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Cexkuist A. TeopeTuyHi i IpaKTUYHI ACTIEKTH CTBOPCHHSI Ta ONITUMI3aIlil
Cy4acHuX iH(pOpMaIiiHO-KOMYHIKallIHHUX CUCTEM

AHAJII3 TOHAJIBHOCTI TEKCTIB 3 BUKOPUCTAHHSIM MOJIEJIEA
I'"IMBOKOI'O HABYAHHA

Axmenos P. P., be3koposaiinnii B. C., lepoennen B. /.
KuiBcpkuii HamioHaIbHUM €KOHOMIUHUH yHiBepcuTeT iMeHi Baguma ['eremana, m. KuiB, Ykpaina

Anoranisg. PoOora npucesyeHa po3poOIli MOJeNi aHali3y TOHAJIBHOCTI TEKCTIB 13 BUKOPHCTAHHAM
MIMOOKHUX HEWPOHHUX MEPEXK. 3 I[IEF0 METOI0 B pOOOTI OYJI0 3alIpOIIOHOBAHO apXITEKTYPY, IO CKIAIAEThCs
i3 nepen-naBuenoi mozeni BERT (Bidirectional Encoder Representations from Transformers), mo 3xificHroe
MoTepeIHI0 00POOKY TEKCTY, TOKEHI3allil0 Ta BEKTOPHE MPEACTABIICHHS CJIiB, Ta MOJIeNi Kiacudikatopa Ha
0a3i jorictuuHoi perpecii. O0’€KTOM JOCTi/KEHHSI € aHaji3 TOHAJbHOCTI TEKCTiB (CEHTHMEHT-aHai3).
[IpenmeroM qociKEHHS € MOJIeli 0OpOOKH HPUPOJHOI MOBH HA OCHOBI TJIMOOKHMX HEHMPOHHUX MEPEK.
3TriHO 3 OJIepKAaHUMHU PE3yJIbTaTaMH Hallla MOJICIIb II0Ka3ajia Ha TeCTOBIH BHOIpIli TOYHICTh 82% B TepMiHaX
MeTpuku Accuracy. IIpoBeneHe ekcliepUMEHTAJIbHE JOCIHIIPKEHHS CBIIYMTH MPO TEPCIEKTUBHICTH
3aIPOIIOHOBAHOTO TAXOMY 3IIHCHEHHS CEHTUMEHT-aHai3y 3 BUKOPHCTAHHSM TIepeI-HaBYCHOI MO
BERT. B mogansmmx JOCTIDKEHHSX MOKHA BUKOPHUCTOBYBATH OUIBIN CKIIAJHI MOJENI KiIacu(ikaTopis,
3MIICHIOBATH 0araTOKIacoOBY KIIacH(iKaIlito, aClIeKTHUN CEHTUMEHT-aHai3.

Kurouogi ciioBa: Mozeni 00poOKy IPUPOAHOT MOBH, CEHTUMEHT-aHaIi3, TIHO0KI HEHPOHHI MEPExKi,
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. CrpiMkuii po3BUTOK eneKTpoHHUX 3MI Ta colianbHUX Mepex J1aB HOBUIA MOIITOBX
PO3BUTKY aBTOMAaTH30BaHUX cucTeM oO0poOku mpupoanoi mou (Natural Language Processing,
NLP). Onaum i3 BakiuBuX 3aBAaHb NLP € aHaji3 TOHaJIBbHOCTI TEKCTiB, a00 CEHTHUMEHT aHalli3
(Sentiment Analysis, SA) [1]. SA — 1ie cipo0a «BHTATTH» 3 TEKCTY CY0 €KTUBHI XapaKTEPUCTUKH:
eMOIIii, capka3M, po3ry0OJeHICTh, MiAO3pLIiCTh Tomo. OcHOBHA MeTa SA moinsrae y 3AiHCHEHH]
knacudikaii MOJSIPHOCTI JAHOTO JOKYMEHTa (BUCJIOBIIOBAHHS, PEUYEHHS, TBITa TOIIO) Ta
BU3HAYCHHI, YM € JyMKa, BUCJIOBIIEHA B HbOMY, MO3UTHUBHOIO, HETATUBHOIO UM HEUTPATBHHOIO.
IIporpec y NLP OyB nocsrHyTuii 3aBAsSKd BUKOPUCTAaHHIO Mojeneil mrydHoro intenekty (1),
30KpeMa Mojeieil Ha OCHOBI TiubOokux Helponuux Mmepex [2], [3]. 3 Touku 30py III SA €
npobiemoro GiHapHOT a0o GaratokiacoBoi Kiacudikarrii.

MeTo10 po6oTH € po3poOIIeHHsI aBTOMAaTU30BaHOT CUCTEMH aHaJi3y TOHAIBHOCTI TEKCTIB Ha
ocHOBI rmbokoi Mmepexxi BERT [4].

Monens BERT, 1m0 3anpornonoBaHa gociigHukamMu kommanii Google [4], € mepen-HaBYEHOIO
MOJEIUTIO sl BUpilIeHHS pi3HKUX 3a7ad NLP. 3aMicTe peKypeHTHHX HEHPOHHUX MEpEX MOJEhb
BUKOPUCTOBYE apxiTekTypy Transformer, 3acHOBaHy HE Ha 3BOPOTHOMY 3B'SI3KYy, a HA MEXaHI3Mi



«yBarm» Ta «camoysaru» (Attention and Self-attention Mechanism). List Mosiens Oyna HaB4YeHa Ha
BEJIMUYE3HOMY KOPITYCi HEpO3MIYEHOTO TEKCTY, BKIIIoUatoun Bikinenito.

BesnocepeHe HaBYaHHS 1i€T MO/EI BUMArae BEIUKUX 0O0YHCITIOBATIBHUX PECYPCIB, OCKUIBKU
HaBiTh 0Oa3zoBa Bepcis MicTUTh Outeinie 100 MiH. mapamerpiB. Aje, xo4a Il MOAENIbL HE Oyia
npu3HadeHa Uil kinacugikamii TekctiB, moneni tuimy BERT € yHiBepcanbHMMH Ta 37aTHUMH
«BUTATYBATH» 3 TEKCTY O3HAKH, KOPHCHI JUIS BUPIIEHHS 0araTtbOX 3aa4 TEKCTOBOTO aHamizy. Tomy
nornepeanso HapueHy BERT MoskHa nepeHanamryBaTu 10JaBaHHAM KUTBKOX JOJAATKOBUX BUXITHUX
TIOBHO3B SI3HUX IIapiB, 100 CTBOPUTH HOBI MOJIENI ISl pi3HOMaHITHUX 3aBAaHb NLP, Bkiodatoun
SA. IIpu npomy 171t HABYaHHS MOJETI HEOOXITHO, 3/1eOUTBIIOro, JHIe HABYUTH KIach(ikaTtop 3
MiHIMaTbHUME 3MiHamMu camoi mojieni BERT min wac ¢asu HaBuanHs (MOKHA JIUIIE «TOHABYUTH
J0/IaH1 KUTbKa mapiB 3 BUKOpucTaHHsAM 010mioTekn TensorFlow [5], abo yepe3 obGononky Keras
BERT [6]). Takuii npoiiec HaBYaHHS Ha3UBAETHCSI TOHKUM HaJIAIITYBaHHSM JUI KOHKPETHOT 3aayl.
Jyis BupimmeHHs 3a1a49i SA eIeKTPOHHUX TEKCTIB HaMU OyJio 3alpOIIOHOBAHO TAaKy apXITEKTYpY:
Mozenb BERT o6po6iisie peueHHs (3111HCHIOE TOTIepeIHI0 00pOOKY TEKCTY, TOKEHI3aIlII0 Ta CTBOPIOE
BEKTOPHE IMOJIaHHS CJIIB — €MOENIHTH) Ta Tepesac OTpUMaHy 1HPOPMAIlI0 Y HACTYIHY MOJEIb-
KJ1acuQikaTop, sKa 1 311MCHIOE CECHTUMEHT aHai3.

B sixocti mogeni BERT Oyno Bukopuctano 6a30Buil BapiaHT MOJIEN1 JUIsl aHTITHCHKOT MOBH
BERT-Base, Uncased (12-layer, 768-hidden, 12-heads, 110M parameters), sika 3HaXOJUTHCS Y
BUIbHOMY Aoctymi y penosutapii GitHab [7]. J{ns Tokenizamii Oyno BukopuctaHo wordpiece-
TOKEHI3aTop Ui nepeTBopeHHs BXiqHUX psiakiB y BERT-cymicHuit popmar.

Sx monenb-kinacudikaTop Oysno 06paHO MOJIENb 3BUYAHOT JIOTICTHYHOT perpecii 3 QyHKIIIE0
aktuBarii SoftmaxX. OCKUIBKM CEHTHMMEHT-aHa i3 3BOJUTHCS 10 3amadi  Kiaacuikamii, To
repeBaraMd MOJEJI JIOTICTHYHOI perpecii € Te, MO Ha BHUXOJlI BOHA Ja€ WMOBIPHOCTI
nporuo3oBannx kmaciB. Mogens BERT-Base-Uncased Oyna moHaBueHa 3 BHKOPHCTAHHSIM
onTtuMizaropa Adam npotsarom 5 enoX. Ak GyHKIIIO MOXHOKK OyJI0 BUKOPUCTAHO KaTETOPiaJIbHY
KpOC-EHTPOITIIO.

Jlnst peanizantii Moaeni Oyno BukopuctaHo nataceT Large Movie Review Dataset [8], sxuit
MICTUTh OJin3bko 50 THC. po3MiuyeHUX TeKCTiB. BiH mpu3HaveHwil s GiHapHOI Kiacudikairii
HAcTpOiB 1 MICTUTh HabaraTo OUIbIIE AAaHUX, HDK Oy/Ib-Ki ITONIepeH1 HAOOPHU JaHUX Y ITii Tary3i.
3riJHO 3 OJIep’KaHUMHU pe3yJIbTaTaMu Hallla MOJIeNb MToKa3ajia Ha TecTOBii BUOipii TouHicTh 82% B
TepMiHax MeTpuku AcCuracy (BiZHOIIEHHS KUTBKOCTI BipHO KiacH(iKOBaHHMX MPHKIAMIB 10 iX
3arajJbHOTO 00CSTY).

BucnoBku. [IpoBeneHe ekcriepuMeHTalIbHE JOCHIIKEHHS CBIIUUTH IPO MEPCHEKTUBHICTD
3aMporoHOBAHOIO MIAXOAY 3liicHeHHs SA 3 BUKOpUCTaHHSIM nepea-HaBueHoi moneni BERT. B
MOAATBIINX JOCTIKEHHIX MOKHAa BHKOPHUCTOBYBATH OUIBIN CKIIAAHI MOJeNi Kiacugikatopis
(Hampuknaa, iHIIT MOJENl HEMpOHHHX MEpex), 3MAIMCHIOBaTH 0araTOKIAacoBY Kiacudikailiio,
aciekTHUl SA. JIOUUIBHMM TakoXX € TECTyBaHHS Ha JOMEHAaxX IHIIUX MPEJMETHHX Taysei,
30KpeMa, caiiTax HOBHH.

Cnncox BUKOPHCTAHUX JIZKepeJt

1. Liu B. Sentiment analysis and opinion mining. Synthesis lectures on human language technologies.
2012. Vol. 5 (1). P. 1-167.

2. Trisnaa K. W., Jiea H. J. Deep learning approach for aspect-based sentiment classification: A
comparative review. Applied Artificial Intelligence. 2022. P. 1-37. doi: 10.1080/ 08839514.2021.2014186.

3. Drus Z., Khalid H. Sentiment analysis in social media and its application: Systematic literature
review. Procedia Computer Science. 2019. Vol. 161. P. 707-714.

4. DevlinJ., Chang M., Lee K., Toutanova K. BERT: Pre-training of deep bidirectional transformers
for language understanding. NAACL-HLT. 2019. P. 4171-4186.

5. Tensorflow. URL: https://www.tensorflow.org/ (nara 3Bepuenns: 11.05.2022).

6. Keras Documentation. URL: http://keras/io (nata 3BepHenns: 11.05.2022).

7. Git Hub. URL: https://github.com/google-research/bert (nata 3Bepuenns: 11.05.2022).

8. Large Movie Review Dataset. URL: http://ai.stanford.edu/~amaas/data/sentiment/ (mata
3BepHeHHs: 11.05.2022).


https://storage.googleapis.com/bert_models/2018_10_18/uncased_L-12_H-768_A-12.zip
https://doi.org/10.1080/%2008839514.2021.2014186
https://www.tensorflow.org/
http://keras/io
https://github.com/google-research/bert
http://ai.stanford.edu/~amaas/data/sentiment/

AJITOPUTM MAIIMHHOTI'O HABYAHHSI
HA OCHOBITAYCIBCBKOI 3MIITAHOI MOJIEJII .
JJIAA EKOJIOTTYHO CITIPUATINBUX TEXHOJIOI'IA TEJIEKOMYHIKAININ

I'onyonnumii O. I'., 'adpycenko €. 1., Tapanenko A. I'., C1o060asan O. I1., ZKaposa O. B.
HamnionanbHuii aBianiitauii yaiBepcuret, M. KuiB, Ykpaina

AHoTauist. MeTolo J0CHiPKEHHS € pO3pOOJIeHHS ajJrOpUTMY MAIIMHHOTO HABYAHHS U aHAIi3y
aHCaMOJIiB CHUTHAJBHO-KOJOBUX KOHCTPYKIIH HIISIXOM IX KiIacTepu3alii B MaJIONOTYKHUX EKOJIOTiYHO
CIPUATIUBHUX TEXHONOTisIX TenekomyHikaiin DSSS NOMA. O6’exToM AOCIiIKEHHS € IPOLIeCH OpraHi3amii
¢iznunoro pieHs cucteM DSSS NOMA. TlpenMeroM AOCITIIPKEHHS € B3aEMHO KOPEJIALIHHI BIACTHBOCTI
aHCaMOJIiB CUTHAJIbHO-KOJOBUX KOHCTPYKIIIH, SIKI MIISTAIOTh aHami3y JUis OpraHi3amii Ta ympaBiiHHS
npornecamMu Ha QismuHomy piBHI cucteM DSSS NOMA. V nociipkeHHI BHKOPHUCTOBYETHCS METOJ
MaKCHUMaJIbHOI TIPaBAOMOMIOHOCTI, sIKMi peanizoBaHo y Moaudikamii EM-anroput™my i OMiHKA
nmapaMerpiB rayciBCbKOi 3MilIaHOi Mojiedi Ta i NMPUXOBAHWUX 3MIHHHX. Y pe3yJibTaTi IOCITIHKEHHS
3alpONOHOBAHO HOBY IapaMeTpUYHO-KpUTepianbHy Momudikamiro EM-anmroputmy 3 BHIaleHHAM
CKJIaJIOBUX TayCIBCHKOI 3MIIIIAaHOT MOJIENi Ta JOAATKOBUMU KPUTEPISIMH KacTepH3allil i MOrIu0IeHOro
CTaTUCTUYHOTO aHaJIi3y B3aEMHUX KOPENALIN MI>K CHTHAIbHO-KOJIOBUMH KOHCTPYKIisiMu y cructemMax DSSS
NOMA.

KurouoBi ciioBa: mManonorykHi TexHosoril TenekomyHikaiii, DSSS, NOMA, MaiinHHe HaBYaHHS,
rayciBcbka 3Miliana Mojens, EM-anroput, crannii po3BHUTOK.

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 0coONIMBICTIO METOJIB MAalTMHHOTO HAaBYaHHS € YacTKOBAa a00 MOBHA
aBTOMAaTH3alIlisl, SIKa 3BOJAUTHCS 10 poOACTHOI 0OOPOOKH JaHUX 1 CUTHAJIIB 3 BUKOPUCTAHHSIM JIMIIIES
BXIIHUX JaHUX, K1 MiAJSATaloTh aHanizy. MeToau Ta alropuTMH MAIIMHHOTO HAaBYaHHS €
NEePCHeKTUBHUMHU JJIsl BUPIILIEHHs Pi3HUX 3a/1a4, MOB’sA3aHuX 13 LIUIsIMM CTaloro po3BUTKY 100
HOBUX iH(DOpMaIiifHO-KOMYHIKaIIfHUX TexHojorik (mimi 9 1 11), 30kpema, 3amau B oOrnacti
MaJIONOTY)KHUX €KOJIOTTYHO CHPUATIMBUX TEXHOJOTIH TEIeKOMYHIKalil, TaKuX SIK TEXHOJIOTIl
3B’3KYy 3 PO3IIMPEHHSAM CHEKTpa Ta HEOPTOTOHAIBHUMHU CUTHAIbHO-KOJIOBUMHU KOHCTPYKIISAMHU
DSSS NOMA [1].

Meta po6oTH — po3poOJEHHS AITOPUTMY MAIIMHHOIO HaBYaHHA JUISl aHAJi3y aHcaMOIliB
CUTHAJIBHO-KOJIOBUX KOHCTPYKI[IM NUISIXOM iX KacTepu3allii 3a KpUTepieM KOpessLiiiHuX 3B s3KiB
JUIsL MAJIOTIOTY>KHUX €KOJIOTTYHO CIPUSATIMBUX TEXHOJOTH TenekomyHikaniii DSSS NOMA.

IlocTanoBka mpoOiaemMu. Y MaJONOTY)KHUX TEXHOJIOTiAX TenexkomyHikamii DSSS, ski
MOEJHYIOTHCSI 3 HEOPTOTOHAJIBHUMH KOJAaMH, MpoOiieMa IoJiArae y HEOoOXIAHOCTI 3iHCHEeHHS
MOTTUONEHOTO aHAN3y HEOPTOTOHAIBHUX AaHCaMONiB CHUTHAIBHO-KOJOBHX KOHCTPYKIIINA 3a
KpHUTEpieEM X KOpEeIAUiHHUX 3B’A3KIB I MiABHILEHHS e()EeKTUBHOCTI OOpPOOKH Ta NepenaBaHHS
TaHHX.



OcHoBHa yacTuHa. [lornmOneHWid CTATHCTUYHHMIA aHAN3 B3a€EMHHUX KOPEJSIA MK
CUTHAITBHO-KOJOBUMH KOHCTpYKIissMu B DSSS NOMA cucremax Moxe OyTH 3aCHOBaHMIA Ha iX
KJactepusanii 3a JOMOMOTroro rayciBcbkoi 3mimanoi moneni ta EM-amroputmy. [ng cymimri
OI[IHEHUX TH(GOPMATUBHUX B3aEMHUX KOpEJAliid (TOOTO BHIEe a00 HMXKYE TOJIOBHOI JliaroHami
KOpeIAidHOT MaTpuIli) I = {1’]}, j=1,D, D=Q(Q — 1)/2 — KinbKicTh eNeMeHTiB BHIIE a60

HUKYE€ OCHOBHOI JliaroHaji KOpeNsAidHOT MaTpuii, @ — KUIBKICTh CHUTHAJIBHO-KOJIOBUX
KOHCTPYKIIiH, TayCiBChKa 3MillIaHa MOJIENIb IPEICTaBIeHa Y popmi
o 2
K <o [ ()
=\ _ > 2\ _ k Hy
p(F)=>6N (r,uk,ck)—z exp| — > ,
k=L k=10y V27 20,

ne p(#) — WiNBHICTH PO3MOLTY BUMAAKOBOI BeMuuuHn 7; K — KUIbKICTh CKJIaIOBMX CYMIllli, SKa
NpeCcTaBlieHa IayCiBChbKOI 3Milranow moxemmno; N (7 yy, Gﬁ) — k-Ta rayciBchka CKJIaaoBa
(po3moIin) i3 cepeTHIM 3HAYEHHSM L Ta AUCTIEPCIEI0 G2, O BXOIUTH 10 cKiaxy cymimmi p (7); 0
— BaroBuil koedimienT K- rayciBcbkoi ckIanoBoi y cymimi p (7).

Bekrop mapamerpis mozeni w = {0, n, 6} = {04, ..., 0, Wy, ..., Uk, Op, ..., Ok} € TPEAMETOM
OIIHIOBAHHS, OJJHAK OCHOBHHMM PE3yJbTaTOM aHAII3Y Yy 3alPOTIOHOBAHOMY QJITOPUTMI € 3HAYCHHS
MPUXOBAHUX 3MIHHHMX TayCIBCHKOI 3MIIIAHOT MOJIENl Y = (y]-'k), Jj= 1,D, k =1,K, sxi Ha S-if
iTepalii € OliHKaMu anocTepiopHUX HMOBIPHOCTEHN MpHHANEKHOCTI 75 10 K-i rayciBcbKoi ck1a10B0oi
(kmacTepa):

(1) _

S ) Tk N T R
T S R VA N

CrannmaptHa peanizamiss EM-anroputMmy XapakTepu3yeThCsi OCOOTUBOCTSAMHU, SKI MOXKYTh
0GMeKyBaTH HOT0 BUKOPHCTAHHSI: YyTIHBICTH 10 IoUaTKoBHX napametpis '? = {8, p@ (0},
10 MO’KE MPHU3BOAUTH JIO TOSIBE PO3B’SI3KIB 3a7a4 y JOKAIGHUX CKCTPEMyMax JIorapu(pMidHOT

2
D D K r—

¢yHkuii  mpaBponoAiGHOCTI L(m|f)=Ian(Fj|(o):ZInZe—"exp —(J—Mk) , sKa
j-1

2
ERET NG 26,

MiyIsirae MaKCUMI3allii; arnpiopHa HEBU3HAYEHICTh KUTBKOCTI CKJIQIOBHX (KiactepiB) cymimi K
HEOOXI/THICTh 3alpOBa/PKEHHS JOJATKOBUX KPHUTEPIiiB OJAaBaHHS YW BWIYYEHHS CKJIaJOBHX
(kmacrepiB); HEOOXiAHICTH BpaxyBaHHS creuudiku 3amavl s OPaBHIBHOI IHTepIpeTranii
OTPUMaHHUX PE3yNbTaTiB; MOKIIMBA [T0SIBA MATEMaTHYHUX CUHTYJISIPHOCTEH (HEBU3HAYECHOCTEH) ITi/T
yac irepauiiiHux mnpouenyp EM-anaropurmy, sKi OiISTaroTh PO3KPUTTIO Ta IOSICHEHHIO 3
ypaxyBaHHSM KOHTEKCTY 33/1a4i 3 METOIO MOJaIbIIOr0 3a0e3MeYeHHs] KOPEKTHOTO IPOIOBKEHHS
peanizanii EM-anroputmy.

3anpornoHoBaHa Uil BHPIMICHHS IIOCTABICHOI NPOOJIEMH IapaMeTpUYHO-KpHUTEepiaabHa

Moaudikanist EM-anroputmy 3 BUJaNeHHSIM CKJIaJ0BUX IayCIBChKO1 3MIIIAHOT MOJIeI1 OJIATAE Y:

1. OGrpyHTyBaHHI1 CTPYKTYpHOTO napamerpa K Ta ioro BapiaTUBHOCTI;

2. O6rpynTyBanHi moyaTkoBuX Mapametpis Moseni w(® = {8, u(, (0},

3. BBeznenHi Ta oOrpyHTYBaHHI JOJATKOBUX KPHUTEpIiB KiacTepusalii s HajlallTyBaHHS
EM-anroputmy B yMOBax BUHUKHEHHSI MAaTEMAaTUUHUX CUHTYIISIPHOCTEN Y TorapupmiuHiii
¢yHkIii npaBromnoaioHoCcTi L(w|F), BpaxyBaHHi 0COOIMBOCTEH KOHTEKCTY KilacTepu3artii
€JIEMEHTIB.

BucHoBkH. 3anpornoHOBaHO HOBY IapaMeTpUYHO-KpUTepiadbHy Moaudikamito EM-

JITOPUTMY 3 BUJAJICHHSM CKJIaJIOBHX I'ayCiBChKOI 3MIIIAHOT MOJIEJNI Ta 10AaTKOBUMH KPUTEPIIMHU
KJIacTepu3alii A MorJiMoOIeHOro CTaTUCTUYHOTO aHANli3y B3a€EMHUX KOPEJSIA MDK CUTHAIBHO-

KOJOBUMHM KOHCTPYKIISIMH y MAJONOTYXHHX €KOJIOTITYHO CHpPUATIMBUX TexHosoriax DSSS
NOMA.



Cnucox BUKOPUCTAHUX JIZKepet
1. Al empowered RIS-assisted NOMA networks: deep learning or reinforcement learning? / R. Zhong
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IMPUCKOPEHHS OIEPAIIN HAJI HIEPECTAHOBKAMM 3A JJOITOMOT OO
I'PA®IYHUX NTPUCKOPIOBAYIB

JlaBnancekuii A. O., ®aype E. B., Ckyubkuii A. b., Ba3isio K. B.
UYepkacbKuii epKaBHUM TEXHOJIOTTYHUH yHIBepcHTeT, M. Uepkacu, Ykpaina

AHorania. ['padiuni nprcKoproBadi BUKOPHCTOBYIOTbCS B 0araTboxX Cy4acHHX KOMI IOTEPHUX
cucremax. BoHM CKITaiatoThCsl 3 BEMKOT KUTbKOCTI O0YMCTIOBAILHUX OJIOKIB HEBEIMKOT TPOAYKTHBHOCTI, 1110
MOXYTh OyTH BHKOpPHCTaHi JUIsi omepaiii, sKi BUKOHYIOTHCS MapajienbHO. Y TaKkoMy BUIAJKY 3arajibHa
MPOILYKTUBHICTD aJITOPUTMY 3HAYHO 30LTBIIYETHCS MOPIBHSHO 3 BUKOPUCTAHHSM LIEHTPAIBHOTO MPOIiecopa.
JochikeHHst CTIHKOCTI TPOTH aTaku Iepedopy KPHUITOIMPOTOKOIIB, SKi BHKOPHCTOBYIOTH oOreparii 3
MepecTaHOBKAMH, 30KpeMa, TPHOXETAITHOTO KPUMITOrPadiqHOro MPOTOKOIY, MOKE BUKOHYBATHCS TIAPAIEIBEHO
JUISL PI3HUX TIEPECTaHOBOK. TOMY aKkTyalbHHUM € BH3HAYCHHS MOXKIIMBOCTI BHKOPUCTAHHS TpadidHUX
MIPOIIECOPIB TS TIPUCKOPEHHS ONepallii HaJ| mepecTaHoBKaMu. J[J1st 1IbOro B poOOTi BUPIIICHO Taki 3ajauvi:
BHU3HAUCHO HAMOUTBII BUKOPUCTOBYBAHI orepailii HaJ| IepecTaHOBKAMH; PO3POOIICHO MPOTPAMHUN KOJI, SIKWI
peaitizye 11i orneparii Ta MOYK€ BUKOPUCTOBYBATH anaparHi 3aco0u rpadiuHuX IpOLecopiB; BAKOHAHO OLIIHKY
MPOIYKTUBHOCTI oOumciieHb. OTpUMaHi B poOOTi pe3yibTaTd CBiYaTh MPO €(PEKTUBHICTH BUKOPUCTAHHSI
amapaTHUX OJIOKIB rpadiuyHMX MpPOIECOPIB ISl MPUCKOPEHHS orepallii MHOKEHHsI MePECTAaHOBOK, aie 3a
YMOBH, SIKILIO OJJHOYACHO BUKOHYETHCS HE MEHIIIE I1’SITU TaKKX OIeparlii.

KuarouoBi cioBa: mepecTaHoBKH, TrpadidHHil Tpollecop, araka Iepedopy, KpurrorpadiaHwii
IIPOTOKO.

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. TpeoxeramHuii  KpuntorpadiuyHHii TPOTOKOJA HAa OCHOBI MepecTaHoBOK  [1]
BUKOPHCTOBYE Pi3Hi Omeparlii HaJl IepeCTaHOBKaMU: MHOXEHHS, PO3KIIaa Y JOOYTOK IUKIIIB, 110 HE
MEePETUHAIOTHCS, 3HAXO/KEHHS 3BOPOTHOI TEPECTaHOBKH Tomlo. Sk 1 Oydb-sSKuil 1HIIHA
KpunTorpadiuHui MPOTOKOJI, TPHOXETAMHUN KpUNTOrpadivHuid MPOTOKOJ HAa OCHOBI MEPECTaHOBOK
MoOke OyTH 37aMaHUi 3a JOMOMOTOI0 aTaku MOBHOro mepebopy. IIpote mapamerpu mpoToKomIy
MOBHHHI OyTH BU3HAYEH1 TAKUM YMHOM, 11100 MOXKIIMBUI Yac 371aMy MPOTOKOIY BiIMOBiIaB BUMOTaM
70 HOro KpHnTOCTiiKOoCTi. Pasom 3 TuM, pi3Hi anmapartHi Gioku, Taki sk iHcTpykiii SIMD (single
instruction, multiple data) [2] abo rpadiuni mporiecopy, MOXKYTh 30UTBIINTH MIBUIKICTH TIepeOopy
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MOYJIMBUX KPUNTOTPa(PiYHUX KITIOUiB, SIKi BUKOPHUCTOBYIOTHCS B MPOTOKONI. TakuM YHHOM, IS
BCTAHOBJICHHS MApaMeTPIB MEPETBOPEHHS, 30KpeMa, JOBKUHH KIIF04a Ta 3a0e3MeYeHHs] BU3HAYEHOT
KpunrorpadiuHoi CTIHKOCTI MPOTOKOIY HEOOXTHO BOJOAITH iH(OPMALI€I0 MO0 IIBUAKOCTI
nepebopy KITH0UiB 33 JOMOMOTOFO CIIEIiali30BaHMX almapaTHUX OJIOKIB.

VY HaifripocTimioMy BapiaHTi, omeparlii, 110 BHKOPUCTOBYIOTHCS JJIsi pOOOTH TPHOXETAITHOTO
KpUNTorpaiyHOro MPOTOKOIY Ha OCHOBI IEPECTaHOBOK, po3paxoByroThcsi Ha CPU (central
processing unit) 3araibHOT0 pu3HaueHHs. OTHUM 3 TIXO0/1IB, IO A03BOJISIE IPUCKOPUTH BUKOHAHHS
orieparliif HaJ| IepecTaHOBKaMu, € BUKOpHCTaHHsI IHCTpYKIiid SIMD. Pazom 3 Tum, sik iokaszao B [3],
e OUTBIIOTO MiABHMIIEHHS MPOJXYKTUBHOCTI BHKOHAHHS OIEpallii HaJ IMEepecTaHOBKAMH MOYKHA
JOCSTTH 3a JIONIOMOTOK cyvacHuX rpadiunux mporecopisB — GPU (graphics processing unit).
3okpema, BukopuctanHs mwiatdopmu Nvidia CUDA Ha ocHOB1 BUKOopucTaHHsI coTeHb saep GPU
JI03BOJISIE 3HAYHO MPHUILBUIINTH aJTOPUTMHU, K1 0OpPOOIISIOTH BENMKI OJIOKM JTaHUX: COPTYBaHHS,
BEHBIIET-TIEPETBOPEHHS, MOJIEKYJISIpHA TUHAMIKA, MAITMHHE HaBYaHHSI TOMIO.

Merto1o0 podoTH € NiJBUILEHHS IIBUKO/IIT Onepaliiii HaJl IepeCTaHOBKAaMH B TPbOXETAITHOMY
kpunTorpadiuHomy mporokouti [1] 3a paxyHok Bukopuctanss miatpopmu CUDA.

OcHoBHa yactuHa. OjHi€I0 3 HAWOUIBII BUKOPHCTOBYBAHUX OINEpalliil y TPhOXETAITHOMY
kpunTorpadiuHoMy poTokoJi [1] € MHOKeHHS iepecTaHOBOK. L5 omepaltiss BHKOPUCTOBYETBCS IS

oGuuciieHHs 3HaueHb Y, —Y,, KIIO4iB O, 1 Oy, BU3HAUCHHS MOBIIOMIICHHS 7 . 3arajioM OJIM3bKO

TMIOJIOBUHU OIEpalliil HaJl IepecTaHOBKaMH, SIKI BUKOHYIOTHCS B ITPOTOKOJIL, 11€ orepariii MHOKEHHSL.

J171g OLlIHIOBAHHS MPOIYKTUBHOCTI OTepalliil MHOKEHHS IEPECTaHOBOK CTBOPEHO aJTOPUTM,
10 BUKOHYE MHOXEHHs ABoX nepectaHoBok Ha CPU (6e3 mcTpykmit SIMD) 1 GPU (3 CUDA).
[TopiBHSHHS MPOAYKTHBHOCTI IIMX peaii3alliii BuKoHaHo Ha 6a3i Google Benchmark [4]. [losxxuna
nepecTaHoBOK (pikcoBaHa 1 ckiagae 32768 enementiB. Y po6oti Bukoprctano CPU Ryzen 5 3600
ta GPU GTX 1070.

Pe3ynbrat excnepuMeHTy CBiAYaTh, IO MPOAYKTUBHICTH MHOXEHHS JBOX IMEPECTaHOBOK
st GPU cknagae 6mm3bko 3100 MHOKEHB/CEKYHY 1 € 3HAYHO HUXKY0K0, HiK 1t CPU (61m3bK0
12400 mHOxeHb/cexkyHy). Llel pe3ynbTaT MOsSCHIOEThCS 3 ToukH 30py apxitektypu GPU. GPU €
JMICKPETHOIO amapaTHOIO IUIaTGOpPMOIO0 31 CBOIMU OOYMCIIOBAILHUMHU OJOKaMH Ta Iam’ATTIO,
nigkaoueHoro 10 CPU mmHow nanux. O6po6ieni B CPU nani, noBunHI 0yTr Hazgicnani 1o GPU,
00poO6seHi Ta nepenani Ha3an y nam st CPU. Take mepenaBanns nanux ao ta 3 GPU 3aiimae
OinbIe Yyacy, HbK cama orepartiss MHOKEHHS, 1[0 3yMOBJICHO MOPIBHAHO HU3bKOIO IIBUIKICTIO IITUH
JTaHUX.

BukonaeMo ekcriepuMeHTalIbHE JOCTIKEHHS MPOAYKTUBHOCTI pealizallii OUTbIIOro yucia
MHO>XEHb MEpPecTaHOBOK. MHOXKMHA TMEepPEeCTaHOBOK, MHOXKEHHS SKUX HEOOXiHO TPOBECTH,
dopmyerscss CPU B onepaTuBHii mam’aTi Ta nepemimyerbes B nam’stb GPU, ne BinOyBaeTbes
napasnenbHe MHOKEHHS [TePECTaHOBOK. Y Ci pe3yIbTaTH MepeMillyoThes B nam’ st CPU.

Pe3ynbTaTi excrepuMeHTy MOKa3ylTh, 110 MPOAYKTUBHICTE MHOKEHHS MEPECTAHOBOK Y
GPU nounHae nepeBuIllyBaTH MPOIYKTUBHICTh aHanoriyHoi onepanii Ha CPU nounHaroun Bxe
3 5 mapaneinbHUX MHOXEHb, JOCSTaloyu 3HaueHHs Onu3bko 14900 MHOXKEHB/CEKyHAY.
MaxkcuManbHa MNPOAYKTUBHICTH nocsaraerbess 3a 1000 mnapanensHux MHOXeHb (188000
MHOEHb/CEKYHY).

BucnoBok. Pe3ynbratu gociimkeHHs cBim4arh, mio Bukopuctanus GPU 3amicts CPU mns
napanerbHOr0 MHOXKEHHS JIeKUIBKOX MepecTaHOBOK He € epekTuBHUM. BogHouac, BUKOpHUCTaHHS
GPU Moke 3Ha4YHO TPHUCKOPUTH OIMeEpallii MHOXKEHHSI BEJIMKOi KUTbKOCTI Map MEepPECTaHOBOK,
nocsratoun s 1000 mapanensHUX MHOXKEHb IMIIBUIICHHS IMBHUAKOII y 15 pasiB BiTHOCHO
BUKOHaHHA MHOKeHHS Ha CPU. Takum unHoM, Bukopuctanus miatgopmu CUDA no3Bodsie 6u1bIn
TOYHO OIIIHUTH CTIHKICTH J0 aTakd MOBHOTO Iepedopy TPHOXETAIHOIO KPUOTOTpadiyHOTO
IIPOTOKOJTY Ha OCHOBI IEPECTAHOBOK Ta BCTAHOBUTHU BIAMOBIAHI apaMeTPH IEPETBOPEHHS.
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BUKOPUCTAHHS MIKPOCEPBICHOI APXITEKTYPH IK OCHOBH
JJIA BABE3IIEYEHHSA POBOTH 3 JAHUMU
B THOOPMAIIMHO-AHAJIITUYHINA CUCTEMI JIJISI OIITHIOBAHHSI
PIBHA PUBUKY BAHKPYTCTBA HNIANNPUEMCTBA

CinbkoBcbknii A. I1.
Uepkacbkuil 1ep:kaBHUM TEXHOJIOTTYHUI yHIBEpCUTET, M. Uepkacu, YkpaiHa

AHoTanisg. Po3riasmaerscs nuTaHHS O€3MEKH IepelaBaHHS JTaHMX MDK MIKpOCEpBicaMH, IO
HaJeKaTh JIO TPyNU MikpocepBiciB iHpopmaniiiHo-anamitnaHoi cucremu (IAC) ans oImiHIOBaHHS PiBHS
pU3UKy OaHKpyTCTBA MANPHEMCTBA 32 JIOMIOMOTOK POOOTH 3 KUIBKICHUMH TIOKa3HWKaMH. 30KpeMa,
MPOMOHYETHCS. OJWH 31 NUISAXIB PO3B'A3aHHS IIi€i MpoOJeMH 3a JOMOMOrOK BHUKOPHCTAaHHS Opokepy
MOBIJJOMJIEHb JIJIsi B3aeMofii MiX MikpocepBicamu. [IpeicraBieHo Orisii aBTOMAaTH3aIlii CcepepoBHUINA
pO3TOpTaHHs, IO JO3BOJUTH KEPYyBaTH KOHTCHHEpaMH Ha PiBHI 130JAIli OKpEMHX IIPOIIECIB Ta yCYHE
HEOOXITHICTh BTpYUYaHHS PO3POOHHKA B MPOIEC YIPABIIHHSI MiKpocepBicaMu. BaXIuBY poib MpH IIbOMY
Bimirpae 3a0e3medeHHs BigMoBocTiiikocTi rpynmu MikpocepBiciB IAC. IlpexcraBieno ormisa peamizarii
MTOMIHHO-0OpieHTOBaHOI apXiTekTypH, a Takox Ul Driven Design miaxoay mpu CTBOpPEHHI NMPOTpaMHUX
3aCTOCYHKIB 3 BHKOPHCTAHHSIM MiKpocepBicHOI apxiTekTypH. [IpencraBneno peanmizartito mpuanuimis SOLID
SIK OCHOBH JUIS MOOYZO0BH iH(pOpPMaIiiHO-aHATITHYHOI CUCTEMH Ha OCHOBI MIKPOCEPBICHOT apXiTEKTYpH,
KOJIA OJIFTH MIKPOCEpPBIC Mae JIHIIE OTHY 30HY BiAITOBIAATEHOCTI, a CYKYITHICTh yCiX MIKpPOCEPBICIB TapaHTye
MTOBHOIIHHUH (PYyHKITIOHAIT.

KarouoBi ciaoBa: MikpocepBiCHa apXiTeKTypa, TIOMIHHO-OpI€EHTOBaHA apXiTeKTypa, OpoKep
TTOBIOMJICHB, aBTOMATH3AITlisl CEPEIOBHINA 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
guantitative 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.
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Beryn. YV pamkax aucepTamiiHOTO JTOCIHIKEHHS aBTOpa Po3poOiseTbes iHOpMaIliifHo-
aHAJIITUYHA CHCTEMa JIJIS OI[IHIOBAHHS PiBHS PU3UKY OAHKPYTCTBA MiAIPUEMCTBA, 110, 30KpeMa, €
iHCTpyMeHTOM i1 [1]: OLIIHIOBaHHS MOTOYHOTO CTaHy IMIANMPUEMCTBA HAa OCHOBI aHANI3y CTaHY
pi3HUX Oi3Hec-mporneciB ((hiHAaHCOBUX, BUPOOHUYMX, YIPABIIHCHKHUX, KaJPOBUX, MAPKETUHTOBUX
IHHOBAIIITHNX); OIIHIOBAaHHS PIBHS PU3UKY OAaHKPYTCTBA MiIIPUEMCTBA (32 TOTIOMOTOI0 METOJIB
JIMCKPUMIHAHTHOTO aHaji3y, amapaTy HEYITKUX MHOXHH [2]) Ta HagaHHA pEKOMEHJAIii
KEpIBHUIITBY 1100 3MEHIIEHHS BOTO PU3HKY; MOOYAOBU CTpaTerii pO3BUTKY ITIIIPUEMCTBA Ha
OCHOBI PEKOMEHIAIlI 1HPOPMAIIIHO-aHATITUIHOT CHCTEMH.

IMocTranoBka 3agayi. BaxximmBumu mpoOiemu, Mo peaizyroTbes 3a3HadeHoro [AC Takox e:
eKCTIOPTYBaHHS/IMITIOPTYBaHHSI JaHUX J0/3 IH(GOpPMAIIfHUX CHUCTEM IOJATKOBOi CITyKOH,
nepxaBHOT (hiCKaIbHOT CITYOM Ta IHIINX CIYXO0, 3 SKUMH KOHTAKTYye MANPUEMCTBO; (POpMYBaHHS
3BITY 3aJI€KHO Bil 00paHoi pOpMU Ta TUILY 3BITY; CHPOIIEHHS JOKYMEHTOOOIrY 1 KOMYHIKaIlii MDK
BUIIUTAMU TIANPUEMCTBA; BHU3HAYEHHS Ta BATIIyBaHHsS BXITHUX JaHUX; Oe3MedHa mepeaada Ta
30epiraHHsl JaHUX; CTBOPEHHS AaBTOMATWYHHX ITiIKA30K Ta AaBTO3alOBHEHHS maHux. Jims ix
BUPIILIEHHS IPOTIOHY€ETHCS BUKOPUCTOBYBATH 1H(opMalliiiHy TEXHOJIOTI0 HA OCHOB1 MIKPOCEPBICIB.

Mertoro pobortu € immiaemenTaiist 70 MVP (Minimum Viable Product) rpynu mikpocepsiciB
IAC nns oniHIOBaHHS PIBHS PU3UKY OAHKPYTCTBA MIAITPUEMCTBA, IO 3a0€3MeUyI0Th OMPAIFOBAHHS
JAHWX, 110 XapaKTepHU3yIOTh KUTbKICH] MOKa3HUKH JISTBHOCTI MIAMPUEMCTBA.

OcHoBHa uyacTuHa. [[nsg crtBopeHHs Tpynu MikpocepBiciB [AC ans ouiHIOBaHHS pPIBHS
PU3UKY OaHKPYTCTBA MIANPUEMCTBA, 1110 CHEIali3yeThCsl HAa pOOOTI 3 KUIbKICHUMU JaHUMHU, Oyia
BUKOPHCTaHa MOBa MTPOTpaMyBaHHs Java.

VY rpyni MikpocepBiciB, IO CHeliani3yeTbcs Ha poOOTI 3 KUIBKICHUMHM JaHUMH, MOXHA
BU3HAYMTH OCHOBHI MIKpOCEpBiCH, 10 SKHUX BimHOCSThCs: «IHTepdetic kopuctyBaua» (Ul),
«Cucrema o06miky» (Accounting system), «Cucrema 3BitHocti» (Report system), «Cucrema
KoHCTpyroBaHHs 3BiTiB» (Report builder system), «Cucrema kepyBanus manuMn» (Data manager
system) (pucyHoK 1).

=

Accounting i Remote storage
system | Service ! N
_________________ i| Report builder !
i system :

REST Report system  [r--------mmmmmmo-- '

Kafka broker

e

Pucynok 1 — I'pyna mikpocepsiciB [AC, 1o criemianizyeTscsi Ha poOO0Ti 3 KUIbKICHUMH TaHUMU

Koxen cepsic 3 rpynu mikpocepBiciB IAC 1t omiHIOBaHHS PiBHA PU3UKY OaHKpPYTCTBa
MIAMPUEMCTBA, L0 CIEUiali3yeTbcss Ha POOOTI 3 KUIBKICHUMHU JaHUMHM, MOOYIOBaHI HAaBKOJIO
Oi3Hec-moTped, KOJM KOXEH CEpBIC BIIMOBIJa€ 3a KOHKPETHUI MpOIlEC Ta PO3TOPTAETHCA
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HE3aJIEKHO OJIMH BiJl OJTHOTO 3 BUKOPHCTAHHIM aBTOMAaTHU30BAaHOTO CepeloBUILA po3ropTaHus. Lls
rpyna mikpocepsiciB BukopuctoBye REST API ta Apache Kafka ans B3iemonii oauH 3 0THUM.

Bubip Apache Kafka, sk Opokepa moBimomiieHb IJIs JaHOi Tpymud MIKpOcCepBiciB OyB
CIPUYHMHEHHUH PSA0M OCHOBHUX MPUYHH [3]: MOBIIOMIICHHS MOXKYTb JyOIIOBATUCS ISl IEKLTBKOX
MIKpPOCEpPBIiCIB OJIHOYACHO; TOBIIOMJICHHS HE TOBHMHHI OyTH BTpaueHi HpH mepemadi Mik
MIKpOcCepBicaMu; IeKiIbKa MIKPOCEpPBIiCiB MOXKYTh CITO’KMBATH OJHI U Ti caMmi aHi; TOBITOMIICHHS
MOXKYTh MICTUTH JeTali30BaHui, 00'eMHunii payload.

Yac rapanToBaHOTo 30epiraHHs JaHUX Ha OpOKepi MOXKHA KOHTPOJIIOBATH 3a JOTIOMOTOIO
CHeUiabHUX HAJIAMITYBaHb. |pUBANICTh 30€piraHHs MOBIIOMJICHh HE BIUIMBAE HA 3arajibHy
MPOIYKTHBHICTH CUCTEMHU.

Apache Kafka yMOBHO ckitamaeTbcsi 3 TphOX KOMIIOHEHTIB (pUCYHOK 2): cepBep (Opokep);
npoatocep (producer) — HajCHIIa€ TOBLIOMIICEHHSI OpOKepy; KOHChIOMEp (concumer) — 4uTae Il
MOBITOMJICHHSI, BUKOPUCTOBYIOUM Mojienb pull [3].

producer kaflka broker concumer

Pucynok 2 — Komnonentn Apache Katka

B peanmizoBaHiii rpymi  MIKpOCEpBICIB, IO 3a0e3MeUyiOTh pOOOTY 3 KUIBKICHUMH
MMOKa3HUKaMH, Tipojrocepamu € «Crucrema oOJiKy», a OJHOYACHO 1 TIPOJIFOCEPOM 1 KOHCIOMEPOM
BHCTYNAIOTh HACTYMHI MikpocepBicu: «Cucrema KepyBaHHS JaHUMH», «CucTeMa 3BITHOCTIY,
«CuctemMa KOHCTpYIOBaHHs 3BiTiB». OCHOBHOIO ie€r0 BHKOPHCTaHHS OpoKepa MOBITOMIICHB, a
came IPOJIF0CEpIB Ta KOHCBIOMEPIB, U 3B’SI3KIB MDK MIKpOCEpBICAMH, € peajlizailis MoiiHO-
opieHTOBaHOI apxiTekTypH [4], a Takox Ul Driven Design migxonay [5].

Jlis omnMcaHHA KOHTPAKTIB TMOBIIOMIJIEHb, IO MEPEeNaloThCi MDK MPOIIOCEPOM Ta
KOHCBIOMEPOM BHKOPHCTOBYEThCS AsSyncAPI [6]. Lle#i iHCTpyMEHT J03BOJISE BH3HAYATH
iHTepdeiicu acuaxpoHHuX API 1 He 3aleXuTh Bil MPOTOKOIY. ABTOMAaTHYHA TeHEpallis KOy s
TaKuX MOB MporpaMmyBaHHs sk TypeScript, Java, C# Ta iH. € BATOMUM apryMeHTOM, IO JI03BOJISE
JEKUTBKOM PO3POOHMKAM TMpalfoBaTH MapajielbHO 3 PI3HUMHU MIKpocepBicamu, SiKi OyayTh
BUKOPUCTOBYBATH CIIUTbHUN KOHTPAKT Ul KOMYHIKAIil OJTUH 3 OJTHUM.

Buxopucrtanns REST, o € ctunem nu3zaiiny AP, sixuit 03Hauae nepeauy cTany neperisiay,
3YMOBJICHO MPOCTOTOI0 MAacHITa0OBAaHOCTI, THYUKICTIO Ta HEOOXITHICTIO 3pYyYHOTO JOCTYIY JO
nokyMmeHTanii. s 3pydyHOro mNpeACTaBICHHS JOKYMEHTallil Jii OCHOBHUX KIHIEBUX TOUYOK
BUKOpUCTOBYeThCs OpenAPI [7], mo sBisie coboro hopmanizoBany crienuikaiiro i eKOCHCTEMY 3
BEJIMKOIO KUIBKICTIO IHCTpYMEHTIB, 110 3a0e3mneuye iHTepgeiic Mk front-end cucremu, komom
610,110TeK HU3BKOTO PIBHA 1 KOMEPUIHHUMU pilieHHsAMH y BUTIsii APL.

Jns  aBTOMaTH3alii CcepeloBMINA PpO3TOPTaHHA, Ui KOXXKHOTO 3  MIKPOCEpBICIB,
BUKOpUCTOBYeThCs cucteMa Docker [8], o 1o3Bosisie kepyBaTu KOHTeHHEepaMy Ha piBHI 130JIAL1
OKpeMux mporeciB, Ta cucreMa Kubernetes [9], mo momomarae macmrabyBaTh Ta KepyBaTH
3aCTOCYHKaMH y KOoHTeiHepax. Bukopucranus konreitnepis (Docker) ta opkectpartii (Kubernetes)
JUIL  YIIAaKOBKM, PO3rOpPTaHHS 1 OOCIYroByBaHHS MIKPOCEPBICHOT apXiTeKTypH J03BOJISE
MaciTabyBaTu Ta KOHTPOJIFOBATH CTaH SIK OKPEMHX MIKPOCEPBICIB, TaK 1 CHCTEMH B LIIOMY.

SIk BigareHe CepBIC-CXOBMIIE IaHUX BUKOPUCTOBYeThCs Amazon S3(Amazon Simple
Storage Service). Leii cepBic Hagae MOXKIIMBICTB 30epiraTv if OTpUMYBATH JaHi OyAb-IKOTO 00CATY,
y OyIb-sKHii 9ac 3 Oy/Ib-IKO1 TOYKH MEpexKi, TOOTO, Tak 3BaHMi, (aitoBuii xoctunr [10].
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KoskeH 3 BUIIIE3a3HAYCHUX MOJIYJIiB BUKOHYE CBOIO CIICIIU(IYHY POJIb Ta CIIIBIPALIOE OJMH 3
OJTHUM 32 JIOTIOMOT'OI0 CIUJIbHUX KOHTPAKTIB. Lle CTBOPIOE MOBHOIIIHHY CHCTEMY, sIKa BiIOBIa€ 3a
po0OTY 3 KUTbKICHUMH MOKa3HUKAaMH BBEJICHUMHU a00 3aBaHTA)KEHUMH KOPHCTYBAaYEM.

BucHoBku. Ha chorosni He icHye mporpamMHOro 3a0e3leyeHHs Ha PUHKY IH(POpMamiiHuX
TEXHOJIOTi YKpaiHu, sike O MmoemHyBajgo B coO0i B3aeMOAi0 3 iH(GOpPMAIHHUMH CHCTEMaMH
MOJIATKOBO1 CIYXOM, nepxaBHOi (ickambHOI CiyxOu Ta HGOPMAIIHHUMH CHUCTEMaMHU IHIIMX
CIy’0, 3 SKHMH KOHTaKTy€ MIiANMPHEMCTBO, a TaKOX, IMPOrpaMHOrO 3abe3redeHHs, ske O
Joromaraiio B pOpMyBaHHI 3BITHOCTI B 3aJI€KHOCTI Big 00paHo1 pOpMHE Ta TUITY 3BITY, B CIIPOIICHH]
JOKYMEHTOOOI'y 1 KOMYHIKalii MK BIAIUIaMHU IIINPUEMCTBA, Y BU3HAYCHHI Ta BaiTyBaHHS
BXIIHUX JITaHMX, B CTBOPEHHI aBTOMaTHYHHX MiJIKA30K Ta aBTO3AIIOBHEHHS JAHUX Ta TapaHTyBaJlIO
0 Oe3meuHy nepenavy Ta 30epiraHHs JTaHUX.

Y pamMkax JUCEpTAIifHOTO JOCTIDKEHHS pPO3pOOJICHO Ta YacTKOBO BIPOBAHKEHO
1HpOpMallIiiHy TEXHOJIOTII0 Ha OCHOBI IrpynH MikpocepBiciB IAC il OLIHIOBAHHS PIBHS PU3UKY
OaHKpYyTCTBa MIANPUEMCTBA, IO BIAMOBIIAIOTH 32 POOOTY 3 KUTbKICHUMHU JaHUMH, BU3HAUYEHO i
MPU3HAYEHHS 7S JIUIBHOCTI MIANPUEMCTBA Ta TAaKOX SBISETHCS YACTUHONO 1H(OPMALINHOT
TEXHOJIOT1l, sika O 3a/J0BOJIbHMIJIA BHIIe3a3HaueHl notpeOu. HapeneHo Xinx po3poOku rpynu
MmikpocepsiciB IAC Ta npuHIHI po3pOoOKH CTATUCTUYHOTO arapary.
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METO/I 3rOPTKA I'PA®OBUX MOJIEJEA INPOI' PAMHUX KOMIIOHEHTIB
JJIS1 AHAJIIBY JMHAMIYHUX BJJACTUBOCTEHN TPOT'PAMHUX CUCTEM

Cynpysnenko O. O., I'pedenosuu IO. €.
Yepkacbkuil HallloHanbHUN yHiBepcuTeT iMeH1 boriana XMenpHubKkoro, M. Uepkacu, Ykpaina

AHoTanisi. Mera IoCHiIKEHHS NOJSrae y 3MEHIIEHHI PO3MIpHOCTI rpad)oBoi MoJesi MporpaMHOro
KOMITIOHEHTa 0e3 BTpaTH €JIEMEHTIB MapalelnbHUX 1 KOHKYPYIOUMX IHpoleciB. 3aBOaHHS podOTH —
cHCTEeMaTh3allisl BapiaHTiB KOHCTPYKLIH I pEeKOMIO3ULIi MOJeNi MpOrpaMHOi cHUcTeMH, (popMyBaHHS
MpaBUJjl 1HKAICYJISLii eleMeHTIB MOAENi MporpaMHOro KOMIIOHEHTA, IO JO3BOJIIMThH 30€perTH eJIeMEHTH,
noB’si3aHi 3 mapazuenisMoM. O0’€KTOM JOCHIKEHHS € MOJAENb NPOrpaMHOro 3a0e3leueHHs 3 CYTTEBUM
napajeni3sMoM Ha ocHOBi Mepex llerpi; mpeaqmMeToM HOCTIHKEHD € AUTSTHKA MOJIENI B MICISIX PO3raiy eHb
Ta 3IUTTS NapaJielbHUX MOTOKIB, TAKOXK IUISHKH, HA AKUX MEPEIUTITAIOThCS MapajeibHi MOTOKH, IUKIH Ta

15


https://www.asyncapi.com/

BEPUIMHU KOHTPOII0. MeTomu IOoCHiKeHb: KOMIOHEHTHO-OPIEHTOBAHE MOJEIIOBAHHS, Teopis Tpadis,
MaTpU4HU onuc ouiHHMX Mepex [lerpi. Pesynpratu mocmimkeHb MOJATaloTh y (OPMYBaHHI METORY
3TOPTKU AJIS1 3MEHIIEHHS PO3MIpPHOCTI MOJeNell MpOorpaMHMUX KOMIIOHEHTIB, IO JO3BOJISIE JOTPUMATHCH
oOMexeHb 1o po3MipHOcTi Moeneit [13 mis iX aHanmizy MeTooM iHBapiaHTIB.

KaouoBi cioBa: Mozmens mOporpaMHOrO KOMIIOHEHTa, MapalienbHi mpouecu, Mmepexi I[lerpi,
PEKOMITO3HIIIS MOJIEII, METOJ 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. IIpu 3acrocyBanHi koMOiHOBaHOTO Tiaxony [1] Ta IHCTpYMEHTIB Ha OCHOBI MEpex
[Tetpi (PN), anst moOynoBH 1 aHATI3Y MOJIENEH 3 TapaieTi3MOM MOTPIOHO TOTPUMYBATHCh TIPUHIIUITIB
nmoOy/I0BH MOJIeNi, CIpsSMOBaHI Ha CIHpomeHHS ii (GopMmyBaHHS Ta ajamnTaiii 10 BI3yaJbHO-
acolllaTUBHOTO Ta iHBapiaHTHOTO aHami3y. [Ipu mpoBeeHH1 IHBapiaHTHOTO aHATI3Y [2] € 0OMEKEHH s
PO3MIPHOCTI 33/1a4i, 10 IO3BOJIIIOTH PO3PaXyBaTH iHBAPIaHTH 32 MPUHHATHUIA yac. [ mpuKiaHmx
3agay Bubuparots oomexeni PN (finite-capasity net), Z0CIiKyIOTh pO3B’I3aHHS IPOOIEM aHATI3y
KOMITOHEHTHHX [3], BKimageHux [4] Ta iHmmx oomexenux [S] mepex Iletpi.

Mera po6oTu — y GopMyBaHHI METOIY 3rOPTKH, SIKUH J03BOJISE TPOBECTH IHKATICYIISIIIIO
€JIEMEHTIB MOJIEN MIPOrPaMHOTO KOMIIOHEHTa, 30epirarour OIHC MapayieIbHUX Ta KOHKYPYHOUHX
MPOLIECiB, UM 3MILIAHUX KOHCTPYKIIH (TapanenbHi MOTOKH, ITUKIU Ta BEPIIUHU KOHTPOJIIO).

[MocTanoBka mpo6Jjemu. Jlns OUHAMIYHOTO aHA3y rpadoBUX MOJEIEH CYTTEBUM
00MeXyrouuM (PaKTOPOM € pO3MIPHICTH MOJIENI, 3HAYHE 3pOCTaHHS PO3MIPHOCTI MPHU 3aCTOCYBaHHI
METOJy iHBapiaHTiB [2] TPUBOAUTH 1O EKCIIOHEHI[IMHOTO 3pOCTaHHS Yacy Ha pPO3paxyHOK
iHBapianTiB. J{ns po3B’si3aHHS MpoOiIeMH y peayKOBaHId MOJENi 3aMIIaloTh JHIIE €IEMEHTH 3
napajienabHICTIO, KOHKYPYIOUMMH IpollecaMM YW 1HIII CKJIaJHI KOHCTPYKIil, NOB’s3aHi 3
napajieaisMOM.

Po3B’s13anns npodaemu. Ha 1-my ertani yci MoJiesli KOMIIOHEHTIB aHaIi3ylOThCS OKPEMO, a
BIJIMB MDKKOMIIOHEHTHHMX 3B’SI3KIB Ta 30BHIMIHIX (DAaKTOPIB HAJAIITOBYETHCS B YIPABIAIOUMX
BEKTOpax BiIMNOBIIHUX BeplluH. [Ipn ycnimHoMy npoxokeHHi 1-ro etamy Biularo/pkeHi MoJieni
KOMITOHEHTIB (CyOMO/ieii) 30UparoThCs y 3araibHy MOJEINb MIJISXOM MOCHIAOBHOTO MiIKITIOYEHHS
cyOmozeneil 10 4acTKOBOi MOJEJ CUCTEMH, 110 BUKJIMKAE IIBUIKE 3pOCTaHHS po3MipHOCTI. Jlis
MIPOBEJICHHS AaHATITUYHUX JOCTIKEHb YaCTKOBOT MO HEOOX1AHE 3HIKEHHS 11 pO3MIPHOCTI, 110
JOCATAETHCSI 3rOPTKOI0 AUISIHOK, SKIi HE MaloTh KPUTHYHUX BIACTUBOCTEH. AJle MOXKIUBOCTI
3TOPTKU HE OOMEKYIOThCS 33/1a4€10 TOKPUTTS CTPYKTYPH OUIBII MPOCTUMHU MOTU(IKALIIMUA MEPEX
Iletpi, ans skuX A0BeAeHI Oe3/epeKTHI BIaCTUBOCTI. MeTO1 3rOpTKU Mae psJi MPAaBUII, 33 SKUMHU
MIPOBOJIUTHCS 3TOPTKA AUITHOK YaCTKOBOT MOJIEN ISl 3SMEHIIICHHS 1i pO3MIPHOCTI.
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IIpasuno 1. linsaka cyOMoeni, o0 Ma€e OJHY BXiHY i OJHY BUXIJHY BEpUIMHH MICIb 1 HE
Ma€ 3B’S3KIB BiJl BHYTPILIHIX BEPIIWH, 3rOPTAETbCA B OJHY BepuiuHy Micus. IIpaBuio Takox
3aCTOCOBYETHCS J0 NUISTHOK CYMDKHUX CyOMOJIeNei 3 TaKiuMu K oOMexxeHHsIMH. [[py BCTaHOBJICHHI
JOJAaTKOBUX 3B’SI3KIB 3 IHIIUMH €JIEeMEHTaMU MOJIeNi PO3IIISIAlOTh BapiaHTH iX 3B S3KY 3
BEPLIMHO 3rOPTKU Yepe3 BINNOBIHY BEPIINHY IIEPEX0.1y, HaNpHKIa, yepes t2 Ha pucyHky 1, b.

Pucynox 1 — IIpHKIIaj 3rOpPTKHU CIIabKO Pucynoxk 2 — Ilpukiaz 3ropTKy MUKJITYHIX
3B’sI3aHUX €JIEMEHTIB cyOMoaei KOHCTPYKIIN y BEPIIMHY MICIIA

Ilpasuno 2. Bci ninsHKE cyOMOmerni, MOKPHUTI aBTOMAaTHUMH Ta MapkoBaHUMH PN,
3TOPTAIOTHCA Y BEPIIMHY Micisl. SIKIIO AiIsSTHKAa OOMEXKYEThCS BEPIIMHAMHU TEPEXOiB, BOHA
3rOpTAETHCS Y BEPLIMHY MICLS, fKa i mepeaye; mpu ii MepeoOTsHKEHHI HANAIITyBaHHSIMH — Y
BUXIIHY BEPIIMHY MiCLs LI€T TUISTHKU.

Ilpasuno 3. Tlpu 3ropTili KOHCTPYKIIN THUIY «KPUTHYHOTO PO3AUTY» Tpyla TOB’SI3aHUX
€JIEMEHTIB 3TOPTAETHCS Y BEPIIMHY MTEPEXOTy, 110 MA€E eIEMEHTH MOJIENIl MK BepuinHaMu v - te.

Ilpasuno 4. lpu BUAIIEHH] JOBUIBHUX ITUKITYHUX KOHCTPYKI[IHA, BOHU 3TOPTAIOTHCA Y TIapy
BEPIINH 77( pg;,t,,)> Y IKUX 33 HOTPEOH BCTAHOBIIIOIOTHCS 3HAYCHHS B YNMPABISIOYMX BEKTOPAX.

Sx110 € BUXiIHA BEPIIMHA TIEPEXOAY JI0 3TOPHYTOT (MICIIf), Y SIKii HE 3MIHIOETHCS KUTBKICTh Ta Bara
BXITHUX Ta BUXITHUX AYT, 3rOPTKa BiIOYBA€ThCSA Y BEPUIMHY MicCIs. Tak, TP BHOKPEMJICHHI
JIOBUIBHHMX IIMKIIIB 3ropTKa BigOyBaeThcs y mapy BepmuH (pucyHnok 1) p4i Tta t%. Bepmuna
nepexoay {2 momana sik 3B’si3ka Jisl moTpuManHs mpaBwil PN. Ajie € BUHSITKH — MPH 3rOPTIIi
KOHCTPYKIIii (PHCYHOK 2, @) Y BEPLIMHY MicIis P o (pHCYHOK 2, b) moTpebu y moaaBaHHI BEPIIMHH
Nepexoy He BUHUKIIO, POJIb 3B’ SI3yI0Y01 3aIMITIIACH 32 La.

Ilpasuno 5. Skmo y cyOmozaeni BUIUISETHCS pPO3Taly)KeHa IUISHKAa CHUJIBHO 3B’SI3aHHUX
€JIEMEHTIB, OOMEXEHa BEpPIIMHAMH TIEPEXO0/IiB, BOHA 3rOPTAETHCS JI0 BEPUIMHU MEPEXOIY, SKIIO
Taka JUISHKAa OOMEXCHa BEpUIMHAMHU MiCI[b, BOHA 3TOPTAETHCS JIO BEPIIUHH MICHS YU [0
7(Pst sz, Pepg) A1 BCTAHOBJICHHS XapaKTEPUCTUK (HANPUKIIAJ], YaCOBUX).

Ilpasuno 6. SIxmo BuiiIeHa NIUISHKA CWJIBHO 3B’S3aHUX EJIEMEHTIB IOYMHAETHCSA Bl
BEPLIMHH MICLI 1 3aKiHYY€ThCs BEPLIMHOK IEPEXO/ly, TO BOHU 3TOPTAKOTBCA Y 1APY 77( Py, by, g) |

HepeBipr€TbC$I HaAJIaroUKCHHA YIIPABJIAKOYOIO BCKTOpaA Y tend. ko )IiJ'I}IHKa IIOYHNHAETHCA Bi,[[

BEPIINHHU IEPEXOy 1 3aKIHYYEThCS y BEPIINHI MICLISL, 3TOPTKA BIAOYBAETBCS Y TAPY 77(ty;, Pypy) |

XapaKTePUCTUKU KIHIIEBOT BEPIIMHU MICIISI TOTPEOYIOTh NMEPEBIPKU HA OOMEKEHICTb.
IIpasuno 7. KoHCTpykKIii, sSIKi BIAMOBIIAIOTH NMaTepHaM MEpPLIOT MIArpYHH Apyroi rpynu [6],
MOXKYTb OyTH 3TOPHYTI y KOHCTPYKLIIO TUIY 77(Pgy,t,, Pyoyg) 3 HATATOLKEHHSIM YIPABIISIOUOTO

BEKTOpA 1A t;.

BusHavaemo, un BiTOKpeMIIeHI TUITHKY TePETUHAIOTHCS, SKIIIO TaK, TO 3rOPTAEMO TY 3 HHX, SKa
Mae OLIblIIe YMCIIO BepIINH. 3a MpaBUIaMH 3rOPTKH Kiacu(iKyeMo BUIUIEHI JUITHKA Ta BHOMPAEMO
THI KOHCTPYKIIIT I7Is 3TOPTKU KOXKHO1 3 HUX. 3TOPTKY MPOBOAUMO TOCITIIOBHO 3 KOYKHOTO 3 BUJIUIEHUX
TIISHOK. SIKII0 TIeBHA AUISHKA MEPETHHAETHCS 3 1HIIIOK0, aJle MAa€ MEHINTY KUTbKICTh BEPILUH, TO BOHA
HE 3rOpPTA€ThCS, alie MOKE PO3TIISIIATUCH HA HACTYITHOMY KPOIIi 3TOPTKH.
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BucnoBku. Takum uymHOM, mnpu 30MpaHHI cyOMoxaenel y dyacTkoBy wmojens [13
MPOBOAMUTHCA I1X PEKOMIO3MIISE 3 BHKOPHUCTAHHAM METOAY 3TOPTKH, IO HPUBOAUTH [0
3MEHILIEHHS PO3MipHOCTI Mojeni. [IpormoHoBaHu METOM JO3BOJISIE€ 3rOPTATH HE JIUIIE JTIISTHKH
MO/JIeIi, [0 TOKPUBAIOTHCA OUIBII MPOocTUMU Moaudikamismu mepex [leTpi, s skux goBeaeH1
oe3nedexrri BmactuBocTi. [IpaBuia, BH3HAYEHI Yy METOMA1 3TOPTKH, IO3BOJSIOTH 3rOpTaTH i
CKJaJHI KOHCTPYKIIil, B SKHX IEPEIUNTAIOTECS MapajelbHi TOTOKH, LUKIM Ta BEPIIUHH
KOHTPOJITIO.

[Ipu npakTHYHOMY 3aCTOCYBaHHI METO Iy 3MEHILIEHHS po3MipHOCTi gocsrae 30%, 1o 3Ha4HO
CIPOIIY€E iMITAIIfHE JOCIIHKEHHS Ta aHAII3 JUHAMIYHUX BIACTHBOCTEH MOOYIOBAHMX MOJCIICH.
Pazom 3 THM Bci CyTTEBI KOHCTPYKIIii, TOB’sI3aHi 3 MapajenizaMOM YH KOHKYPYIOUUMH MpOIlecaMu
3aJMIIAIOTECS Y MOJIENSAX MPOTPAMHHUX KOMIIOHEHTIB 1 JTO3BOJISIIOTH AHANITHYHUMH METOJIAMH
MIPOBOJIUTH BUSIBJIICHHS SIBHUX Ta IPUXOBAHUX MOMWJIOK Y YaCTKOBII MOJIEINI Ta MOJIeIi IPOTpaMHO1
CUCTEMH B LIUIOMY.
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OCOBJINBOCTI 3ACTOCYBAHHA KOMBIHOBAHOI'O ITIAXOAY
JIO IMITAIIIHHOI'O MOJIEJIIOBAHHSA ITPOTPAMHOTI'O 3ABE3NIEYEHHA
3 ITAPAJIEJII3MOM ITPHU JOCJIZKEHHI MOAEJII MIKPOCEPBICY

Cynpysenko O. O., Onnmenko b. O., Hegonocko I1. M.
UYepkacbkuii HalllOHAJIBHUN yHIBepcUTeT iMeHi borpana XmenpHuIbKoro, M. Yepkacu, Ykpaina

AHoTanis. Mera MOCTiKEHHS TTOJISATAE Y JTOBEACHHI eEeKTUBHOCTI 3aCTOCYBaHHS KOMOIHOBaHOTO
nigxoxy o imirauniiiHoro mozemoBaHHs 13 3 mapaneni3aMoMm Ha MpHKIaAi IPOrpaMHOTO MIKpOCEpPBICY.
3aBmaHHs poboTtn — moOynoBa iMiTaliiiHOI Mozeni MikpocepBicy Ta il aHaji3, BUSABJIEHHS HEHONIKIB Y
(dyHKIIOHYBaHHI MiKpocepBicy, (opMyBaHHS TPOEKTHUX pilieHs 0Oe3 (YHKIIOHATbHUX HEIONIKIB.
O0’exTOM JOCHIDKEHHS € IMiTalliifHa MOZENTh MIKpOCEPBICY 3 Mapaliei3MOM; PEAMETOM JTOCTiKEHHS €
(hyHKITIOHATBHI HENONIKA Ta BapiaHTH iX YCyHEHHs. MeToiu IOCITiIKeHb: KOMIIOHEHTHO-OPi€EHTOBAaHE
MozenoBaHHs, Mepexi [lerpi, koMOiHOBaHMH MiAXia A0 IMITALI{HOrO MOJENIOBaHHS IPOrPaMHUX 3aC00iB
3 mapainenisMoM. Pe3ynbpTaTH AOCHIIKEHb MONSATaloTh y 3acTOCYBaHHI KOMOIHOBaHOro migxomy Ao
imiTamiiiHOro MoxemtoBaHHs [13 3 mapanenisMoM i BU3HAYCHHS JWHAMIYHHUX BIIACTHBOCTEH MOJeENi
MIKpOCEPBICY, IO IO3BOJIAIOTH BHUSABUTH (DYHKLIOHANBbHI HEHONIKM Y MOJeni, moOyayBaTH MPOEKTHI
pillieHHs 17151 IX YCYHEHHS, IePEBIpUTH AWHAMIYHI BIACTUBOCTI 3aIIPONOHOBAHUX DPillleHb.

Kirouosi cinoBa: mepexi llerpi, imirauniiina Monens MikpocepBicy, KOMOIHOBaHMH MiAXin 110
imiTamiiitHoro MozemoBanHi [13 3 mapanenizaMom, QyHKITIOHATTEHI HEOMIKH, TMHAMIYHI BIACTHBOCTI.
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PECULIARITIES OF APPLICATION OF COMBINED APPROACH
TO SIMULATION OF SOFTWARE WITH PARALLELISM
IN THE RESEARCH OF THE MICROSERVICE MODEL

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 TAXOY 10 IMITAIITHOTO MOJICTIOBAHHS MPOTPAMHUX
3aco0iB (I13) 3 mapanenismom [ 1] nependaueHe y ABOX BapiaHTaxX — MPH MPOEKTYBaHHI MPOTPaMHUX
3aco0iB 3 mapanenizMoM [2] Ta mpu mepeBipll BiKe ICHYIOUMX MPOTPaAaMHMX MPOEKTIB. Y poOOTi
MPEACTABIICH] PE3YIbTAaTH EKCIIEPUMEHTAIIBHOTO 3aCTOCYBaHHSI KOMOIHOBAHOTO MIAXOTY 70 3a7a4i
aHaII3y MOJIeJl MIKpOCEPBICY, SIKUH CKIATAETHCS 3 KUTbKOX KOMIIOHEHTIB.

Meta po6oTu — MOCTiKEHHST €()EeKTUBHOCTI KOMOIHOBAHOTO MIAXOAY A0 IMITAIlIHHOTO
MojenmoBanHs [13 3 mapanmenisMoM Ha TPUKIAAl TPOTpaMHOTO 3aco0y, KU Mae HEBEIHKY
KUIBKICTh TICHO 3B’13aHUX KOMIIOHEHTIB.

IloctanoBka nmpoo6jemu. [Ipu moOymoBi Ta MOCIDKEHHI MOjeNeld MPOrpaMHHUX 3aco0iB
MoTpiOHO BpaxOBYBaTH BEIMKY KUIBKICTh €JIEMEHTIB Ta iX mapameTpiB, sKi TOB’s3aHi 3
(YHKIIIOHYBAHHSM Ta pe3yJbTaTaMu poOOTH. BaXiIMBO mEpeBIpUTH MOJIENbh MIKpPOCEpBICY Ha
HasBHICTp NIPUXOBAHUX IOMMJIOK, @ TaKOX IIpOaHali3yBaTH MpOLECH, LIO IPHUBOAATH 0
HeOa)kaHOTO KOPHUCTYBAIIbKOTO N0CBiny. [Ipu BUsBIEHHI HEAOJIKIB Ta MOMHUJIOK Y MOJIENi BaXKJIUBO
chopMyBaTH TMPOEKTHI PIlIEHHA, SKI MPOUIYTh HEOOXiJHI MEPEBIPKA Ta JTO3BOJISATH IOJOJIATH
BUSBJIEH] HEIOIIKU.

Po3p’sizanns npo6Jemu. s ananisy QyHKIIOHYBaHHS MIKPOCEPBICY BiA€OI3BIHKIB Ha
ocHoBi Mepex [leTpi moOynoBana Mojaens (pucyHok 1), Ha kil BiToOpa)keH1 eTanu nepeBipku Ta
MIAKIIOYEHHS TPhOX KaTeropil KOPUCTYBAdiB 10 BiJ€OA3BIHKA, 3apeeCTPOBAHUX KOPUCTYBAyiB
CEepBICY; TOCTEH, KI KOPUCTYIOTHCSI CEpPBICOM aJie HE 3apeecTPOBaHi; a TAKOK rocTeil, SiKi He MaloTh
JOCTyIy 10 cepBicy (30BHIIHIX rocrteit). Takoxk omucaHuii mpouec nepeOyBaHHS y ceaHcl
BIJICO/I3BIHKA Ta KOPEKTHOT'O BUXOJY 3 CEAaHCY BCiX KaTeropiit kopucrysauiB. [Ipu imiTariiiHomy
MO/ICITFOBaHHI BUKOPUCTOBYBAIACh MOYATKOBA PO3MiTKa MoJeni: Lo(Po) = 5 Ta to(p1s) = 2.

ITpu iHBapianTHOMY aHai31 [3] mo4aTkoBOi MOIEN1 MIKpOCEPBICY 3’CYBAJIOCh, 1110 BEPLIMH
nepexoniB t22 Ta t23) He MOKPUTI HEHYIBOBUMHU CKJIaJ0BUMH y T-iHBapiaHTi, 11O CBITYUTH NPO
MOPYIIEHHsI BJIacTUBOCTI >KMBOCTL. Takox 3a T-iHBapianTamu Oyiau BHsBIEHI mpoOneMu y
BeplIMHaxX nepexoiB tzs — tzg. [Ipu anamizi P-iHBapiaHTiB HEHYJIBOBUMH 3HAUEHHSIMH HE MOKPHTI
€JIEMEHTH, TOB’S3aHI 3 BEpIIMHAMHM MICIb P12 Ta P13, IO TMOSCHIOETbCA MOPYIICHHSAM
30epeKyBaHOCTI PO3MITKH, 1€ MIATBEPKEHO 1 MPH IMITAI[IfHOMY MOJIE/IIOBaHHI.

JlJis OCNiJOBHOTO aHai3y BUIUICHHX MpoOiieM moOynoBaHa MoJienb Oyia po3auieHa Ha
Tpu cyOMojeni, KoXHa 3 SKMX BimoOpaxana okpemy npoOnemy. CyOmozeni mpoaHali3oBaHi Ta
3alpONOHOBAHI PillIeHHs, SKi I03BOJIMIIM MO0JaTH BUsBIEH] pooiemu. [Ipu npoBeneHHi aHalizy
Ta PEeKOMIIO3MIIii cyOMoenel y ninicHy Mozens (pucyHok 1) po3mip mMozesni OyB 3MEHILIEHUH Ha
35% (IOTYXHICTh MHOXXWHHM BepUIMH TepexoaiB |T[). 3ampomoHoBaHi pillleHHS MOBHICTIO

19



«MIOKPUTI» HEHYJIBOBUMH CKJIaI0BUMU P- Ta T-iHBapiaHTIB, 110 TOBOJMTH iX )KUBICTH, 0OMEKEHICTh
Ta 30epexxyBanicte [3]. Takox Oyau AOTpMMaHi YMOBHM IOBHOi KEPOBAHOCTI MOJIEIN, IIO €
BXJIMBUM MOKA3HUKOM SKOCTI IPOIIOHOBAHKUX MPOECKTHUX PIlLICHb.

Pucynok 1 — [louatkoBa Ta nepeTBopeHa Mo/ieNl MIKpOCepBICY BiZIEOI3BIHKIB

BucnoBku. TakuM YMHOM, IpU BUKOPHCTAHHI KOMOIHOBAHOTO MiIXOJYy 10 IMITalliiHOTO
MO/IETFOBaHHSI POTPAMHUX 3aCO0IB 3 MapajeTizMOM Ha MPUKJIIAi MIKPOCEPBICY BIAJIOCS BUSIBUTH
MOTEHITIIHI KOH(MIIKTHI CUTYaIlii, TPOBECTH iX MOETATHUN aHaII3 Ta 3alPOIOHYBAaTH 30aJIaHCOBaHI
MPOEKTHI PIMICHHS, SKi MIABUIIYIOTH HaIidHICTH poOoTu I13, 3MeHIyl0Th BUTpaTH Ha HMOTO
o6cnmyroByBanHs. KoH(mikTHI cuTyallii BUSBIICHI HA OCHOBI aHANI3y AUHAMIYHUX BIACTUBOCTEH
MoOyI0BaHUX MOJEJIEH, KUl JT03BOJIAE HE TUTHKU BUSBUTH HEIIOJIKM MOJECII, a  BU3HAYHUTH iX
JOKaji3amio i moOyJAOBH MPOEKTHHUX pIllIEeHh Ta TMEPEeBIpKM iX Ha BIICYTHICTh SIBHHX Ta
MIPUXOBAHUX MOMLUIOK.
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Cexkuis B. [HpopmariiiHi TEXHOIOTT MOJICITIOBAHHSI CKJIATHUX CUCTEM

METO/J OHIHIOBAHHA AKOCTI IIIIT'OTOBKU NIJIOTIB
3A 3MIHOIO KYTA TAHT'AXKY IIIJ{ YAC ITIOJIBOTY

I'pumenxo 10.!, Pomanenko B.., 3anxiceknii M.}, ®ypcenxo T.
'Harionansuuit aBianiitauii ynisepcuter, Kuis, Ykpaina
?KuiBchKuil HALiOHANEHUI €KOHOMIYHHMI yHiBepcuTeT iMeHi Banuma [etbmana, Kuis, Ykpaina

AHoTanis. Y CTaTTi po3rIsJacThCsl CHCTEMa KepyBaHHS JIiTAKOM epraTuaHoro tuiy. OCHOBHA yBara
30CepePKeHa Ha OIHI[ AKOCTI MiJAFOTOBKY IMIJIOTIB HA OCHOBI aHai3y 3MIHM apaMeTPiB MOJIbOTY JIiTaKa.
30kpemMa, PO3MIAIAIOTBCS OCOOJIMBOCTI OOpPOOKM JaHUX IIOA0 KyTa TaHraxy. JlaHi BUMIpIOBaHb
PO3IIISAAIOTHCS SIK BUITAIKOBA BEIMYMHA T4 OTPUMAaHi Ha MMOBHOMY TpeHaxepi AH-148 3 BigmoBamu Ta 0e3,
a TaKOXK Ha OCHOB1 PO3LIM(POBOK (DAKTHYHUX MONBOTIB JIiTaka B-737. Y po0OTi BUKOHAHUIN CUHTE3 METOIIB
BHSIBJICHHSI HAsSIBHOCTI CKJIQJHMX BiMOB OOiajmHaHHs jitaka. CHHTE3 BUKOHYBABCS HAa OCHOBI KPHUTEPitO
Heiimana-ITipcona, a Takox onTUMaIbHOrO KpuTepito balieca. AHai3 3anponoHOBaHOTO METOAY 3aCBIUUB
MiBHIIECHHS €()EKTUBHOCTI SKOCTI MIIOTYBaHHS Ta 3MEHIIEHHSI CepeHbOI TIOMIIIKY TIPUHHATTS PIlICHHS
1010 CTAHY €PraTUYHOI CUCTEMHU.

KarouoBi ciioBa: BUNaAKOBUIl MpoIiec; SKICTh TEXHIKH MJIOTYBAHHS; JETEKTOD; JTIOJCHKUH QakTop.

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 technigque; detector; human factor.

Beryn. AHani3 1b0THUX MOYEPKIB 3a apaMeTpamMM IOJIbOTY Ha KOMIIJIEKCHOMY TpeHaxepi
JIiTaka 3 BIAKIOUEHUM BITMBOM JIOBKULISA IMMOKa3aB, KOKEH IMUIOT Mae CBild mouyepk. Bumamakosi
GyHKIIiT 3MiHU TapaMeTpPiB MOJBOTY 32 KPEHOM Ta TaHTa)KeM IIPU MOJIbOTI MOKHA 17IeHTH (PiKyBaTH
32 HaJeXHICTIO KOHKpeTHOMY nunoTy. [losiBa nerepMiHOBaHOI CKJIAJ0BOI € O3HAKOI 3MIHU
JHOTHOTO TOYEPKY Yy pa3l BIUIMBY HEraTMBHMX (DakTopiB Ha mizoTa. B pesynbTari panime
npoBeaeHux nociikeHb Ha TpeHaxepi KTC An-148 Oyno BcraHoBieHO, 1o 6e3 BiAMOB abo 3
OJIMHOYHMMHU BIJIMOBAaMHM CTaTHCTUYHUH PpO3MOJIT KyTa KpPEHY HE CYyNEepeYyUTb HOPMAIbHOMY
3aKoHy po3moaity [1].

Merta poGoTH — MiJBUILEHHS SKOCTI (YHKIIOHYBaHHS €praTU4yHOI CUCTEMM YIpaBIIIHHSA
MOBITPSIHUM CYJHOM Ha OCHOBI IPUIHSATTS PILIEHHS 1040 3MIHU KyTa TaHTaxy.

ITocTanoBka 3aaaui pocaizkenns. [Ipu ogHoyacHOMY Jii O1bIle JBOX CEPHO3HUX BiIMOB
CTaTUCTMYHHUM PO3MOJALT KyTa KpEHY He CyNepeuuTh Yy3arajbHeHoMY po3mnoniry BeiOyma.
Hageneni y po6orax [1, 2] pe3yabTaTu aHanizy TPEHIB 3MIHU KyTa KpeHY MOKa3ajal HasBHICTb
JIeTepMIHOBAHOI CHHYCOiNaNbHOI CKIIaJ0BOI y BUMAJIKY Jii CKIaJHUX BiAMOB. ToMy HEOOXiTHO
TaKO’K MEPEBIPUTH HASIBHICTH JIETEPMIHOBAHOI CKJIaI0BOI y TPeHIaX 3MIHM TaHTaXy HMpU MPOCTHX
Ta CKJIQJHUX MOJIOTAX.
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Bupimenns npo6semu. Ha nepuriit cranuii ocimikeHHS BUKOHAHUHN aHai3 TPEHIB 3MIHU
KyTa TaHTaXy Yy BHIIQJIKy HOPMAJIbHOTO TIOJBOTY T4 y BUMAJAKY HAsSBHOCTI CKIAIHHX BiJIMOB.
Pesynpratu amanmizy peaqbHUX CTAaTHUCTUYHHMX JlaHUX HaBeACHO Ha pucyHky 1. IlpoBenenwmii

PO3paxyHOK TOKa3aB, IO TiCTOTPpaMU HA PUCYHKY | Y3ro/DKYHOTHCS 3 HOPMAJILHUM 3aKOHOM (y
BHITAJIKy HOPMAIBHOTO TIOJILOTY) Ta y3arajJbHEHUM PO3MoaiioM Beitdymia (y BUNIAIKy MOIBOTY 31

CKJIAJTHIMHU BimMoBamu). BizyaneHuil aHami3 TpeHOy 3MiHM KyTa TaHTaXy MOKa3aB HAasBHICTH Y
HbOMY CHHYCOINAJIBHOI CKJIa0BOL.
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Pucynok 1 — I'icrorpamu miis pe3ynbTaTiB BUMIPIOBAHHS KyTa TaHTaxXy:
a) HOpMaJILHUH TIOJIIT, 0) MOJIT Y BUMAIKY HASBHOCTI CKJIaIHUX BiIMOB

Jlns BUSBICHHSI CHHYCOINAJIBHOT CKJIAZOBOI TECTYIOThbCsA JBI rimore3u: rimore3a H, —
peanizalis BUOIPKH ONUCYETbCS OaraTOBUMIPHUM T'ayCCOBUM PO3MOAUIOM; anbTepHatnBa H, —
peanizallisi MiCTUTh KOPUCHHIN CHHYCOITHHMI CUTHaI. BimnmoBigHi GyHKIIIT MpaBIonoaiOHOCTI s
TinoTe3u Ta albTePHATUBHU
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3 mpaBuinbHUME pitenHsiMu, Cy; ta C,; — BUTpaTH, MOB’s13aHi 3 MOMHJIKOBUMH PillICHHSIMH.

AHai3 3alIpOIIOHOBAHUX TMPOLCAYP BHUABJICHHA CKIAIHUX BiI[MOB HiI[ qaC IOJbOTY
BHKOHYBAaBCA Ha OCHOB1 CTaTUCTUYHOTO MOJCIIOBAHHA IIIAXOM HOGyIIOBI/I XapaKTCPUCTUK

BUSBJICHHS.
22



BucHoBoK. Y po0OTi BUKOHAHO CHHTE3 METOJIIB BHSBIIEHHS IPUCYTHOCTI B TPEHAAX 3MIHU
KyTa TaHTaXy KOMIIOHEHTIB, II0 BKa3ylOTh Ha CKJIAIHI BIIMOBH MiJ yac mossotry. llpu mpomy
BUKOPHCTAHO B METOJW: Ha OCHOBI Kputepito Heiimana-IlipcoHa Ta oNTHManIbHOTO KPUTEPIIO
baiieca. AHani3 3ampoONOHOBAHWX METOMAIB 3aCBiMYMB MiJABUIICHHS WMOBIPHOCTI MPaBHIBLHOTO
BUSIBIICHHS CTPECOBHX CHTYalill y mosboTi A0 0.9986, 1mo 3HaYHO 3MEHIIye PU3UK BUHUKHEHHS
aBlal(ifHUX [OIIH.

Cnucok BUKOPUCTAHHUX JZKEPEJI
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.

BILIUB 3AKPUTTS TIOBITPSIHOT' O ITIPOCTOPY YKPATHH
HA I'V/IOBAJIBHY ABIATPAHCIIOPTHY CUCTEMY

IBamyk O., OcTtpoymos I.
Hanionaneuuii aBianiitnuii ynisepcurer, M. KuiB, Ykpaina

AHoOTanisi. Y cTaTTi JIOCHIJPKYEThCS YKpaiHChKa Mepea MaplIpyTiB, SKi € YaCTHHOK CBITOBOI
aBiaTpaHCIIOPTHOI cHCcTeMU. BHAcCiIOK BTOPrHEHHsI pOCiMiCbKHUX BilichbK B Ykpainy 23 mororo 2022 poky
3HaYHa YacTHHA [OBITPSHOIO MPOCTOPY € 3aKPUTOI, M0 CIPUYMHHIO CEpHO3HI MpolieMu st
(hyHKITIOHYBaHHS BCi€i aBIaTPaHCIIOPTHOI cucTeMU. ['eoMeTpis MiCIIETTOIOKEHHS TTOBITPSIHOT'O ITPOCTOPY,
10 TTOTpaImiIa i 0OMEXEHHS, CTBOPIOE 3HAYHY IEPEIOHY Ul MPSIMUX aBiaTPaHCIOPTHUX ITOTOKIB, IO
CIIONTYJaroTh KpaiHu A3ii 3 kpainamu IliBHiUHOI AMepuku Ta €Bpomd. Y poOOTI HAaBEIECHO PE3YNIbTATH
CTaTHCTUYHOTO aHaJi3y PErySIPHUX aBiallepeBe3eHb 3 MPSIMHUM CIHOJIYYEHHSM 3 aepoIopTiB YKpaiHH.
Brpara mOBITpSHOTO PyXy OIIHIOETHCS 3a JOMOMOIOI0 KYMYJISTHBHHX (YHKITIH 3arajbHOI JTOBKHHH
TPA€EKTOPIii, 3arajJbHOr0 Yacy MOIBOTY, KUTBKOCTI MICITh, SIKI HE Oyiu 3a0e3MedceHi, Ta mapaMeTpa HasBHHUX
MicCIIb-KiTOMeTpiB. Po3moain mux mapaMeTpiB TOCTIHKEHO OKPEMO 3a KOKHUM KopucTyBadeM. OKpiM Toro,
MPOAHATI30BAHO PE3YNbTATH TEperIaHyBaHHSA TPAEKTOPiA TPaH3UTHUX MapuipyTiB. OTpuMmaHi HayKOBi
pe3yabTaTH CBiTYATh MPO 3HAYHE 30UTBIIEHHS TOBKUHHU TPAEKTOPIil, 4aCy MOIHOTY, KUTBKOCTI HEOOX1THOTO
MajfBa Ta JOJATKOBOT'O BUKHY BYTJIEHIO B aTMOc(hepy.

KuaiouoBi cioBa: MojmenioBaHHA TOBITPSIHOTO pyXy, CTaTHCTUYHHNA aHA3, aBiaTpaHCIOPTHA
cucTeMa, OBITPSIHUMA MPOCTip YKpaiHH, MOTIK MOBITPSHOTO PyXY.

IMPACT OF CLOSED UKRAINIAN AIRSPACE
ON GLOBAL AIR TRANSPORT SYSTEM

Ivashchuk O., Ostroumov |.
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.
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Beryn. KopI/ICTyBaqi MOBITPSIHOT'O NPOCTOPY BHUKOPHCTOBYIOTH PO3TAIYKEHY MEPEKy
MOBITPSIHUX MapIIPYTiB JJIs1 BAKOHAHHS NOJIBOTIB. Mepei MOBITPSHUX MAapIIPYTiB KOXKHOI 3 KpaiH
00’ €HYIOYUCh CTBOPIOIOTH CBlTOBy HOBITPSIHY TPAHCIIOPTHY CHUCTEMY [1] SKmo 3 Toi 4K iHIIOq
NPUYMHHA TIOBITPSHUN MPOCTIp KpaiHM OTOJIOUIYETHCS 3aKPUTHUM aBIaKOMIAHISAM JIOBOJIUTHCS
HIyKaTH oOXiiHI MapmpyTH 1mo6 30epertu HanpsMok 3abe3neueHHs nocayr. [IpoTe, sk mokasye
MPAKTUKa Taki 00XiTHI MapIIPyTH € 3a3BHYail JOBIIUMHU, IO O3HAYAE 30UTHIICHHS 9acy TOJBOTY,
00’eM MaNbHOTO HEOOXIAHOTO Il BUKOHAHHSA MOJbOTY, BUKUIIB CO2 sIKi YTBOPIOIOTHCS TpHU
3TOPSIHHI MAJIBHOTO, 10 Y Pe3yIbTATI MPSIMO BIIMBAE HA MIABUILECHHS BAPTOCTI aBiariepeBe3eHb s
KIHIIEBOTO KOPUCTYBaya.

Mera poboTu. MeToro poOOTH € aHai3 i BUBYEHHS HACTIIKIB 3aKpUTTS IMOBITPSHOTO
npocTopy YKpaiau Jyist 17100anbHOT aBiaTpaHCTIOPTHOT CHCTEMHU.

IMocranoBka 3aaa4i gocaixzkeHHs1. [ aHaIi3y MOBITPSHOTO PyXy MH BUKOPHUCTAEMO 0azy
naHuX CchOpPMOBAHUX 3a pe3ylbTaTaMU Tepeaadl JaHUX CTOCOBHO MICIICTIONIONKEHHS KOMXHOTO
KOpHCTYBaya 3a KOHIIEIIIEI0 aBTOMaTHYHOTO 3aJISKHOTO CIIOCTEPEKEHHS. MU BUKOpUCTaIU JaHi
BCIX MOJIBOTIB Y a€poNopTH YKpaiHU 3a OCTaHHI Tpu Micsui. Pe3ynpTar aHanisy JaHUX J03BOJIMB
BUSIBUTH peiicH, 1110 MOBTOPIOBATIMCH HA MOCTINHIN OCHOBI. Bu3HaueHuii rpadik peiiciB J03BOJIUTH
CIPOTHO3YBATH KUIbKICTh 3allJIJAHOBAHUX PEHCIB, 110 HE OY/IM BUKOHAHHI MPOTATOM YChOTO NEPIOy
3aKpUTTSI MOBITPSHOTO POCTOPY 1 SIK pe3yJIbTaT OL[IHUTH BTPATH.

Bupimenns npodjemu. Y 10cniyKeHHI MM BUKOPUCTANIN JJaH1 MOBITPSHOTO PyXY 3@ OCTaHHI
TPHU MICHII, 100 BU3HAYUTU PEryJspHI pelicu 3 YKpaiHCBhKHUX aepomopTiB. YCi peryisipHi percu
MOBTOPIOIOTECS MIOTWKHA 1 MOXYTh OyTH BHKOPUCTaHI JUIS TPOTHO3YBAHHS PETYISPHUX
aBiarepeBe3eHb. 3/1eOUTBIIOTO PErylsapHI peiicu Oynmu iAeHTH(]IKOBaHI 3 TaKWX YKpaiHCHKHUX
aepornoptiB: bopucnine (UKBB), Xynsau (UKKK), JIsBiB (UKLL), Oneca (UKO), Xapkis
(UKHH), 3anopixoks (UKDE), Iainpo (UKDD) Ta IBano-®pankiscbk (UKLI). Bei i aeporoptu €
MDKHAPOHUMH, TOMY MOKYTh MPUAMATH HE TUIBKH BHYTPIIIHI, a i MbKHApOH1 peiicu. ba3a nanux
TOBITPSIHOTO PYXY MICTUTh 76 YHIKQIbHUX PEHCIB 3 HAMPSMKAMH 110 BChOMY CBITY.

Pe3ynbraTu aHanmizy JaHuX CBim4YaTh PO TE, IO PETYISPHI MaCaKUPChKI pelicH BUKOHYBAJIN
28 pi3HUX aBiaKOMIMaHIM, MO0 MPALIOIOTh B YKpaiHChKHX aepomopTax. [Ipuiyckaroun crajicTh
rpadiky peryJsipHHX pPEHCiB MOXKIIMBO CIPOTHO3YBAaTH PO3IOJALT MOBITPSHOTO pyXy Ha 63 mHI
3aKpUTTS MOBITPSHOTO MPOCTOPY. MU BUKOPUCTOBYEMO YacOBi1 paMKu 3 24 JHOTOro mo 27 KBITHS
2022 poky aJis MPOTHO3YBAaHHS 3aIlJIAHOBAHOTO MOBITPSTHOTO PYXY.

HaykoBa HOBH3HA pOoOOTH MOJIATaEe y OIIHIOBaHHI 3arajbHUX BTPAT MOBITPSIHOTO PYXY 3a
CYKYIMHOI (PYHKIII€EIO 3arajbHOI JOBXHHH TPAEKTOPIA IS PEHCIB 3 aepomopriB YKpaiHu.
Pe3ynbratu BTpaT 3aranbHO1 AOBXKMHHU TPAEKTOPIi MpeAcTaBieHl Ha PUCYHKY 1, a pesynbratu
CYKYITHHX BTPaTH B KUTbKOCT1 MicIib-KLTOMeETpiB (ASK) 3a KO’KHOO aBiakoMIIaHi€ MPeCTaBICH] Ha

PUCYHKY 2.
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BucHoBok. Pociiicbkuii BilicbkOBE BTOPrHEHHS B YKpaiHy CIPUUMHHUB 3aKPUTTS 3HAYHOI
YaCTMHHM MOBITPSHOTO MPOCTOPY MUIOIIEI0 Ou3bko 18 MiH kM2, Pe3yabTaTu CTaTHCTHYHOIO
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aHaI3y BKa3ylOTh HA MPAKTHYHI pe3yIbTaTH JOCIIKEHHS: 32 63 JHI 3arajibHi BTPATH JOBKHUHU
TPAEKTOPIT TUIIIE IS PETYISIPHUX NIEPEBE3EHB JA0OCITal0Th 16 MJIH KM; He HalaHO O1u3bko 1,6 MuTH
MICIIb, 1110 IPU3BEJIO JI0 3arajbHuUX BTpat Koedimienta ASK Ha piBHi 3 Miipa Miciib-kM. Pe3ynbraTu
MOJICIIOBaHHS 3arajbHUX BTPAT 3a 4Yac MOJILOTY AOcCATaTh 4,7 MIH TOAMH. ABiakOMMaHii
BTpaTWIM 3arajgoM 61u3bko 411 nHanpsiMkiB — 1630 peiiciB IOTHKHS.

Cnucoxk BUKOPMCTAHUX JIZKepet
1. Configuration aalysis of Ukrainian flight routes network / O. Ivashchuk, I.VV. 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.

MOJEJIb CUCTEMM IOT-PIIHIEHHSA AJS MOHITOPUHI'Y
TA AHAJII3Y CMITTE3SBEPII'AHHSA TBEPAUX BIIXOAIB

Kpasuenko O. B.!, Teapnoscbkuii B. I'.!, Cusoraas /I, B.2
'KwuiBchkuit Hanionanshuiil ynisepcuter imeni Tapaca Illepuenka, M. Kuis, Ykpaina
2UepkachKHil JepskaBHUI TeXHOIOTUHKI yHiBepcuTeT, M. Uepkacu, Ykpaina

Amnoraunis. He cekper, mo npobiema 30epirants TBEpMX BIIXOMIB J0 MOYATKY MPOIIecy iX yTumizarlii
€ Ha ChOTOJIHI aKTyallbHOMO. [lepenoBHeHi cMiTTeBI Oaku € MpoOIeMor0 He TUTbKH uis YKpaiHnu, a i Jyis
Oarathox kpain €Bpornn. O6’exToM nociimpkeHHast € [oT-mpucTpoi Ui KOHTPOJIO Ta MOHITOPHHTY PIBHS
HAIIOBHEHOCT1 EMHOCTEH JUIs TBepAuX BimxomiB. [IpeamMeroM IOCiiKEHHS € arapaTHi Ta IporpaMHi 3acoou
Uit po3po0Oku loT-pitieHs B chepi MOHITOPUHTY Ta aHAII3Y CHCTEMH CMITTE30epiraHHs TBEPAUX BiIX0MdiB. Y
Ppo0OTi MPONOHYETHCS MOJIeNb [0 T-pillleHHs /11 MOHITOPHHTY Ta aHAITi3y CHCTEMH CMITTE30epiraHHsI TBEP X
BimxomiB. Bukonano omuc camoi mopem. HaBemeHo QyHKIIOHANBHI CXEMH B3a€MOJIi amapaTHOI Ta
MIpOrpaMHOI YacTUHM ITi€l cucreMu. OTpUMaHi eKCTIEPIMEHTAIBHI PE3YIIBTATH ITOKA3YIOTh, 10 BIPOBAHKCHHS
loT-crucTemu B mpakTHKY A03BOJISIE EKOHOMHUTH YacC Ta KOIITH JJIS TiIITPHUEMCTB, SKi 3aCTOCYIOTD IF0 MOJIENh
y TIporieci 30upaHHs Ta THMYAacOBOTO 30epiraHHs COPTOBAHOTO CMITTSI.

Kurouogi cioBa: loT-pimenHs, Moaens, aHa i3, MOHITOPHHT, COPTOBaHE CMITTS.

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

Kravchenko O.}, Tvardovsky V.%, Sivoglaz D.2
1Taras 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 10T 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 loT 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 10T 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. [lepenoBHeHi cMiTTeBI Oaku € IpoOIeMOro He TUIBKY JUTsl YKpaiHu, a i Uit 6araTbox
kpain €Bpomnu. B enoxy [nTepHety peueit 6arato npucTpoiB po3poOsStOThCS 3 HAroAu MOKPaIUTH
abo X ONTUMI3yBaTH 3arajbHi MpoOJeMU MICT Ta cenuil. [IuTaHHS pPeryIspHOCTI OUYHUILEHHS
CMITTEBUX KOHTEHHEPIB O11s1 OYIMHKIB € aKTyaJIbHUM.

Bukaan ocHoBHoro marepiany. B poGotax [1, 2] BUKOHaHO aHami3 iHQopmamii 11010
icuytounx loT mpucCTpoiB /Ui KOHTPOJIIO Ta MOHITOPHHIY PIBHS HallOBHEHOCTI €MHOCTEW IS
TBEPAUX BIIXOAIB, a TaKOX alapaTHOTO Ta MPOTPaMHOro 3a0e3levyeHHs, 0 AKTHUBHO
3actocoByeTbes B [oT mpoekrax. JlocmipkeHHs mokas3any, o B yCiX PIlIEHHSIX Ui MOHITOPUHTY
pIBHS HANOBHEHOCTI €MHOCTEH BUKOPUCTOBYETHCS YABTPA3BYKOBUH JaTYMK BIJICTaHI Ta
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BUKOPHUCTOBYIOTh HE3MIHHI OaTtapelku, a TaKOK CIIIKYIOTh 3a TUM, UM HE 3aropiBcs KOHTEHHED.
Hamoro 3anmaueto € po3pobka mopmeni loT-pimieHHS [UIs MOHITOPHHTY Ta aHalli3y CHUCTEMHU
CMITT€30epiranHsl TBEPAWX BIAXOJIB, HAa OCHOBI SIKOI BHUKOHYETHCS MPOEKT Ta MpPOTpamHa
peanizamist [oT cucremu.

Meta poboTu — po3poOka Ta MPOCKTYBAaHHS 1 MpOrpamMHa pealiailis BUCOKOS(HEKTUBHOT
cucremu [oT pilreHbp Ha OCHOBI METOy 3a0€3IIEUCHHS IMPOIIECY MOHITOPUHTY Ta aHAII3y CHCTEMH
CMITTE€30€piranHs TBEPAMX BIAXOIB. ATTapaTHUM 3a0€3MeUeHHIM MOJIEII € IPUCTPIN I aHAITIZY
3alOBHEHOCTI CMITTEBUX KOHTEWHEPIB 3 MOJMIJIMBICTIO Tepenadi JaHWX MPO CTaH 3allOBHEHOCTI
KOHTEHHEePa, IMOJIOKEHHS KPUIIKK a00 K caMOoro KOHTEHHepa IJ1sl BUMA KB, KOJIM KOHTEeHHEp Oye
NepeBepHYTHI a00 K KPHITKa KOHTEeHepa Oyze MmigHsaTa, OCKUIBKH MPHUCTPil Oyae po3TamioBaHHi
Ha KpHIILI 13 BHYTPIIHBOI CTOPOHM KOHTeHMHepa. Takox mnpucTtpii mae OyTH OCHAIEHUH
MOXJIMBICTIO TIEPEBIPKA KOHTEHHEpa Ha TpeAMET IMmianany JUisi 3arnoOiraHHs MOTEHIIIHHUX
HEIIaCHUX BUNAJKIB Ta BUKUIY B aTMOc(hepy MIKIUIMBUX BIIXOIIB.

Meton Uil MOHITOPUHTY Ta aHalli3y CHCTEMH CMITT€30epiraHHs TBEpAUX BIAXO/IB
CKJIQJIa€ThCS 3 HACTYIMHUX KPOKIB!

Kpok 1. TlepeBipka crapToBUX 3HA4€Hb. BiAMOBINHO O CTAPTOBUX MOKA3HUKIB JATUMKIB B
MOIANTBIIIOMY BU3HAYAETHCS BIXOJKEHHS BiJl HOPMHU CTaHy KOHTEHHepa.

Kpok 2. TlepeBipka ctany koHTeiHepa. J{J1s1 3a06e3nedeHHsT TOYHOCTI MePEeBiPKH 3alTOBHEHOCTI
KOHTEWHEpa 3UUTYIOTHCSA MOKA3HUKU JATYMKIB HA MPEAMET BiANaNTy YU BHIAUICHHS HEOE3MEUHHUX
PEUOBHH, a TAKOX MOJIOKEHHS KOHTeWHEepa BITHOCHO OYaTKOBOTO.

Kpok 3. Ananiz mokasznukiB natdunka MQ-2 [3]. Skmo 3HaueHHs JaTYMKa BKa3ylOTh Ha
HasBHICTH JIUMY, TO HAJICHJIAE€THCS TTOBITOMIICHHS PO HEOE3IEKY.

Kpok 4. Ananiz mokasnukiB natunka GY-521[3]. Sxkmo 3Ha4YeHHS JaT4YMKa BKAa3yHOTh Ha
HEBIIMOBIIHICTh CTAPTOBOMY TOJIOXKEHHS, TO HAJICHIIAETHCS TOBIAOMIICHHS PO HEKOPEKTHE
MOJIOKEHHSI KOHTEHHepa, uYepe3 M0 HEMOXXJIMBO TMPaBUIBLHO BUMIPSITH CTaH 3alOBHEHOCTI
KOHTEHHepa.

Kpoxk 5. TlepeBipka 3amoBHEHOCTI KOHTeHHepa. Skmo gatunk MQ-2 He curHamizye mpo
HeOesneky, a gatauk GY-521 Bka3zye Ha KOPEKTHE TMOJIOKEHHS KOHTEHHEpa, TOJI BimOyBaeThCs
3unTyBaHHsA 3HadYeHb 3 nmatymka HC-SRO04 [3]i Ha OCHOBI JaHUX POOHWTHCS BUCHOBOK IIIOJIO
3al0BHEHOCT1 KOHTEIHepa.

Ha pucynky 1 HaBeneHo 6J0K-cXeMy poOOTH IMpOrpaMHOTO 3abe3neueHHs MpUiiagy Ha OCHOBI

METOoay aHa.]'Ii?)y, 110 IMPOIIOHYETHCA.
Mepesipka
CTAPTOBMX 2HAYEHE

Y
Mepeeipka cTaHy
KOHTeliHEpa

MQ-2 curHaniaye
npo Hebeaneky
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NOEIfOMIEHHA Bignpaeka
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2aNoBHEHOCTI noNoMeHHs
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Pucynox 1 — brok-cxema po6oTu mporpamuoro 3abesneuens cucremu loT pimenns
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Ha ocHOBi MeTO/1a MOHITOPUHTY Ta aHAJIi3y CUCTEMH CMITTe30epiraHHs TBEPIAHX BIAXOJIB
CIPOCKTOBAHO Ta IMPOrpaMHO peali3oBaHO BUCOKoehekTHBHY cuctemy 0T pimens mis
MOHITOPUHTY Ta aHaJi3y CTaHy KOHTEWHEepa 3 MIHIMAJIbHUM BUKOPHUCTAHHSIM EHEPropecypciB
MIKPOKOMII F0Tepa.

BucnoBku. Pesynprartu 31ilCHEHNX Y TPOEKTI OCTIIKEHb MOXKYTh OyTH BHKOPUCTaHI TPH
npoektyBaHHi [0T mpucTpoiB 3 moaiOHIM QYHKITIOHATIOM, a CIPOSKTOBAHE Ta PO3POOIICHE PIllICHHS
MOKe OyTH 3aBepIIeHE 1 JOTIOBHEHE JUTS IPAKTHYHOTO BUKOPUCTAHHSA 1 B KOMEPIIIHHIX HUISX.

Cnucoxk BUKOPUCTAHUX JIZKepest

1. TeapmoBcekuii B. I'., KpaBuenko O. B. loT-pimieHHst 11si MOHITOPHHTY Ta aHaJi3y CHUCTEMH
CMiTTE30€epiraHHs TBEPANX BiAX0MiB. Miscnapoona naykogo-npaxmuuna kongepenyis, (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.

3. Odimiiiamit caiit «Raspberrypi.org, GPIO». URL: https://www.raspberrypi.org/documentation/
usage/gpio/ (mara 3eepuenns: 30.05.2022).

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.

METOIH PO3B’AA3AHHS PIBHAHD EJIEKTPUYHOT'O KOJIA
IIPA PO3PAXYHKY CTATUYHOTI O PEXKUMY

Cutnuk O.0., IIporacos C.10., Kiirouka K.M., Kuceabosa I'.O.
Uepkacekuii Aep:KaBHUNA TEXHOJIOTIYHAN YHIBEpCHTET, M. Uepkacu, YkpaiHa

AHoTanis. g enexTpuUHUX Kl XapakTePHUM € aHaji3 Ta PO3paxyHOK CTaTUYHOTO DPEXHUMY,
MOB'A3aHUH 3 PO3B’SI3KOM CHCTEM HENHIHHUX anreOpaiuHuX piBHSAHB, IO OMUCYIOTh 3a3HAYCHUHN PeXUM. Y
OUTBIIOCTI BHUITAJKIB JJISi PO3B’SI3aHHS CUCTEM anreOpaiYHUX PIBHSHb BHKOPHCTOBYIOTHCS QJITOPUTMH, B
OCHOBI SIKHX JISKUTH MeTo HbI0TOHA, IO Ma€e KBaIpaTHYHY IMIBUKICTH 301KHOCTI HAOIIKEHOTO PO3B SI3KY.
OO0'exTOM TOCITIIKEHHS € MPOLIECH B HENIHIHUX eJIeKTPUYHUX Kojiax. [IpeamMeroM gociKeHHs € METOAN
Ta aNrOPUTMH PO3B’S3KY PIBHSHB €IEKTPHUYHHUX KT NMPH PO3PAXyHKY CTAaTHYHOTO pexumMy. Y poOoTi
MPOMOHYETHCS AJIsl pO3B’A3aHHS PIBHAHb BUKOPUCTOBYBAaTH MoAu(ikawito merony HeioToHa, 1110 BpaxoBye
XapakTep HEMHIHOCTI BONbT-aMIEPHUX XapaKTEPUCTUK eJIeMEHTIB Kojia. Lledl migxix nae MOXKIUBICTH
noOyayBaTH e()eKTHBHI YHCENIbHI aJITOPUTMH Ta PO3POOUTH Ha iX OCHOBI MPOrpamHi 3ac00M MOJETIOBaHHS
CNIEKTPUYHUX KiJ.

Krouosi ciioBa: HeniHilHI piBHAHHS, €IEKTPUYHE KOJO, MOEIIOBaHHS, MeToa HeroToHa.
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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,
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, 1)
where F(X) :[xl,xz,...,xn]t, F(X) =[f,(X), f,(X),..., fn(X)]t , 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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Cexkuis C. [ndopmariiini TeXHOJIOTIi B TEXHII1 Ta poOOTOTEXHIIl

PEAJIIBAIIA MYJIbTUMOJAJBHUX TPAHCIIOPTHUX 3AJTAY
3A JIOHOMOTI' OO CUCTEM JIIHIMHAX MATPUYHUX PIBHSAHD

I'onuapos A. B., Moriueii C. O.
UYepkacbKuii epKaBHUM TEXHOJIOTTYHUH yHIBepcHTeT, M. Uepkacu, Ykpaina

AnoTtauist. O0’€KTOM JOCTiKEHHS € OaraToKpuTepiaibHa MyJIbTUMO/ATbHA TPAHCIIOPTHA 3a/1a4a 3
JBOMa MITHOBUMH (DYHKIISIMU MiHiMi3alii co0iBapTOCTI Ta PU3MKY TPAaHCHOPTHUX IEepeBe3eHb. MeToro
pobOTH € BUBYEHHS OCOOJIMBOCTEH peamizallii 11i€i 3amavi 3a JONOMOI'OI0 METOJIB OaraToKpUTepialbHOI
ornTuMi3alii. 3aBIaHHs JAOCIIIPKEHHS — MPOJIEMOHCTPYBATH MOXKJIMBICTD 3BEJCHHS MOCTABJICHOT 3a/1a4i J0
CHCTEMH JIiHIHHUX MATPUYHUX PiBHsHB. {7151 moOyI0BH OMOpHUX IUIaHIB 3a]adi BUKOPUCTAHO aJITOPUTM
merony llreitnepa, sxuil 0a3yeThcsl Ha BiqUIyKaHHI «KOMIIPOMICHOT'0» OIMOPHOTO TUIAHY MDK PI3HHUMHU
BHJIAMHU TPAHCIIOPTY. baraTokpuTepiaibHICTh 321241 TPONOHYETHCS PEali3yBaTH i3 3aCTOCYBAHHSIM METOIiB
BaroBUX KOe(ili€HTIB Ta MOCHTiJOBHUX MOCTYIOK, aJalTOBAHUX 3 YpaxyBaHHSIM OCOOIMBOCTEH MOCTAHOBKH
JOCTIKyBaHol 3amadi. [Toka3aHo, 110 pO3MIPHICTh BIAMOBIAHOI CHUCTEMH JIHIMHUX MAaTPHUYHHX PIBHSHB
0e3rnocepeIHbO 3aJSKUTh BiJl KUTBKOCTI ITBOBUX (QPYHKIIIN 3a1a4i A0CHIDKeHHS. TaKuM YHHOM, OCHOBHUM
pe3YIbTaTOM [BOTO JOCHIDKEHHS € pPo3po0Ka HOBOTO METONy pO3B’s3aHHSI OaraTOKpUTepiabHOI
MYJIBTUMOJIaJIbHOT TPaHCIIOPTHOI 3a/1a4i, OCHOBHA 1J1es SIKOI'0 IMOJIATae y 3BEACHHI ii 10 CUCTeMU JIHIHHUX
MaTpPUYHUX PIBHSAHB, peajizallisi sIKOi MPOBOAUTHCS 3a JOMOMOIO 3acO0IB KOMIT'IOTEPHOI MaTeMaTHKH
(Mathcad).

KuarouoBi cjioBa: OaratokpuTepiallbHa ONTHUMI3aIis, MyJBTHMOAANIbHA TPAHCIOPTHA 3aada,
CHCTEMa JIHIMHIX MaTPUIHUAX PiBHSAHB, MeTon llITeitHepa, 3aco0n KOMIT FOTEpHOT 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. JlorictuyHi 3amavi, SIKi ChOTOJHI MOCTAIOTh Mepel AOCTITHUKAMU TPAHCIOPTHUX
nepeBe3eHb, MaloTh Ha3BHUARHUI PIBeHb CKIaTHOCTI. Lle 3yMOBIIEHO SIK BUCOKOIO MOJANBHICTIO
TaKUX 3aJ1a4, TaK 1 BEIMKUM HaOOpOM KpHUTepiiB jorictTuunoi ontumizanii. Kpim Toro, 3saxaroun
Ha Te, IO KJacHMYHa TPAHCIOpPTHA 3ajaua TMOJIATaE Yy BU3HAYEHHI ONTHUMAJIbHOTO IIJIaHY
TPAHCIIOPTHUX TMEPEBE3CHb, CYTTEBHI BIUIMB Ha 0OCIT OOpOOIIOBAaHUX JAaHMX MA€ PO3MIPHICTH
TakKoil 3a7adi — IHIIMMH CIIOBAMH, KUIbKICTh MYHKTIB BIANPABKH Ta JOCTaBKM BaHTaxiB. Came
TPOMI3JKICTIO CYYaCHUX TPAHCIIOPTHUX 33124 1 BU3HAYAETHCS aKTyaIbHICTh JAHOTO JOCIIKEHHS.
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MeTtor0 J0CHiIsKeHHSI € BHBYEHHS MOJXJMBOCTI 3BEICHHS OaraTOKpUTEepialbHUX
MYJIbTUMOJAIBHUX TPAHCIOPTHUX 3a]ad J0 aHAJIOTTYHUX OJHOKPHUTEPIaTbHUX 3 OJHUM 3aCO00M
JOCTaBKM BaHTaXIB — TOOTO, KITACMYHHUX TPAHCHOPTHUX 331a4. Cama peanizalis 3a/1a4 TaKOTro TUITY
3arajJioM HEMOXJIMBa 0€3 BHUKOPHCTAHHS CIEIIaTi30BaHOTO MPOrpaMHOro 3abe3redyeHHs
(manpuknazn, Mathcad, Matlab o).

IHocranoBka 3amaui. [loOynyemMo Mozenb KiIacHMYHOI MYJIbTUMOJAIbHOI TPAHCHOPTHOL
3amadi Uil TPhOX BUAIB TpaHcmopry. [lama moxens Oyne MICTHTH OAHY WUTHOBY (DYHKIIIFO
Minimizanii S Ta Tpu Marpuii coGiBapTocTeil nepesesens CK:

S =C*x X* - min,
C* =(c); X" = (%), k=13,

ne 1=1,n, j=1,m — KUTbKICTh ITYHKTIB BIAMPaBKH i JOCTABKH BiIIOBIIHO.

(1)

X — mykaui MaTpHIli ONOPHHX MIAHIB IO KOKHOMY BHJY TPAHCIIOPTY;

k
Ci
I-TO MyHKTY BiJIlIPaBKH JI0 J-TO MYHKTY JOCTaBKH K-M BUIOM TPaHCIIOPTY.

OcnoBHa uacTuHa. Binnomenns C* x X * posmucyerses sk:

3 nm
k k k k
C'xX :chii'xii’ (2)
k=11i,j=1
TOOTO, IUThOBA (YHKIIIS 33734l S € CyMOK JTOOYTKIB BiMTOBIIHUX €JIEMEHTIB MAaTPHIlh
coOiBapTOocTel 1 OMOPHUX IJIAHIB 1O BCIM BHUJIaM TPAHCIIOPTY.
Po3mmpumo noctanoBky 3agauy (1) Ta moOyayemMo MoJiellb MyJIbTUMOIAIbHOT TPaHCIOPTHOT
3ajadi, IKa MICTHTh JIBI IIOBI QYHKIIT MiHIMI3a11ii — cobiBapTocTi S i pusuky R [1]:
S=C*x X* - min,
R=R“xX* — min, )
k ky. pk Ky. k k 1 9
C*=(c;);R" =(r;); X" =(x;), k=13,

PH3HK TIEPEBE3CHHS OJUHMUIN BAHTaXY 3 I-TO MYHKTY BiINPaBKH JO |-TO MYHKTY

x; — BIATIOBIZTHO cOOIBApTICTH (32 OJAMHHUIIIO) Ta KUIbKICTh BaHTAXY, 1110 IEPEBO3UTHCS 3

k
he r” -
noctaBku K-M BHIOM TpaHcmopty (MaTpuii pusukis R* € Bimomumm).

[Ipu peanizartii 3amadi (3) OTpUMaEMO HACTYIHY CUCTEMY JIIHIHHUX MAaTPUYHUX PIBHSIHB:
X+ X2+ X3=X,
C'xX'+C*xX?+C®x X®=S__, (4)
RExX'+R*x X2+ R*x X® = Roin-
3acrocyBaBmu meron llreitnepa [1] mo 3amaui (3), oTpuMaeMo MiHIMallbHI 3HAYEHHS
UUTHOBUX (DYHKITIH S=S,,,R=R,,.
BucnoBkn. TakuM 4YMHOM, B JOCTI/DKEHHI OINKWCAHO HOBUH METOA 3BEACHHA O —
KpUTEPiaTbHOT MYIBTHMOIATHHOT TPAHCIIOPTHOT 334241 JI0 KIIACUYHOI TPAaHCIIOPTHOT 3a/1a41 — yepes
noOy/I0By CHCTEMH JHIHHUX MaTpUYHUX pIiBHAHB po3MipHocTi o +1. Ile 1ae MOXIUBICTH

PO3pOOUTH BIIHNOBIIHUI aNrOpUTM PO3B’sA3aHHS MOCTABJICHUX 3a/ad 1 peanizyBaTH Li 3ajadi 3a
JIOTIOMOT'OFO CIIEI[iali30BaHOTO MPOrPaMHOTo 3abe3neyeHHs, 30KkpeMa, B cepenonuiii Mathcad [2].

Cnncox BUKOPMCTAHUX JIZKepeJt
1. Constructing reference plans of two-criteria multimodal transport problem / J. Su, K. Przystupa,
S. Zabolotnii et al. Transport and Telecommunication. 2021. Vol. 22. No. 2. P. 129-140. doi: 10.2478/1tj-
2021-0010.
2. Gubina S. The solution of optimization problems by means of Mathcad and MS Excel. Actual
Directions of Scientific Researches of the XXI Century: Theory and Practice. 2016. Vol. 2 (5). P. 268-270.
URL.: https://doi.org/10.12737/6402.
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IHTEJIEKTYAJBHUI KOHTPOJIb MEXAHIYHUX XAPAKTEPUCTHUK
OIITUYHUX BUPOBIB

Makapenko L. O., ®enopos €. €., bongapenko IO. 1O.
YepkacbKuii IepKaBHUI TEXHOJIOTTYHUH yHIBepcuTeT, M. Uepkacu, Ykpaina

AHotauisi. [IpiopuTeTHUMH 3aBIaHHSIMHM B paMKax L€l pobOTH € po3poOJIeHHS MpoIecy
THTENEKTYaJIbHOrO KOHTPOJII0 MEXaHIYHMX XapaKTepHCTHUK ONTUYHHX BUPOOIB, MO0 aBTOMATH3ALlis, a
TaKoXK 3MEHIIEHHS OOYMCIIOBAILHOI CKJIAJHOCTI, 30ILIBIIEHHS TOYHOCTI Ta HamiiiHocTi. MeToro
JOCIIPKEHHS € MiABHINCHHS e(eKTUBHOCTI KOHTPOJIIO MEXaHIYHUX XapaKTEpUCTUK ONTHYHUX BUPOOIB
IUISIXOM 3aCTOCYBAHHS IITYYHOI HEHPOHEUITKOT Mepexki, HaBYaHHS SIKOT 3IMCHIOETHCSI HA OCHOBI IMYHHOT'O
anroputMy. B po6oTi po3pobiieHo Ta JOCHIPKEHO ITYYHY HEHPOHEUITKY Mepexy JUlsi aBTOMAaTh3allil
THTENEKTYalIbHOTO KOHTPOJNIO MEXaHIYHMX XapaKTepUCTUK ONTHYHUX BHUPOOIB, M0 3abe3medye
MPECTABJICHHS 3HAHb 32 PAaxyHOK KOHTPOIO XapaKTEPUCTUK ONTHYHUX BUPOOIB SK 3pO3YMITUX IS
JIO/ICBKOT JIOTIKKM TpaBWII; 3MeHInye y 2,8-3,1 pasu cepenHbOKBaJIpaTU4HY TMOMHIKY Ta y 7-11 pa3sis
HWMOBIPHICTh TPUUHSATTS HEMPaBWIBHOTO pIlIEHHS, a TaKOX, 3arajioM, OOYHCIIOBAJILHY CKJIaJHICTh
KOHTPOJNIO IIUIIXOM aBTOMATHYHOrO BHOOpPY CTPYKTYpH MOJENI INTYYHOI HEHPOHEUITKOI Mepexi,
3MEHIIICHHS IMOBIPHOCTI IMOMNAJ[AHHS B JIOKAIBHUI EKCTPEMYM Ta BUKOPHCTAHHS TEXHOIOTI MapajeiabHol
00po0OKH iH(popMAIIil I IMYHHOI'O aJrOPUTMYy Ta 3BOPOTHOIO PO3IMOBCIOKEHHS y HMAKETHOMY PEKHMI.
JloBeleHO MOXIINBICTh BUKOPUCTAHHS MIPOIIECY IHTENEKTYaILHOTO KOHTPOIII0 MEXaHIYHUX XapaKTEPHUCTUK
ONTHYHUX BUPOOIB Yy Pi3HUX iHPOPMAIIITHO-BUMIPIOBATBHIX KOMILIEKCAX.

KawuoBi ciaoBa: ontuuyanii BUpIO, KpuTepii eQeKTHBHOCTI, HeHpoMepexka, CHcTeMa HEUYiTKOTro
BUBEJICHHS, IMyHHU alTOPUTM.

