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ARTIFICIAL INTELLIGENCE OF NON-PLAYER CHARACTERS
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CydJacHi BifeOirpH € CKIQAHMMH NPOTrPaMHO-allapaTHUMH CHCTEMaMH,
peaimizailisi SKUX 0a3yeThCsl Ha BHKOPHCTaHHI CICI[iai30BaHUX IrPOBHX
py1IiiB, MOAYJIBHHUX apXiTEKTYp 1 METOMIB IHTEPAKTUBHOTO MOJICITIOBAHHS
BipTyanbHoro cepenosumma [1]. HaiiGinmpm nommpenuMu mardopmaMu
po3poOkM € yHiBepcanbHi irpoBi pymri, Taki sk Unreal Engine ta Unity
[2-5]. ApxitexTypa cydyacHOi Tpu, SIK NPaBHIO, BKIIIOYA€ TaKi OCHOBHI
KOMITOHEHTH: MOJIYJIb Bizyamizauii (peHnepuHr), GpisuyHnil pymii, cucreMmy
KepyBaHHS HOAISIMH, MOYJIb B3a€EMO/Ii1 3 KOPUCTYBaUeM, IiJICHCTEMY Mepe-
JkeBoi B3aeMofii (y 06araTOKOpHCTYBAallbKUX irpax), a TaKOX MiJCHCTEMY
mTyqHoro iHTeNnekTy [6]. OcobmuBe Miclle y CydacHHX irpax 3aiMaroTh
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METOJIM peaji3allil MTy4YHOro iHTEeJIeKTy HeirpoBux nepconaxis (NPC), mo
JIO3BOJISIIOTH MOJIEJIIOBATH aBTOHOMHY IOBEIIHKY, a/IalTalliio J0 /il rpaBLs
Ta ODWHAMIYHY 3MiHy cieHapiiB [7, 8]. Jlo HaiOLIBII MOMIUPEHUX METOIIIB
HaJiexkaTh aBToMaTH KinneBux craHiB (Finite State Machines), moBemiHKOBI
nepeBa (Behavior Trees), cuctemu 3amutiB 0 cepegosumia (Environment
Query System), miaHyBaJbHHKHA Ha ocHOBi mineit (Goal-Oriented Action
Planning), a Takoxx adrOpUTMH MaIIMHHOTO HaBYaHHA [9]. 3acTocyBaHHS
3a3HAYCHUX METOIIB CIPHSE MiJBUIICHHIO IHTEPAKTHBHOCTI, PeaiCTHIHOCTI
Ta BapiaTUBHOCTI irpOBOTO TPOIIECY.

Mertot0 JOCHIPKEHHST € aHai3 Ta OOIpYHTYBaHHS €(DEeKTHMBHOCTI BHUKO-
pUCTaHHS METOJIB peaiizallii ITYYHOTO IHTENEKTy, 30KpeMa aBTOMATiB
KIHIIEBUX CTaHiB, MMOBEIIHKOBHUX JEPEB Ta CHCTEM 3aIMTIB IO CEPEIOBHUIIA,
Juisl 3a0e3leueHHs] aJlaliTUBHOI TOBEJIHKH HEIrpoOBHX IIEPCOHAXIB Ta Mif-
BUIIICHHS 1HTEPAKTHUBHOCTI irpoBoro mporecy. OO’€KTOM TOCIiIKCHHS
€ CHCTEeMH INTYYHOTO IHTEJEKTy HEIrPOBHUX MEPCOHAXIB Yy CYJacHHX
BiZieoirpax »aHpy survival escape. IIpeaMerom € MeToam Ta MOzl peai-
3aIlii JOTiKM IPUHHATTS pillleHb HEIrPOBHUX MEPCOHAXIB HA OCHOBI aBTOMATIB
KIiHIIEBUX CTaHIB, IOBEAIHKOBUX JICPEB Ta CHCTEM 3aIIUTIiB 10 CEPEIOBHIIIA.

CucTemMu MTYYHOTO IHTENEKTY B CYYacHUX BiI€Oirpax BiIirparoTh KITO-
4OBY pONb y (popMyBaHHI iHTEPaKTHBHOTO CEPEIOBHINA, MOJIEIIOBaHHI
MOBEIIHKH HEIMPOBHX MEPCOHAXKIB Ta 3a0e3MeUeHH] TUHAMIYHOCTI iIrpOBOTO
npouecy [10]. OcoGmuBoi akTyalnbHOCTI Iie HaOyBae y BiJeoirpax >aHpy
survival escape, iIrpoBHii IPoOIeC IKUX 0a3yeThCs Ha CTBOPEHHI aTMOChepu
Halpyru, HemependoadyBaHOCTI Ta HEOOXIITHOCTI aganTHBHOI peakuii mpo-
TUBHMKIB Ha JIii rpaBus [11]. ¥V takux ymoBax e(eKTHBHICTH irpoBOrO
NpOLIECY 3HAYHOI0 MIpOI0 BU3HAYAETHCS 3JATHICTIO CHCTEMHU IITYYHOTO
IHTEJIEKTY peali30ByBaTH T'HYYKi MOJIEN NMPUHHATTS pilleHb, Mo 3a0e3re-
YyIOTh BapiaTHBHICTb CIIEHapiiB Ta BUCOKUI PiBEeHb peirpabenbHOCT.

Cepen HaMOUTBII MOMIMPEHUX IMiIXOMIB IO peai3alii JOTiKH MOBEIiHKA
HEIrpoBHX TEPCOHAXIB Yy Cy4acHId IrpoBiii I1HIycTpii BHOKPEMITIOIOTH
aBromaTu kinneBux ctaHiB (Finite State Machines, FSM), moBeninkoBi
nepeBa (Behavior Trees, BT) Ta cucremu 3amuTiB 10 CepeoBHINA
(Environment Query System, EQS) [12]. V3aranpHeHy cxemy B3aeMoii
OCHOBHHX IIIJIXOIIB 0 peaizailii CHCTeM IITYYHOrO IHTEJICKTY Y BiJeoirpax
JKaHpy survival escape HaBelIeHO Ha PUCYHKY 1.
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Moaii rpw / Ctad cepenosBuvlla

!

Moeepinkosi nepesa BT -
BUCOKE NPUIHATTA pilleHb

~ ~

Environment Query System Finite State Machines FSM -

EQS - npocTopoBWiA aHania nokaneHi ctaHn NPC

! !

O6paHi noanuii ykputTa
MapLupyTiA

—

Puc. 1. Y3araanHena cxema apxitektypu LI survival escape-irpu

AKTUBHMIA cTaH NPC

Aii NPC y rpi

KoxxeH i3 3a3HaYeHUX MIIXOJIB peali3ye BIACHHI MEXaHi3M MPUHHSITTS
pilieHb Ta yrpasmiHHs noBeainkoo NPC, xapakrepusyeTbest crieliu)ivHuMA
nepeBaraMu Ta OOMEXXEHHSIMH, a TAKOXX M0-PI3HOMY BIUIMBAE HA CKJIAJHICTh
peaiizanii, DIATPUMKH Ta MacIITa0yBaHHS MPOTrPaMHOI apXiTEKTypu TpH.
BukopucTaHHs BiIIOBIIHMX MOJIENIeH J03BOJISIE 3a0€3MEUNTH alallTUBHICTh
MOBEAIHKY MPOTHBHUKIB, MiBUIIUTH PETICTUYHICTh IX B3a€EMOJII 3 irpOBUM
CEepENIOBHIIIEM Ta ONTHMI3yBaTH CTPYKTYpy IpOTpaMHOI peasizalii cucteMu
IITYYHOTO IHTENEKTY.

JU1st TOCSITHEHHST TTOCTAaBJICHOI METH BHUPIIICHO HACTYIHI 3ajadi: Mpo-
BEJICHO aHaJi3 CyYaCHHUX TEXHOJOTIll Ta apXiTeKTyp peaii3alii Bimeoirop;
JOCTIHKEHO ICHYIOYi METOAM peali3amii INTy9HOTO IHTENEKTy HeirpoBhX
MEPCOHAXIB; BIKOHAHO TMOPIBHAJIBHUNA aHAJI3 aBTOMATIB KiHIICBHUX CTaHIB,
IOBEJIHKOBHX JEpEeB Ta CHUCTEM 3alUTiB JI0 CEPEeNOBHUINA; OOIPYHTOBAHO
BUOIp ONTHMAIIBHOTO TIIXOy Ul peaji3alii TYyYHOro IHTENeKTy y Bileo-
rpi kaHpy survival escape; peani3oBaHO CHUCTEMY IOBEIIHKH HEIrpoBOTO
NepcoHaXka 3 BHUKOPHCTaHHSIM OOpaHMX METOZIB Ta IPOBEIEHO OIHKY
e(heKTUBHOCTI (PYHKI[IOHYBaHHS Peai30BaHOi CHCTEMHU.

HaykoBa HOBM3Ha oJiepKaHMX pe3yJIbTaTiB MOJArae B: YAOCKOHAJCHHI
MiAXO0Ty IO pealtizallii MOBEeIiHKN HeirpOBUX IMEPCOHAXKIB y BiJeoirpax »xaH-
py survival escape IUIIXOM KOMIUIEKCHOI'O BHKOPHCTAaHHS MOBEIiHKOBHX
JepeB Ta CHCTEM aHaji3y irpoBOTO CEpelOBHIIA; MOAAIBIIOMY PO3BHTKY
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3aCTOCYBaHHSI 1€papXivyHUX MOJEICH MPUIHATTS PINICHb I 3a0e3MCUeHHS
a/IaNTHBHOCTI TIOBEIIHKK HEIrpOBUX MEPCOHAXIB Ta OTPUMAaHHI Pe3yJIbTaTiB
OLIIHIOBaHHSI e(EKTHBHOCTI BUKOPHCTAHHS CYYacHHX METOJIB peaiizawil
IITYYHOTO IHTEJEKTY 3 TOYKH 30py 3a0e3MedeHHs iHTepaKTUBHOCTI Ta Bapia-
TUBHOCTI IrPOBOTO TMPOIIECY.

[Moganbmri TOCHiIPKEHHST TOUUIBHO CHPSMYBAaTH Ha PO3IIMPEHHS ajar-
THUBHUX MOXJIMBOCTEH Mojeneil NMpUHHATTS pilleHb, IMiJBHUIICHHS peajic-
traHOCTI ToBeninkd NPC Ta onTuMizamiro QyHKI[IOHYBaHHS B YMOBax -
HaMIYHOTO irpOBOTO CEPeOBUINA, TOCITIHKCHHIO ITepCOHANI3allil MOBEeIiHKA
HEeIrPOBUX TMEPCOHAXIB, CIOPSIMOBAHUX Ha aJamnTallifo iX Iid BiAMOBiTHO
JI0 1HIWBIAYaIBHOTO CTHIIIO TPH KOPUCTYBaya, [0 CIIPUATUME IIiIBHIICHHIO
PiBHSI IHTEPAaKTUBHOCTI Ta peirpadeabHOCTI.

Jlirepatypa:

1. De Lope R. P., Medina-Medina N., Urbieta M., Lliteras A. B.,
Garcia A. M.. A novel UML-based methodology for modeling adventure-
based educational games. Entertainment Computing, 2021, 38: 100429.
DOI: 10.1016/j.entcom.2021.100429.

2. Konttinen A.. Core Features of 3D Platformers. 2024. URL:
https://urn.fi/lURN:NBN:fi:amk-2024122238039 (Accessed: 12.02.2026)

3. Unreal Engine, Epic Games, 2025. URL:
https://www.unrealengine.com/en-US/features. (Accessed: 12.02.2026)

4. Unity Documentation, Unity Technologies, 2025. URL:
https://docs.unity.com. (Accessed: 12.02.2026)

5. Faisal N., Chadhar M., Goriss-Hunter A., Stranieri A. Business
simulation games in higher education: A systematic review of empirical
research. Human Behavior and Emerging Technologies, 2022, 2022.1:
1578791. DOI: 10.1155/2022/1578791.

6. Octaviani A. W., Irfansyah I.. Formal Game Element Analysis of
Rhythm Fighting Game. In the 2nd International Conference on Art, Craft,
Culture and Design (ICON-ARCCADE 2021). Atlantis Press, 2021. P. 243-
251. DOI: 10.2991/assehr.k.211228.032.

7. Tiahunova M., Tronkina O., Kirichek G., Skrupsky S. The Neural
Network for Emotions Recognition under Special Conditions, in: CMIS-
2021, Zaporizhzhia, Ukraine, April 27, 2021, volume 2864, CEUR-WS.org,
2021, pp. 121-134. URL: https://ceur-ws.org/Vol-2864/paperll.pdf
(Accessed: 12.02.2026)

8.  Kostetskyi D. V., Tiahunova M. Y., Kyrychek H. H. Computer
system for distance learning with integrated artificial intelligence, CEUR
Workshop (3781), 2024. P. 160-174. URI: https://ceur-ws.org/Vol-
3781/paper22.pdf. (Accessed: 12.02.2026)

8



Riga, the Republic of Latvia March 4-5, 2026

9. Poberailo O.. The genre specificity of interactive cinema. Scientific
Journal of Polonia  University, 2025, 69.2: 64-74. DOI:
10.23856/10.23856/6907.

10. Kyrychek, H., Hetman, S. Shader optimisation during scene
creation in blender. Publishing House “Baltija Publishing”, 2025. C. 5-9.
DOI: 10.30525/978-9934-26-601-0-2.

11. Kyrychek, H. H., Pestov, O. D., Tiahunova, M. Y. Organizing
remote access to the object. Publishing House “Baltija Publishing”, 2025.
C. 5-8. DOI: 10.30525/978-9934-26-519-8-1.

12. Felini D.. Beyond today’s video game rating systems: A critical
approach to PEGI and ESRB, and proposed improvements. Games
and Culture, 2015, 10.1: 106-122. DOI: 10.1177/1555412014560192.



International scientific conference

DOI https://doi.org/10.30525/978-9934-26-661-4-2

DIGITAL MODELS AS A TOOL FOR PREDICTING
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BUKIAOAY YUKTI0BOI KOMICTT
3a2aNbHOBIUCLKOBUX OUCYUNIIIH
Biticokosuil koneoic cepicanmcbkozo
cknady Hayionanvhoi akademii
CYXONYMHUX BIUCLK IMeHi cembMana
Ilempa Cazatioaunozo

M. JIvgie, Vkpaina

I'naroB I. T'.

cmapuiuil 6UKIA0aY YUKI080i KOMICIT
3A2aNbHOBIUCHKOBUX OUCYUNIIIH
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M. Jlvsis, Ykpaina
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BUKIAOAY YUKTLOBOI KOMICIT
3A2aNbHOBIUCHKOBUX OUCYUNIIIH
Biticorosuii koneoxc cepaicanmcoko2o
cknady Hayionanvhoi akademii
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M. Jlvsis, Ykpaina

Pocilicbko-yKkpaiHcbKa BiifHa — IIe HE JWIIe 1Mpo OLTb 1 BTpaTH, HEBH-
MOBHY Tparenito mroactBa XXI cromitrsa. Ile, BomHowac, Oe3IiHHHA,
Ha JKallb, TPaBMAaTHYHUI, BOEHHHUH JOCBiA, KU (opMye yxe CydacHi
MiAXOMU /10 BemeHHS OoWOBUX Iilf, TpaHChOpMyIOuM iX y BiMCHKOBI
cTparerii, IJIaHyBaHHs, 3aCTOCYBaHHS HOBITHIX TEXHOJIOTTYHHMX IHCTPYMEH-
TiB BepeHHs Ooto. Ille I'epbept Bemic roBopus, mo icTopis JIFOACTBA —
I[e IiCTOpis TEPEeroHiB MK OCBITOIO 1 KaracTpo(oro, HAroJIOIIYHOUYd Ha
JyMIIi, 10 BIHHM NMPUIIBUALIYIOTH HAYKOBI 3MiHH, alie il HeCyTh HeOe3IeKy.
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Pocilicbko-yKkpaiHcbka BiiiHa, BOYEBH[b, HE BHHSATOK — MH CIIOCTEPIraeMo
JIy’K€ TOHKY TpaHb Mi)K TEXHOJIOT'IYHHM PO3BHTKOM Ta HEOE3IEKO0.

3Bakaoyn Ha Te, L0 BiliHa HaOyna XapakTepy MO3UIIHHUX OOiB,
MIMOOKMX OOOPOHHMX JIIHIM, MIHHMX TOJNIB 1 apTHICPIHCHKHX 3ITKHEHb,
MiATOTOBKA BiicbKOBHMX (paxiBLiB Mae OyayBaTHCS Ha MOCWICHHX Ipak-
TUYHUX 3aHATTAX 3 IMITAlIHHIMU MaKeTaMH, CUMYJISITOPaMH, BipTyalbHUMHA
TpEeHa)KepaMHd Ta CHCTEMAaTHYHUMHU IIOJHOBHMH BHXOJAMH, J€ YCHILIHO
(hOpMyIOTBCSl 3HAHHS, YMIHHS Ta HABUYKH IIBHIKO HPHAMATH pilICHHS
B yMOBax CTpecy, pearyBaTd Ha HemepeabOadyBaHi OOCTaBWHH, BiATOUY-
IOTBCSL 10 aBTOMATHU3My KOOPAMHAINS Iii y TPyIl, 3MEHIIYIOTBCS PHU3UKH
MIOMUIIOK y OOHOBHX [IisIX.

3acrocyBaHHs [U(DPOBHUX MOJEIIEH 1a€ MOXKIIMBICTE OOMPATH ONTUMAIIb-
HUH CIIeHapii 3a KpUTEPisIMU “MiHIMaJIbHI BTPAaTH — MaKCUMaJIbHUI pe3yIib-
Tar”. Y UITKO CIUIaHOBAaHOMY HaBYaJIBFHOMY IIPOIECi IPOTHO3YBaHHS
OolfoBUX [ili BpaxOBYIOTBCS MOTOJAHI YMOBH, T€OIIPOCTOPOBI XapakTe-
PHCTHKH MICLIEBOCTI, pO3TalllyBaHHS BJIACHUX CHJI, PO3BiJJaHi PO MPOTHB-
HUKa, JIOTICTUYHI Ta PEeCypcHi MOKa3HUKH, MOJIEIIOIOTHCS MOXKIIMBI peakIiil
NpoTHBHUKA Tomo. Lle no3Bojise KoMaHAWpY NpuilMaTH OOIPYHTOBaHI
pilIeHHS, MiABHIIY€ TOYHICTH OIIHKM PU3UKIB Ta €EKTHBHICTH Iiil MiApO3-
IIUTIB, @ TaKOX CTBOPIOE OCHOBY JJISI aJaTHBHOTO IUIAHYBaHHS OIIEparlii
y 3MIHHHX YMOBax 00HOBOT 00CTaHOBKH.

CuMyIsiiiiHi  TeXHONOrii BUSBHIM cebe sK e(pEeKTUBHUN IHCTPYMEHT
y CHCTEMi BOTHEBOi Ta TaKTHKO-CIIEHiaJIbHOI MiATOTOBKH, IO JO3BOJISE
MOJICTIIOBaTH CKJagHi OOWOBI cHUTyalii 3 BHCOKHUM CTYIEHEM peai3my
Ta aJanTMBHOCTI. IX BUKOPUCTAHHS CHPHAE PO3BUTKY HE JIHIIE TEXHiUHHX
YMiHb, a2 # TAKTHYHOTO MUCIICHHS, MICUXOJOTIYHOI CTIHKOCTI Ta KOMaHIHOI
B3aemozii. Oco0MBoi IHHOCTI Ha0yBae TPEHYBAaHHS B YMOBaX CEHCOPHOTO
NepeBaHTaKeHHSI, ke (POpMyE TOTOBHICTh JISITH B YMOBax CTpeCy, 4acoBoOl
obOMexxeHocTI Ta HeBu3HadeHocTi. IloemHaHHS CHUMYJSALIMHOIO MOJENIO-
BaHHS 3 TPATUIIIHOIO MiATOTOBKOIO 3a0e3edye KOMIUIEKCHE (HOpMyBaHHS
npoeciiiHoi KomreTeHTHOCTI [2, ¢. 25].

