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BripoBaji>)KeHHs iHHOBaLiMHMX TEXHIYHUX Ta TEXHOJIOTYHUX PillleHb [JI1s iHTerpalii BilHOBJIIOBAHUX JIKEPEJI €Heprii

B 3aJII3HUYHY €JIEKTPOMEPEKY.

Ha3sBa po60oTH aHIJIiHCBHKOIO:

Implementation of innovative technical and technological solutions for the integration of renewable energy
sources into the railway power grid.

Pedepar yKpaiHCBKOIO:

Mero10 oCiIKeHHSs CTalo BUBHAUYEHHS MOKJIMBOCTE! e(peKTUBHOI iHTerpauii BiHOBIIOBAaHUX JI>KepeJl eHeprii y
3J1iI3HUYHY €JIEKTPOMEPEXKY [1JIs MifBUIIEHHS eHeproeeKTUBHOCTI, 3MEHIIEHHS 3aJIeXXKHOCTI Bifl TpPaAULIHUX
€HEProHOCIiB, 3HMKEHHS BUKU/IiB NIAPHMKOBHUX ra3iB Ta 3a0€3M€4YEHHS CTaJIOr0 PO3BUTKY TPAHCIIOPTHOI ranysi. [
IOCSITHEHHS [TOCTaBJIEHOI METH IIPOBEIeHO aHasli3 Cy4yaCHOTo CTaHy eHeprosabesnedeHHs 3a/1i3HULb, JOCTiIKEeHO
IIOTEHIIiaJl BAKOPUCTAHHS COHSIYHOI Ta BiTPOBOI €EHEPreTUKU, CUCTEM HAKOIIMYEHHS €HEPril Ta TEXHOJIOTIN
posnofineHoi reHepaliii. Y po60Ti 3aCTOCOBaHO METO/IM CUCTEMHOTO aHaJli3y, MaTEMaTUYHOTO MOJIEJIIOBaHHS
€HEPreTUYHUX MPOLECIB, CTATUCTUYHOIO aHaJli3y METEOPOJIOTIYHUX XapaKTEPUCTHUK Ta IPOrHO3yBaHHS reHepallil
€JIEKTPOEHEPTii Bifl COHSIUHUX €JIeKTPOCTaHLiil. TeopeTudHi pe3yibTaTy AOCiIKEHHS [OJISIraloTh Y po3po0JieHHi
KOHLIEINTYaIbHOI MOJEJIi iHTerpauii BilHOB/IIOBAHUX IPKEPEJI EHEPTril B CUCTEMY TATOBOTO Ta HETSTOBOTO
€JIEKTPOIIOCTauaHHS 3aJIi3HUIb, @ TAKOX Y POPMYBAHHI MiAXOIiB 10 MiABULIEHHS €HEPTeTUYHOI €PEKTUBHOCTI
IIJITXOM BUKOPUCTAHHS CUCTEM HAKOIIMYEHHS €HEPrii Ta peKymnepalii eseKTpoeHeprii mif 4yac raJbMyBaHHS
pyxomoro ckinazy. [IpakTuyHi pe3ysbTaTi pOOOTH MOJISITAIOTh Y PO3P00JIeHHI PpEKOMEH IAlliil 11070 BIIPOBAIPKEHHS
COHSIYHUX i BITPOBUX €JIEKTPOCTaHIIii1 Ha 06’€KTax 3aJi3HMYHOI iHPPaCTPYKTypH, CTBOPEHHI JIOKAJIbHUX
€HepreTUYHUX XabiB i3 BUKOPUCTAHHSIM CUCTEM HAKOIIMYEHHS €JIeKTPOEHEPrii Ta BIOCKOHATIEHHI CUCTEM
YIIPaBJliHHS €HEProCIOKUBAHHSAM. 3allPOIIOHOBAHO MiX0IU OO IPOrHO3yBaHHS reHepallii eJIeKTpOeHeprii
COHSIYHMMU €JIEKTPOCTaHLIIMU 3 YPaxXyBaHHSIM KJIIIMAaTUYHUX Ta CTATUCTUYHUX (PAKTOPIB, 1[0 NO3BOJISIE MiABUILUTH
TOYHICTb IJIAHYBaHHS €HEPreTUYHUX PEXUMIB poO60TH MepexXi. HaykoBa HOBU3HA NOCIIIIPKEHHS TIOJITaE y
KOMILJIEKCHOMY IIiIXO[ii o iHTerpauii BifHOB/IIOBAHUX [KepeJl eHeprii B 3ai3HUYHY eHepreTuiHy iHPpacTpyKTypy,
KW [TI0€IHy€ BUKOPUCTAHHS PO3IOJiJIEHOI reHepallii, CUCTeM HaKOIMYEHHS €HEPTrii Ta iHTeJIEKTyaJIbHUX CUCTEM

