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'Kpacnopyubkuii B.C., 'I'pununa B.M., 'Yepnos 1.0., 3yiiok B.A., 3irynos B.B.,
Pyap P.O., IIuaunenko O.B., ’Kosogaiii I.B., °Kpaiiniok €.0.
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AKTyanpHHUMH 3a7jayaMH Cy4YacHOI aTOMHOI €HepreTMKH YKpaiHU € opraHizarlis
BJIACHOTO BHPOOHUIITBA IMOTJIMHAIOYMX CTPWKHIB ynpabiiHHsa Ta 3axucty (IIC CVY3)
peakropa BBEP-1000 3 mnomimmeHHMMH eKCIUTyaTalliiHUMHU XapaKTEPUCTHKAMH Ta
TEXHIKO-€KOHOMIYHUMH TMOKa3HUKaMH. B ocTaHHi# 4ac 1ig 3agada Halyua e OUIbIIOol
aKTYaJbHOCTI y 3B’SI3KY 3 BiliCbKOBOIO arpeciero Pociiicbkoi Denepartii mpotu YKpainu.

Kap6in ©Oopy Ta THTaHAT JUCHPO3il0 3aBASKH CBOIM  sAEpPHO-(DI3UUHUM
BJIACTUBOCTSIM 3HAWIUIM HIMPOKE 3aCTOCYBAaHHS SK HEHTPOHOIOTIMHAIOYI MaTepiain
pPEaKkToOpiB Ha TEIUIOBUX HeWTpoHax. B mormmuatounx enemenrax (IIEJI) peaxropa
BBEP-1000 nmani matepiaiii 3acTOCOBYIOTbCS B MOpOIIKOBOMY Burisiai. CyudacHi
YSIBJICHHSI [IPO METOM 301IbIIeHHS pecypey poOoTu noriauHarouux enemenTis i [IC CY3
peakropa BBEP-1000 B 1mimoMmy 3acHOBaHI Ha BUKOPHCTaHHI IIMX MaTepialiB B
TabJIETKOBOMY BUTIIA[L, 1O Ja€ 3MOTY 30UIbIIEHHS KUTHKOCTI MOTJIMHAYIB HEUTPOHIB B
BUPOOi, 3MEHIIIEHHS 1X BIUIMBY Ha JIETpaIallito 000JOHKH B IPOIIECI EKCIUTyaTallii.

B po6orti po3pobieno Bumoru 10 TabieTok kapOigy 6opy. BecranoBnenuil Biius
CXEM BWIOTOBIICHHS, NapaMeTpiB MpEeCyBaHHs, TEMIIEPATypPHO-YACOBUX PEXKHUMIB
CIIKaHHA Ha TYCTHHY Ta0JeTok KapOimy Oopy. KommnexcHuil anHami3 pe3ylbTaTiB
NPOBEICHUX B JaHiii poOOTI JOCHIPKEHb J03BOJIMB 3pOOUTH BHOIp mapameTpiB
TEXHOJIOTIYHUX TPOLECIB BUTOTOBIEHHs Tabnerok B4C, mpu sikux Oyna JocsArHyTa
rycruHa > 1,95 r/cM®, mo 703BoNsE 36GIMBIINTH eKCITyaTaliiiHi xapaktepucTuku 11C
CV3.

B  HwkHIH YacTHHI TOTJMHAIOYMX  eleMeHTiB  peakropa BBEP-1000
3aCTOCOBYETHCSI B IMOPOIIKOBOMY BMIVIAJI TUTaHAT IUCHpo3it0. B poboti po3pobieHo
BUMOTH [0 TaOJIETOK THUTaHATy MJHUCIPO3il0, TEXHOJIOTIYHI MPUHOMU CHHTE3y Ta
XapaKTepUCTUKH BUTOTOBJIEHUX TaOJETOK TUTaHATY TUCHpO3it0. BcranoBneHuit BIvB
CXEM Ta TEXHOJOIIYHHUX IapaMeTpiB MPOLECY BUTOTOBJIEHHS TaOJETOK, HAsBHOCTI 1
KIUJIBKOCTI JIETYIOUHMX €JIEMEHTIB Ha (pa30BUH CKJIaJ CHHTE30BaHOTO TUTAHATY AUCIPO3it0
Ta xapaktepuctuk Tabnerok st [TEJI peakropa BBEP-1000. [ocmimkena 3anexHiCTh
(a30BOro CKjIay Ta r'yCTUHH Ta0JIETOK BiJl XapaKTEPUCTHK BUX1THUX OKCU/IB, HAABHOCTI
neryto4oi 1006aBku MoQOs. BeraHoBieHO, 1110 BUKOPUCTAHHSI HAHOPO3MIPHOTO MOPOIIKY
TiO2 cmineHO 3 MoOs mpU3BOAUTH A0 IiJBHIICHHS TYCTHHH CIEYCHUX TaOJIETOK
TuTaHaty gucnposiro 1o 7,0...7,1 t/em® i hopmyBaHHS oaHOMA3HOI CTPYKTYpH THITY
HipoxJopy.

Bubpani ta obrpyHTOBaH1 BapiaHTH KOHCTpyKii Tabnetkooro IIEJI TIC CV3
peakropa BBEP-1000.

[TpoBeneHi matepiajgo3HaBul JOCHIHKEHHS JUIsl OOIPYHTYBaHHS Mpane3JaTHOCTI
matepianiB [1EJI mpu HopManbHUX yMOBax eKCIUTyaTallii.

[TpoBeneHo MozieMIOBaHHA Ta OOTPYHTYBaHHS MPALE3JaTHOCTI Ta pecypcy poboTH
PETyIIOYHUX CTPUKHIB 3 PO3pOOICHUMH HEUTPOHOIOTIIMHAIOYUMH MaTepialaMu.

Burorosneni gocnigai naptii Tabnerok kapOigy Oopa Ta TUTaHATy AMCIPO3iIO 1
maxkertiB [1EJI 3 iX BUKoprcTaHHSM.
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®I3UKO-XIMIYHI OCHOBU BUPOBHUILITBA TEKCA®TOPUJIA YPAHY
TA 3BATAUYEHOI'O YPAHY

Myxaues A.IL, 2Knanos B.M., ‘Illesuenko B.I'., ’Hedenos B.T.,

1€maronnes J1.0.

Yucruryr reorexniynoi mexaniku iM. M.C. TTonsxosa HAH Ykpainu, uinpo,
VYkpaina, office.igtm@nas.gov.ua

2y kpalHChKHil IepKaBHUI yHIBEpPCUTET HAYKH i TeXHoJIorii, JIninpo, Ykpaina,
office@ust.edu.ua

HasBHi B YkpaiHi NMOTY>XHOCTI 3 TMEpEepoOKH YpaHOBUX Py OPIEHTOBAaHI Ha
BUPOOHHUIITBO KOHLIEHTpATy 3akucy-okucy ypany (UsOs), mo BiamoBizae BUMOram
crangapry ASTM (C967. [lanuii KOHIEHTpAT € BIIHOCHO HHU3bKOTEXHOJOTIYHUM
OPOAYKTOM, OyIydd CHUPOBHHOIO 1isi BupoOHuuTBa rekcadropuny ypany (UFs) B
npoleci orpuMaHHs 30aradenoro giokcuay ypany (UO2) [1]. Bupobnsitoun koHIIEHTpaT
1 mepenaro4n Horo Ha mepepoOKy Ta 30araueHHs B iHIIN KpaiHW, YKpaiHa (akTHIHO
BTpatuia nonas 20 Tuc. T 36iaHEHOr0 ypany 3 BMicToM i3otomy 23U na pisni 0,3 %. Leit
IPOAYKT € MEPCIIEKTUBHOIO CHPOBUHOIO JJISI PEAKTOPIiB HA MIBUAKMX HEUTPOHAX, KOTPI
BUT'1JIHO JONOBHIOIOTh MaJIMBHUNA LIMKJI IOBHUM PELUKIIHIOM BIANPAIbOBAHOIO YpaHYy.
be3 mmpoxoMacmTaOHOTO BIPOBAKEHHS ILHX PEAKTOpiB, 3a IYMKOIO 0OaraTbox
€KCIEepTIiB, AJIepHa EHepreTUKa Ha TEIUIOBUX HEUTpoHax y XXI cTomiTTi Moxke (aKTUUHO
NepecTaTy iCHyBaTH.

VYkpaina Mae TEXHOJIOT1uH1 MOXKIHUBOCTI niepepodku kKoHieHtpaty UsOg mo UFs i
TEXHOJIOTiI0 oTpuMaHHs TeTpadropuny ypany (UFs) Ha niroumx ruromax KOJIHITHHOTO
BO I1X3 ta 6a3y s 30epirandst GTOpUAY BOJHIO 1 IUTABUKOBOI KHCIOTH, SIKi HEOOX1TH1
st BUpoOHUNTBa (ropy. Texuomoris orpumanHs UF4 € aHanorigHow 10 Air04O0i
TEXHOJIOT1i BUPOOHUITBA (TOPUAIB LUPKOHIIO Ta raduiro [2]. Bmict nomimok y
KOHIIEHTpaTl ypaHy 3HWXKYETbCS 10 piBHS BuUMoOr cranmapty ASTM C787. Ilutanus
BUPOOHHUIITBA €JIeMEHTapHOro (hTopy Moxke OyTH BHUpILIEHE 3aKyMiBJICI0 IPOMUCIOBUX
€JIEKTPOJII3EPIB y KpaiHax €Bpocoro3y. BicyTHICTh BIIaCHOTO adiHaXHOTO BUPOOHUIITBA
nepepoOku  KoHueHTpaTy 3 oTpumaHHsM UFs He pae 3Morm yBIHTH Ha
BUCOKOTEXHONOTIYHHI CBITOBHII PUHOK MOCIYT 3 Horo 36araueHHs no izotomy 2°U Ta
OpraHizyBaTH BHUPOOHHUIITBO BITYM3HSHOTIO SJIEPHOTO TMajuBa MpU Koomepamii i3
3aKOpJOHHUMU (ipMaMH.

Jlise CTBOpPEHHS BITYM3HSIHOI KOHKYPEHTOCIIPOMOKHOI TEXHOJIOTIi BUPOOHMIITBA
UFs HeoOXxiaHa sSKHAWIIBHU/IIA PEKOHCTPYKINSl YPaHOBOI'O BHUPOOHMILTBA Ha JIIOYMX
notyxHocTax Il «Cxial'3K» 1 3xailicHeHHs MoJiepHi3allli Ha OCHOBI BITYM3HSHOIO Ta
CBITOBOTO JOCBiqy. B HalOnmxkuiil mepcrnekTuBi 1€ AacTh 3MOTY YTHIII3yBaTH YacTUHY
peareHTiB y BUIUIAl JOOpPUB; MIABUILUTH SIKICTh KOHLIEHTPATy N0 JIOKCHIY YpaHy,
3pYYHOrO JJIs Ofiep KaHHs rekcadpTOpUy ypaHy; 3HU3UTH €HEProeMHICTh BUPOOHUIITBA,
CKOPOTHTH BUX1J TBepAOi (pa3u Ha 3aXOpPOHEHHS; YTHIII3YyBaTH YacCTUHY PEareHTIB y
BUPOOHUITBI 100puB. Bce 1e B CyKymHOCTI 3a0€3MeUUTh MOXKJIHMBICTD 3HHUKEHHS
co01BapTOCTI MPOAYKI[T KOMOIHATY 10 peHTa0eIbHOrO PiBHS.

Jlireparypa:

1. Mukhachev A. P., Yelatontsev D. O., Kharitonova O. A. Physical and chemical foundations of
the technology for obtaining uranium oxides // Problems of Atomic Science and Technology,
2022, (2), 62-67.

2. Hegheoos B., Myxaues A., Cyxuii K., bensanoscoka O., Cyxuti M. Ymeopenns ma sukopucmanms
(peonis npu eneKmporTMUYHOMy OMPUMAHHT YUPKOHIIO, 2agHito, mopito ma ypany // Scientific

Works, 2022, 86 (1), 119-124.
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BUKOPUCTAHHSA 3AJII30BMICHUX BIIXOIIB TUTAHOBOI F'AJTY3I
JJISA MIOKPALIEHHSA ITIOKA3HUKIB BUJTYTOBYBAHHSA YPAHOBUX PY /L.
Koxypa O.B., Huoyas €.0., [Iucbmennnii b.B.

«YKpailHChKHUH JAep)KaBHUM YHIBEPCUTET HAYKH 1 TEXHOJIOT1H»,

M. JIninpo, Ykpaina eugenetsh@gmail.com

B mpouecax ximiyHoro 30arayeHHs Hale(EKTHUBHIIIE ypaH i3 Py YKpaiHCHKUX
pPOJOBUII  BWIY4alOTh  E€HEPrOBUTPATHUM  aBTOKJIABHUM  CIpYaHOKHUCIOTHUM
BIWIYTOBYBaHHsAM. Yepe3 Hu3bkHil BMicT ypany y pyaax 0,1-0,14 % Ta ix BHCOKY
KHUCJIOTOEMHICTh IIPOLIEC OTPUMaHHS ypaHoBoro koHueHTpaTy UsOs noB’s3anHuil 3
BUCOKHMM CIIO)KMBAaHHSIM PEareHTiB. B Takux ymMoBax €HEpreTH4YHi BUTPATH KPUTHYHO
BIUIMBAIOTh HA PEHTAOENbHICTh BUPOOHHUITBA. 3HAXOMKEHHS CHOCO0IB 3HM)KEHHS
TEMIIepaTypyd BWIIYTOBYBAaHHS TpHU 30€peKEHHI PIBHIB BHIyYEHHsS ypaHy Ta MOIIYK
JIbTEPHATHBHY €HEPrOBUTPATHOMY aBTOKJIABHOMY MpoLecy € 0€3yMOBHO aKTyaJbHUMH.

PynHi MiHepaiu MICTATH, SIK PAaBWIIO, CHOIYKH YOTHPUBAIEHTHOTO YpaHy, SIKi B
CJIa0OKUCIIMX PO3UMHAX MPAKTHUYHO Hepo3uuHHI. J[s 3a0e3neueHHs] BUCOKUX CTYIEHIB
BurydenHs: minepanu U (IV) oKHCHIOIOTH 10 J00pe pO3YMHHUX y KHCIOTaX CHOIYK
UO2%". Jlng uporo B MyIbIH BUIYTOBYBAaHHS JO0JAI0Th OKMCHHKH: Tpomro3uT MnOp,
TIAPOTEH TEPOKCHUI, HATPiIO0 XJIOpaT, MePOKCOOOpaTH, EpMaHTaHATH, TIEPOKCOCIpUaHi
KHUCIIOTHU Ta iX coui, crionyku ¢pepymy (III), cymimi SOz Ta nositps Tomro. Ha «/IIT Cxin
I'3K» (m. XKoBTi Boau) /Uit OKMCHEHHS ypaHy Y MyJIbIIA BUIyTOBYBaHHS J0AAI0Th a30THY
KHucnoTy. be3nocepenHe oKMCHEHHS MiHEpalliB ypaHy BiAOYyBa€ThCsl 31€0UIBIIOTO MPHU
reTeporeHHiil B3aeMozii yacTodok pymu Ta crmomyk Fe®*, mo 3maxomarecs y posumni
BUJIYTOBYBAHHS, POJIb IHIIMX OKUCHIOBAUiB, SIK MPABHUJIO, MOJSIra€ B OKMCHEHHI CHOIYK
Fe?* ta perenepanii ionis Fe®*. B pymax pomosumi, siki Hapasi po3poOIAOThCS, BMIiCT
cnonyk ¢epymy (II, III) HemoctaTHiit Isi CTBOPEHHS y pPO3YMHAX BHIYTOBYBaHHS
BHCOKOTO OKHCHO-BIJIHOBHOTO TOTeHIIiamy. [|Jish 3HIKEHHS TeMIepaTypH BHIYyTOBYBaH-
HS ypaHy Ta BUTpAaT Cyib(aTHOI KHCIOTH HAMU 3alPONOHOBAHO Y SIKOCTI OKHUCHHKA
JI0JIATKOBO BHOCHTH Y PO34MHU BHIyroByBaHHs crioiyku Fe (111). BunyroByBanHio mpu
aTMocgepHOMy THCKY 1 Temrnieparypi 75 °C npoTaroM 4 roAuH MijJaBaiy yIOpHI pyJIu
MiuypiHChKOTO pojioBuUIla. B sSIKOCTI J0JaTKOBOTO OKUCHUKA Ta JIJISl YaCTKOBOI 3aMiHU
pearenTHOi 98 % H2SO4 10 po3unHiIB BUIYTrOBYBaHHS J0AaBAIM TiPOIII3HY CYIb(paTHY
kucinoty (22 % H2SO4, 8 % FeSO4), sxa € 6araToOTOHHA)KHUM BiIXOJJOM BUPOOHHUIITBA
nirmentHoro TiO,. Iomepemuso Fe?" TiapomisHOi KMCIOTH y TIPMCYTHOCTi CHOJNYK
3B’A3aHOTO a30Ty OKMCHIOBamM kucHeM 1o Fe'. TimponisHa kucnmoTta € JOCTYMHHM i
JIEIIEBUM pPEareHTOM, YTWIi3alis sKOTo
Hapa3l € BKpall 3aTpaTHOIO. 3alie)KHICTh
CTyNeHs BWIyYeHHs YypaHy BiJl YacTKH
BHECEHOT Ha NPUTOTYBAaHHS BUJIYrOByBaua _ s
T1POJTI3HOT KHCIIOTH TTOKA3aHO Ha PUCYHKY.

BucHosku. IIpu  BuKOpHUCTaHHI
OKHUCHEHOI TiJIpOJII3HOI KUCIOTH y SKOCTI
mxepena iowis Fe®* mnpu BumyrosyBaHHi s
ypaHy BUSIBICHO: MOXJIMBICTh T1IBUIIICHHS
BWIyYEeHHS ypaHy B 0e3aBTOKIaBHHX
yMoBax 3 76 10 88 %; MOXJIHBICTH BIIMOBH
BiJl BHMKOPHMCTaHHS a30THOI KHCJIOTH Y
SKOCT1 OKHCHHUKA; MOYKJIMBICTh CKOpOUeHHsI BUTpaTh peareHTHO1 98 % H2SO4 mpubimsao
Ha 40 %. Takox OKMCHEHA TiIpOJIi3HA KUCIOTa MOYKE YCHIIIHO BUKOPUCTOBYBATHCS IS
3MEHIIEHHS CO0IBApTOCTI MPOIIECIB KYITHOTO Ta MiI3€MHOTO BUITYTOBYBAaHHS YpaHy.
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GLOBAL EXPERIENCE AND PROSPECTS FOR THE USE OF SMALL
MODULAR REACTORS

Popov O.0., Iatsyshyn A.V., Kovach V.O., Lahoiko A.M., Chymbai M.V.
Center for Information-analytical and Technical Support of Nuclear Power Facilities
Monitoring of the NAS of Ukraine, Kyiv, Ukraine, Lagoyko992@gmail.com

Small Modular Reactors (SMRs) are viewed as a promising direction in the
development of nuclear energy, with modern challenges such as global warming and
increasing energy demands being addressed. Due to their compactness, modularity,
enhanced safety, and transportability, effective deployment of SMRs can be achieved in
remote regions and industrial areas. They can operate alongside renewable energy
sources, ensuring that stable and environmentally friendly electricity generation is
maintained. Global trends are confirming the active adoption of SMRs across various
countries: the world's first land-based SMR, the ACP100 (Linglong One), is being
constructed in China; the development of NuScale Power, the first commercial modular
reactor, is being supported by the United States; and large-scale SMR development
programs are being funded by Canada and the United Kingdom. At the same time,
significant potential for modernisation of energy systems is held by SMRs in countries
seeking new pathways [1,2].

The main advantages of SMRs are noted to include flexibility in deployment, long-
term economic efficiency, and a significant reduction in carbon emissions compared to
traditional energy sources. However, several challenges are acknowledged, including
high initial development and construction costs, the necessity for new infrastructure,
regulatory barriers, and public perception of nuclear technologies. The economic
feasibility of SMRs is considered a key factor in their commercialisation. It has been
indicated through research that capital costs for SMR construction are, on average, 41%
higher than those of large reactors, but financial risks are perceived to be significantly
lower. The average levelized cost of electricity (LCOE) is estimated to be €85 per
megawatt-hour. Despite these challenges, it is believed that advancements in modular
manufacturing and public-private partnerships could assist in lowering the costs
associated with implementing this technology [3].

The prospects for SMRs are also extended to the field of safety. A higher level of
reliability is demonstrated by them, thanks to the use of passive cooling systems,
compared to traditional reactors. This significantly reduces the risk of accidents and
potential radioactive releases, making them more attractive to both regulatory authorities
and investors. Additionally, a significant reduction in costs associated with protective
structures and other infrastructure components is allowed by the smaller size of these
reactors.

It is suggested that SMRs have the potential to become a key component of the
future energy system. A stable, safe, and environmentally friendly alternative to
traditional energy sources is offered by them. Despite the existing economic and
regulatory challenges, the growing adoption of SMRs is indicated by global trends,
making them considered a promising solution for modernising energy systems in various
countries, including Ukraine.

Reference:

1. O.0. Popov et al. Perspectives of nuclear energy development in Ukraine on the global trends
basis // IOP Conf. Ser.: Earth Environ. Sci., 2023, vol. 1254, 012108.

2. J.1. Lee. Review of Small Modular Reactors: Challenges in Safety and Economy to Success //
Korean Journal of Chemical Engineering, 2024, vol. 41, p. 2761-2780.
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2 Center for Information-analytical and Technical Support of Nuclear Power Facilities
Monitoring of the NAS of Ukraine, Kyiv, Ukraine, polyakova ira@ukr.net

The development of nuclear energy in Ukraine should continue to be based on an
open nuclear fuel cycle (ONFC). The basis for this conclusion is that natural uranium
resources are available at reasonable prices to support an ONFC at least until the end of
the century. This gives the ONFC clear economic advantages while adhering to the
principles of the Treaty on the Non-Proliferation of Nuclear Weapons [1] as an important
additional function.

The main objectives, directions, and priorities of scientific support in the field of
nuclear energy should be defined by a comprehensive program of scientific research and
R&D activities, which needs to be developed.

Currently, the following documents exist:

-The Energy Strategy of Ukraine for the period up to 2050 [2];

-The draft National Targeted Ecological Program for Radioactive Waste (RAW) -

Management (registration No. 12356) [3];

-The National Energy and Climate Plan for the period up to 2030 [4].

The following areas require comprehensive solutions within the framework of the

relevant programs:

-Decommissioning of NPP power units;

-Construction of new power units using foreign technologies, the deployment of

small modular reactors, and the development of the corresponding infrastructure;

-Establishment of a geological repository for RAW.

The research and development program (provisional name — Scientific Support
Program for the Nuclear Complex of Ukraine) should include a range of activities to
achieve the goals outlined in the Energy Strategy of Ukraine for the period up to 2050
[2]. This program must be developed and approved by a relevant legal act.

The highest priority in research and development for nuclear energy, considering
technical, economic, and safety aspects as well as societal importance, should be ensuring
sufficient funding to guarantee the reliable operation and development of an ONFC.

References:

1. Treaty on the Non-Proliferation of Nuclear Weapons of July 1, 1968 (On accession to the
Treaty and reservations to it, see Law No. 248/94-VR of November 16, 1994).

2. Decree of the Cabinet of Ministers of Ukraine «On the approval of the Energy Strategy of
Ukraine for the period until 2050» dated April 21, 2023.

3. Official website of the Parliament of Ukraine, link to the document
https://www.rada.gov.ua/news/news_kom/259081.html.

4. Decree of the Cabinet of Ministers of Ukraine «On approval of the National Energy and
Climate Plan for the period until 2030» dated June 25, 2024.
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TEXHIKO-EKOHOMIYHI IIOKA3ZHUKHU BUPOBHULITBA
HU3BKOBYTJIEHEBOI'O BOJHIO BLJISA ICHYIOUUX BJIOKIB AEC B
YKPAIHI

Yaanos M.M.

[actutyT Texuiunoi temnodizuku HAH Ykpainu, m. Kuis, Ykpaina,
e3therm@gmail.com

MixHaponne eHepreruyHe areHTcTBo (MEA) BU3HAauWiIo BOJEHBb 1 MajJUBO Ha
OCHOBI BOJIHIO SIK OJIMH 13 KJIFOYOBHX CTOBIIB JekapOoHizamii. 3a manumu Kowicii 3
eneprernunux nepexois (ETC), rmobanbHOi Koamiii JiAepiB 3 YChOr0 €HEPreTUYHOTO
manamadTy, SKi MOPaLoTh pa3oM, 00 MPUCKOPUTH Mepexia J0 MailOyTHBOro 3
HYJIbOBUMHU BUKHJIaMH, BOJCHb MOXE BIJIrpaBaTH BAXKIWBY pOJib y JeKapOoOHi3allii,
HE3QJICXKHO BiJl TOTO, BUKOPUCTOBYETHCS BiH O€3MOCEPEHBO YU y BUTIISAL MOXiTHOTO
najnuBa B CEKTOpax, Je IpsMma enekTpudikaiis Moxe OyTH HEMOXIMBOIO abo €
€KOHOMIYHO HENOIIBHOW. SIKIO BOAEHb BHPOONSETHCS 3  BHKOPHCTAHHIM
HU3bKOBYIJICLIEBUX JIXKEpel eHeprii (Hampukiaj, siepHa eHepreThka), BiH Maike He
Bunisie CO2 He TUTBKH IMiJT 4Yac BUKOPUCTAHHS BOJHIO, alieé ¥ TijJ 4ac BHPOOHHUYOTO
Mpolecy, Ha BIIMIHY BiJ MPOLECIB, /i€ BOJIEHb BUPOOJIAETHCS 3 BUKOPUCTAHHSIM 1HIIUX
JDKEpeTI eHeprii (HalpuKIIa1, BUKOITHOTO MajInBa).

OckinbKH 1HBECTHULIi y CTBOPEHHS €JIEKTPOII3HOI YCTAHOBKH JJISi BUPOOHHIITBA
HU3BKOBYIJICIIEBOTO BOJHIO JYyXK€ BHCOKI, HEOOXITHO 3pOOUTH EIEKTPOIi3epH
PEHTAOCIPHUMU IIISAXOM 301IBIIICHHS TPUBAJIOCTI BUKOPUCTAHHS (MiHIMAJIBHHUH IMOPIT
5000 rox/pik i onTumansauiA opir 10 8000 ro/pik), 40ro He JO3BOJISIE IEPEPHUBUACTICTD
BigHOBMIOBaHUX kepen eneprii (Bix 2000 mo 4000 roa/pik BUKOpHUCTaHHS). Y LOMY
BIJTHONICHHI JIMIIE si/iepHA CHEPreTHKa Ta TiIpOesIeKTPOCHEPTeTHKA MArOTh IMOJBIHHY
nepeBary: BOHUM KepOBaHi Ta MPOrHO30BaHI MPOTATOM BChOTO POKY. Buxosuu 3 aHamizy
JaHUX 1100 BapTOCTI B YKpaiHl €JIEKTPUYHOI €HEprii, OTPUMaHOI 3 B1IHOBIIOBAIbHUX
mxepen eneprii (BJIE), Takux sik conue Ta BiTep (airounii Ha 2024 p. «3eneHuid Tapud»)
Ta BapTOCTI BUPOOHUIITBA €JIEKTpUYHOI eHeprii Ha nirounx Omokax AEC B VYkpainu
(cranom Ha 2024 p.), Oyno BHKOHAaHO aHaJi3 LIOJO MOPIBHAHHS TEXHOJIOTIYHUX,
€KOJIOTIYHUX Ta BAapTICHUX IMOKA3HUKIB BUPOOHUIITBA HU3BKOBYTJIEIEBOIO BOJHIO Ha
€JIEKTPOJI3HIM YCTaHOBLI eNeKTpuyHOK moTyxHicTio 1 I'Bt. Otpumani naHi
npeacTaBieHi B Tabmui 1.

Tabmumss 1. [lopiBHSHHS TEXHOJOTIYHUX, €KOJOTIYHMX Ta EKOHOMIYHMX TIOKa3HUKIB
BUPOOHMIITBA HHU3LKOBYIJICIICBOIO BOJHIO HA €JCKTPONI3HIA YCTAHOBII EJICKTPUYHOIO
noryxHictio 1 I'Bt
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SO 28 2 T 5 ~ = g
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CEC 205,02 13-16 21466 12686 1,404 14,70
BEC 127,46 33-38 52556 34495 0,572 7,68
AEC 41,94 77 -81 116955 337 0,624 3,12

HusbkoByrieneBuilt BojieHb, OTPUMaHUI 3 BUKOPUCTAHHAM €JIEKTPUYHOI eHeprii
Binm AEC, Mae He3anepeuHi rmepeBary nepea BoJHeM, OTpUMaHuM 3a gormoMoroo BJIE.
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BU3HAYEHHS TEMIIEPATYPHU EKCILTYATAIIIL EJJEMEHTIB
KOHCTPYKIIIi HAJICTABKH KACETH APK, OIITHKA HAJIMHOCTI iX
OXOJIOJKEHHSI B AKTUBHIHN 30HI BBEP-440

3yiiox Banepiii, {Ixamip3oes Aandept, 2Masypok Ouekcanap, ‘3irynos
Bosiogumup, *Makapenko Auton, “T'oayn Oger

YHTK ST HHIL X®TI, m. Xapkis, Ykpaina, valeriyzuyok@gmail.com

’TOB «Enepro6esneka rpym», M. Kuis, Ykpaina

SHaykoBo-TexHiunHil KomIekc «[HCTHTYT enexTpo3BaproBanHs iMeHi €. O. [TaToHay,
M. KuiB, Ykpaina

‘®inis «BIT «HaykoBo-texniunmii nenTp» AT «<HAEK «EHeproatom», M. KuiB,
VYkpaina

AT «HAEK «Eneproatom» NpoBOAMTH KOMIUIEKC POOIT 3 3aMiHM €JIEMEHTIB
aKTHBHOI 30HM PEaKTOpIB, K1 paHimie mocravana pociiicbka komranis AT « TBEJI», Ha
€JIEMEHTH BJIACHOTO BUPOOHMIITBA, OJHUM 3 SKHX € KAaceTH aBapiiiHOTO 3axHCTy,
perymoBanHs Ta kommnencanii (APK) BBEP-440. APK e poGouuM opranom cucremMu
ynpasiinas Ta 3axucty (CY3) Ta ckinagaroThes 3 manuBHoi yacTuau (TB3) Ta HancTaBku
3 MOTJIMHAYEM.

BusnaueHHs TemmnepaTypH €JIEMEHTIB KOHCTPYKINI HaJICTaBKH HEOOXiTHO st
OOTpYHTyBaHHS MEXaHIYHOi HAAIMHOCTI B Jiama3oHi TeMIEeparyp eKcIUlyartanii, Ta
HiATBEP/KCHHS HAJIMHOCTI X OXOJIOKEHHS TPH MapaMeTpax TEIUIOHOCIS MepIioro
kouTypy BBEP-440.

[TuTomMa MOTYXHICTh €HEPrOBUIICHHS B KOHCTPYKLIHHIX MaTepiaiaX HaJCTaBKH
APK 3anexuts Bif moTyxHocTi pobounx kacer (PK), mo 3HaxonsThcs y cycigHix
KOMIpKax, Ta € HalOUIBIIO TSI OOPHOTO BKJIAAMINA: JUIS YCEPETHEHOTO MO CEKTOpam
Kq=1,28 ii BenuuuHa ctaHOBUTH 17,5 Bt/cmS. aranbha MOTYXHICTh €HEPTOBU/IIICHHS B
KOHCTPYKIIIMHUX MaTepiajiax HaJICTaBKH, BOJII Ta MaTepialli IITaHTH TPOMIKHOI
CTaHOBUTH 229 kBT A5 noBHicTIO 3aHypeHoro Ta 64 kBt mys 3anypenoro Ha 154,8 cm
OP CV3.

3a BIICYTHOCTI TEIUIOOOMIHY uepe3 YOXOJ HaJACTaBKU MaKCHUMAaJbHUHM MiAirpis
TEIUIOHOCISI 32 pPaxyHOK €HEpProBUJIJICHHS B KOHCTPYKIIMHMX Marepialax MpHu
KoHcepBaTuBHii BuTpati 100 M>/rox cranoButuMme 1,9 °C a71s noBHicTIO 3aHypeHoro OP
CV¥3Ta 0,53 °C nns 3anypenoro Ha 154,8 cm.

3a Temrneparypu TEIJIOHOCIS HAaBKOJIO BKJIAIUINA, 10 BIJMOBIJa€ MAaKCUMAILHOMY
niairpiBy termoHocis B cycignix PK (46,6 °C), piBHOMIpHOMY pO3HOJUTy IIBHIKOCTI
TEIUIOHOCIS MO 3a30paM HaJcTaBku (2,61 M/c), MakcuMallbHa TeMIeparypa MOBEpXHi
BKJIaJuIIa Juisg noBHicTIO 3anyperoro OP CY3 cranoButume 312,9 °C, a qy1st miaHATOTO
Ha 154,8 cm — 313,9 °C, mo 3a Temnepatypu HacudeHHs TeruioHocis 327 °C mae 3amac
no nacuuenHs 14,1 °C ra 13,1 °C BiamosinHo. HabnmxeHHs TeMiiepaTypu BKIAUIILY 10
TEeMIIepaTypu HACHYECHHS TEIUIOHOCIS MOXKJIMBE MPU 3MEHINEHHI MBHIKOCTI B 3a30pi
BKJIQ/IMII — [EHTpasibHa TpyOa Hikde 0,5 m/c, 1110 HEMOXKIIUBO NPHU JIaHiil KOHCTPYKIIi{
HAJICTAaBKHU Ta HABIiTh IPH KOHCEPBATUBHIi BUTpaTi Temmonocis 100 m>/rox. e cBiguuts
PO BiAICYTHICTh 00’ €MHOTO Ta MOBEPXHEBOTO KUMIHHS TEIJIOHOCIS IMi]T Yac eKCIuTyaTaii
HaNOUIbII €HEepProHaBaHTAXKEHOTO €JIEMEHTa — BKJaJWIIa HaJCTaBKH, TOOTO €JIEMEHTH
KOHCTPYKIIii HaJICTaBKu OyAyTh Ha/I1iHO OXOJO/KYBaTHCS B akTUBHIM 30H1 BBEP-440.
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DEUTERIUM PERMEATION BEHAVIOR IN Ti-6Al-4V ALLOY
WITH CrN AND TiN COATINGS
Karpov S.0., Karpach V.K., Kashaba A.Ye., Klimenko 1.0O.,

Kuprin O.S., Tolstolutska G.D.
National Scientific Center “Kharkiv Institute of Physics and Technology”,

Kharkiv, Ukraine, karpofff@kipt.kharkov.ua

A pure hydrogen environment is known to damage metal components including
certain steels and titanium through different mechanisms including hydride formation,
swelling, surface blistering, and embrittlement. Titanium alloys (e.g. Ti-6Al-4V used for
advanced gas turbine engines) have reasonable resistance to chemical attack, but
hydrogen attack causes severe problems, such as loss of ductility and decreased material
strength.

The deuterium permeation behavior in Ti-6Al-4V alloy, both in its uncoated state
and with TiN and CrN coatings deposited by cathodic arc evaporation, was investigated
following exposure to low-energy deuterium plasma at room temperature to a fluence of
1-10% D/m2. The implanted deuterium depth distribution was measured by means of the
D (®He, p)*He nuclear reaction.

Fig. 1,a illustrates the experimentally measured deuterium profiles from the front
side (after the removal of 0.4 mm) and the backside of the sample, as well as a linear
interpolation of the gas concentration throughout the sample of Ti-6Al-4V alloy. Fig. 1,b
shows the depth distribution profiles of deuterium in CrN coatings deposited under
varying applied bias voltages Uy (the depth resolution of this approach is limited to
250 nm).
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Fig. 1. Depth distribution profiles of deuterium in Ti-6A1-4V alloy 1200 hours after saturation
(a) and in coatings CrN (b)

The following conclusions were reached:

- In the uncoated Ti-6Al-4V alloy, significant redistribution of deuterium was
observed throughout the bulk material, with permeation extending to the reverse side of
the sample relative to the irradiated surface.

- In the coated samples, deuterium permeation was minimal, indicating negligible
diffusional mobility of deuterium within the TiN and CrN coatings at room temperature.
In addition, the depth of permeation and the concentration of accumulated deuterium in
the coatings do not depend on the substrate bias voltage (in the range of -50 to -300 V) at
which these coatings were deposited.

- The TiN and CrN coatings have the potential to serve as barriers, protecting the
Ti-6Al-4V alloy from interaction with the hydrogen isotope deuterium.
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OBTAINING OF MAGNESIUM-THERMAL ZIRCONIUM SPONGE
Pylypenko M.M., *Yefimov O.V., *Yanko T.B., 'Drobyshevska A.O., *Potanina T.V.
National Science Center “Kharkiv Institute of Physics and Technology”, Kharkiv,
Ukraine, pylypenko1957@gmail.com

National Technical University “Kharkiv Polytechnic Institute”, Kharkiv, Ukraine
3Public Joint Stock Company “Titanium Institute”, Zaporizhzhya, Ukraine

In the programs of work carried out in the world to improve nuclear fuel for light-
water pressurized reactors (PWR, WWER) and which are aimed at further improving the
operational reliability of fuel cells with fuel burn-up to 70...75 MWd/kgU and a
campaign length of up to 6...7 years, much attention is paid to increasing the resource
characteristics of zirconium fuel element cladding and components of fuel assemblies.
Fuel vendors have developed and proposed use of a number of cladding zirconium alloys,
such as Zircaloys, and Nb-containing alloys.

Up to date, although many Zr-based alloys have been studied for potential usage in
nuclear reactors, only a few of them are of commercial importance, and new Zr-based
alloys are continuously developed and then are recommended to be candidates for the
advanced nuclear power plant. However, the development of advanced fuel claddings is
a persistent issue in the nuclear power are and many investigators have been developing
new alloy compositions or exploring new processes for improving performances of Zr-
based alloys.

To improve the performance properties of zirconium alloys, it is necessary to
optimize the alloying elements content, and also use zirconium sponge as the alloys base,
since such alloys meet safety criteria under loss-of-coolant accident situations.

The technology of magnesium-thermal production of spongy zirconium on
laboratory installations has been studied. In general, the nuclear-grade zirconium
production route involves ore cracking, Hf separation, calcination, pure chlorination and
reduction to the pure metal. The Kroll process is commonly used on industrial scale for
the production of metals from the corresponding metal chlorides. Ductile zirconium is
produced by the reduction of pure gaseous zirconium tetrachloride with molten
magnesium in an inert atmosphere. After the reduction, the obtained metal mass
containing residual magnesium chloride and unreacted magnesium is further purified by
distillation.

The processes of obtaining zirconium sponge at the stages of reduction of zirconium
tetrachloride and high-temperature vacuum sublimation (distillation) of the reaction mass
were researched. To implement the process of obtaining zirconium sponge were
developed laboratory installations. Zirconium sponge samples were obtained from
domestic raw materials and studied properties and impurities contents.

The change in the content of impurities during the refining of the magnesium-
thermal zirconium sponge was investigated using the electron beam melting (EBM)
method. The refining processes are actively occurring during EBM. Evaporation of
metallic impurities is determined by the melting temperature of zirconium. Therefore
impurities whose melting temperature is lower melting temperature of zirconium (Al, Ti,
Cr, Mn, Fe, Ni, Cu, Ca, etc) during EBM removed. Research has shown that the content
of impurities, except for gaseous ones, in the obtained sponge and the quality of metal
zirconium slightly differ from the sponge zirconium of other manufacturers.

The research results can be used for the development of industrial magnesium-
thermal technology for the obtaining of zirconium sponge for the production of nuclear-
grade zirconium and equipment for its production.
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MATEPIAJIO3HABYI JTOCJII)KEHHS 1 PO3PAXYHKHN E®@EKTUBHOCTI
MOI'JINMHAHHSI HEMTPOHIB HFB2 B YMOBAX POBOTH B PEAKTOPI
BBEP-1000

3yiiok B.A., YUepnos 1.0., PomanbkoB B.O., Jlerenbknii €.C., Iuknii 1.B.,
IlleBuenko 1.B.

HTK AL HHL[ X®TI, m. Xapkis, Ykpaina, valeriyzuyok@gmail.com

Hubopun raduito (HfB2) posrmsmaerses Sk OAMH 3 MEPCIEKTHBHUX
HEHTPOHONOTIMHAIOYMX MaTepianiB peaktopiB PWR, B skux Ha TenepimHii yac
BUKOPHUCTOBYIOCS CIIJIaB Ha OCHOBI cpibia (Ag-In-Cd) ta kap6in 6opy (B4C). Tak, onaum
13 3aco0iB 30epexenns ¢(izmunoi edexruBHocti I1EJI Ha BHCOKOMY piBHI € cymicHe
BUKOPUCTAaHHs OOpy Ta radHiro, OCKIJILKH OOp € CHJIBHHM TOTJIMHA4YeM HEHTPOHIB 3
IMIMPOKUM CIIEKTPOM €Hepriii, a radHiil Mae JeKinbKa 130TOIMIB, SKi MiJ] OMPOMIHEHHSIM
HEPETBOPIOIOTHCS OAMH B OJJHOTO, UUM 3a0€311eUy0Th TPUBATy €()EeKTUBHICTD.

CTaHOBHUTH IHTEpEC IOCII/DKEHHsS acleKTiB Tmpare3natHocti Ttabnerok HfBp,
30KpeMa KOpO31HHOI CTIHKOCTI, CyMICHOCTI 3 MaTepiajJoM OOOJIOHKH MOTJIMHAIYOTO
enementy (I1EJI) i ¢i3umuHOi eeKTHBHOCTI NOTIIMHAHHA HEUTPOHIB B yMoBax BBEP-
1000.

B pobGori 3pobneHo aHami3 JESIKUX ~ EKCIUTyaTallifHUX  XapaKTEePUCTHK
mpaie3aaTHocTi aubopuay radHio y MOPIBHSIHHI 3 IHIIUMU HEHTPOHONOTIUHAIOYNMHU
MaTepiaJaMu Ha OCHOBI 0opy: kapOixy 6opy, TuOOpHy TUTAHY, TUPKOHIO, TUCTIPO3ILO.

[IpencraBiaeHo pe3ysibTaTH JOCTIDKEHb XapaKTEPUCTUK TabJeToK Jaudopuay
raQHir0, BUTOTOBJICHUX TrapsYiM MPECYBaHHSM Ta CIIKaHHSIM.

3a pesynbTaTaMH JOCIIKEHb KOPO3iiHOI cTifikocti Tabnerok HfB2 3 rycrunoro
(7,6...8,6) r/cm®, 3arameHa mopucticth (25...33) % B MONETRHOMY CEpPEIOBMIII
teruioHocis peaktopa BBEP-1000 BctaHOBIIEHO, 1110 BUTPUMKA TaOJIETOK BIIPOJOBXK 225
roaun ipu T=350 °C 1 P=16,5 MIla npusBena o pyitnyBanus tabseroxk HfB, BHacminok
¢azoBoro neperBopenns: HfB2 3 yTBOpeHHSIM MOHOKIIIHHOTO OKCHY TadHilo.

JocnimkeHo cymicHicTh Tabnetox HfB2 3 ryctunoro (7,6...8,6) r/cm® Ta MmaTepiany
o6ononku [1EJI peakropa BBEP-1000 (xpomonikeneBuii crimaB 42XHM) npu neperpisi
B cepenoBuili BojsHOI napu npu T=1200 °C Bnponosxk 60 xBuinH. BecranosieHo, 1mo
Mae micue «rpuinunanss» tabnaetku HfB2 no nnactunm 31 crtaBy 42XHM Ta yTBOpeHHs
obnacti B3aemolii. Lle Moke Oyt 00yMOBIIEHO MEPEBUIIIEHHSIM TEMIIEPATypH 3a PiBEHb
temneparypu eBTekTHkH Mix Hf Ta Ni, sxa cknanae 1150 °C.

3a pe3yibTaMu HEUTPOHHO-(QI3UYHUX PpO3pPaxyHKIB (iI3UYHOI €PEeKTUBHOCTI
nornuHaHHs Heiftponis HfB, 3 ryctunoro 10,5 r/cm® ta B4C 3 ryctunoo 1,7 r/em®
BCTaHOBJECHO, mo ¢isnyna edextuBHicTh HfB2 cxmamae 106 %. B  mporueci
JIOBIOTPUBAJIOT EKCIUTyaTallii 3a paxyHOK MOTIMHAHHS TadgHieM (i3udHa eeKTHBHICTH
HfB. 3umxkyersest 10 50 % 3a (9...10) edekTuBHUX pOKIB eKCIUTyaTarii, B TOW 4ac sK
(isnuna edexTuBHicT B4C MOBHICTIO 3HMKYETHCS 32 PaXyHOK MOBHOTO BUTOpAHHS 1°B.

TakuM YMHOM, Ha OCHOBI MPOBEACHUX JOCIIIKEHb 1 pO3PaxyHKIB BCTAaHOBJIEHO,
mo HfB2 xapakrtepusyerbcsi MiABHIICHOK (GIi3UYHOI C€PEKTHBHICTIO MOTTHHAHHS
HEUTPOHIB NpU TpUBaTii ekcruryaTtauii B ymoBax peakropa BBEP-1000. Bussnewni
HE3a/IOBUTbHI aCIEeKTH Tpale3qaTHOCTI, a caMe KOpo3iiiHa CTIWKICTh 1 CYMICHICTH 3
000JIOHKOIO.

[Tineumenns npane3aaraocti [TEJI 3 Tabnerkamu HfB2 Moxke OyTu moB’si3aHO 3:

- TMIJBUIIEHHSAM TYCTHHH TaOJIETOK Ta 3MEHIICHHs 3araibHoi (BiIKpUTOT)

MOPHUCTOCTI;

- (hopMyBaHHSIM 3aXMCHHUX TIOKPUTTIB Ha MOBEpXHi TabneTok abo o6oronok ITEJI 3

MaTepiajiB, 110 MalOTh BUII TEMIIEPaTypH eBTEKTUYHOI B3a€EMO/III.
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JOCJIKEHHS CTPYKTYPHO-®A30BOI'O CTAHY TABJIETOK
TUTAHATY AUCITPO3IIO TA TA®HATIB JUCITPO3IIO I I'AJIOJITHIIO,
ABTOKJ/IABOBAHUX B MOAEJIBHOMY CEPEJIOBUMIII TEIIJIOHOCISA
PEAKTOPA BBEP-1000

Byiiok B.A., ‘Yepnos 1.O., bepesnsik O.I1., ’Koonaiii I.B., 'Tper’sikos M.B.
'HTK ST HHI] XTI, m. Xapkis, Ykpaina

lgcTUTYT (hi3MKM TBEPIOrO TiNa, MaTepiano3HaBcTBa i Texnomnorii HHI XTI,

M. XapkiB, Ykpaina, valeriyzuyok@gmail.com

BigoMo, mo okcuau piakicHO3eMENbHUX eleMeHTIB (Hampukian, LnxOz) e
KOpO3iiHO HeCTiHKMMH y BoxHOMYy ceperoBumni mnpu ymoBax T =280...300 °C,
P =13...18 MIla. B3aemomis 3  Bomow  BigOyBaeTbcs Yy OBl CTaii:
Ln2O3z + H20 — LnO(OH) ta LnO(OH) + H2O — Ln(OH)3. BpaxoByroun 3a3HayeHe, B
SAKOCTI HEHUTPOHONOIVIMHAIOUMX MaTepialiB Uil SJEpHUX PEAKTOPIB  3HANIILIM
3aCTOCYBaHHS TUTAHATH 1 TapHATH pigKiCHO3EeMETbHHX elleMeHTiB. [IpoTe moBemiHKa mux
MaTepialiB B CEPEIOBHUINI TEIUIOHOCIS MPAKTUYHO HE JOCTIIKEHa, Yepe3 IO Taki
JOCITIPKEHHST MalOTh HAyKOBHH 1HTEpEC.

JlocnmipkeHHsL CTPYKTYpHO-(a30BOro CTaHy TaOJeTOK TUTaHATy AUCIPO3ilo, a
TaKOX TraHATIB AMCIIPO3iI0 1 TraJ0JiHII0 MPOBOIMIN HUITXOM J0oBrorpuBaiux (> 5000
TOJIMH) aBTOKJIABHHUX BUIPOOYBaHb B MOJAEIBHOMY CEpEIOBHILI TEIJIOHOCIS peakTopa
BBEP-1000 (H3BOs = 3 r/am®, NH3 = 3 mr/am®, KOH = 12,3 mr/am®, pH = 7,2) npu
temneparypi 350 °C Ta THcky 16,5 Mlla. EBomonito CTpyKTypHO-(a30BOro CTaHy
BUBYAJIM METOJAaMH PEHTTEHIBChKOI audpakiii (aHai3yBaluCs OKPEMO TOBEPXHS Ta
BHYTpIIIHS 4YacTMHAa 3pa3KiB) Ta iHGpauyepBOHOI CHEKTPOCKOIii (IIPOBEIEHO
y3araJbHEHUH aHai3 CyMillli IPUIIOBEPXHEBOI Ta BHYTPILIHBOI YaCTHHHU 3pa3KiB).

Tabnerku tTutanaty nucnposito (TiO2:Dy203) y BuUXigHOMY CTaHi € 0J{HO(a3HUM
MarepiaioM 3 TeKCaroHaJIbHOW0 a00 mipoxyopHo Moaudikarismu Dy2TiOs. Buxignuit
CTPYKTYpHO-(pa3oBuii ctan Tabnerok raduary maucnposito (HfO2:Dy.03) i raduary
ragoniHito (HfO2:Gd203) xapakrepusyerbes 0qHO(PA3HOIO KyOiYHOIO CTPYKTYPOIO THITY
droopury.

BcraHnoBieHno, 1o micis BUTPUMKHM B aBTOKJIaBl BHpoaoBk 6000 roauH komip
NOBEpXHI TaOJETOK TUTAHATy JUCNpPO3il0 HaOyBae 3€JIEHYBAaTOro BIATIHKY. Takox
3a¢1KCOBaHO 3MIHY BUXIJTHOTO CTPYKTYypHO-(ha3zoBoro crany. Tak, Ha MOBEpXHI TaOJIETOK
TUTAHATY JTUCTPO3it0 BiAOYBAETHCS YacTKOBE (pa3oBe mepeTBOpeHHs, 1 PopMyroThes (a3u
(Dy2Ti207, Dy203, DyBO3). YtBopenus Oopaty mucmposito DyBOs moxke OyTu
00YMOBJIEHO B3a€EMOJIEI0 YTBOPEHOTO OKCHIY AHUCIPO3iI0 3 OOPHOIO KHCIOTOO, IO
MICTUTBCSL B KOpO3iiiHOMY cepemoBuini. CiiJ BiI3HAYUTH, 110 Y BHYTPIIIHIA YacTHHI
TabJIETOK TUTAHATY AUCIPO3i0 HE CITOCTEPIracThesl Pa3oBHUX MEPETBOPEHb.

agnaT nucnposito mokazaB OiIbIIy CTIHKICTH 0 KOpO3il B MOJETBHOMY
cepenoBuii TertoHocis. Tak, y 3pa3kax, aBrokiaBoBanux 10 5000 roawH, ¢azoBux
NEepeTBOPEHb BUSBJICHO HE OYJIO (SK Ha MOBEPXHI, Tak 1 y BHYTpilHii yactuni). Komip
MOBEpxHi Ta0JeTOK HaOyBaB 3eJIEHYyBaTOr0 BIATIHKY.

[Ticns aBTOKJIaBHUX BUIIPOOYyBaHb MpoTaroM 5000 roauH Ha MOBEpXHI TabIETOK
rapHaTy TaJONiHIIO Oyno ineHTH(IKOBAaHO HEBEIUKY KimbKicTh (= 8 mac.%) Oopary
rajgoniHito GdBOs. Kounip 3pa3kiB HaOyBaB CBiTJIO-0exeBOro BiATiHKY. Da30Buil cKi1ag
BHYTPIIITHKO1 YaCTHHHU BIAMOBIIaB MOYATKOBOMY CTaHy 31 CTPYKTYPOIO THITY (DIIFOOPHUTY.
He3Baxaroun Ha yTBOpeHHS HOBUX (ha3 Ha TOBEpXHI aBTOKJIABOBAHUX TaOJIETOK
TUTAHATY AUCIIPO3iI0, 3MIHH JIHIHUX pO3MipiB HE Bi1/1I0YBA€ThCS — TaOJIETKU 30€piraroTh
CBOIO IUIICHICTh, IO CBIAYMTH MPO iX 3aJ0BUIbHY KOPO3iHY CTIHKICTP B yMOBax
cepenoBHINa TeruioHocis peaktopa BBEP-1000.
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OTPUMAHHS TEJYPY BUCOKOI UNCTOTH JJIsI JETEKTOPIB
IOHI3YIOUOI'O BUITPOMIHIOBAHHS

Counomixin /1.0., lllepoansb O.I1., Konapuk O.1.

