BIANOBLAAE

3alpONIOHOBAHOMY METOJly. BHUKOHaHO €KCIEpUMEHTANbHY TEPEBIPKY OTPUMAHUX TEOPETHYHHX
OLIIHOK. Pe3ynbTaT JOCHIIKEHHS MATBEPIKYIOTh €PEKTHBHICTH 3aIIPONIOHOBAHUX PIllICHb.

3a 10moMOror po3po0IeHOT IMITAIIIHOT MPOTrpaMHOi MOJIEITi CHCTEMH TepeAaBaHHs JAaHUX
POJIEMOHCTPOBAHO TPHUKIAL peaiizaiii po3podienoro meroxy 3 N=23 i M =8 mi
3a0e3neueHHs] IMOBIPHOCTI MPaBUJIBHOTO PO3Mi3HABAHHS MEPECTAHOBKHU 77 HA PiBHI, HE MEHIIOMY
3a 0,999. JlocmiKeHO 3aJIeKHICTh CEPEeHbOI0 3HAYCHHS KiJIbKOCTI HAKOMUYEHUX (PparMeHTiB,
HEOOXITHHX TSI TPABHIILHOTO PUHOMY NIEPECTaHOBKH, Bil IMOBIPHOCTI GITOBOI TOMMIIKH.

BucHoBoKk. Po3po0iieHuii MeTo 3aBaIOCTIMKOTO MEpeaBaHHs MMEPECTAaHOBOK 32 PaXxyHOK
MIPEJICTABICHHS KO)KHOTO CHMBOJY IEPECTAHOBKH Y BUTIISA/I IIUKJIIYHOTO OITOBOTO 3CYBY 1HIIOi
NIEPECTAHOBKY 3 BU3HAYCHUMHU BIIACTUBOCTSIMH, a TAKOXK 3a PAXyHOK BUKOPHCTaHHS MaXKOPUTAPHOT
Ta KOpeJsliitHoi 00poOKH JaHUX JT03BOJISIE 3a0€3MEYUTH BUCOKY JOCTOBIPHICTh MPUHOMY HABIThH
3a UMOBIpHOCTI 01TOBOT MOMIIIKH, O6JU3bKOi 10 0,5. MeTon Moke OyTH BUKOPHCTAHO IS CHCTEM
3B’S3KYy 3 HEPO3IUIbHUM (PaKTOPiaJbHUM KOJYBAaHHSM, 30KpeMa I pealtizallii TphOXeTalHOro
KpUNTOrpadigHOro MPOTOKOITY HAa OCHOBI IEPECTAHOBOK.
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Cekuis G. besneka iHpopMaIiifHIX TEXHOIOT1H

3ABE3IEYEHHSI TH®OPMAIIMHOI'O PE3EPBYBAHHJI
CUCTEM CUT'HAJIIBAIUI JJIA HIABUIMEHHA IHOOPMANINHOI BE3IIEKH

Asb-Ammopi Aail, Isuenxo I1. B.2
'Hanionanshuii TpaHcIOpTHHMI yHiBepcuTeT, M. KniB, Ykpaina
2UepkachKuil JiepskaBHUI TeXHONOTiuHHi yHiBepcuTeT, M. Uepkacu, Ykpaina

AHoTtanis. Po3BUTOK iHPOPMALIIHO-YIIPABISIOUMX CHCTEM aBiOHIKH 3YMOBIIOE MOCTiHHE 3pOCTaHHS
BUMOT 10 J10 (PYHKIIOHATBHOCTI Ta TOCTOBIPHOCTI TAKUX CUCTEM. 30KpEMa, P LIEOMY 3POCTAI0Th BUMOTH JI0
TaKuX IX poOOYHX MapaMeTpiB, K TOCTOBIPHICTH OTPHMAaHO] iH(pOpMAITii, CBOEUaCHICTh BUSBICHHS HeOe3MeTHOT
cUTyarli Tomo. YIOCKOHAJIIEHHS Ta ONTHUMIi3allid HU3KA MapaMeTpiB iH(OPMAIHO-YIPABISIOUYMX CUCTEM
aBIOHIKM Ha CHOTOJIHI € aKTYaJIbHOI0 HAYKOBO-TIPAaKTHYHOIO 33Ja4elo. 3 I[i€l0 METOI0 MPOMOHYETHCS CIOCiO
BHOOpPY 1 onTuMi3allii HagitHUX CTPYKTYp iH(OpPMAIiTHO-YIIpaBIAIOUNX CUCTeM. Po3rismaeTscs 3amada
M ABUIIEHHS TOCTOBIPHOCTI PO3Ii3HABaHHS MOAIN 1HPOPMAIIITHO-pPE3ePBOBAHOIO CTPYKTYPOIO CHCTEMH Ta
cama 3ajava 3a0e3neueHHs iH(oOpMaIiliHOro pe3epByBaHHsA. [loOya0BaHO HOMOIpaMH 3aJICKHOCTI
napamMeTpiB CUCTEMH Bijl KITBKOCTI JaTYHKIB Ta CPOPMYTHOBAHO aJrOPUTM BHOOPY ONTUMAILHUX CTPYKTYD
CHUCTEMH Ha OCHOBI CTBOPESHHX HOMOTPAM.

KawuoBi caoBa: iHdopmariiine pe3epByBaHHS, JOCTOBIPHICTH pO3Mi3HABaHHS  MOJiH,
iH(OopMaLliHHO-yIpaBIAI0Ya CUCTEMA.

ENSURING INFORMATION RESERVATION OF SIGNALING SYSTEMS
TO INCREASE INFORMATION SECURITY

Al-Ammouri Alil, Dyachenko P.2
!National Transport University, Kyiv, Ukraine
2Cherkasy State Technological University, Cherkasy, Ukraine

Abstract. The development of information and control systems of avionics leads to a constant increase
in requirements for the functionality and reliability of such systems. In particular, the requirements for their
operating parameters, such as the reliability of the information received, the timeliness of detection of a
dangerous situation, etc. are growing. Improvement and optimization of a number of parameters of
information and control systems of avionics today is an urgent scientific and practical task. To this end, a
method of selecting and optimizing reliable structures of information and control systems is proposed. The
problem of increasing the reliability of event recognition by the information-reserved structure of the system,
as well as the problem of ensuring information redundancy are considered. Nomograms of dependence of
system parameters on the number of sensors are constructed, and the algorithm of a choice of optimum
structures of the system based on the created nomograms is formulated.

Keywords: information redundancy, reliability of event recognition, information and management
system.

Beryn. [lo indopmariiiiHo-Kepyrounx CUCTEM aBIOHIKH, 1[0 ICTOTHUM YMHOM BIUIMBAIOTh HA
Oe3mneKy MoiboTy 1 oro eheKTHUBHICTh, HAIEKATh CUCTEMHU CUTHaI3allli Ta MOXKEeKOTACIHHS IS
CBOEYACHOTO BHSBJICHHS BIJIMOB, TOKE€X1 1 BHAA4l €KINMaxy JOCTOBIpHOi 1H(opmamii mpo ix
HasBHICTS [1].

OHUM 3 OCHOBHHX METO/IIB 3a0€3TMeUeHHS HEOOX1THUX HAMIMHICHUX XapaKTEPUCTHK CHCTEM
CUTHaNi3alii Mpo MOXKEeXy, B IUIaHI MiJABHILEHHS JIOCTOBIPHOCTI NEpeJaHUX IOBIJIOMIIEHb, €
BBeJIeHHS 1H(opMaliifHOTO pe3epByBaHHA. OCKUIBKHM ICHYIOTH pi3HI crocoOu iH(OopMaliiHOro
pe3epByBaHHS, TO AJIsS MOPIBHSIHHS PE3epBOBAHUX CHCTEM CHUTHAII3AIIl MPO TMOXKEXKY B SKOCTI
OCHOBHOTO KpUTEpiI0 3a3BUYail MpUIMAeThCs BIPOTiIHICT BUSBICHHS MOJIN, 110 SBIsSE€ COOOI0
CyMy HMOBIPHOCTI BHSIBIICHHSI CHCTEMOIO TOEXKi, KOJIM TMOXKEKa Ma€ Miclle B AIMCHOCTI, 1
HWMOBIPHOCTI HEBUSBJICHHS CUCTEMOIO TIOKEXK1, KO TIOKEeX1 HeMae [2, 3].
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Meta pob6otu. [lokpamenHns mapamerpiB iHGOPMAIIMHO-YIPABISIFOYAX CHUCTEM aBIOHIKH,
30KpeMa MiJBHUILEHHS JOCTOBIPHOCTI pO3Mi3HAaBaHHSA TMOAIN iH(opMaIiiiHO-pe3epBOBaHOO
CTPYKTYPOIO CHUCTEMH, Ta 3a0e3leueHHs 1HPOPMAaIIfHOTO pe3epBYBaHHS Ha OCHOBI BHOOpY 1
onTuMi3amii HAIHHUX CTPYKTYp 1HPOPMAIIIHHO-YTIPABIAIOUYUX CHCTEM.

IMocTanoBKa 3aga4i. Y J0CIIIPKEHH] pO3B’SI3yETHCSI aKTyallbHA HAYKOBO-TIPAKTUYHA 3a/1a49a
BUOOpY 1 onrTuMmizamii HagiiHUX CTPYKTYp 1H(OpMAIiHO-yIIPaBIAIOYMX CHCTEM 3 METOIO
MiJBUIIEHHS JTOCTOBIPHOCTI PO3IMi3HABAHHS MO, B MOPIBHIHHI 31 CTPYKTypaMH 3 MiHIMaJIbHO-
JOITYCTHMOIO TOCTOBIPHICTIO, 110 3a0e3meuye nmpaBuiibHe (PYHKI[IOHYBAHHS CUCTEMH.

OcHoBHa yacTuHa. Bubip 1 ontumizanis HAIIHHUX CTPYKTYp 1HPOPMaLIHHO-YIIPABISIOUNX
CHCTEM € OJIHOIO 31 CKJIaHHX 3ajiay, SKa BUMarae 3aCTOCYBaHHS CIELiaIbHUX MiIXOMIB 1 Mporpam
BUOOPY IHMX CTPYKTYp 3 YpaxyBaHHSIM YMOBH, IIO HMOBIPHOCTI IOMMJIKOBOi TPHUBOTH i
HEBUSBIICHHS, MPsIMyBaJia 10 HYJSA, @ HMOBIPHICTh NMPaBHIILHOTO BUSBJICHHS IpsMyBajia 0 1. Y
3aCTOCYBaHHI JIO CHCTEM TOKEKHO1 CUTHaI3allii, 3a0e3rneueHHs iHhopMaIliiHuM pe3epByBaHHIM
nependadae 30UTBIICHHS JOCTOBIPHOCTI PO3Mi3HABaHHA MO 1H(POpPMAIIITHO-PE3ePBOBAHOIO
CTPYKTYPOIO CHCTEMH B TIOPIBHSHHI 31 CTPYKTYpOlO, siIKa Ma€ MiHiMalbHO-gomyctuMmy (M)
JOCTOBIPHICTh /71 MpPaBUJIBHOTO (DYHKI[IOHYBaHHS CHUCTEMH. TakuM YHHOM, 3aBJaHHS
3a0e3nedeHHs 1H(GOpMAIIHHOTO pe3epBYBaHHS CHCTEMH IIEPBHHHUX JAaTYMKIB TOXKEKHOI
curHaizamnii nepeadayae BAKOHAHHS IBOX OCHOBHHX €TaIliB:

1. BusnaueHHs cTpyKTypHu iHGOpMaIiiiHOI CHCTEMHU CUTHaJi3alii, [0 Ma€ MiHIMaJIbHO
JOIYCTUMY IS MPaBUIBHOTO (DYHKIIOHYBAaHHS CHCTEMHU JOCTOBIPHICTH PO3MI3HABAHHS IOJIMH,
TOOTO BOJIOJiE HEOOXiTHMMH MMOBIpHiCHMMH XapakTepucTHkaMHd (Ppv, Phtv Pav)™, 1€ Ppv —
HMOBIpHICTD NPABUIBHOTO BUSBICHHS; Pht — WMOBIPHICTH XHOHOI TPUBOTH; Pnv — WMOBIPHICTB
HeBHsBJICHH:; Md — 03HaKa MiHIMAaIbHO-IOIMYCTUMOI JJOCTOBIPHOCTI.

2. 3abe3neueHHs iHOPMaLIHHOTO Pe3epPBYBAHHS CUCTEMH, TOOTO BUOIP CTPYKTYpPH CUCTEMH
NEPBUHHUX JIATYMKIB 3 KPAIOI, MOPIBHAHO 3 MiHIMAJIbHO-JAONYCTHMOI CTPYKTYPOKO CHUCTEMHU
JIOCTOBIPHICTIO PO3Mi3HABAHHSA MOl TOOTO. IMOBIpHiCHUMHU XapaKTepucTHKaMH (Ppv, Pht, Prv)'", 1€
Ir — o3HaKa iHPOPMAIIHHOTO pe3epBYBaHHS.

SIK MOKa3yr0Th TOCIiKEHHS, MOXKHA 3pOOUTH BUCHOBOK TIPO T€, IO BHJ CTPYKTYPH CUCTEMHU
CUTHaJIi3aIlii 0JHO3HAYHO BU3HAYAEThCS Mapoio (N, Q) CTPYKTYpHHUX HTapaMeTPiB TaKOi CUCTEMH, JIe
N — KUTBKICTh PIBHOWMOBIPHOCHUX (TOOTO, 3 OJHAKOBMMH 3HaueHHAMH «, b 1 d nmaTyukis,
CKJIaJalouux cucremy, Q — 3HaueHHs 1HAEKCY Ma)XKOPUTApHOI CUCTeMH). Y 3B'SI3KY 3 IIUM, 3a]aya
BU3HAUEHHS BUJly CTPYKTYpPH CHCTEMM CHUTHaNI3alil MpO MOXKEXKY, L0 BOJOJIE MIHIMAJIbHO-
JIOITYCTUMOIO JIJIsl IPAaBUIIBHOTO (DYHKIIIOHYBAHHS CUCTEMH JOCTOBIPHICTIO pO3Mi3HaBaHHS MOIMH,
Moke OyTW IHTepHpeToBaHa HACTYMHUM YHWHOM: € JAaT4YUKU 3  PIBHONMOBIPHUMHU
XapakTepucTHKamH 4, b 1d, a Takox BapTicTio ogHOro narunka C, e a — UMOBIPHICTh PaBUIILHOTO
BUSIBJICHHS KOHTPOJIbOBaHOI mofil; b — #moBipHicTh xuOHOI TpuBoru; d — WHMOBIpHICTH
HeBUsBIeHHS. [loTpiOHO BU3HAUMTH BHJ ONTUMAIbHOI, B CEHCI MIHIMyMY N KUIBKOCTI
BUKOPHCTOBYBAaHUX JIaTUMKIB, CTPYKTYpU CUTHAJIBHOI CHCTEMHU IOXKEXKOraciHHsA, (TOOTO mapy
(n, Q)), mis sKOi WMOBIPHICTh MPABUIBHOTO BHSBJICHHS (Ppy) Oyiaa 6 He HIpKYe 3amanol (Ppv)?,
T00TO, (Ppv)> (Ppv)? a WMOBIpHICTH “XMOHOT” TPUBOTU — HE MEPEBHIYBaJIa O 33JaHOTO 3HAYCHHS
(pnv)?, 70610 (Prv)< (Phv)?. OCKiNBKK 3a/1aHi HOPMATHBHO-TEXHIYHOIO JOKYMECHTAII€I0 3HAUCHHS
HMOBIpHOCTEH IPAaBUIILHOTO BU3HAYCHHSI TTOXKEXKI (Ppv)? imo, 1 XUOHOT TPUBOTH (Phv)? wmo BU3HAYEHI
JUIL  TIPU3HAYEHOTO 3HAYEHHS WMOBIPHOCTI BUHHMKHEHHS MOMIT P(A)imo=Pumo, BIAMOBIIHO,
P(B)umo=1-p(A)umo=1-Pumo=Pumo ,TO OOUUCICHHS TPAaHUYHUX 3HAUCHB (Ppv)? Ta (Phv)? IS JOBUIBLHO
NpU3HaYyBaHOI WMOBIPHOCTI BHHUKHEHHs mofii P(A)=p 3xilficHIoeThes 3a Gopmynamu (Ppv)? =
(p/Pumo) (Ppv)ZPumo; (Prv)? = (P/Pumo) (Phv)Pumo. CTBOpPEHIi, TAKUM YHHOM, MHOXHHI A, elleMEHTaMHU
AKOi € BHIieHi KopTexi (Ppv, Pht, Prv)™", 0JHO3HAYHO BiOBia€ MHOKHMHA B, eleMeHTaMH SKOi €
napu (n, Q)™",

Homorpamu, modyaoBaHi B KOOpAWHATAX TUIOMIMHMU, JI€ BiCh aOCIIUC BiNOBIIa€ KIIBKOCTI
JaT4dKiB N, curHanbHOi cucremu noxexoraciHHs (CCII), a Bicb opauHAT — 3HAYEHHSIM
iimoBipHicHHX XxapakTepucTHK CCII — pum, A5 pi3HUX 3Ha4YeHB @, b, d 300paxeHo Ha pucyHKY 1.
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Ha moOymoBaHy KOOpAMHATHY IUIONIMHY HAHECCHO TOYKH, OPIUHATH SIKUX BIAMOBIIAOTH
3HAYCHHAM (Phv) €IEMEHTIB MHOKHHH A, a aOCIIMCH — 3HAYEHHSM N eJIeMeHTIB MHOKHHM B. Ha Tiit
K€ TUIONIMHI CUCTEeMH KOOPJAWHAT BHIUIEHO o0nacth C, UIsi MHOKUHH TOYOK SIKOT BUKOHYETHCSI
ymoBa (Phv)< (Phv)?. 3 prcyHka 1 MokHa 3pOOUTH BHCHOBOK, 1[0 MHOXHHA B PO3MaIa€ThCs Ha JBi
Henepeciuni maMuoxuau B i B2 Tak, mo ymoBa (Ph)< (Phv)? BUKOHYETHCS TIIBKH IS TOYOK, IO
BI/ITIOBIIAIOTh €JIEMCHTaM MHOKUHH Bo. Takum urHOM, BHIIeHO MHOXHHY Tap (N, Q), a oTxke, i
BU3HAYeHO MHOXHHY cTpykryp CCII, ckimageHux 3 pIBHOMMOBIPHICHUX JIaTYMKIB 3
xapakrepuctukamy a, b, d, ws sxux (Ppy)> (Ppv)? 1 (Pr)< (Prv)?.

3 muoxunn map (N, Q), BuminuMo Taky eauny napy (n, Q)", s sxoi 3nagenns S(n, Q) —
KUTbKICTh BUKOpUCTaHUX B cTpyKTypi CCII, miHiManbHe. MoKHA CTBEpKYBaTH, 110 CTPYKTypa
CCII, ans axoi 3aauenns S(n, Q) i Q BusHaueni naporo (N, Q), € MIyKaHOIO CTPYKTYPOIO, SIKA Ma€e
MiHIMQTBPHO-AONYCTUMY  JUISI  NPAaBWIBHOTO  (DYHKIIOHYBaHHS  CHCTEMH  JOCTOBIPHICTBH
pO3IMi3HABAHHS TMOXEXI NPH NPU3HAYCHUX paHille BUXITHUX JaHUX 1 oOMexeHHsX. Tak,
Hanpukian, skmo CCII yTBopeHa naTyuMkamu, HMOBIPHICHI XapakTepuCTHku sikux, a = 0.8,
b=d=0.1, #moBipuicth BuHUKHEHHs moxexi P =0.01, (Pp)Pumo =0.9 i (Pnv)Pumo =0.01
BiAnoBigHO, (Ppv)? =0.01x0.9=0.009, (pnv)? =0.99%0.01=0.0099, TO 3rigHO 3 PUCYHKOM 2 MAPOIO
(n, Q)" mna Takoi CCII e mapa (4, 3). Ilpomnexypa BiacHe 3abesnedenHHs iHpopMaliiiHOro
pesepsysanns CCII nonsarae y Bubopi 3 MEOKHHN Bz Takoi crpykrypu, mis sxoi (Phv)" < (Phv)™.
[MpencraBuBim MEHOKUHY Bo=M U |, 1e M — MHOXHHA, €JHHAM €JIEMEHTOM SIKOT0 € mapa (N, Q)Md,
pOGMMO BHCHOBOK, mo s Oymb-skoi mapu (N, Q) muoxuam | ymosa (Pn)" <(pm)™ —
BUKOHYETHCS.

Prod P
0.11 A 011 — ’/Q ~
0.1 /| oot | 0.1 i e U hos -
0.09 |2 \\ s001 0.09 \ N
0.08 0.08
0.07 \ 0.07 \
0.06 \\ 0.06 \
0.05 \ 0.05 Q=3
0.04 0.04
0.03 - 0.03 \ A
0.02 \ 0.02 -
0.01 Q= Q=5
Q=3 o Q=4 Q=5 o=6 Q=70 Q=8| N 0.01 0=0N\_9=6 n
01 2 3 4 5 6 7 8 9 10 0 1 2 3 4 5 6 7 8 9 10

Pucynok 1 — Bubip crpykrypu S(n, Q) indopmariiitno-peszepBoBanoi CCIT

Jlns ouiHkM piBHIB iH(popMariiiHoro pesepByBanHs CCII, BBeieMO KiJIbKICHY LIKaJly piBHIB
pe3epByBanHs. [1st 1150TO 3p00KUMO po306UTTs 06J1acTi C 1S TIIMHOKUHU TOYOK SIKOT BUKOHYETHCS
ymoBa (Phv) < (pnv)? Ha Tpu oamHakoBi Hemepeciuni migobaacti Ci, C2, C3 Tak, mo Ci1€](pn)?;
2(pnv)?13], C2€]12(prv)?13; (prv)?13], C3€](pnv)?/3; O]. Take po3OUTTS peACTaBUTH MHOKUHY [ TIap
(n, Q)", sk I=11U 12U 3. CTpykTypa cuctemu, mo Bu3HayaeThes mapoio (N, Q)"Ely, 3a6e3neucHa
nepuum pisnem indopManiiinoro pesepsysanns, napoto (N, Q)'Ely — dpyeum pisnem i maporo
(n, Q)"€Els — mpemim pienem indopmaniiiHoro pesepByBaHHs. s pO3TISHYTOr0 TIPHKIAY, KOJIH
CCII yrBopena nmatumkamu 3 xapakrepuctukamu a =0.8, b=d =0.1, map, mo BiAMOBiAIOTH
nepmwomy piBHiO ]0.0099; 0.0066[, Hemae; npyruil piBHeM iH(OpMaLIMHOrO pe3epByBaHHS
]0.0066; 0.0033[ Mae CTpyKTypy CHCTEMH, SiKa BHU3HAYae€ThCs maporo (4, 3); TpeTboMy PpiBHIO
10.0033; O[, BignoBimatots mapu: (5; 4), (6; 4), (7; 5) i T.1..

Jlnist 6171 JeTaabHOTo aHai3y moOyayBaHo rpadivHi 3aJIeXKHOCTI PUCYHKIB 2—4, 116 MOKHA
KOMILJIEKCHO OTPMMATH JIaHi Biipa3y MO yCiX mapaMeTpax CTPYKTypH, a came: @, b, d, n, Q, pcd, Pra,
Pnd 3 YpaxyBaHHSM piBHsI pe3epByBaHHs cTpyKTyp [VC.
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Pucynok 2 — Homorpama Pucynok 3 — Homorpama Pucynok 4 — Homorpama
3a51eKHOCTI Ped 1. Big n 3aseHOCTI Pra1q Bign 3aJIe)KHOCTI Pnd 1 q Big n

Anroput™m BUOOPY CTPYKTYpPH 32 TIOTIOMOTOI0 HOMOTpPaMU Ma€ HACTYIHUM BUTJISI:

1. Bubip garumkis indopmariii 3 meBHUMH HMOBIpHICHMMHU XapakTepucThukamu a, b, d. Jlns
npukiaay B3saTo garunku 3 2 = 0.9, b =d = 0.05.

2. 3a BUMOraMH HOPMAaTMBHO-TEXHIUYHOi JIOKyMEHTalli BH3HAYA€TbCA HMOBIPHICTD
NPaBUIBHOTO BHUSIBICHHS CUCTEMH Pcd.

3. 3a HOMOTPaMOIO OGHPAETHCS CTPYKTYPA [Ped, N, Q] AN AKOT ped > ped’™™.

4. BuszHauaeTbcst KOEIIEHT MaKOPUTAPHOCTI JJIsl OOpaHOi CTPYKTYPH B TaKUU crocio: N —
KOOpJAMHATa Mo 0ci abcuuc,  — KOOpIuHaTa 1o 0ci OpAUHAT Uit 00paHol Ha TpadiKy TOUKH pcd.

5. 3a HOMOTrpaMaMu ISl TAPaMEeTPIB pnd 1 Pfa BUBHAYAETHCSA MMOBIPHICTh HEBUSBICHHS pnd 1
MOMMJIKOBOT TPUBOTH Pfa UISI 0OpaHOT CTPYKTYPH.

[Iponierypa BUOOPY CTPYKTYpH 3a JOTIOMOTOI0 HOMOTpaMH MOXe OYTH TaKOX BHKOHAaHA 3a
HaBEJICHUM aJITOPUTMOM IIPH HASBHOCTI OOMEKEHb 110 KMOBIPHOCT1 HEBUSIBIICHHS a00 HMOBIPHOCTI
MOMMJIKOBOT TPUBOTH B HOPMATUBHO-TEXHIYHIA JJOKYMEHTAIIi1.

BucHoBku. BBeneHe mNOHATTA piBHA iHGOPMALIHHOTO pPE3epBYBaHHs, SBISE COOOIO
XapaKTepUCTUKY SKOCTI 1H(OPMALIMHOTO pe3epBYyBaHHS CTPYKTYp CHCTEM CHTHali3amii, M0
JI03BOJII€E TIPOBOJUTH TOPIBHSAHHS CHUCTEM CHUTHadi3alli pI3HUX 3a CTPYKTYpOIO 1 SIKICTIO
BUKOPUCTaHUX JIATUUKIB.

31 30inbLIeHHAM ~— piBHA  1H(QOpMALIHHOIO  pe3epByBaHHS  3pOCTa€  KUIBKICTb
BUKOPHCTOBYBaHHMX y CUCTEMaxX CUTHaJII3allli JATYMKIB, 1110 HAaKJIaJa€ Ha MPOLEAYPY pe3epBYyBaHHS
JI0JJaTKOB1 OOMEXEHHS! KOHCTPYKTHBHOT'O 1 EKOHOMIYHOTO XapaKTepy.

Hagenenuii ananiz iHpopMaiiHUX CTPYKTYp CHUCTEM CHUTHAJII3allil PO MOXKEXKY J03BOJISIE
OOTPYHTOBAHO MIIATH 10 POPMYBaHHS 3arajbHOI CTPYKTYPH CUCTEMH, 1110 33]I0BOJIbHIE BUMOTaM
HOPMATUBHOI JOKYMEHTallli 3 eKCIUTyaTallii CUCTEM I0KEXKOraciHHs, 1 BU3HAYUTH palliOHAIbHI
INPUHLIMIIN PO3MOAUTY MOTOKIB 1H(OpMAaLlii MK aBTOMAaTUKOIO 1 EKIMaXKeM.
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OOPMAJIIBALIA IHPOPMAHIFIHHX IHOTOKIB AJI51 3BAXHCTY
OINNEPAINIMHUX CUCTEM CIMEUCTBA BSD
BIJIl HECAHKIIOHOBAHOI'O JOCJIIIKEHHSA

Jyubkuii M. I, Fnatiok C. 0.1, Iosoxkenues A. A.l, Bepxoseun O. C.?
'Hanionanshuit aBianiiianii yaisepcurer, M. Kni, Ykpaina
?[lepskaBHUI HAYKOBO-IOCIIIHMI IHCTMTYT TEXHOINOTH KiGepOe3nexu Ta 3axucTy indopmarlii,
M. KuiB, Ykpaina

Anorauis. Ha cporomHimmHIN AeHP € aKTyadbHUMH THTaHHSA, MOB'SI3aHI 31  crenudikoro
iHQOpMaIiHHUX TOTOKIB OMEpaliifHuX CHCTeM, SKi € pecypcaMd KpUTHYHOI iH(opmMariiHol
iH(ppacTpyKTypu nepkaBu. MeTor MociiHKeHHS € dopmarizamis iHGopMaIiifHuX MOTOKIB IS OB
edexruBHOTO 3axucty OC cimeiictBa BSD Bix HecaHKIIOHOBAaHOTO AOCIiKeHHA. Lle M03BOMUTH BU3HAYNTH
iHpopmaniiiHi mporecn mocmimkyBanoi OC Ta po3pobutn edextuBHI 3amolixkHiI 3axomu. O6’eKTOM
TOCTTiDKEHHS € 1H(OpMaIiifHi TOTOKH omepaliiitHux cucteM ciMmeiictBa BSD. IlpemMeToM IOCTiHKEHHS €
3aXUCT oONepaliiHuX cucteM cimeiictBa BSD Big HecaHKIIOHOBAaHOTo IocmiKeHHS. [ mocsrHeHHS
MIOCTaBJIEHOT METH PO3pOOJICHO CTPYKTYPHO-aHANITHYHI MoJieNi iHpopManiiaux noTokiB OC cimeiictBa BSD,
0 Ja€ MOXIHUBICTH (hopMaitizyBaTd iH(OpMAIliiHI MPOIECH JOCIiIKYyBaHOI ONepamiiHOi CHUCTEMH 1
p03po6nsm/1 e(peKTI/IBHl KoHTp3axomu. KpiM 1poro, B poOOTI YAOCKOHAJICHO MaTeMaTHYHY MOJECIb
KUTBKICHOTO OL[IHIOBaHHSI IPOTPAMHHUX CUCTEM 3aXUCTY 1H¢)opMau11 AKa 6yne KOPHCHOIO AK [ MOPIBHSHHS
ICHYIOUHMX MPOTPaMHUX CHCTEM 3aXMCTy iHdopmarmii, Tak i Ui aHamizy 3MiH B aJrOpUTMax 3axUCTy
MPOTPaMHUX CHCTEM 3aXHCTY iHpoOpMaIrii.

KawuoBi ciioBa: nporpaMHuid 3aXUCT 1Hq)0pMau11 orepalliiHa cucrema, iHPOpPMAIiHUN TOTIK,
HECAHKIIOHOBAHE JIOCIIKCHHS, CTPYKTYPHO-aHATIITHYHA MOJIe]Tb, MaTeMaTHYHa MoJielb, BSD.

FORMALIZATION OF INFORMATION FLOWS FOR PROTECTION
OF BSD FAMILY OPERATING SYSTEMS FROM UNAUTHORIZED INVESTIGATION

Lutskyi M.}, Gnatyuk S.%, Polozhentsev A.}, Verkhovets O.2
!National Aviation University, Kyiv, Ukraine
2State Scientific and Research Institute of Cybersecurity Technologies and Information Protection,
Kyiv, Ukraine

Abstract. Today, the issues related to the specifics of information flows of operating systems, which
are the resources of critical information infrastructure of the state, are relevant. The aim of this study is to
formalize the information flows for more effective protection of the BSD family from unauthorized
investigation, which will allow to formalize information processes of the studied OS and develop effective
preventive countermeasures. The object of research is the information flows of the BSD operating systems.
The subject of research is the protection of operating systems of the BSD family from unauthorized
investigation. To achieve this goal, structural and analytical models of information flows of operating systems
of the BSD family have been developed, which makes it possible to formalize the information processes of the
OS under study and to develop effective preventive countermeasures. In addition, the mathematical model for
guantitative evaluation of software information security systems operating in user mode has been improved.
This model will be useful both to compare existing software information protection systems and to analyze
modifications in the protection algorithms of software information protection systems.

Keywords: software information security, operating system, information flow, unauthorized
investigation, structural and analytical model, mathematical model, BSD.

Beryn. CporojHi CrHocTepiraeTbcs 3pOCTaHHS KUIBKOCTI Ta CKJIaJHOCTI KiOepaTak Ha
KpUTHuHy 1HGpacTpykTypy [1], mo mpu3Beno A0 HEOOXIMHOCTI aKTyaji3allli cucTeM Oe3MeKH,
KPUTUYHMX JJIs HalllOHAJbHOI O€3MeKH, Y TOMY YHCII ONepaliifHuX cHcTeM, sKi BBaXalOTbCs
pecypcoM KpUTHUYHOI iH(OpMaIiitHOi 1HPpPacTpyKTypu AepKaBH, sKa 3a3BH4ail moOyJoBaHa Ha
3axuiienux onepauiinux cucrtemax (UNIX, BSD, Linux). Ane Oyab-ski onepariiiHi cucteMu Ta
KopuctyBaipke [13 MaroTh HeloNikK Ta MpobaeMH 3 0€3MeK0I0 Ha PI3HUX PIBHAX. AKTyaIbHUM €
MojieroBaHHs iHGopMaliiHuX noTokiB B OC, 1110 103BOIUTH O1bII €()EeKTUBHO BUSBIISTH 3arpo3u
6e3neni iHpopmarii, peani3yBaTH NPEBEHTUBHI 1 KOHTP3aXO0.IH.
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Meta poboTu. MeToro 1aHoro aocmipKeHHs € (opmarizaiis iHPopMaIliiHUX MOTOKIB IS
oubm edextuBHOro 3axucty OC cimeiictBa BSD Bim HECaHKI[IOHOBAHOTO JOCII/DKEHHS, IO
JI03BOJIUTHh BU3HAUMTH iH(poOpMaliiiHi mpouecu nocmipkyBanoi OC Ta po3podutu edexkTuBHi
3ano0KHI 3aX0H.

IlocranoBka mnpoOJjemu. Ha chorogHimHiid JeHb 3aJUINAIOTHCA BIAKPUTHMH ITHTAHHS
noB'sa3aHi 31 cnenudikoro iHGOpMaLiIHUX MOTOKIB OMNEpallifHUX CHCTEM, SIKI € pecypcaMu
KpUTUYHOI iHpopMariitHoi iHppacTpykTypu aepxkau (UNIX, cimeiicteo BSD, Linux), a takox
BIJICYTHICTIO aJIeKBaTHUX MAaT€MaTHYHHUX MOJENEH, SIKIi MOXKHA 3aCTOCYBATH IO PI3HUX CHUCTEM
3axucty. OnepkaHHs Ta MOPIBHAHHS KUIbKICHUX XapaKTePUCTHK YCKJIaJHEHO Yepe3 BUKOPUCTAHHS
MOJIENISIMU HU3KM YNHHHKIB, K1 BaXKKO (popmaizyBaTu.

Po3B’si3anns npo6yaemu. J{Jis 1OCATHEHHS OCTaBJICHOI MeTH Oya po3po0iieHa CTPyKTypHa
MoJiedb 1HQOPMAIIITHUX MOTOKIB MPOrPaMHOIO CEpPEeJOBHINA KOPUCTYBAIILKOTO 3aCTOCYHKY, B
koHtekcti HCJI (pucyHnok 1).

Ring 3
(Kinbue 3)
Mpouec 1 ) )
Mporpami 2HIMaHHA OamMny Nam'aTi,
TomTm ey T """"""""""""" + OuzacemBnoBaHHA, NACKEHI eMyMNATORK
! : Palin W0 BUKOHYETECR | » JiHaniqHa GicnioTexa : Kineua 3
i TabnuuA imnopTy 4—| TabnuuA iMNopTy  fa— )
i Tabnuua excnopTy — el TA0AMUA ERCNORTY 1 |
v v ————— —— sy 1 - ! MporpamMm MOoHITORMHIY
! 3 - : | i
: WHamMIHHa MHAMIYHA
! BifinioTeka ::I BibnioTeka :
! Tabnuua imnopTy | TA0AMUA IMOOPTY : AKTHEHI eMyNATORK KinsyAa 3
; |
| ]
: TabnvuA ekcnopTy ! TabrmyA eKcriopTy (=
|
i
g |
] Ring 0 ]
(Kinbue 0}
EnynaTopm Kinsua 0 3HeBagKyBaHi KinbuyA 0

IHCTPYMEHTW OOCAIGHKEHHA NPOrPaMHara Koay
il —— IH OPMALIAHI NOTOKK, WO ICHYIOTh YCEPEAMHI 33 BaHTaxeHOrD 0bpasy qainy
A ——— iHIpOpMaLiAHI NoToKK BE3aemo gl hainy, Wo BUKDHYETLER, 3 AMHaMIMHMKMK BiGnioTeKamMM
— ¢ m— — iHh OpMaLIFAHI NOTOKK BESAEMO LI KOPMCTYBAUEKIro pexuny (Ring 3) Ta pesxuny Agpa (Ring 0)

Pucynok 2 — CtpykTypHa MoJiesb iH(pOpMaliifHUX OTOKIB IPOTPaMHOTO CEPEOBHUIIA
KOPHUCTYBAIIbKOTO 3aCTOCYHKY

Po3pobnena B 1poMy JOCHiKEHHI Kiacu(ikamis iHPoOpMaliiHUX TOTOKIB Oyna
BUKOPHWCTaHA MPH MOOYIOBI CTPYKTYPHUX MOJIEJTIECH MPOrPaMHOTO CEPEIOBUINA B aCTIEKT] 3aXUCTY
iH(dopmalii Bi 3ac001B CKaHYBAaHHS.

3a3HaueHa MoJelb MiATBEPKYE HEOOX1THICTh PO3POOKH HOBUX CIIOCO0IB MPOTH/IIT 3ac00aM
HECaHKI[IOHOBAHOTO JOCIIIDKEHHS, a caMme: IporpaMaM MOHITOPHUHTY pPOOOTH aHaji30BaHOTO
3aCTOCYHKY, aKTHBHHM EMYIISITOpaM KOIy, M0 (YHKIIIOHYIOTH Yy KOPHUCTYBAIIbKOMY PpEXKHMI,
eMYJISITOpaM, 110 QYHKIIOHYIOTh Y PEXUMI S]1pa.

Kpim Toro, Oyno yZOCKOHaJeHO MaTeMaTW4YHY MOJeNb OLIHKM HaJiHHOCTI MpOorpamMHOi
CUCTEMH 3aXUCTy 1H(opMallii, ska 0a3yeThCcsl HA MapKIBCHKUX IpoLiecax.
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[Ipomec 3510My mNpoTrpaMHOI CHCTEMH 3axHCTy iH(opmarllii, sSka TMpaioe B PEKUMI
KOPHCTYyBa4a, MOKHA TIPECTABUTH 3a JIONIOMOTOI0 piBHSHE KonMoroposa:

[dp(;t(t): 1—2 Pi (1) [* A4(1) — P, (1) * (£, (1) + A, (1)),
dpd3t(t): 1—5 Pi (1) [* A, (1) = Ps () * (4 (1) + A (1)),
% :[1—2 Py (t)j*zg(t)— P (O* (A1) + 4, (1)),

< %Z P, (1) * A, (1) + Py (1) * A, (1) — ps (1) * A (1),
%= P20 * (1) + Pa(®)* 4 (1) — Ps (1) * 2 (1),
dpd7_t(t) = ps () * A, (1) + p, (1) * 4, () — p, (1) * A, (1),
dps(t) _

\ Ps (1) * A5 (1) + Po (1) * 2, (1) + P, () * A4, (1),

OTtpumana cucTemMa piBHSHB JI03BOJISIE BUBHAYUTH WMOBIPHICTh 3JI0MY IMPOTPAMHUX CUCTEM
3axucTy iH(opMarii y BUMAJKOBI MOMEHTH 4Yacy. YIOCKOHAJIeHa MOJIENb JI03BOJISIE OTPHUMATH
KUTbKICHI OLIHKH JJIS1 PO3TJISIHYTUX MPOTPaAaMHHUX CUCTEM 3aXUCTY iH(opMmallii, 1o GyHKIIIOHYIOTh
Yy KOPHCTYBALIbKOMY PEXHUMI.

BucHoBkH. Y po0oti Oyno po3poOieHO CTPYKTYpHO-aHAIITHYHI MOJEN iH(GOpMaIiifHuX
notokiB OC cimeiictea BSD, mo nae MoxnuBicTe ¢dopManizyBaTu iH(oOpMalliiiHi mnpouecu
JOCITIJIKYBAHOI OTepaniiHoi CUCTEMH 1 po3po0saTH epeKTUBHI MPEBEHTUBHI Ta KOHTP3aXO/IH.

Kpim TOro, Oyno yIOCKOHAJEHO MaTEeMAaTUYHY MOJENb KUIbKICHOTO OI[iHIOBAaHHS
MPOrpaMHUX CHCTEM 3aXHCTy iH(popMallii, 1o (YHKIIOHYIOTh Y KOpPUCTYBaIlbKOMY pexkumi. Lls
MoJIeNb OyJie KOPUCHOIO SIK JUIS MTOPIBHSHHS ICHYIOUHX MPOTPAMHUX CUCTEM 3aXHUCTY iH(opmaii,
TakK 1 JUIg aHaii3y 3MiH B allTOPUTMAX 3aXUCTY MPOrpaMHUX CUCTEM 3aXHCTy iHPOpMaIIii.
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3ACTOCYBAHHA IHTEJIEKTYAJIBHOI'O AHAJII3Y JAHHUX
AJ1AA BUABJIEHHS MEPEKEBOI'O BTOPI'HEHHA

IllanoBanenko O. JI.!, Knimenkosa H. A.?
lepxaBHuii yHiBepcUTET TeneKkoMyHikamii, M. Kuis, Ykpaina
?KwuiBchbKHil HalioHanbHUIT yHiBepcuTeT iMeHi Tapaca IlleBueHka, M. Kui, Ykpaina

AnoTtanisa. OcTaHHIM 4YacOM BUHHK BEJIMKUH iHTEpEC JI0 3aCTOCYBaHHS aHAJI3y TAHUX JJISl BUSBICHHS
BTOPTHEHb B KOMII'IOTEpHY MEpexy. B Te3ax po3risaaloThCs METOAU iHTENEKTYAIbHOTO aHaNi3y JaHuX B
cUCcTeMax BHSIBIICHHS BTOPTHEHb, a TAKOX THUIHM HEOOXiAHOTO JOCBiLY Ta iHOPACTPYKTYpu. Y pe3ynbTari
MIPOBEICHHS CKCTIICPUMEHTATLHUX TOCIIHKEHb MPOJAEMOHCTPOBAHO, IO HA TECTOBIH BHOOPII KpParmIoro
MOJIEJITIO CHICTEMH BHISIBIICHHS] aHOMAJTii € BUKOPUCTaHHA Kiacu(]ikaTopa Ha OCHOBI METO/Y JIepeBa PillleHb
HOPIBHSHO 3 METOJaMH OIIOPHHUX BEKTOPIB Ta K-HaiOmmxkuux cycinis. HaBuanHs Moeni 3aiiCHIOBAIN Ha
Habopi manux Big MIT Lincoln Labs 3 dotupma kareropismu arak: DOS, R2L, U2R Tta probe. [dani
MIOTIEPEIHRO HOpMalli3yBanucs 3a joromoroto 0Oibimioreku StandardScaler. IlpencraBiena mojenb
BUSIBIICHHS aHOMAJIiii MOKe CIyTryBaTtu e()eKTUBHHUM JOTIOBHEHHSIM 10 cTaHIapTHUX [DS AJ151 MOKpaleHHs
CHCTEMH OE3ITeKN MEPexKi.

KarouoBi cjoBa: iHTeneKkTyanpHUI aHami3 JaHWX, MOHITOPHUHT aHOMaNiil Tpadiky, MamInHHE
HaBYAHHSI.

APPLICATION OF DATA MINING TO DETECT NETWORK INTRUSION

Shapovalenko O.1, Klimenkova N.?
IState University of Telecommunication, Kyiv, Ukraine
2Taras Shevchenko National University of Kyiv, Kyiv, Ukraine

Abstract. Recently, there has been great interest in using data analysis to detect computer network
intrusions. The abstracts consider methods of data mining in intrusion detection systems, as well as the types
of experience and infrastructure required. Experimental studies have shown that in the test sample, the
preferred model of the anomaly detection system is the use of a classifier based on the decision tree method
compared to the methods of reference vectors and k-nearest neighbors. The model has been trained on a data
set from MIT Lincoln Labs with four categories of attacks: DOS, R2L, U2R and probe. Data have been pre-
normalized using the StandardScaler library. The presented model of anomaly detection can be an effective
addition to the IDS standard to improve the network security system..

Keywords: data mining, traffic anomaly monitoring, machine learning.

Beryn. Meronu 1HTENEKTYyaabHOTO aHai3y JIaHMX Bce OUIbIE 3aCTOCOBYIOTh B CHCTEMax
BUsIBJIEHHsI BroprHeHHs [1-3]. Hanpukaza, MeToan BUSIBICHHS aHOMaJIii MOXKYTh BUKOPHCTOBYBATUCS
JUIsl BUSIBJICHHSI HE3BUYAMHUX IIa0JIOHIB Ta MOBEAIHKU. AHaI3 MOCWIaHb MOYKHA BUKOPUCTOBYBATH
JUISL BIICTEKEHHSI BIPYCIB /10 3JI0BMUCHHKIB. A Ki1acuQikalliio MO>KHa BUKOPUCTATH /sl TPYILyBaHHS
pi3HUX Kibeparak, a MOTIM npodull Ui BUSBIEHHS BTOPTHEHb I 4ac iX 3.iiicHeHHd. Cucrema
BusiBsieHHs BTopraeHb (IDS — Intrusion Detection System) € ofHi€r0 3 TEXHOIOT1# TS ITiBHIIICHHS
Oesnexkn mepexi [4]. Bona 30upae iHopMmariro Nmpo NEBHI KIIOYOBI TOYKHM B MEpPEXl s
TEXHIYHOTO aHalli3y, MO0 3HAWTH BIAXWICHHS a00 aTaku BTOPTrHEHHs. TeXHOJOris AMHAMIYHOL
0e3nexu NMpu3HaueHa /sl BUSBICHHS Mepexi, CUTHai3alil Ta pearyBaHHsa. OCHOBHOIO (YHKIIIEIO
IDS € BusiBneHHS HaB’S31MBOi TMOBEIIHKH Ta BUSBJICHHS HaB s3nuBuX mnoxaii. Ilo cyri, 1e
kiacudikamis AaHUX NMpo MOBEAIHKY Mepexi [5]. [lani mMepexi MOAUIAIOTHCS Ha 3BUYAMHI Ta
HEHOpMAaJbHI JaHi, 1 CY/UKEHHsS PO AHOMAJbHY IOBEAIHKY — II€ BUSBIIEHHS BTOPIHEHb.
3acTOCYBaHHS METOMIB 1HTEJIEKTYaJIbHOIO aHali3y JJaHUX B CHUCTEMaxX BHUSBIIEHHS BTOPTHEHb
MOJKJIMBE B JIBOX HampsAMax: Mo0yJoBa Mojeseil aTak 3 BUKOPUCTAaHHSIM METOJIB Kiacudikaiii B
npolieci BUSBJICHHS Ta 1MoOynoBa Mojelneld HOPMaidbHOI aKTUBHOCTI 3 BUKOPUCTAHHSIM METOJIIB
MOUTYKY BUKJIFOUEHb B MIPOIIEC] BUSBIICHHS.

IMocTanoBka 3agaui. SIk 1 B Oynap-fKkiil 1HIIN 3ama4l MalIMHHOTO HAaBUYaHHS BHUOIp
MPAaBWIBHUX O3HAK ISl aHOMAi Mae mepuIoyeproBy BaXJIMUBICTb. JlesiKi anropuTMu NoTpedyroTh
BBOAY Y (hOopMi 4acOBOI0 MOCIIOBHOTO MOTOKY JaHHX, ajieé Ha MPaKTHUIl YacTille NOTPeOyeThCs
reHepatlis creriaibHo chopMOBaHUX MOTOKIB JAHUX, JI0 AKUX OYI1yTh 3aCTOCOBYBAaTHUCH aITOPUTMHU
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BUSIBJICHHST aHoMaiiii. Hamoro 3amadero B poOoTi € moOymoBa MOJeIi CHCTEMU BHSIBJICHHS Ha
OCHOBI METO/IIB MAIIIMHHOI'O HaBYaHHS.

MeTta po6oTH — EKCIEpHUMEHTAIbHE IOCII/DKCHHS 3aCTOCYBaHHS METOIIB MAIIMHHOTO
HaBYaHHS Ui MOOYIOBH MOJeNCH BUSBJICHHS aHOMANiW JUIsI CUCTEM BHSBICHHS MEPEKEBOTO
BTOPTHEHHS.

OcHoBHa yacTuHa. Sk HaOip nanux Oynu oo6pani gani MIT Lincoln Labs MaccauyceTcpkoro
TEXHOJIOTIYHOTO 1HCTUTYTY. Jlanumu € mociigoBHocTi makeTiB TCP nokanbsHOT Mepeki siki 30upanu
MPOTATOM JICB’SITH THIXKHIB B IMiTalliiHid Mojeni. JlaHi MICTSATh BChOTO YOTHUPH KaTeropii aTak:
DOS (BimmoBa B o6cimyroByBanHi); R2L. (Remote—to—local — HecaHKIIOHOBaHE OTPUMAHHS TIPaB
kopuctyBaua); U2R (HecaHKI[IOHOBaHE IMiJBUIICHHS MpPaB KOPUCTYBava JI0 CYIIEPKOPUCTYBAYA);
probe (ckaHyBaHHS MTOPTIB 3 METOIO OTPUMaHHS KOH(IACHIIHHOT iHpopMalii).

Takox mig yac momnepeaHboi 0O0poOku maHmx Oyia moMmiueHa HeOe3rnmeyHa OCOONMBICTh —
PO3IOMIT KOKHOI O3HAKM MAa€ BEIMKHH PO3KWA, M0 MOXE TaKO)XX BIUIMBATH Ha TOYHICTB
IPOTHO3YBaHHS MOJENi, ToMy Oylia IpoBeIeHa HOpMali3alis 0o3HaK pisHUMHU criocobamu. [licus
BUKOPUCTAHHS JAEKIIBKOX METO/IB HOpMautizanii 3ynunmincs Ha StandardScaler [6].

Jns  peamizaiiii 3amporioHOBaHOI MOJENI BHSBICHHS BTOPIHEHb BHUKOPHCTOBYBAIUCH
HACTYNHI ainropuTMu kiacudikaiii: meron omopuHux BekTopiB (LinearSVC), merox nepea
pimens(DecisionTreeClassifier) Ta meron Haitbmmkgoro cyciga (KNeighborsClassifier). B tabmumi
1 mpencraBieHi pe3ynbTaTd pOOOTH AITOPUTMIB.

Tabmuus | — TounicTh 3a pe3yJibTaTaMu po60OTH AJITOPUTMIB
Haszpa [Ipenpouecinr Hopwmamnizamii banancyBanHs
DecisionTreeClassifier 0.7566 0.7567 0.7761
KNeighborsClassifier 0.7369 0.758 0.758
LinearSVC 0.6857 0.7218 0.7219

3rijgHo 3 TAOIUIICI0 MOKHA TPOCITIIKYBATH, SIK 3MIHIOBAJIaCh TOYHICTb IICIISI BIIOCKOHAJICHHS
Mojiesiell. 3aranbHa TeHACHIIIS Taka, 110 YCYHEHHS HeJOMIKIB J0IoMarasio miBUIIyBaTH TOYHICTb.

BucHoBkH. Y po0OTi 3alporOHOBAHO MOJENb CUCTEMHU BUSBJICHHS BTOPTrHEHb Ha OCHOBI
METO/IB MAIlIMHHOTO HaB4YaHHs. Peamizaiiisi Mojen BTOPrHEHb Oylia BUKOHaHA 3a JIOMOMOTOIO
TPHOX aNTOPUTMIB Kjacudikaiii. ¥ xo/i aHamizy 0ysn0o oOpaHO HaMKpaluil aJiIrOpUTM — MOJIETh
JIEpEeB pillleHb. 3aIIPOMIOHOBAaHA MOJIENIb MOKE OYTH XOPOIIKUM JOMOBHEHHSIM 70 cTannapTHux DS,
10 MO’KE€ TIOKPALIUTH CUCTEMY O€3MEKH MEPEKI.
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LINKED LIST SYSTEMS FOR SYSTEM LOGS PROTECTION
FROM CYBERATTACKS

Boyko V.1, Vasilenko M.}, Slatvinska V.?
!National University "Odessa Law Academy", Odesa, Ukraine
2International Humanitarian University, Odesa, Ukraine

Abstract. System logs are one of the main components for detecting intrusion and the presence of
hidden malware in the system. Their protection is insufficient. There is a new type of rootkits malware which
uses existing vulnerabilities in the log system to mask its presence in the system. Killchain for such a rootkit
will look like other rootkits, but once inside the system, the rootkit will have the opportunity to escalate
rights and editing logs to hide your presence and the fact of the invasion. We suggest to use a system based
on blockchains as an efficient and computationally undemanding tool for protecting system logs.

Keywords: rootkits, malware detection, malware, cyberattack, blockchain, log, SIEM.

Introduction. The article predicts an increase in the volume of malware that uses the
modification of system logs to hide traces of being at the Lateral Movement stage (according to the
MITRE ATT&K classification [1]). Tracking down these kinds of attacks is difficult to track down
and inefficient in most of today's mid-tier web servers. To improve the efficiency of web server
protection and early intrusion detection, it is proposed to build a web server log protection system
based on blockchain technology. Such a system is based on the authors early ideas [2], as well as
its development in the report [3].

The purpose of the work. The study is the implementation of a protecting logs solution with
the help of blockchain.

Formulation of the problem. There are three main tools for detecting and searching for
rootkits: binary file analysis, system and user behavior analysis, and system log analysis [4, 5].
Typically, existing antivirus software uses a combined approach that combines first two ones.
However, there are certain limits to the effectiveness of these approaches, which are determined
mainly by the limitations on the power of the computing resources of the hardware.

Solving the problem. At the same time, one of the main tools for both primary and secondary
intrusion diagnostics are event logs (logs) of software and system logs (operating system logs).
These are sets of diagnostic messages that are generated by regularly or irregularly functioning
software and can be effectively used to detect the fact of the invasion with taking further actions.
That is why along with the analysis of files and activity we classify it in the third category of
protection tools. Logs are often the only way to work on disclosing incidents, their analysis can be
carried out in various ways - both manual and automated - by selecting signatures and heuristic
rules, however, they are applied not for the analysis of binary files, but for the analysis of messages
in the logs.

Logs are valuable material for analyzing the nature of attacks, the behavior of the attacking
side and informing in the case of a breach of the defense [6].

Working with logs and system logs is an important component of the system's security,
therefore, if an integrated security system is deployed, it must include SIEM - Security information
and event management, which was previously a combination of SIM (Security information
management) that is a system for managing information about security, and SEM (Security event
management) that is a security event management system.

SIEM provides real-time analysis of security events (triggers) emanating from various devices
and applications and allows to respond to possible threats proactively. Modern delivered SIEMs
can have rather complex and branched architectures and include many different sources of
information. However, the use of SIEM is widespread among large corporations, but mid-level web
servers are characterized, firstly, by the absence of any integrated security system, and secondly, by
neglect of collecting, protecting and processing logs.

Cybercriminals have already begun to include into malware the tools for masking the presence
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of malware in the system [7], including by modifying logs, which complement other masking tools
well (timestomping, process masking, etc.); the presence of even the most primitive attack - a simple
deletion of logs - reduces the visibility of malware in the system a lot, makes it difficult to detect
and diagnose malware, and allows rootkits to function for a long time without detection, which in
turn increases the scale of infection.

According to the MITRE classification [1], attacks related to modification of logs (Indicator
Removal on Host: Clear Linux or Mac System Logs) belong to the metaclass with 1D T1070. At
the time of writing of this article, 17 types of malicious software that use the T1070.001 technique
(Clear Windows Event Logs) and 3 varieties that use the T1070.002 technique (Clear Linux or Mac
System Logs) have been registered.

Specifically, the database describes malware S0279 Proton which removes logs from /var/logs
and /Library/logs, G0106 Rocke which clears log files within the /var/log/ folder and G0139
TeamTNT that removes system logs from /var/log/syslog.

The most promising option for protecting syslogs is linked list-based protection (blockchain
technology). Unlike traditional protection methods, does not require many system resources and
can be recommended for implementation in the most vulnerable mid-level systems.

Protecting logs with the help of blockchain makes it possible to complicate "backdating"
modification of logs, which greatly complicates the implementation procedure (attacker need to
select hashes, modify logs, while a rootkit usually has very limited resources), which (a) reveals the
very fact of intrusion into system (b) leads to "swelling" of the malware and the use of large
resources, which again increases its "footprint” and facilitates detection.

This technology is best suited for managing security and ensuring data integrity in distributed
systems. At the same time, to "sign" the data distributed in the system, technologies that are quite
low in terms of requirements for computing resources are used - which allows the use of blockchain
technologies even in low-level applications and relatively modest hardware systems in terms of
technical characteristics.

Another advantage of the blockchain is the ability to store, distribute and maintain the integrity
of data even if this data is stored in an open form - in this case, the blockchain works as a guarantee
of data integrity and protection from modification by a third party "on the fly".

Conclusion. The proposed system is scalable and can be implemented in variants of various
reliability/performance ratios. The system thus obtained is practical, does not require a resource-
intensive structure for storing and backing up system logs, imposes minimal requirements on the
technical qualifications of the maintenance personnel, and, provided that the source link is stored
outside the system, allows organizing reliable protection against the attacks described above. Thus,
the use of blockchain will protect one of the most vulnerable and priority elements of the security
system.
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Cexkuist H. [HpopMariitHO-KOMyHIKaI[iiHI TEXHOJIOTIi B HAYKOBHUX JTOCIIIPKEHHSIX

BUKOPUCTAHHS TPAHCAUCIHMUILIIHAPHOI OHTOJIOITI
ITP1 BUBYEHHI TBOPYOCTI IBAHA ®PAHKA

Aramanuyk B. I1.}, Aramanuyk I1. C.?
'Harionansuuii nentp «Mana akanemis Hayk Ykpainuy», M. Kuis, Ykpaina
2TepHOMNINBCHKHIT HAITIOHAIBHUH MEearoriyHui yHiBEpCUTET
imeHi Bomogumupa I'natioka, M. TepHomine, Ykpaina

AHoTamis. Y Te3ax 3IIHCHIOETHCS aHajli3 MOMXJIMBOCTEH BHMKOPUCTAHHS TPaHCIWCIMILTIHAPHOL
OHTOJIOTI 4715 penpe3eHTanii indopmanii mpo TBopuicTh IBana @panka (Ha OCHOBI POTpaMu 3 YKpaiHCHKOT
mitepatypu st 10—11 kmaciB, piBeHb cTaHAapTy). O0’€KTOM TOCTIIKEHHS € BUBYEHHS XapaKTePHUX 03HAK
SBUINA TPAHCIUCIMIUIIHAPHOCTI y HAYKOBUX I OCBiTHIX BuMipax. llpeamerom mociimkeHHS €
TpaHCAUCUUITTIHAPHA OHTOJIOTIA K IHCTPYMEHT JIsl BUPILICHHs HAYKOBUX 3aBAaHb. MeTa poOoTH moJsirae
y CTBOpPEHHI TpaHCAMCUHWILTIHAPHOI OHTOJNOTii Ha OCHOBI TBopuocTi IBama ®dpanHka 3a mporpamor 3
yKpaiHchkoi mitepatypu s 10—11 kimacis (piBeHs cranmapTy). HaykoBa 3HaUYyIITICT AOCITIKEHHS TOJISTAE
y BU3HAaYeHHI 0araToBUMIpHOCTI i1 0araTopiBHEBOCTI TPaHCANUCIMIUTIHAPHUX TOMIYKIB, SIKi 3yMOBIIOIOTHCS
BUBYCHHIM HAyKOBUX MpoOJeM 3a JIOTMIOMOTOI0 aHali3y OaraTOMaHITHHUX MPOEKLIH Yy Pi3HUX HAYKOBHX
IUIOMIMHAX, [0 (opMye MUTICHY TpaHCOUCIMIUIIHAPHY mapamurMmy. llpakThdHa 3HAYYIIiCTh poOOTH
BHU3HAYAETHCSA PO3TISAOM BXKIMBHX PUC TPAHCAMIUIUTIHAPHOI OHTOJOTIT Ta 3aco0iB ii BHpaXeHHS Ha
Mmarepiaii ¢pparMeHTy HaBUaJILHOI MPOTpaMu 3 yKpaiHchkoi Jitepatypu mist 10—11 xmaciB; 3aificHeHHSIM
Bi3yamizarii copMoBaHOi TPaHCIUCIHUILIIHAPHOI OHTOJIOTII 3a ITOMOMOTOI0 KOTHITHBHOI IT-mmardopmu
«(IOJIIEAP» (KIT «IIOJIIE[P»); MOXIHBOCTIMH BUKOPHUCTaHHS pi3HEX (opM  Bizyamizamii
TPaHCAUCUUITTIHAPHOT OHTOJIOT1.

KarouoBi cjoBa: TpaHcoucIUMIiTHApHA OHTOJIOTIS, TPaHCAWCIMILTIHAPHICTD, KOTHITHBHI CEpBICH,
nporpama.

THE USE OF TRANSDISCIPLINARY ONTOLOGY
IN THE STUDY OF IVAN FRANKO’S WORK

Atamanchuk V.1, Atamanchuk P.?
!National Center “Junior Academy of Sciences of Ukraine”, Kyiv, Ukraine
Ternopil Volodymyr Hnatiuk National Pedagogical University, Ternopil, Ukraine

Abstract. Theses analyze the possibilities of using transdisciplinary ontology to represent information
about the work of Ivan Franko (based on the program of Ukrainian literature for grades 10-11, standard
level). The object of research is to study the characteristics of the transdisciplinarity phenomenon in scientific
and educational dimensions. The subject of research is transdisciplinary ontology as a tool to solve scientific
problems. The aim of the study is to create a transdisciplinary ontology based on the work of Ivan Franko in
the program of Ukrainian literature for grades 10-11 (standard level). The scientific significance of the study
comprises the multidimensionality and multilevel nature of transdisciplinary research, which are determined
by the study of scientific problems through the analysis of diverse projections in different scientific fields,
which forms a holistic transdisciplinary paradigm. The practical significance of the study is determined by
the consideration of important features of transdisciplinary ontology and means of its expression on the
material of a fragment of the curriculum in Ukrainian literature for grades 10-11; by the implementation of
visualization of the formed transdisciplinary ontology with the help of cognitive IT platform “POLYEDR”
(KIT “POLYEDR”); by the opportunities to use different forms of transdisciplinary ontology visualization.

Key words: transdisciplinary ontology, transdisciplinarity, cognitive services, program.

Beryn. Konnenuis TpaHCAUCHUIUTIHAPHOCTI (OPMYE TEOPETUUHY OCHOBY MPOJTYKTUBHOTO
BUKOPHUCTaHHA 1H(OPMAIIIIHO-OCBITHIX pecypciB, CHPSMOBAaHUX Ha (OPMYBaHHSA €IUHOTO
1H(pOpMaliifHO-OCBITHBOTO cepenoBuIna. KoHIeniis TpaHCIUCUUIUTIHAPHOCTI OCMHUCIIOETHCS Y
nparix C. Jlosroro [2], O. Crpmwxkaka [4], O. [lanarina [3] Ta iH. BaxnuBumu 1HCTpYMEHTaMH
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3MIMCHEHHS  HAyKOBUX TMOINYKIB €  TpaHCAUCHUIUIIHApHI  oHrtomorii  [1].  3okpema,
TPAHCAMCUUIUTIHAPHI OHTOJIOT1I CUCTEM 3HaHb BUCTYMAIOTh y POJIi BAXKIMBHX 3aC00IB CTBOPEHHS
MEPEKEIICHTPUYHUX KOTHITUBHHUX CEPBICIB, AKI 3a0€3MeUy0Th aHalli3, CTPYKTYpYBaHHS, BIIOIp
iH(popMarlii 3a TEBHUMH KPHUTEPisIMH, IIO CTBOPIOE YMOBHU JUIs ii mojanblIioi iHTeprperamii i
3aCTOCYBaHHSI 3 ypaxyBaHHSAM O0araToMaHITHHX CTPYKTYpPHUX B3a€MO3B’si3KiB. [Ipu mpomy
OHTOJIOTiSl PO3MIIAAETHCS K CTPYKTYpHA YHiiKallisi MeBHOI MpeaMeTHOI cepu 3a JOIMOMOTOI0
CMHUCJIOBUX MOJIENeH, M0 MICTATh omucu 0a30Boi iHGopMaIii, sKi MalwTh 1€papXidyHe
BIIOPSIKYBaHHS Ha OCHOBI TXHIX BJaCTUBOCTEH Ta B3a€MOJIIH.

IMocTaHoBKa 3amavi. Y mpolieci BUKOHAHHS JOCHITHUIIBKUX 3aBJaHb BUHHUKA€E moTpeda y
Y4iTKOMY CTPYKTYpyBaHHI iHQOpMaIlii, sIKa OCMHCIIOETHCS; Yy BCTAHOBJICHHI KOpensiil Ta
lepapXivyHUX 3B’sA3KIiB MK KOMIIOHEHTAMH CTPYKTYPH.

Meta podoTH — 31iHCHUTH KOHCTPYIOBAaHHS TPAHCIUCIMILIIHAPHOI OHTOJIOTII Ha OCHOBI
TBOpYocTi [Bana ®dpanka 3a mporpamoro 3 ykpaiHchkoi Jiteparypu s 10—11 kimaciB (piBeHb
CTaHJApTYy).

OcHoBHa yacTuHAa. TpaHCAMCHUIUTIHAPHA OHTOJIOTiSA 3a0e3redye MOMKJIUBOCTI  JJIA
CIPUHHATTA YiTKO CTPYKTYpOBaHOI iHpopMaii i3 Bizyali30BaHUM BiJOOPaKEHHSM CTPYKTYpPHHUX
KOMITOHEHTIB, 1110 CTBOPIOE MEPEIyMOBH UIS IIUTICHOTO OXOIUICHHSI HABYAJIbHOTO MaTepiaiy s
JOCITITHUKA, MOJJIMBOCTI /Il 0araTOpiBHEBOTO aHaNi3y, KEpyBaHHS arperoBaHMMH JaHUMH.
I[porec popMyBaHHS TpaHCAUCIUIUTIHAPHOT OHTOJIOTIT CKIIAJJAETHCS 13 TAKUX €TaIliB: CEMAaHTUIHUN
aHaJIi3 MpOrpaMu 3 YKpPaiHCHKOI JIITepaTypH, TAKCOHOMI3allisl mporpamu, (GopMyBaHHS CTPYKTYpH
JOKYMEHTY Ha OCHOBI BHJIUJICHUX TEPMiHIB/TIOHATH (KIacH TEpMiHiB, 00 €KTH KJIaciB TEpPMiHIB) Ta
KOHTEKCTIB, BU3HAUEHHS iXHIX XapaKTepUCTUK W B3a€MO3B’SI3KiB, Oe3nocepenne (opMyBaHHS
OHTOJIOT1YHHUX OIHUCIB.

Bizyamizamist chopMOBaHOI OHTOJIOTIT 3IIMCHIOETBCSA 3a JIOIMOMOrOX KOTHITHBHOI IT-
wiathopmu «ITOJIEJIP» (KIT «I1OJIIEAP») [5], sixka 3abe3nedye MOMXKIHBOCTI 3/iHCHIOBATH
KOoHIlenTorpadiuHuil aHami3 BEIMKUX OOCATIB MPOCTOPOBO PO3MOMIICHOI HECTPYKTYpPOBAHOI
iHpopmanii (Big Data), ctpykrypyBatu 110 iH(opMallifo, BU3HAYaTH KOHTEKCTHI 3B S3KH IS
MOJAJIBIIIOTO TPOTHO3YBAHHS IMOBIPHHMX KOpeNsiii Ta BimOopy iHdopMarii. Bizyamizamis
OHTOJIOTI] y BUIIIANI OoHTOrpada (pucyHOK 1) pemnpe3eHTye CTpYKTypy HaBYaJIbHOTO MaTepiamy,
IIPUCBSIYEHOT0 BUBYEHHIO TBOPUOCTI [BaHa ®PpaHka.

Ykpainceka Aitepatypa 10-11 k7 X 4+ ¥

c

@ editor.stemua.science,

YkpaiHceka niteparypa 10-1...

__)Komnosuuis 36ipky «3i'ane nucTs»
) - YKPAIHCBKA NITEPATYPA ) Teopw 36ipKa «3ipAne nucTA»

Mporpama Ans 3aranbHoCCBITHIX FioboeHa Tema

HaBvanbHuX 3aknagie 10-11 knacy (pisetb
cTaHaapty)
[IE) » noscHioanbHa sanvcka
2 - 10knac
DK = Anaponatxosoro
(GaMOCTIfHOTO) MUTAHHS
) » Bctyn. Peanictuuna
yKpaiHcbKa npo3a
[,ﬂ » Tearp kopucpeis
Y » Twman ayxy | aymkm Isax
DpaHKo
[ » MonepHa ykpaicoka
nposa
) » oopasme croso
OETUHHOTO MOJEpHI3My
[ZE) » nireparypa piaHoro kpato
| » Y3aranoHeHHs Ta
cuUcTeMaTU3auIa BUBYEHOTO

Y » 11knac

) ABTOGIOrpaIHHcTS

) ipamarmam-crocyHKis

) Toetnira sBipka «3is'ane nmcran

KT KOHTEKCT Tema 8

MiKysaHi peaynbTati HaguanbHo-NisHaBanbHOI AIANLHOCTI y4HIB Tema 8

(_)3micToBNi 38'A30K

") @inocothoska moesis

‘OYiKysaHi pesynbraTi HaB4anbHO-NisHaBaNbHOI QiSNLHOCTI y4HIB Tema 9

_)pobnemaruka Teopy «Moiicen»
% )Aponor o fnoemu

: Teopis-niteparypu-rema-10 ) fToema «Moicein

yMICTeLbKuiA-KOHTeKCT Tema 10
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Pucynox 1 — @parMeHT OHTOJIOT] Y BUIIIAII OHTOrpaga
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BucnoBku. IlpakTnyHa  3HAYYNIICTH  JOCHIDKEHHS  TOJSATAaE y  CTBOPCHHI
TPaHCAMCUUIUTIHAPHOI OHTOJIOTII, sIKa BijoOpa)kae OCHOBHI MapaMmeTpu TBopuocTi IBana dpanka.
3rajjana OHTOJIOTIS TIOCTa€ Yy BHIJIAAI IHTEPAKTUBHOTO JOKYMEHTa 13 Pi3HOMaHITHUMH
MOYIJIMBOCTSMU BI3yaJIbHOTO TIPEACTABICHHS, IO JEMOHCTPYE pi3HI paKypcH CHPUHHSATTA
iHopmMartii, pi3HOMaHITHI TPOEKIlii 00’€KTIB Mi3HAHHSA, 3a0€3MEUyI0Ur TEPCIEeKTUBU iXHBOTO
OCMUCIICHHS 3 IHTETrpaliiHuX MO3MIIN, a TAKOXK crpHsie (GOpMyBaHHIO LIUTICHOTO YSBJICHHS PO
HUX 32 JOTIOMOTOI0 BiITBOPEHHUX B3aEMO3B’S3KIB Ta 1€pAPXIUHOI BIIOPSAAKOBAHOCTI.
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IPOI'PAMHUM CEPBIC AHAJII3Y PEAKIIA HA PYXOMHWM OB'EKT

Basiio K. B.1, Ilerpenko 0. 0.2, ®po.osa J. C.2, KoBanenko C. 0.2, Iioouenko K. M.2,
9 9 9 9
Py6an A. M.3
epraceknii nepsxaBuuii TexHONOr YNNI yHiBEpcuTeT, M. Uepkacu, Ykpaina
qupKaCLKI/Iﬁ HalllOHAIBHUH YHIBEpCHTET iMeH1 bormana XmenbHuIbKoro, M. Yepkacu, Ykpaina
$Yepkackka MemuuHa aKkajnemis, M. Uepkacu, Ykpaina

Anoranisi. B po0oTi npencTaBieHo pe3ynbTaTé BUIIPOOOBYBaHHS BIIACHOTO MPOTPAMHOTO CEPBICY
aHami3y peakiiii Ha PyXoMuil 00’€KT, SIKUH 3a0e3Medye OpraHi3amiio i 3pydHHi ONepaTHBHUN KOHTPOIb
nepebiry miarHocTuuHOi mnponeaypu. Jlns peamizamii Takoi mpoueAypd BHUBYAIMCA JWHAMIYHI
XapaKTepUCTUKU TPOIeciB 30yIKEHHS 1 TalbMyBaHHS y ICHTPajbHI HEPBOBIH CHUCTEMi 3a TOUYHICTIO
CEHCOMOTOPHOTO pearyBaHHsI B TpyIax CIOPTCMEHIB pi3HOTO BiKY, KBaidikaii Ta cnemianizamii. HaBeneHo
Pe3yIbTAaTH EKCIIEPUMEHTAITLHUX BUTIPOOYBaHb PO3POOICHOTO MPOTPAMHOT0 MMPOAYKTY, YHM IMiJITBEPIKEHO
BUCOKY 1H(OPMATHBHICTh Ta HAJIIIHICTh pe3yJIbTATIB TECTYBAaHHS HA 3HAYHIM BUOIPII TOCTIKYBaHHUX OCi0
pi3HOBIKOBUX Tpymn. TakoX MpPOJAEMOHCTPOBAHO BHUCOKY CTaOUIBHICTH POOOTH TPEACTaBICHOTO
NPOTPaMHOTI0 MPOIYKTY, HE3aJEeKHO Bifi KUIBKOCTI Ta TPUBAJIOCTI MPOBEICHUX IOCHTIKeHb. [lokazaHo
NEePCIEKTHBA BHKOPUCTAHHS [OTO TPOTPaMHOTO CEpBiCYy Yy CIOPTHBHIM, MEIWYHIH, MCUXOJOTIUHIH,
(hizionorivHild, aBiamiHO-KOCMIYHIN cdepax, a TakoXK y NEeNaroriYHii NPaKTUIll IS JIarHOCTHKH
(yHKLIOHAJIBHOTO CTaHy LEHTPaIbHOI HEPBOBOI CUCTEMH.

KarouoBi cioBa: nporpamHuii cepBic, peakilis Ha pyXOBUH 00°€KT, IIEHTpaJibHA HEPBOBA CHUCTEMA,
BPIBHOB&)KEHICTh HEPBOBHX IIPOIIECIB, 30POBO-MOTOPHA PEAKIIisl.

SOFTWARE SERVICE FOR ANALYZING REACTIONS TO A MOVING OBJECT

Bazilo C.%, Petrenko Yu.?, Frolova L.?, Kovalenko S.?, Lyubchenko K.2, Ruban A2
! Cherkasy State Technological University, Cherkasy, Ukraine
2 Bohdan Khmelnytsky National University of Cherkasy, Cherkasy, Ukraine
3 Cherkasy Medical Academy, Cherkasy, Ukraine

Abstract. The paper presents the results of testing its own software service for the analysis of reactions
to a moving object, which provides organization and convenient operational control of the diagnostic
procedure. To implement this procedure, the dynamic characteristics of the processes of excitation and
inhibition in the central nervous system for the accuracy of sensorimotor response in groups of athletes of
different ages, qualifications and specializations are studied. The results of experimental tests of the
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developed software product are given, which confirms the high informativeness and reliability of the test
results on a large sample of subjects of different age groups. High stability of the presented software product
regardless of the number and duration of the conducted researches is also demonstrated. Prospects for the
use of this software service in sports, medical, psychological, physiological, aerospace spheres, as well as in
pedagogical practice for diagnosing the functional state of the central nervous system are shown.

Key words: software service, reaction to a motor object, central nervous system, balance of nervous
processes, visual-motor reaction.

Beryn. Bigomo [1], 110 OCHOBHOIO 03HAKOIO TMHAMIYHOCTI HEPBOBUX MPOIIECIB € MIBUIKICTh
BHp06neHH;1 YMOBHHX pe(pneKCiB i nﬂq)epeHuiIOBaHb Tak, mpu aHasi3i BpiBHOBaKEHOCT1 HEPBOBHUX
IPOLIECIB IPOBOIUTHCA MOPIBHSHHSA CUJIM IPOLIECIB 30yKEHHs Ta rajpMyBaHHs [2]. ¥V BUNaaky,
KOJIM O0OHM/IBa MPOIIECH € CHIIBHUMH 1 B3a€EMHO KOMIICHCYIOTH OJMH OJHOTO, TO MOBa HJe IMpo
BPIBHOB&)XCHICTh LUX TMPOLECIB. Y MPOTHBHOMY BHIIAJKYy, Y OJHOTO i3 IMpoleciB Oyae BHUILA
aKTUBHICTb, sKa OyJie MPOSABIIATUCS HE JIMILIE PEeaKLisIMU B KOp1 TOJIOBHOTO MO3KY, ajie¢ i B 1HIIMX
oOmactsax. Bumieckasane q0BOAUTH, IO ICHYIOTh MIMPOKOMACIITa0HI 3B SI3KH MiX IIEHTPAJIbHOIO
HEPBOBOIO CHCTEMOIO 1 TICUXIYHUMHU TIPOIIECAMH, SIKI BaXKJIWBI TMPU CHPUHHATTI PYyXiB Ta
(GopMyBaHH1 YSBJIEHHS Takoro pyxoBoro akry. lle Hajae HaykoBe MIAIPYHTS AJIS HOJANIBIIMX
JOCITIJIKeHb BIUIMBY 30aJIaHCOBAHOCTI HEPBOBHX IPOLIECIB HAa PyXOBY aKTHBHICTh JIIOAMHU B ii
npodeciiHii qiIbHOCTI.

Merta fgociiKeHHs: TMIIBUINEHHS 00 €KTUBHOCTI Ta €(EKTUBHOCTI OI[IHIOBaHHSA
XapaKTEPUCTHK PeaKIlii Ha pyXOMUH 00’€KT IIISXOM 3aCTOCYBAaHHS PO3pPOOJIECHOTO MPOTPaMHOTO
CepBiCy AJIS aHAJI3y [IUX peaKiii, SKUi 3JaTHUI OLIIHUTH apaMeTpu 30yKEHHS 1 TalbMyBaHHS Y
[EHTpaJIbHIIl HEPBOBIN CHCTEMI B Pi3HUX IMOJISX 30DY.

ITocTanoBKka npoﬁ.ﬂeMn Jlis BHU3HA4YEHHS BPIBHOBA)KEHOCTI HEPBOBUX IIPOLIECIB Y
HeHTpaJ‘IBHlI/I HEpBOBIil cuctemi po3po0ieHi pi3HI METOAMKH, 1110, B OUIBLIOCTI, IPYHTYIOTHCS Ha
peaKIiisiX Ha pyXOMHiA 00 €KT 1 IPECTaBJICHI Y BUTIISAI aBTOMATH30BaHUX CUCTEM TECTYBaHHS Ta
OTPUMAaHHSA JaHuX. JlesKi 3 IIMX METOAUK € KOMIUIEKCHUMH TECTOBUMH IpOrpaMaMH, 10 SKHX
BXOJINTh BH3HAYEHHSI JIATEHTHOTO TIEpioly 30pOBO-MOTOPHOI pEeaKIlii 3a mepeBaKaHHIM IPOIIECiB
30y/DKEHHS 1 TAIbMYBaHHS, & TAKOXK OKPEMO pO3p0oOJIeHI CITOCOOH OI[IHKM Yacy pPeaKIlii IO JUHU Ha
pyxomi 00’extu. [IpoTe, OCHOBHUMH iX HEJOJIKaMU € HECHPOMOKHICTh OTPUMAHHS KUTbKICHOI
OIIIHKU OKPEMHUX XapaKTEPUCTUK PEaKilii Ha pyXOMHH 00’ €KT, a TAKOK HAYKOEMHICTh Ta TEXHIYHA
CKJIQJIHICTh JJOCIITHUIBKOTO OOJIaJJHAHHS Ta 3HAa4YHI BUTPATH yacy. TakoX Ha ChOTOJIHI BUHHMKAE
n0Tpe6a B OL[IHII HOBUX XapaKTEPUCTHUK, K1 HE BU3HAYAIOTHCSA iCHyIO‘II/IMI/I po3po6KaM1/I y raiysi
TEXHIKH. Tomy B pobori TMPOMOHYEThCS TPOrPAMHHUIA cepBic IS aHamsy peakiiii Ha pyxoMmuii
00’€KT Ta OLIHKU NapaMmeTpiB 30y/DKEHHS 1 TalbMyBaHHS y I_IeHTpaJ'IBHII/I HEpBOBIN cucTeMi B
PI3HUX TIONISAX 30pY 3@ CKIATHUX Ta CIHPOMICHUX YMOB CHPUHHATTA, 1 B SIKOMY BPaxOBYIOTHCS
0COOJIMBOCTI pearyBaHHs y Pi3HOI'O KOHTUHTE€HTY HaceJIeHHS.

OCHOBHi pexuMH Po0OTH NPOrpaMHOro mpoaykrty. Ilporpamuuii mpoaykT «Sniper»
pO3po0JIeHNH T Ha OCHOBI 3allaTEHTOBAHOI'O CIOCOOY BHM3HAUYEHHS 30Y/)KEHHS 1 TaJbMyBaHHS Yy
LEHTpaJIbHIl HepBOBiit cucteMi [3]. IIporpaMHuil IpoAYKT Ja€ MOXKIUBICTh BU3HAYATH NTapaMeTpH
peaxiii Ha pyXxoMHil abo HepyXOMuUil 00’ €KT 3a PI3HUX YMOB IpeJ’ ABJIE€HHS 30pOBOr0 MMOAPa3HUKA.
3pyuHuil cyyacHH# i1HTepdeic mporpamu 03BOJISIE KOPUCTYBady B IHTEPAKTUBHOMY PEXUMI
HAOYHO CIIOCTepiraTH y JiBiif YacTHHI BIKHA 33JaHi HOTOYHI HajamTyBaHH:. [HTEepdeiic mporpamu
pu BUOOPI OCHOBHUX PEXHUMIB 300pakeHO Ha pucyHkax 11 2.

OOroBopeHHsl pe3y/bTATiB BUKOPUCTaHHSA nmporpamu. B ampoOanii nporpamu «Sniper»
Opann ywacte Oinbire Hik 300 oci® pi3HOi cTari BikoM Bia 12 g0 25 pokiB, mo mpodeciiiHo
3aliMaloThesl ciopToM. B mpormeci gociiakeHHs, 0cOOM MiAJIArald BUIPOOYBAaHHSAM B PEXUMI
«TouHICTB» 3a TaKMX MapaMeTpiB: MIBUIKICTh PyXOBOro o0’ekTy: 250 Mm/c; niameTp MilleHi Ta
TOYKOBOro 00’ekTa: 15 MM; KiNbKICTh 3aBaaHb: 32. BukopuctanHs «Sniper» MpH J0CHIIKEHHIX
IoHUX OackerOomicTiB 12-13 pokiB Moka3ano OCOOJUBOCTI pearyBaHHA Ha PYXOMHH 00’ €KT
PI3HOCTATEBUX T'PYI CIIOPTCMEHIB B yMOBaX O1HO- Ta MOHOKYJSIPHOTO CIPUNHATTS. 3a JaHUMHU
TECTYBaHHs CEHCOMOTOPHOI PEAKTHBHOCTI Ii€l I'pyNH CHOPTCMEHIB BUSBIEHO MEpeBaKaHHs
BIUTMBY Ha (hOpMYBaHHS IPOCTOPOBOI TOYHOCTI PyXiB MPOLECIB 30y KEHHSI 1 TajlbMyBaHHs. Takox
i JOCHIKEHHS MOKa3aliy, 1110 Ha CEHCOMOTOPHY PEaKTHBHICTh MOKE BIUIMBATH JIaTEPaIbHICTh
30pOBOTO CEHCOPHOTO BXOJMy, IO JO3BOJWJIO BCTAHOBUTH KOPENSIIHHI 3B’SI3KM  MIX
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CEHCOMOTOPHOIO Ta PYXOBOK MAisUIbHICTIO. JlOCTiDKeHHST peakiii Ha 00°€KT cepel MOJIOAUX
cioptcMeHiB 17-20 pokiB mokasaiy MosiBY FeHIEPHUX pO301KHOCTEH y TOYHOCTI CEHCOMOTOPHOTO
pearyBaHHsT B yMOBax 30UIbIICHHS IIBHIKOCTI PyXy OO’€KTa, IO BKa3ye Ha BUHUKHCHHS
nucOanaHcy mpolieciB 30yKeHHS 1 ralbMyBaHHS [IPH 3MIHHOMY BXiJHOMY curHaii. [Iporpamumii
aHaJi3 JiSTIbHOCTI IIEHTPaIbHOT HEPBOBOI CUCTEMH KBali)iKOBAaHMX CIIOPTCMEHIB ITOKa3aB Mepexis
y CcTaH 30Yy/DKCHHS MPU 3MiHAX MIBUIKOCTI BXIJIHOTO 30pPOBOTO CUTHANY B AI[MKIIYHHX BHIAX
CIOPTY, IO HE CIHOCTEPIraioch y HUKIIYHUX BHJAX CHOPTY. TakuM YHUHOM, BHXOISMYH i3
CIIOCTEPEXKEHB 3a AiIMU OOCTEKYBAaHUX 1 aHAIIZY pe3yJbTaTiB poOOTH MPOrpaMu, MOXKHA 3pDOOHUTH
BHCHOBOK PO KOPEKTHICTB ii poOOTH.

® Sniper 4.2 | © Neobuesxo K. M, LKNSukr.net
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Pucynok 1 — Iarepdeiic mporpamu «Sniper» (1 — qani 00cTexKyBaHOT0; 2 — MOBa; 3 — poboui
napaMeTpHu TOYKOBUX 00’ €KTIB Ta MillleHel; 4 — pexkuMu poOOTH; 5 — BUIU peaKiiiii;
6 — mapameTpu TeHeparlii 3aBJiaHb; 7 — 3aTpUMKa; 8 — TOKYMEHT, B SIKOMY 30epiratoTbcs
pe3ynbratyu; 9 — kHonka «CrapT»; 10 — pe3ynbraTu TecTyBaHHS; 11 — ekpaH pexuMiB;
12 — toukoBuit 00’€eKT (cHapsAn); 13 — MilIeHb) Npu 0OpaHHI PeKUMY — peakilis o nepudepii
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Pucynok 2 — Intepdeiic mporpamu «SNiper» mpu oOpaHHi PeKUMIB:
a — TOYHICTh; O — peax1is Mo LIEHTPY; B — Mpale3JaTHICTb

BucHoBkH. 3amponoHOBaHUN MPOTrpaMHUN CEpBIC [JO3BOJISE BU3HAYMTH HOBI SIKICHI
XapaKTepUCTUKHM peakiii Ha pPyXOMHH O0O0’€KT 1 CHIBBIJHOIICHHS IMpOIECciB 30YyIKEeHHS 1
raJbMyBaHHSI y IICHTPAJIbHIM HEPBOBIM CHUCTEMI, MIJBUIIUTH OO0 €KTHBHICTh Ta €()EKTHUBHICTH
OILIIHKH IHX XapaKTePUCTUK OpraHi3My moauHd. L[ meromornoriss Moke OyTH 3aCTOCOBaHA IS
BUKOPUCTaHHSA y MEIUYHIN, MCHUXOJOTiYHiM, (i310JI0TIYHINi, CIOPTUBHIM, aBialiifHO-KOCMIYHIH
chepax, a TaKkoXK Yy NEAAroriyHid MpakTUI[l AJs JIarHOCTUKK (PYHKLIOHAJIBHOTO CTaHy Ta
BU3HAYEHHS MOBEAIHKOBUX MOXKJIMBOCTEH 0ci0 pi3HOTO BiKY Ta Mmpodeciii.

Cnmncoxk BUKOPUCTAHUX JIZKepeJt

1. Leel. C,, Livesey E. J. Second-order conditioning and conditioned inhibition: Influences of speed
versus accuracy on human causal learning. PLoS ONE. 2012. Vol. 7 (11). e49899.
doi: 10.1371/journal.pone.0049899.

2. Malagarriga D., Villa A. E. P., Garcia-Ojalvo J., Pons A. J. Mesoscopic segregation of excitation
and inhibition in a brain network model. PLoS Comput. Biol. 2015. Vol. 11 (2). €1004007. doi:
10.1371/journal.pchi.1004007.

3. Crnoci0 Bu3HaueHHs 30y/KEHHS 1 Ta/lbMyBaHHS Y [IEHTPaIbHil HepBOBil cuctemi: ITat. Ne 118142
Vkpaina, MITIK A61B5/16 (2006.01) / 1O. O. ITetpenko, C. O. Kosanenko, JI. C. ®pososa, Ta iH. (Ykpaina).
3asBi1. 06.02.2017; omy6u. 25.07.2017, bron. Ne 14. 6 c.
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MOJAEJIOBAHHSA E-IHOPACTPYKTYPU YHIBEPCUTETIB
JIJIA PO3BUTKY BIIKPUTOI HAYKHU B YKPAIHI

Npau 1. L.}, lerpoe O. M., Bazemok H. B.}, Bopoaienko O. B.!, Ciro6oaaniok O. M.?
1IHCTI/ITYT BHINOI OCBITH HamionansHOT akageMii egaroriyHux Hayk Ykpainu, M. KuiB, Ykpaina
’BiHHMIBKHH HAI[IOHAILHWH TeXHIUHII yHIBepCcUTET, M. BinHuIA, YKpaina

Amnorauis. Po30ynoBa e-iHppacTpyKTypH YHIBEPCHTETIB € KIIOYOBOIO YMOBOIO PO3BUTKY BiIKPUTOT
HAyKd B YKpaiHi, ii ycmimHuoi iHTerpamii a0 €BpOMEHCHKOr0 JOCTIAHHUIBKOTO TMPOCTOPY Ta
€Bporneiicbkoro mpoctopy Bumoi ocBiTH. O0’€KTOM JOCTIKCHHS € €KOCHCTEMa BiJIKPUTOI HAyKH, a
IpeaIMeTOM — JOCTiAHULBKI e-iH)pacTpyKTypH YHIBEPCUTETIB ISl BIAKPUTOI HayKu. MeTa TociiKeHHs
MOJISiTA€ Y TEOPETHYHOMY OOIPYHTYBaHHI MOJEIl €KOCHCTEMH IOCHIIHUIBKUX e-iHQpacTpyKTyp
YHIBEPCUTETIB I PO3BHTKY BIAKpHUTOI Hayku B YKpaini. Ha mocsrHeHHs meTn Oyjo BH3HAYEHO Taki
3aBOaHHA: 1) BUBHAYHUTH CKJIaJ OCHOBHHX KOMIIOHEHTIB €KOCHCTEMH BiJKPHUTOI HAyKH; 2) 3MiHCHUTH
TEOpeTHYHE OOTPYHTYBaHHS MOJETi EKOCHCTEMH IOCHiAHULBKHUX €-iHPPacTpyKTyp YHIBEpPCHUTETIiB
VYkpainu; 3) HagaTu NPOMO3ULiil MO0 PO30YI0BH AOCTIIHUIBKUX e-iIHPPACTPYKTYp BIAKPUTOI HAYKH B
VYkpaini. Y gociipKeHHI BAKOPUCTaHO METOIM aHaIl3y, CHHTE3Y, MopiBHAHHS JokymeHTiB €/[I1 ta €I1BO
Ta HAayKOBUX Mpallb MIOA0 BIPOBA/KCHHS BIAKPUTOI HAayKH. MeTOJ MOJEIIOBAaHHS BUKOPUCTAHO IS
PpO3poOIeHHS MOJIEIi €KOCHCTEMH JOCHTITHUIBKUX e-1HQpacTpyKTyp yHiBepcHTETiB YKpaiHu. 3ailicCHEeHO
KUIBKICHUH Ta SKICHUM aHaji3 JOCBIly BUKOPUCTaHHS JOCIIIHUIBKUX 1HQPACTPYKTYp B YHIBEPCUTETAX
VYkpaian. Y pesynbTaTi MOCHiIKeHHS, Ha OcHOBI y3arampHeHHs craHfaptie UNESCO, EU, European
University Association, BH3HaY€HO CKJIaJ] OCHOBHHX KOMITOHEHTIB €KOCHCTEMH BiJKPHTOI HAYKH:
BiIKpUTI naHi gociimkenb (Open research data); Bimkputuii noctyn ao myodgikaiiii (Open access to
publications); zamyueHHs TpPOMaaCHKOCTi; OCBiTa 1 BMIHHS; TOCTIAHMIIBKA BiAMOBIJANBHICTE Ta
IOOPOYECHICTD; OIIHIOBAaHHS PE3yJbTATIB JOCIiIKEeHb. 3allPOTIOHOBAHO Ta TEOPETHYHO OOTPYHTOBAHO
MOJIENTb €KOCHCTEMHU JOCIiTHUIBKUX e-iHPpacTpyKTyp yHiBepcuTeTiB Ykpainu. Ha ocHOBi aHamizy
NPaKTHYHOTO JAOCBIy YKpaiHCHKHUX YHIBEPCHUTETIB BHUSBJICHO MPOOJIEMU BUKOPUCTAHHS 1 OCHITHUIIBKUX
e-1H(pacTpyKTyp Ta HAAAHO MPOIMO3UIII 00 PO30yAOBH JOCHTITHUIBKUX €-iHQPACTPYKTYp BiIKPUTOI
HayKd B YKpaiHi.

KarouoBi cioBa: BimkpuTa Hayka, €KOCHCTeMa BIAKPHUTOI HAYKH, JOCIITHHUIBKA iH(PACTPYKTYypa,
e-iH(ppacTpyKTypa; MOJEIIOBaHHS.

MODELING E-INFRASTRUCTURE OF UNIVERSITIES
FOR THE DEVELOPMENT OF OPEN SCIENCE IN UKRAINE

Drach 1.1, Petroye O.%, Bazeliuk N.%, Borodiyenko O.%, Slobodianiuk O.?
LInstitute of Higher Education of the National Academy of Education Sciences of Ukraine,
Kyiv, Ukraine
2Vinnytsia National Technical University, Vinnytsia, Ukraine

Abstract. Developing universities” e-infrastructure is crucial for progressing open science in Ukraine
and its successful integration into the European Research Area and the European Higher Education Area.
The object of research is the open science ecosystem, and the subject is the universities’ research e-
infrastructures for open science. The study aims at theoretically substantiating the model of the universities’
research e-infrastructures ecosystem for the development of open science in Ukraine. The following tasks
have been defined to achieve the aim: 1) to determine the main components of the open science ecosystem;
2) to conduct theoretical substantiation of the model of research e-infrastructures ecosystem of Ukrainian
universities; 3) to provide proposals for the development of research e-infrastructures of open science in
Ukraine. The study has used methods of analysis, synthesis, and comparison of ERA and EHEA documents
and research publications on implementing open science. The modelling method has been used to develop a
Ukrainian universities’ research e-infrastructures ecosystem model. Quantitative and qualitative analysis of
the experience of using research infrastructures in Ukrainian universities has been carried out. As a result of
the study, based on the generalisation of UNESCO, EU, and European University Association standards,
such main components of the open science ecosystem have been determined: open research data; open access
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to publications; public involvement; education and skills; research responsibility and integrity; research
performance evaluation. The model of research e-infrastructure ecosystem of Ukrainian universities is
proposed and theoretically substantiated. Based on the analysis of the Ukrainian universities’ practical
experience, the problems of using research e-infrastructures are identified, and proposals for developing open
science research e-infrastructures in Ukraine are provided.

Keywords: open science, open science ecosystem, research infrastructure, e-infrastructure, modelling.

Beryn. Cepen KIIIOYOBHX TPEHIIB PO3BUTKY YHIBEPCUTETCHKOI HAYKH Ha Cy4aCHOMY eTarli
nudpoBux TpaHchopmarlliii € OaraTokpaTHe 30UIBIICHHS OOCATIB JaHUX, (YHKIIOHYBaHHS
CKJIaJHUX EKOCHCTEM JIOCHIAHUIBKUAX €-IHPPACTPYKTYp Ta pPO3BUTOK BIAKPUTOI HAYKH,
XapaKTEepHUMH O3HaKaMH fKOi € IIPO30pi, TOCTYIHI AJIs BCIX Ta HOBTOPHO BUKOPUCTaHI HAyKOBI
3HAHHS, BIIKPUTI MPOLECH IiX CTBOPEHHS Ta OLIHKM 13 3aly4eHHAM ILIHUPOKOro KoJia
3aiHTepecoBaHuX CTopiH [1; 2, c. 4-5].

IlocTanoBka 3agaui. 3a JTaHuMu onUTYBaHb, y 2020 p. mumie 29 % 3akiiaiiB BUIOT OCBITH
VYkpainu Oynu rortoBi ao iHTerpamii 3 HamioHanpbHUM pemo3uTapieM akaJaeMidYHUX TEKCTIB
(HPAT) [3], mro cBimuuTh Mpo 3arajbHUN HU3BKHHA PiBEHb BUKOPHUCTAaHHS YHIBEPCHUTETAMHU
HasBHUX IOTYXHOCTEH JOCHITHUIBKOI e-iHppacTpykTypu. llepemkoorw 1010 PpPO3BUTKY
BIJIKPUTOI YHIBEPCUTETCHKOI HAayKH Ta Ii iHTerparii y ekocucremy Biakputoi Hayku €C € Takox
HU3bKHI 3arajdbHUl piBEHb PO3BUTKY e-iHpacTpykryp Ykpainu [4, c. 138]. HeBigknamHicTh
3aBJaHb 1010 pO30yI0BU AOCTITHUIBKUX €-1HQPACTPYKTYp YHIBEPCUTETIB CIIPUUMHEHA TAKOK
3HAYHUM PYHHYBaHHAM (i3U4YHOI IHPPACTPYKTYypH OararboX yHiBEpPCHTETIB BHACIIJOK BOEHHUX
niii PO B YkpaiHi Ta MOKIUBOCTSIMU, K1 BOHU BiJIKPUBAIOTH UIsI IOCIIIHUKIB YHIBEPCUTETIB Ta
yci€el JOCHITHUIIBKOT CTIUTBHOTH YKpaiHU B yMOBaX BUMYIIEHOT BialeHOi poOOTH.