ynpaBJ’[iHHH €HEPIrOCIIOKMBAHHSM.

Pedepar aHIJIiHCBKOIO:

The aim of the research was to determine the possibilities for effective integration of renewable energy sources
into the railway power grid in order to improve energy efficiency, reduce dependence on traditional energy
resources, decrease greenhouse gas emissions, and ensure the sustainable development of the transport sector. To
achieve this goal, an analysis of the current state of railway energy supply systems was conducted, and the
potential of solar and wind energy, energy storage systems, and distributed generation technologies was
investigated. The study applies methods of system analysis, mathematical modeling of energy processes, statistical
analysis of meteorological characteristics, and forecasting of electricity generation from solar power plants. The
theoretical results of the research include the development of a conceptual model for integrating renewable
energy sources into traction and non-traction railway power supply systems, as well as the formation of
approaches to improving energy efficiency through the use of energy storage systems and regenerative braking
energy recovery. The practical results of the study consist in the development of recommendations for the
implementation of solar and wind power plants at railway infrastructure facilities, the creation of local energy hubs
using energy storage systems, and the improvement of energy consumption management systems. Approaches to
forecasting electricity generation from solar power plants considering climatic and statistical factors have been
proposed, which allows improving the accuracy of planning energy operating modes of the network. The scientific



novelty of the research lies in a comprehensive approach to integrating renewable energy sources into railway
energy infrastructure, combining distributed generation, energy storage systems, and intelligent energy
management systems.
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IlepcrieKTHBHI PUHKH: VKpaiHa — IiIpreMcTBa €HEPTreTHKY, TPAHCIIOPTY, JIOTICTUKM Ta TOPTIBJI
€JIEKTPOTEXHIYHUM 06s1agHaHHsIM; Kpainnu €sponeiicbkoro Coo3y — puHOK eHeproe(eKTUBHUX TEXHOJIOTIH,

CUCTEM PE3E€PBHOIO KUBJIEHHS T HAKOIIMYEHHS €HEPil.
XapakTep cniBpoOiTHHIITBA 3 iHBECTOPOM

IToTpiOHMI 00CAT iHBECTHILiH, THC. TPH.:



IlpaBa, 0 HaAAIOThCS iHBECTOPY MiCJIsA 3aBEPLIEHHSI POOOTH:
HasaBHicTb 6i3Hec-IJIaHY:

TexHiKO-eKOHOMiIYHE OOrpyHTYBaHHSI:

IloTeHuiaIbHUI 00CAT IPOJAXKY, THC. TPH.:

OuikyBaHHI TepMiH OKYIHOCTi (pPOKiB):

JoapaTrkoBa iHdpopmawist:

IX. Bi6siorpadiuyHuii onuc

1. Voliansky Roman, Kuznetsov Vitalii, Halushko Dmytro, Metelenko Natalia, Kovalenko Viktor, Spirintsev Dmytro,
Babyak Mykola, Tkalenko Oleksandr. (2025). Analysis and design of the interval optimal electromechanical systems.
Monographic series European Science, 1 (sge41-01), 1-339. ISBN 978-3-98924-097-1.

https:/ /doi.org,/10.30890 /2709-2313.2025-41-01

2. Modeling of structural elements of the energy-economic model «Electric network - electric consumer» [Text] :
Monograph / M. Tryputen, V. Kuznetsov, V. Kovalenko, V. Artemchuk, S. Levchenko. Karlsruhe, 2024. 138 p.
Publisher's sheet 8.1. ISBN 978-3-98924-021-6 DOI: 10.30890 /978-3-98924-021-6.2024.

