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VII. BizomocrTi npo IiP
Ha3sBa po6oTH yKpaiHCBHKOIO:

JocminKeHHs B OOIPYHTYBaHHS 3aCTOCYBaHHSI SII€PHUX MaJMBHUX LUKIIIB JJ1s1 peaKTOopiB, SIKi po3IJIsifaloThCsl B

CTPYKTYypPi aTOMHOI €HEPIreTUKU YKpaiHu

Ha3sBa po60oTH aHIJIiHCBHKOIO:

Research to substantiate the use of nuclear fuel cycles for reactors that are considered in the structure of nuclear
energy of Ukraine

Pedepar yKpaiHCBKOIO:

B po60Ti po3pobeHo nepcrekTUBHUN 12-MicSYHUM TaMMBHUM LUKJI i MPOBEeIeHO MOPIBHIHHS 3 TPAIULITHUMU
LMKJIaMU. Po3paxyHKamMu NI0OKa3aHO, 110 EPCIEKTUBHUI TaJIMBHUI LIMKJI BUKOPUCTOBYE y cepegHbomy Ha 1.25 TB3
MEHIIE HiX y TpPaOULINHUX UKIIaX, a TB3 mocaraioTs 6i1b110r0 BUTOPSHHS. TakoX po3pobieHni epCrneKTUBHUN
najMBHUM HUKI TpuBaiicTio 490.8 ed. nib, 1o i3 ypaxyBaHHSIM TPUBAJIOCTI Ilepe3aBaHTaXEHHs CKilaziae Maike 18
MicsuiB. Po3pobsieHuit nepCcrneKTUBHUM NaJuBHUM LIUKJII 33/I0BOJIbHSIE KPUTEPISIM 1110710 KoedillieHTiB
HEpiBHOMIPHOCTI Ta peakTUBHOCTI i 6ye 3anponoHoBanuil JI1 «<HAEK «EHeproatom» 1jisi BIPOBaI>KEHHSL.
[IpoBeneHo aHai3 pO3BUTKY IPOEKTHUX aBAPIMHUX PEKMMIB peaKTOPHOI ycTaHOBKM BBEP-1000 3
po3repMeTn3alielo epmoro KOHTypy. [lokazaHo, Mo npu BCiX IPOEKTHUX PEKMMAX, 32 PaXyHOK 3MEHIIEHHS
BUTPATU TEIJIOHOCIS 4YEPE3 aKTUBHY 30HY, IOUNHAETHCS KPU3a TEIJIOOOMIHY Ta 3pOCTaHHS TEMIIEPATYPU 0O0JIOHOK
TBeJIiB. ByJI0 BCTAaHOBJIEHO, 110 MAaKCHMaJbHA TEMIIEpPATypa 000JI0HKM TBeJla cCTaHOBUTH 1078 °C npu po3pusi ['LIT.
BukoHaHi BocCiIpKeHHsl Ha MakeTax TBeJliB. [[poBeieHo MeXxaHiuHi BUITPOOYBaHHS MAaKeTiB TBEJIiB, BATOTOBJIEHUX 3i
cruiaBy 42XHM miciist KOpOTKOYaCHOrO HarpiBaHHS B CEpPeOBULI BOJSHOI apu no temneparypu 1000...1200 °C.
[ToxazaHo, 1110 Me>ka MilIHOCTi 060JI0HOK 3i crinaBy 42XHM 3naxonuThcs B iHTepBasi 748-823 MIla (1008-1108 krc), a
BiJHOCHE TIOJIOBXXEHHS CTAaHOBUTb 48-54%. PyliHyBaHHSI IPOXOAUTH 110 OOOJIOHL TBeJa B CepEeIHIN YaCTHHi, 10
CBiJUMTb IIPO HAZIMHICTD i 11i/1iCHICTh 3BapHUX 3'€IHAHb, BAKOHAHUX HAa POOOYUX PEXUMAX €JIeKTPOAyroBOro
3BaploBaHHs. HallMeHIle 3ycuiulst pyiHyBaHHS CIIOCTepirajocs Ha MakeTi TBeJsia, BunpobdysaHoro npu 1200 °Cy
BOZsHIN mapi. B po60Ti HaBeAEHO Pe3yJIbTaTh JOCIiIPKEHHS B CEPEIOBUIL BOJSIHOI Mapy BUIKOCT] KOpPO3ii
asibTepHATHMBHUX MaTepiasiB 060JI0HOK TOJIEPAaHTHOTrO I1aJIMBa ayCTeHiTHOI HepyKaBitouoi crasi mapku X18H10T ta
xpoMoHikesieBoro ciaBy 42XHM Bupo6Huursa TOB «BO «OCKAP» (M. Hikonosb). [TokasaHo, mo nuas 42XHM

MOXeE 6YTI/I 3aCTOCOBAHUI B IKOCTi 000JIOHOK TBEJIiB K AJIbTEPpHATHBaA quKOHieBMM CIIJIaBaM.