Meta aocC/iqKeHHS: TEOPETUIHE OOTPYHTYBAHHS MOJEII €KOCHCTEMU JTOCIITHUIBKUAX €-
1H(PaCTPYKTyp YHIBEPCUTETIB AJISl PO3BUTKY BIIKPUTOI HAYKU B YKpaiHi.

OcHoBHa yacTuHa. BignosigHo no cranmaptie UNESCO [5], EU [6], European University
Association [2] Ta iH., €KOCHCTEMY BIAKPUTOI HAyKH CKJIAJAlOTh TaKi OCHOBHI KOMIIOHEHTH:
BiIKpuUTI naHi nocuimkensb (Open research data); Bigkputuii foctyn no myomikamniid (Open access
to publication); 3amydeHHsI TPOMaJCHKOCTI; OCBITa 1 BMIHHS; JOCIITHUIIbKA BIAMOBIIAIBHICTh Ta
NOOPOYECHICTD; OLIIHIOBAHHS PE3YJIbTAaTIB IOCIIIKEHb.

Exocuctema mocCiigHUIBKOI e-IHQPacTPYKTypu pO3IJSAA€ThCS HaMHU K MiJCHCTEMa B
€KOCHCTEMI BIJIKpUTOI HayKH, L0 SBJIsE€ COOOI0 KOMILJIEKC €-3aco0iB, SIKI HAJAAalOTh PECypCcH Ta
HOCIYTH YYEHUM, CHIBPOOITHHKAM, CTyJ€HTaM Ta YCIM IHIIMM YJ€HaM JIOCTIAHUIBKUX CHUIBHOT
BIJIKpUTOI HAyKH JIJIsl IPOBEACHHSI TOCI1/PKEHb Ta CIPUSHHS 1HHOBAIISIM.

3anpornoHoBaHa MoJielb, po3po0JeHa 3 YypaxyBaHHSIM HAasBHOI JOCHIAHHUIIBKOI e-
1HpacTpykTypu YKpaiHu, BijoOpa)kae OCHOBHI HapsMHU HOJITUKH 3 (POPMYBaHHS Ta PO3BUTKY
€KOCHCTEMHU JIOCHITHULBKUX €-1H(QPaCTPYKTyp BIAKPUTOI HAyKH YHIBEPCHUTETIB, SIKI CTBOPIOIOTH
MOJKJIMBOCTI YYE€HUM, CHiBPOOITHUKAM, CTYACHTaM Ta yCIM IHIIUM YJE€HaM JOCHiJIHUIBKHX
CHUIBHOT JJIs 3aJIy4€HHsI B ITPOLIECH BIIKPUTOT HAYKH Ha BCiX eTanax JOCIiKeHb (PUCYHOK 1).

[IpoananizoBaHO JOCBiI YKpaiHCBKHMX YHIBEPCUTETIB Ta BHSBJIEHO MpoOiieMu
BUKOPHCTaHHS JOCTIAHULBKUX e-iH(ppacTpykTyp. HamaHno npono3uii 3 po30y10BH €KOCHCTEMHI
JOCTIAHULIBKUX €-1HPPaCTPYKTyp BIIKPUTOI HAYKH YKPATHCHKUX YHIBEPCHUTETIB I MOCUIICHHS
iX JOCHIAHUIIBKOT CHPOMOXKHOCTI, PO3BUTKY HAIIOHABHOT €KOCHUCTEMH BIAKPUTOI HAyKH,
IpUCKOpeHHs ii iHTerpamii 1o €BponenchKoro JOCHiTHUIIBKOTO MPOCTOpY Ta €BpOMEHCchKOro
MPOCTOPY BUIIOI OCBITH.

90



MoniTuKa BiAKPWUTOT HAYKK

BIAKPUTI AIAHI OCBITA | BMIHHA
AOCNIAMEHD * Moodle
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* Google Meet, Microsoft
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= Open Science Framework
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Towo + Open Ukrainian Citation Index (OUCI)
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Pucynok 1 — Mojenb ekocucTeMu AOCHITHULBKUX €-IHPPACTPYKTYp YHIBEPCUTETIB Y KpaiHU

Bucnosku.

1.V nocnimkenHi, Ha ocHOBI y3aransHeHHs crannaptiB UNESCO, EU, European University
Association, 3’ICOBaHO CKJIaJl Ta 3alPONOHOBAHO CTPYKTYPY OCHOBHHMX KOMIIOHEHTIB Cyd4acHOI
€KOCHCTeMHU BIIKpUTOI HAyKU: OCHOBHI KOMIIOHEHTH: BIAKPUTI HaHi mociuimkenb (Open research
data); Bimkputuii noctym xo myomikaiii (Open access to publication); 3amydeHHsS] TPOMaJICEKOCTI;
OCBiTa 1 BMIHHS; JOCHIJHHUIIbKA BiJIOBINAIBHICTh Ta JTOOPOYECHICTH; OI[IHIOBAHHS PE3YNbTaTiB
JOCJIIIKEHb.

2. Po3pobiieHo Mozenb EeKOCHCTeMHU JOCHITHHUIIBKUX e-1HPPACTPYKTyp YHIBEPCHUTETIB
VYkpainu.

3. Ha ocHOBI aHaii3y NpakTUYHOIO AOCBiY YKPAaiHCHKUX YHIBEPCUTETIB Ha1aHO MPOMO3MILI|
3 po30yIOBH €KOCHUCTEMHU AOCHITHUIBKUX €-IHQPacTpyKTyp AJI MOCWIEHHS iX JOCTIAHUIBKOT
CIPOMOYKHOCTI, PO3BUTKY €KOCHCTEMH BiJIKPUTOT HAYKH Y KpaiHH.
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B. Jlyrosoro, O. ITerpoe. Kuis: In-t Bumoi ocBitt HAITH Ykpaiunu, 2021. doi: 10.31874/978-617-7644-53-
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4. Technology and Innovation Report 2021. Catching technological waves. Innovation with equity.
United Nations Conference on Trade and Development (UNCTAD). 2021. 196p. URL:
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JOCBIJ 3ACTOCYBAHHSA CEPBICY GOOGLE ANALYTICS 3A 2012-2021 POKH
JJIs1 OHNIHIOBAHHSA EOEKTUBHOCTI BUKOPUCTAHHA BEBPECYPCIB
HAYKOBO-IIEJAT'OI'TYHUX YCTAHOB

IBanoBa C. M., Kiibuenko A. B.
[HcTuTyT Mdporizaiii ocBiTH
HamionaneHoi akaneMii memaroriyHux Hayk Ykpainu, M. KuiB, Ykpaina

AHoranisi. B po6oTi mpoananizoBaHo JOCBiA 3acTtocyBaHHs cepBicy Google Analytics 3a mepion
2012-2021 pp. st OLIHIOBAaHHS C(EKTUBHOCTI BHKOPHUCTAHHS BEOPECYpCiB HAyKOBO-IIEIAroriuHuX
yCTaHOB Ha npukJiani BebcaiiTy «Enekrponna 0i6miorexa HAITH Ykpainw» [nctutyTy udposizartii ocBiti
HamionansHoi akafgemii neparoriyaux Hayk Ykpainu. Posrnsnyto moxknuBocti cuctemu Google Analytics.
HaBeneHo HU3KY MOKa3HUKIB MO0 MOHITOPUHTY CAaHTy HAYKOBOI yCTaHOBH 3a JOMOMOT OO0 cepBicy Google
Analytics ipotsrom 2012-2021 pp. BuznadueHo AuHaMiKy 3pOCTaHHS MPOAYKTUBHOCTI BAKOPUCTAHHS CalTy
HAyKOBOT YCTaHOBH 3a IEBHUH TNEPioJI Ta MUISXU MiABHUILIEHHS PiBHS KOHBEPCii BeOpecypcy 3a J0MOMOT 00
HOro HalalITyBaHHS TakUM 4YMHOM, INOO BiABimyBaui Oinbiie uacy OynM aKTUBHMMH Ha CaWTi.
[lepcrieKTHBHUM € TIOJANBINE BIPOBADKEHHS HOBHUX I1HPOPMAMIHHO-IM(POBUX CHCTEM Y MisUTHHICTD
HAyKOBHX YCTAHOB, III0 JTIO3BOJIUTH IMiIBUIIUTH €(EKTUBHICTh HAYKOBO-TIEIarOT19HUX TOCIiKEHb.

Kawuosi cioBa: Google Analytics, ouiHroBaHHS e(eKTUBHOCTI BHUKOPUCTaHHS BeOpecypcis,
MOHITOPHHT, HAyKOBO-TIeJJarOTi9Ha YCTaHOBA, iHPOpMaifHO-IIN(POBI TEXHOIOTI].

EXPERIENCE OF APPLICATION OF GOOGLE ANALYTICS SERVICE
FOR 2012-2021 FOR EVALUATION OF EFFICIENCY OF USING WEBRESURCES
OF SCIENTIFIC AND PEDAGOGICAL INSTITUTIONS

Ivanova S., Kilchenko A.
Institute for Digitalisation of Education of the
National Academy of Educational Sciences of Ukraine, Kyiv, Ukraine

Abstract. The paper analyzes the experience of using the Google Analytics service for the period
2012-2021 to assess the effectiveness of web resources of scientific and pedagogical institutions on the
example of the website "Electronic Library of NAES of Ukraine" of the Institute for Digitalisation of
Education of the National Academy of Educational Sciences of Ukraine. Features of Google Analytics are
considered. A number of indicators for monitoring the site of a research institution using Google Analytics
during 2012-2021 are given. The dynamics of growth of productivity of using the site of a scientific
institution for a certain period and ways to increase the level of conversion of the web resource by adjusting
it so that visitors are more active on the site are determined. Further introduction of new information and
digital systems in the activities of scientific institutions is promising, which will increase the efficiency of
scientific and pedagogical research.

Keywords: Google Analytics, evaluation of effectiveness of web resources, monitoring, scientific and
pedagogical institution, information and digital technologies.

Beryn. Huni Bee 011l BaXKJIMBY poJib Ta BIUIMB HAa PO3BUTOK €KOHOMIKH i KpaiHU B LIJIOMY
BUKOHYIOTh HAayKOBO-IIEJIarOTiyHi yCTaHOBH, IO MalOTh HEOOXiIHUI HayKOBHMH, KaapOBHH, 1
TeXHIYHUW TOTEHINa] JUIs TMOCTYMOBOTO Ta I1HHOBALIMHOTO PO3BUTKY. Y CBOIH HayKOBO-
MeAaroriyHii AisTIbHOCTI BOHU BUKOPUCTOBYIOTH BJIACHI BEOpeCypcH: CalliT yCTaHOBH, EIEKTPOHHY
0107110TeKy 41 IHCTUTYLIHHUN perno3uTapiid, callT HayKOBOTO UM NMEPIOJUYHOTO BUAAHHA Ta 1H., SIK1
€ BIAKpUTHUMH 1 JOCTYNHUMM JUIi O3HAHOMIIEHHS, OOTOBOpPEHHS I 3acTOCYBaHHS HayKOBOIi
CIIIJTLHOTH Ta CBITOBOT IPOMAJICEKOCTI. BUHMKaE npobiema OTpUMaHHS CTATUCTUYHUX JJAHUX 010
OLIIHIOBAaHHS €()eKTUBHOCTI BUKOPUCTAHHS IEBHUX BeOCANTIB HAYKOBO-TIEIarOT'1YHUX YCTAHOB, SIKY
MO’KHA BUPIIIUTH HUIIXOM 3aCTOCOBYBAHHS PI3HUX 1H(OpMaLIHHO-IIUPPOBUX CUCTEM BIIKPUTOTO
nocrymy [1].

IMocTtanoBka 3aaaui. ToMmy akTyaabHUM 3a60anHAM € BUSHAYECHHS HaWOIIbII 3pYUYHUX Y
KOPHUCTYBaHHI 3aC001B MOHITOPUHTY BeOpeCypCiB JJIsl opranizaiii MaKkCcuMaabHOI €EeKTUBHOCTI
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iX (ynkumionyBanHs. s Takux Iied € Oarato pi3HUX 1H(GOPMAILIHHO-aHATITUYHUX CHCTEM:
Clicky, Google Analytics, Spring Metrics, Mint, Woopra Ta iH., 3a JOIIOMOT0I0 SIKHUX MOXHAa IKICHO
OLIHUTH €e(pEKTUBHICTL BHUKOPHUCTAHHS BEOCATIB HAYKOBO-IEOArOTIYHMX YCTAHOB, a TaKOX
BU3HAYUTH JOLIBHICTE IX HOJAJIBIIOL MATPUMKH. HailOuieIn 3aTpeOyBaHuil cepel [UX CUCTEM —
oeskomroBHuii cepsic Google Analytics (GA) (https://analytics.google.com), mo € 3py4ynum
3ac000M MOHITOPHHTY BIIKPUTHX €JIEKTPOHHUX CHCTEM, 33 JIOTIOMOTOIO SIKOTO MOYKHA 30Mpatu,
OIpalbOBYBaTy Ta 30epiraTd CTAaTACTAYHI JaHl [IOA0 BUKOPUCTAHHSA pPI3HUX BeOpecypciB.
Moowcnueocmi GA [I03BOISIIOTH: OTPUMATH BIJOMOCTI IIOAO IIIBOBOI ayauTOpil; OLIHUTH
ebexTHBHICTh, KaHaMB TpadiKy, BUIBUTH CTOPIHKHA 13 BHCOKMM IIOKa3HUKOM BiJIMOB;
[IpOaHaIi3yBaTH Yac 3aBaHTaKEHHS CalTy Ta HOro CTOPIHOK; BIACTEKUTH JUHAMIKY POCTY HOBHX
BiJIBiyBauiB 3a [P-anpecoro; nmeperyisiiaty akTUBHICTD Ha CaliTi y PEKUMI PEalbHOTO Yacy Ta iH.

Meta podoTHu — mpoaHaTi3yBaTH JIOCBiA 3acTocyBaHHs cepBicy Google Analytics 3a mepiof
2012-2021 pp. nns oriHIOBaHHS €()eKTUBHOCTI BUKOPUCTAHHS BEOPECYpPCiB HAYKOBO-TIEAArOT'TYHIX
yCTaHOB Ha mnpuKkiIaai BeOcalTy «Emektponna 06i6mioteka HAIIH VYkpaimm» Iactutyty
mudpoaizanii ocBiTy HamionansHoi akanemii negaroriunnx Hayk Ykpainu (IO HAITH Ykpainn).

OcHoBHa yacTuHa. 3a qonomoror cuctemMu GA HaykoBisiMu [L{O HAITH Ykpainu 3 kiHIs
2011 p. mpoBOAMTHCS MOHITOPUHT BeOpecypciB 1€l yCTaHOBHM Yy BHIVIAII 3BITHUX MarepiajiB.
[Ipoananizyemo mocBig BukopucTanHs BeOpecypcy 3a 2012-2021 pp. Ha mpukiami caity
«Enextponna 6i6mioreka HAITH Vkpainu» (Eb HAIIH Vkpainu) (https:/lib.iitta.gov.ua).
HaBenemo ocrosni oani, mo Oyno OTpuMaHO 3a meu rnepion: xopucmysaui — 407 tuc. oci6 (Big
27 tuc. y 2012 p. 1o 48 tuc. y 2021 p.); ceancu (nepion yacy akTUBHOI B3a€MO/II€ KOPHCTyBaya 3
caiitom) — 764 Tuc. (Big 37 tuc. y 2012 p. 1o 96 tuc. y 2021 . ); lepeanaou CMOpIHOK — 5270 Tuc.
(Bim 235 tuc. y 2012 p. mo 594 tuc. y 2021 p. OTxe, KUTbKIiCTh KOpI/ICTyBa‘-IlB caiity 3a 10 poxiB
301IBIIMIIACS MalKe y 2 pa3u, ceaHciB — y 2,6 pa3y, IeperiiaiiB CTOPiHOK BeOpecypey —y 2,5 pa3y.

Amnauri3 3BiTiB GA /103BOJISIE€ Ti3HATHCSA, 3 SKOI KpaiHM KOPUCTYBadi BiIBIAYIOTh CAHT, SIKOO
MOBOIO iM 3pydHO uuTaTH IMybikaiii. Jlekiinbka moka3HuKiB 1mo0/0 BiaBinyBanss caiity Eb HAITH
VYkpainu 3a 20122021 pp.: eeodani siosidysauie (mosa) — 240 moB (Bix 41 y 2012 p. mo 138 y
2021 p.); micye pozmauiysanus xopucmysauis (kpaina) — 182 xpainm (Big 66 y 2012 p. no 139 y
2021 p.). Takum ymHOM, 32 10 pOKiB 3HAYHO MOIIMPHIIACA AYAUTOPis KOPUCTYBAuiB CAMTy: y
2012 p. BimBigyBaui mpeacTaBisuiy 66 kpaiH, a 'y 2021 p. ix Bxe Oyno Ha 73 kpainu Oinbire — 139
KpaiH, criKyBamuch BoHU y 2012 p. 41 moBoto, ay 2021 p. — 138 moBamu. [Ticiist oTpuMaHHs JaHUX
I110/10 KOPUCTYBauiB, 4acy ix nepeOyBaHHs Ha CaiiTi, iX iHTEpECiB TOIIO, MO’KHA TIOYMHATH pOOOTH
3 MIJIBULIEHHS PIBHSI KOHBEPCii, TOOTO HaJlalITyBaTH BeOpeCypc TaKMM YMHOM, 1100 BiABIAyBayl
OisbIIe yacy OyiIM aKTUBHUMH — pOOMIIN OLJIbINE KITIKIB Ta IEperysiiiB.

OpnHiero 3 HaOLTBII KOpUCHUX (PyHKIIH GA € MOXKIUBICTh HOOAUUTH, CKUIBKA KOPHCTYBAUiB
3aXO0/IUTh HA CAlT 3 MOOUTLHUX IPUCTPOIB Ta MPABUIILHO HAIAIITYBATH JIUIsl HUX (QYHKIIIOHAJIBbHOCTI
BeOpecypey, 110 MOKe BIUIMHYTH Ha Horo koHBepcito. 3a 2012-2021 pp. mpocTexyeTbes Taka
JMHAMIKa pOCTy BUKOPUCTaHHSI MOOUIbHUX MPUCTPOIB: ceancie — 52 tuc. (Bia 363 B 2012 p. mo 23
tuc. B 2021 p.); kpain — 117 (Big 12 B 2012 p. 1o 96 B 2021 p.); micm — 1689 (Big 42 B 2012 p. 10
1106 B 2021 p.).

BucHoBku. ABTOpamMu poOOTH MTPOAHAII30BAHO JTOCBIJ 3acTOCYyBaHHs cepBicy GA 3a mepiof
2012-2021 pp. ans ouiHIOBaHHA €(DEKTUBHOCTI BUKOPHCTAaHHs BEOpeCcypciB HAyKOBO-TIEIarOriyHUX
yCTaHOB Ha npukiazi Bebcaiity «Enextponna 6i6mioreka HAITH Ykpainn» ILIO HAITH Ykpainu.
GA Haznae MOXKJIMBICTH 311 ICHIOBaTH MOHITOPUHT BIIKPUTUX €JIEKTPOHHUX CUCTEM ISl 30MpaHHS,
OTpalfoBaHHs Ta 30epiraHHs CTATUCTUYHUX JaHUX 1040 Tpadiky Ta BiJBIAyBaHOCTI KOPUCTYBaYiB
CaliTiB AJs OILIHIOBAaHHS iX TMOKa3HHUKIB, IO HaJa€ 3MOTYy HaJallTyBaHHS IX 3a MOTpIOHUMU
napamMeTpaMy ¥ HAalOBHEHHS BIAMOBIAHO IO 3aIliKaBJICHOCTI BinBimyBadiB. [lepcrekTMBHUM €
NOJaJIbIIe BIPOBAKEHHS HOBUX 1H(OpMAIiHO-IM(PPOBUX CHCTEM B iSJIBHICTh HAYKOBUX
YCTaHOB, IO JIO3BOJIUTH IMABUIIUTH €(PEKTUBHICTh HAYKOBO-TIEIarOTIYHUX JOCIIHKCHb.

CnucoK BUKOPUCTAHMX JIzKepeJl

1. IndpopmauiliHO-aHANITUYHA TIATPUMKA NEATOTIYHUX TOCTIJKEHb HAa OCHOBI €IIEKTPOHHHUX CHUCTEM

BIZIKPUTOTO JOCTYMY: MOCiOHMK / 32 HayK. pel. O. M. Cuipina. Kuis: ®OII SAmunncekuii O. B.,2019. 208 c.
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ONTUMIBALIA KOMYHIKATUBHUX ITPOLECIB
Y CUCTEMI «JIIOJJUHA-TPAHCIIOPTHHUMU 3ACIB-CEPEJOBUIIIE»

JIntoBuenko B., Ilinropunii M.
Uepkacekuil 1epKaBHUM TEXHOJIOTTYHHMMA yHiBepcuTeT, M. Uepkacu, Ykpaina

AHoranisi. B ctarTi po3risgaeTscs cxema KOMYHIKAaTHBHOTO IPOIIECY B3a€MO/IIi 00’ €KTIB CHCTEMH
«JIromuHa-TpancopTHMit 3aci6-cepenosutie» (JI-T3-C). [IpobmemaTrka BOTO MPOIECY MOJIATAE B TOMY,
IO JTisUTbHICTD 00’ €KTiB (YYaCHUKIB) y il CHCTEMI Ma€ pi3Hi TOXOIKECHHS Ta BIACTUBOCTI, aJle HaIliieHa Ha
BUKOHAHHS OJIHi€1 METH — IIEPEMIILICHHS B CEPEIOBHILI TPAaHCIIOPTHOTO 3aco0y (T3) miz BIiIMBOM AisIBHOCTI
monuHu. [Ipy BUpiMIeHHI IMepMaHEHTHOI MOii BCEpeaUHI CHCTEMH KOXHHUU 3alisTHHA 00’€KT Mae CBOL
crocoOu Ta 3aco0u BUpilIeHHs: ocHOBHOI MeTH. Koxknuit 06’ ekt cucremu JI-T3-C mae cBoro npupony i,
110 TPU3BOJIUTH IO HEOOXIAHOCTI iX CHMHXpOHI3alil 32151 YHUKHEHHS! KOH(MIIKTiB. ABTOPH MPOMOHYIOThH
HAaKJIACTH Ha KOKHHMHA O00’€KT CHCTEMH BJIACTHBOCTI, SIKi MpHWTaMaHHI JironuHi. IlogaHa B crarTi cxema
ONTHUMIi3alii KOMyHIKATHBHUX B3a€MO3B’SI3KIB 0a3y€ThCs Ha PEAKIliAX OpraHiB Uy TTS JIFOJAWHU.

KawouoBi cjaoBa: KOMyHIKaTWBHUM mporec, iHpopMamiiiHa cucreMa, TPaHCIOPTHUH 3acil,
OIITUMI3aIlis TPOIIECIB.

OPTIMIZATION OF COMMUNICATIVE PROCESSES IN THE SYSTEM
"HUMAN-VEHICLE-ENVIRONMENT"

Lytovchenko V., Pidhornyy M.
Cherkasy State Technological University, Cherkasy, Ukraine

Abstract. The article considers the scheme of communicative process of interaction of the objects of
the system "human-vehicle-environment" (H-V-E). The problem with this process is that the activities of
objects (participants) in this system have different origins and properties, but aimed at achieving one goal -
movement in the environment of the vehicle under the influence of human activities. When solving a
permanent event inside the system, each participant involved in the event has his own ways and means of
solving the main goal. Each object of the H-V-E system has his own nature of action, which leads to the need
to synchronize them in order to avoid conflicts. The authors propose to impose on each object of the system
the properties that are inherent in human. The article presents a scheme for optimizing communication
relationships, based on the reactions of human senses.

Keywords: communication process, information system, vehicle, process optimization.

Beryn. Ilpu crBopenHi iH@opmamiiiHux cucreM T3 BUHHMKaEe HEOOX1JHICTH BHOOpY
HalKpalyx BJIaCTUBOCTEH: CKIaJ, CTPYKTypa, 3MICT, 3B’SI3KM Ta 30BHIIIHI MmapameTpu. Bubip
ONTUMAJILHOTO BaplaHTy 0a3yeTbcs Ha 00’ €KTUBHOMY MOPIBHSAHHI €()EKTUBHICTD albTEPHATHUB, SIK1
MaroThcs. [Ipu CTBOpEHHI CHUCTEM BHpIIIYIOTbCS MBI 3ajaui: MOPIBHSAHHSA TEXHIYHOIO PIiBHSA
CHCTEMH 3 TEXHIYHMM piBHEM PO3BHTKY Ta IMOPIBHSHHS OKPEMHUX AIbTEPHATHB CHUCTEMH, IO
CTBOPIOETHCSA MK c00010. B mepiiomy Bumajaky yacTilie 3a BCe€ BUKOPHCTOBYIOTHCS aOCOJIOTHI
dbopMu KpuTepiiB; B Apyromy — BiJHOCHI. [y peani3alii CHHTE3y KpUTEpiiB HEOOX1IHO IPOBECTH
onrtumizanito cucremu JI-T3-C.

Meta my0Jiikauii — onTuMi3ailisi CHCTEMH B3a€MO/I11 MIXK JIFOIMHOIO, TPAHCIIOPTHUM 3aCO00M
Ta CEpPeIOBUILEM, 32 PAXYHOK YIOPSIKYBaHHS KOMYHIKaTUBHUX IporeciB B cuctemi JI-T3-C.

ITocTanoBka mpoOJiemMu. B cyyacHUX TpaHCHOPTHUX CHCTEMax MPHUCYTHS OOMEXKEHICTh
aBTOMaTH3alii. JKIo yIBUTH aBTOMaTH3a1lit0 T3 y BUTIIA/1 piBHIB TO IIMPOKO BUKOPHUCTOBYIOTHCS
cuctemu gonomoru BojieBi (ADAS) Bu3HaueHiI TOBapHCTBOM aBTOMOOIIbHUX iHXeHepiB (SAE)
[1]. Ha xoxHOMY 3 piBHIB BUHUKAIOTh TOTO, YM IHIIOrO poay KOHGuIKTH. Ha HMXHIX piBHSX
3pocTae BIUIMB JIIOAMHM Ha cucteMy. OCKIIbKM BTpY4YaHHS JIIOJAMHOK YacTO BiJOYBa€eThCs
HECIIO/IIBAaHO 1 BUMArae MIBUIKOTO pearyBaHHs, TO L€ 3aBAAHHS € CKIAJHUM 1 BUKJIMKAE BHCOKE
HAaBAaHTAKEHHsS Ha BOisA. Ajne mpu 30UIBIIEHHI PiBHIB aBTOMAaTH3aIlii Ta aBTOHOMHOCTI, JIS
JIFOAMHU BUIUIAETHCS POJIb criocTepiraya. Taki ymoBH ekcrutyataiii T3, € Takok HeOe3[eUHUMH.
Ha piBH1 aBTOHOMHOCTI BOJIili BUCTYIIa€ B POJIi ONIEpaTOpa aBTOMATUYHOI CUCTEMHU.
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Po3B’si3anHs po6JieMu. 3aCTOCOBYIOYH JIFOJICHKI BIAYYTTS, pIBEHb aBTOMATH3AIll1 CHCTEMH
JI-T3-C, npoxoauTh Mpy 3MEHIIEHH] €HTPOMI] 3a/IiTHUX OPTaHiB BiAUYTTS JIOJUHU IPU KEPYBaHHI
cuctemu JI-T3-C Ta cTBOpeHHs I JIOAWHU 1HGOOPMAIIHHOTO TOTOKY MaHMX KOHTPOJBHO-
aHamitugHoro xapakrepy. Omntmmizaris cucremu JI-T3-C mocsraeThCsi MUISIXOM CTBOPCHHS
MOAPa3HUKIB Ha O0’€KTH IITYYHOTO ITOXOJDKEHHS, $IKi TPHUPIBHIOIOTHCS JI0 TOJPA3HHUKIB Ha
JIO/IAHY.

JIomOBHIOIOYM ~ CTPYKTYpPHY CXE€MY pO3IOAUTY CHUTHalIiB KepyBaHHs [3, 146]
KOMYHIKQaTHBHUMH TIporiecamu (Taduuiis 1) oTpuMaemMo 3arajibHy cxeMy ontumisarii cuctemu JI-

T3-C, ne CTpiakow BKa3zaHO ONTHUMI30BaHUN TpOIEC eKCIUTyaTalii aBTOMAaTH30BaHUM
TPAHCIIOPTHUM 3aC000M (pUCYHOK 1).
Ta6mmumis 1 — KomynikatuBHi npouecu B cucremi JI-T3-C
PiBni
Marepiansauit OyHKIIOHATEHUHA ITapameTpuuHuii
OG’exT
JIronuna TiJI0 JIFOJMHU kepyBanua T3, aHami3 AOpOXHIX | Bi3UKO-XiMiuHi
MONiNA, TPUHHATTA pIlIeHh [P | BIACTHBOCTI, BIK, JIOCBiX
OUHAMIYHUAX TIOMisIX Ta 3MiHA | BOJIHHS Ta MCUXOQi3MIHUHA
MapuIpyTy pyxy CTaH
TpancropTHUil | MaTepiaabHO- TePEeMILIICHHS mno 3ajaHiil | i3uko — XiMiuHi
3aci0 TEeXHIYHUH 3aci0 | TpaekTopii MpOCTOpy, B3aEMOIiA 3 | BIACTUBOCTi, TPOMAJICHKHH,
B I[IIOMY 00’€KTaM¥ TPaHCMIOPTHOI CUCTEMH, | TIOCIYTH TIEPEBE3CHHS  Ta
NepeBe3eHHS mozaen Ta | 00CIyTroBYIOUHI
MaTepiaJbHUX 00’ €KTiB
Cepenosutiie TpaHCIIOPTHA JIOPOKHE MTOKPHTTS, 3HaKH, | (pi3UKO-XiMidHI
iHppacTpyKTypa | pO3MiTKa, HEPIBHOCTI, OCBITJICHHS, | BIACTUBOCTI, OCBITJICHICTb,
Ta HABKOJWIIHE | yMOBH Ta  MEPEHIKOAM  JUIA | penbed Ta AKICTh
CepeIOBHIIE nepeMileHHs JIOPOKHBOT'O MOKPHUTTS
Crpateriuanit OmnepatuBHHI TaxTHaHAN Bukonasumii
piBeHB piBeHB piBeHb piBeHb
MartepianbHuii T3 A__) | T3
DyHKIIOHANBHUN JTrvonuna N T3 ‘ JIronuua L vl T3
Il i C v o ! v oT3
apaMeTpHYHHUIl epe/IOBHIIE epeIoBHIIe

Pucynok 1 — Cxema ontumizanii cuctemu JI-T3-C

BucHoBok. 3aBIsK1 3aCTOCYBaHHIO KOMYHIKaTHUBHUX TporieciB B cuctemu JI-T3-C, peaxuis
Ta ajanTamis CUCTeMM HaOJMXKYeThCs 10 aJanTauii JIIOJWHH, 10 3MEHUIyE psiJi KOH(IIKTIB Ta
ONTHUMI3Yy€e (QYHKIIOHATIBHICTD, IK CUCTEMH, TaK 1 KOXKHOTO ii 00’ €KTy. 3MIHIOETHCS PIBEHb BIUIUBY
00’€KTIB OZIMH HA OJJHOTO, 1110 TOMYCTUMO NpH GyHKUIOHYBaHHI cuctemu JI-T3-C. Takum unHOM,
TM1BUILIEHHS PIBHSI aBTOMAaTU3aIlli TPAHCIIOPTHUX CHUCTEM, 110 CTBOPIOIOTHCS HE MOPYIIYE 3B’ A30K
Mix 00’exTamu cuctemu JI-T3-C.
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OI'JISII MOXKJIUBOCTEM OHJIAMH-CEPBICY LENS

MinrTiii 1., Bakamwk T., IBanosa C.
Iacturyt nudporizamii ocBiTn HamionanpHOI akaaemii me1aroriyHux HayK YKpaiHu,
M. KuiB, Ykpaina

Anotanis. [1ix yac HanucaHHs TOCTiIKEHHS BEJIMKE 3HAYEHHS BiJl CAMOT'0 TIOYATKy Ma€ 3pY4HICTh 1
IIBUIKICTh BUKOHAHHS yCiX MPOIECIiB MOMIYKY MaTepiajiB, iX aHaji3y ak 0 3aBEpIICHHS IIEBHOTO eTary i
MOLIMPEHHS Pe3yNbTaTiB. BUTbIIICTh KOPUCTYBAUiB BUKOPUCTOBYIOTD ISl PI3HUX MPOLECIB Pi3Hi CEPBiCH —
e MOXYyTb OyTH 1 3BMYaiiHI MOIITYKOBI CHCTEMH, HAYKOMETPHYHI 0a3u maHmx, Oi0mioTedHi pedepeHc-
MEHE/DKEPH, CIIOBIIICHHS, HiAnMMCKU Ta iHmIE. [IpoTe iCHYIOTH CEpBicH, IO HAJAlOTh MOMJIHUBICTh
BUKOHYBATH yci Wi Aii, HanpuKiIaz oHnaitH-cepsic Lens. BiTuusnsHi po3poOKH 040 BUKOPUCTAHHS LLOTO
CepBiCY CTaHOM Ha CHOTOJHI BiACYTHI. B poOOTI pO3TISIHYTO OCHOBHI aCIeKTH IOAO IOIIYKY, aHawi3y,
YIOPSAKYBaHHS, OHOBJICHHS Ta MOLIMPEHHS MaTepialiB AOCIHiIKEHHS, BHKOPHUCTOBYIOUM cepic Lens.
Cepgic Mae iIHTYiTUBHO 3po3yMinuii iHTepdeiic. Lens Mae HabaraTo MupIITi MOXKIHBOCTI, HIX II€ PO3TIISTHYTO
y JOCHIJDKEHHI, a IX pO3TJIsi € HAmpsIMOM MOJANBLINX JOCTiKEHb.

KawuoBi cioBa: pedepeHc-mMeHemkepy, HayKOMETpWUYHI 0a3u JaHUX, CIOBILIEHHS, Scopus,
Mendeley, Lens.

OVERVIEW OF LENS ONLINE SERVICE OPPORTUNITIES

Mintii 1., Vakaliuk T., lvanova S.
Institute for Digitalisation of Education
of the National Academy of Educational Sciences of Ukraine, Kyiv, Ukraine

Abstract. When writing a study, the convenience and speed of all processes of searching for materials,
their analysis until the completion of a certain stage and dissemination of results are from the very beginning
of great importance. The majority of users use different services for different processes — these can be the
usual search engines, scientometric databases, library reference managers, notifications, subscriptions, and
so on. However, there are services that allow you to do all of these things, for example, the online service
Lens. There are currently no domestic developments in the use of this service. In this paper the main aspects
of searching, analyzing, compiling, updating and distributing research materials using this service are
considered. The service has an intuitive interface. Lens has much broader capabilities than this study has
considered, and their consideration is an area for further research.

Keywords: reference managers, scientometric databases, alerts, Scopus, Mendeley, Lens.

Beryn. CrorosiHi JaHi OHOBIIIOIOTHCSI HAJI3BUYANHO MIBUJIKO 1 KOXKEH JOCTIAHUK MOTpelye
3pYYHHX IHCTPYMEHTIB MOILIYKY, aHaJi3y, YIOPSIKYBaHHs, OHOBJIEHHS Ta MOLIMPEHHs MaTepiajiB
JOCIIJKEHHS. 3BICHO K, yCI 11l IPOIIECH MO>KHA pealli3yBaTH 3a JOIIOMOI0I0 BUKOPUCTAHHS JJOCUTh
3HallOMHUX YCIM CEpBICIB:

— MOIIYK: MOIIYKOBI cuctemMu (Hanpukiaj, Google momyk);

— aHaJi3: HayKOMEeTpUYHI 0a3u JaHMX (Hampukian, Scopus, IHCTpyMeHT «Analyze search
resultsy);

— YIOpSAJIKYBaHHS: HAyKOMETpPHYHI 0a3u JaHux, O010y10TeuHl pedepeHc-MeHeIKepH
(manpukian, Mendeley [1]);

— OHOBJICHHSI: MiIMMCKHU, CTIOBiIIEHHS (Hampukiaj, croBimeHHs Google Akanemii);

— momMpeHHs: 0ibmioTeuHi peepenc-menekepu (Hanpukian, Mendeley [1]).

[TpoTe Bci 11l MpolecH MOXHa BUKOHYBaTH, BUKOPHCTOBYIOUHM OJUH OHJIaiH-cepBic — Lens.
Ha cborosani MmeToanyHi po3poOKH 111010 poOOTH 3 IIUM CEPBICOM BiJICYTHI.

Meta po60oTH — Orsi1 MOXKIIMBOCTEH OHJIaliH-cepBicy Lens.

OcHoBHa yacTuHa. [locTyn 10 oHnaiiH-cepBicy Lens orpumye Oyab-skuii 3apeecTpoBaHUMA
KopucTyBad. IcHye muiaTHUN Ta GE3KOIITOBHUM (JIJ1s1 0COOMCTOrO KOPUCTYBAHHS, JUIsl HABUYAHHS)
noctyn. Ilicist BBeJeHHS KIIOUOBHX CIIB Y IOJie JUIsl MOWIYKY (PUCYHOK 1) KOpUCTyBau Mae
MOJKJIMBICTh Bi1I(IIBTPYBAaTH OTPHUMaHI pe3yslbTaTH 3a IUUIOI0 HHU3KOIO MapameTpiB, 3JIHCHUTH
aHaJIi3 pe3yJbTaTiB, YIOPAAKYBATH X, 30€pIriu sK KOJEKIiI0 Ta HOUIMPUTH pe3yabTaTh, 00paBIIn
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MiJ 4Yac CTBOPEHHS KOJEKIii myOaiyHud aocTynm 10 Hei (pUCyHOK 2). 3amis MiATPUMaHHS
pe3yabTaTIB MOLIYKY B aKTYaJIbHOMY CTaHi CJIii CTBOPUTH JUHAMIYHY KOJIEKIIiIO.

LENS.ORG 3= English ~ Our Apps ~ Pricing About ~ Work Area + Signed in as mintii v Support ~

31,051 Scholarly Works "Blended learning”

(® Hide Query Details O, Edit Search Q) Search Patents

FILTERS © Scholar Search Results
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Filters: Year Published = 2001 - 2022 ©

Sz & Author >

i Institution > Scholarly Works Works Cited by Patents Citing Patents Patent Citations

>

@ ® Institution Country/Region > 31,051 25 36 36
2 i Identifier Type > —_—

= Funding > Scholarly works  Citing Patents EATable  EList  LuAnalysis

) 68 Journal > + (& Expand i= Customise List [B) Save as Quer = Save as Collection = Share ¢ Export

D P ¥ P

f1 Conference Name > % Sort by Relevance
= E Publication Type > o

B Publisher s BLENDED LEARNING DI PERGURUAN TINGGI DI Institution Name
® TINJAU DARI PERSPEKTIF LEADERSHIP DAN IKLIM >, \e

= Subject Matter > ORGANISASI ) X |
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o 5 Open Access > Unknown Document  Feb 29, 2016 Open... State..  Univer.. Univer...

&2 Query Tools > Authors: Teguh Budiarto 192 143 71 70

Citing Patents: 0 Citing Scholarly Works: 2

E>> @ New Structured Search Wiy

Show 10 Results = < 1 3 4 5 8 > Quifth

Feitfish Hniune

Pucynok 1 — PesynbraTn nomyky B oHiaifH-cepBici Lens

BucnoBku. OHiaiiH-cepBic Lens Hajgae MOKIIMBICTh BHKOHYBATH ITPOLIECH TOIIIYKY, aHAII3Y,
VIOPSAKYBaHHs, OHOBJICHHS Ta NolupeHHsa. Ha BiAMiHY BiJ cepBiciB, 110 HAAAIOTh aHAJIOT1UHI
MOCTYTH, — TIONIYKOBHX CHCTEM, HAayKOMETpUYHHX 0a3 naHux, Oi0mioTeyHux pedepeHc-
MeHeKepiB, Lens peaizye KOMIUIEKCHUHM MiAX1A — yCi MPOLeCH 3 BAKOPUCTAHHIM OJJTHOTO CEPBICY.
BuieBukiazene He po3KkpuBae yBeCh MOTEHIIIAT MOKIMBOCTEN OHJIAlH-CEPBICY, IO € HAIPSIMOM
HOJANIBIINX JTOCTI/IKEHb. 30KpeMa, 3acilyroBye okpemoi yBaru interpauis Orcid ta Lens. 3aBasku
bOMY peaii30BaHO <«3B’si3yBaHHS JnaHuX 3 Lens 3 igeHTHdikaropom Orcid 1 eKcropTyBaHHS
MeTaaaHux 10 cBoro 3amnucy Orcid» (pucynok 2) [2].

AREdu 2021 - Immersive technology today

2021 | Report

DOI: 10.31812/123456789/4592

LENSID: 082-403-640-857-24X

CONTRIBUTORS: Svitlana H. Lytvynova; Serhiy O. Semerikov; Andrii M. Striuk; Mykola I. Striuk; Larisa S. Kolgatina;
Vladyslav Ye. Velychko; Iryna S. Mintii; Olga O. Kalinichenko; Serhii M. Tukalo

Source: Iryna Mintii via The Lens
Pucynok 2 — Pe3ynpraT eKCIOpTyBaHHS MeTaaHux nareHrty 3 Lens mo Orcid

Cnncox BUKOPHCTAHUX JIZKepeJt
1. Mintiii . C., IBanoBa C. M. PedepeHc-MeHemkepru sk 3aco0u KepyBaHHs OiOmiorpadiuHuMH
TaHUMHU. [Hgopmayitini mexnonocii 6 oceimi ma Hayyi: 36. nayk. npaye. Bum. 12. Memnitonons: ®OII
Opnopor T.B., 2021. C. 102-105.
2. Meet the Lens: Integrating ORCID iDs into patents. URL: https://info.orcid.org/meet-the-lens-
integrating-orcid-ids-into-patents/.

97



CEPBIC MENDELEY DATA SIK 3ACIb OITPUJIIOJJHEHH
EKCIIEPUMEHTAJIbHUX JTAHUX
Y HAYKOBO-ITIEJAT'OI'TYHUX JOCJIIIKEHHAX

Ounexcok B.I1.
Iacturyt nudporizamnii ocBiTn HamionanpHOI akaaemii me1arorivHux HayK YKpaiHu,
M. KuiB, Ykpaina

AHoTamis. Y Te3zax MMoJaHo aHami3 JesKUX MOXKIUBOCTeH cepBicy Mendeley Data, sikuii € cyqacHUM
XMapHAM CXOBHIIEM /ISl ITyOJNIiKyBaHHS EKCIEpUMEHTAIPHUX IaHWX HAYKOBHX JOCTiKeHb. Cepic
Mendeley Data € pospoOkoro kommanii Elsevier. Jlani, 30epexkeHi 3a JOMOMOTOI0 HBOTO, JIETKO
IHTETpYIOTBCSL 10 MaTepiaiB, omyOmikoBaHuX Ha caiiTi ScienceDirect. Habopu manux, omyOinikoBaHi B
Mendeley Data, orpumytots yHikanbsHi 1udposi inaentudikaropu DOI. Bukopucranus cepicy copuse
0oOMiHY JOCHITHULBKAMH JaHUMH, [IO 3a3BUYail BUMAaraloTh TpaHToBi (iHaHCyBaHHs. ONPWIIOJHEHI
eKCTIICpUMCHTAIbHI JaHi Jal0Th MOXUJIMBICTH ITOBTOPHOTO iX BHUKOPHUCTAHHS IHITUMH IOCIiTHUKAMH,
BHACIIIJTOK YOTO CIOCTEPITA€ThCS MiABUIICHHS BiITBOPIOBAHOCTI, IIPO30POCTi Ta OBIPH A0 OPUTIHAIHLHOTO
JOCHTIDKeHHS. Y 3B’SI3Ky 3 MM ONPHIIOJHEHHS EKCICPUMEHTAIBHUX JTaHWX HAayKOBUX JOCIHIIKEHb €
TUTIOBOIO MTPAKTUKOIO MPOBIAHNUX CBITOBUX HAYKOBHX 1HCTHUTYIIIH.

KarouoBi cjioBa: XMapHUi cepBic, BiITBOPIOBaHICTh EKCIIEPUMEHTANBHUX JNOCHiKeHb, Mendeley
Data, Bigkputuit mocTym.

MENDELEY DATA SERVICE AS A TOOL OF SHARING EXPERIMENTAL DATA
IN SCIENTIFIC RESEARCH

Oleksiuk V.
Institute of Digitalization of Education of the National Academy
of Pedagogical Sciences of Ukraine, Kyiv, Ukraine

Abstract. The paper provides an analysis of some features of the Mendeley Data service. It is a modern
cloud storage for publishing experimental research data. The Mendeley Data service is a development of
Elsevier. The data stored with it is easily integrated into the materials published on the ScienceDirect site.
Datasets published in Mendeley Data receive unique digital DOI identifiers. The use of the service facilitates
the exchange of research data, which usually requires grant funding. Publication of experimental data allows
their re-use by other researchers, resulting in increased reproducibility, transparency and confidence in the
original study. In this regard, the publication of experimental research data is a typical practice of the world's
leading scientific institutions.

Keywords: cloud service, reproducibility of experimental research, Mendeley Data, open access.

Beryn. 3a yMOB CTPIMKOIO 3pOCTaHHSI KUIBKOCTI HAYKOBHMX JIOCIHIJKEHb BCE€ OUIBLION
aKTyaJIbHOCTI HaOyBae MpoOieMa ONPUIIIOJHEHHSI eKCIEPUMEHTAIbHUX JIaHUX JociikeHb. He
BUKJIMKA€ CYMHIBIB, IO KUIbKICTh HAYKOBHUX MyONIKaIili € OINOCEpEeJKOBAaHUM IOKa3HUKOM
HAYKOBOTO 3pPOCTaHHsS Ta PO3BUTKY CycHuibcTBa. OAHMM 3 TOJIOBHMX KOMITOHEHTIB SIKICHOTO
JOCIIJIKEHHS € Oro eKCriepuMeHTalIbHI AaHi, CTATUCTUYHE OMPAIIOBAaHHS SIKUX Ja€ MOKJIMBICTh
aBTOpaM OOTIPYHTOBAHO TOBOPHUTH PO PE3yIbTATH Ta BUCHOBKH.

Meta po6oTH mossirae y aHalizl JesKuX MoxiauBocTed ceppicy Mendeley Data miono
nyOuikanii y BITKpUTOMY JOCTYI HAOOPiB JOCTIIHUIBKUX JaHUX.

OcHoBHA yacTuHAa. Sk oka3yroTh myoOuikaiiii [0], [2], mporiec mociimkeHHs 0e3MocepeTHbO
B33a€MOIIOB’ I3aHUM 3 )KUTTEBUM LIUKJIOM JAHUX, 1 IX HEMOXIIMBO PO3AUTUTH. YTIPABIiHHS JaHUMHU
€ BaXJIMBHUM aCHEKTOM JOCITIJKEHHS, OCKUIBKU JOCITITHUKU 30MPaIOTh 1 ONpalboBYIOTh 3HAYHY
KUIBKICTh JaHWX. 3a3BUYAl 1eH mporiec 3aiimae yumaino yacy. Came yac € He3MiHHUM (aKTOpOM
JUI JIOCSTHEHHs YCHiXy B I1HHOBAIIIfHMX HAyKOBUX Taly3siX. 3 1HIIOr0 OOKy, HE HaJeKHO
OpraHizoBaHe IOCITIDKCHHsST BHUMarae 0arato 4acy SK JJIs IMOIIYKY MepHIODKepeN, Tak 1 JUis
oprasizauii i MpoBeJIeHHsI eKCIIEPUMEHTAIBHOT poOOTH.
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Jns toro, mo0® KepyBaTH PI3HOMAHITHUMH JaHUMH, HAYKOBIISIM TOTpiOHE BiANOBiTHE
cxoBuIle abo maTdopma A JTOBrOCTPOKOBOro 30epekeHHs. Takuil migxin 3a0e3nednThb
BIJITBOPIOBAHICTh EKCIIEPUMEHTY 3aBISKM MOXKJIMBOCTI IOJAJbIIOT0 BUKOPUCTAHHS JIAHUX
aKaJeMIYHOIO CIUIBHOTOK. YNPaBIiHHA 3a3HAUYEHUMH JaHUMH Tepeadadyae BUKOPUCTAHHS
Creliaji3oBaHuX MPOTPaMHUX 3aC001B, 30KpeMa po3ropTaHHs XMapHUX cepBiciB. Haitmpocrtimum
Ccroco0oOM € BUKOPUCTaHHS XMapHHUX CXOBHUI Ha 3pa3ok Google Drive, OneDrive, Dropbox, Mega
3 MOJANIBLINM MOCWJIAHHSAM Ha (Qaiinu, omy0sikoBani y HuX. [IpoTe Takuii cocid Mae HEOMIKH,
IIOB’s13aH1 3 OOMEXEHHSAMHU JIeTaIbHOI0 onucy (haiiaiB, 30KpeMa CTBOPEHHS iX MeTafaHuX. Takox
Taki (painm, 3a3BHUail, He MOXKJIMBO 3HAWTH B MEPEXi, OKPIM SIK 3a MOCHJIAHHSAM, HaBEICHUM Y
nyOuikanii. [HmmMM crnocoOoM ONPHITIOJHEHHS €KCIEPUMEHTATBHUX JAaHUX € iX apXiByBaHHS B
IHCTUTYIIIHHUX peno3uTapisx (eJIeKTpOHHHX Oi0Ii0TeKax) Mopsa i3 TEKCTOM CTaTTi. Y IbOMY
BUNIAJIKY METaJlaHl ychbOoro Marepiany OyayTh OpraHi3oBaHi 3rifHO cTaHAapTiB (XyOmiHCHKE S/IpO,
npotokon OAI-PMH), mo 3abe3neunTh Kpale iHIEKCyBaHHs Ta MOIIyK. Takuii crocid He €
MaKCHUMaJIbHO 3pyYHUM JIJIi HAYKOBIIIB, YacTillle BiH 3AIMCHIOEThCS (axiBisgMu O010J10TEK, SKi
3a0e3meuyroTh JIMIIEe BUKOHAHHS Mpolecy apxiByBaHHs. KpiM TOro, CTBOpEeHHS Ta CyNpOBiX
IHCTUTYIIIHHOTO pemno3uTapito BuMmarae kpamidikoBanux IT-¢axiBmiB Ta Oi0miorekapiB. Sk
MOKa3yIOTh JOCIIPKEHHS, ICHyEe 3HAaYHUN PO3PHB MK HEOOXIIHMMH Ta HAsBHUMHM HAaBHYKAMU
010J110TEYHOT0 TIEPCOHATY CTOCOBHO YIPABIIHHS JAHUMH HAYKOBUX JOCIIIKEHD [3].

bepyun nmo yBaru BumIe3rajgaHe, JOCTIIHUKaM BapTo 30epiraTé JaHi y Creniaxi30BaHUX
xMapHux cxoBumax. OpHuMm 13 1ux cepepoBuny € Mendeley. CepBic HaleXHUTbH
BCECBITHBOBIZIOMOMY BuAaBHHUTBY Elsevier. 3araiom BiH € miatgopMor0 yrIpaBiIiHHS
6i0miorpadivHIME TOBIAKAMH, @ TAKOXK TTAT(HOPMOIO YIPABIIHHS TaHUMHU JIJIS JaHUX JTOCII/IKEHb.
CepBic MOKHa 0XapaKTEPU3yBaTH K XMapHY IIAaTGOpMy Ul yIpaBIliHHS, HaJaHHA JIOCTYIy Ta
06MiHy 6i6miorpadidHIMH MOCWIAHHSAMH H OCTiAHMIBGKMME manumu [0]. Moro ckmamHuk
Mendeley Data — 1ie BiKpuTe CXOBHUIIE JOCHIIHUAIBKUX JaHUX. ABTOPU MOXYTh 3aBaHTAXyBaTH
JI0 HBOT'O CHpi Ta OmparbOoBaHi JdaHl JTOCTIKeHb. BiH Tako J103BOJISIE TPUBATHO OOMIHIOBATHCS
JaHUMH JOCITIKEHb 3 OKPEMUMH 0c00aMu, 1, KpiM TOT0, 1aH1 MOXKHA MyOIiKyBaTH Ui BIIKPUTOTO
0o0MiHy. UnMalio OCBITHIX Ta HAYKOBHX YCTaHOB BUKOPHUCTOBYIOTH CEPBIC IS YIPABIIHHS PI3HUMHU
Bugamu aanux [4], [5].

JlenmoHyBaHHS JaHWX 3 BUKOPUCTaHHSM cepBicy Mendeley Data mae psin mepesar, 30KpemMa,
3pOCTaHHs UTYBAHHS, 3HWKEHHS! HMOBIPHOCT1 BTpaTH JIaHHX, BiATBOPIOBAHICTh €KCIIEPUMEHTY i,
SK HaCIiJIOK, TPOJIOBKEHHS TOCTIKEHHS 1HIIMMH HAyKOBLSAMH. JIOCIITHUKH MalOTh CIIPaBy 3
pPI3HMMM THUIIAMHU JAHUX, TaKUMH SIK TEKCTOBl, YHUCIOBI, IpadiyHi TOLIO, y PI3HOMAaHITHUX
¢dopmarax. Yci 11l TUIIK JaHUX MOXKYTh OyTH 30epexxeHi y oHnaitH-cxoBuili Mendeley Data. Huni
BiH € cepTu(ikoBaHUM perno3uTapieM 13 ceptudikauieto CoreTrustSeal [6].

PosrnsiHemo netanpHile Tpouec ONpUIIOAHEHHS TOCIITHUIBKUAX JAHUX 13 BUKOPUCTAHHAM
cepeicy Mendeley Data.

Jlns 3aBaHTa)KeHHS MaTepialiiB JOCIIHKEHHS JI0 CEPBICY HAYKOBLIIO MOTP1IOHO BU3HAYUTH Ta
3alOBHUTH TaKi MOJIS:

— Hazsga Ta onuc Habopy;

— Jani (daitnn) Ta ix Tum;

— Ilepenik cniBaBTOpiB (cepBiC IHTETPOBAaHUI 13 HAYKOMETPUUYHOIO 6a30t0 Scopus, a TOMY
aBTOMaTM4YHO (popMye MmocuiaHHs Ha Mpo(iiai aBTOPIB) Ta iX MPUHAJEKHICTH J0 OCBITHIX YU
HAYKOBUX yYCTaHOB;

— Kpoxku, 1m0 noTpi6Hi BiITBOPEHHS PE3YNIbTaTy AOCIHIKEHHS;

— TloB’s13aH1 mocuiiaHHA, 30KpeMa Ha IMyOJIKaIlilo, «CUpl JAaH1», po3po0JeHe mporpamMHe
3a0e3MeUCHHS,

— JlineHsis.

[Ticnst Toro, sik HaOip JaHUX c(hOpMOBAHUH, BiH epedyBae y HEOMyOJIiKOBAaHOMY CTaHI1, IKHH
Ha3uBaioTh yepremkoro (draft). ¥ npomy crani aBTOp Mae MOKIMBICTD 3MIHIOBaTH HAOOpHU JTaHUX,
30KpeMa pelaryBaTu Ta BUIAIATU iX ckiaaaHukd. Ilicng omyGmikyBaHHS HaOopy AaHMX HOTroO
HEMOXKITUBO BHUIAITUTH.

[Ty6nikyroun JaHi 3a JOIIOMOT'OIO CEpPBICY, aBTOPH MOXKYTh 00paTu OJIHY 3 KUIBKOX JILIEeH31H
Creative Commons 1 BIAKpUTHX JIILIEH31H Ha MporpamMHe Ta amapatHe 3abe3neyeHHs. KommaHis
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Elsevier He BoJIOAI10€ TaHUMH, SIKI 3aBaHTAXKYIOTh Ta MyOJIiKYIOTh aBTOPH 3a JIONIOMOTOIO CEPBICY
Mendeley Data. HaykoBii 30epiratloTh KOHTPOJIb Ta aBTOPCHKI MpaBa HaJ JaHUMH, a TaKOX
0o0HMparoTh YMOBH X MOBTOpHOrO BukopucraHHs [7]. KpiM Toro omyOnikoBaHuii Habip JaHHX
orpumye nudpoBuii ineHTudikarop od'ekra DOI. ABTOpu Marepiady MOXYTh NepeiiMeHyBaTH,
MEPEMICTUTH Ta HABITh BUJAIUTH OKpeMi (aiimu. I1ig gac myOumikariii Habopy JaHUX aBTOP MOXKE
BKa3aTH JaTy, MICJIsS HACTaHHS SKOi JaHl CTAlOTh JOCTYITHUMH (HANPUKIAI, 1100 BOHH Oyiu
JOCTYITHI OJJTHOYACHO 3 TIOB’s13aHO0 cTarTero). Lle o3Havae, o onuc i ¢aitm mporo Habopy JaHUX
He OyayTh 3arajqbHOJIOCTYITHIUMH JI0 HACTaHHSA I1i€i matu emOapro. Tum dacom, iHma iHdopmarris
npo Ha0lp JaHMX, Taka sSK aBTOPW, HAa3Ba, LUTATH Ta IOB’S3aHI CTAaTTi, CTA€ JOCTYITHOIO
Oe3nocepeHbo nepen emoapro.

CepBic Mendeley Data minTpumye iHAEKCAIil0 Ta TOIIUPEHHS YChOTO CXOBHIIA
3arajbHOJOCTYITHUX 3aluciB HA0OPIB AaHUX 3a jJoromoror cranaapTy Open Archives Initiative
Protocol for Metadata Harvesting (OAI-PMH). Lle o3Hauae, 110 MmeTaaHi 1uist BCiX HaOOpiB TaHUX,
onyOnikoBanux y Mendeley Data, nmocrymni y BiakputoMy Qopmari Ui TOJICTTICHHS
BEJIMKOMACIITAOHOTO OTPUMaHHS Ta aHAII3y 3alUCiB, M0 MiJKPECIIOE MNPUXUIBHICTE HOTO
PO3POOHHKIB i7iesiM BIAKPHUTOI Haylli. Y MOJAIBIIOMY OMyOJiKOBaHI MeTanaHi 00’ €IHYIOTHCS
B 1HJEKC MeTajgaHux ceppiciB DataCite (moBHHMI 1HACKC METaAaHUX TOCIHIJIHUIBKUX JIaHHUX) Ta
OpenAIRE. OcrtaHHi# € aociaigHubkuM mnoptaioM €C, skl mparHe 3poOWTH siKoMora OiIbIie
pe3ynbTaTiB AOCHIIKEHb 3 KpaiH €C qoCTyMHUMHU IS BCIX.

BucHoBku. [lincymMoByroun BUINIEHABEICHE, 3a3HAYMMO, IO 1HTETpAIlisl YKPATHCHKOT HAyKU
B €BPOIEHCHKUI MPOCTIp BUMArae ITiABUIEHHS KOCTi JOCIiKeHb. X aTpubyTaMu € MpoBeIeHH s
SKICHOI, YiTKOi Ta BIATBOPIOBAHOI €KCIIEPUMEHTAIBHOI POOOTH. YCi Hi CKIaJHUKH JOMIIBHO
nyONiKyBaTH y BIAKPUTOMY JIOCTYI 3aco0aMHM Cy4yaCHHMX XMapHHX CEpBICIB, OJHUM 3 SKHX €
MenDeley Data. ﬁMOBipHO, 10 Taki myOumiKaIii BiAMOBIAaTUMYTh BUCOKUM KPUTEPISIM HAYKOBHX
JOCITIJIKeHb, 30KpeMa 3arajibHOJJOCTYITHOCTI, BIIKPUTOCTI Ta MPO30POCTi SIK aBTOPCHKUX TEKCTIB,
TaK i OTPUMAHMX y HUX PE3yJIbTATiB.
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PEKOMEH/JIALII BAKOPUCTAHHS IHOOPMAIIHHUAX TEXHOJIOT'TIA
Y BOEHHUM NEPIOJ JJ151 HAIIUCAHHA JUCEPTALIMHOI POBOTH 3A TEMOIO
«MICTOBYIIBHI ACIEKTH OPTAHI3AIIIl EHEPTOE®EKTUBHUX
EKOJIOI'TYHUX ITOCEJIEHb»

Ceaixosa 1. B.
XapKiBChbKUH HalllOHAJIBHUN YHIBEPCUTET MiChKOT0 rocrojapcersa iMm. O. M. bekerona,
M. XapkiB, YKpaiHa

Anoraunis. B crarTi po3risHyTO iHbOpMAIiitHi TEXHOIOT], SIKi JOTOMOXXYTh HAYKOBIISIM, 3MYIIIEHIM
€BaKyIOBaTHUCS 31 CBOIX JIOMIBOK 4depe3 )KaXJIHMBY BiifHy, Hamaa pocii Ha MEPHUX JXUTENiB YKpaiau. B meit
HEJIeTKU{ Tepiof], Mpaliolun HajJ IUCEepPTaliiHOI0 poOoTor 3a crneuianbHicTio 192 — ByamiBHHUTBO Ta
IUBIJIbHA 1HXCHEPisA, 3a TEMATHKOK HAyKOBOTO JOCIipKeHHS «MIcTOOY/IiBHI acleKTH OpraHizaiii
eHeproeeKTUBHUX CEKOJOTIYHMX TMocesleHb (Ha Tpukiaai XapkiBCbKoi 00macTti)», po3po0iieHO
pEeKOMEeHAIli1, sIKi CTAaHyTh B HATO1 JUIsl YCHIIIHOTO MPOOBKEHHS pOOOTH HaJ HAIMMCAHHSIM JHUCEpTallii Ta
HAayKOBUX JIOCTI/DKEHb Ha MIPUKIaAi i€l TeMaTuku. [ TOCATHEHHS IMOCTABICHOI METH PO3TIITHYTO HU3KY
3aBJlaHb: BHSBJICHHS CyYacHHX HayKOMETPHUUHHMX 0a3, siKi 3HAJOOMATBCA Uil MOJAIBIIOT poboTH Ta
KOMYHIKallii 3 HAyKOBOIO CIIJIBHOTOI0 YKpaiHM Ta CBiTy, BH3HAYCHHS OCHOBHHMX HPO(UIBHHX IKepeln
nyOunikaiiid Ta podora 3 OibmiorpadiuHUMH MEHEDKEepaMH, IOCTIKCHHS! BapiaHTiB 0OpOOKH NaHHX i3
3a3Ha4eHO] HAyKOBOI Cepu.

KarouoBi cjoBa: BoeHHWH Tepion, AucepTamiifHa poboTa, HayKOMeTpudHa 0aza, Oibmiorpadiuni
MEHEKEPH.

RECOMMENDATIONS FOR THE USE OF INFORMATION TECHNOLOGIES
IN THE WAR PERIOD FOR WRITING A DISSERTATION ON THE TOPIC
"URBAN ASPECTS OF THE ORGANIZATION
OF ENERGY EFFICIENT ECOLOGICAL SETTLEMENTS"

Selikhova Y.
O. M. Beketov National University of Urban Economy in Kharkiv, Ukraine

Abstract. The article considers information technologies that will help scientists forced to evacuate
from their homes due to the terrible war, Russia's attack on civilians in Ukraine. During this difficult period,
working on a dissertation on the specialty 192 — Construction and Civil Engineering, on the topic of research
"Urban aspects of the organization of energy efficient ecological settlements (on the example of Kharkiv
region)", the recommendations that will be useful for successful dissertation writing and research on the
example of this topic are developed. To achieve this goal, the following tasks have been considered:
identification of modern scientometric databases that will be needed for further work and communication
with the scientific community of Ukraine and the world, determination of the main sources of publications
and work with bibliographic managers, research of options for data processing in this field.

Key words: war period, dissertation work, scientometric base, bibliographic managers.

Beryn. 24 mortoro 2022 poky, pocis Hamajga Ha YKpaiHy MO BCid JOBXHHI CHUIBHOTO
KopJoHy, BiJ Jlyranceka 10 YepHiroBa, a Takox i3 tepuropii binopyci i okynmoBanoro Kpumy.
Pociiiceka apmist oOcTpinisna 13 apTuiiepii yKpaiHChbKi IPUKOPOHHI 3acTaBU. PigHe MicTo XapKiB —
1€ MicTO HA HiBHIYHOMY CXOi, IIE€pIlla CTOJIML, HAYKOBUM LIEHTp YKpainu [1], 3a3Ham0 MacoBHX
6omOapayBaHb. 3 KOXKHHUM JHEM OKYIAHTH IUIECIIPSIMOBAHO Bce OLbIIE 3HUIIYIOTh LUBUIBHY
1H(QpacTpyKTypy, BHACIIAOK YOro, Moyajacs eBakyalis: wmoAHs Omuszbko 30 Tucay mroaen
BIJIMPABIIIOTHCA 13 BOK3ally XapkoBa g0 Oe3MeYHUX MICIb, HAa 3axiJ KpaiHM Ta 3a KOpIOH [2].
Jlronu 3My1IeHi TikaTH 6€3 ycix HeoOX1THUX pedeld, B OTATH J03BOJISIOTh Y35 TH JIUILE TOKYMEHTH
Ta rpourl. ToMy, B Takuil BaKKUW 4ac, OyJI0 BUPILIEHO MPUCBATUTH CTATTIO PEKOMEHAALISIM, SKi
CTaHyTh B HaroJi JUIsl YCHIIIHOTO MPOJIOBXKEHHs HAaMCaHHs JUCepTaliiiHOI poOOTH Ta HAYKOBUX
JOCITIIKEHb.
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MeTow pob6oTH € pO3pOOJICHHS Yy3aralbHEHHWX PEKOMEHJAIlid N[00 KOPUCTYBaHHS
IHTepHET-pecypcaMH Ta IHTEpHET-CepBiCaMH, SKi JOMOMOXXYTh MOJIOJOMY HAyKOBIIO MIBUIKO
OTPUMATH Ta MPpOaHaATI3yBaTH MAKCUMAJIbHY KUIBKICTh 1H(OpMAaIlii, siIka CTOCYEThCS 00’ €KTa HOTO
JOCITIJKEHHS IPY HAIMCaHHI CBOET JrcepTaliifHOi poOOTH.

IlocTanoBka 3aBaaHb. JJi1 JOCATHEHHS IOCTABJICHOT METH, HEOOXIAHO BUPIIIUTH PN
3aBJlaHb: BUSBJICHHS Cy4aCHUX B HAYKOMETPUYHUX 0a3, sIKi 3HAA00IATHCA JUIs MOJAIBIIOI POOOTH
Ta KOMYHIKaIlii 3 HAYKOBOIO CHUIHHOTOI YKpaiHU Ta CBITY; BU3HAYCHHS OCHOBHHX MPOQiTbHUX
JoKepen myOmikamiidi ta poborta 3 OibmiorpadiyHMMH MEHEIKEpaMU; JOCITIDKEHHS BapiaHTIB
00pOoOKHM JaHUX 3 3a3HaUEHOI HAyKOBOI chepu. MeTo1010TisI BKIIIOYAE OIS HAYKOMETPUUHUX 0a3
Ta OCHOBHHX JDKEpe 3 Mpo(iTbHIMH ITyOIiKaIisiMu Ta BU3HaAUEHHs 610:1iorpadiuHuX MEHEIKEPIB,
3 TOJJAaHUMHU JI0 HUX TOCHUJIaHHSIMH.

®opmyawBaHHs npodaemu. Ha crorogHimHii geHb, Ha TepuTopii XapKiBCbKoi 00sacTi
(munry 3BiJICH), TPUBAIOTh aKTUBHI OOHOBI Aii, CTpakaae UBUIbHA IHPPACTPYKTypa, THHYTh Hi B
YoMy HEBHHHI JIIOJIM, OOJICHO i TipKO mucatu mpo 1e. Yepes Lo CUTyallilo, YaCTHHA HAYKOBIIIB
Oyiu BUMYIIEHI MOKMHYTH CBOi JOMIBKM Ta €BaKyloBaThci. MacoBe BHYTPIILIHE MEpeceeHHS
CYTTEBO BIUIMHYJIO Ha SIKICTh KUTTS Ta piBeHb HAyKOBOi poOoTH Ta poboTH B3arami. Ti moau, siki
BKE 3a0e3MeueHi JKUTIOM Ha 3ax0jll YKpaiHH, Yd BJIAIITYBAJIUCS 3aKOPIOHOM, Ta MAalOTh JIOCTYI
JI0 IHTEPHET PECypcCiB, 3MOXKYTh BITHOBUTH CBOi HAIIPAIFOBAHHS Ta MPOJOBKHUTH poOOTy. B miii
CTaTTI MpeACTaBlieHI HEOOXiHI, Ha MO0 JyMKYy, OCHOBHI iH(OpMAaIiiiHi TEXHOJOrii, sKi
JIOTIOMOKYTh OPTaHIYHO IHTETPYBaTHCS B HAYKOBHII ITPOIIEC.

PesyabraT mociaigxennsa. OQHUM 13 OCHOBHUX HamNpsMiB HAyKOBOI JiSUILHOCTI y BHIIiM
IIKOJIi YKpaiHU € BH3HAYCHHS Y3araJbHEHOI OI[IHKH SKOCTI Ta Pe3yJIbTaTiB HAYKOBUX JOCIIIKEHb
OKpeMoro BYeHOro, kadenpu, (pakyabTeTy, YHIBEpCUTETY 1 3aKJIaJiB BUIOi OCBITH YKpaiHU B
iztoMy. Ha choroiHi cydacHi TEHICHI MPEICTABICHHS HAYKOBUX JOCHIKCHh BUMArarTh BiJ
HAyKOBIISI TOJAHHS OTPUMAaHUX peE3yNIbTaTiB JO CBITOBUX, OakaHO, 1O 3arajibHOBH3HAHHX
NEepIONMYHMAX BHJAHb 1 BHJABHHUITB, IO BXOAATH IO PI3HUX HAYKOMETPHYHHX 0a3 IaHHX
(Scopus, Web of Science, ORCID, ResearcherlD, ResearchGate, Google Scholar, Ukrainian
Scientists Worldwide, Microsoft Academic Search, Index Copernicus, Scientific Social
Community). Cnig BiIMITHTH, IO KUIBKICHI MOKa3HUKH WX HAYKOMETPHUYHHX 0a3 JaHHX yce
aKTUBHINIE BUKOPUCTOBYIOTbCA 3apyODKHUMH KpaiHaMH JJii BU3HAYEHHS Ta OILIIHIOBAaHHS
e(eKTUBHOCTI AISTBHOCTI SIK OKPEMOI'0 HayKOBIISl, KOJIEKTUBY Y OpraHizallii, Tak i IepcrleKTUBHUX
HaNpsIMiB pPO3BUTKY HayKH, iX (piHAaHCYBaHHA TOLIO [3].

bi6miorpadiuni MeHemkepu — I ClelialibHe MporpamMHe 3a0e3ledeHHs IJs 3amucy 1
BUKOPHUCTAHHA JITepaTypHUX MHocuiaHb. biGmiorpadiuHuil MeHeIkep Aa€ MOXIMUBICTH 30upaTu
iHdopmaniro mpo myOmikamio i3 0a3 JaHUX, MIATATYBATH MJaHi, MOTPiOHI ISl IUTYBaHHS,
cTBoproBatu 0i0yiorpagio B PI3HUX aKaJEMIYHUX CTHIISIX, COPTYBaTH 310paHi MOCHJIAHHS 3a
MOJIaHUM OMKCOM (aBTOPH, IMyOJiKallisl JaHUX, KJIIOUOBI CJIOBa 1 T.J.), JOJaBaTH 3ayBaKEHHS 0
LUTYBaHb, a TAKOX CIIBIpALIOBaTH 3 1HIIKMMHU aBTOpaMu [4]. OcHoBHMMHU Oi0miorpadiuHUMuU
MEHEKepaMH, SKi CTaHyTh B MPUTOJi, Ta 3eKOHOMJIATH Yac HaykoBiy, €: BibDesk, CiteULike,
Citavi, Colwiz, EndNote / EndNote Web, Jabref, Mendeley, Zotero.

Jucepraltiss mpucBsiueHa JOCHIHKEHHIO i aHaJi3y eKOJIOri4YHOi Ta eHepreTHYHOl CUTYyallii B
VYkpaini, BA3HaYEHHIO POJIi, IEPeIyMOB Ta 3aXO/liB OpraHi3allii eHeproeeKTUBHUX E€KOJOTIYHUX
[OCeNeHb B CTIHKOMY pO3BUTKY Ta pPO3poOIli METOAONOTIYHUX MICTOOYAIBHMX OCHOB
MIPOEKTYBaHHS 13 MOXJIMBICTIO iX 3aCTOCYBaHHS (Ha TepuTopii XapKkiBcbKoi 00nacTi). 3M1HCHEHHS
MIiCTOOY/IBHOI iSTIBHOCTI HEPO3PUBHO IMOB'SI3aHE 3 aHAII30M Ta 00POOKOIO MPOCTOPOBUX JTAHHX, A
ToMy iH(pOpMaIiiiHa MATPUMKA € OJHICI0 3 (YHIAMEHTAIBHHX CKJIAJOBUX MIiCTOOYIIBHOL
nistibHOCTI. [Togaua Bcix BUAIB MicTOOYAIBHOI JOKYMEHTAIll MOBUHHA 3A1MCHIOBATHICS Yy BUTIISI
IIJTICHOT CHCTeMH MICTOOYIyBaHHS, sSKa € IHCTPYMEHTOM YIPABIIHHS 3a0yJ0BOIO TEPHUTOPII.
CyuacHi iH(opMalliifHi TEXHOJIOT1{ JO3BOJIAIOTH 3HAUHO MiAIBULUTH €(DeKTUBHICTH POOOTH OpraHiB
apXITEeKTYpHOTO Ta MICTOOY/IyBaHHS Ta CKOPOTHUTH 4Yac Ha HaJaHHsS MOCIyr. B octanHi poku B
YKpaiHCBKUX MiCTax 1 perioHax 3Ha4yHo Oijbllle BUIBHUX BIIKPUTHUX NaHUX. He3Bakarouu Ha 1ie,
4acTo HEeJIerKo 3HalTH HeoOXinH1 naHi. Tomy, B poOOTI BUCBITJIIEHO OCHOBHI PECYpCH, SIKI MOXHA
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BUKOPHUCTOBYBATH ITi/1 Yac HAITMCAaHHS poOOTH Ta /Tt po3poOku mpoekTiB: Google Earth (manopamu
1 CYIlyTHUKOBI 3HIMKH pi3HUX pokiB), SAS Planet (cynyTHHKOBI 3HIMKH 3 BHCOKOIO PO3IiJIbHOO
3MATHICTIO JOCTymHI i 3aBanTakenus), Wikimapia (pecypc, mio 103BOJSIE OTPUMATH
iHpopMmamio npo (akTuuHEe BUKOpPHCTAaHHS TepuTopiii), Open Street Maps (MonentoBaHHS Ta
yuTaHHsa Tonorpadiuynux kaprt), Cadmapper (mepeTBoproe AaHi 3 BIAKPUTHUX JDKEPEN, TaKHX SK
OpenStreetMap, NASA 1 USGS, B akypatHo opranizoBani ¢aitnu CAD), [Tybniuna xagactpoBa
Kaprta (MO>XKHa 3HaWTH 1H(POPMAIIIFO TTPO KAAACTPOBUM HOMEP 3€MENIbHOI TIISTHKH, 11 MEXI, TUTONTY,
dbopMy BIACHOCTI, IIIHOBE MPU3HAYEHHS, 3TITHO 13 Ki1acu]ikaTOpoM, HassBHI OOMEXKEHHS Yy
BUKOPUCTaHHI Ta iHIIY KOpucHY iH(popmMmarir), GEN (caiiT riob6aisHOT MEpexki €KOIoceIeHb, Ha
wiatopmi po3miiieHa KapTa 3 pi3sHUMH THITAMHU TTOCEJICHb Ha Pi3HUX KOHTHHEHTax), CalT «Eko-
I7TbY» (JIaH1 PO COHSYHY 1HCOJIAIIIIO 1O perioHax), Kapra coHssyHOT akTHBHOCTI PETiOHIB YKpaiHu
(coHslyHA 1HCOJIALIS — BUKOPHUCTaHHS albTEPHATUBHHUX JDKEpen B perioHax Ykpainu), Kapra
BITPOBO1 aKTUBHOCTI peTioHIB YKpaiHu (BITpOBa €HEPTisi — BAKOPUCTAHHS AIbTEPHATUBHUX JKEPET
B perioHax Ykpainu), Kapra rizpoeHepreTnqHoi ak THBHOCTI B perioHax YKpainu (TipoeHepreTuka
— BUKOPUCTAHHS allbTEPHATUBHUX JKepes B perioHax Ykpainu), Kapta ycix TUmiB BiIHOBIIOBaHOT
EHepreTukn YKpaiHW (BUKOPUCTAHHS YCIX QIbTEPHATUBHHUX JDKEped B perioHax YKpaiHu),
['eonopran MicTOOYIiBHOTO KamacTpy XapkiBcbkoi oOiacti (0e3nid KOpHUCHOT MicTOOYAiBHOI
iH(dopmarii MICTUTBCS Ha Iid maTdopMi). Ae B BOEHHUH Tepiof], aaMIHICTPaTOp IeomopTany
3a0JI0KyBaB OCHOBHI CTOPIHKH I€OMOPTay B HIISAX OE3MEKH.

BucHoBku. Buxoasuu 3 BuUIIe3a3HAYCHOTO, B POOOTI y3araJlbHEHO IHTEPHET-PECypCcH Ta
IHTEpHET-CEepPBiCH, SIKI JOMOMOXKYTh MOJIOJOMY HayKOBI[IO IIBUJIKO OTPUMATH Ta MpPOaHaIi3yBaTH
MaKCUMaJbHy KUIBKICTHh iH(OpMAaIlii, sKa CTOCYEThCS 00’€KTa WOTO JOCHIKCHHS, TO3BOJIUTH
MaKCHMaJbHO SIKICHO TPOBECTH aHali3 Ta OOIPYHTYBaHHS HAyKOBHX NHTaHb Yy cdepi
MicTOOY/yBaHHS, TNPH HAMWCaHHI CBO€l mucepraniiiHoi poboru. IlpencraeieHi mkepena
iH(dopMallii Jar0Th 3MOTY JOCHIIKYBAaTH OCOOJIMBI XapaKTEPUCTUKHU Ta MPUHIIUIHN MIPOCKTYBAHHS
€HEeproe(eKTUBHUX EKOJIOTIYHUX TOCENIEHh 3 HU3BKHM PiBHEM CIIO)KMBAaHHS PECYpCiB, B SKHX
IpEJICTaBICHI 1HHOBALIWHI TEXHOJOTII, apXiTeKTYpHO-IIaHYBaIbHi, IPOCTOPOBO-KOMIO3HIIIIHI,
€KOJIOTIYHI Ta €KOHOMIYHI 3aX0/JM BUKOPUCTOBYIOUM CydacHi iH(opmaniiiHi TexHonorii. Curixn
3a3HAYUTH, 110 HAYKOBa MISJIBHICTh HAIIOTO MiCTa MPOJOBXKYETHCS, MU BIpUMO B MEpPEMOry, Ta
0e3MexHO BIs4HI 30poiHUM cuiiaM Y KpaiHu — HallluM reposim!
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BIJIKPUTA YKPATHCBHKA IMOITYKOBA CUCTEMA ¥ BA3A JTAHUX
HAYKOBUX IUTYBAHD

®panuyk H. I1.
Hamionansnuii negaroriyauii yuiepeuret imei M. I1. [Iparomanosa, M. KuiB, Ykpaina
IactutyT nudposizanii ocsitn HAITH Ykpainu, m. Kuis, Ykpaina

Anotania. HaykomeTpuunuii anamiz moTpedye po3poOKH MEBHUX KPHUTEPIiB Ta MOKA3HHUKIB IS
OIIIHIOBAHHS Pe3yJIbTATHBHOCTI MEAAroTiYHUX MOCIiKeHb, 00’ €KTOM JIOCTIKEHHS € HAYKOMETPUYHI 0a3u
[UTYBaHHS Ta CIHIBOpalsl MDK HAYKOBUMH BHIABHHUIITBAMH, JOCITITHUKAMH Ta IHIIMMHU 3alliKaBIEHUMH
CTOPOHAaMH 3 METOIO0 CHPHUSHHS He0OMEXEHIi JOCTYIMHOCTI JaHUX MPO IUTYBaHHS B HAYKOBIH JiTepaTypi.
[IpenmeToM OCITIKSHHS € MOLTYKOBa cucTeMa i 6a3a naHux HaykoBux nutyBanb Open Ukrainian Citation
Index. B poGOTi OmMHCaHO BiAKPUTY YKPAiHChKY IONIYKOBY CHCTEMY HayKOMETPHUYHHX I[MUTYBaHb.
Binkputuii ykpaiHCBPKMH TOK&KYHK IIUTYBAaHHS MICTHTHh METa/IaHi yCiX BHJaHb 4Yepe3 BUKOPHUCTAHHSI
cepsicy Cited-by Bim Crossref. Takoxk B cucTeMi BpaxOBYIOTBCS LUTYBaHHA MiK myOxnikamismu. B
iHTepdeiici cuctemMu € QiNbTPU, BAKOPUCTAHHS SIKMX JIO3BOJISIE POBOIUTH MOLIYK TOKYMEHTIB JIHIIE Cepes
BUJIaHb, 1110 TIPeCTaBIeH] B 11’ s1TH 6a3ax (Scopus, Web of Science, Nature Index journals, Directory of Open
Access Journals, Flemish Academic Bibliographic Database for the Social Sciences and Humanities), a wg,
B CBOIO Yepry, CIPOIIY€E MOUTYK Ta aHaJli3 HAYKOBUX JOKYMCHTIB.

KarouoBi cioBa: momrykoBa cucTeMa, BIAKpUTHI yKpaiHChKMW iHIOeKC uuTyBaHb, OUCI,
pedepaTtuBHI Ta UMTaTHI 0OasW MaHUX, CHEIlialbHI IIOMIYKOBI CHCTEMH, OHJIAWH-IHCTPYMEHTH IS
BiJICTe)KEHHS HAyKOBUX IIUTAT.

OPEN UKRAINIAN SEARCHING SYSTEM AND A DATABASE
OF SCIENTIFIC CITATIONS

Franchuk N.
National Pedagogical Dragomanov University, Kyiv, Ukraine
Institute for Digitalisation of Education of the National Academy of Educational Sciences
of Ukraine, Kyiv, Ukraine

Abstract. Scientometric analysis requires the development of certain criteria and indicators to assess
the effectiveness of pedagogical research. The object of research is scientometrics citation databases and
cooperation between scientific publishers, researchers, and other stakeholders to promote unrestricted
availability of citation data in the scientific literature. The subject of research is the search engine and the
database of scientific citations of the Open Ukrainian Citation Index. The paper describes an open Ukrainian
search engine of scientometrics citations. The open Ukrainian citation index contains metadata of all
publications, using the Cited-by service from Crossref. Also, the system considers citations between
publications. The system interface has filters, the use of which allows you to search for documents only
among the publications presented in five databases (Scopus, Web of Science, Nature Index journals,
Directory of Open Access Journals, Flemish Academic Bibliographic Database for Social Sciences and
Humanities), which in turn simplifies the search and analysis of scientific documents.

Keywords: searching system, Open Ukrainian Citation Index, OUCI, abstract and citation databases,
special search engines, online tools for tracking scientific citations.

Beryn. ®axisui [epkaBHOI HayKoBO-TeXHIYHOI 010110Texku Ykpainu Ha yoii 3 Cepriem
Hazapoguewm 3a nopyuennsm Komnerii MinicTepcTBa OCBITH 1 HayKH YKpaiHU pO3pOOHIIN CHCTEMY:
«BinkputHii ykpaiHchbkuil mokakuuk muryBanHs» (Open Ukrainian Citation Index — OUCI) [2].
[lepma B Ykpaini HaykoMeTpuuyHa Oa3za mouana cBoro poboty B 2002 pomi. Came 1e crano
CBIYEHHSIM TOTO, 110 YKPAiHIli 3p00MIM NepIl KPOKH, CIIPSMOBaH1 Ha 1HTETPaLliio Ta BUX1Jl HAIIO]
HAyKOBOIT CIiJIBHOTH Ha cBiToBUH piBeHb [4]. OUCI — 11e He nuIie crctema Jyis NOIIYKY, a i 6a3a
JAHUX HAYKOBMX ITUTYBaHb, SIKI HAJAXOIATh Bijl YCiX BHIaHb, 110 BUKOPUCTOBYIOTH cepBicu Cited-
by Bix Crossref [5] Ta Initiative for Open Citations [6].
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IlocranoBka 3agauvi. [l ycmimHOT KOMYHIKAmii Ta 3MOTH COLIANI3YBAaTHCS KOXKEH
HAYKOBEIb TIOBUHEH BUKOPUCTOBYBATH LM(POBI TEXHONOTIi AJs CTBOPEHHS MEPCOHAIBHUX
npodiniB, B SKUX PO3MIIIyBAaTH CBOi HampamoBaHHA. JlJIg BITYM3HSIHUX JOCTIKEHb €
000B’SI3KOBICTh MYOJIKallii y BHIAHHSX, LIO IHIEKCYIOThbcs, Kpim Google Scholar, me # B
mibkHapoaHux 0azax manux Web of Science a6o Scopus. Ile pobutbes mis Toro, o6 yci oaunim
BKJIUBICTH iX poOiT [4]. KpiM cTBOpeHHs TakuxX MpodiiiB, ICHYIOTh e i MOIIYKOBI CUCTEMHU U
0a3u aHWX HAyKOBUX IMTYBaHb. JlaHe MOCIIKEHHS MPUCBSIYCHE OAHIN 13 IFOYMX Ha ChOTOJHI
BITUM3HSIHHX TOIIYKOBUX CUCTEM 1 0a3i manux HaykoBux 1uryBanb Open Ukrainian Citation Index.

Meta po6oTH — 03HAOMHUTH HAyKOBILIB 3 BIJKPUTOIO YKPAiHCHKOIO CHCTEMOIO IIUTYBaHb
Open Ukrainian Citation Index Ta cnipusatu 3ajdydeHHIO BUIaHb 0 HaIllOHAIBHOI pedepaTuBHOL
0a3a naHuXx, sKa BIAIOBIJa€ BUMOTaM CyYaCHMX JIOCIIIHUKIB.

OcHoBna yactuHa. Buxopucranns cuctemu OUCI momomoske 3 TMOIIYKOM MOTPIOHUX
HayKOBHUX ITyOJTiKalliid, 00 TOJIOBHOIO METOI CTBOPEHHS ITi€T CHCTEMH OYyJIO CIIPUSTHHS TIOCTYITHOCTI
JAHUX PO IUTYBAaHHS, SIKI € BIAKPUTUMH, PO3MOIUICHUMH Ta CTPYKTypOBaHUMH. Po3poOHUKH
XOTUIM MPUBEPHYTH yBary yKpaiHOMOBHHUX PEIaKIliii 10 MpoOJeMHy MOBHOTH Ta SKOCTI METaJaHUuX
cTarel, o0 MOKPAIIUTH MTOAAHHS YKPATHCHKIX HAYKOBHX BHJIAHb Y CIIEI[ialli30BaHUX MOUTYKOBHX
cHCTEeMax Ta PO3IIMPUTH YUTALBKY ayAUTOPIIO HAIIKMX BITYM3HIHUX BUIAHb [1]. J{71st monermenns
pOOOTH 3 Li€I0 CHCTEMOIO PO3POOHHUKH MPOTOHYIOTh MPAKTUYHUHN TMOCIOHUK, B SKOMY OIUCYIOTh
nepeBaru BukopuctanHa cepBicy Cited-by Big Crossref Ta miarpumku Initiative for Open
Citations [3].

KopuctyBaui MaroTh JOCTYyN 10 CUCTEMH uepe3 BeOcailT (pucyHOK 1), Ha SKOMYy MOKHA
oOpartu KpuTepii Ta BKa3aTH yMOBH MONIYKY. BHI3Y CTOpiHKM BKa3aHO KUIBKICTh MyOJTiKamii, 1o
ABTOMATUYHO OHOBJIOETHCS 33 PO3JUIAMU: 3 YCHOTO CBITY, 3 PI3HUX HAYKOBHX JWCHUILTIH, Y
BITYM3HSHUX BHUJIAHHSX.

& C & oucidntb.gov.ua 2 % O Bk O N 0O a :

ObepiTb KpUTEPIli Ta BKaXIiTb YMOBU MOLLYKY.

Hanpuknaa: MeToAUuHI acnekTu Hassa, aHoTauis, DOI

OAATA YMOBY MOLIYKY
Y Y yKy

Pik nyBnikauii
KypHan
Buaaseup
AsTop
Adinauis asTopa
[xepeno diHaHcyBaHHA
Kateropis ASJC
Kateropis >xypHany
Fanysb 3HaHb
CneuiansHicTb
IHAeKCyeTbCA B
LinTyBaHHA

134 mnH

nyBaikaui 3 ycboro csiTy cTaHoM Ha 01 TpasHsa 2022 p.

1 647 398 130

YKPaiHCbKVX BUAAHB 3 Pi3HWX HAayKOBWX AUCLMNAIH Bia 366 ny6AiKaLii y BITUNSHAHUX BUAAHHAX
BUAABUIB

Pucynok 1 — I'onoBHa ctopinka Open Ukrainian Citation Index

Kpim nporo, HaBeneHa aHalliTHKA, MouynHaoud 3 1991 poky, 3a OUIBIIICTIO rany3eil 3HaHb.
I'padiuno momaroThCs: KUIBKICTh MyOTiKaIliil 32 poKaMu Ta KUIbKICTh IIUTYBaHb 32 POKaMH. Takox
MICTSTbCS BUUEPIIHI JaH1 PO MPOEKT, a came: npuHimi podotu OUCI; sik mpeacTaBuTH xypHal B
OUCI; merpukn OUCI; npuknamu Bukopuctands OUCI; BiamoBigi Ha MOMMPEH1 3alMUTaHHS,
KOHTAaKTH.
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BucnoBku. [TonrykoBa cucreMa npairoBaTuMe Kpartie, sKiio Bei ctaTTi Oyayts matu DOI. €
0araTo MpuUKJIaiB HEKOPEKTHOIO BUKOPUCTAHHS METPUK HE TUIbKM B YKpaiHi, a i y CBiTI, pa3oM 3
THUM, MpoOJIeMa HEe B caMHUX IHCTpyMEHTax 4M 0a3axX JIaHMX, a B KOPUCTyBadax, sKi HE JO KIHIIA
PO3YMIIOTh Ta HETOYHO IHTEPHIPETYIOTh HAYKOMETPHYHI IMOKa3HUKHU. lIpakTHyHa 3HAYYIIICTh
poOOTH TOJISATAE B PO3KPUTTI XapaKTEPUCTHK Ta MOMYJISIpU3allii HaI[lOHATHHOI OITYKOBOT CHCTEMU
i 6a3u manux HaykoBux 1uTyBaHb OUCI. bo pociimpkeHHsT HAallTMX HAYKOBI[IB YaCTO 30CEPEIKEH1
Ha HallOHAJBHIM TeMmaTuii, a, OTKe, Majlo MLIKaBIATh YKJIaJadiB  KOMEpPLIHHUX
OararoauCIUILTIHAPHUX 0a3, sKi 30piEHTOBaHI HA MKHAPOIAHY CIIUIBHOTY.
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Cekuist I. Komm’rotepae MoienroBanHs Ta iHGOPMAIIiitHI CHCTEMHU B €KOHOMIITI

AHAJII3 TPUHIOUIIB, METOIIB I IPOT'PAMHUX 3ACOBIB
ITPOI'HO3YBAHHSA BAKAHCIN HA PUHKY IIPAIII

Jy6oBchkuii A. A.
YepkacbKuil epKaBHHUM TEXHOJIOTIYHUH yHiBepcuTeT, M. Uepkacu, Ykpaina

AHoranis. Y CYYaCHHX yMOBAX, IO CKJIAIIMCS HA PHHKY Tpari Sk B YKpaiHi, TaK 1 CBiTi, aKTyaJIbHOIO
€ mpobema MOIIYKY i MPOrHO3yBAaHHs BAaKAHCIH HA MDKHAPOAHOMY PHHKY Ipalli, sika O 3a10BOJBHsIIA
MOTpebH AK MOTCHUIMHMX NPAaliBHHKIB, Tak i poOOTONABIIB, a TAKOXK BHPIMICHHs wiei mpobmemu 3a
JIOTIOMOT 010 CTIEIiaJIbHNX HAyKOBHX METOJIB 1 3ac00iB ix peamsaun Mertoto poboTH € aHami3 HaHOUTBII
MOy IAPHAX METO/IB TIPOrHO3YBAHH BaKaHCiil Ha PUHKY npaul 1 mporpaMHUX 3aco0H, IO iX peam3y10TL
Ha ocHoBI 116010 aHaJI13y Oyze BU3HAYCHO BUMOTH JI0 BeO-0pieHTOBaHOL lH(i)OpMaLIII/IHOI CHCTEMH aHamsy i
NPOTHO3YBaHHs BaKaHCIi Ha PHUHKY TNpali, o po3poOiseThCsl aBTOPOM Yy MeKaxX AMCEPTalliifHOrOo
nocmimpkeHHs. [lpakTuuHa 3HAYYMIICTh MOCTIDKEHHS TOJISTa€ Yy TOMY, LIO CTBOPEHHS TakKoi CHCTEMHU
HaJaCThb MOXJIMBICTH ii KOpHcTyBadaM y OyAb-fKud 4Yac i OyAb SIKOMY Micli, Jie € JAOCTYI A0 MEpexi
IHTepHeT OJIEP)KyBaTH aKTyaJbHY iH(bopMauiIo Ipo BakaHCil Ha pHHKY npani SK 3a IIeBHUMH PETiOHaMH,
TaK 1 MEeBHUMH MPOQECiIMH, a TAKOXK 3/IMCHIOBATH MPOTHO3YBaHHS 3MiH Ha PHHKY npaul 3a JIOTIOMOTOI0
MaTeMaTHYHOTO MOJICTIOBAHHS 3 BUKOPUCTAHHSIM CyYacHUX HAYKOBHX METOJIB 1 MiAXOIiB.

Kro4oBi cjioBa: MeToan NpOTHO3YBAaHHS, MPHKIAIHI MPOrpaMH, BaKaHCii, pUHOK Tpami, BeO-
opieHTOBaHa iHpoOpMaIliiiHa cucTema.

ANALYSIS OF PRINCIPLES, METHODS AND SOFTWARE
FOR VACANCY FORECASTING ON THE LABOR MARKET
Dubovskyi A.

Cherkasy State Technological University, Cherkasy, Ukraine

Abstract. In the current conditions of the labor market in Ukraine and the world, the problem of
finding and forecasting vacancies in the international labor market, which would meet the needs of both
potential workers and employers, as well as solving this problem with special scientific methods and tools,
is relevant. The aim of this work is to analyze the most popular methods of forecasting vacancies in the labor
market and the software that implements them. Based on this analysis, the requirements for a web-based
information system for analysis and forecasting of vacancies in the labor market, developed by the author
within the dissertation research, will be determined. The practical significance of the study is that the creation
of such a system will allow its users at any time and in any place where there is access to the Internet, to
receive up-to-date information about vacancies in the labor market both for certain regions and certain
professions. as well as to predict changes in the labor market through mathematical modeling using modern
scientific methods and approaches.

Keywords: forecasting methods, applied programs, vacancies, labor market, web-based information
system.