3. Kuznetsov, Vitalii, Valeriy Kuznetsov, Zbigniew Ciekanowski, Valeriy Druzhinin, Valerii Tytiuk, Artur Rojek,
Tomasz Grudniewski, and Viktor Kovalenko. 2025. "Forecasting the Power Generation of a Solar Power Plant
Taking into Account the Statistical Characteristics of Meteorological Conditions" Energies 18, no. 20: 5363.
https://doi.org,/10.3390 /en18205363 (Ql)

4. Kachura O., Kuznetsov V., Tryputen M., Kuznetsov V., Kolychev S., Rojek A., Hubskyi P. Mathematical Model of a
Semiconductor Structure Based on Vanadium Dioxide for the Mode of a Conductive Phase (2025) Electronics
(Switzerland), 14 (14), art. no. 2884, DOI: 10.3390 /electronics14142884 (Q1)

5. Busher V., Shestaka A., Melnikova L., Kuznetsov V., Mykhailenko O., Kovalenko V., Kutyk V., Osadchyi D.,
Osypenko 1., Gawad S.A. Advanced space vector modulation with “fractional” power cells (2025) Results in
Engineering, 26, art. no. 105415, DOI: 10.1016 /j.rineng.2025.105415 (Q1)

6. Mukha Andrii, Ustymenko Dmytro, Kovalenko Viktor, Tryputen Mykola, Monia Andrii The Contactless Method of
Diagnosing the State of the Sliding Power Contact of an Electric Transport Under Bench Tests Conditions. Lecture
Notes in Networks and Systems. Volume 1659. 2025. Smart Technologies in Urban Engineering Chapter No: 22.
Chapter DOI:10.1007 /978-3-032-06832-3_22 (Q3)

7. Mykhailenko O., Karabut N., Doskoch V., Burtseva O., Kuznetsov V., Tsvirkun S., Kolomits H. Modeling of Wind
Speed Distribution in Urban Environment for the Application of Wind Energy Potential Estimation: Case Study
(2025) TEM Journal, 14 (1), pp. 107 - 116, DOI: 10.18421 /TEM141-10 (Q2)

8. Selivorstova T., Ostrovska K., Kuznetsov V., Kuznetsov V., Gulesha O., Hubskyi P. Ai for Teaching Subjects of
Electrical Engineering (2025) 2025 19th International Conference on Electrical Machines, Drives and Power
Systems, ELMA 2025 - Proceedings, DOI: 10.1109 /ELMA65795.2025.11083496

9. Bondar Oleh, Siversky Serhii, Gurin Yevgen, Koliadenko Oleksandr, Bashko Volodymyr, Kopysov Vladyslav,
Pilipenko Viacheslav Modeling of electromagnetic processes in a nonlinear circuit of an electrolyzer for pulse
deposition of metal coatings// Modern problems of metallurgy, No 28 -2025. P.329-347. DOI: 10.34185 /1991-
7848.2025.01.19

10. Kovalenko Viktor, Rybka Kostiantyn, Nikitin Yevhen, Koliadenko Oleksandr, Bashko Volodymyr, Kopysov
Vladyslav, Pilipenko Viacheslav. Calculation of the optimal hydropower utilization system: a case study of a
metallurgical enterprise // Modern problems of metallurgy, No 28 -2025. P.310-328. DOI: 10.34185 /1991-



7848.2025.01.18

11. Kovalenko Viktor, Miniailo Nataliia, Barishenko Olena, Shevchuk Leonid, Vasetskyi Volodymyr, Bashko
Volodymyr, Kopysov Vladyslav.Energy efficiency in the metallurgical sector: concept and evaluation metrics//
Modern problems of metallurgy, No 28 -2025. P.248-270. DOI: 10.34185 /1991-7848.2025.01.15

12. Kovalenko Viktor, Kovalenko Inna, Miniailo Nataliia, Shevchuk Leonid , Vasetskyi Volodymyr , Bashko
Volodymyr, Kopysov Vladyslav. General principles of energy consumption in the metallurgical industry // Modern
problems of metallurgy, No 28 -2025. P.229-247. DOI: 10.34185 /1991-7848.2025.01.14