HarnionansHuii HayKOBUM HEHTP «XapKiBCbKUH (i3uKO-TeXHIYHUHN IHCTUTYT» HAHY,
XapkiB, Ykpaina, solopikhin_d@ukr.net

Jlyist cydacHOro Marepiallo3HaBCTBa € BHCOKOI YHCTOTH CTAaHOBHUTH IHTEPEC SK
OCHOBHHUI KOMIIOHEHT OlHApPHHUX 1 CKJIQJIHINIMX HAMiBIPOBITHUKIB. Temypu kaamito Ta
foro TBepAl pO3YMHU BHKOPHCTOBYIOTHCS JJIsi BHUTOTOBJICHHS (POTOINpHIIMAYiB,
JCTEKTOPIB 10HI3yrouoro BumpoMiHioBanHs Ha ocHoBi CdTe, CdHgTe, CdZnTe,
CdZnTeSe [1]. Tsepmi po3umnu CdixHgxTe Takox BHKOPUCTOBYIOTHCS —JUIS
BUT'OTOBJICHHSI TEIUIOBI30piB. IJIs1 OTprMaHHsI CIIOJIYK Ha OCHOBI T€ HeoOXiaHa YMCTOTa
BUX1THUX MatepiaiiB Ha piBHi > 99,999 %.

AHaJi3 mTepaTypHUX JaHUX MOKa3aB, IO JJIS ITiIBUIICHHS YUCTOTH |€ B MpoIleci
HOro MUCTUISLIHHOTO padiHyBaHHS 3aCTOCOBYIOTHCS Pi3HI TEXHOJIOTIYHI NPUIOMH,
30Kpema, BUKopucTtanHs cremianbHux ¢urociB (P20s, NH4sNO3), quctusiis B mororti
neperpiToi BOASHOI Tapu, BBEACHHS OKCHIY TEIypy B 3aBaHTAXCHHS BHXIiTHOL
pedoBuHU. HeoOXiIHO BIA3HAYMTHU, IO MPHUCYTHICTh OKHCHIOBAYIB 3HUKYE MIBUAKICTH
BUNIAPOBYBaHHS 1€ y 2-3 pasu. IHIIMM HETaTMBHUM TEXHOJOTIYHUM MOMEHTOM €
B3a€MOJIISl OKCUAY 3 KBaplLIOM, IO MPU3BOIHUTH J0 JOCTaTHHO HIBUAKOTO PYyHHYBaHHS
amaparypu.

B mpencraBneniii poOOTI JOCIHIIHKEHO MPOIEC OTPUMaHHSA € BHCOKOI YHUCTOTH
KOMILUIEKCHIM METOOM JTUCTHIIAIII 3 3aCTOCYBaHHAM (iIbTpalii po3iaBy B aTMocdepi
1HEPTHOTO Ta3y aproHy 3 HasBHUM Y HbOMY KHMCHEM JUIsl BUJIAJIC€HHSI OKCUIIB JOMIIIOK
(oxucHoro padinyBaHHs). BUKOHAHO TepMOAWHAMIYHI PO3paxXyHKH 1 aHai3 peaKiii
okucinenns Te i HasBHUX y HBOMY momimiok Ag, Hg, Se, Bi, Pb, S, Co, Fe, Sn, Zn npu
pO3IUIaBlIeHHI € B CTaHAApTHUX yMoBaX, a naedkux 13 Hux (Pb, Zn) Takox mnpu
mucTuisinii y BakyyMi. OIiHEHO KpHTepii MIIHOCTI OKHMCHHMX CHOJYK JIOMILIOK IO
a0COIOTHIN BeJIMYUHI 3MIHU BUIbHOI eHeprii ['106ca.

IpoBenenuii aHami3 mokasye, 1o gomimku Zn, Sn, Fe, Co, Bi, S, Pb, Cu, anst sikux
3MiHa noreHuiany ['160ca yTBOpeHHSI OKCHU/IB 32 aOCOIIOTHOIO BETMYMHOIO € OLIBIIOLO,
OyIyThb YTBOPIOBATH OKUCIH, 3aminrytouu Tenyp B 1€0z. Li okucnu BUAaNSIOTHCS ILIS-
xoM ¢inpTparnii po3miasienoro tenypy. Homimku Se, Hg, Ag 3 morenmiamom ['i60ca
YTBOPEHHS X OKCH/IIB 32 a0COJIFOTHOIO BETUYMHOIO MEHIIIO0, Hi’K BUJIbHA €HEPTisl yTBO-
penns TeO2, OyayTh OCTynaTH y po3IijiaB TeNypy, BUBUIbHIIOYH KICEHb Ha yTBOPEHHS
OKCHUJIy TEITypy 1 HassBHHX B HHOMY JIOMIIIOK. S€ 1 HQ, BianoBiHO 10 X KOe]iIieHTIB
PO3/LIEHHS, BUIAISIOTHCS Ha €Tali OYUCTKU BiJ JIETKOJETKUX TOMIMIOK, a AgQ 3aiu-
[IA€THCS B 3AJUIIKY Y TUTJIL B ITPOLIECT AUCTUIIALLII.

OtpumaHi pe3yabTaTH E€KCIIEPUMEHTAIBLHOTO JTOCTIIHKeHHS MOKa3alH, 0 BHKO-
PUCTaHHS OKHUCHOTO padiHyBaHHS 3 HACTYITHOIO OJHOPA30BOI0 TUCTUIIAIIEI0 y BaKyyMi
3abe3neuye maibke 100 kpatHe oumieHHS Te 3a CyMapHHUM BMICTOM JOMIIIOK, IO
no3Bosio otpuMat Te uuctororo 99,9995 % , ska Bimmosigae HeoOXiaHiM uncToTi Te
JUTSL OTPUMAHHS CIIONYK, III0 BUKOPUCTOBYIOTHCS IS BUTOTOBJICHHSI IKICHUX AETEKTOPIB
10HI3yI0YOT'0 BUITPOMIHIOBAHHS.

TepMoauHaMiyHMIA aHami3 peaklid OKUCIEHHS JOMIIIOK MpPU PO3IUIABIEHHI Ta
¢inbTparii Te, cxema MPUCTPOIO 1 POLIEC OUUCTKU Te KOMITJIEKCHUM METOJIOM, OTpUMaH1
pe3yNbTaTH 1 iX 00rOBOPEHHS OLIBII JETaNbHO Oy/1e BUCBITICHO B AOIOBIII.

Jlireparypa:
1. L. Davydov, P. Fochuk, A. Zakharchenko et al. Improving and characterizing (Cd, Zn)
Te crystals for detecting gamma-ray radiation. // IEEE Trans. Nucl. Sci. 2015. Vol. 62,
No. 4, p. 1779.
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EFFECT OF ELECTRON IRRADIATION AND ALTERNATING MAGNETIC
FIELD PROCESING ON THE CREEP OF 15Kh2NMFA

REACTOR VESSEL STEEL AT 600 K

Karaseva E.V., Sokolenko V.I., Mats A.V., Savchuk E.S., Frolov V.A.

National Science Center “Kharkov Institute of Physics and Technology”

Kharkov, Ukraine, vsokol@Kipt.kharkov.ua

Ferrite-pearlite 15Kh2NMFA steel is used to create vessels of nuclear reactors of
the VVER-1000 type and is characterized by low induced activity, weak vacancy
intumescences, low creep, and high resistance to high-temperature and helium
embrittlement [1]. Vessels of thermal neutron reactors operate at temperatures of ~600 K
and are exposed to neutron and gamma radiation. Relatively low operating temperatures
and exposure to these radiations can cause microstructural changes in the vessel material,
leading to radiation-induced degradation of mechanical properties.

Vessel steel 15Kh2NMFA is a ferromagnetic, which predetermines the influence
of the magnetic field on the defective structure due to the relationship between the
magnetic and lattice subsystems of the materials.

In this connection it is interesting to study the influence of different modes of action
of the alternating magnetic field on the creep of specimens irradiated 15Kh2NMFA steel
at temperatures corresponding to the operating temperatures for the reactor vessel.

During creep of steel samples in the initial state at stresses slightly exceeding the
yield strength, a local region of heterogeneous plastic flow is observed. It is shown that
this is the result of kinetic instability of the structure due to changes in deformation
conditions and its restructuring under the action of a slowly increasing load in the creep
mode at T = 600 K. In irradiated and alternating magnetic field-treated samples, such
restructuring of the structure during creep at stresses o ~ co.2 is not observed.

Irradiation by electrons with energy of 10 MeV and a dose of 5-10*° cm™ causes
significant distortion of the material. This is the displacement of atoms from their
equilibrium positions, the formation of point defects and their clusters [1]. These factors,
along with the pinning of dislocations by impurities, are the cause of hardening of the
material and reduce the creep rate.

Processed by alternating magnetic field H=700 Oe for 2-3 hrs of the steel reduced
the level of internal stress due to redistribution of defects, which leads to a reduction in
yield strength of the material. This gives rise to the instability of plastic flow of the steel
samples due to inhomogeneous local transformation of structure, formed after irradiation,
most notably in the areas of maximum distortions. Relaxation mechanisms may be: cross
slip dislocations, atoms return to the equilibrium position, increasing the recombination
zone of Frenkel pairs. The discrete flow of the relaxation processes on the sample volume
caused by heterogeneous distribution of defects and internal stresses, and also the degree
of defectiveness of the material.

References:
1.V.N. Voyevodin, 1.M. Neklyudov Evolution of structure phase state and radiation resistance of
structural materials. Kiev, Naukova Dumka, 2006, 376 p.
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RESISTANCE OF VACUUM-ARC COATINGS TO MICRO-IMPACT OF IONS
AND ABRASIVE

Kryvoshapka R.V., Marinin V.G., Serdyuk 1.V.

National Science Center "Kharkiv Institute of Physics and Technology,” Kharkiv,
Ukraine, kryvoshapkarv@gmail.com

To develop and expand methods for protecting components of various power
equipment at thermal and nuclear power plants, coatings formed using vacuum-arc
discharge were studied. The cathodes used were Zr (KTLI-110), Ti (BT1-0), Mo (MYBII),
and Ta (TH-1). Argon was used as the reactive gas, with pressure in the vacuum chamber
varying in the range of 1.3-1072 to 1.33 Pa. The arc discharge current during coating
formation was 100 A, and the negative substrate potential was varied from 100 to 200 V.
The mass loss of coatings was investigated by determining the erosion rates Vk and Va
under micro-impact, abrasive wear, hydrogen plasma, and ion flux exposure. During the
formation of coatings, methods of manufacturing single-layer and multilayer structures
were used. The resistance of the coatings to micro-impact and abrasive wear was
evaluated based on the rate of mass loss. For single-layer coatings, the average depth of
destruction was calculated based on mass reduction, and the destruction rates Vk (um/h)
and Va (um/h) were determined for micro-impact and abrasive wear, respectively. The
results obtained are as follows: Zr (2,27; 60,2); Ti (0,8; 56,8); Ti+Zr (1,42; 36,4); ZtN
(3,85; 40,1); TiN (2,18; 30,2); (Ti+Zr)N (3,07; 20,3). The destruction rates of multilayer
coatings were measured in (mg/h) and presented: Zr- ZrN-Zr (2,23; 1,63); Ti-TiN-Ti
(0,91; 0,94); TiZr-TiNZrN-TiZr (1,47; 0,825); Mo (0,33; 0,487); ZrMo-ZrNMoN-ZrMo
(2,34; 1,64); TiMo-TiNMoN-TiMo (0,67; 0,41). Data analysis indicates that the obtained
binary multilayer coatings exhibit lower destruction rates. The resistance of a multi-
element single-layer coating with the composition (Zr57Cul5AI10Ni12Nb)N was
investigated. The erosion rate due to micro-impacts was 0.2 um/h, while the Ar ion flux
erosion rate Vi=0.108 pum/h. The results confirm the potential for developing highly
durable coatings. The effect of plasma and ion flux exposure was studied on single-layer
coatings using different equipment. The equipment parameters were as follows: plasma
was generated at a hydrogen pressure of 1.3-1072 Pa, with a plasma density of 1-10'> cm™2,
electron temperature of 15 eV, and electrical pulse frequency of 8.8 MHz. lon fluxes were
formed at a pressure of 1.3-1072 Pa, with a current density of 1.22 mA/cm?, the samples
were subjected to a negative potential of up to 150 eV, with a total ion flux of 2.7-10*°
ions. The results of plasma and ion exposure on Zr coatings formed at different nitrogen
pressures (P, Pa) are presented in the table:

P, Pa 1,33-102% | 6,6:102 | 1,6-107" | 4-10" | 6,6-10" 1,33
Am, mg (plasma) -0,44 +0,07 | 40,36 | +0,12 -0,07 +0,4
Am, mg (ions) -240 -20 -60 -50 -10 -

Unlike plasma irradiation, ion flux exposure caused sputtering of the samples at all
nitrogen pressures, which may be associated with the formation of
oxycarbodeuteronitrides under plasma exposure. Auger spectra obtained from coatings
before and after irradiation indicate significant changes. Before irradiation, in addition to
zirconium and nitrogen, the coatings contained 15 at.% carbon and 10 at.% oxygen. After
irradiation, the oxygen content on the surface increased, and titanium, iron, and nickel
appeared. For coatings formed at pressures below 1-10°2 Pa, the elemental concentration
remained virtually unchanged.
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INCONEL® WELDING MATERIALS FOR RADIOACTIVELY ,,HOT”
REPAIR SITUATIONS

1Zoryansky V., *Semerenko Y., 2Mozgovij O., !Skibina L., 3Yushchenko K/,
3Savchenko V., 3Zviagintseva G., *Cherv’yakov M., *Volosatov 1., 1Zinoviev P.
1B. Verkin ILTPE, NAS of Ukraine, Kharkiv, Ukraine

2National Transport University, Kyiv, Ukraine

3E.O. Paton Electric Welding Institute, NAS of Ukraine, Kyiv, Ukraine

INCONEL alloy 690 is widely used for steam generator tubes, baffles, tube sheets,
and hardware in nuclear power generation. As a welding material for INCONEL 690
products, INCONEL 52 alloy based on the Ni-Cr-Fe system was developed. This welding
product is well suited for automatic welding in industrial production conditions.
However, it turned out that its characteristics are not entirely suitable for remote control
welding, especially in repair conditions. The next generation of INCONEL welding
products is INCONEL Filler Metal 52MSS. The good wetting and clean welds make
INCONEL 52MSS an ideal choice for remote controlled multi-pass welds in
radioactively ,,hot” repair situations.

One of most known problem that significantly reduces the performance
characteristics of welded joints made using INCONEL Filler Metal 52 is the presence of
the so-called high-temperature plasticity dip (reduction in relative elongation) in the
temperature range of 1000-1200 K, which coincides with the temperature range of hot
crack formation. However, for the improved Filler Metal INCONEL 52MSS, this
problem remained unexplored. Thus, the purpose of this work was to study in detail the
structural, physical and mechanical properties of both INCONEL 52 and
INCONEL 52MSS, especially in the area of possible deterioration in performance
properties.

The assessment of ductile properties of these alloys indicated that
INCONEL 52MSS metal did not exhibit a ductility dip, while INCONEL 52 metal
displayed a notable reduction in maximum values of relative elongation (before the onset
of irreversible deformation). The collected data confirms the high resistance of
INCONEL 52MSS metal to ductility-dip cracking (DDC). It has been experimentally
established that the presence of more effective stoppers inhibiting dislocation mobility
creates the prerequisites for a more uniform distribution of dislocations, and ensures the
absence of sharp gradients of local stresses, which in turn ensures higher heat resistance
and hot crack resistance of the INCONEL 52MSS alloy compared to the INCONEL® 52
alloy [1].

It has been established that in the INCONEL 52 alloy the temperature region of
increased high temperature acoustic absorption is consistent with the temperature range
of the plasticity dip of 1000-1200 K, where the relative elongation have reduced values.
In INCONEL 52MSS alloy (which does not exhibit a ductility dip), this effect of
increasing high-temperature acoustic absorption is not observed.

Thus, it has been shown that the acoustic characteristics of alloys of Ni-Cr-Fe
alloying system make it possible to establish differences in the tendency to form hot
cracks. This fact can be used for non-destructive testing of the occurrence of a state with
reduced plasticity, which can lead to the occurrence of hot cracks.

References:
1. K.A. Yushchenko et al., The Paton Welding Journal 11, 2 (2011). DOI: 10.37434/tpwj
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JOCJIIIKEHHSA CIIOCOBIB IHINIFOBAHHSA CBC-ITPOLIECY
Curtnuxos ILA.
HTYVY «XIIl», Xapkis, Ykpaina, Pavlo.Sytnykov@mit.khpi.edu.ua

CamonomuproBanuii Bucokoremneparypuuii cunre3 (CBC-mpouec) € oguum 3
NEPCHEKTUBHUX METO/I1B OTPUMaHHs HOBUX MaTepialliB KEPOBAHOTO CKJIALY, CTPYKTYpH
Ta BJIACTHUBOCTEH ISl €HEPreTHKH, METAIyprii, MammmHoOyayBaHHs. Pi3uvHa CYTHICTb
CBC-nporiecy mossrae B iHIIIFOBaHHI €K30TEPMIUYHUX PEAKIIA MDK BUXITHUMHU
peareHTam, 10 TeHEPYIOTh 3HAUHY KIIBbKICTh TEIUIOTH Ta CTBOPIOIOTH XBHIIIO TOPIHHS,
3IaTHY CaMOCTIHHO IOIIMPIOBATUCA Yepe3 BUXIAHY IMMXTY (HACHITHOI HIIJIBHOCTI YU
CIIPECOBAHOTO 3pa3Ka) Ta BOJAHOYAC YTBOPIOBATU MPOIYKTH peakitii [1].

OpmnuMm 3 BaxxnuBux etaniB CBC-mporiecy, SKWil BIUIMBAa€ HA WOTO IIBUJIKICTH, €
1HIIIFOBaHHS TIOYAaTKOBOI E€K30TepMIYHOI peakiii, A YOro BHKOPHCTOBYIOTH Pi3HI
cnocobu. CBC-mporec Moxke OyTd 1HIIIHIOBaHO TEIUIOTOK 3BApIOBAIBHOI IYTH,
Ja3epHOTO TPOMIHHS, TEPMITHUMH CYMIIIaMH Yy BUIJAI TabIeTok  (IIamok),
€JIEKTPUYHUMH CHIPAISIMU PO3KAPIOBAHHS.

IniniroBanas CBC-mporiecy 3paska 3 muxtu T1-C-Al-SiO2-Al,0s-Fe203-I1T-HA-01
TphOMa PI3HUMH crocobamu gociimkeHo B poboti [1]. [Ipum mnepmomy crocobi
3aCTOCOBaHO TepMiTHY mamky Mmapku [IA-16. [Ipu npyromy — mporec iHimiiioBaHO
TEIUIOTOO 3BapIOBAJIbHOI JYTH, YTBOPEHOI Bijl HEMJIaBKOro rpadiroBoro enekrpoza. [lpu
TPETHOMY CITOCOO1 iHIIIFOBaHHS MPOIIECy 3IHCHEHO B aproHi PO3KapeHO0 CHIpalIio 3
HIXpOMOBOTO JpoTy aiamerpoM 0,8 MM BiJ po3pOOJICHOTO CHEIialbHOTO MPHUCTPOIO,
KW CKJIaJaBcs 31 IITATHBY 3 MPEIMETHUM CTOJIMKOM JUJIsi BCTAHOBJICHHS 3pa3KiB,
3aTUCKaya 31 CIipaJuIIo PO3KAPIOBAaHH Ta CUIOBOr0 TpaHc(hopmaTopa, MiJKIYEHOro J10
Mepexi dYepe3 JabOpaTOpHUM aBTOTpaHCPOPMATOp ISl PETYJIOBAHHS HANPYTH
NEepBUHHOI 0OMOTKH, 1, BIIIOBITHO, CTYIIEHIO PO3KapeHHs ciipai [2].

BianoBigHO A0 pe3yiabTaTiB JOCTIIKEHb BCTAHOBJIEHO, 1110 MU MEPIIOMY CIIoco01,
BPAaxXOBYIOUM IHTEHCHBHE MOPIHHS TEPMITHOI IIAIIKH, BaXKKO TOYHO BU3HAYUTH [TOYATOK
CBC-nporecy, a BIAMOBIIHO, TaKi MOKa3HUKH, SIK TPUBAIICTh MiAITPIBY, TEMIIEpATypy
criajaxy, CTIHKICTh MPOXO/DKEHHS XBMJIL Ta TOpiHHA 3pa3ka. J[07aTKOBO, MpHU IbOMY
croco01i 1HILIFOBaHHS 3pa30K HACUUYETHCS 1 B3aEMOJIIE 3 MPOAYKTaMU TOPIHHS HIAIIKH.

TpyaHouli BU3HAYEHHsI BHINEBKa3aHUX IMOKA3HHKIB Mae€ 1 crmociO iHII[IFOBaHHSA
MIPOLIECY HEIJIaBKUM TpadiTOBUM €JIEKTPOAOM, IPU SIKOMY, TOJATKOBO, 3I1HCHIOETHCS
YaCTKOBE OIIABJIEHHS O1YHOI MOBEPXHI 3pa3Ka, CHPUUMHEHE JIIEI0 eEKTPUYHOT TyTH.

HaifeexkTuBHIIIMM cepes] po3rIIsIHYTHX cr1oco0iB iHinitoBanHa CBC-nipouecy amns
3paska 3 mmxtH Ti-C-Al-SiOz-Al203-Fe203-I1T-HA-01 € crnoci6 3 BUKOpHCTaHHSIM
TEIUIOTH BiJl pO3’KaproBaHOi cmipaii. PeryitoBaHHs Hanmpyrd HEpBUHHOI OOMOTKH
CWJIOBOTO TpaHc(opmaropa [103BOJsiE BIUIMBATH HA CTYIIHb PO3KapeHHs CHipali,
3IHCHIOBATH KOHTPOJILOBAHMM MiJAIrpiB 3pa3ka, (iKCyBaTH IMOKA3HUKHU 1HIIIIOBAHHS,
CTIHKICTBH XBWIII Ta 0cobmmBOCTI TTpoxokenHss CBC-mporiecy.
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OTPUMAHHSA KBA3SIKPUCTAJITYHUX TOHKHUX IIJIIBOK CUCTEMU
Ti-Zr-Ni TA AHAJII3 IX BUXIJTHOI'O CTAHY

Maunxin C.B., Konaparenko B.B., Konujiens I.A., CypoBuuskuii C.B.,
Konoroncekuii JI.€., Illlnakos /1.1.

HarmionanbHuii TeXHIYHUHN yHIBEpCUTET «XapKiBCHKUH MONITEXHIYHUNA THCTUTYTY,
Xapkis, Ykpaina, Serhiy.Surovitskiy@khpi.edu.ua

Oco0OMuBICTIO CTPYKTYypH iKocaenpuyHux kKBasukpucrtaiiB (QCs) € moeaHaHHS
00epTOBOI CUMETPIi I’ SITOTO MOPAIKY 31 CTPOTUM anepioAMYHUM JAlbHIM MOPSIKOM Y
po3TaniyBaHHI aTOMIB 3a BIJICYTHOCTI TpaHCsAIiHHOI iHBapiaHTHOCTI [1]. Tomy misa QCs
XapaKTepHi aHOMaJbHI Ta yHIKambHI (i3MYHI BJIACTUBOCTI, 30KpeMa BUCOKA MIIHICTh 1
HU3bKa TCIUIONPOBiAHICTH [2]. Jlast ikocaeapuuHuX KBasukpucTtamiB cuctemMu Ti-Zr-Ni
BiJJOMa 3JaTHICTh y BHUIVIAJI TBEPAOrO PO3YMHY HAKONMWYyBaTH Benuky (mo 2 H/ar.)
KUIBKICTh BOJHIO [2].

[loxpuTTs TOBHIMHOK 5,7 MKM OTPUMYBAJIM METOAOM  IPSAMOTOYHOIO
MarHeTpoHHOTO po3nwieHHa Mimeni ckinaxy Ti41Zr38,3Ni20,7 (ar.%). Y skocti
HiAKJIAIKA BUKOPUCTOBYBAIM aycTeHiTHO-(heputHy cranp mapku X18HI10T. Ilix gac
HAHECEHHsI TOKPUTTS Temreparypa miakiagku He nepesumyBaia 50 °C. Ilicas
OCa/DKEHHS 3pa3Kd MiJJaBajii BaKyyMHOMY Biamamny 3a THCKy Omm3pko 1-107* Ia.
JocnimkeHHs MpOBOIWIM Ha JBOX 3pa3Kax: MEpIIMi BiANAIIOBaIM 3a TeMIepaTypu
500 °C mpotsirom 4 roaun, apyruit mpu 700 °C ynponosx 3 rogus. Lli TemmeparypHo-
4acoBi PeKUMHU 00pasid Ha OCHOBI MOMEPEAHIX JOCIIIKEHb [3], 100 y nepuiomy 3pa3Ky
yTBOpHJIacs KBasuKpHcTamiyHa (a3a, a B JAPYyroMy — KPHUCTaJiuHI CTPYKTYpH.
HocmimkenHs  cTpykTypd Ta  (a3oBoro  ckiagy — 3OIHCHIOBAld  METOJIOM
PEHTTEHOCTPYKTYPHOTO aHaji3y. 3iloMku nmpoBoamin Ha audpakromerpi tumy JJPOH y
Ka-sunpomintoBanus mifi (Cu).

O6poOka orpuMaHux AudpakTorpaM 3a JOIMOMOTOI TPOrPAMHOTO TaKeTa
New_Profile 3.5 ta nmomanbmuii ¢a3zoBuil aHani3z nokasanu, mo y 3pasky Nel HasBHa
eqnHa (asza — ikocaeApuuyHa KBasukpucramiyHa (i-¢aza, 1-QC). Ilapamertp
KBa3UKpPUCTANIYHOI (a3u cTaHOBUTH 8g=0,5234 HM, a HamiBmMpuHa Bigoutts (20,32) —
npubau3Ho 17,4 ppaa. OqHuM i3 NiATBEPKEHb TOTO, IO 1€ CIpaB/i KBa3UKpUCTAIdHA
daza, € HAsIBHICTh KpaTHUX MOPSAAKIB BinOUTTIB (Hampukiam, (20,32) 1 (52,84)), y axux
MDKIIJIOIIWHHI BIICTaH1 BIIPI3HSIOTHCS PIBHO Ha «30J10Te uncio» 1=1,618... . dazoBuit
ckiaj 3paska Ne2 e ckinagHimuM. byo BctaHOBIEHO, IO Y 3pa3Ky HasiBHI TpH (asu, BCi
BOHM € kpuctaniynumu. Lle ¢asza JlaBeca (Ti,Zr)Ni, crpykrypuuit tun Cl4, dasa
TBEPAOro po3unHy a-Ti(Zr) 3 npubIN3HO PIBHUM BMICTOM TUTaHY 1 IIUPKOHIIO, a TAKOXK
¢daza xkpucrama-anpokcumanta 2/1. HasgBhicTe y wili cucremi ¢asu Kpucrana-
armpokcuManTta 2/1 Bmepme Oyyno BcTraHOBIeHO Hamu y poboti [3]. [lapamerpu
KpuCTaliyHUX T1patok (a3 craHoBnsaTe: a = 0,310 am, ¢ =0,495 1M, nns a-daswy,
a=0,5282 am, ¢ = 0,8304 am, ais L-das3u Ta 2,3321 am st 2/1-dasu.
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MOJIMEPHI KOMIIO3UTH JIJIS1 OBJIATHAHHSI ATOMHOI
IMPOMUCJIOBOCTI YKPATHU

Ka6ar O.C., Kyainiu M. A., [Laaxotin K.O., Bopoununii O.M.
HaBuanbHO-HayKOBUH 1HCTUTYT ““YKpaiHCHKHUI JepKaBHUM XIMIKO-TEXHOJIOTTYHHI

yHiBepcUTET  YKpaiHCHKOTO JIepKABHOTO YHIBEPCUTETY HAYKH 1 TEXHOJIOTIH,
M. [Tuinpo, Ykpaina, Amber UDHTU@i.ua

ATOMHa TPOMHCIOBICTH YKpaiHW pPO3BUBAETHCS 3aBISKU BIPOBAKCHHIO
CYy4YacHUX TEXHOJIOTiH, 30KpeMa BHKOPHCTAaHHIO HOBITHIX MartepiajiiB Ui CTBOPEHHS
JIeTaje Ta By3/1iB MalllMH 3 KPallUM PIBHEM HAJIMHOCTI Ta JIOBFOBIYHOCTI Y poOOTI y
NOPIBHSAHHI 3 TUMH, 10 BAKOPUCTOBYIOTHCS 3apas.

Jlo HaWNepCHeKTUBHIMMX MaTepialiB Cy4aCHOCTI CIiJ BIJHECTH IOJIMEPH Ta
NoJiMEepHI KOMIIO3MLINWHI MaTepianu Ha iX OCHOBI. BOHM MarOTh BHCOKHI piBEHb
CTIMKOCTI 10 Jii arpecMBHUX CEpPEIOBHII, JOCTAaTHRO BHUCOKWUW piBeHb (Di3HUKO-
MEXaHIYHUX BJIACTUBOCTEH NpPU MiHIMAJIbHUX 3HAUYEHHSX T'yCTUHU, HETIOTAHWUW PiBEHb
TEPMIUYHOI Ta TEIUIOCTIMKOCTI, 3JaTHICTh NpalLIOBaTH Yy By3/lax TepTra Oe3 abo 3
TpaHUYHUM 3MaIlyBaHHSAM TOIIO. TOMy BUKOPUCTaHHS MaTepialliB Ha OCHOBI IOJIIMEPIB
JUIS BUTOTOBJICHHS JIeTajei MallliH 1 MeXaHI3MiB B aTOMHIM ITPOMHKCIIOBOCTI YKpaiHU €
AKTyaJIbHUM 3aBJIaHHSIM.

Binomo, mo paaiamiiiHa CTIMKICTh MOMIMEpiB 30UTbIIYEThCS IPU 301IBIICHHI Y X
CKJIaJi apoMaTWYHHUX siaep. ToMy HaMH TPOMOHYEThCS BHKOPHCTOBYBAaTH B SIKOCTI
MOJIIMEPHOI OCHOBU JUIsl CTBOPEHHs JeTajedl Ta BY3JiB OOJaJHaHHS AaTOMHOL
MIPOMUCIIOBOCTI YKpaiHu apomMaTu4Hi noiaminu. L{i MaTepianu BiAPI3HIIOTHCS TOCHUTH
BHCOKHM PIBHEM CTIMKOCTI 10 pajialliiHOro0 BHMPOMIHIOBaHHA. Tak, IMpU ONMpPOMiHEHHI
apOMATUYHOTO IOJiaMiay y-TydaMH BCTAHOBJICHO, IO TEPMOMEXaHIYHI BJIACTUBOCTI
OTO TONIMEpY He 3MiHIoIThCcs A0 no3u 1200 Mpan. Ilpu P-ompomiHeHHI A03010
600 Mdep BrpoOM Ha OCHOBI APOMATUIHOTO TIOTiamiay 30epiraroTh 10 76 % MIIHOCTI
JeTalneH, 1o He MiJAaBald OMPOMIHEHHIO.

Hamu po3pobneHo mupokuii criekTp MaTepiaiiB TPUOOTEXHIYHOTO MPU3HAYCHHS
HAa OCHOBI apOMaTHYHOTO TOJliaMidy, SIKMWA HAalOBHEHO pPI3HUMH 32 MPUPOIOIO,
CTPYKTypoto Ta Mopdororiero matepianamu. s 11p0ro 0yJi0 BUKOPHCTAHO IMIApyBaTi
(rpadit, nucynbdin MonibaeHy, HITpux Oopy, TajdbK, OSHTOHIT TOINO) Ta CepuyHi
(TexHiUHMI ByTIJelb, KPEMHIMBMICHI MaTepiaau TOIO) HAMOBHIOBAYI. [X BIACTHBOCTI
MpUBENICH] y TaOJIHIIL.

Tabnuyss - Bnacmueocmi  po3pobieHux NONIMEepPHUX KOMNO3UMI8 HA  OCHOBIL
aApoOMAamu4Ho20 NOAIAMIOY
Ne 3/m [Toka3HUK BIaCTUBOCTEN 3Ha4eHHA
1 I'yctuna, kr/m’ 1300-1400
2 Hanpy»eHHs mpu Mexi TEKy4oCTi ipu ctuckanHi, MIla 180-250
3 Monynb npy>kHOCTI npu ctrckanHi, MIla 3500-4000
4 Tepaicte 3a bpinennem, MIla 200-210
5 TepmiuHa CcTIHKICTB, °C 1o 360
6 Temneparypa po3m’sikiieHHs 3a Bika, °C 1o 300
7 KoedimieHT Teptst 0,1-0,2
8 [HTEHCHUBHICTH JiHIHHOTO 3HOLIYBAaHHS, M/M 10 2x107

BiamoBigHO 10 pe3ysbTaTiB, MPUBEACHUX y TAOIUIll, MOXHA PEKOMEHyBaTH JI0
BUKOPUCTaHHS PO3pOOJIeHI HaMHM MOJiMEepHI KOMIO3MILIMHI MarepiaJd Ha OCHOBI
apOMATUYHOTO TOJiaMiTy JJIsi BUTOTOBJICHHS JI€Tajiell Ta BY3JiB 00JIaHAHHS aTOMHOI
IPOMHCIIOBOCTI Y KpaiHH.
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THE INFLUENCE OF BORIDES AND DEFORMATION PROCESSING MODE
ON THE TECHNOLOGICAL PLASTICITY OF STEEL 04H14T3R1F USED IN
THE PRODUCTION OF PIPES FOR NUCLEAR ENERGY

Gubenko S.1., Bespalko V.N.

Iron and Steel Institute, National Academy of Science of Ukraine;

Ukrainian State University of Science and Technologies: Prydniprovska Academy of
Civil Engineering and Architecture; Dnepr, Ukraine, sigubenko@gmail.com

The development and improvement of structural radiation-resistant materials for
the equipment of a new generation of high-safety nuclear power plants is an urgent task
[1]. For transportation and storage of spent nuclear fuel, containers made of 04H14T3R1F
steel alloyed with boron are used [2-4]. The goal of the work was to study the influence
of boride inclusions on the mechanical and technological properties of 04H14T3RI1F
steel.

The studies were carried out on the samples taken from pipe blanks, as well as from
hot-rolled pipes made of steecl 04H14T3R1F. Deformation by obligue rolling was carried
out in the temperature range 850...1150 °C. Tensile tests were carried out at elevated
temperatures (Instron 1195). The microstructure of steel was studied using an optical
microscope "Neophot - 31" and a scanning electron microscope JSM 35. The phase
composition of steel 04H14T3R1F was determined by the X-ray diffraction method
(DRON-2.0). Identification of boride inclusions was carried out using the metallographic
method, as well as using a REMMA 102-02 microanalyzer._Thermogravmetric analysis
was carried out and DTA curves were recorded.

The features of the chemical and phase composition, structure and transformations
in boride inclusions in the steel 04H14T3R1F, used for the manufacture of hexagonal
pipe covers used during transportation to the place of regeneration and storage of spent
fuel assemblies (FA) of nuclear power plants, have been studied. It has been established
that steel 04H14T3R1F contains two types of boride inclusions (Ti,Fe,Cr,V)2B with a
shell of (Ti,Cr,V)2B and (Fe,Cr)2B, which have significant chemical heterogeneity. It is
shown that in the process of hot deformation the phase and structural transformations
occur: a change in the composition of borides due to the redistribution of elements,
dynamic diffusion fragmentation and release of “satellite” particles, brittle destruction of
borides, boride transformation. The behavior of boride inclusions and their influence on
the mechanical properties of 04H14T3R1F steel at different plastic deformation
temperatures was studied.
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ULTRASONIC INVESTIGATIONS OF MULTIPHASE CoCrFeMnNiVo,7s
HIGH-ENTROPY ALLOY

Klochko V.S., Korniiets A.V., Sokolenko V.1., Kolodiy 1.V., Kondratov O.0.,
Kislyak L.F., Lipovska Yu.S., Tikhonovska T.M.

National Science Center "Kharkiv Institute of Physics and Technology"” of NAS of
Ukraine, Kharkiv, Ukraine, korniets@Xkipt.kharkov.ua

Multicomponent high-entropy alloys have attracted particular attention for
researchers over the past decades. Having high hardness, strength, corrosion and radiation
resistance, HEAs have enormous potential for application in various industries, including
nuclear industry. This makes it relevant to study the properties of such materials in a wide
range of temperatures.

The work is devoted to the study of a multiphase CoCrFeMnNiVo.75 (mol) high-
entropy alloy. The starting material was an equiatomic single-phase (fcc) CoCrFeMnNi
alloy, known as the Cantor alloy.

The multiphase CoCrFeMnNiVo.75 alloy with the composition Co 17.39, Cr 17.39,
Fe 17.39, Mn 17.39, Ni 17.39, V 13.05 (in at. %) was obtained by re-melting the
components (purity ~99.9%) on a copper water-cooled hearth in an arc furnace in a
purified argon environment, using a tungsten electrode. To improve chemical
homogeneity, the resulting ingots were re-melted five times.

According to X-ray diffraction data, the multiphase alloy was in a heterogeneous
structural state and contained fcc matrix and about 40% (wt.) of the tetragonal phase (o-
phase) with lattice parameters a=0.3604 nm for the fcc phase and a=0.8819, and
¢=0.4551 nm for the tetragonal phase. In the bulk of the sample, the fcc phase exhibited
a predominant grain orientation with crystallographic axes of [001]. A weakly expressed
texture was also found in the o-phase, the influence of which was not taken into account
in the studies of the ultrasound investigation data. The microhardness of the alloy was
~340 HV (at P=200 g), and its density was at the level of 7.69 g/cm?.

Ultrasonic investigations in the temperature range from 77 to 300 K were performed
using a pulsed phase-sensitive method according to the passage scheme. Excitation and
detection of ultrasonic oscillations were carried out using the broadband (+2 MHz)
lithium niobate piezotransducers with a natural resonant frequency of 50 MHz.
Measurements were performed in the amplitude-independent region of internal friction
during heating. Both the velocity (VL) and the change in attenuation (Aar) of longitudinal
ultrasound were measured simultaneously. The shear wave velocity was measured only
at 300 K temperature.

The ultrasonic studies of the CoCrFeMnNiVo.7s sample detected the characteristic
deflections on V(T) and the presence of maxima P1, P2 and Pz on Aay (T) at temperatures,
respectively, of 106, 154, 294 K caused by relaxation resonance of the Hasiguti (P3) and
Bordoni type (P2). The maximum of acoustic attenuation P is suggested to be caused
with transition from the paramagnetic state to the spin glass [1]. The elastic characteristics
at a temperature of 300 K have been determined.

The Bordoni type relaxation resonance at T~160 K was also observed in the single-
phase CoCrFeMnNi alloy.

In both alloys, too high background attenuation of ultrasound was recorded, caused
by both the increased viscosity of the material and scattering by structural
inhomogeneities.

References:
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THCTPYMEHT I3 HAATBEPINX MATEPIAJIIB JJIsI OGPOBKHY JTETAJIEN
3ACYBHOI APMATYPHU SIIEPHOI EHEPTETUKHU

Pabuenko C.B., Matgiiiuyk O.0., banaypenko M.B., lypao LI'., Coxin C.M.
JI3IT «Iatep-ICM», m. Kui, Ykpaina, s.riabchenko@ukr.net

BaxnuBuMm etanom poOiT y BiAHOBIEHHI Mpane3JaTHOCTI €JIEMEHTIB 3aCyBHOL
apmatypu (E3A) € nutidyBaHHS iXHIX YUIUIPHEHHX IOBEPXOHb 3 METOI0 YCYHEHHS
nedeKTiB, BIIHOBIECHHS I€OMETpIi Ta JOCSITHEHHS ONTUMAJIBHOI MOPCTKOCTI.

Ha mignpuemctBax Ykpainu Ta kpain €spomelicekoro Coro3y B cepeanni 90-x
POKIB IS 11i€] METH BUKOPUCTOBYBAJIM MEepEeHOCHI HUTipyBalibHI BepcTaTh cepii VSA Ta
nutidpyBanbHO-IpuTHpaNbHi Bepctatu cepii SL BupoOnunTBa ¢ipmu EFCO (Itamis),
npu3HaueHi JUIs 1UTidhyBaHHS YIIIIbHEHUX MOBEPXOHb Y KOPIycax BEHTHIIIB, a TaKOXK
i unripyBanus 1 nputupku E3A. B ocraHHI pokM Ha PHUHKY 3’SBISETBCS TaKOXK
obmnagnanua ¢pipmMu UNIGRIND (Himeuuuna), aHasioridie 3a Npu3Hau€HHsIM, ajie TPOXU
BiJIMIHHE 32 KOHCTPYKITIEFO.

Hamu po3po0iieHo crnenianabHi abpa3uBHI IHCTPYMEHTH 3 HAATBEPAMX MaTepiaiiB
— KimpneBi nputupu giamerpom 50 MM, 80 MM Ta 120 mm. IlpuTtHp ckimagaerscs 3
abpa3uBHOIO 1Iapy Ha OocHOBI KyOiuHoro Hitpuxy 6opy (KHB) i meraneBoro xopmycy

CaMoro MPUTUPY, MPU3HAYCHOTO JUIs 3aKPIIUICHHS HA IJIAHETAPHOMY JHMCKY BepcTaTta
¢ipm EFCO a6o0 UNIGRIND (puc. 1).

Puc. 1 Abpazusnuii npumupu i3 Kyoiunoco nimpuoy oopy (KHE)

Bepcratu KOMIIEKTYIOTHCS HAOOPOM a0pa3uBHUX MPUTHUPIB 13 KyOIYHOTO HITPUTY
6opy (KHB) pi3Hoi 3epHUCTOCTI, BUTOTOBIEHUX TallbBaHIYHUM criocobom. Li mputupu
MIPU3HAYEH1 ISl YOPHOBOI Ta YUCTOBOI a0pa3suBHOT OOPOOKH — BUAJICHHS OCHOBHOTO
nedeKTHOTO mapy.

JlocsrHeHHST HEOOX1HOT MIOPCTKOCTI OOPOOIIOBaHOI MOBEPXHI 3a0€3IMeUy€eThCst
MOIaJBIIIUM TIOCTIIOBHUM 3acTOCYBaHHIM — Yy 3—4 mepexoan — nuckiB 3 KHbB piznoi
3€PHHUCTOCTI.

[IpoTe B KO’)KHOMY KOHKPETHOMY BUMAJKy MU, HA OCHOBI BaIlloro 3aMOBJICHHS Ta
HAIIIOTO JI0CBITy, BATOTOBUMO 1HCTPYMEHT 13 Oy/b-sIKOIO 33/IaHOI0 BaMU 3€PHUCTICTIO Ta
noTpiOHOT BaM KOH(Irypariii.
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STRUCTURAL FEATURES AND LUMINESCENCE SPECTRAL
CHARACTERISTICS OF SINTERED NANOPOWDER YTTRIA UNDER X-
RAY LONG-TERM IRRADIATION

1Zhurenko V., 2’Kononenko S., 2Barannik E., ?Kalantaryan O., 2Hrytsenko M.,
Taran A,, ‘Garkusha I.

!National Science Center Kharkiv Institute of Physics and Technology, Kharkiv,
Ukraine,

2V/. N. Karazin Kharkiv National University, Kharkiv, Ukraine, v.zhurenko@gmail.com

Yttrium oxide (Y203), also known as yttria, is a crystalline nanomaterial that has
applications in biomedicine, optics, and optoelectronics. The luminescent properties of
Y203 exposed to ionizing radiation have been extensively studied, with one of its key
features being the emission through self-trapped exciton (STE) decay [1]. We
experimentally studied the luminescence spectra (wavelength range 250—750 nm) of pure
Y203 in both nanopowder and bulk forms (ceramics) under long-term irradiation by 60
keV X-rays. The bulk samples were produced by compaction and sintering of yttrium
oxide micro- and nano-powder at various temperatures. The samples were studied using
SEM, XRD, and X-ray luminescence spectral analysis.

The spectra exhibited a multiband structure and showed similar characteristics. The
intensity of the luminescence varied nonmonotonically with sintering temperature. For
more detail examination of the effect of annealing duration on yttrium oxide
nanoceramics, we analyzed two sets of samples, both sintered at 1500°C from a mixture
of micro- and nano-sized yttria powder. One set underwent additional annealing at
1000°C for 10 hours. The prolonged annealing affected the broad luminescent spectral
band associated with STE radiative relaxation.

Prolonged X-ray irradiation of Y203 ceramics, led to a significant reduction in the
intensity of the 350 nm luminescent band, which is commonly associated with STEs. The
luminescence intensity over time was well-described by exponential functions, revealing
two-component processes (fast and slow). A quantitative physical model of Y:0s
luminescence was developed based on the assumption that defects in polycrystalline
samples — primarily grain boundaries and intergranular cavities — serve as natural traps
for high-energy photoelectrons. Some photoelectrons are captured by these defects before
fully slowing down, and the probability of nonradiative relaxation increases with the
concentration of trapped electrons. Consequently, as the concentration of trapped
electrons rises, the fraction of high-energy photoelectrons contributing to STE formation
per unit time decreases.

Fitting the experimental data revealed that the luminescence decay curves were best
described by two-component exponential functions, indicating the presence of two
distinct types of photoelectron traps. The results highlighted the dominant role of small-
sized cavities over larger ones, aligning well with our model [2]. Since the relaxation rate
of photoelectrons trapped in smaller cavities is expected to be higher than in larger ones,
this finding further supports our theoretical framework.
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BYT'JIEHEBI HAHOTPYBKH I COPBEHTH HA IX OCHOBI

SIK NEPCIHEKTUBHUI MATEPIAJI JIJISI 3BEPITAHHSI BOJTHIO
Ynosunbkuii B.I'., JIutBunenko B.B.

IHcTuTyT enekrpodizuku i pamianiinux texuojoriii HAH Ykpainu, udovvg@meta.ua

CyuacHi TpeHIU PO3BUTKY SIEPHOI €HEPreTUKH BUPI3HAIOTH 11 HE TIJAbKH SIK CTaje
JDKEpEJI0 HU3BKOBYTJIELIEBOI €JIeKTpOreHeparlii, ajge TakoX sK 1 HKEpPelno OAep:KaHHs
POXKEBOr0 BOJHIO B IEPIOAM MIHIMAJIBHOIO €HeprocrnoxuBaHHd. Lle o0yMoBIIO€ThCS
HU3KOI0 YNHHHKIB — TEXHOJIOTTYHOIO HEOOX1THICTIO MIATPUMKH MOCTIHHOT pEaKTUBHOCTI
(moTyXHOCTI TeHepallii) peakTopa HaBiTh B Nepioad 100, KOJH CIIOKHWBAHHS
EJIEKTPOCHEPTil CYTTEBO 3HIDKYETHCS, & TAKOXK IIHHICTIO BOAHIO SIK TAJIMBA IMPSMOTO
BUKOPUCTAHHS, SIK peareHTa JUlsl MeTaJlyprii NpsiMOro BIAHOBJIEHHS, SIK €HEPrOHOCIS 71
NaJIMBHUX KOMIpOK, Tomo. Tomy renepaiii BOAHIO 3 BUKOPUCTAHHSAM aTOMHOI e€Heprii
Hapas3l mpuaUIseTbes 3HauHa yBara (axiBuiB [1, 2]. BonHeBa eHepreTuka BiJKpUBae
MIMPOKI MOKJIMBOCTI JUIs YCHIIIHOT peajizaiii eHepreTHYHOro Nepexomy [0
Oe3ByrineneBoi enepretuku [3]. OmgHak, MO0 @i MOXJIMBOCTI OyJM peani3oBaHi,
HeoOXiTHa po3po0Ka Ta MpaKTUYHA peamizailis Oe3neyHnXx Ta e()EeKTHBHUX CIIOCO0IB
OJIepXKaHHs, TPAHCHOPTYBaHHs, 30epiraHHs Ta BHUKOpPUCTaHHS BojHIO. IIpoGiema
HaAIHOTO 1 Oe3nmeYHOro 30epiraHHs BOJHIO € HAWOLIBII CKJIATHOI 1 BU3HAYAIBLHOIO
cepejl 3a3HaYeHUX BHILE POOIIEM.

Hapasi st 30epirants BOJHIO Ha TIPAKTHUIl B OCHOBHOMY BUKOPHUCTOBYETHCS HOTO
CTHCKaHHS 1 30epiraHHs miJ BUCOKUM THCKOM B CHEIIaIbHUX €MHOCTSX, a TAKOX HOro
3pipkeHHs 1 30epiraHHs TpU KpiOreHHUX Temreparypax. Lli meromu moB’si3ani 3
BEJIMKMMHU TEXHIYHMMH TPYAHOIIAMHM B MPAKTHYHINA peaiizaiii. 3Ha4yHi mepeBaru mae
30epiraHHs BOHIO, a0COPOOBAHOTO PI3HUMHU TBEPAOTUIBHUME CTPYKTypamu. s mporo
BUKOPUCTOBYIOTBCS Pi3HI MeTepianu, podoTa SKUX 0a3yeThCs Ha Mpolecax XiMiuHOi 4u
¢13uuHOi copb1ii BoaHIO. [lepcriekTHBHUMY € MaTepiaiy, Ha IKUX B1I0yBaeThCs Ppi3nyHa
aacopOuis BOJHIO — BYIVICLIEBI Marepiaid, IIEOJITH, MeTal-OpraHiyHi KapKacHi
CTPYKTYpH, KauIgpHIi 1 MiKpoc(hepHuHi CTPYKTYpH 31 CKJIa, OpraHOMETaIIYH1 KOMIUIEKCH
iT.a. [3].

JlocuTh MEepCHEeKTUBHUM € BUKOPHUCTAaHHS PI3HMX HAHOBYIJIELIEBUX MaTepialis,
30kpeMa, ByrueneBux HaHoTpyOok (BHT). Ile oOymoBrneno ix yHIKaTIbHUMU
BJIACTUBOCTSIMU — BEJIMKIA NUTOMIA MOBEPXHI 1 MOPUCTOCTI NpPH HEBEIUKIA Basi,
MOYJIMBICTIO (Di3UYHO aJIcOpOyBaTH BOJEHb SIK BCEpeAMHI TPYyOOK, Tak 1 Ha TX 30BHILIHIN
NOBEPXHI 1 B MDKTPYOHOMY HpOCTOpi, XiMi4HIA CTaOUIBHOCTI, TOIO. BukopucTanHio
BHT nunsa 36epiranns BoiHIO, MoYnHa04uu 3 1997 poky, Koju BUiIILIA TIepiia podoTa mo
it Temi, OyJ0 MpUCBAYEHO OaraTo pi3HUX JOCHTIKEHb. B 1omoBial 3pobieHo aHami3
Cy4acHOTO CTaHy JIOCSITHEHb 10 BukopuctanHio BHT i 36epiranHs BoJHIO 1 HAPSIMKH
HNOJAJIBIINX JOCIIPKEHb. BaKIMBUM HampsSMKOM € CHHTE3 PI3HUX MaKpOCTPYKTYp 3
BHT (nanpuxnan, «iicy» 3 BHT), siki MOXyTh BUKOPHUCTOBYBaTHCh JIi CTBOPEHHS
MacHBHHUX MarepiajiB — ajacopOeHTiB BojaHio. IIpencraBieHi TakoX JesKi BIAcHI
HaIpalOBaHHS aBTOPIB MO0 CUHTE3Y TaKuX MakpocTpyktyp 3 BHT.

Jlirepartypa:
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MO3UIIMHO YYTJIMBI CUUHTWISAIIMHI JETEKTOPA HEUTPOHIB
Hosropoaues B.O., KoJsecnikos O.B.