Pedepar aHIJIiHCBKOIO:

This study develops an advanced 12-month fuel cycle and compares it with the traditional cycles. The calculations
show that the advanced fuel cycle uses an average of 1.25 fuel assemblies less than traditional cycles, and the fuel
assemblies reach a higher burnup. An advanced fuel cycle was also developed with a lifetime of 490.8 effective
days, which, taking into account the reloading time, makes up almost 18 months. The developed advanced fuel
cycle meets the criteria for the peaking factor and reactivity coefficient and will be proposed to JSC NNEGC
Energoatom for implementation. An analysis of the design basis accidents progression for VVER-1000 reactor with
first circuit depressurization was performed. It was shown that under all design basis conditions, decreasing the
coolant flow rate through the core initiates departure from nucleate boiling and fuel rod cladding temperature
growth. It was found that the maximum fuel rod cladding temperature is 1078 °C in the event of a MCP rupture.
Investigations of the dummy fuel rods were carried out. Mechanical tests of the 42XHM alloy dummy fuel rods
after a short-term heating in a water vapor environment to a temperature of 1000...1200 °C were conducted. It was
shown that the 42XHM cladding strength limit is in the range of 748-823 MPa (1008-1108 kgf), and the relative
elongation is 48-54%. Fracture occurs in the middle area of the fuel rod cladding, which confirms reliability and
integrity of the welds made using the electric arc welding operating modes. The lowest fracture force was
observed in the fuel rod dummy tested at 1200 °C in water vapor. The paper presents the results of investigations



of the corrosion rate of alternative materials for tolerant fuel cladding of austenitic stainless steel grade X18HI10T
and chromium-nickel alloy 42XHM in the water vapor environment produced by OSCAR PG LTD (Nikopol). It was
shown that 42XHM alloy could be used for fuel rod cladding as an alternative to zirconium alloys.

Inpekc YIK: 669.017:621.039.1, 669.018.29:621.039;669.018.29:621.039.6, 621.039.53
Koau TemMaTHYHHX PYyOPHK: 53.49.17, 53.49.17.13, 58.33.07

KepiBHHKH po6OTH

BiacHe IIpizBume Im's I10-6aTbKOBI: KpacHopyupkuit Bosogumup CemeHOBUY
HayKkoBHi1 CTYIIHB: k. {.-M. H.

HaykoBe 3BaHHSI:

InenTudikarop ORCID ID:

JoparkoBa iHdpopmamnist:



VIII. HaykoBa (HayKoBo-TexHiuHa) npoaykuist (HTII)

Ha3zga HTII yKpaiHCBKOIO: Po3po6Ka nepcriekTuBHux 12-18 micsanmx nanmBaux uukiis ais AEC Ykpainu.
JloctiisKeHHS BIIMBY BUCOKOTEMITEPATYPHUX MEPETPIBIB Ta UKIIYHUX 3MiH TEMIIEPATYPYU HA XaPAKTEPUCTUKU
crutaBy 42XHM i 3BapHuX 3'€ZiHaHb ¥ BUPOGAX 3 HHOTO [17Isl OGTPYHTYBaHHS BUKOPUCTAHHS B SIKOCTI

KOHCTPYKLIMTHOTO MaTepiay [Jg TOJI€PAHTHOTO [1aJIMBa €EHEPTETUYHUX PEAKTOPIB.

Hazpa HTII aHrsiicbKoI0: Development of promising 12-18 month fuel cycles for Ukrainian NPPs. Study of
the effect of high-temperature overheating and cyclic temperature changes on the characteristics of 422KhNM
alloy and welded joints in its products to justify its use as a structural material for tolerant fuel for power reactors.