OCHOBHMMH IiepeBard HU(GPOBHX MOJeNel TUIaHyBaHHS OO0 € IIBUJ-
KICTh HPUAHSTTSA PIIlICHb (CYMyTHUKOBI 3HIMKH, IPOHH Ta II(pOBa PO3BiaKa
JTO3BOJISIFOTH OIIEPATHBHO OTPUMYBATH I1H(OpMAILi0 ¥ pearyBath Maixe
B peaJIbHOMY 4aci); TOYHICTh yapiB (LU(ppoBa KOOPANHALLIS Ta BHCOKOTOUHI
CHCTEMH 3MEHIIYIOTH HOTpe0y y MacoBaHOMY BOTHI); 30€pEKEHHS >KHTTS
BiICHKOBUX (OE3MIJIOTHI CHUCTEMH [Ar0Th 3MOTY BHKOHYBAaTH HeOe3NeuHi
3aBIAaHHS JUCTAHLINHO); THYYKICTH 1 MOOLIBHICTE (uM(ppoBi cucTeMHU
3B’513Ky 00’ €AHYIOTH IIJPO3JIUIN B €IMHY 1H(OpMALiiiHY Mepexy).

[Mudposi TexHONOTii NMPOrHO3yBaHHS 0010 HE POOJIATH BIHHY MEHII
TPariqHoI0, ajleé BOHM 3MIHIOIOTH ii MpaBHIia, 3aPOBAKYI0YN CMIIHMBI BH-
KIUKHU: Kibep3arpos3w, iHpopMamiiHi omeparii, 3aIeXHICTh Bil TEXHOJIOTIH
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Ta MBHJIKE MOpaJIbHE CTapiHHsI yKe iCHYI04UnX BoeHHHX cucteM. Y XXI cro-
JITTI CUJla HE 3aBXIM BUMIPIOETHCS PECypcaMu — CIpaBXHIH yCIiX Hae-
KHTh TUM, XTO LIBHJKO pearye, THy4KO IPHCTOCOBYETHCS Ta IHTErpye HOBI
TEXHOJIOT1i.
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Software-defined networking (SDN) is becoming the backbone
of modern computing infrastructures due to its flexibility and centralized
management of data flows. Dynamic traffic changes and high quality
of service (QoS) requirements pose challenges for traditional load balancing
and prediction algorithms. In this context, machine learning (ML) offers
powerful tools for modeling complex patterns in network data. The study [1]
evaluates a hybrid CNN-GRU model for classifying SDN traffic as normal
or attack. The results show the effectiveness of combining spatial and
temporal features in a deep learning model for analyzing network traffic.
The paper [2] proposes an RL policy set for routing and load balancing in
hybrid SDN networks. The proposed method demonstrates an improved
ability to quickly adapt to dynamic traffic requirements compared to static
algorithms, which highlights the promise of ML approaches in traffic
engineering. In [3], multi-agent RL is used for distributed traffic engineering
in hybrid SDNs. The approach allows to effectively solve scaling problems
and flexibly respond to load changes in real networks, which is important
for practical SDN systems. In the paper [4], a DQN-based algorithm
for intelligent traffic planning in SDN is proposed, which is compared
with classical methods. The results show advantages in throughput, latency,
and load stability, especially under sudden traffic changes. Although
the study [5] is aimed at the transport network, it demonstrates the
application of hybrid models for predicting complex spatio-temporal data.
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This approach is relevant for network traffic prediction, as it combines
spatial and temporal dependencies into a single forecast structure.
Of particular interest are hybrid models that combine classical algorithms
and deep learning methods, which allow simultaneously taking into account
general trends and detailed nonlinear dependencies in the prediction
residuals. The works emphasize that the use of RandomForest (RF) provides
stability and speed of the initial prediction, while LSTM (Long Short-Term
Memory) allows to take into account sequential dependencies and complex
nonlinearities in time, which is critical for the accuracy of QoS predictions
in dynamic SDN environments. Recent studies confirm the effectiveness
of combining traditional and deep ML methods in network prediction
and management tasks.

The purpose of this research is to demonstrate the effectiveness
of a hybrid ML model for predicting QoS in SDN and to justify its practical
application. The proposed hybrid model combines two main components:
RF and LSTM models. RF model is used for initial QoS prediction based
on network characteristics. RF decision trees form an ensemble
that consistently predicts general QoS trends. The advantages of this model
are fast learning, interpretability, and stability of predictions in noisy data.

LSTM model is trained on the residuals of the RF, i.e. the difference
between the actual and predicted QoS values. The model takes into account
time dependencies and complex nonlinearities that are not taken into account
by classical ML. The advantages of this model are modeling long-term
temporal patterns, increasing the accuracy of the forecast. The combined
approach is as follows. The basic RF forecast is corrected by the LSTM
forecast, which allows obtain the final QoS value with high accuracy. Such a
structure provides a balance between speed, stability and forecast accuracy.

For the SDN controller, centralized flow control was emulated (traffic
generator: Poisson distribution of requests with an intensity of 200-1200
requests/s). Experiment duration was 60 min, 10 repetitions for each
scenario. Metrics are average delay (ms), 95th percentile of delay (ms), load
variance between servers (%), QoS prediction accuracy (MSE). Network
characteristics and QoS data were collected during the first 10 min to train
the model. RandomForest was trained on the baseline data.

The prediction residuals were calculated and the LSTM was trained
on these residuals. Consider a fragment of the program using the hybrid
model, where RF first predicts QoS based on network characteristics,
and the LSTM is trained on the residuals to improve the prediction accuracy:

rf = RandomForestRegressor ()
rf.fit (X_rf,y_rf)
rf_pred = rf.predict (X_rf)
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# LSTM on residuals to improve prediction

residuals =y_rf —rf_pred

X_lIstm = np.array ([ residuals [i:i+5] for i in range (len ( residuals )-5)]). reshape (-
1,5,1)

y_lstm = residuals [5:]

model = Sequential ([

LSTM(10, activation ='relu ', input_shape =(5,1)),

Dense (1)

D

model.compile ( optimizer =" adam ', loss =" mse ')

model.fit ( X_Istm, y_Istm , epochs =50, verbose =0)

# QoS Prediction

hybrid_pred = rf_pred [-1] + model.predict ( X_Istm [-1]. reshape (1,5,1))[0][0]

The code snippet presented uses a hybrid model consisting of two stages.

In the first stage, RandomForest predicts the baseline QoS based on five
network metrics. In the second stage, the forecast residuals (the difference
between the actual and predicted values) are fed to an LSTM, which is
trained to model complex nonlinear relationships and improve the prediction
accuracy. After training, the model allows combining the baseline RF
prediction with the LSTM correction to obtain the final QoS value. To verify
the effectiveness of the proposed approach using a hybrid model,
a laboratory research was conducted in an SDN cluster environment.

The equipment included two servers with 8 vCPUs and 16 GB RAM,
an SDN controller for centralized flow management, and a traffic generator
with variable intensity from 100 to 1000 requests/s. The experiment lasted
60 minutes, with data for training the hybrid model collected in the first 10
minutes. The average latency, load variance, and QoS prediction accuracy
were evaluated. The results showed that the hybrid approach provides an
average improvement in prediction accuracy compared to using RF alone,
and also reduces load variance between servers. The proposed hybrid ML
model demonstrates effectiveness in predicting QoS in SDN environments
through the combination of traditional machine learning and deep neural
networks (Table 1).

Table 1
Average latency and load variance (60 min experiment)
Model Medium delay 95th percentile Dispersion load
(ms) (ms) (%)
RandomForest 120 220 18
LSTM 110 210 15
Hybrid 95 180 9
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RF provides fast and stable baseline prediction, while LSTM models
complex temporal dependencies and adjusts the prediction residuals,
which allows for more accurate results. Laboratory research has confirmed
the practical value of this approach: the use of a hybrid model allows
for reduced load dispersion, reduced latency, and increased QoS
predictability even under variable network traffic conditions (Table 2).
The load variance between servers is almost half that of the previous model,
indicating a more even distribution of traffic. QoS prediction is reduced
by almost half, demonstrating the high accuracy of the combined approach.

The research results can be used to build adaptive network management
systems and improve the efficiency of SDN infrastructure in real conditions.

Table 2
QoS prediction accuracy
Model MSE of QoS prediction
RandomForest 0.018
LSTM 0.015
Hybrid 0.009

The research confirmed that the proposed hybrid ML model can
significantly improve the accuracy of QoS prediction in software-defined
networks. The combination of fast basic RF prediction with LSTM residual
correction allows simultaneously take into account general trends and
complex temporal patterns.

Experimental results show a reduction in average latency, load variance,
and QoS prediction error compared to using individual models.

The obtained data indicate the potential of integrating hybrid ML models
into SDN adaptive network management systems to improve performance
and stability.
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AkTyanabHicTh TemMu. B ymoBax OoioBux niit B YkpaiHi aucraHuiiine
souayBanHs 3emimi (JI33) € Oe3anbTepHATHBHHM METOJOM OC3MEYHOTO
MOHITOPUHTY 1HPPACTPYKTYpHHUX Ta €KOJIOTTYHHX 30UTKIB Ha HEJTOCTYITHHX
Teputopisx. llIupoke BUKOpUCTAaHHS KOMEPLIMHHMX CYMYTHHKOBHX IUIAT-
(opm OOMEXKyeThCSI BHCOKOIO BapTICTIO Ta 3aKpUTOI0 apXiTEKTYpolo,
a JecKTonHuX reoindopmaniiianx cucrem (Hampuknaan, QGIS) — magMmip-
HUMH BUMOTaMH JI0 JIOKJIBHUX OOYHMCITIOBAIBHUX HMOTY)XHOCTEH. 3 orsimy
Ha IIe, po3poOKa aBTOMATH30BAHMX XMAapHHX AalTrOPUTMIB € KPHUTHIHO
aKTyaJIbHUM 3aBIAaHHSM, BUKOHAHHS SKOTO JO3BOJHThH ONEPATUBHO JOKY-
MEHTYBaTH pPYyWHYBaHHS, ONTHMI3YBaTH PECYpPCH Ta MiHIMI3yBaTH Cy0'€k-
TUBHUH JIOACHKUN (aKTOP.
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HaykoBa wHoBu3Ha. HoBHM3Ha JOCHI/DKEHHS TOJIsiTae 'y po3poOii
KOMIUIEKCHOT XMapHOT apXiTeKTypH JUIsi MOHITOPUHTY HACIiKIB BIICKOBHX
Jiif, sKa IHTerpye B €IMHUI IMpoIeC aBTOMAaTH30BaHOi OOpoOKM aHaii3
yp6anizoBanux (NDBI), mpupomnux (NDVI) Tta rigponoriunux (NDWTI)
o0'extiB. Ha BiAMiHY BiJi KJIIACHYHUX aireOpaldHUX IMiJXOJiB, IO MOTpE-
OyIOTh EMITIPHYHOTO PYYHOTO KalliOpyBaHHS, Y PO3pOOJICHOMY ajaropHTMi
peanizoBaHo TiOpumHW MeTon kKiacudikamii. J[ms micekoi 3a0ymoBum Ta
JCOBUX MAacHBIB 3aCTOCOBAHO METOJl aIalITHBHOTO CTaTHCTUYHOTO MiIO0Opy
moporiB Ha 0a3l CTaHAApPTHOTO BiIXWJICHHS, a Ui BOTHHUX OO0'€KTiB —
(hi3MIHO OOTPYHTOBAHMN METO. HYIHOBOTO MIEPETHHY .

['oN0OBHOIO MeTOI JOCHIIDKEHHS € po3poOKa aBTOMAaTH30BAHOTO
XMapHOTI'0 1HCTPYMEHTY, SKHH Ha OCHOBI TiOPHIHOIO aIropuTMy OOpOOKH
OiTeMIopallbHUX CYIyTHUKOBUX 3HIMKIB (oOumcienHs iHzmekcie NDBI,
NDVI, NDWI 3 BuUKOpHCTaHHSAM aJalTHBHOI CTaTUCTHUKU Ta HYJIbOBOI'O
NepeTHHY) aBTOMATHYHO TI'€HEpye KapTH PYHHYBaHb 1 pO3paxoBy€e ILIOLLY
ypaXeHHX ypOaHi30BaHHUX, IPUPOJHUX Ta TiPOJIOTIYHNX 00'EKTIB.

TeopeTnyHNM TiAIPYHTIM anroputMmy € ¢iznani npuHnunm J33, 3acHo-
BaHi Ha YHIKQIGHHX CIIEKTPAIbHUX CHTHATypax MoBepxoHb [1, c. 33-48].
Uepes Hee(eKTHUBHICTH TPSAMOrO TOPIBHAHHS ONTHYHHX  IIIKCEINiB,
MaTeMaTUYHUM (YHIAMEHTOM OOpOOKH CIyTYIOTh HOPMaTi30BaHi Pi3HHUIIEBI
ingexcu (NDBI mns 3a6ynosu, NDVI mns nannmadris, NDWI s Boan)
[4, c. 5], po3paxoBaHi 3a MyIbTHUCIIEKTpaJIbHHUMHU 3HIMKaMu Sentinel-2
(10 m/mikcens), 110 AOBENH CBOIO €(DEKTUBHICTH /IS IIBHIKOTO KapTOrpa-
(yBaHHs pyiitHyBaHb B YKpaiHi [2].

st mpoctopoBoi ineHTHdiKalii pyHHYBaHb 3aCTOCOBYETHCS KJIaCHUHHNA
anreOpaiunuii Meroy BusiBineHHs 3MiH (Change Detection), sikuit o04nciioe
a0CONIFOTHY PI3HHUINIO OITEeMIIOpPANIEHUX 1HJCKCIB 1 € 3HAYHO MOIUTBHIIIAM
Ta MBUALIAM sl XMapHUX TUIATGOPM HOPIBHSIHO 3 PECYPCOEMHUMH HEHPO-
MepexeBIMH MonaeisiMu [3]. 3 METO TMOBHOI aBTOMATH3aIlil Kiacugikarii
BiIKMHYTO METO]] EMITIpHYHOTO MiA00PY TOPOTiB i BIPOBAKECHO T10pUIHHN
MaTeMaTH4HuH amapat. [ ypOaHi30BaHHX i MPUPOAHUX 30H i€ MOIYIH
a/IaNTHBHOI CTATHCTHKH, 1€ NUHAMIYHMN HOPIr aHOMaii PO3paxoBYETHCS
inguBinyansHo 3a Gopmynoro T = |u| + o (ne u — cepente 3HaueHHs 3MiHU
IHACKCY, 0 — CTaHAapTHE BiaxuieHH:). HaTOMICTh A1 BOJHHX MOBEPXOHb
(NDWI) BuKOpHUCTOBYETECS (Di3WUHUI METOJ HYJIbOBOTO nepeTuny. Lle mo-
3BOJISIE TCHEPYBATH TOYHI KapTU 30MTKIB a0COFOTHO aBTOHOMHO.

Po3pobnennii moBoro Python y xmaphomy cepemosumii Google Earth
Engine nporpamunii 3aci6 peanizye KOMIDIEKCHHH YOTHPbOXETAIHUI anro-
PHUTM aBTOMATH30BaHOI OL[IHKM pyiiHyBaHb. POOOTa CKpHNTa pO3NOYNHAETH-
sl 3 THYYKOTO IIPOCTOPOBOTO OOMEKEHHS 30HU iHTepecy (IUIIXOM iHTepaK-
TUBHOTO TONiroHy abo OydepHOro pamiyca) Ta MIATOTOBKH «IHUCTHX
MeliaHHMX KoMmno3uTiB Sentinel-2 3a paxyHOK aBTOMAaTH4YHOI (iabTpamii
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XMapHOCTi. SIOpoM airopuTMy € 0araTOBEKTOPHHUH CHEKTpajbHUI aHali3,
SKUH aJanTyeThCsl 10 TUITY MOKPUBY: JUIsl ypOaHi30BaHUX TEPUTOPiH po3pa-
xoByeThest iHmekc NDBI (3 ¢inbrpamiero depe3 macky 3a0ymoBu ESA
WorldCover), anst npupoanunx nanamadris — NDVI, a st BogHuX 00'€KTiB
— NDWI. binapna xiacugikaliist yIKoKeHb 3/11HCHIOETbCS aBTOMATHYHO
3a JIOIIOMOT'OI0 TiOPHIHOTO METOAY, IO MOENHYE PO3PaxyHOK JTUHAMIYHHX
aJIAITUBHUX IOPOTiB Ha OCHOBI CTaHIAPTHOTO BIAXWJICHHS TICTOrpaMH Ta
(hi3muHMA METOA HYJIBOBOTO TepeThHy. Ha (iHampHOMY eTami anroputM
3MIACHIOE KUTBKICHY OLIHKY ypakKeHUX TUISHOK y KBaJpaTHHX KiJIOMETpax
Ta EKCIOPTYy€ 3reHepoBaHy OiHapHy Macky y ¢dopmari GeoTIFF wa Google
Drive s nopaneiioi interparii 3 I'IC-cucremMamu.

Puc. 1. IIpocroposuii anaxiz M. MapiynoJib: Bisyanizanis BUABJICHHX
pyiinyBaHb (4epBoHuii koaip). Iliioma 3pyiinoBanoi indpacTpykTypn:
12.07 xkm?; 3HUIIEHOI CYNyTHBOI pocJMHHOCTI: 50.27 km?

Puc. 2. IIpocToposuii anauiz CepedpsiHcbKoOro Jicy: ¢pikcauist BTpat
JIiCOBOro MOKpPUBY (MoMapaH4yeBuii koJip). [Loma 3HumeHoi
pocauHHOCTI: 207.10 KM?; MOLIKOIKEHHS CyMisKHOI iHpacTpyKTYpH:
0.41 xm?
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Vo QO

- i

Puc. 3. IIpocTropoBuii anajiz KaxoBcbkoro BojgocxoBuia: Bizyasizaumis
BTPa4eHOI BOJHOI NOBepXHi (0yIakuTHUI KoJIip). [1noma 3HuKI0i
BOAHOI noBepxHi: 1530.60 km?; BTpayeHoi NnpudepesKHOI pOCTUHHOCTI:
114.13 km

3 Metoro Bepudikailii po3podIeHOr0 MPOrpaMHOro 3aco0y Ta MiATBEP.I-
JKEHHSI OT0 yHIBEpCaJIbHOCTI MPOBEACHO TECTYBAHHS allTOPUTMY Ha TPHOX
peNpe3eHTaTUBHUX JIOKALISX i3 PI3HUMH THIAaMH JAaHJMA()THOTO MOKPHBY.
PoGora ribpugnoro meromy kimacudikamnii imeHTH(IKyBada pyHHYBaHHS
iapHOI MichKOI 3a0ymoBH y M. Mapiymons (i3 3aCTOCYBaHHSM I1HJEKCY
NDBI Ta ypban-mackm), 3adikcyBama MacmTaOHI EKOJIOTiYHI 30HTKH
Bix mokex y icoBux MacuBax CepebpsHCbKOTO Jicy (3a inmekcom NDVI)
Ta BigoOpa3mia ra00aibHi TiApOIOTivHI 3MiHN BHACKIIOK 3HUKHEHHS BOTHOI
Macu Kaxoecbkoro BomocxoBuina (3a ingekcom NDWI). TIpocropouii
po3MOALT BUSBICHHX aHOMamid (puc. 1-3) Ta BiAMOBiZHI iM KiTBKICHI
MOKa3HUKH YPKEHUX IUIOLI IEMOHCTPYIOTh BHCOKY BHOIPKOBICTH aJrOPHT-
My: Mporpama 3/JaTHa 3 BUCOKOK TOYHICTIO PO3UIATH Pi3HI THUIH 30UTKIB,
MIiHIMI3yIOUM XMOHI CHpanbOBYBaHHS Ha CyMiKHI (akTopu (Hanmpukuaji,
BIZIOKPEMIIIOIOUM pYHHYBaHHS 1H(PACTPYKTYpH BiJ CE30HHMX 3MiH Ha
TOJISIX).