[HctuTyT cunaTIIsANiHEX MatepianiB HAH Ykpainu,

M. XapkiB, Ykpaina, novgorodvo@gmail.com

Y pi3HEX ramy3sx GI3MKA BHUCOKHUX €HEpPrid, acTpodi3uili, €KOJIOTIYHOMY
MOHITOPHUHTY, T€0JIOT1i, MEMIIKMHI TOIIO BUKOPHCTOBYIOTHCS CUMHTUIIALIIHI JETEKTOPH,
K1 TIPU3HA4YEeHl JUIsl peecTpallii sSK IBUAKWAX, TaK 1 TEMJIOBUX HEUTPOHIB. Y HU3II
3aCTOCYBaHb BUHHMKAa€ HEOOXINHICTh HE TUIbKHM Yy (ikcamii camoro (akTy HasBHOCTI
HEHUTPOHHOIO TOTOKY Ta OLIHIOBAaHHS HOro XapakTEepUCTUK, ajieé W BHU3HAUYCHHS
IPOCTOPOBOTO PO3MOALTY IOr0 MOTOKY. OCHOBHOIO MEPEBArol0 TaKHX JETEKTOPIB €
MO>KJIUBICTh OTPHMaHHS MPOCTOPOBOI iH(OpMaIlii Mpo MOTIK HEHTPOHIB, IO BAKIUBO
JUIE PEKOHCTPYKLIi 300pakeHHs, aHaji3y CTPYKTYpH MaTepialiB Ta JJOCIHIIKEHHS
(hI3UYHMX TTPOIICCIB.

Jnist po3B'si3aHHS TakuX 331a4 MOoTpiOHA po3poOKa ETEKTOPIB 3 MO3HUILIKHOWO Ta /
ab0 KyToBOIO YyTIHBICTIO. Lle gocAraerbcs WUIAXOM SK BHOOpPY BIAMNOBIIHUX
CHMHTWIALIHHUX MaTepiaiiB, Tak i po3poOKOI0 KOHCTPYKLIN AeTekTopiB. Kpurepismu
IpU LIbOMY € BUCOKAa €EeKTUBHICTh peecTpallii, CIIPOMOXKHICTh BUIIJISITH HEUTPOHU Ha
TJIi IPUPOAHOTO a00 MTYYHOTO raMma (oHY, KyToBa PO3IIbHA 3AaTHICTb, TOIIO. Takox
BaYJIMBUM MapaMETPOM € IIBUKICTh OTPUMAHHS Ta HAIHHICTh OTPUMaHUX Pe3yJIbTaTiB.
[IpiopuTeTHICTH 3a3HAYEHUX KPUTEPiiB BU3HAUAETHCS KOHKPETHOIO 3371a4ero.

Metoro naHoi poOOTH € BCTAaHOBIEHHS BIAMOBIIHOCTEH MIOJ0 BHUMOT [0
CIUHTHIALIMHAX MaTepialliB JIsl BAKOPUCTAHHS B JIETEKTOPAX PI3HUX KOHCTPYKIIIH Ta
npu3HaueHHs. B 1okiani HaBe1eHo OLIHKM OCHOBHHX €KCIUTyaTalliiiHIUX XapaKTepUCTUK
JNETCKTOPIB IMIOAO0 €(PEKTUBHOCTI peecTpaiii, MIHIMAIBHOTO 4Yacy eKCIO3MIlii,
MIPOCTOPOBOI PO3AITHHOIT 3AATHOCTI Ta 1X 3aJI€KHOCTI BiJ] (DYHKIIOHAIBHUX BJIACTUBOCTEM
MarepiamiB. JlOCHPKEHO BIUIMB CBITJIOBOTO BHXOJYy, MapameTpy HEHUTpoH-ramMmma
PO3JIIEHHS, pO3MIpy Ta TE€OMETpPUYHOi (OPMHU CHUHTHISALINHOIO eleMeHTa Ha
XapaKTEPUCTHKH JIETEKTOPA B IIJIOMY.

AKIIEHT B po0OO0Ti 3p00JIeHO Ha 3aCTOCYBaHHI MOHOKPHUCTAJIB TPaHC-CTHILOEHY.
JleTekTOpHI €eMEHTH Ha OCHOBI TaKWX MOHOKPHUCTAJIB  XapaKTePU3YIOThHCS
AHI30TPOMI€I0 CHUHTHIISALIKHOTO BIATYKY B 3aJ€KHOCTI BiJ HampsAMKY MaiHHSI
HelTpoHa. BukopucTaHHs 11€i 3aJIeKHOCTI J1a€ MOKJIMBICTh peai3yBaTH JETEKTOPH 3
KyTOBOIO 4y TJIMBICTIO [ 1, 2]. Bucoka 31aTHICTh 40 HEUTPOH-raMMa pO3/11JICHHS 103BOJIsIE
e(eKTUBHO 3MEHIIYBaTH HETAaTUBHUU BIUIMB TamMma (GoHY. BUKOpHCTaHHA TpuiaaiB
npsIMOT  TUCKpeTHU3aIlli CIUHTHWISIIHHUX CUTHATIB J1a€ MOKJIMBICTh BHKOPHCTAHHS
e(eKTUBHUX aIrOPUTMIB IIUPPOBOi 0OPOOKH, 110 B CBOIO UEPTY JI03BOJISIE CKOPOTUTH Yac
€KCITO3MUII1i Ta MOKPAIIUTH IPOCTOPOBY PO3AUIBHY 3/1aTHICTh JIETEKTOPIB.

Jlirepartypa:
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BILIMB OCOBJIMBOCTEN HAHOCTPYKTYPU HA KABITAIIIHHY
CTIMKICTh BAKYYMHO-IYI'OBHX Ti-Cr-N IOKPUTTIB JJI51 3AXUCTY
MOBEPXHI KOHCTPYKIIIMHUX MATEPIAJIIB EHEPTETUYHOI' O
MAHIMHOBYYBAHHS

Bagninposcbkuii 10.0., 'Biioyce B.A., 'Kynpin O.C., I'oaresanuus B.C.

'HHIL X®TI HAH Ykpainu;

’HanionansHuil yHiBepcuTeT «3anopisbka IoNiTeXHiKa», 3anopixoks, Ykpaina,
yaz@kipt.kharkov.ua

HaHOCTpYKTYpHI MOKPHUTTS, CTBOPEHI BaKyyMHO-IYyTOBHUM OCQ/KCHHSM 13
0araTOKOMITOHEHTHUX KaTOJIB, € TEPCICKTHBHUM 3acO000M JJisi  ITiABUINCHHS
MEXaHIYHUX Ta CIyKOOBHX BJIACTUBOCTEH IIOBEPXOHb KOHCTPYKIIMHHMX €JEeMEHTIB
SHEePreTUYHOro yCTaTKyBaHHs. BakyymMHo-1yroBi Ti-Cr-N mOKpHTTSL, SKi IOBHOIO MipOFO
BIJMNOBIJaIOTh IIMM BUMOIaM, € TaKOXX CTIHKMMU 1O OKHUCJIEHHS IPU BUCOKHUX
TEMIIepaTypax, M0 JO03BOJIAE€ TOMIMPUTH iX BHKOPHCTAHHS 10 3aXHUCTy ITaJHBHHUX
€JICMEHTIB sJIEpHUX peakTopis [3].

[TpoBeneH1 mociiKeHHsT Oy CIpsSMOBaHI HA BHHAXIJ MapaMeTpiB OCaIKCHHS
HaHOCTPYKTYPHUX NOKPUTTIB Ha 0cHOBI Ti-N 11 BU3HAUEHHS ONTUMAJIBHOI'0, 3 OIS LY
HiABUIIEHHS CIY)XOOBHX XapakTepUCTUK, BMicTy nobaBku Cr. JlocmimkeHo ¢a3zoBuii
CKJaJ Ta CTPYKTYypy MOKpUTTiB. Bcranosnena 3anexHictb Ccr Bif iX CTPYKTYPHHX
XapaKkTepucTHK. Bu3HaueHa kaBiTamiiiHa cridkicTh orpuMaHux T1-Cr-N mOKpHUTTIB
pI3HOrO CKJIaJy Ta BCTAHOBJIEHO 3B’S30K 31 CTPYKTYPHHUMH OCOOJMBOCTSMHU IMX
MOKPHUTTIB.

Ocaxenns (Ti-Cr)N nmokpuTTiB IpOBOIMIOCS Ha BAKYyMHO-IyTOBiM yCTaHOBIII 3
3aCTOCYBaHHAM JDKEped IUIa3MH 3 MarHiTHUM YTPUMaHHSM KaTOJHOI IUIAMH Ta
(OKyCyBaHHSAM IUIa3MOBOIO MOTOKY. JIJii CHHTE3y HOKPHUTTIB BHKOPHCTOBYBAIHMCH
nBokoMIioHeHTHI karoau Ti-Cr, oTpuMaHi BaKyyMHO-IyTOBOIO TUIaBKOIO 3 23 % 132 %
BaroBOIO JIOMIIIIKOI XpOMY. 3aJexHOCTI BiiHOCHUX KoHIeHTpauii xpomy Cer = f (Pn,)
ta mikporBepaocti H, = f(Pn,), 110 XapakTepu3yrThCs eKCTPEMAIbHOK MOBEIIHKOIO,
no3Boauiu ogepkatd Ti-Cr-N MOKpUTTS 3 BUCOKMMHU MEXaHIYHUMH XapaKTepUCTUKAMHU
(Hy o 45 T'Tla), siki mictsath 10 30 Bar. % xpomy.

PentreHocTpyKkTypHi JochikeHHs moka3and, mo y Ti-Cr-N mokpurTsx,
OTpUMaHMX B fiamasoni Tuckis (1 + 5) - 10 Torr, 0CHOBHOIO KpHCTaNiYHOI0O (Pa30I0 €
KyOiuHuii HiTpHux 31 cTpykTypHuM TunoM NaCl, sxuit € (Ti,Cr)N TBepauM po3unHOM
3amimieHHs Cr B kpuctaniuHii pewnitii TiN. Po3mip OKP kpucrtamniTiB B 3a5€XHOCTI BiJ
Tucky N2 Ta BenM4MHU KoHIeHTpauii Cr B MOKPUTTIX ckiagae Big 6 mo 25 HMm. B
yKa3aHOMy Jllalla3oHl THUCKIB a30Ty MNpH BHKOpucTaHHI katony Ti-32Cr oTpumadi
amop¢Ho-kpuctaniuni Ti-Cr-N mokputtsi, ae po3mip OKP ckiamae ~ 6 + 8 M. Ilpu
BUKOpHUCTaHHI KaToxy Ti-23Cr oca/pkeHi MOKPUTTS XapaKTePU3YIOThCS KPUCTATIIHOIO
HaHOCTPYKTYPOIO.

[Ipy mNOpIBHSUIBHUX JTAOOPAaTOPHUX BUIPOOYBAHHSIX Ha KaBITAlIHHUI 3HOC
HalkpammM BusBWIOCH ocajkeHe 3 katony Ti-23Cr mokpurra (Ti-12Cr)N, mio
XapaKTEPU3YETHCS CTOBOYACTOIO CTPYKTYPOIO 1 MEPEBAKHOIO OPIEHTAINIEI0 KPUCTATITIB
[110]. OKP nmns mporo mokpuTTs ckianana ~ 7 HM. Po3pobneni (Ti-Cr)N mokputts
MOKYTh OYTH BUKOPHCTaHI JUJIsl 3aXUCTY KOHCTPYKUIHHUX MaTepiaiiB B eHEPreTHYHOMY
MaIMHOOY/TyBaHH1 Ta IHIIUX raly3sX aTOMHOI €HEPTreTHKH.

Jlireparypa:
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HOBUI CYNIEPKOHJIEHCATOP HA OCHOBI IHHOBAIIHHOI
KOHCTPYKIIII TA HOBITHIX MATEPIAJIIB 3 NIIBULLIEHUMHA
EKCITYATAIIMHUMUA XAPAKTEPUCTHKAMMU.

IOxno H.A., KoBaiabos C.B., Kpacoscbknii ILIO., llIkpateun P.11.
YkpaiHCbKHii Aep>KaBHUHN YHIBEPCUTET HAYKH 1 TexXHOJoriH, JHinpo, Ykpaina,
yuhnonikl@gmail.com

CyuacHui pO3BUTOK €HEPreTHKH Ta €JIEKTPOHHUX IIPUCTPOIB BUMArae CTBOPEHHS
e(eKTUBHUX Ta HAAIMHUX cucTeM 30epiranus eHeprii. CynepKoHASHCATOPH € KIIFOYOBUM
€JIEMEHTOM y 0aratb0X BUCOKOTEXHOJOTIYHUX PIIICHHIX 3aBISKU 1X BUCOKIHN IIBUIKOCTI
3aps/DKaHHs, BEJNIMKIM NUTOMIA TOTYXXHOCTI Ta JoBropiyHocti. OnHak icHyrodi
KOHCTPYKIIIi Ta MaTepiaan He 3aBK/I1 3a0e31eUy0Th HEOOX1JHY EMHICTh Ta CTAOUIBHICTh
POOOTH MPH TPUBAIKX LUKIIAX 3apsKAHHA-PO3psKaHHsA. ToMy poboTa 3 mOKpaleHHs
X XapaKTEPUCTUK € AKTYyaJIbHOIO.

B ocranHiil yac croctepiraeTbcs MUPOKUI iHTEpEeC 10 BUKOPUCTAHHS TpadeHy,
BYTJICIIEBUX HAHOTPYOOK Ta TIOpUAHMX MaTepialgiB y CTIPYKTYpl €JIEeKTpPOJiB
cynepkonaencatopie  [1-2]. ocmimkenns Moumita Rana [1] Ta cmiBaBTOpiB
JEMOHCTPYIOTh CTIMKI /10 MOUIKO/KEHb KOMIO3UTHI MaTepiajidi Ha OCHOBI BYTJICHIEBUX
HAHOTPYOOK, sIKi 30epiraroTh CBOI €JIEKTPOXIMIYHI BIACTUBOCTI HABITh NMPU MEXAHIYHUX
HaBaHTaXeHHAX. Siret Malmberg Ta iH. [2] mocnimpkyBain eIeKTPOau Ha OCHOBI KapOiry
3 pi3HUMH HEBOJAHUMH €JIEKTPOJIITAMHU, BKa3ylOUH X MOTEHIia) Y 301JIbIICHHI TUTOMOT
€MHOCTI Ta MOKPAIICHHI UKITYHOI CTaOUTFHOCTI CYyTIepKOHACHCATOPA.

Merta ochipKeHHsI: HOBUN CYTIEPKOHCHCATOP 3 TPUBAIMM YacoM PO3PSIKAHHS,
110 3a0e3mnevye cTablIbHICTh Ta e()EeKTUBHICTD MIPH €KCILTyaTallii B pi3HUX YMOBaX.

Metoau Ta oOnagHAHHA: AJS JOCHTIKEHb BUKOPHCTOBYBAJHCS Cy4YacHI METOIU
aHaJi3y eJIEKTPOXIMIYHMX XapaKTepUCTHK MartepiaiiB, 3D npyk s BUTrOTOBIIEHHS
€JIEeKTPO/AIB Ta CHElialbHI EJIeKTPOIITH, a TaKOXX IporpaMHe 3a0e3Me4YeHHs IS
MO/ICJIFOBAHHS €NIEKTPOXIMIYHHUX MPOLECIB.

OcHOBHa yacTMHA: HaMH 3alPONOHOBAHO CYNEPKOHJEHCATOp 3 IHHOBAIIIHOIO
KOHCTPYKIII€IO, 1110 BKJIFOYa€ KOMOIHAI[II0 HOBUX €JIEKTPOJITIB 1 €JIeKTPO/IiB Ha OCHOBI
OKCUJHMX MaTepiaiiB. EJexTpoau 3 BHCOKOIO MOPUCTICTIO MOXYTh BHUTOTOBISITUCH
nusixom 3D npyky. HoBa ctpykrypa 3a0e3nedye BUCOKY MUTOMY €MHICTh Ta CTaOUIbHY
pobOOTy TIpH pI3HUX TEMIepaTypax, M0 PO3UIUPIOE MOKIMUBOCTI HOTO BUKOPUCTAHHS Y
BA)XKHX EKCIUTyaTalliiHUX YMOBax.

Jlana po0oTa € NEepCHeKTUBHOIO Ta BIJKPUBAE€ MOXKIUBOCTI JUIS IMOJANIBLIMX
JNOCHIPKEHb Yy HAmpsMKy ONTHUMI3allii MarepiajiB Ta pO3pOOKHM KOHCTPYKIIH
cynepkoHaeHcaTopiB. [lnaHyerbcs TpoJOBXEHHS poOOTH HaJX  MOJIMIIEHHIM
XapaKTePUCTHK Ta aJanTalli€l0 TEXHOJOTI Al IPOMHUCIOBOTO BUPOOHUIITBA.

Jlirepartypa:
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ONTUMI3ZAIIA TEXHOJOITYHUX ITAPAMETPIB ITPOLIECY ITACUBAIIII
CdZnTe JJ151 BABE3INNEYEHHS EOEKTUBHOI'O KOHTPOJIIO
PAJTAIIIMHOI'O CTAHY

Maumnii €.B., ?Cmipnos O.B., >?Caskina P.K., 3Cimeiiko K.B., *Ctparinar JI.II.
YucrutyT snepunx mpocmimkens HAH Ykpainu, Kuis, Ykpaina

IncTutyT disuky HaniBnpoinHukiB iM. B.€. JlamkapsoBa HAH Ykpainu, Kuis,
VYkpaina

IncTutyT npo6nem 6esnekn AEC HAH Vkpainu, Kuis, Vkpaina, K_simeyko@ukr.net

Paniamiiine ompoMiHEHHS J03BOJISIE KepyBaTH MOJU(IKaIli€l0 IapaMeTpiB
HAIIBIIPOBIIHUKOBUX KPHCTATiB 1 3a JOMOMOrO0 HBOTO BIUIMBATH Ha IXHI
eleKTpodi3MUHI Ta ONTHYHI BJIACTUBOCTI. B Hamomy mociipKeHHI MU 311HCHIOBAIN
ONPOMIHEHHS HamiBOpPOBiAHUKOBUX 3pa3kiB CdZnTe BHCOKOCHEPreTHUHUMH Y-
kBantamu 130 kPang paBoma cmocobamu: 3a JIOMOMOTOK JDKEpEN 10HI3YyHYOro
sunpominioBanHs Co® Ta B MimaHOMy eHepreTMYHOMY CHEKTpi TPOMYKTiB MOy
BaXXKHX Azep. JJo mouarky ompominenHs izotornom *°Co mposeneno mpocmimkeHHs 1010
no0yI0BH TMPOGUII0 TMOTYXHOCTI y-TIOJS JJsl PO3MIIIEHHS 3pa3KiB y BiIMOBIIHOMY
IPOCTOpPi BITHOCHO JpKEpela OnpoMiHroBaHHSA. JIiisi TpOBEIEHHS ONpPOMIHEHHS 3
BUKOPHUCTAHHSM MPOIYKTIB MOAUTY BKKHX SICp BH3HAYCHE J030BEC HABAHTAXKECHHS B
MICII TIPOBEIICHHS OINPOMIHCHHS 3a JONOMOTOK HAKOIMUYYBAJIBHUX JIO3UMETPIB 3
MO>KJTBICTIO HaKoNMYeHHs 1031 10 1500 Oep.

Y uiii poOoTi BHepie Mmicis y-OMPOMIHEHHS OTPUMAHO Pe3yJbTaT HPUPOCTY

MUTOMOTO oropy 3pa3kiB CdZnTe 3 py\pAHB 6 Ta 6e3 py\p ~50, 1 MoKHa TOOAYNTH POJIb
anmasomnoaioHoro ByrieneBoro (AIIB) mokputts ta iioro airo. BumipsiHo BoiIbT-aMIiepHi
xapakTepucTuku s 3paskiB CdZnTe y BUXiTHOMY CTaHi Ta MiClisi HAaHECCHHS IUTIBKU
ATIB (toBumHa rutiBku d = 200 HM) oapa3y micis HaHeceHHs MOKpUTTs ATIB mokputts

(puc.1).
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Puc. 2.13 - 3pasku C1 ma C2 (suxionuii 6e3 AIIB) 0o ma nicia
onpominenns Co® (130 I'peil)

Bcranonneno, mo mia3moBa 00poOka aproHoM Ta HaHeceHHsI AIIB nmokputTs Ha
mMoHokpuctasl CdZnTe y ennHOMYy TEXHOJIOTIYHOMY Hpolieci (i3UYHO CTBOPIOIOTH Ta
(GIKCYIOTH  TIPOIIEC  JIOCSATHEHHS  CTalllOHAPHOTO TPAHUYHOTO CTaHy TIPOIecy
CaMOKOMIIEHCAIlil, 10 MiABHIIY€E PEECTPYBAJbHY 3JAaTHICTh JIETEKTOPIB NMPHU BETUKUX
J103aX YKOPCTKOTO OMPOMIHEHHS, a TIPU OMPOMIHEHHI CHOCTEPIraeThCs 301IbIICHHS HA
HOPSI0K BEJIMYMHU ITUTOMOT'O OMOPY JOCIHIIKYBaHUX 3pa3KiB.

39


mailto:k_simeyko@ukr.net

OCOBJIMBOCTI COPBUII Sr TA 13"Cs HAHOPO3MIPHUM AHATA30M 3
MOJAEJIBHUX PO3YHUHIB TPAITHUX BOJ AEC

L2sIpomenko K.K., 'Illadanin B.I'.

!lepxaBHa ycTanoBa «IHCTHTYT reoXiMii HABKONMMIIHLOTO cepeoBrina HarionansHol
akajeMii Hayk Ykpaium», KuiB, Ykpaina, igns.yaroshenko@gmail.com

?[HcTUTYT reonoriunux Hayk HamionansHoi akagemii Hayk Ykpainu, Kuis, Ykpaina

VY po6oTi Briepiiie BUBYEHO KIHETUKY COPOIii HAHOPO3MIPHUX YaCTHHOK aHATa3y
(TiO2) npu BuTydenHi pagionykmifis *°Sr i 1*’Cs 3 MojenbHEX PO3UMHIB TPATHUX BOJ
AEC. Jlma nmpoBeAcHHS  €KCIEPUMEHTAIBHOTO  JIOCHIDKEHHS  BHKOPHCTAHO
HAHOPO3MIPHUH MOPOIIOK aHATa3y, CHHTE30BAHUI XIMIYHUM METOIOM IIiJT yac (a30BOTO
MIEPETBOPEHHSI TETPaAI30MPONIOKCUIY TUTaHY B JIykHOMY cepenoBuili (Lavrynenko et al.,
2022). MeTo10M TOCIiIOBHOTO BHIYTOBYBAaHHS BCTAHOBIEHO CTYMiHb AecopOuii *°Sr i
137Cs, copboBaHMX HAHOPO3MIPHUM aHATA3OM.

Pesynbrati mociimkenns kineruku cop6uii Sr i ¥’Cs amaraszom (puc. la)
nokaszaiu: 1) yac BCTAaHOBJICHHs cOpOIiiHOT piBHOBaru — 6 roj; 2) aHaras € eeKTUBHUM
cop6entom mozao °Sr — crymine cop6uii (S) = 99,9 %; 3) ebexruBHicTs copbuii **'Cs €
HefocTaTHROW (S = 66,5 %); 4) anara3 3HauHO edeKTUBHIiNIE cOopOye JBOBAJICHTHI
kationn (*Sr), mixk omHoBanenTHi (*¥'Cs). PospaxoBano koedimientu posmoximy (Kq)
0Sr ta 1¥7Cs mix piaKoro Ta TBEPAOIO da3zamMu, MAaKCUMAaJIbHI 3HAYEHHS CKJIAIN TS 90gy
— 672 mu/t, ¥¥'Cs — 3 mur/r.

Busnaueni popmu 3HaX0MKEHHSI COPOOBAHUX aHATA30M PaJIIOHYKIIIIIB METOJIOM
MOCITIIOBHOTO BMJIYTOBYBaHHs (puc. 10) BKa3yrOTh Ha BUCOKHH BIJCOTOK (piKCOBaHOL
dopmu 3Hax0mKEHHS copOoBanoro ’Cs (10 68 %), 3HauHUil BiZICOTOK BOJOPO3UMHHOTO
Cs (10 22 %) Ta MiHIMaJIbHUI BiICOTOK 10HO0OMiHHOT hopmu (10 10 %). Posznoain popm
3HAXOMKEHHs COPOOBAHOTO AHATA30M °’STr € iHIIMM, TaK, BOJOPO3YMHHA (BopMma €
MiHIMaJIbHOMO (110 2 %), 10HOOOMIHHA ckiana 45 %, dikcoBana — 53 %. Takuil po3noain
GopM  3HAXO/DKEHHS TOSICHIOETBCS ~ OCOOJIMBICTIO  PO3MOJUTY  BHYTPILIHBO- 1
30BHIIIHBOC(EPHUX LEHTPIB copOuii aHaTa3y (Muller et al., 2012). ®opmu 3HaXOAKEHHS
PalioOHYKITi/IIB BKJIMBI MPU OIIHIN MITpamiifHOi 3aTHOCTI COPOOBAHUX PATIOHYKIIAIB
JUIsL BAKOPUCTaHHS COPOEHTIB B IKOCTI KOHCEPBYIOUOi MaTpulll /i 3axopoHeHHsI PAB.

100
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W--— - mmmm e —— - 100
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§ 10 12 14 16 18 20 22 24
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--¢--Cs-137 - B-Sr-90 = Cs-137 = Sr-90

Puc. 1 - Kinemuxa copbyii (a) °Sr i *¥'Cs anamaszom ma ix oecopbyis (6)
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OPTIMIZATION OF THE PHYSICO-MECHANICAL PROPERTIES OF
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MULTILAYER NANOSTRUCTURED COATINGS BASED ON (TiSi)N/NbN
FOR ENHANCING THE OPERATIONAL DURABILITY OF COMPONENTS
Lytovchenko S.V., Beresnev V.M., Horokh D.V., Mazilin B.O.

V.N. Karazin Kharkiv National University, Kharkiv, Ukraine, d.goroh@i.ua

Ensuring high operational characteristics of materials requires the application of
coatings with increased wear resistance, thermal stability, and adhesion. One of the
promising approaches is the use of multilayer nanostructured (TiSi)N/NbN coatings,
which combine various chemical, physical and mechanical properties. The formation of
such coatings was carried out by vacuum-arc deposition, and their structural-phase state
was analyzed using X-ray diffractometry. Morphological characteristics were studied
using scanning electron microscopy, while mechanical and adhesion properties were
determined by indentation and scratch testing methods [1].

The research showed that the combination of nanocomposite (TiSi)N and NbN
promotes the formation of coatings with high hardness (up to 34.4 GPa) and a significant
Young’s modulus (412 GPa). Optimization of technological parameters, in particular, an
increase in bias potential to -200 V and an increase in pressure to 0.53 Pa, ensures the
formation of a favorable phase composition, improving the wear resistance of the
material. It was established that nanoscale layers with a thickness of 20-30 nm minimize
crack formation and enhance the cohesive strength of the coating. The values of H/E* =
0.083 and H3/E? = 0.23 indicate high plastic strength and wear resistance, making such a
coating promising for protecting the working surfaces of components. The study of
adhesion properties indicated a significant improvement in coating-substrate bonding
strength, with the critical load leading to delamination reaching 49.76 N at a bias potential
of -200 V. This confirms the high cohesive strength of the coating, which does not
delaminate but fails via a cohesive mechanism, reducing the risk of mechanical damage
during operation [2,3].

The obtained results confirm that the application of multilayer (TiSi)N/NbN
coatings significantly enhances the operational properties of materials. The optimization
of deposition parameters allows control over the structure and mechanical characteristics
of the coating, opening up broad possibilities for its industrial application.

References:
1. Wei Li, Ping Liu, Peter K. Liaw. Microstructures and properties of high-entropy alloy films
and coatings: a review // Materials Research Letters, 2018, Vol. 6, No 4 , p.199-229.

2. D.V. Horokh, V.M.Beresnev, S.V. Lytovchenko, O.V. Maksakova, A.D. Pogrebnjak, U.S.
Shvets. Microstructure and High-hardness Effect in TiSiN/NbN Nanomultilayers: Experimental
Research. Int. research and practice conf. “Nanomaterials: Applications and Properties”, NAP-
2021, 5-11 sept 2021. Odessa, Ukraine 2021.

3. V.M. Beresnev, S.V. Lytovchenko, B. O. Mazilin, D.V. Horokh, V.A. Stolbovoy , Kolesnikov
D. A, Kolodiy 1. V., Zhanyssov S. Adhesion strength of TiZrN/TiSiN nanocomposite coatings on
a steel substrate with transition layer. Journal of Nano- and Electronic Physics, 2020, Vol. 12,
Iss. 4. Art. 04030.
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EVOLUTION OF RADIATION-INDUCED DEFECTS IN
NANOCRYSTALLINE FCC NI

Shirinyan A.S., Bilogorodskyy Yu.S., Krit O.M.

Laboratory of composite materials for nuclear-hydrogen energy,

Department of nuclear-physical research,

Institute of Applied Physics of National Academy of Sciences of Ukraine (Sumy),
room 606, building 3, Nauki avenue, 46, 03028, Kyiv - 28, Ukraine
aramshirinyan@ukr.net

An essential task in nuclear materials science is controlling the behaviour of
materials exposed to radiation. When materials are irradiated, defects arise from the
displacement of atoms. We investigate how irradiation influences the evolution of point
defects in nanocrystalline metals [1]. A promising approach to understanding the
evolution of these defects is chemical rate theory. As a model, we selected crystalline
nickel with nanoscale grain sizes. By solving the non-stationary equations, we identified
the potential relationships between defect concentrations and factors like irradiation time,
dose, temperature, and nanoparticle size.

Our findings reveal three main scenarios regarding defect concentration: 1) it
increases with particle (or grain) size, 2) it remains unaffected by size, and 3) it shows a
nonmonotonic behaviour with a maximum or decreases inversely with size. These
variations are determined by factors such as the intensity of defect interactions at external
boundaries, recombination within the particle (grain), temperature, irradiation time
(dose), and irradiation conditions [2].

References:
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2. Bilogorodskyy Yu.S., Shirinyan A.S., Krit O.M. Influence of Irradiation on the Evolution of
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SWELLING BEHAVIOR OF CrFe2MnNi HEA AND 18Cr10NiTi STEEL
UNDER ARGON AND HELIUM IONS IRRADIATION

Kolodiy 1.V., Kalchenko O.S., Tikhonovsky M.A., Tolstolutska G.D.

National Science Center "Kharkiv Institute of Physics and Technology", Kharkiv,
Ukraine, kolodiy@Kipt.kharkov.ua

The concepts of development of new nuclear reactors (both fusion and Gen IV
fission reactors) pose new challenges for structural materials, namely operation under
more severe conditions: high operating temperatures (> 650 °C), high damage levels and
high gas accumulation rates. And high-entropy alloys (HEAS) are one of the promising
materials for use in the nuclear industry, due to the complex combination of their
mechanical properties, thermal resistance, as well as corrosion and radiation resistance.
Theoretical and experimental investigations have shown that HEAs can sustain
microstructural stability under intense ion irradiation. However, there is a lack in
sufficient study of noble gases behavior in HEAS, especially regarding to the nucleation
and growth of bubbles. Therefore, it is important to accumulate evaluative knowledge
about the radiation behavior of HEAs, especially compared to traditional materials used
in nuclear industry.

In order to understand the effect of irradiation on the properties of HEAs and to
demonstrate their potential advantages comparing with conventional austenitic stainless
steels, the experiments on the irradiation of CrFe;MnNi HEA and 18Cr10NiTi steel (both
with FCC lattice) with 1.4 MeV Ar* and 20 keV He* ions under identical conditions were
performed. TEM method was used to study cavities nucleation and growth, as well as
total swelling and radiation-induced segregation of constituent elements in irradiated
materials.

It was found that under Ar* ions irradiation to a dose of 30 dpa at 600°C the average
size and density of cavities in 18Cr10NiTi steel are higher and total swelling is almost
twice as high compared to CrFe2MnNi HEA. Also it was revealed that CrFe2MnNi alloy
IS much more resistant to He bubbles formation than 18Cr10NiTi stainless steel; that is
slowing down of the diffusion process and significant lattice distortion in HEAS can
provide deeper sites for He atoms trapping. The suppression of radiation-induced
segregation observed in CrFeaMnNi alloy can be caused by the competing diffusion
mechanisms, high mixing entropy and severe lattice distortion.

43


mailto:kolodiy@kipt.kharkov.ua?subject=PMNE%202025

TBEPAOTIJIbHI TOHKOIIVIIBKOBI HAKOIIMYYBAYI BO/IHIO HA
OCHOBI HITPUAY BAHAAIIO

Couaomnixina O.C., Toacroayuska I'.Jl., Kaabuenko O.C., Bacuiaenko P.JI.
HamionansHuii HayKOBUN HEHTP «XapKiBCbKUH (13MKO - TEXHIYHUN IHCTUTYT», XapKiB,
VYkpaina, solopikhina_elena@ukr.net

BukopucranHs HakONMUYyBaudiB BOJHIO B ATOMHIM EHEpPreTUIll Ma€ BEIUKUI
MOTEHITIAN IS MiABUIIEHHS €(PEKTUBHOCTI Ta €KOJOTIYHOCTI €HEPreTHYHOIO CEKTOpA.
3a3BHuail iX BAKOPUCTOBYIOTH JUIs 30€piraHHs Ha UIMIIKOBOI €HEepril y mepio i HU3bKOTO
CHOXMBaHHA. B 11ei yac HaaIMIIKOBa eHepris Moke OyTH BUKOpHUCTaHa AJIs €I1EKTPOIII3y
BOJIM Ta BUPOOHUIITBA BOJHIO, KM TOTIM 30€piraeTbcsi B HAKONMMUyBayax 1 Oyb-sAK0i
MHUTI MOK€ OYyTH BUKOPUCTAHUHU /11 BUPOOHHUIITBA €JICKTPOCHEPTii B MEPiOAH MKOBOTO
HaBaHTaXeHHs abo ans iHmux uutei. Lle mae 3mory AEC mpamoBatu THydKilie Ta
a/1alTYBaTUCh JI0 3MiH y MONUTI HA €JIEKTPOEHEPTiI0.

OmHUM 3 TEpCHeKTUBHUX Ta HalWe(eKTUBHIIIMX MarepialiB, 3IaTHHX
aKyMYJIIOBaTU BOJCHb, € TOHKOIUTiBKOBI cTpykrypu. B HHI[ X®TI merogom ioHHO-
CTHMYJIbOBaHOI TEXHOJIOTii OyJI0 OTPUMAaHO HAHOKPHUCTAIIUHI TOHKI TMOPUCTI TUTIBKH
VN, iK1 31aTHI HAKOTIMYYBATH BOJIEHb MPU HU3bKUX TUCKAX 1 KIMHATHIN TeMIeparypi Ta
MarOTh BUCOKY €MHICTh IO BiJJHOIICHHIO 10 BOJHIO 1 BITHOCHO HH3BKY TEMIIEpPATypy
UKy azcopOuist/necopOuis. [LniBku oTpUMyBaiu IIJISXOM BUIIAPOBYBAaHHS BaHAIIIO 3
€JIEKTPOHHO-TIPOMEHEBOTO TUTJIS ITPH OJHOYACHOMY OIPOMIHIOBaHHI 3MIIIIAHUM ITy9YKOM
10HIB a30TYy Ta remio.

Jocmimkeno MexaHisMu (OpMYyBaHHS HAHOKPUCTAIIYHOI MOPUCTOI CTPYKTYDH,
MOp(]OJIOTif0 MOBEPXHi IUIBOK Ta CTPYKTYpy MOMEPEUHOro mepepisy (cross-section)
TUTIBKY Ta MiAKJIAJAKH, CYKYITHUH BIUIMB pafiamiiHuX ae(eKTiB Ta ra30BUX JOMIIIOK Ha
(dopMyBaHHS MI>)K3€pPEHHOI HAaHOMIOPUCTOCTI, OLIIHEHO MapaMeTpH CTPYKTYPH ILTIBOK 32
JIOTIOMOTOI0 TpaHCMICIMHUX enekTpoHHuX Mikpockonis JEM 100CX Tta JEOL 2100,
pacTpoBoro enekTpoHHoro Mikpockona JSM 7001F. 3pa3ku amnst 10ocIiHKeHb TOTYBaTUCh
3a nonomororo lon Slicer EM-09100IS msixoM 10HHOTO TpaBi€HHS IUIIBKM Y JBOX
TUTONIMHAX — MapaieNbHii MIOMKHI TUTIBKY Ta Y TUIOIIKHI, OPTOTOHANBHIN 10 MiTKIaAKU
Ta TUTIBKH.

B pesynbraTi mpoBeaeHOT HU3KM JOCHIKEHb BIACTUBOCTEH OTPHUMaHHUX 3a
3alpONOHOBAHOI0 TEXHOJIOTIEI0 HAHOKPUCTAIIYHUX HAHOMOPUCTUX TOHKOILTIBKOBHX
CTPYKTYp Ha OCHOBI HITpUIY BaHaJil0 BUSABJIECHO, IO TaKl CTPYKTYpH MAaIOTh BUCOKI
TEPMOJIMHAMIUHI Ta KIHETUYHI XapaKTePUCTHKH 1 3aTHI NOTJIMHATH BOJIEHB Y KUIBKOCTI
He MeHIe 7 Bar.%, 10 BiINOBiJjae BUMOTaM CBiTOBOro ToBapuctBa enepretuku (DOE).
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DETERMINATION OF THE ELEMENTAL COMPOSITION OF BORON
STAINLESS STEEL BY X-RAY FLUORESCENCE AND MASS
SPECTROMETRY

12Afanasieva 1.0., 'Afanasiev S.N., 'Vanzha S.0., 'Burdeinyi D.D., 'Kutnii D.V.,
!Medvedev O.V., 'Rud N.V.

INSC “Kharkiv Institute of Physics and Technology” of NASU, Kharkiv, Ukraine
2V/.N. Karazin Kharkiv National University, Kharkiv, Ukraine, afaninna@i.ua

Boron steel is one of the materials that has found wide application in nuclear power
as a structural and neutron-absorbing material. Its use requires accurate and reliable
determination of elemental composition. Particular attention is paid to determining the
isotopic and mass content of boron, which, due to its ability to absorb neutrons, is used
to regulate the fission reaction in a nuclear reactor.

To determine the elemental composition of boron stainless steel, two devices were
used - an S8 Tiger X-ray fluorescence spectrometer (XRF), which is an element of non-
destructive analysis, and an “Element 2 inductively coupled plasma mass spectrometer
(ICP-MS), which is an element of destructive analysis. For XRF, the surface of the
stainless steel sample was prepared by grinding and polishing with abrasives and cutting
a part of the sample to the required holder size. For ICP-MS, stainless steel shavings were
collected and grinded then dissolved in concentrated sulfuric acid with the addition of
hydrogen peroxide solution. The material used for analysis was stainless steel with a high
boron content (1.6 + 2.0 mass.%) and a natural isotope ratio 1°B:1!B ~ 20:80.

Calculation of alloy element concentrations measured by XRF was performed using
Spectra+ software. For ICP-MS, two methods for determining the isotopic composition
and mass fraction of boron were used separately - calibration standards (external
calibration) and the isotope dilution method (internal calibration). External calibration
was performed using calibration standards based on High Purity Standards (USA) with
the same element content as in the steel. For internal calibration, amorphous boron with
an isotopic ratio of °B:!'B ~ 95:5 was used, which was added to the dissolved steel
samples.

The results obtained by two methods of determining the elemental composition
were compared. A qualitative coincidence of the element concentration values for the
samples studied was obtained. The use of two independent methods increases the level of
confidence in the obtained results and reduces the probability of gross errors in the
processing of measurement data.
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EHEPTETUYHI COIEKTPU CHOBLJIBHIOBAHUX HEMTPOHIB Y
IF'ETOPOIEHHUX YPAH-BYTJIEHIEBUX CEPEJIOBHUIIIAX
JlaBpyxin B.B., Uepnexenko C.A., lllepouna M.P., Tapacos B.O.
Hamionansuuii yaiBepcuteT "Onecbka nonitexHika", Oneca, YkpaiHa,
bndiablo3@gmail.com

BaxnuBuMu HampsiMamMu PO3BHTKY SAEPHOI €HEPTETHKU € po3polKa saepHHX
PEaKTOPIB-TPAHCMYTATOPIB, IO BIAMOBIIAIOTH OJIHIM 3 HAUIIEPCIIEKTUBHIIINX CTPATET1i
TpaHCMYyTAIlil - MiHIMI3allli HAIPAIFOBAaHHS SIIEPHOI0 CHEPTETHUKOI0 MIHOPHUX HYKIIIJIB.
JloCHmiKYIOTbCS  MOKJIMBOCTI  MiHIMI3aIlli HampaifoBaHHS MIHOPHUX HYKIIIIB Y
pe3ysbTaTi MOM'SIKIICHHS HEUTPOHHUX CHEPreTUYHHMX CIEKTPIB IIBHJIKHX SICPHUX
pPEakToOpiB 3a JIOMOMOTOK PO3MIIICHHS B aKTUBHIN 30HI CIEIIalli30BAaHUX BYTJIEIIEBUX
30ipok, Hampukmaz, [1]. A Takox 3AiHCHIOETBCS po3poOKa SAIEpPHUX PEAKTOPIiB HOBOTO
MOKOJIIHHS, 110 MPALIOITh Y pexuMi O1Ky4doi XBWJII HEHTPOHHO-SJEPHUX TMOALUIIB HE
TUTBKH HAa NIBUJIKUX HEHTPOHAX, a i HAa MPOMDKHUX HEMTPOHAX, IO TAKOXK BiIOBITAIOThH
crparerii TpaHcMyTariii (Hanpukiaz, [2, 3]).

VY poborti 3a gonomororo peakropaux koaiB MCNP-6.0 i OpenMC, 1o peani3yroTb
metoa MonTte-Kapio, mpoBoaniIH TOCITIIPKEHHSI EHEPTETHYHUX CIIEKTPIB CIOBIIBHEHUX
HEUTPOHIB y PI3HUX TETEPOTCHHUX YPAaHOBHX IOAUTIOBAHMX CTPYKTypax 3 pPi3HUMH
CKJIaJlaMH 1 IapaMmeTpaMu pemniTok. Hanmpukiam, HOCHiKyBaId HEHTPOHHI CIIEKTPU B
TeTepOreHHUX YpaH-BYIJICEBUX (CIIOBUIbHIOBAY HEHTPOHIB BYIJIEIh) MOILTIOBAHUX
CepeloBHIAaX 1 YypaH-BOASHUX (CHOBUIbHIOBAY HEWTPOHIB BOJA) CEPEIOBHILAX
KaHAJIBHOTO THUITY.

OtpumaHi pe3ynbTaTd MOXYThb OYyTH KOPUCHUMH TIpU PO3poOIi siAepHUX
pEaKTOpiB-TPAaHCMYTATOPiB, TOOTO, MiHIMI3allli HANIPAIIOBAHHS SJICPHOI0 CHEPTETUKOIO
MIHOPHMX HYKJIJIiB.

BusnaueHo reTeporeHHe ypaH-BYTJICHEBE CEPEIOBUIIE, IO TITHTHCS, KAHATBHOTO
THITY, B IKOMY (DOPMYETHCSI HAATEIIOBUH CIIEKTp HEHTPOHIB [2, 3].
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TEPMOJUHAMIYHAM IMIAXIJ IO ONIACY PAXIAIIIHO-
CTUMYJIbOBAHUX NEPETBOPEHDb B OPTAHIYHUX PEHOBHUHAX
MInmanoscbkmii A.P., 12Kienikos B.®.

'XapkiBchkuii HanioHankHU yHiBepcuTeT iMeni B. H. Kapasina, M. Xapki, Ykpaina
lacTuTyT enekTpodiszuky i pamianiiiaux Texnosoriii HAH Vkpainu, M. Xapkis,
VYkpaina, andrey.shimanovskii@gmail.com

Cepen mpoOieM ekcrutyaTallii sIepHUX PEaKTOpPIB € 3ajgavya OILIHKWA BIUIUBY
HiABUIIEHOTO panianiiinoro (oHy Ha MOBKLUIA Ta >XKUBI opraHismu. Llsg 3amaua e
XapaKTEPHOKO sK JUIsSl IITATHOTO PEXKUMY eKCIUTyaTallii, Tak 1 JyIs BHUITQJIKIB JIKBIgaIlii
aBapiii pi3HOTO CTYINEHIO CKJIAMHOCTi, IO Iependadae 3acTOCYBAHHS 3arOO1KHUX
3aX0iB, 30KpeMa, PO3pPOOKH paioNpPOTEKTOPHUX Oi0J0TIYHUX mpernapaTiB. st mporo
BUJAETHCS BAXJIMBUM TIOTJIMONCHHS PO3YMIHHA (DyHIAMEHTAJIbHUX OCHOB SIBHIIL
B3a€MO/JIii BUIIPOMIHIOBAaHHsS 3 OpPraHIYHUMHM PEYOBHHAMH. 3 OIJISAY Ha L€ LIKaBUM
00’€KTOM JIOCITI/PKEHb € MOXKIIMBUI BIUIMB MPHUPOJHUX SACPHUX PEAKTOPIB, TAKUX SK,
Hanpukiag, peaktop Oxiio B ['aboHi, Ha XIMIYHY €BOJIOIII0 OpraHiyHuX Moiekyn. Lli
NPUPOIHI PEAKTOPH MPALIOBATIN MUTBSPIN POKIB TOMY, KOJH BHCOKHI BMICT ypaHy-235
y HopoJax Ta HasBHICTh BOJM CTBOPIOBAIM YMOBM JJISI CaMOIIATPUMYBAaHOTO MOJIUTY
aTOMHUX sifiep. Bucoka temrieparypa, pamiamisi Ta TOTOKH €HEeprii, [0 YTBOPIOBAIIUCS B
X 30HaX, MOIJIM BiAIrpaTH Ba)KIMBY POJIb y CHHTE31 OPraHIYHUX CIIOJIYK Ta CTBOPEHHI
CHPUSATINBUX YMOB Uil JOPMYBaHHS NEPIINX KUBUX CUCTEM. MeXaHi3MH IbOTO e(heKTy
MOTJIY MOJIATATH B HACTYITHOMY. [OHI3yt0Uue BUIPOMIHIOBAHHS 3/1aTHO 1HIL[IFOBATH PO3PUB
XIMIYHUX 3B’SI3KiB Y IPOCTUX MOJIEKYJIaX, II0, Y CBOIO Yepry, CHPUYHHSIO YTBOPEHHS
CKJIAQHIIINX OPraHIYHMX CIOJYK, TaKMX SIK aMIHOKHCIOTH Ta a30TUCTI OocHOBH. Lle
HiATBEPKYIOTh JIA0OPATOPHI EKCIEPUMEHTH, SKi JEMOHCTPYIOTh, IO IIiJ] BIUTUBOM
paniamii MOXyTh (opMyBaTHCs KiIto4yoBi Oiomosiekynu [1]. HacTymHUM YMHHHUKOM €
NEep1oJNYHI B yacl TepMIYHI IPaJI€HTH, 10 BUHUKAJIN B TAKUX MPUPOIAHUX peaKTopax,
Ta MOTJIM CHPUSATH 301JIbIIEHHIO KOHIEHTpAIi 1 CeNIEeKI[i1 OpraHiuHUX PEYOBUH Y MEBHUX
30Hax, 30UIbIIYI0OYN UMOBIPHICTH XIMIYHOI €BOJIOLIII.

OpHMM 3 HEOCTaTOYHO BMBYEHHMX SBMI, 10 CYNPOBOKYBAIUCH €0
BUIIPOMIHIOBAaHHS TPHPOJHOTO SIACPHOTO PEAKTOpa, € HOro MOXIMBUI BIUIMB Ha
X1paJbHICTh MOJIEKYJI SIK BRKJIMBOI O3HAKU 010X1MiT dKHBHUX CUCTEM. SIBUIlIE CHOHTAHHOTO
MOPYIIEHHS J3€pKalIbHOI CUMETpIi K (pyHIaMEHTaIbHUI MEXaHI3M JIEKUTh B OCHOBI
MOSIBU XipajbHOI YMCTOTH B Oionoriunux cuctemax [2]. BiH posrmsnmae mepexin Bif
paleMiqyHOro CTaHy, XapakTepHOro JUIsl HEXUBOI MaTepii, 10 BHHATKOBOI
TOMOXIPaJIbHOCTI, IO CIIOCTEPITAEThCS B JKUBUX Opra”izmMax, J€ aMiHOKHCIOTH
JEMOHCTPYIOTh JIiBocTOpoHHIO (L) xoH(irypamito, a mykpu npuiimaroTs mnpasi ¢popmu
(D). BuxopucroByroun Teopiro (pa3zoBUX MNEepexoiiB 1 MaTeMaTHUYHE MOJEIIOBaHHS,
MOYKHa 3’ sICOBYBAaTH YMOBH, 32 SIKUX B1ZI0yBa€ThCS CIOHTaHHE MOPYILIEHHS palieMIYHOCT.

Jlireparypa:

1. Getoff, N. Possibilities of the radiation-induced incorporation of CO: and CO into organic
compounds // Int. J. Hydrogen Energy. 1994, vol. 19, p. 667-672.

2. Morozov L. Mirror symmetry breaking in biochemical evolution // Origins of Life and Evolution
of Biospheres. 1979, vol. 9, no. 3, p. 187-217.
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AHAJII3 BINIMBY 3HUKEHHS JIAMETPY TBEJIIB PEAKTOPA BBEP-1000
HA NIABUILEHHS MO0 NOTYKHOCTI

KpaBuenko B.IL., Ymanoscbkuii P.B., l'onynok B.1O., Apsanaxk /1.0.

Hamionansuuii yaiBepcuteT “Opechbka nomitexnika”’, M. Oxeca, Ykpaina,
kravchenko@op.edu.ua

Eneprernka chOorogHi po3BHBA€THCS B JBOX HANpsAMKax: OyAIBHHIITBO HMOTYXXHHX
AEC Ta po3BUTOK MalluX MOIYJIbHUX peakTopiB. [liqBUIEHHS OJMHUYHOI MOTY>KHOCTI
CIpsSMOBAaHE Ha 3MEHIICHHS MUTOMHUX KamiTaJoBKJIaAeHb. OIHAK MOTYXHICTH BOJO-
BOJISIHOT'O PEaKTOpa MPAaKTHUYHO JOCATIIa CBOIO MAaKCHUMyMY, B OCHOBHOMY OOMEXEHOI0
rabapuTamMu uepe3 TPAHCIIOPTYBAHHS 3aji3HUICI0. [ momanpmoro po3BUTKY SAEpHOI
EHEPreTHUKM HEOOX1IHO IIyKAaTH MUISXU MIJBUIICHHS MOTYXXHOCTI BOJO-BOJASIHOTO
peakTopa, HalPO3MOBCIOKEHIIIOTO y CBITi.

MeToro poGoTH € MPOJEMOHCTPYBATH, 1110 3MEHIIIEHHS JiameTpy TBemniB y TB3 mpu
30UTBIIICHH] iX KUIBKOCTI € JOIUIBHUM, OCKIJIBKH JO3BOJISIE IMiJBUIIUTH TEIUIOBY
MOTYXHICTb, 110 B KIHIIEBOMY MiJICYMKY 3HIKYE COOIBapTICTh BUPOOJIEHOI eHeprii Ta
iIBHIIy€ PEHTA0CIbHICTh BUPOOHHIITBA.

B 6a3osiit TB3 331 crpuxHi po3TamoByr0Thesl y 10 KOHIIEHTPUYHUX HHU3KaX. SIK
TbTepHATHBHI po3MITHYTO aBa Bapiantu TB3 13 11 1 12 au3kamu TBemiB (Tadu. 1).

