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MIHICTEPCTBO OCBITH I HAYKHU YKPATHU
CYMCBKHWH JEP)KABHIN YHIBEPCUTET
MDKHAPOIHMUM YHIBEPCUTET «ACTAHA»

[HOOPMATUKA, MATEMATHKA,
ABTOMATHUKA

IMA :: 2024

MATEPIAJIN
TA Mporpama

MDKHAPOJHOI HAYKOBOI KOH®EPEHIIII
MOJIOAUX y‘leHI/IX

(Cymu — Acrana, 22—26 kBitHs 2024 poky)

Cymu
CyMmchbKuit AepKaBHUIM YHIBEPCUTET
2024



Illanoeni konezu!

Dakynemem  eleKMPOHIKU ma  IHHOPMAYIUHUX — MEeXHON02il
Cymcbk020 0epawcasHo20 YHIgepcumemy 8 uep2o8ull pas wupo eimae
yuacHuxie wopiunoi xoughepenyii «Ingpopmamuxa. Mamemamuxka.
Aemomamukay».  OCHOSHUMU — NpUHYUNAMU  KOHQepenyii €
BIOKpumicms i BilbHA YYACMb 05l 6CIX YUACHUKIB HE3ANeHCHO Bi0
81Ky, Cmamycy ma Micys npOICUBAHHSL.

Baoicnusumu ocobnusocmamu kougepenyii € mexnonoeiunicmos ma
BIOMIHHI A8MOPCLKI cepsicu 3a805Ku 6eb-calimy Kougepenyii. Yci
nooaHi mamepianyu aemomMamuyHo OOCMYNHi OJisl 3PYYH020 Nepeisidy
Ha caumi ma 0obpe IHOeKcYIombCs noulykosumu cucmemamu. ILle
00nOMa2ae yuacHukam cgopmyeamu ceoio Yibogy ayoumopir ma €
NOMYAHCHUM hakmopom nonyisapuzayii. 0opooKy asmopie Ha 0062i
DOKU.

3acioanns cexyiii 8i00y0ymuvcs 68 OUCMAHYIUHOMY pexcumi 3da
00NOMO20I0 CYUACHUX KOMYHIKAYIUHUX 3aC00I8.

Vci numanmns ma nponosuyii Bu moowceme Hadiciamu Ha
HUdMCYEe3a3Hauen)y e1eKmponHy aopecy.

E-mail: elitconf@gmal.com.
Web: https://elitconference.sumdu.edu.ua.

Cektii koHpepeHitii:

Komm’rorepHi Hayku Ta kibepOe3mneka.

Indopmartiitii TeXHONOTIi IPOEKTYBaHHS.

ABTOMATHKa, €JIEKTPOMEXaHIKa 1 CACTEMU yIPaBIIIHHS.
[TpuknasHa MaTemMaTHKa Ta MOJIEIIOBAHHS CKIIAIHUX CHCTEM.
Acrtificial Intelligence and Applied Mathematics.

Automated Systems and IT Management

Radio Engineering, Electronics and Telecommunications

N swN R

CriBrosjoBu OprkoMiTeTy IOpiit Bonk
Acenb MykaHoBa


mailto:elitconf@gmal.com
https://elitconference.sumdu.edu.ua/
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CEKIUA Ne 1 «KKOMITIOTEPHI HAYKHA TA
KIBEPBE3IIEKA»

l'onoa cekuii — mokTop TexH. HayK JoBOoum A.C.
Cekpetap cekii —poB. (axiserns JIyk’ sHixina A.B.

Iouarok: 01.05.2024 p., 14%, onaiin,
https://meet.google.com/zyw-eook-qio

1. Application of Device Classification Based on Security
Parameters Using Machine Learning for Intelligent Routing in
Softwarized Networks

Author: Stud. Maiba M.
Supervisor — Professor Yeremenko O.

2. Visulaization of a hash map data structure
Author: Professor Kolesnikov V.A.
3. Network Reliability Engineering for SDN

Authors: Stud. Persikov M.,
Stud. Lemeshko V.,
Stud. Khikhlo V.

4. Image encryption with key-image using integral disproportion

Authors: PhD Stud. Kovalenko A.,
Senior lecturer Moskalenko A.

5. Image encryption with key-image using integral disproportion

Authors: PhD Stud. Bondarenko M.,
Ass. Prof. Avramenko V.

6. Does the UUID version affect the insertion time in PostgreSQL

Author: Stud. Lytvynenko Y.


https://meet.google.com/zyw-eook-qio
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10.

11.

Supervisor — Senior lecturer Kuzikov B.

Leveraging Machine Learning for Predicting Web Application
Defects

Authors: PhD Stud. Volkov O.
Prof. Kolesnikov V.A.

Enhancing Automated Web Application Testing Through
Machine Learning-Driven Scenario Generation

Authors: PhD Stud. Volkov O.
Prof. Kolesnikov V.A.

Wi-Fi Protected Setup (WPS): operation algorithm and
vulnerabilities

Author: Stud. Moroz V.
Supervisor — Senior lecturer Kalchenko V.V.

Method for Enhancing the Robustness of Visual Feature
Representation Models Based on the Content of Computer
Games

Authors: PhD Stud. Kravchenko D.O.,
Senior lecturer Korobov A.G.

Affordable Resilience of Al-system based on Dynamic Deep
Neural Network

Authors: Ass. Prof. Moskalenko V. V.,
PhD Stud. Moskalenko Y. V.,
Stud. Ruban I. O.
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12. OnTumizamidHi  METOOW Ta  IAXOAW  JUIA  CIUIBHOIO
3a0e3medyeHHsT SKOCTI 0OCIyroByBaHHs Ta Oesneku B 6G

Mepekax
ABTOD: 3100yBau Cxomaxa M.O.
13. Po3poOka 4yar-60Ta /i1l y4aCHUKIB OCBITHBOTO MPOIIECY
ABTOp: 3n00yBau Pumap K.C.
KepiBauk — Bumtens I kareropii bimoain T.

14. KanbKyasTop TEPMIYHOTO OTIOPY

ABTOp: 3n00yBau bazypina C.B.,
KepiBuuk —  nmonent basypin B.

15. EdexTuBHuii 3axuct iHbopMaIiiHuX pecypciB BiAIOBIIHO 10
3aKOHOJABCTBAa YKpaiHU: po3poOKa Ta BIIPOBAKEHHS
KoH(irypariiii moaiTuk 6e3nexu

ABTopu: 3n100yBau CazaHoBa A.A.,
ct. BuKJ. Kampuenko B.B.,
ct. Bukj. Kosans B.B.

16. BusiBneHHs Bpa3inMBOCTEH 3a 10MOMOro MeTogonorii Web-
¢ba3zunry

ABTopu: 3n00yBay [Tapxomenko O.C.,
cT. Buki. Kosans B.B.

17. TIpobnema Ge3neku poOOTH CHCTEM IITYYHOTO 1HTEIEKTY

ABTOpU: 3n100yBau HaGoituenko 1.B.,
ct. BukJi. Kosans B.B.,
CT. BUKJI. Ky3ikoer B.O.
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18.

19.

20.

21.

22.

23.

[TpoGiemMa BUKOPUCTAHHS MITYYHOTO 1HTEIEKTY B 3TOBMUCHHX
UTAX

ABTOpU: 3no0yBau ['er; J1.O.,
ct. BuKJ. KoBans B.B.,
cT. BUKII. Ky3ikoB b.O.

JlocnipKkeHHs IUIsIXiB 3a0e3neueHHs iHopMaliitnoi Oe3nexku
KPUTUYHOI iHPPACTPYKTYpH 3TiJHO YUHHOTO 3aKOHOJIaBCTBA
Ykpaiau

ABTOpH: 3mo0yBay [limmicHa A.A.,
ct. BukiI. Kanpuenko B.B.,
ct. BukiI. Kosans B.B.

Po3po0Oka indopmariiftHOT cucTeMH IS OI[IHKU PiBHS
KibepOe3neku

ABTOpH: 3n00yBau bpeycenko B.1O.,
cT. Buki. Kosans B.B.

JleranpHi Ta HeJlerajabHi aITOPUTMU IPOCYBAHHS CalTIB

ABTopu: 3n100yBay Kopokin B.,
cT. Buki. KoBans B.B.

®i3u4H1 0COOIMBOCTI CTBOPEHHS TEXHIYHUX KaHAIIB BUTOKY
iH(popmarii Bix cydacaux IKC

ABTOpHU: ct. BukJi. Kosans B.B.,
not. Hepequenko B.D.

Tenerpam-060T 1)1 MIIaHyBaHHS Ta OpraHizallii HaBYaIbHOT
JISUTBHOCTI CTY/IEHTa

ABTOpH: 3n00yBau be3pyk B.M.,
cT. Buki. [lloskommsic O.A.
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24. BukopucTaHHS MallMHHOTO HABYaHHS Ta IHTEIEKTYaIbHOTO
TPEHAXKEPY aBlallifHUX KOMIUICKCIB JJI PO3Mi3HABAHHS
Ha3eMHUX 00’ €KTIB

ABTOpHU: 3n00yBau bypmaka I. O.,
ct. BukiI. [lloBkomsic O.A.
25. MoOUTbHHIA JOJATOK ISl HAJTAHHS JOMOMOTH IUBUTEHOMY
HAaCeJICHHIO Y TPU(PPOHTOBUX 30HAX

ABTOpU: 3n00yBau JlaBunenko O.A.,
ct. Buki. [llosxommic O.A.

26. MoOinbHHIN TOAATOK JUTS MIATPUMKH JIiSUTBHOCTI PI€ATOPIB

ABTOpH: 3n00yBau ['op6enko JI.A.,
cT. BukJi. [lloskommsic O.A.

27. Bebpmomarok Juist IHTEpaKTUBHOTO BUKOPUCTAHHS MaTeMaTHYHUX
00'€KTIB y TUCTaHI[ITHOMY HaBYaHHI

ABTOD: 3n100yBayu Teneros J1.0.

28. IndopmaniiftHO-eKcTpeMabHa IHTENEKTyalbHa TEXHOJIOT 1S
J1arHOCTYBaHHS 3aXBOPIOBAHb 30PY 3a 300pakKEHHSAM OKa

ABTOpHU: BunyckHuk [lyriBens A. B.,
3no6yBay lllenect C. M.,
ac. Ilpunemna /1. B.,
nou. [lenexos I.B.

29. IlutanHs Ge3neKkH eIeKTPOHHUX IUIATIKHUX CUCTEM B OHJIAiTH-
CEepEeIOBHUIITI

ABTOD: 3100yBau MenbHuk B.B.
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KepiBauk —  cr. Buxi. JlaBpuk T.B.

30. Ilpaktuune BUKOpUCTaHHS MeTozomorii Microsoft Security
Development Lifecycle

ABTOD: 3n00yBauka [loranenko K.B.
KepiBauk —  cT. Buki. JIaBpuk T.B.

31. Pounb TexHomorii 010K4eiH y KibepOesneri

ABTOp: 3n100yBau Copouenko M.P.
KepiBauk —  cT. Buki. JIaBpuk T.B.

32. 3acrocyBanns Deep Packet Inspection s BUsBIeHHs
MEpEKEBUX Kibep3arpos

ABTOp: 3n06yBay [linropuuii I1.B.
KepiBauk —  cr. Buki. JlaBpuk T.B.

33. MoO6inbHUIA JOJATOK 7S HAJaHHS JOMOMOTH IUBUTEHOMY
HAaCEeJICHHIO Y MPU(PPOHTOBUX 30HAX

ABTopu: 3n100yBay Kapacs O. L.,
ct. BuKi. llloBkommsac O.A.

34. BukopucTaHHs JaHILOrB MapkoBa B IPOTHO3yBaHHI1
YCIIIIHOCT]I HAaBYaHHS CTY/IEHTIB 3a 3MIIIaHOI0 CUCTEMOIO
HaBYaHHS

ABTOpHU: 3n00yBau Kopenes M.1.,
not1. Onekcienko ['.A.

35. CTBOpEHHS peaylicCTUYHOrO pelabedy 13 3aCTOCYBaHHSIM METO/IIB
THTEPIIOJISILIT

ABTOpU: 3n00yBau Kpyncekuii O. A.,
ct. Buki. llloBkomnsic O.A.
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36. Indopmaniiina TEXHOIOTIA KEpYBaHHS Ta aHAJI3y JaHHUX JJIS
KiOepCIIOPTUBHUX TYPHIPiB

ABTopu: 3n100yBau Kucnenko 4. B.,
cT. BukJi. [lloskommsic O.A.

37. Amnaini3 300paxeHb y HAyKOBUX JJOKYMEHTaX 3a JJOMOMOT 010
3TOPTKOBOT HEHPOHHOIT MEpeKi

ABTOpU: 3n00yBau JlonaTtka K.P.,
nou. Onekcienko I'.A.

38. Amnani3 IOUIBHOCTI BAKOPUCTAHHS XMapHUX PillleHb y Po3pooiii
cucrem ERP

ABTOD: 3100yBauy Boponenko O.

39. Mogeinb i MeToJ] 3a0€3MeUCHHS aaTHBHOCTI JIETEKTOPa
00’€KTIiB 0 HOBU3HHU 1 Bi3yaJIbHOTO IIIyMY MIPOTUOOPUHX aTaK

ABTOpHU: 3n00yBau Xutpos O. b.,
nou. Mockanenko B. B.

40. Cucrema po3IMi3HaHHS TOJOCOBUX KOMAaH]I AJIs afanTarii
HaBYaJILHOTO MPOILIECY 0 JTUHAMIYHUX 3MIH Y OCBITI

ABTopu: 3n00yBay [Tamixyk 1. O.,
cT. Buki. [lloBkomutsic O.A.

41. Beb-opieHTOBaHa cHCTeMa JJisl CIILJIBHOT €KOJIOTIYHOT TisUIbHOCTI

ABTopu: 3n00yBay [Tononsk A. C.,
cT. BuKJI. [lloBkomsic O.A.

42. Beb-opieHTOBaHa crcTeMa IS CHIJIbHOI €KOJIOTIYHOT AisTbHOCTI

ABTOpH: 3n00yBau [lloskommsic C.P.,
ct. Buki. KysikoB b.O.
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43.

44,

45.

46.

47.

48.

49.
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Be6-opienToBaHa cucTema Juis CIiIbHOI €KOJOTIYHO1 AisUTHOCTI

ABTOpU: 3n00yBau [llumko €.A.,
cT. BuKiI. [loBkomutsic O.A.
[HdopmartiitHa TEXHOJIOTIS MATPUMKH PATYBaJIBLHUX OIEpallii
Jlep>kaBHOT c1y)0u YKpaiHu 3 HaA3BUYAMHUX CUTYAIIii

ABTOpHU: 3n100yBau Cxopoxona A. A.,
cT. BukJi. [lloBkommsic O.A.

[HbopMaTHBHICTD OKpEMHX YAaCTHH OOIMYYS ITPH PO3ITi3HABaHH1
€MOIITHO-TICUXI9HOTO CTaHy JIIOAMHA

ABTOD: 3n100yBau Cienyenko /1.

CKiHYCHHUH aBTOMAT 13 JJOJJATKOBOIO TIaM ATTIO SIK IHCTPYMEHT
MIPOEKTYBAHHS BIPTyalIbHUX TPCHAXKEPIB

ABTOpU: 3n100yBau CuBokoHs B. B.,
cr. BukJ. [llosxommrsic O.A.

[npopmaniiine Ta  mporpaMHe — 3a0€3MEUYEHHS  CUCTEMU
MO/JIEJIIOBAHHS (PI3UWYHUX MPOLECIB B HAIMPOBITHUKAX

ABTOpH: 3n100yBau CepebpsikoB A. €.,
nou. [Manosanos C.I1.

[HbopmaTHBHICTE OKpEMUX YAaCTHH OOIMYUS MIPH PO3IMi3HABaHHI
€MOIIIHO-TICUXIYHOTO CTaHy JIFOIUHU

ABTOD: 3n100yBay Yukanos O.C.
KepiBauk —  ct. Buki1. bepecr O.b.

MoenroBaHHS Ta METOAUKH TSI aBTOHOMHUX HaBITaIllMHIX
cucteM BITJIA y cdepi arporexnosnorii
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ABTOD: 3100yBay SIckeBuu b.
KepiBauk —  gou. boposuk B.O.

50. JliniiiHa anreOpa y MalllMiHHOMY HaBYaHH1

ABTOpU: 3100yBau Bacunenko A. O.,
ct. Buki. lllosxommsic O.A.

51. Mojenb i METOJ IiABUIIEHHS 00YHCIIOBAIBHOT €(h)eKTUBHOCTI
BEJIMKUX MOBHUX MOJEIeH

ABTOpU: 3n100yBau Banenko A.B.,
BHKJI.-CTaXXUCT 3apeubkuit M.O.

52. Beb-opieHTOBaHa cHcTEMa JIJIsl CIIUIBHOT €KOJIOT1YHOT TIsITbHOCTI

ABTOp: 3n00yBau bonnap B.B.
KepiBuuk —  cr. Buki. Kysikos b.O.

53. KonnenryanbHa MOJi€Ib CUCTEMHU MIATPUMKH MPUHHATTS
pilieHs 11 aganTaiii HaB4aJlbHOTO KOHTEHTY 0 BUMOT PHHKY
mparii

ABTOpHU: 3100yBau bongapes A.,
3n100yBau XiboBcrka HO.
KepiBauk — mnpod. Josoum A. C.

54. T'padiunuii iHTepdeiic kKoHpiryparii MyaIbpTUCEPBICHOI MEpEXKi
Ethernet 3 interparieto Q-in-Q i HanamITyBaHHS MEPEKi

ABTOpU: 3n06yBau Bopo6iios 1.O.,
ct. Buki. Benukonuuii /[.B.

55. I'padiunnii inTepdeiic kondiryparnii Cisco ASA nns
3abe3neueHHs 0e3MeKu KOPIopaTUuBHOT Mepexi

11
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ABTOpH: 3n00yBau Bopo6iios 1.O.,
cT. Buki1. Benmukonnuii /[.B.
56. I'aminbTOHOBI rpadu B MaTeMaTUYHIA MOJIeINi HaBiraliiHoi
CHCTEMU

ABTOpHU: 3100yBau Maiibopona €. A.,
3n100yBau [lonoB M. P.,
nou. Maciosa 3. 1.

57. Mopgenb i MeToz 3a0e3me4eHHs aaaTHBHOCTI BUBYCHOT
CTpaTerii areHToM, 10 HaBYaBCS 3 MiAKPIIUICHHSIM

ABTOpU: 3n06yBau Xurpos O. b.,
nou. Mockanenko B. B.

58. Mogeinb i MeToJ] 3a0e3eUYeHHS aalTHBHOCTI JIETEKTOPa
00€KTIB 10 HOBU3HU 1 BI3yaJIbHOTO IIIyMY MIPOTUOOPYHX aTaK

ABTOpHU: nou. Mockanenko A. C.,
3100yBay Bunorpanos M.

59. Apxitektypa MLOps 3 ypaxyBaHHSM pe3iJIbeHTHOCTI AJIs
IHTEJIEKTYJIbHUX CHUCTEM IITYYHOIO 1HTEJIEKTY

ABTOpHU: nou. Mockanenko A. C.,
3n100yBau Binorpagos M. O.,
3n00yBau Tronema C. O.

60. 3amaua Eiinepa B MaTeMaTH4HIN MOJe11 HABITAI[IHHOT CUCTEMU

ABTOpU: 3n100yBau denopuenkos A.1O.,
nou. Macinosa 3. .

61. MamuHHe HaBYaHHS O€3MIJIOTHOTO JITAaIbHOTO anapary

12
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62.

63.

64.

65.

66.

67.

ABTOpHU: nou. Tupkycosa H.,
3100yBau Pynenko M.
CiTkoBe MIaHyBaHHS B MEHEKMEHT] Oy1iBeIbHHUX MPOLIECiB

ABTOpH: 3100yBau €ipHikoBa A.O.,
3n00yBau [Tumuk . B.,
nou. Maciosa 3. 1.

Moneni Ta MeToiu iH(GOpMAIIHHOT TEXHOJIOT11, OIIIHFOBAaHHS
BI/IMOBITHOCTI HABYAJILHOTO KOHTEHTY CIIEIIaIbHOCTI CY9aCHUM
BUMOTaM Ha MPUKJIaIi AUCIUILTIHYU «[ iapaBiika

ABTOp: 3100yBau [ertsaproB B.
KepiBauk —  gou. boposuk B.O.

AHaiz MeTo/iB MAIIMHHOTO HaBYaHHS CUCTEM BUSBJICHHS
HECAHKIIIOHOBAHUX BTPY4aHb

ABTOD: 3n100yBay Jlomannsa M.
[HTENeKTyaIbHA TEXHOJIOTIsl BUSBICHHS JIICOBUX TIOXKEXK
ABTOpHU: 3n00yBau Kpuony6 O..,
3100yBay MokpeHko A.A.,

nor. [lenexos 1.B.

Bukopucranss napaneabHO-TIOCTIIOBHOTO aJlTOPUTMY
1HpOopMaLifHO-eKCTPEMaIbHOT0 MAIIMHHOTO HaBYaHHS 3
YaCTKOBOIO MTOCJIITOBHOIO ONTUMI3aLI€I0 B 3314l Kiacudikarii
610CUTHAaIIB

ABTOD: 3n00yBau CynpyHeHko M.
AHaJi3 KOMIUIEKCHUX CUCTEM 3aXUCTy U(POBOTO CEPeIOBHUINA

ABTOpH: 3100yBau Pynnesa A.,

13
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68.

69.

70.

71.

72.

73.

74.

14

ct. BuKJ. KoBans B.B.,
not. Hepequenko B.D.

BusiBnenns ¢opaa y 1aHuX aBiakOMITaHil METOJIOM 3CYBY
CEepeIHHOTO 3HAYCHHS

ABTOpHU: 3100yBau CBicrenbHik A.O.,
nou. Onekcienko I'.A.

O6mexenHst Bukopuctanas LLM st 6i3Hec-aHamizy

ABTOD: 3100yBay DapsaTheB L.
KepiBauk —  mou. [lenexos L.

[Hdpopmariiina TEXHOJIOTIS OI[IHIOBAHHS BiIIOBIIHOCTI SIKOCTI
OCBITHBOI ITPOrpaMK Cy4aCHUM CTaHIapTaMm

ABTOpH: 3n00yBau Yexyra JI. A.,
cT. BukJi. [lloskommsic O.A.

Po3nizHaBanHs iH)OPMATUBHUX YaCTHH 300paKEHHS TSI
aHaJTi3y eMOIIIH JIFOTUHU

ABTopu: 3n100yBay domenko B. O.,
cT. Buki1. [lloBkomutsic O.A.

Metoaun o6poOKku Ta po3mi3HaBaHHS 00JIUYb

ABTOD: 3n100yBay Tumuenko O.A.
KepiBauk —  non. Illenexos 1.

Mopaenb 1 MeTo] poOacTHOI 10 IIyMY HEHPOHHOT MEpExXi st
(GYHKIIIOHYBaHHS B yMOBaxX 0OMEXEHUX 00YMCITIOBAIbHUX
pecypciB
ABTOpH: 3n100yBay babuu B. 1O.,
no1. Mockanenko B. B.

Mopeni Ta METOAM 1HAWBIYyaTbHOTO HAJAIITYBaHHS
iH(pOopMaLiifHOTo cepBicy HAyKOBLIA
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ABTopu: 3n00yBay [lloBkomsic M.,
3aB. kad. kibepoesneku Jlrodyak B.O.

75. Buxopucranns cuctemu ELK npu po3risiai KiGepiHIIUACHTIB

ABTOpHU: 3n00yBau ['pumun A. O.,
3aB. kad. kibepoesneku Jlrodyak B.O.

76. Increasing functional efficiency of Information extreme method using
image augmentation techniques

Author — Papchenko Oleksandr, PhD student
Supervisor — Assoc. Prof. Kuzikov Borys

77. OcoOauBOCTI Ta HEJOJIKH JIOTYBaHHS JJAHUX 3 JATYUKIB BYTJIICKUCIIOTO
ra3y B npotokoni UART

ABToOpu: 3n100yBau 3uma A.M.,
ct. Bukianad bepecr O.b.

78. Normative requirements for saving personal data in information
and communication systems in Ukraine and the EU

Authors: Vadym Kalchenko,
Kyrylo Krasnobaiev,
Viktor Obodiak,
Ihor Puhach

79. Using advanced data analytics and text processing techniques to
improve the effectiveness of cyberattack detection systems

Authors: PhD student Yakovlev M.,
Prof. Kolesnikov V.

80. Efficient machine learning algorithms for detecting cyberattacks on an
information system

Authors: PhD student Yakovlev M.,
Prof. Kolesnikov V.

15
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CEKIISA Ne 2 THOOPMALIMHI
TEXHOJIOI'TI MPOEKTYBAHHST»

I'onosa cekuii — kana. TexH. Hayk Llenapuk B.B.
Cekperap cekilii —kaH. TexH. Hayk. Ky3nenos E.I'.

IMouartok: 25-26 xBitas 2024 p., onnaiin, 10%°
https://meet.google.com/rks-ubgx-crc

1.

16

The current state of automation the design works execution

Autors: stud. PhD D. Tyshchenko,
stud. PhD V. Antypenko,
Assoc.Prof. V. Antypenko,
Assoc.Prof. A. Nenia,
Prof. V. Nenia

biGmioTeka rpadiyHuX eneMeHTiB i web-101aTKiB 13
BUKOPHCTaHHSM TE€XHOJIOT1i TYYHOTO 1HTEIEKTY

ABTopu: ctyn. Apremenxo /. 1O.,
nou. Autunenko B. IT.

Current state of monitoring and logging processes in cloud
systems

Autors: stud. PhD D. Hryhoriev,
Assoc.Prof. V. Antypenko

[TormykoBo-pekoMeHalliiiHa CUCTeMa BIAKPUTUX OCBITHIX
pecypciB 3a IT nanpsimxom

ABTOpH: cryn. Jliayesa JI. B.,
no1r. Aarumnenko B. I1.

12024

Web-nonaTok miATPpUMKH TisSUTBHOCTI Mara3uHy Mpoaaxy KaBu

«KanbBap»

ABTOpH: ctyn. Moiceenko O. B.,
nou. Autunienko B. IT.


https://meet.google.com/rks-ubgx-crc
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6. Current state of automated management of infrastructure and
application containerization for cloud systems

Autors: stud. PhD V. Tkachenko,
Assoc.Prof. V. Antypenko

7. Information technology for automating the network devices and
services configuration

Autors: stud. D. Shevchenko,
Assoc.Prof. V. Antypenko

8. AHauni3 iCHyIOUuX NMPOrpaM-KOHBEPTOPiB BOKcenbHUX 3d Mojeeit
B IOJIITOHAJIBHI

ABTOD: act. Jlysanos C. C.,
KepiBauk:  pmom. bapanosa 1. B.

9. Cropenns 3D Mozeni ciMeifHOTO OyIUHKY 3 ypaXyBaHHAM
MICISIBOEHHOTO CTaHy YKpaiHu

ABTOD: cryn. dynuenko K. O.,
nou. bapanosa I. B.
10. Tadopmariiina TEXHOJIOTIS CErMEHTAIlli ay/1103aI1CIiB

ABTOpHU: ctyn. Onekcienko €. B.,
cT. BUKI. boiiko O. B

11. IudopmarniiiHa TEXHOJIOTIS PO3MI3HABAHHS €MOIIIMHOIO CTaHy
CMIBPO3MOBHUKIB ITiJ] YaC OHJIAIH-CIIIIKYBaHHS

ABTopu: ctyn. Cyposues A. B.,
cT. BUKJI. bonko O. B.

12.  Web-nomarok miaTpuMku oHIaWH-TIPOIAXKIB MEOJIiB

ABTopu: crya. boOpaniupkuii H. B.,
no1. Bamenko C. M.
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13. Ilporpamuuii intepderic popmMyBaHHs KaTajaory MEIUIHUX
npenaparis

ABTOpH: cryn. Cipuk M. O.,
no1. Bamenko C. M.

14, ®opmyBaHHs HaBYaJILHOI BUOIpKU iHPOPMAIIIHHOI CHCTEMHU
OLIIHKU BiJIIIOBITHOCTI CaliTiB BUMOTaM BEOJOCTYITHOCTI

ABTOpU: acrm. Turos I1. O.,
ct. BukI. Ky3ikoB b. O.

15. Software application for creating and editing guitar tablatures

Autors: stud. O. Makhovik,
Sen. Lect. E. Kuznetsov

16. Aspects of using Telegram bots in everyday life

Autors: stud. M. Dehtiarenko,
stud. D. Perepelytsia,
stud. O. Nemyinyi,
Sen. Lect. E. Kuznetsov

17. TlpoGnemu eproHOMIKHM iHPOPMALIIHOTO CYCIILCTBA.
[TinBoHI KaMeHi eeKTPOHHOI OCBITH: BiJl MyJIbTHMEIia 0
«¢ppoBOi JEMEHIIIT»

ABTOD: nipod. JlaBpos €. A.

18. [Iligxix A0 AMCKPUMIHAHTHOTO aHANI3Y SIKOCTI T€HEPOBAHUX
300pakeHb

ABTOpU: cryn. Apremenko /1. O,
npod. JlaBpos €. A.

19. Omaifn redepartis 300paxenb. [1ixi1 710 KIIaCTEPHOTO
aHaJi3y SKOCTI IPOEKTIB

ABTopu: ctyn. Apremenxo /. 1O.,
npo¢. JIaBpos €. A.
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20. IndopmariiiHa TEXHOJIOTIS IHTEIEKTYAJILHOTO aHAIIZY
XIMIYHOTO CKJIaJy CTal JJIs CIIEKTpaJIbHOI Tabopatopii
JMBapHOTO BUPOOHUIITBA

ABTOpU: cryn. benpaieB A. C.,
npod. JlaBpos €. A.

21. JluckpuMiHAHTHHIA aHaJi3 OMUTY Ha MeOJIi B cucTemi
MapKETHHTOBUX JIOCIIKEHb JUIsl €IEKTPOHHOTO Oi3HECY

ABTOpHU: ctyn. bobpaninekuii H. B.,
npod. JlaBpos €. A.

22. JluckpuMiHAHTHMI aHaTi3 €ePEKTUBHOCTI Fr€eHEPYyBaHHS
300pakeHb 3a MOKAa3HUKAMH KUTBKOCTI BHKOPHCTAHUX TOKEHIB Ta
BUTPAYCHOTO Yacy

ABTOpU: ctyn. Bonkos I1. K.,
npod. JlaBpos €. A.

23. PexomeHnpariiiHa cucteMa MOUIYKY APY3iB y COIabHIM
Mepexki. Po3poOka it aHani3 kiacu@ikatopiB Ajs HIATPUMKU
NPUAHATTS pillIeHb

ABTopu: cryn. denucenko @. M.,
npo¢. JIaBpos €. A.

24. Knacugikarop ais aHani3y OpOeKTiB epeodia HaHHs
KUTIIOBUX MPUMIIIEHD M1]] MPOEKTH OOMOOCXOBHIIA

ABTOpHU: cryn. dynuenko K. O.,
npod. JlaBpos €. A.

25. [Tlixxix mo mepcoHami3alii HoBuH. PekoMeHariitHa cuctemMa Ha
6a31 HaiBHOTO OaifeciBChKOTO KiacudikaTopa

ABTopu: ctyn. Isanos O. B.,
npo¢. JIaBpos €. A.
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26. Amnani3 nomyaspHOCTI (PyHKIIOHAITY JOJATKIB AJIS1 PO3BUTKY
MHUCJICHHS Ha OCHOBI HAaiBHOT'O 0aieciBChKOTO Kiacudikaropa

ABTopu: ctyn. Kupuuenko A. B.,
npod. JlaBpos €. A.

27. ApanTuBHA MOZEJB JIOIUHO-MAMHHOL B3aeMmomii B ERP-
CHCTEMi Ha OCHOBI aCOLIaTUBHUX MPaBUII

ABTOpU: acn. Knumenko 1. B.,
npod. JlaBpos €. A.

28. JluckpuMIiHAHTHHIA aHAI3 SKOCTI aHIMAIlii TeTUTHYHUX
TEXHOJIOT1H Ha OCHOBI KUIBKOCTI KaJIpiB Ta TPUBAIOCTI aHIMAIIi1

ABTOpU: cryn. Kpunosenpka /l. B.,
npod. JlaBpos €. A.

29. VYupapiiHHS peKJIaMHUMHU OaHEpaMH Ha BeOcaiTax.
Knacudikarist 6anepiB 3 BAKOPUCTaHHSIM HaiBHOTO 0aif€CiBCHKOTO

MiIXOAY

ABTopu: crya. Jliuyesa JI. B.,
npo¢. JIaBpos €. A.

30. Moaens ans TIATPUMKYA TPUMHATTS PillIeHb AUCTIETYEpa KOJI-
LIEHTPY MacaKUPCHKUX nepeBe3eHb «Cepric-JIrokey

ABTOpHU: ctyn. Mopos 10O. B.,
npod. JlaBpos €. A.

31. Amnami3 pyXxoMoro ckiaay aBTOTPaHCIOPTHOTO IMiIPUEMCTBA.
Mogens ans knacudikarii aBToMOO1IIB 32 KpUTEpieEM
MO>KJIUBOCTI MPOJIOBKEHHSI eKCILTyaTawii

ABTOpH: ctya. Mopos 10. B.,
npod. JlaBpos €. A.

32. TIposor-TexXHOJIOTsI OI[iHIOBAHHS HAIIHHOCTI JIFOIMHO-
MAaIWHHOT B3aeMOIi1
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ABTopu: cryn. Tarapuyk P. M.,
npod. JlaBpos €. A.

33. Cucrema ympaBiiHHS aBTOMAaTU30BaHUM XJ11003aBOIOM.
Pusuku Ta METOIOJIOT IS MOLIYKY €PrOHOMIYHHX PE3epBiB
3a0e3neyeHHs IPOJOBOIBEYOT Oe3MeKH

ABTopu: cryn. Tarapuyk P. M.,
acn. Knmumenxko I. B.,
npod. JlaBpos €. A.

34. TaTepakTHBHHI TpeHaXXep CTBOPECHHS TeKCTyp. Po3pobka
MiaXoAy A0 Kiacudikaiii pe3yapTaTiB HaBYaHHS

ABTOpHU: cryn. Kocenko B. M.,
npod. JIaBpos €. A.,
nou. @enorosa H. A.

35. IIpurognwuipka rpa Another Life». Monens nis Bubopy Ty
OpOHI1 CYypOTHUBHUKA

ABTOpHU: ctyn. Copoxkin L. P.,
npoo. JlaBpos €. A.,
nou. @enorosa H. A.

36. Ilixxix no aHamizy pyxiB HM(pPOBOro ABIHHUKA JIFOJUHU 32
JIOTIOMOT'0F0 HAaiBHOT'O 0A€CIBCHKOTO KiacupikaTopa

ABTOpHU: ctyn. ®@ponosa €. 1.,
npod. JlaBpos €. A.

37.  AmHamii3 mpo0IIeM JTF0AHHO-MAIIMHHOT B3a€EMO/TIT B
ABTOMATHU30BAaHUX CHCTEMax Ta MPHUHIIUIIN €PTOHOMIYHOTO
3a0e3neueHHs 1HTepQeiciB

ABTOpU: acn. Ocranenko M. C.,
acn. Cxpunuenko /I. B.,
npo¢. JIaBpos €. A.,

21



I[IPOI'PAMA KOH®EPEHL]II IMA :: 2024

nou. Yubipsik A. 1.

38. 3ale3neuyeHHsa HAMIHHOCTI A1aJIOr0BOI JIFO JMHO-MAaIIMHHO]
B3aeMOIIT B KiOep(]i3WIHHUX COLlIaTbHUX CUCTEMAX.
OOrpyHTYBaHHS METOOJIOTIT Ta CTPYKTYPH JOCIIKEHb

ABTOpU: act. Ocranenko M. C.,
acn. Ckpunuenko /1. B.,
npod. JlaBpos €. A.,
nou. Yubipsik A. 1.

39. [lixxix m0 aHATITHKO-IMITAIlIHHOTO MOJICITFOBAaHHS
MOJIiepraTUYHUX cUcTeM 00poOKH iH(opmallii 1 ynpaBiiHHS

ABTopu: acn. Ocranenko M. C.,
acn. Cxkpunuenko /1. B.,
npog. JlaBpos €. A.,
not. Yubipsk S. 1.

40. MoOiIpHMI 10AaTOK IS IEPCOHAII30BAHOTO YHTAHHSI HOBUH

ABTOpHU: cryn. Isanos O. B.,
nou. Haropuuii B. B.

41. Ornsa cydyacHUX METO/IiB 010METPUYHOI aBTeHTUdIKAIIi1

ABTOpHU: ctyn. Haropuuit €. M.,
nou. Haropuuii B. B.

42. Mo06inbHUI JOJATOK MiATPUMKHU HaJlaHHS iH(GOpMAaIiitHUX
nocnyr cryaeHTam (axynsrety EnlT 3 Bukopucranusim
IHCTPYMEHTIB IUTYYHOT'O 1HTEJIEKTY

ABTOpU: nou. Haropnwii B. B.,
crya. Yimupuc 1O. C.

43. TudopmariiiHa TEXHOIOTIS ONTUMI3alll IIBUAKOIIT BeO-CalTy

ABTOpH: ctyn. 3anecenens /. C.,
noir. Hens A. B.
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44. Prediction of electricity supply of a residential house from
renewable energy sources using neural networks

Autors: stud. M. Bohachov,
Assoc. Prof. Yu. Parfenenko

45. Tlporpamuuii 701aTOK reHepaIrii Bi3yaaIbHOTO KOHTEHTY 3a
JIOTIOMOI'OX0 HEMPOHHUX MEPEK

ABTOpU: crya. Bonkos I1. K.,
not. [Tapdenenko FO. B.

46. JliarHOCTyBaHHS IIKIpHUX 3aXBOPIOBAHb 3 BUKOPUCTAHHSIM
HelipoHHux mepex VGG19

ABTOpU: acn. Kinmakos E. B.,
not. [Tapdenenxo HO. B.

47. Web-nonatok «ll{ogeHHUK MaHIPIBHUKA»

ABTOpHU: cryn. Hikonenko C. O.,
noiu. [Tapdenenko 1O. B.

48. TudopmariiftHa cucTemMa HaJaHHS peKOMEHaIii mpodiiiB 3a
CMUIBHUMM IHTepecaMH JJIsl COLaJIbHOT Mepexi

ABTopu: ctyn. Posron M. O,
not. [Tappenenko HO. B.

49. Management of energy microgrid behavior based on fuzzy
logic

Autors: stud. PhD Ye. Kholiavka,
Assoc. Prof. Yu. Parfenenko

50. Jliniiae iHpOpMaIiiHO-eKCTpeMalIbHE MAaIlIMHHE HaBYAHHS
reoiHpopmaniiHoi cucreMu iieHTHdIKalii kaapiB udpoBoro
300paK€HHS PErioHy

ABTOD: ctya. Pomrymnkin O. A.,
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KepiBauk:  gou. [lapdenenko 1O. B.

51. Orusax MeToaiB MPOTHO3YBAHHS €JIEKTPOCTIOKUBAHHS
MiIPUEMCTBA B YMOBaX HEBH3HAYECHOCTI

ABTopu: cryn. Jouenko O. P,
non. Tamayk C. O.

52. Inxmo3uauit UX/UI nu3aiin TeneBi3itHOro 3aCTOCYHKY:
peaizaliist 11 pi3HUX KaTeropiii KOpUCTyBayiB

ABTOpHU: ctyn. Anamenko O. O.,
nou. @enorosa H. A.

53. Meronu mozaemtoBanHs 3D Bi3yaizaliii 0e3miIOTHHX
JTAJIbHUX arnapaTiB: BUOIp ONTHUMAIBHOTO MiIX0Ty

ABTOpU: cTyd. Akcrounn A. P,
norw. denorosa H. A.
54. Indopmarniitna TexHooris 3ade3mnedeHHs podacTHOCTI BeO-
JIOATKIB

ABTopu: acn. Momyanos /1.,
nou. @enorosa H. A.

55. IlpouenypHa renepallis KOHTEHTY KOMIT'IOTEPHUX irop 3
BUKOPHCTAHHSM IITYYHOTO iHTETIEKTY

ABTOpHU: acn. Hectepos A.,
nou. degorosa H. A.

56. ImirariitHe MosemtOBaHHS ()YHKIIIOHYBaHHS
MOOUTBHOTO MEMYHOTO IIMUTAII0 B YMOBaX BOEHHOI'O CTaHYi

ABTopu: cTya. 3axapoBa A. M.,
npo¢. JlaBpos €. A.,
nou. YuGipsik . 1.

57. Web-10aaTok miATPUMKH iSUTBHOCTI Mara3uHy
€JIEKTPOTEXHIYHUX TOBAPiB OOYTOBOTO BUKOPUCTAHHS
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ABTOpHU: crya. borynos B. P.,
not. Yubipsk A. 1.

58. Web-goa1arok miaTpuMKH AisSUTHOCTI peneTuTopa 3
MaTeMaTHK!

ABTOpU: crya. dopoxos /I. B.,
nou. Yubipsik . 1.

59. Impact of explainable ai-based power system decision support

Autor: stud. PhD O. Lukianykhin,
Supervisor:  Assoc. Prof. V. Shendryk

60. JlromuHO-TIeHTpUYHMI iHTep(eiic y 3MilaHiil peaqbHOCTI AT
HaBYaHHS OIEPATOPiB IPOMHUCIOBOTO 00 HAHHS

ABTOD: acn. [Tanaxxuenko €. B.,
KepiBHuk: noi. [Hlenapuk B. B.
61. Information technology models for proactive energy supply
management for active electricity consumers from alternative
sources

Autors: stud. PhD Ye. Chychykalo,
Assoc. Prof. V. Shendryk

62. Utilizing artificial intelligence and data analytics in the field of
financial services

Autors: stud. A. Bielokon,
Sen. Lect. O. Shovkoplias

63. ABTOMaTMyHa NaTTepHI30BaHA PETOIOJIOTIS TPUBUMIPHOTO
Tija

ABTOpU: cryn. Casuenko M. O.,
ct. Buki. [lloBkomrsac O. A.

25



I[IPOI'PAMA KOH®EPEHL]II IMA :: 2024

Cekuis Ne 3 KABTOMATHUKA, EJEKTPOMEXAHIKA I
CUCTEMM YIIPABJIIHHS»

I'onoma cekmii — kana. ¢i3.-matem. Hayk JKyp6a B.O.
Cexperap cexuii —acuctent [laanu A.O.

IMouaTok: 24 xBiTHs 2024 p., onnaitn, 142
https://meet.google.com/aop-fxyu-yfj

1.

26

EneproedexTuBHE ynpaBiiHHS IPOLIECOM OCYLICHHS
MIPUPOJIHOTO Ta3y.

ABTOp — crya. Pynenko [1.1.
KepiBHuk — 3aB. kad. JleonTres I1.B.

ABTOMaTH30BaHa cucTeMa BUOOPY 3ac00iB OI[IHIOBAHHS 30UTKIB
BiJl BTPAaTH NMEPCOHAITBHUX JTAHUX.

ABTOpH: not. Aunpiid TonbaTos,
cT. BUKJ. Ipuna Jlo30Ba,
acn. Onekcanap Kotuk,
acn. Onena TonbaToBa

Po3BuTOK aBTOMAaTH3AaI1li1, KOMII FOTEPHO-IHTEIPOBAHUX
TEXHOJIOT1! Ta pOOOTOTEXHIKH 3 3aCTOCYBAaHHSAM IITYYHOTO
IHTENIEKTY B Cy4acHUX 1H(POpMaLiiHUX CUCTEMAaX.

ABTopu: crya. Amutpo baOypos,
not. Aanpii Ton6aTos,
act. Onena TonbaroBa

[Tpobnemu aBTOMAaTH3ALIIT TOKYyMEHTOOOITY €KOJIOTTUHUX
MIIPO3UTIB AEP)KAaBHUX YCTAaHOB Ha 0a3l XMapHUX CEPBICIB.


https://meet.google.com/aop-fxyu-yfj
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ABtopu: crya. Aunpiit Cinenko,
not. Arapii Ton6aTos,
aci. Oxena TonbaToBa

5. ABToMaru3allis mpolecy aHalli3y pU3UKIB y CUCTEMax IMiTPUMKH
NPUAHATTS PillICHb.

ABTOpH: cryn. Jmutpo OnedipeHko,
nou. Auapiii Tonbaros,

acn. Onena TonbaToBa

6. IuHoBaIiiiHiI MiAX0aM A0 aBTOMATH3AIli1 O0JIIKOBHX MPOIIECIB Y
Cy4aCHHX aTeJIb€ MOJIHOTO OJIATY.

ABTopu: crya. Cranicnas TepemnieHko,
not. Arapii TonbaTos,
aci. Oxena TonbaToBa

7. Eneproz0epiratoue KepyBaHHs IPOLIECOM 3P1JKEHHS 010Ta3y.

ABTOpH: ctyn. 3aryniit O.B.,
nou. Kyninuenko I".B.

8. EneproedexTnBHa aBTOMaTH30BaHa CHCTeMa BUPOOHHIITBA
KHCJIOMOJIOYHOT'O CHpY.

ABTopu: Hepunackin 1.C.,
acuct. [Tannu A.O.

9. Onrtumizarlisi CHCTEMHU aBTOMAaTH30BAHOT'O KOHTPOJIIO BEHTHUJIISIII 1
ta onanenns I'TIA-I1-16C/57-1,7M1.

ABTOpH: Kostyn B.O.,
acuct. [Tannu A.O.
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10. OnTuMmi3anis aBTOMaTH30BaHOT CUCTEMHU KEPyBaHHS
YTHITI3aTOPOM TeIlIa ra3onepekavdyBaiibHoro arperary ['TIA-II-
16C.

ABTopH: Uymak A.B.,
acuct. [Tanuu A.O.

11. Cuctema aBTOMaTUYHOTO KEPYyBaHHS POOOTU30BAHUM
MaHIMyJIATOPOM Il BUTOTOBJICHHS OPTONEANYHHX YCTIJIOK.

ABTOpU: ctyn. Pycnan 3anora,
not1. Cepriit CokoJioB

12. BopoBakeHHsI CUCTEMH IITYYHOTO 1IHTENEKTY Ui JIarHOCTHKU
HECIPABHOCTEH BUIPOOYBAIHHOTO CTEHAY KOMIIPECOPHUX

ycraHoBok tuiy KT-6.

ABTOpH: cryn. Jlobonin /1.1,
nor. ITasnos A.B.

13. Pecypco30epexHe KepyBaHHS MTPOIECOM 3aMilllyBaHHS Ta
dbepmeHnTaltii Ticta A7 BUMIIKaHHSA XJIi0Y.

ABTopu: cryn. llenect €.0.,
notr. XKyp6a B.O.

14. 3aBgaHHs KepyBaHHS HATSATOM CTPIYKONPOTSKHOTO TPAKTy
nanepopizaibHOTO CTaHKa.

ABTtopu: ctyn. CasnykoB b.B.,
not. Kyninuenko I'.B.

15. OntuMizaiiist 3aBaHTa)XXEHHS CTPIUKOBOIO KOHBEEPA.

28



IMA :: 2024 I[IPOI'PAMA KOH®EPEHI]II

ABtopu: cryn. Hasunenko LJI,
not. Kyninuenko I'.B.

16. [Iporno3oBaHe KepyBaHHS MPOIIECOM CYLIIHHS 3€pHA.

ABTOpH: crya. llleBuenko €.M.,
nou. ITaBnos A.B.

17. 3aBaanHs onTUMIi3allii aBBTOMAaTH30BAHOTO TIPOIIECY
HaHoMmoudiKalii moaiMepiB AJs MiABUIIEHHS TPOYKTUBHOCTI
Ta AKOCTI.

ABTOpH: cryn. Hposnenko O.C.,
acim. Jlanuuncekuii B.I'.,
3aB. kad. Jleontres I1.B.

18. JlabopaTopHHii CTEH 3 EMYJIATOPOM TYpOiHH JeTaHaep-
TCHEePaTOPHOTO arperary.

ABTOp — acucrt. [Tannu A.O.

CEKIIA Ne 4 «ITPUKJTAJHA MATEMATHUKA TA
MOJIEJIOBAHHA CKJIA/JTHUX CUCTEM»

I'onosa cexuii — a-p ¢pi3.-mat. Hayk JIucenko O. B.
Cekpetap cekiii —kann. ¢i3.-mar. Hayk [lsens V. C.

IMouartok: 23 kBiTH 2024 p., OHNANH, 14%
https://meet.google.com/mmz-ccny-wft

1. BB Oidypkariiiii Ha TUHAMIKY TPAHCIOPTHUX MOTOKIB Y
KOMIUIeKCHiH Mozeni JlopeHia

ABTOpU: npo¢. Xomenko O. B.,
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acm. [ukypa O. 10.,
cT. BuKkiI. XomeHnko K. IT.

2. Solver for a System of Differential Equations with Impulsive
Action at Non-Fixed Time Instances on the Plane

Authors: Docent Prokhorenko M.,
Prof. Prokhorenko S.,
Prof. Moroz M.,
Docent Yanchuk O.,
Sen. Lect. Hulko O.,
As. Prof. Bakuta K.

3. ®opmyBaHHS HEOJHOPIIHUX CTPYKTYP Y PO3M’SIKIICHIH
MOBEPXHI JIbOAY IPU TEPTI

ABTOpU: npod. Xomenko O. B.,
acn. Jlorsunenko JI. T.,
cT. BukiI. Xomenko K. II.
cT. BuKki. bamamsau A. 1O.
ctyn. Mamotin B. O.

4. BukopucTaHHs MIPOTrpaMHUX JOJATKIB MPU BUBYCHHI JUCIUILIIHHA
«dDiHaHCOBa MAaTEMATHUKA)

ABTOpHU: cryn. 'onosau T. B.
cT. BUKJI. basmis O. O.
5. AHauni3 KIHETUKU NEPEXO/IIB B IPaHyJIbOBAHOMY CEPEOBHUILI B
pamkax Metoay (a3oBoi MIOLUIMHU

ABTOpHU: non. FOmenko O. B.,
crya. byako 1. P.

6. BruB enekTpuYHOTO MOJIs MiANOPY Ha MiICUIICHHS XBUJIh
MIPOCTOPOBOTO 3apsiAy B CYNEPTeTePOAMHHOMY J1a3epl Ha BUTbHUX
€JIEKTPOHAX 3 €JIEKTPOCTATUYHUM OHYJIATOPOM

ABTopu: npog. Jlucenko O. B,
acn. lnpin C. C.
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TRACK 5 «<ARTIFICIAL INTELLIGENCE AND APPLIED

MATHEMATICS»
Chair — Aldanov Yerbol Satybaevich
Secretary — Taganova Guldana Zharkymbaykyzy
More details are 0N the PAge c.ceeeerieiieiieriiniieriecrsnsencesons 286

TRACK 6 «xAUTOMATED SYSTEMS AND

IT MANAGEMENT»
Chair — Shara Toibayeva
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Application of Device Classification Based on Security Parameters
Using Machine Learning for Intelligent Routing in Softwarized
Networks

Mykola Maiba, TCMm-23-1, student
Kharkiv National University of Radio Electronics, Kharkiv, Ukraine

The use of intelligent routing methods in software-defined networks is
investigated. The importance of incorporating artificial intelligence into
network traffic management systems to ensure network Quality of Service
and security is emphasized. Different types of machine learning methods
are considered, including supervised, unsupervised, reinforcement learning,
and various algorithms. Supervised learning was used to implement
intelligent decision-making for network traffic management systems.

Different machine learning models were compared, including linear
regression, logistic regression, decision trees, and random forest, to
determine the best model for the given task. In solving the device
classification task based on security parameters, an error matrix was also
used to evaluate the model's performance. This allowed us to identify
specific classification errors and determine which classes the model
classifies best. Model accuracy can be improved by collecting more data to
train the models. This will help the models learn the patterns of these
classes better and thus improve their classification accuracy. The model
performance was tested on a validation dataset not used for model training.
This allowed us to determine the degree to which the model can generalize
its training on new data.

A software module was developed that uses the predicted data of the
trained model to solve the optimization problem. The results of the
developed machine learning model are applied to solve a single-path
routing problem. It is shown how the devices selected in this way can be
used to increase network security by implementing secure single-path
routing. The use of different types of metrics for determining the optimal
route in the network is considered.

Supervisor: Oleksandra Yeremenko, Professor, Kharkiv National
University of Radio Electronics, Kharkiv, Ukraine
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Network Reliability Engineering for SDN

Mykhailo Persikov?, TPIKI-21-2, student;
Valentyn Lemeshko?, TPIKI-20-1, student;
Vadym Khikhlo?, PhD student

'Kharkiv National University of Radio Electronics, Kharkiv, Ukraine
2National Technical University "Kharkiv Polytechnic Institute”, Kharkiv,
Ukraine

Network reliability engineering (NRE) represents a methodology to
guantify and automate network reliability. Diverging from conventional
methodologies, NRE endeavors to tackle intricate reliability challenges
while integrating the principles and practices of NetDevOps. NRE
methodologies comprehensively examine network degradation and failure
mechanisms under stress conditions, facilitating opportunities for
automation and documentation of incident responses. This proactive stance
toward preempting production outages underscores NRE's overarching
goal. NRE addresses the complexity of network operations by establishing
meticulous codification and automated responses, thereby steering
networks toward a self-regulating model.

When applied to software-defined networking (SDN), NRE
implementation becomes more straightforward and provides enhanced
testing capabilities. SDN's centralized control over hardware facilitates
NRE activities by automating and abstracting the control and configuration
processes across entire network architectures within its domain. Upon
deploying network software and hardware systems, an NRE undertakes the
task of coding network software information and configurations into source
code repositories. The NRE allows enhancements in reliability, scalability,
and efficiency, as well as the provision of networking resources for end
users and dynamic systems integration.

Moreover, an NRE monitors service-level indicators, employing
analytics to initiate automatic responses and notifications, which is critical
for network management. Additionally, reliability indicators are utilized by
the NRE to assess the effectiveness of their strategies in achieving
predefined targets. Consequently, the role of an NRE is pivotal in
safeguarding the reliability and stability of softwarized networks.
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Visulaization of a hash map data structure

Kolesnikov V.A., Professor
Sumy State University, Sumy, Ukraine

In today's data-driven landscape, grasping the intricate connections
within elaborate data structures holds paramount importance for informed
decision-making and extracting meaningful insights. This study delves into
the creation of a specialized application tailored to visualize hash map data
structures. Hash maps, fundamental in computer science, serve as widely
utilized tools for efficient data storage and retrieval. Nonetheless,
comprehending the internal mechanisms of hash maps poses challenges
owing to their dynamic nature and inherent complexities.

The application discussed herein offers a viable solution by furnishing
users with an intuitive and interactive platform for comprehensive
exploration of hash maps. By harnessing contemporary visualization
techniques and adhering to user-centered design principles, the application
translates abstract data structures into visually compelling representations.
Users gain the ability to interact with the hash map visualization,
dynamically manipulating key-value pairs, adjusting parameters, and
delving into the structure's intricacies in real-time.

Prominent features of the application encompass interactive
animations that elucidate hash collisions and resizing operations. This
amalgamation of elements aims to foster a deeper understanding of hash
map functionalities and behaviors. The application's user interface is
crafted to be intuitive and accessible, accommodating users across diverse
proficiency levels in data structures and visualization. To ensure the
integrity of the visualization and enhance user experience, robust error-
handling mechanisms are integrated to detect and address common issues
like invalid input or hash collisions.

This article underscores the transformative potential of visualization
techniques in unraveling the complexities of data structures. By furnishing
a user-friendly platform for hash map visualization, the application
empowers users to explore, analyze, and glean insights from their data
effectively. Furthermore, the discussion sheds light on future research
avenues and development prospects, including advancements in
visualization techniques, integration with other data structures, and
applications spanning various domains such as education, software
development, and data analysis.
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Implementation of the terrain image classifier

Alona Moskalenko, Senior lecturer at Computer Science Department
Anton Kovalenko, PhD student at Computer Science Department
Sumy State University, Sumy, Ukraine

The task of image processing has become vital in numerous areas of
human activity. The image classifier systems can be used for the execution
of the inspection and search tasks on the real terrain. The synthesis of
classifier intellectual systems requires the research of effective solutions for
the recognition tasks. One of the approaches is the use of machine learning
methods. The effectiveness of the machine learning methods used for the
image classifiers depend on the input image processing and the subsequent
system model performance. During the research for efficient algorithms,
the target application area of the final system should be considered. In some
cases, the trade-off between the system efficiency and the execution time
cannot be avoided. Internal model parameters adjustment during the
operation may require high computational resources and can affect the
functional system efficiency, so it is necessary to find the optimal balance,
considering the application area of the system.

The main idea of machine learning in scope of information-extreme
intelligent technology (IEI-technology) is a transformation of input feature
space into the defined set of reference classification samples, while
optimizing the internal parameters of the information system. During the
operation, the maximum of relative entropy function is computed in its
domain and the search for the optimal separating hypersurfaces in the
feature space is performed. The transformation of the input feature space is
done during the optimization of tolerance fields, which allows for the
feature preprocessing and effective reference classification samples
formation. Such reference classification samples are then used during the
examination procedure, where it is compared to the test input samples. The
application of IEIl-technology for the image classification can provide the
balance between the use of computational resources and the system
functional efficiency

Fig. 1 shows the result of the system operation and the classification of
the terrain image. Firstly, 4 reference terrain types were extracted from the
input image. Then, input was segmented by 665 parts of 50x50 pixels in
size. Each part was processed by the IEI-technology image examination
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algorithm using the sliding window technique and the classification results
are overlayed on the input image.

The terrain image classifier system was implemented using the
MATLAB computing platform. As the classifier is functioning based on the
IEI-technology, it included two main processing components: the base
training algorithm and the image examining algorithm. For the base
training algorithm, the following software modules are used: the module for
the input training data formation, module for the optimal tolerance fields
processing, module for hyperspherical containers computation based on the
optimal value of terrain test samples relative entropy.
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For the image examination algorithm, the following modules are used:
module for test data formation based on the target terrain frame, module for
the examining procedure execution based on the training algorithm results.

The classifier can be trained on the arbitrary-sized terrain reference
samples and the test algorithm can be performed on the arbitrary-sized
target terrain frames. The resulting classifier can perform the image
recognition and show the location of the test terrain samples on the target
terrain frame. The further improvements of the classifier system accuracy
can be achieved by introduction of additional terrain samples that augment
the existing ones or implementation of the enhanced algorithm for the
tolerance fields optimization used during the training procedure.

37



CEKIIA 1: Komn'tomepni nayku ma Kibepbesnexka IMA :: 2024

Image encryption with key-image using integral disproportion

Viktor Avramenko?, Associate Professor;
Mykyta Bondarenko!, A-06/KN, PhD student

!Department of Computer Science, Sumy State University, Sumy, Ukraine

The visual data exhibits distinct characteristics, including strong
correlations between adjacent pixels, high capacity, spatial redundancy, and
so on, which may impact the performance and reliability of encryption.

The goal is to secure input image using another image as a security
key. The core idea revolves around the disproportion functions [1]. The
integral disproportion of function y(x) with respect to f(x) is expressed as:
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Calculating the approximate values of the integrals using trapezoid
formula for the same step h this equation transforms to:
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The inverse transformation has the following form:
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The properties of this mathematical framework of (5) and (6) are used
to build algorithms for encryption and decryption. The algorithms are
designed on the using of a “key-image” to encrypt the original image.

In case of the image processing, there is a one-dimensional array of
pixels for both the original image and key-image. For example, in case of a
gray-scale image, the color pallet is represented only by 1 byte, where the
value “0” is black and “255” is white. It means each pixel is represented by
one value, and the entire image can be represented as a one-dimensional
array of integers. This fact allows to apply the integral disproportion for
image encryption. Considering f* is an etalon key-image E, and y is an input
image I, the equation (2) takes the form:
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Ei—l+Ei Ei (4)

The result of the integral disproportion calculation is also a one-
dimensional array, but of real numbers. This array is a ciphered image
which can be transmitted through the channel as a binary blob.

The core of the decryption process relies on inverse transformation
from equation (3). It allows to decipher values of input image pixels D
using etalon key-image E and ciphertext C:
Ei-(Dig—Ci(Eis +Ej))

Eia 7

D; =

(5)

In case of colored images with RGBA scheme, each pixel is described

by 4 components, and the entire image can be represented as 4 one-

dimensional arrays of integers. Thus, we can use the same method (4) for
encrypting each of them, like this for the red component R:

R, . +R;. Ry
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' Rg,+Rg Re

‘ (6)
There, we have four one-dimensional arrays of real numbers, each of

them representing the corresponding ciphered components of the image.

Altogether, they are the ciphertext of the colored image, then transmitted to

the communication channel.

The same decryption method (5) is applied for the decryption each of the

RGBA component, like this for the red component R:

_ Rg; -(Rp;_, —Rg; - (Rg;_, +REg;))

REi—l

()

The proposed symmetric cryptosystem with full encryption is applicable
for both greyscale and colored images in any format. It is straightforward,
simple to implement, and meets the needed requirements in both security
and performance.

Supervisor: Viktor Avramenko, Associate Professor, Sumy State

University, Sumy, Ukraine

1. A. Karpenko, Integral'nye kharakteristiki neproportsional'nosti

chislovykh funktsii i ikh primenenie v diagnostike, Visnyk Sums'koho
derzhavnoho universytetu 16, 20-25(2000).
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Does the UUID version affect the insertion time in PostgreSQL
Yevhenii Lytvynenko, IN-11, student
Sumy State University, Sumy, Ukraine

UUID is a 128-bit value used for data identification in computer
systems. UUIDs are commonly used as primary keys in databases. In
PostgreSQL, it is possible to generate UUIDs using several standard
algorithms. There are two functions to generate UUID v1, one uses the
MAC address of the computer and a time stamp, and the other uses a
random multicast MAC address. Functions that generate UUID v3 and v5
use a namespace and a name as input parameters; they will also produce the
same UUID for the same parameters. The difference between them is that
v3 uses the MD5 hashing algorithm and v5 uses SHA-1, which is thought
to be more secure. UUID v4 is derived entirely from random numbers.

To determine the impact of UUID version on insertion speed, we will
insert a million rows into tables using different UUID versions as primary
keys. The test results are shown in Table 1.

Table 1 — Insertion times for different UUID versions

UUID version Insertion time, s
vl 90.92

vl (multicast MAC address) 115.50

v3 21.37

v4 43.25

v5 21.36

We can see that that UUID version does indeed affect the insertion

speed, with v3 and v5 being the fastest ones. The reason for this is they do
not need to generate random data and thus require slightly fewer resources
for UUID calculation.

The script that was used for testing can be found here:
https://github.com/yevhenii-sumdu/uuid-version-testing

Supervisor: Kuzikov Borys, senior lecturer,
Sumy State University, Sumy, Ukraine
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Leveraging Machine Learning for Predicting Web Application Defects
0. Volkov, A-26/KH/1, PhD student; V. Kolesnikov, Professor
Sumy State University, Sumy, Ukraine

This study delves into the utilization of advanced machine learning (ML)
techniques for identifying potential defects at the early stages of web application
development. Through the leverage of extensive datasets, including code
behavior and historical defect data, it aims to significantly enhance the accuracy
and efficiency of defect detection. The approach integrates an in-depth analysis
of code changes and user interaction patterns, predicting potential issues before
they escalate to production, thereby shifting the paradigm of testing from reactive
to proactive. Drawing on insights from contemporary research, the effectiveness
of ML in pinpointing complex code anomalies is highlighted. These studies
illustrate the superior performance of Neural Networks and Gradient Boosting
classifiers among various algorithms and underscore the potential of optimizing
ML models, such as Support Vector Machines, to achieve unprecedented
accuracy levels—reaching up to 99.8% in defect prediction.

Further exploration within this research includes the application of K-means
clustering for the categorization of class labels, thereby enhancing the
performance of the predictive model. The employment of Particle Swarm
Optimization for the fine-tuning of ML parameters represents a significant leap
forward in the methodology, facilitating the attainment of maximum accuracy
relative to previous investigations. Such an approach not only heralds a potential
10% improvement in early defect detection over traditional methods but also
promises to accelerate the development cycle while curbing the costs associated
with late-stage corrections.

This body of work underscores the transformative potential of ML in the
realm of web application development, spotlighting its power to revolutionize
testing frameworks through enhanced predictive capabilities and its contribution
to the evolution of software quality assurance.

1. Mitt Shah, Nandit Pujara Software Defects Prediction Using Machine Lear-
ning / Computer Science and Engineering. - https://arxiv.org/pdf/2011.00998.pdf
2. Khalid, A.; Badshah, G.; Ayub, N.; Shiraz, M.; Ghouse, M. Software Defect
Prediction Analysis Using Machine Learning Techniques. Sustainability 2023,
15, 5517. https://doi.org/10.3390/su15065517
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Enhancing Automated Web Application Testing Through Machine
Learning-Driven Scenario Generation

0. Volkov, A-26/KH/1, PhD student; ; V. Kolesnikov, Professor
Sumy State University, Sumy, Ukraine

The escalating complexity and dynamic nature of web applications underscore
the imperative for testing methodologies that ensure reliability and performance.
This research delves into the integration of machine learning (ML) in the
generation of testing scenarios for automated web testing. Harnessing ML
algorithms, this study endeavors to automate the creation of scenarios that more
accurately reflect real-world user interactions, thereby augmenting the coverage
and efficiency of processes. Employing a dataset comprised of user interaction
logs and application performance metrics, ML models were trained to discern
patterns and forecast potential failure points within the application. These models
subsequently informed the generation of test scenarios that specifically target
these vulnerabilities, engendering a more concentrated and effective testing
strategy. Preliminary findings reveal that leveraging ML in scenario generation
can diminish the time required for the creation and execution of test cases by up to
30%, while concomitantly enhancing defect detection rates by approximately
15%.

Further, this research discusses the ramifications of ML-driven testing for the
future landscape of web application development, positing that such
methodologies can significantly curtail the manual labor involved in test design
and execution. By automating the creation of test scenarios, testers can devote
more resources towards rectifying the defects identified, thus ameliorating the
overall quality and reliability of web applications.

Drawing inspiration from sources this thesis illustrates a novel paradigm in
leveraging machine learning to bolster the effectiveness of automated testing
frameworks. Demonstrating tangible enhancements in test coverage and
efficiency, it underscores the potential of ML to transform the domain of web
application testing.

1. Rosenfeld A., Kardashov O., Zang O. Automation of Applications Testing
Using ML Classification. - https://researchgate.net/publication/319478380
Automation_of_Android_Applications_Testing_Using_Machine_Learning_Acti
vities_Classification

2. Fatima, S.; Mansoor, B.; Ovais, L.; Sadruddin, S.A.; Hashmi, S.A.
Automated Testing with Machine Learning Frameworks: A Critical Analysis.
Eng. Proc. 2022, 20, 12. https://doi.org/10.3390/engproc2022020012
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Wi-Fi Protected Setup (WPS): operation algorithm and vulnerabilities
Valeriia Moroz, KB-01, Student
Cybersecurity Department of Sumy State University, Sumy, Ukraine

Wi-Fi Protected Setup (WPS) is a technology that simplifies connecting to
Wi-Fi without the need to enter a password. Despite the positive intention to
streamline user authentication in a wireless network, the WPS mode has
significant drawbacks that compromise the security of the environment.

There are two main methods of operation for WPS.The first method
requires pressing the WPS button on the access point (AP) before adding a new
client device to the network. Some routers and devices have virtualized
functions that require activating the WPS mode using software on individual
devices. The device automatically connects without a password after the button
is activated. The second method involves entering a PIN code into the client
device, as indicated on a sticker on the AP. Some routers provide a temporary
PIN code that can be used for network entry, but the majority have a fixed
"factory" access code for connection via WPS. When using the "push-button”
method, the connection is entirely unprotected and uncontrolled, allowing a
malicious device to connect simultaneously with an authorized device.
Therefore, despite still being built into modern AP, this feature should not be
used.

The PIN code mechanism is more secure, as the client must provide the AP
with the correct PIN code, which was either provided by the manufacturer or
generated temporarily upon user request. To crack an 8-digit PIN code, an
attacker would need 1078 possible combinations. Considering modern
computing power, processing each attempt might take approximately 1 second.
In this scenario, an attacker would need 1157.4 days to try all possible
combinations. But WPS PIN verification process has specific characteristics.

Firstly, the last eighth digit of the PIN code is just a checksum calculated
from the previous values. This feature aims to verify the correctness of the
entered data. This means that by guessing the first 7 digits of the code, one can
easily determine the last one by calculating the checksum. This reduces the
number of attempts to 10”7, and the attack time decreases to 115.7 days.

Secondly, instead of checking the entire sequence, validation mechanism
checks only the first 4 values. Then, if the combination matches, it verifies the
last 3. This means that the attacker just needs to iterate through the sequence
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from 0000 to 9999, and then from 000 to 999. Thus, WPS PIN codes require
only 104 and 10”3 combinations, resulting in only 11,000 brute force attack
attempts. With 1 PIN code per second, it would take less than 3 hours to guess
all possible combinations of the first 4 digits, and only 16 minutes to guess the
variations in the remaining values.

There are numerous tools to automate brute force process. For example,
Wash and Reaver are often used in combination in attacks on WPS. Wash is a
utility for identifying AP with WPS support. The tool effectively checks active
interfaces or scans a list of pcap files to display WPS-supported AP. Reaver
represents a powerful and practical attack against WPS AP PIN codes to
recover the original sequence.

For WPS button, de-authentication tools can be used, disrupting the
connection to a specific network, forcing clients to reconnect by activating the
WPS button. At the same time the attacker can connect to network. These
manipulations can be carried out using a Wi-Fi alpha adapter, Kali Linux, and
the aircrack-ng library.

In conclusion, WPS technology should not be used. But many AP are
already sold with the WPS function activated by default. That is why it is
necessary to disable WPS if such an option is available. Instead, apply modern
network security algorithms such as WPA2 and WPAZ3, which use advanced
traffic encryption methods, using passwords with more than 8 characters with
different letter case and special characters, creating a very large pool of
potential passwords for brute force attack. And activating WPAZ3, currently
considered the most secure wireless network security protocol, disables the
WPS mode on the access point.

Supervisor: Kalchenko V.V., senior lecturer of Department of
Cybersecurity in Sumy State University, Sumy, Ukraine

1. Belanger C. What Is WPS and Why Is It Dangerous? Blog. URL:
https://blog.pulsarsecurity.com/what-is-wps-why-is-it-dangerous

2. Wifi Protected Setup (WPS) - GeeksforGeeks. GeeksforGeeks. URL:
https:/www.geeksforgeeks.org/wifi-protected-setup-wps/

3. Wi-Fi Protected Setup (WPS) Vulnerable to Brute-Force Attack |
CISA. Cybersecurity and Infrastructure Security Agency CISA. URL:
https://www.cisa.gov/news-events/alerts/2012/01/06/wi-fi-protected
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Method for Enhancing the Robustness of Visual Feature
Representation Models Based on the Content of Computer Games

Kravchenko D.O., PhD Student A-36KH; Korobov A.G., Senior Lecturer

Sumy State University, Sumy, Ukraine

The method for enhancing the robustness of visual feature
representation models based on the content of computer games is
implemented through the BehAVE framework. This framework extends
traditional approaches to random domainization by utilizing various
graphical styles offered by commercial video games, without the need for
access to game engines.

At the core of BehAVE is the idea of scanning visual features from
game play images and integrating player input data, such as actions and
decisions, in the form of textual descriptions. This approach allows for the
creation of a deeper and semantically enriched understanding of game
content, significantly increasing the accuracy and generalizability of the
resulting visual feature representation models.

BehAVE employs a variety of graphical styles and video game
scenarios as a source of randomness for training models, adapting them to
various visual domains. Achieved through video alignment based on player
behavior, reflected through textual descriptions of their actions, thus
enhancing the robustness and adaptability of the models to new and
unknown environments. Systematic testing of BehAVE on FPS genre
games demonstrated the system's ability to not only accurately match
players' behavioral patterns across different games but also effectively
transfer learned knowledge to unknown games, improving the ability for
zero-shot transfer of base models to new FPS games, even when training
occurred on games of a different genre.

BehAVE's capability for zero-shot transfer provides a significant
breakthrough, as it allows models to effectively adapt and recognize visual
content in completely unknown gaming environments without the need for
additional training or fine-tuning specifically for those conditions. This
becomes possible due to a deep analysis of the interaction between visual
features and textual descriptions of player actions, allowing BehAVE to
generalize learned knowledge and apply it in new contexts.
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Affordable Resilience of Al-system based on Dynamic Deep Neural
Network

Moskalenko V. V., Associate Professor,
Moskalenko Y. V., PhD student,
Ruban I. O., student

Sumy State University, Sumy, Ukraine

Artificial intelligence (Al) systems are increasingly deployed on safety-
critical but resource-constrained devices (such as unmanned aerial vehicles,
autonomous robots, autopilots). Traditional neural network systems,
however, are susceptible to data noise through adversarial attacks, novelty
in data, concept drift, and the injection of faults into the memory of weight
coefficients. Traditional approaches to enhancing the resilience of Al-
systems involve introducing redundancy through ensembling, pseudo-
ensembling, duplicating critical neurons, embedding error self-correction
mechanisms, utilizing large pre-trained networks with out-of-domain
domain generalization, etc. Yet, this contradicts the requirement for
deploying Al systems on devices with limited computational resources.

A promising direction for achieving affordable resilience under
conditions of limited resources is the integration of ideas and methods from
the design of resilient intelligent systems with the concepts and techniques
of dynamic neural networks. Unlike traditional neural networks, dynamic
neural networks can modify their computation graph and parameters based
on the characteristics of the input observations or other contexts. That is, in
these networks, each input observation is processed not by the entire
network but only by the most relevant sub-network of the overall network.

Two significant approaches can be identified in the design of dynamic
neural networks. The first approach involves the implementation of so-
called Early-Exit networks, where for simpler input observations, a
decision can be made at lower layers. Here, an image can be analyzed
simultaneously at multiple scales, and an early exit can occur not just in the
depth level of the model but also at the scale level (Fig. 1a). In such
networks, training is conducted for both the final network head and
intermediate heads along with the backbone. To enhance training stability,
a bi-directional knowledge transfer approach or gradient equilibrium
algorithm is often used. The other approach involves using a SuperNet
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architecture or similar, where routing within the network occurs as a
selection of paths in a multi-branch structure (Fig. 1b). Routing nodes are
embedded in the dynamic neural network and controlled by a trained gating
function or policy network. Training of the non-differentiable routing
function can be implemented through gradient estimation,
reparameterization, or reinforcement learning.
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Figure 1 — Dynamic Neural Network: Multi-scale architecture with
early-exit (a); Dynamic Routing inside SuperNet (b)

A popular approach to enhancing the resilience of neural networks
against adversarial attacks and fault injection involves introducing noise
and distortions into the input data, gradients, or weights during the machine
learning process. Research has demonstrated that by integrating the
principles of resilient system training with the architecture of dynamic
neural networks, a higher level of resilience can be achieved with less
system redundancy. The dynamic behavior of the network complicates the
formulation of network attacks, while fault-aware training and adversarial
training reduce sensitivity to attacks and increase the reliability of
prediction confidence. In cases of low prediction confidence throughout the
decision-making path, a test-time adaptation mechanism can additionally be
implemented. The marginal entropy of the network's output can be
calculated for a test sample with the aim of tuning the network over several
iterations to reduce uncertainty and enhance prediction confidence.

Thus, the absorption of perturbations and the ability for rapid adaptation
can be achieved through the use of dynamic neural network architectures,
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enabling the provision of Affordable Resilience in Al systems.
Onrumizaniiini MeToau Ta miaXoau MJIsl CHVILHOTO 3a0e3MeYeHHs
SIKOCTI 00cJIyroByBaHHs Ta 6e3nexkn B 6G Mepeskax

Ckomaxa M.O., 3006ysau IKIu-23-1

XapKiBCbKHI HalliOHAJILHUN YHIBEPCUTET palioeeKTPOHIKH, M. XapKiB,
VYkpaina

BBakaeTbcs, mo B MaiOyTHhOMY Mepexi MoOUIbHOTO 3B’si3Ky 6G
BIMTOBIJATUMYTH BUCOKHM BUMOTaM IIIOZ0 SIKOCTi OOCITYTOBYBAaHHS 3 TIOTIISTY
TaKUX IMOKA3HWKIB, 5K, HAMIPUKIAM, IBUIKICTH Iepefavi JTaHWX 1 3aTpUMKa,
MpOTe CJIii BpPaxOBYBaTH HOBI 3arpo3u Oe3melli, IMOB’si3aHi 3 aTakaMu
«HYJIBOBOT'O JIHS», T4 MOXKJIMBOCTI iX YCITIIIIHOI peasti3artii Ta po3ropranss [1].
AHari3 iCHyFOUMX JOCII/DKEHb MMOKa3aB, 10 METOJH ONTHMI3amii pO3NOALTy
pecypciB y MEpeki 3 METOK MaKCHMI3allii piBHS O€3MEKH, B TOMY YHCII IS
3aXUCTy 3B’SI3Ky MOOUIBPHMX  KOpUCTyBadiB ab0  KOPHCTYBAaI[bKOTO
oOnasHaHHS, MalOTh HETaTHUBHUI BIDIMB HA SIKICTh OOCIyroByBaHHs [1].
TakuM 4YHMHOM, TIOCTa€ aKTyaJbHa HAYKOBO-TIDAKTHYHA 33/1a4a  IOJI0
CHIBHOTO 3a0e3MeveHHs] HEeOOXiMHMX pIBHIB SIKOCTI OOCITYyrOBYBaHHS Ta
Oe3lekd B MEPCHEKTUBHUX KOMYHIKAIHHUX Mepexax. OTKe, BHACITIJIOK
HEOOXiTHOCTI Teperiisiy iCHYIOYMX ITiXOJIB TPOIIOHYETHCS PO3poOka Ta
BIPOBA/DKEHHS] KOMIIEKCHUX ONTHMIi3allifHUX pillleHb, B SKUX BOJHOYAC i3
MOKa3HUKaMH SIKOCTi 0OCIIyTOBYBaHHS BPaXOBYIOTBCS 1 MIOKa3HUKU MEPEXKHOT
0e3MeKy 3 METOI0 rapaHTyBaHHS BiMOBIAHUX BUMOT. Cepell epCrIeKTUBHUX
ONTUMIAIIHHAX TEXHIK BUIULIOTH: TpadoBi alrOPUTMH, CTOXACTUYHY Ta
TEOPETUKO-ITPOBY ONTHMI3aIlif0, EBPHUCTUYHI T4 METACBPUCTUYHI AJITOPUTMH,
MeTo Ta (peiMBOPKY HABYAHHS HA OCHOBI IITYYHOTO iHTENeKTy [1].

TakuM YMHOM, HOBI pillIeHHS MarOTh 0a3yBaTHCh Ha BHKOPHCTAHHI SK
TpaJUIIHHUX TIOKa3HUKIB SKOCTI 0OCTYroByBaHHS (METPUK MPOIYKTHBHOCTI,
HaJIMHOCTI Ta YacOBMX METPHK), TaK i MapameTpiB Oe3rneku, MOB’s3aHuX 3
KOHQIIEHIIIMHICTIO, LUIICHICTIO Ta JOCTYNHICTIO, LI0 MOXYThb OYyTH
BiJIOOpaKeH1 B €/IMHOMY TIOKa3HUKY KOMITPOMETAIIi.

1. Fadlullah, Z.M., Mao, B., and Kato, N. (2022). “Balancing QoS and
security in the edge: EXxisting practices, challenges, and 6G opportunities
with machine learning.” IEEE Communications Surveys & Tutorials, 24(4),
2419-2448.
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Po3podka yaT-60Ta VI YYACHUKIB OCBITHHOI'0 MIpoIeCcy
Pumap K.C., 3006ysau oceimu 10 xracy

JleOenuHCHKMI 3aKiiay 3arainbHOI cepeanboi ocBith [-111 ctynenHiB Neb,
M. JlebemnH, Ykpaina

3 po3BUTKOM iH(GOPMALIAHUX TEXHONOTIH JOCHTH LIMPOKO CTajH
MOMYJIIPHUMH ~ Pi3HI COmiajdbHI Mepexi Ta pi3HI BeOMOMaTKH, sKi
KOPHCTYBadi BCTaHOBIIOIOTH co0i Ha cmaptdonm. [ 6e3 BipTyarpHOTrO
CHIJIKYBaHHS MU BXKE HE MOXKEMO YSIBHUTH CBOE€ XKHUTTSA. MeTor po3poOku
COLIAIbHUX MEPEeK OyJ0 HE TIIbKU CIIJIKYBaTUCh OJWH 3 OJHHUM, a 1
MeperysiiaTé MeBHy  iHdopMmamito Ta oOMiHIOBaTHCH Her. Tak sk
MeCeHKEpH Oymu po3poONeHi TIMBKH UISI MHTTEBOTO OOMIHY
MOBIIOMJICHHSIMU, TOMY I1X 3aMiHWJIM 4aT-00TH, SKi OOpPOOJISIOTH 3asBKU
JFOTUHY TOCUTH IIBHJIKO, B IOMY iX BIIMIHHICTb BiJl )KHBOI JIFOIUHHU.

Yar-6or — me mporpama, SKa IMITye CIPaBXHIO pPO3MOBY 3
KOpHCTyBaueM. 3a JIONOMOTOK  4aT-00TiB MOKHAa  CIUIKYBaTHUCS
TEKCTOBUMH Ta aylio TMOBIJOMJICHHSIMHM Ha CaiiTi, B MeECCHIXepI,
MOOLUTEHOMY JTOIaTKy 200 TenedoHOM.

Ha cporoani, momarox Telegram € omHUM i3 caMHUX MOMYJISIPHUAX
MECEH/DKEpiB  y BChOMy CBITi. [IpocToTa BUKOPUCTaHHS, JICTKICTh
YCTaHOBKH, JIOCTYIHICTh Ha Oe3midi tuaTdhopM Ta ONepamiifHuX CUCTEM Ta
0C3KOIITOBHA MOJICTh IOMIHPEHHS J03BOJWIN MECCH/DKEPY BIIEBHEHO
3aKkpinuTUcs Ha pUHKY. OJTHIEIO 3 TOJIOBHHUX Ta YHIKATBHUX (YHKIIH JaHoi
MporpaMd € MOXITUBICTb CTBOPEHHS KOPUCTYyBaueM daT-00Ta, SKOTO
MO’KHa CIIPOEKTYBATH MPAKTUIHO ITiJT OYyAb-AKi TOTPEOH.

{00 cnpoekTyBaTh (PYHKI[IOHAT T4 CTBOPUTH 4YaT-00T MOTPIOHO TEpIII
3a Bce TpOJyMaTH HaBiramito, iHTepdeiic 1 siki morpeOu BiH Oyze
3amoBoNbHATH. OCHOBHMMH 3ajjadaMu  iHQopMamiiHoro 4YaT-00Ta came
JUTSL Y9ACHUKIB OCBITHBOTO TIPOIIECY €:

— oTpuMaHHs iH(OpMaIii PO po3KJIaa A3BIHKIB Y 3aKjIaii,

— oTpuMaHHs iH(popMaIlii Ipo PO3KIIaJa YPOKIB y BiIOBIAHAHN JIEHb THXKHS
y BLIIOBITHOMY KJ1aci,

— OTpUMAaHHS HOBUH IIPO 3aKJIA],

— O3HAaHOMIICHHS 31 CTpaTeri€lo 3aKiaxy Ta HaJaHHSA BiAMOBIAHUX
nobakaHb Ta MPOIO3MLIH, 1110 3a0e3reuye 3BOPOTHUHN 3B’ SA30K 13 3aKIa0M
OCBITH.
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OTxe, BIAMOBIMHO IO ITMX 3a7ad CTBOPIOETHCS HaBirarmis dar-0oTa.
O6paBmn mnathopMy Uil CTBOPEHHS OOTY, HACTYIIHUM KPOKOM € BHOIp
nporpaMHux 3aco0iB s peamizamii. . [lepm 3a Bce moTpiOHO BUOpatn
MOBy mporpamyBaHHS. OTXe, pO3TISIHEMO IOKPOKOBICTh il IS
cTBOpeHHsI 4ar-00Ta. Ilepmr 3a Bce peecTpyeMo OOT 3a JOMOMOTOIO
BotFather. Ilicns peectpariii MoxxHa TOYMHATH TIHCaTH Tporpamy. OCHOBHE
3aBJaHHs — Il HamucaTh KoJ, SKWi OyJe pearyBaTd Ha HAaTUCKaHHS
KHOTIOK, AKi Oy/TyTh BUCBIYYBaTHUCh JJIs1 KOPUCTYBada.

HactynHum xpokow € :

1. BcranosuTtu MoBY nporpamyBanss Python.

2. BcranoButm  0i0mioTeky Uit po3poOku  OOTiB, a  came
PyTelegramBotAPI.

3. BcranoButn PyCharm Community Eddition, ske € Oe3komTOBHUM
cepeIoBHIIEM po3poOKH Bix JetBrains i Takox € y BiTbHOMY JOCTYTIL.

4. HamucanHs Iporpamu.

5. TectyBanns 60Ta.

Jlis nocrifiHoi poGotu 60Ta, HEOOXITHO PO3MICTHTH HOTO HA OJHOMY
i3 cepBepuux BeOpecypciB. Pythonanywhere - me iHTerpoBaHe OHIIAiiH-
CEpeNIOBHIIIE PO3POOKKM Ta Clayx0a BEOXOCTHHTY Ha OCHOBI MOBH
mporpamyBants Python, skuii mMae Oe3KOIMITOBHWI akayHT, aje € TEBHi
oomexernHs: 500 MO TMCKOBOTO TTPOCTOPY.

Otxe, ocoOMMBO 3apa3, y BOEHHHMH IEpiof, aKTyaJbHICTh 4aT-OOTiB
3pocna. [lopsim 3 THUM, HEJAOCTAaTHBO PO3POOJIEHO YaT-0O0TIB came st
OCBITHIX 3aKiajiB. AJDKe BOHH JOIOMAararoTh KOPHCTyBadaM Ha0araro
MIBU/IIIE 3HANTH HEOOXiHY iH(OpMAIlito, IO € AyXKe BAKIUBUM, OCOOINBO
JUIst 0ATBKIB, JITH SIKUX BIJIBIIYIOTH 3aK/IaJld OCBITH. € IOCUTh aKTyaJIbHUM
OyTH B Kypci BCiX HOBHH 3aKiajy, a TaKOXX KOHTPOJIOBATH CBOIiX AiTEH:
OyTH B Kypci iX po3MOPSAAKY JTHS, MAIOYH TTiJT PYKOO JIAIIE TaJKET.

Kepisuuk: Tetsina binonin, suumens I kamezopii,
Jle6emuncekoro 33CO I-1II cryneniB Ne6, m. Jlebenaun, Ykpaina

1. Bixinemis. URL: https://en.wikipedia.org/wiki/PythonAnywhere/.
2.Caiit «Gerabot» URL https: // gerabot.com/article /sho_take : chatbot_
riznovidi_ hatbotiv_c dlya_biznesu.

3.Caiir «Statista». URL: https://www.statista.com/statistics/272014/global-
social-networks-ranked-by-number-of-users.
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KaabkyasaTop TepMiuHOro onopy
Bbazypina C.B., 3006ysau oceéimu, 9 xnac
I'myxiBCbKHMI MiCBKHIH HIEHTP MO3AMIKIIBFHOI OcBiTH, M.I MyXiB, YKpaiHna

[Ipobnema TemnoizonsLii >KUTIOBUX OyIUHKIB 1 IPOMHUCIIOBHX OyIiBEb
Oyma, € 1 Oyne 3aMMIIATUCh BAXKIUBOIO TPOTATOM 3HAYHOTO MPOMIKKY
yacy. Binm Toro, Hackigpkum no0pe 3poOiieHa TerioizonALis OymiBi,
3aJie’KaTh MiATPUMAHHSI TEIJIOBOTO PEKUMY BCepeluHi Li€l OyaiBmi, BTpaTu
TeIJia, BUTPaTH Ha omaneHHs OyauHKy. Ll mpobnema mocrana naBHoO, ane
noci He po3B’szaHa. lloCTiHO pO3pOONAIOTECS HOBI  TETUTOI3OJAIIHHI
MaTepiaiu, IOCTYIMOBO 3HWKYEThCS X BapTICTh 1 MIKITUBICTD IS JIFOJICH,
aye mpobiemMa J1oci He po3B’sA3aHa.

3 iHmIoro 60Ky, BHIII 3aKJIAJN OCBITH 1 3aKiIagu npoq)eciﬁHO—TeXHquo'i

OCBITH BEAyTh HiATOTOBKY SIK iH)KEHEpiB-OyIiBENbHUKIB, TaK 1 MPOCTHX
OymiBeNbHMKIB, SKi B mpomeci cBO€l mpodeciiHOi  AisIBHOCTI
PO3pPaxoOBYIOTH 1 3MIMCHIOIOTH TEILIOI30IIAIIIF0 OYIiBENb.
JlaHi po3paxyHKH BUKOHYIOTHCS 3TiHO YMHHUX JlepkaBHUX OymiBEIbHUX
HopM (JIBH) 1 cTporo periamMeHTOBaHi: BOHU 3iHCHIOIOTHCS 32 3alaHUMHU
¢opMynaMu 1 BUKOPHUCTOBYIOTH TaONM4YHI JaHi 3a pe3yibTaTamu
BUIIPOOYBaHb MaTepialiB Ha TEIUIONPOBiAHICTE. Taki po3paxyHKH €
TPOMI3JIKUMH 1 TAKUMH, SIKi TOCUTh BaYKKO NIEPEBIPUTH BPYUHY.

Juis  mepeBipkd  TPABWIIBHOCTI  PO3PaXyHKIB TEPMIYHOTO  OIOPY
OTOpPOJIKYBabHOI KOHCTPYKIIi 1 OyIWHKY B I[JIOMYy BHKOPHCTOBYIOTH
BIJIMOBIAHUN TIPOTPAMHMM 3aCi0 — KaJbKYyJIsATOP TEPMIYHOTO OIIOpY.
JloHeaBHa Taki KajbKyJIATOPH BUKOPUCTOBYBAIWCSI IIMPOKO, alle MiCIs
NpUAHATTS HOBUX [lepkaBHUX OyIiBENbHUX HOPM LI KaJbKYJISITOPU CTaIN
HeakTyanbHUMH [1]. Takok OUIBLIICTH TaKWX M[POTrpaM  MalTh
pocilicbkoMOBHHUH iHTep(eic, iX po3po0IIsIN POCiiChbKiI KOMIAaHii, TOMy B
JaHWH MOMEHT 1Ii IPOTrpaMi BUKOPHUCTOBYBATH 3a00POHEHO.

Bapro Big3HauuTH, 10 iCHye 0araTo  OHJAWH-KaJIBKYJSTOPIB
TEPMIYHOTO OIIOPY, PO3pOOJeHUX iHO3eMHMMHU (ipmMamMu. barato 1ux
MporpaM PO3paxoBYIOTh TEIIOI30JIAIII0 CIOPYA 3 BUKOPUCTAHHSAM JaHUX
JIMILE THX MaTepiaiis, ski po3poOiieHi Gpipmoro-BiacHUKOM caiita. OTxe, ix
BUKOPUCTAaHHS y HaBuaHHi Ta mpodeciiiHiii MisUIBHOCTI 1HXEHEpiB-
Oy/iBEIbHUKIB OOMEKEHO.
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CaMe TOMy aKTyallbHUM € DPO3POOJICHHS KaNbKyJsATOpa TEPMIdHOTO
omopy, SIKMii po3paxoBaHuii Ha uuHHI [lepxkaBHi OyaiBenbHi HOpMHU [2] i
BUKOPHUCTOBYE JIaH1 [P0 HAHOBIII TEIUIOI30JIAALIHHI MaTepiay.
Po3pobineHnit  KaubKysIaTOp TEepMIYHOro omopy ThermoResist mae
IHTYiTHBHO  3po3yMminmii  iHTepdeiic, MeTromuka 1  TOCHIIOBHICTB
PO3paxyHKIB y SKOMY BiImNoBifatoTh JlepkaBHUM OyiBEIbHHM HOpPMaM.
3aBOsSKM UBOMY JUISS KOPHUCTYBAaHHS JaHHM KaJbKYJSTOPOM LIJIKOM
JTOCTaTHRO TOYATKOBHUX YMiHb KOPHCTyBada KOMIT'IOTEpa, a OTXKE, HUM
MOJKYTh KOPHCTYBATHUCS SIK CTYACHTH, TaK 1 iH)KEHEpU-Oy/IiBETbHUKH.
Ha Bigminy Big 0araTbox MNOpOrpaMHUX NPOAYKTIB, BiH OOYHCIIOE
TEPMIYHUH OIip 32 METOJUKOI0, HaBeIeHOW B JlepkaBHUX OyiBeThHHUX
HOpMaX, BUKOPHUCTOBY€ TaOMM4HiI AaHi 3 JlepkaBHUX OyIiBeThHUX HOPM i
HajJa€ MOXKJIUBICTh CTYACHTaM 3JIHCHIOBATH OOYMCICHHS TEPMIYHOTO
OTIOPY TAaKHMX KaTEropiil KOHCTPYKIIii: CTiH, BIKOH, TOPHIIHOTO ITEPEKPUTTS,
1axy 3a NOKa3HUKaMH, BKa3aHUMH Y JleprkaBHHUX OyiBENbHUX HOpMAaXx.
Po3pobnennit  kanpKyssTop TepmidyHoro omopy ThermoResist vy
MOJANBIIOMY MOXe OyTH YIOCKOHaJeHHWH 3a pPaxyHOK BBEJCHHS
JOJTATKOBUX PO3PaXyHKIB:
—  PO3paxyHOK TEIIOBHX MOCTIB B OTOPOJIKYBAIbHIX KOHCTPYKIIISIX;
—  PO3paxyHOK KOMIUIEKCHOTO MOKa3HHWKa TEPMIYHOTO OTMOPY BCHOTO
OYyIWHKY;

—  OHOBIICHHSI ITPOTPAMHU;

— BHWKAa4yBaHHSI TaONMYHUX T[IOKA3HWKIB OHOBIEHMX BapiaHTIB
JHepxaBHUX OyIiBETbHUX HOPM.

Kepisuuk: Biraniit basypin, doyenm, kano.neo.nayx,
ATEY, m.Kuis, Ykpaina

1. Bunaciit 0.0., Hdyaka O.M., Kibipesa JI.M. OcoGiuBocTi po3poOKu
NpOrpaMHOr0 3a0e3MedeHHs] Ui MOYaTKOBOI Ta CepelHbOl OCBITH.
Komm’1oTepHO-Opi€eHTOBaHI TEXHOJOTii: OCBiTa, HayKa, BHPOOHHIITBO.
JIyuek, 2015. Bun.19. C.182-188.

2. IBH B.2.6-31:2021 TemmoBa i30diis Ta €HEProePEKTUBHICTD
OyniBenb. K. MiHicTepcTBO pPO3BUTKY TpoMaj Ta TepuTOpiii YkpaiHw,
2022. 27 c. URL: https://dreamdim.ua/wp-content/uploads/2022/08/DBN-
V_2 6-31-2021.pdf
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EdexTuBnnii 3axuct ingopmanilinux pecypciB Biamosiano 1o
3aKOHOABCTBA YKpaiHU: po3po0Ka Ta BIPOBaJKeHHsI KOHirypaunii
NMOJITHK 0e3nmeKn

CazanoBa A.A., 3006y6au ep. Kb-01;
Kanwuenko B.B., cmapwuii éuxnaoau;
Kosans B.B., cmapwuii suxnaoau

CyMchbkuii nepkaBHui yHiBepcuteT, M. Cymu, YKpaina

Y cywdacHOMy CBiTi iH(OpMAaIiliHi TEXHOJOril CTanu HEOIMIHHOO
CKIIQJIOBOIO [TSDTPHOCTI Oyap-sAKOi opraHizaiii, ajge BOJHOYAC IS HHUX
HIOAHS BUHHMKAIOTH HOBi Kibep3arposu i3 sKuMH Tpeba HEOAMiHHO
Oopotucs. 3aKOHOIABCTBO YKpaiHH, B CBOIO 4YEpry, PErIaMeHTYe ITeBHi
00OB’SI3KM 1 3aXOAW 3axWcTy I 1HQOPMAmiMHUX CHCTEM TaKHX
opraizailiii, a caMe HaJarOThCs PEKOMEH/Allii, a TAKOXK BCTAHOBIIFOIOTHCS
BUMOTH 10 (YHKUIOHYBaHHS CHCTEM Ta X MEPEKEBHX EJIEMEHTIB Ta
000B’I3KH MO0 3aXKCTy iH(popMmariii, 1o 0OpoOIFOETHCS OpraHi3aIli€ro.

Po3po06iieHHs MOMITHK OE3MMeKy Mae Ha METI HE JIMIIE BCTAHOBJICHHS
npaBuil Ta oOMEXeHb Il KOH(Irypamiii MepeXeBHX €JIeMEHTIB, aje U
nependavae aHali3 HasBHUX Ta mependavyeHHs MaiOyTHiX Kibep3arpos, 3
SKAMH ~MOJKE 3IIITOBXHYTHCS OpraHi3allis, Ta BHKOHAaHHS BHMOT
3aKOHOJABCTBA JyIsd 3axucTy iH(opmaii. OpraHizaiii MalTh PETEIHLHO
MiIXOAUTH 0 CTBOPEHHS W BIPOBADKEHHS KOHGIrypamii MOIITHK
0Oe3neKy, a TaKoX IIOCTIMHO CJiJKYyBaTH Ta OHOBIIOBATH IX 3TiHO 3i
3MiHAMH Yy TIOTCHILIHHMX a00 ICHYIOUMX 3arpo3ax, a TaKoX 3MiHaxX Yy
3aKOHOJIaBCTBI.

KopekTHo HamamToBaHI MONITHKHA 3a0€3MedyloTh HAIiHHWA 3aXUCT
MEpEeKEBUX EJIEMEHTIB, THM CaMHM YHEMOXKJIMBIIOIOUH BUBEJICHHS iX, a00
HaBITh HIJIMX MeEpexk, 3 Jaay. Takok epeKTHBHICTh pOOOTH OpraHizamii
MiABHLIYETHCS, 3a0e3neuyroun HaaidHICTh Ta CTIHKICTh iH(QOpMALiMHUX
CUCTEM y CydacHOMY IH(PPOBOMY CepeIOBHIIL.
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BusiBienns1 Bpa3auBocTeii 3a 10MoMoroi MeroaoJoriii Web-¢asunry
IMapxomenko O.C., 3006ysau ep. Kb-01, Kosane B.B., cmapuuii euxnaoau,
Cymcekuit nep>kaBHAHN yHiBepcuteT, M. Cymu, YkpaiHa

VY cy4acHOMY iHTEPHET-IPOCTOPI 3pOCTAE 3HAUYIIICTh OE3MEeKH BeO-
JIOJATKiB, i OMHUM 3 e(eKTHBHUX CHOCOOIB 1i 3abe3meueHns € Web-daszunr.
OcCOONUBICTD SIKOTO TOJSTa€ Yy CUCTEMAaTHYHOMY MiAXOIl 0 CKaHyBaHHS
Web-3acTocyHkiB a1t BUSIBICHHSI Bpa3iMBOCTeH Ta 30upaHHs iH(opmarii
PO IXHIO CTPYKTYPY Ta PYHKIIOHAIBHICTb.

Web-da3uHr € KpUTHYHHM €TaroM B TPOIECi TECTYBaHHSA O€3MEKH
BeO-moaatkiB. YcmimHe BukoHaHHs Web-¢a3uHry 06a3yeTbcst Ha KiBKOX
KITFOYOBHX NPHUHIIAIAX.

Y pamkax poOOTH pO3IIANAETBCS OIWH 13 1HCTPYMEHTIB IS
BukoHaHHs Web-¢pasunry - FFUF. [lanuit npoaykt 3a0e3nedye Mmupoki
MOJJIMBOCTI JJIsi TPOBENICHHS IOKPOKOBOTO CKAaHYBaHHS Ta Iepedopy
pecypciB Web-mgonaTkis.

FFUF no3Bomsic BUKOHYBATH Pi3HOMAHITHI TUIIH 3aIUTiB, BKIIOYAIOYN
CJIIOBHUKOBI aTakKd, MacKyBaHHS CHUMBOJIIB, II0 JO3BOJISIE BHUSBIATH Pi3HI
BEKTOPH BPa3JIMUBOCTEH: .

FFUF pospoGuiennii s ckanyBanus \Web-momatkiB i Moxe Oytu
BUKOPUCTAHUI Ui 3HAXOJDKEHHS Pi3HUX BUJIB BPa3IMBOCTEH, TaKUX SIK
JUPEKTOPIi 3 BIIKPUTUM JIOCTYTIOM, (DailyIoBi pecypcH, mapaMeTpH 3aIuTiB i
Oararo iHIIMX.

Bynu posrnsiHyTi Taki (yHKIIOHANBHI CKJIajoBi, sk: Brute Forcing,
MacoBa O00poOKa, KacToMizallisi 3amMTiB, (QUIBTpaIisl OTPUMAHUX
pe3yIbTaTIB 32 KPUTEPISIMH.

HeoOXigHO BiAMITHTH, 0 BaXJIMBAM MOMEHTOM mpoBeaenus Web-
(hasuHTy € caMe METOJIOJIOTIs IPOBEACHHS JOoCiKeHHs. CucTemMaTu3ariist
NPOIIECiB CKaHyBaHHS Ta aHalli3y BeO-J0JaTKiB, CTPYKTYpOBaHUH MiAXiA 10
BUSIBJICHHSI MOTEHLiIHUX 1pobnem Oe3nexu. [IpaBunbHUI MEeTOA0MOTIYHHH
mixia 103BoJsie eEeKTUBHO BUKOHYBATH TECTYBaHHS O€3MEKH Ta 3HAYHO
MIBUIIUTH PIBEHb 3aXUCTY BeO-10aTKIB.

Web-dasunr € BayxmBuM eTanom B Ipoleci MATPUMKH Oe3reKu BeO-
JOJIaTKiB, a 3actocyBaHHs yTuiita FFUF € moTy:)xHUM iHCTpyMEHTOM JUIst
3MEHIIICHHSI PU3KKIB BPa3JIMBOCTEH Ta MiaBHIICHHS piBHs Oe3meku Web -
JoJaTKiB y Mepexi [Hrepuer.
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IIpodaema Ge3nexu podGOTH CHCTEM IITYYHOIrO iHTEIEKTY

Habotiuenko S1.B., 3006y6au ep. Kb-11, Kosans B.B., cmapwuii suxiaday,
KysikoB b.O., cmapwuii éuxnadau
Cymchkuit nep>kaBHAHN yHiBepcuteT, M. Cymu, YkpaiHa

P03BUTOK MalIMHHOTO HABYaHHS, 30KpeMa T'CHEPAaTUBHMX HEHPOHHMX
MEpEK, SIKi BAKOPUCTOBYIOThCS y cucTeMax, noaionux 1o ChatGPT, mpuseeno
JI0 3HAYHUX 3MiH Yy pi3HUX c(epax >KUTTS JIOJUHH. Yce OUIbIIe KOMITaHii
MEePEXOITh Ha BUKOPUCTAHHS TAaKMX IHCTPYMEHTIB. 3 OISy Ha Iie, BCE
OLMBII BaXXJIMBUM CTa€ IMHUTaHHS 3a0e3nedeHHs] Oe3MeKH Ta BCTAHOBJICHHS
PaMOK JUIsl JOCTYITY UM BIUIMBY HA 11l CHCTEMH.

Y pamkax poOOTH PO3MJISHYTI JACSAKI MPHUKIaIM NpoOiieM, HasBHUX Y
Cy4acHHUX HeiporeHeparopiB. OIHIEI0 3 TAKKUX € podJieMa POOOTH 3 JTAHUMH.
Ty4raunii iHTENEKT, € KIFYOBAM IHCTPYMEHTOM Yy pi3HHX cdepax, Bif
po3Ii3HaBaHHS 00pas3iB A0 peKoMeHAaliitHux cucteM. [Ipore, mob edhexTrBHO
(yHKIIOHYBaTH, BiH MOTpeOye 3HAYHMX OOCSTIB JaHWX [JIs1 HABYAHHS.
BukopucranHst iHCTpYMEHTIB 00pOOKH JaHuX, Takux sk Hadoop, mwis anamizy
IMX BEITUKUX OO0CATIB iH(OpMAIi MOXE CTBOPUTH IOAATKOBI MOTEHILHHI
TOYKH AOCTYyIly uisi KibepamouwHiiB. Hampukian, HeageKBaTHO 3axWIeHA
koH(irypartiss Hadoop moxe crati Bpa3inMBOIO 10 aTak, TAKHX SIK iH €KIIii a00
3MIHM TIpaB JIOCTYITy, 1[0 MOXYTh BHKOPHCTOBYBATHCS UISl HEIIO3BOJIEHOTO
JIOCTYITY JIO CHCTEM HITYYHOTO iHTEJIEKTY.

3 PO3BHTKOM CHCTEM HEHpOTreHepaTopiB TOYaiH 3’ SBIATHCS OKpeMi
apXITEKTypH 3 CHCTEMATH30BaHMMH KOH(ITypalisMu, sKi MpU3HAYCHI IS
pizHux 3amad. OnHIEI0 3 TaKMX € TPOEKTYyBaHHS T€HEpPaTHBHO-3MarajbHi
mepexxki (GAN). Bonu mnpeicTapisitoTh COOOK IHHOBAIIAHHMN MiAXi 10
reHepailii JaHuX, [0 Hajga€ IIMPOKI MOXKJIMBOCTI JJIi CTBOPCHHS
pearicTHyHMX 300pakeHb, Bifeo Ta iHmMmX Mmemia. [Iporte ixHii mpuHIWIT
poOoTH, 3acHOBaHMI Ha KOHKYpPEHTHIH B3aeMofii reHeparopa Ta
JMICKpUMIHATOpa, MOXKE€ CTBOPUTH JOAATKOBI TOTEHIIIHI TOYKH AaTaKH.
Hanpukiaz, araka Ha TEHEPAaTOp MOKE INPHU3BECTH [0 HEMPABHIBHOTO
HaBYaHHS ,Z[I/ICKpI/IMlHaTopa IO MOXE KOMIPOMETYBATH CHCTEMY B IIIOMY.
Cam 1o co0l WITYy4YHUH iHTENEKT € JIOCHTh KOPUCHHM PECypCoM. Ane sk 1
OyIOb-sIKMH 1HCTPYMEHT BiH MO)Xe OyTH B3JaMaHWil 1 BUKOPHCTAHMH Iis
koMnpomerariii. TodukamMu BXOIy MOXYTh OyTH SIK 1 TPOTaIHHU camoi
CTPYKTYpU TMPOTrPaMH INTYYHOTO IHTENEKTY TaK 1 IHCTPYMEHTIB, SKi
3a0e3neuytoTh Horo pobdory. Takok BaKIMBO He 3a0yBaTd TPO MPOMIKHI
0J10KH1 a00 MiANPOLIECH TaKuX 0as3.
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IIpo6seMa BUKOPUCTAHHA MITYYHOI0 iHTEIEKTY B 3JTI0BMHCHHX LLJIAX

e 11.0., 3000y6au ep. Kb-11, Koanb B.B., cmapwuii éuxnaoau,
Kysikos b.O., cmapwuii suxkiaoay

CyMchbkuii nep:kaBHui yHiBepcuteT, M. Cymu, YKpaina

VY cydacHOMy CBITI PO3BHTOK TeXHOJOTIH mmTy4dHOro iHTenekty (LLI)
BIIKpHUBa€e OE3J1id MOMITMBOCTEH T BIOCKOHAJICHHS CHCTEM imeHTH]iKarii,
30KkpeMa OiomerpmuyamX. IIpoTe, pazoMm 3 UM 3pocTae 3arpos3a Oesmer,
TOB'A3aHA 13 MOKJIMBHM 3JIOBKMBAHHSM IIMMU CHCTEMaMH. Y paMKax poOoTu
OyNo JOCTIDKEHO IO TpoOIeMy, a TaKOX PO3MIISTHYTI MOXKIIMBI IDISIXH
3arno0iraHHs 3arpo3am.

Onniero 3 HAMOLIBII aKTyaJ bHHX 3arpo3 Oes3mell € 3JI0BKHBAHHS
OiomeTpruHMMHU JaHuMu 3a jgoromororo Il [1]. 3MOBMHUCHUKH MOXYTh
BUKOPUCTOBYBaTH HeHpOMepexki Uil TeHepamii BipTyaJbHUX TOJOCOBHX
TMOBIZIOMJICHB, 00JINYb, KPOTKHX BiJICO, IO BiIKPUBAE ITUPOKI MOXKIMBOCTI JIs
comianbHO-0ioMeTpuuHO iHkeHepii. Taki gaHi AJ1st BBEICHHS Y OMaHy CUCTEM
ayreHtudikamii abo ans goctynmy o KoHpimeHmidHOI iHpopmamii. Lle
MIKPECITIOE  BAXJIMBICT ITOCTIHHOTO OHOBJICHHS O1OMETPUYHHMX JaHUX
KOPHUCTYBadiB 1 PO3BUTKY €(PEKTUBHHX CHCTEM YIPABIIHHSA TOCTYIOM IS
3aXUCTy  KOH(QimeHHmiHHOT  iHopMarii, 10 JO3BOJUTh  YHHKHYTH
HENPaBOMIPHOTO BUKOPUCTAHHS IIUX JTAHHX.

CucremM po3mi3HaBaHHS OOJIMYb, SIK IHIN TEXHOJOTil OioMeTpudHOl
imeHTHdiKamii, TaKOX CTAIOTh TMPEAMETOM 3JIOBXKHWBAHHSA 4Yepe3 INTYYHHUI
inTenekt. ['eHepaTuBHi Mepexi Ta TexHosorii Ha kmrant deep fake pasom i3
BUKOPUCTaHHSM BIPTyaJIbHUX Kamep 3laTHI MPU3BECTH JI0 KOMIIPOMETAIlii
cucteM aytentudikarii Ha krant Face 1D [2].

JociipKeHHST TIOKa3ye, 10 BUKOPUCTAHHS IITYYHOTO IHTENEKTY Y
0IOMETPUYHHX CHCTEMaX CTBOPIOE 3HAYHI 3arpo3d JUIs Oe3neku. 3anodiraHHs
M 3arpo3aM BHMarae MOCTIHHOTO BJJOCKOHAJICHHS TEXHOJIOTIH Ta PO3BUTKY
eQEeKTHBHUX METO/IiB 3aXUCTY TAHUX KOPHCTYBAUiB.

2. Muhammad Usman Haider Generative Al and Facial Recognition:
Shapeshifting the Landscape of Security // https://t.ly/H_Bf5

3. Ensar Seker Deepfake to Bypass Facial Recognition by Using
Generative Adversarial Networks (GANSs) i
https://towardsdatascience.com/deepfake-to-bypass-facial-recognition-by-

using-generative-adversarial-networks-gans-37a8194a87b1
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Hocaigxenns muisnxiB 3a0e3neueHHst inpopmaniiiHoi 6e3mexn
KPUTHYHOI iH(PPACTPYKTYpPH 3TiIHO YMHHOI0 3aKOHOJABCTBa Y KpaiHu

[Migmicaa A.A., 3000y6au ep. Kb-01,
Kanpuenko B.B., cmapwuii suxnaoau;
Kosainb B.B., cmapwwuii suxnaoau

Cymchkuit nep>kaBHAHN yHiBepcuteT, M. Cymu, YkpaiHa

[ndopmaniiina Oe3neka € HEBiA'€MHOIO CKIQIOBOIO  OE3MEKH
CYCITIIILCTBA B Cy4aCHOMY IUPPOBOMY CBiTi. OCOONHBY yBary npuIiIsIOTh
3aXHMCTYy KPUTHYHOI 1HQPACTPYKTYpH, SKa € OCHOBOIO (DYHKIIOHYBaHHS
JIEp’KaBH 1 rOCTIOAapPCTRA.

3axuct  00’€kTiB  KpuTHYHOI  iH(pacTpykTypu B  YKpaiHi
BPEryJIbOBAaHUH MEPEBAXKHO, Y MiI3aKOHHUX HOPMATHBHO-TIPABOBHUX aKTaX.
OpHielo 13 BUMOT 100 3a0e3rnedeHHst KiOep3aXxucty Ha OO0’€KTi €
CTBOPEHHS Ta BIPOBAJKEHHSI KOMILJICKCHOI CHUCTEMHM 3aXUCTy iH(opmarii.
Jns mporo, Ha MiArOTOBYOMY €Talli, TOBHHHA OYTH pO3pOO0JIeHa MOJITHKA
Oe3neku iHpopmallii.

[lig momitukoro Oesmnexku iHoOpMAaIii ciifi po3yMiTH HaOIp 3aKOHIB,
MpaBwil, OOMEXKEHb, PEKOMEHAIIIHN 1 T. iH., SKi PETIAMEHTYIOTh MOPSIOK
06po0ky _indopmaii i CHpS[MOBaHl Ha 3axHCT iH(pOpMalii BiJ NEBHHX
3arpo3. Ii pospobmorots 3rimEo 3 momoxxenHamu HJ T3I 1.1-002 Ta
pexomermarissmu H/I T3I 1.4-001.

MeTtosonorisi  po3poOiieHHsT TONITUKKA Oe3lekn BKIOYae B cede
HACTYIHI poOOTH:

— po3poOka koHreriii 0e3neku iHGopmarii B AC;

— aHaJIi3 PHU3HKIB,

— BU3HAYCHHS BUMOT JIO 3aXO0/IiB, METO/IIB Ta 3aCO0IB 3aXHUCTY;

— BHOIp OCHOBHUX pillleHb 3 3a0e3neueHHs Oe3nexu iHpopmarlii;

— oprasisailis BHKOHAHHS BIJIHOBIIOBAJIBHUX poOOIT 1 3a0e3meueHHs

HeTlepepBHOr0 (PYHKI[IOHYBaHHS aBTOMAaTH30BaHOI CUCTEMH;

— JOKyMEHTaJIbHE O(OPMIICHHS IOIITUKU O€3MeKH.

[lonmituka iHdopmamiiiHoi Oe3nmeKH 3aTBEPAKYETHCS OKPEMHUMH

PIIICHHSMH 32 MIANHCOM KepPIBHUKA 00’ €KTa KPUTHUHOT iHPPACTPYKTYPH.
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Po3pooka indopmaniiinoi cucTeMu 1151 OLiHKU piBHS Ki0epoe3nmexu

bpeycenko B.I1O., 3006ysau ep. Kb-01,
Kosainb B.B., cmapwwuii suxnaoau

Cymchkuit nep>kaBHAHN yHiBepcuteT, M. Cymu, YkpaiHa

CydacHuil cBIiT Bce Oimplie CTHUKaeThCs 3 Kidep3arpo3amu Ta
kibeparakamu, MmO poOUTh KiGepOesneky i1HPOPMAMIHHOTO TPOCTOPY
KPUTUYHO BAXKIUBOKO 3ajadcto Jjs Oyab-skoi opraizamii. Tpamuiiiini
METOIU OIIIHKK KiOepOesrekn € TPYAOMICTKUMH, JOCHUTh BEIIHKO-
BEKTOPHAMH Ta BAXXKO MAaCIITA0yEMUMHU, IO MiJAKPECTIOE HEOOXIAHICTh ¥
Ppo3po01i MpocTHX, ajie He MeHI e(heKTUBHHUI iHCTpYMEHTapil.

VY pamkax poOOTH po3nodata po3podka iHGOPMAIiHHOT CUCTEMH IS
MPOBEJCHHS AayAWTy Ta B TMOJANBIIOMY OIHKH PiBHS KiOepOe3nexn
MEBHOTO iH()OPMaIiHHOTO TPOCTOPY OpTaHi3aiii.

[Ipoekr w™ae Ha3py E-PHISING. Jloctym Ta  KepyBaHHS
iH(OpMAIIHHOIO CHCTEMOIO 3MIHCHIOEThCA depe3 Web—iHTepdeiic.

Ha nanwii gac iine aktuBHA poOOTa y TBOX HANPAMKAX:

- PO3MIUPEHHS HA0Opy IHCTPYMEHTApilO, IO JO3BOJMUTH 301TBIIUTH
BapiaTMBHICTh NIPOBEACHHS Ta aHAJi3y JaHHUX PO KiOCPIHIICH/ICHT;

- pos3poOka iHTepdelicy [y Bizyamizamii eramiB TPOBEICHHA,
Pe3yJIbTaTIB OLIIHKK Ta reHepallii 3BiTiB.

Cucrema Mae IHCTPYKIIiT o ekcrutyaraitii. Ha nanwuii MOMEHT
OCHOBHOIO CTOPIHKOIO € «BimmpaBka nmcTa», Ha SKii KOPHCTYBad Mae
MOXKJIMBICTh ~3TCHEPYBAaTH «IIIKi[UIMBE» IOCWIAHHSA (32 HasBHUMH
mra0sIoHaMu ), Jaiti 3amudpyBaTH 1ie MOCHIaHHs (1 KOPOTKO SIK B Teerpami
3aX0BaTH MMOCWJIAHHS B TEKCT) SIKIIO KOPHCTYBad XO4e MOAUIMTHCH HUM Y
MeceHDKepax abo mepeiTH 10 2 erary 3 BiANMPaBKOIO IIbOTO TOCHIAHHS Ta
TOTOBMM JIUCTOM Ha TOMITY CHiBPOOITHHKY (BKa3aBIIM Y BiAMOBITHOMY
noJii azgpecy). Cropinka «Moi JlucTuy 1ae MOXIIMBICTh BiACTIIKOBYBaTH
BiZIIpaBJIeH] JIMCTH HA IIEPEXOH [0 MOCHJIAHHIO Ta BBEJCHHIO JaHUX.

E-PHISHING mae BogHOYAC TIPOCTHN NTH3aiH, B SKOMY PO30epeThes
KOPUCTYBaud HE BHCOKOTO piBHS, MEHIO Ta BCI KHOIIKH, IT03HAYKH
IHTYITHBHO 3pO3YyMiJi, Ta BJAJIO PO3CTaBIICHI, HAsIBHA CHCTEMa CIIOBILLIEHb
PO yCIiX Y¥ MOMUJIKY NP BUKOHAHHI IEBHOT [ii.
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JlerajibHi Ta HeJlerajbHi aJJTOPUTMH MPOCYBAHHS CATIB

Kopokin B.B., 3000y6au ep. Kb-01,
Kosainb B.B., cmapwuii suxnaoau

CymMmchkuit gepkaBHuM yHiBepeuteT, M. Cymu, Ykpaina

Y pobori mnpoBoAuThbCS BCceOiUHMIT Oa30BUI aHaN3 Cy4YacHHX
CTpaTeriii mpocyBaHHS BeO-CalfTiB, PO3MISAAIOYM IIUPOKHHA CIIEKTP
JeTATLHUX Ta HENEeTaTbHUX AalTOPUTMIB, IO BHKOPUCTOBYIOTHCS JUIS
ONTHMI3aIii CAalTIB y OITYKOBHAX CHCTEMaX.

CriouaTky pO3TJISAAINCS JIeTallbHI METOJAM, TAKMX SK OITHMI3allis
KOHTEHTY, TIONIMIIEHHS f03a0imiTi calTy Ta cTpareriii 300py SKiCHHX
30BHIIIHIX ITOCHIAHb, 100 T03BOJISIE€ OLIHUTH IXHIM BIUIMB Ha IIIIBUIIECHHS
BUJMMOCTI BeO-CaliTiB y MOIIyKOBUX cucTemax. OcobnuBa yBara Oyna
NpUiicHa aHali3y aJTOpPUTMIB TOHIYKOBHX CHCTEM, IO CIOHYKarOTh
BEOMAMCTPIB 10 BUKOPUCTAHHSI [TUX JICTAIbHUX MPAKTHK.

HacTymHUM KpPOKOM € BUBYEHHS HEJCTATLHUX AJTOPUTMIB, TAKUX SK
BUKOPUCTAHHS TPUXOBAHOTO TEKCTY, CTBOPEHHS «IBEPHUX CTOPIHOK» 1
HITyYHEe HAKPy4yBaHHS Mocuianb. OKpeMHUM MOMEHTOM € OIliHKa PU3WKIB
Ta TMOTEHI[IHHIX HACIIJKIB, 10 MOB'sI3aHI 3 BUKOPHCTAHHAM IIMX METOJIIB,
BKITIOYAIOYH MOJKJIMBICTH OTPUMAHHS IITpagiB BijJ MONTYKOBHX CHCTEM Ta
HETaTHBHUH BILUIMB HA PEMYTAIlil0 CANTYy.

