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Hubumoscoxuti C. FO. TligBuieHHsT €KOJOTi4HOi Oe3MeKu IeNeHTPali30BaHOl
SHEPreTUKHU 3aUIsl CTAJIoro po3BUTKY MicT. — Kaamidikamiiina HaykoBa mpars Ha
paBax PyKOIUCY.

Hucepramiss Ha 3700yTTS HAyKOBOTO CTymeHs JokTopa ¢imocodii 3a
criemiaiibHICTIO 183 — TexHoJIOTli 3aXHUCTy HaBKOJIMIIHLOTO cepenoBuma (18 —
BUPOOHMIITBO Ta TEXHOJOrIi). — KHiBChbKMI HalllOHAIBHUI YHIBEPCUTET OyHIBHULTBA 1
apxitektypu, Kuis, 2026.

JlucepTallito TPUCBSIYEHO BUPIMICHHIO Ba)XXJIMBOi HAYKOBO-TEXHIYHOI 3ajadyi
3a0€3MeUeHHs]  €KOJOriyHOI  Oe3MeKu  Ta  HAAIMHOCTI  JEIEHTPai30BaHOTO
€HEProreHepyBaHHs B YMOBaX BINCHKOBHUX 1 TEPOPUCTUUHHUX 3arpo3.

Ske mokasaB J0CBiJ BIMHM pocii npoTH YKpainu, po3noudaroi y 2014 p., cnopynu
[EHTPAJII30BAaHOTO TE€HEPYBAHHS €HEPTii € MPUBAOIMBOIO MIIICHHIO JIJISI BOPOTa, SIKAN
BeJle TCPOPUCTUYHY BiIHY 3 METOIO 3JlaMaTH BOJIIO HaIlii 10 iCHyBaHHS. BukopucTtaHHs
BITHOBIIIOBAaHHUX JKEpeNl €Heprii MoB’si3aHO 3 MPOOJEMOI0 HECTAOUIBHOTO 1XHBOTO
HAJXO/DKCHHS, M0 BHMarae oOOB’S3KOBMX MAHEBPOBHX NOTYyXHOCTe. Takumu
JELEHTPANI30BAaHUMH TOTYKHOCTMH MOXYTh OYyTH MOJYJIbHI KO/TpUT€HepaliiiHi
YCTaHOBKH, SIK1 TIPAIIOIOTh HA SIK HA MPUPOJHOMY ra3i uu OloMeTaHi, Tak 1 Ha ra3ax 3
ymictom metany Bia 25..30 %, Hanpukiajn Oiorasi. [Ipm BUKOpUCTaHHI MPUPOTHOTO
ra3y BHJIUISETHCS 3HAYHA KUIBKICTH BYTJICKHUCIOTO Ta3y, IO CHPHUSIE TMapPHAKOBOMY
edeKTy.

Micue saepHOi €HEepreTMKM B CHUCTEMI JDKepell €Heprii BHU3HAUYEHO MUISXOM
CTBOPCHHSI TPUBHUMIPHOI Kitacuikaiii mux JKepesl 3a BIUIMBOM HA KIIIMaTHUYHI 3MiHH,
JTOCTYITHICTIO Ta PEKMMOM HAAXOJKEHHS. SIIepHa eHepris Mmocijjae 0coOIMBe MICIe K
«BUXIJTHE JDKEPETIO» ISl TIPAKTUYHO BCIX JPKEpEes SHeprii, a TaKoX SK €JUHE BUKOITHE
Oe3ByTJICIeBE JKEPETIO.

JIist TOCTIMHUX Ta TUTAaBHO3MIHHUX EHEPreTUYHUX MoTped e(EeKTUBHUM 1

EKOJIOTTYHUM JKEPESIOM EHEpPrii € Cy4yacHl siIepHI €HEpreTU4Hl PEeakTOpHI yCTaHOBKHU
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AEPY 3 manumu moayiasHUMH peakTopamu (MMP), ski BXOASTH 10 HalaKTyalbHIIIUX
MUTaHb PO3BUTKY CYyYaCHOI SJIEPHOI EHEPIeTUKU Y KPaiHU 1 CBITY.