Beryn. CyuyacHe AOCHIIKEHHS PUHKY Ipall HEMOXKJIMBO BHKOHATH 0O€3 BHKOPUCTaHHS
iHpopMalifHUX TEXHOJIOTIH, MaTeMaTHUYHUX Ta CTATUCTMYHUX METOIB, a TaKOX MPHUKIATHUX
porpam, siKi 1at0Th MOXJIMBICTh OLIHUTH IOTOYHY CUTYAI[1}0 HA pUHKY IIpalll, BAOKPEMUTH ICTOTHI
Ta HECYTTEBI UYMHHUKM Ta (AKTOpU HOro pO3BUTKY, NPUYMHH COIL[1aJIbHO-€KOHOMIYHOI
HEeCTabUIbHOCTI, Ta 3pOOUTH a/IeKBaTHUI MPOrHO3 TUHAMIKH Ta TEHJIEHIIH PO3BUTKY MOKAa3HHUKIB
Ha pUHKY rpaii. [[poanaini3yBaBiu rmpolecu Ha pUHKY Mpalli B 4yaci 3a JOOMOT'0l0 MaTeMaTHYHOT O
MOJIETIOBAaHHS, MO’KHA OTPUMATH PE3yJIbTaTH IIOTOYHOTO, PETPOCIEKTUBHOIO Ta NEPCIIEKTUBHOIO
CTaHy LIbOTO pUHKY. Pe3ybTaTOM MaTeMaTHYHOTO MOJIEIIOBAHHS CTaHy PUHKY Mpalli € modyaoBa
KOPOTKOCTPOKOBOTO ab0 JOBrOCTPOKOBOTO MPOTHO3Y HOro MOBENIHKH, LI0 HAJIA€ MOKIUBICTh
BUOKPEMHUTH I€BHI KPUTEPii Ta BEKTOPH PO3BUTKY PHHKY Mpalli Ta Horo perymoBanHs. [Ipouec
MOJIETIIOBaHHSI TMOBUHEH B1AOOpaXkaT OCHOBHI BHYTPIIIHI Ta 30BHIIIHI B3a€MO3B’SI3KU MIXK
€JIeMEHTaMH 11€1 €KOHOMIYHOI MIJCUCTEMU Ta IHIIMMHU €JIeMEeHTaMu eKOHOMIKU. CyThb Takoro
MO/IEJTFOBAHHS 3BOAUTHCS JI0 TPOrHO31B TEHACHIIH IMHAMIKH 3aHHATOCTI Ta 6€3p00ITTS HACEeTIeHHS,
3apo0ITHOT MJIaTH MPaLiBHUKIB, MpodeciiiHo-kBaniiKaiiiHOI CTPYKTYpH 1 T.I.
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IMoctanoBka 3agavi. ['0OIOBHMM NpU3HAYEHHSIM MATEMaTHYHOTO MOJEIIOBAHHS PUHKY
npari € aHali3 eKOHOMIYHHMX IPOLECIB, IO BiI[GyBaIOTBCH Ha PHMHKY Hpaui IIPOrHO3YBaHHS
HanpsMiB HOro PO3BUTKY, po3po0sIeHHs yl'IpaBJ'IlHCI)KI/IX pillieHb Ha BCIX PIBHAX (byHKLuoHyBaHHﬂ
cq)epn TPYIOBUX BigHOCHH. OJTHAK, CKJIaIHICTh COL[IaJIbHO-€KOHOMIYHUX IPOIIECIB Ha PUHKY Iparli
M y3arami B Oynp-siKi €KOHOMIYHIM cHCTeMI HE Ja€ 3MOTM BHKOPHCTOBYBAaTH pe3yJbTaTd
MO/JICJIFOBAHHS Ta MPOTHO3YBAHHS K €IMHE YIPABIIHChKE PIIIEHHS, BOHU € TUIBKH CKJIaJJOBOIO
YAaCTHUHOIO JISUTBHOCTI JIFOJICH 13 perysioBaHHS PUHKY Tpali. ICHye BenMka KUTbKICTh METOIIB
€KOHOMIKO-MaTEeMAaTUYHOT0 MOJIEIIOBaHHSA Ta IMPOTHO3YBaHHS, AEAKI 3 HUX JOCTaTHbO JaBHO
BUKOPUCTOBYIOTbCS Ui HpOTHO3Yy U anamizy. Ilpore B yMoBax cowiagbHO-€KOHOMIYHOL
HeCTaOlTPHOCTI HAa PUHKY Ipalli BapTO 3aCTOCOBYBAaTH HOBI MeTonau abo iX KOMOiHaii 3 yxe
icHyrouMMH. TakoX He MEHII Ba)JIMBUM AaCIEKTOM € IIOCTiIHHA aBTOMAaTH3allisi €KOHOMIKO-
MaTeMaTHYHUX METOMIB Ta MOKJIHMBICTh 3aCTOCOBYBAaHHS HAYKOBISIMH CYyYaCHHMX INPOTPaMHHUX
IPOAYKTIB 3 OIVIAAY Ha BUCOKY BapTICTh Ta MPOOIEMH X OMAaHyBaHHS.

MeTow Ppo6OTH € aHajgi3 OCHOBHUX NPHHIIMIIB, HAWOUIBII MOMYJSIPHUX METO/IIB
NPOTHO3YBAaHHS BakKaHCIM HAa PUHKY Mpali i MporpaMHUX 3aco0H, MO iX peani3yloTh, a TaKOX
BU3HAYEHHS HA LI OHOBI KIIOYOBHUX BHMMOI J0 MOAYJS IPOrHO3YyBaHHSA BeO-OPI€EHTOBAHOL
iHpoOpMaLiiHOi cHCTEMH aHaji3y 1 MPOTHO3yBAaHHS BaKaHCIH HA PUHKY Ipalli, 110 po3pOOIsIe€ThCS
ABTOPOM Y MEXKax JUCEPTAMIMHOTO JOCITIKESHHS.

OcHoBHa 4yacTuHa. OCHOBHMMM NPHHLUMIAMM IPOTHO3YBAaHHS PO3BUTKY PUHKY IHpari
MOXKHa BBaXaTH [l]: CHCTEMHICTH NPOTHO3YBaHHS; BiAMOBIAHICTH MPOTHO3YBAaHHS CYYaCHUM
HaYKOBUM JIOCHIPKEHHSIM a00 HayKOBICTh; aJEKBAaTHICTh IPOTHO3IB pEAJbHUM IPOLECAM;
CLIEHapHMI XapakTep MporHo3iB. Cucmemuicms BU3HAUAE, 1110 PUHOK Ipalll Lie LIJTICHAa CUCTEMa,
sKa Ma€ B cO00i CYKYIHICTh OKpEMHX B3a€EMOIIOB’S3aHUX EIIEMEHTIB Ta BKIOYae B cebe
B3a€MO3AJICKHICTh  (PAKTOPiB, MOCHIJOBHICT Ta MIAMNOPSAKYBAaHHS METOIIB JOCIIIKEHHS,
BpaxyBaHHS (DAKTOPIB COIIATBHO-EKOHOMIYHOT HECTaOIIbHOCTI Ta BHYTPIMIHIX 1 30BHINIHIX
BUKIIMKIB. Haykogicmb BIINOBIZa€ 3a TOETHAHHS 00 €KTHBHHX 3aKOHIB JIFOJICHKUX 3HAaHb,
OB’ 13aHUMH 3 BUKOPUCTAaHHAM MaTEMAaTUYHOTO MOJICJIFOBAHHS 1 IPOrHO3YBAHHS T4 BUKOPUCTAHHS
cydacHUX iH(OpMAaIifHUX CHCTEM 1 TEXHOJOTiH, 3 MOJAIBLIOI Bi3yalli3alli€l0 pPE3yNIbTaTiB
TOCTIIKEHHA. AJekeamuicme PETyJIoe MEePeBIPKy HASBHOCTI B MOJIENI BCiX ICTOTHUX (DaKTOPIB i
BIZICYTHOCTI HECYTTE€BHX (DAKTOpiB, TEPEBIpKY HASBHOCTI Ta TOYHOCTI 3HAYEHHS 3MiHHUX,
NEepPEeBIPKY CTATUCTHYHUX TIMOTe3 Ta Kpoc-nepeBipky. IlpuHimn cyenaprocmi 3abe3nedye BUOip
NOKa3HMUKIB PUHKY Ipalli, 3HAYEHHS SIKUX MOKHA BapilOBaTH, KOMOIHYBaHHs KJIIOYOBUX (DaKTOPIB,
pO3poOKy Ta aHalli3 CILeHapiiB PO3BUTKY, BUOIp cTpaTerii 3 ypaxyBaHHSM BCIX MOMKJIMBHUX
CIIeHapIiB.

PeTtpocniekTuBHUI aHai3 € BUJIOM €KOHOMIYHOT'O aHaJli3y, L0 CIPSMOBAHUIN HA IOPIBHSIHHS
(GakTUYHUX pPE3y/ibTATIB JISJIBHOCTI PUHKY Ipalll, BU3BHAYEHHS BEJIMYMHM BIUIUBY (DAKTOPIB Ha
3MIHY pe3yJibTaTiB MOro MAisNIBHOCTI, MiIpaXyHOK pe3epBiB MiABHIIEHHS e(QEeKTHUBHOCTI
(GyHKIIIOHYBaHHSl PUHKY Tpalll, BU3HAUEHHS LUIAXIB MOOUII3alil 3HallJIeHUX pe3epBiB ToIo [2].
ExoHnomMeTpuuHMit aHATI3 J1a€ 3MOTY TPOAHAII3yBaTH EMITIPUYHI JIaH1 32 JJOTIOMOTOI0 CTATUCTUIHUX
METO/IiB, KUTbKICHO BUMIPSTH BIUIMB UYNHHUKIB HA T1 UM 1HIIII €KOHOMIUHI SBUI[A, TOOTO BUSBUTH i
MaTeMaTUYHO ONMCATH KUIBKICHI B3a€EMO3B’SI3KM MK EKOHOMIYHMMM 3MIHHMMH, HOPOCTO 1
JOCTYITHO OonucaTH (pakTopu Ta iX 3HAYYIIICTh [2].

ANBTEpHATUBOIO CTATUCTUYHMM METOJaM IIiJ] 4Yac MOJIENIIOBaHHS Ta IPOTHO3YBaHHS
PO3BUTKY PHUHKY Tpaill € METOJIU IHTEJeKTyaJbHOro aHamizy manux. Cepen Takux METOMIIB
BUJUIAIOTBCS METOAM, 110 BUKOPUCTOBYIOTH IITYYHI HEMpPOHHI Mepexi. 3aCTOCyBaHHS amapary
HEHPOHHUX MEPeX CHOTOJHI € JIOCTaTHBO TOMIMPEHHM. BiH BHKOPHUCTOBYETHCS IS
MPOTHO3YBAaHHSA KaJAPOBUX TOTPeO MIANPUEMCTB, MOTPeO® poOOYOi CHUIIM B CHUCTEMI «ITOTHUT-
NPOMO3ULi», MiJ Yac BHU3HAYCHHS HANpsAMY OPUHHATTA YIPaBIIHCBKUX pIIIEHb Yy CHCTEMI
TPYJAOBHUX BIAHOCUH, MPOTHO3YBaHHS PO3BUTKY PETIOHAIBHUX PHUHKIB Ipalli, MPOrHO3YBaHHS
OLIIHKM YCIIIIHOCTI MpauiBHUKIB [3].

CpboroiHi icCHye JIOCUTh BEJIHMKa KUIbKICTh MMAKETIB MPUKJIAAHUX MPOrpaM JJIsi aBTOMAaTH3allii
METOJ[IB aHaji3y Ta IMPOTHO3YBaHHA TMpPOIECiB Ha PHUHKY mpaii. 3a (yHKIIOHAIbHUMU
MOYJIMBOCTAMHU X MOXKHA TOJAUIMTH HAa TPU BHU3HAYAIBHI TPYIU: 3A2ANbHO20 NPUSHAYEHHS,
npogecitinoeo npusHauenus, cneyianizosanozo npusHayents. IIpore 0CHOBHUMH poOIeMaMu T
yac BUOOpPY MpOrpaMHOro 3abe3NeyeHHs € iX HeJOCTYIMHICTh IHJMBIAyaJbHOMY KOPHUCTYBa4eBi
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(BUCOKa BapTiCTh), HEJOCTaTHICTh Yacy Yy JMAOCHIJHHKIB Ha OCBOEHHS JAEKUIBKOX IpOrpam,
Bi;[cyTHiCTb y OaraTbox O€3KOIITOBHUX NakeTax rpagidHoro intepgeiicy, Bi;[cyTHiCTL B OJHIN
Mporpami HEOOXiMHMX (PYHKILIiA, IO MOTPIOHI KOPHCTYBady AK 3 OOKY MOTCHLITHOrO MpaliBHAKA,
Tak 1 poboromaBus. Y Tabmuii 1 HaBeneHO METOAM, IO BUKOPUCTOBYIOTHCS JJISl aHAJI3y PHHKY
nparii, Ta HaKeTH MPHUKIAJIHUX IIPOrpaM, JIe BOHH peanizyroTbes [4].

Tabmuus 1 — MeToau anajizy pMHKY npani Ta nakeTH NPUKJIATHUX NPOrpaM, e BOHU

peaJizyloTbest

Metoau aHaJi3y pUHKY TIparti [TakeTn MpUKIATHUX MPOTpam

Metoau cuctemuoro ananizy | QSB (Quantitative Systems for Business), Minitab, Matlab, Stata,
Gretl, IMulti

MeTou OnpaitoBaHHS Microsoft Excel, XLSTAT, Gretl, EViews, SPSS

CTaTUCTUYHHUX JaHUX

ArperatHe iHACKCYBaHHs Microsoft Excel, XLSTAT, Gretl

MacuBH iHIHKATOPIB QSB (Quantitative Systems for Business), Minitab, SPSS

MeToa nopiBHSIHbB R (R Foundation for Statistical Computing), Curve Expert,
DATAWRAPPER

OniHroBaHHS 30BHIIIHIX Ta SAS (Statistical Analysis Software), Minitab, SPSS, Microsoft Excel,

BHYTPIITHIX (aKTOPiB XLSTAT, Gretl, Curve Expert

Metoau CTaTHCTHYHOTO Minitab, SPSS, Matlab, Microsoft Excel, Stata, Gretl, Statistica,

aHawizy EViews, QSB (Quantitative Systems for Business), Minitab, JMulti

CraTHCTHYHI Ta JUHAMIYHI GraphPad Prism, Microsoft Excel, XLSTAT, Curve Expert,

OaaHcoBi MoJeIT DATAWRAPPER, STATISTICA, EViews, MESOSAUR, NetLogo

MeToau COIIONOTIUHIX AnyLogic, Simulink, Microsoft Excel, Mathcad, SPSS Statistics

JIOCJIIIKEHD Koruituere monemroBanuas «KAHBA», Growthbar, Living Facts, US

Census Business Data, Social Mention

MeToan eKCIIEPTHUX OLIHOK Microsoft Excel, MATLAB (The Mathworks)

MeTon aHami3y TpeH IiB Statistica, Matlab

Meto/1 4acOBUX PSIiB InfluxData, Trendalyze, Amazon Timestream, DataStax, Prometheus,
QuasarDB, Warp 10, InfluxDB, Kdb+, Actian X, Axibase Time Series
Database, Microsoft Excel, EViews, MESOSAUR

Amnari3 crieHapiis Microsoft Excel

Amnaii3 KoeilieHTIB MathCad, Matlab, Microsoft Excel, Statistica

HeiiponHi Mepexi SPMD, Computer Art Studio, Viscovery, SOMine

Metoau onrumizamii Mathcad, MatLab, Microsoft Excel, Statistica, Decision Support

MOKa3HHKIB System (DSS)

ImiTaritine MoICTIOBaHHS Arena, AnyLogic, GPSS World, Process Charter 1.0.2, Powersim 2.01,
EViews

MeToan MaTeMaTHIHOTO Microsoft Excel, XLSTAT, Gretl, JIMulti, Curve Expert, Statistica,

aHaizy EViews

THIITi METOIM EKOHOMIKO- QSB (Quantitative Systems for Business), Minitab, Matlab, GraphPad

MareMaTHuHOro moxemosannus | Prism, Microsoft Excel, XLSTAT, Gretl, JMulti, Curve Expert,
Statistica, EViews, MESOSAUR

BucHoBKH. 3riTHO 10 MPOBEIECHOTO aHAJI3y METOJIB 1 3aCO0IB MPOTHO3YBAaHHS 3pO0OJIEHO
BUCHOBOK, 1110 HAalOJIbIII Cy4aCHUMHU 1 €(PEKTUBHUMHU € METOJH 1HTEJIEKTYaJIbHOTO aHaJli3y 1aHUX,
30KpeMa METO/H, 1110 BUKOPUCTOBYIOTh IITY4YHI HEMPOHHI MEpEXi SIK KJIACHYHI, TaK 1 HEUITKI, a
HaiOL1bII 3aTpeOyBaHUMHU € BeO-OpiEHTOBaHI MPOrpaMHi 3aco0M, IO iX peami3yloTh. Y Mexax
JIOCJTIDKEHHS CTBOPIOETHCS BEO-OpIEHTOBHA 1H(OpMaIliiiHa TEXHOJIOT1s, 10 Oyae Ha 6a3i METO/IIB
IHTEJIEKTYaJIbHOTO aHalli3y JaHuX, MPOpaxoBYBaTH JesKI PHU3UKHM Ta IMPOrHO3YBAaTH OCHOBHI
TEHJIeHI[I] Ha pUHKY mpari. Ha ocHOBI ojiep»kaHoro nporuo3y 0yzae OyayBaTHCh MOJIENb 3MiH Ha
PUHKY Ipalii, Ha 0a3i skoi Oy/e BiA0yBaTHUCh BUOIpKA aKTyaJIbHOTO CTaHy PUHKY Ipalli.
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1. Mapmagin FO. M. [lnsxu 3a0e3redeH s MOCIiIOBHOCTI B IMiTOTOBI (aXiBIiB Y HaBYAIbHUX
3akyafax YKpainu 3 norpedaMu pUHKY Mpaii: METOA. 1 IPUKIagHi acueKTH. PUHOK npayi ma 3aunsamicms.
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2. XKeryc O. B. MopaentoBaHHsI IONUTY Ha OCBITHI NMPOAYKTH 3aKIajiB BUILOI OCBITH B YKpaiHi.
Ipobnemu exonomiru. 2018. Ne 2. C. 410-417.
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BUKOPUCTAHHSA IHCTPYMEHTIB DATA SCIENCE B EJJEKTPOHHIV KOMEPIIIT

TOHAIb -, Jayronoabeskuii Q. JgoBensb T. ) . M4 .
3aronanbka T.! onosbcebkmii 0.2°, Bostosens T.2, Moxckpedko 0.1, Makc k 0.1
'Kuischknii Hamionansuuit ynisepcutet imeni Tapaca IlleBuenka, M. Kuis, Ykpaina
23axinHOyKpaiHChKHil HallioHANbHUI YHiBepcuTeT, M. TepHorminb, Ykpaina
3Bumia mkos1a eKOHOMIKH Ta iHHOBaIH, M. JTr00iH, [Tosbima

Anoranis. Kapantunni 3axomu [uist 3ano6iranss nommpeHHio manaemii COVID-19 npusenu 1o
HIBUJKOTO 3pOCTaHHS PHHKY €JEKTPOHHOI po31piOHOI TOpriBii. [HTepHET-Mara3uHu cTajayd 3BUYHUM 1, IS
JISIKUX TPyN JtoJiel, He €IWHUM crocoOoMm 3ale3nedycHHs cebe ToBapamMu. Tomy dYepe3 HaaMipHE
HAKONMYEHHS OHJIAWH-TAaHNX HEOOXiAHI CydacHI METOMH iX aHami3y. 3aBISKH OTISAY JITEpaTypu MO0
MOJJIMBOCTEH BUKOpUCTaHHS iHCTpyMeHTiB Data Science Oyiu BU3HAYCHI Taki METOJIH Ta MOJIENI 00pOOKH
JTAHUX eNIEKTPOHHOI KOMEPIIii, K IHTeJIeKTyaIbHUH aHali3 TaHuX (KJIaCTepHUH aHANi3, perpeciitHnil aHai3,
Kiacudikaris), MallMHHE HaBYaHHS, INTYyYHI HEHMPOHHI Mepexi, Bidyamizamis Tomo. MeTor craTTi €
nmoOymoBa Mozaeni oOpoOKHM JaHWX JUIA MiABHUINEHHS e(eKTHBHOCTI enekTpoHHoi komepmii. Ilim wac
MozetoBaHHs Oynu Bukopuctani Ward-meroq Ta kimactepHa Bisyamizamis. Y pe3ysibTaTi KOXKEH 3
OTPUMAHMX KJiacTepiB OyB OIliHEHWH 3a CTATHUCTUYHUMH TOKa3HUKaMHu. Takox Oynn 3amporoHOBaHi
BapiaHTH PO3BUTKY CJIEKTPOHHOI KOMEpIii Ta BIOCKOHAJIIEHHS MapKETHHIOBOI CTpaTterii MiANpHEMCTB.
BcranoBieHo, 1110 BUKOPUCTaHHSI pEeKIaMHU B COIIaJIbHAX MEpekKax 3/1aTHE 3HAYHO 30UIBIINTH €NEKTPOHHI
NpoJaxi, Toai sSK iHBecTyBaHHs B JpykoBaHi 3MI e needekTuBHUM. Takum UYMHOM, BHUKOPHCTAHHS
noOyJ0BaHOI MOJIeNli € JOUUIBHUM IS TOKpamieHHs 30yTy Ta IUIaHYBaHHS MAapKETHHTOBHX BHUTpAT.
MoxnuBoCcTi BHKOpHCTaHHS iHCTpyMmeHTiB Data Science B anani3i eneKTpOHHOI KOMepIii € KIIOYOBOIO
cheporo s 3aydYeHHS KIIIEHTIB, PO3IIUPEHHS 0i3HECY Ta 301IbIIESHHS TOXOIIB.

KawouoBi cjoBa: enekTpoHHa KOMepIlis, Hayka TpO JaHi, BENWKi JaHi, KIACTEPHUH aHai3,
perpeciitHmii aHai3.

USE OF DATA SCIENCE TOOLS IN E-COMMERCE

Zatonatska T.}, Dluhopolskyi O.2%, Wolowiec T.3, Podskrebko O.1, Maksymchuk O.!
Taras Shevchenko National University of Kyiv, Kyiv, Ukraine
2West Ukrainian National University, Ternopil, Ukraine
3Higher School of Economics and Innovation, Lublin, Poland

Abstract. Quarantine measures to prevent the spread of COVID-19 pandemic have led to a rapid
growth of the e-retail market. Online shopping has become commonplace and for some groups of people the
only way to provide themselves with the resources. Therefore, due to the excessive accumulation of online
data modern methods of analysis are necessary. The literature review on the possibilities of using Data
Science tools has identified such methods and models of e-commerce data processing as data mining (cluster
analysis, regression analysis, classification), machine learning, artificial neural networks, visualization, etc.
The aim of the article is to build a data processing model for improving the efficiency of e-commerce. Ward’s
method and cluster visualization have been used during the modeling. As a result, each cluster has been
evaluated according to statistical indicators. Also, options for the development of e-commerce and
improvement of marketing strategy have been proposed. It has been found that the use of advertising on
social networks can significantly increase e-sales, while investing in print media is inefficient. Thus, the use
of the built model is effective in improving of sales and planning of marketing costs. The possibilities of
using Data Science tools in e-commerce analysis are a key area for attracting customers, expanding business,
and increasing revenue.

Keywords: e-commerce, data science, big data, cluster analysis, regression analysis.

Beryn. AKTUBHE 3pOCTaHHS PUHKY €JIEKTPOHHOI KOMEPIIii CYIpPOBODKYEThCS 301IbILICHHIM
00csry iH(popMallii, HAKOITMYEHOT 3a JOTIOMOT'0¥0 HOBITHIX TexHosori#. Lle, y cBoro uepry, Bumarae
BUKOPHUCTAHHS MPOTPECHBHUX MIIXOJIB, METOMIB 1 TEXHOJOTIYHHUX 3aco0iB uig i 30epiraHHs,
00poOku Ta BuKOpucTaHHsS. [IpoGiieMa MigBUIIEHHS €(PEKTUBHOCTI 1HCTPYMEHTIB €JIEKTPOHHOI
KOMEPIIii aKTUBHO PO3TJIsIaliach B Mpalsix 3apyoikaux [1; 2; 3; 4; 5] Ta ykpaincekux [6; 7; 8; 9]
BUCHHUX.

MeTtor0 aociailzKeHHsl € BHM3HAUYEHHS CYYacHOIO CTaHy, INEPCIEKTHB Ta MOXJIMBOCTEN
3acTocyBaHHs 1IHCTpYMeHTIB Data Science B aHasi31 JaHUX €IEKTPOHHOT KOMepIii B YKpaiHi.
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3aBIaHHAM J0CTIKeHHs € T0OyI0Ba MOJEN 00pOOKH JaHUX €IEKTPOHHOI KOMEepIii s
MOKPAIIEHHS CTPATerii eeKTPOHHUX MPOAAXKIB Ta MAPKETUHTY MiJIPUEMCTBA.

PesyabraTn. Jlns peanmizamii momenai Oynu BUKOpHCTaHi maHi mignpuemctBa ReckKitt
Benckiser, mo crenianizyerscsi Ha BAPOOHULITBI TOBApIiB VIS IOMY, JIIKapChKUX 3ac00iB, 3ac00iB
JUIs 310pOB st Ta ririenn. OHiero 3 Kio4oBux crpareriii Reckitt Benckiser Ha ykpalHCBKOMY pUHKY
€ 30UTBIIICHHS €JICKTPOHHUX MPOJAXKiB Ta 3aTYYCHHS] HOBUX CIIOKMBAYIB IIJISXOM BUKOPHCTAHHS
€JICKTPOHHUX MAapKETHHTOBHUX IHCTPYMEHTIB, B TOMY YHWCJ MyOJiKaIlii peKJaMHUX IIOCTIB B
colianbHUX Mepexax. JlaHi, Kl OTpUMYIOTECS B IPOLIECi MPOMO-aKTUBHOCTEH, MOKYTh MICTUTH B
co0i myxe MiHHY 1H(pOpMAIiO I KOMIMAaHii Ta JOMOMOTTH JOCIIIATH MOBEAIHKY 1 HAHOLIBII
e(eKTUBHI [Iii CIIOKUBAYIB.

3a J0IOMOTO0 aHAMITUYHKX iIHCTpyMeHTiB Data Science Oyia mocraBiieHa MeTa epeBipuTH
HasIBHICTH 3B’S13KY MK PEKJIaMHOIO KaMITaHI€l0 KiIi€HTa (€eKTHBHUMHU METPUKaMH) B MEpExi
Instagram Ta JgUHaAMIKOIO BTOPHMHHUX TNPOJAXKIB MPOMYKII KOMIaHIi Ha CalTi KIIl€HTa.
[IpoMOaKTUBHICTh MpaIlfO€ HACTYMHHUM YHHOM: Ha CTOPIHII KII€HTa B COLIaNbHIA Mepexi
Instagram myOiikyeThcsi HOBHMHA TPO XBHJIKO 3HW)KOK Ha TICBHMW acOpPTHMEHT OpeHny X, B
nyOmiKaiii MICTUThCS TOCWJIAHHS 3 TIEPEXOJOM Ha CalT I[HTepHeT-MarasmHy Mepexi, e
KOPUCTYBa4 MOKE OTJITHYTH BECh 3alIPOIIOHOBAHHUI TIPOMO-aCOPTUMEHT, a TAKOXK MPUI0ATH HOTO.

Jnist nocmiKeHHsT BUKOPUCTOBYBAIIMCH /BI 0a3u manux. Ilepmia mictuina B co0i MIOAEHHY
iH(hOpMALIiI0 PO KUTBKICTh MEPEX0/1iB Ha CAlT Ta 3p00JIEHUX B MOAATBIIOMY 3aMOBJIEHb Ha TPOMO-
MPOYKIIiFO, TOAI SIK Apyra 06a3a JaHUX BKIIFOYAJIa HACTYITHI IOKA3HHUKU:

— KUIBKICTB BiJ[BIyBa4iB CIIIBHOTH, OC.;

— pI3HOMAHITHICTh KOHTEHTY — BIJHONICHHS KUIBKOCTI THIIB KOHTEHTY O KUIBKOCTI
nyOmikarii B AcHb, %;

— 3aiydeHHs ayauTopii, abo ERday, % — BigHOmEHHS CyMH KIUIBKOCTI BCIX i
KOPHCTYBauiB (JIailku, KOMEHTapi) B IeHb /10 3arajibHOI KUIBKOCTI YUaCHUKIB CIIUTBHOTH;

— OXOIUICHHS — KIJIbKICTh KOPUCTYBAUiB, AKi MO0AUYUITH MyOITiKAaIliio;

— JleHb, Konu Oyna 3pobneHa myomnikamis (1 — Oyanii, 0 — BUXigHMI);

— KUIBKICTbh IIEPEXOIB HA CAalT MEPEXKi.

JIj MOYaTKy BayKJIMBO 3pO3yMITH UM iICHYE 3aJISKHICTh MK IIEPEX0IaMH Yepe3 TOCHIIaHHS 3
nyOuikanii Ha caiT Ta KUIBKICTIO 3amMoBjeHb. I[IpoaHanizyBaTu JaHy CTAaTUCTHKY 3pYYHO 3a
JIOTIOMOT'OF0 METOJYy perpeciifHoro a”amizy. Y JiHIHHIN perpecii 3aiexHa 3MiHHA Y — KIJIbKICTh
pojaxiB, HezajekHa X — KUIBKICTh BiJIBIJyBaHb CAaWTy IHTepHET-Marasuuy. s BU3HaueHHS
reTepoCKeaCTUIHOCTI BUKOPUCTOBYBABCS MeTo/] I eii3epa — po3riIssHyTO perpecito abcotoTHUX
3HAYCHb 3QIHLIKIB |U;

, SIK1 BIITIOBIJAIOTh perpecii HAaMMEHIINX KBAJPaTiB sSIK AESIKY (YHKIIIO BiJl

Xj, € X; € TIEI0 HE3aNC)KHOK 3MIHHOIO, SIKa BIAIOBIIAE 3MiHI AUCIEPCii 5.? (pucynok 1).

j 9
AJIeKBaTHICTh MOJEJI 3a IIUM METOJIOM BHU3HAUYAETHCA OI[IHKOIO KOe]iIll€eHTa JAeTepMiHAIlll R?.
Ockinbkr R? € ManuM Ta He GIM3BKUM 10 OJUHHMIN (R2 =0,1619), mozenp He € aAeKBATHOIO, a
OTK€ FeTEPOCKETACTHYHICTh TaHUX BIJICYTHSI.

ABTOKOpeNsALis B MOJENl BUKOPUCTOBYEThCS JJIS 3HAXOJKEHHS 3aKOHOMIpHOCTEH B psai
JaHUX, TAaKUX K IepioAnyHicTh. [lepeBipka Ha aBTOKOPEINALII0 JAHUX Peajli30ByBalach METOAOM
HypOGina-Barcona i gani Oynu oTpumaHi HacTymnHi — p —value = 0,1809, oTXe aBTOKOpEALIs
BIJICYTHS.

Perpeciifuuii anamiz Mozeni MokazaB (PUCYHOK 2), IO MOJEIb € aJeKBaTHOW, aJikKe
koedilieHT aerepminaii xyxe 6ruspkuit go omuauni (R =0,9316), a p—value < 0,05. Orxe,
CTYIIHb 3aJIEKHOCTI KIJIBKOCT1 KYIiBEJIb BiJ KUIBKOCTI BiJIBITyBaHb CalTy 1HTEpPHET-MarasuHy €
Jy’Ke BUCOKHMM. SIKIIO NMPUHHATH JiHIMHMNA XapakTep 3aleXHOCTI JaHUX JBOX CTaTHCTUYHUX
MOKA3HKKIB, TO KoedillieHT D B il perpecii xapakTepusye METPHKY iHTEPHET-MAapKETHHTY —
KOHBepcito mpojaaxiB. OTxe, 3TiIHO 3 MOJEIIIO KOHBEpCis callTy cTaHoBUTH b =0,1833, abo
18,33%.
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call:
Tm{formula = u ~ view)

Residuals:
Min 10 mMedian iQ Max
-10.4352 -5.0152 -0.8094 1.5956 16.2297

Coefficients:

Estimate s5td. Error t walue Pr{=|t|)
(Intercept) 20.010062 4. 602064 4,348 0.000154 #%*
view -0.012215 0.005161 -2.367 0.024842 *

signif. codes: 0 **#= 0,001 f=+*' Q.01 **' 0.05 ‘.’ 0.1 ° ' 1
residual standard error: 6.964 on 29 degrees of freedom
Multiple R-squared: 0.1619, Adjusted R-squared: 0.133
F-statistic: 5.601 on 1 and 29 DF, p-value: 0.02434

Pucynox 1 — Pe3ynbrar nepeBipku MO Ha TeTEPOCKEAACTHYHICTh

call:
Tm{formula = Tead ~ view)
rResiduals:
Min 10 Median q Max

-26.773 -9.773 1.488 6.727 24.810

Coefficients:

Estimate std. Error t value Pri=|t|)
(Intercept) -30.297510 8.225125 -6.115 1.1Ge-06 ==
view 0.183317 0.009225 19.872 = 2e-16 **=

signif. codes: 0 *#*%%’ 0.001 ‘*=' 0.01 ‘*' Q.05 ‘.’ 0.1 °* "1

residual standard error: 12.45 on 29 degrees of freedom
Multiple R-squared: 0.9316, Adjusted R-squared: 0.9292
F-statistic: 394.9% on 1 and 29 DF, p-value: < 2.2e-16

Pucynok 2 — Pe3ynprar niniitHO1 perpecii

Jani riikaBuM € Te, 10 came MOTPiOHO MyOIiKyBaTH Ta Ha SIK1 ACTIEKTH MapKETHHTY OTPIOHO
3BepHYTH yBary. /s mporo O0yB BUKOPHCTaHUI METOA MHOXHHHOI perpecii. TectyBanus moneni
HOKa3ao, sK 1 B MONEePE/THBEOMY BUIIAIIKY, 1110 reTepOCKEIaCTHYHICTh Ta aBTOKOPEJISLIs Bi/ICYTHI,
a 3IMIIKK HOPMAJIHO PO3IIO/IIJICHI.

Pesynbratu ananizy (pucyHoK 3) JOBOJSTH, 110 MOJENb MOKHA BBXKATH aJIEKBaTHOIO, aJKe
.. . . o . 2 ‘u o
koediieHt nerepminaiii onusbkuii 1o oguauii (R” =0,6309), a p —value < 0,05. Perpeciiinuii
aHaJli3 MOKa3aB, 10 MK NEBHUMHU XapaKTEPUCTHUKAMU ITyOJIKAIill 1 HaMIpOM KIJII€HTa 3pOOUTH
NOKYIKY HE ICHY€E MpsMOI 3aJIe)KHOCTI. 3arajgoM KUIBKICTh BiJIBIyBadiB CallTy 3aJ€XHTh BiJ
B1JIB1IyBauiB OpeH/] CIIUTHLHOTH.
call:
Im(formula = num_visits_site ~ ER_day + cont_div + group_size +
coverage + visitors)
Residuals:
Min 1Q@ Median 3Q Max

-54.203 -12.330 S.255 17.977 37.489

coefficients:

Estimate std. Error t value Pr(>|t]|)
(Intercept) 591.47358 229.85828 2.573 0.016395 *
ER_day 65.52404 403.86500 0.162 0.872419
cont_div 22.18726 24.66752 0.899 0.376994
group_size -0.11148 0.05836 -1.910 0.067652 .
coverage 0.12101 0.19055 0.635 0.531163
visitors 0.93471 0.21765 4.295 0.000232 *xx*
STOQIT. codess B st gu0nL. "t QiR T eSS .t PRt e

Residual standard error: 25.63 on 25 degrees of freedom
Multiple R-squared: 0.6309, Adjusted R-squared: 0.5571
F-statistic: 8.547 on 5 and 25 DF, p-value: 7.952e-05

Pucynok 3 — Pe3ynmpTar MHOXKXHHHOT perpecii

OCKUTBKHY JIesIK1 TTOKa3HUKH JTAHOT MOJIEITI € He3HAUYIIMMH 3a CTaTUCTUKOI CThIOACHTA, NS
301IbIIEHHS SIKOCTI aHali3y MOKHa MOOyayBaTH IE OJHY MHOXXHUHHY pErpecito, Jie¢ B SIKOCTI
HE3aJIe)KHOI 3MIHHOT BUCTYIAaTHME KiTbKICTh BiJIBIyBaUiB CIIBHOTH (PUCYHOK 4).
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call:
Tm{formula = num_visits_site ~ visitors)

rResiduals:
Min 10 Median 3qQ Max
-34.604 -12.018 0.593 9.363 37.264

coefficients:

Estimate std. Error t wvalue pPri=|t]|)
(Intercept) -28.19444 21.21932 -1.329 0.194
visitors 0.59214 0.07686 7.704 1.7e-08 ¥%*

Signif. codes: 0O "#%%’ 0,001 ‘%%’ 0.01 ‘*' 0.05 *." 0.1 ° ' 1

residual standard error: 17.3 on 29 degrees of freedom
Multiple R-squared: 0.6718, Adjusted R-squared: 0.6604
F-statistic: 39.35 on 1 and 29 DF, p-value: 1.704e-08

Pucynoxk 4 — Pe3ynbraT MHOXKHUHHOT MOJIEIII PETPECIHHOTO aHaI3y

Sk BUIHO 3 pe3ynbTaTiB, KOeDIIEHT AeTepMiHallli cTaB OauMX4YuM 10 1, HK B MONepeHin
MOJIeNi, [0 BKa3ye Ha 3aJIeKHICTh KUIBKOCTI Bi/BiIyBayiB CalTy BiJ KIJIBKOCTI Bi/IBiTyBayiB

Instagram-cropiuku (R® = 0,6718), ( p—value < 0,05).

BucHoBkn. TakuMm 4YHHOM, 3a JIOTIOMOTOK PETPECiiHOrO aHaji3y 3po0JIEHO HACTYIIHI
BHUCHOBKHM: 3aCTOCYBaHHS TaKOTO MAapKETHHIOBOTO 3aco0y sk myOumikaris iHpopMariii 1mpo
NPOMOAKTUBHICTh B COLIAJIBHUX MEpEekKax C(PEKTHMBHO BIUIMBAE€ HA KUIBKICTh EIIEKTPOHHHUX
NPO/IaXiB; XapaKkTep MyOJiKaliii He Mae MPSMOTo BIUIMBY Ha KUIBKICTh MIPO/IaXiB, TOMY HaJMipHE
BUTpauaHHsl (IHAHCOBHX PECypCiB Ha PI3HOMAHITHICTH myOmikaiiil He € edekTuBHUM. OTpUMaHi
pesynbratu ganu 3Mory kommanii Reckitt Benckiser 3po3ymith, sik came BapTO MOKpAIUTH
MapKETHHIOBY JiSJIBHICTH MiIIPUEMCTBA Ta B SIKi 3aCO0U Kpallle CipsMOBYBaTH (iHAHCOBI pecypcu
abu 301IbITYBaTH €IEKTPOHHI MPOIAXKi Ta BIAMOBIIHO OTPUMYBATH OLTBIINIA MPHOYTOK.
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AHAJII3 KPOC-KOPEJISIIHHOIO 3B’ SI3KY
MIK BITKOIHOM TA ®OHJOBUM PUHKOM

Counogiios B.} 3, Conosiioa B.?, Matsiiiuyk A.> 1, Cemepikon C.!, Benincbkuii A.
'KpuBopi3bKkuii nepkaBHHMI nearoriyamii yHiBepentet, M. Kpusnii Pir, Ykpaina
2KpuBopi3bkuii ekoHOMiuHUi iHCTUTYT, M. KpuBuii Pir, Ykpaina
3KuiBchkuii ekoHOMiUHNMI yHiBepcuTeT iMeHi Baguma IetbMmana, M. KuiB, Ykpaina

AHoTamis. Y pobOTi MH JOCHIIKYEMO KpPOC-KOPEISLiHHI 3B’S3KH MK (OHZOBUMH 1
KPUNTOBAJTIOTHUMH pUHKaMH. [lOKa3HMKHM CKJIAQAHOCTI, SKI MOXYTh CIY)XHTH IHAWKaTOpamu
(inauKaTOpaMU-TIepeIBICHUKAMH) KPU30BHUX SIBUII HA 000X PHHKAX, OTPUMYIOTHCS 13 3aCTOCYBaHHIM KPOC-
KOpeNALiiHOro aHamily aerpenaoBanux ¢iaykryauniii. Ha npuknani donnosux ingexcis S&P 500 i HSI ta
KPUIITOBAIIOTH OITKOIH, sIKa MEPEBAYKHO 1 BU3HAYAE ICHYBaHHS KPUTITOPUHKY, MH OI[IHIOEMO THHAMIKY KPOC-
KOpeJsIiii Ha 000X puHKaX. BUKOPHCTOBYIOUH IMiIXi/1 KOB3HOTO BiKHA, MU JIOKAI3Y€EMO iX JTUHAMIKY B Haci
1 BU3HAYAEMO BHCOKHI CTYIiHb HETIHIHHOCTI 3 JOMIHYIOUOIO aHTHIIEPCUCTEHTHICTIO B TIEPiOM KpaxiB JJist
KOXHOTO iHAEKCY. ICHyBaHHS iHIUKATOpIB, MO 3JaTHI iICHTH(]IKYBaTH MEPIOAX 3 BHCOKUM 1 HU3BKHM
CTYIIEHEM KPOC-KOPEeIAIii st (OHIOBOTO 1 KPUNITOPUHKIB CTAHOBHUTH MEPCIIEKTUBH TSI HAJIHHOT TOPTiBIIi
13 KiIbKOMa TTapaM¥ aKTHBIB Ta e()eKTUBHOI quBepcudiKarii MOTeHIIHHNX PU3UKIB.

Karouosi ciioBa: GoHI0BHIT pPUHOK, KPUIITOPUHOK, KPOC-KOPEIIALii, KpaxX, iIHAUKATOP-TIePEIBICHHK.

ANALYSIS OF THE CROSS-CORRELATION RELATIONSHIP
BETWEEN BITCOIN AND THE STOCK MARKET

Soloviev V.1 3, Solovieva V.2, Matviychuk A.> 1, Semerikov S.}, Bielinskyi A.
!Department of Computer Science and Applied Mathematics,
Kryvyi Rih State Pedagogical University, Kryvyi Rih, Ukraine
2Department of Information Technologies and Modelling,
Kryvyi Rih Economic Institute, Kryvyi Rih, Ukraine
3Department of Mathematical Modelling and Statistics,
Kyiv National Economic University named after Vadym Hetman, Kyiv, Ukraine

Abstract. In this study, we examine cross-correlation relationships between stock and cryptocurrency
markets. The measures of complexity, which can serve as indicators (indicators-precursors) in both markets
are retrieved from Detrended Cross-Correlations Analysis (DCCA). On the example of the S&P 500 and
HSI stock indices and the Bitcoin cryptocurrency, which mostly determines the existence of the crypto
market, we assess the variation of cross-correlations in both markets. Using the sliding window approach,
we localize their dynamics across time and indicate a high degree of non-linearity with dominant anti-
persistency during crash periods for each index. The existence of indicators that are able to detect the periods
of high and low cross-correlations for stock and crypto markets provides prospects for reliable trading with
several pairs of assets and effective diversification of their risks.

Keywords: stock market, crypto market, cross-correlations, crash, indicator-precursor.

Beryn. Ilicns xoponaBipycHoi mangemii [1] 1 mig yac pociiicbko-yKpaiHCbKoi BiitHM [2],
JeIeHTpaIi30BaH1 (piHAHCU pa3oM 13 iX OAHUM 13 HAMMOMYJSPHIMINX MPEICTaBHUKIB — OITKOTHOM
(Bitcoin, BTC) — mouanu nmpuBepTaTH HeaOUsIKy yBary cepe MOJITHKIB, (IHAHCOBHUX PEryJsITOPiB
1 IPOCTHX 1HBECTOPIB, SIKi, HE3BAXKAIOUM HA PETYNIOI0Yl 3aKOHU B CBOIM KpaiHi, MPOJOBXKYIOTh
JIOTIOMAraty JII0JIIM, BAKOPHCTOBYIOUH MEPEBAry JCHEHTPATI30BaHUX (PIHAHCOBUX Omepariiil.

[Tpubnu3no 3 uepBHs 2021 poky Kopemsmis MK (OHAOBUM 1 KPUNTOPUHKAMH Iodaja
JIEMOHCTPYBATH BUCX1JHY TEHAEHIII0. 30KpeMa, 11e MOXke OYTH OB’ s3aHO 31 3pOCTAIOUUM YUCIIOM
(b1HAaHCOBHUX IHCTPYMEHTIB Ha KPUIITOPUHKY, 10 3MYIIy€E IHBECTOPIB BECTH ceOe Tak caMo, SIK Ha
donnoBomy puHky. Ockinbku BTC Bce 1mie 3anummaeTbes UGPOBUM aKTHBOM, 1110 IPOIOBXKYE CBii
PO3BUTOK, MOT0 KOJHMBAHHS € 3HAUHUMHU, 1 TOJanblie MailOyTHE € TUCKYCIMHUM. TakuM YHHOM,
Kopemsuii MK (OHIOBMM 1 KPUNTOPUHKAMHU 3MIHIOIOTHCS 3 IUIMHOM Yacy, JEMOHCTPYIOUHU
HEJIHIAHY 3aJI€KHICTb.
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MeTo10 pod0TH € MOOYI0Ba KPOC-KOPETAIMHUX 1HAUKATOPIB (IHAUKATOPIB-TIEPEABICHUKIB)
KPHU30BUX SIBUIL 17151 POHIOBOTO 1 KPUIITOBAIIOTHOT'O PUHKIB.

IlocTranoBka 3amaui. /[ 10OCHIPKEHHS CTYIEHS KPOC-KOPENAIINA MK TaKUMU CKJIaTHUMHU
HENIHIMHUMH CUCTeMaMHu SK (DOHIOBUI Ta KPUNTOPUHKH, OYJIO B3ATO 3a OCHOBY HalOLIbII
KamiTam3oBaHi Ta po3BuHeH1 ¢oHmoBi puHku CIHIA 1 Kwuraro, mnpeacraBieHUMH 1HIAEKCAMH
Standard and Poor’s 500 (S&P 500) i Hang Seng (HSI), 3 pyHKOM KpUOTOBAIIOT, HAHOLIBIINM
npezacraBuukoMm sikoro € BTC. JlocmimkyBani gani Oyinu 3aBanTaxeHo 3 caiity Yahoo! Finance [3]
3a mepion 3 14 Bepecus 2014 poky no 22 tpaBus 2022 poky i1 TOro abu JaHHI pAIu MOKHA OyI1o
0 cmiBcTaBIATH OJUH 3 ogHUM. [10Oyn0Ba 1HAMKATOPIB-TIEPEABICHUKIB KPU30BUX SIBUI HA 000X
pUHKaxX 3IIHCHIOBAJIaCh HA OCHOBI MYIbTH(QPAKTAIBHOTO KPOC-KOPEISIIIHOTO — aHali3y
nerpenpoBanux (aykryamiii (Detrended cross-correlation analysis, DCCA).

JeTpenioBanuii kpoc-kopesasuiiinuii meroa. Ines DCCA mpencrasisie 3MOry OIIHUTH
KpPOC-KOpEJIALIfHI XapaKTePUCTUKH, OTPUMaHI Ha OCHOBI CTEIIEHEBUX KPOC-KOPEJSIiNd 4acoBUX
psiaiB [4]. Jlyist mopanbInux po3paxyHKiB MU BpaxoByeMO JBa yacoBi psu {x; | i = 1,2,... ,N} ta
{yili=1,2,..,N} i BusHauaemo ix npodins (Haxormuenns) X (i) = Yb_[x, — (x)] Ta Y(i) =
Y1 [Vie — ()], ne {-) — e cepeHe 3HAYESHHS OCITIKYBAHOTO PALY.

Hani, noginusmu psn Ha Ny = int(N/S) cerMeHTiB v , 0 HE MEPETUHAIOTHCS, OAHAKOBOI
JOBXUHH (Macmrady) S, MU aHaJIi3yeMO, SIK TIOBOJUTH ce0e KoBapiallis BiAXWIEHb JBOX CHUCTEM:
f?(v,s) = i CX[v—Ds+ X} x Y[(v — Vs +i] = Y7(0)}, ne XU (i) ta YV (i) — ue
IHTEpPIOJIOI0Yi MTOJITHOMH TOPSIIKY 1M, BU3HAYCHI [T KOXKHOI ITiIIOCITIIOBHOCTI V.

Ockinpku N He 3aBXKIU AUTUTHCS HALLIO HA S, Y KIHII PSAAY 3aBXKAU MOXKE 3aTHIIUTUCS
3anumiok. Jlng BpaxyBaHHS BIAKMHYTOI YacTHHH, MU MaTHMMEMO IOBTOPUTH BUIIE3TaJaHy
IpOIEyPY, MOYUHAIOYH 3 KIHIIS PSTY.

Taxkum yrHOM, MU OTpuMaemMo 2N cermenTiB v (v = 1, ..., 2N;).

Sk pe3ynmbTaT, MH po3paxoByeMo (yHKIiO (uykTyauiil F3cc,(S) A4 AianazoHy pizHHX
yacoBux  MacmrabiB 5. @DyHkmis  QAykTyamii  pospaxoByeTbes K  Facca(S) =
(1/2N) 5 f2(0,9)

AHanizyrouu 3anexHicTs F; (S) Big s y noasiiHoMy orapupMiyHOMy MacTadi, MH MOKEMO
BU3HAYUTH CKEHJIIHIOBY MOBEMIHKY (QyHKIIT (urykTyariil. 30KkpeMa, KO JOCTiKYBaHI 4acoBi
PATIM MAKOTh KPOC-KOPEIAIIHY CTEIEHEBY 3aIeKHICTh, TOIi Fpoca(s) &« s™v, ne hy, npencrasse
c000I0 KPOC-KOPEIALINHNN CKEITIHTOBUIM TIOKA3HHUK, SKUW € Yy3arajJlbHeHHSIM KJIACHYHOTO
nokasHuka Xepcra [5].

JlaHwit TOKa3HUK TTOBOAUTH ce0e CXO0KUM YNHOM:

1. Sxkmo hy, > 0.5, xpoc-Kopensmii MiX psaaMd IPEACTABIAIOTLCS MEPCHCTEHTHUMH
(TpeHIOCTINKUMHM): pICT (CMaa) y AMHAMII OJHOTO YacCOBOTO DSy CYIMPOBOKYETHCS
pocToM (CrajioM) y AMHAMIIII 1HILIOTO PATY.

2. Sxmo hy, < 0.5, KpOC-KOpeJsLii MK psagamMu IIPEICTaBISIOTHCS
AQHTUIIEPCUCTEHTHUMH: 13 POCTOM B OJJTHOMY DPsiJii HIMOBIpHUM € CIIaj y JUHAMILI 1HIIOTO
psmy.

3. Sxmo hy, = 0.5, nopexinka 000X ps/iB HaraJaye BUMAAKOBE OyKaHHs (3HAYEHHS IBOX
CUCTEM HE KOPEJIOI0Th MIXK CO0010).
4. Sxmo hy, > 1, obumsa psAoM NPENCTaBIAIOTECA CUIBHO KOPEJThOBAHUMH  Ta
HeCTaIllOHAPHUMH.
3a BUHATKOM KpOC-KOpPEJSLIHHOro NoKa3HUKa XepcTa, BUKOpUCTOBYtouH kiacuunuit DCCA
QITOPUTM, MH MOXXEMO pPO3paxyBaTH CTaHIAPTHHHA KOEQIIIEHT KPOC-KOPEISid Ppcca(S) Mk
pAgaMu, MO Moxe OyTH BHM3HAYeHUH K Ppcca(S) = Ficea (s)/FDFAx(s) X Fpray(s) [6], ne
Fcca(s) — ue F,(s) nna q = 2; Fppa(s) — crannaptHa QyHKIiA AeTpeHI0BaHUX (IIyKTyalii, a
—1 < ppcca(s) < 1 [7]. AHanoriuHo KjIacMYHOMY KOeQilI€HTY KOPeNslid, Ppcca = 1 MoOKasye,
IO PSAM TIO3UTHBHO KOPEIhOBaHI 1 PYXalOThCS CHHXPOHHO; Ppcca = —1 O3HAuae, MO psAad
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MOBOIATH ce0€ aHTHMEPCUCTCHTHO IO BITHOIICHHIO OAWH JI0 OJHOTO; Ppcca = 0 CBITUUTH MPO
HE3JIC)KHICTh JIBOX PAJIIB OJIUH BiJl OJTHOTO.

PesyabTaTn. /s BUMiproBaHHS CTymHeHs Kpoc-kopessimni mixk S&P 500, HSI i BTC, mu
MPEJICTaBIISIEMO MTOPIBHUIbHY AUHAMIKY BUZHAYEHHX IMOKAa3HHUKIB, PO3PAaXOBAHUX 3 BUKOPUCTAHHSIM
MiXOAYy KOB3HOTO BikHA [8, 9], pasoM 3 JOCHiKyBaHWMH psiaaMu. HaBeneHi HUKYE PUCYHKHU
BKJIIOYAIOTh TaKi MOKa3HUKH, SK:

— KOeQIMIEHT KPOC-KOPENAil Ppcca I8 AOBTOCTPOKOBHX (250 nHIB — prger) Ta

cepeaHboCTPOKOBHX (125 AHIB — Piniddie) 3TICKHOCTENH;

— y3arajbHeHMH Kpoc-KopensLiiuuil koedinient Xepcra (hyy);

OuikyeTbcs, IO 3a3HAYEHI 1HIUKATOPH MOBOJUTHMYTH ceOe OCOOIMBMM YHHOM IIiJ 4ac
KPU30BUX SIBUIL: 3pOCTaTUMYTh YU CIAJIaTUMYTh.

Kpoc-kopensiiitHi mokazHuku Oyiau po3paxoBaHi 3 HACTYITHUMH MTapaMeTpaMu:

— KOB3HE BIKHO JIOBXUHO 250 JHIB Ta 9aCOBUM KPOKOM B | JIeHB;

— m = 2 114 3HaXOKEHHS JIOKAIbHUX TpeHaiB y f2(v, s);

— yacoBuii MacuTa0 s Bapitoerses Bif 10 1o 1000 nHIB 11t BChOro 4acoBoro psiay ta Big 10

10 250 nHiB pu MOOYO0B1 IHAUKATOPIB 13 BUKOPUCTAHHSAM KOB3HOT'O BIiKHA.

Hamr anami3 Ha OCHOBI KpOC-KOPEJSIIMHOTO KoedilieHTa Ppccq NPU PIZHUX YACOBUX
Maciitabax mokaszye, 1o Kpoc-kopemsnii Mix (ougoBumu iHaekcamu i BTC mpencrasneni
CTA0KMMH B KOPOTKOCTPOKOBiH mepcrekTuBi (MeHme 100 mHIB), aje MarOTh TEHACHIIIO JO
301IBIIEHHS IPOTATOM OinbiIoro nepioay. Sk 1 ouikyBanocs, 1yt GpongoBoro puHky, i S&P 500, 1
HSI nemMoHCTpyIOTh BHCOKY CTYHIHBb KOpPEJSIii Ha yCiX 4YacOBUX IIKalaX. BHUKOpHUCTOBYrOUM
QITOPUTM KOB3HOT'O BiKHA, MM Ma€MO 3MOTY BIJICTE)XYBaTH, SIK HEJiHIliHA AUHAMIKa IBOX CHCTEM,
110 3HAXOATHCS B 3aJIEKHOCTI OJMH BiJl OJHOI0, 3MIHIOETHCS 3 YACOM.

Ha pucynky 1 npencraBiena nuHamika KoeQilieHTa ppecq A5 nap S&P 500-BTC, HSI-BTC
ta S&P 500-HSI.

. S&P 500-BTC . HSI-BTC S&P 500-HSI

g o 8 L Y —s&p 500

2 e 2 —p .

S a g middle

E n 8 qé _plast

g0.5 v e L 505

- —Pumidde | b

3 —p = 5

@ 0 fast 0 20

0 500 1000 1500 0 50()_ 1000 1500 0 500 1000 1500
time, days time, days time, days

(@) (b) ()

Pucynok 1 — ITopiBusnbHa nunamika S&P 500 ta HSI i3 cepenHbocTpOKOBUME Ta

JIOBIOCTPOKOBUMH KPOC-KOPEALIHHUMU KOEPIIIEHTAMU Ppcca, 1O OyIU po3paxoBaHi AJisd nap:
S&P 500-BTC (a), HSI-BTC (b) Ta S&P 500-HSI (c)

[ToMiTHa JOBrOCTPOKOBA KOPESALiS COCTEPIraeThCs A NepioiB, mounHarouu 3 2018 poky.
Jns kpusM, BUKIMKAHOI MaHJAEMIEI0 KOPOHABIPYCY, LISl KOPENSLis TakoX crocrepiraerscs. Jlo
kiHig 2021 poky sIK CepeJHbOCTPOKOBi, TaK 1 JIOBIOCTPOKOBI KOE(ILIEHTH KpPOC-KOPENSLii
3HIDKYBAJIUCS, 1 Aalll iX JUHAMIKa movaia IEMOHCTPYBAaTH TEHJICHIIIIO O 3pOCTaHHS.

Ha pucynky 2 mnpeacTaBieHO MOPIBHSUIbHY AMHAMIKY KpOC-KOPEJLiMHOTrO KoedirieHTta
Xepcra, pospaxoBanoro s nap S&P 500-BTC, HSI-BTC ta S&P 500-HSI.

Kpoc-kopensmiiHuii MoKa3HUK XepcTa chajaB MiJ Yac HalOiIbIl MOMITHHX OOBaNiB Ha
dbongoBUX puHKax. Te came Mu 6a4nMMO 1 010 BUCX1AHOT TeH IeHIIii. ToMy OUTbITy YaCTHHY Yacy
BTC noBoaus cebe acHMETPUYHO IO BIAHOIIEHHIO 10 GoHI0BUX iHJeKciB. Takox mist HSI 1 S&P
500 npu 3HaYHKX Kpaxax hy, BKazye Ha aHTUNEPCUCTEHTHY TOBEIIHKY 000X iHIEKCIB.
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Pucynoxk 2 — Ilopisusnbaa aunamika S&P 500, HIS Ta h,,,, mo 6ynu pospaxosaHi Juist nap:
S&P 500-BTC (a), HSI-BTC (b) ta S&P 500-HSI (c)

BucnoBku. VY 1iii poOOTI MU TpoaHaTi3yBajdud KpPOC-KOPENAIidHI XapaKTePUCTUKHU
(GOHIAOBOrO 1 KPUNTOBAIIOTHOTO PHHKIB 13 BHUKOPHUCTAHHSIM KPOC-KOPEJAIIMHOTO aHaJli3y
nerpengoBanux ¢uykryariii. Ha nmpuknami S&P 500, HSI ta BTC Mu mokasanu, mo OuTbIny
YacTUHY 4Yacy JWHaMika (OHAOBUX 1HAEKCIB Ta KPUNTOBATIOTHOTO PUHKY 3aJIMIIAJIACS
AQHTHUIIEPCUCTEHTHOIO TiJ Yac Kpu30BUX moxid. [IpoTe 3a ocTaHHI pOKHM CTYHiHBb iX B3a€MHOI
Kopensiii mouaB 3poctatu. Sk 1 ouikyBanocs, iHaekcu S&P i1 HSI e cunbHO KopenboBaHUMH,
HE3BAXKAIOYH Ha JIESKi BIIMIHHOCTI B X CTPYKTYPI.
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Cekuis J. Komm’rotepae moentoBaHHs (HI3UWIHUX 1 XIMIYHUX TIPOIIECIB

MOJAEJIIOBAHHA BIVIMBY KOHCTPYKTUBHUX ITAPAMETPIB HO’KIB
M'SICHOI'O KYTEPA HA IX BUTPUBAJIICTh
ITPU 3BHAKO3MIHHHUX KOJIMBAHHAX

barpauyenko O. B.
Uepkachkuil 1epKaBHUM TEXHOJIOTTYHHM YHIBepcUTeT, M. Uepkacu, Ykpaina

AHoTanisi. MeToro poOOTH € TOCTIKEHHS YUCETFHIMA METOJaMH 3JICKHOCTI MEXi BUTPHUBAJIOCTI
HOXIB KyTepa BiJl X KOHCTPYKTHBHUX THapameTpiB. s BH3HaUEHHS MEXi BHTPHBAIOCTI HOXIB KyTepa
BUKOPHUCTOBYBaBCS porpaMmuuii komruieke SolidWorks, moaynes Simulation. Bymno gocnigkeHo micTs THIiB
KOHCTPYKIiH HOXIB, SIKI HaifuacTille BUKOPUCTOBYIOTHCS B CY4aCHUX MOZEISX KyTepis. s 3a0e3neueHHs
BUCOKOT MEKi BUTPUBAJIOCTI HOXIB KyTepa BEJIbMU BaXKJIMBUM € 3aCTOCYBaHHS 3aKpyTJieHHS a00 (acok Ha
ix 3amHil Tpani. HaifBuimry edekTHBHICTP Mae 3aKpyTieHHS y BUTISAI BepTHKanmbHOTO emncy (+17%
BUTPHUBAJIOCTI), OJJHAK Taka T'€OMETPis 3YMOBHTH IOTIPIICHHS TEXHOJIOTIYHOCTI BUTOTOBIIEHHS HOXa, a
BifTaK, Horo 3mopokdaHHsA. BukopucranHs dacku BennmunHO0 C=2 MM MPHUBOAWTH O ITiIBUIICHHS
BuTpUBasocTi Ha 16%. 3acTocyBaHHs 3aKpyrieHHs pagiycom R=2,5 MM niaBuinye BuTpuBanicts Ha 15%.

Keywords: kyrep, HOXi, JOBrOBIYHICTh, BTOMHA BUTPHBAICTb.

SIMULATION OF INFLUENCE OF CONSTRUCTIVE PARAMETERS
OF MEAT BOWL CUTTERKNIVES ON THEIR ENDURANCE
AT ALTERNATIVE OSCILLATIONS

Batrachenko O.
Cherkasy State Technological University, Cherkasy, Ukraine

Abstract. The aim of the work is to study the dependence of the endurance limit of bowl cutter knives
on their design parameters by numerical methods. SolidWorks software, Simulation module, has been used
to determine the endurance limit of the bowl cutter blades. Six types of knife designs that are most often
used in modern models of bowl cutters have been studied. To ensure a high endurance limit of bowl cutter
knives, it is very important to use rounding or chamfers on their back face. Rounding in the form of a vertical
ellipse (+ 17% endurance) has the highest efficiency, however such geometry will cause deterioration of
manufacturability of production of a knife, and consequently, its rise in price. The use of a chamfer of C = 2
mm increases the endurance by 16%. The use of rounding with a radius of R = 2,5 mm increases endurance
by 15%.

Keywords: bowl cutter, knives, durability, fatique strength.

Beryn. Anaini3 A0CBily eKCIulyaTallii KyTepiB BKa3ye Ha rocTpy npobiemy 3a0e3neyeHHs
HAJIEKHOI MIIHOCTI iX OCHOBHHMX pOOOYMX oOpraHiB — HOXIB. HemoctaTHs MIIHICTP HOXIB
IPU3BOAUTH JI0 YaCTHUX BUIMAJKIB iX pyHHYBaHHS MiJ yac poboTu kyrepa. [lpu pyiiHyBaHHI HOXa
BUXOJIUTH 3 JIaJy caM HDK a0o JIeKiJibKa 3 HUX (BapTICTh OJJHOTO HOXa €BPONENCHKUX BUPOOHUKIB
csarae 350 €Bpo), cTae HENMPUAATHOIO JJISl MOJAIBIIOTO BUKOPUCTaHHS M sicHa cupoBuHa (120—
750 1), TOMIKO/KY€EThCS Yamia Ta KPHIIKAa HOXKOBOI T'OJIOBKH, BHHUKA€ PH3HK BUXOAY 3 JIaay
MIIITUITHAKIB HOKOBOTO Bally Ta camoro Baiy [1]. B pesymprari KyTep BHXOAWTH 3 Jaay Ha
TpUBAIMKA Yac Ta MOTpedye 3HAYHOTO O0OCATY PEMOHTHHX pOOIT, L0 CHPUYMHIOE CYTTEBI
MatepianbHi 30UTKH 7151 M'ICONIEPepOOHOTO MANPUEMCTBA.

ITocTanoBka 3agayi. Xapakrep 371aMy HOXKIB B 30HaX HalOUIbII01 KOHIIEHTpAIll HATIPYKEHb
112 (pucyHok 3) BKa3ye Ha BTOMHY NPUPO/IY iX pyiiHyBaHHs [2, 3]. [Ipu 11bOMY IPYHTOBHO BTOMHA
MIIHICTh HOXIB KyTepa Y BIIOMHX IpalsX He JoCiKyBanack. Takox BIACYTHI Ipalll, B SKUX OU
OyJnu 3amponOHOBaHI Ta OOTPYHTOBaHI BUCOKOC(EKTHBHI IUISIXU TiBUINEHHS BTOMHOI MIITHOCTI
HOXIB.
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Jleso

6)

Pucynok 4 — ['eomeTpuyHi mapaMeTpu HOXKa KyTepa Ta 30HH HalO1IbI1101 KOHIIEHTpaLii
HanpyXeHb: 1) BUI HOXa 300Ky; 2) mepepi3 HOXka; 3) 3aKpyrJIeHHs 3aJHbOI TpaHi HOXKa
paaiycom R; 4) ¢acku Ha 3a/Hiii rpaHi; 5) 3aKpyrieHHs 3aJHbOI IPaHi HOKa TOPU3OHTATILHIUM
eIIircom; 6) 3aKpyrieHHs 3a/IHbOT TPaHi HOXKa BEPTUKAILHUM eIlircoMm; 1, 2 — 30Hr HalOUIbIIol
KOHIIEHTpallli Hanpy>KEeHb

Meta po6oTu. MeToro poOOTH € TOCITIKEHHSI YUCETbHUMH METOJaMHU 3aJI€KHOCTI MEXi
BUTPUBAIOCTI HOXKIB KyTepa BiJl iX KOHCTPYKTUBHHUX HapaMeTpiB.

OcHoBHA yacTHHA. /{111 BU3HAUCHHS MEKi BUTPHBAIOCTI HOXKIB KyTepa BUKOPHCTOBYBABCS
nporpamuunii kommieke SolidWorks, 30xpema, iioro moxyns Simulation. Byno mociimkeHo micTb
TUIIB KOHCTPYKIIIM HOXIB, K HailyacTillle BUKOPUCTOBYIOTHCSI B CyYaCHHUX MOJIEISIX KyTepiB
(ToBmmHOO h=5 MM). DakTOopaMu, sIKi BapirOBAIHCH, Oyin (PUCYHOK 5): TeoMeTpryuHa Gopma jie3a
Ta 33/IHBbOI TPaHi HOXa, paJlyc 3aKPYyIJICHHS 33 JHBO1 T'paHi HOXKa, BeJIM4rHa (acKy Ha 3aHil rpaHi
HO’Ka, BH/I Ta BEJIMYMHA €JTIIca Ha 33 Hii IrpaHi HOka. BCTaHOBJICHO, 10 HAMEHIII 3HAYCHHS MEXi
BUTPMBAIOCTI MOKa3aJIu Taki Hoxi (pucynku 2, 3): Laska ynisepcanbhuii — 2,2-10* nuxois; Laska
s cupokomdeHnx kosbac — 2,2-10* mukmis; Seydelmann — 2,4-10% muknis. Hoxi iHmmx mMapok
MAalOTh 3HAYHO BUIY BUTpHBaticTs: Alpina —4,2-10°muknis; Kilia—1- 108 uuxiB i Bumie; J15-OKB
—1-10° mukiB i BumIe.

~ Latbarion

T

. LMEens

. Lezeews
2471104

a) 0) B)

Pucynok 2 — Pe3ynpTaTi YHCeNBHOTO MOJICTIOBAHHS CTPOKY CITY’KOHM HOXIB KyTepa
P 3HAKO3MIHHUX HaBaHTAXECHHX (KITBKICTh MUKIIB Aeopmarliil 10 pyiHyBaHHS):
a) Hixx mapku Seydelmann; 6) Laska mist cupokonuenux kosoac; B) Laska yHiBepcaibHuiA
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Pucynok 3 — Pe3ynbratu 4rcensHOTr0 MOJCIIOBAHHS KITBKOCTI ITUKIIIB Aedopmariii
JI0 pyHHYBaHHS HOKa (CTPOKY CiIy»k0u HOXKiB) Mapku Seydelmann npu pi3HHX reOMETPUYHHX
napameTpax 3aJHbOi TpaHi: a) IPH 3acToCyBaHHA 3akpyriieHHs (1) Ta dacku (2);
0) m1s cTanaapTHOrO HOXa (1), pH 3acTOCYBaHHI TOPU3OHTAIILHOTO einca 6,25%2,5 MM (2),
IIPH 3aCTOCYBaHHI TOpU30HTaIBHOTO eninca 4,00%2,5 mm (3),
IIPH 3aCTOCYBaHHI BEpTUKAIBHOTO eminca 2,5%1,5 mm (4)

BucnoBkn. [l 3a0e3neveHHsT BHUCOKOI MEXiI BUTPUBAIOCTI HOXIB KyTepa BeJIbMH
BaYJIMBHM € 3aCTOCYBAaHHSI 3aKpyTJeHHs a0o (acok Ha iX 3ajHiil rpani. HaiiBuio eQexTUBHICTIO
BOJIOJIi€ 3aKPYTJICHHSI Y BUTIISA1 BEpTHKANBHOTO emincy 2,5%1,5 mum (+17% BuTpuBanocTi), oaHaK
Taka TeOMETpisi 3YMOBHUTH IMOTIPIICHHS TEXHOJOTIYHOCTI BUTOTOBJICHHS HOXa, a BiJITakK, HOro
3mopoxkydaHHs. Bukopucranns ¢acku BenuunHOO C=2 MM MOPU3BOAUTH [0 MiJBUIICHHS
BUTPHUBAIOCTI Ha 16% Ta J03BOJISE 3/ICMIEBUTH MPoIec 0OOPOOKM 3aaHBOI TpaHi. 3aCTOCYBaHHS
3aKpyrieHHs paaiycoM R=2.5 MM migBuiye BuTpuBamicts Ha 15%.

Crnucok JliTepaTypHHX JKepet
1. Nekoz A. 1., Venglovskyi O. L., Batrachenko A. V. Durability of cutter assemblies and its causative
factors. Foods and Raw Materials. Kemerovo Institute of Food Science and Technology. 2018. Vol. 6. No.
2. P. 358-370.
2. Moser M. Ermudungsbruch von Fleischhack messern. Kuttermesser. 2010. URL: http://martin-
moeser.de/ Veroeffentlichungen/Bruch_Kuttermesser.pdf.
3. Mapkyc JI. U., lllatanos A. H., Ananses P. A., Cmupnos A. b. KoMmnbsroTrepHoe MoaenupoBanue

MIPUYUH aBAPUAHOM MTOJIOMKH HOKEH BICOKOCKOPOCTHBIX KYTTepOB. Mschas undycmpusi. 2010, Ne 8. C. 19—
21.

MOJIEJIOBAHHA I'IIPOIUHAMIKA M'SICHOI CHPOBUHHA
MPU ii MOAPIGHEHHI B M'SICOPI3AJIbHUX MAIIIMHAX

Bbarpauenko O.
Yepkacbkuil 1ep>kaBHUN TEXHOJIOTTUHUHN YHIBEpCUTET, M. Uepkacu, YkpaiHna

AHoTanisg. Metoto poOOTH € JOCIIDKEHHS YHCSITBHUMH METOJaMU T1IPOIMHAMIKY CUPOBUHH TIPH ii
noJpiOHEeHHI B KyTepax, BOBYKAaX 1 €MyJNbCHUTAaTOpax Uil OOIPYHTYBaHHS HOBUX IUISXIB MiJBHILEHHS
NPOAYKTHBHOCTI WX MalMH. YucenbHe MOZETIOBAHHS MapaMeTpiB pyXy M'SICHOI CHPOBHHH B KyTepi
MPOBOIVIIOCE 3a J0IOMOror mporpamuoro kommiekcy SolidWorks FlowSimulation. Cuposuna mics
BIJIKMJIaHHS HOXKaMH 3 BHUCOKOIO HIBUIKICTIO BUXOIMUTH 13 30HM HOApiOHeHHs mix kyTtoM 20°-35° mo oci
oOepraHHa HOXIiB. Jlami MOTik CHPOBMHM BAApSAETHCS 00 CTIHKY Hallli Ta PyXaeThCs B3HOBXK 1i CTIHOK Ta
KpHuIIKy. HasiBHICTB y KyTepi 4iTKO BUPa)KE€HOI 30HHU BIAKUIAHHS CHPOBUHH HOKaMH 3 BUCOKOIO IIBUAKICTIO
JTO3BOJISIE€ 3aIllPOMIOHYBATH PIlICHHS 3 PO3MIMIEHHS B IiH 30HI CTAaTHYHUX HOXIB 3aus iHTeHCH]iKarii
npoliecy KyTepyBaHHs, IPUIOMY, Oe3 3aiiBUX Ha T€ CHEPTrOBUTPAT.

Keywords: koMI’oTepHe MOJISITFOBaHHSI, KyTep, BOBUKH, EMYyJIbCUTATOPH, TiIPOAUHAMIKA.
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MODELING OF HYDRODYNAMICS OF RAW MATERIALS WHEN CRUSHING IT
IN MEAT CUTTING MACHINES

Batrachenko O.
Cherkasy State Technological University, Cherkasy, Ukraine

Abstract. The aim of the work is to study the hydrodynamics of raw materials by numerical methods
during its grinding in bowlcutters, meat grinders and emulsifiers to substantiate new ways to increase the
productivity of these machines. Numerical modeling of raw meat movement parameters in the bowl cutter
has been performed using the SolidWorks FlowSimulation software package. The raw material, after being
discarded with knives at high speed, leaves the grinding zone at an angle of 20°-35° to the axis of rotation of
the knives. Then the flow of raw materials hits the wall of the bowl and moves along its walls and lid. The
presence in the bowl cutter of a clear zone of rejection of raw materials with high-speed knives allows us to
offer a solution for placing static knives in this area to intensify the cutting process, and without unnecessary
energy consumption.

Keywords: simulation, bowl cutter, meat grinders, emulsifiers, hydrodynamics.

Beryn. EdexktuBHICTS poOOTH M'siCOpi3albHUX MaIIMH 0arato B 40My 00yMOBITIOE KITBKICTh
Ta SIKICTh BUT'OTOBJIEHOT NPOAYKIIT Ha M'sconepepoOHUX MiIpueMcTBax. YUCIeHHI JOCTIIKEHHS
npoieciB podotu nux MamuH [1-3] oMuHynM Takuil BKpail BaJIHMBHUIl aceKT, SIK y3rOJKCHHS
MPOIECiB MoAadi Ta MOApPIOHEHHS M'scHOI cHpoBWHU. HayexxHe BUpINICHHS 1€l 3amadi JacTh
MOYJIMBICTh 3HAMTH HOBI IIJISIXU T1ABUIICHHS MPOIYKTUBHOCTI JAHUX MAIIHH.

ITocTaHoBKa 3aa4i. AKTyaJIbHUM € 3HAXO/KEHHS 0COOIMBOCTEH IipOIHHAMIKY CUPOBUHU
mig vac i1 mepepoOKM B KyTepaxX, BOBUKAX 1 eMyJbCHUTATOpax Ta BUPOOJICHHS HOBHX PIlICHb 3
iHTeHcubikanii npomecy ii moapiOHEHHS.

Merta pobotu. MeTo0 poOOTH € JOCHIKEHHS YHUCEIbHUMH METOAAMH T1IpOAMHAMIKU
CHUPOBHMHH IIpH ii MoApiOHEHH] B KyTepaxX, BOBUKAX 1 eMyJIbCUTATOPAX Il OOIPYHTYBAaHHS HOBUX
NUISX1B TABUIICHHS TPOAYKTUBHOCTI X MAIIIHH.

OcHoBHa yacTuHa. YncenbHe MOJIEIIOBaHHS TapaMeTPiB pyxXy M'SCHOI CUPOBUHU B KyTepi
HPOBOIMIIOCH 32 TonoMoror nporpamuoro komiuiekey SolidWorks FlowSimulation (pucynok 6).

Kpumika HOXOBOT
TOJIOBKH
Kpumika

Buxinx

Pucynok 7 — O06nacTh po3paxyHKy MpHU MOJIEITIOBAHHI PyXy CUPOBHHH
TiCJIsl HOXKOBOI TOJIOBKH KyTepa

Sk BUJHO 3 pUCYHKAa 2, CHPOBHHA ITiCIs BiJIKHJAHHSA HOXKaMH (MakCHMajbHa JIiHIHHA
MIBUJKICTh HOXIB 94,5 M/C) 3 BHCOKOIO MIBUIKICTIO (0 89 M/C) BUXOAUTH i3 30HU MOAPIOHEHHS
nig kyrom 20°-35° mo oci oGepraHHs HOXiB. Take 3HaUeHHS KyTa BIJIOBINAE KyTYy 3aTOUYBaHHS
HOXIB KyTepa. [[ani moTik CHpOBWHU BAAPSAETHCS 00 CTIHKY Yallll Ta pyXaeTbCsl B3JOBXK il CTIHOK
Ta KpUIKy. J{ani cupoBUHA PyXa€eThCsl YACTKOBO Bropy, B KPUIIKY HOYKOBOT TOJIOBKH, a YaCTKOBO,
3a paXyHOK BUCOKO{ KIHETMYHOI eHeprii — BJOBX OBEPXHI yallli, cripaBa-HaiiBo. [ligTBepKkeHHIM
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pe3yNIbTaTIB MOJICIIOBAHHSA MOXe OyTH (OTO, HpeiacTaBiieHe Ha PHCYHKY 3, a. BumHo, 110
HaiOlIbIIa KITBKICTh CUPOBMHHM HasiBHA B 30HI 4 (YyTBOpeHa BIJKMAAHHSAM CHUPOBUHH JI€3aMHU
HOXiB). Ha pucynky 3, 60 HaBeaeHo Tepmorpadiro CUpOBHMHM Ta jaeTaynedl kyrepa. HaitOinbi
XOJIOJHOKO 30HOIO (CHHIM KOJIIP) MOBEPXHI KPUIITKA HOYKOBOT TOJIOBKH € 30HA, 1110 BiAMOBIIa€ 30H1
4 Ha pUCYHKY 3, a.

PREBEE O v -OB -5

550147045
96431393
-357284258
810992810
12684007
17204007
-247e+007
-263e+007
-3.08e+007
-353e+007

Taznenwe [Pa]

115497
102718
89.939
77.160
64381
51.602
38823
26,044
12265
0485

Cropocs fmis]

0)

Pucynok 2 — Bizyauizaiist pe3yJibTaTiB YMCEILHOTO MOICITIOBAHHS (4aCTOTa OOEPTaHHS HOXIB

50 ¢1): a) mBuAKiCTH pyXy M’SCHOT CMPOBHHHM y BHYTPIIHLOMY 00 €Mi darti, M/c; 6) po3momin
TUCKY M’SICHOT CHPOBHHU B TOPU30HTANIbHIN TUIONMHI yai, [Ta

Pucynox 3 — @oTodikcanis po3noaiay CHPOBUHH MO MOBEPXHI KPUILIKH HOXKOBOI TOJIOBKH (a) Ta
TIOJIiB TEMIIEPATyp CUPOBHUHU Ta 30BHIIIHBOI MOBEPXHI KPUILIKK HOXKOBOI rojoBkH (6): 1 —
CHPOBHHA, sIKa BHHECEHA HOXKaMH TEPIIO] TUIOMIMHY pi3aHHS 13 30HU MOAPIOHEHHS 32 paXyHOK
CHJI ajresii; 2 — CUpOBHHA, sIKa BIIKMHYTa HOXaMHM B IUIOIIMHI X 0OepTaHHs IPU rajJbMyBaHHI
HOKOBOT T'OJIOBKH; UTSTHKA, HA SKii BIACYTHI CIiN CHPOBUHH; 3 — 30HA, B SIKili CHPOBHHA
BIJICYTHS; 4 — CHPOBHMHA, SIKa BIIKUHYTA JIe3aMH HOXKIB

BucnoBku. BcTaHOBIEHO HampsMKH Ta MIBUIAKICTH TOTOKIB M SICHOI CHPOBHWHH, SIKi
BIIKMJIAIOTBCS HOXAMH HOXKOBOi TOJIOBKH KyTepa. BusiBieHi 0COOTMBOCTI TiIpOguHAMIKU
CHUPOBHUHH € JIOJATKOBUM (DaKTOpOM IIKIITTMBOTO HArpiBy M’sica MpH MOJAPIOHEHHI Ta 3HAYHUX
E€HEePTOBUTpAT Ha MPoIleC KyTepyBaHHs. Ha OCHOB1 BCTaHOBJICHHS B KyTepl YITKO BUPAKEHOT 30HU
BiJIKMJIaHHS CUPOBHUHU HOKaMHU 3 BUCOKOIO IIBHUJKICTIO OYyJIO 3alpOlOHOBaHE HOBE TEXHIUHE
pilIEHHS 13 PO3MIIIIEHHS B I1ii 30HI CTATUYHUX HOXKIB 33]U1s IHTEHCU(IKAI]l Ipolecy KyTepyBaHHS,
npuyomMy, 6e3 3aiiBUX Ha T€ EHEPrOBUTPAT.
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KOMII'IOTEPHE MOJEJIOBAHHSA MTPOLUECY BUMIPIOBAHHSA ITPO®IJIIB
EJIEKTPO®IBUYHUX ITAPAMETPIB OB’€EKTIB
HAKJIAJHUMHU BUXPOCTPYMOBUMHU NIEPETBOPIOBAYAMU

l'aabuenko B. 51., TpemOoBeunka P. B., baszino K. B., Tuukosa H. b.
UYepkacbKuil epKaBHHUIA TEXHOJIOTIYHUH yHIBepcUTeT, M. Uepkacu, YkpaiHa

AnoTtania. CTBopeHa KOMIT' IOTEpHA MOJENb MPOIECYy BUMIPIOBAHHS HAKIAIHUM BHUXPOCTPYMOBHM
MepEeTBOPIOBaYEM HEMNEPEPBHO 3MiHHUX MPOQiNiB €IEKTPUYHOI MPOBIAHOCTI Ta MAarHiTHOI MPOHHUKHOCTI B
00’eKTaXx KOHTpOI0. MoJenb pO3IIsSmacTbesl K 1HCTPYMEHT Uil PO3POOKH epeKTHBHOI MeTaMozelNi Ha
MITYYHUX HEWPOHHMX Mepekax Ta HeoOXifHa Uil PO3B’A3Ky OOEpHEHOI eNeKTPOAWHAMIYHOI 3aiadi.
Po3pobnena koM toTepHa MOJIENTh BUKOPUCTAHA [T CUMYJIAIIT TPOIIECiB BUMIPIOBAaHHS Ha PI3HUX YacTOTax
30y/UKeHHSI BUXPOBUX CTPYMIB y MarHiTHUX 1 HEMarHiTHHX 00 €KTax KOHTPOIO. J[OCTiHKEeHO dyTIHBiCTh
METOAY /0 HHU3KH HECYTTEBO BiAMIHHMX NpOQiNiB, BH3HAYEHO ONTHUMAaJbHI YacTOTHI [iama3oHW, sKi
3a0e3MeuyloTh MaKCHMaIIbHO MOJKIIMBI PiBHI BHXiTHOTO CHTHAITy TI€PETBOpIOBava. 3MiliCHeHa Bepuikaris
KOMIT FOTEpHOT MOJeNi AJisl BUMAJAKIB, KOJW IPUIOBEPXHEBHH MIap 3a/aBaBcs OAHO- Ta JBOIIAPOBOIO
anpokcumariero. [TokazaHa 301KHICTb 3 TPUUHITHOIO TOUHICTIO OTPUMAHUX PE3yIbTaTiB.

KuarouoBi cjioBa: BiTHOBIEHHS eleKTPO(]i3MIHUX MTapaMeTpiB, METaMO/IENb, PO3pi3HEHHS MPOdiiB.

COMPUTER SIMULATION OF THE PROCESS OF PROFILES MEASURING
OF OBJECTS ELECTROPHYSICAL PARAMETERS
BY SURFACE EDDY CURRENT PROBES

Halchenko V., Trembovetska R., Bazilo C., Tychkova N.
Cherkasy State Technological University, Cherkasy, Ukraine

Abstract. A computer model of the process of measuring continuously changeable profiles of
electrical conductivity and magnetic permeability in test objects by a surface eddy current probe is created.
The model is considered as a tool for developing an efficient metamodel on artificial neural networks and is
necessary for solving the inverse electrodynamic problem. The developed computer model is used to
simulate the measurement processes at different frequencies of excitation of eddy currents in magnetic and
non-magnetic test objects. The sensitivity of the method to a number of insignificantly different profiles is
studied, and the optimal frequency ranges that provide the highest possible levels of the output signal of the
probe are determined. Verification of the computer model is carried out for the cases when the near-surface
layer is specified by one- and two-layer approximation. The efficiency with acceptable accuracy of taking
the results is shown.

Keywords: restoration of electrophysical parameters, metamodel, distinction of profiles.

Beryn.  BuuepnHy  iHpopMmalio  mpo  MIKpPOCTPYKTYpy — MaTepiany  Jerajiei
MalIMHOOYAyBaHHS MOXKHA OTPUMATH, 3HAIOUM MPOQili eIeKTPUYHOI MPOBIIHOCTI Ta MarHiTHOI
MPOHUKHOCTI B MOro MPHUMOBEPXHEBHX Mapax. JIOUIIBHUM € OTpUMaHHS ILUX BiJOMOCTEH
METO/IaMU BHUXPOCTPYMOBOT'O HEPYHHIBHOTO KOHTPOJIO, OAHOYACHO BMKOHYIOUM BUMIPIOBAHHS
npodiiB 6e3rmocepeIHbO B TEXHOIOTTUHOMY MPOLEC] BUTOTOBJIEHHS JeTajei.

Bukiiax ocHoBHOro Marepiany. BuMipioBaHHS enekTpoi3MYHMX MapaMmeTpiB B
IPUIIOBEPXHEBOMY Iapi 06’eKTy KOHTPOJIIO 3/IMCHIOIOThCS B JABa eTanu. llepmmuit — 1e
Oe3mnocepeIHbO (Bi3UIHI BUMIPIOBAHHS BHXPOCTPYMOBHM IIEPETBOPIOBAUEM, & APYTHii — YHCETbHA
o0pobka curHaiy, sika nepegoayae peKOHCprKuno npodiTiB B pe3yNbTaTi iHBepCii, sIK PO3B 30K
OararonapameTpuuHoi oOepHeHoi 3amaui. Peanizamis Takoro miaxoay oOpoOKH CUTHaJly BUMarae
PO3B 3Ky IpsIMOi 1 00EpHEHOI 3a1a4.
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Meta pod0TH — JOCITIUKEHHS 3 BUKOPUCTAaHHAM CTBOPEHOT KOMIT IOTEPHOI MOJIENI MPOLECy
BUMIPIOBaHHS HaKJaJHUM BUXPOCTPYMOBUM IE€PETBOPIOBAYEM I[0JI0 BCTAHOBJICHHS YYTJIMBOCTI
pOSpiSHGHHH OM3bKHX TMPOdITiB HpOBiI[HOCTi 1 MarHiTHOI HpOHI/IKHOCTi IO HEIEePEPBHO
3MIHIOIOTbCS B TPUIIOBEPXHEBOMY IIapi OO’€KTIB KOHTPOJIO 3 MAarHiTHOrO 1 HEMarHiTHOTO
MmaTepiaiy.

OcHoBHa yacTuHa. ABTOpamu B [ 1], 3arponIOHOBaHMI allPOKCUMAIIIHHUN METO, B SIKOMY
npu 00poO1i BAKOPHUCTOBYETHCS OKPIM (hi3WYHO BUMIPSHOTO CUTHAJY IIIE 1 J0JaTKOBa iH(pOpMaris
PO 00'€KT, 1110 OTPUMAaHA MOMEPEIHBO 1 30€pIracThCs B TaK 3BaHIM METaMOIEIi.

B ocHOBy cTBOpeHHS KOMIT'IOTEPHOI MO MpOLeCy BUMIpIOBaHHS MPO(LIIB 3aKiIageHO
maremaruuny wmozenab Uzal-Cheng-Dodd-Deeds [2], sika mpeicraBieHa aBTopamui B [3] Ta
BUKOPUCTaHA B JCIIO BI/II[OSMiHeHOMy Theodoulidis [4] BapiaHTi Taka mareMaTuyHa MOJIENb
BUKOPHCTOBYE KYCKOBO- HOCTII/IHyaHpOKCI/IMaLIIIO HETIePEPBHO 3MIHHUX MPODLTIB eIeKTPODI3UIHUX
napameTpiB 1 TOMy Hajalll pO3IJISAA€ThCsl YMOBHO OararolmiapoBa MPUIOBEPXHEBA 30HA 00’ €KTa
koHTporo (OK). s Toro mo6 crnpoiieHHs Oyino ageKkBaTHUM, HEOOXITHO BUOMPATH TOCTAaTHHO
BEJIMKY KIJIbKICTh YMOBHUX IIIAPiB, KA CArae AEKUIbKOX JECATKIB.

B cepenosumi makera MathCAD peanizoBaHa KOMIT'IOTEpHA MOJENb Ta 3/ifiCHeHa i
Bepu(ikaiis MOAETIOBAaHHIM 30yKEHHS BHXPOBHX CTPYMIB B 00’€KTax, JJIs SIKHX € BiTOMHUMH
AHAIIITHYHI 3QJICKHOCTI [S] BU3HAUEHHS IIyKaHUX NapameTpiB. J(oBe1eHO aleKBaTHICTh CTBOPEHOT
KOMIT FOTEPHOT MOJIEII.

Takox 3xilicHIOBaTacs HU3Ka PO3PaXyHKOBUX EKCIEPUMEHTIB 13 MOXKIMBUMH THUIIAMHU
npodiIiB, MPUIOMY SIK 171 MAarHITHUX, TaK 1 HEMarHiTHUX MaTtepiaiis. J[js 1bOTo B IKOCT1 6a30BUX
3agaBanucs mpodiiai MpoBIAHOCTI Ta MPOHUKHOCTI At 30-TH yMOBHUX IIapiB Ta CTBOPIOBAIIUCS
Onmu3pki mpodini Ha X OCHOBI K pPE3yNbTaT HE3HAUYHUX 3MiH, HANPHUKIA[, 30UIBIICHHSM
MOYAaTKOBUX Ta KiHIEBUX 3HaueHb mpodiniB Ha 1% Ta 3 % 3 HACTYNHUM pPO3PaXyHKOM
IPOMIXKOBHX 3Ha4€Hb, 00 301JIbIICHHSAM ITOYAaTKOBUX Ta 3MEHIIEHHAM KiHIIEBUX 3Ha4eHb Ha 3%
ta iHm. CyTHICTP TaKMX MOJICNBHUX EKCIEPUMEHTIB TOJATaE B iMiTallii BHUMIpIOBaHb IPH
BapitoBaHHI TpodiniB 3 (ikcaliero 3HAYeHb BUXIAHOTO CUTHAJTy Ta OLIHI MOKJIHMBOCTI iX
po3mizHaHHsA. [Ipu 1bOMY MOJENIOBaHHS 3JIMCHIOBAIOCS HA PI3HUX YacTOTax 30y/KCHHS
BUXPOBUX CTPYMIB.

OTpuMaHi pe3yabTaTH OOYMCITIOBATBHUX SKCIIEPUMEHTIB JO3BOJISIOTH OPIEHTOBHO OIIHUTH
YYTJIMBICTh TEPETBOPIOBAYA JI0 PO3pI3HEHHS NPOodisiB eIeKTpOo(]i3MUHUX MapaMeTpiB IpH
BUMIPIOBAJILHOMY KOHTPOJIi 00’ €KTIB 13 MarHiTHUX Ta HEMAarHiTHUX MaTepiaiB.

BucHoBku. MojenoBaHHSIM TIpU HE3HAUYHUX 3MIHAX MapaMmeTpiB B MOJAHU(DIKOBaAHHUX
npodingx oTpuUMaHi NpUHHATHI JUis  Qikcamii 3MIHM aMIUNTYIM BHUXIJHOTO CUTHAIY
NEepeTBOPIOBAYIB SIK JJIsl HEMAarHiTHUX, TaK 1 1751 MarHiTHUX MatepiaiiB. OKpiM IbOTO, BCTAHOBJIEHO
YacTOTHI Jiana3oHW 30yJKEHHS BHUXPOBHUX CTPYMIB, B SIKMX YYTJIMBICTH MEpETBOpIOBayda [0
aHani30BaHUX MpodiniB Oinbina. J[71s HeMarHiTHUX MaTepianiB Lel Aiama3oH ckianae 3-8 k[, a
urg MargiTHux — 8-10 xI'm.
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HE3BOPOTHI 3AXO/IU CKJAJJTHOCTI MPOLECIB IVIACTUYHOI JTE®OPMAILIIT
B METAJIAX

Kis A.12, Bpioxanos A.?, CososiioB B.%, Kapeunkuii T.*°, Isuok JI.2, Jonues 1.2,
Jdykammn B.2, Beaincbkuii A2
! VuiBepcurer ben-I'ypiona B Heresi, M. beep-Illesa, I3pains
2 [liBneHHO- YKpalHChKHI HaIllOHANBHIN niegaroriuauii yaisepcuret im. K. JI. YmHcbKorO,
M. Oneca, Ykpaina
® KpuBOpi3bKuii AepKaBHUI Teaaroriunmii yisepcuret, M. Kpusuii Pir, Ykpaina
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M. JIporo6uy, Ykpaina
% JItoGmiHCHKHI KaTONMMIBKKUN yHIBepcuTeT iMeHi IBana ITasna 11, m. JIro6min, ITosbma

Anoranis. [Iponec mmactuynoi aedopmanii crani DCO4 € cknangHuM, HENMiHITHUM, HE3BOPOTHUM,
CaMOOPTaHi30BaHUM TPOIlecOM. AHaJi3 HE3BOPOTHOCTI YaCOBOTO Py «HAmpyra-aedopmaris» T03BOINB
BUSIBUTH XapaKTepHi 001acTi (KBa3i)mpyxHoi, iactuaHoi aedopmarii i 3ByxeHHs. OcTaHHI [Bi 0071acTi €
HaiiOunb  iHpopmaTuBHEMHU. OOnacTe HEMpyx HOI Aedopmariii XapakTepH3YEThCS KOJIEKTHBHUMH
CaMOOpraHi30BaHMMH TIpoliecaMu TpaHcdopmaiii JUCIOKAMIMHUX CTPYKTYp, IO MEPEeXOIiTh B
MOPOYTBOPEHHS 1, B KIHIIEBOMY paxyHKY, YTBOPEHHSIM MIKPOTPIIINH 1 TII00ATBHOI TPIIIUHHU K TPUINHH
pyHHYBaHHS 3pa3Ka. 3amporoHOBaHO 3aXO0/AHU ISl KUTBKICHOT OLIHKKA HE3BOPOTHOCTI Iporecy aedopmariii.
By1o BusiBIEeHO, 110 IHAMKATOPH Ha OCHOBI KUIBKICHUX XapaKTEPUCTUK CKIAIHUX MEPEX Ta epMyTaliiHIX
1a0JI0HIB TPEACTABISAIOTECS OCOOIMBO 1HPOPMATHBHUMHU 1 MOXKYTh OYTH BHKOPHCTaHI HE TLTBKH IS
KIacudikarii cramii mactiuaHoi aedopmaiiii, ane i sIK MEepeBiCHUK MPOIeCy HE3BOPOTHOTO PYHHYBaHHS
MaTepiany.

KawuoBi ciaoBa: ckimagHi cucTeMHu, IUIACTHYHA Jedopmalisi, AWCIOKAlii, MepexkeBi 3axo.nwu,
MIePMYTaliifHI IHAXKATOPH, CAMOOPTaHi3aIlisl.

IRREVERSIBLE MEASURES OF COMPLEXITY
OF PLASTIC DEFORMATION PROCESSES IN METALS

Kiv A2, Bryukhanov A.2, Soloviev V.3, Kavetskyy T.*°, Dyachok D.?, Donchev 1.2,
Lukashin V.2, Bielinskyi A2
1Ben-Gurion University of the Negev, Beer Sheva, Israel
2South Ukrainian National Pedagogical University named after K. D. Ushynsky, Odesa, Ukraine
3 Kryvyi Rih State Pedagogical University, Kryvyi Rih, Ukraine
“Drohobych Ivan Franko State Pedagogical University, Drohobych, Ukraine
The John Paul Il Catholic University of Lublin, Lublin, Poland

Abstract. The process of plastic deformation of DC04 steel is considered a complex, non-linear,
irreversible, and self-organized process. The analysis of the irreversibility of the stress-strain time series has
made it possible to identify characteristic areas of (quasi-)elastic, plastic deformation, and necking. The last
two areas are the most informative. The area of inelastic deformation is characterized by collective self-
organized processes of dislocation structures transformation, turning into pore formation and, ultimately, the
formation of microcracks and a general crack as the cause of sample failure. Measures for quantitative
assessment of the irreversibility of the deformation process are proposed. Network- and permutation-based
measures have been found to be especially informative measures, which can be used not only to classify the
stages of plastic deformation but also as a precursor of the material irreversible destruction process.

Keywords: complex systems, plastic deformation, dislocation, network measures, permutation
indicators, self-organization.

Beryn. Opniero 3 ¢pyHAaMeHTAIBHUX Tpo0sieM (Pi3MYHOro MaTepiajlo3HABCTBA € MOSICHEHHS
CIOCTEPEKYBAaHUX B EKCIIEPUMEHTI CKJIAJHUX 3aKOHOMIPHOCTEW BUHUKHEHHS 1 PO3BUTKY 1€(DEKTHUX
CTPYKTYp, 110 YTBOPIOIOTHCS MpU IUacTUuHIM nedopmanii marepiany. JedhopmoBanuii marepiai
SBJISIE COOOI0 CKIIAAHY JMHAMIYHY CHUCTEMY, B SIKIA TiJ BIUIMBOM 30BHINTHBROTO HABAHTAKCHHS
Mmarepian MepexoauTh Yy CTaH, JaJeKUil BiJ TepMoAWHaMIYHOI piBHOBaru. lle mpu3BoauTH 110
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PO3BUTKY NHUCHUTIATUBHUX HECTIMKOCTEH y CHUCTEMI, IO 3YMOBIIOIOTH YTBOPEHHS PI3HUX THIIIB
HEOJHOPIMHUX JePEKTHUX CTPYKTYp, y TOMY 4HCcHi auciokauidHux. Ilmactmuna nedopmanis
METaJIiB MPOCTOPOBO HEOJHOpIJHA 1 TMEepepuBYACTa B 4Yaci 4epe3 JAUCKPETHY MPHUPOAY HOCIIB
TUTACTUYHOCTI — JAMCIOKaMiid KpucTamianoi rpatku [1]. JIUCKpeTHICTh MUCIIOKAIIHUX MPOIIECIB €
OCHOBHOIO ITPUYMHOIO JIOKAJIbHUX KOJIMBaHb HAIPYTH 1 fegopMmariii. OnHak TUIIOBAa KpHBA «HaIpyra-
nedopmallisi», 3HITa 3 TOUHICTIO CYy9acHOTO OOJaJHAHHS, BUABISEThCS Thaakor. [IpuyanHa 1poro
HoJsirae B TOMy, 110 IJio0ajlbHa KpHUBa «Hampyra-gedopmaiis» € pe3ylnbTaToM YCEPEJHEHHS I10
nedopMoBaHOMY 00’€MY Ta 3a 4acoM i, SIK Taka, HE MOKa3ye MePepUBYACTOCTI IIACTUIHOTO TEYii.
OpnHak MIBUIKICTH 3MIHU IIi€] KPUBOI MICTUTH (PIyKTYyallii, aHaJli3 4acOBUX PSOIB SKUX J03BOJISE
OTPUMATH JAJIEKO HEOUYeBHIHY iH(popMalito [2].