BucHoBkH. VY pe3ynbTaTi JOCHIIPKEHHS pPO3POOJICHO Ta MHPOTpaMHO
peaizoBaHO aBTOMATH30BaHW XMapHHUit iHCTpyMeHT Ha 6a3i Google Earth
Engine mis mpocTopoBoi Ta KiMBKICHOT OMIHKM HACIHIAKIB BOEHHHX iid.
T'onoBHOIO TPHKIIAAHOIO TIEpEeBarord po3poOKH € iHTerpamiss B €IUHY
ABTOMAaTH30BaHy CHCTEMY METOJIB aJanTHBHOI CTaTHCTHUKHU (IMHAMiYHUH
PO3paxyHOK MOPOTiB Uil MiChbKOT 3a0y/IOBH 1 JIiCIB) Ta HYJIbOBOTO MEPETUHY
(m1s BogHUX 00'€KTIB), 1110 MiHIMI3y€e BIUIMB XMOHUX (PakTOpIiB Ta ycyBae
notpedy B pydyHOMY KamiOpyBaHHI. TecTyBaHHS MiITBEPMIO aallTHBHICTh
NTOPUTMY: ycriliHo ineHTrdikoBano Brpaty 12.07 km? 3a0ynoBu y Mapiy-
moiti, 207.10 km? HacapkeHs y CepeOpstHchkoMy Jtici Ta 1530.60 km? BogHOT
noBepxHi KaxoBcekoro BomocxoBuma. [Iporpamumii 3aci® € edekTUBHAM
HABYATHHO-aHATITHYHAM I1HCTPYMEHTapieM i 3aKiIafiB BHUIIOI OCBITH
B MeKax omnaHyBaHHS cydacHHX [TC-TexHONIOTIH, a TakoX NPUKIATHAM
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PIILICHHSM JUIsl AEP)KaBHUX OPraHiB y NOKyMEHTYBaHHI 30uTKiB. [Toganbumii
PO3BUTOK aJTOPUTMY CIPSIMOBaHHMI Ha KUIBKICHY OILIIHKY HOTrO TOYHOCTI
3a jgomomoroto Mmatpuii noxubok (Confusion Matrix), iHTerparmito
BCEMOroHNUX paxapHux nanux Sentinel-1 (SAR), 3amyuyeHHs Helipomepesx
(CNN) ans TOYHINIOTO pO3Ii3HABaHHS KOHTYPIB Ta PO3POOKY KOPHCTY-
BarpKoro Beomomatka (Dashboard).
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JIHinposcbKuil 0eparcagrull mexHiuHu
YHigepcumem
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AXTyalpHICTh TEMH OOYMOBJIEHa CYYaCHUMH TEHACHIISMH 1O MiJBH-
IIEHHS] €HEePrOOMIaAHOCTI Ta 3MEHIIEHHS METAJIOEMHOCTI TBUHTOBUX KOHBE-
€piB, SIKI HIMPOKO €KCILTYyaTYIOThCSl B arpapHOMY CEKTOpI Ta Pi3HUX raimy3sx
MIPOMUCIIOBOCTI. 3HAYHMH BIUIMB Ha E€HEPreTHYHI BUTPATH MiJ Yac TpaH-
CIOPTYBaHHA Marepially Mae Maca poOOYOro eJleMEeHTa — CIipaJbHOT
CTPIYKM NIHEKa, a TaKOX JWHAMIYHI HaBaHTAXCHHS, 110 (HOPMYIOTHCS
B mporeci ii B3aeMomnii 3 CHIKUM a00 MTYYHUM BaHTaXeM. Y OIBIIOCTI
HAayKOBHX IIpallb OCHOBHA yBara IpPUAUIAETHCA MIBUAKICHUM PEXHMaM
pobotn Ta (i3WKO-MEXaHIYHHM BIACTHBOCTAM MaTepiany, TOALI SIK POJb
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KOHCTPYKTHUBHHX IapaMeTpiB cripaii y GopMyBaHHI KIHETUYHOI CKJIaJI0BOT
€Heprii CUCTeMH J0CITiKEHA HEI0CTaTHBO.

3MEHILICHHSI MacH KOHCTPYKTHBHHUX €JIEMEHTIB MOXKJIMBE JIUIIE 32 YMOBHU
30epeskeHHs1 X HaailHOCTI, (YHKIIOHAIBHOI NMPUAATHOCTI Ta 3IaTHOCTI
MOBHICTIO pEali3oByBaTH TEXHOJIOTIYHE NpH3HAYECHHs. Bu3HavansHUMU
MOKa3HUKAMH TPAIe3IaTHOCTI TaKoi MEXaHIYHOI CHCTeMHU € ii JAuHaMidHi
XapaKTEPUCTHKH, 30KpeMa BEIMYMHHU MOTEHIIAMBHOT Ta KIHETUYHOI eHeprii
Ta CKJIQJIOBHX IX HaBaHTaKCHb. Y 3B’SI3KY 3 IIMM BCTAHOBJICHHS W aHAIITH-
HE OOTPYHTYBaHHS CKJIAJOBUX EHEPTeTHMYHHUX I1apaMeTpiB TBHHTOBOTO
KOHBEEPA SIK CKJIaJHOT €eHEPrOEMHOI CHCTEMHU CTAaHOBHUTH aKTyallbHE HAyKOBE
Ta MPAKTUYHE 3aBIAHHS.

3a craHIapTH30BaHOIO ITACMOPTHOIO JOKYMEHTAII€I0 IMPOJYyKTUBHICTH

Q

KOHBE€pa BU3HAYACTHECA YCPE3 IIOTOHHY Maca TpaHCIOPTOBAHOT'O
BaHTaXYy q :
= 1%
q=Q/ , )
ne: q_ NIOrOHHA Maca TacloPTOBAHOTO BaHTAXY, KI/M;

Q_ IaCcTIOPTHA MPOILYKTUBHICTH KOHBEEPA, KI/C;
V _ mBHaKicTh TPaHCTIOPTYBAHHS, M/C.

OCKIJIBKH B CTATUYHOMY ITOJIO)KEHHI KOHBEEpa HABaHTA)KEHHS Ha OIOPH
CTPIYKM cHipaii [IHEKY BH3HAYA€ThCsA 4epe3 MOTOHHY Macy BaHTaxy, TO
JOTIYHO 1 MiJ 4Yac pyXy BaHTaXy BHUKOPHCTOBYBATH IO BEIWYMHY i3
3alpOBaJPKEHHSM HOBOTO MOHSTTS KOe(ilieHTa TUHAMIYHOCTI.

P
K, = <

o g(qr +qA)S ’ @)

K . . . . .
ae: 9 — xoe(illi€HT IMHAMIYHOCTI, HaBeAEHHMH 10 IMOrOHHOI Macu
BaHTAXY;
9 — TMHAMIYHE HABAHTAKEHHS Ha ONOPY CTPIYKM CIipali MIHEKy, H;

g_ TIPHCKOPEHb CHIH TAKIHHS, M/C%;

ar

9\ _ MTOTOHHA MAaca CTPIUKH, KI/M;
S — KpOK OMop CTPiuKH CIipai UIHEKY, M.

— IIOrOHHA Maca BaHTaxy, KI/M;
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[lpn BU3HAYEHHI pO3pPaxXyHKOBHUX HABaHTKEHb OEpPeMO BUIAJIKU
TPaHCIIOPTYBaHHS KPYNHO (pakuiiiHoro Marepiaqy Ta ApiOHI cuIiki
BaHTaXI.

Ile nae mincraBy 3araJbHUH BaHTAXOMIOTIK IPEACTaBUTH SIK CyMy
OKPEMHX BAaHTAXXOIOTOKIB: Oe3NepepBHII BaHTaXXOIMOTIK IpiOHMX (pakmiit
Ta TUCKPETHUH MOTIK BEIMKUX €JIEMEHTIB:

q= E 0
i
ne: 9 noronna maca Bantakonoroky;

Qi _ noronHa maca | -i CKJIaZIOBO1 IIOBHOT'O BaHTAXXOIIOTOKY .
[Tix wac pyxy CTpiYKH KOXXEH BAaHTAKOMOTIK B3a€EMOJIE 3 ONOpPaMHU
CTPIYKH CIipaji HIHEKY 31 CBOTM KOE(DII[iEHTOM TUHAMIYHOCTI.
JluHaMiyHe HaBaHTaKCHHsI, MO i€ Ha KOXHY OMOpPY CTPIYKH CIHipai
IIHEKY, BIIMOBIHO 10 BUpa3y (3) MOKHA IOAATH B HACTYITHOMY BHTJISIII:

P =K,(q +q,)os=0s> K,q

, ©)

: 4)

P . . . L
ne: 9 — nMHaMiYHe HABAHTaXEHHS, IO Ji€ HA ONMOPY CTPIUKM CIIipaii
LIHEKY, H;

9 — HaBeleHUH Koe(illieHT TUHAMIYHOCTI;

9. MTOTOHHA Maca CTPIYKH CHipali IIHEKY,KT/M;

ar

9_ TIPUCKOPEHHS CHII TSKIHHS, M/C2;
S _ KpPOK PO3MIIIEHHS OIOp CTPIUKH CITipaTi IHEKY,M;
i

— IIOTOHHA Maca BaHTAXKOIIOTOKY, KI/M;

0l — xoe(imieHT OMHAMIYHOCTI WIA ' -i CKIAmOBOi BaHTAXKO-

MOTOKY;

Y9 _ Horomsa wmaca
CTPIYKY CIipai IITHEKY.
JInsi BeNMUKUX CIIEMCHTIB BaHTa)XOIOTOKIB (opMyny (4) MOXHaA mepe-
MUCATH B HACTYITHOMY BHIJISI:
P, = gs[K,(0,60 +0,70)q + K ,(0,15+0,20)q + K_,(010 +0,15)q + K_,q_| 5)

K, K, K, K . . .
me: 01, 02 "to3 Tro4 xoe(illieHTH UHAMIYHOCTI Il HOTOKY
(dpakiiiit 1piOHUX, CepelHiX, BEIUKUX CJICMCHTIB Ta CTPIUKU CIIpajii ITHEKY
BiJINIOBI THO.

I CKJIAZIOBOI BaHTaXOIIOTOKY, BKJIIOYAIOUH
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SECTION 3. INDUSTRIAL ENGINEERING
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MODELING OF KERNEL YIELD DURING MECHANICAL
DEHULLING OF INDUSTRIAL HEMP SEEDS
IN A CENTRIFUGAL DEVICE

MO/JIEJTIOBAHHS BUXOY SIAPA ITPU MEXAHIYHOMY
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Candidate of Technical Sciences, KaHOuOam mexHiuHux Hayx,
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B ocTraHHI POKH IPOMHKCJIOBI KOHOIUTI HAOY/IM ITOMITHOTO IMOIIHPEHHS
B arpolpoMHCIIOBOMY CEKTOpl 3aBISIKM TMOEIHAHHIO XapyoBOl, TEXHIYHOT
Ta exosoriuHoi IiHHocTi [1]. HaciHHS KoHOmNENb € I[IHHOIO CHUPOBHHOIO
JUTSL Xap4oBOi MPOMHUCIOBOCTI, OCKUIBKM MICTHTh OUTKH, HE3aMiHHI JKUPHI
KHCJIOTH Ta iHmIi Gionoriuno akTuBHI crionyku [2]. Moro BHKOPHCTOBYIOTH
JuIl BUPOOHMITBA OJii, POCIMHHOTO OiNKa, (QYHKIIOHANBHUX HPOIYKTIB
i oOpymenoro siapa. BogHouac oTpumaHHS siipa moTpedye eeKTHBHOTO
BiJOKpEMIIEHHsI 0OOJIOHKH, a OTXKE TEXHOJIOTIYHO OOTPYHTOBAHOTO IPOIECY
00pYyIIyBaHHS 3 MAKCUMAJIBHUM BUXOZOM T'OTOBOTO IPOAYKTY.

MexaniuHe OOpyIIyBaHHS € OJHHM i3 KIIIOYOBHX C€TamiB IMEpPepoOKH
HACiHHs, OCKUIPKM came Ha Wil cTamii (opMyrOThCs BHUXiJA sIpa, piBeHb
BTPAT 1 4acTKa HEOOpyIIeHOro mMarepiany. EQEeKTUBHICTh MPOLECY CYTTEBO
3aICKUTH K BiJl TEXHIKO-TEXHOJIOTIYHHX TapaMeTpiB 00JaaHaAHHS, TaK 1 Bij
(hi3MKO-MEXaHIYHUX BJIAaCTUBOCTEH cupoBuHHM [3]. 3a BiACyTHOCTI pario-
HAJIBHOTO MiZ00Py PEKUMIB POOOTH 3POCTAIOTh BTPATH, 3HUKYETHCS BUXIJ
spa Ta TMOTIPIIYETbCS SKICTh mpoaykry. [lomepemui mocmimkeHHs [4]
MOKa3ajH MEePCIeKTUBHICTh 3aCTOCYBaHHS BIALCHTPOBOIO MEXaHi3My s
00OpyIIyBaHHS HACIHHSA KOHOMEIb, A€ BIATUICHHS 000JOHKH 320€31eyeThCs
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JIE0 BIALICHTPOBHX CHJI 1 KEPOBAHUM MEXaHIYHUM BILUTUBOM. IIpoTe BIUIMB
POKMMHHUX [apaMeTpiB Ha BHXiJl sApa Ta IOBHOTY BiJIOKPEMIICHHS
00O0JIOHKM BHBYEHO HEIOCTATHBO, IO 3YMOBIIIOE HEOOXIAHICTh MOJAIBIIHX
JIOCIIIKEHD.

Amnani3 myOuikamii cBiqunTh, 00 mpodiema 1000py eHEeKTUBHUX PEKH-
MiB 0OpYyIIyBaHHS € aKTyaJbHOIO Uil Pi3HUX KynbTyp. CripoOu BHKOpHC-
TaHHS YHIBEpCANFHUX TNPHUCTPOIB [5] He 3a0e3medminm HaleKHOi SKOCTI
0e3 KOHCTPYKTHBHOI aJanramii: crocTepirajucs 3pOocTaHHS BTpaT, IOTip-
IICHHS SKOCTi MPOAYKTY Ta 3HWKEHHS MpoayKTuBHOCTI. [lomiOHi pe3ynb-
TaTH OTPUMAaHO 1 B poOoTi [6], A€ 3aCTOCYBaHHS CTAaHJAPTHUX MEXaHI3MiB
CYIPOBOXKYBAJIOCS 3HMKEHHAM BHXOAY Ta HAaIMIPHUM IIOLIKOKCHHSIM
saapa. TakuM YHMHOM YHIBepCcajbHUI MiAXiA 10 OOpyIIyBaHHS HAacCiHHS
pI3HUX KYJNBTYp € Majloe()eKTUBHHM, a Ui KOXXHOTO BHIY CHPOBUHHU
MOTPiOHI crHenianizoBaHi TEXHOJIOTIUHI DIlIEHHS Ta aJanTOBaHI PEXHUMHU
poboTtn obnamHanHs. Ile 0cobaMBO BaXKIMBO It HACiHHS HPOMHCIOBHX
KOHOIIEJb, SIKE XapaKTePU3YETHCS CIIEIU(ITHOI0 TEOMETPIEI0 Ta 0COOINBOC-
TAMUA OyIOBH OOOJIOHKH i sipa. Y 3B’S3Ky 3 UM METOIO JOCIiIKCHHS
€ OIliHKa BIUIMBY OCHOBHHMX TEXHOJOTIYHUX (akTOpiB Ha e(PEKTHBHICTH
MEXaHIYHOTO BiOKPEMJICHHS OOOJIOHKH Ta BH3HAYCHHS pPalliOHAIBHIX
YMOB, 10 320€3MeUyI0Th MAKCUMAJBHIHA BUXII S/Ipa.

JlocmipKeHHsT BUKOHYBajdd Ha HAaciHHI MPOMMCIOBHX KOHOIEIb COPTY
«['neciss», BHPOIIEHOMY Ha BHPOOHMYMX TMOCiBaX [HCTHTYTY Iy0’ sSHUX
kynetyp HAAH VYkpaian. OOpyiryBaHHS BHUKOHYBalIM Ha EKCIEPHUMEH-
TaJbHOMY BIJIICHTPOBOMY TPHUCTPOi BiIacHOI KOHCTpyKIil [3]. Hacinus
B CUIIyYOMY CTaHi MOJaBajiil 4Yepe3 3aBaHTAXyBaJbHUH OTBIp y 30HY nil
pobodoro Kxojeca, ¢ BOHO 3MIHIOBAJIO HANpsSM PYyXy Ta B3a€MOJISIIO 3 Bil-
OMBHOIO AEKOI0. Y pe3yNbTaTi OTPUMYBAIN PYIIAHKY — CYMIlll OOpYIIEHHX
1 HEOOpYIICHUX YacTHHOK, Ky Jajli pO3IUIAIM Ha IMOBITPSHO-PEIIITHOMY
cerapaTopi.

[lig gac excrmepMMeHTIB KOHCTPYKTHBHI TMapaMeTpy NPUCTPOIO 3aiIH-
Iy CTaJMMU: JiameTp pobouoro koneca — 236 MM, 3a30p MiX poOOYUM
KOJIECOM 1 BiJOMBHOIO JIeKOt0 — 15 MM. 3MiHHMMH (pakTOpamu OyJi yacTora
obepranns podouoro oprany (1500, 2000 i 2500 06/xB), dpaxiiisi HACIHHS
(<2,5; 2,5-3,0; >3,0 mmM) Ta Bosoricts (8,8; 16,3; 21,6%). OmparroBaHHs
pe3ynbTaTiB IPOBOIUIH B cepenouini Statistica 10.0.

Jyis KUTBKICHOT OIHKM BIUTMBY 3a3HAYCHUX (DaKTOPIB 3aCTOCOBAHO
GararodakTopHHii excrepuMenT Tperhoro mopsaky (IIPE®). Sk dyHkiio
BIZITYKy BUKOPHCTOBYBAJIM BHXIJ S1pa, SKUH BH3HAYAIHM SIK BiJHOLICHHS
MacH OOpYIIEHOTO sf1pa JO MacH MOYaTKOBOI HAaBAXKH. 3a pe3ylbTaTaMu
MMOBHOTO (DaKTOPHOT'O EKCIEPHMEHTY OJIepKaHO perpeciiiHi 3anexxHocTi (1),
(2), (3), sxi OoMHCYIOTH BIUIMB BOJOTOCTI HAcCiHHS, (DPaKIiifHOTO CKIIAZY
Ta 9aCTOTH 0OepTaHHs poOOYOro Kojieca Ha BUXI sapa.
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R = 45,9049—31,1766x D —0,3078xW + 6,7 x D?+0,0787 x DW +0,0094 xW 2 1)
R= —113,0583+0,1249x N +0,4147 xW —3,0167E° x N? —0,0003x NW +0,0094 xW ? )
R= —119,0911+0,1442x N —11,1856x D —3,0167E° x N2 —0,0094 x ND +6, 7 x D? ©)

ne R — Buxig sgpa; D — ¢pakuis Hacinasg; W — BoJOriCTh HaciHHS;
N — gacrora oGepTanHs poboUOro Koeca

Opnepxani piBHsHHSA perpecii (1), (2), (3) BinoOpakaroTb 3aKOHOMiIpPHOCTI
3MiHK BUXoAy sapa (R) 3ane:xHO BiJ MOEIHAHHS JOCHTIHKYBaHUX (HAKTOPIB 1
JIAF0Th 3MOT'y BUKOHATH aHAIITUYHY 1HTEpPIPETALiIo IPOLEecy 0O0pyIIyBaHHS.

PiBasHHs (1) Xapaktepmsye 3aleXHICTh BHXOAY sapa Binm Qpaxmii
nacinns (D) ta Bomorocti (W). Moro ananituuna dopma miaTBepIKyeE, 110
e(eKTUBHICT, OOpYIIyBaHHS BHM3HAYAETHCS HE JIMIIE OKPEMOIO JIi€l0
3a3HayeHUX (GakTopiB, ane i iX moexHaHHAM. 3 ypaxyBaHHAM XapakTepy
OTPUMAHOT 3AJICXKHOCTI MOXKHA KOHCTATyBaTH, M0 (pakiiiiHui CKiIax
(hopMye OCHOBHY TCHICHIIIO 3MIHH BHXOIY SJIpa, TOAI SK BOJIOTICTh
BUKOHY€ KOPUTYBaJIbHY pOJIb 1 BIUIMBA€ Ha CTAOUIBHICTH BIJIOKPEMIICHHS
00O0JIOHKH.

