O6J1ikoBa KapTKa [IiP

I. 3arasibHi BimOMOCTI

Jep>kaBHHH 00J1iIKOBHI HOMep: 0216U002134

Jep>kaBHUH peecTpauiliHUI HOMeP: 0113U004123

Oco06J1uBi TO3HAYKHU: Binkpura

JaTa peecrtpaunii: 27-01-2016

II. Etran BukoHnauus JiP
Homep erany: 3

Ha3sBa eramny: BuzHaueHHs ONTUMAaJIbHUX [TAPAMETPIB OCAPKEHHS! [IOKPUTTIB Ha 3pa3Ku LIUPKOHIEBOI OGOJIOHKH.

Po3pobka MpMHIMIIOBUX CXEM 3 peasisallii MpoLeciB HAaHECEHHS TOKPUTTIB HA JOBrOMIpHI Tpyou
IToyaToK eramy: 03.2015
3akiHyeHHs eTamy: 12.2015

Buz 3BiTHOrO AOKYMEHTA: OCTaTO4HMIA 3BiT

I11. BizomocTi npo BukoHaBus JIiP

IloBHe HaliMeHYBaHHS IOPUAHUYHOI 0coou (a00 ITIB ¢izuyHoi 0c06H): HauionansHuil HayKOBUIA

ueHTp "XapkiBcbKuil (isuko-TexHiuHui inctutyT" HAH Ykpainu
Kopg 3a €IPIIOY: 14312223

Micue3Haxoa KeHHS:

dopma BaacHoOCTI:

Cdepa ynpaBiiHHS: Haujonanbna akaziemist Hayk Ykpainu
InenTudgikarop ROR: He zacrocosyerscs

Poamip opranisarii:

Tenedon: (057) 335-68-25

IV. BimomocrTi nnpo criiBBUKOHaBIIiB [IiP



V. BimomocrTi npo 3amoBHHKa [IiP

IloBHe HaliMeHyBaHHS IOPHAHYHOI 0coou (a6o ITIB PpizuuHO0i 0c06H): HaujoHanbHa akasemis Hayk

Ykpainu

Kopg 3a €EIPIIOY: 00019270

Micue3HaxoaKeHHS: ByJI. Bononumupceka, 54, M. Kuis, KuiBcbka 061, 01030, Ykpaina
dopma BaacHOCTI:

Cdepa ynpaBiriHHS: HaujoHanbHa akazemist HayK YKpaiHu

ImenTudikarop ROR: He zacrocoyerbcs

Poamip opranisanii:

Tenedon: 380442396594

VI. I>kepeJia, HanpsiMHu Ta oocsiru pinaHcyBaHHs JIiP

IlincraBa ojist npoBeaeHHs [iP: 34 - norosip (3aMOBJIEHHS) 3 IEHTPaTbHUM OPraHOM BUKOHABYOI BIajy,

akazemielo HaykK (TOJIOBHUMM PO3NOPSIHUKAMU OI0pKETHUX KOWITIB Ha TposefeHHs HIIJIKP)

Hampsam (l)iHchyBaHHﬂ: 2.3 - BUKOHaHHS POOIT 32 JepsKaBHUMU 11iJTbOBUMU ITPOTPaMamMu
I>kepesia piHaHCYBaHHS

7713 - KOWTH ep>KO0I0A KeTy

Kopg, nporpamuoi kinacudikanii BupaTkis i KpegurysaHHs (KITKBK): 6541030

dakTHyHHi 06car ¢piHaHCYyBaHHS (THC. IpH.): 110




VII. BizomocrTi npo IiP
Ha3sBa po6oTH yKpaiHCBHKOIO:

[ligBuineHHs pecypcy poboTu BUPOOIB i3 Zr-CI1aBiB, B T.4. 000510HOK TBEJI misixom razoguysiitHoi Ta ioHHO-

I171a3MOBOi OOPOOKM NOBEPXHI

Ha3sBa po60oTH aHIJIiHCBHKOIO:

The increase service life of Zr-alloys products, including the coat of fuel elements by gas-diffusion and ion-plasma

surface treatment

Pedepat yKpaiHCBKOIO:

Bygnisuuureo AEC i3 peakTopamMu HifiBUILLIEHOI IOTYXHOCTI, Tepexif, 1o 6isbi TpuBanux Kammnadiin TBEJI 3 6inbi
BHMCOKMM BUTOPAHHSIM IAJIMBA, & TAKOX [0 PEXKUMIB POOOTH PEAKTOPIB 3 MaHEBPYBAHHSIM IIOTY>KHOCTI CYyTTEBO
301bIIYIOTh HABAHTAKEHHS Ha LIMPKOHIEBI CIJIABY, SKi € OCHOBHMM KOHCTPYKLIMHUM MaTe€PiaIoM aKTMBHOI 30HU
ATOMHMX PEAKTOPiB Ha TEIJIOBUX HEUTPOHAX. JI71s1 36ibIIEeHHS pecypcy POOOTH Ta NEPELKOIKAHHS PYHHYBAHHIO
060s10HOK TBEJI, siKi 3a3Ha10Th BIIJIMB BUCOKUX HAIIPYT, TEMIIEPATyp Ta KOPO3ii IPONOHYETLCS NONepeiHs ix
00pOoOKa IIJISIXOM OKMCJIEHHS T HAHECEHHS MTOKPUTTIB. B po6oTi BigmpanpoBaHi ponecyu OKUCIeHHs CIaBy ZriNb
npu temneparypax 300 550 oC B mMUpoOKOMy JIiana3oHi TUCKY KMCHIO. 3alIpOIIOHOBaHa 6ifbll SIKiCHA CXeMa
[IOTIEPeHbOTO OKUCJIEHHS, SIKa CYTTEBO BiJlpi3HSIETHCS Bifl HaBeneHuX y nareHtax PO N2 2382120, PO N2 2199607,
PO N2 2298049. BcTaHOBJIEHO, 110 TOBIIMHA Ta AKiCTh CHOPMOBAHOIO OKCHUY 3aJIEXUTh Bifl YaCy OKMCJIEHHS Oiblie
HIX BiJ] TUCKY KMCHIO B P€aKULiHiN Kamepi. [JOCIiI)KeHHSI MEXaHIYHUX BJIACTUBOCTEN JOBEJIY, 110 ITPOBENECHHS
NIOTIePEIHbOTO OKMCJIEHHS! (PParMeHTiB BUPOO6IB 3 IUPKOHIE€BUX CILJIaBiB B ONTUMAaJIbHAX YMOBAX NIPU3BOIUTD 10
301/IbLIIEHHS MEX IIJIMHHOCTI, MilJTHOCTI Ta NOJgoBXeHHs1. Takuil pe>kuM OKUCJIEHHS e(pEeKTUBHO 3aXuIllae IUPKOHIEBI
CIJIaBU Bif ojasnbioi Koposii B NoBiTpi g0 Temneparyp T ? 500 °C. 3axucT HUPKOHi€BUX BUPOOIB BiJj OKUCJIEHHS
pu Temreparypax Buile 3a 500°C Moxke 3a6€311eYUTH TiIbKA HaHECEHHS BaKyyMHO-/IyTOBUAX MOKPUTTIB. Ha
(dparmeHTax TBeJIbHUX TPYOOK i3 crinaBy ZrINb 6ysu cpopmoBsani nokpurts Cr, CrAlx, ZrN, ZrON, ZrOx, CrN,
(Ti0.487r0.18A10.17Nb0.09Y0.08)N Ta mocuifykeHi ix MexaHi4Hi B1acTUBOCTI. BcTaHOBJIEHO, 1[0 HAHECEHHS
[IOKPUTTIB MPU3BOAUTD A0 MOJIINIIEHHS] MEXaHIYHUX BJIACTUBOCTEN MifKianakuy. [IpoBeieHO BUNIPOOYyBaHHS 3pa3KiB
LIMPKOHIEBOTO CIJIaBY 3 IIOKPUTTSIMU IIPU OKUCJIEHH] Ha NOBiTpi pu Temneparypax 500 ta 600 °C npotsarom 100
roguH Ta 800 °C npoTsrom 25 roauH Ta y BojsHii napi npu temneparypi 900°C. 3pa3ku 6€3 OKPUTTS Micis
BUIIPOOYBAaHb OKUCJIIOIOTHCS T PYHHYIOTbCS 3 OCUIIAHHSIM OKCHUIY, TOA] SIK IOKPUTTS 3aXUILIAI0Th 3PA3KU Bif,
Ierpagatlii 3a LUX TEMIIEPATyp IPOTSArOM BCbOTO Yacy BUNPOOyBaHb. Haii6inbi e(peKTUBHUMU 3 YCiX TOCTIIPKEHUX
KOHJIEHCATIB JJ1s1 3aXUCTY LIUPKOHIEBUX BUPOOIB € IOKPUTTSI XPOMOM Ta Moro HiTpuaamu. 3acTocyBaHHS
BiIIPallbOBAaHUX TEXHOJIOTIH JO3BOJIUTb 301IBIIMTY PECYPC IMPKOHIEBUX CIJIABiB B O1/IbII JKOPCTKUAX YMOBAX

eKCIlTyaTanji.