Kpim Toro, mpuniieHa yBara €THYHHM Ta HOPUIAMNYHAM acCHEKTaM
npocyBaHHs caiiTiB. [IpoBe/ieHO aHali3 3aKOHOAABUMX HOPM Ta €TUYHHX
NPUHIMIIB, MIO PEryNIOITh BHKOpUCTaHHS pisHuX MeroniB  SEO,
BUSIBIISIIOYN BaYKJIMBICTH BIIOBIATBHOTO IMIXOAY JO MPOCYBaHHS BeO-
pecypcis.

Ha mincraBi 11bOro KOMIUIEKCHOTO aHallizy OyayTh c(hOpMyIbOBaHi
pexoMeHgaIii 1moao0 HaiOinbm e(eKTHBHUX 1 Oe3MeYHHx CTpaTerii
NPOCYBaHHSI CaMTiB, SIKi BIJMOBIAalOTh Cy4acCHHMM BHMOTaM ITOLIYKOBHX
CHUCTEM Ta 3a0e3leuyioTh JOBIOCTPOKOBE 3pPOCTAaHHS BHIMMOCTI BeEO-
pecypciB B Mepexi [HTepHeT.
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®Dizu4uHi 0c001MBOCTI CTBOPEHHA TEXHIYHUX KAHAJIIB BUTOKY
ingopmanii Bix cywacanx IKC

Kosanw B.B., cmapwuii suxnaoau;
Hedemuenko B.D., doyernm

CymMmchkuii aepkaBHui yHiBepeuteT, M. Cymu, Ykpaina

[Nocrifinnii PO3BUTOK CyYacHHX TEXHOJOTiH, ocoOmuBO y cdepi
KoMmyHikamii.  30impmeHHss  ¢akTiB  BUKpageHHS  KOH(IASHIIHHOT
iH(dopMartii, poOUTs TUTaHHS PO3yMiHHS (DI3UYHUX MPHUHIIUIIB CTBOPEHHS
TEeXHIYHUX KaHaNiB BUTOKY iH(opMamii HaA3BUYAiHO Ba>KJIMBUM.
3abesmeueHHs 3axwcTy iHGopMmarii B cydacHHX [HQoOpmamiitHO-
komyHikamianx cucrtemMax (IKC) crae Bce O1TbIN CKIIaAHUM 3aBIaHHSM.

VY pamkax poOOTH JOCTIIKYBaIUCH (Di3UUHI OCOOIHMBOCTI CTBOPEHHS
TEeXHIYHUX KaHaiB BUTOKY iHpopmauii Bin cyuacaux IKC, Bu3HaueHHs
OCHOBHUX THITIB TAKWX KaHAIIB Ta po3poOKa peKOMEHIAIIH MI0A0 IXHBOTO
BUSIBIICHHS T 3aXHUCTY.

Jnst  JOoCSATHEHHs [MOCTaBleHOI MeTH OyJno BUWJAIJICHI HACTYIHI
3aBJAHHA:

— BHUBYEHHS (i3MYHUX NPUHIUIIB TOIIMpPEHHS iH(popMalii B ymMoBax

HoBHX cknanoBux IKC;

— ONJIAJ METOMIB Ta 3acO0IB CTBOPEHHS TEXHIYHHUX KaHAJIB BUTOKY
iHpOpMaIii;

— JIOCJIJDKEHHS TUTIOBUX BpasnuBocTel cydacHux [KC;

— OINIAJ METOJIB Ta 3ac00iB 3aXKUCTy iH(POPMAIIi BiJl BUTOKY.

HeoOxinmHO BiA3HA4WTH, 0 HEOOXIAHO PO3MIIANATH 1 BHBYATH Pi3HI
(izuuHi  TapaMeTpH, Taki K eJNeKTPOMarHiTHE BUIPOMIHIOBaHHS,
aKyCTU4YHI CUTHAIM, ONTHUYHI €(EeKTH TOLIO0, OCKIIBKH BOHH MOXYTh OyTH
BUKOPHCTaHI JIjIs Tiepeaayi iHpopmartii.

Y pesynbrari JochipkeHHs OyJ0 BCTaHOBJICGHO, IO HEOOXIJTHO
HaiO1IbIIe NPUAITIUTH yBary came eJeKTpOMarHiTHOMY BHUIIPOMiHIOBAaHHS,
OCKIIBKH OljIbIlla KIJIBKICTh KOMYHIKAIlIHHOrO OOJagHaHHS IS CBOET
pOOOTH 3aCTOCOBYE €IEKTPOMArHiTHE ToJIe.
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Tesierpam-00T AJ11 NJIAHYBAHHA Ta opraHizamii
HABYAJIbHOI JiSVILHOCTI CTY€HTAa

Bbespyk B.M., 3000ysau ep. IH-01,
[oBkomrsac O.A., cmapuiuii suxiaoay

CyMchkuii nepxaBHuid yHiBepcuteT, M. Cymu, Ykpaina

CyuacHa oOcCBiTa B YHIBEpCHTETaX BCe OUIbIIC TOKIAAEThCS HA
iHdopMaIiiHi TEXHOJOTI], sIKIi pOONATH JOCTYN A0 HABYAIBHUX PECYpCIB
MPOCTIIIAM 1 TIONIIMIIIYFOTh OPTaHI3allif0 HABYAIBHOI MiSUTBHOCTI CTYJICHTIB.
Ipore, 31 3pocTaHHsM 00CSTY JOCTYIHOI iH(pOpMAIIl Ta BUMOT J0 €EeKTHBHOI
opraHizaiii HaBYaJIBHOTO TMPOIIECY, BHHHMKAE TMOTpeda y 3acobax, sKi
CIPOIIyBaTUMYTh TIel TpoIeC I CTyAeHTiB. ToMy po3poOIieHHs Tenerpam-
0oTa SK HaJIHHOTO TIOMIYHUKA Y CIIPOIIEHHI JOCTYITY 10 HaBYaJIBHUX PECypCiB
Ta BIOCKOHAJICHHI KOMYHIKAllii MDK CTyJICHTaMH Ta BHKIaJauyaMu, €
aKTYaJIbHOIO 33/1a4€lO0.

Tenerpam-060TH — 11e MporpamHi 3aco0H, TIPU3HAYEH] 7151 BHKOPUCTAHHS y
MmeceHmkepi Telegram. BoHu 3maTHi BHKOHYBAaTH DI3HOMAaHITHI 3aBIaHHS,
BKIIIOYalouM HajaHHs iHQopMarii, 3ilicHeHHS (YyHKIIM 1HTEPaKTUBHOTO
CIILUIKYBaHHS Ta aBTOMATH3AIIFO TIPOIIECIB.

s po3pobiennst TenmerpaM-6ota Oyna oOpaHa MoBa MpPOTPaMyBaHHS
Python Bepcii 3.9. lleii BuOip OOyMOBJIEHMII TPOCTOTOK) OCBOEHHS MOBH,
IIAPOKOK TMIATPUMKOK) CIIUIBHOTH pPO3POOHHKIB, a TaKOXX HAsIBHICTIO
pi3HOMaHITHUX 0i0;mioTek Ta (peMBOpPKIB, SKi TOJNETIIYIOTh TPOIEC
PO3pPOOJICHHS Ta B3aEMOIIFO 3 THIITMMH CEPBICAMH.

s B3aemogii 3 miatdopmoro Telegram Ta po3poOieHHsT QyHKITIOHATY
TenerpaM-0ora OyB BHKOpHCTaHHMH (peliMBOpK aiogram. Aiogram €
ACHHXPOHHUM (DPEHMBOPKOM ISl CTBOpPEHHs Ta pobotu 3 Telegram Gotamu
MOBOIO TIporpamyBaHHsi Python.

Po3pobnennii TenerpamM-00T NMPONOHYE MMPOKWM CreKTp (yHKUIH Ta
KOMaH[I, sIKi 3a0€3MeUyr0Th KOPUCTYBauaM 3pYYHMI iHCTPYMEHT JJIsl OTPUMAHHST
noTpiOHOT iHpOpMaIlii Ta B3aeMO/Iii 3 60TOM.

Jlo HallBayKITMBIIIMX KOMaH 00Ta BiJHOCSTHCS:

— /date: oTpumaTH pO3KJIaz 3aHIThH HA TIEBHY J1aTy;
— /now: OTpUMAaTH MOCWIAHHS Ha HACTYIHY Hapy;
— /today: oTpumaTy po3Kiaz rap Ha MOTOYHY JIaTy;
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— /tomorrow: OTpUMATH PO3KJIa] TIap Ha 3aBTpa;
— /week: oTprMaTH pO3KJIa MMap Ha TKICHb.

VYci 3a3HadeHi KoMaHmu Ta (DyHKIII OOTa MalOTh Ha METi CIPOIIECHHS
HaBYAJIGHOTO TIpoLiecy A 3400yBaviB Ta HaJaHHS iM 3PY4HOTO iHCTPYMEHTY
JUISL OpraHi3allii HaB4aHHSI.

Ipuxmaan poboTu Teerpam-6ota PiBot (https:/t.me/SumDU_PiBot):

Vladys
/help 3
Il Onuc gocTyHux Bam KOMaHA:
+ /start: no4aTkoBa KOMaHAa
lc: o6paxyBaTv NpUKNaz, PiBHAHHA, 3aAaTH NUTaHHS;

aprymeHT: [MuTaHHsA]
: NOCUNAHHA Ha HACTYNHY Napy
1y: Napy CbOroAHi
. w: napw 3aeTpa
MonepeaHs cTopiHka: /help 2
L(b HacrynHa ctopiHka: /help 4

Pucynok 1 — CriMcok JOCTYITHUX KOMaH/T

PiBot (student assistant) .
3aHATTA ANA rpynu IH-01/1 Bia6yAeTbCA Yepes 5 XB:

P Texronorii 3axucty iHdpopmaLyii (la6opaTopHe 3aHATTS)
25.03.2024
Crpax OnekcaHap MNeTposuy

@ 14:00-15:20

Google

Real-time meetings by Google. Using your
browser, share your video, desktop, and
presentations with teammates and customers.

PucyHok 2 — CrioBillieHHS [P0 MTOYATOK 3aHATTS

PiBot (student assistant) [l

Vladyslav Bezruk
/today@SumDU_PiBot

& Posxnag Ha cborogHi ans rpynu IH-01/1
W 14:00-15:20 - TexHonorii 3axucTy iHdopMaLii (Ta6opatopHe

3aHATTA)

Pucynoxk 3 — Po3kiiaa 3aHATh Ha TIOTOYHUIA ICHD

MaiiOyTHe po3mmpeHHsl (QYHKIIOHATy TenerpaM-00Ta Mae Ha MeTi
3a0€3MeYNTH CTYJEHTCHKY CIJIBHOTY JIOIATKOBHUMH 3py4HOCTsIMU. B mnanax €
IHTerparlisi HOBUX (DYHKIIiH, 30KpeMa YIPaBJIiHHS OCOOMCTAM YacOM CTYICHTIB
Ta CUCTEM CIIOBIIIEHD /IS BUKJIAA4iB.

Omxe, po3podieHi TenerpaM-00T CTaB BaXKJIMBUM KPOKOM Y HalpsIMKY
BUKOPUCTAHHS CyYaCHUX TEXHOJIOTIH ISl HiATPUMKU OCBITHBOT'O TIPOIIECY.
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BukopucTaHHA MAIIMHHOTO HABYAHHA Ta iHTEIEKTYaJIbHOIO
TpeHa:Kepy aBialliiHUX KOMIJIEKCIB /I PO3Mi3HABAHHS HA3eMHMX
00’€KTiB

Bypmaxka 1. O., 3006y6au; Woskomsic O. A., cm. gukiaday
CyMchbkuii nep:kaBHHI yHiBepcuTeT, M. CyMu

OnHuM 13 OCHOBHHX HEIOJIKiB BUKOPHCTAHHSA CY4YacHHX O€3MiIOTHHX
mitanpHux amnapatiB (BIIJIA) € iX 3anexHICTh Bi MYHKTY NPUHHATTS
pilieHb, 3 SKMM BOHM MiATPUMYIOTh 3B’SI30K 4Yepe3 3aXUIICHUH KaHai
nepenavi JaHuX. 3 TOYKH 30PY [UBLIEHOTO BUKOPUCTAHHS TaKa 3aJIeKHICTh
BIIJTA moke BBaxkaTtucsi MpuHHsITHOW. [IpoTe, B KOHTEKCTI BiHCHKOBUX
3aCTOCYBaHb, LSl 3AJIEXKHICTh IEPETBOPIOETHCS Ha 3HAYHUI Henomik. IcHye
PH3HK, 110 BOPOXKI CHJIM MOXYTh TIIYIIUTH 3B 530K a00 BUKOPUCTOBYBATH
HOT0 I BU3HAYCHHS TOYHOI JIOKAI(ii HA3eMHHX ITyHKTIB YIPaBIiHHSA, 110,
B CBOIO Uepry, BUMarae oneparuBHOI MOOUILHOCTI BiJf HA3€MHOTO IYHKTY.
Hus Bupimenas 1€l npobieMu BUHHKAE HEOOXITHICTh peamizarlil
aBToHOMHOT0 BITJIA, sikuii MaTUMe MOXJIMBICTh CAMOCTIHHO PO3Mi3HABATH
Ha3eMHI 00’ €KTH I MOJAIBIINX 1.

Y mpoBeneHOMY JOCHIKEHHI 3aCTOCOBAHUM NPUHIUN iH(OpMAaIliiiHO-
eKCTpEMaJbHOI ~ TEXHOJOril MmiA 4Yac MalIMHHOIO HAaBYaHHSA  JUIA
e(eKTHBHOTO pO3Ii3HAaBaHHsA OO0’ €KTiB, IO JJ03BOJsiE Kiacu(pikyBaTu
€JIEMEHTH 3 BHCOKOIO TOUHicTIO. BukopucranHs 1i€i TexHosorii cnpuse
rapaHTOBaHOMY ITiIBUIIICHHIO (hyHKITIOHATBHOT e(eKTUBHOCTI
aBTOMATH30BaHUX CUCTEM KepyBaHHS, peasizoBaHux Ha 0a3i BITJIA.

[Tix yac HaBYaHHS y pamax OO MiJX0y BUKOHYETHCS MEPETBOPEHHS
HaBYallbHOI MaTpuili B poOouy OiHapHy. [licns 1mporo BimOyBaeThCs
OIITUMI3allis y MIPOCTOPi XeMiHTa, JJIs IKOTO 337a€ThCs BEKTOP TapaMeTpiB
¢yHkuionyBanHs. Ha mpuiiMansHOMY mpHcTpoi KoMOiHaIlist komy XeMiHra
JEKOJYETbCSl, BU3HAYAETHCSI HASBHICTH CIIOTBOPEHHS MPHHHATOI KOJOBOL
KOMOiHaIii i, SKIIO OAMH CHMBOJ KOMOIHAI[l CIOTBOPEHUH, BiH
1IeHTU(]IKYETbCS, a TIOTIM BHIPABISEThCS. Take HaJANITyBaHHS Mae
BHpIIIATBFHUNA BIUIMB Ha 3arajibHy €(eKTUBHICTh MAIIMHHOTO HaBYaHHS Y
po3mi3HaHHI TeBHUX KiaciB. OTke, 3a7auel0 IHTENEKTYaJIbHOI CHUCTEMH
pO3Mi3HABAaHHS KJIACIB € ONTHMi3allisl MapaMeTpiB Ta MiAXOMIB 0
MaIIMHHOTO HABYaHHS NUISIXOM HaONMKEHHS TIIOOAILHOTO MaKCHUMyMY
KpPUTEPIiIO 10 HOro MakCUMaJIbHOTO IPAHUYHOIO 3HAUEHHS.
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MobinbHuUil 10JaTOK /151 HAJAHHS A0TIOMOTH IMBITbHOMY HACeJIEeHHIO
y HIpu(pOHTOBUX 30HAX

Hasunenko O.A., 3006y6au ep. IH-02;
[IoBkomtsac O.A., cmapuiuii sukiaoay

CyMchkuii nep:kaBHui yHiBepcuteT, M. Cymu, YKpaiHa

YMoBH BiifHH, 0COONHMBO Yy TpHGPOHTOBHX 30HAX, CTaBJIATH IEpen
[MBUILHAM HACEJICHHSIM HEHMOBIPDHO CKJIaJHI BHUKIMKA. B Taki dacu
CYCHLJIbCTBO 00’ €JJHY€E 3yCHIUTSA, a0 HAJATH B3a€EMOJIOTIOMOTY Ta MiATPUMKY.
OcHoBHI kepena iH(hopMmarllii, depe3 sKi MOXKHA Ji3HATHCS PO MOTpedu y
JIOTIOMO3I:

— TenebaveHHs, SIKe HA/Ia€ aKTyaJlbHI HOBHHH Ta PENOPTaXKi;
— TepCOHANbHI PO3MOBi/I 3HAMOMUX Ta MICIIEBUX YKHUTENIB, IO IUIATHCS

CBITYEHHAMHU 3 TIEPIIUX PYK;

— Meflia Ta comiambHI Mepexi, sKi € TuargopMaMu IS IIBHIKOTO
normmpeHHst iHdopmarii.

B yMoBax BOEHHOTO CTaHy HaBEACHI METOMW HE 3aBXKIU 3PY4Hi IS
HaJIaHHSI IOTIOMOTH, JI0 TOTO K IOTPIOHO BUTPAYaTH yac Ha MOUTYK KOHTAKTIB.
EdextuBHMM pillIeHHSIM MOKE CTaTH MOOUTRHUHN JOMNATOK, CIPSIMOBaHHN Ha
HaJIaHHS JIOTIOMOT'M Ta 3a0e3MeUCHHS HACSJICHHS HEOOX1THUMH PECypPCaMH.

Y poboTi mTpencrapieHWi JeTANbHUN IUIAH CTBOPEHHS JIOJIATKY,
BKJTFOUArOUM OOTpYHTYBaHHs BHOOpY TexHonorid. /lomatok Oyme BKmo4yaTu
(yHKIIFO 3aMBOK Uil JOMOMOrd a0o TOBIMOMIIEHHS IO HaI3BHYAiiHI
cHTyarlii, 100 OornepaTHBHO OpraHizyBaTH MIATPUMKY. BiH Takok HajgaBaTume
iHpOpMaIit0O TPO pO3TallyBaHHS OOMOOCXOBHIL, MEIyCTaHOB, ITyHKTIB
TYMaHITapHOI JIOTIOMOTH TOIIO. 3arajioM, (YHKIIOHAT JoJaTka Mae OyTd
HalliieHni Ha eheKkTHBHE 3’ €IHAHHS 0CI0, SIKI MOTPEOYIOTh JIOTIOMOTH, 3 TUMH,
XTO MOXKe i1 HaJlaTu.

MobinbHui A01aTOK po3poOIATHMEThCSE MOBOIO mporpamyBaHHs Kotlin,
sika 3a0e3neuye eeKTUBHY Ta Oe3neuHy po3poOKy. BynyTh BUKOpHCTaHi Taki
OCHOBHI 0i0mioTeKH: Room, sika 103B0OJIsIE 3pyUHO TpaItoBaTh 3 023010 JaHUX,
3a0e31euyroun BUCOKUI piBeHb aOcTpakuii; Koin ms 3a0e3neueHHs mpocToTH
Ta THYYKOCTI Tporiecy iH’ekmii 3anexnocreit; Firebase Tools, sika no3Bomse
IIBUAKO  pO3pOOJATM  Ta  MacimiTabysatd  jgojaTkd.  IHTepderic
cTBOproBatuMeThes uepe3 XML, crarnapt B Android-po3po0rii.
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Mo0iIbHHTI 10AaATOK MJIs1 MiATPUMKH TisLILHOCTI pieaTopiB

T'opbenko J1.A., 3006ysau ep. IH-02;
[oBkomrsac O.A., cmapuiuii suxiaoay

CyMchbkuii nepkaBHui yHiBepcuteT, M. Cymu, YKpaina

Y cy4acHOMY CBITi, /ié HEPYXOMICTh 3JMIIAE€THCS OTHUM 3 KIFOUOBHX
aKTHBIB TOPTiBIli, BAHUKAE MOMHUT Ha MOCEPEIHHUIBKI MOCIYTH PIENTOPiB
JUTsE 3a0e3nedeHHs Oe3neku Ta epekTuBHOCTI yrof. Lls morpeda ocobmuBo
aKTyallbHa Y KOHTEKCTI PHU3WKIB, MOB’S3aHHUX 3 MPSIMHMH TPaH3aKIliSIMH
MDK TOKYNIIMA Ta TPOAABISIMH, TaKUX SK IIaXpalCTBO, MmiIpoOKa
JOKYMEHTIB, 1 HEIOOpPOCOBICHE TIPUXOBYBAHHS HEJOJIKIB 00’ €KTIB.
Pientopu, o0i3HaHI B acmeKkTax 3aKOHOAABCTBA W JOCBiAYEHI B MiATOTOBII
JOKYMEHTAIlil Ta BEJCHHI IEePETrOBOpPiB, TapaHTYIOTh ONATKOBUI DPiBEHb
3aXUCTY IHTEpeciB 000X CTOpiH yroaud. BpaxoBywuw TEHICHINIO 0
nugposizalii y BCiX cdepax KUTTS, IHUPOKE MOIIMPEHHS CMapTQOHIB i
JOCTYTI IO iHTepHETY, iCHy€e 3HAYHHUI MTOTEHIIial JJIsl PO3BUTKY 1 iHTerpariii
IUPPOBHUX IHCTPYMEHTIB y cepy mocepeTHUITBA HEPYXOMOCTI.

MeTtoto po0OoTH € PO3pOOJICHHS MOOUIBHOTO IONATKy JJIS HiATPUMKH
pienropiB. OCHOBHI BUMOTH IO JTOJIATKY:

- MOJKJIMBICTh BEJIEHHS OOJIIKY KITi€HTIB;

- MOJKJIMBICTh BEJICHHS O0JIIKY KIIIEHTCHKUX 00’ €KTIB HEPYXOMOCTI;

- MOJKJIMBICTh IJIAaHYBaHHS Ta BEJEHHsS OOJIKY OIepaiiid CTOCOBHO
KIII€HTIB Ta 00’ €KTIB HEPYXOMOCTI;

- MOJXJIMBICTh IIOB’SI3yBaTH HEOOXiJHI aKTH Ta JOKYMEHTH 3
oTeparlisiMu, KIIi€HTaMHU Ta 00’ €KTaMH HEPYXOMOCTI;

- MPUCYTHICTh 0a3u CHiBpOOITHWUKIB areHTCTBa Ta MOXKIIUBICTh
YBIMTH B JOJJATOK CIiBPOOITHUKOM TIi/I CBOIM BIIACHHM aKayHTOM;

- MOJUIMBICTh ~ aIMIHICTpYBaHHsS  JIOJJaTKy  IIE€PCOHAJIOM 3
BiJIIOBIJTHUIMH TIOBHOBa)KEHHSIMHU.

Hdnsa peamizauii frontend wactuHu noxatky Oyinud BHKOPHCTaHI MOBH
nporpamyBanHsi Java jans ckpunTiB Ta XML-po3MiTka JUisi CTBOpEHHS
30BHIIIHBOTO  BUIISIMY  iHTepgeiicy. Backend wactmHa  nmomarky
BUKOPUCTOBYE MOBY niporpamyBanHs C#, 6a3y nanux CKB/] MySQL.
Jonatok J03BOJIIE ONTHUMI3yBaTH pPOOOTY areHTCTBA HEPYXOMOCTI,
3pOOMBIIY TIPOIIEC KYIBII, MPOJaXy a0 OpeHIHW HEepyXOMOCTi OUTBII
e(eKTUBHUM ]I IPOBEJICHHS Pi€NTOPaAMH.
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Be6noaaTok 1Jist iHTEPAKTUBHOTO BUKOPUCTAHHS
MaTeMaTHYHHUX 00'€KTIB y IMCTAHIIITHOMY HABYaHHI

Teneto 1.0., 3000y8auy ep. IH.m-31H
CyMchbkuii nep:kaBHui yHiBepcuteT, M. Cymu, YKpaina

AKTyajbHicTh. B ychoMy CBiTI Benmmka yBara MpPUAUISETHCS TOIIYKY
ONTUMAJIbHUX 1HTEPAKTUBHUX TEXHOJIOTIH AJISl JUCTAaHIIHHOTO HaBYaHHS, 1
TIEPII 32 BCE I CTOCYEThCS MaTeMaTHYHOI OCBiTH [1], ajpke MaTeMaTuka —
1Ie TIpeaMeT, KU J9acTo ToTpedye OLbIIoT B3aEMOJII meaarora 3 yIHsIMH
Ta Bi3yalrizamii HaB4aJIhbHOTO MaTepiay IS MOJIETIIeHHS HOTo pO3yMiHHS.
3aMicTh KpeWau 1 IOIIKKM BYMTENI MOXXYTh BHUKOPHUCTOBYBaTH LH(POBI
€KBIBAJICHTH, SKi JO3BOJSIOTH MHCATH, MATIOBATH, CTBOPIOBATH JliarpaMu
Ta UTIOCTpalii, a TaKoX IHTEPAKTUBHO B3a€MOJISATH 3 MaTeMaTHYHUMHU
o0'ektamu. lle BuMarae mepeocMHCIICHHs Ta MOJAEPHi3alii TpaauIiiHHUX
METO/IB 3aCTOCYBaHHs HAOYHHUX MarepiaiiB, HEOOXiIHOCTI 3poOHTH iX
OLITBII TMHAMIYHUMU, IHTEPAaKTUBHUMH Ta MYJIBTUMENIHHUMU [2].

I[MocTtanoBka 3aBaaHHsi. MeETOI0 JOCHI[UKEHHS €  CTBOPEHHS
BeOJOAaTKa JUIS 3pYYHOTO BBEACHHS MAaTeMaTUYHHX 00 €KTiB (hopmy,
rpadikiB, TaOIHIG TOIIO) Ta TX BiMOOPaXKEHHs HA €KpaHi B peXUMI OHJIAlH,
10 3HAYHO MOJIETIIY€E MOSICHEHHS HaBYAIbHOIO MaTepialy BUKJIaJadeM iz
Yyac MPOBEACHHS 3aHATTSA B LUPPOBOMY cepenoBuili. JlogaTok TMOBUHEH
MaTH TakKi MOXJIHMBOCTI, SIK JOJaBaHHS TEKCTy Ha €KpaH; (opMaTyBaHHSA
TEKCTY; BBEJCHHS Ha €KpaH MaTeMaTUYHUX 00’ €KTiB; CTEKEHHS 3a IOSBOIO
HOBHX 00 €KTIB Y PEXKHMI OHJIAIH; CIIOCTEPEIKEHHS 32 POOOTOI0 YUHIB (ISt
BUMTENIB); 3alKcy IIOCTYNIOBOi TOSBU OO0’€KTIB (I 3aHATH B
ACMHXPOHHOMY PEXK¥Mi); TIepEeBIPKH MPaBUIHHOCTI BUPA3iB Ta PillIeHb.

PesyabTaTu. [{1st cTBOpeHHs porpaMHoro 3adesnedeHHs O0yno oopaHo
dopmar BebOcepsicy, SPA miaxin ta ¢peiimBopk React, maTtemaTHuHy
Hotaunito TeX ta 6ibmioTexy aus ii BinoOpaxkeHHs1 Ha BeOcaiiTax — KaTeX.
OCHOBHOIO OCOONMBICTIO JIoJaTKa Mae€ OyTH 3pY4YHICTh Ta IIBUAKICTH
BBEJICHHS MaTeMaTUYHUX 00 €KTIB Ha eKpaH, Tpeba JeTalbHO pO3i0paTh
MEXaHi3MH, SKi JI03BOJIATh MOJIETIIMTA Ied mnpomuec. s Toro, mob
(hopMyu BimoOpaskaiucs MpsiMo B TEKCTI, 10 € OJHIEK0 i3 0a30BUX BUMOT,
notpibHO BBOAUTH QopMynu 3BHUYaiiHUM TekcToM. L[o6 006poOHUK
3p0o3yMiB, siIK Tpeba oOpOONSATH TEKCT — 3BHYAHMM YHMHOM 4YH SIK BHUpa3,
MOKHAa TIO3HAUYUTH HOTO (GirypHUMH OyXKamMH, 00 BOHH € IHTYITHBHO
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3pO3YMIUIMMH, @ TAKOK HE BUKOPUCTOBYIOTHCS JUIS MO3HAYEHHS! OCHOBHHUX
MaTeMaTHYHUX oOrfepamiif. 3a J0MOMOrol CXO0XOro NaTTepHy MOXHA
omucarty JaHi uig noOyxoBu rpadika 6aratbox (QyHKIIH, a TaKoXK J0JaTH
(dhopmaTtyBaHHS TeKCTy. KpiM TOrO, 3aralbHONPUIHIATAM y MaTeMaTHIll €
BUKOPHCTaHHS JITEp TpembpKoro amndasiTy, OCOOIMBO PO3MOBCIOIKEHI
mitepu: w, @, B, y, 6, ¢, & o, 2, II. Ale cTaHAapTHa KiaBiaTypa HE Ja€
3MOTy BBOAMTH iX. ToMy po3poOKy pimeHHs wLiel HpoOieMu MOXKHA
Ha3BaTH JOCHTh B@XKJIMBUM 3aBAaHHsAM. HailiBmamimum crnocoOom
pO3B’si3aHHS CTajla aBTO3aMiHA BHpasy \g<iamuncbka iimepa> Ha
BIIMOBIIHY T'PEIbKY JIITepy, HANPHUKIA, \JP MEepPeTBOPIOEThCS Ha 7, a \gS
Ha 2. Takox 3a MPUHIMIIOM aBTO3aMiHU OOPOOIAETHCS HECKIHUCHHICTb.

OxpeMo cCIiJi HarolOCHUTH Ha Ba)KIIMBOCTI BHUKOPWUCTAHHS KOMOiHAIii
KJIaBIlI 7Sl TOCSATHEHHSI 3asBJICHOT METH TOJIETIICHHS Ta MPUIIBUALICHHS
mporiecy gonaBaHHs iHGopmamii. Takwit (yHKIIOHAT MOTOMOXKE
o0xoauTHca 0e3 KOMIT IOTEPHOI MUIII, M0 MOXe OyTH aKTyalbHUM IS
0araTb0X KOPHCTYBaviB Ta CKOHIIGHTPY€E BCE KEPYBaHHS Ha KiaBiatypi.

Cepen iHmMX (YHKIH TakoX BUAUTUMO MOXIIMBICTH JIOJaBaTH [0
3MIHHOI 1HAEKCH Ta aKIEHTH, [0 € HEBIJ €MHOI0 CKJIaJ0BOIO
MaTeMaTHuHuX Qopmyn. [y 1bOro MoKHa BBECTH iX Yepe3 CHMBOI
HUKHBOTO MIJKPECICHHS <HA38Y 3MIHHOI> <HA38Y akyenmy> <iHOeKc™.
Hanpukian, X_bar_1, x_bar, x_1, mo 6yxe BigoOpaxkatucs sk X, X, X;.

BucHoBku. OTtxe, po3poOineHe mnporpamHe 3a0e3nedeHHs BUPILIye
npoOJieMy BBEJICHHS MaTeMAaTHYHMX OO0 €KTIB Ta iX BiJIOOpaKeHHS Ha
eKpaHi JeBaiicy B PEKHMMI OHJIAMH, IO 3HAYHO IMOJIETHIYE IMOSCHEHHS
HaBYAJIBHOTO MaTepiajly BYMTENIEM IMiJ Yac IPOBEACHHS 3aHATTS B
nudpoBoMy cepefioBulli. BebnomaTok € mpocTuM B eKCIUTyaTalii 1 Moxe
OyTH JIETKO JOCTYIIHUM I BYMTENIB 3 Oyab-skoro mnpucrporo. lle
JI03BOJIsE 3a0€3MeYnTH Oe3NepepBHICTh HABYAIBHOIO MPOLiecy Ta 30epertu
SIKICTh HABYaHHSI B YMOBaX JIMCTAHIIHOTO (popmary.

1. Tabnep T. BukopucrtanHs Ha ypoKax MaTeMaTHKH EJEKTPOHHHUX
OCBITHIX pecypciB, XMapHUX cepBiciB Ta cepBiciB BeO 2.0 gk cydacHHX
KOMIT FOTepHHX 3aco0iB HaBuanHs. Humanities science current issues.
2020. T. 4, Ne 29. C. 167-173.

2. Ciraepa JI. €. Bukopucranss cy4acHUX iHQOpMaLiiiHUX TEXHOJOTIH B
ocBiTi jgopocnux Ykpaiuu. Cyuacui iHopmayitini mexnonocii. ma
IHHOBAYITIHI MemOOUKU HABYAHHA 6 NIO20MOoSYl (haxieyis: Memooono2is,
meopis, 0oceio, npobnemu. 2011. Ne 28. C. 66-71.
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IndopmaniiiHo-excTpeMaabHa iHTEJEKTyaIbHA TEXHOJIOTiA
AiarHOCTYBaHHS 3aXBOPIOBaHb 30PYy 32 300pakeHHAM OKa

IlyriBens A. B., sunycknux; Ulemect C. M., 3000y8au ep. IH.m-21H;
[Ipunena /1. B., acucmenm; lenexos 1. B., doyenm

Cymchkuii nepxaBHuil yHiBepcuTeT, Cymu, YKpaina

Oui — BayJIMBUI Opras, sSIKMil BUMarae yBaru Ta JOTJISIAY, OCOOIUBO Y
3B'SI3KY 3 PI3HOMaHITHICTIO O TATLMOJIOTIYHHX 3aXBOPIOBaHb. JliarHOCTHKa
Ta BYACHE BUSBIICHHS IIMX 3aXBOPIOBAaHb CTAlOTh KPUTHYHO BaYKINBHUMHU
Jutst 30epekeHHs 30poBoi (PyHKINIT Ta 3aradbHOTO 370poB'a oueld. CydacHa
odranpMoIOriuHa AiarHOCTHKA Iepeadavyae 3acTOCYBaHHS Pi3HOMaHITHHX
KIIHIYHAX METOMIB OOCTexeHHs. BmuOip MiarHOCTHYHOTO MiAXO;Y
3aNeXUTh B HU3KH (PAKTOPiB, 30KpeMa IMOTEHIIIHOI 1HBa3UBHOCTI
mpoleaAypH, ii BIUIMBY Ha MPHUPOJAHY PEakKIil0 OKa Ta YyTJIUBOCTI [0
30BHIIIHIX YMOB. HeiHBa3uMBHI MeTOIM, Taki SK 300pa)KEHHS OYHOI'O JIHA
(3010) Ta onruuna korepeHTHa Tomorpadis (OKT), nabyBaroTh
MOMYJISIPHOCTI  3aBASKH CBOIM MPOCTOTi, IIBWAKOCTI BHKOHAHHS Ta
MOJJIMBOCTI 3aCTOCYBaHHsI JUIS IIMPOKOrO Kojia Tali€eHTiB. Y poboti
PO3TISHYTO MepeBara HeiHBa3uBHUX AiarHocTuyHuX miaxoaiB 30/] ra OKT
y cyuacHid odranbMoJioriuHiil mpaktuni. OcobnuBa yBara NpUIUISETHCS
MOMJIMBOCTSAM IIMX METOJIB JJIi TOYHOI JIarHOCTHKH Ta €()EKTUBHOTO
CIIOCTEPEKEHHS 32 1epediroM 3axXBOPIOBaHb 3aBISAKH aHAi3y HH(POBHX
300pakeHh 13 3aCTOCYBaHHSAM imeid Ta MeToAiB  iHQoOpMariiHo-
EKCTPEeMallbHOTO MAIIMHHOTO HaBYaHHS PO3IMi3HABAHHIO 3aXBOPIOBAHb
30py 3a 300pakeHHsIM oka [1].

Hdns  onrtumizanii  mapaMmerpiB  iHGoOpMaIliitHO-eKCTpEeMaTbHOTO
MAIlIMHHOTO HaBUYaHHS 3aCTOCOBYBAaBCSA KpuTepili — MonugikoBaHa Mipa
Kynn0aka y hopmi QyHKIIIOHATY, IO 3AJICKUTH BiJl TOUYHICHUX TIOKa3HHKIB
KIacU(piKalifHuX pimenb. Takuil MAXiJg J03BOJSE MaKCUMIi3yBaTH
e(eKTHBHICTh NPOLECY HABUAHHA MLUIIXOM HAaJAIUTYBaHHS KIIOYOBHX
napameTpiB MOJIeJIi Ha OCHOBI aHaNi3y SKOCTI Kinacugikarii 3pa3kiB JaHUX
MiJ] Yac iTepariiHoro npoiecy HaB4aHHs [ 1].

Ha mouarkoBiii cramii mocmikeHHS TOOYyIOBaHO iH(OpMAaIiiHO-
eKCTpeMallbHAN  IHTEeNeKTyalbHII-KI1acu(ikaTop, 3 3aCTOCOBYBAaHHSIM
AITOPUTMY ONTHMI3allii cucTteMu KoHTponbHHX JomyckiB (CKJl) na
JiarHOCTHYHI ~ O3HaKM 1 ONTHMi3alii TEeOMETPUYHUX I[apaMeTpiB
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Bupimanpanx npasmwr  (BII). AHami3 TOYHOCHHUX  XapaKTEPHUCTHK
chopmoBanux BII mokazaB, mo iX MOBHAa HMOBIPHICTb NPHUUHATTA
MPaBWILHOTO pillieHHs ckianae 83%. 3 MeTOr MmigBUINCHHS ¢()EKTHBHOCTI
CHUCTEeMH 3aCTOCOBYBAHO alTOPUTMHU TocmimoBHOi omrumizamii CKJ[ i

OIITUMIi30BaHO TeoMeTpuuHi mapamerpu BIT (puc. 1).
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Pucynok 1 — I'padik 3anexxnocti kpurepito Kyns6aka Bin paaiycis

KOHTEIHEepiB KJIaciB po3mizHaBaHHS

AHani3 OTpUMaHUX pEe3yNbTaTiB TOKa3ye, M0 MOOyAOBaHI B IpoLECi
MallMHHOTO HaBuaHHA BIl XapakTepusyroTbcs 3HA4YEHHSIM IOBHOI
HMOBIPHOCTI MPUHUHSATTA MPaBWIBHOTO pimeHHs y 92%. TakuMm 4uHOM
pe3ynabTaté  (HI3MYHOTO  MOJENIOBAHHA  3alPOIIOHOBAHOTO  METONY
NPOJIEMOHCTPYBAIM BHCOKY JOCTOBIPHICTh NPHUHHATHX JiarHOCTHYHHUX
pitrens. OjHaK, MEPCIEKTUBU IOJANBIION0 BIOCKOHAJICHHS PO3pO0IIeHOT
TEXHOJIOTI] HOJISATralTh Y HEOOXiIHOCTI 301IbIICHHS MNIMOMHM MAIlMHHOTO
HaBYaHHS [UISIXOM ONTUMI3alii JOJATKOBHUX IapaMeTpiB, SKi MOXYTb
BIUIMBATH Ha (PyHKIIOHATBHY €()EKTUBHICT CHCTEMH.

1. JHosOoum A.C. OCHOBM TIPOEKTYBaHHS IHTEJIEKTYyalbHUX CHCTEM:

Hauanenuii mocionuk / A.C. JloBoum. Cymu: BupaBaunreo Cym/lY,
2009.-171c.
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ITutanus 0e3mMeKH eJTeKTPOHHUX MJIATIXKHUX CHCTEM
B OHJIaliH-cepe0BHUIIL

Menwnuk B.B., 3006ysau ep. Kb-21
CyMchbkuii nep:kaBHui yHiBepcuteT, M. Cymu, YKpaina

B ymoBax riobamizariii cBiTOBOi eKOHOMIKH BiI0YBA€ThCS 3POCTAHHS PO
TUIATDKHUX CUCTEM SIK CIIEMEHTIB CBITOBOrO (DiHAHCOBOTO pUHKY. Tomy
aKTyalbHUM MUTaHHAIM € JOCTIIPKEHHS MOMIIMBHX 3arpo3 IS TAKUX CHUCTEM
Ta OCOOJIMBOCTI 1X 3aXHCTY 33 IS TTOTIepeKEeHHsI (HiHAHCOBHMX 3JIOYHHIB.

EnexTpoHHI IaTi>kKHi CHCTEMH JT03BOJISTIOTH BUKOHYBATH TPOIIOBI orepartii
3a yuacTi O€3roTiBKOBHX rpomeil y Oyab-SIKOMy KYTOUKY CBITY 3
BUKOPHCTaHHSIM BCECBITHhOI Mepexi I[nTeprer. Ilmatixammm 3acobamu
BUCTYIIAIOTh €IEKTPOHHI TPOII, SIKi € aHAJIOrOM TOTIBKH, 1, y pa3i moTpeow,
MHTTEBO MIEPEPAXOBYIOTHCS 13 OHOTO EEKTPOHHOTO TAMaHI Ha 1HIIWH.

3pocTaHHs MOMYJISAPHOCTI IUIATHKHUX CUCTEM HEMHUHYYE, OCKUILKU BOHH €
JOCTYITHUMH JUTSL OyAb-SIKOTO KOpHcTyBada. KoxHMI 0X0urii MOXKe BIIKpUTH
BIACHUN ENEKTPOHHUN paxyHOK Y BHIJISIII EIEKTPOHHOTO TaMaHId i
3MCHIOBATH (DiHAHCOBI OIEpallii 3a JACKiIbKa CEKyH[l, HE3aJISKHO BiJ MicIis
CBOTO MepeOyBaHHs. IX BUKOPHCTaHHS Ja€ MOXKIIMBICTD CTIPOCTHTH (hiHAHCOBI
omepariii, Cipysie PO3BUTKY €JIEKTPOHHOI KOMEPIIii. Y CHIIIHICTh 3aCTOCYBaHHS
GNIEKTPOHHUX  TPOIIEeH  MiITBEPIKYETbCS  30UIBIICHHSIM  KUTBKOCTI
KOpHCTyBauiB. Y IuIaTbkHii cuctemi Paysera B Ykpaini 3apeectpoBano 700
THUCSTY «EJIEKTPOHHHX TAMAHIIIB 1 IX KUIBKICTh 3pOCTaE.

OnHak, HE3BAKAIOUM HA YyCi TepeBard BHKOPHCTAHHS EJEKTPOHHHX
IUVIATDKHAX CUCTEM, ICHYIOTh II€BHI pH3MKH. 30KpeMa, IiCHye 3arposa
Kibeparak, Takux sK: (DIIIMHTOBI aTakW, MIKITMBE MPOTpaMHe 3a0e3eUeHHS,
NpOrpaMU-IINUTYHH, IO CIPSMOBaHI HA OTPUMaHHS KOH]iIEHIIHHOT
iH(opMmarlii, Takoi SIK HOMEpH KpeUTHUX KapToK Ta ocoOucTi aaHi. KpiM toro,
3JI0OBMUCHUKH MOXYTb BHKOPHCTOBYBAaTH METOIM COLIABLHOI 1HKEHepil IS
o0MaHy KOPHCTYBadiB Ta OTPUMAaHHS ixHiX 0ONiKOBHX aaHuX. JogaTKoBO
iCHye 3arpo3a arak Ha iHQPACTPYKTypy IUIATIKHHX CHUCTEM, SIKIi MOXYTh
NPHU3BECTH JIO BIIMOBH B OOCIIyrOBYBaHHI 4M KpaJikku komrtiB. [llaxpai
MOXXYTb HaMaraThcsi HOIIKOAWTH CHUCTEMH O€3MeKH, BHUKOPHUCTOBYIOUM
PI3HOMaHITHI METOJ, Cepell IKUX MEePEXOIICHHS JaHMX i yac ix mepenadi,
371aM  [porpaMHOro 3abe3nedeHHss a00 BHUKOPHCTAHHS —HEJONIKIB Y
KOH(Iryparii cucteM.
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3aXuCT €NeKTPOHHUX IUIATDKHUX CHUCTEM € KJIIOYOBUM ACTICKTOM O€3MeKH
¢inaHcoBUX TpaH3akuii B [HTepHeTI. be3neka paxyHKiB MOBHICTIO 3aI€XUTh
Bil X BJACHUKIB, SKI YacTo HEN0aI0 CTaBIAThCS IO 30CpeIKCHHS
KOH(}imeHIIHHOCTI BIIacHO]I iHdopMaltii. BUKoprcTaHHS HaIiHAX MTApOITiB IS
OOJIIKOBHX 3alMCIiB Ta IX peryisipHa 3MiHa, MBO(AKTOpHA ayTeHTH(IKaIlis,
nepesipka URL-aapec nocunanb, BAKOPUCTaHHS MPOTPaMHOTO 3a0e3MeueHHs
JUISL 3aXHCTy — IIe MEpeliK THX TEepIIOYEeProBHX 3aXO[iB, IO TO3BOJIATH
MiHIMI3yBaTH PU3UKH Ta TapaHTyBaTH Oe3reKy KiieHTiB. Ciif OyTH yBa)KHIMHA
IIO/I0 BIZIKPUTTS €JICKTPOHHUX JIUCTIB Ta MOCHJIAHb BiJl HEBIIOMHUX JpKEpen i
PETYJSIpHO TIepeBipsITH (PiHAHCOBI BHUIMCKM Ta TpaH3akKMii, MO0 BYACHO
BUSIBUTH Oy/Ib-sIKi TTi103p1JTi a00 HECAaHKITIOHOBAHI OTIepaIlii.

Hesnaunnii iHmuaeHT y cdepi Oe3rmeKu miaTexiB MoXke KOIITYBaTH BTPaTH
peryTaitii, OJIOKyBaHHS pOOOTH CHCTEMH, TOMY IHTaHHAM I(POoBOi Oe3neku
(hiHAHCOBOTO CEKTOpY MPHUAUBIIOTH yce OUNbIlle yBaru SK cami YYaCHUKH
puHKY, Tak 1 #oro perymstopu. llocranoBoro Ne 43 19.05.2021 p. «lIpo
3aTBep/keHHs1 [loJokeHHS Tpo 3axucT iHpopmamii Ta Kibep3axuct
yYacHHKaMd IUIaTDKHOTO  puHKY»  HamionameHoro banky — Vkpainu
BCTAHOBJICHO YiTKi BUMOTH [0 YYaCHHUKIB IDIaTDKHOTO PHUHKY, SKi, TIEpPII 3a
BCE, BUMAaraloTh pO3POOJICHHS CHCTEMH 3aXHCTy iH(opMallii, opraHizarii
KibepOe3nekn Ta CTBOPEHHS YiTKOrO auropuTMy il Ha BUIMAIOK BUSIBJICHHS
Kibeparax, 1110 3arpoXXyloTh (DYHKIIOHYBaHHIO IUIATDKHOI cucteMu. Cucremu
3aXHUCTy iH(pOpMAIli TapaHTYIOTh Oe3MeKy pO3PaxyHKIiB, OHOBIFOFOTKCS,
YIOCKOHAIOIOTECS, 1 3TOBMUCHHKAM CTa€ BCE CKIIAJHINIE OTPUMATH OakaHe.
Hanpukonaz, mo6 3maMat OJIMH «eJIeKTPOHHMIT raMaHelb», Xakepy MOTpiOHO
BU3HAYHTH KpunTorpadiyHuid Kirod po3mipoM He Mermie 1024 6itu. Hagith 3
BUKOPUCTaHHAM Cy4YacHOI KOMIT'IOTEPHOI TEXHIKM Ha IIe MOTPIOHO OIHM3BKO
TPBOX POKIB.

OTxKe, 3aXUCT IUIATIKHUX CHUCTEM TIepeidavae BIPOBAKEHHS MEXaHI3MiB
mmQpyBaHHs  JaHWX, YAOCKOHAJICHHA TpOIeciB  ayTeHTUdIKaii Ta
MOHITOPUHTY TpaH3aKIlil, a TakoX HaJIMHUKA 3axuCT iH}pacTpykTypu Ta
MPOrpaMHOTo 3a0e3MeUYeHHs BT KibepaTak.

KepiBuuk: Tetsna JlaBpuk, cm. suknadaw, CymJ1Y, m. Cymu, Ykpaina

1. Tpumrok II. FO. OcobmuBocTi 3aXUCTy €1EKTPOHHUX IJIATIHKHUX CUCTEM
y mepexi Iarepuer / I1. FO. I'puirok, FO. 1. I'puirok / HaykoBuii BicHHK
HIITY Vkpainu. - 2013. - Bun. 23.10. - C. 314-331. - Pexxum nocrymy:
http://nbuv.gov.ua/UJRN/nvnltu_2013 23.
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IpakTnuHe BUKOpUCTaHHA MeToo 10rii Microsoft Security
Development Lifecycle

[Noramenko K.B., 3006ysauxa ep. Kb-11
CyMchbkuii nep:kaBHui yHiBepcuteT, M. Cymu, YKpaina

VY 3B'13Ky 31 MBUAKAM PO3BUTKOM TEXHOJIOTIH Ta 30UIBIIEHHSIM KUTBKOCTI
KiOep3/I0YMHHOCTI, 3aXUCT iH(opMallii Ta JaHUX cTae Bce OUTBII BasKIMBUM
3aBIaHHSIM JUIsl MiAOPUEMCTB Ta pOo3poOHMKIB. OmHuM 13  (akTopiB
BUpIIIeHHsT 0€3MeKOBOI CKIIAZ0BOi € BUKOPHUCTAHHS METOMOJIOTIHN Oe3neyHol
PO3POOKH.

PosrnsiHeMo OibIll JETANBHO JKUTTEBUM LMK PO3POOKH MPOrPaMHOTO
3abesneueHns Microsoft Security Development Lifecycle (SDL). Ile uabip
MPaKTUK 1 MPOIECiB PO3POOKK MPOTPaMHOTO 3a0e3MeUeHHS, MPU3HAUYCHUX
JUISl TABHIICHHS O€3MeKH Ta KOH(IISHIIHHOCTI MPOrpaMHUX MPOIYKTIB i
nociyr. Po3poOnenuii kommaniero Microsoft, BiH cHopsMoBaHUN Ha
3MEHIICHHS KUTBKOCTI Ta KPHUTHUYHOCTI BpPAa3IMBOCTEH Yy TPOTPAMHOMY
3a0e3MeyeHHl NDIIXOM iHTerpamii MipKyBaHb O€3MeKH Ha KOXKHOMY eTarti
MIPOLIECY PO3POOKH.

Cepen Oaratbox Mmozeinelt SDL HailOunbIl IIMPOKO BHKOPHUCTOBYETHCS
KHUTTEBUH LUK po3poOku 6e3nexu Microsoft (MS SDL). Bin Bmodae Taki
eTany: HaBYaHHS Ta OOI3HAHICTh (nid2omoeKa); BUMOTH 10 TPOIYKTY
(besnexa ma rongioenyitinicme),; BU3HAYEHHS Ta IOTPUMAHHS BHUMOT [0
NPOEKTYBaHHS; BU3HAYCHHS PIBHA O€3MEKH 3a JOIOMOTIOI0 CTaHIapTiB
KkpunTorpadii; METPUKH Ta KpUTEPii BIIMOBIIHO 0 CTAHAAPTIB; OL[IHIOBAHHS
PH3HKIB IPOAYKTY; YIPAaBIiHHS Ta PO3YMIHHS PU3UKIB OE3MEKH, MMOB'I3aHUX
i3 BUKOPHCTAaHHSAM CTOPOHHIX KOMIIOHEHTIB; CITMCOK TIepEeBipEeHMX
iHcTpymeHTiB SDL; cratmununii ananiz xomxy (SAST); auHamivuHMiA aHaii3
koay (DAST); TecTyBaHHS Ha NPOHUKHEHHS, CTBOPEHHS CTaHIAPTHHX
NpOLECiB ATl pearyBaHHs Ha IHLIUICHTH.

OpnHiero 3 BiZOMHX KOMIaHid, sika BukopucTtoBye MS SDL y cBoix
NpoeKTax € MbkHapoaHa kommaniss GlobalLogic, 1110 3aiiMaeThCsi pO3pOOKOI0
NpOrpamMHOrO  3a0e3leveHHs, HaJaHHsM  nudpoBux  mocmyr, [T-
AyTCOPCHHTOM Ta BHKOHAHHAM HayKoBO-mochignux podit. Globallogic
yenimHo BripoBaaii MS SDL y 6aratbox NmpoeKkTax, IiIBHUIUBIIA PiBEHb
0e3IeKH BiMOBITHOTO TIPOrPAMHOT0 3a0€3eUeHHSI.
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QaxiBii 3 Oesmekm kommanii  GlobalLogic, ski peamizyBamu
BrpoBamkeHHss MS SDL 3aznauarots, mo novatok podotu 3 SDL moxke
OyTH CKJIagHUM 1 HemoCHIbHUM. KoMaHaaM BaXXKO BIPOBaIKyBaTH OCHOBU
SDL Tomy, mo Ha MOYaTKy CKJIaJHO BHUMIpSATH pe3ynaprar. Daxisii
PEKOMEHAYIOTh JOTPUMYBATHCS HAMKPALIUX NPAKTUK 1 MaTH TEPIIiHHSA, a He
YeKaTH MUTTEBOTO pe3yibTaTy. Takox mpu poboti 3 MS SDL BasknuBo
TUIAHYBaTH TIOCTYNOBI IIiJli, a HE HamMaraTucs AOCATTH 3aHaATO 0araThbox
peueit onHouacHo. lle nomomMarae OIiHUTH 0a30BY JIHIIO MTOTOYHOTO CTaHY,
100 MOkHa OyJI0 BUMIPSATH MOKPAILIEHHS.

Binburicts koMaHI po3poOHMKIB 30CepePKEH] JIMILE Ha TiTi€Hi MPOAYKTY

(mampukman, OWASP Tops 10) i BBaKaroTh NporpamMHe 3a0e3IeYeHHS
OesneyrnM. Aue Ge3neKa MpOrpaMHOTO 3a0e3MEeUeHHST BUXOANUTh 32 PaMKH
poro. Komania noBuHHa 30cepeAUTUCS Ha (DYHKIIOHATBHOCTI OC3MEeKH Ta
MIPOKOHTPOITIOBATH, SIK (YHKITIOHABHICTh BIUTMHE HA O€3MEKOBY CKJIAJIOBY.
3 iHmoro OOKy, KOJM 3HauHa 4acTWHA KOMaHAU 30CepeDKEeHa Ha MpoLecax
Ta IHCTPYMEHTaX OE3MEeKH, MOXKHA YITyCTHTH BaXKIIMBICTh POJieH 1 000B’SI3KiB.
BaxnuBo 4iTKO BH3HAYMTH IJIs1 PO3POOHUKIB KOMaHIM POJi Ta 00O0B’SI3KH,
HAPUKIIA]], XTO € JIIePOM, XTO BIATIOBITa€ 32 BUTIPABICHHS TOMUJIOK TOIIIO.

GlobalLogic  mpoBojsTh  peryispHi  HaBYaHHA 3  Oe3IeKH,
YIIOCKOHAITIOIOYY HAaBUYKK CBOIX (paxiBliB. MaroTh OBrOCTPOKOBHIA IUIaH
HaByaHHS Ha MaiOyTHe. Ilpu BnpoBamkenHi MS SDL BaxmuBo, mo0
(haxiBIli BOJIOMAIIM TIEBHUMU 3HAHHSIMHU Ta HaBUYKaMd JUIsi podotu. bararo
KOMaHJl 3a3HaBajM HeBAad Yy BrpoBa/pkeHHI SDL came depes Opak
BIIMOBIJHUX HABUYOK.

Otxe, mpoaHai3yBaBILIN aKTyaJIbHICTb Ta JOCBIJ BEJIMKUX KOMIIaHIl IpH
BITPOBAKCHHI Ta POOOTI 3 JAHOKO METOJOJIOTIEI0 MOXKEMO KOHCTAaTyBaTH,
mo wmerogonorisi Microsoft Security Development Lifecycle aktiBHO
BUKOPHUCTOBYETBCSI Yy 0araTtbOX MpPOEKTax sl JOTPUMAaHHSA LTICHOCTI
CHCTEMH, TIJBHUIICHHS O€3leKH Ta KOH(QINCHIIHHOCTI MpOrpaMHUX
MPOJYKTIB 1 TIOCTIYT.

KepiBuuk: Tersana JlaBpuk, cm. suxnaoau, CymJ1Y, m. Cymu, Ykpaina

1. Bhardwaj K. Secure Development Lifecycle: Importance & Learning.
GlobalLogic. 2021.

2. Microsoft Security Development Lifecycle (SDL).
learn.microsoft.com.
URL:https://learn.microsoft.com/enus/compliance/assurance/assurance-
microsoft-security-development-lifecycle (date of access: 12.03.2024).
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Pouib TexHos10rii 0.10K4YeliH y KiGepOe3nemni
Copouenko M.P., 3006y6au ep. Kb-21
Cymcekuit nep>kaBHAHN yHiBepcuteT, M. Cymu, YkpaiHa

BrpoBamkeHHst TexHojorii OJokueiH y cdepi kibepOesneku BikpuBae
HOBI TIEPCHEKTUBH JUIS 3aXHCTy NUTICHOCTI Ta KOH(INEHIIHHOCTI TaHWX.
OpHUM 3 KITFOUYOBHX aCIICKTIB Ii€1 TEXHOJIOTII € 11 JIeTIeHTpaIi30BaHa PUPOJIa,
sIKa TIOJIATAE B TOMY, 110 JIaHi 30epiraroThCs Ha Pi3HUX BY3JIaX MEPEKi, a He Ha
IeHTpatizoBaHoMy cepBepi. Lle yckmamHroe crnpodu HEeCaHKIIOHOBaHOTO
JOCTYITy Ta 3MiHM iH(opMarii, OCKUTBKY Ui BIUIMBY Ha IUTICHICTH JaHUX
MOTPIOHO KOHTPOJIOBATH OUITBILICTH BY3/TiB MEPEXKi.

KpiMm TOro, OnmokuyeliH BHKOPHUCTOBYE KpHINTOrpadidHi MPUHIAIHA IS
3axuCTy MannX. KoskeH OIIOK JaHWX MiIUCYETHCS IU(PPOBUM MTAMICOM, KU
3a0e3medye HOro He3MiHHICTb Ta aBTEHTHYHICTh. Lle 703Bossie rapaHTyBaTH
3aXUINEHICTh BiJ] HECAHKI[IOHOBAHOTO JIOCTYIy N0 JaHUX Ta 3a0e3reuye
KOH(IACHIIHHICTE IHPOPMAITii, IO TEPETAETHC Yepe3 MEPEKY.

TexHomorist OJOKYEHH TaKoX JI03BOJISIE CTBOPIOBATH HEJOCTYIHI J0 3MiH
JIOBIIHUKH, sIKI 3a0€3MeUyrOTh MOJIJIMBICTH BiJICHIZKOBYBaTH BCI 3MiHH B
nmanux. lle J03BoNsSiEe  OMEpaTHBHO BUSIBIATH Ta YCyBaTH OyIb-sKi
HETIPaBOMIpHI [ii, 0 MOXKYTh BUHUKHYTH B MEPEXKi.

CMapT-KOHTpaKTH, SKi MOXYTh OyTH peanizoBaHi y OJIOKYelHi, € e
OJTHI€I0 BXKIIMBOIO CKIIAJIOBOIO KibepOesneky. BoHu aBTOMaTH3ylOTh MPOIIECH
MEePEBIPKH JIAHUX Ta pPearyBaHHsS HA 3arpo3d 0e3 MOCEPEIHHITBA TPETiX
CTOpIH, 320€3MeUyOUN TAKMM YHHOM IIIBUJIKY PEAKIIIF0 Ha MOTCHI[IHI aTaKH.

3 ypaxyBaHHSM 3a3HaYCHUX IIEPEBar, CJiJl BiI3HAYUTH, MO TEXHOJOTIS
OnokueiH Mae CBOi OOMexeHHs. Hanpukiana, BoHa Mae OOMEKEHY
MacIITa0OBaHICTP Ta MOYKE BHMAaraTd 3HAYHHUX BUTPAT pECypCiB Ha
3abe3medenns ii edexktuBHOI pobdotr. KpiM TOro, icHyrote mpobiemu 3
NPUBATHICTIO JaHMUX, SIKI MOTPEOYIOTh JOAATKOBOTO BHBYEHHS Ta PO3POOKU
Bi/ITOBIJTHUX PillICHb.

JIis  MOBHOIIIHHOTO  BMPOBADKEHHS  TEXHOJOrT  ONOKUeHH  JyIs
3a0e3neueHHsT KibepOe3nekn HeoOXiTHO PO3POOUTH BIMIOBIHI PETYISATHBHI
CTAaHOApTH Ta NPOAOBKYBaTH JOCHDKEHHS y Taly3l oONTHMi3awii
TEXHOJIOTIYHUX TIPOIECIB Ta BJIOCKOHAJIEHHS METOMIB 3aXHCTy Bij
Kibep3arpos.
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KepiBuuk: TetsHa JlaBpuk, cm. suknadau, Cym1Y, m. Cymu, Ykpaina
3acrocyBanHns Deep Packet Inspection 1151 BusiBJIeHHs
MepexeBUX Kibep3arpos

[igropnwuii 11.B., 3006ysau
CyMchbkuii nepkaBHui yHiBepcuteT, M. Cymu, Ykpaina

VY chepi kibepOesnekn BU3HAYAILHUM AaclCKTOM € HE JIAIIEC BMiHHS
BUSIBJISITU TIOTOYHI 3arpo3W, a ¥ MPOTHO3YBaTh Ta €(PEKTUBHO MPOTUIISTH
MaiiOyTHiM BukimkaM. ['mnbokmit anani3 makeriB (Deep Packet Inspection,
DPI) Bimirpae KIr04oBy poiib y I[bOMY TMPOIECi, HANAIOYH MOXKIUBICTH
JICTaJIbHO BHBYaTH BMICT MEPEXKEBHX MAaKETiB i imeHTHikamii
mkigmmBoro Tpadiky. Texnomoris DPl mnpusnauena mist mepeBipku
MEpEeKEeBUX TMAKETiB 32 BMICTOM 3 METOIO peryioBaHHS 1 ¢inpTparii
Tpadiky, a TaKOXX HAKOMWYCHHS CTATHCTUUHUX aaHux. DPI ananizye He
JIMILIE 3arOJIOBKH MAKETiB, ajie # BMICT, TIOUYMHAIOYH 3 IPYroro piBHSI MOAENI
OSL Ilpu mpomy, DPI Takox mo3BOJsie epEKTHBHO aHANli3yBaTH HOBI,
paHillle HEBiIOMI BHOM aTaK 3aBISKH TIIMOOKOMY BHBUYCHHIO MEPEIKEBHX
nanux. OHAK, el METOI Ma€ CBOi OOMEKEHHS, 30KpeMa, BUCOKI BUMOTH JI0
O0YHCITIOBAIBHUX PECYpCiB JIsi OOpOOKM BENHWKHAX OOCATIB JaHUX Ta
BUKJIMIKH, TIOB'sA3aHi 3 3a0e3nedeHHsM KOH(]imeHmiHHOCTI iHpopMarii
KOpHCTYBaYiB.

Iarerpamis DPI 3 iHHOBamiiHUMH TEXHOJOTISIMH, TAKUMU SIK INTYYHHN
IHTETIeKT Ta MAIlMHHE HAaBYaHHS, BIJKPUBAE HOBI MOXKIUBOCTI ISt
MOKpalIeHHs epeKTUBHOCTI cucteM KibepOesneku. LLTyqHuii iHTENEKT MOXKe
JIOTIOMOT'TH aBTOMATU3YBAaTH MPOIIECH aHalli3y Tpadiky, BUSIBISIOUN CKIIAJHI
1a0JIOHN TIOBEJIHKH, SIKi MOXKYTh BKa3yBaTH Ha aHoMaiii abo ataku. Taka
IHTerpallisi He TUIBKH TOKpAIlye HIBUAKICTh 1 TOYHICTh BHSBJICHHS 3arpos,
aje W Crpusie PO3BUTKY OUIBIN aJaNTUBHUX Ta MacIITa0OBaHUX CHUCTEM
Oe3meKH.

3pocTaHHs CKIaAHOCTI Kibep3arpo3 BUMarae 0e3nepepBHOIO PO3BUTKY Ta
ajanTailii MeToaiB 3axucty. JlOC/iPKEeHHS, CIIPSIMOBaHI Ha BIOCKOHAJICHHS
DPI Ta #ioro iHTerpaiito 3 IHIIMMU TEXHOJIOTISIMH, BIIIIPalOTh KJIFOUOBY
POJIb y oJanbIoMy 3a0e3nedeH i 3aXUcTy iHpopMaLiiHuX CUCTEM.

Kepisuuk: Tetsna JlaBpuk, cm. euxnadaw, CymAY, Cymu, Yrpaina
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Cucrema aHatizy Ta 00pOOKH JaHUX AK iHCTPYMEHT ISl MiIBUIIIEHHS
NMPOAYKTUBHOCTI KOMMAaHI

Kapacs O. 1., 3000ysau ep. IT.m-33,;
[IoBkommsac O. A., cmapuwiuii sukiaday

CyMchkuii nepkaBHHI yHiBepcuteT, M. Cymu

VY cydacHOMYy CBITi, e 00CAT AaHUX MOCTIHHO 3pOCTAaE, CUCTEMA aHAIli3y
ta 00poOku ganux (CAO/]) crae Bce OULIBIN BaXIJIMBUM IHCTPYMEHTOM ISt
CHPOIIEHHST poOOTH B Oynb-skiii cepi. EdexruBne Bukopucranas CAO/] e
BRKITUBUM (DAKTOPOM JUTSI CKOPOYEHHS 4acy, IiIBUIIEHHS MPOIYKTHBHOCTI
po0OTH, 3HWKEHHSI PU3HKIB, MPUAMAaHHS HaWKpalIuX pilieHb, IPYHTYIOUHCh
Ha JITaHUX, i JBUIICHHS KOHKYPEHTOCIIPOMOKHOCT] Ha PUHKY.

Xoya y CBITI TEXHONOTiI iCHYIOTH TOTOBI DIIlIEHHS, SKi BUPIMIYIOTh
nutanHs AOJl, MeToro poOOTH € TpOEKTyBaHHS BiacHOi iH(opmamiiiHol
TEXHOJIOTI] MiATPUMKH (QYHKIIOHYBaHHS MeEAWYHHX 3aknaaiB. Ha erami
NPOEKTYBAHHS BU3HAUCHO TAKUH CKIAJ CHCTEMH: BeO-pecypc, IO HaJae
iHpopMalio Mpo MEAWYHUM 3akiaj, oOpaHHi KOpUCTyBadeM; KIIiEHTChKa
YacTHHA, TPU3HAYCHA Ui 33J0BOJICHHS NOTPeO SIK KIEHTIB, TaK i
CriBpoOITHHKIB; CepBEepHA YaCTHHA, sIKa PO3TOPHYTa B XMapi abo JIOKAIbHO
Ta aJMiHICTpaTUBHUIA iHTep(eiic [UIT MOHITOPHHTY Ta aHATI3Y MiIKIFOYESHIX
mikapenb. [IpoekT mnepemdayae peaizaililo BHUMOI, CIPSIMOBaHUX Ha
33/I0BOJICHHS KJIFOYOBHX IOTPEO KOPHCTYBadiB BKIIOYHO 3 MOYKIIHBICTIO
BUOpaTH JIiKapiB HAa OCHOBI BIATYKIB, 3aIMCOM JI0 JiKapiB 0e3 HeoOXimHOCTI
3BEpPTaHHS JI0 30BHIIIHIX CEPBICIB, 3a0€3MCUCHHSAM OILIATH KOHCYJIbTAIIIH,
aHaJII30M JIaHUX ITPO JIKApIiB Ta MAIli€HTIB, IHTETPALIIEI MEANMYHUX 3aKJIa B
PI3HOTO TUITY I0 CUCTEMH, Ta €(PEeKTUBHOIO 00POOKOIO TXHIX TaHUX.

Y nporpamHiii peaiizaiii Oy/iec BAKOPUCTaHA HU3KA HOBITHIX TEXHOJIOTIH
ta inTerpaiito 3 APL. OcHoBHMMH 3aco0amu peastizalifii TEXHOJOTTUHHX
pilieHs 00paHO MOBHM TIpOTrpaMyBaHHS, sKi Oa3yloTbcs Ha JavaScript, Ta
BiAMIOBiHI (PPEHMBOPKH.

TecryBanHs Ta 3a0e3leUeHHS SKOCTI IMPOIPAMHOrO 3a0e3leUeHHS €
HEOOXiTHOIO CKJIaJIOBOIO PO3POOJICHHSI TPOrPaMHOTo 3a0e3leueHHs, SKe
3a0e3nedye HaliiiHy Ta CTaOiIbHY poOOTY BCi€i cucTeMu Ta 30€peeHHs
peryTarii KOMIaHii Ta eKOHOMIFO KOIIITIB.

[IpoBeneHe mOCHIKEHHS Ma€ MPAKTHYHY I[IHHICTH Ta OPIEHTOBaHE Ha
BUPIIIEHHSI KOHKPETHUX Oi3Hec-3a/1a4.
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Buxopucranus Janmioris MapkoBa B NporiHo3yBaHHi yenimsocTi
HABYAHHSI CTY/JAEHTIB 32 3MilIAHOIO CHCTEMOI0 HABYAHHS

KopeneB M.1., 3006y6au; Onekcienko ['.A., doyenm
Cymchkuit nep>kaBHAHN yHiBepcuteT, M. Cymu, YkpaiHa

Cucremn 3mimanoro HaB4anHA (blended learning) HaOyBaroTh Bce OGLIBIIOrO
TIOMIMPEHHST y CYydYacHid HaBYabHIM AistbHOCTL. Lleld TpeHn 3yMOBIEHHA
CHHEPIi€I0 TPAIUIIMHAX OCBITHIX MiJXOJIB Ta TMEPEAOBUX TEXHOJOTIH Y
HAaBYAJILHOMY TIPOIIECl. 3pOCTaHHS TOMYJIAPHOCTI TAKUX CHUCTEM aKTyali3ye
noTpedy B e(eKTHBHOMY KOHTPOI 3HaHb CTYICHTIB Ta IMEpea0aveHHs iXHBOI
yenimHocTi. B nonepenusomy nociimkerti [1] Oyiio mpoBeaeHo aHati3 pi3HUX
METOJIIB TPOTHO3YBAaHHS YCIHIIIHOCTI HABYAHHS, Yy Pe3yJbTari 4oro OyJio
BCTaHOBIICHO, 1[0 BUKOPWUCTAHHS JIAHITIOTIB MapKoBa € HAWOUTHII epeKTUBHIM
METOJIOM IS PO3B'sI3aHHS 33,124l MPOrHO3YBaHHS YCITIITHOCTI 3aBEPIICHHS KYpCY.

Hana pobOoTa TpeACTaBise pe3yibTaTd JOCHIHKEHHS 3 3aCTOCYBaHHAM
obpaHoro mertomy JaHIoris MapkoBa. CaMe AOCTIKEHHS MPOBOMMIOCS Ha
0azsi mmarpopmu MIX 3a pmaHWMH, 3i0paHUMH TIPOTSATOM IOTIEPEIHIX
HAaBYAJIGHUX POKIiB. 3arajbHUIl MacyB JIAHUX BKIIOYAB PE3YJIbTATH BUKOHAHHSI
PI3HOMAHITHUX 3aBJaHb, TECTIB, €K3aMEHIB, a TaKOX HHU3KY JIOJATKOBOI
H(pOpMAIIii PO cami TeCTH, Yac, BATPAYCHUH Ha MirOTOBKY J0 iX BUKOHAHHS, a
TaKOXK BIATYKM BHKJIanauiB. Jlani Oymu oumineHi Bix aHomaid. HaGip BxigHux
JIaHUX OyJIo ChOPMOBAHO 3 BiJOKPEMIICHHSAM MiHIMAIBbHO-HEOOXIHOI BUOIPKU
JUsl  TOOYJIOBM CTATHCTUYHOTO psily po3mofity. IloOymoBaHa Mojielb
TECTyBaJIach 3a HAHOUTBII BOYKIMBAMH KPUTEPISIMH, a JaHi IEPETBOPIOBAITICH Y
(hopMari, MpUAATHHIA [1s IOAAIBIIOr0 MAIIIMHHOTO HABYAHHSL.

Po3pobnena Monenb Ha OCHOBI JaHIFOTIB MapkoBa BpaxoBYe HaBe/IeHI
0a30Bi KpHTEpii /I MPOrHO3YBaHHS YCIIIIHOCTI HaBYaHHs. TecTyBaHHS Ha
BHOKpEeMJICHIH BHOIpII JaHWX TMOKa3ano TouHicTh 70 89%. Lli pesynbratn
CIYTYIOTh OCHOBOIO TOJIANBIIIMX JIOCHIDKEHb 3 PO3IIUPEHHS Ta y3aralbHeHHS
HabOpy BXITHUX KPHUTEpiiB Ui TOOYZOBA Ta BIIPOBAPKEHHS ITOBHOINIHHOI
ABTOMATH30BAHOI CHCTEMH IIPOrHO3YBAHHS YCHIIIHOCTI HABYAHHSI 32 3MILIIaHOO
CHCTEMOIO HABYaHHSI.

1. Yuan, T. “Algorithm of Classroom Teaching Quality Evaluation Based
on Markov Chain”. Complexity, Hindawi, vol. 2021, pages 1-12, June
2021. doi:10.1155/2021/9943865.
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CTBopeHHs peajlicTHYHOrO peibedy i3 3aCTOCYyBAHHSIM METOIiB
iHTeproasmii

Kpyncokuit O. A., 3006y6auy ep. IH-21,
IloBkomtsac O. A., cmapuiuii suxiaoay

CyMchkuit epxaBHUi yHiBepcUTeT, M. CymMu

HocnipkeHHsT 30cepe/DKeHe Ha MpoLeci MOJENIOBaHHS pelbedy B
KOMIT FOTepHIN Tpadili 3a JONOMOror 3actocyBaHHs Imymy Ilepimina y
cepenoBumi Unity, a Tako)k Ha BUKOPHCTAaHHI METOJIB 1HTEPHOMSIIT IS
3TIaKyBaHHS OTPUMAHOI TOBEPXH.

ym Ilepnina, sikuii € OCHOBOIO JIJIsi CTBOPEHHS MOYATKOBOTO pelibedy,
IpeacTaBisie coOO0 METOJ TeHepalii ICEeBIOBUIAIKOBHX 3HAY€Hb, LIO
IMITYyOTh TpuponHuii Xaoc. lle mo3Bomsie eQeKTHBHO BiATBOPIOBATH
HeperyJsipai - GopMu, SKi TPUPOAHO BHUINIAAAIOTH 1 BiIOOpakaroTh
peayibHUN penbed MICHEBOCTI, IO € KIFYOBUM aclEeKTOM Y CTBOPCHHI
peaNicTHYHHUX BipTyaJlbHUX CBITIB. Peamizamis mporpaMu Ui CTBOPEHHS
penbedy Oyna BUKOHaHa B irpoBomy pymrii Unity 3 BUKOPHCTaHHSM KOIY
MoBor C# st TeHepallii JBOBHMIPHOTO MAaCHBY 3HA4CHb, SKHH €
(yHIaMEHTOM JUTSl MOJETIOBaHHA pPebedy.

Hwxue naBenenuii kox MoBoro C#, sikuii reHepye mym Ileprnina.

public static float[,] GeneratePerlinNoise(int width, int height, int seed)

{

System.Random rand = new System.Random(seed);
float[,] noise = new float[width, height];
for (int x = 0; x < width; x++)

{
for (inty = 0; y < height; y++) noise[x, y] =
(float)rand.NextDouble();
}

return noise;

¥

CTBOpEHHS TIOYAaTKOBOTO PENLE(Y MPOITFOCTPOBAHO HA PUCYHKY 1.

78



IMA :: 2024 CEKLIA 1: Komn'tomepni nayku ma Kibepbesnexka

Pucynok 1 — I'enepartis peasedy Ha OCHOBI anroputmy 1rymy llepiina

VY Bumagkax, Ae mnorpiOHa [eTaii3oBaHa Bi3yamizauis JaHAMWAQTIB,
TakuX SK Ppo3poOKa TOYHUX AapXiTEKTYPHHX MPOEKTIB, CTBOPEHHS
pearicTUYHUX IrpOBUX CEepeloBUI, ab0 MOJCNIOBaHHS EKOJIOTIYHUX
CUMYJISILIF, OTpUMaHWi penbed MOXKe BUSBHTHUCH 3aHAATO IpyOuMm ado
HepiBHUM. Tofi BHAIOTHCS IO IHTEPIIONALIi, SKa J03BOJSE e(EeKTUBHO
3TJIaKyBaTH TOYAaTKOBUN penbed, BBOMAYM MK ICHYIOUMMH TOYKAMHU
NOJaTKoOBi, ab0 aJanTyBaTH TIOJNOKEHHS BXKE HAsBHUX TOYOK ISt
nocsTHeHHsT Oaxxanoro edekrty. Take 3rimamKyBaHHS MOXKJIHMBE 3aBISKH
3aCTOCYBaHHIO PI3HOMaHITHUX METOJIB IHTEPHOJIAIii, 30KpeMa IiHIHHOT
iHTepnonALii, momiHomiB Jlarpamxka i1 Hplorona, a Takok KyOi4HHX
CIUTAIHIB.

Jnst 3rmamKyBaHHS NOBEPXHi, 3r€HEpOBAaHOi 3a JOMNOMOIOI0 IIYyMY
[epnina OyB po3poOieHUi KOJ, SKHH NPAIIOE 32 TAKUM alTrOPUTMOM.
BusHauaeTbcst mepior BUOIPKH JIJIsl MOTOYHOTO OKTaBy Iiymy. lle Bu3Hauae
4acToTy BUOIPKU IIyMOBHX 3HaueHb. Ha KOXHIH OKTaBi mIyM Mae Oiyiblie
netanmedt 1 MeHmmid MacmTtad. OOYHCITIOIOTHCA IHAGKCH JUIsl BHOIPKH
YOTUPHOX TOUOK IIyMY I KOXKHOTO MIKCENsl B pe3yJbTYyI0UOMY MacHBi. 3a
JOTIOMOTr0I0  JIiHIMHO 1HTEpHoALii 3MIMIYIOTBCS 3HAYCHHA LIyMYy B
YOTHPHOX BUOpaHMX Toukax. Llei Buj iHTepHOIALii CTBOPIOE «IIEepexXiaHi»
TOYKM MIDXK JIBOMa BiJIOMHMMHU TOYKaMH, 3a0e3IeUy0YM IUIABHIIIY 3MiHY
3HauYeHb. Huk4ue HaBeeHUH KO, SIKUH peati3ye el alropuTM.

float sampleFrequency = 1.0f / 1 << octave;
for (int x = 0; x < width; x++)

{

int sample_i0 = (x / samplePeriod) * samplePeriod;
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int sample_il = (sample_i0 + samplePeriod) % width;

float horizontal_blend = (x - sample_i0) * sampleFrequency;
for (inty = 0; y < height; y++)

{

int sample_jO = (y / samplePeriod) * samplePeriod;
int sample_j1 = (sample_jO + samplePeriod) % height;
float vertical_blend = (y - sample_j0) * sampleFrequency;

float top = Lerp(baseNoise[sample_i0, sample_j0],
baseNoise[sample_i1, sample_j0], horizontal_blend);
float bottom = Lerp(baseNoise[sample_i0, sample_j1],
baseNoise[sample_i1, sample_j1], horizontal _blend);
smoothNoise[X, y] = Lerp(top, bottom, vertical_blend);
}
}

Pesynprar 3acrocyBaHHS IHTEPHONALIlI O TOYATKOBOTO pelbedy
HaBeJeHW Ha pPHUCYHKY 2. BimOyBaeThcs 3riaKyBaHHS HEPIBHOCTEH,
00pa3 miciieBocTi HabyBa€e OUIBII PEaliCTUYHOTO BUIIISTY.

Pucynok 2 — 3rnamkenuii penbed

Po3pobnena mporpama Moke 3aCTOCOBYBAaTHCS JJIs TeHepalii I1aIkoro
pensedy y Bigeoirpax Ta HM(POBOMY MHUCTEUTBI, a TAaKOX CIYryBaTH
IHCTPYMEHTOM IpY HAaBYaHHI apXiTeKTOpiB 1 JaHAMAa)THUX AU3aiHEPIB HA
MOJeIbOBaHUX JaHAmadrax. BoHa Takox Moke OyTH KOPHCHOIO Y
BIHCHKOBHX CUMYJISLISIX JUIA CTPATErivYHOTO IUIAaHYBaHHs a00 y TEeCTyBaHHI
TPaHCHOPTHHUX 3aC00IB y PI3HOMaHITHUX YMOBAX MiCLEBOCTI.
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Indopmaniiina TexHOJIOTiA KepyBaHHS Ta aHAJI3Y JTaHMX JJIS
Ki0epcrnopTUBHUX TYPHipiB

Kucnenxko 1. B., 3006y6auy ep. IH.m-33,;
[oBkomtsic O. A., cmapwiuii sukiaday
CyMcbkuil iepkaBHHI yHiBepcuTeT, M. CyMu

Kibepcopt six HOBa Ta QWHAMIYHA Taly3b CHOPTHBHOI IHIYCTpPIl €
OIHICIO 3 IHHOBALIWHUX BUIIB MISJIBHOCTI JIOOWMHU. BOHa Mae 3HAYHHIA
CeKOHOMIYHHMH, COLiaJdbHUI Ta KyJAbTYpPHHUH BIUIMB, 1 TIPOJOBKYE
pO3BUBATHCS Ta HA0YBaTH BCE OUTBINIOrO BU3HAHHSA. MiTbHOHU TIISIIAaviB IO
BCbOMY CBITY CTeXaThb 3a 3MaraHHsIMH NpPOQEcifHUX TPaBIliB y TaKHUX
nomynspaux aucuuriinax sk CS 2, League of Legends, Dota 2 Tomo.

OpHak, 3 POCTOM TOIYISAPHOCTI Ta MacimTabiB KiOepcropTHBHUX
TYpHIpIB, CTa€ BCE CKIATHIIIE 3a0e3MeYnTH iX e(PEeKTHBHE Ta YCIIiIIHEe
npoBeneHHs. KinbKicTh JaHWX, SKAX HEOOXigHO 30Mpatd, oOpoOiaTH Ta
aHaJi3yBaTH HEYXWIBHO 3POCTAaE, II0 BUMAra€ BUKOPUCTAHHS MEPEeIOBUX
TEXHOJIOT1H Ta MiAXOIiB.

MeToto MPOEKTY € po3pobIeHHs iH(OpPMAaIiHOT TEXHOIIOTI IS aHAi3Yy Ta
Bizyasizauii JaHuX y KiOepclopTHBHHX TypHipax. Po3poOnenuii iHCTpyMeHT
Oyne 30upaTy AaHi Mpo irpoBi cecii, CTATUCTUKY TPaBIliB, KOMaH/I Ta TYPHIpIB.
Jlanmi cucremMa TpoOBOIMTHME OOPOOKY IMX JIQHUX, 3aCTOCOBYIOUHM METOAN
CTATUCTUYHOTO aHani3dy. Pesynbrati aHamizy OyayTe BiOOpakaTHCh Y
BUTIISIAL TaOmump, rpadikis, AiarpaM, J03BOJISIOYN KOPHUCTYBady iHTYITUBHO
CIIpUAMATH Ta PO3yMITH CKIIAJIHI JaHi.

3aBAsIKM BUKOPHUCTAHHIO IPOMOHOBAHOT TEXHOJOIII, KOMaHIX Ta ixX
YYaCHUKH 3MOXYTh aHAJIi3yBaTh CBOI pe3yJbTaTH, BUSBIATH clalOKi Micis
B CBOiX CTpareriix 1 TAaKTUKaX, a TaKOXX OLIHIOBATH e(pEeKTHBHICTh
TpeHyBaHb  Ta  BHOCHTH  KOpeKTWBH.  OprasizaTropu  3MOXYTb
BUKOPUCTOBYBaTH CHCTEMYy JJIsi aHalizy TNOMYJISApHOCTI TYpHipy, IX
BiJIBiTyBaHOCTi, BA3HAYATH HAHKpAIIUX TPABI[iB KOMaH/X Ta 1HII BaXKJIUBI
MOKa3HUKH.

s po3pobiieHHs iHGopMaIiiHOT TeXHOJIOTIT OYyTh BUKOPUCTAHI TaKi
cyuyacHi iHcTpymMeHTH sk Node.js s cepBepHoi 4acTuHH, React ms
CTBOPEHHS IHTYITUBHO 3p0o3yMijioro iHTepdericy kopucrysaya, Chart.js ans
Bi3yastizallii JaHuX y BUIIISI giarpam ta rpadikis, a Takoxx MongoDB st
30epiranHsi Ta O0OpoOOJIeHHs Beaukoro ooOcsary pganux. s 300py
iHpopMalii npo irpu Ta TypHipu Oyae Bukopuctanuii Steam APIL
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AHauni3 300paskeHb Y HAYKOBUX JOKYMEHTAX 32 J0II0MOI'010 3rOPTKOBOL
HelPOHHOI Mepexi

Jlonatka K.P., 3006ysau; Onexcienko I".A., doyenm;
CyMchkuil nepxaBHui yHiBepcuteT, M. Cymu, Ykpaina

Tpanmutiifini MeToau MAaIIMHHOTO HAaBYaHHS, TakKi SK Oararomaposi
MallMHA ~ CHPUHAHATTS Ta MAIIMHM OINOPHUX BEKTOpPIB, 3a3BHYAi
BUKOPHCTOBYIOTh TIOBEPXHEBI CTPYKTYpH M1 pPoOOTH 3 0OOMEKEHOIO
KUTBKICTIO 3pa3KiB Ta OOUYMCITIOBAIbHUX pecypciB. OpHaK, KONMH MiThOBI
00’€KTH MarOTh CKJQJHI BJIACTUBOCTI, BHCOKY TPOAYKTHBHICTH Ta
MOTPEeOYIOTh 3JaTHOCTI 7O Yy3araJlbHEHHs, IIi METOAM MOXYTh OYyTH
HenmocTaTHiMU.  3ropTkoBi  Heiponni  Mepexxi  (CNN)  mmpoxo
BUKOPHUCTOBYIOTECSI B Taly3i OOpOOKHM 300paxkeHb. BOHM IeMOHCTPYIOTH
Bpakarody Ce(QEeKTHBHICTh Yy 3aBJaHHAX KiIacuQikaiii Ta po3IMi3HaBaHHS
300pakeHb. 3aBASKM CBOIM  apXiTeKTypHUM ocobmmBocTsiM, CNN
3a0e3MeuyloTh BUCOKY TOYHICTh Ta 3[aTHICTh JO POOOTH 31 CKIIATHUMH
naanMu. g Momens cTanma MOTYXKHAM 1 yHIBEPCAIBHHUM 1HCTPYMEHTOM Yy
cepi rIMOOKOro HaBYaAHHS.

B nocnimkenHi 0yi0 BHKOPHCTaHO TOKYMEHT, B IKOMY OYITH 300pakeHHS
3a PI3HOI0 TEMATHKO, /UL SIKMX OYyJI0O BUKOPHUCTaHO 3rOpTKOBA HEHpOHHA
Mepexa (CNN) miist inenTudikaiiii nepeHbpOro miaHy 3a J0HOMOTO HOBHX
OaraTokaHaJbHUX 300pakeHb. [I7ii CTBOpPEHHS IHMX 300pa)KCHb BHXIiJTHE
JDKEpEeTIo PO3KIIAAaeThCsl Ha TMijtiana3oHu BeiBneriB. [loTiM opuriHanbHe
300pasKeHHS HaOJIKAETHCS KO)KHUM  TIiJ1iaria30HOM OKpeMo,
OaraTtokaHaJbHE 300paKeHHS (OPMYETHCS, PO3TAIIOBYIOYM  BHXiJTHE
300pakeHHs JpKepena (BiATIHKOBE 300paXKeHHs) SK IEpIINid KaHal Ta
HaOmKeHe 300payKeHHS KOJKHOTO TiJIialla30Hy K PellTa KaHalliB.

Jns nocsiTHeHHS HaWKpaliuX pe3ysbTaTiB B POOOTI PO3IIISIAETHCS /1B
CIICHApii: JBOKaHAJIbHI Ta 4YOTHPhOXKAHAJIbHI 300pa)KCHHS, $Ki MOTIM
MOJAalOThCA Ha BXix ABOX TumiB apxitektyp CNN: opHOKaHaJbHUX Ta
OaraTokaHaJbHUX TOTOKIB. J[s BHBUEHHS BIDIMBY OaraToKaHaJbHUX
300pakeHb, 3alpONOHOBAHMX SK BXIiJIHI JlaHi JJIsI MEPEeX, B apXiTEKTypax
BUKOPHCTOBYBaJIaCh Tpu nomyisipHi Mmepexi: U-net, SegNet Ta DeepLabv3+.
Kepyrounce pesynpraramu siki Oyau OTpUMaHHI MiJ Yac NPOBEIEHHS
JOCITiKeHb, OyJ0 BU3HAYEHO, WIO TOYHICTH aHami3y 300pakeHHs 3a
KJIIOUOBUM CJIOBO cAraja A0 92% Ha pi3HUX iTepalisx 3 Pi3HUMHU JaTa
CeTaMu.
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AHaJi3 10U IbHOCTI BUKOPUCTAHHSA XMAPHHX pillleHb Y po3pooii
cuctem ERP

Boponenko O., 3006ysauy ep. A-26/KH/1
CyMchkuii nepxaBHuid yHiBepcuteT, M. Cymu, Ykpaina

Beryn. Cucremn mmanyBaHHS pecypciB miampuemctBa (ERP) €
HEBiJI’€MHOI0 YacCTUHOIO Cy4YacHUX Oi3Hec-omepaliif, ONTHUMI3yIO4n
OpolecH Ta MOJETHIYIOYM MPUHHATTS pilleHb Ha OCHOBI JaHHX. 3
PO3BUTKOM XMapHHX OOYHCIIEHB OpraHi3allii CTUKAIOTHCS 3 BUOOPOM MiXK
TpaIUIi THUMHA JIOKAJIbHUMU CHUCTEMaMU ERP i XMapHUMHU
IbTEepPHATHBAMH.

IMocranoBka 3amaui. BuzHaunty KIFOYOBI (pakTOpH, SIKi CIPHUSIIOTH
BHKOPHUCTAaHHIO XMapHUX pilieHs mpu po3podbiii ERP-cucreMm, BKIowaroun
E€KOHOMIYHY €(eKTHBHICTb, MaclITa0OBaHICTh, THYYKICTh, O€3MeKy Ta
JOCTyMHiCTh. Ha OCHOBI sK SKICHHUX, TaK 1 KIJIbKICHUX TIIOKa3HUKIB
BH3HAYUTH JOUUIBHICTh BUKOPUCTAHHS XMAPHHUX PIIIICHb.

PesyabraTtu. OTpuMaHi JaHi BKa3ylOTh Ha 3HAYHY TCHJICHIIO [0
301IBLICHHS] BUKOpPHCTaHHsA XMapHuX pimeHb ERP cepen opranizamii,
TOJIOBHUM YMHOM Yepe3 IepeBart, siki BOHU IPOIIOHYIOTh y IUIaHi eKOHOMIl
KOIITiB, MacIITabOBaHOCTI JIJIst 3pOCTaHHsI Ta JOCTYITHOCTI IS BifaineHol
po6o40i cunu. KpiM Toro, cCiponiroeThesi KOHTPOIb OE3MEeKH Ta apameTpiB
HQJIAMITYBaHHS TaKUX CHCTEM, 3aBASKHM OLIBII MPO30POTr0 PEryIOBAaHHS
JOCTYIIIiB JIO PECYPCiB Ta KOPUCTYBaiB.

BucnoBku. OTpumani pe3yabTaTH MPOMOHYIOTh MPAKTHYHI HACIIIKH
ISt 0ci0, sIKi MPUIMAIOTh pillIeHHs] Ta OepyTh y4acTh y PO3pOOIi CUCTEM
ERP, nmonomararoun 3po0OUTH OOIPYHTOBAaHWI BHUOIp MiX JOKAIFHUMH Ta
XMapHUMH MOJIESIMU po3ropTanHs. KpiM Toro, 1ie AociipKeHHS 3aKiajae
OCHOBY JUId MaiOyTHIX HaNpsIMKIB JOCHIKCHb, 30CEPEIKEHUX Ha
esomorii cuctem ERP 1 TexHOMOT# XMapHUX OOYHCIICHB.

1. Chethan Kumar C. and Sankaranarayanan V. (2019). "Cloud based
ERP: A review of benefits, challenges and future directions." Journal of
Information Systems Engineering & Management, 4(3),

2. Richter, R., & Lohe, J. (2017). Cloud ERP: A risk perspective. Journal
of Cloud Computing, 6(1), 1-20.
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MoaeJb i MeTox 3a0e3MeUYeHHsT ATANTHBHOCTI JeTeKTOPAa 00’ €KTIB 10
HOBH3HH i Bi3yaJIbHOr0 IIyMy NPOTHOOPYHX aTaAK

XutpoB O. b., 3006y8au epynu A3-26/KH; Mockanenko B. B., doyenm

CyMchkuii nep:xxaBHui yHiBepcuteT, Cymu, YKpaiHa

BusiBiieHHST 00’ €KTIB € OJHUM 3 HAWOLIBII IMOMIMPEHNX 3aBIaHb MAITHHHOTO
HaBYaHHA. Bike mpoBenmeHo Oarato poOiT MIOA0 MOKpaIleHHsS e(eKTHBHOCTI
BUSIBJICHHS Ta PO3Ii3HABaHHS 00 €KTIiB, CIIPSIMOBAHMX HA 3MCHIIICHHS BapTOCTI
OOYHCIICHHS Ta CKOPOYECHHS KUTBKOCTI OTepalliii i3 riaBarodoro komoro (FLOP).
i poboTrt B OCHOBHOMY 30Ce€pepKeHi Ha po3poOIli e(heKTHBHIX MepeKeBUX
apXIiTEKTyp Ta OTPUMaHHI OLTBIIIOl KIJTBKOCTI PEIPEe3eHTATUBHUX O3HAK.

Panniit Buxin 3a0e3redye MOXIINBE PIICHHS OIS TPHUCKOPSHHS JIOTIYHOTO
BHCHOBKY  HCHDOHHHX  MEpeX  IDIIXOM  MPUIWAHEHHS  OPSIMOTO
PO3IOBCIOPKEHHS1, KOJIM BIIEBHEHICTh MPOTHO3Y 13 BHYTPIIIHIX KITaCH(IiKaToOpiB
MICPEBHIIYE TIEBHUIM KpHTEpi. MU MPOBOAMMO CHCTEMATUYHE JOCITIIKEHHS
e(EeKTHBHOCTI PAHHBOTO BHXOAY Y MOJEIAX JJIsI TOMIYKy OO'€KTIB Ta
AHAJTI3y€EMO TIOB'sI3aHi 3 HUM TPOOJIEMH.

MU BUXOAMMO 3 TPHUITYIICHHS, IO 3aCTOCYBAHHS JWHAMIYHOTO BHXOIY
TIO3UTUBHO BIIMBAE BUHAXIUMBICTH MOJIET SK 3/aTHICTh J[iarHOCTYBaTH
MpOOJIEMH, PO3CTABJISITH TIPIOPUTETH Ta IHIIIFOBATH BUPIIIIEHHS MPOOJIEM.

OCHOBHI KOMITOHEHTH €KCIIEPUMEHTAJILHOTO ITIIXO/TY BKIFOUAIOTh;

1. Early exit branching: Lleii koMIoHeHT riepeidadyae MOKIIMBICTh BUXOMIY 3
HEHPOHHOI MEpEXKi Ha PaHHIX eTarax 0OpOOKH, SIKIIO BIICBHEHICTh Y Pe3yJIbTATI
Bke jocratHs. Lle mo3Bonsie eeKTMBHO BHKOPHUCTOBYBAaTH OOYMCITIOBAIBHI
PeCypcH Ta MPUCKOPIOE TPOLIEC pOOOTH JETEKTOpa 00'EKTIB.

2. Test-time augmentation: Llefi KOMITOHEHT BKITIOYAE B ceO¢ BUKOPHCTAHHS
ayrMEHTAIlli JaHKX TIiJ] YaC TECTYBAHHs MOJIEI, 1110 JO3BOJISIE 3MEHIIIUTH BILIUB
BI3yaJIbHOTO IIyMy Ta iHIIHX (PaKTOpiB, IO MOXYTh BIUIMHYTH Ha TOYHICTH
BUSIBJICHHST 00'€KTIB.

3. KanipOpyBaHHS HEBU3HAUCHOCTI IO JIO3BOJISIE BPAXOBYBATH BIICBHEHICTh
MOJIeJTi Yy CcBOiX mporHozax. Lle jomomarae TMOKpammTH CTIHKICTh MOJIEN JI0
HOBU3HU Ta BI3yallbHOTO IITyMY, 1110 MOKE BUHHKATH Yepe3 MPOTHOOpUi aTaku.

Lli KOMITOHEHTH PA30M YTBOPIOKOThH IHTErPOBAHMH IMIIXiJ] 10 3a0e3MeUeHHs
aJIANITUBHOCTI JIETEKTOpa OO'€KTIB JI0 PI3HOMAaHITHUX YMOB i 3a0e3nedyroTh
CTIMKICTh MOJICII IO HOBU3HM Ta Bi3yaJIbHOIO IITyMY IIPOTHOOPYMX aTak.
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CucrteMa po3mi3HAHHA I'OJIOCOBHX KOMAH/ JJIsl afanTamii HABYaJbHOT 0
npouecy A0 AMHAMIYHHUX 3MiH Yy OCBITI

Mamixkyk M. O., 3006ysau ep. [H.m-33;
[oBkomtsic O. A., cmapwiuii sukiaday

CyMchkuil epxaBHAi yHiBepcUTeT, M. CymMu

He nuBHO, 110 cydacHUit CBIT € BEIMKUM ITOJIOTHOM 00poThOH. OcTaHHI
POKH Bi3HAYAIOThCS CBOIMHM BHECKaMH B PO3BHTOK mojcTBa. CyuacHi
TEXHOJIOTIYHI TPEHIU BKIOYAIOTH BiIOMI iHHOBAIIil: TOJOCOBI TOMiYHUKH
(I'lT), ©moxdeiin, MammHHE HaB4YaHHA, MeTaBcecBiT, NFT Ta mTyuHwmit
igTenekr (LHI). Cepen 3a3HaueHWX TEXHOJOTIH TOJOCOBI MOMIYHHUKU
3aCIyrOBYIOTh 0COONMBOI yBaru. IIpocTe Ha BUTISAA pillIeHHS MOXe OyTH
CHiBPO3MOBHUKOM, TIOMIYHUKOM 200 BUUTEJIEM Y IIEBHUX O0JIACTSIX 3HAHb.

Y naniii poOOTI NpOBEACHUI aHai3 MpeAMETHOI 00JacTi TOJIOCOBHX
MOMIYHHKIB, 30KpeMa, BHKOPHUCTaHHS IX JJIsi CaMOHaBYaHHS. Maibke
mOAeHHO Yy cdepi OCBITH BimOyBalOTHCA NWHAMIYHI 3MIHH, MeXa MiX
JICHHOIO, 320YHOI0 Ta JTUCTAHIIIHHOIO (popMamMy HaBYaHHS CTa€ Bce OLIBII
po3mutoro. TexHomnorisi, mo Jiexxuts B ocHoBi ['T1, n03BoIIsIE IM pO3yMiTH,
BHUBYATH Ta QJIalTYBaTHCS JO TOJOCOBHX KOMaH] KOPHCTYBada 3 4acom,
cTae OibII e(peKTHBHOIO y HAJaHHI NIEPCOHAIII30BAHUX BiIOBiIEH 1 [TiHA.

AHaui3 npoBoaMBCS B Tpu etanu. Ha nepmiomy erari OyJia JociipkeHa
00JIaCTh BUKOPUCTAHHS, 1100 BCTAHOBHTH, I SKMX BHIMAJKIB Kparie
migxoauts To um iHmwmid [TI. Ha nppyromy erami Oymm neTanbHO
po3risinyTi ocobnuBocTi [Tl 3 METOI BHSIBIICHHS «ITiIBOHOIO KaMiHHSDY
naHuX peanizaniii. Ha TperhoMy ertami MOpIBHIOBAJIUCH IIepeBard Ta
HEJOJIKM BXK€ ICHYIOUMX A0AaTKiB. lle Mo3BONMMIIO BHUABHTH YHIKaJdbHI
0COOJIMBOCTI KOKHOTO 3 HUX.

Y pe3ynbraTi aHajgily MPEAMETHOI O00JIACTI Ta aHAJOTIB IPOBIIHUX
ninepiB y cdepi 3a3HaueHoi TexHouoril, Takux sk Google Assistant, Siri Ta
Amazon Alisa, OyB po3poOieHuii MapmpyT Uil CTBOPEHHS BIACHOI
CHUCTEMH PO3Ii3HaHHSA TOJIOCOBUX KomaHja. Peamizamis Bmacuoro ['TI
CIpUSTHME YJIOCKOHAIICHHIO HABYAHHS Ta CAMOHABYAHHS, BPaXxOBYIOYU
1HAMBIoyalbHI 0COOMMBOCTI KopHcTyBaya. [ OLIHKM PiBHA 3aCBOEHHS
HABYAJIBHOTO MaTepially MOKHAa BHKOPHUCTOBYBATH TECTH, BIpPaBU Ha
JIOTIOBHEHHsI peueHb abo cecii 3amuTaHb-Bignosiged. Ilepenik i dopmar
3anuTalb GOPMYETHCS 3a JONOMOTOIO IITYYHOT'O 1HTEJIEKTY.
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Be6-opienToBaHa cucTeMa ISl CHIJILHOI €KOJIOTTYHOT AislJILHOCTI

Ionmonsk A. C., 3006ysau ep. IH-02;
IloBkomtsac O. A., cmapuiuii sukiaoay
Cymchkuit nepxaBHUH yHiBepcuteT, M. Cymu

VY po0oTi mpeAcTaBIeHO eTall IPOEKTYBaHHs BEO-Opi€HTOBAHOI CHCTEMH
JUIS aHAJi3y EKOJIOTIiYHUX [aHuX. byJo MpoBemeHO Oris ICHYFYHX
aHaJIoTiB, SIKI CHOPSMOBaHI HA CHUIBHY IiSUTBHICTH TPOMAJSH Ta OpraHiB
B y cdepi 3aXUCTy HaBKOJIUIIHBOTO CEPEOBHUINA, Ta y3aralbHEeHO iXHi
KIIFOYOBI  0cOONMMBOCTI, MeTomu 300py JaHWX Ta B3aEMOMII0 3
KopucTyBadaMi. OKpecIeHO OCHOBHI BHMOTH IO IPOEKTYBAaHHS TaKOi
cHCTeMH, 30KpeMa, 3abe3ledeHHs] TOYHOCTI Ta aKTyalbHOCTI iH(opmarii,
IHTYITHBHO 3pO3yMinmii iHTepdehC I KOPUCTYBadiB PI3HOTO BIKy Ta
TEXHIYHO] IMiArOTOBKH, MOXKIIMBOCTI /ISl B3a€MO/Iii Ta 0OMiHY TaHUM.

Hanpuknan, MIPOEKT «Binkpure MICTO» (https://opencity.e-
dem.ua/about) e iHTepHET-IIATGOPMOIO Il B3a€MOJIl MEIIKAHIIB 3
MICIIEBOIO BIIAJIOI0 Ta KOMYHAJIbHUMH IIIPHEMCTBAMHU, a TaKOX IS
camoopranizanii rpomansH. [lnargopma mofinseTscs Ha JBa OCHOBHI
po3mimu. Pozmin  «[IpobiaemMn» 103BONIsIE KOpHCTyBadaM pPEECTPYBATH
MOBIIOMJICHHS TIPO MiCBKi MPOOJIEMH, SIKi aBTOMATHYHO aJIPECYIOTHCS JI0
BIJIMOBITHUX oOpraHi3aiiii ;s ix upimenHs. Po3nin «KopucHi 00’ ekt
MPOTIOHYE KapTy MicTa, Ha sIKiii MOXKHA MO3HA4YaTH 00’ €KTH TPOMaJChKOi
iH(GPacTPYKTypH, BKJIIOYAIOYHM JIKapHi, IIKOJIW, CTOSHKH, TYPHCTHYHI
MicIlsl, 30HU JTocTyny o OeskormroBHoro Wi-Fi, myHkTu 300py Oatapeiriok
Ta IHIOIe, COPUSIOYM TakUM YHHOM 1H(QOPMOBAHOCTI Ta 3pYYHOCTI
MEIIKaHIIIB.

KitouoBa konmenmis Hamoro IIpoekty «EcolNheart» 06a3yerbcs Ha
iIesX  JOCHiDKeHMX  iHGOpMAIlifHMX  CHCTeM, ajie  BUPI3HAETHCS
BIIPOB/DKEHHSIM CHCTEMH OOHYCIB «ecomoney». PeanizoBaHO yHIKaJIbHY
CXEMY BHHAropoJi 3a aKTHBHE 3aJly4YeHHsS KOPHCTYBadiB O BUpILLIEHHS
EKOJIOTTYHUX HpoO0JeM, IO BKIIOYAa€E HATOPOAM y BHIVIAAI MOXKIMBOCTEH
Uit OE3KOIITOBHOTO JO3BULISA Ta OTpUMaHHS 3HIKOK y Kade. llei
MEXaHi3M CTHMYJIOE HE JIHIIC aKTHBHY TI'POMAJICBKY y4acTh y 3aXHUCTi
HaBKOJMIIHBOTO CEPEeIOBHINA, a W MIATPUMYE MiCHEBHH Manuid Oi3Hec
Yyepe3 pO3MIMICHHS pEKJIaMu JUIsl HEBEIMKUX 3aKjajiiB, L0 CIpHsE
PO3BHTKY HAI[IOHAILHOI EKOHOMIKH.
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Kpim Toro, posrmsamatorecs pi3HI  METOOM  KOMYHIKamlii  MiX
KOPHCTYBauaMH Ta MpeICTaBHUKAaMHU OPraHiB Biagu Ha miatdopmi, amke
OCTaHHIM BaXJMBO, abu Bcsa iHopmamis mnpo mnpobieMu TpoMaan
30epirairch B OTHOMY MiCIIi 3 MOXKJIMBICTIO IIBHKOTO TOCTYITY 0 HET.

BaxnuBuMm erarmoMm y CTBOpeHHI BeO-Opi€HTOBaHOi iH(OpMaIiiHOT
CUCTEeMH € po3poOka iHTep(elicy KOpUCTyBaua, SKHH HE JIHIIC
BigoOpakaTUMe aHalli3 JaHuX y 3pydHiil ¢opmi, a i 3abe3neunTs JIerkui
JOCTYIH JI0 ycix QyHKIiH mmaTgopmu.

BukopucTanHsl iHCTpYMEHTY Uil ITU3aiiHy Ta MpOTOTHIyBaHHs Figma
CHpUSIO  po3polIi  Bi3yaJlbHOTO  Ju3aiiHy  BeO-J0AaTKa, 3HAYHO
MiABUIIMBIIN TPOXYKTUBHICTh pPO3pOOKU Ta 3a0€3MEUYMBLIM Y3IOIKEHICTh
IU3aiiHy 3 OuiKyBaHHSIMH KopucTyBadiB. Lleit eram € omauM 3
HAaBaKIMBIMIMX y TPOIECi CTBOPEHHS CHCTEMHM, OCKUIbKH 3abesredye
IHTYITUBHICTH Ta 3pY4HICTh BUKOpUCTaHHS TaTdopmu. [IporoTum omniei
31 CTOpIHOK calTy JAeMOHCTpye iH(opMalliifHe BIKHO, SIK€ TIOKa3ye
KOPHCTYyBady CaiTy HOBHHM PO 3apo0iieHi OOHYyCH, SKi BiH OTpHMaB, a
TaKOX, TIOBIIOMJICHHS TIPO T€, JIe BiH iX MOXe BUTpaTHTH (puc. 1).

1yl

Y

Cou, mepexi

Pucynok 1 — [ndopmariiiHe BiKHO Ha TOJIOBHiI CTOPIHLI CalTy

[lincymoBytoun, y poOOTI BHKIAJCHO IONEPEAHIN IUTaH peaizamii
npoekty «EcolNhearty, o0rosopeHo BuOip TEXHOJIOTiH, METOIOJOTiIO
pPO3pOOJICHHS, €Taly BIPOBA/KCHHS Ta KPUTEPil OLIHKM €(PEKTUBHOCTI
cucreMH. BripoBajpkeHHS Takol CCTEMH Ma€e MOTEHINIal 3HAYHO BILUTHHYTH
Ha EKOJIOTIYHY CHUTYaIlil0, aKTHBI3yBaTH y4acTh KOPUCTYBaYiB Ta CHPHUSITH
PO3BUTKY €KOJIOT1YHOT CBIZIOMOCTI Cepel HaCeJICHHSI.
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MeToau OiHKH AKOCTI BEJIMKHX MOBHHX Mo/ eJIeil

[oBkomusic C.P., 3000ysau ep. A-26/KH,
Kysikos b.O., cmapwuii suxkiaoay

Cymchkuii nepxaBHuil yHiBepcuTeT, Cymu, YKpaina

OcTaHHI POKH XapaKTePH3YIOTHCS OYPXJIMBHM PO3BUTKOM MOJEIEH Ta
MerofiB  00poOku mpuponHoi MoBu (NLP), 0coOnMBO BeNMMKMX MOBHHX
mozeneii (LLM). Tak, ormsia [1] posrisiaae Oubime 20 Ha3B MOJEIIEH JaTOBAaHHUX
Mk 2021 ta 2023 pokoM, a caiit AlpacaEval [2] micTuTs mopiBHSHHS 127
PI3HHX MoOzeNeH, BKITFOYHO 31 CXOKUMH MOJCISIMU PI3HUX BEPCIH Ta i3 Pi3HAM
pIBHEM KBaHTYBaHHs]. 3 OIVISMY Ha KUIBKICTh HOBOCTBOPSHHX MOJICIICH, MPH
aHai31 MOYITMBOCTI 3aCTOCYBaHHS iX JUTA TPHKIAIHKX 3a7a4d BapTO IPOBECTH
TIOTIepeTHIO (PLTBTPAITiFO 32 TICBHUMH TOHIYHIMH XapaKTePUCTUKaMH. ICHye psi
BIJIOMHX HaOOpIB JaHUX, SIKi JIO3BOJIAIOTH Lie 3poouTu. Ha prcyHky 1 HaBeneHO
TPHKJIA]T IOPIBHSHHS MOBHHX MOJIEIiel Ha OCHOBI Pi3HHX JIATaceTiB.

Model Avg. Arc Hellaswag MMLU Truthful QA Winogrande GSM8k
Samba-CoEv0.3  80.80 72.18  88.83 83.65 78.69 85.87 75.79
Samba-CoEv0.2  77.36 72.78  88.60 63.32 79.1 85.32 75.06
Samba-CoEv0.1  76.51 72.01  88.45 63.83 72.92 86.11 75.74
Gemma 7B 63.75 61.09  82.20 64.56 44.79 79.01 50.87
Mixtral 8x7B 72.62 7022  87.63 71.16 64.58 81.37 60.73
Llama2 70B 67.89 67.50  87.33 69.83 44.92 83.74 54.06
Qwen 72B 73.60 65.19  85.94 77.37 60.19 82.48 70.43
DBRX Instruct 132B 74.5 68.9 89.0 73.7 66.8 81.8 66.9
BLOOM 176B 46.07 50.43  76.41 30.85 39.76 72.06 6.90
Falcon 180B 67.85 69.45  88.86 70.50 4547 86.90 45.94
Grok-1 314B - - - 73.0 - - 62.9

Pucynok 1 — Ipuknan nopisastaas LLM Ha ocHOBI HAO0piB JaHuX [3]

HaBeneni y 3arosioBKy Ha0OpH [aHMX MOXKHA PpO3AUIMTH 32 iX
(OYHKIIOHATTFHUM TIPU3HAYCHHSM HA KUIbKa KaTeropiil: copsMoBaHi Ha
nepeBipky ¢akriB  (Hellaswag, MMLU, Winograd Schema Challenge,
TruthfulQA, FacTool, ChineseFactEval), po3mi3HaBaHHS Ta BUIPaBICHHS
nommwiok (GSMS8Kk), Bimkpuri mUTaHHS NI TIEpPeBipKHM KpeaTuBHOCTI (Arc,
HalluQA). ®opmaibHi OKa3HUKH JAFOTh 3MOT'Y OLIHUTH SIKICTh Ti€l Y IHIIOT
Mozieni. BapTo 3ayBakuTH, 110 KOJIEH i3 TiepeliyeHnX HaOOpiB HE MICTHTh
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JTAHUX YKPaTHCHKOIO, TOXK HE J03BOJISIE OIIHUTH SIKICTh MOJIEN Y 00po01Ii TEKCTY

Yy TeHepalii TeKCTy i€l MOBOK. Hampukiaa, mpy BHUCOKMX TMOKA3HUKAX

Claude 3 Sonnet He 3aBkau NPaBIILHO (POPMYIIOE BIINOBIII YKPATHCHKORO,

BKJTFOYAIOYH B HEl aHTJIOMOBHI CJIOBA.

[licas Toro, sk BimiOpaHO AEKiTBKa MOJENel, iX 3IaTHICTh BHPINITYBaTH
OUTBII CrieIiaTi3oBaHi, MPAKTUYHI 3aJ1adl MOXKHA OIHHUTH i3 BUKOPHCTAHHSIM
HACTYITHUX METPHK:

— faithfulness — BimHOIIEHHS KiIMBKOCTI KOPEKTHHUX TBEPIKEHB, SIKi MOYKHA
JIOTIYHO BHWBECTH HA OCHOBI KOHTEKCTY, JO 3arajbHOi KUTBKOCTI
3TEHEPOBAHUX TBEP/PKeHb, (DaKkTHYHO, I Mipa OINHIOE KUIBKICTh
TATIOIMHALLIH, 1110 TEHEPYETHCS MOJICILTIO;

— answer relevancy — oOmiHIO€, HaCKUIGKM BIAIOBIOb  BiIOBiZac
TOCTaBJICHOMY 3aITUTaHHIO, TeHEPYIOYH HOBI MTUTaHHs Ha OCHOBI BiJIITOBI/II.
SIK11o HOBI IMTAHHSA TICHO IIOB’S3aHI 3 BHMXIAHHMM 3aIllUTOM, L€ CBIIYUTH
PO BUCOKY PEJIEBAHTHICTH BiMOBI;

— context precision — oriHIOE, HACKIJIbKH aJeKBAaTHO TeHEPaTHBHA MOJIEIh
BHUKOPHCTOBYE KOHTEKCT Yy CBOil BiAmoBimi 0e3 HaaMipHOTO abo
HeTIoTPiOHOTO TIOBTOPEHHS;

— context recall — anami3ye, HacKiTbKM KOXKHE OKpEME TBEPDKCHHS Y
BIJITOBI/I € BIAIIOBIIHMM 1 3B’ SI3aHHM 3 KOHTEKCTOM 3aJaHOIO IIMTAHH.

Y pamkax JAuCEpTAIlifHOrO JOCHIDKEHHS Iepea0adyacThesl — aHal3
crieriyHAX yKPaiHOMOBHHMX JOKYMEHTiB. JIns BH3HA4YeHHS HAMOLIBII
migxonsmoi LLM mu crioyaTky po3poOuiu Halip KOHTPOIBHUX TMTaHb Ta
BU3HAYMIIM aJICKBATHI BIAMOBIAI Ha HUX. [licas 1bOro 1i MUTaHHS OyJM 3aaHi
pizanM LLM, a oTpumaHi BiIOBi/i MOPIBHIOBAIUCH 3 BU3HAYEHUMH PaHiIIIe.
Bubip OyB 3poOnieHnii Ha KOPHCTh MOJIEN, IO MPOAEMOHCTPYBAIa HAWBHIILY
TOYHICTh BIIMOBIHOCTI JI0 TONEPESHLO BCTAHOBJICHWX BIANOBiNeH. 3a
OTPUMaHMM TIepeNnikoM OymyTh BUMiproBaTHch MeTpukw faithfulness Ta context
recall.

1. Lei Huang et al. A Survey on Hallucination in Large Language Models:
Principles, Taxonomy, Challenges, and Open Questions, 2023 //
https://arxiv.org/abs/2311.05232

2. Xuechen Li et al. AlpacaEval: An Automatic Evaluator of Instruction-
following Models, 2023 // https://github.com/tatsu-lab/alpaca_eval

3. Anton McGonnell SambaNova Delivers Accurate Models At Blazing
Speed // https://sambanova.ai/blog/accurate-models-at-blazing-speed

89



CEKIIA 1: Komn'tomepni nayku ma Kibepbesnexka IMA :: 2024

ABTomaTtu3anis TecryBannsi RAG-cucrem 3 Bukopucrannsm LLM

umko €.A., 3006ysau ep. A-26/KH,
IloBkomtsac O. A., cmapuiuii suxiaoay
Cymchkuit nep>kaBHAi yHiBepcurteT, Cymu, YKpaina

OcTaHHIM YacoM PO3BHTOK BEIMKHX MOBHUX Monueneit (LLM) 3nauno
MIPUCKOPUBCA. Maibke MOMHS 3 SBISIOTHCS HOBI MOMACII, MiAXOAH Ta
anroputMu. Taki MOTY>HI IHCTPYMEHTH 3HAXOIATh IIMPOKE 3aCTOCYBAHHS,
0co0MMBO y cepax oOpoOku, pedepyBaHHS Ta y3arajlbHCHHS BEIUKUX
o0csriB TekcToBoi iH(popMariii. OxHak, cepen HeAOdiKiB neskux LLM e
TEHJEHIUS [0 «raJlolUHAaLiii» — BHIAIKIB, KOJM MOJEJb, HE MAarO4H
BiAMOBiAHOT iH(OpMAIii, MOKEe 3reHepyBaTH MOMIJIKOBY BiAMOBiAb. J{is
0araThOX 3aCTOCYHKIB TaKa MOBEiIHKAa MOJIENI € HEPUITYCTHMOIO.

RAG-cucremu (retrieval-augmented generation) mpeacTasisitoTb CO0050
cnenudiuHui Kjoac MoJeNeH MAIMHHOTO HAaBYaHHS, HI0 IHTETPYHOTh
npouec BHUOIPDKM JAaHUX Ha OCHOBI KOHTEKCTy 3amuty (retrieval) Ta
reHeparlifo BiAMOBiAI Ha OCHOBI oTpuMmaHux manux (generation). RAG-
CUCTEMH — II¢ IHCTPYMEHTH, SIKi JIOTIOMAraroTh 3HaXOJIUTH iH(OpMAIl0 B
BEIMYC3HUX 0a3axX JaHMX 1 CTBOPIOBATHM Ha ii OCHOBI IIOCh HOBe. BoHu
MPAaIIOITh TMOAIOHO 70 TIONIYKOBHX CHCTEM, ajle MOXYTh TaKOXK
TeHEPYBaTH HOBUI TEKCT, BAKOPHUCTOBYIOUH 3HaieHy iH(opMariiro. Xoua
BOHH cX0Xi Ha LLM, siki TakoX MpaiforoTh 3 TEKCTaMU Ha TPUPOIHIN
MOoBi, RAG-crcTtemMu MarOTh yHIKaIbHY OCOOIUBICTH — BOHH MOXYTh TOYHO
BKa3aTH, 3BigKW B3sutacs iH(opmamisa. Lle mo3Boise im mepeBipsaTy daktu
Ta 3a0e3rneuyBaTH OiJIbIy HAIIHHICTD BiIIOBIICH.