[lepcnekTUBHUM LUISIXOM J1€KapOOHI3yBaHHS E€HEPreTUKM Ha 0a3l TEIIOBUX
CJIEKTPOCTAHIIIA € TEepexiJl 0 aTOMHUX CTaHlii Manoi moryxHocti (ACMII) mns
MOCTaYaHHS TEIJIOTH JI0 MICBKMX TEIUIOBUX Mepex. BHHHKae TeXHOJIOTri4Ha
HEOOXIJHICTh B YJOCKOHAJEHHI CXE€M TEIUIONOCTAYaHHA /I MIABUIICHHS PIBHA 1X
eheKTUBHOCTI, O€3MeKH Ta EeKOJOriyHoCcTi. Tomy B poOOTI JOBEAEHO IOIUIBHICTH
BUKOpHUCTaHHSA TerodikamiitHoro pexumy ACMII 115 Teruonoctayants MICT HIISXOM
HarpiBaHHsi MepexkeBoi Boau maporo Bif TypOinu TEC. HaBeneHo cmiBBiIHOIIEHHS
€JIEKTPUYHOT Ta TEIJIOBOi MOTY>KHOCTI aTOMHOI TemoenekTpouentpat. [lpu mpomy
BCTAHOBIIEHO TIEpeBary BUKOPHCTAHHSA TEIUIOBOTO HAacoca, SKUM MpH OJHAKOBIN
TEIJIOBIN MOTYXHOCTI 3a0e3mnedye BABIYI OUThITY €IEKTPUYHY MOTYXKHICTh. OCKUIBKA
TEIJIOTa B IUX PEXUMaX MOCTAYAETHCS 3 PI3HUM IMOTEHIIAIOM, JUIsl MOPIBHSHHS LUX
BapiaHTIB OyB BUKOPHUCTaHHI ekcepreTnyHuil koediuieHT xkopucHoi aii (EKK). [ns
HiJBUIIEHHS NOTY>KHOCTI TEIJIONOCTaYaHHS 3alpPONOHOBAHO BJIOCKOHAJIEHY CXEMY 3
BUKOPUCTAHHSAM IIJIrpiBa4a BHCOKOTO THUCKY Yy TMPOTH THUCKOBOMY pEXKHMI Ta 3
JOTPIBaHHSIM MEPEKEeBO1 BOAM TocTporo maporo. [lokazaHo, M0 TemionocTayanHs Bif
ACMII € edekTUBHUM Ta €KOJIOTIYHMM HaBITh Y pa3l 3HAYHOI BIJIJATIEHOCTI
TEIJIOCTIOXKUBaYiB. TakoX y poOOTI PO3IIsSIHYyTO BUOMPAHHS YEPTOBOCTI BXKUTTS 3aX0/I1B
Ha mnpukiami Kwuesa. ITlokazano, mo B mepury depry CiiJi MOJEpHI30ByBaTu
TeIUIONOCTaYaHHs PaliOHIB, SIK1 )KUBJIATHCS BiJ] MOIIKOMKEHOT 1HQPACTPYKTYPH, Y IPYTY
— 31 3HOILICHOI 1HPPACTPYKTYPOIO, a 3AJICKHI BiJ] €EKTPONOCTavYaHHsI HACOCIB palloOHU
BJKe 3a0e3MeueHi reHepaTopamu.

Jlis 3HMKEHHsS co01BapTOCTI sIIGPHOI €Heprii B poOOTI TaKOX PO3TISAAETHCS
cuctema repmeruyHoro oropopkeHHs (CI'O) sika € octanHiM Oap’e€poM Ha MUIAXY
BUXOJIy paJl0aKTUBHMX PEUYOBMH N0 NOBKULISA B pasi aBapii Ha AEC. ¥V mporueci
eKCIUTyaTallii Mmicisi KOXKHOTO TEpPEBAaHTAXCHHSA SACPHOTO TMaluBa TMPOBOJIUTHCS
BUNPOOYBAHHS I1I€] CUCTEMHU HA MOXJIMBICTH BUKOHATH CBOI (DYHKIIIT Yepe3 BUSHAUCHHS