13. Kovalenko Inna, Radchenko Vitalij, Osaul Oleksandr, Yerofieieva Alina, Pilipenko Viacheslav, Prykhno Valeriia
Analysis of powerquality indicators in industrial power networks // Modern problems ofmetallurgy, No 28 -2025.
P.213-228. DOI: 10.34185 /1991-7848.2025.01.13

14. Nikolenko Anatolii, Nezhurin Vadym, Kuvaev Viktor, Verovkin Oleksandr, Bashko Volodymyr, Kopysov Vladyslav,
Koliadenko Oleksandr. Improving the efficiency of the ferroalloy smelting process in electric arc furnaces by
improving control and management of technological modes // Modern problems of metallurgy,No 28-2025.
P.44-70. DOI: 10.34185 /1991-7848.2025.01.04

15. T.B .CeniBbopcToBa, 10.B. Mana, AL I'yaa, B5.0. KokosnunOLIHKA TA OIITUMI3ALIA MIMOBIPHOCTI
3ABEPIIEHHS IT-TTPOEKTY 3A METOJZIOM PERT. «CucremHi TexHosorii» 5(160) 2025«System technologies» c.
198-210.https:/ /doi.org /10.34185 /1562-9945-5-160-2025-21

16. Stopkin V., Radchenko V., Rovenskyi O., Yerofieieva A., Pilipenko V., Prykhno V. Monitoring and enhancement of
power quality in industrial power networks// System technologies. N2(157) -Dnipro, 2025.-P.197-209. DOI:
https: / /doi.org /10.34185 /1562-9945-2-157-2025-20

Kovalenko V., Radchenko V., Miniailo N., Yerofieieva A., Artemchuk V., Prykhno V.Standardization of power quality
indicators and the causes of their deviations from es-tablished norms// System technologies. N1(156) -Dnipro,
2025.-P.177-189. https: / /doi.org /10.34185 /1562-9945-1-156-2025-20

18. Bougap , O., KoBanenko, B., Kokosuy, b., Konsgaenko, O., BepboskiH, O., & Kacesanos, M. (2025). YVICJIOBE
MOJEJIIOBAHHS HEJITHIMHUX KIJT CUJIOBUX BUITPSIMIISYIB 13 BUKOPUCTAHHSIM METOY
[MEPETBOPEHH/ 3MIHHUX. CyyacHi npobsemu mogesntoBanHs, (28), 12-25. https: / /doi.org/10.33842 /2313-125X -
2025-30-12-25

19. KoBaneHko, B., Konsnenko, O., Kokosuy, b., TioHiH, O., & Beproskin, O. (2025). PO3PAXYHOK PO3IIOILTY
EJIEKTPUYHOI [TOTYKHOCTI TA TEMITEPATYPU B EJIEKTPUYHOMY TEITIJIOAKYMYJIFOBAJIBHOMY
[TEPETBOPIOBAUYI. CyuacHi npo6siemu mozemnoBanHs, (28), 54-66. https:/ /doi.org /10.33842 /2313-125X-2025-30-
54-66

20. Kysnenos, B., Cripinues, [I., lllnukos, C., Kpusaa, B., & Kpuspa, O. (2025). OLIIHIOBAHH I ATIEKBATHOCTI
MATEMATHYHOI MOJIEJII ACMHXPOHHOT'O JIBUT'YHA B YMOBAX HESIKICHOI'O EJIEKTPOKMBJIEHHSL.
Cy4acHi npobyemu mogemntoBanHs, (28), 83-95. https://doi.org /10.33842 /2313-125X-2025-30-83-95

21. KysHenos, B., Cripinues, /1., lllnukos, C., Kpuga, B., & Kpusga, O. (2025). OLUIHIOBAHHS AITEKBATHOCTI
MATEMATHYHOI MOJEJII ACMHXPOHHOTI'O IBUT'YHA B YMOBAX HEAKICHOTI'O EJIEKTPOXVBJIEHHSA.
Cy4acHi npobsemu mogemntoBanHs, (28), 83-95. https: //doi.org /10.33842 /2313-125X-2025-30-83-95