Pedepar aHIJIiHCBKOIO:

Building the atomic power station with reactors of raised power, transition to more long campaigns of fuel
elements with higher burning out, and also to operating modes of reactors with power maneuvering essentially
increase a loading on zirconium alloys which are the basic constructional material of a fissile region of thermal
neutron nuclear reactors. For augment of a resource of operation and prevention of fracture of fuel elements
casings which are subject to high stresses, corrosion and temperatures, it is offered to subject to preoxidizing and
deposition of coatings. In this work processes of an oxidizing of ZrINb alloy are developed at temperatures
3007?5500C in a wide range of oxygen pressures with prepumping-out to pressure 6,6?10-3 Pa. The better plan of a
preliminary oxidizing which essentially differs from the plans given in patents of the Russian Federation N2
2382120, N2 2199607, N© 2298049 is offered. It is shown, that the thickness and quality of the formed oxide depends
on time of an oxidizing more, rather than from pressure of oxygen. Experiments have shown, that preliminary
oxidizing fragments of products from zirconium alloys in optimum conditions leads to increasing limit of fluidity,



strengths and stretch. Such mode of an oxidizing effectively protects zirconium alloys against corrosion in air at
temperatures up to 500 °C. Introduction into the film of elements of 5th group does not lead to substantial growth
of corrosion resistance of zirconium. Protection of the zirconium products against oxidizing at temperatures more
than 500°C can be ensured by the vacuum-arc coatings. On fragments fuel element tubes from alloy ZrINb
coatings Cr, CrAlx, ZrN, ZrON, ZrOx, CrN, (Ti0.48Zr0.18A10.17Nb0.09Y0.08)N have been formed and explored. Trials
of samples from zirconium alloy with coatings at oxidizing in air were carried out at temperatures 500°C and
600°C within 100 hours, and at 800°C within 25 hours. Samples without coatings as a result of trials are oxidized
and collapse with fall of oxide whereas coatings protect samples from degradation in course of trials. From all
tested condensates the most effective for protection of zirconium products are coatings from chrome and its
nitrides. Application of the developed technologies will allow to increas resource of zirconium alloys in more rigid
conditions of operation.

Inpexc YIK: 621.357, 621.357.79:541.138

Koau TemaTHYHHUX PYOpPHK: 61.13.27.11

KepiBHuUKH po6oTH

BiacHe IlIpizBuie Im's I10-6aThKOBI: 3miii Bikrop IBaHOBMY
HaykoBH# CTyIiHb:

BueHe 3BaHHS:

InenTudikarop ORCID ID:

HoparkoBa indopmamnist:



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

Ha3zsa HTII ykpaiHCBKOIO: Metoguka ofepskanHs MoandiKOBaHMX MOKPUTTIB Ha Zr MaTtepianax. [[puHnumnosa
cxema ycraTkyBaHHs "BysaT-TBEJI" 0151 HaHeCeHHs BaKyyMHO-IyTOBYM METOJIOM IIOKPUTTIB Ha JOBIOMipHi TPy6KHU

3 IUPKOHi€BUX CIIJIABiB.

Hassa HTII aHr/1ificbKO¥0: Methods for obtaining modified coating on the Zr materials. The concept

installation draft "Bulat-TVEL" for coating deposition vacuum-arc method in the lengthy pipe of zirconium alloys.
HTII, sxy nepezn6ayasiocsi CTBOPUTH:

IIpuunHnu, yepe3s saki HTII He 6ysi0 cTBOpeHO:

OTpHuMmaHi pe3yJbTaTH:

l'asy3p 3aCTOCYBaHHSI: ATOMHA eHepreTHka

PeecTpanifiHuil HOMep KapTKH TE€XHOJIOTii:

Omnuc HTII: Bignpauposaui npoiiecu okucsienns crapy ZriNb npu temneparypax 10 5500C. 3anpornoHoBaHa
6iypIn sIKiCHA cXeMa IoINepeIHbOr0 OKUCIIEHHS. JIoCTimpKeHHsT MeXaHIYHNX BJIACTUBOCTEN OBEJIH, 10 IIPOBEIEHHS
NIOTIEPEIHbOTO OKUCJIEHHS B ONTUMAJIbHUX YMOBAX MTPU3BOAUTS J10 30iIbLIEHHS MEX IVIMHHOCTI, MilHOCTI Ta
IIOJIOBKEHHSI. 3aXUCT UUPKOHi€BUX BUPOOIB Bifl OKMCJIEHHS NIpU TeMIiepaTypax Buie 3a 500 °C moske 3a6€31e4uTu
HaHECEHHS BaKyyMHO-AYyrOBUX IIOKPUTTIB. BAaKyyMHO-AyroOBi TIOKPUTTS HA OCHOBI XpPOMY Ta MOT0 HITPUZIB €
Han6isbI epeKTUBHUMU [JIS 3aXUCTY Bifi BUCOKOTEMIIEpaTypHOI KOpo3ii y oBiTpi Ta BozsHil napi. Po3pobiena
IIPUHIMIIOBA CXEMA YCTAaTKyBaHH4 "Bysnar-TBEJI" 111 HaHECEHHS BaKyyMHO-IyTOBUM METOMIOM IIOKPUTTIB Ha