PiBHsHHS (2) omMCye CHUTBHMH BIUIMB 4acTOTH oOepTaHHS poOo4yoro
koneca (N) ta Bomorocti HaciHus (W) Ha Buxix simpa. ®PaxTtop uacrora
o0epTaHHS CBIMUUTH NPO EKCTPEMAIBHUHM XapakTep 3aleXHOCTi, TOOTO
icHyBaHHS parioHanmbHOi o0Ojacti 3HadeHb N, 3a AKOi mocsTaeTbes
HaiiOinpma edexTuBHICTE 00pymryBaHHA. Lle y3romkyerbcs 3 (hi3HUHOIO
CYTHICTIO TIPOIIECY, OCKIIBKH HEIOCTATHS IHTEHCHBHICTH MEXaHIUHOI il He
3a0e3Meuye MOBHOIO PYHHYBaHHS OOOJOHKH, a HaaAMIpHA iHTeHCH(iKalis
MPU3BOJUThH JI0 3POCTaHHS MOJPIOHEHHs sapa. BIumMB BoJorocti B Mexax
miei Moneni Mae MEHII BHPaXEHWH XapakTep, OJHaK ii BpaxyBaHHS
€ HEOOXIJIHUM Ul KOPEKTHOTO OIHCY INPOLECY, OCKIJIbKM BOHA 3MIiHIOE
YMOBH pyiHYBaHHs 000JIOHKH Ta CTYIiHb peaji3auii yaapHoi Jii.

PiBusiaHs (3) BimoOpaxkae CIIbHY IO JIBOX BH3Ha4aJbHUX (aKTOpIB —
gacToTH obepranus poGouoro komeca (N) i dpakuii macinms (D). Horo
CTPYKTypa MIITBEpPUKYE, MO BHXIX sapa (QOPMYETHCS IIiJ BIUIMBOM
HENHIHHOI 3MIHM pEeXUMy OOpYyIIyBaHHS Ta XapaKTEPUCTHK CHPOBUHH.
3a 3micToMm 1€l Mozeni ppakIifHIA CKIIaa BH3HAYA€E MOTCHIIIHHY 3MaTHICTh
HacCiHHA 10 eQEeKTHBHOTO OOpyIIyBaHHS, TONI SK dYacToTa OOepTaHHS
3a0e3rnedye peaiizailil0 I[bOrO IOTEHIaly B MeEXax palioHaJbHOrO
MIBHIKICHOTO PEXKHMY.

Y uinomy ananmiz piBasab (1), (2), (3) nminTBepmxye, WO mpolec
OOpyIIyBaHHS HACiHHS IIPOMHCIOBUX KOHONEIh € 0araro(pakTOpHUM
1 HeNiHIMHUM, a HaWOUIBPII CyTTEBMMHM NapaMeTpaMu HOro KepyBaHHS
€ (pakuiiHUA CKIIaJ HACIHHA Ta 4YacToTa OOepTaHHsA pPoOOYOro KoJjeca.
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Bosoricte HaciHHS TakoX BIUIMBAE Ha BHXIJ s/Ipa, alle MEPEBAXKHO SIK
(hakTop, 1110 YTOYHIOE Ta cTabUTI3ye mepelbir nmporecy. OTpuMaHi perpeciiti
3aJIOKHOCTI MOXKYTh OyTH BHKOPHCTAaHI SIK aHAJIITHYHA OCHOBA Ui BUOOPY
panioHaIFHUX PEKUMIB pOOOTH BiJLIEHTPOBOTO 0OpYyIIyBaya.
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ENGINEERING THROUGH PROGRAMMING
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M. Mukonais, Yxpaina

The theoretical foundations of electrical engineering are a core discipline
in engineering education, providing fundamental knowledge of electrical
circuits, their laws, and methods of analysis. Studying this subject requires
students not only to understand physical processes but also to perform a
significant number of mathematical calculations. At the same time, in the
early stages of learning programming, students focus on mastering logic,
syntax, and conceptual constructs, and often work with abstract examples
that have no direct connection to their future professional activities, as noted
in [1, p. 6456].

Modern research in the field of training students in engineering
specialties indicates a growing need for competency-based approaches
to teaching that promote the development of cognitive and practical skills
in programming [2, p. 20350]. However, these approaches are often
considered in the context of IT courses without close connection to specific
technical disciplines, and do not show how to integrate programming
directly with a technical subject, such as electrical engineering, in the
curriculum. Other studies, for example [3, p. 8], demonstrate the positive
impact of programming on the understanding of technical phenomena,
in particular electromagnetic processes, but do not propose generalized
models combining technical knowledge and programming skills.
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This creates a need for an interdisciplinary approach that combines
fundamental disciplines, in particular the theoretical foundations of electrical
engineering, with information technologies. Modern trends in engineering
education indicate a gradual transition to competency-based learning
[4, p. 2], which presupposes the active integration of digital technologies
and interdisciplinary practices. Educational programs should develop not
only professional disciplinary knowledge but also broad competencies,
including digital skills, critical thinking, the ability to solve real-world
engineering problems, and the effective application of information
technology in a technical context.

The interdisciplinary approach discussed in this paper addresses these
limitations through the gradual integration of calculations in the course
on the theory of electrical engineering and programming, the development
of testing competencies, and the systematic verification of results. This is an
important step toward improving the effectiveness of technical education.

At the initial stages of learning programming, it is advisable to combine
the study of programming fundamentals with the calculation of DC electrical
circuits, which are relatively simple and intuitive from an engineering
perspective. Such problems allow students to become familiar with basic
programming concepts, in particular data types, type casting, arithmetic
operations, and the main control constructs of a programming language.
As the course material becomes more complex and students move
on to electrical circuit calculation methods, such as the nodal potential
method and the loop current method, the need to work with systems of linear
equations arises in programming. This, in turn, requires the use of matrix
methods implemented using multidimensional arrays and corresponding
mathematical operations. This ensures a natural transition from simple
algorithms to more complex programming structures.

As their programming knowledge deepens and the complexity of the
problems in the electrical engineering course increases, students gradually
master the means of visualizing calculation results, particularly graphical
output, and acquire basic knowledge of numerical methods. In this case,
graphical representation of signals in the form of timing diagrams or vector
diagrams provides a visual tool for analyzing processes in AC circuits.
Figure 1 shows an example of software implementation for calculating
a three-phase electrical circuit, combining a schematic representation,
numerical results, and graphical visualization. The program calculates phase
currents and voltages and constructs a vector diagram, which allows
for a clear illustration of phase shifts and the symmetry of a three-phase
system.
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Fig. 1. Results of the software-based calculation of a three-phase circuit

The use of numerical methods is effective for calculating transient
processes, performing parametric analysis of electrical circuits, and studying
the impact of changes in component parameters on system operating modes.
Implementing such methods in a software environment facilitates a deeper
understanding of dynamic processes in electrical systems.

Particular attention should be paid to working with complex numbers,
which are widely used in the analysis of AC circuits. During programming,
it is advisable to create a custom class for representing complex numbers
with overloaded arithmetic operators, allowing students to combine
theoretical knowledge of electrical engineering with object-oriented
programming approaches.

The presented methodology eliminates these shortcomings through
a step-by-step approach:

— at the initial stages, students solve simple DC problems, which allows
them to master data types, type casting, and basic operations;
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— later, when studying nodal potential and loop current methods, systems
of linear equations, multidimensional arrays, and mathematical operations
are used;

— when analyzing AC circuits, signal visualization is used to clearly
demonstrate phase shifts and transient processes;

— for working with complex numbers, the creation of a custom class with
overloaded operators, integrating programming and mathematical modeling
is proposed.

An analytical calculation of an electrical circuit, performed by a student
in accordance with the theory of electrical engineering, should be considered
a reference solution. The obtained results can be used to verify the correc-
tness of the algorithms and software implementations. Comparing the results
of manual and software calculations allows for the identification of possible
errors in algorithms, the implementation of numerical methods, or the
processing of input data, which develops students' basic skills in software
testing and verification, as well as an understanding of the permissible errors
inherent in numerical methods. The interdisciplinary approach proposed
in the thesis is practically implemented in the textbook [5], which describes
in detail the methods for the step-by-step integration of programming
with electrical circuit calculations, numerical methods, and the visualization
of results. Thus, the combination of programming and the theoretical
foundations of electrical engineering provides an interdisciplinary link
between academic disciplines, fosters professional, information technology,
and analytical competencies, develops engineering thinking, and enhances
the effectiveness of the educational process. In this approach, programming
and the theoretical foundations of electrical engineering mutually support
each other, creating a synergy focused on the practical training of future
engineers.
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One of the main tasks in the firing of ceramic products in tunnel Kilns
is the intensification of the heating process. The heating process is charac-
terized by two main parameters: temperature and heating rate. The research
was conducted to obtain a preliminary quantitative assessment of the heating
process rate with subsequent experimental verification of the obtained data.

The analytical research was conducted on the example of bilateral
symmetric heating of solid and hollow bricks with a linear change
in temperature on the surface, which most closely corresponds to its heating
in tunnel Kilns.
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Taking into account that the surface of the narrow faces of a standard
single brick is 44% of its total surface, and up to 50% of the surface
of the narrow faces in a conventional kiln cage is closed, for the calculation
you can use the solution of the heat conductivity equation for heating
an unlimited plate with a linear change in temperature on the surface[1, 2].

If we take into account that the heating of the brick in a tunnel kiln
occurs in such a way that its speeds are set in certain temperature intervals
based on permissible differences in thickness, then it is advisable to consider
a multi-stage heating mode, in which the temperature change on the surface
occurs along a broken line consisting of straight sections, especially since
any temperature heating curve can be replaced by a broken one with straight
sections.

The resulting solution of the heat conductivity equation with a linear
change in temperature on the surface for multi-stage heating has the form

C,-s* (¥ ) §° . . . -
T R S 2 e +lc.-c) @+ +(c,-c,. )7
2a |57 ) a ) (1)
where
I m=1
| |
tg =Cr+Cory+.+C, 1 ->1, |

=1

In solution (1) the number of terms included in the sum of an infinite
series is equal to the number of heating stages. Each of the terms is the
product of the differences in the heating rate in this and the previous sections
and the function ®, which is determined by the dependencies for single-
stage heating for the entire time from the beginning of this section [1].

The proposed solution allows you to determine the temperature field
at any stage of heating, holding or cooling. In the specified solution,
the thermophysical properties of the brick have constant values. The values
of the thermal conductivity coefficient A, thermal diffusivity a and heat
capacity Cp change during heating. The reliability of the calculation
increases with correctly selected average values of these coefficients
in the temperature change interval. The true dependence of the thermal
conductivity coefficient, thermal diffusivity and heat capacity of ceramic
materials on temperature, taking into account endo- and exothermic
reactions, is quite complex. To solve thermophysical problems, for the
purpose of simplification, a rectilinear dependence of their values on tempe-
rature is usually assumed, and this coincides quite well with experimental
data.

In the calculations, the average values of the thermal conductivity
coefficient, thermal diffusivity and heat capacity were determined as the
arithmetic mean of the extreme values in the temperature intervals studied.
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Two-stage, speed-dependent heating of bricks was analyzed. In the first
stage, the surface temperature of the wide faces varied from 100 °C
(conditionally accepted for the end of brick drying in a tunnel kiln)
to 700 °C, in the second stage — from 700 °C to the final firing temperature,
which is 950 °C.

Fig. 1 shows a graph of the calculation of two-sided symmetrical heating
of a solid brick measuring 250x120x65mm at some real heating rate values
of 300 C/h and 200 C/h for heating clay bricks.
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Fig. 1 Two-sided symmetrical heating of a solid brick 65 mm thick
with a linear change in surface temperature at a heating rate
0f 300 °C/h from 100 to 700 °C and at a rate of 200 °C/h
from 700 to 950 °C

The heating mode corresponds to the curve ts. The curve t characterizes
the temperature of the medium in the furnace. The estimated heating
duration was 195 minutes,. Of which — 120 minutes at a rate of 300 °C/h
from the initial temperature of 100 °C to the surface temperature of 700 °C,
75 minutes — at a rate of 200 °C/h in the range of brick heating temperatures
of 700-950 °C, respectively. In this case, the final temperature
of the medium in the furnace t was 1080 °C. At a heating rate of 300 °C/h,
the maximum temperature difference between the surface and the middle
section of the brick was 120 °C, and at a rate of 200 °C/h — 80 °C.
The temperature difference between the surface and the center of the brick
in Fig. 1 at the end of heating was 70 °C. This indicates the need for holding
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at the end of each heating period to equalize the temperature throughout
the thickness of the brick and relieve thermal stresses [3].

With a linear change in surface temperature and an unchanged average
value of the thermal diffusivity coefficient, the temperature difference
between the surface ts and the middle tc during heating increases until
it reaches the largest value Atmax, which does not change further for values
of the Fourier number Fo > 1. This maximum temperature difference is
directly proportional to the heating rate, the square of the thickness and
inversely proportional to the thermal diffusivity coefficient and is practically
independent of the nature of the heating in the first stage [3]:

.Q2
At _CS

max 2a (2)
The true temperature dependence of A, a, and Cp of ceramic materials,
taking into account endothermic and exothermic effects, is complex. For the
sake of simplicity, a linear dependence of their values on temperature is
usually adopted when solving thermophysical problems, which agrees
reasonably well with experimental data. This solution assumes constant
values for the thermophysical properties of the heated material.
The results of the analytical analysis lead to the need for development
and development of individual designs of tunnel kilns for different types of
clay slurry using the method of extracting the best product from the product.
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AKTyanpHiCTh 300py KIIMaTHYHHMX JaHUX OOyMOBJIEHa mOTpebamu
0araTbOX CEKTOPIB HAILlIOHAJIHHOI EKOHOMIKH, 30KpeMa €HepreTHIHY Taly3b,
arpo-TeXHIYHUI CEKTOp Ta MPOMHCIOBE OyMiBHUITBO. MOHITOPHHT TaKHX
mapaMeTpiB, SK COHSYHA IHCOJAIMis, OapOMETPUYHWH THCK, UIBHUAKICTH
BITPOBHX IOTOKIB Ta BOJIOTiCThb, € (DYHJaMEHTAJIbHUM €TarloM HayKOBOT'O
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IUTaHyBaHHA. 30KpeMa, IIiJ] Yac PO3POOKHU IHKEHEPHHUX PIllICHb JJIsl 00'€KTIB
«3€JICHOT» eHEepreTHKH (BITPOreHepaTopiB UM COHSYHUX CTAHIIN) AeTalbHUNA
aHaJli3 METEOPOJIOTIYHOTO MPO(QIIF0 KOHKPETHOI JIOKaIlli € KPUTHYHO
Ba)XJIMBUM JUTS OLIHKH iXHBOT MaiiOyTHBOI eexTrBHOCTI. Taky iHdopmartito
MOXXHa OTPUMATH 3 BIJIIOBITHMX METCOPOJOTIYHUX CITy»KO, HANPUKIAT IS
M. Kponusnunekuii, Ykpaina [1].

B 3amexxHOCTI Biff MOJANBIIOr0 BUKOPUCTAHHS OOpOOKa CTATUCTHYHHX
JaHUX METEOPOJIOTIYHUX NapaMeTpPiB MOXKe ITOJISraTH y BU3HAYCHHI:

- CepelHiX 3HAueHb 3a IIeBHI mepiogu dacy (cepemHboJ000BI,
3a Ce30HAMH POKY, CepeIHBOPIUHI TOIIIO);

- MOXHOOK;

- y3araJbHIOIOYMX TOKa3HUKIB (AMcHepcis, MeliaHa, cepeaHe apud-
METHYHE, MOJIa, CEPEAHE KBapaTUYHE BiIXUICHHS);

- nepeBipIi rirnoTe3 1o/10 BiporiTHOCTI pe3yJIbTaTiB;

- KOpEJISILIHHO-perpeciifHoro aHamizy.

3 MEeTOI0 OTpHMMaHHS BIPOTIMHHUX JaHHMX CIiJI BUKOPHCTOBYBAaTH Habip
CTaTUCTUYHMX JIAaHWX 3a TPUBAIMH 1epiox yacy (He MeHme 1 poky, a Kparie
5-10 pokiB), MmO NPU3BOAWUTH JO HEOOXITHOCTI BUTpadaTH Oarato dacy
Ha 00pOOKY BEJIMKIX MACHBIB JaHUX.

Hapasi po3BHTOK TeXHONOTiii Ta IHCTPYMEHTIB INTYYHOTO IHTEIEKTY
(IIT) mae MOXJIMBICTh BUKOHYBaTH OOpPOOKY PI3HHX JaHUX, 1 SIK HACITIJOK,
CyTTEBO 3MEHIINTH TPYAOBI 3aTrpatd Ha o0OpoOKy manux. I[Ipu npomy
HEOOXI1THO KOPEKTHO HaJlaBaTH BXiJHY 1HQOpMAIIil0 IPU BUKOPUCTAHHI TOI'O
4M iHmoro incrpymenty 11

B naHiii po0OOTi pO3TISTHYTO MOXKIUBICTh OOPOOKH CTATUCTHYHHUX JAHHUX
3 BHUKOpHCTaHHsAM Takux iHctpymentiB ILI: ChatGPT, Google Gemini,
Copilot.

Ha «xadenpi aBromatmsamii BupoOHMuYMX mponeciB LleHTpanbHO-
YKpaiHCBKOTO HAIllOHAJBHOTO TeXHiYHOTO YyHiBepcurery 3 2008 poxy
pO3MOYaTO eKCIepUMEHTaIbHI JOCTIKCHHS 3 BHMIPIOBAaHHI METEOPOJIO-
TIYHAX TIOKAa3HWKIB 3a JIOTMIOMOTOI0 HH(ppPOBOI TOTOAHOI METEOCTaHIIii
Vantage Pro. Mereocranisi BHUMIpIOE Taki NapaMeTpH: TeMIEpaTypy,
BOJIOTICTh, MIBHAKICTH Ta HAMPSIMOK BITPY, aTMOC(EPHHUH THCK, KiIbKICTh
COHSIYHOI €Heprii, IHTCHCHUBHICTh COHSYHOI'O BHITPOMIHIOBAHHS, KUIBKICTh
omnanie, kompopTHy Temneparypa. s MOHITOPHHIY KIIIMaTHYHHUX I1apa-
METpiB BUKOPUCTOBYETHCS NporpamHoro kommiekcy «WeatherLink», skuit
3abe3neyvye NOCTIHHUHN 3B'130K 13 MeTeocTaHuiero. [Iporpamui 3acodu 1a0Th
3MOTY TIeperyisiiaTH HaKONHWYeHI NMaHi y JOBUIBHMX YacOBHX IHTEpBayax.
30KkpemMa, BUMIPIOBAJIBHUI IUKI NPHJIaxy CTaHOBUTH 60 CeKyHa, a KOXHi
30 XBHJIMH CHCTEMa MiJCYMOBYE Li Pe3yJIbTaTH, BiIOOpaxardn cepeaHbo-
apudmernune 3HadeHHA. g mpukiagy Oyino BHKOPHCTaHO CTaTHCTHYHI
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JlaHi MereoposioriuHux mapamerpiB 3a 2021 pik M. KponuBHHIBKHIA,
VYkpaiHa.