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. 3actocyBaHHS ONTUYHHMX BHUPOOIB B PI3HOMAHITHUX cepax JHOACHKOI TISUIBHOCTI
(moOyToBIi, BIICHKOBIN, TEIEKOMYHIKaIilHINA, MEAMYHINA TOIIO) OCTAaHHIM YacoM HaOyBae yce
Outbmoro mnomupeHHs. OcoOaMBOi MOMYNISPHOCTI PO3BUTOK BIAHOBIIOBAIBHUX, EHEPro- Ta
pecypco30epiratodnx TeXHOJIOT 1 BUTOTOBIIEHHS Cy4aCHUX ONTHYHUX NPUCTPOIB 1 cucTeM HaOyBae
B paMKax KOHIIEMIl CTaJoro po3BUTKY Ta iHimiatuBu «Industry 4.0» [1]. B Toif e wuac,
BpPaxoBYIOUM cCHENM(IKYy BHUKOPUCTAHHSA TAaKMX ONTHUYHMX BHPOOIB B YMOBAaX OTOYYIOHOTO
cepelioBUINIA (4acTO — arpecMBHUX Ta EKCTPEMAIbHUX), OCOOIMBO B Taly3sfiX KPUTUYHOTO
3aCTOCYBaHHS (€HEpreTHKa, KOCMI4HA, BIICbKOBA, MEIMYHA raiy3i Ta iHIIi), aKTyaJbHUM IIOCTAE
MUTAHHSA BUCOKOC(EKTHBHOTO KOHTPOJIO CaM€ MEXaHIYHHUX XapaKTEePUCTHK HUX BUpoOiB. Ilpu
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IbOMY, Ha JAYMKY aBTOPIiB, NEPCHEKTHBHUM B IPOLECI KOHTPOJIIO MEXaHIYHUX XapaKTEPUCTHK
ONTUYHUX BHUPOOIB € BUKOPHUCTAHHS IITYYHOI HEHPOHEUITKOI Mepexi, I SKOi HaBYaHHS
MIPOBOJIUTHCS 32 JJOIOMOTOI0 IMYHHOTO alroputmy [2].

Meta Aoc/IilKeHHAA: TIBUIICHHS €(EKTUBHOCTI KOHTPOJIIO MEXaHIYHHX XapaKTEPUCTHK
ONTUYHUX BUPOOIB IIJISAXOM 3aCTOCYBAaHHS INTYYHOI HEHPOHEUITKOT Mepeki, HaBUaHHS SKOi
3MIIIICHIOETHCS] HA OCHOBI IMYHHOTO aJITOPUTMY.

IMocranoBka mnpodaemu. Ha e]eKTUBHICTP KOHTPONIO MEXAaHIYHHX XapaKTEPHCTUK
ONTUYHUX BUPOOIB TPAJUIIIHHUMHU METOJaMHU Ta 3ac00aMM 3HAYHUH BIUIMB MAalOTh CTOXAaCTHYHI
(hakTOpH OTOYYIOUOTO CEpEAOBHUINA, IS SKUX BIJICYTHI OJTHO3HAYHI 3aKOHOMIPHOCTI, 1[0 MOXYTh
OyTH OmHMCaHi METOJaMM KJIACHYHOI JIOTIKM Ta Teopii MHOXKHMH. [Ipy 1iboMy 3Ha4YHA CKIIAJHICTD,
OTEpPaTUBHICTh T4 MACOBICTh 31IIICHIOBAHUX LIMKJIIB KOHTPOJIIO BUMAarae 3aCTOCYBaHHS CYy4aCHHMX
MIIXO/IIB 13 3AIy4eHHSIM HeHpoMepeKeBUX TeXHOIOr1i. ToMy B 1aHiii poOOTI HABOAUTHCS TIPOLIEC
CTBOPEHHSI IITYYHOI HEHPOHEUITKOT Mepexl s 3IIMCHEHHS IHTEJIEKTYaJIbHOIO KOHTPOJIIO
MEXaHIYHUX XapaKTePUCTUK ONITUYHUX BUPOOIB.

Po3po0JieHHs1 Ta A0CiIKeHHS IITYYHOI HelipoHeuiTKOI Mepe:Ki 1/l IHTeJIeKTyaJILHOI 0
KOHTPOJII0 MeXaHiYHMX XapPaKTePUCTHK ONTHYHUX BHPOOIB. [y JOCATHEHHS TOCTaBIIEHOI
METHU B HAYKOBOMY JOCIIP)KEHH1 OyJIM BUPIIIEH] HACTYIIH1 3aB/IaHHS.

Crnouatky BimOyBaJIoOCS CTBOPEHHS CHCTEMH HEYITKOTO KOHTPOJIO  MEXaHIYHUX
XapaKTEepUCTUK ONTUYHHUX BUPOOIB, KOTpa nepeadavana GopMyBaHHS JIHTBICTUYHUX 3MIHHHX, B
SKOCT1 SIKUX OyJ0 00paHO, 30KpeMa: MOJyJb MPYKHOCTI, yIapHY B‘SI3KICTh, OIMIp 30BHILIHIM
HAaBaHTAXXEHHSIM Ta MEXY MILHOCTI 31 3HAaUEHHSIMH, O0IACTAMU SKUX € HEuITKI MHOXUHU. [Tpu
1[bOMY, BUX1IHOIO 3MIHHOIO Oys10 00OpaHo Ai0, 110 3MIHIOE BETMUYUHY MEXaHIYHUX XapaKTEPUCTHK
ONTHYHHUX BUPOOIB. HacTymHuMu kpokamu ctanu GopMyBaHHs 0a3u HEUITKUX MPaBHII (Y KUTBKOCTI
16 mpaswi) Ta mpoBeneHHs ¢aszudikamnii. [Ipu oMy sk GyHKIIT TpUHATIEKHOCTI Oyno oOpaHO
10 x,—my, i . —
¢byukii ayca H;H(Xi) =exp 5 5, qu(Xi) =1—MA1(Xi) , ae i €14, mjj— MaTemMaTu4He

il
OYIKYBaHHS, Gij — CEPEeIHBbOKBAIPATUYHE BIAXWUJICHHS, SK Taki, IO 3a (aKTOM TOTO, IO BXIiTHI
rapamMeTpH € pe3yJabTaToOM Jii 3Ha4YHOI KUIBKOCTi (haKTOpiB, BiJMOBINAIOTh YMOBI, IIIO BCi BOHH
MalTh OJHAKOBO He3HauyHMM BIUMB. HacTynHuil Kpok nepeabadaB arperyBaHHs yMOB JJIs
KO>KHOTO TIpaBMJIa NUIAXOM MIiHIMI3allli GyHKIIH MPUHATIC)KHOCTI 3 TTOAAJBIIO0 aKTHUBI3AIlI€I0 Ta
arperyBaHHsIM BUCHOBKIB. Y pe3ysbTaTi 4oro (hyHKIlis IPUHAIEAKHOCTI pe3yabTYI0UOI'0 BUCHOBKY
BU3HAYaach y BUIJIALIL:

e (%,2) = maxfu (X, 2), .. e (%, 203, 2€13).

Hactymna nedazudikaris LUIXOM MakcuMizarii byHKIii MIPUHAICIKHOCTI
z*:arg Mmax - (X,z), ze€1,3 nmo3Boissia BU3HAYATH HOMEpP BHUAY Jii, IO 3MIHIOE€ BEIUYHHY
Z

MEXaHIYHUX XapPaKTEPUCTHK ONTUYHUX BUPOOIB.

Ha HactynHOoMy erami Oyna cTBOpeHa M‘SITHUIIapoBa MaTeMaTHYHA MOJENb IITYyYHOI
HelpoHeuiTKoi Mepexki KOHTPOJIt0. BXiqHuii (Hy1b0BMi) mIap 1i€i Mepeki MICTUB YOTHPH HEH POHH,
1110 BIIMOBIAJIO KUIBKOCTI BX1IHUX 3MiHHUX. [lepmuii npuxoBanuii map peanizyBaB (azudikariiro
Ta MICTUB BICIM HEHpOHIB, 10 BIAMNOBIAAE€ KIIBKOCTI 3HAYEHb JIIHMBICTUYHHUX BXIAHUX 3MIHHHX.
Jlpyruil mpuxoBaHUIl mIap peaji3yBaB arperyBaHHs YMOB 1 MICTHB IIICTHAALATh HEHPOHIB, IO
BIJINOBIJJa€ KIUJIBKOCTI HEYITKUX MpaBWil. TpeTiil mpuxoBaHMH IIap pealizyBaB aKTHBI3aLli0
BHCHOBKIB 1 MICTHB MIICTHAISATh HEHPOHIB, IO BIAMOBIA€ KITHKOCTI HEUITKUX MPaBUI, a
BUXITHUI (YeTBepTHil) miap peasi3yBaB arperyBaHHs BHCHOBKIB Ta MICTMB TpU HEHPOHHM, ILO
BIAIOBIAA€ KIIBKOCTI 3HAYEHb JIHTBICTUYHUX BUXITHMX 3MIHHHX. 3arajoM, MaTeMaTH4YHa MOJENIb
HITYYHOT HEHPOHEUITKOT Mepeki Ha OCHOBI min-max HeHPOHIB Ma€ BUTIISAA:

Y, :H(g(x’z):':gl‘%( W, W mm{rigllﬂ r}l‘?z({wiju/sﬁ (Xi)},lvlgr (Z)} ,2€l,3.
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Hani BinOyBaBcsi BHOip KpUTEpiiB OIIHKM €()eKTUBHOCTI OTPUMAHOI MaTeMaTHYHOI MOJAETI.
Tak, i owiHKK mapamMeTpuyuHoi ieHTHdiKalii Takoi Moeni Oyiau oOpaHi Taki KpUTepii:

. : 1 &8 .
- KpuTepiit Tounocti F :—PZ:Z:(ypZ —dpz)2 —>min;
p=1 z=1
1 P
- kpurepiit HazgiitHocti F = —Z[arg max y,, = argmaxd pz} —min;
=1 z€1,3 zel,3 0
- Kputepiii mBuakonii F=T — mein :

ne dpz — BiIryk, otpuManuii 3 06‘exty yrpasninns, d,, €{0,1}, Yp; — Biaryk, orpumanuii mo

Mozel, P — KUIbKICTh TECTOBUX pealli3allii.

[nentudikaniss napameTpiB MaTeMaTHYHOI MoOJENl IITY4YHOI HEWPOHEUITKOT Mepexi
KOHTPOJIIO MEXaHIYHUX XapaKTEPUCTUK ONTHYHUX BUPOOIB 3 ypaxyBaHHSM aJITOPUTMY 3BOPOTHOTO
MOIIUPEHHS y MAKETHOMY PEeXHUMI nepeadadae oOUYMCIIEHHSI BUXITHOTO CUTHAIY 32 OTPUMAHOIO
MaTeMaTHYHOI0 MOJICJUTIO Ta €HEPrii MOMMJIKH HEHPOMEPEXKI 3 MOJATBIIOI MEPEBIPKOI0 YMOBU
3aBepUICHHS.

Ha 3aBepmansHOMY etarmi BifOyBanacs iIeHTH(IKallid mapaMeTpiB MaTeMaTUYHOi MoJenl
ITY4HOI HEMPOHEUITKOT Mepekl KOHTPOII0 MEXaHIYHUX XapaKTepPUCTUK ONTHYHHUX BHUPOOIB 3
ypaxyBaHHSM IMYHHOTO aJrOpUTMY «MoAr(iKOBaHa MTy4YHa IMyHHA Mepexay». CyTh Moaudikamii
noJisirajia y ToMy, 110 Ha eTari CTUCKYBaHHS B MHOXKHHI HE OOUMCIIOETHCSI OTOUEHHS KIITHHOK,
3HaueHHS (YHKIIT L1 IKKUX MEHILIe HalKpaloro cepelHbOTro 3HaYeHHsI LUl 3a ycima iTepalisimu,
1110 3MEHIIY€e OOYUCITIOBAIbHY CKJIAIHICTh aIroOpuTMy. YncenbHe JOCTIPKEHHS 3alpONOHOBAaHUX
MaTeMaTHYHHUX Mojieliel mpoBoauiock y naketri MATLAB.

B pesynapTaTi mpoBeAEHUX MOCTIKEHb Ta TMOPIBHAJIBHOTO aHANI3y pE3yJIbTaTiB 3a
OTPUMAHHUMH 3a JIOTIOMOT'OI0 PO3pO0JIECHOT ITYYHOT HEHPOHETITKOT MEPEkK1 KOHTPOIIIO MEXaHIYHUX
XapaKTepUCTUK ONTUYHHUX BUPOOIB 3 pe3yabTaTaMu, OTPUMAHUMH 3 BUKOPHUCTaHHIM
aJIbTEPHATUBHOI ~ HeWpoMepeki  TUIy  OaraTomlapoBUil  HEpCeNTPOH 13 3BOPOTHUM
PO3MOBCIO/KEHHAM (sika cebe 3apeKoMeHAyBajla y 3a/JadaxX BHCOKOTOYHOIO KOHTPOJIFO) Oyio
MIOKa3aHO CYTT€BE CIIPOLICHHS OOUYMCIIIOBAJIBHOI CKIAJHOCTI MPOLECY KOHTPOJIO, 3MEHIICHHs
CEPEeIHbOKBAIPATHYHOI TOMMJIKK 31 3HaueHHs 28,8-33,2 mo 3nauyeHHs 9,3-11,5 ta iiMoBipHOCTI
MPUHHATHX HENPaBUWIBLHUX pimieHsb 31 3HadeHHs 0,089-0,112 mo 3nauenns 0,008-0,013.

BucHoBkm. 3amponoHOBaHMH MiAXiA OO IHTEIEKTYaJbHOTO KOHTPOJK MEXaHIYHUX
XapaKTepUCTUK ONTUYHHUX BUPOOIB aBTOMATH3Y€E MPOLIEC TAKOTO KOHTPOJIO; 3a0e3Meuye ysBICHHS
3HaHHS 1I0JI0 KOHTPOJIIO XapaKTEPUCTUK ONTUYHUX BUPOOIB, SIK MPABMJI, SIKI JIETKO JOCTYIHI AJIs
PO3YMIHHS JIFOJIMHOIO; 3MEHIIYe O0UYHCITIOBAJIbHY CKJIQJHICTh, CEPEIHbOKBAIPATUYHY NOMUIIKY Y
2,8-3,1 pa3u Ta WMOBIPHICTb NMPUNHATTS HEMpPaBUIBHOrO pimieHHs y 7-11 pasiB 3a paxyHOK
aBTOMAaTHYHOI'O BHOOPY CTPYKTYPH MOJIEJI IITYYHOT HEMPOHEUITKOT Mepexi, a TAKOXK MPHUBOAUTH
710 3MEHIIEHHs WMOBIPHOCTI MOMAJaHHS B JIOKAIBHUI €KCTPEMYM Ta BUKOPUCTaHHS TEXHOJIOTIi
napaienabHoi 00poOku iH(opMalii JUIst IMyHHOTO alrOPUTMY Ta 3BOPOTHOTO PO3MOBCIOJUKEHHS Y
NakeTHOMYy pexumi. Po3pobneHuii MeToJ IHTENEKTyaJbHOIO KOHTPOJK  MEXaHIYHHUX
XapaKTepUCTUK ONTUYHUX BHUPOOIB MOXKe BHUKOPHUCTOBYBATHCH Yy pI3HUX i1H(pOpMaLiifHO-
BUMIPIOBAJIbHUX KOMILJIEKCAX.

Cnucox BUKOPUCTAHUX JIZKepeJt
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BUKOPUCTAHHA POBOTOTEXHIYHUX HPI/IC"l:POiB TA IHTEPHETY PEUEH
Y HABYAHHI TA HAYKOBO-AOCJ/IJHIN POBOTI CTYJAEHTIB

Angapienko B. O., boiiko B. B.
YepkacbKuii IepKaBHUM TEXHOJOTTYHHUIA yHIBepCHTET, M. Uepkacu, YkpaiHa

AHoTanisi. Y po0OoTi 3aIIpoloHOBaHO BUKOPUCTaHHS [HTepHETY peyeld Ta pOOOTOTEXHIKH B HaBUaHHI
CTY/ICHTIB TEXHIYHUX CIICIIaJIbHOCTEH, sIKi XO4yTh OyTH KOHKYPEHTHUMH B CYYaCHHX pealisix Ta MparHyTh
OIaHYBaTH HOBI MOXKIIMBOCT1 MiKPOEJIEKTPOHIKH Ta MiKPOKOMIT FOTEPHOI TeXHIKU. PO3TIISIHYTO MOXKIIHBICTh
3aly4eHHS TaKUX CTYIEHTIB JI0 HAyKOBO-JOCIIJHOT pOOOTH Uepe3 y4acTh y HAyKOBOMY I'YPTKY IpH Kadenpi
YHIBEPCUTETY U OTPHMaHHS 3HaHb Npo (i3WyHI Ta MareMaTWyHi OCHOBU POOOTOTEXHIKH, MPUHIIWIIH
(YHKIIOHYBaHHSI E€NEKTPOTEXHIYHUX MPUCTPOiB, KOHCTPYIOBAHHS POOOTOTEXHIYHMX NPUCTPOIB Ta iX
MpOrpaMyBaHHs, CTBOPEHHSI Ta BiJUIaro/KEHHS! PO3yMHUX MPUCTPOIB, IO MOJETYIOTh Ta POOJIATH OLTBII
PI3HOMaHITHUM HaIlIe KUTTS.

VY nonoBiai mpeacTaBiIeHo A0CBi poOOTH HayKOBOTO T'YpTKa, OCHOBHE TPU3HAYEHHS SIKOTO TIONATaE
B CTBOPEHHI T'PYIl 3aliKaBJICHUX CTYACHTIB JUIs peajizallii CijIbHUX MPOEKTIB y Tay3l poOOTOTEXHIKH Ta
[HTepHeTy peuei, 10 € ChOrO/JHI aKTYyaTbHUMHU Ta [[IKABUMH, BUMATAI0Th MIEBHOI TEOPETUIHO] 1 TPAKTUIHOT
IMATOTOBKHY 3 TEXHIYHUX JUCIIUILIIH.

KarwouoBi ciioBa: ryprok, poOOTOTEXHIKa, TPOrpaMyBaHHs1, [HTepHET peuei.

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. CrorosiHi Cy4acHOMY CTYAEHTY BXKE Majo BUBYEHHS JIMIIE 3aralbHUX AWUCIMILIIH
npodeciiiHOT MiArOTOBKM 3 HABYAJIBHOTO IUIaHY KOHKPETHOI CIeliadbHOCTi, 0COOIUBO KOJIH HE
po3yMiel, e MOXHA 3aCTOCYBaTH BCi Ii oTpuMaHHi 3HaHHs. [Ipodecionaniam Bukiagadis Ta ix
KUTTEBUU JOCBIJ CTBOPIOIOTH YMOBH JUIS OJEPKaHHS CTYACHTaMHU TEOPETHYHOI Ta MPAKTUYHOI
MIArOTOBKM 3 06a30BUX MpeaMeTiB. Bei BUKiIanadi 3p03yMisio Ta AOCTYITHO TOTYIOTh OCHOBY 3HAHb
CTYICHTIB 3 HaBEJICHHSAM IPHKIAAIB 3 CY4aCHOTO JKUTTS, INPONOHYIOTH IEPEBIPUTH 1€ Ha
1a00paTOPHUX Ta MPAKTUYHMX 3aHATTAX. AJle, KpIM TOTro, IMiJ 4ac HAaBYaHHS B YHIBEpCHUTETI
CTY/IEHTOB1 NOTPIOHO HaJaTH MOXJIMBICTb PO3BMBATH HOTO 1HIUBIAYAJIbHICTh, MPOSBIATH HOTO
0co0OuCTI 3/1I0HOCTI, MPALIOBATH B KOMaH/I1 Ha/l peaJbHUMHU IIpoeKkTaMu. Bee 11e cTae MOKIMBUM Y
11032 HaBYAJILHOMY CepeIOBHUIII, CTBOPEHOMY B paMKaX HayKOBOTO CTYAEHTCHKOTO I'ypTKa.

Metoro podoTH € CTBOPEHHS YMOB Ul HAYKOBOI'O Ta MPO(eciiiHOro 3poCcTaHHs CTYAEHTIB
Ha OCHOBI JOCTIKEHb CHCTEM IHTEPHET peueit Ta pOOOTOTEXHIKH Yepe3 3aly4eHHS X 10 y4acTiy
HAyKOBOMY I'ypTKY Kadepu KOMIT I0TepHUX HayK Ta cucteMHoro aHamizy YJ(TY.

ITocTanoBka 3aga4i. 3aB1aHHSI HAYKOBOTO CTYJIEHTCHKOTO r'ypTka « OCHOBU pOOOTOTEXHIKH
ta [HTEepHET peueil» — cTBOPpUTH KOM(OPTHI YMOBH Uil 1HAMBIAYadbHOTO PO3BUTKY CTYJEHTIB,
3a0€3MeYnTH 1X HAayKOBO-AOCHITHY MNiSIBHICTP HEOOXITHUM TEXHIYHUM OOJaTHAHHSAM JUIs
YCBIIOMJICHHSI POOOTH pPI3HOMAHITHUX JATYMKIB, NPUCTPOIB I TPOBEACHHS HAyKOBHX
JOCII/DKEHb Ta CTBOPEHHS HOBITHIX POOOTOTEXHIYHUX MPUCTPOIB Ta IHTEpHET peuei.

OcHoBHa yacTuHa. HaykoBuii rypTok xadenpu — 11e rpyra 3alikaBJIeHux oci0, sKi Mo€eaHaH]
CMUIHLHAM BHJIOM IHHOBALIMHOT MIsIIBHOCTI JJISl BUPIIICHHS Cy4aCHUX HAyKOBHX 3a1a4. KirrouoBruMu

35



3aBJAHHSAMH JISUTBHOCTI HAYKOBOIO TI'ypTKA €: OCBOEHHS Ta po3yM1HH51 CTyJICHTaMH Ka(be;[pn
METOI0JIOT1] HAyKOBUX JOCIHIIKEHb; 3,[106yTT51 MPAKTHYHHX HABHKIB KOHCTPYIOBAHHS, PO3POOKH i
IPOrPaMyBaHHSI po60T0TeXH1qHHx MPUCTPOiB Ta iX 3aCTOCYBaHHA Ha npaKTnm HiIrOTOBKa
CHpaBXHIX MpodecioHaiB 3 BIAMOBIAHUM pIBHEM HEOOXiAHOI i iX cremiajizalii; po3BUTOK
HAYKOBOTO MOTEHIIATy CTY/ICHTIB; POBEICHHS 1IKABUX CEMIHAPIB Ta «MO3KOBUX IITYPMIBY.

Jnst peanizamii 3a3Ha4€HUX 3a/1a9 BC1 YIaCHUKH CTYAEHTCHKOTO HAYKOBOTO T'YpTKa IMOBUHHI
MIPOBOJIUTH MEPIOANYHI 3acimanHs Ta 3ycTpivi. [lix yac mux 3ycTpiueil 3’IBIsSETbCS MOKIIMBICTH
3aCTOCOBYBAaTH 3HAHHS Ta BMIHb CTY/AEHTIB, II0 OTPUMAaHI IiJ Yac HABYaHHS, B pOOOTOTEXHIIII.
3apa3 cTajo0 MOXJIMBUM Ta JIOCTYIIHUM BUKOPHCTaHHS pi3HHx 3aco0iB Ui CTBOPEHHS
POOOTOTEXHIKH, CIIOCTEPIraTH 32 HOBUMH PO3POOKAMH y CBITI HOBITHIX TEXHOJIOT'TH, 1110 BCe OLIbIIE
BUKITUKA€E 1HTEpEC 0 TMPUHIIHAITY p060m JIAHUX TPUCTPOIB, B TOMY yucai [HTepHeT peueit, 1o
MporpamMyBaHHS I1X TIOBEIIHKH, MEXaHIKO-TEeXHIYHUX MPHHIHUIIB iX MOOyJOBH Ta pPOOOTH,
€JIEKTPOMEXaHIYHOTO TIEPETBOPEHHS CUTHATIB B PyX LUX MPUCTPOiB. MaTeMaTH4Ha CKamoBa B
pO3paxyHKax Ta TEPETBOPEHHSIX CUTHAIIB Ta JAHUX € TAaKOXX HEBLI €MHOK OCOOJHUBICTIO IS
CTBOPEHHS POOOTIB.

VY Mexax HayKoBOro TypTka Kadeapu Ta 3a MIATPUMKH [HXKUHIpUHTOBOI JlabopaTopii
Noosphere Engineering School, mo ctBopeHo B UepkachbkoMy JepKaBHOMY TEXHOJIOTIYHOMY
yHIBEpCUTETI, MU 3a0e3leyyeMo CTYACHTIB HEOOXITHMM oOOJaJHaHHSAM [UI BUBYEHHS
POOOTOTEXHIYHUX CUCTEM Ta AOCTiKeHHs [HTepHeT peueil, 1006 KoKeH MoYaTKiBelb CrIpoOyBaB
cebe PpO3pPOOHHMKOM BiA TPOCTOTO AJAPECHOTO CBITJIONIONA, JO HAMHCaHHS MPOoTpamMu
iHTenekryanpHo1 cuctemu pobotm SMART-micta. [IporpamyBaHHS poOOTH e€IEKTPHUYHUX
JIBUTYHIB JIJIS CTBOPEHHS MOJIENIEH eIeKTPOMOOLTIB, YA KOHTPOJIb CEPBOABUTYHA JIJII PYyXOMOTO
SNIEMEHTY Y BUIJISAI poOOTa-MaHimysTopa. 3acTocyBaBIinu Mikpokomi totepu Raspberry Pi3 ta
Raspberry Pi4, 3’saBiseTbCsi MOKJIHMBICTH BIiIJalI€HOrO KOHTPOJIIO Ta YIPaBIiHHSA POOOTOIO
«pO3YyMHHM» OyauHKOM, a BHKOpHCTaHHS Bluetooth uu WIiFi Hamae MOXIHMBICTH KepyBaTh
BIITaJICHO CBOIM BJIACHUM PO3POOJICHUM MPUCTPOEM.

Takox CTYIEeHTH MalOTh MOXJIMBICTh BHUBYaTH OCHOBH POOOTOTEXHIKM Ta MPOEKTYBAaTH
MO/IeNTh MaltOYTHROTO MPUCTPOIO, CTBOPIOBATH iX Ha 3D mpuHTEepax B yHiBepcuTeTi. OOroBOpeHHS
CBOiX MPOEKTIB Ta 3a7a4 Y HEBEITUKHUX IPyIax Ja€ MOKJIUBICTh CTYACHTaM 3pOOHTH CBiii BHECOK Y
KiHLIeBUI pe3ynabTaT. CXeMHe Mpe/CTaBiICHHs OOTrOBOPIOETHCSA N0 JeTaliell Ta KOXKEeH Mae
MO>KJIMBICTh CHASTH i 32 TOMOMOTI'OI0 MasIbHOI CTaHIIi1, 200 K 3BHYAHOTO MasJIbHUKA, 1110 TaKOXK
€ B Hamux Jiaboparopisx. CTyaeHTaM JOCTYIHI MIKpOKOHTpoJepu Ha 6a3i Arduino, ESP 8266 —
iara, Mo CHeriagbHo po3poldieHa 1 «lHTepHeT peueii».

CryneHTu, yuaCHUKUA HAyKOBOT'O T'ypTKa Kadeapu, MalOTh YHIKAJIbHY MOKJIMBICTh HABUATUCH
Ha kypci «loT Fundamentals» ta omepskatu HaBuuku MoemtoBants B PacketTracer B Mepexesiii
Axkanemii CISCO npu YJTY. Ha npakTuuHUX 3aHATTAX CTYACHTAM HAJIA€ThCS MOKIUBICTH
MpamoBaTH HE TUIBKM 3 JaTYMKaMUd Ta MIKPOKOHTpOJepaMu, ajie W BUKOPUCTOBYBATU
MiKpoKoMIT'foTepu Raspberry Pi4, 1mo mae MOXIHBICTh KepyBaTH «PO3yMHUM OyIMHKOMY,
iHbOpMaILIITHOIO MaHeIJUTI0 Y CaMOCTIHHUM poOOTOM uepe3 Mepexy Internet.

BucnoBok. CyyacHa BuIlla OCBITa Ta HOBITHI TE€XHOJOTI] Y BChOMY CBITI BUMararoTh Bil
MaiOyTHiX @QaxiBuiB y ramy3i [T Ta iHXeHepiB TEXHIYHHX CIELIaTbHOCTEH BIAMOBIIHUX
npodeciiHux KommereHTHOocTed. OnHuM 3 edeKTUBHUX MIAXOAIB Ha HUIAXY (OpMyBaHHS
KOHKYPEHTOCIIPOMOXKHOTO (haxiBIsl Ha MDKHapOJHOMY pPHMHKY IHpalli € aKTUBHE 3aly4eHHS
3100yBayiB BMIOI OCBITH J0 HAyKOBO-JOCIHIIHOI AISUIBHOCTI IMiJ] 4ac HaBYaHHS, PO3BUTOK iX
IHIMBIyalIbHOCTI, CTBOPEHHS YMOB JJIsl IPOSIBY iX OCOOMCTUX 3/110HOCTEH, HAOYTTS MPAKTUYHOTO
JOCBiy MPALIOBATH B KOMaH[1 Ha/l peaIbHUMU MpoeKTaMH. Pearizaliist boro miaxoay MOKIHBa
3aBJIIKU CTBOPEHHIO YMOB JJIsl HAYKOBOTO Ta MPO(DeCciifHOro 3pocTaHHs CTY/IEHTIB Yepe3 3aTy4eHHs
iX J10 y4acTi y HAyKOBOMY T'YPTKY KadeIpH YHIBEpCHUTETY.
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Cekuist D. [npopmaniiiHo-KOMyHIKaIiiHI TEXHOT1i B yIIpaBIiHH1

BEB-OPIEHTOBAHUI PECYPC JJIS ITPOBETEHHA I'PYNIOBOI EKCIIEPTHU3H
METOJAMU INTPUUHATTA PIIIEHD

€¢imos B. B., Oxcamurna JI. I1., MakcumoB A. €., Tpuyc 1O. B.
UYepkachKuii IepKaBHUHM TEXHOJIOTTYHIHA YHIBEPCUTET

AHoTauisi. Bukopuctanas cucTeM MiATPUMKH TPUHHSTTS pillieHb repeadadae 3amyueHHs eKCIepTiB
3 HaJIaHHSIM 3Py4YHHX 3ac00iB /Il aBTOMATH3Allii Ipoliecy MpoBeNeHHs ekciiepTu3u. Llst podoTa mpucssueHa
PpO3po0Ili BeO-OpiEHTOBAHOIO PeCypcCy Ui MPOBEACHHS IPYIOBOI EKCIIEPTH3H 3 BUKOPUCTAHHIM METO/IIB
NPUAHATTS pimeHb. O0’€KTOM AOCTiIKEHHS € MTPOIIeC OpraHizallil Ta MpoBeAeHH IPYNOBOI eKCIIePTU3H IS
MiATPUMKA TPUAHATTA pillieHb. [IpenMeroM JociikeHHsT € BeO-Opi€HTOBaHHUN pecypc sl IPOBECHHS
rpymnoBoi excrieptusu. OcobnuBa yBara NpuIUISEThCS TPOTPAMHUM 3aco0am, 10 BUKOPUCTOBYBAIHCS IS
po3polku pecypcy. PesyiabTatoM poOoTH € po3poliicHUN BeO-OpIEHTOBAHUN pecype IUisl €KCIEPTHOrO
OI[IHIOBaHHs, SKWH 3a0e3MeuuTh KOpPHCTyBayaM uYepe3 Mepexy Internet mocTym 110 iHCTPYMEHTIB
MPOBEJICHHS EKCIIEPTHOIO aHali3y peajbHUX 3ajad 1 MpoOJieM Ha OCHOBI METOJIB MPUUHATTS PillleHb,
30KpeMa aHKETHHX METOJIB 1 METOJly aHaIIi3y iepapxiii.

KurouoBi ciioBa: cucteMa miATPUMKH MPUUHSATTS PillieHb, BEO-OpIEHTOBAHMIA PECYPC, METO aHATI3Y
iepapxiii, aHKeTHI METOJIH.

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 cydacHoMy erari METOM €KCIIEPTHOTO OILIHIOBAHHS 3aCTOCOBYIOTh y PI3HHX
rajry3sx IpakKTHYHOI Ta HAYKOBOI AISITBHOCTI AJIsl IPUHHATTS piieHsb. L{i MmeTou He3aMiHH1 iz yac
BUPIIICHHS CKJIAJHUX YIPABIIHCBKUX Ta COI[IaJIbHO-EKOHOMIYHUX TMpoOieMm, aHamizy U
MIPOrHO3YBAHHS CUTYaLlil.

IMoctanoBka 3amaui. CporogHi piBeHb KOHKYPEHTOCIIPOMOKHOCTI — OYAb-SIKOI'O
MIANPUEMCTBA BU3HAYAETHCS IIBUJKICTIO TA MPABUIIBHICTIO MPUHHATTSA pillieHb, Y 3B 53Ky 3 UUM
BHUHUKa€E NOTpeda y BIPOBAHKEHHI B IX AISUTBHICT CUCTEM MIATPUMKH NpUHHATTSA pimens (CIIIIP).
Ix 3acTocyBaHHs Hagae MOXKITMBICT ABTOMATU3YBaTH Ta ONTHMI3yBaTH POOOTY MiANPUEMCTBA, IO
3HA4YHO CIIPOLIY€ MOPIBHSHHS albTEPHATUB JUIsI OOpaHHsS HAWKpalloro BapiaHTy 3a MEBHUMHU
KputepisiMu. ToMy akTyalbHOIO € MpoOjeMa MPOEKTYBaHHS Ta CTBOPEHHS BeO-OpIEHTOBAHUX
CIIIIP, sxi © HagaBaJd MOXJIMBICTb KEpIBHHKAM B OHJIAHH pEeXUMI NpUHAMAaTH pIMICHHS 3
BUKOPUCTaHHAM METOIIB MPUIHSTTS PillleHb 10JI0 PO3B’A3yBaHHS TUIOBMX 337124 YIPABIIHHA. Y
JIOTIOBIZII  PO3MJIANAIOThCA 3ajada 3 PO3pOoO0JIeHHS BeO-OpIEHTOBAHOTO pECYpCy IPOBEICHHS
IPYyNOBOi €KCIIePTU3H, 10 MOKHA OYyTH IHTErpoBaHa SIK OKPEMUH MOJYINb 10 CUCTEMH MIATPUMKHU
NPUAHATTS PillICHb.
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Meto10 podoTH € CTBOpEHHS BeO-OPIEHTOBAHOTO pecypCy A MPOBEAEHHS TPYIOBOTO
eKCIIEPTHOTO OLIHIOBAHHS 32 JOIIOMOTOI0 METO/IiB IPUHHSATTS PillICHb.

OcnoBHa vyacruHa. TumoBumu mnpoOneMamu, sSKi NOTPeOyIOTH TPOBEACHHS SIK
IHIMBITyaNbHOI, TaK 1 TPYNOBOi €KCIIEPTU3H, €: BU3HAYEHHS METH PO3BUTKY 00 €KTa YIpaBIIiHHS;
MIPOTHO3YBaHHS; PO3POOJICHHS CleHApiiB; TeHepyBaHHS aJIbTEPHATUBHUX BAPIAHTIB NPUHHSITTS
pileHp; po3poOJICHHS CUCTEMH KUIbKICHMX OI[IHOK; BU3HAYEHHS PEHTHHTIB TOmIO. Y BCIX IUX
BHUIIA/IKAX JIOBOJIUTHCS 3BEPTATUCS 10 TyMKHU eKcrepTiB. Excriept — e koMmrneTeHTHUi (axiBensp i3
MIEBHOTO MUTAHHS, YUI OLIHKU Ta CY/PKEHHS 3 TIPUBOJY 00 €KTa €KCIIEPTH3M BPaxXOBYIOTH i Yac
npuidATTs pimenas [1]. [IporHo3oBaHe ekcrnepTHE OLIHIOBAHHS BigoOpaxkae iHIMBITyallbHI
norysiy  (axiBIiB CTOCOBHO TIEPCIIEKTHB PO3BUTKY O00’€KTa YIpaBIiHHSI W TPYHTYEThCS Ha
MoOuTi3anii paxoBoro mocBigy Ta IHTYiuii. OIHUM 3 HUIIAXIB MiIABUIIEHHS SKOCTI PE3yibTaTiB
€KCIEPTU3H € 3aJIIUEHHS 70 1l IPOBEICHHS I'PYNHU €KCIIEPTIB.

Jis po3poOku BeO-OpIEHTOBAHOTO pECcypcy NPOBEAEHHS TIPYNOBOi €KCHepTHU3n Oyio
JOCITIKEHO TIPEMETHY 00J1acTh, TPOAHATI30BAHO HAMOLIBIN B1IOMI ICHYIOY1 aHAJIOTH, BUKOHAHO
KOHIIETITyaJlbHE Ta JIOTIYHE MPOEKTYBAHHS PECYPCY ISl TPYIOBOTO €KCIIEPTHOTO OI[IHIOBAHHS 3
METOI0 MOoJaibINOl (I3UYHOI peanizallii 3 BUKOPUCTAHHSAM JOKYMEHTHO-OPIEHTOBAHOI CHUCTEMH
kepyBaHHs 0azamu ganux (CKBJ).

[epen cTBOpeHHSIM IPOTPAMHOTO TPOAYKTY aBTOPaMU TPOBEICHHUI OTIISAT 1 aHAI3 JEeSIKIX
ICHYIOUHX CUCTEM JUIsl €KCIIEPTHOTO OIIIHIOBaHHS, 30KpeMa oHjaiH-cuctem: Business Performance
Management [2], easyAHP [3], Online Output [4], 123ahp [5]. Ha ocHoBi ipoBeaeHoro aHaimizy
Oy710 BHOKPEMJIEHO OCHOBHY BHMOTY JI0 PECypPCy: CTBOPEHHS Be0-Opi€HTOBAHOI iH(pOpMAIIHHOT
CUCTEMH 3 IHTYITUBHO 3pO3yMUIUM 1HTepdeiicoM Ui TPUMHSTTA PillleHb 3 NIATPUMKOIO METO/IIB
TPyNOBOI €KCEPTU3H.

Y pecypci peamizoBaHo Taki (YHKIIi: ympaBIiHHS ~KOpHCTyBadamMu  (peecTparrist
KOPHUCTYBayiB, KEPYBAaHHS DOJISIMH); O3HAHOMIJIEHHS 3 METOJAMM E€KCIEPTHOIO OLIHIOBaHHS;
3a0e3mevYeHHsT TPOBEACHHS  IHAMBIAYaJbHOTO EKCIIEPTHOTO OIIHIOBAHHS; 3a0e3MeueHHS
IIPOBEACHHS T'PYNOBOIO EKCIIEPTHOIO OIIHIOBAHHA; KEpyBaHHs Oa3aMH JaHMX: KOPHCTYBauiB,
eKCIepTiB, IHIUBIAYAIBHUX 1 TPYNOBHX €KCHEPTH3; IPOBEAEHHS EKCIEPTHOIO OI[IHIOBAHHA 3a
METOJaMHM TNPUHHATTA pillleHb, arperyBaHHs JIyMOK €KCIEepTIB W BUBEAEHHS OJEp)KaHUX
pe3ynbTaTiB.

OyHKIIOHATBHI BUMOTH JIO PECypCy: KepyBaHHS 0a3010 JaHUX, aCMHXpPOHHa 0OpoOka
3aMUTIB; MOAYIBHICTh (JIETKICTh TMOJAJBIIOTO JOMOBHEHHS CHCTEMH HOBUM (YHKITIOHAJIOM);
3aXUCT Bij 1H €KIii; poOOTa 3 MOMTOBUMHU CEpBiCaMH JII KOMYHIKAIlli 3 KOpHUCTyBadyaMHu Ta
eKCIepTaMU; PO3NOAUIEHHS pOJIeH.

HedyHkiionansHi BHMOTH [0 peCypcy: 3pYUYHICTh BUKOPUCTAHHS — TIOBUHEH OYyTH
IHTYITUBHO 3po3yMinuil iHTepdeiic ans poOOTH 3 CUCTEMOIO; HAAIWHICTh — CHUCTEMa MOBHHHA
KOPEKTHO 3aBEpILYBATH CBOIO po0OTYy y OyAb-KUX CUTYallsX; O€3MEUYHICTh — CUCTEMa pojiel He
MOBHHHA JIO3BOJIATU JOCTYI JI0 PECypciB HECTBOPEHHMX KOPHUCTYBAaue€M, 3a BHKIIOYEHHSAM
aZgMIHICTpaTopa.

B pe3ynbraTi mpoBeNEHUX AOCHIIKEHb Y poOOTI BUKOHAHO KOHILENTyaJlbHE Ta JIOTIUYHE
MIPOEKTYBaHHS BeO-OPIEHTOBAHOIO pecypcy sl eKCIepTHOro oliHioBaHHA. Ha pucynky 1
IpeJCTaBiIeHa JOriYHa MOJENb NPOBENCHHS IHIMBIAYalbHOI €KCIIEPTHU3H, a Ha PUCYHKY 2 —
IpyNoOBOi EKCIEPTH3H.

MopepaTtop abo aaMiHICTPaTOp CUCTEMHU CTBOPIOE TPYIOBY €KCHEPTU3Y 1 BUKOHYE POJIb ii
KepiBHMKa. BiH HaJculae 3ampolIeHHs Ha CTBOPEHY €KCIEpTU3y TUM eKclepTaM, ski € y 0asi
CHCTEMH Ta € HalOuIbIl KBamipikoBaHUMH y cdepi, IO Binnmopigae excnepTusi. Excneptu
OTPUMYIOTH 3allpOLICHHS, MPUUMaIOTh X (200 BIIXWISIOTH) Ta BHOCATH CBOi €KCIIEPTHI TYMKH Y
BiMOBiAHI aHKeTH. [licns 1boro cucreMoro GopMyeThCsl arperoBaHuil pe3ynbTaT eKCIepTU3H 32
oOpanuM MeToIoM. KepiBHUK eKcriepTH3H MOKe MEPErITHYTH OJIep KaHUil pe3ynbTaT eKCIIepTU3H,
MpOaHaJi3yBaTH BIAMOBIAI KOXKHOTO €KCIepTa 1 HaJaTh peKOMEHAALI] 1010 IPUUHATTS pilLICHHS.

Jlo ckiiagy pecypcy BXOJATh Taki MiJICUCTEMU: aJIMIHICTpaTUBHA YAaCTHHA; MiICHCTEMA JUIs
BBEJCHHA BXIJHUX JaHUX JUIA TIPOBEACHHS eKCIEepPTH3; IMiJCUCTeMa peaji3alii METOJiB
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eKCIIEPTHOTO OI[IHIOBAHHS; IMIJCHUCTEMA JUIS BUBEICHHS PE3yJbTaTiB €KCHEPTHOIO OLIHIOBAHHS,
MiZICKUCTEMa YIpaBIIiHHA 023010 JaHUX; MIACUCTEMA J1aJIoTy 3 KOPHCTYBaYaMH.

Y4acTe ¥ rpynosii
eKcnepTu3i (yepes
aHKETY)
~ /

Y

Y
.
CTEOPEHHA MpOBEOSHHA
IHOMBIdyansHOT 0GpaxyHKy eKCnepTHOl
excneptusn | AYMEM
Fy

MNepernag
iHOMBIOYaNbHWX
EKCNEPTHU3 / aHKET

ABTOpU3ALLA

Excnepr PenarysadHA

IHOMBIAYaNbHOT
EKCNEPTHUIN

OTPUMAaHHA
pE3YNLTATIE

Pucynoxk 1 — Jloriuna Mojiesib MPOBEACHHS 1HANBITYATbHOT EKCTIEPTH3H

[IMo poduTE KepiEHUK eKCIEPTHIH

PozcHnanEs
3AMpOIIEHE
SKCIepTaM

CreopeHEH:
TPYIOEO] EKNEPTHIH

OTpHMaEHER
pesyaETaTiE

Kepienux

Arperania
EKCTIePTHHEX JyMOK

Mo pofaATs eKCIepTH

h 4

e
ﬁ‘i N Ot1pHMaEHES

"l zanpomens

Brecerns
EKCTIEPTHEX JyMOK

Excneptn
Pucynox 2 — Jloriuna Mo/ieib POBEACHHS TPYIOBOi €KCTIEPTU3H

JIns CTBOpEHHsT MPOTPaMHOTO MPOAYKTY BHKOPHCTaHO TaKi MOMYISPHI TEXHOJOTIl st
po3poOku BebO-momatkiB: dpeitmBopk Angular, Nodels ceppep i 6aza manux MongoDB. O6pani
TEXHOJIOTIi IUIKOM 3aJI0BOJIbHAIOTH BCIM (DYHKIIIOHAJIBHUM 1 HE(QYHKUIOHAJIHBHUM BUMOTaM [0
TaKOTO TUITY MPOTPAMHOTO 3a0e3MeUeHHS.
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baza nanux MongoDB 36epirae inpopmairito mpo KOpUCTyBadiB Ta ix excnepTusu. CepBepHa
yacTUHa 3a0e3leuye aBTOPU3ALI0 KOPHCTYBayiB, HaJaHHSA IM IpaBa JOCTYNy, BHKOHYE YCi
omepanii 3 0a3010 JaHWX Ta arperye IyMKH €KCIEpTiB y TpyHOBHX eKkcrmepTu3ax. KiieHTchka
YacTHHA BUKOHYE POJIb iHTEp(]ENCy CUCTEMH Ta peasti3ye eKCIepTHI METOIH.

Ha pucynky 3 npezncraBiieHa MOJIENIb CTPYKTYPH pecypcy Ta 3aco0u HOro po3poOKH.

KopucTysadi

MongoDB

Ekcneptian
P Baza aHu:

[pynoBi eKcnepTvam

ABTOpMIAUIA [ AYTEHTUDIKALIR
OnA ekcnepTie

Mode.js + Express.js

CRUD onepauii

Backend
NnA agmiHicTparopie ArperaLia peaynsTaTie
rPYNOB0T EKCMEPTHEM
IHTepdeic
Angular
Frontend
ExcnepTHi meTogmu

Pucynox 3 — Mogens CTpyKTypH pecypey

BucnoBku. Po3poOieHuii BeO-Opi€eHTOBAHMWI pecypc MPOBEICHHS TPYIOBOi €KCIIEPTHU3H
HaJa€ MOXKIIMBICTh KOPHCTYBauaM 3/11HCHIOBATU €KCIIEPTU3Y AJISl IPUIHSATTS PIIICHHS B CKJIaTHUX
3a/1auax Oi3HeCy 3 BUKOPHCTAHHSAM BeO-TE€XHOJIOT1H, CTBOPIOBATH 0a3U JaHUX €KCIIEPTiB, 1a0JIOHIB
aHKET 7Sl eKCIepTU3, OaHK MPOBEACHUX EKCIIEPTU3, OJIEP>KAaTU TEOPETUYHI BIIOMOCTI PO METOIU
€KCIIEPTHOTO OI[IHIOBaHHS, II0 pealli30oBaHO B Pecypci, 30KpeMa Mpo METOJ aHaji3y lepapxii,
aHKeTHI MeToAu. Y TOJANbIIOMY IJIAHYEThCS B pecypci peanizyBaTH JesKi METOIU MPUIHATTS
pillIeHb B yMOBaX PU3UKY Ta HEBU3HAYEHOCTI.
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WEB-OPIEHTOBAHHWI PECYPC JIJISI KJIACU®IKAIIIL 3ATAY
J10 MATPHUIII EM3EHXAYEPA 3A METOJOM AHAJI3Y IEPAPXIA

Maxkcumos A. €.
YepkacbKuii IepKaBHUH TEXHOJOTTYHUIA YHIBEpCcHTET, M. Uepkacu, YKpaiHa

Anotanisi. Cepen METO/IB TaliM-MEHEPKMEHTY IIUPOKO 3acTOcoBaHOIO € MaTpulls Eiizenxayepa,
CYTHICTh $IKOI MOJISTa€ B PO3MONLTI 3aJad 332 YOTHPMa CTYNCHSMH Ba)XIIMBOCTI — BaXKIIMBi-TEPMiHOBI,
BaYKJIMBI-HETEPMIHOBI, HEBAKIIUBI-TEPMiHOBI, HEBaXJIMBi-HETEPMiHOBI. [Ipy 1IbOMY iHKOIM IOCHUTH Ba)KKO
TOYHO BU3HAYMTH, JIO SIKOi 3 KATEropili HAJIOKUTH BXiJHA 3a7a4a. ToMy B IMX YMOBaxX BUHUKA€E HEOOXIHICTh
CTBOPEHHS CHUCTEMU JUIsl Kiacudikallii 3a1a4 3a BIAMOBIAHUMU CTYIEHSIMHU Ba)KJIMBOCTI. Y JIOCIIIKEHHI
aBTOPOM 3aITPOIIOHOBAHO 3aCTOCYBAaTH METOJ aHami3y iepapxiii (MAI) ans mopiBHSIHHS Mi>K cOO0F0 BXiTHUX
3a/1a4 3a KPUTEPIIMH BaXIJIMBOCTI 1 TepMiHOBOCTI. O0’€KTOM JOCIIKCHHS € METOJ TaliM-MEHEDKMEHTY
«matpuns Eiizenxayepay. [Ipenmerom nociimkenHs € web-opieHTOBaHUI pecypc, 10 3a0e3edye B pexKuMi
OHJIaliH aBTOMAaTH3allilo Tpolecy kinacudikamii BXiIHUX 3ajad jo Marpuii EiizeHxayepa 3a cTyneHIMH
BYKJIMBOCTI 3 BUKOPHCTaHHAM METONy aHamizy iepapxid. OTpuUMaHi eKCIIepHMEHTalbHI Pe3yNbTaTH
MiATBEP/PKYIOTh JIONUILHICTh 3aCTOCYBaHHS aBTOPCHKOTO TMOEJHAHHS MeTony MaTpuii Elizenxayepa Ta
MAL

KawuoBi cioBa: TaliM-MEHEDKMEHT, MPUUHSATTSA pillleHb, METOJ aHaji3y iepapxii, MaTpHIs
Eitzenxayepa, knacudikartis 3a1a4, iHpopMarliiHi TEXHONIOTIT U TPUNAHSTTS PillICHb.

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.

Bukaan ocHoBHoro marepiaiy. KepyBanus yacom abo TailM-MeHEKMEHT (BiA aHIJL. time
management) — HayKa Ipo CYKYIHICTh METOJIB Ta TEXHOJIOTI ONTUMaNIbHOI OpraHi3alii 4acy ta
e(exkTUBHOCTI 10ro BUKOPHUCTAaHHS Ul BUKOHAHHS MOTOYHMX 3aBJlaHb, MPOEKTIB Ta KaJICHJAPHUX
nofiit [1]. Marpuus Elizenxayepa — 1e MeToJ, SIKMH BMKOPHCTOBYE IMPUHLMIM Ba)KJIMBOCTI Ta
TEpMIHOBOCTI JJIsl OpraHizaiii NpiopuTeTiB Ta poOOYOro HaBaHTaXKEHHs. Ajie KpUTepii Kiachdikarii
33/1a4 y JAHOMY BUNAJKY € JOCUTh aOCTPaKTHHMH, TOMY HaOyBa€ aKTyaJlbHOCTI 3aCTOCYBaHHS
J0JJAaTKOBOTO MaTEMAaTUYHOIO arapary 3 METOJIB MPUHHATTS pillleHb Uil BU3HAYCHHs MPIOPUTETIB
3a/1a4.

Meta po60oTH — CTBOPEHHS MOIYJIS U1l Web-OpIEHTOBAHOT CUCTEMH MIITPUMKU MPUAHATTS
pilieHs, 110 3a0e3neuye B pexXHMi OHJIaifH aBTOMAaTH3aIliio Mpolecy Kiacugikanii BXiTHUX 33134
no matpuili Eifzenxayepa 3a CTyneHsIMH Ba)XJIMBOCTI 3 BUKOPUCTAHHSAM METOJly aHAJlI3y l€papXii.
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IMocTanoBka 3agaui. Po3noain 3ama4y TaliM-ME@HEDKMEHTY, SIKi TIPEJCTAaBICHO MHOKHHOIO
anprepHatuB A={ai, as, ..., an}, BIIOYBA€EThCA 3a JOTIOMOTO0 MHOXHUHH KpuTepiiB K={k1, k2, ...,
kn}. 3rimHO 3 MeTomoMm «Mmatpuns Eifzenxayepa» K — MHOKHMHA CTYICHIB BaXKJIMBOCTI 3a1a4 [2],
KUIBKICTh SIKMX B KJITACHYHOMY METO/Ii IOpiBHIOE 1 = 4. BinnoinHo, 0co0a, sika mpuiitMae pillieHHs
(OIIP), BUKOPUCTOBYE /ISl OLIIHIOBAHHS 3a7a4 TaKi KpUTEPii: k1 — BaXKIIMBI-TEpMiHOBI (3a/1a4i, 110
BHMArarmTh HEraiHOTO BHIMIEHHS), k2 — BaXIIMBI-HETEPMIHOBI (3a/1a4i, BUKOHAHHS SKHUX Tpebda
MPU3HAYNTH HA MI3HININKA CTPOK), k3 — HEBAXKIMBI-TEPMIHOBI (3a1advi, sKi BapToO JCIIEryBaTH
HIIUM), k4 — HEBaXIIMBI-HETEPMIHOBI (3311241, sIKi TOTPIOHO BiAKIACTH ab0 B3araii BUAAIHUTH).

SIKIIO KUTBKICT 3371a9 B MHOKHHI 4 OiIbIne 4, TO 1 BU3HAYCHHS TPIOPUTETHOCTI IIUX 3a/1a4
JOIUTFHO 3aCTOCOBYBATH METOJI aHaNi3y iepapxiid [3], mpu 1mboMy 3a3Ha4yeHi KpHUTEpii MArOTh
OJIHAaKOBY Bary B OL[IHIOBaHH1 3a/1a4. /1y po3B’A3yBaHHs LI€1 3a/1a41 MOXKYTh 3J1y4aTUCh €KCIIEPTU
3 YOpaBIIIHHSA MPOEKTaMH, SKI 3A1MCHIOIOTh TOpIBHSAHHSA 1 OLIHIOBaHHS albTEPHATUB Y
BIJIOBIAHOCTI JI0 KPUTEPIiB, BUKOpHCTOBYIouH kany Caari [3].

OcHoBHa yactuHa. Posrisinemo oco6iuBocTi Bukopuctanusd MAI g kinacudikaii 3agau
3a 3a/laHUMU KpUTepisiMu B MeTo i1 Eifzenxayepa.

Ockinbku  kputepii ki (i=1,2,3,4) € piBHO3HAUHUMHU (MaTpUll NAPHUX TOPIBHSIHb €
OJIMHUYHOI0), TO 1X MopiBHIHHS 32 MAI Mbk co0010 He MPOBOAUTHCS. TOMY CITOYaTKy MPOBOIUTHCS
MOPIBHSIHHS QJIbTEPHATUB 3 MHOKUHU A4 32 KPUTEPIEM k1 — «BaXJIMBI-TEPMIHOBI 331a41» Ta IX aHAII3
Ha BKJIFOUEHHS JI0 Kiacy 3a1a4 C1 3a TaKO¥0 MPOIEAyPOrO.

Hexaii 0 — BenuuuHa Baru, 10 BU3HAYA€ BKIIOYEHHS aJIbTEPHATHBU d; 10 BIANOBIAHOIO
kiacy 3amau C; 3a kpurepieM k; (i=1,2,3,4), T00TO, SIKIIO y BEKTOpi mpioputeTiB W=(w))j=1,...n,
onep:kanomy 3a MAI mnpu mnopiBHAHHI anbTepHatuB [3], BiOmoBiAHA BenuuuHa wi>(Q, TO
anbTepHATHBA @; MOTpaIUsie 10 kiacy 3aaa4d C;3 MPIOPUTETOM W; i BHIIYYAETHCS 3 MOAAIBIIONO
aHaJ3y 3a IHIIUMHU KPUTEPISIMHU; Y TMPOTUICKHOMY BHUIMAJKY albTepHATHBA @; 3AJIUIIAETHCS Y
MHO>KMHI aJbTEpHATUB (3a/7a4) A TMOJAIBLIOTO MOPIBHSAHHS 3a HACTYIHUM KpUTEpIEM Ki+i
(i=1,2,3). 3a 3amoBuyBaHHsM, napameTp () nopiBHioe (.25, OCKUTbKM MaeMO 4 pIBHO3HAYHHUX
kputepii (0=1/4=0.25), ane 3Ha4eHHS BOTO MMapamMeTpa MOXKHA 30UTHIIUTH (10 1), 00 MigHATH
HIDKHIA TIOpIr BKJIFOYEHHS ajbTEPHATHB JI0 TMEBHOro kiacy 3amad C; (BIAMOBIAHOTO KBajpara
Marpulli Eiizenxayepa) (i=1,2,3,4).

3a 1omoMoror oOpaxoBaHUX Bar BUOKPEMIIIOIOTHCS MPIOPUTETHI 3a7ayl Uil BUKOHAHHS B
KOXXHOMY KBaJpati matpuuli Eiizenxayepa, 110, B CBOIO Uepry, Ja€ po3yMiHHS BaXKIMBOCTI KOKHOL
3a/1a4ui y MeXax BIAMOBIIHOTO Kiacy. [Ipukian mopiBHSHHS BXiTHUX 3a7a4 32 BIAMOBIIHICTIO 10
KJacy k1 « BaxiauBi-TepMiHOBI» MIPOJIEMOHCTPOBAHO HA PUCYHKY 1.

dopmanbHO 3a JIOMOMOTOI0 OMHCAHOT MHPOLEAYpU BiAOYBA€TbCcS PO3OUTTS MHOXKHUHU
anbrepHatus A = {a,, a,, ..., @, } Ha KJIacH 3a1a4 BULY:

C; = {ago,agi), ...,ag?},
pi(S]
A=UL G, GNC=0,i+#j,i,j=1,..4

a]m € A,W(a]@) >Q,j=1,..,5, 20,5 =n,i=1,..4,

; ) y Bektopi mpioputeris W marpumi

NapHUX NOPIBHSAHB aJbTEPHATUB 3a Kputepiem k;, i = 1, ...,4.

Bumieonucana mporenypa A03B0JIsI€ 3 OUTBIIO0 TOYHICTIO KJIacH(iKyBaTH 3a/1adi 10 MaTPUII
Eilzenxayepa, a TakoX yHMOpsIAKyBaTH iX 3a NpIOPUTETOM, 110 MojermuTh poboty OIIP mpu
po3MoAiii 3a1a4 TaliM-MEHEPKMEHTY.

3a gomomoror ctBopeHoro web-pecypcy [4] kopuctyBau (OIIP, ekcrepT) BBOAUTH Y
3alpONOHOBAHUH IIA0JIOH Meperik HeOOX1THNX 33734 B SKOCTI aJbTepHATUB, IPU LILOMY KpUTepii
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3 MHO>KMHU K BK€ BBEJICHI y IIa0JIOH Y BIAMOBITHOCTI A0 MeTonoJorii marpuni Eiizenxayepa. [ani,
MICJISL MMOETAITHOTO 3alOBHEHHS MAaTpPUIb MOPIBHSIHb albTEPHATUB JUIA BIAMOBITHUX KPHUTEPIiB,
KOPHCTYBa4 OJICPXKHUTh 3allOBHEHY MaTpuiio EifzeHxayepa i3 3a3Ha4eHHSAM IMPIOPUTETY 3a1ad y
KOXKHOMY KJIaci (pUCYHOK 2).

Donucatu MpoeecTH OHOBMTH BignosicTi # Bara
MOOY N TECTYEaHHA EepCiny NMoginHuTHcs Ha BincopTysaTH MepernadyT
ana HOBOTO nporpasm CTEOpUTH CTATTAMM B eNEKTPOHHI NoWToSHA Eigeoxypc 3 Honucar 0.3566
# nporpaMu MogynA Ha calTi CEil Gnor uaTi FIACTH cnam Ou3adHY Monyne ans
nporpamn
Oonwcarw 1 2 4 6 7 7 9 8
MOy N ANA Mposect 0.2774
nporpamu TecTyBaHHA
HOBOro MOAYNA
NposecTn 112 1 3 5 6 7 g 8
TECTYBaHHA OHOEWTH BepCi 01385
HOBOTO NporpamMmu Ha
Moayns canTi
OnoBMTH 114 3 1 5 3 2 T 5 CrEopuTY caili 0.0564
Bepcin Gnor
nporpamn Ha
cauT MNoginuTrce 0.0496
CTATTAMM B 4aTi
CTEOpHTH 116 5 15 1 2 13 3 3
cein " BignoeicTi Ha 00735
eMeKTPOHHI
MoginuTics 7T 16 13 12 1 12 4 3 MCTH
CTaTTRAMH 5
Har BipcopTysatH 0.0157
NOWTOBMA CNam
Bignoeicti 17 U7 12 3 2 1 3 3
Ha =
_ MepemaHyTH 0.0293
ENEKTROHHI BiReORYDE 3
ANCTH ASORYR
Ousanky
BigcopTyBEatH 19 13 17 15 174 173 1 13
NOCWTOEMIA
cnam
Nepernsnym 113 1/8 15 113 143 113 3 1
Bigeokypc 3
ANZaAHY
Dim Lmax o BO
3.0000 8.6016 10.0859 0.0610

Mpasuno TPaHIMTUEHOCTI HE MOPYLUEHO, ockinbkn BO == 0.1, OujHKK 3miH He noTpeSyoTs.

Pucynoxk 1 — IlopiBHsHHS ayibTepHATUB 3a KpuTepieM ki 3a gormomororo CIIIP «Decisionery» [4]

Baxnusi-TepmiHOBi Bawnwuei-HeTepmMiHOBi
3apava Bara 3apava Bara
LonucaTh moayne ansa nporpamu 0.3566 OHOBUTI BEPCIKD NpoOrpamMu Ha canTi 0.4464
[NpoBecTy TECTYBAHHA HOBOMO MOAYMA 02774 CTBOpPWMTU CBIA Bror 0.2706
HeBaxnusi-TepmiHoBi HeBaxunuBi-HeTepmiHOBI
3apava Bara 3apgaua Bara
MoainUTUCE CTaTTAMMU B YaTi 0.5638 MepernAHYTW BIASOKYPC 3 AU3aAHY 0.8000
BIANOBICTH Ha eneKkTPOHHI MHWCTH 0.2634 BiacopTyBaTH NOLWTOBKA cnam 0.2000

Pucynok 2 — 3anoBuena matpuiis Eitzenxayepa 3a qonomororo CIIIP «Decisionery [4]

BucnoBku. B pesynbraTi qociipkeHHs Oylo CTBOPEHO MOIyib Ui web-opieHToBaHOT
CHCTEMH MIATPUMKHU NPUHHATTA pillleHb, 10 3a0e3nedye B PEKUMI OHJIAWH aBTOMAaTH3AIlo
nporecy kiacugikanii BXiIHUX 3amad Ao Matpuui Eif3eHxayepa 3a CTyNeHSMH BaXJIHMBOCTI 3
BUKOPHUCTAHHSIM METOJIy aHaTi3y iepapXi.
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OTpumaHi eKCIepUMEHTAIbHI Pe3yJabTaTH MIATBEPPKYIOTh JOIUIBHICTh BUKOPUCTAHHS
aBTOPCHKOTO MAXOTy 10 Kiacu@ikalii 3a7a4 TaiM-MEHEDKMEHTY, 1110 BUKOPUCTOBYE MOETHAHHS
MmeToay marpuii Eii3enxayepa Ta MeToy aHalizy i€epapxii.
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Cekuist E. [ndopmartiiini TexHomorii y cepi iHTeIeKTyaTbHIX 00YHCICHD

METO/JM 1 3ACOBY HEUYITKOI ATATITAIIIT
B METAEBPUCTUYHUX AJITOPUTMAX I''TOBAJIBHOI OIITUMIBAILI

I'eiiko A. B., Tpuyc 1O. B.
UYepkacbKuii IepKaBHUH TEXHOJIOTTYHUHA yHIBepcHuTeT, M. Uepkacu, YKpaina

AHoTanisg. Bizomi MeTaeBpUCTHYHI METOIU TJI00ATBHOI ONTUMI3aIlil, 110 IMITYIOTh MPOLIECH KUBOT
Ta HEOXKXUBOI IIPUPOIH, OS] 3 TepeBaraMu HaJl KIIACMYHUMHU METOJIaMU ONITUMI3aIlii MatOTh i CBOT HETOJIKH,
TOJIOBHHMH 3 SIKHX €: MTOBUIbHA 301KHICTH 1 MOTPATUISIHHS Y JIOKaJIbHI €KCTPEMYMH, 10 POOUTH I1i ITOPUTMH
HEJIOCTAaTHbO e(EeKTUBHMUMHU TIPH PpO3B’SA3yBaHHI peallbHUX ONTHUMi3aliiiHuX 3amad. [y 30iiblneHHS
HIBUJIKOCTI 301KHOCTI METaeBPHCTHYHMX METOJMIB TIIO0AIbHOI omTuMi3alii Ta 3a0e3ledeHHs MOUIyKY
ONTHUMAJILHOTO PillIeHHs €EKTUBHUM € BUKOPUCTAHHS PI3HUX aJalITUBHUX CXEM 1 MiJIXO/IIB JI0 YIIPaBIiHHS
rnapaMeTrpaMM IMX METOAIB. SIK IOKa3ajau JAOCHIPKEHHS OCTAaHHIX POKIB, OJHHUM 13 MOUIMPEHUX
THCTPYMEHTIB, II0 BUKOPHCTOBYIOTBCS JUIS KEpYBaHHS MapaMerpamMH METAeBPHCTHYHUX aJrOPUTMIB, €
3aCTOCyBaHHS KOHTpOJIepiB HewiTkoi joriku (Fuzzy Logic Controller, FLC).

Meror JOCIi/PKEHHST € OOTPYHTYBaHHS 3arajlbHOTO MiIX0Ay J0 MOoOY/IOBH KOHTPOJEPIB HEUiTKOI
JIOTIKH JIJIs TapaMeTpiB METaeBPUCTHYHHX aJTOPUTMIB i Ha IOTO OCHOBI pO3pPOOJICHHS aIAITHBHOI'O METOTY
VIpaBIiHHS IIMMH TapameTpamu, Mo 3a0e3NeunTh OaraHc MK MIBUJKICTIO iX 30DKHOCTI Ta MOUIYKOM
rII00abHOTO ONTHUMANLHOTO pilieHHs. TakokK y MekaxX JOCHIPKEHHS CTBOPIOETHCS BeO-OpIEHTOBaHUIMA
MPOrpaMHU# IPOJYKT JUIS peatizaliii HaHOUIBII MOMyISPHUX METAEBPUCTUYHUX allTOPUTMIB 3 MOMKITHBICTIO

Karo4oBi c0oBa: MeTacBpUCTUYHI METOAM, aNalTUBHI QJITOPUTMH TJI00ATHHOI ONTHMI3AIlii,
KOHTPOJIEPH HEUITKOI JIOTIKH.

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

Heyko A., Tryus Y.
Cherkasy State Technological University, Cherkasy, Ukraine

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. bararo 3ayad, 1110 BUHUKAIOTh Y TAKUX (QYHJAMEHTAJIbHUX HayKax, K (i3MKa, XiMis,
MOJIEKYJIsIpHA 010JI0Tis, @ TAKOXK y 6araTbOX MPUKIAJHUX HAyKaX 1 rajy3sx JIOACKOI AisITBHOCTI:
€KOHOMIKa, BUPOOHUIITBO, (piHAHCH, YIPABIIHHS, TEXHIKA, TPAHCIOPT, MEIUIIMHA, COIOIOTIA,
OCBiTa TOIIO, 3BOJATHCS 10 3agau HerepepBHOi Ta/abo TUCKPETHOI riao0ajibHOi OmTHMI3aLlil.
Oco6muBoCTI IMX 3a1ady MOB’A3aHI 3 THM, MO iX MaTeMaTH4HI MOJENi XapaKTepU3YIOThCS
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CKJIaJIHOIO TOTIOJIOTIEI0 TIOBEPXHI MONIYKY, MYJIbTHEKCTPEMAIBbHICTIO, HETIHIMHICTIO, HETJIaKICTIO
niboBUX (QyHKOIA 1 (QyHKIIH-0OMEXEHb, BEIMKOIO PO3MIPHICTIO MHPOCTOPY TMONIYKY Ta
OararokpurepianbHicTio. ToMy iX po3B’sa3yBaHHS TpPAAMUIMHMMU METOJAMH ONTHUMI3alil
yCKIIaTHEHE, a00 HEMOXKITUBE.

s eeKTUBHOTO PO3B’S3yBaHHS 3a3HAYCHUX 3aqad onTumizamii 3 KiHIE XX CTONITTA
HAYKOBIII MTOYAIX IHTEHCHUBHO PO3pOOISITH CTOXAaCTUYHI MOUITYKOBI METOIM ONTUMI3aIlil, 30KpeMa
METOJIM BUIAJKOBOTO MOUIYKY HYJIBOBOTO MOPSIKY Ul 3HAXO/KEHHS TII00aTBHOTO EKCTPEMYMY
UTBOBOT PYHKIIT HA TOTyCTUMIN MHOKUHI. OcoOIMBE MicIie cepe]l METO/1iB BHITaJKOBOTO TIOIIYKY
HAJIC)KUTHh €BPUCTHYHUM METOJIaM, 3aCHOBAaHMM Ha iMiTarii (MOAEIIOBaHHI) TPUPOIHIX MPOIECIB,
110 3aI03WYeH] Y )KUBOI Ta HEXKUBOT IPUPOJIU 1 peali3yIOTh aJalTHBHUI BUITAIKOBUN TIOITYK.

Cepen eBpUCTUUHUX METO/IIB BUJUISIOTH MOBEAIHKOBI METO/IM, 3aCHOBaHI Ha MO/ICITIOBaHH1
KOJIEKTUBHOT ITOBEIHKH CAMOOPTaHi30BaHUX MOMYJISIIMHIX CUCTEM.

Taki MeTomu Ie HA3WBAIOTh METOJaMH KOJIEKTHBHOTO iHTenekry (Swarm Intelligence),
METaeBPUCTHYHUMH METOaMH, OaraToareHTHUMH METOIaMU, MOMYJISAI[IHHUMHU METOJaMH.

[Topsix 3 mepeBaraMu HaJl KIIACHYHUMH METOIaMH OTITHMI3aIlil METaeBPUCTHYHI METOJIN y iX
KaHOHIYHOMY BUTJISIII MAarOTh 1 CBO1 HENOJIKH, TOJIOBHHMH 3 SIKHX €: TMOBUIbHA 30DKHICTH 1
MOTPAIUISIHHS Y JIOKAIbHI €KCTPEMYMH, 110 POOUTH 111 AITOPUTMHU HEAOCTATHHO €(hEeKTUBHUMU IIPU
pPO3B’s3yBaHHI peajbHUX ONTUMIZAIIMHUX 3amad. [[mst 30UTbIIeHHS MIBUIKOCTI 30DKHOCTI Ta
3a0e3MeYeHHS MMOIITYKY ONTUMAIBHOTO PIillIeHHs e()eKTUBHUM € BUKOPUCTAHHS PI3HUX a/IallTHBHUX
CXeM 1 MIAXOAIB /0 YIpPaBIiHHS MapaMeTpaMH LUX aNrOpUTMIB. K MOKazanu JOCITIKEHHS
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, Jos¢ Soria,
Patricia Melin, Fevrier Valdez, Claudia I. Gonzalez, Gabriela E. Martinez, Jesus Soto, Fatemeh-
Sadat Saeidi-Khabisi, Esmat Rashedi), omuum i3 mOMMPEHUX IHCTPYMEHTIB, IO
BUKOPHUCTOBYIOTHCS /1711 KEPYBAHHS [TapaMeTpaMy METAaEBPUCTUYHUX aJITOPUTMIB, € 3aCTOCYBaHHS
KoHTpoJiepiB HewiTtkoi joriku (Fuzzy Logic Controller, FLC), nanpukiam it TAKMX alTOPUTMIB,
K MeToJ1 poro yacTuHOK (Particle Swarm Optimization, PSO), meto kaxkanis (Bat-Inspired, BA),
meton cipux BoBkiB (Grey Wolf Optimizer, GWO), anropurM rpaBiTamiiiHOro
nomyky (Gravitational Search Algorithm, GSA).

IlocTanoBka 3aaaui. BpaxoByroun Bullle cKkazaHe, y JOCTIIKEHHI epe10aueHo BUPIIICHHS
TaKMX OCHOBHUX 3aBllaHb: MpoaHanidyBatu icHytoun FLC juig ynpaBiiHHS mapameTpaMu
METAaeBPUCTHYHUX AJITOPUTMIB MOMIYKY I100aIbHOT ONTHMI3AIlii MYTbTUMOJAIBHUX (PYHKIIIH, 110
IMITYIOTh MPOIIECH JXKMBOT Ta HEKHMBOI HMpUpPOaH, 30kpema anroputmiz PSO, BA, GWO, GSA);
PO3pPOOUTH AJANTUBHUI METOJ YIPABIiHHS MapaMeTpaMH METAaeBPUCTUYHUX AallTOPUTMIB Ha
OCHOBI  HEYITKOT JIOTIKH; CTBOpUTH Web-opieHTOBaHMI  [OJATOK JUIA  JOCHIKEHHS
METaeBPICTUYHUX AJITOPUTMIB; TPOBECTU YUCEIbHUN €KCTIEPUMEHT II0JI0 MepeBIpKU e(heKTUBHOCTI
Bukopuctantst FLC st ynpaBiiHHS apaMeTpaMu METaeBpUCTUYHHUX AITOPUTMIB Y TOPIBHSHHI 3
IHIIMMH aIaITUBHUMHU CXEMaMH Ha TECTOBHX 3a/1a4aX ONTHUMI3alliil 3 BUKOPHUCTAHHSM aBTOPCHKOTO
BE0-OpIEHTOBAHOTO MPOTPAMHOTO MPOIYKTY.

MeTtoio aociigxeHHs1 € OOTPYHTYBAaHHS 3arajbHOTO MiAXOAY /10 MOOYIOBH KOHTPOJIEPIB
HEYITKO1 JIOTIKM JJsl MapaMeTpiB METaeBpUCTHMYHHMX aJTOPUTMIB, Ha HOro OCHOBI PO3poOHUTH
aIaITUBHUI METOJ YIIPABIIHHS [IUMH MapaMeTpaMu, 110 3a0e3MeUnTh 0allaHC MK MIBUIKICTIO 1X
30DKHOCTI Ta MOIIYKOM TJ00ATbHOTO ONTHMAIBHOTO pIlIEHHS, a TaKOX CTBOPEHHs BeO-
OPIEHTOBAHOTO MPOTPAMHOTO MPOAYKTY JUTsl peanizailii HalOUIbII MOMYIIPHUX METACBPUCTUIHHUX
MIPOBEACHHS YHCEIIBHOTO EKCIIEPUMEHTY IIO0JI0 MEepeBIpKH €(PEeKTUBHOCTI 3alpOlOHOBAHOTO
a/IaITUBHOTO METOJTY.

OcHoBHa yacTuHa. Ha ocHOBI JocimKeHb, HaBeneHUX y podoTax [2]-[5], Oymo BumineHO
SIK TIEpeBary, TaK i HEJOIIKU aIaTUBHUX HEUITKUX BapiaHTIB METAEBPUCTHUHUX METOJIIB.

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

1. YucensbHi EKCTIEPUMEHTH Ha TECTOBHX 3aja4ax onTuMizalii AEMOHCTPYIOTh Y OUTBIIOCTI
BHUIIA/IKIB nepesary, 1HO1 CYTTEBY, aJalTHBHHX HEYITKUX METaCBPICTHYHUX aHFOpI/ITMlB Hax X
KaHOHIYHUMHU BaplaHTaMI/I 1 ISIKUMH HITMMH aJalTHBHUMU CXEMaMH, 30KpeMa eBOJIIOLIIHUMU;

2. € MOXIUBICTb BU3HAYUTU CHUIbHI KPOKH MOOYJOBH KOHTpOJEpa HEYITKOI JIOTIKW s
YIIPaBIIiHHS MapaMeTPaMHy aJIallTHBHOIO METAEBPICTUYHOTO aITOPUTMY ONTHMI3aLlii.

Heoonixu:

1. Ilpu 306inpIIEHH] KUTBKOCTI mapameTpiB, mo Bxoaats A0 FLC, i 30inpmenHi ¢yHKITiNH
HAJIC)KHOCTI, 110 ONMUCYIOTh BIAMOBIAHI JIHTBICTHYHI 3MiHHI, Pi3KO 30UIbIIyeThCS 0a3a HEUITKUX
MPaBUJI, IO YHOBUIBHIOE POOOTY aITOPUTMIB, OCOOIMBO IS 33724 BEJTMKOI PO3MIPHOCTI,

2. EdexruHnicts Bukopuctans FLC cyTTeBo 3a5exuTh Bit Cy0’ €KTUBHOI JYMKH €KCIIepTa,
SIKHI CTBOPIOE 0a3y HEUITKUX MPABHI;

3. 3acTocyBaHHS PI3HHX aJTOPHUTMIB HEUITKOTO JioriuHoro BuBeneHHs (Mampaani, CyreHo,
HyxamoTo, Jlapcena) nae pi3Huil eexT, Npu LbOMY BUSBHUTU SIKYCh 3aKOHOMIPHICTh I€peBaru
OJIHUX aJITOPUTMIB HaJ| IHIIUMHU HE BAATOCS.

Takox OylI0 BUIUIEHO OCHOGHI emanu N0OYO08U KOHMPOAEPA HEeYimKoi N02iKu It
YIpaBIiHHS TapaMeTpaMH aJalTUBHOTO METAeBPICTUYHOTO aJTOPUTMY ONTHUMI3aLlli:

1. Bu3HauuTH mapamMeTpu METAEeBPICTUYHOTO AaITOPUTMY, IO OYAyTh BXOIUTH [0
KOHTpOJIepa HeUITKO1 JIOTIKH 1 Oy1yTh HUM KepyBaTHCSI.

2. OOpatu HAMKATOPH, L0 XapaKTepU3yloTh €(PEKTHBHICTb pOOOTH aJrOpUTMY, 30KpemMa
napaMeTpH s BUMIPIOBaHHS MPOTpecy MOMyNslil (HampuKiIaj, MpupicT HUIbOBOI QYHKIIT Ha
CYCIZHIX 1Tepallisix), HapaMeTpH Ui BUMIPIOBaHHS PI3HOMAHITHOCTI MOMYJISIIH.

3. Cepen uux mapamMeTpiB BU3HAUMTH BXIJHI 1 BUXIJIHI IapaMeTpH KOHTpoJIepa HEYITKOI
JIOTIKH.

4. BximHuM 1 BHUXIIHUM TlapamMeTpaM KOHTpOJiepa HEYITKOI JIOTIKM IIOCTaBUTH Y
BIIMOBITHICTD JIIHTBICTUYHI 3MiHHI L, 1110 3a71a€THCSI KOPTEKEM:

Li =<pi, Ti, Xi, Gi, M>
ae i =1, ..., N, N — KUIBKICTh JIHIBICTHYHHUX 3MIHHHX, TPU IBOMY JUIS KOKHOT 3 BH3HAUYECHHUX
JIHTBICTUYHUX 3MIHHUX L BKa3aTu:
— KUTBKICTh HEUITKHX 3MIHHUX ¢, 110 BXOJSITH /10 0a30BOT TEpPM-MHOXKHUHU i |
— ix o0OnacTh BU3HAUYEHHS Xi;
— tan  QYHKIIA HAISKHOCTI Uil 0a30BOi  TEPM-MHOXKHMHH i : TPUKYTHHH,
TpanenieBuaHuM, L-R-yHKIis meBHOTO BHY Ta 1X IapameTpu;
— cucreMy Moau(ikaTopiB i Joriunux 38’130k Gi (Ipu HEOOXiTHOCTI).
5. 3reHepyBaTu 0a3y HEUITKUX [IPABUII BUBEJICHHS BULY:
I1; : sxmo (x € A1) & (v € B1), 10 Z € Cy;
I, : sixiio (x € A2) & (v € B2), T0 Z € Cy;

Ip : sixmro (x € Ap ) & (v € Bp), 10 Z € Cp,
Jie X Ta Yy — IMEeHa BX1IHUX 3MIHHUX, Z — 3HA4Y€HHS 3MIHHOI BUCHOBKY, A1, B1, C1, A2, B2, C2,..., Ap,
Bp, Cp— nmeski 3amani pynkuii HanexHocTi. [Ipu mboMy 4diTke 3HaYeHHS Zo HEOOXIIHO BU3HAYHUTHU
Ha OCHOBI HaBeIeHOT iHpOpMAaIlil i YITKKX 3HAYECHB X0 Ta Yo.

6. OOpaTu aJropuUTM HEYITKOTO JIOTIYHOTO BUBEAEHHS, Hampukiaa: Mampaani, Llykamoro,
Cyreno, JlapceHa.

7. O6patu ouH 3 MeTOoiB Aedazudikarii:

— Centroid — MeTo1 LIEHTPY TSHKIHHS;

— Bisector — meron mezianu;

— LOM (Largest Of Maximums) — MeTo1 HAHOLIBIIIOTO 3 MAKCHMYMIB;
— SOM (Smallest Of Maximums) — meTo1 HAMMEHIIIOTO 3 MAKCUMYMIB;
— Mom (Mean Of Maximums) — MeTo HEHTPY MaKCHMYMiB.

Jns  IOCHIDKEHHS METaeBpPUCTUYHHMX QITOPUTMIB  aBTOpaMH  po3poOiseTbes BeO-
OpIEHTOBaHMU MPOTPaMHUI MPOAYKT, mo peanizye anmroputmu PSO, BA, GWO, GSA Ta ix
ananTuBHI Moaudikanii, 30kpema 3 BukopuctanusM FLC, 1 Hajae MOXIINBICTh BUKOPUCTOBYBATH
nonaj 20 BitoMux BOYJJOBaHUX TECTOBUX (PYHKIIiH, a TAKOXK peani3oByBaTu (pyHKIIIi KOpUCTYyBaya.
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[IporpaMumii MPOIYKT HAAAE MOYKIIMBICTh 33 aBaTH:

— 3HAYeHHS BXIJHHUX YIPABISAIOUMX IMapaMeTpiB aIrOpUTMIB;

— PO3Mip TMOMYJISIIIT;

— PO3MIpPHICTH 00JIACTI MOIIYKY;

— MaKCUMaJIbHY KUTBKICTb iTeparliii;

— TOYHICTh OOYMCIICHB;

— KUIBKICTh MOBTOPIB aJITOPUTMY 3 MOAAIBIINM 30€pEKEHHSIM MPOTOKOIY Pe3yNbTaTiB 1
BHBEJICHHSIM HaHKpaIoi crpoou.

PeanizoBaHo mBHIKE BBEACHHS MEX rinepky0y abo rimepnaparenerine/ia NouryKy s 3a1aq
BEIUKO1 po3mipHOCTi. JJis ABOBHMIPHUX 3a7ad ONTHUMI3allii nependadeHa Bidyanizailis rpadika
UTROBOT (DYHKIIIT Ta mepeOir iteparliitHoro npoiecy. [lepegdadena MOXKITUBICTh BBEJIEHHS MOJIEN1
3a/a4yl YMOBHOI onTumizamii 3 JIHIAHUMH 1 HENIHIMHUMU OOMEXEHHSMH 3 TOJaJIbIINM il
MIEPETBOPEHHSM Y 3a/1auy 0€3yMOBHOI ONTUMI3alli MeToA0M MTpadHUX QYHKIIHA (30BHILIHIX a00
Oap’epHHX).

Jlnst po3poOku siipa BeO-OPIEHTOBAHOTO MPOTPAMHOTO MPOIYKTY BUKOPHUCTOBYETHCS MOBA
nporpamyBanHs C# 1 ¢peiimBopk .net. Jlnsg cTBOpeHHs iHTepdeicy KopHCTyBada
BHUKOPHUCTOBYETHCS BimkpuTa JavaScript 6iomiorexka React.js. s 30epekeHHs JaHUX OOYHCICHb
BUKOPHCTOBYEThHCSI 00'€KTHO-pEIIAIiiiHA cCUCTeMa KepyBaHHs 0azamu manux PostgreSQL, a mis
Bi3yautizaltii iTepariffHoro mporecy 3actocoByerbes React.js i Chart.js.

BucHoBkwu.

1. CrBopeHHS aJanTUBHUX HEYITKMX METAeBPUCTHUYHUX AITOPUTMIB 1 AOCIUDKEHHS iX
e(DEeKTHBHOCTI € aKTyaJbHOI HAyKOBOIO 1 MPAKTHYHOK MPOOIEMOI0, OCKUIHKH 3a JIOMOMOTOIO
KOHTPOJIEPIB HEYITKO1 JIOTIKA MOKHA TOCHJIUTH YW TMOCIAOMTH PI3HOMAHITHICTH IMOIYJIAIIl Ta
30UTBITUTH 200 3MEHIIUTH MBHUAKICTh 30DKHOCTI IIMX aITOPUTMIB.

2. BuxkopucTaHHs alaiTHBHUX HEUITKUX BapiaHTIB METaCBPUCTUYHUX METOJIIB MA€ SIK MEBHI
TepeBard, Tak 1 HEMOJIKH, IO MOTPIOHO BpPaxoOBYBAaTH NPH PO3B’SI3YBaHHI KOHKPETHHX 3aaad
onTuMi3alii. 30kpema, cepe1 HeAOIKIB BApTO BUIAUIMTH TaKi: YIOBUIBHEHHS pOOOTH alTOPUTMY 32
paxyHOK BUKOHAHHS HEUITKOTO BUBeeHH ((haszudikaiii) i mpouecy nedasudikarii, 0coOIMBO s
3a/1a4 BEJIMKO1 PO3MIPHOCTI 1 30UTBIIIEHHSAM KUTbKICTh TIPABUJI HEUITKOTO BUBEICHHS; ITPH MO0y 10B1
MpaBUJI HEYITKOTO BUBENIEHHS 1 PYHKITIH HAJIEKHOCTI iX BXITHUX 1 BUXITHUX IMapaMeTPIB 3HAUHY
posib Tpae cy0’€KTHBHA JyMKa €KCIIepTa, TOMY IIbOMY €Taly iX moOymoBa OTpiOHO MPUAUIATH
0COOJIMBY yBary, MOXJIMBO 13 3JIy4€HHSIM TPYIU €KCIEPTIB 3 IPOLEAYPOIO arperyBaHHs iX T1yMOK;
HE 3aBKJM HEUYITKE KEPYBaHHS Ja€ Kpalli pe3yibTaTH y MOPIBHAHHI 3 HIIMMHU MIAXOAaMHU 0
a/IalITyBaHHs META€BPICTUYHUX AJITOPUTMIB.

3. ns nocnimkeHHs: e()EeKTUBHOCTI PI3HUX CXEM HEYITKOI ajamnTallii y MeTaeBpPICTHUYHUX
MeTOo/1ax I00anbHOI ONTUMI3AIlil JOIIFHO 3aCTOCOBYBATH IPOTpaMHi 3aco0H, IO Peai3yloTh
HEUITKY JIOTIKY, 30kpema 3acobu Fuzzy Logic Toolbox cucremu Matlab, a takox cremianbHe
mporpaMHe 3abe3rneueHHs, 30KpeMa BeO-OpieHTOBaHE, pO3pO0Ka SKOTO € aKTyallbHOIO HayKOBO-
TEXHIYHOIO MTPOOJIEMOTO.
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CAMOOPITAHIBAIISL IHOOPMAIIMHOI'O BAHKY
CHUCTEMM OIJIEOPY IHBEHTAPIO J1JISI HACTLJIBHOI'O TEHICY
HA BA3I HEUPOMEPEX

TazerainoB B. A., Cucoenko C. B., Xpyasos M. B.
UYepkacbKuii IepKaBHUH TEXHOJOTTYHHUIA YHIBepCcHTET, M. Uepkacu, YKpaiHa

Anotanisi. ChopMyIiboBaHO 3aBAaHHS, SKi TOBUHHA PO3B’A3yBaTH cUCTEMa MiA00py iHBEHTAPIO IS
HACTUILHOTO TeHicy. [HdopMaltifinuii 6aHk MICTUTh JJaHi PO BIACTUBOCTI HAKJIAJIOK 1 OCHOB, a TAKOX BiJIOMI
KOMOIiHaIlli HakKJIaJ0K 1 OCHOB. 3amporOHOBAHO BIJMOBIAHI aJTOPUTMU Ui Kiacu(ikalii BXigHOI
iH(opMaIlil CTOCOBHO iHBEHTAPIO JIJIl HACTLIBHOTO TEHICY, IO Ja€ MOXJIUBICTh BUAAIUTU 3 OAHKY JaHHX
ManoindopmaruBHi Qakropr. CTBOPIOETECS METOAWMKA aHATITUYHOI 00poOKH iH(opMallii, sKa JT03BOJISIE
HaJaTH TPABIIO TEPeiK MOTPIOHOr0 MOMY IHBEHTAp JUIs HAcTUibHOro TeHicy. Lle mae MoOXIIMBICTH
nependavaTH TEHJEHII PO3BUTKY PWUHKY iHBEHTApIO HACTUTLHOTO TEHICy, BUPOOHWKAM — TUIAHYBaTH i
3MIHIOBATH CTPYKTYPY BUPOOHHIITBA, & TAKOX 33JOBOJLHUTH iHPOpMAIIiifHI TOTpeOU MOKYMIiB (TPaBIiB) i
nponasiiiB. Po3pobneno meron camoopranizaiiii iHpopmailiiHoro 6aHky Ha OCHOBI pe3yJbTaTy po3B’I3aHHS
3aJ1a4i KJIacTepu3allii, ke OTPUMAaHO 32 JIOMOMOI'0K0 caMoopranizyrouoi Mepexi KoxoHeHa.

Kurouogi ciioBa: HelipoMepexa, caMoopraHizallisi, Kjacrepusartis, iHGopMariiiiHui 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 TeHJEHIIT Ha PUHKY HACTUIBHOTO TEHICY 3YMOBIIEHI BEJIMKOKO KUTBKICTIO
MIPUYMH, SKI BU3HAYAIOTHCS TIOBEIIHKOIO Oro cy0'ekTiB. Ha choroaHilIHIiA JeHb CIOCTEPIraeThCs
BENMKa PI3HOMAHITHICTH 00JaHAaHHS JJI HACTUTRHOTO TeHicy. Ha punky mpencrasieno noHan 80
BUPOOHUKIB HAKJIAIOK /715l HACTUIbHOTO TeHicy [1]. Takox ichye moHan 100 BUpOOHUKIB OCHOB st
HacTiibHOrO TeHicy [2]. KoxkeH BuUpoOHUK Mae cBif monenvHuil psn. Ilpu Takomy po3mairti
oOaHaHHS ISl HACTUILHOTO TEHICY BUOIp OCHOBH Ta HAKJIAJOK CTa€ JUISl TPaBLS JIyXKe BaXKKUM
3aBJlaHHAM. SIK MMOKa3ye NMpaKTUKa, OUIBLIICTh I'paBLiB HE B 3MO31 c(OPMYIIOBATH BHUMOTHU 0
oOmagHaHHsa. Ha mpakTuii rpaBeis MoXKe OLIHMTH OOJaJHAHHS JIMIIE Micas Horo nmpakTUYHOTO
BHUKOPHUCTaHHS Ha OCHOBI BJIACHUX BITYYTTIB Ta IrpoBOro 1ocBiny. BogHouac BigOyBaeThCs CTpiMKe
3pOCTaHHs Cy4yaCHMX IHHOBAI[IMHUX TEXHOJIOTI Ta IX 3aCTOCYBAaHHS B IOBCSKIEHHOMY JKHUTTI,
aBTOMAaTH3allisd BCiX cdep JMOACHKOT TISIBHOCTI. Y TaKUX YMOBaxX 0COOJIMBOrO 3HaYeHHs HalyBae
MpaBUIBHUN MiO1p KOMOIHAIIT HAaKIal0K 1 ocHOBH [3].

IMocTtanoBka 3agay. OcHOBOIO iHpOpMaIifHOro 0aHKY CHCTEMM MiIOOpY IHBEHTApIO JUIs
HACTUTLHOTO TeHicy € Bektop momiB A = (Ay,A,, .., A,), fAKi € TONOBHHMH (AKTOpPaMH, IO
BIUTUBAIOTH Ha ITPOBI XapaKTEPUCTHKU PAKETKH Ui HACTUILHOTO TEHIicy. Ay, A,, ..., A, 1e Taki
napamMeTpH SK IBUJKICTb, 00epTaHHs, KOHTPOJIb, )KOPCTKICTh T'YOKH, TUI T'YOKH, 30Ha HAaHKPaIoro
BIZICKOKY, 3aTpHMKa M si4a Ha MOBEPXH1 PaKETKU Ta 1HIII.
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OTxe, mepioro 3aJaueto BU3HAUCHHS 3aJIe)KHOCTI TapameTpa G, KUl BpaxoBYye IIBUJKICTb,
o0epTaHHs Ta KOHTPOJIb DPAKETKH SK BUXITHOI XapakTepUCTUKU BiJ BXIAHUX 3HAYCHb, €
3HAXOKEHHS (PyHKIII1

G=F(A A, ..., Ap). 1)

Jlpyra 3amaua rmoisrae y 3Haxo DKeHHI ITOKa3HUKIB YyTIUBOCTI mapamerpa G, KUl BU3HAYAE
IrpoBi BIACTUBOCTI PAKETKHU 1 BPaXOBYE il IIBUIKICTH, 00EPTaHHS Ta KOHTPOJIb:
fic = gor b= "2 k=Tn, 2
e f, — abCOMOTHMI MOKA3HUK YyTIMBOCTI, by — BIIHOCHMI MOKA3HMK 4yTIHBOCTI; Ay, G —
cepenHi 3Ha4YeHHA k-ro QaxTopa 1 BHXIZHOT XapaKTEPHCTUKU BiAIOBITHO B KOXHOMY Kiaci
IHBEHTApIO JUIsl HACTUILHOTO TEHICY, IKUW BU3HAYAETHCSI €KCIIEPTOM.

BractuBoctsimu 3amad (1)-(2) e: Benukumii o0csar BXimHUX MaHuX (B cepemHbomy 20),
MPUCYTHICTh IIYMOBHUX €(EKTIB, ICHYBAHHS HETPHUBIAIBHUX 3aJIE€KHOCTEN MDK (akTopaMu, II0
BIUIMBAIOTh HA BXIiJ 1 BUXIIHOIO XapakTepucTukow. Po3m’s3anns 3amaud (1) - (2) BaxiauBO Ist
CTBOPEHHS 1H(POpPMaLITHO-aHATITUYHOT MIATPUMKHU MPOLECIB HA PUHKY HACTUIBHOTO TEHICY 1
JI03BOJIUTh AHANI3yBaTH YMOBHU 1 3HAYHO CHPOILYBaTH MpPOLEAypy BUOOpY IHBEHTapro s
HaCTUILHOTO TEHICY.

Merta pocaimkennsi. Metoro poboTH € po3poOka METOy camooprauizanii iHdopmaiiHoro
Oanky. Lleil meTon BKiIIOYAaE 3HAXOJHKEHHS MaloOIH(MOPMATHUBHUX 1 HE3HAYHHX (AKTOPIB 1 iX
MO/AAJIbIIIE BUJIAJICHHS.

OcHoBHa uyactuHa. Onmumizayis ingopmayitinoco odanxy. 1l 3amada BUpPIIIYETHCS 3a
JIOTTOMOTO0 HelpomepexeBux TexHoorii [4]. Il{o6 aocsartu 1boro HeOOXITHO BUPINIUTH 3a1a4y,
10 CKJIAIA€ThCA Y 3HAXO0/DKEHHI KJIaciB BX1THUX BEKTOPIB, sIKI MalOTh 3arajibHl SIKOCTI.

BximgHi BekTOopu GOpPMYIOTHCS 3 BXITHUX (haKTOPIB 1 BUXITHUX XapaKTEPUCTHUK, K1 B HAIIOMY
Bunaznky € Hacrynaumu (A, A,, ..., A,, G). Jlo CKIaay KIacTepy HajexaTh 00pasH, BiICTaHb MDK
SIKHMH HE € OUTBIIOK0 32 JIesKe TIO3UTUBHE 3HAYCHHS., J{J1s1 Bi3yaizaiii ux oOpa3iB nmpeacTaBuMo
Kiactep y Burisiai rinepedepu. Lli o6pa3u moBuHHI Hasekatu 10 rinepcdepu. (pucyHok 1).

X1

Pucynox 1 — Knacrepusaris

Onnak neski ManoiH(opMaTHBHI (pakToOpu MOXKYTh OyTH 3a MeXaMu rinepchepu, BUXOITUU
10 OJIHIM YM JIEKUIBKOX KOOpAWHATAaX, OCKUTbKM BOHU HE BIUIMBAIOTh HAa PUHAJIEKHICTD JI0 IEBHOT
IpyImu.

3HaxoKeHHs TakuxX (akTopiB 1 BUJaleHHs 3 iH(opMaliiiHOro 0aHKy AacTb MOKJIMBICTh
CKOPOTHUTH Yac HaBYaHHS HEHPOHHOT MEPEKi Ta MIBUIIIMTH TOYHICTh PO3B’sI3aHH 3a/1a4 MiZ00py
IHBEHTapIO JUI1 HACTUILHOTO TEHICY.

Jlnist BUKOHAHHS 3a/]1a4 KiacTepu3allii 3actocyeMo Mepexy KoxoneHna, apxirekrypy 1 GyHKii
AKOi HaBeNEeHO Ha pHUCYHKY 2. HaBuyaHHs Mepexi BiIOyBaeTbcs Ha OCHOBI XapaKTEPHCTUK
€TaJIOHHUX 3pa3KiB pakeToK. SIK eTaJOHHUH 3pa30K JUIs aTaKylo4oi rpu Moxke OyTH BUKOPHCTAaHO
ocuoBy Butterfly Viscariya 3 naknmankamu Butterfly TEnergy 05. 3HaueHHS XapaKTEepHUCTHK
pakeTok (GOpPMYIOThCS Ha OCHOBI BiArykiB kopucryBauiB [1], [2] Ta ekcmepTHHX OIHOK.
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PesynpraroM HaB4aHHS € QOpPMYBaHHA TMEpeNiKy IHBEHTaps 3 OJIU3BKUMHU JO €TaJoHYy
BJIACTUBOCTSIMHU.

@——0 TDL weight \

P{1}
Delays 1 IW{l1,1} TDL » C 4@
/nclsum compet a{l}

Y

bias

b{l}
Pucynox 2 — ®@ynkiii i apxitekrypa mepexi Koxonena

BucHoBku. Bukonano ¢opmainizoBaHi MOCTaHOBKHM 3a7a4 aHajli3y PUHKY HACTUIBHOTO
TEHICY, /10 SIKUX HaJleXaTh: 1IeHTU(IKalisl napaMeTpa, KU BpaXxoBYye IIBUJIKICTh, OOEpTaHHS Ta
KOHTPOJIb 1, BU3HAYEHHS KOE(QIIIEHTIB UYYTJIMBOCTI 3MIHM IapaMmeTpa, L0 BU3Ha4yae IrpoBi
BJIACTUBOCTI PAKETKH JI0 3MIHU €K30TeHHUX (haKTOpiB. 3alIpOIIOHOBAHO HEWPOMEpEKEB1 MOJIEII Ta
MeTOu camoopranizaiii iHdopmariiinoro 6anky. HeoOXimHICTh 1X BHKOPUCTAaHHS BUKIWKaHA
iHGOpMaLlIfHOIO HA/UIMIIKOBICTIO Ta IIyMoBUMHU edektamu. Ha ocHoBi OaraTtopa3oBoro
BUKOpHUCTaHHS Mepexi KoxoHeHa Juig po3B’si3aHHS 3ajadl KiacTepusalii po3poOieHO MeToJ
BUJTy4EHHS HE3HAaUyIIHUX (HakTopiB 13 0aHKY JaHUX. 3alpONOHOBAHUM METOJ J1a€ MPUCKOPEHHS Ha
20%.
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KOHUEMNIIA IHTEJEKTYAJIbHOI HAJIBYJIOBA
HAJ IHCTPYMEHTAJIBHUMU 3ACOBAMM IIJIAHYBAHHA ITPOCEKTIB

Tecas }0.}, Eropuenkos 0.2, Xiepna 0.2, Eropuenkosa H.%, Karaea €.}, Xiiepunii A.2,
Knaesanna I'.!
Yepkacpkuii nepsxaBHUIl TEXHONOTYHUI yHIBEPCHTET
?KuiBchbKHi HaLiOHAIBHUH yHiBepcuteT iMeHi Tapaca IlleBueHka
3CnoBarpkuii TexHiuHMIA yHiBepcuTeT y BpaTtucnasi

Anortanisg. IlokazaHo HeoOXimHICTh IHTENEKTyalli3amii TIPOIeciB IUTAHYBaHHS IPOEKTIB.
CdopmynbpoBaHO MPUHLMIHN Ta 3a]adi iHTeIeKTyali3alil Npouecy MIaHyBaHHS NPOEKTIB. 3alpOOHOBAHO
KOHIIEIIII0 IHTENEeKTyalbHOI HaAOy/IOBH HaJ| iHCTPYMEHTAJIBHUMH TIPOTPAMHUAMH 3aC00aMHU YIPABIiHHS
NPOEKTaMH, sIKa BKIIOYA€ TMPUHIMIH, TIIXiA, CTPYKTYpY, MOJENb Ta 3acOo0M IIaHYBaHHS HPOEKTIB.
Bunineno eramm Ta 3amadyi IUIaHYBaHHS TIPOEKTIB 3 BUKOPUCTAHHAM IHTEIEKTYalbHOI HaJ0yIOBH.
Po3po0neHo cTpyKTypy iHTENeKTyaabHOT TEXHOJOTI] IIaHyBaHHS IPOEKTIB. 3alpOIIOHOBAHO BUKOPUCTATH
MoaudikoBaHUI  pedIeKTOpHHMI  Merox s peamizamii  iHTeNeKTyalbHOi  HagOyJaoBH — Hax
IHCTpYMEHTaIIbHUMU TporpaMHuMu 3acobamu MS Project un Oracle Primavera P6. 3anporioHoBaHo Mozienb
BUPOOJICHHSI peakliili Ha MOTIK BXiJHMX JAaHUX [0 IUIAHY NPOEKTY B IHTENEKTyaJbHIH HaaOymoBi.
Po3poOnena koHLenuis Ta 3aco0M iHTeNeKTyalbHOI Hag0y10BU MPOHIIUIN EKCIIEPUMEHTANIBHY Ta IPAKTHYHY
MepeBipKy B MPOEKTaX Ta MOKa3aJIH CBOIO €()EKTUBHICTb.

Kro4oBi ciioBa: rianyBaHHS! IPOEKTIB, IPOrpamMHoO-iH(popMaLiiiHi HaAOYA0BH, CUCTEMH IUTYYHOTO
IHTENeKTY, peIeKTOPHI IHTEIEeKTyalbHi CHCTEMHU.
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CONCEPT OF INTELLECTUAL SUPERSTRUCTURE
OVER PROJECT PLANNING INSTRUMENTS

Teslia 1.}, Yegorchenkov 0.2, Khlevna Yu.?, Yegorchenkova N.3, Kataeva E. !, Khlevny A2,
Klevanna G.!
ICherkasy 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.

Beryn. /{nst migBUILEHHS TOYHOCTI MJIaHIB MPOEKTIB 1 3MEHIIEHHS! BUTPAT Ha 1X CTBOPEHHS
HEOOXIIHO IHTEJIeKTyali3yBaTu Mpoliec MaHyBaHHS. Ha IyMKy aBTOpIB Iieé MOMKJIMBO 4epe3
CTBOPEHHS IHTEJICKTYAIbHUX HAAO0yIOB HaJ ICHYIOUMMH IHCTPYMEHTAJIbHUMH MPOTPAMHUMU
3aco0amu yrpasiaiHHs npoekTamu, Hanpukiaaa (MS Project i Oracle Primavera P6) [1].

Meta po6oTu. MeToro poOOTH € po3poOKa KOHIIEMINi 1HTEIEKTyaIbHOI HaJAOyI0BH HaJ
THCTPYMEHTAJILHUMH 3aC00aMU TUTAHYBAHHS MMPOEKTIB.

IocTanoBka 3agayi. /{711 JOoCATHEHHS MOCTaBICHOT METH HEOOXITHO 3alPOTIOHYBATH 3a1adi
IHTEJeKTyalTi3allii Mmpolecy IUIaHYBaHHSA TIPOEKTIB, PO3POOUTH CTPYKTYpPY IHTEIEKTYyaabHOi
TEXHOJIOT11 TUTAHYBAaHHSI TIPOEKTIB Ta 3aMPOTIOHYBATH IHCTPYMEHTH 11 peaizairii.

OcHoBHa 4acTuHa. Metoto Oynp sKOi CHUCTEMH IUIaHYBaHHS € KOOpAMHALIA Al IO
BUPIIICHHIO 3a7ad MpoekTy. Jlig JocsArHeHHsA 1€l MeTH cucTeMa IUIaHYBaHHS IPOEKTIB
000B’3KOBO TOBHHHA: OTPUMYBATH IH(OpMAIIO Bil MEHEIKEPIB Uil PO3paxyHKy IUIaHy;
BUKOPUCTOBYBATH 1HGOPMaLIiHUN CTaHAAPT MPOEKTHO-OPIEHTOBAHOI KOMITAHIi /i1l BpaXyBaHHS
MOINEePEAHBOTO JIOCBIy TUIAHYBAaHHS 1 BHUKOHAHHS IUIAHIB IIPOEKTIB; BMITH IHTETpyBaTH 1
aHaI3yBaTH JaHi, OTPUMaHI BiJI MEHE/DKEPIB MPOEKTY Ta 3 iH(POPMAIIHHOTO CTaHIAPTY 3 METOIO
BUJIUICHHA HaWOUIbII JOCTOBIpHOI iH(OpMaIlii; po3paxoByBaTH IJIaH MPOEKTY; TOBOAUTH IUIaH
MIPOEKTIB IO BUKOHABI[IB, BHOCUTH 3MIHH B IUIaH MPOEKTY MPH MOTO HE BUKOHAHHS.

J51g BupillIeHHS epepaxoBaHuX 3a/1a4 IHTENIEeKTyalbHa Haq0yI0Ba Ha/l IHCTPYMEHTaJIbHUMU
3aco0aMu YMpaBJIiHHS MPOEKTAMHU TMOBHWHHA CILUIKYBaTHCS 3 JIIOJUHOI Ha TEMYy CTBOPEHHS 1
PO3paxyHKy KaJIeHJapHO-CIThOBOIO Tpadiky Ha IPUPOJIHII MOBi, CAMOCTIMHO BUMTHUCS TUIAHYBATH,
aHalizyBaTu iHQOpMaIlilo, OOYMCIIOBATH pINICHHS; BIPOBA/XKYBATU NPOIECH BUKOHAHHS Y
BIJIMIOBIJTHOCT] 3 IUUIAHOM; BUKOHYBATH MOHITOPUHI pillleHb; KOpUTYBaTH pimeHHs. CTpyKTypa
IHTENeKTyalIbHO1 TEXHOJIOT1i MJIaHyBaHHS MMOKa3aHa Ha PUCYHKY 1.

N MamuHHe HABYAHHSA
[aTenexryanpHui
iHTepdetic \ J
IaTenexTyanbHU OO6uncnenss ' BriposamkeHHs
. i aHaJi3 1aHUX pilieHb BUKOHAHHS
[ndopmaniitanit !
CTaHIapT v
KopuryBanns MoHiTopuHT
pilieHb piteHs

Pucynox 1 — CtpykTypa iHTENeKTyaaIbHO1 TEXHOJIOTI] JIaHyBaHHS MIPOEKTIB
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Hagseneni 3aaa4i, siki TOTpiOHO BUPILITYyBAaTH B IHTENEKTYaIbHINA HAA0YA0B1 (PyHKITIOHANBHI 1
iHpopManiitHO € pi3HUMU. e BUKIIIOYa€ MOKIIMBICTH CTBOPEHHS €IMHOTO sApa 1X BUPILICHHS, YH
TO Ha 0a3i HeHpoMepexK, Un 3 BUKOPUCTAHHAM 0a3 3HaHb. TOMY NMPOMOHYETHCS BUKOPHUCTATH 1€l
CTBOpPEHHS pe(ICKTOPHUX IHTEICKTyanbHUX cucTeM [2]. OcHOBHA iX 0COONHMBICTE — MOYKIIUBICTh
OJTHOYACHOT OOPOOKH PI3HMX THITIB BXIIHUX JTAHHUX, 3 PO3PI3HEHUX JDKEPEN SK €IMHOTO BXiJHOTO
MOTOKY 3 BUPOOJICHHIM pedIIeKCiB Ha JOBUIbHI KOMOIHAIT eleMeHTiB 1ux aanuX. 1o Haitbinpme
MIIXOIUTH JUTI KOMOIHYBaHHS IIPUPOTHOMOBHOI iH(opMaIlii Bin MeHeuKkepiB, popMali3oBaHOI Ta
MPUPOJHOMOBHOT iH(OpMamii 3 JOKyMEHTIB IO TPOEKTY, CTAaTHCTU4HOI iH(opmamii 3
iHpOpMaLIHOTO CTaHIAPTY Ta PETrIaMEHTHOI iHpopMaIlii BUKOHAHHS IPOEKTIB.

BucHoBkH. 3ampomnoHOBaHa KOHICMIIS CTBOPEHHS IHTEIEKTyallbHOT HaIOyJOBU Hal
IHCTpYMEHTaJbHUMHU 3aco0aMy IJIaHYBaHHS MPOEKTIB HAa 0a3l pequIeKTOPHOI IHTENEKTyaJIbHOI
CUCTEMH, 3/1aTHOI cipuiiMaTu Ta 00poOIsATH 1H(OpPMAaIliIO B 3BUYANHINA NPUPOIHOMOBHIN (hopmi Ta
NpUMaTH PIIEHHS TI0 TUIaHY POEKTY 3 BpaXyBaHHSM MOIEPETHHOTO JOCBIIY IJIAHYBAaHHS POOIT
KOHKPETHUMH MEHEDKEpaMH 1 CIeliagicTaMy Ta BEJIMYUHU BIIXWICHHS IIOTO TUIAHY BiJ (aKTy
BUKOHAHHSI.

Cnncox BUKOPHCTAHUX JIZKepet
1. Tecns FO. M., KyGsiBka JI. b., €ropuenkos O. B., €ropuenkosa H. FO. [Iporpamuo-indopmariiiai
HaA0Y/I0BH B YIIPaBIiHHI MOPTdENsIMHU MPoeKTiB 1 mporpam. [HhopmariiiHi Iporecy, TEXHOOT11 Ta CHCTEMH
Ha TpaHcnopti: Hayk. 30. Kuis: HTVY, 2014. Bumn. 1. C. 11-24.
2. Teslia 1., 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 OIITUMI3AIIA
B KOHTEKCTI YIIPABJIIHCbKHUX 3AJTAY

Yamuaincskuii 1O. I1.
[acTuTyT KibepHeTnku iMeHi B. M. I'mymixoBa HAH Ykpainu,
M. KuiB, Ykpaina

AHoTtauis. B po06oTi moka3zaHo aKTyaJ bHICTh BUKOPHUCTAHHS TEXHOIOT1] CHCTEMHOI ONTHMI3aIlil mpu
PO3B’sI3aHHI 3a7a4 MPUUHATTS pillleHh B MPOOJNeMHUX cuTyamisx. CKIAIHICTh B peamizamii MpuiHATTS
pillleHs Tpy po3B’sI3aHHI CYyJaCHUX MPUKIIAIHAX 33124 TOJISTae B HEOOX1THOCTI CHHTE3Y PI3HUX TOYOK 30PY
Ha TIpobJeMy, HeCyMiCHOCTI 3a/1a4 MPUHHSTTS PillIeHb 9epe3 CTPYKTYpy abo oOMexyrodi (hakKTOpH TOIIO.

CucreMHa ONTHMI3AIlis IPEACTABISETHCS 3aCO00M, IO TO3BOJISIE BPAXOBYBATH OCOOJIMBOCTI 3a1ad
MPUAHSTTS pillleHs Ta imeHTH(]iKyBaTH, aHATI3yBaTH Ta PO3B’A3yBaTH Taki 3amadi. B pobori ommcaHo
TEXHOIIOTiI0 MPUHHATTS PillleHb I YIPaBIIHCHKUX 3ajad, SKa IPYHTYETHCS HAa METOMOJIOTIi CHCTEMHOI
orruMizanii. Bei 3HaHHS, M0 BHKOPHCTOBYIOTHCS B TIPOIlECI MPUHHATTS pillleHh Ha OCHOBI CHUCTEMHOI
ONTHMI3allii, PO3IIIAAAI0TECSA B PO3Pi3i 3HAHB, IO OIHCYIOTh KOHTEKCT, Ta 3HaHb, III0 OMUCYIOTh KOHTEHT.
JIst IbOr0 BUKOPUCTOBYETHCS B3a€MOIIOB’si3aHAa MHOJKMHA OHTOJIOTIH, IO sIBJIs€ cOOOK OaraTopiBHEBY
acouiaTHBHY CTPYKTypy. IIpencraBiieHO OCHOBHI XapaKTEPUCTUKU OHTOJIOTIYHHMX CKJIAQJOBHX HPHHHATTS
pillleHs 3a JOMOMOTH TEXHOJOril cucTeMHoi omruMisaliii. Peamizaiiiss mporeciB TEXHONOTil CHCTEMHOI
ONITUMI3allii Ta IHTErpaiis BiNMOBIMHWUX CKIAJOBUX MPHUUHATTS pillleHb 0a3ylOThCS Ha MPECTaBIICHHI
OaraTopiBHEBOI CUCTEMHU YNPABIIHHSA Ta NPUUHATTS PILICHHS B Hi Yepe3 MOAENb JESIKOI0 KOHTEKCTY.
KonTekcT onncye YnHHUKH, IO BIJIMBAIOTH HA Ipo0IieMy, 1 3a0e3meuye BUMOTH 0 PillieHb, SIKi HEOOX1THO
CTBOPUTH Ui 0Ci0, II0 MPUHMAIOTH pillieHHS. PO3MMSHYTO BHUKOPHCTaHHS KOHTEKCTY s peaiizamii
TEXHOJIOr'1l CHCTEMHOI ONTHMI3allii.

Kiio4oBi cjioBa: KOHTEKCT, OHTOJIOTiSl, CUCTEMHA ONTUMI3allis, CUCTeMa MIATPUMKUA NPUHHATTS
pillleHb, YIIPaBITiHHS 3HAHHSIMHU.
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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,
Kiyv, 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. KommuiekcHa Ta cucTeMHa MIATPUMKA TPUAHATTS PIlIEeHb CbOTOJIHI € JTOMIHYIOUYUM
JTUHAMIYHUM JUTOBUM cepepoBuieM. JisITbHICTh K OKpEMHUX JIFOJICH, TakK 1 MiAMPUEMCTB 3apa3 Bce
OUTBIIIOI0 MIPOIO 3aJCKHUTh Bl HAasBHMX B HUX 3HAHb SK OJIHOTO 3 HAWIIHHIIIMX PECYpCIiB i
3IaTHOCTI iX €)EKTUBHO BUKOPHCTOBYBATH. BUIBIIICTh CydacHUX 00'€KTIB yIpaBIiHHS BUMAararTh
BUKOPHUCTAHHS IeTePOreHHUX (i€papXiYHUX, KOMIUIEKCHHUX, TIOPUAHKX, 1[0 BUKOPUCTOBYIOTH Pi3HI
MOBH OITHCY TOIIO) MOJiejIeH. 3 IHIIIOro 00Ky, MPUHHATTS PillIeHb B 6araTb0X CUCTEMaXx yIpPaBIIiHHS
OMHCYIOTHCSl B3a€EMO3B'I3aHUMHU 3a7ayamu. [Ipu domy, sIK MpaBuiIo, Taki 3a/ayl BUSIBISIFOTHCS
HECYMICHUMH 4epe3 IX CTPYKTYpY, IO CKIlanacs, Ta 0OMeXyrounMHu (pakropamu.

Meta poGoTM — TPEACTABUTH MIATPUMKY NPUUHATTA YOPABIIHCHKUX pPIllIEHb, IO
0a3yeThCs Ha BUKOPUCTAHHI METOMIB Ta aJrOPUTMIB CHCTEMHOI ONTHUMIi3allii 1 OHTOJOTTYHUX
METO/IIB MpPEACTaBICHHS Ta OOpOOKHM 3HAHb 3 BpPaxyBaHHAM KOHTEKCTIB PO3B’SI3aHHS 3ajJay
NPUUAHSTTS PIllICHb.

IlocranoBka 3agaui. Jlns1 3a0e3nedeHHs] IPUAHATTS PIIEHb B Cy4aCHUX YyMOBax HEOOXiqH1
BIJIMTOB1/IHI 3aCO0M, 110 BiIOOpPaKAIOTh 3rajlaHi 0COOJMBOCTI MPUUHATTS PIlICHb Ta J03BOJISIOTH
11eHTU(IKYBaTH, aHATII3yBaTU Ta MaHIMYJIIOBaTH BCIM PI3HOMAHITTSM OO'€KTIB Ta BIHOILIEHb, 1110
HasBHI B CHCTEMI yNpaBJliHHI Ta MOXYTb OyTM BHUKOPHUCTaHI B MpOOJIeMHUX cUTyalisx. Takum
0COOJHMBOCTAM 3aJau MPUIHATTA pillleHb 3a0BOJIbHIE TEXHOJOTIS CUCTEMHOI ONTUMI3alii, sika
Oyna 3anponoHoBaHa B. M. I'mymkoBum [1].

Bupimenns 3apaui. CyuyacHa peanizaiisi MiATPUMKHA NPUUHATTS YNPaABIIHCBKUX PIllIEeHb
0a3yeTbcss Ha TO€IHAHHI Ta IHTerpauii 3HaHb, PO3YMIHHI Ta iledX pPO3B’A3aHHS MHOXXHUH
B3a€MO3B’SI3aHMX 33/1a4 3 PI3HUX MPEIMETHHUX OO0JIacTel, KOXKHA 3 SKUX Ma€ CBOi crerudiuHi
nepeaymMoBu. Taka mMmiATpUMKA TPUMHATTSA pIlIeHb XapaKTepU3YEThCS PI3HOMAHITHICTIO,
6araToBUMIpHICTIO, OaraTOpiBHEBICTIO.

B pamkax Takoro npuHHATTA pillleHb JIOANHI, 0 MPUIMaE pillieHHs, He0OXiTHO BpaxyBaTH
MHOKMHY BJIACTUBOCTEH, 1[0 BHU3HAYAIOThCA Ta BUKOPUCTOBYIOTHCS OjaHOuacHo. lle BuMmarae
PO3IIIsAay MPOIIECiB, CTPYKTYP, PECYPCiB, HABKOJHIIIHBOTO CEPEIOBUINA, & TAKOXK B3a€MOJIi Mk
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aKTOpaMH TIPOLeCy NPUHHATTS pimieHb. CKIAMHICT B pealizailii TaKoro MPUHHSATTS PIlICHb
MOJISATa€ B HEOOX1THOCTI CHHTE3Y PI3HUX TOYOK 30py Ha MpoOIeMy, HECYMICHICTD 3aa4 PHHHATTS
pillieHb dYepe3 CTPYKTypy abo oOmexyrodi ¢axtopu Tomo. LluM ocoGiuBocTsAM mporieciB
NPUKAHATTS pIlIeHb 33J0BOJIBHSE TEXHOJIOTISI CHCTEMHOI ONTUMIi3alii, CyTh fKOi MOJSIrae B
[UTIECTIPSMOBAHINA 3MiHI MOJeNell NMPUIHATTS pIlIeHb I JOCSATHEHHS CHUIBHOCTI Ta y BHOOpI
HaHOUTBII PUWHATHOTO PINICHHS MOCTaBJICHOI 3a1adi. Po3B’sa3aHHS 33124 HA OCHOBI CHCTEMHOT
ONTHUMI3aIlil MOHA MPEJICTABUTH B BUTJISAIII IMOCTIOBHOCTI JIFOJUHO-MAIIMHHUX MPOLEAYP, IO
BKJIFOYAIOTh  ()OpPMYBaHHS MOJICNII TIOYATKOBOI 3aJadi B TEpPMIHAX MPEAMETHOI 00JacTi,
nepeBeicHHs1 CPOpPMOBAHOI MOJIETIi B 001aCTh 3a/1a4, HAPUKIIA] MaTEeMaTHIHOTO MTPOTPAMYBaHHS,
Ta PO3B’s3aHHSA 3aJ[a4i MATEeMAaTUYHOTO MIPOTPaMyBaHHs B OaraTOKpHTEpiaibHiil moctanoBIi. s
MpE/ICTaBJICHHS 3a/a4 MPUIHATTS pillleHb Ta peajizalii mpouecy MNPUHHATTA pilieHb OyaeMo
BUKOPHCTOBYBATH B3a€MOIIOB’3aHy MHOXHUHY OHTOJIOTIM MPUMHSTTS pIlIeHb, 110 SIBJISE COOOI0
OaraTopiBHEBY acOIlaTUBHY CTPYKTYpPY [2], sika BKJIIOYA€ HACTYIIHI OHTOJIOTII: METAOHTOJIOTIIO;
0a30By OHTOJIOTIIO; KOHTEKCTHY OHTOJIOTIIO; MHOYKHMHY OHTOJIOTIH TpEACTaBIEHHS MpoLecy
MPUMHATTS pillIeHb; OHTOJIOTIIO peai3alliii; OHTOJIOTIIO MPEACTAaBICHHS KOPUCTYBaya Ta B3aEMO/I1i
3 HuUM. [lpu peanizanii npudHATTS pillieHb HEOOXITHO BUKOPHUCTOBYBATH TUIHKU T1 OCOOIMBOCTI
JIACHOCTI, K1 € HAWBaXJMBIIIMMHU JUIsI CUTYaIlii 4u mpoOsieMu, TOOTO TEeBHUM KOHTEKCT. [lix
KOHTEKCTOM OynemMo po3yMiTH Oynap-aky iHdopMmalio, ska Moke OyTH BHKOpucTaHa abo
XapaKkTepHU3ye BIAMOBIAHY MpoOiemMHy o0sacth. [Ipu 11bOMy KOHIIEHTPYEThCSI yBara Ha TIEBHUX
KOHKPETHUX XapaKTePHCTUKAX, SKi BU3HAYAIOTHCS Yepe3 TOUKH 30PY (ACTIEKTH PO3TIISTY).
BucHoBok. BukopucTaHHs 3HaHHEOPIEHTOBAHOI CHUCTEMHOI ONTHUMI3allli J1a€ MOKJIMBICTD
nepenTn a0 Oe3nmepepBHOTO aHANI3y CHUTyaIliil Ta IJIaHyBaHHI i, 3a0e3rnedye MpOBEICHHS
KOpEKIIii MpoIecy MPUHHATTA pillleHh O0e3 TMOPYIICHHS TEXHOJOTTYHOI IUTICHOCTI, JOIyCKae
0araroBapiaHTHICTh BapIaHTIB PINICHh Ta MOXJIMBICTh iX OTPUMAaHHS 3a PI3HUMH KPHUTEPIIMHU 1
MoiersiMu. Pe3ynbTaTu po6oTu Oye BUKOPUCTAaHO B paMKaX HayKOBOi po0oTH «Po3po0uTu THIIOB1
OHTOJIOTOKEPOBAHI MPOLETypH CUCTEMHOI ONTUMI3ALIT sl pO3B'SI3aHHS PUKIATHUX 3a1au».

CnuCOK BUKOPUCTAHUX JIZKepeJI
1. Tnymkos B. M. O cucremnoit ontumusanuu. Kubepnemura. 1980. Ne 5. C. 89—90.
2. Yammiacekuit FO. I1., Cy66otina O. B. OHTONOrIsI Ta KOHTEKCT MPU PO3B’sI3aHHI TMPUKIATHAX
3a1a4 NIPUAHATTS pimenb. [lmyynuii inmenexm. 2016. Ne 2. C. 147-155.
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Cekuis F. [npopmaniiiHo-koMyHIKaIiifHi CHCTEMHU Ta MEpexi

PEAJII3AIIISA HIBUAKOAIIOYOI CACTEMHA MOHITOPUHT'Y TA CTATUCTUKH
BIIJJIAJIEHUX BEB-PECYPCIB

baoenko B. I'., Muponiok T. B., Bucoubknuii C. B., Bucouska 1. II.
YepkacbKuii IepKaBHUH TEXHOJOTTYHHUIA YHIBEpCcHTET, M. Uepkacu, YKpaiHa

AHoTanisg. 30ip 1 aHami3 CTATUCTUKH BIJBIIYBAHOCTI CaWTy BajX}IMBUW IS OLIHKH 0araThox
MmapaMerpiB, MO0 XapaKTEepU3yIOTh CPEKTUBHICTH po0OTH calTy (pekiamMHI KaMmmIaHil, ONTHMI3allisi,
MapTHEPCHKi MOCKITaHHs). A OTXKe, po3po0Ka HOBHX Ta BJOCKOHAJICHHSI ICHYIOUHX IHCTPYMEHTIB JUIs 300py
Ta IHTepIpeTallii CTATUCTUYHUX JIAHUX, & TAKOXK 1X 0OPOOKH Ta aHai3y € ChbOrOJHI aKTyaJbHOM 3ajaucto.
OO0'eKTOM JIOCTIIDKEHHS € CTaTUCTHKAa Ta MOHITOPHHT BiIBilyBaHOCTI BiJJjaliecHUX BeO-pecypcis.
[Ipeamerom nOCHTiIKEHHS € IPOrpaMHe 3a0e3MeUeHHS JIIs peai3allii CHCTEMH MOHITOPUHTY Ta CTATUCTHKH.
PesynbTaToM AoCHipKEHHS € pealli3oBaHa CHCTEMa MOHITOPHHTY Ta CTaTUCTHKH, SKa BHKOHYE 30ip Ta
BiJIIpaBKy JIaHWX TIPO BiJIBiIyBaHHS 3 pecypcy BeO-MaiicTpa J0 cepBepa y OHOBOMY PEXHMI, 32 PaxyHOK
4oro 30UIbIIyE MIBHJIKICTh TMOOYJOBH CTOPIHKM pecypcy y JBa pasu, IO MiATBEP/IKYE e(PeKTUBHICTH
3aCTOCYBaHHS peai3oBaHOi CHCTEMH MOHITOPHHTY 1 CTATUCTUKH BiJlIalIeHUX BeO-pecypciB.

KrouoBi ciioBa: BeG-cepBic, MOHITOPHHT, CTATHCTHKA, CEPBEP, IIBHUIKOIIS.