22. KoBaneHko, B., Kauypa, O., Cnipuca, B. B., I'ynewa, O., Tpukino, A., Konucos, B. I., & Bamiko, B. P. (2025). AHAJII3
KOMITJIEKCHOTO BIIJIMBY ITAPAMETPIB SIKOCTI EJIEKTPOEHEPTT] HA POBOYI XAPAKTEPVICTUKU
ACHHXPOHHOTI'O ABUT'YHA. CyuacHi npo6iemMu MoaenioBaHHs, (27), 60-72. https://doi.org /10.33842 /2313-125X-
2025-19-60-72

23. KysHenos, B., Cnipinues, [I., lllnukos, C., 'epameHko, A., & Kpusenko , O. (2025). BITJIVB SIKOCTI
EJIEKTPOEHEPTTI HA XAPAKTEPVICTUKU ACUHXPOHHOTI'O JIBUT'YHA: ITIIX1] JUHAMIYHOI MOJIEJIL. CyuacHi
npobjaeMu MoZiestoBaHH4, (27), 136-148. https: / /doi.org /10.33842 /2313-125X-2025-19-136-148



24. HikoneHko, A., Kysnenos, B., CtrorikiH, B., KoBaneHko, B., Ilininenko, B., & PoBencokuii, O. (2025).
METOAOJIOTI'TYHI ACITEKTY MOJIEJTKOBAHHSA POBOTU ACMHXPOHHOT'O EJIEKTPOJIBUT'YHA B YMOBAX
HESAKICHOI EJTEKTPOEHEPTII. CyyacHi npo6iemu MopiesiioBaHHs, (26), 269-289.

https://doi.org/10.33842 /2313125X-2024-26-269-289

25. Bashliy, S., Nikolenko, A., Kovalenko, I., Titov, A., & Chikalovets, Y. (2025). ENERGY SAVING STRATEGY AT
INDUSTRIAL ENTERPRISES. Scientific Journal "Metallurgy&quot;, (1), 133-141. https: / /doi.org/10.26661,/2071-3789-
2025-1-13

26. Bashliy, S., Kovalenko, V., Radchenko, V., Veryovkin, O., & Chabanyuk, M. (2025). ENGINEERING IN PROVIDING
TERRITORIES OF THE WORLD EFFECTIVENESS OF THE FUNCTIONING OF HYDROPOWER. Scientific Journal
"Metallurgy&quot;, (1), 163-173. https:/ /doi.org /10.26661/2071-3789-2025-1-16

X. 3aKkJII04Hi BiZzoMoOCTi

KepiBHHK IOpPI,lIH‘{HO'l' ocobou umo 'anuua MukoaiBHA
I. T. H., mpogecop, 05.13.12

IlepeJtik 0Cci0O-BHKOHABILiB
Apnam borpan bornpanoBuy

lanymxko JImutpo BacuiaboBud

(MononmuI HAYKOBUY CIIBPOOITHUK)
I poxnes €BreHii IBaHoBUY
Kinumuyk IMutpo BaguMosuy

Kosanenko Bikrop JleoHimoBu4
(7. T. H., Mpodecop, 05.14.08)

KokoBuu borpan Osiekcannposud
Konsmenko Onekcanap AnikoBud

KysHnenos Bitanit Bagumosuy
(k. T. H., mo11., 05.09.03)

Kysnenosa Anica BitaniiBHa

Mertenenko Harans 'eopriiBHa
(m. e. H., npodecop, 08.00.04)

Hikonenko Anarosiii BacuiboBu4
(x.T.H., mow., 05.09.10)

Pa6ora Imutpo BikTOopoBny
Crentopa Onekcint Cepritosuy Osiekcint CepriioBuy

Tpunyrens Mukosa MyciftoBuy
(k.T.H., mo11., 05.13.07)

BiamoBiganbHUH 32 MiZITOTOBKY Kuum Tamapa IBaHiBHa
00JIIKOBHX JOKYMEHTIB

Tenedon (061) 228 75 63

Peec'rpaTop Opuenko TersiHa AHaToJiiBHA



KepiBHuk Bigginy YKpIHTEI, mpo €
BiZITIOBiZaIBHUM 3a peecTpallilo HayKoBoi IOpuenko TeTsHa AHaTosiiBHA

JisiIbHOCTI