Tabnuys 1 - Ilouamkosi Oawni 01 pospaxynxy TB3 30 30inbuieHHO0 KilbKOCHIO
KOHYEHMPUYHUX HU30K MBEi8

BapiaHT po3paxyHKy 10 aU30K 11 am3oK 12 am3ok
BinHOCHMIA KPOK PENIiTKH TBEMIB, { 1,4 1,45 15

TosmuHa 000JIOHKH TBEJIA Jo6., MM 0,65 0,55 0,50
TOBIMHA Ta30BOTO MPOMIKKY Or.n., MM 0,10 0,05 0,00
Jliametp otBOpY B TabuseTi dy , MM 1,40 1,00 0,00

Jlns 6a3oBoro BapiaHTy MiHIMaJIbHUNA KOEQILIEHT 3amacy 10 KpU3H TEII00OMIHY
Ksan=4,482. Jlns 3ampOnOHOBaHMX BapiaHTIB LeH KOeQilleHT Mae OUIbINl 3HAUYEHHS.
Metonom minOopy Oynu 3Hal[eHI MOTYXKHOCTI, Npu AKUX Ksan OyB 3HMXKEHHH 10
OPOEKTHOTO 3HaueHHs. IloTyxHiCTh Moke OyTH MiJBHUILEHA [IBOMa NUISIXaMHU: -
MIJBUIIEHHSAM BUTpaTH TEIUIOHOCISI MPU HE3MIHHMX MapaMeTpax Ha BXOJl 1 BUXOAL 3
AKTHUBHOI 30HH (OTPUMAaHO 3HaYeHHsI MOTY)HOCTI Qr(1) = 3240 MBT Ta Q(2) = 3450 MBT);
- BUTpaTa TEIUIOHOCISI HE3MIHHA, PI3HULS €HTAJIBIIIN Ha BUXO/I1 1 HA BXO/I1 MIABUILYETHCS
(BinmosinHi 3HaueHHA Qr3) = 3145 MBT Ta Q: 4) = 3270 MBT). Ilpu 1ux noty>kHOCTAX
MaKCHUMaJlbHa TeMIIepaTypa 30BHIIIHKOI 0OOJOHKHU Ta MaJIMBa MAlOTh MEHII 3HAYCHHS,
HIK B IPOEKTHOMY BapiaHTi. 3a HEUTPOHHO-(I3UYHUM PO3PAXyHKOM BU3HAYEHO TEPMiH
poOOoTH peakTopa 3 HOBOK KOHCTpyKIiero TB3 mnpu migBuimeHii Ta MTPOEKTHIN
HOTYXKHOCTAX. B Tabnuii 2 npencraBiieHi pe3ynbTaT 32 BUPOOITKOM eNIeKTPOSHEPTii s
KO)KHOTO BapiaHTy. SIK BHJHO 3 TPEICTABICHHX PE3yJbTATiB, IO ONTUMAIBHUM 3a
MaKCHMMOM BHUpPOOJIEHHM elleKTpoeHeprii € BapianT 3 TB3, ski matoTh 11 HU30K TBEMIB
IpH NpoeKTHIN notyxHocTi 3000 MBT

Tabnuysa 2 - Ilopisnsnus eupobienus enekmpoenepeii 0 pisHux koncmpykyin TB3

K-c1b Hu30K TBemiB B TB3, m 10 11 11 11 12 12 12

Temn. noryxkHicte Q., MBT 3000 | 3000 | 3145 | 3240 | 3000 | 3270 | 3450
Bupo0:1. en. en., tuc. MBr-moba | 314,1 | 318,8 | 317,6 | 316,0 | 308,5 | 306,8 | 305,5
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ME3OCTPYKTYPHI KOMIIO3UTH AHTU®PUKIIMHOT O
MPU3HAYEHHSA JIJISI MIABUIIEHHS HAJIMHOCTI TA PECYPCY
POBOTH HACOCIB I TYPBIH AJEPHOI EHEPTETUKHA

Martsiiiuyk O.O.

[actutyT HanTBepAMX MarepianiB iMm. B. M. bakyns HAH Ykpainu, m. Kui, Ykpaina,
0.0.matviichuk@gmail.com

ATOMHa reHeparlisi eHeprii BiJlirpae BaXJIMBY posib Y (GOpMyBaHHI €HEPreTUIHOT
Gesnexku kpainu. i po3BuTOK HOTpebye HOBUX aHTU(GPHKLIHHMX MaTepiamiB, sKi
HEeoOXiTHI /1S 3a0e3reueHHs cTablapHOo1 Ta 0e3nepediitHol poOOTH €HEProreHePYHYOro
oOmagHanHa. TakuMu aHTHQPUKLIIHHIMH MaTepiajamMu € TBepAi crutaBu cucremu WC-
Ni ta WC-Ni-Cyp, 3 SKUX BUTOTOBIISIOTh BaKKOHABAHTAXKCHI MapyU TEPTsS KOB3aHHS i
TOPIIEB] YIIUIbHIOBAYI, SIKI BCTAHOBJIIOIOThH y MOTYKHI IapoBi TypOiHM Ta HACOCH, IIO
HpPALIOIOTh 332 YMOB IUKIIYHUX 3HAKO3MIHHHUX HaBaHTaX€Hb, BUCOKUX HIBHJKOCTEH
KOB3aHHs Ta TemiepaTtyp. OCHOBHOO TIepeBaroro map Tepts koB3anHs 3i criaBie WC-Ni
ta WC-Ni-Cyp € Te, 10 BOHH B aBapiiiHUX CUTyaLisX MOKYTh [IPAIFOBATH KOPOTKHI Yac
B YMOBax IMOBHOI BiJICYTHOCTI 3MalllyBaHHS, a MPH HASBHOCTI TpadiTy MarTh €PeKT
caMO3MalllyBaHHs Ta CaMO3aJIIKOBYBaHHS MIKPOIOJPSIHNH, 110 J03BOJIsIE BUTPUMYBATH
HEOOXITHMI 3a30p MK MOBEpXHAMHU TepTsa. KpiM 3HAKO3MIHHMX Ta LUKIIYHUX
HaBaHTaXEHb, K1 CHPUUYUHSAIOTH [10SIBY BTOMHUX MIKPOTPIIIMH, HA IApU TEPTs KOB3aHHS
Ta yIIUTHHIOBAYi CyTTE€BUI BIUTUB 31MCHIOIOTH TEPMIiYHI HATIPYKEHHSI, SIKi YTBOPIOIOTHCS
BHACJI1JIOK JIOKAJbHUX MEPErpiBiB, 10 NPU3BOAUTH 10 TEPMOPO3TPICKYBaHHS.

JUJ1st i IBUIIIEHHST ONIOPY 3apOKEHHIO Ta PO3MOBCIOKEHHIO BTOMHHUX 1 TEPMIYHHIX
MikpoTpimuH y TBepaux ciiaBax cucremMu WC-Ni ta WC-Ni-Crp HeoOXiIHO CTBOPHTH
YMOBHU ISl iX TalbMyBaHHS, 3apOJDKCHHS 1 PO3MOBCIOKEHHS, 3HU3UTH 3aJHIIKOBI
TEpPMIYHI HaNpy>KEHHS B MaTepiali Ta MiABUIIUTH HOro TEMJIONPOBIAHICTh. [locArHYTH
IIbOr'O MOJKJIMBO, SIKINO B TBepaux ciutaBax cuctemu WC-Ni ta WC-Ni-Crp 3amicth
OJTHOP1AHOT MIKPOCTPYKTYpPHU CTBOPUTHU ME3OCTPYKTYPHY KOMITO3HIIiO, 1[0 CKJIAJIa€ThCS
3 ME30€JIEMEHTIB Ta MmaTpulll. Me3oenementaMu € rpa"yiau po3mipom 40-800 MkmM,
BUTOTOBJIEHI 3 moi- a60 MoHOokpucTaniB WC abo nementoBanux kap0igiB WC-Ni, ski
pO3MillleH] B HiKeNeBi Marpuill. BHacmigok 11bOro B ME30KOMIO3UIT YTBOPIOIOTHCS
TOBCTI TpPOLIAPKH, $KI JIO3BOJISIOTH 3arajlbMyBaTH BTOMHY MIKPOTPILIMHY Ta
PO3MOJAIIUTH 3aJMIIKOBI TEPMIUHI HANpYy>KEHHS B OUIBIIOMY 00’€Mi, 3MEHIIYIOUH iX
3HAYEeHH$, CIIPUAIOUN TUM CaMHUM 301IBIICHHIO TPIIIMHOCTIHKOCTI, a CaMi ME30€JIeMEHTH
WC npu upomy 3a0e3neuyroTh 30epekeHHs 3HOCOCTINKOCTI.

[[{o6 e nmepeBiputH, Oysio BUroToBieHO Me3oeneMeHTH WC po3mipom ~100 MxMm
ta criedeHo cymimr WC-30 % 00. Ni 3 Me30cTpykTyporo. TeopeTHYHUMHU po3paxyHKaMu
Ha OCHOBI OTPUMaHUX 300pak€Hb MIKPOCTPYKTYpU OYyJO0 BH3HAUEHO, 1110 3aJIMILIKOBI
TEpMIYHI HAINPYyKEHHS B MaTPUIll 3MEHIIYIOThCs Maiixke Ha 60 %. ExcnepuMeHTanbHi
JOCTIP)KEHHSI TEeIUIONPOBITHOCTI CIJIaBy 3 ME30CTPYKTYpPOIO MPOAEMOHCTPYBAIM il
301nbIIeHHS B 1,5 pa3u MOPIBHSHO 31 CIIaBaMU 3 OJTHOPITHOIO MIKPOCTPYKTYPOIO.

BcranoBieHo 3HMKEHHS KOe(ilieHTa TPaHUYHOTO TepTs, KUl 3meHImuBcs 3 0,35
1o 0,16 3a HaBaHTaxeHHs ~25 MIla, npu 11boMy B IIpo1ieci NPUIpaIbOBYBaHHS IPOTATOM
20 xBUIMH O0yJ10 MPOIAEHO HUIAX S5 KM, a B 30H1 TEPTS MIKPOTPIILIMHHU HE CTIOCTEPIraiocs.

Takum uynmHOM, OYJO JOBEICHO, IO ME30CTPYKTYpPHA KOMIIO3MIISI J103BOJISE
MIJBUIIATA TPIIUHOCTIMKICTP 1 3HOCOCTIWKICTh, 3HHM3WUTH 3QJMIIKOBI TEpPMidHI
Hanpy>KeHHsI, MIABUIIMTH TEIUIONPOBIAHICTh MOPIBHAHO 3 TBEPAMMHU CIUIaBaMH 3
OJIHOPIJTHOIO MIKPOCTPYKTYPOIO, 110 MPUBOAMTH JI0 MIABUIIEHHS BTOMHOI MIITHOCTI 3a
3HAKO3MIHHUX HaBaHTaXX€Hb B YMOBAX 'PAHUYHOTO TEPTH.
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EHEPTETUYHA E®@EKTUBHICTD SAK O/IUH I3 YAHHUKIB
NIABUIINEHHSA BE3IIEKHA TA EKCHJIYATAI_IIi AEC:
CYYACHI HIIAXOIU TA KPAILII IPAKTUKHA

AnamMuyk ApTyp

BIT «XAEC», adamcukartur3@gmail.com

3pocTarodi BUMOTH J0 €HEPreTUYHO] ePEeKTUBHOCTI HA aTOMHHX €JIEKTPOCTAHIIIAX
CTaJI BaXJIMBUM aCIEKTOM HE TUIBKM 3 €KOHOMIYHOI, ajie i 3 0e31eKOBOI TOUKH 30pYy.
BnpoBamkennst nporpamu enepretuyHoi edexkruBHOCTI HAa AEC € BaXXKITMBUM KPOKOM
JUIS TABUIIEHHS SKOCT1 Ta HaIIWHOCTI poOOTH CTaHIli, 3HW)KCHHS EKCIUTyaTalliiitHIX
BUTpaT Ta 3a0e3meueHHs cTabiTpHOCTI eHepromoctadanHi. OJHUM 13 KIFOYOBUX
KOMIIOHEHTIB Il OCSTHEHHsI BUCOKMX IMOKa3HUKIB €HEeproe()eKTUBHOCTI € CTBOPEHHS
Ta BIPOBAHKEHHS CHCTEMH €HEPreTUYHOI0 MEHEIKMEHTY .

3B'SI30K €HepreTUYHOI eheKTUBHOCTI 3 Oe3neKoro Ta excryaTanieo AEC.

[TigBuieHHs eHeproeEeKTUBHOCTI J103BOJISIE€ 3MEHIIIUTH €HEPTeTUYHI BTPATH, IO
OpsMO BIUIMBAa€ Ha CTAOUIBHICTH POOOTH KPUTUYHHUX CHUCTEM, TaKUX SIK CUCTEMHU
OXOJIO/JDKEHHSI Ta eHepro3abe3neueHHs. EHepreTMuHMi  MEHEKMEHT  CIIpUsi€
onTuMizaiii pobOTH yCTaTKyBaHHsI, 10 3HUKY€E HMOBIPHICTh TEXHIYHUX HECTIPABHOCTEH
1 aBapiii, 3MEHIIIy€e MOTPeO0y B PEMOHTHHX POOOTax 1 MOJOBXKYE TEPMiH EKCILTyaTaiii
oOJiafHaHHSL.

[Iporpama enepreruunoi edekruBHocti Ha AEC: 3ax011 Ta cTparerii:

-Perynsapuuii anamiz eHeprocrnoXMBaHHS Ha BCIX eTamax poOOTH CTaHIl BiA
BUPOOHHMIITBA JO PO3IMOJAUTY €Heprii s BUSBICHHS HEePEKTHBHHUX IIPOILECIB i
BU3HAYEHHS NUIAXIB OHTUMI3aLii.

-BcranoBneHHsT BHUCOKOS(EKTHMBHHX HACOCIB, TEIUIOOOMIHHMKIB Ta IHIIMX
€JIEMEHTIB CUCTEM, 1110 CIIPHUSIIOTh 3HUKEHHIO EHEPreTUYHUX BTpaT.

-BnpoBapkeHHs OUTbII TOUHUX 1 €PEKTUBHUX CUCTEM aBTOMATHYHOTO YIIPABIIIHHS
€HepreTHYHUMHU IMOTOKaMH Ha CTAaHLI AJIs 3a0e3MeUYeHHs IX ONTUMAalIbHOT pOOOTH.

-BukopucranHs HOBITHIX MaTepialliB Ta pillIeHb JUIsl 3SMEHILIEHHS TEIJIOBUX BTpAT 1
MiBUIICHHS e()eKTHUBHOCTI Mepeiadi eHeprii.

-BnpoBa/pkeHHS HOBHMX THIIB TEIUIOOOMIHHUKIB Ta 3MEHIIEHHS BUKOPHCTaHHS
BOJIHUX PECYPCIB AJIS1 OXOJIOIKEHHS.

BripoBa/pkeHHS cHCTEMH eHepreTHYHOro MeHepkMeHTy Ha AEC.

Cucrema eneprernynoro MmeHe;pkMeHTy (CEM) Brultouae niaHyBaHHs, KOHTPOJIb,
MOHITOPUHI Ta aHali3 EHEPreTUYHUX BUTpAT i1 3a0€3MEeYeHHS MaKCHUMaJbHOTO
BUKOPUCTaHHS €Heprii mpu MiHiMaabHuX BuTpatax. 1SO 50001 - MixHapoaHuit
CTaHJapT AJIi €HEPreTUYHOIO0 MEHE/DKMEHTY, KM HaJa€ 4iTKl peKOMEHJAlii ILI10J]10
BIIPOB/KCHHSI €HEPreTUYHUX CTPATErii, aHali3y BUTpAT eHeprii, ONTUMI3allii IpoleciB
Ta 3MEHIICHHS EHEPTeTUYHUX BTPAT.

CEM [103BOJNISiE CTBOPUTH KOMIUIEKCHY CTPAaTerilo eHepro30epexeHHs Ta
MiIBUIIEHHS €()eKTUBHOCTI, IO CTIPUSIE HE JIUIIIE 3MEHIIIEHHIO BUTPAT, a i 3a0€31eUeHHI0
Ha/iiHOI Ta 6e3meuHoi ekcruryaraitii AEC.

Kpari nmpakTHKy BIIPOBaKEHHS €HEPTEeTUYHOTO MEHEDKMEHTY Ta €HepreTHYHOT
e(eKTUBHOCTI: po3poOKa IHIMBIAyaJbHUX NpPOrpaM eHepro30epekeHHs, CHCTEMH
KEepyBaHHs Ha OCHOBI JJaHUX, Ta IHTErpallisd 3 CHCTEMaMH YIIPaBIIiHHS 0€3MeKOIO.

BnpoBapkeHHss  mporpaMM  €HEpreTHYHoi  €(EeKTHBHOCTI Ta  CHUCTEMH
eHepretTuuHoro meHepkMeHTy Ha AEC € HeoOX1THIM KPOKOM JTSI ITiIBUIIICHHSI O€3TeKn
ta crabimpHOCTi podotn AEC. CucreMH €HepreTHYHOro MEHEIKMEHTY SIK 4YacTHHA
CTpPATEriuHOro YIPaBIIiHHS JO3BOJISIOTH HE TUIbKY 3MEHIIUTH €HEPreTHYHI BUTPATH, ajie
W 3HU3UTH PU3UKU TEXHIYHUX HECTPABHOCTEH, IO CIpHs€E MiABUIIEHHIO OE3MEKH Ta
edexTuBHOCTI ekcruryaTaiiii AEC.
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MNPO HEOBXIJHICTb NPOBEJEHHSA TOAATKOBUX CTPEC-TECTIB
JJA OOIHKHU BE3INEKHA MAFII[AH‘IHKA I'APOTEXHIYHUX CIIOPY /]
3ATIOPI3bKOI AEC

Yasaunos B. 10., biiuk B.B., 3arinbcbknii B.A., bikyc K.M.

VYkpaiHCbKHii Aep>KaBHUHN YHIBEPCUTET HAYKH 1 TEXHOJOT1H, M. [{Hinpo, YkpaiHa,
uluanovvu@gmail.com, kolemasakar@gmail.com, zahilskyi.vitalii@pdaba.edu.ua,
bikus.kateryna@pdaba.edu.ua

Mertoro po6otu Oyio mpoBeneHHs KOMILICKCHOTO aHallizy CTaHy Tpelii cTaBka-
oxoniojkyBaua 3amnopizbkoi AEC misa  oOrpyHTYBaHHS NPOBEICHHS MOAAIBIINX
nociikeHs [ 1, 3, 4], a TakoK BUABICHHS JOAATKOBUX (PaKTOPiB, HEBPAXOBAHHUX paHiIlIe,
K1 MOXYTb BILUTUBATH Ha O€3MEKy CIOPY/IU 3arajioM.

[Tin wac BUKOHAHHS JOCIIPKCHb OYyB MPOBEICHUN KOMIUIGKCHHMI aHami3 yCixX
JOCTYIMHUX MaTrepialliB iH)KEHEPHUX Ta F€OTEXHIUHUX IOCTIIKEHb Ui Tpedii cTaBKa-
oxoJopKkyBada 3anopizpkoi AEC, moumHarouum 3 MOMEHTY 3aKiHYeHHS Oy/iBHUIITBA
o0'exta. OcobnuBa yBara Oyna npuaiieHa Matepianam 3a nepiog 2011 - 2018 pp., Tobto
BXKe Ticisi omyOmiKyBaHHS 3BiTY mpo cTpec-tectH [5]. OcobmuBO perenbHO Oyiu
JOCTIIKEeHI MaTepiaid BUCOKOTOYHHMX T€0/Ie3MYHUX CIOCTEPEKEHb 3a OCIIaHHSIMH Ta
nedopMaliisiMi MapoK, BCTAHOBJIICHHX Ha TPebJIi cTaBKa-0XO0JI0pKyBada, 110 1 JO3BOJIUIIO
1HaKIle TMOMVISHYTH Ha Pe3yJbTaTH MPOBEACHUX 1HXKEHEPHO-TCOJOTIYHUX PO3BIIOK Ta
BUKOHAaHUX Ha IX OCHOBI CTpec-TecTiB. AHAJI3 MarepiaiiB JOCITIKEHb IPYHTIB Tijia
rpe6iti J03BOJUB MOPYLIUTH 1 PO3TJISSHYTH MUTAHHS, IO paHille He BUCBITIIOBAIUCS,
30KpeMa 3 ekcruryarariii 00'ekra. OOrpyHTOBaHO JOIIBHICTh TPOBEACHHS OHOBJICHHX
CTpec-TeCTIB 3 ypaxyBaHHSIM cydacHuUX YMOB ekcmutyaranii AEC Ta moTo4Horo crany
HaBKOJIMIIHBOTO CEPEAOBUINA. AKTYAIbHICTh Ta PAKTUYHE 3HAYCHHSI POOOTH IOJISATAE B
TOMy, IO Brepuie OyJ0 NMPOBEJEHO KOMIUIEKCHUH aHalli3 CTaHy OO0'€KTa Ha OCHOBI
HasiBHOI reoTexHiuHOi iH(opmartii [2]. [Tounnatouun 3 2011 poky npoBeeHi CTpec-TecTu
Oy/M BU3HAHI HAJIMIPHO ONTUMICTHUYHUMH [6], 1110 3yMOBHIIO HEOOX1IHICTh JOAATKOBOTO
JeTAIBHOTO AOCTIKEHHST 00'ekTa. 30KpeMa, OIiHKa TEXHIYHOTO CTaHy Ipedii cTaBKa-
OXOJIO/KyBaya IUTaHyBajdach 3 BHKOPUCTAHHSIM IHHOBAIIWHUX METOJUK, CHEI[iaIbHO
po3pobnennx HHI «IIpuaninpoBceka nep:kaBHa akazemis Oy 1IBHULITBA Ta ApXITEKTYPH»
YAYHT, 1o € HayKOBOIO HOBU3HOIO JJaHOT pOOOTH.
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BE3IEKA BUKOPUCTAHHS ATOMHUX EJIEKTPOCTAHIIIN

Y PIBHUX KPATHAX

Mirina H.b., Minina 10.0., I'epacumenko B.O., Korresa O.II.

YIAYHT HHI «YAXTY», m. Juinpo, Ykpaina, mininayuliyal985@gmail.com

ATOMHA eHepreTHKa 3aJMIIA€ThCA OJJHUM 13 KIIFOYOBUX JKEpEI eJIEKTPOCHEPrii y
CBIiTI, 3a0e3neuytoun moHax 10 % rmobGanbHOro BUpOOHUITBA eneKTpuku. Ha BiMiHy Bifg
TEIJIOBUX E€JIEKTPOCTAHIIIHN, SKI CIAIIOIOTh BUKOIHE NAIMBO (BYTruULIsA, HadTy, ra3) i
BUIULIIOTH 3HauH1 00cstu CO:2, atoMHi enekrpoctaniii (AEC) He CTBOPIOIOTh BUKHUIIB
BYTJIEKUCJIOrO ra3y MmijJl 4ac BUpOOHHUUTBa enekTpoeHeprii. OmHak ii BHUKOpUCTaHHS
NOB’si3aHE 3 BHUCOKMMH BUMoOramu 110 Oe3meku, amke aBapii Ha AEC MOXyTb Matu
karacTpodiuHi HacHiIKH. Y pi3HUX KpaiHax miaxig go 6esneku AEC BinmpizHse€ThCS
3aJISKHO BiJ] TEXHOJIOTIYHOTO PO3BHUTKY, PETYIATOPHUX HOPM Ta ICTOPUYHOTO JOCBIAdY.
[Ipore pusuku, TOB’s3aHI 3 aBapisiMU, BHUTOKAMU pajialii Ta JOBFOCTPOKOBHM
30epiraHHsIM BiIXOHiB, pOONATh THUTAaHHS OC3MEKH KPUTUYHO BaxumBuM [1].
[Tpoananizyemo kinbkicts iHIUAeHTIB Ha AEC, TEC, I'EC y pi3nux kpainax (puc.1).
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Puc.1 - Kinvkicmo inyuoenmie na AEC, TEC, I'EC y pi3nux kpainax

Ha ocHoBi niarpamu MokHa 3pobutn BucHOBOK, o TEC ta I'EC Maroth
HaWOLIBITY KUTHKICTD 1HIMACHTIB, AEC MaroTh HaliMeHIIly KUTbKICTh 1HIIUJIEHTIB, aje X
HacJiAKU KpuTHuHi. HalibiibIe 3HaUHUX 1HIIMJIEHTIB cTaocsd B YKpaiHi Ta SnoHii, Tozi
sk y @paHilii piBeHb aBapiiiHOCTI HaWHKYKH [2].

Pi3Hi kpaiHM MaroTh pi3HI MiAXOAM A0 saepHoi Oe3meku. Y @Dpanuii oauH i3
HAKOPCTKIMIMX PETYJISTOPHUX PEXKHUMIB, PEryJSIpHI CTpPEC-TECTH IJs peakTopiB. B
CIOHA NRC 3a0esnedye BHCOKHN pIBEHb O€3MEKH, € MPELEACHTH THUMYacoBOTO
3ynuHeHHs HeOe3neuHux OnokiB. B fnonii micns @ykyciMu Oynu MoOcHiIeHI 3aX0u
6e3nekH, OUTBIIICTh CTapUX PEeaKTOPiB MOJEPHI30BaHO a00 BUBEACHO 3 eKcIlTyaTauii. B
VYkpaiHi nocuieHnit KOHTpOoib miciast YopHoOums, 1HTerpalisi B €BpONEHChbKY CHCTEMY
Oe3neku. SnepHa eHepreTHKa 3aUIaeThest 0€3MEeYHOI0 32 YMOBH CYBOPOT'O JOTPUMAaHHS
HOPM 1 MIXKHApOJIHOTO KOHTPOJTIO.

Jliteparypa:

1. Boegodin B. M. Cyuacnuii cman s0eprnoi enepeemuru 6 Yxpaini ma ceimi. Bicn. Hayionanohoi
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OIIHKA EOEKTUBHOCTI BIOJIOT'TYHOTI'O 3AXHUCTY PEAKTOPHUX
BIJAIJIEHb EHEPT'OBJIOKIB AEC

ITepesicnaBenn C.A.

YAVHT, HHI «IIpugninpoBchka aepskaBHa akajaeMist OyAIBHUILITBA Ta apXITEKTyPH»,
JlaGopatopist JOCTIKEHHSI aTOMHHX Ta TEIUIOBHUX €JIEKTPOCTaHIii, M. J{Hinpo,
VYkpaiHa, S.pereyaslavets@gmail.com

PanianiiiHuii cTaH B MPUMIIIEHHAX peakTopHUX BimaiiaieHb AEC, po3ramoBaHux
no0au3y  peakTopa, BHU3HAYAETHCSA NPOHUKHUM  T'aMMa-BHIPOMIHIOBAHHSAM 1
BUIPOMIHIOBAHHSM HEUTPOHIB 3 aKTUBHOI 30HU peakTopa. [1[006 3HM3UTH IHTEHCHUBHICTh
BUIIPOMIHIOBaHHSA /10 PiBHS, sIKUi perniamenTtoBanuii HPBY, cTBoproeTsest Giomoriunuit
3aXUCT.

Mertoro omiHkH e(peKTUBHOCTI Gi0JOTIYHOTO 3aXUCTy € MepeBipKa BiIMOBITHOCTI
MPOEKTHUX JTAaHUX IMPO MOJISl 10HI3YIOUOTO BUIPOMIHIOBAHHS 33 O10JIOTIYHUM 3aXHUCTOM
Ta B npuMimeHHsax 010ky AEC, Bugaua pekoMeHIaIiil o0 BIOCKOHAICHHS JaHOTO
O10JIOTIYHOTO 3aXUCTy peakTopa Ta paalanifHO-HEeOEe3MeYHOr0 TEXHOJIOTTYHOTO
oONagHaHHA, a TaKOX IIOJ0 IOKPALICHHS IPOEKTIB HOBOPO3POOIIOBAHUX CHUCTEM
3aXUCTY.

BcranosiienHs nmapaMerpiB eeKTHUBHOCTL 010J0TTYHOIO 3aXHUCTY.

3ajeXHO BiJ KOHCTPYKII, CTaHy MarepiaiiB O10JI0IYHOro 3axXUCTy Ta YMOB
eKCIuTyaTallii mapaMeTpy, IO BU3HAYAIOTh BUKOHAHHS (YHKIINA O10JIOTIYHOTO 3aXHCTY,
HOJUIAIOTECA Ha Taki rpymu: 1) rpyma mapamerpiB, 10 BH3HAYalOTh KOHCTPYKTHBHY
HUTICHICT 010JIOTTYHOTO 3aXUCTY; 2) rpyIia MapaMeTpiB TEXHIYHOTO CTaHy 0i0JIOTTYHOTO
3aXHUCTY, 10 BU3HAYAIOTh ()EKTHUBHICTh 3aXHUCTY BiJl raMMa-BUIIPOMIHIOBaHHS; 3) rpymna
napamMeTpiB TEXHIYHOTO CTaHy, 10 BU3HAYAIOTh €()EKTHBHICTh 3aXUCTY BiJl HEUTPOHHOTO
BUIIPOMIHIOBaHHS.

Po3paxyHOK 3aJIMIIIKOBOTO pecypcy 0i0I0TIYHOTO 3aXUCTY PEAKTOPHOI YCTAHOBKH.

Kpurepisimu npu po3paxyHKy 3aJHMIIKOBOIO pecypcy Ol0JOTIYHOTO 3axHCTy
peakTopHOi ycTaHOBKH € noka3zHuku [1E/] ramma-BunpomiHtoBaHHS 3a 4ac €KCIUTyaTailii
3 TOJIAJIBIIIOK MOOYOBOIO TPEHIIB 3aJIeKHOCTI MOKA3HHUKIB MOTY>KHOCTI 103U TaMMa-
BUIIPOMIHIOBAHHS Bl 4acy eKCIUlyaTallli peakTOpPHOI YCTaHOBKHU (TMOOyJIoBa TpeHIy
IPOBOJIUTHCA [0 KOKHOMY JaTYUKY METOJIOM HaMEHIIUX KBaJpaTiB) Ta MPOrHO30M Ha
yac MpPOJAOBKEHHS eKCIUTyaTalli (1o KyTy HaXMTy KpUBOi 3aJIEXKHOCTI MOTYKHOCTI 103U
BiJl 4acy eKCILTyarailii);

TexHiuyHUH cTaH 010JIOTTYHOTO 3aXUCTY PEAKTOPHOT YCTAHOBKH BBAKAETHCS TAKHM,
1o 3a0e3neuye npane3faTHICTh Ha HAJIPOEKTHUN TEPMiH, SIKIIO BUKOHAHI KpUTEpii
npane3aTHoCTi, Ta nporHo3He 3HaueHHs [IE]] mpoTsaroM HaJANpOEKTHOTO TEPMiHY He

BHUXOJIUTH 33 MEXI I'PAaHUIHUX 3HAYCHb, BCTaHOBICHNX BuMoramu HPBY-97/11-2000.
["paHuSHUG pibess nopaMempy

Tpend. wo nodydobanud H
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Puc. 1 - Imocmpayis memody po3paxyuky 3anuuxosozo pecypcy b3 PY
3 ypaxyBaHHSIM KOHCEPBATHBHOIO MiJIXOAy 0 BU3HAYCHHS ()IFOEHCY, BUCHOBKHU

MOKYTh OyTH MOLIUPEHI Ha BCIO CUCTEMY O10JI0TTHHOTO 3aXUCTy €HEeproOIoKy, Ha IKOMY
MIPOBOAMIIOCS] OOCTEKEHHSI.
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NIIBUIIEHHSA HAJIIMHOCTI PE3YJIbTATIB HEPYHHIBHOT' O
KOHTPOJIIO OBJIAAHAHHS AEC METOJAMUA MAILIUHHOT'O
HABYAHHS

CuiBak C.B., €pmosienxo P.B.

KuiBchkuii HanioHanbHUM yHIBepcuTeT iMeHi Tapaca [lleBuenka, ¢piznynuii paxynpTer,
kadeapa smepHol Gi3uKu Ta BUCOKHMX eHeprii, M. Kuis, Ykpaina, sspivak693@knu.ua,
ruslan.yermolenko@knu.ua

st GesmeuyHOi eKcrulyaTaiii aTOMHUX EJNEKTPOCTaHI[id HEOOXiHO MOCTIHHO
KOHTPOJIIOBATH CTaH KOPIYCy peakTopa, I0o IMepeOyBae IiJ BIUIMBOM BHCOKUX
TEMIEpaTryp, THCKY Ta IHTGHCHBHOTO HEUTPOHHOTO omnpoMiHeHHs. OmgHuUM 13
HaliHeOe3MeUHIMmuX JAePEKTIB € TPIIIMHYN, BUABJICHHS Ta TOYHE BUMIPIOBAHHS SKUX €
KPUTUYHO BOXKIIMBUM ISl IPUHHATTS NOJAIBIINX PIilIEHb 11010 pOOOTH peakTopa.

Y po0oTi po3rasigaeTbes 3aCTOCYBAHHS METOAIB MAIIMHHOTO HABYaHHS UISL IBOX
KJIIOYOBUX HAIPSIMIB HEPYHHIBHOTO KOHTPOJIO: YIBTPAa3BYKOBOI JIarHOCTHKH METOJIOM
TOFD [1] Ta aBTOMaTH30BaHOTO Bi3yaJlbHOI'O KOHTPOJIIO.

Jnst TOFD-anani3y O0yio cTBOpEeHO HEHPOHHY Mepexy [2], HaBueHUi Hadip TaHuX
JUIsL SIKOT 3reHepoBaHo y mporpamHoMy cepenosuili CIVA [3]. Otpumani pe3ynbratu
MIOKa3aJli CEPeHIO a0COOTHY TOXUOKY BU3HaUeHHs BUcoTH Tpimuau 0,5 Mm (5 %), 1o
CBITUUTH MPO BUCOKY TOUHICTH METOY.

JIist iABUIIIEHHS JTOCTOBIPHOCTI Bi3yaJ bHOTO KOHTPOIO [4] OyJI0 BHKOPHCTAHO
YOLO s aBTOMaTUYHOTO JETEKTYBaHHs J1e(DeKTiB KOPIYCy PeakTopa HaBiTh Y 30HAX
13 BUCOKMMH PIBHSIMH 10HI3yI0UOT0 BUNIPOMiHIOBaHHA. HaBuanbHuil HaOip CKamaBcs siK
13 300pakeHb pealbHUX AE(PEKTIB MOBEPXHI, TaK 1 31 MITYYHO 3T€HEPOBAHUX JaHUX,
OTPUMAaHUX 32 JOMOMOTOI0 MOJIEJICH IITYYHOTO 1HTEIICKTY.

Jlnist ouiHKM epEeKTUBHOCTI MOJIENl BUKOPUCTOBYBAJIMCS (YHKILIi BTpaT, 30KpeMa
noxubka jokamizamii (box loss = 1,35), mo BuMipro€ BIIXWICHHS MepeadauyeHuX Mex
00’exTiB, Ta moxubka kinacudikamii (cls loss = 0,79), sixa BimoOpakae NMpaBUIBHICTb
po3mi3HaBaHHs KiaciB. MiHIMI3alisl IMX MOXUOOK CIpHUSE€ TMOKPAIIEHHIO TOYHOCTI
BUSIBIICHHS 1€(EKTiB.

3anponoHoBaHl MIAXOAU CHPUSAIOTH MIHIMI3aWil JIIOJCBKOrO (akrtopy Ta
HiABUILIEHHIO €(EeKTUBHOCTI €KCIUTyaTalliiHOro KOHTPOJIO, IO € KJIIOYOBUM JUIs
0e3ne4Hoi poOOTH aTOMHUX €1EKTPOCTAHIIIH.
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PO3PAXYHKOBO-AHAJIITUYHE OBI'PYHTYBAHHSI.

AHAJII3 MOXJIMBOCTI POBOTU MHY IJIs1

ABAPIMHOTI'O NIJ[KUBJIEHHA IIT

IlleBanos A.P.

HTYYVY «KIIl» im. Irops Cikopcbkoro, Kuis, Ykpaina, andrshevanov@gmail.com

[Ipu BuKOHAHHI O3a4eproBoi IbOBOI epeowinku Oe3neku eneprodiaokis AEC 3
ypaxyBanHsMm nojii Ha AEC «®ykycima-/laiui» Oynm Bu3HadyeHi aedinutu Oe3nekH,
NOB'SI3aHI 3 TPUBAJIOIO BIJCYTHICTIO QJIBTEPHATHBHUX JDKEPEN €JIEKTPOIIOCTAaYaHHS Ta
BojIoNocTayaHHs. PileHHs BU3HAYA€ MOPSAAOK YCYHEHHS OJJHOTO 3 KIIFOYOBHX J1e(IlUTIB
Oe3neku npu BuximHid moxmii «IloBHE 3HECTpYMJICHHS 1 BTpara TEIJIOBIIBEICHHS IO
KIHIIEBOTO IMOTJIMHAYAY, TTOB'SI3aHOTO 3 3a0e31eueHHsAM (YHKIIIT BiIBEICHHS 3aJIMIITKOBHX
TEIUIOBU/IIJICHD BiJl aKTHBHOI 30HM PEAKTOPHOI yCTAaHOBKH 4epe3 maporeHeparopu (3a
YMOBH 30€peKeHHSI TeIUIOHOCIS B MEepPUIOMY KOHTYpl 1 HAsBHOCTI IUPKYJALIi uepes
AKTHUBHY 30HY).

Hii mepcoHany mOBUHHI OyTH CHpSAMOBaHI Ha OpraHi3aimiio ITiHKUBICHHS
naporeHepaTopiB Ta 3a0€3NEUCHHS BiJBEJCHHS 3aJMINIKOBHX TEIUIOBHIUICHL BiJ
AKTHUBHOI 30HH PEaKTOPHOI YCTAHOBKH.

[IpoBeneHe TexHIYHE TIEPEOCHAICHHS TOJIsATae B opranizamii mimpkusieans [1I7 B
yMOBax TpuBaioro mnoBHoro 3HecTpymiieHHs AEC. 3aBmaHHA 1O MIKUBICHHIO
MaporeHepaTopiB BUPINIYETHCS MUITXOM BUKOPHCTAHHS MOOUIBHOT HACOCHOT YCTAHOBKH
(MHY). 3abip cepenoBuiia MOOITPHOIO HACOCHOKO YCTAaHOBKOIO IPOBOIUTHCS 3
JOCTYITHUX B YMOBAaX aBapii JHKepe.

Jnst po3paxyHKy po3risiaatoTbes 3 mxepena Boau st MHY, ane po3paxyHok Oyne
BUKOHAHO Jimie 11st Tixpasiiunoi mepexi «Kism BHC — MHY — cuctema TX — I1I».
Ha mizicraBi po3paxoBaHux BTpaAT 3 ypaxyBaHHSM MAacOPTHOI HAMIPHOT XapaKTePUCTUKU
MHY, noOynoBano ButpatHi xapaktepuctuku MHY mnin wac po6otu Ha Mepexy, 110
PO3TTSAAETHCS.
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Pucynox 1.1 — Hanipno-eumpamua Pucynox 1.2 — Hanipno-eumpamnua
XapaxKmepucmura Mepexici 3 Xapaxkmepucmura Mepeici 3
memnepamypoio 6oou 5 'C memnepamypoio 6oou 33 °C

MiHniManpHO-HEOOXilHA Toma4ya Juis aBapiiiHoro mimkuBieHHs ojaHoro [II7
cTaHoBUTH 13 kr/c =47 1/pik. 3rigHo 3 pucyHkoMm 1.1/1.2 MHY 3a6e3neunts nogauy st
PO3IJIAHYTOrO TiApaBIiuHOro TpakTy 122/124 M /rox, mo 3Ha4HO GilbIIe 32 MiHIMATBHO
JOTIYCTUMY I0/1avy, 1 3pelIToro 3Moxe nepesectu PY B 6e3neunnii KiHIIEBU CTaH.

55


mailto:andrshevanov@gmail.com

OIIHKA E@EKTUBHOCTI I IPOI'HO3YBAHHS ITAPAMETPIB POBOTHU
TEIIJIOBOI CXEMHU BOJU MAPOT'EHEPATOPIB BJIOKY

'Byrenxo LI'., 'Kosnos SI.M., 2Ilandinos A.IO.

'Y kpainchKuii 1epkaBHUI YHIBEpPCUTET HAyKH i TEXHOIOTIH, JIHiNpo, YkpaiHa,
ya.m.kozlov@ust.edu.ua

?KomyHanpHe mignpueMctso "Temnoexepro”

Ha TexHiKo-eKOHOMIUHI TOKa3HMKH pobotu Oioky TemioBoi (TEC)
€JIEKTPOCTaHLi, OCOOMMBO Ha BHUTpAaTy INajluBa, 3HAYHO BIUIMBAE TEMIIEpaTypa
JKUBUJIBHOI BOJIM IapOreHepaTopiB, sika 0a3yeTbcsi 1 0OYMOBJIEHAa pereHepaTUBHOIO
TeroBoto cxeMoro (TC), 110 BUKOPUCTOBYETHCS, 1 ii yCTAaTKyBaHHSIM.

Ha mpaktumi B Ykpaini orpumanu BusHanHs Ha TerioBux TEC 3 3KT tpamuiiiina
cxema, Ha 6mokax 3 JIKT - cxema Pikapa-HekonpHOro, a Ha aTOMHHX €JIEKTPOCTAHLIIAX
(AEC) BUKOPHCTOBYIOTBCSI B OCHOBHOMY TerutoBa cxema [TIOTJIM3 [1].

3a3Ha4yeHi CXeMH MalOTh CBOT IIepeBary i HEAOMIKH, a IS TPAKTHKH BAKIIMBO 3HATH
e(eKTUBHICTh KOXKHOI 13 CXeM B KOHKPETHHX YMOBaX 3aBYacHO, 1100 MPOTHO3yBaTH
JOIUIBHICT 1 eeKTuBHICT, MojepHizamii By3miB TC, OCKUIBKM YUM BHUIIOK €
TeMIeparypa MiAIrpiBy >KUBUJIBHOI BOAM, TUM MEHIIMMHU € BHUTpaTH NalWBa B
naporeHepaTopax OJIOKy.

Sk mokaszano B po6orti [2], HarpiB kuBmiIbHOTI Boau Ha aiasHmi ITHT cranoBuTh
150-168 °C ToOTo0 Maiixke 62 % Bia 3aradbHUX 3HaYCHb BeIWYMHU HarpiBy Boau 1 TC Ha
nustam [THT maiike HEe 3MIHIOETBCS, ale CYTTEBO 3MiHIOEThCs Ha nunstami [IBT, me
3MIMCHIOETHCS HArpiB BOAM HA iHI 38 % 1 16 MOXKIMBO BUKOpUCTaHH: pizHux TC.

Juns ominku edextuBHOCTI pisHUX TC Oyino po3poOiieHO METOIUKY PO3paxyHKY
HarpiBy BojaM y mimirpiBayax Bucokoro tucky (I1BT) 3 BukopucTaHHSIM IpOrpaMHOrO
cepenouiia Mathcad [3].

PesynbTaTi JOCHIKCHHS.

Po3spaxynku, BukoHani mans  Onoky 300 MBrt [Ipuaninposcskoi TEC
(naBantaxxeHHs 70 %), mokazamnu:

e Tpaouyitina cxema 3abesneuye Temneparypy Boau 275 °C. EdexkTuBHICTH
niaTBepKeHa mpu HaBantaxeHHi 50 — 90 %.

e Cxema Pixapa-Hexonbnoeo 103Bous€ MiABUIMTH Temriepatypy 1o 308 °C, ane mae
KOHCTPYKTHBHI OOMEXKEHHs 4epe3 peryJrorunil mpucTpid (Ha JniHIT BigBOLy
yacTHHU Harpitoi Boau, 10 %). I{to cxemy e()eKTHBHO 3aCTOCOBYBATH B MPAKTHUII
Ha Osokax JIKT.

Meronuka norpedye BAOCKOHAJIEHHS, OCKUJIBKA HE BpPaxoBye JAesKl (pakTopw,
30KkpeMa TeroBi BTpaTtd. OgHaK BOHA J03BoJisie MOpPiBHATH edekTtuBHICTH TC Ta
BU3HAYUTH JOIIIBHICTD iX MOJIEpHI3aIlii.
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HayKosonpaxmuyHa xougepenyis «Cyuacui acnekmu MmoOoepHizayii Hayku: cmaH, npoobremu,
meHnOenyii pozeumkyy, 07 mucmonaoda 2023 p., m. bpro (Yexis) — c¢. 359-361;

3. Kynopam A.M., Haykoeo-mexuiuni obuucnenns 3acobamu MathCAD ma MS Excel.
Haeuanvnui nocionux — Piene: HYBI'TI, 2014. — 252 c.
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AHAJII3 BIIVIUBY 3ACTOCYBAHHSA IMITATOPIB TBEJI HA PAI[IAHIﬁHE
HABAHTAXEHHSI HA BUT'OPOJKY BBEP-1000

I'onynok Bb.B., OBaienko F0.M.

JIHTIL] SIPB, m. KuiB, Ykpaina, bv_hodunok@sstc.ua

[Ipu excrimyarariii eHepro6J0KiB aTOMHHMX €JICKTPUYHHUX CTAHIIA B TEPMiH, SKUI
NEepEeBUIIYE TPOCKTHUM, MUTAHHS O€3MeKH Ta HaIlHHOCTI Biirpae KIIOYOBY pPOJb.
Oco0nuBy yBary Citii IpUIUIMTH TAKOMY €JIEMEHTY BHYTPIIIHbOKOPIYCHHUX MPHUCTPOIB
(BKII), six BUropojka, OCKUIBKM BOHA PO3TalllOBaHa B Oe3mocepeqHiil OJU3bKOCTI 70
AKTUBHOI 30HH PEaKTOpa 1 3a3Ha€ HAMOLIBIIOTO BIUIMBY HEUTPOHHOTO OIIPOMIHEHHSI.

Pecypc BUTOpOIKH B MEpIITy Yepry BU3HAYAETHCS il MPOrpecyrodoro aedopmarriero,
sIKa 3aJIeKUTh BiJl paJialiiHOro po3myXaHHs Ta pamianiiHoi mos3ydocti [1]. s Tounoi
OIIHKK JaHWX (PEHOMEHIB HEOOXITHO BHU3HAYUTH PO3MOILT EHEPrOBHIIJICHHS Ta
MOILIKO/DKY040i 103u B Marepianax BKII, siki BuU3HA4alOThCS, B TMEpUIy depry,
PO3MOAIIOM MOTYKHOCTI JDKEpes HEHTPOHiIB B epudepiliHiil YaCTHHI aKTUBHOI 30HH.

Mera po0GoTu - 3ampolOHYBAaTH CTpPATErir0 3MEHIICHHS  pajialiifHOTO
HaBaHTaxeHHd Ha BKII, a Takox BHMKOHaTH pO3PAXyHKOBE OOIPYHTYBaHHS
3alPONIOHOBAHOI CTpaTerii Ta OI[IHUTH BEJIWYMHY 3MCHIICHHS CHEPrOBHIUICHHS Y
BUTOPO/ILII B TOYKAX MaKCUMyMY JJIsi OQHOTO 3 eHeprodiokis 3 BBEP-1000.

B po6oTi 3anmporoHoBaHo MiIXiJ 10 3HMKCHHS paaiallifHOTO HaBaHTa)KCHHS Ha
BKII 3a paxyHOK 3acTocyBaHHS imiTaTopiB TBemiB B mepedipiiiniii mm3mi TB3 Tta
NPEJICTaBJICHI PE3YJIbTaTH PO3PAXYHKOBOTO aHAJI3y i3 BUKOPUCTAHHSIM PO3PAXyHKOBOTO
naketry DOORS 1 nnst Buroponku PY eneprodnoky Ne3 Piaencekoi AEC. Ha pucynky
1 300pakeHO cxemaTudHe posTamryBaHHs TB3, B skux oOpaHi TBEJIU 3aMiHEHO
iMiTaTOpamMu, BITHOCHO MaKCHUMaJIhbHO HAaBAaHTA)KCHUX TOYOK BUTOPOIKH.
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Puc. 1 — Posmawysanns Puc. 2 — I'paghix 3anexcnocmi MaxcumaibHo20 3HAYEHHS
Imimamopie eHep2oBUOLTIEHHS ) 8U20POOYI BI0 KINbKOCTHI IMimamopie

PesynbpTaTi mpoBeaeHUX TOCIIIKEHb CBITYaTh, 1110 TP 3aMiHi BCHOTO JIBOX TBEIIIB
Ha IMITaTOpU MOXXHA JOCSTTH 3MEHIICHHS €HEPrOBHJUICHHS y TOYIl MaKCUMaJIbHOTO
HABAaHTA)KCHHS BUTOPOJIKH JIO JECSITH BIICOTKIB (pHUC. 2), 1[0 B CBOIO YE€Pry 3MEHIIHUTH
BIUIMB pajialiifHoro po3myxaHHs Ha qanuil enement BKIIL.

Jliteparypa:
1. Makhnenko, O., Kandala, S., & Cherkashin, M. (2019). Boockonanenns memooie oyinku

paodiayitino2o posnyxawHs I npoepecyouoi gopmosminu eiremenmie BKII peaxmopa BBEP-
1000. Aoepna ma padiayiiina 6esnexa, 2(82), 35-42.

2. DOORS 3.2: One-, Two- and Three-Dimentional Discrete Ordinates Neutron/Photon
Transport Code System. RSIC Code package CCC-650.
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MOJEJIOBAHHSI ITPOIIECIB KOPO3IMHOI'O IJE®OPMYBAHHS B
EJJEMEHTAX OBJIATHAHHSI ATOMHUX EJIEKTPOCTAHIIN
3eaennon J.I.

VYkpaiHChbKUH Jep)KaBHUHN YHIBEPCUTET HAYKH 1 TexHOJIOT1H, J{Hinpo, YkpaiHa,
d.g.zelentsov@ust.edu.ua

B nesikux ramy3six MpOMHCIIOBOCTI Ta €HEPTeTHKH, 30KpeMa, SJIEPHOI, eIeMEHTH
obsagHaHHA (PYHKITIOHYIOTh B yMOBaX KOHTAKTY 3 TEXHOJOTIYHUMH CEPEIOBHINAMH, K1
€ arpeCMBHUMHM JI0 KOHCTPYKTUBHHUX MartepiajiiB, y HepIly 4epry - J0 MeTaiiB. Brims
TaKUX CEpPEelOBUILl YacTO OOYMOBIIIOE KOpO3il0 MeTajga, a caMme - pyHHyBaHHS
IPUIIOBEPXHEBOTO 1Iapy MeTaly a0o (Ta) 3MEHIIEHHS HOTO MIIIHICTHUX XapaKTEPUCTHK.
Ile npu3BOAUTH [0 BTpPaTH HECY4Oi 3JaTHOCTI KOHCTPYKLIMHUX €JIEMEHTIB Ta
nepeayacHoMy, iHOJII aBapiifHOMY, BUXO/I iX 3 Jaay. 3 Orjsiay Ha 3a3HadyeHe rnpobdiiema
CTBOPEHHS MaTeMaTHMYHUX MOJeNeH Kopo3iiiHoro jedopMyBaHHS  MeETalleBUX
KOHCTPYKLIMHUX €JIEMEHTIB 3 BpaxyBaHHSAM (I3UKO-XIMIYHHUX TPOIECIB, IO
BiJIOYyBalOTbCS B HUX, BBAKAETHCS aKTYaJIbHOIO.

[TponioHy€eThCST MOJIENb MPOLECY KOPO3IHHOTO ae(OpMYyBaHHS KOHCTPYKIIHHHX
METaJIeBUX €JIEMEHTIB, 10 (PYHKIIOHYIOTh B TEXHOJIOTIYHUX arpeCUBHUX CEpeOBUILAX,
sKa, OKPIM CUCTEMH PIBHSIHb MEXaHIKH J1e()OPMOBAHOTO TBEPJOTO Tija, MICTUTh MOAEII
HAKOMWYEHHS IOMIKO/PKEHb, MOJIENII KOPOJYIOUOro mepepidy (s CTPUIKHEBUX
€JIEMEHTIB) a00 KOPOIYIOUYOi IMOBEPXHI (IS TOHKOCTIHHUX TUIACTUH Ta OOOJIOHOK) Ta
MO/IeJl TPaHUYHOI'O CTaHYy.

[Iporiec HAKOMMYEHHS T'€OMETPUYHUX IOIIKO/KEHb MOJACTIOETECSA IIISIXOM
YHCETBLHOTr0 pO3B’si3yBaHHsA 3amaui Komrl ans cucremMu audepeHiiadbHUX pPIBHSIHBb
(CP):

do

9 vy 0lo(o); 0l.a=0.

ne O — rmmbWHA KOPO3ifHOro ypakeHHs (ITapaMeTp MOIIKOKeHHs); t — wac; V, —

HIBUJIKICTh KOPO3ii IPHU BiICYTHOCTI HanpyskeHHs; ® — neska QpyHKIis HApy>KEHHS;, O —
a0COITIOTHE 3HAYSHHS TOTOYHOTO HATIPY>KEHHS.