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 cborosHilHIA JEeHb CTATUCTHKA Ta MOHITOPHHI HAJa€ MOMJIHMBICTH OTpUMATH
JlaH1 PO KUIBKICTh MEperiisiaiB CTOPIHKKA Ta Pecypcy B LIOMY, Ipo reorpadito BiIBiTyBaHHS
caiity, ni3HaTucs iHGOPMAIilo PO MEPEeX0I1 MK CTOPIHKAMU, a TAKOXK ayIuTOpito BeO-caity [1].
Bonnouac 30ip Ta iHTepmperailisi CTaTUCTHYHUX JaHUX MOXYThb YCKIAJHIOBATUCS PSAOM
oOMeXeHb, 10 MOXYTh OyTH TOB'S3aHUMH, SK 3 TEXHIYHHMMH OCOOTUBOCTSIMH MeEpexi Ta
KOHKPETHUX CaiTiB, Tak 1 3 PI3HOMAHITHICTIO MiJXOMIB HIOJA0 300py CTATHCTUKU Ta HasBHOTO
IIMPOKOro cnekTpa 3aco0iB [2]. Ha ganuit MOMEHT 001acTh 3aCTOCYBaHHS CUCTEM CTAaTUCTHKH Ta
MOHITOpPHHTY BeO-calfTiB [3] € AocuTh BHBUEHOW. HalmomyiaspHIIIUMU TaKUMH CHCTEMaMHU €
Google Analytics, Open Web Analytics ta AngelFish. Ane 0oCHOBHMM HEIOTIKOM TaKUX CHCTEM €
MOBUIbHA MIBUJIKICTh 3aBAaHTAXKEHHSI PECYPCIB B CHCTEMY.

Meta po60oTH —po3po0Ka anbTepHATUBHOTO cIOCcO0Y 300py CTaTUCTUKH Bi/IB1TyBaHOCT BEO-
pecypcy Ta peamizailii Ha MOrO OCHOBI IIBHUIKOMIIOUOi CHCTEMH MOHITOPHHTY Ta CTaTUCTUKH
BiJIalIeHUX BeO-pecypcCiB.

OcHoBHA YyacTHHA. 3aNpPONIOHOBAHUI HAMM MIIXiJ 00 300py CTATUCTUYHUX JAHUX PO
BIJIBIAYBAHICTh CalTy Hajga€e MOXJIMBICTD KOPUCTyBaueBi cucrtemu, a came, WEB-maiictpy,
BUKOPHUCTOBYIOUM METOJ (DOHOBOTO 3BEpHEHHS JI0 cepBepy Ta KpociaomeHHoro AJAX-zamury,
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http://www.openwebanalytics.com/

3MEHIINTH Yac cTBopeHHs Opay3zepoM HTML-cropinku. Po3poGiiena cucrema cKi1agaeThes 3 1BOX
YacTUH: CEpBEpHOI, sKka 30Mpae Ta ONpalnboOBYe JaHI BiJg BeO-CaliTIB KOPHUCTYBadiB Ta
KOPHUCTYBAIBKO1, 1[0 BUKOHYE POOOTY 3 0OPOOIICHUMH JTaHUMH Ta 3JIHCHIOE MirOTOBKY IIOJ0 1X
MOJIAaHHS Yy BIAMOBIIHOMY BUIJISAI KOpucTyBadaMm cucteMu. OCHOBHA BIIMIHHICTH CTBOPEHOI
CHCTEMHU BiJ] BXKE ICHYIOUMX CHCTEM IIOJSITa€ B TOMY, IO CHCTEMa BUKOPUCTOBYE (DOHOBY
BiJpaBKy Ta OOpOOKYy AaHUX MPO BIIBiAYBaHHSA. 3aBISKA TaKOMY MIiIXOQy CHUCTEMa Hajae
MO>KJIMBICTh 3MCHIIYBAaTH BUTPATH Yacy Ha TNOOYIOBY CTOPIHKH pecypcy BeO-MaiicTpa, aie,
BOJJHOYAC, OTPUMYBATH BCIO HEOOXimHY iH(OpPMAIII0 TPO CTaTUCTHKY. Po3pobnenuii JavaScript
KOJI pPO3MIIIYEThCSI HA CTOPOHI KIIIEHTa Ta BUKOHYE 3alUT JO BiIJIaJICHOTO CEPBEPY HA OCHOBI
KpocnoMeHHOro AJAX-3amuty, 110, B CBOIO Yepry, BUKOHYETHCS B (DOHOBOMY PEKHMI ITiCISA
MTOBHOTO 3aBAaHTAXEHHS CTOPIHKU.

[NopiBHSUTBHU aHAJI3 OKPEMHX IMOKA3HUKIB IIBHJIKOIii peali3oBaHOI CHCTEMH MOHITOPHHTY
Ta CTATUCTHKH BiUTaJICHUX BeO-pecypciB i3 Cy4aCHUMH NOMYSIPHUMH aHAIOTTYHUMHU CUCTEMaMH,
takumu sk, Google Analytics, Open Web Analytics ta AngelFish naBeneno Ha pucynky 1. s
OTPUMAaHHS PE3YJIbTATy MIBUIKOCTI 3aBaHTAXKEHHS BEO-CTOPIHKM MU BUKOPHCTAIH BiIKPUTE
nporpamue 3abe3neueHHs kommanii Google Lighthouse. ba3oBi xapakrepucTuku amapaTHOTO
3a0e3nedYeHHs IS MPOBEJCHHS EKCIIepUMEHTaIbHUX Aochimkersb: Apple MacBook Pro 2019;
CPU: Intel Core i7 2,6 I'T1i;; RAM: 16 I'b DDR4 2400 MTI't;; GPU: Radeon Pro 555X.
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CTBOPEHA CHCTEMA Open Web Analytics  Google Analytics AngelFish
|n Pobora dhoHoeOro B  3aBaHTameHHs [ MNobyaoea WEB-
CKpHNTY KOHTEHTY CauTy

Pucynox 1 —Yac 3aBaHTa)X€HHS pecypciB NP 3aCTOCYBaHH1 PO3pOOIEHOr0 MiAX01y
1010 peaizalii CUCTEMHU CTaTUCTUKH Ta MOHITOPUHTY

Yac 3aBaHTa@XEHHS CTOPIHKU NIPH BUKOPUCTaHHI peanizoBaHoro I13 ctanoBuTth 1,5 cekyHau,
TOJI SIK IPU BUKOPHUCTAHHI aHAJIOTIB HEOOX1AHO Oinble 3 ceKyH I, 0 y 2 pa3u Ouible.

BucHoBku. HaykoBa HOBHM3HA JaHOTO JIOCTIDKEHHS MOJISTaEe y CTBOPEHHI Ta 3aCTOCYBaHH1
HOBOT'O MIXO0AY 110J10 0OMIHY 1H(pOPMAIIIE€I0 MDK PECYpPCOM Ta CEPBEPOM, 10 MIHIMI3Y€E KiTbKICTh
Tpadiky, IKUi BUKOPUCTOBYETHCS ITPH BIANIPABICHHI ITaHUX Ha cepBep. Pe3ynbraToM € peanizoBaHa
cucTeMa, sIKa 3a paXyHOK BUKOPHCTaHHSI 3alIPOMIOHOBAHOTO MIX0AY Ha OCHOBI ()OHOBOT BIAMIPABKH
Ta 00pOOKM JTaHMX PO BiABIAYBaHHS, HaJla€ MOXJIMBICTh 3MEHIIMTH BUTPATH Yacy Ha MoOyI0BY
CTOpIHKH pecypcy BeO-maiicTpa, OTPUMYIOYM MpPH LBOMY BCIO HEOOXigHY iH(GOpMAILi0 PO
CTaTUCTHKY. Y pe3yabTaTi MPOBEJICHHS MOPIBHAIBHOIO aHajli3y MIBUIKOJII BeO-caiiTy Oyio
BHU3HAYCHO, 1110 3aCTOCYBaHHS pO3pPOOJICHOT CHCTEMHU MOHITOPHHTY Ta CTATHCTUKH BifIaIeHUX BeO-
pecypciB 30UIbIIYe MIBUAKICTh 3aBaHTAXKEHHS OUTbIIIE HDK Y JBa pasH.
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METO/J 3MEHIIEHHA PIBHA ITIO3ACMYT'OBOI'O BUITIPOMIHIOBAHHSA
Y TEXHOJIOT'Ti OFDM

buxos P. T'.
JlepxaBHUI YHIBEPCUTET IHTEJIEKTYaIbHUX TEXHOJIOTIH 1 3B’ 43Ky, M. Onieca, Ykpaina

Anoranisg. Texuomnoris OFDM 0a3yeTbcs Ha NapalelbHUX IOTOKaX Imepefadi iHdopmarii i3
yIIUTbHEHHSIM Hecyunx 4actoT. CrekrpaibHa miibHicTs OFDM curnany 3Ha4HOIO MIpOI0 BU3HAYAETHCS
CHEKTPOM (OPMYIOUOTO IMITYJbCY. 3alpoOIOHOBaHA AalPOKCHMAIlis IMIYJIbCY 3 BBEIEHHSIM HOBHX
napamMerpiB JIO3BOJISIE 30UTBIIUTH KUIBKICTh WOTO CTYIEHIB CBOOOJM 1 CKOHCTPYIOBATH CHTHANl 3
HEOOX1IHUMU BIaCTUBOCTIMH. OO’ €KTOM JOCIIDKEHHS € IOIIYK METO/(IB 3MEHIIICHHSI PIBHS 1103aCMYTOBOIO
BunpominioBanus B OFDM cucremi. [Ipeamer gocmikeHHs] — 3aCTOCYBaHHS (OPMYIOUUX IMIYIIBCIB IS
3MEHIIIeHHsI Mo3acMyroBoro BumnpomiHioBaHHs B OFDM cucremi. OTpriMaHi pe3ynbTaTH IOKa3aiH, IO
CHHTE30BaHUi ABOMapamMeTpudHuii popmyrounii immynsc HaiikBicra Mae MeHIIMI piBeHb NEpPIIUX OIYHUX
MEITFOCTKIB CIEKTPANBbHOI IMIIBHOCTI TMOPIBHSHO 3 TAKHMHU IMITyJbCaMH, SK TPSIMOKYTHHH IMITYyJIbC Ta
iMynbe By «lIpumigasaTuit kocuHycy. HampsmMoM TogaibIoro JOoCiIKeHHs € OIliHKa 3aBaJOCTIHKOCTI
OFDM cucreMu B yMOBaxX MDKKaHaIbHOI iHTEpG epeHIii 3 BUKOPUCTAHHSIM CHHTE30BAHOI'O IMITYJIbCY.

Kurouogi ciaoBa: immynbe HaiikBicta, criekTp, mo3acMmyrose BunpomintoBaus, 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. /Ins OFDM curnanmiB XapakTepHUM € TiIBUIIEHUN piBeHb OIYHUX TEITHOCTKIB
CHEKTpaJIbHOT MIIbHOCTI. BUCOKUI piBeHb 1103aCMYTOBOTO BUIIPOMIHIOBAHHSI MOY€E CTBOPIOBATH
3aBagy CYCIIHIM pajiociyx0am, 10JaTKOBO TMOTIPIIYEThCS 3aBaJOCTIHKICTh CHCTEMH NpHU
YaCTOTHUX 3CyBaX MDK IepenaBaueM 1 mnpuitmMaueMm. s 3MEHIIEHHS pPIBHS 03aCMYyrOBOTO
BUIIPOMIHIOBAHHSA ICHYIOTh Pi3HI METOM. 30KpeMa, y repeiaBadyi BUKOPUCTOBYIOThCS (opMyrodi
imonynscu HaiikBicra [1]. YV maHomMy MOBIIOMJIEHHI Ui Ti€l K METH 3aCTOCOBYETHCS METO/I,
3aCHOBAHMU Ha BUKOPUCTaHHI OararonapaMeTpuuHuX (yHKIIIH.

Mera poborm — cunTe3 Qopmyrouoro immyiabcy HalikBicta 3 HHM3BKUM piBHEM
1103aCMYTOBOTO BUIIPOMIHIOBAHHSI.
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IMocTanoBka 3a1a4i. Y po6oTi OyIi0 MOCTaBIEHO TaKi 3a/1a4i:

- JOCTI/DKEHHS 3aJIeKHOCTI PIBHS 103aCMYIOBOTO BHIIPOMIHIOBaHHS JBOIIAPAMETPUYHOTO
dbopmyrodoro iMmynbcy HalikBicTta y mepmmx TpbOX OI1YHUX METIOCTKAX CHEKTPATbHOT MIUTBHOCTI
BiJ mapametpa B npu QikcoBaHomy napametpi a=0,25.

- TOpIBHSHHSA PIBHS T103aCMYTOBOTO BHUIIPOMIHIOBAHHS 3 IHIIMMHU IMIYJIbCaMH, MIO
3actocoByioThCsi B OFDM cucremi.

OcnoBHa yacTuHa. B sxocti mocmimkyBanux (yHKmii oOpaHi MPSIMOKYTHHH IMITyJbC,
immynbe Buny «llpunigasaruit kocunycy» [2] Ta qeomapamerpuyna ¢yHkuis HaiikBicta 3 KyckoBo-
JiHIAHOIO anpokcumariieto [3]:

u, |t|sTE;
s=1 M
0, t|>—,
2
U, 0<|t|<ty;
U T T
s, (t) = E(H cos(a—T(|t|—(1—a)EDj,tA <|t| < tg; (2)
0, [t|>tg,
u, 0<|t|<tn;
(1-B)U, t, <|t|<tc;
s;(t) = _ (3)
BU, te <|t| <tg;
0, t|>tg,
nety=(1-o)tc; tg=A+a)tc; t-=T/2; 0<a<1; 0<B<L.
BiamoBinHi ciekTpanbHi miabHOCTI (1)-(3) BU3HAYAIOTHCS SIK:
S,(f)=UT sinc(nTf), (4)
. cos(ma TT)
S,(f)=UT sinc(nTf) —————=,
2( ) (TC )1—4(1,2T2f2 (5)
S5(f) =UT sinc(nTf )| 1-2B(1-cos (anTf )], (6)

sin(x)/ x, x=0,

sinc(x)z{l, c_0.

Bupas, 1m0 BH3HAYa€e EHEPril0 y MEpPIIMX TPhOX OIYHMX TENIOCTKaxX CIEKTpa
npu Af = [1/ T4/ T] , MOYKe OYTHU TPECTABICHUI Y BUIIISIL:
AT

E= ] [s(f) df. @)
UT

3a Bupaszom (7) OyB nmoOymoBaHUi rpadik 3a1eKHOCTI HOPMOBAHOT €Heprii mepmux 61YHIX
MEIOCTKIB CIEKTPaIbHOT HIUTbHOCTI (QyHKIIT (6) Bin mapametpa 3 npu 0=0,25 (pucyHok 1).
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Pucynok 1 — 3anexHicTb HOpPMOBAHOT €HEPT1i NEPIIUX TPHOX OTYHUX METIOCTKIB
CHEKTPAJIbHOT HIUIBHOCTI (JOPMYIOUOTO IMIYJIbCY Bij napamerpa fB npu a=0,25

MiHiMallbHOMY 3HAY€HHIO €Heprii Ha pucyHKy 1 BigmoBimae mapamerp Ponr=0,422.
Ha pucynky 2 HaBezneHi rpadiku 10CHiKyBaHUX (YHKIIIH y 4acoBiif Ta 4aCTOTHIN 00JaCTI.

1.4 : ‘ : 1.4
- -.\l = =S
1.2 s(t) oeees, (a=0.25) | 1.2 8(f) .....>;(.. 0.25)
T —s, (a=0.25, 3=0.422) 1T —s, (a=0.25, 5=0.422)
1t =1 1t
b
0.8} : 0.8}
1
0.6} 4 0.6+
0.4+ 0.4+
0.2 0.2+ AN 'f.\_%‘ .
0 0 2o | ¢ € WSR3
-1 1 -4 -3 -2 -1 0 1 2 3 4
ST
(a) (6)

Pucynok 2 — I'padiku qociimpkyBaHUX IMIYJIbCIB y YaCOBIM Ta YaCTOTHIN 00J1acTi

Amnani3 pucyHka 2 Tmoka3sye, 0 CHHTE30BaHa JIBOIIapamMeTpruHa (PyHKIIisE Ma€e HAHMEHITHA
piBeHb mMepHMX OIYHMX TNENIOCTKIB CIEKTPaJbHOI MIUIBHOCTI cepell TPhOX TOCIIKYBAaHUX
immysbeiB (4)-(6).

BucHoBkn. CHHTE30BaHO ABONapaMeTpuyHuil Gopmyrounii imnynbec HalikBicTa 3 HU3BKUM
piBHEM eHeprii meprmux O1YHUX MENOCTKIB CIIEKTPAIbHOT MIUTBHOCTI A 3acTocyBanHs B OFDM
cucremi. llel iMmynbc Mae MEHIIWE piBEHb 03aCMYrOBOTO BUIpOMiHIOBaHHS mipu 0=0,25 Ta
Boni=0,422 MOpiBHSIHO 3 MPSAMOKYTHUM IMITyJIECOM Ta IMITYJbCOM BUAY «[IpuUnigHSITHII KOCHHYCY.

Cnncox BUKOPMCTAHUX JIZKepeJt
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IHTEJEKTYAJIbHA METOJAUKA BUMIPIOBAHHS ITAPAMETPIB CUI'HAJIIB
JUISI HTMPOKOCMYT'OBUX SDR CUCTEM KOT'HITUBHOTI'O PAJIO

Tonyonuunii O. I'., 3anicekuii M. 10., Tapanenko A. I'., 'abpycenxo €. 1., llepouna O. A.
Hamionanbnuii aBianiitnuii ynisepcuret, M. Kui, Ykpaina

AHoTaniss. MeTo JOCHi/KEHHS € pOo3pOo0JIeHHS! IHTENEKTYaJbHOI METOJAMKH BHMIPIOBaHHS
mapaMerpiB CHUTHAJIB Ui IIHPOKOCMYIOBHUX PAaIiOCHCTEM KOTHITUBHOTO pajio 31 3MiHIOBAHUMH
napaMeTpaMyd CUTHAJIbHO-KOJIOBUX KOHCTPYKIIH, $5Ka aJanToBaHa JO BWUKOPHCTaHHS MPOTrPamHO-
amapaTHUMH 3aco0amMu paaiochcTeM 3 0OpoOJICHHSM CUTHAJIIB Ha mporpamHomy piBHi (Software Defined
Radio, SDR). OG’eKTOM IOCTIDKEHHSI € MPOLIECH BUMIPIOBAHHS CHEPreTHYHHUX MapaMeTpiB CHUTHAIIB i
3aBaj. [IpeqMeroM JOCIIDKEHHS € CUTHaau Ta myMu (X aJuTHBHI Ta MYJbTUILUTIKATHBHI CKJIAJOBI), SIKI
MiASraloTh BUMIPIOBAaHHIO Ha (Di3MYHOMY piBHI mmpokocMyrosux SDR cucteM KOTHITHBHOTO pamio. Y
JOCITI/PKEHHI BUKOPHCTOBYETHCS METO]] HENPSMHUX BUMIPIOBAaHb Ta KOPENAIIMHWUN MeTon 0OpoOIeHHs
CHUTHAJIIB 3 BBEJICHHSM JIOJJATKOBUX BUMIPIOBAJIBHUX CUTHANIB. [HTENEKTya IbHA CKIIaI0Ba 3aMIPOIMIOHOBAHOT
B pe3yibTaTi JOCHKEHb METOAWKHA IIONsrae B aBTOMATHUYHOMY aJalITUBHOMY HaJallITyBaHHI
BHUMIpPIOBaJILHOT CUCTEMH 0OpOOJIEHHS! CUTHAJIIB IIUISIXOM BCTaHOBJICHHS 11 ONTHMAJIbHUX MapaMeTpiB.

KurouoBi ciioBa: mmpokocMyroBa pajiocucremMa, MporpaMHoO-anapaTHi 3aco0M TeJIEeKOMYHIKaIIii,
KOTHITHBHE PaJiio, BUMIPIOBAHHS CUTHAIIB, IHTEIIEKTyalbHA CHCTEMA.

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,
sighal measurement, intelligent system

Beryn. [HTenektyanbHi cucteMy, sKi OB s3aH1 3 OOPOOJIIEHHSM CUTHATIB 1 BUMIPIOBAHHSAM
iXx mapameTpiB, BHKOPHUCTOBYIOTbCS B Taly3i CydacHUX iH(OpMaIliiiHO-KOMYyHIKAI[IHHUX
TexHoJiorid [1]. MeToau BuMIpIOBaHHS NapaMeTpiB CHTHATY € OCOOJIHMBO BAXIJIUBHUMH JUIS
IIMPOKOCMYTOBUX MAaJIONIOTY)KHUX TEJICKOMYHIKAILIHHUX CHCTEM, SIKi XapaKTEePU3YEThCS MaUMU
3HAYEHHSMU CHIBBIIHOIIEHHS CHUTHAI/LIYM, HAlpHUKIaJ, pPALY CUCTEM KOTHITUBHOIO pagio.
Pi3HOBHZOM BUMIpIOBaHb IapaMeTPiB CUTHAIIB B IIbOMY KOHTEKCTI € BUMIPIOBAHHs IapameTpiB
curHaiiB Ta 3aBaji B SDR cucremax 3 po3mmupeHHsIM CEKTpa CUTHAY Ta 3MIHHUMHU [TapaMeTpaMH.

Mera poGoTH — po3po0JieHHS IHTENEKTyaJbHOI METOJMKH BHMIPIOBAHHS IapaMeTpiB
CUTHAJIIB JUIsl MIMPOKOcMYyroBux SDR cucTeM KOTHITUBHOIO pajiio, sSiKa BpaxOBYye MaTeMAaTUYHUN
ONHUC CUTHATIB 13 PO3IIMPEHUM CIEKTPOM Ta OaraTomo3UIIMHOI0 MOIYINALIEI0, BapilOBaHHS
napameTpiB nux curfaiiB B SDR cucremax, a Takok BUKOPHCTOBYE TOYHICTh BUMIPIOBAaHb IS
aJlaTUBHOTO HAJIAIITyBaHHS.

IMocTanoBka mpodaemu. Y mmpoxkocmyroBux SDR cuctemax KOTHITHBHOTO pajio INpH
00poOJIeHHI CUTHAJIbHO-KOJIOBUX KOHCTPYKIIH OKpeMme Miclle mocigae mpobiema OLiHIOBaHHS
PIBHS CUTHaJIiB, OJM3BKUX 332 CBOIMHU BJIACTUBOCTSIMH JIO LIyMY, Ta 3aBajl, OCKUIBKM ONTHMAaJbHI
MOPOTOB1 3HAYCHHSI IPUHHATTS pillieHb (PO NMPUHHATUI CUMBOJ TOILO) 3aJIeXKATh BiJl IIUX JaHUX
Ta CYTTEBO BIUIMBAIOTH Ha €()eKTUBHICTh MepelaBaHHs Ta 00OpOOICHHS CUTHAJIB 1 JAHUX B LILIOMY.

Bukaan ocHoBHoro matepiany. Curnan Ha Bxoai SDR npuiimaua y cuctemi KOTHITUBHOTO
paio Mpu BUKOPUCTaHHI CUTHAIIIB 3 PO3LIMPEHUM CIEKTPOM MOKe OyTH IpeACTaBICHUN BUPAa30OM
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Z(t)=pS (t)+n(t)=p§1aﬂ (t)%, (t)+n(t), n=LN, 1)

7€ | — CKJIaJI0Ba MYJIbTUIUTIKATUBHUX 3aBaJl, PIBEHb SKUX € CTAJIUM TOPIBHSIHO 3 TPUBATICTIO OJTHOTO
nepeaaHoro cuMBosty T, 1(t) — aguTusHi 3aBagu, N — KUILKICTH OPTOrOHAIBHUX CKIaJ0BUX CUTHAITY

3 6a3010 G, a,(t) — cuMBoMM 3 M CHMETPUYHMMH aMIUITYAHUMH PiBHSMH Q,;, |=1M , sxi
E€PEIAOTHCS 3 BAKOPUCTAHHAM OIIOPHUX OPTOTOHAIBHUX CUTHANIB X, (t). 3HAYEHHS L Ta JUCTIEPCis
a/INTHBHUX 3aBaJ{ Oy € IPEIMETOM OL[HIOBAHHS B METO/IHILL, KA IPOIOHYEThCS.

3anpornoHoBaHa METOIMKA BUMIPIOBAHHS MMapaMeTpiB CUTHAJIIB 0a3yeThcs HA TaKiid cucTeMi
0OpOOJICHHS CUTHAJTIB!

En= | [KnZ(t)+, (t)][men (t)+&n (t)]dt, ()
tet
ne Ky, Ly, — koebinientn mincunenns (npuayuenns) Z(t) ta x,, (t) BimmoBiaso; fiy, (t), &, (t) —
B3a€EMHO HEKOPEJIbOBaHI CUTHAJIM Ha IHTEepBaji yacy t € T, skl JOJaTKOBO (OPMYIOTECS y CUCTEMI
0OpOoOJIEHHSI CUTHAJIB Ta € OJU3bKMMHU 32 CTaTUCTMUHUMHU BJIACTUBOCTSIMH JO0 OLIOr0 LIyMY;
3alporOHOBAaHA CHCTeMa OOpOOJIGHHS CUTHAIIB MICTUTh JB1 JIaHKW 0OpoOku, m = 1,2
(pucynox 1).

K, (1) E, )
2 “
L et
Q=— |1 e D
1
5 Al
8() 2 5 :
Z(1) | x,(1) 2\ =21 OBumncneHHs KoediLieHTiB gl O6uncnenHs | =
L ), 5 o,
Ez(’) a”%_ 4, 4,, B, By, €, G, 2} K. G, %]..
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Pucynox 1 — Cucrema 0OpoOseHHsI CUTHAIB,
sKa peaji3ye 3alpONOHOBaHY METOIMKY BUMIPIOBaHHS

BucHoBkH. 3anponoHoBaHa IHTEIEKTyaIbHa METOIMKA BUMIPIOBAHHS TapaMeTpiB CUTHAIIIB
11 IpokocMyroBux SDR cructeM KOTHITUBHOTO pajio. 3arnpornoHOBaHa METOAMKA 3aCHOBAaHA HA
METO/Ii HEMPSIMUX BUMIPIOBAHb 1 JIO3BOJISIE OLIHIOBATH PIBEHb CUTHAIY, MYJIbTHUIUIIKATUBHUX Ta
aIUTUBHUX 3aBajl. [HTeNeKkTyalbHa CKJIaJ0Ba 3allPpONIOHOBAHOT METOJMKU TOJArae y
aBTOMATHYHOMY aJallTUBHOMY HaJalTyBaHHI CHCTEMH OOpOOJEHHS CHUTHAIIB MUISIXOM
BCTaHOBJICHHS 11 ONTUMAaJIbHUX ITapaMeTpiB.

Cnncox BUKOPUCTAHUX JIZKepeJt
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3ABE3IIEYEHHS AKOCTI OBCJIYT'OBYBAHHA TPA®IKY
MYJIbTUCEPBICHUMHU MEPEXXAMU

Mopkyn B. C.}, T'pumenxo C. M.2, Tpumenko 5. 0.2
'KpuBopizpkuii Hamionansuuii yaisepcutet, M. Kpupnii Pir, Ykpaina
?JlepskaBHMI MOAATKOBH yHiBepcuTeT, M. Ipminb, Ykpaina
3JlepsxaBHMiT yHIBEpCHTET TeleKoMyHikaniii, M. Kuis, Ykpaina

AHoTauisi. 3acTocyBaHHs iH(OpPMaLiHHO-KOMYHIKalliHHUX TEXHOJOrI B HaBYAaHHI HA Cy4YaCHOMY
erari, 0€3CyMHIBHO, MOXKE CTAaTH KaTaJli3aTOpPOM Y BUPINICHHI BaXKIUBUX COIIAJIbHUX 3a/1a4 ITiIBUIICHHS
JOCTYITHOCTI 1 SIKOCT1 OCBITHIX pecypciB Ta mocnyr. Bee 3MiHmocs 3 npuxojioM [HTepHEeTY B KOXKHUHN JTiM.
[ocriitHe 3pocTanHst oOcsry iH(popMarii, 30UIbIIEHHS MBUIKOCTI TNepeaadi iHGOpMaIiifHUX MOTOKIB y
IU(POBUX Mepexax 3B'A3KY, SK i paHillle, 3IMIIAETCS aKTyalbHUM. [H(hOpMaliiHI TeXHOOr1l ToCATIH
HeOyBaJloro po3KBiTy. AKTYaJIbHUM € 3aBJaHHS OI[IHKH SIKOCTi 00CIyroBYBaHHS MOTOKIB Tpadiky. Meroro
CTaTTi € AOCTiKeHHs Tpadiky Ta IKOCTi 3a0e3medeHHs! sl KoprcTyBadiB. O0’€eKTOM JTOCHIKEHHS € Tpadik
MYJIBTUCEPBICHUX Mepexk. JlJIsl TOCSATHEHHS MOCTaBJIEHOT METH OyJI0 BUKOPUCTAHO METOAW JOCIiIKEHHS:
TEOpPETHYHI (aHalli3, y3araJlbHEHHs) Ta CTPYKTYpHO-(PYHKIIIOHAIbHI. Pe3ynbTaTaMu JOCIIHKEHHS € 03HAKH
KOHTPOJIO Ha 00’€KTi, 30KpeMa IMOKa3HUKH SIKOCTI ()YHKI[IOHYBaHHS, TaKi sIK e()eKTUBHICTh, HAJ[IHHICTb,
TOYHICTb.

Kuro4oBi ciioBa: indpopmariiiiii TeXHOIOTIT, 3aCTOCYBaHHsI, KOHTPOJIb, MYJIBTHCEPBICHI MEPEXi.

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
quality 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. CyyacHuit piBeHb pO3BUTKY 1H()OPMaLIIITHOTO CYyCHIBCTBA Ta IHTENEKTYaIbHUX chep
JISJIBHOCTI JIIOAMHU B CY4aCHOMY CYCHUIBCTBI 0a3yeThbCsl Ha BHUKOPHCTAHHI IUGPPOBUX Ta
TeJIeKOMYHIKalifHux TexHonorid. IlocTiliHe 3pocTaHHa oO0csry iHdopmarii, 30UTbIIEHHS
HIBUJKOCTI mepenadi iHGopMalifHUX MOTOKIB y HU(POBHX Mepexax 3B'SI3Ky, SK 1 paHille,
3aJIMIIAETHCS aKTYAIIbHUM 3aBJJAHHSAM OLIIHKHU SIKOCT1 00CITyrOBYBaHHS MMOTOKIB Tpagiky.

ITocTanoBKa npod.aemMu. 3a7a4er0 Cy4acHUX TEJIEKOMYHIKAIIMHUX CUCTEM € 3a0e3MeUeHHs
3aJJaHOTO PIBHS SIKOCTI 0OCIYrOBYBaHHS KOPUCTYBaUiB.

MeTto10 podoTH € OCTIDKEHHS TpadiKy MYJIbTUCEPBICHUX MEPEXK Ta SIKOCTI 3a0e3MeUeHHs
JUIsl KOPUCTYBAYiB.

JUist TOCSATHEHHS MOCTaBJICHOT METU OYJIO BUKOPUCTAHO TaKi METOJM JOCHIIKEHHS: aHawi3
pPI3HUX TOTTSAIB HAYKOBIIB Ha MpoOJeMy, IO AOCTIDKYEThCSA, — JUISI BUBYEHHSI CTaHy ii
PO3pO0OIICHOCTI; CTPYKTYPHO-(PYHKIIOHAIBHUIA — JUIS BUIUICHHS Ta XapaKTEPUCTUKH MOJEICH Ta
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IH)KEHEPHUX METO/IB; MOPIBHSHHS — JJIS BUSIBIICHHS SIKICHUX XapaKTEPUCTUK 3a0€3MEUCHHS IKOCTI
00CITyroByBaHHsI, y3araJlbHEHHS — [yl BU3HAUCHHS CTaHy JOCIIIKEHHS Tpadiky Ta 3a0e3neueHHs
SKOCTI JUIsl KOPUCTYBAYiB.

OcnoBHa vyactuHa. llocTiliHe BIOCKOHAJIEHHS Taly3l TENEKOMYHIKAIlil 3MIHMIO $K
MOJIITUKY LiHHU, TaK i B I[JIOMY 3HWKCHHS HABAaHTAXKEHHs Ha mepenavy AaHuX. Jis BupimeHHs
npobsieM aHami3y TEeNeKOMYHIKAI[IfHUX CHCTEM HEOOXiTHO MaTH Yy CBOEMY PpO3MOPSIKEHHI
BIIMOBIIHI MOJENII Ta IHXKEHEPHI METOAH, IO JO03BOJISIIOTH Ha OCHOBI JaHWX BHUMIPIOBAaHb
OILIIHIOBATH SIKICTh HaJIAaHHS TOCIYT Ta MPOTHO3YBATH XapaKTEPUCTUKHU iX poboTH. | ToMy mmpoko
3aCTOCOBYETHCS TEOPisi cucTeM MacoBoro oociyrosyBanus (CMO).

[iero mpobnemarukoro 3aitmaicst BueHi Jluteunos A. JI., Maitopos C. A., Epnanr A. K.,
®emnep B. Ta 1.

Hanpuxnan, naykoseub A. K. Epnanr 3akiaB ocHOBU Teopii MacoBOro oOCIyroByBaHHS B
nepui aBa gecaThiiTTs 20-ro cronitts. B. demiep BBIB NOHATTA Npoliecy pO3MHOKEHHS 13aruoeni,
1 TEOpisi CUCTEM MacoBOro 00CIyroByBaHHS PUBEPHYJIA yBary MaTeMaTHKIB, K 00'€KT cepilo3HOTO
OCIIKEHHS.

Pi3HOoMaHITHI MiaX0oau MOOYIOBU MYJIBTHCEPBICHUX MEpEX 1 aHANi3y Tpadiky BimoOpaxeHo
y mpansx 3apyobkaux asropie W. E. Leland, M. S. Taqqu, W. Willinger, D. V. Wilson,
A. S. Tanenbaum, D. J. Wetherall Ta in.

VY 3aranpHiil MarematuuHid Moaeni CMO Barome Mmiciie 3aiiMae MOJIENh BX1THOTO TTOTOKY
3as1BoK [2]. KoHTpousb QyHKIIIOHYBaHHS MEpeX1, yCYHEHHS IEPEBAHTAXKEHb — BCE 1€ € YACTHHOIO
B 3a0e3neuyeHH] HaJIHHOCTI HEOOXIIHOro piBHSA HaIIMHOCTI fAkocTi Mepexi [1]. Popmu
OI[IHIOBAHHS PO3MIpIB Yepr, IO 3aCTOCOBYBAJIWCSA paHille, MPUJIATHI BHUKIIOYHO s
MyacCOHIBCHKHX MOTOKIB, 1, MPU po3paxyHKax Tpadiky, Aar0Th MOXUOKH, 10 nMepeBUITy0Ts 100-
200%.

CroctepexxeHHs 3a TOTOKOM Tpadiky Ha3MBaeThbcs MOJITHKOI Tpadiky (policing and
shaping — ¢hopmyBanus Ta perymoBanus tpadiky) [1].

30uIbIIeHHST 00CATY HaJIlaHUX TOCIYT MPU3BOJIUTH A0 HEOOXIAHOCTI MIBUAKOI peopraHizaiii
Mepexi, MOsIBU HOBUX a0OHEHTIB Ta Mepepo3IoAily HaBaHTaXeHb. Bce 11e BUKIIMKae HeoOXiAHICTh
IIBHUJIKOT OIIIHKA HEOOX1THOT TPOIYCKHOT CITPOMOKHOCTI IHTEpEHCIB JOCTYITY.

VY mmux ymoBax po3poOka HOBUX METOJIB aHAI3y TpadiKy MYJIbTHCEPBICHHX MEpEeX, IO
3a0e3Meuyl0Th MPOCTOTY PO3PAXYHKIB Ta iXHIO MPUHHATHY TOUHICTh, CTa€ OCOOIMUBO aKTYaJbHOIO.

Y mnakeTHHX MYJIbTHCEPBICHUX MEpPEkax 3B'A3Ky IOTOKH IMakeTiB (Tpadik) cyTTeBO
BIIPI3HAIOTHCA Bl MO TyaCCOHIBCHKOTO MOTOKY, 1[0 OMUCYETHCS EKCIIOHEHIIHHO0 (DYHKITIEIO
PO3MOJILTY IHTEPBAlY Yacy MDK MOMEHTaMH HAJIXO/DKEHHSI CYCiIHIX makeTiB. TyT MOTOKM makeTiB
bopMyroThCcsl 0€3MiY4I0 PIZHUX JDKEped 3amuTiB Ha MOCIYrd, M0 HAJalOThCS MEpexero, Ta
MEpEeKHUMHU JOJaTKaMU, 110 3a0e3MeuyloTh MOCIYru Mepenavi Bifeo, JaHMX, MOBIECHHS Ta iH.
Jl>xepena 3anutiB, OepydH y4acTh y MPOILIECi CTBOPEHHS MOTOKY MAaKETIB, ICTOTHO BiIPi3HSAIOTHCS
MDK COOOI0 3HAYEHHSMHU MUTOMOI IHTEHCHUBHOCTI HaBaHTa)K€HHs. |HTEHCHBHICTh HaBaHTa)KEHHS
Pe3yAbTYIOUOTr0 MOTOKY MAaKeTIB Y KOKHUH MOMEHT 4acy 3aJIe)KUTh Bil TOTO, SKMMHU J0JAaTKaMHU
00CITYroBYIOTECS JDKEpelia 3aluTIB Ta CIIBBIIHOIICHHS iX YHCENBHOCTI s Pi3HUX AojaTkiB. Ha
CTPYKTYpY TpadiKy TaKoXk BIUIMBAIOTh 1 TEXHOJOTIUHI OCOOIMBOCTI aITOPUTMIB 0OCTYrOBYBaHHS.
SIkio, HampUKiIaj, mociayra 3abe3nevyeTbes AeKiIbKoMa A0JaTKaMu, abo, SKII0 B MPOTOKOJAX
3aCTOCOBYETbCS IOBTOpHA Iepeiaya HEBIPHO MPUUHATUX IAKeTiB, TO MOMEHTH BHHUKHEHHS
3alUTIB HA BCTAHOBJIEHHS CEAHCIB 3B'A3KY CUIILHO KOperoBaHi. Yepes 11e B rporieci 00cayroByBaHHs
BUXI1JIHI MOTOKU 3a3HAIOTh 3HAYHHX 3MIH 1 B MiZICYMKOBOMY Tpa(iky 3'SIBISIOTHCS JOBIOCTPOKOBI
3aNIe)KHOCTI B IHTEHCHMBHOCTI HAJXOJPKEHHs MakeTiB. KIieHTH BUMAararmTh Bil Mepexi OUIbII
HaJIHHUX TapaHTid MPOAYKTHBHOCTL. 30Kpema, MYJIbTHUMEIIMHI MpOTrpamMH 4acTo MOTPeOyIOTh
MIHIMaJIbHOI MPOIYCKHOI 3JaTHOCTI Ta MaKCHMAaJbHOI 3aTpUMKHU Ui poOoTH mponykTiB. [Ipu
[IOMY O3HAaKaMH KOHTPOJIIO € AKiCTh, HAIIMHICTh, TOYHICTH ITOCITYT.
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Le cepa, B sikiit [HTepHET EpeKUBAE TPUBAIINI P10 OHOBJICHHS.

[IpoctuM pimieHHAM A7 3a0€3MeUeHHsT BUCOKOI SKOCTI OOCIYroByBaHHS € MOOyI0Ba
Mepexi JOCTaTHBOI MOTYKHOCTI It Oyab-aKoro Tpadiky, skuii Oyne kKuHyTHil Ha Hboro. Haspa
I[LOTO pillICHHS — HaaMipHe HagaHHsa. OTpumaHa Mepexa Oyjie nmepeHocuTH Tpadik goaaTkiB 6e3
3HaYHUX BTpAT 1, 32 YMOBU TiAHOI CXEeMH MapIIPYyTH3alii, JOCTaBIATUME IAKETH 3 HU3BKOIO
3aTPUMKOIO.

BucHoBKH. Y3aranbHIOIOUYM, MOKHA 3a3HAYMTH, 10 Tpadik BKE HE € MPOCTOI0 CYMOIO
0e3nivi He3aJeKHUX CTAI[lOHAPHUX Ta OPAWHAPHUX MOTOKIB, IO BIACTUBO IyaCOHIBCHKUM
MOTOKaM TeJIe(hOHHUX MEpEeX 3B'A3KY. Y MYIBTHCEPBICHHX MeEpekax 3 KOMYTAIlI€I0 IaKeTiB
Tpadik € pi3HOPIAHUM, a TIOTOKH PI3HUX MPOTPaM BHMAararoTh 3a0e3MeueHHs BiAMOBIIHUX PIBHIB
SKOCT1 00cayroByBaHHsa. O3HaKaMH KOHTPOJIIO Ha 00’ €KT1 € MOKAa3HUKH SIKOCT1 (DYHKI[IOHYBaHHS,
TaKl1 sk €PEeKTUBHICTh, HAAIWHICTh, TOYHICTh Ta 1HIII.

Jia 3a0e3neueHHs IKOCT1 00CTyroByBaHHS HEOOX1JHO BUPIILIUTH YOTUPH ACHIEKTH:

— TOCTABJICHOTO 3aBAaHHS KOHTPOJIIO IEPEBAHTAKEHh MEPEKHOTO CETMEHTY;

— IOCSATHEHHSI HEOOX1THOTO PIBHS JIOCTOBIPHOCTI 32 BU3HAYEHHSIM CTaHy 00'€KTY;

— iH(opMalliifHii 3HA4yIIOCTI MapaMeTpiB, BAKOPUCTOBYBAHUX ISl BA3HAUEHHSI O3HAKH;

— BUTJIAIOM (PYHKI[IOHAJIBHOT 3aJIEKHOCTI TOKA3HUKA SKOCTI BiJ] MapaMeTpiB;

— YyTJIMBOCTI MapaMeTpiB JI0 3MiH, 10 BiI0OYBAOThCs B 00'€KTI pH MOsBI HecmipaBHOCTI [3].

Pesromyroun MokHa cKa3aTH, IO HANPSIMKaMH MOJANBITNX PO3BIZOK € PO3poOKa METOIY
JOCIIKEHHS Tpadiky MYJIBTHCEPBICHUX MEPEXK Ha OCHOBI aHATI3Y PO3MOILTY KUTBKOCT1 3asBOK.
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IMMPOEKTYBAHHS ITIPUBATHUX MEPEX 5G
JJIA HIOTPEb BUPOBHUYUX HIANTPUEMCTB

Onapuenko P. C.}, Cmipnosa T. B.2, Cmipnos O. A.2
'Hanionanwsnuit aBianiitnuit ynisepcurer, M. Kuis, Ykpaina
’IleHTpadbHOYKpATHCHKUI HAIIOHANBLHUI TEXHIYHUI YHIBEPCHUTET,
M.KponuBHuIbkuii, Ykpaina

AHoTanisg. ®DaxiBii BiIBOASTH KIIOYOBY pOJIb B aBTOMAaTH3allii BUPOOHWYMX TMPOIECIB came
TEXHOIIOTIi 3B'sI3Ky 5-r0 mokomniHHs. [1o0yn0Ba mogiOHNX MepeK MOXKe CTaTH B IPUTO/II TTPH aBTOMAaTH3aIlii
BHPOOHUYHUX IPOIECIB CydaCHUX MiANPUEMCTB. TakuM 4nHOM, HEOOXiTHO PO3pOOMTH HalOLIBIT e)eKTHBHI
MIIXOMM /TS TUIAHYBaHHS ONTHMAJIBHOI apXiTEeKTypu NMpUBAaTHUX Mepex 5G s motped BHPOOHUYMX
mignpuemMctB. JloCHmipkeHHs, TpoBeneHi B Wi poOOTi, JO3BONHMIN TIPOBECTH PO3POOKY METOIB
YIOCKOHAJICHHSI MEPEKEBOi apXiTeKTypH MIANPHUEMCTB 3 METOI MOJAJIBIIOT ONTHMi3alii BUPOOHHYMX
npoueciB. Tak, Oyno po3pobieHo MeTo IianyBaHHs Mepexi SG i aBToMaTu3anii BUpoOHUYMX MPOLEciB
MiAPUEMCTBA, L0 Ja€ 3MOTY MPOBOAMTH IJIAHYBAHHS ONTUMAJIBHOI CTPYKTYPH CTUTBHUKOBOT Mepexi SG
IUIs OITUMI3allii BAPOOHUYMX MPOLIECIB, OLIHIOBATH Ta 3MEHILYBATH CYKYITHI BUTPATH Ha OOy I0BY MEpexi,
pH bOMY 3a0e31euyrour HeoOXiJH1 MOKa3HUKH SAKOCTi 00CIYroByBaHHS BY3J1iB MEpexi Ta il HagiHHOCTI.

Kurouosi ciioBa: 5G, npuBaTHa Mepexa, IPOEKTYBaHHS, BUPOOHWYE i JIPUEMCTBO.
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DESIGN OF PIVATE 5G NETWORKS FOR THE NEEDS
OF MANUFACTURING ENTERPRISES

Odarchenko R.%, Smirnova T.2, Smirnov O.?
INational 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. ®axiBii BiIBOASTH KIIOUOBY pOJIb B aBTOMAaru3allii BUPOOHWYMX IPOLIECIB came
TeXHOJOTil 3B's3Ky S5-ro mokoiiHHs — 5G [1]. 3 ypaxyBaHHsM Toro, mo Mepexi 5G OymayTh
00CIIyroByBaTH Kpim TpaJuIIHHUX MOOUTHHUX TeNle(OHIB BEIUKY KUTBKICTh PI3HUX pUcTpoiB M2M
ta 0T, ski MaroTh crenu@iuHi XapaKTepUCTUKU Ta BUMOTH, BUKOpPHCTaHHs TexHosorii Network
Slicing 103BOUTH MABUIATH e)EKTUBHICTH POOOTH MOOLTLHHX MEPEX 3B'SI3KY Ta SKICTh MOCIYT,
mo HamamThes. [lpm BipTyamizamii MepexeBuMX (QYHKIIH Mepexi paaioJoCTyly OCHOBHA
¢dbyHKIIOHAIBHICTE 0a3oBuX craHiiii 5G, mo BignmoBigae 3a mUGPOBY OOpOOKY CHUTHAIY,
CHHXPOHI3AI[I0 Ta yIpaBIiHHS, po3MimryBatumerscst y xmapi (Software Defined Radio — SDR)
okpemo Bin pamioronoBok (RRH) ta anTeH, mo3Bosisiroun peasi3oByBaTH MEpeBaru KOTHITHBHOTO
pazio Ta 3HWKYBATH KalliTajdbHI Ta ONEpalliiiHi BUTPATH Ha MEPEKY PajioIoCTyny. 3aCTOCyBaHHS
KOHIIEMIIT MEpeK, 10 camoopraHizyioThes, pamiomoctymy (Self Organizing Networks — SON)
3a0€3MeunTh MiABUIICHHS €()EeKTUBHOCTI PO3MOJLTY, SKOCTI OOCIIyrOBYBaHHS KOPHCTYBadiB Ta
SDN), y sKiit piBeHb YIPaBJIIHHS MEPEKEIO BIIOKPEMIICHHI BiJl TPUCTPOIB MIEpeiadi 1 pearizyeThCs
MpPOrpaMHUMHU  3ac00aMu, JI03BOJIUTH MEPEpO3MOJUIATH amapaTHI pecypcu 3ajekKHO Bl
HaBaHTAKEHHSI, MIBULIYIOYN €(EKTUBHICTh 1X BUKOPUCTAHHS, CKODOUYCHHS ONEpalifHuX BUTPAT 32
paxyHOK aBTOMAaTru3allii mporeciB (opMyBaHHS PAIOTIOKPUTTSI Ta KOOpJUHAIlT poOOTH CyCiITHIX
0a30BHX CTaHIIiil pi3HOro piBHA (MIKpo Ta MakpoOa3oBux) [2]. Apxitekrypa mepexi 5G (SDR i
SDN), y sikiif piBeHb YIPaBIiHHS MEPEKEI0 BIIOKPEMIICHH Bl MPUCTPOIB Mepeaadi i peai3yeTbest
MPOrpaMHUMHU  3ac00aMu, JI03BOJIUTH TMEPEPO3MOJUIATH amapaTHI pecypcu 3ajeKHO  Bia
HaBaHTAKEHHs, MIJBUINYIOYH €QEKTUBHICTh iX BuUKOpucTaHHA. Came TOoMy mMoOynoBa MOIOHUX
MepeX MOXe CTaTh B MPUTOl MPHU aBTOMATHU3aIlil BUPOOHMYMX MPOIECIB CYyYaCHUX MiIMPUEMCTB.
Takum unHOM, HEOOXITHO PO3POOUTH HANOLIBII €EKTUBHI MIAXOIU IS IIAaHYBaHHS ONTUMAJIbHOT
apxiTeKTypu npuBaTHUX Mepex 5G i noTped BUPOOHUYMX MIAPUEMCTB.

Merta podoru. HaykoBo o0rpyHTOBaHE IIaHyBaHHS M onTUMI3alis iHGOpPMaLIHHIX MEpEx,
AKl 3a0e3meuyroTh HaJaHHS 3alMTYBaHUX MOCIHYT 13 3aJaHMMM TOKa3HMKaMU e(QEeKTHBHOCTI
(GYHKIIOHYBAHHS, € JAyXe CKJIaJHOI0 HAyKOBO-TEXHIYHOI N EKOHOMIYHOIO Mpobiemoro, 0e3
BUPILIEHHS SIKOi HEMOJXJIMBE CTBOpPEHHs iH(opMaliifHoi HPPaCTPyKTypH MiIIPUEMCTBA, IO
BiZINOBiIa€ BCiM moTpedam Ta chopMoBaHUM BUMOraMm. ToMy MeTOI0 1aHOT pOOOTH € JOCTiIKEHHS
npo6JieM Ta BIMOBITHO po3poOKa peKOMEeHAallli M0 YCYHEHHIO MpoOJieM il 4ac MPOEKTYBaHHS
npuBaTHUX Mepex 5G.

®opmy.T0BaHHS NMpodJeMH dociaigxeHHs. [Ipu oMy Oyno BpaxoBaHO, IIO OJHIEIO 3
TOJIOBHUX MPOOJIEM PO3ropTaHHS CydacHUX OE3MPOBOJIOBHX MEpEX 3B'I3KY € OUIbIl e(heKTUBHE
IUTAaHYBaHHS, 1O JIO3BOJIUTH 3 OJHOTO OOKYy 3a0e3neduTd HEeoOXiTHY SKICTh 0OCIyroBYBaHHS
(1i1bOBY €(EeKTHBHICTB) Ta 3 IHIIOTO MiJBUIIUTH EKOHOMIUHY €(EeKTHBHICTh BMKOPHCTAHHS
MEpPEKEBUX PECypCiB.

Tomy Meroro poOOTH € YAOCKOHAJICHHS MEpPEKEBOI apXiTeKTypH MiANPHEMCTB 3 METOIO
MOIANIBIIOT ONITUMI3allii BUPOOHUYUX MPOIIECIB.
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Bupimenns npodaemu. Koxxne BUpoOHUYE MiAPUEMCTBO TOBHHHO OYIKYBaTH OTPUMAHHSA
MaKCHUMAaJIbHOTO €(eKTy BiJl BKJIaJJaHHS BIACHUX KOLITIB y CBOT BJIaCHI MPOEKTH iHPOpMAaTH3aLlii.
Bennuuny nporo eexTy Mo>kHa BijoOpa3uTH Ha BEIWYHHI IPUOYTKY MiIPUEMCTBA Bil peanizamnil
npoekTy iHpopmaTHu3amii. Buxoasauu i3 mux TBEpKEHb, MOXKHA IMPOBOJAUTH BUOIP ONTUMAIBEHOTO
MPOEKTHOTO pIlIeHHs, BUKOPUCTOBYIOUHM KpuTepid ontuMmanbHOcTi baiieca-Jlammaca (BL-
kpurepiit) [3]. JlomimbHO TakoX OOTPYHTYBAaTH BHKOPHCTaHHS, $K OI[HOYHOI (yHKIiT
ONITUMAIIBHOCTI — YUCTOTO MPHUBEICHOTO e(EKTy 3a MPOEKTOM iHPOpMAaTH3aLlii, SIK IHTETPaTHLHOTO
MOKa3HUKa €(PEeKTUBHOCTI NMPOEKTHHUX pilleHb. TakuM YMHOM, 3a aHANi30M pe3ynbTariB [4, 5],
MOKHa 3pOOMTH BHCHOBOK IIPO HEOOXINHICTH pO3rOpTAaHHS Ha MiIIPUEMCTBAX caMe
MIKpPOCTUTEHUKOBOI CTPYKTYPH MEPEXi i3 BUKOPUCTAHHSIM pajaiodacToT y aianazoHax 700, 800 abo
2600 MI'.

[Tporec uranyBaHHs pagioMepexi A aBTOMaTH3allii BAPOOHUYUX MPOIECIB MIANPUEMCTBA
HEOOX1IHO BUKOHYBAaTH Y BIANOBIIHOCTI J0 HACTYMHOI MOCIIIOBHOCTI KPOKIB: IMPOEKTYBaHHS
MOKPUTTS paJioMepexi 13 BU3HAUEHHsI MICIIsl PO3TallyBaHHs KOKHO1 0a30BO1 CTaHIii (B Mepekax
5G — (gNb), moOymoBa KOMYyHIKAIIHHOTO TPAHCIIOPTHOIO CETMEHTY 13 BHU3HAYCHHSIM
MICII€3HAXO/IKEHHS KPOCOBUX MPUMIIIIECHbD.

BucnoBku. JlocnipkeHHs, TTPOBEACHI B JaHid pOOOTi, JO3BOJWIM TPOBECTH PO3POOKY
METO/IIB yJIOCKOHAJIEHHSI MEPEKEBOI apXITEeKTypH MIAIPUEMCTB 3 METOIO MOJANbIIOT ONTHUMI3allli
BUpPOOHMYMX MpoleciB. TakuM unHOM, Oyno po3poOjeHO MeToj IlaHyBaHHs Mepexi 5G s
aBTOMaTH3aIlll BUPOOHUYINX TMPOIIECIB MIAMPUEMCTBA, IO TMOJISITa€ B MOCTIIOBHOMY 3a0€3MeueHH1
MPOEKTYBAHHS TOKPHUTTS pagioMepexi 13 BU3HAUEHHS MICI PO3TAIlyBaHHS KOXKHOI 0a30BOi
CTaHIlli 3 BUKOPHUCTAHHSIM ONTHMI30BaHOI MOJIENI OIIIHKK BTPAT MOTYKHOCTI PaJiOCHTHAIY Ha
NUISIXY PO3TMOBCIO/DKEHHSI 3 ypaxyBaHHSM OOMEXKEHb MO MIHIMaJIbHIA MPOMYCKHIA 31aTHOCTI,
KUTBKOCT1 MAKITIOYEHB Ta HAIMHOCTI Ta MOOYI0BH KOMYHIKAI[IHHOTO TPAHCIIOPTHOTO CETMEHTY 13
BU3HAYEHHSAM ONTHUMAJILHOTO MICLE3HAXOAKEHHSI KPOCOBUX IMPUMIILIEHb.

Po3pobnenuii meron ngae 3MOry NpPOBOJUTH IUIAHYBAHHS ONTHUMAIBHOI CTPYKTYpH
CTUTBHUKOBOI Mepexi 5SG s onTuMizaiii BUPOOHHYMX TPOIIECIB, OIIHIOBATH Ta 3MEHIITYBaTH
CYKYITHI BUTPATH Ha MOOYI0BY MEPEXi, IPH bOMY 3a0e3MeuyroYr HEOOXiaH1 MOKa3HUKHU SKOCTI
00CITyroBYBaHHS BY3JIiB MEpeKi Ta ii HaIHHOCTI.
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AHAJII3 3ABAJIOCTIMKOCTI IU®POBOI'O KOTEPEHTHOI'O MOJEMY
3 BIVIMM IYMOBUM CUT'HAJIOM

IlepByHincokuii C. M.
UYepkacbKuil IepKaBHUM TEXHOJOTTYHUM yHIBepcHUTET, M. Uepkacu, YkpaiHa

AnoTtauisi. Huni 3Ha4Ha yBara po3poOHHKIB T€IEKOMYHIKAIIHHUX CHCTEM MPUALISIETHCS CTBOPEHHIO
MOJEMiB 3 LIYMONOJIOHMMH Ta IIyMOBHMH CHUTHaJaMH. Taki MOJEMH MalOoTh Oe3lepedHi mepeBard B
3aBaJI03aXMUUICHOCT], KOH(IAESHLIHHOCTI nepenayvi iHpopMalii, eneKTPOMarHiTHIi CyMiCHOCTI 3 CycCimHIMH
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CNEKTPOHHUMH NPUCTPOSIMHU. B poOOTI IpoBeeHO TEOPETUUHUI aHalli3 3aBaJOCTIMKOCTI AEMOIysTOpa
MOJIEMY 3 CUTHAJIaMH THITy OLIOr0 IIymMy, 0 epefaloThcsa Uyepe3 KaHal 3 TOCTIHHUMHU MapaMeTpaMu Mpu
Iii aZuTHBHOI rayccoBOi 3aBaau. AHaNi3 3aBaJOCTIMKOCTI BHUKOHAaHMH 3 BHUKOPUCTAHHSIM METOAY
XapaKTepUCTUUYHUX (QYHKUIN, [0 JO3BOJWJIO OTPUMATH MOTEHLIHHY TEOpeTHYHy OLiHKy. OTpumani
TEOPETUYHI PEe3yNbTaTH MOXKYTh OyTH BUKOPUCTaHi PH MOPIBHIIBHOMY aHali31 3aBaJOCTIHKOCTI MOJEMIB
3 HIMPOKOCMYTOBUMH CHUTHAJIAMHU.

Krouosi cioBa: nudposuii 6iHapHUI MOJIEM, IYMOBHH CHUTHAJI, XapaKTEpPUCTUUHI (QYHKIIII.

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. Mogemu 3 MIMPOKOCMYTOBHMH IIYMOBHMH CHTHAJIAMH JIO3BOJISIIOTH OJHOYACHO
MpaIfoBaTH BEJIUKOI KUTBKOCT1 a0OHEHTIB B OJIHIA CMY31 4acTOT, 3a0€3Meuyl0Th BUCOKUN PiBEHBb
CKPUTHOCTI Tepefadl JaHUX. Xod4a MPUHIIUIN BUKOPUCTAHHS IMHPOKOCMYTOBHX CHTHAJIB OYIH
pO3po0JIeH] TOCTaTHBO JaBHO, MPAKTUYHE 3aCTOCYBAHHS TaKMX CHUCTEM Bi0OyBajoCs B HAMPAMKY
BUKOPHUCTAHHS aHAJIOTOBUX AJTOPUTMIB JeMOIyJsmii curHamiB [1]. Ycmixu MIKpOETeKTPOHIKH
3a0€3MeYrJId MOXIIMBICTh PO3MOYATH PO3POOKY MUPPOBUX ASMOMYISITOPIB ITYMOBUX CUTHAJIB 3
MoOYyI0OBOIO B HMX B3aEMO KOPEJIAIIMHUX Ta aBTOKOPEISALIHHUX METOIIB JEMOTYJISIIII.

IMocTanoBka 3aaaui. [Ipu HassBHOCTI, Ha JaHMI Yac, BEIMKOT KUTBKOCTI PI3HUX THITIB TaKUX
CHUCTEM TIMTaHHS TEOPETUYHOTO OOIPYHTYBaHHS TOTCHIIMHOI 3aBaJOCTIMKOCTI HH(PPOBHUX
JIEMOIYJISTOPIB IIYMOBHX CHTHAIB 3 KOTEPEHTHHUMHU METOJAaMH OOpPOOKH CHTHAIIIB MOKH IO HE
BupimeHo. [ToxibHa 3amaya aHanizy MUGPOBOTO KOTEPEHTHOTO MOJIEMY 3 T'€HEpalli€l0 CUTHAJIIB
Xa0THYHOT TOCIIIIOBHOCTI pO3TJIsiHYTa B poOoTi [2].

Merta po0oTM — OTpUMAaHHS aHAJITHYHMX BHUpPA3iB i1 OOYUCICHHS 3aBaJOCTIMKOCTI
O1HapHOTO KOT€PEHTHOro IM(PPOBOTO MOJEMY IIYMOBHUX CUTHAJIB THUIy «OLIOT0» TaycCOBOIO
IIyMy MpH poOOTi MO KaHay 3 MOCTIMHUMH MapaMeTpamu, B SIKOMY Ji€ [IEHTpOBaHA aJIATHBHA
rayccoBa 3aBaja.

OcHoBHa vactuHa. CTpyKTypHa cxema OiHapHOro IUGPOBOrO MOJAEMY 3 IIYMOBHUMU
CUTHaJlaMH HaBeJieHa Ha PUCYHKY 1, ie BUKOPUCTaH1 HACTYIHI MO3HAYEHHS: - MOIYJSTOP Ma€ J1Ba

TeHEePaTOpPH €TAJOHHUX IIIYMOBUX MOCIIIOBHOCTEH {&i}, k=1,N, j={0,1}, mo npe/CTaBIICHI
BI/UTIKAMHU JIBOX ETAJOHHUX pealizaliil «OuUIoro» rayccoBoro mymy, siki (GOpMyIOTh BHXIIHY
nocinoBHicts S, . [lepemukau KepyeThes Bin [pkepena GiHapHoro nosimomienus o; ={0","1"},
110 TIepeIaeThCs Ha i-y TAKTOBOMY iHTepBaui 7.

JleMOoIyISITop CIipUiiMae 3 KaHaiy mepefadi cymimn S, +N, , sika MOJaeThesl Ha KOPEIATOPH.
KoxeH KopensaTop Mo ApyroMy BXOLY OTPUMYE €TAJOHHY MOCITIOBHICTE S, 1m0 chopMoBaHa
OJIOKOM CHHXpOHI3aTOpa CHHXPOHHO 3 Tepeaavyero BXiTHOI MOCTITOBHOCTL. 3a pe3yibTaToM
KOpesiiiitHoT 00poOKH, 110 mpejacTaBieHi BeanunHow 9 =3, — 8, moporosuii mpuctpiit (I1IT)

dopMmye omiHKy 6ita @, , 10 NPUIHATHI Ha i-y TAKTOBOMY iHTEpBAlli.
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[IpoBenennii 3 BHUKOPHCTAHHSAM METOJy XapakTepUCTUYHHMX (QyHKOIH [3] anami3
3aBaJIOCTIMKOCTI JEMOIYNIATOPa, JO3BOJMB OTpUMATH (OopMyny Ui OOpaxyHKY ITOMUIJIKH

aeMonyisuii B 3anexHocti Bin aucnepeiii D, D, Ta BenuuyMHM B3a€MHOI KOpPENSAIil MiX

. 1 0 . .. .
HoCHiIoBHOCTSIME S, Ta S, . 3 aHaii3y OTPUMAaHOTO BHpa3y OTPUMaHi KiHIIEBI pe3yJabTaTH Ui
JIBOX THIIIB BX1IHUX CUTHAIIIB — OPTOTOHAILHUX 1 TPOTUIICIKHUX.
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H Jdesoayaarop F
Pucynok 1 — ®ynkiionagpHa cxema MU poBOro MOJIEMY

Ilepexoasun y kiHIEBUX (popMyax BiI 3HAUYEHHs JucIiepcii BUNAAKOBUX BEIMUYUH & Ta N

JI0 TIapaMeTpa IEPEBUIIEHHS CUTHAI-3aBaaa h?, OTpUMYEMO HACTYIIHI BUPa3H:

Pyom =05-0(20%); P, =05-(2/h?), )

e P, opm’ P, npom — IMOBIDHICTb IOMHIIKH JCMOZYIISLI] BIAMOBIAHO [Uisi OPTOTOHATBHUX Ta

HPOTHJICKHUX CUTHAIIIB;
X 2
@ (x)=(1/2x) J. exp (- y? )dy — iHTerpan HMOBIPHOCTI.
0

BucnoBku. OtpuMani hopmynu A po3paxyHKiB NOTEHIIIHOT 3aBaJ0CTIHKOCTI OG1HAPHOTO
KOTE€PEHTHOTO LM(PPOBOTO MOJEMY HIYMOBUX CHTHAIIB TUIY «OLIOT0» TaycCOBOTO LIYMY IIPH
poOOTI M0 CUMETPUYHOMY aJUTUBHOMY KaHaJy 3 HOCTIfHMMHU napameTpaMu. HaBeneHi TeopeTnyHi
pe3yabTaTH MOXKYTh OyTH BUKOPHUCTaHI IpU MOPIBHAIBLHOMY aHaNI3y 3aBaJ0CTIMKOCTI MOJEMIB 3
IIMPOKOCMYTOBUMH CUTHAJIAMH.
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METO/J JOCTOBIPHOI'O HEPEJABAHHSA NEPECTAHOBOK
Y CUCTEMAX 3B'AA3KY 3 KOPOTKUMHU NTAKETAMMU

®aype E.B., Illep6a A.L!, Crynka B.A.}, Baiikenos A.C.2
! Yepkachkuii neprxaBHuii TexHoJIOrUHMI yHIBepcHTeT, M. Uepkacu, Ykpaina
2 AIMaTHHCHKOTO YHIBEpPCUTETY €HEpreTHKHM Ta 3B'A3Ky iMeni I'ymapOexa Jlaykeesa,
M. Anmaru, Kazaxcran

AHoTanisgs. Y po0oTi po3po0ieHO Ta JOCHIIHKEHO METON 3a0e3IeueHHS BH3HAYCHOTO pIBHS
JOCTOBIPHOCTI MepeaaBaHHs iHpopMallii B cucTeMax 3B’s3Ky 3 HEPO3AUTbHUM (DaKTOpiaIbHUM KOAYBaHHIM
JaHUX 3a HMOBIPHOCTI OiTOBOI MOMMJIKH, Onu3bkoi 10 0,5. OCHOBHMMH BiIMITHUMH OCOOJHBOCTSIMHU
PO3pOOIEHOr0 METOAY € BUKOPHUCTaHHS MEPECTaHOBKH SIK KOHTEWHepa JJisl TPAHCIOPTYBaHHS KOXKHOTO
CHMBOITy TMEPECTaHOBKH HEPO3IUIBHOTO (DaKTOPIalbHOrO KOAY, a TAKOXK Ma)KOpUTapHa Ta KOpessiiiHa
00po0OKa MPUIHATHUX 3 KaHATY 3B 3Ky (hparMeHTiB 0iTOBOI mociijoBHOCTI. Po3pobiieHo Ta peasizoBaHo B
MporpaMHiil iMITallifHIA MOJENi aNroOpuTM JOCTOBIPHOTO MepelaBaHHsI MepecTaHOBOK. JlociikeHHs
pe3ynbTaTiB poOOTH MoJIeNi sl Pi3HUX IMOBIpHOCTEW OITOBOT IMOMMIIKM B KaHAJIi 3B’SI3KY MiATBEPIKYIOTh
e eKTUBHICTh pO3pOOIEHOr0 MeTOy. MeToa Moke OyTH BUKOPHCTAHHUH y TEIEKOMYHIKaIlIHHIX CHCTEMaX
3 KOPOTKMMHU TIaKeTaMH B YMOBaX HU3bKOTO CITIBBIIHOIIIEHHS! CHTHAJI-IITYM.

KawuoBi cioBa:  QaxTopiaNbHUII KO, TEPECTaHOBKA, JIOCTOBIPHICTh,  TPHOXETAITHHIA
KpHunTorpadiqyHAi MPOTOKON, KOPOTKUHN TTaKeT.

METHOD FOR RELIABLE TRANSMISSION OF PERMUTATIONS
IN SHORT PACKET COMMUNICATION SYSTEMS

Faure E.%, Shcherba A.%, Stupka B.}, Baikenov A.2
! Cherkasy State Technological University, Cherkasy, Ukraine
2 Almaty University of Power Engineering and Telecommunications named after Gumarbek
Daukeev, Almaty, Kazakhstan

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. Metononoris  iHTErpoBaHOTo 3axucTy iHdopMallii Ha OCHOBI HEPO3AUTLHOTO
¢akropianpHOro KoayBaHHS JaHMX [1] 703BOJIsIE BUKOPUCTOBYBATH IIEPECTAHOBKH  SIK
TPAaHCIIOPTHUH MEXaHi3M y CHCTeMax 3B'SI3Ky 3 KOPOTKHMMHM IIaK€TaMH, a TaKOX peaji3yBaTu
CIIUTBHUH 3aXHCT JAaHHX, IO MEPEAAIOThCs, Bill MOMHIIOK KaHAy 3B'SI3KY Ta HECAHKI[IOHOBAHOTO
JOCTYIY.

VY mparsix [2], [3] mocnmimkeHO BIaCTHBOCTI HEPO3AUILHOTO (DAKTOPIaTbHOTO KOIY 0
BUSIBJICHHSI Ta BUIIPABJICHHS IOMUJIOK KaHaly 3B'A3Ky. /loBe/leHO e(heKTUBHICTh KOy, B TOMY YHCI1
3a paxyHOK HOTo BIIACTHBOCTEH CHUHXpOHI3amii [4]. Po3risHyTi MOXJIHMBOCTI HEPO3ALTBHOTO
(baxkTOpiaIbHOTO KOJYBaHHS HE JO3BOJISIIOTH iM OYyTH BUKOPHUCTAaHMMH B CHCTEMax IepeaaBaHHS
JIAHUX 3 BUCOKHUM pPIBHEM 3aBaJ] 1 UMOBIPHICTIO 0iTOBOi moMuiKu Oausbkoro 10 0,5. Kpim Toro,
JesKi J0JaTKU BUMAraroTh OUIbII BUCOKHUX MOKAa3HUKIB TOCTOBIPHOCTI. J{0 TakMX J0JaTKIB MOXKYTh
OyTH BiZIHECEeH1 IPOTOKOJIH NIepeIaBaHHs JaHUX B YMOBaX HU3bKOTO CITIBBITHOIICHHS CUTHAJI-IIIYM,
a TakoX TpboxeramHi kpunrorpadiuni mnpotokonu [5]-[8], 3o0kpema, TprOXeTamHMiA
KpHUITOrpadiyHuil MPOTOKOJ Ha OCHOBI mepecTaHoBOK [9]. ¥V TphoxeTamHuX MpOTOKOJAX st
NepeaBaHHsl OJIHOTO TOBIAOMJICHHS JdaHl IMepelaloTh TpHUi, 1[0 30UIbLIye WMOBIPHICTH iX
ypaskeHHs 3aBaJI010.
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Metoro podoTHu € 3a0e3medeHHs! JOCTOBIPHOTO TepeaBaHHs MEePEeCTAaHOBOK, CTIHKOTO JI0
BILJIMBY BUCOKOTO PIBHS IIOMWJIOK, UMOBIPHICTD MOSIBU SIKUX Onu3bKa 10 0,5.

MeTtoa 10CTOBIpHOIO NepeJaBaHHSl NEPeCTAHOBOK. /{1 MiABUIICHHS JOCTOBIPHOCTI
IepelaBaHHsl IEPECTAaHOBKU 7 JOBKHMHM N KOXKEH ii CHMMBOJI KOAYETHCS IE€PECTAHOBKOIO
IOBXHHM M , IO BOJOLI€ MaKCHMAJIBHMM 3HAQYEHHIM MIHIMaIbHOI Bimcradi XeMmMiHra Bim i
JBIAKOBOTO TPEJCTABIICHHS JI0 BCIX 11 IUKIIIYHUX 3CYBIB.

[TpuiiMaueM BHKOPHUCTOBYETHCS MaKOpUTapHa Ta KopewsmiiHa oO0poOka CHMBOJIIB
MEPECTaHOBKH 7, K Iie peamizoBaHo B [9]. Maxopurapna oOpoOka nepeadauyae GaratopasoBe
MOBTOPEHHS CUMBOJIIB 1 HAKOITMYEHHS pe3ysbTaTy ix npuiiomy. Kopemnsuiiina 06poOka nependavae
0O0YMCIIEHHS BiICTaHeW XeMMIHra Bil KOKHOT OTPUMAHOI 3 KaHay 3B 513Ky IMOCTIIOBHOCTI OiT 710
BCiX BHUKOPUCTOBYBAaHUX TIieperaBaueM OITOBMX KOMOIHAI[ii, SKi BiJIOBITalOTh CHMBOJAM
MEPECTAaHOBKH.

BusHaueHo TeopeTudHi OLIHKM HMOBIPHOCTEH NPaBUIBLHOTO Ta XHMOHOTO pO3Mi3HABAaHHS
CHUMBOJIIB I€pPECTaHOBKH. JlOCHIPKEHO 3a]eXHOCTI OI[IHOK JUIsl PI3HMX IMOBIpHOCTEH O1TOBOT

NOMUJIIKM B KaHaill 3B’s3Ky [P,. Po3poOneHo Ta peani3oBaHO anropuT™, IO BIANOBIIA€

3alpONOHOBAHOMY METOJy. BHKOHAHO eKCIepUMEHTaNbHY NEePEBIPKY OTPHUMAaHUX TEOPETHUIHUX
OIIIHOK. Pe3ynbTaTu AOCTIKEHHS MITBEPIKYIOTh €(EKTUBHICTh 3alIPOIIOHOBAHUX PIIEHb.

3a TOMOMOT010 po3poOJIeHOT IMITAIIIIHOT TPOTPaMHOT MOJIEINII CUCTEMHU TIEPEIaBaHHS JTAaHUX
MPOJIEMOHCTPOBAHO TMPUKIAN peamzaiii po3podsenoro meromy 3 N =23 1 M =8 s
3a0e3neyeHHs] IMOBIPHOCTI IPABUJILHOTO PO3II3HABAHHS MEPECTAHOBKHU 77 Ha PIBHI, HE MEHIIOMY
3a 0,999. JlocmimkeHo 3aJeXHICTh CEPEeTHBOTO 3HAYEHHS KUTBKOCTI HAKOTMYEHUX (parMeHTIB,
HEOOX1THUX JUIsl MPAaBUIILHOTO MPUHOMY NEPECTAHOBKH, B/l IMOBIPHOCTI O1TOBOT TOMUIIKH.

BucHoBok. Po3po0nenunii MeTo1 3aBaIOCTIMKOTO TIEpelaBaHHs MEPECTaHOBOK 3a PaxyHOK
MPEACTABICHHS KOKHOTO CHUMBOJY MEPECTAaHOBKH Y BUTJISAI IIUKIIYHOTO OITOBOTO 3CYBY I1HIIIOL
MepecTaHOBKH 3 BU3HAYCHUMHU BJIACTUBOCTSIMHU, 8 TAKOXK 32 PaXyHOK BUKOPHUCTAHHS MaKOPUTAPHOT
Ta KOPEJAIIHOT 00pOOKH TaHWX JT03BOJIsIE€ 3a0€3MeUYNTH BUCOKY JOCTOBIPHICTh MPUHAOMY HAaBITh
3a UMOBIPHOCTI 01TOBOT moMuUIIKH, O1u3bK01 10 0,5. Meton Moxke OyTH BUKOPUCTAHO ISl CHCTEM
3B’SI3KY 3 HEPO3IUTbHUM (haKTOpiaTbHUM KOJIyBaHHSM, 30KpeMa Jyisl peaiizallii TphOXeTalHOTO
KpUnTorpagiuHoro NpoTOKOIY Ha OCHOBI IEPECTAHOBOK.
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Cekuis G. be3neka iHpopManitHIX TEXHOIOT N

3ABE3IIEYEHHSI TH®OPMAIIMHOT O PE3EPBYBAHHJI
CUCTEM CUTHAJIIBAIUI JIsA HIABUINEHHA IHOOPMAIINHOI BE3ITEKH

Asab-Ammopi Anil, Iauenxo I1. B.?
'Harionansuuit Tpancnoptruii yHisepcutet, M. Kuis, Ykpaina
2UepkachKHil IepsKaBHUI TeXHONOTUHKI yHiBepcuTeT, M. Uepkacu, Ykpaina

AHoTauisi. Po3BUTOK iH)OpMALIHO-YIIPABISIOUMX CHCTEM aBiOHIKM 3yMOBIIIOE TOCTIHHE 3pOCTaHHS
BHMOT 1110 J10 ()YHKI[IOHAJILHOCTI Ta JIOCTOBIPHOCTI TAKHX CUCTEM. 30KpeMa, TIPH IIbOMY 3POCTar0Th BUMOTH JI0
TaK®X 1X pOOOUMX TTAPaMETPIB, SIK TIOCTOBIPHICTh OTPUMAHOT iHOpMAIlii, CBOEYaCHICTh BUSBICHHS HEOE3MEUHOT
cHTyallii Tomo. Y JOCKOHAJICHHS Ta ONTUMI3allisl HU3KUA HapaMeTpiB iHQOpMaIlifiHO-yIIPaBISIOUMX CHCTEM
aBIOHIKH Ha CHOTOJIHI € aKTYaJIbHOIO HAYKOBO-TIPAKTHYHOIO 3a]auer0. 3 I[i€10 METOI0 MPOIMOHYETHCS CIIOCiO
BHOOpY 1 ONTHMI3alii HAJIHHUX CTPYKTYp iH(QOpMAIifHO-YIpaBIsSIOUMX CHCTeM. PosrisgaeThcs 3amada
MIJBUIIEHHS JJOCTOBIPHOCTI pO3Mi3HABAHHS MO 1H()OpMaIiiHO-PEe3ePBOBAHOI0 CTPYKTYPOIO CUCTEMHU Ta
cama 3ajmava 3a0e3nedyeHHs iH(GopMaIiiiHOro pe3epByBaHHsA. [loOyq0BaHO HOMOIpaMH 3ajeKHOCTI
napamMeTpiB CUCTEMH BiJI KUTBKOCTI IATYMKIB Ta chOpMYITbOBAHO aIrOPUTM BHOOPY ONITUMAIIBHUX CTPYKTYP
CHCTEMH Ha OCHOBI CTBOPEHUX HOMOTPaM.

KawuoBi cinoBa: iHdopMmaliiiine pe3epByBaHHs, JIOCTOBIPHICTh  pO3IMi3HABAHHS  MOJIIM,
iH(pOpMAaIIITHO-yTIpaBiIsiFoua cucTeMa.

ENSURING INFORMATION RESERVATION OF SIGNALING SYSTEMS
TO INCREASE INFORMATION SECURITY

Al-Ammouri Alit, 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. Jlo iHbopMaliiiHO-KEpYIOUUX CUCTEM aBIOHIKH, 110 ICTOTHUM YHHOM BIUIMBAIOThH Ha
0e3MneKy MoJbOTY 1 Horo eeKTUBHICTh, HaJleKaTh CUCTEMHU CHTHATI3AIli]l Ta TOKEKOTaCIHHS JJIs
CBO€YACHOTO BHSBJICHHS BIJMOB, MOXEXI 1 BHJA4l €KiMaxy AOCTOBIpHOI iH(opmarii mpo ix
HasBHICTB [1].

OaHMM 3 OCHOBHUX METO/IIB 3a0e3meueHHs] HeOOX1AHUX HAIHICHIX XapaKTepUCTHK CHCTEM
CUTHANI3allii Mpo MOXKEeXY, B IUIaHI MIJABUIICHHS JOCTOBIPHOCTI MEPEJaHUX IOBIIOMIIEHb, €
BBEJICHHA iH(opMaIlliifHoro pesepByBaHHS. OCKUIBKM ICHYIOTH Pi3HiI crocoOu iH(opmariiiHoro
pe3epBYBaHHs, TO JUIS MOPIBHSAHHS PE3€PBOBAHMX CHCTEM CHTHATi3allii MpO MOXKEXY B SIKOCTI
OCHOBHOT'O KpUTEpI0 3a3BHYail MPUIMAETbCA BIPOTIAHICTh BHUSIBICHHS MOJIH, 110 SBJIsE€ COOOIO
CyMy HMOBIPHOCTI BHUSBIIEHHS CHCTEMOIO TMOXKEXI, KOIM MOXKEkKa Mae Micle B JiCHOCTI, 1
HMOBIPHOCTI HEBUSBJICHHS CHCTEMOTO MOXKEXK1, KOJIU MOKexi Hemae [2, 3].
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Mera po6otu. [lokpamenns mapamerpiB iH(OPMAIITHO-YIIPABISIOUNX CHCTEM aBiOHIKH,
30KpeMa TMIABUIICHHS JOCTOBIPHOCTI pO3Mi3HABAHHA MO iH(QOpMAIlIITHO-pEe3epBOBAHOIO
CTPYKTYpOIO CHUCTeMHM, Ta 3a0e3leyeHHs IHPOpMalifHOro pe3epByBaHHS Ha OCHOBI BHOOpY 1
onTUMi3alii HAAIHHUX CTPYKTYP 1H(HOPMALIITHO -yIIPABIISIOYNX CUCTEM.

IMocTanoBka 3aga4i. Y NOCHIDKEHHI pO3B’A3YEThCS aKTyalbHA HAyKOBO-TIPAKTHYHA 33a49a
BUOOpY 1 omTUMIi3amii HaIIMHUX CTPYKTYp iH(OPMAIIIfHO-YIIPABISIOYNX CHCTEM 3 METOI0
MIIBUIEHHS TOCTOBIPHOCTI pO3Mi3HABAHHA IO/, B MOPIBHAHHI 31 CTPYKTYpaMu 3 MiHIMaJIbHO-
JOIYCTUMOIO JIOCTOBIPHICTIO, 10 3a0e31euye npaBmiibHe (QYHKI[IOHYBAHHS CHCTEMHU.

OcHoBHa yacTuHa. Bubip i ontumizamis HagIiHUX CTPYKTYpP iHPOPMAaLIHO-YIIPaBIAIOYNX
CHCTEM € OJHOIO 31 CKJIAJIHUX 33/1a4, sIKa BUMAarae 3aCTOCYBAaHHS CHEIiaIbHUX MIIX0AIB 1 Mporpam
BHOOPY LHMX CTPYKTYp 3 YpaxXyBaHHSM YMOBH, II0 WMOBIPHOCTI TMOMMJIKOBOi TPUBOTH 1
HEBUSBJICHHS, MPSMYBaJa 10 HYJS, a HMOBIPHICTh MPABIIIBHOTO BHUSBIICHHS IpsMyBaia 0 1. Y
3aCTOCYBaHHI JI0 CUCTEM MOKEXHOI CUTHalI3allii, 3a0e3neueHHs H(opMalliiHUM pe3epByBaHHIM
nepeadayae 30UTBIICHHS JOCTOBIPHOCTI pO3Mi3HABaHHS TMOMAINA 1H(OpMaIifHO-pe3epBOBaHOIO
CTPYKTYpPOIO CHUCTEMH B TOPIBHSHHI 31 CTPYKTYpOIO, sika Mae MiHIMalbHO-Iomyctumy (MJI)
JOCTOBIPHICTh JJI1 TPaBWIBHOTO (DYHKIIOHYBaHHS CHCTEMH. TakuM YHWHOM, 3aBJIaHHS
3a0e3neyeHHs] 1H(QOpPMAIIITHOTO pe3epBYBaHHS CHCTEMH IEPBUHHUX JaTUYMKIB IMOXKEKHOI
curHaizarii nepeadavae BUKOHAHHS JIBOX OCHOBHHX €TaIliB:

1. BusHayeHHs CTPyKTypH 1HGOpMalifHOI CHCTEMU CHUTHaNi3allii, 1[0 Ma€ MIHIMaJIbHO
JOTIYCTUMY IS TIPaBMIILHOTO (DYHKITIOHYBAHHS CHCTEMH JOCTOBIPHICTh PO3IMI3HABAaHHS TOJIH,
TOGTO BONOJiE HEOOXiTHMMH HMOBipHiCHMME XapakTepucTHKaMu (Ppv, Pht, Pv)™, 1€ Pov —
WMOBIPHICTh NMPaBUIBHOTO BUSIBIECHHS; Pht — MMOBIPHICTh XHOHOI TPUBOTHU; Pny — MMOBIPHICTD
HEBUABJICHHS; Md — 03HaKa MiHIMaJIbHO-IOMYCTHMOT JJOCTOBIPHOCTI.

2. 3abes3neueHHs HGOPMAIIITHOTO pe3epBYyBaHHS CUCTEMHU, TOOTO BUOIp CTPYKTYPU CUCTEMHU
MEPBUHHUX JATYMKIB 3 KPaIIol0, MOPIBHIHO 3 MIHIMaIbHO-IOMYCTUMOK CTPYKTYpPOIO CHCTEMH
JIOCTOBIPHICTIO PO3IIi3HABAHHS MOiif TOOTO. IMOBIPHICHUMH XapaKTepHCTHKaMH (Ppy, Pht, Prv)", 1€
ir — o3HaKa iHPOPMALIHHOTO Pe3epByBaHHS.

SIK MOKa3yrTh AOCTIKEHHS, MOYKHA 3p0OUTH BUCHOBOK IPO T€, 1110 BUJI CTPYKTYpPU CUCTEMHU
CHTHaJII3allii 0/IHO3HAYHO BU3HAYAEThCs Mapoto (N, Q) CTPYKTYPHUX MapaMeTpiB TAKOi CHCTEMH, JIC
N — KUIbKICTh PIBHOMMOBIPHOCHHX (TOOTO, 3 OJHAKOBUMH 3HadYeHHsAMH a, b i d maruwkis,
CKJIa/lalouux cuctemy, Q — 3Ha4eHHs 1HAEKCY MaKOPUTAPHOi cUcTeMH). Y 3B'I3KY 3 IIMM, 3ajada
BU3HAYEHHS BUJY CTPYKTYpH CHCTEMH CHUTHAJI3allli MpO IMOXKEXY, M0 BOJOJIE MIHIMAIBHO-
JOTIYCTUMOIO JUTsl TPAaBUIILHOTO (PYHKIIIOHYBAaHHS CHCTEMH JIOCTOBIPHICTIO PO3ITi3HABAHHS TOIH,
Moke OyTH IHTepmpeToBaHa HACTYMHHUM UYHWHOM: € JaT4YukKd 3 PIBHOWMOBIPHUMU
XapaKTEepUCTUKaMH a, b i d, a Takosx BapTicTio oaHOr0 narunka C, e a — IMOBIPHICTh PABUIILHOTO
BUSBICHHS KOHTPOJILOBaHOI mofil; b — #mMoBipHicTs XxuOHOI TpuBoru; 0 — HMOBIPHICTH
HeBusBleHHA. [loTpiOHO BHM3HAUWUTH BHUJ ONTUMANbHOI, B CEHCI MIHIMyMy N KUIBKOCTI
BUKOPUCTOBYBAaHUX [aTUMKIB, CTPYKTYpH CUTHAIILHOI CHCTEMHU IOXKEKOTACIHHS, (TOOTO mapy
(n, Q)), mmst sikO1 WMOBIPHICTh MPABHIBHOTO BUsIBICHHS (Ppv) Oyiia 6 He HWKYe 3amaHoi (Ppv)?,
T00TO, (Ppv)> (Ppv)? @ HMOBIPHICTH “XUOHOT” TPUBOTM — HE TEPEBUIIyBaa O 3a1aHOTO 3HAYCHHSI
(pnv)?, 10610 (PrHv)< (Phv)?. OCKibKK 3a1aHi HOPMATHBHO-TEXHIYHOIO JOKYMEHTAI[IEI0 3HAUCHHS
HMOBIPHOCTEH MPaBUIIBHOTO BU3HAYCHHS TIOKEKI (Ppv)¥ mo, 1 XHOHOT TPUBOTH (Phy)? imo BU3HAYCHI
JUIS1  TIPU3HAYCHOTO 3HAYEHHS HMOBIPHOCTI BHHHUKHEHHS MO P(A)umo=Pumo, BIAMOBIIHO,
P(B)imo=1-pP(A)1mo=1-Pumo=Pumo ,TO OOUMCIECHHS TPAHUIHUX 3HAYCHD (Ppv)? Ta (Phv)? U151 TOBUTEHO
NpU3HaYyBaHOI WMOBIPHOCTI BUHHKHEHHs nofii P(A)=p 3nilicHioeTbes 3a hopmynamu (Ppy)? =
(p/pimo) (Ppv)Pumo; (P)? = (PIPumo) (Pw)Pumo. CTBOPEHIH, TAKAM YMHOM, MHOKHHI A, elleMEHTaMK
AKOi € BHIiNeHi KopTexi (Ppy, Pht, Prv)™", 0OJJHO3HAYHO BiNIOBiTa€ MHOKHMHA B, eleMEHTaMu SIKOT €
mapu (n, Q)™

Homorpamu, moOymoBaHi B KOOpAWHATAX TUIOIIMHU, JI€ BICh aOCIHC BIAMOBIIAE KUTBKOCTI
JIaTYUKiB N, curHaiabHOi cuctemu mnoxexoracinHs (CCII), a Bice opAMHAT — 3HAYEHHSIM
imoBipHicHUX xapakTepucTuk CCII — Pum, 1015 pi3HUX 3HAa4YeHB &, b, d 300paxkeHo Ha puUCyHKY 1.
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Ha no0OynoBany KOOpIMHATHY IUJIOIIMHY HAaHECEHO TOYKH, OPIMHATH SKUX BIAMOBIIAIOTH
3HAYEHHSM (Phy) €IEMEHTIB MHOKUHH A4, a a0CIIMCH — 3HAUYEHHSM N e1eMeHTiB MHOKuHU B. Ha Tiii
e TJIOUIMHI CHCTEMH KOOPAMHAT BUAUIEHO 00aacTe C, Ui MHOKMHHM TOYOK SIKO1 BUKOHYETHCS
ymoBa (Pnv)< (pnv)?. 3 pucyHka 1 MokHa 3poOMTH BHCHOBOK, III0 MHOXKHHA B po3naiaeThcs Ha JBi
HerepeciuHi miagMHoxuHH By 1 B2 Tak, mo ymoBa (Phv)< (Phv)? BUKOHYETBCS TUIBKH ISl TOUOK, 1110
BIIMOBIIAIOTH €JIeMEHTaM MHOXHHU By, Takum unHOM, BuaiieHo MHOKUHY Tap (N, Q), a oTxe, 1
BU3HaYeHO MHOXHHY CTpyktyp CCII, cximageHnx 3 piBHOWMOBIPHICHUX JaT4WKIB 3
XapakTepucTuKamu a, b, d, ms sxux (Ppv)> (Ppv)? 1 (Pv)< (Prv)?.

3 muoxwuau nap (N, Q), Buainumo Taky emuny mapy (0, Q)*’, mns sxoi 3mauenns S(n, Q) —
KUTbKicTh BHKOpUcTaHUX B cTpykTypi CCII, miniManbHe. MOKHA CTBEPIKYBATH, IO CTPYKTypa
CCII, nns sxoi snagenns S(n, Q) i Q BuzHaueni naporo (N, Q)" € MykaHOI CTPYKTYPOIO, KA Ma€c
MIHIMaJIbHO-JOMYCTUMY  JJs  IPAaBWIBHOTO  (PYHKIIOHYBaHHS  CHUCTEMHU  JOCTOBIPHICTh
pO3Mi3HABaHHS IMOXKEXI MpPU MNPU3HAUYEHUX paHillle BUXIIHUX JaHUX 1 OoOMexeHHsX. Tak,
Hanpukian, skmo CCII yrBopeHa natumkamu, WMOBIPHICHI XapakTepucTuku sikux, a = 0.8,
b=d=0.1, imoBipHicTe BuHUKHeHHs moxexi P =0.01, (ppv)Pumo =0.9 1 (Pnv)¥umo = 0.01
BiAMoBiaHO, (Ppv)? =0.01%0.9=0.009, (phv)? =0.99%0.01=0.0099, TO 3rigHO 3 PUCYHKOM 2 TApOIO
(n, Q)" mna Taxoi CCII € mapa (4, 3). Ilpouenypa BnacHE 3abe3nedeHHs iH(OpMaIiitHOTO
pesepsysarns CCII nonsrae y Bu6opi 3 MEHOKHHN By Takoi crpykrypu, mis sxoi (Phv)" < (pr)™.
[pencraBuBiy MHOKUHY B,=M U |, 1e M — MHOKHHA, €MHEM eJleMeHTOM sKoro € mapa (0, Q)™
po6UMO BHCHOBOK, mo st Oyme-axoi mapu (N, Q)" muoxwmum | ymosa (pn)" <(pn)™ —
BUKOHYETHCS.

o.ia“ A o.iaﬂ N —
0.1 /\ b0t - 0.1 e —Tea | N o= b0 -
0.00 |2 \\ o ] 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 \ . Q=4
0.02 \ 0.02
0.01 o= 9=
Q=215 Q=4 Q=5 0=s| o=1| o=t n 0.01 N\L Q=6 n
0 1 2 3 4 5 6 7 8 9 10 0 1 2 3 4 5 6 7 8 9 10~

Pucynok 1 — Bubip ctpykrypu S(n, Q) indopmartiitno-peseproBanoi CCII

Jlns ouinku piBHIB iHQopmarttiiiHoro pesepByBanHs CCII, BBeneMO KiTbKICHY IIKaTy PiBHIB
pesepByBaHHs. /{1 1boro 3po6umo po36uTTs 061acti C 1711 MiAMHOXKUHU TOYOK SIKOT BUKOHYETHCS
ymoBa (Pn) < (phv)? Ha Tpu oamHakoBi Hemepeciuni mimobmacti Ci, C2, C3 Tak, mo Ci1E€](pn)?;
2(pnv)?13], C2€]12(pnv)?13; (prv) /3], C3€](pnv)*/3; 0]. Take po30UTTs PEACTaBUTH MHOXKHUHY [ TIap
(n, Q)', sx I=11U l,U 5. CTpykTypa cuctemu, 1o Bu3HauaeThesa napoto (N, Q)'€Ely, 3abesneuena
nepwium pisnem inpopmariiinoro peseppysanns, naporo (N, Q)'€ly — dpyeum pienem i maporo
(n, Q)"Els — mpemim pisnem indopmariiinoro peseppysanns. st posrISHYTOT0 NPUKIALY, KOIU
CCII yrBopeHa aartumkamu 3 xapakrepuctukamu a = 0.8, b=d =0.1, map, oo BiAMOBIIAIOTH
nepuiomy piBHio ]0.0099; 0.0066[, Hemae; npyruil piBHeM iHGOpPMAaILIHHOTO pe3epBYBAHHS
]0.0066; 0.0033[ Mae CTpyKTypy CHUCTEMH, SiKa BHU3HAYaeThecs mapoio (4, 3); TpeThbOMy pIBHIO
10.0033; 0[, BiamoBigatots napu: (5; 4), (6; 4), (7; 5) i T.1..

Jlnist GUIbII A€TAIBHOTO aHaNi3y Mo0yayBaHO rpadivHi 3aJeKHOCTI pUCYHKIB 2—4, 1€ MOKHA
KOMILJIEKCHO OTPUMATH JIaHi Biipa3y 1o yCix mapaMmeTpax CTpyKTypH, a came: a, b, d, n, Q, ped, Pfa,
Pnd 3 ypaxyBaHHAM piBHsI pe3epByBaHHA cTpykTyp [V C.
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Anroput™ BHOOPY CTPYKTYPH 32 TOTIOMOTOIO0 HOMOTPAaMHU Ma€ HACTYITHUW BHUTJIST:

1. Bubip naruukiB iHdopmallii 3 IeBHUMHU HMOBIpHICHUMH XapakTepucTtiukamu a, b, d. s
npukiaay B3saTo garurku 3 a = 0.9, b =d = 0.05.

2. 3a BUMOraMM HOPMATHBHO-TEXHIYHOi JOKYMEHTallli BH3HAYA€ThCA IMOBIPHICTH
MIPABWIIBHOTO BUSBIICHHS CHCTEMH Pcd.

3. 3a HOMOTpaMOoI0 OOUPAETHCS CTPYKTYPA [ped, N, Q] VTS SKOT ped > Ped

4. BuszHayaeTbcs KOeQIlIEHT Ma)KOPUTAPHOCTI A1 00paHOi CTPYKTYpH B Takui crocio: N —
KOOpAMHATA 1O 0Ci adcuuc, (| — KOOpAMHATA 10 OCi OpAMHAT JJI1 00paHoi Ha TpadiKy TOUKH pcd.

5. 3a HOMOTpamMaMu ISl TApaMETPIB pnd 1 Pta BUSHAYAETHCS MMOBIPHICTh HEBUSBICHHS Pnd 1
TTOMUJIKOBO1 TPUBOTH Pfa I OOPAHOT CTPYKTYPH.

[Ipouenypa BuOOpY CTPYKTYpH 3a JIOMOMOT0I0 HOMOTpaMU MOKe OyTH TaKOX BUKOHAHA 3a
HaBEJICHUM aJrTOPUTMOM IIPH HASBHOCTI 0OMEKEHb 110 HTMOBIPHOCT1 HEBHUSIBJICHHS 200 HMOBIPHOCTI
MTOMUJIKOBOT TPUBOTH B HOPMATUBHO-TEXHIYHINA TOKYMEHTAITII.

BucHoBku. BBenene mnoHATTSA piBHA 1HGOPMAIIHHOTO pPE3epBYBaHHS, SBIISE COOOO
XapaKTEPUCTHKY SIKOCTI 1H(OpMaIIHHOTO pe3epBYBaHHS CTPYKTYp CHCTEM CHUTHAII3aIii, IO
JI03BOJISIE  TIPOBOJIUTH TIOPIBHSHHS CHCTEM CHUTHAI3AIil PI3HUX 3a CTPYKTYpPOK 1 SKICTIO
BUKOPUCTAHUX JATYHKIB.

31  30UIbIIEHHSAM  piBHA  1HGOPMAIIIMHOTO  pEe3epBYBaHHSA  3pOCTAa€  KUIBKICTh
BUKOPHCTOBYBaHHUX y CHCTEMax CUTHaJlI3allii JATYUKIB, 10 HAKJIAJa€ Ha IPOLIEYPY pPE3epBYBaHHS
J0JIaTKOB1 0OMEXEHHSI KOHCTPYKTUBHOTO 1 EKOHOMIYHOTO XapakTepy.

HaBenenwuii ananiz iHpopMamiiiHuX CTPYKTYp CHCTEM CHUTHAIi3allii MPo MOXKEXKY A03BOJISE
OoOrpyHTOBaHO MiAIATH A0 (GopMyBaHHS 3arajibHOI CTPYKTYpPU CUCTEMH, IO 33J0OBOJIbHSIE BUMOTaM
HOPMAaTUBHO1 JIOKYMEHTallli 3 eKCITyaTallii CUCTeM MOKEKOTaCiHHS, 1 BUSHAUMUTHU palliOHAIIbHI
MPUHIIUIN PO3MOUTY MOTOKIB iH(GOpMAIlii MK aBTOMAaTHUKOIO 1 €KIMaXKeM.
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®OPMAJIIBALIIS THOOPMAIIMHUX TOTOKIB JJISI BAXUCTY
OINEPAIIIMHUX CUCTEM CIMENCTBA BSD
BIJl HECAHKIIIOHOBAHOTI'O JJOCJII’KEHHS

JIynbknii M. I'.}, Tnatiok C. 0.}, loao:xkennes A. A.}, Bepxoseus O. C.?
'Hamionansnuii apianiiiuuii ynisepcuter, M. Kuis, Ykpaina
?JlepskaBHMI HAYKOBO-IOCIITHHUIA IHCTUTYT TEXHOJIOTH KiGepOe3meKku Ta 3axucTy iHdopmarlii,
M. KuiB, Ykpaina

Amnorauiss. Ha choromuimHii JeHb € aKTyaJbHUMH IMTaHHS, @OB'S3aHi 31 crenugikor
iHpOpMAIIfHUX TIOTOKIB OINEpalifHUX CHCTeM, SKi € pecypcamMd KpUTHYHOI iH(opmaliiHol
iHGPaCTPYKTYypH JepxkaBu. MeETow JOCHiDKeHHs € dopMaiizailist iH(QopMaliiHUX TOTOKIB JUIs OLIBII
edexruHoro 3axucty OC cimerictBa BSD Bin HecaHKIIIOHOBAHOTO JOCTiKEeHHS. [le 103BOJIMTh BU3HAYMTH
iHpopMmaniiini nponecn gociimkyBaHoi OC Ta po3poOuTH edekTHBHI 3amo0ikKHI 3axoau. O06’€KToM
JOCITI/DKEHHS € iH(hOpMAaIliiiHI MOTOKK omepaiiiHux cucteM ciMmeiictBa BSD. [IpenMerom nociipKkeHHs €
3aXKMCT OINepaliiHuX cucreM cimeiictBa BSD Bijm HECaHKIIOHOBAHOTO AOCIHIKEHHS. [l JTOCATHEHHS
ITOCTAaBJICHOI METH PO3POOJICHO CTPYKTYpPHO-aHATITHYHI Moeli iHdopmartiiaux notokie OC cimeiictea BSD,
0 Ja€ MOXIIHMBICTH (hopMalli3yBaTd IH(OPMAIlifHI MPOIECH JOCIIIKYBAHOI OIEpallifiHOl CHCTEeMU 1
po3po6n$m/1 eq)eKTI/IBHi KOHTp3axomu. KpiM 10oro, B poOOTI YIOCKOHAJIECHO MaTeMaTHYHY MOJCIb
KUIBKICHOTO OI[IHIOBaHHS MPOIPAMHHUX CHCTEM 3aXHCTY 1H(1)opMau11 sKa 6y;1e KOPHCHOKO 5K JULsT [TOPIBHSHHS
ICHYIOUMX MPOrpaMHHX CHCTEM 3aXUCTy iH(opmarii, Tak 1 Jjs aHajdi3y 3MiH B aJfOPUTMax 3axHUCTy
MIPOrpaMHUX CUCTEM 3aXHUCTy iH(OpMAIIii.

KarouoBi ciaoBa: mporpamuuii 3axuct iHdopMarii, omnepariiina cucrema, iHQOpMAIIfHUN TOTIK,
HECAHKI[IOHOBaHE JOCIIKEHHS, CTPYKTYpHO-aHaIITHYHA MOJIENb, MaTeMaTHYHa Moenb, BSD.

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

Lutskyi M.}, Gnatyuk S.}, Polozhentsev A.}, Verkhovets O.?
'National Aviation University, Kyiv, Ukraine
%State 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. CporosHi crnocTepiraeTbcs 3pOCTaHHS KUIBKOCTI Ta CKJIAJHOCTI KibepaTak Ha
KpUTHYHY 1HPpacTpykTypy [1], mo mpusBeno m0 HEOOXIIHOCTI akTyami3alii cucTteM O€3MeKH,
KPUTHUYHHUX JJIs HAI[lOHAJIBbHOI Oe3MeKH, Y TOMY YHCII ONEpalifHUX CHCTEM, SIKi BBAXKAIOTHCS
pecypcoM KpuTHUHOI iH(opMmariiiHoi iH(pacTpyKTypu IepxaBH, sKa 3a3BM4ail moOyJoBaHa Ha
3axumenux onepanidaux cuctemax (UNIX, BSD, Linux). Ane Oyab-ski omnepariiiHi CHCTEMU Ta
kopuctyBaipke [13 MaroTh He0JIKK Ta TpoOIeMH 3 0€3MEeK0I0 Ha PI3HUX PIBHAX. AKTYaJbHUM €
MojienoBaHHA iHpopMaliitHux moTokiB B OC, 1110 103BOJIUTE OUTbII €()eKTUBHO BUSBIIATH 3arpo3u
6e3meni iHpopmallii, peanizyBaTH NPEBEHTUBHI 1 KOHTP3aXOIH.
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Meta po6oTu. MeToro AaHOTO JOCTHKEeHHS € (opmanizalis iHPOPMAIIHHAX MOTOKIB IS
outeinr edextrBHOrO 3axucry OC cimeiicteBa BSD Bin HecaHKI[IOHOBAaHOTO JOCITI/DKCHHS, IO
JI03BOJINTh BU3HAUMTH iH(OpMaIiiiHi mpouecu nocmimkyBaHoi OC Ta po3podbuté edexkTHBHI
3an00DKHI 3aX0H.

IMocTanoBka mnpodiaemu. Ha ChOTOAHINIHIA J€HP 3AIMIIAIOTHCS BIIKPUTUMHU IMHUTAHHS
noB's3aHi 31 cnenudikoro iHGOpPMAIIMHUX TOTOKIB OMNEPAlIfHUX CHUCTEM, SIKI € pecypcaMu
kputuaHoi iHdopMmariiHoi iHpacTpykTypu aepxkasu (UNIX, cimericteo BSD, Linux), a takox
BIJICYTHICTIO a/ICKBaTHUX MAaTEeMAaTHYHUX MOJENEH, SIKI MOXHA 3aCTOCYBAaTH JI0 PI3HUX CHCTEM
3axucty. OnepKaHHs Ta MOPIBHAHHS KUTbKICHIX XapaKTEPUCTHK YCKIAQIHEHO Yepe3 BUKOPUCTAHHS
MOJIEJISIMHA HU3KM YMHHHKIB, K1 BaXKO (popMaii3yBaTH.

Po3B’s13anns npobiaemu. 11 10CATHEHHS IOCTaBIEHOI MeTH OyJia po3po0iieHa CTpYKTypHa
MOJeNb HQOpPMALIHUX MOTOKIB MPOTPaMHOIO CEPEJOBHINA KOPHUCTYBAIIbKOTO 3aCTOCYHKY, B
koHrtekcTi HCJI (pucyHok 1).

Ring 3
(Kinbue 3)
Mpouec 1 . .
[Mporpami sHIMaHHA 0amMny Nam'aTi,
Ty T """"""""""""" * OWzacemBnoBaHHA, NACHEHI eMyNATORK
! : DN L0 BUKOHYETECA (gl [Hanivra SiEnioTera [q ] Kinsus 3
i TabnuuA imnopTy +| TabnwuA iMNopTy  fa— )
i Tabnuug exkcnopTy == Tabnuua excnopTy ] |
v —— s — - ! [Mporpamm MoHITOpKHMY
! v v : | i
i HuHamibHa ::l IvHamiqHa I
: fifnioTeka GibnioTexka |
! Tabnuua iMnopTty =l TA0MMUA IMOOPTY : AKTHUEHI eMyNATORK KinbyAa 3
: |
| ]
: Tabrmun ekcnopTy (e — Tabrnua excnopTy ==
|
i
| |
¥ Ring 0 ]
(Kinbue 0)
EmynaTopm Kinsua 0 3HesagmyBadi Kinbuya 0

HCTPYMEHTW O0CNIGKEHHA NPOrPaMHOrD Kogy
ff—— IHIh OPMELIFAHI NOTOKK, WO ICHYIOTE YCEPEAMHI 3aBaHTaxeHoro abpasy dainy
— ——— iHth opMaLiFHI NoToKK EzaeMo il halny, WO BUKOHYETLEA, 3 AMHAMIHHKMMIK GiGnioTekamm
— . — — IHth OPMALIFAHI NOTOKK E33EMO il KOPMCTYEALUEKDMD pexuny (Ring 3) Ta pexumy agpa (Ring 0)

Pucynox 2 — CtpykTypHa Mozemb iH(pOpMAIIHHUX TOTOKIB IPOTPAMHOTO CEPEOBHIIIA
KOPHUCTYBAI[bKOTO 3aCTOCYHKY

Po3pobnena B 1pboMy JOCHiKeHH1 Kiacudikamis iHQopMmaumifHUX TOTOKIB Oyna
BUKOPHCTaHA MPH NMOOYI0B1 CTPYKTYPHUX MOJIEEN MTPOrpaMHOTO CEpeIOBUILA B aCIEKT1 3aXUCTY
iH(opMaii Bif 3ac001B CKaHyBaHHS.

3a3HaueHa MoJIeJNb MiATBEPHKYE HEOOXiTHICTh PO3pOOKH HOBUX CIOCOOIB MPOTHIIT 3acob6am
HECAHKIIIOHOBAHOTO JOCHIKEHHs, a came: MporpaMaM MOHITOPHHTY poOOTH aHali30BaHOTO
3aCTOCYHKY, aKTHBHHM €MYJsATOpaM Kojay, IO (DYHKIIOHYIOTH Yy KOPUCTYBAI[bKOMY PEXHMI,
eMYJATOpaM, o (QYHKLUIOHYIOTh Y PEeXHUMI sSapa.

Kpim Toro, Oyno yJZOCKOHal€HO MaTeMaTHYHY MOJIENIb OLIHKK HAIIMHOCTI MpOrpamHOi
CHCTEMHU 3aXUCTy iH(opmallii, sika 6a3yeThCsl HA MApKIBCHKHUX MpoIiecax.
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[Ipomec 310My mporpaMHOi CHCTeMH 3axHCTy IH(opMmarii, sSka Mpaoe B PEKUMI
KOPHUCTYBa4a, MOKHA MPEJICTABUTH 32 JIONIOMOTOI0 piBHSAHL Konmoroposa:

dpgt(t): _Zpi 1) |* A, (1) — ps () * (A (1) + A5 (1)),

dp4 ® (1 ZS: P, (t)j 25(t) — Pa () * (A1) + A4, (1)),
< dps(t) — pz(t)*ﬂq(t)_'_ p3(t)*2~1(t) ps(t)*ﬂa(t)

M— P20 A () + P, (% (1)~ Po(D)* 2(0)
M— a0 4 (0) + P, (O * (0~ P (D* 4,00,
B0 _

ot = Ps (1) * A (1) + e (1) * A, (1) + p, (1) * 4, (1),

OtpuMaHa cucTeMa PIBHSHB J03BOJISE€ BU3HAYUTH WMOBIPHICTH 3JI0MY ITPOTPAMHHUX CHCTEM
3axucTy iH(opMalii y BHUMaJAKOBI MOMEHTH 4Yacy. YJOCKOHAJIEHA MOJETh J03BOJISIE OTPUMATH
KUTBKICHI OIIIHKH YISl PO3TIJIIHYTHX MPOTPAMHUX CHCTEM 3aXUCTy iHhopMaIlii, 1o GyHKIIOHYIOTh
Yy KOPUCTYBAIIBKOMY PEXKHUMI.

BuchoBku. Y po6oTi 0yn0 po3poOieHO CTPYKTYpHO-aHAMITHYHI MOJENi 1HGOpMAaIliiHIX
notokiB OC cimeiictBa BSD, mo mae mMoxinuBicTh ¢opmanizyBatu I1H(GOpPMAIiifHI TpolecH
JOCITIKYBAHOT OTepalifiHO1 CUCTEMU 1 PO3POOIISITH €PEKTUBHI MPEBEHTHUBHI Ta KOHTP3aXO/IH .

KpiMm Toro, Oymo yIOCKOHAJIE€HO MAaTeMAaTHYHY MOJENbh KUIBKICHOTO OIIIHIOBAHHS
MPOTPAMHUX CHUCTEM 3axHCTy iH(opmarlii, 1o (yHKIIOHYIOTh Y KOPHCTYBallbkoMy pekumi. [1s
MOJIENb Oyie KOPUCHOIO SIK JUIsl IOPIBHSHHS ICHYIOUHX MPOTPaAMHUX CHUCTEM 3aXUCTy iHdOopMaIrii,
TaK 1 711 aHAJII3y 3MiH B QJITOPUTMAaX 3aXUCTY MPOrPAMHUX CHUCTEM 3aXUCTY 1HGOpMaIlii.
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3ACTOCYBAHHA IHTEJIEKTYAJIBHOI'O AHAJII3Y JAHUX
JJIA BUSABJEHHS MEPEKEBOI'O BTOPITHEHHSA

IlanoBanenko O. JI.!, Knimenkosa H. A.2
! lepsxaBuuii ynisepcuteT TenekoMmyHikaniii, m. Kuis, Ykpaina
?KuiBchkuii HalioHanpHUi yHiBepcuteT imeni Tapaca IlleBuenxa, m. Kuis, Yxpaina

AnoTtanisi. OCTaHHIM 4acoM BUHUK BETUKUH iHTEpEC JI0 3aCTOCYBAaHHS aHATI3Y JaHUX JJIsl BUSIBIICHHS
BTOPTHEHb B KOMIT IOTEpHY MepexKy. B Te3ax po3riisaroThcsl METOMM IHTEIEKTYaIBHOIO aHATI3y JaHHX B
CHCTEMax BHSBIICHHS BTOPTHEHB, 8 TAKOXK THIH HEOOXiJHOTO JOCBiAY Ta iHPPACTPYKTypH. Y pe3ynabTari
MPOBEJICHHS EKCIEPUMEHTAIBHUX JOCHIHKEHb MPOJAEMOHCTPOBAHO, IO HAa TECTOBIM BHOOPII KpaIio
MOJIETUTIO CCTEMH BUSBJICHHS aHOMaJliil € BUKOPHCTaHHS KiacudikaTopa Ha OCHOBI METOJLy JiepeBa PillleHb
MOPIBHSHO 3 METOJIaMH OTMOPHHUX BEKTOpIiB Ta K-Haiiommkuux cycini. HaBuanHs Moeni 3aificHIOBaIN Ha
Habopi panux Big MIT Lincoln Labs 3 worupma kareropismu arak: DOS, R2L, U2R Tta probe. dani
MOTEpEIHh0 HOpMalTi3yBasIMcsl 3a jomnomoroto Oibimiorekn StandardScaler. [lpexcraBiena wmopenb
BUSIBIICHHS] aHOMAaJIIi MOXKe CIyryBaTu e)eKTHBHHM JOTMOBHEHHSIM 0 cTaHAapTHUX [DS JJis MOKpalieHHs
CHCTEeMH 0e3IeKH MEepexi.

KawouoBi cioBa: iHTeIeKTyalbHUI aHami3 JaHWUX, MOHITOPUHT aHOMallill Tpadiky, MamIMHHE
HaBYaHHSI.

APPLICATION OF DATA MINING TO DETECT NETWORK INTRUSION

Shapovalenko 0.1, 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. Metoay IHTENEKTYAILHOTO aHANI3Y JTAaHUX BCE OUIBIIE 3aCTOCOBYIOTH B CHCTEMax
BUsIBJIEHHs BTOpraHeHHs [1-3]. Hanpukinan, MeToau BUSBICHHS aHOMAJIH MOKYTh BUKOPHCTOBYBATHUCS
JUISl BUSIBJICHHS! HE3BMYAWHUX IA0JOHIB Ta MOBEAIHKU. AHAII3 TOCHIaHb MOKHA BUKOPUCTOBYBAaTU
JUISL BIICTE)KEHHS BIPYCIB JI0 3JIOBMHUCHUKIB. A KiIacu(iKallil0o MOKHA BUKOPUCTATH I TPYITyBaHHS
pi3HUX KiOepaTak, a moTiM mpoditi A BUSBICHHA BTOPTHEHb i Yac iX 3filicHeHHs. Cucrema
BusiBlicHHs BTopraeHb (1DS — Intrusion Detection System) € oaHi€r0 3 TEXHOIOTIH TS i ABHICHHS
oe3rekn Mepexi [4]. Bona 30upae iHdopmarlito mpo IEBHI KIOYOBI TOYKH B MEPEXl s
TEXHIYHOTO aHaNi3y, MO0 3HAWTH BIAXWUIICHHS a00 aTaku BTOPTHEHHS. TeXHOJOTis TUHAMIYHOi
Oe3neky MpU3HaueHa /s BUSBICHHS Mepexi, CUrHatizauii ta pearyBaHHs. OCHOBHOIO (DYHKITI€O
IDS € BusiBieHHs HaB’sI37MBOI MOBEMIHKM Ta BUSBIEHHS HaB s3nuBuX mofid. [lo cyri, 1e
knacudikalis JaHUX MPO TMOBeAiHKY Mepexi [5]. Jlani Mepexi MOAUISIOTHCS HAa 3BHYAlHI Ta
HEHOpMaJbHI JaHi, 1 CY/DKEHHS MpO aHOMAallbHYy TMOBEHIHKY — II€ BHSBJICHHS BTOPTHEHb.
3acToCyBaHHS METOJIB IHTENEKTYaJIbHOTO aHalli3y JaHUX B CHUCTEMaxX BUSBJICHHS BTOPTHEHb
MO>XKJIMBE B JIBOX HampsiMax: MoOyJqoBa MOJENEl arak 3 BUKOPUCTAaHHSIM METOJIB Kiacudikailii B
mpolieci BUSBICHHS Ta MOOyI0Ba MoJeleld HOPMAlIbHOI aKTUBHOCTI 3 BUKOPUCTAHHSAM METO/IIB
TMIOIIIYKY BUKJIFOUEHB B MPOLIECi BUSBICHHS.

IlocranoBka 3amavi. Sk 1 B Oyap-aKiii iHININA 3a4a4i MalmIMHHOTO HaBYaHHS BUOIP
MPaBWJIBHUX O3HAK JJIs aHOMaJIii Ma€e MepIuIoueproBy BaKIUBICTh. [leski alropuT™MH noTpedyIOTh
BBOJZYy y (hOpMi 4aCOBOTO MOCIITOBHOTO TMOTOKY [aHHX, ale Ha MPAKTHII YacTilie moTpedyeThbes
reHeparlis CreriaibHo chopMOBaHUX MOTOKIB TAHUX, IO SIKUX OYIYyTh 3aCTOCOBYBATHUCH AITOPUTMU
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BUSIBIICHHS aHOMaiiid. Hamoro 3amadero B poOoTi € moOymoBa MOJeNi CUCTEMH BHSBICHHS Ha
OCHOBI1 METO/IIB MAIlIMHHOTO HABYAHHSI.

Mera po0OTH — EKCIEpUMEHTAJIbHE JOCILKCHHS 3aCTOCYBAaHHS METOJIB MAIIMHHOTO
HaBYaHHS Ui MOOYIOBH MOJeNeil BUSBJICHHS aHOMATiH Ui CHCTEM BHUSBICHHS MEPEKEBOTO
BTOPTHEHHS.

OcHoBHa yacTuHa. Sk HaOip nanux Oymu oOpani nani MIT Lincoln Labs MaccaudyceTcpkoro
TEXHOJIOTIYHOTO iHCTUTYTY. JlanuMu € nociimoBHocti makeTiB TCP nokabHOT Mepexi siki 30upaim
MPOTATOM JICB’SITH TIDKHIB B iMiTaI[ifiHIA Mojaeni. J[aHi MICTSITh BChOTO YOTHPHU KaTEropii aTak:
DOS (BinmoBa B ob6ciyroByBanHi); R2L (Remote—to—local — HecaHKIIIOHOBaHE OTPUMAHHS TIPaB
kopuctyBaua); U2R (HecaHKIIIOHOBaHE MiJBHINEHHS MPaB KOPHCTyBada O CYNEPKOPUCTYBAYA);
probe (ckaHyBaHHS OPTIB 3 METOIO OTPUMAaHHA KOHQ1AEHIIMHOT 1H(popMallii).

Takox min yac momnepeaHpoi 00poOku maHuX Oyiia momiueHa HeOe3medHa OCOOMBICTh —
pO3MOALT KOXKHOI O3HAKM Ma€ BEIUKUH PO3KWA, M0 MOXKE TaKOX BIUIMBATH Ha TOYHICTh
MIPOrHO3YBaHHS MO, TOMy OyJlia IpoBeJieHa HOpMallizallid 03HaK pi3HUMHM criocobamu. [licns
BUKOPHUCTAHHS JIEKUIBKOX METO/IIB HOpMai3allii 3ynuHuincs Ha StandardScaler [6].

st peamizamii 3ampoNOHOBAHOiI MOJIENi BUSBJICHHS BTOPTHEHb BHKOPHCTOBYBAIUCH
HACTYyIHI anroputMmu kinacudikanii: meron omopHux BektopiB (LinearSVC), merton nepesa
pimenn(DecisionTreeClassifier) Ta meto HaliGmmkuoro cyciza (KNeighborsClassifier). B Tabmuini
1 nmpexacraBneHi pe3ynbTatu poOOTH ANTOPUTMIB.

Tabmuis 1 — TounicTs 3a pe3yjabTaraMu po60TH AJTOPUTMIB
Hazga IIpenportecinr Hopwmairizarii bamancyBanHs
DecisionTreeClassifier 0.7566 0.7567 0.7761
KNeighborsClassifier 0.7369 0.758 0.758
LinearSVC 0.6857 0.7218 0.7219

3rigHo 3 TaOJUIICI0 MOYKHA MTPOCIIAKYBATH, SIK 3MIHIOBAIaCh TOYHICTH MICIISI BJOCKOHAJICHHS
MoJIeNel. 3arajibHa TeHISHITIS TaKa, 10 YCYHEHHS HEIOTIKIB JOIOMAarajo MiBULITYBAaTH TOYHICTb.

BucHoBkH. Y poOOTi 3alIpOIIOHOBAHO MOJICNIb CHCTEMHU BUSBJICHHS BTOPrHCHb Ha OCHOBI
METOJIiB MAIMHHOTO HaB4YaHHS. Peamizallis Mojielli BTOPrHEHb Oyjla BUKOHaHA 3a JIOTIOMOTOIO
TPHOX AITOPUTMIB Kiacudikamii. Y Xo/i aHamizy Oyja0 oOpaHO HaWKpaIuil alrOpUTM — MOJIETh
JepeB pillieHb. 3aIPOIOHOBaHA MOJIE)Ib MOKE OYTH XOPOIINM JIOTIOBHEHHSM 0 cTaHaapTHux DS,
10 MOJKE MOKPAIIUTH CHCTEMY OC3IEKH MEPexKi.

Cnncox BUKOPMCTAHUX JIZKepeJt

1. Anoop Singhal. Data Warehousing and Data Mining Techniques for Cyber Security. Springer
Science+Business Media, 2007. 162 p.

2. Danasingh A., Epiphany J. L. Data mining in network security - techniques & tools. A Research
Perspective Journal of Theoretical and Applied Information Technology. 2013. P. 269-278.

3. Hemynina [I. C., I'paiiBopoHcbkuii M. B. Busnenns arak tunmy R2] ta U2R meromamu
MAIIMHHOTO HaBUYaHHs. Teopemuuni i npuxknaowi npooremu Qizuxu, MamemMamuxu ma iH@OOPMaAmMuKu:
mamepianu XVI Beceykp. nayk.-npakm. kong). cmyoenmis, acnipanmie ma monrooux euenux, (M. Kuis, 26—
27 xait. 2018 p.) / KIII im. Iropst Cikopebkoro, @TI. Kuis: BITI BITK «[TOJIITEXHIKA», 2018. C. 96-99.

4. Meuxos B. |, Biponaitnen B. O. AHami3 cy4acHUX CUCTEM BHUSBIICHHS Ta 3a100iraHHs BTOPTHEHb
B iH(opmariiiHo-TenekoMyHiKaniitHux cucremax. Y JIK 004.056+65.012.12. Ininponerposcbk: depx. BH3
«Harionansuuit TipHUYUHA YHIBEPCUTET. URL: https://ela.kpi.ua/bitstream/123456789/
17609/1/meshkov.pdf.

5. Olorunnimbe M. K., Viktor H. L., Paquet E. Dynamic adaptation of online ensembles for drifting
data streams. J. Intell. Inf. Syst. 2018. Vol. 50 (2). P. 291-313.

6. Mromrep A., I'eugo C. BBeaeHue B MammHHOe oOydeHwe ¢ momomipio Python. Mockga:
Huanexruka, 2016. 480 c.

80


https://ela.kpi.ua/bitstream/123456789/%2017609/1/meshkov.pdf
https://ela.kpi.ua/bitstream/123456789/%2017609/1/meshkov.pdf
https://readme.com.ua/book-author/sara-gvido

LINKED LIST SYSTEMS FOR SYSTEM LOGS PROTECTION
FROM CYBERATTACKS

Boyko V.1, Vasilenko M.}, Slatvinska V.2
!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.

81



Cybercriminals have already begun to include into malware the tools for masking the presence
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 ID 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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Cexkuisa H. [HpopmaniitHO-KOMyHIKAIIifHI TEXHOJIOTIi B HAYKOBHX JIOCITIHKCHHSIX

BUKOPUCTAHHSA TPAHCIUCIUILITHAPHOI OHTOJIOT'Ti
TP BUBYEHHI TBOPYOCTI IBAHA ®PAHKA

Atamanuyk B. I1.}, Aramanuyk II. C.?
'Harionansuuit nentp «Mara akanemis Hayk Ykpainuy», M. Kuis, Ykpaina
2TepHOMINBCHKUI HAIIIOHAILHUI Mearor 9l YHIBEPCUTET
imeni Bomogumupa ['Hatioka, M. TepHominb, Ykpaina

AHoTanisi. Y Te3ax 3IIMCHIOETbCS aHaji3 MOMIIMBOCTEH BUKOPHCTaHHS TpaHCIUCIUILTIHAPHOI
OHTOJIOTII 7S perpe3enTaii inopmarii mpo TBopuicTh IBaHa @panka (Ha OCHOBI MpOrpamMu 3 yKpaiHChKOT
mireparypu st 10—11 knacis, piBeHb ctanaapty). O6’€KTOM JTOCTIKEHHS € BUBUCHHSI XapaKTEPHUX O3HAK
SBHINA TPAHCIAWCIUILTIHAPHOCTI Y HAYKOBHUX # OCBiTHIX BuUMipax. IIpeaMerom mJoCHiKeHHS €
TpPaHCAMCUUIUTIHAPHA OHTOJOTIS SIK IHCTPYMEHT JIJIsl BUPIllIEHHS HAYKOBHX 3aBAaHb. Mera poOOTH molsirae
y CTBOpPEHHI TPaHCAWCIUILTIHAPHOI OHTONOTII Ha OCHOBI TBopduocTi IBana ®dpaHka 3a mporpamor 3
yKpaiHcbkoi nitepatypu st 10—11 kiaciB (piBeHb cranaapty). HaykoBa 3HAUyIICTh TOCHTIPKEHHS TIONSTAE
y BU3HAYCHHI 0araToBUMIPHOCTI i 6araTopiBHEBOCTI TPAHCAUCIMILTIHAPHUX TTOIIYKIB, SIKI 3yMOBIIOIOTHCS
BHBUYEHHSM HAyKOBHX MNpOOJIEM 3a JIOIOMOTOI0 aHalli3y 0araTOMaHITHUX MPOEKIi y pi3HUX HAYKOBHX
IUTOIIMHAX, MO (OpMYye MUTICHY TpPaHCIUCHHIUTIHAPHY mapaaurMmy. [IpakThdHa 3HAYYyHIiCTE POOOTH
BHU3HAYAETHCS PO3MIISAJOM BaXKITMBUX PHC TPAHCAWIMILTIHAPHOI OHTOJIOTIT Ta 3aco0iB ii BHpa)KeHHS Ha
MaTepiaii (pparMeHTy HaBYAIBHOI MPOrpaMu 3 YKpaiHcbkoi sitepaTypu Juis 10—11 xmaciB; 3nificHeHHIM
Bi3yamizamii c)opMOBaHOI TPAHCAUCIUILIIHAPHOI OHTONOrII 3a JOIMOMOIor KorHituBHOI IT-mmardopmu
«(IOJIIEAP» (KIT «IIOJIIE/IP»); MOXIUBOCTSAMH BHKOPHUCTaHHS pi3HUX ((GopM  Bizyamizaiii
TPaHCIUCITUTUTIHAPHOT OHTOJIOT 1.