iHTeraJIBHOFO BI/ITiKaHH}I, 3HAYCHHA AKOro Ma€ HC ICPCBCPIIYBATH HOPMATHBHOTO.
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BurnpoOyBanHs mpoBoAsThCs pu HaanuimkoBoMy TUCKY B CI'O piBHomy 0,72 6ap, m1o
JOCSTAEThCS HATHITAHHSAM TIOBITPSI KOMITPECOPOM. Y POOOTI PO3IISHYTO MOKIUBICTH
BUKOPHCTAHHS €XKEKTOpa JJsi MPHUCKOPEHHS TMPOIeCy HarHiTaHHSA TMOBITPS, IO
MO3WTHUBHO BIUIMBA€ HA TEXHIKO-€KOHOMIYHI MOKa3HUKH eHeprobsoky AEC 3aBmsku
30UIBIICHHIO KIJTBKOCT1 BUPOOJICHOT €JIEKTPOSHEePrii, 10 ay’Ke BAXKIIMBO caMe ChOTOHI,
konu AEC 3a0e3neuyroTh MakCUMaJIbHY YaCTKy BUPOOJIEHOI €JIEKTpOeHEeprii B KpaiHi. Y
nonepeaHix podoTtax Oyia MpoBeJaeHa OIIHKA BUKOPUCTAHHS €XKEKTOpa JUIA I€l METH,
ajle B HMX He OyJ0 BpPaxOBaHO HEOOXIAHICTh BCTAHOBJIEHHS (UIBTPIB HA MOTOLI
HOBITPA, IO MiACMOKTyeTbcA. [lo Toro >x OyiuM BHKOPUCTaHI YHMCEIbHI METOIH, IO
MaroTh MOXUOKY. Y MpeAcTaBiieHiil poOOTI BUKOPUCTOBYETHCSI MaTEMAaTUYHUI amapar,
KWW O3BOJISIE OTpUMATH OUIbII TOYHUM pe3ynbTaT. OTpUMaHUN pO3paxyHKOBHUM yac
HArHITaHHS KOMITPECOPOM 301raeThCs 3 peaibHUM 4acOM HAarHITaHHS /I €HEProOJIOKiB
PiBHencrkoi AEC. Bu3HaueHO TakoXX KOHCTPYKTHMBHI BHUMOTH [0 €XEKTOpa, IO
3a0e3nedye MIHIMaJbHUN Yac HarHiTaHHs. ONTHUMalbHUM MOJIYJIb €KEKTOpa, TOOTO
BIJIHOIICHHS IUJIOMII TOMEPEYHOro Mepepidy UUIIHAPUYHOT KaMepu 3MIIIyBaHHS [0
IUIOLII KPUTUYHOTO Iepepi3y coria podoyoro noitps, AopiBHIOE 8,6. Ilpu npomy yac
HarHiTaHHS 3MeHITyeTbest Ha 38,8 %. [loBiTps, MO MiICMOKTYETHCS, MA€ OUMINATUCS
B1JI TTWJTy Ta BOJIOTH. BiAmoBiaH1 (GUIbTpU MarOTh 3arajbHUM aepoauHaMiyHui omip 0,2
O0ap. HasiBHOCTI 1uxX MOBITPSHUX (UIBTPIB MOBITPS HE3HAYHO 3HUKYE €(EKTUBHICTH
BUKOPHUCTAaHHS €XekTopa. OCTaTOYHMI Yac HarHiTaHHsS TOBITPS 3 BUKOPUCTAHHSIM
eXKEeKTopa JOpiBHIOE 2,56 roaunu, 1mo Ha 35,5 % ckopouye yac HarHiTaHHS TOBITPS AJIs
MPOBEJCHHS BUIIPOOYBaHb.

VYci Bunu Oe3neku sAepHOl eHEPreTUKN BU3HAYAIOTHCS 1HXKEHEPHO-(I3UYHUMH Ta
HAyKOBO-TEXHIYHUMU PIIICHHIMU, SIK1 3aKjIafatoTbesa B KoHCTpyKuii AEPY B mporeci ix
MPOEKTYBAaHHS a TaKOXX BIJI METOMIB 1 TEXHOJIOTIH 30epiranHs, MepepoOIeHHS,
MOBO/KEHHA 3 BiAmpanboBaHuM siaepuum manuoM (BAID). Tlpu upomy mnoBuHHa
3a0e3MneuyBaTrUCs rapaHTOBaHa KOMIUIEKCHA siJiepHO-eKooriyHa Oe3neka AEPY 3a Oynb

SAKUX YMOB €KCILTyaTarlii.