Jns obuucneHHs HamnpyXkeHb B mpaBux dvactuHax CJIP BHKOpPHCTOBYIOTHCS
CIIBBIIHOIIEHHS MEXaHIKM, Kl y BHUIJISAAl CHUCTEMU pPIBHSAHb METOAY CKIHUEHHUX
€JIEMEHTIB MOXKYTb OYTH MpeJICTaB/I€H] TAKUM YHHOM:

R=K™.Uu
z=D-T
Gc=E-Z

Tyt K — matpuns xopcrkocti; D — marpuns nudepenuitoBanns, E — matpuns
TIPY’KHOCTi; R — BEKTOp By3/OBHX HaBaHTaXeHb; U — BEKTOP MEPEMIllIeHb; & — BEKTOP
neopmaliiif; & — BEKTOp HaIpPy>KEHb.

Mogens Kopo3iiiHOro JegopMyBaHHsS peasli3oBaHa y BUIJISAL MPOrPAMHOTO
KOMIUIEKCY 3 BUKOPHCTaHHAM MeTony ckiHueHHux enemeHTiB (MCE). lng aganramii
MCE no manoro kiacy 3anad Oynu po3poOiieHi MoAu]ikoBaHI CKIHYEHHI €JIeMEHTH
3MIHHOI kopcTKocTi, a came: O6ankoBuil CE, CE nns muockoi 3aaaui Teopii Npy>KHOCTI
(MPSIMOKYTHHMH Ta BUIBHUN YOPUPBOXKYTHUH 3 8 CTYNEHSIMH CBOOOJM, TPUKYTHHUH 3 12
cTyneHsaMu cBobonu) ta npsmo-kyTHHM CE 3 12 cTymensMu cBoOOIM Ui 3TMHHUX
TUTACTHH.

[IporpaMHuii KOMIUIEKC IO3BOJII€ BU3HAYATH HANpPyKEHO-AEPOPMOBAHMM CTaH
€JIEMEHTIB OOJagHaHHA, $AKI MiAJATal0Th BIUIMBY AarpecUBHUX CEpPElOBHUIN Ta
MIPOTHO3YBATH TEPMiH iX Oe3mevYHoi eKcIuTyararii.
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CTPATEI'TS HEPETBOPEHHSA OB’€EKTA «YKPUTTS» HA EKOJIOTTYHO
BE3IIEYHY CUCTEMY

Konamyk B.JI.

YKpaiHChbKUH Jep>KaBHUI YHIBEPCUTET HAYKH 1 TEXHOJIOTIH, M. J{Hinmpo, YkpaiHa
konvadim@ukr.net

3aBepIleHHs] TPOEKTY CHOPYIKEHHST HOBOro Oe3neunoro koHpaitnmenty (HBK)
Hag 4-M  eHeproOsokoM (00’ekToM  «YKpuTTA») UYopHOOMIBCBKOI  aTOMHOI
enexkrpoctanuii (HAEC) 3a6e3neunino Jiokaizaiito sepHoi Ta paaianiiHoi 3arpo3. s
OCTATOYHOI JIIKBiJaIlii WX 3arpo3 HEOOXITHO BHUKOHATH HAJA3BUYAWHO MacmiTabHE 1
TEXHOJIOTIYHO CKJIAJIHE 3aBJIaHHS TMEPETBOPEHHS 00’€KTa «YKPHUTTS» Ha EKOJOTIYHO
Oesreuny cucremy [1].

[TporioHnyeThCst CcTpaTerisi mepeTBOpeHHs 00’ekTa «YKPHUTTS» Ha EKOJOTIYHO
Oe3neyHy cucTeMy, 110 Ma€ BKJIOYaTH Tpu etanu. Ha nepriomy erari He0OX1aHO:

- HAyYKOBO OOTpyHTOBaHE Oa4eHHs MPOIIECy MEPETBOPEHHS 00’ €KTa « Y KPUTTS» Ha
€KOJIOT14HO Oe3MmeuHy cucTeMy TpaHC(hOpMyBaTH B LUTICHUM MPOEKT JIKBiAALil siaepHOL
Ta pajianiiHoi 3arpos (JISAP3);

- 3a0€3MeYUTH CTBOPEHHS 1 anpoballilo TEXHIKO-TEXHOJIOTTYHOTO 1HCTPYMEHTAPII0
peamizanii npoekty JISP3;

- pO3poOUTH aTanTHBHHUM OpraHi3aliiiHO-ynpaBIiHCHKUNA (opMaT 1 CTBOPUTHU
IHCTHTYIIIHI IepeyMOBH peanizaii nmpoexty JISIP3;

- chopmyBaTH JKkepena piHancyBaHHs mpoekty JISAP3.

Ha npyromy erami ciig po3ropHyTd peanmizamito npoekty JIAAP3 y wactumi
3aro04YaTKyBaHHS CTBOPEHHS T'€0JOTYHOIO CXOBHINA paaioakTUBHUX BinxoaiB (PAB) Ta
1H(GPACTPYKTYPH UII KOHTPOJIHOBAHOTO MPOMIXKHOTO 30€epiraHHs BHIyYEHHX 3 00’ €KTa
«Yxputta» PAB, a Takox BUKOHaHHS poOIT 3 JEMOHTaXy KOHCTPYKLIH Ta BHITyUEHHS
PAB i3 OyniBii 4-ro eHepro6JI0Ky BHIIE MMiAJIOTH LIEHTPATLHOT 3aJI1 3 TIEPEBEICHHSIM 1X
y Ge3nedHuit cTaH JUIst IPOMIKHOTO KOHTPOJILOBAHOTO 30€piraHHsl.

Ha tpetromy erami HeoOXigHO 3aBepmuTH ouuiieHHs Manganuuka mig HBK Bix
3aIUILIKIB Oy1IBETbHUX KOHCTPYKIiH 1 3a0pyJHEHUX PEUOBHH, JEMOHTYBAaTH PEAKTOPHY
YCTAaHOBKY Ta BHUPIIIUTH HMUTAHHS JOBIMOCTPOKOBOIO 30€piraHHs (3aXOpOHEHHS) YCIX
orpumanux PAB, y ToMy yHcIi B r€0JIOTIYHOMY CXOBHMILI.

Hns 3amydyenHst no peamizanii npoekty JISAAP3  ¢inancoBoro i HaykoBo-
TEXHOJIOTIYHOTO MOTEHIiaTy TPaHCHALlIOHAJILHOTO O13HECY MPOMOHY€ETHCSI CTBOPEHHS Ha
6a31 CyKynHOCTI 00’€KTiB 30HU BiTUY>KEHHS, YYaCHUKIB MPOEKTY 1 BCIX 3alliKaBIEHUX
oci0 1HHOBaIiITHOT IaT@opmMu — napky TexHoorii suepHoi 6esnexu (IITAB) [2, c. 97].
Ile mae OyTu iHHOBaliiiHa CTPYKTypa, W0 TMO€JHAE TepeBard TEXHOMApKYy,
IHHOBAI[IITHOTO KJIacTepy, TEXHOJIOTYHOI MiIaThopMu Ta CHElialbHOI (BUIBHOL)
€KOHOMIYHOI 30HM 1 CTaHE B MEPCHEKTHBI MalJlaHUMKOM IJisi Koiabopauii mpoBIIHUX
IHHOBAIIITHO-TEXHOJIOTIYHUX KOMIIaHIi 1 HAyKOBO-AOCTIIHUX 1HCTUTYIIH €BpOCOIO3Y,
Benuxkoi bpuranii, CLIA, SInoHii Ta iHmuMX KpaiH, HAAaI0YU IM MOXKIIMBOCTI OTPUMaHHS
BaXUIMBUX HAayKOBO-TEXHOJIOTIYHMX 3HAaHb 1 JOCBIy 3 TaKUM pIBHEM HaTypHOI
Bepudikarii, SKOro BaKko abo K MPAKTUYHO HEMOXKJIMBO JOCIITH Y CBOiX KpaiHax.

Jlireparypa:

1. 3axon Yxpainu «Ilpo 3aeanorhodepoiicagiy npocpamy 3Hamms 3 ekcnayamayii Yoprobunvcokoi
AEC ma nepemegopenus 06’ekma « Yxpummsy na exonociuno besneuny cucmemyy». BBP. 2009,
Ne 24, ¢. 300.

2. Konawyx B. JI. Innosayitina niamgopma 015 npoexmy nepemeoperis 006 ’ekmy « Ykpummsiy
Ha exono2iuno besneuny cucmemy // [lpobremu besnexu amomuux erekmpocmanyii i Yoproouns.
Yoprobuns: 2019, Ne32. c¢. 93-100
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OCOBJIUBOCTI KOMBIHOBAHOTI'O 3AKPIIIVIEHHS TPYBOK Y
IIJIAKOBAHINW MIJIIIO TPYBHIN PEIHITII TA30XOJIO)KYBAUA
TYPBOI'EHEPATOPA

'Xoma M.C., ’Hapiscbkmnii O.E., 'Panska H.B.

ldisuko-mexaniunuii incrutyt im. I'.B. Kapnenka HAH Vkpainu, M. JIbsi, Ykpaina;
nadijaratska@gmail.com

2HY «3anopizbka nomitexnika», Ykpaina

BuroroBneHHst TerooOMiHHHMX amapariB, NMPU3HAYCHHMX Ui HarpiBaHHs abo
OXOJIOJDKEHHSI TEIUIOHOCIS, SIKMM Mae BHCOKY KOpO3ifiHy aKkTHBHICTb, IOTpeOye
CHeNiaJbHOro Ta €(heKTUBHOTO MPOTHKOPO31MHOTO 3aXHCTy. Jl0 TAKOTO TEIIO0OMIHHOTO
o0JasiHaHHA HaJleXKaTh ra300X0J10/KyBayl aTOMHHX €JIEKTPOCTAHI[iH, O/IHI€IO 3 TPOOIeM
eKCIuTyaTalii SKuX € 3a0e3MeYeH s HalifHOTO 1 JOBrOTPUBAIOTO 3aKPIIJICHHS TPYOOK Yy
TpyOHill pemniTii 3 MiABUIIEHOK KOPO3IWHOI TPUBKICTIO Ta OMIPHICTIO KOPO3iiHO-
MEXaHIYHOMY pyHHYBaHHIO.

Binomi criocobu 3akpimieHHs] TEIUIOOOMIHHUX TPYOOK 3 TPyOHOIO PEIITKOI 3a
JIOTIOMOTOI0 3BapIOBAHHS, IMPHIIOI0, PO3BAJIBILOBYBAHHS, CKJICIOBAaHHS TOIIO ab0 ix
KoMOiHyBaHHA. OCHOBHMMH HEJI0JIIKAMHU TaKUX 3’€JHaHb TPYOOK 13 TPYOHOIO PELIITKOIO
€ HeIOCTaTHhO BHCOKA iX JIOBTOBIYHICTh Yepe3 HU3bKY KOPO3iliHy TPHUBKICTh Ta
TePMETUYHICTb, 110 TPU3BOJIUTH IO MPOMYCKY TEIUIOHOCIS. 3aCTOCOBYIOTH KOMOIHOBaHI1
crocoOwm 3’ € JHAHHS TPYOOK 3 TPYOHUMH PEIIiTKaMH, SKi MAIOTh, IIOPYY 13 3a/I0BITLHUMHI
XapaKTEPUCTUKAMHM MIITHOCTI 1 IMUIBHOCTI, TOJIIIICHI XapaKTEPUCTHUKH KOPO3IHHOT
TPUBKOCTI 3a JIOTIOMOTOI0 YAOCKOHAJICHHS KOHCTPYKIT TpyOOK, IIITXOM HAaHECEHHS Ha
iX TOBEpXHIO KOPO31MHOTPUBKHUX METalliB a00 MpU BUKOPHUCTAaHHI OiMeTaneBux TpyOHUX
pemritok. lle mae MOXIUBICTh MIABUIIMTH €(EKTUBHICTH pOOOTH TEIIOOOMIHHUKA,
OJIHaK He 3arobirae mporecy Kopo3ii Ha MOBEpXHi TPyOHUX PELIITOK 31 CTOPOHU BIUIUBY
arpecUBHOTO CEpEJOBUINA Ta B 30HI YIIUIBHEHOTO 3aKpIMJICHHS TPYyOOK 3 TpyOHOIO
PEIIiTKOIO.

3anpornoHOBaHO TEXHOJIOTIYHE pIIIEHHS, SKE MOJsAra€ y BUKOPHCTaHHI MpH
BUTOTOBJIEHI TEIUIOOOMIHHUX TpyOOK Ta TpyOHUX PEWITOK OJHOTO 1 TOro X
KOPO31MHOTPUBKOTO MeTaily, 30KkpeMa, Mijl. Temnoo0MiHHI TpyOKH 3 MiJil 3’ €IHYIOTh 3
TUIAKOBAHOIO MiJII0 TPYOHOIO PEIiTKOIO 3BapIOBAaHHAM 1 HACTYITHHM PO3BAJIbLIOBAHHSIM.
Jlise yHUKHEHHSI TPYAHOIIB T/l Yac 3BapIOBaHHS aprOHOAYTOBUM CIIOCOOOM B OKOII
OTBOPIB TPYOHOI PEUITKH poOJIsATh KiblEeBl KaHaBKU. KpiM TOro, HamiiHICTh 3BapHO-
PO3BAJIBI[LOBAHUX 3aKPIIJICHb TeIIONepeaBaibHUX TPYOOK B OTBOpax TPYyOHMX
PELIITOK 3aJIeXUTh Bl SKOCTI IJIAKyBaHHHS MIJJI0 KOHCTPYKLIHHOI cTaimi TpyOHOI
peuriTku. TexXHOJIOrisl HAaIIaBIIOBaHHS BKJIIOYAE IIOMEPEIHE CTBOPEHHS IiJBUIIEHOT
penbe(HOCTI MOBEPXHI CTaN, a PEKUM OXOJIOPKEHHS TpyOHOI pemriTku Barorw 90 kr 3
nivyto Big 1250 mo 350 °C tpuBae 24 rox. Bucoky MilHICTh 3’€IHaHHS MJIAKOBAHOTO
niapy MiJl 3 OCHOBHUM METaJOM TpPYOHOI pELITKA MIATBEP/DKYIOTh pe3yJbTaTH
BUNIPOOyBaHb 3pa3KiB 31 CTali 3 MIJHOIO HAIUIaBKOIO Ha 3TMH, MEXaHIYHUMH
JTOCTIPKEHHSAMU 1 BI3yalbHHM aHaJi30M MAaKCHUMallbHO J1e(OpMOBAaHUX IISHOK,
OCKUIPKM Ha X TMOBEpXHI TpIIMHHU 1 po3luapyBaHHis He npunyctumi. OTpumane
KOMOIHOBaHE 3aKpIIJICHHS] TEIUIOOOMIHHUX MIJHUX TPYOOK 3 TpPyOHMMHM PEIIiTKaMU He
BUKJIMKAae jAedopMalrito KOHCTPYKIii Ta I po3repMeTH3alilo MmiJl Yac TpPUBAJIOi
eKCILTyaTallii Ta300X0JI0/PKyBaJa.
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PO3IIHUPEHUI AHAJII3 3ACTOCOBHOCTI HABJIMKEHHSI
TOMOT'EHI3ALIIL TP PO3PAXYHKAX AKTUBHOI 30HA
HMIBUJAKUX PEAKTOPIB I3 T'A30BUM TEIIJIOHOCIEM

lyauu .M., 2*Manosuusa M.C., 22®omin C.II.

'KuiBchKuil HAiOHATBHAI yHiBepcuteT imeHi T. [lleBuenka, Kui, Ykpaina,

2X apkiBchKHii HalioHANBHMUI yHiBepeuTet iMeni B.H. Kapasina, Xapkis, Ykpaina,
SHHII "XapkiBchkuii (isuxo-texuiunmii inctutyt", Xapkis, Ykpaina,
ulichilarion@gmail.com

[Tpu po3paxyHKkax HEHTPOHHUX MOJIIB aKTUBHOI 30HU SIIEPHOTO PEaKTOpa 3a3BHUait
BUKOPUCTOBYIOTBCS /IBa CYTTEBO PI3HUX MiIXOAM: AETEPMIiHICTCHKHUH, 10 Oa3yeThCs Ha
aHATITUYHOMY a00 4YHCEIBHOMY PO3B’S3aHHI PIBHSAHb TPAHCIOPTY HEUTPOHIB, Ta
CTaTHCTUYHE MOJeNIoBaHHA MetogoM Monte-Kapmo. JlerepminicTebkuit migxim [1]
JO3BOJIIE  OTPUMYBaTH (DYHKIIIOHATbHI 3aJ€KHOCTI PO3MOJLIIB HEUTPOHIB Ta
aHATI3yBaTH TEPEXiJHI MPOIECH y PEaKTOpi, OJHAK BHMAara€ CyTTEBOTO CITPOIICHHS
reoMeTpii akTUBHOI 30HU Ta ii CKJIaxy 4epes3 mpoienypy romorenizamii. Metoq Monte-
Kapio [2], HaBnaku, j03BOJIsIE BpaXOBYBaTH pealibHY T'€OMETPI0 Ta CKIIaJl aKTHBHOI
30HU, aie MOoTpedye 3HAUYHUX OOYHMCIIOBAILHUX pECypciB, IO OOMEXye HOro
3aCTOCYBaHHS IS IOCITI/PKEHHS TEPEXiTHAX Ta eBOIIOIMHUX MPOIECIB Y pEaKTOPi.

VY nauiit poOOTI MPOBENIECHO OIIIHKY 3aCTOCOBHOCTI HAOIMKEHHS TOMOTeH13allii mpu
pO3paxyHKaX HEUTPOHHUX TOJIIB IIBUIKUX PEAKTOPIB 3 ra30BUM TeIutoHOCcieM. OcobamBa
yBara npHuAUISETHCS MOPIBHAHHIO Pe3yJIbTaTiB TOMOTEHHOTO Ta T€TePOreHHOr0 MiaX0I1B
s KoHuentiB peakropiB IV mokominas ALLEGRO [3] ta EM2 [4] 3 remieBum
TEIIOHOCiEM. AHalli3 MPOBEJEHO 3a J0MOMOIOI0 po3paxyHKiB MeToioM MonTte-Kapio,
IpY IIbOMY CTBOPEHO JIBI MOZIEIIi aKTUBHOI 30HU: CIIPOIICHY I'€TEPOreHHY Ta TOMOTCHHY .
OniHeHo NOXMOKM Ta MeXl 3aCTOCYBaHHS TOMOIE€HHOIO HAONMKEHHS UIUIIXOM
MOPIBHSIHHS OTPUMAaHUX PE3YJIbTATIB JUIsl 000X MOAENeH.

[TopiBHSAHHS KOeQilieHTIB €EeKTUBHOIO PO3MHOXKEHHSI HEHUTPOHIB Keff MOKa3aso,
o0 Miaxiag romoreHizarmii mae 3aHmwkene Ha 0,5 % 3HaueHHS Keff Y TOpIBHSHHI 31
CHPOILIEHOI TeTepOreHHOI0, IO € 3HAYHOI pPI3HUIEI U1 PO3paxyHKIB TOUYHHUX
XapaKTepUCTHK peaKTopa 1 MOBUHHO OpaTHCs 10 yBaru Ipy HallpalfoBaHHI OCTaTOYHUX
pexoMeHaalii. BogHouac, BUKOPUCTaHHS TOMOTE€HHOT'O HAOJIMKEHHS JT03BOJISIE 3HAUHO
NPUCKOPUTH PO3PaxXyHKH, IO POOHWTH HOro MPHIATHUM JJIs IIBUAKHX OIIIHOYHUX
PO3paxyHKiB Ta aHaJlI3y MePeXiAHUX MPOLECIB.
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PO3POBKA BIPTYAJIBHOI AEC TA i 3BACTOCYBAHHS B SIAEPHIN BE3NEI
I'op6auyk B.M., bapaagum T.O., AynaeBcokuii M.C., CyJeiimanos C.-b.

[actutyT KibepHetuku imeni B.M. I'mymkoBa HAH VYkpainu, Kuis, Ykpaina,
GorbachukVasyl@netscape.net

3 MOWMpPEHHSAM SASPHUX Ta IHIIUX HOBITHIX TEXHOJIOTIM 3pOCTa€ aKTyalabHICTh
JOCITIKEeHb 1 po3pobok (/IiP) 6e3neunux i epeKTUBHUX CHUCTEM SIEPHOI CHEPTreTHKH,
OCKUIBKHU siiepHa Oe3leKa € KIIOUOBUM IUTAHHSAM PO3BUTKY aTOMHOI €Heprii, a TaKox
NEepeayMOBOIO 1I TMPaKTHYHOTO 3aCTOCYBaHHSA B CYYaCHHX YMOBax IiJBUILEHHS
CHUCTeMHHMX 1 Oe3nekoBux pusukiB. IlepenoBe uncenbHe MOAETIOBAaHHS, 30KpeMa 3
BUKOPUCTAHHSAM IITYYHOTO IHTENEKTY, MOXE MaKCUMaJIbHO TOYHO BiJTBOPIOBATH
ckyaaHi (Pi3UYHI MPOIECH, TIepe10aYaTh MOBEIIHKY 1 TUHAMIKY TaKHUX CHUCTEM 3 TOTJISAY
ix piBHS O€3MeKH, a TAaKOXK JOMOMAraTH iX yCHiIIHOMY MPOEKTYBAHHIO Ta OLIHIOBAHHIO.
MiXHapoHI AOCTI/DKEHHS JIJIi MOJCIIOBAHHS SAEPHOI OE3MEeKH pPO3BUBAIMCS BiJl
iMiTarii okpemMux (hi3MIHUX SBUIMI JI0 11 TOETHAHHS 3 IMiTaIli€0 TU(POBOTO peakTopa, a
TaKO’ JI0 KOMIUIEKCHOTO MOJIeNIOBaHHs 3 BipTyanbHOI0 AEC, iHTerpyrouu couianbHy i
exosoriuny iHpopmanito. IlopiBHsHO 3 1mdpoBuM peakropom BipryamsHa AEC
npuaiIsie OUIbIIE yBaru eBOJIOIIT aBapiii Ha peakTopi, HallPUKIIa/l, BETUKOMACIITAOHOMY
MO/IEITFOBAHHIO COIIaJbHOI Ta (DI3MYHOI MOBENIHKH, K€ CTOCYETHCS B3a€EMO3B’SI3KY MIiXkK
AIEPHOIO0 OE3MEK0I0 1 JTOBKULISAM, a TaKOXK B3a€EMO3B’SI3KY MK SJIEPHOI0 OE3MEKOr0 1
rpoMaJichKicTHO [1].

Y ramy3i spepHOi EHEpPreTMKH TEXHOJIOTii IMITalliiHOTO MOJENIIOBaHHS
BUKOPUCTOBYIOTHCS 3 1970-X poKiB, KOJIM 7151 OKPEMOT IiICUCTEMH peakTopa i OKpeMoi
¢bi13uuHoi mpobdremu noyanu po3podbiaTu BinnosiaHe I3 mpoekTyBaHHS 4M aHamizy. 3
HEBIIMHHUAM PO3BHTKOM SIZICPHOI €HEPTreTHKH 3 METOI0 BIATBOPEHHS Ta INeperadadeHHs
IHTErpoOBaHOI MOBEJIHKM peakTopa 3a MOBHUM IIMKJIOM Y BCbOMY IpOCTOpi Oyio
MIPOBEICHO BEIMKY KUTBKICTh HEOOX1THUX JOCIIKEHB ITU(POBOTO PeaKTOpA.

[TudpoBuil peakTop Moke 3aCTOCOBYBATUCSA JUIsl (PyHIAMEHTAIbHUX JOCIHIHKEHB,
IPOEKTYBAaHHS pEalbHOTO pEeaKkTopa, aHamizy Oe3NeKkH, Harjisiay 3a peaKkTOpOM,
eKCIuTyaTalii Ta o0CIIyroByBaHHs peaktopa Tomo. Bipryansna AEC — ne iHTerpoBana
miatdopma MoJentoBaHHs [yl Becboro cepenosuiia AEC, BukoprcToByroun nu@poBuit
PEaKTop B SIKOCTI AApa, TICHO MOEAHAHOTO 3 IU(PPOBUM CYCIIIBCTBOM, IO CKJIAJAETHCS
3 mudpoBoro Tpadiky, HUdGPoBOT MeTEOpOoIIOTii, HUGPOBOI MIAHETH. 3aBISIKU BEITUKUM
JaHUM, MOOUIbHOMY IHTEepHeTy, IITYy4HOMY I1HTENeKTy, IHTepHeTy peueid, muiatdopmi
XMapHHUX OOYMCJIEHb Ta 1HIIUM MepeloBUM 1H(QOPMAIIHIUM TEXHOJIOTISM, BipTyajbHa
AEC moxe BUKOHYBAaTH IMITallil0 Pi3HOIIAHOBOI poOOTH, €BOJIOLII MpoLECy SAEpHOI
aBapii, MATPUMKH NPUNHHATTA pillieHb, [ B yMOBax SA€pHOI Ha/I3BUYAHOT cUTYyallii.

Bipryanena AEC, ocHOBOw0 sK0i € IUGPOBUN pEaKTOp, MOKE CIY>KUTH
w1aThopMOI0 KOMIUIEKCHOTO MoJenoBaHHs Bcboro cepenosuma AEC. Bona e
MPUKIIAJIOM TIIHO0KOTO 3B 53Ky 13 HU(POBUM CEpeOBULIEM 1 IIUPPOBUM CYCHIILCTBOM,
BKJIIOYaouu 1u¢poBuil Tpadik, nudpoBy METEOpoIIOrito, HU(POBUN MPOCTIp TOIIO.
3aBAsSKHU 3aCTOCYBaHHIO [HTEepHETY peueil, iatdhopM XMapHUX 00YHCIIeHb, MOOITLHOTO
[HTepHeTy, IITYYHOTrO IHTENEKTY, TEXHOJOTiH BENMKHMX NaHMX Ta IHIIMX IEPeJOBHUX
iHQopMaLIMHUX TEXHOJOTIH 3a Jomomoroio BipTyanbHoi AEC MokHa KepyBaTH
MO/ICJIIOBAHHSM, MOB’S3aHUM 13 3a0€3MeUeHHSIM POOOTH y BUIAJIKaX PI3HUX PEXHUMIB
(GYHKI[IOHYBaHHS Ta pI3HOMaHITHUX B1IMOB, PO3BUTKY IPOLECY SAEPHOT aBapii TOILIO.

Jlireparypa:
1. B.M. I'opoauyk, T.O. bapoaoum, M.1. Jlyneu, /].1. Hikonenxo, JI.O. bamie, /{.0O. Pubayox. /[o
KOOpOuHayii nos’s3anux 3 s10epHoio enepeicio npoyecie. Hayxosa xonghepenyis Incmumymy
a0eprux docrioxcenv HAH Yxpainu 3a niocymxamu 2022 poky (25—29 eepecns 2023 p., Kuis,
Yrpaina). Kuis: Incmumym sioeprux oocrioncenv HAH Yxpainu, 2023, c. 190—191.
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ENHANCING NUCLEAR SAFETY THROUGH HUMAN FACTORS AND
SAFETY CULTURE: EXAMINING THE EFFECTIVENESS OF
CONTEMPORARY SAFETY PRACTICES

Voloshyna-Narozhna V.O.

Khmelnytskyi Nuclear Power Plant, Ukraine, viktoriia.voloshyna@oa.edu.ua

Enhancing nuclear safety is primarily influenced by human factors and safety
culture. Research indicates that traditional methods, which relied heavily on strict
regulations and punitive measures for human errors, are being replaced by more modern
approaches. These include Just Culture [2], Crew Resource Management (CRM) [3],
Behavior-Based Safety (BBS) [4], and the Human Factors Tool (HF Tool) [1]. Table 1
presents the results of the analysis regarding the effectiveness of these safety practices.

Table 1. Summary of the effectiveness of contemporary safety practices

Safety Description Effectiveness Challenges
practice
Just Culture | An approach that encourages | It improves trust in the There may be difficulty
open recognition and analysis | team, reduces concealment | in distinguishing
of mistakes without fear of of errors, and increases between acceptable and
punishment, fostering risk analysis. unacceptable errors and
learning and enhancing resistance to traditional
safety. management systems.
Crew Training in team interaction It increases situational Requires regular
Resource for effective decision- awareness, reduces stress, | training, changes in
Management | making, task allocation, and | and improves corporate culture, and
(CRM) reduction of human errors. communication among high implementation
staff. costs.
Behavior- A method of observing and A method reduces the Requires constant
Based correcting employee behavior | number of dangerous monitoring, proper setup
Safety to minimize risks through actions, motivates of the evaluation system,
(BBS) feedback and positive employees to follow safety | and may cause distrust
reinforcement. rules. among staff.
HF tool A tool designed to improve It helps both staff and Requires adaptation to
understanding of the causes management better the specifics of the
of human factors incidents understand the causes of organization, staff
and improve work processes. | human factors incidents training, and integration
and improve work with existing safety
processes. management systems.
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INTEGRATED AUTOMATED RADIATION MONITORING SYSTEM IN UKRAINE:
EVALUATING PRIORITIES AND TECHNICAL IMPROVEMENTS
L2Borshchova H., tlvanov Z., 1Chala M., 2Bibik T.

IState Scientific and Technical Center for Nuclear and Radiation Safety, Kyiv, Ukraine,
zv_ivanov(@sstc.ua

2National Technical University of Ukraine " Igor Sikorsky Kyiv Polytechnic Institute”,
Kyiv, Ukraine

The Integrated Automated Radiation Monitoring System (IARMS) is created to
provide continuous automated and fault-tolerant monitoring of the radiation situation in
the environment of Ukraine as well as detection atmospheric dispersion of radionuclides
in case of transboundary releases. There are a number of facilities on the territory of
Ukraine and near its borders that require continuous monitoring (nuclear power plants,
storage facilities, uranium cycle facilities).

In the context of current events with accompanying uncertainties and problems in
regular access to radiation monitoring data (in particular, due to blackouts, shelling, etc.),
an important issue is to upgrade current radiation monitoring posts, in particular in the
automation of measurement data collection, provision of backup power supply, data
transmission channels, etc. It was one of the tasks of the «Strategy of the integrated
automated radiation monitoring system for the period until 2024» adopted by the Cabinet
of Ministers in 2022. The goal of the strategy is development of an integrated automated
radiation monitoring system synchronized with the European Radiological Data
Exchange Platform (EURDEP) [1].

Upgrading the radiation monitoring network involves partial replacing the current
equipment with new ones. The process of procurement of new radiation monitoring
stations, their installation and test operation can take a long time, which is always
important and critical, especially in the current circumstances. Discussing the question on
the priority of modernization of radiation monitoring devices, it is important to define the
priority of installation of new sensors to be reasonable in terms of potential radiological
impact at the location of the stationary radiation monitoring station. Within the framework
of the current study on estimating optimal order of upgrading of monitoring posts, the
locations of radiation monitoring posts of the Ukrainian Hydrometeorological Center are
considered.

To conduct this research, in which the results of statistical calculations performed
with the decision support system JRodos [2] based on long-term meteorological forecast
data (from June 2019 to June 2023) were used. To process the data of multi-year
calculations, customized programs were developed by SSTC NRS that are based on the
Python programming language and geographic information system QGIS. The study is
focused on the region within 30 to 200 km from an NPP site. The priority ranking for
updating radiation monitoring posts was provided considering the probability of passing
the plume passing through the monitoring post and the distance from the NPP. The
proposed approach can be extrapolated to far ranges as well.
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UNIFICATION OF THE AUTOMATED RADIATION MONITORING DATA
SET FOR THE TASKS OF DOSE PROJECTION
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IState Scientific and Technical Center for Nuclear and Radiation Safety, Kyiv, Ukraine.
2National Technical University of Ukraine "lgor Sikorsky Kyiv Polytechnic Institute",
Kyiv, Ukraine, do_liakhor@sstc.com.ua

Ukraine has an active plan to create its own integrated automated radiation
monitoring system [1]. However, problems, such as the lack of a unified methodology of
data assimilation, proper data processing software for tasks of emergency preparedness
and response, as well as experience in use of unified radiation monitoring networks create
additional challenges.

Due to the strict requirements of the MetroERM project [2], radiation monitoring
data presented in the database must be structured in a specific manner. Within the
Ukrainian automatic radiation monitoring system, a methodology has been proposed to
improve the accuracy of modeling results by refining source term and meteorological data
obtained from modeling through comparison with monitoring measurements. This
process needs to be fully automated for efficient data assimilation and is referred to as the
“unification of automated monitoring data”.

The unification of radiation monitoring data is carried out in a series of structured
phases. In the first phase, monitoring data is gathered via detectors, ensuring primary
measurements. Next, uncertainties arising from the placement and site characteristics of
specific detectors are accounted for to adjust the received data as if it were obtained from
a theoretical ‘ideal’ detector.

In the second phase, primary data on the source term and meteorology is assumed

for decision support systems. Initial modeling is then conducted for a specified interval
to simulate atmospheric dispersion. This modeling utilizes the assumed data and point-
by-point interpolation, aligning the results with the placement of detectors from the first
phase.
In the third phase, data obtained in the first and second phases is compared against a
predetermined evaluation criterion. If the data meets this criterion, the unification for the
specified interval is considered complete, and the resulting data can be used for further
assessments. However, if the data does not meet the criterion, the next step involves
refining and adjusting the source term and atmospheric dispersion model. The
atmospheric dispersion modeling is then re-run for the specified time interval.

The unification process should be optimized and fully automated. Future research
will focus on studying its implementation and addressing potential challenges in the joint
use of atmospheric dispersion modeling and radiation monitoring resources.
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MODELLING OF THE COMPTON NEUTRON DETECTOR Hf EMITTER
BURN-UP IN THE CORE OF WWER-1000
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Rybka A.V., *Kovtun K.V., Kutny V.E.

INSC “Kharkiv Institute of Physics and Technology”, Kharkiv, Ukraine

2V/. N. Karazin Kharkiv National University, Kharkiv, Ukraine
3Scientific-Technological Center “Beryllium” NAS of Ukraine, Kharkiv, Ukraine
a.ulybkin@gmail.com

The Compton neutron detector, which utilizes metallic Hf, is proposed as a solution
for operating under more demanding conditions or in regimes where f-emissive Rh
detectors may lack effectiveness and reliability. The primary objective of the hafnium-
based detector is to enhance the flexibility and dependability of reactor control and
monitoring systems.

The current study utilizes a model of WWER-1000 that accounts for 1/6"" of the
reactor core (a 60° sector) along the radius and full size in height, using the MCNPX code
and simulating conditions similar to real operation. This allows for the consideration of
neighboring assemblies and the total radiation fluxes affecting the detector. While the
simulation assumes constant power, it effectively represents the depletion process and the
overall response of the emitter material. The problem was running in the regime of
criticality calculation, as the BURN card can be used this way only. The detector
parameters correspond to the real prototype made in NSC KIPT.

The simulation data reveal the changes occurring in the hafnium emitters of 7
Compton detectors positioned vertically within the core of the WWER-1000. During the
first two campaigns, variations in the degradation rate of the absorption capacity were
noted, depending on the height coordinate of the detectors. However, for the majority of
detectors, the absorption capacity remained relatively stable throughout the analysis.

Neutron losses ((@i, — Pour)/Pin) gradually decrease across all detectors. These
variations result from the neutron flux profile and the differing dynamics of nuclide
depletion and accumulation within the emitter material. The observed reduction in
neutron losses corresponds closely to the changes in absorption capacity, reflecting their
interconnected behavior.

It can be concluded that, given the conditions of the WWER-1000, the Hf detector
exhibits satisfactory performance with regard to its absorption properties and neutron
losses. Variations in the degradation of the emitter material's absorption capacity are
negligible across different height coordinates in the core. Furthermore, neutron flux
distortions are minimal, with a range of 0.02—0.04 of the local value after the initial fuel
campaign.

A comprehensive analysis of the data collected reveals that Hf can be utilized
throughout the entire four-year operational period under WWER-1000 core conditions,
with its characteristics pertaining to its nuclide composition and neutron absorption being
particularly salient. The viability of the metallic Hf detector in PWR-type reactors appears
promising, though further investigation is necessary to fully ascertain its applicability.
Specifically, it is imperative to assess the potential impact of changes in the neutron
spectrum on the detector and to modify its geometry in accordance with its sensitivity.
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IMCORE - NEPHINI YKPATHCbKUA BBEP KOJ. ICTOPISI CTBOPEHHS,
TENEPIINIHINA CTAH, TA AKTYAJIBHI 3AJIAYI

Monin C.K., Tpopumenko O.P., I'yiik B.I.

[MIpAT «CHBO «Imnyasc», Kuis, Ykpaina, monin_sk@impulse.ua

OtpumaHHsa TOYHOI i1H(GOpPMAIll MPO CTaH SAIEPHOrO peakTopa IMJa Yac HOro
eKCIuTyaTallii Jae 3MOTy OLIHUTH piBeHb Oe3neku eHeprodioka. CucremMa BHYTPILIHBO
peaktopHoro koHTpodo (CBPK) nHamae mo HeoOXximHy iHGOpMAIII0 ONEpaTOpHOMY
nepconary AEC. Jlnsa sikicHoi oOpoOku indopmariii B CBPK HeoOximHe BiAmoBigHe
MaTeMaTHyHe 3a0€3MeUCHHS.

HayxoBuii xonextuB IIpAT «CHBO «Immysnbe» po3poOuB Take mMaTeMaTHUHE
3abe3neucHus [1]. Ile mepmuii ykpaiHChbKuii JeTepMiHICTHUHHUE peakTopHHii Ko ImCore
JUTSL pO3paxyHKy cTaHy simepHoro peakropa BBEP-1000. Bin 6a3yeTscst Ha riOpugHomy
METO/Ii pillleHHsI CUcTeMH AU y3iiHHUX PiBHAHB [2].

B nipencrarieHiii 10moBiai MU 0OTOBOPUMO OCHOBHI JIeTali MAaTeMaTHYHOT MOJIEI,
gKa 3apa3 BUKOpucTOBYeThcss B koai ImCore. Takox Oyae mpencraBieHO Te, SIK
BUKOpUCTOBY€EThCsE MonTe-Kapiio ko Serpent [3] 1 HapaxyBaHHS IPyHOBUX KOHCTAHT
nanuBa Ta KoedilieHTIB anbbeno. Hampukinii [I0MOBiII MU MPOAEMOHCTPYEMO
pe3ynbratu Bepudikaiii koxy ImCore B mopiBHSHHI 3 IHITUMH KOJIaMHU.
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MPOJOBXEHHS TEPMIHY EKCILTYATAIII EHEPTOBJIOKIB TA
YIIPABJIIHHA CTAPIHHAM OBJIAJHAHHS AEC

IInernsoB A.1O., CyBopos O.B., [lerpenko O.O., I'puniok 1.B.

®inis «BII ITAEC», ITiBnennoykpaincek, Ykpaina, office@sunpp.atom.gov.ua

3 2005 poxy Kommanizs AT «HAEK «Eneproarom» posmnodaia poOoTy i3
HiABHUILIEHHS O€3MeKH Ta MPOJOBXKEHHS TEPMiHY eKcIlTyaTalii eHeproOaoKiB YKpaiHu i
BU3HAUMWJIA L0 33/1a4y K OAHY 3 IPIOPUTETHHUX.

[TponoBxkeHHs TEpPMiHY eKCIUTyartarii eHeproOJOKiB J03BOJIsE€ 3a0e3MEYUTH
cTablbHE EHEProrocTayaHHs 3 MEHIIUMH BUTPAaTaMH MOPIBHSAHO 13 OY/IBHUIITBOM
HOBHX €HEProOJIOKiB.

Hapasi B Ykpaini npomoBkeHo TepMiH ekcrutyarairii 12 enepro6iokis AEC i1 renep
BOHM 3HAXOMATHCS B MpPOIECi JOBrocTpokoBoi ekcruryatamii (mam - JICE), a nmns
eneprodioka [TAEC-1 ycmimHo miaTBEpIKEHO MOXKIMBICTH €KCILTyaTtallii BApYre 0
2033 poky.

[Tixg yac po6OTH 3 MPOJOBKEHHS TEPMiHY eKcIlTyaTalii eneproonokis BBEP-1000
3’gBUJIOCS TPOOJEMHE THTaHHS, IO CTOCYEThCS IOHAIIPOEKTHOTO TEPMIHY
eKCIUTyaTalii BHyTPIIIHbOKOPIyCcHUX pucTpoiB (naii - BKII), a came po3poOky 3axo1iB
3 TIEPIOIMYHOTO AIarHOCTYBaHHS 3MiHM reomeTpudHuX po3mipiB BKIL. s BupimenHs
BOTO MHTaHHA po3pobieHa «TumoBa mporpama OIIHKM TEXHIYHOTO CTaHy Ta
npoaoBxkeHHs cTpoky ekcruryaraitii BKIT BBEP-1000», mo periiaMeHTye HEOOXiTHICTh
BHUMIPIOBAHHS BHYTPILIHIX PO3MIPiB BUTOPOAKH.

AxrtyanpHiCTh Tpobnemu ouinku ¢opmosminu enementiB  BKII, ocoGmmBo
BUTOPOJIKM  peakTopa, oOyMOBIeHA HEOOXIJHICTIO BpaxyBaHHS pajialliifHOro
po3myxaHHsi MeTany Ha mpanesfatHicte B mporeci JICE. Uepe3 cknmamny ¢iznuny
KapTHUHY paAiallifHOro po3IyXaHHs, BCTAHOBJIEHHS MIBUIKOCTI paaiaiiHoi popMO3MiHU
Ha ChOTOJTHI BUKOHYETHCSI JIUIIE PO3PAXyHKOBUM IIUITXOM 13 3aCTOCYBAaHHSIM €MITIPUIHOT
MoJeni, moOy10BaHol 3a pe3yibTaTaMi BUIPOOyBaHb MaTepiajiB, aHAIOTIYHUX METATy
BUTOpOJIKH. Takuil miaXiJ HaJMIPHO KOHCEPBAaTUBHHM 1 BIOCKOHAJIUTH HOr0 MOKJIMBO
eKCHepUMEHTAIbHUMU METO/aMH, OJAHHMM 3 SKHMX € BHMKOHAHHS (DaKTUYHHMX 3aMipiB
peaIbHO1 T€OMETP1i BUTOPOJIKH.

Jns peanizanii nporo Meroga OyB po3poOsienuit Kommekc amast BUMiproBaHHS
F€OMETPUYHUX PO3MIpPIB BUTOPOJKU aKTHUBHOI 30HM peakTopHOi ycraHoBKHM BK-5, mo
NpUIAIIOB HA 3aMiHY yJIbTPa3ByKOBOMY MikpoMeTpy. Ilepii mpakTuyHi BUMIpIOBaHHS 3a
nornomororo BK-5 BinOynuce Ha enepro6nokax 3AEC-4, 5.

BuxonanHs (akTMUHUX 3aMipiB peasbHOI TeoMeTpli BUTOPOAKHM B HaMOLIbII
KPUTHYHUX MICHAX JacThb MOMIJIMBICTH HAAAaTH 1HQOpMAIIO A7 OOIPYHTOBAHOTO
KOPUTYBaHHS KoeQillieHTa padialliiHOTO PO3MyXaHHsA, 10 BIAMOBIIHUM YHWHOM
301IBIIUTH CTPOK Oe3nednoi excruryatanii BKII.

Jlireparypa:

1. B. Kosnos, M. Cementox, B. Knouxo /Josecocmpokosa excniyamayisi Oiouux enepeooioKié
amomnoi cmanyii. COY HAEK 080. Kuis, AT « HAEK «Enepeoamomy, 2023.

2. B. Knouxo, M. Cemeniox, B. Ko3nos Ynpaeninus cmapinuam enemenmie ma KOHCMPYKYIll
enepeoonoxa AEC . COY HAEK 141. Kuis, AT « HAEK «Enepeoamomy, 2023.
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CHANGE IN THE MECHANICAL PROPERTIES OF THE BASE METAL OF
THE PIPELINES OF THE VVER-1000 REACTOR POWER UNITS DURING
SCHEDULED AND UNSCHEDULED OPERATION

Gozhenko S.V.

NSC KIPT, Kharkiv, Ukraine, gozhenko@XKipt.kharkov.ua

During the operation of NPP power units, the current condition of the base metal
(BM) of the pipelines is periodically monitored. Inspection is carried out by both
destructive and non-destructive methods. At the power units (PU) of Ukrainian NPP, the
most widespread method is the non-destructive determination of the mechanical
properties (MP) of metal based on hardness measurement data. Due to the variation in the
properties of the initial BM (at the second PU of the South-Ukraine NPP (SUNPP), in
particular, the BM hardness of the feedwater pipeline varies in the range from 133 HB to
208 HB and the "sharp" steam pipeline - in the range from 143 HB to 220 HB), a direct
comparison of the average values of the MP of BM does not allow us to correctly
determine their changes during operation. To register changes, only the MP of BM of the
same pipeline control links after ~100,000 and ~200,000 hours of operation were
compared, the results are given in the table.

Table. Average changes in MP of BM bends of feedwater and "hot" steam pipelines for
the second 100,000 hours of operation, PU 2 of the SUNPP

- h %

Pipeline Control area : - Change (%) - -
Tensile Yield Relative Relative

(steel) of bends - .
strength boundary elongation narrowing,

Feedwater Compressed -3,2 -4,6 3,8 9,8

(steel 20) Neutral -1,6 -2,4 17 4,1

Tensioned -3,7 -53 4,6 12,5

"Hot" steam Compressed -3,7 -7,1 3,6 8,7

(15I'C. 16I°C) Neutral -0,8 -15 0,6 14

’ Tensioned -3,1 -5,8 2,9 7,1

When monitoring MP of BM by direct methods, samples of residual BM were
sequentially taken by the electroerosion method from neighboring sections of the main
circulation pipelines (MCP) for research in laboratory conditions. The change in the
strength limits of BM (steel 10GN2MFA) of the compressed bend zones of the MCP of
the SUNPP is presented in the figure below.
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Change in the strength limit of BM of MCP of the SNPP in operation (a) and
dependence on grain size (b) (for the second 100,000 hours of operation): A —PU 1,
operating temperature 288°C, m — PU 2, operating temperature 320°C ,» — PU 3, operating
temperature 288°C
Studies have shown that the change in the MP of BM is mainly due to temperature
aging with a corresponding dependence on the grain size of the starting metal.
The experimentally predicted resource of the BM of the controlled pipelines
exceeded 450,000 hours.
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FRACTURE TOUGHNESS OF STEELS AFTER LONG-TERM OPERATION
BASED ON THE RESULTS OF INSTRUMENTAL IMPACT TESTS OF
CHARPY SPECIMENS

Rudenko O.G.

National Science Center “Kharkov Institute of Physics and Technology”,

Kharkiv, Ukraine E-mail: rudenko@Kipt.kharkov.ua

In this paper, an analysis of the parameters of dynamic fracture toughness of steels
after long-term operation, which are used at VVER (L0GN2MFA) and TPP (16GNM), is
carried out.

To estimate the dynamic fracture toughness parameters, it is recommended to use
Charpy specimens with a pre-cracked. In this paper, an attempt is made to evaluate the
fracture toughness parameters on standard Charpy specimens without a pre-cracked. The
dynamic fracture parameters were determined from instrumental Charpy impact tests data
and compared with experimentally obtained fracture toughness results.

In our case for viscous materials on the load-displacement diagram it is necessary
to take into account the elastic deformation and it is assumed that crack initiation occurs
at the maximum load. The potential of using standard Charpy-V notch test in determining
the dynamic fracture toughness parameters like Kip and Jig has been reported earlier by
other authors. Several researchers have been estimated dynamic fracture toughness (Kip)
from Charpy energy (Cv). On this basis, an attempt has been made to establish a
correlation between the fracture energy of standard Charpy specimens and fracture
toughness parameters. Comparison with experimental data on fracture toughness for
steels after long-term service was made. The fracture toughness parameters obtained from
the results of instrumental tests of Charpy specimens without pre-cracked were in close
agreement with the experimental data, taking into account the corresponding empirical
relationships proposed by other authors.

It has been established that VVER steels have high fracture toughness resistance
after 200000 hours of operation. Cracks up to 20 mm long have been found in the steels
used at TPP, which significantly affect the dynamic fracture toughness parameters and,
consequently, the equipment performance.

The relative simplicity in the instrumented Charpy impact testing is a major
advantage over fracture toughness testing (Kic/Jic) in terms of complexity, speed and
cost of the experiment. A reasonably accurate correlation between fracture toughness
values and instrumented impact tests can be a useful tool in determining the life of
equipment because fracture toughness values represent the mechanical properties of the
material and can be transferred from the test specimen to the equipment.
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EUROPEAN PARTNERSHIP ON RADIOACTIVE WASTE MANAGEMENT
Sergey Sayenko

National Science Center Kharkiv Institute of Physics and Technology, Kharkiv, Ukraine
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The EU-funded EURAD-2 [1] partnership builds on EURAD-1 [2] and PREDIS
[3], advancing a joint program for research, development, and knowledge management
of radioactive waste across EU Member States and assisting national RD&D programs
for the long-term management of various types of radioactive waste. Covering all phases,
including predisposal and disposal, through a robust science, technology, and knowledge
management program to support the timely implementation of radioactive waste
management activities, EURAD-2 also aims to foster a mutual understanding and trust
among participants. It supports the implementation of the Waste Directive in EU Member
States, taking into account the various stages of advancement of national programs, the
differences in capabilities and inventories, to ensure safe, responsible, and publicly
acceptable radioactive waste management across Europe.

KIPT has been participating in the Euratom programs presented below since 2019
EURATOM International programs for RAW management

=y - XD

2019 - 2024 2020 - 2024 2024 - 2029
HITEC: Influence of temperature on clay-based WP4: Innovations in metallic material WP STREAM: Sustainable Treatment and
material behavior treatment and conditioning Immobilization of Challenges Waste
ConCorD: CONtainer CORrosion under Disposal ~ WP5: Innovations in liquid organic waste WP InCoManD: Innovative and new
conditions treatment and conditioning container/canister materials under
WP6: Innovations in solid organic waste disposal fields conditions: manufacturing
treatment and conditioning feasibility and improved durability

A new formulation of a geopolymer material based on both natural raw materials
(metakaolin) and a mixture of industrial waste (fly ash and blast furnace slag) has been
proposed and substantiated, as well as a technology for manufacturing such a material for
the immobilization of radioactive waste. The research was conducted within the
framework of the PREDIS project (2020-2024) and a scientific contribution was made to
the general European approach to solving the problems of reliable immobilization of
radioactive waste.

Two technological approaches (a new material in the form of SiC with chromium
additives, as well as a method of applying protective coatings) have been proposed and
scientifically and experimentally substantiated to increase the corrosion resistance of
containers containing radioactive waste for their geological disposal. The development of
the relevant scientific results was carried out within the framework of the EURAD 1
project.

References:

1. EURAD 1, European Joint Programme on Radioactive Waste Management, 2019-2024, grant
agreement ID: 847593, https://cordis.europa.eu/project/id/847593.

2. EURAD 2 project (European Partnership for Radioactive Waste Management), for 2024-
2029, grant agreement ID: 101166718, https://cordis.europa.eu/project/id/101166718.

3. PREDIS, PRE-DISposal management of radioactive waste, 2020-2024, grant agreement ID:
945098, https://cordis.europa.eu/project/id/945098.
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DEVELOPMENT OF MAGNESIUM POTASSIUM PHOSPHATE MATRICES
FOR MINOR ACTINIDE ENCAPSULATION

1Sayenko S., 'Shkuropatenko V., 2Vecernik P., 2Kaspar V, ?Kiselova M.

'KIPT, Kharkov Institute of Physics and Technology, Kharkiv, Ukraine

2UJV Rez, a. s., Nuclear Research Institute, Czech Republic

Developing materials that can potentially function as effective waste matrices for
the minor actinides, including Am and Cm, is important as they are sufficiently long-lived
to pose significant hazards for millennia. In this study, we investigated magnesium
potassium phosphate (MKP)-based compounds as stable matrices for the encapsulation
of inactive trivalent Nd and Sm as analogues of the minor trivalent actinides, Am and
Cm.

MKP is formed via an acid-base reaction:

MgO + KH2PO4 + 5H20 — MgKPO4:6H20 + Qheat

The synthesis of the MKP was carried out using the water-to-cement (W/C) weight
ratio of 1:2 and the magnesia-to-phosphate molar ratio (M/P) ranging from 1 to 2.7.