O6podka manux 3a gomomororo ChatGPT. Jlist 1iporo HEOOXiAHO 3aBaH-
TOXUTH TaOnuio naHux y ¢opmarti xIs abo .xIsx mo ChatGPT, a mortim
HaJlaTH 3alluT Ha KOHKPETHY 0OpoOKy, HalpHKIIaJa, BU3HAUYUTH KOPEISAIII0
MDK TeMIepaTypolo, IIBUKICTIO BITPY Ta IHTEHCHBHICTIO COHSYHOTO BUIIPO-
MiHIOBaHHS. J{71s1 KOpeKTHOi 0OpOoOKH CITif CHOYaTKy MO0 CepBic BHKOHAB
00poOKy Tabnwii Ta HaJaB BUCHOBKHM MIOAO iH(oOpMAIii, ska MiCTHTHCS
y tabmumi. Ilicmsa mepeBipku miei iHGopMmarii MOXHa HaJaBaTH 3aIHT
Ha KOHKpEeTHy 0OpoOKy. B pe3ynpTaTi KOpessiiifHOro aHajizy Ha OCHOBI
[Mipcona ChatGPT HamaB Taki koedillieHTH KOpeIslii: Temmeparypa-
coHsiuHe BuUnpoMmiHioBaHHA (r = 0.500); Temmeparypa-IIBUIKICTh BITPY
(r=-0.021); mBHUAKICTH BiTpYy-cOHsUHe BumpoMiHoBanHs (r = 0.141).
A TakoX 3reHepyBaB 3arajibHi BUCHOBKH: KopersniiHui aHaii3 mokasas,
0 cepel AOCIDKEHUX MapaMeTpiB HaHOUIbII CyTTEBUI CTaTHCTHYHMI
3B’SI30K CIOCTEPIraeTbcs MK TEMIEpaTypolo IOBITPS Ta IHTCHCHUBHICTIO
coHsYHOTO BUNpoMiHioBaHHS (r = 0.506), mo miaTBep/Kye ixX (yHKITIO-
HaJIbHY 3QJISKHICTh. BIUIMB IIBHIKOCTI BITPY Ha TEMIIEpaTypy Ta COHSYHY
pamiaiito € CTaTHCTUYHO CIa0KUM 1 MOXXE€ HOCHUTH OIIOCEpEIKOBAaHUMA
abo HenmiHiHUNA XapakTtep (gukopucmano wimyunutl inmenexkm). Takox
B MIOJAJIBIIIOMY MOXHA OOy yBaTH rpadiku KOPEesii.

Ipouemypa 00podku maHuX 3a qoromoror Gemini cxoxa, sk 1 B ChatGPT.
OtpumaHi Koe(illieHTH KOpeslil AeI0 BiIPi3HAIOThCS, ajieé HE CYTTEBO:
TeMIIepaTypa-coHssYHe BunpoMiHioBaHHs (r = 0.52); TemmepaTypa-IBHI-
Kicth BiTpy (r=-0.12); MMBUIKICTH BITPY-COHSYHE BHIPOMIHIOBaHHS
(r =0.08). Iurepnperarisi pe3y/ibTaTiB B JAHOMY BHUIMAJKY BUTIAAAE OLIBII
PO3IIMPEHO 3a KOXKHUM TTOKa3HUKOM. A 3araJlbHHH BHCHOBOK MAa€ BHIJISI:
HaiicunpHimmi 3B's30k y Bamomy HaOoOpi AaHUX MDK TeMIepaTyporo
Ta COHSAYHMM BHITpoMiHIOBaHHAM. Kopemsmis 0.52 BBajkaeTbcs MOMIpHOIO
Ta MO3UTHBHOIO. MK TeMIIepaTyporo Ta MBUAKICTIO BITPY ciTa0Ka Bix'eMHa
KOpEJISIIis, [Ie O3HAYae IO MPsAMOi JKOPCTKOI 3alekKHOCTI Hemae. Maiike
HYJIbOBA KOPEJISLis MK COHSIYHUM BHITPOMIHIOBAHHSM Ta LIBUJKICTIO BITPY,
IIe O3HaYae MI0 IIi [Ba MapaMeTPH MPAKTHYHO HE3AICHKHI OIAMH BiJ OJHOIO
(suxopucmano wmyunuii inmenexm). Ha Bigminy Bix ChatGPT Ge3kortoB-
Ha Bepcis Gemini He BUKOHYe MOOynOBY rpadikiB Kopessuii, IpoTe Haaae
BUUepnHy iHhopMariro momo ix modymosu B Excel.

B 6a3oiit Bepcii Copilot npoueaypa 3aBaHTa)XeHHs TabIHILI HE BiJpi3-
HA€ThCs Big nomnepenHix iHctpymenriB I, PesynbraTé orpumani 3a gomo-
moroto Copilot cmiBnamatore 3 pesynbraramu  ChatGPT (mpm  ymoBi
BUKOPHUCTaHHSA M aHamizy koedimienta kopensmii [lipcona). Takox
Copilot Hamae MOXIUBICTH MOOYAyBaTH TEIUIOBI KapTH KOPEJSIIH.
Iarepnperanis pesynsratiB B Copilot HacTynHa: HalicunbHimmid 3B’ 430K —
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MDK TEMIIepaTyporo Ta COHsS4HOW panianiero. IlIBuakicte BiTpy Maibke
HE KOPEJIIOE 3 TEMIIEPATyporo 1 JIHie ¢1abo — 3 COHAYHOI IHTEHCHBHICTIO.
JlaHi MarOTh BUPa3HHUU JOOOBUH IMKII, IO 3HIDKYE 3HAYCHHS TNI0OAIBHOTO
koedirienta [Mipcona (uxopucmano wmyunuil inmenexm).

BucHoBOK. AHai3 MeTEOJaHUX PEKOMEHIYEThCS MPOBOJIUTH 3a JIOTO-
moroto mozeneit ChatGPT, Gemini a6o Copilot. Xoua 3a sixicTio 00poOKu
CTaTHCTUYHOI iH(poOpMamii BOHH IEMOHCTPYIOTH CXOXY €(EKTHUBHICTD,
ChatGPT i Copilot MaroTe TIepeBary y CTBOPEHHI TpadiqHOr0 KOHTEHTY
(miarpam, rpagikiB) OesmocepenmHbO B iHTepdeici dYaTy, MO CHpOIIYyE
IHTepIpeTaIiio JUHAMIKMA TapaMmeTpiB MOPIBHAHO 3 TEKCTOBUMH 3BiTaMH
Gemini

JlirepaTtypa:
1. Apxis moroan mias Kropyvnytskyy. Meteoblue : Be6caiit. URL:
https://www.meteoblue.com/uk/weather/historyclimate/weatherarchive/krop
yvnytskyy ukraine 705812

42



Riga, the Republic of Latvia

March 4-5, 2026

SECTION 7. CHEMICAL TECHNOLOGIES
AND ENGINEERING

DOl https://doi.org/10.30525/978-9934-26-661-4-10

CHEMISTRY AS A TOOL FOR ACHIEVING THE SUSTAINABLE
DEVELOPMENT GOALS: TECHNOLOGIES, MATERIALS,
ENERGY

CYYACHA XIMIA SIK IHCTPYMEHT JOCATHEHHSA HIJIEA
CTAJIOT'O PO3BUTKY: TEXHOJIOI'Ti, MATEPIAJIN, EHEPT IS

Nadala O. S.

Physics teacher at the Department of
Fundamental Sciences,

Hetman Petro Sahaidachny National
Army Academy

Lviv, Ukraine

Hapana O. C.

suxaday gizuxu xagpeopu
¢yHOameHmanbHuX HayK,
Hayionanvha axademisi cyxonymuux
silicok imeHi cemomana Ilempa
Caczatioaunoeo

M. JIvgie, Ykpaina

AxrtyanpHicTh TeMu. CTanuii po3BUTOK € HAMOUIBII TII0OATBHOI CTpa-
TETi€l0, sIKa CIpsIMOBaHAa Ha 3a0e3neyeHHs! 30aJlaHCOBaHOTO €KOHOMIYHOTO
3pOCTaHHs, COLIAJIBHOrO A00po0yTY, 30epeeHHSI HABKOJIHMIIHEOTO CEpeo-
BUINA Ui MaHOyTHIX TOKOJNiHB. JIOCATHEHHS MiJICH CTaJIOTO PO3BHUTKY
(Sustainable Development Goals, SDGs), Busnauenux Opranizaiieo
006’ ennanux Harmiit [3, c. 1-5], HeMoxmBe 0e3 Oe3M0CepeIHBOTO Ta aKTHB-
HOTO 3alydeHHS (yHIAMEHTANBHUX 1 MPHUKIAAHAX HayK, a came XiMii.
Peamizamis tux sxe mineir (SDGS) nmorpebye NUHAMIYHOTO BIPOBAIKCHHS
HAYKOBHUX JOCSTHEHB, 30KpeMa B)Ke B CyJacHil Ximil.

Mera Ta 3aBIaHHs JOCHipKeHHs. [IpoaHasnizyBaTH posib Cy4acHOl Ximil
y 3a0€3MeUYCHHI CTaJIOro, CTabIIPHOTO PO3BUTKY, SKUH 0a3y€ThCsS Ha BIPO-
BaDKCHHI “3eJeHUX’ TEXHOJIOTIH, CTBOPEHHS pecypcoeeKTUBHUX MaTepia-
JIB Ta PO3BUTOK albTEPHATUBHOI €HEPreTHKH, 10 MIHIMI3yIOTh aHTpPOIIO-
reHHMI BILIMB Ha HABKOJHMIIIHE cepenoBuiie [4, c. 810].

1. Ximist Ta “3eseHi” TexHoaorii

CyuacHa XiMisl IPYHTY€ETBCSI Ha MiHIMi3allii HETaTHBHOTO BIUIMBY BHUPOO-
HUOTBa HAa JIOBKULIA. Yce 1e JOCATAEThCA 3aBISKH BIPOBAIKCHHIO
MIPUHIUITIB “3eNIeH0i” XiMii. BOHH MmONsATaloTh y 3MEHIICHHI BUKOPUCTAHHS
TOKCHYHUX PEYOBUH, TIJBHIICHHI €HEProe()eKTUBHOCTI  IPOIIECiB,
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CKOpPOUYCHHI YTBOPEHHS BiaXoiB. be3BiaxomHi TexHoJOril, 010pO3KIaaHI
Marepiaiy, KaTaliTUYHI METOH CIIPHUSIOTh:

- 3MEHIIICHHIO TPOMHCIIOBOTO 3a0pyaHeHHst [4, c. 3181-3182];

- palioHATLHOMY BUKOPUCTAHHIO IPUPOTHUX pecypcis [2, ¢. 40-45];

- MepeXoAy 10 IUPKYIIPHOi eKoHOMIKH [4, c. 3182].

Takum urHOM XiMisl 3a0e3Meuye eKOIOri3aiilo BUPOOHHYNX MPOLECIB Ta
(dopmyBaHHs 6E3MEYHOr0 TEXHOIOTTYHOTO cepenoBuiia [5, ¢. 118].

2. HoBiTHI Marepiaiy Ik OCHOBa pecypcoeeKTHBHOCTI

Po3po0iieHHs1 HOBITHIX MaTepiajliB — HAHOCTPYKTYp, KOMIIO3UTIB, MEMO-
paH, OiomoniMepiB — 3a0e3Medye IMiIBUIICHHS JOBIOBIYHOCTI MPOIYKINi Ta
3HIKCHHS pecypcocrioknBanHs. CydacHi Marepiaiyl Ui OYHIICHHS BOMM,
TOBITPS, YTHIII3allil BiIXOMIB BiNIrpalOTh BAXIWBY pOIb y 3a0e3medeHHi
€KOJIOTIuHOT Ge3MeKy Ta MOKpAIeHH] SKOCTI XHUTTs HaceneHHs [5, c. 812].
Komnremnirist pecypcoeeKTHBHOCTI aKTUBHO PO3TJIIIAETHCS B MEKaX 3eJICHOT
ximii [8, ¢. 95-110].

3. Ximist B eHEpreTUIHOMY IIepeX0i

CyuacHi XiMIuHI JOCHIPKEHHS CIIPUSIOTh PO3BUTKY €HEPreTHYHOT TPpaHC-
(dopmariii, sika € KIIOYOBUM €JIEMEHTOM CTaJOro PO3BUTKY, BU3HAYCHUM
Yy MDKHapOJIHUX CTpaTeriyHuX AoKyMmeHrax [3, c. 14-19]. Ximis crpusie:

— po3pobineHHI0 e(eKTHBHUX aKyMyJSTOpIB 1 NaJIMBHUX €JEMEHTIB
[7, c. 40-42];

— CTBOPEHHIO BOJHEBHX TexHOIOrIH [7, ¢. 40-42];

BHPOOHHIITBY GiONaIMBa Ta CAHTETHYHNX €HEPrOHOCIB [6, ¢. 5354-5455];
YAOCKOHAJCHHIO COHSYHHX Ta (DOTOCNEKTPOXIMIYHHX CHCTEM
[4, c. 3182-3183].

VYce ne 103BoJIsiE 3MEHIINTH BUKHIM ITAPDHUKOBUX Ta3iB i 3a0e3neynTa
nepexij 10 HU3bKOBYTJICIIEBOI €KOHOMIKH [6, ¢. 5456].

BucuoBku. CywacHa XiMis BHCTYIIa€ CTpaTETi4YHUM IHCTPYMEHTOM
JIOCSATHEHHS I1iIel CTanoro po3BHUTKY. [i HajbaHHS 3a0€3MeUyIOTh BIPOBA/I-
JKCHHSI €KOJIOTIYHO Opi€HTOBaHUX TexHousorik [1, c¢. 50-55; 5, c. 812],
CTBOpEHHs iHHOBaIiiiHUX MatepianiB [2, ¢. 130—135] i po3BUTOK anbTepHa-
TUBHOI eHepreThku [6, c. 5456; 7, c. 45]. Yci ui YNHHHKH BEOyThH
o (GOpMyBaHHSI CHEPreTHYHO CTiliKOi MOAeNi pPO3BUTKY CYCHIIBCTBA.
Iurerpariss XiMIYHHAX JOCTIMKCHb 13 MDKIUCIMIUTIHAPHUMHU IiIXOdaMU
copusie (OPMYBaHHIO [JaHOI MOJIEN, IO TMOEIHYE CEKOHOMIUHY edek-
TUBHICTB, COI[iaJIbHY BiMOBIIAIBHICTE Ta €KOJIOTiuHyY Oe3meky [3, ¢. 5].

Jlitepatypa:
1. Anastas P. T., Warner J. C. Green chemistry: theory and practice. New
York : Oxford University Press, 1998. 135 p.
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4. Sheldon R. A. Green chemistry and resource efficiency: towards
a green economy. Green Chemistry. 2016. VVol. 18. P. 3180-3183.

5. Poliakoff M., Licence P. Green chemistry. Nature. 2007. Vol. 450.
P. 810-812.

6. Dunn J. B. Biofuel life cycle analysis and sustainability. Energy &
Environmental Science. 2012. Vol. 5. P. 5451-5468.
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Vkpaina, sk wied OOH, mnpuennanacst 10 TI00ILHOTO HpOLECY
3a0e3MeUeHHs] CTAJIOr0 PO3BUTKY, BH3HAUUBINK HamioHadbHi 1lini Cramoro
Poseutky (LICP), sixi ciyryBaTHMyTh OCHOBOIO JUIsi IHTErpaiii 3yCHb,
CHpSIMOBaHMX Ha 3a0e3Me4YeHHs EKOHOMIYHOTO 3pOCTaHHS, COLabHOT
CIpaBeUIMBOCTI Ta palliOHAJIbLHOTO NpHUpojoKopucTyBaHHs [1]. OmgHum
i3 3aBaanb LICP € 3abe3nedeHHss CTBOPEHHSI CTIMKHX CHCTEM BHPOOHHIITBA
MIPOJYKTIB XapuyBaHHs, HacaMIlepes 3a PaXyHOK BUKOPHCTaHHS 1HHOBAIIiH-
HHUX TEXHOJIOTiif BUPOOHUITBA, PO3pOOIIEHHX HA 3acafax MiBUIICHHS IXHBOT
eHeproedexTuBHOCTI [1]. B ymMoBax choromeHHs 3a0e3MeUeHHS JOCTYITHOCTI
30aJaHCOBAHOTO Xap4yBaHHSA JJIS HaceleHHS YKpaiHM Ha PiBHI HAyKOBO
0OTPYHTOBAaHHUX HOPM € MPIOPUTETOM Jep>KaBHOI HOMITUKH [1].

OJHUM 13 OCHOBHUX TEXHOJIOTTYHHX ITPOLIECIB B XapuoBiil Ta nepepoOHin
MIPOMUCIIOBOCTI € CYIIiHHS HArpiTUM IMOBITPSIM, IiJl 9ac SKOTO BiZ0OyBa€eThCs
BUJIQJICHHS HAJJIMIIKOBOI BOJIOTH 3 Marepiany A0 piBHS O€3MedHOro s
30epiraHfs. Y BHCYIIEHOMY IPOXYKTI HPHUIUHIETbCS MIKpPOOHE INCYBaHHS
Ta MIHIMI3YeTbCS (PEpMEHTATHBHA AKTHUBHICTb, IO IIOJOBXKYE TEPMiH
30epiranns. Ilpore, CymIiHHA € EHEProEMHHM IPOMMCIIOBHX IIPOIIECIB,
Ha skuid mpumagae Big 12 mo 20% Bim 3aradbHOTO CIIOXKWBAHHS CHEPTii
B MPOMHUCIOBOCTI po3BuHeHHX KpaiH. [ mocsraeHHs L[CP BaximmBuMm
€ (opMyBaHHS CHEPreTHYHOI OE3MEeKHW KpaiHW, mIo Mependadae 30KpeMa
BIIPOBADKEHHsT IPOTpaM 1 3aXOAiB 3 IIABHINCHHS EHEPro30epeKeHHs
Ta CHepProe(heKTUBHOCTI CEKTOPiB eKOHOMIKH [1].

BpaxoByoun, 110 CYIIIHHS HarpiTUM MOBITPSIM € BAaXJIMBUM 3 TOYKH
30py 30epeeHHs BIACTUBOCTEW 1 XIMIYHOTO CKJIaay CUPOBUHH Ta BHTpPAT
EHeprii eTanoM, JJisi CTBOPEHHS CTAIMX TEXHOJIOTiH epepoOIeHHs] POCIIHH-
HUX MaTepiajiB JOCIHiPKCHHS 3HEBOJHEHHsS CHPOBUHH, CIIPSMOBaHI Ha Mij-
BUILCHHS CHEpProe()eKTUBHOCTI MpoLecy Ta 3a0e3NeUeHHs OJIep>KaHHs Mpo-
JIYKTY BUCOKOI SIKOCTi € aKTyaJbHIM HayKOBO-TEXHIYHUM 3aBJIaHHSM.

Jns BU3HaYeHHS 3aKOHOMIPHOCTEH Mpoliecy CYIIIHHS TepMOJIaOilIbHIX
MaTepiaiiB Ta po3poOieHHS eHeproe(eKTHBHUX PEXHMMIB 3HEBOTHEHHS SIK
00’exTH nocmimKeHHsS BHOpaHi (pykTH (g0iIyKa) Ta NPSHO-apOMATHIHI
TpaBu (M’siTa mepuesa). Y 3B’S3Ky 3 THUM, 10 TpHUBajia TEIJIOBA Jisl Hera-
THBHO II03HAYA€ThCS Ha SIKOCTI TOTOBOTO IPOAYKTY, IPU PO3POOIICHHI pexu-
MIB 3HCBOAHEHHS (PYKTIB Ta MPSIHO-apOMATHYHUX TPAaB OCHOBHHUI aKICHT
MOBUHEH POOUTHCS HA BUKOPHCTaHHS HEBUCOKUX TEMIIEPATyp 1 CKOPOYECHHS
TpuBanocti npouecy. Jns 30epexeHHSAM IIHHMX O10JIOTIYHO aKTHBHUX
PCYOBHMH CYIIIHHSA HEOOXITHO 3JIMCHIOBATH 3a TEMIICPATypH, IO HE Mepe-
Buiye 40 °C mist npsiHo-apoMatnaHux Tpas 1 60 °C aist GpyKTiB.