4

Kpim Bupobununrsa eneprii koxna SEPY BupoGmnse BSII Ta inmi HeGesneuHi
piIKI Ta TBepAl pajioakTHUBHI Biaxoau. KpiM mporo Ha pi3HHMX JaHKaX sJIEPHOTO
MAJMBHOTO CHEPreTUYHOTO IHMKJIY TaKOX YTBOPIOIOTHCS BIIBATXW TIOPOAM ITICIIA
BUPOOHMIITBA KOBTOTO KEKy; BiBalu 301THEHOTO ypaHy YTBOPIOBaHI B Pe3yJbTaTi
30araueHHsl SJICPHOTO TMajiMBa; Biaxoau micis nepepobsenns BSII Ha pamioxiMiuHHX
koMOiHaTax 1 HaBiTh cami AEC crTaloTh BiIXOJaMH HICHS 3aKIHYEHHS TEPMIHY iX
eKcruryararii Ta ix jikBigamii. [Ipu oMy, HaBITh SKIIO SKACh KpaiHa BiIMOBIISETHCS
B/l BJIACHOI fAJIepHOI eHepreTukH 1 3akpuBae yci cBoi AEC, To yBech KOMILIEKC SAEPHOI
cnaauuHu pa3oM 3 3ynuHeHuMu AEC 3anuimaeTbcss MpakTUYHO BIYHOKO CIAIIIMHOIO
gKa MoTpedye CKIATHOTO Ta JIOPOroro MOBO/KEHHS 3 Hero. Ekornoriuyna curtyarnis 3
AJIEPHUM TAJIMBOM IOMITHO YCKJIAQJHIOETHCS Y€pe3 BIACYTHICTh €KOJOTIYHO YHUCTHUX 1
0e3MeyHnX TEXHOJOTid MOro eKOHOMIYHO BWTIJHOTO Ta €KOJIOTIYHO YHCTOTO
nepepoOsieHHs ¥ 6e3meunoro QininHOro yrpasiinHs Biaxoaamu. [1pu nromy BAII He €
BIJIXOJIaMH y KJIACUYHOMY IXHbOMY BHU3HAUYEHHI Ta PO3yMIHHI.

VY naniit po6oti BAIl Bu3HavyaroThCs K I[IHHA BTOPUHHA €HEPreTUYHA CHPOBHHA.
Y po6oTi OTpUMaHO BHUCHOBOK MPO T€, 110 MOJAJIBIINMA, COIlaJbHO MPUUHATHUNA Ta
rapaHTOBAaHO OE3MEeYHUN PO3BUTOK CBITOBOI SACPHOI CHEPTETHKHA MOKJIMBUU JIUIIE 3a
YMOBHU a0COJIFOTHOTO TIPIOPUTETY SACPHO-EKOJIOTTYHOI O€3MeKH BCHOTO SAJIEPHOTO
nanuBHoro 1ukiy (SAIIL). ¥V 3B’s3Ky 3 UM I BUPIIMICHHS CKJIAJHUX €KOJIOTTYHUX
npobiem, noB’si3anux 3 BSII, mpononyeThcs HOBa TexHOOTIs MOKomMiHHS G5 Ha 06asi
AJIEPHUX EHEPreTUYHUX PEAKTOPIB (PPOHTAIBHOIO HEUTPOHHO-SJIEPHOTO TOPIHHS 3
BHYTPIIIHHO PEAKTOPHHM SIICPHIM MTAJTUBHUM ITHKJIOM.