Kiro4oBi cjioBa: TpaHCAUCHIMITUTHAPHA OHTONOTISI, TPAHCIUCITUIUIIHAPHICTh, KOTHITHBHI CEPBICH,
porpama.

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

Atamanchuk V., Atamanchuk P.2
INational 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. Konnenuisi TpaHCAMCHUIUTIHAPHOCTI POPMY€E TEOPETUUHY OCHOBY NMPOTYKTUBHOTO
BUKOPUCTaHHA 1H(GOPMAILIHHO-OCBITHIX pecypciB, CHOPSIMOBAaHMX Ha (OpPMYBaHHS €IUHOTO
iHpOpMalifHO-0CBITHROTO cepeAoBuIna. KoHIeNis TpaHCAUCIUIUIIHAPHOCTI OCMHCIIOETHCS Y
npamsix C. losroro [2], O. Crpuxkaka [4], O. [lanarina [3] Ta iH. BaxnuBumu iHCTpyMEHTaMU
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3MIMICHEHHS  HAayKOBHUX TIOWIYKIB € TpaHcaucuuiuiiHapai onrtoisorii  [1].  3okpema,
TPAaHCAUCIUIUIIHAPHI OHTOJIOT1I CUCTEM 3HaHb BUCTYIAIOTh Y POJIi BAXKIMBUX 3ac00IB CTBOPEHHS
MEpPEXKEIEHTPUYHNX KOTHITUBHUX CEpBICIB, sIKi 3a0€3MeuyloTh aHami3, CTPYKTYpyBaHHS, BinOip
iHpoOpMalii 3a MEeBHUMHU KPHUTEPISIMU, IIO CTBOPIOE YMOBH JUIS 1i MOAAIBIIOI iHTEprperamii i
3aCTOCYBaHHS 3 YpaxyBaHHsIM OaraTOMaHITHMX CTPYKTYPHHUX B3a€MO3B’si3KiB. [Ipu mpomy
OHTOJIOTiSI PO3TIIATAETHCS SIK CTPYKTYpHa yHi(ikaiis meBHOT mpeaMeTHOL C(bepn 3a JI0IIOMOT'010
CMHCIIOBHX MOJIENIeH, MI0 MICTSATh omHch 0a30Boi iH(popMalii, $SKi MawoTh iepapxiuHe
BITOPSIZIKYBaHHS HA OCHOBI IXHIX BIIACTUBOCTEH Ta B3a€MO/IIH.

IMocTanoBka 3agayvi. Y mporeci BUKOHAHHS JOCTITHUILKUX 3aBJIaHb BHHHKAE TOTpeda y
YiTKOMY CTPYKTYpyBaHHI iH(opMalii, sika OCMHUCIIOETHCS; Yy BCTAHOBJICHHI KOpEIAIid Ta
lepapXiyHUX 3B’SI3KIB MK KOMIIOHEHTaMHU CTPYKTYPH.

Meta podoTH — 3IIICHUTH KOHCTPYIOBaHHSI TPaHCAMCLUMILIIHAPHOT OHTOJIOTI] Ha OCHOBI
TBOpuUOCTi IBana ®paHka 3a mporpamoro 3 ykpaincbkoi jgirepatypu ans 10—11 kmaciB (piBeHb
CTaHIAPTY).

OcHoBHa 4acTuHA. TpaHCAMCIUIUTIHADHA OHTOJIOTIA 3abe3rmedye MOMXKJIUBOCTI st
CHPUMHATTA YITKO CTPYKTYpPOBaHOI iH(pOpMaIlii 13 Bi3yali30BaHUM BiTOOpakK€HHAM CTPYKTYPHUX
KOMIIOHEHTIB, 1[0 CTBOPIOE MEPEIYMOBH JJIA LUTICHOTO OXOIJIEHHS HAaBYAJIBHOTO MaTepiaiy s
JOCTIIHUKA, MO>KJIMBOCT1 JJisi OaraTOpIBHEBOTO aHaji3y, KEpyBaHHS arperoBaHMMU JaHUMHU.
[Tporec popmyBaHHS TpaHCAUCITUTUTIHAPHOT OHTOJIOT 1T CKIIAJTAETHCS 13 TAKUX €TAITIB: CEMAaHTHYHUMA
aHaJli3 MPOrpaMHu 3 YKpaiHChKOT JIITepaTypH, TaKCOHOMI3allisd IporpaMu, GOpMyBaHHS CTPYKTYpH
JOKYMEHTY Ha OCHOBI1 BUJIUVIEHMX TE€PMIHIB/MOHATH (KIacu TEpMiHIB, 00 €KTH KJIaciB TEPMIHIB) Ta
KOHTEKCTIB, BU3HAYEHHS IXHIX XapaKTepUCTHUK W B3a€MO3B’A3KiB, Oe3nocepeane (HopMyBaHHS
OHTOJIOTIYHUX OTIHCIB.

Bizyanizamis chopMoBaHOi OHTOJOTII 3HIHCHIOETHCS 3a JOMOMOroro KorHitmBHOi [T-
mwiargpopmu «ITOJIIEJP» (KIT «ITOJIIEJP») [5], sixa 3abe3meuye MOKIMBOCTI 3IiHCHIOBATH
KOHIeNTOorpadiyHUi aHal3 BEIHUKHX OOCITIB IMPOCTOPOBO PO3MOAUICHOI HECTPYKTYpOBaHOI
iHpopmarii (Big Data), ctpykrypyBaru 1o iHdopMalito, BU3HAYaTH KOHTEKCTHI 3B’SI3KH TSI
IIOJIAJIBIIOTO IPOTHO3YBAaHHS IMOBIPHHUX KOpelsmi Ta BimOopy iHpopmaiii. Bizyanizaiis
OHTOJIOTI y BUIIAAI oHTOTpada (pucyHOK 1) pemnpe3eHTye CTPYKTYypYy HaBYAIBHOTO Martepiany,
IIPUCBAYEHOTO BUBUEHHIO TBOpUOCTI [Bana dpaHka.

Ypaiceks nitepatypa 10-11kr X + S e 5

< C @ editorstemua.science/local/?view=graphedit & A |

YkpaiHcbka nitepartypa 10-1...

PG GBI OIS AU O G A o OO e gl e E
) Komnosnuis 3Bipku «3ig'ane nueTa»

I - YKPATHCLKA NITEPATYPA ~)Taopu 36ipku «3la'Ane nucTa»
[porpama Ans 3aranbHoCCEITHIX () Aioboeka Tema

HaBvanLHAX 3aknagie 10-11 knaci (plseHs = > 2O Noetwna 36ipka «3ia'ane nucTs»
ABTOBIOFPapIHICTS

cTaH,ﬂapTy)
)+ MoscHosansHa sanvcka
\:ﬂ ~ 10 knac
[ = Ans poparkoeoro
(CaMOCTIfHOTO) MUTAHHA
[ n » BeTyn. PeanictuiHa ") fipamarms i =) noeais
yKpaiHcbKa npo3a

A ROHTEXCT Tema 8
ikyBaH! pesyNbTaTi HaBuaNbHO-NISHABANLHOT AIANBHOCTI YUHIE Tema 8

() 3uicTosni 38'A30K

TutaH ayxy | Aymky IBaH dpaHko

P i OYikyBaHi pesyrnbraTi HaB4anbHO-NISHABANbLHOI AIRNLHOCTI y4HIB Tema 9
[EE) » Tearp kopudpein yBaHi pesys ai y

[
®paHko
[[E) » MonepHa yxpaitcoka = =
nposa Teopis-niteparypn-rema-i0 Toema «Mowicen»
|
MOETM4HOTO MOepHIaMy
[ ’D » Nitepartypa pigHoro kpato
» YaaransHeHHa Ta \nei, npoGnemu
CUCTeMATU3aLIA BUBUEHOTO
O > 11xnac

TuTaH Ayxy | AyMkv Bak ") OpoGnemarvka Topy «Moviceit

)Aponor 4o foemu

OBpaste cnoso MVICTeLbKIiA-KOHTEeKCT Tema 10

OuikysaHi pesyrbTaTit HaB4aNbHO-NISHABANILHOT AIRNBHOCTI yuHis Tema 10

) DpaKQ i MozepHiam
Hosena-«CoiuuHe Kpuno»
1.0paHKo | poasuTOKk-ApamaTyprii i Teatpy
3aueHHs-TRopHocTH-Opanka ) Mpoaa |. dpakka
) Teopia nitepatypu-Téma 11
I MbknpeameTH 3'saki Tema 11
JyMucTelibkuii KoHTekeT Tema 11

OulkyBaH| pesynbTaTit HaB4ambHO-NI3HABANBLHOT AIANLHOCTI yuHiB Tema 11

Pucynox 1 — @parMeHT OHTOJIOTIi y BUTJIAI OHTOTrpada
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BucnoBku.  [lpakThyHa  3HAYYIIICTh  JOCTIDKEHHS  MOJSrae y  CTBOPEHHI
TPAHCIUCITUILTIHAPHOT OHTOJIOTI, SIKa BifoOpakae OCHOBHI mapameTpu TBopYocTi [Bana dpanka.
3ragaHa OHTOJIOTIA TMOCTAa€ Yy BHUIJIAI IHTEPAKTHBHOTO JOKYMEHTa 13 pPI3HOMaHITHUMHU
MOJKJIMBOCTSIMH BI3YaJIbHOTO TIPEICTABJICHHS, IO JEMOHCTPYE pi3HI paKkypcH CHPUHHSATTA
iHpopManii, pi3HOMaHITHI MPOEKIil 00’€KTIB Mi3HAHHSI, 3a0€3MEUyIOYN TEPCIEKTUBU iXHBOTO
OCMHCIJICHHS 3 IHTETPaLlifHUX MO3MIIH, a TaKOXK cIpusie (GOPMYBaHHIO IUTICHOTO YSBJICHHS PO
HUX 32 JJOIOMOTOIO BiITBOPEHHX B3a€EMO3B SI3KIB Ta i€papXidyHOI BIIOPSIKOBAHOCTI.
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MPOTPAMHUWI CEPBIC AHAJII3Y PEAKIIIA HA PYXOMMM OB'EKT

Basino K. B.}, Ilerpenko FO. 0.2, ®poaosa JI. C.2, Kopaaenko C. 0.2, JIio6uenxo K. M.2,
Py6an A. M2
epkacekuii nepxaBHMit TexHONOTYHK yHiBepcuTeT, M. Uepkacu, Ykpaina
?YepkachKnii HAI[iOHANBHMH yHiBepcuTeT iMeHi bormana Xvenpaumpkoro, M. Yepkacu, Yipaina
311ep1<acm<a MeIu4Ha akajaemisa, M. Yepkacu, YkpaiHa

AHoTanisg. B poboTi mpencraBieHo pe3yabTaTH BUIIPOOOBYBAHHS BIACHOTO IIPOTPaMHOTO CEPBiCY
aHaNi3y peakIliii Ha PyXoMuil 00 €KT, AKHi 3a0e3rnedye opraHi3aliio i 3pyJdHUH OomepaTHBHUI KOHTPOIb
nepebiry miarHOCTHYHOI mpomenypu. Jlms peamizamii Takoi TpoleAypH BUBYAIKCA AWHAMIYHI
XapaKTePUCTUKHA TIPOIeCiB 30y/DKeHHS 1 TalnbMyBaHHS y IEHTpPalIbHIM HEPBOBIM CHCTEMi 3a TOYHICTIO
CEHCOMOTOPHOTO pearyBaHHs B TpyIax CIIOPTCMEHIB Pi3HOTO BiKy, KBamidikarii Ta cnemiamnizarii. HaBexeno
pe3yIbTaTH eKCIIEPHIMEHTAIFHIX BUIIPOOYBaHb PO3POOIIEHOr0 IPOrPaMHOTO IPOAYKTY, UM MiATBEPHKEH O
BHCOKY iH()OpPMAaTHUBHICTh Ta HAJIMHICTh PE3YNBTATIB TECTYBAHHS Ha 3HAYHIN BUOIPII TOCTIIKYBaHUX 0Ci0
pi3HOBIKOBHX Tpym. Takok TPOAEMOHCTPOBAHO BHCOKY CTaOIMBHICTE pPOOOTH IPEACTABIEHOTO
MPOrPaMHOTO TPOAYKTY, HE3aJIEXKHO Bill KITBKOCTI Ta TPUBAJOCTI MPOBENEHUX AOcHimKkeHb. [lokazaHo
MEPCIIEKTUBA BUKOPHCTAaHHS [HOTO IMPOrPAMHOIO CEpBICY y CHOPTHBHIN, MEIWYHIA, MCHXONOTIYHIMN,
¢izionoriuniii, aBiamidHO-KOCMIUHIA cdepax, a TaKOXK y NEJAroriyHiili MpakTUIl IS AiarHOCTHUKA
(hyHKITIOHATBPHOTO CTaHy IEHTPAJIHHOI HEPBOBOI CHCTEMHU.

KuarouoBi cjioBa: mporpamMHHiA cepBic, peaxilisi Ha pyXOBUH 00‘€KT, IIeHTpallbHA HEPBOBA CHUCTEMA,
BpIBHOBQ)XEHICTh HEPBOBHX TPOIIECIB, 30POBO-MOTOPHA PEAKIIisl.

SOFTWARE SERVICE FOR ANALYZING REACTIONS TO A MOVING OBJECT

Bazilo C.%, Petrenko Yu.2, Frolova L.?, Kovalenko S.?, Lyubchenko K.2, Ruban A2
1 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. Binomo [1], 1110 0CHOBHOIO 03HAKOIO TUHAMIYHOCTI HEPBOBUX MPOIIECIB € MIBUAKICTh
BUPOOJICHHSI YMOBHHX pediiekcis i audepenuitoBanb. Tak, mpu aHami3i BpiIBHOBaKEHOCTI HEPBOBUX
MIPOLIECIB TIPOBOAUTHCS TIOPIBHSHHS CHIIM TPOIIECiB 30yIKEHHS Ta TaabMyBaHHA [2]. Y BUNAJAKY,
Kol oOu/IBa TMPOIECH € CHIIBHUMH 1 B3a€EMHO KOMIICHCYIOTH OJIMH OJHOTO, TO MOBa HJe Ipo
BpPIBHOBAXXEHICTh IMX MPOIECIB. Y MPOTUBHOMY BHUIAJAKY, Y OJHOIO 13 IpolieciB Oyae BuUIla
aKTUBHICTb, fKa OyJie IPOSBIIATUCS HE JIUILE PEaKliIMU B KOP1 TOJOBHOTO MO3KY, aje i B IHIINUX
obnactsx. Buieckazane JOBOAUTH, 1O ICHYIOTh IIMPOKOMACIITAOHI 3B’SI3KH MDK HEHTPATHHOIO
HEPBOBOIO CHUCTEMOIO 1 NCHUXIYHUMH MpOIEcaMM, $KI Ba)JIMBl MpPH CIPUUHATTI PYyXIiB Ta
(dbopMyBaHHI YSABICHHS TAaKOTO PyXOBOTO akTy. Lle Hamae HayKoBe MIATPYHTS IS TOJAIBIIMX
JOCTIIKEHb BIUIMBY 30aJlaHCOBAHOCTI HEPBOBUX IPOIIECIB HA PYXOBY aKTHUBHICTH JIIOJAWHU B il
npodeciiiHii AISTBHOCTI.

MeTta JA0CHIIUKEHHSI: TIABUINEHHS 00 €KTUBHOCTI Ta €(EKTHBHOCTI OIIHIOBAHHS
XapaKTePUCTHK PEaKIlii Ha PyXOMHUH 00’ €KT MUIIXOM 3aCTOCYBaHHS pPO3POOJICHOTO MPOrPaMHOTO
CepBicy JUIs aHaJi3y LKX peakiii, IKui 3JaTHUM OLIIHUTHU HapaMeTpu 30y/DKEHHS 1 TaIbMyBaHHS Y
LEHTPaJIbHII HEPBOBIM CUCTEMI B PI3HUX MOJISIX 30DY.

IlocTanoBka mnpoGJemu. J[ns BU3HAYCHHS BPIBHOBAXEHOCTI HEPBOBUX TMPOIECIB Yy
LIEHTpaIbHIN HEPBOBIM cHCTEeM1 pO3pOOJICHI PI3HI METOIUKH, 110, B OUTBIIOCTI, TPYHTYIOTHCS HA
peaKIrisix Ha pyXOMHU 00’ €KT 1 MPEACTaBJICH] Y BUTJISA/I aBBTOMAaTU30BaHUX CUCTEM TECTyBaHHS Ta
OTpUMaHHA JaHMX. [lesaki 3 IMX METOIUK € KOMIUIEKCHUMM TECTOBHUMHM IpPOTrpaMaMu, 10 SKHX
BXOJMTh BU3HAUYEHHS JIATEHTHOTO NEPIOy 30pOBO-MOTOPHOI peakiiii 3a nepeBakaHHsIM IpPOLECIB
30yDKeHHS 1 TAIbMYBaHHS, a TAKOXK OKPEMO pO3po0JieH1 CIocOoOU OIIHKY Yacy peakilii JII0MHU Ha
pyxoMi 00’extu. [Ipore, OCHOBHUMH iX HEIOJIKAMHU € HECIPOMOKHICTh OTPHUMAaHHS KUTbKICHOT
OLIIHKM OKPEMHUX XapaKTEPUCTUK peakKiiil Ha pyXOMUH 00’€KT, a TAKOK HAYKOEMHICTh Ta TEXHIUHA
CKJIAJIHICTh JOCIIAHULBKOIO 00JIalHAaHHA Ta 3HA4H1 BUTpATH 4acy. Takok Ha CbOTOJIHI BUHUKAE
HOTpe6a B OIIIHIII HOBUX XapaKTEPUCTHUK, Ki HE BU3HAYAIOTHCS iCHYIO‘II/IMI/I p03p06KaMI/I y raiysi
TEXHIKH. Tomy B po0oTi MPOTIOHYETHCS MPOrPAMHH CepBic s aHaJI13y peakiii Ha pyxomuid
00’€KT Ta OLIHKHM MapaMmeTpiB 30YyIKEHHs 1 raJbMyBaHHS y I.ICHTpaJ'IleI/I HEpBOBI cuctemi B
PI3HUX HOJSAX 30pY 3a CKJIAQJAHUX Ta CHPOILEHUX YMOB CHPUHHATTA, 1 B SIKOMY BpPaxOBYIOTBCS
0COOJIMBOCTI pearyBaHHs y pi3HOIO KOHTMHI€HTY HaceJIeHH.

OcHoOBHI peskuMu podoTu mporpamMHoro mpoaykry. IIporpamuuii POYKT «Sniper»
p03p06J'IeHI/II/I Ha OCHOBI 3allaT€HTOBAHOIO CIOCOOY BU3HAUEHHS 36YI[)K6HH}I 1 TaJbMyBaHHS Yy
LEHTpaJIbHIM HepBOBIil cucteMi [3]. IIporpaMHuii NpoaAyKT Aa€ MOXKIIMBICTE BU3HAYATH [TapaMETPH
peakuii Ha pyXoMuii a00 HepyXOMHUii 00’ €KT 3a PI3HUX YMOB Ipe/1 IBIEHHS 30pOBOTO MOIpa3HUKA.
3pyuHuil cydyacHuil iHTepdeiic mporpaMu J03BOJISIE KOPUCTYBayy B IHTEPAKTUBHOMY DPEXUMI
HAOYHO CIOCTepiraTH y JiBiif yacTHHI BIKHA 33/1aH1 HOTOYHI HaNamTyBaHHs. [HTepdeiic mporpamu
pyu BUOOP1 OCHOBHUX PEKHUMIB 300pakeHO Ha pUCYHKax 1 12.

OOroBopeHHsI pe3yJbTaTiB BUKOPUCTAHHSA nporpamu. B anpoGauii nporpamu «Sniper»
Opanu yvacte Ouibie HbK 300 oci® pi3HOi crati BikoMm Bix 12 g0 25 pokiB, 1o npodeciitHo
3aliMaroThCsl copToM. B mporeci JOCHiDKEHHs, 0COOM MIAIATaald BUIPOOYBAHHSAM B PEXHUMI
«TouHICTb» 3a TaKUX MapaMeTpiB: MIBUIKICTb PYXOBOro 00’ekTy: 250 MM/c; aiameTp MillleHi Ta
TOUYKOBOTO 00’ekTa: 15 MM; KUIbKICTh 3aBiaHb: 32. Bukopucrtanus «Sniper» Npu JAOCITIKEHHIX
1oHuX OackerOoumicTiB 12-13 pokiB MOKa3ajgo OCOOJMBOCTI pearyBaHHA Ha PYXOMHH 00’€KkT
pI3HOCTATEBUX IPYIl CIIOPTCMEHIB B yMOBaxX O1HO- Ta MOHOKYJISIPHOTO CHPUHHSATTA. 3a JaHUMHU
TECTYBaHHS CEHCOMOTOPHOI PEAaKTUBHOCTI IIi€i Tpymu CIOPTCMEHIB BHSBIEHO NEpeBaKaHHS
BIUIMBY Ha (JOPMYBaHHS IPOCTOPOBOI TOUYHOCTI PYXIB MpOIIeCiB 30yKEHHs 1 ranbMyBaHHs. Takox
Il JOCHIDKEHHS MMOKa3alld, 0 Ha CEHCOMOTOPHY PEaKTUBHICTh MOYE BIUIMBATH JIATEPAIBHICTH
30pOBOTO CEHCOPHOTO BXOAY, IO JO3BOJWIO BCTAHOBUTH KOPEISLIAHI 3B’S3KH MDK
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CEHCOMOTOPHOIO Ta PYXOBOIO MisUTbHICTIO. JlOCHIKEeHHsST peakiii Ha O0‘€KT cepell MOJOIUX
cioptcMeHiB 17-20 pokiB Mokasajiy MOsiBY FeHAEPHUX PO3ODKHOCTEH y TOYHOCTI CEHCOMOTOPHOTO
pearyBaHHsSi B yMOBax 30UIbIIEHHS IIBUIKOCTI PyXy 00’€KTa, IO BKa3ye HAa BUHUKHEHHS
nucOanaHcy mpolieciB 30yHKEHHS 1 TalbMyBaHHS [P 3MIHHOMY BXiJTHOMY curHaji. [Iporpamumii
aHaJi3 MisUTbHOCTI HEHTPAIbHOT HEPBOBOI CHCTEMH KBaJi(hiKOBAaHUX CIIOPTCMEHIB ITOKa3aB Mepexif
y cTaH 30y/DKCHHSI TIPH 3MiHAX MIBUIKOCTI BXIIIHOTO 30POBOTO CHUTHAIY B AlUKIIYHUAX BHIAX
CHOPTY, IO HE CIOCTEPIrayioch y HUKIIYHMX BHJIAX CIOPTY. TakMM YHHOM, BHXOJISYHU 13
CIIOCTEPEKEHb 32 MU 00CTEeKYBAaHHX 1 aHATI3y pe3yIbTaTIB POOOTH MPOrPaMu, MOKHA 3pOOUTH
BHCHOBOK TIPO KOPEKTHICTH ii poOOTH.

4 Sniper 4.2 | © Meobuerco K. M., LEM@ulkr.net
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Pucynok 1 — Iatepdeiic nporpamu «Sniper» (1 — gani odcTexyBaHoro; 2 — MoBa; 3 — poboui
rapamMeTpy TOUYKOBHUX 00’ €KTIB Ta MIIICHEH; 4 — PEKUMHU pOOOTH; 5 — BUAM PEAKIIIiA;
6 — mapameTpu reHeparlii 3aBJiaHb; 7 — 3aTpUMKa; 8 — JOKYMEHT, B IKOMY 30epIiraroThcs
pe3ynbrati; 9 — kHomka «Ctapt»; 10 — pesynbraTu TecTyBaHHS; 11 — eKkpaH peKUMIB;
12 — ToukoBuit 00’ekT (cHapsin); 13 — MileHb) Npu 00paHH1 pexUMY — peakilig no nepudepii

@ Sniper42| © Mrobuenko K. M. LKN@ukr.net
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Pucynok 2 — Iurepdeiic mporpamu «SNiper» npu oOpaHHi peKUMIB:
a — TOYHICTh; O — peakllis 1Mo MEHTPY; B — Mpale31aTHICTh

BucHoBkH. 3anponoHoBaHuii MpOrpamMHmii cepslc JI03BOJISIE BU3HAYUTU HOBI SIKIiCHI
XapaKTePUCTHKN PEaKuii Ha PyXOMHH O00’€KT 1 CHIBBIIHOICHHS MPOLECIB 30yIKCHHA i
rajJbMyBaHHS Yy LEHTPaJbHIA HEPBOBIM CHCTEMi, MIIBUIIUTH OO €KTHBHICTH Ta €(EKTHUBHICTh
OLIHKH IIMX XapaKTEPHCTHK OpraHismy joauHd. s MeTomosnoris moxe OyTH 3acTOCOBaHa ISt
BUKOPUCTAHHS Y MEIUYHINA, NCUXOJIOTTYHIN, (i310JIOTIYHIN, CIOPTUBHIN, aBial[ifHO-KOCMIYHIN
chepax, a TakoX y MEAAroriyHiil NpakTUIl Ul JIarHOCTUKU (PYHKIIOHAJIBHOTO CTaHy Ta
BHU3HAYEHHS MIOBEIHKOBUX MOKJIMBOCTEH 0C10 pI3HOT0 BiKY Ta Mpoecii.

Cnncox BUKOPHCTAHUX JIZKepet

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). e1004007. doi:
10.1371/journal.pcbi.1004007.

3. Crocib Bu3Ha4YeHHS 30y/UKEHHS 1 ralbMyBaHHS Y IIEHTPaJIbHIN HepBOBiil cucremi: [Tat. Ne 118142
Ykpaina, MIIK A61B5/16 (2006.01) / 1O. O. I1erperko, C. O. Koanenko, JI. C. ®ponora, Ta iH. (Ykpaina).
3asaB1. 06.02.2017; omy6:. 25.07.2017, Bron. Ne 14. 6 c.
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MOJAEJIOBAHHA E-IHOPACTPYKTYPHU YHIBEPCUTETIB
JIJISI PO3BUTKY BIIKPUTOI HAYKHU B YKPATHI

Npau L LY, Ierpoe O. M.}, Bazemok H. B.}, Boponienko O. B.}, Cio6oasiniok O. M.2
IncTuryT BUmoi ocBitn HarionansHo1 akazeMii ejaroriyanx nayk Ykpainu, M. Kuis, Ykpaina
’BiHHMIbKUI HAITIOHATBHUN TEXHIYHMH yHiBepcuTeT, M. Binaumus, Ykpaina

AHoTanis. Po30ynoBa e-iHQpacTpyKTypH YHIBEPCHTETIB € KIIFOUYOBOIO YMOBOIO PO3BUTKY BiIKPUTOT
Hayku B VYkpaiHi, il ycmimHoi iHTerpamii 1m0 €BpONEHCHKOro MOCTIAHWIBKOTO MPOCTOPY Ta
€BpOMNEichKOro MpocTopy BUIOI OCBiTU. O0’€KTOM JIOCHIDKCHHS € €KOCHCTeMa BIJKPUTOI HAayKH, a
MPEeIMETOM — JIOCTIIHUIBKI e-iHpPacTPYKTypH YHIBEPCHUTETIB JUIsl BIIKpUTOI HayKu. MeTa JToCIiKeHHS
MoJIsiTa€ 'y TEOPETHYHOMY OOIPYHTYBaHHI MOJEIi €KOCHCTEMH JOCHIIHUIBKUX e-IHPpacTPYKTyp
YHIBEpCHUTETIB JUIsl pO3BUTKY BiIKpUTOI Hayku B YKpaiHi. Ha nocsarHeHHs MeTu Oyno BH3HAYEHO TakKi
3aBIaHHs: 1) BUBHAYMTH CKJIaJ OCHOBHHX KOMIIOHEHTIB €KOCHCTEMH BiIKpHUTOI HAYKH, 2) 3MiACHUTH
TeopeTHyHe OOTPYHTYBaHHS MOJENi EKOCHCTEMH JOCHiJHHUIBKHX e-1HQPacTpyKTyp YHIBEPCHUTETIB
VYkpainu; 3) HagaTH OPOMO3HUIIIT 010 PO30YIOBH JOCIIIHUIIBKUX €-1IHQPACTPYKTYp BiIKPUTOI HAYKH B
VYxpaini. ¥ nociimpkeHHi BHKOPUCTaHO METOIH aHalli3y, CHHTE3Y, opiBHsAHHS JokymeHTiB €11 ta €EI1BO
Ta HAYKOBUX Mpallb MIOA0 BIPOBAKEHHS BIAKPUTOI HAayKH. MeTOJ MOJENIOBAaHHS BUKOPUCTAHO JIJIS
PO3pOOIEHHS MOJIETi EKOCHCTEMH JIOCIITHUIIBKUX e-1HQpacTpyKTyp YHIBepcuTeTiB YKpaiHu. 3nicHEHO
KUTbKICHUH Ta SIKICHMM aHaji3 JOCBIy BUKOPUCTAHHS JOCIIIHUIBKUX THOPACTPYKTYp B YHIBEpCHUTETaX
VYxpaiau. Y pe3yibTari JOCHIDKeHHs, Ha ocHOBi y3aranbHeHHst crangaptie UNESCO, EU, European
University Association, BH3HA4eHO CKJIaJ OCHOBHHX KOMITOHEHTIB EKOCHCTEMH BIIKPHUTOI HAYKH:
BimkpuTi maHi mociimkenb (Open research data); BimkpuTuii goctym mo myoOuikamiin (Open access to
publications); szamy4eHHSs TPOMAJACBKOCTi; OCBiTa 1 BMIHHS, IOCTIAHWIBKA BIAMOBIZAIBHICTE Ta
TOOPOYECHICTD; OIIHIOBAHHS PE3yJbTATIB AOCTIMKEHb. 3alPOITOHOBAHO Ta TEOPETUYHO OOIPYHTOBAHO
MOJIeJIb €KOCHCTEMHU JOCIIIHUIBKUX €-IHPpacTpyKTyp yHiBepcuTeTiB YKpainu. Ha ocHOBI aHami3zy
MPAKTHYHOT'O JTOCBiMY YKpPaiHCHKHX YHIBEPCHUTETIB BHABICHO MPOOIEMH BUKOPUCTAHHS JOCIITHUIIBKUX
e-iHppacTpyKTyp Ta HaJaHO MPOMO3UIIi MO0 po30yMOBU AOCTHIAHUIBKUX €-1HPPACTPYKTYpP BIAKPUTOI
HayKu B YKpaiHi.

KurouoBi cioBa: BimkpuTa Hayka, eKOCHCTeMa BIAKPHUTOI HayKW, AOCIIAHHUIBKA iH(paCTPyKTypa,
e-iH(pacTpyKTypa; MOAEITIOBAaHHS.

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

Drach 1.}, Petroye O.}, Bazeliuk N., Borodiyenko O., Slobodianiuk O.?
Ynstitute of Higher Education of the National Academy of Education Sciences of Ukraine,
Kyiv, Ukraine
2\/innytsia 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
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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
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 ki1o40BUX TPEH/IIB PO3BUTKY YHIBEPCUTETCHKOI HAyKH Ha Cy4yaCHOMY eTarll
uuppoBux TpaHcopmaliii € OararokpaTHe 30UIbIIEHHS OOCATIB JaHUX, (QYHKIIOHYBaHHS
CKJIaJHUX €KOCHUCTEM JIOCHITHUIBKUX e-IHPpPacTpyKTyp Ta pO3BUTOK BIIAKPUTOI HAYKH,
XapaKTepHUMH O3HAKaMHM SIKOi € MpOo30pi, JOCTYIHI AJis BCIX Ta MOBTOPHO BUKOPUCTAaHI HAyKOBI
3HAHHS, BIAKPUTI NPOLECHM IX CTBOPEHHS Ta OI[HKM 13 3aly4eHHSIM I[IHPOKOro KoJia
3aiHTepecoBaHux cTopin [1; 2, ¢. 4-5].

IlocranoBka 3anauyi. 3a JaHUMH ONUTYBaHb, y 2020 p. muiie 29 % 3akiajiiB BUIIOT OCBITH
VYkpaiau Oynu rotoBi g0 iHTerpamii 3 HaimloHampbHUM pemo3uTapieM akaJeMidHUX TEKCTIB
(HPAT) [3], w0 CcBiqUMTh MNpO 3arajdbHUN HU3bKUI piBEHb BUKOPUCTAHHS YHIBEpCUTETaMU
HasiBHUX TMOTYKHOCTEH MAOCHIAHUIBKOI e-iH@pacTpykTypu. [lepemkonor 1moao po3BUTKY
BIIKpUTOI1 YHIBEpCUTETCHKOI HAyKH Ta ii IHTerpauii y ekocucteMmy BiAKpUTOi Hayku €C € Takox
HU3BKUH 3arajibHUM piBEHb PO3BUTKY e-iH(ppacTpyktyp Ykpainu [4, c. 138]. HeBinknagHicTh
3aBJIaHb 100 PO30YIOBU JOCTITHUIIBKUX €-1HOPACTPYKTYp YHIBEPCHUTETIB CIPUYMHEHA TAKOXK
3HAYHUM PYHHYBaHHAM (P13MYHOT IHPPACTPYKTYpH OaraTh0X yHIBEPCHUTETIB BHACITIIOK BOEHHUX
niit PO B YkpaiHi Ta MOKIMBOCTSIMH, SIKI BOHU BIIKPUBAIOTH JIJIS1 TOCTITHUKIB YHIBEPCUTETIB Ta
yCi€el MTOCTITHUIIBKOT CITITPHOTH YKpaiHu B yMOBax BUMYIICHOT BiAAICHOT pOOOTH.

Meta goc/iiiKeHHs: TEOPETUYHE OOTPYHTYBaHHS MOJEJN1 €KOCUCTEMHU JOCTITHUIIBKUX e-
1HGPACTPYKTYP YHIBEPCUTETIB JUIsl PO3BUTKY BIIKPUTOT HAYKH B YKpaiHi.

OcnoBHa yacTuHa. Bignosigxo mo cranmapris UNESCO [5], EU [6], European University
Association [2] Ta iH., €KOCHCTEMY BIIKpUTOI HAayKH CKJIQJalOTh TaKi OCHOBHI KOMITOHEHTH:
BinkpuTi AaHi nociimkenb (Open research data); Bimkputuii noctyn mo myouikaiiid (Open access
to publication); 3adydeHHs TPOMaJCHKOCTI; OCBITa 1 BMIHHS; JIOCTIIHUIIPKA BilMOBiNAIBHICTh Ta
TOOPOYECHICTh; OIIHIOBAHHS PE3YIbTATIB HOCTIKEHb.

Exocucrema nocnmigHUIBKOI e-1HGPACTPYKTYypH PO3IIISIIAETHCS HAMH SIK MICUCTEMa B
€KOCHCTEeMI BITKPUTOI HAyKH, IO SBJILE€ COOOI KOMILJIEKC €-3aco0iB, SKI HA/JalOTh PECypCcH Ta
MOCIIYTH YYEHUM, CHIBPOOITHHKAM, CTyJIE€HTaM Ta YCIM IHIIUM 4YjeHaM JOCHIIHULBKUX CIUTBHOT
BIIKPUTOT HAYKH JIJIs1 IPOBEICHHS IOCIIPKEHb Ta CIPUSHHS IHHOBAIISIM.

3ampornoHoBaHa MoOJEeb, po3po0ieHa 3 ypaxyBaHHSAM HasBHOI JOCTITHUIBKOI e-
iHpacTpykTypu YKpaiHu, BifoOpakae OCHOBHI HalpsMU HOJITUKU 3 (OpMyBaHHS Ta PO3BUTKY
€KOCUCTEMH JOCIIHUIBKUX e-1H(PACTPYKTYp BIIKPUTOI HAYKU YHIBEPCUTETIB, SIKI CTBOPIOIOTH
MOXJIMBOCTI YYEHUM, CHIBPOOITHHKAM, CTYIAEHTaM Ta YCIM IHIIUM 4YJIeHaM JOCTITHUIBKUX
CIUTBHOT JJIs 3JTy4eHHs B ITPOLIECH BIIKPUTOT HAYKH Ha BCIiX eTarax AOCHiKeHb (pUCYHOK 1).

[IpoananizoBaHo  JOCBi  YKpaiHCHKMX YHIBEPCHTETIB Ta BHSBJICHO MpoOIEeMHU
BUKOPHUCTaHHS JOCTITHULIBKUX e-iHdpacTpykTyp. Hanano nponosuuii 3 po30y10BH eKOCHCTEMHU
JOCITITHUIBKUX e-1H(QPaCTPYKTYp BIAKPUTOI HAYKH YKPaiHChKUX YHIBEPCUTETIB JJISl TOCHIICHHS
iX JOCHIAHMLBKOI CHPOMOXKHOCTI, PO3BUTKY HAI[IOHAJIBHOI E€KOCHCTEMH BIJIKPUTOT HAyKH,
NpUCKOpeHHs ii iHTerpamnii 70 €BponenchKoro JOCIITHUIBKOTO MPOCTOPY Ta €BpOMNeichKoro
MPOCTOPY BUIIOT OCBITH.
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MoniTuKa BiAKPWUTOI HAaYKK

BIAKPUTI OAHI OCBITA | BMIHHA
AOCNIAXEHb * Moodle

* Figshare * Prometheus

« Zenodo * Google Meet, Microsoft

Teams, Zoom

* Open Science Framework
* YouTube Towo

* Mendeley Data Towo

BIAAKPUTUIA JOCTYN

[0 NYBNIKALIA

+ HauioHanbHWi
penosuTapii
aKaaeMivuHUX TEKCTIB

* EneKkTpoHHa BibnioTexka
HAMH YkpaiHun

AOCNIAHWLBKA
BIANOBIAANBHICTb |
Eko-cuctema JOBPOYECHICTb
A0CNI AHULLBKMX * Unicheck
e-iHdpacTpyKkTyp = StrikePlagiarism

o VHiBEDCMTEICbKi yH ':ig:?;:ﬂs . EL‘J:CS':?_:IL:"H”W
penosuTapii
* Open Research Europe
* Figshare
» Zenodo
+ DOAI
* DOAB Towpo
3ATYYEHHA OLUIHKOBAHHA PE3YNLTATIB
rPOMA/ACHKOCTI AOCNIAKEHD
+ Mnatdopma «Hayka * HauioHanbHa enekTpoHHa HayKoBo-
Ta 6iaHec» (S2B) iHbopmauiiHa cuctema (URIS)
Towo * Open Ukrainian Citation Index (OUCI)
= ORCID Towpo

Pucynok 1 — Moaens ekocucTeMu AOCTITHUIBKUX €-1HQPACTPYKTyp YHIBEPCUTETIB YKpaiHU

BucHoBkmu.

1. ¥V nocnimkenni, Ha ocHOBI y3aransHeHHs ctannapTie UNESCO, EU, European University
Association, 3’sICOBaHO CKJIaJl Ta 3alPOTIOHOBAHO CTPYKTYPY OCHOBHHMX KOMIIOHEHTIB CY4acHOI
€KOCHCTEMH BIIKPUTOI HAYKH: OCHOBHI KOMIIOHEHTH: BIIKPHUTI AaH1 gociaimkeHsb (Open research
data); BimkpuTuid moctyn mo mybmikariit (Open access to publication); 3arydeHHsI TPOMaJChKOCTI;
OCBITa 1 BMIHHS; JOCTIAHUIIbKA BIAMOBIIAIBHICTh Ta JOOPOYECHICTH; OI[IHIOBAHHS PE3YJbTATiB
JIOCJIIKEHb.

2. Po3po0nieHO MoOJielh  €KOCHCTEMH JOCHIAHHMIIBKHX €-1H(QPacCTPYKTYp YHIBEPCUTETIB
VYkpainu.

3. Ha ocHOBI aHaTi3y MPaKTUYHOTO JAOCBIMY YKpaiHCHKUX YHIBEPCUTETIB HAJAHO MPOTO3HUIIIT
3 Po30yJI0BH €KOCHCTEMH JOCTITHUIBKUX €-1HQPacTPyKTyp JUisl MOCWICHHS iX JAOCIHITHUIIBKOT
CIPOMO>KHOCTI, PO3BUTKY €KOCUCTEMH BIIKPUTOT HAYKH YKpaiHH.

Cnncox BUKOPHCTAHUX JIZKepeJt

1. TeopernyHi OCHOBHM MIiNBHINEHHS OCTITHUIIBKOI CIPOMOXXHOCTI YHIBEPCHTETIB YKpaiHu B
KOHTEKCTi iMIieMeHTanii koHuentii «Binkpurta nHayka» / B. Jlyrosuii, 1. pad, O. Ilerpoe Ta iH.; 3a pen.
B. JIyrosoro, O. ITerpoe. Kuis: Iu-t Buroi ocsitu HAITH Ykpainu, 2021. doi: 10.31874/978-617-7644-53-
7-2021.

2. The EUA Open Science. Agenda 2025. European University Association. Febr. 2022. URL.:
https://eua.eu/resources/publications/1003.

3. OnuTyBaHHS IIOJO IHCTUTYLIMHUX PEMO3UTAapiiB, BIIKPUTOI HAYKH Ta TOTOBHOCTI JIO CIIBIpali 3
HPAT. MOH / VYkpaiHChKkuii HCTHTYT HayKOBO-TEXHIYHOI ekcreptu3u Ta iHdopmamii. 2020. URL:
https://bit.ly/3MeQpRYV.

4. Technology and Innovation Report 2021. Catching technological waves. Innovation with equity.
United Nations Conference on Trade and Development (UNCTAD). 2021. 196p. URL:
https://unctad.org/system/files/official-document/tir2020_en.pdf.

5. Recommendation on Open Science. UNESCO. 2021. URL: https://unesdoc.unesco.org/ark:/
48223/pf0000379949.

6. The EU’s Open Science Policy. An official website of the European Union. 2022. URL:
https://bit.ly/3wnzvtA.
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JOCBIJ 3ACTOCYBAHHSA CEPBICY GOOGLE ANALYTICS 3A 20122021 POKH
JJIs1 ONIHIOBAHHSA EPEKTUBHOCTI BUKOPUCTAHHS BEBPECYPCIB
HAYKOBO-IIEJATI'OI'TYHUX YCTAHOB

IBanoBa C. M., Kintbuenko A. B.
[actuTyT nudposizanii ocBitn
HamionanbHoi akagemii neparoriunux Hayk Ykpainu, M. KuiB, Ykpaina

AHoranis. B po0Ooti npoaHaiizoBaHo J1ocBiz 3acTtocyBaHHs cepBicy Google Analytics 3a mepiof
2012-2021 pp. nanst ouiHIOBaHHS €(EKTHBHOCTI BUKOPHUCTaHHS BEOpECYpCiB HayKOBO-TIEAAaroriyHUX
yCTaHOB Ha NMpHKIIaIi BeOcaiiTy «Enexrponna 6idmioreka HAITH Ykpaiam» [HcTuTyTYy 1IdpoBizaiii ocBiTH
HamionansHoi akaiemii nefarorivHux Hayk Ykpainu. PosrisiHyTo MoxkiuBocTi cucremu Google Analytics.
HaBejieHO HU3KY TTOKAa3HUKIB I110/10 MOHITOPHUHTY CaiiTy HayKOBOI YCTaHOBH 3a jJioromMororo cepsicy Google
Analytics mporsirom 2012-2021 pp. Buznaueno nuHamiky 3pOCTaHHS TPOLYKTUBHOCTI BUKOPUCTAHHS CANUTY
HAyKOBOI yCTAHOBH 3a MEBHUM MEpioJl Ta IUISIXH IiIBUILIEHHS PiBHS KOHBEpCii BeOpecypcy 3a JI0IOMOror0
HOro HamamTyBaHHS TaKMM 4YHHOM, W00 BiABiAyBaui Oulblie yacy OynM aKTUBHAMH Ha CalTi.
[lepcriekTHBHUM € ToAalbllle BIPOBA/KEHHST HOBUX iH(OpMAIiHHO-IM(POBUX CHUCTEM Y JisUTbHICTH
HayKOBHX YCTAHOB, 1[0 JIO3BOJUTH MMIABUIIMTHA CPEKTHUBHICTh HAYKOBO-TIEAArOrTUHUX OCITIIKCHb.

Kawuosi caoBa: Google Analytics, olliHIOBaHHS e(pEKTHBHOCTI BHKOPUCTAHHS BeOpeCypciB,
MOHITOPHHT, HAYKOBO-TIEJ]AroriyHa ycTaHoBa, IHPOpMaIiiHO-1TU(PPOBI 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 Bce O11bI1 BaXJIMBY pOJIb Ta BIJIMB HA PO3BUTOK €KOHOMIKM H KpaiHH B IIUIIOMY
BUKOHYIOTh HAyKOBO-TI€JAroriyHi YCTaHOBH, IO MarOTh HEOOXITHUH HAayKOBHM, KaJpOBHH, 1
TEeXHIYHMHA MOTEHIia]d JUId IOCTYIOBOTO Ta IHHOBALIMHOTO pO3BUTKY. Y CBOiifi HayKoOBO-
MearoTiyHii MisIpHOCTI BOHU BUKOPUCTOBYIOTH BIIaCHI BeOpecypcH: CaliT yCTaHOBH, €JIEKTPOHHY
610,110TeKy UM IHCTUTYLIMHUNA peno3uTapiid, CalT HAayKOBOT'O UM MEPioAUMYHOrO BUIAHHS Ta iH., K1
€ BUIKPUTUMHU 1 JOCTYIHMMHM [UIs O3HAWOMIIEHHs, OOrOBOpEHHS # 3acTOCyBaHHS HayKOBOT
CNIUIBHOTH Ta CBITOBOI I'POMaJICBKOCTI. BUHUKaE npobrema oTpUMaHHs CTAaTUCTUYHUX TAHUX 11010
OLIIHIOBaHHS €()EeKTUBHOCTI BUKOPUCTAHHS IIEBHUX BEOCANUTIB HAYKOBO-TIEIarOTTYHUX YCTAHOB, SIKY
MO’KHA BUPIMIXUTH IIJSIXOM 3aCTOCOBYBAaHHS PI3HUX 1H(OPMAIIIHO-IU(PPOBUX CUCTEM BIAKPUTOTO
nocrymy [1].

IMocTtanoBka 3aga4i. ToMy akTyaabHUM 3a60aHHAM € BUSHAUCHHS HaWOUIBII 3pyUYHUX Y
KOPHUCTYBaHHI 3ac00iB MOHITOPUHTY BeOpecypciB A opranizalnii MakCUMaJIbHOT epeKTUBHOCTI
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iX (yskuionyBanHs. g Takux 1iied € Oararo pisHUX 1H(GOPMAILIMHO-AaHAIITUYHUX CHUCTEM:
Clicky, Google Analytics, Spring Metrics, Mint, Woopra Ta iH., 3a JOIIOMOT'OI0 IKHX MOYHa SIKICHO
OLIHUTH €(PEKTHBHICTh BUKOPHCTaHHS BeOCAMTIB HAayKOBO-IIEJArOTIYHHUX YCTAaHOB, a TaKOX
BU3HAYNATH NOLUIBHICTH IX IMOJAIbLIOT MiATpUMKH. HalOUIbIn 3aTpeOyBatmil cepen MUX CUCTEM —
oesxomroBHuii cepic Google Analytics (GA) (https://analytics.google.com), mo € 3pydHnM
3ac000M MOHITOPHHIY BIOKPUTHX €JIEKTPOHHHUX CHCTEM, 3a JOIIOMOIOI0 SKOrO MO>KHaA 30MpaTH,
OIpalbOBYBATH Ta 30epiraT CTATHCTHYHI MOaHl IMOAO0 BHUKOPHCTAHHSI PI3HHX BeOpecypcis.
Moowcnueocmi GA [D03BOIAIOTH. OTPUMATH BIZOMOCTI IMOXO IUILOBOI aymuTOpil; OIIHUTH
e(DeKTUBHICTh KaHajliB Tpadiky, BHIBUTA CTOPIHKM 13 BHCOKMM IIOKAa3HUKOM BIiJMOB;
IIpOaHai3yBaTH Yac 3aBaHTaXXEHHS CAliTy Ta HOr0 CTOPIHOK; BIACTEKUTH IUHAMIKY POCTY HOBHX
BiZBiyBadiB 3a [P-anpecoro; meperisiiaTi akTHBHICTh HA CAlTI y PEKUMI PeaTbHOTO Yacy Ta iH.

MeTta pobdoTu — TpoaHaizyBaTH J0CBIT 3acTocyBaHHs cepBicy Google Analytics 3a nepion
2012-2021 pp. st O1iHIOBaHHS €()EKTHBHOCTI BAKOPUCTAHHS BEOPECYPCiB HAYKOBO-TIEAArOTTUHIX
ycTaHOB Ha Tipukiani BeOcaity «Enextponna 6i6mioreka HAITH VYkpainm» Iactutyty
nudposizaiii ocsiti HarionanbHaoi akagemii negarorigaux Hayk Ykpainu (ILLO HAITH Ykpaian).

OcHoBHa yacTuHa. 3a nonomMoroto cucreMu GA naykoBusMu 11O HAITH Vkpainu 3 kiHIs
2011 p. mpoOBOIUTHCS MOHITOPHUHT BEOpECYpCIB Ii€i YCTAaHOBHM Yy BWIJISIII 3BITHUX MarepiaiiB.
[IpoananizyeMo [0CBiA BUKOpPHCTaHHA BeOpecypcy 3a 2012-2021 pp. Ha npuxiangl cailty
«Enextponna 6ibmioreka HAIIH Vkpaium» (Eb HAITH Vkpaiau) (https:/lib.iitta.gov.ua).
HaBenemo ocnoeni oani, mo O0yno oTpuMaHo 3a meu nepion: xopucmysaui — 407 tuc. ocid (Bifg
27 tuc. y 2012 p. mo 48 tuc. y 2021 p.); cearcu (mepio 4acy akTUBHOI B3aEMOJIi€ KOPHCTyBaya 3
caiitom) — 764 tuc. (Bix 37 tuc. y 2012 p. 5o 96 tuc. y 2021 p.); nepeennou cmopinox — 5270 THC.
(Bix 235 tuc. y 2012 p. 1o 594 tuc. y 2021 p. OTxe, KUIbKICTh KOPUCTYBauiB caiiTy 3a 10 pokiB
30UTRIIIMIIACS Maike y 2 pa3u, ceaHCiB — y 2,6 pasy, meperysaiB CTOPIHOK BeOpecypcy — y 2,5 pasy.

Amnanis 3BiTiB GA 103BOJISIE TI3HATUCSA, 3 SIKOI KpaiHW KOPUCTYBadi BiABIAYIOTh CAlT, KOO
MOBOIO M 3py4HO yuTaTH myOsikaiii. Jlekiibka moka3HUKIB 11010 BiABiAyBaHHs caiiTy Eb HAITH
VYkpainu 3a 2012-2021 pp.: eeooani sidsioysauie (mosa) — 240 moB (Bix 41 y 2012 p. no 138 y
2021 p.); micye pozmawysanns kopucmysauis (kpaina) — 182 xpaiau (Big 66 y 2012 p. mo 139y
2021 p.). Takum umHOM, 32 10 POKIB 3HAYHO MOIIUPHIIACS AyTUTOPIs KOPUCTYBAdiB CaUTy: Y
2012 p. BinBimyBaui nmpeacTaBisuIM 66 kpain, a 'y 2021 p. ix Bxke Oyno Ha 73 kpainu Oinbmie — 139
KpaiH, criikyBasiuch BOHU Y 2012 p. 41 MmoBoto, ay 2021 p. — 138 moBamu. Ilicis oTpumanHs 1aHUX
10/I0 KOPUCTYBAUiB, yacy iX rnmepeOyBaHHs Ha CaiTi, iX IHTEpECiB TOIIO, MOXKHA IMOYMHATH pOOOTH
3 MIBUIICHHS PIBHSA KOHBEpCii, TOOTO HajamTyBaTH BeOpeCypc TaKMM YMHOM, 100 BiaBimyBadi
OinpIe yacy OyJid aKTUBHUMH — POOMIIN OUIBIIIE KITIKIB Ta MEPETIsIiB.

Onniero 3 HANOLTBIT KOpUCHUX QYHKITIH GA € MOKIMBICTh MOOAYUTH, CKUTEKH KOPUCTYBAYiB
3aX0JIUTh HA CAUT 3 MOOUTPHUX MPUCTPOIB Ta MPABUIHLHO HAAIITYBATH JUI1 HUX (PYHKIIIOHATBHOCTI
BeOpecypey, 10 MOKe BIUIMHYTH Ha Horo xoHBepcito. 3a 2012-2021 pp. mpocTexyeTbesl Taka
JMHAMiKa pOCTY BUKOPUCTAHHS MOOUTRHUX MPUCTPOIB: ceancie — 52 tuc. (Bix 363 B 2012 p. mo 23
tuc. B 2021 p.); kpain — 117 (Big 12 B 2012 p. 10 96 B 2021 p.); micm — 1689 (Big 42 B 2012 p. 1o
1106 B 2021 p.).

BucnoBku. ABTOpamMu poOOTH MpoaHai3oBaHO JI0CBi 3acTocyBaHHs cepBicy GA 3a mepiof
2012-2021 pp. 1u1s oLiHIOBaHHS €(pEeKTUBHOCTI BUKOPUCTAHHS BeOpECYpCiB HAYKOBO-TI€AArOriYHIX
yCTaHOB Ha npukiazi BedcaiiTy «Enekrponna 6i6mioreka HAITH Vkpainu» IO HAITH Ykpainu.
GA Hazae MOXJHBICTH 31CHIOBATH MOHITOPUHT BIIKPUTHX €JIEKTPOHHUX CUCTEM JJIsi 30UPaHHS,
OTpallfoBaHHs Ta 30epiraHHs CTATUCTUYHUX JJAHUX 1110710 Tpadiky Ta BiZBiAyBaHOCTI KOPUCTYBaviB
CaliTiB ANS OIIHIOBaHHS iX IMOKa3HHKIB, IO HAJa€ 3MOTY HANAIITyBaHHA I1X 3a MOTPIOHUMH
napaMeTpamMu i HANOBHEHHS BIAMOBITHO 1O 3allikaBIEHOCT1 BigBigyBauiB. [lepcrieKTHBHUM €
MOJIaNbllle BIPOBA/PKEHHS HOBUX 1H(MOpPMAIIHHO-IIM(PPOBUX CHCTEM B JABUIBHICTH HAYKOBHUX
YCTaHOB, 1110 J03BOJIHTH MIABUIIUTU €(DEKTUBHICT HAYKOBO-TIEIATOT1YHUX JOCIIKEHb.

CnucoK BUKOPUCTAHUX JIAKepeJT
1. IndopmariiiHo-aHATITHYHA TiATPUMKA IIEIATOTIYHUX JOCTIIKCHD HAa OCHOBI CJIEKTPOHHUX CHCTEM
BIIKPUTOrO JOCTYMY: MOCIOHMK / 3a HayK. ped. O. M. Cripina. Kuis: ®OII SAmunncekuii O. B., 2019. 208 c.
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OIITUMIBALIA KOMYHIKATUBHUX ITPOLECIB
Y CUCTEMI «JTIOJJUHA-TPAHCIIOPTHUH 3ACIB-CEPEJOBHUIIE»

JIntoBuenko B., Ilinropunii M.
UYepkacbKuii IepKaBHUH TEXHOJOTTYHHUIA YHIBepCcHTET, M. Uepkacu, YKpaiHa

AHoTauisi. B cTarTi po3risgaeTscsi cxemMa KOMYHIKATUBHOTO TPOIECY B3a€MOil 00’ €KTiB CHCTEMHU
«JIroquna-TpancnopTHHii 3acio-cepenopuine» (JI-T3-C). [IpobGiemaTruka MO0 MpoIeCy MOJSITae B TOMY,
IO JisUTBHICTH 00 €KTIB (YYaCHUKIB) Y 1ill CHCTEMI Ma€ pi3Hi MOXO/HKEHHS Ta BIACTUBOCTI, aJie HalliJieHa Ha
BHUKOHAHHS OJIHI€T METH — TIEPEMIIIICHHS B CEPEIOBHILI TPAaHCTIOPTHOTO 3aco0y (T3) min BILTMBOM AisSUTBHOCTI
moauau. [Ipu BUpIIIEHHI TIEpMaHEHTHOT MOAIl BCEPEJMHI CUCTEMHM KOXXHUH 3aJisiHUi 00’€KT Mae CBOI
crocobu Ta 3acobm BHpileHHsT ocHOBHOT MeTH. Koxuuit 06’ekt cuctemu JI-T3-C mae cBoro npupofy Ail,
IO TPU3BOJUTH JI0 HEOOXITHOCTI iX CHMHXPOHI3allil 3a/i1s1 YHUKHEHHS! KOH(IIKTIB. ABTOPH MPOIOHYIOTH
HaKJIaCTH Ha KOKHHH 00 €KT CHUCTEMH BJIACTHBOCTI, sIKi NpuTamaHHi jdroauHi. [lomaHa B cTaTTi cxema
ONTHMI3allii KOMYHIKATUBHUX B32€EMO3B’SI3KIB 0a3YE€ThCSl Ha PEAKIisIX OPTraHiB YyTTs JIIOANHH.

KawuoBi ciioBa: KOMyHIKaTUBHUE mporec, iHQopMaliiiHa cucrema, TPaHCIOPTHUH 3acil,
OIITUMI3allisl 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 ctBopenHi iHdopmaniiinux cuctemM T3 BUHUKae HEOOXIIHICTH BHOODY
HaWKpalux BIACTHBOCTEH: CKJIAJ, CTPYKTypa, 3MICT, 3B’SI3KM Ta 30BHIIIHI mapameTpu. Bubip
ONTUMAJIFHOTO BapiaHTy 0a3yeThCs HAa 00’ €KTUBHOMY MOPIBHAHHI €PEKTUBHICTh alIbTEPHATUB, K1
MatoTbes. [lpu cTBOpeHHI cucTeM BUPIIIYIOTHCS B 3ajadi: MOPIBHAHHA TEXHIYHOTO pPIBHS
CHCTEMHU 3 TEXHIYHUM pIBHEM PO3BHUTKY Ta IMOPIBHSIHHS OKPEMHUX AIBTEPHATHB CHUCTEMH, IO
CTBOPIOETBCS MK c00010. B mepiiomy BuIaiKy YacTilie 3a BCE BUKOPHUCTOBYIOTHCSI aOCOIOTHI
(dbopmu KpUTEPIiB; B IpyromMy — BiiHOCHI. J{7s1 peanizawii CHHTE3y KpUTepiiB HEOOX1IHO MPOBECTH
ontumizanito cucremu JI-T3-C.

Meta ny6.rikanii — onTuMizailisi CHICTEMH B3a€MOII1 MK JTFOJJMHOIO, TPAHCIIOPTHUM 3aC000M
Ta CepeZOBHIIEM, 32 PAXYHOK YIOPSAIKYBaHHS KOMyHIKAaTUBHUX MpolieciB B cuctemi JI-T3-C.

IlocTranoBka mpoduemu. B cydyacHUX TpaHCIOPTHUX CHUCTEMax MPUCYTHS OOMEXKEHICTh
aBTOMartu3aIllii. JKmo ysIBuTH aBToMaTu3ailito T3 y BUTIISA1 PIBHIB TO IIMPOKO BUKOPUCTOBYIOTHCS
cucrteMu jgonomMoru BojieBi (ADAS) Bu3HaueHI TOBApUCTBOM aBTOMOOUTbHUX iHXeHepiB (SAE)
[1]. Ha xoxHOMY 3 pIBHIB BUHHUKAIOTh TOTO, YHM IHIIOTO pojy KOHQIIKTH. Ha HIKHIX pIBHAX
3pocTa€ BIUTUB JIOAWHM Ha cucteMy. OCKUIBKM BTPY4YaHHS JIOJAMHOIO YacTO BigOYyBaeThCs
HECTO/IIBaHO 1 BUMAarae IBHAKOTO pearyBaHHs, TO II€ 3aBJAaHHS € CKJIaJHUM 1 BUKITUKAE BUCOKE
HAaBaHTaXXEHHS Ha BOJIS. Ale mpu 30UTbIIIEHHI PIBHIB aBTOMATHU3allii Ta aBTOHOMHOCTI, IS
JIIOIMHU BUIUIAETHCS POJIb criocTepirada. Taki ymoBH ekcrutyatamii T3, € Takoxx HeOe3MeuHuMH.
Ha piBHI aBTOHOMHOCTI BO/Iiif BUCTYIIA€ B POJIi OIlepaTopa aBTOMATUYHOT CUCTEMH.

94



Po3B’si3aHHs npodJieMu. 3aCTOCOBYIOUH JIFO/ICHKI BITYYTTS, pIB€Hb aBTOMATH3allii CHCTEMH
JI-T3-C, npoxo1uTh Ipy 3MEHILIEHH] EHTPOIIii 3aAisTHIX OpPraHiB BIIUYTTS JIOAWHYU IPH KepyBaHH1
cucremu JI-T3-C Ta cTBOpeHHS i JIOAWHU 1H(GOPMAIIHHOTO TOTOKY JaHUX KOHTPOJBHO-
aHaimitugHoro xapakrtepy. Omrumizamiss cucremu JI-T3-C mocsiraeTbcsi MUISIXOM CTBOPEHHS
MOJIPa3HUKIB HAa O0’€KTH IITYYHOTO MOXOJDKEHHS, SKi NPHUPIBHIOIOTHCSA 10 IOJAPAa3HHUKIB Ha
JIOTUHY.

JIOTIOBHIOIOUM ~ CTPYKTYpHY CXE€My pO3MOJIUTy CUTHamiB KepyBaHHS [3, 146]
KOMYHIKaTUBHUMH TIporiecamu (Tabiuis 1) oTpuMaemMo 3araibHy cXeMy OonTuMizaiii cucremu JI-

T3-C, nme cTpinmkol0 BKa3aHO ONTHMI30BAaHMHA MpOIEC EKCIUTyaTalii aBTOMAaTH30BAHUM
TPAHCIIOPTHUM 3ac000M (PUCYHOK 1).
Tabmuis 1 — KomynikatusHi npouecu B cucremi JI-T3-C
PiBHi
MarepianbHuit OyHKITIOHATEHUH [Tapamerpuunuit
O06’ext
Jlropuna TIJIO JIFOIMHU kepyBaHHa T3, aHasi3 AOPOXHIX | (i3UKO-XIMiYHI
NOJIM, NPUHHATTS pilleHb MpPH | BIACTUBOCTi, BIK, JOCBIiJ
JUHAMIYHUX TOMAIAX Ta 3MiHA | BOJAIHHS Ta NMCUXOQI3UIHHIMA
MapuipyTy pyxy CTaH
TpaHcropTHHIT | MaTepialbHO- TepEeMIIIEeHHS o 3amaHiil | Gi3uko — XiMiuHI
3acid TEeXHIYHUH 3acib | TpaekTopii MpocTopy, B3aEMOIIS 3 | BIACTHBOCTI, T'POMaJICHKUH,
B LILIIOMY 00’€KTaMH TPAHCTIOPTHOI CHCTEMH, | TIOCIYTH TIepeBE3CHHS Ta
TepeBe3eHHs b3 (o) (571 Ta | 00CITYTOBYIOUHIA
MaTepialbHIX 00’ €KTIB
Cepenosuie TpPaHCIIOPTHA JIOPO’KHE TTOKPHUTTS, 3HaKH, | Qi3MKO-XiMIUHI
iH(ppacTpyKTypa | pPO3MiTKa, HEPIBHOCTI, OCBITJICHHS, | BJACTUBOCTI, OCBITIICHICTb,
Ta HABKOJMIIHE | YMOBH  Ta  TEPEIIKOTM  JUISA | perbed Ta SKICTB
CepeIoBHIIE HepeMileHHS JIOPOXHBOT'O TIOKPUTTS
Crpareriuauii OmnepaTHBHUIH TaxTHUHNIH Buxonasamii
piBeHb piBeHb piBeHb piBeHb
MartepianbHHii T3 (% | T3
® . . T3 \ v
YHKI[IOHATBHUIA JTrvonuna N | JIroanHa A | T3
I i C v—> C | v T3
dpaMCTpHIHHH CpCIOBHIIC CpcaOBHIIIEC

Pucynox 1 — Cxema ontumizanii cuctemu JI-T3-C

BucHoBOK. 3aB/sIKM 3aCTOCYBaHHIO KOMYHIKaTUBHUX npoueciB B cuctemu JI-T3-C, peaxiis
Ta aamnTaiis cUCTeMU HaOIMKYEThCS IO agamnTallii JIOAMHM, MI0 3MEHIIYye psia KOH(]IIKTIB Ta
ONTUMI3y€e (PYHKIIOHATBHICTb, IK CUCTEMH, TaK 1 KOKHOTO ii 00’€KTy. 3MIHIOETHCS pIBEHb BILUIUBY
00’€KTIB OJIMH Ha OJJHOTO, 1110 IOMycTUMO NpH ¢yHKUIoHYBaHHI cuctemu JI-T3-C. Takum unHOM,
MIIBUIIEHHS PIBHS aBTOMAaTH3allil TPAaHCIIOPTHUX CUCTEM, 110 CTBOPIOIOTHCS HE MOPYIIYE 3B 30K
MDK 00’exTamu cuctemu JI-T3-C.

Cnycoxk BUKOPHUCTAHUX JAKepet

1. SAE_lInternational. SAE Levels of driving automation. 2013. URL:
http://cyberlaw.stanford.edu/loda.

2. JlutoBuenko B. B., Iligropuuii M. B. BuGip cnoco0y npoekTyBaHHS CHUCTEMH KepyBaHHS
TPaHCHOPTHUM 3aco00M. Cyuacrui meHOenyii po3eumKy Mauunob6y0y8anHs ma mpaHcnopmy. mamepianu

Bceeyxp. nayx.-mexn. xongh. Kpemenuyx: KpHY, 2020. C. 144-148.

95


http://cyberlaw.stanford.edu/loda

OI'JISI I MOKJUBOCTEMN OHJIAMH-CEPBICY LENS

MinrTiii 1., Bakamnwk T., IBanoBa C.
IacTutyT mudposizanii ocBitr HamioHanbHOT akagemil meJarorivHux HayK YKpaiHu,
M. KuiB, Ykpaina

Anorauis. I[1ix yac HarMcaHHs TOCTIPKCHHS BEJIMKE 3HAYCHHS BiJl CAMOI'0 MOYATKY Ma€ 3PYUHICTb 1
HIBHJIKICTh BUKOHAHHS yCiX MPOIECIB MOIIYKY MaTepialiiB, iX aHai3y a)K A0 3aBEpIICHHs TIEBHOTO eTamy i
MOUIMPEHHS PE3YNIbTATiB. BUIbIIICTh KOPUCTYBa4iB BUKOPUCTOBYIOTH JJIsl PI3HUX MPOIIECIB Pi3Hi cepBicH —
e MOXYTh OyTH 1 3BMYaiiHi MOIIYKOBI CHCTEMH, HAyKOMETpW4YHI 0a3u maHux, OibiioTeuyni pedepenc-
MEHEJDKEpH, CHOBIlIeHHS, MAmucKku Ta iHme. [IpoTe iCHYIOTH cepBicH, IO HaZalOTh MOXKIHUBICTH
BHUKOHYBATH Yyci Ii Jii, HapuKia] oHyaiiH-cepBic Lens. BiTun3HsaHI po3poOKH MO0 BUKOPUCTAHHSI IIEOTO
CEepBiCY CTAaHOM Ha ChOTOJHI BiACYTHI. B po0OTi pO3MISHYTO OCHOBHI aCIEKTH OO0 IOIIYKY, aHali3y,
YIOPSIAKYBAHHS, OHOBJIGHHSI Ta TIOMIMPEHHsI MaTepialiB JOCHiIPKEHHS, BUKOPHCTOBYIOUM cepBic Lens.
Cepgic Mae iHTYITUBHO 3p03yMinuii iHTepdeiic. Lens Mae HabaraTo mmpIii MOKIMBOCTI, HIXK 1€ PO3TIISTHYTO
y JOCTIDKEHHI, a IX pO3IJIsi] € HAPSIMOM HOJAJIBIIHNX JOCIIIKEHb.

KauoBi cioBa: pedepeHc-MeHekepH, HAyKOMETPWUYHI 0a3M JaHWX, CIOBIIEHHS, 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. CroroaHi 1aHi OHOBITIOIOTHCSI HAI3BUYAWHO MIBHJKO 1 KOXKEH JAOCIIIHUK MOTpeOye
3pY4YHUX IHCTPYMEHTIB HOLIYKY, aHaTi3y, YIOPSIKYBaHHS, OHOBJICHHS Ta MOLIMPEHHs MaTepianiB
JOCIIJDKEHHS. 3BICHO X, yC1 L1 MPOLIECH MOKHA peajli3yBaTH 3a JONOMOI0O BUKOPUCTaHHS IOCUTh
3HAMOMUX yCIM CEpBICIB:

— MOIIYK: MOUTYKOBI cucteMu (Hanpukiaza, Google nounryk);

— aHalli3: HayKOMETpUYHI 0a3u AaHux (HampuKiIan, Scopus, IHCTpyMeHT «Analyze search
resultsy);

— YIOPSIIKYBaHHS: HayKOMETpu4Hi 0a3u JaHuX, O0i0mioTedHi pedepeHc-MeHeHKepH
(manpukitan, Mendeley [1]);

— OHOBJICHHSI: MIJIHICKH, CIIOBIIIIEHHs (HallpuKiIa, cioBimeHHs Google Akagemii);

— nommpeHHs: 6ibmioTeuni pedepeHc-mMenemkepu (Hanpukiaa, Mendeley [1]).

IIpoTe Bci 111 MPOLIECH MOYKHA BUKOHYBAaTH, BUKOPHCTOBYIOUHM OJIMH OHJIaiH-cepBic — Lens.
Ha croronni MeTou4Hi po3poOKH 11010 POOOTH 3 IIM CEPBICOM BIICYTHI.

Meta po0oTH — OrJIs] MOXKIUBOCTEH OHIIalH-cepBicy Lens.

OcnoBHa yactuHa. Joctyn 10 onnaitH-cepicy Lens oTpumye Oyap-skuii 3apeecTpoBaHHMA
KopucTyBad. ICHye miaTHuil Ta Ge3KOIITOBHUN (JUIsI OCOOMCTOTO KOPUCTYBAaHHS, JJIsl HABYAHHS)
noctyn. Ilicns BBeJEHHS KIIOUOBUX CIIB Y IOJIe JUIS MOWIYKY (pUCYHOK 1) KopucTyBau Mmae
MOJKJIMBICTh BiQUIBTPYBAaTH OTPUMaHI Pe3yJIbTaTH 3a LUIOI0 HU3KOI MapaMeTpiB, 3IHCHUTH
aHaJi3 pe3yabTaTiB, YHOPSAKYBATH iX, 30€pIriiu K KOJIEKLIIO Ta MOMIUPHUTH pe3yIbTaTH, 00paBIIx
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MiJ 4Yac CTBOPEHHS KOJEKIii myOmiuHuid mgoctyn a0 Hei (pucyHok 2). 3aist HiITpUMaHHS
pe3ysIbTaTIB MOLIYKY B aKTYaJIbHOMY CTaHi CIIiJI CTBOPUTH AUHAMIUHY KOJIEKIIiIO.

LENS.ORG = English v Qur Apps v Pricing About v Work Area v Signed in as mintii v Support v

ot 31,051 Scholarly Works "Blended learning”

@ Hide Query Details QL Edit Search () Search Patents

FILTERS o Scholar Search Results

Date Range a Scholarly Works (31,051) = "Blended learning" ©

B Flags >

Filters: Year Published = 2001 -2022 ©

Sz & Author >

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

>

® @ Institution Country/Region > 31,051 25 36 36
2 @ ldentifier Type > —

@ Funding > Scholarly works  Citing Patents ETable iElList il Analysis
@ GE Journal > v ©@Expand  i=Customiselist  [®)SaveasQuery = Save as Collection [E share & Export

fI Conference Name > % Sort by Relevance
= E Publication Type > L

B Publisher , BLENDED LEARNING DI PERGURUAN TINGGI DI Institution Name
® TINJAU DARI PERSPEKTIF LEADERSHIP DAN IKLIM S, =3

= Subject Matter > ORGANISASI * ] "_“ g o’

# y w

0 cf' Open Access > Unknown Document  Feb 29, 2016 Open... State..  Univer.. Univer...

i Query Tools > Authors: Teguh Budiarto 192 143 71 70
E>> @ NewStructured S h Citing Patents: 0 Citing Scholarly Works: 2

ew Structured Searc e
o, & &
Show 10 Results = < 1 3 4 5 6 > G — 2

® Feedback

Feiffish Hnbuar

Pucynok 1 — Pe3ynbratu nomyky B oHJIaiiH-cepBici Lens

BucnoBku. OnnaitH-cepBic Lens Hajilae MOKITMBICTh BUKOHYBATH MPOIIECH TIONTYKY, aHATI3Y,
YIOPSIIKYBaHHS, OHOBJICHHS Ta TomMpeHHs. Ha BimMiHy Bia cepBiciB, IO HAJAlOTh aHAJIOTIUH1
MOCIYTH, — TIOIIYKOBUX CHCTEM, HAyKOMETpHYHHMX ©0a3 1maHuX, O01071i0TeuHHX pedepeHc-
MeHeKepiB, Lens peanizye KOMIUIEKCHHUH MIAX1T — yC1 TPOIIECH 3 BUKOPUCTAHHSM OJTHOTO CEPBICY.
BumieBukiiaziene He pO3KpUBAE YBECh TOTEHINAT MOXKIMBOCTEH OHJIAWH-CEPBICY, IO € HAIIPSIMOM
MO JANTBIIINX JIOCTIPKEHb. 30KpeMa, 3aciayroBye okpeMoi yBaru iHterpaiis Orcid Ta Lens. 3aBasku
IIbOMY peali30BaHO «3B’s3yBaHHS AaHUX 3 Lens 3 igeHTHdikaTopoM Orcid 1 ekcropTyBaHHS
MeTaganux 10 cBoro 3amnucy Orcidy» (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 — Pe3ynbraTu eKCiopTyBaHHSI MeTaiaHKX naTeHTy 3 Lens no Orcid

Cnmncox BUKOPMCTAHUX JIZKepeJt
1. Minriii L. C., IBanoBa C. M. Pedepenc-menemkepu sk 3aco0u KepyBaHHA OiOmiorpadiyaumu
OaHuMH. [npopmayiiini mexnonoeii ¢ oceimi ma uayyi: 30. nayk. npays. Bum. 12. Menitonons: ©OI1
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/.
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CEPBIC MENDELEY DATA s1K 3ACIb OITPUJIIOJJHEHHSA
EKCIIEPUMEHTAJIBHUX JTAHUX
Y HAYKOBO-IIEJAT'OI'TYHUX JOCJITKEHHAX

Ouaexciok B.II.
IacTutyT mudposizainii ocBitr HamioHanbHOT akagemil mearorivHux Hayk YKpaiHu,
M. KuiB, Ykpaina

AHoTauis. Y Te3ax MoJaHo aHali3 JIeIKUX MOXKIHBOCTeH cepBicy Mendeley Data, sikuii € cydacHuM
XMapHHM CXOBHWIIEM JUIsl MYOJNKyBaHHS EKCIIEpUMEHTAJIbHUX JaHUX HAayKOBUX JociimkeHb. Cepsic
Mendeley Data € po3pobkoro kommanii Elsevier. Jlani, 30epexeHi 3a JOMOMOI'OK HBOrO, JIETKO
IHTErpyIOThCS 0 MaTepiaiiB, omyOimikoBaHux Ha caiTi ScienceDirect. HaGopu manux, omyOJlikoBaHI B
Mendeley Data, orpumytoTs yHikadbpHi nudposi ingeHTrdikaropu DOI. BukopucranHas cepsicy cripuse
OOMiHY JOCHIJHMIIBKUMHU JaHWMH, 0 3a3BUYali BUMAaralOTh TI'paHTOBI (iHaHCyBaHHS. ONpUIIIOAHEHI
CKCIEPUMEHTAJIbHI JIaHl JIAI0Th MOKJIMBICTH ITOBTOPHOTO I1X BHMKOPHCTAHHS IHIIMMHU JOCHITHUKAMH,
BHACIIIZIOK YOTO CIIOCTEPIracThes MiIBUIIIEHHS BIITBOPIOBAHOCTI, TPO30POCTi Ta JOBIPH JI0 OPUTIHAIBHOTO
JOCIIDKEHHS. Y 3B’SI3Ky 3 IUM OIPHIIIOJHEHHS CSKCIIEPUMEHTAIbHUX JIAHMX HAYKOBHX JOCIHI/DKEHb €
THTIOBOIO MTPAKTUKOKO MPOBIIHUX CBITOBUX HAYKOBUX IHCTHTYIIIH.

KirouoBi cioBa: xMapHUil cepBic, BiITBOPIOBAHICTh €KCIIEPUMEHTAIBHUX JIOCTiKeHb, Mendeley
Data, BiAKpUTHH TOCTYII.

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 unigue 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 3pOCTaHHS KUIBKOCTI HayKOBUX JOCILIKEHb Bce OUIBIIOT
aKTyaJIbHOCTI HaOyBae mpoOieMa ONPHIIIOAHEHHS EKCIIEPUMEHTANBHUX JaHWX AOCHimKeHb. He
BUKJIIMKA€ CYMHIBIB, IO KUIbKICTh HAayKOBHMX IMYOJiKaliil € OmocepeKOBaHUM IOKa3HUKOM
HAyKOBOT'O 3pOCTaHHS Ta PO3BUTKY CycHUIbCTBa. OJHUM 3 TOJOBHUX KOMIIOHEHTIB SIKICHOTO
JOCII/DKEHHS € HOTO eKCIIepUMEHTaJIbHI J1aHl, CTATUCTHYHE ONPAIIOBAaHHS SKUX J1a€ MOKJIMBICTh
aBTOpaM OOI'PYHTOBAHO TOBOPHUTHU PO PE3yIbTATH Ta BUCHOBKH.

Merta po0oTu moJisirae y aHanlizl Aesdkux MoximBocTed cepBicy Mendeley Data mrono
nyOmikaiii y BIAKpUTOMY JAOCTYI HAOOPIB JOCTIAHUIIBKUX JaHUX.

OcHoBHA YyacTHHA. SIK TOKa3yIOTh ny6nu<au11 [0], [2], mpotiec mociimKeHHs 6e3mocepeIHbO
B32€MOIIOB’ I3aHMUIT 3 KUTTEBUM LIUKIOM [JaHHX, 1 X HEMOX/IMBO PO3AUIMTH. YIIPABIiHHS JaHUMH
€ B@KJIMBUM aCIEKTOM JOCTIPKEHHS, OCKUIBKH JOCTIAHUKHA 30UPaloTh 1 ONMpPalbOBYIOTh 3HAUHY
KUIBKICTh JaHUX. 3a3BHUail 11ei mporiec 3aiiMae ynMano yacy. Came yac € He3MiIHHUM (DakTopoMm
JUI JIOCSITHEHHS YCHiXy B IHHOBAIIHHUX HAyKOBUX Taily3siX. 3 iHIIOrO OOKy, HE HaJeXHO
OpraHizoBaHe JOCII/DKEHHS BUMarae 0arato yacy K JUis HOLIYKY MEepLIoJDKepels, Tak 1 JUlsd
oprasizaiiii i poBEJCHHS EKCIIEPUMEHTAIbHOI POOOTH.
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Jnst Toro, mo0 KepyBaTH pPI3HOMAHITHUMH JaHUMH, HAYKOBISIM MOTPiOHE BiAMOBigHE
cxoBumie abo mimatgopma IS JOBIOCTPOKOBOTO 30epexkeHHs. Takui miaxin 3a0e3neduTh
BIITBOPIOBAHICTh EKCIIEPHUMEHTY 3aBISKM MOXIIMUBOCTI IOAAJBIIOTO BUKOPUCTAHHSA JaHUX
aKaJIeMIYHOIO CIUIBHOTOK. YTPaBIiHHSA 3a3HAUYCHUMH JaHUMH T[ependadyaec BUKOPUCTAHHS
CreiaNi30BaHMX MPOrPAMHUX 3ac00iB, 30KpeMa pO3ropTaHHs XMapHUX cepBiciB. HalmpocTimmm
Croco0OM € BUKOPUCTaHHS XMapHHUX CXOBUI Ha 3pa3ok Google Drive, OneDrive, Dropbox, Mega
3 MOJAJIBIIMM TOCHIJIAHHSAM Ha (aiinu, omyOmikoBaHi y HuX. [IpoTe Takuii crocid Mae HEHOIKH,
OB ’s13aH1 3 OOMEXEHHSIMH JIETATILHOTO onucy (haiiiniB, 30KpeMa CTBOPEHHS iX MeTagaHuX. Takox
Taki (ainm, 3a3BUYall, HE MOXKIIUBO 3HAWTH B MEPEXi, OKPIM SIK 32 MOCHJIAHHSIM, HaBEACHUM Y
nyOumikamii. [HImM crnoco®oM ONPUITIOTHEHHSI €KCIIEPUMEHTAIBHUX JIaHUX € X apXiByBaHHS B
IHCTUTYIIHHUX PEro3uTapisix (EIeKTPOHHUX O0i0JIi0TEeKax) MOps i3 TEKCTOM CTaTTi. Y LbOMY
BUIIAJIKy METa/IaH1 yChOTO Marepiany OyAyTh OpraHi3oBaHi 3riHO CTaHAAPTIB (JIyOIIHCBKE S]IpO,
nporokos OAI-PMH), mo 3abe3neunTs Kpaile iHAEKCYBaHHS Ta moumryk. Takuil cmocid He €
MaKCUMaJbHO 3PYYHUM JJIsi HAYKOBIIIB, YacCTillle BIiH 3AIMCHIOEThCA (axiBIsiMH O107TI0TEK, K1
3a0e3reuyoTh JIMIIEe BUKOHAHHS Mpolecy apxiByBaHHsA. KpiM TOro, CTBOpeHHS Ta CYHpOBIJ
IHCTUTYI[ITHOTO perno3uTapito BuMarae kpamipikoBanux IT-¢axiBuiB Ta OibmioTekapis. Sk
MOKa3yIOTh AOCTIKEHHS, ICHYE 3HaYHUI PO3pUB MK HEOOXIAHMMM Ta HasBHMMU HaBUYKaMU
010J1I0TEYHOTO TIEPCOHATY CTOCOBHO YITPABJIIHHS TaHUMHU HAYKOBHUX JOCITIDKEHbD [3].

bepyun no yBaru BuIesragaHe, IOCHTIIHAKAM BapTO 30epiraTH JaHi y CIeIiali30BaHUX
xMapHuX cxoBumax. Omamm 13 1ux  cepemoBun] € Mendeley. CepBic HaJlIeKUThH
BCECBITHBOBIIOMOMY BUIaBHUUTBY Elsevier. 3arajom BiH € miIaT@opMor0 yIpaBiIiHHS
6101i0rpadiUHUMHU TOBIAKAMHU, a TAKOK IJIATGOPMOIO YITPABIIHHS JaHUMHU JJIS1 JaHUX JOCITIIKEHb.
CepBic MOXKHa OXapaKTEepHU3yBaTH K XMapHY IiatGopmy Ui yIpaBIliHHs, HAJaHHS JOCTYITY Ta
06MiHy 6iGmiorpadiuHEIMH MOCHIAHHAME i IOCTiIHHUBKUMH manuMu [0]. Moro ckimagHuk
Mendeley Data — 1ie BigkpuTe CXOBHIIE JTOCTITHUIBKAX JaHUX. ABTOPH MOXKYTh 3aBaHTaKyBaTH
JI0 HBOTO CHpI Ta OMpalbOBaHl JaHi JOCHIKeHb. BiH TakoX J03BOJISIE TPUBATHO OOMIHIOBATHCS
JAHUMU JOCITIDKEHb 3 OKPEMUMH 0C00aMH, 1, KpIM TOTO, JIaH1 MOKHA ITyOIIKyBaTH JJ1 BITKPUTOTO
0o0miny. UnMaso OCBITHIX Ta HAYKOBHUX YCTAHOB BUKOPHUCTOBYIOThH CEPBIC [Tl YIIPABJIIHHS PI3HUMU
Bugamu ganux [4], [5].

JlenoHyBaHHsI JaHUX 3 BUKOPUCTAaHHAM cepBicy Mendeley Data mae psi nepesar, 30kpema,
3pOCTaHHsI IUTYBAaHHS, 3HW)KEHHS IMOBIPHOCT1 BTpaTH JaHUX, BIITBOPIOBAHICTh EKCIIEPUMEHTY 1,
SK HaCJIJOK, IPOJOBXKEHHS IOCIDKEHHS HIIUMH HayKOBLSMU. JIOCHITHMKM MaroTh CIIpaBy 3
PI3BHMMHU THUIIAMH JIaHUX, TAKUMH SK TEKCTOBI, YHCIIOBI, rpadivyHi TOIIO, y PI3HOMAHITHHX
dbopmatax. Yci i THIU JaHUX MOXKYTh OyTH 30epekeHi y oHnaiH-cxosuini Mendeley Data. Huni
BiH € cepTrdikoBaHUM peno3uTapieM i3 ceprudikamiero CoreTrustSeal [6].

Po3rnsiHemMo neTanbHille Npouec ONpuItOJHEHHS JOCTIJHUIBKUX JaHUX 13 BUKOPUCTaHHIM
cepeicy Mendeley Data.

J1114 3aBaHTa)KEHHS MaTepiaiiB JOCTKEHHS IO CepPBICY HAYKOBI[IO MOTPIOHO BU3HAYUTH Ta
3aIOBHUTHU TaKIl MOJIA:

— Hasga Ta onuc Habopy;

— Jlani (dabinm) Ta iX THII;

— Ilepenik cniBaBTOpIB (CEpBIC IHTEIPOBaHMM 13 HAYKOMETPUYHOIO 0a3010 Scopus, a TOMY
aBTOMAaTH4YHO (popMye MocuiIaHHS Ha Mpo¢ill aBTOPIB) Ta iX NMPHHAJIEKHICT IO OCBITHIX 4H
HayKOBUX YCTaHOB;

— Kpoxku, 1m0 noTpiOHI BIATBOPEHHS Pe3yabTaTy JOCHIIIKEHHS;

— [IloB’s3aHi mocunaHHs, 30KpeMa Ha MyOIiKalliio, «CUpl JaH», po3podlieHe mporpamMHe
3a0€3IeUCHHS,

— Jliuensis.

[Ticnst Toro, sk Habip AJaHUX cOPMOBaHUH, BiH epedyBae y HEOMyOIIKOBAaHOMY CTaH1, SKUH
Ha3uBaKTh yepHemrkoro (draft). ¥ mpomy crani aBTOp Ma€ MOKJIMBICTh 3MIHIOBATH HA0OPH JTaHUX,
30KpeMa peJaryBaTd Ta BHAAIATH iX ckiaaHuku. Ilicns omyOmnikyBaHHs Habopy JaHMX HOro
HEMOXJINBO BUIATUTH.

[TyGnikyroun J1aHi 3a IOTIOMOTOIO CEPBiCYy, aBTOPU MOXKYTh 00paTH OJIHY 3 KUTbKOX JILIEH31H
Creative Commons 1 BiIKpHTHX JiIeH31i Ha mporpaMHe Ta amnapartHe 3abesnedyeHHs. KommaHis
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Elsevier He BOJIO/iIOE TaHUMHU, SKI 3aBAaHTAXKYIOTh Ta IMyOJIIKYIOTh aBTOPH 32 JIOTIOMOTOIO CEpPBiCY
Mendeley Data. HaykoBui 30epiratoTb KOHTPOJIb Ta aBTOPCHbKI IpaBa HaJ JAaHUMH, a TaKOXK
00HMparoTh YMOBH IX MOBTOPHOTO BuKopucTanHs [7]. Kpim Toro omyOmikoBaHuii HaOip JaHUX
orpumye 1HdpoBuii ineHtugikatop od'ekra DOI. ABTopu Marepially MOXYThb IepeiiMeHyBaTH,
MEePEMICTUTH Ta HaBITh BUIATHTH OKpeMi (aiimu. [1ix gac myOumikarii Habopy JaHUX aBTOP MOXKE
BKa3aTu JaTy, MICNIs HACTaHHS SKO1 JaHi CTAalOTh JOCTYIHUMHU (HAmpUKIam, mio0 BOHH Oymu
JOCTYIHI OJJHOYACHO 3 TIOB s13aHOI0 cTarTelo). Lle o3Havae, mo onuc i paiiam nporo Habopy AaHUX
He OyAyTh 3arajlbHOJIOCTYITHUMH J0 HAaCTaHHSA Li€l Aatu emOapro. Tum dacowm, iHma iHopmaris
npo Hallp AaHWX, Taka SK aBTOPH, Ha3Ba, LUTATH Ta IOB’SA3aHiI CTATTi, CTA€ JOCTYITHOIO
Oe3mocepeHbo nepes emoapro.

CepBic Mendeley Data mniarpumye IHAEKCallil0 Ta TMONIUPEHHS YChOTO CXOBHIIA
3arajibHOJIOCTYITHUX 3aMrciB HAOOPIB JaHUX 3a JomnmomMororo crannapty Open Archives Initiative
Protocol for Metadata Harvesting (OAI-PMH). Lle o3nauae, 1110 MeTaaHi i BCiX HAOOPIB TaHUX,
omybnikoBaHux y Mendeley Data, noctynmHi y BigkpuToMy GopMmaTi A TOJErHICHHS
BEJIMKOMACIITa0HOTO OTPUMAHHSA Ta aHaji3y 3alucCiB, L0 MIIKPECIIO€ MNPUXHIBHICT HOTO
PO3pOOHUKIB 1€IM BILAKPUTOI Hayll. Y MOJAIbIIOMYy OIMyOJiKOBaHI MeTajaHl 00’ €IHYIOThCS
B IHJEKC MeTamaHux cepmiciB DataCite (mOBHUI 1HIEKC METaJaHUX JOCITITHUIBKUX JaHUX) Ta
OpenAlRE. OcranHiil € gociigHUIbKkUM nopranoM €C, skuil mparte 3poOUTH sIKOMOTa OuIblie
pe3ynbTaTiB JOCIIPKeHB 3 kpaiH €C qoCTYmTHUMH IS BCIX.

BucnoBkmu. IlizcymoByroun BullleHaBeJIeHE, 3a3HAYUMO, 1110 IHTETpallisl YKPaiHCbKOT HAyKH
B €BPOIEHCHKHMIA TPOCTIp BUMArae MiIBULIEHHs SKOCTI JOCITiKEHb. IX aTpubyTamMu € IpoBeIeHHs
SIKICHOT, YITKOT Ta BIITBOPIOBAHOI E€KCIEPUMEHTAIBHOT pOoOOTH. YCi Il CKIAQAHUKUA JOIUIHBHO
MyOJIiIKyBaTH y BIIKPUTOMY JOCTYIl 3acO00aMHU Cyd4acHHX XMapHHUX CEPBICIB, OJHUM 3 SIKHX €
MenDeley Data. MimoBipHo, mo Taxi myGmikariii BioBiIaTUMYTh BUCOKHM KPUTEPISIM HAYKOBHX
JOCITIKEHB, 30KpeMa 3arajibHOIOCTYITHOCTI, BIAKPUTOCTI Ta MPO30POCTI SIK aBTOPCHKHUX TEKCTIB,
TaK 1 OTPUMAHUX y HUX PE3yJbTaTIB.
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PEKOMEHJIAIIi BAKOPUCTAHHSI IHOOPMAIIIMHUX TEXHOJIOI' T
Y BOEHHUMM NNEPIOJ JJISI HAITMCAHHS JUCEPTAIIMHOI POBOTH 3A TEMOIO
«MICTOBYAIBHI ACHEKTH OPTAHI3AIIII EHEPTOE®EKTUBHUX
EKOJIOTTYHUX MMOCEJIEHb»

Ceaixona 4. B.
XapKiBCbKHIA HAI[IOHAIBHUHN YHIBEPCUTET MIChbKOTO rocnogapcTsa im. O. M. bekerona,
M. XapkiB, Ykpaina

AHoTauisi. B cTarTi posrisiHyTo iH(pOpMaIliifHi TEXHOJOT1, SIKi JOMTOMOXXYTh HAYKOBIISIM, 3MYIICHUM
€BaKyIOBaTHUCS 31 CBOIX JJOMIBOK 4epe3 axXJIMBY BiliHy, HamaJ pocii Ha MUPHUX XHUTENiB YKpainu. B nei
HEJICTKUH TIepioJl, MPAaLOUN HaJ JAMCEPTAlliiHOK pOOOTO 3a cremiaibHicTIO 192 — ByniBHUITBO Ta
LMBUIbHA 1HXKEHEPIS, 3a TEMAaTHKOI HAyKOBOrO JOCTiIKeHHS «MicToOymiBHI acleKTH opraHizarril
eHeproe)eKTUBHUX CKOJIOTIYHUX TIOCeNeHb (Ha MpHKIaai XapkKiBCbkoi 005acTi)», po3polieHo
PEKOMEH JIallil, SIKi CTaHyTh B HATOJ1 JUISl YCITIIIIHOTO MPOJOBKEHHS pOOOTH HaJl HAIM CAHHSIM JUCEPTAIlii Ta
HAYKOBHX JOCII/KEHb Ha MPHUKJIAI i€l TeMaTuku. J{J1s JOCSITHEHHS MOCTaBICHOT METH PO3TIIIHYTO HU3KY
3aBJlaHb: BHSBIICHHS CyYacCHHUX HAYKOMETPHUYHHMX 0a3, siKi 3HAJOoOISIThCS il mojanbiioi poboTh Ta
KOMYHIKaIlii 3 HayKOBOIO CIUIBHOTOK YKpaiHu Ta CBiTy, BU3HAUCHHS OCHOBHHX NPO(UIBHHX Kepen
nyOuikaniii Ta podora 3 OibmiorpadiuHUMH MEHePKepaMH, JOCTIDKEHHS BapiaHTIB OOpOOKH NaHWX i3
3a3Ha4YEHOI HAyKOBOI cepu.

KarwuoBi cioBa: BoeHHUWE mepiol, jaucepTaiiiiHa po0oTa, HayKoMeTpu4Ha 0a3za, OibmiorpadivHi
MEHEDKEPH.

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 mrotoro 2022 poky, pocis Hamana Ha YKpaiHy MO BCi JOBXHHI CIUIBHOTO
KopJloHy, Bin Jlyranceka 10 YepHirosa, a Takox i3 tepuropii binopyci i okynoBanoro Kpumy.
Pociiiceka apmist 00cTpiisiia i3 apTuiiepii yKkpaiHChKi MPUKOPAOHHI 3acTaBu. PiqHe micto XapkiB —
LI€ MiCTO Ha HiBHIYHOMY CXOi, NEpIlla CTOJIMIS, HAYKOBUM LIEHTp YKpaiHu [1], 3a3Ha0 MacoBUX
6oMOapayBaHb. 3 KOXKHHUM JIHEM OKYIAHTH LUIECIPIMOBAHO BCE OUIbIIE 3HUILYIOTH IUBLIBHY
IHQpaCTpyKTypy, BHACTIOK 4YOro, royangacs eBakyawis: H[oaHs Onu3bko 30 Tucsu nronen
BIJINPABIIAIOTHCS 13 BOK3aly XapKoBa 0 O€3MeYHHMX MICIb, HA 3aXiJ KpaiHW Ta 3a KOpaoH [2].
JIronm 3My1IeH1 TikaTu 6e3 ycix HeOOXiHUX peueil, B HOTATH 103BOJISIOTH Y35TH JIMIIE JOKYMEHTH
Ta rpoimi. ToMy, B TakMii BaXXKHH 4ac, Oy10 BUPIIIEHO MPUCBATHTU CTATTIO PEKOMEHAAIISIM, SIKi
CTaHyTh B Haroi JJsl YCIIIIHOTO MPOJIOBXKEHHS HAIMCAHHs JUCEpTaliiiHOi poOOTH Ta HAYKOBUX
JOCIILIKEHb.
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MeTo0 podoTH € pPO3poOICHHS Yy3araabHEHUX PEKOMEHJAI WIOJ0 KOPHCTYBaHHS
IHTepHET-pecypcaMy Ta IHTEpPHET-CepBicaMH, SKi JONOMOXXYTh MOJIOJOMY HAYKOBIIO IIBUIKO
OTPUMATH Ta MPOAHATI3yBaTH MaKCUMaJbHY KUTBKICTh iH(OpMAIlii, siIka CTOCY€eThCsI 00’ €KTa HOTO
JOCIIDKEHHS TIPY HAIMCaHHI CBOET TUCEePTaIiifHOT poOOTH.

IMocTranoBka 3aBaaHb. [lJis1 JOCSATHEHHS MOCTAaBJIEHOI METH, HEOOXINHO BHPIIIUTH P
3aBJlaHb: BUSBJICHHS CYYaCHHX B HAYKOMETPUYHUX 0a3, sIKi 3HAHOOATHCA IS OJANIBIIOT pOOOTH
Ta KOMYHIKaIii 3 HAyKOBOIO CHUTLHOTOIO YKpaiHM Ta CBITY; BU3SHAYCHHS OCHOBHHUX MPOQITHHIX
JpKepen myOumikariii ta poborta 3 OiOmiorpadiuHMMH MEHEIKEpaMu; JOCTIDKCHHS BapiaHTIB
00pOoOKHM TaHUX 3 3a3HaYeHOT HAyKOBOi chepu. MeToM0JI0Tis BKITFOYAE OTIIS ] HAYKOMETPUYHUX 0a3
Ta OCHOBHUX JDKEpEN 3 TpoPLUIbHIMHU MyOTiKaIisiMHi Ta BU3HAUYEHHS 0i0miorpadiuHuX MEHEKEPIB,
3 IOJTAHWMHU JI0 HUX TTOCHJIAHHSIMHU.

®opmyaoBaHHA npodaemu. Ha croroaHimHii geHb, Ha Teputopii XapKiBChbKOi 00sacTi
(nuiry 3BicH), TPUBAIOTh aKTUBHI 00MOBI All, CTpa)kaae NUBLIbHA 1H(PACTPYyKTypa, THHYTh HI B
4OMY HEBHMHHI JII0OM, OOJIICHO U TipKO mMucatu mpo 1e. Yepes 110 curyailiro, YaCTHHA HayKOBIIB
Oyl BUMYILIEHI MOKHMHYTH CBOi JIOMIBKM Ta €BaKyroBaTHCS. MacoBe BHYTpIIIHE IEpeceIeHHs
CYTTEBO BIUIMHYJIO Ha SIKICTh UTTS Ta PIBEHb HAyKOBOi poOOTH Ta poboTu B3arani. T1i oy, ki
BKe 3a0e3MeueHi JKUTJIOM Ha 3axo/1 YKpaiHu, Yd BJIAIITYBAJIUCS 3aKOPIOHOM, Ta MAOTh JOCTYI
JI0 IHTEpHET PecypciB, 3MOXKYTh BIJHOBUTH CBOI HaIpaI[fOBaHHS Ta MPOJOBXKHUTH poOoTy. B i
CTaTTi MpejAcTaBlieHI HEoOXilHi, Ha MOI0 JIyMKYy, OCHOBHI I1H(OpMaIliiiHi TEeXHOJIOTii, fKi
JIOTIOMO>KYTh OPTraHIYHO IHTETPYBATUCS B HAYKOBHI MpOLIEC.

PesyabTaT nociigxenus. OIHUM 13 OCHOBHUX HamlpsMIB HAYKOBOi AISNIBHOCTI y BUIIIN
IKOJI1 YKpaiHu € BU3HA4YEHHS y3arajbHEHOI OLIHKH SIKOCTI Ta pe3y/IbTaTiB HAYKOBUX JIOCITIIKEHb
OKpPEMOTO BUYEHOTO, Kadeapu, (pakyabTeTy, YHIBEPCHUTETY 1 3aKjaiB BHUIINOi OCBITH YKpaiHU B
niomy. Ha choromHi cydacHi TeHACHINIT MPEACTaBICHHS HAYKOBUX JOCTIPKEHh BUMArarTh Bill
HAyKOBL IOJAHHSA OTPUMAHMX pe3yJbTaTiB J0O CBITOBUX, Oa)xaHO, OO 3arajbHOBH3HAHUX
MEepIOIMYHUX BHJIAaHb 1 BUJABHHUIITB, IO BXOJATH M0 PI3HUX HAYKOMETPHYHHMX 0a3 JaHUX
(Scopus, Web of Science, ORCID, ResearcherlD, ResearchGate, Google Scholar, Ukrainian
Scientists Worldwide, Microsoft Academic Search, Index Copernicus, Scientific Social
Community). Caig BigMiTHTH, IO KiIbKICHI IMOKa3HUKH IUX HAYKOMETPHUYHHUX 0a3 JaHHUX yCe
aKTHBHILIE BHMKOPHCTOBYIOTbCS 3apyODKHUMHM KpaiHaMM [ BHM3HAUCHHsS Ta OLIIHIOBAHHS
e(eKTHBHOCTI AiSUTbHOCTI SIK OKPEMOT'0 HAYKOBIS, KOJIGKTHBY UM OpraHi3allii, TaK 1 IepCrleKTUBHUX
HaIpsIMiB pO3BUTKY HayKH, iX (piHaHCYBaHHS TOIIO [3].

bibmiorpadiuni MeHemkepr — 1€ CHEIliaibHE MpOrpaMHe 3a0e3MedeHHS I 3alucy 1
BUKOPHUCTAHHS JITEpaTypHUX MocuiaHb. bidmiorpadiyHuii MeHeKep Aa€ MOKIMBICTD 30upatu
iHbopManito mpo myoOnmikamiro 13 06a3 JaHMX, MIATATYBAaTH JdaHi, MOTPiOHI A1 LMUTYBaHHS,
cTBOproBaTH Oi0iiorpadiro B pi3HUX aKaJeMIYHHX CTHJISAX, COPTYyBaTH 310paHi MOCHUJIAHHS 3a
MOJIAaHUM OTHCOM (aBTOpH, MyOJiKallisg JaHUX, KIIOYOBI ClOBa 1 T.1.), AOJaBaTH 3ayBa)XCHHS 10
LMTYBaHb, a TaKOX CHIBHOpaIoBaTu 3 IHIMUMU aBTopamu [4]. OcHoBHMMH O6i0miorpadigHUMEU
MEHEe/DKEpaMH, sIKi CTaHyTh B MPHUTOJi, Ta 3eKOHOMJIATh yac HaykoBis, €: BibDesk, CiteULike,
Citavi, Colwiz, EndNote / EndNote Web, Jabref, Mendeley, Zotero.

Juceprallisi MpUcBsiueHa AOCHTIPKEHHIO W aHaji3y eKOJIOTIYHOI Ta eHepreTUYHO1 CUTYallii B
VYkpaiHi, BU3HAUE€HHIO POJIi, IepeyMOB Ta 3aX0J(iB OpraHizauii eHeproepeKTUBHUX €KOJIOTTYHUX
MOCEJeHb B CTIHKOMY pPO3BUTKY Ta pPO3poOIli METOAOJOTTYHUX MICTOOYAIBHUX OCHOB
MIPOEKTYBAHHS 13 MOXKJIMBICTIO 1X 3aCTOCYBaHHs (Ha TepUTOPii XapKiBCbKOi 00sacTi). 3aiiicCHeHHS
MICTOOY/AIBHOT AIbHOCTI HEPO3PHBHO MOB'sI3aHE 3 aHANII30M Ta 00pOOKOIO MPOCTOPOBUX JTAHMX, A
TOMYy iH(poOpMaliiHa MIATPUMKA € OJHI€I0 3 (YHIAMEHTAIbHUX CKJIAJOBHX MICTOOYAIBHOI
nisibHOCTI. [Togaua Bcix BHIB MICTOOYIIBHOI TOKYMEHTAaIlli TOBUHHA 3/IIHCHIOBATUCS Y BUTIISIL
LUTICHOT CUCTeMM MicTOOYIyBaHHsS, fKa € IHCTPYMEHTOM YIpPaBIiHHS 3a0ylI0BOIO TEPHUTODIi.
CyuacHi iHpopMalliiiHi TEXHOJIOT1i 103BOJIIOTH 3HAYHO MIJIBUILUTH €(EKTUBHICTh pOOOTH OpraHiB
apXiTeKTypHOTO Ta MicTOOyIyBaHHSA Ta CKOPOTUTH Yac Ha HAJaHHS MOCIyr. B ocTaHHi poku B
YKpaiHChKMX MICTaX 1 perioHax 3Ha4yHO OuTblIe BUTBHUX BIIKPUTUX AaHuX. He3paxkatrouu Ha 1ie,
YacTo HeJerko 3HaWTH HeoOXiaHi naHi. ToMy, B poOOTI BUCBITICHO OCHOBHI PECYpCH, SIKi MOKHA
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BUKOPUCTOBYBATH ITiJ] Yac HaNMcaHHs poOOoTH Ta st po3poOku rmpoekTiB: Google Earth (manopamu
1 CyIyTHUKOBI 3HIMKH pi3HHX pokiB), SAS Planet (cymyTHHKOBI 3HIMKH 3 BHCOKOIO PO3JLUIBHOIO
3MATHICTIO JOCTYNHI s 3aBaHTaxeHHs), Wikimapia (pecypc, 1o J03BoJissle OTpUMATH
iHpopManio npo (akTUUYHE BUKOpPHUCTaHHS Teputopiit), Open Street Maps (MoaemoBaHHS Ta
yutaHHs Tomorpadiuanx kapt), Cadmapper (mepeTBOPIOE NaHi 3 BIIKPUTHX JDKEPEN, TaKHX SK
OpenStreetMap, NASA 1 USGS, B akyparHo opranizoBani ¢aiinun CAD), [lybniuna xamactpoBa
KapTa (MOKHa 3HAWTH H(OPMAIiF0 PO KAAACTPOBUI HOMEP 3eMENBbHOT TUITHKY, 11 MEXi, TUIONLY,
dbopMy BIACHOCTI, HUIHOBE MPH3HAYCHHS, 3TiAHO 13 KiIacu]ikaTopom, HasiBHI OOMEKEHHS Yy
BUKOPHCTaHHI Ta HITY KopucHY iHpopmanio), GEN (caiit rio6ansHOi Mepexi eKomoceaeHb, Ha
miatdopmi po3milieHa KapTa 3 pisHUMH THITAMH ITOCEJICHb Ha PI3HUX KOHTHHEHTax), CalT «Eko-
LUIb» (J1aH1 PO COHSYHY HCOJIALIIO 0 perioHax), Kapra coHsYHOT akTUBHOCTI perioHiB YKpaiHu
(coHAYHa 1HCOJISILISI — BUKOPUCTAHHS aJbTEPHATUBHMX JKEpesl B perioHax Ykpainu), Kapra
BITPOBO{ aKTUBHOCTI PET10HIB YKpaiHu (BITpoBa €HEeprisi — BUKOPUCTaHHS alIbTEPHATUBHUX JDKEpE
B perioHax Ykpainu), Kapra rigpoenepreTuuHoi akTHBHOCTI B perioHax YKpaiHu (TigpoeHepreTuka
— BUKOPUCTaHHS aJIbTEPHATUBHUX JDKEpeEN B perioHax Ykpainu), Kapra ycix TUIIB BiIHOBIIOBAHOT
EHepreTUK YKpaiHu (BUKOPHCTAaHHS YCIX albTEpPHATUBHUX JDKEpENl B perioHax YKpaiHu),
I'eomopran micToOyaiBHOTO KamacTpy XapkiBcbKoi oOmacti (6€3:1i4 KOPUCHOI MICTOOYIIBHOT
iHpopMallii MICTUTbCA Ha Wi margopmi). Ajle B BOEHHMI Nepioj, aAMIHICTpaTop reonopraity
3a0JI0KyBaB OCHOBHI CTOPIHKU I'€ONOPTATY B LUIAX OE3MEKH.

BucHoBku. Buxonsum 3 BHIE3a3HAYEHOTO, B POOOTI y3arajllbHEHO IHTEPHET-PECYpCH Ta
IHTepHET-CepBiCH, SIKI IOTIOMOXKYTh MOJIOJJOMY HAayKOBI[IO IIBUJIKO OTPUMATH Ta MpoaHalli3yBaTH
MaKCUMaJbHy KUIBKICTh 1H(OpMAIlii, siIKa CTOCYETbCS 00’€KTa HOTO JOCIIIKEHHS, JT03BOJIUTH
MaKCUMaJbHO SKICHO TIPOBECTH aHalli3 Ta OOIPYHTYBaHHS HAyKOBUX TNUTaHb y cdepi
MiCTOOyyBaHHs, TP HaMUCaHHI CBO€l mucepTarliiinoi pobotu. IlpemcraBieni mxepena
iH(bOpMaIlii Jar0Th 3MOTYy JOCITIPKYBAaTH O0COOJIMBI XapaKTEPUCTHKH Ta MPUHIIUITA TTPOCKTYBaHHS
eHeproe(PeKTUBHUX EKOJIOTITYHUX IOCEJICHb 3 HU3BKUM DPIBHEM CIOKMBAHHS PECypCiB, B SKHUX
MPEACTABJICH] THHOBAIIMHI TEXHOJOTII, apXiTeKTypHO-IIaHyBaJIbHI, TTPOCTOPOBO-KOMITO3HITIIHI,
€KOJIOTTYHI Ta €KOHOMIYHI 3aXOJ¥ BHKOPHUCTOBYIOYM CydyacHi iH(opmariiai TexHosorii. Cin
3a3HAYMTH, 110 HAYKOBA JISIBHICTh HALIOTO MICTa IPOJOBXKYETHCS, MU BIpUMO B IIEpEMOry, Ta
0e3MeKHO BIsTYH1 30pOMHUM CHiIaM YKpaiHW — HAIllUM IreposiM!
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BIIKPUTA YKPATHCHKA IMOITYKOBA CUCTEMA 1 BA3A JIAHUX
HAYKOBUX IUTYBAHb

®panuyk H. II.
Hamionanenuit nenaroriunuii ynisepcuret imerni M. I1. [Iparomanosa, M. KuiB, Ykpaina
Incruryr mudposizanii ocsirn HAITH Ykpainu, m. Kuis, Ykpaina

AnoTtauisi. Haykomerpuunuii aHaniz morpeOye po3poOKH TEBHHUX KPHUTEPIiiB Ta MOKA3HUKIB IS
OLIIHIOBaHHSI PE3YJIBTATUBHOCTI MEIArOriyHUX AOCTIpKeHb, O0’€KTOM JIOCIIDKCHHS € HAyKOMETPUYHI 0231
LIUTYBaHHS Ta CHIBIOpPAlsd MK HayKOBUMHU BHJABHHMIITBAMH, JOCIIJHHMKAMHU Ta IHIITUMH 3al[iKaBJICHUMHU
CTOpOHaMH 3 METOIO CIIPHSIHHSA HEOOMEXKEHIH JIOCTYIMHOCTI JaHuX PO LUTYBaHHSA B HAYKOBIiH JiTeparypi.
IIpeameroM JOCTIIKEHHS € TIONIYKOBA CHCTEMa i 06a3a maHux HaykoBuX ruryBans Open Ukrainian Citation
Index. B poGoTi omucaHO BIAKPUTY YKPaiHChKY IOLIYKOBY CHUCTEMY HayKOMETPHUYHHX IMTYBaHb.
Bigkputuit ykpaiHCBKHI MOKa)KYMK LUTYBaHHS MICTHTh METajaHi yciX BHJaHb 4Yepe3 BHKOPUCTAHHS
cepicy Cited-by Bim Crossref. Takox B cHcTeMi BPaxOBYIOThCS IUTYBaHHA MK myOumikamismu. B
iHTepdelici cucTeMu € QUIBTPU, BAKOPUCTAHHS SIKHX JI03BOJISIE MPOBOJMTH TOITYK TJOKYMEHTIB JIHIIE Cepell
BHJIaHb, 110 TIPEICTaBIIeH] B I’ siTr 6as3ax (Scopus, Web of Science, Nature Index journals, Directory of Open
Access Journals, Flemish Academic Bibliographic Database for the Social Sciences and Humanities), a e,
B CBOIO Yepry, CIIPOIIIYE TONIYK Ta aHali3 HAYKOBUX JIOKYMEHTIB.

KawuoBi cioBa: momykoBa cucrema, BIUIKPpUTHH yKpalHChkuid iHgekc 1utyBanb, OUCI,
pedepatuBHi Ta nMTaTHI 0a3W JAHWX, CHENiaNbHI IONIYKOBI CHUCTEMH, OHJIAWH-IHCTPYMEHTH JIJIsI
BiJICT&KEHHS HAYKOBHUX ITUTAT.

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. @axiBii /lepskaBHOI HaykoBO-TexHIYHOI 6i0mioTexkun Ykpainu Ha uoiii 3 Cepriem
HazapoBuem 3a nopydennsm Kosnerii MiHicTepcTBa OCBITH 1 HAyKH YKpaiHU pO3pOOHIIN CUCTEMY:
«Binkputuii ykpaiHChkuii mokaxuuk rutyBaHHs» (Open Ukrainian Citation Index — OUCI) [2].
Ilepma B Ykpaini HaykomeTpuuHa 0a3za modana cBoro po6oty B 2002 poui. Came me crajio
CBITYEHHSIM TOTO, 110 YKpaiHIli 3p00HIIN MepIi KPOKH, CIIPSIMOBaHI Ha IHTErpallito Ta BUXiJ HAIIOo1
HAYKOBOT CIIUIbHOTHU Ha cBiToBHI piBeHb [4]. OUCI — e He nuIe cuctema Jyis MoIyKy, a it 6asa
JTAHUX HAYKOBUX LIUTYBaHb, SIKI HAIXOAATh BiJl YCiX BUaHb, 1[0 BUKOPUCTOBYIOTH cepicu Cited-
by Bix Crossref [5] Ta Initiative for Open Citations [6].
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IMocranoBka 3agaui. [l ycmimHOI KOMYyHIKamii Ta 3MOTH COINANi3yBaTHCS KOXEH
HAyKOBEI[b IOBHMHEH BHKOPHCTOBYBATH LM(POBI TEXHOJOTIl Ui CTBOPEHHS IEPCOHATBHUX
npodiaiB, B SKHX pPO3MINIYBAaTH CBOI HampamioBaHHS. JIJis BITYM3HSHUX JOCHIIDKCHb €
000B’SI3KOBICTh IyOJIKallill y BHIAaHHSX, IO IHACKCYrOThCs, Kpim Google Scholar, me i B
MbkHapoaHuX 0azax manux Web of Science a6o Scopus. Lle poOutbes st Toro, moob yci 6aumin
BAXUIMBICTH X poOiT [4]. KpiM cTBOpeHHS TakuxX npo@iiB, iCHYIOTh e i TOUIYKOBI CUCTEMH i
0a3u JaHWX HAYKOBUX IUTYBaHb. JlaHe MOCIIHKCHHS MPUCBIYCHE OJHINA 13 JiIOYMX HA CHOTOIHI
BITYM3HSIHUX MOIIYKOBUX CUCTEM i 0a3i manux HaykoBux iuryBanb Open Ukrainian Citation Index.

Meta po60oTH — 03HAHOMUTH HAYKOBIIB 3 BIIKPHUTOIO YKPAiHCHKOIO CHCTEMOIO IUTYBaHb
Open Ukrainian Citation Index Ta cripuaTy 3aiqy4eHHIO BUJAaHb O HAIlOHAJIBHOI pedepaTuBHOT
0a3a JaHuX, sKa BIAMOBITAE BUMOTAM CyJaCHUX JIOCITITHUKIB.

OcHoBHa uyacTuHa. Buxopucranua cucremu OUCI nomomoxe 3 MOIIyKOM MNOTPIOHUX
HayKOBHX MyOJTiKalliif, 60 TOJIOBHOIO METOIO CTBOPEHHSI LIIET CUCTEMH OYyJI0 CIIPUSHHS JOCTYIHOCTI
JaHUX TPO IUTYBaHHS, SIKI € BIIKPUTHUMH, PO3NOJUIEHHMHU Ta CTPYKTYpOBaHMMH. Po3poOHUKH
XOTUTH TIPUBEPHYTH YBary YKpaiHOMOBHUX PeJaKIliil 10 MpoOeMu MOBHOTH Ta SIKOCTI METaJaHUX
crarel, mo0 MOKPANIUTH TIOJaHHS YKPATHChKUX HayKOBHX BHJIAHb Y CIEIIaTi30BaHUX MOITYKOBHX
CHUCTEMaXx Ta PO3IMIUPUTH YUTAIBKY ayJUTOPII0 HAIIMX BITUM3HSHUX BUIAHb [1]. st monermenss
poOOTH 3 LIEI0 CUCTEMOIO PO3POOHUKH MPOMOHYIOTH MPAKTUYHUNA MOCIOHUK, B SIKOMY OMHCYIOTh
nepeBaru BukopuctanHs cepBicy Cited-by Bix Crossref Ta miarpumku Initiative for Open
Citations [3].

KopucryBaui mMaroTh JOCTyN 10 CUCTEMH uepe3 BeOcailT (pucyHOK 1), Ha sIKOMYy MOKHa
o0paTu KpUTepii Ta BKa3aTH YyMOBH TOIIYKY. BHU3Y CTOPIHKK BKa3aHO KUIBKICTh ITyOJTIKaIlii, 1110
ABTOMAaTUYHO OHOBJIFOETHCS 3a PO3JUIAMH: 3 YCHOTO CBITY, 3 PI3HMX HAyKOBUX TUCIUILIIH, Y
BITUM3HSAHUX BUJAHHSAX.
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Kateropia ASJC
Kateropis xypHany
Fanysb 3HaHb
CneuianbHicTs
IHAeKCyETbCA B
LintyBaHHA

134 mnH

ny6aikauii 3 ycboro csiTy cTaHoMm Ha 01 TpasHs 2022 p.

1 647 398 130

YKPaiHCbKMX BUAAHD 3 Pi3HWUX HayKOBUX AUCLUNAIH Bia 366 nyoGAiKaLii y BITUNSHAHUX BUAGHHAX
BUAABUIB

Pucynox 1 —I'onoBHa cropinka Open Ukrainian Citation Index

Kpim 1poro, HaBesneHa aHalliTHKa, MounHaouu 3 1991 poky, 3a OUIBLIICTIO rany3ei 3HaHb.
I'padiuno moaarOThCs: KUTBKICTh MYOJIiKaIliil 3a poKaMy Ta KUTBKICTh IUTYBAaHb 32 pOKaMH. Takox
MICTSTbCS BUYEPIHI JaH1 PO MPOEKT, a came: npuHiun podot OUCI; sk npencTaBuTH xypHai B
OUCI; merpuxku OUCI; npuknagu BukopuctanHs OUCI; BiamoBidl Ha MOUIMpEHi 3alMTaHHS;
KOHTAKTH.
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BucunoBku. [TomrykoBa cuctema nparroBaTuMe Kpaiie, siKio Bei crarti Oynyts matu DOI. €
6arato IMpuKIIaaiB HEKOPEKTHOTO BUKOPUCTAHHS METPHUK HE TUTbKU B YKpaiHi, a i y CBiTi, pa3oM 3
THM, IIpoOJieMa HEe B CaMHX IHCTpyMEHTax 4 0a3axX JaHUX, a B KOPUCTYBadax, sKi HE JO KIHIIA
PO3YMIIOTh Ta HETOYHO IHTEPIPETYIOTh HAYKOMETPHUYHI MOKa3HUKU. IIpakTuyHa 3HAYYIIICTH
pOOOTH MOJIATaE B PO3KPUTTI XapaKTEPUCTUK Ta MOMYJApU3allii HAllIOHATHHOT ITOITYKOBOT CUCTEMHU
it 6a3u manmx HaykoBux muTyBanb OUCI. bo mociimpkeHHs HAMX HAYKOBIIIB 9aCTO 30CEpeKEH1
Ha HAIOHAJBHIA TeMaTuii, a, ODKe, Majlo MIKAaBIATh YKJIAJadiB  KOMEPUIHHHUX
OaratoaMCIUILTIHAPHUX 0a3, K1 30piIEHTOBaHI HA MDKHAPOIHY CITUIHHOTY.
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1. Open Ukrainian Citation Index (OUCI) — JIHTBH Vkpaimu. URL: https://dntb.gov.ua/
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2. OUCI. URL: https://ouci.dntb.gov.ua/ (nata 3BepHenus: 27.04.2022).

3. Hazaposeus C., bopucoa T. BigkpuTuii 10ocTyn 10 HAyKOBHX LUTYBaHb: MpakT. moci6. Kuis:
JHTB Vkpainn, 2019. 34 ¢. URL.: https://zenodo.org/record/2648786 (nata 3sepuenss: 05.05.2022).

4. Opanuyk H.II. Ludpori TexHomorii s OLIHIOBAaHHS pE3yJILTATHBHOCTI IEJAroriqHuX
JOCIIKEeHb. 36imHa HAyKoso-npakmudna kongepenyis Incmumymy yugposizayii ocsimu HAIIH Yrkpainu:
36. mamepianis, (M. Kuis, 10 mrot. 2020 p.). C. 66-69.

5. Cepsuc Cited-by or Crossref | Open Science in Ukraine. URL.: https://openscience.in.ua/cited-by-
crossref.html (nara 3sepuenns: 10.05.2022).
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Cekuis I. Komn’totepHe MoenoBaHHs Ta iH(OpMaIiiiHi CHCTEMH B €KOHOMILI

AHAJII3 NIPUHIOUIIIB, METOAIB I TIPOTPAMHUX 3ACOBIB
IMPOTHO3YBAHHS BAKAHCI HA PUHKY ITPAIII

Jyo6oBchkuii A. A.
UYepkacbKuii IepKaBHUI TEXHOJIOTTYHUH yHiBepcuTeT, M. Uepkacu, YkpaiHa

AHoTanisg. Y CYYaCHHMX yMOBAX, IO CKIIAIMCS HA PUHKY mpalli siK B YKpaiHi, TaK i CBiTi, aKTyaJIbHOIO
€ mpobnema TonIyKy i TPOrHO3yBAHH BaKaHCIi Ha MDKHApOJHOMY PUHKY npaul ska O 3aJ0BOJBHSIIA
moTpedr SK TMOTEHI[INHUX MpPAIBHUKIB, TaK 1 POOOTOMABIIIB, a TAKOX BHPIIICHHS IIi€T Hp06neMI/1 3a
JIOTIOMOT'OI0 CHelialIbHUX HAYKOBHX METOMIB 1 3ac00iB iX pean13au11 Meroto pobOTH € aHami3 HaHOUIBII
MOy ISPHHX METOJIiB TPOrHO3YBAHHST BaKaHCIi HA PHHKY npaul 1 MporpaMHuX 3aco0w, Mo ixX pean13yIOTL
Ha ocnoBi nporo aHaH13y Oyzie BU3HAYEHO BUMOTH JI0 BeO-0piEHTOBAHOT 1Hq)opMaumH01 CUCTEMH aHam3y i
MPOTHO3YBaHHS BaKaHCI Ha PUHKY Npali, 0 pPO3pOOISETHCS aBTOPOM Y MeXKax JUCepTalliifHOro
nociipkenas. [IpakTHdHa 3HAYYIIICTh JOCIHIPKEHHS MOJSArac y TOMY, IIO CTBOPEHHS TakKoi CHCTEMHU
HAJacTh MOXJIMBICTH 11 KOpUCTyBauaMm y Oynb-ikuii 4ac i Oyap sIKOMY Micli, Jieé € JOCTYN JI0 Mepexi
[HTepHer, onepkyBaTH akTyalbHY iH(OpMAIiF0o PO BaKaHCIi Ha PUHKY Ipalli SIK 32 TIEBHUMH PEriOHaMH,
TaK 1 MEBHUMH NPOQEcisiMH, a TAKOXK 3/IHCHIOBATH MPOTHO3YBAHHS 3MIH Ha PHHKY Ipalli 3a JIOIIOMOTO0
MaTeMaTHYHOTO MOJIEITFOBaHHS 3 BAKOPUCTAHHSIM CYYaCHUX HAYKOBHX METOJIIB 1 MiJIXOJIIB.

KuarouoBi cjioBa: Meroau NpOTrHO3YBaHHS, NPUKIAIHI MPOrpaMu, BaKaHCIl, pUHOK IMparli, BeO-
opieHTOBaHa iH(opMaIliiiHa cucrema.