MeTow podoTH € aHai3 HE3BOPOTHOCTI YacOBOTO PsANY KPHBOI «HaIpyra-gedopmaris»
o(e).

IMocranoBKa 3a1a4i. AHaji3 HE3BOPOTHOCTI B KpUBiil «Hanpyra-aehopmaiis» g(e) Oyio
BuKoHaHO Jis ctani DCO04 3 noBxuHor0 podouoi yactuau 50 MM, mupuHOO 20 MM 1 HIBHIKICTIO
postaryBanHs 0,1 mMm/xB (pucynok 1, a). Yci mpezncraBieHi NMOKa3HUKH Oylld pO3paxoBaHi 3
BHUKOPUCTAHHSAM METOJy KOB3HOTO BiKHa, ji¢ po3Mmip BikHa w € {150,250,500} i po3mip Kpoky
h =5, mo BiANOBiga€ YacoBOMY IHTEpBAILY MK KOXXHHM BIKHOM. PO3paxyHKH NHX THUIIB
MOKa3HMKIB Oy/IM BUKOHAHI SIK ISl BUX1THOTO YaCOBOTO PSIy, TaK 1 JJIsi HOTO CTaHIapTH30BAHUX
npuOyTKOBOCTEH, J¢ npuOyTKOBOCTI pospaxoByrothes sk [x(t + 1) — x(t)]/x(t). Amanis
HE3BOPOTHOCTI JJIsI KPUBOI «HANpyTa-aedopMallisi» 0ya0 BUKOHAHO Ha OCHOBI Tpady BUAMMOCTI Ta
nepMyTaiitHux ma0a0HiB. MU BUSBUIIH, 110 KIACHYHHUNA Tpad BUAMMOCTI PEACTABISETHCS OUTBII
CTIMKUM JI0 HETHIHOCTI caMe BUX1IHOTO YacOBOTO PSALY y HOPIBHSIHHI 3 HOTO MPUOYTKOBOCTSIMH.
He3BopoTHicTe Ha OCHOBI MEpMyTalifHUX MIa0JIOHIB Oyia po3paxoBaHa sl CTaHAAPTH30BAHUX
npuOyTKOBOCTEH.

He3BopoTHicTh y 4Yaci € (yHIaMEHTaIbHOI BIACTHBICTIO HEPIBHOBAXKHUX TUCHUIIATHBHHX
cucteM, 1 ii BTpara MOXKE CBIIYUTH TPO PO3BUTOK NECTPYKTUBHUX mporueciB [1, 2]. Hame
JOCIIJKeHHsT nependadae, mo mnporec X Ha3MBA€ThCS CTATUCTHYHO 3BOPOTHUM Y 4Yaci, SKIIO
pO3MOAiM HMOBIpHOCTEH BUXiIHOI Ta 3BOPOTHOI BEPCiii CUCTEMU € MPHUOIU3HO OJHAKOBUMH [3—
5]. He3BOpOTHICTh YacOBUX PsIJIiB BKa3ye HA HASBHICTh HEMIHIHHUX 3aJeKHOCTEH (mam’siTi) [6] B
JUHAMIIl CHCTEMH, Jaj€KOi BiJi PIBHOBaru, BKJIOYAIOUYM HETAayCOB1 BUMAIKOBI MPOIECH 1
JMCUTIATUBHHUHN XaocC.

Mipa He3BOPOTHOCTI YacOBHX Ps/AiB HA OCHOBI NepMyTaniliHuX WAa6a0HiB. OOUnCIEeHHS
nepMyTamiiiHux maobnoHiB (permutation patterns, PP) nepenbawae, mo wacoBuit psnm X =
{x())|i=1,..,N} pos6urnii va nepeciuni mimsexropu X(i) = {x(i), x(i +7), ..., x(i + [dg —
1]7)}, ne dy — noBKWHA BiAMOBIIHUX BEKTOPIB (KLIBKICTH €JIEMEHTIB JUIS CITIBCTABICHHS), a T — I1€
yacoBa 3aTpUMKa MK LIMMHU enieMeHTamu [7]. Ilicns npoueaypu peKoHCTpyKii (ha30BUX BEKTOPIB,
KOXKHA MiAMOCTiXOBHICTD X (i) meperBoOpro€eThCs Ha MoOpsakoBuil PP m = {ro,rl, s rdE_l} 3
{0,1,...,dg — 1}, nna sikux Mae BUKoHyBaTHCh YMOBa X (i +79) < x(i +717) < -+ < x(I +714,-1).

IlikaBa a5 Hac Mipa HE3BOPOTHOCTI yacy, 3acHoBaHa Ha PP, Moxe OyTu oTpuMaHa IUISIXOM
BpaxyBaHHS BIIHOCHOI YaCTOTH IIAOJIOHIB K JUISl TOYATKOBOI'O, TaK 1 /Ui 00EPHEHOI0 YacOBUX
psniB. TakuM 4YMHOM, SKIIO 0OMBA PSIIM MAlOTh MPHUOIM3HO OJHAKOBI PO3MOALIM HMOBIpHOCTEH
cBoix PP, wacoBuil psn mpeacraBiseTbcsi 0OOPOTHUM 1 MPOTHIICKHUH BHCHOBOK MOXeE OYyTH
chopMyIbOBaHUI [T 1HIIIOTO BUIAJIKY.

Sk Ay MOKa3HUKIB Ha OCHOBI MEPMYyTAI[ifHUX MIa0JOHIB, TaK 1 A BEJIMYUH HA OCHOBI
rpa¢iB, Mu OyneMO BUKOPUCTOBYBATH (YHKIIi LIUIBHOCTI HMOBipHOCTI (probability density
functions, PDFs) 3raganux BenuuuH. K10 mpeacTaBUTH Hally CUCTEMY OOOpOTHOIO B yaci, MU
MPUITYCKAEMO, IO PO3MOALIM HMOBIPHOCTEM MNPSMHUX 1 3BOPOTHUX 3a YacOM XapaKTEPUCTHK
MOBUHHI OyTH OJHAKOBUMH. J[7s1 HE3BOPOTHHX MPOLIECIB MU OYIKYEMO 3HANUTH CTATUCTUYHY
HeeKkBiBaleHTHICTh. OmiHuTH i1 MOkHa yepe3 Biacranb JIxeHcena-lllennona [10]: /S(p || q@) =
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VIDkL(@ || m) + Dg(q || m)]/2, ne Dk, () mimmosimae Bincrami KymnGaka-Jleii6nepa [8], p
BIJIMIOBiZIa€ PO3MOALTY MPSAMHUX y Yaci XapaKTEPUCTHK, a ¢ BIAMOBIIa€ 3BOPOTHIM, M = %(p +q).

Jlsis HEe3BOPOTHOCTI, 3aCHOBAHOI Ha IMEPECTAHOBKAX, MH NPOTECTYBAIM Pi3HI KOMOiHAmii
PO3MIPHOCTI BKJIaICHHS 1 4acOBOi 3aTpuMKH. ExcriepuMenTy nposoauiucs it dg € {4,5}i T €
{3, ...,15}. Mu BusiBwu, mwo dg =4 i T = 15 naroTe HAKOLIBII HALiHI Pe3yabTATH MPU BCIiX
pO3Mipax KOB3HOTO BIKHA.

Ha pucynky 1, b Mu MokeMo Ga4uTH, 1110 M1 9ac IEPEeXOAy BiJ MPYKHOT 30HH J0 IIACTUYHOT
1 mepe pyiHYBaHHSIM, HE3BOPOTHICTh 3pOCTa€, IO BKa3ye Ha 30UIBLICHHS HETIHIMHOCTI B IHX
o0nacTsix.

Permutation patterns

: :
0.8 1 | [—o 0.8
° . | [—ret(e/o)
306 ! 0 0.6
s 1
= .
:ﬁ0.4 : ©04
1 1
021 /1 !
2 Nl N
0 L L
L x L 0
0 2000 4000 6000 0 500 1000
€ €
(@) (b)

Pucynok 1 — JIlunamika BUXigHOT KPHBOT «Hampyra- nedopmaris» y daci 1 ii ctanmapTuzoBaHi
npuOyTKoBOCTi. [IyHKTHPHI NiHIT MOAUISIOTH KPUBI «HaNpyra-aedopMalis» Ha TpH eTand (a).
CTpinKku BKa3yIlOTh Ha CTaJI110 MEPEXOAy Bi MpyKHOI nedopmallii 10 mIacTUYHOT 1 CTaAio
pYHHYBaHHS B 4acOBOMY psilii puOyTKOBOCTeH. J{MHaMiKa iHIUKATOPiB HE3BOPOTHOCTI HA OCHOBI
nepMyTaliiiHuX mabJoHIB HApsIY i3 KPHBOIO «HaAnpyra-aedopmaris» (b)

Metoau ckaaguux Mepex. ['pad suammocti (Visibility graph, VG) 3acHoBanmii Ha
npocToMy BimoOpaxkenHi wacoBux psimiB {x; |i=1,..,N} y Bumisagy rpada, ae KOKHE
CTIIOCTEPEXXEHHS X; PO3TJISIAETHCS Y AKOCTI BEPIINHU (BY3J1a) CKJIQAHOT Mepexi. J[Bl BepIIMHM I Ta
j moB's3ani pedpom (i, j), AKIIO A71s BCIiX By3MiB k 3 t; < £ < tj 3aCTOCOBYEThCS yMOBA X), < X; +
(xi —x) (4 — t) /(¢ — &) [9].

I'opuzonransuuii rpad Buaumocti (Horizontal visibility graph, HVG) sBnse coboro
CITPOIIIEHY BEPCito 1IOro ayiroputmy [9]. st A0CaiKyBaHOTO YaCOBOTO Py MHOKWHU BEPIIUH
VG ta HVG € otnakoBuMH, TOJI1 sk MHOXKUHU pedep HV G BinoOpaxatoTh B3aeMHY TOPU30HTAIbHY
BHJIMMICTB JIBOX CIIOCTEPEKEHD X; Ta X;j. TOOTO, MK 3HAYEHHAMM X; Ta X; MOXKHA MOOy1yBaTH
pebpo (i, /), axmo x; < min(x;,x;) ws Beix k 3 ¢; < ty, < ;.

Ockinbku y Bu3HaueHHI VG ta HVG uyiTko BpaxoByeThes 4yac (MOPSAIOK) CIIOCTEPEKEHb,
HANpsSIMOK Yacy HEPO3PHBHO IMOB’SI3aHUH 3 PE3yIbTYIOUOI0 CTPYKTYporo Mepexi. 1106 BpaxyBaTu
neil ¢akt, MM BU3Ha4aeMO HaOip HOBUX CTATUCTMYHMX MEPEKHHUX MOKA3HUKIB, 3aCHOBaHMX Ha
JIBOX MPOCTUX XaPaKTEPUCTUKAX BEPIIMH:

1. Ockinbku 9ucno pebep iHIMIESHTHUX BEPIINHI | Moxe OyTH BH3HAUEHO AK ki = ;i A;;,
i (H)VG, 13 BpaxyBaHHSM NOJI0KEHHS BEPILIWHY Yy Yaci, 1Iei MOKa3HUK MOXKe OyTH Nepenucanui,
BPaXxOBYIOUH KilbKiCTh iHIMIEHTHHUX il BepmuH y MuHynomy ki = 3 ;.; A;; Ta MaibyTHHOMY

! =YsiAij. Y nanomy pasi, k; = ki + ki, ne ki Ta ki MOXyTh BBaXKATHCS MUHYIUMU TA
Maubymuimy CTyNEHSMU BepiiuH. SIk Oyno BH3HA4eHO B poOoTi [9], Taki MipHu BiANOBITAIOTH
BX1/IHUM Ta BUXITHUM CTYIEHSIM BEpIIUH rpadiB HaIpaBICHUX Y Yyaci.

2. Koeinient nokampHoi kmactepmsanii rpada C; = [2/k;(k; — 1)] X x AijAjrAk; € me
OJTHIEIO KUJTBKICHOIO XapaKTEPUCTUKOIO rpada, 110 XapakTepu3ye CTPYKTYpPY CycilliB By3na i [2]. 3a
AQHAJIOTIEI0 JI0 CTYNEHS BEpUIMH, MU IEPENUIIeMO CTaHAAPTHUM Koe(illieHT KiacTepusarii i3
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BpaxyBaHHS munynoeo C = [2/k] (ki — 1)] Y cik<iAijAjAri Ta maiibymuvoco Cf =
[2/k] (ki — D] X jsiksi AijAjxAki-

Ha pucyHKy 2 OpeacTaBieHO MOKA3HUKH HE3BOPOTHOCTI HA OCHOBI MEPEKHOTO IiAXOy
Pa3’oM 3 KPUBOIO «HApyra-aedopMaris».

g Degree 1 Clustering coefficient
0.8
wn 0.6
=
©04
0.2
. , = o
0 500 1000 0 500 1000

€ €
Pucynok 2 — Jlunamika iHAUKATOPIB rpadoIMHAMIYHOI HE3BOPOTHOCTI MOPSA] 3 KPUBOIO
«Hanpyra-nedopmartis»

BucHOBOK. Y po0O0Ti mpe/icTaBiIeHO MipH KUTbKICHOT OI[IHKM HE3BOPOTHOCTI JIeopMaLiiHuX
npoleciB 'y Meranax. BusBieHo, 1m0 I1HAMKATOpU Ha OCHOBI MiAXoAiB Teopii rpadiB i
nepMyTaliiiHUX 1a0I0HIB IPEICTABISIOTHCS 0COOIUBO 1H(HOPMATUBHUMHU, 110 POOUTH MOKIMBUM
iX BUKOpPHCTAHHS HE TUIBKM JJIS MOHITOPHHTY Ta Kiacudikamii cramid nedopmarii, ane i sk
MEPEIBICHUK MPOIIECY HE3BOPOTHOT'O PYHHYBAHHS MaTepiaiy.

Moasiku. 1{s pobota Oyna yacTkoBO miaTpuMaHa MiHICTEPCTBOM OCBITH 1 HaAyKH YKpaiHu
(mpoexTu Ne 01210109543, 01220000850 Ta 0122U000874) ta HamioHaabHUM TOCIITHUIIBKAM
dougom Ykpainu (mpoekt Ne 2020.02/0100). Takox momska CAIA (CrnoBarbke akajaemidHe
iH(dopMalliiiHe areHTCTBO) 3a CTUMIEHAII0 B IHCTUTYTI (izuku CloBalbKoi akajeMii HayK B paMKax
HamionaneHoi ctunenaiansHoi nporpamu Crnoaiibkoi PecriyOmiku.
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KOMIT'IOTEPHE MOJEJIOBAHHA OIITUMAJIBHOI'O XIMIYHOI'O CKJIALY
I''bPUIHUX BIOJAETPAJABEJIBHUX KOMIIO3UTIB

Jleboenes B. B., Mipomaunuyenxo /I. B., CaBuenxo /I. O., bizeus /1. ¥0., Mucsik B. P.,
Tuxomuposa T.C.
HarmionansHuii TEXHIYHUHA YHIBEpCUTET «XapKIBChKHUMA MOTITEXHIYHUHA IHCTUTYT,
M. XapkiB, YkpaiHa

AHoTamis. Mera IOCTIIKEHHS! — KOMIT FOTEPHE MOZETIOBaHHS ONTHMAaJIbHOTO XIMIYHOTO CKIamy
TIOPHIHMX EKOJIOTIYHO YUCTHX OloaerpamadeIbHUX HAITOBHEHUX KOMITO3HTIB 3 ITiIBHIEHUM KOMITICKCOM
MIIIHOCTHUX BJIACTUBOCTEH. 3aBIaHHIMHU JOCIIHKCHHS € BHSABUTH ONTUMATBHIN XIMIYHUH CKJIal TIOPHUIHUX
€KOJIOTIYHO YMCTUX OioJierpajaadelbHUX HAITOBHEHUX KOMITO3UTIB Ta MOOYMyBaTH KOMIT FOTEpHI MOJIEII 3
METOI0 MPOTHO3YBAaHHS iX HaWBaKJIMBIIIMX EKCIUTyaTaliiHUX XapakTepucTHK. OO0’ €KTOM JOCHIIKEHHS €
TIOpHIHI €KOJIOTIYHO YHCTI OiomerpanabenbHi HAITOBHEHI KOMITO3UTH Ha OCHOBI ITOJIIMOJIOYHOI KHUCJIOTH,
BIIXOMIB KaBOBOI TYIIl Ta TYMIHOBHX PEUYOBHH, MPEAMETOM JOCHTIHKEHHS — MPOIECH KOMIT IOTEPHOTO
MOJIENIIOBAHHS ONTHMAIBHOTO XIMIYHOI'O CKJIaJy KOMIO3HTIB. MeTOIOM IOCTIKEHHS! € KOMIT IOTepHE
mopaemoBaHHs B cepenosuini MathCad Prime 6.0. B pe3ynbrari mpoBefeHUX AOCIHiIKEHb MOOYIyBaHi
MONIeTl 3 TPOTHO3YBaHHS eKCIUTyaTallilHUX BIIACTUBOCTEH TiOPHOHMX  EKOJOTIYHO  YHCTHX
OlomerpamabenbHUX HANOBHEHMX KOMIIO3WTIB 3aJIKHO BiJ iX XIMIYHOTO CKIAAy, SKi MOXYTh OyTH
a1anToBaHi 10 OyAb-SIKOT0 BMICTY KaBOBOI T'YILli Ta TYMIHOBHX PEYOBHH.

KarouoBi cioBa: xomm’torep, MOJCIIOBaHHS, XIMIYHUN CKIaj, TiOpuaHHUi, OiomerpanaOeibHHMIA,
KOMITO3UTH.

COMPUTER MODELING OF OPTIMAL CHEMICAL COMPOSITION
OF HYBRID BIODEGRADABLE COMPOSITES

Lebedev V., Miroshnichenko D., Savchenko D., Bilets D., Mysiak V., Tykhomyrova T.
National Technical University «Kharkiv Polytechnic Institute», Kharkiv, Ukraine

Abstract. The aim of the research is computer modeling of optimal chemical composition of hybrid
environmentally friendly biodegradable filled composites with increased set of strength properties. The tasks
of the research are to identify the optimal chemical composition of hybrid eco-friendly biodegradable filled
composites and to build computer models for forecasting their most important performance characteristics.
The object of research is hybrid eco-friendly biodegradable filled composites based on polylactic acid, coffee
grounds waste and humic substances, the subject of research — computer modeling processes of optimal
chemical composition of composites. The research method is computer simulation in MathCad Prime 6.0.
As a result of the research, models for forecasting the performance properties of hybrid eco-friendly
biodegradable filled composites depending on their chemical composition, which can be adapted to any
content of coffee grounds and humic substances, have been built.

Keywords: computer, modeling, chemical composition, hybrid, biodegradable, composites.

Beryn. CydacHUM TPeH]I0M B rany3i BUPOOHMIITBA, BUKOPUCTAHHS Ta yTHIIi3allii MOJIIMEPHUX
MartepialliB € eKOoJOriuHO 4uCTi OlojerpagadenbHi MOJIIMEpH Ta iX KOMIIO3HULII, SKI peani3yloTh
NPUHIUI  «HYJTBOBUX BIIXOJIB» BIPOJOBXK YCHOTO JKUTTEBOrO mukiy. Came TOMy IyxKe
aKTyaJbHUM € pPO3po0Ka Ta KOMIT'IOTEPHE MOJECIIOBaHHSI €()EKTUBHUX XIMIYHUX CKJIAJiB
riOpUIHUX E€KOJOTIYHO YHCTUX OlojierpagabenbHUX MOJIMEPHUX KOMIO3MIIMHUX MaTrepialliB Ha
OCHOBI Takoro 010IUIaCTHKY, SIK MOJIMOJIOYHA KHUCJIOTA, BIIXOAIB KaBOBOI Iyl IpH iX CyMiCHOT
(byHKILIOHATBHOI T1OpUAHOT MOIM(iKallli TYMHHOBHUMHU PEYOBUHAMHU 3 METOIO IOCATHEHHS Y TAKUX
Oiogerpaga0eNbHUX TONIMEPHUX KOMIIO3UIIHMX MarepiajliB  ONTHMAJIBbHOTO KOMILJIEKCY
eKCIUTyaTaIlliHUX BJIACTUBOCTEM.

Merta 1aHoTO TOCTIKEHHS — KOMIT FOTEPHE MOICIIIOBAHHS ONITUMAIBHOTO XIMIYHOTO CKJIaTy
TiOpUIHUX EKOJIOTIYHO YUCTUX OiloJerpagadenbHUX HAMOBHEHUX KOMIIO3UTIB 3 MiABUIICHUM

KOMIIJICKCOM MiI_IHOCTHI/IX BJIACTHUBOCTEIA.
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Marepiajim Ta MeTOAM JOCTIAKEHHS.

O06’exTamMu JOCHIKEHHS BUCTYIIAJIH:

- TIOJIMEP MOJIOYHOT KHCIIOTH eKcTpy3iitHoi mapku Terramac TP-4000;

- BIAXOAM KaBOBOi Tymi, 3i0paHi B 8 pi3HMX KO(iHAX B MicTi XapKoBa Ta CYIIEHI J0
Bostorocti 50%. Bigxomu kaBoBOI Tyl MarOTh MO (PpakiiiiHi CKiIag B MeXax po3Mipy YaCTHHOK
Bix 0,5 mo 1 mm. 3a momomorotro metoniB [Y-crnekTpockorii moka3ano [1-2], mo kaBoBa ryia 3a
CBOTIM XIMIYHHM CKJIaJIOM XapaKTEePHU3y€EThCS BMICTOM 110 6 % Mac. i Ounbine kodeiny, anKanoiaiB
Ta IX CyIyTHUKIB, BMIiCTOM 110 1% Mac. XJIOpOreHHUX KUCIIOT Ta iX MOX1THHX.

- TyMIHOBI pe€UOBHMHHU OTpUMYBau BianoBinHoO 10 ISO 5073 [3]. CyTHiCTh METOAY MOJIATAE B
00poO1i aHaNITUYHOI NMPOOHM MajaMBa JYKHUM pPO3YMHOM mipodocdary HaTpiro, MOJAIBIION
EKCTPAaKIIE TMPOOH PO3YMHOM TIAPOKCHIY HATPil0, OCAKEHHI TYMIHOBHUX KHCJIOT HA/TUIITKOM
MiHEpaIbHOT KUCJIOTH 1 BU3HAYCHHI MAaCH OTPHUMAHOTO OCaTy.

JIJ1st KOMIT IOTEpPHOTO MOJISTIOBAaHHSI BUKOpHCTOBYBasn cepenosuiine MathCad Prime 6.0.

Pe3yabTaTn. Byno npoBeneHo MaTeMaTnyHe MozeaoBaHHs B cepenosuiti MathCad Prime
6.0. 3 mMPOrHO3yBaHHS EKCIUTyaTaI[iIHHUX BJIACTUBOCTEH TiOPHIHUX EKOJIOTIYHO YHCTUX
OilonerpagadenbHUX HAMOBHEHUX KOMITO3UTIB 3aJIEKHO BiJl BMICTY AMCIEPCHOI a3y y BUTISAIL
BIZIXO/IiB KABOBOI T'yII[i Ta TyMiHOBUX PEYOBHH (PUCYHOK 1).

F,(X,Y,2) F(X.Y,2)

VY napHa MiIHICTb PyliHiBHE HaNpyXEeHHs IpU BUTHHI

Pucynok 1 — Mogeni Mo mporHo3yBaHHIO €KCILTyaTalliiHUX BIACTUBOCTEH TOPUIHUX
€KOJIOT1YHO YUCTUX OlozerpagadeabHUX HATOBHEHUX KOMIIO3HTIB

BucnoBku. [IpoBeneHe MOAETIOBaHHS JO3BOJIMJIO OTPUMATH MOJETI 3 TPOTHO3YBaHHS
eKCIUTyaTalifHUX BJIACTUBOCTEH riOpUAHMUX €KOJIOTTUHO YUCTUX Olo/erpasabeabHIX HallOBHEHUX
KOMITO3UTIB 3aJIEKHO BiJl IX XIMIUHOTO CKJIAY, sIKi MOKYTh OyTH aJanToBaHi 10 Oy/b-IKOr0 BMICTY
KaBOBOI T'yIlll Ta TYMIHOBUX PEUOBUH.

Crnncox BUKOPHCTAHUX JIZKepeJt

1. Sorption resistance studying of environmentally friendly polymeric materials in different liquid
mediums / V. Lebedev, T. Tykhomyrova, O. Filenko et al. Materials Science Forum. 2021. Vol. 1038.
P.168-174.

2. Sorption characteristics studies of eco-friendly polymer composites / V. Lebedev,
T. Tykhomyrova, O. Lytvynenko et al. E3S Web of Conferences. 2021. Vol. 280. P. 11001.

3. 1ISO 5073:2013. Brown coals and lignites — Determination of humic acids. URL:
https://docs.cntd.ru/document/1200024122.
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KOMIT'IOTEPHE MOJIEJIIOBAHHS MATHITHOI IEPEJIAUI, .
BUT'OTOBJIEHOI 13 3ACTOCYBAHHSAM AJIMTUBHUX TEXHOJIOI'TH

Pyns M. II.
UYepkacbKuil 1epKaBHHUIA TEXHOJIOTIYHUH yHIBepcUTeT, M. Uepkacu, YkpaiHa

AHoTanisi. B po60Ti po3riIsiHyTO MarHiTHI PeAyKTOPH Ta MEPCIEKTUBH X 3aCTOCYBaHHS, POBEICHO
aHai3 MOXXJIMBOCTEH MarHITHHX Iepenad, po3poOJIEHO TECTOBY KOHCTPYKIIIFO MarHiTHOI mepenadi Ha
OCHOBI MaTeMaTHYHOI MOJelNi, pO3paxOBaHOI 3 BHKOPHUCTAHHAM METOAY KIHIIEBUX €IIEMEHTIB, Ta
BUTOTOBJICHO [I04y MOJENh 13 3aCTOCYBaHHSAM AaIWTHBHUX TEXHOJIOTIH. JIs KOHCTpYyIOBaHHS
eKCIEpPUMEHTAIFHOTO By3Jla HAMH PO3pax0BaHO MaTeMaTHYHY MOJIENIb MarHiTHUX MOJIiB 3 BUKOPUCTAaHHAM
METOJly KIHIIEBUX €JIEMEHTIB. BiImoBiMHO 70 pO3paxoBaHOI CXEMU PO3POOJICHO KOHCTPYKINIO By3Jia
MAarHiTHOTO peAyKTOpa 3 BUKOpucTanHsaM nporpamu Solidworks. IIpu po3po0Oui By3na yacTuHy getajiei, sKi
MOKYTh OyTH BUTOTOBIIEH] 3 TOJIIMEPHHUX MaTepiaiiB, OyJI0 CKOHCTPYHOBaHO 3 ypaxyBaHHSIM BUTOTOBIICHHS
13 3aCTOCYBaHHSAM aqUTHBHOI TexHoorii FDM (MoaemoBaHHS METOIOM HarIaBiIeHHs ). Po3po0iennii By3om
Mar"iTHOTO peayKTopa OyJI0 BUTOTOBIICHO 1 MEpPEeBipeHO HOro mpare3aaTHICTh Ta TOKa3aHo BiATIOBITHICT
pO3paxoBaHUM XapakTepucTukam. MoskHa 3poOHTH BUCHOBOK, 1110 3aIIPOTIOHOBAaHA KOHCTPYKIIiSt Ma€ 3HAYHI
NEePCIEeKTUBU JUIs 3aCTOCYBAaHHS B CIICLialli30BAaHOMY EJIEKTPOTPAHCIIOPTI 3aBISKW CBOIM HaIiiHOCTI
BUKJIMKaHIA BIJICYTHICTIO CHJ TepTs B Iepeladi Ta HPUTAMAaHHOMY BHYTPIIIHHOMY 3aXHCTy BiJl
NEepEeBaHTAXKEHHS, a4 TaKOK MOXIUBOCTI KOMIIOHYBaHHS B TEPMETHUHY €MHICTb, fKa BiAIUIATHME
SNIEKTPUYHY YaCTHHY BiJl arpeCHBHOTO 30BHIITHBOTO CEPEIOBHIIIA.

KarouoBi cioBa: enekTpuvHa TpaHCMICiS, MarHiTHUN pPEIyKTOp, KIiHIIEBO-EIEMEHTHHU aHai3,
AUTHUBHI TEXHOJIOTI].

COMPUTER SIMULATION OF MAGNETIC TRANSMISSION
MADE WITH THE USE OF ADDITIVE TECHNOLOGIES

Rud’ M.
Cherkasy State Technological University, Cherkasy, Ukraine

Abstract. The paper considers magnetic gears and the prospects for their use, analyzes the possibilities
of magnetic transmissions, develops a test design of a magnetic transmission based on a mathematical model
calculated using the finite element method, and makes a working model using additive technologies. For
designing the experimental unit, a mathematical model of magnetic fields using the finite element method
has been calculated. According to the calculated scheme, the design of the magnetic gear unit has been
developed using the Solidworks. During the development of the assembly, some of the parts that can be
made from polymer materials have been designed to be manufactured using additive FDM (Fusion
Deposition Modeling) technology. The developed magnetic gearbox assembly has been manufactured and
tested for its performance, and compliance with the calculated characteristics is shown. It can be concluded
that the proposed design has significant prospects for use in specialized electric vehicles due to its reliability
caused by the lack of friction forces in the transmission and inherent internal overload protection, as well as
the possibility of assembling into an airtight container that separates electrical part from aggressive
environment.

Keywords: electric transmission, magnetic gear, finite element analysis, additive manufacturing
technologies.

Beryn. B ocranni poku, MarHitHi nepenaui (Magnetic Gears - MG) Bce wyacrime
NpUBEpTalOTh A0 cebe yBary SK JOCHIJIHUKIB Tak 1 mpomucioBocTi. Ilepenbadaerncs, mio
Oe3nepepBHUI TEXHOIOTIYHUNA PO3BUTOK MAarHiTHOI TpaHCMICII MPU3BeE 10 3HAUHOTO MPOrpecy B
o0acTi MamMHOOYAyBaHHS. MaruitTHi nepeaayi NOTEHIIHHO BOJOAIIOTh BUCOKOIO €(PEKTUBHICTIO
1 HaJifHICTIO 3aBASKH iX OE3KOHTaKTHill pOOOTi, MPUTAMAaHHOMY BHYTPIIIHBOMY 3aXHCTy Bij
NEepeBaHTAXKEHHS 1 IPAKTUYHINA BIJICYTHOCTI HEOOX1THOCTI TEXHIYHOTO 0OCIyTOBYBaHHSI.

Meta podoTn. MeToro JaHOTO TOCIIIKEHHS € BU3HAUUTH eKCIUTyaTalliifHi XapaKTepUCTHKH
TECTOBOI KOHCTPYKIi MarHiTHOrO peAyKTOpa, BUTOTOBJEHOTO 13 3aCTOCYBAaHHSIM aJUTHUBHUX
TEXHOJIOT1H.
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IlocranoBka 3amaui. /[ns Oumbmiocti panHix MG Tomosoriii, iX MIIIBHICTH KPYTHOTO
MOMEHTY HE MOIJa KOHKYpPYBaTH 3 iX MexaHiuHuMH aHamoramu [1]. JIocmigKeHHS MarHiTHOTO
3B'SI3KY MOKAa3aJIH, 110 OLIbII BUCOKI Iepeadi KpyTHOTO MOMEHTY MOXKYTh OyTH peasi3oBaHi TiIbKH
IpH BEJIHKIN KUTbKOCTI MarHiTHUX Toitoci [1]. Konnenis maraitHOl nepenadi (nami MIT) Gyna
3anmpornoHoBaHa me B KiHII 1960-X pokiB, ska BKJIIOYA€E TPU KOHIICHTPUYHI YaCTHHHU, TOOTO
BHYTPIIIHIl MarHiTHUN POTOP, 30BHILIHIM MarHiTHHH POTOP 1 MOIYJISITOP MarHiTHOIO IOTOKY MiX
auMH. [lomaneme BuBYeHHA wiei Tomosiorii MII  m03BOIMIIO BCTAaHOBUTH MaTeMaTH4HI
CITIBBITHOIIICHHS MI>K YHCJIOM T1ap IOJIFOCIB MOCTIHHUX MArHiTiB POTOPIB 1 KUIBKICTIO MOIYJISITOPIB.
I"'onoBHOMO mepeBaroro 1€l Tonosorii MII € Te, 110 Bci MOCTiiHI MarHiTh 6epyTh y4acTh B Iepeaadi
KPYTHOTO MOMEHTY, B Pe3yJbTaTi YOro CTAJI0 MOXJIMBHM CTBOPUTH MII 3 BHCOKOIO THUTOMOIO
IIUTHHICTIO KPYTHOTO MOMEHTY, SIK JI0 OJUHUIN 00’eMy Tak i1 10 oauHMIN Macu. OIHOYaCHUI
PO3BHTOK TEXHOJOTIA IMOCTIMHMX MArHITIB 3 BHUCOKOK I1HAYKIIIED MArHiTHOTO TIOJIsS HaJaB
MOKJIUBICTE cTBOpeHHS MII, 1110 32 TUTOMOIO MIUTBHICTIO KPYTHOTO MOMEHTY HE TOCTYIAThCS
MEXaHIYHUM 3yOuaTuM peaykropam. Lle cnpuumHsie 3HauHUU iHTEpec A0 3acTtocyBaHHs MII B
pi3HEX c(epax, 30KkpeMa B aBTOMOOUIbHIN IPOMHUCITOBOCTI.

OcHoBHa yactuHa. Cepell HOBUX 3aIpONIOHOBAaHUX Tomoorii MIT HallOUIBII BATOMUMHU €
TOIOJIOTT B IKUX BUKOPUCTAHO TUIAHETApHI MarHiTHI nepeaadi [2].

OcHouuit npuniun Aii Takux MII B ToMy, 1110 ¢pepomMarHiTHi HOIOC-4YaCTUHHU, PO3TAIIOBaH1
MK BHYTPIIIHIM 1 30BHIIIHIM poropom MII i MOXXyTh MOTYJTIOBaTH MAarHiTHE MOJIE TAKHMM YHHOM,
10 KOKEH POTOP «0aunThy» poO0UY 30HY, IO BIAOBIIa€ CBOEMY BIIACHOMY YHCITY ITOJIFOCIB. UncIo
map TMOJIOCIB  HAa BHYTPINIHBOMY BHCOKOIIBUJIKICHOMY pOTOpPi ph 1 30BHIIIHBOMY
HU3BKOIIBUAKICHOMY POTOpi pI 1 KIJIBKICTh CETMEHTIB MOJIYJATOpPa, (m MOB'A3aHI HACTYIHOIO
3anexHictio [1]:

qm:ph+pl'

3a aHaNOTi€l0 3 IX MEXaHIYHMMHU aHAJIOTaMH, TNepenaBalibHE BiJHOIICHHS IUIAHETapHOI
MarHiTHOI mepeiadi 3 HePyXOMUM 3y0UacTUM BiHIIEM BU3HAYa€eThCs [1]:

G =2
Ph
B pesynbrari B3aemofii Mik MOCTIHHUMU Mar”iTamMM 1 CTaJ€BUMHU MOIIOCAMU MOXYTh
BUHUKATH MyJbCallii 3YETUIEHH KPYTHOIO MOMEHTY. J{71s1 iX MiHIMI3a1il Kpaoro KoMOiHaIli€r0 AJIs
Ph, PI, 1 dm PO3PAXOBYETHCS MapaMeTp, IKUH HA3UBAETHCS KOEPIIIEHTOM 3uerieHHs. BiH qaeThes
HACTYITHUM Bupas3oM [1]:

_ 2ph'qm ’
" LCM(2p,.q,)

ne LCM e naiimenie ciiibHe kpatHe (LCM - least common multiple). MiniMyMm mynbcartiii
34YeIIeHHs] MOMEHTY Jocsaraerses npu Cs = 1.

Jis Toro njo0 OLIHUTH MOXJIMBOCTI MarHiTHHUX Ieperad Ta aAUTUBHMX TEXHOJOTIH mpu ix
BUTOTOBJICHHS OyJI0 CKOHCTPYHOBAHO MArHITHUN PEIyKTOp, SIKUH MO)Ke OyTH BCTAHOBJIGHUW Ha
MeXaHi3Max 3 MepeAaTouyHuM yucioMm — 3,8. B pozpobieHoMy penyKTopi HampsMu OOepTaHHS
BXIJTHOTO Ta BHIXIJIHOTO BaJia MPOTHICKHI. KUTBKICTh Tap MoMociB poTopiB ph=>5 1 p~=19, mo
BimoBinae Om=19+5=24 momtociB cratopa, a koedimieHTt 3uermienHs Cs = 2 (pucynok 1, a). s
CIPOEKTOBAHOI KOHCTPYKIIT OYyJI0 CTBOPEHO KIHIIEBOEJIEMEHTHY MOJENb SKa BHUPIIIye PiBHSHHS
Makcgeina, copMysibOBaHi 3 BAKOPHUCTAHHSAM KOMOIHAI[IT MarHITHOTO BEKTOPHOTO MOTEHIIaly Ta
MarHiTHOTO CKaJSIPHOTO TIOTEHINATy SK 3aJIeKHUX 3MIHHUX. BUXiTHUMH NaHUMH MOJENl €
PO3MOAIT MarHiTHOro MoToky (pucyHok 1, 0) Ta OChOBHH KPYTHHH MOMEHT MiX PYXOMHUMH
o0OepranbHUM JoMeHamH. [l TmepeBipKM aJeKBaTHOCTI MOJETIl BHUIOTOBJIEHO TECTOBY
KOHCTPYKIIIO B K1l He (pepoMarHiTHI AeTaai BATOTOBIECHO aJUTUBHUM METOAO0M (pPUCYHOK 1,B).

132



Time=0s Surface: Magnetic flux density norm (T)
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Pucynok 1 — KoM toTepHa MOZIETTh MArHITHOTO PEIYKTOPA Ta PEAYKTOP BUTOTOBJICHA
13 3aCTOCYBaHHAM TeXHOJOTii 3D-apyKy Ha ii OCHOBI

BucHoBku. CTBOpeHa KIHIICBOEIEMEHTHAa MOJEIh MAarHiTHOTO pPEIyKTOpa IIaHeTapHOI
KOHCTPYKIIi 3 IepeaBaibHUM yrciioM 3,8. B Mozeni BpaxoBY€eThCsI BIUIMB BUTOTOBJICHHS OKPEMHUX
JieTasieil i3 3acTOCyBaHHSM aJIUTHBHUX TeXHOJOrid. Ha ocHOBI cTBOpeHOI Mojeni BUTOTOBIEHA
TECTOBA KOHCTPYKIIisl MArHITHOTO PEIYKTOpa. AJIGKBAaTHICTh KiIHLIEBOCIEMEHTHOI MOJIEN JOBEICHO
HIISIXOM MOPIBHSHHS €KCIUTyaTal[lfHUX XapaKTEPUCTHK TECTOBOI KOHCTPYKIII 1 1 TEOpeTHYHHX
napameTpiB. Lle 103BossiE BUKOPHCTOBYBATH JaHy MOJENb JUIS OAAIBIINX PO3POOOK MarHiTHUX
pPEenyKTOpiB MOAIOHOT KOHCTPYKIII.

Cnucok BUKOPHUCTAHHUX JIZKEPEJI
1. Tlali P. M., Wang R.-J., Gerber S. Magnetic gear technologies: A review. International Conference
on Electrical Machines, ICEM. 2014. P. 544-550. doi: 10.1109/ICELMACH.2014.6960233.
2. Surface magnet gears with a new magnet arrangement and optimal shape of stationary pole pieces
/ Tomoyuki Fujita, Yoshinori Ando, Kosuke Nagaya et al. Journal of Electromagnetic Analysis and
Applications. 2013. C. 243-249. URL.: http://dx.doi.org/10.4236/jemaa.2013.56039.

HOBA KOHLEMLISI FDM MPUHTEPA JJIS1 APYKY HUJIHAPUYHUX JETAJIER

Canenxo 0.}, Kocrenko A.L, Iypkan J1.}, 3inuyk A.l, 3aripusk M.2, Opea B.2,
Aprart P.2, lepes’sinko 1.3, Camycenko O.
'Harionaneruit Texniunuii yaisepcurer Yxpainu «KIII imeni Irops Cikopcbkoroy,
M. KuiB, Ykpaina
’KpeMeHUyIIbKHil HAITIOHATBHUH yHiBepcuTeT iMeHi Muxaiina OcTporpaachKoro,
M. Kpemenuyk, Ykpaina
311 Kb «IliBnenne», m. uinpo, Ykpaina

Anotamnis. [IpoananizoBaHO Ta CHCTEMaTH30BaHO KOMIIOHOBKM mpuHTepiB s FDM mporecy.
[okazano, 0 BUKOPHUCTaHHS MPUHIIMIIOBO HOBHX IMiJXOJIB, SIKi MependavyaoTs 3MiHy (OPMH OCHOBH Ta
BUJLY PYXY, 30KpeMa 3aMiHy TPaJHULIHOrO CTOTY IMIIHIAPUIHIM 00€pPTOBUM, JI03BOJISIE APYKYBATH BUPOOH
Y BHIJISAJII TOHKOCTIHHUAX WTIHIPHYHUX 000JOHOK Oinbin sikicHO. lepemycim, 1ie cTocyeTbes mapaMeTpiB
MIITHOCTi OTpUMaHuX BHPOoOiB. [IopiBHSAHHS MeXi MIITHOCTI TECTOBHX 3pa3KiB, oTpuManux FDM-niponiecamu
Ha JIBOX IPUHTEPax, OJIMH 3 IKMX BUTOTOBJICHHH 32 3aITPOIIOHOBAHOIO KOHIIETIIIIEF0, IOBOIUTS, 110 OCTaHHIN
Moxe OyTH YCIIIIHO BUKOPHCTAaHMH IJIi BUTOTOBJIICHHS OCECHMETPUYHUX KOPIIYCiB pe3epByapiB 3
OCBbOBMMH OTBOpaMH, 3abe3neyuBIIn Mexy MinHocti 0,75...0,85 [c] matepiany ¢inmameHTy mnpoTu
0,45...0,55 [o] (npm BUKOpPHCTaHHI TPUHTEPIB 3BUYAWHOTO KOMIOHYBaHHs). [IpM 1mboMy MIUTBHICT
YKJIaJIaHHS TUIACTHKY (SK 1 TOYHICTh (popMH) OOYMOBIIOETHCS UHAMIYHUMHE MPOIECAMH Y MPUHTEPI, 110
noTpeOyBaio MPOBEICHHS aHai3y Ta MOJICITFOBAaHHS MTOBEIIHKK MEXaHIYHOI CHCTEMH IpuHTepa. JloBeneHo,
110 IMHAMIYHI SIBUIIIa PO3TOHY Ta raJIbMyBaHHS 00€pTOBUX Ta JIIHIIHO PyXOMHX Mac MaloTh OUIBIINHN BIUTHB
Ha IMIBHICTH 1 TOYHICTh, MOPIBHAHO 3 TPAAMLIMHUMH NPHUCTPOSIMH, L0 NOTpeOye BIPOBAIKECHHS
CrenialbHUX AITOPUTMIB KePYBAaHHS IPHUBOJIAMH Y MEPEXiTHUX PEKUMAX.

Kawuosi cioBa: FDM-apyk, mumiHapryHi 3aroTOBKH, sSKicTh FDM, IpyK Ha HEIJIOCKiH OCHOBI,
MOJIENIIOBAaHHS MEXaHIYHOI CHCTEMH.
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A NEW FDM PRINTER CONCEPT FOR PRINTING CYLINDRICAL WORKPIECES

Salenko O.F.}, Kostenko A.%, Tsurkan D.}, Zinchuk A., Zagirnyak M.2, Orel V.2,
Arhat R.2, Derevianko 1.3, Samusenko O.3
! National Technical University of Ukraine “Igor Sikorsky Kyiv Polytechnic Institute”,
Kyiv, Ukraine
2 Kremenchuk Mykhailo Ostrohradskyi National University, Kremenchuk, Ukraine
3 DB “Pivdenne”, Dnipro, Ukraine

Abstract. Printer layouts for FDM process are analyzed and systematized. It is shown that the use of
fundamentally new approaches, which involve changing the base shape and movement type, in particular,
replacing the traditional table with cylindrical rotating, allows you to better print products with the thin
cylindrical shells form. First of all, it concerns parameters of the received products durability. Tensile
strength comparison for test specimens obtained by FDM processes on two printers, one of which is made
according to the proposed concept, proves that the latter can be successfully used for the manufacture of
axisymmetric tank housings with axial holes, providing a tensile strength of 0.75... 0.85 [c] of filament
material against 0.45... 0.55 [c] (when using conventional layout printers). The density of the plastic (as
well as the accuracy of the form) is determined by dynamic processes in the printer, which has required
analysis and modeling of the behavior of the printer mechanical system. It is proved that dynamic phenomena
of acceleration and deceleration of rotating and linearly moving masses have a greater impact on density and
accuracy, compared to traditional devices, which requires the introduction of special algorithms for
controlling drives in transient modes.

Keywords: FDM printing, cylindrical blanks, FDM quality, non-flatbed printing, mechanical system
modeling.

Beryn. Meronu aTuTHBHOTO CHHTE3Y MPOTOTHUIIB, MOJIENIEH Ta €JIEeMEHTIB KOHCTPYKIIi Ha
CHOTOJIHI € OJTHUMHU 3 HAHOLIBII MePCIICKTUBHUX, OCKLUIBKY X MOKHA 0€3M0CEePETHBO 3aCTOCYBATH
JI0 TaK 3BaHOI'0 «PO3YMHOI'0 BUPOOHMIITBA», CHPSIMOBAHOI'O HAa OTPUMAHHS HMPUHIUIIOBO HOBUX
BUPOOIB, MaTepialiB, 3arOTOBOK 3 MiHIMAaJIbHUM BUKOPUCTAHHSM CHPOBHHU Ta MaKCHUMAaJIbHOIO
yHidikamiero oOmanHaHHsA. He3Bakaroum Ha Te, MO CHOTOAHI CBIT aKTUBHO PO3IIUpPIOE chepu
BUKOPUCTAHHS aAUTUBHUX TexHoJorii [1], [2], ocTaHHI BUBUEHI 0co0IMBOCTI (hopMyBaHHS II1apiB
1 MPOAYKTY B 1uomy [3], 1l TEXHOJOrI] JOCIII)KEHO HEOCTATHBO, 110 CIOHYKAa€E HAyKOBIIB 0
aKTHUBI3allil 3a3HaUE€HUX POOIT, 30CEPEKYIOUH yBary Ha MIiI[HOCTi, TOYHOCTI, IIIJILHOCTI BUPOOiB
1H)KEHEPHOTO NMPU3HAYCHHS.

Meta poOoTuH. YJIOCKOHAJEHHS Tpolecy 1 OOMajHaHHS JUIsl TIABUIIEHHS MIITHOCTI
WIIHAPUYHUX 000JI0HOK (0aKiB), OTpUMaHUX MeToJIoM 3D-apyKy.

ITocTanoBka npodJsemu. OCKiIbKY Nepe10ayaeThes, 0 MIIHICTh BUPOOIB (JIOBFOTPUBAINX
1 TAMYacOBUX ), OTPUMAHHUX aJUTHBHUMH TpOIIeCaMH, y TOMY uucii meronom FDM, Bu3HauaeTbes
psoM (akTopiB, 30KpeMa, CIIOCOOOM YKIIAJaHHS IUIACTHKY, 3alPOINOHOBAHO HOBY KOHIIEMIIIO
npuHTepa. BinmoBigHO A0 HEl MIOCKUM CTA 3aMiHEHMH OOEpPTOBMM IMIIHIPOM, a BHKJIAJKa
3IHCHIOETHCS IK HAMOTYBAHHS HUTKU Ha JIEHHeD.

Po3B’s13anHs npo0dsaemu. 3MiHa MEXaHIYHOI YACTUHU Ta TOMOJIOT] BUKJIQAaHHS (piTaMeHTy
o0ymoBMJIa HEOOX1HICTh CUMYJSLIHHOTO AOCIIIKEHHS MEXaHIYHOi YacTHMHHM mpuHTepa. s
BU3HAYEHHS MOXKJIMBUX JWHAMIUYHUX 30ypeHb 3a CXEMOIO Ha PUCYHKY 1, a po3po0iIeHo TexXHIuHe
pilIeHHs OpyKapchbKOro BepcraTy. Bin mpeacraBineHuil Ha pucyHky 1, 6. 3 MeTOr0 IOCIHIIKEHHS
JUHAMIYHUX SIBUL Yy 3alpoIOHOBaHIM KOHIENIii mnpuHTepa OyJlI0 BUKOHAHO JMHAMIYHE
MOJIeTTIOBaHHsI cucTeMu B cepenoBuini Matlab Simulink; enemeHTHn MammHM TOMUICHI Ha
JuHaMiuHl Moayil (Tuto 1-tijmo 4), mos'a3aHi Mik co0oro MpyXHUMH 3B’s3kamu. [lokazano, 110
3MiHa JAMHAMIYHUX MapaMeTpiB 0OyMOBIIOE TOYHICTh (pOopMHU, a TUHAMIYHI SIBHILA PO3TOHY Ta
raJbMyBaHHSI 00€PTOBHX Ta JIHIHHO PyXOMHX Mac MalOTh OUIBIIMKA BIUIMB HA LIUIBHICTH LIApY,
MOPIBHSIHO 3 TPAAULIIMHUMHU NPUCTPOSIMHU, 1110 TOTPeOy€e BIPOBAKEHHSI CIELIAIbHUX AJITOPUTMIB
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KEpyBaHHS TMPUBOJAMHU y TEpPeXiTHUX pekumax. [Ipum monemtoBaHHI BpaxOBaHO HEJIHIMHICTH
BUHUKAIOYUX CUJI TEPTS, TEMIIEpaTypHi AedopMallii BiJ HArpiBy CTOIy Ta €KCTPyIEpy, TUHAMIKY
OXOJIOPKEHHSI TOTOBOTO BUPOOY, MOXUOKH B €JIeMEHTaX MPHUBOJLY MOMEPEYHOTO MEepEMIIIeHHs Ta
O0OMEKEHY JKOPCTKICTh JIAHIFO)KKY «OCHOBA-COIIO €KCTpyAepa». YCTaHOBIEHO, IO JJis
CTaHJApTHUX KOMIIOHEHTIB Ta BHKOpHcToBYBaHoro nsuryna NEMA17 1.7A 17HS4401 npu
HMIBHIKOCTI BUKIagaHHs HUTKH 120...150 MM/XB B MICISIX peBepCy IHOIepeyHoi KapeTku (Timo 1)
XO0Jly BUHUKae moxuOka mepemimieHass 10 0,8 MM, sSka MOXE BHKJIMKATH TMOSIBY MIKBHTKOBOT
MOPOKHUHHU.

Mertposioriune OOCTEeKEHHs 3pa3KiB JIpyKy, OTpUMaHuX 13 TumnoBoro 3d mpuHTepa Ta
BUTOTOBJICHOTO KOHIIENTYJILHOTO TOKA3a1o0, 110 MOXUOKa JIPYKY s JTHIHHUX po3MipiB Oyna B
Mexax 9-10 kBamitery i ctranoBuna 71=0,15...0,17 MM, po3ciroBaHHS BEpPTUKAIBHUX PO3MIpiB — Th
= 0,18-0,2 mm. [liamerpasibHi po3mipu (OTBOpU) BUKOHAHO 3 po3citoBanHsIM 1, = 0,18. Takum
YHMHOM, BCE pO3CIIOBAaHHSI pO3MIpiB MOXHA 3BECTH [0 OJHi€l 3arajabHOi MHOXHHH, TOOTO
PO3CiIOBaHHS BiIOBIIa€ 3aKOHY HOPMAJIbHOTO po3noiiny. OTxke, 3a THX caMUX YMOB HE BUSIBIICHO
ICTOTHUX (PaKTOPIB, IO BIUTMBAIOTH HA TOYHICTh BIATBOPEHHS (DOPMHU.

BaxuinBuM napaMeTpoM € IUIbHICTh OTPUMAHOT0 BUPOOY, 110 MPOSBISETHCSA B HETOBHOMY
KOHTaKTI MK yKJaJeHuMu mapamu. Ha pucyHky 2 nmoka3aHo ontuuHy Mikpodotorpadiro (x40)
CTPYKTYpU TOpIS BHUPOOY, OTPHMAHOTO Ha TpaIUIifHOMY MpHHTEpI (PHUCYHOK 2, a) Ta
3aMpornoHOBaHOMY (PUCYHOK 2, 0). YCTaHOBJIEHO, LIO IIUIBHICTH MOBEPXHI HEOJHOPiAHA 1
3MeHmryeTbess Big 95% mo 90% B Micusx peBepcy ToJIOBKM (Ha KIiHISX JIEWHEpPY), KaBEpHU
cranoBiATh 10 0,6 MM (pUCYHOK 2, a), 110, HAa OCHOBI MOpPIBHSHHS NEPEXiJHUX IPOLECIB
KOMIT FOTE€PHOI CUMYJIALIT Ta MIKpO(QOTO30H BUPOOY, OOYMOBIIOETHCA JUHAMIYHUMHU SBUIIAMU
ralbMyBaHHS Ta pO3roHy ekcTpynepa. lle morpeOye 3MiHM TapameTpiB >KOPCTKOCTI Ta
nemiyBaHHS y JAHLIOKKY «OCHOBA-COILJIO EKCTPYIEpar.

JlocnmiuKeHHsT XapaKTepUCTHK MILHOCTI BHpoOiB, oTpumanux FDM-npouecamu Ha ABOX
NPUHTEPaX, OJIMH 3 SIKUX BUTOTOBJICHUH 32 3aIIPONOHOBAHOIO KOHIICTILIIEI0, JOBOIUTH, 1110 OCTAHHIN
MOYKHa 3 YCIIXOM BHUKOPUCTOBYBATH JJIi BUTOTOBJIEHHS OCECUMETPUYHUX OOOJIOHOK, 30KpeMa
eMHOCTeH (0akiB) 3 LEHTpaJIbHUMU OTBOpaMu. [IpH 1bOMY 3a paXyHOK HPOIOHOBAHOI TOIOJIOTI]
BUKJIQJaHH (DITAMEHTY BIAIOCS JIOCSITTH MIHICTh BUpOOy Ha piBHI 0,75...0,85 [c] maTepiany
¢inamenty npotu 0,45...0,55 [6] (mpu BUKOPUCTAHHI MPUHTEPIB 3BUYAHHOIO KOMIIOHYBaHHS).
Taki XapakTepUCTUKH OTPUMAHO YKJIAAaHHSIM HHUTKH Wil KyTamu =+ 7/4, 1m0 TaKoX Jae
MaKCHUMaJIbHY JIOBTOBIYHICTh BUPOOY MPH EKCIUTyaTalliiHIX HABAHTAXKECHHSX.

Pucynok 1 — Texniune pitneHns (a) Ta Apykapcbkuit Bepctar (0)
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a) 0)
Pucynok 2 — Ontruuna Mikpodororpadis (x40) cTpyKTypH TOpIs BUPOOY,
OTPUMAHOI0 Ha TPaJUIiIiHOMY PUHTEPI (a) Ta 3aPONOHOBaHOMY (0)

[Tomanpmii IOCHIKEHHS MaroTh OyTH HalpaBjieHI Ha BHPIIMICHHS MHUTaHb TOMOJOTT
dbopMyBaHHS 3aKiHIIIBOK 0aKy, Ha sSIKi BCTAHOBJIIOIOTH KPHUIIIKH.

BucnoBok. ChopMyp0BaHO MPUHIIUIIOBO HOBY KOHIIETIIIIFO IPUHTEPA IS IPYKY 3arOTOBOK
Ha OCHOBI, BIAMIHHIA BiJl IJIOLIMHHU, 30KpeMa, y BUTISAAL po30ipHOro mwiiHapa. Bukonane
MO/JICJIFOBaHHS POOOTH MPHUHTEPA 13 BpaXyBaHHAM TEIUIO(I3UUYHUX Ta NPYKHHUX SBULI Y CHCTEMI
IPOTIIOHOBAHOTO MPHUHTEPY. BcTaHOBIEHO YMOBU HAAIHOTO APYKY Ta MiHIMI3allii TOPOKHUCTOCTI
BUpPOOY Ta II0Ka3aHO, IO 3aCTOCYBAaHHsS CIELIAJIbHUX alIrOPUTMIB KEpyBaHHS J03BOJISE
JIKBIyBaTH SBUIIA TaliHHS NIUTFHOCTI HA KIHIAX MTIHAPUIHOTO BUPOOY (30epiratouu NiijbHICTh
Ha piBHI 95%). [TopiBHSAHHS MIITHOCTI TUIIOBHX €JIEMEHTIB (000JIOHOK), BUKJIAJICHUX Ha TUIOCKIN
OCHOBI METOJIOM MOOYIOBH IIApPiB Y37I0BXK TOJIOBHOI OCi BUPOOY Ta Ha HWIIHAPUYHOI, TOBEJIO, 10
[POIIOHOBAHA KOHIIEHINSI JO3BOJISIE OTPUMYBATH MIIHICTE BupoOy Ha piBHi 0,75...0,85 [o]
MIIIHOCTI MaTepiany.

Cnucoxk BUKOPHCTAHUX JIZKepeJt
1. Sliusar V. I. Fabber-technologies. A new tool for three-dimensional modeling, Electronics:
science, technology, business. 2003. Vol. 5. P. 54-60.
2. Murphy S. V., Atala A. 3D-bioprinting of tissues and organs. Nature Biotechnology. 2014. Vol. 32.
P. 773-785. doi:10.1038/nbt.2958.
3. Types of 3D printers and tree-dimensional printing. URL: http://www.techno-guide.ru/
informatsionnye-tekhnologii/3d-tekhnologii/vidy-3d-printerov-i-trekhmernoj-pechati.html.

MMPOTPAMHUMI MPOAYKT JJISI MOJIEJIOBAHHSA
BUXPOCTPYMOBHUX JOCJIIKEHB ITPUIIOBEPXHEBUX ITPODIJIIB
EJEKTPO®IBUYHUX XAPAKTEPUCTHUK IIJNIACKHUX OB’EKTIB

Tuuxkos B. B., Tuukosa H. b.
UYepkacbKuii ep)KaBHUA TEXHOJOTIYHUH yHIBepcUTeT, M. Uepkacu, YKpaiHa

AHoTanis. Y poO0Ti BAKOHAHO OIHC pO3pO0IEHOr0 MPOrPaMHOTO MPOAYKTY, PEaTi30BaHOTO Ha MOB1
nporpamyBanHsi Pascal B cepemoBumii Delphi (Embarcadero RAD Studio 10.4 Sydney). O6'extom
JOCHIJDKEHHS € TIPOLIECH BHUXPOCTPYMOBOTO BHMIPIOBaHHS MIPHUITOBEPXHEBUX MPOQiNiB e1eKTpodi3nIHNX
XapaKTEePUCTUK IUIACKUX BUPOOiB. IIpenqmeroM JOCHi/DKEHHS € mporpama, mpu3HadeHa Ui PO3paxyHKy
CKJIQJIOBHUX BEKTOpPa MAarHiTHOI 1HIAYKIil NpH BHXPOCTPYMOBOMY KOHTpOJIi ~ OaraTolapoBuX
€JICKTPONPOBIIHUX IIJIACKMX BHUPOOIB HAKJIAJHUMHU MEPETBOPIOBAYaMH B Oyab-siKiii ToYIlli HaJ 00 €KTOM
KOHTPOJIIO, BEKTOpA MarHiTHOI 1HAYKIIi B HEHTPI KOTYIIKH; OBHOI MOTY>KHOCTI BUXPOBOTO CTPYMY, IO
PO3CIIOETHCS KOTYIIKOIO 30yIKeHHA. Po3paxyHKH NPOBOASTHCS NPH I'ATH PiI3HUX 3HAYEHHSX BiACTaHI Mk
KOTYIIKOK 30Y/DKeHHs Ta 00’€KTOM KOHTpOJr. HaBemeHo pesynbTaTv BepUQIKaIlliMHUX PO3PaXyHKIB
YMOBHO OJIHOIIIAPOBOTO ILIACKOrO O00’€KTa KOHTPOJIIO 13 BHKOPHCTAHHSIM MOJEIl HAaKJIaJIHOTO
BUXPOCTPYMOBOT'O TEpPETBOPIOBaYa. Tako OTPUMAHO pe3yJbTaTH OOYHCICHb KOMIIOHEHTIB BEKTOPA
MAarHiTHOI 1HIYKIIii.

Ku11040Bi cj10Ba: BUXpOCTPYMOBHI KOHTPOJIb, IPUIIOBEPXHEBUII I1ap, IPOrPaMHHI ITPOTYKT, BEKTOP
MAarHiTHOI 1HIYKIIii.
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SOFTWARE PRODUCT FOR MODELING EDDY CURRENT RESEARCH
OF SURFACE PROFILES OF ELECTROPHYSICAL CHARACTERISTICS
OF FLAT OBJECTS

Tychkov V., Tychkova N.
Cherkasy State Technological University, Cherkasy, Ukraine

Abstract. The paper describes the developed software product implemented in the Pascal
programming language in the Delphi environment (Embarcadero RAD Studio 10.4 Sydney). The object of
research is the processes of eddy current measurement of near-surface profiles of electrophysical
characteristics of flat products. The subject of research is a program designed to calculate the components of
the vector of magnetic induction in eddy current testing of multilayer electrically conductive flat products
with surface probes at any point over the testing object, the vector of magnetic induction in the center of the
coil; the full power of the eddy current dissipated by the excitation coil. The calculations are performed at
five different values of the distance between the excitation coil and the testing object. The results of
verification calculations of a conditionally single-layer flat testing object using the model of a surface eddy
current probe are presented. The results of calculations of the components of the magnetic induction vector
are also obtained.

Keywords: eddy current testing, near-surface layer, software product, vector of magnetic induction.

Beryn. /st npodeciiiHoro BUKOPUCTaHHS MOACIIOBAHHS TEXHOJIOTIYHUX MPOIIECiB 00POOKH
MaTepianiB MoTpiOHa po3poOKa MojeNel, aeKBaTHUX pealbHUM 00'eKTaM Ta sBuiam. J[Jis mporo
MOJIeNll MONEePeAHbO HAIAMITOBYIOTh 3 BHMKOPUCTAaHHSIM pE3YJbTaTiB  EKCIIEPUMEHTAIbHUX
JIOCITIJIKEHB 1 TTapaMeTpiB BHYTPIIIHBOTO CTaHy 00'€KTa KOHTPOJIIO, [0 MOAETIOETHCS TaK, II00 Yy
nporieci 00YHCIIOBAIIBHOTO EKCIIEPUMEHTY BiITBOPUTH 3 BUCOKHM CTYNEHEM TOYHOCTI KUIbKiCHI
Ta SIKICHI XapaKTEePUCTUKU MPOAYKLIi, peKUMHI mapameTpu npoiiecy. CTBOpEHHS clieliaai3oBaHuX
IOPOTPAMHUX TIPOJYKTIB JIO3BOJISIE TPOBOJUTH PO3PAXYHKH TEXHOJOTIYHUX IMapaMeTpiB Ta
OLIIHIOBATH iX BIUIMB Ha 00paHi MOKa3HUKHU AKOCTI MPOMYKIIii Ta BUPILTYBATH ONTHUMI3alliifHi 3a/1a4i.

OcHoBHHUIT MaTepian. BuxpocTpyMOBUH KOHTpPOJIb TpHU3HAYEHWH JJIs1 BUSABJICHHSA
HECYILJIbHOCTEH, T€OMETPUYHUX OCOOJUBOCTEH, MEXaHIYHUX BJIACTUBOCTEH Martepialy 00’€KTy
koHTporo (OK) Ta copTyBaHHS HOro Ha OCHOBI BHIIE3TaJaHMX XapakTepucTUK. OCHOBHUMHU
napamMeTpamH, sKi BIUIMBAIOTh HAa BUMIPIOBAHUI BUXPOCTPYMOBUI CUTHAJI, € €JIEKTPONPOBIAHICTh
Ta MarHiTHa TPOHUKHICTH Martepiany; po3mip 1 ¢opma OK; B3aemMHe po3TallyBaHHS
BUXPOCTpyMOBOro nepersoproBaua 1 OK.

B po6orti [1] HaBegeHa MaTemMaTH4YHAa MOJENIb BU3HAYEHHSI BUX1JHOTO CUTHATY HAKJIAIHOTO
BUXPOCTPYMOBOT'O TepeTBOprOBayda uis JociikeHHs cTpykTypu OK B pe3ynbTaTi BUMIpIOBaHb
npodiiB enekTpo13MUHUX apaMeTPiB IPU HASBHOCTI JIEKIJIBKOX YMOBHHX IIapiB METaly.

Meta po6oTH — po3poOKa MPOTPAMHOTO MPOAYKTY JUIsI MOJETIOBAHHS BUXPOCTPYMOBHUX
JIOCITIJKEHb IPUIIOBEPXHEBUX MPOQ1TIB €1eKTPO(PI3HUHIX XapaKTEPUCTUK IUIACKUX 00’ €KTIB.

Ha ocHoBi Bimomoi MmaTematnuHoi Mozedi [1] po3po0ieHo nmporpamHe 3a06e3ne4eHHs MOBOKO
nporpamyBanus Pascal B cepemoBumii Delphi (Embarcadero RAD Studio 10.4 Sydney) mns
pPO3paxyHKy KOMIIOHEHT BEKTOpa MAarHiTHOI IHAYKIIi NPH BUXPOCTPYMOBHX JOCIHIJIKEHHX
IUTACKUX EJIEKTPOIPOBIIHUX 00’ €KTiB KOHTposto. CHUIKYBaHHS KOPHUCTyBayda 3 KOMII IOTEPOM
BiI0yBaeThCs uepe3 rpadiuHuil iHTepdeiic Bizyanizamii. B gKocTi BUXIIHUX JaHUX 3aJ1al0ThCS:
KUIBKICTh Ta TOBUIMHA KOXXHOTO YMOBHOTO IIapy, 3HA4Y€HHS €JIeKTPO(I3UYHUX MapaMeTpiB
(muToMuit 00’ €eMHUII OMip Ta MarHiTHa MPOHUKHICTH) Miackux OK 11 KOXKHOTO 1m1apy, Ha OCHOBI
AKUX cTBOproeTbes (aiin Data.xls. lns 3pyuHocTi popmyBaHHS (ailsliB 10 KIIBKOCTI IIApiB €
HeoOMexxeHUM. BukopucroByerbecs ocHoBHa mnporpama MagFldDodd.exe (pucynok 1), sika
JI03BOJISIE TIPOBECTH PO3PAaXyHKH KOMIIOHEHTIB BEKTOPA MArHITHOT IHAYKIIT KOTYIIKU 30YIKEHHS
BUXPOCTPYMOBOT'O IMEPETBOPIOBaYa 3 BUXIIHUMH JaHMMH, BBEIEHUMH Yy BIKHAa MpPOTpaMHu:
TEOMETPUYHI TIapamMeTpu KOTYIIKK 30y KeHHs Ta ii po3tamryBaHHs Haja OK; KiIbKICTh BHTKIB,
CTpyM Ta 4acToTa 30y/DKEHHS CTpyMy B KOTYIILi, KuibkicTh mapiB OK, HoMep Ta mapameTpu
PO3paxyHKOBOTO LIapy.
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(®) MagFld Dodd v.1.0.0.1

R1 |0,03175 N Thick {(meters) R{uQ cm) o

R2 1 1 10000000000 1

L3 |0,01778 2 0,01 0,01 1

16 [0.0005 3 1 10000000000 1

-

8 ALPHA ABS SUM OF FLDS LAST CHAMGE RATIO
5 0,175657282616403 0,000307273991207387 0,874540625855537

F
10 0,158177323637835 6,05330520623783E-6 0,00382591087389283

8
15 0,156857688731365 1,20727870759325E-5 0,00384807950567554

3

N3 0 0,156902473618592 2,03499945308049E-6 0,00054549 1813512801

g 25 0,156385465523548 3,20634534048273E-7 0,000102187456615214

R8 n 0,156885916336157 7,47737125743339E-8 2,38306007067334E-5

]| 0,156884760303563 1,76 167924777543E-8 2,80728230767392E6
40 0,156884570053795 2,17935227802804E-2 3,47285949995076E-7

Load Data
Caleulate Lift-off RLE(Z) MB(Z) RLB(R) IMB(R)
Save Result to file... E.C. PWR RL B{CENTER) M B(CENTER) [BE)I/1B(C)] [BR)I/IBC)
0,0005 -0,002515816700346 16 0,00131248598600595 -0,010870270212258 0,00454317143644526
52,905081017283 0,158753458542229 -0,034125525952648 0,0174750308287418 0,07256568285543721
0,00075 -0,00246142825921577 0,00130174578548752 -0,0105813228942813 0,0044524270342795
51,4302373801588 0,164130861912292 -0,034023424406274 0,0165116708533623 0,0685108301894347
0,001 -0,0024050772420346 1 0,00125098821305768 -0,0103020265283871 0,00437550216589803
50,0104331744389 0,16945738001344 -0,0338933397714534 0,0158130593151829 0,06475535296535289
v

R1=3,175E-2; R2 = 5,08E-2; Driver Length = 1,778E-2;
Coil mean radius 0,041275 meters; Frequency 2,5;
Min lift-off = 0,0005; Lift-off increment = 0,00025;
100 turns, each carrying 338,709 amps;
Mag. field at R = 0,041275; Z = 0 meters below; Surface of cond. 1;
Integral haz converged

Pucynok 1 — BikHO MpOrpaMHOTo NPOAYKTY 3 BUXITHUMHU Ta PO3PAXYHKOBUMH TaHUMU

Pesynbratu po3paxyHKiB JyIsl TOJAIBIIOT OOPOOKH TAaHUX Ta 1X BUKOPUCTAHHS 3alMUCYIOThCS
y aiin CalculationResult.xls. IIpaBuiabHICTE pO3paxyHKY 3a pPO3pOOJIEHOIO KOMIT FOTEPHOIO
IPOrpaMoI0  KOHTPOJIIOEThCS 1HGOpMAILiEl0 Mpo BepuQIKallilo HPOLEeCy IHTErpyBaHHS 3T1THO
moaeni Dodd [2].

BucHoBku. Po3po0ieHo mporpaMHUil MPOIYKT JUIsi MOJAETIOBAHHS BUXPOCTPYMOBHUX
JOCTIPKEHb TPUITOBEPXHEBUX MPODUIIB eNeKTPOPI3UYHUX MapaMeTpiB MIACKUX 00’ €KTIB MOBOIO
nporpamyBaHHs Pascal B cepegoBuii Delphi (Embarcadero RAD Studio 10.4 Sydney). Pesynbratu
MOJIeJIbHUX PO3PaXyHKIB JUIsl OAHOIIAPOBOTO MIACKOT0 00’ €KTY KOHTPOIIO BeprU(IKOBAHO JAHUMU
EKCIIEPUMEHTAILHUX JOCIIKEHb [2].

Cnucoxk BUKOPUCTAHUX JIZKepeJt
1. TuukoB B. B., I'anbuenko B. ., Tpembosenbka P. B., Tuukosa H. b. MoaentoBanHs BUXiTHOTO
CUTHAJIy BUXPOCTPYMOBOTO IEPETBOPIOBava i3 BUKOpHcTaHHAM wmoxaeni Dood. Jamuwuxu, npunaou ma
cucmemu—2021: IX Mixcnapoona Hayxoso-mexHiuna xoHgepenyis: mesu oon., (Uepkacu — XepcoH —
Jlasypue, 20—24 Bepec. 2021 p.). Uepkacu: Bugasenp POII opaienko €.1., 2021. C. 7-9.
2. Dodd C. V., Deeds W. E. Calculation of magnetic fields from time-varying currents in the presence
of conductor. Technical report contract No. W-7405-eng-26, Oak Ridge National Laboratory; July 1975. 32
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METO/J ITOJIHOMIAJIBHOT'O OINIHIOBAHHS ITAPAMETPIB
JJIAA JAHUX 3 U-KBAJAPATUYHUM PO3IIOA1IJIOM

Yenunora B. B., Uenunora A. B.
Uepkachkuiil 1epKaBHUM TEXHOJIOTTYHHMA yHIBepcuTeT, M. Uepkacu, Ykpaina

AHoTanisi. B mocnmimkeHH] 3ampoIlOHOBAHO OPUTIHANBHHUM CITOCIO I OIIHIOBAHHS IIapaMeTpiB
pO3MOIiNy MOXMOOK BHMipIOBaHHS. MOro BHKOPHCTAHHS JOLINBHO JUIsi OOPOOKH pe3yibTaTiB
eKCIepUMEHTIB Ipu 0araTopa3oBUX BHMIPIOBaHHSX, IO BHUCTYMAIOTh K OO0 €KT JOCHI[KEHHS B
aBTOMAaTH30BaHMX iH(pOpPMaLiiHUX cucTeMax. B OCHOBY MOKIaJeHO METOJ MaKCHMi3amii MoliHOMa, 10
0a3yeTbcsl Ha CTOXAacTUYHUX MojiHoMax KyHueHka 3 BUKOPUCTAHHSIM CTaTHCTHK BHINMX HOPSIKiB. Sk
MOJENTb BHMAAKOBOI CKIamoBoi oOpaHo U-KBagpaTWYHWN PO3MOIiN, SKAH Mae Bim éMHHH KOEQIIieHT
ekciecy. B pe3ympraTti ITOCHiKeHh OTPHMAHO ITOJIIHOMIaNbHI OIIHKK 3 BHKOPHUCTAHHAM aHATITUYHUX 1
YHUCENbHUX MeTOJiB. TeopeTHyHi BUKIAAKH OOIPYHTOBAaHO BHKOHAHHAM OaraTopa3oBHUX CTATHCTHYHHUX
BUNpoOyBaHb MeToaoM Monre-Kapno. IIpoBeaeHo mopiBHSUIBHME aHami3 iX TOYHOCTI 3 BiIOMHMH
ouinkamu. IlokazaHo mepeBaru BUKOPHCTaHHA METOLY MaKCHUMi3allii MoJiHOMa ISl JaHUX 3 Bill’€MHHUM
KOe(iIliEHTOM EKCIIeCy.

KitrouoBi cinoBa: U-kBagpaTHYHUHN pO3MOIL, OI[IHFOBAHHS ITApaMETPiB, TUCTIEPCis OIHOK, MOMEHTH,
Koe(ilieHT eKcIecy, CTOXaCTHYHHUHN TTOJIIHOM.

METHOD OF POLYNOMIAL ESTIMATION OF PARAMETERS
FOR U-QUADRATIC DISTRIBUTION DATA

Chepynoha V., Chepynoha A.
Cherkasy State Technological University, Cherkasy, Ukraine

Abstract. In this paper a new original method for estimating the parameters of the measurement error
distribution is proposed. Its use is expedient for processing the results of experiments in multiple measurements,
which are the object of research in automated information systems. It is based on the method of polynomial
maximization, which is based on stochastic Kunchenko's polynomials using higher-order statistics. U-
guadratic distribution is chosen as the model of random data with negative coefficient of kurtosis. As a result
of research, polynomial estimates are obtained using analytical and numerical methods. Theoretical
calculations are substantiated by the performance of multiple statistical tests by the Monte Carlo method. A
comparative analysis of their accuracy with known estimates is carried out. The advantages of use of
polynomial maximization method for data with a negative excess coefficient are shown.

Keywords: U-quadratic distribution, parameter estimation, variance, moments, coefficient of
kurtosis, stochastic polynomial.

Beryn. OnHiero 3 OCHOBHUX 3ajlay, 110 BUPIMIYIOTHCS MpU 0OpOOIl eKCHepuMEHTaIbHUX
JaHUX € BUSBJICHHS 3aKOHIB TMOBEIIHKM JOCTIDKYBaHMX O00'€KTiB 4 mporeciB. OTpumani
pe3yabTaTH JAFOTh 3MOT'Y ITPOBECTH OIIHKY ITEBHUX MTapaMeTpiB Ta CHOPMYBATH BUMOTH JIO CHCTEM,
10 pO3pOOIISIIOThCA. | SIKIIO CUCTEMH HE € CTPOro JAeTEPMIHOBAHUMH, TO 10 HUX HEOOXIJHO BKe
3aCTOCOBYBAaTH METOJM MaTEMAaTUYHOI CTATUCTUKH. [IpakTH4HI METOAM CTaTUCTHYHOI OOpOOKH
eKCIepUMEHTAIbHUX JAaHUX JOCUTh YacTO CHHUPAIOTHCS HA TEOPETUYHMH Oasuc, sSKUH omnepye
MOHSATTSIM IIUTBHOCTI PO3MOIITY BUNAKOBOI BermunHU. [IpoTe 3a3Bu4ail 1151 XapaKTepHCTHKa HE €
BiJIOMOIO 3a3/1ajerias. To/i, B 3aJIe)KHOCTI Bifl 3a/1a4i, KePYIOThCs a00 3K MPUITYIICHHSIM PO BUJI
HIUJIBHOCTI pO3MOJILTY UM BUPIIIYIOTh 3aJ1auy anpokcumartii [1, 2].

MeTo10 podoTH € MTPOBEACHHS MOPIBHIBHOTO aHali3y €()eKTHBHOCTI OIIIHOK MapaMeTpiB
METOIy MaKCHMi3allli MOJIIHOMY B MOPIBHIHHI 3 BIJOMUMH OIIIHKaMH 32 BUKOPUCTAHHS CTaTUCTHK
BUIINX MOPS/IKIB.

IlocranoBka 3anaui. Hexaii € — mapamerp, sikuii HEOOX1THO OIIIHUTH Ha OCHOBI aHAIII3y
BUOIPKOBUX 3HAueHb X = {Xl,xz,...xn}. Lleit BekTOp pO3Mipy N MICTUTH HE3AIEXKHI 1 OJHAKOBO

po3mnoisieHl BUOIPKOBI 3HA4YEHHs, OTPHUMaHI B pe3yibTaTi 0araropa3soBUX EKCIIEPUMEHTIB.
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[IpunyckaeTbcs, 10 MaTeMaTHYHA MOJENbh CTAaTUCTUYHUX JIaHUX aJeKBaTHO omucyerbes U-
KBaJPaTUYHUM PO3MOJIIIOM BUIY:

p(x) = a(x—6)?, x e[a,b]. (0)

[Tpu iboMy 3Ha4YeHHs TapameTpa GopMu ¢ € anpiOpHO HEBIAOMUM.
OcHoBHa vactuHa. Sk Bimomo 3 [3], 3HAXO/DKEHHS OIIHOK IapaMerpa & METOJI0M
MAaKCHMi3allii CTOXAaCTUYHOrO IOJIHOMA 3a OJXHAKOBO PO3IOALICHOI BHOIPKH X ={X.,X,,..X,}

MMPOBOAUTHCA 3a piBHSIHHSIM 3arajJilbHOro BUAy:

h(0)s3[x-m(0)] -0 @

v=l =0

. . 10 0 . — . . .
ne I — cremiHb nojiiHOMa, — Y X, , 1 =1, — Habip BUOIPKOBUX CTATUCTHK BUILHX ITOPSAKIB,
n v=1

m; (@) — nogarkosi momentH, h; (6) — Barosi koediuienTy, mo 3a6e3medyOTh MiHIMYM AHCIIEPCi]

OLIIHOK MapameTpa @ 3a cTeneHi nominoma I .

B pesynbTarti gocmikeHb OTpUMaHi KOe(IliEHTH CTENEHEBOT0 CTOXACTUYHOTO MOMIHOMA Y
BUIJIAJI 1X 3aJIeKHOCTI BiJl mapameTpa ¢GopMU ¢ Ta OLIHIOBAaHOrO mapaMmerpa €, moOyaoBaHO
MOJIIHOM cTeneHi r =3 y BUTIAAI KyOiuyHOro piBHsAHHS. s Horo pimeHHsS Oyllo 3aCTOCOBaHO
ananituuny Qopmyny Kapnano, a takoxx uucenbHuid meroa H’rotona-Padcona. OxpiMm 11p0r0
OTPUMAHO aHANITUYHUI BUpa3 KUTLKOCTI 100yTOi iH(OopMallii 1 BIIOBIAHO JUCTIEPCIIO OLIHKU AJIs
OLIIHIOBAHOTO MapameTpa @, 0 J03BOJIMIIO MOPIBHATH 11 3 AUCIIEPCIIO KJIACUYHUX OI[IHOK.

o6 miaTBEepAUTH OTPUMaHI TEOPETHUYHI pe3yNbTaTh e(EeKTHBHOCTI PI3HUX METOMAIB
OIL[IHIOBaHHS mapamerpa @ Oyno po3poOlieHO MporpamMHy peaizamilo  CTaTHCTUYHOTO
MOJIENIIOBaHHS 3a MeTogioM Monte-Kapino. B pe3ynbrari npoBeieHUX €KCIEPUMEHTIB KUIbKICTIO
10* oTpuMano KoedillieHTH 3MEHIIEHHs JMCIEepCii B 3aleKHOCTI Bix koedimieata Gopmu « Ta
00’emy BUOipku N .

Jlsist OpiBHSJIBHOTO aHAJi3y TOYHOCTI OIL[IHOK BUKOPUCTAHO BiOME MOHATTS KoedimieHTa
3MEHIIICHHS auctepcii [4]:

2 2 2

. 9(0pvm3 . 9opvm3 . %opmm3 3
Y03 = =2 v O3 == N O e, ) (3)
G(é})mean O-(H)median O-(a)quant
A2 A2 A2 ~2 . . .
IS 6(0) mean 0(9) median O-(H)quant y G(H)PMM 3 ” YCEPECAHCH1 Ha OCHOB1 CKCIICPUMCHTIB

3HAUEHHS AMCIIEPCii OLIHOK, 10 OTPUMYIOTHCS 13 3aCTOCYBAaHHSIM CEPEIHBOr0, MElaHH, LIEHTPY
neperuHiB Ta MMIIn npu r =3 BiANMOBIAHO.

BucHoBKkH. AHaNI3YI0YH OTPUMaHI Pe3yIbTaTH, MO>KHA TOBOPHUTHU, PO €(EKTUBHICTh METOAY
MaKCUMi3allii MOJIHOMY TIOpPIBHSAHO 3 BIJOMMMHU KJIaCHYHMMHU Meroaamu. [lepeBara metony
MaKCHMI3aIlil MoJIIHOMa HaJl METOJIaMU CEPEAHBOTO Ta OIIHKHU LIEHTPY MEPErrHIB OTPUMaHa OlIbII
HIK B TPU pasy, OLIHKHM MeJllaHW B3arajli MarOTh HaMTipIll MOKa3HUWKM Aucrepcii 1 pakTUYHO He
pEeKOMEHI0OBaH1 ISl TAaHUX 3 BiJ’ €MHUM KoedillieHTOM ekciiecy. HaykoBorO HOBH3HOIO € BIEpIIe
3aCTOCOBAaHMH METOJ JO0 BHUMAIKOBOI BEIMYMHM TaKOro BHJIY. 3aCTOCYBaHHS pPO3pOOJIEHUX
ITOPUTMIB JOIIbHE MPY MPAKTUYHUX BUMIPIOBAHHSX BETUYMH 3 €KCTPEMATbHIMH 3HAYCHHSIMHU.
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ULTRASONIC METHOD FOR DETERMINING PARAMETERS
OF ORE SLURRY FLOWS IN THICKENER

Porkuian O.%, Morkun V.2, Morkun N.2, Tron V.2, Serdiuk O.2, Haponenko A 2,
Haponenko 1.2, Bobrov Y.?
Wolodymyr Dahl East Ukrainian National University, Severodonetsk, Ukraine
2Kryvyi Rih National University, Kryvyi Rih, Ukraine

Abstract. The density of the pulp and the dynamics of its change are one of the main factors affecting
the efficiency of the mineral processing process. These parameters depend both on the characteristics of the
processed raw materials and on the technological regulations. For some technological operations, for
example, thickening, changing this parameter over time is critical to achieve the required qualitative and
quantitative indicators of the process. At present, methods for monitoring technological variables of the
process of enrichment of mineral raw materials, based on ultrasonic measurements, are widely used. A
method has been developed for determining the content of the solid phase of ore pulp in the process of its
deposition in technological units of concentrating plants. The proposed method makes it possible to
determine the concentration of the solid phase of the pulp after the results of measuring the intensity of
ultrasonic Love waves. In this case, it is not necessary to know the intensity of the wave at the output of the
ultrasound source. Computer simulation is performed and calculation of the attenuation coefficient of the
Love wave depending on the volume fraction of the solid phase in the pulp is presented, and the comparative
results of measurements with laboratory analysis data are given. The high sensitivity of the developed
method to changes in the controlled parameter makes it possible to recommend it for use in industrial
conditions to assess the characteristics of dynamic processes.

Keywords: ultrasound; slurry; ore; solid phase; ultrasonic Love waves.

VJIbTPA3BYKOBUM METOJ BUSHAUEHHS TAPAMETPIB PYJHOI ITYJIBITHA
Y JEIIJTAMATOPI

IMopkysin 0.1, Mopkyn B.2, Mopkyn H.%, Tpons B.2, Ceparok 0.2, Fanonenko A.?,
Ianonenko 1.2, Go6pos €.°
!Cxinnoykpainchkuii HanioHaNpHMIA yHIBEpCHTET iMeHi Bomoaumupa Jans,
M. CeBepoIOHEIBK, YKpaiHa
’KpuBOpi3bKuii HallioHanbHUi yHiBepcuteT, M. KpuBnii Pir, Ykpaina

Anoranisi. ['ycTuHa mynenu Ta JuHaMika ii 3MiHEHHS € OJHHMMH 3 OCHOBHHUX (hakTOpIB, IO
BIUIMBAIOTh Ha €(DEKTHBHICTh IPOLIECY 30araueHHs KOPUCHMX KomnanuH. Lli mapamerpu 3anexarhb sIK BiJl
XapaKTePUCTUK CHUPOBUHH, IO MEPEePOOSIEThCSA, TaK 1 BiJi TEXHOJOTIYHOIrO periameHty. J[imst meskux
TEXHOJIOTTUYHUX OIeparliii, HalmpuKiIaa JenuiaMaliii, 3MiHa [UX MapaMeTPiB y 4aci € KPUTHYHO BaXKIHBOIO
JUTsL JTOCSITHEHHS HEOOXIJHUX SIKICHUX 1 KUIbKICHUX TOKa3HMKIB Ipouecy. HuHI 3HAYHOTO MOUIUPEHHS
HAOyJTM METOMM KOHTPOJIIO TEXHOJIOTIYHWUX 3MIHHUX MpoIecy 30araueHHs MiHEpaTbHOI CHPOBUHH, IO
0a3yl0ThCsl Ha YJIBTPA3BYKOBHX BHUMIpPIOBAHHSX. P0O3po0JieHO METOA BH3HAYCHHS BMICTY TBepzoi dasu
PYAHOT TyJNBIK y Tmpoleci 11 OCa/PKeHHS Yy TEXHOJIOTIYHMX arperatax 30arauyBaibHUX (HaOpuHK.
[IporoHOBaHUIT METOJ O3BOJISIE BH3HAYATH KOHIICHTpAIliI0 TBep/0i (asu MyNblmu 3a pe3yabTaTaMu
BHUMIPIOBaHHS iHTEHCUBHOCTI XBWib JIsBa. Ilpn mbomy He OOOB'SI3KOBO 3HATH IHTEHCHBHICTH XBWJI Ha
BUXOJI JDKEpeda yIbTPa3ByKy. BHKOHAaHO KOMIT'IOTEpHE MOJICITIOBAHHS 1 HAaBEJICHO PO3PaXyHOK
koediriedTa 3racanas xBuiIi JIsBa 3anexHO Bix 00'€éeMHOi 4acTKH TBepaoi ¢a3u B MyJNbII Ta HABEIEHO
MOPIBHSJIBHI  Pe3yNbTaTH BUMIPIOBaHb 3 JIaHUMH JIa0OpAaTOPHOTO aHamizy. Bucoka dYyTIHBicTh
pO3pO0JIEHOr0 METOAY JI0 3MiH KOHTPOJHOBAHOI'O IMapaMerpa JJ03BOJISIE PEKOMEHAYBaTH HOro JJis
BUKOPHCTaHHS Y IPOMHUCIIOBHX YMOBAX ISl OLIIHKK XapaKTePUCTUK TUHAMIUYHUX IIPOLIECIB.

KarwuoBi ciioBa: ynpTpasByk, myinblia, pyza, TBepjaa ¢asa, yabTpa3Bykosi xBuii JIspa.

Introduction. The cost price of the raw material for the production of ferrous and non-ferrous
metals, due to some objective reasons, in recent years is gradually increasing, but the content of the
useful components in the ore for beneficiation is reducing.

Under these conditions, the issues, which are related to the improvement of minerals
beneficiation process control through the introduction of modern high-performance automatic
control and regulation systems become crucial [1, 2]. The existing facilities for operational control
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of the qualitative and quantitative characteristics of the crushed materials do not meet modern
requirements.

A number of the most important chemical-mineralogical and physical-mechanical
characteristics of the pulp solid phase are not used to control the technological process since there
are no devices for their determination [3].

The purpose of the work. The study is consideration of the results of theoretical analysis and
practical testing of the method of measuring the concentration of the solid phase of the pulp during
its deposition in the technological units of concentrators, which is based on the use of ultrasonic
Love waves.

Formulation of the problem. The problem is to obtain dependences that allow to analyze
the influence of different conditions on the dispersion of ultrasonic Love waves, as well as the
dependence of the phase velocity on different parameters.

Solving the problem. Consider the process of propagation of Love waves over a surface that
is in contact with various media. In practice, the application of surface waves quite often takes place
in contact with an elastic layer with the solid or liquid medium. Let’s consider a case with three
layers: on the layer 1, which contacts with elastic semispace 2 by one surface, and from the other
side, the solid or liquid medium (semispace 3) acts on it. The layer 1 thickness is h. All three media
(1, 2, 3) are homogeneous and elastic. We obtain the wave equation and Love dispersion equations
for cases: 1) the medium 3 is solid; 2) the medium 3 is liquid. Let’s define the effect of the presence
of medium 3 on the displacement and the intensity of the Love wave in media 1 and 2.

In considered cases, to the equations of Love waves in all three media

uyl = (Asin S,Z+ B cos Slz)ei(kx—wt) : uy2 = Ceo ™ _ei(kxfwt) : uy3 —D.e% _ei(kx—wt) (1)

where uy 123 IS the displacement respectively in media 1, 2, 3; A, B, C, D are the coefficients that

can be found from the boundary conditions; s, = 1/kz —kg 3 Kyps =@/Cy,, are the wavenumbers
of transverse waves respectively, in media 1, 2, 3; k is the wavenumber of the Love wave;
Cu2s = /,um /P2 s the velocity of transverse waves propagation in media 1, 2, 3; u1,23 and p1,2;3

are respectively Lame coefficients and densities of media 1, 2, 3.

Using computer simulation it can be shown that the Love wave intensity in the layer is
proportional to the square of the liquid density. Thus, the joint solution of the motion equations for
three different solid media allows obtaining the expressions for displacements in each medium, the
dispersion relation for Love waves, and to calculate the intensity of the wave on this basis. The
problem-solving algorithm for three solid media can be generalized to an arbitrary number of layers.

Conclusion. It was shown that the attenuation coefficient of a Love wave in a heterophase
medium depends on the physical properties of the medium: the intensity of the Love wave in the
layer is proportional to the square of the density of the liquid. For the intensity of ultrasound used
in automated process control, the contribution of nonlinear effects is insignificant.

The results of computer simulation and practical approbation of the developed method for
controlling the concentration of the solid phase in the pulp flow indicate its high accuracy and
reliability. Taking into account the fact that the measurement error of this parameter does not exceed
1%, it can be recommended for wide application at concentrating plants.
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COMPUTER MODELING OF PROCESSES OF RADIATIVE DEFECT FORMATION
IN MATERIALS IRRADIATED WITH ELECTRONS

Shmygaleva T.%, Srazhdinova A.?
! Al-Farabi Kazakh National University, Almaty, Kazakhstan
2Kazakh-British Technical University, Almaty, Kazakhstan

Abstract. Computer modelling of the spectrum of primary beaten-out atoms and the concentration of
point radiation defects irradiated with electrons are performed using cascade and probabilistic method. A
mathematical model of energy spectrums of primary beaten-out atoms are obtained. Algorithms of
calculating the primary beaten-out atoms spectrum and concentration of radiation defects are developed.
Cascade and probabilistic functions are calculated subject to the quantity of interactions and infiltration base,
primary beaten-out atoms spectrum, and defect concentrations in materials irradiated with electrons. The
results of calculations of the defect concentration are compared with calculations made earlier without
considering energy losses. It is apparent that accounting for energy losses makes a significant contribution
to the primary beaten-out atoms and to the defect concentration.

Keywords: model, algorithm, calculation, electron, spectrum of primary beaten-out atoms,
concentration of radiate on defects, cascade probabilistic function.

Introduction. For solids, ion irradiation is an efficient method to alter properties such as
metal strength, corrosion resistance, metal fatigue, wear, etc. Nowadays, radiation physics of solids
makes a considerable contribution to the advancement of nanophysics and the related applied field,
nanoelectronics [1, 2]. Under the effect of a certain type of bombarding particles in a material it is
possible to form a predefined structure and chemical compounds that are totally stable over a wide
range of temperatures [3-5]. Many papers have been on to the problems of interaction of particles
with matter and generation of radiation defects when a substance is irradiated with protons, alpha-
particles, and ions in particular [6, 7].

The purpose of the work. The aim of the work is to develop algorithms for calculating
cascade probabilistic functions, energy spectra of primary knocked-out atoms, concentration of
radiation defects in materials irradiated with electrons and carrying out their calculations. Since all
expressions are analytical, calculations can be carried out at any depth of the irradiated material,
which makes it possible to trace the processes of interaction of electrons with matter and the
formation of radiation defects in dynamics.

Formulation of the problem. In case of the interference of electrons with a solid, in particular
when calculating the spectrum of PBOA, it is necessary to take into consideration the overall losses
of energy for ionization and excitation during PBOA generation (in contrast to the simplest of
cascade and probabilistic functions (CPF), where the interaction path is constant) [8].

Solving the problem. We shall take into consideration the interaction of electrons with
substance during the generation of radiation imperfections in solids. It is supposed that an electron
formed at deep h' cooperates with substance in the following way:

e A charged particle loses energy in the ionization and excitation (the main type of energy
loss). These losses are continuous over the deepness of the penetration of particles.

e The electron forms primary beaten-out atom (PBOA), and for hundreds of interferences
with the electrons of the medium (ionization losses), some interferences happen in the process of
the formation of PBOA.

o PBOA forms defects in the form of Frenkel pairs (vacancy, interstitial atom) in the case of
electron irradiation.

e For electrons, the relativistic case is considered since the kinetic energy of electrons is
comparable to or greater than the rest energy of electrons. The interaction cross section is taken as
the McKinley-Feshbach or Mott cross section [8].
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The spectrum of PBOA is calculated by the following formula Eq.1.

™ h ! l
W(EEh)—Zf Innl —n Iy + ——1 Eo "+
0 L2, N) = 0 h_klzexp( nn! —nlini, Toak n B — ki 0

n=

lTL IE6 ! A
+nn|n - (EZ;""> -T2~ Ay (h') - Indy)w(Ey, Ep)dh” (1)

The concentration of radiation point defects during electron radiation is calculated by the
formula Eq.2 [8].

Ci(Bo, h) = [ " V(E)W (o, Ez, h) dE, 2)

Conclusion. Thus, the paper simulates the processes of radiation defect formation in materials
irradiated with electrons. The approximation expression is selected, and the approximation
parameters are found for different values of the initial energy. Calculations of cascade and
probabilistic functions are performed. Algorithms for calculating the PBOA spectrum for electrons
and the concentration of point radiation defects are demonstrated. The spectrum of primary beaten-
out atoms is calculated as a function of the PBOA energy at different values of the initial energy of
electron and at various bottoms of observation. The concentration of radiation defects was
estimated. The results of calculations of the defect concentration are compared with calculations
made earlier using a simple formula without considering energy losses for PBOA spectrum. The
results of calculating point defects are compared with the experiment. There is a good concordance.

References

1. Komarov F. F. Nano- and microstructuring of solids by swift heavy ions. Physics-Uspekhi. 2017.
Vol. 187. P. 465-504.

2. Lubov M. N., Kulikov D. V., Kurnosikov O., Trushin Y. V. Kinetic simulation of the 3D growth
of subsurface impurity nanoclusters during cobalt deposition onto a copper surface. Bulettin of the Russian
Academy of Sciences: Physics. 2014. Vol. 78. P. 682-685.

3. A new nanoporousmaterial based on amorphous silicon dioxide / L. A. Vlasukova, F. F. Komarov,
V. N. Yuvchenko et al. Bulettin of the Russian Academy of Sciences: Physics. 2012. Vol. 5. P. 582-587.

4. Electronic properties of diamond-like carbon films modified with silver nanoclusters /
S. S. Sarsembinov, O. Yu. Prikhodko, A. P. Ryaguzov et al. Physica Status Solidi (C) Current Topics in
Solid State Physics. 2010. Vol. 7. P. 805-807.

5. Effect of implantation temperature and annealing on synthesis of ZnSe nanocrystals in silica by
ion implantation / M. A. Makhavikou, F. F, Komarov, O. V. Milchanin et al. Lecture Notes in Mechanical
Engineering. 2019. P. 377-386.

6. Radiation stability of triple coatings based on transition-metal nitrides under irradiation by alpha
particles and argon ions / A. |. Potekaev, S. B. Kislitsyn, V. V. Uglov et al. Russian Physics Journal. 2016.
No. 1. P. 99-108.

