O6J1ikoBa kKapTka HIJIKP

Jep>kaBHuM 061ikoBHI HOMep: 0221U101285
Jep>kaBHuUM peecrpaniiinuii Homep: 0119U101186

Bigkpura

Iara peecrpamnii: 18-01-2021

1. ETaniy BUKOHAHHS

Homep etany: 2

Hassa eramny: Po3po6ka pekoMeHalliil oo TexHosorii ginimHoi XimikoTepMmiuHOi 06poOKY TBEJIBHUX TPYOOK Ta iHIINMX BUPOGiB

i3 IIMpPKOHiEBUX CIINIABIB, sIKa 3abe3Mnevye MifiBUIIEHHS TPUBAJIOCTi 6€3MeYHOi eKCIlyaTallii e71IeMeHTiB akTHBHOI 30HU
IToyaToxk eramy: 04-2020
3akiHueHHs eTany: 12-2020

Bup, 3BiTHOTO ZOKyMeHTa: OCTaTOYHUH 3BiT

2. BukoHaBeupb

Hassa oprasisanii: Qisuko-mexaniyauii inctutyt im. I'. B. Kaprienka HAH Ykpainu
Koz €IPIIOY /IITH: 03534506

MignopsaxoBanicTe: HallioHanbHa akanemis Hayk YKpaiHu

Appeca: By HaykoBa, 5, M. JIbBiB, JIbBiBCbKa 0611, 79060, YKpaiHna

Tenedon: 380322637049

Tenedon: 380322633088

E-mail: pminasu@ipm.lviv.ua

WWW: http: / /www.ipm.lviv.ua

3. Bnacuuk peayabtatiB HIJIKP (nmpoayKiiii)

Hassa oprasnisanii: Qizuko-mexaniuynui inctutyt im. I'. B. Kapnienka HanjionanbHoi akagemii Hayk Ykpainu
Kog, €IPIIOY /ITIH: 03534506

Appeca: Bys1. HaykoBa, 6yz. 5, M. JIbBiB, JIbBiBCbKa 0651., 79060, YKkpaiHa

IlignopsakoBaHicTk: HanioHanbHa akaieMist HayK YKpaiHu

Tenedon: 380322637049

Tenedon: 380322633088

Tenedon: 380322637038

Tenedon: 380322649427

E-mail: pminasu@ipm.lviv.ua

WWW: http: / /www.ipm.lviv.ua

4. I>)kepesia Ta HanpssMu piHaHCYBaHHA

IligcraBa a1 NpoBeAeHHs PoOiT: 34 - HOroBip (3aMOBJIEHHSI) 3 LIEHTPAJIbHUM OPTaHOM BUKOHABUOi B[y, aKaZleMielo HayK

(ro;10BHMMU PO3NOPSIAHMKAMU OI0IKETHUX KOIITIB Ha TpoBeaeHHs HIIKP)



KIIKBK: 6541030

Hampsam ¢inancyBaHHS: 2.2 - IPUKJIATHI ZOCIiAKEHHS i pO3po6KU

J>kepesia piHaHCYBaHHS

I>xepeJio ¢piHaHCyBaHHS: 7713 - KOWITHU IepPXKOIOIKETY

daxruunmii 06car dinancyBaHHA 3a 3BiTHHE eTam: 100 THC. TpH.
5. HaykoBo-TexHi4Ha podoTa

HasBa po6oTH (YKp)

Po3pobka }isuKo-xiMiUHUX OCHOB iH)XXEHepii NOBEpPXHi LMPKOHIEBUX CIIJIaBiB y KOHTPOJIbOBAHMX TA30BUX CEPENOBHUILAX Ta

METO/IiB OL{HKM pecypcy BUPOOiB aKTUBHOI 30HU
Ha3sBa po6oTHu (aHrJ1)

Development of physicochemical fundamentals of surface engineering zirconium alloys in controlled gas environments and of
methods of resource evaluation of elements of active zone

Pedepar (yxp)