The results of strength tests of MKPs after 28 days of curing showed that maximum
compressive strength is achieved at a ratio of M/P = 2.25. Taking this into account, when
preparing MKP specimens doped with compounds containing Nd/Sm, the ratios M/P =
2.25 and W/C = 0.5 were used. In this case, additives were either Nd,O3 or Sm>0O3 oxides
in an amount of 5 wt.%, or aqueous solutions of Nd(NO3z)3-6H20 or Sm(NO3)3-6H20 (5
wt.%). Compressive strength tests have shown that the introduction of Nd and Sm in both
forms leads to mechanically robust MKP specimens, which have a fairly high strength of
>30 MPa.

SEM/EDS analyses of MKP specimens, both with the addition of Nd>O3 and with
the addition of Sm203, revealed the presence of abundant K-struvite (MgKPO4-6H20)
(grey). Light-colored particle agglomerates (<10 um) embedded in the MKP matrix
consist of Nd203/Sm»03 (Figure 1a). When Nd/Sm is introduced as an aqueous solution,
TEM/EDS analysis data (Figure 1b,c) show that the MKP material consists of
interconnected nanoparticles agglomerates (=200 nm) of light-colored K-struvite (a) and
dark-colored Nd/Sm-containing K-struvite (b).

Figure 1. SEM image of MKP with addition of Nd>Os;, TEM image (b) and EDS spectra (c) of a
particle of MKP prepared via the addition of an aqueous solution of Nd(NOs)s-6H>0

The leaching tests of MKPs according to ANS 16.1 standard were carried out, and
the results of the performed studies demonstrate the chemical stability of the MKP matrix
with Nd (or Sm) additives under water attack. The leachability indices for Nd and Sm
were 19.55-19.78 and 19.74-19.89, respectively, which satisfy the waste acceptable
criteria (>6). The results of this study demonstrate that MKP matrices can function as
highly efficient, insoluble and durable waste matrices for immobilization of minor
actinides.
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OPTIONS FOR MANUFACTURING OF LARGE CERAMIC COMPONENTS
FOR FINAL STORAGE CONTAINERS FOR RADIOACTIVE WASTE

Tassilo Moritz, Mathias Herrmann, Lutz-Michael Berger, Henning Heuer
Fraunhofer Institute for Ceramic Technologies and Systems (IKTS), Dresden, Germany
tassilo.moritz@ikts.fraunhofer.de

Compared to metallic materials, ceramic materials offer advantages as a material
for storage containers for radioactive waste in terms of static loads and corrosion
resistance. A ceramic container is also largely chemically stable in a humid environment
and cannot be attacked by corrosion processes. The main advantages of ceramic materials
are their corrosion resistance and the absence of hydrogen gas formation on the container
surface. A disadvantage is the higher susceptibility to breakage. This is particularly
critical in the case of dynamic or anisotropic loads, which is why these should be
constructively or conceptually excluded. A limiting factor of previously examined
container concepts is the size of the containers, which is limited by the available
manufacturing technologies.

According to [EUR22], the challenges to be overcome in the course of systematic
investigations are, on the one hand, the efficient handling of the very large components
in their green state after their shaping, i.e. before sintering, and, on the other hand, the
achievement of an adequate density for components with wall thicknesses > 50 mm. It is
also emphasized that effective sealing of components of this wall thickness will not be
possible without specific research and development. In addition, ceramic materials have
been receiving renewed attention in recent years as potential materials for containers for
the storage of radioactive waste. Among a variety of ceramic materials that have been
investigated, sintered SiC has been identified as the most promising material variant
because it is highly resistant to environmental damage. However, the risks in terms of
mechanical integrity, the state of the art in manufacturing and investment costs are high
[Hol14]. The most important prerequisite for the industry-relevant implementation of
ceramic containers is the proof of technological feasibility of these components for
modular, hybrid container systems.

This contribution will introduce ceramic manufacturing technologies that are
suitable for large-volume components and will discuss the basic rules of a design that is
optimized for ceramics. It also touches on thermal spray coatings for surface modification
of large components and non-destructive testing methods to ensure that critical defect
sizes in components are avoided.

References:

[EUR22] EURAD European Joint Programme on Radioactive Waste Management, Deliverable
15.1: Initial State-of-the-art of WP ConCorD, 17/08/2022

[Hol14] Holdsworth SR, Graule T, Mazza E. Feasibility evaluation study of candidate canister
solutions for the disposal of spent nuclear fuel and high level waste — a status review, NAB 14-
90. Wettingen: National Cooperative for the Disposal of Radioactive Waste; 2014.
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APPLICATION OF CERAMIC/GLASS SOLDERS FOR JOINING SILICON
CARBIDE COMPONENTS OF THE SNF/HLW DISPOSAL CONTAINER
Lobach Kostiantyn, Kolodiy Igor, Sayenko Sergiy, Kuprin Oleksandr, Rostova
Hanna, Pugach Sergii

NSC KIPT, Kharkiv, Ukraine, lobach0709@gmail.com

Currently, there is a surge of interest in silicon carbide (SiC) for several
applications, particularly as a new material for containers with spent nuclear fuel (SNF)
or high-level waste (HLW) for their deep-geological disposal [1, 2]. The scheme of using
SiC in the container design, in accordance with [1], is shown in Fig. 1.
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Fig. 1. Proposed SiC encasement solutions for Fig. 2. Scheme for testing SiC samples
NSF/HLW disposal. for joint strength

Research in this area is being carried out extensively within the framework of the
Euratom project EURAD 2, in which KIPT participates as an official beneficiary in the
InComanD work package [3]. Since engineering design for most applications requires
complex shapes, there is a great demand for developing reliable joining methods for SiC
parts. However, joining of SiC-based materials is inherently difficult due to the high
degree of covalent bonding in SiC and low self-diffusion coefficient [4]. This paper
presents the basic mechanisms of SiC joining methods developed in the world to date.
The main methods for testing the soldering strength of SiC parts are also described; one
of them is shown in Fig. 2. The method of SiC joining using ceramic/glass solders, based
on the melting of fillers (mixture of pure fine powders) with the formation of eutectic
phases from such systems as Y203-Al203-Si02, CaO-Al>03-SiO2 and MgO-Al>03-SiOy,
is discussed in more detail. The characterization of the joint was carried out using XRD
and SEM analysis. Furthermore, it was demonstrated that proposed ceramic/glass
materials can be used as solder for joining silicon carbide components using heating
process.
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1. A. Kerber and J. Knorr. SiC Encapsulation of High-Level Waste for Long-term Immobilization
1 ATW 58. Heft 1 January, 8-13, 2013,

Jg.
https://www.researchgate.net/publication/297517339_SiC_encapsulation_of_high_level _waste
for_long-term_immobilization.
2. K\V. Lobach, S.Y. Sayenko, I.V. Kolodiy, H.Yu. Rostova, 1.0. Klimenko. SiC-BASED
CERAMICS AS A CONTAINER MATERIAL FOR DEEP GEOLOGICAL DISPOSAL OF
RADIOACTIVE WASTE // Problems of Atomic Science and Technology. 2024. Ne4 (152), p. 79-
83, https://doi.org/10.46813/2024-152-079.
3. Work package “Innovative and new container/canister materials under disposal fields
conditions: manufacturing feasibility and improved durability (InCoMand)”, EURAD 2 project
fEuro ean Partnership for Radioactive Waste Mana ementﬁy, for 2024-2029, grant agreement
D: 101166718, https://cordis.europa.eu/project/id/101166718.
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an sacrificial interlayer of DysSi.C, // J. Eur. Ceram. Soc. 39 (2019), 5457-5462,
https://doi.org/10.1016/j.jeurceramsoc.2019.09.002.
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DETERMINATION OF URANIUM ISOTOPIC COMPOSITION AND AGE BY
THE PEAK RATIO METHOD USING HIGH-RESOLUTION GAMMA-RAY
SPECTROMETRY
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Gamma-ray spectroscopic passive non-destructive analysis is used in the nuclear
industry, defense facilities, and by nuclear safeguards inspectors to quickly and accurately
verify nuclear materials in various forms and compositions. These measurements are
convenient because they generally require less time and cost compared to destructive
radioanalytical methods such as a-spectrometry or mass spectrometry and are suitable
when the objects under investigation are in a container and cannot be opened or removed.

This work presents results of the analysis of gamma spectra obtained at the
laboratories of NSC KIPT (Kharkiv) and INR (Kyiv) to select the optimal geometry for
measuring low-intensity radiation and determining minimum detected activity of 2*Bi
and 2%*U. To record gamma spectra, we used HPGe detectors placed at KIPT (BEGe
3830) and INR (GC 6020). Natural, low-enriched and highly-enriched certified uranium
standards (CRM 969, CRM 146) with enrichment range from 0.3% to 93% were selected
as test samples. The main focus of the research is on the use of a relative
(“intrinsic/intrinsic”’) methodology for obtaining the main characteristics of uranium-
containing samples, such as enrichment, isotopic composition and age of uranium. This
technique is based on the peak ratio method and all the information necessary for analysis
is obtained directly from the measured gamma spectrum.

The isotopic composition and enrichment of uranium were determined from the
ratio of A(>**U)/A(?*°U) and A(>BU)/A(*°U) activities. The measured intensities of 22U
and 28U gamma lines at 120.9 and 258.3 keV, respectively, were used for the calculation.
The 23U intensities for these energies were calculated by extrapolating the results of
fitting the intensities of its 4 lines measured in the energy range 143+206 keV.

To determine the age of uranium (the date of its chemical purification), the ratio
A(*Bi)/A(8U) was additionally determined by measuring the intensity of 214Bi lines with
energies of 609.312 and 2204.21 keV. To calculate the ratio A(?*Bi)/A(Z8U), the
measured U gamma lines in the energy range 765+2060 keV were used, which were
used to establish the dependence of the intensity of these lines on energy and extrapolated
to the energy range 609.312 and 2204.21 keV. The detection limits and background gamma
radiation intensities for 2**Bi were investigated, and the minimum masses of uranium oxide
samples required to determine the age of uranium by high-resolution gamma-ray
spectrometry were estimated.
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BPAXYBAHHS CYYACHUX BUKJIMKIB HA IIOBOJI’KEHHA 3
BIAIMPAIIBOBAHUM SIAEPHUM ITAJIMBOM

Kpasuyenko B.I1., Xumenko M.IIL., Biacos A.Il.

Hamionansuuii yaiBepcuteT “Opechbka nomitexnika”’, M. Oxeca, Ykpaina,
kravchenko@op.edu.ua

3a yacu camocCTiHHOCTI YKpaiHa 3poOuiia BJIacHE 3aBEPIICHHS MAIUBHOTO IUKITY:
Oys0 moOyIOBaHO CyXe CXOBHIIE BianpalboBaHoro sjepHoro mamua (BSII) nHa
3anopizbkiit AEC Tta LleHTpanbHe CXOBHUIIE B 30HI BIAUYJDKCHHS. AJle TIpU TEHepilIHii
CUTYyallii, KOJIU TepuTOopis KpaiHU OOCTPLIIOETHCS, BUHUKAIOTH BEIUKU DPHU3UKU MpPU
TpancnoptyBaHHi. Tpeba BpaxoByBaTH TakoX OnM3bKe po3TairyBaHHA LleHTpaibHOTO
CXOBHUIIA JI0 JIep>KaBHOTO KopaoHy. [IpoGiemu 3 BUBE3EHHSIM MOXKYThb HPHUBECTU IO
nepernoBHeHHs OaceiiHiB BuTpuMKku (BB) [1]. Tomy B po0OTi po3risigaroThes AesKi
MIPOITO3HMIIIT 3MiHM cTparerii moBopkeHHs 3 BAIL

MeTtor pobOTH € aHaji3 MPOIO3HUIlii MAKCHMAJILHOTO BUKOPUCTAHHS MaillaHdnKa
AEC nns surpumku BAIL. [{ns uporo nmpononyeTsbest OyAiBHUITBO JOJATKOBOTO OaceiiHa
ButpuMku ([BB), ne BAII moxxe BuTpumMyBatucs Oinbiie necatu pokis. HasBaicts (BB
HaJla€ TaKOX MOXIHUBICTH nepeMimeHHss BAII ayis moxiuBocTi peMoHTY ocHOBHOTO BB.
[Ticns mokpoi ButpuMku B BB BSII nepemimtyerscst 10 po3TamoBaHuX 3a TEPITOPIEIO
AEC nerkux 3akpuTux crnopyi s po3MimieHHs koHrterHepiB 3 BAII, tobto cyxoi
BUTPUMKU. Jlax Ha/J KOHTEHHEpaMH HaJa€ HU3KY TepeBar Ui TPUBAIOTO YTPUMAHHA. Y
akocTi wmicus ansa kinueBoro yrpumanHs BSIl micns 3ynunku AEC npomonyerbes
BUKOpHUCTAaHHS repM000’emy (I"O) peakTopHOTO BiTITICHHS.

B po6oTi 3BepTaeThcs yBara Ha 3aJIexHICTh HeoOxiaHoro yacy Butpumku BSII B BB
JUTSL TIOCSITHEHHSI TIOTY>KHOCTI Kacetd 1 kBT Bing Tepminy nanuBHOi kamnawii. Lleil gac
BU3Haya€ MiHiManpHui TepMin BuTpuMku BT B BB. B [2] HaBoguThes, 110 3a 1aHMMH
PI3HHMX aBTOPIB Yac /10 JOCSITHEHHS MaJlMBOM MOTY>HOCTI | KBT oniHioeTses Big 5 10 8
pokiB. Lle cyTTeBo BIUIMBaE Ha OLIHKY He0OXiaHOI eMHOCTI bB.

[Ipaktuuno eauHuM MicueMm aist po3MimienHs JIbB Bcepenuni 'O € BepxHs 30Ha
TPAHCHOPTHOTO KopHuaopy. OOIpYHTYBAHHSAM I[bOI'O € TAKOX MOXKJIUBICTH ITiJBEIECHHS
CIOJIM KOPOTKOI JIJAHKH CUCTEMH OXOJIOJKEHHS JJIsl Takoro OaceliHy. 30BHI €HEproOIoKy
JUIs poO3TallyBaHHs okpemoro mnpuminieHHs 3 JIBB mnpomnonyerscst wmicue mnopsa 3
Opu3KaJIbHUM OAaceHOM CHCTEMH OXOJIOJKEHHS  BIAMOBIJAIBHUX  CIIOKHWBAYIB
PEaKTOPHOTO BiITICHHS.

3BepTaeThCs yBara Ha MOXJIMBICTh onTuMmizalii kinbkocti TB3 B KoHTeHHepi s
cyxoro 30epiranss. SIKIo NpUHHATH NOCTIHHOK TOBIIMHY O€TOHHOI CTIHKM KOHTEHHEpa,
TO TpH 301IbIIEHH] KiTbKocTi BignpansoBanux TB3 (BTB3) B koHTeliHepi nmuToMa Maca
OeToHy, sika mpuxoAuThcs Ha oaHy BTB3, Oyae 3MeHuryBatucs. 3riIHO PO3PaxyHKY
ontumanbHa Kimbkicth BTB3 B konteitnepi nopiBaroe 70 mr. [Ipu mpomy BiHOCHO
npoekTHOTO BapiaHTy 3 24 BTB3 nuroma Butparta 6€ToHy 3MeHIIyeThCs B 2,1 pas3u npu
30BHIIIHBOMY JliaMeTpi KOHTeHHepy 4,4 M.
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OBJIAJHAHHS ATOMHOI IPOMUMCJIOBOCTI

Myxaues A.IL., °Omenbuyk A.A., *Hedenos B.I'., “lllesens B.M.,

1€maronnes J1.0.

Yucruryr reorexniunoi mexanixu iM. M.C. Tlonsxosa HAH Ykpainu, Juinpo,
VYkpaina, office.igtm@nas.gov.ua

’[gcTUTYT 3arabHOi Ta HeopraHiunoi ximii iM. B.1. Bepuancskoro HAH Ykpainu, Kuis,
VYkpaina, office@ionc.kiev.ua

3y kpalHChKHil lepKaBHUI yHIBEpPCUTET HAYKH i TeXHoJIorii, JIninpo, Ykpaina,
office@ust.edu.ua

*lacturyT snepuux nociimxens HAH Yipainu, Kuis, Ykpaina, interdep@kinr.kiev.ua

[Ipu poGOTI aTOMHUX ENEKTPOCTAHLINA Ta YpPaHOBHUX BHUPOOHHUIITB YTBOPIOETHCS
panianiitHo-3a0pyHeHe o0i1agHaHHA, 0 NoTpeOye Ae3aKTHBAllii 1 YaCTO BUBOJIUTHCS 3
excruryatanii. Ha JIIT «Cxigl'3K» y m. XKoBti Bogu Ta mHa BO I1X3 y m. Kam’sHcbke
HakormuyeHo moHaa 500 T MEeTaloKOHCTPYKIHM Ta 1HINOI amaparypu, siKi MOTpeOyroTh
ne3aktuBamii. Cepex BIIOMHX METOJIB J€3aKTUBAIll TEXHOJIOTIYHOrO OOJIaHAHHS
aTOMHHUX €JIGKTPOCTAHIII Ta ypaH-TIepepOOHUX MiJIPUEMCTB HANMPUBAOIUBIIIUMU €
caMme eJeKTPOXiMiYHI, OCKUIbKA BOHH HE MOTPEOYIOTh CHELiaIbHOro 00Ja HaHHS,
XapaKTepU3YIOThCSI HAMMEHIIMMU BUTPATaMHU PEareHTiB, JO3BOJISIIOTH 30€pEerTH BUXiTHI
BJIACTHBOCTI ITOBEPXHI, HE CYNPOBOUKYIOTHCS HAKOIMUYEHHSIM 3HAYHHUX OOCSATIB
pallloaKTUBHUX BIXO/IIB, HE 3aBAAIOTh 30UTKIB IOBKLJLTIO Ta 3/I0POB’I0 0OCITYTOBYIOYOTO
nepconany [1]. Sk enexrpomit pekomenyetbes cyminn Ho.SOs—H3zPOs—H20, sika ve Tinbku
BUJAJISIE PAAIOHYKIIIIN, a i MOKpaIlye BIACTUBOCTI MOBEpXHi BUpoOiB. [Ipu oMy moxe
BUKOPHCTOBYBATHUCS HE TIIBKH TOCTIHHUMA, a i IMITYIbCHUIM 3MIHHUIA CTPYM.

Jlo HEeNoMiKIB CTaliOHAPHOTO PEXHUMY JI€3aKTHBALll HAJIEXHUTh HEOOXIJTHICTh
NEep10IMYHOT 3aMIHM aHO/IIB, SIKI pyHHYIOTBCS B JI€3aKTHBYBaJIbHUX po3urHax. Kpim Toro,
3a3HAYCHUN PEKUM HE MIAXOIAUTH JUIS Ie3aKTUBAIIl 00NaHAHHS BEIUKHUX ra0apuTiB, BiH
He 3a0e3Mevye BUIyYeHHS PaJIOHYKIIIIIB 13 BHYTPILIHIX TOBEPXOHb TPYyOOIPOBO/IB.

Jns ycyHeHHS LUX HENOJdIKiB Oyslo po3poOJeHO MEeTOf €JIeKTPOHATUPAaHHS Ta
KOHCTPYKIIIFO ~ 30BHIIIHBOTO  €JeKTpoaa. JlocmigHe  BiAMpamfoBaHHS  TEXHOJOTI]
eJIEKTPOXIMIYHOI Je3akTuBalii mnpoBoguiocs Ha Tteputopii YopHoOmnscekoi AEC,
BO I1X3 Tta IT «bap'ep» (M. Kam’stHebke) [2, 3]. [IpoBeaeH1 A0CHIKEHHS OKa3alH, 10
MOPIBHSHO 31 CTAI[lOHAPHOIO JIE3aKTHUBAIIIEI0 PEXHM 30BHIIIHBOTO €JIEeKTpoJa 3a
OJTHAKOBOT'O CTYTIEHS BUJIYYEHHs DPAJIOHYKII/IIB Ja€ 3MOTY CYTTE€BO 3HM3UTH IMUTOMI
BUTpaTH enekTpoeneprii (1o 5-10 Br/rom/nm?) ta enextpornity — o 3-6 cm/om?.
OtpumaHni pe3ynbTaTd CBiAYaTh, IO €NEKTPOXiIMiYHA JEe3aKTHBAIlis 3a0e3Iedye BHUCOKI
MOKa3HUKU BUJIYYEHHS PAJIOHYKIIIIB 13 MOBEPXOHb HU3KH KOHCTPYKLIMHUX MarepiajiBb.
TakuM YMHOM, OMMCAHA TEXHOJIOTIS € MEePCIIEKTUBHUM HANpsIMOM BUPIIIEHHS MpoOIeMH
JIe3aKTUBAIIl] PaJi0aKTUBHO-3a0pyAHEHOTO METAIIYHOTO 001 THAHHS.

Jlirepartypa:

1. Omenvuyk A. O., FOodeuxosa I. M., Ilegsenv B. M. Enexmpoximiuma oOe3axmueayisl
MEXHON02IYHO20 00NAOHAHHS, 3a0pyoneno2o padionyknioamu // Hayka ma innosayii, 2012, 8 (1),
77-86.

2. Omel’chuk A. A., Solovyov V. V. Electrochemical decontamination of metals // Axadoemiuna i
VHIGEPCUMEMCbKA HAYKA: pe3yivmamu ma nepcnekmusu : 30. Hayk. np. XIII Mixcnap. nHayx.-
npaxm. kou., 10-11 epyo. 2020. Ilonmasa, 2020, 169-179.

3. Muxumacsw J[.O., binoye M.A., Honywixin FOFO., Ieawenxo T1, Iynoko C.O., Peyv €.FO. Pospobka
CUCTEMU 3AXUCHTY HABKOTUUHBO2O CEPe00BUIYd 6i0 padioaKmUEHO 3a0pYOHEHUX MATMEPIae (Ha NPUKIAdi

komuuHbo2o BO «I1X3) // Exonoeiuni nayku, 2023, Ne 6 (51), 117-125.
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ABOUT DEEP BOREHOLE DISPOSAL OF RADIOACTIVE WASTE IN
SALTS

1Shybetskyi 1.0., 2!Koliabina I.L., 2Yaroshenko K.K., 'Borysova T.A.,
1Shurpach N.O.

'Radioenvironmental Centre of NAS of Ukraine, Kyiv, Ukraine,
iurii.shybetskyi@gmail.com

2Institute of Geological Sciences of NAS of Ukraine, Kyiv, Ukraine

In recent years, there has been an increasing interest in the use of large diameter
deep boreholes (DBD concept) for the disposal of spent nuclear fuel (SNF), high-level
waste (HLW) and some other types of radioactive waste. This is due to progress in the
development of drilling technologies, intentions to use various small modular reactors,
which differ in fuel types and in radioactive waste.

The DBD concept has been studied in the USA and several European countries
(Nirex, 2004, Mallants, 2020). Many options for borehole disposal have been proposed,
which differ in waste classes, site geology, borehole geometry and sizes.

Compared with conventional geological repositories, the DBD concept has
advantages: greater safety, lower costs, shorter timeframes for site selection, construction,
and operation. Disadvantages of the DBD concept are related to the difficulties with:
drilling borehole of the required large diameter (this limits the diameter of containers for
radioactive waste), constructing engineering barriers, and retrievability of defective
containers (Beswick, 2014).

In Ukraine, the possibility of using DBD was studied
in the early 2000s (Shestopalov, 2016). The disposal of
RBMK-1000, VVER-1000 SNF, vitrified HLW (from the
reprocessing of VVER-440 SNF), and fuel-containing
materials of Chernobyl origin was considered. It was
supposed to place the waste at depths of 2-4 km in vertical
borehole with a diameter of about 1 m. It was supposed to
place the radioactive waste in crystalline rocks in concrete
containers covered with a titanium shell with a diameter of
up to 0.8 m. It is noteworthy that the geological conditions
of the sites of all Ukrainian NPPs allow the placement of
such borehole facilities.

An analysis of international developments allows us to conclude that many
technological difficulties of the DBD concept can be overcome when disposal radioactive
waste in boreholes drilled in salt-bearing formations. In this case, the disposal depths can
be 1-3 km (for vertical boreholes in salt domes) and even less (for horizontal ones in
formation salts). At the same time, the process of drilling large-diameter boreholes is
simplified and the absence of engineering barriers in the disposal interval is allowed due
to the plasticity of the salts that seal the radioactive waste.

References:

Beswick J., ea (2014). Deep borehole disposal of nuclear waste: engineering challenges. Energy
2014, 167, http://dx.doi.org/10.1680/ener.13.00016

Mallants D., ea (2020). The State of the Science and Technology in Deep Borehole Disposal of
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Nirex (2004). A Review of the Deep Borehole Disposal Concept for Radioactive Waste. — Report
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METO/J TEPMIYHOI'O 3HE3APAKEHHS PIIKUX PAAIOAKTUBHUX
BIAXOAIB

Hikoabcoknii B.€., Pemernsak 1.J1., Ko3iaos .M., Crosn O.1.

VYkpaiHChbKUH Jep)KaBHUHM YHIBEPCUTET HAYKH 1 TexHooriH, J{Hinpo, Ykpaina,
I.l.reshetnyak@ust.edu.ua

3apa3 nmus mepepoOKH PiIKUX PaJiOaKTUBHUX BiTXOJIB Ha ICHYIOUMX aTOMHHX
€JICKTPOCTAHIIISX 3aCTOCOBYIOTHCS TPU TPYIIH METO/IIB: TEPMIUHI, COpOITiiiHI, MEMOpaHHI.
L{i meTou mepenOaYarOTTh BEIMKUH KOMIUICKC TEXHIYHUX Ta OYUCHUX CIIOPY Pi3HOTO
HpPU3HAYECHHS.

MeTtoa TepMIYHOTO yIaplOBaHHS PIAKUX paioaKTUBHUX BiIXO/IB, 110 Mepeadavae
MO>KJIUBICTh OTPUMAaHHS BUCOKHX KOE(IIIEHTIB OYUCTKH, JT03BOJISE TTOBHICTIO BUPIIIUTH
npobieMy KOHJIEHCATy 10 CKHAHUX HOPM YM HOPM Ha 3BOPOTHIO TEXHIYHY BOJY.
OcHoBHa 3aJ1aya, 1110 BUPILIYEThCS B paMKax [103Hau€HOi Mpo0sIeMu, OJIsArae B po3pooii
€HEepProTeXHOJIOTIYHOI CUCTEMH, SIKa 3a0e31euy€e OUUIIEeHHS BiAXO/iB BiJ] paJioHYKIiIIB,
iX KOHLIEHTpPYBaHHS 10 MiHIMaJbHUX OO0’€MiB, BHCYIIyBaHHS paJi0aKTHUBHHUX
KOHTEHTPATIB COJIEH 3 METOIO MOJAIBIIOI TepepoOKH 0e3 MOTparuITHHS padioHyKIiIiB B
HaBKOJUIIHE cepeaoBuiie [1].

CHubHO 3 IHCTUTYTOM ra3y, IHCTUTYTOM SIICPHUX JIOCHTIDKEHB Oylia po3po0ieHa
YCTaHOBKA TEPMIYHOTO 3HE3apaXCHHS PIIKUX DPATI0OaKTUBHUX BIIXOAIB JiI YMOB
EKCIIEPUMEHTAILHOTO PEaKTOpy Ha OCHOBI  IUIOCKOMOJIYM STHOTO —TallbHUKA 1
0e3(yTepiBOYHOI peakIliiiHol kKamepHu.

BumnpoOyBanHs Ta €KCIIEpUTMEHTANbHI JOCTIUKEHHS TPOBOAMIN Ha PiAKHX
panmioaktuBHuX Binxongax (PPB) peaxtopa I[P BBP-M. Ha ocnoBi nocnimxenus OyB
CTBOPEHUH JOCIITHO-TIPOMUCIOBUI KoMmIuieke ounineHHss PPB IP BBP-M inctutyty
anepuux pociikenb HAH Vkpainu (3amkHeHOi ouncHoOi cropynu). PospobGiena
€HEeproTeXHOJIOTIYHa cHucTeMa J03BoJisie e(eKTUBHO 3He3apaxyBatu PPB 006’emom
1000 n/ron. 3a excrutyataliifHUM nepiof] ycTaHOBKa (yHKIIOHYBajia B Oe3aBapiiiHOMY
pernamenTi, OyJu BIZCYTHI KOPITyCHI pyHHYBaHHS TEIJIOBOi KaMepH, 110 CB1IYaTh MPO
NpPaBUWIbHICTh MiAIOPAHUX PEKUMHO-TEXHOJOTIYHUX Ta KOHCTYKLIHHMX OCOOIMBOCTEMH
po3pobienoi eHeprorexnonoriyHoi cucremu (ETC). OcoOnuBiCTIO IIOTO KOMIUIEKCY €
HOro BKIIIOYEHHS B TEXHOJIOTIYHY JIIHIIO NepepoOKH pajialiifHOro 1oynaproBaHHS, 110
JIO3BOJIMJIO OTPHUMATH BTOPHHHI BIIXOIW Yy BUTJSAL cyxXoro mpoaykry. Ilpu mpomy
BUTpaTH TanuBa cknaganu 20 aM/ron mpu Tucky 12 xH/m% TlopiBHAHO 3 iHIMMH
TEXHOJIOTIIMH YCTaHOBKA Ja€ MOXIIHUBICTh MpakTH4HO B 2-3 pasu (3 600 r/n nmo
1300+2000 r/n) MiABMIOUTH CTYIiHb KOHIEHTPYBAHHS pAaJIiOaKTUBHUX BiIXOIB,
3ano0irTM 1HKpycTamii COJbOBMMH BIAKJIQJAEHHSAMHU TIpitouux moBepxoHb Alll i
YCTaHOBKH B LIJIOMY, CIIPOCTUTH OMepallii 3 KyOOBUM 3aJIUIIKOM Ta OTPUMATH KiHIEBUI
OpOAYKT y BUIIIAAi cyxoro 3anumky. [Ipu npomy KK/ Bunapuuka cranoButs 97-98 %,
Koe(IIieHT OYMINEHHS BiJ PaJIOHYKIIIIB 109, Koe(IIieHT 3 JOOYMINEHHSM BIJ
pamionyKmifiB cknagae 107, muToMe cHOXHBaHHA enekTpoeHeprii 5,4 kBt-rom/m [2].
Takox TeXHOJIOT14HEe 00JIaIHaHHS MTOKa3ai10 J00pY BUTPUBATICTb.

Jlireparypa:

1. B.E. Hukonvckuti. Paspabomka u uccredosauue annapamos NOSPYHCHO20 2OPeHUsl C
MHO20KpamHou uneepcuett gaz // Texnonoeiunuii ayoum u pesepsu eupoonuymea, 2015,
Ne 4/1(24), c. 60-64.

2. Huxonvcxuu B.E. Paspabomxa u uccredoganue OmoOnuUmenvHol KOHMAKMHO-MOOYIbHOU
cucmembvl ¢ NPUMEHEHUEeM annapamos nocpysicho2o copenus // Cxiono-€eponeticokuil sHcypHa
nepedosux mexuonoziti, 2015, Ne 4/8 (76), c. 21-25.
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HNOTEHIIMHI MEXAHI3MHM, 11O BILIMBAIOTH HA JTET'PA TAIITIO
OBOJIOHOK TBEJIIB I3 HUPKOHIE€BUX CIIJIABIB ITPU TPUBAJIOMY
CYXOMY 3BEPITAHHI

Peakina I'.

HaykxoBo-TexHIUHUN KOMIUIEKC «SIIepHUii TATHBHAMA IUKID

HHII «XapkiBcbkuii (hi3MKO-TEXHIYHUN IHCTUTYT», XapKiB, YKpaiHa,
gordaya@kipt.kharkov.ua

VY KkpaiHax, Ji¢ ICHyIOTh CXOBHIIA BiANpanboBaHOro syiepHoro namusa (BSII),
BIIPOBA/DKYIOTHCS IIIMPOKOMACIITAOH1 JTOCIIIKEHHS SBHIIL JAeTpaaarii 000JOHOK TBEIB
npu moBokeHH1 3 BSATL. 1i mocikeHHs TPOBOAATHCS CUCTEMATHYHO 1 BCE JeTaNIbHIIIIE,
1HTEpeC A0 pe3yibTaTiB TaKUX JOCTIKEHb HEYXWJIbHO 3pocTae. CTBOPIOIOTHCS
CHemiajgbHl MiAPO3ALTH, BiIOyBaeTbcsa 30upaHHS iHQOpMaLii Tpo MOBENIHKY
teroBuAlIsIIoUnX 30ipok (TB3), TBemiB Ta X KOMIUIEKTYHOUHX [PH TPHBATIOMY
30epiraHHi, HTOCHITIOIOTHCS BUMOTH JI0 PEKHMIB 30€piraHHs..

[ToTeHuiitnumMu MexaHismMamu (PUCYHOK 1), 1[0 BIUTMBAIOTh Ha MUIICHICTh
000JIOHOK TBEJIiB IPU TPUBAIOMY CyXOMY 30€piraHHi, €:

T=400°C ITaanBHA HOBSYTIiCTL;
ossyaicrst @ T Tpimuaa TabaeTka K0p031‘$[; ‘
| ' MEXaHIYHE PO3TPICKYBaHHS,
: JIOKaJIbHE Ta piBHOMIpHE
; pyHHYBaHHS OKHCHOI ITUTIBKH;
neQexTH, CHpUYHHEH]
PisHoMipHa Fiz[pyBaHHSIMZ
TiapoyTsopenns e nepeopieHTallii TiapHIiB;
S yHOBiJ:ILHeHe riapuaHe
H: aipysin Kopo3ist poatpickyBanns (DHC);
Emmaws OBoxomKa I[I/I(by3i;1 BOJHIO 33  paxyHOK
TBea TpajieHTa TeMIEPATyp;
OKPHUXYEHHS.

Pucynox 1 - Illomenyiiini mexanizmu, wo 6nausaioms Ha YiliCHICMb 000J0HOK MEelie npu
MpUBAIOMy Cyxomy 36epieanii

MeToro 1aHOT0 aHATIITUYHOTO JOCIHIIKEHHS €:

- BUSBJCHHS 3aKOHOMIPHOCTEHl BIIMBY TIAPUAIB B OOOJOHKaxX TBENIB 3
LUPKOHIEBUX cIUIaBiB peakropiB BBEP B ymoBax ekcriyaTamii, mpu TpaHCIOPTHO-
TeXHOJOrYHUX omepanisix 3 BSIl ta ix noBrorpuBasiomy 30epiraHHi Ha 3MiHY
MEXaHIYHUX BJIACTUBOCTEN Marepiaiy;

- IPOTHO3YBAaHHS MOBEIIHKH 0OOJIOHOK TBEJIB 3 HUPKOHIEBHX CIUIABIB PEAKTOPIB
BBEP y nporieci Bcboro nukiy 30epirants miciis 5-TH Ta 6-TH pOKiB eKCIUTyaTalii.
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OCHOBHI ACIIEKTH PAJTIAIIHHOI' O 3AXUCTY KOHTEMHEPIB BSAII TA
OIIHKA MOXXJIMBOCTEM HOI'O MOJIIIIEHHA

123yiiok B.A., 2JIutoBuenko C.B., 'Tper’sxos M.B., 'Pyas P.O., 'Kymrum 51.0.,
I'pyaanubkuii B.B., 'Kantemipos A.B.

'HayxoBo-Texniunuit kommnekc «Snepuuit nanusuuii mukm HHI XDTI, m. Xapkis,
VYkpaina, valeriyz@Kkipt.kharkov.ua

2XapkiBchKuii HallionanbHuit yHiBepcutet iMeni B. H. Kapasina, m. Xapkis, Ykpaina

VY cyuacHHX KOHTeWHepax noBomkeHHs 3 BTB3, mo ekcrmyaTyroTbes B YKpaiHi,
OCHOBOIO 3aXMCTy BIJl TaMMa BMIIDOMIHIOBAaHHS € METaJeBUMl CBHUHEIb, a BiA
HEHUTPOHHOTO BHIIPOMiHIOBaHHS — ciutlaB RX-277 Ha ocHOBI amoMmiHiio abo
edexTuBHiMI moniMepHnii Marepian Holtite™. 3a3Haueni marepianu HeHTpPOHHOTO
3axXHUCTy HE BUPOOJSIOTHCS HA MIANPHUEMCTBAX YKpaiHU Ta MAIOTh HU3KY OCOOIMBOCTEA,
0 3BYXYye cdepy IXHBOrO 3acTOCyBaHHS B szepHiil eHepreruui. [lutanHs mono
CTBOPEHHSI BJIACHMX MaTepialliB, fKi OKpIM BHCOKOTO pPiBHS paIialliifHOrO 3axHCTy
MaTUMYTh BUCOKY TEIUIONPOBIIHICTh Ta IIMPOKHUH A1ana3oH TeMIepaTyp eKCIUTyarallii,
MOCTaHe MPH PO3pOOIIi KOHCTPYKIIii BIACHOTO KOHTEHHEpA.

Busnaueno paniamiiini xapaktepuctuku B, mo OynyTs Bukopucrani ans
NPOBEACHHS TOJAIBIINX TOPIBHUIBHUX PO3PaxXyHKIB DIBHA paaiallifHOTO 3axHCTy
PO3TISHYTUX Y POOOTI MaTepianiB. s 301iblIEHHS KOHCEpBAaTU3MY 3allpOIIOHOBAHO
BUKOPHCTOBYBATH 3arajibHy IMOTYXHICTh PKEpeN HEUTpoHiB, mo Biamosigae 31 BTB3 3
rbuHow BUropsiHusa 55,0 I'Bt-106/TU micns 7,5-8 pokis Butpumku B bB (1,70E+10
H/C), Ta TOTYXHICTh JpKeped (OTOHIB, IO BiAMOBigae rMOWHI BUTOpsHHSA 45,0
I'Bt- 106/TU micns 5 pokiB Butpumku B bB (2,45E+17 ¢/c).

[IpoBeneHo aeTanbHUI aHaNi3 PIBHS paTiallifHOTO 3aXHCTy KOHTEHHepa, MIO0
HaOIMKEHUH 32 TeOMETPUYHUMHU pO3MipaMH, CKJIaJJOM Ta TYCTUHOIO MaTepialliB TaMma
Ta HEHWTpOHHOTO 3axucTy (cBuHemb, Holtite™) no amamoriummx XxapakTepuCTHK
tpancnopTHoro koHteiHepy HI-STAR 190 xommanii Holtec. biuna moBepxHs Takoro
KOHTEilHepa Mae 30aJaHCOBaHYy MOTYKHICTh JO3M BHPOMIHIOBAHHS MO HEUTpPOHAM Ta
¢oroHaM, sKa MpPU BUKOPUCTAHHI 3a3HAUEHUX JKEpesl BUIPOMIHIOBAHHS CTaHOBHTH
3,5E-03 Gep/ro.

[Tpu BukopucranHi y koHCTpykiii koHTeltHepa HI-STAR 190 3axucty 31 CBUHIIO
(Pb) Ta xapb6imy 6opy (BsC) y momimepniit matpuii (CioH1604) 31 30amancoBaHnM
CKJIaJIOM 3arajbHa MOTYXKHICTb 103U Ha O14HIi MOBEpXHI KOHTeWHepa Oy ie ClliBCTaBHOIO
3 103010 Ha aHAJIOT14HIN MOBEepXxH1 6a30Boro KoHTelHepa (3,5E-03 Gep/ron).

Y po6oTi Ha IPHUKIIa/li IBOX KOMIO3UIII TOKa3aHO MO>KJIMBICTh MiBUIIICHHS PiBHS
panianiitnoro 3axucty. Ilpu Buxopucransi riapuay turany (TiHs) Ta xapGimy 6opy
(B4C) y cBunnesiit (Pb) marpuili mpu BiAMOBIAHOMY CHIBBIJIHOIICHHI TepepaxoBaHUX
KOMITOHEHTIB MOTYKHICTh 703U BUIPOMIHIOBaHHS Ha O14HIN MOBEpXHI KOHTEWHEpa Bif
HEUTpPOHIB Ta (OTOHIB Oy/e OJHAKOBOIO, a 3arajbHa MOTYXHICTb 03U CTAaHOBUTHUME
~2,4E-04 Gep/ron, mo B 15 pa3iB HIXKYE 3a MOTYXKHBCTh 03U BiJ 0a30BOro
koHTtetnepepa (3,5E-03 Gep/ron).

Haiikpamii exkpaHytodi XapakTepuCTUKU Mae Tinpun raduiroo. [Ipn BukopucTanHi
rinpuny tadmito (H/Hf=2) 3 rycrmmoro mamosreHHs 13,1 t/cM® y komcTpykmii
koHTeliHepa HI-STAR 190 3aranbHa noTyxHicTh 103U cTranoButuMe 1,53E-05 Gep/rog,
mo Maixke B 229 pa3iB HIKYE 3a TOTYXHICTH JO3M BiJl 0a30BOTO KOHTEHHEpa
(3,5E-03 6ep/rom). Ane BHKOpPHCTaHHS METaleBOro radHil0 3aBISKH HOTOo BUCOKIH
TYCTHHI MOXXE€ JICTIO IiJBUIIUTH Bary 3aXMCHOI YaCTHHH TPAHCIOPTHOTO KOHTEHHepa,
10 Ha/1aJli MOYKe YCKIIQAHUTH BIPOBAKEHHS Moaudikailii KOHTelHHepa.
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CHUCTEMA PAIIAIIIMHOI'O MOHITOPHUHI'Y TA MOIIYKY BTPAUEHUX
JUKEPEJL (RSI)

!Crparinar I.I1., 'Mauuii €.B, >Cimeiiko K.B., ' Xomuu LA., XXapuyk O.0.
Uucruryr apepunx nocmimxens HAH Ykpainn, Kuis, Ykpaina, Reactor 104@ukr.net
[actutyT npobnem 6esnexu AEC HAH Vkpainu, Kuis, Ykpaina

3 2014 mo 2025 pik Ha cxoji Ta miBAHI YKpaiHu OyJ0 BTPA4eHO KOHTPOJIb HaJ
BEJIMKOIO KIJIBKICTIO PKEpPEs 10HI3yI0UOT0 BUIIPOMIHIOBaHHS, 1 Hapa3i HeMae iHdopmartii
npo iX CcydacHe pO3TallyBaHHS Ta TEXHIYHUH cTaH. 3 METOI HEIOMyLICHHS
HECAHKIIIOHOBAHOTO PO3IOBCIOKEHHSI JDKEPEN BHIIPOMIHIOBAHHS Ta PalliOaKTHBHUX
MarepiaiB 3a MeXi 30HH BiHICBKOBOTO KOH(IIIKTY HEOOXiHO MPOBOJUTH MOHITOPUHT
TEPUTOPIN Ta NUISIXiB TPAHCIOPTYBaHHSA. Y 3B'S3KY 3 UM BHKOPHCTaHHS MOOLTBHHUX
CHCTEM MOHITOPHHTY JUIsl OUTYKY JKEepell 10HI3yI0Uoro BUIIPOMIHIOBaHHA Oyi0 0 1yke
epexktuBHUM. OOHUM 13 CIOCOOIB OMEPATUBHOIO MOHITOPUHTY € BHKOPUCTaHHS
CHMHTWIALIHHUX AETEKTOPIB 3 BEJIMKUM 00'€MOM Uy TIHBOCTI IETEKTYBAaHHS.

.
st

Defector Nallll) Pl

Puc 1. 3azanvnuii 6uo ocnoenux eremenmis cucmemu

BapianTom BnpoBa/K€HHSI TaKMX CHCTEM € CTBOPEHHS MOOUIBHHMX JiabopaTopiit
JUIs TIOLIYKY BTpaueHMX Jukepen. Lle Moxke OyTH peani3oBaHO sSIK MOOUIbHA YCTaHOBKA,
TaK 1 yCTaHOBKA, pO3TallloBaHa B TPAHCIIOPTHOMY 3aco01. J[aHi B peadbHOMY yaci OyayTh
OTpUMaHI B JeTeKTOpa 1 BiJOOpakaTUMyTh TOTOYHY [J03Y 10HI3yHOUOTrO
BUIPOMIHIOBAHHS, SIKa 3HAXOAUTHCSA 3a OOPTOM TpaHCHoOpTHOro 3acoly. IlepeBaroro
I[bOTO ITPOEKTY € CTBOPEHHS CUCTEMU MOHITOPUHTY 3 BUKOPUCTAaHHSAM ICHYIOUUX MOJTYJIiB
0JIOKIB CUMHTWISILIIMHUX IE€TEKTOPIB Ta iX 1HTErpalis B MalOyTHI MPOEKTH.
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MOPIBHSIHHS COPBIIMHUX BJIACTUBOCTEM KJITHONTHUJIOJIITY TA
KOMITO3HUIIMHOI'O COPEEHTY HA OCHOBI IIEOJIITIB

Jlonin O.10., JleBenenn B.B.

HamionansHuii HayKOBUM HEHTP «XapKiBCbKUH (13UKO-TEXHIYHHHN IHCTUTYTY,
VYkpaina, 61108, m. Xapkis, Bys. Akagemiuna, 1, a_lonin@ukr.net

OpHiero 3 mpobieM Cy4yacHOI SAEpHOI €HEPreTUKH € TOBOUKEHHS 3 PIIKUMH
pamioaktuBHMH Bigxomamu (PPB). Omamm 3 wMeroxiB moBomkenHs 3 PPB €
3actocyBaHHs copOiii. OqHUM 3 TaKUX COPOCHTIB € KIHOMTUIONIT. OTHUM 3 HEJIOJIKIB
KJIIHOTITUJIOJNITY € OOMEKEHHS 110 TIepelTiKy copOoBaHuX 10HIB. 1[I oOMexeHHs MoB’sa3aH1
31 CKJIQJIOM KJIIHONTHJIOJNITY Ta HAsBHICTIO OOMIHHUX i0HIB. B TO# e 9ac cTpykTypa
KJIIHOTITUJIOJITY € JOCUTh CTIMKOIO Ta BUTPUMYE BILTUB 3Ha4HOi Temmeparypu (700 °C),
KHCJIOT Ta iHMMX (aKTOPiB HA BiIMiHY BiJ CHHTeTHYHUX 1eoniTiB. Ha 6a3i HHI XDTI
pPO3p006IEHO KOMIO3UIIINHUI COpPOEHT SKHIl MICTUTh Y CBOEMY CKJIAAl MPUPOAHHMA Ta
CHHTETUYHHUI LEOoNiT. BBeeHHs 10 CKiagy COpOEHTY CHHTETHYHOTO LEOJITY 3HAYHO
PO3IIUPIOE TIepelTiKk copOoBaHMX 10HIB. Po3risanace copOris 1e3ito Ta crpoHitito. [lpu
npoBeJeHHI copOuii mpoTsirom 24 roauH OyJ0 BCTAHOBJIEHO, IO COPOIS IE3i0
KIIIHONTHIIONITOM ckianae 98 %, a copOist ctponmiro ckianae 93 %. Ipu BukopucTanHi
JUISL COpOIIiT KOMITO3HUIIIHHUX COPOCHTIB CIOCTEPIraioch HE3HAYHE 3HMKCHHS COpOIIii
1e3iro 10 96 % Ta cyrreBe 30UIbIICHHS COpOIIil cTpoHIIito 10 99 %. 3pocTanHs copOmil
CTPOHIIiO TIOB’S13aHO 3 BBEJICHHSM JIO CKJIA/ly KOMITO3HUIIIHHOTO COPOCHTY CHHTETUYHOTO
[EeodiTy. 3a paxyHOK CHHTETHYHOTO IEONITy 10HHM CTPOHIII0 MOXYTh 30UTBIINTH
copO1iito, 1e OOyMOBIEHO KPHUCTAIIYHOIO CTPYKTYpOI CHHTETUYHOIO IICONITY Ta
JOKaJi3aIi€el0  3HA4YHO OUIbIIOI  KUMBKOCTI OOMIHHMX [LEHTpiB. BukopucraHHs
KOMITO3UIIIHHOTO COpPOEHTY Mae Iy Hu3Ky mepeBar. [lo-mepimie, 3a paxyHOK
CHHTETUYHOTO IICOJIITY 30LIBIIYIOThCSA COpOIiiHI BiacTUBOCTI copbeHty. [lo-apyre,
BUKOPUCTaHHS KJIIHONTHJIONITY CHPOIIY€E CUCTeMYy YTWili3amii copOeHTy micis
BUKOPHUCTAHHSA, OCKIJIbKM KIIHONTHJIONIT MOXX€ OYTH OCHOBOIO JUIsl MOJAJIBLIOTO
3axopoHeHHs BiaxoniB. Ilo-Tpere, YkpaiHa Mae 3HauHI 3amacd KIIHONTHJIONITY, IIO
3HaYHO 3MEHIIye Ioro coOiBapTiCTb. BUKOpUCTaHHS KOMIO3MUIIITHOIO COpPOEHTY B
AJIepHil eHepreTulli 3Ha4HO CHPOCTUTh MoBOMKeHHS 3 PPB Ta miaBunmrth Oesnexky
00’€KTIB IEPHOT EHEPTETUKH.
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IMPOTHO3YBAHHS PAJIIAIIMHUX EKOJIOTTYHUX HACJIIKIB
SATOILIEHHS INAXTH «IOHUI KOMYHAP» JTOHEIIBKOI OBJIACTI
!Cononosnikosa JI.M., 2Uepruneus B.JL.,’Tapacos B.O., 'Koporenko A.C.,
3dxoBaes €.0.,*Yymauenko C.M.,
JlepsxaBHa HaykoBa ycTaHoBa «HayKOBO-TE€XHOJIOTIUHUI KOMILIEKC «[HCTHTYT
moHokpuctaniB»y HAH Ykpainu, np. Hayku,60, m. Xapkis, 61072, YkpaiHa,

lidy @ukr.net
2lucTuTyT cuuHETHIANIAHEMX MaTepianiB HAH Ykpainu, np. Haykn, 60, M. Xapkis,
61072,Ykpaina
3[HCTUTYT TenekoMyHiKawii i robansHoro iHopMariitaoro npocropy HAH Ykpainw,
YokomniBcekuii OyneB., 13, 03189, Ykpaina
*TlepaBHuii HAYKOBO-OCIIIHMI iHCTUTYT aBianii MiHicTepcTBa 060poHN YKpainw,
Byn. Kazapmena 68, m. Kuis, 01135, Ykpaina

HexontponsoBane (cTuxiiiHe)  3aTOIJICHHA  IIAaXT  HA  OKYIOBaHIH
BYTJIENpOMUCIOBi TepuTopii JloHOacy mpu3Beno 10 BIICYTHOCTI KOHTPOJIIO
pamiamiitHoro 3a0pyJAHEHHS BHCOKOMIHEpPATi30BaHMX TOKCHYHUX MIAXTHUX BOJ, SKi
HOCTYNAKTh 70 I'PYHTOBOIO BOJOHOCHOTO TOPU3OHTY Ta MICHUEBUX JPKEpET MUTHOIO
BOJIOTIOCTaYaHHA Ha OKYMOBaHiM Ta MiIKOHTPONBHIN TepuTopil Ykpainu. OcoOnuBuit
BHECOK B HeOe3IeKy periony poouts maxta «tOuuit komyHap» («FOHKoM»), Ha sKiil B
1979 poui va raubunHi 903 M OyB 37ilICHEHHWH KOHTPOJLOBAHUHN IMiT3EMHHIA SACPHUN
BUOYX 3 TPOTUIOBUM eHepreTHyHuM ekBiBaieHTOM 200-300 TOHH A 3HUKEHHS
YacTOTH PANTOBHX BUKWAIB BYT'ULIS 1 ra3y B Mpoueci po3poOKH BYTUIbHUX IUTAcTiB. B
pe3yJbTaTi bOro BUOYXY yTBOpHIIACS MiA3eMHa CKIIONoAi0Ha Karcyna Barot 70 100 T3
3aJUIIKAMU PaJiOaKTUBHUX TPOIYKTIB SIEPHOTO BUOYXY Ta HIAXTHOI MOPOAIH, SKa B
pe3ynbTaTi oxoJomkeHHs 3a3Hana TpimuH [1]. Koncepsaris maxTtu B 2002 pori «CyXum»
crocoOoM (IoCTiiHE BIAKAUKYBAaHHS IIaXTHUX BOA) CTIpUsiIa HEOMYIIEHHIO MOTEHIIIHHO
MOYJIMBOTO pafialiifHOro 3a0pyJHEHHS BHIIE3AIATal0OUMX BOJAOHOCHUX T'OPHU3OHTIB 1
rpyHTiB. B 2018 poui BiaOynacs 3MiHa peXuMy KOHCEpBallli IIAXTH 3 «CyXOro» Ha
«MOKpHii» (MPUITMHEHHS BilKauyBaHHsS BOJH), L0 MPH3BEIO A0 ii 3aTOIUICHHS Ta
BOJIOHACMYEHHS IOPOJHOIO MacCUBY, 3MEHIIEHHsSI MIIHOCTI mNopia. BUHUK pu3uk
caMOpyiHyBaHHs IIaXTH Ta T€OMEXaHIYHOrO pyHHYBaHHS Karcyiu. PO3BHTOK HOBHX
TPIIIUH CHpHsE€ MOTPAIUITHHIO B €MHICTh KalCyJdH TMiJ36MHUX BOJ Ta BHMHBaHHIO
paslioaKTUBHUX HpOI[yKTlB BH6yxy (mepeBaXkHO HYKJIiAIB 1e3ito-137 1 CTpOHLIlIO 90) 1
3a0py/IHEHHS! HUMH MiJ3€MHUX 1 MOBEPXHEBUX BOJ. TakoX MOXXJIMBE ‘‘CXJIOMYBaHHS
KariCyJIv, sika 3a1I0BHEHA PaIiOHYyKIIiJaMH Ta CHIIBHO Pai0aKTUBHO 3a0pyAHEHOO BOIOO
(06’emom 10 500 M%), IMoTpamnsHHS BOAM 3 KamlCy/ld B IIAXTHY BOAY 36iIbIIMTH
3a0pyJHEHHsS MIA3€MHUX BOJ, BXKe 3a0pyJHEHHMX B yMOBaX OOBOJHEHHS TIpHHUYUX
BUPOOOK paioHyKiIiamMu 1e3iro-137 1 crponiiiro-90 [1, 2]. BumuBaHHs 31 3pyiiHOBaHHX
TIpCPKUX TIOPi PaliOaKTHBHUX €NEMEHTIB ypaHy-238, pamnito-226 Ta panoHy-222
30IBIIUTG pajialiifiHe 3a0pyAHEHHS MIAXTHOI BOJAM, MOTPAIUISHHS BUIIEBKA3aHUX
palioaKTUBHUX €JIEMEHTIB B IOBEPXHEB1 BOAHI 00 €KTH Ta BHUJIJICHHS B aTMocpepHe
HOBITPS Pa/lioaKTUBHOI'O ra3y pajoHy-222.