7. Kulikov D. V., Lubov M. N., Trushin Y. V., Kharlamov V. S. Kinetic modeling of the growth of
copper clusters of various heights in subsurface layers of lead. Technical Physics Letters. 2015. Vol. 41.
P. 961-963.

8. Cascade and probabilistic method, solution of radiation and physical tasks, Boltzmann's equations.
Communication with Markov's chains / E. G. Boos, A. A. Kupchishin, A. I. Kupchishin et al. KazNPU after
Abay, Scientific Research Institute for New Chemical Technologies and Materials under al-Farabi KazNU.
Almaty, Kazakhstan, 2015.

144



Cekuis K. [ndopmartiiini cuteMu B MEIUITNHI

IEPAPXIYHA MAIIIUHA CTAHIB JIJISI KIACU®PIKALIL ®I3UUYHUX BIIPAB
3A INOCJILJOBHICTIO 1103 JIIOAUHH

Bpoiige 1O. 1.
UYepkacbKuil 1epKaBHHUIA TEXHOJIOTIYHUH yHIBepcUTeT, M. Uepkacu, YkpaiHa

AHoTanis. 3anpornoHOBaHO MiAXiA 10 BU3HAYEHHS THUITY (i3MYHOI BIPABH 3a MOCIiAOBHICTIO 03 Ha
BiZIeO Al CHCTEMH KOMITIOTEPHOTO 30py 3 BUKOPHCTAaHHAM iepapxiuHoi MammHu craHiB. OO0’e€kToM
JOCITIDKEHHST € TIporiecH KiacudikyBaHHS (GI3WYHMX BIIpaB, SKI BHUKOHYE aTieT IiJ Yac TPEHYBaHb.
[IpenmeTroM noCHiDKEHHS € i€papXidHa CTEWT-MallMHA SK Kiacu(ikaTop BiJIEOKOHTEHTY. MeTor
JOCTKEHHS € po3poOKa MiAXomy 10 BU3HAUEHHS THITY (hi3MIHOI BIIPAaBH aTJieTa 3 MOMEPETHBO 3aJaHOTO
HabOpy BIIpaB 3a MMOCITIJOBHICTIO 1103 Ha Bifeo. HaykoBe 3HadeHHS mosirae B OOTpyHTYBaHHI MOXKITUBOCTI
BUKOPUCTAHHS i€papXiuyHOi MAaIllMHU CTaHIiB SIK CTPYKTYpHOI OOWHHMII Kiacudikaropa 3 MOAAIBIIOI
MiHIMI3aIi€l0 dacy OOpoOKHM Ta TOMHJIKOIO pO3mi3HaBaHHA. [ligXil BHKOPHCTOBYETHCS A OOpOOKH
BUXIJHOTO CHUTHaly HEHpOHHOI Mepexi Ta Ao3Boisie KiacudikyBath ¢izuuHi Bmpasu. [IpaxTHyHMM
3aCTOCYBaHHSIM 3alpONOHOBAHOTO MIAXOMy € AITOPHTM aBTOMATHYHOTO BHMIPIOBaHHS TPHUBAIOCTI
BUKOHAHHS CIIOPTHBHUX BIIPAB.

KarouoBi cioBa: MamvHa cTaHiB; KOMI IOTEPHUI 3ip; HEHPOHHA Mepexa; Kiacudikaiis ¢pizuaHux
BIIPaB.

HIERARCHICAL STATE MACHINE FOR CLASSIFICATION
OF PHYSICAL EXERCISES BY HUMAN POSE SEQUENCE

Broyda J.
Cherkasy State Technological University, Cherkasy, Ukraine

Abstract. An approach to determine the type of exercise by the sequence of poses on video for a
computer vision system using a hierarchical state machine is proposed. The object of research is the
classification process of physical exercises performed by an athlete during training. The subject of research
is the hierarchical state machine as a classifier of video content. The study aims to develop an approach to
determine the type of exercise of an athlete from a predetermined set of exercises by the sequence of poses
on video. The scientific significance lies in the substantiation of the possibility of using the hierarchical state
machine as a structural unit of the classifier with further minimization of processing time and recognition
error. The approach is used to process the output signal of the neural network and allows you to classify
exercises. A practical application of the proposed approach is an algorithm for automatic measuring of the
duration of sports exercises.

Keywords: state machine; computer vision; neural network; classification of physical exercises.

Beryn. 3actocyBaHHS HEHpOHHMX MepexX Ui KOMI'IOTEPHOTO 30pY J103BOJISIE BU3HAUUTH
KOOpJMHATH CYIJ00IB Ha KOXXHOMY KaJpi BiZ€O TMOTOKY TPEHYBAaHHSI CHOPTCMEHA, a TaKOXK
owuiHtoBatu Horo 3d mo3y y mpocTopi, fKa BIANOBiae KOOpAMHATaM cyriao0OiB. PesymbTaTtn
OIIIHIOBAHHS, TOOTO IMOCIIOBHICTh O3 3 KOOPJMHATAMHU CYIJIO0IB JIIOJIMHU Ha BiJIEOKaapax Ta y
IPOCTOpl, HE MOXYTh CHPUKUMATHUCS ONEpaTOpoM Oe3MOocCepeHbO Ta MOTPEOYIOTh CHEllaIbHOT
00poOKH.

IMocTanoBka 3anavi. 3BiJCM BHUTIKAa€ HAYKOBO-TIPAKTHYHE 3aBAaHHA — (QOpPMYBaHHS
IHCTPYMEHTIB /11 aBTOMaTU30BaHOTO OLIIHIOBAaHHS THITY PyXiB CIIOPTCMEHA Ha OCHOBI B1ZI€OIIOTOKY
BIIPABHU 13 BU3HAYEHHSM X apamMeTpiB.

Merta po6orm — po3poOka MiAXOAY BU3HAYEHHsI TUIY (DI3UYHOI BIOPABH CIOPTCMEHA 3
MOTIEPETHBO 33JIaHOT0 HA0OPy BIIPAB 32 MOCIIIOBHICTIO 1103 JIIOJJUHU Ha BIJIEO.

OcHoBHa 4yacTuHa. [IponoHOBaHWI MiOXiJ € AJBTEPHATUBOIO METO/AaM BU3HAYEHHS THITY
JUSUTBHOCTI JIFOJIMHU 3 BUKOPHCTAaHHAM HEWpOHHOI Mepexi [1], a Takok MoIepeaHboro JiHIHOTo
3aJ[aHHS [TOCTIIOBHOCTI BIIPaB, 1110 BUKOPHCTOBYETHCS HafyacTillle Ha MPaKTHLI.
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[Tpuknan cygacHOT HEHPOHHOI Mepexki JIJIsl eKCTPAKIIIT MOCIIJOBHOCTI 1103 3 B1IEO OMMMCAHUI
B ctatTi [2]. Takok HEOOXIAHUN CHTHAJI MOXe OyTH OTPHUMAHUH 3 KJIACUYHUX CHCTEM TaKHX, 5K
MoCAP, mo 3acHoBaHi Ha ripockonax (Xsens), abo Ha aHali31 CTaHy MITOK 3 JEKUIBKOX Kamep
(Vicon), a6o 3 RGB-D cencopi (Kinect) [3]. AHami3 curHaily HEHpOHHOI Mepexi € OuIbII
CKJI/IHUM 3aBJaHHIM, HK aHaJI13 CUTHAITY 3 KIIAaCHYHOI CUCTEMH, B 3B'I3KY 3 TUM, 1110 TAKUW CUTHAII
€ MEHII TOYHUM 1 CTAaTHCTUYHI XapaKTePUCTUKU (IyKTyamid Takoro CUTHaTy HE MAaloTh
MaTeMaTUYHOI MOJEJI.

BizyanbHe mpeacTaBiaeHHs 103 JIOJMHU Y IIPOCTOPI Ml PI3HUMHU KyTaMU CIIOCTEPEXEHHs 0YI10
3p00JIEHO 3a IOMTOMOI0K0 MOBH mporpamysants Python3 ta makera matplotlib [4].

Jlnst BU3HAUYCHHST THITY BIIPABU TMPOIOHYETHCS BHUKOPHCTOBYBATH METOJ| 1€EPApXiYHUX CTEUT-
MammH [5]. BiH nepenbavae HasBHICTh KEPIBHOI CTEHT-MAIIMHM, SKa 33 TIEBHUX OOCTaBHH IEpEIae
KOHTPOJb JI0 OFHOI 3 0OpaHMX MiJJIeTJINX CTEHT-MaIlnH, IO 1 03HAa4Yae JIETEKIil0 BIpaBu. B cBoiO
yepry, MiJUIeryIi CTeHT-MalliHU 3a MeBHUX OOCTaBHH IEpeIar0Th KOHTPOJIb KEPIiBHINA CTEHT-MaIlIHHI,
1110 O3HAYA€ 3aKIHUCHHS BUKOHAHHSI BITpaBu. KojkHa mijyieria creiiT-mMarmHa BiAMOBIAa€ O/IHIH BIIPaBi.
[Tigmerai cTedT-MalMHA HE 3aJIeXKaTh OJHA BiJ OAHOI, TOMY HAaOOp MiIETIMX CTEUT-MAIlluH MOXE
3MIHIOBAaTHCS. MOXYTh iCHYBaTu SIK CHUCTEMH, IO MICTATh OJAHY MiAJErIy CTEHT MaluHy (Taka
cucrema Oyzie IETEKTOPOM BUKOHAHHS BIIPABU), TaK 1 CHCTEMH, /i€ MiAJIeTNINX MalllMH JeKTbKa (Taka
cucrema Oye kiacu]ikaropom BIIpaB).

KepiBHa creiiT-MalmHa cKiiaaeThes 3 cTany «BripaBa He BU3HaYeHa» Ta 3 HA0OPy CyIep-CTaHiB,
KOKEH 3 SIKMX BIJIOBiJa€e MimIeriiii credT-mMammHi Ta 1 Bmpasi. [lepexin 3 crany «BmpaBa He
BU3HAUCHA» JI0 CyNEP-CTaHy SKOICh 3 MiJIETNIUX CTEUT-MAaIlIMH BUKOHYETHCS KOJIU aTJIeT MEPeXOIUTh
JI0 OTIOPHOT MO3M OJTHOI 3 IIUX CTEUT MalIuH. 3BOPOTHIHN MEepexit BiIOYyBaETHCS 32 TAKMX YMOB:

a) SIKIIO 1Mo3a atieTa He Bu3HaueHa (Ip);

0) AKIIO aTJIeT TOBIIE 3a ACSKHUIA 3aJaHNH Yac 3HAXOUTHCS B 031, IO BIATIOBIJA€ OTIOPHIH 1M03i
(I1) xepiBHOI CTENT-MAIINHH

HaGip craniB miajeryioi cTedT-MaliHN JOBUTBHIN, ajle KOXKHA IiJJIeryia CTEHT-MallnHa Mae
aKTHBYBATU OJMH 31 CBOIX CTaHIB OMOPHOIO 103010 (Im). DyHKIIOHAN MiUIETTNX CTEUT-MAIINH HE €
OOMEXEHHM TLTbKM JETEKIN€I0 BIOpaBH. e IO CHCTeMa 3HAXOOUThCA y OyIb-IKOMY CTaHi, IO
HAJISKUTh MIJIETTA CTeWT-MallliHi, O3Hayae, 110 Ha BUXOJl CHCTEMa BUIA€ Ha3By BIIPaBH, IO
BIIMIOBIJIA€ 1M1M CTEHUT-MaIKHI. A OTKe Ha 0a3i CTaHIB MIJIETIIOl CTEUT-MAITMHA MOYKHA PO3POOIISATH
noaaTkoBui (yHkiioHan. Lle moke OyTH mijjpaxyHOK MOBTOPEHb BIIPaBH (HANPUKIAA, IPUCIIB), UM
aHaJi3 METPUKM BIpaBU (HANPUKIIAJA, MIBUIKICTb BIPABU «IIIIHATTSA KosiH»). Cxema iepapXiqHoi
CTEUT-MaIlIMHY TI0Z[aHa Ha PUCYHKY 1.

KepieHa cTelT-MalwWHa

Moza He
BWU3HAYEHA

11], I |

Mignerna cTelT- Mignerna cTeiT- Monerna cTeAT-
MalrHa 1 MallnHa 2 MawuHa 3
ly- nosa atneTa He BU3HAYeHa Imr,— OMopHAa No3a nignernol cTeT-
|| - onopHa No3a KepiBHOT CTEAT-MALLIMHK MALLNHY |

Pucynok 1 — Cxema iepapxiuHoi cTeiT-MaliHu
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BucnoBku. Po3po0iieHo ie€papXidHy CTEHT-MalIMHYy, sIK OCHOBY MIIXOMy JO PO3ITi3HABAHHS
Bpasu. [Ipu immemenTanii Oys0 3anporpamoBaHo kiacugikarop Ha Tpu Brpasu: 1. ITpucinanns;
2. Bunany; 3. Iligasarrs komid. Iligxig morpeOye 0OOB’SI3KOBOrO IMOBEpHEHHS arjera J0 0a30Boi
OIOPHOI NO3UIIIi KePYIYoi cTeUT-MamMHy (y JaHOMY BHUIIQJIKY 11 11032 l1, KOJIM JIt0JuHa CTOITh, Ta i
KOPITYC HalpaBJICHHI 10 KaMepu).
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IHTEPHET MEIUYHUX PE‘IEI71 B EKOCUCTEMI
ITANIEHTOOPIEHTOBAHOI HU®POBOI KJIIHIKHA

Kpusenko I. I1., I'punzoBcbknii A. M., Yaamnii K. O.
Hamionanenuit mequuanuii yaisepcuret iMeni O. O. boromonbis, M. Kui, Ykpaina

AHoTamis. Y myOmikamii mpoaHaii30BaHO MEPCHEKTHBH 3alpOBaKEHHS MAaIiEHTOOPiIEHTOBAHOT
nudpoBoi kimiHikE 3 migTpuMKor [oMT, oxapakrepmzoBano cuHTe3 TexHomoriii ML, Al, VR, AR y
cepenopuili MUQpPoBOi KIiHIKK, MoOymoBaHoi Ha ocHOBI [oMT, s mokpareHHs AOTsAAY 3a 370POB’SIM
nalieHTa Ta HaJaHHs SKiCHOT Mean4Hoi formoMoru. O6’€KTOM JOCIiIKEHHS € TPOLECH HAJAaHHI MEeIUYHOT
JIOTIOMOTH TAIlieHTaM Ta MEAMYHHMX IMOCIYT Ui JOTJALYy 3a 310poB’siM. [IpenmeroM mocmimKeHHS €
(hyHKITIOHATBHI MOXIIMBOCTI MAIiEHTOIEHTPOBaHOI M(poBOi KiiHikK 3 miaTpuMKow IoMT 3 iHTerparmieio
ML, Al, VR, AR nns mokpaiieHHS SKOCTI HaJaHHS MEIMUYHUX TMOCIYr mamieHtaM. J[ias mocsrHeHHs
MOCTaBJICHOI METU OYJI0 MPOBEIEHO TOIIyK Joka3iB 3acobamu PubMed ta TRIP Ha ocHOBI pe3ynbraTiB
CHUCTEeMATUYHHUX OTJISAIB, METa-aHaNi3iB, PaHAOMI30BaHUX KIIHIYHUX JOCTIKEHb MO0 e(EeKTUBHOCTI
3acTocyBaHHS UPpoBUX KIiHIK Ta IoMT.

BuzHaueHo, 110 3anpoBajKeHHS Malli€HTOOPiEHTOBaHOT NU(POBOI KINiHIKK 3 MIATPUMKOIO TEXHOJOT11
IoMT mMae cyTTeBi IepeBary, cripuse eBOJIONIOHI3alil TH(POBUX KITIHIK, BIIKPUBAE HOBI MOKJIMBOCTI JUIS
JIarHOCTHKH, JIIKyBaHHs Ta MPO(]IIAKTUKA TMAIIEHTIB, 3aBASKH YOMY 3aTpeOyBaHICTh IIHOTO KOMIIOHEHTA
cy4acHoi IM(POBOi EKOCHCTEMU Ma€ BUPAXEHUH TPUPICT 1 OyJe 3poctaT y MailOyTHROMY. BetaHoBIIEHO,
IO MiJICHIFOI0YUM 1 IEPCIIEKTUBHUM KOMIIOHEHTOM Cy4acHO1 U(POBOi KIIHIKH € CTBOPEHHS [T Talli€HTa
roJOCOBHX BIPTYaJIbHUX MEIMYHUX MOMiYHMKIB 3 minrpumkoro Al, ML, AR, VR. O6rpynroBano, mo
3aMpOIIOHOBAaHE PIllIeHHS PO3MHPIOE (YHKIIOHAIBHI MOXKIUBOCTI MUGPOBOT KIIHIKK 1 BIJHOCUTH 11 11O
MOTY>KHOT'O 3aCO0Y B YIIPaBIIiHHI 1 AOTJISAI 3a 3JI0pPOB’SIM Ialli€HTa.

Karouosi cioBa: Inreprer menuunanx peueit (IoMT), mudposa (BipTyanpHa) KiTiHIKa, BipTyallbHa
(VR) ta pgomoBHena peanbHICTh (AR), mamunne HaBuanas (ML), mtyunuit inrenext (Al), romocoswmii
BIpTyaJbHUN METUYHUN TOMIYHHUK.

INTERNET OF MEDICAL THINGS IN THE PATIENT-CENTERED DIGITAL
CLINIC’S ECOSYSTEM

Kryvenko 1., Hrynzovskyi A., Chalyy K.
Bogomolets National Medical University, Kyiv, Ukraine

Abstract. The article analyzes the prospects of introducing a patient-oriented digital clinic with loMT
support. The synthesis of ML, Al, VR, AR technologies in the environment of a digital clinic based on loMT
to improve patient health care and provide quality care is described.
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The object of research is the processes of providing medical care to patients and medical services for
health care. The subject of research is the functionality of a patient-centered digital clinic with loMT support
with the integration of ML, Al, VR, AR to improve the quality of medical services to patients. To achieve
this goal, PubMed and TRIP have searched for evidences based on the results of systematic reviews, meta-
analyzes, randomized clinical trials on the effectiveness of digital clinics and loMT.

It is determined that the introducing of patient-oriented digital clinic with IoMT technology has
significant benefits, contributes to the evolution of digital clinics, opens new opportunities for diagnosis,
treatment and diseases prevention of patients, so the demand for this component of modern digital clinic’s
ecosystem is growing and will grow in the future.

Based on the PubMed and TRIP search results it is established that the strengthening and promising
component of a modern digital clinic is the creation of voice virtual medical assistants for the patient with
support for Al, ML, AR, VR. It is justified that the proposed solution expands the functionality of the digital
clinic and makes it a powerful tool in the management and care of patient health.

Keywords: Internet of Medical Things (IloMT), digital (virtual) clinic, virtual reality (VR), augmented
reality (AR), machine learning (ML), artificial intelligence (Al), voice virtual medical assistant.

Beryn. CydyacHu#i po3BHTOK TEXHOJOTIH BiJIKpUBAE 3HAYHI 1HHOBAIIHI MOJIMBOCTI IS
MOKpAIllEHHST JOTJISIAy 3a 3J0pPOB’SM  MAlli€HTIB. 3ampoBaKEHHS HOBOTO MOKOJIHHS
iH(pOpMAaIIfHUX TEXHOJIOT1H, 10 IKUX aKTyallbHi Ut [HTepHeTY MequuHuX pedel (anrdi. Internet of
Medical Things — IoMT), BipTyanbHa Ta HOMOBHEHA peanbHicTh (aHr1. Virtual and Augmented
Reality — VR, AR), mamnane HaBuanHs (aHri1. Machine Learning — ML), aHamiTHKa BEJIMKUX
JMaHuX, MTy9Hui iHTenekT (anri. Artificial Intelligence — Al), poGoTnu30BaHi MeIUYHI CHCTEMH,
HOCHMI MPUCTPOIi, OJIOKYEIH, MOBHICTIO 3MIHIOIOTh T'ally3b OXOPOHH 3/0POB’S, poOisun ii O1IbII
JIOCKOHAJIOK, MOTY)KHOIO, €(pEKTUBHOIO Ta MEPCOHANII30BaHO0. Y Wil TpaHchopMallii BaXIUBY
ponb Bimirpae Ttexnosoris [oMT, ska n03BoJsi€ PI3HOMAHITHUM MEAWYHHM HPUCTPOSIM 3
BOYZIOBaHUMH JaTYMKaMHU, OIOMEAMYHUMHU CKaHEPaMH MiAKIIOYaTHCS Yepe3 Mepexy IHTepHeT 10
iH(OopMaILiifHOT CHCTEMU OXOPOHU 3J0POB’S, CIITBHO NPALIOBAaTH, HAKOMHUYYBATH, IIBUIKO
aHATI3yBaTH Ta ABTOMAaTHU30BaHO OOPOOIISATH BEJIMKI MACHBH MEIUYHHX JaHUX [1].

IMocTranoBka 3agaui. [lepcniekTHBHI MOXKIMBOCTI MaroTh TexHONIOTil [oMT ms moOymoBu
upoBUX (BIPTYaIbHUX) KITIHIK SK 1HHOBALIHOT KOMIOHEHTH ITU(PPOBOI €KOCUCTEMU OXOPOHHU
3J10pOB’sl 17151 OUIBII YIOCKOHAJIIEHOTO 1 KOMIUIEKCHOTO AOTJISAY 3a 30pOB’ M narienta. Hamu 6yB
MIPOBEJICHUI aHai3 HaykoBHUX myoOuikariii 3a 2010-2022 poku y PubMed, Trip, Medline, Google
Scholar Ta 3xilicHeHO MomIyK J10Ka3iB 11010 €(PEKTUBHOIO 3aCTOCYBaHHs MallieHTaMu HU(POBUX
KIIHIKM SK KOMIIOHEHTa LM(POBOi EKOCHCTEMH 3aKjaly OXOpPOHH 370poB’s. PesymbTatn
3aCBITYIIIN, IO TIEPEBAYXKHO MU(PPOBY KIIIHIKY MaI[i€HTaM POMOHYBAIOCS 3aCTOCOBYBATH B SIKOCTI
3BHYAlHOro TeneMeauyHoro BeO-moaaTky. Takuit miaxig oOMexyBaBcs MiHIMaTbHUM
GyHKLIOHATIOM, 3a0€3Meuyyloud MOXJIHUBICTh Ul OHJAH Ta oduaiiH TeneMeanYHHX
KOHCYJIbTYBaHb, HaJaHHS JOBIJKOBOI 1H(oOpMalii namieHTaM Ta MIATPUMKY KOMYHIKamii 13
3aKJIa70M OXOPOHHU 370poB’s. [Ipu oMy pe3ynbTaTu MeTa-aHali31B, CHCTEMAaTUYHUX OTJISAIB Ta
paHIOMI30BaHUX KIIHIYHUX JOCHIIPKeHb MiATBEP/KYIOTh HAsSBHICTh CYTTEBHX JIOKa3iB Ha
HIATPUMKY BUKOpPHCTaHHS HU(POBOI KIIHIKA IPU MEUYHIN OTIOMO31 NallexHTy [2, 3, 4, 5, 6].

BBaxxaeMo, 1110 mo0y/10Ba Maii€eHTOOPIEHTOBAHOI HU(POBUX smart-KJI1HIK HOBOTO MOKOJIIHHS
3 miarpuMkoro IoMT Mmae cyTTeBi mepeBar i J03BOJIUTh 3HAUYHOIO MIpOIO MOKPAIIUTH SKICTb
HAJaHHS MEIMYHUX MOCTYT MaIlieHTaM Ta MOCUJIUTH MOTeHIian IMGpoBUX KiiHIK. Hamr HaykoBi
MONTYKH OYJIM CKOHIICHTPOBaHI Ha po3poOIll mU(poBOi KIIHIKH 3 MATPUMKOIO TexHooriit [oMT,
sKa JONOBHUTh MOJKJIMBOCTI TEJIEMEINYHOTO KOHCYJIbTYBAaHHS 1 YAOCKOHAJIUTHh MIOTJSAA 32
3/I0pOB’SIM MAIlI€HTA B JOMAIIHIX Ta HABKOJHUIIHIX YMOBAX, Y1 32 YMOB OOMEXEHHS MOKJIMBOCTI
(GI3UYHOTO BiABIAHHS 3aKJIay OXOPOHH 30POB’SI.

Meta po6GoTH: TpoaHANI3yBaTH TMEPCIEKTHUBU 3alpOBAPKCHHS TMAaIll€HTOOPIEHTOBAHOI
udpoBoi kiiHikK 3 miarpuMkoro loMT, oxapakrepusysaru cunres texnonorii ML, Al, VR, AR
y cepenoBui 1udpoBoi KiriHIKKA, ToOyaoBaHOi Ha ocHOBI [oMT, st mOKpareHHst TOTIIsAy 3a
3[IOPOB’SIM TIAIli€HTA Ta HAJAHHS SKICHOT MEAMYHOI JOTIOMOTH.
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OcHoBHa yacTuHa. [arerpamis rexnonoridi ML, Al, VR, AR B [oMT mae 3naunmi nepearu
IpH JOTJISAI 3a MAIIEHTOM Ta MOOYAOBI CydacHOi MU(POBOI KIIHIKH, IO JOMOBHIOE 1 HOBUMH
MOXJIUBOCTAMH 1 po3mmuproe ii  ¢yHkmioHaneHicTh. Texnomorii VR, AR 3a momomororo
MOIM(IKOBAaHOT peaJbHOCTI 3a0e3meuyroTh Uil HU(POBUX KIIHIK HasSBHICTH TPUBUMIPHOTO
MYJIBTUCEHCOPHOTO CEPEeIOBUINA JUIsl CTBOPEHHS BIIYYTTS MOBHOIO 3aHYPEHHS JO BiJIMOBITHOL
ABTEHTUYHOI CHUMYJIALii BipTyampHOro cBity [7, 8, 9]. HasBHi moka3u mono e(eKTHBHOCTI
TEepPaneBTUYHOTO 3acTocyBaHHA TexHosorii VR, AR  mnpu JikyBaHHI IIMPOKOro CIEKTpa
3aXBOPIOBaHb, MIATPUMII KOTHITUBHO-TIOBEIIHKOBOI Teparii, KOTHITUBHUX pPO3JIajax, MMOJICTTIeH]
E€MOIIIHHOTO CaMOTIOUYTTS, MPOBEICHHS HAaBYAJIBbHO1 A1SUTbHOCTI MAIlIEHTIB.

BaxumBa ponp mpu mpoekTyBaHHI mHM(poBOI KIIiHIKM BigBomuThcss ML Ta Meronam
IMOOKOr0 HaBYaHHA, L0 JO3BOJIAE 3/1MCHIOBATH MOCTIHHUN MOHITOPHHT XHUTTEBO BaXKIMBHUX
MOKA3HMKIB MAalli€HTa, TAKUX K KPOB SHUHN THCK, YaCTOTA CEPIIEBHX CKOPOUYCHb, YACTOTA AUXAHHS
TOILIO y PEXHUMI pEalbHOr0 4acy, MPOBOIUTH J1arHOCTUKY, BUKOHYBATHU PO3Mi3HAHHS PYXOBOi
AKTUBHOCTI MAIli€EHTa y B3a€EMO/Iii 3 HABKOJHUINIHIM cepenoBuineM. Pimenns [oMT 3 BukopucTanusm
Al1 ML € HeoOXigHMMU 1J11 0OpOOKH BEIMKUX JIAaHUX 3 PI3HOMaHITHUX MEIUYHHUX MPUCTPOIB, 1110
CHPUATHME MPOAYKTUBHOMY (DYHKIIIOHYBaHHI 1 pO3IIUPEHHIO MOXKINBOCTEH U(POBOT KIIIHIKH.

Pe3ynbraTty Hammx HaAyKOBUX JOCTIIKEHb 3aCBIAUMIIM, IO JIEBUM KOMIIOHEHTOM Cy4acHOI
U(POBOI KIIIHIKKA € CTBOPEHHS JJIS MAIlieHTa TOJIOCOBUX BIPTYAIIbHUX MEAMYHUX MOMIYHHKIB 3
nigrpumkoro Al, ML, AR, VR. Taki BipTyanbHi MeIW4HI MOMIYHUKH 3[aTHI OPTraHi30BYBaTH
OHJIAH-PO3MOBH, MOXKYTh IHTEPIIPETYBATH BIAMOBIAl MALIEHTIB, CTABUTH YTOYHIOIOY] MUTAHHS Ta
JaBaTH JIi€B1 peKOMEHJallli 3a JOMOMOIOl TEeKCTy abo CHHTe3y MOBJIEHHsS Ha ocHOBI Al, ML
3aMicTh 3a0€3MEUYCHHS MPSMOTO KOHTAKTY 3 KHBUM areHTOM-JIIOJMHOI0. P03po0iieHi roiocosi
BIpTyasbHI MOMIYHUKH Oe3MEpepBHO MOKYTh BUKOHYBATH PI3HOMAaHITHI 3allporpaMoBaHi Habopu
i, 3aIUTH KOPUCTYBaya, reHepyBaTu e()eKTUBHE MPUIHATTS PillIeHb, 1CHTU(IKYBAaTH HA OCHOBI
KOMIT FOTEPHOTO 30py (Di3UYHMI MPOCTip, BU3HAYATH TEOJIOKALl0, CKEPOBYBATH MAIli€HTa MPU
BUKOHAHHI BKa3iBOK, 3a0e3medyroun OuUTbIITy iHTepakTUBHICTH 3acobamu VR, AR #i imiTyBatn
¢daxoBoro MnoMiYHMKAa y BUPINIEHHI MHUTaHb, OyTWU [1€BUMU MPHU JTIarHOCTHII, JIKyBaHHI 1
npodimakTUIi.

BucHoBkH. 3anpoBa/KEHHS MAalliEHTOOPIEHTOBAHOI HU(POBOI KIIHIKA 3 MIATPUMKOIO
texHosorii IoMT ta inrerpaumieto ML, Al, VR, AR mae cyrreBi nepeBaru ajisi MOKpalleHHS
JOTJISINY 3a 370POB’SIM TAIli€HTa Ta HaJaHHA sKicHOI MeawuHoi gomomoru. Texuomorii [oMT
CHPUSIIOTH €BOJIIOLIOHI3AMIT IUPPOBUX KIIIHIK, BIIKPUBAIOTh HOBI MOXJIMBOCTI JIJISl 11arHOCTUKH,
JIKyBaHHSA Ta NPO(]ITAKTUKU TMAalLli€HTIB, 3aBASKM 4YOMY 3aTpeOyBaHICTh I[bOTO KOMIIOHEHTa
cydacHOi U(POBOI €KOCHCTEMH Ma€ BHUPaKEHHH MpHpicT i Oyme 3pocTaTé y MailOyTHbOMY.
Baromum mifcuiIio04MM 1 MEPCEKTUBHUM KOMIIOHEHTOM CydYacHOi LH(POBOI KIIHIKH €
CTBOPEHHS JUIA TMAaIli€HTA TOJIOCOBHUX BIPTYAIbHUX MEIUYHUX MOMIYHUKIB 3 miATpUMKO0 Al, ML,
AR, VR. Taka iHHOBaIlisl pO3IINPIO€ (GYHKIIOHATBHI MOKIMBOCTI HU(PPOBOT KIIHIKH 1 BITHOCHUTB i
JI0 TIOTY’KHOTO 3ac00y B yNpaBJIiHHI 1 AOTJIA1 3a 37J0pOB’AM MallieHTa. 3HAaUMMUI MOTEHIlIa)l Ma€e
3aCTOCYBaHHA BIPTyaJIbHUX MEIWYHUX ITOMIYHUKIB y Taly31 TAKTUYHOT MEUIIMHU.
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CHUCTEMA HIITPUMKHU JUCTAHIIMHOT O HABYAHHSA
JJIs1 HPAINIBHUKIB 3AKJIAAIB OXOPOHHU 310POB’A

Coxkoua O. JI., I'onuapenko O. 0., Atamacs O. O., lamenko O. M.,
Mipomniuenko B. B., llemer 1. A.
TOB «Tpiymd IT», m. Uepkacu, Ykpaina

Anoranisi. Po6oTa nprcBsYeHa MUTaHHAM TiATOTOBKY MPAIliBHUKIB 3aKJIaJ{iB OXOPOHH 310POB’S 710
BUKOPUCTAaHHS MEIUYHHUX iHQOpMaliiiHUX cucTeM y ix mpodeciiiHiii AisSUIBHOCTI B yMOBax IIHUPOKOI
iH(popMaTH3allii cucTeMH OXOpPOHH 310poB’st Ykpainu. O0'eKTOM AOCIiKEHHS € Tpoliec iHpopMaTH3aii
3aKJIaJ[iB OXOPOHH 370poB'a. [IpeMeToM JOCHIKCHHS € CHCTeMa MiATPUMKH TUCTAHIIIHHOTO HaBYAHHS
(CIIAH) na 6a3i miardpopmu Moodle. Meroro nociikeHHs € po3poOKa Ta 3alpOBa/PKCHHS CHUCTEMHU
MiIATPUMKA  JTUCTAHIIHHOTO HaBYaHHSA JUIs TPAIliBHUKIB 3aKJaJiB OXOPOHU 3JIOpOB’S, SKi €
ajMiHICTpaTOpaMu i KOpUCTyBa4aMH MeIW4HOI iHdopmariitHoi cuctemu «Jlokrtop Emekcy. Ilpaktnuna
3HAUYIIICTh AOCHTIKeHHS ronsrae y crBopeHHi CIIJIH nns mpamiBHHKIB 3aKiIajiiB OXOPOHH 310pOB’ S Ta 1l
HAIOBHEHHI JUCTAHIIMHUMH HaBYaJIbHUMH KypcaMH JUIS aJMIiHICTPaTOpiB i KOPHUCTYBadiB MEIUYHOI
iHpopmariiiHoi cuctemu «Jloktop Emnexcy.

KarouoBi ciioBa: enekTpoHHA CHCTEMa OXOPOHH 3/I0POB’sI, MEIMYHI iH(opMalliiiHi cHCTeMH, cucTeMa
MiATPUMKHU JUCTAHIIHOTO HaBuaHHs1, Moodle, nucTaHIiiHui HaBYaJIbHUH KypC.

DISTANCE LEARNING SUPPORT SYSTEM FOR HEALTHCARE EMPLOYEES

Sokol O., Honcharenko O., Atamas O., Dashchenko O., Miroshnichenko V., Shemet I.
"Triumph IT" LLC, Cherkasy, Ukraine

Abstract. The work is devoted to the issues of preparation of employees of health care institutions for
the use of medical information systems in their professional activities in the conditions of wide
informatization of the health care system of Ukraine. The object of research is the process of informatization
of health care institutions. The subject of research is the distance learning support system (DLSS) based on
the Moodle platform. The purpose of the study is to develop and implement a distance learning support
system for employees of health care institutions who are administrators and users of the medical information
system "Doctor Eleks". The practical significance of the study is to create a SPD for health care workers and
fill it with distance learning courses for administrators and users of the medical information system "Doctor
Eleks".

Keywords: ehealth, medical information systems, distance learning support system, Moodle, distance
learning course.
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Beryn. MiHicTepcTBO OXOpOHHU 370pOB’st YKpaiHW y MeXax MeIudHOi pedopMu cepen
NPIOPUTETHUX 3aBJaHb BU3HAYWIIO BIIPOBAKEHHS EJIEKTPOHHOI CHCTEMH OXOpPOHHU 3/10pOB’A
(ECO3). ECO3 sBmsie coboro iHpOpMaLiiHO-TCICKOMYHIKAI[IHY CHCTeMy, 0 3abe3rnedye
ABTOMATHU3AIlII0 BEACHHS OOJIIKY MEIWYHUX IOCIYT Ta YIPaBIiHHSI MEAUYHOK iHGOpPMAIlIE
IUISIXOM CTBOPEHHS, PO3MIIIEHHS, ONPWIIOJHEHHS Ta OOMIiHY 1HGOpMAIli€l0, JTaHUMH 1
JIOKYMEHTaMHU B €JIEKTPOHHOMY BHUIVIAMAL, O CKJIaay sKOi BXOIATh LIEHTpajbHa 0a3a JaHUX Ta
€JICKTPOHHI MeJW4HI iHQOpMaliifHI CHCTEeMH, MK SKHMH 3a0€31eYeHO aBTOMAaTUYHUN OOMIH
iH(opMaliero, JaHUMH Ta JOKYMEHTAaMH uepe3 BiAKpuTuii nmporpamuuii intepdeiic (API) [1, crarts
2, 1. 1.2].

ECO3 cknanaerbes 3 1€pKaBHOIO HEHTPAJILHOTO KOMIIOHEHTA Ta 30BHIIIHBOTO IPUBATHOTO
KOMITIOHEHTAa. 30BHIIIHIA KOMIIOHEHT MPEeACTaBICHUN NPOrpaMHUMH PIIICHHSIMU — IIPUBATHUMMU
METUYHUMU 1HOOpPMAIIHHUMH CHCTEMaMH, IO MAKIYEH] 10 eHTpaibHOro komnonenra ECO3.
Came depe3 HUX KIHIIEBI KOPUCTYBadi, 30KpemMa MeAUYHI IpamiBHUuKH, npaioiots 3 ECO3. Cepen
nux MIC npoinne micie 3aiimae cuctema «Jlokrop Enekcey, 1110 BUKOPUCTOBYETHCS OUIBII HIXK Y
1400 meqnunamX 3akinanax Ykpainu [2]. Meauuna indopmarriiina cucrema «/{okrop Enexc» — xa6
JaHUX MEINYHOTO 3aKiIaiy, Mo OXOILUIIOE BCl HOTo Oi3HEC-TIpolecH, HAJae MOXIIMBICTh BCEOIYHOTO
aHaJli3y Ta o0y I0BH 3BITIB Ha OCHOBI JJAHUX, BHECEHUX B CUCTEMY.

IlocranoBka 3amavi. ToMmMy aKTyaqbHOIN 1 COLIaJbHO 3HAYYIIOK HPOOIEMOIO €
[ijecrpsiMoBaHa poOOTa 3 TMIABHMINEHHSA piBHSA 1HOOPMATUYHUX KOMIICTEHTHOCTEH IIIOJ0
BukopuctanHd MIC mpaiiBHUKIB 3aKiagiB OXOPOHU 3J0pOB’s, 30KpeMa KEpiBHUKIB, JIKapiB,
MEIMYHUX CEecTep, a TAKOXK IHKEHEpPIB-TIPOTPaMiICTiB IHUX 3aKJIaliB, SKi BHUKOHYIOTH pPOJIb
aIMIHICTPATOPIB MEIUYHUX 1HPOpManiiHuX cucteM. Ll mpobiema HaOyBae 1ie OLTBIIOT BATOMOCTI
B ymoBax sik naaemii COVID-19, Tak i BoeHHoro crany B Ykpaini. OIHUM 3 NUISXiB BUPIIICHHS ITi€1
npoOJieMH € OpraHizallisi AUCTAaHIIfHOTO HAaBYaHHs 3a3HAYCHOI KaTeropii MpaliBHHUKIB 3aKJIaiB
OXOPOHH 37I0pOB’s Jisi (OpMyBaHHI y HUX HEOOXiMHUX yMiHb i HaBU4YOK podotu 3 MIC. Taky
opranizamito Oepyrb Ha cebe, SK TpaBmio, KommaHii-po3podHukn MIC, ix maptHepH, 1m0
BIpoBapKyI0Th MIC, a Takox 3akiaiau MiIBUIIEHHS KBamidikaiii MeauyHuX mpariBHUKIB. TOB
«Tpiymd IT» € maptaepom TOB «/lokrop Enekcy i, 30kpema, 31iHCHIOE BOPOBAKEHHS 1 T ITPUMKY
MIC «/loxrop Enexc» y memuunux 3akiafgax sk Yepkacbkol oOnacTi, Tak i1 B IHIIMX perioHax
VYkpaiau. KpiMm TOro, kommnasis nIpornoHye TEXHOJIOTIYHI PillIEHHs, K1 BKJIOYalOTh MiAroToBky IT-
CTpaTerii, IPOEKTYBaHHS, MOHT&X Ta IHCTAJIALI] JIOKAJIBHUX KOMIT IOTEPHUX MEpEX, a TaKOX
MOCTa4aHHS JIIIEH30BaHOTO MPOTPAMHOIO Ta arapaTHOro 3a0e3neyeHHs [3].

MeToro aociaigxeHHsi € po3poOKa Ta 3aMpoOBaHKEHHSI CUCTEMHU MIATPUMKHU AUCTAHI[IHHOTO
HaBYaHHS Ha 0a3i margopmu Moodle 11 npaiiBHUKIB 3aKja/liB OXOPOHHU 3JI0POB’s, SIK1 3aTy4deHi
10 iH(opMaTu3allii 3aKi1a/iB OXOPOHH 3/I0POB’S 1 Ha MPAKTHIIl 3aCTOCOBYIOTh MEINYHY 1HPOpMAaLiHY
cucreMy «Jloxtop Enexcy» y cBoiit mpodeciiiHiil qisIbHOCTI.

OcHoBHa yacTuHA. J[J11 TOCATHEHHS IOCTABIEHOI METH CMIBPOOITHUKHM KommaHii «Tpiymd
IT», cninbHO 3 HAyKOBLSAMHU Kadeapu KOMITIOTEPHHUX HayK Ta cucTeMHoro anamzy YTV,
cripoekTyBai, po3poowmin 1 3anpoaamiu CITIH Ha 6a3i1 6e3xkomToBHOT utargopmu Moodle [4],
110 npu3HaveHa a1 HayaHHA poOoTi 3 MIC «JlokTop Enexc» MeauyHUX MpalliBHUKIB Pi3HUX
KaTeropiif, 30kpema H i1H)XXEHEpIB-IIPOrpamicTiB, SKI BHUKOHYIOTh POJIb aJMIHICTPATOpPIB wLi€i
cucremu. Ha pucynky 1 nogano ¢pparment ronossoi cropinku CIIJIH TOB «Tpiymd 1T».

CIIIH BuKOpHUCTOBYe Yy NMOBHOMY 00cCs31 (pyHKIIOHAN, 10 Hajxae cucremMa Moodle s
oprasizaiii AUCTaHLIHHOTO HaBuaHHS. AJye HalBaxuuBimow ckiaaaoBor CII/IH € meromuune
3a0e3MeueHHs] HaBYaJbHOIO TPOLECy, SKe peaii3oBaHe Yy BHUIVIAJII JUCTAHLIMHUX HaBYAIbHUX
kypciB (JAHK), mo MicTsaTh: HaB4ajgbHI MaTepialu SK y TEKCTOBOMY (opMaTi, Tak 1 y BUIIIAAL
NpEe3eHTAalllif; TeMaTW4HI BiJ€O-JIEKLIi; 3aBJaHHs A MPaKTUYHOI PoOOTH 1 CcaMOCTIHHOTrO
BUKOHAHHS; 3aCO0M U1 KOHTPOJIIO 3aCBOEHHS TEOPETUYHOI0 Marepiainy y ¢opMmi TecTiB; popym
JUIsl OOrOBOPEHHSI aKTyaJIbHHUX MUTaHb 110JI0 BIPOBaKeHHs 1 BUKopuctanus MIC.

Tax IHK nnsa anminictpatopiB MIC «/loxtop Eneke» micTuth Taki Temu: «BcTym. 3aranbHi
HOHATTS Ta BU3HaueHHs», «[lowatok pobotn 3 MIC «/lokrop Enexc». EnexkrponHa menuuna

kapTka namieata B MIC «Jlokrop Enexc»», «Pob6oTa 3 ocHoBHuUME MoaynsimMu MIC: «IlatienTy,
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«Peectparypan, «Jlikap», «Aaminictpatopy, «l[IpuiiMansauii okiity, «CtarioHapy, «DiHaHCHY,
«Cxkmany, «Jlaboparopis», «Pobota 3 iHmuMu moxymsimu MIC: «Mexacectpay, «3amadyHuK»,
«Aynut nokymeHtiB», «PACS/RIS», «Omnepariiina»», «Po3poOka 11a0iIoHIB JOKYMEHTIBY,
«Pobota 3 eHealth». Ha pucynky 2 nomano ¢parment cropinku JJHK «Anminictparop MIC».
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« e-Learning
@ IHcbopmauiiHa TPIYM® T
CTOpIHKG —

£ Kareraop
-

Kypcu 3 MmeguuHoi iHpopMauinHoi cuctemu "[JokTop Enekc"

# KepysaHHs caitom . NEPEATU HA CTOPIHKY KYPCIB \

D Ocobucri chaiian

Kypcu onosHe MeHIo

¥ 3ropuyTH sce

AWSHI IHCDORMOLLAHI

¥  MeaundHa inchopmauiiHa cucTema "Aokrop Eaexc” =) Korraxm
3 Hosun
L Aamikictparop MIC ,
Marepianu
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Pucynok 2 — ®parment cropinku JJHK «Anminicrparop MIC»

[le#t nucTaHmiMHUNA HaBUAIBHUM KypC TaKOXX BHKOPHUCTOBYETHCS Ui HaBYaHHS HOBHX
criBpoOiTHUKIB TOB «Tpiymd IT» mig gac ctaxyBaHHS, a TaKOX Il HaB4aHHs cTyneHTiB IT-
cnemianbHocTet YTV, ki mpoxoasaTs BUpoOHUYY MPaKTUKY Ha 0a3i kommaii. [Ticns ycmimuoro
HaBYaHHS Ha Kypcax, cllyxadi OTpUMYIOTh BiAMOBIAHUH cepTUiKar.

VY nomnoBiai OuIbIn JeTanbHO Oyne pO3MIAHYTO 3MicT mporpamu 3asHaueHoro JIHK,
IPOaHaJIi30BaHO MpOrpaMHe 3a0e3neueHHs, 1[0 BUKOPUCTOBYETHCS I1iJ] 4aCc HaBYaHHS, 30KpeMa:
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MIC «JlokxTop Enekcy», 3aco0u njisi MpoBEACHHS OHJIANH-3aHsITh, @ TAKOX OYIyTh MPEACTABICHI
pe3yabTaTu anmpoOartii mporpamu Kypcy st anMidictparopis MIC.

BucnoBku. Baxxinusa posb y mpotieci iHpopmaTu3aiiii cHCTeMH OXOPOHH 3/I0pOB’sl B YKpaiHi
B3arajai 1 KOXKHOTO MEAMYHOTO 3aKJIay 30KpeMa HaJle)KUThb MEAUYHUM IMpaiiBHUKaM. Tomy
noTpiOHa cUCTeMaTH4YHA 1 LiJeclpsiMOBaHa poOOTa 3 MIATOTOBKU SIK MaWOYTHIX, Tak 1 AIFOYUX
MEIMYHUX TIPAI[iBHUKIB 7O BHUKOPHUCTaHHS iH(OpPMAIifHUX TEXHOJOTIM 1 MeIUYHUX
iH(pOpMaLiifHUX cHCTeM Y iX mpodeciiHii AisabHOCTI. L{fo po6oTy ycHimHO BUKOHYIOTh KOMIaHii-
napTHepu po3pooHukis MIC.

[IpakTuHa 3HAYYIIICTh JOCHIDKeHHS mojsrae y crtBopeHHi CIIJIH nns mpariBHUKIB
3aKJIaJ[iB OXOPOHHM 3JI0pOB’S Ta i HAIMOBHEHHI AWCTAHI[IHHUMHU HAaBUATBHUMH KypcaMu st
a/IMIHICTPATOPIB 1 KOPUCTYBauiB MeIn4HOI iH(pOpMaIiitHOi cucteMu «JlokTop Enexcy.

Cnncoxk BUKOPUCTAHUX JIZKepeJ
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MOJEJIOBAHHSA JTUHAMIKH PO3IIOBCHOI’KEHHSA COVID-19
3A JTOITIOMOT' OIO METOAY I'PAAIEHTHOI'O HIACUJIFOBAHHSA

Yymauenko J. 1.}, Yymauenko T. 0.2, Mensiinos €. C.}, Mypaasu O. C.5, Koarkepuu I'. M.2
'Hanionansauii aepoxocMivnuii yaisepcuter iM. M. €. JKykoBchkoro
«XapKiBCbKUH aBlalliiHUI IHCTUTYT», M. XapKiB, YKpaiHa
2XapkiBChKMii HAlliOHANBHUI MeIUUHMiT yHiBepcuTeT, M. XapkKiB, Ykpaina
$XapkiBchknii HanioHanbHUIA yHiBepcuTeT imMeni B. H. Kapasina, m. Xapkis, Ykpaina

Anoramisn. [lanmemiss HOBOro KoOpoOHaBipycy BIUIMHYJa Ha BCi cepu JIOJICBKOTO JKUTTSA Ta
MPOJIOBXKYE MOIIUPIOBATUCH CBITOM. EQEKTUBHUM iHCTpPYMEHTOM JJIsl PO3POOKH HAYKOBO OOTPYHTOBaHHUX
npodilaKTHYHUX Ta IPOTUETIIEMIYHUX 3aXO01B JJIsl CTPUMYBAHHS IaHAEMIYHOTO PO3IIOBCIOIKCHHS BIpyCY
€ imiTaniiiHe MoaenmtoBaHHs. HallO1IbIy TOYHICTH pO3paxXyHKY IMPOTHO3HOI 3aXBOPIOBAHOCTI Ha iH(EKIIiiHI
XBOpOOM MarTh METOIM MAIIMHHOTO HaBYaHHS. B paMkax IIbOro JOCITIKEHHS MOOYZOBaHAa MOJEIb
emigemiuoro mnpomecy COVID-19 nHa 3acagax MeToay Tpami€eHTHOrO —MmifcHiItoBaHHA. Jlis
eKCIIEpUMEHTAIFHOTO JIOCTI/KEHHsI OyJIO MPOBEACHO HANANITYBaHHS MOJAENI JUIsi YKpaiHM Ta cyciTHiX
kpain: Mongosu, [Tonbmii, Pymynii, CroBauunnau ta YropmuHa. st iepeBipku aJeKBaTHOCTI Mojeni
BUKOPHUCTaH1 JIaHi PO 3aXBOPIOBAHICTh HAa KOPOHABIpyC Ha BiMOBIAHUX TepUTOpiax. Bubip takux kpain
TaKOXX JIO3BOJISIE OI[IHUTH YHIBEPCAIBHICTh MOJIENi, OCKUTBKA Ha TEPUTOPIsIX, IO TOCIiIKYIOTHCS,
emiZIeMiYHUI TpolleC Ma€ Pi3HUN XapakTep, a YpsSau KpaiH 3ampoBaKyBald Pi3HI KOHTPOJBHI 3aXO[H.
Pe3ynpratn MOAEIIOBaHHS MMOKA3ald BUCOKY TOYHICTB, IIO JIO3BOJISIE BUKOPUCTaHHS MOJENI B NPAKTHII
OXOPOHU 3]I0POB’ 1.

KarouoBi cioBa: emigemiuyHa MoJielib, MAIlTHHHE HaBYaHHS, TPA/Ii€HTHE TTOCHJICHHS, MOJICJIIOBaHHS
COVID-19.

SIMULATION OF THE COVID-19 DISTRIBUTION DYNAMICS
USING THE GRADIENT BOOSTING METHOD

Chumachenko D.1, Chumachenko T.2, Meniailov 1.}, Muradyan 0.3, Zholkevych G.3
!National Aerospace University "Kharkiv Aviation Institute”, Kharkiv, Ukraine
2Kharkiv National Medical University, Kharkiv, Ukraine
V. N. Karazin Kharkiv National University, Kharkiv, Ukraine

Abstract. The new coronavirus pandemic has affected all spheres of human life and continues to
spread around the world. Simulation modeling is an effective tool for developing evidence-based preventive
and anti-epidemic measures to contain the pandemic spread of the virus. Machine learning methods have the
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highest accuracy in calculating the predicted incidence of infectious diseases. As a part of this study, a model
of the COVID-19 epidemic process is built based on the gradient boosting method. For the experimental
study, the model is tuned for Ukraine and neighboring countries: Moldova, Poland, Romania, Slovakia, and
Hungary. To test the adequacy of the model, data on the incidence of coronavirus in the respective territories
have been used. The choice of such countries also makes it possible to assess the model's universality since
the epidemic process has a different character in the studied territories, and the countries' governments have
introduced various control measures. The simulation results have shown high accuracy, allowing the use of
the model in healthcare practice.
Keywords: epidemic model, machine learning, gradient boosting, COVID-19 simulation.

Beryn. Koponagipycna indekiiss (COVID-19) Bukiukae TsHKKE TOCTpPE 3aXBOPIOBAHHS 3
PO3BHUTKOM Y PsiJii BUMAJIKIB PECHIpPaTOPHOTO TUCTpec-cuHapoMy. Bunanku 3apaxenns COVID-19
3apeecTpoBaHi y OUIBIIOCTI KpaiH CBITY Ha BCIX KOHTHHEHTaX. 3aXBOPIOBaHHS, BUKIIMKaHE HOBHM
KopoHaBipycoMm, Oyno HazBano BOO3 COVID-19, noBoio a0peBiaTyporo, OTPUMaHOI 3
Coronavirus Disease 2019. ImiTamniiine MmoaentoBaHHs € €()EKTUBHIUM IHCTPYMEHTOM JUII BUBYCHHS
enigemiynoro mporecy COVID-19. Mogeni 3axBOpPIOBaHOCTI J03BOJIAIOTH TPOTHO3YBAaTH il
JUHAMIKY, @ TaKOX BUSBIATH (HaKTOpH, LI0 HANWOUIbIIE BIUIMBAIOTH HA PO3BUTOK emigemii. Lle
J03BOJIAE 0c00aM, sIKi MPUKWMAIOTh PIlIEHHS, BIIPOBA)KYBAaTH HAYKOBO-OOTPYHTOBaHi1 e€(eKTHUBHI
MPOTUENIAEMIUHI Ta KOHTPOJIbHI 3axoau ia cTpuMyBaHHs manaemii COVID-19 Ha koHKpeTHUX
TEPUTOPISX.

IlocranoBka 3amadvi. AnexkBaTHuUH mporHo3 3axBoptoBaHocti Ha COVID-19 no3Bomnse
BIIPOBAIUTH HAYKOBO OOIPYHTOBaHI MpO(]iIaKTHYHI Ta MPOTHUEMIAEMIYHI 3aX0IH IJIsi CTPUMAHHS
MaHACMIYHOTO PO3BHTKY 3axBOproBaHOCTI. Jlns moOymOoBM MOJENi BHKOPUCTaHI IIOACHHI
KyMYJISTUBHI AaHi 3axBoproBaHocTi Ha COVID-19 Ha BuUOpaHUX TEPUTOPISIX.

MeTto1o nociaizkeHHs1 € po3poOKa MOJeNi MAIIMHHOTO HAaBYAHHS €IiJeMiYHOTO TPOIECy
COVID-19 na 3acagax MeToly rpalieHTHOTO MOCHJICHHS.

Marepiaau Ta meroau. I'pagientae nocuienns (Gradient Boosting) — e MeTo1 MamHHOTO
HABYAHHS I 3aBJaHb Kiacudikaiii Ta perpecii, skuii Oyaye MPOrHOCTUYHY MOJIETh B aHCaMOITi
cnabkux mojeneit [1]. Y Hamomy BUMaIKy IpaJi€eHTHE MOCHJICHHS Lie aHCaMOJb JAepeB PillieHb.
Metoxa TpyHTY€eThCS Ha ITEpaTUBHOMY HaBUaHHI JepeB pillleHb UId MiHiMi3amii (yHKIii BTpaT.
3aBIsSKA  OCOONIMBOCTSM JIEPEB pIICHb TPAJI€EHTHE TOCHWJIGHHS MOXKE TMpamioBaTd 3
KaTeropialbHUMHU O3HAaKaMH Ta CIpaBIATHCS 3 HeniHidHocTsAMH. IlocunenHs — 1e meron
MIEPETBOPEHHS TOraHO HaBYEHUX Mojeliel Ha no0pe HaBueHi. i yac mMOCUIIEHHS KOKHE HOBE
JIepeBO HaBYA€ThCS Ha MOJU(iKoBaHIN Bepcii BUXiAHOro Habopy NaHuX. '0I0BHMMH IepeBaramMu
METOAY € MPOCTOTa y peaizalii, MOKJIUBICTh ITEPaTUBHOTO BUIPABJICHHS CIA0KUX MOMMUIIOK
Kiacudikaropa, 1o MiJBUIIYE TOYHICTD IIJITXOM MTO€THAHHS BPa3IUBUX YUHIB, METOJ] HE CXUJIHbHUIN
JI0 TIepeHaBYaHHs [2].

PesyabraTn. Monens enigemiunoro mnpouecy COVID-19 Oyna mepeBipeHa Ha OCHOBI
IIOJICHHOI KyMYJISITUBHOI CTaTUCTUKHA HOBHUX BHIAJKIB B YKpaini, Yropumai, Monaosi, [Tombi,
Pymynii Ta CnoBayuuHi. Bynu BukopucTroByBanu aaHi, Hafadi LIeHTpoM rpomaJicbKoro 370poB's
MiHicTepcTBa OXOPOHM 3710pOB'st YKpaiHu JUlsl YKpaiHChbKUX JIaHUX Ta AaHl PecypcHoro neHTpy 3
KOpoHaBipycy YHiBepcuteTy [I>xoHa XomnkiHca sl CYCiIHIX 3 YKpaiHolo KpaiH. MeTpukamu 1iis
OLIIHKM aJIeKBaTHOCTI MoJieli Oynu cepenns adbcontoTHa nomuiika (MAE) Ta cepeaHbokBaipaTHUHA
nomuiika (MSE). Pezynbratu MmoaentoBanHs HaBeseH1 B Ta0uii 1. [Iporpamua peanizauist Moaeni
BHKOHAHa 3a JIOIOMOT'OF0 MOBH IiporpamyBaHHs Python.

Tabnuns 1 — Pe3yjabTaTn Mojie/Il0BaAaHHSA

Kpaina MAE MSE
Momanosa 275,75 166087,96
[Monpma 2151,16 13180096,34
PymyHis 1062,50 2633408,14
CroBayunHa 261,20 232483,32
VYropumHa 545,109 954897,51
VYkpaina 2223,71 11929595,02
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3a 1I0moMOror0 MojIeli 00YHCIEHO MPOTHO3HY KYMYJIATHBHY 3axBoproBaHicTh Ha COVID-19
Ha BIJIMOBITHUX TEPUTOPIsAX. Pe3ynbrar nporuosy mis YKpaiHu HaBeJeHO Ha PUCYHKY 1.

et Precited total cases number | Actual total cases number
—— Gradient Boosting

Actual data
2.0

0

Predicted total cases number

1] 'I.:II'.I )r:.'l 200 -11'::.1 a0
Date range

Pucynok 1 — IIporno3 kymynsatuBHIX HOBUX BHNaakiB COVID-19 B Ykpaini

HesBaxaroun Ha Te, MO aOCONIOTHI MOXMOKM 3/AIOTHCS BEIMKHMHU, BOHH 3aJ€XKaTh Bif
3arajabHOI KUTBKOCTI BUMAJIKIB, 10 3apeecTpOBaHi y BIANOBIAHIN KpaiHi. Tak, BiAHOCHA moxuOka
s Ykpainu cknana 0,772 nns HaBuanbHOi BuOipku Ta 0,258 miis trecroBoi BuOipku. HeBenuka
PI3HUII B TOXMOKAX /s pi3HUX BUOIPOK TOBOPUTH MPO T€, 110 MOJIEIIb HE € MEPEHABYECHOIO.

CknamHicTe Mo rpanieHTHoro nocuieHHs craHoButbh O (M n lognd), 1e M — kinbKicTbh
nepeB. SIk mpaBuIIo, 1151 MOJIENTb 3aiiMae OiTbIIe Yacy, HiXK BUITAJKOBHH JIiC, TOMY IIIO BOHA Oyaye
HACTYITHE JIEPEBO Ha OCHOBI MTOMMWJIKH a00 3JIMIIKY MTOTIEPETHHOTO IEPEBa, TOMY IIPOIIEC HE MOKHA
pO3MapajeuTH MOPIBHAHO 3 BUIIAJIKOBUM JIICOM.

BucHoBku. OriHka MoJeJli MAlIMHHOIO HAaBYaHHS HAa OCHOBI METOAY TIpPai€HTHOTO
MOCUJIEHHS /Il IPOTHO3yBaHHA 3axBoproBaHocTi Ha COVID-19 nokasana, 1o BoHa Moxe OyTu
BUKOpPUCTaHA B TMPAKTUIII TPOMAJCHKOI OXOPOHHW 37I0pPOB'S JJIsi OOIPYHTYBaHHS Ta IUIAaHYBaHHS
MPOTHUETIIEMIYHUX 3aXO0JIB. 3aJ€XHO BiJl TPUBAIOCTI MOOYAOBAHOTO MPOTHO3Y BIH MOXE OyTH
BUKOPUCTAaHUN (axiBLSIMU OXOPOHM 370pOB'Sl IJIi BUPILIEHHS PI3HUX 3aBJaHb: ONEPATUBHOIO
aHai3y ePEeKTUBHOCTI peasli30BaHUX KOHTPOJIBHUX 3aXOJIB, OIIHKH €(EKTUBHOCTI TIAHOBAHMX
OOMEXYBaJIbHUX Ta MNPO(MITAKTUUHUX 3aXOJIB, OIIHKH 00CATY pecypciB, HEOOXiIHUX [UIs
3a0e3MeueHHs Malli€HTIB HAJeKHUM JOTJSA0M (KUIBKICTh JIKOK, MOAaya KUCHIO, YMCEIbHICTh
MEIMYHOTO MEepPCOoHay Ta iH.). BUKOpUCTaHHS IMITalLlIfHOIO MOJEIIOBAaHHS JJO3BOJISIE BPaxyBaTH
¢dakropy, IO BIUIMBAIOTh Ha JAWHAMIKY eNIAEMIYHOTO NpOLECy, Ta HAyKOBO OOIpYHTYBaTH
HEOOX1/IHICTh 3alpOBa/PKEHHS NPOTHEMIIEMIYHUX 3aXOMiB, CIPSAMOBAaHUX Ha IPUIIHHEHHS
nagaeMii Ha okpemux Teputopisx. [IporHo3m st cycimHix 3 YKpaiHOIO KpaiH JaioTh 3MOTY
pO3po0OuTH ePEeKTUBHY MOJITUKY B'I3/1y B KpaiHy, a TAKOX OLIIHUTH PU3UKH, NTOB'SI3aH1 3 IUHAMIKOIO
noupeHHss COVID-19 Ha npuieranux TepuTopisx.

HenonikoM Mozeni € HEMOXJIMBICTh BH3Hau€HHs (DaKTOpiB, 10 BIUIMBAIOTh HAa PO3BUTOK
3aXBOPIOBAHOCTI, TOMY ITEPCIIEKTUBHUM HANpPsIMOM JOCII)KEHb € CTBOPEHHSI KOMOIHOBaHOI MOei
MAIIMHHOTO HABYaHHS 3 BUKOPUCTAHHSIM MYJbTHATEHTHOTO MiAXO0Iy. 32 PaXyHOK BHKOPHCTAHHS
MoJjiee MallIMHHOTO HaBYaHHSI MyJIbTUAreHTHI MO/IENI MiIBUILATh TOYHICTh IPOTHO3YBaHHS, MIpU
IbOMY 3'SBUTBCSI MOXJIMBICTH TPOBEACHHS EKCHEPUMEHTAIBHUAX JIOCHIKEHb 3  OIlIHKH
e(eKTUBHOCTI peari30oBaHUX MPOTUETIAEMIYHUX 3aXO/IB.

HaykoBa HOBU3HA JOCHIKEHHS MOJIATAa€ Y pO3po0Ili Ta BUBYEHHI MOJIEJIe eMepIKEeHTHUX
iH¢pekuii, Ha npukiaagi COVID-19 Ha OCHOBI MPOCTUX METOMAIB CTATUCTUYHOTO MAIIMHHOTO
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HaBYyaHHs. [IpakThyHa HOBHM3HA MJOCHTIKEHHS MOJArae y BIPOBAIKEHHI aBTOMATH30BaHOIO
IHCTPYMEHTY OIlIHKM JuHaMmiku emigeMiynoro mporuecy COVID-19 na piznux tepuropisx. e
OJIHIEI0 ICTOTHOIO MPAKTHYHOIO IIIHHICTIO € 3/IaTHICTh €KCIEPTIB Yy Taly3l OXOPOHH 30pOB'S
MpuUiiMaTH pileHHs juire Ha ocHOBI HOBUX BumaakiB COVID-19. Ile 0coO6nmMBO akTyalbHO ISt
MiCIIb, J1e 30MpaHHs 1HIINX TaHUX PO MAIiEHTIB HEMOXIIMBE Yepe3 HU3bKe (piHAHCYBaHHS CUCTEMHU
OXOpPOHHM 310pOB's 200 dopc-MaxkopHi oOcraBuan. Hampukiian, B ymoBax BiliHH Pocii B YkpaiHi
HEMOXKJIMBO 310paTH moBHi AaHi mpo xBopux Ha COVID-19, 0co611BO HAa THMYACOBO OKYITOBAaHUX
TEPUTOPISIX 1 TEPUTOPISX, /1€ BEAYThCA aKTUBHI 00#OBI [ii. 32 TAKUX YMOB NMPOTOHOBAHMH TT1IX1/1
OyJle MPaKTUYHUM JUIsl CBOEYACHOTO KOHTPOJIIO ermigemMiunoro mnpoiecy COVID-19.

HocnikenHs BuKkoHaHe B pamkax mnpoekty 0121U109814 «Cormiosnoro-mareMaTuyHe
MOJIeTFOBaHHs €(DEKTUBHOCTI YIIPABIIIHHS COIIaTbHO-EIAeMIYHUMH MPOIIECaMU JIs 3203 MEUCHHS
HaIloHAJIbHOT Oe3nexkn YKpainm», mo ¢GpiHaHCcyeThcsi MiHICTEpPCTBOM OCBITH 1 HAYKH Y KpaiHH.

Cnuncoxk BUKOPUCTAHUX JIZKepeJt
1. Natekin A., Knoll A. Gradient boosting machines: a tutorial. Frontiers in Neurorobotics. 2013.
Vol. 7. P. 21.
2. Friedman J. H. Greedy function approximation: a gradient boosting machine. The Annals of
Statistics. 2001. Vol. 29. No. 5. P. 1189-1232.
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Cekuis L. [npopmartiiiHo-KOMyHIKaIliitH1 TEXHOJIOTIi B OCBITI

TH®OPMAIIMHA TEXHOJIOI'IS YIPABJIIHHSA OCBITHIM ITPOIIECOM
YHIBEPCUTETY

Amupoga A. B., Kanitan O. B., Koxem’sikin O. C., 3acna I'. O.
Uepkachkuiil 1epKaBHUM TEXHOJIOTTYHUMA yHiBepcuTeT, M. Uepkacu, Ykpaina

AHoTanisi. Po3rmsimaeTscst CTpyKTypa Mozeni iH(GOpMAaImiifHOT TEXHOJIOTii YIpaBIiiHHS OCBITHIM
MPOIIECOM B paMKax 1upoBoi TpanchopMarllii yHiBepcutety. [lpu po3po0dini Mozei BUKOPUCTAHO TAXif,
KU PO3TJIAAae yNPaBIiHHS OCBITHIM TPOIECOM SK CKIQJIHWUN, JMHAMIYHHHA, PI3HOBEKTOPHHMIA IMPOIEC.
PosrmsayTo mporecn iHTerpamii OKpeMHxX iCHYIOUHMX 1H(QOPMAIIMHAX CHCTEM B €IMHY aBTOMAaTH30BaHY
CHCTEeMY YIIPaBIiHHS OCBITHIM IPOIIECOM Ta iX OCHOBHI B3a€MO3B’s3Kku. IlomiOHa iHTErpamis T03BOIMIA
ONTHMI3YBAaTH MPOIIECH YIPABIIHHS OCBITHIM ITPOILIECOM, TIOKPAIIUTH ONEPATUBHICTh POOOTH CTPYKTYPHUX
MiAPO3IiTIB YHIBEPCUTETY, CTUMYIIOBATH MOMANBIIANA PO3BUTOK TEXHOJOTiH MUCTAHIIHHOTO HaBYaHHS,
MTOKPAIUTH SKICTh MiATOTOBKH (haxiBIIiB TOIIIO.

Karouogi ciioBa: Mojienb, iHhopMalliiiHa TeXHOJIOTIs, YIIPaBIIiHHS, OCBITHIH mpoIiec.

INFORMATIONAL TECHNOLOGY OF EDUCATIONAL PROCESS MANAGEMENT
OF THE UNIVERSITY

Ashyrova A., Kapitan O., Kozhemiakin O., Zaspa G.
Cherkasy State Technological University, Cherkasy, Ukraine

Abstract. The structure of the model of information technology of educational process management
within the digital transformation of the university is considered. In developing the model, an approach is
used that considers the management of the educational process as a complex, dynamic, multi-vector
process. The processes of integration of some existing information systems into a single automated control
system of the educational process and their main relationships are considered. Such integration allows to
optimize the processes of educational process management, improve the efficiency of structural units of
the university, stimulate further development of distance learning technologies, improve the quality of
training, etc.

Keywords: model, information technology, management, educational process.

Beryn. Ha ganwmii yac B 6aratbox 3akiiajjax BUIIO OCBITH YaCTKOBO JOCSTHYTO BiJMOBIIHUN
pIBEHb amapaTHOro 1 MPOrpaMHOro 3a0e3MeYeHHs BHYTPINIHIX CHCTEM MiATPUMKH OCBITHBOI
JISUTBHOCTI, ajie TOJIOBHUM 3aBJaHHSM JOCI 3aJUINAEThcs 3a0e3MeUeHHs] BUCOKOI €(EeKTUBHOCTI
BUKOPHUCTAHHA JaHUX 3ac001B JUIsl YIPABIIIHHS OCBITHIM MPOIIECOM.

IMocranoBka 3agaui. IIpu po3pobui iH(popMaliifHOT TEXHOJIOTIi YIpaBliHHSA OCBITHIM
IPOLIECOM B YHIBEPCUTETI HEOOX1JHO BUKOPHMCTATH MiJXiJA, KU PO3IIISIa€ OpraHizaiiio Takoi
JISUTBHOCTI SIK €JMHUHN TPOLEC, 110 CKIANAeThes 3 0araTb0X OKpeMHX Pi3HO(YHKIIOHAIBHUX aje
B3a€MOIIOB’3aHUX TMPOIIECIB, 3 YpPaxyBaHHSM CKJIAJHOCTI OCBITHBOTO IIpOLIECY Yepe3 HOro
JUHAMIYHICTh Ta 0araTo3ajayHiCTb, pPI3HOBEKTOPHICTb, OCKUIBKH, TMOTPIOHO OJHOYACHO
3a0e3neuyBatd (QYHKIIOHYBaHHS 0araTbOX CTPYKTYpPHHUX MIJpO3JAUIIB  YHIBEPCUTETY Ta
KOMYHIKAIIi1 i3 30BHIIIHIMH CTPYKTYpaMH.

Metoro poGoTH € CTBOpeHHS MoAeli 1H(OPMAIIiHOT TEXHOJIOTiI YIpPaBIiHHA OCBITHIM
IPOIIECOM B paMKax IIM(poBoi TpaHchopmallii yHIBEPCUTETY.

OcHoBHa yacTuHa. Monens iH(OpMaIIHHOT TEXHOJOTIi YIpaBIiHHS OCBITHIM IMPOIIECOM
(pucyHok 1) € moAanbIIUM PO3BUTKOM MOJENI iHPOPMAIIHHOI CUCTEMH YIPaBIiHHS OCBITHBOIO
JisUTbHICTIO YepKachKoro JIep:KaBHOTO TEXHOJOrIYHOro yHiBepcurery [1]. Bona moennye mix
c00010 ICHYIOY1 B YHIBEPCUTETI OKpeMi iHPOpMAaLIiiiHI CUCTEMH, 1110 BUKOHYIOTH BiJIIIOBITHI OKpeMi
¢yHKIIT, 1 B KOMIUIEKCI HaJalOTh MOXJIMBICTh MOKPAIIUTH PIBEHb aBTOMATH3allli yNpaBIiHHS
OCBITHIM TPOIIECOM.
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SAnapom Mopeni ympaBiIiHHS OCBITHIM MPOIECOM € 1H(OpMaIliiiHO-aHAIITUYHA CHCTEMa
niaTpuMKkn ocBiTHROI AisuibHOCTI (IACTIO/) [2], sika akymystro€e B co01 BCi BITOMOCTI PO OCBITHI
JocsArHeHHs 3100yBayiB BuI0i ocBiTH (3BO) 3a nmepiog HaBuaHHS, 3 MOAATBIINM (OPMYBAHHSIM O
3aBEpIICHHIO HaBUaHHsS JTOKyMeHTiB mpo Buily ocity. IACIIO/l cuHXpoHi3yeTbess 3 €IUHOIO
JIep>KaBHOIO cucTeMoro 3 muTanb ocBit (€JIEBO) B yacTuHI epcoHAIBHUX JTaHUX 3/100yBaviB Ta
3 Monynsimu nakera nporpaM «Ilomitek-CODTy, 3 kuxX, 30KpemMa, OTPUMY€E MaKeT JaHHUX I0JI0
OCBITHIX KOMITOHEHT BiJIIOBIJIHOrO HABYAJIBHOTO IJIAaHY OCBITHBOI MPOTrpaMu, Ta JAaHi HAYKOBO-
nenaroriyHux npanisaukis (HITIT).
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Pucynok 8 — Mogens iHpopMariitHOT TeXHOOTIT YIPaBIiHHS OCBITHIM IPOIIECOM

BaxxnuBow CKIIa0BOIO MOJEII, IO PO3TISIAETHCS, € CUCTEMA MIATPUMKH AUCTAHI[IHHOTO
HaByaHHs (CIIIH), sika po3ropuyra Ha 6a31 LMS Moodle. CIT[IH € cBo€epiTHUM OCBITHIM XaOoM,
Jie 30CEepe/PKeHO HaBYAJIIbHO-METOJMYHI Ta 3BITHI MaTepiaau Ais 3a0e3ledyeHHs YCiX BUJIB
HaBYAJIbHUX 3aHATh, IHTEPAKTUBHI 1HCTPYMEHTH MJIS TNPOBEJCHHS 3aHATh 3 BUKOPUCTAHHSAM
CTOpOHHIN cepBiciB. 3a paxyHok cunxponizauii 3 [ACIIOJl ta enexkTpoHHOIO 610J110TEUHOIO
cucremoro (EBC) B CIT/IH mocTiifHO OHOBITIOFOTBCS BIJOMOCTI 1010 Ha3B HaBYAIbHUX JUCITUILTIH,
HIIII, mudpis Ta ckIaaiB akaJeMIuHUX TPYII, HABYATIbHO-METOAMYHOT0 3a0e31eUeHHs HaBYaIbHUX
mucturmiid. [Ticns gopmyBanns B CIIJIH enexTpoHHUX KypHaIiB 3 pe3yiabTaTaMu HaBuaHHs 3BO
32 KOKHOIO HaBYAJIBHOIO AUCHMILIIHOWO, 11 jAaHi nepenatotbes 1o IACIIO/ ans gopmyBanHs
JPYKOBAaHUX BapiaHTIB BIJOMOCTEH 00JIIKY YCHIIIHOCTI Ta, B MOAAJIBIIOMY, JOJATKY /10 TUILIOMY.

B3aemonis CIT/IH ta EBC i3 cuctemoro enekrponHoro nokymeHToo0iry (CE/l) «Prima Docy»
JI03BOJIMJIAa TIOBHICTIO TepeBecTH B LHUQPpoBUil (opMar Mpoluec po3risay, HOTOMKEHHS 1
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3aTBEPKEHHST HOPMATHBHUX JOKYMEHTIB, LI0 CKJIaJal0Th OCHOBY YCiX KOMIIOHEHT OCBITHBOI
Iporpamu, 30KpeMa, IporpaM HaB4aJbHUX JUCIHUILIIH Ta HABYAJIbHO-METOIUYHUX PO3POOOK.

Iarerparist CIT/IH 3 oxniero 31 ckitagoBux nakera mporpam Microsoft Office 365 — Microsoft
Teams Hazae MOXKIUBICTH CHHXPOHI3yBaTH po3kian 3auate HIIIL, 3a skum B Teams npoBoasThCs
3aHATTS B JAMCTaHIiiHOMY (opmaTi, 3 HaBuainbHUM KoHTeHToM CIIJIH, mo BHKOpHUCTOBYETHCS
HIIIT i gac 3aHSATh.

BucHoBku. 3acrocyBaHHS Mojeni iH(OPMAIIHOI TEXHOJOril YHpaBIiHHS OCBITHIM
MIPOIIECOM 3a0€3MEeUNTh MOXIJIMBICTh MOETHAHHSA OKPEeMHX 1H(POPMAIITHUX CHUCTEM B €JIUHY, IO
JTO3BOJIUTH ONTHUMI3yBAaTH MPOLIECH YIPABIIHHSA OCBITHIM MPOIECOM, MOKPAIIUTH ONEPATUBHICTD
pOOOTH CTPYKTYPHUX IMiIPO3/IIJIIB YHIBEPCUTETY, CTUMYIIOBATH MTOAATBIIHNA PO3BUTOK TEXHOJIOTTH
JUCTaHIIMHOTO HaBYaHHSI, IOKPAITUTH SKICTh MIATOTOBKH (PaxiBIliB TOIIO.

Cnuncoxk BUKOPUCTAHUX JIZKepeJt
1. AmmpoBa A. B., 3acma I'. O., Kamitan O. B., Koxem’sxin O. C. Indopmariiina crucrema
YIPaBIiHHI OCBITHBOIO JISUTLHICTIO YHIBEpCUTETY. [Hppopmayiiini mexuonoeii — 2021: 36. mes VIII Bceyxp.
HAYK.-npaxkm. KoHgh. monooux nayxosyis, (M. Kuis, 20 tpag. 2021 p.). Kuis, 2021. C. 3-5.
2. Tpuyc 1O.B.,3acnal. O., Koxem'sikin O. C., Amuposa A. B. [apopmariitHo-aHaziTHYHA CCTEMa
MiATPUMKA OCBITHBOI TiSUTBHOCTI CTPYKTYPHUX MiAPO3ILTIB 3aKIaiB BUIIOI OCBITH. BicHuk Yepracvkozo
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EJIEMEHTHU WEB-IIPOTPAMYBAHHS B PO3I1J11
«METOAUKA HABYAHHS IHOOPMATHUKHN»

Bpeckina JI. B., JIo6anos O. O., lllysanosa O. 1.
[TiBneHHOYKpaiHChKUI HalllOHATBHUI Niefaroriyauil yHiepeuret iMmeHi K. JI. YmuHcbkoro,
M. Opeca, Ykpaina

Anoranisi. ITizroroBka cydacHoro Buutens [HpopMaTWKuM HIIBHO IMOB’S3aHAa 3 IHHOBAIIHHUMU
METOAMKaMH BUKJIaJaHHS [i€l JUCIUIUTIHY Y IIKOJi. 3MicT npeamera «MeToauka HaB4aHHs [HpopMaTHKU
0a3yeThbcsl Ha IEPEOBUX JIOCITIPKSHHSX, 0 BIPOBA/DKYIOTECS Y MIKUIBHUN HaBYAIBHHUHI Tporiec. B mpomy
JIOCITI/DKeHH] HAaBEICHO OOIPYHTYBAHHSI JOIIBHOCTI BUBYEHHS WED-porpaMyBaHHs sSIK OCHOBH PO3JLIY,
QITOPUTMHU 1 TIporpaMu Kypcy «MeToanka HaB4aHHS [HpopmaTtnkm». MeTonuka IOCTIDKEHHS BKIFOYa€e
KPUTUYHUN aHajily HAyKOBOi 1 METOJUYHOI JITepaTypw, OTPHUMaHHS TNPAKTHYHOTO JOCBiady,
CTIIOCTepeKeHHs, Oeci/in, eKCliepUMeHTaIbHE BIPOBA/KEHHS, 301p 1 aHaJli3 pe3yabTarTiB.

KiuwouoBi ciaoBa: Meronuka HaByaHHsA [HQOpPMATHKH, airOpUTMH Ta Mmporpamu, Web-
IporpamMyBaHHS.

ELEMENTS OF WEB-PROGRAMMING IN THE SECTION
"METHODS OF TEACHING INFORMATICS"

Breskina L., Lobanov O., Shuvalova O.
South Ukrainian National Pedagogical University named after K. D. Ushynsky, Odessa, Ukraine

Abstract. The training of the modern teacher of Informatics is closely connected with the innovative
methods of teaching this discipline at school. The content of the subject "Methods of teaching Informatics™
is based on advanced research implemented in the school educational process. In this study, the substantiation
of the expediency of studying Web programming as the basis of the section algorithms and programs of the
course "Methods of teaching Informatics" is given. Research methods include critical analysis of scientific
and methodological literature, practical experience, observation, interviews, experimental implementation,
collection and analysis of results..

Keywords: methods of teaching Informatics, algorithms and programs, Web-programming.

Beryn. 3poctanHs poni iHQOpMaLifHUX TEXHOJIOTIH y MOBCAKICHHOMY JKUTTI MiJHIMAe
BUMOTH 110 ipeameTy «IHpopMaThka» y MIKOII 1 BAMOTH A0 MiITOTOBKA MalOyTHHOTO BUUTENS Y
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Bumax. Cy4acHICTh XapaKTEPU3YETHCS 3pOCTAaHHAM PoJii 3ac00iB iH(OpMAIIHHO-KOMYHIKAIIHHAX
TEXHOJIOTIM Ta iX BIUIUBY Ha BCl cdepu XUTTS. [IlutaHHS po3poOseHHS €PEeKTUBHUX METOIUK
HaBYaHHS YYHIB OCHOB IPOTPaMyBaHHS 3aIUIIAE€THCS BIIKPUTHM.

IMocranoBka 3agauvi. Jlo mnuTaHb MOTNIMOJICHHS BHUBYCHHS OO0’ €KTHO-OPIEHTOBAHOTO
porpaMyBaHHs, BUBYCHHIO MPOTrpaMyBaHHs MPHU MiATOTOBII y4uTeNs iHGOPMATUKHU TPUIIICHO
yBary y HaykoBux nociimkernsx M. I XKannaka, H. B. Mopse [2], B. B Jlanincekoro [3] Ta iHIuX.
PesynbraTi HAHOBIMIKX JOCIHIPKEHb 3HAWIUIN BiTOOPaXEHHS Y 3MICTI Cy4aCHUX IiJIPYYHUKIB 3
METOIMKH HaBUYaHHS 1H(POPMATHUKH.

MeToro 0C/iIKeHHsI € PO3KPHUTTS MiICTaB I PO3risiLy Web-niporpamyBaHHsI, SK OCHOBH
peaizanii po3ainy «AJITOPUTMH Ta MPOTpaMiy MKUILHOI MporpaMu y Kypci «MeToirnka HaBuaHHS
iH(pOpMaTHUKKM TIPH MIATOTOBII CYy4aCHOT'O BUMTENS iH()OPMATHUKH.

OcHoBHMIT MaTepiaj. 3MicToBa JiHII «AJTOPUTMH Ta TPOrpPaMH» y IHIKUIBHOMY Kypci
iH(pOpPMATUKN € OCHOBHOIO, HA KOTpY npumnagae He Menue 40% MKIIbHOTO HaBaHTAKEHHS y PIK
JUTSL KO)KHOTO KJIAcy.

B umpomy mpociimkenHi Oyno 3poOiieHO cnpoOy MaKCUMajabHO HAOMW3WTH CIPUAHSATTS
HOHATTS. 00’ €KTHO-OPIEHTOBAHOTO TPOTpPaMyBaHHA a0 MpodeciiiHOro piBHSA MPOCTHMHU
MOXJIMBOCTSIMU TEXHOJIOT1H Web-tiporpamyBanHsi, 1110 peani3yroThes B cepeioBuiili Opaysepa. [Ipu
oMy Oyi0 3axisiHo cepsic SPACES [5] Ha caiiti s HaBuanHs Web-miporpamyBantst W3Schools
[4].

Byio mpoBeneHO KOHTSHT aHai3, YUCJIOBUU 1 BIJICOTKOBUH aHaIli3 KUIBKICHHX 1 SIKICHUX
MOKA3HUKIB HaJaHUX poOIT y4yHsAMHU. 3a pe3yiabTaTamu c(HOPMOBAHO MiACYMKOBI TaOIHII, IO
BKa3ylOTh Ha JIOCTaTHIO AaKTHBHICTh 3 OOKY Yy4HIB, iX 3alliKaBJIEHICTh y BHUBYEHHI 3MiCTOBOI
KOMITOHEHTH 3 BUKOPUCTAHHSIM XOCTHHTY K 3ac00y HaBuaHHs (Tabmuus 1).

Taomuus 1 — YucJ10BUHM i BiACOTKOBUH aHATI3 KIJIBKICHUX i IKICHHX IOKA3HUKIB

Kimac | Kinekicts | Kinskicte/Bincorok | KipkicTs/% KinbkicTe/% Kinekicts/%
VYHIB w3schools MPAMIOBAIH 3 | PO3B’SI3yBAIM | BUKOPHCTOBYBAIIN

cepBicoM 3a1ayi URL anpecu

6-A 36 28/77,8% 12/42,9% 6/21,2% 4/66,7%

6-b 32 27/84,4% 10/37% 7/25,9% 5/71,4%

6-B 40 30/75% 13/43,3% 5/16,7% 5/100%

6-" 34 25/73,5 17/68% 8/32% 4/50%

Pasom | 142 110/77,5% 52/47,3% 26/23, 4% 18/70%

3a yMOBM JUCTAHIIMHOIO HaBYaHHS, KOJIM BC1 JITH MalOTh CBO1 email-azipec 1 3apeecTpoBaHi
B Google-kiaci, crano MOKJIMBUM NPOBEICHHS peecTpalliil Ha cepBici w3schools.com. 3 3aranbHoi
KUTBKOCTI YUHIB, SIKI B3SJIM y4acTh B ekcrepuMeHTi (142 yuns) moHan 77% 3apeecTpyBaliuch 3
BUKOPHUCTAHHAM MOOUIbHUX Tesie(DOHIB, IUIAHILIETIB 1 BIACHUX KOMII IOTEPIB B YMOBaX 3MIIIAHOTO
HaByaHHs. [lonaxg 47% 3 3allikaBleHHsSM MpaioBaiu 3 BUKopucTaHHsAM XxocTuHry SPACES.
[Tpu6snzno 23% yuHiB poOyBaiM po3B’sI3yBaTH 3a/1a4l HE TUIBKU B 30ILIUTI, ajie i Ha KOMII I0Tepi.
PesynbraT poboTH y4HIB 30Mpanuck 3 Bukopuctanusm Google-popm i mpubimzno 70% yuHiB, sKi
BUKOHYB&JIM 3aBJIaHHA Ha KoMI'toTepi, HaBuwiauch HaaaBatu URL-angpecy rimepTekcToBOi
CTOPIHKH 3 pe3yibTaTaMH poOOTH.

BucnoBku. byno mpoBeeHO KOHTEHT aHaI3, YUCIOBHH 1 BIZICOTKOBHI aHaTI3 KITbKICHUX 1
SKICHUX TIOKa3HUKIB YyYHIBCbKHX poOiT. HaBuyaHHsS TexHoJorid Web-mporpamyBaHHs TpU
HiAroToBI MailOyTHROrO yunTens iHpopMaTHkH [ 1] 1 mojanbIie onaHyBaHHS METOJUKU HaBYaHHS
web-nporpamyBanHs y Kypci «MeTouka HaBYaHHS iHPOPMATUKM» caMe 3 TOYKHU 30py 00’ €KTHO-
OpIEHTOBAHOTO MPOTPaMyBaHHS JUIsl HABYAHHS Yy IIKOJI € MEePCIIEKTUBHUM HAIMPSIMKOM PO3BUTKY
npoliecy MiArTOTOBKU Cy4acHOTO BUUTENS 1HPOPMATUKY.

CnucoK BUKOPHCTAHUX JKepel
1. Bpeckina JI. B., KooGskora JI. H., Illysanosa O. I. WEB-nporpamysauus. Mosa HTML. CSS
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Crui. OnpamroBanHs oid 00’ €KTiB Opay3epa: METOMWYIHI peKOMEHIAIT AJIT CAaMOCTIIHOI TTiATOTOBKH 1
BUKOHAHHS JTabopaTopHUX poOiT HaBuamsHOTO Kypcy OK 15 «lHpopMaTnka» mis 3m00yBadiB mepioro
(GakamaBpcbkoro) piBHs BHIOI OCBITH 1 poky HapuaHHs cremianbHocTi 014.09 Cepenmnst ocpita
(Maremaruxka). Oneca: [THITY imeni K. /. Ymuacekoro, 2021. 104 c.

2. Jlanincekuii B. B. TIpoGnema BrbOpy mepiioi MOBH NMPOrpaMyBaHHS — ChOTOJHIIIHE OavdeHHS.
Komn'tomep y wixoni ma cim'i. 2014. Ne 1. C. 14-17. (Lapins'’kij V. V. The problem with choosing the first
programming language is today's vision. Kompiuter u shkoli ta simi. 2014. No. 1. P. 14-17).

3. Mop3e H. B. Mertonuka HaBuaHHS iH(GOpPMAaTHKW: HaBY. mocib.. y 4 4. / 3a penm. akan.
M. 1. XKangaka]. Kuis: Hapuanpna kuawra, 2004. Y. IV: Meroanka HaBYaHHS OCHOB aaropHTMIi3alii Ta
nporpamyBanns. (Morze N. V. Methods of teaching computer science: Educ. guide: In 4 parts. Kyiv:
Navchalna knyha, 2004. Part 1V: Methods of learning the basics of algorithmization and programming).

4. Caiit naBuanns Web-nporpamysanust W3Schools: Be6 caiir. URL: https://www.w3schools.com/.

5. Create a Free Web Site: Be6 caiit. URL: https://www.w3schools.com/spaces/.

NEPCIIEKTUBHU PO3BUTKY HU®POBOI TPAHC®OPMALI
Y BUILIA OCBITI YKPATHHA

Mandenko O. B., Cemko 1. b., Mokienko FO. M.
Uepkacbkuil 1ep:kaBHUI TEXHOJIOTTYHUN yHIBEpCUTET, M. Uepkacu, Ykpaina

AHoTamif. Y CBITI CyyacHHX TEXHOJIOTiH OCBITHA cdepa MOTpedye aKTUBHOTO BIPOBAKEHHS
U pOBUX TEXHOJNOTiH B OCBiTHIM mpomec. Tak, y HamioHansHili eKOHOMIYHIN CTpaTerii Ha mepiox 10
2030 poxy 3a3Ha4eHo, [0 MEPIIOYEPTOBUM 3aBJaHHAM € (JOPMYBaHHS IPYHTOBOI HAIIOHAIBHOI MONITHKA
nuQpoBizaiii OCBITH SK MPIOPUTETHOI CKIAM0BOI YacTUHH peOopMH OCBITH. 3a3HA4eHO HEOOXiIHICTH
CTBOPEHHS Ta peaizallii CydacHHX MoJieliell 3a0e3neueHHs 3700yBayiB BUIIIOT OCBITH Ta 3aKJIaiB BHUILOI
OCBITH KOMIT IOTEPHHMH 3aco0amu, MiATOTOBKH, aJamTallii Ta opraHizamii IOCTyImy OO0 MYyJIbTHMEIIHHUX
TEXHOJIOTIH 1 CTBOPEHHS BiAMOBIAHNX HU(POBUX OCBITIHCHKUX MIaT(HOPM AJIsi BAKOPUCTAHHS B OCBITHHOMY
mporeci Ta YNOpaBIiHHA BHIIOI OCBITOW. Y IUX Te3aX OKPECICHO WUISXM peanizanii nugpoBoi
Tparcdopmanii Ha mpuKIagi YepKachbKOro IEp)KaBHOTO TEXHOJOTIYHOTO YHIBEPCHUTETYy, 30KpeMa yBary
MPHUJIIJICHO TOKPAIICHHIO TEePCOHANI3aIlii OCBITHROTO CEpEeNOBHINA IS PI3HUX YYACHHUKIB OCBITHBOTO
npoIecy, MOXKIHMBOCTSM MJIsl CHCTeMaTH3amii iHpopmalii, MpoBeJACHHS MOHITOPHHTY Ta YIPaBIiHHA
yHiBepcuTeToM. O0’€KT MOCHIKEHHS — MPOIECH PO3BHTKY Hu(poBoi TpaHchopmamii y BHIIH OCBITI
VYkpainu. [lpeamer pocmimpkenas — iHpopMaiiifHi TexHoIoril nudposizamii BUIIOT ocBiTH YKpaian. Meta
JOCHI/DKEHHS] — BH3HAYCHHS MEPCIEKTHB 1 NIISIXIB PO3BUTKY mpolieciB 1udpoBoi Tpanchopmarii BUioi
OCBiTH B YKpaiHi.

KarouoBi cnoBa: mudpoBa Tpanchopmariis, iHpopmariiiine cycminbetBo, IKT-kommneTeHTHOCTI,
iH(opMaIiHHO-KOMYHIKAIIii{HI TEXHOJIOTI].

PROSPECTS FOR THE DEVELOPMENT OF DIGITAL TRANSFORMATION
IN HIGHER EDUCATION OF UKRAINE

Danchenko O., Semko 1., Mokiienko 1.
Cherkasy State Technological University, Cherkasy, Ukraine

Abstract. In the world of modern technologies, the educational sphere needs the active introduction
of digital technologies in the educational process. Thus, the National Economic Strategy for the period up to
2030 states that the priority task is the formation of a thorough national policy of digitalization of education,
as a priority component of education reform. The need to create and implement modern models of providing
applicants for higher education and institutions of higher education with computers, preparation, adaptation
and organization of access to multimedia technologies and the creation of appropriate digital educational
platforms for use in the educational process and management of higher education. These theses outline the
ways of digital transformation on the example of Cherkasy State Technological University, in particular,
attention is paid to improving the personalization of the educational environment for various participants in
the educational process, opportunities for information systematization, monitoring and management of the
university. The object of research is the processes of development of digital transformation in higher
education in Ukraine. The subject of research is information technologies of digitalization of higher

161


https://www.w3schools.com/
https://www.w3schools.com/spaces/

education in Ukraine. The purpose of the study is to determine the prospects and ways of development of
digital transformation of higher education in Ukraine.

Keywords: digital transformation, information society, ICT competences, information and
communication technologies.

Beryn. 3 mosiBol0 B HAlIOMY JKUTTI TaKOTO HOBOTO MOHSTTS SIK MaHIEMis, YKpaiHCbKe
CYCMUIBCTBO TOCTPO BIUYJIO MPOOJIEMH HEAOCTaTHBOTO PiBHA IUGpPOBOi TpaHchopmarlii B ycixX
cdepax KUTTEMISLILHOCTI, a 3 MOYaTKOM BIMCHKOBUX il B YKpAiHi II€ CTaJ0 KUTTEBO HEOOXITHO.
Tomy, cycninbcTBO Ta jAepikaBa Oynu 3MyIIEHI MEpedTH Bif CIHiB /10 KOHKPETHHUX KpOKiB
3ampoBa/DKEHHST  iHQOpMaIiiftHO-KOMYHIKamiitHuX  TexHojorid. Ilomii  ocTaHHIX  pOKIB
MIPOJIEMOHCTPYBAJIA BAKIUBICTh IU(PPOBOI TpaHCPOpMAIIii sIK AJI BCi€T OCBITH B IJIOMY, TaK 1 JIs
KOYKHOTO ii piBHS OKpEMO.

IlocTtanoBka 3agayi. B ymoBax nudpoBoi Tpancdopmarliii OCBITH aKTyaJbHOI HAayKOBO-
NPaKTUYHOIO 33/1a4€10 € aHalli3 Mpo0seM, BU3HAUYCHHS IIEPCIIEKTHB 1 HAIIPSIMIB PO3BUTKY LIUPPOBOT
TpaHncopmarii y B OCBiTI B YKpaiHi Ta IUIIXIB X peanizariii.

MeTta po00TH — BH3HAYCHHS IMEPCIEKTUB 1 HAmNpsAMIB PO3BUTKY MPOLECIB IUPPOBOI
Tpanchopmarlii BHIIOI OCBITH YKpaiHH, a TaKOXXK OKPECICHHS NUIAXIB IX peanizaiii Ha IpUKIadi
YepkachbKoro JepKaBHOTO TEXHOJIOTIYHOTO YHIBEPCUTETY.

OcHoBHa w4actuHa. [lutannsmu nudpoBoi TpaHcopmalii Hama aep)kaBa Mouana
OIKYBaTHCh JJOCUTHh HeAaBHO. B pe3ynbrarti, 3a ocranHi poku KabGineTrom minicTpiB Ykpainu ta
PI3HUMH MiHICTEPCTBAMH, B TOMY YMCTi 1 MiHICTEpCTBOM OCBITH i HayKH YKpaiHH, BUAAHO PsiA
PO3MIOPSIKEHb Ta TOKYMEHTIB, B SIKMX OKpECJIEHI OCHOBHI MpPOOJeMH, 3aBIaHHS Ta HAMPSIMKH
po3BUTKY 1HGpoBoi TpaHchopmaiii B ocBiTi. JJo OCHOBHUX pPO3POOJICHUX JOKYMEHTIB MOXHA
BimHecTH «KOHIENIil0 po3BUTKY IU(GPOBOi E€KOHOMIKM Ta CycmniibcTBa YKpaiHu Ha 2018—
2020 pokuny, «I[IpiopuTeTHI HANIpsAMU Ta 3aBAaHHs (TPOEKTH) IUGPOBOI TpaHcopMallii Ha TIepio
no 2023 poky», «HarionanpHa ekoHOMiuHa cTpaterisi Ha mepion a0 2030 poky», «Ctpateris
PO3BUTKY BHIIIOi OCBITH B YKpaini Ha 2022-2032 poxuy». 3 TpaBHs 2021 poky MiHICTEpCTBO OCBITH
1 Haykn YKpainu modano ooroBopenHst «Konuenmii nuppoBoi TpaHcopmarii OCBITH 1 HAYKH Ha
nepiof 10 2026 poxy».