OnHiero 13 3ajay AMCEPTAIIMHOTO JOCTIKEHHS € BHUOIp HamidHOI
Mojeni Juis TeHepamii aHamiTH4HOI iH(OpMallii Ha OCHOBI HaJaHUX
JNOKyMEHTIiB. JInsi MOpIBHSIHHS SKOCTI DI3HHX Mojesieid OyB CTBOpEHHIA
nepenik nepeBipoyHux nurtanb. OpHak, nporec GOpMyBaHHS [UX MUTaHb
BUSBHUBCA TpyJaoMicTkuM. s omrumizamii 1miei poboTu Oyna 3asmisiHa
yacTKoBa aBToMaTm3amis 3a gomnomororo APl Chat GPT. Peamizosanmuii
MPOTPaMHUI KOJ| JO3BOJIMB 3TCHEPYBATH IUTAHHS 3 THUIIB «IIPOCTE
nutanssy (Simple), «mipkyBanns» (reasoning), ta «0araTOKOHTEKCTHE
nutanHsy  (multi-context), a TakoX MOXNIMBI BIAMOBIAI HAa HUX.
BukopucTaHHS CTBOPEHOTO 1HCTPYMEHTY HE JIMIIE TIOMOBHWIO TECTOBY
0a3zy, ajge W ICTOTHO CKOpPOTWJIO 4Yac Ha PO3pOOKY MHUTaHb JUIsl OIHKA
SKOCT1 MOJieNeH.
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Indopmaniiina TexHOJIOTiA MiITPUMKH PATYBAJIbHUX onepauiii
JepaaBHoi c1y:k0U YKpaiHu 3 HAA3BHYANHMX CUTYyalil

Cxkopoxon A. A., 3000ysau ep. IH.m-21n;
[oBkomtsic O. A., cmapwiuii sukiaday

CyMchkuil epxaBHAi yHiBepcUTeT, M. CymMu

B yMmoBax mocTiiHUX BiHCHKOBUX KOH(IIKTIB LHWBiNbHE HACEICHHS
3aBXIU TnepeOyBae mij 3arpo3oro. Y 2022 poili KiJdbKiCTh CMEPTENbHUX
BHIIAJKIB CepeJl MHPHOTO HACENeHHs Hamioi KpaiHW 3pocia BIBidi.
HeratuBHa TeHmeHIis 30UTbIIyETECA 10 choroaHi. HaBiTe mepebyBatoun B
YKPHUTTSAX, JTFOJIM He BOEPEkKEHi BiJl pU3UKY 3a3HATH HEIACHUX BUIAJIKIB.

IcTOoTHOIO TEpenIKoI00 MPU MPOBEJCHHI PATYBAIBHHX OIEpaliid crae
BIICYyTHICTh TOYHHX JMJAaHUX TMpO MocTpaxnamnx. OgHUM 13 NDIAXiB
BUpIIICHHS 11i€i TpOOJIeMH € BHUKOPUCTAHHS CYyYaCHHUX TEXHOJOTiH
po3mizHaBaHHs 00pa3iB, 30kpeMa, Mozeini You Only Look Once (YOLO) Ta
6ibmiorexkn komn PoTepHOTO 30pYy dlib.

MeToro 1aHOTO JOCIiIKEHHSI € PO3POOJICHHsI KOHIICIIIIT Ta MPOTOTUITY
CHCTEMH, TMPHU3HAYCHOI JUIS MOHITOPUHTY KINBKOCTiI BiABiAyBadiB Yy
TPOMAaJICBKHX MICIISIX 3 MOYUIMBICTIO PO3ITi3HABAHHS O0JIHY.

KonnenT cucremu mnependavyae HasBHICTH JBOX KIIFOYOBHX YaCTUH —
KIIIEHTCHKOI Ta cepBepHOi. KilieHTchka yacTuHa Mae OyTH pO3MillleHa Ha
CTOPOHI 3aMOBHHMKa (Jep)kaBHE UM TPUBATHE TPOMAJCHKE MicIle),
BUKOPHCTOBYBAaTH JaHi 3 KaMep BiJ€OCHOCTEPEKEHHS ISl PO3Ii3HABaHHS
pyXoMHX 00’€KTIB (JIF0JIei) Ta BIANpaBKH JaHWX Ha cepBep. Bukopucrana
B pobGoti momens YOLO Oyna mnepeHaBYeHa Ha BIIKPUTHX JlaTaceTax
JMOJACHKUX OONHY, MO JO3BOJMJIO 30UIBIINTA TIBUIKICTE OOpPOOKH.
CepBepHa 4YacTHHA CHCTEMH IIpH3HA4YeHA JJIsI OTPUMAaHHS JaHUX, IX
MOPIBHSHHSA 3 YK€ ICHYI0YOK 0a3010 JaHMX Ta HaJaHHS 3BITHOCTI. Y X0l
nociipkeHHs: OyB crBopenuid mpototun Ha flask ta face recognition —
Oibmiorerti, mo Hagae 3py4yHUit iHTEpdeiic s podotu 3 dlib.

Takum 4uHOM, OYB CTBOPEHUH (YHKIIOHANbHUI 0a30BHH MPOTOTHIL,
0 JIEMOHCTPYE OCHOBHY iJet0 nociipkeHHs. OmnucaHa cCUCTeMa Mae
MOTEHI{a] JUIsl BUPIMIEHHS NpoOJeMH HEeJOCTaTHOCTI TouHoi iHdopmamii
PO MOCTPAKIAINX Ta iX KIJABKICTh. 3aBASKH JaHUM, 310paHUM TaKOIO
CHCTEMOIO, MOXKHQ 30CEpEeIUTHCS Ha TMOIIYKaX KOHKPETHOI KIUIBKOCTI
JIOJIEH, 10 CIIPOCTUTH Tporiec ineHTudikarii.
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IndopmMaTUBHICTH OKPpEeMHUX YACTHH 00JMYYSI IPH PO3Mi3HABAHHI
e€MOUiHHO-TICUXiYHOI0 CTAHY JIUHH

Crnemuenxko /., 3006ysau
CyMchkuii nep:kaBHui yHiBepcuteT, M. Cymu, YKpaina

3ama4a posmizHaBaHHs emorliiHo-icuxiunoro crany (EIIC) moanau €
JOCUTH CKIIQJHOI, OCKINBKK BKIIOYa€ B ceOe imeHTH(IKaLilo pi3HUX pHC
o6muyust. Odi, poT i OPOBHU € KIIOYOBUMH O3HAKAMH, SIKi aHATI3YIOTbCS IS
BH3HAYEHHS OCHOBHOI emotii. KpiM Toro, BaXimBy poib y BHSABIEHHI
€MOIIIH BiJlirpaloTh TaKi MapaMeTpH SK 3MOPIIKH HA HOCi, CTUCHYTI TyOH,
pyxu OpiB. Lli o3Haku 30cepekeHi B HOCOTYOHIH 30Hi, 30HI OYeH, IIiK Ta
poTa, ie pyX BiIMOBITHUX M’513iB BioOpakae pi3HHUNA €eMOLIWHUHN CTaH.

Husa posmniznaBanus EIIC mrogmam 3a 300paskeHHSM OOJIHYYS MOXKHA
BUJIIIMTH JIBA OCHOBHUX ITiJIXOJH: METOJU HA OCHOBI HEHPOHHUX MEPEK Ta
Kiacu4yHi MeToau. HelpoHHI Mepexki, SK IpaBWIo, BKIIOYAIOTH B cede
OipIlle TPUXOBAHWX IIapiB, IO BHMara€ iHTEHCHBHOTO HaBYaHHS 3i
3HAYHUMH  OOYHUCITIOBAUIBHUMH  MOTYKHOCTSAMH. s edekTuBHOL
knacudikanii EIIC, Take HaBuaHHS BHMAara€ BEJIMKUX HAOOpPIB JaHUX.
Kitacuuni MeTomu B CBOIO Yepry MaroTh psija HepeBar Ui crenupiaHux
CUCTEM pO3Ii3HABaHHA eMolild abo HabopiB maHuX. BoHM BHMararTh
MEHIIUX OOYHCITIOBAJIBHUX IMOTYKHOCTEH, a TaKOXX MPOTMOHYIOTh OIbIIY
e(eKTUBHICTh 1 HAJIIIHICTB.

IHdopmMaTHBHICTE OKpEMUX AUISTHOK OOIHYYSI MOXKHA OI[iIHUTH B paMKax
iHpOpMaIlifHO-eKCTpEeMabHOI 1HTENeKTyanbHOI TexHoJorii. dopMmyeTbes
JIBa CJIOBHHKH JIIarHOCTUYHUX O3HAK: 32 TOBHUM 300pa)KCHHSM Ta 3a
¢dparmenTamu 06y Yst. /711 KOXKHOTO CIIOBHUKA MTPOBOANTHCS TapajeibHa
OIITUMi3allisg apaMeTpiB CUCTEMU KOHTPOJILHUX JOMYCKIB Ha JIIarHOCTUYHI
O3HaKH Ta BU3HAYAETHCS YCEepeJHEHe 3HadeHHs iHdopmaliiiHoi Mipu
pizHomaniTHocTi  KynpOaka. Ha  koxHOMy  kpomi — omrumizamii
MOPIBHIOETHCS ycepeHEeHe MaKCUMalilbHe 3HauyeHHs iH(opMamiiHoi Mipu
PI3HOMAHITHOCT] Ui MOBHOTO Ta YaCTKOBOI'O CJOBHMKA JIarHOCTHYHHX
03HaK, Ta BU3HAYAETHCS 1HQOPMATHBHICTD JIarHOCTHYHOT O3HAKH.

Taxkum yrHOM, BOpOBaKEHHS 1HPOPMATUBHOCTI OKPEMHX 30H 00IHYUs
JIO3BOJIUTHh THOKpalMTH e(peKTHBHICTh cucTeMu giarHoctyBaHHs EIIC Ta
BUKJTIFOUUTH (PAKTOpH, IO MEPEHIKOKAIOTh YITKOCTi, HEOOXIJTHINH st
TOYHOT'O PO3Mi3HABAHHS BUPa3y OOIUTYSL.
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CkiHueHHH aBTOMAT i3 101aTKOBOIO NaM’ATTIO AK iHCTPYMEHT
NPOEKTYBAaHHS BipTyaJIbHUX TPeHaKkepiB

CuBokonb B. B., 3006ysau ep. [H.m-21n;
[oBkomtsic O. A., cmapwiuii sukiaday

CyMchkuil epxaBHAi yHiBepcUTeT, M. CymMu

IHTepakTHBHI MaTepiaau BiAIrparOTh KIIFOYOBY POJb B EICKTPOHHOMY
HaBYaHHI. BipTyanbHi TpeHa)kepH, 10 3aCTOCOBYIOTHCS, 3HAYHOIO MipOIO —
[le TpOrpaMHi TPOAYKTH, PO3pOOJICHI IS TOCTIIOBHOTO BHKIIAJCHHS
TEOPETHYHOT0 MaTepiaiy, PO3BUTKY NMPAKTHYHMX HABHYOK Ta OLIHIOBAHHS
3HaHb. IXHIO e(eKTMBHICTH 3a0e3Meuye aKTHBHE 3alydeHHS KOpHCTyBaua
710 HABYAJILHOT'O TIPOLIECY.

AKTyanbHUM 3aBIAHHSAM JJIs1 OCBITHBOI Traily3l € HanaroKeHHS
e¢()EeKTUBHOTO  TPOIECY  PO3POOJICHHS  BIPTyaJlbHUX  TPEHAXEPIB,
MPOAYKTHBHICTh SKOTO Oyna O y3rojkeHa 3 MIOpa3 BUIIUMH MOTpedamu
MIPAKTUKU, OOYMOBJICHUMHU BBEICHHSM HOBHMX JUCLUIUIIH Ta OHOBIICHHSM
Mporpam y»Ke HassBHUX KYpPCiB.

3anopyKkor0 SKOCTi HaBYAJILHOTO 00’€KTa € PETEIbHO BUKOHAHUN eTall
npoektyBaHHs. [lepeBakxHO B HlOro OCHOBI JIEKUTh HAaIMCaHHS CLEHAPIIO,
SIKUM BUCBITIIIOE JIOTiKYy poOOTH TpeHaXKepa 3 MeJaroriyHoi TOYKH 30pYy.
Takuii migxin 4acTo € Hee()eKTUBHUM, OCKUIBKH CTBOPEHHS TEKCTOBOTO
OIUCY, M030aBIEHOrO THUIIOBUX HENOJIKiB, CTAHOBUTH CKJIQJHE 3aBJaHHS.
OnHUM 3 OCHOBHHMX HEHNOJIIKIB € HEMOBHOTA, TOOTO MPOIYCK BaXKIUBHX
neraneld, HEOOXiMHUX I aJeKBaTHOI peamizamii TpeHaxepa. Jpyrum
HEJ/IOJIIKOM € HasBHICTh HEOJHO3HAYHOCTEH, SIKi MOXYTh CHPUYUHUTH
MTOMIJIKA 1HTEpIIpeTalii ciieHapiro po3poOHUKOM. TpeTboro mpodiieMor €
MPaKTUYHO BiJICYTHS Bizyasizallisi, 0e3 KOl TEKCT BaXKKO CIIPUIMAETHCA.

ABTOpPH TIPOTIOHYIOTH QJILTEPHATUBHUMA TIiAXiJl, SKAH TMOJSATaE B
MpeacTaBieHH] TpeHaxepa y (opMi CKIHUEHHOTO aBToMaTa. Tak MOXHa
noOyayBaTH AiarpaMmy CTaHiB, 3a JONOMOTOI0 SIKO1 BifOOPa3WUTH JIOTIiKY
MepexoIiB MK 3aBiaHHsMH. [IpoTe, y TpajuIiiiHii aBTOMAaTHIH Mojemi
apryMeHTtamMu (QYHKIIT TMepeXo/diB CIYrylOTh JHIIE TOTOYHUH CTaH —
3aBJIaHHS Ta KePYBaJbHHIA BIUIUB — BiJIMIOBiIb KOpUCTYBava. Takuil miaxis
HE JI03BOJISIE BPaXOBYBATH iCTOPIIO B3a€MOJIIT 3 HABYAJIHHUM 00’ €KTOM, IO
ICTOTHO OOMEXKYE KOJIO 33a]1au, JUIS IKHX MOXHA PO3POOUTH TPEHAKED.
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Mertoro poOOTH € CTBOPEHHS TEOPETHIHOTO IHCTPYMEHTY HPOEKTYBAHHS
JIOTiKH POOOTH BIpTYyaJbHHUX TPEHAKEPIB HA OCHOBI CKIHUEHHOTO aBTOMara 3
JONAaTKOBOIO —mam’arTio. [l i JocsrHeHHsT HEOOXITHO — TPOBECTH
MaTeMaTHYHE MONCTIOBAHHSA B TEPMiHAX TeOpii aBTOMATIB, pPO3POOUTH
HOTAIIIo [T MOOYZOBH JiarpaM CTaHiB, MICIs 9OTO BUKOHATH TPOEKTYBAHHS
3aBIaHb TpeHakepa 3 TeMH «IpaHCIOpPTHI 3ajmadi» 3a JIOMOMOTrOIO
OTPUMAHOT0 IHCTPYMEHTY, 100 IMePEBIPUTH HOTO Ha TPAKTHIII.

VY posmmpeHiii aBTOMaTHIH MOJAENi BipTyalbHOTO TpeHa)xepa (YHKIIii
MEepPexoJliB  Ta BUXOMIB JIOJATKOBO 3aliekaTh BIiJ] CTaHy I1aM SATi.
OOMexeHHS Ha JOCTYM A0 30epeKeHUX 3HAYeHb HE HAKJIAaJaroThes, SIK 1Ie
peamizoBaHO y BIJOMHX BHIAaX KIHIEBHUX aBTOMATiB i3 mam sATTIO (i3
MarasvHHOI IaM’ATTIO, JIBOMa CTEKaMH, BKIAJCHHUMHU CTCKaMH TOIIO),
OCKUIBKH JIOCIIIJDKCHHS MUTaHHs OOYMCIIOBAHOCTI HE CTABUJIOCS 332 METY.
J1o TOro % MPOEKTYBAHHS Mae OyTH MPOCTUM, Oe3 3aiiBHX BHTpPAT 4Yacy Ha
3aCTOCYBaHHS METO/IY.

Brockonanena aBToMaTHa MOJIEITb I03BOJISIE CTBOPIOBATH JiarpaMu, 1o
(¢opMarbHO BHU3HAYAIOTh YMOBU TMIEPEXOJiB MK 3aBAaHHAMU 32
JOTIOMOTOI0 MAaTEMAaTHYHUX BHUPA3iB, IO CKJIAJAIOTBCA 3 JIOTIYHUX
omepaTopiB, IyKOK Ta KBaHTH(DikaTopiB. )1 KOMIAKTHOTO 3aluCy
JIOMYCKAEThCST BUKOPUCTAHHSI CUMBOJY CHCTEMH — (IrypHOI TYXKKH «{».
IToTouHe BXi/HE CIIOBO MMO3HAYAETHCS K X (t), 7€ t O3HAYAE TAKT aBTOMATA.
Jlns 30epeeHHsT MPOMIXHHUX 3HAYCHb JIO3BOJSETHCS BBOJWUTH JIOJATKOBI
3MiHHI, CUMBOJIbHI TIO3HAYKU SKHX Bi3yaJIbHO BHOKPEMIIIOBATHMYTHCS 3a
JIOTIOMOTOI0 JTIaKPUTHYHOTO 3HaKa «~». CHMBOI «:=» 3aCTOCOBYETHLCS IS
OIUCY OTEepaIliii MPUCBOEHHS T4 OHOBJICHHS 3HAYCHb 3MiHHHUX. J[0aTKOBI
Ti1, o BiOYBAIOTHCS B pa3i Mepexojly, HABOAATHCS TICIs PO3AUILHHAKA «|»
Haj BIAMOBIIHOW CTPUIKOI. JIisi 3MEHIIEHHS KUIBKOCTI €JIEMEHTIB
JiarpaMu  3aBJIaHHSI-CTAHW  MOXHA  TPYINyBaTH Ta  KOPHUCTATHCS
JIOMOBJICHOCTSIMH, 1[0 JIIFOTh Y paMKaXx OB’ s13aHOT TEXHOJIOTI.

[HCTpYMEHT yCHilTHO 3aCTOCOBAHUH IiJ] Yac MPOEKTYBaHHS 34 3aBlaHb
TpeHaxepa «TpaHcmopTHi 3amayi». s KOXHOTO 3 TPHOX €TalliB
(BM3HAYECHHS OCHOBHUX BJIACTUBOCTEH, 3HAXOKEHHS OIOPHOTO IUIAHY
nepeBe3eHb, 3aCTOCYBAaHHS METOJ/y TMOTEHINaNiB) MO0yI0BaHi JiarpaMu B
nojaTky draw.io, ski (hopMati3yrTh JIOTIKY poOOTH HaBYaJIbHOIO 00’ €KTa.
[loGynoBani pmiarpamu 3aBOaHb TpeHaxepa «TpaHcHOpTHI 3amayi»
BUKOPHUCTAHI T1iJ] 9ac MPOrpaMHoOi peaizallii Jo1aTka.

Po3po0ieHnii 1HCTpYMEHT 3aCTOCOBYBATUMETHCS JUISL TPOEKTYBAHHS
BIpTyaJIbHUX TPEHAXKEPIB Y MEXKax BiANOBIAHOT iHHOpMaLiHHOT TEXHOJIOTII.

94



IMA :: 2024 CEKLIA 1: Komn'tomepni nayku ma Kibepbesnexka

Indopmaniiine Ta nporpamMue 3ade3neyeHHs] CHCTEMH MOJEJTIOBAHHSI
(isnyHUX NponeciB B HAANPOBITHMKAX

CepebpsikoB A. €., 3006y6ay; Hanosanos C.I1., doyenm
Cymchkuit nepxaBHUH yHiBepcuteT, M. Cymu, Ykpaina

®i3uuHi sBUIIA Ta MPOLIECH HE 3aBXKIH 3aJI00KH JOIMyCKaoTh B cepy
CBOTO MOJETIOBaHHSA iHQopmamiitai TexHomorii. lle crocyerbes
IOCHIKEHb 1 HaanpoBinHukiB. [IpoTe gmeski pexkomMeHmamii y
BUKOPUCTaHHI makeTiB mnpukinagnux mnporpam SALOME, OpenFOAM,
Paraview [1] ta Texnonorii CUDA nnst MomenroBaHHS CKIaIHUX (Pi3UIHAX
MPOIIECiB [2] € 3aCTOCOBHUMH.

Haxanp cucremHoro ingopmaniiHOro Ta MpOrpaMHOTO 3a0e3MeucHHS
TIOKH IIIe He icHYE. | e cTae mpeaMeToM IOCIiKeHb.

HagnpoBigaicTh — 1€ CyKymHICTh (Di3MYHUX BIACTHBOCTEH, SAKi
CIIOCTEPIraloThcs B MEBHUX MaTepiaiax, KOJIHM eJIeKTPUYHHI OMip 3HUKAE, a
MarHiTHI TIOJS BUTICHSIOTBCS 3 Matepiany. Byab-skuii Matepian, 1o
JEMOHCTPYE IIi BIIACTHUBOCTI, € HaampoBigHUKOM. Monorpadis [3]
BiJICNTIIKOBY€E TOCIIIOBHICTh BIIKPUTTIB B LUX MaTepianax i 3 ¢i3uuHOi
TOYKH 30py OMKCYE Pi3HI MOJEII, 10 MOSCHIOITH Ta MepeadayaroTh HOBI
edeKTH B HaIITPOBITHUKAX.

[TocTaBuMO HAcCTymHEe 3aBIaHHS — CTBOpUTH iH(QopmamiiiHe Ta
MporpaMHe 3a0e3MeyYeHHs] CUCTEMHU MOJICNIOBaHHs (Pi3MYHHX TPOIECiB B
HaanpoBiaHUKax. [{ist pearnizarii 3aBnanHs 0OpaHi HACTYITHI KOMIIOHEHTH.

1. LibrePCB - kpoc-uiatopMHHA TaKeT JUis aBTOMATH3aIlil
CJIEKTPOHHOTO TIPOEKTYBaHHS JUISI MAaJIOBaHHS CXEM 1 PO3pOOKH
JPYKOBaHUX IIJIAT.

2. JoSIM — cumynsatop cunrakcuunux cxeMm SPICE, cnenianbHO
CTBOPEHHI JyIst pOOOTH 3 HAIITPOBITHUMHU €JICMEHTaMHU.

3. Moga nporpamysanus C++ — yHiBepcaibHa MOBa MPOTrPaMyBaHHS
BUCOKOTO  PiBHI 3  WIATPUMKOI  JEKUIBKOX  MapagurMm
MporpaMyBaHHSI.

4. Qt — kpoc-marpopmMHe mporpamHe 3a0e3MeUeHHs IS CTBOPEHHS
rpadiyHuX iHTepQeiiciB KOpHCTYBaya, a TaKOX KpocruiaThOopMHHX
MpOTpam.

OnHiero 3 OCHOBHHX 3ajjad  MPOTPAaMHOr0  3a0e3leyYeHHs —

AaBTOMATHU3YBAaTH TIPOILIEC MOJICIIOBAHHA-CUMYJISIIT €JIEKTPUYHOrO KoJja,
OCKUJIbKM BC€ IIe HE ICHYE NMPOrpaMHOTO 3a0e3MeueHHs IO IO03BOJHTH
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orpumaru wmojens 3amucaHy y SPICE wsoramii, sky moxHa 6 Oyrmo
BUKOPHUCTATH OJHUM 13 CUMYJIATOPIB.

Tomy 3aBmaHHAM JaHoi pPoOOTH ciIyrye po3poOKa MPOrpaMHOrO
3abe3nedeHHs], Mo JA03BoJuTh oTpuMati Moaens SPICE i3 LibrePCB, tak
mo6 moxkHa Oymo mposectn il cumymsmito 'y JSIM/JoSIM nmomatky.
Po3pobrnennit nogatok Oyae BUKOPUCTOBYBATHUCS SIK He3alle)KHE IPOTpaMHe
3a0e3mneyeHHs 3 rpadiyHUM Ta KOHCONbHUM iHTepdeiicom. Takox BiH Mae
MaTH TJIMOOKY KacTOMI3aIlil0 B 3aJeXHOCTI Big PI3HUX MOTped
kopuctyBada. OkpiM caMoro J0AaTKy, MOTPIOHO TaKOX CTBOPUTHU
KopucTyBallbky 0i0mioreky mist LibrePCB, mo Oyne mictutu yci moTpiOHi
eNeMEHTH JUIsl CTBOPEHHS eJIEeKTPUYHOro Koja. Y  Mail0yTHboMY
IUIAHY€ThCS ~ CTBOPHTH  IporpamMHe  3a0e3ledeHHs  ska  Oyne
BukopuctoByBati LibrePCB, ctBopenuit nomaroxk Ta JSIM/JoSIM
CUMYJISITOPH K MOZYJIi Ta TO3BOJIUTH MOOYAyBaTH pi3Hi rpadiku Ha OCHOBI
CUMYJIAIIII.

OOpanuii iHCTpyMEHTapiii Ta MNporpaMHE 3a0e3INCUCHHS JI03BOJIATH
BUKOHATH BCl MPOEKTHI 3aBJaHHS Ta CTBOPHUTH JOAATOK, IO MOXE CTaTh
3aCTOCOBHUM B SIKOCTi OJTHOTO 3 OJIOKiB iH(hOpMAIIiIHHOTO Ta MPOTPAMHOTO
3a0e3MCUCHHsT  CUCTEMH  MOJENIOBaHHS  (i3MYHUX  MpPOIECiB B
HaJMPOBITHUAKAX.

OcHoBHI ~ mepeBarm Ta  3M00yTKM  CTBOPEHOTO  HPOTPaAMHOTO
3a0e3IeYeHHS:

—  Bi3yai3zalist Ta 004YHMCcIeHHS (I3UYHUX TPOLIECIB B HAAMIPOBITHUKAX;
—  MOJKJIMBICTH IMITallili Pi3HOIUIAHOBUX MPOIIECIB.

Ille mMoxe OyTHM KOpPHCHMM SIK B J1a0OpaTOpHUX TaK 1 HayKOBUX
po3podKax.

1. MopgemoBaras ¢i3uuHUX TporeciB: KoM 'rOTepHMI MPaKTHKYM
[Enextponnuii pecypc] : HaB4. mocid. ans cryn. crherianbHOcTi 105
«[Ipuknamna ¢isuka Ta HaHoMarepianuy, cremiamizamii «[IpukiamgHa
¢izuka» / KIII im. Irops Cikopcekoro ; ykmax.: H. @. [{umurtpieBa. —
Enexrponni TekcroBi nani (1 daiin: 11,6 M6aiir). — Kuis : KIII im. Irops
Cixopcskoro, 2021. — 96 c.

2. MopentoBanHs (Di3MYHMX TPOLECIB 13 BUKOPUCTAHHAM TEXHOJIOTI]
CUDA : monorpagis / I. B. 'ymun, B. M. Kykmin, O. B. Mimmn, O.
B. Tlpwuiimak. — X. : XHVY imeni B. H. Kapa3ina, 2017. — 116 c.

3. Combescot P. Superconductivity. An Introduction. — Cambridge
University Press. 2022. — 400 p.
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Buxopucranns HeiipomMepe:x 1Jis1 aBTOMaTU3aLil mpouecy BU3BHAYEHHS
(yHkuioHanbHOrO cTany 6a3 JaHuX i onTuMizauii ix podoTn

Yuxkamnor O.C., 3006ysau
CymMmchkuit nep>kaBHAHN yHiBepcuteT, M. Cymu, YkpaiHa

VY cyuacHili mudpoBiid emnoci mpobiemMa 3pocTaHHS OOCSTIB JaHUX
noTpedye mocTiiiHoro Ta edexkTuBHOro ympapiiHHSA Oasamu maHux (BJI).
30inpIIeHHs  iHGOpMAIll YCKIAMHIOE aHaji3, BHSBICHHS IaTEpPHIB
knacu(ikalii JaHUX Ta MPUAHATTS CTPATETiYHUX PillleHb, pOOISTYN pydHe
aamirictpyBanHs bJl HemoctaTHhO edexkTnBHMM. Taka cuTyarlis 3MyIIye
IIyKaTd aBTOMATH30BaHI ITIXOIHM, OCOOIMBO KOIW TPATWIAHI METOIU
CTalOTh HEMPOAYKTUBHUMHU. BUKOpHCTaHHSI HEWpPOMEPEK CTa€ KIIOUOBHM,
OCKUTbKM BOHH JO3BOJISIIOTH ABTOMAaTH3YBaTH TPOLIECH aHANi3y AaHUX,
po3mi3HaBaHHS 3B'A3KIB Ta MATEPHIB, a TAKOXK OMTUMI3yBaTH podoty b/ 3
MiHIMaJIbHUM BTpY4YaHHSAM KopHcTyBaya. [1].

Heiipomepexi  BifirpaloTp  KIIOYOBY  poOJib y  BU3HAUCHHI
¢yakmionansHoro crany 60asu gaHux (PCBJ]) 3aBmskm iXHIA 37aTHOCTI
aHaN3yBaTH Ta IHTEPIPETYBaTH BENUKI OOCATH NMaHWX 3a KOPOTKUH Hac.
BoHu BUKOPHCTOBYIOTHCS JUIsl aBTOMATH3AIII] Psily TPOIECIB, MO JTO3BOJISE
BHUSBIISITH aHOMaiil Ta onrtuMmizyBatu po6ory bJl. Tabmums 1 Oimbm
JIETAIBHO BUCBITIIIOE MOKJIMBUUA MEXAHI3M B3a€MOJIII.

Tabmuus 1. Poss Hetipomepex y BuzHauenni @CBJ]

3BigKM Ta IK MOKHA

. Poanb Heiipomepe:x y BusHauenni ®CB/]
OTpUMATH AaHi

Iadopmarist mpo Heiipomepeski BUKOPHCTOBYIOTHCS JUTS aHATI3Y Yacy BUKOHAHHS
BUKOHAHHS 3allMTIB Ta | 3alUTIB Ta TPAH3aKIil, BUSBICHHSI 3aTPUMOK Ta aHOMAJIH y
TpaH3aKIIii po6oti B/I.

HeiipoMepeski aHami3yIOTh CHCTEMHI KYPHAITH Ta JIOTH JJIs
BUSBJICHHS HE3BMUYAWHUX TOii, TOMUJIOK YH 1HIIMX aHOMAJTi#, 1110
MOXYTh BIUIMHYTH Ha QyHKIIOHYBaHHs B/I.

CucTeMHi XypHAIH Ta
JIOTH

Crpykrypa nanux taii | Helipomepexki MOKYTh BHSABJISITH 3MIHH y CTPYKTYpP1 JaHUX Ta
3MiHU pO3Ii3HABATH HOBI MAaTEPHH, 1[0 BUHUKAIOTH Mijg yac podotu 3 B/1.

Heiipomeperxi BUKOPUCTOBYIOTBCS ISl aBTOMATHYHOTO
3aBaaHHsI MOHITOPUHTY | MOHiTOpHHTY po6oTH B/] Ta BUsIBIEHHS NOTEHUiHHUX MPOOIeM 3
X (yHKIIIOHYBaHHSM.

B Toit xe wac, posrmsgatoun came noHsATTs OCBJl, moxHa
KOHCTaTyBaTH, IO II¢ BOHO BHUKOPHCTOBYETHCS BIIEPIIEC Ta BKIIOYAE PSiI
KOMIIOHEHTIB, 10 OIUCYIOTh TIPOLIEC  OLIHKK Ta  YHpPaBIiHHS
XapaKTepUCTUKaMU 0a3 JaHWX 3 METOH 3a0e3NedeHHs iX eQeKTHBHOCTI,
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HaJIMHOCTI Ta BIANOBIMHOCTI BHUMOTaM KOpPHCTyBadiB. BoHO Takox
BKIIIOYa€ B ceOe aHalli3 Ta HaJaroJKeHHS MapaMeTpiB JAOCTYIY 0 AaHUX,
onrtumizanito cTpykrypu B/l, 3abe3neuenns 3axucty indopmarii, a Takox
BIOCKOHAJICHHA Ta PO3MIUPEHHS (QYHKIIOHATBHOCTI iH(OpMariifHol
CUCTEMH B IILIIOMY.

OCB/l 3aneXuTh BiJg BENHKOi KIIBKOCTI XapaKTEPUCTUK, CEpel SIKUX
CJil BUJUIMTH HACTYIHI SK HAWOUIBII Baromi: IMIBUIKICTH JOCTYIY IO
nmauux (S), oocar B/l (V), kKiapKicTh ogHOYacHUX 3amuTiB (Q), HAMIHHICT
cucremu (R), Ta crynine ontumizauii ctpykrypu ganux (O). BpaxoByroun
e, popmysa s ominku mojaeni ®CBJl Mmoxxe OyTH onucaHa sk:

F=w1-S+w2-V+wWs-Q+ws-R+ws-O + wi-X; (1)
ne F — xpurepiii ominku @®CBI; Wi - BaroBi koedillieHTH, sKi
BiIOOpakaroTh BaXKIUBICTH KOXHOTO mapamerpa ; X;. — iHOI

XapaKTePUCTUKU 0a3M TaHUX.

B npakTHuHOMY 3K 3aCTOCYBaHHI IMOCTA€ MUTAHHS PO3POOICHHS MOJENI
Helpomepexi, ska OyJe HaBYCHA aHANI3yBaTH Ta BH3HAYATH ONTHMAJbHI
BaroBi Koe(imieHTH Wi,W2,W3,Ws,WsW; [UIIXOM HaBYaHHS Ha BXITHHUX
naHuX. BoHM BKIIOYATHMYTh SIK MOTOYHI peabHi 3HAYEHHsSI OMHCAaHUX
nmapaMmeTpiB, Tak i apxiBHi nmani. Ilicns HaBuaHHS HeHpoMmepexa 3MOXKe
omiHOBaTH (PpyHKIIOHANBHUH cTaH bJl 6e3mocepeHpo i B 3alM€KHOCTI Bij
KOHKPETHOI 3a/iadi Ta CUTyallil BUJaBaTH OJIOK PEKOMEHMAIlil ornepaTtopy
[2].

Otxe, Oyno BBeJeHE MOHATTS (PYHKLIOHAIBHOTO CTaHy 0a3u AaHUX, a
TaKOXX PO3TJISIHYTI OCHOBHI KOMIIOHEHTH, 3 SIKMX Oyme ¢opmyBaTucs
kpurepiii ominku OCBJl. BukopucranHs HelpoMepex Ui aBTOMaTH3aIlii
nporecy Horo BH3HAYEHHS € TMEPCIEKTHBHOIO 33/1a4el0 IS ITOJAIBIINX
JOCTiKeHb. BUKOPUCTaHHS AaHOTO MiIX0y A03BOJISE 3a0e3meunTr OiIbIn
edexTHBHE ynpapniHag BJl, 1m0 € KpuTHYHUM y cydacHiil nudpoBiii emnoci,
JIe MBUJKICTh Ta TOYHICTh BaYKJIMBI JUI yCIiXy Oi3HECY Ta opraHizalii.

1. An Artificial Neural Network Utility for the Optimization of History
Matching Process, [Enextponnuii pecypc] — DOI:10.2118/107468-MS

2. Types of Functional dependencies in DBMS, [EnextponHumuii pecypc] —
pexxum  nmoctymy:  https://www.geeksforgeeks.org/types-of-functional-
dependencies-in-dbms/

KepiBauk: bepect O.b., cm. suxnaoay, Cym/[Y, Cymu, Yrpaina
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MopeaioBaHHSI TA METOAMKH /I ABTOHOMHMX HABIiramiiHuX cHCcTEM
BILJIA y cdepi arporexHnoJioriii

SAckesnu b., 3006y6au
CyMchkuit iepkaBHUE yHiIBepcuTteT, M. CymH, YKpaina

Beryn. AxTHBHE BHUKOPUCTAHHS OC3MUIOTHMX ACPOHABTUYHUX CHCTEM Y
arpapHOMY CEKTOpi, 30KpeMa Jjisi OONPHUCKyBaHHS ITOJ1iB, BAMAra€ TOYHOTO PO3IIOALTY
arpoximikaTiB. B 11boMy KOHTEKCTi, aBTOHOMHI OOpTOBI CHUCTEMH pO3Mi3HABAHHS
BilirparoTh BHUpILIATGHY POJIb, HAJIAIOYM BOKIMBY iH(OpPMALIO U ifeHTH]iKarii
arpoKyJIbTYP T IUIAHYBAHHS ONTHMAILHUX MapIIIPYTiB .

i mocnimkenns. Po3poOka Ta anpoOartist Mojieneit Ta METOMK, SIKi TIOKpaIaTh
e(eKTUBHICTh aBTOHOMHHMX OOpTOBHMX CHCTeM posmisHaBaHHsA BIIJIA, 3 Meroro
ONTHMI3aLli OOIPUCKYBaHHS arpoKyIbTyp. CrielughidHi 3aBAaHHS BKIIOYAIOTh:

— CrBopeHHsI MaTeMaTWYHOI MOJEN JUI JeTaii3allii arpoKylbTyp 3 METO
BU3HAYEHHS HEOOXiTHUX TTapaMeTPiB OOMPUCKYBaHHSL.

— PospoOka anroput™iB i MOHITOPHHTY arpoKyJibTyp Ta BIOCKOHAICHHS
HaBIraIiiHAX CUCTEM TS 320€3MeUeHHS ONTHMAIEHUX IISIXIB OOPOOKH.

— BnpoBamkeHHsS TEXHONOTTH MalIMHHOTO HABYAHHS Ta KOMITIOTEPHOIO 30pYy ISt
TOYHOTO 1IeHTH(IKYBaHHS arpoKyJIETYp Ta BU3HAYCHHS TPOOJIEMHHUX 30H.

— InTerpariis HOBITHIX MOJENEH Ta METOAMK y aBTOHOMHI OOpPTOBI CHCTEMH IS
TOKpAILCHHs B3aeMOIii 3 iHIMME cucteMamu BIUTA.

Pe3yabTaTu. Y X011 1OCHIHKEHHS OYJI0 JOCSTHYTO HACTYITHOTO:

— BukoHaHO pPO3pOOKY MaTeMaTHUHWX MOJIEJCH, IO JIO3BOJITIOTH BpaxyBaTH
OCHOBHI ~ IMApaMeTpH  arpoKylbTyp, CIOPHSIOYM  TOYHOMY IUIAHYBAaHHIO
OOTIPHCKYBaHHS.

— PeanizoBaHo anropuTMi MOHITOPHUHTY Ta HaBIrallii, 0 aJalTYFOThCS 10 3MIHHHX
YMOB, 3a0e3medytoun eheKTHBHICTh OOMPHUCKYBaHHS.

— 3acToCcOBaHO TEPENOBl METOAM MAIIMHHOTO HABUaHHS Ta KOMITIOTEPHOTO 30pY
ISl imeHTUdIKAIl Ta aHaTi3y arpoKyJlbTyp, IO JO3BOJISE 3HIKYBATH PH3HK
TIOIIKODKCHHS YPOYKAIO.

IHTerpamist otpuManux pimenb y cucremu BITJIA cripuisie miBHIICHHIO TXHBOT
ABTOHOMHOCTI, TOYHOCTI Ta e(EeKTHBHOCTI, JIO3BOJISIFOMM ONTHMI3yBaTH TIpOLEC
OONPHCKYBaHH] 1, BIIITOBIHO, 3MEHIIINTH BILTHB Ha €KOJIOTIIO.

BucnoBok. 3acTocyBaHHsS HOBITHIX MATEMAaTUYHHX MOJIENEH, aITOPUTMIB
MOHITOPHHTY Ta HaBiramil, a TakokK TEXHOJOTiH MAIIMHHOIO HABYAHHSI Ta
KOMITFOTEPHOTO 30pYy, J03BOJISE 3HAYHO IMIBHINUTH ©(EKTUBHICTH 1 HATIHHICTH
aproHoMHUX OoproBux cucteM BIUIA y cdepi arporexnomoriit. Taxwii mimxin
3a0e3reduye He JIMINE 3HIDKCHHS BUTPAT HAa OONPHUCKYBAaHHSA, ale H MIHIMI3aIlio
HETaTHBHOTO BIUTMBY Ha JOBKULISL.

Kepieauk: boposuk B.O., doy., CymAY, Cymu, Yrpaina
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Jliniiina anreépa y MallMHHOMY HaBYaHHI

Bacunenxko A. O., 3006ysau ep. 1H-21;
IloBkomtsac O. A., cmapuiuii suxiaoay

CyMchkuii epxaBHUi yHiBepcuTeT, M. CymMu

MamvHHe HaBYaHHS € Taly33[0 IITYYHOTO IHTEJNEKTY, sKa JOCITIDKYy€e
pPO3pOOKY aNropuTMiB, 3JaTHUX HABYAaTHCS Ha OCHOBI JaHUX 1
BJJOCKOHAJIOBATH CBOIO MPOIYKTUBHICTH 3 YacoM. MallliHHE HaBYaHHS Ma€
MOTEHIia]l 3MIHHTH CIOCi0 BHUpIMIEHHS CKIAIHUX 3aBJaHb, BiJ
MPOTHO3YBaHHS PUHKIB 10 MEIWYHOI J1arHOCTUKH, Bif MI00PY KOHTEHTY
70 aBTOHOMHHX aBTOMOOIIIB, MPOMOHYIOYH KOMIT'IOTEpaM MOKIHBICTh
3100yBaTH 3HAHHA 3 JAHUX Ta BAKOPHCTOBYBATH IX JJISI IPUHHATTA PillIeHb
0e3 SIBHO 33aHOTO MTPOTPAaMyBaHH:.

BukopuctaHHsi BEKTOpiB y MAIIMHHOMY HaBYaHHI  J03BOJISE
MEPETBOPUTH B YHCIOBUI (opMmar pi3HI THNM [NaHHWX, Taki sIK TEKCT,
300paxxeHHsA, 3BYKOBi (hailin Ta iHINE, SKi BUKOPUCTOBYIOTHCS IS
HaBYaHHs MoJeNiel Ta aHamizy naHux. Hampukman, ams TEKCTy MOXHA
3aCTOCOBYBAaTU BEKTOpU CIIiB (anroputM word2vec), A€ KOXKHE CJIOBO y
TEKCTi BiIOOpaKaeThCS YHCIOBHM BEKTOPOM JUIsl TOPIBHAHHA  iX
CEMaHTHYHOI CXOXOCTI 4Yepe3 KOocuHycHy mofiOHicte (1). Lleit meron
OIIIHIOE CTEIMHL CEMAHTHYHOT OJIM3LEKOCTI Bifg -1 10 1, ae Olmbline 3HaYCHHS
MTOKA3y€e OLIBITY CX0XICTh MiXkK CJIOBaMH.

similarity(a,b)=c034(A,B)=ﬂ 1)

&[]
ne a-b — ckamspuuii 1006yTOK BekTOpiB @ i b; ||a|| — €BKJIIJIOBa HOpMa

BeKkTOpa a, ||b|| — eBKJIiIoBa HOpMa BekTopa b .

MeTtoa KOCHHYCHOT MOJIOHOCTI HMIMPOKO BHUKOPHCTOBYETHCS y PI3HUX
JIOCHIDKEHHAX Ul OLHIOBAHHS CTEIEeHs OMiOHOCTI MiX clioBaMH abo
TEKCTOBUMH JIOKyMEHTAMH, HAIIPHUKIIAJL, JUIs aHAII3y UTYBaHHS HAYKOBUX
crareil [1], 111 CTBOPEHHSI CHCTEM PEKOMEHJIAIliii KHUT Ha OCHOBI OIKUCIiB
kypcie [2]. lle#t MeTom TaKoX 3aCTOCOBYETHCS Y PEKOMEHIAIIHHUX
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cucTeMax Ul BU3HAYEeHHS MOAIOHOCTI MK IPOXYKTaMH Y KOHTEHTOM Ha
OCHOBI OMHUCIB a00 BiATyKiB KOPUCTYBAiB TOLIO.

[Ipunyctumo, y Hac € HaOIp TEKCTY 3 CEMH CIIiB: «OIKONa», «Opei,
«TyCcaKk», «TBHHTOKPHI», «IPOH», «paKeTa» Ta «IiTak». KoxkHe cioBo
XapaKTepU3yeThCSl TPhOMA KOOPAWHATAMHM, SIKi BIAMOBITAIOTH KiIBKOCTI
pasiB, KOJIM CJIOBO 3yCTpiYajoCh B KOXHOMY KOHTEKCTI Ta 3aliMa€ MeBHY
MO3UIII0 Y BEKTOPHOMY mpocTopi (puc. 1).

~~ __Pakera(0;4;4)
——

- Ezuurokpun 0;2;3) \Y
~
~

—

Open (3;0; 3)
-~
v

|

|

|

i |
! |

LS ] |
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l |

|

| |

| 1

| |
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Pucynok 1 — BekTopHuii mpocTip i3 ceMU CITiB y TPhOX KOHTEKCTaX

[MopiBHSIEMO MiX CO0OIO CJIOBa «OpPEI-0/pKOIA» Ta «Opel-IpoH». Y
MEepUIOMY BHUIAJKy MH OTPHUMYEMO KOCHHYCHY NOJIOHICTH MpPUOIU3HO
0,94. V pgpyromy — 0,5. Omxe, cioBa «opem» Ta «Omxona» Oiibin
CEMaHTHYHO CXOXi M cO00I0, HIXK CJIOBA «OpE» Ta «APOH».

Marpuiii, sIKi € JBOBUMIPHUMH TaOJHIISIMU YHCEN, BUKOPUCTOBYIOTh Y
MaIIMHHOMY HaBYaHHiI AJs €(EeKTUBHOTO 30€piraHHs Ta aHali3y BEJIHKOi
KUIBKICTh JaHUX. BOHM HO3BOJSAIOTH BUABIIATH CKJIAIHI 3aJIEKHOCTI MIXK
O3HAaKaMHW Ta 3IMCHIOBATH OULTBII TOYHE MPOTHO3YBaHHA. Y Tabmwmi 1
HaBEJCHHUI MTPUKIIAL] JOCIIKYBAaHOTO HAOOpY TEKCTY 3 CEMH CIIIB.

KoxxeHn psmok 1i€i marpuui BiANOBiAaE OJHOMY CIIOBY, a KOXKHHIA
CTOBIICIIb IPEICTABIISE BIJAMOBIAHE CIOBO y KOHTeKcTi [3]. 3HauyeHHS
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KOXHOI KoopauHaTh Moxe Oytu Bim O mo 4 B 3aleKXHOCTI Bim TOTO,
HACKUIBKH CHJIBHO II€ CJIOBO TOB’A3aHO 3 JAHUM aTpUOyTOM.

Tabmuns 1 — MaTpund citiB y BEKTOPHOMY TIPEICTaBICHHI

CrnoBo Kpuna JIBUrYyH Hebo
bmxona 4 0 2
Open 3 0 3
T'ycak 2 0 4
I'BUHTOKPHIT 0 2 3
Hpon 0 3 1
Paxera 0 4 4
JliTak 1 1 1

Ll matpurs Moke OyTH BHKOPHCTaHA y MAaIlIMHHOMY HAaBYaHHI JUIS
po3B’si3aHHA 3ajaui Kiacudikailii, Hampukialm, Kiacudikailis 3a THIOM
TpaHcmopty. JlpoH, pakeTy Ta JIiTak MOXHa BIJHECTH IO JITAIbHUX
amapartiB, a OJKiJKy, opja Ta Tycaka — jo0 nraxiB. Taki kiacudikarii
MOXHAa BUKOPDHUCTOBYBaTH Uil NOJANBLIOTO HABYaHHSA  MoJelel
MAIIMHHOTO HaBYaHHS Ha JaHMWX, [0 NPEACTAaBICHI y BEKTOPHOMY
npocropi. Hanmpuknan, s knacudikamii 300paskeHb 3a TUTIOM TPaHCIIOPTY
abo 3a MeTo10.

Y nposezeHiit poOoTi OyB JociijpkeHUi anroputMm word2vec, sSKuii
JI03BOJISIE MallMHI «HABYATHCh» Ha HaOopi cmiB. [IpogemoHCcTpoBaHMIA
BEKTOPHHUU TIPOCTIp CJIB Ta 3MIMCHEHWH aHaNi3 CEMaHTHYHUX BiJHOCUH
MIDX IIIMH CJIOBaMU 32 JOPMYIIOI0 KOCHHYCHOT ITOIIOHOCTi.

1. Ulfa Mardatillah, Wildan Budiawan Zulfikar, et al., Citation analysis on
scientific articles using cosine similarity. In Proceedings of the IEEE 7th
International Conference on Wireless and Telematics (ICWT), IEEE,
Bandung Indonesia, 2021, URL:
https://doi.org/10.1109/ICWT52862.2021.9678402.

2. Vatinee Nuipian, Jirawat Chuaykhun, Book recommendation system
based on course descriptions using cosine similarity. Processing and
Information Retrieval, NLPIR 2023, URL:
https://doi.org/10.1145/3639233.3639335.

3. Kung-Hsiang H. (Word2Vec and FastText Word Embedding with
Gensim. Medium. URL: https://towardsdatascience.com/word-embedding-
with-word2vec-and-fasttext-a209c1d3el2c.
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Monenab i MeTox MiABUIIEHHST 004 CII0BATBHOI e(peKTUBHOCTI
BeJIMKHX MOBHHX MojeJei

Banenko A.B., 30006ysau epynu A-36/KH/1;
Sapeuskuiit M.O., suxkiadau-cmasicucm
CyMchbkuii nepxkaBHui yHiBepcuteT, Cymu, YKpaiHa

3 po3poOKOI0 Ta BIPOBAMKCHHSIM BEIMKAX MOBHHX MOIENCH IMocTana
mpobjieMa B METO/IaX ONTHMI3allii Ta MiJABUINCHHS OOYHCITFOBAIBHOL
e(eKTUBHOCTI CHCTEM AWHAMIYHMX HEHPOHHMX Mepexk. ICHYIOTh HeKiibKa
METOfiB 30UThIIEHHS e(EeKTUBHOCTI Cepel SKUX JUCTWIAIS —3HaHb,
KBaHTYBaHHS Ta ONTUMI3allis apXiTEKTypyd Ha TPHKIAAi MoJeneldl paHHbOro
Buxozy (early exit).

KopucTyrourice migxomoM J0 paHHBOIO 3aBEpPIICHHS OOYNCICHHS B
JMHAMIYHAX MEpeXax MOXIIMBO JOCATHYTH 3MEHIIICHHS KUTBKOCTI OOYHCIIeHb
Ta TIOKPAIIUTH OOYMCITIOBAJIBEHY €(EeKTUBHICTh HEOOXIMHMX ISl KOXKHOTO
3amuTy. ['0710BHa i11es1 moIsrae noysirac B paHHBOMY BUXO/ Ta HE TIPOXOHKEHHI
4epe3 yci cioi HelpoHHOI Mepexi. [y 3acTocyBaHHS TIXOAY CTBOPIOTHCS
MEeBHI KpuTepii a00 METPUKW IS BU3HAYCHHS MOMEHTY KOJM BiJIIOBIIbL
JIOCTaTHBO TOYHA, 116 MOXYTh OYTH MIpH BIICBHCHOCTI a0O JOCSTCHEHHS
Hariepe;| 33JJaHOT0 TOPOTY SKOCTi. TakuM YHHOM Ha KOYKHOMY PiBHI HEHMPOHHOI
MepexXi CTBOPIOEThCS KPHUTEPId BUXOAY 3 Hel, M0 MOXE MpPU3BECTH 0
30UIBIICHHST CKJIAJJHOCTI HABYAHHS i€l MEPEXKi 1 TAKUM YHHOM € MOXJIMBICTh
OITHMI3AIlii CTAHIAPTHOI MEPEXi NUIIXOM JIOAAaBaHHS OIHOTO a00 JIEKiITBKOX
I1apiB PaHHBOTO BUXOJY.

CrangaptHa (yHKIiS OMIHKK JUIS TPEHYBAaHHS IO TIPEACTAaBISE COOOIO
3BKEHY CyMY Ha paHHbOMY BUXO/Ii Ta (DIHAILHOMY BHUXOJII MOZCII. Y BUIAKY
HE3HAYHOI BiJIMIHHOCTI € CEHC 3aBepIIMTH (PYHKILIO paHillle Ta He MPOXOAUTH
BCl miapu Mepexi. HaBuanmbHi 11l Ui JWHAMIYHAX MEPEX MArOTh Ha METI
30ajlaHCyBaTh TOYHICTH 1 ©(EKTHBHICTH INJI YaCc BUCHOBKY. Takuit mimxin
JO3BOJISIE OAlaHCYBaTH MDK INBHJKICTIO BiANOBimi Ta i TouwicTro. Jlms
MPOCTILIMX 3alUTiB MOJETIb MOXKE NpUMaTH pillleHHS paHime, 30epirarouu
PeCypCH, a [Tl CKIIAIHIIIMX — BUKOPUCTOBYBATH OUIBIIIE IIAPIB It TOCATHEHHS
BUIIOT TOYHOCTI.

TakuM YMHOM KOHLETISI PaHHBOTO 3aBEPILCHHS Y BEJIMKMX MOBHHX
MOJZICJISIX BIIKPUBAE€ MOMKIIMBOCTI JUIi CTBOPEHHS OUIbII e(EeKTUBHUX Ta
MBUIKUX CHUCTEM OOpOOKHM TPUPOIAHOI MOBH, 3[ATHUX aanTyBaTHCS IO
PI3HOMaHITHOCTI Ta CKJIaJJHOCT] 3aIIUTiB.
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IlepeBipka qoaaTKiB i3 miABHIIEHUMH BUMOTaMu 10 0e3MeKu
Bonnap B.B., 3000ysay, rp. IH-01
Cymchkuit nep:kaBHU# yHiBepcuteT, Cymu, YKpaina

[epmra koMm’0TepHa mporpaMa Ha MallMHHIA MOBi, Oyjia cTBOpeHa B
1946 pomi, a mepmmii KOMITIOTepHHUH Bipyc — mume B 1971 pori.
BrHUKHEHHSI IOHATTS — KOMIT FOTEPHUH Bipyc, SIKHH BTpy4aBcs B POOOTY
MporpaMy Ta 3MiHIOBaB ii, 3MyCHJIO 0araTo KOMIAaHIM MeperyiiHyTH CBOIO
moIiTUKy Oe3meku. 3’SBHIMCh HOBI KJIACH TIPOTPAMHOTO 3a0e3NedeHHs,
TakKi SIK aHTUBIPYCH, MEPEKEB1 EKPaHH TOIIO.

CyuacHuit cBiT iH(OpMaLiHHUX TEXHOJOTIH CTPIMKO PO3BHBAETHCS, IO
MPU3BOJIUTH J0 3pPOCTAaHHS KITBKOCTI MpOTpaMHuX AoAaTKiB. OmHAK, pazoM
3 UM 1 3pOCTae pU3HK I Oe3nekd AaHuX W iHGOpMAIifHUX CHCTEM B
nizomy. IlporpamHe 3a0e3rnedeHHs HE € JOCKOHAJIMMHU Ta JIOCI MICTUTh
0araTo Bpa3JIMBUX MiCIlb, SKi € UyJOBUMHU MIIICHIMH JIJIS 3JTIOBMHCHUKIB.
Tomy perenbHe i1 BceOiuHE TECTyBaHHS JOAATKIB € BKpail BaKIMBUM.
PecypcHi 0OMeXECHHS HE 3aBXKIHU JIO3BOJISIOTH MPOBECTH TaKE TECTYBaHHS
Ha KOMIT'I0Tepi po3poOHuKa. [Ipu BHKOpHCTaHHI 30BHIIIHBOTO TECTOBOTO
OTOYCHHS [UIA TECTYBaHHS MAEMO MPOTHUPIYYSA MK EKOHOMIYHOIO
JOLIBHICTIO BUKOPHUCTaHHS HOTO Ui TECTYBaHHS BUKJIIOYHO OJHOTO
JOJIaTKy Ta PU3MKaMU BUTOKY JaHUX MPU TECTYBaHHI KUIBKOX JO/JATKiB B
OJHOMY OTOYEHHI.

OmHuM 3 mepmux KpOKIB A0 BHPIMIEHHA LbOTO MHUTaHHS Oyio
CTBOPEHHS BIPTYalbHUX MallMH. BipTyaipHa MallMHa CTBOPIOE BIIAaCHE
130JIbOBaHE CEPEeIOBUINE BUKOHAHHS JIJIs IOAATKIB, B IKOMY BOHH MOXYTh
MpAIOBaTH HE3AIEKHO BijJ IHIIMX OJATKIB, IIO MPALIOITh HAa TiH Ke
XOCTOBil cucteMi. lle 3a0e3meuye 3MEHIIEHHS BIUIMBY MOMKIUBHX aTak
JI0JIaTKY, IO TECTYETHCS Ha 1HIII JOJATKUA Ta HA CaMy XBOCTOBY CHCTEMY.
BipTyaneHi MammHM MaiOTh AOCTYN JHIIE A0 OOMexeHoro Habopy
pecypciB, AKi BOHH MOXXYTh BUKOPHCTOBYBaTH. Lle m03Bonsie 3iiicHIOBaTH
KOHTpPOJb Ta, B pasi mnorpedH, OOMEXKEHHs CIIOKHBAHHS pECypciB,
3a0e3rneuyoun CTablIBHICTh Ta HAMIHHICTh POOOTH XOCTOBOT CHCTEMH.

Janwii meron i3omAwii € IOCHTh HAIifHUM 1HCTPYMEHTOM IS
po3ropTaHHs  Ta  eKCIUIyaTallii  mporpaMHOro  3a0e3leucHHS B
PI3HOMaHITHUX  00NAcCTsX, BKJIIOYAIOUYH  OOYMCIIOBAJBHI  XMapH,
BIpTyasi3oBaHi cepBepM Ta IHIOI CHUCTEMH, TMPOTE OCHOBHUM 1

104



IMA :: 2024 CEKLIA 1: Komn'tomepni nayku ma Kibepbesnexka

HalWBaroMilMM MiHyCOM € BENHKa pecypco3arpaTHicTb. ToMmy 3 wacom
novana BUHHUKATH MoTpeda B anbTepHaTHBI. PimenHs Oyno 3HaiiieHO y
BUIJISAJI KOHTEHHEpU3aIlii JJOJaTKiB

Y KoHTeWHEepax KOXEH [OJaTOK 3aIyCKaeThCS B 130JbOBAHOMY
CepeloBHIN, ajle He B TOBHIM BipTyanpHi MammHi. BoHH
BUKOPUCTOBYIOTh CIIBHY OMEpaliiiHy CHCTEMY 3 XOCTOBOIO CHCTEMOIO,
ale MaloTh BlacHi Qaiinm, Oi0mioTekn Ta cepeJoBUIIEe BHKOHAHHS.
OcHOBHa BIIMIHHICTH BiJl BIPTyaJbHHX MAIIMH IIOJISATa€ B TOMY, IO
KOHTEHHEpH BHKOPHCTOBYIOTH CIIUIBHE SIAPO ONEpalidHOi CHCTEMH 3
XOCTOBOIO CHCTEMOIO.

Xoda KOHTEWHepH 3a0e3MedyloTh BHUCOKHHA pIiBEHb 130JAII IS
0araThOX BUMAIKIB BUKOPHUCTAHHS, BOHU HE 320€3MeUyI0Th TaKy K MOBHY
130JIA1L1110, SIK BipTyaibHi MallMHA. Y BHUIMAAKaX, KOJIH MOTpiOHa abCoI0THA
130JI41MMisI, Taka, K y BHIAJKy BUKOHAHHS My)X€ KPUTUYHUX 3aXOIiB 3
Oesnexn abo poOOTH 3 BUCOKOYYTIIMBOIO iH(OpMAIli€l0, BipTyali3amis
MOJKe OYTH OLIBIII MiAXOISAIIMM BapiaHTOM.

OOuBa MiIXOQW MAarOTh CBOI MEpeBaru Ta HEMOJNIKH, 1 BHOIp MiX
BIpTyaJhbHAMH MAIIMHAMH Ta KOHTEHHEPH3AIi€l0  3aJeXHUTh  BiA
KOHKpEeTHHX MoTped i BUMOr mnpoekty. Komu moTpiOHO cTBOpUTH
CepeIOBHILE ISl MOCTIHHOTO 3aIyCKy BEUKOI KIMBKOCTI MpOrpaM, SKUM
HEe JOBips€Te 3 NPUYMH O€3MeKH, Kpaimie CKOPHCTATHCS BipTyaIbHOIO
MamuHOW. Y pasi, Konmu Tpeba IIBUIKO CTBOPHTH CEPEIOBHIIE [UIS
TECTYBaHHS JIOJATKy pa3oM 3 0a3010 JaHUX i Tak, o100 1ie He BILIMHYJIO Ha
BaIlly XOCTOBY CHCTEMY, BapTo Bukopuctatu Docker.

[lepeBipka nmomaTkiB i3 TMiABUIIEHUMH BUMOTaMH JO O€3MEKU €
KPUTHYHO BAXKJIMBHM €TaloM B Tpolieci po3poOKM Ta eKcIuTyaTarii
nporpaMHoro 3abesnedyeHHs. Lle jomomarae 3MEHIINTH PHU3UKH BHTOKY
JAaHUX Ta 3a0€3MeYNTH HATIHHICTH POOOTH CUCTEM.

B pamkax po3poOku mpoekTy Juis KBaidikamiiinoi poOuTtn OakanaBpa
Oy0 po3po0JieHO crerjiajibHe MporpaMHe 3a0e3MEUYCeHHS, SKE€ CTBOPIOE
iHQPaCTPYKTYypy Ui TeCTYBaHHs Java-IoJaTKiB CTOPOHHIX PO3POOHUKIB Y
Docker koHTeitHepi, IO 03BOJIIE MiHIMiI3yBaTH HETATUBHHUI BIUIHB
HEeI00POCOBICHUX PO3POOHHKIB HA XOCTOBY CHCTEMY Ta iHIII JIOJATKH, IO
TECTYIOThCS.

Kepisuuk: Ky3ikoB b.O., x.m.H., cmapwuii suxiadau,
CymllY, m. Cymu, Yrpaina
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KonuenrtyajbHa MoJe/b CUCTeMH MiATPUMKH NPHIHATTSA pilleHb JJ1sl
aganTanii HABYAJIbHOI0 KOHTEHTY 10 BUMOT PHHKY Npani

Bounapes A., 3m00ysay, rp. IH.m-311; Xiboscbka FO. 3m00yBay, rp. A-16/KH
Cymchkuit nepskaBHu# yHiBepcurteT, Cymu, YKpaina

KOHHGHTyaIII)Hy MOACIb CUCTEMHU HiI[TpI/IMKI/I HpHﬁHHTTﬂ piIHeHI)

(CIIIIP) 3 ymoBHOIO Ha3BOIO «BHITyCKHUK» A ajganTamnii HaBYAIBHOTO
KOHTEHTY BHITyCKOBOi KaheApH MMoKa3aHo Ha PUCYHKY 1.

Kadenpa <::
1

Indopmaniitya dasa

HasuanbpH1 OIIHKH
MOIY I pecIoOHIeHTiB

BHITY CKHHEKH <:::>
CIIITP «BHIOYCKHHE CTyneaTH
B ol

Pucynok 1 — Konnenrtyansna Mmoaens CIIIIP «BumyckHuk

[lokaszana ©Ha pucyaky 1 xoumnenrtyamsHa wmoxaens CIIIP
«BunyckHUK» KpiM PpECNOHIEHTIB —  BHIYCKHHUKIB Kadenpw, sKi
MIPAIOIOTH 3a CIIEHiajbHICTIO, i pOOOTO/MABIIIB TAKOXK BKIIFOYAE 3100yBadiB
BUIIOT OCBI-TH Pi3HMX (OpPM HaBUaHHS 32 BIAMOBITHOI CIIEHIAILHICTIO
kadeapu. Jlo-IIIBHICTh BKIIOYEHHS B KOHIENTYalbHY MOJIENb 3700yBadiB
BUIIOI OCBITM OOYMOBJIEHa THM, IO BOHH MalOTh MOXIHUBICTD 3a
pe3yibTaTaMd  MOHITOPUHTY OTPHMATH JOJATKOBY iH(pOpMAII0 TIpo
HaBYAIbHI JUCIM-TUIIHK 1 BpaxoByBaTH ii mpu oOpaHHI 1HAWBIAyaTbHOI
TpaeKTOpPii HABYAHHSL.

OuiHIOBaHHS PECHOHACHTAMH HABYAJIBHOTO KOHTEHTY MPOBOAMIOCS
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32 HAIOHAIGHOIO TWIKAJIIOI0 BUMIPIOBAaHHS, B JAaHOMY BHIIAAKY OyIo
BUAUICHO YOTHPH KJIACH PO3IMi3HABAHHS, KOXCH 3 SIKUX XapaKTepH3yBaB
TIeBHUIl PiBEeHb AKOCTI HABYAIBHOTO KOHTEHTY: KIaC PO3Ii3HABaHHSI X9
«BigminHO», kmac posmisHaBaHHA X3 «J{oOpe», Kaac po3mi3HaBaHHS X)
«3a70BITLHOY 1 KJIAC PO3Mi3HABAHHS X, 2 «He3anoBiabHOY.

Ha erami ampiopHoro wMonentoBaHHs, koiu BincytHs CIIIP i
BIMIOBITHO €KCIICpUMEHTAIbHI NaHi, BXiJHAa HaBYAJIbHA MAaTPHIII
(dhopMyBasacs 3a iMIiTallilHUM METOAOM. 3TiJIHO 3 OCBITHHO-TIPO(ECIHHO0
NpOrpaMor0 cremianbHOCTI 122 — KOMI'IOTEpHI HayKd OOOB’SI3KOBHX 1
BHOIPKOBHX HAaBUAJIBHUX JHCIMIUIIH OaKaJlaBpCHKOTO PIiBHS ITiATOTOBKH
Oyi0 po30uTO Ha TIicTh OJIOKIB. 3TigHO 3 po3aiioM «Buam HaBYaIBHUX
3aHATHY» C1JIA0YCIB BIIMOBIIHUX HaBYAIbHUX AUCIHUILIIH OyJIO COPMOBAHO
OTUTYBAIIbHUK, KU CKIaaaBcs i3 147 Tematnuaux MoaymiB. @opmyBaHHS
IMiTaIiifHOi HaBYAIIbHOI MATPHIl 3IHCHIOBAIOCS NUISIXOM TEHEpYBaHHSI
UL KOXXHOTO Kjacy po3mizHaBanHs 40 peamizamiid, po3moJiieHuX 3a
HopMmanbHuM ([ayciBcbkuM) 3akoHoM. KokHa peamizanis ckiaganacs i3
147 o3HaK po3Mmi3HABaHHS, SKIi MOJETIOBAIA OIIHKH PECMOHIEHTIB 3a
BIJIIOBITHUN TEMAaTUYHUN MOJTYJIb HABYAIBHOI JUCIUTLTIHU.

[Micns popmyBaHHSI BXiTHOI HABYAILHOI MaTpHIli OyJIO peai3oBaHO
iHdopMariiiHo-ekcTpeManbae Mamuaae HapuaHHs CIIIIP 3a iepapxiuHoro
CTPYKTYpOIO JIaHMX Yy BHWIVISI JIEKYpCHBHOTO OiHapHOro jgepeBa [1].
BoaHouac, ockinbky angapiT KJIaciB po3Mi3HABaHHS € HOPMOBAaHUM, IO €
XapaKTepHOI0 OCOOJMBICTIO CHCTEM OIHIOBaHHS, TO TpU MOOYyIOBI
JIEKYPCUBHOTO JIepeBa BXiTHUX JaHHUX BiJnanae HeOOXiTHICTh popMyBaHHS
BapialliiHoro psay. Y  pe3ynbTaTi  iepapxiuyHoro iHQopmariitHo-
ekcTpemanbHoro MmamuHHoro HaByanHs CIIIIP Bpamocs mepeiitu Bifn
YOTHPHOX KJIACOBOTO MAIIMHHOTO HAaBYaHHSA /0 JBOX KJIACOBOTO, IO
JTIO3BOJIMIIO  TTOOyAyBaTH OE3MOMHIIKOBI 3a pealizalliiMd HaBYAIBHOI
MaTpuii BupinryBansHi npaBuina. [Ipu ¢ynknionysanui CIIIP B pexumi
MOHITOPHHTY iMiTalliiiHa HaBYaJbHA MATPHIlS TUHAMIYHO 3aMIiHIOETHCS Ha
peamizanii, chopmoBaHi cTeHKxoigepamMH IIifi 4Yac iX ONUTYBaHHA, 1
3nilicHIoeThCs nepeHapuands CIITIP.

KepiBauk: Josoum A. C. ,0.m.u. , npogpecop CymAY, m. Cymu, Yrpaina

1. Hosoum A.C. IHTenexrtyanbHi iHpOpMaliiHI TEXHONOTIT B OCBITI /
A.C. JloBoum, A.B. Bacunbe, B.O. Jltobuak. — Cymu: BugaBHUIITBO
Cym/1Y, 2013. - 172 c.
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I'padiunuii inTepdeiic konpirypauii my1bTHCEpBicHOT Mepeski
Ethernet 3 inTerpaunierw Q-in-Q aJjst HAJIAIITYBaHHS Mepe:xi

Bopo6iios 1.0., 3006y6au; Benukonuuii [1.B., cm. euxnadau
Cymcokuit JlepxaBuuit YHiBepcuter, Cymu, Yipaina

VY cyuacHomy iH(popMaIiHHO-KOMYHIKAI[ITHOMY CEKTOpi CTa€ Bce OLIbIT
OUEBUIHOIO MOTpeda y po3poOlli HOBUX TEXHOJOTIH I OnTHMi3allii
MEpEeXeBUX CTPYKTyp. OmHUM 3 TEpPCHEKTUBHUX HAIPSIMKIB €
BUKOPHCTAaHHS MyJlbTHCEpBiCHHX Mepexxk Ethernet 3  iHTerparmieto
texHouorii Q-in-Q. Lle# miaxix He nuiIe BUpIlIye TpoOIeMu 0OMEKEHHS
crangapty 802.1Q, ane it 3a6e3neuye Oinpll eheKTUBHY 130711110 Tpadiky,
IO CYTTEBO MiABHUINYE MPOMAYKTHUBHICTh Mepexi. MynbTHCEpBICHI Mepexi
Ethernet mnpezncraBnsoTs co0OI0 iHTErpoBaHWH mMiaXig 10 MOOYIOBU
MepexeBoi  iHQPAacTPYKTypH, CIPOEKTOBAaHOI A 3a0e3neueHHs
edexkTHBHOI Tepefadi MaHUX pI3HUX cepBiciB. OmHAK BUKOPHUCTaHHA
cragmapry 802.1Q obOmexeno 12 Oiramu ams1 HOMepa BipTyalbHOL
JIOKaJbHOT MEpeXi, IO CTBOPIOE MPOOJIEMH MaclITa0yBaHHS B BEIUKUX
mepexkax. Texnomoris Q-in-Q sBisge €000l ePEKTUBHE pIlICHHS
mpobiiemu obmexenHs craHmaapty 802.1Q. IInsxoM BHKOPUCTaHHS CTEKY
MITOK BipTyalbHUX JIOKaJbHUX MEpPEK B MEpEkKi omeparopa, Jie akleHT
pobuThest Ha onepaTtopebkiit MiTi VLAN, nocsiraetbest i3omsist Tpadiky
KIIIEHTIB Ta MOJINLIYETHCS YHpaBIiHHSA Mepexero. OnHak HajJalTyBaHHS
texHonorii Q-in-Q Moxxe OyTH CKIaAHUM MOJI THX, XTO HE BOJIOJI€
JOCTaTHBOIO KUTBKICTIO JIOCBiAY Y KOHQITYpalii MepexxeBoro o0JiaHaHHs.
Jnst moJeriieHHsT mpouecy KOH(IrypyBaHHS MEpEKEBOro oOJaJHaHHS
po3pobineHo inTepakTHBHUN rpadivnuii iHTepdetic 3 Bukopuctanasm PHP,
jQuery, HTML, CSS Tta AJAX. lleit inTepdelic Hamae MONKJIHUBICTH
JIeTalbHOTO BUBYEHHS TEXHOJOTil, (OPMyBaHHS BIACHOI MEpexi Ta
OTPUMaHHS TOTOBHX HAJIAIUTYBAaHb AJISI 3aCTOCYBAaHHs SIK HA PEaIbHOMY
o0JiaJiHaHHI, TaK i B CHMYJISITOPaX.

st neMoHCTpallii yCIiIHOTO BUKOPUCTAHHS 1i€1 TEXHOJIOTIi HaBeJIeHO
Kelic-nociiukenHs. [Ipumyctumo, y Hac € BenMKa KOpIopalis, B SIKid
noTpiOHO BHCOKMI piBeHb i30ismii Tpadiky MK miApo3aiiamu.
BukopucroByroun rpadiuauii iHTepdelic KOoH(DIrypyBaHHS MEpEKEBOTO
oOnmajHaHHS 3 BHUKOPUCTaHHAM TexHoJorii Q-iN-Q, Mu 3MoxeMo
eeKTMBHO  HalalUTyBaTH  MYJIbTUCEpBiCHY  Mepexy  Ethernet,
3a0€3TMEeYMBIIY BHCOKY TIPOJYKTUBHICTD Ta PiBEHb O€3IEKH.
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HetanpHuii aHami3 epeKTHBHOCTI Ta 3aCTOCYBaHHS MYJIbTHCEPBICHHX
Mepex Ethernet i3 inTerpamiero Texuomnorii Q-in-Q B peanbHHX
KOPIIOPaTHBHUX CLEHAPisIX MiAKPECTIOE X BaXKIHMBICTh y PO3BUTKY
CydJacHHX MepexeBoiiH(ppacTpykTypu. Bukopucranus cranmapry 802.1Q
CTHKAEThCA 3 CYTTEBHM OOMEXEHHSM Yy MacmTaOyBaHHI, IO POOHUTH
TexHouorito Q-iN-Q ayxe akTya’abHOW Yy TMOOYAOBI MEpEX BEIHKOrO
MacIraoy.

CrximagHomni  KoH(IrypyBaHHA IIi€l TEXHOJOTii BHMAaramTh BiX
orepaTopiB TIMOOKHX 3HAHb Y Taly3i MEPeXeBHX MPOTOKOJIB Ta KOMaHI
KoHirypauii. ['padiuauii inTepdeiic, po3pobieHnii Ha OCHOBI Cy4acHHX
BeO-TEXHOJOTi, Hamae 3py4HHH IHCTPYMEHT [JIsl YIpPAaBIiHHA Ta
HaJAIITYBaHHS, 3a0€3MeYyl0ul MpH IIbOMY JOCTYITHICTh Ta THYYKICTH B
3aCTOCYBaHHI.

R Sclect Ocvice Telnet Config  R129T1 | R21941 | Ra1941 | R4 3680 | Rs.3640 | R6.3640 | sw_3560
W1
w RN = e LECU
von S | uoro B 1
el o BB o coniguation]
g Lo 2
78] son SR Rlip i 0/0 RY mask gi 0/0 i0/1
- _R6_3640 A [ [ - gl
o) ~ |192.168.01 255.255.255.0 |~
1 7o oo vy~
s e R1_291 71
Lo - Rlipgio/! R1mask gi0/1 % o
-ﬁ\\ - | [19216821 |255.255.255.0 |[= gio/o0 &
— = T o e Riipgi02 Rimeskgit2 gi0/2
~. " pon 20/0 =S 192 168.3. 5 0
S w2 19216831 [2552552550 |=
: N [ ]
8 soe
) | e
conf t maxdn 144
intgi 00 max-ephones 42
nosh keepalive 15
ip 2dd 192.168.0.1 2552852850 system message VoIP-C2911
i ip source-address 192.168.0.1 port 2000
intgi 01 create caf iles
no sh auto assign 1 to 144
ip 2dd 192.168.2.1 2852852550 exit
esit ephone-dn 1
intgi 02 number 2001
nosh name Vasya
ip add 192.168.3.1 2552852650 ephone-dn 2 Phone Format _Phone Route
S :::"’:"m i n.x.lwip[:o | B [1s2:168.10.1 ]
network 192.168.0.0 0.0.0255 ephonedn 3 3 e
network 192.168.2.0 0.0.0.255 aumber 2003 "“‘"‘"‘PL 2. Jk‘ 92.16820.1
network 192.168.3.0 0.0.0255 v | |nameKolya v -

Pucynox 1 — ABTOKOH(ITYpYBaHHS MEPEKEBOTO 001 JHAHHS
MynbTHCEpBicHOT Mepeski Ethernet 3 inrerpariiero Q-in-Q

Bapro  Big3HaumTH, 10  BHKOpUCTaHHS  TexHojorii  Q-in-Q
CYIIPOBOJIKYETHCSI TTOKpAlIeHHsIM Oe3NeKr Ta MpojaykTuBHOCTI. Ketic-
JOCIIDKEHHST KOPIOPATUBHOI CTPYKTYPH AEMOHCTPYE, SIK II0 TEXHOJIOTIIO
MOXKHA YCHIIIHO BIPOBAJNTH, 3a0€3MMEUyI0YH BHCOKY €(EeKTHBHICTh
MEpPEKEBOT B3aEMOJIIT Ta HA/IIMHICTh CHCTEMH B LILJIOMY.

Otxe, iHTerpauisi MynbTHUcepBicHUX Mepex Ethernet 3 BukopucTanss
TexHouorii Q-iN-Q BigKpuBae HOBI TOPU3OHTH JUI PO3BUTKY CYyYacHHUX
KOPIIOpDAaTHBHUX  Mepex, 3a0e3ledyroud  ONTHMalbHE  TOE€JHAHHS
MPOAYKTUBHOCTI, O€3MEKH Ta YIPABIiHHS.
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I'padiunnmii inTepdeiic konpirypanii Cisco ASA nisi 3a6e3neveHHst
0e3neKn KOpnopaTuBHOI Mepe:Ki

Bopo6iios 1.O., 3006ysau; Benuxomguuii [1.B., cm. sukiadau
Cymcekuit [epxauuii YHiBepcutet, Cymu, Ykpaina

Y cBiTi cydacHmX iH(OpMAIifHUX TEXHOJOTIH, PO3IIHPEHHS
1HQPACTPYKTYpH KOMITIOTEPHUX MEpPEX CIpHUSE CTPIMKOMY PO3BHUTKY
KOpIIOpaTUBHOTO iH(OpMaliiiHo-KoMyHiKamiiHoTo cekropa. [Ipodeciiinmii
picT y il ramy3i HeMOXxuMBHAN 0e3 e(dEeKTHBHUX METOIB HaBYaHHS Ta
JOCTYIy 10 HEOOXigHOTO OONMafHaHHA. 3pOCTaroua 3arposa KibepOesmeku
MiAKPECIIIOE HEOOXIAHICTh PETENFHOr0 BUBYECHHS Ta 3aCTOCYBaHHS 3aXO0JliB
0e3nexkn B KOMI'IOTepHUX Mepexkax. OHI€0 13 KIIFOYOBHX MPOOIEM Y
BHUBUYEHHI ITi€] TEMH € CKIAIHICTh KOH(DIryparii mpucTpois, Takux sk Cisco
ASA (Adaptive Security Appliance).

Cisco ASA BUKOPHCTOBYETHCS SIK MK MEPEKEBUI €KpaH Uil 3aXHUCTY
BiJl HECAHKI[IOHOBAHOTO JOCTYIy Ta PI3HOMAaHITHHX 3arpo3. 3 METOI0
CIPOLICHHS [[LOTO Tpoliecy 0yB po3pobieHuid rpadiunuii intepdeiic, skuii
J03BOJISIE  aHANi3yBaTH TpadiK, BHUSBIATH AaKTHBHICTh XakKepiB Ta
HaJIAITOBYBaTH BipTyanbHi mpuBaTHi Mepexi (VPN).

Po3pobnenunit  BeO-mOAATOK  JTO3BOJIAE  AaBTOMATH3yBaTH  IPOIEC
KoH(Irypaiii MepexeBoro oOiagHaHHs i 3a0e3neucHHs] e()EKTUBHOTO
3aXMCTy KOpHopaTHBHOiI Mepexi. lle BaxmBHii Kpok y 3a0e3neueHHi
kibepOe3neku Ta YHUKHEHHI TPYIOMICTKOI pydHOI HACTPOWKH MPUCTPOIB.
I'padiunmii inTepdeiic 103BoIsE ePEKTUBHO HANANITOBYBATH Pi3HI PEKUMHU
JIOCTYIy Ta napamerpu Oe3neku. BukopucroByrouu mporokoin SSH mis
BiimanieHoro jgoctymny, rpadiunuii iHTepdelic poOUTH Iei CkiIamHui
nporec OUIbII 3pO3yMiIMM Ta NOCTYIMHUM. BukopucTanHs mmpyBaHHS
MapojiB Ta MOXKIJIMBICTh 3allUCy KOMaHJ 3 HEOOXiTHUMM 3HAYCHHSIMHU
JI03BOJIsIE€ €PEKTUBHO 3aXHUILIATH MEPEXKY Ta OJHOYACHO CIIPOIIY€E BBEJCHHS
KOMaH/[ Ui KOpUCTyBaya.

I'padiuni iHTepdelicn Ui HamamITyBaHHS MeEpexeBoi Oe3leku Ta
KoHQirypamii  poyTepiB  BioOpakaroTh TpeHJ 10 3a0e3leueHHS
e(eKTHBHOCTI Ta JOCTYHHOCTI B Cy4acCHHUX KOMI'IOTepHHX Mepexkax. Lli
IHHOBAIIfHI TIJIXOAM BPaXOBYIOTh 3POCTAHHS CKIQJHOCTI MEpEeKEBUX
CHCTEM Ta CIIPSIMOBaHI Ha IMOJICTIIICHHS] BUBUYEHHSI Ta pOOOTH 3 MEPEKEBUM
0o0JIaJHaHHAM JISI HOBAYKIB Ta JOCBIAYEHHUX CHELIATICTIB.
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I'amizibTOHOBI rpadu B MaTeMaTHUYHI
MojeJii HaBiraniiiHoi cucreMu

Maii6opoma €. A., 3006ysau ep. KH-31;
[omoB M. P., 3006y8au ep. KH-31;, Macnoga 3. 1., doyenm

CyMchKkuil epaBHAN yHiBepcHTET, M Cymu, Ykpaina

Hagiratopu mmpoko BUKOPUCTOBYIOTHCSI B HAIIOMY MOOYTi, TOMY HOBI
PO3pOOKH B IIbOMY HampsIMKY Oy’K€ aKTyalbHI 1 BakjmBi. MaTemaTH4Ha
Mojenb Oynb-sIKOi HaBITamiiHOT cHCTEMH 0a3yeThCs Ha alTOpUTMax
3HaXO/DKCHHS ~ HAaHKOpOTHIOr0 HUIIXy. MareMaTHyHa  TOCTaHOBKA
BiNOBIHOT 3a7a4ui Moxe OyTu chopMmyiIboBaHa B TepMiHax Teopii rpadis.
Jus po3B’si3aHHs Ii€i 3amadi Ha KOMITIOTepi PO3pOOJIEHO CrerianbHi
anroputMmu. HaiGinpm mommpeHnM € anroputM JledkceTpu. Ane iCHYIOTb
MaTeMaTH4YHI METOAM, SKi MOXKHAa 3acTOCYBaTH B HaBiratopi i BOHH
JIO3BOJISITh  PO3IIMPUTA HOTO MOXJIMBOCTI. lle 0cOOMMBO Mae BeHuke
3HAYEHHSI TSI PO3POOKH CIIEeIialli30BaHNX HABIraToOPiB.

Amnani3 icHyro4HX 3aaa4 Teopii rpadiB 103BOJIHMB 3pOOUTH BHUCHOBOK,
10 B KOMIT'IOTEpHI MOJeTi HaBiratopa AOIIIFHO BUKOPUCTATH ajITrOPUTM
3HAXOJ[KEHHA B Tpadi NIIAXY, SKHA MICTUTh BC1 BEPIIMHY 1 )KOJIHA 3 HUX HE
MOBTOPIOETHCS. TakuM 4MHOM, B pOOOTI MOCTABJIECHO 3a/1a4y PO3pPOOJICHHS
mporpaMu AJisi 3Haxo/pkeHHst ['aMminbToHoBa 1uiaxy. Crovyatky HeoOXiTHO
nepeBiputu icHyBaHHS [aminmproHoBa T1HMKiIy. Ilpocta HeoOximHa i
JOCTaTHs yMOBa JUIsl 1€l 3aj1a4i He icHye. ToMy BHKOHY€EThCS HepeBipKa
HeoOXiZJHOT yMOBH icHyBaHHsI [ 'aMibTOHOBA MKy B HEOPIEHTOBAHOMY
rpadi: sKo HeopieHToBaHWH rpad G MICTUTH TaMiJIbTOHIB LUK, TO B
HBOMY He icHye sxoaHo1 Bepmuau X(i) 3 nokampHuM crynerem P(x(i))<2.
Kpim Ttoro, mepesipsitoTbcst ymoBu Ilomra, Ope i BUKOHAHHS TEOpEMHU
Bonnn — XBarana. [Ipu noBHOMy mpsiMomy mepeOopi BapiaHTiB BEpIIMH
Oyne 3HauHe 30UMBIIEHHS  CEpPEIHBOI  CKIAOHOCTI  3HAXOMKEHHS
l'amineroHOBa 1UISIXYy. B poOOTI 3ampornoOHOBaHO alropuTM, B SKOMY Ha
KO)KHOMY  KpOIli  TIepeBIPSAEThCS, UM YTBOPIOIOTH  BEPIIUHH, IO
3aJIMINIUCh, 3B’ si3HMN rpad. Kpim Toro, npu BUOOpI HACTYIHOT BEPITUHU
CHOYaTKy 00MpPaeMO BEpPLIMHH 3 HAMMEHIINM 3aJTUIIKOBUM CTEIICHEM.

[Iporpamy Hamucano Ha mMoBi C++. BoHa Moxe OyTH 10JaTKOM JI0
CHEIiaNi30BaHOTO TYPUCTHYHOTO HABIraTopy, a TAKOK BUKOPHCTOBYBATHCH
JUIsL pO3B’sI3aHHS 3a/1a4i PO KOMiBOsSDKepa.
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Mogesnb i MeTOa 3a0e3MeUeHHsI ATANTHBHOCTI IeTEKTOPa 00€KTIB 10
HOBH3HH i Bi3yaJIbHOr0 IIyMy NPOTHOOPYHX aTaAK

XutpoB O. b., 3006y8au epynu A3-26/KH; Mockanenko B. B., doyenm

Cymchkuii nepxaBHuil yHiBepcuTeT, Cymu, YKpaina

BusiiieHHS 00’ €KTIB € OHNM 3 HAHOLTBIIT TTOIMMPEHNX 3aBIaHb MAITHHHOTO
HaBuaHHA. Brke mpoBenmeHo Oarato poOiT MIOO MOKpaIleHHS e(eKTHBHOCTI
BUSIBIICHHS Ta PO3ITi3HABAHHS 00 €KTIB, CIIPSIMOBAHKMX Ha 3MCHIIICHHS BapTOCTI
O0YHCIIeHHS Ta CKOPOYEHHS KUTHKOCTI ortepallii i3 rmaBatodoro komoro (FLOP).
Lli poboT B OCHOBHOMY 30Cepe/KeHI Ha po3poOIli epeKTHBHIX MepeKeBUX
apXITEKTYp Ta OTPUMaHHI OLTBIIIOT KiJIBKOCTI PEMPE3CHTATUBHUX O3HAK.

Panmniii Buxin 3a0e3nedye MOXKITHBE DIIICHHS [T TIPHCKOPEHHS JIOTTIHOTO
BHCHOBKY  HEHPOHHHMX  MepeX  [ULIXOM  NPUNUHEHHS  IPSIMOTO
PO3IOBCIO/KEHHS, KO BIIEBHEHICTh MPOTHO3Y 13 BHYTPIMIHIX KIacu]ikaTopiB
MIEPEBUIIYE TICBHUI KpHUTEpid. MU NMpPOBOIMMO CHUCTEMATHUYHE JIOCIIHKCHHS
e(EeKTHBHOCTI PaHHROTO BUXOAY Y MOJAESX I TIOMIyKy OO'€KTiB Ta
AHAJI3y€eMO TTOB'sI3aHi 3 HUM MPOOJIEMH.

Mu BHXOAMMO 3 TIPUMYLICHHS, IO 3aCTOCYBaHHs JWHAMIYHOTO BHXOMY
TO3UTUBHO BIIMBA€ BUHAXIUMBICTHP MOJENI SK 3[aTHICTH J[iarHOCTYBaTh
MpOOJIEMH, PO3CTABIISITH TIPIOPUTETH Ta iHIMIFOBATH BUPIIIIEHHS ITPOOIIEM.

OCHOBHI KOMITOHEHTH €KCIIEPUMEHTAJILHOTO ITIIXO/TY BKJIFOUAIOTh;

1. Early exit branching: Lleit komroHeHT riepeidadae MOKIHMBICTh BHXOMIY 3
HEWPOHHOI MepeXxi Ha PaHHIX eTarnax 0OpOOKH, SIKIIO BIIEBHEHICTh Y Pe3yJbTaTi
Bke nocrats. Lle mo3Bomsie eeKTUBHO BHKOPUCTOBYBATH OOHYHCITIOBAIBHI
PECYpCH Ta IPUCKOPIOE MPOILIEC POOOTH JAETEKTOpa 00'EKTIB.

2. Test-time augmentation: Llefi koMHoHEHT BKIIIOYaE B ceOe BUKOPUCTAHHS
ayrMEHTAIlii IaHWX TIiJ] Yac TECTYBaHHS MOJIEIIL, 1110 JO3BOJISIE 3MCHIIIUTH BILTUB
BI3yaJIbHOTO ITyMy Ta IHIIMX ()aKTOpiB, O MOXYTh BIUIMHYTH Ha TOYHICTH
BUSIBIICHHS O0'€KTiB.

3. KanipOpyBaHHSI HEBU3HAYEHOCTI 1110 JIO3BOJISIE BPAaXOBYBaTH BIICBHEHICTh
MOJIeN y CBOiX mporHozax. Lle jormomMarae MOKpamuTH CTIMKICTh MOJIET JI0
HOBH3HH Ta Bi3yaJIbHOT'O IIIyMY, 0 MOKE BUHUKATH Yepe3 POTHOOpHYi aTaKu.

L[i KOMIIOHEHTH Pa30M YTBOPIOIOTH IHTEIPOBAHMH MiAXiA A0 3a0e3NeueHHS
aJIANTHBHOCTI JICTEKTOpPa OO0'€KTIB 10 PI3HOMAHITHUX YMOB 1 3a0e3Me4yloTh
CTIFKICTh MOJIEJII IO HOBU3HHM Ta Bi3yaJIbHOIO IITyMY IIPOTHOOPYHX aTak.
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Mogean i MeTOx 3a0e3MeUeHHsI ATANTUBHOCTI BUBYEHOI cTpaTerii
areHToM, 1[0 HABYABCA 3 MiAKPiNJIeHHIM

Mockanenko A. C., doyenm,
Bunorpaznos M., 3006ysau

Cymcekuit nep:xaBHU# yHiBepcuteT, Cymu, YKpaina

Hapuanus 3 migkpimienssm (Reinforcement learning, RL) - ue metox
MalllMHHOTO HAaBYaHHS, SKHWH JIO3BOJIAE areHTy HaBYaTUCS MisSTH B
CepeOBHII, MO0 MaKCUMI3yBaTH CBOIO BUHATOPONY, SIKYy BiH OTPUMYE 3a
neBHi mii. [licas meBHOI KiMBKOCTI iTepariid, areHT HaBYa€TCs MPUAMATH
HaWkpalli pillleHHs], $SKi 3 OUIBIIOK HMOBIPHICTIO MPHU3BEAYTh [0
MaKCUMAaJIbHOT BHHATOPOJTH.

HaBuanns 3 migkpituiensasm oduraiie (Offline RL) - me minxix mo RL,
SIKUM JI03BOJISIE areHTy HaBUaTHCS Ha 3a3Jajierigh 3i0paHuX JaHUX.
3a3Buyaii BiH BHUKOPHUCTOBYETHCS, KOJIM HEMOXKIUBO, HeOakaHO, YU
MPAaKTUYHO He e(PEKTHBHO B3aEMOMISATH 3 JaHUMH B peallbHOMY
HaBKOJIMIITHEOMY CEpPEIOBHIIIL.

OnuH 3 OCHOBHMX BHKIIMKIB HABYaHHS 3 MIJKPIIUICHHSAM OQUIaliH - 11e
HEBU3HAUYCHICTh, OCKIJBKM J[aHi, HAa SIKUX HABYAETHCS arcHT, MOXYTh HE
TOYHO BIAMOBIIATH PEAbHOMY CEPEOBUINY, HATPUKIIA]] Yepe3 HAsABHICTh
IIIyMiB, HETOYHOCTI Ta HEMTOBHOCTI OMHKCY CepeioBHUIIA, a00 K 3MIHU CTaHy
CEepEIOBHIIA 3 YACOM.

Tpamumiiini  Meronmn  HaBYaHHS 3 MIKPIIDIGHHAM  oduaiH
BUKOPHUCTOBYIOTh (PIKCOBaHI MOJITHKH, SKi OOMPAIOTh NMEBHY JiI0 JIUIIE HA
OCHOBI IIOTOYHOIO CTaHy areHta. Takud mijxig Oe3yMOBHO Mae psij
HenomikiB. [lo-mepmre, 1e 3anexHICTh BiJ (IKCOBAaHMX IIONITHK, SKi
OOMpaIOTh JiI0 JIMIIE Ha OCHOBI IMOTOYHOTO cTaHy areHra. [lo-apyre,
(ikCOBaHI IOJIITUKA HE BPaxOBYIOTh HEBHU3HAYCHICTH CEpPEOBHIIA, IO
MOJK€ TTPHU3BECTH J0 CYyO0-ONTHUMAILHOI TOBETiHKH.

OnHuM 3 OUIAXIB BUPILMIEHHSAM MLi€i TpoOJIeMH € BHKOPHUCTaHHS
aIanTUBHUX TMONITHK. lle MoNmiTHKH, sSKI MOXYTh KOPHT'YBaTH CBOIO
MOBEMIHKY Ha OCHOBi JIOCBimMy, HaAOyTOro Iiji 4Yac OI[iHIOBaHHS,
BpaxOBYIOUM HEBH3HAUYEHICTh CEPEJOBHINA Ta OHOBJIIOIOYM CBOHO
MOBEJIIHKY, 11100 Kpallle BiJMOBIJaTH PEaibHOMY CEPEIOBHIILY.

OpHa 3 NpaKTHYHUX peaizallii HaBuaHHS 3 MIAKPIIUICHHAM 3
BUKOPHUCTAHHSAM aJallTHBHUX TOJITHK TOJISATA€ Y BUKOPUCTAHHI aHCAMOITIO
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(yHKII# IHHOCTI A HAOMMKEHHS ONTHMAIIFHOTO aJallTHBHOTO TTPABHIIA.
Leit aHcaMOMb CKIIAAETHCS 3 MHOXHHU (PYHKIIH [IHHOCTI, SIKi OMHUCYIOTh
Pi3HI MOXKJIMBI CIICHAPI B CEPEIOBUIILL.

[I{o6 ampokcMMyBaTH amoOCTEPIOPHUN pO3MOALT 3a  (YHKIISIMHU
IIHHOCTEH 1 TIPEJACTAaBUTH BIIMHOCHE IEPEKOHAHHS IOJI0 CEPEIOBHIIIA,
QITOPUTM MOXKE€ BUKOPUCTOBYBaTH CKiHYCHHHH aHcamOnb (GyHKmii
LiHHOCTEH, OTPUMaHUX i3 aBTOHOMHOro Habopy manux. Koxna ¢yHKIis
IIHHOCTI B aHcaMOJi BIANOBIZAa€ MOMUIMBIA MoOHETi cepemoBHIIa, i
BiJIHOCHA Bipa CIIOYATKy OJHOPiJIHA, aJie¢ 3MIHIOETHCS, KOJIHM areHT 30upae
Oinpine iHdopmaii mix yac TecTyBaHHS.

Jns mpakTUYHOTO BIPOBAUKEHHS AaNTHUBHOI IOJITHKH, OMHCAHOI
paHilre, HaM TMOTPIOHO BHWKOHATH IBa Kpoku. llo-mepmie, MU TIOBHHHI
OLIHUTH, SK OYIKyBaHa BHHAropoJia 3a KOXHY [0 3MIHIOETBCS 3
ypaxyBaHHSIM HEBH3HA4YeHOCTI cepenoBumma. lle poOutbes wHUIIXOM
HaOIIMKEHHS alloCTEPiOPHOTO PO3MOALTY (PYHKIIN IMIHHOCTI JUIS MTOTOYHOT
nonituku. [lo-apyre, MU MoBHHHI BHOpaTH crociO, SIKUM MOJiTHKA Oyze
BUKOPUCTOBYBaTH 10 iH(POpMAIIiIO Ul MPUAHATTS pilieHb. BukoHaHHS
IIUX JTBOX KPOKIB JO3BOJHTH HaM TEpPEHTH BiJ TEOPETHYHOI KOHIIETIIii
aIalITHBHOI MOJITHKH A0 11 MPaKTUYHOTO BUKOPUCTAHHSL.

Y  pO3risSHYTOMY alTOpPUTMi HAJa€ThCsl MPIOpUTET  JisiM,  SIKi
Y3rO/DKYIOTBCS 3 HaWOLIbII BiAMOBIMHUME (DYHKIIISIMH IIHHOCTEH, 1
MIOCTIHHO OHOBJIIOE CBOi IEPEKOHAHHS Ha OCHOBI HOBOI iHGopmarii. Lle
JIO3BOJISIE  areHTY TMpalfoBaTH BiJIHOCHO ONTHUMAJbHO, HABITh SKIIO
peaNbHUH CBIT BiJIPi3HAETHCS Bil WOTO HaBUainbHHUX AaHWX. OIHAK HaBITh
el migxin Mae oOMEeXeHHs II0JI0 3HIKEHHS BIUIMBY HEBH3HAYEHOCTI Ha
e(pEeKTHBHICTh (YHKI[IOHYBaHHS areHTy, TOMY MaHOyTHI HampsIMK{
JIOCTIDKEHb BKJIFOYAIOTh BUBUEHHS OUIBII CKJIAJHUX MEXaHI3MiB 00pOOKH
HEBU3HAYEHOCTI Ta ajarrrarii.

1. Resilience and resilient systems of artificial intelligence: taxonomy,
models and methods / V. Moskalenko et al. Algorithms. 2023. Vol. 16, no.
3. P. 165. URL.: https://doi.org/10.3390/a16030165 .

2. Offline RL policies should be trained to be adaptive / D. Ghosh et al.
arXiv. 2022. URL: https://doi.org/10.48550/ARXIV.2207.02200.
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ApxitekTypa MLOPS 3 ypaxyBaHHSIM pe3iIbEHTHOCTI IJIs1
iHTeleKTyaIbHUX CHCTEM IUTYYHOTI'O iHTEJeKTYy

Mockanenko A. C., doyeum, Binorpagos M. O., 3006ysav,
Tromena C. O., 3006y8au

Cymchkuit nep>kaBHni yHiBepcureT, Cymu, YKpaina

MLOps noennye mnpaktukd MamuaHOro HaBuanus (ML) 3 mesorc
(DevOps) metomonoriero 1 3abe3neuye e(eKTHBHE Ta CHCTEMATHYHE
YIPaBIiHHS KUTTEBUM IMKJIOM MOJEJe MallMHHOrO HaBuaHHsA. CucTeMH
mryyHoro inrtenekty (LLI) 3HaxomsTh Bce mmmMpIIE 3acTOCYBaHHS B
KPUTHYHUX JO O€3MeKu [oNaTKaX, B TaKuX SK OE3MUIOTHI amaparw,
MeIWYHA JiarHOCTHUKA, MOHITOPHHT iH(QPACTPYKTYpHUX OO0 €KTIB 1 TOMY
nmonibHe. ToMy MiABHINYEThCS aKTyaJdbHICTh NPOOJIeMU 3a0e3NeUeHHS
pesimperTHOCTI lII-cmcrem. He3Bakarounm Ha BeNHWKY KIUTBKICTH POOIT,
npucesiaeHux okpemo MLOpS ta oxpemo pesimbentHocTi LI, momitHO
Opakye IOCHiKeHb, MPUCBSIUCHUX IHTErpailii MexaHi3MiB 3a0e3reucHHS
pesimbeHTHOCTI B (perimBopkrn MLOPpS. Lls mporamnHa migKpecioe
HEOOXIMHICT, WUTICHOTO TIAXOMYy, SKHHA TOETHYE IIi E€JIeMEHTH s
3a0e3TeueH s He Juie eeKTUBHOCTI Ta HaAIHHOCTI, ane W pe3iIbeHTHOCTI
710 PI3HOMaHITHHX 30ypeHb, 3 IKUMH MOXKYTh 3iTKHyTHCS 111 LLII-cucremu.

Ha puc. 1 nokazano 3amporonoBany cxemy MLOpS 3 ypaxyBaHHSIM
PE3UILEHTHOCTI JI0 PIZHOTHUIIHUX 30ypIOOYMX BIUIMBIB. BaxnuBumu
npunipnamu MLOPS € posnofin 000B'sI3KiB 1 criBOpans MixK KOMaHIaMH.
CnenianizoBani pimieHHs Ha piBHI 1watgopMu A 3abe3neyeHHs
pe3imbeHTHOCTI OyIb-aK0i Mojeni L1 generyroTs OHOBJIEHHS Ta MiATPUMKY
BOTO MeXaHi3My OKpeMill koMaH/i excrepTiB 3 pe3inbentHocTi LI, Hosi
etarm  MLOpS s 3a0e3nedeHHs] acleKTiB  PE3iUTbEHTHOCTI  CIiJ
BIIPOBA/KYBaTH SK MOCT(PAaKTyM, 100 MaKCHMi3yBaTH PO3IMOJILT
00OB'S3KIB.

Ha puc. 2 mokazano cxemy 3anpornonoBanux MLOpS 3 ypaxyBaHHIM
PE3ITBEHTHOCTI, sIKa JIOJJATKOBO BKJIFOYAE €Taly MOCT(HAKTyM OINTHUMIi3allii
PE3UTBEHTHOCTI, TOCTPAKTYM KalliOpyBaHHS HEBU3HAYEHOCTI, MOHITOPUHTY
HEBM3HAYCHOCTI Ta KepoBaHOl aerpanaiii. Ha gogatok 10 MOHITOpUHIY
HEBU3HAYCHOCTi, MexaHi3M mnoscHeHHs pimens I  wmoxe Oytn
BUKOPUCTAHUI Ui AONOMOTM B NPUHHSATTI PIlIEHb JIOOUHOIO, SKIH
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JIeJIeTOBaHO YIIPaBIiHHSA B pa3i HeBW3HaudeHocTi. Ha eram omrTumizarmii
PE3ITBLEHTHOCTI MPOIMOHYETHCS NPUEAHYBATH OOYUCIIOBAILHO ©()EKTHUBHI
(MeTa-) amanTepu 10 ‘“3aMOpPOXKEHOI” MOJENI 3 METOK MiIBUIICHHS
po0acCTHOCTI Ta MPUCKOPEHHS MIPOIECY TOHKOTO HAJIAIITYBAHHS.

( ¥
¢ NigroToeKa AaHux o>

y

y
Po3po6neHHs & TpeHyBaHHA &
OUiHIOBAHHA TOYHOCTI

MNoctdakTym onTUMi3aLlia i ouiHIOBaHHA
pesinbeHTHOCTI
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Pucynok 1 — OcHoBHi eranii MLOPS 3 ypaxyBaHHSIM pe3iIb€HTHOCTI

[MapanenbHu METOJ MIJKIFOYCHHS ajantepa J0 3aMOPOKECHUX OJIOKIB
Mozeni € HalOimbIl 3pydYHMM Ta yHIBepCanbHHM migxomoM. Jlms
3a0e3IeUeHHs] BIIACTHBOCTEH PE3UIHLEHTHOCTI CIIiJI BUKOPHCTOBYBATH TpPHU
MOCJIIZIOBHUX OJIOKM ajianTepiB, J1Ba 3 SKUX HAJIAIITOBYIOTHCS ITiJ] 4ac MeTa-
HaBYaHHs Ha pe3ysbTaTax ajarnTallii JO CHHTeTHYHHUX 30ypeHb. AITOPUTM
nocThakTyM KaniOpyBaHHSI HEBU3HAYEHOCTI BUMArae J101aBaHHs Hag0y10B
JI0 3aMOPOKEHOI MOJIeNi, SIKi KOPUTYIOThCS Ha OCHOBI KalliOpyBaJIbHUX
JNaHUX, 00 3MEHIIUTH PO30LKHICTh MK JOCTOBIPHICTIO IMPOrHO3Y Ta
¢akTnuHOIO HiMOBipHicTIO. KaniOpyBanbHi HanOya0BU U1 MOJIENI MOXKYTh
OyTn moOyJoBaHI Ha OCHOBI TeMIEpaTYPHOrO LIKATIOBAHHA, i30TOHIYHOI
perpecii, ricrorpaMHOr0 OiHHIHTY, 0al€CiBCHKUX HEHPOHHUX MEPEK TOIIIO.
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3anaua Eiisiepa B MaTemMaTu4Hiii Mojei HaBirauiiiHoi cucremn

®denopuenko A.1O., 3006y6au ep. KH-31,
Macnosa 3. 1., doyenm

CyMchKkuil epaBHAN yHiBepcHTET, M Cymu, Ykpaina

J1a po3BUTKY HaBIraIiifHIX CHCTEM BHKOPHCTOBYIOTHCA HalCydacHII
TEXHIYHI Ta €JIEKTPOHHI 3aco0u 1 mpuctpoi. Lle po3mmproe MOKIMBOCTI
HaBiraTopiB. [logaBaTy HOBI (PYHKIIIT B IUX CUCTEMaX, KPiM TOTr0, MOKHA 3a
PaxyHOK BUKOPHCTAHHS PI3HOMAHITHAX MaTeMaTHYHHX MeToxiB. OCHOBHA
MeTa poOOTH HaBiraTopa — L€ 3HAXOMKCHHS ONTHMAJIBHOI'O MapUIpyTYy.
Ane KpiTepiii ONTHMAaNBHOCTI B MPAaKTUYHINA CUTYyalii Moxke OyTH Pi3HHIA:
3HAWTH HAaWKOPOTIIMH NUIAX MK BH3HAUYEHUMH 00’€kTamu, abo 3HAWUTH
MapuipyT, KU 3310BOJIbHSE IEBHI YMOBHU.

B nmaniit po0oTi mocTaBieHo 3a7ady CTBOPEHHsI MPOTPAMHOTO JA0AATKY
0 KOMIIIOTEpHOI MojeNi HaBiramiiiHoi cuctemu. [Ipu cTBOpeHHI
CHeIialli30BaHOTO0  TYPUCTUYHOTO  HABIraTopy  MOXE  BHHUKHYTH
HEOOXIZHICTh PO3POOUTH MapUIPYT, SIKUH CKIAAAEThCS 3 PI3HUX BYIUIIb,
[0 HE MOBTOPIOIOTKCS, JJIS SIKOTOCh palioHy Micta. B Teopii rpadis — 1e
KinacuvHa 3anmava Eilinmepa. Po3poOmena mporpama 0a3yeTbcst Ha IIii
MaTeMaTH4Hii Teopii. Cxema MicTa 300pakyeThCsl y BUTTISAL Tpada.

BxigHi maHi B mporpamMi mpejncTaBlieHi MaTpPHUICI0 CYMIKHOCTI JUIs
BimmoBigHOTO rpada. B kimacuuniit 3amadi rpad € HEOpi€HTOBAaHUM. AJie B
mporpaMi MOXHa PO3MIIAJATH OPIEHTOBaHWM Tpad, KOMM JesKi BYJIHII
MaloTh OJHOCTOPOHHIN pyX. Haiiuacrinie B mpakTH4HIN 3ajadi BHHUKAE
HEOOXIJHICTh PO3POOUTH NHMKIIYHUN MapIIpyT, SKHHA TOYHMHAETHCSA 1
3aKiHYYETHCS B OJHIN 1 Tifl )K€ BEPIIHHI 1 MICTUTh TIO OJJHOMY pa3y KOXHY
Bymuiro. Takuii MapmipyT Has3uBaeTbCsl ElnepoBuM nukioMm. [lns
noBefieHHs1 Horo icHyBanHs Eitnep chopmynroBaB 1 10BiB Teopemy. B
porpamMi mepeBipseThCs iICHYBaHHS TaKoro LUKIY. 3a Teopemoro Eiinepa
rpad NOBMHEH OyTH 3B’A3HHMI JIOKaJIBHI CTENEHi BCiX BEPIUMH MOBHHHI
JOPIBHIOBATH MAPHUM 4YKCIIaM. B mporpami 11 mapamerpu o0YHCIIOIOThCS
1 IEPEBIPSIOTHCS 32 MATPUIICI0 CYMIKHOCTI. SIKIIO HE BUKOHYEThCS YMOBa
MapHOCT] JIOKAJIbHUX CTEIEHIB, TO NporpaMa BHJA€ IOBIIOMJICHHS , YU HE
3a70BONILHUTE 3amiHa Eiineposa mukmy nHa Eiinepis numx. I[porpama
MPOIIOHYE III¢ JIEKUJIbKAa BapiaHTIB 4acTKOBUX IHHMKIIB. KopucTyBad Moxe
BUOpaTH, SIKUI HOro 3a10BOIbHUTG. [Iporpamy Hanncano Ha MoBi C++.
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MamuHHe HAaBYaHHS 0€3MJIOTHOIO JIITAJILHOTO anaparty

Tupkycosa H., doyenm; Pynenko M., 3100yBau
Cymchkuit nepskaBHni yHiBepcurtetr, Cymu, YKpaina

OnHUM 3 IEpCIEKTUBHUX HATPSMIB PO3BUTKY OC3MITOTHHUX JiTATbHUX
anapatiB (BI1JIA) € HagaHHS iM BIaCTUBOCTI aBTOHOMHOCTI JJISI BUKOHAHHS
pi3HOTO pomy 3aJad B HApOJHOMY TOCIOAApCTBI Ta BIHCHKOBUX MIisiX.
Hananns asroHomuocti BIIJIA mnpu BukoHaHHI OOHOBHX 3aBIaHb €
HaJIMHUM CIIOCOOOM HOTo 3aXMIICHOCTI BiA Aii 3ac00iB panioeIeKTPOHHOI
60poTeOu. KpiM TOro, aBTOHOMHICTH [TO3BOJISIE CAMOCTIIHO JETEKTYBaTH
i 6e3 3B’S3Ky 3 OMepaTopoM Ha3eMHOI CTaHIll KepyBaHHS, a HEOOXiaHY
iHpopMallilo TepeaaBaTH 3a KPHUNTO3aXUIICHHM KaHAIOM 3B’s3Ky. s
peamizamii Takoi 3amaui BIIJIA moBuHEH MaTH iHTENEKTyalbHY CKJIAOBY,
TOOTO WITYYHWH IHTENEKT SIKUM 3[JaTeH HaBUATHCS Ta pO3Ii3HABATH
HEoOXiZHI 00’ €KTH Ha MiCLIEBOCTI.

BinpricTs BigoMux pimieHs 0a3yrOThCs HA BUKOPHCTaHHI 3TOPTKOBUX
HEHPOHHUX MeEpeX, SKI 3aCTOCOBYIOTH IMApHU 3TOPTKOBUX (LIBTPIB,
3MATHUX TMEPEecyBaTHCs Ha 300pake€HHI Ta BHIUIATH BTOPWUHHI O3HAKH IS
HaBYaHHS HEUPOHHOI Mepeki. Takuii miaXiJ € CTIMKUM JI0 IIIyMiB Ta 3aBaJ,
IO JI03BOJISIE Kpalle CErMEHTYBaTH, KJIACH(IKyBaTH Ta pO3Mi3HaBaTU
300paskeHHsA. OHaK 3aCTOCYBaHHS HEMPOHHHUX MEPEX Y NpOoLeci HaBYaHHS
MPUHIMIIOBO HE J03BOJIsIE MOOYyAyBaTH OC3MOMIIKOBI BHpIITyBajbHi
MpaBUIia i Ma€ HU3BKY 1X OTMEpPaTHBHICTh B pexuMi ek3ameHy. Kpim toro,
CYTTEBUMH HEIONIKAMH HEHPOMOIIOHUX CTPYKTYp € IiX YYTIUBICTH [0
0araTOBUMIPHOCTI TMPOCTOPY O3HAK pO3MI3HABAaHHS 1 andaBiTy KiaciB
po3mizHaBaHHs. Tako)X HEJONIKOM € HEOOXIJHICTh BEJIUKOro 00CsATY
3pa3kiB 300paxeHb. TOMy NEPCHEKTHMBHUM HANpPsSMOM € TIO€IHAHHSA
nepeBarn MiapiB  3rOpPTKOBMX (QiIBTPiB Ta MoJeled 1 MeTouiB
iHpOpMaIifHO-eKCTPEeMaIbHOI  1HTEJIEKTYallbHOI ~ TEXHOJIOTII  aHalizy
nanux [1], sika Ga3yeTbcs Ha MakcuMizanii iH(popMamiifHO clIPOMOXKHOCTI
CHUCTEMH pO3IMi3HaBaHHSI B MPOLECi MAIIMHHOTO HaBYaHHS MUIIXOM
ontumizamii 32 iHQopMaIliifiHUM  KpuUTepieM  mapamerpiB i
(YHKIIIOHYBaHHSI.

1. lIkyponar O. A. IHTenexkTyallbHa CHUCTEMa TEXHIYHOTO 30Dy IS
Oe3minotHux gitanebHux anapatis / O. A. lllkypomnar, 1. B. lllenexos, M. 1.
Muponenko // Artifical Intelligence, 2020. — Ne4. — C. 53-58.
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CiTkoBe IJIaHYBaHHSA B MeHe:KMeHTi Oy/AiBeIbHUX MpoIlleciB

€npnikoBa A.O., 3000ysau ep. KH-32;
Mumuk 1. B., 3006y6au ep. KH-32;
Macnoga 3. 1., oouyenm

CyMchKkuil epaBHAN yHiBepcHTET, M Cymu, Ykpaina

B cywacHmx yMoBax HEOOXiZHO BHKOHYBAaTH BENHKI 00’ €MH
OyIiBEIBHUX POOIT, TOMY aKTyaJIbHOIO 1 BRXKIIMBOIO € 3aja4ya opraHisarii i
yIOpaBiiHHS 1MMHU IpolecamMd. B nanii poOOTI mocTaBieHa 3ajaa4a
CTBOPEHHSI NPOTPAMHOI0 3a0e3NeUeHHs Ui aBTOMATH30BaHOI CHCTEMH
KepyBaHHsI OyiBHUIITBOM.

[epmmMm eTarmom y miid cUCTEMI € IPOBEICHHS TEHIEPY Ul BU3HAUYCHHS
migpsaaauKka. s 1poro HEOOXITHO KINBKICHO OIIHUTH KOHKYPYIOUi
poekTH. B po3poOieHil mporpami Al OMIHKY ITOPIBHIOIOTHCS HEOOXigHI
KoITH 1 yac BukoHaHHsA. Opraizallii, sKi IepeMararTh y TEHIEpI, Jaii
MiNafaoTh i MOTOYHHN MOHITOPHHT MeHemkepa. MeHemxepy Tpeda
MIBUIKO OMPAaIlbOBYBATH 3HAYHWN MacHB iH(OpMAIIii 10 KO)KHOMY 00’ €KTY.
IxHs1 ponb mocumoeThes 1ie i THM, 110 HEOOXiIHO MOEHYBATH HapaMeTpu
4acy, BapTOCTI 1 pecypciB. AHaJli3 MOCTABJICHOT 3a/1a4i JI03BOJIUB 3POOUTH
BHCHOBOK, III0 B TPOTrpaMi JOLUIBHO 3aCTOCYBATH CITKOBE IUIaHYBaHHS.
CiTkoBe TUIaHYBaHHS MAaTeMaTHYHO OOTPYHTOBYE TaKi MOMKIJIMBOCTI:
BU3HAYUTH 1 HAOYHO MPEJICTABUTH MOBHUN 00CST POOIT y BUIIIsIAL rpadika;
BCTAHOBHTH YaC BHWKOHAHHS pPOOIT; BapTiCTh 1 00cAT pecypciB, 1O iX
peabHO MOKHA JIOCATHYTH; KOHTpPOJIIOBATH BHKOHAHHS pPOOIT i
nepeadavaTH MoJANBIINHN Mepedir NOoii; OiHUTH OI0JKET MPOEKTY.

[Iporpama oGUHCITIOE TIPOEKT 3a KPUTEPieM Yacy i BapTocTi. MeHemkep,
SIKAH TPOBOANTH TEHIEP, MOKE BUOPATH MiAPSTHHUKA 32 KPUTEPIEM, SIKHH €
BKJIMBIIINM, a00 BH3HAUWUTH 3MIIIAHUH 3 BaroBUMH KoeQilli€eHTaMU.
KoxHoro aHs mporpama Hajiae JaHi JJisi KOKHOTO 00’€KTa 3 BHKOHAHHS
I1aHy. 3a IMMH JaHUMH BiJIIIOBiIajbHA [TOCAI0BA 0CO0a OpraHizye 3B’ 130K
MeHe/DKepa 3 MPeIACTaBHUKOM MiApSOHUKA Ui 3 SICYBaHHS HPUYMH
BIIXMJICHHS BIJI IJIaHY.

Po3pobrena nporpama goroMarae MEHeIKepy 1 HiAPSTHUKY €(EeKTHBHO
pO3MOAIIATA  BiANOBINAIBHICTH,  BU3HAYaTH  KPUTHYHI  poOOTH,
MEPEMIIIyBaTH PECYPCH, 3MCHILIYBATH PU3UKHU 1 HEBU3HAYCHICTb.
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MogeJi Ta MeToau indopmaniiiHoi TeXHOI0Tii, OWIHIOBAHHSI
BIANMOBIAHOCTI HABYAJILHOI0 KOHTEHTY CNeliaJIbHOCTI Cy4YacHUM
BUMOram Ha npuxiaii gucuumiinm «linpasiika

HertaproB B., 3006y8au
CyMchKkuit epaBHAN yHiBepcHTET, M Cymu, Ykpaina

Beryn. YV cydacHOMy CBITI CTpIMKO pO3BHBAIOTHCS TEXHOJOTI, IO
MPU3BOUTL JIO 3MiH y BHUMOrax 10 OcBiTH. HeoOXimHo, 1mo00 HaBYaIbHHI
KOHTEHT BIIMOBIJ]AB CYYacHVM pealisiM Ta TOTYyBaB BHUITYCKHHKIB JIO YCIIIITHOI
nipoheciitHol MisTTPHOCTI.

OmHuM 13 BaKIMBUX 3aBIaHb € OLIHIOBAHHS BIIOBIZHOCTI HABYAJILHOIO
KOHTEHTY CIIeTiaJIbHOCTI Cy4acHHMM BuMoram. lle 3aBmaHHS € CKIaaHUM,
OCKUTHKH Tiepeidadac BpaxyBaHHS IIIUPOKOTO CIIEKTPY (PaKTOPiB, TAKHX SIK:

—  3MiHH y Tamy3i 3HaHb 1 TEXHOJIOTIH;

—  3MiHM y IoTpedax poOOTOIaBINB;

—  3MiHH y HABYATFHHUX TPOrpamMax i MiJIxoaax 0 HaBYaHHS;
—  3MiHH y CIpHAHATTI iHQOpMAITii CTyIeHTaMH.

Hixi gocmimxennsi. PosrmsHytn Mozmenmi Ta Metoau  iH(opMamiiHOT
TEXHOJIOTII, SIKi MOXKYTh OYTM BHUKOPHCTaHI JUIS OI[IHIOBAHHS BIJITOBIIHOCTI
HaBYAJIBHOrO KOHTEHTY CIIEIIaJIbHOCTI Cy4acHMM BuMoram. Ha mpuxmazi
JWCIIMILUTIHY TipaBilika TPOJIEMOHCTPOBAHO, SIK I1i MOJIEI Ta METOJM MOXYTh
OyTH 3aCTOCOBaHI Ha MPAKTHII.

PesynbTaT. [ OMLiHIOBAaHHS BiIIOBIAHOCTI HABYAIEHOTO KOHTEHTY
CTIETIATLHOCTI Cy4YaCHHM BUMOTaM MOKHA BUKOPHCTOBYBATH TaKi MOJIEI:

— Mogens BIINOBITHOCTI HABYAIEHOTO KOHTEHTY BUMOTaM PHHKY mipari. Ls
MOZIeNIb  Tiepeidayae  BU3HAYCHHS  BIJIMOBIHOCTI HABYAIBLHOTO KOHTCHTY
BUMOTaM, SIKi BUCYBarOTh POOOTO/IABII /IO BUITYCKHHKIB CIICIIAIbHOCTI.

— Mogens BiITIOBITHOCTI HABYATILHOTO KOHTEHTY BUMOraM KOMIIETCHTHOCTEHA.
s monmenp mepenOavae BU3HAYEHHS BiNIMOBITHOCTI HABYAJIBHOTO KOHTEHTY
BUMOT'aM JI0 KOMIIETEHTHOCTEH, 5IKi IOBUHHI OyTH c(OpMOBaHi y CTYIEHTIB 3a
JIAHOKO CITCIIAIBHICTIO.