Jlireparypa:
1. Dr Yevhenii Yakovliev, Dr Sergiy Chumachenko Ecological Threats in Donbas, Ukraine,
October 2017- p.64

2. Pyovro I'I, bonoap O.L, fxoerce €.0 .ma in. Exonociuna 6esnexa @yeitbhux podosuuy
Yrpainu. Kuis, “FYKPEK”,2016,508c.
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BIIJIUB PO3PIIZKYIOUUX TOBABOK HA EOEKTUBHICTb
T'EOIOJIMEPIB JJIS1 IHKATICYJISIIITL PAJJIOAKTUBHUX PITKHUX
OPI'AHIYHUX BIJIXO/IIB

L2Cpiramunnii €preniii, 'Caenxo Cepriii, “Illadanin Bopuc, 'Cypkos Ouexcanap
'Hanionansuuii naykosuii nentp «Xapkinchkuit (isuko-Texuiunmii incturyr HAH
VYkpainm»

2,[[epncaBHa ycTaHoBa «IHCTUTYT reoximii HaBKOIHITHLOTO cepenoBuiia HAH
VYkpainny, esvitlychniy@i.ua

Ha mingcraBi po6it, MpUCBsIYEHUX pO3pOOINl HOBITHIX B’SDKyYHMX MaTepiasiB st
ikancymsii pinkux PAB, B HHI[ X®TI po3pobieHo reomoiiMepHi KOMITO3MLIT 3
3aCTOCYBAHHSM BITYM3HIHHX CHPOBHHHHUX aJTFOMOCHJIIKATIB. JlOoCiTHI 3pa3Ku KOMITO3HITIH,
I0 OTPUMAaHI JIUTTSAM TEONOJIMEPHHUX HACT 3 MOJAJBIIMM 3aTBEPAIHHAM, BU3HAYAIOTHCS
IIUTBHOIO T2 OJJHOPIIHOIO CTPYKTYPOIO Ta XapaKTEPU3YIOThCS IPUHHATHUMH [TOKa3HUKAMHU
(hi3MYHMX Ta MEXaHIYHUX BIACTHBOCTEH.

3HauHM{ BIUIMB Ha BJIACTUBOCTI TIEOMNOJIMEPHMX IacT Ta 3pasKiB MaroTb
MOBEPXHEBO-aKTUBHI ~ PEUOBHMHHU, SKI IHTCHCHQIKYIOTH MPOIECH  PO3PIIHKEHHS,
3MillyBaHHs, (OpPMYBaHHS Ta Ty>KaBiHHS KoMmmo3uiid. Ilig dvac ekcrepuMeHTiB 3
BKJIIOUYEHHSI y TEOTOJIIMEPHY MATpPUIIIO iIMITaTOpy pinkux opraHiuaux PAB, y sikocTi sikoro
3aCTOCOBYBAJIM OpraHIuHE MAaCTUIIO, OYJI0 BCTAHOBJICHO, 1110 3pa3KH 3 MACTUJIOM Y KIJIbKOCTI
10 - 30 00. % maroTh 33J0BUILHY TEKYUIiCTh Ta OHOPIAHICTH KOMITO3HIIIT 1 MAIOTh MPUIHATHI
BJIACTHBOCTI. Auie 31 30imblieHHAM KutbkocTi MacTwia (1o 40 00.%) TekydicTh
TeOIOIIMEPHOI MACTH BiIIOBIHO MOTIpIIyeThCS. ToMy, METOI0 poOOTH Oyii0 BHBUCHHS
MOXXJIMBOCTI ~ 30UIBIIEHHS MPAlE3JaTHOCTI IAacTH 3a JIONOMOIOK  3aCTOCYBaHHS
Po3pimKyr0doi 100aBKkH (Utacthdikaropa) Ha OCHOBI noJieTieHnTiKomo Castament FW
10 (BASF).

Ha migcrasi nociimkeHs BIUTMBY po3pimkyrodoi nooaBku Castament FW 10 Oyio
BCTAHOBJIEHO, 110 i BMKOPHMCTaHHS y CKJIajal reomoiiMmepy, sikuii mictuth 40 00.%
MacTHJIa, T03BOJIE IHTEHCU(]PIKYBATH MIPOLIEC PO3PIHKEHHS MaTepialy Ta B I01aJIbIIOMY
3a0e3nedye (opMyBaHHS SKICHHUX 3pa3KiB. Po3pimkeHHs BiJOyBaeTbCs B pPe3yibTaTi
3HIDKEHHS CHJI MOJIEKYJSIPHOTO TSDKIHHS MK YacTHHKaMHU 3a pPaxyHOK YTBOPEHHS
a/1copOLIMHUX 1IapiB, MEPELIKOKAIOUNX X 30MKEHHIO.

Ha pucynky moka3zano mosuruBHuE BrumB Castament FW 10 na uriibHicTh
3pa3KiB 3a PAaxyHOK MOJIMIIEHOT TEKy4oCTi Ta BIJMOBIJHO CYTTEBOTO 3MEHIIEHHS
KUJIBKOCTI TIOP Y 3aTBEPAKEHOMY 3 ITACTH I'e0noimMepi.

Puc. 3oeniwmniti éuensio eeononimeprux 3pasxie, wjo micmsamo 40 06. % opeaniynozo macmuaa:
IBOPYY — 36UNALIHA MEXHON02IsA, npasopyy — 3 sukopucmarnuam 0,5 eae. % Castament FW 10

Takum yMHOM, Ha TiICTaBi MPOBEACHOTO JOCITIHKEHHS MTOKa3aHo, 10 J0IaBaHHS
po3pimkyrouoi gobasku 0,5 Bar. % Castament FW 10 mo reomomimepy, mo MiCTHTB
40 06. % opraniuHoro wmactuia, 3abe3nedyye 3al0BUIBHY TEKYyYiCTb, CIPHITIUBY

CTPYKTYpY Ta BU3HAUa€ MPUHHATHI TOKa3HUKU BIACTUBOCTEH.
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METO/ BUSBHAYEHHS BEPXHIX 'PAHUIIb BMICTY YPAHOBHUX
KPUCTAJIIYHUX ®A3 B JIABOIIOAIBHUX ITAJIMBOBMICHUX
MATEPIAJIAX 4-ro BJIOKY YAEC HA OCHOBI JAHUX
PEHTI'EHIBCBKOI JTU®PAKIIII

AKuranwk 1.B., Kynaaii B.I'., I'abeaxos C.B.

[HCcTHTYT TpobIIeM Oe3nekn aToMHuX enekrpocTtaniii HAH Ykpaiau, YoproOwb,
I_zhyganiuk@nas.gov.ua

KinpkicHa oIliHKa BMIiCTy KpuCTaimiuHux (a3 B OararodasHUX Marepiajax €
aKTyaJbHOIO 3a/Jaueto B 0OaraTboX MNpUKIagHUX oOjacTsax. Tak, saBomomaioHi
NaJIMBOBMICHI Martepiajiy, IO yTBOPWJIHMCH Mia 4ac aBapii Ha 4-my Omoui YAEC,
HaJeXaTth 10 Oararoda3HUX MaTepiajiB 3 HU3bKUM iX BITHOCHHUM BMICTOM.

O06poOka ekcriepuMEHTATBHUX JAHUX B METO1 PEHTTEHIBCHKOTO (ha30BOT0 aHAJII3y
BiJIirpa€e Ba)UIUBY POJIb MPHU BU3HAYCHI HASIBHOCTI Ta KUIBKICHOTO BMICTY KPUCTATIYHUX
¢a3. BcraHoBneHO, MO KOPENSMiiHI METOAM OOpOOKH JaHWX JIEMOHCTPYIOTH BUCOKY
e(eKTUBHICTh MPU BUPIIICHHS MOAIOHMX 3a1ad. B npenacraBieHii poOOTI BUKOPUCTaH1
Mo i (piKOBaHI METOH OOYUCITIOBAIBHOT CTATUCTUKH. i METOIM TO3BOJIMIN BUIALUTUTH
cnalki BimoOpaskeHHs Ha (POHI MIYMOBOI CKIAA0BOi. TakuM crocoOOM YMOXKIUBUIIU
OLIIHKY BMICTy KpHUCTaJIiuHUX (a3 MpH iX HU3BKOMY BiJHOCHOMY BHecKy. Came 1e €
TOJIOBHOIO MIEPEBArolo 3alpornoHOBAHOTO METOTY.

Po3paxyHku [u1st BU3HAUYEHHS BMICTY KpUCTaNi4HUX (a3 moOynoBaHO HAa OCHOBI
METO/IB  KOMI'IOTepHOi  (oOumciroBainbHOi) cTraTUCTHKU. OIiHKa  KOpesiiit
moudikoBanumu Metogamu (bootstrap, permutation test) mixk 100pe cKOpeabLOBaHUMHU
BUOIpKaMU JO3BOJIMJIA OTPUMATH MPHUHILUIIOBO HOBHM pe3yibTaT: BiANOBiAHI
BIZTHOIICHHSI KOE(IIi€HTIB KOpEsii BUSBUINCH YyTIMBUMHU 10 aOCONOTHUX 3HAYCHb
eNleMEeHTIB BUOIpOK, TOOTO 710 iIHTEHCUBHOCTI BigoOpakeHs [1, 2].

BusHaueHo BMICT ypaHOBUX KpHUCTaTIYHUX (a3 13 EKCHepUMEHTAIbHUX 1
MOJIENIbHUX BUOIPOK JAHUX PEHTTeHIBChbKOI Audpaxiii kopuuHeBoi kepamiku JIIIBM.
BcranogieHo, 1110 oTpuMaHi BEpXHi FpaHUYHI 3HAU€HHS BMICTY IIUX KPUCTaIIYHUX (a3 B
nocrmimkenux 3paszkax JITIBM y3romkyroThes 3 ONPUITIOAHEHUMH paHillie pe3yabTaTaMu.

Jlitreparypa:

1. A. D. Scorbun, S. V. Gabielkov, I. V. Zhyganiuk, V. G. Kudlai, P. E. Parkhomchuk, S. A.
Chikolovets. Method of X-Ray diffraction data processing for multiphase materials with low
phase contents // Ukrainian Journal of Physics 2019, 64, 862.

2. S. V. Gabielkov, I. V. Zhyganiuk, A. D. Skorbun, V. G. Kudlai, B. S. Savchenko, P. E.
Parkhomchuk, S. O. Chikolovets. Possibilities of the X-ray diffraction data processing method for
detecting reflections with intensity below the background noise component // Powder Diffraction
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METHODOLOGY FOR DETERMINING ASH CONTENT AND
COMPOSITION OF FLUE GAS DURING THE COMBUSTION OF NUCLEAR
PLANTS GRAPHITE

12Simeiko K., 3Lobach K., 1Skoblyk O., “Bondarkov M., 'Doroshenko A.,
'Havrylenko V.

YInstitute for Safety Problems of Nuclear Power Plants, National Academy of Sciences
of Ukraine, Chornobyl, Kyiv region, Ukraine, k.simeiko@ispnpp.kiev.ua

2The Gas Institute, National Academy of Sciences of Ukraine, Kyiv, Ukraine,
k_simeyko@ukr.net

3National Science Center “Kharkiv Institute of Physics and Technology,” Kharkiv,
Ukraine, lobach0709@gmail.com

“Chornobyl Center for Nuclear Safety, Radioactive Waste, and Radioecology,
Slavutych, Kyiv region, Ukraine, mbondarkov@chornobyl.net

Reactor graphite constitutes one of the largest portions of solid radioactive waste
accumulated worldwide, making the search for methods to manage it a pressing scientific
challenge. The two most commonly considered options for handling irradiated spent
graphite (ISG) are isolation with subsequent disposal and combustion [1].

A critical task in developing strategies for ISG management is the study of its
properties and characteristics.

The Institute for Safety Problems of Nuclear Power Plants of the National Academy
of Sciences of Ukraine, in collaboration with the National Science Center “Kharkiv
Institute of Physics and Technology,” the State Scientific Institution “Chornobyl Center
for Nuclear Safety, Radioactive Waste, and Radioecology,” and The Gas Institute of the
National Academy of Sciences of Ukraine, has developed a methodology for determining
ash content [2] and the composition of flue gas [3, 4] during graphite combustion. The
combination of these two methods will allow simultaneously determining both the
composition of the flue gas (including isotopic) and the ash content of the processed
graphite. Preliminary experimental testing has been carried out on pure graphite.

In the future, it is planned to construct a prototype of a laboratory facility and test
it with subsequent use to determine radioactive isotopes in irradiated graphite. The
determined isotope composition will be used in the development of proposals for the
management of irradiated graphite from nuclear facilities.
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Acknowledgments: This scientific study is related to the project “7121” financed by the
Science and Technology Center in Ukraine.

87


mailto:k.simeiko@ispnpp.kiev.ua
mailto:k_simeyko@ukr.net
mailto:lobach0709@gmail.com
mailto:mbondarkov@chornobyl.net

THE RELEVANCE OF THE PROBLEM OF MANAGING IRRADIATED
GRAPHITE FROM NUCLEAR REACTOR SITES

1L2Simeiko K.V.,'Tiehkaiev Y.T., 1Dorman O.Yu., 2Khovavko O.1., IKhvalin D.I.,
3Kolodiy 1.V., *Malyi Y.V.
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The Gas Institute of the National Academy of Sciences of Ukraine, Kyiv, Ukraine,
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3National Science Center "Kharkiv Institute of Physics and Technology", Kharkiv,
Ukraine, giao@ukr.net

“Institute for Nuclear Research of the National Academy of Sciences of Ukraine, Kyiv,
Ukraine, evgen.malyj@gmail.com

Nuclear graphite is a polygranular graphite material used in nuclear reactor cores,
made of high-purity graphite carbon.

Nuclear reactors with graphite moderators have been built in Ukraine, the United
Kingdom, the United States, China, Japan, France, Lithuania, and other EU countries.
Currently, graphite is a structural and functional material in Generation 1V nuclear power
systems, in particular in high-temperature gas-cooled (HTR, HTGR, VHTR) and liquid
salt reactors (MSR).

Currently, the reactors of the Chornobyl NPP (RBMK-1000) and Ignalina NPP
(RBMK-1500) power units are in the process of being decommissioned. At the Chornobyl
NPP alone, more than 5.4 thousand tons will need to be dismantled in the near future.
spent reactor graphite, with a total activity of about 1,2-10* Ki and a total fire load of
2-10° GJ, which poses a potential threat to personnel and the environment [1].

Today, there are no proven and approved technological solutions for dismantling
graphite masonry in world practice, and industrial methods for managing irradiated
graphite. Existing developments have a number of shortcomings, including the release of
gaseous CO, with the radioactive isotope *C, the use of harmful substances, the
complexity of technological design, etc. When planning measures for managing irradiated
graphite, it is necessary to take into account the type of reactor, the characteristics of
graphite, the features of its operation and storage [2].

Managing irradiated reactor graphite after decommissioning of uranium-graphite
reactors is an urgent scientific problem and requires the search for real technological
solutions.
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orJjsaa METOAIB BUBHAYEHHSA 3AJIMINKOBOI'O EHEPT'OBUIIJIEHHSA
ONNPOMIHEHOI'O AJEPHOI'O ITAJIMUBA

Jlagan C.II., Bopucenko B.I.

KuiBchkuii Akagemiunmii YHiBepcuret, M. KuiB, Ykpaina, sergeyladan@gmail.com

3aymmkoBe eHnepropuauieHHs (3E) ompomiHeHOro/BiAmpanbOBaHOTO — SACPHOTO
nanuBa (OSIIL, BSII) Bu3HauaeTbes PagiOaKTUBHUM PO3MAJOM HPOAYKTIB MOAUTY 1
TpaHcypanoBux i3otomiB. OcHoBHa 4yactuHa 3E (B mepmri ~10 pokiB 3 MOMEHTY
npunuHeHHs onpominenHss BAII) BusHauaeTbesi eHepriero - 1 y-BHIPOMIHIOBAaHHS
nponykrtiB moxiny. Jons B 3arampHomMy 3E Big po3mamy TpaHCYpaHOBUX 130TOINIB
30UTBITY€EThCS MicIs 3ymuHy sinepHoro peakropa 3 ~0,01 % mo ~1 % mporsroMm poky
30epiranns BAIL 1 go Busnawanbnoi ~90 % mnpotsarom ~200 pokiB. [ns sgepHoro
peaktopa «Ha nmotykHocti» noist 3E B 3aransHomy eneprosuminenai OSII ckiagae 1o
~7 %.

B po6Goti mpoBeaeno mnopiBHsHHSA 3HadeHnp 3E OMI/BSAIL, BusHaueHoro y
BIIMOBIAHOCTI 10 craHmapty [1] 1 Ha ocHOBi MoxemoBanHs y koiai SCALE [2];
PO3MIISTHYTO OOMEXXEHHS 3aCTOCYBaHHs CTaHIapTy [1]; AJis onepaTUBHOIO BU3HAYEHHS
3E OSII/BAII 3anponionoBano monenb BusHaueHHs 3E OSI/BAIL y BianoBigHOCTI 10
[3].

[Tposeneno mopemtoBanHs notyxHocti 3E TB3 (TBCA, 4,4 %), orpuMaHux B
npunymenai cranaapty [1] (mocriiina muroma motyxHicte TB3 y 40 MBt1/t U) no
Buropanas 6 MBt 1/t U, a Takox aJis ABoX aHayoriyaux TB3, siki qocsrin BUTOpaHHS
6 MBT 1/t U, ane npu nuromiii noryxxunocti y 20 MB1/T U 1 80 MBT/T U.

AHami3 OTpUMaHUX PE3yJbTATiB MOKa3ye, M0 MPUIYIICHHS cTaHaapty [1] mpo
CYTTEBHI BIUIMB Ha 3HAYCHHS MOTYXXHOCTI 3E TINBKH AOCATHYTOTO PiBHS BUTOPAHHS Y
AJIpHOMY TaJKBi, € He KOpPEeKTHHUM. Y mepuii ~10 pokiB 3 MOMEHTY NPHUIHMHEHHS
eKCIUTyaTalli sAepHOro NajuBa, MOTY)KHICTh 3aJIMIIKOBOIO €HEPrOBUIUIEHHS CYTTEBO
3aJIeXKITh 1 B1J rpadiky HaBaHTA)XXEHHS sJIepHOTO MalKBa IMiJ] 4ac Horo ekcryaTamnii [4,
5].

Tak nanpukian, notyxHicte 3E TB3 3 nuromum HaBanTaxkenHsm 80 MBTt/T U,
outpmie Hix 11 TB3 3 mutomum HaBanTtaxkenHsMm 40 MB1/T U: uepe3 1 nenp Ha 82 %;
yepe3 10 aniB Ha 66 %; uepe3 100 aniB Ha 31 %; yepe3 200 nHiB Ha 25 %; uyepes 1 pik
Ha 15 %; uepes 2 poku Ha 7 Y.

Jns omnepartuBHoro Bu3HaudeHHs notryxkHocTi 3E TB3 y BinmosimHocTi 10
¢akTuuHoro rpagiky HaBaHTaxeHHs TB3 mix vac ii ekciulyaTauii 3amporoHOBaHO
peanizyBaTi MOJIEN Y BIIMOBIAHOCTI A0 [3].
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THE CUTOFF POSITIONS FOR THE FAST MAGNETOSONIC WAVE IN A
NONUNIFORM MAGNETIZED PLASMA
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V.N. Karazin Kharkiv National University, Kharkiv, Ukraine, oleksandr.trush@karazin.ua;
2V/.N. Karazin Kharkiv National University, Kharkiv, Ukraine, igorgirka@karazin.ua,

30ak Ridge National Laboratory, Oak Ridge, USA, tierenswv@ornl.gov

To determinate the cut-off frequency of FMSWs for given uniform plasma
parameters (plasma contents, values of external static magnetic field and plasma particle
densities) the following relation is used [1]:

NZ = N? — N2 = 0. (1)

In a nonuniform magnetized plasma, the condition (1) is applicable only for
determining coordinates of the cutoffs positions of the FMSW field components Ey and
Hx with poloidal wavenumber ky = 0. The positions of the cutoffs for other FMSW
components with ky =0 and all FMSW components with ky =0 cannot be determined
from condition (1) in a nonuniform magnetized plasma, especially in a scrape-off layer
of tokamaks.

The conditions to determine the cutoffs for FMSW field components with k,, # 0
read [2]:

2

S —NZ)(2DD'—=N,D" + N3’
s = N ' 2 )—ZS’l +4(S - N2) x

Y7 D?=N,D" + Nz(S — N2)
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1\ 2
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T
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K(S—NZZ—D)(S—NZZ+D)>l TG -NZ-D)S—-NZ+D) |
[ NZ(5-NZ2) ( NyD )'] _
1 J —0,

" (s-N2-D)(s-N2+D)  \(S-N2-D)(S—N2+D)

“4)

where eq. (2) should be applied for the components E, and H,, eq. (3) — for E,, and H,,

and eq. (4) — for H,. In (2)-(4) S and D are components of permittivity tensor for cold
collisionless plasma [1], N,, , = ck,, ,/w are poloidal and toroidal refractive indices, c is

speed of light in vacuum, w is the wave angular frequency, prime denotes dimensionless
derivative cd/d(wx). Coordinates of the cutoff positions depend on the gradients of
plasma parameters rather than the values of these parameters themselves.
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PO3BUTOK MOPUCTOCTI TA CTPYKTYPHI 3MIHU Y
KBA3IKPUCTAJIIYHOMY MOKPUTTI HA CTAJII IPU OITPOMIHEHHI
BOJHEBOIO IIJIA3MOIO

'Kongparenko B.B., 'Konuiens I.A., 'Maauxin C.B., ‘Pyquenko C.O.,
!Cyposuunknuii C.B., 'Konoroncoknuii JI.€., llnaxos 1.,

Maxuaii B.O., T'apkyma I.€., TI'epamenko C.C.

'Hanionansnuii Texuiunmii ynisepcureT «XapKiBChKHil IOMITEXHIYHMIA IHCTUTYT,
sergeymalykhin19@gmail.com

2 InctutyT isuxu nnazmu HHIL «XapkiBehkuii (i3sHKo-TeXHIYHUI iHCTUTYT»,
XapkiB, YkpaiHa.

Meroro  fociifkeHHs OyJl0 BHUBYEHHS PO3BUTKY BOJHEBOI IOPHUCTOCTI,
XapaKTePUCTHK CTPYKTYpH Ta CYOCTPYKTYpH KBa3iKpUCTaTI4HOI (a3, 0COOIMBOCTEH
(ba30BOro nepeTBOPEeHHs KBa3iKpucTany Ha 2/1 KpucTan-anpoKCUMaHT CTUMYJIbOBAHOTO
ONPOMIHEHHSIM BOJHEBOIO TUIa3MOI0 B paMkax [Iporpamu €BpodwrokeH-YKpaiHa, 1o
nepezadayvae BUIPOOYBaHHS CydacHHUX MEPCIEKTUBHUX MaTepiaiB. CTaBUIOCS 3aBAaHHS
3aXHUCTy TIOBEPXHI €JIEMEHTIB TEPMOSIEPHOTO peaKkTopa, Mepuioi CTIHKK Ta TUBEpTOpa
BiJl IHTGHCHMBHOTO Ta HAIPy)KCHOI'O0 BIUIMBY TeIla Ta pamiamii (Turasma, remid Ta
HeiTponn). [y nporo Oyio BupimeHo 3rigHo 3 HaykoBoto [Iporpamoro MOH VYkpainu
IPOBECTH MPHKIIAAHE JOCITIKEHHS 13 BUKOPHCTAHHAM MOKpHUTTIB Ti-Zr-Ni cucremu 3
KBa3IKPUCTAIIYHOI0 Ta POAMHHUMHU KpHUCTATIYHUMH (a3zamu. [IOKpUTTS TOBIIMHOIO
5,7 MKM BUTOTOBJISUIM METOAOM IPSIMOTOYHOI'O MAarHeTpOHHOI'O PO3NUJICHHS MIilIeHl
ckinany Ti41Zr38,3Ni20,7 (ar.%). JerampHa iH(OpMaLis Tpo Crmocid OTpUMaHHS
MOKPUTTIB Ta JOCIIJKCHHSI BUXITHOTO CTaHy ABOX 3paskiB, Biamanenux mpu 500 °C i
700 °C mano B [1]. ¥ nepmiomy 3pa3ky Oyna chopmoBaHa KBa3ikpucTaiidHa (asa, a B
IpyroMy cCymill KpuctamuHux ¢a3. ONpoMiHEHHS TMOTOKOM BOJHEBOI IUIa3MU
BUKOHYBaJIM Ha KBa3icTallloHapHOMY IutazMoBoMy mpuckoproBadi KCIIIT X-50 (HHII
X®TI). OcHOBHI mNapamMeTpu IJa3MOBOTO ONPOMIHEHHS: TEIJIOBE HaBaHTAKEHHS
cranosmno 0,2 MJIx/M?, 1110 BU3HAYKIIO TEMIIEpATypy MOBEPXHi 3paskiB He Buiie 590 °C
[2], enepris yaapy ionis 6mm3bko 0,4 keB, motik ionis Boamio - dumoenc = 1018 cm?,
MakcumanbHa KIJTbKICTh IMITYJIbCIB cTaHoBIIIA 20. CTpyKTYpHUH cTaH Ta (ha30BUM CKiIaa
JOCIIJKYBaIM METO/I0M PEHTI€HO-CTPYKTYPHOTO Ta €JIEKTPOHHO-ONTUYHOIO aHali3y.
Busuenns mop¢osiorii moBepxHi Ta NONEPEUYHUX 3pi3iB IPOBOANIN METO/IOM CKaHYIOUYO1
eNeKTPOHHOI MikpocKkomi Ha mpuiaai Zeiss Sigma SEM. [list enekTpoHHOT MiKpoCKoTii
Ta Mikpoaudpaxuiii Bukopucroysaiu JEOL JEM2100.

OTtpuMmaHi AaHi PO PO3BUTOK BIAKPUTOI BOJHEBOI MOPUCTOCTI B 3pa3Kax, PO3MOALT
nop MO Tepepidy 3pa3KiB, 3aJIEKHICTH (OpMyBaHHA TOp BiA (Ha30BOro CTaHy,
0co0IMBOCTI (OpMYBaHHS TPIIIMH B 3pa3zkax, MpO 3arajbHy jAedopMariito MOKPHUTTIB
HiC/sl OMPOMIHEHHS Ta MPO OCOOJIMBOCTI CTUMYJIbOBAaHUX (Da30BUX IEPETBOPEHD,
3MIHEHHSI TapaMeTpiB CTPYKTypu ¢a3 Ta iX CyOCTpYyKTYPHHX XapaKTEPUCTHK SK
IHTErpaibHO, TaK 1 10 TOBIIUHI 3pa3KiB.
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FAST SWEEPING TECHNIQUE USING RFA (RETARDING FIELD
ANALYZER) FOR ION TEMPERATURE MEASUREMENT OF
FLUCTUATING PLASMA IN FUSION DEVICES
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2\/.N. Karazin Kharkiv National University, School of Physics and Technology,
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$Max Planck Institute for Plasma Physics, Garching, Germany,
artjem.titarenko@gmail.com

The critical region for fusion studies is the scrape-off layer (SOL) where plasma
exhausts occur and take place interactions with device elements. Therefore, precise
measurements of parameters of this plasma region are vital for tokamaks and stellarators
design and confinement. One of the important parameters is ion temperature, and it is
usually measured by a retarding field analyzer (RFA).

The SOL plasma exhibits strong intermittences caused by instabilities with
characteristic time of 1 ms or less. Traditional techniques for analyzers operate at 100 Hz
or slower and apply simple averaging to the data [1]. This approach only smoothes the
data distorted by frequent instabilities, which distances the result from the real ion
temperature. Thus, it was shown at ISTTOK that turbulence increases apparent Ti by up
to 30% [2].

To overcome these challenges, fast sweeping RFA was developed. Increasing the
sweep rate up to 10 kHz allows us to match the cycle rate of ELMs and blob fluctuations
to obtain a detailed time evolution of Ti. An RFA uses a retarding voltage on a grid to
filter ions by energy. By sweeping Vg1 generates an I-V curve from which exponential
decay slope Ti is calculated. Fast sweeping produces many I-V curves per discharge,
unlike the single averaged curve from slow sweeps, enabling detailed analysis of turbulent
effects by using statistical methods.

Comparing 100 Hz and 10 kHz approaches showed that altering only the sweep rate
with standard averaging does not change Ti. The key advantage of fast sweeping is its
ability to generate numerous I-V curves at 10 kHz, enabling the reconstruction of a
probability density function (PDF) of Ti. This method’s outcome depends on boundary
conditions. Fixed bounds (Icoll > 0, 5 V < Vgrl < 50 V), which ignore fluctuations,
produce a peak Ti of 17-19 eV, aligning with traditional averages. Dynamic bounds (0 <
Ieon < 0.5 Imax), increase T; to 35-60 eV, reflecting turbulence effects[1]. These higher T;
values, consistent across ASDEX Upgrade’s RFA diagnostic, better capture turbulence’s
thermal impact. Thereby, this approach can be applied to determine the ionic temperature
of fluctuations.

This pairing of fast sweeping with PDF analysis is essential for accurate Ti
measurements in turbulent SOL plasmas. For future devices like ITER, where SOL
turbulence affects heat load control, enhancing this method could provide deeper insights
into plasma behavior.
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STUDY OF GLOW DISCHARGE PLASMA PARAMETERS AT URAGAN-2M
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1Korovin V.B.

!National Science Center "Kharkiv Institute of Physics and Technology"”, Kharkiv,
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2Angstrom Laboratory, Uppsala University, Uppsala, Sweden

Cleaning of internal vacuum surfaces is an integral part of experiments of fusion
facilities. Various methods are used for this, one of the most commonly used is the method
of wall conditioning using glow discharge plasma [1-2], since it is effective and has
technical simplicity. On the Uragan-2M stellarator [3] a glow discharge cleaning system
was developed and implemented [4].

This paper presents the design and technical details of the upgraded glow discharge
cleaning system at Uragan-2M stellarator and the results of the first experiments in an
argon atmosphere. A new anode system has been developed and manufactured, which
includes two identical anode units. The form of anodes is mimicking to the form of anodes
on the world's largest stellarator Wendelstein 7-X. The experiments were carried out in
the pressure range ~ 0.1 - 14 Pa, at discharge currents of 0.1 - 1 A. Measurement of plasma
parameters along the radius of the vacuum chamber was carried out by a triple probe. The
plasma density was up to =~ 10*® m™, electron temperature up to =~ 20 eV. The charge and
elemental composition of the plasma was determined by optical emission spectroscopy.
The obtained results are discussed.

Acknowledgments:

This work has been carried out within the framework of the EUROfusion
Consortium, funded by the European Union via the Euratom Research and Training
Programme (Grant Agreement No 101052200 — EUROfusion). Views and opinions
expressed are however those of the author(s) only and do not necessarily reflect those of
the European Union or the European Commission. Neither the European Union nor the
European Commission can be held responsible for them.

The work is supported by the National Research Foundation of Ukraine under Grant
No. 261/0101 "Critical issues for stellarators as fusion machines"”, as a result of the
"Excellent Science in Ukraine™ competition.

References:

1. T. Wauters et al. Wall conditioning in fusion devices with superconducting coils // Plasma
Physics and Controlled Fusion, 2020, 62, 3, 034002.

2. J. Winter. Wall conditioning of fusion devices by reactive plasmas // Journal of Nuclear
Materials, 1989, 161, 3, p. 265-330.

3. Yu. V. Kovtun et al. ICRF plasma production in gas mixtures in the Uragan-2M stellarator //
Fusion Engineering and Design, 2023, 194, 113887.

4. Yu.V. Kovtun et al. Design and application of glow discharge cleaning at Uragan-2M
stellarator // Problems of Atomic Science and Technology. Series “Plasma Physics” (27). 2021,
no.l, p. 19-24.

93


mailto:martsenyuky@kipt.kharkov.ua

AHAJII3 CTPYKTYPHU BUXITHOI'O CTAHY BOJIb®PAMY TA
CIIJIABY W -5 %Ta

'Manuxin C.B., 2I'apkyma I.€., Maxuaii B.O., °I'epamenko C.C.,

3Psibokinb M.C., !Cyposununkuii C.B., 'Konoroncokmnii JI.€.

'Hanionanshuii Texuiunmii yniBepcureT «XapKiBChKHil IIOMTEXHIYHMIA IHCTUTYT,
Incturyt disukn miasmu HHIT «XapkiBchknii hi3nKo-TeXHIYHMI iHCTUTYTY,
$XapkiBchkuii HallioHaNbHUIA Hearoriynuii ynisepcutet imeni I'. C. CkoBopoaw,
Xapkis, Ykpaina, Serhiy.Surovitskiy@khpi.edu.ua

TpuBamicTh ekcruryaTallii MarepiaiiB, 1[0 KOHTAKTYIOTh 13 IJIa3MOI0, € OJHHM 13
KJIIOYOBMX YHMHHHUKIB YCHIIIHOI peaji3aiii HpOeKTy TepMosijepHoro peakropa [1].
Boasdpam OyB oOpanwuii sik ocHoBHMI Matepian 1 nusepropa ITER 1 DEMO 3aBnsiku
CBOIM yHIKQJIbHMM BJACTUBOCTSAM: BHCOKId TEIUIONPOBIIHOCTI, MIIHOCTI Ta
TEepPMOCTaOUIbHOCTI, BUCOKIN TeMIiepaTypl peKpucTamizailii, a TaKok BHCOKOMY MOPOTY
PO3NMJICHHS MiJ BIUIMBOM BOJHIO. B maHiili poOOTI IOCHiIKyBalld XapaKTEPUCTHKU
CTPYKTYpPHOT'O Ta Halpy>KEHOTO CTaHy 3pa3KiB Bosibppamy Ta Horo cruiay W - 5 %Ta.
JleryBaHHSI TaHTAJIOM MAa€ Ha METi MOKPALIUTH MEXaHIYHY MIIHICTh BOJIb(paMy IMpH
BHUCOKHUX TEMIIEpaTypax, CTINKICTh JI0 MJIa3MOBOI €po3ii, MIIaCTUYHICTb.

JlocmiKeHHsT CTPYKTYPH BUKOHYBAJIM METOJIOM PEHTTCHIBCHKOT'O CTPYKTYPHOTO
aHanizy. PeHTreHiBChbKi CIIEKTPU OTPUMYBAIH MPOBOAMIN Ha AudpakTomerpi JPOH-2.
Jnis  BHU3HAYCHHS MAaKpOHANPYXXEHb BHKOPHCTOBYBAIM METOJ  PEHTTEHIBCHKOL
TeH3oMeTpii. a-Siny- croci6 103BoNse BUMIpIOBaTH BiZHOCHY AedOpMAIli0 B Pi3HHX
HanpsiMkax. OOpoOKy eKCHepUMEHTaJbHO OTPUMaHUX TNPOQUIiB TPOBOAMIN 3a
nornomororo mporpamu «New Profile» Bepcis 3.4 mns Windows, po3poOieHoi B
peHTreniBebKiit madoparopii kadheapu OMIT HTY «XI1l». KonTpomtoBanu noja0KeHHs,
MIMPHHY 1 PO TUPpaKLIHHUX JTiHIH.

3a JaHMMM JOCHIKEHb Y BUXIJTHOMY CTaHI 3pa3KiB HasBHAa TEKCTypa. 3T1JIHO
PO3paxoBaHOl MOJTIOCHOT IIUIBHOCTI BCTAHOBJIEHO, 110 Y 3pa3Kax € JIBl OCl TEKCTYpH, a
came [100] Ta [111]. ¥V BuxigHOMY CTaHi y 3pa3Kax Jil0Th 3aJHMIIKOBI MAKPOHAIIPYKECHHSI
cTHCHeHHs. Taki Hanpy>KeHHS] BUHUKAIOTh MpH NUTiQYBaHHI Ta MOJIpyBaHHI MOBEPXHI
3pa3kKiB. 3a3HaUMMO, 10 y BUXIJTHOMY CTaHI epioj] KPUCTAIIYHOI peuIiTKy ynuctoro W B
HEeHarpyxeHoMy nepepisi craHoBuTh 0,31646 HM, a B crutaBi W — 5 %Ta - 0,31703 Hwm.
[Mapametp acumerpii audpakimiiHoro Makcumymy (0B), sikuii BBemeHwid B [2] sk
BiJTHOILIEHHSI Pi3HUILI JIIBO1 Ta MPaBO1 YACTUHU 110 BiTHOIICHHIO 0 BEPIIMHHA Ha TOJIOBUHI
BUCOTH /0 Bciel mupuHH. [laHuil mapameTp XapakTepu3ye HasBHICTh J0AATKOBOTO
Tudy3HOro MakcuMyMmy. Y BUXIIHOMY cTaHi OB craHoBuTh 5 %, IS 4HCTOTO
Boib(ppamy. Taka acumeTpis oOyMOBJIE€HAa HAasBHICTIO JU(PY3HOTO MaKCUMYMY,
PO3TAIIOBAHOIO JIIBOPYY BiJl OCHOBHOTO. Takuii 1uy3HUN MaKCUMyM yTBOPIOETHCS MIPU
PO3CIisiHI PEHTI€HIBCHKUX NMPOMEHIB Ha KOMIUIEKCAaX TOUYKOBUX JE(EKTIB BaKaHCIHHOTO
tuny. Aney 3pasky W —5 %Ta 6B=-0,2+0,1%, 1110 cB1T4UTb IIPO BIICYTHICTh KOMILIEKCY
TOYKOBHX J€(PEKTIB y 3pa3Ky.
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BOJIb®PAMY TA CILIABY W -5 %Ta IIPU B3AEMO/IIi 3 IOTOKAMM
IMJIA3ZMHA

"Maguxin C.B., I'apkyma 1.€., 2Maxuaii B.O., I'epamenxko C.C.,

3Padokinb M.C., \Cyposuubkuii C.B., 'Konoroncskuii JI.€.

'HanionanbHuii TexHiuHMiA yHiBepcnTeT «XapKiBChKUIA MOMITEXHIYHHUI iHCTUTYTY,
lactutyT Qisuku mwiasmu HHI] «XapkiBcbkuii Gi3UK0-TeXHIUHMIA IHCTUTYT,
3XapKiBCLKI/H71 HallloHaJIbHUHN TieaaroriyHuil yaiepcutet imeHi I'. C. CkoBopoy,
XapkiB, Ykpaina, Serhiy.Surovitskiy@khpi.edu.ua

PobGoTa € mponoBXKEHHAM TOMEpeHiX poOIT, Nie NpOoaHAII3yBald CTPYKTYpPY
3pa3KiB y BUXIZHOMY cTaHi. PesyiapTaTH poOOTH TpEACTaBIICHI y Te3ax JaHoi
KoH(pepeHmii. JlocmikeHHs BIUIMBY MOTOKIB IUIa3MH B IMITalliHHUX €KCIIEPUMEHTaX 3
MO/ICJIFOBAHHAM KOPITYCKYJISIPHO-€HEPreTHYHUX HaBaHTAXEHb B MEPEXiHUX pexUMax
po6otu ITEP mpoBommnocsi Ha ekcriepumeHTansHoMy ctenai KCIIIT X-50. Temnose
HABAHTAKEHHSA HA MOBEPXHIO 3pa3ka cTaHoBWI0 0,75 MJI-M? B OJHOMY iMITyNbCi , a
KUTBKICTh iMIyJIbCiB ocsrana moctynoBo 100. JlocmikeHHsST CTPYKTYpH BHKOHYBAJIU
METOJaMU PEHTIreHIBChbKOI nugpakTomerpii. KOHTpotoBaIy MONOXKEHHS, LIMPUHY 1
dopmy mpodimro audpakiiitHMX TiHiNA. 3aNMIIKOBI HATIPYKEHHS BHM3HAYANH a-Sin‘y-
CIOCOOOM.

BcraHoBieHo, 110 miciis ONPOMIHEHHS BOJHEBOIO IUIa3MOIO THUIl TEKCTYypU HE
3MIHIOETbCS. B moBepXHEBUX IIapax pO3BUBAIOTHCS MAaKpOHANPY>KEHHS PpO3TATY.
Bakaemo, 110 mpUPOI0I0 UX MAaKPOHANPYKEHb € HEOJHOPIIHUI HArpiB MaTepiary 1mo
rbuHi. IIporec onmpomiHEHHS MPU3BOAWTH 0 HEBEIMKOTO 30UIBIICHHS 130TPOIHOL
CKJIaJIOBOI Tepioy KpUCTATIuHOI penniTKH ao. ONpOMiIHEHHS PU3BOAUTH 10 3MiHEHHS
napameTpy acumeTpii 10 6B = -6 % ans ynuctoro Bonbhpamy, Ta 0B = -5 % s cruiaBy
W -5 %Ta. Taka 3miHa npodins nudpakuifiHOro MakCUMyMy CBIIYUTBH PO BiAnam
KOMILJIEKCIB BaKaHCIHHOTO THUIy Ta YTBOPEHHsS KOMIUIEKCIB MIKBY3JOBUHHOIO THITY
[1, 2]. MoskHa 3pOOUTH BUCHOBOK, III0 HArpiTa MOBEPXHS IiJ] 4YaC OMPOMIHECHHS 3pa3ka
CTae JUKepeloM TOYKOBHX AedekTiB. Uepes Te, 10 eHepris akTuBalii pyXy AedekTin
MDKBY3JI0BUHHOTO THIy Ha IOPSIOK MEHIIAa 3a €HEeprito JJs BaKaHCIH, came AeQeKTu
Mi’KBY3J0BHHHOTO THITY € MOOLIBHIIIMMHE. IX pyXy y TMOMHY 3pa3ka CHpHUse HasBHICTh
MaKpOHAINpy>KeHb PO3TATY.

OtpumaHi pe3ynpTaTd € BaXJIMBUMHU JJIs TOAAJBIIOTO BHUBYEHHSA JAaHOI
poOJIeMaTUKH, OCKUTBKU BOHM JI03BOJISIIOTH TIHOIIE 3p03yMITH MEXaHI3MHU CTPYKTYPHUX
3MiH y BoJibpami Ta Horo crutaBax. Lle BigKpuBae MOMKJIMBOCTI IJISi ONTHUMI3AIli
MmarepialliB, a TaKoX CIpHs€e po3poOLi OLIbII CTIHKUX 1 JOBrOBIYHMX KOMIIOHEHTIB
peakrtopiB. [loganpin AOCTIHKEHAS MOXKYTh OYTH 30CEepeDKeH1 Ha TIIHOIIOMY aHai31
BIUIMBY ONPOMIHEHHS IUIa3MOI0 HA CTPYKTYPHI XapakTepUCTUKH MaTepiaiis,
KOHTAKTYIOUHX 3 IJIa3MOIO.

Jlirepartypa:

1. V.A. Makhlai, I.E. Garkusha et al. Damaging of tungsten and tungsten—tantalum alloy exposed
in ITER ELM-like conditions // Nuclear Materials and Energy Volume 9, December 2016, Pages
116-122

2. S.V. Malykhin, L.LE. Garkusha et al. Mechanisms of crack generation in high-pure tungsten
exposed to high power density plasma // Nuclear Instruments and Methods in Physics Research
Section B: Beam Interactions with Materials and Atoms Volume 481, 15 October 2020, Pages 6-
11.
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OPTIMIZATION OF FAST-ION DIAGNOSTIC SETS IN TOKAMAKS AND
STELLARATORS USING DIAGNOSTIC WEIGHT FUNCTIONS
12Kuzmych I.,*Moseev D., Jirleblad H., “Lazerson S.A., *Rud M.,

SValentini A., °Salewski M.

!Max-Planck-Institut fiir Plasmaphysik, Greifswald, Germany

2\/.N.Karazin Kharkiv National University, Svobody sq.4, 61022, Kharkiv, Ukraine
3Department of Applied Mathematics and Computer Science, Technical University of
Denmark, 2800 Kgs. Lyngby, Denmark

“Gauss Fusion GmbH, Munich, Germany

SDepartment of Physics, Technical University of Denmark, 2800 Kgs. Lyngby,
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ivan.kuzmych.extern@ipp.mpg.de

A key component of a burning fusion plasma are fast ions. Tomography methods
are used to reconstruct their distribution function. However, because of the five-
dimensional nature of this function in magnetic fusion devices, it is always
underdiagnosed. The strategic placement of diagnostics of fast ions has been shown to
reduce redundancy and maximize the amount of information from the undiagnosed part
of the fast ion phase space distribution function. We developed methodology to assess the
redundancy between diagnostics of fast ions taking into account the existing geometry.
Introducing a complementary matrix facilitates an assessment of the added value a new
diagnostic would offer to an existing set. The assessment method is based on taking the
formalism of a two-dimensional weight function and reformulating it in terms of motion
constants. This allows us to compare weight functions throughout the plasma. However,
two integrals of motion are insufficient, as particles with the same energy and magnetic
moment can be on different orbits. To address this limitation, we have extended our
analysis to include the lowest longitudinal adiabatic invariant J,. To ascertain the efficacy
of our approach, we compare our results with those derived from the previous research
based on Monte Carlo simulations.
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30HAYBAHHSI ITIJIA3SMU TYYKOM BAXKKUX IOHIB

Mataak . B., 'Ko3zauox O.C.

YacrutyT disuxn nnasmu, Hanionansuuii HaykoBmii ieHTp «XapKiBChKuil (izuko-
TeXHIYHUHN IHCTUTYT», YKpaiHa, XapKiB.

matlak.yaroslav99@gmail.com

3oHayBaHs mIa3Mu mydykoM Baxkux 10HIB (3IITIBI) € nocuth nepcneKTHBHOIO Ta
VHIKaJbHOIO OE3KOHTAaKTHOK AaKTHUBHOIO KOPIYCKYJISIPHOIO JI1aTHOCTUKOIO, — SIKa
3aCTOCOBYETHCS HAa CTEJIapaTopax Ta TOKaMakax, 30KpemMa Ha crejapaTopax Yparan-2M
[1] y Xapkosi Ta TJ-1I [2] B Icmanii, a Takox Ha crenapatopax LHD, Wendelstein 7X,
tokamak WEGA Tta iami. Merox 3III1BI mgiarHOCTHKU IPYHTYETbCS Ha 1HKEKTYBaHHI
OJIHO3APSITHUX TTO3UTHBHHUX 10HIB Ta peecTpallii mapameTpiB ABO3apsaHUX 10HIB. BoHa
JO3BOJIIE OTpUMATH MPO(DUII TYCTHHH IUIa3MH, IMOTCHINANy IJIa3MH, TOJO0inanbHOI
CKJIaJI0OBOI MarHiTHOTo MoJis IJIa3Mu Ta ix ¢uiyktyarii. Ocobausoro nepesaroto 3I1T1BI
IpY IIbOMY € MOKJIMBICTH IPOBOJUTH BUMIPIOBAHHS MOTEHIIANY 1 TYCTHHHU 110 BCHOMY
nepepizy IUIa3Mu, a TakoXX Te€, II0 Ha BiIMIHY BiJf OUIBLIOCTI JIarHOCTHK BOHA €
0OE3KOHTAaKTHOIO JIarHOCTHUKOIO.

Ha cremaparopi TJ-II mparroe monpiviHuii miarHoctuunuii komriieke 3IITIBI,
kUil ckmanaerhes 3 ABox miarHoctuk 3ITIBI1 ta 3IITIBI2. BukopucranHs moaBiiHOT
3IIIBI miarHOCTUKH BiAKPUBAE MUISAX JUIS JTOCTIPKEHHS JOBTO-MacIITAOHUX KOPEAIii
(LRC) enekTpu4HOro MOTEHIaTy, MPOQIII0 I'YCTHHH, TOJI011aTEHOTO MATHITHOTO TOJIS,
MOJIO1IaTTbHOT Ta TOPOiJANBbHOI CTPYKTYpPH TYpPOYJIEHTHOCTI IUIa3MH Ta Pi3HUX THIIIB
HECTIMKOCTI y HeHTpaibHId Ta mnepudepiinid miaasmi. IliaBiiHMN aiarHOCTUYHUI
KOMIUIEKC Ma€ IIMPOKHM J11ara30H CXeM €KCIIEPUMEHTIB 1010 BUMIpIOBaHb apaMeTpiB
Ia3Mu — 1 poOdoTa 000X KOMILIEKCIB y PEXHMI CKaHIB; Y PEKHUMi BHUMIPIOBaHHS B
3a/laHuX TOYKaX, sIK y OJIHAKOBUX, TaK 1 B PI3HHUX, y 3MIIMIAHUX PEXKHUMAX — PEKUM
CKaHyBaHHS Ha OJIHOMY KOMILJIEKC] Ta peKUM BUMIPIOBAHHSA y 3aJlaHil TOYIIl Ha 1HILIOMY.
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Ne72. p. 583-585.

97


mailto:matlak.yaroslav99@gmail.com

NATIONAL CONTACT POINT EURATOM - FUSION

Kovtun Yu.V

National Science Center "Kharkiv Institute of Physics and Technology"”, Kharkiv,
Ukraine, Ykovtun@Kipt.kharkov.ua

In order to solve global and societal challenges of humanity in the medium and long
term it is necessary to develop science and innovation. The key European Union
programme for funding scientific research and innovation is the Horizon Europe
programme [1]. Its main objectives are: to strengthen science and technology, to promote
the innovative competitiveness of the industry, to address global and societal challenges
and others. An additional funding programme to Horizon Europe, which covers nuclear
research and innovation, is the Euratom Research and Training Programme [2]. Which
focuses on: nuclear fusion research and development and nuclear fission, safety and
radiation protection. Joint research on the development of fusion energy is carried out
within EUROfusion's mission as a joint programme within Euratom Horizon Europe [3].

To help increase the participation of Ukrainian researchers and innovators in the Horizon
Europe and Euratom programme, the Horizon Europe Office in Ukraine was established [4].
Within the framework of which National Contact Points were established, including EURATOM
- Fusion [5]. This report provides a brief overview of the programmes Horizon Europe, Euratom,
EUROfusion and the main goals and objectives of the National Contact Point EURATOM -
Fusion.