Ha croronHimHiit AeHb, CHCTEMA BUIIOI OCBITH 1 HAYKH 3a3HA€ JOKOPIHHUX MU(PPOBUX 3MiH
BIJITIOBIJTHO /10 CBITOBMX TEHJIEHLINH IM(POBOro poO3BUTKY JUIs YCHILIHOI peani3alii KOXHOIO
JIOJMHOI CBOro moTeHuiany. CbOrojHi, KOJu OCBITSIHM € 3apydyHUKaMHM OOCTaBUH BIMHHM, IJid
oprasizalnii OCBITHBOI'O INpoOIlecy HEOOX1HO B KOPOTKI TEpPMIHM ONAHOBYBAaTHM HOBI 3HAHHS Ta
37100yBaTH HAaBUUYKH B I poBoMy cBiTi. Jlenani OinbIie mpodeciit moTpeOyoTh BOJIOAIHHS HOBUMH
TEXHOJIOT1IMU Ta HAOyTTs BUCOKOTO PiBHS LIM(PPOBUX YMiHb.

Tak, HaOyTTS HUPPOBUX KOMIIETEHTHOCTEH CcTae 6a30BOI0 MOTPEOOIO i KOXKHOTO, TOMY
yKpaiHCbKa CHUCTEMa OCBITHM Mae€ 3ale3mneuyBaTH (OpMyBaHHS IUPPOBUX KOMIIETEHTHOCTEH
3100yBaviB OCBITH, NEAATOTIYHUX Ta HAYKOBO-TIEJATOTIYHUX MPAI[iBHUKIB, PO3BUTOK LHU(PPOBOL
1H(QPaCTPYKTYpH Ta €JIEKTPOHHUX CEPBICIB y 3aKJIaJlaX OCBITH, B IIJIOMY.

CTBOpeHHs €MHOTO IHU(PPOBOTO CepeloBuIla, sike 00’ €IHye BCIX Cy0 €KTiB OCBITHBOI Ta
HAYKOBOI [iSUIBHOCTI, II0 3abe3nedye MpocTip [UId KOMYHIKalii Ta OOMIHY JaHUMH, 3HAYHO
3MEHIINTh OIOPOKpaTHUYHE HABAHTA)KEHHS CUCTEMHU OCBITH 1 HAyKM Ta CIPOCTUTH YIPaBIIHCBKI
IPOILIECH, SIKI BiIOYyBarOThes B HUX [1].

[{udposizalis OCBITH MOCTa€E IMIEPATUBOM pe(OpPMYBaHHS OCBITHBOI Taiy3i, TOJOBHUM 1
NEePIIOYEProOBUM 3aBJaHHAM €(PEKTHBHOTO PO3BUTKY 1H(GOPMAIIHOTO CyCHIbCTBA B YKpaiHi [2].

[MudpoBa TpaHcdopmallis 3akiany BHIIOI OCBITHM — II€ OprasizailiiiHa, TEXHOJOTI4Ha,
TexHiYHa TpaHcdopmariss 3BO Ha OCHOBI BUKOpUCTaHHA HU(MPOBUX TexHOJOrH. OcHOBHI
nepeIymMoBH s Ii€l TpaHcdopmarii: KoMIT IoTepH3allis, aBTOMaTH3allisl, iHKUTaTi3allis,
opranizaris [3].

VY YepkacbkoMy Jep>KaBHOMY TEXHOJIOTIYHOMY YHIBEPCHUTETI aKTUBHO CTBOPIOETHCS €/IWHE
udpoBe cepeoBuIle s 3a0e3MMeYeHHs OCBITHBOI 1 HAayKOBOI AiSUTBHOCTI HOTO MiApO3[LIiB,
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HAyKOBO-TIEJArOTIYHUX TPAIIBHUKIB, 3100yBaviB BHINOI OCBITH, YIPABIIHCHKOTO 1 JOMOMIXHOTO
nepconany [4]. Take cepenoBuiie € 0cCHOBOO UG POBOi TpaHchopMaIllil yHIBEpCUTETY 1 Mae Hararo
CKJIaJIOBHX. 30KpeMa, B YMOBAax JMCTAHILIMHOTO HAaBYaHHS JJIsS OpraHizallii OCBITHROTO IMPOIECY B
YHIBEPCUTETI BUKOPHCTOBYeThCsl CrctemMa miaATpuMKU aucTanuiiinoro nasuanus (CITJIH) na 6a3i
mwiarpopmu Moodle. s npoBeneHHS BiI€OKOH(GEPEHIN BUKOPUCTOBYIOTHCS TUIAT(HOPMH:
Microsoft Teams, Google Meet, Zoom, Skype, Cisco Webex. Peectpatiis (3amporieHss) 3100yBadiB
Bu1oi ocBitr (3BO) Ha Bi1eOKOH(EPEHIIIF0 KOHTPOIBHOTO 3aX0/Ty 3IHCHIOETHCS Yepe3 CICKTPOHHY
nomty 3BO (30kpema, kopriopatuBHy chdtu.edu.ua). Ins inpopmysanus 3BO mpo po3kian 3axoiB
Ta TMOCWJIAHHS Ha 3aIlUIaHOBaHI MOl 3MIHCHIOETHCS uepe3 enekTpoHHy nomrty 3BO, B HOBHHAX
HaBuanpHux mucnuiutin B CIIJIH, B HoBMHax Ha cropiHkax kademp Ha caiti YATY abo 3
BUKOPHCTAHHSAM COLIIAJIbHUX MEPEX Ta 1HIIMX KaHaJB 3B’ S3KY.

3aBnskd TUGPOBUM TEXHOJIOTISAM BiIOYyIMCS 3MIHM 1 B YOpPaBIiHHI YHIBEPCHUTETOM.
binbmiicTh JTMCTIB Ta 3BITHA JOKYMEHTAIlis, 3 HAKJIaJaHHAM [UGPOBOTO MIANUCY, HAJACHIAETHCS B
€JIEKTPOHHOMY BWIJIAAI 32 JIOMIOMOTOIO EJIEKTPOHHOI MOWTH ab0 3axHIIEHOi CHUCTEMH
€JIEKTPOHHOT0 JOKyMeHT0o00iry PrimaDoc. ¥V mimpo3ainax, mo 3a0e3neuyroTh OCBITHIN Iporiec,
30KpeMa B JeKaHaTaxX, HAaBYAJIbHO-METOAMYHOMY BIiJJIijli, HAYKOBO-IOCIITHOMY I1HCTHUTYTI Ta
1HIIMX, BUKOPUCTOBYIOTH MTPOTPaMHi 3aC00H, 1110 1aI0Th MOXKIIUBICTh HMIBUJKO 1 SIKICHO MPAIIOBATH
3 BEJIMKOIO KUTBKICTIO JaHUX. 3a3HaYMMO JICSKi 3 HUX: €JMHA €IEKTPOHHA 0a3a 3 MUTaHb OCBITH
(EAEBO), indopmariiiHo-aHaNITUYHA CUCTEMa MIATPUMKH OCBITHBOI aAismibHOCTI (IACIIOL),
online 6i6moreka, perozutopid YATY, mobinsauI nmomatok «Crynert YTV, maker mporpam
«exanar» Il «llomitek-CODT», BeO pecypc JepxaBHoro migmpueMcTBa 'YKpaiHCHKUN
iHCTHTYT iHTEeNneKkTyanbHo1 BnacHOCTI" YKPITATEHT.

Ane cmijg 3a3HauYUTH 1 OpobiieMu, SKi MOTPeOYIOTh BHUPILNIEHHS Ha LULIXY HUPPOBOT
Tparcopmarii yHiBepcuteTy. Jl0 HUX MOXXKHA BIJIHECTH: HEIOCTaTHIN piBeHb HHU(POBUX
KOMIIETEHTHOCTEH YYaCHUKIB OCBITHBOTO MPOILIECY; 3acTapuIMii 3MICT HaBYaJbHUX MPEIMETIB;
BIZICYTHICTh Cy4acHOI TEXHIKHM 1 TEXHOJOTIH AJisi 3a0e3MedeHHs] OCBITHBOI i, 0COOIMBO, HAYKOBOT
TUSUTBHOCTI; BIJICYTHICTh SIKICHOTO HU(POBOTO OCBITHBOTO KOHTEHTY JUIsl 3400yTTS OCBITH;
3acTtapiia cucTeMa Ta TpPOIEAYypa BHYTPINIHBOTO JOKYMEHTOOOITY; BIiJICYTHICTh €IHHOI
yHiBepcUTeTChKO1 0a3u ganux 3BO, 1m0 npu3BOAUTH 10 BUHUKHEHHS] TOMUJIOK MPH MEePEHECEHH1
JIAHUX; BIJICYTHICTh €IUHOTO CXOBHIIA JUII HOPMATUBHHMX JOKYMEHTIB BCIX TMIIPO3/LUIIB
YHIBEPCHUTETY; BIJICYTHICTb BIJJIITy NPOTrPaMHUX PO3pPOOOK, SIKUM OM MIr CTBOpIOBaTH HOBI
IpOrpaMHi NPOJAYKTH Ta 1HIII.

Tox, NPIOPUTETHUMM 3axXO0JlaMH ILOJI0 BIPOBAKEHHS 1H(OpPMAIIfHO-KOMYHIKaIHHUX
TEXHOJIOTIH y BUIILY OCBITY € CTBOPEHHS Ta PO3BUTOK IHU(POBOTO OCBITHBOTO CEPEAOBHUIIA, IO €
JOCTYITHUM 1 CyYaCHUM JJIsi BCIX YYaCHMKIB OCBITHBOIO Ipolecy. A Ieé He MOXIMBO 0e3
3a0e3MeyeHHs] 3aKjajiB OCBITM HOBITHBOIO Ta IMOTYXHOIO TEXHIKOK 3 BUKOPHCTAHHSIM
IIMPOKOCMYTOBOrO JOCTyny 1o Mepexi IHrtepHer. CydwacHi BHKIajadi IMOBUHHI BOJOAITH
BIIMOBIIHUMH  ITU(POBUMU  KOMIIETEHTHOCTSIMHM, SIKI TOCTIMHO  YJIOCKOHAIOIOTHCA — Ta
PO3BHMBAIOTHCS TiJl 4Yac MiJBUIIEHHS KBamidikamii. be3nepeuno He oOiiiTuck 6e3 AOCTYHMHOTO
1M(pPOBOro KOHTEHTY JUIsl 3a0e3nedyeHHs 3100yTTS OCBITU Ta SIKICHUX, 0€3 3py4HHX 1 TMPOCTUX
nporpam, 3a JIOIOMOIOI0 SKMX MOXHa 3/J00yBaTH OCBITY OHJIAMH 3 BiJNOBITHOIO MIATPUMKOLO ii
AKOCTI. AJie HE JHIIEe camMe HaBYaHHS B PO3pi3l TOJIAaHHS OCBITHIX MarepiajiB TOTpelye
BIOCKOHaJeHHd. ONTHMi3yBaTH Ta aBTOMAaTU3yBaTH HEOOXIHO 1 MpOIECH YIpaBIiHHSA Ta
perymtoBaHHs y chepi BUIIOT OCBITH 1 HAYKH. 3aKJIa Iy BUIIIOI OCBITH 3a IOMTOMOT 00 1H(pOpMAaIIiitHO-
KOMYHIKaI[IfHUX TEXHOJIOT1H TOCTYIHO 1 3MICTOBHO MOal0Th 1H(OpMAIIit0 PO CBOi JOCATHEHHS,
110 Ja€ MOKJIMBICTh CTEHKXOIIepaM, HAJIarOAUTH B3a€MOIII0 3 HUMH JUIS ITOATBIIOTO PO3BUTKY
cBoOro Oi3Hecy.

BucHoBku. [[y11 CTBOpEHHS CHPUSTIMBUX YMOB IM(POBI3allii BUIIOI OCBITH, MOJOJAHHSA
«unpoBoi HEPIBHOCTI» B 3aKjaJax Ta YCTAaHOBAaX CHCTEMH BHIIOi OCBITH 1 HAyKH y pPI3HHX
perioHax YkpaiHM Ta YCHINTHOTO CTAHOBJIEHHS IM(POBOTO CYCHIILCTBA B IUIOMY, CydYacHa
cucTeMa BHIIOI OCBITH YKpaiHu nmoTpedye 3MiH. BaknuBuMu KpokaMu s bOTO € HU(poBi3alis
BCIX JIAaHOK OCBITH, a, B MOJaibIoMy, ix IudpoBa Tpanchopmaiiis. CTBOpEHHS YMOB st
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MIJBUIIEHHS PIBHA CPOPMOBAHOCTI MHUQPPOBUX KOMIETEHTHOCTEH OCBITSH, PO3POOJICHHS
IHCTPYMEHTIB JUIA TIATPUMKH iX JisSUIbHOCTI, 10 crpusie udpoBiii TpanchopMmarllii ocBiTH B
IJIOMY.
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IJIAHYBAHHS OHJIAWTH-KYPCY «PO3BUTOK JIOTTYHOT'O MUCJIEHHA
CTAPHIOKJIACHUKIB Y HABYAHHI MATEMATHUKW»

Kauayrin P.
KpuBopi3pkuii nep>kaBHUIA neparorianuil yaisepcuret, M. Kpuswmii Pir, Ykpaina

AHoTamisa. Merta AOCHiPKEHHS — TPE3CHTAlsl MMOCTAHOTO IUIaHy CTBOPEHHS OHJIANH-KYypCY,
aapecoanoro marictpam cremianpHOCTi 014 Cepenns ocpita (MaremaTrka). 3aBIaHHs JOCTIIHKEHHS —
OKPECIIUTH JOPOXKHIO KapTy CTBOPEHHs OHJIAHH-Kypcy, c(popMyiroBaTH MOKa3HUKH Ta KpuTepii s
BiJIOBITHOTO MOHITOpUHTY. OO0’ €KT AOCIIKSHHS — 3MilllaHe HAaBYaHHS B MiATOTOBIN MaricTpis. [Ipeamer
JOCHI/DKEHHS — TUTaH POo3poOJICHHST OHJIaWH-KYpCy, CIIPSIMOBAHOTO HAa BUPOOJICHHS B CTYACHTIB HABHUYOK
¢dbopMyBaTH i pO3BUBATH JIOTIYHE MHCJICHHS IIKOJAPIB. Y MOCIHIIKEHHI BUKOPHCTAHO 3arajibHOHAYKOBI
MeToau. Pe3ynbTaToM OOCHIKEHHS € BU3HAYEHHS TEOPETHUHMX OCHOB CTBOPEHHS OHJANH-KypCy Ui
($axoBOi MiJITOTOBKK CTYJEHTIB Ta y3arallbHEHHs IIEPEIOBOTO IEJaroriqHoro JOCBiLy y Po3poOieHHi
OHJIAH-KYPCIB Ta BIIPOBA/KEHHI 3MIiIIAHOTO HABYAHHS B YHIBEPCHUTETI.

KarouoBi ciioBa: OHNAH-KypC, HaBYaJbHUM KOHTEHT, IIOKa3HUKH SKOCTI OHJIAWH-KYpCY,
MaTeMaTH4YHa OCBiTa, PO3BUTOK JIOITYHOT'O MUCIICHHS.

PLANNING OF ONLINE COURSE "DEVELOPMENT OF LOGICAL THINKING
OF HIGH SCHOOL STUDENTS IN TEACHING MATHEMATICS"

Kaluhin R.
Kryvyi Rih State Pedagogical University, Kryvyi Rih, Ukraine

Abstract. The purpose of the study is to present a step-by-step plan for creating an online course for
masters in 014 Secondary Education (Mathematics). The objective of the research is to outline a roadmap
for creating an online course, to formulate indicators and criteria for appropriate monitoring. The object of
research is blended learning in the preparation of masters. The subject of research is a plan for developing
an online course aimed at developing students 'skills to form and develop students' logical thinking. The
study has used general scientific methods. The result of the research is to determine theoretical foundations
of creating an online course for professional training of students and generalize advanced pedagogical
experience in the development of online courses and the introduction of blended learning at the university.

Keywords: online course, learning content, online course quality indicators, mathematics education,
development of logical thinking.

Beryn. OnnaiiH-KypcH — CydacHa refaroriyia TeXHOJIOTiA 1 3aci0 HaBYaHHS, 1110 A€ MIUPOKI
MO>KJIMBOCTI JJIsl aKa/ieMiuHO1 MOOITbHOCTI 3/100yBayiB OCBITH BCiX piBHIB. OKpIiM TOT0O, OHJIAHH-
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KypcH € e()eKTUBHUM IHCTPYMEHTOM MICIISIAUIUIOMHOT OCBITH. Tak, IOPOKY COTHI THUCSY YIUTEIIB-
NPaKTUKIB MIABUIIYIOTH ab0 MiATBEPKYIOTH (haxoBy KBasiQikallilo, YCHIIIHO 3aBEepIIyIOYH
JTUCTaHIIMHI KypCH Ha MPOBITHUX YKPAiHCBKUX OCBITHIX IaTdgopmax. ToMy oOHIalH-KypcH
KOPHUCTYIOTBCS TIOIHUTOM 1 cepel] IKosIpiB (30kpema, amns minrorosku 1o 3HO i IITA), i cepen
CTYJEHTCTBA, 1 CEpe]l IUILIOMOBAHUX (PaxiBIIiB.

Meta podoTu. [Ipe3eHTallisi MoeTamHOTO IUIaHy PO3POOJICHHS OHJIANH-KYPCY 3 METOJIUKH
HaBYaHHS MaTEMAaTUKH y PO IIbHINA MIKOMI.

ITocTanoBKka nmpo0JieMHu. 3 oIy Ha BIacHy (axoBYy OCBITY BUSBIIIEMO 3aL[IKaBJICHICTh J10
nmpo0jeM MaTeMaTHYHOI OCBITH, sKa mepeOyBae y KpH30BOMY CTaHi, IO IMiATBEPIKYETHCS,
30KpeMa, pe3yabTaTaMH BCTYITHUX KaMITaHiid OCTaHHIX KUIBKOX POKIB 1 OpakoM BiAMOBITHUX KaAPiB
y 3aKiajax 3arajbHOi cepelHboi OCBITH. Biarak, onHe 13 3aBJaHb HAIIOrO JOCIHIJKEHHS —
CTBOpPEHHSI OHJIAWH-Kypcy «PO3BUTOK JIOTIYHOTO MUCJICHHS CTapIIOKIACHUKIB Yy HaBUYaHHI
MaTeMaTHKW», 110 CIPHUATHME MHOIMYJsSpU3alii MaTeMaTHYHOI OCBITH, BIOCKOHAJIEHHIO (haxoBOi
MIJTOTOBKM MaMOyTHIX BYWTEIIB MaTEMaTHKH, CTBOPCHHIO CBOEPIIHOTO MaWgaHYMKaA s
npodeciiHOTO 3pOCTaHHS MEeIaroriB-oYaTKiBIIiB.

OcHoBHa yacTHHA. BU3HaUMMO MOCHITOBHICTH [iH, sIKa BIAMNOBIJAE MPOLIEAYPl CTBOPEHHS
SKICHOTO OHJIalH-KYpCy 0OpaHOi TeMaTHKH.

Ha nepwomy (niocomosuomy) emani HEOOX1THO Y3rOJUTH 3arajbHy KOHIEMIIIIO OHJIAIH-
KypCy Ta 3’4CyBaTH MOXJIMBICTh HOr0 BKIIIOYEHHS Y poOouy mporpamy JUCHUILIIHE «MeToauka
HaBYaHHS MaTeMaTUKu Yy TpodinpHiA 1mKomi». Peamizamis 1poro eramy nependadvae:
1) KOHCYNBTAIIII0 3 HAYKOBO-TIEJArOTiYHMMHU MpaIliBHUKaMU Kadenpu, Ha 0a3i skoi Oyxe
anpoOOBaHO Kypc; 2) aHali3 OCBITHBO-MPOQECIHUX MPOorpaM MiATOTOBKH BUUTEIIB MaTEMaTHKU;
3) onuTyBaHHS LIIBOBOI TPYIIH IIOJI0 OYIKYBaHb BiJl KypCY.

Ha opyeomy emani (mooentosanns) BapTo po3poOUTH MOENIb KypCy 3 MEpEeTiKoM BUIIB
KOHTEHTY, SIKi1 BIH MICTUTUME, BIJIIOBIAHO 10 PEKOMEHAIliil eKCIIepTIB 1 OYiKyBaHb LIJILOBOI IPYIU
IPOEKTY.

Tpemiu eman (naamyeanns) CHPSAMOBAHMHM HAa BHU3HAYEHHS TEMaTHYHUX HampsMiB
MalOyTHBOTO OHJIANH-KYpCy. Y OHNANH-Kypci 11 (haxoBoi MIATOTOBKM MaricTpiB clieniaabHOCTI
014 Cepenns ocpira (Maremaruka), MJIaHYEMO BHCBITIIMTH Taki Temu: 1) oriuHe MUCICHHS
CTapIIOKIACHHKIB: CTPYKTypa, 0COOIUBOCTI (hOPMYBaHHS Ta MOXKJIMBOCTI PO3BHUTKY; 2) PO3BHTOK
YMiHb 3111 ICHIOBaTH aHATITUKO-CUHTETHYH1 MIpKYBaHHS 3aC000M pO3B’s3yBaHHs IJIaHIMETPUYHUX
Ta CTEPEOMETPUYHUX 3a/1ay; 3) BUKOPUCTAHHS DPIBHOCUJIBHUX IEPETBOPEHb Y pO3B’SA3yBaHHI
piBHSIHb, HEpIBHOCTEH Ta iX cucTeM; 4) IOBEJCHHS MAaTeMaTUYHUX TBEP/KEHb PI3HUMHU
crocobamu; 5) HeCTaHIAPTHICTh MUCJIEHHS SIK HEOOX1/JHa yMOBa JUIsl YCHIIIHOTO PO3B’S3yBaHHS
OJiMMIaHUX 3aJa4 3 MaTeMaTHKH; 6) pO3BUTOK JOCIIIHUIBKUX HAaBUYOK CTapUIOKJIACHUKIB Y
npolieci po3B’sA3yBaHHA 3ajjay 3 HapaMeTpOM.

Mertoro uemeepmozo emany (po3pobienHs) € HaIMCaHHS CIICHAPIiB JIEKI[iH, po3poOIeHHS
HAOYHOCTEH, HEOOX1THUX IS 3aMUCy JIeKIiH (pe3eHTallii, pUCYHKH, MO/iel (iryp TOIIO), a TAKOXK
MiATOTOBKAa KOHTEHTY OHJIAMH-KYpCYy: TECTOBHX 3aBIaHb 3a MaTepialaMd JIEKI[H; MpaKTHIHUX
(TBOpUMX) 3aBJaHb; 3arajlbHUX MPUHIUIIB OLIIHIOBAHHS 1]l YaC HaBYaHHS Ha Kypcl; BUMOT JUIsS
OTpUMaHHS cepTU(]IKaTy; TUCKYCIHHUX TeM JuIl 0OrOBOPEHHs Ha GopyMi Kypcy.

Pesyneratom n’amoco emany (mexwiumoco) € 3ammMc 1 MOHTYBAaHHS BiJ€O-JIEKINH 3a
pPO3pOOJIEHUMH  ClIeHapisiMU, O(OPMIIEHHS YepHETKH Kypcy y BHIVIAII apxiBy 3 MaIlKOBOIO
CTPYKTYpOIO, PO3MIIIIEHHS OHJIAH-Kypcy Ha ruatdopMi «Bukiagady MaTreMaTHKH BUIIOT IIKOJIN
rpoMajickkoi opranizaiii “Smart Maths” (http://formathematics.com/).

OkxpecreHi 1’ ATk €TamiB CTOCYIOTHCS BIIAaCHE pO3pOOIEHHS KypCY, IPOTE HE MEHII BaKJIMBUM
€ 1 wocmuti eman (anpobayii), KU BKIIOYa€e TpoLeAypy HAOOpy mepmioi rpymnud Ha Kype,
TBIOTOPCHKY MIATPUMKY CITyXadiB KypCy, BIOCKOHAJIEHHS KypCy 3 YpaxyBaHHSIM EKCHEPTHHX
BIJIT'YKIB 1 p€3yJIbTaTiB ONUTYBAaHHS CTYJEHTIB, 1110 YCHIIIHO 3aBEPIIATh KypC.
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Bim3naummo, 1m0 mpolec CTBOPEHHS OHJIANH-KYpCY HEMOXJIMBUH 0€3 CBO€YaCHOTO
MOHIMOpUHZY 3a TAKUMH TOKa3HUKAMH: 1) MacoOBICTh OHJIAH-KYPCY; 2) €prOHOMIYHICTh OHJIAIH-
Kypcy; 3) epeKTHBHICTb OHJIANH-KYPCY.

MacoBicTh OHJIAH-KYpPCY BH3HAYaTUMEMO 3a TaKUMU KPHUTEPISIMHU: KUIBKICTh CTYJIEHTIB,
3alMMcaHuXx Ha Kypc; reorpadis CTYIACHTCHKOI ayauTopii; KUIBKICTh CTYIEHTIB, SIKI YCIIIIHO
OTaHYIOTh KypC 1 BUKOHAIOTh BC1 BUMOTH JIJIsl OTPUMAaHHS €JIEKTPOHHOTO cepTHdiKaTa.

EproHoMiyHiCTh OHJIAHH-KYpCY OLIIHIOBATUMEMO Ha OCHOBI pe3yJbTaTiB BiAMOBIAHOTO
ONUTYBaHHS CIIyXadiB KypCcy Ta BIATYKIB ekcnepTiB. Kputepii mboro moka3HUKa Taki: SKICTh
HAaBYAJILHOTO MaTepialy; CcHCTeMa HaBiramii; Ju3aiiH; cucTeMa OI[IHIOBaHHS; CHCTEMa
IHTepaKTUBHOI B3a€MO/Ii1; aJaTUBHICTh OHJIAH-Kypcy [1].

EdexTuBHICTh OHIAWH-KYpCY BCTAaHOBIIIOBATHMEMO 4Yepe3  OIIHIOBaHHS  (haxoBHX
KOMIIETEHTHOCTE! CTYACHTIB, 110 ONMaHYIOTh Kypc. CucTeMa KOMIIETEHTHOCTEH, sIKa CTAHOBUTHUME
AOpO KypCy, MICTUTh Taki CKJIaJOBi: MaTeMaTH4Hy, 1H(QOPMaLiiHO-OCBITHIO, METOAUYHY,
NICHXOJIOTO-TIeIaroTiuHy, npodeciino-rexnonoriuny. Ilepmri Tpu MOXXyTb OyTH OIliHEHi 3a SKICTIO
BUKOHAaHUX NPAKTHUYHUX (TBOPUMX) 3aBllaHb, pEIITa KOMIIETEHTHOCTEH — 3a pe3yjibTaTaMu
CaMOOI[IHIOBAHHS CTYJIEHTIB 1 IPOXO/KEHHS HUMU BUPOOHHUUOT MEearoriyHol MpakTUKH.

Bucuosku. [lincymoByroun, 3ayBakuMo, 10 OHJIAHH-KYPC MOXE CTATH allbTEPHATUBOIO IS
oprasizarii camocTiiiHoi poOotu maricTpiB. s muTboBOi rpymm 1e Oyae He JUIIe KOPHCHO 3
OTJIAy Ha 3MICTOBE HAIIOBHEHHS KypCY, a i 3py4HO, OCOOJIHMBO ISl THX, XTO MOETHYE HABUYAHHS 3
poboToro.

Cnncox BUKOPMCTAHUX JIZKepeJt
1. Usability analysis of on-line educational courses on the platform “Higher school mathematics
teacher” / K. Vlasenko, S. Volkov, I. Sitak et al. E3S Web of Conferences. 2020. VVol. 166, P. 10012.

METO/J OIIHIOBAHHS KOMIIETEHTHOCTEM Y IYAJIbHOMY HABUAHHI

Kyxapenko B. M.
XapKiBCbKUI HalllOHAIBHUN aBTOMOOUIBHO-0POXKHIN YHIBEPCUTET, M. XapKiB, YKpaiHa

AHoTanisi. BrpoBa/pkeHHS TyanbHOTO HaBYaHHS BHMAara€ BiJl YHIBEPCHUTETIB 1 MiANPHUEMCTB
OIIIHIOBAaTH SKICTh MIiJATOTOBKH 32 PIiBHEM CQOPMOBAHMX Y CTYACHTA akaJleMiuHuX 1 MpodeciiHux
komrereHTHOcTel. Lle moTpeOye peTenbHOro aHamily OCBITHBOTO CTAaHAAPTY Ta CTBOPEHHS KapTu
KOMIIETEHTHOCTEH YHIBEPCHTETaMH 1 y3TOKEHHS iX 3 KapTOI0 MPOQECitHNX KOMIIETEHTHOCTEH 3aMOBHUKA.
[lpakTHyHa peaizalis KOHTPOJIO pE3yJbTaTiB HABYaHHS MOJKIJIMBA TPH BHKOPUCTAHHI PETO3HUTOPIIO
komreTeHTHocTe LMS Moodle. AHani3 MOXIMBOCTEH IOTO 1HCTPYMEHTY MOKa3ye, M0 JJIs KOXKHOTO
CTY/ICHTa MOXKHA CTBOPHUTH JIEKiIbKa HABYAJILHUX TUIAHIB, B IKUX (PIKCYIOTHCS CPOPMOBaHI KOMIIETEHTHOCTI
B XOJl JUCTaHLIHOIO HaBYaJIBHOrO Tporecy. I[IpeacTaBHMKM 3aMOBHHKA MArOTh MOXKJIHMBICTD
KOHTPOJIFOBATH 3/I00yTi CTyJIEHTOM KOMIIETEHTHOCTI.

Mera ociipKeHHs: pO3poOUTH METO CTPYKTYPYBaHHS Pe3yJIbTaTiB HAaBYAHHS OCBITHBOI POrpaMu
JUIS OLIIHIOBaHHS KOMITETEHTHOCTEH (axiBIsl 3 BUKOPHCTAHHSIM PENO3HTOPiI0 KomrereHTHocTedt LMS
Moodle. O0’ekT mocmiKeHHs: npodeciiiHa miaroToBka (axiBIiB Ui MPOMKCIOBOCTI 3 BH3HAYCHUMH
KOMIIETEHTHOCTSIMH Ha 0a3i ocBiTHROI mporpamu. [Ipeamer nocmimkeHHs: yMOBH (pOpMyBaHHS SKOCTI
npodeciiHoi TiAroTOBKH (axiBLiB IS IPOMHCIOBOCTI 3 BU3SHAYEHUMH KOMIIETEHTHOCTSIMH.

PesynmbTat fociiJDKeHh TOKA3alld, IO PO3BUTOK JYaJIbHOI OCBITH CYTTEBO 3QJICKHTH BiJ
kBasti(hikaiii BUKJIAAAbKOro CKJaly, BMiHHS BU3HAYaTH METY HPAKTUYHOI AiSUTBHOCTI y KYpPCi.

KarouoBi ciaoBa: pemnosuTopii KOMIETEHTHOCTEH, naucraHuiiine HaBuyanHs, LMS Moodle,
HaBYAJIbHUI IUIaH.
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METHOD OF ASSESSING COMPETENCIES IN DUAL LEARNING

Kukharenko V.
Kharkiv National Automobile and Highway University, Kharkiv, Ukraine

Abstract. The introduction of dual education requires universities and enterprises to assess the quality
of training at the level of academic and professional competencies formed in the student. This requires a
careful analysis of the educational standard and the creation of a map of competencies by universities and
their coordination with the map of professional competencies of the customer. Practical implementation of
control of learning outcomes is possible using the repository of competencies LMS Moodle. The analysis of
the possibilities of this tool shows that for each student it is possible to create several curricula, which fix
the formed competencies during the distance learning process. Representatives of the customer have the
opportunity to monitor the competencies acquired by the student.

The aim of research: to develop a method of structuring the learning outcomes of the educational
program to assess the competencies of the specialist using the repository of competencies LMS Moodle.

Obiject of research: professional training of specialists for industry with certain competencies on the
basis of the educational program. Subject of research: conditions for the formation of the quality of
professional training for industry with certain competencies.

The results of the research show that the development of dual education significantly depends on the
gualifications of the teaching staff, the ability to determine the purpose of practical activities in the course.

Keywords: competence repository, distance learning, LMS Moodle, curriculum.

Beryn. JlyansHe HaBuaHHs — e (opma 3100yTTS OCBITH, 3aCHOBaHE Ha TICHIHA B3aeMoOil
HiIPUEMCTB, 110 BOJOJIIOTH peCypcamMu, HEOOXITHUMHU IS 31HCHEHHs] HaBYaHHS, MPOBEICHHSA
HABYAIILHOT, BUPOOHUYIOT TPAKTUKH, 3/IIHCHEHHS IHIIIMX BHUJIIB OCBITHBOI JIISUTHHOCTI Ta HABYATBHHUX
3aKJIaiB Ha OCHOBI COILIIAJILBHOTO MAPTHEPCTBA MIXK BUPOOHHMIITBOM Ta OCBITOXO, JIe OOUIBI CTOPOHHU
BUCTYIAIOTh PIBHONPABHUMHU MapTHEPAMHU, SIKI CHUIBHO PO3POOJISIOTH 1 KOOPAMHYIOTH OCBITHIN
MpoIIeC, 3A1MCHIOIOTh KOHTPOJIb 3a HOTO pe3yabraTtaMu [1].

AKTUBHMMH YYaCHMKaMH JyaJlbHOTO HaBYaHHS € Kadeapa YHIBEpCUTETy, CTYACHT Ta
HiANPHEMCTBO. 3MEHIICHHS aKTHBHOCTI Xo4ya O OJHOTO y4YacHHMKAa POOHTH MPOIEeC HaBUAHHS
HeedekTuBHUM. [ToeqHye 1TMX yyacHUKIB MPOIIECY CTaHIAPT OCBITHBHOI IPOrPaMHU.

[MpuHnunu opranizamii gyaabHOi OCBITH: II€ HOBI MPOLIECH; THYYKICTh; AKIEHTH Ha
npodeciiiHi KOMIIETEHTHOCTI Ta HABUYKHU; HABYaHHS Ha pOOOTI.

[TigroroBka (haxiBIliB 3a JyanbHOIO (POPMOIO HABUAHHS BUMArae CyITT€BO 3MIHUTH METOAU
PO3pOOKM HaBYAJIbHUX IUIAHIB 3 BUKOPUCTAHHAM KapT KOMIIETEHTHOCTEH, BU3HAUYEHHS MOTPIOHUX
HaBYAIBHUX TUCIMILUIIH Ta BUKOPHCTAHHS CYJaCHHX METOJIB MIPOEKTYBAaHHS HaBYAIBHUX KypCiB
(ADDIE, Takconomis biayma) Ta opranizamii HaBYaJbHOTO Mpolecy (AMCTaHLIiHE, 3MillaHe,
npo0JIEMHO-OPIEHTOBAHE HaBYaHHS, MUKpO-HAaBUaHHSA, Tomio). B cBoio uepry, e Bumarae
IiABUILEHHS PiBHA MeJaroriyHoi MaiiCTepHOCT] BUKJIa1a4a. | 11e € TOJIOBHUM BUKJIMKOM J1yajabHOTO
HaBYaHHA [2].

KoMmeTeHTHICTh — 1€ 3/1aTHICTh POOUTH MIOCh yCHITHO ab0 edexTuBHO [3], 1€ KiIHIIEBUI
cTaH npouecy. Bu moxere OyT KOMIETEHTHUM, TOOTO POOUTH 1€ KOXKEH pa3 MPaBHIIBHO, 1 O1JIbIle
HigyoMy BuuTHCS. CyTh KOMIIETEHTHOCTI B TOMY, 1110 BOHa crienudiuHa 1 BuMipHa. KomnereHTHOCTI
YaCTO BU3HAYAIOTHCS B KOHTEKCTI BUMOT Ha pOoOOYOMY MICIIi, 3HAHb 1 HABUYOK, HEOOX1THUX JIJIs
BUKOHAHHSI KOHKPETHOI poO0TH abo 3aBiaHHS.

HaBuanHs Ha OCHOBI KOMIIETEHTHOCTEH mependadae, MmO 3HAHHA MOXYTh OYTH
CHCTEMaTH30BaHi, IOBTOpPEHI 1 mepeBipeHi. IHIMMHU ciloBamMHM, BOHO OUIbII 00'€eKTHBHE 1
BUKOPUCTOBYE OiXeBIOPUCTCHKUM minaxin. HaBuuku € OuIbIn TUHAMIYHUMH 1 PO3BHBAIOYMMH,
HIATPUMYIOTHCS Kpallle KOHCTPYKTUBICTCHKUM M1J1X010M. TOMY HE IMBHO, 110 MIIX1J 10 PO3BUTKY
IHTENEKTYaIbHUX HABUYOK Ma€ TEHICHINI0 OYTH OUIBII BIAKPUTHM, MEHII BU3HAYEHUM 1 OLIBII
BUTIAIKOBUM.

IlocranoBka 3amaui. 3 caMOro MOYaTKy BIPOBA/KEHHS AYyaJbHOTO HABYAHHS, BOHO
PO3IIIAIANIOCH SIK MTeJaroriyHo-opranizaiiiina ¢popma. bararo nutanp Ta cipoTuBy OyJ10 OB’ SI3aHO
3 pO3MOAIIOM HaBaHTAKEHHs BHKIaAadiB. MakTHYHO TO3a yBarow OylId METOAM IMPOBEIACHHS
HaBYAJIBHOTO MpoIIECy, 5Kl 0 3a0e3meuyBaiu AKICTh HaBYaHHS Ta POPMYBaHHS KOMIETEHTHOCTEH,
AK1 moTpiOH1 mpomMucioBocTi. [lybmikamii 3 Hboro NpuBoay MpakTU4HO BiACYTHI. 3 2019 poky B
VYkpaiHi po3rovaBcsi SKCIEPUMEHT 3 BIPOBAPKEHHS TyallbHOrO HaBYaHHS y 3aKiajax ocBiTH [4],
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[5]. V nonokeHHsIX PO eKCIIePUMEHT BKa3y€EThCs, 0 TOJIOBHOIO METOIO € PO3BHTOK EIaroriaHO-
opraHizauiiHUX 3aca.

B ymoBax kpu3u BHUIIOI OCBITH HEOOXIJHO MEPETIISIHYTH METOJM Ta TEXHOJIOTI] HaBYaHHSI,
BIIPOBA/KYBATH TEXHOJIOTIT JUCTAHI[ITHOrO HaBYaHHS, SKI JO3BOJSIOTH THYYKO IUIAHYBAaTH
HABaHTa)XCHHsI YYaCHHKIB HaBYAJIBLHOTO Iporecy. HeoOXiqHO BpaxoByBaTH, IO MPOMHUCIOBOCTI
noTpiOHI cremiamicT 3 ¢HOpPMOBAaHUMHU JJIi KOHKPETHOT'O BHPOOHHUIITBA KOMIIETCHTHOCTSIMH.
KomrmeTeHTHOCTI Habararo Jieriie BUMIpIOBaTH Hixk HaBU4KkH [3], a komrieHTHOTO (paxiBis He Tpebda
JOJJATKOBO HABYATH, BiH TOTOBUI BUKOHYBATH KOHKPETHY MisIBHICTB. | /Ui 1IbOTO CTBOPEHI BCi
ymoBHU. OCBITHS IIporpama CIielialbHOCTI 0a3yeTbCs Ha OCBITHBOMY CTaHIApTi, B SIKOMY YIiTKO
BU3HA4YEHI KOMIIETEHTHOCTI Ta pe3ynbTaTH HaBuaHHs. CrpaBa 3a MainuM, BHKJIajadi Ta (axisii
MPOMHKCIIOBOCTI IOBHHHI HAaBYMTHCS BUKOPHCTOBYBATH IIi CTAHAAPTH NP OpraHizaiii JyaabHOTro
HaBYaHHS, B SIKOMY IIPOMUCIIOBICTh KOHTPOJIIOE Ta MpUMAE y4acTh y (OpMyBaHHI KOMIETEHTHOTO
daxiBis.

Meta pociaiaKeHHs1: pO3pPOOUTH METOJ CTPYKTYPYBaHHS pe3yJbTaTiB HaBYaHHS OCBITHBOI
nporpaMy JUIs OIIIHIOBAaHHS KOMIIETEHTHOCTEH (axiBIsi 3 BHUKOPUCTAHHSAM PEIO3UTOPII0
komneTeHTHocteit LMS Moodle.

O0’exT pociaizxeHHsi: npodeciiiHa miaroroBka (axiBIiB UISI TPOMHCIOBOCTI 3
BU3HAYCHUMU KOMIIETEHTHOCTSIMK Ha 0a31 OCBITHBOI POTPAMH.

IIpenmer nociigaeHns: yMoBu (hOpMyBaHHS SKOCTI MpodeciiftHOT miAroToBKU (axiBIliB A
IIPOMHKCIIOBOCTI 3 BU3HAYEHUMH KOMIIETEHTHOCTSIMH.

OcHoBHA yacTHHA. PO3BUTOK TyaqbHOTO HaBYAHHS B YHIBEPCHTETI MOXHA MPEJICTABUTH Y
BUIJIAJII KOHIENTYaJIbHOI KapTu (pUCYHOK 1), B siKiil BimoOpa)aeTbcs METOJOJIOTIA MPOLECY.
Opranxi3amiifHi TUTaHHS MalOTh APYropsAHE 3HAYEHHS Ta 3ajexarb Bix meroxposorii. Cxema
MOKa3ye, 10 HEOOXiTHO MPOBECTH BEIMKY MIATOTOBYY pPOOOTYy, Big sKOi Oyne 3anexaTu
PE3yIbTaTUBHICTH BIPOBAHKECHHSI.

OyanoHe HaB4AHHA

\

KomneTenTsmit daxiceys  |inmmbad dhaxieus

Ty |\ Yuisepcurer ) Is Y
L_ nignpueMcTes | S— | Cryment

4 \
HANIZ OCBITHEOND CTAHGAPTY
zraniz pofoth daxisus

I/ KapTa KOMMNETEHTOCTEM

'\ dhaxisun

BNPoBagWEHHR

KapTa npmbecmunx

l HOMMETEHTHOCTEH
Er— - Y
rpyna nigTpHMKH /I

EMKDHYE

NEPesaE HA Y3rOAKEHHR

iHAMEIDyanoHi
HOMMETEHTHOCTI

yaromxye

hpeHMEODK KOMNETEHTHOCTEH

ysrnu.mem HOMMNETEHTHOCTI )

H3BaHTaMEHHA
8 poznogin

| IHﬂHBIﬂvaﬂle HAB4aNbHi NNAHK

/A_\*’ N

\ [ H3B43HHA Ha \
k 3MiluaHe HABYAHHA \ poBouomy Micui Y,

\

K RHCTEHLI,IHHE HaB4YaHHRA

Pucynok 1 — Po3BuToK nyanbHOro HaBYaHHS B YHIBEPCHUTETI

BaxiBUM € BUKOPHCTaHHS 3MIMIAHOTO Ta JTUCTAHIIIHHOTO HABYaHHS 1 OJTHUM 3 HaWKpaIux
CEpEeIOBHIIl YIIPABIiHHS HABYATLHUM MPOIECOM y 1iboMy Bumnanaky € LMS Moodle.

LMS Moodle mae BOynoBaHuii perno3uTopiii KOMIIETEHTHOCTEN, SKUH MOXKHA BUKOPHCTATH
JUIST BUMIPIOBaHHS KOMIIETEHTHOCTEH Ha 0a3i OCBITHBOTO CTaHIAApTy. [lias mporo HeoOXiTHO
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CTPYKTYpYBaTH pE3yJlbTaTH HaBYaHHS Ta KOMIIETEHTHOCTI 3a BHMOTaMH pPEMO3UTOPII0
KOMIIETEHTHOCTEH.

OcBiTHIl craHmapt Oa3yeTbCs Ha pe3yibTaTaX HaBYaHHA Ta KOMIIETEHTHOCTSX. [l
NPAaKTHYHOTO BUKOPUCTAHHS BOHH MMOBUHHI OyTH CTPYKTYpOBaHi 3a piBHAMH iepapxii. Ha neprmomy
PIBHI CTOSITh KOMIIETEHTHOCTI, Ha IPYTOMY — pe3yJIbTaTH HaBYaHHA. Y 1[bOMY BUMAJKY y3TOJPKEHHS
MiArOTOBKM (haxiBIs BiOyBa€Tbcsi Ha piBHI KomrieTeHTHocTed [6]. Takwmii migxim 3pydHUit
poOOTOAABISIM, KOJIM BOHM BH3HAYAIOTh KBawidikamio ¢axiBig Ha poOOYOMY MiICIi depes
KOMITETEHTHOCTI (UM CIIPOMOYKHUH (haxXiBellb BAKOHYBATH JisUTbHICTH Ha BIAMOBITHOMY PiBHi).

Ha nactynmHoMy piBHI BH3HAuyarOThCs MoOKa3HUKM KomnereHTHocted (II) BiamoBigHO 10
pe3ynbTariB HaBuaHHs. Lle Moxke OyTH camocTiiiHe BUKOHAHHS 3aBJaHb, ad0 y CKJajai Tpynu 3
daxiBISIMH Pi3HUX Hi,I[pOS,I[iJ‘IiB

Ha TPEThOMY piBHI BlI[6yBa€TBC$I KOHKpeTH3allis ux 3aBaaHb. Lle moxe OyTu mpoctuit
AJIrOpUTM T (AJ‘I) gy criagHui kiactep (Ki), B sikoMy Ipaloe KOMaHAa 1 BaXIMBUMH €
colianbHI B3a€MOJIIT Y4aCHUKIB.

UerBepTuii piBeHb — II¢ BUKOHAHHS KOHKpeTHUX i ([l), pe3ynbrar SKuX MPOCTO
BUMIPIOETHCS, B JIESIKUX BUIAJIKaX 3 BUKOPUCTAaHHIM TakcoHOMIi biryma.

VY neskux BHUIIAJKaX MOXKE BUHUKHYTH NOTpeda y T0JaTKOBHUX PiBHSX.

Jlnist ompaltoBaHHSI OCBITHBOTO CTaHIAPTY 3py4YHO BHKOpHCTOBYBaTH Excel Tomy, mo came
Taka CTPyKTypa mependadeHa y @peiiMBopky kommeTeHTHocTell. HeoOxinHo y mepiiomy
CTOBITYMKY PO3MICTHTH KOMIIETEHTHOCTI OCBITHBOTO CTAaHIAPTy, y APYrOMY CTOBIYUKY —
pe3yibratd HaB4yaHHA (Pe3). IIpoTH KOXKHOI KOMIETEHTHOCTI MOKE PO3MILIYBAaTUCh IEKiIbKa
pesyibrariB HaByaHHs (Pe3l, Pe32, ...). V TpeTboMy CTOBNUYHUKY PpO3MIIIYIOTbCS MOKa3HUKU
kommereHTHOCTI (IT), AKi BiAMOBimalOTH BKa3aHWM pe3yibTaTaM HaBYaHHA. Ha mpomy erami y
(bopMyBaHHI PEMIO3UTOPII0 KOMIIETEHTHOCTEN IPpUMAE y4acTh BUKJIa1au-IIPEIMETHHUK, SIKHI Haae
NPOTO3UILIT MO0 TMOKA3HUKIB 10 BIATOBIAHUX KOMIIETEHTHOCTEH. Y TpadiuHOMY BUTIISAAL IS
iHpopMarist mpeacTaBisie co0O0 Maly KOMIIETEHTHOCTEH (aKaJeMiyHHX), sSKa MOBHHHA OyTH
y3rOKEeHA 3 3aMOBHUKOM (PHUCYHOK 2).

( HABYAIbLHHH IIaH )
LAm |

N
0\ ( KOMIIeTeHTHICTE )
Py

(=

Pucynok 2 — Cxema opMyBaHHsI HaBuasibHOTO TWiaHy Y Moodle (Pe3. — pe3ynbrar HaB4yanHs, 1 —
MOKa3HUK KOMIETEHTHOCTI, AJI - aJITOPUTM BUKOHaHHS JisuibHOCTI, Ki1. — Kinacrep, J| — koHKpeTHa J1ist)

Y CBOIO Uepry, y 3aMOBHHKA Ma€ O6YTH Mamna npodeciifHuX KOMIEeTeHTHOCTeH. IX y3romkenHs
JO3BOJISIE BIIKOPUTYBATH aKaJaeMi4HI KOMIETEHTHOCTI Ta BU3HAUYUTH JI0JIATKOBI KOMIIETEHTHOCTI,
SIK1 BpaXOBYIOTh OCOOJIMBOCTI BUMOT JI0 KOMIIETEHTHOCTEH 3aMOBHUKOM.

Otpumana tabmuns y Exel 3 BiAMOBITHUMU KOMEHTApSMHU OO0 MPOIMO3UIliI 3aMOBHHKIB
3aBaHTaXXYETHCS aJMiHicTpaTopoM cuctemu Moodle y perno3utopiii KoMmreTeHTHOCTeH. Bukinanau
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Kypcy 6auuTh Bci peno3I/IT0pi'1' 1 MOXKe iX MIJKII0YaTH 10 CBOro Kypcy. st IIbOro BiH 10 KOXHOTO
3aBJaHHA KypCy, sKe OLIIHIOETHCSI, BU3HAYa€ OLIHKY Ta IMOPOTOBHHA 0Oan 1 /J0/1a€ TMOKa3HUKU
KOMIIETEHTHOCTI 1 IpaBuia ix 3apaxyBaHH. Bci 3aBnaHHA 3a CKIaJHICTIO KIACH(]IKYIOThCS 3a
takcoHoMmiero biayma. KomnereHTHICTD, piBeHb SKOi BU3HAUAETHCS TAKCOHOMIEIO biryma, B cuctemi
MoOXe (PIKCyBaTHUCS aBTOMATHYHO, BUKJIAJa4eM Ta CTYACHTOM 3 IMiATBEP/UKEHHSAM BUKIIAJayeM
(SIKI10 CTYAEHT 11 3/100YB 1032 KypcoMm).

Ha 6a3i cTBOpeHux pemno3utopiiB komnerentHocteir y LMS Moodle Ta y3romxenHs 3
3aMOBHUKAMH B CHCTE€MI CTBOPIOIOTHCS HaBYaNIbHI IUIAHU, SIK 3arajibHi, Tak i 1HAMBIAyallbHI, Ta
HiAMUACYIOTBCS HA HUX cTylAeHTH. CTyneHT Moxke OyTH HiANMCaHWi Ha JEKiTbKa HaBYAIBHUX
wianiB. CaMe Ha I[bOMY eTarli BiIOYBA€TbCSA PO3MOALT HABAHTAXKEHHS MIX YHIBEPCUTETOM Ta
HIANPUEMCTBOM 3aJIEKHO BiJl KaJpoBOro 3a0e3ledyeHHsl yYaCHHMKIB HaByalbHOIo mpouecy. Kpim
TOTO, BU3HAYAETHCS MEPETIK MIKPO YPOKIB Ta iX TeMaTHKa JJs 3aCBOEHHS OKPEMHUX PO3JALIIB Ha
poboYoMy MicIIi CTyACHTA.

VY cuctemi MOXYTh OyTH KOPHUCTYBadi, SIKi MalOTh IPaBO MEPErisIaTH HaBUYaIbHI TUIAHH,
pelaryBartH ix B 3aJIS)KHOCTI BiJ oTpeO.

[Ipu miaroToBili pPO3pOOHUKIB AMCTAHIIIMHUX KypciB y mporpami aBTopa «TexHomoris
PO3pOOKH IUCTAHLIHHOTO KypCy» nepefadadeHo CTBOPEHHS MPOrpaMu Kypcy Ha 0asi OCBITHBOL
nporpaMy 3a BiJIIOBIIHUM OCBITHIM craHmaproMm. Ha jkanp, He BCi BHKIamadl mpu po3pooii
IporpaMu Kypcy LIMM KOPHUCTYIOThCS. SIK IpaBUiO, 1 pe3ylbTaTH HaBYaHHS, 1 KOMIIETEHTHOCTI
BUOMPAIOTHCS TOBUIBHO. Lle yckianHioe BU3HAUeHHS IPAaKTUYHOT AisTbHOCTI Y Kypci. Lle Oinbe
po0JieM BUHUKAE MTPU BU3SHAYEHH1 PIBHS METU MPAKTUYHOI AisUIBHOCTI 3a TakcoHoMmiero biryma. e
O3Hauae, 110 Yy BHKJIajgaya TpeOa (QOpMyBaTH HaBUYKM pOOOTHM 3 KOMIIETEHTHOCTSMH Ta
pe3yabTaTaMu OCBITHBOTO CTAHIAPTY 1 WITKOTO (POPMYITIOBAaHHSIM METH MPAKTHYHOI AISTTBHOCTI y
Kypci 3a TakcoHoMi€ro biyma.

Tinpku 3a TaKUX YMOB MO>Ke OyTH 1oOy10BaHa THYy4YKa CUCTEMa JlyallbHOTO HABYAHHSI, B SAKIH
CTYACHTH yHlBCpCI/ITCTy MOXKYTh TOTYBATHCH [0 poboTu Ha p13H1/1x MiANPUEMCTBAX 1 PI3HHUX
poboYMX MICISIX yepes IHI[I/IBI,Z[yaJ'IBHl HaBYaJbHI IJIaHW, @ YHIBEPCUTETH KOHTPOJIIOIOTh HAOYTI
CTYZCHTAaMH KOMIIETEHTHOCTI uepe3 3arajbHUil poOOYHii IIIaH.

BucHoBkHM. P0O3BUTOK AyallbHOTO HaBYaHHS B YHIBEPCUTETI IOBHMHEH Oa3yBaTHCS Ha
ocBiTHROMY cTanAapTi. s hopma HaBuaHHS BUMarae cepio3Hoi miaroroBuoi podoru. HeobxigHo
y LMS Moodle cTBopuTH peno3uTopiii KOMIIETEHTHOCTEH, Mally KOMIIETEHTHOCTEH Ta y3TOJIUTH ii
3 npodeciiHUMU KOMIETEHTHOCTAMHU. HasBHICTH pPEMo3UTOPiI0 KOMIETEHTHOCTEH, B SKOMY
BH3HAUEH! MOKAa3HUKU KOMIIETEHTHOCTEW, CTBOPUTU HEOOXIJHY KUIbKICTh HAaBaJbHUX IUIAHIB 3
BU3HAYEHUM pIBHEM BOJIOJIHHS CTYJEHTOM KOMIETeHTHocTell. Bukianay y cBoeMy Kypci roTye
BIJIMOBIIHI 3aBJIaHHS Ta 3aKPIIUIIOE 32 BiAMOBIAHUMU KOMIIETEHTHOCTAMU. B X011 HaBYAIbHOTO
mpoliecy BHUKIaaau 3abe3nedye (ikcaililo JOCATHEHb CTYACHTa, a CTYJACHT Ta 3aMOBHHUK MOXYTh
neperiasaatd iX JOCATHeHHA. SIK pe3ynbpTar, Micis 3aBeplleHHS HaBYaHHSA CTYAEHT 0e3
JI0JTAaTKOBOTO HABYAHHS MO’KE IIPALIOBATH Ha KOHKPETHOMY poO0YOMY MICIIi.

VY nocniakeHH1 3amporoHOBaHa MOJENb PO3BUTKY AYalbHOIO HABUAHHS B YHIBEPCHUTETI,
pPO3pO0JICHO METOJA CTPYKTYpYBaHHS pe3yJIbTaTiB HaBYaHHS OCBITHBOI IIPOrpamMH JUIs OI[IHFOBaHHSI
KOMITETEHTHOCTeH (haxiBIsl 3 BAKOPHCTAHHSAM PENo3UTOpiro komnereHTHOCTeit LMS Moodle.

PesynpTatu nociijykeHb MOKa3aiy, 10 PO3BUTOK JYalbHOI OCBITH CYTTEBO 3aJI€XKHUTh Bij
KBasTi(hiKaIii BUKIIAAALbKOTO CKIIAAy, BMIHHS BUBHAYaTH METY NMPAKTUYHOI JISUIBHOCTI Y KypCl.
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HEWPO-HEUYITKUH NIIXIJT 10 ®OPMYBAHHA CTPYKTYPHO-JTOTTYHUX CXEM
HABYAJIBHOI'O KOHTEHTY

Masypok T. JI., Yepuux B. B.
[liBneHHOYKpaiHChKUI HalllOHATBHUHN neAaroriuauil yHiepeutet iM. K. J[. YmmHcbkoro,
M. Oneca, Ykpaina

AHoTaniss. MeToro JOoCTiKeHHs] € BU3HAYCHHS METOIMKH PO3POOKU CTPYKTYPHO-JIOTIYHHUX CXEM
HAaBYAJLHOTO KOHTEHTY HAa OCHOBI JEKOMIIO3MLii YMOB MJOCATHEHHS AMAAKTUYHOI MeTH. O0’ekToM
JOCTI/DKEHHST € TPOIEC PO3POOKH CTPYKTYPHO-JIOTTYHMX CXEM HaBYalbHOrOo KOHTeHTy. [Ipemmerom
JOCIIJDKEHHS. € JOCIHIPKEHHs JOITFHOCTI 3aCTOCYBaHHS HEWPO-HEUITKOTO MAXOLY IO CTPYKTYpyBaHHS
KOHTEHTY, 1[0 € OPIEHTOBAaHMM HA ITiIBUIICHHS aIallTHBHHUX BIACTUBOCTEH YIPABIiHHA HaBYaHHAM. MeToman
JOCIIDKCHHSI — CHCTEMHHI aHalli3, Teopis HEeUiTKMX MHOXXHH, TEOpisl 1HTENEKTYaJbHOTO YIpaBIiHHS.
3anporoHOBaHO HEHPO-HEUITKUH MiAXix 10 PO3pOOKH CTPYKTYPHO-JIOTIYHUX CXEM HAaBYaJBHOTO KOHTEHTY,
IO € OPIEHTOBAaHWUM Ha JOCATHEHHS TEBHOI IUIAKTUYHOI MeTH. JlOCHi/KEHO BIUIMB OTPUMAHOTO 32
PO3pOOIIEHOI0 METOAMKOIO CTPYKTYPOBAaHOTO KOHTEHTY Ha INJBUINCHHS DPIBHS aJaNTHBHHUX BIIACTHBOCTEH
KOHTEHTY 3 YpaxyBaHHSM 3a3Ha4eHOI AUAAKTHIHOI MeTh. HaBeieHo pe3ynbTaTu JOCIiKEHb.

KarouoBi cioBa: CTpyKTypHO-JIOTiYHA CXeMa, HEHpO-HEWITKUH MiAXiA, aJanTHBHE YIPaBIiHHS
HaBYAHHSIM, CTPYKTYPYBaHHs KOHTCHTY.

NEURO-FUZZY APPROACH TO THE FORMATION
OF STRUCTURAL AND LOGICAL SCHEMES OF EDUCATIONAL CONTENT

Mazurok T., Chernykh V.
South Ukrainian National Pedagogical University named after K. D. Ushynsky, Odesa, Ukraine

Abstract. The aim of the study is to determine the methodology for developing structural and logical
schemes of educational content based on the decomposition of the conditions for achieving the didactic aim.
The object of research is the process of the developing structural and logical schemes of educational content.
The subject of research is the study of the feasibility of a neuro-fuzzy approach to content structuring, which
is focused on improving the adaptive properties of learning control. Research methods are systems analysis,
fuzzy set theory and intellectual control theory. A neuro-fuzzy approach to the development of structural and
logical schemes of educational content, which is focused on achieving a certain didactic goal, is proposed.
The influence of the structured content obtained by the developed method on the increase of the level of
adaptive properties of the content taking into account the specified didactic aim is investigated. The results
of research are given.

Keywords: structural-logical scheme, neuro-fuzzy approach, adaptive learning control, content
structuring.

Beryn. B ymoBax cywacHoro erany pedopMyBaHHS OCBITH, IO MOB’S3aHUHN 13 MOAATIBIINM
BIOCKOHAJICHHSM Pi3HUX (POPM ENIEKTPOHHOTO Ta TUCTAHIIHHOTO HABYAHHS, CTBOPEHHSIM YMOB IS
3aCTOCYBAHHS BIIKPUTHUX 3MIIIaHUX PECYPCIB, HAJA3BUYAWHO BAXKJIMBUM € IMUTAHHS BIOCKOHAJICHHS
3ac00iB  ()OpMYBaHHA €NEKTPOHHMX HABUAIBHUX MaTepialiB, IO MaioTh 3a0e3neuyBaTH
iH(pOopMaIIiifHy MiATPUMKY HaBYaHHSA. 3 OTJISJIOM Ha T€, 110 CYCIUILCTBO 3HAHb BUMArae 3/[1HCHeHHS
HABYAHHS KOXKHOI OCOOM TIPOTSTOM JKHTTS, aKTYaJbHOIO IIOCTaE TpoliieMa BIOCKOHAICHHS
KOMIT FOTEPHHUX 3aC001B JIJIsl CTBOPEHHS €JIEKTPOHHUX HaBUalIbHUX MarepiaiiB. Ciiij] 3a3HAUYNTH, 110
pOJIb TAKMX MaTepialiB B Cy4aCHUX YMOBax He Ma€ OyTH 0OMEKEHOI0 BUKIIOYHO iHPOpMaIiHHUMH
acreKTaMu, a, BOAHOYAC, Ma€ pO3MIIAAaTUCh KOMILJIEKCHO 3 ITpolieMaMy peanizaiii €JMHOI CUCTEMH
ynpapiiHHA. Take MoeaHaHHS KiOepHeTHYHOI Ta iH(OPMAIIHOI CKIaJ0BOi PO3IIISAAEMO, SIK
HEOOXIHY YMOBY peaii3allii aJanTUBHOIO YIPaBJIiHHSA HaBUYaHHSM, 110 € 3aTpeOyBaHUM B CBITIII
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OCHOBHHUX CIIPSMYBaHb IIOJAO 1HIWBIIyalli3aimii HaBYaHHS, CTBOPEHHS KOMGMOPTHHUX YMOB IS
KOKHOTO 37100yBava OCBITH. BapTo MigKpecIuTH HE TUIBKH BAKIMBICTH TOCTaTHBROTO 00OCATY
HaBYAJILHUX MaTepialiB, a IIe i BAXKJIMBICTb MUTAHHS 11010 CTPYKTYPYBaHHs KOHTEHTY B 3aJIEKHOCTI
BiJl JMJAKTUYHO BHU3HAYEHOI METH HABYaHHs, HOTro CHpsSMYyBaHHS Ha JOCSATHEHHS KOHKPETHHUX
JIOKAIBHUX Ta TI00aNbHUX Pe3yIbTaTiB HABYAHHS.

ITocTanoBka 3aaauyi. IcHye 6arato 3arajgbHOBIAOMUX METOIB CTPYKTYPYBaHHSI HaBYaJIbHOT
iHdopmalii, cepen SKUX BUAUIAIOTH METOJ MPOEKTIB, METOJIM MOJYJIBHOIO, MPOTrPaMOBAHOIO
HABYaHHS, METOJM OMOPHUX KOHCHEKTIB 1 y3arajlbHeHHs, TEXHOJIOT1I0 BUIIEPEHKEHOIO0 HaBUaHHS
Ta iH. [1]. BTim, 111 cocoOu He MOBHICTIO BPaXOBYIOTh CKJIAIHICTh HABYAIBLHOTO MaTepiany, y TOMY
quCIl HOro CTPYKTYpPHO-JIOTIYHY OaraTopiBHeBicTb. Kpim TOro, Bci 1i METOIM € PYYHHMH 32
CYTHICTIO Ta HE JI03BOJIIIOTH aBTOMAaTU3YBaTH 3MiHY CTPYKTYPH CUCTEMHU HaBYAJIbHUX €JIEMEHTIB B
3QJICKHOCTI Bl AMAakTHYHOI MeTh. OTke, I BUPIMIEHHS Takoi HedopMari30BaHOI MpoOiieMu
HEOOXIJTHUM € 3aCTOCYBaHHS IHTEJIEKTYaTbHUX TEXHOJIOTIH.

Meta po60oTH: BU3HAUYECHHS METOJUKH PO3POOKU CTPYKTYPHO-JIOTIYHHX CXEM HABUAIBHOTO
KOHTEHTY Ha OCHOBI ICKOMIIO3HIIii YMOB TOCATHEHHS AUJAKTUYHOI METH.

OcHoBHa 4yacTuHA. /[ aBTOMAaTH30BaHOTO (OPMYBAHHS CTPYKTYPHO-JOTIYHOI MOJEN1
HAaBYAJILHOTO KOHTEHTy, M0 3a0e3medye JOCSATHEHHA 3a3HA4€HOl JAMJIAKTUYHOI METH
3alpOTIOHOBAHO  HEMpO-HEUITKMH  MiAXi [0  MOJENIOBAHHS  BHYTPIIIHBOIPEIMETHHX
B3a€MO3B’A3KIB 3 BUKOPHCTAHHSAM JIHTBICTUYHMX 3MIHHUX, IO JIO3BOJIAIOTH B1J100pa3uTU
Cy0’eKTHBHY MIipy €KCHepTa-BHKJIaZadya IMIOA0 B3a€MO3B’SI3Ky MK JBOMAa HaBYAJIbHUMHU
enemernTamMu. CPOpMOBAHO MOJIENb HABYAIHHOTO KOHTEHTY Yy BUIJISAI HEWiTKOro rpady, mo
CKJIaJIA€ThCS 3 BEPIIMH YOTUPHOX TUMIB (0a30BUX, TPAaH3UTHBHUX, KIHIIEBUX Ta aBTOHOMHHX) 32
dbopManizoBaHUMH MpaBHJIaMU iX KOMOIHYBaHHS B KOHKPETHUX CTPYKTypax. YTpaBIiHHS
CTYIIEHEM B3a€MO3B’SI3KiB B1I0yBa€ThCS IUIIXOM HEHPO-HEUITKOI KJIacTepH3allii, o A03BOJISE IS
KO)KHOTO BEKTOPA B3a€MO3B’SI3KiB BU3HAYUTH CTYIIHb HAJEKHOCTI J0 BIAMOBIIHOTO KJIACTEPy —
JTUIaKTHIHOT MeTH. MoJIeNTb TUIaKTUIHOT METH (POPMYETHCS Yy BUTIISIIL i€papXidyHOi CTPYKTYPH, IO
OTPUMAHO Ha OCHOBI TMOMEpPeAHBOI 3MICTOBOI Jekommo3uilii. [lodaTkoBe HeUiTKe pPO3OHUTTS
TUAAKTUYHO 3HAUYIIMX HAaBUYAIBHHUX €JIEMEHTIB BiAOYyBa€ThCs Ha OCHOBI YTBOPEHHS MAaTpHIIi,
3HAYeHHS SIKOI € pe3yiabTatoM ¢asudikaiii Ha OCHOBI BHU3HAUEHHS eKcrepTaMu (QYHKIH
HAJIEXKHOCTI JIHTBICTUYHOT 3MIHHOI «CTYHiHb BIUIUBY B3a€MO3B’S3KIB MK HaBUYaIbHUMHU
eJIEMEHTAMHU HA JOCSATHEHHS BIIIIOBIIHOI METHY.

o ocobnuBocTel peamizaiii JaHOTO MMAXOAY MOXKHa BIJHECTH T€, IO 3a PaxyHOK
NoTnepeHbOI KlacTepu3allli BJIaloCh 3HAYHO €(EKTHUBHIIIE 3aCTOCYBAaTH TEHEpallil0 HEUITKHX
MpaBWJI, KUIBKICTh SIKUX CIIIBMAJae 3 KUIBKICTIO KiacTtepiB. OTpuMaHa cucTeMa J103BOJISIE
1IeHTU(IKYBaTH XapakTep B3a€EMO3B 3Ky MDK MaTpuler0 Koe(illieHTIB B3a€MO3B’S3KIB Ta
CTYIIEHEM JIOCSATHEHHS JUIAKTHYHOI MeTH. KOoMIT'IoTepHI €KCIIepHMEHTH, IO MiATBEPIXKYIOTh
(GYHKI[IOHYBaHHS 3aIIPOMIOHOBAHOTO MMi X0y, 3JIIICHEHO Ha OCHOBI iHCTpyMeHTapito Fuzzy Logic
Toolbox nporpamu Matlab. /Iyis 3HaxomkenHs neHTpiB kiacrepis B Matlab 3actocoBano GyHKIIirO
subclust, mo 3milicHIOE CyOTPaKTUBHY KJIACTEpU3allil0. BHCHOBKH IOAO pEe3yIbTATUBHOCTI
3aMpONOHOBAHOI0 METOAMKH IMiITBEP/UKYIOThCS MEJaroriyHMMU €KCIIEpUMEHTaMHU 3 BU3HAYCHHS
MO3UTHUBHOTO BIUIMBY CTPYKTYPOBAHOTO KOHTEHTY Ha JIOCSTHEHHS PI3HUX AUJAKTUYHUX II1IEH.

BucnoBku. Y po0oTi cpOopMOBaHO CTPYKTYPHO-JIOTIUHY MO/I€NIb HABYAJIbHOTO KOHTEHTY, 1l
MapaMeTPUYHOIO HAIIOBHEHHSI BEKTOPOM IHTETpaIlii 3 METOI0 JOCIIKEHHS B3aEMO3B’A3KY MK
YTBOPEHOIO CTPYKTYPOIO Ta TOCATHEHHS TUAAKTUIHOT MeTH. [logasnbine BIoCKOHaIEHHS HEUiTKOTO
pPO3OUTTS MHOXHMHM JAMJAKTHUHUX Il Ta 3aCHOBAaHMM Ha LbOMY MeXaHi3M (opMyBaHHS
IHAMBIIya IbHUX CTpaTerii Moxe OyTH peasi30oBaHMM B MeXaX CHUHTe3y TiOpHIHOI cucTeMH
Q/IaTITUBHOTO YIIPABIIiHHS HaBYaHHSIM.

3anpornoHOBaHUM METOJ [O03BOJIIE AaBTOMATH3yBaTH mpouec (OpMyBaHHS CTPYKTYpHU
HaBYAJIHHOTO KOHTEHTY Ha OCHOBI BM3HAYEHUX BHKIIAJa4eM CYTTEBUX JIOTIYHHX B3a€MO3B’S3KiB
MK HaBUQIbHUMHU €JIEMEHTaMH, 110 3a0e31euye JOCITHEHH 3a1aH01 UTaKTUYHO METH Ha OCHOBI
Helpo-HeuiTKo1 kiactepu3aliii. Lle 103Bossie BAOCKOHAIUTH y3arajbHEHY CUHEPIreTUYHY MOJEIh
a/IalITUBHOTO YIPABJIiHHS HaBYaHHSAM, CTBOPUTH iHPOpPMALIIHHI YMOBHU JIJIsl 1HIUBIAyalli30BaHOTO
HaBYaHHSI.

Cnucok BUKOPUCTAHUX JKepeJt
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MOJEJIb TPAHC®OPMALII 3AKJIALY BULIIOI OCBITH
B «(IIMU®POBUM YHIBEPCUTET»

ManbkyTa 1. M., 3axapona 1. B.
CxinHoeBporneiicbkuil yHiBepcutet imMeni Payda AbnszoBa, M. Uepkacu, Ykpaina

Anortanisi. TeHmeH TS 3aIpOBaHKEHHS 3MIMIAHOTO Ta TUCTAHIIIHHOTO HABYAHHS B CHCTEMI BHIIOL
OCBITH TIEpEOpi€HTYBala YHIBEPCHTETH IMIOJO0 IXHBOTO BXO/KCHHS B HU(POBE OCBITHE CEpeIOBHIIC.
Tpancdopmarist 3aknamy BUIIOI OCBITH B IHU(POBUI YHIBEpCHTET MOTpedye po3poOJeHHs Mopenen
opranizanii ocBiTHbOrO mporecy. O0’ekToM mociimKeHHs1 € Oi3Hec-mporecu yHiBepcuteTy. [Ipeamerom
JOCHIDKEHHS € 3ac00M MOJICTIOBAaHHS OCHOBHHX 1 JOMOMDKHHUX MPOLECIB 3aKialy BHUILOI OCBITH i HOTO
(yHKUIiIOHYBaHHS B U(QPOBOMY OCBITHROMY cepeZioBulli. [Ipomonyerscst moaens Tpancgopmanii 3BO B
«Uudposuii yHiBepcUTET» 32 METOJOJIOTI€I0 MoAeoBanHs Oi3Hec-mpoueci B HoTawii IDEF0. Crnienndiky
MoJei Bi,uo6pa>1<a}0T1> ¢ynkuii Monepwizamii  IT- iH(bpaCprKTypH un(prBBaui'i IH(I)OpMaLIII/IHOFO
3a0e3MeUYeHHs] OCBITHBOTO TIPOLIECY, TpaHCPOpMalii CyMpOBIAHUX NPOILECIiB Ta Mpolecy HaBYaHHS i
NepPeniiIrOTOBKY TIepCOHAITY.

Karwouosi cioBa: nudpoBuil yHiBepcuteT, mu(poBe OCBITHE CEpeAOBUILE, MOAETL YHIBEPCHUTETY,
morarig IDEFO.

MODEL OF TRANSFORMATION OF HIGHER EDUCATION INSTITUTION
IN “DIGITAL UNIVERSITY”

Mankuta Y., Zakharova I.
Rauf Ablyazov East European University, Cherkasy, Ukraine

Abstract. The trend of introducing blended and distance learning in the higher education system has
reoriented universities in terms of their entry into the digital educational environment. The transformation of
a higher education institution into a digital university requires the development of models for the organization
of the educational process. The object of research is the business processes of the university. The subject of
research is the means of modeling the main and auxiliary processes of a higher education institution for its
functioning in the digital educational environment. The model of transformation of higher education
institution in “Digital University” according to the methodology of business process modeling in IDEFO
notation is offered. The specifics of the model is reflected in the functions of modernization of IT
infrastructure, digitalization of information support of the educational process, transformation of
accompanying processes and the process of training and retraining of personnel.

Keywords. digital university, digital educational environment, university model, IDEFO notation.

Beryn. Hudposisailis BU3HAE€THCSI BATOMUM YHHHUKOM PO3BUTKY MOJIITUYHUX, EKOHOMIUHHUX,
COLIANBHIX 1 KYNBTYPHHUX BITHOCHH y CYCITUIBCTBI, IPOTE TOHATTS «LU(POBI3ALIis BUIIOT OCBITH
HabaraTo mupuie 3a 00CSTOM 1 3MICTOM, HiX IPOCTE BIPOBA/DKCHHS CyYaCHHX IHCI)OpMaLIII/IHO-
KOMYHIKAL[I{HUX TEXHOJIOT1H B OCBITHIH mpornec. CyyacHui HuppoBUN YHIBEPCUTET — 3aKJIa 1 BUILOT
oceith (3BO), B sKOMYy [OKOpPIHHMX 3MiIH 3a3HaJd CTPYKTypa, 3MICT OCBITH, HIAXOIU [0
aJIMIHICTPYBaHHS, PO3BUTKY JIFOJCBKOTO KaliTally, HayKOBOi JISUIBHOCTI Ta YIPAaBIiHHA SKICTIO
OCcBITHIX mociyr. Ilepexin Bi TpaauliifHOrO yHIBEpCHTETY A0 LU(POBOro nepeadavyae He JUILIE
KIJIbKICHE HaKONWYEHHsS TEeXHIYHUX 3aco0iB, a TaKOXX 3MiHY LiJeH, MPIOpUTETIB, KOPIOPATUBHOI
171e0JI0T1i, OpraHi3aliifHUX MPUHIIMIIB 1 M1IXOAIB, CTPYKTYpPHU 3aKJIaly TOIIO.

IMocranoBka 3amaui. Lludposizamis ocBiTH mnependadae BUKOPUCTAHHS HOBHX MOJeENeH
oprasizaiii HaBYaHHS camMe Ha OCHOBI IM(poBUX TexHosoriil. OTxe, nUppPoBa CIPSIMOBAHICTD
ocBiTHROI JistbHOCTI 3BO mepembavae 3maTHICTH JO IHTETrpallii PI3HUX OCBITHIX MPOrpaM 0
«EKCHOPTY» OCBITHIX Mociyr. Y mpotieci Tpancopmarii kiaacuunoro 3BO y nudposuii yHiBepcurer
HEOOX1THO 00’€HATH TOTEHITIAMN U(POBUX OCBITHIX IMJIATPOPM 3 IHTEIEKTYaTHHOIO CHCTEMOIO
noOyoBH Mporecy HaBuaHHA. L mpobiema nmotpeOye moOynoBH peanbHUX MoJeel opraHizaiii
HaBuaHHS B 3BO B ymoBax 1uQpoBi3aliii OCBITHbOTO MPOLIECY.
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Meta podorm — moOymoBa mojeni Tpanchopmarii kinacuuroro 3BO y «lludposuit
YHIBEPCUTET», OpIEHTOBAHOI Ha MOJIEPHI3allil0 OCHOBHUX Oi3HEC-TPOLECiB BiIMOBIIHO [0
1ipoBoi cTparerii pO3BUTKY BHILOT OCBITH.

OcnoBHa vactuna. Ilin nudposizamiero aismmpHOCTI 3BO OynemMo po3ymiTH HacKpi3HY
aBTOMATHU3AIliI0 BCIX OCHOBHUX Oi3Hec-mporieciB Ta ciayk0 3BO Ta mepeopieHTallito AisSIBHOCTI
BCiX KIIIOYOBUX CTPYKTYpHUX Hiapo3aiiaiB 3BO Ha cniibHY poOOTY B €TMHOMY aBTOMaTH30BaHOMY
(mdpoBOMY) IPOCTOPI.

[{udposi TexHOIOTIT HaIalOTh HOBI MOYKJIMBOCTI JJIs BUBEJIEHHS O13HEC-TIPOIIECIB HA SKICHO
HOBHI PiBEHb 3 METOIO MOKpaIeHHs e()eKTUBHOCTI HaByaHHA [1].

s BUKIIagadiB aKTyalbHUMH € BMIHHS 1 HABUYKM METOAMYHO, ONTUMAJIBHO 1 TEXHIYHO
¢dopMyBaTH 3MiCT HaBYAJIBHOTO MaTtepiaiy, Bi3yaii3allii OCHOBHHX HOTO MOMEHTIB, (hOpMyBaTH
KEWCH I CaMOCTIMHOI poOOTH CTYIEHTIB, OPTaHI30BYBAaTH 1HTEPAKTUBHY IiSIBHICTH I Yac
BUBYCHHSI HOBOTO MaTepially, 3aCTOCOBYBAaTH IHHOBAIliHHI METOJMKH, IO TOEAHYIOTh CIIEMEHTH
3MIIIAHOTO Ta JIUCTAaHLIAHOrO HaB4yaHHsA. Came 1€ CTajJo IOIITOBXOM JIO0 TOIIYKY MOJENen
nuppoBUX YHIBEPCUTETIB Mg (QYHKIIOHYBAaHHS B YMOBaxX KapaHTUHHUX OOMEXKEHb 1 JKOPCTKUX
IpaBUJI B3a€EMOIIi MK yUaCHHKaMM OCBITHBOTO Tporiecy [2].

[ToOynoBaHna 3a METOMIOJIOTIE0 MOJENIOBaHHS Oi3Hec-mporieciB B HoTtamii IDEFO monens
tpancopmarii 3BO B «L{udposuii yHiBepcureT» HaBeneHa Ha pucyHkax 1 i 2. Cnenudixky moxaeni
BimoOpaxkatoth (ynkuii moxepnizauii [T-indpactpykrypu, nudposizamii iHbopMaliitHOro
3a0e3MeueHHs] HAaBUAIBHOTO Tpolecy, TpaHchopMarllii CYNpOBIAHMX TPOIECIB Ta MPOIECY
HABYAHHS 1 MEPETTiATOTOBKH MTEPCOHAITY.

Monens ¢ynkuii «Tpancopmarii cynpoBIZHHX MpPOIECIB» mependadae MOCTIAOBHICTh
eTariB, TOYNHAIOYH 31 CTBOPEHHS UG PoBOI O6i0mioTekn, AR-My3€er0 Ta BIpTyallbHOTO KaMITyCy JI0
BIIPOB/DKCHHSI €JICKTPOHHOI CIIY>KOM MIATPUMKH, HAJIATO/KEHHS KOMYHIKAIl 3 perioHaJIbHUMHU
poboTonaBisiMU 1 3a0€3MEYeHHS MOXJIMBOCTI BimoOpakaTH iHQOpMalilo 3 yIpaBIiHHS
TYPTOXUTKOM. MOJIENIb MPOIecy HABYAHHS CTYACHTIB Ta IMEPEIirOTOBKU IEPCOHATY MiCTUTh
etanu (GOpMyBaHHsS EJIEKTPOHHHX KYpCIB Ta HaBYAJIBHUX MpOTpaM, BCTYIY abiTypi€HTIB 3
BUKOPUCTAHHSAM IPEICTABICHOTO B MOOUTbHOMY nonaTky 3BO BiacHOro kabiHeTy, MpOBEACHHS
OCBITHBOTO MPOIIECY 3 BUKOPUCTAHHSM ITONEPETHHO CKOH(PITYpOBaHUX IIU(PPOBUX 3aC001B, a TAKOXK
etan niaBumeHas [ T-kBamidikarii BUKIaganbKoro CKIamy.

Permament . . .

: : JlepxaHi Permamenr i cTpaTeris
MATPUMKH 1 IUIaH .

CTaHAAPTH YTpaBIIiHHS 3HAHHSI MU

PO3BUTKY :
: v OCBITH )
ingopmaifito ITporpamHi cTanmapTn
KOMYHIKAl IH O i IPOTOKOJIH
iH(bpaCTPYyKTypH

XMapHO-Opi€HTOBaHE

IH popmamiiiHO-TENeKOMYHIKaliiHa
HaBYaJbHE CEPE/IOBHUIIE

iH(ppacTpyKTypa

v

MogzepHisaris I T-
@iHaHCOBI HAIXOMKECHHA iH(ppacTpyKTypu

A 4

3aco0u MOHITOPUHTY

Yy

1 Brockanenena indopmariiito-
TeNeKoMYyHiKaliiHa iHppacTpyKTypa

Basa Buknagauis ta

CMiBpOOITHHUKIB

I dopmais npo

CTYIEHTIB
Indopmauis npo
abiTypieHTiB

YyVvYYy
» Ludposizamis

iH(popMariiHOTO
» 3a0e3MeYeHHs IIpodini kopucTyBayiB
HaBYaJILHOTO IPOIIECy

2

EnexTpoHHi KapTKI
CTYJICHTIB

v

A 4

A 4

In popmauiitni MaTepianu I

IIporpamue 3abe3neueHHs

ITepconan

Pucynox 1 — liarpama nexommo3swuitii A0 «Tpanchopmariist 3BO B «{udposuii yHiBepcuTeT
(pynxkuis mogepHizanii IT-inppacTpykrypu, nudposizauii iHpopmariiiinoro 3ade3nedeHHs
HaBYaJIBLHOTO TMPOIIECY)
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PernaMeHT nixTpUMKH i mian Jleprasui | Pernamenrt i crpareris ITporpamui Horosip na .
PO3BUTKY iH(pOpMaILiitH0- cTaHaapty | YNPaBJIIHHA 3HAHHAMU CTaHpapTH i 3100yTTA OCBiTH
KOMYHiKaI[ilH i OCBITH TPOTOKOIH HopmaTtusHi
indpacTpyKkTypH JIOKYMEHTH
HaykoBi myGmikanuii Ceprudixatu -
Cnucok BakaHciit

Ta Jilensii

Bibnioreunnii hponn

ITudposa GibmoTexa »

ITpodini kopucrypauin Tpancopmanis

- - »|  CYNPOBiJHHUX NPOLECIB Bipryamsuuii kammyc
Indopmariis npo poboTonaBLiB N .
Enekrponni kapTku OHoBJIIeHa iH(pacTpyKTypa N
CTYZICHTIB
A 3] Onosrena Y V VvV V VY
indpacTpykTypa ENexTpoHHMi UIIOM
basa Buxnanauis Ta g
cniBpobiTHHKIB Enexrponni my6umikarii
Hapuanbhi MaTepiam | Tpouec napuanns ta 3BiT 3 aHanisy edexrusHocTi LMS -
Ertext Lo ) TIepeniaroTOBKH
JICKTPOHHI KAPTKH CTYACHTIE nepcoHany Enexrponni HaBuanbHi MaTepianu

DigaHCOBI HAJXO LK EH HS ITpamiBHu K, 1110 TIpOHIIIN

MepeTiAroToBKY

3aco6H MOHITOPHHTY

3 I popmaist IpO BUKOHAHHS
HaBYaJIBHOTO TPOIIECy

Brnockanenena ingopmariitao-
TeNeKoMyHiKalliliHa iHppacTpykTypa

XMapHO-0pieHTOBaHE
HaBYaJIbHE CEPEI0BHUILL
Indopmariiini matepiann

Iporpamue 3a6e3neueHHs

Tlepconan

Pucynok 2 — liarpama nexomnosutiii AO «Tpancdopmaris 3BO B «{udposuii yHiBepcure»
(pynxuis Tpancdopmartii CynpoBiTHUX MPOLECIB, MPOLIEC HABYAHHS 1 IEPEIIATOTOBKH
MEePCOHAIY)

BucnoBku. Tpancdopmarriss BUIOI OCBITH BIAMOBIAHO 10 M(poBOi cTparerii nepeadayae
BUKOPUCTAHHS HOBHUX MOJEJNEW opraHizallii HaBUYaHHsS 32 METOJOJIOTIEI0 MOJENIOBaHHS Oi3Hec-
nporecie 3BO B Hotauii IDEF0. Cneundiky 3anponoHoBaHoi Mojemi BioOpakaroTh (YHKIi
moznepHizauii IT-iHppacTpykTypHn, uudposizauii iHpopMaliiHOro 3a0e3MeueHHs OCBITHHOTO
npoiiecy, TpaHcdopmallii CympoBIIHMX MPOIECIB Ta MPOIECY HABYAHHA 1 NEPEmiArOTOBKU
nepcoHaiy. 3anpornoHoBaHa Mojens «l{udpoBuil yHiBepcuTeT» BKIIIOYaE pEiHKUHIPUHT Oi3Hec-
IIPOLIECIB OCBITHIX MOCIYT.

[IpakTruna peanizallisi 3alpOTIOHOBAHOI MOJIENI CHpUITHUME 3pocTaHHIO peiiTuHry 3BO Ha
pUHKY oOCBiTHIX mnociayr. KonkypeHtocnpoMoxHicth 3BO, B skoMmMy OCBITHIM nporec
3/11iCHIOBaTUMEThCA B LIM(pOBOMY cepefoBHUIll Oyze 3abe3neuyBaTUCs TAKUMU THCTPYMEHTAMU:
1HAMBIlyaJbHE OCBOEHHS OCBITHIX MPOrpaM — CTYJIEHTH MOXXYTh OCBOIOBAaTH OCBITHI OHJIANH-
nporpaMu y 3pydyHOMY TeMIli, OyJb-KOJHM HE3aJeKHO BiJl YacOBOTO MOSCY Ta reorpadiyHoi
BigaaneHocti Big 3BO; 3HMKEHHS BUTpAT Ha JPYyKOBaHI MaTepiajid — OCBITHS MPOrpaMa LJIKOM 1
HOBHICTIO icCHye y u¢poBomy npoctopi; st 3BO o6carn mMatepialbHUX BUTPAT Ha peasi3aliito
OCBITHBOI ITPOrpaMu He OyIyTh 3aJI€KaTH B1J] KIIBKOCTI CTYI€HTIB.

Cnmncox BUKOPMCTAHUX JIZKepeJt
1. Konnenuiss po3BUTKY HU(PPOBOi €KOHOMiKM Ta cycminberBa Ykpainm Ha 2018-2020 poku:
Posnopsxennst Kabinety MinictpiB Ykpainu Bix 17 ciu. 2018 p. Ne 67-p URL: https://zakon.rada.gov.ua/
laws/show/ru/67-2018-p/ed20180117#n20 (mara 3Bepuenns: 05.04.2022).
2. ApemonkoB B. FO. udpogizamis BUmoi ocBiTH: BUKIKMKK Ta Bianosini. Bicnux HAIIH Ykpainu.
2020. T. 2 (2). doi: 10.37472/2707-305X-2020-2-2-13-2 (nara 3BepHeHHs: 15.04.2022).
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JOHNIVIBHICTD ®OPMYBAHHA HACKPI3HUX IK-KO'MHETEHTHOCTEI‘/'I
Y HIAroToBUI KAJAPIB 3 HUPPOBOI OCBITH

Hocenxo 10.T'.
IactutyT nudposizanii ocsitn HAITH Ykpainu, m. Kuis, Ykpaina

AHoTanisi. YcmimHicTs IMdpPOBI3amii OCBITH 3aJeXKUTh BiJl IUTAHOMIPHOCTI, CHCTEMHOCTI,
Y3TOKEHOCTI, YiTKOI KoopauHamii Iid ycix ydacHuKiB. HailiBaxumBimmm pecypcom mudposizamii €
KaJpoBHid pecypc — (axiBi, sKi Oe3mocepeIHbO BKIIIOUEHI B poliec HudpoBoi Tpanchopmaiii 0cBiTHBOT
cthepu. O0’€KT TOCITIHKEHHS — MPOIIEC MIATOTOBKU KapiB 3 MH(PpoBOi OCBITH. [IpemMeTomM moCiHKEeHHS €
¢dopmyBanHa HackpisHHX IK-kommerentocTeir kaapiB 3 mudpoBoi ocBiTH. Y poOOTI 0OTPYHTOBaHO
JOUUIBHICT TOCHIKeHHs mpoOiemu GopMyBanHs HackpizHux IK-kommereHTHOCTEH KanpiB 3 mudpoBoi
OCBiTH, III0 € OJHUM i3 HampsIMiB HayKOBO-IocHimHOI poboTu IHcTuTyTy mmdposizauii ocBitn HAITH
Ykpainu.

Kuarouosi cioBa: mudposizarmis ocBiTH, Kaapu 3 1U(POBOI OCBITH, MaricTp, TOKTOp Gimocodii,
HackpisHi IK-kommeTenTHOCTI, iHpOpMaLifHO-KOMYHIKaLliHI TEXHOJOT1].

FEASIBILITY OF THE FORMATION OF THROUGH-CUTTING
IC-COMPETENCIES IN DIGITAL EDUCATION SPECIALISTS’ TRAINING

Nosenko Yu.
Institute for Digitalisation of Education of NAES of Ukraine, Kyiv, Ukraine

Abstract. The success of digitalization of education depends on planning, systematicity, consistency,
and coordination of actions of all participants. The most important resource of digitalization is personnel —
specialists who are directly involved in the processes of digital transformation of education. The object of
research is the process of digital education specialists’ training. The subject of research is the formation of
through-cutting 1C-competencies in digital education specialists’ training. It is grounded on the feasibility of the
formation of through-cutting 1C-competencies in digital education specialists’ training, which is among the
research directions of the Institute for Digitalisation of Education of NAES of Ukraine.

Keywords: digitalization of education, digital education specialists, Master, Ph.D., through-cutting
IC-competencies, ICT.

Bukiaag ocHoBHoro marepiaay. OJHi€I0 3 OCHOBHUX YMOB MIATPUMKH IPOIECIB
nudposizalli, 3asBIEHOI Cepel MNPIOPUTETHUX IIJIeH 1 3aBJaHb PO3BHUTKY YKPaiHCHKOTO
cycminberBa [1; 2; 3], € 3a0e3meueHHs MOTY)KHOTO KaJpOBOTO CKJIAJHHKA — BHCOKOTO
KOMIIETEHTHICHOT'O PiBHA (paxiBIIiB, K1 pealli3yIoTh 111 IPOLIECH, 30KpeMa B TUTaHHI BUKOPUCTAHHS
cyyacHHUX 1H(popmaniifHo-KkomyHiKaniiHux Texnonorii (IKT).

YenimHicTs nudpoBizanii OCBITH 3aJI€KHUTh BiJl IIIAHOMIPHOCT1, CHCTEMHOCTI, Y3TO1)KEHOCTI,
YITKOT KOOpAMHAIT J1i yciX yyacHHMKIB. HalBaxnmuBimmm pecypcoM HHM@poBizalii € KaJpoBHi
pecypc — ¢axiBiii, gki 0e3mocepeHb0 BKIIOUEHI B MpolrecH HudpoBoi TpaHchopmaliii OCBITHBOT
chepu (xaapu 3 uudposoi ocitu). lle — kaapu Bumoro kBamidikaliifHOTO piBHS, KOMIIETEHTHI
PO3B’s3yBaTH KOMIUIEKCHI pobiemu B raiy3i IKT B ocBiti, MaricTpu 1 1okTopu (izocodii.

Mera poborm — OOIpyHTYBaTHU JOLUIBHICTH JOCHIJKEHHS MpoOaeMu (opMyBaHHS
HackpizHux IK-koMmereHTHOCTEH KaapiB 3 IH(PPOBOI OCBITH.

BaxnmuBuM MOKa3HUKOM SIKOCTI MiATOTOBKHU KaJpiB 3 HU(POBOI OCBITH € piBeHb iXHbOI IK-
komneTeHTHOCTI. Jluckycii HaBkosno 3micty moHsATTA IK-kommerentnocti (CEDEFOP (2004);
OECD (2007); UNESCO (2008); Becta (2009); ISTE (2016) ta iH.) cXOa4ThCS Ha PO3yMiHHI TOTO,
mo IK-KOMIIeTeHTHICTh € HAacKpi3HOI, 0araro(yHKIIOHATbHOIO, MOXKEe OyTH 3acTOCOBaHa B
PI3HOMaHITHHX JKUTTEBUX chepax.

AHai3 3aKOpPJAOHHOTO 1 BITYM3HSHOTO JOCBIAY MOKAa3ye, IO AKICTh MiJATOTOBKU KaJpiB 3
U(POBOi OCBITH € 3HAYHO BUILOIO, SIKIIO 3a0€3MEYEHO YMOBU HACKPI3HOCTI MiATOTOBKU TaKUX
¢axiBuiB, 30KpeMa B NUTaHHI (QOpPMYBaHHS iXHBOI 3AaTHOCTI e(eKTHBHO H00HpaTH 1
BukopuctoByBaTH cydacHi IKT amns BupimenHs npodeciiHuX 3aBAaHb.
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Hackpiznicte popmyBanus IK-komneTeHTHOCTEH niependayae CUCTEMHICTh 1 HACTYIHICTD iX
(opMyBaHHS Ha PI3HHUX PIBHAX OCBITH, 110 3a0€3MEUY€ETHCS IHTEPOBaHICTIO 3MicTy HaBuaHHs IKT
B OCBITI Ta BIAIIOBIAHUMH METONUKAMHU.

[TizroroBka KaapiB 3 w1U(pPOBOi OCBITH 3[iiiCHIOEThCS B OaraThox Kpainax. Hassu
CHeUiaJbHOCTEH BIAPI3HAIOTHCSA, OJHAK 3MICT MIATOTOBKM CHPSMOBAHUN Ha (OpMyBaHHS
KOMITETEHTHOCTEH 111010 3acTocyBaHHs cydyacHuX IKT B miaTpuMIni OCBiTHIX mporeciB. 30Kpema,
3anpoBapKyroThes nporpamu:  «Digital Humanities» (bensris), «Education Sciences with New
Technologies» (I'pemist), «ICT for education», (Icnanis), «Educational Technology and Digital
Competences» (Mekcuka), «Management of Technology Enhanced Learning» (Himeuuuna),
«Educational Innovation, Technology, and Entrepreneurship», «Learning Sciences &
Technologies» (CIIIA), «Smart-EdTech, Co-Creativity and Digital Tools for Educational
Innovation» (@panuis), «Information Technology and Learningy (1LIewis) Ta iH.

B Vkpaini miaroroBka kaapiB 3 nudpoBoi OCBITH 3/IMCHIOETHCS HA PiBHI MaricTpaTypH
(cmemianpHicTs 011  «OcBiTHI, TegaroriyHi HaykW», OCBITHBO-TIpodeciiiHa mporpama
«IHdopmaniino-KOMyHIKaLIHHI TEXHOJIOTIT B OCBITI»), acnipantypu (cnenianbHicTb 011 «OcBiTHi,
MearoriyHi HayKu», OCBITHbO-HayKoBa mporpama «lHdopmamniifHo-KOMyHIKaIiiiHI TeXHOJIOril B
OCBITI»). AHaI3 MpOrpam MmokKaszas po301KHOCTI y MiAX0/1aX, MOCTiJOBHOCTI 3MICTY, 3aIlJIAaHOBaHUX
pe3yabTaTiB HaBYAaHHS MDK PIBHSAMH Marictpa Ta Aokropa ¢imocodii. IcHyroui mporpamu He
OXOIUTIOIOTh AaCMEKTy HACKpPI3HOCTI, HACTyMHOCTI HaB4yaHHs BukopucranHio IKT B cucremi
HiATOTOBKM KaApiB 3 [U(POBOI OCBITH. AHaNI3 NpOrpaM TakKOX IIOKa3aB, MIO0 BOHHU HE
BiZJOOpakaloTh JEsKi aKTyalbHI HANpsIMKH, SKi Hapas3i PO3BHBAIOTHCS 3aKOPJOHOM, 30KpeMa,
aJIalTUBHI CUCTEMU HaBYaHHSA, IMEPCUBHI TEXHOJIOT11, TEXHOJIOTI{ BiIKPUTOI HAYKH TOMIO.