Jlnst OIiHFOBAaHHS BiATOBIMHOCTI HABYAIBHOTO KOHTEHTY CHEI[ialbHOCTI
CyYacHHM BHMOTaM MOYKHa BUKOPHUCTOBYBATH TaKi METOJIH:

— Meron ekcrneptHux omiHOK. lleli Meron mependadae  MpoBEACHHS
eKCIIEPTHOTO JIOCI/PKCHHSI, B SIKOMY €KCIIEPTH OIUHIOIOTh BiIIOBIIHICTD
HABYAJIbHOTO KOHTEHTY BUMOTaM.
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— Meron ankeryBaHHs cryneHTiB. Lleii meron mepenbauae mpoBemeHHS
AHKETYBaHHS CTYJCHTIB, B IKOMY BOHU OLIHIOIOTh BiJIOBIIHICT HABYAJIEHOTO
KOHTEHTY iX MoTpebaM Ta BUMOraM pHUHKY Tpalli.

— Merog SWOT-anamnizy. Lleit Meros 103BOJISIE BU3HAUMTH CHIIBHI Ta CaOKi
CTOPOHM HABYATFHOTO KOHTEHTY, a TAKO)K MOXITMBOCTI Ta 3arpo3, TOB'I3aHi 3
HOr0 BUKOPUCTAHHSIM.

Jnst  omiHIOBaHHS BIIOBIHOCTI HABYAIFHOTO KOHTEHTY HCIMIUTIHA
TigpaBiika CyYacHMM BHMOTaM MOJKHA BHKOPHCTOBYBAaTH Taki MOIeNi Ta
METOJIH:

— Mogens BiATIOBITHOCTI HABYAIFHOTO KOHTEHTY BIMOTaM PUHKY Tipari. J{ms
IILOrO0 MOXKHA TIPOBECTU JTOCIIIKCHHS, B SIKOMY OYIyTh OITUTaHi pOOOTO/IABIIi,
SKi TOTpeOyIOTh BHITYCKHHKIB crnemianbHocTi "TigpaBmika". YV nocnmimkeHHi
MOXKHa 3'ICyBaTH, sIKi 3HAHHS Ta HABMYKA HEOOXiJHI BHITyCKHHKAM JUIs
yCIinrHoi poOoTH.

— Mogens BiIMOBITHOCTI HABYATEHOTO KOHTEHTY BUMOTaM KOMIIETEHTHOCTEH.
Jns 1p0ro MOKHa TIPOBECTH JIOCIIDKEHHS, B SIKOMY OYIyTh BH3HA4YeHI
KOMIIETEHTHOCTI, SIKi IOBHHHI OyTH C)OPMOBaHi y CTY/ICHTIB 32 CHEIIaIbHICTIO
"Tinpanika". Lli KOMIETEHTHOCTI MOYXHA BU3HAYMTH HA OCHOBI HABYAIHLHUX
Mporpam, a TAKOXK Ha OCHOBI BUMOT POOOTO/IABIIIB.

J1y1st IpoBeICHHS TOCITIDKEHb MOYKHA BUKOPHUCTOBYBATH TaKi METOJIH:

— Meron ekcnieptHuX OIHOK. Llefi MeToj MOXXHA BHKOPHCTOBYBATH VIS
BU3HAYEHHS BUMOI' PUHKY IIpalli, a TAKOX [UIsl BU3HAYEHHS] KOMIIETEHTHOCTEH,
sIKi TIOBUHHI OyTH C()OPMOBaHI y CTY/ICHTIB.

— Meron ankeryBaHHs cTydeHTiB. Llei MeTon MOXXHA BUKOPHCTOBYBATH IS
BU3HAYEHHS BIJINOBITHOCTI HABYAILHOIO KOHTEHTY TIOTPe0aM CTY/ICHTIB.

— Meronq SWOT-anamizy. Lleii wmeronq MOXKHa BHUKOPHCTOBYBAaTH ISt
BU3HAYEHHS CHJBHHMX Ta CJIA0KMX CTOpPiH HABYAJIBHOIO KOHTEHTY, a TaKOX
MOXKJIMBOCTEH Ta 3arpo3, MOB'sI3aHMX 3 HOr0 BUKOPUCTAHHSIM.

Jnst minBuieHHst epeKTUBHOCTI OIIHIOBAHHS BIATIOBITHOCTI HABYAITBHOTO
KOHTEHTY CTIELialIbHOCTI Cy4aCHUM BUMOTaM PEKOMEHTY€EThCSL:
— Pozpobutu Ta BHOpOBaIMTH €OMHY CHCTEMY OLIHIOBaHHS, sKa Oyne
BUKOPHCTOBYBATHCS JUIS BCIX CIIEIIAIBHOCTEH.
— 3abe3neunTH BIIKPUTHIA JOCTYIl 1O PE3y/IbTAaTiB OI[HIOBAHHS JUI1 BCIX
3aI1iKaBJIEHNUX CTOPIH.
— BnpoBagutu  MexaHi3M ~ 3BOPOTHOrO  3B'I3KY, SIKMH  JIO3BOJIMTH
BUKOPHCTOBYBATH PE3yJIbTaTH OI[HIOBAHHS JUISl BJIOCKOHAIICHHSI HABYAIBHOTO
KOHTEHTY.

BucHoBkm.
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1. Vuieepcanvnicme memoois: Mogeni ta meroau IT, ormcani B mild crarri,
MOXXYTh OyTH 3aCTOCOBaHI He JIMIIE 0 TUCIUILTIHA T1APABIIKH, aje i 10 Oy/Ib-
sKoi iHIOl crierianbHOCTI. Lle poOuTh iX yHiBepcaJbHUM iHCTPYMEHTOM JUTS
OIIHIOBaHHSI BiTIOBITHOCTI HABYAJILHOTO KOHTEHTY Cy4aCHHM BUMOTaM.

2. HeoOxiouwicmv nocmitinoco OHOGNeHHA: PHHOK Tpalli Ta BHUMOTH JIO
KOMIICTCHTHOCTEH JIMHAMIYHO 3MIHIOIOTECS. TOMY B@KIJIMBO PErYIISIPHO
MPOBOJIMTH OIIHIOBAHHS BiJIIOBIIHOCTI HABYAIBHOTO KOHTEHTY Ta BHOCHUTH
HEeoOXiTHI 3MiHH.

3. Cnisnpays 3 pobomooasysimu: [l 3a0e3neveHHs  BiANOBITHOCTI
HABYAJILHOTO KOHTEHTY IMOTpe0aM pHUHKY TIpaili BaKJIIMBO HAJIATOIUTH
cmiBmpamio 3 pobotomaBisiMu.  Lle  MO3BOMMTH OTpUMATH  aKTyallbHY
iH(opMarIiro mpo HeoOXiTHI 3HaHHS Ta HABUYKH BHUITYCKHUKIB.

4. BoockoHanenHs HaBUAbHO2O KOHmMeHmy: Pe3ylbTaTy OlliHIOBAaHHS TIOBUHHI
BUKOPHCTOBYBATHCS TS BIOCKOHAJICHHSI HABYAJIBHOTO KOHTEHTY. lle moxke
BKJIIOYATH OHOBJICHHS TIPOTpaM, METOJAWK BHUKIAJAHHS Ta HABYAIHHHX
Marepiaiis.

5. [Iliosuwernns axocmi oceimu. 3actocyBanns MetomiB [T mis oriHroBaHHS Ta
BIOCKOHAJICHHS HABY&JIGHOTO KOHTEHTY MOXE TMPH3BECTH JO 3HAYHOTO
MIABULLIEHHS IKOCTI OCBITH.

6. HeoOxionwicmv nodamvuiux Oocniodcenb: HeoOXiqHO MpOBECTH TMOAABIII
JOCTI/DKCHHsI, 11100 pO3pOOMTH OUIBII JOCKOHAI MOIETI Ta METOIU
OLIIHIOBAHHSI BiJITIOBITHOCTI HABYAJIBHOI'O KOHTEHTY Cy4aCHUM BUMOTaM.

7. Bnnue na oceimuio nonimuxy: Pe3ynbTaTti 10CHIIPKEHb B LI TaTy31i MOXYTh
OyTH BUKOPHUCTaHI JUTsl pO3POOKH Ta BIOCKOHAIICHHSI OCBITHBOT IO THKH.

8. Misxcnapoonuii konmexcm: Tligxomyu 10 OLIHIOBAaHHS Ta BJIOCKOHAJICHHS
HAaBYAIFHOTO KOHTEHTY, ONHMCaHi B Il CTaTTi, MOXYTh OyTH KOPUCHHUMH HE
nmie B YKpaiHi, ane i B iHIIMX KpaiHax.

9. Exonomiuni ma coyianvbui nacrnioxu. T1iTBATIICHHS SKOCTI OCBITH MOYKE MaTH
3HaYHI €KOHOMIYHI Ta COIiaJbHI HACHTIAKH, TaKi SK MiJBUIIEHHS PIBHS JKUTTSI,
KOHKYPEHTOCIPOMO)KHOCTI KpaiH! Ta 3MEHIIICHHSI COIIIaJTbHOI HEPIBHOCTI.

10. Basicnusicmv 0ocniodicenv 0 marbymuvoeo. JIOCHimKeHHS B il Tamy3i
MAalOTh BeJNIMKE 3HAYEHHS JUI 3a0e3MeueHHs] Mail0yTHROTO YCIXY OCBITHBOI
CHCTEMH.

OLiHIOBaHHS BIATIOBIIHOCTI HABYAILHOTO KOHTEHTY CYy4aCHUM BHMOTaM €
BaXJIMBMM 3aBJaHHSIM, K€ MOXKe OyTH BHPIIIEHO 3a Jonomoror meromis IT.
3acTocyBaHHS IIMX METO/IB MOXKE TPU3BECTH JI0 3HAYHOI'O IMiJABUILCHHS SIKOCTI
OCBITH.

KepiBauk: boposuk B.O., k.m.n., doyenm,
CymllyY, m. Cymu, Yrpaina
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AHaJi3 MeToiB MAIIMHHOI0 HABYAHHSA CUCTEM BUSIBJICHHS
HECAHKIiOHOBAHMX BTPYYaHb

Jlomangs M., 3mo6yBau rp. A-36/KH
CyMchbkuii nepkaBHui yHiBepcuteT, M. Cymu, YKpaina

Beryn. CydgacHuii CBIT 3iTKHYBCS 3 Oe3MpenefeHTHHM 3POCTaHHSIM
KIJIBKOCTI Kibepatak, cepe]] SKUX HECaHKI[IOHOBaH1 3alIUTH CTAHOBJIATH 3HAYHY
3arpo3y iHgopmarriiHii Oesneri. 3a gocmipkeHHsMu kommanii McAfee B
2021 porri KiGep3IOYHHHICTD 3aBaajia rio0aibHiil eKoHoMimi mkoau Ha $600
wipa., a6o 0.8% caitoBoro BBII. PosrisiHeMo OCHOBHI METOIM MAlIMHHOTO
HABYAHHS CUCTEM BHSIBIICHHSI HECAHKIIIOHOBAaHHX BTPY4aHsb [1].

HarnsiioBe HaB4yaHHs. Y HarsJOBOMY MAIIMHHOMY HaBYaHHI MOJEINI
TPEHYIOTBCS HA TIOMEPEAHBO BiJIMIYEHHX IAaHWX, JIe KO)KHOMY BXiJHOMY
MPUKIIAAY BIIIOBIAE BiloOMa BIANOBiAL (MiTKa). Y KOHTEKCTI BUSIBJICHHS
miaxpaiicTsa, e Moxxe OyTH HaOlp TpaH3aKIii, KOKHA 3 SKHX MO3HAYCHA SIK
"maxpaiiceka" abo "HopMmanpHa". Mogeni  HaMararoTbCsl  BHSABHUTH
3aKOHOMIPHOCTI, 5IKi IO3BOJISIIOTh M TOYHO KJacU(]iKyBaTH HOBI TPaH3aKIIil.

HenarnsigoBe HaBYaHHSI 3aCTOCOBYETHCSI KOJH BIJICYTHI MiATOTOBJIEHI
JaHi. 3aMmicTh TOro, MO0 HAMaraTHcs IepeN0aYnTH MITKY Uit KOXKHOTO
MIPUKIIaAy, MOJEN IIyKaloTh 3aKOHOMIPHOCTI a00 aHOMamii B JaHWX, SKi
MOXXYTh BKa3yBaTH Ha IIAXPaiChKy MOBEMiHKY. Lle 0coOmMBO KOpHCHO st
BUSIBIICHHSI HOBHX THITIB IIIAXPaiiCTBa, SIKi paHillle He CIIOCTePiraucs.

HapuanHsl 3 HiAKpiNUIEHHAM BiIPI3HAETHCS BiJ| IHIIMX THINB THM, IO
MOJIC/Ib HABYAETHCS, BUOMPAIOUM JIii HA OCHOBI BIJIOBII 3 HABKOJIHUIIHLOIO
cepemoBuIlia. Y KOHTEKCTI BHUSBICHHS IIaxpaicTBa BOHM € HaWOLIbII
THYYKHMH, TaKi CHCTEMH MOXKYTh QJanTyBaTUCS IO 3MiH Yy MIaXpaiChKUX
CTpaTerisix Ta ONTHUMI3yBaTH CBOI JIil B PEXKHUMI PEATIbHOTO Yacy.

BucHoBkH. MeToy MaliiHHOTO HABYAHHS BiIrpalOTh BUPIMIAILHY POJIb
y BUSIBJICHHI HECAaHKLIIOHOBAHUX BTpy4aHb. BomHOUac akTyallbHUMH 3aJa4aMu
3IMIIAIOTECS  (POPMYBAHHSI  PEJIEBAHTHOIO  BXIJHOTO OMHCY CHUCTEM
BUSIBJICHHSI KiOepaTak 1 pO3pOOJeHHs TiOpITHAX METOJB MAIIMHHOTO
HaBYaHHS 3 BUCOKOKO (DYHKIIIOHAJBHOIO e(DEKTUBHICTIO.

1. Mieke Jans, Nadine Lybaert, Koen Vanhoof - Data Mining for Fraud
Detection: Toward an Improvement on Internal Control Systems (2008).
2.
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IHTe.HeKTyaJIbHa TEXHOJIOTifl BUSIBJIEHHS JIiCOBHX MOXKeEK

Kpusony6 O.I'., 3m00yBau rp. [HM-21H,
Moxkpenko A.A., 3m00yBau rp. A-26/KH/1,
IIenexos I.B., momeHT

CyMchkuii nepkaBHui yHiBepcuteT, M. Cymu, YKpaina

[lepeBakHa OUNBIIICTE CyYacHHWX TEXHOJIOTIH PO3Mi3HABaHHS JiCOBUX
MOXKEXK 13 300paskeHb 0a3yIOThCsl HA BUKOPHCTaHHI 3TOPTKOBUX HEHPOHHUX
MEpeX, fKi MalTh pAI CYTTEBUX HEAONIKIB. [OMOBHHM 3 SKUX €
HEMOJIMBICTh  IHTEepIpeTarii IJOJWHOI0 TPaBWJ, Ta O3HAK, SKi
(OpMYIOTBCSI MepeXeI0 B Tpolieci HaByaHHs. [IpuAHATTS pillleHs Ha piBHI
300paxeHHS € ‘‘OpHHM SIIUKOM~, a TPOIeC HaBYaHHA MeEpexi €
HEaBTOMAaTU30BaHUM, IIOBUIBHUM, Ta TaKHM, IO NOTpeOye BEIHKOI
KUTBKOCTI BXIIHUX JaHWX. TOMY CTBOPEHHSI CHCTEMH BHSBJIICHHS JiCOBHX
MOYKEeXK Ha OCHOBI ajanTamii iZiei 1 MeToAiB iHpopMaIiiiHO-eKCTpeManbHOT
IHTENeKTyaTbHOI TEXHOJIOTI € aKTyaThbHOIO 3a]a4elo.

BxigHi maHi BKJIIOYAIOTh 3HIMKH, OTPUMAaHI il dYac OOCTEHKCHHS
aBToHOMHUM bBIIJIA Teputopiii 3 micoBumm ekocucremMamu. Cepen
napaMeTpiB HaBYAIHHOI MATPHUIll BCTAHOBJEHI 7 KJIaciB pO3Mi3HABAHHS:
«BIAKPUTUI  BOTOHBY», «3aJUMIICHHS», «BUTOPUIMHA JIC», «BUCOKA
POCIUHHICTBY, «HHU3bKA  POCIHHHICTHY, «BOJIOHMAY, «00’€eKT
iHQpacTpyKTypu». Y  SKOCTI KpHUTEpil0 ONTHMi3alii mapameTpiB
MalIMHHOTO HaBYaHHS BUKOpPUCTOBYBanacs iHdopmariiiHa mipa KynsOaka
y BUMIBIAI (yHKIiOHaTYy, 0a30BaHOTO HAa TOYHICHUX XapaKTEpUCTHUKAX
knacuikaliiHux pimieHs. PesymbraTh  onmTuMmizaiii  TeOMETPUYHUX
napamMmeTpiB 1oJjaHo Ha puc. 1.
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MIPaBUJI KJIaciB

AHaJi3 OTpUMaHMX PE3yJbTaTiB MOKa3ye, M0 MoOyJoBaHI B mpoleci
MallMHHOTO  HAaBYaHHS  BHPINIATBHI  TMpaBHJa  XapaKTEePU3YIOThCS
3HAYEHHSIM TIOBHOI HIMOBIPHOCTI PUIHSATTS MPABHIBHOTO pilieHHs y 81%.
Taki mNOKa3HMKM  po3mi3HaBaHHA I andaBiTy 13 CeMH KJaciB
MiATBEPIUKYIOTh JIOCTaTHRO BHMCOKY JOCTOBIPHICTh KJIAacHU(iKaliiHUX
pilieHb, ajge B TEPCIEKTUBI € HEeOoOXiMHICTh 30IBIICHHS TIHOWHH
MaIIMHHOTO HaBYaHHS IIUIIXOM ONTHMI3alii I1HIIWX MapaMeTpiB, sKi
BIUIMBAIOTh Ha QYHKIIOHAIBHY €(EKTHUBHICTh CUCTEMHU.

125



CEKIIA 1: Komn'tomepni nayku ma Kibepbesnexka IMA :: 2024

Buxopucranus napajeabHO-NOCTI0BHOI0 aJropuTmy iHdopmauiiino-
eKCTPEMAJIBHOr0 MAIIMHHOTO HABYAHHS 3 YACTKOBOI) MOCJIiI0BHOIO
onTuMizaniero B 3anavi kiaacudikanii 6iocurnanis

Cynpynenko M., 3mo0yBad
CyMchkuii nep:kaBHui yHiBepcuteT, M. Cymu, YKpaiHa

3amaya mBHUAKOI Ta OOYMCITIOBATbHO-e()EKTUBHOI  Kiacuikarii
OlocurHajiiiB € JyXKe axkTyaJbHOI0 B cdepi CydyaCHOTO NpPOTE3yBaHHS.
BopHouac BaxiIMBOIO € 3ajada MiABHUIICHHS TOYHOCTI MAIIMHHOTO
HaBYaHHS CHUCTEMH KEpyBaHHA HPOTE30M 3 HEIHBAa3WBHOIO CHCTEMOIO
3untyBanHs EM-curHani. [lepeBara HeiHBa3MBHOI CHCTEMH 3YUTYBaHHS
enekrpomiorpadivanx (EM) OiocurHamiB y MOpIiBHAHHI 3 1HBa3WBHOIO
TOJIATAE y BIICYTHICTH TOAATKOBOTO XipypriYHOTO BTPyYaHHS.

MeTow JOCHiDKEHHS € MiJABMINEHHS TOYHOCTI po3mi3HaBaHHS EM-
CUTHAJIIB CHUCTEMOIO KEpyBaHHS MPOTE30M KICTI PYKH 3 HEiHBa3MBHOIO
CHCTEMOIO 3UUTYBaHHS Ha OCHOBI MAIIMHHOI'O HAaBYaHHs. {151 AOCSATHEHHS
METH MalllMHHE HaBUYaHHS 3JIHCHIOEThCS B pamKax iH(popMaIliiiHo-
EKCTPEMaJIbHOT IHTETIEKTYalIbHOT TEXHOJIOT1] aHai3y JaHUX, B OCHOBY SIKOT
MOKJIQJAEHO  ONTHMi3alil0 TapaMeTpiB MAIIMHHOTO HAaBYaHHSI 32
iH(opMaritauM kputepiem [1].

TounicTh KiIacudikalii 3HAYHO IIJBHILYETHCS Ta 3a3BHYAN J[OCITAE
0E3MOMMIIKOBOCTI Ha HaBYAJbHIN BHOIpPII MPpH BUKOPUCTAHHI MapaiebHO-
nociifgoBHOTO anroputMmy HapuaHHS 3a IEIT, ogHak 3meHmryeTbcs Horo
onepaTHBHICTh. [liBUINICHHS #MOro ONEPAaTHBHOCTI MOXHA JOCATTH
ONTUMI3YIOUH TapaMeTp CHCTEMH KOHTPOJBHHX JIOMYCKIB IJisi TEBHOI
I'PYIIN o3Hak, 3aMiCTh HOTO ONTHUMI3AIi] IJIs KOXKHOI 03HAKH OKPEMO.

Hns BXigHux wiorpadiuaux naHux [2], TpymyBaHHS O3HAaK JUIs
ONTUMi3alii MmapaMeTpy IOJisI KOHTPOJNBHHX JOIYCKiB Ma€ JI0JaTKOBY
JOLINBHICTb, aJKe JaHi 310paHo i3 BUKOPUCTAHHSAM MaTpHuLi 3 24 cCeHCOPIB.
Takum 4MHOM, KOXHa peaiizamis ckinagaerbes 31 100 quckpeTHHX 3aMmipiB
HamNpyru s KOXXKHOro 3 24 JaT4uKiB B TMPOAOBXK NpuoOIu3Ho 20
MigicekyHa, To0To 2400 o3Hak. TakumM YHHOM mapaMmerp IOJs
KOHTPOJIBHUX JOIYCKiB PO3PaXOBYETHCS OKPEMO Ul JAHUX 3 KOXKHOTO
JlaTYrKa.
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TakuM YMHOM i3 BHKOPHUCTAHHSAM YaCTKOBOI IMOCIIAOBHOI ONTHMIi3allii
CIIOCTEPITAaEThC 3HAYHWN TIPUPICT PO3IUIBHOI 3aTHOCTI KOHTEHHEpiB
KJaciB 0e3 3HaYHOTO 301TBIICHHS Yacy HaBYaHHSI.

1. JosOum A. C. OcHOBH IIPOEKTYBaHHS iHTeNIEeKTyanbHuX cucteM / A. C.
HoBoum. — Cymu : Bupasauurso Cym/1Y, 2009. — 172 c.

2. putEMG: sEMG Gesture and Force Recognition Datasets — Biomedical
Engineering and Biocybernetics Team [Electronic resource]. URL:
https://biolab.put.poznan.pl/putemg-dataset/ (accessed: 23.05.2021)
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AHaJIi3 KOMILJIEKCHUX CHCTEM 3aXHCTy U (POBOro cepeoBuina

Pynuesa A., 3006y8au,
Kosains B.B., cmapuuii éuxnaoau,
Hedenuenko B.®., ooyenm

Cymchkuit nep:kaBHU# yHiBepcuteT, Cymu, YKpaina

3pocranHs Kibep3arpo3 Ta KibepaTak Ha KpUTHUHY iHPPACTPYKTypy Ta
MIpUBATHI JaHi poOuTh KibepOe3neKky KPUTHIHO BaXIIUBOIO IS OyIb-sKOT
opranizamii. TpaaumiiiHi aHTUBIpYCHI TIporpaMu Ta OpaHAMayepu BKe HE
3a0e3MeYyoTh  JOCTAaTHHOIO TOBHOTO  3aXKHCTy, IO  MiJKPECITIOE
HEOOXITHICTh y 3aCTOCYBaHHI KOMILJICKCHUX CHCTEMax 3aXUCTy IU(PPOBOro
CepeIOBHIIA.

Y pamkax poOOTH OCHOBHA yBara MPHIUIUIACH MPOBEACHHIO aHAI3y
KOMIUIEKCHUX CHCTEM 3aXHCTy HU(PPOBOTO CEpelOBHINA, BU3HAUYECHHIO X
TepeBar Ta HeJIOJIKIB, a TAKOXK PO3POOJICHHIO PEKOMEHIAIIIH 1m0/10 BUOOPY
Ta BIIPOBAKCHHS TAKUX CHCTEM.

Jlis  NOCATHEHHS TIOCTaBJICHOT MeTH OyJio po3moyara poboTa Haj
BUKOHAHHSIM HACTYITHUX 3aBJIaHHS:

- BHUBYCHHS NPHUHIOUIIB pPOOOTH KOMIUIEKCHHX CHUCTEM 3aXHCTY
KU(POBOTO CEPEIOBUIIIA;

- aHaMi3 PYHKIIOHAIBHUX MOKIIUBOCTEH TAKUX CUCTEM.

- IOPiBHSHHS Pi3HUX KOMIUIEKCHHX CUCTEM 3aXHUCTY.

- OIliHKa 1X e()eKTUBHOCTI Ta HAIHOCTI.

OrmiHeHO e(eKTUBHICTh CKaHYBaHHS KOMIUICKCHUMH CHUCTEMaMH
aHTUBIPYCHOTO  BEeKTOpa arak. AHami3 3JaTHOCTI  BHSBIATH 1
HEHTpai3yBaTu Pi3HOMAaHITHI BHIM 3arpo3, BKIIOYAIOYH BIpYCH, TPOSHH,
IIMATYHCBKE — TporpamHe  3a0e3meuenHss Ttomo. OcobnmBa  yBara
MPHUIITISUIACE SKOCTI pPO3Mi3HABAHHS Ta IIBUIKOCTI pearyBaHHs Ha HOBI
3arposm.

AHali3 KOMIUIEKCHHX CHUCTEM 3aXHCTy I(poBoro cepeaoBuina €
BXJIMBMM KPOKOM y 3a0e3mneueHHi KiOepOe3lekd B  CydacHOMY
uudpoBoMy cBiTi. Pe3ynpraT Takoro asamizy MOXYTh JOIOMOITH
oprasizaiisiM y BUOOpi Ta BIIPOBAIKECHHI ONTUMAIBHOI CHCTEMH 3aXHUCTY.
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BusiBienns: ¢gopaa y 1aHux aBiakommnasii MeTo10M 3CyBY cepeiHbOI0
3HAYeHHSs

CeicrenbHik A.O., 3006y6au; Onekcienko [.A., doyenm;
CymMmchkuit nep>kaBHAHN yHiBepcuteT, M. Cymu, YkpaiHa

VY npanmii yac OUIBIIICTh MOCTAYIBPHWKIB OHJIAHH-TIOCTYT TIOBHUHHI
BpaxoByBaTH (ppojt Ipu Po3polIli CBOIX CHCTEM, MO0 3a0e3MeunTH ePEeKTUBHY
MONITUKY OE3MEeKU Ta IUTICHICTh CBOIX JI0XOMiB. BusiBneHHs cripo0 1maxpaiicTa
IUIXOM  3aCTOCYBaHHS ~QJTOPUTMIB MAIIMHHOTO HABYAaHHI € JyXKe
MEPCIEKTUBHIM. 3TiIHO 3 AESIKUMU ONUTyBaHHAMM, 64% cBiTOBUX Oi3Hec-
Gopotrcs 3 maxpaiictBoM. Lle dacTkoBO TOB'I3aHO 31 30UTBIIEHHSM KUTBKOCTI
BHUJIIB IIaXpaiCTBa Ta 3arajbHUX OOCATIB IIaxpaiicTa. BrmB maxpaiicTBa Ha
OizHec He oOMexyeTbcst (piHaHCOBUME BTparamy. YumMm Oimbllie KOMITaHis
HaMaraeTbCs 3armooirtu (hpoy, THM OLTbIa HMOBIPHICTH OJIOKYBaHHS 3aKOHHUX
MIaTexiB, MO 3HIWKye KoedilieHT KoHBepcil mmarexiB. Hamararounch
3MEHILINTH KUIBKICTh XHOHMX CHpalbOBYyBaHb, KOMIIAHI MOXYTh BpYUYHY
MEepPeBIpATA TIO3HAYCHI IUIATEXI, ajie II¢ MPH3BOJWTH JIO JOJATKOBUX
OTePAIIMHUX HAKJIQHUX BUTpAT. ¥ AOCITIIPKCHHI Mpale3IaTHOCTI ajrOpUTMY,
BUKOPHCTOBYBAJINCS BIJIKPUTI JaHI aBiaKOMIIaHii, sIki BKIIFOYAalOTH y cebe
iHdopMaIliro 1o/10 3MiH, SIKi KOPHUCTYBa4 3aCTOCOBYE JIO CBOiX OpOHIOBaHb, a
TAKOXX 3MIHEHI JIaHI CaMOro KOPUCTYBaya. AJITOPUTM METOAY 3CYBY CEPEIHBOIO
3HAYECHHS MOXKE JIOTIOMOTTH HaM Yy BHUSBIICHHI aHOMaNil, SKi MOXYTh OyTH
3aCTOCOBaHi JI0 KapT, III0 CaMOOPTaHI3YIOThCS, Ta i€papXidHOI KIIacTepHh3allii.
BpaxoByroun 3HauHy KiTBKICTh TpaH3aKIiii B CEKYHIY, IO OOpOOISFOTHCS
BHYTPIIIHIMH TIpollecopamMul, OyJI0 BpaxXxOBaHO TIOTEHINHI BY3bKi MiCId Ta
aJbTEepHATHBH. Y pOOOTI BHUKOPHCTOBYBAaBCS aITOPUTM 3CYBY CEPEIHBOTO
3HaueHHs. J[aHuii anropuT™ € HermapamMeTpHYHUM AJITOPHTMOM KJIacTepr3allii, i
TOMY 32 JIOTIOMOTOF0 3HaXO/DKEHHS MakcuMyMy (YHKII IITBHOCTI y Habopax
JIAHUX MOYKHA BUSIBUTHU IPYIIH 3 TJIAIKOO MILIBHICTIO. B po0OTI aJIropuT™ 3CyBY
cepelHbol TOYKK Oyiio MOpIBHAHO 3 sApoM [aycca, 1 Oyino BHSIBIEHO, IO
KUIBKICTh TOYOK, SIKA BUKOPHUCTOBYETHCS IS IHII[A3aliii aJrOpUTMy Majio
BIUIMBAE HA PE3YNHTATH. 3 MAKCHUMAIBHOIO OIIIHKOK) CEPETHBOr0 FAPMOHIIHOTO
sHaueHHs tounocti 0,21, me 13,03% tounocti Ta 58,68% mimbopy, Oyso
BUSIBJICHO, III0 JIAHWM aJrOpPUTM TMPAIfOE HE Tipiie MOMIOHMX, HaIlpPHKIIa
AJITOPUTMY TIPOCTOPOBOI  KJIacTepH3allii JOJATKIB 3 IIIyMOM Ha OCHOBI
HIbHOCTI. JIaHMH aJropuT™M IOBMHEH MpAaIfOBaTH 3 JaHMMH BHCOKOI
PO3MIPHOCTI, 1110 BIUTMBA€E Ha BUSBJICHHS IIUTBHUX XMap JaHUX TOUKH.
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Oome:xenns Bukopuctanaa LLM nis 6i3Hec-ananizy
®Dapsarees L., 3006y6au
CyMchkuil nepxaBHui yHiBepcuteT, M. Cymu, YKpaina

biznec-anani3 (business analysis) — mpakTtuka, sika yMOXKJIUBIIOE 3MiHY B
KOHTEKCTI MiJNPUEMCTBA, IUISIXOM BH3HAUCHHS MOTPeO Ta peKoMeHAalii
pimens, sKi 3a0e3NedyroTh MiHHICTD T cTeikxomnaepiB [1]. Y pamkax gaHux
Te3 Oi3Hec-aHaNIi3 PO3MIINAETHCS, K KOMEpLilHA IisUTbHICTH 31 CTBOPEHHS
nporpaMHoro 3a0e3ledeHHs] CepBiCHUMH (ayTcopc) KommaHisiMu. Benmka
moBHa Mojaenb (BMM) (large language model (LLM)) B maHiit poOorti
PO3TILSIIAETHCS SIK AITOPUTM, 110 MOYKE BUKOHYBATH IIMPOKHH CIIEKTp 3aBIaHb
TIOB’ SI3aHUX 3 0OPOOKOIO MOBH.

[porpamue 3abe3neveHHs Ha ocHOBI BMM BHKOPHUCTOBYIOTH Yy Di3HHX
cdepax, 30kpema ¥ y Oi3Hec-aHamizi. Sk 1 Oymp-sika iHmAa iHbopMmariitHa
TEXHOJIOTisI, KPiM MOTEHIIHHKUX MepeBar BUKOPUCTAHHSA, Mac OOMEKEHHS, Ha
SKi BapTO 3BEPHYTH yBary A0 TOYaTKy ii BUKOPUCTaHHS AN 3iHCHEHHS
KOMEPIIHHOT TisUTbHOCTI.

IOpuanyHi 00MeskeHHsl. 3aKOHH B MEBHUX KpaiHaX MOXYTh PErYIIOBATU
BUKOPUCTaHHS INTYYHOTO 1IHTEJEKTY ab0 OKpPEeMOro MporpaMmHoOro
3a0e3rieueHHs.  JIileH3iiiHi  yMOBM ~ BHWKODHCTaHHS  Ta  IIOJITHKA
KOH(IIEHIIIHOCTI MPOTrpamMy, a TAKOX 1HIII FOPHUIIMYHI JOKYMEHTH, SIKi Hajae
PO3POOHUK  TIPOrpaMHOro  3a0e3redeHHs. ABTOPCBKE TPAaBO  MOXKE
PO3IOBCIO/IKYBAaTUCh HA JaHi, HAa fAKUX HaBuajack BMM, a Takox Ha
pe3yNbTaTH 3reHEepOBAHMX BIJIOBINEH, MI0 MOXKE BHKJIMKATH TPOOJIEMH 3
HaJ]aHHAM TOCIYT KIHIIEBUM CIIOKHMBAyaM 1 Tepe/iadcto aBTOPCHKUX IPaB.
OOMeKeHHs, 10 CTOCYIOTbCS  00poOku 3a  jgomomororo  BMM
KOH(IIEeHITIHOI, KOMEPIIIIHOT, YyTIMBO1 iH(OpMAIlii i TepCOHATBHUX JTAHUX.
Kpim Toro, cepBicHi KOMMaHii Ta 3aMOBHHKH MOXKYTh MaTH CBOI JOJATKOBI
TIOJIOXKEHHS, SKi PEryJIOI0Th BUKOPHCTAHHS, TIOMMPEHHs, 00pOOKY JaHUX SIK
KOHTpareHTamMH, TaKk 1 3a JONOMOIOI0 CTOPOHHBOTO — MPOIPaMHOIO
3a0e3MeUeHHS.

O0OMeskeHHsI MPOrpaMHOro 3ade3medyeHHsi Ha ocHoBi BMM. Bemmka
MOBHa MOJIE]Ib — II€ AITOPUTM, IO 3 IICBHOK WMOBIPHICTIO T'€HEpYE
MOCIIIIOBHICTh CHUMBOJIB, @ HE arperye IepeBipeHi H JOCTOBIpHI [JaHi.
AJNTOpUTM MOJE FeHepyBaTH Te, YOro HiKOJIM He iCHyBaslo abo HE BiIOBiAaE
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miiicHocTi. Lle BapTo BpaxoByBaTH Tpu BuKopucTanHi BMM i1 BxuBatn
JOATKOBUX 3aXOMiB /IS MEPEBIPKM 1 pearyBaHHS OTpUMAaHMX AaHWX. Ha
MOMEHT BHKODHCTaHHS TIPOrpaMHOrO 3a0e3reueHHs [JaHi, ki Oynu
BUKOPFHICTaHI /ISl HABYAHHSA MOJIETI BXK€ MOXKYTh 3acTapiTe, a00 He BKIIIOYAaTH
3HaHHA 3 JesIKUX cdep 3HaHb. PeneBaHTHI AaHi A Oi3Hec-aHANIZYy MOXYTh
OyTH HENOCTYIHI IIMPOKOMY 3araiy, i3-3a pi3HHX OOMEKEHb, HalpHKIa,
KOMEpIiHHOI0 TaeMHHLIEI0. BBM Morke BMicTH BUKOHYBATH JIMIIE BY3KE KOJIO
3amad. JlaHi, Ha SKUX HaBYAIM MOJEIb, MOXYTh OyTH IOMHJIKOBHUMH, HE
HAYKOBHMH, HE KOHCHCTEHTHHMH, CIIOTBOPEHUMH, 200 MICTUTH yHEepeIKSHHS
3a OyIb-SIKUMH O3HaKaMH, 30KpeMa, pacOBUMH, PEJriiHUMH, COLiaJbHUMH,
CTaTeBUMHM, TeHAepHUMH, Towlo. Skmo BMM HaBuaTUMETBCSI HA HOBHUX
JTAHUX, 3aIUTaX BiJl KOPUCTYBaviB, 3BOPOTHOMY 3B’SI3KY BiJl KOPHCTYBadiB, TO
JaHl MOXYTh SIK TOKpAllyBaTH, TaK 1 TIOTIPIIYBaTH SIKICTh 3r€HEPOBAHUX
BIATIOBIIEH.

HaBuuku HeoOXimmi kopucryBauam. HeoOximHO mo7aTkoBO HaBYaTH
KOPHCTYBaviB JJIsl TOTO, 100 MPaBWILHO OyAayBaTH 3allUTH I TeHeparil
noTpiOHKX naHux. Tpeba po3BMBATH HABUYKW KPUTHYHO MUCIICHHS W OIIHKH
iHpopMarii, TepeBipsATH pKepena, BMITH pO3PI3HIATH KOH(DIAEHINHHY,
KOMEpIIiHy, YyTINBY iH(OpMAaIlil0, TMEpCOHANBHI JaHi, TOIIO, MO0 He
JOIYCTHTH BUTOKY JIAHUX.

EdexTuBHicTs Bukopuctanns. KpiM posristy BapTocTi mporpamMHoro i
arnapatHoro 3a0e3leyeHHs, BapTO BPAaxXOBYBATH OIEpalliiiHi BUTpaTH Ha
BUKOHAHHSI 33/1a4, TAKHX K MEPEBIPKY JIOCTOBIPHOCTI OTPUMAHUX Bi/IMOBiIeH
4M pefaryBaHHs pe3ynbrartiB. Llel yac Moxe OyTv OUTHIIMM HiXK BUKOHAHHS
AHAJIOTIYHOTO 3aBaHHs 0e3 BUKopucTaHHI BMM.

TakuM YMHOM, BHKOPHCTAHHSI IMPOrPaMHOro 3a0e3MeueHHs Ha OCHOBI
BMM wmae psg  oOMexeHb, TakMX SK  IOPHAWYHI, OOMEXEHHs
(hYHKITIOHAJTBHOCTI TPOTPaMHOTO 3a0e3ledeHHs], OOMEXEHHS TIOB’si3aHi 3
HEeOoOXiIHNIMH HaBHYKaMH KOPUCTYBauiB, a TaKOXK OOMEXKEHHS MOB’si3aHi 3
e(eKTHBHICTIO BUKOPHCTAHHS IIPOrPaMHOTo 3a0e3neueHHs Ha ocHoBi BMM.

Kepienuk: Irop Illenexos, gouent, CymAY, Cymu, Ykpaina
1. International Institute of Business Analysis [Enexrponnuii pecypc] //
Vxpaincekuit nepexnan Homatky A: I'mocapiit 7o BABOK® Guide v3 —
Pexum JIOCTYITY: https://Amwww.iiba.org/globalassets/standards-and-
resources/glossary
[files/babok-v3-glossary-ukrainian.pdf. —20.03.2024
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Indopmaniiina TexHoJI0TisI OUIHIOBAHHS BiAMOBiTHOCTI sikocTi
OCBITHBOI MPOrpaMM CYYaCHUM CTAHAAPTAM

oBkomursic O. A., cm. suxknadau;, Yexyta /1. A., 3000y8ay
CyMchkuii nepkaBHHI yHiBepcuTeT, M. Cymu

Hocnimkennaro sikocTi ocBitHiXx mporpam (OII), mo peamizyroTecs y
BUILMX HaBYAJbHUX 3aKiagax YKpaiHu, NpUIUIEThCs 3HaYHa yBara [1-3].
Axpenutanis  OIl y BHImAax CHOyXHTh 30BHIIIHIM iHCTPYMEHTOM
3abe3nedeHHs sKocTi ocBitu. Lleit mporec ominroe axictes OIl Ta gismpbHOCTI
3aKiagy BUIIOI OCBITH B KOHTEKCTI JaHOI MPOrpaMu, IMEpeBipsOdn
BiJIMIOBIZIHICTh MPOrPaMH CTaHAAPTaM BHUILOi OcBiTH. OIIHIOBaHHS BKIIOYAE
aHaNi3 CIPOMOXKHOCTI NpOrpaMH BUKOHYBaTH BHUMOTH CTaHAAPTYy Ta
JOCATATH 3asBJICHUX Y Hill pe3yJIbTaTiB HABUYAHHS BIAOBITHO IO KPUTEPIiB
ouinroBanus sikocti OIT [4].

Y naniii poOOTI NpPOBENECHUI aHANITUYHUN OIS Ta JOCHIJKCHI
KpuTepii oOmiHIOBaHHA. J[1s KOMIUIEKCHOTO BHPIIICHHA 3aBIaHHS
aBToMaru3ailii mepeBipku BiamosigHocTi OIl cremianbHOCTI CydYacHHM
CTaHJIapTaM Ta Ii MiJrOTOBKH J0 aKpeauTallii, B paMKaxX JHCEPTaLiiHOrO
JOCT/DKEHHS  PO3MOYAaTHH  TPOEKT 31 CTBOPEHHA iHQOpMaIiifHol
TEeXHOJOTil. 3aBIaHHSAM IIi€i TEXHOJOril € TOCTIHHMI MOHITOPHUHT Ta
ynockoHasieHHs sikocTi OI, a Takok 3a0e3nedeHHs ix afanTaiii 10 3MiH y
OCBITHIX CTaHJapTaX Ta BiAMOBiAHICTE ToTpedaM 3700yBadiB.

CtBOpeHHs JOTiYHOI MoJieni cucTteMu s omiHkH sikocti OIl Bumarae
pETeNbHOro TUTaHYBaHHS Ta CTPYKTYpH3allii JaHUX.

1. Ocnoeni cymmnocmi.

OcsiTHs mporpama: iH(opMauis NMpo Mporpamy, BKIIOYHO 3 HAa3BOIO,
piBHEM OCBiTH, TPHUBATICTIO, 0OCSATOM i MOBOKO BUKJIaIaHHS.

Kypcu: criucox okpemux kommnonent OII (mpeameriB abo MonymiB) 3
OIIMCOM iX 3MiCTy, BUKJIaJauaMH Ta O4iKyBaHUMH pPe3yJIbTaTaMH.

Buknanaui: npodeciiiHi JaHi Ipo BUKJIaa4iB, SIKi BEIYTh KYPCH.

3no0yBayi:  ocoOMCTI  JlaHI  CTYAEHTIB, aKaJeMiuyHWi piBEHb,
crieriani3aris.

OnuiHIOBaHHS: Pi3HI BUAM HABYAIBHOI JiSUIBHOCTI, BUKOPUCTAHI KPUTEPii
Ta pe3yabTaTH.

Biaryk: akTMBHOCTI 3100yBaviB Ta BUKJIada4iB, IXHIH 3MICT Ta aara.

2. 36 A3KU MidiC CYMHOCAMU.
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OcgiTHs mporpama wmictute Oarato KypciB. Kypcu BukiamaroThes
BuxnanayamMmu Ta BUBYarOTBhCS 3mo0yBavuamu. 3100yBaui Ta Buknamaui
O0epyTh yuacTh y OLiHIOBaHHI Ta HaIAOTh Biaryku.

3. Busnauenns npoyecis.

ANMIHICTpYBaHHA JaHWMH TPOTPAMH:  JIOAABAaHHS, OHOBIIECHHS,
BUAJICHHs iHQopMalii mpo mporpamu, KypcH, 3400yBaviB Ta BHKJIAJadiB.
AHati3 OILIHOK Ta BiATYKiB: BBEJICHHS, aHAJII3 Ta 3BITYBaHHS PO OIIHKH Ta
BiATYKH. 3BITHICTB: TeHepallisl AeTaNbHUX 3BITIB MPO BIANOBIIHICTH
mporpam.

4. Busnauenus ampubymie cymuocmeil.

OcgitHs mporpama: ID mporpamu, Ha3Ba, OMHC, TPUBATICTh, OOCST
KpEeIWTiB, MOBA BUKJIAJJaHHS.

Kypc: ID kommoHeHTa, Ha3Ba, ONKC, 00CAT TOJIUH, CIIMCOK BUKJIAa4iB.

Buxuragaq: ID Buknagada, iM’s1, KBamiQikaris.

3mo6yBau: ID 3m00yBaya, iM’s1, pik HaBYaHHSA, CTIEIiai3allis.

OnintoBanns: ID omiHkM, TUN, 1aTa, Pe3ysbTar.

Binryk: ID BiAryky, TeKCT, aBTop, JaTa.

OIl € ckmagHOK i€papXidHOI CHUCTEMOIO, B SKIM KOXXEH eIeMEHT
pPO3TAIlIOBYETHCSI HAa TEBHOMY PIBHI BIAMOBIZHO 10 JepeBa IICH, 1
3aJIC)KUTh  BiJ IHAMBIAyadbHOI BHXIJHOI MiATOTOBKU  3700yBadiB.
BuxopucTtaHHs BEIMKUX MOBHHX MOJIENEH JO03BOJHTH aBTOMATHU3YBaTH
aHalli3 MacHMBHUX Ha0OpiB TEKCTOBHX JaaHuWX. Ha ToTOYHWIT MOMEHT
HaBYaHHS MOJISII TPOBOUTHCS HA JAHUX OCBITHBO-MPOQECIHHUX Mmporpam
cnerianbHOCTI «KOMIT'IOTEpHI HayKW» 3 TEPCHEKTHBOI Ii MOMANBIIOL
amanrarii Ta 3acrocyBanHs s OIl iHMX crieniatbHOCTEH.

1. 3aTBepukeHi CTaHAapTH BHUINOI  OCBiTH, https://mon.gov.ua/ua/
osvita/visha-osvita/naukovo-metodichna-rada-ministerstva-osviti-i-nauki-
ukrayini/zatverdzheni-standarti-vishoyi-osviti.

2. A.S. Shevchenko, V.V. Shevchenko, V.V. Prus, Lecture Notes in
Networks and Systems 91, 421 (2024), doi: 10.1007/978-3-031-53382-
2 41.

3. O.I0. MenbuukoB, Ingopmayiiini mexnonocii i 3acobu nasuanns 84(4),
302 (2021), doi: 10.33407/itlt.v84i4.3584.

4. Hakaz MOH VYkpainu Ne977 «IIpo 3arBepmxenns [lomoxeHHs mpo
aKpeIuTaIlil0 OCBITHIX mporpaMm, 3a SKHMH 3JIHCHIOETHCS ITiArOTOBKA
3100yBauiB BUIIO1 OCBITH» BiJ 11.07.2019,
https://zakon.rada.gov.ua/go/z0880-19.
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Po3nizHaBaHHs iH(OPMATHUBHUX YACTHH 300paKeHHsI I aHATIZY
eMOoILiii JIIOAUHHI

®omenko B. O., 3006y6au; Hloskomsic O. A., cm. sukiaday
CyMchkuil ep:xaBHUl yHiBepcHuTeT, M. Cymu

Bupa3z obmuudst € ogHMM 13 HAHTPSIMIIINX CHTHAIIB IS BHPAKCHHS
BHYTPIIIHIX MOYYTTiB Yy IIOJCHHOMY CHiNKyBaHHI mogeil. Dizuynuii abo
MICUXIYHUH CTaH JIOAWHYU B IEBHUI MOMEHT MOKHA OTPUMATH, aHATI3YI0UN
MiMiKy. TakuM 9WHOM, pO3Ii3HABaHHsS BUPA3iB OOMWYUS BiAIirpae BEIUKY
POIb B PI3HUX CHUTYAIlisX, BKIFOYAIOYd pOOOTY CHCTEM aBTOIIJIOTYBaHHSA,
B32€EMO/IIFO JIIOJIUHH 3 KOMIT FOTEPOM, MEIUYHE JiKyBaHHS 1 T.1H.

Y MamuHHOMY HaBYaHHI OynHM PO3pOOJIeHI PI3HOMAaHITHI ajlrOpuTMHU
po3mizHaBaHHS BHUpa3iB oOmmydsa. [CHyodi MeToanm MOXKHa PO3MUIATHA Ha
JIBI Kareropii: riodanpHI Ta JOKambHI miaxoau. [oOanbHI METOIH, SIK
MPaBWIO, aHA3ylOTh OONMMYYA B LIJIOMY, BHOKPEMIIIOIOUH XapaKTepHi
pucu. OmHaK, BOHH YaCTO CTHKAIOTHCS 3 MPOOIeMaMH TIPH Pi3KHUX 3MiHaX B
30BHIITHOCTI, HAITPUKJIAJ, TPY BEJIUKUX Bapiallisx o3, 3HAaYHUX OKJIIO3IsX 1
Tak Aami. 3 iHOIOrO OOKY, OCKUIBKM JEsAKi JIOKaJbHI JUISHKA MOXYTh
3aJIMIIATHCS CXOXXHMMH, BOHH MOXYTh BifirpaBaTH BaXKJIMBY POJIb Y TaKUX
cueHapisx. HasBHI JokaipHI TiAXOMM B OCHOBHOMY TNOKIAIArOThCS Ha
OOpi3aHHs JIOKANbHUX JUISHOK HAaBKOJO OPIEHTUPIB OONMYYS, a IMOTIM
BUJYYSHHS BiIIIOBiTHUX JIOKATBHUX 300pakeHb. /i po3B’si3aHHS 3aadi
po3mi3HaBaHHS €MOIliil MoAuHu Oyia oOpaHa KOHBOIIOIIMHA HEWpPOHHA
Mepexka 3 MexaHisMoM yBaru Attentional CNN. Ils 3roprkoBa
HelipoMepexa Uil TOUWIYKY iH(GOPMATHBHUX YacTHH 300paKeHHS
Mpu3HaueHa 11 oOpoOku 300pakeHh a00 IHIMUX BHIIIB BUXITHUX JAHUX,
JI¢ BaXJIMBO BHJUIMTH 3HAYYINI 00JjacTi a0o 00’€KTH JUIsl IMOAAJIbIIOTO
aHaJizy.

3arajibHa CTPYKTYpa 3allpolIOHOBAHOI MOJIEeNi IOKa3aHa Ha PUCYHKY .
Bona cknagaerses 3 4oTHphoX yacThH: cTtoBOypoBa CNN, nokansai CNN,
rnobansHa CNN Ta Kinacudikaris.

Crupannas yearu (AE) poOuth Mopenb CTIMKOI JO 3MiH TIO3M Ta
okimo3ii. Brpara nenrpy yBaru (ACL) cripaMoBye Ty camy KapTy yBaru Ha
Ty caMy 4YacTHHY OOJWYYs, MiAKPECIIOYN 1HPOPMATUBHI YacTUHH
00ruyst 1 mpurHiuyroun BifpoJjikatoui. GAP 1 FC o3Hauaiots riodanbHe
cepeaHe 00’ €THAHHS 1 MOBHICTIO 3’ €[HAHI AU, BiAMIOBIIHO.
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" Stem CNN | Local CNNs . IClassification,
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Pucynok 1 — 3aranbHa cTpyKTypa MO sl po3mi3HaBaHHs 00y [1]

Hst aBTOMAaTUYHOTO BU3HAYEHHS XapaKTEepHUX YaCTUH
BUKOPHCTOBYETHCSI MOyIb yBark LANet (puc. 2).

LANet
hxwxc/r

1x%1 1x1
conv conv

hxwxc hxwx1

Pucynok 2 — @peitmBopk LANet. h, w Ta ¢ mo3Ha4ar0Th BUCOTY, IIUPUHY
Ta KUIbKICTh KapT 00 €KTIB BiIOBIIHO, I — KoedimieHT penykiii [2]

Jloxanmeni CNN 30cepemkeHi Ha aHaTi31 JTOKaTbHUX 00JacTei o0mImdus,
toni sk rnobambHa CNN QokycyeTbcss Ha LITICHUX pUcax oOOJIMYus.
BukopucTtaHHs 1HMX JBOX MIAXOMIB y KOMOIHAIT JO3BOJISE JOCATHYTH
OLITBII BUCOKOI TOYHOCTI Ta UITKOCTI y pO3Mi3HABaHHI €MOIIiil JroneH,
BIZIKPUBAIOYH HOBI INEPCIEKTHBH JUIS MOKPAIIEHHS B3a€EMOJIT JIIOAMHU 3
KOMIT FOTEPOM.

1. W. Qiangchang, Face Recognition with Attention Mechanisms,
Graduate Theses, Dissertations, and Problem Reports 11382 (2022).
https://researchrepository.wvu.edu/etd/11382

2. Q. Wang, G. Guo, Ls-cnn: Characterizing local patches at multiple
scales for face recognition, IEEE Transactions on Information Forensics
and Security 15, 1640 (2019).
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MeToau 00po0KHu Ta po3mi3HABaHHS 00JIMYb
Tumuenko O.A., 3006ysau
Cymcekuit nep>kaBHAHN yHiBepcuteT, M. Cymu, YkpaiHa

BiomeTrpuuHa cuctema - Iie aBTOMAaTH30BaHA CHCTEMa, SIKa BHUPINIyeE
3aa4i OTpUMaHHA OIOMETPHUYHUX JaHWUX Bif KIHIEBUX KOPUCTYBadiB Ta
MOJANBIIOT0 BUKOPHCTAHHA LWX JaHuX. Meronu posmi3HaBaHHS
0co0uCTOCTI JTIOAWHM 32 i1 OIOMETPUYHUMH XapaKTEPHCTUKaMH Ta 3aco0u
peamizamii WX METOMIB YTBOPIOIOTH OiomerpmuHi TexHomorii. Cepen
OloMeTpHYHMX TEXHOJOTiH ayreHTH]iKamii Ta imeHTH]IKAIl TIOACH
0c00JIMBO PO3BUBAIOTHCS TEXHOJOTII, 3aCHOBaHI Ha TreoMeTpii oOoauyYs Ta
roJIocCi.

biomerpuuni  TexHomorii, 3acHOBaHI Ha reoMmeTpii  OOIMUUS,
PO3BHBAIOTHLCS B TPHOX HANPSIMKAX:

— Aytentudikarlis Ta iIeHTU(IKALIST 0COOH 32 00IUIUSIM
— Po3nizHaBaHHS eMOLIMHOTO CTaHY JIIOJEH 32 O0INIUSIMH
— PosmizHaBarHS ICUX0(})i310I0TIYHOTO CTaHY JIIOIEH 32 OOIMIIAMUA

OcHOBHI MpoOJIeMH MPAKTUYHOTO BUKOPHUCTAHHS B PEalbHUX YMOBaxX
CHUCTEM ToTIepeTHb0I 00pOOKH 300pakeHb TIOB'I3aHi 3:

— HecrabinsHuMEN yMOBaMH OTPUMAaHHS BUXITHUX TaHUX (DOTOMOPTPETIB
— HecrabinbHuMu iX XapakTepUCTUKaMHU Ha IPOTS3i 4acy

Jnsi momepeqHpOTO aHammi3y BHXIJIHUX JIAHUX CHCTEMH, 3aBJaHHS
00pOOKM MOYKHA PO3IUTUTH HA €TaIlH:

— OumiHka sCKpaBOCTiI 300paKeHHs OOJIMYYs Ta MepeBipKa OXHOPIAHOCTI
bomy

— OriHKa MMOJIOKEHHS Ta TapaMeTpiB 0Ci CUMETPii

— OriHKa MOJIOXKeHHS JIiHIT ouel 1 HeHTpiB ouei

— Ouminka o0nacti 00aMyus

— OuiHKa SKOCTI OCBITJICHHS JIIBOI Ta MPaBoi IMOJIOBUHH 00J1aCTi 00 IMIYS

— BusBnenHs Mex TiHeH

BusnauenHs nminii cumerpii oOmM4YYs - Iie OJHA 3 OCHOBHHUX 3aja4
aHaJi3y BHUXIIHUX AaHUX Ipu oOpoOui GiomeTpuyHHMX IaHUX. BoHa moxe
OyTH BHUKOpUCTaHa SIK BiCh, BIJHOCHO SIKO1 BHOHMpAacThCs HEOOXiaHa
gacTuHa o0nuyyus. Ll gactiHa 00aMyys HaliMEHIIe 3aJeKuTh Bl BUpasy i
HE MICTUTh 3aiiBoi iH¢popmauii. JIiHisS cuMeTpii BHKOPHCTOBYETHCS B
nporieci ayTeHTU(IKAIT JTFOAUHY 32 00JINTUSIM.
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HecrabinpHIiCTh sickpaBOCTI 300pa)KeHb MOTIPIIye pOOOTY IETEKTOPiB
0ci0 1 MpHU3BOAMTH A0 HemepeadauyBaHOI NUHAMIKM 3HAUYCHb BHXIiITHUX
O3HaK. BusBieHHS o00AMYYsS JIOOUHM Ha KOJNBOPOBHX 300pakeHHIX
peanizyeThest TBOMA TTiIX0TaMU:

— Bukopucranus indopmarii po komip obamyus (skin-color)
— Bukopucrtanus reoMeTpii o0mIaUs

[ndopmarnis mpo Bigkpute o0nMHMYUs € IHBApiaHTHOIO MO0 OpieHTAamii
o0nuyusi Ta po3MilleHHs B MOJdi 300paxeHHs. J[o T€OMETpUYHUX O3HAK
00JINYYs BIIHOCATBCS:

— OBaubHICTH hopMH

— Cumertpis

— HasBaicTs 00nacTi oueii 37iBa i cipaBa BiJHOCHO JiHiT cumeTpii
— Biacrans Mix IIeHTpaMu OYeH.

CrinbHe BHUKOPHCTaHHS [UX TMIiAXOIIB JO3BOJIAE TOCHTH €(PEKTHBHO
BUPIIIyBaTH 3aBAAaHHS BUSBICHHS Ta PO3IMi3HABaHHS OONWYYS JIOJUHU HA
HEOJHOPITHOMY (DOHI, STKUH MOJKE ICTOTHO BapilOBaTHCS Ha KOJbOPOBHX
300paXeHHAX Bi/le0 CIeH. BUKOpHUCTaHHA iHTErpamii TreoOMeTpUYHHX Ta
KOJBOPOBUX MIAXOJIB Y BHUABJICHHI OONMYYS BiAKPHUBA€E MEPCIICKTHBH IS
MOJANILIIOTO PO3BUTKY Ta PO3LIMPEHHS 3aCTOCYBaHHS OiOMETPUYHHUX
TEXHOJIOTIH y pi3HuX cepax, Bif iHpopManiiHOi Oe3MeKn 10 MEAUIIUHH.

Kepisuuk: Irop llenexos, norent, CymJ1Y, Cymu, Ykpaina
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Mopaeas i MeToa po0acTHOI 10 LIyMY HeiipOHHOT Mepe:xi 1151
(pyHKIiOHYyBaHHA B yMOBaX 00MeKeHNX 004 CII0BATBHUX pecypciB

badwuu B. 0., 3006y6ay, epyna A-36/KH;
Mockanenko B. B., doyenm

Cymcokuit [lepkaBuuit YHiBepcuret, Cymu, Yipaina

OcHOBHa TmepeBara JUHAMIYHUX HEHPOHHUX MeEpPEX MOPIBHIHO 3i
CTaTUYHUMHM IMOJISITAE Y MOXKJIMBOCTI PO3MOAUIATH OOYMCIEHHS MiJX 4Yac
TECTYBaHHS 32 paxyHOK aKTHBalil pi3HUX Mojenel, KOMIOHEHTIB, Mif-
MepeX 3aleKHO BiJl BXiTHMX AaHuX. lle M03BOise€ CHOXHMBAaTH MEHIIIE
PECypCiB Ha MPOCTI CIIOCTEPEKEHHS, SIKi JISTKO PO3Mi3HATH Ta 00poOUTH.

Hefiponni wepexi Sk OIWH 3 HaWOULIBII PO3BHHEHUX ITiIXOMIB
MAIIMHHOTO HAaBYaHHS Bpa3NlWBi JO pI3HUX THIIB MPOTHOOPYMX arak
(adversarial attack) mpo3oporo i 4opHOTro AIIUKa, 10 iH €Ki MOMUIKOBUX
0iT y Baru HeHpoMepexi, a TaKOXK JaHUX 110332 HaBYAIBHUM PO3MOJILIOM.
ToMy OKpiM OOYHCITIOBAaJBHUX BHUTpAT IUIsl TPAKTHYHHUX 3a7ad BEJIHKE
3HA4YeHHS Ma€ poOaCcTHICTh HEHPOMEPEKi, TOOTO CTIMKICTh A0 BUMAIKOBHX
BIUTMBIB Ha JaHi Ta BaroBi koedimieHTn mozeni. llpu mpomy auHaMiuHi
MOJIeIi HeHpOMEpeXK 3a paxyHOK OLIBIIOI THYYKOCTI MOXYTh HaJlaBaTH
HOBI MOYJIMBOCTI II0J10 3a0€31e4YeHHs POOACTHOCTI.

Haii6inpimn  y3araiibHEHOIO apXiTeKTypOl JAWHAMIYHMX HEHpPOHHUX
mepexxk € mepexa SuperNet. J[ng manoi mMepeki MOXKHa HaJalITOBYBAaTH
IMOVHY, IIUPUHY Ta BUKOHYBATH JAWHAMIUHY MapHIPYTH3AIII0 BCEPEIHHI
Ha MiMEPExi, 0 MICTITh B COO1 JeKiJIbKa MOKIMBUX NUIAXIB. JlMHaAMI4YHI
Mepexi tury SuperNet He TiAbKH 301TbIIYIOTh €)EKTUBHICTh Ta IIBUAKICTD
OOYHCIIEHHS TPOCTHX, KAHOHIYHUX 3pa3KiB, a W 30epiratoTb MOXKIHUBICTH
OTIPaIIOBaHHS CKIIaJHUX, HEKAaHOHIYHHMX 3pa3KiB. Taka ocoOnMBicTh Jae
3HAYHI MepeBard HajJ CcHocodaMu Ta METOAaMH NPUIIBHIILICHHS Ta
ONTUMi3alii CTAaTHYHUX MOJIEJeH, sIKi B Oy/b SIKOMY BHNAAKy 0OpOOJISIOTH
CKJIQJIHI Ta MPOCTI BX1JHI JaHl 3 1IGHTUYHOIO CKJIAIHICTIO OOYHCIICHD, 10
1030aBiIsi€e MOXKJIMBOCTI MO30YTHCS HAUIMIIKOBOI CKJIaIHOCTI OOYMCIICHD.
[Ipy ubOMy MOXHA BUKOPHUCTATH OUIBIIICTH METOMIB ONTHUMI3aLlil TUIIOBUX
CTaTUYHUX MoOJeNiell Ha BHYTpIIIHIX Mojensx mepexi SuperNet. Otxe
MiAXiT Mepeki B OUIBIIOCTI BHMNAAKIB HE I1030aBsSE MOXIMBOCTEH
CTaTUCTUYHUX MOJENEH, a 10Jja€ HOBUX MOKIUBOCTEH.
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[Iporubopue HaBuanHs (Adversarial Training) € ogHMM 3 METOmIB
00pOTHOM 3 MPOTHOOPYUMHU aTaKaMmH i IIYMOM B JTaHHUX JJISl TIOKPAIeHHS
3aXMCHUX MOKJIMBOCTEl Ta pobacTHOCTI Moneni. CyTh METOAy MOJATae B
BUKOPHCTAaHHI albTepHATHBHOI IIFOBOI (YHKMII s 3abe3medeHHs
y3arajgbHEHHs MOJENi Ha 3allyMJICHMX Ta YHCTUX JAaHUX. 3MarajbHi
BHUOIPKY 1€ BXiJHI JaHi MiArOTOBaHI 3a JOIMOMOTOI0 aJIrOPUTMY 3MarajibHOT
aTakdl TaKUM YHHOM, II00 3MYCHUTH MOJeNb HeHpoMepexi MOMHIKOBO
npuitMaTé  pimeHHsA. Sk mpaBmio, Taka BHUOIpKa BXITHUX IJaHUX X'
OOYHCIIOEThCA 3 YHCTHX JaHWX X 3 JOAaBaHHAM Inymy (30ypeHHA),
IHTCHCHBHICTh SKOTO OOMEXEHa IICBHOIO aMIUNTYIOK 1 CrocoOoM
(hopMyBaHHS. ANTOPUTM 3MaraiabHOI aTakW BIATOBITA€ 3a 3HAXOKEHHS
3MaranbHOI BHOIPKH 3 4mcTOi BHOIpKHM 3i 30ypeHHAM €. SIK pe3ymbTar
3MarajbHOTO TPEHYBaHHSI MU MOXXEMO 3aXHUCTUTH MOJICIb BiJl Pi3HOTO POy
arpecUBHUX aTaK, OTKe 3a0€3MeUnTH ii CTaOUTBHICTh Ta CTIHKICTD.

[Ipomony€eThCs MOEAHATH MOMETI 1 METOIM MPOTHOOPUYOTO HABYAHHS 3
apxiTeKTypol0 JAWHAMIYHMX HEHpOHHUX Mepexxk Tumy  SuperNet.
[lepenbauaeThest, MO IIe BUPIMIATH MPOOIEMY MiABUINECHHS HAIIHHOCTI
IHTENIEKTyaIbHUX CHCTEM B YMOBaX pECypcHHX Ta iH(pOpMamiiHuX
oomexxenb.  Heiiponna  wmepexxa  SuperNet  1o3Boisie  YHUKHYTH
HA/IJIUIIKOBOT CKIIAHOCTI 00YHCIIeHb MMijJ] Yac 0OpOOJICHHS He3alyMIeHUX
1 KaHOHIYHHX MJaHWUX, TPOTE 3OUTBIIYBATH CIOXHBAHHS PECypCiB IS
MiBUIICHHS JTOCTOBIPHOCTI pillleHh Ha 30ypeHHX MaHWX YH B yMOBax
30ypeHuX Bar HEHPOHHOT Mepexi. JlaHui miaxia € JOCUTh aKTyaaIbHUM IS
BUKOPHCTAHHS B CHCTEMaxX KpalOBUX OOYHMCIEHb, OE3IMUIOTHHUX JITATBHUX
armapaTax Ta aBTOHOMHHX po0OOTax Ta IHIIMX CHCTEMax, IO MaloTh
OOMEXEHHS Ha PeCypcH 4u OOMEKEHHs Ha OWJDKET, HEeOOXIIHUU JyIs
00CITyTOBYBaHHSI.
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Mopaesni Ta MeTOAH iHAUBIAYaTbHOT0 HATAIITYBaHHA iHpopMauniiiHOro
cepBicy HAYKOBIA

[Hoskommsic M., 3mo0yBau rpyma A-36/KH/1;
JIro6uak B., 3aBimyBau xadenpu kibepOesnexkn

Cymcrkuit [epxaBuuii YHiBepcuret, Cymu, YKpaiHa

CyuacHi HayKOBLi MalTh AOCTYH IO Pi3HOMaHITHUX iH(pOpMamiiHIX
CepBiciB, fAKi JONMOMAaraloTh HaykKoBid mismbHOcTi. Lle OiGmiorpadivni
MeHeKepu (Hanmpukiang Mendeley i Zotero), ananmiTiudHi mnatgopmu (Taki
sk Google Scholar i Scopus), maykoBi commepexi ( ResearchGate |
Academia.edu) Ta iHmi.

Jis epeKTHBHOTO BHKOPHICTAHHS IUX CEPBICIB Ta PO3POOKH HOBHUX
MOTpiOHO BpaxoByBaTH "iHAMBIAyamizamifo" - aganTamniro iHpopMaIiitHoro
CepBICY 10 KOHKPETHUX BUMOT Ta XapaKTEPHCTHK KOKHOTO KOPUCTYBaya.

HaykoBIi cTHKalOThCS 3 pi3HUMH MPOOJIEMaMH IIif 4ac CBO€T POOOTH.
Sx TpukIax, BUKIAKAIOTH HE3PYYHOCTI poGiieMu HaTIHHOCTI
eneKTpoHHuX pecypciB (42.1%), HTML-nokymentu (34.2%), mnpobiemu 3
MOCHJIAaHHSIMM Ha eNIeKTpoHHI pecypcH (32.5%)[1][2].

Byno Oum kopucHMM BIPOBaKEHHS 1HAWBIITyalli30BaHUX OCOOMCTHX
KaOiHEeTiB, IO JOMOMOXE BiJIITOBXYBAaTHCS BiJ YHIKaIbHUX IOTPEO
KOXKHOTO HaYKOBIIS T2 e()eKTHBHO YIPABIISTH HAYKOBUMH PECYPCAMH.

Jus BupimeHHss npoOiemMu TOTPIOHO 3ampONOHYBATH  MOJENi Ta
Metonu e(heKTUBHOI iHAMBiMyalizamii Ta TepcoHami3amii, a TaKoX
TEXHOJIOTIUHI pillIeHHSI, SIKi MOXKYTh MIATPUMYBATH IIi IPOIIECH.

[HnuBigyaneHi pimieHHSs Ta OCOOHMCTI KaOiHETH BXKE YCHIITHO
BUKOPHCTOBYIOThCS B PI3HHUX Taly3siX, TaKuX SK OaHKIBCHKI ITOCIYTH,
CJICKTPOHHA KOMEPIIis Ta COLalIbHI MEPexi.

Taxi miatdopmMu ITO3BOJSIIOTH KIIEHTaM KepyBaTH CBOIMH (hiHaHCAMH,
BUKOHYBAaTH TpaH3aKLil Ta MOHITOPUTH CTaH CBOIX paxyHkiB [3]. ¥V cdepi
CJIEKTPOHHOI KOMepLii iHAWBigyanbHi KaOiHETH OMOMAaraioTh MOKYMIISAM
BIJICT&KYBaTH 3aMOBJICHHs, 30epiraTv IiH(pOpMAII0 PO IOKYNKH Ta
OTPUMYBATH IIEPCOHATI30BaHI PEKOMEHAIII].

Jlis HayKOBHX CepBICIB IIe € HEOOXiJHICTh YJAOCKOHAJICHHS Ta
PO3pOOKH  IHIUBIAyaJIbHUX OCOOMCTHUX KaOIHETiB. Hesixi  icHyroui
iatpopMu JUIS HAayKOBIIB, Taki sk ResearchGate Tta Academia.edu,
Ha/Ial0Th 3ac00H U1l 0OMiHY HayKOBOIO iH(OpMalli€lo, ane iHIuBiAyanbHe
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HaJAIITYBaHHS Ta IMUPOKUH (YHKIIOHA IS YIIPABIIHHS JOCIHITHUIIHKOO
JISTBHICTIO 3aJIMIIAIOTHCS 0OMEKeHUMH. [4]

3 MeTO MOINIMIIEHHS MPOAYKTUBHOCTI MJOCTIiIHUKIB, HEOOXiIHO
BpaxoBYBaTH OCOOIMBOCTI HAYKOBOTO CEpENOBHINA Ta PO3POOIATH
IHAWBIMyai3oBaHi pimeHHs iH(OpMAIifHIX CepBICIB , CIPsIMOBaHI Ha
KOHKpPETHI MOTpeOH KOPHUCTYBaUiB.

Juis  po3poOku  (pyHKIIOHATEHOT MoOjeTl iH(pOPMAIIHHOTO CepBicy
BHKOPHCTOBYBATUMYTHCSA CydacHI METOAH Ta iHPOPMAIiiHI TEXHOIOTI]

1. Merogu Mamunasoro HaByanHs Ta Amnamizy Jlanux[5]:
BukopucTaHHsl anrOpUTMIiB MAIIMHHOTO HABYaHHS Ui aHaji3y AaHuX
JO3BOJIUTH PO3YMITH BIIOJOOAHHS, MONEPEAHIH JOCBiJ Ta CTWI POOOTH
KOXXHOTO KopucTyBada. Ha oOcCHOBI 1poro aHamizy Oyne po3poOiieHuit
MEPCOHANI30BaHUN MiAXiA 10 BimoOpakeHHs Ta opraHizamii iHpopmarii y
KaOiHeTi.

2. Cucremu Pexomenpamiii[6]: BrpoBakeHHS CHCTEM pEeKOMEHIAIlii
JIO3BOJINTH ABTOMATUYHO HAJaBaTH KOPHCTYBadeBl pEeKOMEHIalii o]0
HOBHX HayKOBHUX POOIT, cTareil, abo iHIIMX pecypciB, SIKi BiANOBIAAaIOTh
HoTo iHTEepecaM Ta MoNepeAHbOMY JOCBITY.

3. InrtepaktuBHuit I[aTepdeiic Ta UX/UI uzaiin|[7]: Po3podka
IHTEPaKTUBHOTO Ta APYXKEIOOHOro iHTep(eiicy A0MmOMOXKe CTBOPUTU
3pyYHHH Ta JIETKMA Yy BHUKOPHCTaHHI KaOiHET Ui HayKOBIUB.
BrpoBamxenns npunuunis UX/Ul pu3aliHy [103BOJMTH BpaxoBYBaTu
IHMBITyaJIbHI BIIOIOOAHHS Ta CTHIII B3a€EMO/IIi KOPUCTYBaYiB.

i ™erogu Ta TexHONOTil B3aEMOIISITUMYTh [UIS CTBOPEHHS
iHAWBIMyanizoBaHoi Ta eEeKTUBHOI Mojenmi iHGOopMaIliitHOrO cepBicy I
HAYKOBIIIB, 10 BpaXOBYBaTHME IXH1 YHIKaJIbHI MOTpeOn

MeTtor 11i€i MozeNi € CTBOPEHHS I1HAMBIIyali30BaHOIO pPOOOYOro
MIPOCTOPY JIJIsl HAYKOBIIIB, SIKUW BPAaXOBYE 1XHI 0COOUCTI MOTpedH Ta Hamae
MOKIJIMBOCTI JJIsl €(peKTHUBHOI pOOOTH 3 iCHYIOUMMH HAYKOBHUMH CEpBicaMH,
Takumu sk Mendeley Ta iHII, a TakoX po3poOka HOBHX (PYHKIINA st
MOJINIIEHHST HAYKOBOTO N0CcBiny. Monens nependavae:

1.Interpaniro 3oenimHix CepsiciB, Takux sk Mendeley, ResearchGate,
abo Academia.edu. Ile 703BOUTH KOpHCTYBaYaM 3pYYHO KEPyBaTH CBOIMH
myOJIiKaIlisIMU, B3a€EMOJISATH 3 KOJIETAMH T4 BHKOPHUCTOBYBATH HAyKOBI
pecypcew, sKi BXe € Y IXHbOMY PO3HOPSIKEHHI.

2. TlepconamizoBanuii I[HTEpdeiic CBOTO po0OYOro MpOCTOPY,
BUOMpAOYM HE IIMINE EJNEMEHTH Ju3aiiHy, ane W QyHKI[IOHAN, SKHN
HaiiOnpme BiamoBimae ixHiM moTtpebam. Hampuknan, MOXIUBICTD
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MIBUIKOTO JOCTYIYy [0 HaWBaXIWBIMMX (yHKIIA abo HalamTyBaHHS
po0OYOro CTOITY 32 OCOOUCTUMU YO I00aHHAMU.

3. Po3pobOka HoBux DyHkuUil , Hanpukial iHTEJICKTyaJbHHN aHawi3
myOikamiit uia migbopy marepialliB 3a iHTEpecaMu, IHCTPYMEHTH IS
KOJIEKTHBHOI POOOTH Ta OOMIiHY i/lessiMu, ab0 pO3MIMPEHI MOXIIUBOCTI IS
Bi3yari3allii JOCIiTHUIIBKUX Pe3y/IbTaTiB.

1. USE OF WEB BASED INFORMATION RESOURCES AND
SERVICES, https://apiar.org.au/wp-content/uploads/2016/08/5_
APJCECT_APCAR_BRR776_ICT-124-130.pdf

2. Data Management Policies and Practices of Digital Archaeological
Repositories, url: https://intarch.ac.uk/journal/issue59/2/full-text.html

3. APPLICATION OF MODERN INFORMATION SYSTEMS AND
TECHNOLOGIES IN SCIENTIFIC ACTIVITY,
https://public.scnchub.com/perm/index.php/perm/article/view/80/74

4. [pusat24, url: https://next.privat24.ua/

5. Machine Learning, ML,
https://link.springer.com/article/10.1007/s42979-021-00592-X

6. A Survey of Recommendation Systems: Recommendation Models,
Techniques, and Application Fields, url:  https://www.mdpi.com/2079-
9292/11/1/141

7. U/UX nu3aiiH: OpUHLMIIA Ta METOAN CTBOPEHHS 3py4YHOro iHTepdeiicy
KOPHCTyBaua, https://whileweb.com/uk/blog/uiux-dizajn-principi-ta-
metodi-stvorennya-zruchnogo-interfejsu-koristuvacha/
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Buxopucranns cucremun ELK npu po3misai kidepiHuuaeHTiB
I'pumun A. O., 3000ysau, JIrobuak B.O. 3asidysau kaghedpu kibepbesnexu
Cymcekuit nep:kaBHU# yHiBepcuteT, Cymu, YKpaina

KibGepinmumeHT — moist a00 psiJi HECIPUSATIMBHUX TOJi HECHABMUCHOTO
XapakTepy Ta/ab0 TakWx, IO MalTh O3HAKH MOXINBOI Kibeparakw, sKi
CTaHOBIISITH 3arpo3y Oe3meli CHCTeM eJIeKTPOHHHX KOMYHIiKalid, cucteM
yOpaBiiHHS ~ TEXHOJOTIYHUMH MpPOIECaMH, CTBOPIOIOTH IMOBIPHICTB
MOPYIICHHS MITaTHOTO PEXUMY (DYHKIIIOHYBaHHS TAKUX CHCTEM, CTaBISATh
IiJ] 3arpo3y Oe3NneKy eNeKTPOHHUX iHpopManiiHuX pecypceis [1].

3a oCTaHHI JECATHWIITTS IHTCHCUBHUH  pPO3BUTOK  TEXHOJOTIH
CYTIPOBOKYETHCS 3pOCTaHHSAM KUTBKOCTI KiOepinmuaeHTiB [2]. i monii,
SIKi MAarOTh 3HAYHWH BIUTMB HA MIPUBATHUX OCi0, opraHi3aIii Ta HaBiTh ML
KpaiHH, MiJAKPECIIOIOTh BAXKJIMBICTh CTBOPEHHS E(QEKTHBHUX CHCTEM
kiOepOesmeku. AHami3 Ta BIACTEXKEHHS IUX 3arpo3 BHMararTh
BHKOPHCTaHHS BUCOKOS(DEKTHBHUX 1HCTPYMEHTIB. Bke BUKOPHUCTOBYIOTHCS
JIOBOJII 0arato TakuX MPOrpaMHUX 3acTOCYHKiB, Hampukian QRadar [3],
Splunk [4], Alienvault [5]. OgauM 3 HAHOLIBII TOITUPEHUX Ta €PEKTUBHUX
inctpymentiB € cucreMa ELK, sxa o0'emnye FElasticsearch, Logstash i
Kibana [6] .

ELK € xomIuiekcHUM pilieHHsM, ske 3actocoBye Elasticsearch mis
30epiraHHsl Ta iHJEKCAIlii BETMKUX OOCSTIB JaHWX TIOB’S3aHHUX 3
kibepbesnekoro, Logstash mist 00poOku Ta cTpykTypu3alii iHpopmariii 3
pizHux mkepen, Ta Kibana mia Bisyamizarii, mo J03BOJISIE JTOCTITHUKAM
KibepOe3nekn Jerko ix aHamizyBaTH. Ll iHTerpaiis CTBOPIOE MOTYKHHMA
iHCTpyMeHTapii s 00poOku iHpopMarlii mo o Kideparaxk.

Cucrema ELK BusiBnsieTbesi €()eKTHBHOIO B aHaNi31 pealbHUX BUIIAJIKIB
KiOepiHIMIeHTIB. 31aTHICTh 30epiraT Ta IHJASKCYBaTH BEJIUKI OOCATH
JNaHUX J03BOJISiE €(QEKTHBHO BWABIATH IIA0JOHM arak Ta BHSABISTH
BPAa3JIMBOCTI.

Buxopucranus ELK Bumarae wuyiTkoi MeTojojorii aHamizy Ta
pearyBaHHs Ha KiOepiHUuAeHTH. Lls1 MeTo10I0TisS MOBMHHA BKITIOYATH:

— IIporuec 300py T2 00POOKH TaHIX
— Meroau aHani3y IaHUX IS BUSBIICHHS KibepaTak
— [lnan pearyBaHHs Ha BUSIBIICHI Kibep3arpo3u
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ELK Bimirpae BaXIHWBY pOJb Y PO3TIsAAl KiOEpIHIMASHTIB 3aBISIKH
30aTHOCTI 30mpartu, 30epiratu, aHami3yBaTh Ta Bi3yani3yBaTH HaHi 3
pizHoMaHiTHUX mkepen. ELK Moxke 30upatu naHi 3 KypHaliB cepBepis,
MEpeKeBUX TMakeTiB, BeO-caiTiB Ta loT-mpuctpoiB, 3abesmeuyroun
BceOluHMi mormsa Ha KibepOesmeky opramizamii. Lli maHi moTiM MoxHa
30epiraTd MpOTATOM TPHUBAJIOIO Yacy, LIO A€ MOXIUBICTH MPOBOJUTH
PETPOCTICKTHBHMN aHai3 Ta BUSBISATUA IOTCHIINWHI 3arpo3u, SKi MOTIIH
Oytn mpomymieHi panime. ELK Takox MoXXe BHKOPHCTOBYBATHCS IS
CTBOPEHHS CHTHATYp KiOEpIHIMACHTIB, IO Ja€ MOMJIMUBICTH aBTOMAaTHYHO
ix BusBnATH. lle 3HAYHO EKOHOMHTH 4Yac 1 pecypcH, IO3BOJISIOUH
KibepdaxiBIsaM 30cepeUTrCS Ha OLIBII CKIaJHUX 3aBJaHHSIX.

Y Bumaaky kiOepinmumentry ELK Moke BHUKOpPHCTOBYBaTHCS s
HIBHJKOTO pearyBaHHs, 00 MiHIMI3yBaTd 30MTKM Ta BiJHOBUTHU
HOpMaJbHYy pPOOOTy opranizamii. CucTtemMa TakoX MOXeE IOMOMOITH ¥
pO3CIiTyBaHHI IHIUACHTIB, MO0 3HAWTH NMPUYNHY Ta HACTIIKH, a TaKOXK
3amo0irTi MmoxiOHUM iHIUAeHTaM y MaiOytHbomy. ELK Takox Moxke
BUKOPUCTOBYBATUCS IS IIJBUIICHHS O0I3HAHOCTI MPO KiOEPIHIUACHTH
cepeq MepcoHally OpraHizaii, Uit JOTPIMaHHS HOPMAaTHBHUX BHMOT III0/I0
KibepOe3nekH.

Crnpomosxknicts ELK 3a0e3neuyBaTti BeNWKy IIBUAKICTH OMpAIFOBAHHS
Ta Bi3yami3alii JaHWX € BaXXJIHMBOIO MepeBaror. OHak ciiadKi CTOPOHH,
Taki SK CKIAQJHICTh KOHQirypamii Ta oOMexeHHs Tpu OOpoOI HesKuX
TUIIB JaHUX, NOTPEOYIOTh BEJIUKOrO JOCBiIy y POOOTI 3 CHCTEMOIO Ta
PO3YMIHHS CTpaTETil 3aXHCTY.

Hus  makcumizamii motenmiany ELK y BusBienni Tta aHaumisi
KIOCpIHIMICHTIB, BaXJIMBO  PO3MVISJIATH  MOXJIMBOCTI  ONTHMI3allil
apXITEKTypd CUCTEMH Ta BJOCKOH&JICHHS IHTErpamii 3 IHIIUMH
IHCTpyMEeHTaMH KibepOe3neKy.

[Morenmian ELK Mo)xHa MakcuMi3yBaTH, ONTHMI3yBaBIIU apXiTEKTypy
CHUCTEMH Ta BIOCKOHAIMBIIM IHTErpamil0 3 IHIIMMH 1HCTPYMEHTaMu
kiOepOesneku. Lle Moxe BKIIOUaTH:

— BukopucTaHHs XMapHHX TEXHOJIOTTH
— ABTOMarH3allis NporeciB
— Po3pobka HOBHX METOJIIB aHANI3Y JIAaHHX

B mpaktnunomy Buxopuctanni ELK mpu posrmsai kiGepiHIMIEHTIB
crcreMa 3apeKoMeHyBasa cebe sk HaJliiiHa, 3py4yHa Ta rHydka. EnemenTn
Ta BIJPKETH PO3TAIIOBAHI 3pyYHO Ta MAaKCHMaJbHO MPUCKOPIOIOTH SAKICHUN
aHaji3 IHOUIEHTIB, a iHCTpyMeHTH HasBHI y Kibana momomararote He
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TiBKH Tpadivao BimoOpakatn OaxaHy iHpopmarliro, a it MaroTh (GyHKIIITO
«PO3YMHOTO» (iNbTpYyBaHHS AJS MiJBUILEHHA SKOCTI aHAJNITHKH Ha BCiX
piBHsX cTpaTerii. EQexkTHBHICTE Ta MOKIIMBOCTI BHSBISIOTHCS KIFOYOBUMHU
JUTS YCIIITHOTO BUSIBIICHHS, aHATI3Y Ta pearyBaHHs Ha Kibep3arposu.

1. Ilpo ocHOBHI 3acagu 3a0e3neucHHs  KiOepOesneku  YKpaiHu.
3aKOHOAABCTBO Ykpainu. URL:
https://web.archive.org/web/20190209132913/https://zakon.rada.gov.ua/la
ws/show/2163-19 (mata 3Bepuenns: 09.03.2024).

2. Cert-ua. cert.gov.ua. URL: https://cert.gov.ua/article/5436463 (nmara
3BepHeHHS: 09.03.2024).

3. IBM documentation. IBM in Deutschland, Osterreich und der Schweiz.
URL: https://www.ibm.com/docs/ru/gsip/7.5?topic=started-qradar-
overview (mata 3BepHeHH:: 09.03.2024).

4. Splunk | the key to enterprise resilience. Splunk. URL:
https://www.splunk.com/ (nara 3Bepaenns: 09.03.2024).

5. AlienVault - open threat exchange. AlienVault Open Threat Exchange.
URL: https://otx.alienvault.com/ (naTa 3sepuenHs: 09.03.2024).

6. Elasticsearch Platform — Find real-time answers at scale. Elastic. URL:
https://www.elastic.co/ (mara 3sepuenns: 09.03.2024).
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Increasing functional efficiency of Information extreme method using
image augmentation techniques
Oleksandr Papchenko, PhD student
Computer Science Department, Sumy State University, Sumy, Ukraine

In recent years there has been increasing interest in computer systems based
on machine learning (ML). The technology has been successfully used in
healthcare - computational pathology (CPath) emerged as a separate
discipline. The main objective of computational pathology is to enhance
patient care using such technologies as machine learning, artificial
intelligence (Al) and computer vision (CV) [1]. One of the promising
directions is segmentation and classification of tissue using whole side
images (WSI). WSI samples have a big resolution providing a huge amount
of data but from the other side makes manual samples inspection error
prone. ML systems can be used to perform WSI segmentation in automatic
mode. These systems have two stages - learning and exam. In the process
of learning, the system calculates optimal ML parameters to maximize
functional efficiency in exam mode. Learning stage produces a set of
decisive rules - making automatic image segmentation possible. Learning
stage is crucial for the correct functioning of the system and usually
requires a big amount of training samples. However, due to the emerging
nature of WSI technology and ethical matters it is often hard to gather
enough diverse samples. Promising technique is image sample
augmentation - it showed to be effective while used with neural based ML
algorithms [2]. The object of the research is IET applied for the CPath area.
The subject of the research is application of technique of image
augmentation to improve the training set of the IET algorithm. The
hypothesis of the research is: image augmentation techniques applied to the
WSI data makes it possible to find more optimal geometrical parameters for
the IET during the learning stage of the algorithm - thus increasing the
functional efficiency of the system in the exam mode of nuclei
segmentation on the WSI tissue samples.

For hypothesis validation, 10 whole side labeled tissues images from the
PanNuke dataset [3] were used. Images were normalized to size 250 x 250
pixels. For the test set 5 images were used. Defined two recognition classes
- nuclei and background (marked as Class 1 and 2 respectively). For images
augmentation was used the open source library Albumentations [4].
Prepared augmented dataset consists of 10 original images, and images
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with grid distortion and elastic transform - 10 each. In total, the augmented
dataset was extended to 30 samples. Defined segmentation patch size of 10
x 10 pixels. Parameters of datasets and resulting values are presented in
table 1 and 2.

Table 1 — Quantitative indicators of datasets (samples).

Dataset Training subset Exam subset

Images Samples Images Samples
Class 1 | Class 2 Class 1 | Class 2

Basic 10 1985 4265 |5 814 2311

Augmented | 30 5732 13018

Table 2 — Accuracy indicators for IET classificator

Dataset ) Emax Class 1 radius | Class 2 radius

Basic 21 0,41 21 10

Augmented | 31 0,55 16 12

Without image augmentation accuracy was 65%, with image augmentation
accuracy increased to 75% - in case of augmented dataset, increase in
accuracy can be explained by the ability to calculate more precise
geometrical parameters. In such a way, image augmentation technigques can
be successfully applied to the IET algorithm - increasing its functional
efficiency in situations, when a set of training samples has small size. This
paves the way to future research of application of other types of image
augmentation techniques.

Supervisor: Kuzikov Borys, Department of Computer Science, Sumy State

University, Sumy, Ukraine
1. Cui, M., Zhang, D.Y. Artificial intelligence and computational
pathology. Lab Invest 101, 412-422 (2021)
2. Shorten, C., Khoshgoftaar, T.M. A survey on Image Data
Augmentation for Deep Learning. J Big Data, 6, 60 (2019)
3. Gamper, Jevgenij et al. PanNuke: An Open Pan-Cancer Histology
Dataset for Nuclei Instance Segmentation and Classification. European
Congress on Digital Pathology (2019).
4. Buslaev A et al. Albumentations: Fast and Flexible Image
Augmentations. Information. 11(2), 125 (2020).
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Oco0auBoCTi Ta HeAOJIIKH JJOTYBaHHSI IAHUX 3 IaTYHKIB BYIJIEKUCIOTO
ra3y B nporokoiai UART.

3uma A.M., acmipanT; bepect O.b., crapmmii BUKTamad
Cymcekuit nep>kaBHAHN yHiBepcuteT, M. Cymu, YkpaiHa

JloryBaHHs BHXiZHMX JaHUX B JaTYUKaX BYTJIEKUCIOTO Ta3zy 3a
nporokosiom UART (Univsersal Asynchronos Reciever-Transmitter) [1]
MICTUTh JICKUJIbKA CKIIAQJHOIIB, B 3aJCKHOCTI BiJl THUIY JaTyYWKa,
BUKOPUCTAHOTO JpaiiBepy Ta HAJIAIMITYBaHHSI CHCTEMU. 32 OCHOBY B MLii
poboTi B3siThii THHOBHE maTdyuk mhzl9 [2] 3 HEOOXiAHUM MPOTOKOIOM
0OMiHYy JaHHX.

OCHOBHI CKJIaJHOIII B JIOTYBaHHI mijg yac orpuManHs nanux no UART,
0COOJIMBO NPH BHUCOKUX MIBHIKOCTSX Iepelnadi MacHBY JTaHWUX, BHKIHKAE
mpobiiema 3 Oydepusamiero. OTprMaHi JaHi BiJf JaTYUKa MOXYTh OyTH
CXWJIBHI /IO INyMiB i (akTOpiB 30BHIIIHBOrO BIUTMBY [3], Takux sK
TeMIeparypa Ta BOJIOTICTh, III0 B CBOIO uUepry morpedye oOpoOKM JaHHX
i bimpTpartii apredakTiB i aHOMAIIH.

Ilin wac 0OpoOKM [aHWX JATYMKOM ICHYE pPH3UK BHHUKHEHHS
HECTaHAApPTHOI MOMMJIKH, HEMOXKIHUBOCTI i1 OOpOOKHM Ta BTpaTH NaHHX,
TOMY BaXXJIHBO MaTH alTOpPUTM OOpPOOKM MOMMJIOK Ta Bajijamii JIOTiB IJis
BIZICTe)KCHHSI HECTAHIAPTHUX NOMHJIOK, a TaKOXX BIJHOBJIEHHS POOOTH y
pasi BTpaTH 3B'A3KY 3 JaTUUKOM.

Bemukuit 00cAr maHMX IS JIOTYBaHHS TakoX HOTpeOye MHEBHOTO
MeTony 30epiraHHs Ta OOpPOOKM J[JaHWX, IO 32 3aMOBUYBAaHHAM B
CTaHIAPTHUX CHCTEMax OOMEKEHO.

BazoBuii gpaiiBep s aartunka mhzl19 micTuTh cTaHgapTHi (QyHKIIi
3YMTYBAHHS 1 TepeAadi JaHWX, HE MiATPUMYE AITOPUTMH MAIIUHHOTO
HaBYaHHs JUIsi BUKOHAHHS aHali3y JaHUX, 10 B CBOI 4epry oOMexye
MOJKJIMBOCTI IPOTHO3Y 3HAYEHB MTPH 3MiHi IEBHUX 30BHINIHIX YMOB. Takox
0a30Buil ApaiiBep Mae HEONTHMIi30BaHHW iHTepdelc, SKUH YCKIAIHIOE
IHTErpamito 3 IHIUMHU JaTYUKAMH Ta IPOTOKOJIAMH.

Jns  CcTBOpEHHsT  KacTOMHOIO  JipaiiBepy  BHUKOPHCTaHO  MOBa
nporpamyBanHsi Python Ta 6i0mioTeka MammaHOTO HaB4YaHHs Scikit-learn
Bepcii 0.20. Ha pucynky la HaBegeHO CKpiHIIOT pe3yabTaTy poOoTH
npaiiBepa (OLTMM KOJBOPOM 300pa)kK€HO MOTOYHHUM PIBEHb BYIJICKHUCIIOTO
razy, 3eJIeHe KOJIO - POTHO3 PiBHS BYTJIEKUCIIOrOo ra3y uepe3 15 XBWIIMH,
3eNIeHUI - 30epiraHHs PiBHS 3 MOXJIMBICTIO HE3HAYHOTO IiJBHUIIECHHS JI0
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10%, »xoBTuii — migBumieHHs B Mexax 10-30%, depBOHHMH — TPOTHO3
nigsuieHHs ounbiie 30%.). JIicThHT Koy 300pakeHO Ha PUCYHKY 10.
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Pucynok 1 — a) BimoOpaxxeHHSI pe3yNbTaTy Ta MPOTHO3YBAaHHS 3 JIOTIB.
0) JIICTHHT KOAY KAaCTOMHOTO ApaiBepy.

Takum uuHOM, [UIs BHpIIEHHS NPOOJEMATUKU JIOTYBaHHS Ta
yIpaBIiHHS JAHUMU B [ili poOOTH OYJIO MPENCTaBICHO BEPCiI0 KACTOMHOTO
IpaliBepy UIA KepyBaHHs HaTdukoM mhz19b skuii mependavae 3pydnuit
crnoci® JIoryBaHHs, 3YMTYBAaHHS JaHWX 3 JaT4MKa, HABYAHHS MOJENi Ta
MPOTHO3YBAaHHA piBHS BYIJIEKHCIOr0 Ta3y B pealpHOMYy uYaci 3
BHUKOPUCTAHHSIM MOJIeJi MATMHHOTO HAaBYaHHS.

1. U. Nanda and S. K. Pattnaik, "Universal Asynchronous Receiver and
Transmitter (UART)," 2016 3rd International Conference on Advanced
Computing and Communication Systems (ICACCS), Coimbatore, India,
2016, pp. 1-5, doi: 10.1109/ICACCS.2016.7586376.

2. MHZ19 URL.: https://revspace.nl/MHZ19 (nara 3Bepuenns: 4.11.2024).

3. Zyma, A., & Berest, O. (2023). Analysis of the problem of monitoring
the concentration of Carbon Dioxide in Smart Home. Methods for
measuring Carbon Dioxide. MopgentoBanHsi, KepyBaHHS  Ta
iHpopMaLiitHi TEXHOJIOTI, (6), 184-185.
https://doi.org/10.31713/MCIT.2023.056.
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Normative requirements for saving personal data in information and
communication systems in Ukraine and the EU

Vadym Kalchenko!; Kyrylo Krasnobaiev!; Viktor Obodiak®?; Ihor Puhach?®

!Department of Cyber Security, Sumy State University, Sumy, Ukraine
2\/.V. Popovskyy department of infocommunication engineering, Kharkiv
National University of Radio Electronics, Kharkiv, Ukraine
%0. Balatskyi Department of Management, Sumy State University, Sumy,
Ukraine

The global network allows conducting business, communicating online
with each other regardless of distance, conducting financial transactions,
providing advice, learning, etc. As a result, there are issues of cyber
protection of both digital assets of enterprises and personal data of citizens,
which are processed in information and communication systems. It is worth
stating that the development of social relations on the Internet and the
development of computer technologies in general is much faster than the
development of legislation. As a result, issues of legal regulation of such
relationships arise. This especially applies to cyber protection of personal
data in information and communication systems.

The main attention of researchers turns to the problem of protecting
personal data but not to what needs to be done in information and
communication systems to protect this data.

As shown by the analysis of the legislation of the European Union in the
field of information protection, the following regulatory documents can be
distinguished, the effect of which extends to all EU member states: General
Data Protection Regulation (GDPR) [1], Payment Services Directive
(PSD2), The eIDAS Regulation [2], NIS2 Directive [3].

These provisions are usually standard for any cyber protection systems,
except for "pseudonymization” and the concept of "privacy by design™ and
"privacy by default". In the GDPR, "pseudonymization” or "the use of
pseudonyms" is the processing of personal data in a way that does not
allow personal data to be attributed to a specific subject without the use of
additional information.

Regulatory documents of Ukraine [4, 5] do not contain clear and explicit
requirements for cyber protection of personal data. By analyzing these
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normative documents, it is possible to highlight the following requirements
for building a cyber-protection system at the enterprise:

1. The need to ensure confidentiality, integrity and availability of
personal data (Article 24 [5], clauses 3.3, 3.13, 3.14 [4]).

2. The need to provide a backup copy of personal data (Article 24 [5],
Clause 3.3 [4]).

At the same time, the above-mentioned requirements are clearly not
prescribed in the normative documents, but come from the text of the articles.

The regulatory documents of Ukraine and the main regulatory document of
the European Union General Data Protection Regulation (GDPR), which
regulate the protection of personal data, do not contain clear and explicit
requirements for the cyber protection of personal data. However, the
requirements of the GDPR regarding the protection of personal data are
broader compared to the Law of Ukraine "On the Protection of Personal Data".
Therefore, the need of implementing GDPR norms into the regulatory
documents of Ukraine on the protection of personal data is relevant.

1. Regulation (EU) 2016/679 of the European Parliament and of the
Council of 27 April 2016 on the protection of natural persons with regard to
the processing of personal data and on the free movement of such data, and
repealing Directive 95/46/EC.

2. Regulation (EU) 910/2014 of the European Parliament and of the
Council of 23 July 2014 on electronic identification and trust services for
electronic transactions in the internal market and repealing Directive
1999/93/EC.

3. Directive (EU) 2022/2555 of the European Parliament and of the
Council of 14 December 2022 on measures for a high common level of
cybersecurity across the Union, amending Regulation (EU) No 910/2014
and Directive (EU) 2018/1972, and repealing Directive (EU) 2016/1148.

4. Typovyi poriadok obrobky personalnykh danykh. Zatverdzheno
nakazom Upovnovazhenoho Verkhovnoi Rady Ukrainy z prav liudyny
08.01.2014 Ne 1/02-14.

Zakon Ukrainy “Pro zakhyst personalnykh danykh”. URL:
https://zakon.rada.gov.ua/laws/show/2297-17#Text.
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Using advanced data analytics and text processing techniques to
improve the effectiveness of cyberattack detection systems

M. Yakovlev, A-26/KH/1, Ph.D. Student; V. Kolesnikov, Professor
Department of Computer Science, Sumy State University, Sumy, Ukraine

This paper explores the possibilities of applying advanced data mining
and text processing techniques to improve the effectiveness of cyber attack
detection systems. Particular attention is paid to the development and
implementation of algorithms that can automatically detect anomalous
patterns and threatening messages in textual data such as emails, web
pages, and chats. This paper explores the potential of such techniques to
recognize cyberattacks using unstructured data, which is usually difficult to
analyze using traditional methods.

It is clear that in order to maintain the high efficiency of cyberattack
detection systems, it is necessary to constantly improve data analysis and
text processing techniques in accordance with changes in attack methods.

It is confirmed that the use of advanced techniques, such as applied
machine learning and natural language processing, can significantly
increase the effectiveness of cyberattack detection systems.

The process of text processing and data analysis involves the application
of machine learning techniques such as neural networks and models using
applied learning to detect patterns and classify anomalies.

The results of the study show that the use of advanced data analysis and
text processing methods can significantly improve the accuracy and speed
of cyberattack detection systems, providing more effective protection of
information systems from cybersecurity threats.
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Efficient machine learning algorithms for detecting cyberattacks on
an information system

M. Yakovlev, A-26/KH/1, Ph.D. Student; V. Kolesnikov, Professor
Department of Computer Science, Sumy State University, Sumy, Ukraine

Detecting cyberattacks on an information system is a challenging task,
as cybercriminals are constantly looking for new ways to bypass security.
Nevertheless, there are some effective machine learning algorithms that can
help detect abnormal patterns and potential threats. Here are some of them:
o Neural networks (deep learning): Deep neural networks, particularly

those based on Convolutional Neural Networks (CNNs) or Recurrent

Neural Networks (RNNs), can be effective in detecting anomalies in

large volumes of network traffic or activity logs.

e Support Vector Machine (SVM): SVM is a supervised learning method
that can be used to detect anomalies. It divides the data into several
classes and tries to find the optimal boundary between them, which
helps to detect anomalies that fall outside these boundaries.

e Random Forest: This algorithm can be used for both classification and
anomaly detection. It uses many tree decisions to make a decision,
which makes it quite effective in detecting complex patterns.

o Clustering algorithms: Clustering algorithms such as k-means or
DBSCAN can be used to group similar objects into clusters. Anomalous
objects can be detected as not belonging to any of the clusters or
belonging to a very small cluster.

o Statistics-based anomaly detection methods: These methods include
statistical-based methods such as those using a Gaussian model or other
methods that detect anomalous data based on its deviation from normal.
Each of these algorithms has its own advantages and disadvantages, and

their effectiveness may depend on the specific context and characteristics

of the information system. Often, a combination of several methods can
provide the best results.
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The current state of automation the design works execution

D. Tyshchenko, PhD student; B. Antypenko, PhD student;
V. Antypenko, Associate Professor; A. Nenia, Associate Professor;
V. Nenia, Professor

Sumy State University, Sumy, Ukraine

In the modern world, where time is a valuable resource, automation of
the design works execution has waxed increasingly important for
organizations focused on individual production of various objects. Various
systems for automation the design works execution are becoming more
integrated, adapting to modern production conditions and user
requirements. However, despite the presence of advanced tools, the
dispatchingi of design work still has unresolved issues such as coordination
between experts, identifying changes etc. This requires not only
technological infrastructure but also improvement of organizational
processes.

The aim of this work is to explore existing systems, methodologies, and
methods of automation the design works execution in the field of individual
production. Evaluating their advantages and disadvantages and selecting
those that can be improved in order to optimize both design works
dispatching and experts allocation to reduce the overall duration of the
project execution.

Big corporations use automated tools both to search for experts within
their department and assess their skills. Deep learning and adaptation
algorithms assist in this process. Automation is also used for project
planning and their dispatching to ensure their execution efficiency.
Therefore, management actively seeks appropriate software to increase
enterprise productivity.

The use of Enterprise Resource Planning (ERP) systems contributes to
the automation of business processes execution, reduces the number of
defective products, and improves forecasting [1]. In its turn, the application
of Machine Learning (ML) technology allows ERP systems to flexibly
respond to real-time needs and conditions. As a result, this leads to
increased productivity and adaptability to project requirements during the
design works execution. Project management utilizes generative Artificial
Intelligence (Al) to automate tasks and resource optimization. Although
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various research compare the tasks performed by generative artificial
intelligence and humans, comparative studies on decision-making by them
are currently absent.

The implementation of generative artificial intelligence and the
automation of processes execution in project management poses its
challenges. Firstly, the lack of sufficient comparative research between
generative Al and human decision-making raises doubts about the
effectiveness and reliability of Al systems. The second aspect is the
potential loss of jobs and the diminishing influence of the human factor
within project management through the automation of its processes
execution [2].

Genetic Algorithm (GA) can be effective in dispatching labor resources,
but currently, the volumes of such research are limited. It requires further
research on practical implementation and adaptation capabilities to
different industries [3].

Modern design works are undergoing changes due to the application of
generative artificial intelligence, leading to processes automation and
improved resource and risk management. However, the lack of comparative
research complicates the assessment of the advantages and disadvantages of
generative Al compared to manual methods. Thus, it is proposed to further
investigate the possibilities of generative Al, including analyses in real
business conditions, and the development of genetic algorithm methods for
efficient resource dispatching. The authors offer to include incorporating
practical implementation and application of genetic algorithms to optimize
ERP systems, both positive and negative aspects.

1 Bin Hammad M. Z. M., Yahaya J. B., Mohamed I. B. A model for
enterprise resource planning implementation in the Saudi public sector
organizations. Heliyon. 2024. Vol. 10, no. 2. P. e24531. URL:
https://doi.org/10.1016/j.heliyon.2024.e24531.

2 Barcaui A. Who is better in project planning?Generative artificial
intelligence or project managers? [Electronic resource] / André Barcaui,
André Monat // Project Leadership and Society. — 2023. — Vol. 4.

3 Feng Q. Human resource labor dispatch model using an improved
genetic algorithm [Electronic resource] / Qi Feng, Xingren Su, Qiang Li //
Soft Computing. — 2022.
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BidmioTexka rpadiuynux eseMeHTiB AJ1s1 web-go1aTKiIB i3
BUKOPHCTAHHSAM TEXHOJIOTil TYYHOI0 iHTeJIeKTy

Apremenko J1. YO., cmyoenm IT-03-2; Autunenko B. I1., ooyenm

CyMchkuii nepkaBHui yHiBepcuteT, M. Cymu, Ykpaina

VY cy4dacHOMy CBIiTi, Zle¢ 3acTOCYBaHHsS PI3HOMaHITHHX 300paKeHb
HaOyBae Bce OiTbIIOrO 3HAa4YEHHS y Oi3HECi, PO3BHBAETHCS 1HIYCTPis
reHepalii BapiaTUBHHUX Bi3yaJbHHUX €JIEMEHTIB. BOHM BUKOPHUCTOBYIOTHCH,
HaNpUKIaZ, U1 pPEKIaMH, COLiaJbHUX MeJia, web-au3aiiHy Ta IHIIHMX
MapKeTHHroBux motped. [HopmariitHi TexHOMNOrIl, SKi CTOSITh 32 UM
NpOLIECOM, € KIIOYOB AacIeKTOM Uil CTBOPCHHS IHHOBAaLiHHMX Ta
e(eKTUBHUX PIllICHb.

ToMmy MeTor0 HaHOTO TPOEKTY € CTBOPEHHs Oi0mioTekn rpadidHux
eIeMEeHTIB Ui web-momaTkiB i3 BHKOPHUCTAHHAM TEXHOJOTII MITy4HOTO
intenekty (II). 3anpomonoBana poOoTa 30kpema 0Oa3yeTbcs Ha
3acTtocyBaHHi cepBicy Midjourney mnst redeparii nmpomnTiB. Lle no3Bomsie
aBTOMATH3YBATH MPOLIEC CTBOPEHHS Bi3yalbHOTO KOHTEHTY.

Hanuii mpoekT nependavae BUKOHAHHS TeBHUX 3aaad. Hacammepen, e
y3araJbHEHHS ICHYIOHWOTO JOCBily HamwcaHHs MpoMmTiB. Takox
(dopMyBaHHS TIPaBWJ JJIsi OTPUMAaHHS BJIACHUX OaKaHUX PE3YJIbTATIB
300pakeHb 1 X BUKOPUCTaHHs JUIS CTBOPEHHS BiJNOBIAHUX TpadidHuX
eneMeHTIB uepe3 cepeic Midjourney. OnHak y poOOTi Takok TepeadoadeHa
poboTa 3 iHCTpyMeHTOM au3ailiny Figma. 3a Horo J0moMororw IiaHy€eThes
chopmyBatu 0i0JOTEKy 31 CTBOPEHMMH aceTamMd. BoHa Moxe Oyth
IHTETpOBaHa y MPOEKTH KOPUCTYBAYiB i3 MOXKIIUBICTIO TIONITYKY HEOOXiTHUX
00’€KTiB  Tpu po3polIli BIACHUX Web-Opi€EHTOBaHWX TPOTPAMHHX
nponayktiB. lle € 1I0CUTh KOPHCHMM pIlIeHHSM CchorojaeHHs. Jlana
0ibmioTeka cTraHe HE3aMiHHMM pecypcoM Ui Au3aiiHepiB 1 po3pOOHUKIB
web-nogarkiB, SKi OpardHyTh MBHIKO Ta e(GEKTUBHO IHTErpyBaTH
Bi3yaJbHUH KOHTEHT Yy BJIaCHI NMPOEKTH. BUKOpPHCTaHHS IMpEACTaBICHOTO
PIIICHHS JIO3BOJIMTh CKOPOTHUTH Yac BHMKOHABIIAM Ta MMiJBUIIMTH SKICTh
iXHIX poOIT.

Pesynbrarom nmaHoro mpoekty Oynae He yuine 0i0moTeKa aceriB, aje i
MakeT Ju3aiiHy web-gogarky. OCTaHHIH TPOAEMOHCTPYE IMPaKTHUHE
BUKOPUCTAHHS  CTBOpEHHX  ejeMeHTiB. Lle  J103BOJHMTH  OLIHUTH
e(EeKTUBHICTh Ta YHIBEpCAJbHICTh PO3pO0JICHOT Oi0MIOTEKH, a TaKoX il
MPUIATHICTD JJIsl PI3HUX THITIB IPOEKTIB.
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Current state of monitoring and logging processes in cloud systems
D. Hryhoriev, PhD student; V. Antypenko, Associate Professor
Sumy State University, Sumy, Ukraine

Crucial issue posed by current cloud computing is the optimization of
logging and monitoring processes in cloud systems. Given the increasing
complexity and size of cloud infrastructures, it is essential to ensure
efficient system management and monitoring to guarantee reliability and
security of information systems. However, with this dominance comes the
challenge of managing cloud systems effectively. The sheer scale and
complexity of these systems make logging and monitoring critical daunting
tasks.

There is a wide range of solutions for optimizing logging and
monitoring processes in cloud systems. They can be divided into several
following categories:

—centralized logging systems: these systems collect logs from all
components of a cloud system in one place, which simplifies their analysis
and troubleshooting; examples of such systems are Elasticsearch, Graylog,
and Splunk;

— monitoring systems: these systems track key performance indicators
(KPIs) of a cloud system, such as CPU, memory, network, and disk space
usage; examples of such systems include Prometheus, Grafana, and
Ganglia;

—SaaS solutions: Such systems offer comprehensive logging and
monitoring capabilities; examples of such solutions include Loggly, New
Relic, and AppDynamics;

—native cloud provider solutions (AWS Cloudwatch, Google Cloud
Operations Suite (Stackdriver), Azure Monitor).

Currently, there is no one complex solution for organizing logging and
monitoring processes that would effectively solve the entire range of tasks.
Most of the existing solutions have many limitations, among which the
most common are financial costs, implementation and maintenance
complexity.
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Anticipating the outcomes of this research, the authors aim to introduce
developed models and information technology for logging and monitoring
in cloud systems, characterized by their comprehensiveness, flexibility, and
scalability, and designed to enhance efficiency, accuracy, and user-
friendliness in the realm of logging and monitoring processes. The results
will be presented in the form of a complex system that must meet certain
requirements.

For logging they are the following:

— filtering: collect only the information that is really needed;

—aggregation: reducing the amount of stored information and
simplifying analysis;

— compression: reducing the volume and saving storage space.

For monitoring requirements are the following:

—ability to form KPIs according to the information system;

— ability to set threshold values to receive notifications about a potential
problem;

— ability to analyze monitoring data and visualize data.

The practical significance of these research results lies in ensuring the
possibility of their use both in small environments, such as development
environments, and for industrial implementation in systems with a high
load. In particular, they can be used for the following:

—increasing the fault tolerance of information systems in a cloud
environment;

—reducing the cost of operating information systems in a cloud
environment;

—increasing the level of security and reliability of information systems
in a cloud environment;

— predicting system faults and downtime with appropriate notifications.

As a result, it was decided to develop models and information
technology for optimizing logging and monitoring processes in the form of
a complex information system. The latter will be used as a logging and
monitoring system in a cloud environment and will be distinguished by
high scalability, availability, and compliance with modern security
requirements.
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IomykoBo-pexkoMeHallilina cucTemMa
BiIKpUTHX OCBiTHIX pecypciB 3a IT HanpsiMmkom

Jliuyepa JI. B., cmyoenm IT-03-2; Antunenko B. I1., doyenm
CyMchkuii nepkaBHui yHiBepcuteT, M. Cymu, Ykpaina

y CydacHOMY CBITI lH(I)OpMaLIII/IHl texnouorii (IT) BimirparoTh KIIOUOBY
poAb y MAOCTYym A0 OCBITH. 3aBASKM HHM, 3HAaHHS CTaOTh IIUPOKO
JNOCSDKHUMH, a HaBYaJIbHI Marepianu — Ginbm IHTEpaKTUBHUMH Ta
3pYYHHMH OIS KOPUCTYBadiB. AKTyalbHICTh 3acTocyBaHHsa [T B
OCBITHBOMY TIpOIleCi He Moke OyTH mepeolliHeHa. BoHu 3abe3medyroTh
HMIMPOKUHN CIIEKTP MOMKIIMBOCTEH IS CAMOPO3BUTKY Ta HaBYaHHS. Y CBOIO
4epry TeMIH TEXHOJOTIYHOIO IPOrpecy HEYXHIIbHO 3pocTatoTh. [loTpeda y
MOCTIHHOMY OHOBJICHHI 3HaHb Ta HaBUYOK CTa€ HarajibHOWo. Lle ocobmmBo
crocyerbes IT HampsiMKy, e HOBI MOBH IIpOrpaMyBaHHs, IHCTPYMEHTH Ta
METOAOJIOTIT PO3pPOOKH CTalOTh JOCYIIHUMH CYy4YacHOCTI 3 HEMMOBIPHOIO
IIBUIKICTIO.

OCKiJTbKM ~ CBhOTOJIHI CYTTEBO OHOBJIIOBATH BJIACHI 3HAHHSA Ta
ONAaHOBYBAaTH HOBi, 30Kkpema 3a IT crnpsmMyBaHHAM, HOLIYK KypCiB AJIs
CaMOCTIHHOTO PO3BUTKY € JIOCUTh BXJIMBUM. BiH MoJyiArae y MOMIJIMBOCTI
IIBU/IKO 3HAXOJWTH aKTyalbHi Ta AKiCHI OCBITHI peCcypcH, SIKi JO3BOJISIFOTH
¢daxiBUsAM  3aJTHIIATHCS KOHKYPEHTOCHPOMOXKHUMH ~ HA  PHHKY npari.
Homyk kypciB € xopucHuM. Bin 103BoNsie iHAMBIAYyanisyBaTH HaBYaHHS,
nigOuparoun MaTeplaJ'II/I BIANOBIIHO [JO OCOOMCTHX 1HTEpeciB Ta
npodeciiHUX I KOPUCTyBauiB, 1 3a0e3leuyBaTh HOrO0 T'HYYKICTb,
JI03BOJISIIOYM BUBYATH HOBI TeMH y 3py4HMH 17151 3100yBada Jac.

BpaxoByloun Bce BuIlle3a3HA4Y€HE, METOIO JIaHOI pOOOTH € CTBOPEHHS
web- -OPI€HTOBAHOI  NOIIYKOBO-PEKOMCHIAINHOI ~ CHCTeMH  BIAKPHTHX
OCBITHIX pecypcm 3a IT HANPAMKOM. Lle noriyHmMid KpOK y BiNOBiAb Ha
3pOCTarOuMii MOMHUT Ha SIKICHY Ta JOCTYIIHY OCBITY.

ITpoext BleHIeHO BUKOHyBaTH 3 BUKOpHcTaHHAM HTML Ta CSS nna
CTPYKTypH3auii Ta cTuiisauii web-CTOpiHOK, 3abe3neuyioun BisyalbHy
MpUBAOIUBICTh 1 THYYKICTh BiJIOOpaXKEHHST HAa PI3HUX TPUCTPOSX,
JavaScript m1st iHTepakTHBHOCTI KOpuCTyBambKkoro iHtepdeiicy, PHP mis
po3poOKHu cepBepHOi Joriku, 1 MySQL nmnst 30epiraHHs Ta opraHizarii
JaHUX.

Takuit mporpaMHUl TPOAYKT HE TUIBKA YAOCKOHAJIUTH TMOIIYK
notpiOHux IT HampsiMkom, ane i IOMOMOXKe KOpHCTyBauaM e(eKTHBHO
OpraHi3yBaTH BJACHHM OCBITHI NUISX, OOMpar4uM HaWKpall pecypcu 3
BEJIMKOI KIIbKOCTI TOCTYIHHX OIIIIIH.
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Web-goaaTok miaTpuMKH XisIbHOCTI
MarasuHy npoaaxy kaBu «KaabBap»

Moiceenko O. B., cmyodenm IT-03-2; Antunenko B. I1., doyenm

CyMchkuii nepkaBHui yHiBepcuteT, M. Cymu, Ykpaina

CpOroziHi 3a KUIBKICTIO MPOBEIEHUX JOCHIKEHb MOTCHINHHI KIIEHTH
MOCTIHO aKTUBHO JIOCIIPKYIOTh PUHOK Yy TOIIYKY HEOOXiJHOTO TOBapy
nepes WOro MOKYNKOK. ToMmy Ui HiANPUEMIIB JOCHTh BaKIMBUM €
HajaHHS iHQopMamii mono cBoei mpoaykuii B mepexi [arepner. Lle
edeKkTUBHUI crmocid 3amydeHHs HOBUX KIIEHTIB 1  IIiIBHICHHA
BIi3HaBaHOCTI OpeHmy. OmgHaK BapTO OpIEHTYBaTHUCh HE TITBKA Ha
HallOBHEHI KOHTEHTOM CTOPiHKH COIIalbHUX Mepex, aie W Ha
npuBabIMBUI Ta OaratodyHKIIOHATEHUN web-nomaTok. HaBiTh HeBenwki
KOMITaHil HaMararThCs MPE3SHTYBATH BJIACHI TOCIYTH Ha Pi3HUX OHJIAWH
MalgaHdukax. A, OoTxke, Oyap-skoMmy Oi3HECy, HaBiTh TOMY, SKHH
HEIOJAaBHO PO3M0YaB CBOIO AISUIBHICTD, 11€ OAHO3HAYHO IIPUHECE KOPHUCTH.

Tomy Merorw naHoi poboTu € po3poOka web-momaTky HiATPUMKH
JiAIBHOCTI MarasumHy mponaxy kaBu «Kampapy. Moro BHKOpHCTaHHs
JO3BOJIUTH 31 CTOPOHHM BIIACHHKA PO3IMIMPUTH MOMIIHUBOCTI TMPOAAXKY
TOBapY, a KIIEHTaM — CIIPOCTUTH MPOIIEC 3aMOBJIEHHS KaBOBOI MPOIYKIIii.