References:
1.https://research-and-innovation.ec.europa.eu/funding/funding-opportunities/funding-
programmes-and-open-calls/horizon-europe en
2.https://research-and-innovation.ec.europa.eu/funding/funding-opportunities/funding-
programmes-and-open-calls/horizon-europe/euratom-research-and-training-programme_en
3.https://euro-fusion.org/

4 https://horizon-europe.org.ua/uk/home/

5.https://uaineuratom.com.ua/
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ON MECHANISMS OF SOCIETY INFLUENCE ON POWER ENGINEERING
Bardadym T.O.

V.M. Glushkov Institute of Cybernetics of the NASU, Kyiv, Ukraine,
Tamara.Bardadym@gmail.com

Modern power engineering is a specific technical industry, and its functioning
determines the quality of life of the population. Decisions that affect the development of
this industry should be based on the opinions of qualified specialists. Should feedback be
taken into account? Should the population influence at least general decisions, for
example, regarding the location of power plants, their type and capacity, and the
implementation of international emission commitments? What could be the mechanisms
for this influence?

Recently, several main trends have been noticeable regarding the prospects for the
development of power engineering. First of all, these are the issues of technical safety
and vulnerability of nuclear power plants, which were undoubtedly influenced by the
accidents in Chernobyl and Fukushima. The second component is climate change, which
threatens humanity and requires measures to improve the situation. The third is the
development of renewable energy sources and their inclusion in the existing energy
infrastructure to ensure sustainable development. We observe different results from
decisions that were justified.

In France, the decision has been made to increase the number of nuclear power
plants to replace coal-fired ones in order to reduce COa emissions. In Germany, the last
three nuclear power plants were disconnected from the grid on April 15, 2023 [1]. As
indicated in [2], on August 28, 2024, the Swiss Federal Council expressed its readiness
to remove the ban on the construction of new nuclear power plants, which has been in
effect since 2018 (the country continues to use four nuclear power plants), although it had
previously decided to abandon nuclear energy. This decision was supported in a
referendum in 2017, where the government also decided to support plans to develop
renewable energy sources. The government recognizes the necessity of regaining an open
attitude towards all technologies. It should be noted that in Switzerland, many local
initiatives are implemented based on the results of local referendums. However, this is
not the only possible way to take public opinion into account. The electoral platforms of
existing political parties (in which the position on the future of power engineering is
clearly formulated) have significant influence. The author expresses gratitude to Dr. J.-F.
Emmenegger (University of Fribourg, Switzerland) for detailed information on the
mechanisms for studying and implementing realistic approaches. Such mechanisms also
exist in other countries. This experience may be useful because currently, this approach
is not very popular in Ukraine (see [3]).
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OBI'PYHTYBAHHSA ITPOBEJAEHHS HABYAJIBHOI IPAKTUKHA
CTYIAEHTIB BYI[IBEJII)HOi I'AJIY31 HA TIPOMUCJIIOBOMY
MAﬁI[AH‘:[HKY JACII «<4OPHOBUJIBCBKA AEC»

Cenin B.JL., Yabsanos B. 10., Kos6a B.B., bikyc K.M.

VYkpaiHCbKHii Aep>KaBHUHN YHIBEPCUTET HAYKH 1 TEXHOJOT1H, M. [{Hinpo, YkpaiHa,
sedin.volodymyr@ pdaba.edu.ua, uluanovvu@gmail.com,
kovba.vladyslav@pdaba.edu.ua, bikus.kateryna@pdaba.edu.ua

MeToro HaBYaJIbHOI MPAKTUKA € O3HAWOMIICHHS CTYJEHTIB HOBOI ISl KpaiHU
OCBITHBOI TpOTpaMu Jpyroro (MariCTepchbKOro) piBHS BHUIOi OCBITH, a came —
«ByaiBHUIITBO Ta eKCIUTyaTallisi ClOpyA aTOMHOI Ta TEIJIOBOT €eHEPTreTHKNY, BIAKPUTOI B
YAVHT HHI IIJABA y 2024 p., 3 ocobmuBocTssMH OyAiBeTbHUX KOHCTPYKIIIN
eHepro0O0kiB 3 peakropamu tuity PBIIK [lep:kaBHOTO criemiani3oBaHOTO MiAPUEMCTBA
«HopHoOunbcbka AECH.

OCKUTBKH eKCIUTyaTallisi Cliopy BKJIIOYAE HE JIUIIE iX MITPUMKY y HaJICKHOMY
CTaHi, a 1 MOXKIJIMBUN JEMOHTAX y MaOYyTHROMY, BKJIMBO JETATIbHO O3HAHOMHTHCA 3
ICHYIOUMMH KOHCTPYKIIISIMH Ta X TEXHIYHUMHU Xapakrepuctukamu. CTaHIIio BiIBITyIOTh
TypUCTH 3 PI3HUX KpaiH, BOJHOYAC YKpaiHCbKI 3700yBadi OCBITH, SKI MAarOTh
NEepUIOYEProBe MPaBO Ha JOCTYH JI0 TaKUX 3HAHb, YACTO 3AJHUINAIOTHCS OCTOPOHB 1 HE
MAalOTh aKTyalIbHO1 iH(GOpMaIlii PO 1HKEHEPH] CIOPY/IU CTAHIII].

broku 5 1 6, axi 3naxomarecs Ha Tepuropii JCII «HoproOounsceka AEC» Ha
MOMEHT KOHcepBallii mnepedyBalu B CTaHI HE3aBEpIICHOro OyAIBHUIITBA, IO A€
MOYJIMBICTh O3HAKOMHTHUCS 3 KOHCTPYKIISIMU Ha BiJICTaHi, HE BIBIAYIOYH MEXi CaMOT0
00’exty. Ilpu moctatHbOMy OOIPYHTYBaHHi, BIAMOBIAHIN MiATOTOBII Ta HAJIEKHOMY
3a0e3meueHH1, TPOBEICHHS HAaBYAILHOT TPAKTHUKH MOXKIIUBE 1 HA MailIaHYUKy TIEPIIOTO
ta apyroro OnokiB AEC. BingimyBaHHs NpOMHCIOBOTO MaipaHuuka JlepaBHOTO
crierianizopaHoro mignpueMcrBa «YHopuoOunschka AEC» 3 MeToro mnpoBeneHHS
HABYAJILHOT MPAKTUKHU CTyJIEHTaMH OYJiBEIbHOI raiy3i 3iHCHIOEThCS 32 CIeliaTbHIMH
no3Bojamu. [lepen moyaTkom MpakTHKH Mae OyTH po3pobieHa Ta moromkeHa [Iporpama
3 BignoBigaumu ciayx6amu JICIT «YopuoOunschka AECy». besnocepennro Ha
MalaHIUKY CTYACHTH MOXXYTh O3HAHOMHUTHCS 3 KOHCTPYKIIISIME OY/1iBeITh pEaKTOPHOTO
BIJUIUVIGHHS, MAIIMHHOTO 3ajy TYpOIHHOTO IeXy, 1HIIUX JOMOMDKHHUX OymiBeNb Ta
cropyZl. A Takox 31 cropynamu cucteMu oxosopkeHHs AEC: 6104HMMH HAaCOCHUMU
CTaHI[ISIMH, MiBITHUMH 1 BIABIIHUMHU KaHaJaMH, OAIITOBUMU TPaAUPHIMH, OJTOUYHUMU
HACOCHHMMH CTaHI[ISIMU TOJa4i BOJAM Ha rpaaupHi Tomo. llepen moyaTkoMm mpakTUKH
IPOBOAMTHCA BIAMOBIAHUM 1HCTpYKTax criBpodiTHHKamMu JICII «HopHobunscrka AEC»
Mpo MpaBuiia 3HAXO/KEHHS Ha MPOMHUCIOBOTO MalJaH4YMKy. Bumada mo3MMeTpHUYHUX
MpUIaliB € O0OB'SI3KOBOIO Tpolieayporo. Hamanmi mMokivBa oprasizailis aHaJOTidHO1
npakTukyd Ha Onokax 3 ta 4 ¢imii "BII "XwmenbHHIIbKa aTOMHA €NEKTPUYHA CTAHILS"
AT "HAEK "Eneproarom" s o3HallOMJIEHHS 3 OCOOJIMBOCTSIMU OyAiBEIbHUX
KOHCTPYKILIH eHepro6iokis 3 peaktopamu Ty BBEP-1000.
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IF'EHEPAIIIO

Batwora K.B., Kpyrsakos C./1., Muxaasuyk B.C.

IIpAT «HamionanbHaa eHepreTudHa komnasis "Ykpenepro'"», Kuis, Ykpaina,
batyutakaterina@gmail.com

Y 2022 poui €Bponeiickka Kowmicis mnpencraBuina tian REPowerEU [1],
BIJIMNOBIIHO JI0 SIKOTO TepeadavyaeTbcsl IMIBUJIKUN Ta TIOCTYIIOBUM TEpeXi Bij
KapOOHOMICTKHX JIKepell eHeprii, TAKUX sIK BYTUJUISA Ta NMPUPOIHUH Ta3, 10 YUCTHX, L0
CHPUATHME JIOCSATHEHHIO €BPOIOI0 KIIMAaTHYHOI HEWTpajbHOCTI. B pamkax mpouecy
iHTerpanii 1o €Bponeiicbkoro Coro3y, Ykpaina B3siia Ha ceOe 3000B’s3aHHS LI0JI0
OPUNHATTA Ta JOCATHEHHS 3arajJbHOEBPONEMCHKUX IIiJIeH, a camMe — KIIMaTH4HOI
HeirpanpHocTi 10 2050 poky. YV HamioHansHOMY IUIaHi 3 €HEPreTHKH Ta KJIIMaTy J0
2030 poky [2] BxKe pO3IIIATAETHCS MUTAHHS BUPOOJICHHS Ta BUKOPUCTAHHS BOJHIO B
VYkpaini, M0 COpusTHME 3HIDKEHHIO BHUKHIIB TApHUKOBHX Ta3iB Ta EHEPreTHYHIH
HE3aJIeKHOCTI.

V¥ mnani REPowerEU 3a3nagaeTncs, 0 BOJICHb PO3IIISAAETHCS SIK MEPCIIEKTHBHA
aJIbTepHATHBA IPUPOJHOMY Ta3zy. B YkpaiHi )k aKTUBHO PO3BUBA€THCS Fa30Ba reHepaiiis,
sIKa Ma€ MIHIMI3yBaTH HACIIIKA BIHH JJIsi €HEPreTHYHOTO ceKTopy. Y HamionanpHOMY
iaHi 3 eHepretuku Ta kiaiMaty 1o 2030 poky 3a3HaueHo, mo y 2030 poui cymapHa
BCTaHOBJICHA TOTYXHICTh ra3oBoi reHepanii mepesunmts 3000 MBT BigmoBigHO 10
cuenapito WEM. HagiTh yacTKoBe mepeBeIeHHs TaKO1 KiJIbKOCTI ra30BOr0 00JIaHAHHS
Ha BOJICHb BUMAaraTMMe 3HaYHUX 0OCATIB 10r0 BUTOTOBJICHHSI.

Opnumi 13 1paiiBepiB po30ya0BU B YKpaiHi Ta OAATIBIION0 PO3BUTKY 00JaIHAHHS
3 BUTOTOBJICHHS BOJAHIO  (€IEKTPOIi3epiB) MOXYTh cTaTH aMmOiTHI  IUTaHU
AT «<HAEK “Eneproarom™», siki nepeadavaroTs OyAiBHULITBO eHeproOiokiB Ne3 ta Ned
Ha XMenpHULbKIH AEC, 110 BXXe 3aTBEpKEHO Ha 3aKOHOIaBUOMY piBHI [3].

I3 3a3HaueHOro BUILE MOXHA 3pOOMTH BUCHOBOK IPO HEOOXIAHICTh (POPMYBaHHS
yiTKkoro 6auenHsa maitoytapboro OEC Ykpainu, 30kpema, 3 ypaxyBaHHSIM NEPCIEKTUBHUX
MOYJIMBOCTEHN 3 BUPOOHUIITBA POKEBOTO BOAHIO, TOOTO BOJHIO, 10 BUPOOHUIITBA SIKOTO
3aJTy4a€eThCs €IEKTPUYHA €HEeprisd, BUpoOJIeHa Ha aTOMHUX €JIEKTPUYHMX cTaHlisx. Lle
JIO3BOJIMTh F€HEPYIOUMM MOTYKHOCTSIM, K1 MPAIfOI0Th Ha BUKOITHOMY MaJIHBi, 30KpemMa
ra3oBiii TeHepallii, YaCTKOBO 3aMIHMTH IPUPOJHUMN Ta3 Ha POXKEBUH BOJIEHb. ATOMHI
€JIEKTPUYHI CTaHIii, sIKi € HAaHOUIBIINM BUPOOHUKOM €JIEKTPUYHOI eHeprii B YKpaiHi, 3
ypaxyBaHHSIM IJIaHiB 111010 301JIbIIEHHS T€HEPYIOUHX MOTYKHOCTEH MOXKYTh BilirpaBaTH
OCHOBHY pOJIb Y 3JJaTHOCTI MIATPUMYBATH PO3BUTOK BOJHEBOI IHQPACTPYKTYpH 3aBISIKH
CTa0lIbHOMY BUPOOHUITBY €JIEKTPUYHOI €Heprii.

Jlireparypa:

1. EUR-Lex - 52022DC0230 - EN - EUR-Lex. EUR-Lex.

URL.: https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=COM:2022:230:F
IN&amp;qid=1653033742483.

2.HayionanvHuii nian 3 enepeemuxu ma xuimamy Ha nepiod 0o 2030 poxy | Minicmepcmeo
eKoHOMIKU VKpainu.

URL: https://me.gov.ua/Documents/Detail/17f558a7-b4b4-42ca-b662-2811f42d4a3 3?lang=uk-
UA&amp;title=NatsionalniiPlanZEnergetikiTaKlimatuNaPeriodDo2030-Roku.

3. Ypso cxsanue szaxononpoexm npo 6yOienuymeo 060x eHep2obaokie Xmenvhuyvkoi AEC
Minicmepcmeo exonomixu Yrpainu.

URL: https://mev.gov.ua/novyna/uryad-skhvalyv-zakonoproyekt-pro-budivnytstvo-dvokh-
enerhoblokiv-khmelnytskoyi-aes.
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BYJIIBHULITBO AEC IIJ] YAC BIMHU: POJIb KOMYHIKAIIII Y
®OPMYBAHHI CYCHIJIBHOI MIATPUMKH

Koncrantunos A.C., Maptumenko O.C., [Tapxomenko I'.O.

®inis «BII ITAEC», ITiBgennoykpaincek, Ykpaina, office@sunpp.atom.gov.ua

I. Beryn: Enepreruyna Oe3neka sk hyHIaMEHT CTIMKOCTI HaIli.

o AKTYyaJIbHICTh TEMU B YMOBaX BOEHHOTO KOH(DIIKTY:

o PyliHyBaHHs eHepreTuuHoi 1HQPACTPYKTypu Ta 3arpo3a EHEepreTHYHOMY
KOJIAICYy.

o HeoOximHicTh 3a0e3reueHHs CTa0lIbHOTO €HEProNnOCTavYaHHs Jisi KPUTHUYHOT
1HPPACTPYKTYpH Ta HACEICHHS.

o byniBaunTBo AEC sik cTpareriyHuii KpoK 10 €HEPreTHYHOI HE3aJeKHOCTI Ta
HaIlOHAJIBHOT OE3MeKH.

e MeTa nomnosimi:

o Jocmiautu KIOUOBI KOMYHIKamiiHI crparterii mis (opMyBaHHS CYCHUIbHOL
nigTpuMku OyniBauntea AEC B ymoBax BiiiHU.

o BwusHaunTH eeKTHBHI IHCTPYMEHTH MPOTHAIl Ae3iHopmarii Ta popMyBaHHS
HO3UTUBHOTO IMIJKY SJI€PHOI €HEPreTUKH.

II. Bukyku KOMyHIKaIii B yMOBax BifiHH: iHGopMarliiinuii GpoHT.

o AHaui3 iHpopMaIifHOTO TPOCTOPY:

o Ponb comianpHIX Mepex Ta Mezia y popMyBaHHI IPOMaJCHKOI JyMKH.

o BukopucranHs NCUXONOTIYHUX ONEpaLiil sl MOMUPEHHS CTpaxy Ta MaHIKH.

o InTeHcuBHICTH Ne3iH(OpMAITHUX KaMIIaHii, CIIPIMOBAHUX HA TUCKPEIUTAIIIIO
AJIEpHOI EHEPreTUKH.

o Jlesinopmariiitai kamraHii MPOTH aTOMHOT €HEPTETHKU:

o PoznoscromxenHs HenpaBauBoi iHpopmaii mpo OyniBHUITBO XAEC.

o BuxopucTtanss ncuxoJoriYHUX IPUHOMIB.

II. Crpaterii ¢opMyBaHHs CyCHUIbHOI MIITPUMKH: KOMYHIKAIlisl IK IHCTPYMEHT
HaIllOHAJILHOT €JTHOCTI.

o KoMyHiKarlis 3 KJII0O4OBUMH CTEHKXOJI€pAMHU:

o MicueBi rpomaau: iHPOPMYBaHHS PO 3aXOAW OE3MEKU, EKOHOMIUHI BUTOJIH,
colianbHi IPOTpamH.

o Hamionanena aynuropis: popMyBaHHS NMaTpPIOTUYHOrO HAPATHBY, aKIEHT Ha
EHEPreTHYHIN He3aJIeKHOCTI Ta TEXHOJIOTTUHOMY TIPOTpeci.

o MixHapoJHI napTHEpH: 3aTy4eHHs 1HBECTHLIN, JEMOHCTpallis MPO30pOCTi Ta
Oe3neku, IpOoTH i MIKHAPOAHIN 1e3iHdopmartii.

e [HCTpyMEHTH KOMYHIKAIIil:

o IHTepakTuBHI hopMaTH.

o Bisyamizatis, reiimidikaris.

o BuKOpHCTaHHS HOBITHIX TEXHOJOT1H.

o ®opMyBaHHS MO3UTUBHOTO IMIIIKY:

o JleMoHcTpalisi TeXHOJIOT14HOI nepeBaru Ta 6e3neku cyyacHux AEC.

o AKIICHT Ha €KOJIOT1YHIi YMCTOTI Ta HU3bKOBYTJIELEBOCTI AJEPHOI EHEPreTUKU.

o Iloka3 eKOHOMIYHUX BUTOJ] Ta COI[IaJIbBHUX MPOTPaM.

IV. BucHOBKH: KOMYHIKallig K 3anopyka ycminrHoro oyaiBauirea AEC.

o AEC — cTpareriudna HeoOX1AHICTb JIsl EHEPTeTUYHOI HE3aJIeKHOCT1 Y KpaiHu.

o EpexTrBHA KOMYyHIKalis, 110 6a3y€Thca HAa MPO30POCTI Ta JOBIPi, € 3aMOPYKOIO
yCHiXy.

o BukopucranHs Mezia Ta coOMepex JUIs MOIIMPEHHs MpaBauBoi iH(opMmarii Ta
npoTUAll 1e3iHdopmartii.
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HAYKOBO-IOCIIJHOMY TPYBHOMY IHCUTYTY - 95 POKIB
Muponenko M.A.
AT «HATD», m. Juinpo, Ykpaina, e-mail: mironik2004@i.ua

HepxxaBue  miampuemctBo  «HaykoBo-mocmigHuii  Ta  KOHCTPYKTOPCBHKO-
TEXHOJIOTTYHHMH THCTUTYT TpyOHOI mpomucioBocti imeHi S.}O. Ocamu » (JAIT «<HATI») €
HAyKOBOIO YCTAHOBOIO, sIka CTaOUTbHO (DYHKIIIOHY€E BIIMOBIIHO 0 OCHOBHHX HAIPSMKIB
CBOE€1 TISTTLHOCTI Ha MPUHITMITAX TOCIOIAPCHKOT CaMOCTIHHOCTI Ta CAMOOKYITHOCTI.

JIT «HATI» arecToBane sik HaykoBa ycraHoBa (CBiIOLTBO MPO ACPiKaBHY aTeCTaIlio
Cepist 1A Ne 00494 Bix 26.05.2022p.) 1 iforo BKiItOUEHO 10 [{epaBHOTO peecTpy HAyKOBUX
YCTaHOB, SKMM HajaeTbes miarpumka aepkaBu (CeimonrBo Ne03216 Cepis [IP Big
30.06.2023p.).

IMpu AT «HATI» dynkuionytots Texniuni komitetd TK81 «Cranmmapruszamis
METO/IIB KOHTPOJIO MEXaHIYHUX, MeTanorpadiuyHuX ¢ KOpPO3IMHUX BUIPOOYBaHb
MeTanonpoaykiii», a takox TK8 «Tpybm crameBi 1 OamoHw» (3apeecTpOBaHUMA SIK
crnocrepirad (O-usieH) B TeXHIYHUX KomiTeTax Ta migkomiterax ISO/TC 5, ISO/TC 5/SC 1,
TC 58, TC 58/SC 3). KonexruBre unenctBo B TK-79 «Atomna enepris» it TK-176
«Cranmaprusailis 030pO€HHsSI Ta BIACHKOBOI TEXHIKW». [HCTUTYT € PO3pOOHHMKOM BCiX
CTaH/IapTiB Ha TPYOHY npoayKiiro koymiiasoro CPCP, a Takox Ykpainu.

HIT «HATD» Bu3HaueHo sk ['ojoBHA creriaizoBaHa rajy3eBa Marepiajo3HaBya
oprasizailis 3a HanpsMKoM «MaTtepiao3HaBCTBO B HAMIPSMKY BUPOOHHIITBA METAJIONIPOKATY
(Tpy0O, JmpoTy, COPTOBOrO Ta JIMCTOBOTO IIPOKaTy, TPYOHOIi 3aroToBKH), IO
BUKOPUCTOBYETHCS SIK HariB(haOpUKaT Py BUTOTOBJICHHI J€Tajel Ta By3JIiB B KOHCTPYKIIISX
AEC» (BianoBiaHo A0 posnopsmkenHs Minnpomy Ykpainu Big 10.06.1997p. Ne 104-p).

3rigHO 3 HHBKOI JepkaBHHX mnpioputeriB (Yka3 Ilpesmnmenta Ne64/94 Bin
23.02.1994 p. «IIpo mnepmioyeproBi 3axoad WIOAO PO3BUTKY aTOMHOI EHEpPreTUKH 1
(bopMyBaHHS SIEPHO-TIAJIMBHOTO IIUKITY B YKpaiHi», KoMIuiekcHOr0 mporpaMoro CTBOPEHHS
AAEpPHO-TIAJIMBHOTO LMKy B YKpaiHi, 3aTBep/ukeHor0 IloctanoBoro KMV Ne 267 Big
12.04.1995 p. 3 yrounenusm 06.06.2001 p. pimennsm Ne 634-8, Posnopsypkenasim KMY
Ne 216-p Bin 25.02.2009 p. mono Konnemnmii JlepaBHOI LTbOBOI Mporpamu «SlaepHe
namBo Ykpainuy) [HCTUTYT Oysno BHU3HA4YeHO 0a30BMM IMIAMPUEMCTBOM 3 OpraHizaiii
BUPOOHUIITBA IIUPKOHI€BOrO mnpokary, Tpyo 1y TBEJI 3 nupkoHit0 Ta KOMIUIEKTYIOUMX
TpyO 3 KoposidHOcTiiiKoi cram g peakropiB BBEP-1000, Bximroudaroum HayKOBHH,
NpOEKTHUH, 1H(OPMALIHHIIA CyTIpOBi.

Ictopis ctBopenns 11 «HIATD» carae 1930 poky, koau B M. J[HIIponeTpoBCeKy Oyi10
3aM04aTKOBaHO QUIiI0 YKPaiHCHKOT0 IHCTUTYTY METAIIB, IKUM 3HAXOAUBCSA y MiCT1 XapKOBI.
[NepuM AUPEKTOPOM HOBOI HAyKOBO-IOCHTIJHOI YCTaHOBU OyJIO0 IpH3HA4YEHO Mpodecopa
[TaBna I'epmanoBuua PyOina. 3a crorajamu LIbOr0 BUEHOTO HOBAa HAayKOBa YCTaHOBA
HeaOusK po3royaia MpoyKyBaTH iHHOBALIMHI pO3pOOKH YChOTO CHEKTPY MeTalTypriiiHoi
rajy3i, 30Kpema i oJ10 TpyOHOT0 BUPOOHHIITBA. Y3Ke 3a PIK MOCTAIO TUTAHHS IEPEHECEHHS
T'OJIOBHOI HAYKOBOT yCTaHOBH 3 XapKoBa JI0 MicTa Ha JIHirpi.

Hupexrop ILI". PyGin He OyB NpUXUIBHUKOM TaKoi 1/1€1, TOXK MOAAIbLINNA PO3BUTOK
¢inii BinOyBaBcs yepe3 creLiaizalilo 3 MOJAIBIINM CaMOCTIHHUM PO3BUTKOM OKPEMHUX
YacTUH TUIoro. Y macyMky Hampukiaii 1930-x pokiB y M. [[HimpomeTpoBchKy Oyiio
yTBOopeHo TpyOHuit iHcTHTYT (1937 p.), IHCcTUTYT HopHOi MeTamyprii (1939 p.) Ta HU3KY
IHIINAX CTIEIiaTi30BaHNX HAYKOBO-IOCIITHUX YCTaHOB.

[TincymMoByIOUM 3a3HAUMMO, 11O 3a TAKOTO IMOIVISLY Ha repedir iCTOpUYHUX MO y
1930-x pokax, xonektuB JI1 «HITI» mo mpaBy Moxe Bi3Ha4aTH ILOTOPIY JEB’STHOCTO
I’SATY PIYHUIIIO 3 MOMEHTY 3aCHYBaHHsI, a HE BICIMJIECAT BICIM, SIK IPUMHATO HUHI.
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HEOBXIJIHICTD IIIJIBUIIEHHS PIBHSI OBI3BHAHOCTI CYCIIIVIBCTBA
MO0 ATOMHOI EHEPI'Ti

Mirina H.b., Korresa O.I1., Minina }0.0., ILinc M.M.

YAYHT HHI «YAXTY», m. {ainpo, Ykpaina, olhakohtieva@gmail.com

VYkpaiHa HallexKUTh 10 HeOararbox KpaiH, skl MalOTh PO3BUHEHY SJIEPHY Taly3b.
Croroani Ykpaina rmocigae 7 mMiciie y CBiTi 3a 3aralbHAM 00CSTOM BUPOOHHIITBA ATOMHOT
€JIeKTpOeHeprii Ta 3 MicIle y CBITI 3a YacTKOIO s/IepHOI €Heprii B HAI[lOHAIbHOMY
eneprernanomy Oananci. AEC BupoOmsitoTs 55 % Beiei enektpoeneprii Ykpainu. Cepen
yCIX Tajdy3eil BUKOPUCTAHHS SIJEPHOI €Heprii, JHKepea 10HI3yI0Uoro BUIIPOMIHIOBAHHS
sJepHa EHEepreTMKa 1 ChOTOJHI 3aJUINAEThCA HaWHEOE3MEeYyHO Ha TII 3araJbHOTO
HE3aJJOBUIBHOTO CTaHy HABKOJMIIHBOTO IPUPOIHOTO CepEeOBHUIIA, 30€pEKEHHS KUTTS 1
310pOB’sl MIOAMHU. TakuM YMHOM, aTOMHI €JIeKTPOCTAaHIIi1, 1HIII SAEpHI Ta pamiariiiai
00’extu YKpaiHu moBUHHI OyTH aJeKBAaTHO BiI0Opa)keHi B MPaBOBiii, 3aKOHO/IaBUIN Ta
iHpopMmamiifHii cdepl KHUTTA CyCHiIbCTBA 13 BIANOBIZHOIO  pEriaMEHTAIl€El0,
MPUAHATTSAM OLIBII )KOPCTKUX €KOJOTIYHUX 0OOMEKEHb HAIlIOHAJILHOT'O Ta MI>KHAPOJIHO-
NIPaBOBOTO PETYJIOBAaHHS OXOPOHHU JIOBKULIS 1 3a0e3NeueHHs] eKOJIOTIYHO1 Oe3reku, a
0COO0IMBO i Yac 30pOMHUX KOH(IIIKTIB, SKUH MU MAaeEMO Ha cboroJiHi [1].

BaxnuBicTe BIIKPUTOCTI SICPHUX EHEPreTUYHHX OO’€KTIB y CBil 4ac moBenu
ypoku YopHobunbscrkoi Tpareniii. CboroaHi x onepatuBHe iHGOPMYBaHHS PO aTOMHO-
€HEepreTUYHy raiy3b — MOTpiOHA Ta HEBiN €MHA CKJIAJ0BAa MEMIapoCTOpy Cy4acHOi
VYkpainu [2].

Cepen TpOMaICBKOCTI TOCUTH MOLIMPEHOIO € JyMKa MPO Te, IO MICHS 3BEICHHS
HoBoro Oe3neunoro koHdpaitnmenta (HBK) nmpobnemy nepetBopeHHs 00’ €KTa « YKPUTTS»
Ha EKOJIOTIYHO O€3MeYHy CHUCTeMy I[IOBHICTIO BuUpimeHo. HoBuii Oe3neunuit
KOH(palHMeHT — i30JsLiliHa apKoBa cCIopyaa HaJl 3pyHHOBAHUM YHAcHiZOK aBapii
yeTBepTUM eHeproosokom YopHoOunbebkoi AEC. Onnak He BapTo 3a0yBaTH, IO
rapaHTtoBanuii TepMmiH ekcruryaranii HBK cranoBute ycworo 100 pokiB, a mepioau
HaNiBpo3Mnaay SAEpHUX MaTepianiB, siKi nepedyBaloTh y HbOMY, € Ha 0araTo MopsiiKiB
TPUBATIIIUMH, 1 IXHA HeOe3meka [uid JAOBKUUIA 30epiraTUMETbcs 1€ HE OJHe
TUCAYOMTTS. ToMy SKIO 3apa3 He 3aiiMarTucs 1i€l0 MpobieMoro, TO BHUPILIYBAaTH il
JIOBEJIETbCs MalOyTHIM MOKOJIIHHAM 4epe3 He Takuil yxke i TpuBanuii yac. Oxkpim HBK
MU MaeMoO Iie Oe3Jlid HEBUPIMIEHWX MUTaHb MIOA0 YTWIII3aIii 1HIIMX BIAXOJMIB, IO
CTBOPIOIOTh HEXall MEHIy, ajieé BCe JK TaKH 3arpo3y JOBKULIIO: BIIMPAILlbOBAHE s/IEPHE
MaJIuBO, CYMyTHI BiIXOJM, BUCOKOAKTHBHI Biaxoau. Ha aymKky aBTopa [3] chorojHi Ha
BUIIOMY pIBHI B KpaiHl MOBHICTIO BIACYTHS KyJibTypa Oe3neku. Hayky HeMoxiIuBO
po3BHBaTU 0€3 Aep>kaBHOI MIATPUMKHU. HeXTyBaHHS IIMM MOJIOKEHHSM BXKe MTPU3BEIIO HE
JWIIE 10 3HIKEHHS TEMITIB PO3BUTKY YKpaiHu, ajge W /0 HE3BOPOTHHX BTpaT
HaIlllOHAIBHUX HAYKOBHX LIKLT. Y 5KOJHOMY pa3i He MOKHA 3a0yBaTH, 1110 €KCIIEPUMEHTH
3 SIIEPHOIO TATY3310 3/IaTHI MPU3BECTH 70 T100anpHUX Katactpod [3].

Jlirepartypa:

1. Matviychuk, A.O.. (2023). Legal regulation of nuclear and radiation safety in Ukraine (on the
example of some foreign countries). Uzhhorod National University Herald. Series: Law. 2. 29-
35. 10.24144/2307-3322.2022.76.2.4.

2. https://www.ukrinform.ua/rubric-other_news/2127656-raes-20-rokiv-vidkritosti-ta-
informativnosti.html

3. Nosovskyi, Anatolii. (2020). Some issues in the nuclear energy sector of Ukraine. Nuclear
Power and the Environment. 18. 5-9. 10.31717/2311-8253.20.3.1.
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3AKOHOJABYUM TA IHCTUTYUIHHUNA EJEMEHTH NYBJIIYHOI'O
YIIPABJIIHHS Y COEPI EHEPTETUYHOI BE3IIEKA

Xpinoukin A.B.

HHI «Yxpaincekuii 1epkaBHUIA XIMIKO-TE€XHOJIOTTYHUN YHIBEPCUTET»
YKpaiHCBHKOTO Iep’KaBHOT'O YHIBEPCUTETY HAYKHU 1 TEXHOJIOT1H

M. [Tuinpo, Ykpaina, Khridochkina@ukr.net

AKTUBHMM BIUTMB TJIOOQTI3allIiHUX TIPOIIECIB HA CHUTYyaIlil0 Yy TMOJITHKO-
eKOHOMIuHIN cepu, chepi HalllOHATBHOT Oe3MEeKH 1 eHepreTUIHOT OE3MEeKH 30KpeMa K
Ha MDKHApOJHOMY, TaK 1 HalllOHATHLHOMY PIBHSIX 00OYMOBHUB MOTpPEOY MMiJICHIICHHS YBaru
no QopmyBaHHS 1 peamizamii MOMITUKKA [IEp>KaBH CTOCOBHO 3aXMCTy HaIllOHAJIBHUX
iHTepeciB Ykpainu. I[lopymeHHs IITICHOCTI Jep)KaBHUX KOPJOHIB 1 BIMCHKOBI il Ha
TepuTopii YKpaiHu COPUYMHUIM MOSBY L1101 HU3KM PU3HKIB B €HEPreTUYHIN Taiysi, a
MOIIKO/DKEHHS YacTUHU OO0 €KTIB KPUTUYHOI 1HPPACTPYKTYpPH €HEpreTH4Hoi chepu
HETaTHBHO BIUIMHYJIO Ha CTa0UIBHICTH Ta €()EeKTUBHICTh HAIlOHAJIBLHOI EKOHOMIKH,
0COOJIMBO B OCIHHBO-3UMOBHI mepioa. Curyarisi, IO CKIanach, Ma€ MiACTaBU IS
NPOBEICHHS MOCTIHHOTO MOHITOPUHTY HOPMAaTHBHO-TIPABOBOTO Ta IHCTHTYIIHHOTO
€JIEMEHTIB cepH eHEePreTUYHOI 0e3MeKH 3 MEeTO0 3a0e3MeueHHs SIKICHOTO PEeryJIIOBaHHS
NPaBOBIIHOCHH B EHEPreTUYHIA Tajy3i, MOMepe/pKeHHs 1 HeWTpamizamii 3arpos
eHepreTHyHid Oe3meli, onTuMizalii MiSIPHOCTI CHUCTEMHU MyOJIIYHUX OpraHiB BIAJH,
cdepa KOMITETeHIIIT IKUX MOMNPIOETHCS Ha Chepy EHEPreTHIHOI Tay3i.

Inctutyniiina  ckmamoBa  cdepu  eHepreTuyHoi — Oe3mekd B yMOBax
TpancopMalliiiHux 3MiH TOTpeOye mepeopMaTyBaHHS B KOHTEKCTI 3a0e3rmeucHHS
CTIMKOCTI €HepreTMyHoi Tranmy3i A0 JAecrabimizamiiiHux (akTopiB, MiJIBUIICHHS
€HEeproeeKTUBHOCTI E€KOHOMIKM INUIAXOM 3a0e3Me4YeHHs MPO30pOCTi MiSUTBHOCTI Ha
EHEPreTUYHUX pPHUHKAaX, CTBOPEHHS YMOB Juis AuBepcuikaiii pkepen eHeprii Ta
PO3BUTKY KOHKYPEHIIil, OCKUIbKH [IiSIbHICTh OpraHiB IyOJiYHOI Biagu B Il cdepi
BUSIBIJIACh HEIOCTATHHO €PEKTUBHOIO 1 II€EBOIO Yepe3 He CKOOpAMHOBaHI Aii [1, ¢. 95].

JlocniKeHHs THCTUTYIIHOT CKIIaI0BO1, 1O KOMIIETEHIIT sIKOT HallekKaTh MUTAHHS
3a0e3neueHHs] eHepreTuuHoi Oesneku YKpaiHM, MOpsAA 13 aHATI30M  AiSIIBHOCTI
nyOIIYHUX IHCTUTYTIB BJIAaAU MOTpeOye IOCHIPKEHHS NUTAHHSA AISJIBHOCTI OpraHiB
MICIIEBOIO CAaMOBPSyBaHHS, Y3TOJUKEHHs c¢ep BIUIMBY, 3aCTOCYBaHHS 3Ba)XKEHOTO
MiIX0My a0 OalaHcy HalllOHAJIBHUX 1 MicueBux iHTepeciB [2, c. 217]. JlouinsHO
3arpoBajKyBaTH Kpalllli MiPKHApOJHI MPAKTUKKH B3a€EMOJIl OopraHiB myOiiyHOi BIaJu B
yMOBax Jectalimi3aiii MOJNITUKO-€KOHOMIYHOI Ta COIalIbHO-eKOJOTiyHOi  cdep
KUTTEISIIBHOCTI CYCIIUIBCTBA Ta JepkaBu. JlaHi 3axomu, Oe3nepedHo, MO3UTHUBHO
BIJTMBATUMYTh Ha CBOE€YACHE BUPIIIEHHS CTPATETiYHUX 1 OMEpaTUBHUX 3aBIaHb,
pearyBaHHs Ha HasBHI Ta MOTEHIIIHHI 3arpO3H.

TakuM YWHOM, PpO3MIIA] MPOOJIEMATUKH 3aKOHOAABUOTO Ta I1HCTUTYIIHHOTO
3a0e3neueHHsT cdepu EeHEepreTUYHOi O€3meKkH JIO03BOJIIE BUOKPEMHUTH  HHU3KY
HEBPETYJbOBAaHUX MMHUTaHb, SKI CYTTEBO MOCIAONIOIOTh (YHKI[IOHYBAaHHS CHUCTEMH
3a0€3MeYeHHS] EHEPTeTUYHOT OE3MEeKH.

Jlirepartypa:

1. Ky3b B.A. Koncmumyyitinuti ma HOpMamueHO-npago8uli CKIAOHUKY 0ePHCABHO20 YNPAGIIHHSL
y cepi enepeemuynoi 6esnexu. Yuisepcumemcoki Hayxosi 3anucku. 2022. Ne 5-6. C. 90-101.

2. Kucenvos €. B. [lepcnekmusu po3sumky Mexamizmie nyoniuno2o ynpasuinus 3abe3neyeHis
enepeemuynol besnexu. Insecmuyii: npaxmuka ma doceio. 2024. Ne 2. C. 216-218.
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MIZKHAPOAHO-ITPABOBI ACIIEKTHU ITPABOBOI'O PEI'YJIFOBAHHSA
IMUTAHD SIAEPHOI TA EHEPTETUYHOI BE3IIEKU YKPATHU B
CYUYACHUX YMOBAX

Xpinoukina M.O.

Kam’stHcbkHii eHepreTHaHui (paxoBUN KOJICIK

M. Kam”suceke, Ykpaina, Khridochkina@ukr.net

AKTUBHI rio0aiizaimiiiHi mporecH, Mo BigOYBarOTHCA OCTAaHHIMH pPOKaMH Ha
CBITOBHUX €HEPreTHYHUX PUHKAX CYTTEBO 30UIBIIMINA B3a€EMO3AJICKHICT YCIX YUaCHUKIB
PUHKY 1 CTBOPHJIM HOBI 3arpo3u JIJIsi CHCTEM IIOCTa4aHHsI 1 pO3IOiTy eHeproHociiB. Ha
€HepreTUYHOMY pHUHKY BiZIOyBAa€ThCS 3arOCTPEHHS KOHKYpEHIi, MpOBEICHHS
EHEePreTUYHUX BIHH Ta IMIAHTaX 3 OOKY HOTO OCHOBHHMX YYaCHHUKIB - IPOBITHUX CBITOBUX
€HEepreTUYHUX TPABIIB 3 METOIO TJI00aJILHOTO BIUIUBY B MIXKHAPOJHOMY IMPOTUCTOSHHI,
HOB’s3aHOMY 3 OOpOTbOOI0 3a KOHTPOJIb HaJ pO3MOAUIOM 1 IOCTA4aHHSAM
EHEPropecypciB, 10 3HAYHO 30UIBIIYE CTYIIHb XaOTHYHOCTI CBITOBOI €HEPIeTUKH. Y
TaKUX YMOBaX OJIHUM 3 OCHOBHMX 3aBaHb JJIs YKpaiHU LI0J0 3a0e3MneueHHs Oe3neKu
00’€KTIB KPUTUYHOI I1HPPACTPYKTYPH € BIOCKOHAICHHS BITYM3HSIHOTO YHHHOTO
3aKOHOJIaBCTBA JO PiBHsS Ta CTaHAAPTIB MPOBIIHUX MIKHAPOJHO-TIPABOBUX aAHAJIOTIB.
Cdepy Oe3nexu BUKOPUCTAHHS SACPHOI €HEPrii PeryiroTh YUCIEHHI MIKHApPOIHI
HOPMH i HpaBWjla CTOCOBHO si/IepHOi Ta pamianiiinoi Gesmeku. IX 3aBaaHHs monsArae y
MiHiMi3alil puU3uKiB aBapii 1 30WTKIB BiJ BIUIMBY 10HI30BaHOTO BHUIPOMIHIOBAHHS Ha
JTOBKULIA 1 moaei [1, c. 182]. A TeXHOJOTIYHUMA TTPOrpec, HAKOMMMYEHUH TTO3UTUBHUM 1
HETaTUBHHIA JJOCBIJ] MOTHUBYIOTH KpaiHH JI0 BIIOCKOHAJICHHS PETyJIATOPHOI 0as3u, 1 JaHwi
npouec € OesmepepBHUM. HampaiioBanHs X CHUIBHHX 3ycuib y cdepi Oesnexku
BUKOPUCTAHHS SACPHOI €HEPTii y3aralbHIOIOTh MKHAPOIHI OpraHi3amii Ta acomiaii.

MiXHapoAHO-TIPaBOBI aKTH B Tajy3l €HEepreTH4HOI Ta sJIepHOi Oe3MeKH ChOToIHI
OXOIUIIOIOTh JTOCUTh UIMPOKUH CIIEKTP OpraHi3aliiiHO-MPaBOBUX 1 TEXHIYHUX MPOOIIEM,
SKI MaloThb MDKHApOJHE 3HaueHHsA. ToMy B TepeBakHIM OUIBIIOCTI KpaiH CBITY
JUSUIBHICTh CyO0’€KTIB aTOMHOI EHEPreTMKM € OO0 €KTOM JOCTaTHBO KOPCTKOTO
peryitoBaHHs [2, ¢. 79]. A cBITOBa JOKTpHHA 100 MIABUILEHHS HAAIMHOCTI Ta Oe3neKu
AJIEpHUX 00’ €KTIB MOCTIHHO BAOCKOHAMOETbCA. OTXKE, CUCTEMA SIIEPHOTO PETYIIIOBAaHHS
Ha Hal[lOHAJIBHOMY PiBHI Mepei0ayae HasBHICTh HACTYIHHUX i1 CKJIaJ0BUX: 3aKOHOJaBUO1
0a3a, IO periiaMeHTye IsIbHICTE y cdepl BHUKOPUCTaHHS SJAEPHOI €eHeprii Ta
1HQPACTPYKTYPH JEPKABHOTO PETyJIIOBAHHS O€3MeKH BUKOPUCTAHHS SAEPHOI €HEeprii.

TakuMm 4uMHOM, NMOTPiIOHO 3aHOBO CTBOPUTH a/I€KBATHY E€HEPreTHUYHY Oe3MeKy i
3aXMCTUTH BHYTPIIIHIA €eHEPreTUYHUM pUHOK Y KpaiHu, IPUBECTHU Y BINOBIIHICTh YNHHE
3aKOHOJIAaBCTBO 110710 (POpMyBaHHS CIIPOMOKHOCTI KpaiHM MPOTUCTOSATH 3arpo3am
(GYHKI[IOHYBaHHIO E€HEPreTHKH, IOB’SI3aHUM 31 3JIOBMUCHUMH JisiMu  ((pi3uuHUMHU
JUBEpCisiMH, TepakTaMmH, Kibeparakamu Touo). Kputnuna iHdpactpykTypa B YKpaiHi
HAJIS)KUTh HE TIJIBKH JIepKaBi, a i IPUBATHOMY CEKTOPY, @ TOMY MK IIMMH BIIACHUKAMHU
KPUTUYHO BaKJIMBHUX 00 €KTiB MOBUHHI ICHYBaTH CTiiKi MapTHEPCHKi BIIHOCHHHU.

Jliteparypa:

1. Cmpenvouyoxa JIM., Cmpenvouyokuii M.II.  Mixcnapoono-npasoge 3abe3nevenHs
eHepeemuynoi ma s0epnoi besnexu Yxpainu 6 ymosax siinu. Ingpopmayis ma npaso. 2023. Nel.
C. 177-189.

2. Bamwox I'.1., Kosanvuyx T.I'. [Ipasoge pezyniosants 8i0HOCUH w000 3abe3neuents S10epHoi ma
padiayitinoi besnexu 8 YKpaini 8 MUpHUX YMOBAX MA 8 YMOBAX B0€HH020 cmary. Haykoesuii éichux
Yorczcopoocvkoco nayionanvuoeo ynisepcumemy. Cepisn : Ilpaso. 2024. Bun. 83(2). C. 75-83.
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CIIEIIU®IKA ITPABOBOT'O PEI'YJIFOBAHHS SIIEPHOI TA PAIAIIIAHOI
BE3NEKH 1] YAC EKCILTYATAIIII ATOMHHMX EJJEKTPOCTAHIIINA
Jlomakina A.A.

HHI «Yxpaincekuii 1epkaBHUIA XIMIKO-TE€XHOJIOTTYHUN YHIBEPCUTET»

YKpaiHCBHKOTO Iep’KaBHOT'O YHIBEPCUTETY HAYKHU 1 TEXHOJIOT1H

M. [Tuinpo, Ykpaina, Khridochkina@ukr.net

B Ykpaini choroHi CyTTEBO aKTyalli3yIOThCS MMUTAHHS 11010 CHEIU(IKH MPaBOBOi
pernaMmeHTanii sIepHOi Ta pajiaiifiHoi Oe3nmeku IMmiJ dYac eKCcIUTyaTallii aTOMHHUX
enekTpoctaniii. Takoxk cboroani A00pe BiAOMO, IO YMHHE SJ€pHE 3aKOHOJABCTBO
VYkpaiHu BCTaHOBIIOE€ O€3yMOBHHI NpIOpUTET OE3MEKH JIOJUHH 1 HABKOJMIIHBOTO
MPUPOJHOTO CEPEJOBUINA, & TAKOXK PETYIO€ TiSIbHICTh, OB’ S13aHY 3 BUKOPUCTAHHSIM
SICPHUX YCTAHOBOK 1 JDKepel 10Hi3yrouoro BunpomiHioBanus. [Ipu oMy paniariiina
Oe3reka BU3HAYA€ThCS B 3aKOHO/IaBCTBI SIK JOTPUMAHHSI JJOMMYCTUMHUX MEX pajlialliiHOTro
BIUTMBY Ha TIEPCOHAJI, HACEJICHHS 1 HABKOJIMIITHE MPUPOIHE CEPEIOBUILE, BCTAHOBICHUX
HOpMaMmu, TOpaBwiamMu 1 ctaHaaptamu 3 Oesneku. CyTHICTh Ke siepHOi Oe3nexu
3aKOHOJIAaBCTBO TIOB’SI3y€ 3 JIOTPUMAHHSM HOPM, IIPaBWJ, CTaHIAPTIB 1 YMOB
BUKODUCTaHHA SJCPHUX MaTepianiB, sKi 3a0e3nedyloTh pajianiidHy Oesmeky.
PanianiiiHum 3aXMCTOM BBKAETHCS CYKYITHICTh 3aX0/1iB, CIIPSIMOBAaHUX Ha 3a0e3MeUeHHS
JOTPUMAaHHS TOMYCTUMUX MEX paialliiHOro BIUIMBY Ha MEPCOHAN SIIEPHUX YCTAaHOBOK,
JDKEpeNl 10HI3YI0YOrO BHIIPOMIHIOBAHHS Ha HACEJICHHS 1 HABKOJUIIHE TPUPOIHE
CepeoBHILe, BCTAHOBIEHUX HOPMAaMH{, MpPaBHJIAMU Ta CTaHIapTaMu 3 SIEpHOI Ta
pamiamiitHoi Oe3MeKH.

3emenpHUl Koaekc Ykpainu y ckmanal Po3miny VI «Oxopona 3emensby Brepiie
BHOKPEMHUB CaMOCTiiHY TaBy 27 «BUKOpUCTaHHS TEXHOT€HHO-3a0pYIHEHUX 3€MEIbY,
IPUITUCH SKOi YHOPMOBYIOTh BIJIHOCHHU CTOCOBHO 3€Mellb, 3a0pYJHEHUX B pe3yJbTarTi
AHTPONOTeHHUX 1 NMpupoaHuX ¢akrtopiB [1]. [IpaBoBuil peXUM BUKOPUCTAHHS JaHUX
3eMennb 0OMEeXyBalbHUM, a caMi 11 3eMJli TOTPeOyI0Th OKPEeMOi CHeliaTbHOi OXOPOHHU.
KpiM TOro, BoHM mnepeOyBarOTh y MeEXax 30HM BITUYKEHHS 1 30HH O€3yMOBHOTO
(060B’SI3KOBOT0) Bi/ICENIEHHS, a TAKOK 30HU TapaHTOBAHOTO JJOOPOBUIBHOTO BiJICEICHHS.
Oco0JMBICTh TTPABOBOTO PEXHUMY JIaHUX 3€MENIb BU3HAUCHA HacamImepe] CrelialbHuUM
3akoHoM Ykpainu «IIpo mpaBoBuii pexuM TepuTOpii, IO 3a3HaNa pPagiOaKTUBHOTO
3a0pyaHeHHs BHACTiA0K YopHOOMIBCHKOI KaTacTpodu» [2].

Omxe, 1i 3emii NOTPeOYIOTh MEPIIOYEPrOBOIO BIAHOBIEHHS, K€ ChOTOJHI
BiZIOyBa€ThCSA MPHUPOJHUM IUIIXOM - MOBa HJe MpoO MpoLeC iX CaMOBiAHOBIIEHHS.
KOpunnunuii ke MexaHi3M BiIHOBJICHHS CTAHOBUIIA TAKUX 3€MEJIb yCE 1€ 3aTUIIAETHCS
HEIOCKOHAIUM 1 MOTpeOdye CyTTEBUX 3MiH, OCKIJIbKHU BiH HE 3a0e3Meuy€e KOMIUIEKCHOTO
MiIXOAY JIO TOBEpHEHHS y Oe3MedyHe TOoCHoJapchbke BHUKOPUCTAHHS PaIl0aKTUBHO
3a0pyiHEHUX AUISHOK 3eMuli. [Ipu 1bOMY OAHMM 13 MOXKJIMBHX BapiaHTIB BHUPIIICHHS
JTAHOTO TUTAHHS € KOHKPETH3allisl 1 JeTani3aiisl OKpeMHUX IOJIOKEHh Ha3BAHHMX BHIIIE
3aKOHOJIAaBYMX aKTiB, @ TAKOXK PO3pOOJIeHHs Ta 3aTBepkeHHs HarionanbHol crparerii
MOBEPHEHHSI PaJl0aKTUBHO 3a0pyAHEHUX Teputopii YopHOOMIBCHKOI 30HHU [0
rOCHOJapChKOro 00Iry.

Jliteparypa:

1. 3emenvnuii koodexc Ykpainu 6i0 25 ocoemua 2001 p. Ne 2768-1I. URL.:
https://zakon.rada.gov.ua/laws/show/2768-14.

2. Ilpo npasosuil pesxcum mepumopii, wo 3a3nHaia padioaKmueHo20 3a0pYOHeHHs 6HACTIOOK
Yopuobunvcokoi kamacmpogu : 3axon Yrpainu 6i0 27 momoeo 1991 p. Ne 791a-XII. URL.:
https://zakon.rada.gov.ua/laws/show/791%D0%B0-12.
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