HTII, sixy nepezn6a4asiocsi CTBOPUTH:
Ipuyunu, yepes siki HTII we 0yJi0 cTBOpeHo:
OTpuMaHi pe3yJIbTaTH: AHaniTu4Hi MaTepianm
T'asry3b 3aCTOCYBaHHSI. SlzepHa eHepreTuka
PeecTpariifiHuil HOMep KapTKH Te€XHOJIOT1i:

Omnuc HTII: B po6oti po3po6ieHo nepenekTuBHuit 12-MiCIYHMI TTAJTUBHUIA LUK | IPOBENEHO IOPIBHSHHS 3
TpagULiiHUMU YKJIaMU. Po3paxyHKamu 110Ka3aHo, 110 IEPCIEKTUBHUI [IaJIMBHUI LIUKJI BAKOPUCTOBYE Y
cepennbomMy Ha 1.25 TB3 MeHIe HiX y TpaguuiiHuX UUKAax, a TB3 nocaraioTs 6is1bmoro BUrOpsiHHS. Takox
PO3pO6JIeHNH [TepPCIEeKTUBHUN MaJIMBHUH LUK TpuBasicTio 490.8 ed. 1i6, mo i3 ypaxyBaHHSM TPUBAJIOCTI
repe3aBaHTaKeHHs Cckiafae Maiike 18 micauiB. Po3pobieHuit nepcrnekTUBHUN NaJUBHUH ITUKJII 33/J0BOJIbHSIE
KpUTEPiSIM 1010 KoedillieHTiB HEPIBHOMIPHOCTI Ta peakTUBHOCTI i 6yze 3anpononosanuii [T «HAEK
«Eneproatom» nj1g BripoBagKeHHA. [IpoBeieHo aHasi3 pO3BUTKY [IPOEKTHYX aBapiiHMX PEKUMIB PEaKTOPHOI
ycraHoBku BBEP-1000 3 posrepmeTnsani€ero nepuoro KOHTypy. [lokazaHo, 0 Py BCiX MPOEKTHUX PEKUMAX, 3a
PaxyHOK 3MEHIIEHHS] BUTPATH TEIJIOHOCIS1 Yepe3 aKTUBHY 30HY, IIOYMHAETLCSI KPU3a TENJI000MiHY Ta 3pOCTaHHS
TeMIIEPaTypHU OO0JIOHOK TBEJIiB. Byjl0 BCTAaHOBJIEHO, IO MaKCAMaJlbHa TeMIIEpaTypa 000JIOHKY TBEJIa CTAHOBUTD
1078 °C npu po3spusi I'lIT. BukoHaHi foCHiIpKeHHsI Ha MaKkeTax TBeJliB. [[poBeieHo MeXaHiuHi BUITPOOYBaHHS
MaKeTiB TBEJIiB, BUTOTOBJIEHUX 3i cI1aBy 42XHM miciis KOpOTKOYaCHOro HarpiBaHHS B CEPELOBUILI BOASHOI IIapy [0
temnepatypu 1000...1200 °C. [TokasaHo, 10 MeXKa MIiLIHOCTi 000JIOHOK 3i criaBy 42XHM 3HaxoOuThCs B iHTEpBali
748-823 MIla (1008-1108 krc), a BifHOCHE TIO[IOBXEHHS CTAaHOBUTD 48-54%. PyliHyBaHHS TPOXOAUTD 110 OGOJIOHII
TBeJIa B CEpPEeHil YaCTUHi, [0 CBiJYUTh PO HAMIMHICTD i I[i7iCHICTh 3BapHUX 3'€JHAaHb, BUKOHAHUX Ha POOOYMX
peKuMax eJIeKTPOyrOBOro 3BapioBaHHs. HaliMeHlle 3ycuiiisg pyiHyBaHHS CIIOCTEPIrasocs: Ha MakeTi TBeJa,
Bunpo6ysaHoro npu 1200 °C y BogsHill napi. B po60Ti HaBeleHO pe3ybTaT JOCIIKEHHS B CepeOBULLi BOASHOI
[apy MWBUIKOCTI KOPO3ii albTepHATUBHUX MaTepianiB 060JI0HOK TOJIEPAHTHOTO MaJIMBa ayCTEHITHOI HEep>KaBilo4oi
crasi mapku X18H10T Ta xpomonikeseBoro cmiasy 42XHM Bupoonunrea TOB «BO «OCKAP» (M. Hikonossb).
[NokaszaHo, mwo muas 42XHM Moxe 6yTH 3aCTOCOBAHUI B SIKOCTi 0O0JIOHOK TBEJIIB 5K aJIbTE€PHATHUBA LIMPKOHIEBUM

CIIJIaBaM.
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