OckinbKH icHYe 00’ €KTUBHA HEOOXITHICTh 3a0e3MeUeHHs PeCypCHOi (KaapoBoi) MiATPHUMKH
npoueciB nudposizauii ocBiTM B YKpaiHi, IO Tmependadae 3alydeHHS KaJapiB BUIIOTO
KBaJTi(hiKaI[ifHOTO PIBHS, KOMIIETEHTHHX PO3B’sI3yBaTH KOMIUIeKCHI mpoOnemu B ramysi IKT B
OCBITi, BB@)XAaEMO BaXJIMBUM 3abe3neuntd (GopmyBaHHS HackpizHux IK-xommereHTHOCTEH Ha
piBHSX MaricTpa Ta Joktopa ¢inocodii. 3abe3meueHHs] CUCTEMHOCTI 1 HACTYMHOCTI MiATOTOBKH
TakuX (axiBIiB CHPUATUME ITiJIBUIICHHIO SKOCTI CUCTEMH IiATOTOBKHU KaJpiB 3 MU(PPOBOI OCBITH,
3pOCTaHHIO piBHIB HackpizHUX IK-kommereHTHOCTEH KaapiB 3 LUPPOBOI OCBITH, €PEKTUBHOCTI
BIIPOBA/KEHHsSI B OCBITHIM MpoOIleC 3akjajiB BUIIOI OCBITM 1 HAayKOBUX YCTaHOB CYYacHUX
1H(hOopMaLIHHO-KOMYHIKallIHHUX TEXHOJOTIH.

BucnoBku. Takum yMHOM, 3 OTJISAY Ha 3aJIeKJIapOBaHi Ha Iep>KaBHOMY PiBHI L1JI1 1 3aBJaHHS
PO3BUTKY YKpPaiHCBKOTO CYCHUIbCTBa, (opmyBaHHS B YkpaiHi CycninbcrBa 4.0, BUMOTu 10
CUCTEMH OCBITH, 0 Mae 3a0e3meyuTd (POPMYBaHHS KaJIpPOBOTO CKIIAJHUKA COI1aJbHO-
€KOHOMIYHUX MepeTBOPEHb, HEOOX1THMX KOMIETeHTHOCTeH (axiBLiB o0 Bukopuctanus IKT B
yMmoBax Iu(poBoi TpaHchopmarlii, 3abe3nedeHHss Ha Iif OCHOBI KOHKYPEHTOCIPOMOMXHOCTI
VYkpainu Ha CBITOBOMY pUHKY, popMyBaHHs Hackpi3HUX IK-komneTeHTHOCTeH KaapiB 3 1UPpoBOi
OCBITH € 3aJaYel0 BHUKIIIOYHO aKTYyaJIbHOIO, COLIAJbHO 3HAYYIIOK 1 BaXJIMBOK JUIS CHUCTEMH
BITYM3HSHOI OCBITM 1 HayKH, a ii pO3B’SI3aHHS — CBOEYACHUM 1 MEPCIEKTUBHUM B KOHTEKCTI
nndpoBoi TpancopmMmaiiii B YKpaiui.

Cnncox BUKOPHCTAHUX JIZKepeJI
1. Konuenuiss nudpoBoi tpancdopmanii ocitm i nHayku. 2021. URL: http://surl.li/byvla (nara
3BepHeHHs: 18.05.2022).
2. Crparerist po3BUTKY BHIIOT OcBiTH B YKpaini Ha 2021-2031 poxu. 2020. URL: http://surl.li/mphq
(mara 3Bepuenns: 18.05.2022).
3. Vkpaina 2030E — kpaina 3 po3BunyToo nudposoro ekonomikoro. URL: http://surl.li/pmwq (naTa
3BepHeHHs: 18.05.2022).
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BUKOPUCTAHHA IKT B CUCTEMI IIIAI'OTOBKHU BUUTEJIIB ®I3UKHN
10 3AIIPOBA/IKEHHA STEM-OCBITH

Caabnuk I. B., Cipuk E. I1., Comenko /1. B.
LleHTpanbHOYKpaiHCHKUN JIep>)KaBHUHM TEarOr1YHUN YHIBEPCUTET
iMeHi Bomogumupa Bunnnuenka, M. KponuBaunbkuid, Ykpaina

AHoTanis. BaxnuBicte TeMu 00yMOBIIEHa MOMUTOM CYCIIIBCTBA Ha JIIOJCH, SIKI MAlOTh HAYKOBI
3HAHHS Ta A0CBiA y chepi TexHomorii ta TexHiku. 3acobu IKT MOXKyTh MOCHIUTH HABUYKU CTYAEHTIB, IO
po3BuBatoThcsi B STEM-0CBITI: po3B’si3yBaHHS MPOOJIEMHHX 1 MPAaKTUYHUX 3aBJaHb, JIOT1UHE Ta KPUTHYHE
MHCJICHHS, TEXHOJIOTIYHA TPaMOTHICTh. OO0’ €KTOM MOCTIHKEHHS € TIPOIIEC MiATOTOBKH BUNTENIB (DI3UKH 10
3anpoBamkeHHs STEM-texnaomnorii. [Ipeqmerom gocmimkennas — 3acoou IKT sk ocroBa STEM-ocBitn. Y
[iif poOOTI 3aIPONMOHOBAHO METOJ PO3BUTKY KPUTHYHOTO MUCIEHHS MaiOyTHIX BUMTENiB (Di3WKH depes
BIpoBakeHHsT TexHonorii STEM, sikuil BiIpi3HS€TbCS Bil TPaAMLIAHUX METOMIB HAaBUAHHS IIMPOKHM
Bukopuctanusm IKT. IIpoBenenuit anami3 7aB MOKIMBICTh BUSHAYUTH Cy4acHi MiIXOAM 1 3alpONOHYBAaTH
METO/AM BUKOPHCTaHHS KOMII FOTEPHO OpiEHTOBaHOTO 00nanHanHs Arduino y mpoueci miAroTOBKH BUUTEINIB
¢izuxu 1 pobotn B STEM-opieHTOBaHOMY OCBITHROMY cepeoBHIi. OCHOBHUM TIiXO/IOM /10 HaBYaHHS
CTYJEHTIB OyJ70 0OpaHO MPOEKTHY TEXHOJOTi. EKcriepuMeHTanbHe HaBYaHHS BHSBHIIO OUTBIN BUCOKHMA
piBEHB 3aIiKaBICHOCTI CTYIEHTIB O OBOJIOJIHHS HOBOKO TEXHOJIIOTIEI0, Oa’kaHHS BUKOPHCTOBYBAaTH CBOI
HaBUYKW Ha mpaktuii. [Ipy npomy AiHIIIN BHCHOBKY, 10 BrpoBapkeHHs STEM BUMarae KOpuryBaHHS
HABYAIBHOTO TUIAHY IiIFOTOBKYA MallOyTHIX BUMTENIB (Pi3MKH, OCBITHIX (POH/IB, TEXHOJIOTIH Ta YIIPaBIiHHS
JUTSI YCITIIIHOTO HABYaHHS CTYJCHTIB.

Karouosi cioBa: texnonorii, STEM-ocBiTa, KOMII'IOTEpHO Opi€HTOBaHE OOJAJHAHHS, MiATOTOBKA
BUUTENS (i3UKH.

EMPLOYMENT OF ICT IN THE SYSTEM OF TRAINING PHYSICS TEACHERS
FOR THE INTRODUCTION OF STEM EDUCATION

Salnyk 1., Siryk E., Somenko D.
Volodymyr Vynnychenko Central Ukrainian State Pedagogical University,
Kropyvnytskyi, Ukraine

Abstract. The importance of the topic arises from the society demands for people who have scientific
knowledge and experience in the sphere of technology and engineering. ICT means can strengthen students’
skills developing in STEM education: problem and practical tasks solving, logical and critical thinking,
technology literacy. The object of research is the process of preparing physics teachers for the introduction
of STEM technologies. The subject of research — ICT tools as a basis for STEM education. This paper
proposes a method of developing critical thinking of future physics teachers through the introduction of
STEM technology, which differs from traditional methods of teaching by the widespread use of ICT. The
conducted analysis gives an opportunity to identify modern approaches and offer methods of using computer
oriented Arduino equipment in the process of physics teachers training for work in STEM oriented
educational environment. Project technology is chosen as the main approach to teaching students.
Experimental teaching has revealed higher level of students interest in mastering new technology, wish to
use their skills in practice. It is concluded that implementation of STEM requires curriculum adjusting,
educational assets, technology and management for successful training of all students.

Keywords: technology, STEM education, computer oriented equipment, physics teacher training.

Beryn. EdexTuBHE BUKOPUCTAHHS TEXHOJIOTIH 3MIHMIO 00IMYYs OCBITH, CTBOPUIIO Olniblie
MOYJIMBOCTEH JUIs peartizallii CydyacHUX MiAXOJiB, OCOOIMBO B YMOBaX JUCTAHLIHHOTO HaBYaHHS.
Oco06MBOroO BIUIMBY BiJl PO3BUTKY TEXHOJIOT1H 3a3HAIOTh MPUPOJIHUYI HAYKH, SIK OCHOBA HAyKOBO-
TEXHIYHOTO Mporpecy. 30cepe/KYIoun yBary Ha 1IHHOBALlIHHUX TEXHOJIOT1SIX, MU 3BEPTAEMO yBary
Ha 1oTpeOy iX BHUKOPUCTAHHS 3 METOK PO3BHTKY KPUTHYHOTO Ta KPEATUBHOTO MUCICHHS,
PO3YMOBUX 3710HOCTEH CTY/AEHTIB, a HE JIMILE K 3ac001B, BAKOPUCTAHHS SIKUX PO3BUBAIOTh Hab1p
NEBHUX HABHYOK.

IlocranoBka mnpoOaemu. YuciaeHHI IOCTIUKEHHS TIOKa3yloTh, LI0 PpIiBEHb PO3BUTKY
KPUTUYHOTO MHMCJICHHS CTYIEHTIB BH3HAYA€THCSl BEJHMKOIO KUIBKICTIO YHHHUKIB: CTYIEHEM
BOXJIMBOCTI 00paHoi mpodecii i MaOyTHBOTO CTYAEHTA, CTYNEHEM MiArTOTOBJIEHOCTI [0
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HaBYaHHS, CTPYKTYPOIO HABYAJIBHUX IUIaHIB, IOCBLIOM POOOTH B ayauTopii Ta mo3a ii Mexamu
(camocrTiiftHoi poOOTH), yMOBaMH Ta BHJIAMM MAISTIBHOCTI CTYJCHTIB, 3aJy4EHHSIM CTYACHTIB 10
HAyKOBOI, JIOCITITHOT Ta COIIaIbHO 3HAYYI01 poOOTH Ta iH. JlOCTITHUKKM BU3HAYMIIN KiJIbKa METO/IiB
HABYaHHS, SKI MOXYTh OyTH BHUKOPUCTaHi, I[00 CTHMYJIOBAaTH PO3BUTOK HABUYOK KPHUTUYHOTO
muciaenns [3, 4]. Takuii piBeHb MOKe 3a0€3MIEUNTH IMIXi/1, SKHi HAMH [TPOIIOHYETHCSL.

MeTo10 po60TH € aHai3 IHHOBALIHHUX IT1AXO0/IiB 10 MiArOTOBKH MaOYTHIX BUMTENIB (Hi3UKH
B acnekTi 3ampoBapkeHHS STEM opieHTOBaHOI OCBITH uepe3 BIPOBAKEHHS KOMIT IOTEPHO
OpIEHTOBAHOTO 00JIaAHAHHS Ha OCHOBI HaBYAJILHOTO cepenoBuina Arduino.

OcHoBHa yacTuHa. [IIupoke BIpoBaHKEHHS y HABYAJILHUM TIPOIIEC KOMIT FOTEPHOI TEXHIKH
BIZIKpUBa€ TepCHeKTHBH s ImBHAKoI peanmizamii STEM TexHojorii B OCBITHROMY HpOLECI.
[IpoGnemMor0 3amuIIaeThCsl MIATOTOBKA BUYWTENIB, 3JaTHUX BHKOPHCTOBYBATH BIJIOBIJIHI
MearorigyHi METOAM 1 MPUIOMU HAaBYAHHS IHTETPOBAHO 3 HOBUMH TEXHOJIOTISIMH.

PeanizyBarn Ha npaktumi igei STEM-0cBiTH MM TpONOHYEMO Ha OCHOBI BUKOPHUCTAHHSI
iMepCHBHOTO HaBYaJbHOTO cepenoBuiia Arduino [2]. BuBuenns pobotu Arduino Ta oro OCBITHIX
MO>KJIMBOCTEH CTYIEHTAMH 3alpONOHOBAHO HA OCHOBI BUKOHAHHA MPOEKTY. METOI0 BHUKOHAHHS
IPOEKTY Oyi1a po3poOKa HOBOT CHCTEMH KE€pyBaHHS TOIMHHUKAMH Ha (PaKkyiIbTeTi. SIK eKCepuMeHT
0y710 po3p0o0sIeHO OINIBII Cy4acHY CUCTEMY KepyBaHHS MEPEKEBUMH FOJIMHHUKAMU, 5IKa 0a3y€eThCs
Ha KoHTposiepi Arduno UNO Tta mpuctpoi s kepyBanass LCD Keypad Shield. Ilporpamy mist
MIKpOKOHTpOJIEpa Ta YNpaBIiHHS [3BIHKaMU OyJIO HamMCAaHO CAMOCTIHHO 3 YpaxyBaHHIM
cnenniku poOOTH HAIOTO YHIBEpCUTETY (PUCYHOK 1).

4 = N3BoHNK
. WKinbHMA
Mopyns Q .o
SD Card Slot
Reading/Writing

Kepyroumia 610k
pene rogMHHuKIs

Kusnennn /|0" T
FOAMHHWKIB 9 “ 3';
=248 LT 3

Mogayns RTC rogunxnka
peansHoro vacy DS1307 Mepexesi roguHHUKN

Pucynok 1 — Cucrema kepyBaHHSI MEPEKEBUMHU MOJTUHHUKAMU

BukoHaHHs IPOEKTY cTyneHTaMu Oyno po30uTo Ha eranu. Ha koxkHOMY eTari 3ajaBajucs
BIJINOBI/IHI MHUTAaHHSA. Y JOCIDKEHHI OYyJIO BHKOPHMCTAHO SKICHUW aHaji3 JaHux, 310paHux 3
IHTEpB'I0, CIOCTEPEKEHb, peIIeKCIHHUX JKypHAIIiB, apKyllla MOBCAKIEHHOI JISIbHOCTI CTY/IEHTIB
Ta TECTOBHX MUTAHb KPUTHYHOTO MUCIICHHS, SIKH pPO3pOOJISIBCS HA OCHOBI KOHTPOJIBHOTO CIHCKY
Oc6opna [1].

YyacHUKaMH 1IbOTO JOCIHIKEHHS Oynu 28 CTyAeHTIB — MalOyTHIX BYMTENIB (I3HKHU.
[Ti3HaBanbHi 3A10HOCTI CTYAEHTIB y MiATOTOBLI (i3UKH KOJMBAIKMCH Bl BUCOKOTO /10 HU3BKOTO
piBHIB. Pe3ynbTaTu eKCHepuMEHTy MOKa3alM, IO CTYIEHTH CTald OUIbII BIAKPUTUMHU [0
BUKOPUCTAHHS TEXHOJIOT1H, HIXK Ha MOYaTKy BUKOHAHHS MpoeKTy. HalironosHiie, 3a BiAMOBIAAMU
CTYJEHTIB, T€, 110 BOHU OTPUMAJIH BIEBHEHICTh, IO 3/1aTHI BUKOPUCTOBYBATH TaKi pedl B CBOIHN
JISUTBHOCTI, SIK1 paHille BBaXaIH i ce0e HeTOCSIKHUMM.

BucnoBku. Tema niarpumku IKT y naBuyanni crynentiB STEM € BenbMu akTyallbHOIO Ta
CTBOPIOE BUKJIMKHU JUIS TOCIJKEHb Ta ayJJUTOPHUX JAil. 3arasoM HeoOX1/1H1 MOCTIHHI JOCIKEHHS,
1100 3a6e3neuntu Bukopuctanus IKT HaiikpamuM yuHOM 3 ypaxyBaHHSM crieln(iKi e1aroriyHoi
nisutbHOCTI. BruiB iHImMX akTopiB Ha eheKTUBHICTH 3ampoBapKeHHS TexHonorid STEM moxe
CTaTH MPEAMETOM MOJAITBIIHNX JOCIiIKEHb.
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OUPPOBA JOWKA GOOGLE JAMBOARD SAK IHCTPYMEHT
JJIs1 CTBOPEHHSA IIEPCOHAJIBHUX KOHTPOJIBHUX 3ABJIAHb

Xpanaas 1. C., Yypcanosa M. B.
HarmionansHuii TEXHIYHUM YHIBEpCUTET YKpaiHH
«KuiBcbkuii monitexHiunnit iHcTUTYT iMeHi Iropst Cikopebkoro», M. KuiB, Ykpaina

Anoranis. [lomryk HOBHX MeNaroriyHux MigXOMdiB 13 3aCTOCYBaHHAM IHU(POBHX IHCTPYMEHTIB, SKi
i IBUIIYIOTh €()eKTHBHICTh HABUYAHHS Y IUCTAHIIIHTHOMY PEXHUMI, € OHI€I0 3 TIEPIIOYEPTOBUX 3a/1a4 OCBITH
B YMOBaX ChOTOJICHHS. Y POOOTI pO3IIISIHYTO MOKIMBOCTI OHOTO 3 TaKUX IHCTPYMEHTIB — BipTyanbHOI
nomku Google Jamboard. O6'ekTom AOCTIKEHHS € 3aCTOCYBAHHS TAKOI JOIIKH ITij] YaC OHJIAHH HaBYaHHSI
1HO3eMHHX CTyneHTiB. llpeamerom AOCHiIKEHHS € METOAM Ta 3acO0M CTBOPEHHS IEePCOHATI30BAHUX
KOHTPOJIbHUX 30LIMTIB HA OCHOBI po3THpaxkoBaHoi 3aroroBku Google Jamboard. ¥ po6oti 3ampomnonoBaHo
MIPUKJIAIU 3aBJIaHb 3 (hi3UKH, 110 JO3BOJISIFOTH BUPIIIUTH TUITOBI CKJIAHOI HABYaHHS 1HO3EMHUX CTYICHTIB
1HO3EMHOI0 MOBOIO 32 JIOTIOMOTOIO Bi3yaJIbHOTO TIOJIaHHS iH(opMaIlii Ta TBOpYOro miaxomy. Pesynbpratn
MPOBEJICHOTO MEIaroriYHOT0 EKCIIEPUMEHTY CBiT4aTh, 110 MEPCOHAIBHI KOHTPOJBHI 3aBIlaHHS Ha OCHOBI
Google Jamboard cnipusiroTs rIMOIIOMY 3amaM’ITOBYBaHHIO MaTepialy Ta 3pOCTaHHIO BiICOTKA YCIIITHOTO
BUKOHAHHS 3aBAaHb 3 (Pi3UKH.

Kurouosi ciioa: Google Jamboard, onnaiin HaB4aHHs, TH(PPOBI iIHCTPYMEHTH, iIHO3EMHI CTY/ICHTH.

GOOGLE JAMBOARD AS ADIGITAL TOOL
FOR CREATING PERSONAL CONTROL TASKS

Khrapal D., Chursanova M.
National Technical University of Ukraine “Igor Sikorsky Kyiv Polytechnic Institute”,
Kyiv, Ukraine

Abstract. Finding new pedagogical approaches with the use of digital tools that increase the
effectiveness of distance learning is one of the top priority tasks of education in today's conditions. This paper
discusses the capabilities of one of such tools — a virtual board Google Jamboard. The object of research is the
use of such a board during online learning with foreign students. The subject of research is the methods and
means of creating personalized control taskbooks based on the replicated pre-prepared Google Jamboard. The
paper offers examples of tasks in physics that allow to solve typical difficulties of teaching foreign students in
a foreign language through visual presentation of information and creativity. The results of the pedagogical
experiment show that personal control tasks based on Google Jamboard contribute to a deeper memorization
of the material and increase the percentage of successful completion of physics tasks.

Keywords: Google Jamboard, online learning, digital tools, foreign students.

Beryn. BropoBajkeHHS IUQPOBUX I1HCTPYMEHTIB Yy HaBYaJbHUI IPOIEC CHOTOJHI €
akTyasbHUM sIK Hikonu. IIlo He pik, MU 3ycTpidaeMo Bce OLIbII CKJIaAHI BUKIUKU. CrodaTky
nanzemis COVID-19 3mycuiia Hac MOBHICTIO NMEPErISIHYTH (opMaT HaBYaHHS 1 3MIHUTH HOTO Ha
JTUCTaHIIMHUMA. A TIOTIM BiifHa, YMOBH SIKOi HE Tal0Th MOMJIMBOCTI HAaBYATUCS CHHXPOHHO X04a 0
oHnaifH. HeoOxinHuM cTae mouryk 3aco0iB HaBYaHHS, 110 JO3BOJISIN O €(heKTUBHO 3/ CHIOBATH
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HaBUYaJIBLHUU MPOIIEC 32 YMOB HE JIUIIE TUCTAHIIIMHOCTI, ajie i aCHHXpPOHHOCTI. B mbomy nonomarae
OypXJTUBUH PO3BUTOK HU(PPOBUX TEXHOJOTIH B OCBITI, IO HAJA€ BHUKJIATA4eBi CBOOOMY st
CTBOPCHHS HOBITHIX MEAArOT1YHMUX I1IXO/IIB.

IMocranoBka 3aga4i. O1xe, aHaNI3yI0UM Cy4acHi IU(POBI IHCTPYMEHTH, MU TIPAIFOBAIIN HAJT
PO3pOOKOI0 HOBMX BHUJIB HAaBYAJIBHHUX 3aBJaHb Ha iX OCHOBI. O3By4eHi mpoOsieMu MOTPEOYIOTh
BUILIOTO PiBHS CTBOPEHHS 3aBJIaHb, 100 iX YITKICTh Ta HU(POBI METOAN BUKOHAHHS KOMIICHCYBAIN
PO3IIMPEH] CTPOKH X 3/1a4l B ACHHXPOHHOMY PEXHMI, a HAaBYaHHS 0YyJ10 MOOUTEHUM, 1, 3HAXOITIYUCH
HaBITh y HE JYKE€ 3pyYHHMX YMOBAX, CTYJCHTH MAJId 3MOTY NPOJOBXKYBaTH €()EKTUBHO BUUTHUCH.
Oco0NUBICTIO HAIIOTO JOCTIKEHHS € TaKOX Te, IO eKCIIepUMEHTajbHa TpyIa CKIAJA€ThCs 3
1HO3EMHUX CTYJICHTIB, a 0T’KE PO3POOJICHI HAMH ITiTXOAH MAIOTh JOMTOMOTTH MOJI0JIATH iX crienupidHi
npobsieMu y HaBdaHHi. Came TOMY OJHHM 13 IHCTPYMEHTIB, 110 BiMOBIAE MTOCTABIICHUM 3a/1a4uaM,
mu oOpanu mudpoBy gomky Google Jamboard.

Meta po6oTH — miaBHIICHHS ¢pEKTHBHOCTI HaBYaHHS 3a YMOB JIHUCTaHIMHOI poOOTH B
ACHHXPOHHOMY pPEXHMi 3aBASKH BUKOPUCTaHHIO HU(POBUX iHCTpyMeHTIB, a came Google
Jamboard.

OcHOBHA YacTHHA. 32 HASBHOCTI BEJIMKOTO CHEKTpa OHJIANH pecypciB sl AUCTAHI[IIHOTO
HaBYaHHS HEOOX1HO OOupaTn HaI/I3pqu1u11 Ta HalleeKTUBHIIII 3 HUX, 1 came Google Jamboard mae
K IIUPOKHNA TepeNtiK (YHKIIH, Tak 1 MpoCTHid 3po3yMinuii Bipryansuuii intepdeiic [1]. Lg nomka
MOJKE CTaTH 3PYYHUM IUGPOBUM THCTPYMEHTOM Uil CTBOPEHHS KOHTPOJIBHUX YM CaMOCTIHHUX
po0iT, ab0 X PO3POOKH MEPCOHATBHUX KOHTPOJIBHHUX 30IIUTIB 3 (isuku. CyTTEBOIO BiIMIHHICTIO
Google Jamboard € Te, 1110 10 O/1HI€ET TOIIKK MOXHA AOAABATH JI0 JECSTU CTOPIHOK, PO3MIIIYIOUX HA
HUX 3aBJIaHHS, 1, CTBOPHMBIIM TaKWil KOHTPOJBbHUI 30mMT Ha BiacHoMy Google Jlucky, Bukianaq
MOKE PO3TUPAXKYBATH HOTO MEPCOHATBHO ISl KOKHOTO CTY/IEHTA, MPUKPIMUBIIH 10 «3aBAaHHI» Y
Google Knaci 3 onmiero «KoxkeH CTyAeHT oTpuMae Korito». Lle mo3Boisie onep)kaTH HE TUIBKH
HETMOBTOPHUM TBOPYMIl pe3ylbTaT BUKOHAHHSA 3aB/JaHb, a U PI3HOCTOPOHHBO OIIHUTH 3HAHHA
KO’KHOTO CTYZCHTa Ta MEePEBIPUTH BCi 30IIUTH BipTyasibHO. TOMI 5K, ISl TIOPIBHSHHS, IHCTPYMEHT
Google Forms, sikuii BAKOPHCTOBYEThCSI IS CTBOPEHHS TECTOBUX 3aBJIaHb, HE Ja€ IIbOTO PO3Maxy Ta
Ma€ JI0BOJII OOMEKEHHI TPOCTip I TICPEBIPKH 3HAHB Ta JIEMOHCTPAIIil CTy/ICHTAMUA KPEaTUBHOTO
X0y Ta MOBHOT'O ITPYHTOBHOT'O BUPAKEHHS TYMKH.

Mu Bukopuctranu Google Jamboard y Hamomy memarorivyHoMy EKCIEPUMEHTI IiJ 4ac
opraizauii oHJalH-HaBUaHHS (DI3MKM 1HO3EMHMX CTYJEHTIB aHIJiHChbKOI MOBoro. Hamu Oyro
po3pobineno HOBI Buu 3aBaaHb y Google Jamboard st Toro, mo6 npoBecTH KOHTPOIbHI POOOTH
OuIbII €pEeKTUBHO Ta TIOJI0JIATH OCHOBHI MPOOJIeMH Y HaBUaHHI, 1110 BUHUKAIOTh CaMe Y 1HO3eMHHX
CTYIEHTIB — MOBHHMI Ta IICUXOJIOTIYHUN Oap’epu, MACUBHICTh CTYJIEHTIB Ha 3aHATTIX,
HEBIAMOBIAHOCTI IPEPEKBI3UTHOTO PiBHS 3HaHb 3 TOYHUX HAYK JI0 BUMOT YKpaiHChKUX BULIIB. [1Jist
poro Ha Google J/lucky MU CTBOPHJIM 3arOTOBKY JIOIIKH 3 KOHTPOJIBHUMHU 3aBJaHHIMHU 3 TEMHU
«Mexanika». HaBegemo mpukiaj Tak 3BaHUX 3aBJAaHb-masniB. Ha gormiii ctBoproBaBcst «baHky —
BUJIUIEHA 00JacTh, Y AKy MM JOJABalIM y BUIJIAMI 300pakK€Hb-CKPIHLIOTIB PI13HI KOMIIOHEHTH
dbopMyIn, MaTeMaTU4HI CUMBOJIM, Ha3BU CHJI, €IEMEHTH 1MtocTpalii g0 ¢izuyHoi Mojaeni 3amayi
TOIlO, @ CTYJEHTH Majli CKJAacTH 13 HMX MHpaBUJIbHI (opMyau abo pUCYHKH (Pi3UYHOI MOEI.
3aBiaHHsA TaKOTO THIY MAarOTh ITpPOBHIl MOTHB Ta CIPHSIOTH 3aKpIiMJICHHIO 0a30BUX 3HAHb 3
MEXaHIKH, KpalloMy 3arnam’ ATOBYBaHHIO OCHOBHHMX 3aKOHIB 1 ()OpMyJ, TPEHYBAaHHIO HaBHUYOK
IIBUJIKOTO BU3HAYEHHS MPOEKLIH BEKTOPHUX BEJIMYMH Ta MOOYIOBH (i3MYHMX MOJENeH yMOBH
3amavi. [lin yac BHMKOHAHHS JaHMX 3aBJaHb 3aJIy4aeThCS 30pOBa Ta MOTOpPHa mam ATb. Jlns
OCMHCIICHOTO CKJIaJIaHHS BIATOBI/II 13 CKJIaJJOBUX YAaCTHH CTYJIEHTH MAalOTh MPOSBUTH IiIBUIIICHY
yBary y KOxHiil BIpaBi Ta, sIK pe3yJIbTaT, OTpUMaTH IJIKOIIe 3a1am’ STOBYBaHHS (GOpMYyII.

BucHoBku. [laHnii eKCIEpUMEHT 3 BIPOBAIKEHHS 1HIUBIIyaTbHIX KOHTPOJIBHUX 3aBIaHb 3
¢13uku Ha ocHOBI mudpoBoi gomku Google Jamboard Hamu Oyiio TPOBEACHO TSI AHTJIOMOBHHX
1HO3eMHHUX CTY/ICHIB, 1 BpaXOBYIOUH 11€, BI3yaJIbHICTh Ta TpadiuHICTh 3aB/IaHb, 110 MU CTBOPUIIH Y
Google Jamboard, nonomornu nogoaatu MOBHUM Gap’€p i1 YaC KOHTPOJILHOTO OLIIHIOBAaHHS 3HaHb
CTYZEHTIB, aJpKe JUIsl OUTBIIOCTI 3 HUX aHTJIHChKa MOBA, SIKOIO MPOBOJMIIOCS HaBYAHHS, € TAaKOX
1HO3eMHOI0 MOBOIO. B pe3ymbraTi MU OTpHUMaiy BUIIMK BiJICOTOK BHKOHAHHS 3aBIaHHS Ta

181



3pocTaHHsl Koe(dilieHTa MpaBWIBHHUX BIJIOBIIEH CEpell CTYICHTIB — 1€ 3acBIAYYyE€ 3POCTAHHS
AKTUBHOCTI CTY/ICHTIB Ta MiABUIICHHS PIBHS X 3HAHbB.
CnucoK BUKOPUCTAHMX JIZKepeJt
1. Mengenesa M. O., XKXmypxko O. 1., Kpusopyuko L. 1., Kosrantok M. C. Oprasi3ariisi mpofyKTHBHOI
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EJIEKTPOHHI TEXHOJIOT'TI ATAIITUBHOI'O HABYAHHS

Hapenko M. O., YUepuux B. B.
[TiBIeHHOYKpaiHCHKUH AeprKaBHUM renaroriyauid yHiBepcuteT imeHi K. J[. YmmHCchKOTO,
M. Oneca, Ykpaina

AHoTtanis. B moToyHOMYy [OCHIKEHHI BHBYAIOTHCS OCOOMMBOCTI BHOOpPY aJalTHBHHUX Ta
JOMOMDKHHMX TEXHOJIOTiH 3 TOYKH 30py IX 3aCTOCYBaHHS B HaBUAJIILHOMY TPOLECI Ta SK CaMOCTIHHHMX
TexHoJOoTi. TakoX MOCTiHKEeHO HaBYAbHY B3a€MOJIIO AK TaKy, IO MOXKHA PO3AUTUTH Ha MOCIiAOBHICTH
KPOKiB, KOJKEH 3 SIKHX MO)KHa BIIHECTH JI0 OJHOTO 3 ITSATH Pi3HUX PEKUMIB: OTPUMaHHS IHCTPYKIIii,
PO3YMiHHSI, CKJIaJIaHHs, TpaHCcQep BiAMOBiAi Ta 30epexkeHHs JaHuX. THUI TEXHOIOT], sIKy BUMAarae iHAMBI],
Ma€ TpsME BiTHOMICHHS 10 peXHMYy, SKHH TOTpedye 3700yBad OCBITH. SIK JOMOMIXHI TEXHOJOTii
PO3TIAAAIOTHCA IHCTPYMEHTH I ITPUMKH HaBYaHHS, 30KpeMa 3100yBadiB OCBITH 3 OCOOJIMBUMH OCBITHIMHU
nmorpedaMu, Taki SK IHCTPYMEHTH pO3IMi3HABaHHS Ta CHHTE3y MOBH, IIEepeKiIaxy >KEeCTOBOI MOBH,
BiJICTeXKEHHS pyXy odeld. Taki TeXHOJIOTIi Terep 3HANIILIM CBOIO HIllly Y Mpane3JaTHoMy cBiTi. OueBHIHUM
€ 301BIIIEHHS COIIaTFHOTO 3aMOBIIEHHS Ha ITOJajbllle BUKOPUCTAHHS Ta PO3BUTOK B YKpaiHi aJanTUBHUAX
Ta JOMOMDKHUX TexHonorii. Ilig 9ac moTo4HOro MOCHiKeHHS OYJIO TaK0XK BHSBIEHO TEXHOJOTIi, SKi
OXOILTIOIOTH YCi acIleKTH iHIIMX CIOCO0iB HaBYaHHS. B cBOIO depry, mpuKIagy JONOMDKHUX TEXHOIOTIH
MEHIII OYCBHIHI, HK aJalTHBHI TEXHOJIOT11, Oy 1y4H MEHII «OUEBUIHUMMY, OCKUILKH BOHHU 3a3BHYAH € JIUIIC
HpOrPaMHUM 3a0€3MeUCHHSIM.

KaiouoBi cjioBa: afanTUBHI TEXHOJIOTI, JOMOMIDKHI TEXHOJIOT1T, (POPMHU HABUAHHS, PEXKUMHU 3B’ SI3KY.

E-TECHNOLOGIES OF ADAPTIVE LEARNING

Tsarenko M., Chernykh V.
South Ukrainian National Pedagogical University named after K. D. Ushynsky, Odesa, Ukraine

Abstract. The current study examines the features of the choice of adaptive and assistive technologies
in terms of their application to the educational process and as independent technologies. Learning interaction
is also explored as one that can be divided into a sequence of steps, each of which can be assigned to one of
five different modes: instruction, comprehension, compilation, response transfer, and data storage. The type of
technology required by the individual is directly related to the regime required by the learner. Assistive
technologies include learning support tools, including those with special educational needs, such as language
recognition and synthesis tools, sign language translation, and eye tracking. Such technologies have now found
their niche in the working world. The increase in the social order for further use and development of adaptive
and assistive technologies in Ukraine is obvious. The current study also identifies the technologies that cover
all aspects of other learning methods. In turn, examples of assistive technologies are less obvious than adaptive
technologies, being less "obvious" because they are usually just software.

Keywords: adaptive technologies, assistive technologies, forms of education, communication modes.

Beryn. TexHomorii mBuako 3MiHIOIOTECA. L{e 3MiHIO€ HaIl crociO 1 TeMITH KUTTS, IKi MU
obupaemo. Komm'torepu, mijikitoueHi 10 IHTEpHETY, CTaly 3BUYHUM SIBUIIEM Y HAILLIOMY CBITI, Y
3aKJIaax OCBITH Ta Ha poOouux Micisx. W3C BH3HAYalOTh JOMOMDKHY TEXHOJIOTIIO SIK
«mporpaMHe abo armapaTHe 3a0e3MeueHHs, sike 0yJI0 CIeialbHO CTBOPEHO, TTOKIMKAHE I0TIOMaraTu
JTIOASAM 3 1HBaJIHICTIO y 3/iHCHEHHI MOBCSKAEHHOI AisibHOCTI» [1]. Ile BU3Ha4YeHHS AOCUTH
HIMPOKE, I100 BIAMNOBIIATH HIMPOKOMY CIIEKTPY JOCTYHMHHX TEXHOJIOTIH. AJTaNTHUBHI TEXHOJOTI]
JIOTIOMAararoTh, aJanTyloud BMICT aboO BIAINOBiAI KOpPUCTYyBauiB 3 OnHIET (opMu 10 1HIIO]
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(HampuKIaa, €KpaHHI TporpamMu Ta ekpaHHl kiaBiatypu). 106 kpamie 3po3ymiTH MIUPOTY
aIaNTUBHUX Ta JOMOMDKHUX TEXHOJIOTIH, BapTO 3a3HAYMTH, IO B MOTOYHOMY JIOCIHIIKCHHI HE
BHUBYAETHCSI BUKOPUCTAHHS AJaNTUBHUX Ta JOMOMDKHUX TEXHOJOTIH Ui oci®d 3 0coOIuBUMU
OCBITHIMU TOTpe0amu, 110 MAIOTh MEBHI BaJM, HATOMICTb, PO3TIISIAE€THCSA BUKOPHCTAHHS TaKHX
TEXHOJIOT1H y 3arajlbHOMY KOHTEKCTI HaBYaHHS [ 1].

IMocTaHoBKa 3aaavi. B moToyHOMY MOCHIIKEHI BUBYAIOTHCS OCOOIMBOCTI BUKOPHUCTAHHS
aJIaNTUBHUX Ta JIOMOMDKHUX TE€XHOJOTIH HaBYaHHS Ta MPOBOJUTHCS BUBUEHHS PEXUMIB pOOOTH
aJIaNTUBHUX Ta JOTMOBDKHUX TEXHOJOTIH B KOHTEKCTI BUKOPUCTAHHS 1X JUIS MIATPUMKA HaBYaHHS
0ci0 3 0COOIMBUMH OCBITHIMH IMOTPEOAMHM Ta IHIIKUX KaTeropiii 300By4iB OCBITH

Meta gociigkennsi. BuBuenHs ocoOimBoOCTel Ta JOIMITBHOCTEH BUKOPUCTAHHS aAallTHBHUX
Ta JIOMOMOXIHUX TEXHOJIOT1H B KOHTEKCTI HaBYaHHS 0C10 3 0COOJUBUMH OCBITHIMH IOTpeOaMHu.

OcHoBHMIT MaTepias. Y HaByUalbHINA B3aEMOJIIT € OaraT0 MOMEHTIB, SIKI MOXKYTh BHKJIUKATH
TPYIHOII Y 37100yBaviB OCBITH 13 (pi3ndHMMH 200 KOTHITUBHUMH BaJlaMu. 3a3BUYaii, J0oMi>kHa abo
aJlaliTUBHA TEXHOJIOTiA 30CEPEIKYEThCS Ha OJHOMY 3 IIMX MOMEHTIB, a JUI AESKUX 3100yBadiB
OCBITH TOTpiOHA TEXHOJIOTIA Taka, MO0 BOHM MOIJIM YCIIIITHO OPIEHTYBATHCS Y HaBUYaIbHIN
B3aemoii. HacripaBi, esiki 11011 MOXYTh BUKOPUCTATH 5 a00 OLIIbIIIe OKPEMHUX YaCTHH TEXHOJIOT].
IcHye Baroma mpuuuMHa, YOMYy ICHye Takuil nianma3oH. lle moB's3aHO HE TUIBKU 3 PI3HUMU
MOYJIMBOCTSIMA OCi0 3 OCOOJMBHUMH OCBITHIMH IMOTpeOaMu, a W 3 PI3HUMH acCIEKTaMH IMPOLECY
HaBYaHHS, fKI HEOOXiTHO BpaxoByBaTH.TEeXHOIOTIi, Opi€HTOBaHI Ha JOJIEH 3 OOMEKEHUMU
(GI3UYHIMH MOKJIMBOCTSIMH, XO04a 1 HE HAHMOIMIMPEHIil, 9acTo € HaiOUIbII momMiTHUMH. Jlo HUX
BIZTHOCUTBCSA JPKOMCTUKU 3 POTOM 1 IporpaMHe 3abe3nedyeHHs AJs po3izHaBaHHs MOBH. HaBuanbHy
B33a€MOJIII0 3a3BUYall MOKHA PO3AUTUTH Ha MOCIIIOBHICTD KPOKIB, KOXKCH 3 SIKHX MOYKHA BIJTHECTH JI0
OJTHOTO 3 IT’SITH Pi3HUX pexkuMiB. L{i pexkuMu Taki K, sIK 1 B CydaCHOMY HaBYAIbHOMY CEpEIOBHILI
oHJaifH. TuI TEXHOJIOTIi, SIKY BUMArae iHI¥BIJI, Ma€ MPsIME BITHOIICHHS JI0 PEXKUMY, SIKUH TOTpedye
yueHb. Pexxumu mpuiiomy Ta mepeaaBaHHS BIANOBIAI MOMIOHI THM, IO, 3a3BUYail, epeadavyaroTh
TIEPETBOPEHHS Matepiany 3 onHiel opmu B iHnry. CHHTE3 MOBJICHHS Ta TICPETBOPCHHS 3 TEKCTY B
MOBJICHHSI MOXKE€ OYTH KOPHUCHHUM JIsi HE 3pA4oro 3100yBaya OCBITH, SKH OTPUMYE 1HCTPYKIIT
€JIEKTPOHHOO TomTo0. OJHAK BiH Ma€ MEHIITy €)eKTUBHICTb 3aCTOCYBaHHS y PEXKUMI IepeaBaHHs
BianoBiai. [Iporpamue 3abe3neyeHHs PO3Mi3HABAHHS 3aCTOCOBYEThCS B 000X IMX pexumax. Lle
JI03BOJISIE JIFOJIMHI, 1030aBJIEHIH CIIyXy, OTpPUMAaTH IHCTPYKIIIIO Y BUTTISAL ayA10IIpe3eHTallli, sika Oyna
HepeTBOpeHa Ha TeKCT. L5 )k TEXHOIOT1s TaKOXK 103BOJISIE JIFOJISIM 3 (DI3MYHUMHM BaJlaMU I1epeaaBaTH
BIJIMOBIIb 3a JOMOMOTOK) MOBH, 3aMICTh KjaBlaTypu. PeXMMU OXOIUIEHHS Ta CKIIAJaHHsS
BiZIOKpeMIIeH]1 BiJl Oyab-skux (PI3MUHUX BIAHOCHH 3 TIOBITOMJICHHAM. HesanexHo Bif TOro, siK
MOBIJIOMJIEHHS Jiii/ie 10 3700yBadya OCBITH, BiH BCE OJIHO MOBHHEH II€ 3p0o3yMiTu. He3zanexxHo Bix
TOTO, SIK BIJNOBi/Ib Oy/ie mepenaBaTuch Hasa, il BCe 0OHO MOTPIOHO BUKJIACTH CIIOYATKY CIIOBAMHU.
O6uBa 1l peXXuUMHU TiependavyaroTh 3aCTOCYBAaHHS KOTHITUBHUX HABHYOK, a JEsKI 0coOu, abo 3
TPYJIHOIIaMH Yy HaBUYaHHI, TaKMMH SK JWUCIEKCis, MOBHI Oap'epu, ab0 HHM3bKa T'PaMOTHICTb,
notpe0yroTh JornoMoru B wik cdepi [2]. [Ipobnemu 3 muMu pexUMaMy MOCHIIOIOTHCS uYepes3
0cO0JIMBI JIEKCUYH1 OJTMHMIII YKPAiHChKOT MOBH, TaKi Ik OMO()OHH, OMOHIMH, CHHOHIMH, CyIIEepedINBI
npaBWiia TPaMaTHKH, HaJMIpHE BUKOPHUCTAHHS CKOPOUYEHb Ta IOTJIMHAHHS HEYKPAaiHCHKUX CIIB.
Pexum «oTpumaHHS 1HCTPYKLID» K MOJaHHS (akTiB, TaK 1 CTaBICHHS 3allUTaHb, € MPUKIAJaMH
OTPUMAaHHSI PEXUMY IHCTPYKIii. OOMEXMBIIM Hall NEPBUHHUN OIS LIbOTO PEXUMY M'SITbMa
JFOJICBKUMHU TIOUYTTSAMH, MU 1ie To6aunmo. Maibxe 100% criikyBaHHS B IbOMY PEXHUMI CTOCY€EThCS
JIUIIIE IBOX OPTaHIB UYTTS «OauyuTH» 1 «IyTW». SIKIIO ydeHb Mae nediluT ado TMOBHICTIO HE Mae
KOJHOTO 3 IIUX MOYYTTiB, TO BiH, 0€3yMOBHO, Oy/ie 60pOTUCS B HABYAJILHOMY CepeloBHIL. Pexxum
nepeaBaHHs BIANOBI/I Niepeadayae, 0 Y4eHb OTPUMYE BIAMNOBIb, Ky Ma€e (OpMYIIOBATH B PEXKHUMI
CKJIQJIaHHs Ta TIEPeTBOPEHHS Ha popMy, sIKy BUKIagay ovikye. KopucryBau Hajacuiae BiANOBIIb HA
ece a00 KOPOTKHUI HapuC, IKUW Mae OyTH MO3HAYCHUHN «BUXOBATEIb—ITIOINHAY. 3p0O3yMLIO, 10 OH1
M Ti )X TEXHOJOTII MOXYTh OyTHM BHMKOpPHCTaHI B 000X BHIAJKaxX IHCTPYKIH Ta meperaBaHHs
BIJIMIOBIJIEH, aJie BOHU BUKOPUCTOBYIOThCA 3 PI3HUX IPUYHH, 1 HE OyAYyTh BUKOPUCTOBYBATHCS B 000X
pekumMax oJHi€r0 oco0or. CHHTE3aTOpH MOBIEHHS €, MaOyTh, HAWOUIBII BH3HAHOI (HOPMOIO
a/IaNTUBHUX TEXHOJIOT1. BoHU € HEOOX1AHICTIO /17151 He3psuuX abo cnabo3psuux 3700yBaviB OCBITH,
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100 YCITIITHO OPIEHTYBATHCS B CEPEIOBHUIII HABYaHHs. 3a OCTaHHI POKH Il TEXHOJIOTIS MPOMIILIA
Benukuid nisix. Komn'totep cuHTE3yBaB rolioc, 3 4acOM BiH CTae Bce OUThIIT MpUpogHHUM. Temnep
nporpamMaM 3YUTYBaHHS 3 €KpaHa MOJKHA INPHU3HAYaTH aKIEHTH, SKi OUIbIe HaralylTh Ti, IO
NpUTaMaHHi 37100yBavy OCBITH.

BucHoBkH. Byno po3risiHyTO psii TOTMOMDKHHAX Ta aJaNTHBHUX TEXHOJIOTIH, JOCTYITHHX B
VYkpaini. Buxinna nepeaymoBa nossrae B TOMY, IO Il TEXHOJIOTI] MPAIIOOTh y 5 PI3HUX peKUMaXx,
IO CTOCYIOTBCSl ACIeKTiB HABYAILHOTO Tpoliecy. MoKHA CTBEPIDKYBATH, IO BCi TEXHOJIOTII, 10
HiATPUMYIOTh YCi II'ITh PEXUMIB, AONIOMararoTh KopucryBayam. OJHAK, OCKUIBKH TEXHOJOTII, AKi
BUKOPUCTOBYIOTHCS JIJISl PO3IIMPEHHS 1HCTPYKIli MPUHOMY, Ta PEKUMHU TEpEeaaBaHHS BiIMOBIAL
3a3BUYAll 3a1exkarh BiJ 3MicTy a00 BIATMOBiIEH, 3 OJHOTO MPEACTABICHHS 1HIINUM, Y JOCITIKCHHI
IMEHYBQJIM SIK QJIalITUBHI TE€XHOJOTIi. Bbe3cyMHIBHO, IO TEXHOJIOTISI BUKOPUCTAHHS JTOTIOMIKHUX
3ac00iB MOTpedye MOJAIBIIOT0 NOTIHOIEHOTO TOCTIKEHHS, 32 pe3yabTaTaMu SIKOTO MOXKE OyTH
3alpOIIOHOBAHO HU3KY KOPHCHHUX OCBITHIX I1HHOBAIlldi HE TUIBKH JUIS 3100yBayiB OCBITH 3
0COOJIMBUMH OCBTHIMI TIOTpedamHu, aje i I IHIIUX KaTeropiid 3100yBayiB OCBITH.
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CTPYKTYPA BEB-OPIEHTOBAHOI'O OCBITHbO-HAYKOBOI'O
I HABYHAJIBHOT'O CEPEJIOBHUIIA 3AKJIAZY BUIIIOI OCBITHU

®panuyk B. M.}, ®panuyk H. I1.%?
'Hanionansnuii nenaroriunmii yaisepcurer imeni M. I1. [Jparomanosa, M. Kuis, Ykpaina
’IactutyT mudposizanii ocsitn HAITH Ykpainu, m. Kuis, Ykpaina

Amnotanis. [ligroroBka MaiiOyTHROTO BUUTENS iHGOPMATHKH Ta (haxXiBIs 3 iHHOPMAIHHIX TEXHOJOTIH
Mae 0a3yBaTHCs Ha TIEJaroriyHo BUBaYKEHOMY TapMOHIHHOMY TIO€THAHHI TPAJHLIIHHAX METOANYHUX CHCTEM
HABYAHHS Ta HOBITHIX iH(QOpMAIiITHO-KOMYHIKAIITHUX TEXHOINOTiH, GopM, MeTomiB 1 3ac00iB HaBYAHHSI.
O0’€KTOM JOCTIKEHHS € TPOIeC HAaBYaHHS TUCIHILTIH T 9ac (aXxoBOi MiATOTOBKH MaiOyTHIX BUHMTEINIB
iHpopMaTHKH Ta ¢axiBiiB 3 iHGpOpMaIITHUX TEXHOIOTIH y 3aKiaax BUINOi OCBITH. [IpeMeToM JoCIiIKeHHs!
€ BeO-OpiEHTOBAaHE OCBITHBO-HAYKOBE Ta HABUAIbHE CEPEAOBHIIE 3aKIaJy BHIIOI OCBITH JIS HaBYaAHHS
MaiOyTHIX yuutemiB iHpopMaTHke Ta QaxiBIliB 3 iHGOPMAIIITHIX TEXHOJOTIH ITij] Yac 3MIlIAaHOTO HAaBYaHHSI.
BuxopucranHs Be0-0pi€HTOBaHOTO OCBITHBO-HAYKOBOT'O i HABYAILHOTO CEPEIOBHIA J]A€ 3MOTY IHTETpYBaTH
CyYacHi OCBITHI pecypcH, HaBUallbHI TpOrpaMu, 3acodu, iHpopMaliiHO-KOMYHIKaIiifHI TEXHOJIOTII B €JJHHY
CHCTEMY Ta aBTOMATH3YBaTH YIPABIiHHS OCBITHIM IIPOLIECOM.

Kuio4oBi ci1oBa: HaBYaibHE CepeOBHIE, BeO-OPiEHTOBaHA CHCTEMA, 3MilllaHe HaBYaHHS, BUMTEIb
iHpopmaTuky, daxiBelpb 3 iHPOPMAIIITHUX TEXHOIOTIH.

THE STRUCTURE OF THE WEB-ORIENTED EDUCATIONAL-SCIENTIFIC
AND EDUCATIONAL ENVIRONMENT OF HIGHER EDUCATION INSTITUTION

Franchuk V.1, Franchuk N.--2
!National Pedagogical Dragomanov University, Kyiv, Ukraine
?Institute for Digitalisation of Education of the National Academy of Educational Sciences
of Ukraine, Kyiv, Ukraine

Abstract. The training of future teacher of computer science and specialist in information technology
should be based on a pedagogically balanced harmonious combination of traditional teaching methods and the
latest information and communication technologies, forms, methods, and teaching aids. The object of research
is the process of teaching disciplines during the professional training of future computer science teachers and
information technology specialists at higher education institutions. The subject of research is a web-oriented
educational-scientific and educational environment of a higher education institution for the training of future
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computer science teachers and information technology specialists during blended learning. The use of web-
oriented educational-scientific, and educational environment allows to integrate modern educational resources,
educational programs, tools, information, and communication technologies into a single system and automate
the management of the educational process.

Keywords: learning environment, web-based system, blended learning, teacher of computer science,
specialist in information technology.

Beryn. Cucrema inopMaTH4HOI MiArOTOBKH MaiOYTHBOTO BUMTEINS iHHOPMATUKY Ta (PaxiBIs
3 iH(opMaLIfHUX TEXHOJOrIM Mae Oa3yBaTHCsS Ha MEAArOriYHO BUBAKEHOMY T'apMOHIHHOMY
MOEAHAHHI ~ TPATUIIIMHUX METOJAMYHMX CHUCTEM HaBYaHHA Ta HOBITHIX iH(OpMAIliifHO-
KOMYHIKAIlIMHUX TEXHOJIOTiH, (opM, MeETOmiB 1 3aco0iB HaBuaHHS. llemaroriyHo BHBaKEHE
3aCTOCYBaHHS CYYacCHHUX I1H(OPMAIIMHO-KOMYHIKAIIIMHMX TEXHOJOTiH HaBYaHHS B HaBYaJIbHO-
BUXOBHOMY ITpolieci B 0ararb0X BUMAAKaX 3a0e3Iedye JOCTaTHbO BUCOKI pe3yibTaT NpodeciiHol
miAroToBKU (axisiis [1].

IMocTanoBKka npo6Jemu. [IpoTe BapTO BpaxoByBaTH 1 3aKOHOMIPHOCTI, BIACTHBI HABYAHHIO
3 BUKOPUCTaHHSM CYYacHHX 1H(OPMAIIHO-KOMYHIKAIlIMHUX TEXHOJIOTIM, 30Kpema, Mij dac
3MIIIAaHOTO HABYaHHS, a caMe B yMOBax MaHiemii Ta BiliHU. B pa3i BUKOpUCTaHHS 3MICTY
3MIIIaHOTO HABUAHHS BPAaXOBYETHCS 3MICT HaBUaHHs B 3akiaii Bumioi ocsita (3BO): cTtpykTypa,
3MICT Ta OOCST HAaBYAJIBHOTO Marepially, OBOJOMIHHS SIKMM 3a0e3ledye CTyIEeHTOBI MOKJIHMBICTh
3100YTTS BUILOI OCBITH Ta MMEBHOI KBai(ikarii [2].

Meta po00TH — CTBOPEHHS 1 JOCIIKEHHS MOJIelTi BeO-Opi€HTOBAHOTO OCBITHHO-HAYKOBOTO
1 HaBUaJIBHOIO CEpEeJOBHINA 3aKjaay BHIIOI OCBITH [JIsi HaBYaHHS MaWOYyTHIX YYHUTENIB
iHpopMaTuku Ta paxiBIliB 3 iHGOPMAIIHHUX TEXHOJIOTIH.

OcHoBHa yacTHHA. L[eHTpanbHO0 JaHKO0 1H()OPMATUYHOT 1ITOTOBKH Mali0yTHHOIO BUMTEIS
iHpopMaruku Ta (axiBug 3 iHPOPMAIIWHUX TEXHOJOTiH € BEOOPiIEHTOBaHE OCBITHHO-HAYKOBE i
HaBYAIBHE CEPEIOBHINE, BUKOPUCTAHHS SKOTO JIA€ 3MOTY IHTErpyBaTH CydYacHI OCBITHI PeCypcCH,
HaBUYAJIbHI TPOTpaMH, 3aco0H, iH(OpPMAIiiTHO-KOMYHIKAIliifHI TEXHOJOTii B €IWHY CHUCTEMY Ta
aBTOMAaTHU3YBaTH YIIPABIIHHS OCBITHIM MporiecoM (pucyHok 1). Be6-opieHTOBaHE OCBITHBO-HAYKOBE 1
HaBUYaJIbHE CEpPE/IOBUIIE peali30BaHO Ha 0a3l TpaJuUIHHUX METOAMYHUX CHUCTEM HaBYAHHSI
(HaBYaTbHO-METOIMYHE 3a0€3MEeUeHHs TUCIIUILTIH, MAPYYHUKH, TOCIOHUKH, TOJATKOBI PECYpCH) Ta
BEOOPIEHTOBAHMX CHCTEM — XMapO-OpIEHTOBAHI CEpPBICH, CHCTEMM YIPABIIHHS BMICTOM CaiTiB
3arajJbHOTO MPU3HAYEHHS, CHCTEMH YIIPABJIIHHS HaBYAJILHUMH MarepialaMH, BUJIaBHUYI CHCTEMH,
CHCTEMH CIEliaIbHOIO MPU3HAYEHHS, CUCTEMH VIS CIUTBHOI pOOOTH TOILIO.

BucHoOBKH. YCHIIIHICTh peaii3alii MporNoHOBaHOT MoJeNl BeO-OpIEHTOBAHOTO OCBITHHO-
HAYKOBOTO 1 HABYAJILHOTO CEPEOBHIIA 3aKJIay BUILOT OCBITH JUIl HAaBYaHHS MaOYTHIX y4UTENiB
iHpopMaTUKH Ta ¢axiBLiB 3 1HPOPMALIHHUX TEXHOJOTIM 3aleXuUTh BiJ 0araTbOX YHMHHUKIB,
30KpeMa BiJl HasiBHOI Cy4yacHOI MaTepiaibHO-TEXHIUHOI 0a3u, popMyBaHHS €(PEKTUBHUX METOJUK
BUKOPUCTAHHsS BEOOPIEHTOBAHMX CHCTEM HABUYaHHS JHUCIHIUIIH, OPraHi3allifHUX YWHHHKIB,
HIATOTOBKHU KaJpiB, MEBHUX CTPYKTYPHHUX 3MiH. TOMYy HEOOXIJTHO y MOJANbIINUX JOCIIIKEHHIX
PO3MIISIHYTH Ta JIOCTIAUTH €Tamd BIPOBA/KEHHS BeOOPIEHTOBAHOIO OCBITHBO-HAYKOBOTO 1
HaBYAJIBHOTO CEpEIOBMIIA 3aKJIay BUIIOI OCBITH JUIsl HABYAHHS PI3HUX HABYAJIBHUX AMCLUIUIIH
MalOyTHIX BUUTENIB iHGOpMaTUKH Ta (axiBLiIB 3 1HGOPMALIHHUX TEXHOJIOTH y 3aKjiajjaXx BUIIOI
ocBiTi. HaykoBa HOBM3Ha MOCHIJDKEHHS IIOJIATAa€ B TOMY, IO 3alpOIIOHOBAHO MOZETH BeO-
OpIEHTOBAHOTO OCBITHRO-HAYKOBOTO i HABYAJILHOTO CEPEOBUIIE, BUKOPUCTAHHS SKOTO JIa€ 3MOTY
IHTerpyBaTH Cy4yacHI OCBITHI pecypcH, HaBYallbHI TNporpaMu, 3acobu, iHopmaiiHo-
KOMYHIKaI[ii{Hi TEXHOJIOTIi B €IMHY CUCTEMY Ta aBTOMATH3yBaTH YIPABIiHHS OCBITHIM IPOLIECOM.
[IpakTryHe 3HAUEHHS TOCIIIKEHHS TOJArae B TOMY, 110 po3pobsieHa MOJeNlb Be0-0piEHTOBAHOTO
OCBITHBO-HAyKOBOTO Ta HAaBYAJIBHOTO CEpPENIOBHINA MOXe OyTH BHKOpHCTaHa B Ipolieci GpaxoBoi
HiArOTOBKM MaOyTHIX BuMTeNiB iHQopMmaTuku Ta (axiBUiB 3 1HGOPMAIIHHUX TEXHOJIOTIH B
3aKjazax BHINOI OCBITH, 30KpeMa Taky Mojelb BiupoBaxeHo B HITY imeni M.II. [Iparomanoga.
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Pucynok 1 — KomrnoneHTH BeOOpPiEHTOBAHOTO OCBITHBO-HAYKOBOT'O
1 HaBuabHOTO cepenonuia 3BO

Cnucoxk BUKOPUCTAHUX JIZKepeJt
1. AmanoB C. M. TeopeTuKo-MeTOANYHI 3acajd CUCTEMH iH(QOPMATHYHOI MiJITOTOBKH MaiOyTHIX
YUUTENIB TPYJOBOTO HaBYAHHS: JHC. ... [-pa ned. Hayk: 13.00.04 / HITY imeni M. I1. JIparomanoBa. Kuis,
2010. 529 c.
2. Txauyk I'. B. TeoperwuHni i MeTomu4Hi 3acajy MPaKTUYHO-TEXHIYHOI IMiJTOTOBKH MaiOyTHIX
YUUTENB iHPOPMATHKH B YMOBax 3MIIIAHOTO HAaBUaHHA: JHC. ... A-pa mex. Hayk: 13.00.02 — Teopis Ta
METOMKa HaBuaHHs (TexHivyHi auciuimiiam) / HITY imeni M. I1. [Iparomanora. Kuig, 2019. 447 c.

RECOMMENDATION TECHNIQUES FOR LIFELONG (E)LEARNING

Savchenko M.., Synytsya K., Savchenko-Synyakova Ye.
International Research and Training Center for Information Technologies and Systems,
Kyiv, Ukraine

Abstract. In a rapidly changing world, learning through the life becomes an important part of personal
and professional development taking place in formal, informal, or non-formal environment. Variety of e-
learning content and activities is available to meet learning demands of the individuals. However, lifelong
learners need advices or guidance in their search for learning experience corresponding to their needs and
preferences. Recommendation techniques are applied to facilitate a choice of a product by a user in different
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contexts, including education. They rely on the available information about users’ preferences and similarity
measures for users and products and thus operate mostly within an isolated recommendation system. The
purpose of this research is to identify and specify lifelong learning situations when recommendations are
needed and suggest a schema for incorporation of recommendation techniques applicable in each case.
Keywords: recommendation techniques, e-learning, lifelong learning, hybrid filtration, modeling.

Introduction. Majority of the educational recommendation systems make use of the
information available from the learning management system, such as descriptions of learning
resources, registered use of them by the learners, and learners’ features (age, gender, group, learning
style, assessments). Their recommendations often rely on the similarity of the learners within a
group or studying the same discipline [1-4]. In case of lifelong learning, the range of learning
resources is wider, similarities with other users may be unclear or unknown, and information about
the use of the resources is distributed. Depending on the learning goal, the recommendation
algorithm may take into account professional rating, didactical features, and individual preferences
and demands of the learner for successful recommendation.

The purpose of this work is to explore the possibilities of intelligent e-learning support by
providing recommendations of educational content, services, learning experience for an individual.
To do this, first, specific situations in lifelong learning should be matched with various
recommendation methods applicable for making decisions about suitable learning resources for a
person. Then a recommendation framework for lifelong learning can be created.

Problem statement. Two main classes of recommendation techniques are known: content-
based filtering, taking into account content structure, features, domain ontology, and collaborative
filtering that rely on resource usage data and models [5]. To provide an appropriate lifelong learning
recommendation, it is necessary to identify and describe learning situations when recommendations
are needed, and to determine type and structure of information available in each case.

Solving the problem. Here, we consider lifelong learning as a long term process oriented at
the extension or enhancement of competencies (knowledge, skills, attitudes) of the individual that
may take part in various environments and situations. As a result of the analysis of lifelong learning
situations, the following cases are suggested for consideration:

a) Professional development. Recommendation of certified learning (e.g., a course) including
content, activities and assessment leading to a proof of competency (diploma, badge,
certificate).

b) Personal development. Advice about sources for knowledge/skills acquisition, including
micro-learning, focused on a competence (ability to solve a problem or perform a task).

c) Curiosity-led study. Recommendation of learning content in the domain of interest intended
for raising awareness of the topic or enhancing understanding of details, often in a form of
passive presentation (overviews, videolectures).

d) Rehearsal and refreshing. Recommendation of learning activities and content for
“exercising” skills and refreshing knowledge which degrade in time.

Distinct features of the situations that should be taken into account for successful learning

resource advice (recommendation) are summarized in the Table 1.

A recommendation task [5] could be formulated as follows: given a set of learning resources
R with their features Ch(r), r from R, a set of users U with features h(u), and a matrix M of
evaluation (ratings) of the resources R by u from U, find ry,...r«, which were not rated before by a
user v yet so that Mv(r1,...r«) — expected ratings by v for ri,...rx, >= expected ratings of other non-
rated resources, i.e. would correspond to the v’s choice (are best fit for v’s needs, objectives, or
preferences). For this purpose, a dependence of the form M=f (R, Ch(r), U, h(u), 9) needs to be
determined, where 9 is a parameter of the model to be calculated.

It should be noted, that matrix M is sparse, certain resource features may be unknown, as well
as users’ characteristics. The rules for calculation of the best fit depend on the availability of
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information about user’s explicit requirements, expectations derived from his/her previous
experience, preferences determined in a dialog, pedagogical rationale and other factors.

Table 1 — Distinct features of the situations at the lifelong learning

Situations

a

b

C

d

Learning goal

Certificate

Competence to
perform a task

Cognitive
satisfaction

Refreshed skills
or knowledge

Resource type

LMS-based course
(content, activities
and assessment) -

Short module to
micro-lesson, with
demo and
activities

Micro to medium
size multimedia
content

A collection of
micro-activities
and learning
content

Learner info

For pre-condition

Task context

Preferences, style

Learning history,
learner model

Resource info

Resource facts,

Duration, type,

Source, style

Type of learning

data to compare. [style] activity
Advice from Authority Prof. majority Friend or Self Instructor and
Self
Evaluation (test) + + - +/-

Dialog during the
choice

Course details,
explanation of
choice, feedback

Context-related

Demo (optional)

Link to didactic
reasons if needed

Recommendation

Multiparameter
choice algorithm

Collaborative
filtering

History-based
content filtering

Model-based
content filtering

A number of cases are considered for specific types of resources to identify dependencies
between the features of some resource, user information and his/her evaluation of the resource.

A combination of available information in a hybrid approach will be helpful to improve
accuracy of recommendations.

Conclusion. Suggested types of lifelong learning situations provide a general context for

recommender construction. Due to essential differences in the amount and type of information
available for selecting and recommending resources in each lifelong learning situation, each case
requires a separate algorithm for evaluation. A framework for intelligent lifelong recommendation
should incorporate a set of the algorithms, a channel to obtain information from several sources,
including the user him/herself, and a possibility to be integrated with a personal learning
environment.
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PERCEPTION OF DIGITAL COMPETENCES AND DEVELOPMENT
OF INFORMATICAL THINKING OF FUTURE TEACHERS AT THE FACULTY
OF SCIENCE OF PALACKY UNIVERSITY IN OLOMOUC
DURING THEIR PEDAGOGICAL TRAININGS

Slezakova J.
Department of Experimental Physics, Section of Pedagogical Training, Faculty of Science,
Palacky University, Olomouc, Czech Republic

Abstract. The paper deals with the importance of the development of digital competencies during the
pedagogical training of future science teachers at the Faculty of Science of Palacky University in Olomouc.
It emphasizes the issue of information thinking, which is increasingly required by professions. One of the
questions for IT students related to algorithms and programming is included in the questionnaire survey.
This is due to the fact that these are the two main pillars of IT concepts in the context of changes in education
in the Czech Republic. The results of the survey lead to a clear conclusion regarding the use of educational
robotics. This tool is a suitable tool for personality development, logical thinking, creativity and teamwork.
The use of mathematical software in science subjects generally allows the students (future teachers) to better
understand the context, cultivate their sense of imagination and teach them this way of thinking.

Keywords: digital competence, computer thinking, pedagogical training, robotics.

Introduction. Changes in society, influenced by the development of digital technologies and
their use in various areas of human activity, require a continuous adjustment of the strategy for
education. The reality of today's education is increasingly focused on a constructivist approach to
teaching aimed at individualizing the teaching process in order to put forward transmissive methods
that suppress the development of the student's personality and are focused on the verbal monological
concept of teaching. The development of computer thinking among students is not important due to
only the shortage of IT specialists in the labor market, but mostly due to the fact that computer
thinking is required by more and more professions. Informatics thinking can also be used to solve
everyday situations. At the same time, it helps with the acquisition of skills, problem solving,
creativity or the ability to structure [1].

The purpose of the work. The work points out the importance of the development of digital
competencies in the educational training of future science teachers. It emphasizes the need for
pedagogical practices in undergraduate training and the perception of digital competences by
students - future teachers. It also conditions the development of information thinking in higher
education.

Formulation of the problem. How do future science teachers who have undergone only
theoretical training in their undergraduate training perceive their readiness in the field of digital
literacy and computer thinking? Do students whose field of study includes IT have sufficient know-
how as to how to teach algorithmization and programming? [2]

Solving the problem. A total of 50 first-year follow-up students in science teaching took part
in the questionnaire survey, of which 44 % were women and 56 % were men. Empirical methods
focused on proportional stratified selection — Chraska (2003) — were chosen for our own research
[3]. A questionnaire was presented to students (immediately after the end of the first continuous
pedagogical training), which aimed to find out how future teachers perceive their readiness for the
first continuous pedagogical training in the field of digital literacy and computer thinking. We
understand digital competences as cross-cutting key competencies, without which it is not possible
to develop other full-fledged key competencies in children and pupils. Their basic characteristic is
the application in various activities and solving various problems. This results in their variability
over time, depending on how the way and use of digital technologies in society and in human life
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changes. One of the first questions concerned the ability to develop the use of new technologies in
different processes and in different situations. Another question was about digital content creation,
I.e., whether students are able to express themselves through digital media and technology. This
question was also meant to determine the extent to which students were able to include various web
applications in their teaching, such as Kahoot, wordwall.net, flippity.net and Google Slides. The
students stated that, for example, within wordwall.com it was possible to verify in an entertaining
way the basic knowledge that is needed for further work. In addition, 30 % of students said that
Google Slides and flippity.net could be used to create popular escape games that are styled based
on popular themes. Within the gquestionnaire survey, one question was focused on students who
whose field study includes IT. It was a topic of teaching algorithms and programming. It is worth
mentioning here that all students clearly agreed on its importance. Informatics thinking “develops
the ability to analyze and synthesize, generalize, find appropriate problem-solving strategies, and
validate them in practice. It leads to the accurate expression of ideas and procedures and their
recording in formal records, which serve as a general means of communication [1].

Conclusion. In the field of digital competences, it is necessary to focus on the transfer of
knowledge in the field of information and communication technologies into the process of teaching
science subjects. The use of various software for validation of results, possible procedure of solving
examples and also visualization of a specific issue should be the standard of a modern teacher.

The use of mathematical software in science subjects allows the student (future teacher) to
better understand the context. Mathematical software develops the imagination and teaches the
computer way of thinking.

Future IT teachers often do not have enough experience with learning programming or lack
the methodological background for teaching it. A possible solution is educational robotics, one of
the most promising tools for the development of computer science and programming. Its advantage
is that it attracts students and adds to the motivation in teaching. Robotics enables the visualization
of the taught material [4].
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EFFECTIVENESS OF TRAINING FOREIGN STUDENTS — INDIAN CITIZENS TO
LICENSING INTEGRATED EXAMINATIONS USING MODERN INFORMATION AND
COMMUNICATION EDUCATIONAL SYSTEMS

Savka I., Garas M., Savka S., Semianiv 1.
Bukovinian State Medical University, Chernivtsi, Ukraine

Abstract. Purpose of the paper was to study and to improve the effectiveness of training the graduates
of medical faculty-Indian citizens to licensing integrated exams «Krok 2. Medicine» and Medical Council
of lindia (MCI) exam used communication educational technologies.

We analyzed the monthly results of control tasks according to the variants for preparation for the
licensing integrated exams and the results of the licensing integrated exams «Krok 2. Medicine» and MCI in
49 students-citizens of India, Bukovinian State Medical University (BSMU) graduates. Self-training and
self-control for both exams could possible used training portal 123.bsmu.edu.ua.
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The probable positive relationship between the results of all monthly diagnostic-training tests and the
license integrated examination «Krok 2. Medicine» has been found (r = 0,45-0,51, p<0.05). The average
percentage of correct answers on the «Krok 2. Medicine» examination was 88,0+0,7% in the absence of
unsatisfactory results. At the same time, the results of all monthly analytical control tests in preparation for
the MCI examination did not reliably correlate with the results of this examination passed by the graduates.
There is also no relationship between the results of the «Krok 2. Medicine» integrated exam and the MCI
exam.

The final results of the «Krok 2. Medicine» and MCI examinations obtained by Indian students from
the BSMU are indicative of a high efficiency of the remote online form of self-training used educational
training portal, and the above mentioned relationships indicated a different format for the final tasks of the
licensing integrated exams «Krok 2. Medicine» and MCIL.

Keywords: medical education, international students, graduate exams, preparing communication
technologies.

E®EKTUBHICTD NIJITOTOBKU IHO3EMHUX CTYJEHTIB-TPOMAISAH IHJII 10
JINEH3IMHAX IHTET'POBAHHUX ICIIUTIB 3 BAKOPUCTAHHAM CYYACHHUX
IHOOPMAIIMHO-KOMYHIKAINIMHUX HABYAJIBHUX CUCTEM

Cagka L., I'apac M., Caska C., Cemsnis 1.
BykoBuHCHKH Hep:kaBHAN MeIWYHHIN yHIBepCUTeT, UepHiBIi, YKpaina

AHotanisi. MeToro podotu Oyn0 BUBUEHHS Ta MiABHUINEHHS €(EKTUBHOCTI MiATOTOBKY BUITYCKHUKIB
MeamgHoro (akynpreTy-TpoMansH [amii mo minensiitHoro iHTerpoBaHoro icnuty «Krok 2. Medicine» ta
icnuty Mennunoi paau [Haii 3 BUKOpUCTaHHAM KOMYHIKaliiHIX HaBYaJIbHUX TEXHOJOTIH.

IIpoanaiizoBaHO IOMICSIUHI pe3yIbTaTh KOHTPOJIBHUX 3aBJaHb 3a BapiaHTaMH IIJATOTOBKH JIO iICTIUTIB
Ta pe3yJbTaTH JileH3iiiHoro interposanoro icuty «Krok 2. Medicine» Ta icnuty Menuunoi panu [Haii y
49 crynenriB-rpoMansH IH7il, BUIyCKHHKIB ByKOBHHCBHKOTO JEp)KaBHOTO MEAWYHOTO YHIBEPCHUTETY
(BAMY). CamomiAroToBKy Ta CaMOKOHTPOJb 10 CKIaJaHHS 000X ICHHTIB CTYACHTH 3AIHCHIOBAIN 3
JIOTIOMOT'0F0 HaBYaJIbHOTO TopTaity 123.bsmu.edu.ua.

BcraHoBeHO BipOTiIHUI MO3UTUBHUHN 3B 30K MK pe3yJIbTaTaMy BCiX HMIOMICSYHUX NiarHOCTHYHO-
TpeHyBaJbHMUX TECTYBaHb Ta JilleH3iiHUM iHTerpoBanuM icnutoM «Krok 2. Medicine» (r=0,45-0,51,
p<0,05). Cepenniif BifCOTOK MpaBWIBHHUX BiAMOBiAel cTyneHtiB mpu ckinamanHi «Krok 2. Medicine»
cranoBuB 88,0+0,7% 3a BiACYTHOCTI HE3aJOBIIbHUX pe3ynbTaTiB. BogHouac pe3ynabTaTi aHamizy >KOJIHOTO
HIOMICSIYHOTO TECTYBaHHSI B KOHTPOIIOBAILHOMY PEXHMI Ml 4ac MirOTOBKH 110 icnuTy MenudHoi paau
[Haii mOCTOBIpHO HE KOPENIOBalM 3 pe3ylbTaTaMH IbOTO ICIUTY, CKJIJCHOTO BUIYCKHHUKAMH Ha
OatpKiBIIMHI. Takok HEMae B3a€MO3B’SI3Ky MiXK pe3yibratamu iHTerpoBanoro icriuty «Krok 2. Medicine
Ta icnuty Memuanoi paau [Hmii.

Oinanphi pesynbratu iciuty «Krok 2. Medicine» Ta icnuty Mennunoi pamu Iunii, orpumani
inpilicekumu cryaerramu b/IMY, cBimuyarte mpo BHCOKY €(QEeKTHBHICTh NUCTAHLIHHOI OHIaiH-GOpMH
CaMOMIATOTOBKM 3 BUKOPHCTAaHHAM HABYAJIbHOTO TPEHYBAJHHOIO MOPTaly, a HAasBHICTh/BIACYTHICTbH
BUIIIE3a3HAYCHUX 3B’S3KIB BKa3yIOTh Ha Pi3HUHA (QopMaT TECTOBUX 3aBJaHb JILEH3IHHOTO iHTErpOBaHOTO
ictiuty «Krok 2. Medicine» ta iciuty Menu4noi paau [Hmii.

KamouoBi cioBa: mennyHa ocBiTa, iHO3€MHI CTYAEHTH, BHITYCKHI ICITUTH, iH(OpMAIliiiHO-
KOMYHIKaI[iiHI TeXHOJIOTIT.

Introduction. Testing acts as part of modern pedagogical tools and one of the areas for
improving the knowledge prepare and control system in the context of training and controlling
technologies when it is possible to formalize the educational material of individual topics and
disciplines [1]. Licensing integrated exams is one of the main ways of controlling the student's
knowledge and willingness to work as a doctor. The system of licensing integrated examinations is
a complex of means for standardized diagnostics of the level of students’ professional competence
[2]. Self-training and self-control for licensing integrated exams used communication educational
technologies are important steps to get positive scores and transfer to the next area of medical
postgraduate education.
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Purpose of the paper was to study and to improve the effectiveness of training the graduates
of medical faculty-Indian citizens to licensing integrated exams «Krok 2. Medicine» and MCI.

Material and methods. We analized the monthly results of control tasks according to the
variants for preparation for the licensing integrated exams and the results of the licensing integrated
exam «Krok 2. Medicine» (as diagnostic training tests) and MCI (as remote portal training) in 49
students-citizens of India, BSMU graduates. Communication educational technologies include the
portal of distance learning, which presents test questions of an open base on the main profiles as
self-training and self-control for exam «Krok 2. Medicine». Electronic training courses for foreign
citizens operating in training and supervisory regimes and covering 22 units of fundamental and
clinical medicine.

Results and discussion. The dynamics of preparation for the licensing integrated exams, the
results of diagnostic training test in the format of «Krok 2. Medicine» and the results of the remote
testing using the questions of the MCI examination have been showed a constant positive dynamics
of students' training results. The most effective growth rate was recorded in the February-March
period, probably due to the growing motivation of students in the spring semester due to the
approaching terms of the examinations. This dynamics means about effectiveness of
implementation of communication educational technologies as The probable positive relationship
between the results of all monthly diagnostic-training tests and the license integrated examination
«Krok 2. Medicine» has been found (r = 0,45-0,51, p<0.05). The average percentage of correct
responses on the «Krok 2. Medicine» examination among the above cohort of students was
88,0+0,7% in the absence of unsatisfactory results. At the same time, the results of any of the
monthly analytical control tests in preparation for the MCI examination did not reliably correlate
with the results of this examination passed by the graduates. There is also no clear relationship
between the results of the «Krok 2. Medicine» integrated exam and the Medical Council of India
exam. Based on the results of the correlation analysis, it can be assumed that the relationships
identified reflect the principles of forming the final content of the tests, in particular, the booklets
LIT «Krok 2. Medicine» are proportionally structured according to the disciplines, contain a part of
the tasks from a known base of previous years, at the same time their solution involves a structured
and logical way to choose one, the most correct answer [3]. At the same time, the content of the
tasks of the MCI examination is characterized by an annual full refreshment of test questions, it
does not provide clear proportions between theoretical and clinical disciplines, the choice of the
correct answer depends on the clear assimilation of the theoretical material of the disciplines.

The more pronounced positive dynamics of training for the «Krok 2. Medicine» is noteworthy
as well, since a short-term motivation in this case is more meaningful (the exam in May of the
current year compared with the exam in their homeland in December), as well as due to the integral
component of the educational process (exam «Krok 2. Mediciney is part of the final certification of
graduates, while the MCI exam is the first step in the postgraduate training phase). In addition,
postponing the exam in India in time from the time of completion of training is due to the lack of
external control over the training process and the imperfection of self-control elements of graduates
in their homeland.

Conclusion. The final results of the «Krok 2. Medicine» and MCI examinations obtained by
Indian students from the BSMU are indicative of a high efficiency of the remote form of self-
training nad self-control used communication educational technologies , and the above mentioned
relationships indicate a different format for the final tasks of the licensing integrated exams «Krok
2. Medicine» and MCI.
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THE USE OF AUGMENTED REALITY TOOLS
BY THE TEACHER IN PROFESSIONAL ACTIVITIES
TO IMPLEMENT AN INQUIRY-BASED APPROACH OF STEAM-EDUCATION

Soroko N.
Institute for Digitalization of Education of the National Academy of Educational Sciences
of Ukraine, Kyiv, Ukraine

Abstract. The aim of the research is to implement the ways of using augmented reality tools by the
teacher for inquiry-based approach of STEAM-education. The objective of the study is to use augmented
reality tools by teachers for inquiry-based approach of STEAM-education in their professional activity. The
object is an inquiry-based approach in general school. The subject is the use of augmented reality tools by
teacher with the inquiry-based approach of STEAM-education in general school. The study is focused on
teachers from secondary schools (Semipolkivska Secondary School of the 1st-3rd Grade (Ukraine),
Specialized school Ne181 named after I. Kudri with in-depth study of foreign languages (Kyiv, Ukraine)) to
determine their attitude to using augmented reality in STEAM-education with inquiry-based approach.
The study involving 27 teachers of a comprehensive school was conducted from September to December
2021. According to the results of the study, it has been concluded that among the ways of using augmented
reality tools by teachers for the inquiry-based approach of STEAM-education, are the following: submission
of new material and brainstorming; representation of objects and processes that are difficult to show in real
life, for testing. Prospects for further research are to create a special course for teachers which will teach
them to use augmented reality tools in professional activities to support and develop STEAM-education.

Keywords: augmented reality, augmented reality tools, inquiry-based approach, STEM, STEAM-
education.

BUKOPUCTAHHS IHCTPYMEHTIB JIOMOBHEHOI PEAJIBHOCTI BUATEJIEM
Y HPO®ECIMHIA AIAJIBHOCTI AJIAA PEAJIIBALIUI IIIAXO0Y
HA OCHOBI 3AIIUTIB Y STEAM-OCBITI

Copoxko H.
Iactutyt nudposizanii ocBiTH HamioHanpHOI akaaemii megaroriyHux HayK YKpaiHu,
M. KuiB, Ykpaina

AHoTanisi. MeTor MOCHIHKEHHS € pealizallis Cloco0iB BUKOPHUCTAHHS IHCTPYMEHTIB JTOTIOBHEHOL
pEeaNbHOCTI BUMTEISIMA Y TPOECiifHid MisIIbHOCTI JUIA MiAX0Jay Ha OcHOBI 3amuTiB y STEAM-ocBiTi.
[Ipenmerom mocmifpKeHHS € MiIXiX Ha OCHOBI 3amuTiB ans peamizanii STEAM-ocBiTi BunTensmu y
npodeciiiniil gisuibHOCTI. JIOCTIIKEHHS OPIEHTOBAHE HA BUMTEIIIB 3arajbHOOCBITHIX HaBYAJIbHUX 3aKJIaJliB
(Cemumonkisecpka 3Ol I-III crymeniB (Ykpaina), CnemiamizoBaHa mkoma Nel81 im. I. Kynpi 3
NOrTMOJICHNM BUBYCHHSM iHO3eMHUX MOB (KuiB, Ykpaina)) 3 MeToro BU3HaYEeHHS IXHBOTO CTaBIICHHS 110]]0
BUKOPHCTaHHS JOTMIOBHEHOI peasibHOCTi B STEAM-0CBITI 3 TiIX0/10M Ha OCHOBI 3anuTiB. JlOCIiKeHHS 3a
yuyacTio 27 BUMTENIB 3arajlbHOOCBITHBOI IIKOJIM IMPOBOJAMIOCA 3 BepecHA mo rpyzneHs 2021 poky. 3a
pesynbTaTaMyd JOCITIDKEHHs 3pOo0JEHO BHCHOBOK, L0 Cepell CIOCO0IB BUKOPHCTAaHHA BUYUTEISIMU
IHCTPYMEHTIB JIOTIOBHEHOI peanbHOCTI JJIs pearizalii miaxoay Ha ocHOBI 3amuTiB y STEAM-ocBiTi crmif
BWJIUTUTH TaKi: MoJja4ya HOBOTO MaTepiany Ta MO3KOBHI INTYpPM; MpeACTaBIeHHS 00’€KTIB i MpOILIECIB, sKi
BRKKO IIOKa3aTH B PEaJIbHOMY MKHTTI, Ui TECTyBaHHs. [lepCrieKTHBaMU MOJANBIINX JOCIIKEHb €
CTBOPEHHS CIICIIAIbHOTO KYpCY JIJISl BUUTENIB, SIKMA J]ACTh MOXIIUBICTh HABYUTH iX BHUKOPHCTOBYBATH
IHCTPYMEHTHU JIONOBHEHOI peajbHOCTI y NMpodeciiHiil AisiIbHOCTI Ui MIATPUMKH Ta po3BUTKY STEAM-
OCBITH.

KrouoBi cjioBa: 1omoBHeHa peanbHICTh, IHCTPYMEHTH JOMOBHEHOI PealbHOCTI, MigXiJ Ha OCHOBI
3anutiB, STEM, STEAM-ocBiTa.

Introduction. Numerous studies have highlighted the current need for professionals in all
fields with twentieth-century skills such as critical thinking, inquiry, creativity, problem-solving,
collaboration, digital literacy [1; 2].
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In order STEAM skills, that is such as encompasses science, technology, engineering, art and
mathematics, are one of these key competencies needed in a future knowledge-based society for
employment, personal fulfillment and development.

However, there is a gap between how STEAM-related disciplines are taught in secondary
schools and the 21st century skills needed by students to real-life situations while studying and
pursuing STEAM-related careers. This means that teachers still teach the way they were taught by
students. Therefore, teaching approaches need to be renewed through dynamic educational
processes, which will allow adapting this approaches and resources to develop these critical skills.

The important ways for STEAM-education integrated in general school are problem-based or
discovery learning, where students learn by addressing and posing questions, analyzing evidence,
connecting such evidence to pre-existing knowledge, drawing conclusions and reflecting upon their
findings, using the information and communication technologies (ICT), in particular the augmented
reality tools, that can provide an approximation of reality for students to better understand subjects
in the fields of STEAM.

The success of the inquiry-based approach depends on the teacher’s professional skills and
understanding, so it is necessary to conduct seminars, trainings and other activities to educate
teachers on the use of augmented reality tools to support and develop STEAM-education in schools.

The purpose of the work. The study is the implementation of the ways of using the
augmented reality tools by teachers for inquiry-based approach of STEAM-education in general
school.

Formulation of the problem. Inquiry-based approach (IBA) adopts John Dewey’s principle
that education begins with curiosity (Savery, 2006 [3]), and makes students go through all the steps
of scientific research: ask a question, develop a hypothesis, plan how to test this hypothesis, collect
data, analyses the results and share it with peers (Pedaste et al. 2015 [4]). IBA is ideal for science
education, because it makes teaching more hands-on, and is perfect to learn how scientific research
works. Students learn how to formulate questions answerable through experimentation. The teacher
has both a facilitator role and an instructor role, making it an in-between method compared to full
facilitation in problem-based, and instruction in project-based learning. However, the approach can
be gradually made student-directed; students can start an IBA project with a question provided by
the teacher, and then can come up with their own questions to transfer what they learned for deeper
learning.

The learning project is especially interesting for the implementation of STEAM-education,
even if teachers will use to support and organize innovative technologies and tools such as AR.

Augmented reality tools are especially important in the implementation of the inquiry-based
approach by teachers to support and develop STEAM education. AR application in STEAM
education brings lessons and textbooks to life by combining video, photos, and audio in an
interactive platform (Nawarat Wittayakhom & Pallop Piriyasurawong, 2020) [5]. This provides
students with an engaging way to learn that can make complex subjects and topics easier to grasp
and understand makes teaching easier where teachers no longer need to explain complex concepts.

Solving the problem. To implement the IBA of STEAM-education in general school, we
asked teachers within the seminars to plan and organize a learning project for their students on the
use of AR.

The following tools were proposed:

- to study specific topics (for example, M&G AR Cards: Cellular Biology, The Brain AR
App, AR Eye, Skyscrapers AR, GeoGebra 3D with AR);

- to create their personal examples (for example, metaverse, blippar).

One of the interesting projects created by teachers should be noted project «Mask and the
environment». The main idea is to make students conscious of the damage caused to the
environment by the large amount of masks discarded by people during Covid-19 pandemia and to
make them research the principle behind biodegradable objects. Students are expected to
demonstrate understanding of how the selected topic- apparently a very simple one- can open a
wide scenario of learning opportunities. They need to understand why masks are needed in real life;
how these tools are related to human health and ecology. They must be creative and logical in
creating the design of masks, using knowledge of biology, maths, technology, history, art, English,
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etc. Through a multidisciplinary approach they will learn to consider the same matter from different
perspectives, which is an essential requisite in promoting the development of a scientific mindset.
Emphasis made on the STEM topics and competences, the interdisciplinary instruction and the
contextualization of STEM and non-STEM teaching, connecting the classroom to a real world
experience such as the use and disposal of face masks.

In the process of conducting research by students, teachers asked them to perform the
following tasks using AR: Make an example of augmented reality «face and mask» using any of

the platforms, such as: ARCore Augmented Images
(https://codelabs.developers.google.com/codelabs/augimg-intro?utm_source=google-
10&utm_medium=organic&utm_campaign=io21-learninglab#0); Blippar

(https://blipps.blippar.com); Create a Mind map «types of face masks»; «materials for face masksy;
«ecology and use of face masks» (https://miro.com); create a virtual museum using platforms to
create AR.

To obtain the objectives, our research is focused on teachers from Secondary schools
(Semipolkivsky Secondary School of the 1st-3rd Grade (Ukraine), Specialized school Ne181 named
after 1. Kudri with in-depth study of foreign languages (Kyiv, Ukraine)) to determine their attitude
to using augmented reality in STEAM education with inquiry-based approach. The study involving
27 teachers at the general school was conducted from September to December 2021.

The questionnaire content is aimed to obtain answers to the following questions:

- Do teachers consider it required to use AR tools in teaching at school?

- Could an AR tools contribute positively on the inquiry-based approach of STEAM-

education in general school?

- How to use AR tools for the inquiry-based approach of STEAM-education in general

school?

Answers were suggested for open-ended 3 questions, and teachers were asked to write their
opinion:

- How did you use augmented reality tools for inquiry-based approach of STEAM-education?

- Which problems had you when proposed for students augmented reality tools for solving
the problem?

- How helped you using augmented reality tools for displays and supports inquiry-based
science education?

For the question «How did you use augmented reality tools for inquiry-based approach of
STEAM-education?» the following responses were received:

- «I use AR tools to submit new material» (75%);

- «l'use AR tools to present objects and processes that are difficult to show in real life» (83%);

- «I use AR tools for carrying out the brainstorm» (56%);

- «I use AR tools for testing» (27%).

For the question «Which problems had you when proposed for students augmented reality
tools for solving the problem?» the following responses were received:

- «lack of methodological recommendations» (82%);

- «students' lack of understanding how to use AR tools, we must to prescribe instructions for

each tools» (63%);
- «the use of many of the tools depends on the availability and quality of the Internet
connection» (23%).

For the question «How helped you using augmented reality tools for displays and supports
inquiry-based science education?» the following responses were received:

- «these tools help students learn about complex experiments and subjects that are difficult
and expensive to explain. In addition, it provides a realistic modeling environment for the
presentation of subjects such as astronomy, geography and physical sciences» (78%);

- «AR tools improve students' critical thinking, creative thinking and problem-solving skillsy»
(68%);
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- «AR tools make learning interesting, thus facilitating the learning process of students'
interest and motivation» (94%).
Therefore, it is important to choose AR tools that are easy to use for students, write

instructions for them, clearly explain the tasks for their use, advising students in case they do not
understand the use of tools.

Conclusion. Augmented reality tools are a powerful way to improve the inquiry-based
approach of STEAM-education.

The ways of using by teachers the augmented reality tools for inquiry-based approach of
STEAM-education in general school are: to submit new material and for brainstorm; to present
objects and processes that are difficult to show in real life; for testing.

The problem of creating special courses for teachers to teach them to use augmented reality
tools in professional activities for support and develop STEAM-education remains important.
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Cexkutist M. IIpo6iemu miarotosku IT-¢axisuis y 3BO

AHAJII3 JEAKUX ITPOI'PAMHUX ITPOAYKTIB JJIA CTBOPEHHA I1'OP

BepooBenbkuii /1.B.
[actutyT udposizanii ocBitn HAITH Ykpainu, m. Kuis, Ykpaina

AHoTamnis. Y poOoTi mpencTaBiaeHo NOMyJspHi 1aThOpMH AJsl CTBOPEHHS KOMIT IOTEPHUX irop Ta
3pobinieHo ix aHami3. 3aBASKH LBOMY € MOJIMBICTH BIPOBAIWTH Cy4acHi METOAM Ta (OpPMU HaBUAHHS B
OCBITHIH TIPOIIEC, aJKE € MOXKIIUBICT CTBOPIOBATH ITPH HE TiIHKH JJI1 BUBUYEHHS HOBOI iH(OpMaItii, a i s
(opMyBaHHS TEBHHX KoMIeTeHTHOCTeH. [IpoaHamizoBaHO OCHOBHI TOHATTS Ta TepMiHH y cdepi
KOMIT'FOTEpHUX irop. BusBieHo, mim skuid XaHp KOMIT'FOTEPHOI I'pW KW KOHKPETHO PYIIH Kparie
miaxoauTh. Bu3HaueHO OCHOBHI KpUTEpil MOPIBHAHHS irpoBUX PYIIiiB, OMMCAHO OCHOBHI HEIONIKH Ta
nepeBarn KOXKHOTO IMPOaHalli30BaHOTO PYIIis, O3HAHOMIIGHO 3 MPHHIHUIIOM pPOOOTH Ta icTopiero ix
CTBOpEeHHS. TakoX B3ATO JIO yBarM OCHOBHI amapaTHi BUMOTH Uil POOOTH 3 KOXXHHM I3 PO3IIISTHYTHX
MpOTrpaMHHUX 3acO0iB.

KuarouoBi ciioBa: rpa, irpoBwii pyIiii, CTBOpEHHS irop, irposa miatgdopma.

ANALYSIS OF SOME SOFTWARE PRODUCTS FOR CREATING GAMES

Verbovetskyi D.
Institute of Digitalization of Education of the NAES of Ukraine, Kyiv, Ukraine

Abstract. The paper presents popular platforms for creating computer games and analyzes some of
their opportunities. Due to this, it is possible to introduce modern methods and forms of learning in the
educational process, because there is an opportunity to create games not only for learning new information,
but also for the formation of certain competencies. The basic concepts and terms in the field of computer
games are analyzed. It has been identified for which genre of computer game which particular engine is best
suited. The main criteria for comparing game engines are defined, the main disadvantages and advantages
of each analyzed engine are described, the principle of work and history of creation are acquainted. The basic
hardware requirements for working with each of the considered software are also taken into account.

Keywords: game, game engine, game creation, game platform.

Beryn. OcTaHHIMH poKaMHM Ha PUHKY IPOTPaMHOTO 3a0e3MeyYeHHs MPUCYTHINH HMIMPOKHUHA
BUOIp MPOrpaMHUX MPOJAYKTIB, Ha 0a3l SKMX MOKHA CTBOPIOBATH KOMII 10TepHi irpu. Cepes HUX
HaiioieIn nonynspaumu €: Unreal Engine, Valve Source Engine, Unity, Godot, CryEngine, Dark
Engine, Havok Physics, Frostbite, Infinity Engine, Amazon Lumberyard, Infinity Ward Engine, 4A
Engine, Creation Engine, HeroEngine, RAGE (Rockstar Advanced Game Engine), Anvil, Decima
ta GameMaker Studio. PuHOK KOMIT'FOTEpHHX, MOOITBHUX IirOp Ta irop Ha KOHCOJSAX CTaE BCE
HIMPILUM 1 IIUPIIMM, TOMY HOUIYK BiJJIOBITHOTO iIrPOBOTO PYIIis JUIsl iX CTBOPEHHS € aKTyaJbHUM
3aB/IAHHSM.

ITocTanoBka 3ajauvi nosisrae B aHali3i OCTaHHIX Ha CbOTOJHI BEPCIH IFPOBUX PYILIIB JIJIs
CTBOpPEHHS KOMII FOTEPHUX 1rop.

MeTor0 aociigieHHs] € aHali3 HaWOUIbII MOMYNAPHUX IMPOBUX PYIIiB AJIS CTBOPEHHS
KOMIT FOTE€PHUX 1rop.

OcHoBHa yactuHa. IrpoBuii pymriii (game engine) — me saApo rpu, 0a3oBe MpOrpamHe
3a0e3MeueHHs], Ha OCHOBI SIKOr0 OYyIOThCs BC1 1HIII 11 CKJIQJAHUKH. 3arajoM pyIlieM Ha3UBA€ThCS
natdopMa, Ha SIKiif CTBOPIOETHCS KOMIT IOTEPHA Ipa. Ioro MoXHa ySBUTH SK KapKac, Ha SKOMY
peami3yeThes irpoBa Jiorika Ta (i3uka, BiH BIAMOBIIA€ 32 BCIO TEXHIUYHY CTOPOHY I'pH. XOPOIIHi
Pyl 103BOJISE PO3POOHUKAM BTUIIOBATH CBOi i€l Ta 3aJyMH B KHUTTA. 3aBASKH I[bOMY,
HaNpUKIal, MOKHA «IIPOTYIIIOBATUCS TUMU CBITAMH, SIKI BOHU NIPEACTABISIOTh.

KosxHa rpa po3po0as€eThbcsi Ha KOHKPETHOMY 1TPOBOMY PYIIIi Ta YHI(PIKY€ETHCS BIAIIOBIIHO 10
KOHKPETHHX 3aBJaHb. IrpoBi pymIii yMOXIUBUIN CTPHOOK y 3D, BBeIeHHS aOCOIIOTHO HOBUX
JKaHPIB, cepe/l SIKUX, HAPUKIIA, IIyTep Bia mepmioi ocoodu [1, 2].