IOBrOMIpHi TPyOKM 3 LMPKOHI€BUX CILJIABiB.
ConiasibHO-eKOHOMIYHA cripsimoBaHicTs HTII:
Brnius HTII Ha moBKiJjs:
Bnposag>keHHs1 HTII: He snposamxeHo
IIpakTHyHa peasnisanis HTII
IToyaTok eTamy: CTpoku BIpOBaIKEeHHs 6y4yTh BU3HAYEHO MiCJIsl 3aBepLIEHHST pO3POOKU
3aKiHYeHHS eTamy:
Crno>KHuBavi NPOAyKILii: AEC Ykpainu
IlepcnekTHUBHI pUHKH: Ctpanu CHJI
XapakTep cniBpoOiTHHIITBA 3 iHBECTOPOM
IloTpiOHMI 006CAT iHBECTHILiM, THC. TPH.:
IIpaBa, 0 HaAAIOTHCS iIHBECTOPY MiCJIsA 3aBEpPLIEHHs POOOTH:
HasaBHicTb Oi3Hec-IJIaHY:
TexHiKO-€eKOHOMiYHe OOrpyHTYBaHHSI:
IloTeH1iaIbHUE 0OCAT IIPOAAIKY, THUC. TPH..
OuiKkyBaHHI TepMiH OKYIHOCTI (POKiB):

HoparkoBa iHdopmamist:



IX. Bi6sriorpadiuHuii onuc

1. P.I. Stoev, V.A. Belous, V.N. Voyevodin, A.S. Kuprin, S.A. Leonov, V.D. Ovcharenko, M.A. Tikhonovsky, V.M.
Khoroshih. Mechanical properties and acoustic parameters tubes of zirconium alloy Zr1%Nb with a protective
coatings // PAST. 2015. N25(99), p. 87 - 97. 2. Binoyc B.A., Kynpina O.C., Hocos I'M., OBuapenko B.[l., BacuneHko
P.JL, CroiB I1.I,,TonmaueBa .M., TixoHoBcbkuii M.A. [oHHO-TI71a3M0Ba Mo (iKallisi IOBEPXHi TBEJIbHUX TPYOOK 3
METOIO IOJIIMIIEHHS iX MEXaHIYHUX Ta KOPO3iliHUX BiacTuBocTe. 36ipHUK «Pecypc-2015», In Press. 3. I1.1. Croes,
B.H.BoeBonuH, B.A.besnoyc, A.C. Kynpus, C.A. JleoHoB, B.Jl. OBuapeHko, M.A. TUXOHOBCKUI. MexaHUYECKME U
aKyCTHYECKHE XapaKTePUCTUKY TBIJIbHBIX TPYOOK U3 cIiaBa Zr-1Nb ¢ 3aIUTHEIMU [TOKPLITUSIMY IIPU fedopManun
pactsorkeHueM. Tesucs! foknaga Ha Il MesxxnynaponHoit koHgepeHuy "Boicokouncteie Matepuast: [Tonydenue,

[Mpumenenus, Cpoiictsa’, 15 - 18 centsiops 2015 r., r. XapbKoB, YKpanHa

X. 3aKJII04Hi BiZoMOCTi

KepiBHHK 10pu IMYHOI 0CO0H HexkmonoB IBan MaTBiiioB1UY

IlepeJtik 0Cci0O-BHKOHABILiB
Inpuenko Osnekcanap BacunboBuy
binoyc Bitamniit ApceHTiiioBrY
Bacunenko Pycnan JleoHinoBuy
3mint Bikrop IBaHOBMY

Kaprmasos 'enanin MukosiaitoBud
Komap Anarosiit AHaTOJiOBUY
Kynpin Onekcangp CepriioBud
Jlumap Bonogumup BacunboBuy
Mockanenp IBaH MakCUMOBUY
MexnbHikoB Cepriil IBaHOBUY
OBuapeHko Banepiit laBunosny
Pwxosa TarbsiHa IleTpiBHa
Pri6asbueHko Hinesb [JioHHCOBHA
Tonmayvosa 'animHa MukosaiBHa
Typuuna OznekcaHgpa KapmiBHa

Ycrenko Mukosa 'eopriiioBuy

BignoBigasbHUMH 3a HiATOTOBKY

00JIIKOBHX JOKYMEHTIB
Tenedpon

PeecTpartop



KepiBuuk Bigginy YKpIHTEI wo e

( \ h

BiZIOBiaIbHUM 3a peecTpaliio HayKOBOi gosi o E‘Og\p E‘ﬂ\ﬂi_."_"l‘i
| s:\ D\L‘! ) E *H
misbHOCTI |