[lpn BHUBYEHHI TEXHOJOTIYHHUX BJIACTHBOCTEH MarepialiB BaKJIMBE
3HAUEHHS Mae€ aHajli3 i30TepM aacopOIii, M0 MpPeACTaBISAIOTH (YHKIIO-
HAJIbHY 3aJIe)KHICTh MK BIJHOCHOIO BOJIOTICTIO TIOBITPS 1 PIBHOBa)KHUM
BOJIOTOBMICTOM MaTepialy NpW IOCTIMHMX TemrepaTypi 1 THCKy. 3a
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SKCIICPUMEHTAIBHO OJCPKAaHUMHM 130TEPMHU aJcopOLii mapu BOIU UL J10-
CJIDKYBAHMX MaTepiajiB BH3HAYCHI 3HAYCHHS PIBHOBA)XHUX BOJIOTOBMICTIB
B niama3oni temmepatyp 30...60 °C. Lle m03BOIHMIO BCTaHOBHTH 3B’S30K
MK TEIJIOBOJIOTiICHMMH TIapaMeTpaMy CYHIMIIBHOTO areHTa i BUCYIyBaHOTO
Marepialry B MPOLEC] CYIIIHHS, a TaKOX OJIEpKaTH 3aJeXKHICTb MapIiaib-
HOTO THCKY NapH BOJIM Ha IIOBEPXHI MaTepiaily BiJ BOJOTOBMICTY 1 TeMIie-
parypu p,, = f(u, t) B aiamasoni u = 0,04...0,9 kr/kr c.m. i t = 30...60 °C.

HaiirmoMiTHIIINI BB BOJIOTOBMICTY CYIIMJIBHOTO areHTa Ha TPUBAIICTh
NPOLIECY BUSBIIIETBCS TPH  HHU3BKOTEMIIEPATYPHOMY CYIIiHHI: HHU3bKa
IHTCHCHUBHICTh 3HEBOJIHEHHS, 3aJIe)KHICTh €()EeKTUBHOCTI POOOTH CyIIapKu
Bil TEIUIOBOJIOTICHMX TMapaMeTpiB aTMOc(hepHOro TMOBITpsA. AHami3
3aJIeKHOCTEH MapiaJbHOTO THCKY IapH BOAM HAa TOBEPXHI Marepiaiy p,,
JUIs  JOCHI/DKYBAaHMX MaTepiajiB IOKa3aB, MI0 Yy MIpy 3MEHIICHHS
BOJIOTOBMICTY Ha IIOBEPXHI MarTepially 3MEHIIYEThCS pylliiiHa cuia
MacooOMiHy — MaCOOOMIHHMK HAmop AP = P,, — Pe.a.-

€IuHUM [UIIXOM  iHTeHcH(IKaIii IpoIecy HU3bKOTEMIIEPAaTyPHOI'O
CYIIIHHS € 30UTBIICHHS MAacOOOMIHHOTO HAmopy Ap MUISXOM MPUMYCOBOTO
OCYIICHHS CYIIMJIBHOTO areHTa. /I MiATpUMKHA HEOOXITHOI BEIMYMHU
MacoOOMIHOTO HAmoOpy CYIIHHS JOIJIBHO MPOBOJUTH 33 PEKHUMAMHU
31 3MIHIOBaHUM CTYIIEHEM OCYILEHHS CYIIWJIBHOTO areHTa. Ha nepiuiit cranii
CYWIIHHS, JOCTAaTHIH HEBEIMKHWH CTymiHb ocymieHHA. Ha npyrii cranii
y Mipy 3HIDKCHHS NapHialbHOTO THCKY IIapd BOAM HaJ MarepialloM
BINOBITHO 30LIBIIYETHCS CTYIIHB OcymieHHS. Ha cranii mocymryBanHS,
OCHOBHUM (pakTOpoM, IO OOYMOBIIOE CHEPrOBHTPATH, € TPHUBAIICTh
nporecy. s 30iIbIIeHHS MIBUAKOCTI CYIIIHHSA HEOOXITHO MaKCHUMAaJIbHO
30UIBIINTH CTYIMIHb OCYIIEHHS CYIIHUIIBHOTO areHTa.

B mocnimxenHi [2] s BU3HAUSHHST ONTUMAaIbHUX 33 €HEPrOBUTPaTaMHU
MOKa3HUKIB TIPOIECY CYIIIHHS 3 3aCTOCYBaHHSIM TEIJIOHACOCHOTO IIMKIY
PO3pobeHu# anropuT™ po3paxyHky B H-d miarpami mporiecy 3HEBOAHEHHS
TEIUIOHOCIS. 3a pO3paxOBaHMMHU NMUTOMHMH E€HEPTOBHTPAaTaMH IIPHU PI3HUX
TeMIepaTypax CyIIiHHS Ta CTYIEHSIX OCYHICHHsA TeIioHocis (pue. 1),
BHU3HAYCHI ONTHMAJBbHI TEIUIOBOJIOTICHI IMapaMeTpH TEIUIOHOCIS Ta po3pood-
JIeHI peXHMH, Mo 3a0e3neuyloTh IHTEHCH(]IKAIil0 MacooOMiHy Ta MiHi-
MaJIbHI €HEPTOBUTPATH B TIPOIOBK BCHOTO MPOLIECY CYITiHHA (TadI. 1).
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Puc. 1. Bniins TemnepaTypH CylIiHHS HA eHEPrOBUTPATH Npouecy
BHJAJICHHS BOJIOTH

BimmpaiisoBaHe BOJIOTe MOBITPS, W0 HAE 3 CYIIAPKH, € iIealbHUM
JDKEPEIIOM  HHU3BKOMOTEHINHHOI ~ eHeprii sl  TEIUIOBOIO  Hacoca
KOHJICHCAIIIHHOT CyIIapku. [HTerpallis TEIUIOBOI0 HACOCa B IHUKI CYIIapKU
JTO3BOJISIE pealli3yBaTh PO3POOJICHI PEKUMHU CYIIHHSA s0Jiyka Ta M STH
HEpLEBOI.

Tabmuws 1
Pe:xxumu cyminHs s10/1yKa Ta M’ SITH IPH TeMIepaTypi CylIHJILHOI0
arenTa 50 °C ta 40 °C BinnosigHo

Cranist CTyniHpb ocylIeHHsI d. r/kr e Ap, MM pT.CT. a,
CYIIHJIBLHOTO areHTa ' 7| séayko / m’aTa | KBT-roa/kr
[ HEBCITHICH CTYTIHE 20..25 | 58..63/25..30 | 04...0,6
OCYIIEHHS
I 30LIbICHAS CTYCHS 15..20 | 45...54/20..25 | 0,6...1,0
OCYIIEHHS
I“ MAaKCUMAJIBHO MOXXJIMBHUH < 15 3342 / 12 10 1’5

CTYMiHb OCYIICHHS

MOXJHMBICTh IPUMYCOBOTO OCYIICHHS ITOBITPSI y BUIIAPHUKY TEILIOBOTO
Hacoca JIO3BOJIIE CTBOPHTH HEOOXiIHI TEIUIOBOJIOTICHI IapaMeTph
CYIWIMJIBHOTO areHTa HE3aJIe)XHO BiJl yMOB HAaBKOJHMIIHBOIO CEpPeIOBHIIA.
Taka 3aTHICTB TEIUIOBOTO HAacoca 3HIKYBATH BOJIOTOBMICT CYIIMJIBHOTO
areHTa IiJ| 4ac HHU3bKOTEMIIEPATYPHOTO CYIIIHHS CHpHse iHTeHcupikaiil
BOJIOTOBHJIAJICHHSI 32 PaxyHOK IiJBHIICHHS MAacOOOMIHHOTO HAaropy Mix
TEIUIOHOCiEM 1 MatepiajoMm. Bomora, mo BHIy4aeTbcsi 3 MaTepiajly He
BUHOCHTBCSI CYIIWJIFHUM areHTOM B HaBKOJIMIIHE CEPEJOBUILE, a KOHJICH-
CYETBCSl Ha XOJIO/IHIM MOBEpPXHI BUIApHHUKA TEIUIOBOTO HAcoca, IPH IIbOMY
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YTHITI3YETHCS TEIJIOTa KOHJEHCAllii, sIka IOBEPTAEThCS Ha OUIbII BUCOKOMY
piBHi B mpouec. lle m03Bois€ 3HM3UTH €HEPrOBUTPATH Ha 3HEBOJIHEHHS
B 2...3 pa3u B MOpIBHSIHHI 3 TPaJULIAHUM KOHBEKTHBHHM CYIIIHHSM,
MiABHUIIUBIIY HOTO CHEProe(EeKTUBHICTD.
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Beryn. VYkpaiHa chOrogHi CTOITH Mepel BUKIMKOM: SIK MOEIHATH
TpPaIMIiiiHy TeIJIOBY €HEPreTHKY 3 BHMOTAaMH Cy4YacHOi EKOJIOTidHOI
nojituku  €Bpomneiicekoro Cotozy. OaHuM i3 HaiOinpmmx Oap’epiB Ha
ObOMY LUISXY € 30JIONUIAKOBI BiIXOAW €NEKTpOCTaHLid. BoHum Hakomu-
YYIOTBCS JECATHIITTAMH, YTBOPIOIOYM LI TEXHOTEHHI «JIAHAAa(TH», M0
3a0pyIHIOIOTH TPYHTH, BOLY Ta HOBITps. €BpOIEHCHKE 3aKOHOIaBCTBO YiTKO
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TOBOPHTH: BIAXOAM MAlOTh CTaBaTH pecypcami, a He npobdiemoro. Came TyT
nepepoOKa  30JIOIIIAKOBUX MaTepialliB  CTa€ KIOYOBUM  EJICMEHTOM
IMIUIEMEHTAIIT €BPOMEHChKUX HOPM B YKpaiHi.

€Bponeiicbki BuMorn. €sporneiicbkuii  Coro3 BuOyIyBaB cuUCTEMY
MOBOJDKEHHS 3 BiIX0/1aMH Ha NPUHIIUIAX HUPKYJISIPHOT EKOHOMIKH.

—  HupextuBa 2008/98/EC mpo BiAXOMU BCTAHOBIIIOE I€paApXiro:
3armo0iraHHs yTBOPEHHIO — IMOBTOPHE BUKOPUCTAHHSA — TepepoOka — iHIIi
BHUJIM yTHIIi3aIlii — 3axopoHeHHs [1].

—  Hupexrusa 2010/75/EU mpo mMpOMHUCIIOBI BUKHIN BHMarae MiHiMi-
3yBaTH HETaTUBHUH BIUIMB €HEPTeTUKH Ha JOBKULIA [2].

—  JIupextuBa 2018/851/EU ytouHIO€ i 11010 MepepoOKH Ta MOB-
TOPHOTO BHMKOPHMCTAaHHS, MiAKPECIIOIOYN HEOOXIJHICTh BUCOKUX Koeilli-
€HTIB yTIii3amii [3].

—  €Bporeiicbkuii 3enenuit kypc (2019) Bu3HaYae MUPKYISIPHY €KOHO-
MIKy SIK OCHOBY KJIIMaTH4HOI HelTpanbHOCTI 10 2050 poky [4].

IMniemenTaniss K LUISIX [0 €Bpomeiicbkoi iHTerpaunii. YkpaiHna
IIparHe CTaTy MOBHONPABHUM WICHOM €BPOIICHCHKOT pOAMHH. AJle IeH IMIIIX
HEMOXIIMBUI 0e3 rapMoHi3alil yKpaiHCBKHX HOPMAaTHBHHX JOKYMEHTIB i3
€BPONEHCHKIMHU Ta YITKOTO NOTPHUMaHHA ixHiX BuMor. Came 1e O3Ha4ae
CIIOBO «imniemenmayis» — He (opMmainbHE NPHUHHATTS 3aKOHIB, a iXHE
peasibHe BTUIEHHS y NPaKTUKY.

VY cdepi MOBOHKEHHS 3 BiIXOAaMU 1€ 03HAYAE:

—  Iepexin Bia CKIaayBaHHS 10 MEpPepoOKH,

—  CTBOPEHHS NPOJYKTIB, IO BIANOBIAAIOTH E€BPONEHCHKUM CTaH-
JlapTam,

—  iHTerpamiro yKpaiHCbKHUX TEXHOJIOTIH Y €BPONEHCHKUH PUHOK.

TakuM YHHOM, mepepoOKa 30JIONIIAKOBUX BIIXOMIB CTa€ HE JIMIIE
€KOJIOTIYHMM 3aBJIaHHAM, a M MOJITHYHAM Ta EKOHOMIYHHM IHCTPYMEHTOM
inTerpanii Ykpainm B €C; BuUMOroroo uacy, 0e3 sKkoi Taka iHTerparis
HEMOJKIIMBA. .

Ykpainceka npo6jema. Illopoky B €C yTBOpIOETBCS ONHU3BKO
100 MIH TOHH 30JIOLUIAKOBHX BinxoxiB, i moHan 60-70% 3 HUX yTWIi-
3yetbest [5]. B Vkpaini K OOpPIYHO HAKOMUYYETHCA 5—7 MJIH TOHH, aje
yrumizyerbest Menmie 15% [6]. Pemra ckiagyerbcs Ha TONIrOHax, sKi
3aiiMaloTh BEJIMYE3HI TUIOMII i MEepEeTBOPIOIOTHCS Ha JOBIOCTPOKOBI JKepesia
€KOJIOTTYHUX PU3HKIB.

Ile o3Hayae, 1m0 MiABUIIEHHS KoedillieHTa yTHIi3amii 30JI0IITAKOBHX
BiJIXOJIiB € OJHI€IO 3 KIFOYOBHX IEPEIyMOB YCIIIIIHOI IMIUIEMEHTAIIIT €BPO-
MEeHCHKOT0 EKOJIOTIYHOTO 3aKOHOAABCTBA B YKpaiHi.

Bukiaukn mnpsamoi ytwaizamii. [Ipsma yTumizamis 30J0MITAKOBHX
BiIXO/IB yCKJIaAHEHA IXHIM HeCTaOiNbHUM (Pa30BUM Ta XiMIYHHM CKJIAJOM.
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Y 3011 mpucyTHI HeOakaHi KOMIIOHEHTH, SIKi poOusiTh ii BUKOpPHCTaHHS
MpoOJIEMAaTHIHUM:

—  Hepnonanenwuii Byrienp — 3HIXKYE SKICTh 30JI0IIIAKOBUX MaTepiaiB
SK J00aBKH JI0 IIEMEHTY.

—  Heramene Banno (aktuBHMi CaO) — MoOXKe BUKIMKATH HeOaXkaHi
peak1ii mpu BUKOPUCTaHHI B OyiBEJIbHUX MaTepiajiax.

Uepes 11e 30J0MIIAKOBI Bigxoau Oe3 momepenHboi 0OpoOKH HE Bimmo-
BiJAaIOTh BHMOTaM €BPOICUCHKUX CTAaHIAPTIB i HE MOXYTh OyTH Oe3ro-
CepeIHbO IHTErPOBaHi B OyiBEIbHY YU 1HITY IPOMHUCIOBICTD.

Heoo0xinnicTe nonepeanboi nepepodxu. s ycmimuoi yTriizamii mo-
TpiOHA MIMOOKa ToTnepenHs epepoOKa, sKa J03BOJISE:

1. Bwinyuutu HeOaxaHi JOMILIIKM Ta CTBOPUTH KOHAMUIMHUWII Ipo-
JYKT — TiApaBiiuHy 100aBKy JJIsi BAKOPUCTAHHS B OY/1iBHUIITBI.

2. OrpuMaTH BWJIyY€HI KOMIIOHEHTH B YHCTOMY BHUIJISII, KOJH
BOHHU BX€ HE € LIKI/UIMBOIO JIOMIIIKOIO, a TIEPETBOPIOIOTHCS Ha JIIKBITHUI
MIPOJYKT:

— Hepomanenmii Byriemp — BHCOKOKalOpiifHE IaJMBO, aHAJIOT
KOKCOBOTO mity. Moro MoxHa 01aBati 10 ByrinsHoro xuBinenns TEC aGo
BUKOPHCTOBYBATH 5K J00aBKY IUIS TiABHUINCHHS KAJIOPIHHOCTI NepeB’sTHIX
HeJIeT YH 1HIIOTO «3eJICHOT0» MaJliBa.

— AxtuBHuii CaO — Moxe OyTHM BUKOPUCTAaHHH SK CHPOBHHA VIS
BUPOOHHLITBA Oy/iBENbHUX MaTepiajiB Yu COPOCHTIB.

TexHoJioriune pimenHsa. Hama komaHga po3po0isie TEXHOJOTIT
TITHOOKOT TepepOOKH 30JI0IIIAKOBUX MaTEpPiaiB:

—  ®i3puHi MeTomM: CyIIKa, acpoAMHAMiYHA Ccemapalisi, MarHiTHa
cerapartisi.

- XiMigHi ~ METOAWM: IEOJNITi3allis, BWJIYTOBYBaHHS IUTbOBUX
KOMITOHEHTIB (HaIpHKIIaJ, aTIOMIHIIO0).

L1i TexHomOTIi BXXE BTUIEHI HA MPAKTHUIIL: TOOYIOBaHUH 3aBOJ BUPOOIISIE
nmobasky, mo BiamoBimae HACTY EN 450-1 [7], rapMoHi3oBaHOMYy 3
€BPONEHCHKUM CTAaHIAPTOM Ul BUKOPHCTAHHS 30JIM B IIeMeHTi. Lle o3Hauae,
0 MH peaJbHO IHTErpyeEMO YKpalHChKI TIPaKTUKH Y €BPOINEHCHKI
CTaHIapTH.

BucHoBku:

1. TlepepoOka 30J0ILIAKOBUX BiIXOMiB BiamoBimae mpunimmy End-of-
Waste (EOW): Bigxoau mepecTaroTh OyTH «CMITTAM» i CTalOTh MPOLYKTOM
[8]. Lle — mpakTruHa immuemenTaris Jupextusu 2008/98/EC ta qupekTiBu
2010/75/EU. BupoOHHUTBO cepTH(IKOBaHUX MaTepialiB BiIKpHBAE LUIIX
no i”Terpamii VYKpaiHM B  €BPONEHCHKMH pPHHOK, Ji¢ E€KOJIOTidHa
BiJINIOBiTHICTh € KOHKYPEHTHOIO ITEPEBATrOI0.

2. TTepepoOka 30JI0ILTAKOBHX BiJIXO/IB Ja€ MOABIHHUI pe3yIbTat:
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- ExoyoriyHuii: 3MEHIICHHS IUIONI MOJIrOHIB, 3HW)KCHHS PH3HUKIB
3a0pyIHEHHSI JJOBKIJLIS, 3aMiHa IIEPBUHHUX PECYPCIB.

—  EKOHOMIYHMH: CTBOpEHHST HOBHUX IPOAYKTIB, pPOOOYMX MICIIb,
PO3BUTOK «3€JIEHOD» TPOMHUCIIOBOCTI.

3. SIKIo 30JI0IIIAKOBI BiTXOIU HE MEPEPOOIIAIOTECA — YKpaiHa OpyIIye
npuHounmu €C 1 3aMIaeThcs OCTOPOHB Bl Cy4acHOi €KOJIOTIYHOI MOoui-
THKH. SIKIIO % BOHH IEpepoOISIOThCS — Le MPIMHUN KPOK O iMIDIEMEHTAIlii
€BPONCHCHKUX HOPM 1 iHTerpamii B ekojoriuny momituky €C. Hami
TEXHOJIOTii — TPHUKIA] TOTO, SIK HAayKoBa po3poOKa cTae HEoOXiTHIM
€JIEMEHTOM IMIUIEMEHTAIlii €KOJIOTIYHOTO 3aKkoHOoaBcTBa €C B YKpaiHi.
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Creating conditions for barrier-free access in the fields of education
and economic activity is one of the key priorities of the National Strategy,
which aligns with the ratified UN Convention on the Rights of Persons
with Disabilities and the Association Agreement between Ukraine and the
European Union [1].

Compliance with accessibility standards at the design and construction
stages of new educational facilities is a mandatory quality assessment
criterion for design and cost-estimate documentation [2—4].

In most higher education institutions built during the 20th century,
the following issues are particularly acute:

—  transforming existing campuses into genuinely barrier-free environ-
ments for persons with disabilities and other groups with limited mobility;

—  ensuring accessibility and user-friendly operation of their urbanised
environment.