PosrnsHneMo OibII JeTalbHO esK1 pyIii 4711 CTBOPEHHS 1rop.
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Kowmmanist Unity Technologies po3po6wuiia oqnoiMeHHuU irpoBuii pytrii. st po6oTu 3 Unity
Tpeba MOoTpiOHO MaTH HABUYKU MporpaMyBaHHs MOBOrO C# Ta mocBig poboTu OGe3mocepeHbO B
cepenosuii Unity. C# HeoOXiqHMIA 1151 CTBOPEHHS CKPUIITIB TPH.
Jlo mepeBar 1aHOTO PYIIIisi HAIEXKATh:
— BUTiAHE pilIeHHS 3 (IHAHCOBOI TOYKH 30Dy, OCKUIBKH MPUCYTHS OE3KOIITOBHA BEPCis
POrpaMu;

— JIeTKE OCBOEHHS PYILIis 3aBISKU IIUPOKOMY BUOOPY BiZIeO-ypOKiB y Mepexki IHTepHerT;

— JIOCHTH IIUPOKE CITIBTOBAPUCTBO MK PO3POOHUKAMH PYIIIiS Ta KOPUCTYBAYaMHU, 3aBISIKU
SIKOMY PO3POOHUKHU HIBUAKO BUIPABJISIOTH HOMUJIKU Ta HEJIOJIIKH Y HOrO poOOTI.

OnHuM I3 HEJOJIKIB TaHOTO PYIIis € 00CIT Miclis, sIKUil 3aliMae Oy/b-sgKa rpa, HaMKcaHa 3
fioro BUKOpUCTaHHAM. [0 MpHUKJIaay, HaBiTh MPOCTa MiKCEIbHA KOMII IOTEpHA Ipa 3aiiMae JOBOJII
BEJIMKY KUIBKICTH orepaTuBHOI mam’sti koMmm’totepa [3]. 3 Bukopuctanusm Unity po3poGieno
nomnyJsipHi irpu, Taki sk Cities Skylines, Hearthstone, Call of Duty: Mobile, Ta inmri.

[MMomo Unreal Engine, To MoOXHa cKa3aTd, IO MPEACTABHUKH pPYIIis HaMararThCs
HAWNPOAYKTHBHIIIE BUKOPUCTOBYBATH KOMIT IOTEPHY apXiTEKTYypy Ul ONTUMI3alii poOOTH CBOrO
pyurist. 3 2015 poky Unreal Engine 4 crtaB mist po3poOHUKIB irop Oe3koimToBHUM. [Ipukiiagamu
irop, cTBOpeHUX Ha 1pomy pyimii, € Gears of War, Batman: Arkham Asylum, Mass Effect ra ixmi.

Jlo mepeBar pylIrisi HaJIeKaTh:

— BEIIMKE CITIBTOBAPUCTBO PO3POOHHMKIB 1, IK HACIIOK, YUMaJIa KUIBKICTh BiJlcOMaTepiaiB,

JUIS LTIOCTpAlii mpoiecy po3pooKu;

— TEeXHIYHa MiATPUMKA Ha JOCUTh BUCOKOMY PiBHI;

— BIJIaro/PKEHUN MEXaHi3M OHOBJICHb;

— MiJ Yac KOXKHOTO OHOBIICHHS JI0/IA€ThCS IIOHAWMEHIIE OJWH HOBHM 1HCTPYMEHT IS

poboTtu;

— BEJMKHMA HaOIp IHCTPYMEHTIB JIJIsI CTBOPCHHS aHIMAIIii.

Hepmonikamu 115010 pyIiis BBaXaeMo:

— CIUTaTa M'SATUBIICOTKOBOTO MOAATKY IICIs TOTO, SIK Tpa CTaHe MPHOYTKOBOIO;

— HE MPUJIATHICTH I CTBOPEHHS MPOCTHX irop [4].

Cry Engine — ue xomepiiiiauii irpoBuii pymriii kommnanii Crytek. Ileii pyuriii mpomoHye
BEJIMKUI HaO1p IHCTPYMEHTIB AJIsi CTBOPEHHSI KOMII FOTEPHOI I'pU B peajbHOMY 4aci. Pyt MicTUTh
6arato nepeaoBux rpadiuyHux, GI3MYHMUX 1 aHIMALIHHUX TEXHOJIOTIH, a TaKoX 0araTto MOKpalleHb
ITPOBOTO MPOIIECY.

Po3po6HuKH irop Ha HOT0 OCHOBI BUALISIOTH Taki Horo mepesaru [5]:

— ¢ynkuii, Taki sk Flowgraph, HamawoTe MOXJIMBICTh, HE JOKIAJAI0UN BEIUKUX 3YCHIIb,

HAMlOBHUTH TPy UyI0BOIO TpadiKolo;

— Qynkuii iHcTpyMeHTy Fmod 10omomMosxyTh CTBOPUTH NOTYKHUI 3BYKOBUI CYNPOBIJ;

— HaWNpOCTILIMI MpoLleC CTBOPEHHS IITYYHOI'O 1HTEJIEKTY.

Cepen HEeZOMiKIB BUALTUMO:

— MOTpPiOHO YeKaTH JOBIrO BiMOBIAb Bl TEXHIYHOI MiATPUMKHU OE3KOIITOBHOI BEPCii;

— CHUTBHOTA POCTE JOCHUTH MOBUIBHO;

— 3acTapiia JOKyMEeHTallisd a0o BIJICYTHICTb ii JJi1 6araTb0X MOJYIIIB.

3 BUKOpUCTAaHHSIM Rage Oy CTBOpEHi JesAKi «KyJIbTOBi» irpoBi mpoekTH, Taki sk Grand
Theft Auto V i Red Dead Redemption. Rage mpusHaveHuii a5l BHYTPIIIHEOTO BHKOPUCTAHHS
dimianamu Rockstar Games. JlitieH3ist He 103BOJIsI€ 1OTO BUKOPUCTAHHS CTOPOHHIMH KOMITaHISIMH,
TOOTO MOBHHUM (YHKIIIOHAT PYIIisl HEAOCTYNMHUH Oynb-KOMY, XTO HpHUI0aB JILEH31I0, a JUIIe
KOMITaHii, 0 CHiBIPaIoTh Oe3nocepentbo 3 Rockstar Games. Hagani pyiniii BAKOPUCTOBYETHCS
JUTSE PO3POOKH irop 3 BIAKPUTHM CBITOM Il KOHCOJIEH Ta KoM toTepiB Ha kmrtant Grand Theft
Auto IV. Rage minrpumye nepcoHaiabHI KOMIT I0TepU Ta irposi koHcomi: Xbox 360, Xbox One,
PlayStation 3, PlayStation 4.

Jlo mepeBar gaHOro pyIIis HaJleXkKaTh:
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— BEJMKHI BUOIp IHCTPYMEHTIB JUIsl CTBOPEHHSI Ta 0()OPMIIEHHS iIrpOBUX JIOKAIliH;

— TPHUCYTHICTh I1HCTPYMEHTIB JUIsl CTBOPEHHS CHCTEMHU B Tpi, SIKa MOXKE OOpOOIATH,
3aCTOCOBYBATH, 3allaM’SITOBYBAaTH Ta BJIOCKOHATIOBATH 3700YyTi Bil KOPUCTyBada T'pH
3HaHHS Ta BMIiHHS,

— BEJMKWMA BUOIp CTUIIIB U B3a€MOJI1 TPABIISl 3 irPOBUM CBITOM.

Cepen Heo0MiKiIB IATHOPMHU MOKHA BHOKPEMHTH:

— BIJHOCHO HE3pYYHHUH iHTEpeiic;

— II0raHa ONTHMI3aIlis AJII KEPYBaHHS KJIaBiaTypoOlO Ta MHILIKOO.

BucnoBku. Mo)XxHa KOHCTaTyBaTH, 110 KOXKEH IFPOBHH PYIIiN B Tild UM IHIIIH Mipl XOpOIIH,
KOKCH Ma€ CBOI IMepeBaru Ta HeAoiku. HuHi Ha pUHKY IpOrpaMHOTro 3a0e3rneueHHs, MPAKTUIHO
JUTSL KOYKHOTO YKaHPy KOMIT FOTEPHOI TP, po3po0ieHn ouH ab0 KijibKa irpoBux pymriiB. OTOX,
KOXKHY 3 PO3TISHYTUX IIATGOpM MOKHA YHiiKyBaTH mix KOHKpeTHI morpebu. Takox ciif
3a3HAYWTH, 110 BUKOPUCTAHHS BUIIE3rajJlaHUX IUIaTGOPM J03BOJISIE YHUKATH JAyOIIOBaHHS
OPOTPaMHOTO KOAy. Y MIACYMKY L€ Ja€ MOXMJIMBICTH 3a0MIa/DKYBaTH 3yCHIUISL MPHU PO3pOOILi
ITPOBHX JOJIATKIB.

[TpoanamizoBani mporpamMHi 3acoOuW JUIsI CTBOPCHHS KOMIT IOTEPHUX IrOp MOJKHA
PEKOMEHIyBaTH AJIs1 BAKOPUCTaHHS y OCBITHbOMY Tpolieci mpu miarorosii [T-daxiBmiB y 3akiagax
BHUIIO1 OCBITH.
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MOTEHIIIAJI BUIIIOI OCBITH YKPATHH
Y NIATOTOBII KOHKYPEHTOCIPOMOKHUX IT-®AXIBIIIB
JIJISI HIOBOEHHOI'O BITHOBJIEHHSI EKOHOMIKHY KPATHA

3axaposa O. B., [Iponanosa JI. B.
Yepkacbkuil 1epaBHUMA TEXHOJOTIYHUHN yHIBepcUTeT, M. Uepkacu, YKkpaiHa

Amnoranis. l1I1Bu/Ke BiJHOBJICHHS €KOHOMIKH YKpaiHU Y IOBOEHHMI MEPi0J] MOKIIMBE BUKIFOYHO HA
MiATPYHTI HASBHOCTI JOCTaTHBO1 KiJTbKOCTI KOHKYPEHTOCIIPOMOXKHUX 1 MOTHBOBaHMX ¢axiBmiB IT-chepw,
3HAHHS SKUX JIO3BOJISITH HE JIMIIE IIBHJKO KOMIICHCYBAaTH BCI BTpadeHi TEXHOJIOTIl y pi3HHX cdepax
€KOHOMIYHOI JIISUTBHOCTI KpaiHH uepe3 BificbKOBi i1, 0oMOap1yBaHHsI Ta OKYTALIil0, & i CyTTEBO MiJBUIUTH
TEXHIKO-TEXHOJIOTIYHHIA piBeHb KpaiHu. 3 1i€10 METOIO B POOOTI 3/11iCHEHO MITMOOKH#T aHaJIi3 MTOTSHIIIATbHIX
MOYJIMBOCTEH 3aKjajliB BUILOI OCBITH YKpaiHU MIOA0 MiATOTOBKH KOHKYPEHTOCIPOMOXXHUX (axiBuis IT-
chepu. OOIpyHTOBAHO OCHOBHI TPOOJIEMH YKpaiHCHKUX YHiBepcuTeTiB y miaroroBii I[T-daxisiis.
3niiCHEHO TOPIBHSHHS CIIPSIMOBAHOCTI Ta 3MICTOBOTO HATIOBHEHHS OCBITHIX IMPOTrpaM YHIBEPCHUTETiB-
mipepiB y migrotoBui IT-¢axiBuiB B YkpaiHi Ta mpoBigHuMX KpaiHax cBity. Busnaueno ¢akropu, 1o
BIUIMBAIOTh HA piBEHb MOTUBAMI{ ykpaiHChkuX [T-(haxiBuiB om0 crpsMyBaHHs HAOYTHX ITiJ] Yac HaBUYAHHS
3HaHb Ha TIOTPEOH BiJTHOBJICHHS EKOHOMIKH YKpaiHu.

Karouosi cioBa: IT-daxiBii, BuIIa mKkosa, MOTEHIiaN, YKpaiHa, KOHKYPEHTOCIPOMOXKHICTb.
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THE POTENTIAL OF HIGHER EDUCATION IN UKRAINE
IN THE TRAINING OF COMPETITIVE IT EXPERTS
FOR THE POST-WAR RECOVERY OF THE COUNTRY'S ECONOMY

Zakharova O., Prodanova L.
Cherkasy State Technological University, Cherkasy, Ukraine

Abstract. The rapid recovery of the Ukrainian economy in the post-war period is possible only on the
basis of a sufficient number of competitive and motivated IT experts, whose knowledge will not only quickly
compensate for all lost technologies in various areas of the country's economic activity through military
operations, bombardments and occupation, but also significantly improve technical-technological level of the
country To this end, the work has carried out a deep analysis of the potential of higher education institutions in
Ukraine to train competitive IT experts. The main problems of Ukrainian universities in the training of IT
experts are substantiated. A comparison of the focus and content of the educational programs of leading
universities in the training of IT experts in Ukraine and the leading countries of the world is made. The factors
influencing the level of motivation of Ukrainian IT experts in the direction of the knowledge acquired during
training for the needs of restoring the economy of Ukraine have been determined.

Keywords: IT experts, higher education, potential, Ukraine, competitiveness.

Beryn. Bumyiiene tecTyBaHHS €KOHOMIKM YKpaiHM Ha JKUTTE3ATHICTb, SIKE B HACIIIOK
nanaemii COVID-19 BinOynocs mpotsirom 6epe3ns 2020-motoro 2022 pp., mokasasno, 1o pPUHOK
IT-nocmyr cepen BCiX BUAIB €KOHOMIUHOI AiSITBHOCTI B KpaiHi Mae HaWBUIIMHI 3armac MilHOCTI Ta
MOTEHIIIaJl PO3BUTKY HE3aJe)KHO BiJ BIUIMBY THUX YM 1HIIUX dopc MakopHux obcraBuH. Tak, 3a
pe3ynbTaTaMy AOCITIKEHHS, poBeAeHoro (axiBusamu Acomianii «IT Ukraine» BcTaHOBJIEHO, 10
y 2021 p. IT-cextop Ykpainu 30inpmuBcs Ha 36% MOPIBHSAHO 13 MOMEPETHIM POKOM, a 3a Mepion
2019-2021 pp. ramy3p 3pocna 6inbm HixK Ha 50% 3a KUIBKICTIO 3aisHUX y Hii (axiBuis [1].
BpaxoBytoun Toii ¢axrt, mo Oinbie Hix 80% ¢axiBmiB, MO MPALIOIOTh HA YKPATHCHKOMY PHHKY
IT-nocmyr, MaloTh BIJMOBIAHY BHUILY OCBITY Ta BOJOAIIOTH HAa JOCTATHHOMY DPIiBHI aHTITIHCHKOIO
MOBOIO 1 MepeBaXkHa OUIBIIICTD 3 HUX € MOJOII0 Yy Bii 21-30 pokiB [2], 3a cydacHOT0O KPU30BOTO
CTaHy €KOHOMIKM YKpaiHM JOCTaTHbOI aKTyalbHOCTI HaOyBae BCTAaHOBJICHHS piBHS
nporpecuBHocTi IT-ocBiTi B Ykpaiuni. Bix Toro, Hackinbku [T-BUNMYyCKHUKN yKpaiHCHKUX BHIIIB 3
npodeciiHOl Ta MOTUBALIMHOI TOYOK 30py OYAyTh TOTOBUMH /10 PO3POOKH 1 peasnizaiii IpOEKTIB,
CIIPSIMOBAHUX Ha BIJHOBJICHHS BCIX cdep KUTTEMISUIBHOCTI KpaiHU y TTOBOEHHUH TMEpioj, cepen
iHIIOro Oy/ne 3ajekaTd SKICTh 1 PiBEHb KHUTTS HACEJICHHS; TEHCHII] MOBEPHEHHS 0 KpaiHH sIK
HaCeJIeHHs, 110 BUiXaJlo Yepe3 BiiHY, TaK 1 TPYAOBUX MITPaHTIB; MIBUAKICTh Nepediry MmpoleciB
BKJIIOUEHHS YKpainu 1o ckiaany €C.

MeTta po00THM — OILIIHIOBAaHHS CIPOMOXHOCTI Ta MOTEHLIaTy BHIIOi OCBITM YKpaiHH Y
nigroroBii [T-¢axiBiiB, 37aTHUX BITHOBUTH Ta MIABUIIUTH TEXHIKO-TEXHOJOTIYHUN PIBEHb
€KOHOMIKH YKpaiHU Y TOBOEHHUI Mepioj Ta MOTMBOBAHHX JI0 L1bOTO.

OcHoBHa vactuHa. Ha miarpyHTI peTpOCHEKTHBHOTO aHali3y KUIBKICHUX JaHUX IpO
MPOMO3UILIII0 MOCIYr BUIIOI ocBITH YkKpainu B IT-cdepi, HaBenenux B IHopmamiiiHiii cuctemi
Konkypc Ta moprani «CTaTUCTHKA BCTYIMHHMX KOMIIaHii», BU3HAYEHO OCOOJMBOCTI, TEHJAEHIIi Ta
KUIBKICHI TTapaMeTpH HaJaHHS TakuX IMOCHyr B YKpaiHi B AuHaMill. Ha ocHOBI 3MiHM mONUTY
aliTypienTiB Ha IT-cremnianpHOCTI BH3HAUEHO YHIBEPCUTETU-TiEpU y Wi cdepi, sIKi CbOTOJHI
BU3HAUalOTh KOHTYpH IpodeciiiHoro noprdomnio ykpaincekoro IT-daxisus. JleTaqbHe BUBUEHHS
OCBITHIX IPOTrpaM YKpaiHChbKHX YHIBEpCUTETIB-JIEpiB y MAroToBi (axiBuis B IT-cdepi no3Bommno
BCTAaHOBUTH Cy4yacHI OCOOJNMBOCTI, TEHJEHLIi Ta HampsiMu po3BUTKY IT-ocBitm B VYKpaiHi.
[TpoananizoBaHO AOCBi MPOBIIHUX YHIBEpcUTETIB CcBITY y IT-cdepi, 1110 103B0OIMIO BCTAHOBUTH Ti
TEHJICHIII1, 3a SKHUMH ChOTOJIHI PO3BUBAETHCS CBiTOBa IT-0oCBiTa. 31iliCHEHO TOPIBHSAJIBHUN aHATI3
OCBITHIX HporpaM YKpaiHCBKHUX Ta 3apyOikHHX yHiBepcuteTiB y IT-cdepi 3a kpurepismu
CHPSMOBAHOCTI Ta 3MICTOBHOI HAIIOBHEHOCTI HAaBYAJbHOIO KOHTEHTY. 3MIHCHEHO MOpPIBHSIHHA
noTpedu pUHKY Mpaii YKpaiHu Ta MpOIO3MLIN 3akiaaiB BUIIOI OcBITH YKpaiHu y IT-(axiBisx.
BcranoBneHo ocHOBHI ITpo6i1eMu ykpaiHChKOi BUIOT ocBiTH y IT-cdepi, Ha po3B'si3aHHS SKUX MAIOTh
OyTH cIpsIMOBaHMMH 3YCHIUIS JIepKaHUX OpTraHiB, CAMUX 3aKJIaJIiB Ta CTEUKXOJAEPIB.
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JloBenieHo, IO 3a Cy4yaCHHUX KPHU30BHX YMOB PO3BUTKY YKPAiHCHKOI €KOHOMIKH B OCHOBI
motuBauii IT-¢axiBiiB J1eXuTh piBeHb omiatu mpari. Tak sk piBeHb oruiaté npaui B IT-chepi y
PO3BUHEHHUX KpaiHax cBiTy crapTye Bia 2 tuc. non. CIIA, To 3a nuMm nmapamerpoM ykpaiHcbki IT-
KOMIIaHii CyTTeBO mporpatoTh. Ha manmit MmomeHnt nocBimueHi IT-daxiBii Ykpainu MaroTh BHUCOKI
IIAHCH BUXOJy Ha CBITOBHMH puHOK IT-TexHomorii Ha 3acamax ayrcopcuHry. BomHouac
HE/IOCKOHANICTh YKpaiHChKOro 3akoHoaaBcTBa y IT-cdepi Ta HeBperyliboBaHICTh MPOLEAYP
BUKOPHCTaHHS ayTCOPCUHTY HAa HOPMAaTHBHO-3aKOHOAABYOMY PiBHI BUKJIMKAIOTH CYTT€EBI TPYIHOIII
pu BUOOp1 MoJIeni poOOTH Ta 3araHsioTh YKpaiHChKuUX IT-¢axiBIiB y TIHBOBHM ceKTOp. SKIIO Ha
HOPMaTHBHO-3aKOHO/IaBYOMY PiBHI IPOTATOM POKY BAACTbCSA X04ya O HAONM3UTHUCA 10 PO3B'SI3aHHS
i€l mpoGyiemu, 11e cTaHe MOIMITOBXOM Juisi odiniiinoro odopmienns IT-daxiBiiB Ha pUHKY Tpaiii,
PO3ILIUPEHHS] MOXIIUBOCTEH Ui iX 3a[iHHS Y MPOEKTaX BIJHOBJICHHS EKOHOMIKM KpaiHH Yy
MOBOEHHHI TEepio, MiJBUIIEHHS TEMITIB IHHOBAIIHHOTO 3pOCTaHHS Ta PO3BHUTKY IPOEKTIB CMapT-
€KOHOMIKH Ha PETiOHAIBHOMY Ta HAI[IOHAJILHOMY PIBHSX.

BucnoBku. [IpoBeaeHe M0CiPKEHHS Ha OCHOBI aHaJIi3y 3[JaTHOCTI 3aKJIaJ(iB BHUIIOI OCBITH
VYkpaiau 10 IpoayKyBaHHS JOCTaTHBOTO YHCIIA BUCOKOMPO(ECIHHUX Ta KOHKYPEHTOCTIPOMOKHUX
IT-daxiBiiB 103BOAMIO OOIPYHTYBAaTH HasiBHI Ha CBHOTOAHI MOJMJIMBOCTI JO IIBHUIKOTO
BITHOBJICHHS Ta TIJABHUINEHHS TEXHIKO-TEXHOJOTIYHOTO ¥ I1HHOBAILIMHOTO PIiBHSI EKOHOMIKH
VYxpaiau y moBoeHHH niepio. OOTpyHTOBaHO YHHHUKY BILUTUBY HA piBE€Hb MOTHBAIIl YKPaiHCHKUX
IT-¢haxiBLiB MO0 BUKOPUCTAHHS HUMH BIACHUX HarpoOMa/KEHUX 3HaHb 1 HAaBUYOK y Hampsmi
HiIBUIIEHHS KOHKYPEHTOCTIPOMOXKHOCTI €KOHOMikM YKpainu. [lopiBHSHHS CHpsSMOBAaHOCTI Ta
3MICTOBHOTO HAallOBHEHHS OCBITHIX MpPOrpaM YHiIBEpCUTETIB-IiAepiB y miarotoBui IT-¢axiBiiB B
VYkpaiHi Ta NpoBIAHUX KpaiHaX CBITY JI03BOJMIO C(POPMYITIOBATH OCHOBHI BEKTOPH MOAAIBIIOTO
po3ButKy IT-ocBiTH B YKpaiHi.
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IUTAHHS BIIPOBA’KEHHS 3MIIINAHUX IMIJIXOAIB 10 HABUAHHS
Y BUIIIH IT-OCBITI

Kapanersin A. P.
UYepkacbkuil 1ep:kaBHUM TEXHOJIOTTYHUN yHIBEpCUTET, M. Uepkacu, YkpaiHna

Anoranisi. CTpareris 3MilaHOTO HaBYaHHS CTAa€ HEBI'€MHOI YaCTHHOI OCBITH 21-r0 cTOMTTS. 3
NOTIISY €EeKTHBHOCTI 1 BUTpAT, HE TIJIbKH OHJIAIH-CHCTEMa MOKE CTBOPUTH Kpallly CUCTEMY HaBYaHHS, a
i TpagumiiiHa popMa HaBYaHHS HECTIPOMOYKHA 32/I0BOJILHUTH BUCOKHUI piBEHb BUMOT rany3i. TakuM 4uHOM,
MOEHAHHS PO3BHUTKY 1HGOpPMAIHUX 1 MMEJaroriYyHUX TEXHOJOTiH Ta e(QEeKTUBHOTO MPOEKTYBaHHS
OCBITHBOT'O TPOILIECY HA OCHOBI TeOpii HAaBYaHHS BUKOPHUCTOBYETHCS y PI3HHUX 3MINIAHUX CHCTEMax Jist
M JIBUILICHHS PIBHS BUIIOT OCBITH. TaKui IMiJIX1]1 HAJIa€ MOYKIJIMBICTh Oy IyBaTH HOB1 MOJIEII JJIs1 HIIIFOBAaHHS
CTHJIIO HaBYaHHS, SIKMH MOXXE JOINOBHUTH BUMOTH CYYacHOi €MOXH JO BHILOi OCBITH, 30KpeMa Ha OCHOBI
ymoB FLIP-naBuanHs. OCBiTHS cucTema, IO MOOYAOBaHA IUISXOM 3MIIIyBaHHS OHJAMHOBHX Ta OYHUX
cTpaTerii 3 BHKOPHUCTaHHSM iH(OpPMAIIHHO-KOMYHIKAIIIHHUX TEXHOJNOTIH Ta MYJIbTHMEIiHHUX
KOMIIOHEHTIB Ha 3aHATTSX, OHJAMH-TECTYBAaHHA Ta ayJUTOPHHUX 3aHAThH, CHOPSMOBaHA Ha 3aJOBOJICHHSA
OCBITHIX MOTpeO 3100yBadiB BUIIOI OCBITH. MeTa JOCHIDKeHHS Tepeadadae BIPOBAKEHHS 3MIllIaHOTO
MiJIX0My JIO OpraHiszaiii OCBITHBOI'O IMPOLECY y BHININA IIKOJI, 30KpeMa MpH miaroropmi cryaeHtis IT-
criemianbHOCTel, Mo Oyxe crupustd (OPMYBAaHHIO iX 37aTHOCTI BHpIIIYBaTH MalOyTHI mpodeciiiHi
npo0JeMu, a TAKOXK IMiABUIIEHHIO PiBHS caMoaHalli3y AisUTBHOCTI BCIX YYaCHUKIB OCBITHBOTO MPOLIECY.

KuiouoBi ciioBa: 3Mimnane HaBuaHHs, o4He HaB4aHHs, FLIP-HaBuaHHs, OHIaiiH HABYaHHS, HABUYKH
BUPILIICHHS IPOOJIEM, CaMOaHaJIi3, CTHITb BUKIIQIaHHS.
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ISSUES OF IMPLEMENTATION OF BLENDED APPROACHES TO LEARNING
IN AHIGHER IT-EDUCATION

Karapetyan A.
Cherkasy State Technological University, Cherkasy, Ukraine

Abstract. The strategy of blended learning is becoming an integral part of education in the 21st century.
In terms of effectiveness and costs, not only can an online system create a better learning system, but a
traditional form of learning is unable to meet the high demands of the industry. Thus, the combination of the
development of informational and pedagogical technologies with the effective design of the educational process
based on the theory of learning is used in various mixed systems to improve the level of higher education. This
approach provides an opportunity to build new models for initiating a learning style that can complement the
requirements of the modern era for higher education, in particular, based on flipped classroom learning
conditions. The educational system, built by mixing online and face-to-face strategies using information and
communication technologies and multimedia components in class, online testing, and classroom training, aims
to meet the educational needs of higher education students. The aim of the study is to introduce a mixed
approach to the organization of the educational process in higher education, in particular in the training of IT
students, which will help to develop their ability to solve future professional problems and increase the
introspection level of all participants in the educational process.

Keywords: blended learning, full-time learning, FLIP learning, online learning, skills of solving
problems, self-reflection, style of teaching.

Beryn. I3 mBuakuM po3BUTKOM iH(GOpPMAIIMHUX TEXHOJOTiH y 21-My CTONITTI cucTema
BUIIOI OCBITH Ma€ OyTH 3[JaTHOIO MOEJHYBATHCS 3 MMM 1HHOBAIISIMU JJIsl IiJBUIICHHS PIBHA
KOHKYPEHTOCTIDOMOKHOCTI ~ BUITYCKHHUKIB ~ 3aKJaJiB BHUIIOI OCBITH Ha BITYM3HIHOMY 1
MDKHApOJAHOMY PHHKaX Ipaili. 30kpeMa, He0OXiTHO MOAEPHI3yBaTH METOAM HaBYaHHS, TaK 1100
BOHM BIANOBiadM TOTpedaM OCBITHBOI ramy3i Ta Oi3Hecy. 3MimiaHe HaBUaHHS Mae OyTH
€KOJIOTIYHOI0 Ta OPraHiyHOK KOMOIHALI€I0 1 TPYHTYBATHCS Ha 3acaiax THYYKOi KYyJIbTypHU
HaBuyaHHs, 30kpema FLIP-naByanHs.

Jroacekuit (hakToOp € OMHUM 13 KIIOUOBUX (DAKTOPIB YCIIXy 3MIIIAHOTO HaBYaHHS. 3MilIaHa
cUCTEeMa Y TMOE€IHAHHI 3 CaMOaHAII30M disTIBHOCTI BCIX YYaCHUKIB OCBITHBOTO TNPOLECY OibII
olepaTuBHA, HDK TpaaulliiiHI MiIXOAM, a MPOLECH CaMOaHali3y BCIX YYaCHHUKIB OCBITHHOT'O
MPOLIECY € OJJHUM 13 BUPIIIAIbHUX YUHHHUKIB €()EKTUBHOCTI 3MIIIAHOT'O HAaBYAHHS.

IMocranoBka 3agaui. TpaguimiiiHa Mojenb opraHizaimii HaBYaHHS HE 3aBXKAU MOXKE
3a/10BOJIbHUTH ToTpedu IT-ramysi, sfika CTPIMKO PO3BUBAETHCS 1 3MIHIOEThCS. 3MilaHa (opma
HABYaHHs O0COOJIMBO aKTyallbHa IpH MiAroToBIl [T-¢haxiBIiB y 3aKi1anax BUILIOT OCBITH.

Peanii ocTaHHIX pOKiB 3MIHMJIM BCIO CHCTEMY BUIIOI OCBITH B YKpaiHi. Uepe3 manaemito
COVID-19 3mimane HaB4yaHHS HaOyJ10 MIMPOKUX MaclITaliB. YBeleHUI BOEHHUI cTaH B YKpaiHi
YHEMOXJIUBIIIOE OYHE HAaBYaHHS 3/100yBadiB OCBITH, TOMY JUCTaHIlIIiHE HABYAHHS CTAJIO €MHOIO
JTOCTYIHOIO (POPMOIO B CUCTEMI BUIIIOI OCBITH.

3 moyaTKOM BIWHW TUCTaHIIMHE HaBYAHHS CTAJI0 OCHOBHOIO OINIIE€I0 JOCTYMY /10 3HaHb, a
3aKJIaM BUIIOI OCBITHM HaMararThCs aJanTyBaTH 10 HOBHUX YMOB CBOi HaNpallOBaHHS B 4acu
naHAeMii.

Meta gocaigaxenns. Ha cboroiHimiHii 1eHb icHye 6arato BU3Ha4eHb 3MIIIAaHOTO HABUAHHS.
VY npodeciitHOMy cepeIOBHIII 10CI HEMA€ €IMHOTO IMIXOAY 10 BU3HAYSHHS CYTHOCTI ITi€T KaTeropii
M y3araspHeHOi KiacHdikallii MpakTUYHUX KPOKiB ii BIpOBaKeHHs. BUpILIEHHIO 3a3Hau€HHUX
MUTaHb i IPUCBSIYEHO 1€ TOCITIKSHHSI.

OcHoBHA yacTHHA. 3MilllaHE HaBYaHHS — 1€ MOEJHAHHS TPAULIHHOI CHCTEMH OCBITH 3
CydacHUMH 1HGOPMAIIHHUMHU Ta TIeJaroriYHUMHU TeXHOJOoTiIMH [ 1].

3MilIaHe HaB4YaHHS nepedoayae 00'eTHaHHS PI3HUX €IEMEHTIB, 110 HAJIEKATh JI0 OCBITHBOTO
npouecy. Buainsiors Tpu OCHOBHI KpuTepii, siki OepyTbcs 32 OCHOBY NpPU BHU3HAUYECHHI MOHATTS
«3MillIaHe HABUYAHHs»: 3a TUIIOM CYMIIEHHS 3aco0iB HaBYaHHSA, 3a KOMOIHAII€I0 METOJIiB
HaBYaHHS, 3a CIIOCOO0M moeaHaHHs (opM HaB4YaHHS [2].
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VY pamkax FLIP-naBuanus («mepeBepHYTOr0 HaBYaHHS») HaBYAIbHI MaTepialyd HAJAlOTHCS
e 10 3adaTh. CTyIeHTH 3HAHOMIIATBCS 3 MaTepialioM B IHAWBIAYaTbHOMY TEMITi, 31HCHIOIOYH,
TaKUM YHHOM, CAMOKEPYBaHHS CBOIM HaBUaHHSAM. B aynuTOpHiii (a3i «lmepeBepHyTOr0 HaBYaHHS»
3BUIBHAETHCA O1IbIIE Yacy JJisi OOTOBOPEHHS MPOOJIEMHUX MUTaHb, s poOOTH HaJl KeiicamMu Ta
MPOCKTAMHU.

JyanbHe HaBuaHHS, K OAHA 3 (OpM 3MIIIAHOTO HABYAHHA, Iepefdayae 3alydyeHHs 10
cucTeMu mpodeciiiHol BUIIOT OCBITH OpraHi3aiiii poO0TOaBII SK MPOBaKEPIB OCBITHIX TOCIYT.

Cepen nepear 3mimanoi cuctemu HaBuanHs (3CH) moxkHa BuaimmaTh Taki [1]:

— MicCIIe Ta Yac BiJbHI;

— JIOCATAIOTHCS TIepeBar sik Cy4acHOro, Tak 1 TPAIUIiIIHOTO HABYaHHS;

— BHUXOJAMTbH AaKTHBHE HABYaHHS 13 HACUBHOT'O HABYaHHSI.

— MIABHUILEHHS MEePCOHANI3alli1, IHUBIAyasi3alii Ta aKkTyalbHOCTI CaMOaHaIIi3Yy.

Jlo HemoITiKIB 3MIIIAaHOT CHCTEMH HaBYaHHS MOYKHA BiJHECTH:

— OHJIAH-HABYaHHS CTBOPIOE HOBHUW TEXHOJIOTIYHUN PEKUM POOOTH SIK JJIs BUKIIATAueBi,

TaK 1 JJI CTYJCHTIB;
— ICHYIOTh BUMOTH JI0 HaBYAJIHHOTO OOJagHAHHS Ta, OCOOJIMBO, MiAKIIOUECHHS 0 MEpEexXi
InTepner;

— TMPOBEACHHS 3aHaATO OaraTo yacy 3a eKpaHOM MO>KE 3aBJIaTH IIKOJU 3JOPOB'IO JIFOINHHU.

Y TexHIYHOMY 3aKJiaJi BHWIIOi OCBITM BAXIUBUM € CTBOPEHHS iHQoOpMaliiHO-
KOMYHIKAIIfHOTO OCBITHROTO CEPEIOBHIIIA, JI€ 3/00yBadi MatOTh JOCTYI JI0 HABYAJIBHUX MaTepialiB
B OyIb-SIKHIA 9ac, OTPUMYIOTh JIOCBiI poOOTH Haj mpoekTaMu. CKIIaJJOBUMHU TaKOTO CEPEIOBHUIIA Ha
OITIC YATY € cucrema MIATPUMKH IUCTAHIIIMHOTO HAaBUaHHS Ta KOPIOpaTHBHA Iwiatdopma
Microsoft Teams. OcHOBHi TeHIeHIIiT HaBYaHHS criovaTKy uepes manaemii COVID-19, a motiM yepes
BOEHHUI CTaH: mepeBakaHHS (OpM ACHMHXPOHHOI B3a€MOJIl BHMKIaJaya Ta CTYACHTIB, 3aluc
BIZICOPO3’SICHEHb, CTBOPEHHSI TPEe3eHTallli BHUKJIaJauyaMH, TPOBEICHHS OHJANH-3aHATH 31
CTyZIEHTaMH, JIOSITBHICTB IIIOJI0 JIe/ITaliHIB MTOJJaHHS 3BITiB PO BUKOHAHHS 1HIMBITyaJ IbHUX 3aB/IaHb.
3MilraHa CHUCTeMa HABYaHHS Ma€ CIPHITH TiIBUIIEHHIO PIiBHA C(HOPMOBAHOCTI 3arajbHUX 1
npodeciiiHX KOMIETeHTHOCTEH cTyAeHTiB. OHaK MOXKYTh OyTH pi3HI METOIM OOYIOBH 3MIIIaHOT
CUCTEMHU HaBYaHHS, 110 0a3yeTbcs Ha pi3HIM norimi. Taka cuctema mpu3HaueHa A MOOYIOBU
e(eKTUBHOI 3MIIIAHOT CUCTEMH Ha OCHOBI JIOT1YHOI cxeMu (pucyHok 1). EdexkTuBHa KOHCTpYKIIi
CHCTEMH € OCHOBOIO OTpPHMaHHS XOpoIoi Mozeni. Halikpamuii mpoekT Moxe 3aI0BOJIBHUTH BCIX
KOPHCTYBadiB, sIKi € 3aI[IKaBJICHUMH CTOPOHAMHU 3aCTOCYBAHHS CHUCTEMH, BKIIFOYAIOYH, B TIEPITY
4yepry, CTYACHTIB, a Takox miapo3au 3BO sk Ha piBHI YIpaBJiHHS 1 piBHI €KCIUTyaTallii, Tak 1 Ha
TaKTMYHOMY PiBHI Oprasi3allii OCBITHBOI'O Ipolecy. BukopucraHHs 3MilIaHOi CHCTEMH HaBYAHHS
MOKHa BBaXaTu €(EKTHBHUM, SKIO KOPUCTYBadi IIi€i cucTeMH OYAyTh 3aJOBOJIEHI HaJaHUMU
OCBITHIMU MOCITyTaMH 3aKJIaZiOM BHUILIOI OCBITH.

(EKTHBHICTh

3a10BOJICHICTh KOPHUCTYBaviB

EdexTuBHMIT IPOSKT

Pucynok 1 — JloriyHa cxema 3MiIIaHOi CUCTEMHU

3MilIaHa cucTeMa HaBuaHHs OyyeThCsl Ha OCHOBI BUILE3ralaHoi Joriku. ETanu opranizarii
OCBITHBOTO ITPOIIECY 3a i€ CUCTEMOI0, CKIIQIAI0ThCS 3 HACTYIHUX mpoteayp [2]:

— aHaJIi3 BUMOT JI0 CHCTEMH HAaBYaHHS;

— TAroToBKa (CKJIaJaHHs CIUCKY JIiTeparypH, rpadikis, BiZieo, 3aBAaHb, TUTAHb);

— TmomnepenHii ki1ac (HaJaHHsA MaTepiajiB CTyIeHTaM JI0 IOYaTKy OHJIaiH-TeCTyBaHHS);

— OHJIAiH-TECTYBaHHS;

— B KJacl (1ie mporec 00roBOPEHHS Ta BUIIPABJICHHS);

— aHaJli3 MpOXYKTUBHOCTI (BU3HAaYeHHs edexTtuBHOCTI 3CH 3a cTaTUCTHKOIO pe3ynbTaTiB

OLIIHOK CTYJIEHTIB, 3aJIy4eHHS Ta 3/1aTHOCTI BUPIIIyBaTH MpOOIEMH).
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BucHoBKH. 3anmporoHOBaHa 3MilllaHA METOAOJOTIS Ui CHCTEMH BHIIOI OCBITH IIISXOM
MOETHAHHS OYHOTO MEXaHi3My Ta MEXaHi3My OHJIaiH-HaBYaHHS € e()EeKTHBHUM ITiX0J0M
MoOYJI0OBM OCBITHBOTO TMPOIECY, OJHUM 3 IUIAXIB MOJEpHI3aIlii BUIOI OCBITH, MOETHAHHSIM
IHHOBAIIIl Ta B)XKE HASBHOTO MEAAroriYHOrO JOCBiAY. BIpoBa/KyrouM TEXHOJOTIIO 3MIIIAHOTO
HaBUYaHHS B OCBITHIH Iporiec, MaeMo OYTH TOTOBI 10 (hopMyBaHHS HOBOT0 00pa3y MHUCIICHHSI, TKOTO
BUMarae norpeba iHAMBITyasTi3allii HaBYaHHS, IEPEOCMUCIICHHS CBOET POJIi B MPOIEeCl HAaBYAHHS,
(dbopmMyBaHHS SKOCTEH, HEOOXIHUX JJIsl YCHIIIHOTO BIPOBA/KEHHS IHHOBALIA B OCBITHIN MpoOIIEC.
VY 3CH ak1ieHTy€eTbCsl yBara Ha 3aJ0BOJICHHI KOPUCTYBaviB HaJIaHUMH iM OCBITHIMH TIOCIIYTaMH 1
Ha caMoOaHalli3l BCIX 3alliKaBICHMX CTOPIH Ui JOCSATHEHHS KpalluX pe3yJbTaTiB HaBYAIHHOI
IisTbHOCTI  CTyAeHTiB. [lemaroriuHo BHBa)KCHE BHKOPUCTAHHS 3MIIIAHOTO HABYAHHS MOXE
MIBUIIKTH piBeHB c(hopMoBaHOCTI TpodeciitHuX KommeTeHTHOCTe! cTyneHTiB IT-cnemiaapHoCTEH
Ta, SK HACHINOK, MIJBUIICHHS iX pIiBHA KOHKYPEHTOCIIPOMOXXHOCTI Ha BITYM3HSHOMY 1
MibKkHapoaHoMy IT-puHKax mparii.
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AK 3AHIKABUTHU CTYJAEHTIB B OTPUMAHHI IT-OCBITH B 3BO?

Hinuk I'. A., ®emwok 1. C., boaaupena C. O., yp H. 1.
HamionanbHuil TeXHIYHUIA YHIBEPCUTET Y KpaiHU
«KuiBcbkuii monitexHiunnit iHCTUTYT iMeHi [ropst Cikopeekoro», M. KuiB, Ykpaina

AHoTanisi. Y CTaTTi BUKJIAJIEHWA aHali3 aKTyaJlbHUX MPOOJIIEM Ta HE3aJO0BOJICHUX MPodeciifHuX
notped y HaBuaHHI MaiOyTHIX [T-daxiBmiB B ykpaiHchkux 3akianax Bumoi oceita (3BO). IIpemmeTom
JIOCITIPKEHHS € CTpaTerisl MATOTOBKH CTYJISHTIB, i peari3allis B ChOTOJIEHHI Ta BIAMOBIAHICT 0013HAHOCTI
VYHIB 3aIUTaM MiXKHApOJHOTO PUHKY. Marepian HamieHnd e(eKTH3yBaTH IHCTHUTYIIITHE CcepefoBHUIIe
ranysi iHopMmamiifHuX TEXHOJOTi 3 MeTOH BHXOBaHHS (axiBUiB BuIIOI kBamidikauii. [Hdopmaris,
OTpHMaHa TEOPETUYHUM 1 MPAKTUYHUM LUISXaMH, JoroMarae rmpoanaiizysatu norpeou IT-cdepu, a Takox
IHJMBIAyaJIbHI Ta 3arajbHi CIIOCOOU TiIBHIICHHS 3aliKaBJICHOCTI Y4HIB Y (JOpMYyBaHHI MOJEPHHUX 3HAHb Ta
NPaKTUYHUX YMiHb 3 MOMJIMBICTIO TX TIOAAJIBIIOTO BUKOPUCTAHHS. 3aCTOCYBaHHS BHKIQJICHUX Yy il CTATTI
MarepialliB HaJacTh 3MOTY 3aKJjiaJlaM BUIIOI OCBITH OCY4aCHUTH YCTATKyBaHHS Ta MaTepiaiH, IiJBUIIUTH
AKiCTh mMAroToBku IT-creriamicTis.

Kurouogi cioBa. I T-daxiBiii, ocBita, iHpOpMaIliifHi TEXHOJIOTIT, 3aKJIa/Ii BUIIIOI OCBITH.

HOW TO INTEREST STUDENTS IN OBTAINING IT EDUCATION AT THE HEI?

Pitsyk H., Fediuk 1., Boldyrieva S., Shchur N.

National Technical University of Ukraine “Igor Sikorsky Kyiv Polytechnic Institute”,
Kyiv, Ukraine

Abstract. The article presents an analysis of current problems and professional needs in the education
of future IT specialists in Ukrainian higher education institutions. The subject of research is the strategy of
student training, its implementation and the compliance of students' awareness of the demands of the
international market. The material is aimed at improving the institutional environment of the industry in
order to educate highly qualified specialists. The information obtained helps to analyze the needs of the field,
individual and general ways to increase students' interest in the formation of modern skills with the
possibility of their further use. The use of the materials presented in the article will allow higher education
institutions to modernize equipment and materials, improve the quality of the education.

Keywords. IT specialists, education, Information Technology, higher education institutions.

Beryn. B it poboTi npoananizoBaHo npodiemu, 110 BUHUKAIOTh y 3100yBauiB IT-ocBiTu.
JlocmikeHHs ToKasalo, 10 acleKTH, AKi 0a3yl0ThCs Ha JOCSITHEHHIX YKPaiHChbKHUX (axiBIIiB, a HE
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HA Cy4YaCHHX TEHJICHI[ISX CBITOBOTO CITIBTOBAPUCTBA, HETATUBHO BIUIMBAIOTH HAa po3BUTOK IT-
CeKTOpa KpaiHu. MeTa MaTepiany — 11e BUCBITJIEHHS aKTyaJIbHUX MPo0OJieM Ta moOy1oBa Mojeni ix
BUPIIICHHS.

Meta po6oTu — nociimkeHHs: ocoonmuBoctert [T-ociTu B 3BO Ta nuisixiB i ocy4acHeHHS,
3Bakarouu Ha notpedu IT-puHKy Ta iHAWBIyaTbHO-TICUXOJIOT1YHI aCIIEKTH.

IMocTanoBka mpodJieMu. 3actapijia cucTeMa OpraHizalii ocBiTHROTO mporecy y 3BO He
BUKJIMKAE JIOBIPU K Y CTYACHTIB, Tak i1 B pobotoxasuiB. 8§7% IT-koMmnaHiil 3MyIIyl0Th MOJIOOTO
Crieriajicta HaBYaTUCS JOJAaTKOBO, IO BKa3ye Ha HEJOJIKU B cucteMi HaBuanHs 3BO [1]. 3a
JAaHUMH TIPOBEACHOTO OINUTYBAaHHS Cepell CTYICHTIB Oynu BUAUICHI KIIOYOBI (hakTopH, SKi
3HIDKYIOTh 3aIliKaBJICHICTh Yy 1H(GOPMAIIHHUX TEXHOJIOTISX Ta 3aBAKAIOTh NMPU TOAATBIIOMY
npanesnamryBanHi  [2]. Ilepma mnpobnema, sKa HETaTHBHO BIUIMBAaE Ha (GOpPMYyBaHHS
KOMIIETEHTHOCTe Mai0yTHIX ¢axiBLiB 3 I1HPOPMALIHHUX TEXHOJIOTIH, IOCTAae BXKE MeEpen
abiTypieHTaMu, SIKi 10 KiHI HE PO3yMilOTh, IO OYiKyBaTH BiJ HaBuaHHs. Ha caiitax 3BO yueHn
PIIKO 3HAXOJIUTH TOYHY 1H(GOpPMAIIIO0 MPO CIEHiaIbHICTh, HABYAIBHUH IIJIaH, K1 3aaadi OyayTh
BUPIIIYBATUCS ITi]] YaC HABYAHHS, IEPCIICKTUBH MPAIEBIAIITYBaHHS, TOIIO (PUCYHOK 1).

Ha ckinbkm onunc cneuiansHoCTi Ha canTi BH3 Bignosigae peansHoCTi?

43 oTBeTa

@ MosHicTio Bignosigas

@ Waitke Bignosigae
Mart#e He BignoBinac

@ B:zarani ve Bignosinac

Pucynok 1 — Pe3ynpTaTi onuTYBaHHS 11010 OMKCY CHEL1albHOCTI

Takox MPUYMHOIO 3HMKEHHSI 3allIKaBJIEHOCT] CTYJEHTIB € T€, 110 1HPOpMaIiiiHI TeXHOIOT1]
3a OCTaHHI IECATHIITTS CTPIMKO €BOJIOL[IOHYBAIH 1 MPOJIOBKYIOTh PO3BUBATHUCS B PI3HOMaHITHUX
ranmy3sx. Tomy cucTema BHUINOI OCBITM HE BCTUTae MiJBUINYBaTH KBamidikaiito npodecopiB Ta
JIOLIEHTIB, OHOBJIIOBATH HaBYaJIbHI MaTepiaiy Ta yCTaTKyBaHHS.

[Ile ogHUM BaXJIMBUM acleKTOM, IO JAEMOTHBYE MOJIO/Ib, € HHU3bKa SIKICTh NMPAKTUIHUX
3aHTh, 1[0 HE MAalOTh HIYOTO CHUIBHOrO 3 peanbHUMH 3aBaaHHsAMU IT-daxiBuiB. CtyneHTH
BUPILIYIOTh MPAKTUYHI 337a4i, [0 HE MiJBUIIYIOTh iX KOMIIETEHTHOCTI /JIsl peajibHOi pOOOTH.

3 miABMIIEHHAM BUMOI a0 mnpodecioHanizmy IT-daxiBLiB BHHMKAIOTh TPYIHOLI 3
npaleBialTyBaHHsIM. PiBeHb OTpUMaHUX 3HaHb € HEJOCTaTHIM JJIsl TOro, 00 oJpa3y MovaTH
IpaloBaTH HaJ CKJIaJHUMH 3aJjauaMi, BUPIIIEHHS SIKUX NoTpeOye nuHaMiuyHuil punok. IT-cdepa
Mae 6arato HampsIMiB 1 IMporpaMa HaBYaHHS HAMAara€ThCsl OXOIMUTH iX YCl, HE 3arjau0OIIOI0YUChH B
okpemi TemH. J[o TOro *, IUIaH HaBYaHHsA nependavae Oararo 3arajlbHOOCBITHIX IPEIMETIB, HE
noB’si3aHux 3 IT-iHaycTpieto, pakT YOro BUKIMKAE MMOraHe po3yMiHHs 00OB'sI3KiB 1 3aBAaHb IT-
CTIeIialiCcTiB (PUCYHOK 2).

Pimenns npodaemu. Opranizaiis npoQopieHTallifHUX TECTIB, 110 JOMOMOXKYTh BUSBUTH
3/110HOCTI BCTYITHUKA Ta 00paTH crienianbHicTh. CTBOPEHHS YITKOIO Ta 3p03yMIJIOr0 MaliOyTHEOMY
CTYIEHTY onucy crneuianbHocTi Ha caiiTi 3BO. KoHTpoib BiAMOBIIHICTI OCBITHBOI IPOrpaMu /10
notped IT-punky. 3abe3nedeHHs] CTYICHTIB JOCTaTHHOIO KIJIBKICTIO SIKICHOT MPaKTUKH, HAAaHOI
npezacraBHukamMu [T-chepu, 3MeHIIeHHsT 00CATY 3aralbHOCBITHIX Ta TEOPETUYHHUX IPEIMETIB.
30UTbIICHHS. KIJIBKICTI BHOIPKOBUX JHMCLUMIUIIH, LIO JOMOMOXYTh CTYAEHTY HOITMOJIECHHO
OTIaHyBAaTH OKpEMi HAIpsIMH Ta B MaHOYTHHOMY €()EeKTHBHO IPABIIEBIAMITYBAaTHCh. BripoBamuTh
nyanbHy (hOpMy HaBYaHHSI, 3 OPIIIIHHUM CTaXyBAaHHSAM B YKPaiHCHKUX Ta CBITOBUX IT-KoMmaHisX.
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AKkni BIACOTOK NpeaMeTiB BM BBEXKAETE KOPMCHMMUK Ta akyTanbHUMK ANa Bawol
cneuianbHOCTI?

44 oTeeTa
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Pucynok 2 — Pe3ynbpTat OMUTYBaHHS MIOAO aKTYaJIbHOCTI HABUAIBHUX TPEIMETIB

BucHoBkH. B pe3ynbraTi npoaHanizoBaHUX JaHUX, SKi BUCBITIIFOIOTh HEJOIIKHA OCBITHBOTO
npouecy y 3BO Vkpainu, Oynu BUsBIEHI HAalOUIbII aKTyaabHI MiAXOAU 0 MOKPAIIEHHS CUCTEMU
IT-ocBitn y 3BO Ta 3a0X04eHHsI MOJIO1 10 HaBYaHH: 3a [ T-crenianbHOCTAMHY.

CHucoK BUKOPUCTAHUX JKepes
1. bpoinceka M. Illo we Tak 3 IT-ocBitoro B  VYkpaiwi. [Hocmimkenns. 2021.
URL.: https://dev.ua/news/shcho-ne-tak-z-it-osvitoiu.
2. Omurysanns cryaentis IT cremiansrocteit. 2022. URL: https:/forms.gle/TpGo2Gz8ziaHLM9C9.

HIATOTOBKA MAMBYTHIX YUUTEJIB IHOOPMATUKH
A0 BITPOBA/KEHHS CYYACHUX ®OPM, METO/IB TA 3ACOBIB
MMPO®OPIEHTAILIMHOI POBOTH HA IT-CHEIIAJIBHOCTI

ITonomapsosa H. O.
XapkiBChbKUI HalllOHATbHUHN negaroriyHuit yHiBepcuteT iMeHi . C. CkoBopoau,
M. XapkiB, YKkpaiHa

AnoTtamnis. B ymoBax BrpoBakeHHs HoBoi ykpaiHCBKOT IIKOJIM Bara npoQopieHTalifHOT poboTH y
CKJIa/li POQECiHOT MiSITPHOCTI YUUTEINS CYTTEBO 3pOCTAaE, MO BUMArae 3aBYacHOI IMiATOTOBKH MalOyTHIX
yuuteniB. O0’€KT IOCHILKEHH — npolec mpodeciiHoi mAroTOBKM MaOyTHIX YyUHTEINiB iHGOPMATHKH B
3aKjiafjax BUIIOI MeJaroriyHoi oceitv. [Ipeamer JOCHIKEHHS — MiArOTOBKA MaWOYTHIX YUYWTEIiB
iHpopMaTuku 110 mpodeciitHoi opieHTarii mkomnsapiB Ha IT-cnemianeHOCTI. Mera poOOTH — BHUCBITIEHHS
0COOJIMBOCTE METONWKH TIATOTOBKM MaWOYTHIX Y4YHTENiB iH(QOPMATHKH IO BIPOBAIPKEHHS Cy4aCHUX
(dhopm, MeToziB Ta 3aco0iB 3ailicHeHHs TpodeciiiHoi opieHTanii mkonapiB Ha [T-cnenianbHOCTI. MeToau
JTOCITIDKEHHST — TEOPETHYHI (aHalli3 TICHXOJIOTO-TIEAaroriYHIX HAyKOBHX PO3BIZOK Ta METOJMYHUX TIPAIh)
Ta eKCIIEpUMEHTANbHI (MefaroriyHuii eKkcrepuMent). Y poOoTi MpeAcTaBIeHO OCOOIUBOCTI METOAMKH
HAaBYaHHS HaBYaJIbHOI JUCUUILUTIHM «YBeaeHHs B IT-coemiasibHOCTI» it MaHOyTHIX —yUYWTEIIB
inpopmaruku. Poskputo ii 3micToBi ckianoBi. HaBeneno meroamky (opMyBaHHS NPaKTHYHHUX YMiHb
CTYJCHTIB II0/10 3IHCHEHHS poQopieHTaIiHHOT POOOTH 31 IIKOJIAPaMHU Ha ycix 11 etanax. Oco0/IMBY yBary
NPUIIEHO HABUYKaM BUKOPHCTAHHS Ta CTBOPEHHS Cy4acHUX 3aco0iB podopieHTaIiiHOT poOoTH.

KarwuoBi ciaoBa: minroroBka maiOyTHIX yuuTteniB, mpodeciiHa opientamis, [T-crerniansHocTi,
¢dhopmu mpodopienTaniiiHOi podoTH, 3aco0u npodopieHTaniiHOl poOOTH.
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TRAINING OF FUTURE TEACHERS OF INFORMATICS
FOR THE IMPLEMENTATION OF MODERN FORMS, METHODS AND TOOLS
OF CAREER GUIDANCE ON IT-SPECIALTIES

Ponomarova N.
H. S. Skovoroda Kharkiv National Pedagogical University, Kharkiv, Ukraine

Abstract. In the conditions of introduction of the New Ukrainian school the value of career guidance
work as a part of professional activity of the teacher essentially increases that demands early training of future
teachers. The object of research is the process of professional training of future teachers of informatics in
institutions of higher pedagogical education. The subject of research is the training of future teachers of
informatics for the career guidance of students on the IT-specialty. The purpose of the work is to highlight the
peculiarities of the methodology of training future teachers of informatics to implement modern forms, methods
and tools of career guidance of students on IT-specialties. Research methods — theoretical (analysis of
psychological and pedagogical research and methodological work) and experimental (pedagogical
experiment). The paper presents the peculiarities of teaching methods of the discipline "Introduction to IT
specialties” for future teachers of informatics. Its semantic components are revealed. The method of formation
of practical skills on the implementation of career guidance work with students at all its stages is presented.
Particular attention is paid to the skills of using and creating modern tools of career guidance.

Keywords: training of future teachers of informatics, career guidance, I1T-specialties, forms of career
guidance, tools of career guidance.

Beryn. Konnemniiero HoBoi ykpalHChKOI MIKONM BH3HAHO, IO Cy4YacHa IIKOJA Mae
JOTIOMOTTH BHUITYCKHHUKAM OYTH KOHKYPEHTOCIPOMOXXHUMHU y 21-My CTOMNITTI, CTATH LITICHUMH
0COOHMCTOCTSIMU, 3JaTHUMH 3pOOUTH CB1IOMUI BUOIp, y TOMY YHCIII IIOAO MOJANBIIOTO OCBITHHOTO
ta npodeciinoro nuisixy [1]. [loctaBneni 3aBmaHHsS 3MIHIOIOTH POJIb YUUTENs, Yy CKIaIl
npodeciiHol AisTBHOCTI AKOro Bara mpodopieHTaliiiHOi poOoTH CyTTEBO 3pocTae. Tak,
Hanpukian, moao mnpodopientanii Ha IT-crmeniambHOCTI OKpiM  iH(OPMALIIHHO-OPIEHTYIOYOT,
JiarHOCTyI04u0i, KOHCYJABTYIOHOi (YHKIIi y4uTenb iHGOPMATUKH 3IIMCHIOE  OpraHizauiiHy
¢dyHK1it0, QYHKINIO OpieHTAIi] MKOISIPIB Y Meia-IpoCTOpi, CIPSIMOBYIOUY Ta KOOPAHHYIOTY, SIKi
€ B32€MO3QJICKHUMU Ta TICHO IMOB’SI3aHUMHU Mk co00t0 [2]. EdekTHBHE BUKOHAHHS 3a3HAYCHUX
¢yHKII Mae 3a0e3meunTd 3aBUacHa HaliekHa BceOlYyHa MIATOTOBKa MaWOyTHIX Y4YMTEINIB
1H()OPMATHKH B 3aKi1a/laX BUILOI M€JaroriyHoi OCBITH.

O0’exT gociiKeHHs — Ipolec MpodeciiHol MArOTOBKY MallOYTHIX YUUTENIB IHPOPMATUKU
B 3aKJIa/1aX BUILOI eJaroriunoi ocBiTy. [IpenMer nociifkeHHs — niAroroBka MaifOyTHIX YUUTENB
iH(popmaTuku 10 npodeciiiHoi opieHTanii mKkosipiB Ha [T-cnenianbHOCTI

Merta po6oTH — BUCBITJIEHHS OCOOIMBOCTEN METOAMKHU MiATOTOBKM MaWOYTHIX YUHUTENiB
1H(QOPMATUKH 10 BIPOBA/HKEHHS CydacHUX (DOpM, METOJIB Ta 3aco0iB 3A1MCHEHHS NMpodeciiHOoi
opieHTallii wkoisapis Ha IT-cnenianbHOCTI.

OcHoBHa yactuna. Y XHIIY imeni I'. C. CkoBopoau po3poOseHa Ta BIPOBAIKYETHCS
aBTOPCHhKA CTPYKTYPHO-(DYHKITIOHAIbHA MOJIEIb MIATOTOBKH MAaOyTHIX YYUTENIB IHPOPMATUKH J10
npodeciiinoi  opieHtamii mkonspiB  Ha IT-cmemianbHOCTI, $ika BpaxoBye —crenuQiky
npodopieHTalIiHOI poOoTH yuuTens iHpopMmaTtuku [2]. 3 orisay Ha OCOOJMBY 3HAYYIIICTH
npobyieMaTuku npodopieHTaniiHol pOOOTH 31 MIKOJISIpaMU B YMOBaxX peQOpMyBaHHS OCBITH Ha
3acafax KoHuenuii HoBoi ykpaiHChKOT IKOJIK, Y MeXaxX peanizanii 3a3HaueHoi mozeni 3 2020 poky
B YHIBEPCHUTETI PO3pOOJEHO HOBY HaBUaJbHY OUCHUILIIHY — «YBeneHHs B IT-cmemianbHOCTI».
Merta HaBYaNbHOT JUCHMILIIHU — (JOpMyBaHHS y 3/100yBayiB BUIIOi OCBITH CIE1aIbHUX 3HAHb Ta
yYMiHb, HEOOX1IHUX JJis 311l CHEHHA TpodeciitHoi opieHTalli mKkosipiB Ha [T-cnernianbHOCTI. 3MicT
HaBYAIbHOT AUCLUUILTIHU 30CEepeKEHNI HaBKOJIO TEOPETHUHUX 3acau npodopieHTaniiHoi podoTn
BUMTENS 1HPOPMATUKU, OCHOB IMpodeciorpadii IT-crenianbHocTell, METOAUKH NpodeciiHOro
iH(popMyBaHHS IIKOJIAPiB Npo IT-crenianbHOCTI, TPOoQOpieHTAIIIHOT A1arHOCTUKH IIKOJISPIB HA
IT-cneuianbHOCTi, (opMu mnpodopieHTaniiiHOi poboTu Bumrtens iHpopmatuku Ha IT-
CHeLiaJbHOCTI.
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OcoOnrBe 3HAYeHHS TMiJ] Yac HaBYaHHSI Mae (OPMyBaHHsS Yy 3100yBadiB BHUIOI OCBITH
NPaKTUYHUX yMIHb BIIPOBA/DKYBaTH cydacHi edekTHUBHI (OpMH, METOIUM Ta 3aco0Hu
npodopieHTaliiHOi poOOTH Ha yCix eTanax nmpodopieHTamiitHoi podotu B mkoii Tak, HanpukiIam,
CTY/ICHTH OIIAHOBYIOTh METOUKY IMPOBEJICHHSI EKCKYPCiii, 6eci, CBIT, yCHUX XKYpHAIIB, 3ycTpiueit
3 MpeAcTaBHUKaMU Mpodeciid, TeMaTUYHUX IrOp Ha IOYATKOBOMY Ta IOHIYKOBOMY eTarax.
CryneHTH BUBYaIOTh OCOOIMBOCTI OpraHi3auii rpyrnoBoi podoTH i3 mKoisgpaMu Ha 6a30BOMYy eTarti
— 3 BHUKOPUCTaHHAM TNpodOpieHTAIIHHUX JIarHOCTUYHUX (GOpM poOOTH, Il Yac YPOKIB,
CHeuiajJbHUX TOAMH CIUIKYBaHHS 3 BHOOpY mpodecii. 3a0e3neuyeThesi OBOJIOMAIHHSA CTYACHTAMHU
METOJMKH TPOBEACHHS KOHCYJbTaIii, Oecim, aiarHOCTHYHOI poOOTH 3 mpodopieHTalii,
3a0X0YEHHS YYHIB IO CHEUiaJbHUX 3aXO0MiB 3 MpodopieHTallli Ha KOPHUTYBaJHHOMY eTarli
npodopieHTaIHHOT pOOOTH 31 HIKOISIPAMH.

3ayBakuMo, 10 B YMOBAax IOIIMPEHHS TUCTAHIIHHOIO Ta 3MIIIAaHOTO HABYAHHS, OKPEMY
yBary NpUAUISETHCS METOAMI MPOBEIACHHS HAa3BaHUX 3aXO0jiB B GopMaTi OHJIAWH — CTYJCHTaM
HAJA€THCA MOXKIUBICTh 3J00YTH BJIACHHWM JIOCBIA TIPOBEACHHS OHJIAWH-3ycTpidel, Oecis,
€KCKYpCIH TOIIIO.

YenimHicTh 3aiiCHeHHS PO OopieHTaIiHOT POOOTH 3aJIEKUTh 1 Bil HASBHOCTI IIHUPOKOTO
crekTpa il cyyacHuX 3aco0iB. ToMy mporpamor0 HaBYalbHO! AMCLUMIUIIHM TependadeHo siK
3HaOMCTBO CTYIEHTIB 3 HasBHUMH 3ac00aMu MpoQopieHTAiiiHOT poOOTH 31 HIKOJSApaMH, TakK i
pPO3pOOKYy BIIACHUX — KaTajloriB, IHTEPAKTUBHUX IUIAKATIB, IHTEPAKTUBHUX BIPAaB, TalMIIAliHIB,
npodopieHTaniitnoi inorpadiku, TpeHaxepis, 3ac00iB MpodopieHTaIHHOT JIarHOCTUKHU TOIIO.

BucHoBku. MeToquka — miAroTOoBKa — MaWOyTHIX — yuuTeniB  iHGOpMATHUKUA 1O
npodopieHTaifHOT POOOTH 31 MIKOISIpaMH Mae TependadaTH sK 3aCBOEHHS HUMHU 3HAHb IPO
cnenudiky ckiaagoBux mpodeciiiHoi opieHTamii mkoisapiB Ha IT-cmemiaapbHOCTI, Tak 1, IO
BUKIIIOYHO BKJIMBO, HAOYTTSI HUMU NMPAKTHYHUX YMiHb 11 3MIMCHEHHS Ha yCiX eTamax, a TaKoxk
dbopMyBaHHS epeKOHAHb Ta MOTHBIB IIpoeciiiHOl opieHTallli.

Cnucoxk BUKOPMCTAHUX JIZKepeJt
1. Tpodeciitna opienramis B HOBi#i ykpaincekiii mkomi. URL: https://uied.org.ua/wp-content/
uploads/2020/12/konczepcziya-profori%eD1%94ntaczii%CC%88-dlya-gromadskogo-obgovorennya-
16_12 20-.pdf (mata 3Beprenns: 27.05.2022).
2. llonomapsoBa H. O. IligroroBka maiOyTHiX yuuTeniB iHQOpMATUKK 10 MpodopieHTauiiHOT
poOOTH y 3aranbHOOCBITHIX HaBYAJIBHUX 3akiaaax: MoHorpadis. Xapkis: XHIIY imeni I'. C. CxoBoponaw,
2018.325¢c.

BUKOPUCTAHHSA NPUKJIAJHUX KOMII'IOTEPHUX PO3POBOK
Y HABYAJIBHOMY ITPOLECI ITPA IIIATOTOBII XIMIKIB-TEXHOJIOI'IB

Cepreesa O. B., ®poJiosa JI. A.
JIBH3 «YkpaiHcbKuil AepKaBHHUM XIMIKO-TEXHOJIOTTYHUHN yHIBEpCUTET», M. JIHINpo, YKpaina

AHoTamisn. Po3risHyTO BIUIMB CaMOCTIHHMX pOOIT (y BHUIMIAL NPUKIATHAX PO3pPOOOK) Ha
(hopMyBaHHS y CTYACHTIB Pi3HHX CIEMIaJbHOCTEH HaBHYOK NPOQECIiHOro crpsMyBaHHsS Ta KOMYHIKaIli
TIPH CITIBIIpaIli Ta HABUYOK B3aEMOBITHOCHH 3aMOBHHMK-BHKOHABEIb IPH AKTHBHIN MMi3HABAIBHIA TBOPYIii
IIsTbHOCTI cTymeHTiB. O0’€KT MOCTIIKEHHS — I IMPOIEeC CTBOPEHHS KOMITI IOTEPHHX PO3POOOK, IO
CTOCYIOThCS  XiMiuHOT TexHousiorii. [IpeaMer moCHipKeHHS — 1€ B3a€EMOJIS CTYIEHTIB PI3HUX
crenianbHOCTel. BUsBIEHO MpH TakoMYy IMiAX0i BUKOPUCTAaHHS yciX (YHKLIN caMOCTiiHOI npaui, To0To:
ni3HaBaJIbHOI, HPOTHOCTUYHO1, BAXOBHOI, KOPUT'YIOYOi Ta CAaMOCTiHHOT. MOXKHA BiA3HAYUTH, 1110 TIPH TAKOMY
MiIXO0JIi 3HAYHO MOIIUPIOETHCS CBITOTJIS CTY/ICHTIB-BUKOHABIIIB. KpiM TOT0, CIIOCTEPIiracThesi 3pOCTaHHS
CaMOOI[IHKH CTYJICHTIB Ta BIIEBHEHOCTI y c00i. BcraHoBiieHO, 1110 HAWOUIBIN MOLUIIBHUM JUIS CTYICHTIB
cnenianbHOCTi 123 — KOMIT'IOTEpHa IHXEHepis € po3poOKa KOMIT IOTEPHHUX CHUMYJISITOPIB Ja0opaTopHUX
YCTaHOBOK a00 TEXHOJOTIYHMX JIiHIH BHPOOHMITBA, CHEUiANi30BAaHUX KOMII IOTEPHUX CHCTEM JUIA
eKCIepUMEHTANILHUX J0CHifiB abo nabopaTopiif, po3poOKa KOMIT FOTEPHUX CHUCTEM MOHITOPUHTY
TEXHOJIOTIYHOTO MPOIIECY.

Kiro4oBi cj10Ba: CTyAeHT, TEXHOJIOTTYHHUI NPOLIEC, CAMOCTIilHA MpaLls, MPUKIIaJHA pO3po0Ka.
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USE OF APPLIED COMPUTER DEVELOPMENTS IN THE EDUCATIONAL PROCESS
IN THE TRAINING OF CHEMISTS-TECHNOLOGISTS

Sergeyeva O., Frolova L.
Ukrainian State University of Chemical Technology, Dnipro, Ukraine

Abstract. The influence of independent works (in the form of applied developments) on the formation
of students of different areas of learning skills of professional orientation and communication in cooperation
and skills of customer-performer relationships in active cognitive creative activity of students is considered.
The object of research is the process of creating computer developments related to chemical technology. The
subject of research is the interaction of students of different specialties. This approach reveals the use of all
functions of independent work, i.e.: cognitive, prognostic, educational, corrective and independent. It should
be noted that this approach significantly expands the worldview of students of performers. In addition, there
is an increase in students' self-esteem and self-confidence. It is established that the most expedient for
students majoring in 123 - Computer Engineering is the development of computer simulators of laboratory
installations or production lines, specialized computer systems for experimental experiments or laboratories,
development of computer systems for process monitoring.

Keywords: student, technological process, independent work, applied development.

Beryn. CtpiMK#id pO3BHTOK XIMIYHHMX TEXHOJIOTiH MOTpeOye BiJ CTYICHTIB Ta BHKJIAJIadiB
CBO€YACHOTO pearyBaHHs Ha 3MiHM B HAaBKOJMIIHHOMY CEPEIOBHIII Ta CyCHiIbCTBI. Bim skocti
HABYaHHS CTYACHTIB 3aJICKUTh 1X MOAANBIINKA ycix Ha oOpaHoMy mpodeciiHOMY HUIIXY. 3riAHO
3 3aKOHaMH YKpaiHH Npo HAYKOBY i HAyKOBO-T€XHiuHy misuipHicTh [1] Ta mpo BuIry ocBity [2]
HEOOX1/IHO 3aJy4aTH CTYACHTIB JI0 HAYKOBOI Ta MPAaKTHYHOI MisJILHOCTI, CTBOPIOBATH HEOOXITHI
YMOBH JIs peaii3aiii yJacCHUKaMU OCBITHBOTO IpOIIeCy iXHIX 3/10HOCTEH 1 TallaHTiB, a TaKOX
CHpUATH MDKAMCIUIUIIHADHOMY HaByaHHIO. KpiM Toro, mailOyTHs mpodeciiiHa misIbHICTD
OUIBIIOCTI CTYNEHTIB OyJie MOB s3aHa HE JIUIIEe 3 BUKOPUCTAHHSAM Ta PO3POOKOI0 KOMIT IOTEPHOI
TEXHIKH, aJie 1 13 CIIKYBaHHSIM 3 3aMOBHUKAaMH TOIIIO.

IMocTtanoBka 3agauyi. BukopuCTaHHS KOMIT'IOTEpHOI TEXHIKM B HABYAJIBLHOMY NpOIIECi
BIIKpUBA€ MIMPOKI MOMIJIMBOCTI ISl PO3BUTKY Ii3HABaJbHUX 3II0HOCTEH CTYIEHTIB — BiA
CEHCOPHO-TIEPLUENTHBHUX JI0 MOBIJIEHHEBO-pO3yMOBHX (opM. OnHAK i MOMJIHMBOCTI 3HAYHO
oOMexeHi B cdepi hopMyBaHHS CUCTEMU LIIHHOCTEH, MOTHBALII{, I[IIETIOKIaJaHHS Ta IHIIUX CTOPIH
ncuxiku JoauHu [3]. Tomy HeoOXiHO 000B’A3KOBO MIATPUMYBATH NPOQECIiHY CHIBIPAII0 MIXK
CTYJEHTaMH, acllipaHTaMH Ta 1HIIMMHU yYaCHHUKAaMHU OCBITHHOT'O IIPOLIECY.

MeTo10 po60oTH € JOCTIIKEHHS aKTyaJlbHOI'O NMUTaHHS CHIBIPALll BUKJIAZA4iB Ta CTY/AEHTIB
PI3HUX CHELiaJbHOCTEN, PO3MIMPEHHS 1X CBITOIVIALY Ta OTPUMaHHS NPAKTUYHUX HABUYOK Yy cdepi
Maii0yTHBOT poeciitHOI AISTTLHOCTI Ha OCHOBI CTBOPEHHS IPUKJIAIHUX KOMIT FOTEPHUX PO3POOOK.

OcHoBHa vacTuHa. OJHMM 3 HUIAXIB JIOCSITHEHHS IIOCTaBJIEHOI METH € po3polKka
KOMII IOTEPHUX CHMYJIATOPIB JaOOPATOPHUX YCTAHOBOK 20O TEXHOJIOTTUHUX JIIHINA BUPOOHUIITBA,
po3po0Ka creriani3oBaHUX KOMIT IOTEPHUX CHCTEM Ui EKCIePUMEHTAJIbHUX JOCHiIiB abo
nmabopaTopiid, po3poOKa KOMIT FOTEPHUX CHCTEM MOHITOPUHTY TEXHOJOTI4HOTO mporecy [4]. [Tpu
IbOMY CTYJICHTH, acIipaHTH CremiabHOCTI 161 — XIMIYHI TEXHOJIOTIT Ta 1HXKEHEepish HaBYAIOThCSI
PO3pOOIIATH TEXHIUHE 3aB/IaHHS Ha PO3POOKY 3 JA€TalbHO BUKJIAJEHUMU BUMOTIaMHU.

Posrnsinemo po3po6ku cryaentiB JABH3 «Ykpaincbkuit nepkaBHUN XIMIKO-TEXHOJIOTTYHUN
VHIBEPCUTET», IO 3 SBUJIKCS 3aBISKH CIHIBOpalll MDK CTyA€HTaMu chemiaipbHocTi 123 —
KOMIT F0TepHa iHXkeHepis Ta 161 — XiMiuHI TEXHOJIOTI Ta iHKeHepis IPH MPOEKTYBaHHI Ta po3pooii
IPOrpaMHUX MPOJYKTIB 1 CHELalI30BAHUX KOMIT FOTEPHUX CHUCTEM.

1. Komn’romepna cumynayisi XIMiKO-TEXHOJIOTTYHUX TPOILECIB [5], sika BUKOPUCTOBYETHCSA
IpU HaBYaHHI, JOMOMAarae iCTOTHO MOJIMUIMTH IIBUJKICTh Ta SAKICTh HaB4YaHHA. PosrisHyTa
MOJIENTb — 1€  CHUMYJSITOP CHUCTEMH, PO3POOJICHOI /IS TEXHOJOTIYHOTO TIPOIeCy OTPHUMAaHHS
HaHOPO3MIPHHX CIIOJIYK KOOAJIBTY.

2. Cucmema monimopuney [6]. Y 3araibHOMy BUNAJIKy B X0/l Ja00OpPaTOPHOTO EKCIIEPUMEHTY
NOBMHHA JISTH cXeMa Oe3NepepBHOTO MOHITOPUHTY, IO J03BOJISE OTPUMATH MaKCHUMAJbHY
KUIBKICTH 1H(OopMaIlii 3a yac MpoOBEACHHS eKCIIEPUMEHTY.

3. Komn romeprnuil cumynsimop 1ab60pamopHoi niazmoximMivHol ycmanosKu, IPU3HAYEHOT TS
00pOOKH PIAKUX CEepPeIOBUIIL.
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[IporpamHa Monenb BimoOpaka€e OCHOBHI €JIEMEHTH peajbHOI YCTaHOBKH, BpPaXOBYE
MOKA3HUKH JATYHKIB, A€ MOXIIMBICTh BCTAHOBIIOBATH KiJbKICHI MapaMeTpH, SKi BIUIMBAIOTh Ha
npoIiec POOOTH YCTAHOBKH.

BucHoBkH. Po3risHyTO BIUIMB poOiIT (y BUIIIAII IPUKIAJAHUX KOMI IOTEPHUX PO3pOOOK) HA
dbopMyBaHHS y CTYIEHTIB PI3HUX CIEHIAIbBHOCTEH HABUYOK MPO(ECiHHOro CIpsSMYyBaHHS Ta
KOMYHIKaIlii IpH CITBIpaIri Ta HABUYOK B3a€EMOBIIHOCHH 3aMOBHHMK-BHUKOHABEIlb NMPH aKTHUBHIN
Mi3HABAJILHIA TBOPYIA JiSUIBHOCTI  CTYNEHTIB. BusBIeHO, W0 TpH TaKOMy  MiIXO[i
BUKOPUCTOBYIOTbCS yci (PyHKIIi camMocCTiiHOI mparli: Mmi3HaBaJbHOI, MPOTHOCTUYHOI. BUXOBHOT,
KOPUTYI04Oi Ta caMocTiiiHOi. MOHa BiI3HAYHTH, 110 MPH TAKOMY MIAXO0/1 3HAYHO HOIIUPIOETHCS
KPYro3ip CTYACHTIB-BUKOHABIIB. KpiM TOro, crioctepiraeTbest 3pOCTaHHs CAMOOLIIHKY CTY/ICHTIB Ta
BIIEBHEHOCTI1 Y CBOTX MOJKJIMBOCTSIX.

Haii6inpm nouimeHUM Ui CTYIEHTIB crieniaabHocTeld 123 — KoMI'IoTepHa 1HXKEHepis Ta
161 — ximiyHi TexHoJorii Ta iHXeHepis Oynga po3poOKa KOMITIOTEPHUX CHUMYJISATOPIB
7a00paTOPHUX YCTAHOBOK Ta TEXHOJOTIYHUX JIIHIM BUPOOHUIITBA, PO3pOOKa CIIEIiali30BaHUX
KOMIT'IOTEPHUX CHCTEM JUIA eKCIIEPUMEHTAILHUX JIOCHIAIB Ta JiabopaTtopiii, po3poOka
KOMIT FOTEPHUX CUCTEM MOHITOPUHTY TEXHOJOTIYHOTO MPOIIECY.
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MPO®ECIMHI KOMIIETEHTHOCTI MAWBYTHIX PAXIBUIB
Y TAJNY3I IHOOPMAHIMHUX TEXHOJIOI'ITU

Ausko O. M.
UYepHiBenbkuil HalloHaIbHUHN yHIBepcuTeT iMeH1 FOpist deapkoBuya, M. YepHiBii, YkpaiHna

AHoTanisi. PO3risHyTO OCHOBHY METY MiITOTOBKM OakanaBpiB rairy3i iHPOpMAIiifHAX TEXHOJOTIH,
BU3HAUYEHO OCHOBHI Npo()eciiiHi KOMIIETEHTHOCTI, IKUMH Ma€ BOJIOJITH (axiBelb 3 KOMII IOTEPHUX HayK,
mo ¢GOpMYyIOTbCS B Pe3ysbTaTi HaBYaHHS (QyHAaMEHTAIbHUX AucuuIUIiH. [IpoanamizoBaHo mpodeciiiHy
KOMIIETEHTHICTb, 110 MICTHTh IHTETpalibHY, 3arajbHy 1 ()axoBy KOMIIETEHTHOCTI OCBITHBOTO CTaHIAPTY
BUIIOi OCBITH YKpa'l'HI/I nepuioro (0akalaBpChKOro) piBHS cneuianLHOCTi «Komm’toTepHi  HayKu».
Bu3HaueHO OCHOBHI XapaKTEPUCTHKH, SKHMH Ma€ BOJIOJITH OaKalaBp 3 KOMIT FOTEPHHX HAyK B Pe3yJIbTaTi
BHBYCHHS (yHIAMECHTATbHIX JICIIMTUTIH, 10 JIOTIOMArarTh (axiBIio BnplmyBam BUPOOHWYI 3aBJIaHHS,
YCIIIIHO JIiSITH B MIHIUBUX YMOBaxX PHHKY, JIETKO aJanTyBaTHCS y PI3HUX COI[aIbHUX OOCTaBHHAX Ta
pO3BHBaTH BacHi npodeciitHi 31i0HOCTI, 0COOIMBO B yMOBaX IIBUKOI 3MiHU PHHKY.

KmouoBi ciaoBa. Kommerentnicts, [T-axiBeip, KOMIIETEHTHICHMH mMiaxix, (yHIaMEHTalIbHA
JUCLUIUTIHA, OaKajJaBp KOMI IOTEPHUX HaYK.
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PROFESSIONAL COMPETENCES OF FUTURE SPECIALISTS
IN THE FIELD OF INFORMATION TECHNOLOGIES

Yatsko O.
Yuriy Fedkovych Chernivtsi National University, Chernivtsi, Ukraine

Abstract. The main purpose of training bachelors in the field of information technologies is
considered, the main professional competences that should be possessed by a specialist in computer science,
which are formed as a result of teaching basic disciplines, are determined. The professional competence
containing the integral, general and professional competences of the educational standard of higher education
of Ukraine of the first (bachelor's) level of the specialty "Computer Science" is analyzed. The main
characteristics that a bachelor of computer science should possess as a result of studying fundamental
disciplines that help a specialist to solve production problems, operate successfully in changing market
conditions, easily adapt to different social circumstances and develop their own professional skills, especially
in rapid change market.

Keywords: competence, IT specialist, competence approach, fundamental discipline, Bachelor of
Computer Science.

Beryn. [1IBHIKO3MIHHICTE CydacHHUX YMOB, B SKHX MpaIioioTh (axismi IT-ramysi, BucyBae
CBO1 BUMOTH LIOJI0 OCOOIMBOCTEM 3A1iICHEHHS MpoQeciiiHol AisIbHOCTI, Ta, K pe3yibTar, — J0
3HaHb, YMiHb, 3JaTHOCTEN Ta MCUXONOTTYHUX sKocTel [T-daxiBis.

IMocTanoBKka mpo6/eMu. OCHOBHOIO METOIO IMiITOTOBKH (haxiBIiB y ramy3i iHpopMamiiHux
TEXHOJIOTIM € MiAroToBKa (axiBIiB 31 CIEMiai30BAHUMHU NMPAKTHYHUMH HABUYKAMH PO3POOKH,
BIIPOBA/DKEHHSI ¥ CYNpPOBOJY IHTENEKTyaJdbHUX I1H(OpPMALIMHUX CHCTEM [  aHalizy
CTPYKTYpPOBaHMX ¥ HECTPYKTYpOBaHMX JAHMX, a TaKOXX TEXHOJIOTiH MOJETIOBAaHHS Ta
IPOTHO3YBaHHS [UIS OJICPYKAHHSA HOBUX 3HaHB 1 TEXHOJIOTIH 0OpOOKHM MaHWX, AJIS IMiJBUIIEHHS X
iHpOpMaTUBHOCTI, TpH PO3B’sA3aHHI MNPUKIAJHUX 3a7a4 B OpraHi3alliiHUX, TEXHIYHUX,
NPUPOIHUYMX, COIIATbHO-eKOHOMIYHUX CUCTEMaX Ta HayKax MpO KUTTH.

Meta po6oTu. BusHaunTi OCHOBHI KOMIIETEHTHOCTI MaiiOyTHIX ()axiBIiB 3 KOMIT FOTEPHUX
HayK, 1K1 (OPMYIOTHCSI HA OCHOB1 HaBYaHHS (yHIaMEHTAIbHUX AUCUUILTIH.

OcHoBHa wyactuna. BimmoBimHo no CraHgapTy BUINOI OCBITH YKpaiHU MEpIIOTO
(OakaaBpCchKOTO) PIBHS CTyIEHs «OakalaBpy 3a ramy3sio 3HaHb 12 «IHdopmariiiiHi TeXHOIOTII,
cnenianbHicTio 122 «Komm toTepHi Haykn» MailOyTHIH ¢axiBelb 3 KOMI IOTEPHUX HAyK MOBUHEH
BOJIOJIITH  HACTYIHUMHM  KOMIIETEHTHOCTSIMHM, sKi  OyayTh cOpMOBaHI 3a  PaxyHOK
GyHIaMeHTATBHUX qUcUILTiH [1]:

— 3JaTHICTb JI0 MaTEMaTUYHOr'O Ta JOTTYHOI0 MUCIECHHS, (POPMYJIIOBaHHS Ta JOCTIIKEHHS
MaTeMaTHYHUX MOJIEJIeH, 30KpeMa TUCKPETHUX MAaTeMaTHIHUX MOJIeNei, OOTpyHTYBaHHS BUOOPY
METO/IB 1 HiAXOIB /715l PO3B’A3yBaHHs TEOPETUYHMX 1 IPUKIIAJAHUX 33]a4 B rajly3i KOMIT IOTEpHUX
HayK, IHTepIpeTyBaHHs OTPUMAaHUX Pe3yJbTaTiB;

— 3JIaTHICTh ONAHOBYBAHHS Cy4aCHHX TEXHOJIOT1H MaTeMaTHYHOTO MO/IETIOBAHHS 00’ €KTIB,
MIPOIIECIB Ta SIBUII, PO3POOIIATA OOUUCTIOBAIIBHI MOJIEI Ta alTOPUTMU YUCEITHHOTO PO3B’SI3aHHS
3aJ1a4 MaTeMaTHYHOTO MOJICITFOBAHHS;

— 3JIaTHICTh 3aCTOCOBYBATH TEOPETHUYHI Ta MPAKTHYHI OCHOBHU METOJIOJIOTIT Ta TEXHOJIOTIT
MO/ICJIIOBAHHS, PEali30ByBaTH aJIrOPUTMHM MOJAETIOBAHHS JJsl JOCHIIPKEHHS XapaKTepPUCTHK 1
MOBE/IIHKHU CKJIAJJHUX 00’ €KTIB 1 CUCTEM, POBOAUTU €KCIIEPUMEHTH 32 IPOTrPAMOI0 MOJIEITIOBAHHS
3 00pOOKOIO 1 aHATI30M PE3YJIbTaTIB;

— 3JATHICTh 3JiHCHIOBAaTH (OpMaTi30BaHUM OMKC 3a7ad JOCIIKEHHS omepaiid B
OpraHi3aliifHO-TeXHIYHUX 1 COLIaIbHO-€KOHOMIYHHUX CUCTEMaxX PI3HOrO NMPU3HAYEHHs], BU3HAYATU
iX onTUMalbHi pilleHHs, OyayBaTH MOJAEI ONTHMAIBHOTO BUOODPY YNpPAaBIIHHA 3 ypaxXyBaHHSM
3MiH MapaMeTpiB, ONITUMI3yBaTH MPOLIECH YIIPABIIHHSA B CUCTEMaX Pi3HOTO MPU3HAYEHHS Ta PIBHA
lepapxii;

— 3IIaTHICTH JI0 CHCTEMHOTO MUCIIEHHS, 3aCTOCYBaHHS METOJIOJIOTiT CHCTEMHOTO aHaJi3y JIJIs
JNOCTIPKEHHS CKJIAIHUX MpoOiieM pI3HOI MNpUPOAM, METOAIB QopManmizamii Ta po3B’sA3aHHI
CHCTEMHHX 33a71a4, 110 MalOTh CyNepewInBi 1111, HEBU3HAUYEHOCTI Ta PU3UKH;
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— 3JaTHICTh JI0 aHai3y Ta (PYHKIIOHAJIHHOTO MOJETIOBaHHA Oi3HEC-IpoIieciB, TOOYAOBH i
NPAaKTUYHOTO  3aCTOCYBaHHS  (YHKLIOHAJBHUX MOJENed  opraHizamiifHO-eKOHOMIYHHX 1
BUPOOHUYO-TEXHIYHUX CHUCTEM, METO[IB OI[IHIOBAaHHS PHU3MKIB, CUHTE3y CKJIAIHHX CUCTEM Ha
3acajaXx BUKOPUCTAHHS 11 KOMIT FOTePHOI MOJIETII.

Heo0xi1HO BUIITUTH CYKYITHICTD SIKICHUX XapaKTEPUCTHK (03HAK), 32 SKUMU MOYKHA CYIUTH
PO HAasBHICTb, CTAHOBJIEHHS Ta PO3BUTOK NPOQECciiHUX KOMIIETEHTHOCTeH axiBus 3
KOMIT FOTEPHHUX HAayK: CTililka MOTHBAIllA 0 BHKOHAHHS NMPOQECIiiHOI MISIbHOCTI, 0COOMCTICHA
3HaYMMICTh mpodeciitHoi NisIbHOCTI (TpodeciiiHa aBTOHOMHICTB), 1H(OpPMAaLiifHO-TEXHOJIOTIYHI
3HaHHA, sSKUMH Bojognie IT-daxiBenp, eBpUCTHMYHA isTIBHICTH, pealli3oBaHa JJIs OTPUMAHHSI
HEOOXIJIHOTO pe3ylbTaTy BUpINIEHHS mnpodeciiiHoro 3aBmaHHs (MpodeciiiHo-HaBYaIbHA
€BPUCTUYHICTD), I1HAMBIAYyaJbHUM CTUJIb BHUpIIMIEHHS TMpodeciiHuX 3aBaaHb (0COOMCTICHA
IMaHEHTHICTh BUILICHHS NpodeciiHMX 3aBJaHb, PIBEHb COLIAJBbHOI 3HAYYIIOCTI, HA SIKOMY
3MaTHUA BUPIMUATHA NpodeciiiHy 3amady (axiBelp 3 KOMIT IOTEPHUX HAYK, CTYIIHb CKJIQJIHOCTI
npodeciifHoi 3a1a4i, Ky BiH 31aTHHIA BUPILIUTH.

[HIMMEM crtoBaMu, «KOMIETEHTHOMY (haxiBIFO» IOBHHHI OyTH BIIACTHBI, NMPUHAHWMHI, TPH
OCHOBHI XapaKTEPUCTHKH, & CaMe:

— eghexmusnicmov Ha pobouomy micyi (IPOTYKTUBHICTH, AKICTh, aaNTAIlis A0 3MiH, BHECOK
y JOCSATHEHHsI 3arajlbHUX IJIed KommaHii, Oe3reka mpalli, 3aXUCT HABKOJIHMIIHBOTO CEpeoBHUIIA
TOIIIO);

— MOOinbHiCMb 'y MeEXax MiIIPUEMCTBA 1 CeKTopa (THYYKiCTh, OaraTornpogigbHICTB,
CaMOBJIOCKOHAJICHHS1, HABUYaHHS Ha poO0YOMY Miclli);

— PO3BUMOK NEPCOHANILHUX AKOCMeEl | 3a2AllbHUX KIIOYOB8UX 3HAHb | HABUYOK, SIK1 He0OX1aHi
JUTSI YCTIIIHOT poOOTH Ha poO0YOMY MiCIIi).

BucHoBoOk. AHani3ylouM BHIIE3a3HAYEHE, MOXKHA 3pOOUTH BUCHOBOK, IO OBOJIOAIHHS
npodeciiiHIMU KOMIIETEHTHOCTSIMH (DaxiBIEM 3 KOMII FOTEPHHX HAyK — OJHA i3 TOJOBHHUX Ta
HAallBaXJIMBIIIUX ~ YMOB  JOCSTHEHHs  mpodecionanmismy  ¢axiBuiB y IT-cdepi, ix
KOHKYPEHTO3JJaTHOCTI Ha CBITOBOMY PHHKY ITpAIIi.

Cnncox BUKOPMCTAHUX JIZKepeJt
1. CranmapT BUIIOI OCBITH YKpaiHu mepiioro (0akajaBpChbKOr0) piBHS CTyIeHs «OakajaBp» 3a
ramy33p 3HaHb 12 «lHopmamiitHi TexHONOTI», crenianpHicTIoO 122 «Komm’rotepHi Haykm». URL:
https://mon.gov.ua/storage/app/media/vishcha-osvita/zatverdzeni%20standarty/2019/07/12/122-
kompyut.nauk.bakalavr-1.pdf/ (zata 3epuenns: 23.05.2022).

DYNAMICS OF INTELLIGENCE DEVELOPMENT OF IT STUDENTS AT SCHOOL
AND UNIVERSITY

Burov O.
Institute for digitalization of Education of the NAPS of Ukraine, Kyiv, Ukraine

Abstract. The paper discusses challenges related to measurement and use of indices of IT students’
intelligence structure over high school and university years. Experimental research has confirmed data that
intelligence indices increase significantly after 8" and 11" grade and change at university years not so
significant. But, in contrast with general (averaged) data for all types of school profiles, it is revealed that
intelligence of math class students quickly increases in 9 grade and slowdowns later but is higher than in
general. Experimental results are compared with previous ones (averaged data is captured by more than 3,500
schoolchildren and more than 150 students).

Keywords: intellect structure, IT students, math, development, assessment.

Introdaction. Needs of the rapidly changing world and education system should consider that
the digital world [1] provokes new requirements to human important skills. New technologies raised
new challenges giving children more opportunities to realize their abilities and to maintain lifelong
learning in safe digital environment [2]. Students’ selection for research activity should be provided
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at the earlier stages at school using all possible resources, including social networks, and accounting
students intelligence, as well as requirements to key competences.

Formulation of the problem. Specialists in psychology and pedagogics articulate the necessity
of forming a person in both formal and informal education with such professional skills as:
informational literacy, inventive analytical thinking, quick search and processing of information,
innovative thinking style, effective communication, project and team work, problem solving, ability
to take responsibility, high productivity, and life competencies. This corresponds the general
requirements to IT skills, but it is needed to pay more attention to general cognitive abilities of a
human in adaptive learning environment [3] for most professions with regards to importance of the
human intellect and possibility to measure it in accurate manner. But despite the successful results of
study of the structural and functional characteristics of the intellect and the dynamics of its formation,
including in teenagers [4], some problems of reliability and comparability of these results remain
because of difficulties of the phenomenon of intelligence and its measurement.

The purpose is to develop the technique and tool to monitor student’s intelligence structure
and to compare results of test performance of schoolchildren of IT-profile and in general in
dynamics from high school to university.

Methods. Experiments included psychological tests performance by subjects at the computer
according to technique developed and validated for the professional selection. They were used tests
as follows: modified R. Amthauer test of intelligence structure, assessment skills in the areas of mental
activity; color-associated M.Lusher test (paired choice); modified Hilchenko-Makarenko technique;
Myers-Briggs Type Indicator (MBTI). They were observed 3500 schoolchildren of 8...11 academic
years (K8 ... K11) as well as 150+ university students of IT-profile.

Results. According to priorities of education in XXI century, one of the key competences is
mathematical competence and basic competences in science and technology, first of all in digital
field. It is associated with high productivity of decision making, ingenious analytical thinking
(based, first of all, on abstract and logical abilities), quick search and information processing,
effective communication, teamwork. According to some data published, the general intelligence in
the school with math classes decreases in high school. But other researchers have found opposite
tendency in general schools that coincided with our previous study.

To investigate common and specific features of the adolescent intelligence development,
they were compared micro-interval dynamics of the general intellect according to all students data
observation (without geographical, gender and profile specific) and data obtained in schools of math
profile (Lyceum 157, Kyiv), as well as its verbal and nonverbal components, and comparative study
has been made for students of math- (group gl), IT-profiles (group g2) and as the most close in
contrast to other vocations (group g3). Data were collected by using the screening method, as in
previous research. To ensure correct data set of observation, the starting state of surveyed was
checked by indices of the Lusher test performance, as well as controlled by results of the subtest
memory.

Important characteristic of the intellect development is an intellect structure. According to
the data known intellect framework impacts the creativity, very important feature of IT-
competence. From the data obtained, such a structure of three groups analyzed in the research is
relatively expected: higher for pupils of the g1 group and less values for g3 (Figure 1).
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Figure 1 — Intellect structure of the 9" grade pupils
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At the same time, in 10th grade results of the test performance were as expected.

These results demonstrated that the general intelligence of math students is higher than
average intelligence in all schools, but the tendency of its growth has been revealed in all observed
classes K8-K11. The comparison of verbal (V1) and non-verbal (NI) intelligence revealed that VI
has linear trend from K8 to K11 both in average and in math classes, but NI growths less in math
classes from K10 to K11.

The higher level of intellect in Lyceum could be explained by fact that schoolchildren in
math lyceum were selected according to their preliminary abilities. It is necessary to highlight that
their indices were higher in both nonverbal (it is often called “mathematical and technical’) and
verbal components of intellect.

But dynamics of the intellect structure of math and IT-students had another character.
Reasons of that fact is considered.

Conclusions. 1. They were revealed features of the transformation of the intellectual
qualities’ structure depending on micro-age, profile of training. 2. The results indicated that
refinement of the mechanisms of intelligence development require longitudinal studies. 3. Some
fruitful results in understanding of the intellect structure changes in micro-age intervals at high
school could be expected in relationship of intellect personality features, namely as regards the style
of thinking and features of properties of the central nervous system.
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