[TokazaHO KiHETHKY 3MiHU Macuy, TBEPOCTi 30BHIIIHBOI i BHYTPIIIHBOI I0BEPXOHB 3pa3KiB-Kiselb, BupizaHux 3 TBEJIbHOI TpyOKU
3i crmaBy Zr-1%Nb, sika BUrotossieHa B Ykpaisi. [IpoanasizoBaHO KiHETHKY POCTY 3MIIJHEHOT'O IIPUIIOBEPXHEBOTO MAPY 3i CTOPOHU
30BHIIIHBOI i BHYTPIIIHBOI TOBEPXOHD 3Pa3KiB-Kijelb 32 TEPMiYHOI OOPOOKY B KMCHE- T4 a30TOBMiCHOMY I'a30BOMY CEPEeIOBHII].
JocnimkeHo BB XiMiko-TepMiuHOi 00po6ku TBEJIbHMX TPyOOK y KHCEHb- Ta a30TOBMICHMX Ta30BUX CEPENOBHUINAX 3
HaCTyIIHUM HACHYEHHSM BOJHEM Ha TPUBAJy MilHICTh 3a KiMHaTHOI (20°C) Ta po6oyoi (380°C) Temneparyp. YCTaHOBJIEHO, IO
MoanQiKyBaHHS ITOBEPXHi 3pa3KiB-Kisenp 3i cryaBy Zr-1%Nb y KuceHb- Ta a30TOBMiICHUX CE€pPEJOBUIIAX BIUIMBAE€ HA HACUYEHHS
ix BomHeM. [lokasaHO BIUIMB 3MiLIHEHHS NPUIOBEPXHEBUX MLIAPiB MeTanly 3paskiB-kisenp esnemeHTamu BrineHHs (O, N) B
pesysbTaTi BUKOHaHHS XTO Ha ix TpuBajy MilHICTb Ta IMKJIIYHY JOBrOBiYHICTh 3a KiMHATHOI Temneparypu (20°C). [TokaszaHo, mo
HagBHICTh PO3YMHEHOT0 B MeTaJli 3pa3KiB BOJHIO 3 KOHUeHTpalieio ~2100 ppm 3a KiMHAaTHOI TeMIIEpaTypy IIPAaKTUYHO HE BIIJIMBAE
Ha MEXaHiuHi BIACTMBOCTI crmiaBy Zr-1%Nb, a 3a temneparypu 380°C 36inbllye HOro miaacTU4HICTh. Ju@ysiliHi KMCHEBMICHI
IIapy Ha UUPKOHi€BOMY CIJIaBi Zr-1%Nb MepemKomKaoTb PO3UMHEHHIO BOGHIO Y METali 3pa3KiB. A30TOBMIiCHI AUQY3iiiHi mapu
Ha LMPKOHieBOMY cIuIaBi Zr-1%Nb e 6inblle, HDK KMCHEBMICHI, MepeuKoaXaloTb PO3UMHEHHIO BOJHIO Y MeTasi 3paskiB 3a

HagBHOCTI CYLiJIbHOI HE TIOIKO/KEHOI HITPUIHO] MIIiBKY.
Pedepar (aHrI)

The kinetics of changes in the mass, hardness of the outer and inner surfaces of the ring samples cut from the fuel tube made of
Zr-1%Nb alloy, which is manufactured in Ukraine, is shown. The growth kinetics of the hardened near-surface layer from the
outer and inner surfaces of the ring samples by heat treatment in an oxygen- and nitrogen-containing gaseous atmospheres are
analyzed. The influence of thermochemical treatment (TCT) of fuel cladding tubes in oxygen- and nitrogen-containing gaseous
media with subsequent hydrogen saturation on long-term strength at room (20°C) and working (380°C) temperatures has been
studied. It was found that the modification of the surface of the sample-rings from the alloy Zr-1%Nb in oxygen- and nitrogen-
containing media affects their hydrogen saturation. The influence of strengthening of near-surface metal layers of sample-rings
by elements of embodiment (O, N) as a result of TCT performance on their long-term strength and cyclic durability at room
temperature (20°C) is shown. It is shown that the presence of dissolved in the metal samples of hydrogen with a concentration
of ~ 2100 ppm at room temperature has little effect on the mechanical properties of the alloy Zr-1% Nb, and at a temperature of
380 ° C increases its ductility. Diffusion oxygen-containing layers on the zirconium alloy Zr-1% Nb prevent the dissolution of
hydrogen in the metal of the samples. Nitrogen-containing diffusion layers on the zirconium alloy Zr-1% Nb even more than
oxygen-containing, prevent the dissolution of hydrogen in the metal of the samples in the presence of a continuous undamaged
nitride film.