B pobori 3amponoHOBaHO BUKOPUCTAHHS MOJEPHI30BAaHOI  YCTaHOBKH
«ITmazmoH-3M», I NPOMDKHOTO OOpOOJICHHS PallOaKTUBHHMX BIJIXOJIB, MIISAXOM
iXHROT  JMECTPYKIli TiJ [i€I0 BHCOKOTEMIIEPATypHOTO IUIa3MOBOTO  (akeny,
YTBOPIOBAHOTO I'€HEPATOPOM IuIa3Mu mocTiiHoro crpymy I[IYH-1, a takox ii rojgoBH1
EKCIUTyaTamiiHI XapakTEePUCTHKU. Y SK TUIa3MOYTBOPIOBAJIBHI Ta3u ISl YCTaHOBKHU

MO>KHA 3aCTOCOBYBATH TMOBITPS, a30T, apTrOH, T'eliil Ta iHIIl ra3u. Y poOOoTi JOCIIKEHO



NepeBaru 3aCTOCYBAaHHS BHCOKOTEMIIEpAaTypHOi IIa3MOXIMIYHOT TEXHOJIOTi, MIO0
pPOOJISATH 1110 TEXHOJIOTII0, 3 TOYKU 30PY ii €KOJIOTTYHOI O€3IeKH, 1032 KOHKYPEHTHOIO.

IIpakTnyHe 3HAaYeHHS OTPUMAHMX pe3yJbTaTiB. Po3po0OieHI TEeXHOJOriYH1
CXeMH 3aly4eHHS MaJMX MOJYJbHHUX PEAKTOPIB Il MOJEPHI3yBaHHS TEIJIOBUX
€JIEKTPOCTAHIIIN, a TAKOXK YIPaBIIHHS SAEPHUMH BIIXOJaMU A03BOJIAIOTH €)EKTUBHO Ta
€KOJIOTIYHO O€3MeYHO BUPOOJATH TEIUIOTY JUIsi OUIBIIOro JAELEHTpaIi3yBaHHsS Ta
NeKapOOHI3yBaHHA  TEIUIONOCTAaYaHHS  MICT 3  MaKCMMaJbHUM  ITOBTOPHUM
BUKOPHUCTAHHSAM BIJXOIB, III0 OCOOJMBO aKTyaJdhbHO B YMOBax BIMCHKOBHUX 3arpos,
eKOIIM/ly Ta HECTaul EHEPreTHYHUX PECypCiB.

Po3pobnena xknacudikariis mKepen eHeprii  J03BOJISE  MIJABUIIATH  SKICTh
HaBYaHHs (axiBUIB Tally3el OyIIBHUIITBA, EHEPreTUKH, TPAHCHOPTY Ta IHIIUX
€HEPro3AJIC)KHUX TaITy3EH.

OCHOBHI TMOJIOKEHHSI 1 PE3yJIbTaTh MPOBEIECHUX JIOCHIKEHb BIIPOBAKEHO 1
3actocoBaHo B AisuibHOCTI TOB «Excnepthuii uentp» 1 @I « Enepris-1».

HaykoBa HOBH3HA OTPMMAaHUX pPe3yJIbTATIB:

VOOCKOHAIEHO!

— wiacu(ikamio JpKepen eHeprii, mo J03BOJIsIE BpaxyBaTh pi3HI (akTopw, sKi
BIIMBAIOTH HAa 3MIHU KIIIMATY;

— MaTeMaTU4YHy MOJENb EXKEKTOPHOI YCTAaHOBKM 3aJyIs IMiJBHUINECHHS TOYHOCTI Ta
00YHMCITIOBATBHOT €(hEeKTUBHOCTI,

HAOYIU NOOANIbLULO20 POZGUMKY) !

— HAyKOBI OCHOBU MOJIEPHI3YBaHHS CHEPTETUIHNX YCTAHOBOK, IO JO3BOJISE 3aTyUUTH
MaJii MOJIyJIbHI peaKTOpH A0 JACHEHTPATI30BaHOTO TETUIONOCTaYaHHS MICT.

KuarwuoBi cioBa: sjepHa eHepreTvka, aToMHa €JIEKTPOCTaHINs, sJiepHa
CHEpreTMYHa pPEaKTOpHA YCTAHOBKA, BIAMpaIllbOBaHE SJIEPHE TMAJUBO, SIACPHO-
eKoJIOT1YHa Oe3IeKa, PaJI0aKTUBHI BIIXOAW, MaJIMM MOIYJbHHMM pPEaKTop, aTOMHI
CTaHUli Majoi MOTYXHOCTI, TEIUIOPIKALMINHUI pexuM, TepMETUYHE OrOPOKECHHS,

€XEKTOp, MIa3MOAYTOBa YCTAHOBKA, PaIIOAKTUBHI BITXO/IH.