To address the existing challenges, international best practices are being
studied, the regulatory framework is being updated, and monitoring is being
carried out to assess the level of barrier-free access within the built
environment, including buildings and structures, landscaping and public
realm improvements, transport infrastructure, and connectivity between
academic, sports and fitness facilities, residential zones, etc.
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The National University “Kyiv Aviation Institute” (hereinafter —
NU “KAI”), founded in 1933, is no exception [5, p. 20].

The long history of the institution is associated with several locations,
as well as the corresponding phases of design, construction, and operation
of buildings and facilities.

Since 1960, the university has been located in the Solomianskyi District
of Kyiv.

The 72-hectare site has a complex topography (with elevation differences
of up to 11-13 m in certain areas), and borders residential development,
a city park, an educational museum, and transport infrastructure facilities
[6, p. 8].

The organisation of circulation and connectivity is an integral component
of the design, construction, and operation of public building and facility
complexes.

Depending on the number of routes, zones, and layout schemes, as well
as their capacity, structural solutions, and engineering systems, the overall
comfort of occupancy and movement, operational safety, and the ability
to carry out prompt evacuation during emergencies are ensured.

The most complex in terms of circulation and connectivity layout
is the linear-type building complex located along Liubomyra Huzara
Avenue.

The multi-storey components of the complex are connected via stairwells
and lobby areas, as well as covered walkways at second-floor level
[7,p. 177].

These include the canteen building (4 storeys, constructed in 1971),
the administrative and academic building No. 1 (1960), the Scientific
and Technical Library (hereinafter — STL), Academic Building No. 8
(16 storeys, 1973-1976), as well as Academic Building No. 8a (4 storeys),
which was added to the STL and Building No. 8 and is linked via a covered
second-floor-level passage to the Centre for Culture and Arts (1977)
[5, p. 237].

Most of these buildings have entrance zones whose layout and planning
solutions require additional measures to ensure accessibility for persons with
reduced mobility and their unobstructed movement within the internal
circulation areas [2].

First and foremost, this is due to:

— a significant level difference between the external ground surface
and the finished floor level of the first floors, resulting in stair flights
with a large number of steps;

—  the absence of ramps, lifting platforms, and similar vertical access
equipment.
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Addressing the existing challenges related to implementing accessibility
standards in the campus buildings and public spaces constructed under
the now-obsolete design regulations of the 1960s-1980s is being carried out
in a comprehensive and phased manner.

Relevant architectural, structural, and engineering solutions have already
been implemented, for example, for the entrance zones of Academic
Buildings No. 4 and No. 8.

Non-financial instruments are also being introduced, such as engaging
teaching staff and higher education students in public accessibility audits and
monitoring of barrier-free access levels across the campus built environment.

For example, with the participation of first-cycle (Bachelor’s) and
second-cycle (Master’s) students of the G17 “Architecture and Urban
Planning” programme, the following activities were carried out during their
studies:

— a typological analysis of buildings and structures within the
academic and sports/fitness zones of NU “KAI”, as well as an accessibility
audit (course unit “Typology of Buildings and Structures™) [7];

—  a study of the spatial organisation of the NU “KAI” site and its
connections with the surrounding social environment (course unit “Theory
of Urban Planning”) [6, p. 12; 8, p. 94].

Particular attention was given to:

—  the components of the sports and fitness zone (hereinafter — SFZ,
1972-1973), which is separated from the academic, research, service,
and residential zones of NU “KAI”;

—  the effectiveness of SFZ service provision, its equipment and faci-
lities, operational suitability, and user accessibility [6, p. 8].

The planned system of pedestrian and transport links between different
functional zones of the campus, public transport stops, and residential areas
was analysed.

It was established that the peripheral location of the SFZ relative
to the academic and residential zones does not reduce its accessibility
not only for residents of the dormitories and campus housing, but also for
residents of nearby housing developments located within the service
(catchment) area with a radius of 1,100-1,500 m [6, p. 10].

For residents of the latter, the urgent need for outdoor sports facilities
is also met due to the availability of stadiums at secondary education
institutions No. 26, 52, 54, and 173.

This indicates that these institutions, together with NU “KAI”, contribute
to the provision of socially oriented services of non-regular (occasional)
demand.

58



Riga, the Republic of Latvia March 4-5, 2026

The knowledge and skills acquired by students were applied during:

— completion of professional and practical training modules
in the field of architecture and urban planning;

—  preparation of qualification projects;

—  development of design solutions for a 17,000-seat stadium
in Mariupol, presented at the national architectural competition STEEL
FREEDOM’2020 [6, p. 14];

—  research into contemporary practice of expanding the SFZ social-
service functions at NU “KAI”, the results of which were awarded a Second
Degree Diploma at the All-Ukrainian competition of student research papers
in the 2020/2021 academic year (specialty G17 “Architecture and Urban
Planning”, professional focus “Urban Planning”) [6, p. 14].

Bibliography:

1. TIIpo cxBamenns HarionansHOi cTparerii i3 CTBOpeHHs 0e30ap’ep-
HOro mpocTopy B YKpaini Ha mepiog mo 2030 poky : PosmopsmkeHHs
Kabinery MinictpiB Ykpainu Bix 14 kBitHs 2021 p. Ne 366-p / KaGiner
MinictpiB Ykpainu. YpsnoBuit kyp’ep. 2021. Ne 99.

2.  JABH B.2.2-40:2018. Iukmto3uBHicTh OyniBens i criopya. OCHOBHI
nonoxenns. [Ha 3aminy JBH B.2.2-17:2006; 4wani Bim 2019-04-01].
Bupa. o¢in. Kuis : Minperion Ykpainu, 2018. 68 c.

3. JACTYVY ISO 21542:2025 bynuaku Ta cnopynu. JlocTymHICTb 1 3pyd-
HICTh BUKOpHUCTaHHA ypOanizoBanoro cepenosuina (ISO 21542:2021, IDT).
[Ha zaminy JICTY B ISO 21542:2013; gunanii Big 2026-02-01]. Bun. odi.
Kuis : AT «YxpH/IHL», 2025.

4. JIBH b.2.2-12:2019. IlnanyBanHs Ta 3a0ynoBa Teputopiid. [Ha 3a-
miny JBH B.2.2-12:2018; uwmnni Big 2019-10-01]. Bua. odin. Kwui :
Minperion Ykpainu, 2019. 185 c.

5. HaumioHanpHuii aBianiiiHuil yHiBepcuTeT: JiTonmuc / 3a pen.
M. C. Kynuka. Kuis : HAY-apyk, 2010. 368 c.

6. Areepa I'. M., Uepnumesa M. O., Kopooko K. B. MictoOyaiHa
Ta comialbHa POJH (i3KYIBTYPHO-CIIOPTUBHUX 30H 3aKJaJliB BHUIIOi OCBITH
Yy KOHTEKCTI CTajloro po3BUTKY. Teopis ma npaxkmuka ousauny. 2021.
Bum. 23. C. 5-20. DOI: https://doi.org/10.18372/2415-8151.23.16258

7.  Bboumapuyk M. C., Mamineka C. C., AreeBa I'. M. KomyHikariitai
3B’S3KM HaBYaJIbHOTO Koprrycy HAY: ocobmmBocti opranizarii. E¢exmusHi
mexHonozii 8 6yodienuymei . Marepiamum V MixHap. HayK.-TeXH. KOH(.,
M. Kuis, 19 mmcr. 2020 p. Kuis : KHYBA, 2020. C.177-178. DOI:
https://doi.org/10.5281/zenodo0.18441666

8. boiinpas A., Kaminceka B., Pomanosuu 1O., Areepa I'. Jlunamixka
3MiH MICBKOr0  JaHmmadTy BIPOJOBX OCTAaHHBOTO  JIECATHPIUYS.
byoMaiicmepKnac : wmarepianm MixHap. HayK.-IIPakT. KOH(. MOJIOIHMX

59



International scientific conference

BueHux, M. Kuis, 25-27 muct. 2020 p. Kuis : KHYBA, 2020. C. 94-95. DOI:
https://doi.org/10.5281/zenodo.15124711

DOl https://doi.org/10.30525/978-9934-26-661-4-14

REGULATORY ASPECTS OF INTEGRATION OF ELECTRIC
CHARGING STATIONS INTO THE FILLING STATION
STRUCTURE

HOPMATHUBHI ACIIEKTH IHTEI' PAILIII EJIEKTPO3APSIJTHUX
CTAHIIN Y CTPYKTYPY A3K

Zyhun A. Yu.

Candidate of Technical Sciences,
Associate Professor at the Department
of Construction and Civil Engineering,
National University «Yuri Kondratyuk
Poltava Polytechnicy

Poltava, Ukraine

Boiko D. D.

Student at the Department

of Construction and Civil Engineering,
National University « Yuri Kondratyuk
Poltava Polytechnicy

Poltava, Ukraine

3uryH A. 0.

KaHoOuoam mexHiuHux Haykx,
Odoyenm rkagedpu OydisHuymea ma
YusinbHOI THJICeHepil,
Hayionanvnuii ynisepcumem
«llonmascvka nonimexHixka

imeni FOpis Konopamrwoxa»

m. [Tonmasa, Ykpaina

Boiiko 1. /1.

cmydenmia Kageopu 6ydignuymea ma
YusinbHOI iHdICeHepi,

Hayionanvnuii ynisepcumem
«Ilonmascvra nonimexuixa

imeni FOpis Konopamrwoxay

M. [Tonmasa, Ykpaina

CydJacHUIl PO3BUTOK TPAHCIIOPTHOI CHCTEMH BiIOYBa€ThCA MUITXOM
MOCTYIOBOIO MEPEXOy 0 €KOJOriuyHO Oe3MeYHUX CIOCOOIB MepeBe3eHb.
Cepex KIIOYOBHX €JIEMEHTIB HBOTO IPOLECY € po3poOKa Ta peaizaris
po3BHHEHOI 1H(PACTPYKTypH 3apsgHUX CTAHIIA I EeJIeKTPOMOOLTIB.
Y 1pOMy KOHTEKCTI aKTyaJbHHM CTa€ [UTAHHS HOPMATHBHOTO
3abe3neueHHs iHTerparii emekrposapsmaux craHmin (E3C) y crpykrypy
aBTo3anpaBHuX KomiuiekciB Ta craHiii (A3K/A3C), ski MOXyTb cratu
0a30BUMH €JIEMEHTaMHU 3arajbHOi CHCTEMH TPAHCIIOPTHOT iIHPpaCTPyKTypH.

ABTOMOOLUTBHHI TPAHCIOPT BIAINPA€ BaXXJIMBY POJIb Y PO3BUTKY Cydac-
HUX MICT 1 € OJJHUM i3 OCHOBHUX JDKEpPEN 3a0pyIHCHHS MOBITPSI Ta BUKUIIB
MAPHUKOBUX Tra3iB. BiAMOBITHO 1O IBOTO PO3BUTOK EICKTPOMOOUIHLHOTO
TPAHCIIOPTY PO3TJBINAETECA SK HEOOXiJHA yMoBa s JeKapOoHizarii

60



Riga, the Republic of Latvia March 4-5, 2026

TPaHCIIOPTHOI CHCTEMH Ta BUKOHAHHS LJIEH CTajloro PO3BUTKY KpaiHh
[3, c. 301]. 3pocranHsi BUPOOHHUITBA €IEKTPOMOOLITIB BUMarae (popMyBaHHs
IMIMPOKOTO TIOKPUTTS 3apsHUX CTaHLii, M0 3a0e3MeYuTh 3py4YHICTh
Ta JIOCTYIHICTh eKCIUTyaTarii Tpancropty [3, c. 302].

HopmaTtuBHO-TIpaBOBE peryroBaHHs iHTerpamii B YKpaiHi BCTaHOBIIO-
€TBCS 32 JIOTIOMOTOI0 KIIIOYOBHX HOPMATHBHUX aKTiB — 3akoH YKpaiHu
«IIpo ocHOBHI 3acajy AepxkaBHOT €KOJIOTIYHOI OJIITHKY YKpaiHH Ha epion
mo 2030 poky», 3akoH VYkpaiam «IIpo Aeski TUTaHHS BHKOPHCTaHHS
TPAHCHOPTHUX 3ac00iB, OCHALICHHX eJICKTPUYHUMH JABUryHamu», JIBH
b.2.2-12:2019 «I1nanyBanHs i 3a0y10Ba TEPUTOPIi».

BaxxnmmBuMm cTpareriuHuM JOKyMeHTOM € lImaH BimHOBIEHHA YKpaiHW,
y SIKOMY PO3BHUTOK €JIEKTPOMOOUIFHOTO TPAHCHIOPTY PO3IIISIAETHCS SIK OJJMH
i3 NPIOPUTETHUX HANpPsSMIB MOJEpHi3alil TPaHCHOPTHOI CHCTEMH. Y KO-
POTKOCTPOKOBIH TMEPCIEKTUBI TMepen0adacTbcss 30UTBIICHHS KiTBKOCTI
3apAOHUX CTaHIiHd, y CepeIHbOCTPOKOBIH — BpaxyBaHHS cCHEIU(pIIHIX
BUMOT IIiI 4ac PEKOHCTPYKLIi JOpIr, a B JTOBFOCTPOKOBIH MEpPCIIEKTHBI —
3a0e3neveHHs OCTYMHOCTI 3apsiIHOT iHPpacTpyKTypH Ha TEPHUTOPIii KpaiHH.
Takum uwmHOM, po3BUTOK Mepexki E3C € BaxIMBUM IHCTPYMEHTOM
iHTerpamii YKpaiHu 10 €BPONEHCHKOTO TPAHCIIOPTHOTO MIPOCTOPY.

Iarerpamis enexTpo3apsaaux craHmii B cTpykTypy A3K motpebye
ypaxyBaHHs PI3HHX TEXHIYHHUX, MICTOOYMIBHHUX Ta EKOJIOTIYHHUX BHMOT.
Cepen TeXHIUYHUX IIe 3a0e3MeYeHHs eJIeKTPOOe3NeKH, BUKOPUCTAHHS CePTH-
(hikoBaHOTO OONagHAHHSA Ta MOXKJIMBICTH IMIAKIIOYCHHS 0 MEpPEeXi Bimmo-
BITHOi MOTY>XHOCTi. MicTOOyIiBHI BHMOTH BKJIIOYAIOTh JTOTPUMAHHS
CaHITapHMX, MOXEKHUX Ta TPAHCIIOPTHHX HOPM, OPraHi3allilo parioHajb-
HOTO pO3TalllyBaHHS IUIAHYBaJbHUX €JIEMEHTIB, OE3MEYHNX 30H OYiKyBaHHS
Ta Micup Ui mapkyBaHHs. OcoONMMBY yBary Ciliji 3BepHYTH Ha 30HYyBaHHS
tepuropii A3K mpu posmimenni E3C nopsa i3 TpaauiiitHIMH TaTuBHIMHA
KOJIOHKaMH.

Exomoriuni BUMOTH A0 iHTerpamii exeKTpo3apsIHUX CTaHIi mependa-
YalOTh 3MEHIICHHS BUKU/IB NAPHUKOBUX I'a3iB, 3HWKCHHS [IIyMOBOT'O HaBaH-
TaXeHHs Ta e(eKTHMBHE BHKOPUCTaHHs eHepropecypciB. Po3BuTOK
€IIeKTPOMOOLTBHOT 1HGPACTPYKTYPH BBAKAETHCS OMHIED 3 KIFOYOBHX
MPIOPUTETIB €KOJIOTI3aIll TPAHCHOPTHOI CHCTEMH YKpaiHH Ta BHKOHAHHS
MOJITUKU CTAJIOTO0 PO3BUTKY. BoaHouac, mo0 3abe3nednTt epeKTHBHE
BIIPOBAPKEHHS €JIEKTPO3apsITHUX CTaHIiH, HEOOXIHO BpaXOBYyBaTH BUMOTH
I110/10 BUKOPHCTAHHSI BiTHOBJIIOBAaHUX JKEpEJT €HEePrii Ta eHeproe(eKTHBHUX
TEXHOJIOTIH.

OpHUM i3 TOJNOBHHMX acleKTiB € TapMOHI3allis YKpaiHCHKOTO
3aKOHOJIABCTBA 13 HOPMAaTMBHUMHU akTaMu €Bporeiicbkoro Corosy (€C).
Ha pisni €C oxaumM i3 karouoBux nokymenTis € Regulation (EU) 2023/1804,
SAKAIl BCTAQHOBJIIOE BHMOTH PO3BUTKY TPaHCHOPTHOI iH(pacTpyKTypH
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ANBTEPHATHBHUX BHJI TMAJIUB, BIAKPUTOrO JOCTYIY /O CaMOro 3apsiHOTO
obnmamHaHHs, MOXKIHBOCTI pa3oBoi omiaru (ad-hoc payment), BimoGpaxenHs
MOBHOI LiHKM 10 TMOYAaTKy 3apsKH eJIeKTPOMOOLUIIB Ta OCTYHMHOCTI iH(Op-
Manii mpo posrtaunryBaHHs iHTerpoBannx A3K/A3C y pexumi peanbHOro
yacy. Ha BigmiHy BiJg yKpaiHCBKOTO 3aKOHOJABCTBA, A€ NEpPEBAXKHA Kilb-
KIiCTh TOJIO’KEHb IIIOJI0 CTUMYJIIOBAHHSI PO3BUTKY €JIEKTPOMOOLIIB Ta OymiB-
HunTBa HOBUX A3C, €BpOINECHCHKHN perJaMeHT MICTHTh YiTKi KUTBbKiCHI
Ta TEXHIYHI MapaMeTpH pO3rOpTaHHSI Ta IiHTerpamii iH(pacTpyKTypH,
K PpO3MILICHHS 3apsigHUX CTAaHWIH Y30OBX OCHOBHHX TPAaHCIOPTHHX
kopumopie TEN-T 3 inrepasom Ha Oinbime 60 KM, BU3HAUYCHHS MiHIMajIb-
HUX TIOKAa3HHWKIB BCTAHOBJICHOI MOTYXXHOCTI 3aJIe)KHO BiJ] IHTEHCHBHOCTI
pyxy. Ha 3akoHonaB4oMy piBHI B YKpaiHi Taki IPOCTOPOBI Ta YiTKi KpUTEPii
HE BU3HAYEHI.

BaxJIMBOIO CKIIAZIOBOIO € TaKOX TEXHIYHA CTaHmapTU3allis. Y KpaiHax
€C 000B’3KOBI BUMOTH BiAIIOBIJHO 110 3apsiIHOTO OONagHAHHS BIIPOBAJI-
sxerno crapmapramu EN IEC 61851-1 ta EN ISO 15118-20. Bonu permna-
MEHTYIOTh NMHUTAHHS EJICKTPOTEXHIYHOI Oe3MeKH, KOMyHiKamii MiX TpaHc-
NOPTOM Ta CTAHILIEI, BIPOBAPKEHHS TEXHOJOTIH «PO3yMHOI 3apsakuy»
(smart charging). B Ykpaiui moaiOGHi TeXHiUHI CTaHAAPTH 3aCTOCOBYIOTHCS
nepeBaxkao depe3 ACTY, mpoTe meski BUMOTH MOKH IO HE MAIOTh YiTKOI
HOpMaTUBHOI (hikcarrii.

[le BimMIHHICTIO € cHcTeMHUIA miaxin €Bpomneiicbkoro Coro3y 10 iHTe-
rpauii 3apsaaHoi iHQPacTpyKTypH y CTpaTeridHe TPAaHCHOPTHE IIaHyBaHHS.
€Bpornelcbki HOpMH TIOB’s13y10Th po3BUTOK E3C i3 momiTukoro nexapOoHi-
3amii TpaHCHoOpTy, 30aJaHCOBaHMM KIIIMaTHYHHM PO3BUTKOM Ta (hiHaHCO-
BUMH MeXaHi3MaMH MiATpUMKH. CTpaTeriyHMMHU JIOKYMEHTaMHu B YKpaiHi,
30kpema [lnaH BimHOBNEHHS YKpaiHH, BH3HAYalOTh PO3BUTOK EIICKTPOMO-
0inpbHOT 1H(GPACTPYKTYpH SIK TPIOPUTETHUH HANpPSM, OJHAK HE MICTATh
JIETAIBHOTO MEXaHi3My O0OB’S3KOBO HOPMAaTHBHOTO BIIPOBA/KEHHS BUMOT
IO YiTKOI iHTerpanii 3apsaHoro obnagnanus 3 icHytounmu A3K/A3C.