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. CyuacHe AOCHIDKEHHS PUHKY Tpaii HEMOXIJIUBO BUKOHATH 0€3 BHKOPUCTAHHS
iHQOpMaLIfHIX TEXHOJIOTIH, MaTeMaTUYHUX Ta CTaTUCTUYHMX METOMIB, a TAaKOX NPHUKIATHUX
porpam, siki JatoTb MOKJIMBICTb OLIIHUTH MMOTOYHY CUTYALlil0 Ha pUHKY MTPalli, BAOKPEMHUTH iICTOTHI
Ta HECYTTEBI UMHHMKM Ta (aKTOpu HOro po3BUTKY, NPUYMHU COILIaIbHO-EKOHOMIUYHOT
HECTaOUIbHOCTI, Ta 3pOOUTH aJEKBAaTHUI MPOrHO3 TUHAMIKM Ta TEHJCHIIN pPO3BUTKY MOKA3HUKIB
Ha puHKY nparii. [IpoananizyBaBIM npoiecy Ha pUHKY Ipalli B yaci 3a J0OMOT0I0 MaTeMaTUYHOTO
MO/IEIIOBaHHS, MOXHA OTPUMATH Pe3yIbTaTH MOTOYHOIO, PETPOCHEKTUBHOTO Ta MEPCIEKTUBHOIO
CTaHy LIbOTO PUHKY. Pe3ynpTaToM MaTeMaTHYHOTO MOJIETIOBAaHHS CTaHYy PUHKY Ipalli € mooynoBa
KOPOTKOCTPOKOBOTO abo JIOBrOCTPOKOBOTO IPOTHO3Y #Oro MOBEJIIHKH, 110 HaJla€ MOXIIUBICThH
BHOKDPEMHTH ICBHI KPUTEPii Ta BEKTOPH PO3BUTKY PUHKY IpaIli Ta HOro PeTy/IOBAHHA. Hpormec
MOJICTIOBaHHA TOBHHEH Bmo6pa>i<am OCHOBHI BHYTpIIIHI Ta 30BHIIIHI B3a€MO3B’SI3KH MDK
eJIEMEHTaMU I1i€] eKOHOMIYHOI MiJCHCTEMM Ta IHIIMMHU €JeMEHTaMH e€KOHOMIKH. CyThb Takoro
MO/IETIOBaHHS 3BOUTHCS /IO IPOrHO31B TEHACHIIH ANHAMIKH 3aiHATOCTI Ta 0€3p00ITTS HACETIeHHS,
3apo0iTHOT MJIaTH MPALIBHUKIB, MpodeciiiHo-KBai(piKaiifHOT CTPYKTYpH 1 T.1I.
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IMocTtanoBka 3agaui. ['0JIOBHMM NpU3HAYEHHSM MATEeMAaTUYHOTO MOJICNIIOBAHHS PUHKY
npami € aHali3 eKOHOMIYHMX TPOLECiB, IO BiIOYBAIOThCS HAa PHHKY Ipali, MPOTHO3yBaHHS
HanpsAMIB HOTO PO3BUTKY, PO3POOICHHS YIPABIIHCHKUX PIllIeHb HA BCIX PIBHAX (YHKIIOHYBAHHS
cdepu TpynoBux BitHOcHH. OFHAK, CKIIQAHICT COLIAIBHO-€KOHOMIYHHX MTPOLIECIB HAa PHUHKY Ipalli
i y3aranmi B Oynp-siKii EKOHOMIYHIM cHCTEMi HE Ja€ 3MOTM BHKOPHCTOBYBAaTH pE3yIbTaTH
MOJICTIOBAaHHS Ta MPOTHO3YBAaHHS SK €IMHE YIPABIIHCHKE PIMICHHS, BOHU € TUIBKU CKIIAJ0BOIO
YaCTUHOIO JIISUTBHOCTI JIFOJIEH 13 peryiioBaHHS PHHKY mpali. ICHye BelHKa KUTbKICTh METOJIB
€KOHOMIKO-MaTeMaTHYHOTO MOJICIIOBAHHS Ta IMPOTHO3YBAaHHS, JAEAKI 3 HUX JOCTaTHHO JTaBHO
BUKOPHUCTOBYIOTBCS JUIi TpPOTHO3y U ananizy. IIpoTre B yMoOBax CoOIialbHO-EKOHOMIUYHOI
HECTaOUIPHOCTI Ha PUHKY Mpalli BapTO 3aCTOCOBYBATH HOBI METONM ab0 iX KoMOiHAIli 3 yxke
icHytounMu. Takok He MEHII BaXJIMBUM AaCHEKTOM € TIOCTiifHa aBTOMAaTH3allisi E€KOHOMIKO-
MaTeMaTUYHAX METOMIB Ta MOXKJIMBICTH 3aCTOCOBYBaHHS HAYKOBIIIMH Cy4acHHX MpPOTPaMHHUX
MPOJIYKTIB 3 OIJIsiAY Ha BUCOKY BapTICTh Ta MPOOJIEMHU X ONaHyBaHHS.

Metoo poOoTHM € aHani3 OCHOBHMX MPUHIMIIB, HAHOUIbII MOMYJISIPHUX METOMIB
MIPOrHO3YBaHHS BaKaHCIM Ha PUHKY Ipalll 1 IporpaMHHUX 3acoOH, 110 iX peani3yloTh, a TaKOX
BU3HAUEHHS Ha 1[I OHOBI KJIIOYOBMX BHUMOT JO MOAYJS IPOTHO3YBAaHHSA BEO-OPIEHTOBAHOI
1HGOpMaLIIITHOT CUCTEMH aHANII3Y 1 MPOTHO3YBAaHHS BAaKaHCIM Ha pUHKY Ipalli, 110 PO3POOISETHCS
ABTOPOM Y MEXaxX TUCEPTAIIMHOTO AOCTKCHHS.

OcnoBHa yactuHa. OCHOBHUMH TPUHIIMIIAMH TPOTHO3YBAaHHS PO3BHTKY PUHKY TMpalli
MO)XHa BBaXaTu [l]: CHCTEMHICTh NPOTHO3YBaHHS; BIAMNOBIIHICT MPOTHO3YBaHHS CYy4aCHUM
HAayKOBUM JOCIIDKEHHSIM a00 HAyKOBICTb, aJ€KBAaTHICTb IPOTHO3IB pEaJbHUM IpOoIecaM;
CIleHApHUH XapakTep nporHo3iB. Cucmemuicms BU3HAYAE, IO PUHOK TpaIll 1€ IMUTICHA CHCTEMa,
sgKa Ma€ B coOl CYKYHHICTb OKpEMHUX B3a€EMOIIOB’S3aHMX €JIIEMEHTIB Ta BKJIIOYae B cebe
B3a€EMO3AJICKHICTh (PaKTOpIB, MOCTIMOBHICTh Ta MIAMOPSAKYBAHHS METOMIIB JOCIIKEHHS,
BpaxyBaHHs (haKTOPIB COIIAIbHO-€KOHOMIYHOT HECTaOUIPHOCTI Ta BHYTPINIHIX 1 30BHINIHIX
BUKJIUKIB. Hayxosicms BIAMOBIAAE 3a TOEMHAHHS OO0 €KTHMBHUX 3aKOHIB JIFOJCHKUX 3HaHb,
OB’ SI3aHUMU 3 BUKOPHUCTAaHHSIM MaTEMaTHYHOTO MOJIEIOBAHHS 1 IPOTHO3YBAHHS Ta BUKOPUCTAHHS
CydacHHUX I1H(QOpMAIIHHUX CHCTEM 1 TEXHOJIOTIH, 3 IMOJANBIIOI Bi3yali3alli€l0 Pe3yJbTaTiB
JOCIIKEHHS. Adexgamuicms PETYIIOE MEPEeBIPKY HASIBHOCTI B MOJIEN1 BCiX ICTOTHUX (DaKTOPIB 1
BIJICYTHOCTI HECYTTe€BHX (DaKTOpiB, TMEPEBIPKY HAABHOCTI Ta TOYHOCTI 3HAYCHHS 3MIHHHX,
MEePEBIPKY CTAaTUCTUYHUX TiIMOTE3 Ta Kpoc-nepeBipky. [IpuHuun cyenaprocmi 3abe3nedye BUOIp
MMOKAa3HUKIB PUHKY Ipalli, 3HAYCHHsI IKUX MOYKHA BapirOBaTH, KOMOIHYBaHHS KIIOYOBUX (haKTOPIB,
pO3poOKy Ta aHajii3 CIeHapiiB PO3BUTKY, BHOIp CTparterii 3 ypaxyBaHHSIM BCIX MOMJIMBUX
CIIeHapiiB.

PerpocnekTuBHMIT aHATI3 € BUIOM €KOHOMIYHOTO aHali3y, 10 CIPSIMOBAHUN HA MOPIBHIHHS
(bakTUYHUX PE3yIbTATIB MISJIBHOCTI PUHKY Mpalli, BU3HAUEHHS BEJIMYMHHU BIUIMBY (PAKTOpIB Ha
3MIHY pe3ylbTaTiB HOro [JIUIBHOCTI, MiApaxyHOK pe3epBiB MiABUIICHHS e()eKTUBHOCTI
(GYHKIIIOHYBaHHSI PUHKY TIpalli, BU3HAYCHHS LULIXIB MOOiTi3amii 3HaliIcHUX pe3epBiB ToIo [2].
ExonomerpuuHuii aHaji3 Ja€ 3MOTy MpoaHalli3yBaT eMITIPHUYHI 1aH1 3a IOMTOMOTOI0 CTATUCTUYHUX
METO/IiB, KUTbKICHO BUMIPSATH BIUIMB YMHHHKIB HA T1 UM 1HIII €KOHOMIYHI SBHIIIA, TOOTO BUSBUTH 1
MaTEeMaTHUYHO OIMUCATH KUIbKICHI B3a€MO3B’SI3KM MDK €KOHOMIYHMMHU 3MIHHHUMH, MPOCTO 1
JOCTYITHO ONMUcaTH (pakTopu Ta iX 3HAYYILICTh [2].

ANbTEpHATHBOIO CTATUCTUYHMM METOJaM Il 4Yac MOJENIOBaHHS Ta IPOrHO3yBaHHS
PO3BUTKY PHMHKY IIpalli € METOAM IHTEeNeKTyalbHOro aHamizy naHux. Cepel Takux METOIB
BUJUISIOTBCS METOJM, 10 BUKOPHCTOBYIOTH IITYYHI HEMPOHHI Mepexi. 3aCTOCyBaHHS amapary
HEHPOHHHUX MeEpeX CBhOTOJHI € JIOCTaTHhO IMOWIMPEHUM. BiH BHUKOPHUCTOBYETHCS IS
IIPOrHO3YBAaHHS KaJpPOBHUX MOTPeO MiANPUEMCTB, MOTpPed poOOYOi CHUIM B CHCTEMI «IIOMHUT-
MPONO3ULIi», M Yac BHU3HAYEHHS HANpsAMY HOPUNHHATTS YIPaBIIHCHKUX pILIEHb Yy CHCTEMI
TPYIOBUX BITHOCHH, HMPOTHO3YBaHHS PO3BUTKY PEriOHAIBHUX PHUHKIB Mpalli, MPOTHO3YBAaHHSI
OILIIHKM YCHIIIHOCTI NpariBHUKIB [3].

CporoiHi iCHY€ TOCUTh BEJIMKa KUTBKICTh MAKEeTIB MPUKIIAJAHUX MIPOrpaM JJIs aBTOMaTH3amii
METOJIB aHaji3y Ta IMPOrHO3YBaHHS IMPOLECIB Ha PUHKY Mpami. 3a (QYHKIIOHATbHUMHU
MOKJIMBOCTSIMM 1X MOXKHA TMOAUIMTH HAa TPU BHU3HAYAIBHI TPYIU: 3d2albHO20 NPUSHAYEHHS.,
npoghecitinoco npuzHauents, cneyianizosanoeo npusnadenus. IIpore 0CHOBHUMH NMpOoOIeMaMH i
yac BUOOpPY MPOrpaMHOro 3a0E3MEeUYeHHs € IX HEJOCTYMHICTh IHAMBiNYyaJbHOMY KOPHUCTYBayeBi
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(BHCOKa BapTiCTh), HENOCTATHICTh Yacy y JMAOCITITHHKIB Ha OCBOEHHS JEKUIBKOX IPOTPaM,
Bi;[cyTHiCTb y 6aratbox O€3KOLITOBHUX MakeTax rpadiuHoro iHTepdeiicy, BiILCYTHiCTB B OJHIH
HporpaMl HEOOXiTHUX (YHKIIH, 10 NOTPIOHI KOPUCTYBady sIK 3 OOKY MOTEHLIHHOTO HpaI_IlBHI/IKa
Tak 1 poboTomaBus. Y Tabmuni 1 HaBeIEeHO METOAM, IO BUKOPHUCTOBYIOTHCS JUIS aHANI3Y PUHKY
npalli, Ta HaKeTH NPUKIAJHUX IPOTpam, A€ BOHU peanizyloThes [4].

Tabmuus 1 — MeToau aHajiizy puHKY Npami Ta NaKeTH NPUKJIAJAHUX NPOrpaM, e BOHH

peaizyloThcs

Meroay aHanizy pHHKY Ipairi ITakeTn mpuKIaIHUX IpOrpaM

Meroau cuctemuoro ananmizy | QSB (Quantitative Systems for Business), Minitab, Matlab, Stata,
Gretl, JMulti

Meroau onpalroBaHHs Microsoft Excel, XLSTAT, Gretl, EViews, SPSS

CTAaTUCTUYHUX JAaHUX

ArperatHe iHJICKCYBaHHS Microsoft Excel, XLSTAT, Gretl

MacwuBH IHANKATOPIB QSB (Quantitative Systems for Business), Minitab, SPSS

Meros OpiBHSAHB R (R Foundation for Statistical Computing), Curve Expert,
DATAWRAPPER

OriHIOBaHHS 30BHIIIHIX Ta SAS (Statistical Analysis Software), Minitab, SPSS, Microsoft Excel,

BHYTPINIHIX (aKTOpiB XLSTAT, Gretl, Curve Expert

MeToau CTaTUCTUIHOTO Minitab, SPSS, Matlab, Microsoft Excel, Stata, Gretl, Statistica,

aHaizy EViews, QSB (Quantitative Systems for Business), Minitab, JMulti

CraTrcTHYHI Ta TUHAMIYHI GraphPad Prism, Microsoft Excel, XLSTAT, Curve Expert,

0aJlaHCOBI MOJIEII DATAWRAPPER, STATISTICA, EViews, MESOSAUR, NetlLogo

MeToau COMioNOTTYHUX AnyLogic, Simulink, Microsoft Excel, Mathcad, SPSS Statistics

JOCITIDKEHD KornituBue mozentoBanus «KKAHBA», Growthbar, Living Facts, US

Census Business Data, Social Mention

MeTo/i eKCITEPTHUX OIIHOK Microsoft Excel, MATLAB (The Mathworks)

Meroz aHaji3y TpEHIIB Statistica, Matlab

Meroz 4acoBUX PSIIiB InfluxData, Trendalyze, Amazon Timestream, DataStax, Prometheus,
QuasarDB, Warp 10, InfluxDB, Kdb+, Actian X, Axibase Time Series
Database, Microsoft Excel, EViews, MESOSAUR

Amari3 creHapiis Microsoft Excel

AmHaii3 KoehiIlicHTIB MathCad, Matlab, Microsoft Excel, Statistica

Heiiponni Mepexi SPMD, Computer Art Studio, Viscovery, SOMine

Meroau onTuMizanii Mathcad, MatLab, Microsoft Excel, Statistica, Decision Support

TOKA3HMKIB System (DSS)

ImiTaniiine MOIeTFOBaHHS Arena, AnyLogic, GPSS World, Process Charter 1.0.2, Powersim 2.01,
EViews

Meroau MaTeMaTHIHOrO Microsoft Excel, XLSTAT, Gretl, JIMulti, Curve Expert, Statistica,

aHaIzy EViews

[HIIi METOAM EKOHOMIKO- QSB (Quantitative Systems for Business), Minitab, Matlab, GraphPad

MaTeMaTHuHOro Momemosanus | Prism, Microsoft Excel, XLSTAT, Gretl, JMulti, Curve Expert,
Statistica, EViews, MESOSAUR

BucHoBkM. 3rilHO O MPOBEACHOTO aHANI3y METOIIB 1 3ac00iB MPOTHO3YBaHHS 3pOOJICHO
BHUCHOBOK, 1110 HAHOUIbIII CydaCHUMU 1 €PEKTUBHUMHM € METOM IHTEJIEKTYaJIbHOTO aHaJi3y AaHUX,
30KpeMa METOJH, 10 BUKOPUCTOBYIOTh IITYYHI HEHPOHHI Mepexi sIK KJIaCH4Hi, TaK 1 HEUITKi, a
HallOuTbII 3aTpeOyBaHUMU € BeO-OpIEHTOBAHI MPOTpPaMHi 3aco0M, IO iX peani3yloTh. Y Mexax
JOCIIJDKEHHS CTBOPIOETHCS Be0-0pi€HTOBHA iH(OpMalliiiHa TeXHOJIOTd, 1o Oyae Ha 6a3i METOiB
IHTENICKTYallbHOTO AHAMI3y JAHUX, HPOPAaXOBYBATH [ESKI PHU3MKH Ta MPOTHO3YBATH OCHOBHI
TeH/IEHIIT Ha pUHKY Ipani. Ha ocHOBI oJiep»aHoro nporuo3y O0yzae OyAayBaTHCh MOJENb 3MiH Ha
PHUHKY Tpailli, Ha 6a3i sikoi Oy/e Bii0yBaTUCh BUOIpKa aKTyaJIbHOTO CTaHy PHUHKY MpaIli.
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109



BUKOPUCTAHHSA IHCTPYMEHTIB DATA SCIENCE B EJJEKTPOHHIN KOMEPIII

3aTonanbka T.., Joryromosbcokuid 0.2'3, BoJioBenb T.3, Hoackpedxo O.l, MakcumMuyk o.!
'Kuischkuii HanionansHuii ynisepcuteT imeni Tapaca IlleBuenka, m. Kuis, Yxpaina
23axiqHOyKpaiHChKUil HALlIOHANLHUIA yHiBepcuTeT, M. TepHomins, Ykpaina
3Buia mkos1a eKOHOMIKH Ta iHHOBarIii, M. JIFo0iH, [Tomnbiia

Anoranisg. Kapantunui 3axomam Juis 3amo0iranHs nomupenHio nauzaemii COVID-19 npusenu no
LIBHJIKOT'O 3pOCTaHHS PHHKY €JIEKTPOHHOI pO3piOHOT TOPTiBIi. [HTEpHET-Mara3uHu cTajiu 3BUYHUM 1, JJIs
NSSIKUX TpyN JIIOJeH, HE €IUHUM CIIOcOOOM 3abe3meucHHs cebe ToBapamu. Tomy dYepe3 HaaMipHE
HaKOIMYCHHS OHJIAH-JIaHUX HEOOXiJHI CydacHI METOIM iX aHami3y. 3aBIsSKU OIJISAY JITepaTypH 00
MOXIIMBOCTEH BUKOpUCTaHHs iHCTpyMeHTiB Data Science Oynu BU3HaueHi Taki METOIM Ta MOJENi 00pOOKH
JAHUX eJICKTPOHHOI KOMEPIIii, K IHTEeJIEKTyaaIbHUI aHalli3 JaHuX (KJIaCTepHUI aHalli3, perpeciiHuil aHamis3,
knacuikarlis), MallMHHE HABYaHHS, INTYYHI HEHPOHHI Mepexi, Bi3yamizamis Tomo. MeTow CcTarTi €
nmoOymoBa Mojaeial OOpOOKM JaHWUX JUIsS MiABHINECHHS e(pEeKTUBHOCTI eleKTpoHHOi komepirii. Ilig uac
MozentoBaHHs Oynu Bukopuctani \Ward-meroj Ta KiactepHa Bisyamizamis. Y pe3yibTaTi KOXKeH 3
OTPUMaHMX KJIacTepiB OyB OIIHEHMWN 3a CTATUCTUYHUMH TOKa3HMKaMH. Takok OyJad 3alporoHOBaHI
BapiaHTH PO3BUTKY EJEKTPOHHOI KOMeEpIlii Ta BIAOCKOHAJICHHS MAapKETHHTOBOi CTpATerii IiJIpHUEMCTB.
BceraHoBiieHO, 110 BUKOPUCTAHHS PEKJIaMH B COLIAIbHUX MEPEXKax 37aTHE 3HAYHO 30UIBIINTH €ICKTPOHHI
Mpojaxi, TOAl SK iHBecTyBaHHS B ApykoBaHi 3MI e HeepekTnBHUM. TakuM YHHOM, BUKOPHCTAHHS
noOyZ0BaHOI MOJIeTi € JOUUIBHUM JUIsi TIOKpamleHHs 30yTy Ta TUIaHYBaHHS MapKETHHTOBUX BHTpAT.
MoxnuBocTi BHKOpUCTaHHs iHcTpymeHTiB Data Science B anHaii3i enekTpOHHOI KOMeEpIlii € KIFOYOBOIO
ceporo I 3aTydeHHs KII€HTIB, PO3IIMPEHHs Oi3HeCy Ta 301IbIICHHS JOXOIIB.

KuarouoBi cioBa: enekTpoHHa KOMEpIlis, Hayka NPO JaHi, BEJIWKI JaHi, KJIACTEPHUH aHai3,
perpeciiiHuii aHais.

USE OF DATA SCIENCE TOOLS IN E-COMMERCE

Zatonatska T., Dluhopolskyi O.2%, Wolewiec T.2, Podskrebko O.!, Maksymchuk O.!
1Taras 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 €I€KTPOHHOT KOMEpIIii CYpOBOKYETHCS 30UTBIIEHHAM
oOcsry iH(opMallii, HAKOTTMYEHOT 3a JOOMOTO0 HOBITHIX TeXHOJIOTiH. Lle, y cBolo uepry, Bumarae
BUKOPHUCTaHHS MPOTPECUBHUX MIIXO[IB, METOIIB 1 TEXHOJOTIYHUX 3ac00iB Ui il 30epiraHHs,
00poOku Ta BHKOpHcTaHHs. [Ipobrema migBUILEHHS €(pEKTHUBHOCTI IHCTPYMEHTIB €JIEKTPOHHOT
KOMEPIIil aKTUBHO PO3TJIsaanach B mpalsx 3apyoikuux [1; 2; 3; 4; 5] Ta ykpaincekux [6; 7; 8; 9]
BUYCHHX.

MeTor0 AOCTiUKeHHS1 € BHM3HAYEHHS CYy4aCHOIO CTaHy, IEPCIEKTHUB Ta MOXKIUBOCTEH
3acTocyBaHHs IHCTpyMeHTIB Data Science B aHali3i JaHUX €IEKTPOHHOT KoMepii B YKpaiHi.
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3aBAaHHAM JOCTiAAKeHHs € T00ya0Ba MOJeli 0OpOOKH TaHUX eIEKTPOHHOT KOMEpIl /uis
MOKPAIIEHHS CTPATETi] eJIeKTPOHHUX MPOJaXiB Ta MAPKETUHTY IMiIPUEMCTBA.

Pesyabratn. Jlns peamizaiii mMoneni Oynu BHKOpUCTaHi jgaHi mianpuemctBa Reckitt
Benckiser, mo crnemianizyeTscsi Ha BAPOOHHIITBI TOBApIB VIS IOMY, JIIKApChbKUX 3ac00iB, 3acC00IB
10151 370poB’° s Ta ririenn. OJHiero 3 KirouoBHx crpareriii Reckitt Benckiser Ha ykpaiHcbkoMy pUHKY
€ 30UTbIICHHS eJEKTPOHHUX MPOJIAXKIB Ta 3aJy4EeHHS HOBUX CIIOKHMBAYIB UIIXOM BHKOPHUCTAHHS
€JIEKTPOHHUX MapKEeTHHIOBHX IHCTPYMEHTIB, B TOMY YHMCII MyOmikamidi pekIaMHHX IIOCTIB B
comiaibHUX Mepexax. [laHi, skl OTPUMYIOTBCS B ITPOLIEC] TPOMO-aKTHBHOCTEH, MOXKYTh MICTHTH B
co0i ayxe MiHHY iHQOpMAIliIo i1 KOMIAaHII Ta JOTOMOTTH JOCTIIUTH TMOBEIIHKY 1 HAHOUTBII
e(eKTUBHI Jii CIIOKUBAYIB.

3a jjomoMororo aHaTHYHUX iHcTpyMeHTiB Data Science Oyia mocraBieHa Meta nepeBipuTH
HasIBHICTh 3B’A3KYy MDK PEKJIaMHOIO KaMIIaHI€0 KJl€eHTa (€(peKTUBHUMU METpUKaMHU) B MeEpexi
Instagram Ta AMHaMIKOIO BTOPHMHHHMX NPOAAXKIB NPOJYKIIl KOMMaHii Ha cailTi KIi€HTa.
[IpoMOaKTHUBHICTh MpAIIOE HACTYIMTHUM YHWHOM: Ha CTOPIHIII KII€EHTa B COIIAJIbHIA MeEpexi
Instagram myOsiKyeTbCsl HOBMHA PO XBWJIIO 3HUKOK Ha IEBHUM acopTUMeHT OpeHny X, B
nmyOJikaiii MICTHUThCS TOCHJIAHHS 3 TEpexXoJoM Ha calT [HTepHeT-marazuHy Mepexi, e
KOPHCTYBa4 MOKE OTJISTHYTH BECh 3aIPOITIOHOBAHHUN TIPOMO-AaCOPTUMEHT, a TAKOXK MPUI0ATH HOTO.

Jlyig ocnipKeHHsT BUKOPUCTOBYBANUCH 1Bl 0a3u jnaHux. Ilepma mictuia B cobi MI0I€HHY
1HOpMallio IPOo KUTbKICTh IEPEXO/IIB Ha CAIT Ta 3p00JIeHHX B IOJAJIBIIOMY 3aMOBJIEHb HA TIPOMO-
MPOAYKITIIO, TOJII SIK Ipyra 0a3a JaHUX BKJIIOUYaIa HACTYITHI MOKa3HUKH:

— KUIBKICTh BIIBIZyBadiB CIUTHHOTH, OC.;

— PIBHOMAHITHICTh KOHTEHTY — BIJHOIICHHS KUIBKOCTI THITIB KOHTEHTY JO KUIBKOCTI
nyOJikamiii B 1eHb, %;

— 3anmyudeHHs ayaurtopii, abo ERday, % — BigHOWmIEHHS CyMH KUIBKOCT1 BCIX Jii
KOpHUCTYBayiB (JIaKH, KOMEHTapi) B ICHb JI0 3arajbHOI KUTBKOCTI YYaCHUKIB CIIJIbHOTH;

— OXOIUICHHSI — KUTbKICTh KOPUCTYBAUiB, sIK1 TOOAYMIIN MTyOIiKaIliio;

— JIeHb, KoJiu Oyrna 3pobnena myomikamis (1 — Oyanii, 0 — BUXigHu);

— KUIBKICTb MEPEX0/IiB Ha CAUT MEPEXKI.

JJis moyaTKy BaXKJIMBO 3pO3yMITH UM ICHYE 3aJI€KHICTh MDK IepeXo/iaMy Yepe3 OCUIIAHHS 3
nmyOJikaimii Ha CalT Ta KUIBKICTIO 3aMOBJIeHb. [IpoaHani3yBaTh NaHy CTaTUCTHUKY 3pY4YHO 3a
JIOTIOMOT'OF0 METOJY perpeciiHoro aHamizy. Y JiHIHHIA perpecii 3ayiekHa 3MiHHA Y — KUTBKICTh
MPOIAXKIB, He3aJdekHa X — KUIBKICTh BiJIBilyBaHb CAMTy IHTEepHET-MarasuHy. JlJis BU3HA4YCHHS
reTepOCKEAACTUYHOCTI BUKOPUCTOBYBaBCS MeTO I [ neiizepa — po3riisiHyTO perpecito abCoIOTHUX

3HAYEHD 3AJIUIIKIB |ui , SIK1 BIIOBIAAIOTh perpecii HalMEeHINX KBAAPATIB AK AeAKY (YHKIIIIO Bif

X ac X]- € TIEIO HE3aJIC)KHOKO 3MIHHOMO, fdKa BIAIIOBIIA€ 3MIH1 AHCIICPCIl 52 (pI/ICYHOK 1)

s
AJIEeKBaTHICTh MOJIEJI 32 IIUM METOJIOM BH3HAYAETHCS OI[IHKOI KoedimieHTa aeTepmiHaliii R?.
Ockinbkr R? € ManuM Ta He GIM3bKUM 0 OJMHHII ( R? =0,1619 ), MOJIeJIb HE € aJICKBATHOIO, a
OTXe€ reTepOCKEAACTUYHICTD JAHUX BICYTHS.

ABTOKOpeIALisl B MOJIENI BUKOPUCTOBYETHCS JUISl 3HAXOJDKEHHS 3aKOHOMIpHOCTEH B psiai
JaHUX, TAaKUX K MepioandHicTh. [lepeBipka Ha aBTOKOpEINALI0 JAaHUX Peani30ByBajlaCh METOJIOM
HypOGina-Barcona 1 mani Oynau oTpumani HacTynHi — p—value = 0,1809, oTxe aBTOKOpEALis
BIJICYTHSI.

Perpeciitnuii anamiz Mojeni moka3zaB (pPUCYHOK 2), IO MOJENb € aJIeKBaTHO, aKe
koedimienT merepminamii myxe 6u3pkuii 10 ommammi (R® =0,9316), a p—value <0,05. Orxe,
CTYIMIHb 3aJIE)KHOCT1 KUTBKOCTI KYIiBeJb BiJl KUIBKOCTI BiJIBiAyBaHb CalTy IHTEpHET-MarasuHy €
Iy)Xe BUCOKHM. SIKIIO NMPUHHATH JHIHHUI XapakTep 3aleXHOCTI JaHUX JBOX CTaTHMCTUYHHUX
MOKa3HHKIB, To Koedimient D B miii perpecii xapakTepuszye METPHKY iHTEpHET-MapKETHHTY —
KOHBepcito mpoaaxiB. OTxe, 3riIHO 3 MOJEIUII0 KOHBEpCis caiTy craHoBUTh b =0,1833, abo
18,33%.
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call:
Tm{formula = u ~ view)

Residuals:
Min 1a Median i Max
-10.4352 -5.0132 -0.809 1.5956 16.2297

Coefficients:

Estimate std. Error t wvalue Pri{=|t]|)
(Intercept) 20.010062 4. 602064 4,348 0.000154 ##*
view -0.012215 0.005161 -2.367 0.024842 =

Signif. codes: © *'#®**° 0,001 ‘*=° 0.01 ‘*' 0.05 ‘.7 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: 0.02484

Pucynoxk 1 — Pe3ynbrat nepeBipku MoJieii Ha TeTepOCKEAaCTHUHICTD

call:
Tm{formula = lead ~ view)

Residuals:
Min 10 Median 30 Max
-26.773 -9.773 1.488 6.727 24,810

coefficients:

Estimate std. Error © value Pr(=|t]|)
(Intercept) -50.297510 B.225125 -6.115 1.16e-06 ***
view 0.183317 0.009225 19,872 = 2e-16 *%=

Signif. codes: 0O "##%' 0,001 ‘##' 0.01 **" 0.05 *.” 0.1 °* ° 1

Residual standard error: 12.45 on 29 degrees of freedom
Multiple rR-squared: 0.9316, Adjusted r-squared: 0.9292
F-statistic: 394.9 on 1 and 29 DF, p-value: =< 2.2e-16

Pucynok 2 — Pesynbrar niHiitHOT perpecii

Jlai mikaBuM € Te, 1110 came MOTpiOHO MyOJIiKyBaTH Ta Ha K1 ACTIEKTH MapPKETUHTY TTOTPIOHO
3BepHYTH yBary. /s 11boro OyB BHKOPUCTaHHI METO] MHOKHHHOI perpecii. TectyBanHs Moaeni
MOKa3ajo, sK 1 B MONMEPEIHHOMY BHUIMAJKY, 110 TE€TEPOCKETACTUIHICTh Ta aBTOKOPEIIALIIS BIJCYTHI,
a 3aJIUIITKA HOPMAJIBHO PO3MOIUICH].

Pe3synbratu ananizy (pucyHox 3) JOBOJSTH, IO MOJIENIb MOKHA BBaXKATH a/IEKBaTHOIO, aJKe
.. . vee o . 2 o o
koedimieHt gerepminarii 6mu3pkuii 1o oquamii (R =0,6309), a p —value < 0,05. Perpeciitauii
aHai3 MOKa3aB, 10 MDK NMEBHUMH XapaKTEPUCTHKaMU IMyOJiKallid 1 HaMIpOM KITi€HTa 3pOOHUTH
MOKYIIKY HE ICHY€ MpsMOI 3aJIeKHOCTI. 3arajoM KUIBKICTh BIJBIIyBadiB CaWTy 3aJIeKUTh Bil
BiJIBilyBauiB OpeH]I CHLUILHOTH.
call:
Im(formula = num_visits_site ~ ER_day + cont_div + group_size +
coverage + visitors)
Residuals:
Min 1Q@ Median 3Q Max

-54.203 -12.330 5.255 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 *x%
S1O0IE. codess: B st 0l DRL. et QLo T eSS . Pt Ya

Residual standard error: 25.63 on 25 degrees of freedom
mMultiple R-squared: 0.6309, Adjusted R-squared: 0.5571
F-statistic: 8.547 on 5 and 25 DF, p-value: 7.952e-05

Pucynox 3 — Pe3ynbTaT MHOKHHHOT perpecii

OCKUTBbKM JIesIKi TOKA3HUKU JaHOT MOJIeIN € HE3HAUYIIIMMHU 32 CTaTUCTUKOI0 CThIOJICHTA, JUIS
30UTBIIEHHS SIKOCTI aHAI3y MOKHa MOOyayBaTH 1€ OJHY MHOKHUHHY PErpeciio, Jie B SIKOCTI
HE3aJISKHOT 3MIHHOT BUCTYIATHME KUTBKICTh BiZIBilyBa4iB CIUTLHOTH (PUCYHOK 4).
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call:
Tm(formula = num_visits_site ~ visitors)

Residuals:
Min 10 Median 3qQ Max
-34.604 -12.018 0.593 9.363 37.264

coefficients:

Estimate std. Error t value Pr>|[t|)
(Intercept) -28.19444 21.21932 -1.329 0.194
visitors 0.59214 0.07686 7.704 1.7e-08 #u¥

signif. codes: @ “##%%' 0,001 ‘#*%' Q.01 **' Q.03 ‘." 0.1 ° "1

residual standard error: 17.3 on 29 degrees of freedom
Multiple rR-squared: 0.6718, Adjusted rR-squared: 0.6604
F-statistic: 59.35 on 1 and 29 DF, p-value: 1.704e-08

Pucynoxk 4 — Pe3ynbTrat MHOXXHWHHOT MOJIEJI1 PETPECIITHOTO aHai3y

Sk BUIHO 3 pe3ynbTaTiB, KOe(DIillieHT AeTepMiHaIlii cTaB OJMXKYUM JI0 1, HDK B MOTMEpeaHii
MOJIeNll, 10 BKa3ye Ha 3aJleXKHICTh KUIBKOCTI BIABIAYBadiB CalTy B KUIBKOCTI Bi/IBilyBadiB
Instagram-cropinku (R* = 0,6718), ( p —value < 0,05).

BucnoBku. TakuM YHHOM, 3a JONOMOIOI0 PErpeciiHOro aHalizy 3po0JIeHO HACTYMHI
BHCHOBKHU: 3aCTOCYBAaHHsSI TAaKOTO MapKETHUHTOBOTO 3aco0y sk myOmikamis iHdopmalii mpo
MIPOMOAKTUBHICTh B COLIAIbHUX Mepexax ePEeKTUBHO BIUIMBAE HA KUIBKICTh EJIEKTPOHHHUX
MPOJIaXKIB; XapakTep MyOJikalliil He Ma€e MPSIMOTO BIUIMBY Ha KUIbKICTh MPOJaKiB, TOMY HaJMIpHE
BUTpadaHHs (PIHAHCOBHUX PECypCIB Ha PI3HOMAHITHICTH MyOiikaniid He € edekTuBHUM. OTpUMaHi
pe3ynbTati nanu 3Mmory kommawii Reckitt Benckiser 3po3ymitu, sk came BapTO HOKpAIIUTH
MapKETUHTOBY JISUTHHICTH MIATPUEMCTBA Ta B SIK1 3aCO0M Kpallle CIipsMOBYBaTH (PiHAHCOBI pecypcu
abwu 30UTBIITYBATH €JEKTPOHHI MPOJIaXi Ta BIAMOBITHO OTPUMYBATH OUTHIINI TPHOYTOK.
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AHAJII3 KPOC-KOPEJIAIIMHOIO 3B’SA3KY
MIK BITKOITHOM TA ®OHJIOBUM PUHKOM

Couosiios B.} 3, CosioBiioBa B.2, Matsiifuyk A.> !, Cemepikop C.}, Beninchkuii A.!
'KpuBopizskuii nep:xasuuii nenarorivauii yaisepcuret, M. Kpusuii Pir, Yxpaina
2KpuBOpi3bKHil eKOHOMiUHMH iHCTHTYT, M. Kpusnii Pir, Ykpaina
SKuiBchKuii eKOHOMIYHMIA yHiBepcuTeT iMeni Baauma IetbMana, M. Kuis, Ykpaina

AHoTanist. Y po0OOTi MH JOCHIKYEMO KpOC-KOPENALilHI 3B’S3KM MDK (OHIOBUMH 1
KPUNTOBATIOTHAMU pUHKaMH. [lOKa3HMKM CKIQJHOCTI, $KI MOXYTb CIYXHTH IHAWKaTOpaMu
(inmuKaTopaMu-TiepeIBICHUKAMK) KPH30BHX SBUIIl HA 000X PUHKAaX, OTPUMYIOTHCS 13 3aCTOCYBAaHHSIM KpPOC-
KOpeIsIiHOro anani3y nerpenaoBanux ¢uykryaniii. Ha npuknani donnosux ingekcie S&P 500 i HSI ta
KPHUITOBAIIOTH OITKOIH, sIKa IepeBayKHO i BU3HAYAE ICHYBaHHS KPUIITOPHHKY, MU OI[IHFOEMO TMHAMIKY KpOC-
KOpeIsIiii Ha 000X pUHKaX. BUKOPHCTOBYIOUM MMi/IXiJ KOB3HOTO BiKHA, MU JIOKAII3YEMO iX TUHAMIKY B 4aci
1 BU3HAYAEMO BHCOKHI CTYIiHb HENIHIHHOCTI 3 IOMiHYIOUOK aHTHIIEPCUCTEHTHICTIO B TIEPIO/IM KPaxiB AJIst
KO)KHOTO 1HJIEKCY. IcCHyBaHHS IHIWMKATOpIB, IO 37aTHI ieHTU(])IKYBaTH MEPIOAU 3 BHUCOKUM 1 HU3BKHM
CTYIIEHEM KPOC-KOPENALii s GOH0BOTO 1 KPUNITOPUHKIB CTAHOBHUTH TTEPCIIEKTUBH JIJIsl HAAIHHOT TOPTiBIIi
13 KUUTbKOMa MapaMH aKTUBIB Ta eeKTUBHOI AUBepcU(iKallil MOTEHIIMHNX PH3UKIB.

Krouosi ciioBa: hoHI0BUIT pUHOK, KPUNITOPUHOK, KPOC-KOPEIIAIii, KpaX, IHIUKATOpP-TIEPEBICHHK.

ANALYSIS OF THE CROSS-CORRELATION RELATIONSHIP
BETWEEN BITCOIN AND THE STOCK MARKET

Soloviev V.13, Solovieva V.2, Matviychuk A.>?, 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 mix yac pociiicbko-ykpaiHcbkoi BiitHM [2],
JeLleHTpaIi30BaH1 (piHaHCH Pa3oM 13 iX OJHUM 13 HAaHNOMYJISIPHIMINX NPEJICTaBHUKIB — OITKOTHOM
(Bitcoin, BTC) — novanu npuBepTaTé HeabUsIKy yBary cepell MOJITHKIB, (IHAHCOBUX PEryJIsITOPIB
1 MPOCTUX 1HBECTOPIB, sIKi, HE3BAXKAIOUM Ha PEryJIIOIYi 3aKOHU B CBOIM KpaiHi, MPOJOBXYIOTh
JI0TIOMaraTy JII0JIIM, BUKOPHCTOBYIOUH NIEpeBaru AeLEeHTpali30BaHuX (PIHAHCOBUX OTEpalliil.

[Tpubmuzno 3 yepBHs 2021 poky Kopemsuis MDK (DOHIOBMM 1 KPUNTOPHMHKAMHU IOYaja
JIEMOHCTPYBATH BUCXi/IHY TEHJIEHIII0. 30KpeMa, Lie MOKe OYTH MOB’A3aHO 31 3pOCTAI0OYMM YHCIIOM
(iHaHCOBUX IHCTPYMEHTIB Ha KPUIITOPUHKY, L0 3MYIIYE IHBECTOPIB BECTU ce0e Tak caMo, sK Ha
¢donnoBomy puHky. Ockizbku BTC Bce 11e 3anumaeTbest UPPOBUM aKTHBOM, IO MTPOJOBXKYE CBIi
PO3BHUTOK, HOro KOJMBAHHS € 3HAYHHUMHU, 1 OJIAJIblIe MalOyTHE € TUCKYCIHHUM. TakuM 4YHHOM,
Kopessmii MDK (OHIOBUM 1 KPUOTOPHMHKAMU 3MIHIOIOTBCS 3 IUIMHOM 4Yacy, JIEMOHCTPYIOUU
HEJHINHY 3aJIeXKHICTB.
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MeTto10 po60TH € TOOYI0BA KPOC-KOPEISAIIMHIX IHAUKATOPIB (IHAUKATOPIB-TICPEIBICHUKIB)
KPU30BHX SIBUIL JJIs1 (POHIAOBOTO 1 KPUIITOBAIIOTHOT'O PUHKIB.

IMocTranoBka 3agaui. J{1s1 JOCHIIPKEHHS CTYNEHSI KPOC-KOPEISLiA MK TaKUMU CKIIaJIHUMHU
HENHIMHUMH CHUCTEeMaMu K (OHAOBUH Ta KPUOTOPHHKH, OYJIO B3SITO 32 OCHOBY HalOLIBII
KaritanmizoBani Ta posuHeHi (onmoBi puakum CIHA 1 Kutaro, mpeacraBieHUMH iHAEKCaMU
Standard and Poor’s 500 (S&P 500) i Hang Seng (HSI), 3 puHKOM KpHUIITOBAIIOT, HAHOUIBIIUM
npeacraBaukoMm sikoro € BTC. JlocnimkyBani gani Oyiu 3aBaHTakeHo 3 caidTy Yahoo! Finance [3]
3a mepion 3 14 Bepecust 2014 poky mo 22 tpaBust 2022 poKy Ui TOTo abu JaHHI psSAM MOKHA Oyito
0 cmiBCTaBIATH OJMH 3 oaHUM. [loOynoBa iHAMKATOPIB-TIEPEIBICHUKIB KPH3OBHX SIBUIL Ha 000X
pUHKax 3JIiCHIOBAaJach Ha OCHOBI MYJIbTH(PPAKTAIHLHOTO KPOC-KOPEISIIIHHOTO aHali3y
nerpennoBanux Qaykryarii (Detrended cross-correlation analysis, DCCA).

JeTpenoBanuii kpoc-kopensiniiitnuii meroa. Ines DCCA npencrapiisie 3MOTy OIIIHUTH
KpOC-KOPEJIAIIIHI XapaKTepUCTUKU, OTPUMaHI Ha OCHOBI CTETICHEBUX KPOC-KOPEJAIIA 4acOBUX
psinis [4]. Jist mogaibIiux po3paxyHKiB MU BpaxoByeMO JBa 4acosi psiau {x; | i = 1,2,... ,N} ta
{y;1i=1,2,..,N} i BusHauaemo ix npodins (Haxomuuenns) X (i) = Nk _,[x, — (x)] Ta Y (i) =
i1y — (0], ze () — ne cepenne 3HAYEHHS AOCITIHKYBAHOTO PAY.

Haumi, moximmBmu psix Ha Ng = int(N/S) CerMeHTiB U , IO HE TEPETHHAIOTHCS, OJHAKOBOT
JOBXHUHHU (MacmTady) S, MU aHalI3yeMO, SIK TOBOJIUTH ceOe KoBapiallisi BIIXUJIEHb IBOX CHUCTEM:
f?(v,s) = % X[ =1Ds+i]-X°@O}x {Y[(v—1)s +i] — Y?(i)}, ne XV (i) Ta Y?(i) — me
IHTEPITOJIIOI0Y1 MTOJIHOMU HOPSAIKY M, BU3HAUYEH] JUIsl KOYKHOI MiANOCIIA0BHOCTI V.

Ockutbku N He 3aBXKAM AUTMTHCS HALLIO Ha S, Yy KIHI Py 3aBXKAU MOKE 3aIMIIUTUCS
3anumiok. s BpaxyBaHHS BIIKMHYTOI YaCTMHHM, MH MAaTHMEMO IOBTOPUTH BHILE3TaJaHy
MpoLEYypPY, HOUNHAIOYH 3 KIHIIS PSLY.

Takum unrOM, MU oTpuMaemo 2N cermeHTiB v (v = 1, ..., 2Nj).

Sk pesynbTaT, MU po3paxoByeMo (GyHKILi0 (uykryamii Facc4(s) s gianasoHy pisHHX
yacopux  MacmrabiB 5. @yHkuis  QuykTyamiii - pospaxoByeTbes K Facca(s) =
(1/2N) 2,5 f2 (v, s)

Amnanizyroun 3anexHicts Fy (s) Bin s y nojsiiiHoMy norapupmignomy Maciurabi, MU MOKEMO
BH3HAYUTH CKEHIIHTOBY MOBEMIHKY (PYyHKINIT ¢urykTyamii. 30kpema, SKIIO JOCIiHKyBaH1 4acoBi
PSZIN MAIOTh KPOC-KOPETIALIIHY CTENEHEBY 3aI€XKHICTh, ToIi Fpcca(s) < s™v | e h., npencrapse
co00I0 KpOC-KOpENSIHHUN CKEHIIIHIOBUIM TOKAa3HUK, SAKHH € Yy3aralbHEHHSM KIACHYHOTO
nokaszHuka Xepcra [5].

JlaHuii MOKa3HHUK MOBOAUTH C€0E CXOKUM YUHOM:

1. Sxmo hy, > 0.5, Kpoc-KOpensuii MK psaaMH INPEICTABIIAIOTLCA MEPCUCTEHTHUMU
(TpengocTiiikuMu): picT (cmaj) y AMHAMIL OJJHOTO YacOBOTO PALY CYHIPOBOIKYETHCS
pOCTOM (CMaaoM) y AMHAMILI IHIIOTO PALTY.

2. Sxmo hyy < 0.5, KpOC-KOPEJISIii MK psanaMu MIPEACTABIISIFOTHCS
AQHTUIIEPCUCTEHTHUMH: 13 POCTOM B OJTHOMY s/l UMOBIPHUM € CHaJl y AWHAMILI] 1HIIOTO
pany.

3. ko hyy, ~ 0.5, noeinka 000X ps/IIB HATAy€ BUIIAJKOBE ONyKaHHS (3HAYEHHS JIBOX
CHCTEM He KOPEIITh MiX C00010).
4. Sxmo hy, > 1, oOuasa psaaM MNPEICTaBIAKOTHCS CUIBHO KOPEILOBAHUMH  Ta
HECTallIOHAPHUMH.
3a BUHATKOM KPOC-KOPENSAIIHHOTO MMOKa3HUKa XepcTa, BUKOpUCTOBYoUH Kiacuunuii DCCA
JITOPUTM, MU MOXKEMO pPO3paxyBaTH CTaHAAPTHUN KOEQILIEHT KPOC-KOpeNAUill Ppcca(S) MK
pagaMu, o Moxe OyTH BusHaueHHH K Ppcca(S) = Ficea(S)/Forax(s) X Fpray(s) [6], ne
Ficca(s) — ue F,(s) nna q = 2; Fpra(s) — crannapTHa QyHKIiS AeTpeHI0BaHUX GIIyKTyarii, a
—1 < ppcca(s) < 1 [7]. Ananoriuno KIacHUYHOMY KOEQIIIEHTY KOpeNslid, ppcca = 1 mOKa3ye,
IO psAOM MO3UTHBHO KOPEIbOBAHI 1 PYyXalThCS CHHXPOHHO; Ppcca = —1 O3HAYae, MO psAau
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MOBOJATH ce0e aHTUIIEPCUCTEHTHO IO BIAHOIICHHIO OJWH JI0 OJHOTO; Ppcca = 0 CBIAYUTH TPO
HE3AJIeXKHICTh IBOX PSI/IIB OJIMH BiJl OJTHOTO.

PesyabTaTn. [l BuMiproBaHHs cTymneHs kpoc-kopensnii mix S&P 500, HSI i BTC, mu
MPEJCTABISEMO MOPIBHIBHY TUHAMIKY BU3HAUCHUX OKa3HUKIB, PO3PAXOBAHUX 3 BUKOPUCTAHHIM
MiIX0y KOB3HOTO BikHA [8, 9], pasoM 3 mochimpkyBaHuMH psiaamu. HaBeneHi HMKYE PUCYHKH
BKJIIOYAIOTh TaKi MOKa3HUKH, SIK:

— KOEQIieHT KPOC-KOPeISUid pPpcca UL JOBrOCTPOKOBUX (250 OHIB — pPraer) TA

cepeaHbOCTPOKOBUX (125 MHIB — Piniddie ) 3AICKHOCTEH;

— ysaranbHeHui Kpoc-Kopensuiiinuii koediuienT Xepcra (hyy);

OdikyeTbes, IO 3a3HAYCHI IHAMKATOPU MOBOJUTUMYTH ce0e OCOOIMBHM YMHOM TN 4ac
KPHU30BHX SIBUIL: 3DOCTATUMYTh YU CIIaJaTUMYTh.

Kpoc-kopensuiiiHi noka3HUKH OyJu po3paxoBaHi 3 HACTYITHUMH apaMeTpaMu:

— KOB3HE BIKHO JOBXHHOO 250 IHIB Ta 4aCOBUM KPOKOM B | JIeHb;

— m = 2 14 3HaXO/KEHHS JIOKAIbHUX TpeHaiB y 2 (v, s);

— yacoBuil MacmiTab s Bapitoerses Big 10 1o 1000 nHIB 11 BChOro yacoBoro psiny Ta Bin 10

10 250 mHiB ipu OOYAOB1 IHAUKATOPIB 13 BUKOPUCTAHHIM KOB3HOTO BIKHA.

Ham anani3s Ha OCHOBI KpOC-KOPENsUIHOTO Koe(Ii€EHTa pPpccy NPU PI3HUX YACOBUX
Macimtabax TMoKa3ye, MO Kpoc-kopensiii Mk ¢ougoBumu iHaekcamu 1 BTC mpexacrasieni
CIabKUMH B KOPOTKOCTpOKOBi mepcrnekTtuBi (MeHme 100 nHIB), aje MarOTh TEHACHIIIO 0
30UTbILIEHHS TPOTATOM OUIBIIOTO Mepiony. SK 1 ouikyBanocs, s GOoHI0BOrO puHKY, 1 S&P 500, 1
HSI nemoHCTpyIOTH BHCOKY CTYIIHb KOpEJSLil Ha YCiX YacOBUX UIKalax. BukopucTroByrouu
QITOPUTM KOB3HOTO BIKHA, MU MAaEMO 3MOTY BIACTE)KYBATH, SIK HEJIIHIHHA TUHAMIKA TBOX CHCTEM,
IO 3HAXOJATHCS B 3aJICKHOCTI OJUH BiJ OJHOTO, 3MIHIOETHECS 3 YACOM.

Ha pucynky 1 npeacraBnena auHamika koedimieHTa ppeca 4015 map S&P 500-BTC, HSI-BTC
ta S&P 500-HSI.

o S&P 500-BTC | HSI-BTC S&P 500-HSI

= g [HS 8 L[ P—sap 500

§ 5 |7 Pmiddle 5 —Priddle

Bos LA P ™ =]

= —S&P 500 Eﬁ g» :

s —Pmiddle | A ra)

3 — 2 5

» 0 = 0 2 )

0 500 1000 1500 0 500 1000 1500 0 500 1000 1500
time, days time, days time, days

(a) (b) (c)

Pucynok 1 — [lopiBusneHa aunamika S&P 500 ta HSI 13 cepenqabocTpokoBUME Ta

JOBTOCTPOKOBUMU KPOC-KOPEIAIIMHUMH KOE(PILIEHTAMU Ppcca, IO Oy po3paxoBaHi Uis map:
S&P 500-BTC (a), HSI-BTC (b) Ta S&P 500-HSI (c)

ITomiTHa JOBrOCTPOKOBA KOPEJIALIS COCTEPIraeThes Uis nepioAis, nounHarwodu 3 2018 poky.
Jlns Kpu3H, BUKJIMKAHOI MaHIEMIEI0 KOPOHABIPYCY, ISl KOpENALis TakoX croctepiraerbes. Jlo
kiHig 2021 poky sIK CepeJHbOCTPOKOBI, TaK 1 JOBIOCTPOKOBI KOE(DIIEHTH KpPOC-KOpEIsLii
3HIKYBAJIKCA, 1 71l IX AMHAMIKa ovajia IeMOHCTPYBAaTH TEHJICHILIIO JIO 3pOCTaHHSL.

Ha pucynky 2 mpezacTaBieHO MOPIBHSUIBHY AMHAMIKY KpOC-KOpPESALIHHOTO KoedilieHTa
Xepcra, po3paxoBanoro mais nap S&P 500-BTC, HSI-BTC ta S&P 500-HSI.

Kpoc-kopensmiiinuii moka3HuK XepcTa chajgaB il 4ac HAWOLIbII MOMITHHX OOBaliB Ha
¢donnoBux puHkax. Te came Mu 6aunMO 1 11070 BUCX1IHOT TeHAeHIIil. ToMy OLIbIITy YaCTHHY Yacy
BTC noBoauB cebe acHMETPUYHO IO BiIHOIICHHIO 10 (oHIoBuUX iHAekciB. Takox mist HSI 1 S&P
500 nmpu 3HAYHKUX Kpaxax hy, BKazye Ha aHTUNEPCUCTEHTHY IOBEIIHKY 000X iHIEKCIB.
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S&P 500-BTC HSI-BTC S&P 500-HSI
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Pucynox 2 — INopiersinbna quaamika S&P 500, HIS ta h,,,, mo Gymu pozpaxosaHi s nap:
S&P 500-BTC (a), HSI-BTC (b) Ta S&P 500-HSI (c)

BucHoBku. VY 1iif po0OTIi MM HpoaHaNI3yBalM KpOC-KOPENALIHI XapaKTepUCTUKHU
(OHIOBOTO 1 KPUNTOBAIIOTHOIO PHUHKIB 13 BUKOPHCTAHHSAM KpOC-KOPENSIIHHOIO aHalizy
nerpenioBannx Quykryarii. Ha npuxmani S&P 500, HSI ta BTC mu moxazanu, mo OuibIry
YacTUHY 4Yacy JuHamika (OHJOBUX IHAEKCIB Ta KPHUNTOBAJIIOTHOIO PHUHKY 3alldlIaiacs
AHTUIEPCUCTEHTHOIO MiJ yac Kpu3oBux mojii. IIpore 3a ocTaHHI poKHM CTYHiHb iX B3a€MHOI
KopensIii moyaB 3poctat. Sk 1 ouikyBanocs, iHAaekcn S&P 1 HSI € cunbHO KOpenmboBaHUMH,
HE3BaXKAIOUMU Ha JIesK1 BIIMIHHOCTI B 1X CTPYKTYpI.
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Cekuis J. Komm'rotepre MoaentoBaHHs (pi3UYHHX 1 XIMIYHUX TIPOIECIB

MOJEJIIOBAHHA BIIVIMBY KOHCTPYKTUBHUX TAPAMETPIB HO’KIB
M'SICHOT'O KYTEPA HA IX BUTPUBAJIICTh
IPU 3BHAKO3MIHHUX KOJIMBAHHSAX

barpauyenko O. B.
YepkacbKuii IepKaBHUM TEXHOJIOTTYHUH yHIBepcuTeT, M. Uepkacu, Ykpaina

AHoTauniss. MeToro po0oTH € AOCIIDKEHHS YUCSTbHUMHI METOAaMHU 3ICKHOCTI MEXi BUTPUBATIOCTI
HOXIB KyTepa Bijl iX KOHCTPYKTUBHUX mapaMerpiB. [lyisi BU3HaYeHHS MEXi BHTPHBAJIOCTI HOXIB KyTepa
BHUKOPHUCTOBYBaBcs mporpaMumii komruiekc SolidWorks, momyns Simulation. Byio gocnimkeHo micts THITIB
KOHCTPYKIIiif HOXIB, SIKI HAYacTillle BHKOPHCTOBYIOTHCS B CY4aCHUX MOJENAX KyTepiB. s 3a0e3neueHHs
BHCOKOI ME&Ki BUTPHUBAJIOCTI HOXKIB KyTepa BEIbMHU BAXKJIMBUM € 3aCTOCYBaHHS 3aKpyIrJIeHHs a00 (acok Ha
ix 3amHiii Tpani. HaiiBuimyy edekTHBHICT, Mae 3aKpyriieHHsS Y BHIVISAII BepTHKaNbHOro emincy (+17%
BUTPUBAJIOCTI), OJIHAK Taka TIeOMeTpis 3yMOBUTH MOTIPIICHHS TEXHOJOTTYHOCTI BHTOTOBJICHHS HOXa, a
BiJTak, HOro 3j0pok4aHHs. BukopucranHs ¢acku BenmuunHoo C=2 MM NPUBOIUTH JO ITiJIBUIIECHHS
BuTpuBaocTi Ha 16%. 3acTocyBaHHs 3aKpyriieHHs pajgiycoM R=2,5 MM mijBuIye BUTpUBaIicTs Ha 15%.

Keywords: kyrep, HOXi, TOBrOBi4HICTh, BTOMHA BUTPHBAJIICTb.

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. Ananiz 10CBiqy ekcrulyaraiiii KyTepiB BKa3ye Ha TOcTpy mpoOseMy 3a0e3redeHHs
HaJIe)KHOT MIIHOCTI iX OCHOBHHMX pOOOYMX OpraHiB — HOXIB. HemocTaTHsS MIIHICTh HOXIB
MIPU3BOJUTH JI0 YACTUX BHUIMAJKIB iX pyHHYBaHHS MiA yac poOotu kyrepa. [lpu pyliHyBaHHI HOXa
BHUXOJIUTH 3 JIaAy caM HiK a0o JeKibKa 3 HUX (BapTICTh OJTHOTO HOXA €BPOTIEHCHKUX BUPOOHUKIB
csrae 350 €Bpo), cTae HEMPUIATHOIO Ul MOJAIBIION0 BUKOPHUCTaHHS M’scHa cupoBuHa (120—
750 1), MOLIKOJKYEThCS Yallla Ta KPUIIKAa HOKOBOI I'OJIOBKHM, BUHHUKA€ PU3MK BUXOAY 3 Jany
MIIMITHAKIB HOXKOBOTO Bayly Ta camoro Bany [1]. B pe3ynbTari KyTep BUXOIUTH 3 Jaay Ha
TPUBAJIMM Yac Ta MOTpedye 3HAUYHOTO OO0CATYy PEMOHTHHX pOOIT, IO CIHPUYUHIOE CYTTEBI
MaTepialbHi 30UTKU I M'ICONIepepOOHOTO MIANIPUEMCTBA.

IMocTanoBka 3aga4i. XapakTep 3/1aMy HOXKIB B 30HaX HaAWOUIbIIOT KOHIIEHTpAIlii HaNpyXeHb
1 12 (pucyHok 3) BKa3ye Ha BTOMHY IpHpo.y iX pyitHyBanHs [2, 3]. [Ipu iboMy rpyHTOBHO BTOMHA
MIIHICTh HOIB KyTepa Yy BIZJOMHUX Ipalsix He JOCHipKyBanack. Takox BiICYTHI Ipalli, B IKUX OH
Oynu 3ampoONOHOBaHI Ta OOTPYHTOBaHI BUCOKOC(PEKTHBHI IIJISXU MiJBUIIICHHS BTOMHOI MIITHOCTI
HOXIB.
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Jleso

6)

Pucynok 4 — 'eoMmeTpuuHi mapaMeTpy HOKa KyTepa Ta 30HU HalOUIbIIOT KOHIEHTpaLii
HampyKeHb: 1) Bua HoXka 300Ky; 2) mepepi3 Hoka; 3) 3aKpyIJIeHHs 3aHbO1 IpaHi HOXKa
paaiycoMm R; 4) dacku Ha 3aaH1H rpaHi; 5) 3aKpyrieHHs 3aJHBOI I'PpaHi HO’Ka TOPU3OHTAILHIM
emirncom; 6) 3aKpyrJIeHHs 3aHBO1 rpaHi HOKa BEPTUKAIBHUM eirncoM; 1, 2 — 30Hr HaHOUThIIOT
KOHLIEHTpAallii Halpy>KeHb

Meta po6oTn. MeToro poOOTH € MOCIIKEHHSI YUCEIIbBHUMHU METOJaMH 3aJIeKHOCTI MEX1
BUTPUBAJIOCTI HOKIB KyTepa Bill iX KOHCTPYKTUBHHUX MTapaMeTpiB.

OcHoBHa yacTuHA. /)11 BU3HaYCHHST MEX1 BUTPUBAJIOCTI HOXKIB KyTe€pa BUKOPHCTOBYBABCS
nporpamuuii komruieke SolidWorks, 30kpema, fioro moayns Simulation. Bymo pocnimkeHo micTh
TUITIB KOHCTPYKIIIA HOXIB, K HalJacTillle BUKOPUCTOBYIOTHCA B CYYaCHUX MOJECIAX KyTepiB
(ToBmmHOO h=5 MMm). DakTopamu, siKi BapitoBaIMCh, OyIu (PUCYHOK 5): reomeTpudHa popma jieza
Ta 3aJIHBOT TpaHi HOKa, PaJilyc 3aKPYyTJCHHS 3aIHbOIT rpaHi HOXKa, BeTu4YrHa (pacKu Ha 3a/IHIl I'paHi
HOKa, BUJI Ta BEJIMYKMHA eJIiIca Ha 3aHii rpaHi Hoka. BcTaHOBIIGHO, 11T0 HAWMEHIII 3HAYEHHS MEX1
BUTPMBAJIOCTI MOKa3au Taki Hoxi (pucynku 2, 3): Laska yniBepcanbhuii — 2,2-10* mukiis; Laska
JUTIsI CHPOKOITYEHUX KoBOac — 2,2 10* mukoiB; Seydelmann — 2,4- 10* tmkoriB. Hoski immmmx MapoK
MalOTh 3HAYHO BUIY BUTpHBaiticTh: Alpina —4,2-10°muknis; Kilia— 1-10° muknis i Bume; JIS-OKB
—1-10° uukois i BumIE.

Coox capwu st
o

BanTeas
B3h4weits

Tsancanns L dmmeens

- BaTeens
_ nsens

Letbeenns

a) 0) B)

Pucynox 2 — Pe3ynpTaTu 4McenbHOTO MOJIETIOBAHHS CTPOKY CIIY)KOM HOXIB KyTepa
IIPU 3HAKO3MIHHUX HaBaHTa)KEHHSX (KUTBKICTh IMKIIIB AedopMaltiil 10 pyiiHyBaHHS):
a) Hibx mapku Seydelmann; 6) Laska mis cupokonuennx koBoac; B) Laska yHiBepcanbHuiA
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Pucynox 3 — Pe3ynpTaTi 4ncenbHOTO MOICTIOBAaHHS KUTHKOCTI IUKIIIB Aedopmartii
710 pyHHYBaHHs HOXa (CTpPOKY caykO0u HOXKiB) Mapku Seydelmann mpu pi3HUX T€OMETPUIHUX
napaMmeTpax 3aJHbO1 IpaHi: a) IpU 3acTocyBaHHs 3akpyriaeHHs (1) ta ¢acku (2);
0) s cTanAapTHOTO HOXKa (1), MpU 3acTOCYBaHHI TOPU3OHTAIBHOTO efinca 6,25%2,5 MM (2),
IIPH 3aCTOCYBaHH1 ropu30HTaNIbHOTO eninca 4,00%2,5 MM (3),
IIPH 3aCTOCYBAaHH1 BEpTUKAIbHOTO efinca 2,5%1,5 mMm (4)

BucnoBkm. Jlns 3a0e3neueHHS BHCOKOT MeX1 BHUTPHBAJIOCTI HOXIB KyTepa BeEIbMHU
BAYKJIMBHUM € 3aCTOCYBaHHSI 3aKpyriieHHs a0o (acok Ha iX 3a7Hii rpaHi. HalBuIoo epexTUBHICTIO
BOJIOJIIE€ 3aKPYIJIEHHS Y BUIJISIII BEpTUKaiIbHOTO enincy 2,5%1,5 MM (+17% BuTpuBanocTi), oJJHaK
Taka TeOMETPIs 3yMOBHUTH MOTIPIIECHHS TEXHOJOTIYHOCTI BUTOTOBJICHHS HOXa, a BIATAK, MOTO
3n10poxkydaHHA. BukopucranHs ¢acku BenuunHOo C=2 MM NOpPHU3BOAUTH A0 MiIBUIIEHHS
BUTpHUBaiOCTI Ha 16% Ta M03BOJIAE 37EMIEBUTH TMpoliec 0OpOOKU 3aaHBOI TpaHi. 3aCTOCYBaHHS
3aKpyriaeHHs pagiycoM R=2,5 MM minBuiye BuTpuBaticts Ha 15%.

CHnucoK JiTepaTypHHUX [IzKepeJ
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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. ., [llaTanoB A. H., AnanbeB P. A., CmupHoB A. b. KomnbrotepHoe MoenupoBaHue
MIPUYYH aBAPUHOM TTOJIOMKH HOXKEH BRICOKOCKOPOCTHBIX KyTTepoB. Mscnasa undycmpus. 2010. Ne 8. C. 19—
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MOJEJIOBAHHSA I'IIPOJJUHAMIKHA M'SICHOI CUPOBUHHU
PU Ii MOAPIGHEHHI B M'SICOPI3AJIbHUX MAIIIMHAX

Bbarpauenko O.
UYepkacbkuil epxaBHUM TEXHOJIOTTYHUM yHiBepcuTeT, M. Uepkacu, YKpaiHa

AHoTanisi. MeToro po0oTH € TOCIIDKEHHS YUCETbHUMH METOAaMH TiIPOIMHAMIKH CHPOBUHU TIPH il
monpiOHEeHHI B KyTepaxX, BOBYKAaX 1 €MyJIbCHUTATOpax Ui OOIPYHTYBaHHS HOBHMX IUISXIB IiJBHINEHHS
MPONYKTUBHOCTI WX MamMH. YncenbHe MOJAENIOBAHHS MapaMeTpiB pyXy M'SICHOI CHPOBHHH B KyTepi
MPOBOIMIIOCH 32 JOmoMorow mporpamHoro komriekcy SolidWorks FlowSimulation. CupoBuna micis
BIIKMJaHHSI HOXXKaMH 3 BUCOKOIO IIBUKICTIO BUXOAWTH 13 30HH NOJApiOHeHHs min kytom 20°-35° nmo oci
obepTanHsa HOXIB. Jlayi MOTIK CUpPOBHHHU BIAPSETHCS 00 CTIHKY Hallll Ta PyXaeThCsl B3AOBXK 1i CTIHOK Ta
KpHuIIKy. HasBHICTB y KyTepi 4iTKO BUpaKeHOI 30HHU BIAKUIAHHS CHPOBUHH HO)KaMH 3 BUCOKOIO IIIBUIKICTIO
JIO3BOJISIE 3AMPONOHYBATH PIIICHHS 3 PO3MIIICHHS B Iil 30HI CTATWYHHMX HOXIB 33Ul iHTeHCHIKaIlii
MpoLecy KyTepyBaHHsI, IpUIOMY, Oe3 3aliBUX Ha T€ €HEPrOBUTPAT.

Keywords: koM’ roTepHe MOJIEIIOBaHHS, KyTep, BOBUKH, EMYJIbCUTATOPH, T1IPOIMHAMIKA.
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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. EdextuBHicTh poO0TH M'sicOpI3aIbHUX MAIlIUH 0arato B YoMy 0OyMOBITIOE KUTHKICTh
Ta SIKICTb BUTOTOBJICHOT MPOAYKIIIi Ha M'AcOnepepoOHUX MiANpUEMCTBAX. YUCIEHH] JOCTIHKEHHS
nporieciB poboTu 1mx MamuH [1-3] oMHHYIH Takuil BKpail BaKJIWBUI aCleKT, SIK y3TOJKCHHS
MPOIIeCiB Mojavyi Ta MoapiOHEeHHsT M'ACHOi cupoBHHHM. HanexHe BupimieHHs Ii€i 3agadi JacTh
MOXJTMBICTh 3HAUTH HOB1 NUJISIXH ITIIBUIIICHHS TPOAYKTUBHOCTI JAHUX MaITHH.

IMocTanoBka 3axa4i. AKTyaTbHUM € 3HAXO0/KEHHS 0COOMBOCTEH T1IPOAMHAMIKA CHPOBUHU
mig 4yac i mepepoOKH B KyTepax, BOBUKAxX 1 eMyJbCHTATOpaxX Ta BUPOOJEHHS HOBUX PIIICHb 3
iHTeHcudikarii mporecy ii moapiOHEeHHS.

Meta pob6oru. MeTor0 poOOTH € AOCHIIKEHHS YUCETHbHUMU METOJaMHU TiAPOJMHAMIKH
CUPOBHUHHU MpH 11 MOApiIOHEHH1 B KyTepax, BOBUKAX 1 EMYJIbCUTATOpaX ISl OOTPYHTYBaHHS HOBUX
NUISIXIB MABUIIIEHHS MTPOYKTUBHOCTI ITUX MAIIIHH.

OcHoBHa yacTuHA. YucenbHe MOJICTIOBaHHS MapaMeTpiB pyXy M'ACHO1 CHPOBHHH B KyTepi
MPOBOMIIOCH 3a JI0TIOMOTO0t0 IporpaMHoro komiuiekey SolidWorks FlowSimulation (pucysoxk 6).

Kpumika Hox)OBOT
rOJIOBKH
Kpumika

Buxin

Pucynox 7 — O6nacts po3paxyHKy NpH MOJETIOBAHHI PyXy CUPOBHHU
IICIIsE HOXKOBOT F'OJIOBKH KyTepa

Sk BHIHO 3 pUCYHKAa 2, CHPOBHHA MICHs BIiAKUJAHHS HOXKaMW (MakCcMMaibHa JiHIHHA
IIBUKICTH HOXIB 94,5 M/C) 3 BHCOKOIO MIBUJIKICTIO (10 89 M/C) BUXOIUTH 13 30HU MOAPIOHEHHS
nig kyroM 20°-35° 1o oci obepranHs HOXIB. Take 3HaYeHHs KyTa BIAMOBIA€ KYTy 3aTOUYBAaHHS
HOXIB KyTepa. Jlani MOTIK CHPOBHUHU BIApSAETHCSA 00 CTIHKY Yallli Ta PyXaeThCs B3JIOBX 1i CTIHOK
Ta KpUIIKU. J{aii CHpoBHHA PyXa€eThCsl YAaCTKOBO BrOpY, B KPUIIKY HOKOBOI T'OJIOBKH, a YaCTKOBO,
3a paXyHOK BHCOKOI KIHETUYHOI eHeprii — BAOBXK MOBEPXHI Yallli, cripaBa-HaiiBo. [liqTBepKeHHIM
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pe3yNbTaTIB MOJICIIOBAaHHS MOXke OyTH (hOTO, TpEICTaBlIeHE HAa PHUCYHKY 3, a. BuIHO, mI0
HaiOUTbIIa KUTBKICTh CUPOBMHHU HasiBHA B 30HI 4 (yTBOpEHa BIJKUJAHHSIM CHPOBUHH JI€3aMHU
HoXiB). Ha pucynky 3, 0 HaBeneHo TepMorpadiro CHpOBHHM Ta jaeTanedl kyrepa. HaiOimbn
XOJIOJTHOIO 30HOKO (CHHIN KOJip) MOBEPXHI KPUIIKH HOXKOBOI TOJIOBKH € 30HA, 110 BIAMOBITA€E 30H1
4 Ha puUCYHKY 3, a.

PEEARE ©-v-OR-0-

=303

550147045
115497
102718
89.930
77160
64381
51602
38823
26,044
13265
0486

Cropocts [mis]

95431383
-357284258
-3109999.10
-1.26+007
1724007
"+ -217e+007
-263e+007
-308e+007

0)

Pucynok 2 — Bizyasizaltis pe3yabTaTiB YACEIHHOTO MOJICITIOBAHHS (4acTOTa 00OepTaHHS HOXKIB

50 ¢1): a) mBHAKICTE pyXy M’SCHOT CHPOBHHH y BHYTPIIIHBOMY 00’ €Mi damTi, M/c; 6) po3moit
THCKY M SICHOT CHPOBHMHHU B TOPU30HTAJIbHIN TIJIOIIMHI Yarri, [1a

Pucynok 3 — @oTodikcallis po3noIily CHpOBUHU MO MOBEPXHI KPUIIIKK HOKOBOT FOJIOBKH (@) Ta
MOJTiB TEMIIEPaTyp CUPOBHHH Ta 30BHIIIHBOT HOBEPXHI KPUIIKUA HOKOBOI T0JI0BKH (0): 1 —
CHPOBHHA, sIKa BUHECEHA HOKaMH IePIIOT IUIOIIMHY pi3aHHA 13 30HU NMOAPIOHEHHS 32 paxXyHOK
CHJI ajresii; 2 — CUpOBHUHA, 5K BIIKWHYTa HOXKaMHM B IUIOIMHI X 00epTaHHs NpHU rajlbMyBaHHI
HOKOBOT1 F'OJIOBKHU; JUISIHKA, Ha KA BIACYTHI CIIIM CUPOBHUHU; 3 — 30Ha, B SIKiii CHpOBHHA
BIJICYTHSI; 4 — CHPOBHHA, SIKa BIIKMHYTA JIE3aMU HOXIB

BucHoBku. BcTaHOBNIEHO HampsMKH Ta IIBHAKICTE MOTOKIB M’SCHOI CHUPOBHHH, SIKi
BIIKUJAIOTBCS HOXAMH HOKOBOI TOJIOBKM KyTepa. BusiBieHi 0COOTUBOCTI TimpOIHAMIKU
CHPOBHHHU € JOJATKOBUM (PaKTOPOM ILKIJJIMBOTO HArpiBy M’sica MpH MoJpiOHEHHI Ta 3HAYHHX
SHEeproBUTpaT Ha Mpoliec KyrepyBaHHs. Ha OCHOBI BCTAaHOBJIEHHS B KyTepi YITKO BUPAKEHOT 30HU
BIJIKM/IaHHS CUPOBMHM HOKaMH 3 BHCOKOIO IIBHJKICTIO OyJi0 3alpoOlOHOBAHE HOBE TEXHIUHE
pilIeHHs 13 pO3MillIeHHSI B 111l 30HI CTATHYHUX HOXKIB 33151 iHTeHCH(DiKallii mpoiecy KyTepyBaHHS,
npuyoMy, 6e3 3aiiBUX Ha T€ €HEPrOBUTPAT.
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KOMII'IOTEPHE MOJIEJTIOBAHHSA NPOLECY BUMIPIOBAHHSA ITPO®ILJIIB
EJIEKTPO®IBUYHUX ITAPAMETPIB OB’€EKTIB
HAKJTAJHUMHU BUXPOCTPYMOBUMMU NIEPETBOPIOBAYAMUA

l'aabuenxo B. §., TpemGoBenbka P. B., basiyio K. B., Tuukosa H. b.
Uepkacbkuil 1ep:kaBHUM TEXHOJIOTTYHUI yHIBEpCUTET, M. Uepkacu, YkpaiHa

Anorania. CTBopeHa KOMIT'IOTEpHA MOJIENb TPOIECY BUMIPIOBaHHS HAKIaJHAM BHXPOCTPYMOBUM
MEpETBOPIOBAUEM HEMEPEPBHO 3MIHHHUX MPOQLIIB eNeKTpHYHOI MPOBIHOCTI Ta MAarHiTHOI MPOHUKHOCTI B
00’€KTax KOHTPONIO. MoJellb pO3risIaeThesl K IHCTPYMEHT JUIsi PO3pOOKH eeKTHBHOI MeTaMojeri Ha
IITyYHUX HEHPOHHHX MepeKax Ta HeoOXiJHa IS pO3B’SI3Ky OOEpHEHOi eNeKTPOJMHAMIYHOI 3ajadi.
Po3pobiiena koM 10TepHa MOJIENbh BUKOPUCTaHA JIIsl CAMYJISIIIT TIPOIECiB BUMIPIOBAHHSI HA PI3HUX YacTOTaX
30y/DKEHHSI BUXPOBHX CTPYMIB Y MAarHiTHUX 1 HEMArHITHUX 00’€KTax KOHTPONIO. J[OCHiPKEHO YyTIMBICTh
METOAY J0 HHM3KH HECYTTEBO BIAMIHHMX HpO(LIiB, BHU3HAYEHO ONTHMAJIbHI YaCTOTHI Jiarma30HH, SKi
3a0e3IeuyloTh MaKCUMaJIbHO MOJIMBI PiBHI BHXIJIHOTO CHTHaTy TepeTBOpIOBava. 3rilicHeHa Bepudikallis
KOMIT TOTEPHOI MOJIeNi Uil BUMAJKIB, KOJW TPUIIOBEPXHEBHH IIap 3aJaBaBCs OJHO- Ta JIBOIIAPOBOO
ampokcumMartiero. [Tokazana 301KHICTE 3 MPUIHHATHOIO TOYHICTIO OTPUMAaHUX PE3YIIbTATIB.

Kuro4oBi cjioBa: BiTHOBIEHHS €IEKTPOGI3MIHUX TTapaMeTPiB, METAMOIEIb, PO3PI3HEHHS TTPOdLTiB.

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  iHGopMmamiio  1mpo  MIKpOCTPYKTYpy — Matepially — Jeranel
MaIrHOOY/JyBaHHS MOKHA OTPUMATH, 3HAKOUM MpOo(ull eIEKTPUYHOT MPOBIIHOCTI Ta MarHiTHOI
MPOHUKHOCTI B HOro MNpPHUINOBEpXHEBUX Iapax. JlOIUIbHUM € OTpUMaHHS LHX BiIOMOCTEH
METOJIaMH BUXPOCTPYMOBOTO HEPYHHIBHOTO KOHTPOJIO, OJHOYACHO BUKOHYIOUM BUMIPIOBAHHS
podiiB 6e3mocepeIHhO B TEXHOJIOTTYHOMY MPOIECi BUTOTOBIICHHS IETANICH.

Bukaan ocHoBHOro marepiajgy. BumipioBaHHS eleKTpO(I3UYHHMX MapaMeTpiB B
MIPUIIOBEPXHEBOMY IIapi 00’€KTy KOHTPOJIO 3AIHCHIOIOThCS B JBa ertanu. llepmuit — e
6e3nocepeHbO (Bi3UUHI BUMIPIOBAHHS BUXPOCTPYMOBHM IIE€PETBOPIOBAYEM, A APYIHid — YHCETbHA
o0pobka curHaiy, sika rnepezdadyae peKOHCTPYKIito TpodiIiB B pe3yabTari iHBEPCii, K PO3B’sI30K
OararonapameTpudHoi oOepHeHoi 3a1aui. Peanizamis Takoro miaxoay oOpoOKH CHTrHaIy BUMarae
PO3B’A3Ky IpAMOi 1 00epHEeHO1 3a1au.
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MeTta po00TH — JOCTIHKCHHS 3 BUKOPUCTAHHSIM CTBOPEHOT KOMIT FOTEPHOT MOJIENi nporuecy
BI/IMlpIOBaHHSI HAKIIQJHUM BHXPOCTPYMOBHM IEPETBOPIOBAYEM I{OJI0 BCTAHOBICHHS YYTIUBOCTI
po3p13HeHH;1 ONMU3bKUX MPOQiTiB HpOBll[HOCTl 1 MarHiTHOT HpOHI/IKHOCTl IO  HEMEPEPBHO
3MIHIOIOTBCS. B TPUIOBEPXHEBOMY IMIapi OO’€KTIB KOHTPOJIO 3 MAarHiTHOTO 1 HEMarHiTHOTO
MaTtepiany.

OcHoBHa yacTHHA. ABTOpaMI/I B [1], SaHpOHOHOBaHI/If/'I anpOKCHMauiﬁHHﬁ METOJ, B IKOMY
npu 00poO1Ii BAKOPUCTOBYETHCS OKPIM (1)131/1qu BUMIpPSHOTO CHTHAITy IIe 1 mogaTkoBa iH(GopMaris
po 00'eKT, M0 OTPUMAaHa HOMIEPENHBO i 36ep1raeTI>ca B TaK 3BaHiii METaMOMEII.

B oCHOBY CTBOpeHHS KOMII'FOTEPHOI MOJENI MpOIeCcy BUMIPIOBaHHS MPO(LTIB 3aKiIaJeHO
marematnuny wmojens Uzal-Cheng-Dodd-Deeds [2], sika mpencraBieHa aBtopamu B [3] Ta
BUKOpHUCTaHa B Jnemo BuposMmineHomy Theodoulidis [4] BapianTi. Taka maremaTHyHa MOJENb
BUKOPHUCTOBYE KYCKOBO-TIOCTIHHYaIIPOKCUMAIII0 HEMEPEPBHO 3MIHHUX MPOQLIIB €IEKTPOPI3SUIHUX
rapaMeTpiB 1 TOMY HaJall pPO3MJIAAEThCS YMOBHO OaraToIapoBa IMPUIIOBEPXHEBA 30HA 00 €KTa
koHTposto (OK). [lnst Toro mo6 coporieHHst 0yno ajeKBaTHUM, HEOOXITHO BUOMPATH JTOCTATHBO
BEJIIUKY KUTHKICTh YMOBHHUX IIAPIB, KA CATAE IEKUTHKOX JIECATKIB.

B cepenosumni makera MathCAD peanizoBana KOMIT'IOTepHA MOJEIb Ta 3JiiicHeHa Ti
BepHuQIKallisl MOJEIIOBAaHHAM 30yKEHHS BUXPOBUX CTPYMIB B 00’€KTax, A SAKUX € BIIOMUMU
aHAJIITUYHI 3aJIEKHOCTI [5] BUBHAUEHHS IIyKaHUX NapaMeTpiB. JoBeeHO a/leKBaTHICTh CTBOPEHOT
KOMIT FOTEPHOT MOEIII.

Takox 3ailicHIOBasacsi HU3Ka PO3PaXyHKOBUX EKCIIEPUMEHTIB 13 MOXJIMBUMU THUIIAMU
npouUTIB, MPUIOMY SIK IJIsI MATHITHHX, TaK 1 HEMarHiTHUX MatepiamiB. [[7s mporo B IKOCTI 0a30BUX
3aaBaiucs npo¢ull MPOBIAHOCTI Ta MPOHUKHOCTI 1711 30-TH YyMOBHMX IIapiB Ta CTBOPIOBAIMCA
Omu3pki Tpodili Ha X OCHOBI fK pe3yiabTaT HE3HAYHUX 3MIiH, HANPHUKIAA, 30UTHIICHHSIM
MOYAaTKOBUX Ta KIHIEBUX 3HaueHb mnpodiniB Ha 1% Ta 3 % 3 HacTylIHUM pO3pPaxyHKOM
MMPOMDKKOBHUX 3HAaU€Hb, a00 30UTHIIICHHSIM MMOYaTKOBUX Ta 3MEHIIEHHSM KIHIIEBHX 3Ha4eHb Ha 3%
Tta iHmi. CyTHICTP TakuX MOJCIBHHX EKCIIEPUMEHTIB IOJISATaE B IMITaIli BUMIpIOBaHb IIPH
BapitoBaHHI TIpodiTiB 3 (ikcali€ero 3HaYE€Hb BHUXITHOTO CHUTHATY Ta OINHI[I MOXJIMBOCTI iX
posnizHaHHsA. [lpu 1IbOMY MOJETIOBaHHS 3MIMCHIOBAJIOCS Ha PI3HUX YacTOTax 30yHKEHHS
BUXPOBHUX CTPYMIB.

OTtpumMaHi pe3ylnbTaTd 0OYUCITIOBAIBHUX EKCIIEPUMEHTIB J03BOJISIOTH OPIEHTOBHO OLIHUTH
YyTJIUBICTh TIEPETBOPIOBAYa JI0 PO3pi3HEHHA NPOPUTB eNeKTPO(I3UYHUX TapaMeTpiB IpHU
BHMIPIOBaJIbHOMY KOHTPOJI1 00’ €KTIB 13 MAarHiTHUX Ta HEMarHITHUX MaTepiajis.

BucnoBku. MojenoBaHHsIM MpU HE3HAYHMX 3MIHAX IapamMeTpiB B MOAU(IKOBAHUX
npoduIIX OTpUMaHI TPUHHATHI i ¢ikcarii 3MIHM aMIUNTYId BHUXIJHOTO CHUTHAIY
MePETBOPIOBAYIB SIK JIJI1 HEMAarHITHUX, TaK 1 4711 MarHiTHUX MarepiaiiB. OKpiM IbOT0, BCTAHOBJICHO
YacTOTHI Jiama3oHH 30yHKEHHsS BUXPOBUX CTPYMIB, B SKUX YYTJIMBICTh IMEPETBOpPIOBAvYa JI0
aHai30BaHMX NpodiniB Ounbima. /[ HEMarHiTHUX MaTepialiB 1€l miana3oH ckianae 3-8 k[, a
1t MmarditHux — 8-10 kl'm.
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Anoranis. [Iporec miactuanoi aedopmartii crani DC0O4 € ckinagHum, HENiHIHHAM, HE3BOPOTHUM,
CaMOOpTaHi30BaHUM MPOIeCOM. AHaJli3 HE3BOPOTHOCTI 4acOBOTO PSIIy «HAMpyra-aedopmallis» J03BOIUB
BUSIBUTH XapaKTepHi 00nacTi (KBa3i)npyKHOI, TIacTUH4HOI Aedopmarlii i 3BykeHHs. OcTaHHi J1Bi 00J1acTi €
HaiOubIn  iHQopMaTHBHEMHU. OONacTe HenpyxkHol Jnedopmariii XapakTepu3yeThesi KOJIEKTUBHHUMU
CaMOOpTraHi30BaHUMHU IporiecaMu  TpaHchopmarii TUCIOKAIIHUX CTPYKTYp, IO TEpeXoisiTh B
MOPOYTBOPEHHS 1, B KIHIIEBOMY PaxyHKY, YTBOPEHHSM MIKPOTPIIHH 1 TNI00ATBHOI TPIIUHK SIK TPHYHHA
pyHHYBaHHS 3pa3Ka. 3amporioHOBaHO 3aXOJH JUIsl KUTBKICHOT OLIHKU HE3BOPOTHOCTI mporecy Aedopmariii.
Byno BusiBieHO, M0 iHAMKATOPH HA OCHOBI KUTbKICHUX XapaKTEPUCTUK CKIIAJIHUX MEPEX Ta MepMyTaliiHUX
Ia0JIOHIB MPEJCTABISIOTECS OCOOIMBO 1HPOPMATUBHUMHU I MOXYTh OYTH BHKOPHCTAHI HE TUTBKH ISt
knacudikamii craaiii racTuyHol JAedopmartii, ane i sk mepeaBiCHUK MpoIecy HE3BOPOTHOTO PYHHYBaHHS
Marepiary.

Kiro4oBi cjioBa: CKIaaHI CHUCTEMH, IUTAaCTHYHA nedopmarllis, JUCIOKAIlli, MEpEeXKeBl 3aXO0HH,
TIepMyTaIliifHI IHAUKATOPH, CAMOOPTaHi3aIlisl.

IRREVERSIBLE MEASURES OF COMPLEXITY
OF PLASTIC DEFORMATION PROCESSES IN METALS

Kiv A.}2, Bryukhanov A.2, Soloviev V.3, Kavetskyy T.4°, Dyachok D.2, 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 1l 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. Opnniero 3 ¢pyHaaMeHTanbHUX MpoOieM (Bi3sUYHOTO MaTepialo3HaBCTBA € TMOSICHEHHS
CIOCTEPEKYBAHUX B €KCIIEPUMEHTI CKJIQJIHUX 3aKOHOMIPHOCTEN BUHUKHEHHS 1 PO3BUTKY JIe(PEKTHUX
CTPYKTYp, 110 YTBOPIOIOTHCS MpH IIacTUuHii Aedopmarii marepiany. JledhopmoBanuii Matepian
ABJISIE COOOI0 CKIIAJHY AMHAMIYHY CHUCTEMY, B SIKii IiJ] BIUIMBOM 30BHIIIHBOIO HABaHTAKEHHS
Marepiai MepexoiuTh Yy CTaH, NAIEKHi BiJ TepMoAuMHaMiuHOI piBHOBaru. lle mpu3BomuTh 10
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PO3BUTKY AMCHUIATUBHUX HECTIHKOCTEH y CHCTEMi, IO 3YMOBIIIOIOTH YTBOPEHHS PI3HHUX THIIIB
HEOJJHOPITHUX JNe(PEKTHUX CTPYKTYp, Yy TOMY YHCIi auciokamidHux. Ilmactnyna nedopmaris
MeTaJiB MPOCTOPOBO HEOTHOPIAHA 1 TepeprBuYacTa B Yaci uYepe3 HMCKPETHY NPHPOIY HOCIIB
TJTACTUYHOCTI — JUCIIOKAIiN KpucCTaiaHO1 Tpatku [1]. JIMCKpeTHICTh AUCIOKAIIMHUX TPOIIECIB €
OCHOBHOIO PHYHMHOIO JIOKAJIbHUX KOJIMBAHb HANPYTH 1 Aepopmariii. OTHaK TUTIOBA KPHBa «HATpyTa-
nedopmaris», 3HATA 3 TOYHICTIO CYy4aCHOTO OOJIaHAHHSI, BUSBIAETbCA Tanko0. [IpuunHa mporo
MOJISITa€ B TOMY, IIO Iiio0anbHa KpHBa «Hampyra-aedopMaris» € pe3yiabTaToM YCEpPEeIHEHHS I10
nepopMoBaHOMY 00’€My Ta 3a YacoM i, SK Taka, HE MOKa3ye IMePepUBYACTOCTI MIIACTUIHOTO TEYil.
OpHak MBHIKICTD 3MIHU Ii€1 KpUBOI MICTHTH (DiyKTyarii, aHali3 4YacOBHX PSIIB SKUX JIO3BOJISIE
OTPUMATH JAJIeKO HeoueBUAHY iHdopmariito [2].

Metoro poboTH € aHalli3 HE3BOPOTHOCTI YaCOBOTO PsAY KPHUBOI «Hampyra-gedopmaris»
o(e).

IMocranoBKka 3aga4i. AHaji3 HE3BOPOTHOCTI B KpHUBili «Hampyra-aedopmanis» o(e) Gymo
BuKoHaHO /i ctasi DC04 3 noBxkuHO0 pobouoi yacTuHU S0 MM, mupuHOO 20 MM 1 MIBUAKICTIO
postsryBanHst 0,1 mm/xB (pucynok 1, a). Vci mpeacraBieHi Moka3HUKU OyinM po3paxoBaHi 3
BUKOPHCTaHHSAM METOJy KOB3HOTO BikHa, Jie po3Mip BikHa w € {150,250,500} i po3mip Kpoky
h =5, mo BiAMOBiTae YacOBOMY IHTEpPBaly MDK KOXHMM BIKHOM. PO3paxyHKH IUX THITIB
MOKa3HUKIB OYyJIM BUKOHAHI K Ul BUX1THOTO YaCOBOTO sy, TaK 1 UIsl HOTO CTaHAApTHU30BaHUX
npuOYTKOBOCTEH, Jie TPUOYTKOBOCTI po3paxoByrothes sk [x(t + 1) — x(t)]/x(t). Awnanis
HE3BOPOTHOCTI /TSl KpUBOI «Hanpyra-nedopmairis» O0yino BUKOHAHO HA OCHOBI rpady BUTUMOCTI Ta
nepMyTaliifHuX malnoHIB. MU BUSBUIIN, 110 KIIACUYHUHN rpad BUIUMOCTI PEACTABISETHCS OUTbII
CTIMKMM JI0 HEMIHIMHOCTI caMe BHXIJTHOTO YacOBOTO Psy y MOPIBHSAHHI 3 HOTO MPUOYTKOBOCTSIMHU.
He3BopoTHICT, Ha OCHOBI MEepMYyTaIlIfHUX IIA0JIOHIB Oyiia po3paxoBaHa IS CTaHAAPTH30BAHUX
MPUOYTKOBOCTEH.

HesBopoTHicTs y 9aci € GpyHIaMEeHTaIbHOIO BIACTHBICTIO HEPIBHOBAKHHUX JIUCHITATHBHUX
cuUCTeM, 1 il BTpaTa MOYE CBITYHTH IPO PO3BUTOK AECTPYKTUBHHMX mporeciB [1, 2]. Hame
JOCIIDKEHHST Tiependadae, mo mpoiiec X Ha3MBAEThCS CTATHCTHYHO 3BOPOTHUM Y 4Yaci, SKIIO
PO3MOAUTA HMOBIPHOCTEH BUXIIHOT Ta 3BOPOTHOI BEPCiii CHCTEMH € MPHUOIU3HO OJTHAKOBUMU [3—
5]. He3BOpOTHICTh YacOBUX PsAIIB BKa3ye HA HASBHICTh HENIHIMHUX 3aJIeKHOCTEH (1mam’sTi) [6] B
JUHAMIIl CHUCTEMH, JaJeKOi BiJ pPIBHOBarv, BKJIIOYAIOYM HETayCOB1 BHIMAJKOBI MPOIECH 1
JTMCUIIATUBHUM Xaoc.

Mipa He3BOPOTHOCTI YacOBHUX Psi/IiB HA OCHOBI MepMyTaniiHUX W6 0HIB. OO0UnCICHHS
nepMyTamiiHuX madnoHiB (permutation patterns, PP) mepenbavae, mo wacoBuii psg X =
{x(i)|i=1,..,N} pos6uruii na nepeciuni mizsexropu X(i) = {x(i),x(i + 7), .., x(i + [dg —
1]7)}, ne dg — noBxuHa BiIIOBIIHUX BEKTOPIB (KUILKICTH €lIEMEHTIB /1JIs CIIIBCTABJIEHHS), & T — LIE
YyacoBa 3aTpUMKa MK [UMH ernemenTamu [7]. Ilicns nmpoueaypu pekoHCTpyKIlii (ha30BUX BEKTOPIB,
KO’KHA MIAMOCIIOBHICTE X (i) meperBoproeTbcsi Ha mopsakoBuit PP m = {ro,rl, ...,rdE_l} 3
{0,1,...,dg — 1}, nns sxux mMae BukoHyBatuch ymoBa X (i +79) < x(i +17) < - < x(i +7rgo_1).

IikaBa a5 Hac Mipa HE3BOPOTHOCTI 4yacy, 3acHoBaHa Ha PP, Moxe OyTH oTpuMaHa IUIIXOM
BpaxyBaHHS BIJHOCHOI YaCTOTH IAOJIOHIB K JUIS MOYAaTKOBOIO, TaK 1 /Uil 0OEPHEHOT0 YacOBUX
paniB. TakuM 4MHOM, AKIIO OOMJBA PSAAM MAIOTh MPHUOINU3HO OJHAKOBI PO3MOALIA MMOBIpHOCTEN
cBoix PP, wacoBuii psn mpezacraBiseTbCsi 0OOPOTHUM 1 MPOTHICKHUI BHCHOBOK MOXeE OYyTH
c(OpMyIIbOBAHUI JUIs IHIIOTO BUMAKY.

Sk Ans MOKa3HUKIB Ha OCHOBI MEPMYTALIMHUX IA0JIOHIB, TakK 1 JUIs BEITWYHH HAa OCHOBI
rpa¢giB, Mu OynemMoO BHUKOPHCTOBYBAaTH (yHKIII HIUTbHOCTI HMoBipHOCTI (probability density
functions, PDFs) 3raganux Bequ4uH. SIKII0 NpeACTaBUTH HAIly CUCTEMY OOOPOTHOIO B yaci, MU
MPUITYCKAEMO, IO PO3MOAUIM WMOBIPHOCTEH NPAMHUX 1 3BOPOTHHX 33 YacOM XapaKTEPUCTHK
MOBHHHI OyTH OJHAaKOBUMH. JIJii HE3BOPOTHUX MPOIECIB MU OUIKYEMO 3HAMTHU CTATUCTUYHY
HeekBiBaJIeHTHICTh. OUiHUTHU 11 MOkHA Yepe3 Biactanb JlkeHceHa-lllennona [10]: JS(p || q@) =
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\/[DKL(p || m) + Dk (q || m)]/2, ne Dg,(-) Bimnosimae Bimcrani KynwnOaka-Jleibnepa [8], p
BIAMOBIJAE PO3IOALTY NPAMUX y YaCl XapPaKTCPHUCTHK, 4 q BUIIOBIIA€ 3BOPOTHIM, T = ~ (p+q).

Jlnsi He3BOPOTHOCTI, 3aCHOBAHOI Ha IEPECTAaHOBKAaX, MM MPOTECTYBAIM Pi3HI KOMOiHamii
PO3MIpHOCTI BKJIAJICHHS 1 yacoBoi 3aTpuMku. Excriepumentu nipoBoawmucs mist dg € {4,5} i 7 €
{3, ...,15}. Mu BusiBuim, mo dg =4 i T = 15 parore HaiOULIbII HaIIHHI pe3yJabTaTH MPH BCiX
poO3Mipax KOB3HOTO BiKHA.

Ha pucynky 1, b Mu MoskeMo 6a4nTH, 1110 M1 Yac IMepexo Ty Bijl MPYKHOT 30HU 10 IIIACTUIHOT
1 Iepel pylHYBaHHSIM, HE3BOPOTHICTh 3POCTAE, 10 BKA3ye HA 30UTBIICHHS HETIHIMHOCTI B IUX
o0JacTsx.

Permutation patterns
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Pucynoxk 1 — JIlunamika BUX1THOT KpUBOT «Hampyra-aedopmaris» y 49aci i i cTaHaapTH30BaH1
npuOyTkoBoCTi. [ITyHKTHpHI JTiHIT TOAUIAIOTH KPUBI «HAMpyra-aedopmallis» Ha TpU eTamnu (a).
CTpinKy BKa3ylOTh Ha CTAJIiI0 MEPEX0ay BiJl MPYXHOI AedopMalrii 10 TUIaCTUYHOT 1 CTaIii0
pYHHYBaHHS B 4aCOBOMY Psiii MpuOyTKOBOCTEeH. JIMHaMiKa IHIMKATOPIB HE3BOPOTHOCTI HA OCHOBI
MepMyTaIifHUX 11a0JI0HIB HApsITY 13 KpUBOIO «Hanpyra-nedopmaritis» (b)

Metoau ckjaaaHux Mmepexk. ['pad Bumumocti (Visibility graph, VG) 3acHoBaHmii Ha
npocToMy BimoOpaxenni wacoBux psaxgis {x;|i=1,..,N} y Buraagy rpada, e KOXKHE
CIIOCTEPEIKEHHS X; PO3TIISAIAETHCS Y AKOCT1 BEPIIUHM (BY3J1a) CKIaAHOI Mepexi. J[Bl BepIuHM i Ta
j moB's3ani pedpom (i, j), AKIIO 15t BCIX BY3iB k 3 t; < t), < t; 3aCTOCOBYETBCS YMOBA X), < X; +
(i — %) (& — ti) /(& — &) [9].

lopuzontansuuii rpad suaumocti (Horizontal visibility graph, HVG) sBasie coboro
CIIPOIIEHY BEpCito boro aaroputmy [9]. st qocmimKyBaHOTO 4acOBOTO PSTy MHOKWHH BEPIIHH
VG ta HVG € ogaakoBumHu, ToAi sik MHOkHHU pedep HVG BinoOpaxaroTh B3a€MHY TOPH30HTAIBHY
BHJIMMICTB JIBOX CHOCTEPEXEHb X; Ta X;. TOOTO, MK 3HAYEHHAMH X; Ta X; MOKHA IOOY/yBaTH
pepo (i, j), axmo x;, < min(x;, xj) ans Beix k 3 t; <ty <t

Ockinpku y Bu3HaueHHI VG ta HVG 4itko BpaxoByeTbes dac (MOPSAI0K) CHOCTEPEKEHb,
HanpsMOK 4acy HEPO3PUBHO IMOB’A3aHUH 3 pe3yabTYIOUOI0 CTPYKTyporo mepexi. I1lo0 BpaxyBaTu
ueit ¢akt, Mu BU3HayaeMo HaOip HOBMX CTaTHMCTUUHUX MEPEKHUX MOKA3HUKIB, 3aCHOBAaHUX Ha
JIBOX MPOCTUX XapaKTEPUCTUKAX BEPILIUH:

1. Ockinbku 4mcno pebep IHIMASHTHUX BEPIIMHI [ MOXe OyTH Bu3HAUeHO fK ki = X.; A;j,
s (H)VG, 13 BpaxyBaHHSIM HOJI0KEHHS BEPILIMHM Y Yaci, el MOKa3HUK MOKe OyTH IepenycaHuii,
BPaXOBYIOUH KilTbKiCTh iHIMACHTHHX il BepliMH y MuHYyIoMy ki = X ;.; A;; Ta MailbyTHEOMY
ki =%5iAij. Y namomy pasi, k; = ki + ki, ne ki Ta k{ mMoxyTh BBaXKaTHCS MuHyIUMU Ta
Maudymuimy CTYNEHSMHU BepiinH. Slk Oyno0 BH3HadueHO B poOoTi [9], Taki Mipu BigMoOBiNalOTh
BXI/IHUM Ta BUXITHUM CTYIEHSM BEpILUH rpadis HampaBiIeHUX y Yyaci.

2. Koedinient noxansroi kmactepusauii rpapa C; = [2/k;(k; — D] X AijAjxAp € me
OJIHI€I0 KUTBKICHOIO XapaKTEPUCTUKOIO rpada, 10 XapaKTepu3ye CTPYKTYpY cyciniB By3na i [2]. 3a
aHAJIOTIEI0 70 CTYINEHS BEPIIWH, MU IEPENUIIEeMO CTaHAAPTHUHN Koe]ilieHT KiacTtepu3auii i3
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BpaxyBaHHs munynozo Cl = [2/k] (k] — D] Xjcik<iAijAjxAri Ta maiibymuvoco Cf =
[2/ki(kf — D] Xjsiksi AijAjxAki-

Ha pucynky 2 mpeicTaBieHO NMOKAa3HUKH HE3BOPOTHOCTI HAa OCHOBI MEPEXHOTO MiIXOIy
pa3oM 3 KPUBOIO «HAMpPyTa-aehopMaris».

1 Degree 1 Clustering coefficient
0.8
wn 0.6
2]
©0.4
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. , - el
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€ €
Pucynox 2 — Jluramika iHIUKaTOPIB TpadoJHHaMITHOT HE3BOPOTHOCTI OPS 3 KPUBOKO
«Hanpyra-aedopmartis»

BucHoBok. Y po6oTi npeicTaBieHO MipH KUTbKICHOT OIIIHKH HE3BOPOTHOCTI AepopMariiifHux
mpoueciB 'y MeTanax. BusBieHo, IO I1HIMKATOPH Ha OCHOBI MiAXOAIB Teopii rpadiB 1
nepMyTaliifHUX M1a0I0HIB IPEACTABISIIOTHCS 0COOIMBO IHPOPMATUBHUMHU, IO POOUTH MOKIIUBUM
iX BUKOPHUCTaHHS HE TUIBKH JJI1 MOHITOPUHTY Ta Kiacudikarii cramid medopmarrii, ane i sk
MepeABICHUK MPOIIECY HE3BOPOTHOTO PYWHYBAaHHS MaTepiaiy.

Moasiku. 1l pobora Oyna yacTKOBO MiATpUMaHa MIHICTEPCTBOM OCBITH 1 HAyKH YKpaiHu
(mpoextr Ne 0121U109543, 01220000850 Ta 0122U000874) Ta HarioHalbHIM JTOCITITHALIBKUM
doumom Yipainu (mpoexkt Ne 2020.02/0100). Takox momska CAIA (CroBambke akaaeMidHe
iH(pOpMaIliiiHe areHTCTBO) 3a CTUTICH/III0 B IHCTUTYTI (pi3uku CoBaIbKoi akajeMii HayK B paMKax
HamionansHoi crunenaianbHoi mporpamu CrioBanbkoi PecyOumiku.
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KOMII'IOTEPHE MOJIEJTIOBAHHSA OIITUMAJIBHOI'O XIMIYHOI'O CRUIALY
I''lbPUHUX BIOJAETPAJABEJIBHUX KOMIIO3UTIB

Jledenes B. B., Mipomauvenko /I. B., CaBuenxo /1. O., Bineus /I. 0., Mucsk B. P.,
Tuxomuposa T.C.
HamionanbHuii TeXHIYHUNA YHIBEpCHTET «XapKiBCHKHUH MOJIITEXHIYHUHN IHCTUTYTY,
M. XapkiB, Ykpaina

AHoTanisgs. Mera JOCTIKEHHSI — KOMIT IOTEPHE MOJICIIIOBAHHS ONTHUMAJIBHOIO XIMIYHOT'O CKJIaay
riOpUIHUX EKOJIOTIYHO YMCTUX Oio/erpanadellbHUX HAMOBHEHUX KOMITO3UTIB 3 MIJIBUILICHUM KOMIUIEKCOM
MIIHOCTHUX BJIACTUBOCTEH. 3aBAaHHSIMU JIOCITIIXKEHHSI € BUSIBUTH ONTUMAJIbHIHN XIMIYHUI CKJIaJ1 T10pUIHUX
EKOJIOTTYHO YMCTUX OlojierpanadesibHuX HAITOBHEHUX KOMIIO3MTIB Ta MOOYJAYBaTH KOMII FOTEPHI MOJENI 3
METOI0 TPOTHO3YBaHHS iX HAaHBaXKJIMBIIIMX EKCILTyaTalliiHUX XapaKTepucTUK. O0’€KTOM JOCIIIPKCHHS €
riOpuIHI €KOJOTriYyHO YUCTI OiozerpasadebHi HATIOBHEHI KOMITO3UTH HA OCHOBI MOJIMOJIOYHOI KHCJIOTH,
BIIXOMIB KaBOBOI Tyl Ta T'YMIHOBUX PEUOBHH, MPEAMETOM JOCIIIPKEHHS — IPOLECH KOMIT FOTEPHOrO
MOJICJTFOBAHHS ONTHMAJIBHOIO XIMIYHOIO CKJIaJy KOMIIO3MTIB. METOJIOM JOCIHIDKEHHS € KOMII IOTEpHE
MojentoBaHHs B cepenosuini MathCad Prime 6.0. B pesynbraTi nmpoBemeHHX JOCHiKeHb MO0y yBaHi
MOIENl 3 TMPOTHO3YBaHHSA  CKCIUIyaTal[ifHUX  BJIACTUBOCTEH  TIOPUAHHUX  €KOJIOTIYHO  YMCTHUX
OionmerpaabenbHUX HAIOBHEHMX KOMIIO3UTIB 3alleXHO BiJ X XIMIYHOTO CKIIAJy, SKi MOXYTh OyTH
aJarToBaHi 10 Oy/Ib-sIKOT'0 BMICTY KaBOBOI T'YII[i Ta TYMIHOBHX PEUOBHH.

KuarouoBi cioBa: xomm’rorep, MOACIIOBAHHS, XIMIYHMN CKIIaj, TiOpuHUE, OiomerpanadeinbHHUA,
KOMIIO3UTH.

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 Taily3i BUpOOHHIITBA, BUKOPUCTAHHS Ta yTHIII3aLlii MOJIMEPHUX
MaTepialliB € eKOJIOTIYHO 4MCTI OlojerpagadenbHi MOJiMepH Ta iX KOMIO3MIIi, SKi peani3yroTh
INPUHLUI «HYIbOBHUX BIIXOJIB» BIIPOJIOBX YChOTO JKUTTEBOTO IMKIy. Came TOMy Jyxke
aKTyalbHUM € pO3po0Ka Ta KOMIT'IOTEpPHE MOJIENIOBAHHSA €()EeKTUBHUX XIMIYHUX CKJIaJiB
riOpUAHUX EKOJOTIUYHO YHCTUX OioerpanaldeNbHUX MONMIMEPHUX KOMIIO3UIIHHUX MaTepianiB Ha
OCHOBI Takoro 010IUIACTHKY, SK MOJIMOJOYHA KHMCJIOTA, BIIXOAIB KaBOBOI I'YIi IpH iX CyMicHOT
(byHKIIOHATBHOT rOpUAHOT MOAM(DIKAIlli TYMUHOBUMHU PEYOBUHAMHU 3 METOIO IOCATHEHHS Y TAaKUX
6ioerpagabebHUX MOJIIMEPHUX KOMIIO3UIIIMHUX MaTepialiB  ONTUMAIBHOTO KOMIUIEKCY
eKCIUTyaTal[lfHUX BIIACTUBOCTEH.

Merta 1aHOTO IOCIIKEHHS — KOMIT I0TepHE MOJIEJIIOBAHHS ONTUMAJIBHOTO XIMIYHOTO CKIay
riOpUIHUX EKOJOTIYHO YUCTUX Oioferpana0delbHUX HAMOBHEHUX KOMIIO3WUTIB 3 MiIBUIEHUM
KOMIUIEKCOM MIITHOCTHHX BJIACTHBOCTEH.
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Marepiaiu Ta MeTOAU JOCITIKEHHS.

OO0’ exTaMu JOCHIPKEHHS BUCTYIIAJIH:

- TOJIIMEp MOJIOYHOT KHCJIOTH eKcTpy3iitHoi mapku Terramac TP-4000;

- BiIXoaM KaBOBOi rymii, 3i0paHi B 8 pi3HMX Ko(]iHAX B MicTi XapKoBa Ta CyIIEHI J0
Bostorocti 50%. Binxoau kaBoBOI Tymli MaroTh Mo (ppaxiiifHi cKiaa B Mexax po3Mipy 4aCTHHOK
Bix 0,5 1o 1 mm. 3a nomomororo metonaiB [U-cnekTpockomnii mokaszano [1-2], mo kaBoBa ryia 3a
CBOIM XIMIYHUM CKJIQJIOM XapaKTePU3YETHCSI BMICTOM 110 6 % Mac. 1 6unbine kodeiny, amkanoinis
Ta iX CYyIIyTHUKIB, BMIiCTOM JI0 1% Mac. XJIOPOreHHHX KUCIIOT Ta iX MOX1HUX.

- TYMIiHOBI pe4OBHHHU OTpUMYBaiH BianoBigHo 10 ISO 5073 [3]. CyTHiCTh METOAY IOJIATAE B
o0poOui aHamiTHYHOI MPOOM NaNMBa JIY)KHUM pO3YMHOM TipodocdaTy HATpiro, MOJAIbIIOT
EKCTPAKII€I0 MPOOH PO3YMHOM T1IPOKCUIY HATPIIO, OCAHKEHHI TYMIHOBUX KHCJIOT HAJTAIIKOM
MIHEpaJIbHOT KUCJIOTH 1 BA3BHAUYEHHI Macl OTPHUMAHOTO OCaJy.

JIy1st KoMIT IOTEpHOTO MOJIeTIOBaHHs BUKoprcToByBau cepenosuie MathCad Prime 6.0.

PesyabTaTn. byno nposeaeno maremMatuune mojentoBanHs B cepenosuill MathCad Prime
6.0. 3 TMPOTHO3YBaHHS EKCIUTyaTalllIiHUX BJIACTHBOCTEH TIOPUAHMX €KOJOTIYHO YHUCTUX
6lonerpanabebHUX HAIlOBHEHUX KOMIIO3UTIB 3aJIEKHO BiJ BMICTY JUCHEPCHOI a3y y BUTIIAMIL
BiZIXO/IiB KaBOBOI T'yII[i Ta TyMIiHOBUX PEYOBUH (PUCYHOK 1).

F,(X,Y,2) F.(X.Y,2)

VY aapHa MilHICT PyiiHiBHE Hanpy»XeHHs MPU BUTHHI

Pucynok 1 — Moaeni no nporHo3yBaHHIO €KCIUTyaTaI[IfHUX BIACTUBOCTEH TOPUIHIX
€KOJIOTTYHO YHCTUX 010J1erpaadeIbHIX HAIIOBHECHUX KOMITO3HTIB

BucnoBku. IlpoBenene MozenroBaHHS JO3BOJMIO OTPUMATH MOJENi 3 MPOTHO3YBAaHHS
eKCIUTyaTal[IfHUX BJIACTHUBOCTEH TOPUAHMX €KOJOTIUHO YUCTHX 010/1erpasadeabHIX HallOBHEHUX
KOMIIO3MTIB 3aJI€KHO BiJI IX XIMIYHOTO CKJIaJy, IKI MOXKYTh OyTH aJanToBaHi 10 Oy/ib-IKOT0 BMICTY
KaBOBOI I'yIIli Ta TyMIHOBUX PEYOBHUH.

Cnncox 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. ISO 5073:2013. Brown coals and lignites — Determination of humic acids. URL:
https://docs.cntd.ru/document/1200024122.
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KOMIT'IOTEPHE MOJIEJTIOBAHHS MATHITHOI ITEPEJIAYI,
BUT'OTOBJIEHOI 13 3ACTOCYBAHHAM AJIMTUBHUX TEXHOJIOT'TH

Pyns M. I1.
UYepkacbKuii IepKaBHUH TEXHOJOTTYHUIA YHIBEpCcHTET, M. Uepkacu, YKpaiHa

AHoTanisi. B po0oTi po3risiHyTO MarHiTHi peAyKTOPH Ta MEPCIEKTHBH iX 3aCTOCYBaHHSs, IPOBEIECHO
aHaJli3 MOXKJIMBOCTEH MAarHiTHHX Mepenad, po3poOJIeHO TECTOBY KOHCTPYKIIiIO MarHiTHOi mepeiadi Ha
OCHOBI MaTEMaTU4YHOI MOJEII, PO3paxOBaHOI 3 BHKOPHCTAHHSM METOAY KIHIICBUX €JIEMEHTIB, Ta
BUTOTOBJIGHO [IIIOMY MOJIENb 13 3aCTOCYBaHHSM aJUTUBHUX TEXHOJNOrid. Ml KOHCTPYIOBaHHS
EKCIIEPUMEHTAIILHOTO By3J1a HAMH PO3pax0BaHO MaTeMaTHYHY MOJIe]b MarHITHUX MOJIB 3 BUKOPHCTaHHAM
METOJly KIHI[EBUX €JIEMEHTIB. BIiIMOBIIHO 10 pPO3paxoBaHOi CXEMH pPO3pOOJICHO KOHCTPYKIIIO By3Jia
MarHiTHOTO PEIYKTOpa 3 BUKOPUCTAaHHSM rporpamu Solidworks. [Tpu po3po0iii By3iia uacTUHY AeTaliel, sKi
MOXYTh OYTH BUTOTOBJIICHI 3 ITOJIIMEPHHUX MaTepialliB, 0yJI0 CKOHCTPYHOBAHO 3 ypaxyBaHHSM BUTOTOBIICHHS
13 3aCTOCYBaHHSM aUTHBHOI TexHOj10ril FDM (MOmei0BaHHS METOI0M HaIlIaBIeHHs ). Po3po0ieHuii By3om
MarHiTHOTO PeIyKTOpa 0yJI0 BUTOTOBJICHO 1 IEPEBIPEHO HOro Mpale3aTHICTh Ta MOKa3aHOo BIAMOBIAHICTH
PO3paxoBaHUM XapaKTepUCTHKaM. MoxHa 3poOUTH BICHOBOK, IO 3alTPOIIOHOBaHA KOHCTPYKIIisS Ma€ 3Ha4YHi
MEPCIIEKTUBU JUIS 3aCTOCYBAaHHS B CIICI[Ialli30BAHOMY EIIEKTPOTPAHCIIOPTI 3aBJSIKM CBOiM HaJIHHOCTI
BUKJIIMKAaHIA BIJICYTHICTIO CHJI TepTs B Iepeladi Ta NPUTAMAHHOMY BHYTPIIIHBOMY 3aXHUCTy BIil
MEpEeBAHTAXEHHS, & TAKOXX MOXIUBOCTI KOMIIOHYBAaHHS B TEPMETHYHY €MHICTh, sKa BLIIUIATHME
SNEKTPUYHY YaCTUHY BiJI arpECHBHOTO 30BHIIIHBOIO CEPEIOBUIIIA.

KawuoBi cioBa: enekTpyyHa TpPaHCMICIs, MarHITHAH peNyKTOp, KIiHIEBO-eIEMEHTHHH aHaii3,
aIUTUBHI TEXHOJIOT1I.

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 ocranHi poku, MarHitHi nepemadi (Magnetic Gears - MG) Bce uacriuie
NpUBEPTAIOTh 10 cebe yBary SK IOCHIIHUKIB Tak 1 mpomucioBocTi. Ilepenbauaerbes, 1m0
Oe3nepepBHUI TEXHOJIOTTYHUI PO3BUTOK MArHiTHOI TpaHCMIcCii MpU3Be/e 10 3HAYHOTO MPOrpecy B
oOnacTi MamMHOOYAyBaHHs. MarsiTHi nepeiavi MOTEHIIHHO BOJOAIIOTH BUCOKOIO €(DEKTUBHICTIO
1 HaAIWHICTIO 3aBASKM iX OE3KOHTAaKTHIA poOOTi, MPUTAMAaHHOMY BHYTPIUIHBOMY 3aXHCTy Bif
NepeBaHTAKEHHS 1 MPAKTUYHIN BIACYTHOCTI HEOOXITHOCTI TEXHIYHOTO 0OCITYrOBYBaHHS.

Meta poGoTn. MeTo10 TaHOTO JOCTIKEHHS € BU3HAUYNUTH eKCITyaTalliifHi XapaKTepUCTUKU
TECTOBOI KOHCTPYKI[ii Mar"irHOro peayKTopa, BUTOTOBJEHOTO 13 3aCTOCYBAaHHSIM aJUTHUBHUX
TEXHOJIOT1H.
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IMocTranoBka 3agaui. [[ns Oinpmocti pannix MG Tomosoriif, iX IMUIBHICTH KPYTHOTO
MOMEHTY HE MOTIJIa KOHKYypYBaTH 3 iX MexaHiuHuMH aHaymoramu [1]. JlocmipkeHHS MartiTHOTO
3B'SI3KY IMOKa3aJIH, 10 OUTHII BUCOKI ITepeadi KpyTHOTO MOMEHTY MOXKYTh OyTH peasti3oBaHi TUIbKH
P BENUKIil KUTbKOCTi MarHiTHUX notociB [1]. Konmenirist maraitHoi nepenadi (nani MIT) Oymna
3arpornoHoBaHa Ime B KiHmi 1960-x pokiB, sKa BKIOYAa€ TPH KOHIEHTPHYHI YacTUHH, TOOTO
BHYTPIIIHII MarHiTHUI pOTOp, 30BHIIIHINA MarHiTHUNA POTOP 1 MOIYJIATOP MarHiTHOTO MOTOKY Mk
Humu. Ilomanemie BuBYeHHS wmiei Tomojorii MII  103BOJHMIO BCTAaHOBHTHM MaTeMaTHYHI
CIIBBIHOIIEHHS MK YMCIIOM Tap TOJIIOCIB MOCTIHHUX MArHITiB pOTOPIB 1 KUTBKICTIO MOAYJISTOPIB.
I'onoBHOMO niepeBaroto 1iei ronosorii MII € Te, 1m0 BCi moCTiifHi MarHiTh 6epyTh y4acTb B repeaadi
KPYTHOTO MOMEHTY, B PE3YJIbTaTi YOro CTajJ0 MOXJIMBUM cTBOpUTH MII 3 BHCOKOIO MUTOMOIO
HIUTBHICTIO KPYTHOTO MOMEHTY, SIK 10 OJMHHUII 00’eMy Tak 1 10 oAwHMIN Macu. OmHOYaCHHUI
PO3BUTOK TEXHOJIOTIH MMOCTIAHUX MAarHiTIB 3 BHUCOKOIO IHAYKIIIEI0 MAarHiTHOTO TOJsi HaJaB
MOXJHBICTh cTBOpeHHsT MII, 110 32 MUTOMOIO MIUTHHICTIO KPYTHOTO MOMEHTY HE MOCTYHAIOThCS
MEXaHIYHUM 3yO0uaTtum pemnykropam. lle cnpuumHse 3HauHMil iHTEepec A0 3actocyBanHs MII B
pi3HUX cepax, 30KkpeMa B aBTOMOOUIbHIN IPOMHUCIOBOCTI.

OcHoBHa yactuHa. Cepesl HOBUX 3amporoHOBaHUX TomoJorid MIT HaitOuIbII BaroMumu €
TOTIOJIOTIT B SIKKX BUKOPHUCTAHO IJIAHETAPHI MarHiTHI nepeaayi [2].

OcHoBuuit npuHun Aii Takux MII B Tomy, 1110 ¢pepomMartitTHi Moa0C-4acTUHHU, pO3TAIIOBaH1
MDK BHYTPIIIHIM 1 30BHIIIHIM poTopoM MII 1 MOKYTh MOJIyIIOBaTH MarHiTHe MOJIE TAKUM YHHOM,
10 KOXKEH POTOp «0aunTh» poO0Uy 30HY, IO BIAMOBIAAE CBOEMY BIIACHOMY YHCITY MOJIOCIB. YHCIIO
map TMOJIOCIB  Ha BHYTPIIIHBOMY BHCOKOIIBHJIKICHOMY pOTOpPI ph 1 30BHIIMIHBOMY
HU3BKOIIBUJKICHOMY POTOP1 PI 1 KUIBKICTh CETMEHTIB MOIYJSITOpPA, (m IOB'SI3aHI HACTYITHOIO
3anexuicTio [1]:

qm:ph+pl'

3a aHaJjori€l0 3 iX MEXaHIYHMMH aHAJIOTaMH, TEepelaBajibHEe BiTHOIICHHS IJIaHETAPHOL
MAarHiTHOI Iiepeadi 3 HEpyXOMHUM 3y0UacTUM BiHIIEM BH3Ha4YaeThes [1]:

G, =L
Pn
B pesynabTari B3aeMojii MK MOCTIHHMMHM MarHiTamMd 1 CTaJ€BUMH IOJIFOCAMH MOXYTh
BUHUKATHU MyJIbcallii 34eTUICHHS] KpYTHOTO MOMEHTY. st X MiHiMi3aIlii Kpamoro KOMOIHAITIEO IS
Ph, I, 1 dm PO3PaXOBYETHCS MapaMeTp, KU Ha3UBAEThCs KoedillieHTOM 3ueruieHHs. Bin gaerbces
HacTymHUM BupasoM [1]:

_ 2ph'clm '
" LCM(2p,.q,)

ne LCM e naiimenie crinbHe kpatae (LCM - least common multiple). MiniMmym mynbcartiii
34YerIeHHs] MOMEHTY aocsraeTses npu Cr = 1.

J51s Toro m100 OI[IHUTH MOXJIMBOCTI MarHiTHUX Nepead Ta aAUTUBHUX TEXHOJIOTIH MpH iX
BUTOTOBJICHHSI OyJI0 CKOHCTPYHOBAHO MarHiTHUHN peayKToOp, SIKUM MOke OyTH BCTaHOBJIEHUI Ha
MeXaHi3Max 3 MepeAaToyHuM uucioMm — 3,8. B po3polieHoMy penyKTopi HanmpsMu oOepTaHHs
BXIJJHOTO Ta BHUXIIHOTO Bajla MpOTWIekKHI. KiMbKIiCTh map MOJIOCIB poTOpiB prh=5 i p=19, mo
BignoBifae m=19+5=24 monrociB craropa, a koedimieHt 3uernenus Cs = 2 (pucyHok 1, a). [{ns
CIPOEKTOBAHOI KOHCTPYKIIii OyJI0 CTBOPEHO KIHIIEBOECIEMEHTHY MOJENb KA BHUPIIIYE PIBHSHHS
Makcgemnna, copMyabOBaHi 3 BAKOPHCTAaHHIM KOMOIHAIIIl MArHITHOTO BEKTOPHOTO OTEHIIIATY Ta
MAarHiTHOIO CKaJIIPHOTO MOTEHIIally SK 3aJeKHUX 3MIHHMX. BHUXITHUMH JTaHMMHM MOZETi €
PO3MOALT Mar"HiTHOro MoToKy (pucyHok 1, 0) Ta OChOBHH KPYTHHH MOMEHT MDK PYXOMHMH
o0epranbHUM JOoMeHaMH. [l TepeBipKM aJeKBATHOCTI MOJENI BUTOTOBJIEHO TECTOBY
KOHCTPYKIIiIO B SIKili He (pepOMarHiTHi 1eTaji BATOTOBJICHO aJUTUBHUM METOJIOM (PUCYHOK 1,B).
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Time=0s Surface: Magnetic flux density norm (T)
mm T T T T T

40

Pucynoxk 1 — Komm’roTepHa MoJ1ei1b MarHiTHOTO PeIyKTOpa Ta PEAYKTOP BUTOTOBJICHA
13 3aCTOCYBaHHAM TexHOJ0r1 3D-apyKy Ha ii OCHOBI

BucnoBkn. CTBOpeHa KIHIIEBOEIEMEHTHAa MOJEJIb MAarHiTHOTO pEeAyKTOpa IUIaHETapHOi
KOHCTPYKIIi 3 epeaBaibHUM YuciioM 3,8. B Moziesni BpaxoByeThCs BIUIUB BUTOTOBJIEHHS OKPEMHUX
JeTaJie 13 3aCTOCYBaHHSIM aUTHUBHUX TexXHOJOTIM. Ha OCHOBI CTBOpPEHOI MOEN BUTOTOBJICHA
TECTOBA KOHCTPYKIIiSl MATHITHOTO peyKTOpa. AIEKBaTHICTh KIHIIEBOEIEMEHTHOT MOJIEN1 JOBEIEHO
LUISIXOM TOPIBHSHHS €KCIUTyaTal[lfHUX XapaKTEepUCTUK TECTOBOI KOHCTPYKIII 1 1i TEOPETUYHUX
napameTpiB. Lle 103BoJIsIE BUKOPUCTOBYBATH JJaHY MOJIEh JJIsl TIOJATIBIITUX PO3POOOK MarHiTHUX
peayKTopiB MOAI0HOT KOHCTPYKIII.