ABSTRACT

Tsybytovskyi S. Improving the environmental safety of decentralised energy for
the sustainable development of cities. — Qualification scientific work in the form of a
manuscript.

The dissertation is devoted to solving an important scientific and technical
problem of ensuring environmental safety and reliability of decentralized energy
generation in conditions of military and terrorist threats.

As the experience of russia's war against Ukraine, which began in 2014, has
shown, centralized energy generation facilities are an attractive target for the enemy,
which is waging a terrorist war in order to break the nation's will to exist. The use of
renewable energy sources is associated with the problem of their unstable supply, which
requires mandatory manoeuvring capacities. Such decentralized capacities can be
modular co/trigeneration plants that operate on both natural gas or biomethane, and
gases with a methane content of 25...30%, for example, biogas. When using natural gas,
a significant amount of carbon dioxide is released, which contributes to the greenhouse
effect.

The place of nuclear energy in the system of energy sources is determined by
creating a three-dimensional classification of these sources by their impact on climate
change, availability and supply regime. Nuclear energy occupies a special place as a
“source source” for almost all energy sources, as well as the only fossil carbon-free
source.

For constant and smoothly changing energy needs, an effective and
environmentally friendly source of energy is modern nuclear power reactor plants
(NPPs) with small modular reactors (SMRs), which are among the most pressing issues
in the development of modern nuclear power in Ukraine and the world.

A promising way to decarbonize the energy sector based on thermal power plants
is the transition to small-capacity nuclear power plants (SNPs) to supply heat to urban

heating networks. There is a technological need to improve heat supply schemes to
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increase their efficiency, safety and environmental friendliness. Therefore, the paper
proves the feasibility of using the heat-generating mode of the SNPs for heat supply of
cities by heating the network water with steam from the TPP turbine. The ratio of the
electric and thermal power of a nuclear thermal power plant is given. At the same time,
the advantage of using a heat pump is established, which, with the same thermal power,
provides twice as much electric power. Since heat in these modes is supplied with
different potentials, the exergy efficiency coefficient (EFC) was used to compare these
options. To increase the heat supply capacity, an improved scheme is proposed using a
high-pressure heater in the counter-pressure mode and with reheating of network water
with hot steam. It is shown that heat supply from SNP is effective and environmentally
friendly even in the case of significant remoteness of heat consumers. The paper also
considers the selection of the order of taking measures using the example of Kyiv. It is
shown that first of all, it is necessary to modernize the heat supply of areas that are
powered by damaged infrastructure, secondly, with worn-out infrastructure, and areas
dependent on pump power supply are already provided with generators.

To reduce the cost of nuclear energy, the work also considers the containment
system (CS), which is the last barrier to the release of radioactive substances into the
environment in the event of an accident at a nuclear power plant. During operation, after
each reloading of nuclear fuel, this system is tested for its ability to perform its
functions by determining the integral leakage, the value of which should not exceed the
standard. The tests are carried out at an excess pressure in the CS of 0.72 bar, which is
achieved by pumping air with a compressor. The work considers the possibility of using
an ejector to accelerate the air injection process, which has a positive effect on the
technical and economic indicators of the NPP power unit due to an increase in the
amount of electricity generated, which is very important today, when nuclear power
plants provide the maximum share of electricity generated in the country. In previous
works, the use of an ejector for this purpose was assessed, but they did not take into
account the need to install filters on the sucked-in air flow. In addition, numerical

methods were used, which have an error. The presented work uses a mathematical
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apparatus that allows you to obtain a more accurate result. The calculated injection time
by the compressor coincides with the real injection time for the power units of the Rivne
NPP. The design requirements for the ejector, which ensures the minimum injection
time, were also determined. The optimal ejector module, i.e. the ratio of the cross-
sectional area of the cylindrical mixing chamber to the critical cross-sectional area of
the working air nozzle, is 8.6. In this case, the injection time is reduced by 38.8%. The
sucked-in air must be cleaned of dust and moisture. The corresponding filters have a
total aerodynamic resistance of 0.2 bar. The presence of these air filters slightly reduces
the efficiency of using the ejector.

The final air injection time using the ejector is 2.56 hours, which reduces the air
injection time for testing by 35.5%.