TakuM YMHOM, MOXKHA BUHECTH, III0 HOPMATHBHO-IIPABOBE PETYJIIOBAHHS
€C Mae KOMIUIEKCHUHA Ta 000B’A3KOBHH XapakTep PO3BUTKY TPAHCIOPTHOT
iHppacTpykTypH. €Bporeiicbka Mo 0a3yeThCsl Ha IHTErpalli eIeKTpo-
3apAaHOI IHPPACTPYKTYPH B iICHYIOUY TPAHCIIOPTHY MEPEXY 3 ypaxyBaHHIM
NPUHIMIIB JieKapOoHizalii Ta inTeponepadinbHocTi. B Ykpaini HopMaTHBHA
0a3a mepeOyBae Ha cTajii (OpMyBaHHS Ta TAPMOHI3AIli 3 €BPOIICHCHKUMH.
HasiBHI 3aKOHO/IaBYi aKTH BH3HAYAIOTh 3arajibHi IIyHKTH PO3BUTKY E€JIEKTPO-
Mo0OiiB Ta ABK/A3C st HUX, OJJHAK HE MICTATH JETAILHOTO MPOIHCAHIX
MIPOCTOPOBUX Ta TexHIYHMX Kpurepiil inTerpanii E3C B icnytoui A3K/A3C.
Jdnst YxpalHH BaXJIHMBHM € BIOPOBAIDKCHHS €BPONCHCHKMX HOPMATHBHHX
HiIXOJiB HE Yepe3 MacoBe CTBOPECHHS HOBHX aBTOHOMHHX 3apsIHHUX CTaH-
i, a Yepe3 MOETAaHy MOIEpPHI3alil0 Ta (QYHKIIOHANbHE pPO3MHUPEHHS
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icaytounx A3K/A3C, 1o 3a0e3mneynth eKOHOMIYHY €(EeKTUBHICTh, TEPUTO-
pilajbHy paLiOHAIBHICTh 1 HMPUCKOPEHHS IEPEeXOAy N0 HHM3bKOBYIJIELEBOI
TPaHCIIOPTHOI CUCTEMH.
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TexHomoriuHi nporecH OyAiBHALITBA aBTOMOOUTFHHUX JOPIT MOTPeOYIOTh
BEJIMKHX TPYIOBHX 1 MaTepialbHUX pecypciB i 3AiHCHIOIOTH BIDIMB Ha
HaBKOJIMIIIHE CEpelioBHIe, B TOMy uucmi i akycruunud [1]. Hlym
BITHOCUTBCS 10 NIKIAIHUBUX (HaKTOPiB BHPOOHUIITBA I YMHE HETATHBHHUU
BIUIMB HE JIMIIIE HA POOITHHKIB, 3a/1iTHUX Oe3nocepeIHbO Ha OY/IIBHUITBI, a 1
Ha MEIIKaHIIB MPWIEruX 1o OyaiBHULTBA 320y 10B. HagMipHuit mrym mMosxe
CTaTH TPUYMHOIO HEPBOBOTO BHCHAXKCHHS, pO3JIaly CHAOKPUHHOI I
CEepLEBO-CYJUHHOI CHCTEM, 3HIXKYE MNPOJYKTHUBHICTH Ipali H 301IbIIye
TpaBMaTu3M Ha BHpOOHHMOTBI [2, 3]. OTXe, OIiHKa aKyCTHYHOTO BIUIUBY
TEXHOJIOTIYHHX TPOIIECiB OYMiBHAIITBA aBTOMOOUIBHUX JOPIT € BXKIHBOIO i
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aKTYyaJbHOIO 3a7[auclo, OB’ SI3aHOI0 3 MUTAHHAMH OXOPOHH IPalli Ta 3aXUCTY
HaBKOJIMIIHBOTO CEPEJIOBHIIA.

Jns OLIHIOBaHHS aKyCTUYHOTO BIUIMBY Oynu oOpaHi TEeXHOJIOTIuHI
NpOLIeCH HAaHOIIBII PO3MOBCIOJDKEHHUX Ta aKTyaJbHUX Ha CHOTOIHINIHIN Yac
KOHCTPYKTUBHHMX IIapiB JOPOXHBOTO OJry. Po3paxyHOK piBHIB HIymy
BUKOHYBABCS JUII YMOB OJIHOYAaCHOI pOOOTH JEKUIBKOX MEXaHi3MiB, Xapak-
TEpHUX JUIS IIEBHOTO TEXHOJIOTTYHOTIO MPOLECY, Y BIAMOBIAHOCTI 3 MPUitHS-
TOIO TEXHOJIOTiI€I0 BUKOHAHHS poOiT. J[kepemamu mIymy NpH BHKOHAHHI
poOiT 3 OymiBHUITBA KOHCTPYKTHBHUX INapiB JOPOKHBOTO OAATY € poboTta
MaIliH 1 MEXaHi3MiB; BHBAaHTa)XEHHS (3aBaHTAXKCHHSA, INEepecunKa) Oymi-
BEJNIbHUX MaTepianiB (NaaiHHA BaHTaXy — YAapHUA WIyM); CHIHAJbHI
CUCTEMH Ta TYJKH TPAHCIIOPTY; JIOJICHKHIA (hakTop (roJiock poOITHHKIB).

ym Bix OyAiBedbHOI TEXHIKM — 1€ IHTEHCHBHI 3BYKH, IO BUHHKAIOTh
4yepe3 ymapu, TepTs, PyX MOBITps i poOOTH piawH B MammHax. lllym Binx
KO>KHOT Oy/TiBeTTbHOT MAIIMHU 3MIHIOETHCS i1 9ac pOOOTH B 3aJIe)KHOCTI BiJl
BUKOHYBAaHOI TEXHOJOTiYHOI omeparmii. PiBHI mymy Bix npamroro4oi
OyniBeNbHOI TEXHIKM MPUIHATI 32 TEXHIYHUMH XapaKTEPUCTUKAMU Cy4acHOT
OyZIiBeNbHOI TEXHIKHM Ta 3 aHAJIi3y JOBiKOBOI JIiTEpPaTypH.

3 Touku 30py (i3WKH, BUBAHTAXXECHHS MaTepialxy — Ii¢ TaJiHHSI BaHTAXY
i, BIATIOBiAHO, CTBOPEHHSA yNapHOro MmyMy. Takwif IIyM € HENOCTiHHUM
1 4acTo IMIyJIbCHUM, HOTO OI[IHIOIOThH 33 €KBIBAJICHTHUM Ta MaKCHMAJIbHUM
piBHeM 3ByKy. OCHOBHHMM BHECKOM Y CTBOPEHHS LIyMYy IpU BHBaHTa)KeHHI
EeOHIO € 3ITKHeHHS] KaMeHIB MK COOOI0 1 3 MarepialloM ITOBEpXHi, Ha Ky
BUBaHTaXyeThcsi 1ie0iHb. [lpn BUBaHTaKeHHI ITICKY, IICOK ITOTJIMHAE
CHEPril0 yAapy i HE CTBOPIOE PI3KOI'0 METAJCBOrO J3BOHY IPH 3ITKHECHHI
3 Ky30BOM. BuBaHTakeHHs ac(anbTOOETOHHOI CyMIllli XapaKTepU3YEThCs
THM, 110 B'I3Kkui OiTyMm nemmndye ynapu kaminag. Ha BiaMiHy Bix meOHIo,
ac(aapToOETOHHA CyMilll «CTiKae» B OyHKep, MIHIMI3YIOUH yJapHHUH IIyM.
Jlns BUBaHTaKCHHS CHUIIKMX MaTepiajliB 3HaYeHHS 3BYKOBOi ITOTYXKHOCTI
3a3BUYail OepyThCs i3 JOBIAKOBHX 0a3 MaHUX UM TPOTOKOJIB BHUMIpIB
AQHAJIOT1YHOr0 YCTaTKyBaHHSI.

OTXe, OCHOBHMMH JKEepellaMd LIyMy IIpH BHUKOHAHHI JIOPOXKHBO-
OyaiBenbHUX pOOIT € poboTa OymiBENbHOI TEXHIKM 1 BHBAHTaKCHHS
JIOPOYKHBO-0YMIBEIBPHUX MaTePIiaiB.

JAn1s1 OIIHKM aKyCTHYHOT'O BIUIMBY TEXHOJIOTTYHUX MPOLECiB OyAiBHUIITBA
Ha IMPWIErIy TEPUTOPII0 Uil KOXHOTO mpolecy OyiM CKIaaeH! piBHSIHHS
GbyHK1ii 3anexxHOCTI piBHA 3BYKY Ly, Bil pO3TalllyBaHHA PO3PaXyHKOBOI
toukd (PT). [nst BUsIBICHHS HaWOUIBIIOTO PIBHS HIYMYy Ta OLIHKH BKJIAIy
JUKEpeNn IIyMy Y 3arajlbHHH piBeHb WIyMy, CKJIajaeHi ¢yHKIil Oymm
JIOCII/PKeHH] Ha eKcTpeMyM. sl cKianaHHs piBHSAHHS (QyHKIIT 3a1€XKHOCTI
piBHS 3BYKYy Oynm po3poOJieHi cCXeMH BHUKOHAHHS POOIT 3 pO3CTaHOBKOIO
MEXaHI3MIB Yy TEXHOJIOTIYHIM TOCHiJOBHOCTi, BH3HAYCHO IIEPETiK Ta
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KUTBKICTh 3afisIHUX MeXaHi3MiB. MexaHi3MH pPO3MIIIEHI 3 JOTPUMAaHHSIM
MIiHIMQJIbHUX BIJCTaHEH 3 TEXHIKM O€3MeKd Ta YMOB 3a0e3MeUYCHHS
MOXIIUBOCTI MaHeBpyBaHHs. Takuil MiAXiJ JO3BOJUB OTPUMATH IMOBIpHY
HaWOIITBII MOXKJIMBY KOHIIEHTpAII0 JpKepen myMmy. Ha cxemax BH3HadeHi
JUKepena MIyMy: MEXaHi3MH Ta BUBAaHTaKEHHS Marepiany. Tak sk Imym
MPAIIOI0Y0r0 MEXaHi3My CTBOPIOE JBUTYH, pyXOoMi poOoui OpraHu, TepTs
IIMH TOIIO, TO 3 LIEHTP JKepelna MIyMy MPUIHATO cepeHy MexaHi3my. Ha
KOXKHIH CXeMi MPOBEJICHI YMOBHI KOOPIMHATHI OCi: 3a BiCh «X» IpUHHATA
BiCh JTOPOTH, a 32 Bich «Y» — JIiHis, sSKa MEePIEeHANKYISAPHA 0 OCi JOpPOTH, 1
HPOXOIUTh Ha MOYATKy TEXHOJOTIYHOIO Ipolecy (4epe3 KpalHIO TOUKY
MepIIoro Mexanizmy) (puc.l).
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Puc. 1. IIpuHuunoBa po3paxyHKoBa cxeMa I BU3HAYEHHS
04iKyBaHUX piBHIB IIyMy BiJ OyAiBeJbHUX NpPOLECIB:
1-4 — npxepena mymy: 1, 3, 4 — MmexaHizmu;
2 — BUBaHTAa)KeHHsSI MaTepiaiay

Jlns BUBENEHHA 3arajlbHOIO PIiBHAHHA 3aJIEKHOCTI DiBHA 3BYKY L.y,
BiJl po3TalnryBaHHs po3paxyHKoBoi ToukH (PT) Oymna mpuiiHsATa MaTeMaTHIHA
MOJIeNb, KA TIPEICTABIIE MUISTHKY BHUKOHAHHS POOIT y BUTIAALI JDKepena
L[I/I.]'IiH)IpI/I‘-IHI/IX 3BYKOBUX XBUJIb, iHTeHCI/IBHiCTB SKHUX BHU3HAYAETHCA
XapaKTepOM TEXHOJIOTYHOTO ITPOIIeCY, & CyMapHHU piBeHb 3BYKOBOTO THCKY
B PO3PaxXyHKOBIH TOUII BiJl YCiX JKEpes IIyMy BH3HAYAETHCSI €HEPTeTHYHUM
CKJIaZIaHHSIM PIBHS IIyMY BiJI KOXXHOTO OKPEMOTO JDKEpena 3 ypaxyBaHHSIM
BiJICTaHi, sIKa MPOXOANTH 3BYKOBA XBUJIS:

66



Riga, the Republic of Latvia March 4-5, 2026

( (Ci_x)2+(a_bi)2)
7 )

n
0,1x(Lg—15x1
Loy = 10 X lgz 10 ATTE

i=1

Lew — cymapHMI piBeHb 3ByKOBOTO THCKY B PO3PaxyHKOBiH TOUIll Bif
ycix mkepen mymy, AbA, (Od4iKyBaHHWH piBEHb IIYMYy B PO3PaxyHKOBIiH
TOMYII);

L, — piBeHp 3BYKy /mKepena IIyMmMy (MexaHi3My a00 BUBaHTaXCHHS
Mmarepiany), 1bA;

¢; — BIACTaHb BiJ| LIGHTPY JUKEpea IIyMy [0 MOYaTKy TeXHOJIOTIYHOTO
Ipolecy, M;

X — BiJcTaHb Big po3paxyHkoBoi Touku (PT) 1o mouaTKy TeXHOJIOTi4YHOTO
nporuecy (3MiHHA BEJIMYNHA), M;

a — Biacrasb BiJ po3paxyHkoBoi Touku (PT) mo oci noporu (10, 30, 50,
70, 90, 110, 130, 150), m;

b; — BigcTans Bix EHTPY IKepera MyMy 0 OCi JOPOTH, M.

£ g S

Pisers urymy Leyw, 1BA
B 8

Bincranb, M

——noxpirra 3 LIMA = nepxHifi wap nOKpUTTA 3 13 /6 cymritui

= HIANf) WAP NOKPHTTA 3 K/3 /6 cymimi == =acHona 3 ykpinaenof LLITC

SUICs — -ocnona 3 ILITIC 3 siKopwcTarn asTorpelinepa (1 5axparKa, yknazanis)

ocrosa 3 IUMIC 3 sukopweTanism astorpeibiepa (1] saxsarka, yutinbenis) ‘ochoBa 3 meBHIo (| 3aXBATKA, yKIATAHHA)

ocHoRa 3 webHio (1] 3axearka, yuiTbHEHHA) RONATKOBMH Wap 3 iCKy
Puc. 2. I'padik 3MiHM piBHS IIyMYy NPH NepecyBaHHS PO3PaXyHKOBOI
TOYKM B3/10B:K TEXHOJIOTiYHMX NpoueciB Ha BigcTani 10 M Bix oci noporn

Bracniok aHamizy pe3ynpTaTiB po3paxyHKiB (pHC. 2) BCTAHOBICHO, IIIO
HaWOLIPIINI aKyCTHYHUHM BIUIMB Ha JOBKULISA 3MIMCHIOE TPOIEC YIAIITY-
BaHHA OCHOBU 3 INEOHIO (Loyy wax =92 ABA). lle moscHIOETBCA THM
3 iHIIUMK OyJIBeNbHUMH MarepiallaMd, a TaKoX Uil PO3PiBHIOBaHHS
i TUIaHyBaHHS MaTepiajly 3acTOCOBYIOTHCS OUIBII IIYMHI MeEXaHI3MH.
HaiiMeHII IIyMHHM TEXHOJIOTIYHHUM IIPOLIECOM € YJAIITYyBaHHS OCHOBH
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3 meOeHeBo-mimaHoi  cymimni 3 3acTOCYBaHHSIM  aBToOrpenaepa
(Leyw max = 84,6 nBA). Ile MOsCHIOETbCSA TUM, IIO IPOLEC BUKOHYETHCA Ha
JIBOX 3axBaTKax 1 4Yepe3 II€ BIJICYTHE BEIMKE CKYMYEHHS MEXaHi3MiB
OJTHOYAaCHO B OJHOMY Micli (poOOTH 3 pO3pIBHIOBAHHS, IUTAHYyBaHHS
Ta YOIUIGHCHHS BHKOHYIOTHCS a00 moueproBo ab0 Ha Bifmami OJWH Bij
onHoro). HaiiGinpinmii piBeHb IIyMy Uil BCIX IPOLECIB CIIOCTEpIra€Thes
TIpY BUBAHTAXKCHHS 1 pO3pPiBHIOBAaHHI (YKJIaJaHHI) MaTepiany.
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During the current war in Ukraine, studying urban transport behavior has
presented unique theoretical, methodological, and empirical challenges
that reflect both the extreme volatility of travel conditions and the limitations
of pre-existing transport research frameworks. One of the central issues is
the highly dynamic nature of mobility patterns in wartime, which cannot be
adequately captured by traditional demand models developed for stable
peacetime contexts.

Research in Kharkiv, for instance, showed substantial shifts in residents’
travel behavior across multiple modes of transport including declines
in metro usage and changes in public transport fare choices — when
comparing periods of relative peace and active conflict, analysed using
ordered and mixed logit models to account for behavior heterogeneity during
armed conflict. These findings point to the need for models that explicitly
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integrate conflict-driven variables such as perceived safety risks and service
reliability disruptions [1].

In addition to methodological challenges, wartime conditions have led to
significant infrastructure damage, service interruptions, and logistical
constraints that shape travel choices in complex ways. For example, trans-
port infrastructure — including roads, bridges, and public transit networks —
has been subject to damage and operational limitations, fundamentally
altering the accessibility of urban space and daily mobility routines
for residents. Although comprehensive Scopus-indexed research focusing
on these behavioral consequences is still emerging, early studies suggest
that micromobility modes (such as cycling and shared mobility) may gain
importance as alternatives when traditional transport systems are disrupted.
However, stakeholders also highlight substantial barriers to micromobility
adoption, including safety concerns, infrastructure deficits, and limited go-
vernance capacity to support active modes during wartime reconstruction [2].

Moreover, psychological and social factors have become dominant
determinants of travel behavior under war conditions. Individuals’ decisions
about whether and how to travel are influenced not just by conventional
variables like cost and convenience, but by security concerns, air raid alerts,
curfews, and proximity to shelters [3]. These subjective risk perceptions
complicate efforts to predict transport demand using standard quantitative
approaches and require inclusion of behavioral constructs such as risk
tolerance, trust, and perceived control in future mobility studies — yet empi-
rical research integrating these psychosocial factors in Ukrainian contexts
remains limited.

In wartime situations, travel data collection can also be a challenge.
Traditional survey methods and sensor-based travel monitoring have been
disrupted due to restricted movement, resource constraints, and ethical issues
related to respondents’ safety and well-being. As a result, many studies rely
on online surveys or indirect measures, which may not fully represent the
diversity of urban populations, particularly among internally displaced
persons or vulnerable groups whose mobility patterns are less visible in digi-
tal datasets [4].

Economic pressures further influence transport behavior. Wartime infla-
tion, fluctuations in fuel prices, and reduced incomes constrain households’
transport choices and often lead to reduced ridership of formal public
transport and increased reliance on informal or ad-hoc travel solutions.
Although research on fuel price impacts has predominantly focused
on broader European contexts following the 2022 invasion, such studies
underscore how energy market disruptions can stimulate shifts in public
transport use and highlight the relevance of socio-economic variables
for understanding mobility behavior [5].
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Finally, the inclusivity and equity aspects of urban mobility during war
remain underexplored. Vulnerable populations — including the elderly,
people with disabilities, low-income residents, and internally displaced
persons — face heightened transport exclusion due to service reductions,
safety concerns, and financial constraints [6]. Addressing these disparities
requires both targeted empirical research and policy frameworks that
prioritise equitable access to safe and affordable mobility in crisis settings.

In summary, wartime transport behavior research in Ukraine underscores
the urgent need for adaptive analytical frameworks, improved data collection
methodologies that can operate under conflict constraints, and interdiscipli-
nary approaches that combine behavioral insights with transport planning
and emergency management. Building this evidence base is vital not only for
academic understanding but also for informing resilient mobility strategies
in Ukrainian cities during and after the war.
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