LlinboBa ayauTOpist 3ampONOHOBAHOTO  TMPOTPAMHOTO  MPOAYKTY
po3paxoBaHa Ha MemKkaHIiB Micta Cymu. TTOTeHIIIfHI KTI€EHTH MaTHUMYTh
MOJJIMBICTh TEPErIIsIaTH JeTalbHy iH(OpMalilo Tpo ToBap, SKUH IX
LiKaBUTb,  CaMOCTIHHO  O(QOPMUTH  3aMOBJEHHS Ha  JOCTaBKY
CBIX00OCMaXeHO1 3epHOBOI, MelieHOi KaBW abo cremiaJbHUX KaBOBUX
HaOOpiB (JerycTariifHoro 4 MOJapyHKOBOTO) 3a BKAa3aHOK aJIPEcOl0 3a
noroMoror  (GyHKIiOHaNy JaHoro web-momatky, a He TUIbKH 3a
JIOTIOMOT'OI0 MEHe/Kepa Ha CTOPIHIII collianbHOI Mepexi Instagram.

Jnst CTBOpEHHS MAaHOrO MPOrPaMHOTO MPOAYKTY OyJo BHpIIIEHO
BUKOPHUCTOBYBaTH neBHUM psin texHoioriid. Lle HTML i CSS nnst po3mitku
Ta 0OpPMJICHHS CTOPIHOK, JavaScript juis HagaHHS IM IHTEPAaKTHBHOCTI,
MoBa mporpamyBaHHs PHP jans po3poOku cepBepHOi uacTWHH 3
MIIKIF0YeHHAM 10 0a3u qanux MySQL.

3acrocyBaHHSl TPEJCTABICHOTO0 Web-0JaTKy JO03BOJIUTh BIIACHUKY
naHoro Oi3HeCY HAJEKHMM YHHOM OpraHi3yBaTd aBTOMATH30BaHY
MiATPUMKY HOTO AisUTBHOCTI, a KIIIEHTaM HaJacTh OLIbIE MOXKIMBOCTEH
JUISL B3AEMOJIIT 3 Mara3uHOM OHJIAIH.
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Current state of automated management of infrastructure
and application containerization for cloud systems

V. Tkachenko, PhD student; V. Antypenko, Associate Professor
Sumy State University, Sumy, Ukraine

Cloud systems are becoming increasingly popular, leading to the
growing complexity of their management. Traditional methods do not scale
and do not meet the requirements of flexibility and dynamism of modern
cloud environments. Automation the management of infrastructure and
application containerization becomes a key factor that allows solving this
problem. Currently, there are many different models of automated
management of cloud infrastructure and application containerization. Some
of them are the following:

—1laC (Infrastructure as Code): uses code to describe and provision
cloud infrastructure. Examples of laC tools are Terraform, Ansible, Puppet
[1];

— PaaS (Platform as a Service): provides a platform for deploying and
managing applications. Examples of PaaS platforms are Heroku, AWS
Elastic Beanstalk, Google App Engine [2];

— Serverless Computing: allows developers to run code without the need
to manage servers. Examples of serverless platforms are AWS Lambda,
Azure Functions, Google Cloud Functions [3].

Currently, there is no singular universal solution for automated
management of cloud infrastructure and application containerization that
would be suitable for all cases. Most existing solutions have certain
limitations.

The purpose of this research is to develop models and information
technology (IT) to provide universal automated management of
infrastructure and application containerization for cloud systems.

The proposed IT will be presented as a back-end system with API
access that should meet the following requirements [4]:
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— high scalability, flexibility, and dynamism;

— ease of use and accessibility for a wide range of users;

— compliance with security and reliability requirements.

The practical significance of the research results is to ensure the
possibility of their use both in small environments, such as development
environments, and for industrial implementation at the data center level. In
particular, they can be applied for the following [5]:

— increasing the efficiency of cloud system management;

— reducing the cost of cloud system operation;

— increasing the level of security and reliability of cloud systems.

As a result, it has been decided to develop models and information
technology for automated management of infrastructure and application
containerization for cloud systems as a back-end system with API access. It
will be used as a system for managing infrastructure and containerization in
cloud environments, virtualization systems, as well as on bare-metal
servers, and will have high scalability, availability, and compliance with
modern security requirements.

1 Kief Morri. Infrastructure as Code: Managing Servers in the Cloud 2nd
Edition. O'Reilly Media, 2020.

2 Sunilkumar Manvi, Gopal Shyam. Cloud Computing: Concepts and
Technologies. Taylor & Francis, 2021.

3 Mark S. Miller. Programming Serverless Applications with Node.js:
Building and Deploying Scalable Apps to AWS Lambda, Azure Functions,
and Google Cloud Functions. O'Reilly Media, 2019.

4 James Gough, Matthew Auburn, Daniel Bryant. Mastering API
Architecture: Design, Operate, and Evolve API-Based Systems 1st Edition.
978-1492090632, O'Reilly, 2022.

5 Heather Adkins, Betsy Beyer, Paul Blankinship, Piotr Lewandowski,
Ana Oprea, Adam Stubblefield. Building Secure and Reliable Systems.
9781492083122, O'Reilly, 2020.
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Information technology for automating the network devices
and services configuration

D. Shevchenko, student IT.m-21n; V. Antypenko, Associate Professor
Sumy State University, Sumy, Ukraine

In the modern dynamic world of information technologies, where the
pace of both change and development of new standards are incessant, the
automation of the configuration of network devices and services becomes
not just a convenience but a critical necessity. Traditional approaches to
network management, which rely on manual intervention, prove to be
ineffective in dealing with the challenges posed by contemporary scalable
and dynamic network infrastructures. This creates an urgent need for the
development of comprehensive tools that ensure efficiency, security, and
flexibility in network management.

The development of information technology, in a form of a web
platform, for automating the configuration of network devices and services
opens the way for organizations to make significant improvements in
network management. One of the main reasons to do this is the desire to
reduce the human factor, which often becomes a source of errors in
network configuration, leading to network failures, data leaks, or
vulnerabilities in security systems.

Automation not only allows to reduce the risk of errors occur but also
enhances the efficiency of managing network resources by quickly
implementing new technologies and standards without the need for constant
staff retraining. This is extremely important in today’s technological
environment, where innovations appear in an incredibly fast pace.

The use of tools like Terraform in the project allows to manage the
infrastructure as a code, simplifying the deployment and management of
network resources, ensuring their compliance with established standards
and security policies. Integration with version control systems, such as Git,
provides version control and simplifies collaboration among teams,
increasing the efficiency of development and changes implementation.
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MongoDB, used as a document-oriented database, facilitates the
effective management of configuration data, changes history, and user
settings, enhancing the speed of processing and access to information. This
is key for ensuring quick analysis and management of network resources.

Automation also plays a crucial role in enhancing the security of
network systems, as automated tools for checking and implementing
configurations help ensure compliance with all security standards. At the
same time, reducing the overall costs of network management becomes
possible through process optimization and minimizing manual labour.

As a result, the development and implementation of the offered
automated web-platform for managing network configurations address the
existing challenges in network administration, provide new opportunities
for optimizing operations, enhancing the efficiency of managing network
resources as well as reducing costs and improving end-user satisfaction.

Implementing of this project will not only lead to the technical
improvement of network infrastructures but will also have broader
implications for business processes and work culture in organizations.
Moving to automated network management systems will allow companies
to be more adaptive and respond to market changes more swiftly. In its
turn, this can significantly enhance the competitiveness of enterprises by
providing them with advantages such as rapid introduction of new services,
improved customer service quality, and high reliability of network
resources.

In the context of continuously growing demands for scalability and
elasticity of network infrastructures, this project provides an opportunity to
build networks capable of quickly adapting to changing data volumes and
traffic without the need to manually reconfigure network equipment. This
not only improves the quality of services but also ensures more efficient
use of resources, optimizing the costs associated with IT infrastructure.
Implementation of the offered automated web-platform for managing
network configurations has the potential not only to solve existing technical
and management tasks but also to positively impact the economic
efficiency and innovative potential of organizations, creating a solid
foundation for future development.
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AHaJi3 iCHyI04HX mporpaM-KoHBEpTOpiB
BOKceJbHUX 3d Moaesiel B moJriroHaJ bHi

Hysanos C. C., acnipanm
CyMchkuii nep:kaBHui yHiBepcuteT, M. Cymu, Ykpaina

3a3Buyaif MiCasl CTBOPEHHS BOKceNbHUX 3D Mozeneil BUKOHYETbCS iX
Bi3yamizamis. Pemakropu BOKCENBHUX MOJENEH HE MiATPUMYHOThH
BCTaHOBJICHHsI 30BHIIIHIX peHAepiB Ams Bizyamizauii 3D moneneii, Tomy €
HeoOXimHiCTh BUKOpUCcTaHHS 3D-makeTiB 3 Takoto migTpuMkoro (3ds Max,
Blender, Maya Ttomo). Ane Bkazani 3D-makern mepen iMHOPTOM
BOKCEIIbHOI Mozedi moTpeOytoTh ii KOoHBepTamii y mnomiroHamnsHy 3D
MOJIEJb.

Bymno mpoananizoBaHO HACTYIHI MOMYJSIPHI Ta AOCTYITHI iHCTPYMEHTH-
koHBepTopH: MagicaVoxel, Qubicle, VoxEdit Ta Goxel.

MagicaVoxel — 1e momynspHuii 0€3KOIMITOBHUN PEAaKTOP BOKCEIBHHX
Mozeneil. EkcropTye MoJenb B MONTOHANBHY HE TyXKe SKICHO, OCKLTBKU
KO)KHA TpaHb MOJIENIi € OKPEeMHM EJIEMEHTOM, L€ MOXKE CHPUYMHUTH
BUHUKHECHHS apTeakTiB MNpH peHAECPHHTY. TakoX pe3yibTyroua
TIOJIIFOHATBHA CITKA CKJIAJAEThCS IUIKOM i3 TPUKYTHHKIB.

Qubicle — muatHuii pegakTop BOKCeNbHHX Mojeneld. Excnoprye
HaHOUIBII SKICHO Cepell BCIX PO3IJISHYTHX KOHBEpTOpiB. Pe3yibTyroua
CiTKa IIiJTiICHA Ta CKIIAIA€ThCS 3 YOTUPUKYTHUX TOJITOHIB.

VVOXEdit — Ge3KOIITOBHUIA pelakTOp BOKCEIbHUX Mojeneil. Hemomikom
KOHBEPTOpa B pelakTopi € Te, Mo BiH € JocUTh moBUIBHUM. CiTKa
EKCIIOPTOBAHOI MOl CKIIAAAEThCA 13 KyNMW YOTHPUKYTHHX TIOJNITOHIB,
Hes €IHaHUX MiX CO00I0.

Goxel — Oe3komITOBHUIT penakTop BokcenbHHX Mojeneil. Citka
EKCIIOPTOBAHOT MOJIENi CKJIAJAa€ThCsl i3 KUTBKOX OKPEMHX YacTUH (He €
LIJIBHOIO) Ta BC1 MOJIITOHHU € YOTUPUKYTHUMH.

BpaxoBytoun BuIIe3ragaHi KOHBEPTOPH, HaWKpallMM cepell HUX €
IHCTpyMEHT eKCIOpTy B peaakropi BokcenbHHX Mozeneir Qubicle,
OCKUIBKH PE3yJIbTyI0ua IOJIIrOHAJIbHA CITKA € IUIICHOK Ta HAHOUIBII
3pYYHOIO B peJlaryBaHHi.

Kepisuuk: bapanosa I. B, ooyenm Cym/[V, m. Cymu, Yrpaina
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CtBopenns 3D mojesi cimeiiHOro Oy1IMHKy
3 YpaxXyBaHHSAM MiCJASIBOCHHOIO CTAHY Y KpPaiHU

Hynuenxko K. O., cmyoenm IT-03; bapanosa 1. B., doyenm

CyMchkuii nep:kaBHH yHiBepcuteT, M. Cymu, Ykpaina

Buxopucranas 3D MojemoBaHHS Halae MOXKIHBICTH PEaTiCTHIHOTO
BIATBOpEeHHS BinOymoBaHoi iHQpacTpyKTypH, crpuse e(eKTUBHOMY
IUTaHYBaHHIO Ta BiIHOBJICHHIO JKUTJA 3 ypaxXyBaHHIM iHAMBITYyaJIbHUX
moTped W eKOHOMIYHHUX OOMEXeHb, M0 OCOONMBO aKTyaJdbHO IS
MIATPUMKH SKOCT1 KUTTSI HACEJICHHS TiCIIs BIHHU.

MeTa TpOEKTY TMOJATa€ y CTBOPEHHI MOJEN THIIOBOTO CIMEHHOTO
OyaWHKYy, SKHH Oyle TapMOHIHHO BIUCYBaTUCA Yy JaHAmadpTt 3
ypaxyBaHHSM BHMOT Oe€3leKd, M0 BUHUKIM [ 4Yac BiiHH 1 Oyme
BUKOPUCTOBYBATHCS AJISl BiTHOBJICHHS TIOMIKOXKEHUX OYAiBEIb.

[lpoBeneHo ananiz [OCHIHKEHb TMOMIOHMX Bizyamizaliii OyJIHMHKIB,
BH3HAYEHI TOJOBHI MOTPeOH, 10 BUHUKIHM Y XOJIi BIifHH, BHACTIJIOK YOTO
BH3HAUYE€Ha MeTa MPOEKTy Ta 3acobu peamizanii. Ha ocHoBi anamizy
PO3pOOJICHNH TIaH TPaKTHYHOI peaiizalii Ta MpoBeICHE MPOCKTYBaHHS
pobotu.

Po3pobieno 3D mMojens NpuBaTHOTO OYIUHKY, IO BKITFOUAE CTBOPEHHS
MoJielTi «Oe3MmeYHol KIMHATH» 3 apXiTeKTYPHUMH €JIEMEHTaMH MOCHIICHOT
KOHCTPYKIIii, [0 JO3BOJISIOTh 30€PErTH )KUTTS MEIIKAHI[iB OYIHHKY.

Jus  eneMeHTiB  po3poOiieHOI MOJENi HaJallTOBaHO —BiATOBiTHI
MaTepiaad MiJABHMIIEHOI MIIIHOCTI 3 BUKOPHCTAHHSIM TEKCTYp CTalli Ta
Oerony. 1100 HamaTH peayicTHYHOCTI NPHU Bi3yaiisallii B CIEHY J0JaHO
JDKepelia JIGHHOTO Ta BEYipHBOTO OCBITIIEHHS Ta iX aHIMAIIilo.

VY pe3ynbrati poOOTH CTBOPEHO BizyanizoBany 3D Mojenb CiMEHHOTro
OYJMHKY, 110 BPaXOBY€E OCOOJIMBOCTI MalOyTHIX MOTPeO JIs BiTHOBJICHHS
MOIIKO/DKEHUX OyIiBeNb Ta MIaHyBaHHS MalOyTHBOTO KUTIIA.

[IpakTnune 3HavueHHs 1iei poOOTH MONSrae y  MOKIMBOCTI
BUKOPUCTAHHS OTPUMAHOI MOJENi JUIs BiJHOBJICHHS IOIIKOJHKEHUX
Oy/iBesb, a TAKOXK JJIs IUTaHYBaHHS Ta PO3POOKH HOBOTO JKUTIIA B YMOBax
micisBoeHHOro  mepiogy.  Takuil  migxig — go3Bosisie  e(peKTUBHO
BITHOBJIIOBATH O KUTJIOBUH (OHA Ta MATPUMYBATH SKICTh JKUTTS
HacelleHHs, 3a0e3neduyroud  TapMOHIMHMH  pO3BHTOK  YKPaiHCHKUX
HACEJICHUX MYHKTIB.
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Indopmaniiina TexHoJiorisa cermeHTauii ayaiozanucis

Onekcienko €. B., cmydenm IT.m-21w; Botiko O. B., cmapwuii éuxnadau

Cymchkuit nep>kaBHAH yHiBepcuteT, M. Cymu, YkpaiHa

AKXTyanbHICTh. 3a1a4a po3aiIeHHs Kepelia ayAio MoJsrae y BUAUICHHI
OKpeMHUX JpKepeln 3BYKy i3 aymiodaitmy. Tpaauiiiini MeTonn cermeHTaii
ayJio3amuciB 4acTO HE MOXYTh 3a0e3MeYnTH HEOOXiJAHy TOYHICTH i
e()eKTUBHICTh, OCKUIBKH MarOTh Psii OOMEKEHb, MOB’I3aHUX 3 HASBHICTIO
LIyMY Ta HU3BbKOIO SIKICTIO 3aIIUCYy.

[locranoBka 3amadi. BpaxoBylouWm HENONIKA TPAJUIIfHAX METO/IB
CerMEHTAIlil CTaBMMO 3aBJaHHS: IPOBECTH JOCHIDKCHHS Ta OI[IHUTH
e(eKTUBHICTh PI3HMX MIAXOMIB JO CErMEHTAIlii, BPaXOBYIOUH Pe3yIbTaTH
JOCTIDKEHHS PO3pOOUTH iH(pOPMAIlHY TEXHOJIOTIIO, SIKa JOCATaE BHCOKOT
TOYHOCTI CErMEHTAIIi]l ay103aI1CiB, HABITh Y CKJIAJHUX YMOBaX.

OCHOBHI KpHUTepii IOCITIPKEHHS BKJIIOUAIOTh SKICTh PO3IIJICHHS
CUTHAJY BiJi CIIOTBOpPEHB IIICIS CEerMeHTaIlii, 00YNCIIOBaIbHY CKIIAIHICTh
JUISL HAaBYaHHS Ta BUKOHAHHS MOJICII, a TAKOXK YHIBEPCaJIbHICTh Y pO0OOTI 3
PI3HOMaHITHUMHU ayJiOJJaHUMH, BKJIFOYAIOYM CKJIaJHI 3BYKOBI CIICHH 3
MY3HKOIO, MOBJICHHSIM Ta LTYMOM.

PesynpraTtn. Po3poOka cripsMoBaHa Ha peaiizallito MEeToy TiOpHUIHOTO
MiAX0/y, IO TOEJHYE B COOi MepeBark pisHUX TUIB METO/IIB CErMEHTAIII.
[ToGynoBaHa TEXHOJOrisl HA OCHOBI 3aIPOINIOHOBAHOTO METOAY BiJIOBIAE
BUMOraM IIOJ0 3a0e3Me4YeHHs] BHCOKOI TOYHOCTI CerMeHTamii 3
MIHIMAJIBHOIO KIJIBKICTIO IOMHJIOK; OOpoOKa ay/io3amuciB MIBUAKO, 3
MiHIMaJTbHUMU BUTpaTaMu 00YHCITIOBATILHUX pecypcis; Ta
YHIBEPCATBHICTIO MIOAO 3aTHOCTI PO3AUIATH ay/i03allCH PI3HUX THUIIIB
(ckyasHi aKyCTHYHI CIIGHH 3 HAasBHOI MY3HMKOIO, IIYMOM Ta DPIi3HHUMHU
3BYKOBHMH CHTHaJaMHu). Tako BaKIMBOIO pPEaNi30BaHOI0 BHMOTOKO €
MPOCTOTa BUKOPUCTAHHS.

BucHoBku. Ha ocHOBi po3poOieHOT TEXHOJIOTIi Uil CerMeHTarii
ay/i03anmuciB MOKHA CTBOPHUTH 1HIII MPOJYKTH, HATIPUKIIAJ, CEpBIC, KU
ABTOMATUYHO CTBOPIOE PEMIKCH 3 ay/1i03aIUCIB KOPUCTYBaviB. Takox JaHy
CHCTEMY MOXHa BUKOPUCTOBYBAaTH JUIS IiABUIIEHHS SKOCTI ayAio3amluciB
NUISIXOM BUJIAJICHHS IITyMYy a00 BUIPaBJICHHSI TOMHUJIOK.
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IndopmaniitHa TeXHOIOTisI pO3Mi3HABAHHS €eMOIIHHOIO CTAHY
cniBpPO3MOBHUKIB M Yac OHJIaiiH-CNIVIKYBaHHSA

CyposrieB A. B., cmyoenm IT-03; Boiiko O. B., cmapwuii suxiaday

CyMchkuii nep:kaBHH yHiBepcuteT, M. Cymu, Ykpaina

[paBuibHEe PO3YMIHHSI JFOJICBKUX €MOIIi € OCHOBOKO SIKICHOI KOMYHIKaIlil
Mk mozgpmH.  CydacHi  TEXHONOTI JO3BOISIOTE  CTBOPHTH  CHCTEMY
ABTOMAaTHU30BaHOTO p03H13HaBaHH$I eMOLIH B peabHOMY Yaci. Po3po61/m/1
MOJIE/Ib BH3HAYCHHS CMOLIHOTO CTaHy CHprOSMOBHI/IKlB HiJ Yac OHJIAHH-
CIIKYBaHHS 3a JIOTIOMOTOIO 3TOPTKOBOI HEHpOHHOI Mepexi. BuznaueHo
HACTYIIHI TUITU CUTYAaLIli: PO3Mi3HAHO NMPABUJILHO, PO3Mi3HAHO HETIPABUIILHO, HE
posmizHano. /s BupimieHHS 3amadi BUKopHcTaHo cepemosuiie MATLab.
@DparmMeHT HaBYAITHLHOT MaTPHLI HaBeJEHO B Ta0M. 1, a pe3ybrar Kiacudikarii —
Ha puc. 1.

Tabmuus 1 — Kilac posmizHaBaHHS B 3aJIeKHOCTI Bif sKocTi (oTo Ta
KUTBKOCTI IIMKITIB HaBYaHHsL. HaBuasHa MaTpuIls.

KinbkicTb KB SkicTs doTo Kiacu po3mizHaBaHHs
HaBYAHHSI

65 1 He posmizHano
55 2 Po3mi3HaHO HelpaBUIIEHO
80 3 Po3ni3HaHO IpaBHIILHO
95 4 Po3ni3HaHO IpaBIIILHO
110 5 Po3ni3HaHO IpaBIIILHO
120 1 He posmizHano
130 2 Po3mi3HaHO HeMPaBUIIEHO
140 3 Po3mi3HaHO PaBUIILHO
150 4 Po3mi3HaHO PaBUIILHO
10 5 He posmizHano

Pucynok 1 — JlemoHcTpattis poboTH Kinacudikaropa jepeBa pillicHb

Po3pobmiena Mozenb eeKTUBHO PO3IMi3HAE JIFOACHKI €MOIIIl aHaJIi3yrour
300paKEHHSI IOCTATHBOT SIKOCTI, MOPIBHIOKOUH HOT0 3 HABYATIBHUMH TAHUMH.
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Web-goaaTok miATpHUMKH OHJIAH-IPOAAKIB MeOJIiB

BboGpaninekuii H. B., cmyoenm IT-02; Bamenko C. M., doyenm

Cymchkuit nep>kaBHAH yHiBepcuteT, M. Cymu, YkpaiHa

B cywyacHOMy cBiTi Ha0yBalOTh BCE OLIBINOT Baru 3acO0M €JIEKTPOHHOL
komepmii. Po3pobka web-momaTkiB uis  3a0e3nedeHHs  3PYYHOCTI
3MIACHEHHS TIOKYNOK CTa€ HEBIA'€MHOI0 YaCTHHOIO BeACHHS Oi3Hecy
KOMIIaHi#, 10 3aiMarOThCs MPOJIAYKAMHU.

Tomy Oyno BupimieHO po3podUTH Web-ToNaTOK IS IiATPAMKH
nisutbHOCTI  MarasuHy wmeOniB  «TamTumba». OcHoBHa MeTa HOro
(YHKIIOHYBaHHSI — MOJETIIUTH KOPHCTYBaveBi BHOIp Ta MOKYNKY MeOJIiB
s nomy. PospoOka momaTtky-marasuHy MeONiB y OHJIAWH MPOCTOpi
CHOpUATAME 3pYYHOMY JIOCTYIy KOpHCTyBaua 10 iHopMmarii Ta
MOJKJIMBOCTI 3IMCHEHHS TIOKYIMOK B OyIb-SIKMH 3pY4YHHE Ui HUX Yac.
BpaxoBytoun 3MiHH B TEXHOJOTISIX Ta CIIOKWBAIBKHX TMPaKTHKax, Len
MPOEKT MA€ BEIHKY aKTyaJIbHICTb.

Ho ¢yHKIIOHaNBPHUX BUMOT, IO BHCYBAaIOTHCS JO PO3POOKH,
BITHOCSITBCS, 30KpeMa iH(pOPMYBaHHSI KOPHCTyBada Mpo Mozaeii MeOmiB, ix
XapaKTePUCTUKH; MOIMBICTh 1HTEPaKTHUBHOro mneperisiny mebmis y 3D
(dhopmari; aBTOMaTH3aIlis mporeciB (OpPMyBaHHS 3aMOBJICHB, MOXIIUBICTb
311MCHEHHS OIUIATH.

Jnsi 1OCATHEHHS BHM3HAYEHOrO pE3yNbTaTy pealli3oBaHO psii 3ajaad,
BKIIFOYAIOYM BHBUYEHHS TMPEAMETHOI 00JacTi, MOPIBHAJIBHUMA aHai3
MPOrpaMHUX  aHAJOrIB, PpPO3pPOOKY  CTPYKTYpH Ta  (YHKIIOHAITY
MPOTPAMHOTO MPOJIYKTY Ta MPOBEACHHS TECTYBaHHSI.

[IpoexT peanizoBaHMil 3a JOMOMOrOX MOBH mporpamyBaHHs Python.
Bukopucrano framework Django, skuii 103BOJsIE 3pydyHO CTBOPIOBATH
web-momatku. J{ist iHdopMaIifHOT M ATPUMKH JiSTIBHOCTI IIBOTO MarasuHy
CIPOEKTOBaHO Ta po3poOsieHo 0azy naHux, y skocti CKBJ[ Oymo B3sTO
SQLite. BizyanpHa YacTMHa JOAATKY pealli3oBaHa 3 BHUKOPHUCTaHHSAM
HTML, CSS, JavaScript Ta i1 HeoOxiaHi 0i0mioTeku, Hanpukian TreelS
JUISL pealtizalii IeMOHCTpaIlii TOBapy y TPHBUMIPHOMY BHTJISII.

PesynpTaroM BHKOHAHOiI POOOTH € CTBOpeHHMH Web-I0AaTOK, KU
Ha/Ia€ KOPHUCTYBayeBl 3pydyHHU iHTepdeiic IOCTylmy JJ0 acCOpPTUMEHTY
TOBapy Ta mociayr mMarasuHy me0iiB « TamTumbay. Ile Hamae MOXKIUBICTh
301JBIIATH OXOIUIEHHS MOTEHIIHHUX KIIE€HTIB.
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Iporpamuuii intepdeiic popmyBanus
KATAJOry MeIHYHUX NMPenaparin

Cipuk M. O., cmyoenm IT.m-24; Bamenko C. M., doyenm
CyMchkuii nepkaBHH yHiBepcuteT, M. Cymu, YKpaina

Po3BUTOK cCcy4yacHMX TEXHOJOTIH cCHpHsie MOJIMIICHHIO MPOLECiB
YIOpaBJIiHHS JaHUMH Ta JOCTYH IO HUX y pi3HHX ramy3sx. KoxHoro poky
Ha PUHOK MEIWYHMX MPenapariB HaAXOAUTh 0araTo HOBUHOK, TOMY T'OCTPO
iCHye HEOOXIOHICTh IX CHCTeMaTru3allii Ta Kiacudikaiii Ui 3pydHOro
BUKOPHUCTaHHS (haXiBIISIMH.

Ha choroapHimHiii AeHb iCHYIOTH pIMIEHHS A MIATPUMKH TIPOILECY
Karajorizaiii MeJIMYHUX [penapaTiB, ajie BOHM 4YacTo OOMEXeHI
(hyHKITIOHATBHICTIO W CKIagHI y KOpUCTyBaHHI. JloCATHEHHS OCHOBHOL
MEeTH JOCTIDKEHHs — po3poOka mporpamHoro intepdeiicy (API) mis
(hopMyBaHHS KaTaJory MEAMYHHMX MpEnapaTiB — € KPOKOM y HampsMKy
CTBOPEHHS 3pyYHOTrO ¥ Ii€BOTO iHCTPYMEHTY JJIsi OpraHizallii JaHUX Mpo
MeIYHI 3aC00U Ta yIpaBITiHAS HUMH.

B pamkax npaktu4HOi peanizaii 3a0e3me4eHo Taki MOKIHUBOCTI:

— CTBOPEHHSA KapTKHU MEIUYHOI0 Ipenapary i3 0CHOBHOIO iH()OpMaLli€lo;

— OHOBJICHHS 1H(pOpMAIIi] PO MEAWYHI IpenapaTH;

— MOXJIMBICTh JIOJaBaHHSA IHAMBIIyaJIbHUX TETiB JO MEIUYHOIO
npenapary;

— OTPUMaHHS CIIMCKY Ipenaparis;

— MOIIYK I10 HAa3Bi YM JiI0Yii PeYOBUHI;

— BUJAJICHHS [Ipernapary i3 KaTajuory;

— ¢yHKIIOHAN TI0 peecTpaiii/ayTeHTudikaiii KOpruCTyBadiB.

Po3pobrnennit mporpaMumii iHTepdelc T03BONUTH KOMIIAHISIM, IO
OpalioloTh  y  (apmaueBTHUYHIM Taimy3i, CTBOPIOBAaTH 1HAMBITYyalbHi
KaTaJIOTH 3 NEPCOHAII30BaHUM TEI'YBaHHSM Ta PI3HUMH PIBHAMHU JOCTYITY.
3a 10mOMOro0 1bOro iHTepdeicy po3poOHUKH 3MOXKYTh KEPYBaTH CBOEIO
BIIACHOIO 0a3010 JIaHUX MPOJYKIIii, IO TOTIOMOXKE 3HU3UTHU 3AJICKHICTH Bif
30BHIIIHIX KaTaJoriB, CIPOCTUTH AOCTyn Ao mepemikiB IT-cmeniamictam
CYMDKHHX CHCTEM Ta IIJBUIIUTH 3PYYHICTh BHKOPHCTAHHS 3aBJSKA
MO>KJIMBOCTI peAaryBaTH iCHYIOUY 1 J0JaBaTH HOBY iH(OpMAIIito.
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®opMyBaHHS HABYAJIbHOI BUOipKkH iHdopMmaniiinoi cuctemu
OIIiIHKM BiMOBiAHOCTI caliTiB BUMOraM Be01I0CTYIHOCTI

TutoB I1. O., acnipanm; Ky3zikoB b. O., cmapwuii euxnadau
CyMchkuii nep:kaBHHI yHiBepcuteT, M. Cymu, Ykpaina

Beb-mocTynHicTh € OIHUM 13 acleKkTiB 3a0e3leueHHs SKOCTI BeO-
pecypciB 'y OCBITHI cdepi. AKTyanbHICTh HampsiMy 3yMOBIEHa SIK
3arajibHO JIIOACHKMMH, T'YMaHiCTHYHUMH (akTopaMu (piBHI IpaBa Ha
noctyn o iH(opmaiii, pO3BUTOK IHKIIO3ii B OCBIiTi) Tak 1 OibmI
MparMaTHYHUMU (TIOTEHIIIHI 3aKOHOJaBYi BHUMOTH, PEMyTaIliliHI 3HMCKH).
dopmankHa OLIHKA BeO-IOCTYMHOCTI PeCcypcy 3IIACHIOETHCS IUISTXOM
MepeBipKu Ha BIINOBIMHICTH TEBHOMY piBHIO cTraHmapty Web Content
Accessibility Guidelines (WCAG) [1]. Tak, Hanpuka/, 3aKOHOIaBCTBO [2]
Benukoi bputanii BcTaHOBNIOE 3a MiHIMATBHUIA PIiBeHb IJs CalTIB Ta
MOOUTPHUX NIOJATKIB OpraHiB JEp)KaBHOTO CEKTOpPY BIJMOBIIHICTH
craanapraM WCAG 2.1 Ha piBHI AA. €C Mae TUPEeKTUBY NP0 TOCTYITHICTH
IuTepHeTy Ta MOOUTBHHX TpHUCTPOiB [3], sKa chopsMoBaHa Ha Te, 00
3po0UTH BeO-caiiTh Ta MOOUIBHI MpOrpaMy JEp>KaBHOTO CEKTOpa OUIBII
JOCTYITHUMH.

Jdns  mepeBipkd  BIAMOBIIHOCTI BUMOTaM CTaHAAPTy ICHYE psij
THCTpYMEHTIB, TakuxX sk Wave [4] ta Axe [5]. Ha xanp Taki iHCTpyMeHTH
TEeX MAaloThb Bagd, 1 MOXYTh BKIIOYAaTH Yy 3BIT JaHi, SKi MOXHa
knacudikyBaru sk nomuiku [ Ta Il poxy. Sk mpuknax MokHa HaBecTd
CEMaHTHYHO-HEKOPEKTHE BCTAHOBJIEHHA aria MiTOK ((opmaibHO BOHA
MPUCYTHsI, aje eJeMEHT He BiAIMOBifae I NPU3HAYEHHIO), YU IX HE
BCTaHOBIIEHHS. SIK TpWiaj; MOXKHA HaBECTH €JIEeMEHT OJIOKy HaBiramii i3
caitty Jlympkoro memarorigHoro kojemxy (puc. 1), sikuii MapkoBaHO aria-
label="3ammcn", TOmI &K AK KOPEKTHHMM TIO3HAYCHHSIM  Oyze
role="navigation”. Ilpu mnepeBipumi 1BOro enemeHry 3acobamu Wave
IHCTPYMEHT TIO3UTUBHO BiJIMITUB BUKOPHUCTAHHS aria-MiTKH i 3ayBa)KUB Ha
MpoOJIeMH 13 KOHTPACTHICTIO.

‘ 2 . 123 >

Pucynok 1 — EnemenT Hagiranii i3 caiity Jlynpkoro nemaroriaaoro
KOJICIKY

Takox iCHye psiJ HpaBWj, MEPEBIpKa SKUX CTHKAETHCSA 13 NEBHUMH
AITOPUTMIYHUMH TPYAHOIIAMHM 1 BUMarae JOJydeHHs eKkcrepra 00
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3aCTOCYBaHHS INTyYHOTO IHTENEKTy, Hampukiax mpasmwio «1.4.1
3acTocyBaHHS KONBOPY» fAKE€ BHMara€ OaraToKkaHaJIbHOI mepemadi
indopmarii. IHmmit mpukiaam — kputepidt ycmimmuocTi «1.3.2 3Hauymma
MOCJTIITOBHICTE» — BUMArae 3a3Ha4eHHs MMPAaBIIIBHOTO MOPSIKY MEPEeTIIsLy
iH(opMartii, sIKIIO eH MOPSI0K Bipi3HAEThCA Bif JiHiliHOTO. [Ipn 11BOMY
Ba)KKO BiJUINTH BUMNIAJIOK, KOJIM TOPSAOK HE 3aaHuil yepes Te, 10 BiH €
JMHIMHAM 1 He BKa3aHUH B IPaBHILHOMY MOPSIKY.

3 MeTOI0 PO3BHUTKY IHCTPYMEHTIB NEpEeBIpKA BeO-AOCTYMHOCTI HaMH
MpoaHaii3oBaHo 376 TONOBHI CTOPIHKM CaiTiB BHUIIUMX HaBYaIbHUX
3aknaniB. [lepenik orpumano 3 EJIEBO, peectp cy0’€KkTiB OCBiTHBOI
TUSTBHOCTI, Kareropis «3axiagu Buimoi ocBiTH» [6]. 3a momoMororo
po3pobieHOr0 MporpaMHOro 3abe3nedeHHs 3i0paHo ckpiHmotu Ta html-
PO3MITKY CaWTIB i3 MepemiKy; s eIeMEeHTIB i3 arpuOyramu arai-* ta role
30epekeHo iX Bi3yaJbHe IpelcTaBieHHs. Bcroro orpumano 2678 3paskis,
Oinpmricth i3 Kkateropiii  aria-label  (459), role="button" (428),
role="img"(236). Bapto 3BepHyTH yBary, 1m0 Maibke Bci i3
MPOaHANI30BaHUX CAaWTIB MAalOTh TOJIOBHE MEHIO, alleé OAWHHUIN 3 HHX
MTO3HAYMIIM HOTO KOPEKTHO 3 ToukH 30py BiamoBigHocTi WCAG. Te came
CTOCYETBCS TIOJISI TIOITYKY — CIENialbHAUM YMHOM HOTO BiMideHO Juiie y 6
BUTIAJIKAX.

Otpumani 3pa3ku OynyTh TOKIAAEHI Yy OCHOBY PpO3Mi3HaBaHHS PO
CJIEMEHTY Ha CTOPIHIII Ta HOTO MPIOPUTETHOCTI, 110 TO3BOJUTH ITiABUIIUTH
Be0-OCTYIHICTh CTOPIHOK.

1 Web Content Accessibility Guidelines (WCAG) 2.1. — Pexum
nocrymy: https://www.w3.org/TR/'WCAG21/.

2 HM Government. Equality Act 2010 // The Stationery Office Crown
Copyright.  Statute Law Database, 2010. - Pexum gocrymy:
https://doi.org/ISBN 978-0-10-541510-7.

3 Directive — 2016/2102 — EN — EUR-Lex. — Pexum mocrymy:
https://eur-lex.europa.eu/legal-
content/en/TXT/?uri=CELEX%3A32016L2102.

4 WAVE Web Accessibility Evaluation Tools. — Pexum mpocrymy:
https://wave.webaim.org/.

5 Axe: Accessibility Testing Tools and Software // Deque. 2020. —
Pexxum moctymy: https:// www.deque.com/axe/.

6 3aknmagu Bumoi ocBiTH | PeecTp cy0’eKTiB OCBITHBOI AisSIIBHOCTI
[Electronic resource]. URL: https://registry.edbo.gov.ua/.
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Software application for creating and editing guitar tablatures
O. Makhovik, student IT-03; E. Kuznetsov, Senior Lecturer
Sumy State University, Sumy, Ukraine

Information technology has long penetrated into all spheres of human
activity, but the benefits of this penetration cannot be assessed
unambiguously. IT has been embedded into manufacturing, science,
practical medicine, economics, politics and even art. In manufacturing, for
example, the use of IT has led to the acceleration of the development of
new product classes and the expansion of the product range of already
mastered classes. But, for example, in art, the embedding of IT has
generated contradictory assessments of the benefits of the result. Of course,
when people talk about IT in art today, first of all they focus on the
emerging opportunities for accelerated production of paintings, music or
literature based on formal laws by compiling fragments from finished
works. But, in our opinion, it is necessary to state the unequivocal benefit
in the mechanization of the work of a man of art. Because it is not the
acceleration of the compilation of other people's work, but the automation
of the workplace of a creative artist, poet or musician that can contribute to
the creation of new masterpieces. The report presents a computer system
for automating tablature recording and sound reproduction of musical
works recorded by tablatures for guitar.

The system being developed is designed for a musician to work using a
graphical interface on a local computer. It is based on popular types of
graphic recording and file storage of works. A piece that is being created or
edited can be played and listened to from anywhere using the built-in guitar
sound emulator. This approach will help to significantly speed up the
writing or arrangement of works for single and polyphonic performance.
Recording works with tablatures will attract self-taught musicians who do
not know the rules of musical notation.

The C# programming language was used to develop the system. The
choice of language was determined by its wide distribution, native
integration with the capabilities of the operating system and flexibility in
creating programs with a graphical interface.
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Aspects of using Telegram bots in everyday life

M. Dehtiarenko, student IT-03-2; D. Perepelytsia, student 1T-03;
O. Nemyinyi, student 1T-03; E. Kuznetsov, Senior Lecturer

Sumy State University, Sumy, Ukraine

Messengers have entered our daily lives firmly and for a long time.
Being in any public place, it is impossible to look at a group of people,
among whom no one is currently viewing messages on a mobile device. It's
not even worth talking about people without a company — less than half an
hour passes as they check over and over again whether new messages have
been received. Messenger developers have been using this state of affairs
for a long time — they have expanded the functionality of their software
products to the ability to automate writing, sending, receiving and
processing messages. And they even provided for the possibility of
correspondence without human participation — absolute automation through
the use of software tools called bots (short for the czech word "robot" — a
forced laborer).

This report examines the problems of using Telegram messenger bots to
inform the owner of a mobile device about the current situation and
services.

In the first part, the aspects of creating a bot for informing about
radiation, geomagnetic and meteorological conditions are considered. Data
for the bot's operation is automatically collected from profile sites,
processed, compared with data from bot users, aggregated and sent to the
appropriate messenger groups. In the second part, the development of a bot
for ordering the delivery of food and drinks to the specified address is
considered. The work of the bot implies the interest of catering
organizations in it, it is based on standard rules for ordering and delivering
finished products to customers. In the third part, a bot is considered to
formalize the correspondence of the car owner with the staff of the service
station from the moment the car is handed over for maintenance until it is
received back.

All three presented cases of using bots demonstrate a high interest of
people in abandoning the routine of collecting, processing and evaluating
information and even making decisions based on these assessments when
solving everyday issues.
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IIpo6aemu epronomiku ingopmaniiinoro cycnijibcTBa.
IMixBoani kamMeHi eJ1eKTPOHHOI OCBiTH:
BiA MmyabTHMeia 10 «uudpoBOi 1eMeHIiD»

JlaBpos €. A., npoghecop
CyMchkuii nep:xaBHui yHiBepcuteT, M. Cymu, Ykpaina

Beryn. 3 80-x pokiB XX cToOmiTTS BinOyBaeThCs MIaeHUH CTPHOOK
TexHiYHOTO mporpecy. LludpoBa peBomoLis KapAUHAIBHO 3MiHHIA
cycninbcTBo. IlITyuHMii iHTENEKT B BHPOOHMUTBI, €IEKTPOHHHU YpsI,
€JIEKTPOHHA OCBiTa, €NEKTPOHHI PO3Bard CTaM Bi3UTIBKOIO CHOTOJIEHHS.
Komm'toTepuzamist 3a0e3nedye aBToMaTrh3amiio iH(QOpMaIiiHUX TPOIECiB
Ta TEXHONOTiH y pi3HHX cdepax IOACHKOI mismpHOCTI. JKHTTSA cTae
CHpOIIEeHUM, iH(pOpPMAIisS 3 BCHOTO CBITY Nepe0yBa€e y BiIKPUTOMY JTOCTYIII.
Oxpim BenmUue3HUX IepeBar, BHHUKAIOTh 1 MPOOIeMHI MMTaHHS TI0B’s3aHi 3
JiaJIOTOBUM CIUIKYBAaHHSIM <JIFOANHA-KOMIT I0TEP» a00 «II0IUHA-TAIKET».

ITocranoBka 3amaui. Ha ocHoBI orssiay mocmimkens «human factors» B
iHpopMallifHOMY  CYCHUIBCTBI ~ BH3HAUYUTH  OCHOBHI  HeOe3meKku
0E3KOHTPOIBHOTO BUKOPUCTAaHHS IM(YPOBUX MPUCTPOIB.

Pesynbraru. IlpoGnemu enekTpoHHOI OCBiTH. [lONBCHKI TOCIITHUKH
npoananizyBanu [1] 25-piuHuid IOCBil MPaKTUYHOI POOOTH 3 PIZHUMH
(hopmMaMu eneKTpoHHOI OcBiTH. Bech TocBin, 6€3yMOBHO, TO3UTHBHUH, alie
M 4Yac I[IMPOKOMACIITaOHUX JOCHIDKeHb OyJI0 BHUSBICHO Oararo
MiABOAHMX KaMeHiB 1 macTok. [IIMpoko BHKOPHUCTOBYBaHI MyJIbTUMEIiiHI
MaTepiajii He MOTUBYIOTh CJIA0KHX Y4YHIB O HaBYaHHS. 3aMiCTh HaBYaHHS
BOHM BBaKAIOTh 3a Kpalle NacHBHO JIMBUTHUCSA MaTepianu. MoOinbHe
HaBYaHHA, B SKOMY BCi Marepialid JOCTYIHI TakoX JUisi cMapT(doOHiB,
MOCUJIMJIO TaKe CTaBJICHHS 0 HAaBYaHHS. YCi BIKTOPHHHU Ta TECTH, HaBiTb
JIy’Ke CKJIaJIHI, He MOXKYTh 3aMiHUTH CHPaBXHiil icnuT. 3HaHHS BiAMOBiaeH
Ha COTHI TUTaHb HE JOPIBHIOE CIPaBXHIM 3HAHHSM TIEBHOI Tarys3i.
[lepeBepHyTa mnapazurma Kjacy, sKa 3MyLIye HaBUaTHCS BJOMa, HE
cnpuiiManacs y4HsMH. KpiM TOro, eIIeKTpOHHa OCBITa CTBOPIOE
MOJJIMBOCTI JUIsl €JIEKTPOHHOTO NIaxpaiictsa. Yci mi mpoOJieMHi MHTaHHS
BEAyTh JI0 BUCHOBKY, IO E€JEKTPOHHA OCBITA HE € TPSAMHM 3aCO00M
BUPIIICHHS BCiX MOTOYHUX OCBITHIX MPOOJIeM, a BIICYTHICTh MPOyMaHOTO
HAYKOBOT'O CHCTEMHOT'O X0y MOXE CTaTH TNPHYUHOK «IUPPOBOI
neMmeHiii». Bce Oinblile BUeHMX, Hampukian [2], 3BepTalOTh yBary Ha
(deHOMEeH «IU(PPOBOTO THCKY», SKHH PO3TISIAEThCA SIK  Pe3yibTar
MacoBOTO0 BTOPTHEHHSI MU(PPOBUX TEXHOJIOTIH y pi3Hi chepr KUTTS, 10
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MIPOSIBIIETECSL B PI3HUX (opMax, sKi CHPHSAIOTH JecTabimizarlii chucTeM,
MOPYIIYIOTH iX pOOOTY, CIPUYMHSIOTH HATIPYTY Ta 3MIHIOIOTH CITOCIO JKHUTTS
moaeil. BBaxxaeTscs, o 0coO6IMBY yBary HEOOXiqHO MPHUIIIUTH 31aTHOCTI
«IHCTPYMEHTAIFHO-TEXHOJIOTIYHOTO PO3YMY» MAHIMYIIOBaTH JIOACHKOIO
CBIIOMICTIO Ta TMOBEAIHKOIO, HAKONMYYIOYHM iHQOpMaIilo Mpo JIOAUHY-
cy0’ekTa. 3apa3 mepcoHanbHi Ta OIOMETPUYHI AaHi € BAXKIUBUM PECYPCOM,
SKHH JONOMarae MOJCTIOBATH MalOyTHI CTaHM Ta MOXKJIMBI pilllEHHS
moxaei. KokHa mioanHa BHBYA€THCS OKPEMO, a MEXaHi3MHM, 3ajisHi B
COLiaIbHUX Mepekax, 3Ha4HO CHIPOUIYIOTh ILed mpomec. Y MbOMY
KOHTEKCTI HEOOXiTHO aHaji3yBaTH Taki SBHINA, SK KOMII IOTEpHA
3aJIeKHICTh, «uu(poBa JEMEHIs», CHPOIICHE CIPUUHATTA PealbHOCTI,
ocobwucTe 6e3cy0’eKTHE ICHYBaHHS JIFOJMHH, 4 TAKOXK «HOBA IUBLITI3AIlIN 1
«HOBA KacTay.

Hebesneka «mdpoBoi mementii». [eski mpobimemu, mo BUHUKAIOTH,
ommcaHi B psAAl craredl mpoBimHWX mcuxonoriB, B T.4. [1, 2]. Yac, mo
MIPOBOJUTECS 32 TaHKETOM, CTPIMKO 30utbmryeThcs. lle mpu3BoguTh 10
HEMUHYYHX HEBTIIMHUX HaclinkiB. CrpaBKHBOIO XBopoOoro XXI cromiTrs
crae mudposa aemeniis (Digital dementia). Ha nanmii MomeHT XBOpoOa
odiIiiiHO He BH3HAHA, ajie¢ MacITaOW i BpakaroTh. 3a3HAYAETHCS TICHHMA
3B'I30K MK PO3BUTKOM HH(POBOI AEeMEHIii Ta YCHIIIHICTIO YYHIB 1
cryaentiB [1, 2]. O3nakamu nmdpoBoi nemeHwii y IiTed €: 3aTpuMKa
PO3BHUTKY; HW3bKa KOHIIEHTpALlisl YBarw; TPUBOXKHCTh; CXWIBHICTH JIO
JIETIPECUBHOTO CTaHy; Hamaau Oe3MPUYMHHOTO THiBy. BueHUMH pi3HUX
KpaiH J0BEJCHO, 110 Ta/PKETH 3alyCKarTh Mpolec iH(aHTHIII3aMil MO3KY,
BiJI0OYBA€THCS 3HIKECHHS HOr0 Mpare3[aTHOCTI Ta YIIOBIIBHEHHS PeaKIIii.

BucHoBku. [[omiTbHO TIPOBOIUTH CHEIialibHI TOCIHIIKEHHS 3 MHUTaHb
E€PrOHOMIKM, I1H)KEHEpPHOI TICHUXOJIOTii Ta ONTHMi3allii CHUCTEMHOTO
BukopucTanus IT B HaBuaHHi i moOyTi 3 BpaxyBaHHsM «human factorsy [3].

1 R. R. Gajewski, "Pitfalls of E-education: From multimedia to digital
dementia?," 2016 Federated Conference on Computer Science and
Information Systems (FedCSIS), Gdansk, Poland, 2016, pp. 913-920.

2 Anderson, L., Hibbert, P., Mason, K. & Rivers, C. (2018).
Management Education in Turbulent Times. Journal of Management
Education, 42(4), 423-440, https://doi.org/10.1177/1052562918779421

3 E. Lavrov et al., "Human Factors in Automated Systems. Methodology
for the Computer System “International Center for the Support of
Ergonomic Design and Research”," 2023 IEEE 5th Int. Conf. AICT, Lviv,
Ukraine, 2023, pp. 1-5, doi: 10.1109/AICT61584.2023.10452692.
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Hixxin 10 TMCKPUMIHAHTHOIO AHAJII3Y SIKOCTi reHePOBAHUX 300paskeHb

Apremenko J1. YO., cmyodenm IT-03-2; JlaBpoB €. A., npoghecop

CymMmchkuit aepskaBHIHN yHiBepeuTeT, M. Cymu, YKpaina

VY enoxy mwdpoBizartii, 1e 300paXKeHHS CTAIOTh BCe OLTBI BaYKITMBAMU IS
Oi3HECy, CTBOPEHO IHIYCTPII0 TeHepallil Pi3HOMAHITHUX 300paKeHb, SKi
BHUKOPHCTOBYIOTBCSl JUIS PEKJIAMH, COIIAIBPHHUX Mefia, BeOIW3aiiHy Ta iHIINX
MapKETHHTOBUX MoTped. MeToro AaHoi po0oTH € po3podka MiAXomay O OLHIT
SIKOCTI TEHEPOBAaHHMX 300pakeHb Ha OCHOBI JUCKPUMIHAHTHOTO aHamizy. Jlis
OLIIHKH TPOIIeCy TeHepallii 300pakeHb BCTAHOBJICHO TPH PiBHI e()eKTHBHOCTI:
BUCOKHMIi, IO BKa3zye Ha OE300TaHHYy SKICTh, CEpeIHii, SKHH BHMAarae
MONATIBIIION0  BIOCKOHAJICHHS, Ta HU3BbKUM, TIPH SKOMY 300pa)KCHHS
BIJIKH/IA€THCST Yepe3 HEIOCTATHIO SIKICTb.

Tabmus 1 — Tunm edheKTHBHOCTI TeHEpyBaHHS 300payKeHb B 3aJICXKHOCTI BiJ
napameTpiB. HaByanpaa MaTpwIisL.

SIkicTs renepanii BimmosimnicTs npommTy E¢exTiBHICTS reHepyBaHHS
(1 mo 100) (1 mo 100) 300paKeHb

100 90 1 — Bucoka
96 88 1 - Bucoka
87 76 1 — Bucoka
43 54 2 — cepenHs
58 63 2 — cepenHst
67 40 2 — cepennst

2 2 3 — HU3bKA

4 11 3 — HU3bKA

1 5 3 — HU3bKa

WWlU\UMIUluumumm.

Pucynok 1 - I[eMOHCTpaLu;I pO60TPI Knacudikaropa

Cucrema ympaBNiHHS ~ SIKICTIO TEHEPOBaHMX  300paKeHb  BHMarae
BIPOBDKEHHS  BIATIOBIJHUX CHUCTEM TITPUMKH TPHHAHSATTS  PillleHb.
Enementom Takoi cucremMu moBHHEH OyTH KiacH(]ikaTop SIKOCTI T€HEpOBAHHX
300pakeHb, OJHUM 13 BaplaHTlB T00Y/IOBH TAKOTO Knacn(bmaTopa Moxe OyTH
BUKOPUCTAHHS TEXHOJOT JIMCKPHMIHAHTHOIO aHaNi3y, SIKHH, SIK IOKasai
HPOBE/ICHI EKCIIEPHMEHTH, MOXe 3a0e3MeuyBaTH IOCTATHIO OLIHKY SIKOCTI.

178



IMA :: 2024 CEKLIIA 2: Inghopmayiiini mexnonozii npoexmysants

Onuraiid reseparnisi 300pakeHb.
Iinxin 10 KIacTepHOro aHAI3Y IKOCTI MPOEKTIB

Apremenko J1. YO., cmyoenm IT-03-2; JlaBpos €. A., npoghecop

CymMmchkuit aepskaBHUHN yHiBepeuTet, M. Cymu, YKpaina

IcHye BemvKa KUIBKICTh KOMIAHIH, SIKi PO3MIIIAIOTH 3aMOBICHHs Ha
TeHeparlito plSHOMaHlTHI/IX 3o6pa>1<eHb IUTS 613Hecy, pEKIIaMH, no6yz[0131/1 CalTIB
TOIIO. B yMOBax BenMKOI KiJIBKOCTI 3aMOBIIEHb 1 BUKOHAHWX TIPOEKTIB, 3pOCTAE
HEeOOXITHICTh aHai3y BUKOHAHUX po0iT. OCKIIBKH AJIs1 pOOOTH MOXYTh OyTH
3alydeHi pi3HI BHKOHABII Ta PIi3HI CEPBICH, SKICTh 300paKeHb MOXKe
BapilOBATHCS Y IIMPOKOMY Jliara3oHi. Y 3B'I3Ky 31 3pOCTAIOYMMU BUMOTaMH JI0
SIKOCTI 300pakeHb, HeOOXiHO MaTH e(heKTHBHI MEXaHI3MHU BiIOOPY BHKOHAHNX
poOiT. B naniii poboTi 00MEKHUMOCS TBOMA IMOKa3HUKAMM: SKICTh T€HEpallii Ta
BIATIOBIMHICTE 10 mpommTy. (DparMeHT HaBYANbHOI MaTpHIIl HAaBENEHO B
Tabmumi 1. J[s po3s's3aHHs 3ama4i BUKOpHUCTaHO cucteMy MatLab (Fuzzy c-
means clustering). ®@parmMeHT pe3yIIbTatiB KiacTepu3ailii HaBeIeHO Ha prC. 1.

Tabmvms 1 — Tunm eheKTUBHOCTI TeHepyBaHHS 300payKeHb B 3aJICXKHOCTI BiJ|

napameTpiB. Hapyanpna MaTpuis (hparMenT).
SIkicth rerepartii (1 no 100) Binmmosimaicts pomnty (1 10 100)

100 90
96 88
87 76
43 54
58 63
67 40

2 2
4 11

1 5

0w @ ® n o
Ficre revapauil

Pucynok 1 — JleMoHcTpaltist poOOTH KIIaCTEPHOTO aHai3y SIKOCTI 300payKeHb

BucnoBok. [lporoHOBaHMIA TMiXiJ TO3BOJNSE peali3yBaTH TEXHOJOTIO
HaBYaHHs 0€3 yuuTess Il aHali3y SIKOCTI BUKOHAHHS IPOEKTIB MO TeHepari
300paXeHb.
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Indopmaniitna TeXHOJIOTifA IHTEJEKTYATbHOT0 AHAJI3Y
xiMiuHoOro ckiaaxy craji
JJISl CTIEKTPAJIBHOI J1a0opaTopii JIMBapHOro BUPOOHUIITBA

benwaieB A. C., cmyoenm IT.m-21n; JlaBpoB €. A., npoghecop
Cymchkuit nep>kaBHAHN yHiBepcuteT, M. Cymu, YkpaiHa

Beryn. JluBapae BUpOOHHIITBO € OAHIEIO 3 (PyHIAMEHTATBHHUX TalTy3ei,
sKa MoTpedy€e BUCOKOT TOUHOCTI KOHTPOJIIO 32 SIKICTIO MpoAyKuii. OqHuM i3
KpHUTEPIiB AKOCTI € BIANOBIIHICTh XIMIYHOTO CKJIaTy CTalli A0 BU3HAYEHUX
Jep)KaBHUX Ta MDKHAPOAHUX CTAaHAAPTiB. 3a BU3HAYCHHS CKIaIy
BIZIIOBI/IA€ CICKTpalbHA J1abopaTopis, sika 38 A0MOMOIOK0 CICKTPalbHOrO
aHali3aTopa OTPHMYE KIIBKICTh KOXHOTO XIMi4HOrO eleMEHTa y
BIJICOTKOBOMY 3HaueHHI. PospobieHa Hamu iHdopMaliiiHa TEXHONOris
«Flare» [1, 2] miaTpUMKH JiSUTBHOCTI  Omeparopa  CIEKTPaIbHOL
naboparopii, Ha Kajib, Ma€ psjg OOMEXKEHb, OCKUIbKA OpIEHTOBaHA Ha
TpaAWIiHI METOAM aHaNi3y SKOCTI THUIMY “MOpIBHAHHS i-TO Mapamerpy 3
HOPMOIO”, 1110 YCKJIAJHIOE MOKIIMBICTD OTNlepaTHBHOI Kiacudikaii 3pa3kis,
II0 MTOCTYMAIOTh .

[TocranoBka 3amadi. /{751 yMOB KOHKPETHOTO JIMBAPHOTO BUPOOHMIITBA

BU3HAUMMO: N — UYHCJIO JIarHOCTUYHUX O3HAK, Si — KIJIBKICTh

YHOPSAKOBAHUX OIIHOK CKIIAy CTaii Ha IiKaii I- 1 JiarHOCTUYHOI 03HAKH;

Xi = {Xui, Xai, ..., Xsi} — 0e31114 OI[IHOK Ha MIKaJi I-i o3HaKkKu; Q — KUIBKICTE
2 b b b

kiaciB mMapok crami (Pi,Pa,...,Pg), 10 SAKHX MOXKYTh HaleKaTH 3Pa3KH.
3ajaua mosisirae B po3poOLLi TeXHOIOT I, opieHTOBaHo'l' Ha 1HTENeKTyalbHHUN
aHaJi3 TaHWUX MPO 3pa3Ky JIMBApHOI NPOIYKIil, HAKONTMYEHUX B 0a3i TaHHX
nmaboparopii.

Pesynpraru. [Hpopmariiiina TexHonoTis 3a0€3Meuye:

— OTpUMaHHS MOJIET XIMIYHOTO CKJIaay 3pa3ka 3 IpOTrpaMHOTrO
3a0€e3MeUeHHS CIIeKTPAJIbHOTO aHAJII3aTopa;

— olepaTuBHY Kiacu(iKalilo HOBHX 3pa3KiB 3a XIMIYHHUM CKJIAJOM Ta
MPUCBOEHHSI iM MapoK cTalli.

PeanizoBaHO MiATPUMKY JABOX MOXIIMBHUX PEXHUMIB imeHTH(]ikamii
3pa3sKiB:

[MpuiinsaTTs pimneHHs oneparopoM (3a Metojonoriero «Flarey)

Knacudikarisi, 1o npoBoJuThCS 3a AONOMOIOIO MONEPEIHBO HABYCHUX
3 BHKOPHCTaHHSM HAKONMYEHHX JIaHUX MoJelei-kinacudikaropis,
MoOyJOBaHHUX 32 METOJO0JNOTI€I0 MAIIMHHOTO HABYaHHSI.

[Mpunnun pobotu iHPOPMAIIHOT TEXHONIOTIT MPOJEMOHCTPOBAHO HA
puc.l.
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[lepenbaueno crBopeHHs O0ibmioTekn Monened kiacupikaTopiB 3
MOXJTUBICTIO BHOOpY Mojeni, Imo 3a0e3medye MiHIMambHY MOXHOKy. B
MOTOYHUN MOMEHT Kiacu(ikariss 3IiHCHIOETBCS METOJOM OIOPHUX
BEKTOPIB.

Hanallei

Puc.1. TIlimxim mo moOymoBum iHQOpMAIMIHOT TEXHOIOTII aHamizy
XIMIYHOTO CKJIay CTasi

3acobu peamizalii — MoBa mporpamyBaHHs Java, 6i6mioreka OpenCV,
pymriit Tesseract OCR.

AnpoOarnis.  [adopmaniiiHa  TEXHONIOTiSE  MPOXOOUTH  NOCTIIHY
eKCIUTyaTallifo Ha MiANPUEMCTBI «3aBoJ OOBaRXEHUX OYypWIBHUX Ta
Beayunx Tpyo» (Ykpaina, 40020, m. Cymu, Byn. Komaposa, 2).
[TignpreMCTBO OMEPEIHBO MIATBEPIKYE

— CKOpPOYEHHS 4acy, HeOOXiJHOTO Ha eKCIIPec aHasli3 OHOTO 3pas3Ka,

— TOYHICTh KIacugikarii

— 3MEHIIICHHS HAIPY>KEHOCTI MisTHOCTI OIIepaTopiB.

1 [IndopmamiiiHa TEXHOJOTIS MIATPUMKH AisUTFHOCTI ONEpaTopa aHalizy
XIMIYHOTO CKJIJIy 3pa3KiB JuBapHOi npoaykuii [ Enekrponnuii pecype] / A.
benbnieB, €. JlaBpoB // Indopmartuka, MaremaTruka, aBTOMAaTHKa
MaTepianu Ta nporpama MixHapoIHOI HaykoBOi KOH(EpeHIT MOoJIoauX
BueHux, Cymu — Hyp-Cynran, 18-22 kBiTaa 2022 p. / Bign. 3a Bum. O. O.
Hpoznenko. — Cymu : Cym1Y, 2022. — C. 95.

2 benpaieB A. C. IndopmauiliHa TEXHONOTIS MIATPUMKH AisUIBHOCTI
oreparopa aHajizy XIMIYHOTO CKJaxy 3pasKiB JIMBapHOI HpOTYyKIii
poboTta Ha 3100yTTs KBaiikaiiiiHoro cryneHs Oakanaspa : creil. 122 —
KOMIT I0TepHi HaykH / Hayk. kep. €. A. JlaBpos. Cymu : Cym/1V, 2022. 117
c.
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JuckpuMiHaHTHHI aHAJI3 MONMUTY HA MeOJIi
B CHCTEeMi MAPKEeTHHTOBHX J0CTi/KEHb J15 €J1eKTPOHHOTO0 0i3Hecy

Bobpaninekuit H. B., cmydenm IT-02; JlaBpoB €. A., npogecop

CyMchkuii nep:kaBHul yHiBepcuteT, M. Cymu, Ykpaina

BaxJuBicTh yCHIIIHOTO €JIEKTPOHHOTO Oi3HECY BU3HAYAETHCS BEIMKOIO
MIipOI0 HAasBHICTIO CHCTEMH MiATPUMKH NpuiHATTA pimens (CIIIP),
ONTHIEID 3 KIIOYOBUX MIJICUCTEM SKOI Mae OyTH mijcucTeMa «AHai3
nmonuty». MeTol poboTH € po3poOka MiAXoay 10 MOOYAOBH MO
knacudikarii MeONiB 3 TOYKH 30py TMOTOYHOTO IHTEpECy MOKYIIIIB Ta
PO3po0OKa TEMOHCTPAIIHOTO IPUKIIAAY IS aHaJi3y poOOTOCIIPOMOKHOCTI
Takoi Mojenmi. Hexail icCHye cTaTHCTHKa CTOCOBHO IMOMYJISIPHOCTI MEOIIB,
NpPEe/ICTaBICHNX B  KaTajo3i  eNeKTPOHHOTO  MaraswHy, [PHHIHI
(dbopmyBaHHS AKOi TMOKazaHo B TaOm. 1. Jlmsg MOMIMBOCTI MPOTHO3Y
MOMYJISIPHOCTI  TOBapiB  TPOAHATI30BAaHO  PI3HOMAaHITHI  aNTOPUTMHU
knacudikarii (mepcenTpoHHI Mepexi, AepeBa pilieHb, HAIBHHNA OaeciB
knacudikatop), HaHOUIBII TOYHMM 1 3pYYHHM BHSBUBCS aJITOPUTM
JiHIHOTO IUCKpUMiHaHTHOTO aHamizy. Kmacudikarop mpuiimMae Ha BXin
napaMeTpH: «KiJIbKICTh BiJIBiJyBadiB CalTy» Ta «KUIBKICTh NPOJAHUX
Me0JTi» 3a BU3HAUEHUH nepiof. Buxin — «kiac iHTepecy».

Ha ii ocHOBi CTBOpEeHO MaTepHHU BiJIHECEHHS TOBAPIB 10 IEBHOTO PiBHA
nepcnekTBHOCTI. DparMeHT peanizaiii ki1acudikaTopa MpeACTaBICHO —
Ha puc.1-2.

Tabmuns 1. JlemMoHcTpamiiiHa HaBYallbHA MaTpHI U1 KiacudikaTopa

(dparmenr).
Kinekicts Kinekicts Kunac
BiJBiyBauiB caiiTy | mponaHux MeOsiB | (iHTepec MOKYIIIB 10 JAHOTO THITY MeOJIiB)
250 100 Bucoxkuii
100 35 Cepenniit
150 10 Husbkuit
20 20 Bucoxuii
160 70 Cepenniit
90 7 Husbkuit
305 120 Bucoxuii
50 40 Bucoxuii
120 44 Cepenniit
23 2 Huspkuit
200 20 Husbkuii
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mark1 =[250;100;150,20;160,90;305,50,120,23,200];
mark?2 =[100;35;10;20;70;7;120;40;44;2;20];
species = {High'; '"Medium’; 'Low’; 'High'; 'Medium’; 'Low"; 'High’; 'High'; 'Medium';'Low";'Low};
g =[mark1, mark2];
gscatter(g(:,1), a(:,2), species,'rgbc’,'osd™);
hold on;
linclass = classify(g(:,1:2), a(;,1:2), species),
bad = ~strcmp(linclass, species);
plot(g(bad, 1), g(bad,2), 'kx);
IdaResubErr = sum(bad)/ 11
[x,y] = meshgrid(1:1:250,1:1:120);
x=x(2);
=y();
j = classify([x v], g, species);|
hold off
gscatter(x, y, ), rgb’,'osd’);
xlabel ('KinekicTs BigBigyBauiB canTy'),
ylabel (KinekicTe npogaxol mebni');

Pucynok 1 — ®parmeHT peainizarii (matlab)

120

100

40t

Kinekicte npopaxoi mebni
2

50 100 150 200
KinekicTe BinBinyeauie canty

Pucynok 2 — AHani3 monuty Ha MeOi (pe3ynbTatu poOoTH
JUCKPUMIHAHTHOTO aJrOPUTMY)

BucHoBok. JluckpuminanTHHN aHami3 3abesmnedye moOynoBy 0a3oBOi

Mozieli knacudikaropa ToBapiB B po3pisi “ Anamiz nonury ” mis CIIIIP B
cHCTeMi eJIEKTPOHHOI TOPriBIli MEOIAMHU.
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JluckpuMiHAHTHMIA aHATI3 e)eKTUBHOCTI FreHepyBaHHS 300pakeHb
32 MOKA3HUKAMM KUJIbKOCTi BUKOPHCTAHUX TOKEHIB TA BUTPAYEHOI0 Yacy

Boskog I1. K., cmyoenm IT-03-1; JlaBpos €. A., npoghecop
CyMchkuii nep:kaBHui yHiBepcuteT, M. Cymu, Ykpaina

Beryn. Omamm i3 kimowoBHX  (akTopiB, IO  BHU3HAYAIOTh
MPOAYKTHBHICT, TCHEPATUBHUX MOJENCH, € CHiBBIAHOIICHHA MiX
KUIBKICTIO ~ BUTPAYCHUX  OOYMCIIOBAIBHHUX  PECypCiB  Ta  SKICTHO
3reHePOBAaHUX 300paKEHb.

[TocranoBka 3amadi. MeToro maHOi poOOTH € CTBOPEHHS Kitacudikaropa,
SKUH OU JTO3BOJISAB BHM3HAUaTH CQEKTUBHICTh TEHEPYBaHHsS 300pakeHb
metomom Stable Diffusion Ha OCHOBiI KiBKOCTI BHUTPAa4€HHUX TOKEHIB Ta
gacy. KnacudikaTtop moBHHEH pO3MOIIIATH pe3ylbTaTH TeHepallii Ha TpU
KaTeropii: BHCOKOE(EKTHBHI (BUCOKa SIKICTh 300pakeHb IpPH BiIHOCHO
HU3BKUX BUTpAaTax pecypciB), cepenHbOePEeKTHBHI (IMIPUHHATHA SIKICTh
300paxxeHp MPH MOMIPHUX BHTpATax) Ta HU3bKOE(PEKTHBHI (HU3bKA SIKICTH
300paskeHb MTPHU BUCOKUX BUTPATAX).

Pesynprar. [lnst BupimeHHs MOCTaBIeHOI 3a/1adi BUKOPUCTAHO HaOip
HaBYAIIbHUX [[AHUX, 110 MICTUTH iH(pOpPMAII0 TPO KiTBKICTh TOKEHIB,
BUTpPA4YE€HHUH Yac Ta CyO'€KTHBHY OLIHKY SKOCTI 3reHEpOBaHHUX 300pa’keHb.
Ha ocHOBI mux paHux OyJI0 CTBOpPEHO KiacudikaTop y cepeqoBHIli
MATLAB, gxuii BHKOPHUCTOBYE METOJ IUCKPUMIHAHTHOTO aHAJI3y IS
po3noaity pe3yibrariB reHeparii. ®parMeHT HaBUANBHOI MAaTpUIl
HaBeZeHO B TaOu.l. [lpuHinmm 1 gemoHcTpaiis poOoTH Kiacudikaropa
HaBeJIeH1 Ha puc.1.

Tabmumss 1 — OrmiHka epeKTHBHOCTI TeHepyBaHHS 300pakeHb B
3aJIeKHOCTI Bij mapaMeTpiB. HaBuanpaa Marpuis((pparmenr)

Yac renepariii (cex.) KibKiCTh TOKEHIB OmiHka eeKTHBHOCTI
100 90 1 — BucOKe(heKTHBHA
96 88 1 — BucOKe(eKTHBHA
87 76 1 — BUCOKe(EKTHBHA

43 54 2 — cepenHbOCDEKTHBHA

58 63 2 — cepeiHbOE(DEKTHBHA

67 40 2 — cepeaHbOeeKTHBHA
2 2 3 — HU3bKOC(EKTHBHA
4 11 3 — HU3bKOC(EeKTHBHA
1 5 3 — HU3bKOC(EeKTHBHA
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Knacudikauin pesynestaTie reHepyBaHHA 306pakeHb
3a etheKTUBHICTH Ha OCHOBI KiNbKOCTi TOKEHIB Ta Yacy
3 BUKOPUCTAHHAM AWCKPUMIHAHTHOrO aHanisy

BUCOKEMETUEHA

cepeHE0edEKTMEHE i
HW3EKOEdEKTMEHE

HititHi]

KinekicTe TokeHIE

1] 20 40 60 B0 100 120 140 160 180 200
Yac reHepauii

Pucynoxk 1 — JlemoHcTpaitis po6otu kiacudikaropa

BucHoBok.  Po3poOmenmii  kiacudikatop — 103BOJNSAE  OLIHUTH
e()eKTUBHICTh TeHEPYBaHHS 300pa)KCHb HA OCHOBI KUJIBKOCTI BHUTpPadYCHUX
TOKEHIB Ta yacy. BHKOpHCTaHHS IUCKPUMIHAHTHOTO aHaiily 3ade3redye
TOYHHH PO3IMOALT Pe3yNbTaTiB Ha KaTeropii BUCOKOI, CepeTHhOl Ta HU3BKOT
e(eKTUBHOCTI.

Takuit miaxig Moxke OYTH KOPHCHUM JUIs OINTHMI3alii MpoIecy
reHepaiii 300pakeHb, IMJBUIICHHS TMPOJYKTUBHOCTI Mojened Ta
palioHaTbHOTO BUKOPUCTAHHS O0YUCITIOBAILHUX PECYPCIB.
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Pexomennaniiina ccremMa nouyKy Jpy3iB y comiaibHill Mepeki.
Po3poodka ii anaji3z kiacugikaTopiB 115 MATPUMKH NIPUHHATTS pillleHb

Hennicenko @. M., cmyoenm IT-01; JlaBpos €. A., npoghecop

CymMmchkiii aepskaBHUN yHiBepeuTet, M. Cymu, YKpaina

Beryn.  3pydHicTh BHUKOPHCTAaHHS COIIABHOI MEpeKi 0arato B YoMy
3aJISKUTH BiJ] HASIBHOCT] Y Hill CHCTEMH TITPAMKH TIpuitHATTS pitneHs (CIIIP)
IJIsL  3ampoBaPKCHHS THYYKMX Ta YHIKQJIBHHX QJITOPUTMIB  HaJaHHS
KOpHCTYBa4aM aKTyanbHOi iH(opmarii. DyHkiionamsanii anamiz CIIP
JIO3BOJIUB BUSIBUTH, IO OnHier0 3 0azoBux migcuctem CIIIIP moBuHHA OyTH
nigcucrema “Tlomyk apy3is”. Takuii aHali3 Mae IPOBOJUTHCH 3 YpaxXyBaHHSIM
CYKYITHOCTI (paKTOpiB, IO BIUTMBAIOTH Ha 3PYYHICTh BUKOPHICTAHHS COIIaTbHOT
Mepexi. OmHUM 3 TakuxX (PaKTOPIB € MPIOPUTH3ALIIS PEKOMEHAAIIIHOT CHCTEMH
TIOLTYKY MOMKIJIBHX JIPY3iB.

INocranoBka 3amaui. MeToro po0OTH € MOOYIOBa MOAEN MpiopHTH3AIi]
PEKOMEHIAIIIMHOI CHUCTEMH TIOMIYKy MOXJIMBUX JPY3iB Ta peaiizarfis
JNEMOHCTpAIIfHOTO ~ TPHKIaAy 3  BUKOPUCTaHHSAM  PI3HOMaHITHUX
KJ1acu(hiKaTopiB ISt CTBOPEHHS ATOPUTMY aBTOMATHIHOI TIPIOPUTH3ALTII.

Pesynpratn. BBememMo TOHATTS HOPMOBAHMX TTOKAa3HUKIB Y3TOIDKEHOCTI
IHTEpeciB KOPUCTYBAUiB:

1 cHiJibHA KiJIbKiCTb NiANMCcoK K1 Ta K2 (1.1)
al = : : : .
3araJjibHa KiJIbKiCTb Hignucok k1 ’

5 CIliJIbHA KUJIBbKICTh NiANKUCOK K1 Ta K2 (1.2)
oz = : : : .
3araJjibHa KiJIbKiCTb HiJINMCOK K2 ’

ne k1 —kopucryBau 1, a kK2 — kopuctysay 2.

ExcriepTHUM ~ MeTOZIOM ~ C(POPMOBAHO  HABYATBHY  MATPHUIO IS
PEKOMEHIAIIMHOT CUCTEMH, HEBEJTUKUI (bparM<3HT SIKOI HAaBEIECHO B TaGJmui 1.

JUrsi omruMusanii mpouecy BHOOpY ApysiB TPOBE/ICHO aHAJI3 JISSIKUX
KnacminKaTopm (aJITOpUTMIB TMCKPUMIHAHTHOTO JIHIHHOTO 1 KBaJPaTUIHOIO
aHaJi3y, HAiBHOrO 0a€CIBCHKOro Kiacu(ikaTtopa Ta METOAY JEPEB PIIlICHB).
KoxeHn 3 Hux mpuiimae Ha BXin nokasHukw ol Ta o2. Ha Buxoxai otpumyemo
Kiac mpioputHzamii. JleMOHCTpalito pe3ynbTaTiB podOTH Kiacu(ikaTopiB 3
MO3HAYKOIO 3HAYEHb TOMUJIKH HABEAEHO HA PUCYHKY 1.
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Tabm 1. JlemoHcTpaniiiHa HaBuYajdbHA MATpUI JUI KIachQikaTopa
(dparmenr).

al o2 [IpioputeT pekoMeHaaii
0,65 09 Bucokuit

0,8 0,7 Bucoxkuii

0,6 0,7 Cepenniit
0,55 0,5 Cepenniii

04 0,3 Huspkuii

0,1 0,1 Huspkuii

B
T

\\

\\
a i b
LDA Error = U0.1773 QDA Error = 0.1614
c d
Naive Bayes Error = 0.1467 Decision Tree Error — 0.0667

Pucynoxk 1 — Ilpukiazn pobotn KiracuikaTopis uis peKOMeHnauiﬁHoi
CHCTEMH TOLIYKY MOKITHBHX ZpY3iB y COLialbHIii Mepem (a—
JWICKPUMIHAHTHHHA JIiHIHUI aHANi3, b — TMCKPUMIHAHTHUIA KBa[PATHYHHIA
aHayi3, ¢ — HaiBHUH OaeciBChKUN KJIaCI/I(i)lKaTop, d — MeTox nepeB pilieHb)

BucHOBOK. CTBopeHo MOJIENb TPIOPUTH3ALIT PEKOMEH/AIIIHOI CHCTeMH
TOITYKY MOITHBHX apy:;na Y xoni po3po61<1/1 KI1acU(IKaTopiB JUIsl CTBOPSHHS
QITOPUTMY ABTOMATHYHOI NPIOPUTH3ALii BUKOPHCTAHO HAKOIMYeHY Oasy
npiopuretiB. JInsg 3ajadi  MOIIYKYy MOXIIMBUX JPY3iB  Kiacu(pikaTtopu
JMICKPUMIHAHTHOTO JIHIHHOTO 1 KBaIPaTHIHOTO aHai3y, HalBHOrO OaeciBCHKOro
Kiaacu(ikatopa Ta METOY JIEPEB PIlliCHb JIA0Th JOCTATHBO TOYHI Pe3yJIbTaTH,
aJie HaOLTBIIT TOYHHUM B YMOBAX BUKOPHCTAHOI HABYAILHOI MATPHI[ BUSBUBCS
KacupikaTop, 0 MPALFOE 3a METOIOM JIepeBa PillicHb.
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Kaacudikarop ais anaaisy npoekTiB nepeodiagHaHHsA
JKMTJIOBUX NPUMillleHb MiJA MPOeKTH 00MOOCXOBHIIA

Hynuenko K. O., cmyoenm IT-03; JlaBpoB €. A., npogecop

CyMchkuii nep:kaBHui yHiBepcuteT, M. Cymu, Ykpaina

Beryn. Ha croromdimHiii [€Hb, OJHUM 13 OCHOBHHUX aKTYaJIbHHUX
3alUTIB y 3aMOBHUKIB JKUTIIOBUX NPHMIIICHh € HEOOXITHICTh Yy
3a0e3neyeHHi Oe3meku. HalOinbin MOWIMBPHUM € peani3alis HpPOEKTiB
JOKATBHUX OOMOOCXOBHII[ BCEPEIMHI KUTIOBUX MPUMIIEHb, BHACHTIIOK
TaKWX IepeBar: MIBUAKICTh BUKOPUCTAHHS 1 JOCTYIHICTh IS TIEPCOHATY.
Po3pobka Mojieni Jyist BIpOBaXKEHHSI MPOSKTIB OOMOOCXOBHIIL € BaYKIHMBUM
JUTS KOMIUIEKCHOTO 1 IIBHUIKOTO aHANi3y MOIILHOCTI Tepeo0iiaTHaHHS
MPUMIIIEHb Ha BiJIMOBIAHICTH BUMOTaM OOMOOCXOBHII]

[ocranoBka 3agayi. Po3pobutu mMozmenb aHali3y MpPOEKTiB BU3HAYCHHS
CTYIEHIO JOIIIBHOCTI MPOEKTIB 3 Mepeo0iaHaHHs KUTIOBUX MPUMIIICHb
M TpoekTH OomOocxoBHIma Ha 0a3i  HaiBHOrO  Oal€eciBCHKOTO
knacugikaropa.

Pesynbraru.. Jlns po3poOku Oyno BHKOPUCTAHO ICHYHOUI BHUMOTH
0e3nexku, BIAMOBIAHO 3 SIKUMH CTBOPIOIOThCS OomOocxopuma. Jlms
BUpIIEHHs 3amadi BukopuctaHo cepenoBuime MATLab. ®parmeHt
HaBYaIBHOI MaTpHIli HaBeJeHO B Tabm. 1, a mpukiIaa pe3ynbTariB
knacudikarii — Ha puc. 1.

Tabnuns 1 — Tunm npoektiB. HaBuansHa Matpuis (pparMeHT)

uprHa 30BHINIHBOT CTIHA Meka MiITHOCTI BesneunicTh mpoekTy

(Mm) (MIla)

511 54 € Ge3neyHuM

212 43 € Oe3neyHuM

312 56 € Ge3neyHuM

124 25 € 0e3neuHnM

121 12 € 0e3neYHnM

212 39 [ToTpiOHO JOOMpAIIOBATH
106 74 [ToTpiGHO HOOMNpaIIOBATH
137 73 [ToTpiGHO HOOMNpaIIOBATH
120 8 [TotpibHO moompaIroBaTH
812 76 [ToTpi6HO mOoOMpaIroBaTH
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IIpomoByxenHs Tadmi 1.

[IInpuHa 30BHIIHBOI CTIHI Menxa MiItHOCTI be3neqHicTh IPOEKTy
(Mm) (MITa)
70 7 IToTpiOHO HOoOMpalroBaTH
26 4 He € 6e3neunum
52 5 He € 6e3neunum
812 6 He € 6e3neunum
71 7 He € 6e3neunum
156 3 He € 6e3neunum
45 2 He € 6e3neunum
42 1 He € 6e3neunum
12 4 He € 6e3neunum
123 4 He € 6e3neunum
110 54 He € 6e3neunum
140 45 He € 6e3neunum
1000 .
B
900 | cl
- A
800 | .
700 | 4
=
8 600} J
=
= 500} 4
©
5
2 400 g
300} }
200 }
100 | }
o

0 100 200 300 400 500 600 700 800 900 1000
LLinpuHa 30BHILWHBOI CTiHK

Pucynoxk 1 — JlemoncTpaiis po6otu kiacudikaropa

BucHoBku. Y pesynbrati po0d0TH Oyiia po3po0sieHa MOJEb, sIKa MOXKE
OyTH BHKOPHCTaHA JJIsl aHAJI3y JOLIILHOCTI mepeodiafHaHHs TPUMIIICHb
mig OomOocxoBWINA 3a BXIJHHMH TapaMeTpaMu. BHacmigok aHaiizy
MOJIeTTb BU3HAYAE TUI MPUMIIICHHS 32 IOKa3HUKOM O€3IEeYHOCTI, 110 MOXE
OyTH BUKOPUCTAHO TP MPOEKTYBaHHI OOMOOCXOBHIII.
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iaxin 1o mepconamizauii HoBuH. PekoMeHaamniiiHa cucrema
Ha 0a3i HaiBHOrO0 OalieciBchbKOro Kiaacudikaropa

IBanoB O. B., cmyoenm IT-03; JlaBpos €. A., npoghecop
CyMchkuii nep:kaBHui yHiBepcuteT, M. Cymu, Ykpaina

Beryn. 3 ormsimy Ha cTpiMKH TEXHOJOTIYHHN MPOTpec Ta MOCTIHHUI
PO3BHUTOK 1H(POPMALIHHOTO TPOCTOPY, HAa CHOTOAHIIIHIA J€Hb BHHUKAE
3pocTaroua morpeba B MEepCOHATI30BaHUX iHPOpMaUiiiHUX cepBicax. Y
3BSI3Ky 3 IMM, CTBOPEHHS MOOITBPHOTO AOAAaTKa Ui 1HAWBITyalbHOTO
YUTAaHHS HOBUH CTa€ OJHIEI0 3 aKTyalbHHX 3aBlaHb, fAKe IMependadae
BUKOPHUCTAHHS MEPEJOBUX ANTOPUTMIB MALTMHHOTO HABYaHHA Ta IITYYHOTO
IHTEIeKTY.

[locranoBka 3amaui. Pozpobutm Momenp knacudikaTopy s
BU3HAUCHHS THUIy TEMH HOBWHM Ha 0a3i HaiBHOro OaiieciBChKOTO
knacudikaropa.

Pesynpratn. BuznaueHo HacTyImmHI BXOJHW 1 BUXiJ KiacudikaTopa: qeHb
TH)KHSI, 4ac BiJBiAyBaHHs, TeMa HOBMHHU. Jlnsi aHamizy Oyiau BHUKOpHCTaHI
JaHi PO BiJBiAyBaHHS KOpHCTyBaueM MoOinbHOTO mojarka. Jlis
BUpIIIEHHs 3amadi BukopuctaHo cepenoBuime MATLab. ®parment
HaBYAIILHOI MaTpUIli HaBeneHO B Tabd. 1, a pe3ynprar kimacudikarii — Ha
puc. 1.

Tabmuns 1 . HapuaneHa matpurs. @parmeHT

JleHb TKHS Yac BiaBiTyBaHHS Tema HOBUHH
2 (BIBTOPOK) 2:00 DyTbdon
4 (getBep) 1:00 DyTbdon
3 (cepena) 16:00 DyTbdon
6 (cybota) 19:00 dyTtodon
7 (Heniss) 12:00 Dyt6on
3 (cepena) 3:00 DyTtodo
5 (0’ aTHULA) 19:00 DyTtbdon
4 (uetBep) 7:00 dyT6oI
2 (BIBTOpPOK) 21:00 DyTtbdon
3 (cepena) 21:00 IIporpamyBaHHsI
5 (0’ aTHULA) 12:00 [TporpamyBaHHS
6 (cybora) 22:00 [TporpamyBaHHs
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[Iponosxenns Tabmmi 1.

JIleHb THOKHS Yac BiaBiyBaHHA Tema HOBUHH
7 (uemisns) 12:00 [TporpamyBaHHs
1 (IOHEAIIOK) 23:00 [TporpamyBaHHs
1 (moHeninoK) 20:00 [TporpamyBaHHs
7 (uemisns) 5:00 [TporpamyBaHHs
1 (oHeaiI0K) 17:00 Hayxka
2 (BiBTOpOK) 10:00 Hayxka
4 (aetBep) 15:00 Hayxka
5 (W’ sATHULIS) 15:00 Hayxka
25 | .
dyrhon
Hayka
MporpamysaHHs
20+
£
& 15F
2
i=
m
=
m
o 10
]
T
AL
D i i i L i i i
1 2 3 4 5 6 7
HeHb TUAHHA

Pucynok 1 — JlemoHcTpanis pobotu kinacudikaropa

BucHoBku. Y pe3ynbrati pod0TH Oyiia po3poliieHa MOAENb, SIKa MOXKE
OyTH BUKOpPHCTaHA JIJIs CTBOPSHHS €(DEKTHBHOI Ta 3pYYHOI IIaTGOopMHu Jyist
KOPHCTYBauiB, 00 OTPUMYBATU MEPCOHAJIbHI HOBHUHH, SIKI IX LIKaBISTb.
Bracnigok aHamizy Mojeib BU3HAYa€ THII HOBUHHU B 3aJICKHOCTI Bif| JHS
THXKHS Ta Yacy BiJABIMyBaHHS J0aTKa JJIs 3pYYHOCTI YNTAHHS HOBHH.
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AHaJji3 nonyJasipHocTi PyHKIIOHATY 10AATKIB I PO3BUTKY
MUCJIEHHS] HA OCHOBi HAIBHOT0 0ali€ciBCHLKOro Kiacugpikaropa

Kupuuenko A. B., cmyodenm IT-01; JlaBpoB €. A., npogecop

CyMchkuii nep:kaBHui yHiBepcuteT, M. Cymu, Ykpaina

Beryn. HeoOximnicTe 3aIlikaBUTH y BUKOPHCTaHHI TMPOTPaMHOTO
MPOAYKTY CEpeAHBbOCTATUCTHYHOIO KOPUCTYBaya YCKIAIHIOEThCS Ha (OHI
iCHyBaHHA THCAY pI3HOMAaHITHMX JoAaTKiB. JiIs w0poro moTpiOHO
PETYIAPHO JO0AaBaTH HOBWI (DYHKITIOHAJT 1 aHATI3yBaTH YCHIIIHICTH HOTO
peamizamii. Halinpocrtimmii cmoci® BigCiigKOBYBaHHS —3alliKaBIEHOCTI
KOPHCTYBadiB — OHJIAMH-OILIIHIOBaHHsS. AHai3 OTPUMAaHUX JaHUX —
HaWBaXIIMBIIMWA erTam s 3a0e3nedeHHs YCIINTHOCTI, ajpke caMe Bif
OTPUMAaHHUX pe3YNbTATiB 3aJIeKaTUME MPOJOBKEHHS BIPOBA/DKCHHS abo
3aMiHa 1HHOBAIIll.

IMocranoBka 3amaui. Po3poOuTk Monens BU3HAYCHHS  PIBHIB
3aIiKaBJICHOCTI KOPUCTYBaYiB JOMATKIB (HA MPHUKIAJI TOIOBOJIOMOK JIISI
PO3BUTKY MHUCJICHHS) .

Pesynbraru. Po3po0iieHo cucTeMy OIiHIOBAHHS JOJATKIB Ha MPUKIIAIIB
irop tuny «Cyznoky» ta «HoHorpam».

@parmeHT HaBYaIBHOI MaTpuIll HaBeleHO B Tabxn. 1. Jlns BupimeHHS
3aja4di po3poOJIEHO MOjENb, MOOYIOBaHY 3a MPUHIMIIOM OaileciBCBKOTO
knacudikaTopa, MIPUKIA] pe3yIbTaTiB Kiacupikallii HaBeieHO Ha puc. 1,

JInst HaBYaHHS Ta BU3HAYCHHS THITIB KOPUCTYBAa4iB BUKOPHCTOBYIOTHCS
JIBa MTApaMETPH:

— 3aIliKaBJICHICTh KOPHCTYBa4a y BUKopucTtanHi CymoKy

— 3alliKaBJICHICTh KOPHCTyBaya y BUKopucTanHi HoHorpawm.

BucHorok. Po3po0iieHa MOzielib € THYYKO 1 €PEKTUBHOIO JJIs aHaJIi3y
MEPCHEKTHBHOCTI BIPOBAPKEHHS HOBOTO (DYHKI[IOHAIY, CIIUPalOYKCh Ha
OLIHKK BiJ] peaJIbHUX KOPUCTyBadiB. BoHa 1ae MOXIMBICTH Bi3yaJbHO
BIJICJTIIKOBYBaTH TEH/CHIIIIO 3alliKaBJICHOCTi, 3aBASKH Kiacudikamii 3a
IO XapaKTePUCTUKOIO Ta BUBEJICHHIO HOBUX JIaHUX Ha rpadiky. Mojenb
MOXe OYTH KOPHUCHOIO TMpH aHali3i TeHACHII pPUHKY NpOrpaMHUX
npoaykTiB. HaBexenuili mpukiaz opi€eHOBaHMI Ha aHali3 irop THITY
«Cynoky» ta «HoHorpamy, ajie npuHIun mo0ymoBy Kiacugikaropa MOXKe
OyTH BUKOPUCTAHUH 1 11 CUCTEM 1HILUX THUIIIB.
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Tabmumst 1 — Jlami nns HaBuaHHS OalfeciBChKoro kiacudikaropa Ta
BHU3HAUYCHHSI TUIIIB KOPUCTYBAUiB 3a iX 3aIliKaBJICHHICTIO Yy irpax. ®parMeHT

3amikaBIeHICTb y 3amikaBIeHICTh y Knac
Cymoky (0-1) Hownorpawm (0-1)
1 0.2 1 — 3amikasneni y Cyzmoky
0.9 0.1 1 — 3amikasneni y Cyzmoky
0.65 0.35 1 — BauikaBneHni y Cymoky
0.1 0.9 2 — Bauikasneni y Honorpam
0.3 0.75 2 — BauikaBneni y Honorpam
0 0.8 2 — 3amikasneHi y Honorpam
0.25 0.4 3 — He 3amikaBineHi B irpax
0.3 0 3 — He 3auikaBieHi B irpax
0.1 0.1 3 — He 3auikaBieHi B irpax
1 1 4 — 3amikaBieHi oboma irpamMu
0.7 0.7 4 — 3arikaBieHi oboma irpamu
0.8 0.85 4 — 3arikaBieHi oboma irpamu
0.5 0.5 5 — Cepennpo 3allikaBlieHi B irpax
0.4 0.6 5 — Cepennpo 3alliKkaBlieHi B irpax
0.55 0.45 5 — Cepennpo 3alikaBiieHi B irpax
. ‘ 1eHiCTL rpaBuiB y irpax *

0.8

07

0.6 -

03

02

01

He sauikaeneni
3auikaeneHi HoHorpam
CepeaHso-aaLjikasnei | |
BauikaBneHi BouM
Bauikaeneni Cynoky

*
% % 7]
% 4
* K 1
% |
*,
9’6'

0.2 0.3 0.4 0.5

Cynoky

0.6 07 0.8 09 1

Pucynok 1 — Knacudikarop «nomyssipHiCTb TOJIOBOIOMOKY.
3ipoukamu MoKa3aHi OLIHKM HOBUX KOPHCTYBadiB
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AanTHBHA MOJe/b JIOAUHO-MAIINHHOI B3acMO/Iil
B ERP-cucTemi Ha 0CHOBI acolliaTHBHMX NMPaBUJI

Kimmmenxo 1. B., acnipanm, JlaBpoB €. A, npoghecop
CyMchkuii nep:kaBHui yHiBepcuteT, M. Cymu, Ykpaina

Beryn. Cydachi ERP cuctemu BUMararoTh BiJ KOPHUCTYBadiB B3a€MOII1
31 CKJIAAHUMH iHTepdelicaMH, MO0 MOXKE NPU3BOIUTH [0 3HIKCHHS
edextuBHOCTI poboTu[l]. YV 1BOMY KOHTEKCTI, TMOKPAIICHHS JIOJIUHO-
MaIIMHHOI B3a€EMOJiI 3a JOMOMOTOI0 ajamTalii iHTepdeiicy Ha OCHOBI
ACOIIaTUBHUX NPaBUI MOXKE CTaTH KIFOYOBUM (DAKTOPOM ITiIBUIICHHS
edextuBHocTi ERP cuctem.

[TocranoBka 3amadi. Po3poOka MexaHi3My aganTUBHOTO iHTEpdErcy st
ERP cucrem, sikuii 103BOJIMTH TOKPAIIUTH B3aEMOJIII0 Mi>K KOPHCTyBadyaMu
Ta CHCTEMOIO 33 PaxyHOK aHali3y MOBEIIHKOBHX JaHMX KOPUCTYBAdiB Ta
BUKOPHCTAHHS acCOIIaTUBHUX TMpaBWI Uil  ajanTamii  (yHKIOHATY
inTepdeticy.

Pesynpratu. [lpoBemeHo aHaii3 MOBENIHKOBHX JaHUX KOPUCTYBadiB
ERP cucremu Ta BU3HAUCHO acoliaTUBHI MpaBuiia, SKi ONUCYIOTh 3BHYAMHI
MOJIeTTi B3a€MO/Iii KOPHUCTYBadiB 3 cucTeMoro. Ha ocHOBI 1ux maHUX Oyria
po3pobiieHa amanTUBHA CHCTeMa iHTepdeicy, SKka TUHAMIYHO 3MiHIOE
CJICMEHTH YIIPaBIiHHS Ta (QYHKI[IOHAJ BIJIOBIIHO JI0 MOTPEO KOHKPETHOTO
KopHucTyBada. lle mpu3Beso 10 3HAYHOrO IOKpAmIeHHS e(QEeKTUBHOCTI
BUKOPHCTAHHS CHCTEMH Ta 3pOCTaHHS 33/I0BOJICHOCTI KOPUCTYBAYiB.

BucHoBku. Po3po0ieHi cucTemMa acoliaTUBHUX IMPaBHJI JJIs ajamnTariil
intepdericy ERP cucremu Ta amanTUBHMI MOAYNb 1HTEpdeEicy, 0
BpaxoBYy€ IHIUBIAyanbHI TOTPeOM KOPHCTYBadiB, O3BOJSIOTH CYTTEBO
MiABHIUTH eproHomiuny sikicte ERP cucrem

1 Amnaniz npobiem 3abe3mnedeHHs HaaidHOCTI 00poOku iHdopmamii B
ERP cucremax / 1. B. Kinumenko, A. B. 3axaposa, €. A. Jlaspos, . L.
Uubipsik // Iadopmaruka, Maremarvka, aBTOMAaTWKa @ MaTepialud Ta
nporpama MikHapoIHOi HayKoBOi KOH(epeH il Mojoaux BueHux, Cymu —
Acrana, 24-28 kBitHs 2023 p. / Bign. 3a um. O. O. [po3aenko. — Cymu-
Acrana : CymJ1Y, 2023. — C. 181.
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JIuckpuMiHAHTHMI aHATI3 SIKOCTI aHiMaIil TeMTUYHUX TeXHOJIOTiii
HA OCHOBI KiJTbKOCTI KaJpiB Ta TPUBAJIOCTi aHiMail

Kpunoseniska J1. B., cmyoenm IT-03; JlaBpos €. A., npoghecop

CyMchkuii nep:kaBHH yHiBepcuteT, M. Cymu, Ykpaina

Beryn. B 3B’A3Ky 3 PpO3NOBCIOKEHHSIM TEXHOJIOTIH TETUTHYHOTO
BUPOILYBaHHS OBOYIB BHHHMKAa€ 3ajaua OHJIAHH aHamily BapiaHTiB
opraHizaiii TEIUIMYHHUX TOCMOAAPCTB. SKICTh aHaNmi3y CYTTE€BO 3aJIC)KHUTh
BiJl TEXHOJIOTiH, 1[0 BUKOPUCTOBYIOTHCS TIPH aHIMaIlii

[locranoBka 3amaui. Hexali mpomoHyeThCS pPI3HOMAaHITHI BapiaHTH
TEXHOJIOTIH aHIMallil, SIKi PO3PI3HAIOTHCS KUTBKICTIO KaJpiB Ta TPUBAJICTIO
aHiMaIiii 1 icHye momepeqHs OIiHKa eKCIIEPTOM TaKHWX TEeXHOJOTIH.
Heo0ximHO po3pobutn knacugikatop, skuii Oy/ie OIIHIOBATH SIKICTh HOBUX
CTBOPIOBaHUX MPOEKTIB CIIMPAIOYUCH HA MOTIEPE/HI EKCIIEPTHI OLIHKU

Pesynprar. Ha OCHOBI eKcrepTHHX OIIHOK Pi3HUX TEXHONOTIH (AMB.
Tabn.1.) aHiMaIii TEITMYHUX TOCIOJAPCTB Ta BIAMOBIAHHUX IapameTpis,
TaKWX SIK KUIBKICTh KaJpiB Ta TPHBAJiCTh aHiMalii, Oylo CTBOpEHO
knacudikaTop 3a METOJOM JIIHIHHOTO AWCKpUMiHaHTHOTO aHamizy. Llei
knacudikaTop 3JaTHHIA OI[IHIOBATH HOBI INPOEKTH aHIMaIlii Ha OCHOBI
MOTIEPETHIX EKCTIEPTHHUX OIiHOK.

Tabmuns 1 — OrmiHka SKOCTI aHIMallii TEIUIMYHOTrO BUPOIIYBaHHS.
HaBuanena matpuns ( hparmenr).
KinekicTe kajpiB Tpusamictp Origka
aHimarrii(cek.)

8 640 60 1 — mBuIKO

12 672 88 1 — mBuIKo

19728 137 1 — wBuIKO
1800 60 2 — HOPMaJbHO
7440 124 2 — HOpMaJILHO
2 580 43 2 — HOPMaJILHO
1380 60 3 — HOBUJIBHO
1104 48 3 — HOBUJIBHO

18 400 800 3 — HOBUJIBHO
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Krnacudikarop 6yB HaBueHMI Ha HAOOP1 TaHUX, IO MICTHB 1H(QOPMAIIIFO
PO KUIBKICTh KaJpiB, TPUBAIICTh aHiMallii Ta €KCHEPTHY OLIHKY SKOCTi
JUISL PI3HUX TEXHOJIOTiM aHiMarii. HaBuanbHi qaHi OyJiv BUKOPUCTaHI IS
moOymoBH MOJIENI, sIKa JO3BOJISIE TependavaTy SKiCTb HOBUX NPOEKTIB Ha
OCHOBI iX mapamerpis (puc.1).

Knacwudikauia pesynbTaTie oLiHKK
Ha ocHoBI KinbkocTi kagpie Ta TpuBanocTi
3 BUKOPUCTAHHAM OUCKPMMIHAHTHOT aHaniay

800

700 [

600 |

500 |

400 |

300

TpuBanicTe aHimauii

200

100 LWBWKD
HOPMANBHO

NOBINEHO

0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8 2
Kinbkicts kanpis x 104

Pucynok 1 — JlemoHcTpanis pobotu knacudikaropa

BucHoBok. Po3poGiiennii knacudikaTop Ha OCHOBI JUCKPHUMiIHAHTHOTO
aHaNli3y JO3BOJISE E€(PEKTUBHO OIHIOBAaTH SKICTh HOBHX aHIMAaIliHUX
MPOEKTIB Bi3yamizauii TEMJIMYHUX TOCIONAPCTB. 3aBASKHA MOINEPEAHIM
EKCIIEpTHUM OIlIHKaM Ta aHalli3y mNapaMeTpiB ICHYIOYHMX TEXHOJIOTiH
knacu(ikaTop 37aTHUH NPOTHO3YBAaTH PiBEHb SIKOCTI HOBHUX INPOEKTIB Ha
eTarll IIaHyBaHH.

196



IMA :: 2024 CEKLIIA 2: Inghopmayiiini mexnonozii npoexmysants

YnpasJinHs pekJaMHIMH 0aHepaMu Ha BeOcaiiTax. Knacugikanis
O0aHepiB 3 BHKOPHCTAHHSM HaiBHOIr0 0aiieciBCbKOro miaxomy

Jliuyea JI. B., cmyoenm IT-03-2; JlaBpos €. A., npoghecop
CyMchkuii nep:kaBHui yHiBepcuteT, M. Cymu, Ykpaina

Beryn. V' cdepi enexkTpoHHOI KOMepIii, YNpaBiIiHHSA pEKIaMHUM
0aHepoM Bifirpae BUpIMIATbHY pONib y MPHUBAOJIEHHI Ta YTPUMaHHI yBaru
kopuctyBadiB. [Ipu cTBOpeHHI BeOcaliTy, Ba)KIHMBO HE JIHIIE 3Ty4YUTH
MOTCHIIMHUX KJIIEHTIB, ajie W TEePEeKOHATHCs, M0 PEKJIaMHI Marepiaiu
e(EeKTHBHO CIIOHYKAIOTh 110 ii. OmiHKa e(heKTUBHOCTI peKiIaMHOro 6anepa
SKpa3 JONOMOXKE BHPILIHUTH I1€ TUTAHHS.

[locranoBka 3amaui. Po3poOuté Monmenh BU3HAYEHHS €()EKTHBHOCTI
pekIamMHoro OaHepa B €JIEKTPOHHOMY Oi3Heci MpH CTBOpeHi BeOcailTy Ha
0a3i HaiBHOTO OaifeciBCHKOTO Kiacugikaropa.

Pesynpratu. EdexktuBHicTs OaHepa BU3HAYAETHCS HU3KOK (HaKTOpiB
(6impmre  10). B pmawiif poOoTi 3 MeTor0 AeMOHCTpallii e(eKTHBHOCTI
migxoxy OOMEXHMMOCH JBOMa TIOKa3HHKAMH: CEpeHid Yac BUBUCHHS
Oanepa kopuctyBaueM (A), BiTHONMIEHHS KUIBKOCTI KIIKiB JO KiJIBKOCTI
mokasiB (CTR).

BusHaueHo yoTHpH KiacH e(EeKTHBHOCTI: BHUCOKOC(EKTUBHHH, KOJIH
OaHep MOXHA B3aNUIIATH Oe3 3MiH; e(EeKTUBHUH, UII MOKpaIICHHS
MOKa3HUKIB Kpame MoaudikyBatn OaHep; TIOMipHO e(EeKTHBHUH,
HEOOXiIHO THUMYacOBO IMPHXOBaTH Ta MOAM]IKyBaTH; Hee()EKTUBHUH,
OaHep MOTPiOHO BUIAIINTH.

Jia BupinieHHs 3a71a4i Bukopuctano cepenosuiie MATLab.

@parMeHT HaBYaJbHOI MaTpuli HaBegeHo B Tabm. 1, ¢parment
peadizanii — Ha puc. 1.

BucHoBKH. CrBopena cucremMa  Mae MOTEHIIIaT CTaTu
BUCOKOC(EKTHBHUM  3acO00M  JJisl  OILIHIOBaHHS  PE3yJIbTaTHBHOCTI
CTpaTeriii KepyBaHHsS OHJIAHH-PEKIIAMOIO, IO CIPHSE NPUBEPHEHHIO Ta
30epeKeHHIO 1HTepecy BiJIBiyBadiB BeOpECypciB y KOHTEKCTI €J1eKTPOHHOT
KOMEPIIii.
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Tabmuus 1 — Tumu edekruBHOCTI OaHepiB. HaBuyanmbHa MaTpuiis
(pparmenr).
CTR, % A c EdexTuBHICTh pekaaMHOro OaHepy
10 30 1 — BucokoedeKTHBHUI
9 50 1 — BucokoeeKTHBHUI
8 40 1 — Bucokoe)eKTHBHU
8 50 1 — BucokoeeKTHBHUI
7 60 2 — EdexTuBHuit
6 70 2 — EdexTuBHuit
5 75 2 — EdexTuBHUM
4 80 3 — IlomipHO eeKTUBHHI
3 100 3 — [omipHo edexkTuBHMIA
3 90 3 — lomipHo edekTHBHUIA
2 240 4 — HeedexTuBHUI
1 300 4 — HeedexTuBHUI
it BusHaueHHn edeKTMBHOCTI peknamHoro GaHepa
250 - -
200 - 4
1
2 150 - 2
4
100 o
50 - |
0

Pucynok 1 — JlemoncTpauis pobotu kinacudikaropa

198



IMA :: 2024 CEKIIA 2: Inpopmayitini mexnonoeii npockmyeanms

Moaeab AJs1 MIATPUMKH NPUHHATTS pillleHb
AUCIETYEPA KOJ-IEHTPY MacakKupcbKuX nepesesenb «Ceppic-JIroke»

Mopos 10. B., cmyoenm IT-02; JlaBpoB€. A., npoghecop
CyMchkuii nepkaBHui yHiBepcuteT, M. Cymu, Ykpaina

Beryn. ¥V xoHuenmii «po3yMHOTO MicTa» BENUKa yBara MPUALISETHCS
npoOyieMi  «po3yMHOTO TpaHcropTy» [1]. Ha »xanb, icHyroui cucTeMu
JUcreTdepu3anii Takci B OibIIOCTI BUMAJIKIB HE BPAaxOBYIOTh MOBHHI
CHEKTp MoOakaHb, BMOAOOAHb i OOMEXKEHb MACaKUPIB Ta MPU3HAYAIOTH
«HAWONMXKYYy MAaIlWHY», IO YacTO BHKIHKAE CEpHO3HI MpoOieMu i
TICUXOJIOTIYHUIN TUCKOMQOPT.

[TocranoBka 3amaui. Po3pobutn MaTemMaTHIHy MOZENb ISl MiATPUMKH
MPUAHATTS PIillleHb OIMEPaTOpoOM CIYXOW JUcTeTdepu3allii Takci, sKa
BIJIMIOBiTa€ BUMOTaM OaraTOKPUTEPIANBHOCTI TPUHHATTA pIlIeHb 3
BpaxyBaHHIM M00aKaHb MMACAKUPIB Ta KOHIIEIIIIT «po3yMHOTo micta» [1].

Pesynpraru. [IpomonyeThCst HACTYITHAHN TiAXiA!

— @opMmyBaHHsS TyJIy 3aMOBJICHb (3ajada BUPIIIYETbCS IUISL JAESKOI
MHOXXHHHU BUKJIMKIB) ;

— Bupimenns 3agaui ontuMizanii 3aKpiruieHHs] MaIIMH 33 MacaXHUPaMH.

BukopuctoByemo meroa TOPSIS, sikuii opieHTOBaHWI Ha OLIHIOBAHHS
IBTEPHATHB BiJHOCHO HAaWKpPalIoro Ta HAaWTipIIOro BapiaHTIB 3aKpillIeHb
MaIIVMH 33 KJIIEHTaMU 1 riepe10adyae KPOKH:

— BU3HAYUTH HAOIp KPUTEPIiB JUIsl aHaNi3y albTepHATHBHUX BapiaHTIB
3aKpiIUICHHS MallVH;

— BU3HAYMTH Baru JUIA KOXKHOTO KPUTEPIIO;

— copMyBaTH JaHi A KOKHOTO KPUTEPIO 110 KOKHOMY BapiaHTY,;

— HOpMaJTi3yBaTH JIaHi 7151 KOKHOTO KPUTEPIIO;

— o0y IyBaTH MaTPUITO BiJICTaHEH;

— OOYHCITUTH BaroBi CyMiXKHI KOe(iIiEHTH ISl KOXKHOI aTbTePHATHBH;

— BU3HAYHTH BapiaHT, SIKUI Ma€ HAMOIIBIINY pEHTHHT.

Amnpobartis. Monesb anpo0OoBaHo B cityx01 nepeBezenb «Cepsic-JIrokey»
(M. Cymmu). 3adikcoBaHO 3MCHIICHHS BHITQJKIB BiJIMIHK OpOHIOBaHHS,
3MEHIIICHHS KIJIbKOCTI CKapr Ta IMiJABHMIICHHS PEHTHHTY CITyKOH.

1 N. Mohamed et.al.“Unmanned aerial vehicles applications in future

smart cities,” Technological Forecasting and Social Change, vol. 153,
Article ID 119293, 2020.
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AHaJi3 pyxoMoro ckjiagy aBTOTPAaHCIOPTHOIO MiANPHEMCTBA.
Mogeas ajs1 kaacudikauii aBToMo0iTiB
3a KPUTEPiEM MOKJIMBOCTI MPOAOBKEHHA eKCIIyaTalil

Mopo3 0. B., cmyoenm IT-02; JlaBpoB €. A., npogecop
CyMchkuii nep:kaBHui yHiBepcuteT, M. Cymu, Ykpaina

Beryn. OgHuM 3 BaKJIMBHX AacleKTiB yNpaBlliHHS aBTOMAPKOM €
MPUAHATTS PillIeHb 0JJ0 MOMEHTY CHHCaHHs abo MPOAaKy TPaHCHOPTHUX
3aco0iB. ExcryaTtaris HeeeKTUBHUX MaIllMH NPU3BOJUTD 0 301IbIICHHS
aBapifHOCTi, PU3MKIB TICUXOJIOTIYHUX TpaBM BOmiiB Ta macaxwupis[l]. Lle
3aBJaHHS Ma€ CTpaTeriyHe 3HAYEHHS, OCKUIBKM NpaBUJIbHE BU3HAUCHHS
gacy BUOYTTS aBTOOYCIB MOXK€ ITO3UTHBHO BIUTMHYTH Ha €(DEKTHBHICTH Ta
(hiHaHCOBY cTa0iNbHICTh TiAMpueMcTBa [1]. Y bOMY KOHTEKCTiI po3poOka
Ta 3acTOCyBaHHS Kiacudikaropa, SKAW 0a3yeThCs Ha aHami3l BIKY
aBToOyciB Ta ix mpoOiry, Mae BelMKe MpakTHYHe 3HadeHHs. [leit
KinacugikaTop MOKE TOIMOMOITH B YIPaBIiHHI aBTOMApKOM, HaJalodu
00'€KTHMBHI pEeKOMEHJAIIl MO0 ONTHMAJILHOTO 4Yacy CIHUCaHHS a0o
npojaxy aBToOyciB. B maHiii po0OTI MU MPOMOHYEMO PO3POOKY TaKOro
knacugikaropa Ta Horo ampoOariro Ha NPaKTHYHHX JaHUX 3 METOIO
MiZABUINCHHST €(pEKTHBHOCTI yINpaBliHHA aBTomapkoM ¢ipmu «Cepsic-
JIIOKCY.

[NocranoBka 3aaaui. 3amava nojsrac y po3poOii kiacudikaropa, KU
Ha OCHOBI BX{JIHUX JaHUX Mpo BiK aBroOycy Ta Mpodir 3Moxe
kinacugikyBaTH HOTO MOXIWBICTH CHHCAHHS Ha TPU KaTeropii: BHCOKA,
cepe/Hs Ta HU3bKa.

Pesyneratu. Onuc merony.

306ip Ta miAroToBKa maHWX: BXigHI MaHI CKIIAAAOThCS 3 BIKY aBTOOYCY,
mpobiry Ta Kiacy, SKWUH BigoOpakae MOXIMBICTH crucanHa. [lani
MOJAIOTHCS Y BUIIISLII HABYAJIbHOT MAaTPHULI.

Bubip wmeromy knacudikamii: [ns po3s'szaHHs fgaHOi  3amadi
BUKOPHUCTOBYEThCS METO/ HaiBHOTO balieca, OCKiNbKH BiH eDEeKTUBHUI ISt
BEJIMKHX OOCATIB JaHUX Ta MPOCTUH y peasizallii.

Hapuanns ta kmacudikariis: HaBuanbHa MaTpHIs BUKOPHCTOBYETHCS
JUIS HaBYaHHsA Mozeni knacudikaropa. [licis HaBYaHHS HPOBOAUTHCS
Kiacudikallis JaHuX.

Orinka Ta Bi3yamisalls pe3yinbrariB: J[as OLiHKM SIKOCTI Kiacudikaii
BUKOPUCTOBYETBCS ~ MATPUI  TUIyTAaHUHHA.  TakoX  3IIHCHIOETHCS
Bizyastizalis KiacuikamiiHux pe3yabTaTiB Ha rpadiky.
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Knacudikarop mokazaB BUCOKY TOYHICTh Ta HaAIMHICT y Kiacupikariii
TPaHCIIOPTHUX  3aco0iB  3a IX  XapakTepucTHKamMH. Pe3ymbraTé
BimoOpakatoTbcsi Ha rpadiky (puc.l.), SKuif ITIOCTPy€E PO3MOALT KiIaciB
MO>KITMBOCTI CIICaHHA ab0 MPoIaxy aBTOOYCIB B 3aJIe)KHOCTI BiJ iX BIKy Ta
mpooiry.

Posaaty of wrte o oo swe

Pucynok 1 — JleMmoHcTpamis mpuHIKITY poOOoTH KiacudikaTopa mis
ABTOTPAHCIIOPTHOTO MiJIPHEMCTBA

AmnpobOartis. Po3poOnienuii  kimacugikarop Oyno NpPOTECTOBAHO Ha
npakTuIi y ciayx0i nepeBeseHb «Cepsic-JItokc» y wmicti Cymu. B
pe3ysbTaTi HOro 3acTOCYBaHHS OYJI0 BHSIBJIGHO TIOMITHE 3MEHIICHHS
BUTIAJIKIB  aBapii 1 KUIBKOCTI CKapr Bijg KiieHTiB. JlogaTkoBo
CTHIOCTEpirasiocst MiJIBUIIEHHS PEWTHUHTY SKOCTI OOCIYrOBYBaHHS BiJl
ciy>kOu  mepeBe3eHb. Lli pe3ynmpTath CcBigUaTh TNPO YCHINIHICTE Ta
e(eKTUBHICTh PO3po0JeHol Moxeni kinacudikarii Ta MiATBEPPKYIOTH ii
MOTEHIIiaJ Y TOKpAIIeHH] yIPaBIiHAS aBTONAPKOM Ta ITiIBUIICHH]I Oe3MeKn
PYyXYy 1 3aJJ0BOJICHHS KITI€HTIB.

1 S.Ge, G. Chen, H. Liu, Z. Zhou and Z. Wan, "Evaluation index of bus
drivers’ duty admission based on management demand," 2023 7th
International Conference on Transportation Information and Safety
(ICTIS), Xi'an, China, 2023, pp. 1-8, doi:
10.1109/ICT1S60134.2023.10243647.
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IIpoJior-TexHoJ0Tisl OI[iHIOBAHHS HAXITHOCTI
JIIOAUHO-MAIIUHHOI B3aEMOil

Tarapuyk P. M., cmyodenm IT.m-21n; JlaBpoB €. A., npogecop
CyMchkuii nepkaBHui yHiBepcuteT, M. Cymu, Ykpaina

Berynm.  VeknagHeHHs  MPOLECIB  YIPABIIHHA — TEXHOJIOTIYHHMHU
00’ekTamu, 30UTBLICHHS PU3MKIB aBapiii Ta HeOe3meK i JIOIWHH-
oreparopa BHMMAararmTb OCOONMBOI yBaru MO0 METOHIB 3a0e3MeUeHHs
HaJIHHOCTI [iasoroBoi B3aeMOJil Ta TOMIYKY pE3EpBIiB MiABUILECHHS
€PTrOHOMIYHOT SIKOCTI.

[NocranoBka 3amaui. OOrpyHTyBaTHM METOJ OH-JTAiiH OIIHFOBAaHHS
JaIOTOBOI B3a€EMOII «ITHOTMHA-KOMIT FOTEPY.

Pesynbrarn. B OCHOBY KOHIEMIIT MOKIAJCHO JIIOJMHO-CHCTEMHUMN
migxin [1] Ta QyHKIIOHATEHO-CTPYKTYPHY TEOPIiI0 €pProTeXHIYHUX CHCTEM
[1-3], sxa mepembauae OIMKMC ANTOPUTMY JIFOJMHO-MAIIMHHOT B3aeMOJii B
BUTJIAJII MOJIENI TUITY «(PYHKIIIOHATEHA MEPEXKay.

SIKIO omMcaTH ajJrOpUTM B3aEMOJIT JIIOJUHM 1 KOMIT IOTEPHOI CHCTEMHU
3a JOmMOMOrol  (PyHKIIOHamBHOI Mepexi 1 3amaTh  TOKa3HUKH
0E3MOMHIIKOBOCTI 1 4acy OKpeMHX OIfepallii, ki BUKOHYIOTh JIIOAWHA a0o
ABTOMAaTHKa, TO MOXHA OI[IHUTH HaiWHICTh BCHOTO ATOPUTMY B3aEMOZII.
Jlyis BupitieHHs 1i€l 3ama4i copmoBaHo [1] Momeni OLIHKYA HAAIHMHOCTI
Ui TANOBUX — (QyHKUioHANbHUX cTpykTyp (T®C). [ns mBHaKoro
aBTOMATUYHOTO  OIHIOBaHHS  aJlbTEPHATHMBHUX BapiaHTIB  JIIOAMHO-
MAaIIMHHOT B3aeMoii HeoOXiqHO BUsBIATH Taki TOC i mpoBOIUTH 3TOPTKY
(penykuiro) dyHkuioHanbHOT Mepexi, 3aMiHooun TOC Ha enemeHTapHi
oreparlii 3 eKBIBAJICHTHUMH XapakTepucThkamu. Ha >xanb, TexHomorii
TaKOTO PO3Mi3HaBaHHS 1 aBTOMATH3allil peAyKIIii Il OH-TaiH OI[iHIOBaHHS
NOTPEOYIOTh BIOCKOHANICHHSL:

— icHyroumnii Meton, po3pobneHuit Agamenko A.M. [1], opieHTOBaHU
Ha [lponor-omuc MOBOIO TpeAHWKaTiB, Mae (QyHIaMEHTALHY MOJIENb
OIIIHIOBaHHS, ayie 0a3y€eThCs Ha 3aCTapiJIuX MPOTrpaMHMX 3aco0ax

— Metoj, 3anponoHoBanuii [Taceko H.B. [2], Ha skanb, opieHTOBaHHI HA
EXCEL-TexHO10Tii.

B 3B’313Ky 3 LM HA OCHOBI ICHYIOYHX PO3POOOK PO3POOIICHO HOBY MOBY
onucy QyHKIiOHANBHUX Mepex 1 [Ipoor- TeXHOorito OLiHIOBaHHSI.