All types of nuclear power safety are determined by engineering, physical and
scientific and technical solutions that are embedded in the design of the NPP during
their design, as well as by the methods and technologies of storage, reprocessing, and
handling of spent nuclear fuel (SNF). At the same time, guaranteed comprehensive
nuclear and environmental safety of the NPP must be ensured under any operating
conditions.

In addition to energy production, each NPP produces SNF and other hazardous
liquid and solid radioactive waste. In addition, at various stages of the nuclear fuel
energy cycle, rock dumps are also formed after the production of yellow cake; depleted
uranium dumps formed as a result of nuclear fuel enrichment; waste after spent fuel
reprocessing at radiochemical plants and even nuclear power plants themselves become
waste after the end of their service life and their liquidation. At the same time, even if a
country abandons its own nuclear power industry and closes all its nuclear power plants,
the entire complex of nuclear heritage, together with the stopped nuclear power plants,
remains an almost eternal heritage that requires complex and expensive handling. The
environmental situation with nuclear fuel is noticeably complicated due to the lack of
environmentally friendly and safe technologies for its economically profitable and

environmentally friendly reprocessing and safe final waste management. At the same
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time, spent fuel is not waste in its classical definition and understanding. In this work,
spent fuel is defined as a valuable secondary energy raw material. The work concludes
that further, socially acceptable and guaranteed safe development of world nuclear
power is possible only under the condition of absolute priority of nuclear and
environmental safety of the entire nuclear fuel cycle (NFC). In this regard, to solve
complex environmental problems associated with spent fuel, a new generation G5
technology is proposed based on nuclear power reactors of frontal neutron-nuclear
combustion with an internal reactor nuclear fuel cycle.

The paper proposes the use of a modernized installation "Plasmon-3M" for
intermediate processing of radioactive waste by their destruction under the action of a
high-temperature plasma torch formed by a direct current plasma generator PUN-1, as
well as its main operational characteristics. Air, nitrogen, argon, helium and other gases
can be used as plasma-forming gases for the installation. The paper investigates the
advantages of using high-temperature plasma-chemical technology, which make this
technology, from the point of view of its environmental safety, uncompetitive.

The practical significance of the results obtained. The developed technological
schemes for involving small modular reactors for the modernization of thermal power
plants, as well as nuclear waste management, allow for efficient and environmentally
safe production of heat for greater decentralization and decarbonization of urban heat
supply with maximum reuse of waste, which is especially relevant in conditions of
military threats, ecocide and lack of energy resources.

The developed classification of energy sources allows for improving the quality
of training of specialists in the construction, energy, transport and other energy-
dependent industries.

The main provisions and results of the conducted research have been

implemented and applied in the activities of LLC "Expert Center" and FE "Energy-1".
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Scientific novelty of the obtained results:
improved.:
 classification of energy sources, which allows taking into account various factors
that affect climate change;
* mathematical model of the ejector installation to increase accuracy and
computational efficiency;
further developed.:
 scientific foundations of modernization of power plants, which allows to involve
small modular reactors in decentralized heat supply of cities.
Keywords: nuclear power, nuclear power plant, nuclear power reactor plant,
spent nuclear fuel, nuclear environmental safety, radioactive waste, small modular
reactor, low-power nuclear power plants, heat-fixing mode, hermetic enclosure, ejector,

plasma arc plant, radioactive waste.
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Ocobucmuii 6Hecox 3000y8aua NoOasA2AE€ 6 AHANI3L NiMepamypHux odcepenr ma
ogiyitinoi inpopmayii w000 cmany numauHs 30epicanHHs BIONPAYLOBAHO2O

sA0epHo20 nanuea 8 Yxpaii.