Crnncox BUKOPHCTAHUX JIZKepest
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 KOHIENIISI FDM ITPUMHTEPA JUIS IPYKY HUJITHIPUYHNAX JTETAJIER

Canenko 0., Kocrenko A.L, Hypkan /.., 3inuyk A.l, 3aripusakx M.2, Opexa B.2,
Aprat P.2, Jlepes’sinko 1.2, Camycenko O.°
'Hanionansauit Texniunmii yaisepcuter Yipainu «KIII imeni Irops Cikopchbkoroy,
M. KuiB, Ykpaina
?KpeMeHuyLbKHil HallioHaIbHUH YHiBepcHTET iMeHi Muxaiina OcTporpajachkoro,
M. Kpemenuyk, Ykpaina
311 KB «IliBaenne», M. Jlninpo, Ykpaina

Anoranis. [IpoaHamizoBaHO Ta CHCTEMaTH30BaHO KOMITOHOBKH mpuHTepiB s FDM mporecy.
[ToxazaHo, 110 BUKOPUCTAHHS MMPUHIIAIIOBO HOBHX MIAXOMIB, SKi mependadaroTh 3MiHy (GOpMH OCHOBH Ta
BUJIY PyXY, 30KpeMa 3aMiHy TPaJULiifHOrO CTONY IHIiHAPUIHAM 00€PTOBUM, J03BOJISIE APYKYBATH BUPOOH
Y BHUTJIS/II TOHKOCTIHHUX IWJIIHIPHYHUX 00OJOHOK Ok sikicHO. IlepemyciM, 1€ CTOCY€eThCS mapaMerpiB
MIITHOCTI OTpUMaHUX BUPOOiB. [[OpiBHSIHHS MeXi MIITHOCTi TECTOBHX 3pa3KiB, orpuMannx FDM -nporiecamu
Ha JIBOX PUHTEPAX, OJMH 3 IKUX BUTOTOBJICHHH 3a 3aIIPOIIOHOBAHOIO KOHIIEIIIIIETO, JIOBONTH, 10 OCTAHHIN
MO)ke OyTH YCHIIIHO BHMKOPHCTaHWH JUIS BUTOTOBJIEHHS OCECHMETPUYHHUX KOPIIYCiB pe3epByapiB 3
OCBOBHMH OTBOpaMH, 3abe3neunBmIM Mexy MinHocti 0,75...0,85 [c] matepiamy ¢inameHTy mnpotu
0,45...0,55 [c] (npu BUKOpUCTAaHHI MPHUHTEPIB 3BHYAHHOrO KOMITOHYBaHHs). IIpy 1bOMY IIIBHICTB
YKJIaJaHHS TIACTUKY (SIK 1 TOYHICTH OPMHU) OOYMOBIIIOETHCA AMHAMIYHUMH MPOLIECAMU Y MPUHTEP], LIO0
noTpedyBao MPOBEIeHHS aHaJli3y Ta MOAEIOBAHHS MOBEJIHKH MEXaHIuYHOI cucTeMu npuHTepa. JloBeneHo,
10 AMHAMIYHi SBUIIAa PO3TOHY Ta raJIbMyBaHHS 00EPTOBUX Ta JIIHIHHO PyXOMHX Mac MalOTh OUIBIIMHA BIUTUB
Ha MIUIBHICTH 1 TOYHICTh, MOPIBHSHO 3 TPaIULIMHUMH TPHUCTPOSIMH, MIO MOTPeOye BIPOBAKEHHS
creniaibHUX aJlTOPUTMIB KEpYBaHHsI IPUBOJAMH Y TIEPEXiTHUX PEKUMAX.

Karouosi cioBa: FDM-npyk, mumiHApuyHi 3aroTOBKH, sKicTh FDM, Ipyk Ha HEMJIOCKi OCHOBI,
MOJIETIIOBAaHHS MEXaHIYHOI CHCTEMH.
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A NEW FDM PRINTER CONCEPT FOR PRINTING CYLINDRICAL WORKPIECES

Salenko O.F.}, Kostenko A1, Tsurkan D.}, Zinchuk A.l, 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 [o] 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. Metoan auTUBHOTO CHHTE3Y MPOTOTHUIIIB, MOJIEICH Ta €JIEeMEHTIB KOHCTPYKIIl Ha
CHOTOJIHI € OJTHUMH 3 HAHOUTBII EPCTICKTUBHUX, OCKUTBKH X MOYKHA O€3M0CepeTHhO 3aCTOCYBATH
70 TaK 3BaHOTO «PO3YMHOTI'O BHPOOHHMIITBAY, CIPSIMOBAHOTO Ha OTPUMAaHHS MPUHIIMIIOBO HOBHX
BHPOOIB, MaTepialiB, 3arOTOBOK 3 MiHIMaJIbHUM BHKOPHUCTAHHSIM CHPOBHHHM Ta MAaKCHMAaJbHOIO
yHidikariero obnagHanHs. He3Bakaroun Ha Te, IO CHOTOJHI CBIT aKTHBHO PO3IIHUPIOE ChepH
BUKOPHUCTAHHS aJAMTHBHUX TeXHOJOTIH [1], [2], ocTaHHI BUBYEH] 0COOIMBOCTI JOpMYBaHHS IIapiB
1 TpOAYKTY B IoMy [3], i TeXHOJOTIi JOCIIKEHO HEJOCTaTHBO, IO CIOHYKA€ HAYKOBIIB JI0
aKTHBI3aIlll 3a3HaYEHUX POOIT, 30CEPEHKYIOUM YBary Ha MIlIHOCTI, TOYHOCTI, IUTBHOCTI BUPOOIB
IH)KEHEPHOTO MPU3HAYCHHS.

Mera po0GoTH. YIOCKOHAnNEHHS Npolecy 1 OONaaHaHHA IS MiABUINEHHS MIHOCTI
UWTIHIPUYHUX 000JI0HOK (6aKiB), OTpUMaHuX MeToA0M 3D-npyKy.

IMocTanoBka npodaemu. OCKiIbKY nepeadayaeTbes, Mo MIIHICTh BUPOOIB (JOBrOTPUBATIHX
1 THAMYaCOBUX), OTPUMAHHUX aJUTUBHUMHU TPOLIECAMH, Y TOMY 4rcii Metojgom FDM, Bu3HaYaeThCs
psaoM (akTopiB, 30KpeMa, COCOOOM YKIaJaHHS IUIACTHKY, 3alpPONOHOBAHO HOBY KOHIIETIIIIIO
npuHTepa. BimoBigHO 10 HEl MIOCKHWHA CTUT 3aMiHEHHUH OOEpTOBUM LWIIHAPOM, a BHKIAJKa
3MIIACHIOETHCS SIK HAMOTYBaHHSI HUTKHU Ha JieiHep.

Po3B’s13aHHs npo0semMu. 3MiHa MEXaHIYHOT YACTUHH Ta TOMOJIOT1i BUKJIAJaHHS (LIaMEHTY
o0OyMOBMIJIa HEOOXIHICTh CUMYJSLIMHOIO AOCHIPKEHHS MEXaHIYHOI 4acTHHM mnpuHTepa. s
BHU3HAYEHHS MOXJIMBUX JAMHAMIYHUX 30ypeHb 3a CXEMOIO Ha PUCYHKY 1, a po3poOieHO TeXHIUHe
pillIeHHs IpyKapchbKoTo BepcraTy. BiH mpencraBieHuit Ha pucyHKy 1, 0. 3 METOIO JOCHiIKEHHS
JMHAMIYHUX SBMI Yy 3alpONOHOBAaHIA KOHIENIil NpuHTepa OyJ0 BHMKOHAHO JMHAMIUuHE
MOJENIOBaHHS CUCTeMH B cepefosuili Matlab Simulink; enemeHTHM MamuHM TOAUIEHI Ha
IMHaMI4HI Moayni (Tito 1-timo 4), moB's3aHi MK c00010 pyXHUMH 3B’si3kaMu. [lokazaHo, 110
3MiHa JMHAMIYHUX MapaMeTpiB 0OyMOBJIIOE TOUYHICTH (JOPMH, a TUHAMIYHI SBHIA PO3TOHY Ta
raJpMyBaHHS 00EpTOBHX Ta JIHIHHO PYXOMHX Mac MalOThb OUTBIIMKA BIUIMB Ha LIUIBHICTH IIApY,
MOPIBHSHO 3 TPAAULIMHUMHU MIPUCTPOSMH, 10 MOTPeOy€e BIPOBAPKEHHS CIHELIATIBHUX aJTOPUTMIB
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KepyBaHHS TMPUBOJAAMH y TEPEeXiTHUX pekuMmax. [Ipu MonenroBaHHI BpaxOBaHO HEIHIMHICTh
BUHUKAIOUHMX CHJI TEPTs, TeMIIepaTypHi Aedopmalii Bi HarpiBy CTONy Ta eKCTpyAepy, AMHAMIKY
OXOJIO/DKEHHS TOTOBOTO BHPOOY, MOXUOKH B €IEMEHTax MPHUBOAY MONEPEUYHOr0 MEpEeMIllieHHs Ta
0oOMEXeHy J>KOPCTKICTh JIAHIFO)KKY «OCHOBA-COIJIO EKCTpyAepa». YCTAaHOBJIEHO, WIO JUIs
CTaHJAPTHUX KOMIIOHEHTIB Ta BUKOpucToByBaHoro asuryna NEMA17 1.7A 17HS4401 npu
MIBUAKOCTI BUKiIaganas HUTKH 120...150 MM/XB B MICIIIX peBepCy MOMEPEeYHOi KapeTku (Tio 1)
XO0Ay BHHHWKae moxuwOka mepemimienHs g0 0,8 MM, sika MOXKE€ BUKIHKATH TOSBY MDKBHUTKOBOI
MOPOYKHUHH.

Mertponoriune 00CTeXKEHHsI 3pa3KiB JpyKy, OTpHUMaHUX i3 THUMoBoro 3d mpuHTEpa Ta
BHUTOTOBJICHOTO KOHIENTYAIBHOTO MMOKA3aJio, 0 MOXKUOKa IPYKY JJIs JTIHIMHUX po3MipiB Oyna B
Mexax 9-10 kBanirery 1 ctanosuia 71=0,15...0,17 mm, po3citoBaHHs BEpTUKAIbHUX po3MIpiB — Th
= 0,18-0,2 mm. [liamerpanbHi po3mipu (0TBOpH) BHKOHAHO 3 po3citoBanHM Ty = 0,18. Taxum
YUHOM, BCE€ pO3CIIOBAaHHS PO3MIPIB MOKHAa 3BECTH JO OJHI€I 3arajJibHOI MHOXHWHH, TOOTO
PO3CitOBaHHS BiJIMOBIIA€ 3aKOHY HOPMAJILHOTO po3moaiuty. OTke, 32 THX CAMHUX YMOB HE BUSIBJICHO
ICTOTHUX (PaKTOPIB, 110 BIUIMBAIOTH HA TOYHICTH BIATBOPEHHS (hopMmHU.

BaxmBuM mapaMeTpoM € IITbHICTh OTPHMAaHOTO BHPOOY, IO MPOSBISETHCS B HETOBHOMY
KOHTaKTI MK YKJIaJleHUMU TmapamMu. Ha pucyHky 2 moka3zaHo onTudHy MikpodoTtorpadiro (x40)
CTPYKTYpH TOpLSI BUPOOY, OTPUMaHOTO Ha TpaguliifHOMYy mpuHTEepl (PUCYHOK 2, a) Ta
3amporoHOBaHOMY (PUCYHOK 2, 0). YCTaHOBIIEHO, IO IIUIHHICTh IOBEPXHI HEOJHOpIAHA 1
3MeHyeTbest Bil 95% nmo 90% B Micsgx peBepcy TOJOBKM (Ha KIHLSX JIEHHEpY), KaBepHU
cTaHOBIATH O 0,6 MM (pUCYHOK 2, a), 10, Ha OCHOBI TOPIBHSHHS TMEPEXiTHUX IPOIECIB
KOMIT FOTEPHOI CUMYJISAIII Ta MIKpo(}hOoTO30H BUPOOY, OOYMOBIIOETHCS NTWHAMIYHUMH SIBHIAMH
ralbMyBaHHS Ta pO3roHy ekcrpyzaepa. lle morpebye 3MiHM TapameTpiB KOPCTKOCTI Ta
neMrQyBaHHS Y JAHIIOKKY «OCHOBA-COIUIO EKCTPYyIepay.

JlocmiKeHHsT XapaKTepUCTUK MITHOCTI BUPOOIB, oTpuMannx FDM-mporecaMmu Ha ABOX
MPUHTEpaX, OJMH 3 SIKUX BUTOTOBJIEHUH 3a 3aIIPOIIOHOBAHOIO KOHLIETIIIE0, JOBOJUTD, 1110 OCTaHHIN
MO)XHa 3 YCIIXOM BUKOPHUCTOBYBATH JUI BUTOTOBJIEHHS OCECUMETPHUYHUX OOOJIOHOK, 30KpeMa
eMHOCTeH (0aKiB) 3 HEHTpaIbHUMHU OTBOpaMH. [Ipu 11bOMY 3a paxyHOK IPOIOHOBAHOI TOTOJIOT1i
BHUKJIQJIaHHS (PiTaMEHTY BAAJIOCS JOCATTH MIMHICTH, BUpoOy Ha piBHI 0,75...0,85 [o] matepiany
¢dinamenty npotu 0,45...0,55 [o] (mpu BHUKOpHUCTAaHHI MPUHTEPIB 3BHYAMHOIO KOMIIOHYBAHHS).
Taki XapakTepHCTHKH OTPHUMAHO YKJIaJaHHSAM HHTKH I KyTamu =+ 1t/4, 110 TakoXK Ja€
MaKCHUMaJbHY JOBTOBIYHICTH BUPOOY MPH EKCIUTyaTAIlIHHUX HABAaHTAKEHHSX.

Pucynox 1 — Texniune pimeHHs (a) Ta Apykapcbkuii Bepctar (0)
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a)
Pucynok 2 — Onrnana mikpodoTtorpadis (x40) cTpykTypu TOpIis BUPOOy,
OTPUMAHOTO Ha TPAIUIIIHHOMY IPUHTEPI (a) Ta 3anpOoTroHOBaHOMY (0)

[Momampmi fgocHi/pKeHHS MaioTh OyTH HampaBlIeHI Ha BHpIMIEHHS IMHUTaHb TOTIOJOTIi
(dbopMyBaHHS 3aKIHIIIBOK 0aKy, Ha sSIKi BCTAHOBIIOIOTh KPHUIIIKH.

BucnoBok. ChopMyI,0BaHO PHUHITUTIOBO HOBY KOHIICTIIIIFO TIPUHTEPA IS APYKY 3aTOTOBOK
Ha OCHOBI, BIIMIHHINA B TUIONIMHH, 30KpeMa, y BUTJAII po30ipHOTO IWIiHIpa. BukoHaHe
MOJIETFOBaHHS POOOTH MPUHTEPA 13 BpaxXyBaHHAM TEIIO(PIBUYHUX Ta MPYKHUX SBUII Y CUCTEMI
MIPOTIOHOBAHOTO MPUHTEPY. BCTaHOBIEHO YMOBHU HAAIMHOTO JPYKY Ta MIHIMI3aIlii MOPOKHUCTOCTI
BHpOOy Ta TOKa3aHO, IO 3aCTOCYBaHHS CIICIIAIbHUX aJTOPUTMIB KEpPYBaHHS JI03BOJISE
JIKBIAYBaTH SBUIIA MMAIIHHS MIUTHHOCT1 Ha KIHIIX [IIJIIHIPHIHOTO BUpoOY (30epirarouu miIbHICTh
Ha piBHI 95%). [lopiBHSIHHS MIIIHOCTI THUIMOBHUX €JIeMEHTIB (000JIOHOK), BUKJIAJIEHUX Ha TUIOCKII
OCHOBI METOJIOM MOOY/TOBHU MIAPIB Y3I0BXK TOJOBHOT OC1 BUPOOY Ta Ha MUTIHAPUYIHOI, TOBEIIO, 1110
MIPOIIOHOBAHA KOHIIEMIlisI JO3BOJISE OTPUMYBATH MIlHICTE BHpoOy Ha piBHi 0,75...0,85 [o]
MIIIHOCTI MaTepiaiy.

Cnucoxk BUKOPUCTAHUX JIZKepet
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. d0i: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.

IPOTI'PAMHUI IPOJAYKT JJI1 MOAEJIOBAHHS
BUXPOCTPYMOBUX JOCJIKEHb ITPUIIOBEPXHEBHUX ITPO®IJIIB
EJIEKTPO®PIBUYHUX XAPAKTEPUCTUK IIJTACKHUX OB’EKTIB

TuuxkoB B. B., Tuuxopa H. b.
Yepkacbkuil epxaBHUM TEXHOJIOTTYHUM yHIBepcHUTET, M. Uepkacu, YkpaiHa

AHoTauist. Y poO0oTi BUKOHAHO ONHKC PO3POOICHOr0 MPOrpaMHOro MPOAYKTY, peasli3oBaHoro Ha MOBi
nporpamyBanHsi Pascal B cepemoBumii Delphi (Embarcadero RAD Studio 10.4 Sydney). OO'extom
JOCIIIKEHHS € MPOLECH BUXPOCTPYMOBOI'O BUMIPIOBAHHS NIPUIIOBEPXHEBUX MPOQUTIB eneKTpodi3nuHuX
XapaKTePUCTUK IIAaCKUX BHUpOOiB. [Ipenmerom AochiKeHHs € mporpama, MpU3HadeHa Ul PO3PaxyHKY
CKJIAJIOBUX BEKTOpa MarHiTHOI 1HAYKUIi MOpH  BHUXPOCTPYMOBOMY KOHTpOJi OararomapoBuX
ENIEKTPONPOBIIHNUX IUIACKUX BUPOOIB HaKJIaJIHUMHU IEPETBOPIOBaYaMHU B OyIb-sKid TOULi Hag 00 €KTOM
KOHTPOJIO, BEKTOpPAa MarHiTHOI iHAYKLil B IEHTPi KOTYIIKH; HOBHOI MOTY>KHOCTI BUXPOBOTO CTPyMY, LIO
PO3CIIOETBCS KOTYILIKOIO 30yKeHHS. Po3paxyHKu IpoBOISTHCS MPH M'SITH PI3HUX 3HAYCHHSX BiACTAaH1 MiXK
KOTYILKOIO 30y/KeHHSI Ta 00’ekToM KOHTponmo. HaBemeHo pesynbrat BepudiKaliiHUX PO3paxyHKIiB
YMOBHO OJIHOLIAPOBOTO IUIACKOIO O0’€KTa KOHTPOJIO 13 BHKOPUCTAHHSM MOZEIl HaKIaJHOTO
BHUXPOCTPYMOBOTO TEpeTBOpIOBava. TaKoX OTPUMAaHO pe3yJbTaTh OOYHUCIEHb KOMIIOHEHTIB BEKTOpa
MAarHiTHOI iHyKIIii.

Kuro4oBi c1oBa: BUXpoCTpyMOBHI KOHTPOJIb, IPUIIOBEPXHEBUH 1A, IPOrPAMHUIN MPOIYKT, BEKTOP
MAarHiTHOI 1HyKIIii.
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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. [{ns npodeciiiHoro BUKOpUCTaHHS MOIETIOBAHHS TEXHOJIOTTYHUX MPOLECiB 00pOOKH
MaTepiajiiB moTpiOHa po3poOka Mojernel, aleKBaTHUX peaJbHUM 00'ekTam Ta siBUlam. J[i1s nuporo
MOJIeNi TIOMEPEHhO HANTANITOBYIOTh 3 BHUKOPHCTAHHSIM pE3YJIbTaTiB  EKCIIepPUMEHTAIbHUX
JOCITIKEHB 1 TapaMeTpiB BHYTPIIIHBOTO CTaHy 00'€KTa KOHTPOJIIO, III0 MOJIETIOETHCS TakK, M00 y
Mporieci 00UYHMCIIIOBATIFHOTO €KCIIEPUMEHTY BIATBOPHUTH 3 BUCOKUM CTYIIEHEM TOYHOCTI KUTBKICHI
Ta SIKICHI XapaKTEPUCTUKU MPOAYKILii, peKMMHI mapaMeTpu mporiecy. CTBOPEHHS CIieliaai3oBaHuX
MPOrpaMHUX MPOJYKTIB J03BOJIE€ MPOBOJUTH PO3PAXyHKH TEXHOJIOTTYHUX TapaMeTpiB Ta
OIIIHIOBATH iX BILJIUB Ha 00paHi MOKa3HUKH SKOCTI POIYKIIli Ta BUPIIIYBATH ONTUMI3alliliH1 3a/1a41.

OcHoBHMIT Marepiag. BuxpocTpymoBHil KOHTPOJIb NPU3HAYCHUN JUISI BUSBJICHHS
HECYIUTBHOCTEH, T€OMETPUYHUX OCOOJIMBOCTEH, MEXaHIYHUX BJIACTHBOCTEH Marepialy 00 €KTy
koHuTpoito (OK) Ta copTyBaHHs HOro Ha OCHOBI BHILE3TaJaHUX XapaKTepUCTHK. OCHOBHUMU
napaMeTpam, SiKi BIUIMBAIOTh HA BUMIPIOBaHUI BUXPOCTPYMOBHI CUTHAJ, € €IEKTPOIIPOBIIHICTh
Ta Mar”HiTHa TPOHUKHICTb Marepiamy; po3mip 1 ¢opma OK; B3aeMHe po3TalryBaHHS
BHXPOCTPYMOBOTO niepeTBoproBava i OK.

B po6ori [1] HaBeneHa MaTemMaTH4Ha MOJIENIb BU3SHAYEHHS] BUXIIHOI'O CUTHAIY HAKJIaJHOTO
BUXPOCTPYMOBOIO TepeTBOproBada Juist AociikeHHs: cTpykTypu OK B pesynbrari BUMIpIOBaHb
podiIiB enekTpoi3UYHUX MapaMeTpiB IPU HAIBHOCTI IEKUIbKOX YMOBHHX IIapiB METAIy.

Meta podoTu — po3poOKka MPOrpaMHOTO MPOAYKTY IJIsl MOJEITIOBAHHS BUXPOCTPYMOBHX
JOCITIJKEHB TTPUTIOBEPXHEBUX MPOQLIIB €ICKTPOPI3UYHUX XapaKTEPUCTHK IJIACKUX 00’ €KTIB.

Ha ocHoBi BimomMoi maTemaTuuHO1 Moiedi [ 1] po3po0iieHo mporpamMue 3a0e3nedeHHs] MOBOKO
nporpamyBanus Pascal B cepemosuii Delphi (Embarcadero RAD Studio 10.4 Sydney) mus
PO3paxyHKy KOMIIOHEHT BEKTOpa MAarHiTHOI IHAYKLIi MpH BUXPOCTPYMOBHX JOCIIDKEHHSX
IUTACKUX EJIEKTPOTIPOBIAHUX 00 €KTIB KOHTpomo. CHUTKyBaHHS KOPHUCTyBada 3 KOMII IOTEPOM
BiZIOyBaeThCcs uepe3 rpadiunuil iHTepdeiic Bidyamizamii. B SKoCTI BUXIJHMX JaHUX 33/al0ThCS:
KUIBKICTh Ta TOBIIMHA KOXKHOTO YMOBHOTO IIapy, 3HA4Y€HHSA €JEeKTPO(PI3UYHHX MHapaMeTpiB
(mutomuit 00’€eMHUII OITip Ta MarHiTHa MPOHUKHICTB) Mmiaackux OK a1 KoskHOTO 1m1apy, Ha OCHOBI
AKUX cTBOpPrOeThest (aitn Data.xls. s 3pydHocti ¢opmyBaHHs (aiiiiB MO KUIBKOCTI IIApiB €
HeoOMexxeHHMM. BukopuctoByeThecsi ocHoBHa mporpama MagFldDodd.exe (pucynok 1), sika
JI03BOJISIE TIPOBECTH PO3PAXYHKU KOMIIOHEHTIB BEKTOpPA MArHiTHOI iHAYKIT KOTYIIKH 30y DKEHHS
BHUXpPOCTPYMOBOI'O II€PETBOPIOBaYa 3 BUXIIHUMH J@aHHUMH, BBEJIEHHUMH Yy BIKHa MpOTpaMu:
TeOMETPUYHI NMapaMeTpy KOTYLIKU 30ymkeHHs Ta ii po3ramyBaHHs Hal OK; KiIbKICTh BHUTKIB,
CTpyM Ta 4acTtoTa 30y/KEeHHs CTpyMy B KOTYIII, KibKicTh mapiB OK, Homep Ta mapameTpu
PO3PaxyHKOBOTIO ILIapy.
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(%) MagFld Dodd v.1.0.0.1

R1 |0,03175 N Thick (meters) R(uf2 cm) n

R2 1 1 10000000000 |

v

5 338,709 ALPHA ABS SUM OF FLDS LAST CHANGE RATIO
5 0,175657282616403 0,000307273931207387 0,374640625855537

:
10 0,158177323637835 6,05330520623783E-0 0,00332691087389233

L2 |0,00025
15 0,156857688731365 1,20727870759325E-5 0,00384307960567554

"
20 0,156202478613592 2,03432945308049E-6 0,000643491813512301

g 25 0,156885465523948 3,20634534048273E-7 0,000102187456619214

R8 |0,041275 30 0,156835916336157 7,47737125743389E-8 2,38308007067334E-5

27 l:l 35 0,156884760303563 1,76167924777543E-8 2,80728230767352E-6
40 0,156884570053795 2,17935227302804E-9 3,47285549995076E-7

Load Data
Calculate Lift-off RLBE() IMB(@) RLEBR) MBR)
Save Result to file... E.C. PWR RL B{CENTER) IM B{CENTER) [B@1/1B(C)] [BR)I/BC)|
0,0005 -0,002515316700346 16 0,00131248598600595 -0,010870270212288 0,00454317143644525
52,506081017285 0,158753458542229 -0,034126525552645 0,0174750308257418 0,0725663285643721
0,00075 -0,00246142825921577 0,00130174578548752 -0,0105813228942813 0,0044524270342796
51,4302373801538 0,164130861912292 -0,034023424406274 0,0166116708633623 0,0685108301894347
0,001 -0,00240907724203451 0,00129098821305768 -0,0103020265283871 0,00437950215589803
50,0104531744389 0,16943733001344 -0,0338933397714534 0,0158130593151829 0,0647553529538289
W

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 nmporpaMHOro npoAyKTy 3 BUXITHUMU Ta PO3PAXyHKOBUMHU JaHUMHU

Pe3ynbraTtu po3paxyHKiB AJs OAAJIbIIOT OOPOOKM JaHHUX Ta IX BUKOPUCTAHHS 3alHCYIOThCS
y ¢aitn CalculationResult.xls. TIpaBuiabHICTE po3paxyHKy 3a pO3poOJEHOI0 KOMII FOTEPHOIO
MPOTrpaMoI0 KOHTPOJIOETHCS 1H(POpMaIiero mpo Bepu(ikailito MpoIecy IHTerpyBaHHS 3TiTHO
mozem Dodd [2].

BucnoBku. Po3po6iieHo mporpaMHUil MPOIYKT AJii MOJEIIOBAHHS BUXPOCTPYMOBHX
JOCITI/KEHb TIPUIIOBEPXHEBUX MPODLIIB SICKTPOPIZUYHUX MMapaMeTPiB IIACKUX 00’ EKTIB MOBOIO
nporpamyBaHHs Pascal B cepenosuii Delphi (Embarcadero RAD Studio 10.4 Sydney). Pe3ynsraTu
MOJENBHUX PO3PaXyHKIB /Ul OJHOIIAPOBOTO IJIACKOTO 00’ €KTY KOHTPOJII0 Bepr(piKOBAaHO JTaHUMHU
€KCIIEPUMEHTAJIbHUX J0CIIKeHB [2].

Cnncox BUKOPMCTAHUX JIZKepeJt
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CUTHaJly BHUXPOCTPYMOBOI'O I€PETBOpIOBAYa i3 BUKOpUCTaHHAM Mopeni Dood. Jamuuxu, npunaou ma
cucmemu—2021: IX Mixcnapoona uaykoso-mexuiuna xongpepenyis: mesu oon., (Uepkacu — XepcoH —
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METO/J ITIOJITHOMIAJIBHOI'O OHIHIOBAHHSA TAPAMETPIB
JJIA JAHUX 3 U-KBAAPATUYHHUM PO3IIOA1VIOM

Yenunora B. B., Uenunora A. B.
YepkacbKuii IepKaBHUH TEXHOJIOTTYHUIA YHIBEpCcHTET, M. Uepkacu, YKpaiHa

AHoTanisgs. B mocnimkeHHI 3anpoOnOHOBAHO OpPUTIHAIBHUE CIIOCIO JUIsl OIIIHIOBAHHS IMapaMeTpiB
po3moiny HOXMGOK BHMIpIOBaHHS. MOro BHKOPHCTAaHHA JOLUIBHO JUIi OOPOOKM pe3y/bTaTiB
CKCIIEPUMEHTIB TMpu 0araropa3oBUX BUMIPIOBAHHSX, IO BHUCTYNAIOTh SK O0’€KT JOCTIIKCHHS B
ABTOMATH30BaHUX IH(POPMAILIHHUX CUCTeMax. B OCHOBY MOKJIaJEHO METOJ MaKCHMi3allii MojiiHOMa, II0
0a3yeThCsl Ha CTOXACTHUYHUX MONMiHOMaxXx KyHUeHKa 3 BUKOPUCTAHHSIM CTATUCTHK BHINUX MOPSIKIB. Sk
MOJIE)Ib BMIAJKOBOI CKJIaz0BOI oOpaHo U-kBaapaTHYHUN pO3MOAUI, SKUHM Ma€ BiI’€MHHNA KOe(IIieHT
ekciecy. B pesynbTaTi IOCTIKEHh OTPUMAHO MOJIHOMIAJIbHI OIIHKK 3 BUKOPUCTAHHSAM aHATITHYHHUX 1
YUCEIbHUX METOMIB. TEOpeTHYHI BUKIAAKK OOIPYHTOBAHO BHUKOHAHHSIM 0aratopa3oBUX CTATHCTUYHUX
BurpoOyBanb MeronoM Monre-Kapno. [lpoBeaeHo TOpIBHIIBHWME aHami3 iX TOYHOCTI 3 BiJOMHMU
omninkamu. Iloka3aHo mepeBard BUKOPUCTAHHS METOIY MaKCHUMI3allii MOJIHOMA JUIsS JaHUX 3 BiJl'€MHUM
Koe(illiEHTOM eKcIlecy.

KittouoBi ciioBa: U-kBaapaTHYHUN PO3IOILI, OLIIHIOBAHHS MapaMeTpiB, TUCIEPCis OLlIHOK, MOMEHTH,
Koe(ilieHT eKcIiecy, CTOXaCTHYHHIA TOTIHOM.

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-
quadratic 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 OCHOBHHUX 3a/ia4, II0 BUPIMIYIOTHCS MpU 0OpoOIll eKcriepuMeHTaTbHUX
JAHUX € BHSIBJICHHS 3aKOHIB IOBEIIHKH JIOCHIKyBaHUX OO0'€KTiB uM mporeciB. OTpumani
pe3yJIbTaTH JA0Th 3MOT'Y IPOBECTH OIIHKY IIEBHHX MapaMeTpiB Ta c(hOPMyBaTH BUMOTH JI0 CHCTEM,
0 PO3POOISIOTECS. | KO CUCTEMH HE € CTPOro JETepPMIHOBAHUMH, TO O HUX HEOOXITHO BXKE
3aCTOCOBYBAaTH METOJIM MAaTEMaTUYHOI CTAaTUCTUKU. [IpakTW4YHI METOAM CTATHCTUYHOI 0OpOOKU
eKCMIEPUMEHTAJIbHUX JaHUX JOCUTh YacTO CHUPAIOTHCA Ha TEOPETUYHHUI 0a3uc, SKHil omepye
MOHATTSIM IIUTBHOCTI PO3MOALTY BUMAAKOBOI BenunHU. [IpoTe 3a3Buuaiil 1151 XxapakTepucTUKa HE €
BITOMOIO 3a3/1ajeriap. To/i, B 3aJIeKHOCTI Bil 3a7a4i, KepYIOThCs abo K MPUITYLIEHHSIM PO BH]L
HITBHOCTI pO3MOIUTY UM BUPIIIYIOTh 33auy anpokcumarii [ 1, 2].

Metor0 po00OTH € MPOBEJCHHS MOPIBHSIIBHOTO aHaNi3y €()eKTUBHOCTI OILIIHOK MapaMeTpiB
METO/Iy MaKCUMI3allii MOJIIHOMY B MOPIBHSIHHI 3 BIJOMUMH OI[IHKAMH 32 BUKOPUCTAHHS CTaTUCTHK
BUIIUX MOPSIIKIB.

IMocTranoBka 3anaui. Hexait 6 — napamerp, sikuil He0OXiJJTHO OLIIHUTH HAa OCHOBI aHANi3y
BUOIPKOBUX 3HAu€Hb X ={X1,x2,...xn}. Leit BekTOp po3Mipy N MICTUTH HE3AIEXKHI 1 OJHAKOBO

po3noaiieHi BHOIPKOBI 3HAa4YeHHs, OTPHMaHI B pe3ylbTaTi 0Oararopa3oBUX EKCIEPUMEHTIB.
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IIpunyckaerses, mO MareMaTHYHa MOJENb CTaTUCTHMYHUX JAHUX aJeKBaTHO onucyerbes U-
KBaJpaTUYHUM PO3MOIJIOM BUIY:

p(x) = a(x—6)?, x e[a,b]. (0)

[Tpu upoMy 3HaYCHHS MapaMeTpa GOPMH ¢ € alpiOPHO HEBITOMUM.
OcnoBHa vacTuHa. Sk Bimomo 3 [3], 3HaXOKEHHS OIIHOK mHapameTpa & METOI0M
MaKCHMi3allii CTOXaCTHYHOTO MOINIHOMA 33 OJHAKOBO PO3MOALICHOT BHOIPKH X ={X,X,,...X, }

IIPOBOAUTHCA 3a piBHSIHHSIM 3arajibHOro BUAYy:

r 1 n i
Yh(0)=X[x-m ()] =0, (2)
i=1 Nv= 9=0
. . 10, . — . . .
ne I' — crenminp momiHOMa, — Y X!, i =1,r — Habip BUOIPKOBUX CTATHCTUK BUIIMX MOPSJIKIB,

n v=1
m; (6) — nouatkosi MomenTn, h, (&) — Barosi koedirienTn, mo 3abe3nedyioTh MiHiMyM TUCTIEpCii

OIIHOK TlapameTpa ¢ 3a cTerneHi nojiHoma I .

B pesynbTari gociimkeHb OTpUMaHi KOe(illieHTH CTENEHEBOI0 CTOXAaCTUYHOIO MOJIIHOMA Y
BUIJISI/IL 1X 3aJI€KHOCTI Bl mapameTpa ¢GOopMH « Ta OILIHIOBAHOTO mapaMerpa &, nodynoBaHO
MOJIIHOM cTerneHl r =3 y BUIJISAl KyOiuHOTO piBHAHHA. s #oro pimieHHst 6yji0 3aCTOCOBAHO
anamitnany popmyny Kapmano, a takox uucenpHuii meron H’rorona-Padcona. Oxpim mporo
OTPUMAaHO aHANITUYHHUM BUpa3 KUILKOCT1 J00yTOT iH(opmallii 1 BIAMOBIIHO TUCHEPCIIO OI[IHKYU IS
OI[IHIOBAHOTO MapameTpa @, 10 A03BOJIMIIO MOPIBHATH 1i 3 TUCHEPCIIO KIIACHYHUX OI[IHOK.

[Ilo6 migTBEpAMTH OTPUMAHI TEOPETUYHI pPe3ylbTaTH €(PEKTUBHOCTI PI3HUX METOIIB
OI[IHIOBaHHS mapaMmerpa ¢ Oyno po3poOiieHO TMporpaMHy peani3alilo  CTaTUCTUYHOTO
MOJIETIOBaHHs 3a MeToJoM MoHTe-Kapio. B pesynbrari mpoBeeHUx e€KCIIepUMEHTIB KUTBbKICTIO
10* orpumaHo koedillicHTH 3MEHIIEHHS AMCHepCii B 3aIeKHOCTI Bif koedimieHTa GopMH a Ta
00’emy BHOIpKH N .

JIst MOPIBHSIILHOTO aHaII3y TOYHOCTI OIIHOK BUKOPHUCTAHO BiTOME MOHATTS Koe(ilieHTa
3MEHIIeHHs aucnepcii [4]:

A2 A2 A2
. O(0)PMm3 . O(0)pmm 3 . O(0)pmm 3 3
Y03 =2 I O v Nes T2 ’ 3)
J(H)mean G(H)median G(H)quant
A2 A2 A2 A2 - : -
1€ Ggymeans O(o)median’ O(o)quant’ O(p)pmms — YCCPCIHCHI Ha OCHOBI CKCIICPHMCHTIB

3HAYCHHs JMCIIEPCIi OLIHOK, MO OTPUMYIOThCS 13 3aCTOCYBAHHSM CEPEIHBOTO, MEJIIaHH, LIEHTPY
neperuHiB Ta MMIDn npu r =3 BignmoBigHO.

BucHoBKkH. AHalTi3yl0ul OTPUMaHI pe3yJIbTaTH, MO’KHA TOBOPHUTH, PO €(hEKTUBHICTH METOTY
MakcuMi3alii MOJIHOMY MOPIBHSHO 3 BIIOMHUMH KIacMYHMMU MeTojamu. IlepeBara mertony
MakcuMi3allii MoJiiHoMa HaJl METOAAMU CEPEIHBOTO Ta OIIHKU [EHTPY MEepPEruHiB OTpUMaHa OUTbII
HDK B TPHU pa3u, OIIHKK MEJIaHW B3araji MarOTh HAWTIpIIl MOKa3HUKHU AMCIIEpCii 1 PakTHYHO HE
PEKOMEHJIOBaH1 JJIs JAHUX 3 BiI €MHHM Koe(iIlieHTOM ekciiecy. HaykoBOIO HOBHM3HOIO € BIEpIIE
3aCTOCOBaHMI METOJl [0 BHIAJAKOBOI BEIMYMHMA TaKOTO BHUAY. 3aCTOCYBaHHS pPO3POOJIEHUX
ITOPUTMIB JIOIUTbHE MPU MPAKTHUYHUX BUMIPIOBAHHSX BETUYMH 3 €KCTPEMAbHUMH 3HAYSHHSIMHU.
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ULTRASONIC METHOD FOR DETERMINING PARAMETERS
OF ORE SLURRY FLOWS IN THICKENER

Porkuian 0.1, Morkun V.2, Morkun N.2, Tron V.2, Serdiuk O.2, Haponenko A2,
Haponenko 1.2, Bobrov Y .2
Volodymyr 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
guantitative 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.

VJIbTPA3BYKOBUI METO/l BU3SHAYEHHS TIAPAMETPIB PYTHOI ITYJIBIIH
Y AEHIJIAMATOPI

Iopkysin 0.1, Mopkyn B.2, Mopkyn H.2, Tpons B.%, Cepmiok 0.2, I'anonenko A.2,
I'anonenko 1.2, Bo6pos €.2
1Cxinnoykpainchkuii HarlioHansHUI yHiBepcHTeT iMeHi Bonoxumupa Jlans,
M. CeBepoIOHENBK, YKpaiHa
’KpuBOpi3bKHil HallioOHANIBHUI yHiBepcuTeT, M. Kpuswii Pir, Ykpaina

AHoranig. ['yctuHa mynsnm Ta guHaMika ii 3MIHEHHS € OJHUME 3 OCHOBHHX (DaKTOpiB, IO
BILTUBAIOTh Ha €()EeKTHUBHICTh Ipollecy 30aradeHHss KOpUCHUX KomaiwH. Lli mapamerpum 3amexartb SK Bin
XapaKTepPUCTUK CHPOBUHH, IO MEPepOoONSEThCA, TaK 1 BiJ TEXHOIOTIYHOTO periaMmeHTy. s meskux
TEXHOIIOTIYHHX OIepaliid, HaApUKIaa AenuiaMallii, 3MiHa X MapaMeTpiB y Jaci € KPUTHIHO BaKIHBOIO
JUTA JTOCSATHEHHS HEOOXiTHMX SKICHMX 1 KUIBKICHHX IMOKa3HWKIB Tporecy. HuWHI 3HAYHOTO MOIIMPEHHS
Halyn¥ METOAM KOHTPONIO TEXHOJOTIYHWX 3MIHHHX Mporecy 30aradeHHs MiHepajJbhbHOI CHPOBUHU, IO
0a3yloThCS Ha yIBTPAa3BYKOBHX BUMIPIOBaHHSX. P03poOiIeHO MeToa BWU3HAYEHHS BMICTy TBepaoi ¢asu
pymHOI mymblu y Tmpoueci il Oca/pKeHHS y TEXHONOTIYHHMX arperatax 30arauyBanpHUX (paOpuK.
[TporoHOBaHMIT MeTOJ| JO3BOJSAE BH3HAYaTH KOHIGHTPAII0 TBepHoi (a3 IydbllM 3a pe3yabTaTaMu
BHMIpIOBaHHSI IHTEHCUBHOCTI XBWIb JIsBa. [lpu mpomy He OOOB'SI3KOBO 3HATH IHTEHCHBHICTH XBWJII Ha
BUXOJl JpKepena YIbTpa3ByKy. BHKOHaHO KOMII'IOTEpHE MOJENIOBAHHS 1 HAaBEIEHO PO3PAXyHOK
KoedirieaTa 3racanHs xBuii JIsBa 3anexHO Binm 00'eMHOI YacTky TBep/oi (ha3w B IyINbIN Ta HAaBEACHO
MOPIBHSJIBHI  PE3yNbTaTH BHUMIPIOBaHb 3 JaHWMH JabopaTOpHOro aHajiily. Bucoka 4yTimBicTh
pPO3pO0JIEHOr0 METOAY /0 3MiH KOHTPOJBOBAHOIO Mapamerpa JJ03BOJNISIE PEKOMEHIYBaTH HOro IS
BUKOPHCTAHHS y IPOMHCIIOBHX YMOBaX JUISl OLIHKH XapaKTEPHCTHK JMHAMIYHUX TTPOIIECIB.

KurouoBi ciioBa: ynbTpasByk, mysibla, pyza, TBepaa ¢asa, yaprpa3Bykoi xsuii JIssa.

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

i(kx—ot) i(ke-at) |

u,, =(Asins,z+Bcoss,z)e™; u, =Ce™ ¢ u, =D . (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, = w/k2 —k& 7 kuos =w/Cy,, are the wavenumbers
of transverse waves respectively, in media 1, 2, 3; k is the wavenumber of the Love wave;
Cuos =+l4hos/Pras 1S the velocity of transverse waves propagation in media 1, 2, 3; u123 and p1 23

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.2
!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.

e 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.

nq A , ,
W(Ey, E;, h) = E f exp(—Inn! —n lni, + ! In Eo _h_+
v 4 Jn_iea, b ' 0" doak \E;—kh') A
n=

ln,L', '
+nn| k' — <EZ;"h> —";” — A, (B) = InAy)w(Ey, E,)dR” (1)

The concentration of radiation point defects during electron radiation is calculated by the
formula Eq.2 [8].

Cie(Bo,h) = [ v(E.)W (Eo, By, h) dE, )

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.
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Cexkuis K. [ndopmaniiini cutemu B MeIUIIUHI

IEPAPXITYHA MAIIIMHA CTAHIB JJISI KJIACU®DIKALIL ®I3UUYHUX BIIPAB
3A ITOCJIAOBHICTIO 1103 JIIOAUHU

Bpoiize 10. 1.
UYepkacbKuii IepKaBHUM TEXHOJOTTYHUH yHiBepcuTeT, M. Uepkacu, YkpaiHa

AHoTanis. 3anporoHOBaHO MiJXi/l 10 BU3HAUCHHSI TUITY (Di3MUHOT BIIPAaBH 3a MOCIIJOBHICTIO 1103 Ha
BiZIeO AJIsl CHCTEMH KOMII'IOTEPHOT'O 30py 3 BUKOPHCTaHHIM iepapxiuHoi MammHU cra”iB. O0’e€KkToM
JOCII/DKEHHS € TpolecH KiacudikyBaHHS (I3WYHUX BIIPaB, SKi BUKOHYE aTieT MiJ 4Yac TPEHYBaHb.
[IpeameroM JHoCHiDKEHHsSI € i€papXidHa CTEHT-MamMHAa SK KiIacu(ikaTop BiJICOKOHTEHTY. MeToro
JOCIIDKEHHS € po3po0Ka MiAX0AY J0 BU3HAYEHHS TUITY (hi3WYHOI BIPABU aTJIeTa 3 MOMEPEAHBO 3aJaHOrO
HaOopy BIpaB 3a MOCIIIOBHICTIO 103 Ha Bifeo. HaykoBe 3Ha4YeHHs HoisArae B OOIPYHTYBaHHI MOYIJIMBOCTI
BUKOPUCTaHHS 1€papxiuyHOi MallMHU CTaHIiB SIK CTPYKTYpHOI OJHMHHUII KiacudikaTopa 3 IMOJAIBIION
MiHIMI3alli€l0 Yacy oOpoOKM Ta TOMHJIKOW po3mi3HaBaHHA. [liAxig BUKOPUCTOBYETBCS JjIsi OOpPOOKHU
BUXIJTHOTO CHTHaly HEHpOHHOI Mepexi Ta J03Bojsie kimacuikyBaTh ¢i3uuHi Brpasu. [IpakTHUHUM
3aCTOCYBAaHHSAM 3allPOMIOHOBAHOTO MIAXOAY € alTOpPUTM aBTOMATHYHOIO BHMIPIOBAHHS TPHBAJIOCTI
BHUKOHAHHS CIIOPTHBHUX BIIPAB.

KarouoBi ciioBa: ManmmHa CTaHiB; KOMII IOTEpHUH 3ip; HeWpOHHA Mepexka; kinacudikaris GisnaHux
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 HEHPOHHUX Mepex sl KOMI'IOTEPHOTO 30pY J03BOJISIE BU3HAUUTH
KOOPJIMHATH CYyrJI0OiB Ha KOXXHOMY KaJpi BileO IMOTOKY TPEHYBAaHHS CIIOPTCMEHA, a TaKOX
omiHoBaTH Horo 3d mo3y y mpocTopi, sika BiANOBiJae KoopAuHaTaM cyrio6iB. PesynbraTtn
OLIIHIOBaHHS, TOOTO MOCIIZOBHICTh 1103 3 KOOPJMHATAMM CYrJI00iB JIIOJUHM Ha BiJEOKajpax Ta y
IIPOCTOPi, HE MOXYTh CHpUHMATHUCS ONEpPaTopoM Oe3rnoceperHbO Ta MOTPeOyITh CHEliaabHOT
00poOKH.

ITocTanoBka 3amauvi. 3BiICM BHTIKa€ HAYKOBO-TIPAKTHYHE 3aBIaHHA — (OpPMYBaHHS
IHCTPYMEHTIB /1151 aBTOMaTH30BAHOT'0 OLIIHIOBAHHSI TUITY PyXiB CIOPTCMEHA Ha OCHOBI B11I€OTIOTOKY
B peaJibHOMY 4aci, 3315 OJaJIbIIOT Kiacugikallii iX y OUIbII CKIIaH1 eJIeMEHTH, TaKi K (pi3uyHi
BIIPAaBH 13 BU3HAYECHHSIM iX MapaMeTpiB.

Merta poboTnm — po3poOka MiIXoAy BH3HAYCHHS THUMY (i3MUHOI BIpaBH CHOPTCMEHA 3
MOTIepPEIHBO 33J]aHOT0 HAabOPY BIpaB 3a MOCIIAOBHICTIO 1103 JIFOIMHH Ha BiJI€O.

OcHoBHa 4yacTuHa. [IponoHOBaHWI MiIXiA € aJbTEPHATUBOIO METOJaM BHM3HAUCHHS THITY
TISUTBHOCTI JIFOAWHYU 3 BUKOPUCTAHHSAM HEHpoHHOT Mepexi [1], a Takok MOnepeaHboro JiHIHHOTO
3a/IaHHS MTOCITIJOBHOCTI BIIPaB, [0 BUKOPUCTOBYETHCS HaluacTille Ha MPaKTHUIILI.
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[Mpuknan cygacHOi HEWPOHHOT MEPEkKi AJIsl EKCTPAKILii ITOCTIIOBHOCTI 103 3 BiIEO OMMMCAHUN
B cTarTi [2]. Takoxx HEOOXiTHUI CUTHANT MOXKe OyTH OTPHMAaHUH 3 KIACHYHUX CHCTEM TaKuX, SIK
MoCAP, mo 3acHoBaHi Ha ripockomnax (Xsens), abo Ha aHaJi31 CTaHy MITOK 3 JAEKUIBKOX Kamep
(Vicon), a6o 3 RGB-D cencopiB (Kinect) [3]. Anami3 curaagy HEWpPOHHOI Mepexi € OLIbIn
CKJIaJIHUM 3aBJaHHSM, HDK aHAJTi3 CUTHAJTY 3 KIIACHYHOT CHCTEMH, B 3B'S3KY 3 THM, IO TAKUI CUTHA
€ MEHII TOYHUM 1 CTAaTUCTHYHI XapaKTEPUCTHKH (IYKTyalii Takoro CHUTHAIy HE MAaloTh
MaTeMaTHYIHOT MOJICITI.

BizyanbHe mpeacTaBieHHs 1103 JIOIMHU Y TIPOCTOPI IMijl PI3BHUMHU KyTaMHU CIIOCTEPEXEHHSI 0YII0
3po0JIeHO 3a JI0TIOMOT0r0 MOBH TiporpamyBanHs Python3 Ta makera matplotlib [4].

JInst BU3HAUYCHHS TUITY BIIPaBH TPOTIOHYETHCS BHUKOPUCTOBYBATH METO]I i€papXidHUX CTEHT-
MamvH [5]. BiH nependavae HasBHICTh KEPIBHOT CTEHT-MAIIMHM, KA 3a MEBHUX OOCTaBUH TEpenae
KOHTPOJIb JI0 OJHOI 3 00paHUX MIAJIETNIMX CTEUT-MalllH, 110 1 O3HAYae JIETEKI1io BIpaBU. B cBoro
4epry, MJIerIi CTeHT-MalllMHY 32 NEBHUX OOCTAaBHH MEPENAal0Th KOHTPOJIb KEPIBHIN CTEUT-MalllNHI,
1110 O3HAYA€ 3aKIHYCHHS1 BUKOHAHHsI BIIpaBU. KojkHa mizyieria credT-MalliHa BiIOBIAaE OHIN BIPaBi.
[Tignerni crefT-MallMHY HE 3aeKaTh OJHA BiJ OJHOI, TOMY HA0Op MiUIETNIUX CTEUT-MAaIlMH MOYKE
3MiHIOBaTucs. MOXXYTh ICHYBaTH SIK CHCTEMH, L0 MICTSTh OJHY MIJUIErTy CTEWT MalluHy (Taka
cucrema Oyzie IETeKTOPOM BHKOHAHHSI BIPABH), TaK 1 CUCTEMH, J€ MiJJIETTINX MaIIMH JIEKUTbKa (Taka
cucrema OyJie Kmacu(pikaTopoM BIIPaB).

KepiBHa cTeliT-MammmHa CKi1aaeThes 3 cTany «BrpaBa He BU3Ha4YeHa» Ta 3 Habopy Cyrep-CTaHiB,
KOKEH 3 SIKUX BUIMOBITAE MiJUIETIIi cTeWT-mammHi Ta il Brpasi. [lepexin 3 crany «BmpaBa He
BU3HAYEHA JI0 CyNep-CTaHy SKOICh 3 MiIIETIIMX CTSUT-MaIINH BUKOHYETHCS KOJIU aTJIET TIEPEXOANTh
JI0 OTIOPHOT O3M OJTHOT 3 IIMX CTEUT MaIIMH. 3BOPOTHIHN Mepexi BiOyBaeThCs 3a TAKUX YMOB:

a) SIKIIO T03a atjieTa He Bu3HaueHa (Io);

0) SIKIIO aTJIeT JOBIIE 3a JSSIKHA 3aJaHUi Yac 3HAXOIUThCS B 1031, 1110 BiAMOBIIA€ ONOPHIN 1031
(11) xepiBHOT CcTEHT-MaIIMHH

Habip craniB mimieryioi creiT-MammMHNA JAOBUTbHIN, ajleé KOXKHA MiIeria CTeUT-MalliHa Mae
AKTHBYBATH OJIMH 31 CBOIX CTaHIB OMOPHOIO 103010 (Im). DYHKITIOHAT MiUIErTNX CTEHT-MalluH HE €
0OMEKEHUM TUIBKH JICTEKI[IEI0 BMpaBH. 1€ IO CUCTeMa 3HAXOJUThCS Yy Oylb-IKOMY CTaHi, IO
HAJISKUTh MIUIETTIA CTEUT-MallliHI, O3Hauae€, 110 Ha BHUXOJl CHCTEMa BUJA€ Ha3By BIPAaBH, IO
BIIMOBIAE Il CTEUT-MaIMHI. A OTKe Ha 0a3i CTaHIB MiJIErJI0l CTEHT-MallTMHA MOKHA PO3POOIIATH
nonatkoBuid gyHkiionan. Lle Moxe OyTy migpaxyHOK MOBTOPEHB BIPaBH (HANPUKIIA, TPUCIIIB), YU
aHaJi3 METPUKH BIIPaBU (HANPUKIAA, IMBUIKICTh BIPABH «IIIHATTS KOMiH»). Cxema iepapXidyHOi
CTEUT-MAaIllMHU NI0JJaHa Ha PUCYHKY 1.

KepiBHa cTeldT-malunMHa

Moza He
BW3Ha4eHa

Io, It

[m2

Mignerna cTelT- Mignerna cTeiT- [Mignerna cTelT-
mMawmHa 1 MawuHa 2 MawmHa 3
|- No3a aTneTa He BU3HAYEHA 'm,-' OnopHa no3a Nignernor cTeiT-
| 1 - onopHa No3a KepiBHOI CTeAT-MaLnHK MaLLMHK §

Pucynok 1 — Cxema iepapxigyHoi CTeHT-MaIIiHI
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BucHoBku. Po3po0neHo iepapXiuHy CTEHT-MalIMHY, SIK OCHOBY MiIXOIy /O PO3Mi3HABAHHS
Brpasu. [lpu immiuemenranii Oyno 3anporpamMoBaHo Kiacugikarop Ha TpH Brpasu: 1. Ipuciganns;
2. Bumagu; 3. Iigasarts komid. [Tigxin motpeOye 00OB’SI3KOBOTO TMOBEPHEHHS arjera 10 0a30BOi
OTIOPHOT MO3UIIIT KePYIOUO01 CTEUT-MaiHY (Y JAaHOMY BUITAAKY Iie 1mo3a 1, Koy JiroHa cToiTh, Ta ii
KOPITyC HallpaBJIEHUH 0 KaMepu).
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IHTEPHET MEJUYHWUX PEYEN B EKOCUCTEMI
MAIIEHTOOPIEHTOBAHOI IU®POBOI KJIIHIKH

Kpusenko I. I1., I'punzoscbkuit A. M., Yaauii K. O.
Hamionansunii Mmennunuii yaiepcuret iMeHi O. O. boromonsirs, M. Kuis, Ykpaina

AHoTtamisg. Y myOmikamii mpoaHai30BaHO ITEPCIEKTHBY 3alpPOBAPKEHHS MAIliEHTOOPIEHTOBAHOI
nudpoBoi KmHIKKA 3 marpuMmkoro IoMT, oxapakrepm3oBaHo cuHTe3 TexHonorii ML, Al, VR, AR y
cepemoBuII MUGPOBOi KIIiHIKH, MOOynoBaHoi Ha ocHOBI [oMT, /I TTOKpamIeHHs JOTJIBIAY 3a 3I0pOB’sIM
TaIli€eHTa Ta HaJaHHS SAKICHOT MeTUIHOI qomoMoru. O0’€KTOM JTOCTIIHKEHHS € MPOIEeCH HaaHHSI METUIHOL
JIOTIOMOTH TIAITIEHTAM Ta MEIUYHUX TOCHYT JUIS JOTJSTy 3a 310poB’sM. [IpenmMeroM JOCIHiDKEHHS €
(hyHKITIOHATRHI MOJKITMBOCTI TAIlI€EHTOIIEHTPOBAHOI ITUGPOBOI KITHIKK 3 TiATpuMKo0 [oMT 3 iHTerpartieto
ML, Al, VR, AR nmns mokpameHHS SKOCTI HaJaHHS MEIWYHUX MOCHYT marieHTaMm. s mocsrHeHHS
MIOCTaBJIEHOT METH OyJ0 MpoBeaeHo Mmomyk noka3iB 3acobamu PubMed ta TRIP Ha ocHOBiI pe3ysibTariB
CHUCTEMaTUIHUX OTJISAIB, METa-aHalli3iB, PaHIOMI30BaHUX KIIHIYHHUX JOCIIHKEHb MO0 e(hEeKTHBHOCTI
3actocyBaHHs u(poBux KiiHIK Ta [oMT.

Busznaueno, 110 3ampoBapKeHHS MaiEHTOOPI€EHTOBaHOI T (DPOBOT KITIHIKY 3 IMTATPUMKOIO TEXHOJIOT11
IoMT mae cyTTeBi IepeBar, CIpHsi€ eBOMOMiOHI3aIl TU(POBUX KIIHIK, BIAKPUBAE HOBI MOMIIMBOCTI JIJIs
TIarHOCTUKH, JIKYBaHHS Ta MPO(MIIAKTHKY MAIIEHTIB, 3aBISIKH YOMY 3aTpe0yBaHICTh I[OTO KOMIIOHEHTA
Cy4acHOl ITU(POBOi €KOCUCTEMH Ma€ BUPaKEHUH NPHUPICT 1 Oyze 3pocTtaTtu y MaitOyTHEOMY. BeTaHoBeHo,
M0 TiICHITFOIOYXM 1 IEpCTIEKTHBHUM KOMIIOHEHTOM CY4YacHOI U POBOI KIIHIKK € CTBOPEHHS [T TAIlieHTa
TOJIOCOBUX BIPTyaJhbHUX MEIWYHUX MOMIUHUKIB 3 migrpumkor Al, ML, AR, VR. OO6rpyaToBaHo, 1m0
3aIpPONIOHOBAHE PIllIeHHS PO3MIUPIOE (PYHKIIOHATBEHI MOXKIUBOCTI U POBOi KITIHIKA 1 BITHOCUTH ii 10
MOTY>KHOTO 32C00Y B YIIPaBIIiHHI 1 AOTTISAL 32 3I0POB’ M TAIli€HTA.

Karouosi cioBa: [Hreprer mequunux peuerr (IloMT), nudposa (BipTyanbHa) KIiHIKa, BipTyalbHa
(VR) ta nonoBueHa peanbHicTh (AR), mammuane HaBuanHs (ML), mryyamii intenekt (Al), romocoBuit
BIpTYaTbHUI MEIUYHHUH TOMIYHUK.

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 IoMT.

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. Itis 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 (IoMT), digital (virtual) clinic, virtual reality (VR), augmented
reality (AR), machine learning (ML), artificial intelligence (Al), voice virtual medical assistant.

Beryn. CyyacHu#t po3BHUTOK TEXHOJIOTIN BIJKpHMBA€ 3HAYH1 IHHOBAIIMHI MOMXJIHBOCTI IS
MOKpaIeHHsI JIOTJISIAY 3a 3I0pPOB’SIM  TMAIlE€HTIB. 3ampOBa/DKEHHS HOBOTO  TOKOJIHHS
1HGOpMaLITHUX TEXHOJIOTIH, 10 SIKUX aKTyalbH1 Uit [HTepHeTy MenuuHux pedeit (anrai. Internet of
Medical Things — IoMT), BipTyansHa Ta nomoBHeHa peanbHicTh (anmi. Virtual and Augmented
Reality — VR, AR), mammnane HaBuanHs (aHri. Machine Learning — ML), aHaniTHKa BEIUKUX
NaHuX, IWTydHui iHTenekT (aHri. Artificial Intelligence — Al), poGoTu3zoBaH1 MeIUYHI CUCTEMHU,
HOCHMI IIPUCTPOI, OJIOKYEIH, MOBHICTIO 3MIHIOIOTH Taly3b OXOPOHU 3JI0pOB’sl, pOOIISUM i OLIBII
JIOCKOHAJIOK0, MOTYXXHOI0, €(DEKTUBHOIO Ta MEPCOHATI30BaHOW. Y Il TpaHc(opMallii BaXIUBY
ponb Bigirpae TexHosoris IoMT, ska m03BoJis€ PI3BHOMAHITHUM MEIUYHUM TIPHUCTPOSIM 3
BOY/IOBaHMMH JaTYMKaMH, OI0METMYHUMH CKaHEpaMU IMIKII0YaTHCs Yepe3 Mepexy [HTepHeT 10
iH(bOpMAIlIITHOT CHCTEMH OXOpPOHHU 3I0pOB’S, CIUIBHO TMPAIIOBATH, HAKOMUYYBAaTH, IIBUIKO
aHaTI3yBaTH Ta aBTOMATHU30BaHO 0OpOOJIATH BEJIMKI MAaCBU MEIMYHUX MaHuX [1].

IMocTtanoBka 3axauyi. IlepciekTuBHI MOKIIMBOCTI MarOTh TexHoJorii [oMT mist moOymnoBu
nudpoBux (BipTyadbHUX) KIIIHIK SK IHHOBAIIHHOI KOMIOHEHTH ITU(GPOBOI €KOCUCTEMH OXOPOHH
310pOB’s 17151 OUTBII YAOCKOHAJIEHOTO 1 KOMILJIEKCHOTO JIOTJISAY 3a 310poB’siM manienTa. Hamu OyB
MPOBEACHUH aHalli3 HaykoBuX myomikaiii 3a 2010-2022 poxku y PubMed, Trip, Medline, Google
Scholar Ta 3aiiicHEHO MOITyK J0Ka3iB 11010 €EKTUBHOIO 3aCTOCYBAaHHS MaIlleHTaMU U(PPOBUX
KIIHIKM SK KOMIIOHEHTa LHU(POBOi eKocHCTeMHU 3akjaay OXOpOHU 3/10poB’s. Pesynbratu
3aCBIIYMIIM, IO IEPEBAXKHO HU(POBY KITIHIKY MallieHTaM MPOTIOHYBAJIOCs 3aCTOCOBYBATH B SAKOCTI
3BUYAMHOTO TEJNEMEIUYHOTO BeO-momarky. Takuii migxin oOMexyBaBCs MIHIMaTbHUM
¢dyHKIiOHaTOM, 3a0e3meuyroud MOXJIHMBICTH s OHJAWH Ta oOQualH  TeleMeIUuYHHUX
KOHCYJIbTYBaHb, HaJaHHS JOBIIKOBOi iH(popMalii mamieHTaM Ta MIATPUMKY KOMYHIKAIlii i3
3aKJIaJIOM OXOpPOHH 3710poB’s. Ilpu 11bOMy pe3yabTaTH MeTa-aHalli3iB, CHCTEMaTUYHHUX OTJIAIB Ta
PaHJIOMI30BaHUX KIIHIYHUX JOCHIIKEHb MINTBEPKYIOTh HASBHICTh CYTTEBUX JIOKa3iB Ha
MIATPUMKY BUKOPUCTAHHS IIM(PPOBOT KIIHIKK IPU MEANYHINA JONOMO31 mawieHty [2, 3, 4, 5, 6].

Baxkaemo, 1110 mo0Oy10Ba Maii€eHTOOPIEHTOBAHOT IU(POBHUX smart-KJIiHIK HOBOTO MOKOIIHHS
3 migrpumkoro IoMT Mae cyTTeBi mepeBar i J103BOJIUTH 3HAYHOIO MIPOIO MOKPALIUTH SKICTh
HaJaHHS MEIMYHUX MOCTYT MallieHTaM Ta TOCUJIUTH MOTEeHIlial nMPpoBUX KIiHIK. Harni HaykoBi
MOLIYKH OyJM CKOHILIEHTPOBaHI Ha po3poOIli HU(PPOBOI KIIHIKK 3 MiATPUMKOIO TexHousoriii [oMT,
SKa JIOTIOBHUTH MOJKJIMBOCTI TENEMEAMYHOTO KOHCYIbTYBAaHHS 1 YIAOCKOHAJIUTh IOTJISIT 32
3I0pOB’SIM Malli€HTa B JOMAIIHIX Ta HABKOJMIITHIX YMOBaX, UM 32 YMOB OOMEKEHHS MOXJIMBOCTI
(G13UYHOTO BI/IBITaHHA 3aKJIay OXOPOHH 3/I0POB .

Meta po6oTH: TpoaHaNi3yBaTH TMEPCHEKTHUBU 3alpPOBA/HKCHHS MAI[lEHTOOPIEHTOBAHOT
udpoBoi kiiHikK 3 minTpumkoio loMT, oxapakrepusyBatu cunrte3 Texnonorii ML, Al, VR, AR
y cepenoBuiIni nu@poBoi KIiHIKK, MOOyaoBaHOi Ha ocHOBI [OMT, mis mokpamieHHs AOTISAIY 3a
3JI0pPOB’SIM TIAIlIEHTA Ta HaJJaHHS SKICHOT METUYHO1 JOITOMOTH.
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OcHoBHa yacTuHa. [HTerpamis texunonoriii ML, Al, VR, AR B IoMT Mae 3HaunMi nepeBaru
MpH JOTJISJII 32 MAI[IEHTOM Ta MOoOYMOBi Cy4acHO! IU(POBOI KITIHIKH, MO JTOTIOBHIOE I HOBUMU
MOJIMBOCTSIMH 1 po3mmpioe i1 ¢yHkuioHanbHicTh. Texnonorii VR, AR 3a pomomororo
MOM(DIKOBAaHOT peaTbHOCTI 3a0e3MmedyroTh JUis HU(PPOBUX KIIHIK HAsSBHICTP TPUBHUMIPHOTO
MYJIbTUCEHCOPHOTO CEpEIOBHUIIA JIJISi CTBOPCHHS BIIYYTTS TOBHOTO 3aHYPEHHS JO BiIMOBIIHOT
ABTEHTUYHOT CHUMYJIALIi BipTyampHOro cBiTy [7, 8, 9]. HasBHi noka3u mog0 epeKTUBHOCTI
TEpaNeBTHYHOTO 3acToCyBaHHs TexHoJorii VR, AR  mpu JikyBaHHI HIMPOKOTO CIEKTpa
3aXBOPIOBaHb, MIATPUMIII KOTHITUBHO-TIOBEIIHKOBOI Teparii, KOTHITUBHUX PO3JIaJiax, MOJETIIeH]
EMOIIIHHOTO CaMOIIOYYTTSI, TPOBEICHHS HABYAILHOI JISUTBHOCTI IMAI[IEHTIB.

BaxummBa pons mpu mpoekTyBaHHI Lu(pPoBOi KiIiHIKH BigBogutbcs ML Ta Meromam
MIMOOKOTO HaBYaHHS, IO J03BOJISIE 3IMCHIOBATH TMOCTIMHUN MOHITOPUHT JKUTTEBO BaXKJIMBHUX
MMOKA3HUKIB TAIIEHTa, TAKUX SIK KPOB’SIHUI THUCK, 9aCTOTA CEPIIEBUX CKOPOUEHB, YaCTOTA TUXAHHS
TOIIO y PEKHMI PEATBbHOTO Yacy, MPOBOJTUTH JIarHOCTUKY, BUKOHYBATH PO3IMI3HAHHSI PYXOBOi
AKTUBHOCTI MAIl1€EHTA Y B3a€EMO/IIi 3 HaBKOJUIIHIM cepenoBuileM. Pimenns [oMT 3 Bukoprctanasam
Al 1 ML € HeoOximHUMH 1711 0OPOOKM BEMUKHUX JaHUX 3 PI3BHOMAHITHUX MEIMYHUX MPUCTPOIB, 1110
CHPUATHME NPOAYKTUBHOMY (DYHKIIIOHYBaHHI 1 PO3MIMPEHHIO MOKIMBOCTEN IIUPPOBOT KIIIHIKH.

Pe3ynbprat HamMX HAyKOBHX JOCIIDKEHD 3aCBIAYMIIM, IO JIEBUM KOMIIOHCHTOM CydacHOT
1M(ppoBOi KIIIHIKK € CTBOPEHHS JJIS MallleHTa TOJIOCOBUX BIPTYaJIbHUX MEIUYHUX MOMIYHHKIB 3
migrpumkoro Al, ML, AR, VR. Taki BipTyanbHi MEIU4HI MOMIYHUKHU 3/aTHI OpPraHi3oBYBaTH
OHJIafH-PO3MOBH, MOXYTh IHTEPIPETYBATH BiJIIOBI/I MaIlI€EHTIB, CTABUTH YTOUHIOIOU1 MUTAaHHS Ta
JaBaTH JI€B1 PEKOMEH/aIlil 3a JOTIOMOTOI0 TEKCTY ab0 CHHTE3y MOBJICHHS Ha ocHOBI Al, ML
3aMICTh 3a0€3MeUYeHHsT MPSIMOTO KOHTAKTy 3 XHWBHUM areHTOM-JIIOJUHOK. Po3po0ieHi rosiocoBi
BIpTyaJIbH1 TIOMIYHUKH O€3MepEepPBHO MOXKYTh BUKOHYBATH PI3HOMAaHITHI 3allpoTrpaMoOBaHi Habopu
i, 3alTH KOPUCTYyBava, TeHEpYyBaTH €(PEKTUBHE MPUUHSTTS PillleHb, IMCHTU(IKYBaTH HA OCHOBI
KOMIT FOTEPHOTO 30pYy (hi3WuHUN TPOCTIp, BU3HAYATH TEOJIOKAIlI0, CKEPOBYBATH TMalli€eHTa TMPH
BHKOHAHHI BKa3iBOK, 3a0e3medyroun OUIbIly IHTEpaKTUBHICTH 3acobamu VR, AR i imiTtyBatn
(haxoBOTO TMOMIYHWKA Yy BHpIIIEHHI NMHUTaHb, OyTH MJIEBUMH TPH TIArHOCTHII, JIKyBaHHI 1
poUIAKTHILL.

BucHoBku. 3anmpoBa/DKEHHsI IMallIEHTOOPIEHTOBAHOI ITU(GPOBOI KIIHIKK 3 IMATPHUMKOIO
texHoJsiorii [oMT ta iHTerpamiero ML, Al, VR, AR mae cyrTeBi mepeBaru ajisg NOKpAIICHHS
JOTJIAy 3a 370pOB’AM TAaIll€eHTa Ta HaJaHHs sKICHOT Memu4yHoi gomomoru. Texnosorii IoMT
CIPUSIOTH €BOJIIOIIOHIZAIT TU(PPOBUX KITIHIK, BIIKPUBAIOTh HOBI MOXKJIMBOCTI JJIs TIarHOCTHKH,
JIKYBaHHS Ta MNPOQUIAKTUKH TAIli€HTIB, 3aBISIKH 4YOMY 3aTpeOyBaHICTh I[bOTO KOMIIOHEHTA
cydacHoi IU(POBOi €KOCHUCTEMH Ma€ BUPaXEHUH MpupictT 1 Oyme 3pocTtatd y MailOyTHbOMY.
Baromum miacuIOIOYUM 1 TEPCHNEKTUBHUM KOMIIOHEHTOM CydacHOi HU(GPOBOI KIIHIKH €
CTBOPEHHS JUIsI MAI[IEHTA FOJIOCOBUX BIPTYaIbHUX MEIWYHHUX MOMIYHUKIB 3 miaATpuMKoi0 Al, ML,
AR, VR. Taka inHOBaIIisl pO3MIHPIO€ GYHKIIIOHATBHI MOXKIUBOCTI HU(GPOBOT KITIHIKH 1 BITHOCHUTS ii
JI0 TIOTY>KHOTO 3ac00y B yIpaBJIiHHI 1 JOTISII 32 3A0POB’AM Malli€eHTa. 3HAYUMUHN MMOTEHIIaT Mae
3aCTOCYBaHHS BIPTYalbHUX MEIUUYHUX MOMIYHHKIB y Tally31 TAKTUYHOT MEIULIMHU.
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CHUCTEMA NIITPUMKHU JUCTAHIIIHHOT O HABYAHHSA
JJIA TPAINIBHUKIB 3AKJIAIIB OXOPOHU 310POB’A1

Coxoua O. JI., I'onuapenko O. 0., Aramacs O. O., lamenko O. M.,
Mipomniuenko B. B., [llemer I. A.
TOB «Tpiymd IT», m. Uepkacu, Ykpaina

AHoTanis. Pobora nprcBsiueHa MATAHHSIM IiATOTOBKH TPAIiBHUKIB 3aKIaiB OXOPOHH 3I0POB’S 110
BHKOPHCTAaHHS MEIWYHMX 1H(OOpMAIIHHUX CHUCTEM y iX HpodecidHid TISUIBHOCTI B yMOBaxX IMHPOKOT
iHbopMaTH3allii CHCTEMH OXOPOHM 370poB’s YKpainu. O0'eKTOM AOCTIIKEHHS € Tpoliec iHdopMaTH3allii
3aKIadiB OXOPOHHU 37M0poB's. [IpeaMeroM MOCTIKEHHS € CHCTeMa MIATPUMKH AWCTAHIIIMHOTO HaBYaHHS
(CITJH) nHa 6a3i mmatdpopmu Moodle. MeToro mocTiKEHHS € po3poOKa Ta 3allpOBAKCHHS CHUCTEMH
MITPUMKA ~ AWCTAHIIIMHOTO HaBYaHHS [UIS  TIPAIliBHUKIB 3aKjIaliB OXOPOHH 3I0pPOB’SA, sKi €
aJMiHICTpaToOpaMHu 1 KOpHCTyBauaMu MenudHoi iHdopmamiiinoi cucremu «Jlokrop Emexc». Ilpakxtmuna
3HAUYYIICTh OCIipKeHHs nomsrae y ctBopenHi CIIIH mis mpariBHUKIB 3aKi1a/1iB OXOPOHH 370pOB’s Ta ii
HalOBHEHHI [UCTAHIIIMHAMH HABYAIBHUMH KypcaMd ISl aaMIiHICTPaToOpiB 1 KOPHCTYBa4iB MEIWYHOI
iHpopmartiitHoi cuctemu «Jlokrop Emexcy.

Kur04o0Bi ciioBa: e1eKTpOHHA CHCTEMa OXOPOHH 3/I0POB’ s, MEANYHI iH(GOpMAIliifHI cCHCTEMH, CICTEMa
MIATPUMKHN AWCTaHIiitHOrO HaB4aHHs1, Moodle, aucTaHmiitHmii HaBYaIILHUH 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 OXOpPOHH 3/0pOB’st YKpaiHH y Mekax MeaudHoi pedopmu cepen
NpIOPUTETHUX 3aBJaHb BU3HAYWIIO BIIPOBA/DKEHHS EJIEKTPOHHOI CHCTEMH OXOPOHHU 3/0pPOB’S
(ECO3). ECO3 sBusie coboro iHGOpMaIiHHO-TEICKOMYHIKAI[IHHY CHUCTEMY, IO 3a0e3reuye
ABTOMATH3AIlII0 BEJACHHS OONIKY MEIUYHUX TOCTYr Ta YIPAaBIiHHA MEIUYHOI iH(opmarliero
[UIIXOM CTBOPEHHS, PO3MIIICHHS, ONPWIIOJHEHHS Ta OOMiHY iH(opmarieo, maHuMHU i
JOKYMEHTAaMHU B €JIEKTPOHHOMY BHUTIISAMI, J0 CKJIaay SKOi BXOJATH LIEHTpajbHA 0a3a NaHHX Ta
SJICKTPOHHI MeIu4YHi iH(OpMAIiiHI CHCTEeMH, MK SKHUMHU 3a0€3MEYCHO aBTOMATUIHHIA OOMIH
iH(OopMaIi€ero, JaHUMH Ta TOKyMEHTaMHU Yepe3 BiIKpuTHii mporpamuuii intepgeiic (API) [ 1, craTrs
2,m. 1.2].

ECO3 cknanaeThest 3 Iep:KaBHOTO EHTPATLHOTO KOMIIOHEHTA Ta 30BHIIIHBOTO MPHBATHOTO
KOMITOHEHTA. 30BHIIIHIA KOMIIOHEHT MPEJCTaBICHUN MPOTPaMHUMHU PIMIEHHSIMH — MPUBATHUMHU
MEIUYHUMH IHPOPMALIHHUMU CUCTEMaMHU, 1110 MIIKIIOYEH]1 10 lieHTpaibHOoro komnonenta ECO3.
Came yepe3 HUX KIHLIEB1 KOPUCTYBayl, 30KpeMa MeIn4H1 IpaniBHUKH, npaitooTs 3 ECO3. Cepen
nux MIC nposinne micie 3aitmae cucrema «Jloktop Enekcy, 1110 BUKOPUCTOBYETHCS OUTBIN HIK Y
1400 mennunHux 3aKknagax Ykpainu [2]. Menuuna iHpopmaniiina cucrema «Jlokrop Enexc» — xa6
JTaHUX MEIMYHOrO 3aKiIaiy, 0 OXOIUIIOE BCI HOTO OI13HEC-TpOIIecH, HAJa€ MOXKIUBICTh BCEOITHOTO
aHai3y Ta MoOy/I0BH 3BITIB HA OCHOB1 JaHWUX, BHECEHUX B CUCTEMY.

IMocranoBka 3amaui. Tomy akTyaJbHOIO 1 COIIAJAbHO 3HAUYLIOK MPOOJIEMOIO €
LUIeCTIpsIMOBaHa po0OTa 3 MIABUILEHHS PIBHSI 1HPOPMATUYHUX KOMIIETEHTHOCTEH I0JI0
BukopuctanHs MIC mnpalliBHUKIB 3aKia/iB OXOPOHHU 3I0pOB’s, 30KpeMa KEpIBHUKIB, JIKapiB,
MEMYHUX CeCTep, a TaKOXX IHXKEHEpIB-NPOrpaMICTIB LUX 3aKialiB, SKI BUKOHYIOTh pOJIb
aZMiHICTpaTOpIB MeIUYHKUX 1H(popMaIiiauX cucteM. L{s mpobiema HaOyBae 1ie OUTbIIOT BaroMocCTi
B yMoBax sik manaeMii COVID-19, Tak i BoenHOTO cTany B YKpaini. OTHUM 3 IIJISXiB BUPIIICHHS ITI€T
npoOieMu € oprasizailisi JTUCTAHIIIMHOTO HAaBYAaHHS 3a3HA4Y€HOI KaTeropii MpalliBHUKIB 3aKjajiB
OXOpPOHH 37I0POB’s Il (hOpMyBaHHI y HUX HEOOXiTHUX yMiHBb 1 HaBUYOK poOotu 3 MIC. Taky
opraHizamiro OepyTh Ha cebe, sIK TpaBHIIO, KoMIlaHii-po3poOoHuku MIC, ix maptHepw, 0
BrpoBapKyI0Th MIC, a Takoxk 3akiaay MiABUINEHHSA KBamidikarii MeIuuHUX MpariBHUKIB. TOB
«Tpiymd IT» € mapraepom TOB «JlokTop Eneke» 1, 30kpemMa, 31iiiCHIOE BOPOBAHKEHHSI 1 MIATPUMKY
MIC «Jloktop Enekc» y memuuyHux 3akmanax sik Yepkacbkoi 00JacTi, Tak i B IHIIUX perioHax
Vkpaiau. KpiM TOro, koMItaHis IpoNoOHYy€e TEXHOJIOTIYHI PIlIEHHS, SKI BKIIOYAIOTh MAroToBKy IT-
CTpaTerii, MPOEKTYBaHHS, MOHTaX Ta IHCTAIALIl JIOKAJBHUX KOMIT IOTEPHHUX MEpEX, a TaKOXK
MOCTa4YaHHs JIIEH30BAHOTO MMPOrPaMHOro Ta anapaTHoro 3abdesnedeHHs [3].

Mertolo nocaixKeHHs € po3poOKa Ta 3alpPOBAKEHHS CUCTEMH MIATPUMKU AUCTAHIIHHOTO
HaBuyaHHS Ha 0a3i margopmu Moodle ans mpaiiBHUKIB 3aKJ1a/1iB OXOPOHHU 3/I0pOB’S, SIKi 3aJTy4UeHi
1o iHbopMaTu3allii 3aKIagiB OXOPOHH 37I0POB’s 1 Ha PAKTHUIII 3aCTOCOBYIOTh METMUHY 1H(OpMaliiHy
cuctemy «/lokrop Enekcy» y cBoiit mpodeciiiniil qisTbHOCTIL

OcHoBHa yacTuHa. /|15 TOCSATHEHHS MMOCTABJICHOI MeTH CHIBpOOITHUKYU KomIaHii «Tpiymd
IT», cnitbHO 3 HayKOBLSMHU KadeApH KOMIT'IOTEpHUX Hayk Ta cucteMmHoro ananizy YTV,
crpoekTyBanu, po3poounu i3anposaauiau CIT[IH Ha 6a3i 6e3komtoBHOT iargopmu Moodle [4],
10 npu3HaveHa aias HauaHHS poOoTi 3 MIC «Jlokrop Enekc» MequuHMX NpaiiBHUKIB PI3HUX
KaTeropid, 3okpemMa # IH)KEHEpPIB-IIPOrpaMiICTiB, SKi BHUKOHYIOTh DPOJb aIMIHICTPATOpIB Ili€i
cucremu. Ha pucynky 1 nogano ¢pparment rojgosnoi cropinku CIIJITH TOB «Tpiym¢ IT».

CIIIH BuxopucToBYy€e y MOBHOMY 00cs3i (yHKIiOHan, mo Hamae cuctema Moodle mms
oprasizaiii AUCTaHIIITHOTO HaBuaHHsA. Ase HalBaxuuBimor ckianoBoro CII/IH € meroanune
3a0e3MeueHHs] HAaBYAJIbHOTO MPOLECY, SKE peali30BaHe Yy BHUIVIAII JUCTAHIIMHUX HaBYAJIbHHUX
kypciB (JAHK), mo MicTsaTh: HaB4YalbHI MaTepiajid SIK y TEKCTOBOMY (opMmari, Tak 1 y BUIJISAAIL
Mpe3eHTAlliif; TeMaTW4Hi BiJ€O-JIEKLIi; 3aBAaHHS A MPaKTUYHOI poOOTH 1 caMOCTiHOTO
BUKOHAHHS; 3aCO0M Ui KOHTPOJIO 3aCBOEHHS TEOPETUYHOTO MaTepiany y ¢opmi TecTiB; hopym
11 OOrOBOPEHHS aKTyallbHUX MUTaHb L1010 BOPOBa/UKEeHHs 1 BuKopucTtanHs MIC.

Tax JIHK nnsa anminictparopis MIC «/loxtop Enekc» mictuth Taki Temu: «Betyn. 3aranbHi
NOHATTS Ta BU3HaueHHs», «llouarox pobotn 3 MIC «/loktop Enekcy». Enexkrponna meanyna

kaptka namnieaTa B MIC «Jloktop Enekc»y, «Pobota 3 ocHoBHUME Monyismu MIC: «[lamieHT»,
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«Peectparypar, «Jlikap», «Aaminictpatop», «I[IpuiiManbauii nokiit», «Cramionapy, «®inancuy,
«Cxunagy, «Jlabopatopis», «Poborta 3 inmmmu moaymsimu MIC: «Mencectpay, «3aladHuKy,
«Aymut pokymeHtiB», «PACS/RISy», «Omepauiiinan», «Po3poOka mabIoOHIB OKYMEHTIBY,
«Pobota 3 eHealth». Ha pucynky 2 nmogano ¢parment cropiaku JJHK «Aaminictpatop MICy.
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Pucynox 2 — ®parment cropinku JJHK «Anminicrparop MICy»

Ie#t aucTaHuUifHUI HaBYalIbHUH KypC TaKOX BHUKOPHUCTOBYETHCS JUIi HAaBYaHHS HOBHUX
criBpobitHUKIB TOB «Tpiymd IT» min yac craxkyBaHHs, a TaKOX JJIs1 HaBYaHHs CTynaeHTIB IT-
cneuiansHocte YATY, ki npoxoaaTs BUpoOOHUYY NPAaKTUKY Ha 06a31 koMmnaHii. [Ticns ycnimuoro
HaBYaHHS Ha Kypcax, cllyXadl OTpUMYIOTh BiIMOBiHUI cepTudikar.

VY nomoBini Oumbll getanbHO Oyae poO3MISIHYTO 3MicT mporpamu 3asHaueHoro JIHK,
MIPOaHAII30BaHO MporpaMHe 3a0e3MeueHHs, 10 BUKOPHCTOBYETHCS IiJ] Yac HaBYaHHS, 30KpeMa:
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MIC «lokrop Enekcy», 3acobu i MpoBeACHHS OHJIAMH-3aHATH, a TaKOX OyIyTh NpPEICTaBJICHI
pe3yibTaT anpoOariii nporpamu Kypcy s aaminictpatopis MIC.

BucnoBku. BaxxmiBa posb y mporeci inpopmartu3zaitii CHCTEMH 0XOPOHH 37I0pOB’sl B YKpaiHi
B3araji i KOXXHOTO MEJMYHOTO 3aKJIaay 30KpeMa HaJeKUTh MEAWYHHUM IpamiBHUKaM. Tomy
noTpiOHa cHCTEeMaTWYHA 1 LIeCpsIMOBaHA POOOTa 3 MIATOTOBKM SIK MaWOYTHIX, Tak 1 JIF0OYMX
MEIMYHUX TPAIiBHUKIB 7O BHUKOPHCTaHHS iH(GOPMAIIfHUX TEXHOJOTIH 1 MEIUYHHUX
iHpOpManifHIX cucTeM Y iX mpodeciiiHiil nisutbHOCTI. L0 poOOTY yCHiTHO BUKOHYIOTh KOMIIaHii-
naptHepu po3poonukiB MIC.

[IpakTnyna 3HAYYHIiCTH AOCHimKeHHS mojsrae y crBopenHi CIIJJH ans mpaniBHUKIB
3aKJIaJiB OXOPOHH 3JIOpPOB’S Ta il HANOBHEHHI IUCTAHIIIMHUMH HABYAILHUMH Kypcamu JUIs
aJIMIHICTpPaTOPIB 1 KOPUCTYBaUIB MEAUYHOI 1H(PopMaLiiiHOT cucTteMu «JlokTop Enekcy.
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MOJIEJIOBAHHSA ITUHAMIKH PO3INIOBCIOAKEHHSA COVID-19
3A TOIIOMOI'OI0O METOAY II'PAAIEHTHOI'O NIACUJIIOBAHHA

Yymauenko JI. 1.1, Yymauenko T. O.%, Mensiinos €. C.}, Mypaasu O. C.5, Koarkepuu I'. M.
'Hanionansauit aepoxocmiunmii yHiBepcuteT iM. M. €. XKyKkoBcbKoro
«XapKIBCbKUH aBiallifHUIM IHCTUTYT», M. XapKiB, YKpaiHa
2XapKiBChKHil HAIlIOHATBHII MeIMIHHI YHiBepcHTET, M. XapKiB, Ykpaina
$XapkiBchkuii HaioHanbHUH yHiBepcuTet iMeni B. H. Kapasina, M. Xapkis, Ykpaina

Anoranis. [larmemis HOBOTO KOpOHaBipyCy BIUIMHYJa Ha BCi cdepu IIOACHKOTO JKUTTS Ta
MIPOAOBXKY€ TOMIMPIOBATHCH CBITOM. E(heKTHBHUM IHCTpYMEHTOM /sl po3pOoOKH HAyKOBO OOTPYHTOBaHUX
Mo UTAKTHYHUX Ta IPOTHEMIEMITHUX 3aXOMIB IS CTPIMYBAHHS MMaHAEMIYHOT O PO3IIOBCIOKEHHS BipyCy
€ iMiTartiitHe monemoBadHs. HaltO1bIry TOUHICTh PO3paxyHKY IIPOrHO3HOT 3aXBOPIOBAHOCTI Ha 1H(EKIIiiHI
XBOpPOOM MaroTh METOAM MAIIMHHOTO HaB4aHHSI. B paMkax IbOro IOCHIIKEHHs MOOyZOBaHa MOJIEIb
emigemiudoro mpomecy COVID-19 wa 3acamax Meromy TpalieHTHOro —miacwimoBaHHs.  Jlis
eKCIIEPUMEHTAIEHOTO TOCTI/DKEHHST OYyJIo TPOBEACHO HANAINTYBAHHS MOJENi IS YKpaiHu Ta CYCimHIX
kpain: MomnoBwu, Ilomemii, Pymynii, CnoBauunan Ta YropmuHu. s mepeBipkyd ageKBaTHOCTI Mopeni
BHKOPHCTaHI JaHi TIPO 3aXBOPIOBAHICTh HA KOPOHABIPYC HA BIMMOBIMHUX TepuTopisx. Bubip Takux kpain
TAaKOXK JIO3BOIISIE OIIIHUTH YHIBEPCaJIbHICTb MOEINi, OCKUTPKHM Ha TEPHUTOPIAX, IO JOCHIIKYIOTHCS,
eImiIEMIYHIIA TIPOIleC Ma€ PI3HUHN XapakTep, a ypsau KpaiH 3alpoBapKyBAIA Pi3HI KOHTPOJIBHI 3aXO[H.
Pe3ynbpratn MonentoBaHHs MOKa3ald BHCOKY TOYHICTH, IO O3BOJISIE BUKOPUCTAHHS MOJETI B MPaKTHLI
OXOpPOHU 3/I0pOB’sl.

Kirouosi ciioBa: enigeMidHa Mojieib, MalllMHHE HaBYaHHS, IPaJdi€eHTHE IMOCHUJICHHS, MOJCIIOBAHHS
COVID-109.

SIMULATION OF THE COVID-19 DISTRIBUTION DYNAMICS
USING THE GRADIENT BOOSTING METHOD

Chumachenko D.!, Chumachenko T.2, Meniailov 1.1, Muradyan O.3, Zholkevych G.3
INational Aerospace University "Kharkiv Aviation Institute”, Kharkiv, Ukraine
2Kharkiv National Medical University, Kharkiv, Ukraine
3V. 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. KoponasipycHa ingekuis (COVID-19) BUKIMKaE TSHKKE TOCTPE 3aXBOPIOBAHHS 3
PO3BUTKOM Y Psiii BUMAIKIB PECITIpAaTOPHOTO ITUCTpec-cuHapoMy. Bunanku 3apaxenns COVID-19
3apeecTpoBaHi y OUTBIIOCTI KpaiH CBITY Ha BCIX KOHTHHEHTAaX. 3aXBOPIOBAHHSI, BUKJIMKAHE HOBUM
KopoHaBipycoMm, Oyno HazaHo BOO3 COVID-19, HoBoro aOpeBiaTyporo, OTPUMAHOIO 3
Coronavirus Disease 2019. Imitaniiine MojientoBaHHs € €peKTUBHUM IHCTPYMEHTOM JUIsl BUBUEHHS
enineMmiyHoro mpouecy COVID-19. Mogeni 3axBOprOBaHOCTI J03BOJIAIOTH MPOTHO3YBAaTH il
JMHAMIKYy, @ TaKOK BUSBIATU (aKTOpH, 10 HalOUIblIe BIUIMBAIOTh Ha PO3BUTOK emigemii. Lle
JI03BOJIIE 0co0aM, K1 MPUHMAIOTh PIlIEHHs, BIIPOBA/KYBAaTH HAyKOBO-OOIPYHTOBaH1 €(EKTUBHI
MPOTUENAEMIYHI Ta KOHTPOJbHI 3ax0au i ctpuMyBaHHs nanjaemii COVID-19 Ha KOHKpeTHUX
TEPUTOPISIX.

IMocranoBka 3amaui. AjekBaTHUN TporHO3 3axBoproBaHocti Ha COVID-19 no3Bosse
BIIPOBA/IUTH HAYKOBO OOIPYHTOBaHI MpO(UIaKTHYHI Ta MPOTHUENIAEMIUH1 3aX0IU JJIsl CTPUMaHHS
MaHJEMIYHOTO PO3BUTKY 3aXBOpIOBaHOCTI. J[ms moOymoBHM MoOfeNni BUKOPHUCTaHI IIMOJIEHHI
KyMYJSITUBHI JaH1 3axBoproBaHocTi Ha COVID-19 Ha BuOpaHuXx TEpUTOPISIX.

MeTto10 a0C/iIKeHHsI € po3poOKa MOJeN MAITMHHOTO HaBYaHHS EMIIEMIYHOTO MPOIECy
COVID-19 na 3acamax MeTOly TPpaliEHTHOTO MTOCHUJICHHS.

Marepiaau ta metoau. ['panientHe nocunenus (Gradient Boosting) — e MeTo 1 MallTuHHOTO
HaBYaHHsI JUIs 3aBAaHb Kiacudikaiii Ta perpecii, skuii Oyaye mporHOCTUYHY MOJIENbh B aHCaMOTi
cnmabkux moneneit [1]. ¥V Hamomy BUMaAKy rpaJi€HTHE TOCHICHHS 1€ aHCAMOJIb JIEPEB PIIICHb.
MeToj IpyHTYEThCS Ha ITEepaTUBHOMY HaBYaHHI JIEpPEeB pillieHb I MiHiMi3aIii ¢yHKIil BTpar.
3aBASKM OCOONUBOCTSIM JIepeB pIlIEHb TIPaJiEHTHE TMOCHJIEHHS MOXeE MpalioBaTd 3
KaTeropiaJibHUMU O3HAaKaMU Ta CHpAaBIATHCS 3 HediHiiMHOcTAMU. [locuneHHs — me Meton
MEPETBOPEHHS MOraHO HaBYEHMX Mojesieil Ha noOpe HaByeHi. [lin yac MOCUIIEHHS KOXKHE HOBE
JIEPEBO HABUYAETHCS HA MOJAU(IKOBaHINA BepCii BUXITHOTO HAOOPY NaHuX. [ 0JIOBHUMH TIepeBaraMmu
METOJly € MPOCTOTa y peanii3alii, MOXJIMUBICTh ITEPaTUBHOTO BUIIPABICHHS CIA0OKUX MOMUIOK
kiacudikaTopa, 1o MiABUIIYE TOUYHICTh HUISIXOM MO€AHAHHS BPA3JIMBUX YYHIB, METO/1 HE CXHIIbHUN
JI0 TIepeHaBYaHHs [2].

PesyabTraTn. Mognens emigemiunoro mpouecy COVID-19 6yna mepeBipeHa Ha OCHOBI
IIOJICHHOT KyMYJIATUBHOI CTATUCTUKMA HOBHMX BHUMAJKIB B YKpaiHi, Yropuusi, Monaosi, [Tombmii,
Pymynii Ta CnoBavyuuni. bynu BukopuctoByBanu Aani, HagaHi LleHTpom rpoMaachKoro 310poB's
MiHicTepcTBa OXOPOHHU 370pOB'st YKpaiHu Ui YKpaiHChKUX JaHHUX Ta JaHi PecypcHoro 1meHTpy 3
KopoHaBipycy YHiBepcureTy J»xoHa XomnkiHca 15 cycinHix 3 YkpaiHoto kpain. MeTpukamu ass
OLIIHKH aJIeKBAaTHOCTI MoJieli Oynu cepeHs abcomorHa nomuika (MAE) Ta cepetHbOKBaipaTHYHA
nomuika (MSE). PesynbraTi MoaentoBaHHs HaBeaeH1 B Tabnuii 1. [Iporpamna peanizaiis Moeni
BHUKOHAHA 3a JIOTIOMOT00 MOBH ITporpamyBaHHsi Python.

Tabnuis 1 — Pe3yjabTaTin Mojie1l0BaHHSA

Kpaina MAE MSE
Monnosa 275,75 166087,96
[Tonpma 2151,16 13180096,34
PymyHnist 1062,50 2633408,14
CraoBayunHa 261,20 232483,32
VYropuiuHa 545,109 954897,51
VYkpaina 2223,71 11929595,02
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3a 70NOMOT010 MO/IeN1 00YHCIICHO MPOTHO3HY KyMYJIATUBHY 3axBopioBaHicTe Ha COVID-19
Ha BIINOBITHUX TEPUTOPIsX. Pe3ynbraT nporHo3y mwist YkpalHu HaBeIeHO Ha pUCYHKY 1.

1o Precited total cases number | Actual total cases number
—— Gradient Boosting

Actual data

2.0

(L]

Predicted total cases number

(1Y)

n 1.*'|r; }f:l.'l 300 -11";.1 500
Date range

Pucynox 1 — [Iporao3 kymynsatuBHIX HOBUX BHaakiB COVID-19 B Ykpaini

He3Baxkaroun Ha Te, mo aOCOMIOTHI MOXMOKHM 34AI0THCS BEIMKUMH, BOHH 3alIeXKaTh Bif
3arajibHOI KIIBKOCT1 BUIIAJIKIB, III0 3apeecTpoBaHi y BIAMOBIAHIN KpaiHi. Tak, BiJHOCHA MOXHOKa
st Yipainu ckiana 0,772 nnst HapuanbHOi BuOipku Ta 0,258 mis tectoBoi BuOIpku. HeBenmnka
PI3HHIIA B TOXUOKAX IS PI3HUX BUOIPOK TOBOPUTH PO T€, IO MOJIENH HE € IePEHABUCHOIO.

CkiamHicTh Mojeni rpagienTHoro nocuicHHs ctanoBuTh O (M n lognd), 1e M — KinbKicTh
nepeB. Sk mpaBwmiio, sl MOJEIb 3aiiMa€e OUTbIIE Yacy, HDK BUIAAKOBUM JIiC, TOMY IO BOHA Oyaye
HACTYITHE JIEPEBO Ha OCHOBI MOMIJIKH a00 3aJIMIIKY MOMEPEeIHHOTO IEpEBa, TOMY MPOIeC HE MOKHA
po3mapasenuTy NOPIBHSHO 3 BUMAIKOBHUM JIICOM.

BucnoBku. OiiHka MOJENTi MAaIIMHHOTO HAaBYaHHS HAa OCHOBI METOJy TPaJl€HTHOIO
MTOCUJICHHS JUIsl TIPOTHO3yBaHHs 3axBopioBaHocTi Ha COVID-19 nokasana, no BoHa MOXe OyTH
BUKOPHUCTaHA B MPAKTUIl IPOMAACHKOI OXOPOHHU 3/I0POB'S Ui OOIPYHTYBaHHSI Ta IUIAHYBaHHS
MPOTHETIAEMIYHUX 3aX0JIiB. 3aJIe)KHO BiJl TPUBAJIOCTI MOOYIOBAHOIO MPOTHO3Y BIH MOXE OyTH
BUKOPUCTaHUM (haxiBUSIMH OXOPOHH 3JI0POB'S Ul BUPILICHHS PI3HUX 3aBJaHb: ONEPATUBHOIO
aHalizy e(QEeKTUBHOCTI peani30oBaHUX KOHTPOJIbHUX 3aXOJliB, OLIHKA €(EKTUBHOCTI TIaHOBAHUX
0oOMeXyBambHUX Ta MNPO(UIAKTUYHMX 3aXOJiB, OI[HKH OOCATY pecypciB, HEOOXITHUX Ui
3a0€3MeUYCHHS MMAIIEHTIB HAJICKHUM JOTIAI0M (KUIBKICTh JIDKOK, I0Jada KUCHIO, YHUCEIbHICTh
MEJMYHOTO TMepCoHay Ta 1H.). BUKopucTaHHs IMITAIIifHOTO MOJIEIIOBAaHHS J03BOJISIE BpaXyBaTH
(dakropu, MO BIUIMBAIOTH HA JAWHAMIKY eMiIEMIYHOTO MpOIeCcy, Ta HAyYKOBO OOIPYHTYBaTH
HEOOXIHICTh 3ampOBaKEHHS MPOTUEMIIEMIYHUX 3aXOMdiB, CIPSIMOBAHMX Ha MPUIIHHEHHS
naHzaemii Ha okpeMux TepuTopisx. IIpornosm s cycimHix 3 YKpaiHOIO KpaiH 1aloTh 3MOTY
PO3poOuTH ePeKTUBHY MOJITUKY B'I311y B KpaiHy, a TAKOK OLIHUTH PU3UKH, MOB'A3aH1 3 TUHAMIKOIO
nomupeHHss COVID-19 Ha npunernux TepuTopisix.

Henonikom Mopeni € HEMOXKIUBICTh BU3HAYeHHs (DaKTOPIB, IO BIIMBAIOTH HA PO3BUTOK
3aXBOPIOBAHOCTI, TOMY MEPCIIEKTUBHUM HAMPSIMOM JOCTIKEHb € CTBOPEHHS KOMOIHOBaHOT MOJIeNi
MalIMHHOTO HaBYAaHHS 3 BUKOPUCTAHHSAM MYJIbTHAr€HTHOTO MiAXOAY. 32 PaXyHOK BUKOPHCTAHHS
MoJeNiel MallTMHHOTO HaBYaHHS MYJIbTHATCHTHI MOJIEN1 MiJIBUIIATh TOYHICTh MPOTHO3YBAHHS, IPU
IbOMY 3'IBUTBCS MOXJIHBICTH TIPOBEICHHS EKCIEPUMEHTAIBHUX JOCHDKEHh 3 OI[HKHU
e(peKTUBHOCTI peai30BaHUX MPOTUEMIIEMIUHUX 3aXO0/IIB.

HaykoBa HOBM3HA JOCHIHKEHHS TIOJIATAE y PO3pOOIli Ta BUBYEHHI MOJIETIEH eMepIKEHTHHX
iHdexkmid, nHa npuknagi COVID-19 Ha oCHOBI MPOCTUX METOMAIB CTATHUCTUYHOTO MAIIMHHOTO
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HaB4aHHA. lIpakTM4Ha HOBHM3HA JOCTIDKEHHS TOJSArae y BIPOBAKEHHI aBTOMATH30BAaHOTO
IHCTpYMEHTY OLIHKH JuHaMiku emnizemiyHoro mporecy COVID-19 na piznux teputopiax. Llle
OJIHIEI0 ICTOTHOIO MPAKTUYHOIO LIHHICTIO € 3/IaTHICTh EKCIEPTIB y Taly3l OXOpOHH 3I0POB'S
npuiiMaTH pillieHHs Juie Ha ocHOBI HOBHMX BHUMaAkiB COVID-19. Lle 0co0nMBO akTyaqbHO VIS
MICIIb, J1e 30MpaHHs IHIIUX JAaHUX PO MAI[IEHTIB HEMOKJIMBE Yepe3 HU3bKe (JIHAHCYBAHHS CUCTEMHU
OXOpOHHM 3/10pOB's a00 (hopc-MaxopHi oOcraBuan. Hanpukiman, B ymoBax BiiiHU Pocii B Ykpaini
HEMOJXKITUBO 3i0patu moBHi AaHi po xBopux Ha COVID-19, 0co6MBO HAa THMYacCOBO OKYITOBAaHUX
TEPUTOPISIX 1 TEPUTOPISAX, A€ BEAYThCS aKTHBHI OOMOBI Jii. 3a TAKUX YMOB IPOIIOHOBAHMH ITiIX1]T
Oy/e MPaKTUIHHUM JUTSI CBOEYACHOTO KOHTPOJTIO emigemigHoro nporecy COVID-19.

HocmipkenHss BukoHaHe B pamkax mnpoekty 0121U109814 «Cormionoro-maTreMaTH4He
MO/IETFOBaHHS €()eKTUBHOCTI yIPABIIIHHS COIIAJIbHO-ET1IEMIYHUMHU MTPOIIecCaMu JyTsl 3a0e3MeUeHHs
HaIlOHAJIbHOT Oe3Meknu YKpaiHu», 1o (iHaHCyeThcss MIHICTEpPCTBOM OCBITH 1 HAYKH YKpaiHU.

Cnucoxk BUKOPUCTAHUX JIZKepet
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.

156



Cexkuis L. [HpopmamiliHo-KOMYHIKaIlil{HI TEXHOJIOTII B OCBITI

TH®OPMAIIMHA TEXHOJIOT'TA YIIPABJIIHHSI OCBITHIM ITPOIIECOM
YHIBEPCUTETY

Ammposa A. B., Kaniraun O. B., Ko:xxem’sikin O. C., 3acna I''. O.
YepkacbKuii IepKaBHUH TEXHOJOTTYHUIA YHIBepCcHTET, M. Uepkacu, YKpaiHa

AHoTtanisi. Posrnsmaerbess cTpykTypa Mojeni iHQOpMaUiifHOT TEXHONOTil yMpaBIlliHHS OCBITHIM
MPOIECOM B paMkax ugpoBoi Tpancopmaliii yHiBepcutery. Ilpu po3poOili Moiesi BUKOPUCTAHO MiaXi,
KA PO3TIIsiiae YIPaBIiHHS OCBITHIM IPOILIECOM SIK CKJIaJHUH, JUHAMIYHUWIA, Pi3HOBEKTOPHUI Mporec.
PosristHyTO mporecu iHTerpamii OkpeMux iCHyIo4rX iH(OpMAaIifHMX CHCTEM B €JIMHY aBTOMATH30BaHY
CHCTEMY YIIPaBIIiHHS OCBITHIM MPOIIECOM Ta iX OCHOBHiI B3aeMo3B’si3ku. [lomiOHa iHTErparis po3BoimiIa
ONTHMI3YBaTH MPOIIECH YIIPABIIHHS OCBITHIM MPOIECOM, MOKPAIIUTH OIIEPaTUBHICTH POOOTH CTPYKTYPHHUX
MiZIPO3UTIB YHIBEPCUTETY, CTUMYIIIOBATH TOAATBIINA PO3BUTOK TEXHOJOTIH JUCTAHIIIMHOIO HAaBYAHHS,
MOKPAIIUTH SKICTh MIATOTOBKU (haxiBI[iB TOIIIO.

Karouosi ciioBa: Mmonens, iHpopmalliiiHa TEXHOJOTS, YITPaBIiHHS, OCBITHIH Tpoliec.

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 nanuit yac B 6araTboXx 3akiiafax BUIIOI OCBITH YaCTKOBO JOCSTHYTO BiINOBITHUN
pIBEHBb amapaTHOrO 1 MPOrPaMHOTO 3a0e3MeYeHHs BHYTPIMIHIX CHUCTEM MiITPUMKH OCBITHBHOL
JSUTBHOCTI, aje TOJIOBHUM 3aBIaHHSM JI0CI 3aIMINAEThCS 3a0e3MeueHHs] BUCOKOT €(heKTUBHOCTI
BUKOPHUCTAHHSI JAHUX 3aC001B JUIsl YIIPABIIHHS OCBITHIM MPOIIECOM.

IlocranoBka 3agaui. [Ipu po3poOui iH(opMaIliitHOT TEXHOJOTIi YHMpaBIiHHS OCBITHIM
MPOLIECOM B YHIBEPCUTETI HEOOXIAHO BUKOPHUCTATH MIAXild, SIKUW pO3IIIsiIae OpraHizaiilo Takoi
TISTIBHOCTI SIK €JMHUHN TPOLEC, 10 CKIAJAEThCsl 3 0araTboX OKpeMHX pi3HO(YHKIIIOHATBHUX alie
B3a€MOIIOB’SI3aHUX TMPOILECIB, 3 YypaxyBaHHSIM CKJIQAHOCTI OCBITHBOTO Ipoliecy dYepe3 Horo
JUHAMIYHICTh Ta 0araTo3afayHiCTh, PI3HOBEKTOPHICTh, OCKUIbKHM, MOTPIOHO OJHOYACHO
3abe3neuyBaTd (DyHKIIOHYBaHHS 0araThbOX CTPYKTYPHUX IIJIPO3JUIIB YHIBEPCUTETY Ta
KOMYHIKaIlii i3 30BHILIHIMU CTPYKTYPaMH.

Metor0 po6oTH € CTBOpPEHHS MoJeini iHGOpMauiifHOI TeXHOJIOTil YHpaBIiHHS OCBITHIM
MIPOIIECOM B paMKax IU(poBoi TpaHchopmallii yHIBEpCUTETY.

OcHoBHa yacTHHA. Mojenb iHPOpMaLiiHOT TEXHOJIOTI] yIpaBIiHHSA OCBITHIM IMPOLIECOM
(pucyHOK 1) € moJambIIUM PO3BUTKOM MOJENI iH(OpPMAIIHHOT CHCTEMHU YIPABIIHHS OCBITHBOIO
TisITBHICTIO YepKachKOTo JepKaBHOTO TEXHOJOTiyHOro yHiBepcutery [1]. Bona moeanye mix
co0010 ICHYIOY1 B YHIBEpCUTET1 OKpeMi iH(opMaIiifiHi CHCTEMH, 1110 BUKOHYIOTh BiMOBIIHI OKpeMi
¢yHKIIi, 1 B KOMIUIEKCI HAJalOTh MOXJIMBICTH MOKPAIIUTH PIBEHb ABTOMAaTHU3Allil YHpaBJIiHHS
OCBITHIM NPOLIECOM.
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SlnpoM Mojeni ympaBiiHHS OCBITHIM IpouecoM € iHpOopMamiiHO-aHATITHYHA CHCTEMa
niaTpuMku ocBiTHBOI AisTbHOCTI (IACIIO/) [2], sika akymyimtoe B coi BCi BITOMOCTI PO OCBITHI
JocsrHeHHs 3100yBaviB BulIoi ocBity (3BO) 3a nepioa HaBuaHHS, 3 TOAATBIINM (POPMYBaHHSM IO
3aBEpIIEHHIO HaBUaHHsS JOKyMeHTIB mpo Buiny ocBity. IACIIO/] cuaxpoHi3yeThcst 3 €aUHOIO
Jep>KaBHOIO cHcTeMOo 3 muTanb ocBit (€/JEBO) B yacTuHI mepcoHaIbHUX JaHUX 3100yBadiB Ta
3 moayasimu makera nporpam «Ilonitex-CODTy, 3 AKkuX, 30KpeMa, OTPUMY€E MaKeT JaHHUX I0JI0
OCBITHIX KOMITOHEHT BiJIIOBITHOTO HAaBUAIBHOTO IUIAHY OCBITHBOI MpOTpaMu, Ta JaHi HAYKOBO-
neparoriyaux npanisHukis (HIIIT).

EnexTporsi
HapuaneH!

Kypcu

MocunasHA
HS xanexasp
npoBeneHHA

on-line 3aHAT: 8
Microsoft Teams

Mporpamu
HEBUSNEHMX
aucumnni=

BigowmocTi
obnixy
yenilwHOCTI
Hasuanero- 380
METOQMUHI
pospobxm Hazsu HesuansHnx
Aancumnnid,
wudpwm i cxnan
SKaQEMIUHNX rpyn

Mepcoxanes|
AasHi 380

ceEqyaTy

"Prima Doc"

Hakazu no 3BO CuHXpoHizaUis

€0EBO

HapuanoHa
ancumnnisa

Mepcoxanssi
assi HAON

HasuaneHo-
MeToRMuKI
po3pobxu

e mail 3B0

Education
- oDniKkoBI 3anucH
(@chdtu.edu.ua)

Pucynok 8 — Moaens iHpopMmaIiifHOT TEXHOIOT1] yIpaBIiHHS OCBITHIM MPOLIECOM

BaxinBoro CKI1aJJOBOIO MOJIENI, 110 PO3IJISAAEThCA, € CUCTEMa MIATPUMKH JAUCTaHLIHHOTO
HaBuanHs (CITJIH), sixa po3ropayta Ha 6a31 LMS Moodle. CITIH € cBoepiqHUM OCBITHIM XaboM,
Jie 30Cepe/KEHO HaBYaJIbHO-METOJMYHI Ta 3BITHI MaTepiasd A 3a0e3leueHHs yciX BHJIIB
HaBYAJbHUX 3aHATh, IHTEPAKTUBHI IHCTPYMEHTH Ui MPOBEICHHS 3aHATh 3 BHUKOPHUCTaHHSIM
CTOpoHHIN cepBiciB. 3a paxyHok cunxpoHizauii 3 IACIIO/] Ta enexkTpoHHOI O0i0II0TEUYHOIO
cuctemoro (EBC) B CIT/IH nocTifiHO OHOBITIOIOTHCS BIIOMOCTI IIOJ0 HAa3B HABYAJIBLHUX JTUCIIUTLIIH,
HIIII, mu¢piB Ta ckaaaiB akaJeMiyHUX IPYII, HABYAJIbHO-METOAMYHOTO 3a0e3eUeHHs HABYAJIbHUX
mucuuutid. [Ticast popmysanus B CITIH enekTpoHHHX >KypHaIiB 3 pe3yiabTaTaMu HaBuaHHs 3BO
32 KOXHOIO HaBYAJIbHOIO AMCHUILIIHONO, i AaHi nepenatotbes A0 [ACIIO/ ans dopmyBaHHS
JIPYKOBaHUX BapiaHTIB BIAOMOCTEH 00Ky yCIIITHOCTI Ta, B MOJATBIIOMY, TOJATKY 10 AUTIIIOMY.

Bzaemonist CIT/IH ta EBC i3 cuctemoro enekrporHoro qokymentoooiry (CE/l) «Prima Docy
JI03BOJIMJIA TIOBHICTIO MepeBecTd B LUGpOBUil (Qopmar mpolec po3risiay, MOTOHKEHHS 1
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3aTBEP/PKCHHS HOPMATHBHUX JOKYMEHTIB, IO CKJIAJAl0Th OCHOBY YCIX KOMIIOHEHT OCBITHBOI
Iporpam, 30KpemMa, porpaM HaBYaJIbHUX AUCIUILIIH Ta HABYAIbHO-METOANYHUX PO3POOOK.

Iurerpartist CITIH 3 oxniero 31 ckitagoBux nakera mporpam Microsoft Office 365 — Microsoft
Teams Hagae MOXIIMBICTD CHHXPOHIZYBaTH po3kias 3ausaTh HIIII, 3a sskum B Teams npoBoasThes
3aHATTS B AMCTaHIiHHOMY (opmarti, 3 HaByambHUM KoHTeHTOM CIIJIH, 1mo BHKOpHCTOBYETHCS
HIIIT mig yac 3aHATS.

BucHoBku. 3actocyBanHs Mozeni iH(OpMaIiifHOI TEXHOJOTil YHpaBIiHHA OCBITHIM
MpoIiecoM 3a0e3MeYNTh MOXKIIMBICTh MOETHAHHS OKPEeMHX 1H()OPMAIIfHIX CHCTEM B €IHUHY, IO
JI03BOJIUTH ONTUMI3yBaTH MPOIIECH YIPABIIHHS OCBITHIM MPOLIECOM, MOKPAIIUTH OTIEPATUBHICTD
POOOTH CTPYKTYPHHX MIJPO3IUIIB YHIBEPCUTETY, CTUMYIIIOBATH TOJATBIINAN PO3BUTOK TEXHOJIOT1H
JUCTAHI[IHHOTO HaBYAHHSI, MOKPAITUTH SKICTh MATOTOBKU (PaxiBIliB TOIIIO.

Cnucoxk BUKOPUCTAHUX JIZKepet
1. Ammposa A. B., 3acna I'. O., Kamitan O. B., Koxem’sxin O. C. Indopmariiina cucrema
YIPaBJIiHHS OCBITHBOI JISUIBHICTIO YHIBEpCHUTETY. [Hopmayiiini mexnonozii — 2021: 36. mes VIII Bceykp.
Hayk.-npaxkm. kong. monooux nayrxosyie, (M. Kuis, 20 tpas. 2021 p.). Kuis, 2021. C. 3-5.
2. Tpuyc 0. B.,3acmal. O., Koxem'sikin O. C., Ammposa A. B. [HpopmariiiiHo-aHaniTHYIHA cHcTeMa
MiATPUMKH OCBITHBOT JISUTBHOCTI CTPYKTYPHUX MIiIPO3JUIIB 3aKiIa(iB BHIIOI OCBITH. Bicuux Yepracvkoeo
Odeporcasro2o mexronociunozo yrisepcumemy. 2020. Ne 4, C. 27-38.

EJEMEHTHU WEB-ITPOI'PAMYBAHHS B PO3A1JII
«METOANKA HABYAHHSA IHOOPMATUKN»

bpeckina JI. B., JIo6anos O. O., lllysasaosa O. 1.
[liBneHHOYKpaTHCHKUI HalllOHATbHUM nenaroriunuii ynisepcuteT iMeni K. J[. Ymmncbkoro,
M. Oneca, Ykpaina

AHoranis. Ilizroropka cydacHoro BuuTens IH(GOpMAaTHKM IIIBHO IOB’SA3aHa 3 IHHOBaLIMHUMU
METOIMKAaMH BUKJIAJaHHsI [i€] QUCIUIUTIHA Y KO, 3MICT peameTa «Meronuka HaB4aHHA [HQOpMaTHKI
0a3yeThes Ha MEpPelOBHUX JOCIIKEHHSX, 110 BIPOBAKYIOTHCS Y IIKITbHUNA HAaBYAIBHUH mporiec. B mpomy
JIOCTTIDKEHHI HaBEICHO OOTPYHTYBAHHS IOIIBHOCTI BUBYCHHsS WeD-porpaMyBaHHS SK OCHOBH PO3JLTY,
ANTOPUTMH 1 TIporpaMu Kypcy «Meronnka HaBuanHs [HpopmaTHkm». MeToanka JOCTIPKEHHS BKIIFOUAE
KPpUTHYHWUH aHaNi3y HAayKOBOi 1 METOAWYHOI JITepaTypu, OTPUMAaHHS MPAKTHYHOTO JOCBIiTy,
CrocTepekeHHs, Oeciu, eKCcliepruMeHTaIbHE BIIPOBAHKEHHS, 30ip 1 aHaJi3 pe3ynbTaTiB.

KuarouoBi ciaoBa: wmerogauka HaByaHHS [HQOpMATHKH, anroputMu Ta mporpamu, Web-
MPOrpaMyBaHHSI.

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..
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Beryn. 3poctanns poni iHpopMamiiHMX TEXHOJIOTIH y MOBCAKICHHOMY JKUTTI MigHIMae
BUMOTH 70 ipeamery «lHpopmaTrka» y nIkoJii i BAMOTH JI0 MArOTOBKH MaOYTHHOTO BUUTENS Yy
Bumax. Cy4acHICTh XapaKTepPU3YEThCS 3POCTAHHAM POJTi 3ac00iB iH(OPMAIIIHHO -KOMYHIKAI[IHHIX
TEXHOJIOTI Ta iX BIIMBY Ha BCi cepu kutTs. [Tutanus po3poOiieHHS €(PEKTUBHUX METOIUK
HaBYaHHS YYHIB OCHOB IIPOTPAMYyBaHHS 3aJIMIIAETHCS BIIKPUTHM.

IocranoBka 3amavi. [lo mnuTanp mnoOrauONEHHS BUBYEHHS 00 €KTHO-OPIEHTOBAHOTO
MporpamMyBaHHs, BUBUCHHIO MTPOTPAMyBaHHS MPHU IMIATOTOBII y4UTENs iHPOPMATHKH MPUAUICHO
yBary y HaykoBux gociimpkenasx M. 1. XKanmaka, H. B. Mop3e [2], B. B Jlamincekoro [3] Ta iHIIAX.
PesynpraT HAHOBIMIUX JOCTIHKEHb 3HAUIILIN BiOOPaXEHHS Y 3MICTI CydJacHHUX MiJPYYHUKIB 3
METOMKH HaBYaHHA iH(POPMATUKH.

MeTo10 T0CTITKEHHSI € PO3KPHUTTS MIJICTaB Uil PO3rIIsly Web-niporpaMyBaHHS, SIK OCHOBH
peainizanii po3aury «AJIropuTMH Ta POrpamMmy» MIKUIbHOI IpOrpaMu y Kypci «MeToinka HaBYaHHS
1HGOPMAaTUKW» MPU MIATOTOBII CYy4aCHOTO BUUTENS 1H(HOPMATUKH.

OcHoBHuiT Martepiaia. 3micToBa JHIA «AJTOPUTMH Ta MPOrpaMu» y HIKUIBHOMY Kypci
1H(OPMATUKH € OCHOBHOIO, Ha KOTpPY mpurnaaae He meHire 40% MKUTbHOTO HAaBAHTAXKEHHS Y PIK
TUTS1 KOSKHOTO KJIacy.

B mpomy pocmimkenHi Oyno 3poOieHo crnpolOy MakCHMalbHO HAOIWU3UTH CHPUHHSITTS
MOHATTS. 00 €KTHO-OPIEHTOBAHOTO MPOrpaMyBaHHS 0 MpoQecifHOro piBHS MPOCTHUMHU
MOYIMBOCTSIMU TEXHOJIOT1H Web-nporpamyBanHs, 110 peai3yroThbes B cepeoBHIi Opaysepa. [Ipu
oMy 0yio 3azisiHo cepBic SPACES [5] Ha caiiti s HaBuanHs Web-niporpamyBanus W3Schools
[4].

Byno mpoBeneHO KOHTEHT aHalli3, YMCIOBUM 1 BIICOTKOBUM aHaji3 KUIbKICHUX 1 SIKICHHX
MMOKAa3HUKIB HAJaHUX POOIT Y4HsMHU. 3a pe3yapTaTaMd C(HOPMOBAHO MIICYMKOBi TaOJHII, M0
BKa3ylOThb Ha JOCTATHIO aKTUBHICTh 3 OOKY Y4HIB, iX 3alliKaBJCHICTh Y BHUBYEHHI 3MICTOBOI
KOMIIOHEHTH 3 BUKOPUCTaHHSM XOCTHHTY SIK 3ac00y HaBuaHHs (Tabmuns 1).

Taomuis 1 — YncaoBUi i BiZACOTKOBUH aHATI3 KIIbKICHHUX i AKICHHX HOKA3HUKIB

Knac | Kumekicts | KinekicTe/Bigcotox | KinmbkicTts/% Kinbkicts/% Kinbkicts/%
YUYHIB w3schools IPALIOBAIM 3 | PO3B’SI3yBaJIM | BUKOPHCTOBYBAIIU

cepBicoM 3amayi 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-I" 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 JUCTAHIIIHHOTO HaBUAHHS, KOJIM BC1 AITH MalOTh CBOi email-aapecu i3apeecTpoBaHi
B Google-kiaci, cTamo MOXIMBHM POBEJACHHS peecTpallii Ha cepBici w3schools.com. 3 3aranbHoi
KUTBKOCTI Y4YHIB, SIKi B3SJM y4acTh B ekcriepuMeHTi (142 yuns) moHaa 77% 3apeecTpyBaluch 3
BUKOPHUCTaHHSIM MOOLUIbHUX Tele(OHIB, MIAHIIETIB 1 BJACHUX KOMIT IOTE€PIB B yMOBaX 3MIlIaHOTO
HaBuaHHs. [lonag 47% 3 3alikaBlIeHHSM IMpaioBaiu 3 BukopucTtanHsMm xoctuHry SPACES.
[Tpubnuzno 23% yuHiB npoOyBanu po3B’s3yBaTH 3a/1aui HE TUIbKHU B 30ILIUTI, ajie i Ha KOMII I0Tepi.
Pesynbrati po6oTH yuHiB 30pauck 3 BukoprcTanusm Google-gopwm i npubdnuzHo 70% yuHiB, ski
BUKOHYBQJIM 3aBJaHHA Ha KOMIT'0Tepi, HaBuminuch HagaBatu URL-anpecy rimeprekcroBoi
CTOPIHKH 3 pe3ylbTaTaMH poOOTH.

BucHoBku. byno mpoBeeHO KOHTEHT aHalli3, YUCIOBUH 1 BIICOTKOBUI aHali3 KUIbKICHUX 1
SKICHUX TTOKa3HHWKIB Y4YHIBCBKMX poOir. HaByaHHS TexHOJOTiH Web-porpaMyBaHHS TpHU
MiAroTOBII MailOyTHROTO yuuTens iHdopmatuku [1] 1 moianpiie onanyBaHHS METOAMKN HABYAHHS
web-nporpamyBanHs y kypci «MeTonuka HaBYaHHS iHQOPMATUKW) caMe 3 TOYKU 30py 00’ €KTHO-
OpIEHTOBAHOTO MPOTrPaMyBaHHS Ul HAaBYAHHS Y IIKOJII € TEPCHIEKTUBHUM HANpsIMKOM PO3BUTKY
MPOIIECY MIATOTOBKH Cy4acHOTO BUUTENS IHPOPMATUKH.
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HEPCIIEKTUBH PO3BUTKY A®POBOI TPAHC®OPMAIIIT
Y BUIIIA OCBITI YKPATHU

Jlanuyenko O. b., Cemko 1. b., Mokienko 0. M.
Uepkacbkuil ep:kaBHUM TEXHOJIOTTYHUH yHIBepcUTeT, M. Yepkacu, Ykpaina

AHoTanist. Y CBITI Cy4acHHWX TEXHOJOTiId OCBiTHS cdepa MmoTpedye aKTHBHOTO BIIPOBAJKEHHS
nu(GPOBUX TEXHOJOTIH B OCBITHIM mporiec. Tak, y HamioHanpHi# eKOHOMIUHIN cTpaTerii Ha mepiom 1o
2030 poky 3a3Hau€HO, L0 MEPIIOUEPrOBUM 3aBAaHHIM € (POPMYBaHHS IPYHTOBOI HAIlIOHAILHOI MOMITHKU
nudpoBizarii OCBITH SK TMPIOPUTETHOI CKIANOBOI YacTUHU pedopMu OCBiTH. 3a3HAYEHO HEOOXIMHICTH
CTBOPEHHS Ta peaiizallii CydacHHX MOJeNeH 3a0e3redeHHs 3100yBadiB BUINOI OCBITH Ta 3aKJAJiB BHIIOL
OCBITH KOMIT IOTEPHUMHU 3ac00aMH, MiATOTOBKH, aJalTallii Ta opraHizallii JOCTyIy A0 MYJIbLTUMEIIHHUX
TEXHOJIOT1H 1 CTBOPEHHS BIANOBITHUX IIU(PPOBUX OCBITIHCHKUX IIATHOPM JUISI BAKOPHUCTAHHS B OCBITHBOMY
Mporeci Ta YOPaBIIHHS BHUIIOI OCBITOIO. Y IHMX Te3aX OKPECICHO NIUIAXH peaizamii 1mudpoBoi
TpaHcdopmamii Ha mpukiIaai YepkachbKoro Iep>KaBHOTO TEXHOJOTIYHOTO YHIBEPCHTETY, 30KpeMa yBary
MPUAUIEHO ITOKPAIIeHHIO TEepPCOHaNI3allii OCBITHBOTO CEPEIOBHINA JUIA PI3HUX YYaCHHKIB OCBITHHOTO
MpOIIeCy, MOXKIWBOCTAM JUIA CHUCTeMartu3amii iH(opMmallii, MpOBEIeHHS MOHITOPUHTY Ta YIPaBIiHHS
yHiBepcuTeroM. O0’€KT MOCTIKEHHS — TMPOIECH PO3BUTKY HHU(POoBOi TpaHcQopmarii y BHIIMIH OCBITi
VYkpaiam. [Ipenmer mocnimkerHs — iHdOpMaIliiHi TeXHOIOT1 mrdpoBizamii BUIIOI OcBiTH YKpainu. Mera
JIOCITIDKEHHST — BU3HAYEHHS TEPCIEKTHB 1 IUIAXIB PO3BUTKY MporieciB 1udpoBoi Tpanchopmarii BUIIOI
ocBiTH B YKpaiHi.