Inpexc YIK: 669.296, 669.296:621.785.062

Kopgu Temarnunux pyopuk HTI: 53.37.35.29



6. HaykoBo-TexHiyHa nponykuis (HTII)

HTII 1

Hassa npoaykuii (ykp): TexHosoriuHi pekomeHaaii momo xiMiko-TepmiuHoi 06po6ku Tpy6ok TBEJIIB 3 IIpKOHi€EBOTO CIIaBy
Zr1%Nb.

Hassa npoaykuii (arrui): Technological recommendations for thermochemical treatment of fuel cladding tubes from zirconium
alloy Zr-1%Nb.

OuikyBaHi pe3yabsratu: TexHosorii, MaTepianu

T'anysp 3acrocyBaHHS: 72.19 JJoC/iI>K€HHS I €KCTIEPUMEHTAJIbHI pO3POOKU y cdepi iHINX NPUPOJHNYUX i TEXHIYHUX HayK

(06pO6IeHHS Ta HAHECEHHS OKPUTTIB HA METaJIN).

Omnuc npoaykiii (yKp): YCTaHOBJEHO, 10 MoAnQiKyBaHHS TOBEPXHi 3pa3KiB-Kijelp 3i criaBy Zr-1%Nb y kuceHb- Ta
a30TOBMiCHUX CEPENOBUIIAX BIUIMBA€ HA HACUYEHHS iX BOJHEM. [I0Ka3aHO BIIJIMB 3MilIHEHHS IPUIIOBEPXHEBUX IIAPiB METAITy
3pa3sKiB-Kinenp enemeHTamu BrisieHHs (O, N) B pe3ysbTati BUKOHaHHs XTO Ha ix TpuBany MillHICTh Ta IMKJIIYHY JOBTOBiYHICTh 3a
KiMHaTHOI Temnepatypi (20°C). JocigKeHO BIIMB XiMiKO-TepMidHOI 06po6ku TBEJIbHUX TPYOOK y KUCEHb- Ta a30TOBMICHUX
ra30BUX CEPENIOBUILAX 3 HACTYIIHUM HACHYEHHSIM BOAHEM Ha TPUBAJy MillHiCTh 3a KiMmHaTHOI (20°C) Ta po60ou0i (380°C)

TeMIIepaTyp.
ConianbHO-eKOHOMIYHa cipsimoBaHicTh HTII: [TosinmeHHs CTaHy HaBKOJIAIIHBOTO C€PEJOBUIIA
Cragis 3aBepmenocri HTII: 3it o HIJIKP

Bnposazykennsa HTII: He BnpoBamkeHO

CTpoKH BIIPOBaZ>KEHHS!

Bupo6uuk npoaykuii: ®izuko-mexanicHuit iHcTUTYT im. I'.B. Kapnenka

CnosKkuBayi NpogyKIii:

IlepcneKTHBHI pUHKH:

IIpaBa iHTeJIeKTyasIbHOI BjIacHOCTI: B VKpaiHi

dopmu Ta ymoBu nepepavi npogykuii: Criizibai HIIKP
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8. 3BiTHa JOKyMEHTaIis

KinbKicTh CTOPiHOK B 3BiTi: 94
Moga 3BiTy: YKpaiHCbKa

KinpkicTs ¢aiimis y 3BiTi: 1

9. 3aKJII0YHI BiOMOCTi



IepeJiik 0Ci6O-BHKOHABIIiB

JI3b0o6a I0piit BacunboBuy
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Jlyk'suenko Onekcanpp ['eHanifioBuy (K.T.H.)
Tpym Bacuns CrenaHoBud (K.T.H.)

®epnipko Bikrop MukosaeBud (4.T.H., Ipodecop, 4ieH-Kop.)
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