Haykogi npaui, aki 3aceiouyroms anpobdauito mamepianie oucepmauii:

4. Tsybytovskyi S., Tkachenko T. Speeding Up the Tightness Testing of High-Risk

Facilities Using the Absolute Pressure Method. V [International Scientific and
Practical Conference «Green Constructiony 20-21 May 2026, Kyiv. P. 346-349.
https://www.researchgate.net/publication/407139148 Materiali V_Miznarodnoi n
aukovo-prakticnoi konferencii Green Construction Zelene budivnictvo 20-

21 travna 2026 roku

Ocobucmuii 6Hecox 3000)y8aya NOAA2AE 8 MOOENOBAHHI MeYilli 8 eNCeKmopi

Memooamu 064UCTI08ANbHOL 2I0POOUHAMIKU.
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5. Bomomkina O.C., Kopay6a L.b., XKykosa O.I'., lluouroBcbkuii C.FO. Ortinka
BIUTUBY ICHYIOUMX CHCTEM OXOJIOJPKEHHS aTOMHHUX pPEakTOpiB Ha EKOJOT14HYy
Oe3neky VYKpaiHM B yMOBax KIIMaTUYHUX 3MIH. [I Midxcnapoona Haykoso-
npakmuyna Konpepenyis «3enene dOyoienuymeor 13-14 xeimmus 2023, m. Kuis. c.
427-431. https://www.knuba.edu.ua/wp-content/uploads/2023/04/materialy-
konferencziyi zelene-budivnycztvo 2023.pdf
Ocobucmuii enecok 3000ysaua noaseae 6 ananizi enaugy AEC na oOoexinnsa 3
VMBOPEHHAM MEeNI08020 OCMPOEA.

HaykoBgi npaui, iKi 101aTKOBO Bi100pakalTh MaTepiau AucepTamii:

6. Kravchenko V., Kozlov 1., Vashchenko V., Korduba 1., Overchenko A.,
Tsybytovskyi S. Increasing the Efficiency and Level of Environmental Safety of
Pro-Environmental City Heat Supply Technologies by Low Power Nuclear Plants.
World Journal of Nuclear Science and Technology, Vol. 14, No. 2, 2024. P. 107-
117. https://doi.org/10.4236/wjnst.2024.142006
Ocobucmuii  6necoxk 3000y6aua noisAeac€ 6 MeopemuyHoOMy ONUCi mMenio8oi
eNeKmpOCManyii, MOOEpHI308aHOI 00 aMOMHOI 8 MenioQiKayitiHoMy percumi 3
MAIUM MOOYIbHUM PEaKmopoM.

7. Vashchenko V., Korduba 1., Nancy Mahmoud Al Saeed Hafez, Nehoda N.,
Tsybytovskyi S. Engineering and Physical Bases of Development and Creation of
Plasmochemical Reactors for Mobile Facilities for Medical Waste Disposal. Open
Journal of Ecology. Vol. 14, Ne9, 2024. Article No. 37. P. 651-662.
https://doi.org/10.4236/0je.2024.149037
Ocobucmuii eHecok 3000y8aua noaseae 8 y4acmi 8 po3poOJeHHI MEeXHONO2IUHOT
cxemMu  NIA3ZMOXIMIYHO20 peakmopa, KUl Modxce Oymu Npucmocos8aHuil 00
VMUNI3YE8AHHA HIMPAM) YPAHLILY.

8. Vashchenko V., Korduba I., al Saced Hafez N.M., Nehoda N., Tsybytovskyi S.,
Trach Y. Engineering and physical bases and environmental safety of

plasmochemical disposal of hazardous medical waste. Acta Scientiarum
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Polonorum. Architectura. Vol. 24, 2025. P. 16-27.
https://doi.org/10.22630/ASPA.2025.24.2
Ocobucmuti  6Hecok 3000ysaua nojsieae 68 auanizi  00C8i0y  CMBOPEHHS
NAA3MOXIMIYHUX YCIMAHOB0K MdA Y4aACmi Y CMEOPEHHI MEXHOJI02IYHUX CXEeM.
Ily6aikamii. 3a marepiasamu gucepTallii omyOJIiKOBaHO BICIM JIPYKOBaHHMX
HAyKOBHUX Ipalb, 30KpeMa OJHa CTaTTs B 1HO3€MHOMY BHJIaHHI B HAYKOMETPUYHIN 0a3l
nanux Scopus kBapTwiro Q3, nBi y ¢daxoBux BHUIAaHHAX YKpainu kareropii b, cepen
SKUX OJIHA OJTHOOCIOHA Ta OJHA 3 TPbOMa CITIBABTOPAMHM, a TaKOX Bl TE€3U JOMOBIIAEH

Ha MDKHApPOJHUX HAYKOBO-MPAKTUUYHUX KOH(EPEHIIIAX.
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