KarouoBi cinoBa: mudpoa Tpanchopmaris, inpopmariitHe cycminbctBo, IKT-xommereHTHOCTI,
iHbOpMaIliITHO-KOMYHIKAIliifHI TEXHOIOT1].

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
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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
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 mosiBor0 B HAmIOMy JKHTTI TaKOTO HOBOTO TOHSTTS SIK TMaHZIEMis, YKpaiHChKe
CYCHUIBCTBO TOCTPO BiIUYJIO MPOOJIEMH HEIOCTATHBOTO PiBHSA mHU(POBOI TpaHChopMalii B ycix
cdepax KHUTTEAISUIBHOCTI, a 3 MOYaTKOM BIMCHKOBHX il B YKpaiHi IIe CTaJIO KUTTEBO HEOOX1THO.
TomMy, cycnuibcTBO Ta jAepxkaBa Oylu 3MYIIEH1 NMEpedTH BiA CIIB 10 KOHKPETHHUX KpPOKIB
3ampoBaDKEHHA  1H(OpMAIIHHO-KOMYHIKAIIMHUX ~ TexHojorid. [lomii  ocTaHHIX  POKIB
MIPOJIEMOHCTPYBAJIM BaXKIIUBICTh HMPPOBOT TpaHCcHOpMaIii K JUIsl BCI€T OCBITH B LIVIOMY, TaK 1 IS
KOYHOTO ii pIBHSI OKpEMO.

IMocTranoBka 3agavi. B ymoBax nudpoBoi Tpancdopmaiiii OCBITH aKTyalIbHOI HAYKOBO-
MIPaKTUYHOIO 33/aUel0 € aHali3 Mpo0seM, BU3HAYEHHS MIEPCIEKTUB 1 HAPSIMIB pO3BUTKY LU(PPOBOT
TpaHcopMallii y BULIH 0cBITI B YKpaiHi Ta NUISIXIB iX peanizaliii.

Meta poGoTH — BHM3HAUEHHS IEPCHEKTUB 1 HAMpPSIMIB PO3BUTKY MpoIlieciB IUPPOBOi
TpaHcopMalii BUIIOI OCBITU YKpaiHu, a TaKOK OKPECIHeHHS IUIAXIB IX peajizaiii Ha MpUKIail
UepkachKOro JIep>KaBHOTO TEXHOJOTTYHOTO YHIBEPCHUTETY.

OcHoBHa 4actuHa. [lutanHsamu 1wMdpoBoi TpaHchopMmamii Hama [aepkaBa Iovana
OMIKYBAaTHUCh JOCUTH HEAAaBHO. B pe3ynbTari, 3a octanHl poku KabiHeToM MiHICTpIB YKpaiHu Ta
PI3HUMHU MIHICTEPCTBAMH, B TOMY YHCTI 1 MIHICTEPCTBOM OCBITH 1 HAyKH YKpaiHH, BHIAHO P
PO3MOPSKEHh Ta JAOKYMEHTIB, B SKHUX OKpPECIEHI OCHOBHI MpoOJeMHU, 3aBIAaHHS Ta HAINPSMKH
po3BUTKY 1HUpPoBOi TpaHcopMmailii B OcBiTi. JI0 OCHOBHUX PO3POOICHUX TOKYMEHTIB MOKHA
BimHectn «KoHmeniiro po3BUTKY IU(POBOi €KOHOMIKM Ta CychmiibcTBa YKpainnm Ha 2018—
2020 poxmy, «IIpiopuTeTH1 HapsIMU Ta 3aBaaHHs (MPOEeKTH) IUdPoBoOI TpaHchopMallii Ha Tepio
no 2023 poky», «HamioHanpHa exkoHomiuHa ctpareris Ha mepion a0 2030 poky», «Ctpareris
PO3BUTKY BUIOT OCBiTH B YKpaiHi Ha 20222032 poku». 3 TpaBHs 2021 poky MiHICTepCTBO OCBITH
1 Hayku YKpainu noyano obroBopenHs «Konnenii udpoBoi Tpanchopmallii OCBITH 1 HAyKH Ha
niepio 10 2026 poxy».

Ha cporoanimHii 1eHb, CHCTEMa BUIIOT OCBITH 1 HAYKH 3a3HA€ TOKOPIHHUX IUGPOBUX 3MIH
BIIMOBIIHO JI0 CBITOBMX TEHJEHIINA HHU(POBOro PO3BHUTKY JUIS YCIIIIHOI peaizallii KOKHOK
JIOJMHOI0 CBOrO moTeHmiany. CbOro/iHi, KOJW OCBITAHM € 3apydyHHUKaMu OOCTaBUH BiHU, AJs
oprasizaiii OCBITHBOTO IMpOIIECY HEOOXITHO B KOPOTKI TEPMIHM OMAHOBYBATH HOB1 3HAHHS Ta
3100yBaTH HAaBUYKU B IIUPpoBOMY cBiTi. [lemani 6inbiue npodeciit noTpeOyroTh BOJIOAIHHS HOBUMHU
TEXHOJIOT1SIMU Ta HaOYTTSI BUCOKOTO PiBHS HU(POBUX YMiHb.

Tak, HaOyTTs UKM(POBUX KOMIETEHTHOCTEH cTae 0a30BOIO MOTPEOOIO AJISL KOXKHOTO, TOMY
yKpaiHCbKa cHcTeéMa OCBITH Mae 3abe3nedyBaTu (OpMyBaHHS IM(PPOBUX KOMIIETEHTHOCTEH
3100yBayiB OCBITH, MEAArOTYHUX Ta HAYKOBO-TIEAArOTiYHUX MPAI[IBHUKIB, PO3BUTOK LU(PPOBOI
IHQPaACTPYKTYpH Ta €JIEKTPOHHUX CEPBICIB y 3aKJIaJax OCBITH, B LIJIOMY.

CTBOpEeHHS €IMHOTO IH(PPOBOTO CEPelOBUIIA, sIKe 00’€HY€E BCIX CYO’€KTIB OCBITHBOI Ta
HAyKOBOI JIISUIBHOCTI, 10 3abe3nedye HpocTip JuId KOMYHIKalii Ta OOMIHY JaHUMH, 3HaYHO
3MEHIINTh OIOPOKpPATUYHE HABAHTAKEHHS CUCTEMH OCBITH 1 HAyKU Ta CIIPOCTUTH YHMPaBIIHCHKI
TIpolIecH, SKi BifOyBatoThCs B HUX [1].

Hudposizalis OCBITH MOCTa€ IMIEPATUBOM pPePOPMYBaHHS OCBITHBOI rany3i, FOJIOBHUM i
NEePUIOYEPrOBUM 3aB/IaHHAM €(PEeKTUBHOTO PO3BUTKY 1H(OpPMAIIfHOTO CycNijbCTBa B YKpaiHi [2].

[udposa TpaHchopmallist 3aKiagy BHUIIOI OCBITH — 1€ OpraHizaiiiiHa, TEXHOJOIIYHA,
TexHiuHa TpaHchopMmaniss 3BO Ha ocHOBI BUKOpUCTaHHSA LUGPOBUX TexHOJOriH. OCHOBHI
nmepeIyMoBH Ui 1€l TpaHcdopmarlii: KOMIT IoTepH3allisi, aBTOMaTH3allis, IiIKATATI3aIlis,
opranizamis [3].
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VY YepkacbkoMy Jep>KaBHOMY TEXHOJIOTTYHOMY YHIBEPCHUTETI aKTUBHO CTBOPIOETHCS €IMHE
udpoBe cepenoBUIlle IS 3a0e3MEUeHHs] OCBITHBOI 1 HAYKOBOI [ISUTBHOCTI MOTO MiAPO3ALTIB,
HAYKOBO-TIEJIATOTTYHUX MPAI[iBHUKIB, 3700yBayiB BUIIOI OCBITH, YIMPABIIHCHKOTO 1 JOMOMDKHOTO
nepconany [4]. Take cepenoBuiie € 0cHOBOI 1U(poBoi TpaHchopMarlii yHIBEpCUTETY 1 Mae GaraTo
CKJIaJIOBUX. 30KpeMa, B YMOBaX JMCTAHIIMHOTO HAaBYAHHS Ul OPraHi3allii OCBITHBOTO IPOIIECY B
YHIBEpPCUTETI BUKOPUCTOBYEThCSI Cucrema minTpumku auctaniiiinoro Hasyanas (CITIH) na 6asi
wiarpopmu  Moodle. [lns mpoBeneHHs BineokoH(EpeHIi BUKOPHCTOBYIOTHCS —ILIAT(HOPMHU:
Microsoft Teams, Google Meet, Zoom, Skype, Cisco Webex. Peecrpartist (3amporieHss) 3100yBayiB
Bumioi oceiTe (3BO) Ha BineokoH(EPEHITiF0 KOHTPOJIBHOTO 3aX0 Ty 3AIHCHIOETHCS Yepe3 eIeKTPOHHY
nomty 3BO (30kpema, kopriopatuBHy chdtu.edu.ua). s indhopmyBannas 3BO mpo po3kiraj 3axo1iB
Ta TIOCWJIaHHS Ha 3alljlaHOBaH1 MOJIi 3/IMCHIOETbCS uepe3 eneKTpoHHy nowmTy 3BO, B HOBUHaxX
HapuanbHuXx nuciuiurin B CIIJIH, B HOBMHax Ha cropinkax kadenp Ha caiti YATY abo 3
BUKOPHUCTaHHSIM COLIIAJIBHUX MEPEX Ta IHIIUX KaHAJIB 3B S3KY.

3aBasikd UM(POBUM TEXHOJOTIIM BIIOYNIHMCS 3MIHM 1 B YOPaBJiHHI YHIBEPCUTETOM.
Butbmricte MUCTIB Ta 3BITHA JOKYMEHTAIlisl, 3 HAKJIAJaHHSAM ITU(POBOTO MIAMUCY, HAJCHIAETHCS B
€JIEKTPOHHOMY BHIJISZII 32 JOMOMOTOIO €JIEKTPOHHOI TMOIITH a00 3axWIIeHOT CHCTEeMH
€JeKTPOHHOTO J0KyMeHToo0iry PrimaDoc. ¥V migpo3ainax, mo 3a0e3neuyroTh OCBITHIM MPOIIEC,
30KpeMa B JieKaHaTaX, HaBYaJbHO-METOJAWYHOMY BIIJUTl, HAyKOBO-AOCIIHOMY IHCTHTYTI Ta
HIINX, BAKOPUCTOBYIOTH TPOTPaMHi 3aCO0H, 1110 1al0Th MOKJIUBICTh IIBHUJIKO 1 AKICHO MpaItoBaTH
3 BEJIMKOIO KUIBKICTIO JIAHWX. 3a3HAYMMO JICSIKI 3 HUX: €JMHA €JICKTPOHHa 0a3a 3 MUTaHb OCBITH
(EAEBO), iHdopmaliiiHO-aHaNITUYHA cHUCTeMa MIATPUMKH OCBITHBOI AisibHOCTI (IACIIO/),
online 616mioTeka, perosuropint YATY, moOubaui nonatok «Cryaent YATY», maker nmporpam
«exanat» I «Ilonitek-CODT», BeO pecypc JlepkaBHoro mianmpueMcTBa "YKpaiHCHKUIH
1HCTUTYT iHTenekTyanbHoi BaacHocTl" YKPITATEHT.

Ane cmig 3a3HaudTH 1 TPOOIEMH, SKI MOTPeOYIOTh BHPIIMIEHHS HA NUIAXY HHPPOBOI
Tpanchopmariii yHiBepcutery. Jlo HHMX MOXKHAa BITHECTH: HEIOCTATHIA piBeHb IU(POBUX
KOMIIETEHTHOCTEW yYaCHUKIB OCBITHBOTO TPOIIECY; 3acTaplIMid 3MICT HABYAIBHHX IPEIMETIB;
BIJICYTHICTh Cy4acHOI TEXHIKH 1 TEXHOJIOTIH I 3a0e3MeUeHHsT OCBITHBOI i, 0COOIMBO, HAYKOBOT
JISUTBHOCTI; BIJICYTHICTH SIKICHOTO HHM(POBOTO OCBITHHOTO KOHTEHTY JUIsl 3J00YTTS OCBITH;
3acTapila CHCTeMa Ta TMpoIeaypa BHYTPIIIHBOIO JOKYMEHTOOOIY; BiJCYTHICTh €IUHOT
yHiBepcuTeTchKoi 0a3u aanux 3BO, 1mo npu3BoAUTh A0 BUHUKHEHHS MOMUJIOK MPU MEPEHECEeHH1
JAHUX; BIICYTHICTh €IUMHOTO CXOBHINA JJII HOPMAaTUBHUX JOKYMEHTIB BCIX IIPO3ILTIB
YHIBEPCUTETY; BIACYTHICTh BIIAUIY HPOTpaMHUX PO3pOOOK, SKUHW OM MIr CTBOPIOBAaTH HOBI
MPOrpaMHi IPOIYKTH Ta 1HIII.

Tox, mplOPUTETHHMH 3aXOJaMH IIOJ0 BIPOBAHKEHHS 1H(POPMAIIHHO-KOMYHIKAIIHHUX
TEXHOJIOT1 y BUIIlY OCBITY € CTBOPEHHS Ta PO3BUTOK LU(POBOTO OCBITHHOTO CEPEIOBUIIIA, 1110 €
JOCTYITHUM 1 CYYacCHUM Ui BCIX YYacCHHMKIB OCBITHBOTO MpoOIECy. A Iie¢ HE MOXJIUBO 0e3
3a0e3MeyeHHs] 3aKja/iB OCBITH HOBITHROIO Ta TMOTY)KHOIO TEXHIKOIO 3 BUKOPHUCTAaHHSIM
IIUPOKOCMYTOBOTO JocTymy 10 Mepexi IntepHer. CydacHi BHKIanadi MOBUHHI BOJIOMAITH
BIIMOBIAHUMH [HU(PPOBUMH  KOMIIETEHTHOCTSMHU, SKi TOCTIHHO  yJOCKOHAIIOIOTHCS  Ta
PO3BUBAIOTHCS M 4Yac MiJIBUIIEHHs KBamidikauii. besnepeuno He oOiiiTuck 6e3 AOCTYMHOTO
U(POBOTO KOHTEHTY JUIsl 3a0e3MedYeHHs 3100yTTs OCBITH Ta SKICHUX, 0€3 3py4HHUX 1 MPOCTHX
porpam, 3a J0NOMOTOI0 SIKUX MOXHa 3/100yBaTH OCBITY OHJIAWH 3 BIANOBIAHOIO MiATPUMKOIO ii
AKOCTi. AJle He JHIlIe caMe HaBYaHHS B poO3pi3i MOJAHHS OCBITHIX MaTepiaiiB moTpedye
BJIOCKOHaJIeHHs. ONTUMI3yBaTW Ta AaBTOMATHU3yBaTH HEOOXIHO 1 MpPOLECH YHpPaBIiHHS Ta
perynoBaHHs y cepi BUIOT OCBITH 1 HAYKH. 3aKJIaiyd BUIIOT OCBITH 32 JJOMOMOTO0 iHpOpMaIliiiHO -
KOMYHIKAI[IfHUX TE€XHOJIOTIH JOCTYIHO 1 3MICTOBHO MOJAIOTh iH(OpPMAIlifo PO CBOi TOCATHEHHS,
10 JTa€ MOXKJIUBICTh CTEHKXOJIepaM, HAJIaTOAUTH B3a€MOJIII0 3 HUMHU JUIS TTOAAJIBIIOTO PO3BUTKY
CBOTO Oi3HECy.

BucHoBku. /{7151 CTBOpEeHHS CHIPUATIMBUX YMOB IH(POBi3allii BUIOT OCBITH, MOJOJTAHHS
«uppoBOi HEPIBHOCTI» B 3aKiajaXx Ta YCTAaHOBaX CHUCTEMM BHINOI OCBITH 1 HayKH Y PI3HUX
perionax YKpaiHM Ta YCIIIIHOTO CTaHOBJEGHHS LU(POBOro CyCHiIbCTBA B LLUIOMY, CydacHa
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crcTeMa BUIIOT OCBITH YKpaiHu nmoTpedye 3MiH. BaxJIMBUMU KpoKaMH Ui IIbOTO € MU(PPOBi3aIlis
BCIX JIAaHOK OCBiTH, a, B MOJAIbLIOMY, iX mudpoBa Tpanchopmaiis. CTBOPEHHS YMOB st
NiIBUIEHHS piBHSA cPOpMOBaHOCTI HHU(PPOBUX KOMIIETEHTHOCTEH OCBITSH, PO3pOOJICHHS
IHCTpYMEHTIB Ui HIATPUMKH iX AISTIBHOCTI, IO crpusie MUQpoBiid TpaHcopmarii OCBITH B
UTOMY.
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IJIAHYBAHHS OHJIAMH-KYPCY «PO3BHUTOK JIOTTYUHOT'O MUCJIEHHSA
CTAPIIOKJIACHUKIB Y HABYUAHHI MATEMATHUKN»

Kaayriun P.
KpuBopizpkuii nep>kaBHUN Teaaroriayauii yHisepcuret, M. Kpusuit Pir, Ykpaina

AHoTamis. Mera IOCTiIDKEHHS — TIIPE3CHTAIlisd TIOSTAITHOTO IUTAHY CTBOPEHHSI OHJIAWH-KYPCY,
anpecoBaHoro marictpam crnemianbHOCTi 014 Cepennst ocBira (MaTemaTuka). 3aBIaHHS JOCTIMHKCHHSI —
OKPECIUTH JIOPOXKHIO KapTy CTBOPEHHS OHJIAWH-KypCy, C(HOpMYITIOBATH TOKa3HUKH Ta KpUTEpil Uis
BiamoBimHOr0 MOHITOpHHTY. OO0’ €KT AOCTIIPKEHHS — 3MillIaHe HaBYaHHS B MiATOTOBII Marictpis. [Ipenmer
TOCITIDKEHHS — TUIaH PO3pOOJIEHHS OHJIAHH-KYpCY, CHPSIMOBAHOTO Ha BHPOOJIEHHS B CTYAEHTIB HaBHYOK
(opMyBaTH i PO3BHBATH JIOTIYHE MUCIEHHS IIKOJAPIB. Y MOCTIIKEHHI BHKOPHCTAHO 3arallbHOHAYKOBI
MeToau. Pe3ynmpTaToM MOCHIMKEHHS € BHU3HAYEHHS TEOPETHYHHUX OCHOB CTBOPEHHS OHJIAWH-KYPCY UIA
(haxoBOi MATOTOBKHM CTYAEHTIB Ta y3arallbHEHHS IIEPEeOBOr0 IENArOoTidYHOr0 AOCBIAY y PO3pOOIeHHI
OHJIAITH-KYpCiB Ta BIPOBAPKEHHI 3MIIIAHOTO HABYaHHS B YHIBEPCHUTETI.

KamouoBi cioBa: oOHNaH-Kypc, HaBYaJIBHWH KOHTEHT, TIOKa3HHKH SKOCTI OHIJIAWH-KYpCY,
MaTeMaTH4YHa OCBiTa, PO3BUTOK JIOTTIHOI'O MUCIIEHHSI.

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.
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Beryn. OHnaiftH-Kypcu — cydacHa rearoriyia TeXHOJIOTIs 13aci0 HaBYaHHS, M0 JIA€ IIHPOKI
MO>KJIMBOCTI JIIsl aKaJAeMi4HO1 MOOUIHLHOCTI 3100yBadiB OCBITH BCiX piBHIB. OKpiM TOTO, OHJIANH-
KypcH € eDeKTUBHUM IHCTPYMEHTOM TICIIS TUTUIOMHOT OCBITH. Tak, MOPOKY COTHI THCSY YYUTEIIB-
NPaKTUKIB MiABHINYIOTH a00 MiATBEpIKYIOTH (DaxoBY KBamiQikallito, YCHIIIHO 3aBEepIIyIOUd
JMCTAHIIHI KypcH Ha MPOBIAHUX YKPaiHCBKMX OCBITHIX Iutatdpopmax. ToMy OHIalH-KypcH
KOPHCTYIOTBCSI TIOMTUTOM 1 cepell MKoJsIpiB (30kpema, s minrorosku g0 3HO i AITA), 1 cepen
CTYACHTCTBA, 1 Cepe] TUTUIOMOBAaHUX (DaxiBIIiB.

Meta po6oTu. IIpe3eHTalliss moeTamHOro IJIaHy PO3pOOJICHHS OHIAWH-KYPCY 3 METOIUKH
HaBYAHHS MaTEMaTHKH y MPO}LIbHIN KO,

IMocTanoBka npodsemu. 3 orysiTy Ha BIacHY ()aXxOBY OCBITY BUSBJISEMO 3aIIKaBICHICTH 0
npoOieM MaTeMaTHYHOI OCBITH, sfKa IepeOyBae y KpHU30BOMY CTaHI, L0 MiATBEPIKYEThCH,
30KpeMa, pe3y/bTaTaMy BCTYITHUX KaMIaH1i OCTaHHIX KUJIbKOX POKIB 1 OpakoM BIAMOBIAHUX KaIpiB
y 3akiajax 3arajibHOi cepenHboi OCBITH. Biarak, omHe 13 3aBAaHbh HAIIOTO MOCTIKEHHS —
CTBOPEHHSI OHJANH-Kypcy «PO3BHUTOK JIOTTYHOTO MHCJIEHHS CTapIIOKIACHUKIB y HaBYaHHI
MaTeMaTUKW», M0 CIPUSATHME MOIMYJsIpU3allii MaTeMaTHYHOI OCBITH, BJOCKOHAJCHHIO (DaxoBOi
MATOTOBKM MalOyTHIX BYWTEIIB MaTEMaTHKH, CTBOPEHHIO CBOEPIMIHOTO MaWTaHYHMKa s
podeciitHOTO 3pOCTaHHS MeaaroriB-MmoYaTKIiBIIIB.

OcHoBHa yacTUHA. BU3HauyuMO MOCTINOBHICTH i, sSKa BIAMOBIIA€E MPOIEAYPl CTBOPEHHS
SIKICHOTO OHJIAH-KYpCY 0OpaHOi TeMaTHKH.

Ha nepwomy (niocomosuomy) emani HeoOXiTHO Yy3TOAWTH 3arajibHy KOHIIEMIIIIO OHJIAH-
KypCy Ta 3’CyBaTH MOMJIMBICTh HOTO BKIIIOYEHHS y poO0OYy Mporpamy IAUCHHILTIHA «MeTouKa
HaBYaHHs MaTeMaTUKu Yy TpoduibHIM mkomi». Peamizamis 1mporo eramy mnepeadavae:
1) KOHCY/BTaIlI0 3 HAYKOBO-MEAArOTIYHUMH TpalliBHUKaMu Kadeapu, Ha 0a3i skoi Oyne
arpoOOBaHO KypcC; 2) aHaji3 OCBITHBO-TIPO(ECIHHMX MporpaM MiArOTOBKH BUNUTEIIIB MAaTEMaTHKU;
3) onuTyBaHHS MUTHOBOT IPYITH 00 OYIKYBaHb BiJ KypCy.

Ha opyeomy emani (mooeniosanns) BapTo po3poOUTH MOJIEIL KypCy 3 TMEPETIKOM BHIIB
KOHTEHTY, K1 BIH MiICTUTHME, BIJIOBITHO IO PEKOMEHAAIIM EKCIIEPTIB 1 0UIKYBaHb IILILOBO1 I'PYITH
MIPOEKTY.

Tpemiti eman (nnamyeamHs) CHPSIMOBAHMW Ha BHU3HAUYEHHA TEMATHYHUX HAMpsMIB
MaiOyTHHOTO OHJIAH-KypCY. Y OHIAWH-KypcCl 11 (axoBoi MiArOTOBKH MaricTpiB CHEIiaTbHOCTI
014 Cepenust ocsita (Maremarnka), IJIAHYEMO BHMCBITJIMTH Taki Temu: 1) JIOTiYHE MHCJIECHHS
CTapIIOKIACHUKIB: CTPYKTYypa, 0COOIUBOCTI (hOpMYBaHHS Ta MOKIHUBOCTI PO3BHTKY; 2) PO3BUTOK
YMiHb 3/11ICHIOBATH aHATITUKO-CUHTETHYHI MIpKYBaHHSI 3aCO00M pO3B’s3yBaHHS IaHIMETPUYHUX
Ta CTEPEOMETPUYHMX 3ajay; 3) BUKOPUCTAHHS PIBHOCWIBHUX MEPETBOPEHb Y PO3B’sA3yBaHHI
pIBHSIHb, HepiBHOCTEH Ta iX cucteMm; 4) TOBEIEHHS MAaTeMaTUYHHX TBEPIKEHb PI3HUMHU
criocob6amu; 5) HECTaHJAPTHICTh MUCIECHHS K HEOOXiTHAa yMOBa JJsl YCIHIINIHOTO PO3B’S3yBaHHS
OJIIMIIAHUX 3a/la4 3 MATeMAaTUKH; 6) PO3BUTOK IOCIIAHUIIBKUX HABHYOK CTAPIIOKIACHHUKIB Y
IpoIieci po3B’A3yBaHH 3a]a4 3 NapaMeTPOM.

Mertoro uemeepmozo emany (po3pobiienns) € HaMCAHHS CLEHApiiB JEKIii, po3poOaeHHs
HAOYHOCTEH, HeOOX1THUX IS 3aMUCy JIEeKIiH (pe3eHTaii, puCyHKH, MOJieli (iryp TOIIO), a TAKOX
MIATOTOBKAa KOHTEHTY OHJIAMH-KYpCy: TECTOBHMX 3aBJaHb 3a MarepialaMu JIeKIiH; MpakTUYHUX
(TBOpYMX) 3aBJaHb; 3arajibHUX MPUHIUIIIB OI[IHIOBAHHS i Yac HaBYaHHS Ha KypcCl; BUMOT JJIs
OTPUMaHHS cepTH(]IKATY; TUCKYCIHHUX TeM Ui 00roBOpeHHs Ha GopyMi Kypcy.

PesyneratoM n’amozo emany (mexuiunoco) € 3amuc 1 MOHTYBaHHS Bif€O-JIEKLIH 3a
PO3pOOICHUMH CLIEHApiAMU, O(GOPMIICHHS YEpHETKH KypCcy Yy BHIVIAIl apXiBy 3 MAIKOBOIO
CTPYKTYPOIO, PO3MIIIIEHHSI OHJIAWH-KypCy Ha TuaTdopMi «Bukinagauyy MaTeMaTHKU BUILOT KO
rpomajchbkoi opranizamii “Smart Maths” (http://formathematics.com/).

OxpecieHi IT’SITh €TaIiB CTOCYIOThHCS BIAaCHE pO3pOOJIEHHS KYpCY, IPOTE HE MEHII BaXKITMBUM
€ 1 wocmui eman (anpobayii), KA BKIIOYAE MPOLEAYpY HabOpy mepuioi rpymu Ha Kypec,
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TBIOTOPCHKY MIATPUMKY CIyXadiB KypCy, BIOCKOHAJICHHS KypCy 3 ypaxyBaHHSM EKCIEPTHUX
BIJITYKIB 1 pe3yJbTaTiB OMUTYBaHHS CTYACHTIB, 1110 YCIIIIIHO 3aBEpUIaTh KypC.

BigznaunMo, 1m0 mpouec CTBOPEHHS OHJIAHH-KYPCY HEMOXJIHMBHHA 0€3 CBOEYaCHOTO
MOHIMOpuH2y 38 TAKUMH TIOKa3HUKaMU: 1) MacoBicTh OHJIAHH-KYpCY; 2) eproHOMIYHICTh OHJIANH-
Kypcy; 3) eheKTUBHICTD OHJIAHH-KYPCY.

MacoBicTh OHJIAWH-KypCY BH3HAYaTHMEMO 32 TAKUMHU KPUTEPISIMH: KUIBKICTH CTYICHTIB,
3allMCaHUX Ha Kypc; reorpadis CTYACHTCHKOI ayAWuTOpii; KUIBKICTH CTYIEHTIB, SIKi YCIIIIHO
OTIaHYIOTh KypPC 1 BUKOHAIOTh BC1 BUMOTH JIJIsl OTPUMAHHS €JIEKTPOHHOTO cepTHdikara.

EproHoMivyHicTs OHJIAHH-KYpCY OLIHIOBATUMEMO Ha OCHOBI pe3yJbTATiB BiIIOBIIHOTO
OTMTYBaHHS CIIyXadiB Kypcy Ta BiIryKiB ekcrepTiB. Kpurepii mporo mokasHuKa Taki: SKiCTh
HAaBYAJIBHOTO Marepialdy; CHCTeMa HaBiraiii; JAW3aiiH; cHCTeMa OI[IHIOBAaHHS; CHUCTeMa
IHTEpaKTUBHOI B3a€EMO/II{; aJalTUBHICTh OHJAH-Kypcy [1].

EdexTuBHICTP  OHJAMH-KYpCY BCTAHOBJIIOBaTUMEMO Yepe3 OI[IHIOBaHHS  (paxoBHX
KOMIETEHTHOCTEH CTYACHTIB, IO OMaHyI0Th Kypc. CHcTeMa KOMIIETEHTHOCTEH, sIka CTAHOBUTHUME
AP0 KypCy, MICTUTh Takl CKJIAJOBl: MaTeMaTW4yHY, I1H(QOPMaLIHO-OCBITHIO, METOJUYHY,
MICUXO0JIOrO-Mearoriyny, npodeciiino-rexHosnoriuny. [lepii Tpu MoXyTh OyTH OLIIHEH1 32 SKICTIO
BUKOHAaHHUX TIPAaKTUYHUX (TBOPYMX) 3aBJaHb, pEIITAa KOMIIETEHTHOCTEH — 3a pe3ylbTaTaMH
CaMOOIIHIOBAHHS CTYJEHTIB 1 MPOXO’KEHHSI HUMHU BUPOOHUUOI EeAAroTiyHOT MPaKTHUKH.

BucnoBkmu. [lincymoByrouu, 3ayBakuMoO, 1110 OHJIAHH-KYpC MOKE€ CTaTH albTEPHATUBOIO JUIS
opranizaiiii camocTiifHoi poOoTu marictpiB. Jlyis mimk0BOi rpynu 1e OyJe HE JUIIe KOPHUCHO 3
Oy Ha 3MICTOBE HAallOBHEHHSI KypCy, a i 3py4HO, 0COOIMBO Il THX, XTO MOEAHYE HABYAHHS 3
po6oToT0.

CnuCOK BUKOPUCTAHUX 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. Vol. 166, P. 10012.

METO/J OIIHIOBAHHS KOMIIETEHTHOCTEH Y IYAJIbHOMY HABUAHHI

Kyxapenko B. M.
XapKiBChbKHUI HAI[IOHAIBHUI aBTOMOOUTBHO-I0POKHIN YHIBEPCUTET, M. XapKiB, YKpaiHa

AHoTanis. BrnpoBamkeHHS MyadhbHOrO HAaBUAaHHS BHMAara€ Bifl YHIBEPCHTETIB 1 ITIIPUEMCTB
OLIIHIOBATH SIKICTh MIATOTOBKK 32 piBHEM CQOPMOBAHWX Yy CTYIEHTa akKaJeMidHuX 1 mpodeciiamx
komnerenTHocTeil. Lle moTpeOye perenbHOro aHalily OCBITHBOTO CTaHAAPTY Ta CTBOPEHHS KapTH
KOMIIETEHTHOCTEH YHIBEPCHUTETaMH 1 Y3TO/DKEHHS 1X 3 KapTOr0 Mpo(heCiitHIX KOMITIETEHTHOCTEH 3aMOBHHKA.
[IpakTidHa peamizamis KOHTPOJIO Ppe3yNbTaTiB HABYAHHS MOXKIMBA MPH BHUKOPHCTAHHI PEIMO3UTOPiI0
komnerenTHocTeil LMS Moodle. AHami3 MOXIMBOCTEH IMBOTO iIHCTPYMEHTY ITOKAa3ye, MO ISl KOXKHOTO
CTYyJIeHTa MOKHA CTBOPHTH JIEKiIbKa HaBYAIBHUX TUIAHIB, B AKUX (DIKCYIOTHCS COPMOBaHI KOMITETEHTHOCTI
B XOIl JHUCTaHLIHOTO HaBYaJIBHOrO Mpomecy. [IpeacTaBHUKM 3aMOBHHKA MArOTh MOMJIMBICTH
KOHTPOJFOBATH 3/100yTi CTYJJEHTOM KOMIIETEHTHOCTI.

Mera nocniuKeHHs: po3pOOUTH METO/ CTPYKTYPYBAaHHS Pe3yNIbTaTiB HABYaHHS OCBITHBOI IPOrpamMu
IUIsl OLIIHIOBAHHS KOMIIETEHTHOCTEH (haxiBLs 3 BUKOPHUCTaHHSAM PENO3UTOpil0 KommereHTHocTed LMS
Moodle. O6’ekt nmocmimkeHHs: mpodeciiiHa MiAroToBKa (axiBIiB IS MPOMHUCIOBOCTI 3 BH3HAYEHUMH
KOMITETEHTHOCTSIMH Ha 0a3i ocBiTHBOI mporpamu. [Ipeamer nocnmimpkeHHs: YMOBHU (OpMYyBaHHS SKOCTI
npodeciiiHoi miAroToBky (GaxiBLiB IS IPOMHCIOBOCTI 3 BU3SHAYEHUMH KOMIIETEHTHOCTSIMH.

Pesynbratn nocnmimkeHb TOKa3ajid, IO PO3BUTOK MAyalbHOI OCBITM CYTTEBO 3aJeXHUThb BiX
kBaJTidikanii BUKIaabKOro cKiamy, BMiHHS BU3HAYATH METY IIPAKTUYHOI JisUTBHOCTI Y Kypci.

KarouoBi caoBa: permo3uTopiii KOMIETeHTHOCTEH, jaucTaHIiiiHe HaBuaHHsA, LMS Moodle,
HaBYaJbHUI IJ1aH.
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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
qualifications 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. JlyanpHe HaBuaHHsS — 11e opma 3700yTTsI OCBITH, 3aCHOBAaHE HA TICHIA B3aeMOii
MIANPUEMCTB, 110 BOJOJAIIOTH PECypcaMM, HEOOXITHUMHU JUIsl 3A1MCHEHHS] HaBYaHHS, TPOBEICHHS
HaBYAJIbHO1, BAPOOHWYOT MPAKTHKH, 3AIMCHEHHS IHIIUX BUIIB OCBITHBOI NISITBHOCTI Ta HABYAITBHUX
3aKJ1a/1iB Ha OCHOBI COIIATLHOTO MAPTHEPCTBA MK BUPOOHHUIITBOM Ta OCBITOIO, JIe 0OH/IB1 CTOPOHH
BHUCTYNAIOTh PIBHONMPABHUMH MapTHEPaMH, SIKI CIUTBHO PO3pOOJISIOTH 1 KOOPAUHYIOTH OCBITHIN
poIiec, 3AIMCHIOIOTh KOHTPOJIb 3a HOTO pe3yabTaTtamu [1].

AKTUBHMMH YYaCHHKAMM JyaJlbHOTO HaBuyaHHS € Kadeapa YHIBEpPCUTETY, CTYAEHT Ta
MIIPUEMCTBO. 3MEHIICHHS aKTUBHOCTI X04a O OJHOTO ydYacHHWKa POOUTH MPOIEC HAaBUYAHHS
HeepexTuBHUM. [lo€aHY€E TUX yJaCHUKIB IPOIIECY CTAHIAPT OCBITHBOI TPOTPAMHU.

[IpuHnunu opranizaiii AyajdbHOi OCBITH: II€ HOBI MPOIECH; THYYKICTh; aKIEHTH Ha
npodeciitHi KOMIIETEHTHOCTI Ta HABUYKH; HABYaHHS Ha POOOTI.

[TinroroBka (axiBIiB 3a TyaIbHOO (POPMOIO HABYAHHS BUMAra€ CyTTEBO 3MIHUTH METOIN
PO3pOOKM HaBYAIbHUX IUIAHIB 3 BUKOPUCTAHHSIM KapT KOMIIETEHTHOCTEH, BU3HAUYCHHS MMOTPIOHUX
HAaBYAJIBHUX JUCUUIUIIH Ta BUKOPUCTAHHS Cy4aCHHX METOJIIB MPOEKTYBaHHS HaBYAJIBHUX KypCiB
(ADDIE, Takconomis bimyma) Ta opranizaiii HaBYaJIbHOTO MpOIECY (IMCTaHIIIMHE, 3MIIIaHe,
MpoOJIeMHO-OPIEHTOBaHE HAaBYaHHSA, MHUKPO-HaBYaHHS, TOLIO). B cBow depry, me BuUMarae
MIABUIIECHHS PIBHS MMEeJaroriyHoi MaiiCTEpHOCTI BUKIIaaya. | 11e € roIOBHUM BUKJIMKOM AyalbHOTO
HaBYaHHS [2].

KomMrmieTeHTHICTh — 1I€ 3/aTHICTh pOOHUTH LIOCH yCcHimHO a0 edekTuBHO [3], e KiHIeBUi
CTaH mpolecy. Bu Moxere OyTH KOMIIETEHTHHM, TOOTO pOOUTH 11€ KOKEH pa3 MPaBHIbHO, 1 O1IbIIIe
HidoMy BUUTHCS. CyTh KOMIIETEHTHOCTI B TOMY, 1110 BOHa cnenudiyHa i BuMipHa. KommeTeHTHOCTI
94acTO BU3HAYAIOTHCS B KOHTEKCTI BUMOT Ha poO0OYOMY MICIli, 3HAHb 1 HABUYOK, HEOOXITHUX IS
BUKOHAHHS KOHKPETHOI po00TH 200 3aBIaHHS.

HaBuanHs Ha OCHOBI KOMIIETEHTHOCTEW Tmepeadadae, IO 3HAHHS MOXYTb OyTH
CHCTEeMaTH30BaHi, MOBTOpPEHI 1 mepeBipeHi. I[HmMMMHU cioBamMH, BOHO OUIBII OO'€KTUBHE 1
BUKOPUCTOBYE OiXeBIOpPUCTCHKMM mMiaxiA. HaBuuku € OUTbII OUHAMIYHUMH 1 PO3BHBAIOUMMHU,
MIATPUMYIOTBCS Kpallle KOHCTPYKTUBICTCHKUM MiIX010M. TOMY HE AUBHO, 110 MiIX1JT 10 PO3BUTKY
IHTENEKTyaIbHUX HaBUYOK Ma€ TEHJCHIII0 OyTH OUTBIN BIIKPUTHM, MEHII BU3HAUYEHUM 1 OUIBII
BUITaTKOBUM.

IlocranoBka 3agavi. 3 camMoro mOYaTKy BIPOBADKCHHS yallbHOTO HaBUYaHHS, BOHO
PO3TIIAIANIOCH K MeAaroriYHO-opradizailiiina ¢oopma. bararo nuranb Ta cipoTUBY OYJI0 OB’ I3aHO
3 pO3MOJAUIOM HAaBaHTAXKEHHS BUKIanadiB. DaKTUYHO MO3a yBarow Oyau METOIW MPOBEIEHHS
HABYAJILHOTO TIPOIIECY, K1 0 3a0e3medyBany SKiCTh HaBUaHHS Ta GOPMYBaHHS KOMIETEHTHOCTEH,
Akl moTpiOHi mpomucnoBocTi. [lydnikarii 3 1pbOro MprUBOAY MpakTUYHO BiAcyTHI. 3 2019 poky B
VYkpaiHi po3mo4aBcsi eKCIIEPUMEHT 3 BIPOBAKCHHS JyaJIbHOTO HaBUaHHS Yy 3akiagax ocsitu [4],
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[5]. VY monokeHHsIX Mpo eKCEPHUMEHT BKa3yeThCs, 10 FOJIOBHOKO METOIO € PO3BUTOK IEIaroriyHo-
opraHizamiifHux 3acaj.

B ymoBax kpu3u BHUIIOI OCBITH HEOOXIIHO MEPETJIIHYTH METOJU Ta TEXHOJIOTI] HaBYaHHS,
BIIPOBA/PKYBATH TEXHOJIOTII JAMCTAHIIMHOTO HABYaHHS, SKI JO3BOJSIOTH THYYKO IUIaHYBaTH
HABaHTAXKEHHS YYAaCHHUKIB HaBYAJILHOTO mpouecy. HeoOximHO BpaxoByBaTH, II0 MPOMHCIOBOCTI
MOTPIOHI criemiamicTi 3 cHOPMOBAHUMH JJIi KOHKPETHOTO BHUPOOHHUIITBA KOMIICTCHTHOCTSIMH.
KomrmereHTHOCTI HabaraTo Jieriie BUMIpIOBaTH Hix HaBUYKH [3], @ KoMIIeHTHOTO (axiBIist He Tpeda
J0JJATKOBO HABYATH, BiH TOTOBUI BUKOHYBATH KOHKPETHY AISUTBHICTB. | JUIS bOTO CTBOpEHi Bei
ymoBH. OCBITHS Iporpama CHeliaIbHOCTI 0a3yeThcs Ha OCBITHBOMY CTaHIApTi, B SKOMY YiTKO
BHU3HAYCHI KOMIIETEHTHOCTI Ta pe3yibTaTH HaBuaHHs. CrpaBa 3a MajuM, BHKIaJadi Ta QaxiBIli
MIPOMUCIIOBOCTI IOBHHHI HABYUTHUCS BUKOPHCTOBYBATH Il CTAHIAPTH MPH OpraHizaiii 1yaabHOTro
HaBYaHHS, B SIKOMY IIPOMHCIIOBICTh KOHTPOJIIOE Ta IPUHMAE yIacTh Y OpMyBaHHI KOMIIETEHTHOTO
(dhaxiBs.

Meta pocaizkeHHsI: PO3pOOUTH METOJI CTPYKTYPYBAaHHSI pe3yJIbTaTIB HaBYaHHS OCBITHBOI
MporpaMy Jjsl OI[IHIOBAHHS KOMIIETEHTHOCTEW (paxiBLii 3 BUKOPHCTAHHSM PEHNO3UTOPIIO
koMmriereHTHOCTel LMS Moodle.

O0’exr pocaimkeHHs: npodeciiiHa MIATOTOBKa (PaxiBLIB JUIsI MPOMHCIOBOCTI 3
BU3HAYEHUMH KOMIIETEHTHOCTSIMU Ha 0a31 OCBITHROT IPOTpaMH.

IIpeamert pocigaxeHHs1: yMOBU (OpPMYBaHHS SKOCT1 MPOQeECiifHOT MATOTOBKH (haxiBIliB JIIs
MIPOMUCIIOBOCTI 3 BU3HAYCHUMH KOMIETEHTHOCTSIMH.

OcHoBHa yacTHHA. PO3BUTOK JyalbHOTO HaBYaHHA B YHIBEPCUTETI MOXHA MPEJICTABUTH Y
BUIJISIII KOHIENTYyalbHOI KapTu (pUCYHOK 1), B sKii BioOpakaeTbCs METOJOJIOTIS IPOLECY.
OpranizaifiiiHi MATaHHS MalTh APYrOPSAHE 3HAYEHHS Ta 3aJeXaTh Bim Metojmosiorii. Cxema
MoKa3ye, MO0 HEOOXiTHO TMPOBECTH BEIMKY MIArOTOBYY poOOTYy, Bim sKOi Oyme 3aiexard
Pe3yIbTaTUBHICTh BIIPOBAKEHHS.
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Pucynox 1 — Po3BUTOK qyalbHOTO HaBYaHHS B YHIBEPCUTET1

BaxIuBUM € BUKOPUCTAHHS 3MIIIAHOTO Ta AUCTAHLIHHOTO HAaBYAHHS 1 OJJHUM 3 HalKpamux
CepeIoBUII YIIPABIiHH HaBYAJILHUM IPOLIECOM Y IIboMy Bunaaky € LMS Moodle.

LMS Moodle mae BOyI0BaHUH peno3uTOpiii KOMIIETEHTHOCTEH, IKUH MO>KHA BUKOPHCTATH
JUIS BUMIPIOBAaHHS KOMIIETEHTHOCTEH Ha 0a3i OCBITHBOTO cTaHmapTy. s 1mboro HeoOXiaHO
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CTPYKTYpyBaTl pE3yJbTaTH HABYaHHS Ta KOMIIETEHTHOCTI 3a BHMOTaMHU pPEMO3UTOPIIO
KOMIIETCHTHOCTEH.

OcBitHiil crapmapT 0Oa3yeTbcss Ha pe3yJabTaTaX HABYAaHHA Ta KOMIIETEHTHOCTAX. Jlis
MPAKTUYHOTO BUKOPHCTAHHS BOHH MMOBHHHI OyTH CTPYKTYpOBaHi 3a piBHAMH iepapxii. Ha nepmomy
PiBHI CTOSITH KOMIIETEHTHOCTI, Ha APYTOMY — PE3yJIbTaTH HaBYaHHS. Y [[bOMY BUIIAJIKy y3T0JDKECHHS
MATOTOBKK (haxiBIls BiMOYBaeThCsl Ha piBHI KommnereHTHocTer [6]. Takwid minxim 3pydHuid
poOOTOABISIM, KOJM BOHM BHM3HAYAIOTh KBalidikamio ¢axiBisg Ha poOoUoMy Micli depes
KOMIIETEHTHOCTI (4¥ CIIPOMOXHHH (haxXiBellb BUKOHYBATH JTIsUTbHICTH Ha BIIMTOBITHOMY PIBHI).

Ha nHacTynmHOMy piBHI BH3HA4arOTbCs TMOKa3HWKHM KommereHTHOcTed (I1) BimmoBimHO 10
pe3ynbTariB HaBuaHHs. Lle Moxe OyTu camocTiliHe BUKOHAHHS 3aBllaHb, a00 y CKIaji Tpynu 3
(haxiBISIMU PI3HHUX MIPO3ALTIB.

Ha tperbomy piBHI BimOyBaeThCsi KOHKpPETH3allisd IUX 3aBaaHb. lle moxke Oytm mpoctwmii
anmroput™ niii (An), um ckinamauid kimacrep (Ki), B skoMmy mpaifoe KOMaHIa 1 BaKJIMBUMH €
colliaibH1 B3a€MO/I1i yYaCHUKIB.

UYerBepTuil piBeHb — 1€ BUKOHAHHS KOHKpeTHUX i (/]), pe3ynmpraT SKHUX HpOCTO
BHUMIPIOETHCS, B JISSIKUX BUTIA/IKAX 3 BUKOPHCTAHHIM TaKCOHOMIi biyma.

VY neskuxX BHIAJKaxX MOXe BUHUKHYTH TOTpeda y TOJATKOBHX PiBHSIX.

JIiist ompaItoBaHHsI OCBITHBOTO CTaHAAPTY 3pYYHO BHKOpHCTOBYBaTH Excel Tomy, mo came
Taka CTPYyKTypa mependadeHa y ¢GpeiMBOpPKY KommeTeHTHocTe. HeoOximHo y mepriomy
CTOBITYMKY PO3MICTUTH KOMIIETEHTHOCTI OCBITHBOTO CTaHIAPTy, y JAPYIOMY CTOBITUYHKY —
pesynbTaTi HaB4daHHS (Pe3). [IpoTH KOXKHOI KOMIETEHTHOCTI MOXKE PO3MIINYBATUCH JEKUTbKa
pe3ynbraTiB HaBuaHHs (Pe3l, Pe32, ..). YV TpeTboMy CTOBIMYHMKY PO3MINIYIOTbCS MOKa3HUKU
koMmrereHTHOCT! (II), AK1 BiAMOBIIAIOTH BKa3aHWM pe3yiabTaTaM HaB4aHHs. Ha mpomy erami y
(bopMyBaHH1 pENO3UTOPII0 KOMIIETEHTHOCTEN TPUHMAE y4acTh BUKJIa1au-IIPEIMETHHUK, SIKUI Halae
MPOTO3HIlIi MO0 MOKAa3HUKIB O BIAMOBIIHUX KOMIETEHTHOCTEH. Y rpadiyHOMY BUTIISAL 115
iHbopMaIliss TpeAcTaBisie co00K0 Mary KOMIIETEHTHOCTEH (akaJeMIYHHMX), sSika MOBHUHHA OYyTH

y3roJKeHa 3 3aMOBHUKOM (PHUCYHOK 2).

( HaBYAIbHHHA IIaH )

ms| A ,

@) — (=)
KOMIIeTeHTHicTh If v
|

- J'.( -

7= N -
!
[} ~J [=a}

.
-
|

E
— o
-
-
- - -
e
~ -
ﬂ
=

.'/
=Y

P
ﬁil
.
A
7N~
!
SEINCIE
(W3] (%]

Pucynox 2 — Cxema opmyBanHs HaB4anbHOTO 1iady y Moodle (Pes. — pesynbrat HaByanss, [1—
MOKa3HUK KOMITETEHTHOCTI, AJl - alTOPUTM BUKOHAHHSA ABUTBHOCTI, Kit. — kiacrep, [ — KOHKpeTHa [ist)

V cBOIO Yepry, y 3aMOBHUKA Mae OyTH Mara npodeciifHuxX KoMmeTeHTHOCTeH. IX y3romkenns
JI03BOJISIE BITKOPUTYBATH aKaJIeMidH1 KOMIIETEHTHOCTI Ta BU3HAYUTH JI0JAATKOBI KOMIETEHTHOCTI,
SIK1 BPaXOBYIOTh OCOOJIMBOCTI BUMOT JJO KOMIETECHTHOCTEH 3aMOBHHUKOM.

Otpumana tabmunus y Exel 3 BimoBigHUME KOMEHTApSMHU MO0 MPOTMO3UILI 3aMOBHUKIB
3aBaHTaXYEThCs aaMiHicTparopom cuctemu Moodle y penozuTopiii komneTeHTHOCTEH. Brkianau
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Kypcy 0auuTh BCi pen03HT0pi'1' 1 MOXKe iX MAKII0YaTH IO CBOTO Kypcy. JiIst IbOTo BiH 0 KOKHOTO
3aBJIaHHA KypCy, fKe OLIIHIOETHCSA, BHM3HAYa€ OIIHKY Ta MOPOTOBHHA Oall 1 J0Aa€ TMOKA3HUKH
KOMIIETEHTHOCTI 1 MpaBmia ix 3apaxyBaHHs. Bci 3aBnaHHs 3a CKIamHICTIO KIacu(iKylOThCS 3a
TakcoHoMi€eto biryma. KomneTeHTHICTh, piBeHb SKO1 BU3HAYA€THCS TAKCOHOMI€EI0 biyma, B cucremi
MOKe (DIKCYyBaTUCSI aBTOMATHYHO, BUKJIAJa4eM Ta CTYACHTOM 3 IIATBEP/PKEHHSIM BUKJIAJaueM
(K110 CTYAEHT ii 3100yB 1032 Kypcom).

Ha 06a3i ctBopeHux pemno3utopiiB kommnereHtHocted y LMS Moodle Ta y3romkeHHs 3
3aMOBHHMKAMH B CHUCTEMI CTBOPIOIOTHCS HaBUaIbHI IUIAHM, SIK 3arajibHi, TaK ¥ IHIUBiTyadbHI, Ta
MIAMACYIOTECA Ha HUX cTyaeHTH. CTyAeHT Moxe OyTH MiANMCaHWid Ha JCKiUTbKa HaBYAIBHUX
wraHiB. CaMe Ha IBOMY eTalli BiIOYBa€TbCs PO3MOALT HAaBAaHTAXKECHHS MDK YHIBEPCHTETOM Ta
MIAPHEMCTBOM 3aJISKHO BiJI KaJpOBOTo 3a0€3MEUYeHHs] YYaCHUKIB HaBUAIBHOTO Tporecy. Kpim
TOT0, BU3HAYAETHCS MEPEIIK MIKPO YPOKIB Ta iX TeMaTHhKa JjIsl 3aCBOEHHS OKpPEMUX pPO3/UIIB Ha
poboyoMy MicCIli CTYJEHTA.

VY cucreMi MOXyTh OyTH KOpPUCTYBadi, Ikl MalOTh IpaBO NEpErjisgaTH HaBYallbHI IJIAHHU,
penaryBatu ix B 3aJI€5KHOCTI BiJ HOTpPeO.

[Ipyn migroroBui po3poOHUKIB AMCTAHUIMHUX KypciB y mporpami aBropa «TexHosoris
PO3pOOKM AMUCTAaHIIMHOIO Kypcy» HeperdadyeHo CTBOPEHHs MPOrpaMu Kypcy Ha 0a3l OCBITHBOI
MporpaMy 3a BIAMOBIJHUM OCBITHIM cTaHAapToMm. Ha sxanb, He BCi BUKJIaAadl NMpu po3poOIi
porpamMu Kypcy MM KOPUCTYIOThCS. SIK TpaBWIIO, 1 pe3yslbTaTH HaBYaHHS, i KOMIETEHTHOCTI
BHOMpaIOTHCS JOBUIBHO. Lle yckiamHioe BUBHaAUCHHS IPAKTUYHOT AsUTbHOCT1 y Kypcei. [le Oinbie
mpo0sieM BUHUKAE NPU BU3HAUEHH1 PIBHS METH MPAKTUYHOI AISUIBHOCTI 3a TakcoHOoMIero biryma. e
Oo3Hayae, MO0 y BHUKIagada Tpebda ¢GopmMyBaTH HABHUKH POOOTH 3 KOMIIETEHTHOCTSIMH Ta
pe3ylbTaTaMi OCBITHBOTO CTaHAAPTY 1 YITKOTO (POPMYIIIOBAHHIM METH MPAKTHUYHOI AISUIBHOCTI Y
Kypci 3a TakcoHoMi€ero biyma.

TuTbKH 32 TAKMX YMOB MOKe OyTH MOOy0BaHA THYYKa CHCTEMa JIyaJlbHOTO HaBYaHHsI, B Kl
CTYJICHTH YHIBEPCHUTETY MOXXYTh TOTYBAaTHCh JI0 POOOTH Ha PI3HUX IIIMPUEMCTBAX 1 PI3HUX
poboUnX MICIIX Yepe3 1HAWBiAyadbH1 HaBYAIbHI IUIAHU, a YHIBEPCUTETH KOHTPOJIIOIOTH HAOyTi
CTYJAEHTaMH KOMIIETEHTHOCTI Yepe3 3araibHuil poOouuil miaH.

BucHoBku. P03BUTOK [yallbHOTO HaBUaHHS B YHIBEPCHUTETI TOBHHEH Oa3yBaTHCS Ha
OCBITHROMY cTaHaapTi. L{s ¢popma HaBYaHHS BUMarae cepito3Hoi miaroros4yoi podotu. HeooxigHo
y LMS Moodle cTBopuTH peno3uTopiii KOMIETEHTHOCTEH, MaIy KOMIIETEHTHOCTEH Ta Y3rOAUTH ii
3 npodecifHUMH KOMIETEHTHOCTAMH. HasBHICTH PEMO3UTOPII0 KOMIETEHTHOCTEH, B SIKOMY
BHU3HAYEHI MOKAa3HUKU KOMIETEHTHOCTEH, CTBOPUTHU HEOOXIIHY KUIbKICTh HABAJIbHUX IUIAHIB 3
BU3HAUYEHUM DPIBHEM BOJIOJIIHHS CTYJAEHTOM KOMIIETEHTHOCTeH. Bukianad y cBoeMy Kypci rotye
BIJIMOB1/IHI 3aBJIaHHs Ta 3aKPIILUIIOE 32 BIAMOBIIHUMH KOMIETEHTHOCTSIMHU. B X011 HaBYaJIbHOTO
Mpoliecy BHKIaaau 3abesneuye (ikcallito JOCATHEHb CTYACHTA, a CTYACHT Ta 3aMOBHHK MOXYTh
neperisiaatd iX JocArHeHHs. Sk pe3ynbTar, Tichs 3aBepIICHHs HaBUaHHS CTYIEHT Oe3
JI0JIATKOBOTO HABUAHHS MO>KE MPaIIOBaTH Ha KOHKPETHOMY POOOUOMY MIiCIIi.

VY pocnimkeHHI 3allpoloOHOBaHA MOJENb PO3BUTKY AYyaJIbHOTO HAaBYaHHS B YHIBEPCHUTETI,
pPO3pO0IEHO METOH CTPYKTypyBaHHS pe3yJabTaTiB HaBYaHHS OCBITHBOI MPOTpaM¥l JUIS OIIHIOBaHHS
KOMITETCHTHOCTEH (paxiBIlI 3 BUKOPUCTAHHSAM PEITO3UTOPit0 KoMIreTeHTHOcTer LMS Moodle.

Pe3ynpraT nocnikeHb MOKa3ajd, M0 PO3BUTOK JyallbHOT OCBITH CYTTEBO 3aJIEXKHUTh BiJ
KBaJTi(piKaIii BUKJIAJAlbKOTO CKJIaly, BMIHHS BU3HAYaTH METY NMPaKTUYHOI AISIIBHOCTI Y KypCi.
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HEWPO-HEYITKHH MIAXIJ 10 ®OPMYBAHHS CTPYKTYPHO-JIOTTYHUX CXEM
HABYAJIBHOI'O KOHTEHTY

Masypok T. JI., Yepuux B. B.
[liBneHHOYKpaTHCHKUI HalllOHaIbHUM nenaroriyHuii yHisepcutet iM. K. JI. YimHcbskoro,
M. Opneca, Ykpaina

AHoTaniAa. MeToro JOCHi/HKEHHsST € BU3HAYECHHS METOAWKU PO3POOKH CTPYKTYPHO-JIOTIYHHX CXEM
HABYAJILHOTO KOHTEHTY Ha OCHOBI JIEKOMITO3MIIii YMOB JOCSTHEHHS JHIAKTHYHOI MeTH. 0 ’€KToM
JOCII/DKEHHSI € TpOoIeC PO3POOKH CTPYKTYPHO-IOTIYHMX CXEM HaBYaJIbHOIO KOHTEHTY. [Ipemmerom
JOCITIKEHHS € JIOCHIJPKEHHS JIOIUTbHOCTI 3aCTOCYBaHHS HEHpPO-HEYITKOro MiAXOAY A0 CTPYKTYPYBaHHS
KOHTEHTY, 1110 € OPIEHTOBAaHWM Ha ITiIBUIIICHHSI aJ]AlTHBHUX BJIACTHBOCTEW YIPABIiHHS HaBYaHHSAM. MeToan
JOCI/DKEHHSI — CHCTEMHHMH aHalli3, Teopis HEeYITKMX MHOXHH, TEOpis IHTEICKTYalbHOrO YIIPABIiHHS.
3arporoHoBaHO HEWPO-HEUITKUHN MiAXia 10 PO3POOKH CTPYKTYPHO-JIOTTYHUX CXEM HAaBUYAJIHLHOTO KOHTEHTY,
IO € OpIEHTOBAaHWM Ha JIOCSATHEHHS IIEBHOI JMJIAKTUYHOI MeTH. JIOCHi/KeHO BIJIMB OTPHMAHOTO 32
PO3pOOICHOI0 METOJMKOK CTPYKTYPOBAHOI'O KOHTEHTY Ha MIJBHUINEHHS PIBHS aJATHBHUX BIIACTHBOCTEH
KOHTEHTY 3 ypaxyBaHHIM 3a3HaueHOl AuJaKkTHIHOI MeTH. HaBezieHo pe3ynbTaTu A0CIIIKEHb.

Kuaro4yoBi cjoBa: CTpyKTypHO-JIOTiYHA CXeMa, HEUPO-HEUITKWMA TMiaXill, aJalTUBHE YIPaBIiHHS
HaBYaHHSM, CTPYKTYPYBaHHs KOHTEHTY.

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 cyuacHoro eramy pedopMyBaHHS OCBITH, L0 MOB’SI3aHUH 13 MOJAIbIINM
BJIOCKOHAJIEHHSIM PI3HUX (JOPM €JIEeKTPOHHOTO Ta AUCTAHIIHHOIO HABUYAHHS, CTBOPEHHSM YMOB /IS
3aCTOCYBAHHS BIIKPUTHX 3MIIIaHUX PECYPCIB, HAA3BUUYAHO BaXKIMBUM € MUTAHHS BIOCKOHAJIECHHS
3aco0iB  (popMyBaHHS €IEKTPOHHMX HABUAIBHMX MaTepiaiiB, IO MaroTh 3a0be3neuyBaTH
iH}opMaIliiiHy NiATPUMKY HaBYaHHSA. 3 OIJISIOM Ha T€, [0 CYCNUIbCTBO 3HAHb BUMArae 3iiCHeHHS
HaBYaHHA KOXXHOi OCOOM MPOTATOM JKHTTS, aKTyaJbHOIO IOCTa€E MpoliemMa BIOCKOHAIECHHS
KOMIT IOTEPHUX 3ac00IB JJIsl CTBOPEHHS €JIEKTPOHHUX HaBYAIbHUX MaTepiaiiB. Ciill 3a3Ha4UTH, 1110
POJIb TAaKUX MaTepialiB B Cy4aCHUX yMOBax He Ma€ OyTH 0OMEXEHO0 BUKITIOUHO iHPOPMAIIHHUMU
acleKTaMu, a, BOJHOYAC, Ma€ pO3IIIAIaTUCh KOMILIEKCHO 3 polieMaMH peatizalii €IMHOT CUCTeMHU
ynpaBniHHA. Take moeqHaHHs KiOepHeTH4HOI Ta 1H(OPMALiiHOT CKIaJ0BOi PO3IIIAIAEMO, K
HEOOXi/IHy YMOBY peaji3alii afanTHBHOTO YIPaBIIiHHA HaBYaHHSM, IO € 3aTpeOyBaHMM B CBITJII
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OCHOBHHX CIIPSIMyBaHb HIOJ0 IHIWBIAyalli3allii HaBYAHHS, CTBOPEHHS KOM(OPTHUX YMOB ISt
KOXKHOTO 3/100yBada OCBITH. BapTo miIKpecauTd HE TUIBKH BaXJIHMBICTH JOCTATHHOTO 00CATY
HaBYAIBHUX MaTEpialiB, a 1€ i BaXKIMBICTh MUTAHHS 111010 CTPYKTYPYBaHHs KOHTEHTY B 3aJIeKHOCTI
BiJl TUJAKTHYHO BH3HAYEHOI METHW HaBYaHHS, HOTrO CIPSIMYBAaHHS HA JIOCATHEHHS KOHKPETHHX
JIOKAITBHUX Ta TII00aJBHUX PE3yIbTATIB HABYAHHSL.

IMocTranoBka 3aaayi. [cHye 6arato 3araqbHOBIJOMUX METO/IIB CTPYKTYPYBaHHS HaBYAJIbHOT
iHpopMamii, cepen SKUX BHIAUIAIOTH METOJ MPOEKTIB, METOIM MOAYJIBHOTO, MPOTPAMOBAHOTO
HaBYaHHS, METOJM OTIOPHUX KOHCIEKTIB 1 y3arajJbHEHHS, TEXHOJIOTIIO BHIIEPEHKEHOTO HAaBYAHHS
Ta iH. [1]. Brim, i ctocoOu He TOBHICTIO BPaXOBYIOTh CKJIQIHICTh HABYATIHLHOTO MaTEpiary, Y TOMY
9HCcIi HOro CTPYKTYpHO-JIOTTYHY OaraTopiBHeBicTh. Kpim TOro, BCi 1i METOIM € PYYHUMH 32
CYTHICTIO Ta HE JI03BOJISIIOTh aBTOMATHU3YBATH 3MiHY CTPYKTYPH CHCTEMH HABYAJIHHHX €JIEMEHTIB B
3aJIeKHOCTI Bl IuAakTHYHOI MeTu. OTxe, A BUPILIEHHS Takoi HedopMai3oBaHOI MpodieMu
HEOOXI1JTHUM € 3aCTOCYBaHHS IHTEJIEKTYaTbHUX TEXHOJIOT 1.

Meta po6oTH: BU3HAUEHHS METOJUKU PO3POOKU CTPYKTYPHO-JIOTIUHUX CXEM HaBYAJIbHOTO
KOHTEHTY Ha OCHOBI JIGKOMIIO3HIIii YMOB JOCSTHEHHS TUIaKTUIHOT METH.

OcHoBHa yacTuHa. /[ aBTOMATH30BaHOTO (OPMYBaHHS CTPYKTYPHO-JIOTTYHOI MOAENI
HaBYAJHHOTO KOHTEHTY, WIO 3a0e3leduye JOCSITHEHHS 3a3HAa4eHOl JTUIAKTUYHOI METH
3alpoONOHOBAHO  HEMpO-HEUITKUH  MiAXiA A0  MOJENIOBAHHS  BHYTPIUIHBONPEIMETHHX
B3a€MO3B’S3KIB 3 BUKOPHUCTAHHSM JHHTBICTHYHUX 3MIHHUX, IO JO3BOJSIOTH BiMOOpa3uTH
Cy0’€KTHBHY MIpy eKCIepTa-BHKIaJada IIOJ0 B3a€MO3B’SI3KYy MDK JBOMAa HaBYAJbHUMHU
eneMenTaMu. ChopMOBaHO MO/l HAaBUYAIBHOTO KOHTEHTY Yy BHUIVISJII HEYITKOro rpady, 1o
CKJIQJIA€ThCS 3 BEPIIMH YOTHPHOX TUMIB (0a30BUX, TPAH3UTHBHUX, KIHIIEBUX Ta aBTOHOMHHUX) 3a
dbopmani3oBaHUMH TIpaBUJIaMU iX KOMOIHYBaHHS B KOHKPETHUX CTPYKTypax. YIIpaBIiHHS
CTYIIEHEM B3a€MO3B’SI3KIB BIZIOYBA€ThCS NUITXOM HEHPO-HEUITKOT KJTAaCTEPHU3allii, 10 JO3BOJISIE TSI
KO>KHOTO BEKTOpPa B3a€MO3B’SI3KIB BU3HAYUTH CTYIMIHb HAJICKHOCTI JI0 BIAMOBITHOTO KJIACTEPY —
TUAAKTAUIHOT METH. MOJIeNTb TUIaKTHYHOT METH (DOPMYETHCS y BUTIISIII IEpAPXIYHOT CTPYKTYPH, 11O
OTPUMAaHO Ha OCHOBI MONEPEIHBbOI 3MICTOBOI nekommo3uilii. [louaTkoBe HEWiTKE pPO30OUTTS
JTUIAKTAYHO 3HAYYIIUX HABYAIBHHUX E€JIEMEHTIB BIiIOYBAE€THCS HA OCHOBI YTBOPEHHS MAaTpHIIi,
3HAYCHHS $KOi € pe3yiabTaToM (asudikamii Ha OCHOBI BH3HAUEHHS €KcHepTamMu QYHKIIIN
HaJIS)KHOCT1 JIIHTBICTHYHOI 3MIHHOI «CTYITiHb BIUIMBY B3a€MO3B’SI3KIB MDK HaBYAIbHUMU
€JIEMEHTaMU Ha JIOCSTHEHHS BIATOBITHOT METH.

Jlo ocobnuBocTel peanizaiii JaHOTO MMIXOJY MOJYKHA BIOHECTH T, IO 3a PaxyHOK
MOIEePEAHBOI KJIacTepu3allii BJAIOCh 3HAYHO €(EKTUBHIIIE 3aCTOCYBATH TI'E€HEpaIlil0 HEYITKUX
MpaBWJI, KUIBKICTh SIKUX CITIBIAJA€ 3 KUIBKICTIO KiacTepiB. OTpuMaHa CHCTEMa J03BOJISE
imeHTu(iKyBaTH XapakTep B3a€MO3B’SI3Ky MDK MATpHUICI0 KOE(IIiEHTIB B3a€MO3B’S3KIB Ta
CTYNEHEM JIOCSTHEHHSA AMJIAKTUYHOI MeTHh. KoMIT'1oTepHi eKCIepUMEHTH, IO MiATBEPKYIOTh
GbYHKITIOHYBAHHS 3alIPOIIOHOBAHOTO MMiAX0/1Y, 3/11HCHEHO Ha OCHOBI IHCTpyMeHTapito Fuzzy Logic
Toolbox mporpamu Matlab. [{yis 3naxomxerns enTpis kinacrepis B Matlab 3actocoBano ¢yHkIiiro
subclust, mo 3milicHIOE CYOTpakTHBHY KiacTepu3ailifo. BHCHOBKHM MI0J0 pPE3yJIbTaTUBHOCTI
3aMporNOHOBAHOID METOAMKHU MIATBEPIKYIOTHCS MEJaroriyHUMU €KCIIEpUMEHTaMH 3 BU3HAUCHHS
MO3UTUBHOTO BIUIMBY CTPYKTYPOBAHOI'O KOHTEHTY Ha JOCATHEHHS PI3HUX AUJAKTUUHUX IIUIEH.

BucHoBku. Y po6oTi chopMOBaHO CTPYKTYPHO-JIOTTYHY MOJIETh HABYAJILHOTO KOHTEHTY, i
napaMeTpUYHOTO HANOBHEHHS BEKTOPOM IHTErpalii 3 METOI0 JOCIIDKEHHS B3a€EMO3B’SI3KY MK
YTBOPEHOIO CTPYKTYPOIO Ta JOCATHEHHS TUAaKTUYHOT MeTH. [loasbiie BIOCKOHAICHHS HEUITKOTO
pPO3OUTTSI MHOXXMHM JHMJIAKTHYHUX IJIe Ta 3aCHOBAaHMM Ha LbOMY MeXaHI3M (hOpMyBaHHs
IHIMBIOyalbHUX CTpaTeridi Moxke OyTH peali30BaHUM B MeXKax CHHTE3y TiOpUAHOI CHUCTEMH
aIaTITUBHOTO YIIPABIIIHHS HABUAHHSIM.

3anponoHOBaHUN METOJl J03BOJIIE aBTOMAaTH3yBaTH Ipolec (OPMYBaHHS CTPYKTYpH
HaBYAJIbHOTO KOHTEHTY Ha OCHOBI BU3HAUYEHUX BHKJIQJa4eM CYTTE€BUX JIOTTYHHUX B3a€EMO3B’SA3KIB
MDK HaBYJIbHUMU €JI€MEHTaMH, 110 3a0e31euye TOCITHEHHS 331aH01 TMAaKTUYHOT METH Ha OCHOBI
Helpo-HeuiTKo1 kinacTepu3ailii. Lle 103Bossie BIOCKOHAINTH y3arallbHEHY CUHEPreTHYHY MOJIENb
aJIaTUBHOTO YNPaBIIiHHSA HaBYaHHSIM, CTBOPUTHU iH(OpMALiitHI yMOBHU AJIs1 1HAMBITyani30BaHOTO
HaBYaHHS.
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MOJIEJIb TPAHC(I)OPMAI_!IT 3AKJIALY BUIIIOI OCBITH
B «IU®POBUU YHIBEPCUTET»

MansbkyTa 5. M., 3axaposa 1. B.
CximHoeBporneichkuii yHiBepcuTeT iMeHi Payda Abms3oBa, m. Uepkacu, Ykpaina

AHoTanis. TeHaeHIis 3anpoBaKEHHS 3MIIIAHOTO Ta JUCTAHI[IMHOIO HAaBYaHHS B CHUCTEMI BHIIOL
OCBITH TIEpEOpPIEHTYBaJa YHIBEPCUTETH MIOAO0 iXHBOTO BXO/UKEHHS B NU(POBE OCBITHE CEpEIOBHIIE.
Tpanchopmartisi 3akiaaay BHIIOI OCBITH B IU(PPOBUI yHIBEpCUTET NOTpeOye pPO3POOJICHHS MOoJeneit
opranizaiii ocBiTHbOro npouecy. O0’€KTOM JoCTiKEHHS € Oi3Hec-TiporecH yHiBepcutery. [Ipeamerom
JOCIIJDKEHHS € 3aCO0M MOJIC/IFOBAHHS OCHOBHUX 1 IOMIOMDKHUX MPOIIECIB 3aKjIaay BHUIIOI OCBITH JUIsl HOro
(YHKIIIOHYBaHHSI B IM(PPOBOMY OCBITHhOMY cepenoBuili. [Ipomonyetbest Monens Tpancdopmaiii 3BO B
«udpoBuii yHIBEpPCUTET» 3a METOA0JIOTi€I0 MoenoBaHHs Oi3Hec-miporiecie B Hotalil IDEF0. Cnenudiky
MoJeni BiﬂOGpa)KaIOTB ¢yukuii mMopepnizamii  IT- iH(i)paCprKTypH uH(prBi3aui'1' 1H(1)opMau11/1Horo
3a0e3MevYeHHs] OCBITHLOI'O TIpOIecy, TpaHchOpMaIii CyMpoOBIIHUX MPOIECIB Ta MPOIeCy HaBYAHHS i
TMIEPEITiITOTOBKYU TIEPCOHATY.

KurouoBi cioBa: nudpoBuii yHiBepcuter, U(PpPOBE OCBITHE CEPEIOBHINE, MOJACIL YHIBEPCUTETY,
gorauia 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. Hudposizailis BU3HAETbCSA BATOMUM YHHHUKOM PO3BUTKY HMOJITHYHHUX, EKOHOMIYHUX,
COIIAJILHUX 1 KYJbTYPHUX BITHOCHH Y CYCHUIBCTBI, MPOTE TOHATTS «IIH(POBI3aIlis BUIOI OCBITH»
Habarato mHpIie 32 00CsroM 1 3MICTOM, HDK IPOCTE BIPOBAPKEHHS CyJacHHX iH}opmartiiiHo-
KOMYHIKAIIHHIX TeXHOOT 11 B OCBiTHIiT npouec. CyqacHuit {u(poBHii yHIBEPCUTET — 3aKIIa/ BUIIO
ocsitd (3BO), B sAKOMY NOKOPIHHMX 3MIH 3a3HAamM CTPYKTYpa, 3MIiCT OCBITH, IIIXOAH 1O
aJIMIHICTPYBaHHS, PO3BUTKY JIFOACBKOTO KalliTaly, HAyKOBOi JIISUIBHOCTI Ta YHPAaBIIHHS SKICTIO
ocBITHIX mociyr. Ilepexia Bin TpaaumifHOrO yHIBEpCUTETY 0 LM(POBOro mependadae He JuIle
KUTbKICHE HAKOMWYEHHS TEXHIYHUX 3ac00iB, a TaK0oX 3MIHY LUIEH, MPIOPUTETIB, KOPHOPATUBHOT
11eo0J10r'1i, OpraHizalifHUX NPUHIMIIB 1 MIIXOAIB, CTPYKTYPH 3aKJIay TOLIO.

ITocranoBka 3amauvi. L{udposizamiss ocBiTHM nependadae BUKOPUCTAHHA HOBHX MOJEINEH
oprasizailii HaBYaHHS caMe Ha OCHOBI IM(poBuX TexHojorid. OTxke, MdpoBa CHPIMOBAHICTh
OCBITHBO1 nisibHOCTI 3BO Hepeﬂ6aqa€ 3JaTHICTh JO IHTErpamii pi3HUX OCBITHIX nporpam  Jio
«EKCTIOPTY» OCBITHIX nocyr. Y nporieci Tpancopmartii kiacuaroro 3BO y nudposwuii yHisepcurer
HEOoOXiTHO 00’€HATH MOTEHLIaTM HU(PPOBUX OCBITHIX Miardopm 3 lHTeJ'IeKTyaJ'IBHOIO CHCTEMOIO
noOynoBu 1nporecy HaB4aHHs. L[ nmpobinema notpedye moOynoBH peasbHUX MOJeNel opraHizamii
HaBuaHHs B 3BO B ymoBax nu¢poBizaiiii OCBITHHOTO MPOIIECY.
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Mera podotu — moOynoBa moxeni Tpanchopmanii krmacuynoro 3BO y «ludposwuii
YHIBEPCHUTET», OPIEHTOBAHOI HA MOJIEPHI3AIlil0 OCHOBHUX OI3HEC-TIPOIIECIB BiAMOBITHO JI0
u(poBoi cTpaTerii pO3BUTKY BUIIOT OCBITH.

OcnoBHa yactuHa. Ilin mudposizaumiero gismmpHOCTI 3BO OymemMo po3ymiTH HacKpi3HY
aBTOMATH3aIlll0 BCiX OCHOBHUX Oi3Hec-miporeciB Ta ciryx0 3BO Ta mepeopieHTalio AisIbHOCTI
BCIX KIIFOUOBUX CTPYKTYpHUX Hifpo3aitie 3BO Ha criiibHYy poOOTY B €TMHOMY aBTOMAaTH30BAaHOMY
(mdpoBOMY) IPOCTOPI.

udposi TeXHONOTIT HATAIOTH HOBI MOKJIMBOCTI JIJIsl BUBEICHHS Oi3HEC-TIPOIECIB HA SAKICHO
HOBWI PiBEHB 3 METOIO NIOKpaIeHHs e(heKTUBHOCTI HaB4YaHHs [1].

Jlnst BUKJIaMadiB aKTyalbHUMHU € BMIHHS 1 HABHYKA METOIAMYHO, ONTHMAJIBHO 1 TEXHIYHO
(dbopMyBaTH 3MICT HaBYAJILHOTO MaTepiany, Bidyami3amii OCHOBHHX HOTO MOMEHTIB, (hopMyBaTH
Kelcu JUIsl caMOCTIMHOT poOOTH CTYAEHTIB, OPraHI30BYBAaTH IHTEPAKTUBHY IISJIBHICTH i 4ac
BHBYEHHS HOBOTO Marepiaiy, 3aCTOCOBYBATH IHHOBAIlIMHI METOJMKH, 110 TOETHYIOTh €JIEMEHTH
3MIIIAHOTO Ta JUCTAHIIMHOTO HaB4yaHHSA. Came I1e CTajo TOIITOBXOM J0 TOUIYKY Mojenei
1M(POBUX YHIBEPCUTETIB ISl (PYHKIIOHYBAHHS B YMOBAaX KApaHTMHHUX OOMEXKEHBb 1 KOPCTKHUX
MIpaBUJI B3aEMOJIIT MK yYaCHUKaMU OCBITHBOTO Ipo1iecy [2].

[ToGymoBaHa 3a METOAOJIOTIEID MOJIETIOBaHHS Oi3Hec-mporieciB B HoTarlii IDEFO monens
tpancopmanii 3BO B «{udposuii yHiBepcuTeT» HaBeaeHa Ha pucyHKkax 1 12. Cneundiky moneni
BimoOpakaroth (pyHkuii MmoaepHizauii IT-iHppacTpykrypu, mudposizamii iHpopMaliiiHOTO
3a0e3meYeHHs] HaBYAJIBHOTO TIPOIeCy, TpaHchopMallii CyMpoOBITHUX TMPOIECIB Ta MPOIECY
HaBYaHHJI 1 MEPEMirOTOBKU MIEPCOHATTY.

Mogens ¢ynkmii «Tparcdopmariii CympoBIIHHUX MPOIECIB» Mepeadadae MOCTiOBHICTh
eTarniB, MOYMHAIOYH 31 CTBOPEHHS 1M poBoi 010110TekH, AR-My3ero Ta BIpTyaabHOTO KaMITyCy 10
BIPOBA/KEHHS €JIIEKTPOHHOT CITYKOHM MiIATPUMKH, HAJIAroPKEHHsI KOMYHIKaIlil 3 perioHaIbHUMHU
poGoTomaBIsiMu 1 3a0e3MEYeHHS MOJKJIMBOCTI BimoOpakatu 1HGOpMAI0 3  yIpaBIiHHS
TYPTOKUTKOM. MoJenb npoiiecy HaBYaHHS CTYACHTIB Ta MEPEMiIrOTOBKH MEpPCOHAy MICTUTH
etanu (OPMyBaHHS EJIEKTPOHHHMX KYypCiB Ta HaBUYaJIbHUX MpOrpaM, BCTyNy abITypieHTIB 3
BUKOPHUCTAHHIM IPEICTABICHOTO B MOOUTEHOMY noaaTky 3BO BimacHOro KaGiHETY, MPOBEACHHS
OCBITHBOTO TMPOIIECY 3 BAKOPUCTAHHSM MOTEPEIHHO CKOHDIrypoBaHUX ITU(POBUX 3aCO0IB, a TAKOXK
etan miasuieHHs [ T-kBamidikaiii BUKIa1abKoro CKIIamy.

Permament

. : JeprxaBHi Pernmamenr i crpareris
i ITPUMKH 1 TUIaH .
CTaHAAPTH YHIpaBIiHHS 3HAHHAMH
PO3BHUTKY -
: . OCBITH .
indopMmaiiiHo- ITporpaMui crangapTu
KOM yHiKaI[ii{H 01 i nporokonn
iHppacTpyKTypu
.y L XMapHO-Opi€EHTOBaHE
IH hopMmaniiiHO-TeNIeKOMy HiKalifiHa
. HaBYaJbHE CEPEIOBUIIE o
iH(ppacTpyKTypa M nartis T »
- : > Mozeprizanis IT- 3aco0u MOHITOPUHTY
@DiHAHCOBI HA/IX 0K CH HSI iHppacTPyKTypH >
> >
>
1 Brockanenena indopmariiito-
LR TeneKoMyHiKalliiina indpacTpykTypa
basa BukiamauiB Ta vVYYy
CriBpOOITHHKIB L EnexrponHi KapTKH
P - » Ludposizawuis po P
I opmauis npo . . CTYJCHTIB o
. iH(popMartiifiHOTO >
CTY/CHTIB R .. .
TH popMaITiA PO > 3a0e3MeIeHHS IIpodini kopuctyBauiB
>
aGirypicHTin | BaBuanBHOTO MpoILECy >
»>
[Hbopmariiini MmaTepianu I

ITporpamue 3a6e3mnedeHHs

IMepconan

Pucynox 1 — liarpama nexommnosutii A0 «Tpancdopmanis 3BO B «Iludpouii yHiBepcuTeT»
(pynxuis moaepHizauii IT-iHdpacTpykTypu, nudposizauii iHpopmariiiHoro 3ade3nedeHHs
HABYaJIBLHOTO MPOLIECY)
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Pernament miaTpuMKH i mian Jlepaapui | Pernament i crpareris Tporpamui Horosip na R
PpO3BHUTKY iH(OpMaLiiiHO- cTaHjapty | YUPaBJIiHHS 3HAHHSIMH cranaaprH i 3100yTTS OCBiTH
KOMy'HiKalliﬁH(ﬁ OCBITH TPOTOKOJIH HGpMaTHBHi
iHDpacTpyKTypH JIOKYMEHTH
Hayxosi my6mikauii Ceprudixatn i
B — Cnncok BakaHciit
. . >
bibnioreunnii hpomn . >
. Llndpora 6i6mioTexa »
ITpodini kopucryBauis TdeCQ’OpM‘mm . . N
- - CYNPOBiIHMX NMPOLECIB Bipryansnuii kammyc
Indopmauis npo poboronanuin N >
ENeKTpoHH I KapTKH OHOBJICHA iH(pacTpyKTypa .
CTYJIEHTIB
¥ 3| Onosrena Y VY V V VY
iHppacTpyKkTypa Enexrponnuit qumiom
baza Bukiiamauis Ta
CTiBPOOITHUKIB Enexrponni nybmikanuii

HasuanbHi MaTepiam Mpotiec mapsantis Ta 3BiT 3 ananizy epexrusHocri LMS

TePeIiroTOBKH
nepcoHany EnexTpoHHi HaB4allbHi MaTepianu

EnlekTpoHH1 KapTKU CTyIeHTIB

DiHaHCOBI HAaIXO0JUK €HHA TTpatiBHUKH, 110 MPOHILTH
HEepeniroToBKy

3acobu MOHITOPHHTY

Inpopmartis npo BUKOHAHHA
HaBYAJIBHOTO TPOLIECY

BrockaHenena indopmartiiio-
TeneKoMyHikaliiHa iHppacTpykTypa

XMapHO-Opi€HTOBaHe
HABYAJIBHE CEPEeIOBHIIC
I popmaiiini Matepiann

IIporpamee 3abe3nedeHHs

Ilepconan

Pucynoxk 2 — Jliarpama nexommo3swuitii A0 «Tpanchopmaris 3BO B «l{udposuii yHiBEpcUTET»
(byHK1IA TpanchopMallii CympoBITHUX MPOIIECIB, MPOIEC HABYAHHS 1 IEPETIATOTOBKH
MIePCOHAITY)

BucnoBku. Tpanchopmarrisi BUIIOT OCBITH BiAMOBIIHO A0 1M(POBOI cTpaTerii nependavae
BUKOPHUCTAHHS HOBUX MOJIEJICH Opradizailii HaBYaHHSI 32 METOJOJIOTIEI0 MOJIeTIOBaHHS Oi3Hec-
nporecie 3BO B notamii IDEF0. Crneundiky 3ampornoHoBaHOT Mojesi BimoOpakaroTh (yHKITIT
mogepHizamii IT-tHbpacTpykTypH, mudposizamii iHGoOpMaIIfHOTO 3a0e3MeUeHHs OCBITHBOTO
nporecy, TpaHcopMmallii CynpoBIIHMX TPOIECIB Ta MPOIECYy HaBYaHHS 1 TMEPEeNiAroTOBKH
nepcoHainy. 3anpornoHoBaHa Mojelb «L{udpoBuii yHIBEpcUTET» BKIIOYAE PEIHKUHIPUHT Oi3HEC-
MIPOLIECIB OCBITHIX MOCIYT.

[IpakTiuHa peanizailis 3apPONOHOBAHOT MOJIENI CIIPUATHUME 3pocTaHHi0 pedTtunry 3BO Ha
pUHKY oOCBITHIX mocayr. KonkypenTtocnpoMmoxHicte 3BO, B skoMy OCBITHIH mpolec
3MIIACHIOBAaTUMETHCS B LIM(poBOMY cepenoBullli Oyne 3a0e3neyyBaTucs TaKUMU IHCTPYMEHTaMHU:
1HAMBiAyaJlbHE OCBOEHHS OCBITHIX MPOrpaM — CTYAEHTH MOXKYThb OCBOIOBAaTH OCBITHI OHJIaifH-
MpPOrpaMu y 3py4yHOMY TeMIli, OyIb-KOJM HE3aJeKHO BiJl YacOBOTO MOSCYy Ta reorpadidHoi
BijanieHocTi Bin 3BO; 3HMKEHHS BUTpAT Ha IPYKOBaHI MaTepialy — OCBITHs IporpaMa LUIKOM 1
MOBHICTIO iCHYe y 1udpoBoMy npoctopi; a1t 3BO oOcsaru marepiaabHUX BUTpAT Ha peasi3allito
OCBITHBOI IpOTrpamu He OyyTh 3aJIeXkKaTh Bil KUTbKOCTI CTY/AEHTIB.
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1. Konpemnuiss po3BUTKYy LUQPOBOI €KOHOMIKM Ta cycmibcrBa Ykpainum Ha 2018-2020 pokwu:
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laws/show/ru/67-2018-p/ed20180117#n20 (narta 3BepuenHs: 05.04.2022).
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TOHLIbHICTh ®OPMYBAHHS HACKPI3HUX IK-KOMIIETEHTHOCTEM
Y NIJITOTOBLI KAJPIB 3 IU®POBOI OCBITH

Hocenxo 10.T'.
Incruryr mudposizanii ocsirn HAITH Ykpainu, m. Kuis, Ykpaina

AHoTanist. YcrmimHicTe 1HMQpOBi3alii OCBITH 3aleXUTh BiJ IUIAHOMIPHOCTI, CHCTEMHOCTI,
y3TOIDKEHOCTI, WiTKOI KoopAWHawii A ycix yuacHHKiB. HaiiBaxymBimum pecypcom umdposizamii €
KaJpoBHI pecypc — ¢axiBIi, siki Oe3mocepeIHbO BKIIOUEH] B Ipolieck UQpoBoi TpaHcdopmarlii ocBiTHBOT
chepu. O0’€KT AOCITIIPKEHHS — IPOIIEC MIJATOTOBKU KaapiB 3 IM(PpoBoi ocBiTh. [IpeamMeroM A0CTiHKEHHS €
¢dopmyBanas HackpizHuX I[K-kommereHTocredt kaapiB 3 mu¢poBoi ocBiTH. Y poboTi 0OIpyHTOBaHO
JOITBHICTh JOCIIPKEHHS podieMu (opMmyBaHHS HackpizHuX [K-koMriereHTHOCTEH KajapiB 3 MUGPOBOI
OCBITH, 10 € OJHHM i3 HaNpsMIB HAYKOBO-IOCHiHOI poboTu [HcTHTyTy mumdposizanii ocBitn HAITH
Ykpainu.

Karouosi cioBa: nudposizaliisi ocBiTH, Kajpu 3 IU(POBOi OCBITH, MaricTp, AOKTop (dinocodii,
HackpizHi IK-kommerenTHOCTI, iHQOpMaIiiHO-KOMYHIKAIiiiHI TEXHOJOT11.

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 IC-competencies in digital education specialists’ training. It is grounded on the feasibility of the
formation of through-cutting IC-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.

Bukaan ocHoBHoro wmarepiamy. OnHI€EI0 3 OCHOBHHUX YMOB TWIITPUMKH TPOIIECIB
nudposizaiii, 3asgBICHOT cepex MNPIOPUTETHUX IUIEH 1 3aBAaHb PO3BUTKY YKPAaiHCHKOIO
cycniibetBa [1; 2; 3], € 3a0e3meuycHHs MOTYXKHOTO KaJIpOBOTO CKJIAJHHKA — BHCOKOIO
KOMIIETEHTHICHOTO piBHS (axiBIIiB, K1 peani3yloTh IIi IPOIIECH, 30KpeMa B MUTAaHH1 BUKOPUCTAHHS
cydJacHHX iH(popMaliiHo-KoMyHiKaliiHuX TexHonorii (IKT).

YcenimHicTs nu@poBi3allii OCBITH 3aJIeKUTh B/l INTAHOMIPHOCTI, CHCTEMHOCTI, Y3T0JIKEHOCTI,
4iTKO1 KOOpauHaIlii Al ycix ydacHukiB. HaliBaxxnusimuM pecypcom nudpoBizaiii € KaapoBHii
pecypc — daxiBii, ki 6e3mocepeHbO BKIIOUEHI B IpolecH udpoBoi Tpanchopmallii OCBITHbOT
chepu (kampu 3 1udpoBoi ocBitH). Lle — kaapu BHIIOro KBasidikaiiHOTO PIBHS, KOMIIETEHTHI
pO3B’sA3yBaTH KOMIUIeKCHI pobiemu B raiysi IKT B ocBiri, MaricTpu 1 JOKTOpH (izocodii.

Mera pobGotm — OOIrpyHTYBaTH JOLUIBHICTH MJOCHKEHHS MpoOneMu (GOpMyBaHHS
Hackpi3HUX [K-komMneTeHTHOCTEH KaapiB 3 UPPOBOI OCBITH.

BaxiuBUM MOKa3HUKOM SKOCTI HMIATOTOBKU KaJpiB 3 LU(POBOI OCBITH € piBeHb ixHbOT K-
koMrieTeHTHOCTI. Jluckycii HaBkosno 3micty moHaATTsa IK-kommerentHocti (CEDEFOP (2004);
OECD (2007); UNESCO (2008); Becta (2009); ISTE (2016) Ta iH.) cXOASIThCSI HA PO3YMiHHI TOTO,
mo IK-koMmeTeHTHICTh € HacKpi3HO, Oararo(yHKI[IOHANIbHOIO, MOKe€ OYyTH 3acTOCOBaHa B
PI3HOMAHITHUX KUTTEBUX chepax.

AHaniz 3aKOpJOHHOTO 1 BITYM3HSHOTO JOCBIYy MOKa3ye, IO SKICTh MIATOTOBKMU KaJApiB 3
1M(POBOi OCBITH € 3HAYHO BHUIIOIO, SKIIO 3a0€3MeUeHO0 YMOBU HACKPI3HOCTI MIATOTOBKU TaKHX
¢axiBliB, 30KpeMa B NUTaHHI (opMyBaHHA iXHBOI 3JaTHOCTI €QEKTHUBHO A0oOMpaTh 1
BukopuctoByBatu cydacHi IKT mis Bupimenns npodeciiHux 3aB1aHb.
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Hackpizuicts hopmyBanHs [K-koMmeTeHTHOCTEH mepeadadae CUCTEMHICTh 1 HACTYIHICTD 1X
(dbopMyBaHHS Ha PI3HUX PIBHSAX OCBITH, IO 3a0€3MEUYEThCS IHTETPOBAHICTIO 3MicTy HaB4aHHS [KT
B OCBITI Ta BIINOBITHUMH METOHKAMHU.

[TinroToBka kagpiB 3 1UGPOBOi OCBITH 3AIMCHIOETbCA B OaraThox KpaiHax. Ha3su
CTEUIATbHOCTEH BIAPI3HAIOTHCS, OJHAK 3MICT MIArOTOBKH CHPAMOBaHMNA Ha (opMyBaHHS
KOMITETEHTHOCTEH 1010 3acTocyBaHHs cydacHuX IKT B miaTpuMmIli OCBITHIX TpoIeciB. 30Kpema,
3arpoBapKyroThes porpamu:  «Digital Humanities» (Bensris), «Education Sciences with New
Technologies» (I'pemis), «ICT for education», (Icmanis), «Educational Technology and Digital
Competences» (Mekcuka), «Management of Technology Enhanced Learning» (Himeuunna),
«Educational Innovation, Technology, and Entrepreneurship», «Learning Sciences &
Technologies» (CILA), «Smart-EdTech, Co-Creativity and Digital Tools for Educational
Innovation» (®panuis), «Information Technology and Learning» (I1IBenis) Ta iH.

B VkpaiHi miaroroBka kajpiB 3 HU(POBOi OCBITH 3MIMCHIOETHCS Ha PIBHI Maricrparypu
(cnemianpHicTh 011  «OcBiTHI, TeJaroriyHi  HaykKW», OCBITHBO-TIpodeciiHa mporpama
«IH(popmaniiiHO-KOMYHIKaIlIiH1 TEXHOJIOTi B OCBIT1»), acnipanTypu (crneuianbHicTb 011 «OcBiTHI,
MeJaroriyHi HayKu», OCBITHbO-HayKoBa mporpama «lHdopmaiiiiiHo-KOMyHIKaIliifH1 TEXHOJIOT1 B
OCBITI»). AHaII3 Iporpam Mmoka3aB PO30DKHOCTI Y MAX0AaX, OCIIJOBHOCTI 3MICTY, 3alUITAHOBAHUX
pe3ynbTaTiB HaBYaHHS MDK PIBHSIMH MaricTpa Ta JokTopa ¢inocodii. IcHyroui mporpamu He
OXOIUTIOIOTh ACHEKTy HACKPI3HOCTI, HACTyMHOCTI HaB4yaHHA BukopuctanHio IKT B cucrtemi
MIATOTOBKM KaJpiB 3 LHUQPOBOi OCBITU. AHaANI3 HporpaM TakKoX IIOKa3aB, LI0 BOHU HeE
B110OpakaloTh JIeAKl aKTyaldbHI HANpsSMKH, sIKI Hapa3l PO3BHUBAIOTHCS 3aKOPJIOHOM, 30KpeMa,
aJanTHBHI CUCTEMHU HaBYaHHS, IMEPCUBHI TEXHOJIOTIi, TEXHOJIOT1i BIAKPUTOI HAYKH TOIIIO.

OckiTbKH ICHYE 00’€KTHBHA HEOOXIAHICTH 3a0€3MEeUeHHs peCypCcHOi (KaapoBoi) MiATPUMKH
nporeciB  mudpoBizamii ocBITH B YKpaiHi, IO Tnepemdavyae 3aqydeHHs KaJapiB BHIIOTO
KBaTI(IKAIIITHOTO PIBHSA, KOMIETEHTHUX PO3B’S3yBaTH KOMILIEKCHI mpooOsiemu B ramy3i IKT B
OCBITI, BB@)KAEMO BaXJIWBHUM 3a0e3rneuntd (GopmyBaHHs HackpidHUX [K-kommeTeHTHOCTEH Ha
pIBHsIX MaricTpa Ta AokTopa ¢irocodii. 3abe3nedeHHss CUCTEMHOCTI 1 HACTYIMHOCTI MiATOTOBKH
TakuX (axiBIiB CIPUATAME ITIIBUICHHIO SKOCT1 CHCTEMH MiATOTOBKH KaapiB 3 IIU(POBOI OCBITH,
3pocTaHHI0 piBHIB HackpizHHX IK-komMmereHTHOCTEH KaapiB 3 nU(poBOi OCBITH, €PEKTUBHOCTI
BIPOBA/DKEHHS B OCBITHIA Npolec 3akiaiB BHINOI OCBITH 1 HAayKOBHX YCTaHOB Cy4YaCHHUX
1H(pOpMaIIITHO-KOMYHIKAIIHHUX TEXHOJIOT1H.

BucHoBku. TakuM 4uHOM, 3 OTJISITY Ha 3a/ICKJIapOBaHi Ha Jep>KaBHOMY PiBHI 11T 1 3aBIaHHS
PO3BUTKY YKpaiHCBKOTO CYyCHiIbCTBa, (popmyBanHs B Ykpaini CycninberBa 4.0, BUMOTH A0
CUCTEeMH OCBITH, [0 Mae 3a0e3neduTd (QOpMyBaHHS KaJpPOBOTO CKJIAJHUKA COLIAIBHO-
€KOHOMIYHHMX NIEPETBOPEHB, HEOOXITHUX KOMIIETEHTHOCTEH (axiBiiB 110,10 Bukopuctandsa IKT B
ymoBax Iu(poBoi TpaHchopmaiii, 3a0e3neyeHHs] Ha Iii OCHOBI KOHKYPEHTOCIIPOMOXHOCTI
VYkpainu Ha CBITOBOMY PHHKY, (hopMmyBaHHs HacKkpi3HUX [K-komneTeHTHOCTEH KaapiB 3 nudppoBoi
OCBITH € 33/1a4€l0 BHUKIIOYHO aKTYaJIbHOIO, COLIAJIBHO 3HAYYIIOK 1 BaXJIMBOIO JUISI CUCTEMHU
BITUM3HAHOI OCBITH 1 HaykW, a ii pO3B’sI3aHHS — CBOEYACHHUM 1 NEPCHEKTHMBHMM B KOHTEKCTI
udpoBoi TpaHchopmarii B YkpaiHi.

Cnucox BUKOPMCTAHUX JIZKepeJt
1. Konneniist nugpoBoi tpanchopmariii ocsiti i Hayku. 2021. URL: http://surl.li/byvia (mzata
3BepHeHHs: 18.05.2022).
2. Crparerist po3BUTKY BuIIOi ocBiTH B YKpaini Ha 2021-2031 poku. 2020. URL: http://surl.li/mphq
(nara 3Bepuenns: 18.05.2022).
3. VYkpaina 2030E — kpaina 3 po3BuHyTOR0 IudpoBoro exoHomikor. URL: http://surl.li/pmwq (nara
3BepHeHHs: 18.05.2022).
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BUKOPUCTAHHA IKT B CUCTEMI HII'OTOBKU BUUTEJIIB ®I3UKN
A0 3AIIPOBA/I’KEHHSA STEM-OCBITU

Caabnuk L. B., Cipuk E. II., Comenko /I. B.
LentpanbHoyKpaiHChKUI Iep>KaBHUH MeAaroriyHuil yHIBEpCUTET
imeni Bonmogumupa Bunandenka, M. KponuBaunpkuii, Ykpaina

AHoTauisi. BaxnuBicth TeMu 00yMOBIICHa MONMUTOM CYCHUIBLCTBAa Ha JIIOACH, sSIKi MAarOTh HAayKOBI
3HAHHA Ta JOCBiA y cepi TexHomorii Ta TexHiku. 3acoou IKT MoxyTh MOCHINTH HABUYKH CTYACHTIB, IO
posBuBaroThcs B STEM-0CBIiTI: po3B’s3yBaHHs MPOOJIEMHHX 1 MPAKTUYHUX 3aBJAaHb, JIOTTYHE Ta KPUTUYHE
MUCJICHHS, TEXHOJIOTIYHA IPaMOTHICTh. O0’€KTOM JOCIIIKEHHS € TIPOIIEC MIJATOTOBKU BYUTEIIB (DI3UKHU 10
sanpoBakenns STEM-texnomnoriit. [Ipeaqmerom nocmimkenns — 3acodu IKT sik ocaoBa STEM-ocBiTi. Y
1iii poOOTi 3ampOIIOHOBAHO METO] PO3BUTKY KPUTHYHOTO MHUCIICHHSI MalOyTHIX BUHMTENIB (i3UKH depe3
BripoBakeHHs TexHoorii STEM, sikuii BiIpi3HSAETbCS BiA TPaJMLIMHUX METOJIB HaBYAHHS LIUPOKUM
BukopuctanusM IKT. [IpoBeaenuit aHami3 qaB MOKIIMBICTh BU3HAYMTH CYYacHI IiIXOMIH 1 3aIIPONOHYBATH
METOJI1 BUKOPUCTAHHS KOMIT IOTEPHO OPIEHTOBAHOr0 00nagHaHHsI Arduino y mpoiieci miAroTOBKYA BYUTEITIB
¢izuku 115 podotr B STEM-opieHTOBaHOMY OCBITHROMY cepeioBuIii. OCHOBHUM MiJXOIOM JI0O HABYAHHS
CTYJICHTIB OyJI0 0OpaHO MPOEKTHY TEXHOJOri0. EKcriepuMeHTallbHe HaBYaHHS BUSABUIIO OLTBII BUCOKHM
piBEHb 3aIliKaBJIEHOCTI CTYJIEHTIB JI0 OBOJIOIHHS HOBOIO TEXHOJIOII€l0, OaXkaHHs BHKOPHUCTOBYBATH CBOI
HaBWYKHM Ha mpaktuili. [lpyn npomMy mAinum BHCHOBKY, 1m0 BrpoBamkeHHs STEM BuMarae KopuryBaHHA
HABYaJBHOTO TUIAHY IT/ITOTOBKU MaliOyTHIX BUMTENIB (Di3MKH, OCBITHIX (POHIIIB, TEXHOJIOTIH Ta YIpaBITiHHS
JUIsl YCITIITHOTO HABYAHHSI CTYJICHTIB.

Karouosi cioBa: Texnounorii, STEM-ocBita, KOMIT'FOTEpHO Opi€HTOBaHE OOJaJHAHHS, MiATOTOBKA
BUHTEINS (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 3MIHMIIO 00IMYYS OCBITH, CTBOPUIIO OiTblle
MO>KJIMBOCTEH 7S peanizallii CydacHHX MiJX0/iB, 0COOIMBO B YMOBaX JUCTAHI[ITHOTO HABYAHHSL.
Oco06MBOTO BIIMBY BiJl PO3BUTKY TEXHOJIOTIH 3a3HAIOTh MPUPOJIHUYI HAYKH, IK OCHOBA HAYKOBO-
TEXHIYHOTO Mporpecy. 30cepe/KyIoUr yBary Ha iHHOBALIHHUX TEXHOJOTISIX, MU 3BEPTAEMO YBary
Ha 1oTpedy iX BHUKOPHUCTaHHS 3 METOI PO3BUTKY KPHUTUYHOIO Ta KPEaTUBHOI'O MHCIICHHS,
PO3YMOBHX 3/1i0HOCTEH CTY/IEHTIB, a HE JIMIIE SIK 3ac00iB, BUKOPUCTAHHS SKUX PO3BUBAIOTH HAOIp
MEBHUX HABHYOK.

ITocranoBka npoOiaeMu. YucineHHi AOCTIDKEHHS T[OKa3ylOTh, LI0 pPIBEHb PO3BUTKY
KPUTUYHOTO MHCJICHHS CTYIEHTIB BH3HAUAETHCS BEJIMKOIO KUIBKICTIO YMHHHUKIB: CTYIIEHEM
BOXJIMBOCTI 00paHOi mpodecii mis MaiOyTHHOTO CTYAEHTA, CTYNEHEeM IMiArOTOBIEHOCTI 10
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HaBYaHHS, CTPYKTYPOIO HAaBYAJIBHMX IUIAHIB, JOCBIOM POOOTH B ayaUTOpii Ta mo3a il Mexamu
(camocrTiiiHO1 poOOTH), yMOBaMH Ta BHJAMH MiSJIBHOCTI CTYJCHTIB, 3aJy4€HHSIM CTYACHTIB [0
HAyKOBOT, TOCTITHOT Ta COIiaIbHO 3HAYYINO1 poOOTH Ta 1H. J{OCTITHUKY BU3HAYMIIN KUTbKA METOIIB
HaBYaHHA, SKI MOXXYTh OyTH BHKOPHCTaHi, 1100 CTUMYIIOBATH PO3BHTOK HABUYOK KPHUTUYHOTO
mucieHns [3, 4]. Takuii piBeHb MOKe 3a0€3MCUUTH X, SIKH HAMH IIPOIIOHYETHCSL.

MeTtor0 po00TH € aHaJi3 IHHOBALIHUX MiAX0/IIB A0 MATOTOBKA MaHOYTHIX BUATEINIB (Pi3UKH
B acmekTi 3ampoBapkeHHss STEM oOpieHTOBaHOI OCBITH 4epe3 BIPOBAKEHHS KOMIT IOTEPHO
OPIEHTOBAHOTO O0JIaTHAHHS HA OCHOBI HaBYAIBHOTO cepenoBuina Arduino.

OcnoBHa yacTuHa. [llupoke BIpoBaKEHHS Y HABYAIILHUH MPOLIEC KOMIT FOTEPHOT TEXHIKH
BIZIKpHBa€ TeEpCHeKTHBH i mBHAKOT peamizanii STEM TexHomorii B OCBITHROMY MpOIIECi.
[IpoGmeMoro 3anuIaeTbCs MIATOTOBKA BUWTENIB, 3JaTHUX BHKOPHUCTOBYBATH BIAMOBIIHI
MeAaroriyHi METOaH 1 MPUIOMU HaBYaHHSI IHTEIPOBAHO 3 HOBUMU TEXHOJIOT1IMHU.

PeanizyBatu Ha mpaxtumi izei STEM-ocBiTH MU NpONOHYEMO Ha OCHOBI BUKOPHCTaHHS
iMepcuBHOTO HaBYabHOTO cepenoBuiia Arduino [2]. Busuenns pobotu Arduino Ta ioro ocBiTHIX
MOJKJIMBOCTEH CTYJCHTAaMH 3allPONIOHOBAHO HA OCHOBI BUKOHAHHS MPOEKTY. MeTOI0 BUKOHAHHS
MPOEKTY Oyita po3poOKa HOBOT CHCTEMH KepYBaHHS TOAMHHUKAMH Ha PaKyinbTeTi. SIK eKCIepuMEeHT
Oymn0 po3pobeHOo OUTBIN CydacHy CHUCTEMY KepyBaHHS MEPEKEBUMH T'OJJMHHUKAMH, sKa 0a3ye€ThCst
Ha koHTpojepi Arduno UNO Tta npuctpoi g kepyBanus LCD Keypad Shield. Ilporpamy nmis
MIKpPOKOHTpOJIEpa Ta YNPaBIiHHS A3BIHKAMU OYyJ0 HAIMHUCAHO CaMOCTIHHO 3 ypaxyBaHHSIM
crenugiku poOOTH HAILIOTO YHIBEPCUTETY (PUCYHOK 1).

{ = M3BoHnk
. wKinbHniA
Mopgynb o '0
SD Card Slot
Reading/Writing

Kepytouni 6nok
pene ropguHHuKIis

Kusnenna / " i i
FOAMHHWMKIB 2
~248 # 5

Mogyns RTC roguHHmnka
peanbHoro vacy DS1307 Mepexesi roguHHUKN

PI/ICYHOK 1 — Cucrema KEpYBaHHA MEPECKECBUMU 'O JUHHUKAMHA

BukoHaHHS IPOEKTY cTyaeHTamMu Oyno po30uTo Ha etanu. Ha xoKHOMY eTarli 3aJaBanucs
BIIMOBIAHI MUTaHHSA. Y JOCHIIKEHH1 OyJ0 BUKOPHUCTAHO SIKICHHM aHammi3 JaHWX, 310paHux 3
IHTEpB'I0, CIIOCTEPEXKEHb, pedIeKCITHIX )KYPHATIB, apKyIlla MOBCIKICHHOI TISJIbHOCTI CTYCHTIB
Ta TECTOBUX MUTAaHb KPUTHYHOTO MUCICHHS, SIKUM pO3pPOOIISIBCS HA OCHOBI KOHTPOJIBHOTO CIIUCKY
Oc6opna [1].

Y4acHUKaMH LBOTO JOCHIIKEeHHs Oynu 28 CTyAeHTIB — MaiOyTHIX BUYUTENIB (Di3UKH.
[Ti3HaBanbH1 3110HOCTI CTYAEHTIB y MiArOTOBII (i3UKH KOJMBAIMCH BiJ BUCOKOTO 10 HU3BKOTO
piBHIB. Pe3ynbTaTu ekcrepuMEHTY MOKaszaliM, L0 CTYJEHTH CTald OUIbLI BIAKPUTUMH [0
BUKOPHUCTAHHSI TEXHOJIOTIH, HDK Ha MOYaTKy BUKOHAHHS MpoeKTy. HaiironosHire, 3a BIIMOBIASIMH
CTYICHTIB, T€, 0 BOHU OTPUMAaJH BIEBHEHICTh, IO 3[JaTHI BUKOPHUCTOBYBATH TaKi pedi B CBOil
TSUTBHOCTI, SIK1 paHilie BBAXKAIU s ce0e HEeJOCSIKHUMHU.

BucnoBku. Tema nigrpumku IKT y HaBuanHi crynentisB STEM € BenbMH akTyallbHOIO Ta
CTBOPIOE BUKJIMKH JJIs1 TOCTIKEHB Ta ayTUTOPHUX JTiii. 3arainoM HeoOXiIH1 MOCTIHI TOCTIIKEHHS,
00 3abe3neuntn Bukopuctans IKT HalikpamuM 4uHOM 3 ypaxyBaHHSIM cIieli(Diky Te1aroriqHol
JisbHOCTI. BrumB iHmux (akTopiB Ha e(eKTUBHICTH 3arpoBapKeHHs TexHousorii STEM moxe
CTaTH MPEAMETOM MOAATBIINX A0CTIKCHb.
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OUPPOBA JOIKA GOOGLE JAMBOARD SIK IHCTPYMEHT
JJ1s1 CTBOPEHHSA ITEPCOHAJIBHUX KOHTPOJIbHUX 3ABJIAHDb

Xpanaas /. C., Yypcanoa M. B.
HanionanpHuii TeXHIYHUNA yHIBEpCUTET YKpaiHu
«KuiBcpkuii nmomirexHiyHuit iHCTUTYT iMeH1 Irops Cikopceskoro», M. Kuis, Ykpaina

AnoTanist. [Tonryk HOBUX IeNarorivyHuX MiJXOJIB i3 3aCTOCYBaHHSIM IUGPOBUX IHCTPYMEHTIB, SKi
MiIBHINYIOTHh e)EKTHBHICTh HABYAHHS Y JUCTAHIIIHHOMY PEXKHMI, € OJIHIEIO 3 TIEPIIOYEPrOBUX 33124 OCBITH
B YMOBaX ChOT'OJIeHHsI. Y poOOTI PO3IIITHYTO MOXJIMBOCTI OJIHOTO 3 TaKMX IHCTPYMEHTIB — BIPTYyaJbHOI
nomku Google Jamboard. O6'ekToM HOCITIIKEHHS € 3aCTOCYBaHHS TaKOi JOIIKH il YaC OHJIaWH HaBYaHHS
1HO3eMHUX CTyneHTiB. lIpemmMeroM AOCTIIKEHHS € METOAW Ta 3aco0M CTBOPCHHSI IEPCOHATI30BAaHUX
KOHTPOJIBHUX 30IIUTIB Ha OCHOBI po3THpaskoBaHoi 3aroToBku Google Jamboard. ¥ po6ori 3ampornoHoBaHo
MIPUKIIAIM 3aBAaHb 3 (DI3UKH, 110 JO3BOJISIOTH BUPIIIIMTH THIIOBI CKJIATHOII HABYAHHS 1HO3EMHUX CTYICHTIB
1HO3EMHOI0 MOBOIO 3a JIOIIOMOTOI0 Bi3yaJhbHOTO MOMaHHs iH(OpMaIlii Ta TBOpUOro miaxoxy. Pesympratn
MIPOBEICHOTO TEIaroriqyHOro €KCIEPUMEHTY CBIiTJIaTh, 0 MTEPCOHANBHI KOHTPOJILHI 3aBIaHHS Ha OCHOBI
Google Jamboard cripustioTs TIHOIIIOMY 3araM’ ITOBYBAaHHIO MaTepiaay Ta 3pOCTAHHIO BiZICOTKA YCIIIITHOIO
BUKOHAHHS 3aBIIaHb 3 (Qi3HKH.

Kurouosi ciioBa: Google Jamboard, oxnaiin HaB4aHHs, IH(PPOBI iIHCTPYMEHTH, IHO3EMHI CTYICHTH.

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. BrpoBajkeHHS LMGPOBUX IHCTPYMEHTIB Yy HaBYalbHUM IpOLEC CHOTOJHI €
akTyanbHUM siK Hikosu. Illo He pik, MM 3ycTpiyaeMo Bce OUTbII CKJIAAHI BUKIMKH. CrodaTky
nanzemis COVID-19 3mycuna Hac MOBHICTIO MepersiHyTH popMaT HaBYaHHS 1 3MIHUTH Horo Ha
JTUCTAHIIHHUN. A MOTIM BiliHa, YMOBH SKOT1 HE JAIOTh MOKIIMBOCTI HABUATHUCS CHHXPOHHO X04a 0
oHnaitH. HeoOximHUM cTae momryk 3aco0iB HaBYaHHS, IO J03BOJIUIN O €(heKTUBHO 3/1HCHIOBATH
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HaBYAJIBHHIA IPOLIEC 32 YMOB HE JIMIIE AUCTAHIIIHHOCTI, e i aCHHXPOHHOCTI. B 11boMy gonomarae
OypXJIMBUI PO3BUTOK HU(PPOBUX TEXHOJOTIM B OCBITI, IO HAJa€ BUKIAIaueBi CBOOOIY IS
CTBOPEHHS HOBITHIX IMEJAaroTi9HUX IT1IXO/IIB.

IMocranoBka 3agayi. OTxe, aHAT3yl04M CydacHi un(bpom IHCTPYMEHTH, MH TIPAIIOBAIN HAJ|
p03p061<010 HOBUX BH[IB HAaBYAJbHUX 3aBJaHb Ha iX OCHOBi. O3ByueHi mpoOieMu MOTPEOYIOTH
BHUIIIOTO PIBHSI CTBOPEHHS 3aBJaHb, MI00 X YITKICTh Ta HM(POBI METOIM BUKOHAHHS KOMITEHCYBAJIH
PO3IIMPEHI CTPOKH iX 3/1a4i B ACHHXPOHHOMY PEXKHMIi, 2 HABYaHHS OyJI0 MOOUTHHHM, 1, 3HAXOATIUCH
HaBIiTh y HE YK€ 3pyYHHX YMOBAaX, CTYICHTH MaJH 3MOTY IPOJIOBXYBAaTH €(EKTUBHO BUHTHUCH.
OCoONMBICTIO HAIIOTO JIOCTIPKEHHS € TAaKOXK Te, M0 EeKCIIEPUMEHTAJIbHA TPYyNa CKIAJAETHCS 3
1HO3EMHHUX CTYJICHTIB, a OT)KE PO3pOOJICHI HAMH ITiZIXOIA MAOTh JOIIOMOTTH TTOJI0JIATH iX CrieruQiuHi
npo6semu y HapuaHH1. Came TOMY OJHUM 13 IHCTPYMEHTIB, 1110 BIANOBIAA€ MOCTABICHUM 3a/1a4yaM,
Mu obpaiu 1 poBy gomky Google Jamboard.

Mera pobdoTu — niiBUILEHHS €()EKTHBHOCTI HaBYaHHSA 3a YMOB JUCTaHLINAHOI poOOTH B
ACUHXPOHHOMY pEeXHMI1 3aBISKM BUKOPHUCTAHHIO HHU(PPOBUX IHCTpyMEHTIB, a came Google
Jamboard.

OcHoBHa yacTHHA. 32 HasBHOCTI BEJMKOIO CIEKTPa OHJIAHH PEeCypcCiB Ui ITUCTAHLIIHOTO
HaBYaHHS HEOOX1THO 0OMpaTH Hal3pyUHIIIl Ta HalleeKTUBHILII 3 HUX, 1 came Google Jamboard mae
SK IIMPOKUM mepenik (yHKIIN, Tak 1 IpOCTU 3po3yMuTHi BipTyanbHUM iHTEepdeiic [1]. Ll gomka
MOYX€E CTaTH 3pYYHUM HHU(POBHM IHCTPYMEHTOM ISl CTBOPEHHS KOHTPOJIbHHX YU CAMOCTIHHUX
po0it, abo kX PO3pOoOKH MEPCOHATBHUX KOHTPOJBHUX 30MHUTIB 3 (i3uku. CyTTEBOIO BIAMIHHICTIO
Google Jamboard € Te, 1110 10 OJTHIET TOMIKK MOXHA JI0/IaBaTH JI0 ACCATHA CTOPIHOK, PO3MIIIYIOYH HA
HUX 3aBJIaHHS, 1, CTBOPHUBIIM TaKWil KOHTPOJILHUHN 30MHT Ha BiacHoMy Google Jlucky, Bukmaga4d
MOY€E PO3TUPAXYBATH HOTO MEPCOHATBHO YISl KOKHOTO CTYIIEHTA, IPUKPIMUBINK 10 «3aBIaHHD» Y
Google Knaci 3 ommiero «KoxeH cTyaeHT oTpumae kormito». Lle mo3Bosisie omepikatu HE TUTBKH
HEMOBTOPHUI TBOpPUMI pe3ylbTaT BUKOHAHHS 3aBAaHb, @ W PI3HOCTOPOHHBO OLIHUTH 3HAHHS
KO)KHOTO CTYJICHTAa Ta MEPEBIPUTH BCl 30IIMTH BIpTyasbHO. TOM1 5K, JUIA TIOPIBHSAHHS, THCTPYMEHT
Google Forms, sikuit BAKOPHCTOBYETHCS JJIsl CTBOPEHHSI TECTOBUX 3aB/IaHb, HE JIa€ I[bOTO PO3MAXy Ta
Ma€ JI0BOJII OOMEXEHHH MPOCTIp I TIEPEBIPKH 3HAHb Ta AEMOHCTpAIlli CTYJICHTaMH KPEaTUBHOTO
M1X0/ly Ta MOBHOTO IPYHTOBHOT'O BUPAKEHHS TYMKH.

Mu Bukopucraaun Google Jamboard y Hamomy memaroriyHOMy eKCIIEPHMEHTI ITix d9ac
opranizaiii OHJIaH-HaBYaHHS (I3UKH IHO3EMHHMX CTYJICHTIB aHTJINCHKOI MOBOK. Hamu Oyno
po3pobiieHo HOBI Buau 3aBaaHb y Google Jamboard st Toro, mo6 mpoBecTH KOHTPOJIbHI POOOTH
OubI e(heKTUBHO Ta MOJI0JIATH OCHOBHI MPOOIeMH Y HaBYaHHI, 1[0 BUHUKAIOTh caMe Y 1HO3EMHHUX
CTYJICHTIB — MOBHHMH Ta TIICHMXOJIOTIYHMA Oap’€pHu, NACHUBHICTh CTYACHTIB Ha 3aHATTIX,
HEBIIMOBITHOCTI MPEPEKBI3UTHOTO PIBHS 3HAHD 3 TOUHUX HAYK JI0 BUMOT YKPAaTHChKUX BUIIIB. J1Jis
poro Ha Google JIucky M CTBOPHIJIM 3arOTOBKY JOIIKHA 3 KOHTPOJIBHUMHU 3aBJAHHSAMH 3 TEMH
«Mexanika». HaBegemo npukiaa Tak 3BaHUX 3aBlaHb-1asniB. Ha momi ctBoproBaBcst «baHky —
BUJIUIEHAa 00J1acTh, Y AKy MH JOJaBalld Yy BUIJIsSIAI 300pakKeHb-CKPIHIIOTIB Pi3HI KOMIIOHEHTH
dbopmMyIn, MaTeMaTUyHi CUMBOJIM, Ha3BU CHJI, €IEMEHTH UIIOCTpalii 10 ¢i3udHOoi Mojeni 3amadi
TOILIO, & CTYJEHTH Malld CKJIACTH 13 HUX MpaBWibHI GopMynu abo pUCYHKU (HI3MUHOT MOJEI.
3aBiaHHs TaKOTO THUIy MarOTh IrPOBHIl MOTHB Ta CHPUSAIOTH 3aKpIUICHHIO 0a30BHX 3HaHb 3
MEXaHIKH, KpalioMy 3aram’STOBYBaHHIO OCHOBHHMX 3aKOHIB 1 (pOpMyJ, TPEHYBAaHHIO HaBHUYOK
IIBUJIKOTO BHU3HAYEHHS MPOEKLIl BEKTOPHUX BEIMUYMH Ta MOOYJOBM (i3MUHUX MOJeneil yMOBU
3amaui. [lin yac BUKOHAHHS JAHUX 3aBJIaHb 3aly4ya€ThCS 30pOBa Ta MOTOpHa mam’ATh. Jlns
OCMHCIIEHOTO CKJIaJIaHHS BIAMOBIMI 13 CKIIQJOBUX YAaCTHH CTYJCHTH MAlOTh MPOSBUTH MiJABUILECHY
yBary y KoXHii BpaBi Ta, sIK pe3yJIbTaT, OTpUMATH IIUOIIE 3amaM’ STOBYBaHHS (hOpMYIL.

BucnoBku. /[anuii ekcriepuMeHT 3 BIIPOBAKCHHS 1HAUBIAYaTbHIUX KOHTPOJIBHHUX 3aBJIaHb 3
¢13uku Ha ocHOBI LU(ppoBoi gomku Google Jamboard Hamu Oyn0 MPOBEAECHO JUIS AHTIIOMOBHUX
1HO3eMHHUX CTY/EHIB, 1 BpaXOBYIOUH 1I€, Bi3yaJbHICTh Ta rpadidHiCTh 3aBJlaHb, [0 MU CTBOPUIH Y
Google Jamboard, normomorau noao1aTu MOBHUHM 6ap’€p MiJ] Yac KOHTPOJIBHOTO OI[IHIOBAHHS 3HAHb
CTYZIEHTIB, aJpKe Ui OUIBIIOCTI 3 HUX aHIJIIHChKAa MOBA, SIKOIO MPOBOAMIIOCS HaBYAHHS, € TAKOXK
1HO3eMHOI0 MOBOIO. B pe3ynmpTaTi MM OTpUMaiM BUILMH BiACOTOK BUKOHAHHS 3aBJAHHS Ta
3pocTaHHs KoedillieHTa MPaBUIBHUX BIAMOBIAEH cepel CTYAEHTIB — 1€ 3acBiqUye 3pOCTaHHS
AKTUBHOCTI CTY/ICHTIB Ta MiJBUILCHHS PIBHS 1X 3HAHb.

181



Cnucox BUKOPUCTAHUX JIZKepet
1. Mensenera M. O., Kmypko O. 1., Kpusopyuko 1. 1., Korantok M. C. Oprasizaitisi poJyKTUBHOT
B3aEMOJIIi MK yJaCHMKaMH OCBITHBOTO MPOIECY B YMOBax JHCTAHIIIMHOTO HABYAHHS: aHAJ3 CYy4aCHUX
nonatkiB. Hayxosuii waconuc HITY imeni M. I1. J[{pacomanosa. Cepia 5. Iledazoeiuni nayku. peanii ma
nepcnexmusu. 2021, Bum. 80. T. 2. C. 39-45.

EJIEKTPOHHI TEXHOJIOT'Ti ATAIITUBHOI'O HABUAHHSI

Mapenxo M. O., Yepuux B. B.
[liBgeHHOYKpalHCHKHIA Aep)KaBHUN nenaroriyanii yHiBepeuteT iMeHi K.J[. YmunCcbKOTO,
M. Opneca, Ykpaina

AHoTanigs. B mMoToYHOMY JOCHI/PKEHHI BUBYAIOTBCA OCOOJMBOCTI BHOOPY aJanTHBHUX Ta
JOTIOMDKHUX TEXHOJIOTIM 3 TOYKH 30py iX 3aCTOCYBaHHS B HaBYaJbHOMY MpOIIEC Ta SIK CaMOCTIHHUX
TeXHONOTriH. TakoX MOCTIKEHO HaBUaJIbHY B3aEMOJIIIO SK TaKy, 1[0 MOXKHA PO3ZUIMTH HA MOCIIOBHICTh
KpOKiB, KOXKEH 3 SKMX MOXXHa BITHECTH JIO OJHOTO 3 IT'SITH PI3HUX PEKUMIB: OTPUMAaHHS IHCTPYKIIii,
PO3YMIHHS, CKJIaJIaHHs, TpaHCdep BIAMOBIAI Ta 30epeKeHHsI TaHUuX. TUIl TEXHOJIOTII, IKy BUMAarae iHIuBi,
Ma€ TpsiME BIHOUICHHS JI0 PEXUMY, SKHH TOTpedye 3100yBad OCBITH. SIK JIOMOMIXKHI TEXHOIOTil
PO3IJISIAI0THCS IHCTPYMEHTH MIATPUMKHA HaBUaHHS, 30KpeMa 3100yBayiB OCBITH 3 OCOOJMBUMU OCBITHIMHU
morpedaMu, Taki K IHCTPYMEHTH pO3Ii3HaBaHHSA Ta CHHTE3y MOBH, IEpEKIaay >KECTOBOI MOBH,
BiJICTeKEHHS pyXy odeil. Taki TEXHOIOTIi Terep 3HANILIM CBOIO HIlly y Mpare3aTHOMY cBiTi. OueBHIHUM
€ 30UTBIIIEHHSI COIIaIbHOrO 3aMOBJICHHS Ha MOJIalibIlle BUKOPUCTAHHS Ta PO3BUTOK B YKpaiHi aJaniTHBHHX
Ta JONMOMDKHUX TexHosorii. Ilig Yac moTOYHOro JIOCIHIPKEHHS OYJIO TaKOXX BUSBIICHO TEXHOJIOTII, sKi
OXOILTIOIOTE yCi aCIIeKTH IHIIUX CIOCcO0iB HaBYaHHS. B CBOIO Wepry, MPHUKIAaAA TOMOMDKHUX TEXHOJIOTIN
MEHTIIT OYEBH/IHI, HDK aIalITUBHI TEXHOJIOTI1, OyIy9Ir MEHII «OUYEBUIHUMI, OCKITPKY BOHU 3a3BHYAN € JTUIIIC
MIPOTrpaMHUM 3a0€3CUCHHSIM.