Crpykrypa [Iponor-porpamu, mo NporoHy€eThCS:

Bi-bnok omucy crpykTypu ¢yHKUiOHANBHOI Mepexi (OMHC CTPYKTYpH
rpady, ToOTO 3B’SI3KiB MK OIEpauisiMh) Ta XapaKTEPUCTHK HAAIHHOCTI i
Yyacy BUKOHAHHS OKPEMHUX Ollepalliii;
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B>.bnok omucy cTpykTypu Beix Bigomux TOC;

Bs-biiok MaTeMaTHYHMX MOZENEH NI OLiHIOBaHHs MoKa3HuKiB TOC;
B4_briok mpaswun nomryky i “sropranus” TOC;

Bs- biiok mpaBui ynpaBmiHHS IPOLECOM PENYKIIii.

Bs - bBirok “cepBicHUX TIpaBHIT

[puknan peaykuii pyHKIIOHATBEHOT MEpEsKi MOKa3aHo Ha puc.l.

Pucynok. 1. [leMoHCTpaIllis NpUHITUITY peAyKIii QyHKIIOHATEHOT MEpexKi

BucHoBku. TexHomoriss mnpoinma anpoOaliio Npu  MOJEIIOBaHHI
peabHUX aBTOMAaTH30BAHUX KOMIUIEKCIB 1 TUIAHYETHCS 10 BUKOPUCTAHHS B
MiXXKHAPOJAHOMY MPOEKTI OH-JIalH MiATPUMKHA €proHOMIYHUX
JOCITIJKEHB[ 3 ].

1 A. N. Adamenko, A. T. Asherov, I. L. Berdnikov. Information
controlling human-machine systems: research, design, testing. Reference
book, A. I. Gubinsky & V. G. Evgrafov, ets.: Mashinostroenie, 1993

2 E. Lavrov, N. Pasko, O. Siryk, O. Burov and M. Natalia,
"Mathematical Models for Reducing Functional Networks to Ensure the
Reliability and Cybersecurity of Ergatic Control Systems," 2020 IEEE 15th
Int. Conf. TCSET, Lviv-Slavske, Ukraine, 2020, pp. 179-184, doi:
10.1109/TCSET49122.2020.235418

3 E. Lavrov et al., "Human Factors in Automated Systems. Methodology
for the Computer System “International Center for the Support of
Ergonomic Design and Research”," 2023 IEEE 5th International
Conference on Advanced Information and Communication Technologies
(AICT), Lviv, Ukraine, 2023, pp. 1-5, doi:
10.1109/AICT61584.2023.10452692.
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Cucrema ynpap/aiHHA ABTOMAaTH30BAHUM XJ1i003aB0OI0OM.
Pu3uku Ta MeT010J10Tisl MOLIYKY €PrOHOMIiYHHMX pe3epBiB
3a0e3neyeHHs MPOA0BOJILY0I Oe3meKn

Tarapuyk P. M., cmyoenm IT.m-21n; Knumenko L. B., acnipanm;
JlaBpos €. A., npoghecop

CyMchkuii nepkaBHui yHiBepcuteT, M. Cymu, Ykpaina

Beryn.  Cywacni  xmi6o3aBogu — II6  BHCOKOABTOMAaTH30BaHI
BHpPOOHMIITBA, $Ki, Ha JXajgb, CTAOTh [DKEPEIIOM HH3KH HEOEe3leK Ta
MPOIOBOJIBYUX PUBHKIB.

IMocranoBka 3agaui. IlpoanamizyBatn mpobieMu Ta pPO3POOUTH
MIPUHIIUITN €PrOHOMIYHOTO 3a0€3MeYeHHS MTPOAO0BOIBY0I OE3MEKH.

Pesynpratn. @yHKIiOHATBHA CTPYKTYpa CUCTEMH yrpaBiiHHs. OCHOBHI
migcucremu.  Ckmaxg  GesrapHoro  30epiramHs  OopomHa  (B3b);
MPUTOTYBAaHHS PO3YHHIB Ta 30€piraHHs piJKoi CHPOBHHU; IPUTOTYBaHHS Ta
o0poOyieHHst TicTa; 3abe3redeHHS BHPOOHUITBA (TEIUIO-, BOAO- Ta
XOJIOJIOTIOCTaYaHHsI, EICKTPOIIOCTaUYaHHS, BEHTUIISALIS, KOTEJIbHS Ta HII).

OCHOBHI 3aJ1a4i yIIpaBIiHHS MTiJCUCTEM.

Crmax B3b Ta mnozgasa OopomHa y BHPOOHMITBO: YNPABIIHHI
CJICKTPONPHUBOAAMH 1 PO3HOAUILYNUME PUCTPOSIMH NPH MOZa4i 6OpOLIHa;
YHpaBiiHHs po0OTOI0 MexaHi3MmiB ckiaxy bB3b Tta KoHTpomb cramy
PO3MOMAITBYUX MPUCTPOIB; KOHTPOJIb MACH, CHUTHAI3allisl TPaHUYHUX
3HAYEHb PIBHSA Y €MHOCTSX; KEpyBaHHS MeEXaHi3MaMH Ta MPHUCTPOSIMU
OYHIIICHHS (IIBTPIB BiJl BIAMPAIIbOBAHOTO MOBITPSI.

[IpurotyBaHHsS JOAATKOBOI CHPOBHUHU: YIPABIIiHHS €JIEKTPOIIPUBOIAMH
1 pO3MOJUTPUOID apMaTypoOI0 TPHU MPHUTOTYBaHHI PIAKUX IHTPEIEHTIB,
KOHTPOJIb PiBHSI B €MHOCTSX, CUIHali3allis IDaHAYHHMX 3HAYCHb PIBHS B
HHX; KOHTPOIIb MApamMeTpiB sSKOCTI (KOHIECHTPALi, TYCTHHH, KHCIOTHOCTI
Ta 1HIHI/IX) PO34MHIB JJOJATKOBOI CHPOBUHY; YNPABIiHHS MEXaHi3MaMu Ta
MPUCTPOSIMHU ITOAAY1 JOAATKOBOI CHPOBUHH Y BUPOOHHUIITBO.

HpuroTyBanus HaniBgaOpukaris (onapn Ta TiCTa): pPETYJIIOBaHHS
BUTPAT PIAKMX 1 CHIKHX KOMIIOHCHTIB; PErylioBaHHs (cTabimizaiis)
BOJIOTOCTI OTAapH, TiCTa; KOHTPOJIb MapaMeTpiB Mporecy (TeMIeparypH,
KHCJIOTHOCTI, PEOJIOTil Ta 1HIIKMX) OTNapy Ta TicTa; CUTHAMI3allisi TPaHUIHUX
3HA4YCHb TCMIIEPAaTypH, KHCIOTHOCTI Ta peONorii omapu Ta TICTIL
KepyBaHHs ~CJICKTPONPUBOLAMU Ta POBMOAUIEYO  apMaTypok  TpH
NPUTOTYBAHHI ONAPH Ta TICTA; YHPABIIHHSA TCXHONONIYHHM OOJIaXHAHHIM
Ta MeXaHi3MaMHd BIAMOBIIHO JI0 3aJaHOl TpOrpaMH Ta CHTHaI3aIlis
pobodYoro Ta aBapitHUX PeXUMiB POOOTH.
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BunikanHs: ynpaBiiHHS 3alajJbHAMHU MPUCTPOSIMUA TPH PO3NATIOBAHHI
meyi; cradimizamisi peXXKHMiB BOJIOTOCTI B Tedi; KOHTPOIb 1 peryiIroBaHHSI
TEeMIepaTypyd B MEKapHUX Kamepax Ta TACM B MeYax; CHTHaJi3amis mpo
TpaHWYHI 3HAYCHHS TapaMeTpiB IIedi; KOHTPOJIh BUTpaTH TNaMBa Ta
ynpasiiHHs 6e3nexoro ropiHag. O4eBUIHO, IO BC1 GYHKLIT € MPU HU3bKIN
HaJIMHOCTI JDKEpPEeJIoM pPHU3MKIB. AHali3 poii omeparopa Ta MpodiieM
“mroxcekoro dakropa”. IligBUIIEHHS piBHIB aBTOMAaTH3AaIlii, 3 OJHOTO OOKY,
CHpUsi€ 3pOCTaHHIO €(EeKTHBHOCTI, a, 3 IHIIOro OOKy, — HamNpy>XeHOCTi i
IiHA TIOMHJIKH OTeparopa. 3pocTae poyib iHGOPMAMIHHNX Moeei
(puc.1.), gmonst pobotm B  iHPOpPMALiHHOMY  cepeloBHII  Ta
BiIITOBIAILHICTE orepatopa, KA  MOXE CTaTH, 5K JDKEPEIIoM
IIOMHJIKOBHUX peaKHlI/I TakK 1 KOPHUT'YIOUHM CJICMCHTOM.

Pucynok1. JIemoHCTpallis 3MiHH POITi OMIepaTopa yrpaBiIiHHS
XJ11003aBOJOM

MeTtoponorisi opraHizaiii JIOAMHO-MAINIMHHOI B3a€EMOJII B CHCTEMax
YIpaBIJIiHHS aBTOMaTH30BaHUM XJ11003aB0J0M. OCHOBHI IPUHIINTIH:

JronuHO-crcTemMuamiA miaxia[1];

AnanrusHi inTepdenicn;

BuGip BapianTiB opraHi3auii ynpasjiiHHs NPOLECOM HA OCHOBI OLIHOK
0e3MOMHIIKOBOCTI 1 cBoedacHOCTi [1] peamizamii ¢yHKuii (mepemik auB.
BHIIE) B 3aJIKHOCTI Bi/I:

— ANropuT™MYy IiSITBHOCTI OIeparopa

— [npopmarniiinoi mozgeni

— XapakTepucTHK omepatopa (piBeHb MiATOTOBIEHOCTI, piBEHb
MOTHBaIi1, QYHKIIOHATBHUI CTaH, TOIIIO)

— YMoB mpari.

1 E. Lavrov et al., "Human Factors in Automated Systems. Methodology
for the Computer System “International Center for the Support of
Ergonomic Design and Research”," 2023 IEEE 5th Int. Conf. AICT, Lviv,
Ukraine, 2023, pp. 1-5, doi: 10.1109/A1CT61584.2023.10452692.
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InTepakTUBHMI TPpeHAXKepP CTBOPEHHS TEKCTYP.
Po3poOka mixxoay no knacudikauii pe3yabTaTiB HABYAHHS

Kocenko B. M., cmydenm IT-01; JlaBpos €. A., npoghecop;
®enmorosa H. A. doyenm

CyMchkuii nep:kaBHui yHiBepcuteT, M. Cymu, Ykpaina

Beryn. Tekctypu — ne kKoMOiHOBaHI 00’€KTH, sIKi BKIIIOYAIOTh y cebe
pi3HOMaHITHI eJeMeHTH, Taki SK Komip, ¢opma, Oamn-manu (sKi
CTBOPIOIOTH  UTIO3if0  penmbe(HOCTI), BHCBITICHHS Ta TiHi. BoHH
HakamawTbes Ha 3D-Momeni 00'eXTiB 1 TOMOMaratoTh CTBOPUTH BPKEHHS
JIETalli30BaHUX TOBEPXOHb, HABIThH SKIIO CaMi MOJEN HE MAlOTh BEIIUKOI
KinbkocTi momironis. Ilpu cTBOpeHHI TpeHaxkepiB Mo MmigdOpy mapaMeTpiB
TEKCTyp HEOOXiJHO OIEpPaTHBHO BiJCTIAKOBYBAaTH pPiBEHb IMOTOYHHUX
nocsirHeHb. KopuceTes poboTH TpeHaxepy 3alie)KuTh BiJ OLHIOBaHHS
pe3ysbTaTiB, 3aBASKH SKHM JIOJMHA MOXKEe OauyuTH pe3ylbTaTH CBOEi
poOoTH Ta aHaTI3yBaTH IOMUIIKH.

[Mocranorka 3amadi. OckiIbkH (HOpMaTi30BaHOT METOJAUKH OI[IHFOBAHHS
pe3ysbTaTiB  HAaBYaHHS CTBOPEHHIO TEKCTYp HE ICHY€E, JOLIIBHO
BUKOPHCTOBYBATH iCHYIOYi OIIHKHM €KCIEPTiB, BUCTABJIECHI B MOIMEPEIHIX
ceaHcax poOOTH 3 TpeHaxepoM . [Lis y3aranbHEeHHs JOCBIly IPOIIOHYETHCS
HaBYaHHS 3 yuHuTeneM. MeTorw po0oTH € po3podKa MmiIXoAy A0 MoOYyI0BU
QITOPUTMY I BUpIIEHHS 3afad  kKiacudikamii Ta  po3pobka
JEMOHCTPAIIHHOTO TPHUKIAAY IJs aHaji3y poOOTOCTIPOMOXKHOCTI Takoi
MOJET.

Pesynbraru. Po3po0iieHo anropuT™ s BUpILICHHS 3a1a4 Kiacudikariii
3a JIOMOMOTOI0 pajfianbHuX OasmcHuMX Mmepex Tuimy PNN. Kiacudikatop
npuiiMae Ha BXiJ] TapaMeTpH: «IIPaBWIBHICTh (OPMHU» Ta «IIPaBHIBHICTH
KOJIbOPY» TEKCTYpH, 00paHi i yac ii po3pooku. Buxin — «Knac omiHku».
Hnst TpeHyBaHHS BHKOPHCTaHi JaHi 3 JIEMOHCTpamiiHOi HaBYaJIbHOI
MaTpuii (Tadxn.1.) Ha 11 ocHOBI CTBOpEHO mMaTepHH BiIHECEHHS CTBOPEHOI
TEKCTYPH JIO TIEBHOI OIIHKW BH3HA4eHoi y 3ipkax. [Ipuknam pesynbrariB
pobotu kiacudikaTopa MpeacTaBieHo — Ha puc. 1.

BucHoBok. basucna mepexka tuny PNN 3a0e3neuye nodynoBy 6a30Boi
MoJielti knacudikaropa OLIHKKA CTBOPEHOI TEKCTYpH B PO3Pi3i «OIIHKH»
JUTSL IHTEPaKTUBHOI'O TPEHAKEPY.
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Tabmuus 1. JlemMoHcTpamiiiHa HaBYaIbHA MATPHIS JUIS aHANI3Y SKOCTI
TEKCTYP

3nauenns [lokasnuka 1 | 3HadyenHda [lokaszHuka 2 .
. . Kitac oninkn
(npaBuIbHICTE GopMH) | (TIPABHIBHICTH KOJIHOPY)
0.1 0.3 1 3ipka
0.4 0.2 1 3ipka
0.5 0.5 2 3ipKu
0.8 0.7 3 3ipku
0.7 0.5 2 3ipKu
0.9 0.8 3 3ipku

OuiHka pe3ynbTaTiB CTBOPEHHA TEKCTYPU

=
[=))]

MpaBunbHICTE KONBOPY
o o o o
Now B o

o
—

o

0 0.1 0z 03 04 05 06 07 08 09 1
MpaBunbHIiCTE hopmu

Pucynoxk 1 — IIpuknag pobotu kinacudikatopy «OuiHKa pe3ysbTaTiB
CTBOPEHHS TEKCTYPH»
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Ipurognuubka rpa Another Lifey.
Mopeas A BHOOpY THILY OPOHi CyNPOTHBHHUKA

Copokid L. P., cmyodenm IT-01; JlaBpoB €. A., npoghecop;
®demoroa H. A., douenm

CyMchkuii nep:kaBHui yHiBepcuteT, M. Cymu, Ykpaina

Berymn. IIpu po3po01i NpUrogHUIBKUX irOp BEIHKA yBara MpUILIIEThCS
BHOOpY pI3HOMAHITHHX MapaMeTpiB, y TOMY 4YHCII CIPUTHOCTI, CHII,
030poenHI0 TpaBuiB. OnTuManbHUN BUOIp CHIpHUsiE 3alliKaBICHOCTI TPABIIIB i
ajamnTarii irpoBOro IMpoIecy M0 BUMOT KOPUCTYBadiB. {15 BUKOHYBaHOTO
HaMH TIPOEKTy rpu «Another Life» oaHi€ero i3 akTyanbHHX 3a1a4 € 3a1ada
aIafITUBHOTO HAJIAIITYBAaHHS TUITY OPOHI CyNPOTHBHHUKA.

[locranoBka 3amaui. Po3poOutu Momens mnst BuOOpy Tumy OpoOHI B
ymoBax Tpu «Another Life» 3a pomomororo kmacudikaropa, sSKuid
3a0e3redye TOCTaTHIO TOYHICTH PEe3YiIbTAaTIB.

Pesynpratn. BusHaueHo HacTynmHI TUOHM OpOHi: JieTka, cepelnHs Ta
Bakka. B sKoCTi OCHOBHHX (pakTOpiB, IO BIUIMBAIOTH HAa BUOIp B JaHIi
JIEMOHCTPATUBHIM TOCTAHOBIII OOpaHO PiBEHb T'paBLs 1 CKIAJHICTH TPH.
[IpuifHATTS pilIeHb Mpo TUTT OPOHI 3MIKCHIOETHCS HA OCHOBI IMOTIEPETHBO
chopMOBaHOI 13 3alydeHHSIM EKCIIePTiB HABYAIBHOI MATpHIl, (parMeHT
SAKOi HaBeleHO B TaOn.l. 3ajmaua BiJHOCHTHCS A0 3a7ad Kiacudikarii,
HaWOUMBIly TOYHICTH 3a0esredye HaiBHWIA 0OaeciB  Kitacudikarop.
JleMoHCTpaltist pe3ysbTatiB Takol Kinacu(ikailii HaBeJeHa Ha puc. 1.

Tabnums 1 — Tunu OpoHi y 3aJI€KHOCTI BiJI HapaMeTpiB PiBHs IpaBIls Ta
BCTAaHOBJICHOI CKJIIaqHOCTI rpu. HaBuanbHa MaTpuis.

PiBens rpaBis CknamHicTh TpH Tum 6poni
5 1 Jlerka Gponst
10 2 Cepenns 6poHs
2 3 Cepennst OpoHs
3 2 Jlerka 6poHs
10 3 Baxxa Opons
15 1 Baxxka 6pons
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[IponoBsxenns Tadm. 1.

8 2 Cepenas OpoHs
12 3 Baxxka OpoHs
6 1 Jlerka OpoHst
4 2 Cepenas 6poHs
11 3 Baxxka 6poHs
7 1 Jlerka Oponst

HaiBHui BaeciBcbkMia knacudikaTop gna rpu "Another Life"

Nerka Bpoxa
Cepegna Dpona

28¢
+  Bamka Gpons

26

22F

18-

CKnagHicTe rpK
[
T

141

121

0 2 4 6 8 10 12 14 16 18 20
PieeHb rpaBua

Pucynok 1 — Jlemonctpaiiist pobotu kiacudikaropa

BucHoBku.  Po3poGnena  mozmens Moxe ~OyTd  eeKTUBHUM
IHCTPYMEHTOM BHU3HAYCHHsI THUITYy OpOHI JIsl MPOTUBHUKIB 3a IMapaMeTpamMu
PIBHS IPaBIIs Ta CKJIAHOCTI IPU 3 METOIO CTBOPEHHS pal[iOHAbHUX PIBHIB
CKJIaJHOLLIB 1 MiABUILEHHS iHTepecy IS TPaBLIiB.
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Hinxix 70 anamizy pyxiB nuppoBoro ABiiiHUKA JIOIUHI
3a I0NOMOroI0 HaiBHOTo 0aeciBcbKOro kiaacugikaropa

®poinona €. 1., cmyoenm IT-03; JlaBpos €. A., npogecop
CyMchkuii nep:kaBHui yHiBepcuteT, M. Cymu, Ykpaina

Beryn. B emoxy 3pocTarouoi HOMyJISIPHOCTI IITyYHOTO I1HTENIEKTY Ta
OHJIATH-KOHTEHTY, BIPTyaJbHI  aBaTapd CTalOTh JefJali  OUThII
3arpeOyBaHUMH. |HHOBAIifHI TEXHOJOTI] MPOIOHYIOTh MIUPOKUN CIIEKTP
MOXKJIUBOCTEH JII1 TOJIMINEHHS BiZIcO, INPE3CHTAIlii 1 HaBYAIBHHUX
MaTepianiB, poOmsaun ix OiIbIl  IiKaBuMH, mnpodeciiHuMU  Ta
IHAWBIMyalli30BaHUMHU. 3aBASKHM MOXXIMBOCTI aHiMamii Ta TMOBHOL
KacToMmizallii, aBatapu MOXYTh HaJaBaTH iH(QOPMAIi0 B JOCTYIHIMIH Ta
iHTepaKkTUBHIIIIKA (opMi, NTEMOHCTPYBAaTH pPi3HI MpPOLECH Ta IHCTPYKIIi,
CHPOLIYIOYH CIPUIHATTS 1 3a11aM'ITOBYBaHHSI OCHOBHHUX i7IeH.

[TocranoBka 3amavi. Po3poOuTy miaxia mo mo aHamizy pyxiB udpoBoro
JIBIHHUKA JTFOIMHY 1 TPOBECTH MOTO ampOarliro Ha MOJIelli BU3HAYSHHSI THITY
pyXy ouell mnepcoHaxy (MopraHHs), CTBOpeHOro B mporpami Live2D
Cubism Editor, 3a qomomoror HaiBHOro 0aeciBChbKOIo KiacudikaTopa.

Pesynpratn. BusHadueHo HacTymHI BapiaHTH BioOpakeHHS oOuei
NEPCOHAXY: SKIIO OOIMYYs KOPUCTYyBaya 3HAXOOUTHCA B 3aJaHUX
KOOpAMHATaX 1 HOro pyXu He IHTEHCHBHI 1 3 BENHKHUMHU Iay3aMH, TO
MEPCOHaX BUKOHYE MOpPTaHHS, iHAKNIe NepcoHak He Moprae. s
BUpIIEHHs 3ajmadi BukopuctaHo cepenoBuime MATLab. ®parmeHt
HaBYaJIbHOI MaTpULi HaBeJeHO B TaOiu. 1, a pesynpTar Kinacudikalii — Ha
puc. 1.

BucnoBku. Po3pobnena Mozenb Moke OyTH BHKOpPHUCTaHA IS
BU3HAYEHHSI TTOJIOKEHHS OYeil IepCOHaXKy, CTBOpEeHOro B mporpami Live2D
Cubism Editor.
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Tabmumns 1 — Bapiantu BimoOpaykeHHS odell MEPCOHAXY Y 3aJIeKHOCTI
BiJl pO3MillleHHA O0NMMYYsl Ha €KpaHi Ta iIHTEHCHBHICTh PyXy KOPHCTyBauda
nepe Kameporo. HaBuanbHa MaTpus.

[HTEHCUBHICTE PyXY

Posimers [aTEHCUBHICTH PesymnbTar
00Ty Pyxy 4
-1 1 nepconax moprae (1)
-0.8 2 nepconax moprae (1)
-0.7 3 nepconax moprae (1)
05 4 HEepPCOHaX HE MOprae
)
0.1 5 MEPCOHAX HE MOPrae
(2)
0 4 HEePCOHAX HE MOpPTae
2
01 3 MEPCOHAX HE MOprae
(2)
0.3 2 nepcoHaxxk moprae (1)
0.5 2 nepcoHaxk Moprae (1)
0.8 1 nepcoHax moprae (1)
51— M
- 1

=04 0.2 o 0.2

0.4 0.6 0.8 1
PoamiweHHA obnmuusa

Pucynok 1 — Jlemonctpaiiist pobotu kiacudikaTopa
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AHaJti3 mpo6JieM JII0IHHO-MAIIMHHOI B3a€MO/Iii B AaBTOMAaTH30BaHUX
cucTeMax Ta MPUHIUIM eproHOMIiYHOro 3a0e3nevyeHHs iHTepdeiicis

Ocranenko M. C., acnipanm; Cxpumaenko . B., acnipanum;
JlaBpoB €. A., npoghecop; UnbGipsik S1. 1., doyenm

CyMchkuii nepkaBHui yHiBepcuteT, M. Cymu, YKpaina

Berym. 3i 3pocTaiounMu MOKIMBOCTAMH 1H(POpMAIIHHUX TEXHOIOTIH Ta
BEJIMYE3HOI0 KUIBKICTIO iH(oOpMarlii, sika «magae» Ha KOpHCTyBada, MU
4yeMO Bce YacTilie (pa3u: «IIOMIJIKA OIepaTopay, «aBapis 4yepes JIIOJChKY
MOMUJIKY», «HE3AaTHICTb KEPYBAaTH, TOILO.

IMocranoBka 3amaui. IIpoanamizyBaT mpoOieMu Ta y3arajlbHUTH
MPUHIMIN €PrOHOMIYHOIO 3a0e3MevueHHs aBTOMATH30BAaHUX CUCTEM.

[Ipobnema moacekoro (akropy. BiamoBigHO 1O CTaTHCTUKH, Maibke
80% aBapili BUKIMKAHO THM, 110 KOPUCTYBad 3 THX YU iHIIUX TPUYUH HE
3MIT KOHTPOJIIOBATH JIOBipeHOI HOMY CHCTEMH, OyIb TO aBTOMOOLIb, JTiTaK
4, JUIs HanpuKiIaj, enekrpocraHiis. o o3Havae BUpa3 «HE BIOPABCS 3
ynpasiinaaMm..» ? Ile o3Hadae, 0 KOPHCTYBad HE 3Mir BUKOHYBATH CBOE
3aBJaHHs 32 MEBHUX YMOB, y IMEBHOMY Micui i B MeBHHWH 4ac. BiH He
3p03yMiB BHMOT CHCTeMH (HE 0OaduB TOIMEpEKYBaJbHUX CHUTHATIB abo
TaKUX CUTHANIB HEMae), INEPeIIyTaB CHUTHAJIM CUCTEMH, HE BCTHTHYB
BXHUTH 3axOJiB il 3amoOiraHHs aBapii (IrOpUTMY JisSUILHOCTI B
eKCTPEMAllbHUX YMOBAX HE Oyn0 po3pobneHo), He 3HaB, SK 3amo0irTu
cutyauii (He OyB HaBYCHMIA, HE POXOAUB NPOPBINGIp Tomo) I € 6araro
IHIINX ~«HE MOXKH@», TMOB'S3aHAX 3 CPrOHOMIYHMM 3a0€3ICUCHHM
iHpopMmaliitHoi cuctemu . L{lum nmutanHsM Tpeba MpUILIATH Oijbllie yBary,
TOMY IIO aBapii NPHU3BOAATH A0 CEPHO3HMX HACHIJIKIB, BKIIOYAIOUH
JIFOJICHKI KEPTBU

Mertopomnorisi TPOEKTYBaHHS. Y3araJlbHEHHS ICHYIOUHX MOJeJei
(A.L I'yOiHCBKHIA, B.I'. €srpados, A.M. AHOXiH, A.T. Amepos,
ILI1. Yab6anenko, I.C.Tamanoa, 1O.A. Manaxo, ILMU. [TaxepHo,
CTaHAapTH 3 eproHoMiku ISO) 103BONMMIO BU3HAYUTH OCHOBHI HiIXOAH, 11O
(hopMYIOTh METOOJIOTIIO.

1. Ilinxin, opienToBanuii kopuctyBaua (User Centered). Bnepury uepry
MOTPIOHO Ji3HATHUCS, IO ONEpaTop MOBHHEH OTPUMATH Bia iHTEepdeicy.
Hnst toro, mo6 3i0patn HeoOXigHy iH(OpMaIlil0, BHKOPHCTOBYIOTHCS
METOAM CIIOCTEPEXEHHSI 3a POOOTOI0 oOmepaTopa, MPOBOISTH iHTEPB'IO,
TECTYBaHHs, aHai3 iHpopMaliiHUX TOTpeo.

2.CucremHui  eproHomiunmii  miaxim  (System).  KopucrtyBau
PO3TIIAAETECS K YaCTHHA CHCTEMH «IIOJIMHA -TIPOTPaMHHN TPOJYKT-
CEepEIOBHILEY.
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3. HismpaicHuit miaxin (Activity Centered). JocmimkyeTscst AisUTbHICTD
omepartopa. bynyrorees Mogmem mismeHOCTI ((pyHKIIOHANBHI Mepexi),
OIIIHIOETKLCS JIOT1YHA CKIAAHICTh, HAIIHHICTh, TOLIO.

4. ItepatuBHwmii miaxin (Agile) — MeToa mociiJOBHUX HAOIMKEHb.

5.Excnepranii  miaxim (Genius). Ekcmeptu 30MpaioTh  BaXKIUBY
iHpopMallilo, Ha OCHOBI SKOI PO3pOOISAIOThCA iHTepdeiicn KOpHUCTyBaya.
OcTarouHi pileHAS 3aTBEPPKYIOTBCS JIMIIE TICIHS  eproHOMIYHOL
EKCTIIEPTH3H.

6.lineopienroBanwmii miaxin (Goal Centered Design).

7. CepenoBuieopienToBanui miaxia. IHTepdeiic po3pobnseTbes K
MicCIIe TisTEHOCTI orrepaTopa.

[Mpunnunu npoekTyBaHHs iHTepdeiiciB. OCHOBHI MPUHIMIHN, SKAX CIIiJ
JOTPUMYBATHCA i1 4ac po3poOku iHTepdeicy:

1. ScHicte y BuKOpHCTaHHI Ta mu3aiHi. [yis Toro, mob iHTepdeiic
BBakaBcs €()EKTHUBHUM, BiH Ma€ OyTH 3p03yMiINM, a HOTO MPU3HAYECHHS —
OYEBHIHHUM JUIsI KOPUCTyBaya; ONEpaTop IOBUHEH PO3YMITH, 3 YUM BiH
B3aEMOJIi€ uepe3 iHTepdeiic; mpoiec B3aeMmomii 3 iHTepdelicoM MOBUHEH
OyTH mependavyBaHUM ISl KOPUCTYBAYa.

2. B3aemogist € OCHOBHMM IPpU3HAUYEHHSM iHTEpPQEHCiB.

3.3matHicTh 30cepeanTy yBary. Tak sk cydacHa JIFOJWHA XUBE Yy CBITi
Bi/IBONIKarOUMX (DaKTOpiB, TO TpU po3podIi HEOOXiTHO MPOIyMaTH
CTPYKTYPY, pO3TalllyBaHHS €JICMEHTIB TAKMM YMHOM, III00 KOPUCTYyBa4 OyB

30cepe/pkeHnid  Ha monaHii  iHdopmarii. Bipimyerscs  3amava
OIITUMIi3allii CTPYKTYpH 1 pO3TalllyBaHHs €JIeMEHTIB.

4.KoHTponp — 3axucT Bix BTpar yacy. He Bmamuii codt mo3zbapisie
orepaTopa KOHTPOJIIO: HaB'A3YIOThCSA HECIOJIBaHI B3aEMOJIl, 3aIulyTaHi
IIPOLIECH Ta HemepeaoadyBaHi pe3yIbTaTH.

5.I0pocrora Ta rHyuKicTh [au3aiiHy. Benuka KiTbKICTh IIapis,
MEepeBaHTAXCHI KHOMKH, aHiMallis, OIIil, CIUIMBalO4l BiKHA- BCA IIs
PO3MAITICTh 3aTHA BUKJIMKATH PO3ApaTyBaHHA y ollepaTopa.

6.JloriuHicTh TEpPEXOAIB Ta BUKOPHCTAHHS. 3OBHIIIHIA BHUIJISA
eJIeMeHTa iHTepdeiicy NOBUHEH TOBOPHUTH PO Te, SIK BiH «OBeae cede»
IIPH B3a€EMOII.

7.BizyanpHa iepapxisi 3aJa€ TOCTOBHICTh Ta IUIABHO CIPSIMOBYE
TOTIIsA] KOPHCTYBAYA 3 OHOIO eJIEMEHTa inTepdeticy Ha iHIIMN. 3a c1adKol
Bi3yallbHOi  iepapxii  iHTepdeiic  BHIIAE  NCPEBAHTAKCHUM i
HE3PO3yMIJIHM.

8.KoumipHi akieHTy.

9. Iloeranne po3kputrTs iHPopmanii. Hemae HeoOXigHOCTI HamaraTHcs
BUKJIACTH BCE BiJpasy Ha oOAHOMY ekpaHi. lle He TiTbKM BTOMHTH
KOPHCTYBaua, aje i 3poOnTh MOLIYK CKIaJHUM.
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3a0e3nevyeHHs1 HAAIITHOCTI 1ia10r0BOI JIIOIMHO-MAIIIMHHOI B3a€MOIL
B Ki0eppi3HuHUX coliaIbHUX cCHCTEMAX.
OOrpyHTYBaHHSI METOA0JIOTII Ta CTPYKTYPH A0CHiIKEeHb

Ocranenko M. C., acnipanm; Cxpunuenko J. B., acnipanum;
JlaBpoB €. A., npoghecop; UnbGipsik S1. 1., doyenm

Cymchkuit nep>kaBHAH yHiBepcuteT, M. Cymu, YKpaiHa

Beryn. Tlepexim Bim konneniii «lHmyctpis 4.0» 1m0 KoHuemmii
«IagycTpis 5.0» NPUHIMIIOBO 3MIHIOE BHUPOOHHUIITBO, COLIATBHY cdepy,
JIIOTMHO-MAIIIMHHI BigHOCHHH [1].

3’SIBIAIOTHCS HOBI MiIXOAH Ta MapajurMu, Hanpukiaa| 1].:

— Kibepdiznuna cucrema,

— Kibepdiznuna comianpHa cucrema,

— «Omeparop 5.0»;

— «BigmoBocrTilikuii oneparop 5.0».

3MIHIOIOTBCS BHUMOTH O  OpraHiamii  /iaJoroBOi  B3a€MOJIii,
OpI€HTOBaHO{ Ha 3MEHIICHHS PHU3UKIB JUIA JIOAWHHA, 00’ €KTa YIPaBIiHHA 1
cepenoBumal1].

[NocranoBka 3amaui. OOrpyHTYyBaTH METOJOJIOTIFO Ta CIUIAaHYBaTH
pPOOOTH MO CTBOPEHHIO METOJly YNPABIiHHS CEAHCOM JFOJAWHO-MAIIMHHOT
B3aeMOJIIi Ha OCHOBI KoHIueniii «BimMoBocrilikoro omepartopa 5.0» B
pamMKax  YKpaiHO-HIMEI[bKOTO HAyKOBOTO TIPOEKTy (KEpiBHUK  Bil
Himeuunnu — npod Brandenburg, S. — Technische Universitdt Chemnitz,
Germany).

PesynpraTtu. B ocHOBY KOHIIENIIiT MOKIIaIEHO:

— IO JUHO-CUCTEMHUHN miaxim [1];

— METOJI0JIOTiI0 JHOI[I/IHO-OpieHTOBaHOFO MPOEKTYBAHHS [2].

QOyHKIIIOHATEHO-CTPYKTYPHY Teopuo epFOTeXquHI/IX cucteM [3].

OOrpyHTOBaHO CTPYKTYpY CyMlCHI/IX JOCITiKEHb, Op1€HTOBaHI/IX Ha
MOLIYK  E€proHOMIYHHMX  PE3EpBiB  YHEMOXJIMBJICHHS  pPU3UKIB B
KiOep(hi3MIHNX COMIANBHUX CHCTEMAX sIKi BKITFOYAIOTh €TaIlH:

— AHaui3 npo0iieM YIpaBITiHHS CEaHCOM JIFOJJUHO-MAIIMHHOI B3a€MOJIIT
B KiOep(i3UIHUX-COIIAIbHIX CUCTEMAX;

— AHami3 3ajay TOWIYKy EproHOMIYHHMX pe3epBiB 3a0e3neueHHs
HAJIMHOCTI JIIOAMHO-MAIIMHHOI B3a€MOJii B KiOep(i3MUHUX-COIiaThbHIX
cucTeMax;
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— AHai3 meperyMoB PO3BUTKY HayKOBHX MIAXO/IB IIOIO0 3a0e3MedeHHs
HaJIHHOCTI AiaJIoroBOi B3aeMOIii B KiOep(i3HIHUX-COIIATEHUX CUCTEMAaX 3
BpaxyBaHH;IM OCOOJIHMBOCTEH IIOAWHU- OMNEpaTopa, MOXKIMBHX PH3HKIB,
HEOE3MEYHOT0 CePEIOBUINA 1 PI3HOMAHITHUX HETATHBHUX BILTUBIB;

— Po3pobka xoMmrutekcy Mojenelt KibepQizHuHUX-COLiaTbHUX CHCTEM 3
BpaxyBaHHIM OCOOJHMBOCTEH KOPHCTYBadiB Ta HETaTUBHUX BIUIMBIB 1
TEXHOJIOTIH iX YHEeMOKIINBIICHHS;

—Po3pobka  KOMIUIEKCY  MOAENell  eproHOMIYHOT  eKCIIepTH3U
iHTEepQeCciB Ta TEXHOIOTIH JIFOJUHO-MAIINHHOT B3a€EMOIIT B
Ki0ep(hi3MYHUX-COLIANbHUX CHCTEMAX;

— Po3po0Oka KOMIUIEKCY MOJeliell OLIHKM HaJiMHOCTI 1 €(PEeKTUBHOCTI
JFOUHO-MAIIMHHOI B3aeMOolii B KiOep(hi3MUHUX-COLIaTbHAX CHCTEMAxX
Ha OCHOBI K€pPOBaHUX (DYHKIIOHATHPHUX MEPEXK;

—Po3pobka komIuiekcy Mopeneli BHOOpPY ONTHMANBHHX BapiaHTIB
JIIOJIUHO-MAIIIMHHOI B3a€EMOJII 3 ypaxyBaHHAM HEOOXITHOCTI ajarrarii
KiOep(hi3MYHUX-COLIAIBHUX CHUCTEM JI0 CEPEAOBHINA Ta OCOOJUBOCTEH
KOPHCTYBaiB;

— Po3pobka KOMITTOTEpPHOI TEXHOJOTII peaii3amii amanTHBHOI MO
3a0e3redeHHs HAMIMHOCTI JianmoroBoi B3aemoxmii B KibepdizwmaHHMX
COIIaJIbHUX CHCTEMaXx 3 BpaXyBaHHSIM MOXKIMBUX HETaTHBHUX BIUIMBIB Ta
0c00JIMBOCTEH JTI0/IeH -0TepaTopiB.

1 E. Lavrov et al., "Human Factors in Automated Systems. Methodology
for the Computer System “International Center for the Support of
Ergonomic Design and Research”," 2023 IEEE 5th International
Conference on Advanced Information and Communication Technologies
(AICT), Lviv, Ukraine, 2023, pp. 1-5, doi:
10.1109/AI1CT61584.2023.10452692.

2 Schrank, A., Walocha, F., Brandenburg, S. et al. Human-centered
design and evaluation of a workplace for the remote assistance of highly
automated vehicles. Cogn Tech Work (2024).
https://doi.org/10.1007/s10111-024-00753-x

3 E. Lavrov, "Mathematical Models of Human-Computer Interaction.
Analysis of Human Operator Activity in Terms of Error Generation and
Problem Elimination,” 2022 IEEE 9th International Conference on
Problems of Infocommunications, Science and Technology (PIC S&T),
Kharkiv, Ukraine, 2022, pp. 325-328, doi:
10.1109/PICST57299.2022.10238654
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inxix 1o ananiTuke-imiTaniiHoro MoeTIOBaHHA
NMOJIiepraTHYHUX cucTeM 00poOky iHgopMmanii i ynpaBaiHHs

Ocranenko M. C., acnipanm; Cxputraenko /. B., acnipanum;
JlaBpoB €. A., npoghecop, Unbipsxk S. 1., doyenm

CyMchkuii nep:kaBHui yHiBepcuteT, M. Cymu, Ykpaina

Beryn. Cywacni cuctemu o0poOku  iHQopmamii 1 ympaBiiHHA
(xibepdisnuHi comianbHi cucTeMH) mepeAdavyaloTh OAHOYACHY pPOOOTY
BEIMKOI KUTBKOCTI JFONIEH-0MIepaTopiB B €AWHOMY iH(OpMaIliiHOMY
MpocTopi 1 € Mo cyTi moJyiepraTiaHuMu cutemamu [1]. CkimamHicTh Takoi
B3a€MOJII1 MiX OleparopaMH BUMara€ HOBUX MiIXOAIB 0 BpaxyBaHHS TaK
3BAHOTO «JIFOACEKOTO (haKTOPy».

[locranoBka 3amaui. OOrpyHTYBaTH METOJOJOTII0 MOAETIOBAHHS
JIIOAMHO-KOMIT FOTEPHOI B3a€MOJii B YMOBax MOJiepraTHYHOI CHUCTEMH 3
BpaxyBaHHIM 0COOJIMBOCTEH 00pOOKHU iH(OpPMAILIiT JIFOJUHOI-0TIEPATOPOM,
siKa 3a0e3Mevye MOMIIUBICTh MONIYKY €prOHOMIYHUX PE3EPBIB ITiBUIICHHS
e(EeKTUBHOCTI JIFOIMHO-MAIIMHHOT B3a€EMOJII1

Pesynbraru. Tpagumiiiauii migxin. Cucrema MacoBOro 00CIyroByBaHHS
(CMO) — maremaTnununii (abcTpakTHHIA) 00'€KT, IO CKIIATAETHCS 3 OJHOTO
abo pmexinpkox mpuianiB (kananiB) oOcmyroByBanHs (I1) 3amoBnens (3),
IO HAIXOASAThH y cucTeMy 4epe3 Hakonuaysad (H) i yrBoprorots uepry (H)
abo 0e3 HakomM4yBava Oe3rmocepeIH0 Ha 00CITyroByBaHHS (puc. 1).

3 H(1)
Tl !
I
|
I

Opouee: | HATsoLkema|  Otiypaiutt

| FMOBTEHE (3) | ¥ epsi ()
I : Hakormyyeayi (H) :

|
Obenyronysani |
cepeicom |

|

1

Onuc: otk \ B 0 4 Hotik
BRITHIT BICTHING
3AMORIICHE Tpiopirer TAMOBTIEHE

Pucynox 1. Y3aragpHeHa CTPYKTypa CHCTEMH MAaCOBOTO OOCITyTOBYBaHHS

3aMOBIeHHS — II¢ OO0'€KT, M0 HAIXOAWTh y CHCTEMY 1 BHMarae
obciyroyBanHsl. CYKyIHICTh 3aMOBJICHb, PO3MOAUICHUX Y Yaci, YTBOPIOE
IIOTiK 3aMOBJI€Hb. II0TOKM 3aMOBJIEHD ITOAUIAIOTH HA BXIJHWI Ta BUXITHUN.
[loToku 3aMOBIIEHb XapaKTEPU3YIOTbCA TIEBHHMH  BJIACTUBOCTSMU.
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O6cnyroByrounii mpunan (mpuctpii) abo cepsic — enementr CMO,
MPU3HAYCHHSIM SIKOTO € OOCIYroBYBaHHs 3aMOBJICHb. B KOXXHHI MOMEHT
Yacy mpuiiax Moxke oOCIyroByBaTH JIMILIE OAHE 3aMoBJeHHs. Cam mporec
OOCIyroBYBaHHS ~ PO3IJINAETBCS K 3aTPUMKa  3aMOBICHHS B
oOciyroByrouomy mpunani. Yac oOcmyroByBaHHS — dac 3aTPUMKH
3aMOBJICHHA y TIPUIIA.

MoaudikoBaHmii miAXia 1 noJgiepraTHuHuX cucteM. OOCIyroByIOUNM
MIpUOOPOM € JTFOAMHA-OIIEPaTOp, OC3MOMIIIKOBICTE 1 YaC BUKOHAHHS SKHM
pOOIT MO BUKOHAHHIO 3aMOBJICHHS BH3HAYalOTHCS MapaMeTpamMH CaMoro
omeparopa (MiATOTOBICHICTh, (QYHKUIOHANBHUH CTaH, YMOBH Ipaii
(indopmariiitHe HaBaHTa)KEHHS, CEpeAHS dUYepra 3asBOK, 4ac poOOTH B
YMOBax 4epru, pexuM poOOTH i BiAMOYMHKY) Ta aJrOPUTMOM isITBHOCTI
oreparopa. Skmo moOynyBaTé MoOJeNi AisIBHOCTI orepatopa (MpUKIAaAn
TaKUX MoJeJiel, MoOyIOBaHHUX ISl albTepPHATHBHUX BapiaHTIB BUKOHAHHS
3asBOK 3a MPHUHIMIOM «(yHKIIOHaNIbHA Mepexa» [1]- (muB. puc 2.) i
3a0e3neynT iX BXIAHMMH JaHUMH TPO HAAIHHITH omeparopa i yMOBH
mpaili, TO MOYKHa BH3HAUUTH IMOKA3HUKUA HAMIMHOCTI 1 Yacy BHUKOHAHHSI
OTIepaToOpPOM CIIOCO0iB BUKOHAHHS 3aSBKH.

1 3 L2}

()

Pe

B * Fe

Pucynok 1. Mojeni anpTepHaTUBHUX BapiaHTIB BUKOHAaHHS 3asBOK
JIFOTUHOIO-0TIePaToOpoM (Io3Ha4YeHHs 3riaHo [1])

Taka Mozenb /103BOJISIE BU3HAYATH PalliOHANBHY KUIBKICTh OIEpaTopiB,
PEKOMEH/IOBaHI TEXHOJIOTT 00poOKM 3asBOK, YMOBH IIpalli ONEpaTopiB ,
TOLIO.

1 E. Lavrov , O. Siryk, “Functional Networks For Ergonomics And
Reliability Tasks On The 90th Anniversary Of A. Gubinsky And V.
Evgrafov”, Sigurnost 64 3) 245 - 257 (2022)
https://doi.org/10.31306/s.64.
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Mo0iIbHUI 10AATOK IJIS1 MEPCOHAJII30BAHOI0 YUTAHHA HOBUH
IBanoB O. B., cmydenm IT-03; Haropuuii B. B., doyenm
Cymchkuit nep>kaBHAH yHiBepcuteT, M. Cymu, YkpaiHa

AKTyanbHICTb. Y Cy4acHOMY CBITi JOCTYI A0 iHpOpMAaLii € KPUTHIHO
BOKJIMBUM, TIPOT€ KOPUCTYBadi YacTO CTHUKAIOTBCS 3 IPoOIEeMOI0
HAJJIMIIKOBOTO 0OOCITy KOHTEHTY Ta HE3pYyYHHX KOPUCTYBAalbKUM
inTepdericom. Y 1IbOMy KOHTEKCTI pOo3poOKa MOOLIBHOTO 3aCTOCYHKY JUISI
MEepPCOHATI30BAaHOTO YMTAHHA HOBHUH CTa€ aKTyaJbHHM 3aBIaHHSM,
CHpSMOBaHUM Ha TIOJINIIICHHS iHPOPMAIIITHOTO TOCBiTy KOPUCTYBaiB.

IMocranoBka  3amaui. Po3poOka  MOOIIBHOTO  MOJATKy  JUJIs
MEPCOHAIBLHOTO YUTAHHS HOBHH.

Pesynpratu. PosrmsHyTO icHYr0Wi MOOITBHI JOAAaTKH aHAJIOTH Ta Ha
OCHOBI aHaJIi3y JOJAaTKiB OyB CTBOPEHHI BIACHHIA, IIEPEBAaraMH SIKOTO €:

— MouBicCTh MOMIYKY cTaTel 3a KIIIOYOBUMHU CIIOBAMU;

— MoxnuBicTh QiNbTparii cTaTel 3a KaTeropismu;

— MoHBicCTh IEpErsiAy cTaTel 3 pi3HUX JIKEPe;

— MoxnHBicTh 30€peXKeHHsI JaHUX KOPUCTYBAyiB, L0 MPOWILIN eTal
peecTpartii;

— MoXIUBICTB 30€piraTu Ta JUTHTHUCS HOBUHAMU;

— MOXIJIMBICTb IaBaTH KOMEHTAPI IiJ] CTaTsAMU;

— Mae po3zin 3 CHCTEMOI0 peKOMEH/Ialiil Ha OCHOBI KOPHCTYBAIbKOTO
OIIHTY;

[HCTpyMeHTamu Asist pealtizaiiii MOOITIbHOTO JOJATKY €:

— Android Studio — odiriitne cepemosuiie po3podku Bix Google 3
BEJIMKOO KUTBKICTIO KOPUCHHUX MOIYIIB.

— Kotlin — cydacna moBa nporpamyBaHHs 1715l MOOUTHHUX JIOJIATKIB.

— KotlinDL — 6i6moTeka TAMOOKOr0 HaBYAaHHS JUIS CTBOPEHHS Ta
HaBYaHHs HEHPOHHUX MEPEK.

— SQL.ite — 6i6mioTeka s podOTH 3 0a3aMH JaAHUX.

— Repl.it — onmaita-cepgic aas pobotu 3 6azaMu JaHHUX HA BiIJalIeHOMY
ceprepi.

BucHoBku. [Ipaktuuna 3Ha4MMICTh PO3pOOIEHOTO MOOITIBHOTO 10JIATKY
MOJISITA€ Yy CIPOIIEHI JIOCTYIy JIO YHTaHHS HOBHH 3 MOXIIUBICTIO
neperisiaTy iHGopMallio 3 pi3HUX JPKEpeN, KOMEHTYBAaTH, (QUIbTpyBaTH
CTaTi Ta OTPUMYBAaTH LliKaBi peKOMEHallii Ha OCHOBI BIIOJIOOAHb.
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Orasa cyyacHuX MeToiB OioMeTpryHOI aBTeHTHiKALIT
Haropuwuii €. M., cmyoenm IT.m-21n; Haropuuii B. B., doyenm
CymMmchKuit nep>kaBHAH yHiBepcuteT, M. Cymu, YkpaiHa

3acobu OioMeTpu4HOi aBTCHTHU(IKaIli HAJAIOTh JOJATKOBOTO 3aXHUCTY
JaHUX KOPHCTyBada BiJl HECAHKIIOHOBAaHOTO mocTymy. s 3abe3meueHHs
e(eKTUBHOCTI Oe3MeKu HeoOXiJHa MOCTiHA ONTHMI3allisi 3aC00iB 3aXHCTY.
PizHoBun GioMeTpuuHOi aBTeHTH(DIKALIT € BaKIIMBUM 1HCTPYMEHTOM, SKHIA
TOTYETHCS, T4 IPOBOANUTH TECTYBaHHS HA PI3HUX €Tarax.

OpmHHUM i3 METO/IIB € BUKOPUCTAHHS KJIaBiaTypHOTO o4epKy. OCHOBHOIO
O3HAaKOI0 JaHOTO METOAy € Te, [0 BiH BHUXOAWTh 3 YHIKQJIbHUX
XapaKTepUCTUK HA0Opy TEKCTY KOKHOI'O KOPUCTYBaua, SIKUH KOPUCTYETHCS
nomatkoMm. Ilym Ta BTOMa, SIK 30BHIIIHINA Ta BHYTPIIIHIA (aKTOp, CYyTTEBO
BIUIMBae Ha 30ip Ta aHami3 iHdopmamii KopucTyBada 3a KiaBiaTypHHM
nouepkoM [1]. OgHak, nmepeBaru € 3Ha4HO OUTBIIMMHM, HAPUKIIAJ, TaKi SK
VHIKaJIbHICTh ISl KOXKHOTO KOPHCTyBada, IO POOWUTh JaHWHA METOI
BUCOKOC(EKTHBHUM. Y TMOpPIBHSAHHI 3 iHIIUMHM BHJaMH aBTEHTUQIKaIii,
TaKUMHU SIK PO3Mi3HaBaHHS 3a MOPTPETOM, 3a (OPMOIO KHCTI PYKH,
0COOJIMBOCTSIMH TOJIOCY, CITKIBKM OKa, KJIaBlaTypHUH MOYEPK € BiTHOCHO
HegoporuMm [2]. Takoxk, UM METOJIOM MOXK€ BHKOPHUCTOBYBATHCH 1
JUHaMiuHa aBTEHTH(IKAIlisl, 10 J03BOJISIE MPOBOAMTH OIIHKY HE TIIbKU
OIIIHIOKYH PUCH TTOYEPKY KOPUCTYBaya, a 1 HOro 3MiHM B TOJIANBIIIN HOTO
po0OTi, THM caMUM TIOKpAIIlyBaTH HAAIHHICTh CUCTEMHU.

VY TOpiBHAHHI MeTOAy KJaBiaTypHOTO TOYEPKY 3 IHIIUMHU BHJAMH
aBTeHTHU]IKaIlii, MOXXHA TIPUITH 10 BUCHOBKY, IO BiH SIBIISIETHCS KPalIUM
3a METOJl po3Mi3HaBaHHS 3a ()OPMOIO KHCTI PYKH, 3a MOPTPETOM Ta 3a
CITKIBKOIO OKa. BIIOCKOHAJIEHHS 3aXUCTy KOPHCTyBaua, SIKe 3JIHCHIOETHCS
MPOTSITOM Yacy BUKOPUCTAHHS, € HAWOLIBII 3aXUIICHUM 3aC000M.

1 CyuacHi meToau GiomerpuuHoi inenTudikamii [Enekrponnuii pecypc].
Pexxum nmoctymy:  https://ela.kpi.ua/server/api/core/bitstreams/7f1251ba-
7156-4730-8a08-3ae82ddbc1f3/content

2 Rabiner L. Fundamental of Speech Recognition / L. Rabiner, B. H.
Juang, B. Yegnanarayana — New Delhi, India: Pearson Education Inc.,
2009. — 497 p.
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Mo0inbHui 101aTOK NiATPUMKH HagaHHA iHGopManiiiHuX mocayr
cryaentam pakyiabrery EalT
3 BUKOPHUCTAHHAM iHCTPYMEHTIB IITYYHOI0 IHTEJIeKTY

Haropnwuii B. B., doyenm; Yimupuc 10. C., cmyodenm IT.m-22
CyMchkuii nep:kaBHui yHiBepcuteT, M. Cymu, Ykpaina

B indopmaniitnomy oroueHsi crynentu ¢akynsrery EnlT motpeOyrots
HIBUIKOTO Ta 3py4YyHOro nocTymy Ao iHdopmanii. CkrmaaHuii mporec
OTPUMAaHHS JaHUX 4Yepe3 Pi3Hi pecypcu MOXKE MPU3BOAUTH IO BTPATH Hacy
Ta HEMOPO3yMiHb B HABYAHHI, 3aTPOXKYI0UYH €(PEKTHBHOCTI CTYICHTCHKOTO
KHUTTSL.

ABTOMaTH30BaHI  4aT-00TM Ta  CHUCTEeMH  IMiTamii  IIUPOKO
BUKOPHCTOBYIOThCSI B YHIBEPCHUTETax Ui TOJETHICHHS KOMYHIKamii Ta
HaJaHHS CTylIeHTaMm JocTymy o iHdopmamiiinnx cepsicie  [1].
Po3poOiieHnii  MOOITBHHMI JIOJATOK CHPSIMOBAaHWUH Ha  ONTHUMI3AIIO
CTYAEHTCBHKOTO JKUTTA, 3a0e3Meuyroud IIBUAKHHA AOCTYN [0 KIFOUOBOI
iHpopmalii sika moTpiOHa CTyaeHTy. Baxknusi ¢yHKIIOHANBHI BHMOTH
BKJIIOUAIOTh BUKOpUCTaHHA Mojnenm waty LLM Ta ausaitn iHtepdeiicy
KOPHCTYyBadya MOOIBHOIO JONATKy, MO0 CHPSIMOBAaHHM HAa MaKCHMaJIbHY
3pY4HICTh BUKOPHUCTAHHS Ta BKJIIOYA€ HACTYIIHI aCTIEKTH JOCTYITHOCTI:

- JIOTIYHA CTPYKTYpa BCiX KOMIIOHEHTIB 3 BAKOPUCTAHHSM 3ar0JIOBKIB;

- BUKOPUCTaHHS TEKCTY 3 BUCOKUM KOHTPAacTOM;

- MiATPUMKA aHTTIHCHKOI Ta YKpaiHCHKOI MOB JJIsl yaT-00Ta.

JlocTymHICTh JTONATKy BHUSBISETBCS Y BHCOKIH pPEaKTUBHOCTI Ha
3anuTaHHs KopucTyBadiB. KOHTeKCTHA 0013HaHICTh A0AAaTKY BKIIIOYAE:

- TeHepaIliio BiJIOBi/Iell Ha OCHOBI iCTOPII MOTNIepeHIX 3aTUTAHb;

- BUKOPUCTAHHS JaHMUX BiJIBIIyBaya.

MOXJIMBOCTI JTOJATKYy TaKOX OXOILIFOIOTh OTPUMAaHHS aKTyalbHOL
iHpopMaLii mpo MOTOYHI MOIil 3 BHYTPILIHIX PECypciB Ta MOXIIHUBICTDH
peectparlii Ha HUX.

1 Y. Lai, N. Saab, W. Admiraal, “Computers & Education” in 2022
URL:
https://www.sciencedirect.com/science/article/pii/S0360131521002906
(date of access: 04.12.2023).
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Indopmauniiina TexHosoriss onTuMizanii mBUAKOAIT Bed-caiiTy
3agecenens . C., cmyoenm IT.m-21n; Henst A. B., doyenm
CymMmchkuit nep>kaBHAH yHiBepcuteT, M. Cymu, YkpaiHa

Beb6-caiiti € BaXXITMBUMH IS CIIUIKYBaHHS, OTpUMaHHS iHpopmarii Ta
3HaXO/DKCHHS pPO3Bar y Cy4acHOMY CBITi, JIe¢ BOHHM CTajJdl OCHOBHUM
JDKEepeJIoM KOHTEHTYy Ta IHTepakdii Jjis MiJIbHOHIB KOPHUCTYBadiB
InTepuery.

Ontumizanis BeO-caliTiB Bilirpae KIIOYOBY pPOJIb y 3a0e3MmedeHHi iX
ycnimHo1 poboTu Ta mpuBabieHHi BiaBimyBadis. [IIBuaKomist caliTy Ta oro
e(EeKTHBHICTh CTalOTh BcE OLIbII BaXIUBUMH (aKTOpaMH BiJIOBIIHO IO
3pOoCTaHHS KOHKYpEHII Ta OdiKyBaHb KOpHCTyBauiB. Onrumizamis
JI03BOJISIE  3a0€3MEUYUTH INBUAKE 3aBAHTAXKEHHS CTOPIHOK, MOKPAIIUTH
PEUTHHT B MOIIYKOBUX CUCTEMaX, IO POOUTH ii BAXKIMBOIO IS YCIIIITHOTO
(YHKLIOHYBaHHS ~ BEO-MPOEKTIB y  CHOTOJAHIIIHBOMY  IH(PpPOBOMY
cepenoBHI. 3ajada ONTHMI3amii BeO-CaliTIB CTOITh dyXe TOCTPO Tepen
pO3pOOHMKAMM, OCKUIBKM Big 1X pillEHb 3aJCKUTh  IIBHIKICTh
00CITyroByBaHHS, TPOAYKTUBHICTH pOOOTH Ta 3arajbHE 3a/I0OBOJICHHS
KOPHUCTYBaUiB.

3anpornoHoBaHa iH(QOpMaIiiHA TEXHOJIOTiS ONTUMI3allii, 3aCHOBaHa Ha
KEIllyBaHHI, J03BOJISIE 3a0e3MEYUTH IIBHILY BIAMNOBIAL HA 3alUTH
KOPHCTYBa4diB a00 CHCTEM, 3HIKYIOUM Yac, HEOOXIHUU IUIS JOCTYIY [0
JaHWX, 30epeKEeHWX Y TEepPBUHHUX, OUIBII TMOBUIBHUX JDKepenax
30epiranns. Lls mpuckopeHa oOpoOKka 3amuTIB JOCATAETHCS 3a PaXyHOK
BUKOPHCTAHHS KOMIIOHEHTIB MIBUIKOTO JIOCTYIY, TaKHX SIK OIEpaTHBHA
nam’sTh, IO JI03BOJISIE e(QEKTHBHO TIOBTOPHO BHKOPHCTOBYBATU
iHpopmalito, sika padime Oyma orpuMaHa abo obuucinena. OctaHHE
OCOOIMBO BaXIIMBO B YMOBAaX 30inbLIeHHsT Tpadiky Ha caiiti abo mpu
BEJIMKiM KUTBKOCTI 3amlMTIB, IO MOXYTh BHHHKATH B XOMAi poOOTH BeO-
JOJIaTKY.

BrnpoBakeHHST KellyBaHHS B IIJIXOMM JO OINTHMI3alii 103BOJIUTH
3a0e3MeYnT 3HAYHE MIJBUIICHHS TPOIYKTHUBHOCTI CHCTEMH IIISTXOM
3MEHIIEHHS KIUIBKOCTI 3BEPHEHb JI0 MOBUIBHOIO IMEPBHHHOTO JKEpena
30epiranns ganux. OCHOBHA TiepeBara HOJIATaeE y TOMY, IO Kenr 30epirae
nuiie oOMexeHWi Hallp JaHMX Ha THMYACOBi OCHOBi, HAaBIAKUA BiJ
TpaauLiiHuX 0a3 naHuX, Ae iH(opMallis 30epira€ThCs B IOBHOMY 00Cs31 Ha
noBrotpuBanuii mepion. lle mo3Bonsie eQEeKTHBHO BHKOPHCTOBYBATU
pecypcu Ta 3abesledye IIBUAKY BiANOBiAb Ha 3allUTH, IO Ma€ 3HAYHUH
MO3UTUBHUH BIUIUB Ha €()EKTUBHICTH POOOTH CUCTEMHU B ILIIOMY.
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Prediction of electricity supply of a residential house
from renewable energy sources using neural networks

M. Bohachov, student IT-01; Yu. Parfenenko, Associate Professor

Sumy State University, Sumy, Ukraine

Nowadays, rapidly developing technologies tend to increase the
consumption of electricity by the population and industry. However, this
contributes to the complexity of energy systems, making the planning of
resources sophisticated, especially having renewable energy sources in the
power grid. So, the relevance of developing the neural network for
predicting household energy consumption is in suggesting future power
grid behavior and forecasting power consumption.

The purpose of the study is to facilitate resource management and
electricity network optimization. House owners can obtain predictions
about electricity consumption for the next 24 hours, providing information
about power usage for the past 24 hours with an average error rate of 6.4%.
Users should input a list of consumption records directly to the application
or specify the file (XSLX or CSV) with such data. Also, there is variation
between possible prediction periods, but the longer the predicted period, the
higher the error rate amongst predictions and the length required of
previous consumption data. After a series of experiments on configuration,
we can assume that the 24-hour long period is the most efficient one.

The neural network application for predicting household power
consumption is design as cross-platform because of the usage of Java
Development Kit alongside such tools as Lombok, Apache Poi, DL4j, and
ND4j. Due to its high efficiency in working with time-series sequences, the
neural network type used in the application is LSTM, a subtype of
Recurrent Neural Network. The cross-platform nature of JDK makes the
developing application run on Windows, Linux, and Mac machines, but
also Android-based systems. However, supporting this application to run on
Android-based systems requires additional efforts on a separate user
interface shell.

Therefore, the developed application is a valuable tool in resource
planning for households and getting a better understanding of the
operational dynamics of the power grid. It provides an efficient way to
forecast the power usage of a household within a 24-hour long period with
93.6% accuracy.

222



IMA :: 2024 CEKIIA 2: Inpopmayitini mexnonoeii npockmyeanms

IIporpaMmuuii 1oAaTOK reHepanii Bi3yaabHOr0 KOHTEHTY
3a JOMOMOTI'0K0 HEHPOHHUX Mepex

Boskog I1. K., cmyodenm IT-03-1; Ilapdenenko 0. B., doyenm
CyMchkuii nepkaBHui yHiBepcuteT, M. Cymu, Ykpaina

CyuacHi TeHepaTHBHI MOZEJI WITYYHOrO IHTENeKTy, Taki sik Stable
Diffusion, BimkpuBalOTh HOBI TOPH30HTH IJIi CTBOPEHHS YHIKalIbHOTO
BisyampHOro KoHTeHTy. Stable Diffusion XL 1.0 — me mnoTyxHa
HellpoMepexa, 34aTHa TIeHepyBaTH BHCOKOSIKICHI — 300pakeHHS 3
posainpHOO 3matHicTiO 1024x1024 mikceniB. Meroq LoRA (Low-Rank
Adaptation) mo3Bomsie aganTyBaTH MOZENb JUIS TeHepallii 300pakeHb 3
VHIKaTbHAMH O0'€KTaMM YA B T[EBHOMY CTWii, 3abe3mneduyroun
Oe3npeleICHTHY THYYKICTh Ta KPEaTHBHICTb.

Metoro gaHoi poboTH € po3poOka MPOrpaMHOrO JOAATKY, SIKUI
iHTeTpye HaBueHy 3a gomomororo LoRA Heipomepexy Stable Diffusion
XL 1.0 mmsa reHepamii Bi3yadhbHOTO KOHTEHTY JUISI PEKIAMHHUX KaMITaHiM.
Le#t momatox craHe MOTYXHHM I1HCTPYMEHTOM Uil MapKETHHIOBUX
BIJIUTIB KOMITIaHIH, SIKi MParHyTh CTBOPIOBATH NpWBAOMBI Ta yHIKaJbHI
Bi3yallbHi MaTepiany AJIsl IPOCYBaHHS CBOIX MPOAYKTIB UM MOCIYT.

Jliis eeKTUBHOTO BUKOPUCTAHHS I1i€1 TEXHOJIOTIi HEOOXIIHO MOJI0JIATH
neBHi TexHiuHi Oap'epu. [lo-mepmre, moTpiOHO TiAroTyBaTH HAOIp
BHCOKOSIKICHHX 300paskeHb-pe)epeHCiB sl HaB4aHHsS Helipomepexi. [lo-
Jpyre, TpoIlec HaBYaHHS BHMAra€ 3HAYHUX OOUYMCIIIOBAIBHUX PECYpCIB,
30KpeMa Bimeomam'sti oocsrom moHan 20 I'b, mo gacto motpedye opeHau
MOTYKHUX CEepBEpiB 3 BigeonpuckoproBauamu. [Iporpamuuii momaTok
HellpoMepexeBoi reHepauii 300paxkeHb iHTerpyBatume Stable Diffusion
XL 1.0 3 meToro TeHepyBaHHS Bi3yaJIbHOTO KOHTEHTY BiJIITOBITHO 10 BUMOT
pexknamMHMX Kammadii. BiH 3a0esneunth 3pyuyHWid iHTepdeic s
HaJAITYBaHHS TapaMeTpiB MOJIeNi, TeHepailii 300paXeHb Ta YIpaBIIiHHS
OTPUMaHUMU PE3yJIbTaTaMH.

Po3pobka mporpaMHOro JOJATKy BIJAKPHUE HOBI MOMIHUBOCTI IS
MapKeTUHTOBHX KOMaHJ B CTBOPEHHI NpPUBAOIMBOTO Ta YHIKAIBHOTO
BI3yaJIbHOTO KOHTEHTY, SKUH JOmoMoxke e(eKTHBHO NpOCyBaTH iXHi
OPOAYKTH  YM  TOCIHYrH. 3acTOCYBaHHs  IEpeJOBUX  TEXHOJOTIH
TCHEPATUBHOTO IITYYHOTO 1HTENEKTY JO03BOJIMTH KOMITAHISIM ITiJIBUIUTH
KpPEaTUBHICTh Ta SIKICTh CBOiX PEKIAMHHX KaMIIaHii, 3ajHIIarYuch Ha
NepeIoBii B yMOBax jKOPCTKOI KOHKYPEHITii.
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JiarHocTtyBaHHS HIKipHUX 3aXBOPIOBAHb
3 BUKOPUCTAHHAM HelipoHHux Mepex VGG19

Kinmaxkos E. B., acnipaum; Ilapdenenxo 1O. B., doyenm

Cymchkuit nep>kaBHAH yHiBepcuteT, M. Cymu, YkpaiHa

TenemenuuuHa Ha CHOTOJHINIHIM AeHb HaOyBae MOMYJSIPHOCTI B
VYkpaini. Buxonsuu 3i ckiaagHOi cuTyauii, KoTpa BinOyBaeTbcs B Kpaii,
BKpail BaKIMBUM € iHQoOpMamiiiHa cuctema, KoTpa Oyae Ha MEpBHHHUX
CTalisX 3aXBOPIOBAHHS BU3HAYATH CaM€ 3aXBOPIOBAHHS Ta TOJAIbBIII Jii
marienTa [1].

OCHOBHOIO 3a/1a4el0 JIOCTI/DKEHHST € BHBUCHHS MOAETl HEHpOHHOI
Mepexi VGG19 Ta moxmuBocTed ii 3acTOCyBaHHS AJsl MOJINIICHHS
TOYHOCTI J1arHOCTYBaHHsI IIKIPHUX 3aXBOPIOBaHb, OCKUIBKU MOTMEPEHi
JIOCTI/DKEHHS OyiIM TPHUCBAYEHI KIACHYHUM 3TOPTKOBUM MeEpexkaMm 3
MiHIMaJTBHOIO KOPEKIIi€I0 TimeprnapaMeTpiB.

Hetiponna wmepexa VGGI19  po3pobiieHa 3  BUKOPHCTaHHSIM
¢peiimBopkiB  Keras 1 TensorFlow. Jlns Hopmaimizamii  JaHuX
BUKOPHCTOBYBaBcs Moayinb sklearn.preprocessing 6i0miotexu Scikit-learn.
Jus mobynosu iHporpadikiB BukopucToByBanucs: 6i0miorekn Matplotlib
ta Seaborn. Apxitektypa VGG19 Bkmouae 16 3ropTkoBux mapis, 5
MyJTIHrOBHX IapiB i 3 MOBHICTIO 3'eMHaHMX Mmapu. Hmxkue HaBeneHa
MaTeMaTH4YHa MOJIC]Ib HEHPOHHOI Mepei Ha OcHOBI apxiTektypu VGG19
[2].

Hexaii X — BxinHe 300paxkenHs1, Fi— QpinbTp i-T0 3ropTKOBOTO 1Iapy, b;—
3CYyB ISl BOTO INAapy, Z;— BHUXIJHHH TEH30p i-TO 3rOPTKOBOTO IHapy.
BuxopucroByerscsi 3roprka 0e3 maniHHA 3 po3mipom ¢imberpa 3x3 Ta
KpokoMm 1. Pesymbrar 3roprku monaethcs Ha ¢yHKIi0 aktuBamnii ReLU.
dopmyna st oduncienns Z; [3]:

Zi = ReLU(X * Fi + bl)
A€ «*) IMO3HAavYa€ 3ropTKy.

Hocmimkendss HedponHoi wMepexxi VGG-19  BcraHoBwiaw, 110 i
3aCTOCYBaHHS JO3BOJISIE JOCATTH Tporpecy y cdepi kinacudikamii
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300paxensb. [loOynoBaHa Mozmens AlarHOCTYBaHHS IIKIPHUX 3aXBOPIOBAaHb
Ha oOcHOBI HeiponHoi Mepexxi VGG-19 nmocsriia BHCOKOTO — PiBHS
MPOAYKTHBHOCTI. ByJi0 ofepikaHo TpeHyBaslbHY TOUHICTH 95% Ta TeCTOBY
touHicth 90%, 110 CBiquMTH TPO 1i €(PEeKTHBHICTH 1 3MATHICTH M0
y3araJibHEeHHS Ha pi3HUX Habopax maHux. Onep:KaHi pe3ylbTaTH CIYyTYIOTh
MITBEPIKEHHSIM TOTO, Mo HehponHi Mepexi VGG-19 € edexTuBHEIM
IHCTPYMEHTOM Yy Tally3i KoMm'toTepHoro 30py. [ muboka apxitekrypa VGG-
19, mo ckmanaerbes 3 19 mapis, Aae i 3MOTy BUBYATH CKJIaJIHI O3HAKU Ta
CTPYKTYpH 300pakeHb, MO0 pOOWUTH i1 KpamuM BHOOPOM JJisi Pi3HUX
3aB/laHb, TIOYMHAKOYM BiJl PO3IMi3HABAHHA OO'€KTIB JI0 MEIUYHOI
JIarHOCTHKH.

BaxnwBo Big3HAUMTH, IO YCHINIHUX Pe3yNbTaTiB OyJO JOCATHYTO HE
TIJIBKM 3aBISIKU apXiTEKTypi camoi Mepexi, a W 3aBIsSKH NPaBHUILHOMY
MiIX0AY IO IMONEPEAHBOIO ONpAIIOBaHHS JaHUX, €)EKTUBHOMY BHOODY
rineprapaMeTpiB i KOPEKTHOMY HAJIAIITyBaHHIO MPOLIECY HABYAHHSI.

Po3pobniena HelipoHHa Mepeka € THYYKOI Ta CTIHKOIO, OCKiIBKH
BHCOKa TOYHICTH Kiacudikamii Oyma JOCATHyTa HE JHIIE Ha TOTOBOMY
Habopi manux DermNet, a i mpoTecToBaHa Ha Pi3HUX 300paKECHHSX, SIKUMU
OyB JIOTIOBHCHUY BX1HUH HaOIp TaHUX.

[Momanpin IOCTIPKEHHS MOJIATal0Th B PO3POOJICHHI Ta TECTyBaHHI
CHCTEMH JIarHOCTYBaHHS MIKIPHUX 3aXBOPIOBaHb. [INaHy€eThCS POBECHHS
EKCIEpUMEHTIB 13 BUKOpPHUCTaHHsS HelpoHHOiI Mmepexi VGG19 Ha iHmmx
3aXBOPIOBAHHSX, Y TOMY YMCII 3 TOAIOHUMH CHMITTOMAaMH.

1 Oksak, G. A. (2019). TenemenuiuHa sk (Gopma SKICHOrO HaJaHHS
MEIMYHUX TIOCITyr. BiCHUK comiajdpHOI Tiri€HW Ta OpraHi3aimii OXOpOoHHU
310poB’st YKpainu, 2. https://doi.org/10.11603/1681-2786.2019.2.10492

2 Malarkhodi, S., T.R., T. R,, R, S. K., &G.G., S. (2023). Improving
Performance of VGG-19 Model using Dual Input Block for Skin Disease
Classification  Applied and Computational Engineering,  8(1).
https://doi.org/10.54254/2755-2721/8/20230228

3 Korzh, O., Cook, G., Andersen, T., &Serra, E. (2017). Stacking
approach for CNN transfer learning ensemble for remote sensing imagery.
2017 Intelligent Systems Conference, IntelliSys 2017, 2018-January.
https://doi.org/10.1109/IntelliSys.2017.8324356
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Web-goaarok «IllogeHHUK MaHAPiBHUKA»

Hikonenko C. O., cmydenm IT-02, ITapdpenenxo 1O. B., doyenm

CyMchkuii nep:kaBHui yHiBepcuteT, M. Cymu, Ykpaina

VY cydacHOMY CBiTi MTOJOPOXKEW BaXKIIMBOIO € MOXKIIUBICTh 3PYYHOTO Ta
eeKTUBHOrO IUTaHyBaHHS Ta 30epeKeHHS BpakeHb. l[Ipomec BeneHHS
HIOZICHHUKA [TOJIOPOXKI Ta MJIaHyBaHHS MaHIPIBOK BUMarae 3HaYHUX 3yCHIIb
Bl TMONOpPOXYIOYHX. 3 YypaxyBaHHSIM IHMX (aKTOpiB, aKTyaJbHICTh
po3pobsienHst  gogatky — «lllomeHHWMK — MaHApiBHMKa»  HAJIAa€ThCS
wiatGopMor0 IS IUIaHYBaHHS TOAOPOXIi, CTBOPEHHS HOTATOK Ta
MOIINPEHHS BPaKEHb Bijl MaHAPIBOK.

Mera crBopenHst web-nonatky «llloneHHUK MaHApIBHUKA» — HaJaTH
KOpHCTyBadaM 3py4yHy miatdopMy sl MJIaHyBaHHS Ta JOKyMEHTYBaHHS
nopopoxked. llell nmoparoxk jgomoMarae IOAOPOXKYKOUMM CTBOPIOBATH
HOTATKH, AITUTUCS BUOpPAaHMMHU HOTAaTKaMHM 3 IHIIMMH KOPHCTYBadyaMH,
30epiraTé BpakeHHsS Bij MOIOPOKEH Ta ePEeKTUBHO OPTaHI30BYBaTH CBOI
mauzapiBku. Ilmardopma «lllomeHHNK MaHOpiBHUKA» po3podiieHa 3
BUKOPHCTAaHHSAM web-iHCTpyMeHTIB 1 Mae crenudidyanid Habip (QyHKIIH,
TaKMX SIK PEECTpallii Ta BXil B CHCTEMY; OCOOHUCTHH THpOCTIp is
MaHJpIBHMKA, J€ BIH MOXE IUIAHYBaTH Ta BECTH 3allMCU IIPO CBOI
MOJIOPOKi; TOJOBHA CTOpiHKA, J€ JOCTYNHI MyONi4Hi  3amucu
MaHPiBHUKIB, 1 MOKIIUBICTh 3/IIIICHIOBATH IMOIITYK 32 KATETOPisIMH, TAKUMHU
SIK XEIITETH.

Juzaitn iatdhopMu afanTHBHUH 1 TAXOIUTH JJIs TIEPETIIAy Ha Pi3HUX
OpucTposix Ta BeO-Opaysepax. Jlnsi CTBOPEHHS I[bOTO  MPOEKTY
BUKOpUCTOBYBanucsl Taki iHcTpymenTr, sk HTML, CSS, JS, React JS ta
MongoDB. KopucryBaui web-monaTky MOXYTh HaJIe)KaTH [0 PI3HHX
KaTeropiii: MaHApPIBHUKH, SKi XO4yTh 30epiraTd BCHO HEOOXimHY
iHdopMarito Tpo CBOI TOMOPOXKI B OJHOMY MICIi Ta MiTUTHCA
BP&KEHHAMH; OCOOM, IO IIKaBJIATHCS 3HAXO/DKEHHSIM JIOCTOBIpHOI
iHpopMaIlii TpPO KOHKPETHI MICH Ta IUIAHYBAHHSM TOJOPOXKEH;
aJIMIHICTPATOPH, Ki KEPYIOTh MTyOJIIYHUM KOHTEHTOM.

Omxe, po3pobnennii web-nomatok «llloieHHNK MaHJpPIBHUKAY €
HE3aMIHHUM 1HCTPYMEHTOM ISl MOJOPOKYIOUHMX, HAAI04M 1M 3pY4HHUH i
OpTraHi30BaHUil c10ci0 MIaHyBaHHS Ta JOKYMEHTYBaHHs CBOIX MOJOPOXKEH.
Bin 3a0e3neuye MOXJIHMBICTH CTBOPIOBATH HOTATKH, 30epiraTu BpaKeHHs
BiJl MAHIPIBOK Ta JUIMTUCS HUMH 3 IHIIUMHU KOPUCTYBaYyaMH.
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Indopmaniiina cucrtema HaxaHHs pexoMeHaalii mpodinis
3a CHiJIbHUMM iHTepecamMu I COMiaJIbHOI Mepeki

Posron M. O., cmyoenm IT.m-21n; Ilapdenenko FO. B., doyenm
CyMchkuii nepkaBHui yHiBepcuteT, M. Cymu, Ykpaina

ComianpHi ~ Mepexi  CTalM  OCHOBHOIO  miuarGopmMor0 Ui
PO3MOBCIOKEHHST  pi3HOpinHOi iH(opMmamii. KinbkicTe KoOpHCTyBadiB
COLIMEPEkK MOCTiiHO 3poctae. 1100 3HaliTH mimxoAsmry ajas 3HaHOMCTBa
JOAMHY, TOTPiIOHO MEperyITHYTH Ta MpoaHalizyBaTu 0e3mid npodimnis, mo €
Oy)ke BUCHAXIMBUM. Lle Ha3uBaoTh NPOOIEMOI0 TE€pEeBaHTAKEHHS
iHdopMmariiero. CructeMu pexoMeHallii mpodiJiB 10omoMaraloTbs HOJ0JIaTH
mo mpobieMy. BoHu aHamizyloTh JaHI KOpHCTyBada Ta WOro mii, moo0
HaJaTH [EPCOHANI30BaHUN CIHUCOK NPOQiTiB, PEKOMEHIOBAHHUX IS
3HalioMcTBa 4M npyxk6m. Kpim Toro cmcremn pekomeHmamii mpodiniB
CTIPHSIOTH PO3BUTKY COLIMEPEXKI.

Metoro  po3po0ieHOT  pEeKOMEHIAIIHOI  CHCTeMH, € HaJaHHS
KOPHCTYBady  COI[iaIbHOI ~ MeEpeXi  MepCOHali30BaHOTO  CITUCKY
pEKOMEHIOBaHUX MPOQisiB, HA OCHOBI HOTO iHTEpECiB.

Po3pobrena pekomeHamiiiHa crucTeMa BUKOHYE MOLIYK KOPUCTYBadiB,
SIKi TTO/1iOHI JT0 MOTOYHOT'O KOPUCTYBaua, i peKOMeH ye podisi 3HaHIeHNX
KopucTyBadiB. [1ogiOHICTE Mk KOpUCTYBauaMH BU3HAYAETHCSI HA OCHOBI 1X
npodUILHUX JaHWX, CIHCKY JIPY3iB Ta JIOMHUCIB siKi iM mogobatoTees. s
pO3paxyHKy TOJIOHOCTI BUKOPUCTOBYEThCs — KoedimienT JKakkapa.
Crnoyatky cucremMa po3paxoBye KoedilieHTH HOAIOHOCTI OKpemo Juis
Mpo(iTPHUX HaHWX, CIHCKY JAPY3iB, Ta CIUCKY YNOJ00aHUX JOIHUCIB.
[ToTiMm cucteMa po3paxoBye cymy Koe(ili€HTIB I KOXKHOTO KaHIUAATA.
B xinmi cucrema moseprae 10 mpodinmiB 3 HAHOLIBOIOD CYMOIO
KOeQiIli€HTIB.

PexomeHnaniiiHy cucremy po3po0OJIeHO y BUTIISII IIPOrPaMHOTO MOTYJIst
MOBOI0O JavaScript Ta BIPOBaJDKEHO y 3a3/1aJerib po3pOOICHUH POTOTHIT
comiaabHOi Mepexi. [IporoTurt conmMepeski po3pobieHo MoBoro JavaScript 3
BUKOpUCTaHHSIM (peliMBopkiB React Ta Express Ta 0a3um gaHux
PostgreSQL. B pesynbrari BOpOBapKEHHS Yy Hpodial KOpHUCTyBaya
COIIMEpEXi  BIJIOOPAKAETBCS  CIHUCOK  PEKOMEHJOBAaHHMX  MPOQLIIB.
PexomennoBani npodisi BioOpakarThCsl Y BHIIISII KapTOK, SIKI MICTSTh
iM’sl KOpUCTyBaua, aBaTap Ta MOBIJIOMJIGHHS PO Te, Ha SKUX MiJcTaBax
PEKOMEHIOBAHO JaHUH MPOQiib.
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Management of energy microgrid behavior based on fuzzy logic
Ye. Kholiavka, PhD student, Yu. Parfenenko, Associate Professor
Sumy State University, Sumy, Ukraine

The development of microgrids has become a significant milestone in
the modern energy industry, offering convenient and efficient methods for
the distribution and utilization of electrical energy. Microgrids are small,
localized energy supply systems that can operate autonomously or be
connected to the centralized grid. They are typically used in residential
complexes, commercial buildings, industrial facilities, and other places
where independence from centralized energy sources is important.

However, energy management in microgrids proves to be a complex
task due to constant changes in energy consumption and environmental
conditions. These systems require continuous monitoring and adaptation to
changes to ensure effective and reliable operation. In conditions of
uncertainty and the possibility of unforeseen situations, the use of fuzzy
logic inference systems becomes increasingly important.

Such an approach allows the development of management systems that
can efficiently adapt to changing conditions, using fuzzy rules and
inference mechanisms based on fuzzy sets [1]. Utilizing fuzzy logical
inference enables considering various scenarios and uncertainties in
microgrid management, which is crucial for their stability and reliability.

In this work we discuss how fuzzy logical inference systems can be used
to optimize energy management in microgrids. To build a fuzzy logical
inference system for energy redistribution in microgrids, several steps need
to be taken [1].

Firstly, based on existing models for forecasting electricity
consumption, input variables such as energy consumption levels and
microgrid equipment status are determined. Mathematical expressions for
this process can be formulated using the concepts of fuzzy sets and
membership functions, allowing quantitative assessment of the degree of
belonging of each input variable value to a certain set of possible values.

Next, a rule base is formed, defining how the system should respond to
different combinations of input values, considering not only typical
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situations but also possible differentiated abnormal cases that have been
forecasted. This can be expressed as a set of rules in the form "IF
(conditions for input variables are met), THEN (output variables take
certain values). [2] Such an approach allows modeling various scenarios of
system response to different conditions and provides flexibility in energy
management.

Subsequently, a control mechanism is implemented, which considers the
recommendations of the fuzzy inference system and ensures their execution
in real-time. Fuzzy control algorithms, such as Mamdani or Sugeno [1]
algorithms, can be used for this purpose, allowing the transformation of
fuzzy inputs into crisp output values while considering fuzzy rules.

The implementation of a fuzzy logical inference system for energy
redistribution in microgrids has the potential to facilitate energy
infrastructure management significantly. This system can ensure efficient
energy redistribution and utilization even in conditions of uncertainty and
potential abnormal situations, thereby greatly enhancing the reliability and
stability of microgrids.

Achieving optimal energy management is a crucial step towards
creating resilient and energy-efficient energy systems capable of
functioning successfully under various conditions. The application of fuzzy
logical inference systems will enable optimal resource utilization, improve
efficiency, and reduce energy costs, thereby promoting the stability and
economic viability of microgrids. Such an approach can be beneficial for
various applications, including residential complexes, commercial
buildings, industrial facilities, and other installations.

1 Abdalfatah S., E. El-kholy E., Awad H. Power-Sharing in microgrids
by adaptive virtual impedance and fuzzy logic. Engineering research
journal. 2023. Vol. 179. P. 68—74. URL:
https://doi.org/10.21608/erj.2023.315739 (date of access: 28.03.2024).

2 Fuzzy logic control of hybrid systems including renewable energy in
microgrids / O. Feddaoui et al. International journal of electrical and
computer engineering (IJECE). 2020. Vol. 10, no. 6. P. 5559. URL:
https://doi.org/10.11591/ijece.v10i6.pp5559-5569  (date  of  access:
28.03.2024).
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Jliniiine inpopmaniiiHo-ekcTpeMajibHe MAIIMHHE HABYAHHSI
reoingopmaniiiHoi cucremu ineHTuikamii
KaJapiB nudpoBoro 306paxkeHHs! periony

Pomynikin O. A., cmyodenm IT-02
CyMchkuii nep:kaBHui yHiBepcuteT, M. Cymu, Ykpaina

Posrnsnaerbes 3amavya iHpOpPMAIITHOTO CHHTE3Y Ha OCHOBI MAIlTUHHOTO
HaBYaHHS OOPTOBOI aBTOHOMHOI TeoiH(opmariiiinoi cucremu (I'IC) must
imeHTH(IKaIil KaapiB MUPPOBOro 300paKEHHS PETIOHY CIIOCTEPEKEHHS.
MammHHe HaBYaHHS PEari30BaHO B paMKax iH(pOpMaIiifHO-eKCTpeMaTbHOT
IHTeNIeKTyaibHOT TexHojorii ananizy nanux [1]. OcHOBHa miepeBara
iH(opMaIifHO-eKCTPEMAaIHbHOTO MAIIMHHOTO HABYAHHS IEpe]l MTYIHUMHU
HEWPOHHUMH MEpPEeKaMH TIOJISTa€ Y BUKOPUCTAHHI MOOYIOBAHUX B PaMKax
TEOMETPUYHOTO  MiAXOAY  BHUPINIYBaJbHUX  IMpPaBWI,  HPaKTHYHO
iHBapiaHTHUX 0 6arato BUMIpHOCTI MPOCTOPY O3HAK pO3Mi3HaBaHHA. Sk
BXIJHI TaH1 PO3TIIAJAINCS Kaapy 300paKeHHS PETIOHY CIIOCTEPEKEHHSI, IKi
XapaxkTepu3yBald Ha3eMHi IPUPOJIHI Ta iHQpacTPyKTypHi 00’ ekTH (puc.1)

a §) B r

Pucynok 1 — Kaynpu 300pakeHHs1 perioHy: a — Kiiac po3ii3HaBaHHs “Tioe”;
0 — KJ1ac po3mi3HaBaHHA “Jic”’; B — KJIac pO3ITi3HaBaHHS ‘‘aBTOMAaricTpais’’;
T — KJIac po3mi3HaBaHHs “‘cax”

[Hdopmariitno-ekcTpemansHe MammHHe HaBuaHHs ['1C 3xilicHIOBaNOCS
3a JIHIMHOIO CTPYKTYpOIO JaHWX 3 APYTMM piBHEM TINIHOHH, NPU SKOMY
ONTUMI3yBalMCs  pajiycH  TimepoceprUuHUX  KOHTEHWHEpIB  KiaciB
pO3Mi3HaBaHHs Ta KOHTPOJBHI JIOMYCKM Ha O3HaKu. SK Kputepii
ontuMmizanii napamMeTpiB MalIMHHOTO HaBYAHHS Il TBOXaJIbTEPHATUBHOI
CHUCTEMH OLIHOK pillleHb po3risaanacia MoaudikoaHa mipa KynbOaka y
BUTJLSAL:
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1 20,0 — K& + K9 [+107
E0) = log, Nimip (k[) 1 Z{),z ]+r 0
N KO + kP10

(KO +kO)], @

(k) . - N .
ne Kin — kigekicTs mopiii, mpu sSKHX peanmizaiii Kiacy po3mi3HaBaHH:
X, NOMUIIKOBO JI0 HHOTO HE BiJHOCATHCS; Ké’f,)n— KUTBKICTD TIOJIH, TIpH

SKUX MOMHJIKOBO BIJHOCATBCSA 10 KJacy pO3Mi3HaBaHHS X, peasizauii

CYCITHBOTO KJIaCy pO3Mi3HaBaHHS X°; Nmin — MiHIMaNbHUNA 0OCAT

b
penpe3eHTaTUBHOT HaBYaIbHOT BUOIpKH; 107 — JOCTaTHHO Malle YUCIIO, 1110
BBOJUTHCS JJIs1 YHUKHEHHS TIOLTY Ha HYJIb.

Ha pucynky 2 mnoka3aHo Tpadik 3aleXHOCTI YCepeIHEHOTro 3a
andapiToM KiaciB po3mizHaBaHHS KpuTepiro (1) Big mapamerpa nenbrta,
SKHH JOPIBHIOE TIOJOBUHI TOJS KOHTPOJBHUX JIOMYCKIB Ha O3HAKH
po3mi3HaBaHHS.

0.4

0.3

0.2

0.1

0.0

Pucynok 2 — I'padik 3anexHocti kpurepito (1) Bix napameTpa aeabTa

AHami3 puUCyHKy 2 TOKa3ye, IO peajtizallis JiHiiHHOTo iH(hOopMaIliitHO-
EKCTPEMaIbHOTO MAIIMHHOTO HaBYaHHS 3a0e3ledye po3MiIbHICTh KIaciB
pO3Mi3HABaHHS, ajie Ma€ HEBUCOKY TOYHICTh. J[s MmigBUIIEHHS TOYHOCTI
HEOOXITHO MePeTH 0 MAIIMHHOTO HABYAHHS 33 1€PAPXIYHOI0 CTPYKTYPOIO
JIAHUX, 110 € MPEIMETOM MOJAIBIINX JOCIiPKEHb.

Kepisauk: [lapdenenxo YO. B., doyenm, CymZ[y, m. Cymu, Yrpaina

1 Jlosoumr A.C. IarenekryanbHi iH(oOpMariifHi TexXHOJNOTii B OCBiTi /
A.C. Jooum, A.B. Bacunbe, B.O. Jlto6uak. — Cymu: BugaBHUITBO
Cym/1Y, 2013.— 172 c.
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Oruisia MeTo/1iB MPOrHO3YBAHHS €JIEKTPOCIIO;KUBAHHS MiAMPHEMCTBA
B YMOBaX HeBU3HAYEHOCTI

Jouenko O. P., cmyoenm IT.m-21n; Tumuyk C. O., doyenm
CymMmchkii aepskaBHUHN yHiBepeuTet, M. Cymu, YKpaina

3pocTaHHsI IMiH Ha €HeProHOCIi Ta HECTAOUTHHICTh Ha HEPIeTUIHIX PHHKAX
pOOJISITE  TIPOTHO3YBaHHS ~ CIOXHMBAHHS — €JIEKTPOCHEPrii  MiANPHEMCTBOM
Ha[3BUYAHO BAKIIMBAM Ta KPUTHYHUM 3aBIaHHAM Y KOHTEKCTI ONTHMI3aril
BUTpaT Ta €(EeKTUBHOTO YMpaBIiHHS pecypcamH eHepreThkd. Mopem mux
MpoOJieM CTalOTh HE TUTHKK 3HAYHUMH, ale W BUPIMIATBHUMH 1HCTPYMEHTOM
JUIL  KOMMaHid y cfepl CHEProMEHE[DKMEHTY, OCOOJMBO B yMOBax
HCBHM3HAYCHOCTI, IO XapaKTCPH3YEThCS KONMBAHHAMM IiH Ha CHEpilo,
Heriepe10auyBaHiMK 3MiHAMH Ha PHHKAaX 1 BIUIMBOM PI3HHMX CKOHOMIYHFX,
eKOJIOTIYHMX 1 TEXHOJOriYHHMX (haKTopiB. BOHM JOmoMararoTh KOMITaHisIM
BIPOBA/DKYBATH CTpATerii eHeproe)eKTUBHOCTI, ONTHMI3yBaTH BUTpAaTH Ha
eJIeKTPOCHEPTII0 Ta PaIliOHATBFHO BUKOPHCTOBYBATH PECYPCH, IO B CBOIO Yepry
CTpUsi€ TiJBUIICHHIO KOHKYPEHTOCIIPOMOMKHOCTI Ta CTIMKOCTI Oi3Hecy.
Buxopucranns cydacHux iH(pOpPMAIIHHAX TEXHOOTIN B €HEPreTHIll BiIKpHUBae
HOBI TIEPCIICKTHBU U1 OUIBII TOYHOTO TPOTHO3YBAHHS — CIOXKHBAHHS
enekTpoeHeprii. EQekTuBHE ynpaBmiHHA HEBU3HAYEHICTIO € KITFOYOBOIO IS0
MOTOYHOI MpOoOJIeMH, sIKa BUMarae po3poOKU CTparerid JUisi YHpaBIiHHS
pU3MKaMH Ta THYYKOCTI Yy BHKOPUCTAaHHI Ui TOJANBINOI CTIHKOCTI Ta
NPONYKTHBHOCTI ~ Oi3Hecy.  3acTocyBaHHSI IepefoBMX  iH(opMaLiiHuX
TEXHOJIOTM, TaKMX SK INTYYHHH IHTEJIGKT Ta aHali3 JIAHUX, JIO3BOJISE
OpraHi3allisiM CTBOPIOBATH MOJIEN JWHAMIYHOIO MPOTHO3YBAaHHS, SIKI MOXYTh
aJlanTyBaTHCs J0 MIHIMBUX YMOB Ta (PaKTOpiB €HEPreTUYHOr0 PUHKY. BoHM
aBTOMATH3YIOTh 06p061<y BENTMKUX OOCSTIB JTAHMX, BH3HAYAIOTh CKJIafHI
B33€MO3BSI3KI MK PISHUMH (JaKTOpaMH i IIPOrHO3YKOTh TCHJICHILIT 3 BUCOKOIO
TounicTio. Takuii Mmiaxix He TUIBKKM Hajae KOMIIaHisM HEOOXIIHI HCTpYMeHTH
JUISL ONTHMI3allii YIpaBIiHHSA, ajle i JIO3BOJISIE BYACHO pearyBaTH Ha 3MiHH
KOH'TOHKTYPH PUHKY 1 MakCuMIi3yBaTH e(heKTHBHICTh BUKOPHUCTAHHS PECYPCIB.
VYrpainiHHA pU3MKaMH Ta aHaA3 HEBU3HAYCHOCTI CTAIOTh KIIFOUOBUMH
acneKTamy B po3poOLli Ta BUKOPUCTAHHI MOJENEH NPOTHO3YBaHHSI CIIOKHBAHHS
enekrpoeHeprii. ARIMA (Autoregressive Integrated Moving Average) — 1e
CTaTHCTUYHUI METOJ MPOTHO3YBAHHS, SIKWM BUKOPHCTOBYETBCS IS aHAIIZY Ta
MPOTHO3yBaHHS 4acoBux psmiB. Llelt merox Bkiroudae aBroperpeciiiHy (AR),
inrerposady (I) Ta xoB3Hy cepenHio (MA) KOMIIOHEHTH UISi MOJETIOBAHHS
malioHiB Ta TpeHMB y uwacoBux psagax naHuX. [Hyndman, RJ., &
Athanasopoulos, G. (2018). Forecasting: Principles and Practice. OTexts:
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Melbourne, Australia.] VAR (Vector Autoregression) — e CTaTHCTHYHMIA
METO]I, 10 BUKOPHUCTOBYETHCS JIs aHAJI3Y Ta POTHO3YBAHHS YaCOBUX PsIIiB, B
SIKOMY KOKHA 3MiHHA TIOSICHIOETHCS 1HIIIIMH 3MIHHUMH y Mozernti. Moaens VAR
BpaxoOBY€E B3a€MO3B'SI3KM MIXK Pi3HUMH YaCOBHMH PSAAMH, LIO TO3BOJISIE Kpalle
pO3yMITH JWHAMIKy CHCTEMH Ta TPOBOAWTH TouHim mporHo3n. SUR
(Seemingly Unrelated Regressions) — 1ie MeTo, SIKHii BUKOPHCTOBYETLCS ISt
OI[IHKM CHCTEMH pIBHSHb perpecii, 1€ pi3Hi pIBHAHHSI MOXYTh OyTH
B3aEMOTIOB'SI3aHAMH, ajie iX KoedirieHTH MOXKyTh BifpisasaTucs. SUR mo3Bosie
e(eKTMBHO BpaxOBYBaTH B3a€MO3BSI3KM MDK DI3HAMH 3MIHHAMH Ta
BHUKOPHCTOBYETHCSA UIS MPOTHO3YBaHHA B yMOBaxX, JI¢ 3MiHHI MOXYTh OyTH
B3aeMozaniexxkHumu. [Gujarati, D.N., & Porter, D.C. (2009). Basic Econometrics.
McGraw-Hill Education]. Merox po3B’si3aHHS MIPOTHO3HOI 3a/1adi Ha OCHOBI
HEYiTKOIO PErpeciiHoro aHali3y € BiAlIOBIJHAM IHCTPYMEHTOM, KOTPHI MOXKHA
BHUKOPWCTOBYBAaTH y JlaHii 3amadi. BiH J03BOMNsE€ BpaxOBYBaTH HEUITKICTH Ta
HETIOBHICTh B TIOYaTKOBUX JaHUX, IO SIBIISIETHCS BKIMBUM aCIEKTOM Y cdepi
SHePreTHYHOr0 MEHEIDKMEHTY, € MPOrHO30BaHI Mofeni TOBHHHI OyTH
aaNTUBHIMK Ta THYYKHUMH U1 e(pEKTUBHOTO YIPABIIHHS €HEpPropecypcamu
minpremcTBa. EkoHOMETprdHI Mozeni € GpyHIaMeHTATLHIMH 1HCTpYMEHTaMU
JUISL TIPOTHO3YBAHHS CIIOKMBAHHS €JIEKTPOCHEPrii B Pi3HUX cekTopax. BoHu
BIJIOMi CBOEIO 3/IATHICTIO HAJaBaTH TOYHI Ta HAJIMHI TPOTHO3H, O3BOJIAIOYN
¢dipMaM eEeKTUBHO YIPABISATH CBOIMH EHEPropecypcaMH Ta MOJIETIIYBaTh
BHpIIICHHS TPOOJeM EeHEepProMeHeKMEHTY. BUKOpHCTaHHS BHINE3raJaHuX
Mmozenelt, Takux sk ARIMA, VAR i SUR, y mporaodyBaHHi € KIHOYOBUM
(dakTopoM  AJIsI  BUpINICHHS ~ 3aBJaHb  CHEPIETUYHOIO  YIPABJiHHSL
HeBusHaveHicTh y chepi MEHEIPKMEHTY €HEPreTHKH CTBOPIOE CKIIAJHI YMOBH
JUTISL TATIPUEMCTB Y TIPOTHO3YBaHHI, IO B TOJANBIIOMY BUMAara€ BUKOPHCTAHHSI
a[aNTHBHUX Ta THYYKMX METOMIB JUIS 3a0€3MeYeHHs] TOYHMX HPOrHO3IB.
Hespakatoun Ha Jeski OOMEKEHHs, TIOB'I3aHI 3 BIPOBA/DKCHHSAM Ta
BUKOPWCTAHHSM MIa0JIOHIB, TIEPeBard, sIKi BOHW MPOIOHYIOTh, JIOJNAIOTH IIi
TPYAHOI, IO CHpHSE IIBUIICHHIO e(EeKTHBHOCTI Ta palliOHAIEHOMY
BHUKOPHCTAaHHIO €HEPreTHYHMX pecypciB. [Hdopmartiiiai Texromnorii ( ARIMA,
VAR i SUR) pasom i3 mMTy4HMMH HEHPOHHMMH MEpEXKaMH, CTBOPIOIOTH
TOTY)KHI THCTPYMEHTH UIS Tiepen0adyBaHHS Ha IOTMHT EJIEKTPOroTped, Mo
J03BOJISIE Oi3HeCy e(eKTUBHO pearyBaTd Ha 3MiHH B Miii oOnacti. Bakiueo
BpaxoByBaTH He JIHIIE niepeBary, aie it nenomiku [T chepu i crexurn 3a THM,
mo0 BOHA BHKOPUCTOBYBwIAcS 3 OOCPEXKHICTIO Ta 3 PO3IYMIHHSAM 11
00MeXeHOCTi. 3araibHuii BUCHOBOK IOJISITa€ B TOMY, IO 3actocyBaHHA IT-
MoOJIeNIel Y TPOrHO3yBaHHI EIEKTPOCIIOKMBAHHS JIOIOMArae IiJpUeEMCTBAM
MIBUILMTH  e(EKTUBHICTh YIpPaBIiHHA CHEPIreTHYHUMH pecypcaMHu Ta
pearyBaTy Ha BUKJIMKH Cy9acHOTO PUHKY.
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InkmozuBauii UX/UI nu3aiin TeseBi3iiiHOro 3acTOCyHKY:
peanizamisi VI Pi3HUX KaTeropiii KOpUCTYBaviB

Anamenko O. O., cmyoenm IT-03; ®denorosa H. A., ooyenm

CyMchkuii nep:kaBHui yHiBepcuteT, M. Cymu, Ykpaina

B cyuacHocTi peamizamisi Be6G-I0IaTKIB MPOXOIAUTH BENHKY KiIBKICTh
eTaliB A0 KIHIIEBOTO 3amycKy NpoAykTy. Jlo mmx eramiB HeEBiJg €éMHO
BIZTHOCUTBCS 1 peaisallisi KopucTyBalbkoro intepdeiicy, a came — UX/UI
Design, B KOTpoMy BIigHONIEHHS UX — Il UuUser experience (ZOCBifg
KopucTyBada) Ta ui — user interface (intepdeiic kopucrtyBaya). B
Oubinocti cBoidi BupoBamkeHHss UX/UI auzaiiHy MicTUTH B COOI JIOJIO
IHKITIO3MBHOT ~ peaiizallii uisi CepeIHbOCTATUCTUYHOTO KOPHCTYyBaya,
KOTpUA Ma€ 3BUYAiHI TOTpeOW, HampuKiIaa, 30iIbIIeHHs Ta/abo
3MEHIIIEHHS ICKPABOCTI EKpaHy, TYYHOCTI 3BYKY, po3Mipy mpudty Tomo. B
JaHil ke Te3i Oyze pO3rsHyTe MUTAHHS PO3LMIMPEHOI 1HKIIO3UBHOCTI IS
KOPHCTYBadiB 3 OLTBIINM CIIEKTPOM CHEMiaJbHUX MOTPeO, KOTPi MOXKYTh
OyTu BrpoBakeHi Oesnocepeanpo UX/UI quzatinepom [1].

BaxmBUM eJIeMEHTOM CTBOPEHHS JU3aiHY IS OYAb-SKOTO MPOIYKTY
— € BHU3HAYCHHI KOpHCTyBada, KOTPHHA IIMM TIPOAYKTOM Oyxe
KOpHCTYBaTHCA. AHami3yrouu #oro Oomi Ta moTpebw, Ta 3i0paBmu
MaKCUMaJbHy iH(pOpMAILiI0 MO0 crnocody B3aeMOAii KOpUCTyBaya 3i
3BUYAlHUM CepeloBUINEM — Ju3aifHep pOOWTh BUCHOBKH IIOJIO
BIIPOBAKEHHS TOTO YX IHIIOTO (DYHKI[IOHATY y BeO-mipoaykT. bepyun mo
yBaru BCi HEOOXIJIHI acIeKTH peasi3aliii.

Takuii miaxia ga€ MOXIJIMBICTh 3 HAMBMIIOK BIPOTIAHICTIO MOOYIyBaTH
MIIHUH 3B’SI30K MK NPOIYKTOM Ta KOpHCTyBaueM. BiJTHOCHO 110 OKpeMHxX
notped, B AM3aliH BIPOBAKYIOTHCS Pi3HI CIIocoOM peaiizaliii B3aeMoii 3
TEJICBI3IMHUM 3aCTOCYHKOM. B3siBiu 3a npukiaz 2 KaTeropii Jitoiei: onHa
JIOAMHA Ma€ TpoOJIeMH 3 30pOoM, iHIIA Mae mpoOiiemu 3i ciayxom. s
KOXKHO{ 3 HuX OyzAe HiArOTOBJEHAa OKpeMa peaii3aiis A B3aeMOIii 3
iHTepdeiicom. A came [2]:

— Jlnst mrotuHM, 110 Ma€e poOIeMu 3 30pOM:

— IlIpudroBa yacTnuHa NOBUHHA OYTH KOHTPACTHA;

— 3aCTOCOBYEThCS BENIUKI PO3MIpH MPUQTIB;

— OniioHaNbHUN 3BYKOBHH CYNPOBIT IS i,

— JlomaTkoBi HalaITYBaHHs SICKPaBOCTi iHTEpdeiicy;
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— JInst mouHY, 10 Ma€e MpoOIIeMH 31 CITyXOM:

— BrpoBaxeHHs BinoOpakeHHsI CyOTHTPIB;

— MOXIIUBICTh BiIOOpaKECHHS CypAO-TIepeKIanaya;

— MOXIIMBICTh TEpeKNIaay TPAHCIALIA Ha PiTHY MOBY 3 HOJANBITUM
BiT0OpaskeHHSM y CyOTHTpax.

BaxnuBicTh Takoi peamizaliii 3aCTOCYHKY JUIsl KEpyBaHHSI TEICBI30pOM €
HE3alepeyHol0, TaK K TaKUi MPOAYKT, KOTPHUA Mae B co0l MOriuOieHy
IHKITIO3WBHICTh 3 OUTBIIIOIO  BipOTiAHICTIO 3400yae yCmiX cepen
KOPHCTYBauiB, HIXK aHAJIOTH, 0e3 HeoOXiTHUX 1HTep()EeHCHUX HANAIITYBaHb.

BrpoBamxkennst ikamo3uBHocTi B UX/UIl  nuszalini €  JorivyHOMNO
COIiaTHFHOI0 HOPMOIO cepen au3aitHepiB B cepi BeO-inTepdeticiB [3], mo
HPU3BOANTH J0:

[TigBuieHHs TOBIpH KOPHUCTYBaya JI0 3aCTOCYHKY;

3pOCTaHHIO BiICOTKY KOPHUCTYBAaYiB;

3akpimieHHro, B cepi qu3aifHy, METOUKHA BUKOPUCTAHHS TIOTJIHOICHOT
THKJTFO3UBHOCTI AJ1s1 OLTBIIOTO KOJIa MOTEHIIHHIX KOPUCTYBaYiB;

CropollleHHs MAaTepHIB  BHKOPHUCTaHHS CHCTEMHHX  KOMIIOHEHTIB
mporpam, Oe3NocepeHbO ISl CTBOPEHHS Mu3aiHy: oOmupHi 0i0mioTexH,
KOMIIOHEHTH TOIIIO.

Otxe BupoBamkentst B UX/UI au3aiiH iHKJIIO3MBHUX YaCTOK € 03HAKOIO
pyxXy nu3aiiH Ta BeO-cepy y HampsMKy, B KOTPOMY KOPHCTYBad €
TOJIOBHOIO (Piryporo peaizamii BeO-IpOAYKTy, a HE cama ifes JOJaTKy.
Taxa Te3a € HAMTOJIOBHIIIOK 1 BaIiIHOIO, SIK JIJIsl CTBOPEHHS MTPOAYKIIT il
TeJeBi3ilHI 3aCTOCYHKH, TaK i JUIst BCi€i cepu BeO-Tu3aiiHy.

1 Gilbert R. M. Inclusive Design for a Digital World. Berkeley, CA :
Apress, 2019. URL: https://doi.org/10.1007/978-1-4842-5016-7 (date of
access: 04.04.2024).

2 Inclusive UXx design. Lyssna. URL:
https://www.lyssna.com/blog/inclusive-ux-design/  (date  of  access:
04.04.2024).

3 They Make Design. Inclusive Web Design: Why It Matters and How
To Achieve It. Medium. URL.:

https://medium.com/theymakedesign/inclusive-web-design-743d8bc5c843
(date of access: 05.04.2024).
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Metoau moaenioBanns 3D Bizyasizauii 6e3nisioTHHX
JiTATBHUX anapaTtiB: BUOIp ONTHMAJIBHOIO MiAX0OXY

Axcrounit A. P., cmyodenm IT-01; ®denorosa H. A., doyenm
CyMchkuii nepkaBHui yHiBepcuteT, M. Cymu, Ykpaina

Jus crBopeHHs Bizyamizamii 3D momenell Oe3MiIOTHUX JIITATBHUX
anapatiB (BILJIA), Takux sk DIJI Mavic 3, MoXHa 3aCTOCOBYBaTH
PI3HOMAaHITHI METOIAM MOJICTIOBAHHS, KOXKEH 3 SKMX Ma€ CBOI IepeBaru Ta
oOMekeHHs. BpaxoByloun XapakTEepUCTHKH BOTO KOHKPETHOTO amapary,
SKUM  BKJIFOYAa€ OpraHiuHi Ta TEOMETpHUYHI eJeMEHTH, MEeTOIu
MOJITOHATBHOTO  MOJCTIOBAHHS ~ Ta  CKYJBNTHUHTY  BHSBISIFOTHCS
ONITUMANFHUMU JIJISl CTBOPEHHS Horo Bisyamizamniitaunx 3D Moneneid.

[Nepmmii MeToA, MOJIrOHAJIbHE MOJENIOBAHHS, MOJATaE y GOpPMYyBaHHI
MOJIETI IIITXOM 3'€THAHHS TeOMETPHIHUX (POopM, TakuxX K KyOu, cepu Ta
HWTHIPY, 32 JOTIOMOrO TOJIroHiB. Llei mimxim M03BOJSIE CTBOPIOBATH
JeTalbHI Ta THYYKI MOZETI, IO ileanbHO MiAXONATH IJIS BiATBOPEHHS
ckiamHuX Gopm amapary.

Hpyruii mMetox, CKyNbITHHT, TMoysArae y MonenroBaHHI 3D 00'exriB
IUIIXOM BHpPi3aHHs Ta JOJaBaHHS MaTepialy, HaraJayrouu npoiec podoTHu 3
rMHOI0. BiH 03BONISE MIBHAKO Ta iHTYITUBHO CTBOPIOBATH OpTaHIvHI
dopMu Ta geTanmi, 10 POOUTH HOro €(MEKTHMBHUM [UIsi CTBOPCHHS
peaicTUYHUX MoJIeNie anaparis.

ono meronis CAD (Computer-Aided Design), BoHu 3a0e3neuyroTb
TOYHICTh Ta KOHTPOJIb HAJI TEOMETPHUYHOIO CTPYKTYPOIO 00'€KTiB, MpoOTe
BOHM MOXYTh OyTH CKIQIHUMH JUIS BUKOPHCTaHHS O€3 HaJIeKHOTO
HaBYaHHA Ta J0CBiny. KpiM TOro, BOHM HE 3aBXIU TaK THYYKI IS
CTBOPEHHSI OpraHiyHUX (OpM, II0 YaCTO MPUCYTHI y Mu3aiiHi O0e3MiJIOTHUX
TTaTbHHUX anaparis.

3 ypaxyBaHHSIM BHIIEBKa3aHOTO, IIOJITOHAIFHE MOJEIIOBAaHHSA Ta
CKYJBIITUHT BHSBJISIFOTBCS HAWOLIBII MIAXOASIIMMHA METOAAMH ISt
cTBopeHHs Bi3yamizaniii 3D moneneii BIJIA, takux sk DJI Mavic 3 [1].

Po3rnsiHeMo KojkeH 3 METOJIIB MOJICITIOBAHHS OB JICTANBHO:

[onironanabHe MOAETIOBaHHS:

Omnmuc: Lle#t metos 6a3zyeThcs HA CTBOPEHHI MOJIENI LUISXOM 3'€JHAHHS
reOMEeTPUYHHUX (OPM 3a JIOTIOMOTOIO TOJITOHIB, TAKUX SIK TPUKYTHUKH Ta
YOTHUPUKYTHUKH. Mozenb GopMyeThes NIISIXOM BU3HAUCHHS TOJIO0KEHHS,
(hopMH Ta po3MipiB KOXKHOTO MOIITOHA.

IlepeBaru: [lomironaiabHe MOJIENIOBaHHS JIO3BOJISIE  CTBOPIOBATH
JNeTalbHI Ta THYYKI MOMAENI, SKI JIETKO MiJAJAIOThCA IOJANBIIOMY
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penaryBaHHIO. BUKOpUCTOBye€TbCS Ui CTBOPEHHS CKIagHUX (opM Ta
TEKCTYPYBaHHSI.

Henoniku: Ileir merom moxke OyTH YacOMICTKHM, OCOOJIHBO ISt
CTBOPEHHS CKJIaJHUX JleTajiell amapary. Bumarae gomaTKOBOTO JOCBiAy Ta
BIIPABHOCTI /AJIs1 CTBOPEHHS IeTaJbHUX MOJEINEH.

CKyJBOTHHT:

Omnmc: CKympOTHHT BIATBOPIOE TMPOIEC pOOOTH 3 TIIMHOK a0 IHIINM
MaTepiajgoM, e MOJeNb (POPMYEThCS NUIIXOM AOoAaBaHHS ab0 BUIATECHHS
Matepiany. KopuctyBaui MOXyTb pOOMTH 3MiHM Ha MOBEPXHI MOJEN 3a
JOTIOMOT'OF0 IHCTPYMEHTIB, IO HAraAyIOTh KUCTI.

[lepeBarn: CKyABOTUHT € MIBUAKUM Ta IHTYITHBHUM METOJIOM JJIsI
CTBOpEeHHs opraHiyHuX (opMm Ta netaneil. lle 0coOMMBO KOPUCHO I
CTBOPEHHS JETaTi30BaHUX Ta PEATiCTUYHHX IOBEPXOHb alapary.

Henonixu: MeHII TOYHMM, HI’K ITOJITOHAJIBHE MOAEIIOBAHH, 0COOJIMBO
IUIsL CTBOPEHHSI TEOMETPUYHHX JieTaneil. Takok MoXe BUSBUTHCS BaKKHM
Y BUKOPUCTaHHI JISI CTBOPEHHS CHMETPHYHUX a00 peryisipHuX GopmM.

Meroau CAD (Computer-Aided Design):

Omnmc: Lli Meromu 6a3yrOThcsi HA TOYHOMY MOJIENIOBaHHI O0'€KTIB 3a
JOTIOMOTOI0 MaTeMaTUYHUX aJTOpUTMiB. BOHM 4acTO BHKOPHCTOBYIOTHCS
TSt TIpOo(heciifHOTO MPOEKTYBAHHS Ta 1H)KEHEPHUX PO3PaXyHKIB.

[lepeparn: CAD Hazmae TOYHICTh Ta KOHTPOJIb HajJ T€OMETPHYHOIO
cTpykTypoio Mozem. Ile pobuth iX igeanbHMMH JUI  CTBOPCHH
peaNicCTUYHUX Ta JIeTali30BaHIX MOJAEICH.

Henoniku: Bonn MoxyTs OyTH CKIagHMMHK JUIs BHKOPHCTaHHsS 0e3
BI/IMIOBITHOTO HABYAHHSA Ta JOCBify. Tako BOHM MOXyTh OyTH MEHII
THYYKHMH JUISI CTBOPEHHS OpraHiYHUX ()OpPM IMOPIBHSIHO 3 MOJITOHATLHUM
MO/JICJIFOBAHHSIM.

3 ypaxyBaHHSM 3a3HaYCHUX IIepeBar Ta HEJONIKIB KOXKHOTO METO.NY,
JUIS  CTBOpeHHs Bizyamizamiii 3D wmojeneld O€3MUIOTHUX I TATBHUX
amapariB, Takux sk DJI Mavic 3, peKOMEHAyeThCS BHKOPHCTOBYBATH
KOMOIHAIIIF0 METO/IIB IOJITOHATFHOTO MOJICIIOBAHHS Ta CKYNbNTUHTY. Lle
JIO3BOJIUTh ~OTPUMATH PEAJICTUYHI Ta JETali30BaHi MOAENi, IO
BIATBOPIOIOTH OPTaHiuHI Ta TE€OMETPUYHI XapakTEPUCTHUKH amapaTty 3
BHCOKOIO TOYHICTIO.

1 Enrico Valenza . Blender 3D Cookbook: Build your very own

stunning characters in Blender from scratch URL:
https://www.onlineprogrammingbooks.com/blender-3d-cookbook/
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Indopmaniiina TexHoJiorist 3ade3neyeHHsi po6aACTHOCTI BeO-10aaTKIB
Momuanos /1., acnipanm; ®enorosa H. A., doyenm
Cymchkuit nep>kaBHAH yHiBepcuteT, M. Cymu, YkpaiHa

VY cyugacHOMy mm(poBOMY CBITi, e Be0-IOAATKH € OCHOBOIO 0araThbox
Oi3Hec-Moenel, BaXIHMBICTh POOACTHOCTI i1HQOpPMAIIHHUX CHCTEM HE
MOXke OyTH mepeollineHa. PoOacTHICTh Be0-I0/IaTKIB BU3HAYAETHCA K iX
3MATHICTh MIATPUMYBAaTH CTa0LIbHY Ta eQeKTUBHY poOOTy mim dac
30BHIIIHIX aTak, BHYTPILIHIX MOMMJIOK, abo HecmoniBaHuX 300iB. B Te3i
Oyze pO3IJISHYTO BHKOPHCTAHHS CYd4acHHMX iH(OpPMAUiifHUX TEXHOIOrii,
SIKI  CIPHATHMYTH  ITiABHMICHHIO POOACTHOCTI BEO-I0MATKiB, 30Kpema,
BUKOPUCTAaHHS 3aco0iB  KoHTeHHepu3auwii Ta mnpuHuumis DevOps.
KonTteiiHepusalliss € OAHIEI0 3 KIIOYOBUX TEXHOJOTIH, $Ka J03BOJISIE
130JTFOBaTH  CEpe/IOBUINE BUKOHAHHSI  BeO-IOAATKIB, 3a0e3nedyrouu
MPOCTOTY Ta HAAIHHICTh. BUKOpUCTaHHS CHCTEM OpKecTpallii KOHTEHHEePIB,
takux sk Docker, cmpourye mpouecu po3ropraHss, MaclITaOyBaHHS Ta
YOpaBIiHHS BEPCiIMH, L0 € KPUTHYHO BAXKIMBUM JUIS MiATPUMKA
OesnepepBHOi poboTu BeO-momatkiB. KoHTeitHepu3zaliss TakoX [1a€e
MOXJIMBICTh JUIS aBTOMaTH3aiii Ta CTaHAApTU3allii, 10 3HWKYE
MOJKITUBICTh TIOMHJIOK Ta 300iB, a TaKOX 3a0e3reduye BUTbHUN TOCTYH IS
TECTYBaHHs CHCTEMH Ha Oyab-sikoMmy erami po3poOku [1]. DevOps
00’€/IHy€e TPAKTHKH PO3POOKH Ta EKCIUTyaTallii, CTBOPIOIOYHM KyIbTypY
criBmpani Ta cniiebHOI BignoBigansHOCTi. HenepepBHa interpaunis (CI) ta
HeniepepBHe posropTanHs (CD) € QyHAaMEeHTAIbHUMH KOMITIOHEHTAMHU
DevOps, siki 3a0e31euytoTh MIBUIKE BUABJICHHS TA BUIIPABICHHS TOMUJIOK
Ha erami po3poOKM OCHOBHOTO (YHKI[IOHANYy, a TaKoX e(eKTHBHE
BIIPOBA/UKCHHs HOBHX (yHKI. Il NMpakTHKH I03BONAIOTE CTBOPIOBATH
OLMbII THYYKi Ta ajanTHBHI BEOJXONATKH, 31aTHI IIBHIKO pearyBaTH Ha
3MiHM BHMOT Ta CEPEJOBHINA, TEPEHOCATD YaCTHHY BiJNOBIAAJIBHOCTI 32
KHUTTECIIPOMOKHICTE HOBHX BEpCiil JIONATKy Ha CHCTEMH HemepepBHOI
inrerpamii (Jenkins, TeamCity, Bamboo, Gitlab CI, Github Actions) [2].

Bukopucrannss Kubernetes € JOriYHMM HACTIJIKOM BUKOPHUCTAHHS
KOHTeI?IHepmaui'l' ta npaktuk DevOps. Lle cTBOproe MilHYy OCHOBY ISt
pO3pOOKH Ta Hl)ITpI/IMKI/I pobacTHUX BeO-I0/JATKIB, 10 € BAKIUBUM IS
Oi3HeciB, sKi MparHyTh /A0 CTaOUIBHOCTI Ta HaAilHOCTI  CBOIX
onjaiiHcepsiciB. Bukopucranas Kubernetes, abo ioro ananorie (Docker
Swarm, Red Hat OpenShift, Rancher), € nopeunum y KOHTEKCTI
3a0e3neyeHHs1 poO0acTHOCTI BeO-10/IaTKiB 3 KUIBKOX NPUYMH:
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— ABTOMarH3allisi po3ropTaHHs Ta wmacimTaOyBanus — Kubernetes
JO3BOJIIE  aBTOMATHU3yBaTH IMpOLEC PpO3TOPTaHHS 32  JOMNOMOTOIO
KOoH(IrypamiifHux ¢aiiiiB, a TakKoK MacIITabyBaTH JOJATKH BiIIOBITHO IO
HaBaHTAXEHHS HA CUCTEMY,

— CaMOBITHOBJICHHSI KOHTEHHEPIB — Y BUMAJAKY BiIMOBU KOHTEWHEpA,
Kubernetes aBTomMaTuuHO CTBOPIOE HOBHI KOHTEHHEp, 100 3a0e3MeunTH
Oe3nepebiitHy poOoTy AOOaTKYy;

— JlekmapatuBHa KOH(pirypamis — 3a JOMOMOTOI0 JeKIapaTHBHOI
KOH(irypaii, Bu MOKeTe BKa3zaTH OakaHWi craH cuctemu, a Kubernetes
3a0e31eYnTh HOTro TOCATHEHHS,

— EdextuBne Bukopucranus pecypciB — Kubernetes mozBoisie
e()eKTHBHO BUKOPUCTOBYBATH PECYpPCH, PO3MOAUISIOUN HABAHTAKEHHS MK
KOHTeHHepaMH Ta BUKOPHCTOBYIOUM JIMIIC Ti PECYpCH, SIKi HEOOXiAHI JUist
pobotu noaaTKys;

— Exocucrema Ta choinmpHOTa — Benmka cminbHOTAa Ta eKocucTeMa
Kubernetes  momomararoTh  MIBHIKO  BHpINIyBAaTH  IpoOIeMH  Ta
3a0e3MeuyIOTh MOCTiiHE OHOBJICHHS T MOKPAIIEHHS CHCTEMH.

— besneka — Kubernetes Hamae pi3Hi MexaHi3MU O€3MEKH, Taki SK
CeKpeTH sl 30epiraHHs YyTJIMBUX JaHUX, MOJITUKA Mepexi s
KOHTPOJIIO JTOCTYIY 1O TOJATKiB Ta 130JAIil /Ui 3amo0iraHHs B3aEMHOMY
BIUTMBY KOHTEHHEPIB.

Otxe poOacTHICTh BeO-MONATKIB € KPUTHYHOK BHMOTOIO JUIA
3a0e3reueHHs HaJiiHOCTI Ta eQeKTHBHOCTI OizHec-omepaniid. CydvacHi
MiAXO0M, Taki K KOHTelHepu3anis Ta DevOps, pa3oM i3 BUKOPHCTaHHAM
opkecTpauiiHux cucreM Ha kmrant Kubernetes, HagaioTe HOBI
MOJKJIUBOCTI JUIsL MiJBHUINEHHS CTAaOIIBHOCTI Ta KUTTE3JATHOCTI CEPBICIB.
i TexHOJOril HE JNWINE CHPONIYIOTH MPOIECH PO3POOKU Ta YHpPaBIiHHS
3aCTOCYHKaMHU, alie i BHOCSTh 3HAYHUI BKJIaJ y 3MII[HEHHS O€3MeKH, 10 €
HEBiJ’€MHOIO 4YacTUHOIO pobacTHOCTi. TakuM YMHOM, BOHHM CTalOTh
HE3aMIHHMMH IHCTPYMEHTAMH B apCeHail Cy4acHOro po3po0HWKA Ha
LUISIXY O CTBOPEHHS BUCOKOSIKICHUX Ta HaJilfHUX BEO-10AaTKiB.

1 Raghav Goel and Dr. Bhoomi Gupta. Introduction to Containerization.
International Journal for Modern Trends in Science and Technology. 2020.
Vol. 6, no. 12. P. 294-300. URL: https://doi.org/10.46501/ijmtst061255
(date of access: 04.04.2024).

2 Singh N. CI/CD Pipeline for Web Applications. International Journal
for Research in Applied Science and Engineering Technology. 2023. Vol.
11, no. 5. P. 5218-5226. URL.: https://doi.org/10.22214/ijraset.2023.52867
(date of access: 04.04.2024).
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IIpouenypHa reHepanisi KOHTEHTY KOMI'IOTEPHUX irop
3 BUKOPHUCTAHHAM IITYYHOT0 iHTEJIEKTY

HectepoB A., acnipanm; ®enorosa H. A., doyenm
CyMchkuii nep:kaBHui yHiBepcuteT, M. Cymu, Ykpaina

[IponienypHa reneparisi KOHTEHTY — OJTHa 3 HAWOUIBII aKTyalbHUX chep
y po3pobmi xomm'torepHux irop. el miaxig mepembadae aBTOMaTHYHE
CTBOPEHHSI BMICTY TPH, IO SKOTO MOXKYTh BITHOCHTHCS PI3HOMaHITHI irpoBi
00'ekTH, Taki sK piBHI, irpoBi NaHmmWapTH Ta KIMHATH, NPEIMETH,
MPOTUBHUKHK Ta IHCTpyMeHTH rpaBud. [Ipouenypra reneparis — me 3aciO,
SIKUM MOK€ TIPUCKOPHUTH PO3POOKY BEIHMKOI KiJIBKOCTI iITpOBUX 00’€KTIB Ta
3MEHIIUTH KUNBKICTh  JIFONWHO-TOJIUH, BHUTPAYEHWX HAa CTBOPCHHSA
(pOBOTO BMICTY.

MeTo10 BUKOPUCTAHHS IPOIEAYPHOI T'eHepallii y KOMIT FOTepHHX irpax €
CTBOPEHHS iIrpOBOTO BMICTY O€3 ydacTi JIOauHH (110 HE JIHIIE CKOHOMUTH
KOIITH, aje ¥ Jomomarae TrelMan3aiiHepy Vy BHpINICHHI 3aBIaHb),
MTOKPAIEHHs] TTOKAa3HHUKIB irpOBOi PI3HOMAHITHOCTI Ta MOXJIHMBOCTEH 10
MOBTOPHOTO MPOXO/PKEHHS TPH, ajamTaris irop mij rpaBusg "Ha JbOTY",
TIOJIIIIIIEHHS. BMICTY 3a JIOTIOMOTOI0 AJITOPUTMIYHUX PIllleHh MITYYHOTO
intenexry (II), a Takox (opmamizaris reiiMan3aiiHy K HAyKOBOI 3a/1adi.
Cepelr OCHOBHUX BJIaCTMBOCTEH reHepallii 3a3Buyail BUAUISIOTH IIIBHIKICTb,
HaJiHICTh, KOHTPOJIHOBAHICTh, PI3HOMAHITHICTh Ta KPEaTHBHICTH [1].

[TpoueypHa reHepariss KOHTEHTY 3HAXOJUTh BCE OLIbIIE 3aCTOCYBaHHS
Yy KOMITIOTEpHHMX irpax 3aBASKH LIMPOKOMY CIIEKTPY MOXKIIUBOCTEH
Bukopuctanus I, Texnomorii LI 103BONSIFOTH CTBOPIOBATH irpoBi CBITH
Ta eJIEMEHTH T'elMIUICI0 aBTOMAaTUYHO, BUKOPUCTOBYIOUH AJITOPUTMH, IO
MOKJIaJIAIOThCS HA BHCOKWHU piBeHb aOCTpakiiii. ABTOMAaTH3allis MpOILeCcy
CTBOPEHHSI KOHTEHTY JO3BOJII€ PO3POOHMKAM IIBUALIE Ta €(EKTHUBHilIE
CTBOPIOBATH PI3HOMaHITHI irpoBi enemenTu. Tak, LI Bimgirpae kio4oBy
POJib y PO3pO0ILIl aArOPUTMIB, III0 CTBOPIOIOTH IrPOBI 00'€KTH, JIaH A TH,
Micii Ta iHmi acmektu irpoBoro csity. LI BukopucTOByeTBCS UIs
CTBOPEHHSI PI3HOMaHITHUX IrPOBHX JIOKALiH, 5SIKi MOXKYTh OyTH aaanToBaHi
J0 pI3HUX CTHJIB TPU Ta BHUMOT TpaBIiB. ANTOPUTMU TreHeparlii
naamaTiB JO3BOJIIIOT CTBOPIOBATH YHIKaJIbHI Ta HemependadyBaHi
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reorpadigdi 00'€eKTH, TOHI SK THYYKI alTOPUTMH TeHepalii 3aBIaHb
JO3BOJISIIOTH MIATPUMYBaTH BUCOKUH piBE€Hb IHTPUTH Ta BHUKIWKY IS
rpaBuiB. Bukopucranns LI Takok 103BOJIsSIE CTBOPIOBATH Pi3HOMAaHITHUX
MIEPCOHAXIB Ta BOPOTiB 3 YHIKAIFHUMH XapaKTEPUCTHKAMHU Ta CTPATETiIMHU
MOBEIiHKH. AJTOPUTMHU TeHepallil iHTElIeKTyaJbHOTO TOBEAIHKH BOPOTiB
3a0e3MeuyIoTh LiKaBy Ta 4acoM HemepeabdadyBaHy irpojiaiHy AUHAMIKY.

I'enepariist KOHTEHTY y KOMI'TOTEPHUX iTpax 3 BUKOPHUCTAHHIM METOIIB
LITYYHOTO 1HTEJIEKTY BiJKpUBae Oe3MeXHi MOXKJIMBOCTI ISl PO3POOHUKIB
Ta reiimau3aiinepis. L TexHiKa T03BOJISE CTBOPIOBATH ITPOBi CBITH, SKi €
He Jnuire Oe3MEXHO BEIIMKMMH, aje ¥ Bpakaloue pi3HOMAHITHUMH Ta
rIMOOKUMH. BUKOpHCTaHHS IITYYHOTO 1HTENEKTY IJIsl TeHEepalii KOHTEHTY
CIpus€e HE JMIIe PO3BUTKY IHAYCTpii KOMITIOTEPHHX irop, ame W
MIPOCYBAHHIO TEXHOJIOT1H, IOB'A3aHUX 3 PO3POOKOIO irop B IIIOMY.

B 3anexHoCTi BiJf METH BUKOPHCTaHHS Ta BHUAY KOHTEHTY, 1CHYIOTBH
pI3HOMaHITHI METOAW TeHepamii, Taki SK METOJl PO3MOJIIJICHHS,
napaMeTpUYHUA METOll, TpaMaTHKH, pPO3B'A3yBadi OOMEKEHb, arcHTU Ta
MojenoBaHHsa. KoXeH 3 WX METOJIiB Ma€ CBOI IepeBaru Ta OOMEKEHHS 1
MOKe OyTH e(peKTHBHHM Yy ITEBHUX CIIEHAPIsIX po3po0Ku irop [2].

BuxopucTaHHS MTYYHOTO IHTENEKTY Yy TpOIeci TeHepallili KOHTEHTY
JI03BOJISIE CTBOPIOBATH irpH 3 BEIMYE3HUMH, TUHAMIYHUMH Ta YHIKAILHUMH
CBiTaMH, SIKi TIOCTIHHO €BOIIOLIOHYIOTh Ta aJaNTYIOThCA A0 il TPaBIliB.
Lle cTBOprO€ 3axoIUIIOOYMII Ta HemependadyyBaHUN TEeUMIUIeH, SKUH
MpUBEPTAE yBary TrpaBliB Ta 3a0e3lledyye HEMOBTOPHHUH JOCBiA TpH
KOXKHOTO Pa3y, KOJIU BOHHU 3aHYPIOIOThCS y BIPTYaJIbHHUM CBIT.

VYci i acmekTd BKa3ylOTh Ha Te, L0 IITYYHWH 1HTEJEKT y reHepaii
KOHTEHTY KOMITIOTEPHUX Iirop € KIIOYOBHM YHHHUKOM, SIKUH CIIpHse
IHHOBAIlisIM Ta PO3BUTKY Taiy3i, BIKPUBAIOYM HOBI MOXKIUBOCTI IS
CTBOPEHHSI 3aXOILTIOI0YNX Ta HETlepe10adyBaHUX irPOBUX JTOCBIJIiB.

1 Mixaiinyna E.H., IloxyeB A.B., Bomix C.A. Amnamiz wmeronis
MpoLeaypHOI reHepauii TPUBHUMIPHOTO irpoBOro KoHTeHTY : Ilpuxiamsi
MUTaHHS MaTeMarnyHoro wmojemoBanHs T. 4, Ne 2.2, 3amopispkuit
HalllOHAJIBHUN yHiBepcuTeT, 2021.

2 Short T., Adams T. Procedural Storytelling in Game Design. CRC
Press, 2020. 356 p.
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ImiTauiiine moaeoBaHHA PyHKIIOHYBAHHS
MOOiTBHOT0 MEIMYHOT 0 IMUTAII0O B YMOBAX BOEHHOTO CTAHY

3axapoBa A. M., cmydenm IT-01; JlaBpoB €. A., npoghecop;
Yubipsk S. 1., ooyernm

Cymcpkuit nep>kaBHAHN yHiBepcuteT, M. Cymu, YkpaiHa

Beryn. V 3B’3Ky 3 BOEHHMMH JisIMH, IO BiIOYBarOTbCS HA TEPUTOPIi
VYkpainu, oJJHa 3 OCHOBHHUX 3a/1a4 JCP>KaBHOT MEAWYHOI CITy>KOH TOJISATAE B
opraizamii e(eKTUBHOI poOOTH CIHEIiaTi30BaHUX MOOUTBHUX MEIUYHUX
TpyN, MPU3HAYEHUX I €KCTPEHOTO HaJaHHS KBaJi(ikoBaHOI METUIHOT
JOTIOMOTH HACEJIEHHIO IIiJl 4aC MacOBHX OOCTpiNiB, BUOYXiB, TOXKEX Ta
IHIIMX HAA3BUYAHUX CHUTYyallil, BUKIMKAaHUX BOeHHMMH nismu. Cepen
TaKUX MEIUYHHX TPYN BapTO BIJ3HAYUTH MEIUYHI MOOIUIBHI INMUTAMI,
perjiaMeHTYBaHHS — MIsUTBHOCTI  SKMX  3IIACHIOETBCS  BIAMOBIAHO 70
«[onoxennss mpo [epxkaBHy ciyx0y MEOWIMHH  KaTacTpody,
3aTBepmkeHoro IlocrtanoBoro Kabinery MinicTpiB Ykpainu. B manmii yac
NPOMHUCIIOBICTE ~ YKpaiHM HE pPO3rOpHYyJa BHPOOHHITBO  BIACHHX
CIICIiaTi30BaHUX, TCXHIYHO OOJIAMHAHUX MEIWYHHX KOMILICKCIB, TOMY
KOMIT'IOTEpHE  MOJEIIOBAHHS  MiSUIBHOCTI MOOIIBHOIO — IIIUTATI0 €
aKTYaJIbHOIO 33JIauero.

[NocranoBka 3amaui. 3ajauya mojisirae y MoOy/OBi iMiTalliiHOT Momei
MEepecCyBHOTO MEIUYHOTO IIIHTAII0 Ta y JOCHTIPKEHHI 3aBaHTaKEHOCTI
LIMUATAII0 OpU Pi3HIH 4YacTOTi HagXOIUKEHHS mnopaHeHuX. CTpykTypa
rocrmitamo moOynoBaHa IO OJIOYHO-MOAYJIBHOMY MpPHHIWIY. BXimHuit
MOTIK TOPAaHEHUX PO3MOJIISIETECA HA KaTeropii 3a pi3HUM CTyIEHEM
Ba)KKOCTI Ta Ha TPYIH 3a Pi3HUM THUIIOM MOpaHEeHHs. TpuBaiicTh HaJaHHS
JIOTIOMOTH Y BIJJIUIEHHSIX OIUCYETbCS TPUKYTHUM 3aKOHOM PO3MOJILTY,
napaMeTpH SKOTO 3aJIeKaTh BiJl KATEropii Ta Bijl THITY TIOpaHEHHS.

Pesynpraru. ImiTamiiiHa Mozens MIMUTANO MOOYAOBaHA y CePEOBHII
nporpamuoi cucremu FlexSim [1] i mpencrasiena Ha puc. 1.

Y xomi MozenaOBaHHS OyJ0 JOCHIDKEHO Pi3HI BapiaHTH pPOOOTH
MOOLUIBLHOTO MIMUTAIIO pH HagxomkeHHi 80, 100, 200, 300 mocTpakganux
3a 100y. Byno BHSBICHO HAsSBHICTh «BY3BKHX MICIIb» Ta OIIIHEHO POOOTY
CHCTEMH 32 TAKMMU TIOKa3HUKaMH €()eKTHBHOCTI:

— cepelHi Ta MaKCUMaJIbHI JOBXHHU YeprT;

— CepelHiil Ta MAaKCUMAaJIbHAN Yac O4iKyBaHHS B Uyeprax;

— cepeHii Yac nepe0yBaHHs MOCTPAKIAINX Y CUCTEMI;
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— 3aBaHTaXKEHICTh pOOOUNX PECYPCiB;
— MPOMYCKHA 3/IaTHICTh IITHTAIIO.

Pucynok 1 — ImiTanifiHa MoJiesib IEPECYBHOTO MOOITBHOTO HITTATAITIO

Ha mepmomy etarmi Oyiio mpoBeI€HO MOJEIIOBaHHS POOOTH IITTUTAIIO Y
0a3oBiil koH(irypamii i HagxomkeHHi 80 moxa./mo0y. PesynpraTtu mokasanmu,
0 «BY3bKUM MicIleM» € onepaniiiHa. [logambim JOCTIPKEHHS 18
migrBepaunu. [lpu 30impmieHHi BximHoro motoky no 100 mon./moOy
cepe/iHsl KUIbKICTh MOpaHEHUX Y uep3i B omepaiiiiHy 3pocia mo 50, i3
cepemHiM wacoM oudikyBaHHS 1,5 go6um. Cwuryamis me Oinblie
YCKJIQTHAETHCS TP 30iNbIIEHHI 1HTEHCUBHOCTI HAJXOJPKeHb. HaiOinbn
MPOCTUM pIIEHHSAM € 30UIBIIEHHS KUIBKOCTI XipypriuHux Opuraf, Imo
JIO3BOJIMJIO IMIIBUIIIUTH MPOMYCKHY 31aTHICTh ONEPALiiHOTO BiIIICHHS.

BucHoBku. ImiTariiiine MojuearoBaHHS € €PEKTUBHUM IHCTPYMEHTOM Yy
MUTAHHSIX JOCHI/PKEHHsI Ta YJOCKOHAJCHHS! MEIMYHUX CHCTEM 1 JIO3BOJISE
OTPUMATH CTPYKTYPHO-(YHKI[IOHATBHY MOJEIb, IO BiAMOBIAA€ IPAKTHIHO
ICHYIOUill CTPYKTYpHIM CHCTEMI MEIUYHOTO TNpW3Ha4YeHHA. Po3poliieHa
MOJIeTTb JTO3BOJISIE TIPOAHANI3yBaTH HAaBaHTAXCHHS Ha (PyHKIIOHAIBHI
MiAPO3IITH IIIMUTAIO MIPH Pi3HIM BETUUMHI BXiJJTHOTO TIOTOKY TIOPaHEHHX Y
pe3yJbTaTi HaA3BUYAHHHUX CUTYallill, CIPUYMHEHUX BOEHHUMH JIiSIMH.

1 E. Lavrov, Y.Chybiriak, O.Siryk,V. Logvinenko and A. Zakharova.
Training of Specialists for Adaptive management. Techniques for
TeachingComputer Analysis of Automated Production Systems in the
FlexSim Environment”, CEUR Workshop Proceedingsthis 2022, 3104, pp.
106-118.
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Web-goaaTok miaTpuMKH AisnabHOCTI
MarasuHy eJeKTPOTeXHiYHUX TOBapiB M00OYTOBOr0 BUKOPHCTAHHS

Borynos B. P., cmyodenm IT-01; YuGipsx f. 1., doyenm
Cymchkuit nep>kaBHAHN yHiBepcuteT, M. Cymu, YkpaiHa

Beryn. ¥V cydacHOMy CBITI, Ji¢ KOHKYpeHIiss y cdepi po3apiOHOI
TOPTiBIi  €JIEKTPOTEXHIYHUMH TOBapaMH HECHPHUSTINBA, Mara3uHam
HEOOXIHO BIIPOBAKYBATH IHHOBAINHI MAXOAU JUIS MIATPUMKU CBOEI
JISTILHOCTI Ta 3a0e3ledeHHs KOHKYPEHTOCIIPOMOXKHOCTI. BukopucTaHHs
web-1o1aTKiB € OJHUM 13 TAKUX MIAXOAIB, IO MOXE 3HAYHO ITOJETLIUTH
VIPaBIiHHSA Ta ONTHMI3yBaTH MPOLECH Yy MarasMHax eJEeKTPOTEXHIYHUX
TOBapiB MOOYTOBOTO BUKOPUCTAHHSI.

[TocranoBka 3amadi. MeTO JaHOrO JOCHIDKCHHS € po3poOka web-
JIOJaTKy, CHOPSMOBAaHOTO HAa  MIATPUMKY  JiSUIBHOCTI  MarasuHy
CJIEKTPOTEXHIYHUX TOBapiB MOOYyTOBOro BHKOpucTaHHS. [logatox Oyne
moOymoBaHWI 3 BHKOPUCTaHHAM TexHonorii Node.js, Express Ta
MongoDB aiist eeKTHBHOTO yIIpaBIiHHS Ta 30epeKeHHS JaHHX.

Pesympraru. Ilin gac po3poOku web-101aTKy BUKOPHUCTOBYBAIIUCS TaKi
MporpamMHi 3acoou:

—Node.js Ta Express — aJsi CTBOPEHHsI CEpBEPHOi YaCTHHU JIOJATKY Ta
00pOOKH 3aIUTIB BiJl KIIIE€HTIB;

—MongoDB — nns 30epexeHHss aTpuOyTHBHUX JaHHX IPO TOBApH,
KIII€HTIB Ta 3aMOBJICHHS;

HTML, CSS Ta JavaScript — ans peanizauii iHTepdeiicy, Ipu3HaYeHOTO
JUIsl KOpUCTyBaya.

Po3po0iieHnii 101aTOK Ha/la€ MOYKITUBICTb:

— JI0[aBaTH, peAaryBaTy Ta BUJIASITA IEPEJIiK TOBapIB;

— YIPABJIATH KOIIMKOM TOBapiB;

— peecTpyBaTUCS Ta aBTOPH3YBATUCS KITIEHTAM Mara3uHy;

— 3aJTMIIATH BIATYKH Ta OLIIHKK PO TOBApH.

BucHoBku. Po3po0iienniit web-101aToK € BaKIMBUM IHCTPYMEHTOM JIJIst
OIITUMI3aii JisUTFHOCTI MarasuHy eJIeKTPOTEXHIYHUX TOBApiB MOOYTOBOTO
BUKOPUCTAaHHS. BUKOpHCTaHHS Cy4YacHMX TEXHOJIOTIH Ta MiJXOJiB
J03BOJIIE  MiABUIIMTH €(EKTUBHICTb yHOpaBliHHSA Ta 3a0e3[NeYUTH
3aJJ0BOJIEHHA 1OTpe0 KiieHTiB. Pe3ymbratm poOOTH AEMOHCTPYIOTH
MoTeHIian web-10AaTKiB y MiATPUMII JTisUIBHOCTI MaJOTO Ta CEPEIHBOTO
Oi3Hecy.
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Web-goaaTok miATPUMKH JiSUILHOCTI pemeTHTOPA 3 MATEMATHKH
Hopoxos [I. B., cmyoenm IT-03; Uubipsik 5. L., doyenm
CymMmchKuit nep>kaBHAH yHiBepcuteT, M. Cymu, YkpaiHa

Beryn.  IIBunkuii  po3BUTOK — IHTEPHET-TEXHOJNOTIH MpPU3BIB 110
MOJKITUBOCTI MPOBOAWUTH 3aHATTS Y AUCTAHIIHHOMY pEXuMi. Y Haml 4ac
ueil QopMaT HaBYaHHS CTa€ Bce OUIBII MOMyJISpHUM. Pemerutopu
MPOBOJATH 3aHATTS 3 YYHSMH BiJJIaJICHO 3 BUKOPUCTAHHSM CIELiaIbHUX
mporpaM Jjisl BiIGOM3BIHKIB. AJle Taki MPOrpaMy HE MICTITh MOTPIOHOTO
¢dysakmionany. lle Bukimnkae HeoOXiTHICTH CTBOPEHHS TONATKY 3 HaOOpom
CTeLiaNi30BaHUX OHJIAWH-IHCTPYMEHTIB, IO BpPaxoBy€ OCOOIHMBOCTI Ta
cnenudiKy KOHKPETHOTO HABYAIHHOTO TIPEIMETY.

ITocranoBka 3amavi. MeTowo poboTH € cTBOpeHHs Web-moaatky
MIATPUMKH JiSTIBHOCTI peneTuTopa 3 MareMaTtukd. KomyHikaiiss Mix
YUHSMH Ta PENeTHTOpaMH MOBHWHHA 3IiHCHIOBATHCS 3 BUKOPHCTAHHIM
ayJio- Ta BiIEOM3B’ A3KY.

Pesynbraru. @yHKITIOHAT T0IATKY HAJaBaTHME MOKJIMBICTD:

— MJIaHyBaTH Yac HaBYaHHS Y4HS B 0COOMCTOMY KaOiHETi, MEepeHOCUTH
3aHATTS 3 TOBAKHUX MPUYUH Ta 00upaty ix TpuBaiicts 60/120 xBunuH;

— Y4eHb 3JIIACHIOE BilI03yCTpid 3 BUKIAJa4eM Yy CBOEMY OCOOHMCTOMY
KaOiHeTi B 0OyMOBJICHUI Yac Ta TPaHCIIOE HOMY CBili €KpaH;

— IiJ Yac 3aHATTS BUKJIaJay Ma€ MOXXJIMBICTH BUKOPHUCTATU BOYIOBaHY
BipTyaJbHYy IOIIKY, IO MICTUTh OiOMIOTEYHI IHCTPYMEHTH JIJIsl HAITMCAHHS
MaTeMaTHYHUX HOPMYJI;

— BHKJIQJIad MOK€ BHKOPHCTOBYBATH I1HTEPAKTHBHI MiJPYYHUKH,
MiAKII0YaTH OHJIAHH TPEHa)KepH B MPOLeci BUKIaJaHH KOHKPETHOI TEMH;

— Mmicsl KOXKHOTO OHJIAHH YPOKY 3 MaTeMaTWKH OaTbKu OTPUMYIOTb
JeTalbHUH BiJI'YK PO NPOBEJICHE 3aHSITTS;

—y Oynp sSKMil 9ac y4eHb MOXe 3alTH J0 OcoOuCTOro KabiHeTy i
MOBTOPUTH NPOWJICHI TEMHU.

BucHoBku. OHIAWH-3aHATTS 3 MAaTEeMAaTUKH 3 BUKOPUCTAHHIM
cremianbHoro Web-mofaTky Haga€  MOMKIMBICTE  yciM  Gajkaroumm
CKOPHUCTATHCS CyYaCHUMH 1HTEPHET-TEXHOJOTISIMUA JUISi OTPUMAaHHS HOBHX
Ta YZOCKOHAJICHHS iICHYIOUHX 3HaHb 3 MATEMATHKH.
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Impact of explainable ai-based power system decision support
O. Lukianykhin, PhD student
Sumy State University, Sumy, Ukraine

The Power System (PS) domain is well known for being conservative
and highly regulated, as a huge negative impact is possible due to erroneous
or malicious actions. Because of that, PS often rely on decision support
systems (DSS) instead of full automation. DSS provides forecasts, “what
if?’-scenarios simulations and optimal action suggestions to the operator.
This way, numerous technical challenges in the domain can be solved.

Decision Support in Power Systems

Google Scholar-indexed Research Items in 2023

XAl
13,5%

Other Al

Figure 1 — Proportion of Explainable Al, Other Al and Not Al-based
methods in Power System Decision Support research items in 2023

Al-based DSS aren't widely used (see Figure 1), but they already
demonstrate impressive potential, especially with Explainable Al (XAl)
methods, which improve transparency and compliance with regulations.
Moreover, recent advances in Large Language Models (LLMs) offer
conversational interfaces that can enhance user experience and solution
efficiency.

Supervisor: V. Shendryk, Associate Professor, SSU, Sumy, Ukraine
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JlioguHo-ueHTpUYHMii iHTepdeiic y 3mMilmaHiiil peaabHOCTI
JJIsl HABYAHHS ONepaTopiB NPOMMCIOBOro 0012 JHAHHSA

[Tanaxxgenko €. B., acnipanm
CyMchkuii nep:kaBHH yHiBepcuteT, M. Cymu, Ykpaina

3mimmrana, BipTyajibHa Ta JOITOBHEHA PEAbHICTH BAKOPHUCTOBYIOTHCS BCE
y OinpIIii KinbKOCTI cdep KUTTS 1 iHTerpyeThes B Oarato mpouecis. Lli
TEXHOJIOTI] BHKOPHCTOBYIOTHCS SIK IHCTPYMEHT BHMBYCHHS MexaHiku [1].
Takox BipTyallbHa Ta J[JONOBHEHA pEalibHICTh BHUKOPUCTOBYETHCA SIK
IHCTpyMEHT JroanHO-MammHHOI B3aemoxii [2]. Ille omamM cmocobom
BUKOPUCTAHHS 3MIIIAHOI PEAJIbHOCTI € MIJBUIICHHS MOXIMBOCTEH Ta
KOMIIETEHIII OTepaTopiB uepe3 HaBuaHHS y Oe3nedHoMy cepemoBuii [3].
Hampuxman, HaB4anHA omepaTopiB 30ipkd  dYepe3 BIACTeXKEHHS Ta
BipTyanpHy peanbHicTh [4]. Lli HampsMKH aKTHBHO pPO3BHBAIOTHCS Ta
MAalOTh BEJIUMKNN ITOTEHIAI.

Panime mpoBeneHMit aHami3 HayKOBHX POOIT TMOKa3aB, IO JOTIOBHEHA
peanbHICT, € BAANMM pilleHHAM Ui Bidyamizauii ganux Lludposoro
JIBiiiHUKa, OCKUIBKH IMOEAHYE €IEMEHTH IU(PPOBOTO Ta PEaNbHOTO CBITY
[5]. IcHyFO4I TeXHOIOTIi 3HAYHOIO MipOIO BHPINIYIOTH mpobiemu JIroauHo-
MammHHOI B3aeMopii, Xo4a IIe 3alHIIacTbes NpoOieMu, sSKi Hapasi He
BUPIIIYIOTHCS 32 JIOTIOMOTOI0 TEXHOJIOTIH [6].

JocnimkeHHs] TOKa3ylooTh, MO0 TAaKTHIBHI TMiJKa3KW B TIOEIHAHHI 3
Bi3yaJbHHMH Ta ayJli0 CUTHaJaMH 30UTBIIYIOTHh BITYyTTS MPHUCYTHOCTI Ta
IIBUJKICTh BUKOHAaHHsA 3aBaaHb [7]. CeHCOpHI IIiJKa3KH, peIeBaHTHI
3aBJJaHHSM, MOXYTh I Oibllie TIOKPAIIUTH TEpEHECEHHS HAaBYaHHS 3
BipTyaJbHHX CIIEHAPIiB y peajbHe KUTTA [8].

MeToto 1aHOTO JAOCIiPKEHHS € CTBOPEHHS 1H()OpMaIiiHOT CUCTEMH IS
HaBYaHHS OMNEpPaTOpiB TPOMHUCIOBOTO OOJIaJiHAHHS 32 JIOTIOMOTOIO
3mimanoi PeanpHocti. 3Mimana PeanpHICTH 1a€ MOMKIMBICTH HaAaBaTH
KOPHCTYBauy A0JaTKOBY iH(popMamlito, ajge NpH LObOMY HE BTPAayaroThCs
CIIEMEHTH peallbHOTO CBITY 1 JIIOJMHA MOXE pearyBaTH Ha MiHJIMBE
cepenoBuie. CydacHI TEXHOJIOTIi BIJICTEKEHHS PYXiB PYK JO3BOJISIOTH
3aJIMIIUTH PYKH BIJIBHUMH BiJl IPHIIAZIB KEPYBaHHS, 110 POOUTH B3a€EMOIII0
JIOJMHU 31 CBITOM 1HTYITHBHO 3p0o3ymisioro. OCHOBHHMH aKIIEHT IIbOTO
JOCII/DKEHHSI 1€ CTBOPEHHS JIIOJUHO-IIEHTPUYHOTO iHTepdelicy, sKuii
JIOTIOMAarae OmnepaTopy y BHKOHAHHI MOCTaBlieHHX 3aBaaHb. Ilig wac
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BHKOHAHHS 3aBIaHb, omeparop B3aemoxmie 3 Ludposum JIBitHIKOM
peanbHOro 00JMaHaHHS, IO Mae 3a0e3MeUnTH JieTKe IepeHeCeHHsT HaOyThX
3HaHb TA BMiHb B peaJIbHUM CBIT.

Kepisuuk: lllenapuk B. B., ooyenm, CymY, m. Cymu, Yxpaina
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Information technology models for proactive energy supply
management for active electricity consumers from alternative sources

Ye. Chychykalo, PhD student; V. Shendryk, Associate Professor
Sumy State University, Sumy, Ukraine

In recent years, global energy generation has developed towards
different types of renewable energy sources that provide more ecological
energy generation. One of the most popular renewable energy sources is
photovoltaic technology (PV). It is also known as solar power, and it works
by harnessing sunlight and converting it directly into electricity through the
photovoltaic effect. Another popular technology is wind energy, which
harnesses the kinetic energy of moving air by using different types and
sizes of wind turbines, depending on placement and generation capacity.
The growing population of those technologies is caused by recent
technological advancements, decreasing costs of main components, and
supportive government policies in the overwhelming majority of countries.

The project aims to develop a model of information technology for
proactive energy supply management for active electricity consumers from
alternative sources. Such a management system will be responsible for
monitoring and distributing energy generation and controlling the use of
stored energy. This system will monitor the electricity consumption trends
by the consumer both during the day and at different times of the year,
because both the production of electricity and its consumption for cooling
the premises of the house increases in summer, and in winter, the situation
is more complicated, because energy generation is at a minimum level, and
energy consumption is spent on heating the house. Energy production
forecasting will also be implemented in relation to the weather data of
previous years and the actual weather forecast for the coming days or
weeks. In combination, the functions of predicting the generation and use
of electricity will allow the creation of an effective system of control and
distribution of electricity, which will ensure the system's stability and
increase the efficiency of energy distribution, avoiding problematic
situations related to its shortage or excess.

Probabilistic prognostic models will serve as the main component for
developing this system. They will be created based on collected sets of real
data. Namely, local weather forecast data for recent years will be used to
predict weather conditions and the customer's electricity consumption. Data
from a house with a working system of alternative energy generation will
be used.
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Utilizing artificial intelligence and data analytics
in the field of financial services

A. Bielokon, student 77-01; O. Shovkoplias, Senior Lecturer
Sumy State University, Sumy, Ukraine

Artificial intelligence is a significant element of the digitalization of the
economy. At the same time, digitalization trends pose many challenges for
the government and companies aimed at finding industries and ways to
apply innovations in which algorithms, rather than people, can become
more effective in solving some business problems. Artificial intelligence
technologies allow financial services market players to reduce costs and
gain remote access to consumers, leading to greater financial inclusion.

Many companies from various business sectors, such as eBay and
Booking.com, have long been automatically performing millions of
transactions every day. The modern generation is increasingly using
gadgets to pay for goods and services, and the entertainment industry is
using artificial intelligence.

Acrtificial intelligence in personal finance management (PFM) has
undergone some dramatic changes. One of the powerful Al-driven PFM
applications is spending forecasting, which uses a user's personal spending
data to create an accurate schedule for a given period. The benefits of spend
forecasting are obvious. Improved risk analysis allows customers and
organisations to make the right decisions. Opportunistic forecasting
increases the likelihood of identifying and exploiting rare opportunities.

The use of artificial intelligence in the financial sector and FinTech is
expanding, ranging from customer-facing services (such as chatbots,
personalised marketing) to internal risk management processes (e.g.
transaction automation, contract analysis, automated risk management).

The general name FinTech stands for financial services in the digital
market. Despite the established international consensus on the principles of
artificial intelligence governance, legislators have not yet been able to
translate these principles into legal regulation in the financial sector.

Big Data analytics based on artificial intelligence provides financial
service providers with unprecedented opportunities to respond to consumer
demands and take into account economic trends in real time. The following
risks can be identified that may arise in the financial services market when
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using artificial intelligence technologies: misuse of data; discrimination and
bias; anti-competitive behaviour; governance in the context of automated
investment services and in relation to the supervision of algorithmic trading
in wholesale markets; liability (for torts and for product quality when the
product is Al technology).

There is no doubt that the future of the banking sector is the use of
artificial intelligence, which will be crucial for their competitiveness in the
market. The use of Al-based technologies brings many benefits to the
banking industry, including increased productivity, exploration of new data
capabilities, lower production costs, and increased profitability. Of course,
the implementation of such technologies will be neither easy nor cheap, but
modern banks should invest in their future, in artificial intelligence. In
order to effectively regulate issues related to the use of artificial
intelligence by financial services market participants, it is necessary to
formulate a legal doctrine of the "anticipatory” type, using the experience
of foreign countries.

However, there are certain challenges associated with the use of
artificial intelligence and data analytics in the financial sector. One of the
most significant aspects is ensuring the confidentiality and security of users'
financial data. The way to address this issue is to develop effective
encryption and data protection methods.

It is also important to consider the ethical aspects of using Al in
personal finance management. For example, automatic decision-making
based on algorithms can cause ethical conflicts. It is necessary to establish
standards and regulations governing the responsible use of Al and data
analytics in the financial sector.

Summarizing the above, we come to the following conclusions. First,
artificial intelligence is laying the foundation for the next era of the
industrial revolution. Secondly, changes should be expected not only in the
technological support of the investment and finance industry, but also in the
very nature of decision-making, as machines will be doing it. Third, human
capital will face greater challenges in developing the ideology of financial
markets and ensuring fair distribution. The introduction of artificial
intelligence is radically changing the internal business landscape of a
company — its business model, customer convenience, costs, profitability,
and therefore competitiveness. The time has come when a company that
does not use artificial intelligence in its operations will lose.
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ABTOMATHYHA NATTEPHI30BAHA PETOMOJIOTiSl TPUBUMIPHOIO Tijia

CaBuenko M. O., cmyoenm [H-22; llloBkorutsac O. A., cmapuuii guxiaday

Cymchkuit nep>kaBHAH yHiBepcuteT, M. Cymu, YkpaiHa

ABTOMaTHYHA PETOMOJOTIS € KOPUCHUM 1 €)EeKTUBHUM 1HCTPYMEHTOM Y
CydJacHOMY TpOTpaMHOMY 3a0e3NedeHHi JUIi CTBOPEHHS TPUBUMIPHOT
rpadgiku. Ll TexHika 3HAXOOUTH INUPOKE 3acTocyBaHHA B 3D-
MO/JISJIIOBaHHI, aHIMallii, irpoBOMY IU3aiiHi, Biyanisawii Ta iHIIKUX chepax,
BUKOPHUCTOBYIOUM nporpamu Maya, Blender, 3Ds Max tomo. Bona takox
€ aKTyaJbHOIO ISl NPOLENYpHOI I'eHepauii CBITIB Ha TaKUX PYILISAX SK
Unreal Engine Ta Unity.

Jnsi CTBOpPEHHS PI3HOMaHITHUX NATTEPHIB MOXKHAa BUKOPHUCTOBYBATH
texHonorito «Displacement map». OcoOIMBICTE LBOIO METOAY MOJIATAE B
HEOOXIHOCTI MaTH IIIIbHY CITKY MOJIENI AJISi KOPEKTHOTO BiJJOOpaKEHHS.
SIKmo KifABKICTh TPUKYTHHKIB Yy CILEHI MEPEeBUIIUTH Ty, SIKy MOXKeE
00pobuTH anaparHe 3a0e3MeUeHHs] KOPUCTYBaya, 1€ MOKE YHEMOKINBUTH
BUKOPHUCTAHHS MOJICITI Y MOJIATBIIOMY IPOIIECi PO3POOKH.

Pucynok 1 a imoctpye mpuHIMI — poOOTH  aBTOMAaTHYHOI
NATTEPHI30BaHOI PETOIOJIOril Ha MPUKJIAAl alrOPUTMY Ul TPUBUMIPHOTO
tina. IlpencraBneHHs TpuBUMIpHOi (irypd y IBOBHMIPHOMY IPOCTOPI
BiIOYBAa€ThCSI y BUTJSAI OCTPOBIB PO3ropTkH. (OCHOBHOIO METOIO €
BiJOOpa’keHHsI OCTPOBIB y MiHIMaJIbHO MOXIIMBIN KiJIBKOCTI Ta MiHiMi3awii
MOTEHIIHHUX CIIOTBOPEHb (puc. 1 0).

a o

Pucynok 1 — IlepBuHHMIA BUTTISIA CITKH (@), pO3TOPTKA Ha IUIOMIKHY (0)
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VY mpukitami JeMOHCTPYEThCS BUKOPHCTAHHS TeKcaroHa K Taina Jursd
MOKPUTTSA TOBEpXHi (puc. 2 a), SKU 3alOBHIOE IJIOMIMHY OCTPOBIB.
OCHOBHHMM 3aBJaHHAM Ha IbOMY €Tami € Take PO3MIIIeHHS BEpUIMH Ha
TPaHUIIX OCTPOBIB, MO0 CyMa BEPIIWH, PO3TAIIOBAHUX HA TPAaHUIl HOBOI
CITKM OCTpOBa, JODPIBHIOBAJIA CyMi BEpIIMH HAa NPWIETJIMX MUITHKAX
TpaHMLb CYCiTHIX OCTPOBIB, IIPH IIbOMY BEPIIMHM TOBHHHI MaTH OJHAKOBI
KoopauHatu. Po3B’A3aHHS IbOTO 3aBJaHHS BUKIUKAE MIEBHI TPYAHOLI MPH
PO3pOOIIEHH] aNTOPUTMY 1 BUMArae 3aIy4eHHs eKCIIePTiB.

[loGynoBa matrepHa i iHIIMX (QIiryp CTAHOBHUTH HACTYNHY IpolieMy,
OCKIUIBKH pi3Hi QIirypu MOKyTh HE MaTh OJHOTHITHOTO MaTTepHA.

[Ticns gopmyBaHHS HOBOI CITKM Ha OCTPOBax PO3TOPTKH HEOOXiTHO
pO3paxyBaTH KOOPIMHATH HOBUX BEPIUUH. J[JIs 1IbOr0 BUKOPHCTOBYIOTHCS
MEPBUHHA TOTMOJIOrIS TiIa Ta Horo posroptka (puc. 2 0). Uepes Te, 110
KOXXHa BEpIIMHA MAa€ KOOPAMHATH SK y TPUBHUMIPHOMY HPOCTOpi, TakK i Ha
JTBOBUMIpHIN TIIONMMHI PO3TOPTKH, 1€ TO3BOJISIE BU3HAYATH KOOPAHHATH
BEPIIMHA B OyIb-SIKOMY MiCIi OCTPOBY PO3TOPTKH Ta TPUBHUMIPHOTO
HIPOCTOPY.

0

Pucynok 2 — CxemaruuHe 300paKe€HHSI HOBOI TOIIOJIOTiI Ha pO3TOPTLi
(a), 300paskeHHsI HOBOT KBa3iCITKH Pa3oM i3 epBUHHOIO (0)

Ha posrnsgHyTiii imei aBTOMaTM4HOi MATTEpPHI30BAaHOI PO3TOPTKH
0a3yBaTUMETbCS IMOJANIBIIE PO3POOJICHHS alIrOPUTMY, SIKHH Ma€ Ha MeTi
MOJINIIEHHST TPOIECiB PETONOoJIOTii Ta Bidyamizamii y TpUBUMIpHOMY
MOJICJIIOBaHHI, 3a0e3neuyroun e(QeKTHUBHINy ONTHMi3alilo CITOK i
MiHIMI3aIlif0 CIIOTBOPEHb.
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IMA :: 2024 CEKLIA 3: Asmomamuxa, enekmpomexauika i
cucmemu ynpaeiinHs

EneproedexTnBHe ynpasJIiHHS MPOLECOM OCYLIeHHSI IPUPOTHOTO ra3y
Pynenko [1.1., cmyoenm
Cymcekuit nep:kaBHU# yHiBepcuteT, Cymu, YKpaina

BrpoBamxenns eHeproe)eKTUBHOTO yIpaBIiHHS MPOLECOM
OCYIICHHSM TPUPOJHOTO Ta3y € BAXIIMBUM Y CYYaCHOMY CBIiTi, OCKIIBKH
MONMUT Ha TPHUPOJHMNA Ta3 Yy BCIX Tramy3sX MOPOMHCIOBOCTI € JOCHTh
BUcOKMM. KpiMm Toro, pamioHagbHe BHKOPHUCTaHHSI PECypciB y mporeci
OCYIIICHHS JI03BOJINTH 3MEHIIINTH Ta ONTHMI3yBaTH BUTPATH €HEPTii.

[lpn BHBYEHHI MPOTECY OCYIIEHHS NPUPOJHOTO Tazy METOIOM
a0CcopOIii BCTAHOBJICHO, 0 KOJWUBAHHS MIBUAKOCTI BXiJTHOTO MOTOKY Ta3y
BiIOYBalOThCA yepe3 3MiHM 11 Ha BEpXHBOMY PiBHI, a KOHCTATAIlisl BOJIOTH
3MIHIOETBCSA TPUPOJHUM YUHOM 3alle)XKHO Bim ymMoB muacta. Tomi, mms
3a0e3neyeHHs eHeproeeKTHBHOTO yIpaBIiHHS OCHOBHUMHU
KOHTPOJIbOBAaHUMH 3MIHHUMHU B Tporieci aOcopOIlii € KOHICHTpallis Ta
MIBUIKICTh TTOTOKY BXIMHOTO 1 BUXigHOTO Ta3y. KoHIeHTpamist BOJOTH Y
rasi Ha BUXO/i 3 abcopOepa 3aJIeKUTh BiJl IOTOKY aOCOPOEHTY, 1110 TaKOXK €
KOHTPOJIbOBAHHM.

OOpana crpareris  €HEproe()eKTUBHOTO  YNPABIiHHA  MPOLECOM
OCYIICHHS IPUPOIHOTO Ta3y Ma€ HA METI YHUKHEHHs HeOakaHuX e(ekTiB
mig yac poOOTH yCTAHOBKM Ta OTPUMAaHHS 3aJI0BUTBHOT MPOJYKTUBHOCTI.
Po3pobiiena cucremMa aBTOMATHYHOTO VYIPABIIHHS MICTUTh OCHOBHI
eNIeMEHTH KepyBaHH:. Lle perynsTop moToky BUXIIHOTO rasy, IO BIUTHBAE
Ha BUXIJHUHA TOTIK OCYIIEHOTO Ta3y y BEepxXHii uacTuHi abcopbepa,
PEryJATOp MOTOKY abCOpOeHTy, 10 HaaxOoIuTh a0 abcopOepa. 3agaua
perynsTopa moisrae B 0OpaxyBaHHI 3Ha4eHb Ta NEPETBOPEHHI iX B
KEepyHOUui BIUIMB Ha BHUKOHABYI MEXaHi3MH, IO PO3TAIIOBaHI Ha JiHIT
MOTOKY ra3y Ta abCOpOEHTY s pi3HMX pPOOOYMX CIIEHApiiB, TAKUX SK
KOJIMBAHHS IIBHIKOCTI IOTOKY pPO3YMHHUKA, KOJIMBAHHS KOHIIEHTpALil
PO3YMHHHUKA, a TAKOX MOPYIIEHHS IIBUAKOCTI IOTOKY rasy.

Pesynprarom Hamaro[KeHHS PpETYyJISATOPIB € 3MEHIICHHS dYacy
MePEeXiTHUX MPOIIEeCiB YCTAHOBKH. SIK HACHIJIOK, 1Ie MTO3UTUBHO BHJIMBAE HA
eHeproe)eKTUBHE BHUKOPUCTAHHS pECypCiB Ta MiABHIIYE e(EeKTUBHICTH
TEXHOJIOTIYHOTO MPOILIECY.

Kepisauk: Jleontses I1.B., 3as. kagpp. KCY, CymY, Cymu, Yrpaina
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ABTOMaTH30BaHa cucTeMa BUOOPY 3ac0o0iB OL[iHIOBAHHSA 30MTKIB Bij
BTPATH NEPCOHATBHUX JaAHUX

Angipiit Tonbaros'?, doyenm; Ipuna Jlo3oBa?, cmapwuii uxnaoay;
Onexcannp Kotux?, acnipanm; Onena Tonbarosa?, acnipanmxa

'Cymchkuit Hanionansuuit arpapuuii yuisepeurer, Cymu, Ykpaina
?HauionansHuii aBianiiiauii yaisepeuret, Kuis, Ykpaina

Ominka 30UTKIB BHACHiJOK BTpaTd mnepcoHanbHux nanux (I1J]) €
KJIIOYOBUM  €JIEMEHTOM e(EeKTHBHOTO YNpAaBIIHHA pH3UKAaMH Ha
HNiANPUEMCTBI. ABTOMaTH30BaHa CHCTEMa JO03BOJSIE IIBUAKO 1 TOYHO

B nmocnimkenHi 0yi0 mMpoaHaTi30BaHO iICHYIOYi 3aCO0M OILIHKH 30WUTKiB
Bix BTpatu [1J], iX mepeBarm Ta 3aCTOCOBHICTH MiA MOTpeOM KoMmaHii, a
came: Kampkynstop IBM Tta Kanekymnsarop NetDiligence, Kanskynstop At-
bay, Kanekymsitop Cloud Ready, CRAMM, Meron eKCHEepTHOI OIlIHKH,
AnanTuBHY MOZENs OLIHKA IHHOCTI iH(popmamii, FRAP 3a mactymanmun
KpUTEPIsIMU: HE Mae 0OMEKEeHb BiJl HAPSMKY KOMIaHii Ta iHpopmarii, mo
LHUPKYIIOE BCepelquHi Hei, 3abe3medye sKiCHY, KIUIbKICHY OI[HKY;
pO3pOONEeHNI Il MaiuXx, CepelHiX a0o BENWKHX KOMIIaHil; BpaxoBye
BUMOI'M  MDKHapoAHOro Ta/ab0  BITYM3HSIHOTO  3aKOHOAABCTBA, €
IHTETPOBAaHUM B CHUCTEMY OI[IHKH PU3HKIB; BPaXOBY€ BH3HAuUEHY IIHHICTh
iHpopMaLiiHuX aKTWBIB; npu ouiHi BpaxoBye tun OC cepsepy, ne
posmimyerbcs  [30Jl. 3a momoMoror maHOrOo  aHamizy, BIAIOCh
MPOJICMOHCTPYBATH IIUPOKUN CHEKTP 3acO0IB OIHIOBaHHS 30WMTKIB Bij
Brpatu [IJ] Ta BuainmuTH iX TONOBHI XapakTtepucTHkH. Ha ocHOBI
MPOBEJICHOTO aHalli3y OyJIo pPO3pOOJICHO MepeliK MUTaHb 3 KPUTEPisiMU
BUOOpY JuIs peaitizailii aBTOMAaTU30BaHOI CHCTEMH Ta 0a30BHI ajIrOpUTM
pobotu (MoBa nporpamyBaHus C#).

Po3pobnena aBTomMartm3oBaHa CcHCTEMa 3a PaxyHOK OTPHUMAaHOI
iHpopMalii BiJ KOpHCTyBada, J03BOJIsIE OOpaTH HalKpaui 3acid OWiHKK
30uTKiB Big Brpaty [1/], BpaxoByroun iHAMBIAyaIbHI KpUTepii (HEO0OXiqHHUN
THUN OIIHKK (SKiCHAa, KUIbKiCHA, 3MillaHa), TUm iHdopmMamii Ta po3mip
HiANPHEMCTBA).

Po3pobiena cucrtema MoXe BUKOPUCTOBYBATHCS SIK OKPEMHUI MPOIYKT,
TaKk i B iHTerpamii 3 cHUCTeMaMH Ta TpOrpaMaMH MOCTAYAILHUKIB abo 3
BJIACHUMH PO3pOOKaMHU KOMIIaHii.
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Po3BuTOK aBTOMAaTH3AaIlii, KOMII’IOTEPHO-iHTErPOBAHUX TEXHOJIOTiH Ta
POOOTOTEXHIKH 3 32CTOCYBAHHAM IITYYHOI0 iHTEJIEKTY B CyYacCHUX
iH(opMaLiiiHUX cucTeMax

Jmutpo Babypos!, cmydenm; Annpiii Tonbatos! 2, doyenm;
Onena Ton6arosa?, acnipanmxa

'Cymchkuit HanionansHuit arpapuuii yaisepeutet, Cymu, Ykpaina
?HanionanbHuii aBiauilinuii ynisepcurer, Kuis, Ykpaina

VY cydacHomy cBiti mtyuHuid iHTenekT (L) crae Bce OimbIn BasKITMBUM
koMroHeHToM iH(popmaniiaux cuctem (IC), mo NpUBHOCHTH SK HOBI
MOJKJIMBOCTI, TaK 1 BUKJIMKH s iX PO3BUTKY Ta 3acTocyBaHHs. Llei
TEHACHIIMHUN PO3BUTOK HE JIIIE 3MiHIOE CTIOCiO, sikuM mparioroTs IC, a i
MOPOKYE psifl TIPoOieM, SKi MOTPeOyIOTh yBard B KOHTEKCTI PO3BUTKY
aBTOMAaTH3allil, KOMIT I0TEepHO-IHTEIPOBaHUX TEXHOJIOTiH Ta
POOOTOTEXHIKH.

Cepen BUKIIWKIB, sIKi CTOATH Tiepe]] po3BuTkoM LI, MokHa BHOKpeMHUTH
npoOyieMu Oe3mneku naHux. 3 pocroMm obcsary naHux IC craroTh OLIBII
Bpa3jMBUMH Iepea 3arpo3aMu KiOepOesmeku. HeoOXimHO mpualIaTH
3HaYHy yBary po3poOli MeXaHI3MIB 3aXHCTy, 1100 yHHKHYTH
HECaHKI[IOHOBAHOTO JIOCTYITY Ta BUTOKY KOH(iAeHIiHHOT iH(opMaIrii.

JonaTkoBMM BHUKIMKOM € 3a0e3NedeHHs] MPOo30pocTi Ta ePEeKTHBHOTO
ynpaBIiHHS BedWKUM o0csroM iHdopmarii. [Ipyn HakommuyeHHI 3HAYHOT
KUTBKOCTI JAHHUX CTa€ BAXKIMBUM PO3POOIIATH Ta BIOCKOHAIIOBATH METOAU
ix 00poOku, 30epiranHs Ta aHamizy. KpiM Toro, eTHuHi UTaHHS, MOB'I3aHi
3 aBTOHOMHUMH DIIICHHSMH Ta [PO30PICTI0O AITOPHUTMIB, CTalOTh
HeoOXimHUMU 1S BupinieHHs. [lin 4ac BIpoBa/pKEHHS aBTOMATH3aIii Ta
eKCIUTyaTalii  CydyaCHHX  KOMII IOTEPHO-IHTETPOBAHUX  TEXHOJOTiH
po3pobHuku Il mMOBMHHI BpaxoBYBaTH MOMKJIUBI HACHAKH IIOJO
BUKOPHUCTAHHS 1HTEJIEKTYaIbHUX CUCTEM Y CYCIiIbCTBI..

VY3aranbHI0I0uH, po3BUTOK 1 3actocyBanHs LI B cydacHux IC cTBOproe
SIK BUKJIMKHY, TaK 1 MOKIIMBOCTi. PO3yMiHHS IIX aCTEKTiB € BAKIIMBUM JUIS
crBopenHs IC, siki BiAMOBIAIOTH BUMOTaM CydacHOTO CBiTy. [HHOBaii B
acrekTi aBromarusauii 3 3acrocyBanssaM LI MoxyTe mepeTBopuTH Criocid
(YHKIIOHYBaHHSI ~CyCIHiJbcTBa Ta Oi3Hecy, 3a0e3meuyroud — OuIbII
e(eKTHBHE BUKOPHCTAHHS PECYpCiB Ta MJIBUIIYIOYM 3arajbHUN DiBEHb
SIKOCT1 XKHTTSI.
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IIpo6aeMu aBToMaTH3allii TOKYMEHTOO00IIY eKOJIOTiYHMX MiApOo3aiiiB
AepKaBHUX YCTAHOB Ha 0a3i XMapHHUX cepBiciB

Anppiit Cinenkol, cmyoenm; Annpiit Tonbatos 2, doyenm;
Onena Tonbarosa?, acnipanmka

'Cymchkuit Hanionansuuit arpapuuii yuisepeurer, Cymu, Ykpaina
?HauionansHuii aBianiiiauii yaisepeuret, Kuis, Ykpaina

ABTOMaTH3alis JOKYMEHTOOOIry B €KOJOTIYHUX JAenapTaMeHTax
JEpXKaBHUX YCTAHOB € BAYXUIMBHM (PAKTOPOM ITiBUIICHHS €()EeKTHBHOCTI
yopaBIiHHS ~ eKonoriyHoto  iHQopmamiero. [IpoBamkeHHS  CcydacHHX
aBTOMaTH30BaHUX cucteM ynpaiiaHsA (ACY) Ha 0a3i XMapHUX CepBicCiB
CIpusi€e MBUAKOMY OOMiHY HaHWMH, 3abe3medye TOUYHICTh iH(dopMarii Ta
3HIDKYE PH3HWK JIFOJACHKUX TOMWIOK. OJHaK IiCHYIOTH TpoOieMH, sKi
YCKIIQJIHIOIOTh TIPOIIEC BIIPOBAKCHHS Ta E(PEKTHBHOTO BHKOPHCTaHHS
ACY. B cyuacHHX yMOBaxX €KOJIOTiYHHI CEKTOp JIEp)KaBHHUX YCTAaHOB
CTHKAEThCA 3 HU3KOK CKIAIHUX BHKIWKIB 1 mpobmem. Cepen HHX -
JOTPUMAaHHS MPUPOAOOXOPOHHOTO 3aKOHOJIABCTBA, YIPABIiHHA BUKHIAMU
HeOE3MeYHNX PEUYOBHMH Ta MOHITOPHHI  €KOJIOTIYHMX TOKa3HHKIB.
[IpoGiiemu, ToB'A3aHi 3 HEOCTATHHOID ABTOMATH3AIlEI JOKYMEHTOOOITY.
Onniero 3 mpoGseM, 3 SKHUMH CTHKA€TbCS EKOJIOTIYHUI CEKTop, €
HEJOCTaTHsI aBTOMAaTH3allis JA0KyMeHTooOiry. B Oararbox Bumamkax
JTOKYMEHTH OOpOOJISIOTHCS BPYYHY, IO 3aTPUMY€ BHKOHAHHS 3aBIaHb 1
30inbIIye HWMOBIpHICTE TOMWIOK. HecTpykTypoBaHicTh iH(OpMamii Ta
BIJICYTHICTh IEHTPATI30BaHUX CXOBHII Ha 0a3l XMapHUX CEPBICIB TaKOK
YCKJIQJHIOIOTh pOOOTY Pi3HHUX BiJIOMCTB.

[lepeBarn aBTOmMaTH3amii AOKYMEHTOOOIry, SKi MOXYTh BHPIIIATH
Oararo nmpobiem, 3 SKUMH CTHKA€ThCS €KOJIOTYHUH cekTop. Best HeoOxinHa
iHpoOpMallis 30epiracthecsl B €1MHIN 0a3i JaHUX Ha 0a3i XMapHHX CEpBiCiB,
IO J/03BOJISIE aBTOMAaTH3yBaTH OOpPOOKY JOKYMEHTIB Ta BiJCTEXKYBaTH
ixHiit cratyc. Kpim Toro, aBTomaru3zanis Ha 6a3i cydacHux, xmMapHux ACY
MPUIIBHIITYE TPUAHSATTS PilIEHb Ta 3MEHIIYE PH3HUK TOMUJIOK.

B pesynbTari mpoBeJCHOro aHamily ISl BUPINICHHS [UX MPOOJIEM.
PO3po0IEHO KOMIUIEKCHUH MTiaXi Ha 0a3l XMapHUX CEPBICiB, M0 BKIHOYAE
CTaHJApPTH3ALil0 JOKyMEHTalii, HaBYaHHS [EPCOHATy, OHOBJICHHS
MPOTPAMHOTO 3a0€3MeUYCHHS, HaJIeKHUI 3aXHCT Ta (PiHAHCYBaHHS.
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ABTOMaTH3allisl Mpouecy aHATI3y PU3HUKIB y cHCTeMaX MiATPUMKH
NPUAHATTA pillleHb

Jmutpo Onedipenko?, cmyoenm; Anppiii Tonbatost 2, doyenm;
Onena Tonbarosa?, acnipanmka

'Cymchkuit Hanionansuuit arpapuuii yuisepeurer, Cymu, Ykpaina
?HauionanbHuii aBianiiiauii yaisepeuret, Kuis, Ykpaina

AHani3 pu3UKiB 3aiiMa€ BXIUBY POJIb Y IpoOLEcax NPUHHATTS PillleHb B
KOMMaHisix. BiH 703Boisie po3mi3HAaBaTH, OIHIOBATA Ta KEPyBaTH
MOTEHIIHHUMH 3arpo3aMH Ta MOJIMBOCTAMH SIKI MOXKYTh HECTH BIUIUB Ha
YCIINIHICTh MPOEKTY. 3 ypaxyBaHHSIM CKIIQJHOCTI AaHUX Ta iX 00cCsry sKi
3a3BUYall BUKOPHUCTOBYIOTH ISl aHANI3y pPHU3WKIB € HEOOXITHICTh ¥
BIIPOBAKEHHI TaKOi CHUCTeMH MiATpuMKH TpuiHATTSA pimeHs (CIIIP) B
SKiii Bke € BOymoBaHi (QYHKIII Ta 3acoOM Uil aBTOMAarM3allii aHawi3y
pHU3MKiB. ABTOMaTH3alis npoliecy aHamizy pusukiB y CIIIIP mae nekinbka
nepeBar. TOYHICTh: BIPOBAPKEHHS MPOTPAMHUX 33aCO0IB Ta CHEMiaTbHIX
ITOPUTMIB J03BOJIUTh BUKIIOUYUTHA MOKIJIMBICTH JIIOJCHKUX MMOMUJIOK Ta
3a0e3MeunTh OUIbIl TOYHI pe3yibTaTH. EQeKTHBHICTH: aBTOMAaTH30BaHi
CUCTEMH MOXYTh OOpOOJIATH BENTUKI 0OCSITH aHUX 32 MEHIIWH 4ac HiX IIe
poOUTH JIFONIMHA, BIAMIOBIAHO 1€ JO3BOJIIE 30€PErTH 4Yac Ta PECYPCH.
MopentoBaHHs CIieHapiiB: aBTOMATH30BaHI CHCTEMH MOXYTh I'€HEpPYyBaTH
Ta pOOMTH aHaJi3 Pi3HUX CICHAPIiB PH3MKIB Ta iX BIUIUB Ha MpoekT [1].
IHTerpamis 3 iHIIMMU 1THCTPYMEHTaMH: CHCTEMH aBTOMAaTH3allil pU3HKiB 0e3
Mpo0JeM IHTETPYIOThCS 3 IHIIMMU CHCTEMaMH YIIPaBIiHHS MPOESKTaMH, 10
CIpUsE CIIBIpaIl Ta OOMiHY JaHUMH MDK Pi3HHUMH BiJIiJIaMH KOMIIAHil.
CrpykrypyBanns in¢opmauii: CIIIIP 3 BOynoBaHMMH aBTOMAaTH30BaHUMU
cHCTEMaMH aHali3y PU3HKIB JO3BOJISIOTH CTPYKTYPYBATH JIaHi PO PUHKH.

Po3pobka Ta BUKOpHCTaHHS aBTOMAaTU30BAHWUX CHCTEM aHalli3y PU3HKIB
y CIIIP crnpusie moKpameHHIo piBHS SIKOCTI Ta €PEKTUBHOCTI MPUHHATHX
YIOPaBIiHCHKUX PIlIEHb, & TaKOX JOIOMAarae Oprai3auisM OuIbII
e(EKTUBHO YIPABJISTH CBOEI) CTPATETIUHOKO MisTIbHICTIO.

1. AYV. Tolbatov, S.V. Tolbatov, O.0. Tolbatova, V.A. Tolbatov
Functional modeling—methodological basis for invertigation of business
processes at industrial enterprises. BumiproBanbHa Ta 004KCIIOBAIBHA
TEXHiKa B TEXHOJIOT1YHMX npouecax, C. 132-136, 2017.
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InnoBauiiini mixxoau 1o apTomaTu3amii 00,1ikKOBUX MpoueciB y
CYYACHUX aTeJIb€ MOJHOTO OJSITY

Cranicnas Tepemenko?, cmyoenm; Annpiit Tonbatosr 2, doyenm;
Onena Tonbarosa?, acnipanmka

'Cymchkuit Hanionansuuit arpapuuii yuisepeurer, Cymu, Ykpaina
?HauionansHuii aBianiiiauii yaisepeuret, Kuis, Ykpaina

OmHuM i3 KIIOYOBUX HANpSMKIB YIOCKOHAJIICHHS € BIPOBAIKCHHS
CHUCTeM aBTOMaTHh3allii oOmikoBHX mpomeciB. llepm 3a Bce, BaxkIUBO
PO3TISHYTH TepeBaru aBTOMATH3aIlil OOJIKOBUX IPOIECIB IJIS aTelbe.
BrpoBajykeHHsT aBTOMAaTH30BaHMX CHCTEM JIO3BOJISIE ONTHUMI3yBaTH dHac,
3MEHIIUTH KUTBKICTh TOMHIIOK Ta WiJABHIMUTH 3arailbHy e€(EeKTUBHICTh
BUpOOHUITBA. Jlasi Cinif pO3TIISTHYTH BUKITUKH, 110 MOXYTh BUHUKHYTH i1
Yac BNOPOBa/pKEHHs aBromaruszamii. HapemTi, BapTo 00roBOpUTH
MEPCIICKTHBH aBTOMATH3allii 00TIKOBHUX MPOIIECIB Yy aTEIbE MOJHOTO OJIATY.

1. TIlepeBarm aBTomMaTH3alii 00JIIKOBUX MporeciB. OnTuMizamis yacy:
BukopucTaHHSl aBTOMaTH30BaHUX CHCTEM JO3BOJISIE 3HAYHO 3MEHIIIUTH 4ac,
NoTpiOHWIA A7 BUKOHAHHS PYTUHHHUX OOJIKOBHX OMeEpamid, TakuxX sK
3aMOBJICHHA MaTepialiB 4 CTBOpPEHHS (iHaHCOBUX 3BITIB. MiHiMizarlis
MTOMIJIOK: ABTOMAaTH30BaHI CUCTEMH OOJIIKY MarOTh BOY/IOBaHI MEXaHi3MHU
MEPEeBipKK Ta KOHTPOIIO, IO JOMOMAararmTh YHHUKHYTH IOMHJIOK B
OOJIKOBMX JaHMX Ta 3a0e3MedyroTh BHUCOKY TOYHICTh iH(opMaIlii.
[lingumienHss edexTUBHOCTI: ABTOMaTH3allisi OOJIKOBHUX  TIPOIIECIB
JIO3BOJISIE BUKOHYBAaTH Oulbllie pOOOTH 3a MEHIIMHA 4Yac, IO CIPUIE
MiABHUIEHHIO 3aTalbHOI MPOJTYKTHBHOCTI aTebe.

2. llepcextmBu aBTOMaTH3allii 00JikoBuUX mporieciB. [linmBuieHHs
MPOJYKTUBHOCTI: 3aBJISKH aBTOMAaTH3aIlii OOJIKOBUX IPOIIECIB, aTCIbE
3MOJKe IIBU/IIE Ta eEeKTUBHIIIE BAKOHYBATH CBOT 3aBAaHHS, [0 TIPU3BEJIe
710 3pOCTaHHs 3arajbHOI MPOAYKTHBHOCTI. [linBHIIEHHS TOYHOCTI OOMIKY:
aBTOMATH30BaHi CHCTEMHU YIPaBIiHHA 3a0e3MeuyloTh OUIbII TOYHHMH Ta
HaJIMHMIA OOJIK BCIiX omepallid, o poOUTh YIIPaBIiHHSA Oi3HECOM OiNIbIIT
mpo3opuM Ta e(QEeKTHMBHUM. [HY4KICTh Ta aJaNTHUBHICTh: 3aBISKH
aBTOMAaTH3alii, aTeJbe MOXKE IIBMAKO pearyBaTH Ha 3MiHM B PHHKOBHX
YMOBax Ta BUMOTax KJII€HTIB, IBUJIKO aJIANITYFOUX CBOT OOJIIKOBI MTPOIIECH.

Tomy npu BIIPOBaPKEHHI CydacHOI CHCTEMH aBTOMAaTH3allii 00JIIKOBUX
MPOLIECIB B aTeJIbeé MOAHOTO OJSTY HEOOXiJHO BpaXxOBYBaTH MYHKTH 1 1 2.
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Enepro3oepiraioue kepyBaHHsl polecoM 3pif:keHHs Oiorasy
3arymiit O.B., cmyodenm; Kyninuenko I'.B., doyenm
Cymcekuit nep:kaBHU# yHiBepcuteT, Cymu, YKpaina

B Vkpaini Benukuil moreHmiaa BUpOOHUITBA 0iorazy L0 J03BOJISIE B
MIeBHIM Mipi BIAMOBHUTHCH BiJl BHUKOIMHHX JDKepen eHeprii. Hammumok
Oiorasy Mo>KHa BUKOPWCTOBYBATH AJISl CTBOPEHHS CHEPTETHYHOTO 3aIlacy
kpainu. CTBOpPEHHSI €HEPreTHYHOIO 3alacy € OJHI€I0 3 HaWBaKIMBIIIUX
moTped B eHepreTWyHii iHpacTpykTypi Oimbmmocti kpaiH. OCHOBHUM
KOMITOHEHTOM 0iorasy € MeTaH ryctuHa sikoro B 600 pasiB Oimbima B
piakomy craHi.

OmHMM 13 HampsSMKIB BUKOPUCTaHHA EHEPreTHKH Oiorasy € ioro
3piPKEeHHS, 30KpeMa MpU BUPOOHUITBI OGioeraHomy. KitacnaHo TexHOIOTISA
3piKeHHs1 0iora3zy peani3yeTbesi 3a paXyHOK 3HIDKCHHS TeMIlepaTypu Ta
THUCKY, IO BUMAara€ BHUKOPUCTAHHS IOJATKOBUX JDKEPEN OXOJIOKCHHS.
[Ipu oMy BUTpATH, IO HEOOXITHI IJIS TMEPETBOPEHHS Tazy y PiIWHHUI
CTaH, MOXXYTb BUSIBUTH €KOHOMIYHO HEIOIIIbHUMH.

Tomy mis moOynoBu eHeproeeKTUBHOTO MPOIECY BHUKOPUCTAHHS
3100yTOrO Ta3y CTaBUTHCS 3aBAAHHS KEpyBaHHS XOJOAMIBHUM IHMKIOM. Lle
3aBlaHHS TIOJNATae y MiHIMi3alii BHUKOPHUCTOBYBAaHOI  ITOTYXKHOCTI
KOMIIpecopa MpH 3aJaHOMY OXOJIO/IKYBAITbHOMY HABaHTaKECHH.

Heratusanmu daxtopaMmu nporecy, 1o 3abesnedye OTpUMaHHS eHeprii
OXOJIOZKEHHS, € 3aiiBi BUTPATH €Heprii Ha MepeoXoJI0KEHHS Ta Ieperpin
xonogoareHty. [Ipore, Bimomi Bumagku [1], Koau  He3HauHE
MEPEOXOJIOKEHHS ~ XOJIOJJOATeHTY  JIO3BOJSLIO  JIOCSITTH  €KOHOMii
CHOXKUBAHOI eHeprii 1o 2%.

MoXIMBI KaHaJIH KePYBaHHS MPOIIECOM BUPOOHHIITBA XOJIOMY:

o [IIBuzKicTh 0OEpPTaHHS KOMIPECOPa .
o CTymiHb BiJIKPUTTS 3aCYBKH (BUTPATH XOJIOIOATCHTY).

e HaBaHTa)keHHsI HAa MaTepiaIbHUI NOTIK Ta3y LI0 3piHKY€EThCS.
Li xaHaIK JO3BOJIAIOTH PEryJrOBaTH [2]:

1. Temneparypy Ha BHUXOJi TEIJIOOOMIHHUKA 3a PaxyHOK MIBHUIKOCTI
o0epTaHHs KOMIIpecopa.
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2. IleperpiB xomomoareHTy NUISXOM 3MIHH Tiepepily IpOCEIbHOI
3aCyBKH.

3. PiBeHb MepeoxoI0MKEHHS MOTOKY MICHI KOHACHCATOpa 32 PaXyHOK
MIBUJIKOCTI OXOJIOJIKYIOYOTO ITOTOKY.

KoHkpeTHI  TIUIAXH  BHPIMICHHS  3aBIAaHHI  CHEPro30epeKeHHS
BU3HAYAIOTHCS €(PEKTUBHICTIO KEPYBaHHS KaHAJIaMH, sKi Ha JaHWN 4ac €
HEJ0CTaTHHO BUBUCHUMU.

Bubip MeToniB BHpIIIEHHS 3rajaHUX 3aBJaHb CIPSIMOBYETHCA Ha
MIHIMI3aIlif0 3aTpaT eHeprii, o 3ade3neuye HeOOXiqHY IPOTYKTUBHICTb.

3axo/1aMu IO TiABUILEHHIO MPOTYKTUBHOCTI €:

1. Minimanbruii ieperpis oxonomkysada AT, Ha Bxin kommpecopa
HE MOBUHEH HAJXOIUTH PiJJKUI X0JI0I0areHT.

2. OnTuMizalist peXkUMiB TEIUIOOOMIHHHUKA.

3. 3abe3neyeHHS  CTIMKOCTI 10 TIOMIIAXY KOMIIpecopa, 10
BUKOPHUCTOBYETHCS.

TakuM 4YWHOM BHpIlIEHHS 3aBIaHb CEHEPro30epirarouoro KepyBaHHS
MPOIIECOM 3pi/pKeHHs 0iorasy Ha MaHOMY eTalli OpPIEHTYEThCS Ha TOIIYK
e eKTUBHUX KaHAJliB KepyBaHHS IpolecaMu Ha 0a3i MiKpOMpPOIIECOPHUX
3ac00iB aBTOMAaTHU3AIlii.

1. J. B. Jensen and S. Skogestad (2007), “Optimal operation of simple
refrigeration cycles. Part I: Degrees of freedom and optimality of sub-
cooling”, Comput. Chem. Eng. 31, 712-721

2. J. B. Jensen and S. Skogestad (2007), “Optimal operation of simple
refrigeration cycles. Part II: Selection of controlled variables”, Comput.
Chem. Eng. 31, 1590- 1601.
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EneproedexkTHBHA aBTOMATH30BaHA CHCTEMa BHPOOHHITBA
KHCJIOMOJIOYHOTO CUPY

Hepunackin I.C., cmyoenm; llanna A.O., acucmenm
CyMchkuii nepxaBHuil yHiBepcuTeT, Cymu, YKpaina

BupoOHUIITBO cHpy — OmHAa 3 HAWOIBII TEPCIEKTUBHHUX Tay3ei
Xap4oBOi MPOMHUCIIOBOCTI, sIKA Ma€ BEJUKUAN MOTEHIIal Uil PO3BUTKY Ta
3a0e3MeUYeHHs CTa0lIbHOTO MPHOYTKY MiANpUeEMCTB. EHeproedeKTHBHICTh
Yy BUPOOHHITBI OyAb-sIKOT MOJIOYHOI IMPOAYKIIii, TAK camo sIK i IMpaBUIbHE
CIIBBIAHOIIECHHSA KHCJAOTHOCTI DO JKHPHOCTI, € JIOCHTh BaKIHUBOIO
CKJIQJIOBOKO JUIS BHCOKOI €(PEKTHBHOCTI BHPOOHUIITBA KHCIOMOJIOYHOTO
cupy. [lo ocHOBHMX 3aXx0miB, IO MPHU3BOJATH JI0 TOKPAIIEHHS BKa3aHUX
MTOKa3HUKIB, BITHOCATHCS HACTYITHI:

BUKOPUCTAHHS aBTOMATHU30BAHUX CUCTEM KOHTPOJIO Ta YIPaBIiHHS IS
onTuMizamii poOOYMX IMPOIECiB, a caMe CUCTEM KOHTPOJIO TeMIIEpaTypH,
BOJIOTOCTI 1 Hacy;

MOCTiliHE BJIOCKOHAIICHHS TEXHOJIOTIYHUX TIPOLECIB Ta MOHITOPHHT
CIIOYKMBAHHS CHEPrii 3 METOI BHUSBJICHHS BTpaT CHEPrii 3 METow iX
YCYHEHHSI, a TAKOK BUSBIICHHS] MOXKITUBOCTEH JIJISl TIOJAITBIIOI OTITUMI3aIlii;

BUKOPHCTAHHS BiJIHOBIIFOBAaHWX JDKEpEN €Heprii, Takux sK COHSIYHI
MaHeNi, BITPsAHI TypOiHM 1 Tak Jaji Jyuist 3a0€3eueHHs] YaCTUHH, a00 HaBITh
MTOBHOI, eHepronoTpeOn BUPOOHHUIITBA;

3aCTOCYBaHHSl Cy4acHOTO Ta €HeproeeKTUBHOTO OOJIaTHAHHS MOXKE
3HAYHO 3MEHIIUTH CIIOKUBAHHS eHeprii. Mo)KHa BUKOPUCTATH CIiEeIiaibHi
HACOCH, IHBEPTOPHI MPUIIaIN Ta eHEProe()eKTUBHI CUCTEMHU OXOJIO/KCHHS;

3a0e3meuyeHds HagiiHol 130JAmii BCIX e€JIEMEHTIB OOJIaJlHAHHS Kl
MPAaIIOIOTh 3 TEIUIOM Ta XOJOAOM MOXE JIOIIOMOITH YHHKHYTH BTpaT B
eHeprii.

Peanizamiis  HaBeneHMX  pPEKOMEHJIAIN  JO3BOJMUTH  IiJABHIIUTH
MPOJYKTHBHICTh CHCTEMH, 3HU3UTH CHEPrOBUTPATH, 3MEHIIUTH BIUIMB Ha
HABKOJIMINHE cepenoBuiie. Ha OCHOBI aHanmizy HayKoBHX MyOIiKallii,
MOB’sI3aHUX 3 BIPOBA/DKCHHSIM EHEProe()eKTUBHHUX 3aXOJ(IB ONTHMi3alii
BUTpAT €Heprii, 3amporioHOBaHa Ta NPOMOJIeNILOBaHAa B cepedoBuml Tia
Portal aBTroMaTH30BaHa crcTeMa BUPOOHHIITBA KUCIIOMOJIOYHOTO CHDY, KA
pealidye MOHITOPMHT Ta KEpyBaHHS TEMIIEPATypOr, KHUCIOTHICTIO Ta
KHUPHICTIO.
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OnruMmizanis cucTeMH AaBTOMAaTH30BAHOT0 KOHTPOJII0 BEHTHJISIIT Ta
onanenns I'TTA-I1-16C/57-1,7M1

Kostyn B.O., cmyoenm; [lanma A.O., acucmenm
Cymchbkuii nepkaBHui yHiBepcuTeT, Cymu, YKpaina

ABTOMaTH30BaHa  CHCTEMa  BEHTWIAIII Ta  ONAJCHHS  JUIS
ra3ornepekauyBajlbHOrO arperaTry — L€ Cy4acHe TEXHiuHe pilleHHs,
creliagbHO po3pobieHe A 3a0e3nedeHHS e(EeKTHMBHOIO Ta HaIiHHOTO
(yHKIIOHYBaHHSA Ta3olepeKadyBagbHOTO oOnamHanHs. Llg  cucrema
BKIIOYaE B ceOe pI3HOMaHITHI KOMITOHEHTH, TakKi SK BEHTHIIATOPH,
TEIUIOOOMIHHUKHY, JATYUKA TEMIICpaTypH Ta CUCTEMH KEpyBaHHS, SKi
MIPAITIOIOTh Y B3a€EMOJI1T AT 3a0€31eUeHHS ONTUMATBHOTO PiBHS BEHTHUIALIL
Ta omajcHHSA. 3aBASKH aBTOMATH3allii MPOIIECIB, 1T cHCTeMa 3abe3meuye
eHeproeeKTUBHICTh, 3HIKYE 3aTpaTH Ta MiABHILYE Oe3MeKy poOoTH
ra3ornepeKauyBajbHOTO arperary.

Jlnst orrtiMizartii poOoTH CHCTEMH TTOTPIOHO:

BUKOPHUCTATU OUThII HaliliHi 1 eHeproe(eKTUBHI KOMIIOHEHTH, a came
BEHTHJIITOPH, BUKOHABYI MEXaHI3MH Ta JaBadi;

3aCTOCYBAaTH aJaNTUBHI PETYJSTOPH, SKIi MOXYTh aBTOMATHYHO
ITiJITAIITOBYBATHUCS il 3MIHHI YMOBH CEpEIOBHIIA;

postmputu  QyHkiionan SCADA-cucteMu Juist OUIbII  ACTAIBHOIO
aHaIIi3y Ta MPOTHO3YBaHHS IMapaMeTpiB poOOTH.

[Ticns peTenpbHOro aHami3y HAyKOBHX JPKEPEN 13 Pi3HUX YKPATHCHKHX Ta
1HO3eMHHUX JOKepel, PO3MIITHYTI ICHYIOUi aBTOMAaTHU30BaHI CHCTEMH
BEHTHWJIAILIT Ta ONMAJICHHS Ta METOIM iX omTuMizaiii. BpaxoByrouu 11 jnaHi,
3aIpPONOHOBAHO Ta MPOMOJICTLOBAHO aBTOMATH30BaHY CUCTEMY KEPYBaHHS
B cepenoBuii Promotic SCADA. L5 cucrema BkiltoYae B ce0e MOHITOPUHT
TaKWX MapaMeTpiB, K TeMIepaTypa, THCK 1 BOJIOTICTb, & TAKOX KepyBaHHS
BEHTHJISITOPAMH Ta 3aCJIOHKAMH.

[licns  BOpoOBaKEHHS  3alPONOHOBAHMX  PEKOMEHJAIIH  MOXHa
OUIKyBaTH TIiJBUIICHHS €(EeKTUBHOCTI CHCTEeMH. Pe3ynbTaté 1HOTO
JOCHI/DKEHHSI MOXXYTh OYyTH BUKOPHUCTaHI JUIsi MOJEpHi3alii iCHyFOUuX
CHCTEM KepyBaHHS, LI0 B CBOIO Yepry MpH3Bene A0 IOKpalIeHHS iX
MPOJTYKTHBHOCTI Ta eHeproeeKTHBHOCTI.
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OnTumizanis aBTOMaTH30BAHOI CHCTEMH KepyBaHHS YyTHJIi3aTOpoOM
TemJjia razonepexadyBajibHoro arperary I'TTA-I1-16C

Uymaxk A.B., cmyodenm; llaama A.O., acucmenm
CyMchkuii nepxaBHuil yHiBepcuTeT, Cymu, YKpaina

Y cydJacHOMY CBiTi TOCTIMHHMIA PO3BUTOK TEXHOJOTIH Ta ITiIBHUIICHHS
eHeproe()eKTUBHOCTI CTald HAJ3BUYAHO aKTyaJIbHUMHU 3aBJIaHHSIMHU.
OpHMM 13 NUISIXIB JOCATHEHHS IUX LIJICH € BUKOPUCTaHHS YTHJIi3aTOPIB
Tela, OCOOJMBO y KOHTEKCTI Tra3olepeKadyBaJlbHUX  arperaris.
I'azonepekadyBaibHi arperaTd BUKOPUCTOBYIOTHCS JUIS TPAHCIIOPTYBAHHS
rady Ha 3Ha4YHI BiJCTaHi Ta MIBMINEHHA THCKy. IIpore, mei mpoiec
CYIPOBO/KY€ETHCSI BETUKUMH CHEPreTUYHUMH BTPATAMH y BHUIIS[I Teria,
sIKe 3a3BHYall BTpavaeThes B atMochepy. ToMy 3acTOCYBaHHS YTHIII3aTOPIB
TeIUla Yy Ta3olepeKauyBaJbHUX arperaTrax Mo)ke 3a0e3ledyuTd 3HayHi
EKOHOMII0O CHEPropecypciB Ta 3HIDKCHHsS HETaTUBHOTO BIUIMBY Ha
NOBKULIA. J[s TOKpamieHHsT [HUX TMOKa3HHWKIB MOXHA 3alpONOHYBATH
HACTYIHI PilICHHS:

3aMiHy 3acTapiiuX [JaTYMKIB Ta BHUKOHABYMX MEXaHI3MIB Ha OLIbII
Cy4acHi Ta TOYHi;

3aCTOCYBaHHS QJANTHBHUX PErYJATOPIB, AKi MOXYTh aBTOMATHYHO
MiAJIAII TOBYBATHUCS ITiJ] 3MiHHI YMOBH poOOTH yTHIIi3aTOpa TeIia;

3aMpOBA/KCHHS C€HEPro30epirarounx TEXHONOTIH MpH eKCIuTyaTamii
yTHJII3aTOpA TeIUIa.

[IpoananizoBaHo HaykoBi myOmikamii 13 pi3HUX 1HO3EMHHX Ta
YKpaiHChKUX  JDKEpeN, PO3TISHYTO ICHYIOYl CHCTEeMH KepyBaHHs
YTHJII3aTOpaMU Teljia Ta METOMU iX ONTHMi3amii. 3ampornoHOBaHA Ta
poOMOJieIbOBaHa B cepenopuiili Promotic Scada aBromaTn3oBaHa cucreMa
KepyBaHHS, sKa MICTUTh B COOI MOHITOPMHI TaKUX TIOKa3HUKIB, SIK
TeMmreparypa 1 THCK, Ta  KEpyBaHHS  TEIJIOOOMiHHUKAMU,
€JICKTPOJIBUTYHAMHU, 3aCYBKaMU Ta KIIAallaHAMH.

Peanizamiis ~ HaBeAeHMX  PEKOMEHIAINN  JOMOMOXE  ITABHIIUATH
edexTuBHICTh yTHII3aTopa Temia Ta I[TIA B 1inomy. PesynbraTu
JOCTI/DKEHHS MOXYTh OYTH BUKOPUCTaHI MJIs MOJEpHi3amii iCHYFUHX
CHCTEM KepyBaHHS YTHIIi3aTopamMH TeIla Ha Ta30lepeKadyyBalbHOMY
arperari.
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CucTtemMa aBTOMATHYHOT0 KEPYBAHHS POOOTH30BAHMM MAHIMYJISITOPOM
JJIsl BATOTOBJICHHSI OPTONETHYHUX YCTLIOK

Pycnan 3anora, cmyoenm; Cepriit COKoi0B, doyerm
Cymchkuii nepxaBHuil yHiBepcuTeT, Cymu, YKpaina

Opronenuyni yCTINKK € He3aMiHHUMH TIi/I 9ac KOperyBaHHS ITOCTaBH,
0c00JIMBO B KOHTEKCTI MiCISIBOEHHOI peabimitauii moaei, B TOMy 4uCIi
MOCTPaXIAIMX BiJi MiHHO-BHOYXOBUX TpaBM. CremianpHi OpTONEAWYHI
YCTUIKH 3 iHTETpOBaHWMH JaBa4aMH MOXYTh BiJirpaBaTH BUPIMIATBHY
PO Ti/T Yac CTBOPEHHS peabiuTiTalliifHOrO KOMITIEKCY JUIS TaKUX JIFOACH.

s obcraBuHa pPOOWUTH aKTyadbHUMH JOCTIIDKEHHS, CHpSMOBaHI Ha
ONTHUMI3aIlil0 BUPOOHUYOTO TMPOLECY, fAKI TONATAIOTh Yy pPO3poOIeHHI
aBTOMATH30BAaHOI CUCTEMH KEpyBaHHS POOOTH30BAHUMH MAaHIITyJIATOPAMHU
3 METOI0 IIJBMINECHHS IIBHAKOCTI Ta TOYHOCTI BCTAHOBJIEHHS JaBadyiB,
0c00JIHMBO TiJ] Yac CepifHOro BUPOOHMIITBA YCTIIOK.

HoBu3HOIO 3ampoIrOHOBAaHOI CHCTEMH KEpyBaHHS € aJalTyBaHHS
MaHImyJnsATOpa 10 TONEPEIHbO  BHUTOTOBICHHUX  IOPOXKHHH  JUIS
BCTaHOBJICHHs [aBayiB y iHAMBIAYalbHUX OPTOMEAMYHHMX YyCTinKax. BiH
ABTOHOMHO 3HIMa€ JaBavi 3 KOHBEEpPA, CKAHY€E MOBEPXHIO YCTUTKH, II00
3HAWTH 11 MOPOKHWHHW, a TOTIM TOYHO PO3MINIye€ B HHUX JlaBadi THUCKY
BIJIMTOBITHO 1O KOHKPETHOTO 3aMOBJICHHSI.

JlaHHa crcTeMa BUKOPHUCTOBYE POOOTHU30BAaHUI MAHIMyJISTOP 3 TOYHUMU
3aXOIUICHHSMHU. [HTErpoBaHMI 3 CHCTEMOIO CTPIYKOBHX KOHBEEDIB, BiH
3a0e3reuye CHHXPOHI30BaHE 1 TOYHE MEPEeHECEeHHS JaBaviB y BH3HAYCHI
Micis. Kpim toro, 3D-ckanep moBepxHi 3a0e3neuye 3BOPOTHHU 3B’SI30K Y
peanbHOMYy  uaci. Kowmm'torepHmii  iHTepdelic  Hamae  rTpadidHe
MpeCTaBIeHHs MOTOYHOTO TOJI0KEHHS MaHIMyJIAaTopa BiTHOCHO YCTIJIOK i
MICIIb po3MillleHHs AaBaviB. CHcTeMa KepyBaHHs TAKOK MOYKE BKIIOYATH B
cebe pynkuii SCADA, nponoHyrour BiAlaleHe yHpaBliHHS, CHOBILICHHS
PO TPUBOTHU Ta PEECTPALIIIO AAHUX JIJIsl MOHITOPHHTY Ta aHAJIi3y.

OTxe, BUTOTOBJICHHS OPTOINEAWYHUX YCTUIOK 3 1HTETPOBAaHUMU
naBadaMy 3a0e3nedyye MpaKTHYHE BUPIIMICHHS BaXKIIMBOI  KIIIHIYHOT
npobnemu. PozpobieHa aBToMaTu3oBaHa CUCTEMA KEPYBaHHS, CIIPUATHME
30UIBIICHHIO KUTBKOCTI Ta MOKPAIIEHHIO SIKOCTI OPTONEIUYHUX YCTIIIOK, SIKi
€ HeOOXITHUMHU IIiJ1 Yac MICIIBOEHHOT peadimiTaltii.
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BrpoBaIKeHHsI CHCTEMH IITYYHOI'O iHTEJIEKTY ISl Aiar HOCTHKH
HeCNPaBHOCTE BUPOOYBAJIBLHOIO CTEHY KOMIIPECOPHUX YCTAHOBOK
Tuny KT-6

Jlo6onin J1.1., cmyodenm; I1aBnoB A.B., doyenm
CyMchkuii nepxaBHuil yHiBepcuTeT, Cymu, YKpaina

ITy4ynnii iHTENEKT Bce TAMOIIC iHTETPYEThCS B JKUTTA JIOJEH, HOTO
BIIPOBA/KYIOTh B PI3HOMaHITHUX cdepax s aBTOMAaTU3allil PYyTHHHUX
MPOLIECIB. 3aBOSKM ~ IITYYHOMY  IHTENEKTY  JIIOAMHA  MOJXKE
CKOHIICHTPYBaTUCS Ha 3ajJadaX, sKi MOTpeOYyIOTh TBOPYOTO IiIXOAYy, Ta
OpsSMOTO BTPYdYaHHs Bif creriainicra. [lepeBarn BIPOBAaIKEHHSI CHCTEMHU
LI gms  [miarHOCTHKM — HECTPaBHOCTEH  BUMIPOOYBAIBHOTO  CTEHAY
KOMITPECOpHUX ycTaHOBOK TUITy KT-6:

— 3a J0MOMOro0 CKIAJHUX alrOpUTMIB Ui aHamizy maHux, LI
JOTIOMOKE ~ 3a0€3MEeYMTH BHIIYy TOYHICTh Yy  BHUSBJICHHI
HECIIPAaBHOCTEN.

— 3aBOsKM 3MEHIUCHHIO 4Yacy MJsl BHUSIBICHHS INpOOJIEMH Ta
MPUAHATTS  BIANOBIMHUX pIIEHh IIOAO MiarHOCTHKH abo
pemonty, LI npuckoproe npoiiec JiarHOCTUKH.,

— AHani3yBaHHs IITYYHUM I1HTEJIEKTOM BEIUKUX OOCSTIB JaHUX
JUIs Tiepefi0adeHHs MaiOyTHIX MOMHIJIOK a00 HECIpPaBHOCTEH,
JIO3BOJISIE BXKUTH 3aI001KHMX 3aXO0/IiB Ta YHUKHYTH aBapiil.

— 3aBIsKM PaHHBOMY BUSIBJIICHHIO ITPOOJIEM, BOHHM MOXYTh OyTH
BUIPABJICHH] 10 TOTO SIK BOHO CIIPUYHMHATH CEPHO3HI BUTPATH,
omxke LI gonmomarae yHMKHYTH HEBUIPaBIaHUX BUTpaT Ha
PEMOHT, 00CIyrOBYBaHHA Ta 30€perTH pecypcH KOMIIPECOPHOI
YCTaHOBKH.

— 3alesmeucHHss  Oe3nepepBHOI  poOOTH  OOJIaAHAHHSA  Ta
BUPOOHUIITBA B I[JIOMY 332 PaxyHOK IIBUJIKOI JIIarHOCTHKHU Ta
MiHIMi3alii IPOCTO0.

— Po3pob6ka ontumansHuxX rpadikiB 00CIyroByBaHHsS Ta PEMOHTY
Ha OCHOBI aHaJli3y cTaHy OOJIaiHaHHsI, 10 A03BOJIsIE €(DEKTUBHO
PO3MOIUISITA PECYPCH.
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BrpoBamxkeHHS CHCTEMH IITYYHOI'O IHTENEKTY Ul JIarHOCTHKH
HECTIPaBHOCTEH BUIPOOYBaIBHOTO CTEHIY KOMIIPECOPHUX YCTAaHOBOK THILY
KT-6 moke BKJIFOUATH HACTYITHI KPOKH:

— 30ip Ta aHaANI3 MaHUX MATYHKIB: 310paTH BEIMKUAN O0OCAT MaHUX
PO poOOTYy KOMIPECOPHUX YCTAHOBOK Ha BUIPOOYBaIbHOMY
creani. lle Moke BKIIOWATH JaHi MPO TEMIIEPATypy, THUCK,
BiOpallito, eJeKTpUYHI MapaMeTpH, a TAKOX JIaHi 3 TaTYUKIB, SIKi
BUMIpIOIOTH CTaH OKPEMHUX KOMIIOHEHTIB KOMIIpecopa.

— Bubip anroputmi Ta moaeneit 1111, sxi Hafikpare miaxoasTh 10
3aja4d JIaTHOCTHKH YCTaHOBOK. lle MOXyTb OyTH anropuTmu
MaIIMHHOTO HAaBYaHHSI, TakKi SK Kiacu]ikaiis, KJIacTepH3aiis
a00 HEHpOHHI MepexKi.

— 3a [IOMOMOror TOTEepeqHhO OOpPOOJICHWM JaHWM, HABUUTH
MOJIeTli TITYYHOTO IHTEJNEKTY BHABIATH Ta KIAcHU(piKyBaTH
Pi3HOMaHITHI HECTIPABHOCTI KOMITPECOPHUX YCTaHOBOK.

— Banigamist moneneli Ha TectoBux JaHux: [IpoBecTH Basigaiito
MoOJIeJIed Ha TECTOBUX JaHWX, LI00 TMepeKoHATHCs B iXHIl
e()eKTUBHOCTI Ta TOYHOCTI.

— Pozpobutn inTerpamiro cumcremu Il 3 BuUMpoOyBambHUM
CTeHIOM, MO0 aBTOMATHYHO 30WpaTH MdaHI Ta BHUKOHYBATH
JIarHOCTHKY Y peaIbHOMY Yaci.

— ITlocriiiHe BIOCKOHAJICHHS MOJEJICH Ta aJIrOPUTMIB Ha OCHOBI
HOBHX JIAaHHX Ta JIOCBiy eKCILTyaTallii.

Ili Kpoku [O3BOJATH CTBOPUTU €(QEKTHUBHY Ta HaIiliHy CHCTEMY
JIarHOCTHKH HECTpaBHOCTEH KOMITPECOPHUX YCTaHOBOK Ha
BUTNIPOOYBaTILHOMY CTeH/II KOMITPECOPHHX YCTaHOBOK Ha
BUNPOOYBaJIbHOMY CTEH/II 32 I0IIOMOI'OI0 IITYYHOT'O iHTEJIEKTY.

B minomy, BIpOBa/KEHHS CHCTEMM IUTYYHOTO IHTENEKTY J03BOJISIE
MIABUIIATH  €(PEKTUBHICTh, HAIIWHICTH Ta Oe3MeKy BHUIPOOYBAILHOTO
CTeHAY KOMIPECOpPHHX ycTaHOBOK tuny KT-6, mo npusBoauTs 10
3HW)KEHHS BHUTpaT Ta [OKpPAIIEHHS 3arajbHOr0  (yHKLIOHYBaHHS
oOJiaiHaHHSI.

268



IMA :: 2024 CEKLIA 3: Asmomamuxa, enekmpomexauika i
cucmemu ynpaeiinHs

Pecypco3depe:kHe KepyBaHHS MPOLECOM 3aMilllyBaHHS Ta (repMeHTALT
TicTa I BUNIKAHHS XJIi0Y

enect €.0., cmyoenm; XKyp6a B.O., ooyenm
CyMchkuii nepxaBHuil yHiBepcuTeT, Cymu, YKpaina

BupoOuunTBo xmiba — I¢ CHEProeEMHUIN TPOIEC, SKH MOTpedye
3HaYHUX PECypcCiB, TaKWX SK BOJA, eNEKTpoeHepris, OopomHo Ta iHII
iHTpemieHTH. 3poCcTaHHs ILiH Ha EHEPropecypcH Ta CHPOBHHY pOOHTH
MUTaHHS ~ pecypco30epexeHHs  Bce  OUIbII  aKTyalbHUM  JUIS
xmibomnekapchkux — mianpueMcTB. OmHMM 13 KJIFOYOBUX  MOMEHTIB
pecypco30OepekeHHsl TpH BHWITIKaHHI XJi0a € OonTuMi3allisi MpoIeciB
3aMilryBaHHs Ta (pepMeHTaIlil TicTa.

Ocp KiJhbKa MOMEHTIB SIKi MOYKHA MTOKPAIIUTH ISl IIBOTO:

— DBnpoBamKeHHS CHCTEM KOHTPOJIO TEMIepaTypu Ta Baru:
ABTOMATHYHWI MOHITOPHHT [HX TapaMeTpiB 3a0e3meduTh
Kpaluii KOHTPOJIb 32 TPOILIECOM 3aMilllyBaHHS.

— 3amiHa 3acTapiiMX JaTYMKIB Ta BUKOHABYMX MEXaHI3MIiB:
CyudacHi JaTYyuKy Ta MEXaHi3Mu 3a0e3rnedarh OUIBINY TOYHICTH
Ta HaJIIHHICTH POOOTH.

— 3acTtocyBaHHs amanTuBHUX peryisTopiB: Lli  perymstopu
ABTOMATUYHO MiJAIITOBYIOTHCS MiJ MIHIMBI yMOBH po0OTH,
3a0e3MeuyoUYr ONTUMAalIbHE 3aMilllyBaHHS TiCTa.

— BnpoBamkeHHs eHepro30epirarounx TEXHOIOTiN: 3aCTOCYBaHHS
eHeproe()eKTUBHUX JIBUTYHIB Ta iHIIMX TEXHOJOTIH JO3BOJHTH
€KOHOMHUTH €JIEKTPOEHEPTIIO.

Ha ocHoBi ananizy HaykoBHX myOxdikamii Ta ICHYIOUHX CHCTEM
KepyBaHHA  TICTOMICHWJIFHOKO ~ MammHOW  Oynma  po3pobieHa  Ta
mpoMonenboBaHa B cepemosuili Promotic SCADA aBromarn3zoBaHa
CHUCTEMa KepYyBaHHS, SKa MICTHJIa B COO1 MOHITOPHHI TaKHX MMOKA3HUKIB, K
TeMIeparypa i Bara, Ta KEepyBaHHs TEII000OMIHHUKAMH,
€JIEKTPO/IBUTYHAMH, 3aCYBKaMH Ta KJIallaHAMH.

Peamizamiss  BuIe3rajaHuX  PEKOMEH[IAIM  JOMOMOXKE  1CTOTHO
MIABUIIATH  ©(EKTUBHICTh  TICTOMICHMJIBHOT — MalivHU.  Pe3ynbraTu
JOCHI/DKEHHSI MOXXYTh OyTH BHUKOPHCTaHI Ui MOJEpHi3alii iCHYIOUHX
CHCTEM KepyBaHHs BUTOTOBJICHHSM TiCTa.
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3aBaaHHs KepPYBaHHS HATATOM CTPiYKONPOTSZKHOI0 TPAKTY
NanepopizaabHOro CTAaHKA

CasnykoB b.B., cmyoenm; Kyniauenko I'.B., doyenm
Cymchkuii nepxaBHuil yHiBepcuTeT, Cymu, YKpaina

[Ipu BCchOMYy pPi3HOMAHITTI TEXHOJIOTIYHMX IPOIECIB BHPOOHUIITBA Ta
nepepoOKH PI3HUX CTPIYKOBUX MAaTEpialliB 3aCTOCOBYBAHE B IMX I[IAX
oOnagHaHHsI, SK MPAaBUIO, MAE CBOEID OCHOBOIO CTPIYKOMPOTSKHUMA TPaKT
(CIIT) - cykymHICTB BY37iB, IMOB'I3aHUX CTPIYKOIO, IO pyxaeThcs. OmHa 3
HalBaxnuBimmx ymMoB edextuBHOi pobotn CIIT — crabinpHicTh HaTATY
CTpiuKH. Y BCIX MPHUCTPOSX HAMOTYBAHHS BiJl HATATY iCTOTHO 3QJIC)KHTh
SKICTh TOTOBHX pYJIOHIB i 000iH. | B TWX BUMaakax, KOIHU BHUMOTH
CTabiTbHOCTI TPEA'SABISIOTHCSA 10 IIBUAKOCTI CTPIYKH, BOHU (PAKTUIHO
aApPECYIOThCA 1 JIO HATATY, OCKUIBKM KOJIMBAaHHS IIBHJIKOCTI 1 HATATY
CTpIUKH, IIO PYXa€ThCs, B3aeMOMOB's3aHi. bpak depes obpusH, aedextn
pizanus Ta HamoryBaHHf Ha [IPC pocsrae 10% 3arampHOrO OOCSTY
BUPOOHUIITBA.

Otxe, st epextuBHOrO KepysanHs HatssroM CIIT craButbest 3aBnanHs
3a0e3redeHHs PiBHOMIPHOCTI HaTsry B mporeci pyxy. Lle macte 3mory
YHUKHYTH JedopMariii maTepiany Ta 3a0e3MedYuTd HOTro OJHOPINHICTH
HAMOTKH B IIPOIIECi pi3aHHS.

[Ipore icHye KilbKa YHHHUKIB, SKi YCKJIQIHIOIOTH C(HOPMYIHOBaHE
3aBJaHHS:

1. Heonmnopinnicte Marepiany: SIkiio cTpidka abo TSroBi €leMEHTH
MaroTh HEOJHOPITHOCTI y CKIaJi, TOBUIMHI a00 CTPYKTypi, 1€ MOXe
MPU3BECTH 10 HEPIBHOMIPHOTO PO3MOITY HATATY Y Yaci Ta 10 pYJIOHY.

2. Jlunamiuni 3MiHH y mponeci: 3MiHM B MIBHAKOCTI a00 iHIINX
napameTpax Mpolecy BILTMBAIOTh Ha HATST CTPIYKH TATOBI €IEMEHTH.

Minimizauis ¢axTopiB, 0 30ypIOIOTH MPOLEC MEPEMOTKH Ta Pi3aHHS
JOCSITAEThCS 32 PAaxXyHOK BHKOPUCTaHHS CHCTEM aBTOMAaTH30BaHOI'O
eJIeKTPOTIpUBOY. [Ipy 1bOMY 3a paxyHOK HaJAIITYBaHHs IapaMeTpiB
PETYJIATOPIB BPaxOBYIOTHCS BJACTHBOCTI MaTepiaiB Ta HEOOXIIHI PEKUMHU
pizaHHs. YIOCKOHAJICHHS CHUCTEM KEPYBaHHS 3I1MCHIOETHCS HACTYHUMH
3ax0J[aMHu:

1. MogemoBanuss mporecy: CTBOpeHHS MaTEeMaTHYHHX MOJEeH
npolecy M03BOJISIE CKOPETyBaTH BIUIMB IUHAMIYHMX 3MiH Ha HaTAT 1
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BUKOPHCTOBYBAaTH PE3YJIBTATH MOJEIIOBAHHS ISl PO3POOKH ONTHUMAIBHUX
CTpaTeriii KepyBaHHS.

2. BukopucTtaHHs ~ perymoBaJbHHX  cTpateriii: Po3poOka Ta
3aCTOCYBAaHHS PETYIIOBAIBHUAX CTPATETIH, TAKNX SIK a[JallTUBHI PETYIISTOPH,
JO3BOJISIE cHCTEMi e(eKTHBHO BiJCHIITKOBYBaTH HAaBITh HeCTalllOHAPHI
30ypeHHs mapameTpis [1].

BriMm, TeopeTuuHi pe3ynbTaTH AOCTIIKEHb HE 3aBXIH MOXYTh OyTH
pearizoBaHuMH. TOMy, KOHKPETHUMH LUISIXaMH{ JUTS BUPIMICHHS 3aBIaHHS
3a0e3MeYeHHs] PIBHOMIPHOCTI HATATY [2] MOXYTh OyTH:

1. BuxopucTaHHI KOMIICHCAI[IHHUX CHCTEM: 3acTOCYyBaHHS CHUCTEM
KOMIIEHCaMii, SKi aBTOMAaTHYHO KOPUTYIOTh HATST B PI3HUX YaCTHHAX
CTPIYKHM B 3AJIEKHOCTI BiJl ii BIIaCTUBOCTEH, MOXKeE JOMOMOITH 3a0€3IMeunTH
PiBHOMIpHUI1 HATSIT.

2. AparmruBHe kepyBaHHiA (MRAC): BwukopucranHs anropuTmiB
alalITUBHOTO KEPYBAaHHS [O3BOJISIE CHCTEMI B pe3yibTaTi PEryIOBaHHS
MiHIMi3yBaTH BIUIMB 30yPIOIOYMX MAapaMeTpPiB B pealbHOMY Yaci.

3. pornozyBanns 3min (MPC): 3actocyBaHHs alropuTMiB
MIPOTHO3YBaHHS T03BOJIAE CUCTEMI ITepedadaTi MaiOyTHI 3MiHU y TIpoIieci
1 MigBUIIYBaTH HaXidHICTh  (QYHKIIOHYBaHHS BHUKOPHUCTOBYBAHOTO
o0naiHaHHSL.

1. ABTOMAaTH30BaHUil €NEKTPOIPHUBOJ Yy MPOKATHOMY BHUPOOHHIITBI/
O.C.Bemra, O.B. banaxonues, B.A. boponaii // M: JIHInponeTpoBChK,
2015. - 224 c.

2. Smith, J. "Adaptive Control for Automated Electric Drives with Direct
and Indirect Tension Control in Material Processing"”, 2016. — p. 250.
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OnruMmizanis 3aBaHTaKeHHsI CTPIiYKOBOT0 KOHBEEPa
Hasunenko LJL., cmyoenm; Kyninuenko I".B., doyenm
Cymchkuit nep:kaBHU# yHiBepcuteT, Cymu, YKpaina

OnTuMyM 3aBaHTa)KEHHS KOHBEEpa TOJISrae B AOCATHEHHI OalaHcy Mix
MIPOAYKTUBHICTIO MIPOLIECY 3aBAaHTAXKEHHS Ta €HEPTI€l0, 0 CII0KUBAETHCS
oOnagHaHHAM IpH 3AiHCHEHHI mboro mponecy. JomaTkoBuM (akTopom
ONTUMi3amii 3aBaHTAXCHHS € MiHIMI3allisl MepexiIHUX MPOLECIB, sKi NpU
YepryBaHHI  €KCTpeMaJbHHX  3Ha4eHb  IapaMeTpiB  0ONaJHaHHS,
CTUMYJIIOIOTh HOT0 3HOC.

[Momyk edekTHBHUX KaHAIIB KEpyBaHHS Ta aHaji3 BIUIMBY ITapaMeTpiB,
0 3a0e3NeuyroTh HafiiiHe (yHKI[IOHYBaHHS anapaTHO TEXHIYHHUX 3ac00iB
KOHBEEPHOTO OONagHAHHA, MOXIWBO TPH JOCTiKEHHI MpPOIECiB
3aBaHTaKEHHS METOJaMH MaTEeMaTHYHOTO MOJICTIOBAHHS

Po3pobnena maremarnyHa MOZAENbh CUCTEMH DPETYIIOBaHHS IIBUAKOCTI
KOHBeepa BiJ HaBaHTaxkeHHS B cepemoumli MATLAB, mo3Bomse
BU3HAUUTH €(EKTHBHICTh BIUIMBY Bapialii mapaMeTpiB Hemo- Ta
MEPEeBAHTAXXCHHS, a TaKOX MOXJIHMBICTh 3amo0iraHHs 3HOCY poOOYOi
MMOBEPXHI KOHBEEPHOT CTPIUKH.

BukopuctanHss ~ 0araTOKOHTYpHOI ~ CHUCTEMH  PEryJIOBaHHA 3
napameTpaMu, TaKUMH SIK LIBHJKICTh OOEpTaHHS, CTPYM JIBUTYHa Ta
MOJIOXKEHHS Bally IPUBOJY, J03BOJISIE aJalTyBaTH poOOTY €NeKTPONPHBOAA
10 (aKTHYHOTO TIOTOKY BaHTAXy, IIJABUIIYIOYN €QEeKTUBHICTh Ta
3HIKYIOUN €HeprocroKuBaHHs [1].

Ha puc. 1 300paxeHa maremaTnyHa MOJeNlb HIBHIKICHOTO KOHBEEpA,
ska peanizoBaHa B ceperoBuili MATLAB.B mozeni 3amissHe agantuBHE
KEepYBaHHS, 1[0 BPaXOBY€E 3aTPUMKY TEPEMIIICHHS BAHTAXIB B 3aJICKHOCTI
BiJ] BUAKOCTI pyxy. 30ypeHHs! HaBaHTaKEHb MOJICTIOIOTHCS 3 JIOIOMOT OO
reHepaTropa BHIAJKOBUX 3HauyeHb. lIeBHI CKIagHOIII MOAETIOBaHHS
npolrecy pyxy MHOB’si3aHi 3 BUKOPHCTaHHSAM HENIHIMHUX €JIeMEHTIB TUILY
«Saturation», 110 BiIOOPaXyIOTh peajbHI OOMEKEHHS I10 IOTY)KHOCTI
EJIEKTPOTIPUBOJTY KOHBEEPA.

AHani3 pe3ynbTaTiB  MOJENIOBAHHS MOKa3ye, IO PpETyJIIOBaHHSI
MIBUJIKOCTI KOHBEEpA 3aJIGKHO Y (QYHKIIT BiJi MIOTOKY BaHTaXy J03BOJISE
3MEHIIUTH HeOakaHOTO HEJNO- Ta [EePEeBaHTAXKEHHS, TUM CaMHM
MiHIMi3yBaTH pi3Ki nepenagy peKUMiB apaMeTpiB eJICKTPOIIPUBOY.
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Scope 2

Band-Limited
White Noise

* Veriatie
+ Time Delay
Length
Divide
=
N —_— K
L . 7 Ss+1
Divide2  Saluralon2  Transfer Fon Gainz
Scope 4

Saturation'

Task Add3  PID Controller

Pucynox 1 — MaTemaTuuHa Mozellb KOHBEEpa

Ha puc. 2 300pakeHi ocruiorpamMu 30ypror0doro OTOKY HABAHTAXKEHb
() Ta pesynmpTaT cTabimizamii HbOTO MOTOKY.

V(t), k=103

V), k1003
50
P R TallitY

l\’ Il
\IWI\’W!W '\"NMVIH le "\‘N\ v }j\ '\;M»,A,'f M\M Mlk_um uﬁw i ‘|

Time, s

S —————

Pucynok 2 — Ocuuniorpamu 30yprol04oro oToKy HaBaHTa)KeHb (a) Ta
pe3ynbTaT crabinizaimii boro MoToky(0)

AmHaniz pe3yibTaTiB MOJENIOBaHHS BKa3zye Ha Te, IO B PE3yJbTaTi
ONTHMI3allii mapaMeTpiB PeryiIsaTopa eIeKTPONPHBOIAa MOXKHA pPeatizyBaTH
aJIanITUBHE KEPYBaHHS MBUJIKICTIO pyXy KOHBEEpA.

1. lMeuennk M.B. OcoOIMBOCTI TiIBUIIEHHSI CHEPreTUYHOT eEeKTUBHOCTI
eJleKTpoMexaHiuHoi cucteM koHBeepa / M. B.Ileuenux, C. O. Byp’sH,
A. O. TopbaroBcekuit / Bicamk HTYV“XIII”, Cepis : [IpoGiemu

ABTOMATH30BAHOTO ENIEKTPOIPHBO/IA TEOPisl 1 MpaKTHKA. — XapKiB
2013. — Ne 36. — c.65-72
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IIporHo3oBaHe KepyBaHHS MPOLECOM CYIIiHHS 3€pHA

[leBuenko €.M., cmyoenm; I1aBnoB A.B., ooyenm;
Cymchkuit nep:kaBHU# yHiBepcuteT, Cymu, YKpaina

[lpuHOMI MPOrHO30BaHOIO KEpPyBaHHS Ma€ JaBHIO ICTOpilO, sKa
0e3nocepeTHRO TOB’S3aHa 3 PO3BUTKOM HAYKOBHX JOCHTIKEHb B cdepi
Teopii aBTOMaTHYHOTO KepyBaHHSA Ta aBTOMaTu3allii. OcoOIMBO CTPIMKOTO
pO3BUTKY 1el HampsM Ha0yB 3 TMOSBOIO  KOMI'IOTEpIB  Ta
MIKpOIIPOIIECOPHUX ~ 3acO0IB  AaBTOMATHKH 3JaTHUX  3a0e3redyBaTH
BHCOKOTIPOMYKTHUBHI OOYHCICHHS [UIsI TPSAMOi peanmizamii MpUHIHITY
amanTanii Binepa i migrpumku kibepdiznyaux mponecis. Ciill BiAMITUTH,
IO JIOJIATKOBOTO TMOTYKHOT'O TOWTOBXY Wik cdepi Oyno HamaHO
PO3MOBCIOKCHHSIM y TOBCSAKAeHHI ekocuctemu loT Ta momumpeHHIM
BHKOPHCTAHHS XMapHHUX 1 TPAaHIIHUX OOYHCIICHb.

[lepeBaroro MpOTrHO30BaHOTO KEPYBaHHS € HOro MpOCTOTa Ta BUCOKA
amanTuBHICTh. Lled mimXim J03BOJIIE ONMTHMI3yBaTH MPOIEC KEpyBaHHS
o0'ekTaMH HaBITh y BHIAAKy CKIAmHOI CTPYKTYpH Ta HasSBHOCTI
HeNiHidHOCTel. BUKOpHCTaHHS TPOTHO30BaHMX CHUCTEM KEpyBaHHs
JI03BOJIsIE €()EKTHBHO BPAaXOBYBAaTH HEBU3HAUYEHOCTI MapamMeTpiB 00'eKTy Ta
30ypeHb, a TaKOoX ONTHUMI3yBaTH IIpoLecd B pealbHOMY dYaci,
JOTPUMYIOUYHCh OOMEKEHb Ha 3HAYEeHHS 3MiHHUX CTaHYy.

BizbMeMo sik 00’€KT KepyBaHHS 3epHocymapky maxtaoro tumy JCII-
50. 3epHocymapku maxTHoro tuny, Taki sk JICII-50, BUKOpHCTOBYIOTBCS
JUI. CYWIIHHS 3€pHa B CiIbChKOMY rocnogapcTBi. OCHOBHHUH NpPHUHLMII
iXHpoi po0OTH TmMONSITa€ B TOMY, IIO 3€PHO 3aBAHTAXKYETHCS Y
BEPTUKAIBHUN CHJIOC, @ TOTIM CYIIMTHCS 32 JIOTIOMOTOI IHPKYJISIIii
rapsiaoro MmoBiTpsi BCEPEANHI CUIIOCY.

SKicTh Ta pe3yibTaT TaKUX THUIIIB 3€PHOCYIIAPOK Ha TPSAMY 3aJIeKUTh
Bil TMOTOJHUX YMOB Ta CTaHy HaBKOJHWIITHLOTO cepemoBuma. [l
MPaBWIBHOTO CYLIiHHS 3€PHOBUX KYJIBTYp BHUKOPHCTOBYETHCS BEJIHKa
KUIBKICTh TanuBa (Ta3, Au3elb, TBEpHE MajauBo). B maHomy BUManky uis
3MEHIIICHHSI CHEPreTUYHUX PECypCiB Ta 3a0Ma/DKCHHS KOINTIB JyXKe
JIOTIOMOTJIO BUKOPUCTAHHS IPUHLUITY IPOTHO30BAHOTO KEPYBaHHSI.