KurouoBi cjioBa: afanTuBHI TEXHOJIOrIT, JOMOMDKHI TEXHOJIOTIT, OPMHU HaBYAHHS, PEKUMH 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. Texnonorii mBuaKo 3MiHIOIOTECS. Lle 3MiHIOE Hall croci0 1 TeMIU KUTTS, sIKI MU
obupaemo. Komn'torepn, nmiakiatodeHi A0 [HTepHeTY, cTaiy 3BUYHUM SIBUILEM Y HAIIOMY CBITi, y
3aKkiazax ocBiTM Ta Ha poOoumx wicusax. W3C BU3HAYaIOTh JOTOMDKHY TEXHOJIOTIIO SIK
«rporpamHe a0o arnaparHe 3a0e3neueHHs, gKke 0ys10 creniaTbHO CTBOPEHO, MOKJINKaHE JONOMaraTtu
TOJSAM 3 IHBANIIHICTIO y 3IHCHEHHI MOBCAKIEHHOI AisnmbHOCTI» [1]. Ile BU3HAuUEHHS MOCHTH
IIMpOKe, 00 BIAMOBIAATH IIUPOKOMY CHEKTPY AOCTYHMHHMX TEXHOJIOTiH. AJAnTHUBHI TEXHOJOTIT
JIONIOMAararoTh, aJanTyloud BMICT ab0 BIiAMOBiNI KOpHCTYBayiB 3 OjHIE] (GOpMH 10 IHIION
(HampuKIJIad, €KpaHHI HporpamMHM Ta eKkpaHHi kiaBiatypu). Lo6 kpaimie 3po3ymiTu MIHMPOTY
aJIalITUBHUX Ta JOMOMDKHUX TEXHOJOTIH, BapTO 3a3HAYUTH, II0 B MOTOYHOMY JOCIIDKCHHI HE
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BHBYAETHCS BUKOPUCTAHHS AJalTHBHUX Ta JOMOMDKHHUX TEXHOJOTIH s oci® 3 0coOIMBUMHU
OCBITHIMH TOTpeOaMH, 110 MAIOTh NMEBHI Ba/M, HATOMICTb, PO3IIAIAETHCS BUKOPUCTAHHS TAKUX
TEXHOJIOTIH Yy 3arajlbHOMY KOHTEKCTI HaBuaHHs [1].

IMocTanoBka 3agavi. B notouyHOMy JOCHi/KEHI BUBYAIOTHCS OCOOIMBOCTI BUKOPHCTAHHS
QIAlITUBHUX Ta JIOTIOMDKHHUX TEXHOJIOT1 HABUAHHS Ta IMPOBOJUTHCS BUBUYCHHS PEKHUMIB pOOOTH
QIANITUBHUX Ta JOTIOBDKHUX TEXHOJIOTIH B KOHTEKCTI BUKOPHUCTAHHS iX JUIS MATPUMKH HABYAHHS
0ci0 3 0cOOIMBUMH OCBITHIMU OTpeOaMu Ta IHIINX KaTEeropii 300ByUiB OCBITH

Merta pociaigxeHHs. BiuBueHHs 0COOIMBOCTEH Ta JOLUIBHOCTEH BUKOPUCTAHHS aJIAIITUBHUX
Ta JIOTIOMO>KIHMX TEXHOJIOT1H B KOHTEKCTI HAaBYaHHs 0Ci0 3 0COOIMBUMH OCBITHIMH TIOTpEOaMH.

OcHoBHU#i MaTepiaj. Y HaBUanbHii B3aeMOJii € 6arato MOMEHTIB, SIKi MOXKYTh BUKJIMKATH
TPYAHOIL1 y 3100yBayiB OCBITH 13 (PI3MYHUMU 200 KOTHITUBHUMHU BaJjaMu. 3a3BU4ai, JONOMDKHA abo
a/IaliTUBHA TEXHOJIOTIS 30CEPEKYETHCSI Ha OJHOMY 3 LIMX MOMEHTIB, a JUIsl JeSKuX 3/100yBayiB
OCBITM TMOTPIOHA TEXHOJOTIs Taka, 1100 BOHM MOIIM YCHIIIHO OPIEHTYBAaTHCS y HaBYAJIbHIN
B3aeMozii. HacipaBni, fesiki Jit0 11 MOXKYTh BUKOPUCTATH 5 a00 OLIbIlIe OKPEMHUX YACTUH TEXHOJIOT I
Icnye Baroma mpuumHa, YoMy ICHye Takuil pgiama3oH. lle moB's3aHO HE TUIBKM 3 PI3HUMH
MO>JIUBOCTSIMU 0C10 3 OCOOJMBUMH OCBITHIMH MOTpeOamMu, a il 3 PI3HUMHU AaCIEKTaMH TPOIIECY
HaBUYaHHS, sIKI HEOOXITHO BpaxoByBaTH.TEXHONOTIl, Opi€EHTOBaHI Ha JOJEH 3 OOMEKECHUMH
GIBUYHUMH MOXKJIMBOCTSAMH, X04a 1 HE HAMMOIIMPEHINIl, 4acTo € HalOUIhIl moMITHUMH. Jlo HHMX
BITHOCUTBCSI JUKOUCTHUKU 3 POTOM 1 IIpOorpaMHe 3a0e3neyeHHs Ui po3ni3HaBaHHs MOBU. HaBuanbny
B3aEMO/IIFO 3a3BUYail MOYKHA PO3UTUTH HA TIOCTIIOBHICTh KPOKIB, KOXKEH 3 IKMX MOYKHA BITHECTH JI0
OJIHOTO 3 IT’SITH PI3HUX pexXuMiB. L{i pexxuMu Taki x, SK 1 B Cy4aCHOMY HaBYaIbHOMY CEpEIOBHIL1
oHJaiiH. Tum TEXHOJIOT1i, IKY BUMarae 1HIMBiJ], Ma€ MPsME BITHOIIECHHS J0 PeXKUMY, SIKAN TIOTpedye
y4eHb. Pexxumu mpuiiomy Ta mepesaBaHHS BIANOBINI MOMIOHI TUM, IO, 3a3BUYaid, rmepeadadaroTh
TepeTBOPEHHs Martepiay 3 ofHiel opmu B iHITY. CHHTE3 MOBJICHHS Ta TIEPETBOPEHHSI 3 TEKCTY B
MOBJICHHSI MOK€ OYTH KOPHCHHUM JUIsI HE 3pSUOro 3700yBava OCBITH, SIKUH OTPUMYE IHCTPYKIIIT
€JIeKTPOHHOO Mo1Tor0. OTHAK BiH Ma€ MEHITY €)EeKTUBHICTh 3aCTOCYBaHHS Y PEXKHUMI ITepeIaBaHHS
BimnoBiai. [Iporpamue 3a0e3nedyeHHs] po3Ii3HABAHHS 3aCTOCOBYEThCS B 000X Iux pexumax. lle
JI03BOJISIE JIFOIMHI, TT030aBJICHIN CIIyXy, OTPUMATH IHCTPYKIIIIO Y BUTJISI ayAi0Npe3eHTallli, sska Oymna
nepeTBopeHa Ha TeKCT. LI % TeXHOJIOris TaKoK J03BOJISIE JIFOASM 3 (PI3UYHUMU BaJlaMH MepelaBaTh
BIMOBIAL 3a JONOMOTOK0 MOBH, 3aMICTh KiaBiaTypu. PeXuMH OXOIJIEHHS Ta CKJIaJaHHA
BiTOKpeMJIeHI Bifl Oyab-sKuX (PI3MYHMX BIIHOCHH 3 TOBiTOMJICHHAM. HesanexHo Bim TOTO, sK
MOBIIOMJICHHS JilIe 10 3/100yBavya OCBITH, BIH BCE OJIHO MOBUHEH II€ 3p0o3yMiTH. HesanexHo Bin
TOTO, SIK BINOBib Oyze MepeaaBaTuch Ha3ad, ii BCe OHO MOTPIOHO BUKIIACTH CIIOYATKY CJIOBAMHU.
O6unBa 11 pexuMu MependayaroTh 3aCTOCYBaHHS KOTHITHBHMX HABHYOK, a JEsKi ocodu, abo 3
TPYAHOIIIAMU Yy HaBYaHHI, TaKUMH fK JUCIEKCisi, MOBHiI Oap'epu, ab0 HU3bKa TPaMOTHICTb,
notTpedyroTh fnornomoru B Wil cdepi [2]. [Ipobmemu 3 muMU pexUMaMyd TOCUITIOIOTHCS Yepes
0COOJMB1 JIEKCUYH1 OJTMHUIII YKPAaiHCHKOT MOBH, TaKi sIK OMO()OHU, OMOHIMH, CHHOHIMH, CyNIEPEeUINBI
MpaBUiia TpaMaTUKH, HAIMIpPHE BUKOPUCTaHHS CKOPOYEHb Ta MOTJIMHAHHS HEYKPAalHCHKHUX CIIIB.
Pexum «oTpumaHHS HCTPYKLID» SK MOJaHHs (akTiB, TaK 1 CTaBICHHS 3alMTaHb, € MPUKIATAMU
OTPUMAaHHSI PEKUMY IHCTPYKIiA. OOMEXHBIIN HaIl MEPBUHHUM OIS IIBOTO PEXUMY M'SITbMa
JIIOICBKUMM NOYYTTAMH, MU 11e oGaunmo. Maibxe 100% criikyBaHHS B LIbOMY PEXHMMI CTOCY€EThCS
JIMIIE JIBOX OPraHiB YyTTs «O0auuTu» 1 «4yTH». SIKIIO ydeHb Mae nediuuT abo MOBHICTIO HE Mae
KOJJHOTO 3 IIX MOYYTTIB, TO BiH, 0€3yMOBHO, Oy/ie 60pPOTHCS B HABUAIBHOMY CepeJOBHILI. Pexxum
nepeiaBaHHs BIANOBIII Hepeadayae, 1110 y4eHb OTPUMYE BiIOBI/Ib, IKY Ma€ (GOPMYIIIOBATH B PEKUMI
CKJIaJIaHHsI Ta IepeTBOpPEHHs Ha (hopMy, Ky BuKIagad odikye. KopuctyBau Hajcuiae BiAMOBiIb Ha
ece a00 KOPOTKUI HapuUC, AKUI Mae OyTH MO3HAYCHUH «BHUXOBATEIb—IIOAMHA». 3PO3yMLIO, IO OJIHI
H Ti )X TEXHOJIOTIl MOXXYTh OyTHM BHMKOPUCTaHI B 000X BHIIQJIKaX IHCTPYKLIH Ta MepeaaBaHHA
BI/INIOB1/IEH, ajile BOHM BUKOPUCTOBYIOTHCS 3 PI3HUX MPUYHUH, 1 HE OyIyTh BUKOPUCTOBYBATUCS B 000X
pexuMax ojaHiero ocoboro. CHHTE3aTOpH MOBIEHHS €, MaOyTh, HAMOUIBII BHU3HAHOIO (HOPMOIO
a/IaNTUBHUX TEXHOJIOT1. BOHU € HEOOXIMHICTIO ISl HE3psAUnX a0 cnabo3psiunx 3700yBaviB OCBITH,
1100 YCHIIIHO OPIEHTYBATUCS B CEPEJOBHIII HaBYaHHS. 3a OCTaHHI POKH I TEXHOJIOTIS Mpoifnuia
BenMKUiA nUisiX. KoMIT'toTep CHHTE3yBaB TOJIOC, 3 YaCOM BiH CTae Bce OuTbII mpupoaHum. Termep

183



nporpaMaM 34MTYBaHHS 3 €KpaHa MOJKHA NpPH3HAYaTH aKIEHTH, SKi OUIbIlle HaraayloTh Ti, L0
MpUTaMaHHi 3100yBavy OCBITH.

BucnoBku. Byno po3risiHyTo psiji IOTIOMDKHHMX Ta aaNTUBHUX TEXHOJIOTIH, JOCTYIHHUX B
VYkpaini. Buxigna nepeaymoBa mossirae B TOMy, IO Il TEXHOJIOT1i IPAIIOIOTh Y 5 PI3HUX PeXUMaX,
IO CTOCYIOTBCS aCIEKTiB HAaBYATBHOTO Iporiecy. MoXHa CTBEpPKYBATH, IO BCi TEXHOJIOTII, 110
MIATPUMYIOTE YCi TI’Th PEXKHUMIB, JOMIOMAraroTh KopuctyBadam. OJHAK, OCKUTBKHA TEXHOJIOTII, SIKi
BUKOPHUCTOBYIOTBCS JUIS PO3LIMPEHHS IHCTPYKIIl NMpUiioMy, Ta PEeKHUMH TepelaBaHHS BiIMOBiIi
3a3BUYall 3aJIeXKaTh Bil 3MICTy ab0 BIINOBiAEH, 3 OJHOTO MPEJICTABICHHS IHIIMM, Y AOCIIKEHHI
IMEHYBaJM AK aJanTHBHI TEXHOJIOTII. be3cyMHIBHO, IO TEXHOJIOTISI BHKOPHUCTAHHS IOTIOMDKHUX
3ac00iB MOTpelye MONATBIIOTO MOTJIMOIEHOTO TOCTI/PKEHHS, 32 pe3yIbTaTaMH SIKOTO MOXKe OyTH
3alpOTIOHOBAHO HHU3KYy KOPHCHMX OCBITHIX IHHOBAIlll HE TUIBKUA Uisg 3/100yBadiB OCBITH 3
0COOIMBUMHM OCBTHIMI MOTpeOaMH, aje i JJIs IHIIUX KaTeropii 3100yBayiB OCBITH.

Cnucoxk BUKOPUCTAHUX [IZKepet
1. Apple Inc. Texuomorii cremianeaux MoxauBocteir y MacOSX. URL: http://www.apple.com/
accessibility (nata 3BepHenHs: 15.04.2022).
2. @apun, Myrapr, Ctapk. YIpaBiiHHS JTUCIICEM KOMIT IOTEpa Ta B3a€EMOJis 3a Jonomoroto Eye-
Gaz. URL: http://main.cs.qub.ac.uk/~fmurtagh/papers/fm6.pdf (nara 3eepuenns: 10.04.2022).

CTPYKTYPA BEB-OPIECHTOBAHOI'O OCBITHBO-HAYKOBOI'O
1 HABYAJIbLHOI'O CEPEJOBMIIIA 3AKJAY BUIIOI OCBITHU

®panuyk B. M.}, ®panuyk H. I1.1:2
'Hanionansauit nemaroriunmii yaisepcuret imeni M. I1. JIparomanosa, m. Kuis, Ykpaina
Inctutyt mudposizanii ocsirn HAITH Vkpainn, m. Kuis, Yipaina

Amnorauist. [linroroBka MaitOyTHROTO BUHTENS iH(DOPMATHKH Ta (haxXiBIsl 3 IHGOPMAIIHHIX TEXHOIOT M
Mae 0a3yBaTHCS Ha TENAroriyHo BUBAKCHOMY TapMOHIHHOMY TOE€HAHHI TPAAUITIHHUX METOAMYHUX CHCTEM
HaBYaHHS Ta HOBITHIX IH(GOPMAIIHO-KOMYHIKAIIMHAX TEXHOJIOTIH, (opM, METOIIB 1 3ac00iB HaBYaHHS.
O06’€KTOM IOCTIHKEHHS € MPOIleC HaBYAHHS IUCHHUILTIH I 9ac ($axoBoi IMArOTOBKM MalOyTHIX BUMTENIB
iH(bopMaTHKH Ta (axiBIliB 3 iHPOPMAIIITHIX TEXHOJIOTIH Y 3aKiIazax BUIIOi ocBiTH. [Ipenmerom qocmimpKeHHs
€ Be0-Opi€HTOBaHE OCBITHRO-HAYKOBE Ta HAaBUAIbHE CEPENOBHINE 3aKJIAAy BHINOI OCBITH IJISl HABYAHHS
MalOyTHIX yuanTemniB iHpopMaTHKH Ta GaxiBIiB 3 IHPOPMAIITHAX TEXHOJIOTIH ITiJ] Yac 3MIMaHOro HaBYaHHS.
BuxopurcranHs Beb6-0pi€HTOBaHOTO OCBITHRO-HAYKOBOT'O 1 HABYAJIFHOTO CEPEIOBHIIA A€ 3MOTY IHTETPyBaTH
CyJacHI OCBITHI pecypcH, HaBYaJbHI POrpamMu, 3aco0H, iHPOPMAIliiTHO-KOMYHIKAIlIiiHI TEXHOJIOTI B €FHY
CHCTEMY Ta aBTOMATHU3YBATH YITPABIIHHS OCBITHIM IIPOLIECOM.

KawouoBi ciioBa: HaBuyanbHE cepeoBUINE, BeO-OPIEHTOBAHA CUCTEMa, 3MilllaHe HABYAHHS, BUUTENb
iHbopMaTHKH, PaxiBers 3 iIHPOPMAIIHHNX TEXHOJIOTIH.

THE STRUCTURE OF THE WEB-ORIENTED EDUCATIONAL-SCIENTIFIC
AND EDUCATIONAL ENVIRONMENT OF HIGHER EDUCATION INSTITUTION

Franchuk V.%, Franchuk N.%2
INational 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
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,
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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 iHhopMaTH9IHOT MATOTOBKH MaliOyTHHOTO BUMTENS iH(POpMATHKH Ta BaxiBIIs
3 iH(pOpMaLIfHUX TEXHOJOTiH Mae Oa3yBaTHCS Ha TEJAroriYyHO BHUBAXEHOMY TapMOHIMHOMY
MOEHAHHI ~ TPAMUIIIMHAX METOAMYHMX CHUCTEM HaBYaHHA Ta HOBITHIX iH(OpMAIiHO-
KOMYHIKAaLlIHHUX TEXHOJIOTIH, (opM, MeTonmiB 1 3aco0iB HaBuaHHA. llearoriyHo BUBaXKEHE
3aCTOCYBaHHS CydYacHHX IH(OpPMAIiHHO-KOMYHIKAIIHHAX TEXHOJIOTIH HaBYaHHS B HaBYAIBHO-
BUXOBHOMY IpolLieci B 0aratb0X BUMaAKaXx 3a0e3edye J0CTaTHO BUCOKI pe3yabTaTy MpodeciiiHol
miaroToBku ¢axisiiis [1].

IMocTanoBka npodsemu. [Ipote BapTo BpaxoBYyBaTH 1 3aKOHOMIPHOCTI, BJACTUBI HABUAHHIO
3 BHUKOPUCTaHHSIM CYYaCHUX IH(POpPMalIiHO-KOMYHIKALIHHUX TEXHOJIOTIH, 30Kpema, MiJ dac
3MIIIAHOTO HAaBYaHHS, a caM€ B yMOBax HaHjAeMili Ta BiiHU. B pa3i BUKOpHUCTaHHS 3MICTY
3MIIIAHOTO HABYAHHS BPaxOBYETHCS 3MICT HaBUaHHsA B 3akiaai Buioi ocsitu (3BO): cTpykTypa,
3MICT Ta 00CSI HaBYAJIBHOTO Marepiaidy, OBOJIOJIHHS SKUM 3a0e3nedye CTYACHTOBI MOXIIUBICTh
3100yTTS BUINOT OCBITH Ta 1MeBHOT KBasidikarrii [2].

Meta po00TH — CTBOPEHHS 1 IOCIIPKEHHS MO/IeN1 BEO-OpIEHTOBAHOTO OCBITHHO-HAyKOBOIO
1 HaBYaJIbHOIO CEpEeJOBMILA 3akjaay BHIIOI OCBITM Ui HaBYaHHS MaHOYTHIX YYHUTEIiB
iHpopMaTuku Ta (axiBLiB 3 HPOPMALIHHUX TEXHOJOTIH.

OcHoBHa yacTuHAa. [{[eHTpabHOTO JTaHKOO 1HGOPMATHYHOT MIATOTOBKA Mall0yTHHOTO BUUTEIISI
iHbopMaTHKU Ta (axiBi 3 HGOPMAIITHUX TEXHOJIOTIH € BEOOpPIEHTOBAHE OCBITHHO-HAYKOBE 1
HaBYaAJIbHE CEPEIOBUIIE, BUKOPUCTAHHS SIKOTO JIa€ 3MOTY IHTETpyBaTH Cy4YacHi1 OCBITHI PeCypcH,
HaBYAIbHI TPOTpaMH, 3acoOu, IH(OpPMAIliTHO-KOMYHIKAIIIHHI TEXHOJIOTi B €IUHY CHCTEMY Ta
ABTOMAaTU3YBaTH YIIPABJIIHHS OCBITHIM IpoIiecoM (pucyHok 1). Be6-opieHTOBaHE OCBITHBO-HAYKOBE 1
HaBYAJIbHE CEPENIOBUINE peaTi30BaHO Ha 0a3l TpaauI[IfHMX METOJAWYHUX CHUCTEM HaBUYaHHSI
(HaBUAIbHO-METOAUYHE 3a0€3MeUCHHS TUCIUILUIIH, MiPYIHUKH, IIOCIOHUKH, TOaTKOBI PECYpPCH) Ta
BEOOPIEHTOBAaHMX CHCTEM — XMapO-OPIEHTOBAHI CEPBICH, CHCTEMH YIPABIIHHSI BMICTOM CaMTiB
3araJbHOTO MPU3HAYEHHS, CUCTEMH YIPABIIHHA HABUAILHHUMH MarepiaiaMu, BUIABHUY1 CHCTEMH,
CHCTEMH CHELIaTbHOTO MTPU3HAYEHHS, CHCTEMHU ISl CIIUIBHOT POOOTH TOLIIO.

BucHoBkM. YCHIHICTL peaiizaiii MpornoHOBaHOT MOJENl BeO-OpIEHTOBAHOTO OCBITHBO-
HAyKOBOTO 1 HABYAJILHOTO CepeIOBUINA 3aKIIa1y BUIIOI OCBITH Ul HABUYAHHS MaiOyTHIX YUUTETIB
iHpopmaTuku Ta (axiBIiB 3 IHGOPMAIIMHUX TEXHOJOTIH 3aJCKUTh BiJ 0ararbOX YWHHUKIB,
30KpeMa BiJl HassBHOI Cy4acHOI MaTepiallbHO-TeXHIUYHOT 06a3u, popMmyBaHHS €PEKTUBHUX METOIUK
BUKOPUCTAHHS BEOOPIEHTOBAHMX CHUCTEM HAaBYaHHS AMCLUMUILIIH, OpraHi3allifHUX YWHHUKIB,
MIATOTOBKU KaJpiB, MEBHUX CTPYKTYPHHUX 3MiH. TOMY HEOOXiTHO y MOMAAIBIIMX JTOCHIIKEHHSIX
PO3IIISIHYTH Ta JAOCHIAWTH €Talmu BIPOBA/HKEHHS BEOOPIEHTOBAHOTO OCBITHHO-HAYKOBOTO 1
HaBYAJIBHOTO CEpeIOBUILA 3aKJIay BUIOI OCBITH JUIsl HABYaHHS PI3HUX HABYAJIBHUX JTUCLMILIIH
MaiiOyTHIX BUMTENIB iH(POPMATHKH Ta (axiBLiB 3 iHGOPMALIIHUX TEXHOJIOTIH y 3aKiajax BULIO]
ocBitTd. HaykoBa HOBM3Ha NOCTI[DKEHHS IOJIATa€ B TOMY, IO 3alpOIIOHOBAHO MOJETIb BeO-
OpIEHTOBAHOTO OCBITHHO-HAYKOBOTO 1 HABYAJIBHOI'O CEPEIOBUILE, BAKOPUCTAHHS SIKOTO JJA€ 3MOTY
IHTErpyBaTH Cy4acHI OCBITHI peCypcH, HaBYalbHI Mporpamu, 3acobu, iH(opmaliiiHo-
KOMYHIKAI[Ii{H1 TEXHOJIOT1i B €IMHY CUCTEMY Ta aBTOMATU3yBATH YIIPABIIIHHS OCBITHIM IPOLIECOM.
[IpakTuyHe 3HAUEHHS JOCIIKEHHS MOJISrae B TOMY, 110 po3po0sieHa MOJIeNlb BE0-0piEHTOBAHOTO
OCBITHBO-HAayKOBOT'O Ta HaBYAJHHOTO CEepeloBHILA MOXe OyTH BUKOpHUCTaHa B mpolieci (haxoBoi
MIATOTOBKKM MaiOyTHIX BuMTeNiB iHQOpMaTHKU Ta (axiBLiB 3 1H(OPMAIIMHUX TEXHOJIOTIH B
3aKJIa/lax BUIO1 OCBITH, 30KpeMa TaKky Mojienb BrpoBapkeHo B HITY imeni ML.II. JIparomanoBa.
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Pucynok 1 — KomroneHTH BeOOpIEHTOBAHOTO OCBITHBO-HAYKOBOT'O
1 HaBYasIbHOTO cepenoBuiia 3BO

Cnncox BUKOPHCTAHUX JIZKepeJt
1. SmanoB C. M. TeopeTnko-MeTONNYHI 3acaayd CUCTEMH IH(POPMATHYHOI MIATOTOBKKA MalOyTHIX
YYUTENIB TPYAOBOTO HABYAHHS: JTUC. ... A-pa nen. Hayk: 13.00.04 / HITY imeni M. I1. IparomanoBa. Kuis,
2010. 529 c.
2. Txauyk I'. B. Teoperwdni i MeTomuW4HI 3acajy MPaKTUYHO-TEXHIYHOI ITJrOTOBKH MaiOyTHIX
yauTeniB iHPOPMATHKN B YMOBaxX 3MIMIAHOTO HABYaHHS: IWC. ... A-pa mea. Hayk: 13.00.02 — teopis Ta
MeToarKa HaBdaHHs (TexHiuHi auctumtiam) / HITY imeni M. I1. [IparomanoBa. Kuis, 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,...rc) —expected ratings by v for ri,...ry, >= 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 questionnaire 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.

190



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 MCI.

Keywords: medical education, international students, graduate exams, preparing communication
technologies.

EQEKTUBHICTbD INAIOTOBKU IHO3EMHUX CTYJAEHTIB-I'POMA/JISTH THIIT 10
JINEH3IMHUX IHTET'POBAHUX ICIIUTIB 3 BUKOPUCTAHHAM CYYACHUX
TH®OPMAIIMHO-KOMYHIKAIIIMHUX HABYAJIbHUX CUCTEM

Cagka l., I'apac M., Caska C., CemsHis L.
BykoBUHCHKHI iep:kaBHUI MenuvHUE yHiBepcuTer, YepHiBii, Ykpaina

AHoTanisg. Meroro po6oTu 0yiI0 BUBUCHHS Ta MMIABUIICHHS €()EeKTUBHOCTI MiJArOTOBKH BUITYCKHHUKIB
MeanvHoro (akynpTeTy—TpoMaasH [Hil 1o mineH3iiiHoro iHTerpoBanoro icnuty «Krok 2. Medicine» ta
icnuty Menmaroi paau [Hi1 3 BUKOPUCTAaHHSAM KOMYHIKaIlIHHUX HaBYAIbHUX TEX HOJIOTIH.

[TpoanaiizoBaHO IOMICSYHI pe3yIbTaTH KOHTPOJIBHUX 3aBaHb 32 BapiaHTAMH ITIATOTOBKH JIO iCITUTIB
Ta pe3y/bTaTH JIIeH31iMHOro iHTerpoBanoro icnuty «Krok 2. Medicine» ta iciuty Meauunoi pagau Iuaii y
49 crynenTiB-rpoMansH [Hmli, BUIMyCKHUKIB BYKOBHHCBKOTO IEp)KaBHOTO MEIUYHOTO YHIBEPCHTETY
(bAMY). CaMomiaroToBKy Ta CaMOKOHTPOJIb JO CKJIaJaHHS 000X ICIUTIB CTYICHTH 3MIMCHIOBAIN 3
JOIIOMOTOF0 HaBuaIbHOro moprany 123.bsmu.edu.ua.

BceranoBieHo BiporigHUI MTO3UTUBHUN 3B’ 130K MK pe3yIbTaTaMH BCIX MIOMICSIHUX JIarHOCTHYIHO-
TPEHYBaIIbHUX TECTYBaHb Ta JNEH31WHUM iHTerpoBaHuM icnutoM «Krok 2. Medicine» (r=0,45-0,51,
p<0,05). Cepenniii BinCOTOK MpaBWUJIBHHUX BiANOBimeW cryneHTiB mpu ckinaganHi «Krok 2. Medicine»
cranoBuB §8,0+0,7% 3a BIICYTHOCTI HE3aAOBUIbHUX pe3ysbTaTiB. BonHo4ac pe3ynapTaTi aHaiisy )KOIHOIO
IIOMICSYHOTO TECTYBaHHS B KOHTPOIIOBAIFHOMY PEXKHMI il Yac MIATOTOBKU A0 icuty MeanyHoi pann
[Hail moCTOBIpHO HE KOpETIOBaNM 3 pe3yabTaTaMH IBOTO ICIIUTY, CKJIAJCHOrO BHUITYCKHHKaMH Ha
OarpKiBImKHI. TakoXk HeEMae B3a€MO3B’SI3Ky MK pe3yibrataMu iHTerpoBaHoro icnuty «Krok 2. Medicine»
Ta icuty MeanuaHoi panu [Hmil.

@dinaneHi pesynbraté ictmty «Krok 2. Medicine» Ta icnuty Menuunoi paam Iupii, orpumani
iHpiicekuMu ctyneHTamu bJIMY, cBimyaTh Tpo BUCOKY €QEKTHBHICTh MWUCTAHIIMHOI OHJIAWH-(OPMHU
CaMOIIIATOTOBKA 3 BUKOPUCTAHHSM HaBYAIBHOTO TPEHYBAILHOTO TOPTaly, a HAasIBHICTH/BIJICYTHICTb
BHIIE3a3HAYCHNX 3B’S3KIB BKA3yOTh Ha Pi3HUHA (opMaT TECTOBHX 3aBIaHb JIIEH3IITHOrO iHTErPOBAHOTO
icuty «Krok 2. Medicine» Ta icnuty Meanunoi paau [Hmii.

KamouoBi ciioBa: MenmuyHa oOCBiTa, 1HO3€MHI CTYAEHTH, BHUIIYCKHI icnuTH, iH(OpMAIiiiHO-
KOMYHIKAIliifHi TEXHOJIOT11.

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. Mediciney. 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. Medicine» 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 Nel181 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 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.

BUKOPUCTAHHA IHCTPYMEHTIB JIONOBHEHOI PEAJIbBHOCTI BYUTEJIEM
Y HPO®ECIMHIA AIAJIBHOCTI JJIA PEAJIIBALII IIIAXO Y
HA OCHOBI 3AIIUTIB Y STEAM-OCBITI

Copoxo H.
[acTuTyT UdpoBizarii ocBiT HarioHanpHOT akaeMii IearorivHuX HayK YKpaiHu,
M. KuiB, Ykpaina

AHoTanisgs. Meroro IochiKeHHs € peati3alis crnoco0iB BUKOPUCTaHHA IHCTPYMEHTIB JTOMOBHEHOI
peaTbHOCTI BUMTEISIMUA Y TpOoQeciiiHii MisUTBHOCTI U MiaXony Ha ocHoBi 3amuTiB y STEAM-ocBiTi.
[IpenmeroM noCHiIKEHHS € MiAXin Ha OCHOBI 3amutiB mns peamizanii STEAM-ocBitn BumrensMu y
nipocdeciitHii mismpHOCTI. JloCTiIKeHHsSI OpiEHTOBaHE Ha BUMTEIIB 3araJlbHOOCBITHIX HaBYAJIHLHUX 3aKIaIiB
(CemumonkiBcpka 301 I-III crymeniB (Vkpaina), CnemiamizoBana mkoma Nel81 im. I Kyapi 3
noruOIeHnM BUBYEHHSIM iHO3eMHUX MOB (KuiB, Ykpaina)) 3 MeToro BU3Ha4YE€HHS iXHBOT'O CTABIICHHS 010
BHKOPHCTaHHS JIOMOBHEHO1 peansHocTi B STEAM-0cCBIiTI 3 migxoqoM Ha OCHOBI 3amuTiB. JlocmimKkeHHs 3a
ydacTio 27 BYHTEINIB 3arajbHOOCBITHROI IIKOIW TPOBOIWIIOCS 3 BepecHs mo rpyaeHs 2021 poky. 3a
pe3ynbTaTaMH JIOCHIDKEHHSI 3pOOJEHO BHCHOBOK, IO Ceped CIOcO0iB BUKOPHCTAaHHA BUMTEISIMU
IHCTPYMEHTIB JIOTIOBHEHOI PEaIbHOCTI Ui peaiizamii mixgxoay Ha ocHoBi 3anutiB y STEAM-ocBiTi ciin
BHJIUITMTH TaKi: IMojladya HOBOTO MaTepialy Ta MO3KOBHUH INTYpM; MPEACTaBICHHS 00’ €KTIB 1 MPOIECIB, SKi
BaKKO TIOKa3aTH B peajbHOMY XHTTi, [UI1 TeCTyBaHHA. llepcrekTrBaMu MOJAJIBIIMX AOCTIDKEHb €
CTBOPEHHSI CIIELIaJIbHOTO KypCy IS BUMTENIB, SIKMA JacTh MOXJIHMBICTh HABUMUTH IX BHUKOPHCTOBYBATH
IHCTPYMEHTH JIOMTOBHEHOI pealbHOCTI y mpodeciiiHiil MisTbHOCTI IS MATPUMKA Ta po3BUTKY STEAM-
OCBITH.

KuirouoBi cjioBa: 1onoBHEeHa peanibHICTh, IHCTPYMEHTH JIOMIOBHEHOI PEaIbHOCTI, MigXiJ HAa OCHOBI
3amutiB, STEM, STEAM-ocBira.

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,

194



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-
i0&utm_medium=organic&utm_campaign=io21-learninglab#0); Blippar

(https://blipps.blippar.com); Create a Mind map «types of face masksy; «materials for face masksy;
«ecology and use of face masksy» (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 Nel181 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:

- «l use AR tools to submit new material» (75%);

- «Il use AR tools to present objects and processes that are difficult to show in real life» (83%);

- «l use AR tools for carrying out the brainstorm» (56%);

- «l 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 skills»
(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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Cexkuisa M. [Tpo6iemu ninroroBku IT-daxisuis y 3BO

AHAJII3 JEAKUX ITPOT'PAMHUX NPOAYKTIB I CTBOPEHHS IT'OP

BepooBeunbknii /1.B.
Incruryr mudposizanii ocsirn HAITH Ykpainu, m. Kuis, Ykpaina

AHoTanisi. Y poOoTi mpeacTaBiIeHo NONYISIpHi IaTGOPMHU Ui CTBOPEHHSI KOMIT IOTEPHHX irop Ta
3po0JIeHO iX aHami3. 3aBISKU [BOMY € MOXIIMBICTD BIIPOBAAWTH CydacHi MeToAM Ta (OPMH HaBUAHHS B
OCBITHIH TPOIIEC, aJIKE € MOXKITUBICTh CTBOPIOBATH ITPH HE TUIBKY JUIS BUBUCHHS HOBOI iH(OpMAIIii, a i Jjs
(dbopMyBaHHS TEBHMX KoOMIleTeHTHOCTelH. [IpoaHamizoBaHO OCHOBHI TOHSTTS Ta TepMiHHM y cdepi
KOMIT'IOTEPHHX 1irop. BusiBieHo, min sSKuil >KaHp KOMITIOTEpHOI I'pU SIKMH KOHKPETHO PYILIid Kpaiie
MiaXoauTh. BU3HAYeHO OCHOBHI KpHUTEpii MOPIBHSHHS irpoBHX PYIIiiB, OMHCAaHO OCHOBHI HENOJNIKH Ta
nepeBard KOXKHOTO TPOAHANII30BAHOTO PYIIis, O3HAHOMIIEHO 3 MPHUHIHUIIOM pOOOTH Ta icTopiero ix
cTBOpeHHs. TakoK B3ATO JI0 yBarM OCHOBHI amapaTHi BUMOTH Uil pOOOTH 3 KOXKHUM I3 PO3MIISTHYTHX
MPOrpaMHUX 3aCO0IB.

Karouosi ciioBa: rpa, irpoBuii pymiiid, CTBOpEHHS irop, irposa miatdopma.

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. OctaHHIME poKaMH Ha PHUHKY MPOTPAMHOTO 3a0€3IEUYCHHS MPHUCYTHIH HIMPOKHIA
BHOIp IporpaMHUX MPOAYKTIB, Ha 0a3l sSIKKX MOKHA CTBOpIOBATH KOoMII OTepHi irpu. Cepen HUX
Haioinem nomyaspuumu €: 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'IOTEpHHX, MOOUTBHUX IrOp Ta irop Ha KOHCOJIAX CTa€ BCE
HIUPIIUM 1 IIUPIIAM, TOMY MOIIYK BiIOBIIHOTO IrPOBOTO PYIIis AJisl iX CTBOPEHHSI € aKTyaJlbHUM
3aBJIaHHSIM.

IlocTanoBka 3ajgaui noJsrae B aHaii3li OCTaHHIX Ha CbOTOJHI BEpCid IrpOBUX PYILIiB IS
CTBOPEHHS KOMIT FOTEPHUX Irop.

Metoro nochaiikeHHsI € aHaii3 HAHOUIBII MOMYJAPHUX ITPOBHX PYILIiB A7 CTBOPEHHS
KOMIT IOTEPHHUX 1rop.

OcHoBHa 4acTHHaA. IrpoBuii pywiii (game engine) — me sapo rpu, 0a3oBe MporpaMmHe
3a0e3MeueHHsl, Ha OCHOBI SIKOT'0 OyIYIOThCs BCl 1HINI ii CKIaJHUKHU. 3arajJoM pyILIieM Ha3HUBA€ThCS
nnaThopMa, Ha SKill CTBOPIOETHCS KOMIT FOTepHa Ipa. Moro MoxHa ySBUTH K Kapkac, Ha SIKOMY
pearidyeTbes irpoBa Jiorika Ta (i3WKa, BiH BiJIITOBIAE 32 BCIO TEXHIYHY CTOPOHY I'pH. XOPOIIHi
pyIIiii  103BoJsIE PO3poOHMKAM BTLIIOBAaTH CBOi i€l Ta 3aAyMH B JKUTTSA. 3aBISKHU I[LOMY,
HAMPHKIIAJ], MOXKHA «IIPOTYIIIOBATHUCS TUMHU CBITaAMHU, SIKI BOHH MIPEICTABISIOTh.

KosxHa rpa po3po0iiseThes Ha KOHKPETHOMY IrpOBOMY PYIIIii Ta YHI(IKYETHCS BIIMTOBITHO 10
KOHKPETHUX 3aBJaHb. IrpoBi pymrii ymoxmBuiu ctpubok y 3D, BBeaeHHS aOCONIOTHO HOBHX
’KaHpIB, cepe]] AKUX, HalpHUKIIal, IIyTep Bix nmepuoi ocobu [1, 2].

PosrnsiHemMo OubII 1eTanbHO AEsIKl pYyIIil Ui CTBOPEHHS irop.
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Kommnanist Unity Technologies po3po6uina onHoiMmeHHu# irpoBuii pymriit. s po6otu 3 Unity
Tpeba MoTpiOHO MaTH HABMYKH MporpamyBaHHs MoBoi0 C# Ta nocig poOoTu Ge3nocepeHboO B
cepenoBuii Unity. C# HeoOXiHMIA 7151 CTBOPSHHS CKPHIITIB TPU.

Jlo mepeBar JaHoro pyIilis HaJIeXKAaTh:

— BUTigHE pimeHHs 3 (iHAHCOBOI TOYKH 30Dy, OCKUIBKA MPUCYTHS OE3KOIITOBHA BEPCis

poTrpamu;

— JIeTKE OCBOEHHS PYIIisl 3aBASKH IIMPOKOMY BUOOPY BiI€O-ypOKiB y Mepexi IHTepHeT;

— JOCHUTbH IIUPOKE CIHIBTOBAPHCTBO MK PO3POOHUKAMH PYIIis Ta KOPHUCTYBAaYaMH, 3aBJISKA

SIKOMY PO3POOHHMKH IIBUIKO BUMIPABISIOTH IOMHJIIKH Ta HEIOJIKU y HOTO POOOTI.

OnHKUM I3 HEJOJIKIB IAHOTO PYIIis € 00CAT MiCIi, IKUi 3aliMae Oy/b-siKa Tpa, HalkucaHa 3
ioro BUKOpuCTaHHsM. Jlo MpuKiaay, HaBITh MPOCTa MIKCEJIbHA KOMII FOTEpHA rpa 3aiiMae T0BOJI
BEJIMKY KUIBKICTh OrepaTuBHOI mam’siti koM ’totepa [3]. 3 Bukopucranusm Unity pospoOieno
nonyssipHi irpu, Taki sik Cities Skylines, Hearthstone, Call of Duty: Mobile, Ta inmi.

lomo Unreal Engine, To MoOXXHa cKa3aTd, II0 MPEICTAaBHUKU pPYIIIST HaMararoTbCs
HaWIpOJYKTUBHIIIIE BUKOPUCTOBYBATH KOMIT IOTEPHY apXITEKTYpY Ul ONTUMI3alii poOOTH CBOTO
pymris. 3 2015 poky Unreal Engine 4 ctaB st po3poOHUKIB irop 6e3koImToBHUM. [Ipukiiagamu
irop, cTBOpeHUX Ha oMy pyiiii, € Gears of War, Batman: Arkham Asylum, Mass Effect Ta inmri.

Jlo mepeBar py1iisi HaJaeXaTh:

— BEJIMKE CIIBTOBAPHUCTBO PO3POOHHMKIB 1, IK HACTIOK, YMMasa KUTbKICTh BileoMaTepiais,

JUTSI UTFOCTpaIllii MpoIiecy po3poOKHu;

— TeXHIYHA MIATPUMKA Ha JOCHTHh BUCOKOMY PIBHI;

— BIAIaroKeHUi MeXaHi3M OHOBJICHB;

— M 4ac KOXXHOTO OHOBJIEHHS JIOJA€ThCSl LIOHANMEHIIEe OJUH HOBUHM IHCTPYMEHT MJIs

poboTtu;

— BEJHMKWN HaOIp IHCTPYMEHTIB ISl CTBOPSHHS aHIMaITii.

Hemomikamu 1boT0 pyIIis BBAXKAEMO:

— CIulaTa M'ATUB1JCOTKOBOIO MOJATKY IICHS TOTO, SIK I'pa CTaHe NPHUOYTKOBOIO;

— HE MPUIATHICTH JJI1 CTBOPEHHSI MPOCTHX irop [4].

Cry Engine — e xomepiiiinuii irpoBuii pymiii kommanii Crytek. Ilei pymriii mpomoHye
BEJIMKUI HAaOIp IHCTPYMEHTIB JIJIsi CTBOPEHHSI KOMIT FOTEPHO1 I'pH B peasIbHOMY Yaci. Pymriit MicTUTB
Oararo nepeaoBux rpadiuHux, GI3UYHUX 1 aHIMAIIIMHUX TEXHOJIOTIH, a TAaKOX 0araro MmokpamieHb
IrpOBOTO MpOLECY.

P03po0HUKH Irop HA HOTO OCHOBI BUALISAIOTH TaKi ioro mepesaru [5]:

— ¢ynkuii, Taki sk Flowgraph, HagaroTh MOXJIHMBICTh, HE JNOKJIAJAI0YH BEITUKUX 3YCHUIIb,

HaINOBHUTH I'Py 4yA0BOIO rpadikoro;

— ¢ynxkuii incTpymenTy Fmod 10omomMoxyTs CTBOPUTH NOTYKHUN 3BYKOBUMN CYITPOBIT;

— HalnpocTimuil mpolec CTBOPEHHS MTYYHOTO IHTEJIEKTY.

Cepen HEOMIKIB BUALIHIMO:

— MOTPiIOHO YEKATH JOBTO BIAMOBIIb Bl TEXHIYHOT MIATPUMKU OE3KOIIITOBHOT BEPCif]

— CHUIBHOTA POCTE JOCUTH MOBLIBHO;

— 3acTapina JOKyMEeHTallist abo BiICYTHICTS ii 1 6araTb0X MOIYIIIB.

3 BukopucTaHHsIM Rage Oynu CTBOpEHi JesiKi «KyJIbTOBi» irpoBi mpoektH, Taki sk Grand
Theft Auto V i Red Dead Redemption. Rage npu3HadeHuil a1 BHYTPIIIHBOTO BHKOPHUCTAHHS
¢imianamu Rockstar Games. JlineH3is He 103BOJIsi€ HOTO BUKOPUCTAaHHS CTOPOHHIMU KOMIaHIsSIMH,
TOOTO MOBHMH (PYHKIIOHAJI PYIIisl HEIOCTYNMHUN OyAb-KOMY, XTO NpHAOaB JIIEH3II0, a JIMIIe
KOMITaHil, 0 CIIBIpamoTh 6e3nocepeanbo 3 Rockstar Games. Hanani pymriii BHKOPUCTOBY€ETBCS
IJISL pO3POOKH Irop 3 BIIKPUTUM CBITOM ISl KOHCOJIeH Ta koM totepiB Ha kmrant Grand Theft
Auto IV. Rage nintpumye nepcoHainbHi KOMIT'I0Tepu Ta irpoi koncoui: Xbox 360, Xbox One,
PlayStation 3, PlayStation 4.

198



Jlo mepeBar JaHoTro pyIIlis HaJIeXKAaTh:

— BEJMKHIA BUOIp IHCTPYMEHTIB Il CTBOPEHHS Ta O(POPMIICHHS! IrPOBHX JIOKAIIIH;

— MPUCYTHICTh IHCTPYMEHTIB Ui CTBOPEHHS CHUCTEMH B Tpi, SKa MOXE 0OO0poOATH,
3aCTOCOBYBATH, 3alaM’sITOBYBaTH Ta BIOCKOHATIOBATH 3400YyTi Bill KOpUCTyBada T'pH
3HAHHS Ta BMIHHS;

— BEJUKHI BUOIp CTHIIIB JUTSI B3a€MO/II1 TPaBIIs 3 IrPOBUM CBITOM.

Cepen HenOMIKIB TIIATGOPMH MOKHA BHOKPEMHUTH:

— BIHOCHO HE3py4HHil iHTEpdeiic;

— TIOTaHa ONTHUMI3AIlis VI KepYBaHHS KJIaBiaTyporO Ta MHUIIKOIO.

BucHoBku. MoxHa KOHCTATyBaTH, IO KOXKEH IPOBHIA PYIIIIMA B Ti YM 1HIIIH Mipi XOPOIIIHIA,
KOKEH Ma€ CBOT IepeBaru Ta HexoJiku. HuHI Ha pUHKY MPOTrpaMHOTO 3a0€31eYeHHs, TPAKTHIHO
JUIS KOJKHOTO JKaHPY KOMIT IOTEPHOI TpH, po3po0iIeHU OauH a00 KUThbKa IrpOoBUX pyIIiiB. OTOX,
KOXHY 3 pO3IJISIHYTUX IJIAaTGOpM MOKHA YyHI(iKyBaTH Mmig KOHKpeTHI moTpebu. Takox ciifg
3a3HAYNTH, IO BUKOPUCTAHHS BHIIE3TaAaHUX IUIATGOPM JO3BOJSE YHHUKATH JTyOJTIOBaHHS
MIPOrpaMHOr0 Kojay. Y MIACYMKY 1€ J1a€ MOJKJIMBICTh 3a0LIa/PKyBAaTH 3YCHIUIS MpU Po3pooii
IrpOBUX JOJATKIB.

[IpoananizoBani mnporpamHi 3acoOuW [UIsi CTBOPEHHS KOMIT'IOTEPHHX IrOp MOJKHA
pEKOMEHAYBaTH Il BUKOPUCTAHHS Y OCBITHbOMY Tporieci mpu miarorosil [ T-¢daxiBuiB y 3akiagax
BHIL[OT OCBITH.
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MOTEHLIAJI BUIIIOI OCBITH YKPATHU
Y NIATOTOBII KOHKYPEHTOCIIPOMOXKHUX IT-®AXIBIIIB
JIJIS1 HIOBOEHHOT O BITHOBJIEHHSI EKOHOMIKH KPATHU

3axaposa O. B., IIpoxanosa JI. B.
YepkacbKuil epxKaBHUM TEXHOJOTTYHUN yHIBepcHUTET, M. Uepkacu, YkpaiHa

AnoTtanis. [1IBuKe BiTHOBIIEHHS EKOHOMIKH Y KpaiHH y TIOBOEHHUH ePioJ] MOXKIIMBE BUKITIOYHO Ha
MIATPYHTI HAABHOCTI JIOCTATHBOI KUIBKOCTI KOHKYPEHTOCIIPOMOXKHIX 1 MOTHBOBaHUX (axiBiiB IT-chepu,
3HaHHS SKUX JO3BOJISATH HE JIMIIE LIBUAKO KOMIIGHCYBaTH BCi BTpadeHi TEXHOJOrii y pisHuUX cdepax
€KOHOMIYHOI JIISUTBHOCTI KpaiHU uepe3 BIChKOBI i1, 00MOap{yBaHHS Ta OKYIIAIIif0, & i CYyTTEBO IMiBUIIIUTH
TEXHIKO-TEXHOJIOTIYHHA piBEHb KpaiHH. 3 Ii€I0 METO B POOOTI 31iHCHEHO INIMOOKHIA aHAaITi3 MTOTEHIIaTbHIX
MOXJIMBOCTEH 3aKJIa/iB BUILOI OCBITH YKpaiHU LIONO MiATOTOBKM KOHKYpEHTOCIIpOMOXHUX (haxiBuiB IT-
chepu. OOIrpyHTOBaHO OCHOBHI mpoOieMu YKpaiHCBKHMX YHiBepcuTeriB y miarorosui IT-¢daxisumis.
3nificHeHO TOpPIBHSHHS CIPSIMOBAHOCTI Ta 3MICTOBOTO HANOBHEHHS OCBITHIX NPOrpaM YHIBEPCHUTETiB-
minepiB y migroroBui IT-¢daxiBuiB B Ykpaini Ta mpoBimHux KpaiHax cBiry. BusHaueHo ¢akropu, 1o
BIIMBAIOTh Ha piBeHb MOTUBalii ykpaiHcbkux 1T-daxiBuiB mono cupsMmyBaHHS HAOYyTHX MiJ Yac HABYAHHS
3HaHb Ha OTPeOH BiHOBJICHHS €KOHOMIKU YKpaiHH.

Kurouogi cioBa: [T-¢axiBii, BUIIa MKoia, MOTEHITAN, YKpaiHa, KOHKYPEHTOCIIPOMOXKHICTb.
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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. Bumyniene tecTyBaHHS €KOHOMIKM YKpaiHM Ha >KMTT€3/IaTHICTb, SIKE B HACIIIOK
nangemii COVID-19 BinOynocs npotsrom 6epesnst 2020-motoro 2022 pp., mokasajio, 0 PUHOK
[T-nmocnyr cepen Bcix BUAIB €KOHOMIUHOT JAISUTBHOCTI B KpaiHl Mae HaABUIIMIA 3arac MIlHOCTI Ta
MOTEHIIaT PO3BUTKY HE3aJIeXKHO BiJ BIUIUBY TUX YM IHIIUX (opc MaxkopHuUX oOcTaBuH. Tak, 3a
pe3ynbTaTaMu JOCHiKeHHs, mpoBeaeHoro daxiBusmu Acorrianii «IT Ukraine» BcTaHOBIIEHO, 1110
y 2021 p. IT-cekrop Ykpainu 36uibuBes Ha 36% MOPIBHSIHO 13 TONEPEIHIM POKOM, a 3a Iepioj
2019-2021 pp. ramy3p 3pocna Ot HK Ha 50% 3a KUIBKICTIO 3aAisiHUX y Hill ¢axiBuiB [1].
BpaxoByroun Toii daxr, mo 6uteiie Hix 80% ¢axiBiiB, 10 MPAIIOIOTh HA YKPATHCHBKOMY PUHKY
IT-nocnyr, MarOTh BINMOBIIHY BHIY OCBITY Ta BOJIOJIIOTH Ha JOCTaTHHOMY PiBHI aHTJIIHCHKOIO
MOBOIO 1 epeBakHa OUTBIIICTh 3 HUX € MOJIOI0 Yy Billi 21-30 pokiB [2], 3a CydacHOTO KpHU30BOTO
CTaHy €KOHOMIKM VYKpaiHM JOCTaTHbOI aKTyalbHOCTI HaOyBae BCTAaHOBJCHHsS PpIBHS
nporpecuBHOCTI [T-ocBiTH B YKpaiHi. Big Toro, Hackiuibku [T-BUNYCKHUKN YKpaiHCHKHX BHIIIB 3
npodeciitHOT Ta MOTHBAIlIITHOT TOYOK 30py OyAyTh TOTOBHMH JI0 PO3POOKH 1 peaitizallii mpoeKTiB,
CIPSIMOBAaHUX HA BIAHOBJICHHS BCIX cep >KUTTENISIILHOCTI KpaiHU y MMOBOEHHUH IEPIOa, Cepen
1HIIOTO OY/e 3ajeKaTH SKICTh 1 pIBEHb KUTTS HACEJICHHS; TEHJCHIIII TOBEPHEHHS 10 KpaiHu sK
HaceJICHHs, 10 BHUIXaJlo 4Yepe3 BilHY, TakK 1 TPYJAOBUX MITPAHTIB; MIBUAKICTH MEpeOiry Mmporecis
BKJIIOYEHHS YKpainu jo cknany €C.

Meta po0oTH — OILIIHIOBAaHHS CIPOMOXKHOCTI Ta MOTEHINaly BUIIOI OCBITH YKpaiHU Yy
migroroBni IT-daxiBiiB, 37aTHUX BIJHOBUTH Ta MIABUIIUTH TEXHIKO-TEXHOJIOTIYHUNA pIBEHb
€KOHOMIKH YKpaiHM y TOBOEHHUI Mepio/l Ta MOTUBOBAHMX JI0 L(bOTO.

OcHoBHa 4acTuHa. Ha miOrpyHTI peTpOCHEKTHBHOIO aHANi3y KUIBKICHUX JaHUX MPO
MPOMO3HILIi0 mociayr Buioi ocBitn Ykpainu B IT-cdepi, HaBenenux B Indopmartiiiniii cuctemi
Konkype Ta moprani «CtatucTuka BCTYMHUX KOMIaHii», BU3Ha4€HO OCOOJIMBOCTI, TEHJICHII Ta
KUIbKICHI MapaMeTpy HaJaHHsS TakuX Mociayr B YKpaiHi B auHamini. Ha OCHOBI 3MiHM momuty
aliTypieHTiB Ha IT-crmemiaabHOCTI BHU3HAYEHO YHIBEPCUTETH-NiEpU Yy Wil cdepi, sIKi ChOTOHI
BHU3HAYAIOTh KOHTYpH mpodeciitHoro noprgomio ykpaincekoro IT-¢axiBus. JleraqbHe BUBUEHHS
OCBITHIX IPOrpaM YKpaiHChKUX YHIBEPCHUTETIB-JIiepiB y miAroTosui ¢axisuis B IT-cdepi no3Bomuno
BCTAHOBUTH Cy4yacHI OCOOIMBOCTI, TeHAeHLii Ta HampsMu po3BUTKY IT-ocBitm B VYkpaiHi.
[IpoananizoBaHo AOCBi MPOBITHUX YHiBepcHTeTIB cBiTy Yy IT-cdepi, 1m0 103BOIMIO BCTAHOBUTH Ti
TEHJICHILI], 3a SIKUMU ChOTOJHI po3BUBaeThcs cBiToBa IT-ocBiTa. 31ificCHEHO MOPIBHAIBHUI aHaNi3
OCBITHIX Tporpam YKpaiHCBKUX Ta 3apyOoikHHX YHiBepcuteTiB y IT-cdepi 3a kpurepismu
CIPSIMOBAHOCTI Ta 3MICTOBHOI HallOBHEHOCTI HaBYAJIBHOTO KOHTEHTY. 3IIICHEHO MOPIBHSHHA
noTpedu pUHKY Ipaii YKpaiHu Ta Hporno3Miiil 3akjaaiB BUINOI OcBiTH YkpaiHu y IT-daxiBusx.
BcranoBieHo ocHOBHI Ipo6iieMu ykpaiHchKkoi BUI0i ocBiTH y IT-cepi, Ha po3B'a3aHHS IKUX MAOTh
OyTH CIPSIMOBaHUMHU 3YCHUJUIS AEPKAHUX OPraHiB, CAMUX 3aKJIAJIB Ta CTEUKXOJIEPIB.
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JloBesieHO, IO 332 Cy4aCHHMX KPU30BHX YMOB PO3BUTKY YKpPAiHCHKOi €KOHOMIKH B OCHOBI
motuBaii IT-¢daxiBiiB n1exuTh piBeHb oruaTu mpami. Tak sk piBeHs omiatu npami B IT-cdepi y
PO3BUHEHUX KpaiHax cBiTy ctaptye Bim 2 tuc. aon. CIIA, To 3a ium nmapameTpoM ykpaincwki IT-
KOMTaHii cyTTeBO mporparTs. Ha manmii MmomeHt nocBimueHi IT-daxiBii YkpaiHu MaroTh BUCOKI
IIAaHCK BHUXOJy Ha cBiToBui puHOK IT-TexHomoriii Ha 3acagax ayrcopcuHry. BomHouac
HE/IOCKOHAJIICTh  yKpaiHChKOTO 3akoHoAaBcTBa y IT-cepi Ta HEBPErylIbOBAaHICTH MPOIEIYD
BUKOPHUCTaHHS ayTCOPCUHTY Ha HOPMATHBHO-3aKOHOJABYOMY PiBHI BUKIIMKAIOTh CYTTEBI TPY/IHOIII
npu BHOOPi MoJiei poOOTH Ta 3araHstoTh ykpaiHchkux IT-daxiBuiB y TiHbOBHUIT cexTop. fkmio Ha
HOPMAaTHUBHO-3aKOHOJIABYOMY PIBHI MPOTSTOM POKY BIACTHCS X04a O HAOMM3UTHUCS IO PO3B'S3aHHS
i€l mpoOemu, 1€ craHe NOmToBXoM Uit odiriitHoro odopmiierns IT-¢axiBiiB Ha pUHKY Tpaili,
PO3IIMPEHHST MOXJIMBOCTEH Uil X 3aMisIHHSA Yy TPOEKTaX BiJHOBICHHS EKOHOMIKM KpaiHH Yy
MOBOEHHMI TEP10J1, MIIBUIIEHHS TEMIIIB IHHOBAIIITHOIO 3pOCTaHHS Ta PO3BUTKY MPOEKTIB CMapT-
€KOHOMIKHM Ha PEriOHAIBHOMY Ta HalllOHAJIbHOMY PIBHSX.

BucnoBku. [IpoBeneHe TOCHIKEHHsT HA OCHOB1 aHAIII3y 3JJaTHOCTI 3aKja/liB BUIOI OCBITH
VYkpainu 10 IpoAyKyBaHHS JOCTATHHOTO YUCIIa BUCOKOMPOPECIHHUX Ta KOHKYPEHTOCIPOMOXKHUX
IT-daxiBuiB 103BOJIMIO OOIPYHTYBAaTH HasiBHI Ha CBOTOJHI MOJKJIMBOCTI JI0 IIBHUJKOTO
BIJIHOBJICHHSI Ta IIJIBUIICHHS TEXHIKO-TEXHOJOTIYHOTO ¥ I1HHOBALIMHOTO pPIBHS EKOHOMIKH
VYkpainu y moBoeHHU niepioa. OOrpyHTOBAHO YMHHUKH BIIMBY Ha PIBEHb MOTUBALlT YKPaTHCHKHX
IT-daxiBuiB M010 BUKOPUCTAHHS HUMH BJIACHUX HArpoOMa/KEHUX 3HAHb 1 HABUYOK Y HaIpsMi
MIABUIIEHHS KOHKYPEHTOCIPOMOXKHOCTI €KOHOMIKM YkpaiHu. [IopiBHSHHS CHpSIMOBAHOCTI Ta
3MICTOBHOTO HAllOBHEHHS OCBITHIX MpOTpaM yHIBepcUTETIB-iinepiB y miarortosui IT-¢axiBuis B
VYkpaiHi Ta NPOBIAHUX KpaiHaX CBITY JTO3BOJIHIIO CHOPMYIIOBATH OCHOBHI BEKTOPU MOAAIBIIOTO
po3Butky IT-ocBitu B YkpaiHi.
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IUTAHHA BIPOBAUKEHHS SMIIMAHUX NIAXOAIB 1O HABYAHHA
Y BUIIIIM IT-OCBITI

Kapanersin A. P.
Uepkacbkuii 1ep>kaBHUIM TEXHOJIOTTYHUI yHIBepcUTET, M. Uepkacu, Ykpaina

Anotanis. Ctpareris 3MilIaHOTO HaBYaHHS CTa€ HEBi' €MHOIO YaCTUHOK OCBiTH 21-TO cromitTs. 3
norJisiay epeKTUBHOCTI 1 BUTPAT, HE TUIBKH OHJIAHH-CUCTEMa MOXKE CTBOPUTH Kpallly CUCTEMY HaBYaHHS, a
i TpaquuiiiHa popMa HaBYaHHS HECTIPOMOXKHA 33/10BOJIBHUTH BUCOKHH PiBEHb BUMOT raiysi. Takum unHOM,
MOETHAHHS PO3BUTKY 1HGOPMAIIMHUX 1 MEAaroriYHUX TEXHOJNOTH Ta e(EeKTHBHOTrO IMpPOEKTYBaHHS
OCBITHBOTO IIPOLIECY HA OCHOBI TeOpii HaBYaHHS BUKOPHCTOBYETHCS y PI3HHX 3MILIaHUX CHCTEMax JUis
MTiJBUIIIEHHS PiBHS BHUIOi OCBiTH. TaKui miaXiJ HaJa€ MOXKIIUBICTh Oy TyBaTH HOBI MOJIETI JUIS iHIIIFOBAaHHS
CTUJIIO HAaBYaHHS, SKUH MOXKE JIOIIOBHUTH BHMOTH Cy4acHOI €MOXH [0 BHUILOi OCBITH, 30KpeMa Ha OCHOBI
ymoB FLIP-naBuanns. OCBITHsS cucTeMa, 10 MOOYAOBaHA IUISIXOM 3MIIIYBaHHS OHJIAHHOBHX Ta OYHHUX
cTpaterii 3 BHKOPUCTAaHHSM 1H(OpMaUiHHO-KOMYHIKALIHHMX TEXHOJOTi Ta MyJIbTHUMENiHHUX
KOMITOHEHTIB Ha 3aHSTTSAX, OHJAMH-TECTYBaHHS Ta ayAWTOPHHUX 3aHATH, CHPSIMOBaHa Ha 3aJOBOJICHHS
OCBITHIX moTpe0 3100yBayiB BHUIIOI OCBITH. MeTa JOCHiIKeHHs mnependadae BIPOBAKEHHS 3MIIAHOTO
MiAXOAy A0 opraHizauii OCBITHBOrO MpOLECY y BHINIA MIKOJNI, 30KpeMa MpH MiAroroBui cryaeHTiB IT-
crnenialbHOCTEeH, 10 Oyde crpuatd (OpPMYBaHHIO iX 3JAaTHOCTI BUpILIyBaTH MaiOyTHi mnpodeciini
npoOieMu, a TAKOX MiIBULIEHHIO PiBHS caMOaHalli3y JisJIbHOCTI BCIX YYaCHHKIB OCBITHBOT'O ITPOLIECY.

KunrwoudoBi ciioBa: 3MiliaHe HaBYaHHs, OuHe HaBuaHHs, FLIP-HaBuaHHs, OHIAMH HABYAHHS, HABUYKH
BUpILLIEHHS POOJIeM, caMOaHali3, CTHIb BUKJIaAaHHSL.
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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. [3 mBuakuM po3BUTKOM 1H(GOPMALIHHUX TEXHOJIOTIH y 21-My CTOJITTI cucTeMa
BHINOI OCBITH Mae OYTH 3/IaTHOIO MOEAHYBATHCS 3 MMM IHHOBAIISIMHU IS ITIIBHINCHHS PIBHS
KOHKYPEHTOCITPOMOXXHOCTI ~ BUITYCKHUKIB 3aKjaJiB BHINOi OCBITH Ha BITYM3HSIHOMY 1
MDKHapOJHOMY pHUHKax mparli. 30KpemMa, HeoOXiTHO MOJIEPHI3yBaTH METOU HaBYaHHS, TaK 1100
BOHM BIAMNOBIJaJIM TOTpeOaM OCBITHBOI Taimy3i Ta Oi3Hecy. 3MilIaHe HaBYaHHS Mae OyTu
€KOJIOTTYHOI0 Ta OPraHiYHOIO KOMOIHAIII€EI0 1 TPYHTYBATHCS Ha 3acajaxX THYYKOI KyJIbTypH
HaB4aHHs, 30kpeMa FLIP-HaBuaHHs.

Jroncekuii hakTOp € OJTHUM 13 KIIFOUOBHX (PAaKTOPIB YCIiXy 3MIIIAaHOTO HaBYaHHS. 3MillIaHa
CHUCTEMa y MOETHAHHI 3 CaMOAHAJI30M JISJILHOCTI BCIX yYYaCHUKIB OCBITHBOTO MPOIECY OUIbII
omnepaThBHA, HDK TPAIUIIAHI MIAXOAM, a MPOILECH camMoaHaIi3y BCIX Y4YaCHUKIB OCBITHBOTO
MPOIIECY € OJTHUM 13 BUPIMIATILHUX YAMHHUKIB €(PEKTUBHOCTI 3MIIIIAHOTO HAaBYAHHSI.

IlocranoBka 3agaui. Tpaguiiiina MoJenb OpraHizainii HaBYaHHS HE 3aBXIM MOXeE
3a10BOJBHUTH MOTpeOn IT-ramysi, sika CTpIMKO pPO3BUBAETHCSA 1 3MIHIOETHCA. 3MimiaHa ¢opma
HaBYaHHS 0COOIMBO aKkTyallbHa MpH miAroToBi IT-(haxiBiiB y 3akiiagax BUILOT OCBITH.

Peanii ocTaHHIX pOKiB 3MIHWJIM BCIO CHCTEMY BHUINIOi OCBITH B YKpaiHi. Uepe3 maHaemiro
COVID-19 3miniane HaB4aHHS HAOyIO MIMPOKUX MAcIITa0iB. YBEJICHUI BOEHHUHN CTaH B YKpaiHi
YHEMOXJIMBIIIOE€ OYHE HaBYaHHS 3/100yBauiB OCBITH, TOMY AMCTaHIIHE HABUAHHS CTAJIO €IUHOIO
JOCTYIHOIO (hOPMOIO B CHCTEM1 BUIIIOT OCBITH.

3 moyaTKoM BiHU TUCTaHIIIiiHE HaBYaHHS CTAJI0 OCHOBHOIO OMIII€I0 JOCTYIY J0 3HaHb, a
3aKJIaJ i BUIIOI OCBITM HaMararThCsl alanTyBaTH O HOBUX YMOB CBOi HampallfOBaHHS B 4Yacu
nmaugeMil.

Mera pocaizxxenns. Ha cboroasimHiil 1eHb icHye 6arato BU3Ha4eHb 3MIIIAHOTO HAaBUAHHS.
Y npodeciiitHomMy cepeoBHII I0CI HEMA€E €IMHOTO MIIX01Y 10 BU3HAYEHHS CYTHOCTI 11i€i Kateropii
i y3araspHeHOi kiacuikallii MpakTUYHUX KPOKIB ii BIPOBa/HKEHHs. BupilleHHIO 3a3HaueHUX
MUTaHb ¥ MPUCBSYCHO 1€ TOCTIIPKEHHSI.

OcHoBHA 4yacTuHA. 3MilllaHEe HABYAHHS — 1€ TIOEAHAHHS TPATUIIHHOI CUCTEMH OCBITH 3
Cy4acHUMH 1H(OPMAIIfTHUMU Ta MEAAroriYHUMH TeXHoJorisiMHu [ 1].

3MilraHe HaB4YaHHS nependadae 00'eTHAHHA PI3HUX €JIEMEHTIB, 1110 HaJlIeXaTh JI0 OCBITHBOTO
nporecy. BuaiistoTh Tpu OCHOBHI KpuTepii, Kl 6epyThCcs 32 OCHOBY NPH BU3HAYCHHI MOHATTS
«3MIIlIaHe HAaBYAHHS»: 3a TUIOM CYMIIIEHHS 3ac0o0iB HaBYaHHs, 3a KOMOIHAII€I0 METOJIIB
HaBYaHHS, 3a CIOCOOOM MoenHaHHS (opM HaBYaHHSA [2].
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VY pamkax FLIP-HaBuaHHs («repeBepHYTOro HaBYaHHS») HaBYAJIbHI MaTepialii HAIAlOThCS
e 10 3aHATh. CTyeHTH 3HAHOMIISTBHCS 3 MaTepiaioM B iHIMBIAyaJbHOMY TEMIIi, 3/1HCHIOIOYH,
TaKUM YHHOM, CAMOKEPYBaHHS CBOIM HaBYaHHSAM. B aynuTopHiil da3i «mepeBepHyTOT0 HaBYaHHSD)
3BUIBHSETHCS OLIbIIE Yacy A OOrOBOPEHHS NMPOOJIEMHUX MHUTaHb, JUIsl pOOOTH Haj KelcamH Ta
MIPOCKTAMH.

JlyanbHe HaBuYaHHS, SK OAHA 3 (OPM 3MIIIAHOTO HABYaHHS, Nependadae 3aydeHHs JI0
crcteMu podeciitHoT BUIIOT OCBITH OpraHizaiiii poO0TOAaBIs SK MPOBaiiIepiB OCBITHIX MOCIYT.

Cepen nepesar 3Mmimanoi cucremu HapuaHHs (3CH) moxxHa BuauMTH Taki [1]:

— MICIIE Ta Yac BiUIbHI,

— JIOCSTalOThCS MEePEeBary K Cy4acHOTO, TaK 1 TPAIUIITHOTO HABUAHHS;

— BHXOJIUTh aKTUBHE HABYAHHSI 13 TACHBHOTO HABYAHHS.

— MIJBUIIEHHS epCOHaI3allll, IHAWBITyali3allii Ta aKTyaJIbHOCTI CaMOaHai3Yy.

J1o HeoTIKIB 3MIMIAHOT CHCTEMH HaBYaHHS MOKHA BITHECTH:

— OHJIAfH-HAaBYaHHS CTBOPIOE€ HOBUH TEXHOJIOTIYHHUN PEKUM POOOTH SIK JIJISl BHKJIAAA4YeBl,

TaK 1 17151 CTY/ICHTIB;
— ICHYIOTh BUMOTH JI0 HaBYAJIBHOTO OOJaJHAHHS Ta, 0COOJIMBO, MIIKIIOYCHHS 10 MEPExXi
[nTepner;

— TIPOBEJICHHS 3aHAJTO 0araTo yacy 3a €eKpaHOM MOXE 3aBJIaTH IITKOJIU 370POB'TO JIFOIHH.

Y TexHlYHOMY 3aKiaJi BHIIOI OCBITM BAXJIUBUM € CTBOPEHHS I1H(OpMaIliiHO-
KOMYHIKaI[IfHOTO OCBITHBOTO CEPE0BUIIA, /i€ 3100yBayl MatOTh JOCTYI JI0 HaBYaJIbHUX MaTepialliB
B OyIb-sIKMI yac, OTPUMYIOTh JAOCB1 poOOTH HaJl MpoekTaMu. CKiIaloOBUMHU TaKOTO CEPEIOBUIIA HA
OITIC YATY € cucrema MIATPUMKHA NUCTAHIIIMHOTO HAaBYAaHHS Ta KOpHOpaTWBHa Tuiatdopma
Microsoft Teams. OcHOBHI TeHA€HIIII HaBYaHHA criodyaTKy depes manaemii COVID-19, a motiM uepe3
BOEHHHUM CTaH: TepeBakaHHA (OPM aACHMHXPOHHOI B3a€MOJIIi BUKIaJada Ta CTYACHTIB, 3aIlkC
BiZICOPO3’SICHEHb, CTBOPCHHS TIPE3CHTAllld BUKIAJadyaMy, TMPOBEACHHS OHJANH-3aHATH 31
CTYJCHTaMH, JIOSTBHICTB 11010 JIe/IJIaifHIB MTOJaHHS 3BITIB IPO BUKOHAHHS 1HAWBITYIbHUX 3aBaHb.
3MmilTaHa CHCTeMa HaBYaHHS Ma€ CIPHUATH TMABUIICHHIO PiBHSA C(HOPMOBAHOCTI 3arajbHUX 1
npodecifHUX KOMIIETEHTHOCTEH CTyAeHTIB. OIHaK MOKYTh OYTH Pi3HI METOAM TTOOYI0BU 3MIIIAaHOT
CUCTEeMHM HaBYaHHs, 10 0a3yeThCs Ha Pi3HINA Jorini. Taka cucreMa NMpu3HaYeHa I MMOOYI0BH
e(heKTUBHOI 3MIIlIaHOT CUCTEMH Ha OCHOBI JIOTT4HOI cxemu (pucyHok 1). EdexkTnBHa KOHCTPYKITiS
CUCTEMHU € OCHOBOIO OTpUMaHHS Xopoioi mozeni. Halikpaiuii mpoekT Moke 3aJJ0BOJIbHUTH BCIX
KOPUCTYBAuiB, SIKI € 3aI[iKaBJICHUMHU CTOPOHAMU 3aCTOCYBAHHS CHCTEMH, BKIIOYAIOYU, B MEPILY
4yepry, CTy/ICHTIB, a Takoxk Miapo3autd 3BO sk Ha piBHI yIpaBIIiHHA 1 PiBHI €KCIUTyaTallii, TaKk 1 Ha
TaKTHYHOMY PIBHI OpraHi3allii OCBITHROTO Tpollecy. BUKOpUCTaHHS 3MiIIaHOI CUCTEMH HaBYaHHS
MO’KHA BBaKaTH €(EKTHUBHHUM, SIKIIO KOPUCTyBadyi IIi€i cucteMu OyAyTh 3a/JI0BOJICHI HaJaHUMHU
OCBITHIMU MOCITyTraMH 3aKJIaZIOM BHILOT OCBITH.

EdexruBnicTh

3a/10BONIEHICTh KOPUCTYBAYiB

EdextnBaMI IPOSKT

Pucynok 1 — Jloriuna cxema 3MilliaHOT CHCTEMU

3MilIaHa cucTeMa HaB4aHHs OyJlyeThCsl Ha OCHOBI BUILE3raiaHoi joriku. ETanu opranizanii
OCBITHBOT'O ITPOILIECY 32 ILIIEF0 CHCTEMOO, CKIAAl0ThCs 3 HACTYIMHUX Hpouenyp [2]:

— aHaJli3 BUMOT JI0 CUCTEMH HaBYaHHS;

— migrotoBka (CKIagaHHS CIUCKY JiTepaTypH, rpadikis, Bileo, 3aB/laHb, ITUTAHb);

— TomnepenHii Kiac (HaJaHHS MaTepiasliB CTYJCHTaM J0 MOYaTKy OHJIaiH-TeCTyBaHHS);

— OHJIAMH-TECTyBaHHS;

— B KJaci (11e mpoiiec 00roBOpeHHsI Ta BUIIPABJICHHS);

— aHaJi3 NpoJXyKTUBHOCTI (Bu3HayeHHs edekruBHOCTI 3CH 3a CTaTHCTUKOIO pe3yibTaTiB

OILIIHOK CTYJICHTIB, 3aJy4e€HHS Ta 3JaTHOCTI BUPILIyBAaTH MpoOIeMH).
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BucHoBkH. 3anpornoHOBaHa 3MillIaHA METOAOJIOTIS Ui CHCTEMHU BUINOT OCBITH IILISTXOM
MOEHAHHS OYHOTO MEXaHI3My Ta MEXaHi3My OHJaiiH-HaBYaHHA € E(QEKTHUBHUM IIIX0J0M
MoOy/I0BH OCBITHBOTO IMPOLIECY, OJHUM 3 INUIAXIB MOJEpHI3aIllii BHUIIOI OCBITH, MOETHAHHSIM
IHHOBAITI Ta B)XKE HASBHOTO IMEIArOTIYHOrO JOCBiAY. BIpOBaKyrOUYM TEXHOJIOTIIO 3MIIIAHOTO
HaBYaHHS B OCBITHIN Mpo1iec, MaeMo OyTH TOTOBI A0 (POPMYBaHHSI HOBOTO 00pa3y MHUCICHHS, SKOTO
BHUMarae 1morpebda iHIuBigyanizamii HaB4aHHS; IEPEOCMUICICHHS CBOEI POJIi B MPOIECi HAaBYaHHS;
(dbopmMyBaHHS SKOCTEH, HEOOXITHUX YIS YCIIITHOTO BIPOBAKEHHS IHHOBAIIIH B OCBITHIH Tpo1ec.
VY 3CH akueHTyeTbCsl yBara Ha 3a/I0BOJICHHI KOPHCTYBa4iB HAQJaHUMH iM OCBITHIMHU MOCITyramMH i
Ha caMOaHaNli3l BCIX 3alliKaBJICHUX CTOPIH Ui JOCSITHEHHS KpalluX pe3yJabTaTiB HaBYaIbHOI
JSUTBHOCTI  cTyAeHTiB. [lemaroriyHo BWBa)KCHE BHUKOPHCTAHHS 3MIIIAHOTO HAaBYAHHS MOXKE
MIIBUIIUTH PIBEHb CPOPMOBAHOCTI PO hecitHuX KOMITETeHTHOCTEH cTyneHTiB I T-cnemianpHoCTeH
Ta, K HACHOK, MIIBUIIEHHS iX pIBHSI KOHKYPEHTOCIIPOMOXHOCTI Ha BITYM3HSHOMY 1
MbxHapoaHoMy I T-punkax mparii.
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AK 3AHIKABUTU CTYAEHTIB B OTPUMAHHI IT-OCBITHU B 3BO?

Hinuk I'. A., ®earok 1. C., Boaaupena C. O., lHlyp H. L.
HamionansHMii TEXHIYHUN YHIBEPCUTET YKpaiHH
«KuiBchkuii momitexHiyHui iHCTUTYT iMeH1 Irops Cikopebkoroy, M. KuiB, Ykpaina

AHoTamisgs. Y cTarTi BUKIQJACHUHA aHANI3 aKTyaIbHUX MpoOJeM Ta HE3aJ0BOJICHUX IMpodeciifHmX
norped y HaBuaHHI MaiOyTHIX IT-¢axiBiiB B ykpaiHChKHX 3akiamax Buioi oceita (3BO). IIpemmerom
TOCITIDKCHHSI € CTPATETis MIATOTOBKY CTYACHTIB, il peaizallis B ChOroJICHHI Ta BIAMOBIIHICTE 0013HAHOCTI
VYHIB 3alliTaM MDKHApOMHOTO PHUHKY. Matepian HalileHHH eheKTH3yBaTH IHCTHUTYIIIITHE CepemoBHUIIE
raixy3i iH(OpMAIIfHUX TEXHOJIOTIM 3 METOI0 BHWIXOBaHHs ¢axiBIiB BUIIOi KBamidikarii. [Hdopmarris,
OTpUMaHa TEOPETUIHHM 1 MPAKTHIHUM IUIIXaMH, JJoIloMarae mpoanaiizyBatu norpedu IT-chepu, a Takox
IHAWBIMyalbHI Ta 3arajibHI CIIOCOOHM ITiIBUIIEHHS 3aIliKaBJIEHOCTI yUHIB y (OPMyBaHHI MOJIEpHUX 3HAHD Ta
MIPAKTHYHUX YMIHB 3 MOMKITUBICTIO X ITOMAJBIION0 BUKOPHUCTAHHS. 3aCTOCYBAaHHS BUKIAJACHUX Y ITilf CTaTTi
MartepiaiiB HaAacTh 3MOTY 3aKJIa/iaM BHIIOI OCBITH OCYYaCHHTH YCTAaTKYBAaHHS Ta MaTepiajH, ITiIBUIIUTH
SIKICTB miAroToBkH [T-cremiamicTis.

Kurouogi ciaoBa. I T-¢axisii, ocBita, iHGopMaIliiiHi TEXHOJIOT'11, 3aKJIa 1 BUIIOI 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 1iit po0Ooti npoaHasnizoBaHo npoOieMu, 10 BUHUKAIOTh Yy 3100yBauiB [T-ocBiTu.
JlocmipKeHHS ToKa3ao, 0 acleKTH, AKi 0a3yI0ThCs Ha IOCSATHEHHX YKpaiHChKUX (haxiBIIiB, a HE
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Ha Cy4acCHUX TEHICHIISX CBITOBOTO CIIBTOBApUCTBA, HETaTUBHO BIUITMBAIOTh Ha PO3BUTOK IT-
ceKTopa Kpainu. Mera marepiany — 11e BUCBITJICHHS aKTyaJbHUX MPoOJIeM Ta moOyaoBa MOJEII iX
BUPILICHHS.

Merta poboTu — nociimpkenHs ocodnmuBocterd [T-ocBitn B 3BO Ta musaxiB i ocydacHeHHS,
3BakarouM Ha nmoTpedu IT-puHKY Ta iHIMBiAYaIbHO-TICHXOJIOTTYH] ACTIEKTH.

IMocTanoBka mpodJaemu. 3actapiia cucTemMa oprasizaiii ocBiTHbOTO mpouecy y 3BO He
BUKITKAE JIOBIPH SK Y CTYACHTIB, TaK i B podoromaBuiB. 8§7% IT-kommaHiii 3MyIIyI0Th MOJIOJIOTO
CreIfiajiicta HaBYaTUCS JO0JATKOBO, IO BKa3ye Ha HEMOJIKM B cuctemi HapuanHs 3BO [1]. 3a
JAaHUMHU TIPOBEJCHOTO ONHUTYBAHHSA Cepel CTYACHTIB Oylu BHUAUICHI KIIOYOBI (akropwu, sKi
3HIKYIOTh 3alliKaBICHICTh Yy iH(OPMAIIfHUX TEXHOJOTISIX Ta 3aBAKAIOTh IMPH TOJATBIIOMY
npanesnamTyBandi [2]. Ilepmia mnpobGnema, ska HEraTMBHO BIUIMBaE Ha (QopMyBaHHS
KOMIIETEHTHOCTEH MailOyTHIX (axiBliB 3 I1HQOpPMAIIMHUX TEXHOJIOTIH, MOCTae BXKE Mepel
abiTypieHTaMH, SIK1 A0 KIHIIS HE pO3yMiIOTh, 1110 OYIKyBaTH Bia HaBuaHHA. Ha caiftax 3BO yuenb
PIAKO 3HAXOIUTh TOYHY 1H(QOpMAIIO PO CHEliaJbHICTh, HABYAJBbHUHN IUIaH, SIKI 3aja4l OyayTh
BUPIIIYBATUCS MTijl YaC HABYAHHS, IEPCIICKTUBY MPAICBIAIITYBaHHS, TOIIO (PUCYHOK 1).

Ha ckinbkn onnc cneuianeHocTi Ha canTti BH3 Bignosigae peanbHocCTi?

43 oTBeTa

@ MoeHicTio Bignosinac

@ WMaitxe signosigae
Ilai#e He BignoBinae

@ B:arani He signosinac

Pucynok 1 — Pe3ynbratu onuTyBaHHS 111010 OMHKCY CIIEHIATbHOCTI

Takox MPUYNHOIO 3HUKEHHS 3aI[IKaBJICHOCT1 CTYJCHTIB € Te, 10 1H(OpMaIlliiHI TeXHOIOTIT
3a OCTAaHHI IECATUJIITTS CTPIMKO €BOJIFOI[IOHYBAJIH 1 MPOJOBXKYIOTh PO3BUBATUCS B PI3HOMAHITHUX
rany3sx. ToMy cucTeMa BHIIOi OCBITM HE BCTUTae MiIBHINYBaTH KBamidikailito mpodecopiB Ta
JIOLICHTIB, OHOBJIFOBATH HaBYaJIbHI MaTEPiaik Ta yCTATKYBaHHS.

[lle oqHMM BaXXJIMBUM aclEKTOM, IO JIEMOTHBYE MOJIOJb, € HHM3bKa SKICTh MPAKTUYHHX
3aHSTh, 10 HE MAIOTh HIYOTO CHUIBHOTO 3 peanbHUMH 3aBaaHHsAMHU [T-daxiBuis. CtyneHtu
BUPIIIYIOTh IPAKTHYHI 33]1a4i, 110 HE MABULIYIOTh IX KOMIETEHTHOCTI Ui pealibHOi poOOTH.

3 miABUIIEHHSM BHUMOT 10 mnpodecionanismy IT-(axiBiiB BHHUKAIOTH TPYAHOLI 3
MpaleBIalTyBaHHsAM. PiBeHb OTpUMaHMX 3HAHb € HEJOCTATHIM JUIsl TOTO, MIO0 o/pa3y Movatu
MpaIfOBaTH HaJ CKJIAJHUMU 3aJladaMU, BUPIIMICHHS SKUX NOTpedye nuHaMmidauil puHok. [T-chepa
Mae Oarato HampsIMiB 1 TporpaMa HaBYaHHS HAMAraeTbCs OXOMHUTH iX YCi, HEe 3arTHOII0I0YUChH B
okpemi Temu. /[0 TOTO K, TUIaH HaBUaHHs Mepeadadae 0arato 3arajJbHOOCBITHIX MPEIMETIB, HE
noB’s3aHuX 3 IT-iHIycTpi€to, akT YOro BUKIMKAE MOraHe po3yMiHHS 000B's3KiB 1 3aBaaHb IT-
CTICIIAICTIB (PUCYHOK 2).

Pimennst mpo6aemu. Opranizauis npo@opieHTalifHUX TECTIB, IO JOIMOMOXXYTb BUSBUTH
31IGHOCTI BCTYIHHMKA Ta 00paTy creniagbHicTh. CTBOPEHHS YITKOTO Ta 3p03yMUIOT0 MallOyTHEOMY
CTYZIEHTY onucy crnemniaabHocTi Ha caifti 3BO. KoHTposb BiIMOBIIHICTI OCBITHBOT MPOrpaMu /10
notpe6 IT-punky. 3abe3nedeHHs: CTYACHTIB JOCTAaTHHOIO KUTHKICTIO SIKICHOT MPAKTUKU, HAJaHOI
npenctaBuukamMu IT-chepu, 3MeHIIEHHST 00CATY 3araJlbHOCBITHIX Ta TEOPETUYHHUX IPEAMETIB.
30UIbIICHHS KUIBKICTI BHUOIPKOBHUX JMCUMIUIIH, IO JOMOMOXYTh CTYAEHTY HOTJIHOJIEHHO
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OTIAaHYBaTH OKpPEMi HANpsIMH Ta B MalilOyTHROMY €()EeKTHBHO IMPABIEBIANITYBATUCH. BIIpoBaguTH
nyanpHy (JOpMY HaBYAHHS, 3 OQIIIHHAM CTaXXyBaHHSIM B YKPATHCHKUX Ta CBITOBUX [T-KOMIaHisgX.

SAKMIA BIACOTOK NpeaMeTiB BM BBaX@ETE KOPMCHMMUN Ta aKkyTanbHUMK AN Bawol
cneuiansHOCTI?

44 oTtBeTa

® 0-10%

® 10-25%
25-50%

@ Ginbwe 3a 50%

318%

Pucynox 2 — Pe3ynpTati OmUTYBaHHS 1010 aKTYaJIbHOCTI HABYAIILHUX TPEJMETIB

BucnoBku. B pe3ynpTaTi mpoaHati30BaHUX JIaHUX, K1 BUCBITJIFOIOTH HEJIOJIIKH OCBITHBOTO
nporecy y 3BO Ykpainu, Oynu BUSBICHI HAMOUTBII aKTyaabHI ITIXOIM 10 TIOKPAIEHHS CUCTEMHU
IT-ocsitn y 3BO Ta 3a0xo4eHHs MoJ10/11 10 HaB4aHHs 3a [ T-cnemianbHOCTIMMU.

Cnucoxk BUKOPHCTAHUX [IKepes
1. bposincbka M. Illo we Tak 3 IT-ocBitoro B  VYkpaini. [ocmimkenns. 2021,
URL.: https://dev.ua/news/shcho-ne-tak-z-it-osvitoiu.
2. Onwurysanns cryaentis IT cnemiansrocTeit. 2022. URL: https:/forms.gle/TpGo2Gz8ziaHLMIC9.

HIATOTOBKA MAMBYTHIX YUUTEJIB IHOOPMATHKH
A0 BITPOBA/KEHHSA CYYACHUX ®OPM, METOIIB TA 3ACOBIB
MPO®OPIEHTAIIMHOI POBOTH HA IT-CHEIIAJIBHOCTI

Honomapsosa H. O.
XapkiBChbKMI HallloHAIBHUN Nieaaroriynuii yHiBepeuteT imeni ['. C. CkoBopoy,
M. XapkiB, YkpaiHna

Anortanis. B ymoBax BrpoBamkenHss HoBoi ykpaiHCBKOI Koy Bara mpodopieHTaIiitHoi podoTH y
ckirani mpodeciiHol AiSUTBHOCTI YUUTENS CYTTEBO 3pOCTaE, M0 BIMArae 3aBYacHOl MiATOTOBKA MaliOyTHIX
yuuteniB. O0’€XT JOCHIPKEHHs — npouec npodeciiiHoi miaroToBku MailOyTHIX yduTemniB iHQOpMATHKH B
3aKiajax BUIIOI TeNarorivHoi ocBiTh. llpeaMer mocmipkeHHs — MIiATOTOBKa MaiOyTHIX YYWTENIB
iHbopMaTHKH 110 TipodeciiiHoi opieHTamii mKkomsapiB Ha IT-cremiansHoCTi. MeTa poOOTH — BHCBITICHHS
0CcOOIMBOCTEl METOUKM IINTOTOBKM MaNOYTHIX YYHTENiB iHGOPMATHKH 10 BIPOBAPKEHHS Cy4acCHHX
¢dhopmM, MeTomiB Ta 3aco0iB 3fiiicHeHHs mpodeciiiHoi opieHTamii mkonspiB Ha IT-cremnianeHoCTi. Meronu
JOCITIKEHHS — TEOPETUYHI (aHaJIi3 TICHXOJIOr0-TIeJaroriyHuX HayKOBUX PO3BIOK Ta METOAMYHUX IpAllb)
Ta EeKCIepUMEHTaNbHI (MeNaroriyHuil eKcrepuMeHT). Y poOoTi MpeacTaBIeHO OCOOIHMBOCTI METOIUKH
HaBUYaHH] HAaBYaJbHOI JUCHUILUTIHU «YBeneHHs B [T-cmemiampHOCTi» Jans MalOyTHIX —y4YUTENiB
iHpopmaTuku. Poskputo ii 3micToBi ckiazoBi. HaBemeHo meronuky ¢GopMyBaHHS NPAaKTHUYHUX YMIiHbB
CTYZEHTIB 10710 31ilicHeHHs TpodopieHTaLiHHOT pOOOTH 31 IKOJsApaMu Ha ycix ii eranax. OcoOnuBy yBary
MPUIIICHO HABUYKaM BUKOPHCTaHHSI Ta CTBOPEHHS CydacHUX 3aco0iB mpodopieHTaliiHol poOoTH.

Kirouosi cioBa: migroroka MaiOyTHIX yuurteniB, mpodeciiina opientauis, IT-cnenianbHocTi,
(dhopmu nipodopieHTaliiiHOI poOOTH, 3ac00U TTpodhopieHTaNiiHOT 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, IT-specialties, forms of career
guidance, tools of career guidance.

Beryn. Konuenumiero HoBoi ykpaiHChKOT IIKOJIM BH3HAHO, IO Cy4YacHa IIKOJIA Mae
JOTIOMOT'TH BUIYCKHUKaM OyTH KOHKYPEHTOCHPOMOXXHUMH y 21-My CTOJITTi, CTaTH IUTICHUMH
0COOMCTOCTSIMU, 3JaTHUMHU 3POOUTH CBIIOMHI BHOIP, Y TOMY YHCITI III0I0 TIOIAJIBIIIOTO OCBITHHOTO
Tta mpodeciinoro nwiixy [1]. IlocraBrmeHi 3aBAaHHS 3MIHIOIOTH POJb YYUTENs, y CKiIadl
npodeciitHoT AISUTBHOCTI sIKOTO Bara mpodopieHTaIiiftHOI poOOTH CyTTEBO 3pocTtae. Tak,
Hampukian, monao mnpodopieHTanii Ha IT-cnemianbHOCTI OKpiM  iH(DOpPMAIIHHO-OPIEHTYIOUOT,
JIarHOCTYIOUO1, KOHCYJIbTYIOUOT (YHKIli yduTeslb iH(QOPMATUKH 3IMCHIOE  OpraHi3almiiHy
dbyHKIIIIO0, GYHKIIIO OpiEHTAIIT IIKOJIAPIB Y Meia-MPOCTOPI, CIPSIMOBYIOYY Ta KOOPJIUHYIOUY, SKI
€ B3a€EMO3AJIC)KHUMH Ta TICHO TOB’SI3aHMMHU MK c00010 [2]. EpexkTnBHE BUKOHAHHS 3a3HAYEHUX
GbyHKIIM Mae 3a0e3lMeunTH 3aBYacHa HajekHa BceOiYHa MIArOTOBKAa MaWOyTHIX YYHUTEINIB
iH(OpMATUKH B 3aKJIaJaX BHUIIOI EAaroriqyHoOl OCBITH.

OO0’ €exT ociimKeHHs — Ipoiiec MpodeciifHOT MAroTOBKYM MaiOyTHIX YUUTENIB H(OOPMATUKHI
B 3aKJIaJiaxX BUIIOI nmenaroriyHoi ocBity. [IpeaMer nocmipkeHHs — miAroTroBka MailOyTHIX yUUTETiB
iHpopmaTuku 10 podeciiiHoi opieHTalii mkosspi Ha I T-crenianbHOCTI

Meta po0oTH — BHUCBITJIICHHS OCOOJHMBOCTEH METOIUKH MIATOTOBKM MalOYyTHIX yUUTEINIB
iHbOpMaTUKH 10 BIPOBAKEHHS CydacHHX (hOpM, METOIIB Ta 3aco0iB 3AiiiCHEHHS MpodeciiHoi
opieHTalii mkoJjspiB Ha IT-cnemnianpHOCTI.

OcnoBHa yactuna. Y XHIIY imeni I'. C. CkoBopoau po3poOrieHa Ta BIPOBAKYEThCS
aBTOPChbKa CTPYKTYpHO-()yHKIIIOHAJIbHA MOJIEJb MIATOTOBKU MaOYTHIX yUUTENiB IHHOPMATHKH 10
npogeciiinoi  opieHTanii mkoispiB  Ha [T-cmemiampHOCTi, sSKa BpaxoBye — CHEIU(IKY
npogopieHTaniifHoi pobotu yuurens iHGopmatuku [2]. 3 orisgy Ha OcCOOJIMBY 3HAYYIIICTh
npobiaemMaTuku npogopieHTaliiHoi poOOTH 31 MIKOJIApaMU B yMOBax pe(opMyBaHHS OCBITU Ha
3acaiax koHuenuii HoBoi ykpaiHchKkoi IKoH, y Mexax peaiizalii 3a3HaueHoi mojen 3 2020 poky
B YHIBEPCHUTETI pO3pO0JIEHO HOBY HaBUAIbHY TUCHMILIIHY — «YBelneHHs B IT-crmemialbHOCTI».
Meta HaBYANBHOT AUCHUIUTIHA — (JOPMYBaHHS y 3700yBayiB BUIIOT OCBITH CHEIialbHUX 3HAHB Ta
YMiHb, HEOOXITHUX JUIsl 3AIHCHEHHS TpodeciiiHoi opieHTaii mkosspis Ha IT-cnemiaabHOCTI. 3MicCT
HaBYAJIbHOT AUCIUILIIHHI 30CepEIKEHUN HAaBKOJIO TEOPETUUHUX 3aca i MpodopieHTaiiiHOT poOoTH
BuMTENs iHPOpMATUKH, OCHOB mpodeciorpadii IT-cnemianbHOCTEH, METOIUKH MpodeciitHoro
iHpopMyBaHHs WKoJsIpiB npo IT-cnenianbHOCTI, MpodopieHTAIHHOT TIaTHOCTUKH LIKOJISPIB Ha
IT-cneniansHocTi, Qopmu mnpodopieHTaniiinoi pobdotu Bumrens iHpopmatuku Ha IT-
CHEIiaIbHOCTI.
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Oco6nuBe 3HaueHHS MiJ Yac HaBuaHHS Mae (opMmyBaHHS y 37400yBauiB BHIOi OCBITH
NPAaKTUYHUX yMIHb BIIPOBA/DKYBaTW cydacHi edexTuBHI ¢GopMH, MeToau Ta 3aco0u
npogopieHTaliifHoi poboTH Ha ycix eranax npodopieHTaniiinoi podotu B mkoumi Tak, HanpuKiazn,
CTY/ICHTH OTIAHOBYIOTh METOUKY IMPOBEICHHS EKCKYPCiid, O€Cill, CBAT, YCHUX KYpHAIIIB, 3yCTpiue
3 MpeNCTaBHUKAMHU Tpodeciif, TeMaTHYHUX Irop Ha IMOYAaTKOBOMY Ta IOIIYKOBOMY e€Tamax.
CryneHTH BUBYAIOTH OCOOIMBOCTI OpraHi3allii rpynoBoi poOoTH i3 mKoJisipaMu Ha 6a30BOMY eTarti
— 3 BUKOPUCTAHHSAM mpodopieHTaIfHNX JiarHOCTUYHUX (opM poOOTH, Tio Yac YpPOKIB,
CHeUiaTbHUX TOAMH CIUIKYBaHHs 3 BHOOpy mpodecii. 3a0e3neuyeThCcsi OBOJOIIHHS CTYCHTaMHU
METOJUKH TPOBEACHHS KOHCYJbTallid, Oecim, miarHOCTHYHOI poOoT 3 mpodopieHTalii,
320XO0YEHHS YYHIB 1O CHEHiAIbHUX 3aX0AiB 3 mpodopieHTamii Ha KOPUTYBAIBHOMY €Tari
npodopieHTaI1iiHOT pOOOTH 31 LIKOJISPAMH.

3ayBa)XMMO, III0 B YMOBAaxX MNOLIMPEHHS AUCTAHLINHOTO Ta 3MIIIAHOIO HaBYAaHHS, OKPEMY
yBary NnpuAUISETHCS METOAMII MPOBEACHHS Ha3BaHMUX 3aX0JiB B (pOpMaTi OHJIAWH — CTyIEHTaM
HAJA€ThCS MOXJIMBICTh 3/700yTH BIACHUI JOCBIA TPOBENCHHS OHJANH-3ycTpiuel, Oeci,
€KCKYypCIii TOIIO.

YenimHicTh 3aidcHEeHHST TpodopieHTaliiHOT pOOOTH 3aI€KUTh 1 Bl HASIBHOCTI HIMPOKOTO
crekTpa i cydacHuX 3aco0iB. ToMy mporpamoro HaBYajdbHOI IUCHUIUIIHK TEepeadadyeHo sK
3HaOMCTBO CTY/EHTIB 3 HasBHMMHU 3aco0amu mpodopieHTaniiHOoi poOOTH 31 MIKOISIpaMH, TakK 1
pPO3pOOKYy BIIACHUX — KAaTajoriB, IHTEPAaKTUBHMUX IUIAKATIB, IHTEPAKTUBHUX BIPAaB, TalMIIaiHIB,
npodopienTaiiitnoi iHporpadiku, TpeHaxkepiB, 3aco0iB MpodopieHTAIIIMHOT JIarHOCTUKU TOLIO.

BucHoBkn. MeTtonuka — miAroToBKa — MaWOyTHIX — yuuTeniB  1HGOPMATUKA 1O
npodopieHTAIIHHOT pOOOTH 31 MIKOJsApaMu Mae mepeadadaTd SK 3aCBOEHHS HUMH 3HAHBb IPO
cnenudiky ckimagoBux mpodeciiitHoi opieHTarii mkossipiB Ha [T-cmemiaabHOCTI, Tak 1, IO
BHUKJIIOYHO Ba)KJIMBO, HAOYTTS HUMHM MPAKTHYHUX YMIiHb 11 3JIMCHEHHS Ha yCiX eTamax, a TaKoxX
(dhopmyBaHHS TIEPEKOHAHb Ta MOTHBIB MPOQeCIiiHOT OpieHTAITI.

CnuCcOK BUKOPUCTAHUX JIZKepeJT
1. TIpodeciitna opienTaris B HOBi#ff ykpaincekiii mxom. URL: https://uied.org.ua/wp-content/
uploads/2020/12/konczepcziya-profori%D1%94ntaczii%CC%88-dlya-gromadskogo-obgovorennya-
16 12 20-.pdf (marta 3Beprenns: 27.05.2022).
2. TlonomaproBa H. O. IligroroBka MalOyTHIX y4uTeNniB iHGOPMATHKU O TpodopieHTaIIHOT
poboTH y 3arabHOOCBITHIX HaBUaNbHUX 3akmagax: MoHorpadis. Xapkis: XHITY imeni I'. C. CkoBopomw,
2018. 325 c.

BUKOPUCTAHHA NPUKJIAJHUX KOMII'IOTEPHUX PO3POBOK
Y HABYAJIBHOMY INPOLECI ITPHU HIATOTOBII XIMIKIB-TEXHOJIOI'IB

Cepreesa O. B., @poJsosa JI. A.
JIBH3 «YkpaiHcbkuil gep>kaBHUI XIMIKO-TEXHOJIOTTYHUHN YHIBEpCUTET», M. [{Hinpo, Ykpaina

AHoTanis. Po3risiHyTO BIUIMB caMOCTIHHHX poOiT (y BUTIAAI TPUKIAAHUX PO3pOOOK) Ha
(hopMyBaHHS Y CTYIEHTIB PI3HHUX CHeNiaJbHOCTEH HABHYOK MPOQECIifHOro CpsMyBaHHS Ta KOMYHIKaIlil
IIpY CITIBIIpAIli Ta HABUYOK B3a€EMOBIJHOCHH 3aMOBHHK-BHKOHABEIlb IIPH aKTUBHIN IMMi3HABAIBHIN TBOPYil
TiSTBbHOCTI CTyAeHTiB. O0’€KT MOCHIKEHHS — II€ IPOIEC CTBOPCHHS KOMIT'IOTEPHHX pPO3POOOK, IO
CTOCYIOTBhCA XiMiuHOi TexHomoril. Ilpemmer mocmipkeHHS — 1€ B3aEMOJiSA CTYACHTIB PI3HHX
cremniagbHOCTeH. BUsABIEHO MpU TaKOMYy IMiIXOA1 BUKOPUCTAHHS YCiX (YHKIIIH caMOCTIHHOI mparli, ToOTO:
Mi3HaBaJIbHOI, IPOTHOCTUYHOI, BAXOBHOI, KOPUTYIOUO1 Ta cCaMOCTiifHO1. MOKHA BiA3HAYNTH, L0 IPU TAKOMY
MiAXO0/1 3HAYHO MOLIMPIOETHCS CBITOIIIA] CTYIEHTiB-BUKOHaBLIB. KpiM TOro, crocrepiraeTscsi 3pocTaHHs
CaMOOIIIHKHM CTYJIEHTIB Ta BIEBHEHOCTI y co0i. BcTaHOBIEHO, MI0 HAWOUIBIN JOUUIBHUM JUIS CTYACHTIB
crnetianbHOCTI 123 — KoMIT'IOTepHa iHXKEHepis € po3po0ka KOMI'IOTEPHUX CHUMYJISATOPIB JabopaTopHUX
YCTAaHOBOK a00 TEXHOJIOTIYHUX JIiHIM BUPOOHHUITBA, CIIELiali30BAHUX KOMII IOTEPHUX CUCTEM IS
eKCIIEpUMEHTANIbHUX J0cHiiB abo naboparopidi, po3poOka KOMII'IOTEPHHUX CHUCTEM MOHITOPHUHTY
TEXHOJIOTTYHOTO TIPOIIECY.

KirouoBi cjioBa: CTyAeHT, TEXHOJIOTYHUHN MpoLiec, caMOCTiiHa Mpalls, IPUKIaJHa po3pooKa.
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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. CtpiMKHil pO3BUTOK XIMIYHUX TEXHOJIOTIH MOTpedye Bif CTYAEHTIB Ta BUKJIAaJayiB
CBOEYACHOTO pearyBaHHs Ha 3MIHM B HAaBKOJIMIIHbOMY CEpPEIOBHINI Ta CyCHUIbCTBL. Bin sikocTi
HaBYaHHSI CTYJICHTIB 3aJICKUTh 1X MOJAIBIINKA YCIIX HA 00paHOMy TPOQEeCIHHOMY NIIAXY. 3T1IHO
3 3aKOHAMU YKpaiHU Mpo HayKoBY i HAayKOBO-TEXHIUHy misutbHicTh [1] Ta mpo Buiry ocBity [2]
HEOOXITHO 3aJlydaTd CTYJACHTIB /10 HAYKOBOiI Ta MPaKTUYHOI JASUTBHOCTI, CTBOPIOBATH HEOOXITHI
YMOBH I peaiizallii yyaCHHKaMH OCBITHHOTO TpOIleCy iXHIX 3AI0HOCTEH 1 TaJllaHTIB, a TaKOX
CIPHUATH MDKIUCIUIUIIHADHOMY HaBuaHHIO. Kpim Toro, MaiiOyTHs mnpodeciiiHa AisSUTBHICT
OUTBIIIOCTI CTYNIEHTIB Oy/e TOB s3aHa HE JIMIIE 3 BUKOPUCTAHHSM Ta PO3POOKOI0 KOMIT FOTEPHOT
TEeXHIKH, aJie ¥ 13 CIIUIKYBaHHIM 3 3aMOBHUKAMH TOIIIO.

IlocTanoBka 3agavi. BukopucTaHHS KOMIT'IOTEPHOI TEXHIKM B HaBUYaJIbHOMY IIpOIIECi
BIIKpUBAE IIUPOKI MOJKJIMBOCTI IS PO3BUTKY IM3HABAJLHUX 3II0HOCTEH CTYIEHTIB — Bif
CEHCOPHO-TIEPLIETITUBHUX JI0 MOBJIEHHEBO-PO3yMOBUX (opM. OnHaK i MOXIJIHUBOCTI 3HAYHO
obmerxeHi B chepl popMyBaHHS CHCTEMH IIHHOCTEH, MOTHBAIIIT, IIIJICTIOKIIaaHHS Ta IHITNX CTOPIH
nicuxiku JroauHu [3]. ToMy HeoOXimHO 000B’S3KOBO MATPUMYBATH MPOdEciiHy CHIBIIPAII0 MK
CTYIACHTaMH, acIipaHTaMU Ta IHIIUMHU YYaCHUKaMH OCBITHBOTO MPOIIECY.

MeTo10 podOTH € OCTIDKCHHS aKTyaJlbHOTO MHMTAHHS CITIBMIpAlll BUKJIAIavyiB Ta CTYJACHTIB
PI3HHX CHEIiaIbHOCTEH, PO3UIUPEHHS iX CBITOIIISLY Ta OTPUMAaHHS MPAKTUYHUX HAaBUUOK y cdepi
MaiOyTHBOT PO ECIfHOT TISUTBHOCTI HA OCHOB1 CTBOPEHHS MTPUKJIAJHUX KOMIT FOTEPHUX PO3POOOK.

OcHoBHa yactuHa. OIHUM 3 NUIAXIB JOCSITHEHHS TIOCTaBJICHOT METH € po3poOKa
KOMIT IOTEPHUX CUMYISATOPIB TaOOPATOPHUX YCTAHOBOK 200 TEXHOJOTIYHUX JiHiN BUPOOHMIITBA,
po3poOKa cCHeriaii3oBaHUX KOMIT'IOTEPHUX CHCTEM Il E€KCIIEPUMEHTAJIbHUX JOCIiAIB abo
naboparopiii, po3poOka KOMIT FOTEPHUX CUCTEM MOHITOPUHTY T€XHOJOTTYHOrO mporecy [4]. [Tpu
IIbOMY CTYACHTH, acIlipaHTH creriaibHOCTI 161 — XiIMiYHI TEXHOJIOTII Ta IHXKEHEepis HAaBYAIOThCS
PO3pO0NIATH TEXHIYHE 3aBAAHHS Ha PO3pOOKY 3 JeTalbHO BUKIAICHUMU BUMOTaAMHU.

Posrnsinemo po3po6ku cryaentiB JIBH3 «YkpaiHcbkuil gep>kaBHUN XIMIKO-TEXHOJIOTTYHHH
yHIBEpCUTET», 1[0 3 SBUJIMCS 3aBIASKUA CIHIBIpaIi MDK CTyAGHTaMHu cremianbHocTi 123 —
KOMII'I0TepHa iHXeHepid Ta 161 — XiMiuH1 TEXHOJIOTI Ta IHXKeHepis P NPOEeKTyBaHH1 Ta po3pooii
IIPOrpaMHMX MPOIYKTIB 1 CIIElial1i30BaHUX KOMIT IOTEPHUX CHCTEM.

1. Komn’tomepna cumynayisi XIMIKO-TEXHOJIOTIUHUX TPOIECiB [5], sika BUKOPUCTOBYETHCS
Mpy HaBYaHHI, JOTOMAara€ IiCTOTHO TMOJIMIIMTH MIBHIKICTh Ta SKICTh HaBYaHHSA. Po3risHyTa
MOJIENIb — 1I€ CUMYJSTOP CHCTEMH, PO3pOOJIEHOT ISl TEXHOJIOTTYHOTO Tpolecy OTPUMAaHHS
HAHOPO3MIPHUX CITOJIYK KOOAJIBTY.

2. Cucmema monimopuney [6]. Y 3aralbHOMY BUIIQJKy B X071 JJAOOPaTOPHOTO EKCIIEPUMEHTY
MOBUHHA [ISTH CcXeMa Oe3MepepBHOTO MOHITOPUHTY, IO JO3BOJIAE OTPUMATH MaKCUMAIbHY
KUIBKICTH 1H(OpMaIlii 3a yac MPOBEJCHHS EKCIIEPUMEHTY.

3. Komn tomepnuii cumynsamop 1ab0pamopHoi niazmoximiyHoi ycmanoeKu, TIPU3HAUEHOT 1S
00pOOKHU PIIKUX CEPEIOBUIIL.
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[Iporpamua Mozenb BimoOpakae OCHOBHI €JIEMEHTH pealilbHOi YCTAaHOBKH, BPAaXOBYE
MOKa3HUKH JIATYUKIB, A€ MOXJIMBICTh BCTAHOBIIIOBATH KUIBKICHI MapaMeTpH, SIKi BIUTMBAIOTH Ha
nporec poOOTH YCTaHOBKH.

BucHoBku. Po3rnsHyTo BIiB poOiT (y BUTIISAI IPUKIAIHUX KOMI ' IOTEPHUX PO3pOOOK) HA
(dopMyBaHHS y CTYACHTIB PI3HUX CIEUIATBHOCTEH HABMYOK NpPOQEciiHOro CrhpsMyBaHHS Ta
KOMYHIKAIIii TPy CHIBIpaIll Ta HABUYOK B3a€EMOBIJIHOCHH 3aMOBHHK-BHKOHABEIb NP AKTHBHIN
Mi3HABAIBHIA TBOpYId JiSUTBHOCTI CTYACHTIB. BusABIeHO, MmO MNpH TakOMy MiAXOJI
BUKOPHUCTOBYIOTBCS yCi ()YyHKIIT CaMOCTIHHOT Tpalli: Mi3HABAIbHOI, MPOTHOCTHYHOI. BUXOBHOI,
KOPHTYI0YOi Ta caMOCTiHOI. MOKHa BII3BHAYHUTH, 110 TPU TAKOMY ITiJIX0/11 3HAYHO HOUIHPIOETHCS
KpYro3sip CTyJEHTIB-BUKOHABIB. KpiM TOT0, criocTepiraeThCst 3pOCTaHHS CAMOOIIIHKH CTY/ICHTIB Ta
BIIEBHEHOCT] Y CBOiX MOKJIMBOCTSIX.

HaiioineImn JOMUTBHUM I CTYJIEHTIB crierianbHocTeld 123 — KOMIT IoTepHa IHXCHEpis Ta
161 — ximiyHi TexHOJOTII Ta IH)KEHepis Oyma po3poOKa KOMIT'IOTEPHUX CHMYJISTOPIB
1a00paTOpHUX YCTAHOBOK Ta TEXHOJIOTTYHUX JIHIA BUPOOHUIITBA, PO3poOKa cCleniani3oBaHUX
KOMIT'FOTEPHUX CHUCTEM [IJIsl EeKCIepUMEHTAIBHUX JOCHIIIB Ta JiabopaTtopiii, po3polka
KOMIT IOTEPHUX CUCTEM MOHITOPUHTY TEXHOJIOTIYHOTO IPOIIECY.
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MPO®ECIMHI KOMIIETEHTHOCTI MAWBYTHIX PAXIBUIB
Y T'AJY3I IHOOPMANIMHUX TEXHOJIOI'TH

Aubxo O. M.
YepHniBeubkuii HalioHasbHUH yHiBepcuteT iMeHi FOpis deapkoBuya, M. UepHiBii, YkpaiHa

AHoTanis. Po3riasHyTO OCHOBHY METY ITi/ITOTOBKH OakanaBpiB rary3i iHpOpMamiiHUX TEXHOIOTIH,
BH3HAYEHO OCHOBHI Mpo(eciiiHi KOMIIETEHTHOCTI, SKUMH Ma€ BOJOAITH (haxiBelb 3 KOMIT IOTEPHUX HAYK,
mo (QOopMyIOTBbCS B Pe3ysbTaTi HaBYaHHS (QyHAaMeHTanbHUX Aucuumiid. [IpoananizoBaHo mpodeciiiny
KOMIIETEHTHICTb, II0 MICTUThH IHTErpajibHy, 3arajibHy i ()axoBy KOMIIETEHTHOCTI OCBITHBOI'O CTaHIAPTY
BUIIOI OCBITH YKpaiHM mepmoro (0akajgaBpChbKOro) piBHs creniaidbHOcTi «KoMmm'toTepHi HayKm».
Bu3Ha4ueHO OCHOBHI XapaKTEpUCTUKH, IKUMH Ma€ BOJIOMITH OakajiaBp 3 KOMIT IOTEPHUX HAayK B pe3yibTaTi
BHUBYEHHS (yHIAMEHTaJbHUX JUCLUILIIH, IO AOMOMAaralTh (axiBI0 BUPIIIyBaTH BUPOOHWYI 3aBAAHHS,
YCHIMIHO JiSTH B MIHIMBUX YMOBaxX PHHKY, JIEFKO aJalTyBaTHCS y PI3HMX COLIaNbHUX OOCTaBHHAX Ta
PO3BHBATH BiIacHI podeciitHi 34i0H0CTI, 0cOOIMBO B yMOBaX MIBUIKOI 3MiHH PHHKY.

KarouoBi ciaoBa. KowmmerentHicts, [T-¢axiBenp, KOMIETEHTHICHUIN miaxin, (yHmIaMeHTallbHA
IHMCLUILTIHA, OaKaJaBp 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. 11IBuako3MiHHICTh CydacHUX YMOB, B SIKUX MpaioroTh (axiBui IT-ramysi, BucyBae
CBOi BUMOTH IIOJ0 OCOOJMBOCTEH 3/1MCHEHHS MpodeciiHOT MSUTBHOCTI, Ta, SIK pe3yibTaT, — 10
3HaHb, YMiHb, 3JJATHOCTEH Ta MCUXOJOTTYHUX sikocTel IT-daxiBis.

IlocTanoBka npodaemu. OCHOBHOIO METOIO MIATOTOBKHU (haxiBIIB y rany3i iHhopMaliiHux
TEXHOJIOTIM € MiAroTroBKa (axiBIIB 31 Cleliadi30BaHUMU MPAKTUYHUMU HaBUYKaMU PO3POOKH,
BIPOBA/DKEHHS W CyNpOBOAY IHTENEKTyadbHUX I1HGOPMAIIMHUX CHCTEM Ui  aHali3y
CTPYKTYpOBaHMX W HECTPYKTYpOBaHHUX JaHUX, a TaKOXX TEXHOJOrIH MOJIeNIoOBaHH Ta
MIPOTHO3YBAHHS ISl OJIep>KaHHSI HOBUX 3HAHB 1 TEXHOJIOT1A 0OpOOKM JaHUWX, JUIS MIIBUILIECHHS X
1HGOPMATUBHOCTI, MpHU PO3B’SA3aHHI MNPUKIATHUX 3aJad B OpraHi3alliiHUX, TEXHIUYHUX,
MPUPOJIHUYHX, COLIATHHO-EKOHOMIYHUX CHUCTEMaX Ta HayKax Mpo KUTTH.

Meta po6oTu. BusHaunTi OCHOBHI KOMITIETEHTHOCTI MaOyTHIX (haxiBIliB 3 KOMIT IOTEPHUX
HayK, 5IKi pOpMYIOTbCSI HA OCHOB1 HaBYaHHS (yHIaMEHTAIbHUX TUCITUTLIIH.

OcHoBHa 4acTtuHa. Bimmosimno no CrangapTty BHINOI OCBiTH YKpaiHM TeEpIIoro
(6akamaBpCchKOTO) PIBHS CTYNEHS «OakaliaBpy 3a rainy33to 3HaHb 12 «IHdopmarlriiiHi TeXHOIOTIi»,
cnemianpHicTIO 122 «Komm’toTepHi HayKn» MallOyTHIN ¢axiBelb 3 KOMIT IOTEPHUX HAyK IMOBUHEH
BOJIOJITH  HACTYITHUMH  KOMIIETEHTHOCTSIMH, sKi OyayTh cpopMoBaHi 3a  paxyHOK
byHaaMeHTanbHUX AuCIUILTia [1]:

— 3JaTHICTh O MaTEeMAaTUYHOTO Ta JOTTYHOTO MHUCJICHHS, (OPMYITIOBAHHS Ta TOCIIHKEHHS
MaTeMaTUYHUX MOJIENEH, 30KpeMa TUCKPETHUX MaTeMaTHYHHUX MOjieJieil, OOIpyHTyBaHHS BUOOPY
METO/IiB 1 MIAXO/11B JUIsl pO3B’sI3yBaHHS TEOPETUYHHX 1 MPUKIAAHUX 33724 B raidy3i KOMIT IOTEPHUX
HayK, IHTEPIPETyBaHHS OTPUMAHUX PE3YJIbTaTIB;

— 3/IaTHICTHh OMIAHOBYBAHHS CYYaCHUX TEXHOJIOT1H MaTEMaTHYHOTO MOJIEIIOBAHHS 00’ €KTIB,
MIPOLIECIB Ta SIBUII, PO3POOISATH OOUHUCITIOBATIBHI MOJIEINI Ta aITOPUTMU YHCEIBHOTO PO3B’S3aHHA
3a/1a4 MaTeMaTUYHOTO MOJICTIOBAHHS;

— 3JIaTHICTh 3aCTOCOBYBATH TEOPETHYHI Ta MPAKTUYHI OCHOBH METOJOJOTI] Ta TEXHOJOTI]
MOJIETIIOBAHHS, PEalli30BYBAaTH AITOPUTMHU MOJETIOBAHHS JUISl JOCTIDKEHHS XapaKTepUCTHUK 1
MOBEIIHKH CKJIaTHUX 00’ €KTIB 1 CCTEM, MMPOBOJUTH €KCTIEPUMEHTH 3a IIPOTPaMOI0 MOJICTIOBAHHS
3 00pOOKOIO 1 aHATII30M pE3yiIbTaTiB;

— 3JaTHICTh 3[ilicHIOBaTH (OpMalli30BaHU OMMC 3aJad JOCIPKEHHS omepauiil B
OpraHi3amiifHO-TeXHIYHUX 1 COL1aThbHO-€KOHOMIYHUX CUCTEMAaxX PI3HOTO MPU3HAYCHHSI, BU3HAYATU
iX omTHManbHI pilieHHs, OyayBaTH MOJENi ONTUMAIBHOTO BUOOPY YIPAaBIIHHS 3 ypaxyBaHHSIM
3MiH TapaMeTpiB, ONTUMI3yBaTH MPOIIECH YIPABIiHHS B CHCTEMaX Pi3HOTO MPU3HAYEHHS Ta PIBHS
iepapxii;

— 3JaTHICTH JIO CHCTEMHOTO MHUCIIEHHS, 3aCTOCYBAaHHS METOJI0JIOT1] CUCTEMHOTO aHaJI3y JUIs
JOCITI/DKEHHST CKJIQJHUX TMpoOJieM pi3HOT NpUpoaH, MeToAiB ¢opmaiizalii Ta po3B’s3aHHI
CHCTEMHHX 33/1a4, 1[I0 MAIOTh CYNEPEwWINBI 111J1i, HEBU3HAUCHOCTI Ta PUUKH;

211



— 3JIaTHICTH JI0 aHaJi3y Ta (YHKI[IOHATLHOTO MOJETIOBAHHS Oi3HEC-TIPOIECiB, TOOYIOBH i
MPAKTUYHOTO  3aCTOCYBaHHA  (PYHKIIOHATBHUX MOJENEH OpraHi3aliiiHO-eKOHOMIYHHUX 1
BUPOOHUYO-TEXHIYHUX CHCTEM, METOJIB OLIHIOBAaHHS PH3MKIB, CHHTE3y CKJIQJJHUX CHUCTEM Ha
3acajaXx BUKOPUCTAHHS i KOMIT IOTEPHOT MO IS

HeoOXiqHO BUALIMTH CYKYMHICTh SIKICHMX XapaKTEPUCTUK (03HAK), 32 IKUMH MOYKHA CYJUTH
PO HAsBHICTh, CTAHOBJEHHS Ta PO3BUTOK TNPOQECiiHMX KOMIIETEHTHOCTeH (axiBIsd 3
KOMII'FOTEPHUX HAyK: CTiiKa MOTHBAIis 1O BHUKOHAHHA NMPO(deciifHOl AisIbHOCTI, 0coOUCTICHA
3HAYUMICTh Mpo(deciifHoi nisutbHOCTI (MpodeciiiHa aBTOHOMHICTE), IHPOPMAaLIHHO-TEXHOJIOTIYH1
3HaHHS, kMU Bosoxie IT-daxiBenp, eBpUCTHYHA AISAIBHICTH, pealli3oBaHa ISl OTPUMAaHHS
HEOOXiJHOTO pe3ynbTaTy BHpimeHHS TnpodeciiHoro 3aBmaaHHs (TpodeciiiHo-HaBYaIbHA
€BPUCTUYHICTH), IHAMBIIyaJIbHUN CTWJIb BHUpIIEHHS mpodeciiiHuX 3aBaaHb (0coOHCTICHA
IMaHEHTHICTh BUpIIEHHS Npo¢eciiHMX 3aBlaHb, PIBEHb COLIAIBHOI 3HAYYIIOCTI, Ha SKOMY
3laTHUN BUPIIUTH NpodeciiiHy 3ajady ¢axiBellb 3 KOMII IOTEPHUX HAyK, CTYIIHb CKJIaJHOCTI
npodeciiiHoi 3a1a4l, SIKY BIH 3AaTHUN BUPIILIUTH.

[HmMMu croBaMu, «KOMIETEHTHOMY (haxiBIf0» MOBUHHI OyTH BJIAacTHBI, NPUHAWMHI, TpU
OCHOBHI XapaKTEPUCTUKH, a caMe:

— egexmusnicmv Ha poboouomy micyi (TPOTYKTHUBHICTD, SIKICTh, aJlalTallis 10 3MiH, BHECOK
y JOCSTHEHHS 3arajibHUX IUIeH KoMmaHii, Oe3reKa Mmpaili, 3aXMCT HaBKOJHUIITHROTO CEepPEIOBHINA
TOIIO);

— MOOinbHiCMb 'y MeEXax MIIIPUEMCTBA 1 ceKTopa (THYYKICTh, 0araTonpo@uibHICTH,
CaMOBJIOCKOHAJIEHHS1, HABYaHHS Ha poO0YOMY MicIli);

— PO36UMOK NEPCOHANILHUX AKOCMEl | 3a2aNbHUX KII0YOBUX 3HAHb | HABUYOK, SIK1 HEOOXIIH1
JUTsl YCIIITHOT poOOTH Ha poO0YOMY MICITi).

BucHoBok. AHamizyroud BUIIE3a3HAYCHE, MOXHa 3pOOUTH BHCHOBOK, IO OBOJIOMIHHS
npodeCitHUMUA KOMITIETCHTHOCTSIMH (DaxiBIleM 3 KOMIT IOTEPHUX HAyK — OJIHA 13 TOJOBHHUX Ta
HalBOXJIMBIIUX  yMOB  JOCSTHeHHS  mpodecionanizmy  daxiBuie y  IT-chepi, ix
KOHKYPEHTO3/IaTHOCTI Ha CBITOBOMY PUHKY TIpaIli.

CHnuCOK BUKOPUCTAHUX JIAKepeJT
1. Cranmapt Bumoi ocBitm YkpaiHu mepmoro (OakamaBpcbKOro) piBHS CTyIeHs «OakaiaBp» 3a
ramy3sto 3HaHb 12 «lH(popMamiiiHi TexHomorii», cnemianbHicTIO 122 «Komm'torepni Haykm». URL:
https://mon.gov.ua/storage/app/media/vishcha-osvita/zatverdzeni%?20standarty/2019/07/12/122-
kompyut.nauk.bakalavr-1.pdf/ (nata 3Beprenns: 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 g1), 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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