BigHocHO mporecy CyIIiHHS 3€pHa B 3€pHOCYLIApLi IIAXTHOTO THUILY
MOJKHA BIJIMITUTH HACTYITHI KITFOYOBI ACTIEKTH, SIKI IEBHOIO MIPOIO MOXKYTh
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BIUIMBAaTH Ha AKICTh KIHIEBOTO TMPOAYKTY Ta €(eKTHBHICTH CaMmoro
IpoLecy, a caMe:

— poOouuii mpoCTip 3EpPHOCYIIAPKA HE €  MiJCHUCTEMOIO,
a0COJIOTHO 130JIbOBAHOIO BiJl BIUIMBY KIIMAaTHYHHUX MapaMeTpiB
30BHINTHHOTO CEPEIOBHINA;

— BpaxyBaBIIH NPOTHO30BaHI 3MIHM KIIMAaTHYHHUX [apaMeTpiB
30BHIIIHBOIO, IO  3€PHOCYIIApPKH,  CEpeloBHIA  Ta
KOMIICHCYIOUM HeOakaHi Al MpoIecy CYIIiHHS 3€pHa 3MiHU
BIJIMOBITHUX MapaMeTpPiB, MOXKHA ITiJIBUIIUTH SKICTh BUX1THOTO
MPOAYKTY 1 peami3yBaTH €HEPro- Ta pecypco3OepexHe
KepyBaHHI.

Jnst MakcuManbHO e()eKTHBHOI pealtizalii OMUCcaHOro BUILE MPUHIIUITY
Ha 0a3i 3epHOocymapku JJCII-50, 06’exT Oyiio momnepeqHso MOIEpPHiI30BaHO,
a came, Oymu 3po0OsieHi OKpemi 3aMiHM Ha OiNbII CydacHiI €KBIBAJIEHTH B
KOHTPOJbHO-BUMIpPIOBAJIbHIA  MiJCHCTEMI Ta Ha piBHI  OKpeMHX
BHKOHYIOUHX MPUCTPOIB 1 MEXaHI3MIB.

Besnocepenuro GpopMyBaHHS MONPAaBOK B OCHOBHUI KEPYIOUWi BILIUB
pearizoBaHO B CEpBEpHIil YacTUHI cucTeMH KepyBaHHs. CepBepHa yacTUHA
CUCTEMH KEpyBaHHs po3poliieHa 3a jomomoror cepeposuiina Node-RED
(mporpamunii mpoaykt dipmu IBM), ne 3abe3meueHo 30ip moBHOTO HAOOPY
OCHOBHHX Ta MPOTHO30BaHWX JMJaHUX IPO KJIIMAaTUYHI yMOBH B MIiCTi
po3ranryBaHHsl 00’€kTy. MexaHi3M OTpHMaHHS JaHHX peajli30BaHO Hdepes3
rnobaneHy Mepexy Internet muisixom HaacumanHs POST-3zanuriB 1o
xmapHoro cepsicy OpenWeatherMap, sikuii € OTHUM 3 HalaBTOPUTETHIILINX
B TIEpEIIiKy XMapHHUX CEPBICIB BIJIOBIHOTO CHPSMYBaHHSI.

3arajioM iges [POTHO30BAHOIO KEpyBaHHS, B peamizamii uis
3epHocymapku JCII-50, nonsirae B TomMy, 1100 3aBYacHO OpraHi3oBYBaTu
KOpEryBaHHS OCHOBHOTO KEPYIOUOro BIUIMBY TaKHM YWHOM, MI00
3aro0iraté popMyBaHHIO BETUKUX TPAJIIEHTIB B MIEPEXiIHUX Mpoliecax, siKi,
SK MpPaBWIO, 1 € TepelyMOBaMHu Ul IiABUIIEHOI BUTPAaTU pECypCiB Ha
MIATPUMAHHS HEOOXiJHUX 3HAu€Hb KIIOYOBHX IapaMeTPiB CHUCTEMHU.
[leperipka Ta OOIPYHTYBaHHS HaJallITyBaHb 0a30BOi Ta CEPBEPHOI YaCTHH
CHCTEMH KepyBaHHS 3[iHCHIOBAJACh LUIIXOM MOJEIIOBAHHS B CEPEIOBHILI
MATLAB Simulink.
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3aBaanHs onTUMi3alii aBTOMaTH30BaHOr0 Mpoiecy HaHoOMoau(ikaii
NoJIiMepiB /151 MiABUIIEHHS] NPOAYKTUBHOCTI Ta SIKOCTI

Hpoznenko O.C., cmyoenm; Jlanunnacekuit B.I'., acnipanm;
Jleontses I1.B., 3as. kag.

CyMchkuii nep:kaBHui yHiBepcuteT, M. Cymu, YKpaiHa

CyuacHuil AMHAMIYHUM pUHOK mOTpeOye Bifg mojiMepy Bce Oinblue
iHAMBIoyalIbHUX, BUTOHYEHUX XapakTepucTuk. Hanomoamdikatopm s
MoJIiMepiB JTO3BOJISIOTH BUPIIIATH HaWCKJIaIHII 3a/adi.
Hanomommdikariss momiMepiB BigKpHBAa€ IMMUPOKI MOXKIWUBOCTI IS
MIJBUIICHHS SKOCTI Ta MPOJYKTUBHOCTI BUPOOHMYUX mporeciB. OnHak,
onTUManbHa 1 e(eKTWBHA IMIUIEMEHTAlis aBTOMATH30BAHOTO IIPOIECY
HaHoMoAudikaLii € KIIOYOBUM €TarnoM AJsl JOCSTHEHHS MaKCHMaJIbHUX
pe3yibTaTiB Y BUPOOHMIITBI MONIMEPHUX MaTepiaiB.

Onrtumizalisi aBTOMaTU30BaHOTO Mpoliecy HaHOMOoIuiKalii monimepiB
BKJIIOYA€ B ceOe AEKiJIbKa KIIOYOBUX aCIEKTiB!

[Mo-nepme, mne onrTuMizamis MapaMeTpiB Mpolecy, TaKuX SIK
TeMmIreparypa, TUCK, IIBHUAKICTh MIIIAaHHS TOLIO, IO JO3BOJISAE JOCITTH
ONTUMANBHUX YMOB JUIA PIiBHOMIPHOTO pO3MOITY HaHOMAaTepiamiB y
MOJIIMEPHI¥ MaTpHIIi.

[Mo-ngpyre, BaKIMBOIO € aBTOMAaTH30BaHAa CHCTEMa MOHITOPHHTY Ta
KOHTPOJIIO SIKOCTi, SIKa JIO3BOJISIE BUYACHO BUSBIATH Oynb-sKi aHOMANil YU
BIIXWJIEHHS B IIpolleci, mo 3a0e3nedye CTabuIBHICTh SKOCTI TOTOBOT
MPOYKII.

Kpurepiii onTHManbHOCTI U1 ONTUMI3AIi] aBTOMAaTH30BAHOTO MPOIIECY
HaHoMmoauDikallii momiMepiB Moxke OyTH chHOPMYIbOBaHHA HACTYITHUM
YHHOM:

1. Makcumizamisi edekTUBHOCTI BHpoOHuITBa: Lleit kpurepiit
OLIIHIOETBCS 32 MIBUAKICTIO Ta MPOXYKTHUBHICTIO BUPOOHHYOTO MPOLECY.
OntumaneHud mpolec Mae 3a0e3levyBaTi MAaKCUMaJbHUN BHXiJ TOTOBOI
MPOJYKIIiT 38 MiHIMaJIbHUH Yac.

2. Minimizanis ButpaT: ONTUMAadbHUN TpPOIlEC NMOBUHEH e()EKTUBHO
BUKOPUCTOBYBAaTH PECYpCH, TakKi SK CHUPOBHHA, CHEpris Ta mpamsd, Ta
MiHIMI3yBaTH BUTPATH BUPOOHUIITBA.

3. 3abesmeveHHs sikocTi mpoxaykiii: Kputepiit skocti Bumarae, mio0
KiHIIeBa TPOMYKIliS BiNNOBiJana CTaHIApTaM SKOCTI Ta 3aJlaHuUM
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cnermdikamism. lle o3Hawae piBHOMIpHWH PO3MOIN HAHOMATEpiamiB y
MOJIIMEPHIM MaTpHLi Ta BiICYTHICTh NEePEKTiB y BUPOOax.

4. CraOinpHiCTh Ta HaAiIdHICT: ONTUMAaNbHUK MPOLEC MOBUHEH OyTH
CcTabimpHUM Ta HagiWHUM y OyIp-KMX yMOBax BHUPOOHMIITBA,
3a0e3Medyroud MOCTIHHY SKICTh TPOAYKII HE3aJIeXHO BiJ 30BHIMIHIX
¢dakTopis.

Jocarnenss KpHUTEpiiB ONTUMAaJIBHOCTI JUis onTuMizamii
AaBTOMAaTHU30BaHOTO TMporecy HaHOMonu(iKamii TOJTIMEepiB MOXe OyTH
3MIHCHEHE 3a JIOMIOMOTOK0 HACTYITHUX METOIIB 1 MiIXOIiB:

1. BuxopucraHHs MEpeAOBUX TEXHOJIOTiH: BmpoBakeHHS cydacHHX
TEXHOJIOT1i aBTOMATH3allii, TAKUX K CHUCTEMH KEPYyBaHHS BHPOOHHUIITBOM,
poOOTH30BaHI CHCTEMH Ta INTYYHHH IHTENEKT, MOXE 3HaYHO MOKPAIIUTH
e(EeKTHBHICTH Ta AKICTh BAPOOHHYOTO TPOLIECY.

2. OnruMizamiss mapaMmerpiB mporecy: PerenpHe HanmamTyBaHHS
TEeMIEepaTypH, TUCKY, IIBUAKOCTI MIIIaHHS Ta IHIIUX IMapaMeTpiB MpoIecy
MOXKE 3a0€3MEUYUTH ONTHMAJIbHI YMOBH I PIBHOMIPHOTO PO3MOILTY
HaHOMaTepiajiB y MOJiMEpHii MaTpPHIIi.

3. BmpoBamkeHHS CHCTEM MOHITOPUHTY Ta KOHTPOIIO SKOCTI:
3acTrocyBaHHS aBTOMaTH30BaHUX CHCTEM JJISi MOHITOPHHTY Ta KOHTPOIIIO
SIKOCTI JTO3BOJISE BYACHO BHSBIATH OyIb-SKi BIAXWICHHS B MpOIECi
BUPOOHUIITBA i MPUIMATH HEOOXiIHI 3aX0/! JIJIS X YCyHEHHSI.

4. Cranpmapruzalis mporeciB: BusHayeHHS CTaHAApTiB Ta MPOTOKOIIB
JUIST BUPOOHMYMX TMPOLIECIB JIOMOMOXKE 3a0e3MeYuTH CTa0UIBbHICTh Ta
OJTHAKOBICTh BHPOOHWYMX ONepalliid, MmO BiJirpac BaXJIHUBY pOJb Yy
3a0e3MedYeHHi SKOCTI MPOJTyKIIil.

Y BUCHOBKY X0y cKa3aTy, [0 3arajibHa CTpaTerisl ONTHMI3allii moJjsrae
B IHTerpamii HuX METOMIB Ta MIIXOIIB JUIS JOCSTHEHHS ONTUMAaJIbHHX
pe3ynbTaTiB 'y mporeci HaHoMmomudikamii TodiMepiB, 3abe3medyroun
MiZBUIEHY TPOMYKTUBHICTh, SAKICTh Ta eQEKTHBHICTH BUPOOHHYUX
MPOLIECIB, 110 BiIKPUBAE HOBI MEPCIIEKTUBH ISl IX BUKOPUCTAHHS B PI3HUX
ragy3sx MPOMHCIOBOCTI.

1. E.O. Cnopsrin, TeopeTH4HI OCHOBH Ta TEXHOJOIiS BHPOOHHUIITBA

MOJIIMEPHUX KOMIO3UIIHHUX MaTepianiB : Hapd. moci6. / E. O.
Cropsirin, K. €. Bapnan. — /1. : Bug-so IHY, 2012, —c. 74-75.
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CEKIIA 3: Asmomamuka, enekmpomexauixa i IMA :: 2024
cucmemu Ynpaeninms

JlaGopaTopHUii cTeH 3 eMYyJIATOPOM TYpOiHM AeTaHaep-
TeHEePaTOPHOTO0 arperarty

IMaany A.O., acucmenm
Cymchkuii nepxaBHuil yHiBepcuTeT, Cymu, YKpaina

B 3zarampHOMYy BHIIAAKYy, B 3aJ€KHOCTI Bif pi3HUX (HaKTOpiB, IS
noOyJaoBu  AeraHzaep-reHepaTopHux  arperatiB  ([AI'A)  MoxyTb
3aCTOCOBYBATHCH TypOiHM Ta FeHEepaTOpH Pi3HHUX THUMIB. s mocmimkeHHs
mporieciB kepyBaHHs JI'A Ta moOymoBu 1 BiAmpaIrroBaHHS BiAMOBITHHUX
ANTOPUTMIB JOLITHFHO BHKOPUCTOBYBATH BIATIOBIIHI JTaOOpaTOPHI CTEHIIH.
3rigHo 3i CKIIQJOM JAOCIiIKYBAaHOTO O0’€KTY Ta METOH AOCIHiIKEHb, IIi
CTeHIIN TIOBMHHI MaTH y CBOEMY CKJaJi TypOiHy Ta TeHepaTop, HKEpeIo
eHeprii  (CTUCHEHOTO TOBITpS), €NEKTPUYHE HABAHTAXCHHA  JUIA
TeHeparopa, JaTYMKA Ta BHKOHABYI MEXaHI3MH, CHCTEMY KepyBaHHS,
inTepderic omepatopa Ta cuUcTeMy 300py  JaHUX. 3OUIBLIUTH
YHIBEpCaJIbHICTh Ta CIPOCTUTH TPOIEC JOCHIHKEHb Ha TaKOMy CTEHII
JI03BOJISIE BUKOPUCTAHHSI 3aMicTh TypOiHU BiAMOBiAHOTO eMynsTopy. Taki
EeMYJIATOPH JOUUIbHO OymyBaTH Ha 0a3i eNeKTPUYHUX MaIlHH, M0 32
BIAMOBITHUX YMOB 3HAYHO CIIPOILIYE TIPOBEICHHS EKCIIEPUMEHTIB Ta
3MEHIIye iX pecypcoeMHicTh. Ha KOpHCTh Takoro mifxoay TOBOPHTH
JIOCUTH PO3MOBCIOJIKCHUH JIOCB1JI BUKOPUCTAHHS €JIEKTPOIBUTYHIB Pi3HOTO
TUIYy Y SIKOCTI €MYIISATOpIB BITPOBHX TYpOIH ISl AOCHIJKEHHS IPOLECIB
KepyBaHHs BITporeHepaTopaMu. BUKOpHCTaHHS €IeKTpOMAIINHH, O 31
3pYYHICTIO, 301IBIIYE YHIBEPCAIBHICTh JTA0OPATOPHOI YCTAHOBKHU BIIIJIOMY
4yepe3 MOXIIMBICTh €MYJIOBATH TYpOiHM PI3HHX THITIB IUIIXOM peaizaiii
iXHIX  XapaKTepUCTUK  3aco0aMH  eJEeKTPONpHBOna.  BiAmosigHO,
BUKOPUCTAHHS ~ €MyJsTOpa  BHMAara€  MOMEPEeTHbOI0  OTPUMAaHHS
XapaKkTepUCTUK JOCHiKyBaHOI TypOiHHM, sIKi TIOTIM peai3yroTbesi HOro
3aco0amu. MOXKIIMBOCTI CUCTEMH €NIEKTPONIPHBO/IA EMYJIATOPA BU3HAYAIOTh
CTYHiHb HWOr0 TOTOXXHOCTi BignoBiAHIA TypOiHi. Hamm pocmimkeHo
crcTeMH Ha 0a3i ABHT'YHIB IIOCTIHHOTO CTPYMY Ta aCHHXPOHHOTO JIBUTYHA 3
MEPEeTBOPIOBAYEM YACTOTH Ta IMOOYJ0BaHO JaOOpATOPHUHA CTEHIY ISt
nocmimpkeHust JI'’A wma ©Oasi  gpyroro BapianTy. Yepe3 HasBHICTBH
MEePEeTBOPIOBaYa 3 CHCTEMOIO KepYBaHHs BiH 3a0e3meuye OiIbIlly I'HYYKIiCTh
Ta JIO3BOJISIE OUIBII TOYHO peali3yBaTH XapaKTEPUCTHKH JOCIHIPKyBaHUX
arperaris.
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CEKIIIS 4

«IIpukiaagna MmaTeMaTuKa Ta
MOJCJTIOBAHHA CKJIATHUX CHCTEM»



IMA :: 2024 CEKLIA 4: [lpuknaoua mamemamuxa ma
MOOENIOBAHHS CKIAOHUX CUCTEM

Bnuus 6iypkauiii Ha nTMHAMIKY TPaHCIIOPTHUX NMOTOKIB
y KoMIUIeKkcHil Moaesi Jlopenna

Xomenko O. B., npogecop; llukypa O. 10., acnipanm;
Xomenko K. I1., cm. suxnaoau
Cymcrkuit nep>kaBHAH yHiBepcuteT, M. Cymu, YKkpaiHa

TpaHCTIOPTHI TMOTOKU — 1€ CKJIaJHI JMHAMIYHI CHUCTEMH, SIKi HE 3aBXKIU
MiIAI0TECS  IHTYITUBHOMY pPO3YMIiHHIO. IXHs MOBeliHKa Moke OyTH
XaO0THYHOIO, HECTA0IBHOIO, 1 Tepea0aunTH ii 3 BUCOKOIO TOUHICTIO JTOBOJTI
ckiamHo. B po0oTi MU JOCHIKYEMO AMHAMIKY TPaHCIOPTHHX MOTOKIB Ta
($a3oBi mepexoaM 3a JOMOMOTOK KOMIUIeKCHOT Moxeni Jlopenma. Ils
MOJIeTb, [0 BHKOPHCTOBYETHCS JJISI ONKCY PI3HOMAHITHHUX SBHIN, Bif
JMA3epHUX CHCTEM A0 XIMIYHHX pEaKIliif, BOJIOJi€ TphOMa 3MIHHHMH Ta
MOJKE JEMOHCTPYBAaTH IIUPOKUI CIEKTP MOBEAIHKH, BKJIIOYAIOYH Xaoc.
Baxxueum (aktopom, 1110 BILTHBAE HA JUHAMIKY TPAaHCIIOPTHUX MOTOKIB, €
KepyBaJIbHUH mapameTp. BiH BU3Ha4ae cuily HeNiHIHHOCTI B cucteMi. [Ipu
HU3bKUX 3HAYEHHSIX CHCTeMa Bele cebe CTIMKO, a MpU BUCOKHX —
Xa0TUYHO, JEMOHCTPYIOYH YTBOPEHHA 3aTopiB (TpoOOK) Ta iHIINX
HecTaOlIbHUX cTaHiB. JlJis MOCHiKEHHS BIUIMBY KEPYBaJILHOTO MapameTpa
Ha TIOBEAIHKY TPAHCIOPTHUX IMOTOKIB MM BHKOPHCTOBYEMO aHAJTITHYHI Ta
YHUCIIOBI METOIW. AHAIITHYHI METONU JIO3BOJISIIOTH OTPUMATH 3arajibHi
VSIBJICHHSI IIPO TOBENIHKY CUCTEMH, @ YHCIIOBI — JOCHITUTH ii AETalbHO, 3
33JJaHOK0 TOYHICTIO Ta ypaxyBaHHSM BIUIMBY Pi3HOMAaHITHHX 30BHIIIHIX
¢dakrtopiB. Hami pesynbTatd mMmokaszanu, 10 30UIbHICHHS KEPyBaJbHOTO
napameTpa MOKe TIPU3BECTH JI0 YTBOPEHHS 3aTOpiB Tpancnopty. [IpoOku —
e CTIMKI CTaHW CHCTEMH, B SIKUX TPAHCIOPTHI MOTOKM 3a0J0KOBaHi abo
icrotHO ynoBuThbHeHi. [l OuTbIl JETaThbHOTO BUBYEHHS ITOBENIHKH
CHCTEMH, SIK TNPHKIAJ OJHOTO i3 BHUINE3raJlaHUX METOAIB, MOXe OyTu
BUKopucTaHuil ananiz @yp'e. Llelr MeToa 03BONISIE PO3BUHYTH CHUTHAN Ha
HOro CKIJIaJI0BI YacTOTH, IO MOXE JOMOMOITH BHUSBUTH IPUXOBaHi
3aKOHOMIPHOCTI B JIMHAMIIll TPAHCIIOPTHUX MOTOKIB. Mojens Jlopenna —
e JHIle OJWH 3 MOMJIMBUX IHCTPYMEHTIB JUIi BHMBYEHHS JUHAMIKU
TPAHCIIOPTHUX MOTOKIB. [i TepeBaroio € mpocToTa Ta YHiBepcalbHICTh, a
HE/IONIIKOM — OOMEKeHa TOYHICTh MPH OMHUCI CKIAJAHUX CHUCTEM Yepes3
CKJIaJIHICTh BHU3HAYCHHS KOHKPETHUX EKCIIEPHUMEHTAJIbHUX 3Ha4YeHb
rapaMeTpiB, 10 BOHA MICTUTb.



IMA :: 2023 CEKLIA 4: [Ipuknaoua mamemamuxa ma
MOOENI0BANHSL CKIAOHUX CUCTEM

Solver for a System of Differential Equations with Impulsive Action
at Non-Fixed Time Instances on the Plane

Myroslava Prokhorenko?, docent; Serhiy Prokhorenko?, professor;
Mykola Moroz?, professor; Oleksandr Yanchuk?, docent;
Oleksandra Hulko?, senior lecturer; Krzysztof Bakula®, assistant professor

Lviv Polytechnic National University, Lviv, Ukraine
2National University of Water and Environmental Engineering,
Rivne, Ukraine
Swarsaw University of Technology, Poland

Consider on the plane system of differential equations with impulse
influence

dy/dt = Ay(t), t [ty +), (1)
y(to):yo’ 2
y(t+0)-y(t-0)=g, y(t-0)eD, (3)

where D, = {(yl, y,)eR* by, +b,y, = cl} - straight line, ¢, >0.
Line D, divides the plane into two half-planes:
D, ={(y1,y2)e]R2 by, +b,y, >Cl}’

D. :{(yl’yZ)ERZ by, +b,y, <Cl} , and {O}E D .

For the problem (1)-(3), the solutions of the problem and the equation
for finding the moment of impulse action are constructed.

1. A. M. Samoilenko, N. A. Perestyuk, Impulsive differential equations.
(Singapore, World Scientific : 1995).

2. A. M. Samoilenko, V. G. Samoilenko, V.S. Sobchuk, Ukrains kyi
Matematychnyi Zhurnal 51 (6), 827 (1999).

3. M. V. Prokhorenko, S.V.Prokhorenko, S.V.Moroz, L.V.Solyak,
Bulletin of NUWEE. 3 (87), 119 (2019).
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MOOENIOBANHS CKIAOHUX CUCTNEM

@opMyBaHHSI HEOAHOPIAHUX CTPYKTYP
Y PO3M’IKIIeHiil MOBepXHi JbOXy NPH TepTi

Xomenko O. B., npogecop; Jlorsunenko /1. T., acnipanm,;
Xomenko K. I1., cm. suxnaoau;, bagansgu A. 10., cm. suxnaday;
Maunrotin B. O., cmyoenm ep. [IM-01

Cymchkuit nep:kaBHUH yHiBepcuteT, M. Cymm, Ykpaina

BuB4eHHSI TepTd NbOAY € KIIOUOBUM Yy (i3ulli Ta IHIIMX HAayKOBUX
JMCIMIUTIHAX, OCKUIBKM BOHO Ma€ 3HAYHUH BIUIMB Ha PSAJ NPUPOIHUX Ta
MTYy9HAX TmporneciB. CHUMYJMiS WX TMPOIECiB JomoMarae Tiauome
3pO3YyMITH XapaKTCPUCTHKH JIbOAY Ta KOro B3aEMOJI0 3 PI3HUMHU
00’exTamu. B ocTaHHI pOKH aKTUBHO JOCITIKYIOTBCA Ae(opMariiHi mos
y TIOBEPXHI JTBOJTY i 9ac TepTs. KIro4oBHMH € Taki mapamMeTpH, SK 3CyBHI
KOMIIOHEHTH JleopMalliii Ta Hanpy>KeHb, a TAKOXK TeMIlepaTypa IMOBEpXHi
apoy. Y poOOTI MPOBOAUTHCSA MOMAIBIIMA PO3BUTOK CHHEPTETUYHOT
MOJIeTi, B fAKiil BpaXoOBYEThCS MPOCTOPOBA HEOAHOPIMHICTH medopMariii,
HaNpy>XEeHb Ta TEMIIEPATYPH MPUITOBEPXHEBOTO MIAPY JTHOY.

[ToxazaHo, 0 B pO3TIITHYTOMY pa3i pOPMYIOTECS ABa TUITH IOMEHIB — 3
JOJIaTHIM Ta BiJI’€EMHUM 3HAYEHHSIMHU HampyxeHb. JlOCHiPKeHO YacoBy
EBOJIIOII0 JOMEHHOT CTPYKTYPH, 1 IIOKa3aHO, 10 3 YaCOM MPUTIOBEPXHEBHIA
map JLOIY CTa€ OJHOPIAHMAM, i TO BCill TUIONII KOHTaKTy pealli3yeThCs
OHE 1 Te X 3HA4eHHsS 3CYBHHUX Jedopmaliiii, ske BH3HAYa€ BiTHOCHY
HIBUJIKICTh PYXY ITOBEPXOHb, IO TPYyThes. [IpoaHanizoBaHO 3aieXHOCTI
(bpakTadbHUX PO3MIPHOCTEH, NMEpHUMETpa IOMEHIB, a TaKOX CepeIHbOl
IO JIOMEHIB Ta iX KiJIbKOCTI BiX 9acy mporiecy. [lokazaHo, mo MOXIUBO
migiopaTy MmapamMeTpu, 3a SKAX CHCTEMa IIBHJKO CBOJIOI[IOHYE JI0
CTaI[lOHAPHOTO CTaHy, a00 HAaBIAKH, KOJU CHOCTEPIraeThbcsi MOBLIbHA
penakcaris. XapakTep €BOJIOLIi CYyTTEBO 3aJISKUTh Bl TOYaTKOBUX YMOB
napameTpiB Ha IUIOMIMHI KOHTAaKTy. Y PO3MISHYTOMY pa3i MO4aTKOBHN
PO3IO/IIN BEJIMYHH € TayCCIBCHKHM, MPHYOMY JedopMallis Ta HalpyKEHHS
MOYTh HaOyBaTH SIK JOJATHUX, TaK 1 Bil'€MHHUX 3HAa4YCHb, a TEMIlEpaTypa
npuiiMae JuIne JOJATHI 3HAa4YeHHs. Y poOOTI PO3IIISAA€ThCS CUTYAILis,
KOJIM CHCTEMa 3 4YacOM CTa€ OJHOPIIHOI, alle MOXKIHMBO Miidoparu
napameTpH, 3a SIKUX Peali3yeThCsl PEXHUM JETEPMiHICTUYHOTO Xaocy, B
SKOMY JJOMEHHA CTPYKTypa HOCTIHO 3MIHIOETHCS 3 4AaCOM, 1 CTalliOHapHUH
PEXUM PYXY HE JTOCSITAETHCS.
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IMA :: 2023 CEKLIA 4: [Ipuknaoua mamemamuxa ma
MOOENIOBAHHS CKIAOHUX CUCTEM

BuxopucranHsi nporpaMHuX J0AaTKiB MPY BUBYEHHI
JucuuIiHu «@iHaHCOBA MATeMaTHKA)

lonosau T. B., cmyo. ep. I[IM-11; Bazuns O. O., cm. sukiaday
Cymchkuit nep:xaBHUH yHiBepcuteT, M. Cymmu, YKpaina

dinancoBa MaTeMaTHKa — IIe KJIF0OUOBA TaTy3b CydacHoi (JiHAaHCOBOI HAyKH,
sKa JO3BOJISIE PO3YMITH Ta aHaii3yBaTH (piHAHCOBI Omeparlii, pU3UKH Ta
iHBECTUIiIHI cTpaTerii. 3 BUHUKHEHHSM HOBUX TEXHOJIOTiH Ta MpOrpaMHUX
pilllcHb, BUBYCHHS Ii€1 JUCIUILTIHU CTA€ OLIBII JOCTYIHUM, e(DeKTUBHUM,
HAOYHUM 3aBISKH BUKOPHCTAHHIO PI3HOMAHITHHX MPOTPaMHUX IOJATKiB.
3acrocyBaHHSl TIpOrpaMHOro 3abe3nedeHHs MpH po3B’s3aHHI (PiHAHCOBUX
3aBJaHb JO3BOJIIE CTBOPIOBAaTH rpadiku, AiarpaMH Ta IHIOI Bi3yaibHi
eNIeMEHTH, SKi TIOJIETIIYIOTh CIPHHHATTS CKIaJHAX MaTeMaTHIHHX
KOHIIEMIIi, 1[0 BUKOPUCTOBYIOThCA Y (iHaHCOBIN MaTemaruili. [le ogHiero
MEPEeBarold € MOXIJIMBICTH CTBOPIOBATH IMITAIliiHI MOJENI JUIsl aHai3y
pisHEX (hiHaHCOBHX cTparteriii Ta pmswkiB. Lle momomarae 3moOyBadam
OCBITH €KCIIEPUMEHTYBAaTH 3 PI3HUMH CIICHAPisIMH, PO3BHBATH MPAKTUYHI
HaBUYKH, PO3B’sA3yBaTH CKJIaJHI MaTeMaTH4HI 3a7a4i i POKyCyBaThCs came
Ha pO3YMiHHI KOHIIEMIIiH, a HE HA MEXaHIYHHUX PO3paxyHKax.
Buxopucranns BOynoBanux ¢yHKIi# mporpamu Microsoft Excel Takux six
PMT (), FV (), POWER(), PRODUCT (), DAYS (), NPER (), PV (),
FVSCHEDULE (), NPV (), ciipoiiye ¢hiHaHCOBI pO3paxyHKH Ta IOJICTIIYE
cnpuiiHaTT Matepiany. Hanpukmax, ¢yskmis NPER () momomarae
3aMIHHTH TPOMI3AKI PO3paXxyHKH IO BU3HAYECHHIO KiIBKOCTI IEPiOJiB,
HEOOXIJTHUX JUIsl TIOTAIIeHHS MMO3UKH a00 KPeauTy 3a 3aJaHuMH YMOBaMH.
[MoOynoBa miHid TpeHAIB TpoO pO3B’s3aHHI 3aBAaHb  (piHAHCOBOI
MaTeMaTUKH J03BOJISIE CIPOTHO3YBAaTH MOMAJBLIMN PO3BUTOK TOAIT 1
nepenoaunTH (piHAHCOBI HACIIAKH.

Ha puc. 1 npencraBneHo po3s’si3aHHs 3aBJaHHA B mporpami Microsoft
Excel mozxo Bubopy BapiaHTy BCTaHOBJIEHHSI HOBOI TEXHOJIOTIYHOI JIiHIO 3
BUIYCKY MpOMHCIOBOI mpoxykuii. IIpocTi po3paxyHkH Ta HaoO4HICTh
JIO3BOJISIIOTh  BU3HAYMTH JIONUJIBHICTE KOXXHOTO MPOEKTY 1 BUOpaTu
HalOumem  edexktuBHUA. [IpocTo 3MiHIOFOYM BUXITHI JaHi Taki $K
co0iBapTicTh OOWHMII NPOAYKMLii, CTaBKa IUCKOHTYBAaHHS, KamiTalbHi
BKJIQJICHHSI, KUTBKICTh BHPOOIB MOXKHA JIETKO OTPUMATH PO3B’S3aHHS IS
Oy/Ib-SIKUX TIOYaTKOBUX YMOB.
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[Iporpama Microsoft Project mo3Bomsie cTBOproBaTH pi3HI clieHapii Ta
aHajmi3yBaTH iX BIUIMB Ha pe3ylbTaT MPOEKTYy. BUKOpUCTaHHS LBOTO
JOJaTKy HaJa€e MOMXJIMBICTH OyAyBaTH Tpadikd poOiT i3 3a3HAUYCHHIM
pecypciB 1 BHTpaT Ha HHX, IO € AyXe KOPHUCHHM sl OIOKETyBaHHS
MPOEKTIB, PO3MOALTY (DiHAHCOBHX pecypciB Ta BHU3HAa4YeHHS (HiHAHCOBOI
e(eKTUBHOCTI.

BukopuctanHs mporpaMHUX ~J0AaTKiB y BuBYeHHI "diHaHCOBOi
MaTeMaTuKH'" 30aradye OCBiTHiI mporiec, poOisian HOTo OLIBIT AOCTYITHUM
Ta MPaKTUYHUM, CIpUsie OPMYBAHHIO y CTYIEHTIB HaBUKIB (piHaHCOBOI
0013HaHOCTI.

A B C D E
Toxazaue Jiroumii BapiasT I Bapiast I
CobieapTicts
CAFTEIT 1500 1800 1200
TpoAYELIL
3 |TpH./mT.
Kanitaneni
3000000 2500000 3500000

BEIAOeHHA. TPH.

5 Kinericts Bupobi 1000 E. 0.15
Cobieapticte 1000

6 Bupobiz 1500000 1800000 1200000
TopeaamHa

edeKTHEHICTE
KallTanbHUX

7 EKIaTeHB 1950000 2175000 1725000
8 Edexmnenimum e 1T mpoext

JouinsHicTs
9  BEIANeHB HI TaK

10
Pucynok 1 — Bubip epekTUBHINIOT0 MPOEKTY MOACPHI3AIT

CryneHTtH, sIKi BOJIOJIIOTH HaBHYKAMH POOOTH 3 TaKUMHU TPOTPaMaMH,
MaloTh MepeBary y peajlbHOMY (PiHAaHCOBOMY CBITi Ta MOXYTb OUIbII
YCIILITHO 3aCTOCOBYBAaTHM CBOi 3HaHHSI Yy NpoQeciiHii ismbHOCTI Ta
MOBCSIKJICHHOMY JKUTTI.
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AHaJi3 KiHeTHKH nepexo/IiB B rPaHy/Jb0BAHOMY cepeaoBHIILi
B paMKax MeToay (pa3oBoi IJIOLIUHA

IOmenko O. B., doyenm; bynko J1. P, cmyoenm ep. @E.m-31
Cymchkuit nep>kaBHAHN yHiBepcuteT, M. Cymu, YkpaiHa

OcTtaHHIM dYacoM JOCHI[DKEHHA HAHOCTPYKTYpPOBaHMX  MaTepiaiB
MIpUBEPTAE OCOOJIMBY yBary BUCHHX 3 PI3HUX raixy3ed HayKd Ta TEXHIKU.
OcobnuBHii iHTEpeC BHUKIMKAE MOEIHAHHA YHIKAIBHUX BIaCTHBOCTEH
TaKMX MaTepiajiiB, HAIPHUKIIA] MILHICTh Ta IIACTUYHICTB, TOIIO. OHIE 3
TEXHOJIOTI OTpUMaHHs HaHOMATepialliB € TOPOIIKOBA METAIypris, B
paMKax Kol METoJaMy NpEeCyBaHHS, CIIKaHHS Ta KOMIAKTYBaHHS MOKHA
OTpUMaTH METaiuHi KepaMmikd, pi3HI KOMIO3WIiHHI Marepianu Ta
momMepu. AIlle TPOTHO3YBaHHS OCOONHMBOCTEH CTPYKTYPH  TaKHX
MaTepiajiB € JOCTATHRO CKIATHOO 33/1a4€tO0.

Y  paMkax T[pOBEACHOTO  JIOCHIDKEHHS ~ Oyia  3alpolOHOBaHA
caMoy3rojpkeHa  (eHOMEHOJIOTiYHa CcXeMa, M0 Ja€ MOXKJIHBICTh
3MOIENNIOBATH TPOIIECH, IO BiAOYBAIOTHCS y TPaHYJIHOBAHOMY MaTepiaii
MiJ Ji€f0 30BHINIHLOTO BIUIMBY. AHANI3YIOUU IOMNEPEAHI Jpkepena Oyiio
3’COBaHO, IO MPYXKHICTh 1 BSI3KICTh XapaKTEpHI HE TiJIbKU TBEPAUM
TizaMmM, a W mpuTaMaHHI Oe3MepepBHUM TpaHyJIHLOBAHUM Marepiaiam,
MePEOXOJIOHKEHNUM PIIKUM TI0JIiMepaM, JESKUM TellsiM Ta iH. Y 3B'3Ky 3
MM aHAJTITHYHI ONUC IUIACTHMYHOI Tedii TaKUX CEpPEAOBHUII MOKIUBUI
TIIBKM B MeXaX (EHOMEHOJIOTIYHHX TEOpid, NIe MaTepial BBa)Ka€ThCS
OJTHOPITHHM.

Y pesynbTaTi B pamMkKax (EHOMEHOJIOTIYHOI CXEMU 3MO/ICIbOBAHUI
CaMOY3ro/DKeHUN OMHC Mepexojay MK CTaHOM IUTACTHYHOI Tewil Ta
TBEPIOTUIBHMM CTaHOM SIK TIPOIEC CaMOOpraHizamii eleMeHTapHUX
YaCTUHOK Marepialy 3 ypaxyBaHHSM 30BHIIIHROTO BIUIMBY.  AHami3
KIHeTHKH CHCTeMH Oyli0o TIPOBEJICHO Ha OCHOBI (a3oBUX TOPTPETIB
BITHOCHO TIOBEAIHKHM CEpeIHbOKBAAPATHYHOI aMIUNTyIu QIyKTyamii
LIBUIKOCTI TpaHyl Ta 3CYBHOI KOMIIOHEHTH BHYTPILIHIX HaIlpy>KEHb.
3HalijieHI yMOBH MEpexoJy J0 CTalliOHAPHOTO TBEPJIOTIIBHOTO CTaHy, IO
BIJNOBiZJa€ yTBOPEHHIO HAHOCTPYKTYPOBAaHOTO Marepialy B Mpoleci
KOMITaKTyBaHHSI.
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BnuiuB e1eKTPUYHOTO MOJISI MANOPY HA MiACUJIEHHS XBWIb
MPOCTOPOBOIO 3apsiiy B cynepreTepoAnHHOMY Jia3epi Ha BUIbHUX

CJICKTPOHAX 3 €JICKTPOCTATHYHUM OHIAYJIATOPOM

Onexkcanmp Jlucenko, npogecop; Cranicnas lnsiH, acnipanm

CyMchbkuii nep:kaBHui yHiBepcuteT, M. Cymu, Ykpaina

Teparepiiosi na3epu Ha BitbHHX enekTpoHax (JIBE) 3maTHi reHepyBaTu
HA/IMOTY>KHE TepareploBe eIeKTPOMAarHiTHE BUIPOMIHIOBAHHS 3 BY3bKHM
CIIEKTPOM y IIMPOKOMY Jiana3oHi 4acToT. Take BUIIPOMIHIOBAHHS IIUPOKO
BUKOPHUCTOBYETHCA y NOCIIUKEHHSX OPraHIYHUX CHONYK, Y MEIULMHI, Y
¢i3umi TBepmoro Tina i T. iH. Cyneprerepoaunni JIBE — nie tun JIBE, mo
BUKOPHUCTOBYIOTh JTOJIATKOBHIM MEXaHI3M MiJCHICHHS €JIEKTPOMArHiTHOTO
curHaily. Y mapaMeTpuuHoMy cyneprerepoguHHomy JIBE pomatkose
MiACUICHHS. PEali3yeThCsl 32 PAaxXyHOK TPHUXBHIBOBOTO IAapaMETPUYHOTO
pE30HAHCY TMOBIIBHUX Ta IIBWAKHX XBHJb IpocTopoBoro 3apany (XII3)
pensituBicTcekoro  enekTponHoro myuka (PEIT). Taka pesonancHa
B3a€EMOJIsI  BIAOYBAa€TbcA Y  CEKIl  MIACWIEHHsS, IO  MICTHTh
CJIEKTPOCTATHYHUNA OHAYNATOp. Cxema Cekuii MiACWIEeHHS NOoAaHa Ha
puc. 1.

Pucynok 1 — Cxema cexiii migcunenns XI13:
1 — pensATUBICTCHKUI NEKTPOHHUI MYYOK; 2 — €IeKTPOIH OHAYJISTOPA;
3 — cuIIOBI JNIiHIT MEPiOANYHO PEBEPCUBHOTO EJIEKTPUYHOTO MOJISI HAKAYKH

VY cekIii MiACHICHHS EICKTPOHHHMHA Iy4oK | PO3MOBCIOUKYETHCS Y
30BHIIIHBOMY €JIEKTPUYHOMY TOJI Hakaykh OHAyysTtopa 2. Hampsmku
HaNpy>XEeHOCTi IIbOTO MOJIs MoKa3aHi crpikamu 3. Came TyT BinOyBaeTbes
TPUXBHJIBOBUH TMapaMETPUYHUHA PE30HAHC MiXK TOBUIBHOIO Ta HIBHKOIO
xpwisiMa XI13 Ta 30BHINIHIM €NEKTPUYHUM TIOJEM HAKAYKH OHJIYJIATOpA.
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3a paxyHOK THapaMEeTPUYHOI HECTIMKOCTI Ma€ MiClle MiJACHIICHHS XBWJIb
XI13.

OCHOBHOIO TPUYMHOIO MPUITUHEHHS miacuieHHs xBwib XII3 €
pYHHYBaHHS YMOB TPUXBMJIBOBOTO IIAPAMETPUYHOIO PE30HAHCY Yepes3
3MEHIIICHHSI TTO30BXHBOI MBUAKOCTI enekTporiB PEII (oxuH 3 dakTopis).
e € HacmigkoM mepenadyi KiHETHYHOI €Heprii BiJl PENATHBICTCHKOTO
SJIEKTPOHHOTO Iy4Ka /10 eHeprii xBuib XI13.

3amns yCyHEeHHS Ili€]l TPWUYMHU Yy TOJMaHii poOOTi PO3TISTHYTO
MOKNIHMBICTh 30iNbIICHHS piBHIB HacuyeHHs XII3 uepe3 MexaHizM
NiATPUMKH YMOB TPUXBHUJIBOBOTO MapaMeTPUYHOTO DPE30HAHCY, a came
30eperkeHHsT  cTtamoi  mBHAKOCTI  enekTpoHiB  PEIl  3a  paxyHok
MOB3I0BXXHBOTO €IEKTPUYHOTO HOJIS MiATIOPY.

B xoni mocmimkenHs Oya 3HaliieHa ONTUMalIbHA (hopMa eIEKTPUIHOTO
nostst mianopy Eo(z), sika mae Burisi:

0,z < zgg

Eo(2) = {TEO (z = 2go), Z = Zgo'

Oco0nuBICTIO TBOTO TIOJIST € Te, IO BOHO BH3HAYAETHCS JIHMIIE IBOMA
napameTpamu: Zgo € GakTHYHO KOOPAUHATOIO MOYATKy 00IacTi HACHYESHHS, Teo
— IPaJIi€HT ENEeKTPUIHOTO MOl B 00J1acTi HacuueHHs. ONTHMAaJIbHI TapaMeTpu
te0™"=-1.5 MV/m? Ta zgc™=143cm Oyno 3HaiileHo NUIIXOM HpPOBEIEHHS
ONTHMI3AIIHHUX TIPOIeaYp. 3 ICOBAHO, 1110 HA piBeHb HacudyeHHs XI13 Takox
CYTTEBO BIUIMBAE TEHEPOBAHE EJEKTpHUHE moyie Hakadykw [1]. Brmms moss
mianopy Eo(Z) Ha HROrO MPHU3BOAUTEL IO TOTO, MO PE3YJILTYIOUE EICKTPUUHE
TOJIe HaKauKh B 00JAcTi HACHYEHHS 30UTBIIYEThCs Y 2 pasu. Sk pe3ynbTar,
ONTHMAJIbHE eNIeKTpHYHE mojie mianopy Eo(z) mo3Bossie 30UIbIIMTH piBEeHB
HacuieHHs noBUThHOT X113 Ha 35 %.

Takoxx TPOAEMOHCTPOBAHO, MIO 3aBISKHA BIAHOCHO MalldM 3MiHam
SNEKTPUYHOrO MoJisi miAnopy Eo(z) mMoxkHa kepyBaTH piBHEM HAaCHUCHHS
XII3. Tak MmakcuMalbHe 3Ha4eHHst Eo(2), 1110 cTanoBuTh Behoro smwiire 10 %
BiJl aMIUTITYyIM 30BHILIHBOTO €JIEKTPOCTATUYHOrO MOJISI HAKAYKH JI03BOJISIE
JOCATTH TOrO JK MAaKCHMaJlbHOTO PIiBHS HacuueHHS moBinpHOT XII3
(+35 %), 110 i 30UIbIICHHS aMILTITYI{ 30BHINIHBOTO EICKTPHYHOTO OIS
HaKayKy OHJIYJIATOPA aX y 3 pasu.

1)

1. A.V.Lysenko, O. I. Voroshylo, S. S. Ilin, Problems of Atomic Science
and Technology, 6 (148), 186 (2023).
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Advantages of Using Technology in Language Learning: Developing an
App for Kazakh Language for Young Learners

Nazyrova A.Y., senior lecturer, master's degree holder; Yermekbay T.A.,
undergraduate student
Astana International University, Astana, Kazakhstan

The use of technology in language learning, especially in the context of
developing applications for the youngest learners, offers several
advantages. Let's consider this topic using the example of developing an
application for learning the Kazakh language.

Interactivity: Technological applications for language learning often
incorporate interactive features such as quizzes, games, and exercises.
These features engage children actively in the learning process, allowing
them to participate rather than passively consume information. For
example, interactive quizzes can provide immediate feedback, reinforcing
correct answers and guiding learners when they make mistakes. This
interactive nature keeps children interested and motivated to continue
learning.

Multimedia content: Modern language learning apps leverage
multimedia elements to enhance comprehension and retention. Visual aids
such as animations and images help illustrate concepts and vocabulary,
making them more memorable for young learners. Similarly, audio
recordings and videos allow children to hear native speakers pronounce
words and phrases, aiding in pronunciation and listening skills
development. By appealing to multiple senses, multimedia content
reinforces learning and accommodates different learning styles.

Game-based approach: Gamification is a powerful tool in language
learning apps, as it transforms the learning experience into an engaging and
enjoyable activity. Games introduce elements of competition, rewards, and
achievement, motivating children to progress through levels and
challenges. Moreover, games encourage repetition, a crucial aspect of
language acquisition, by embedding learning objectives into gameplay
mechanics. Through game-based learning, children not only acquire
language skills but also develop problem-solving abilities and critical
thinking.

Geographical accessibility: One of the significant advantages of
technology in language learning is its ability to overcome geographical
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barriers. Language learning apps are accessible anywhere with an internet
connection, enabling children from diverse locations to learn the Kazakh
language. This accessibility is particularly beneficial for children living in
diaspora communities or areas where resources for learning Kazakh may be
limited. By providing access to quality language education regardless of
location, technology promotes inclusivity and equity in education.

Preservation of cultural heritage: For Kazakh-speaking communities
dispersed worldwide, language learning apps play a vital role in preserving
their cultural identity and heritage. These apps not only teach the Kazakh
language but also introduce learners to Kazakh culture, traditions, and
values. Through interactive lessons, stories, and cultural insights, children
gain a deeper appreciation for their heritage and develop a sense of pride in
their linguistic and cultural roots. By fostering cultural awareness and
understanding, language learning apps contribute to the preservation and
celebration of Kazakh culture across generations.

In summary, technology-enabled language learning apps offer a
comprehensive and engaging approach to mastering the Kazakh language,
catering to the unique needs and preferences of young learners while
promoting cultural preservation and global accessibility.

Reference
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Kazakh Language to Preschoolers in Multilingual Conditions." Journal of
Pedagogy and Psychology.

2. Kulzhanova, M. (2018). "Multimedia Teaching Methods as a Means
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3. Karagozina, K. (2017). "Psychological and Pedagogical Aspects of
Teaching Preschool Children the Kazakh Language.” Journal of
Pedagogical Sciences.

290



IMA :: 2024 TRACK 5: Artificial Intelligence and
Applied Mathematics

Analysis of modern machine learning methods when processing large
amounts of data

Berdaly A.A., teaching assistant
Academy of Logistics and Transport, Almaty, Kazakhstan

In today's information society, where data plays a key role in decision-
making, analyzing modern machine learning methods for processing large
volumes of data is strategically important. In Kazakhstan, as well as
globally, there is a trend of increasing cardiovascular disease morbidity
rates, which can be attributed partly to improved screening quality and
transparency, but also to decreased accessibility and quality of healthcare
services. The prevalence of cardiovascular diseases from 1989 to 2008
increased almost tenfold from 127.5 to 1204.3 cases per 100,000 population
[1].

However, no matter how effective various cardiovascular disease
treatments may be, only scientifically justified, well-organized, and widely
conducted prevention efforts along with thorough patient care can address
this problem. Additionally, research indicates an inevitable link between
cardiovascular diseases and sedentary lifestyles, smoking, and consumption
of fatty foods. Yet, research findings suggest that patients are not
adequately informed about preventive measures for this group of diseases
[2].

The relevance of the research topic lies in the fact that big data analysis
is a relatively new but highly demanded area of the job market. In the
context of big data, machine learning is used to manage the constantly
growing and changing flow of information. Machine learning algorithms
identify input data and study the associated patterns, which can then be
transformed into valuable insights and integrated into business operations
to automate certain decision-making processes.

Research Objective: To select and describe machine learning methods
that help process big data, improve accuracy in the training process with
large datasets, and reduce training time.

Research Tasks:

e Conduct a literature review on the use of machine learning
methods (ML) for big data.
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e Analyze libraries of the R and Python languages and various
machine learning methods.

e Perform primary data analysis and preprocessing.

e Utilize feature classification methods, sampling, and handling
missing values.

e Analyze the obtained results.

e Justify the research findings within the subject domain.

Research Object: The research object consists of machine learning
algorithms. The development of analysis methods used to optimize the
process of solving research tasks, enabling the implementation of data
analysis and learning methods. Creating a system based on reducing human
involvement in analysis using this method and creating optimal solutions
involving artificial intelligence systems.

Research Subject: Conducting analysis based on machine learning
methods for big data analysis.

Research Methods: Naive Bayesian method, linear regression, support
vector machine, and analysis and processing methods of random forests.
Conducting a machine experiment based on the analysis.

Theoretical and Practical Significance of the Research: The results of
the work enable the implementation and comparison of algorithms used in
training with big data and reduce human effort.

References

[1] Cardiovascular Complications of Chronic Kidney Disease: An
Introduction, European Cardiology Review 17, Authors:Hilary Warrens,
Debasish Banerjee, Charles A Herzog, DOI:10.15420/ecr.2021.54,
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Application of the Competency Model for Analyzing Predispositions in
Information Technology Education

Nazyrova A.E., Kaldarova M.zZh., Mukanova A.S.
Astana International University, Astana, Kazakhstan

The development of IT education based on the ACM/IEEE 1T2017 and
CC2020 models focuses on competencies, integrating knowledge, skills,
and inclinations into a comprehensive learning structure, which
significantly differs from previous approaches that were exclusively
oriented towards the structuring of knowledge. The integration of eleven
key inclinations, such as adaptability and autonomy, into educational
programs, and their alignment with the characteristics of responsibility
under the Skills Framework for the Information Age (SFIA), highlights the
importance of these qualities for both academic institutions and employers.

In the last decade, the requirements for educational programs in the field
of information technology (IT) have undergone significant changes,
emphasizing the need to integrate competencies that go beyond traditional
academic knowledge. The Association for Computing Machinery (ACM)
and the Institute of Electrical and Electronics Engineers (IEEE) have
formulated a new approach in the 1T2017 curriculum guidelines, focusing
on the development of student competencies, including their knowledge,
skills, and inclinations. This reorientation is also reflected in the Computing
Curricular 2020 (CC2020) document, which expands the concept by
introducing eleven key inclinations, such as adaptability and autonomy,
necessary for a modern IT professional.

Modern educational programs in information technology face the
challenge of preparing graduates who not only possess technical knowledge
but are also capable of effectively adapting to rapidly changing labor
market conditions. The ACM/IEEE IT 2017 and CC2020 reports have
emphasized a shift from the traditional knowledge-focused approach to a
more comprehensive development of competencies, including knowledge,
skills, and predispositions. A comparative analysis of the inclinations
proposed in CC2020 and the requirements of the Skills Framework for the
Information Age (SFIA) shows how theoretical proposals can be adapted
for practical application. This analysis has revealed similarities and
differences between academic standards and industry requirements,
allowing for refinement and improvement of teaching and assessment
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methods. Based on collected data and feedback from experts, a competency
assessment methodology was developed that includes case studies and
project work, allowing students to demonstrate their skills and knowledge
in real-world conditions. This methodology considers both successes in
solving practical problems and the ability to self-analyze and reflect, which
aligns with the "know yourself" component of the competency model.

The work of three working groups organized within the framework of
the conferences "Innovations and Technologies in Computer Science
Education” (ITiCSE) in 2018, 2020 and 2021 was aimed at researching the
structure of competence-based learning, developing competence statements
and creating competence-based pedagogy and assessment. These studies
have highlighted the importance of continuous integration of competencies
into curricula, which ensures that academic education meets the real needs
of professional activity.

Research conducted at the ITIiCSE conferences has played a key role in
shaping and testing new approaches to teaching and assessment in IT.
Special attention was given to pedagogical methods that support the
continuous implementation and adaptation of competencies in curricula,
which is critically important for maintaining the relevance of educational
programs.

The integration of competencies into IT curricula not only improves the
guality of education but also fosters a closer connection between
educational standards and labor market requirements. It necessitates
constant updating and adaptation of curricula to maintain their relevance
and effectiveness.
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Cloud containerization: Docker and Kubernetes for IT start-ups

Kaldarova M.Z., master’s degree; Mendigaliyev A.A., st. of CS-20A
Astana International University, Astana, Kazakhstan

Containerization is vital in software development, enhancing efficiency
and consistency. For agile startups, selecting the optimal containerization
solution is crucial for success in a competitive market.

Docker's user-friendly interface and portability make it a cornerstone in
containerization, ideal for small startups. However, scaling demands call
for a more robust solution [1]. Kubernetes, developed by Google and open-
sourced, provides automated deployment, scaling, and management
features, prioritizing high availability and fault tolerance. Its container
distribution across nodes optimizes resource use, making it essential for
rapidly growing startups with scalability needs.. Kubernetes boosts
stability, security, and efficiency in enterprise apps but poses challenges for
smaller teams due to its complexity. Still, transitioning to Kubernetes is
vital as startups expand, building on Docker's initial containerization role.
[2]. Cloud providers offer fully managed services like AWS EKS, GCP
GKE, Azure AKS, ECS, Cloud Run, and ACI for Docker and Kubernetes.
These streamline infrastructure management, enabling development teams
to prioritize application creation [3]. Choosing between both for your IT
startup requires careful consideration of current needs, future scalability,
and your team's expertise, with key factors weighed against the advantages
and disadvantages of each platform.

Tab. 1. The key factors of Kubernetes and Docker

Factors Docker Kubernetes

Ideal for small and | Recommended for large,

Application lativel imol | . di
Size and | T8 atively simple | complex  projects  needing
Complexity projects scalability and automated failure

Ensures  efficient  resource
management and high
availability in scalable
environments

Suitable for stable
resource
requirements

Scalability and
Availability
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22023

Integration
with Cloud
Services

Supported by many
cloud providers,
more widely adopted

Fully managed Kubernetes
services are also available on
many cloud platforms

Cost and
Resource
Requirements

Lower resource
requirements and
more economical

More costly to maintain, but
ensures efficient resource
utilization in scalable
environments

The decision between Docker and Kubernetes for containerization in
your IT startup should hinge on the project's requirements and your
technology presents distinct
advantages, making the selection dependent on the priorities and
characteristics of your business application.

development team's
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Development and analysis of a program for controlling robots with
hand movements

Kairosh T.M., master student; Akhmetova A.M., PhD
Al-Farabi Kazakh National University, Almaty, Kazakhstan

Abstract. This thesis will talk about a mobile program for building
relationships with people with disabilities. To create this mobile program,
the Kotlin programming language and the Android Studio programming
environment were used. First of all, the algorithm for the execution of the
mobile program and its block diagram were created. Then the mobile
application was created according to the algorithm. A database of hand
gestures necessary for the mobile program has been created using the
Kazakh Dactyl Alphabet. This mobile app allows users to overcome
language and cultural barriers by allowing them to interact effectively with
people who use hand gestures.

In the modern world, where globalization and diversity of cultures are
increasingly penetrating, the problems of communication and mutual
understanding are decisive. One of the most important aspects of
communication is the ability to communicate with people using different
languages and forms of expression [1]. However, for people with hearing
impairments or people with language barriers, conventional means of
communication may not be enough. In such cases, mobile programs
capable of translating text into hand gestures will become an invaluable
help [2].

Kazakh Dactyl Alphabet. The Kazakh Dactyl Alphabet is based on the
dactyl Alphabet, which is a specially developed jest system to facilitate
communication for people with hearing and vision disabilities. This project
is adapted for use in the Kazakh language, which makes it especially
important for the Kazakh society. Like the usual Dactyl Alphabet, the
Kazakh Dactyl Alphabet uses gestures corresponding to each letter in the
Kazakh alphabet, which allows people with hearing and visual impairments
to express their thoughts and ideas through gestures [3].

The principle of operation of the algorithm for converting a word into a
hand gesture. The user, using this mobile program for the purpose of
communicating with a person with disabilities, writes, first of all, a
sentence or words that he wants to convey to a person with disabilities in a
graphical interface. Then the algorithm of the program is launched. Let's
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focus on the program execution algorithm. First of all, a sentence or words
are written. The words in which it is written are divided into letters. A hand
gesture is found from a pre-created database that matches the letters. The
database contains hand movements according to the Kazakh Dactyl
Alphabet. Hand gestures found in the same order are displayed in the queue
or queue.

In order for the written words to become letters, a separate function is
created in the code. The input information of the function is words, and the
output information is letters. The letters are collected in order.

After receiving the letters, there is a process of searching the database
for the corresponding hand gesture for that letter. After each letter is found
in the database, it is displayed to the user of the program in sequence.

Conclusion. In conclusion, mobile applications for translating text into
hand gestures are an innovative solution that not only provides
communication accessibility for people with hearing impairments, but also
contributes to the inclusiveness of society as a whole. These applications
become a powerful tool for improving mutual understanding and contribute
to the creation of equal opportunities for all participants in society.
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Development of a web application for classifying satellite images
using machine learning methods

Assylbayev I.T. student of the group IS - 20 A; Kaldarova M.Zh. master
of mechanics
Astana International University, Astana, Kazakhstan

The development of a web application for classifying satellite images
using machine learning methods is a relevant and promising area of
research.

The purpose of developing the application is to provide fast and
accurate analysis of satellite images to solve specific problems in various
fields.

The research of author [1], author [2] and author [3] is diverse and
significant for the processing and analysis of satellite images. Author [1]
uses CNN for object detection, Author [2] examines the impact of larger
samples and training epochs, and Author [3] evaluates the performance of a
Bayesian classifier for separating vegetation from satellite images.

From the work of author [1] it follows that an approach using
convolutional neural networks (CNN) will be used to detect houses, cars,
roads and rivers in satellite images. The model will be trained on several
datasets, including sentinel images as the training set and feature polygons
from OpenStreetMap as the teacher. This method will allow the model to
extract features from satellite images and train on labeled data to accurately
detect specific objects.

Research by author [2] has shown that increasing the size of the training
sample can significantly improve the classification results of satellite
images. To test the hypothesis about the insufficient number of samples per
class, the training set was increased to 13,000 samples per class. Tests were
also conducted with different numbers of neural network training epochs
(80, 120, 160, and 240) to avoid undertraining and improve classification
accuracy.

The findings of author [3] show that the naive Bayes classifier performs
better than other methods at separating forest from low-growing vegetation.
This classifier did its job using a simple set of statistical functions. The
main advantage of machine learning methods is that there is no need to
manually adjust thresholds and class separations.
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For further research, it is proposed to develop methods for assessing the
usefulness of features and select comparative information to check the
guality of classification algorithms. It is also recommended to expand the
set of features used to take into account spatial information, such as Gabor
filters, second-order statistical features, etc. This will allow solving more
complex problems, for example, estimating tree density, their height and
other characteristics. on satellite images.

From the presented studies, the following conclusions can be drawn:

Convolutional neural networks (CNNSs) detect objects in satellite images
very accurately. This method, presented in author 1, allows the model to
extract features from images and train on labeled data to accurately detect
objects of interest.

Increasing the size of the training sample and the number of training
epochs can significantly improve the classification results of satellite
images. Author's [2] research confirms that this is due to the importance of
extensive data and sufficient iterations to train a neural network.

The Naive Bayes classifier is also effective for separating certain classes
of objects in satellite images, especially when using simple statistical
features.

Thus, for optimal detection of objects in satellite images, it is
recommended to use convolutional neural networks with extensive training
data, if necessary, supplementing them with an increase in the number of
training epochs. However, a Naive Bayes classifier can also be effective,
especially when resources are limited or training data is available.
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Development of a web application for object identification based on
machine learning

Kelemanova D.D. student of the group Data Engineering - 20 B; Kaldarova
M.Zh. master of mechanics
Astana International University, Astana, Kazakhstan

Development of a web application for object identification based on
machine learning methods is an important direction in the field of computer
vision and image analysis.

In the modern world, when the volume and variety of images are
constantly growing, such an application is becoming a necessary tool for
automating the process of recognizing objects in photographs and videos.

The purpose of developing the application is to provide the ability to
automatically recognize objects in images with high accuracy and speed. In
the future, we will expand the functionality of the application, integrate it
with other systems and improve the quality of recognition based on user
feedback.

From the analysis of sources, the following conclusions can be drawn:

Author [1] proposed using the concept of transfer learning and
automating image search using Flickr photo hosting to solve the problems
of long training and the need for large training samples. This approach was
successfully tested, which increased the level of recognition of new classes
of objects to 89%. He has also developed a web application that allows
trained models in ImageNet to be retrained for new object classes, and
automatically searches for labeled image samples via the Flickr API to train
models. To test the trained models, a mobile application was also
developed for recognizing objects from the camera.

Author [2] notes progress in the field of object recognition using various
architectures such as Faster R-CNN, Mask R-CNN, YOLO and RetinaNet.
It highlights the importance of this field and the improvement of object
detection methodologies.

Author [3] describes the developed machine learning methods for
processing ultra-high spatial resolution images. Her research includes the
analysis of modern algorithms and the development of new algorithms, as
well as experiments on test sites with the calculation of the main
parameters of evaluation metrics for developed architectures.
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It also notes the successful use of artificially increasing the labeled data
set to improve the evaluation performance of developed architectures.
Using this approach, she demonstrates improvements in correct response
rate, accuracy, and F-measure.

In the article "How Pattern Recognition Works" author [2] describes
two main approaches to pattern recognition:

Traditional image processing methods:

They do not require historical data for training and are typically used in
unsupervised environments.

An example of such methods is OpenCV.

Pros: Does not require annotated data for training.

Cons: Limited to complex scenarios, occlusion, lighting and noise
effects.

Deep learning methods:

Depends on supervised or unsupervised learning and is the standard for
computer vision tasks.

Pros: More resistant to complex scenarios and occlusion.

Cons: Requires a large amount of training data and labor-intensive
image annotation.

Today, deep learning methods are widely accepted and used by
researchers and companies in object recognition tasks.

Based on a comparative analysis of the works, we can conclude that
each of them makes a significant contribution to the field of pattern
recognition. The work of Author [1] and author [3] focuses on the
application of modern deep learning methods, such as convolutional neural
networks, to improve image processing and object segmentation
algorithms. In turn, Author's [2] research provides valuable information on
the comparative analysis of traditional image processing methods and deep
learning methods.

In light of this, we can conclude that developing a web application for
object identification based on machine learning will be a relevant and
promising task, combining the best practices and research results presented
in these works.
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Kazakh-Tatar Machine Translation on the Base of Complete Set of
Endings Model

Temirkhanov B.K., master's student
Al-Farabi Kazakh National University, Almaty, Kazakhstan

Based on the collection of Kazakh-Tatar language endings compiled in
accordance with the morphological model of the CSE, a corresponding
table of morphological features of endings for both languages was
compiled (Table 1). The morphological features of each Kazakh ending
were extracted from the Tatar morphological table, and then the
corresponding morphological features were entered into a separate table.

Table 1 — Morphological table of Kazakh-Tatar endings

Kazakh Kazakh Tatar Tatar
Endings Morph Morph  Engings
dar <NB>*dar <NB>*Ha Hap
<pl> p<pl>
m <NB>*m< <NB>*mM< M
pos><sg><pl pos><sg><pl
> >
ga <NB>*ga <NB>*ra< ra
<dat> dat>
myn <NB>*my  <NB>* empty
n<per><sg>< <per><sg><p
1> 1>
darym <NB>*dar <NB>*Ha HapbIM
<pl> p<pl>

*ym<pos>  *pM<pos>
<sg><pl> <sg><pl>
darymam <NB>*dar <NB>*na HapbIMa
yn  <pl> p<pl>
*Yym<pos>  *pmM<pos>
<sg><pl> <sg><pl>
*a<dat>* *a<dat>*
myn<sg><pl <per><sg><p
> 1>

This approach includes a complete correspondence between the endings
of each language, totaling 5217 endings for morphological features. Kazakh
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is based on matching of endings with Tatar. Translation into Tatar is done
using special dictionaries and an online translation system to create a
corresponding list of word endings for Kazakh and Tatar words (Table 2).

Table 2 — Stems in Kazakh and Tatar

stem in gazaq stem in tatar
bir Oep

bala Oana

belgi owre

In addition, a corresponding list of stop words of the Kazakh-Tatar
language was compiled (Table 3).

Table 3 — Stop words in Kazakh and Tatar

SW in gazaq SW in tatar
men MHH
jéne hom
ne SAKHU

Supervisor: Tukeyev U.A., professorAl-Farabi Kazakh National University,
Almaty Kazakhstan
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Prospects for the development of 3D technology

Aydynov Z.P. associate professor, PhD; Tenizbay A. master's student
Kazakh Agrotechnical Research University named after S. Seifullin,
Astana, Kazakhstan

The rapid development of information technology has given a sharp
impetus to 3D modeling. Modern 3D modeling technologies make it
possible to construct complex and three-dimensional models, carry out
testing and make changes to them at various levels.

3D modeling software is based on complex mathematical calculations,
all calculations are carried out automatically and provide a user-friendly
interface. Creating a 3D model is quite difficult and represents a kind of art.
To achieve realism, it is necessary to understand the features of modeling
and correctly carry out calculations throughout the entire modeling process.

At this time, there are a lot of literary and other sources for detailed
study. Nevertheless, we consider it useful to know the most popular books
whose authors are Lutter R., Williams R., and Vaughan W. [1-3].

3D modeling systems make it possible to obtain a model of an object
even before the production of test samples and, therefore, to discern the
weaknesses of the project and determine its compliance with the original
idea.

The capabilities of 3D modeling have begun to increase dramatically in
3D printer technology. It was the successes of this industry that provided
the basis for a different design of mechanical engineering in different
industries.

In this context, we can look at the construction of agricultural
equipment.

In large agricultural operations, irrigation, fertilizers, pesticides and
other agro-industrial products are no longer available “visually” or in equal
guantities on the fields. Thanks to new technologies in agriculture,
agronomists can use only what they need in a given area and carefully
select the right treatments for each crop (Figure 1).
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Figure 1.3D technology in agriculture

Therefore, it can be stated that the use of 3D technology in agricultural
mechanical engineering has a very good future. A qualitative change in the
construction of sketches and machine parts, especially with the advent of
3D printers, can dramatically increase the efficiency of the design and
operation of agricultural machines and equipment.
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Software development for interactive whiteboard

Amangeldieva N.O., 2nd year master’s student; Rakhimzhanova L.B.
PhD., Associate Professor
Al-Farabi Kazakh National University, Almaty, Kazakhstan

Interactive whiteboards offer new opportunities for education and
business, but to realize their full potential, software must be developed to
meet user needs and provide a seamless experience. The study was
conducted using flexible development methodology in the C# programming
language. This allowed us to adapt to changing user requirements and
quickly respond to their needs. Techniques of analyzing user requirements,
developing prototypes, testing and collecting feedback were applied to
create effective software.

The results of the study confirmed that the developed software in the C#
programming language effectively takes into account the needs of users and
ensures effective interaction with the interactive whiteboard. The use of
flexible development methodology allowed us to quickly adapt to user
requirements and reduce development time.

User participation in the software development process has been
recognized as an important factor. It has ensured high efficiency and
satisfaction of the needs of educational and business areas.

The proposed software includes four main components: a user interface,
a content management module, an integration module with external
applications, and a user and access management module. This integrated
approach allows users to fully use the interactive whiteboard in various
fields of activity.

In the context of modern trends in education and business, it is worth
paying attention not only to the development of software for interactive
whiteboards, but also to its integration into existing educational and
corporate ecosystems. The development of APIs (application programming
interfaces) and data exchange standards will allow interactive whiteboards
to be effectively integrated with educational platforms, CRM systems,
content management systems and other applications, which will expand
their functionality and ease of use.

It is also important to consider the software's ability to adapt to different
cultural and linguistic contexts. Multilingualism and localization of the user
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interface and content will help overcome language barriers and provide
greater access to educational and business resources.

Finally, it is worth paying attention to the development of augmented
and virtual reality technologies, which can complement the functionality of
interactive whiteboards, providing users with a more immersive learning
experience and interaction with content. Integrating such technologies into
interactive whiteboard software can significantly expand their use and
improve the efficiency of educational and business processes.

Thus, the development of software for interactive whiteboards in the C#
programming language using flexible development methodology is a
relevant and promising area of research that can effectively solve modern
problems in the field of education and business.
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The waste management system in Smart Cities using 10T
Anderkhan A.A., master's student; Saduakas A.M., master's student
Al-Farabi Kazakh National University, Almaty, Kazakhstan

Our work in the field of waste management in a smart city is justified by
its relevance in the context of contemporary scientific developments. The
integration of ultrasonic sensors, controllers, and LoRa modules for
monitoring the fill level of garbage containers, along with the development
of a web interface based on the Folium library, represents an innovative
approach that can significantly enhance waste management efficiency in
cities. Our work not only provides novel technological solutions but also
enriches the field of scientific research in urban ecology and information
technology, which may attract the attention of scholars interested in modern
approaches to addressing environmental issues in cities.

During our research, we referred to several key scientific works that
were essential for our understanding of the waste management issues in
smart cities. One such work is the article by D. Abuga and S. Raghava
titled "Real-time smart garbage bin mechanism for solid waste management
in smart cities," which proposed the concept of using 10T to optimize waste
management processes. Another significant contribution is the study by S.
M. Cheema, A. Hannan, and I. M. Pires titled "Smart Waste Management
and Classification Systems Using Cutting Edge Approach," where modern
waste management technologies were analyzed, helping us identify the
potential of ultrasonic sensors and LoRa modules. These works served as
the foundation for the development and implementation of our system,
integrating innovative technologies into waste management practices in
smart cities.

Developed waste management system in the Smart City, based on
ultrasonic sensors(HC-SR04) and LoRa modules(SX1278), enabling the
monitoring of garbage bin fill levels with high precision and efficiency.
This approach also entails the development of a web application using the
Folium library, facilitating the visualization of bin fill data and optimization
of waste collection routes. Implementation of this system could
significantly enhance waste collection and disposal efficiency in urban
environments, as evidenced by research findings demonstrating the
potential of modern technologies to improve waste management and
mitigate negative environmental impact.
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In conclusion, the research has demonstrated that the utilization of
ultrasonic sensors and LoRa modules in waste management systems in
Smart Cities represents an effective approach, contributing to the
optimization of waste collection and disposal processes. The developed
web application enables the visualization of container fill data and the
optimization of collection routes, thereby fostering an improvement in the
city's environmental conditions. The implementation of the proposed
system holds the potential to mitigate the negative environmental impact
and enhance the resilience of urban infrastructure to contemporary
ecological challenges.

Supervisor: PhD, Acting Professor Abdildaeva A. A.
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Basic concepts and current problems of information security

Aldashev A.A. 1st year Student of the specialty "Information Security"
K.l. Satbayev Kazakh National Research Technical University,
Almaty, Kazakhstan

In modern conditions of the formation of the digital economy, ensuring
information security is one of the priority tasks both at the state level and at
the level of individual organizations. The article discusses the main trends
in information security, areas of its provision, approaches to solving the
problems of preserving digital data, as well as mechanisms for ensuring
information security are studied in the article. Taking into account the
importance of information security both at the level of the state and from
the point of view of individual economic entities, studies of its preservation
and both in types and consequences are developed from a scientific and
theoretical point of view, the most important results of which are presented.

Information security, or "IB", is a set of measures aimed at protecting
computer systems, data and programs from leaks and violations, as well as
ensuring security in related areas.

The need for general information security is undoubtedly determined by
the need to prevent such threats: the site server may be subjected to DDoS
attacks, data leaks, etc. Given that the number of attackers exceeds the
number of honest people, no company or enterprise would want its
database to fail and become accessible to everyone [1].

"In addition, the above may contribute to the emergence of another
negative phenomenon in the activities of companies: they may be held
legally responsible for the leakage of data in the status of secrecy.
Therefore, information security measures are ways to avoid loss of trust on
the part of customers without exacerbating problems with the legislative
system.

In the modern world, information security and cybersecurity are actively
discussed and considered. Although these two terms are often used
synonymously, they essentially belong to different fields, although
interrelated. Cybersecurity is a broader term that covers all aspects of
digital security, including the protection of all types of information
technology assets from illegal use, theft and information leakage.
Information security, in turn, is a specialized area within the framework of
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cybersecurity in general. In addition, there are other subsections in the field
of cybersecurity, such as network security, application security, and others.

Important elements of information security:

1. The rise of digital threats.

2. Security of corporate systems.

3. The importance of personal safety.

4. Development of technological solutions.

5. The role of the human factor.

Considering the above sequences, three main approaches can be
considered if we conduct a comparative analysis of a number of definitions
of the term "information security" that are found in modern technical and
academic works [4].

Based on the above arguments, we can conclude that in the conditions
of modern digitalization, it is important to maintain information security
and prevent threats to it. Therefore, improving information security at the
level of business organizations and at the state level is a requirement of the
present time.

Scientific supervisor: Kassymbekov Adilet Zhaksybayevich, Master of
technical sciences, Deputy director of the Institute of automation and
information technologies of the K.I. Satbayev Kazakh National Research
Technical University.
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Building a Dynamic Framework for Proactive Detection and
Mitigation of Internal Security Risks in Corporate IT Environments

Rakymbekov B.B., Ziyatbekova G.Z., PhD
Al-Farabi Kazakh National University, Almaty, Kazakhstan

In the contemporary digital era, where information serves as the
lifeblood of businesses, the protection of corporate IT environments against
internal security risks has emerged as a critical priority. Unlike external
threats, which often attract more attention, internal security risks pose a
unique challenge as they originate from within the organization itself. These
risks encompass a range of potential vulnerabilities, including insider
threats, unauthorized access, data breaches, and malicious activities
perpetrated by employees or contractors[1].

Traditional security measures, such as firewalls, antivirus software, and
access controls, undoubtedly play a vital role in protecting corporate
networks. However, relying solely on reactive security mechanisms is no
longer sufficient in today's dynamic threat landscape. To effectively
safeguard against internal security risks, organizations must adopt a
proactive approach to detection and mitigation. A proactive security
strategy involves continuously monitoring network activity, analyzing
patterns and anomalies, and preemptively identifying potential threats
before they escalate into full-blown security incidents. This proactive stance
enables organizations to stay one step ahead of malicious actors and
minimize the impact of security breaches.

Central to a proactive security posture is the development of a dynamic
framework tailored to the unique needs and challenges of corporate IT
environments. Such a framework encompasses several key components
aimed at enhancing the organization's ability to detect and mitigate internal
security risks in real-time[2].

First and foremost, continuous monitoring is paramount. Real-time
monitoring solutions enable organizations to track network activity, user
behavior, and system logs around the clock. By scrutinizing this data in
real-time, organizations can promptly identify suspicious activities and
anomalies, allowing for immediate response and remediation.

In addition to continuous monitoring, behavioral analytics plays a crucial
role in proactive threat detection. Leveraging advanced analytics and
machine learning algorithms, organizations can analyze user behavior and
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detect deviations from normal patterns. By establishing baseline behavior
profiles for users and devices, organizations can identify anomalous
activities indicative of potential security threats and take swift action to
mitigate them[3].

Furthermore, the integration of threat intelligence feeds with internal
security systems is essential for staying informed about emerging threats
and attack vectors. By integrating external threat intelligence feeds,
organizations can proactively adjust their security controls and defenses to
mitigate potential risks before they materialize. This proactive approach
ensures that organizations are well-equipped to anticipate and respond
effectively to evolving threats.

Automated response mechanisms also play a crucial role in a dynamic

security framework. Implementing automated response mechanisms enables
organizations to rapidly contain and mitigate security incidents. This may
include automated threat containment, user access revocation, and system
guarantine measures to prevent further escalation of security breaches[4].
In conclusion, building a dynamic framework for proactive detection and
mitigation of internal security risks is essential for safeguarding corporate
IT environments in today's threat landscape. By adopting a proactive
approach to security, organizations can enhance their resilience against
internal threats, minimize the risk of data breaches, and protect the integrity
and confidentiality of sensitive information.
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Constructing an automated solution for monitoring and addressing
internal security risks within the corporate IT landscape

Turysbaev A.E., Ziyatbekova G.Z., PhD
Al-Farabi Kazakh National University, Almaty, Kazakhstan

In the realm of corporate cybersecurity, the development of an
automated monitoring system emerges as a paramount endeavor. This thesis
explores the conception and implementation of a sophisticated monitoring
platform designed to proactively identify and address internal security risks
within the intricate landscape of corporate IT infrastructure. Drawing upon
extensive research across diverse web resources specializing in information
retrieval and processing, the constructed system embodies a comprehensive
suite of tools aimed at augmenting organizational resilience against
potential threats. Central to its design is the integration of advanced
analytics capabilities, facilitating real-time monitoring and analysis of
network activities to swiftly detect anomalous behavior indicative of
internal security breaches [1].

At the core of this endeavor lies the development of a multifaceted
complex tailored for both analysis and competitive intelligence gathering.
By harnessing cutting-edge technologies, including machine learning
algorithms and data analytics frameworks, the platform empowers
organizations, law enforcement agencies, and other entities to streamline
data processing workflows, thereby optimizing operational efficiency and
resource utilization. Central to the platform's functionality is its user
registration mechanism, meticulously designed to facilitate seamless
integration within corporate environments. Through user profiling and
activity monitoring features, administrators gain granular visibility into
employee interactions with corporate networks, enabling proactive risk
mitigation strategies and swift response to emerging threats. Furthermore,
the system empowers administrators with unprecedented oversight
capabilities, allowing for the comprehensive examination of employee
activities, including monitoring of launched applications and periodic
screen captures. Leveraging these insights, administrators can promptly
identify and address potential security vulnerabilities, bolstering the overall
resilience of the corporate IT ecosystem [2].

Moreover, the platform encompasses robust web filtering functionalities,
enabling administrators to enforce stringent access policies and mitigate
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exposure to malicious online content. By proactively blocking access to
undesirable websites and issuing real-time alerts, the system serves as a
formidable deterrent against unauthorized data access and potential
breaches.

In essence, this article delves into the intricate architecture and
functionality of an innovative automated monitoring solution tailored to the
unique challenges of safeguarding corporate IT landscapes. By leveraging
advanced technologies and comprehensive analytics capabilities, the
developed platform represents a paradigm shift in internal security
management, empowering organizations to preemptively mitigate risks and
fortify their digital defenses in an ever-evolving threat landscape [3].
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Control of the movement of a single-generation robot manipulator in
Python

Bakhadirova G.B. Doctoral Student; Tasbolatuly N., PhD
Astana International University, Astana, Kazakhstan

Today, the world is actively expanding the areas of scientific research
and the possibilities of using modern robots based on the latest
achievements in information technology, computer science, control and
measuring systems, computer science and control theory. Robots are
widely used in many industries: health care, education and services.
Currently, a large number of robots have found application in the social
sphere. In recent years, the active development of robotics and the
progress of automated systems has a great impact on the business and
personal spheres of our lives. Robots with a wide range of functions are
already habitually accompanying humans in many areas of activity.

The paper substantiates the necessity of developing an algorithm for
controlling the motion of a single-axis robot manipulator and a digital
resource for solving the mathematical model. It is shown that one of the
effective development tools is the Python programming language. Due to
the availability of a large number of packages, a sufficient set of tools is
available for its implementation. The integrated functions of the
mathematical packages NumPy and SciPy for controlling and monitoring
the motions of a single-axis robot manipulator and building a computer
model are discussed. The use of the Matplotlib package for Robot
simulation and the capabilities of the built-in Tkinter package for creating
a graphical interface of the developed resources are shown.

Doing so may cause the robot to run out of algorithms and
mathematical models, and may cause the resource to be overloaded. Do
not use Python in the same way as you would Python. If you do not want
to use the package, do not remove the package from the device. Do not
place the robot manipulator in a computerized model of the robot or a
computerized model of the manipulator, such as a NumPy or SciPy
mathematical package. Do not use the Matplotlib package for robot
simulation, and do not use the graphical interface or the Tkinter package
for graphical functions.

Python is one of the most popular and popular programming languages
today. A wide list of libraries with an impressive set of useful functions
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and features provide its versatility, thereby expanding the areas of its
application. Of particular interest are its libraries NumPy, SciPy and
Matplotlib, used in scientific computing, which allow to create a universal
scientific computing environment, practically not inferior to specialized
mathematical packages such as MatLab [1].

Let us consider a single-link articulated robot considering the
dynamics and motor deflections. The dynamic equation of this system is
given by Spong, S. Hutchinson and M. Vidyasagar [2] :

X, = X,dt,

X, = X;dt —10sin(x,) — x, +sin(x,(t—d)),

X; = udt —10x, —5x,.
where: x,Xx,,X, — System status andu— control or input signal. After the
design algorithm we select the controller as follows: z =x, z,=x,-a,,

: L1
Z,=%-a,. Where: o, =—2,8, a,=-2,8, U=-1,f3, 9=Z§r|zi| 0.

i=1
o3 :q+®1(é),ﬂz =c, +<152(é),ﬂ3 =c, +cZ>3(6A’),F>0,c1 >0,¢,>0
values are design constants. =123 forO<g <1 and & >0 constants,
@) = @By, 1 4)*3(1/3¢ y**and y/i(.)=1+( 1+92/2)+(gf/2). The result of

the computer simulation created in the Python program is shown in Figure
1.
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Figure 1- X1, Xo, X3 and u trajectories of closed systems
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Control constants in computer modeling:
¢, =4¢,=50¢c=3¢s=02¢&=001(G=2,23 and M=60[2]. Initial

conditions x,(0)=0.04 x,(0)=0 x,(0)=0 and (0)=0. d =2 control result,
the effectiveness of the control is proved by the graph.
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Design and implementation of network infrastructure monitoring and
management systems

Serikbayev N.M., Ziyatbekova G.Z., PhD
Al-Farabi Kazakh National University, Almaty, Kazakhstan

In modern business, network infrastructure plays a key role in providing
connectivity between computers, devices, and services within an
organization, as well as with the outside world. Its importance is constantly
growing in the context of digital transformation and the expansion of
companies' activities into the online space. However, in order to maximize
the potential of network infrastructure, it is necessary to be able to monitor
and manage it.

Network infrastructure is a collection of hardware and software that
enables communication between devices and applications within a network.
This includes routers, switches, servers, firewalls, and various protocols
and services. The role of this infrastructure cannot be overemphasized, as it
is through it that businesses can exchange data, provide access to resources
and services, and communicate both internally and with external
stakeholders. However, network infrastructure needs constant monitoring
and management to function and protect it effectively. Network monitoring
allows you to identify problems and bottlenecks, as well as monitor
performance and security. This includes tracking traffic, analyzing network
protocols, monitoring equipment health, and other actions to keep the
network running smoothly.

Network infrastructure management involves planning, configuring, and
optimizing network resources. This may include bandwidth management,
configuring access rights, software upgrades, and scaling network resources
to meet business needs. For a company to be successful, not only does it
need to understand its own needs and business processes, but it also needs
to properly manage its network infrastructure. Let's look at the key aspects
of this process, supported by statistical data:

1. Identify key monitoring and management parameters:

Cisco research shows that more than 70% of businesses recognize the
importance of monitoring network infrastructure to ensure security and
performance[1].
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According to a Ponemon Institute report, in 2023, the average loss from
network security breaches was $3.86 million, which emphasizes the
importance of identifying key monitoring parameters to prevent threats[2].

2. Selecting appropriate tools and technologies:

A survey by Spiceworks revealed that more than 60% of IT professionals
prefer to use integrated network monitoring platforms for infrastructure
management[3].

According to a study by Statista, the network monitoring and
management software market is expected to reach $11.84 billion by 2025,
which confirms the growing demand for such technologies[4].

In the era of rapid digital development and cybersecurity threats,
organizations are increasingly realizing the importance of robust protection
of their networks and information. In today's network infrastructure,
ensuring security becomes a key priority for any company. To improve
network infrastructure monitoring and management systems, the
implementation of Intrusion Detection System (IDS) is being considered.

In a world where cyber threats are becoming increasingly sophisticated
and dangerous, security monitoring systems play a vital role. IDSs are a
powerful tool that enables organizations to detect and respond to threats
before they cause damage. Intrusion Detection Systems (IDS) function as a
continuous barrier that scans and analyzes all network traffic and activity
on the network. Their goal is to detect anomalies, unusual or potentially
malicious behavior that may indicate the presence of an attack or
unauthorized access.

Implementing an IDS system will enable the following benefits to be
realized:

- Early threat detection: IDS enables the detection of anomalous
behavior on the network, allowing for early detection of potential attacks or
security breaches.

- Improved incident response: Through rapid monitoring and analysis,
IDS helps reduce the response time to security incidents, which in turn
reduces risks and potential losses to the organization.

- Increased network management efficiency: By integrating IDS into
your network management system, you can more effectively monitor
traffic, identify vulnerabilities, and take action to strengthen your defenses.

- Reduced data loss and reputational damage: By responding more
quickly to security incidents, including attacks and data breaches,
organizations can minimize data loss and preserve their reputation.
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- Regulatory compliance: Implementing an IDS helps organizations
comply with information security regulations, which is especially important
for companies in regulated industries.
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Information Security threat modeling for Integration Systems for
Comparative Analysis of Existing Approaches

Bagdat A.K., Master’s student
Al-Farabi Kazakh National University, Almaty, Kazakhstan

The increasing reliance on integration systems in today's digital
landscape necessitates a thorough understanding of information security
threats and appropriate countermeasures. This thesis delves into a
comparative analysis of existing threat modeling approaches, aiming to
provide valuable insights for organizations seeking to secure their
integration systems effectively.

The research commences with an examination of the unique challenges
and complexities of integration systems, which contribute to their security
vulnerabilities. These challenges encompass diverse data formats,
numerous interfaces, varying security protocols, and the intricate
relationships between integrated components. The potential consequences
of security breaches, such as data theft, system downtime, financial losses,
and reputational damage, are also discussed.

The core of the thesis involves an in-depth comparison of prominent
threat modeling methodologies, including STRIDE, Attack Trees, and
OCTAVE. The analysis evaluates their applicability to integration systems
by considering key aspects, such as the methodologies' ability to identify
and categorize threats, scalability, ease of use, and adaptability to evolving
threat landscapes. The role of risk assessment and management in the
threat modeling process is also explored, with an emphasis on balancing
security requirements with operational efficiency.

Based on the comparative analysis, the thesis identifies best practices
and recommendations for selecting and implementing an appropriate threat
modeling approach for integration systems. These insights contribute to the
development of more robust and effective security strategies for
organizations leveraging integrated systems. Furthermore, the thesis
highlights the importance of ongoing security monitoring, continuous
improvement, and employee training in maintaining a strong security
posture.

In addition, the thesis offers suggestions for future research, such as
investigating the potential of combining multiple threat modeling
approaches to create a more comprehensive security framework for
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integration systems. Other potential research avenues include exploring the
impact of emerging technologies, like artificial intelligence and blockchain,
on information security threat modeling for integration systems.
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The art of GO development: advantages and unique features

Nabu S.K., Kussepova L.T.
Astana International University, Astana, Kazakhstan

Performance is one of the key criteria in the development of any
software. The article will discuss how the Go programming language can
provide high application performance, as well as what optimization tools
and methods are available to developers.

Applications developed in Go are usually characterized by high
performance due to a number of features of this language. One of the key
aspects that ensure high performance of Go is its compilability. Compiling the
Go code into machine code allows you to achieve more efficient program
operation compared to interpreted languages such as Python or JavaScript. Due
to strict typing and compiler optimizations, Go applications often run faster and
use fewer resources. For a more detailed analysis of the performance of Go
applications in comparison with applications in other programming languages,
a series of tests can be performed, evaluating the speed of execution and
resource usage. Such tests may include stress testing, memory leak testing, and
other performance aspects. To optimize the performance of applications on Go,
developers can use various tools and methods. For example, built-in tools such
as ‘pprof” are often used to profile the performance of applications on Go,
which allows you to analyze CPU and memory usage during program
execution. With the help of profiling results, developers can identify
bottlenecks in the code and focus on optimizing them.

Another method of optimizing performance is the use of efficient
algorithms and data structures. Go provides a rich set of standard libraries
that include efficient implementations of various algorithms, which allows
developers to create productive applications.

Efficient memory management is an important aspect in software
development, especially in applications with high loads and performance
requirements. In this chapter, we will look at how Go provides efficient
memory management and what methods are used to avoid memory leaks
and optimize the use of resources. Go uses a garbage collection approach
for memory management, which frees developers from having to explicitly
allocate and free memory. The garbage collector automatically detects
which objects are no longer in use and frees up the memory occupied by
them. This approach simplifies the development process and prevents
memory leaks. Unlike languages with automatic memory management such
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as Python and Java, Go provides more predictable garbage collector
behavior and allows for more precise control of memory usage in an
application. This is especially important for applications with high
performance requirements, where it is necessary to minimize delays caused
by garbage collection.

The simple and intuitive syntax of Go simplifies the process of
developing and maintaining code, which is especially important for large
projects with many developers.

Python, Java and JavaScript, there are several distinctive features:

» Python: Like Go, Python is also famous for its simplicity and
readability. However, unlike Python, Go is a strongly typed language,
which makes it more reliable and efficient for large projects.

» Java: Compared to Java, where it is required to declare variable types
explicitly and use more keywords, Go offers a more concise syntax, which
makes it easier to read and understand the code.

» JavaScript: Although JavaScript also has the properties of simplicity
and flexibility, its dynamic typing and heterogeneity of standards can lead
to ambiguity and errors. In this context, Go represents a more rigorous and
unambiguous approach to writing code.

Let's look at practical examples of using Go in various areas of
development, such as web development, cloud computing, network
programming, data processing, and others. We will also analyze the advantages
of using Go in these areas compared to other programming languages.

The advantages of using Go in web development include high
performance, efficient use of resources and ease of deployment of web
applications.

The advantages of using Go in cloud computing include high
performance, support for concurrency and competitiveness, as well as ease
of development and maintenance of cloud applications and tools.

The advantages of using Go in network programming include the rapid
execution of 1/O operations due to the mountains and channels, as well as
the ease of working with network protocols.

The advantages of using Go in data processing include high
performance, parallelism and competitiveness, as well as the possibility of
creating efficient and reliable tools for data processing and analysis.

In general, Go provides ample opportunities for developing different
types of applications in various areas of development due to its simplicity,
performance and efficiency.
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The investigation of programming languages with lower
electricity use

Imanbay A.A., Kussepova L.T.
Astana International University, Astana, Kazakhstan

Programming language selection usually involves considerations of
syntax, popularity, and performance for developers. Nonetheless, energy
usage is typically overlooked. Recent studies have clarified the energy
efficiency of different programming languages and offered insightful data
regarding their environmental effects.

The findings of a significant study on programming languages' energy
efficiency are covered in this article. The graph below illustrates the rise in
power consumption from languages with lower consumption to those with
higher consumption.

What can be inferred about programming language quality from power
data?

A group of six researchers from three Portuguese universities agreed to
look into the issue last year, and they eventually released an essay titled
"energy efficiency in different programming languages" as a result. They
created solutions for 10 programming challenges in 27 different languages,
all of which had strict monitoring mechanisms in place for the amount of
memory, speed, and electricity each computer used.

Because the findings varied according on the test that was taken, it was
crucial to take numerous tests. For instance, it was found that the C
language was the fastest and most energy-efficient overall. However, in a
control test where the task involved searching a DNA database for a certain
genetic sequence, Rust discovered that C ranked third in terms of energy
efficiency.

The general assumption that a faster program always uses less energy is
covered in detail in the article, demonstrating that it is not as simple as
applying the law of physics, which is E(energy) = t(ime) x P(color). The
duration of this program may have an impact on the work of other
researchers examining whether it influences power use, the researchers say,
adding that unequal energy consumption is partially to blame.

Compiled languages are typically energy-efficient and quick-acting
languages; according to their article, the number also distinguishes this
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distinction. "On average, compiled languages spent 120 J [Joules] to
execute solutions, while for the Virtual Machine and interpreted languages
this value was 576 J and 2365 J, respectively."

The researchers also used the same accuracy when comparing runtime,
concluding that, on average, it took "5,103 MS to compile languages,
20,623 MS to virtual machine languages, and 87,614 MS to interpreted
languages."

Table 1. energy consumption results of programming languages

Programming language Energy Time
C 57 2019 ms
Rust 59 2103 ms
C++ 77 3155 ms
Ada 98 JIx. 3740 ms
Java 114 JIx. 3821 mms

The five slowest languages were analyzed: Lua, Python, Perl, Ruby and
Typescript.clearly, time and memory affect memory in completely different
ways," the researchers write. Which is more important depends on the
scenario. (For example, it is not always necessary to complete background
tasks as quickly as possible.)In some applications, two factors must be
considered - for example, energy consumption and running time In this
case is the best solution for C because it manages both different tasks, the
researchers write. If you're trying to save time by using less memory, C,
Pascal, and Go are "equivalent" -- and that's exactly what happens when
you control all three variables (time, power consumption, and memory
usage). However, if you're trying to save power by using less memory,
you're better off using C or Pascal.

"Although the most energy-efficient language in each test was almost
always the fastest, no one language consistently outperformed the others,"
the researchers concluded. "The context in which a specific language is
used is a key factor in determining whether that language is an energy-
efficient choice".
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Using feedback method for tracking high-order nonlinear systems with
time delay

Tasbolatuly N.}, PhD; Alimhan K.?
1Astana International University, Astana, Kazakhstan
2L_.N. Gumilyov Eurasian National University, Astana, Kazakhstan

Output tracking control nonlinear systems with time delay is a
challenging problem in control theory and engineering. Nonlinear systems
are systems whose behavior cannot be described by a linear combination of
their inputs and outputs. Such systems exhibit complex phenomena such as
chaos, hysteresis, and multiple equilibria. Tracking control nonlinear
systems with time-delay means designing a controller that can make the
output of the system follow a desired reference signal, despite the presence
of uncertainties, disturbances, delay and nonlinearities.

Nonlinear time-delay tracking systems can have many practical
applications in various fields such as robotics, automatic control, financial
markets, biological systems, etc. In robaotics, nonlinear tracking systems can
be used to control the movement of robots, taking into account delays in
signal transmission or influences in the environment. For example, robot
control systems that must respond to the environment with a delay can use
nonlinear algorithms to ensure precise and stable movement. In industry
and automated processes, nonlinear time-delay tracking systems can be
used to control processes with variable dynamics or variable time delays,
such as traffic control systems, power systems, etc.

This research delves into the challenge of globally achieving practical
time-delayed tracking of a specific class of high-order nonlinear systems
through feedback method. The focus is on developing a control function
capable of adjusting the output of a nonlinear system according to a given
reference signal. Notably, this study stands out as a novel study of a system
in which the level of nonlinearity is defined over a continuous range. The
system under study has a unique feature: the range of the upper limit of
nonlinearity changes smoothly. To solve the problem of delay-induced
nonlinearity, we propose a tunable tracking controller that is independent of
delay time. This is achieved by formulating the Lyapunov function using a
generalized approach that combines the signum function and the power
integrator. The resulting controller guarantees global boundedness of all
system states within a closed loop, while ensuring sufficiently small control
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errors over a finite duration. In addition, the study emphasizes the use of
computer simulations to validate the findings.

The article considers a higher order nonlinear system as the subject of
our study, which includes the delay parameter presented below:

() =20 +4 (2(), 2,(t - 7)., 2, (L~ 7))
2, @) =u" ) +¢, (z(t), z,(t—7,),.... 2,(t - 7,)) (1)
y=1

where  i=1..,n-1 z(t)=[z(t),....z,(t)]' €eR"  system states,
z,.,()=u()eR controls, 7;eR", i=1..,n z>max{z,..,7,}
parameter and time-delay condition respectively,
2(0)=&,(0), VOe[-7,0] initial values, ¢ :R"xR"—>R,i=1n-
unknown continuous functions, p, € Ry, ={p/d|p=q}, i=1...n

shows high consistency of the system, p and g are odd integers.

For high-order nonlinear system with time delay (1) we use the
following type of controller

u=u(z,y, () 2

Using the feedback method for a high order nonlinear system (1), we
were able to model the controller as equation (2). To find the Lyapunov
function, a generalized approach was used, including the integration of the
signum function and the power integrator.

Thus, the problem of output control for a class of high-order nonlinear
systems with a delay parameter under conditions of weak nonlinearity
was solved using the feedback method. The study also used such
traditional methods as combining a signal function and a power
integrator, and a continuous controller independent of the time delay
parameter was developed. It is shown that all states of the resulting
closed-loop system are limited, and the control error is sufficiently
minimized.
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Application of cloud technologies for centralized control of boiler
houses in Taldykorgan

Ibrayeva L.K., candidate of technical sciences, prof.; Aliyev A.U.,
undergraduate student
Almaty University of Power Engeniering and Telecommunication named
after Gumarbek Daukeev, Almaty, Kazakhstan

Centralized control of the heat source system is currently one of the
most important tasks. It was solved at Heat Supply enterprises in such cities
as Ust-Kamenogorsk, Semey and Astana. In this article, the task of
developing a centralized system of dispatching control of processes in four
boilers of Taldykorgan is considered. Cloud technologies are used to solve
control and operational decision-making problems. This allows senior
managers, without leaving the Cabinet, to receive up-to-date information in
all boilers and promptly solve problems arising in heat supply: emergency
situations, equipment failures, reduced work efficiency, freelance
situations, etc.

There is an inevitable shortage of production capacities of the “Basquat”
boiler house in the city of Taldykorgan, which is the main source of
thermal energy for 95% of the city's territory, as well as inefficient
operation of boiler houses. This facility, which operates all year round and
is 85% worn out, is a supporting element of the Taldykorgan district
heating system. The introduction of a centralized boiler control system in
the city will be an emergency measure to optimize heat supply processes,
reduce costs and increase the efficiency of using available resources. This
facility, which operates all year round and is 85% worn out, is a supporting
element of the Taldykorgan district heating system. The introduction of a
centralized boiler control system in the city will be an emergency measure
to optimize heat supply processes, reduce costs and increase the efficiency
of using available resources.

The use of cloud technologies in the boiler room control system is an
important step in modern control and monitoring of thermal and power
plants. This provides a number of advantages and improvements in the
operation and efficiency of the boiler.

The technological control system developed for the boiler room will use
a cloud service to transfer data over long distances. As such a service
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Ewan's Talk2M cloud service was chosen, since it is compatible with the
specific object in question. The main task of this system will be to collect
data from remote facilities into a single dispatch center. The Talk2M cloud
service simplifies everything, since most of the described tasks are solved
in the cloud.

A boiler control system using cloud technologies transfers data between
local equipment and cloud data storage using communication and the
Internet.

After that, the data reaches the cloud storage, which can be placed on
the servers of the cloud provider. Here, the data is stored in a secure and
scalable environment. They are organized into databases or file systems for
later access and processing. To get data from the cloud, it is important that
the data is protected from unauthorized access. The Talk2M cloud system
uses authentication and authorization mechanisms, as well as data
encryption to ensure security. Authorized users, such as operators and
engineers, can access data through the control system interface, which can
be a web application or a mobile application. They can monitor the current
state of the boiler, analyze data and make control decisions. In addition to
monitoring, operators can remotely control equipment and processes in the
boiler room using a process control system and a cloud interface. This
regulator can be boilers, pumps, valves and other equipment.

The use of the cloud service helps to integrate all boilers in
Taldykorgan, as well as to use resources more efficiently and reduce
maintenance and technical support costs.
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Application of neural network technology in a security system

Ibrayeva L.K., candidate of technical sciences, prof.; Kinessova Z.M.,
undergraduate student
Almaty University of Power Engeniering and Telecommunication named
after Gumarbek Daukeev, Almaty city, Kazakhstan

In today's world, the issues of safety and control of children in
institutions remain the most relevant in childcare facilities remain the most
pressing. Nowadays, various possibilities of modern technologies are used
to ensure the protection of the perimeter of the secured object: video
surveillance, electronic access control systems, alarm systems, electronic
logs and applications for parents, biometric identification, online staff
training, electronic record keeping and monitoring systems, as well as
communication platforms for feedback from parents. Neural networks offer
a new approach to identifying and classifying potential threats, providing
higher accuracy and reliability than traditional methods.

There are two main approaches to the problem of object extraction in an
image: one stage detectors and two stage detectors. In the first approach,
regional search and object classification are performed simultaneously and
treated as a regression problem. The second approach consists of two
stages: first, candidate visualization regions corresponding to objects are
identified, and then classification is performed for each region to identify a
specific object. The You Only Look Once (YOLO) model is an example of
a one stage detector and is one of the first high-speed detectors capable of
real-time operation. In recent years, yolov3 has become the most promising
option in the field of object recognition. This means an improvement on the
original YOLO, which provides high accuracy and speed of detection,
making it the optimal choice for kindergarten security systems and real-
time object recognition. YOLOv3 was chosen as the optimal object
detector. This choice is based on the high accuracy and speed of detection
that YOLOV3 offers..

To improve the learning process in Yolov3 a modification of the cost
function, Focal Loss, was used:

FL(py) = —a(1 —p.)"logp;

where FL — Focal loss function;
p: — the probability predicted by the model for the correct class;
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a is a balancing parameter that balances the proportion of positive and
negative examples;

y — focus setting that balances the contribution of easy negative and hard
negative.

This modification minimizes the contribution to training of an image
that is only a background and, on the contrary, emphasizes the
identification of objects or their small parts. Thus, Focal Loss can improve
the accuracy of object recognition by improving the quality of model
training. The Yolov3 architecture is based on the powerful DarkNet53
convolutional neural network. This architecture is a deep convolutional
network specifically designed for computer vision tasks.

Impressive achievements in the field of computer vision are shown.
Using neural network-based detectors, objects were detected in real time
(paper, man, bottle)

Testing of the object recognition system has shown its reliability and
effectiveness to ensure security in various scenarios.
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Application of nonparametric criteria for analyzing the stationarity of
a time series

Serdaly R. student of the 21-1k group; Mirzakulova Sh.A., PhD, associate
professor
Turan University, Almaty, Kazakhstan

The ever-increasing volume of transmitted information creates a certain
complexity for the reference data transmission network in its processing.
On the other hand, modern society requires high transmission speeds of
processed information. Practice shows that most real processes do not
satisfy the properties of stationarity.

Parametric and nonparametric methods refer to statistical methods.
Parametric criteria require assumptions about the distribution of data or the
parameters of the population, while nonparametric criteria do not depend
on such assumptions. The nonparametric criterion is not included in the
formula for calculating distribution parameters and is based on operating
with frequencies or ranks and contains descriptive statistics and statistical
inference. It is simple and uses qualitative series information, not just
guantitative information.

The work used four nonparametric criteria: series criteria; the criterion
of «ascending and descending»series; Wallis-Moore phase-frequency
criterion; the iconic criterion of the Cox-Stewart trend.

The measured series of dynamics is shown in Figure 1, which shows the
totality of packets transmitted over the backbone network for five hours for
every 3 minutes.
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Figure 1 — Packet intensity for every three minutes

338



IMA :: 2024 TRACK 7: Radio Engineering, Electronics and
Telecommunications

Let's consider the «Series Criterion» method, which identifies a
trend based on a sequence of measured data N=100 (three-minute). In
this case, each observation will be assigned to one of two mutually
exclusive classes, which are designated as (+) or (-). During the study,
it turned out that at N=100 there are r=15 series. The series criterion
showed that there is a dependence in the observation, that is, evidence in
favor of the presence of a trend, since r= 15 does not fall into the interval
between 40 and 61.

As for the following criterion of the "ascending and descending™ series,
according to which the trend is determined by the following algorithm:

+ i Ve =y >0
5 = { . , 1
ol i Ve e <0 @)
As a result, the number of series wasv(n)=56and the longest series
waslnax(n)=5. Hypothesis testing is based on the fact that, given the
randomness of the series (in the absence of a systematic component), the
length of the longest series should not be too large, and the total number of
series should not be too small. The criterion of “ascending and descending”
series accepted the hypothesis of the presence of a trend in the series under
study.
Next, we consider the Wallis-Moore phase frequency criterion, which does
not depend on the type of timestamp distribution  , distinguishes deviations of

a number of measurements (n > 12) from a purely random sequence. The Vallis-

Moore phase frequency criterion rejected the null hypothesis, which indicates
the presence of an increasing trend in the series.

The method of the "Cox-Stewart Sign trend Criterion" requires dividing
the studied series, consisting ofnvalues, into three equal groups of 600

values each (n/3) in our case. In this case, we have the firstxil, second xf

' x*) are considered

and third xfgroups, but the first and third groups (X

with the difference of valuesx’-x'. The method of the «Iconic Cox-

Stewart Trend Criterion» abolished the null hypothesis in favor of the
presence of a trend in the time series.

References

339



TRACK 7: Radio Engineering, Electronics and IMA :: 2024
Telecommunications

1. Checkingthe independence and stationarity of a number of

observations.https://scask.ru/q_book_statl.php?id=152
2. Time series analysis and modeling.http://vremennoi-ry-

ru.1gb.ru/3.html.

340



IMA :: 2024 TRACK 7: Radio Engineering, Electronics and
Telecommunications

Development and implementation of a comprehensive fire safety
system at the enterprise

Almasov N.J., Master of LLP Stream Systems; Aldabergenov A.S., Student
Turan University, Almaty, Kazakhstan

Fires and fire hazards can be a serious problem in any country,
including Kazakhstan. It can be caused by various factors such as climatic
conditions, human actions, and insufficient precautions and controls.
Preventive measures, public education and infrastructure improvements
can help to reduce the risks of fires and their consequences.

In addition, it is important to develop fire monitoring and warning
systems and to ensure that fire services respond quickly and effectively to
fires. Educating the public on fire safety, especially children, is also
important.

Fire warnings and awareness campaigns can help raise awareness of the
dangers and the need for prevention. This includes proper fire handling,
controlling fires in natural areas, and maintaining and updating firefighting
infrastructure.

According to the Ministry of Emergency Situations, about 17,700
emergencies are registered annually in Kazakhstan, causing material
damage worth about 5.5 billion KZT (RUB 966m). As a result of
emergencies, 4.2 thousand people suffer, of which 1.3 thousand people die.
[https://regnum.ru/news/accidents/2385922.html]

The above statistics demonstrate the significant number of fires
reported annually in Kazakhstan, according to the Ministry of Emergency
Situations. This high frequency of fires emphasises the importance of fire
safety awareness, preventative measures and effective emergency response
protocols in the country.

Delays or errors in communicating alarm information to the appropriate
authorities can hinder rapid emergency response and affect the
effectiveness of firefighting.

Receive alarm: The system receives information about an alarm on the
object.

Acknowledge Alarm: The user acknowledges the alarm by setting the
object state to "In Processing".

Report the change: The system generates a report on the change of
object status and sends it to the monitoring station for further processing.
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Identify Cause: The system identifies the cause of the alarm.

Report to monitoring station: The system reports the identified alarm
causes to the monitoring station for further action.

Process the information: The monitoring station processes the received
information and takes appropriate action.

Set status to Processed: After processing, the object status is updated to
Processed.

Transitions: The arrows between actions indicate the flow of control
from one action to another.

Each transition represents the completion of one action and the
beginning of the next. This activity diagram illustrates the sequence of
actions involved in alarm processing, from receiving the alarm to reporting
and processing the information, which ultimately results in the object state
being updated to "Processed".
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Exploring the process of creating a massive online learning platform

Buribaev B.B., Candidate of Technical Sciences, Associate Professor; Barat
B.T., Utegen G.U. 1nd year master's student in Information systems
Al-Farabi Kazakh National University, Almaty, Kazakhstan

Electronic education is progressing swiftly, with educational institutions
now providing online courses alongside numerous new technological
approaches. Initially, e-learning focused on effectively presenting
educational materials using modern IT tools. Massive Open Online Courses
(MOOCs), represent a unified educational information environment
covering the entire learning process [1, 2].

Our primary objective in developing MOOCs is to improve program
efficiency, even with a large user base. This benefits students who lack
access to traditional educational institutions and those seeking further
education in their spare time. Opinions on e-learning courses vary among
users, and we have summarized the main ones in Table 1[2].

Table 1 — Advantages and disadvantages of MOOC.

Advantages of MOOC

Disadvantages of MOOC

Student can assess their
knowledge and evaluate their
achievements.

Lack of opportunity for individual
communication between students and
instructors.

Distance learning allows for
saving money on further
education.

Creating a new MOOC and improving
it requires funding.

There is no need to go to a
specific location at a particular
time for learning.

The fact that the internet does not
cover all territories is a significant
obstacle.

Materials can be reviewed

multiple times.

It will be challenging to ensure that
educational materials correspond to the
students' educational level.

In recent years, Massive Open Online Courses (MOOCSs) have gained

significant popularity, prompting numerous studies on the subject..
Notably, leading American universities have developed online courses and
integrated them into their educational systems, alongside a practice of
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licensing content from other institutions. For instance, San Jose State
University in California conducted a pilot study using open online course
content from platforms like edX and Udacity in a flipped classroom setup.
Similarly, in our country, unified online courses have been established,
with a focus on continuous improvement through development in the
national language[3].

16

56

® E-campus lCou&sera Ste;iik ® OpenEducation medX ® SkillUP
ourse utilization percentage

Figure 1. The activity of using online courses on various platforms

Summing up, we can say that the creation of mass open online courses
is becoming an increasingly relevant and demanded direction in modern
education. MOOC allows you to get high-quality education anywhere in the
world, which makes them available to everyone. The creation of the open
online course requires considerable effort and resources, including
technical support, development of materials of the educational process.

Supervisor: Buribaev Bakhyt — Candidate of Technical Sciences, Associate
Professor al-Farabi Kazakh National University; b.buribaev@gmail.com
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Investigation of the ROM-60000/525-U1 transformer characteristics in
an automated system of experimental research

Ibrayeva L.K., candidate of technical sciences, professor; Zeinulliyev
A.R., undergraduate student
Almaty University of Power Engeniering and Telecommunication
named after Gumarbek Daukeev, Almaty, Kazakhstan

Currently, the power supply system of industrial enterprises is a
subsystem of the energy system that fully provides power supply to
industrial, municipal and transport consumers of the district. Knowing the
characteristics of power supply facilities is an urgent task, as they affect the
operation of the entire system. Most of these characteristics can only be
obtained experimentally in a functioning facility, and after processing these
data, it is possible to make a decision about the properties of the studied
objects by analyzing them for compliance with standards. Data processing
involves statistical modeling, which is a time-consuming process.
Therefore, the problem of developing an automated experimental research
system is relevant.

To develop a program, it is necessary to compile its basic structure,
which is then implemented in the program environmentThe program being
developed should include the following features: selection of the studied
object and the necessary standards for its experimentally obtained data,
assignment of parameters and their equations, expressions describing the
object, etc. The main ones are the processes of selecting the object and the
standard. A list is created that falls on them through special applications.
To store, update and transmit such information, a database is compiled.
Research data is calculated according to the standard, divided into columns
in Excel, and names are written.

The RStudio program was chosen as the work execution environment.
The main reason for choosing it was considered that the program is
designed not only for programming, but also for analysis and statistical
reporting. RStudio is a software development environment designed for
statistical data processing and working with graphics in the R programming
language. The R language has a high ability to analyze information, work
with large amounts of data and create graphs. The R language was
developed to solve applied statistical problems. To effectively perform its
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functions, it includes data analysis technologies and graphical capabilities.
This feature distinguishes R from many universal program codes.

In its database, you need to set lists of objects, standards, and the
necessary information mentioned above for each object. Working with the
program begins with selecting an object from the proposed list. Select the
object of study and processing, select the standard with the parameters that
you need to perform work and calculate. Besides, other standards can be
added in the standards. Each standard consists of the parameters and their
formulas that need to be studied and tested. As mentioned earlier, it is all
recorded in the database.

In order for the standards to be selected, the previously studied data
must be uploaded to the program. To do this, use the download button to
select and install a file with the research data. Next, we need to create a
model for the parameter we need. To do this, a parameter is selected and
visualized. When processing data, variables are selected for the formula of
parameters in the standard, and are calculated. The end of the report is
displayed in the final table.

From the analysis of graphs and numerical values of the parameters, it
can be concluded that the oil temperature in the upper part of the reactor
meets the standards. According to the value of the last parameter, the result
is within the range not exceeding 60°C, so the final value is considered
acceptable. Statistical modeling has shown that the results obtained meet
the standards and that the research parameter is in the acceptable range.
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Multi-core optical fiber

Kusherbaeva D., student of CCT-2203; Luganskaya S.P., Senior Lecturer
International University of Information Technologies Almaty, Kazakhstan

Most optical fibers have a single core typically positioned along the
fiber axis. However, there are special types of fibers with multiple cores,
known as multi-core fibers, which can be arranged in configurations such
as a ring around the fiber axis or a two-dimensional grid. Multi-core optical
fiber represents an innovative design approach with the potential to
transform data transmission by boosting speed, efficiency, and
performance.

One of the key benefits of multi-core optical fiber (MCF) is its ability to
enhance bandwidth. MCF offers:

- increased fiber density and throughput while retaining the same
compact form factor.

- superior performance against crosstalk and insertion loss.

Multi-core fiber (MCF) consists of multiple cores or light guide cores
within a single strand of optical fiber. It is engineered to deliver higher
throughput compared to traditional single-core optical fibers, enabling the
simultaneous transmission of more signals along the fiber. Multi-core fiber
falls under the category of microstructured optical fibers (MOF) and can
concurrently transmit different information across individual microfibers.
The bandwidth of each microfiber core is comparable to that of single-
mode fibers. By incorporating multiple cores with varying bandwidths,
multicore fiber (as shown in Fig. 1) can reach much higher data rates than
conventional single-mode fibers.

= Multicore fiber

. FSing]e Mode
L} ® Y Fiber C
— Fiber Cores
L

Figure 1 - Multicore fiber (MCF) with multiple core fibers
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This makes MCF a compelling option for creating high-bandwidth fiber
networks that can efficiently and rapidly transfer large volumes of data.

Multi-core fibers (MCFs) can be categorized into uncoupled and
coupled types. In uncoupled MCFs, each core functions independently as a
waveguide, requiring careful arrangement to minimize core-to-core
crosstalk for effective long-distance transmission. Conversely, in coupled
MCFs, the multiple cores are designed to interact with each other, either
strongly or weakly. Coupled MCFs that support either single or multiple
transverse modes have been studied for their potential in high-power fiber
laser applications because they can serve as large mode area (LMA) fibers.
Coupled MCFs that support multiple supermodes can also be employed as
few mode fibers (FMFs) for high-bandwidth transmission experiments
using the mode division multiplexing (MDM) technique.
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The Key Role of Telecommunications in Industrial Processes in
Kazakhstan

Kenzhebayeva Zh. student of RET21-1r; Kassumova T. stud. of RET21-1r
Turan University, Almaty, Kazakhstan

Telecommunications play a pivotal role in the industrial sector, especially
in the context of its modern development, where the internet has become an
integral part of production processes. Since the beginning of 2007,
Kazakhstan has witnessed a paradigm shift in network construction, moving
from circuit-switched networks to packet-switched backbone networks
operating on the TCP/IP stack. This transition is driven by the provision of
new telecommunications services based on the Next Generation Network
(NGN). The launch of NGN was stimulated by several factors, including the
end of the lifecycle of digital switching stations, increasing demand for
triple-play services, and the proliferation of fiber-optic communication lines.
The current stage is characterized by the FGN architecture, based on the IMS
concept, which integrates fixed and mobile networks into a unified, reliable
IP network. The development of telecommunications in Kazakhstan is also
associated with the implementation of 5G technologies and the Internet of
Things (IoT). It is anticipated that the loT market volume in Kazakhstan will
continue to grow, supported by government initiatives and the deployment of
Smart City projects. Thus, the role of telecommunications in the industrial
sector lies in facilitating efficient communication and data exchange between
various production devices and systems. This enables the realization of the
Industry 4.0 concept, where digital technologies, including IoT, 10T, cloud
computing, and artificial intelligence, serve as the foundation for improving
production processes and creating new opportunities for industrial growth
and development.
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Figure 1. Evolution of the Industrial Sector
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Industry 4.0 technologies include 10T, CPS, automated robots, 3D printing,
Big Data analytics, and machine learning with artificial intelligence. Industry
5.0 represents a stage of industrial development where interaction between
humans and intelligent systems is intensified. Cobots and self-learning
intelligent applications become key elements. This enhances production
efficiency, develops the potential of human intelligence, and creates new job
requirements. Industry 5.0 technologies include personalized interaction
systems, biotechnology, digital twins, artificial intelligence, and energy
efficiency. This approach opens new horizons for development based on the
symbiosis between humans and intelligent systems.

In conclusion, the evolution of technologies in the industrial sector,
from Industry 4.0 to Industry 5.0, reflects a constant pursuit of innovation
and increased production efficiency. Integrating human intelligence with
intelligent systems opens new perspectives for development and
collaboration. At the same time, it poses new demands on skills and
workforce preparation. The pursuit of technological advancement and its
integration into production processes will continue to play a key role in
shaping the future industrial landscape. However, it is essential to consider
the social and ethical aspects of such changes to ensure balanced and
sustainable progress in all aspects of societal development.
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Time series research using singular spectrum analysis

Mirzakulova Sh.A., PhD, associate professor; Magzat N.T., student of the
POT21-1p group
Turan University, Almaty, Kazakhstan

Singular spectrum analysis (SSA) is a powerful technique used in time
series analysis to decompose a signal into its underlying components. It is
particularly important in researching whether time series data exhibits
linear or nonlinear behavior. SSA helps identify trends, periodic patterns,
and noise within the data, allowing researchers to better understand the
underlying dynamics of complex systems. By distinguishing between linear
and nonlinear components, SSA facilitates the characterization and
prediction of time series phenomena, contributing significantly to various
fields such as economics, environmental science, and signal processing.
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Figure 1 — Original time series
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Singular spectrum analysis
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— The analyzed time series demonstrates nonlinearity and has a complex
structure.

— The SSA method decomposed the time series into trend, periodic
elements and noise.
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Analysis of USB devices for preliminary modification

Zuyeva Ye., Master of Applied Mathematics, Senior Teacher
Almaty University of Power Engineering and Telecommunications
named Gumarbek Daukeyev, Almaty, Kazakhstan

To determine the preliminary modification of USB devices (PMD) to a
computer, the hardware is used: Arduino Mega + USB Host Shield.
Software part - Arduino IDE and PyCharm; Creating a Program Interface -
QT Designer On the Arduino board, when loading the necessary libraries, a
sketch written in the Arduino IDE works, which reads data from the USB
media through the COM port to which the USB device is connected;
through the organization of modules, equipment is configured, channels are
configured and data is transmitted to the analysis module and a decision is
made on a possible modification of the USB drive.

Descriptors are parts of the USB standard and are used to describe the
device and its functionality, and each parameter is represented by a whole
set of data of different and variable lengths. The algorithm for assessing the
presence of preliminary modification of USB devices is based on an
analysis of the characteristics of devices obtained experimentally from 60
different devices. PMDs contain an "Unknown descriptor" in the
Configuration descriptor and in the Interface descriptor simultaneously.

Figure 1 provides information on the number of descriptors in 60
devices; device numbers are located along the horizontal axis, along the
vertical axis - the number of descriptors in each of them.

Figure 2 shows the device number information, the number of
"Unknown descriptor” blocks in each device, and the presence of
"Unknown descriptor” in both the Configuration descriptor and the
Interface descriptor. PMD numbers: 6, 7, 47, 50, 51, 52, 53, 54, 55, 56, 57,
58, 59, 60.

Figure 3 provides an analysis of the total number of devices that have
confirmed and not confirmed the declared class.

The average running time of the PMD program was about 34 seconds.
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