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J>kepesia piHaHCYBaHHS

I>xepeJio ¢piHaHCyBaHHS: 7713 - KOWITHU IePXKOIOIKETY

daxruyHmii 06car dinaHcyBaHHS 3a 3BiTHHH eTam: 220 THC. TPH.
5. HaykoBo-TexHi4Ha poooTa

HasBa po6oTHu (YKp)

JocninKeHHs BIUIMBY B3a€MO/Iii i0HIB BOJHIO i IOT0 i30TOIIIB ¢ KOHCTPYKLIMHUMM MaTepiasamMu SIKi BUKOPHUCTOBYIOTLCS B S/I€PHIl

€HepreTuLi

Ha3zBa po6oTH (aHrJI)

The researchers of the effect of interaction of hydrogen ions and its isotopes with structural materials are used in nuclear power
industry

Pedepar (yxp)

PE®EPAT 3sit npo HJIP: 53 c., 26 puc., 4 Tabmn., 19 mxepesn. Ha TpeTboMy eTami JOCTiIKeHb 0yJI0 NepenoadeHo ITOCTiIKEeHHS
BILJIMBY OIPOMiHEHHS i0HaMU reJiilo 3paskiB Pi3sHMX MaTepiasiBs, iXx Mac-CIIEKTPOMETPUYHI, PEHTT€HO-CTPYKTYPHI JOCiI)KEHHS Ta
€JIEKTPOHHA MiKpockorlisl. [Jo3uMeTpryHi BUMIpIOBaHHS 3pa3kiB. [y 11bOro 6ys10 HEOOXiAHO MPOBECTU MEBHUI 06'eM poOGIT 1o
MoZepHi3alii IIa3MOBOro [Kepesia iOHIB BOJHIO Ta Tejiil0 3 HEOOXiMHMMM MapaMeTpaMy Ta MiNKIaJKO TpUMava 3 Pi3HUX
marepiasnis. [IpuBeneHO pe3ysnbTaTH [IOCHTIIKeHb B3aeMoJii mMpoToHiB 3 eHeprieo 250 - 260 eB 3 moBepxHew BoJb(HPaMOBOi
¢orpru. BinbyBaeTbcs posnopomeHHs Bosbdpamy 3i mBHaKicTIO ~ 0,5 MkMm / rog, npu Temneparypi 300 C i minpHOCTI iOHHOTO
ctpymy ~ 1,5 MA / cm2. TloBepxHs BoJsibpaMy 3HAYHO 3MIHIOETHCS TiCJIs TpPOLECY ONpomiHeHHs. BinbGyBaeTbcsi icToTHE
OUMILEHHS NTOBEPXHI BiJj OKCU/IB, B TOMY YMCJIi 3-3a iX BiITHOBJIEHHS Y BOJHEBIN M1a3mi. BMiCT BOgHIO B BOIbdpaMi 3MEHIIYETHCS
1o TU6MHI, 0COOJIMBO BENMKMUI BiH Ha NOBEPXHI 3pa3ka. [IoBepXHsI MOMiOIEHy 3HAYHO 3MiHIOETBCS MiCJI NPOLECY ONPOMiHEHHS
MPOTOHaMU. 3aBOSKU PpO3NUJIEHHS IOBEPXHi BiOyBa€TbC iICTOTHE OYMILEHHS TOBEPXHI Bif OKCUIiB. MOXIJINBO TaKOX
BiIHOBJIEHHSI OKCU[iB y BOAHEBil mia3mi. Ilicisgs o6po6Ku NMoBepxXHS MOJOHEHYy CTae 6inbll HEPIBHOK 3 NPOSIBOM [IpPi6HOI
CTPYKTypU. BinbyBaeTbcsl po3anopoleHHs: MOlibeHy 3i mBuakicTio ~ 0,1 MkM / rog npu temnepatypi 300 C i minbHOCTI iOHHOTO
ctpymy ~ 1,5 MA / cM2. [iciist onpoMiHEHHs IPOTOHAMU BMICT BOJHIO I100JIM3Yy [TOBEPXHI MOJiOEHY IPAKTAYHO HE 30iIbLUIyEThCS.
3MiCT BOAHIO B MOJIiG/IEeH] 110 IJIMOUHI He 3MIiHIOETbCS, a € MOCTITHUM SK 10 OIIPOMiHEHHS, TaK i micyisg. MoJlekyJsipHUil BOJEHb He
crioctepiraeTbcsi B 060x 3paskax. Ha BIMC - crniekTpax posfinsioTbcsi 7 i30TomiB Mo i CTisibKM X #ioro okcupiB i miokcupis. Ha
NoBepxHi Mo micyisi 06po6KHU CIIOCTEPIraloThCsl Psifi Mac aToMiB, Ki HajleXaTb MaTepiajly yTpMMyBaya MigKIaJKUd 3 HepsKaBiloyoi
cranmi (12X18H10T) (i3otormmm Cr, Fe, Ni, Ti, Mn i in.). CrnocTepiraioTbCsi TaKoX i30TONM IHMIKX JOMIIIOK, $Ki MOXYTb
NEepepo3NWILATACS 3 TpUMava MiAKIAgKW i KpeMHilo, SKUM IPUKPUBAETbCSI HEOOPOOJIOBaHa [ijIsiHKA 3paska. I[IpuBeneHO
pe3yJsIbTaTy JIOCHiI)KeHb B3aeMOJIii MPOTOHIB 3 eHeprielo 260 eB 3 noBepxHer anmomiHieBoi ¢osbru npu Temneparypi 300 oC,
HIiZILHOCT] i0HHOTO CcTpyMy ~ 1,5 MA / cMm2 3 exkcriosuulieto 11 roguH. IToBepxHS alOMiHil0 3HAUHO 3MIHIOETHCSI IiCJIS MPOLECY
ONPOMiHEHHS, TIOKPUBAEThCSl OysbbamkamMu Ta Mikpokpartepamu. CIIOCTepiraeTbcs sBUIlE IIOBEPXHEBOrO OJIiCTEPIHTY.
BinGyBaeThcs iCTOTHE OYMINEHHS IOBEPXHI BiJl OKCU/IIB Yepe3 pO3MOPOIIEHHS TOBEPXHI, a TAKOX 13-3a iX BiAHOBJIEHHS Y BOGHEBIN
nna3mi. Ilicsst onpoMiHEeHHS ajIOMiHIIO MPOTOHAMU iCTOTHO 306i/IBIIYETHCSI BMICT BOJHIO IOGJIM3Y [MOBEPXHIi 3pa3ka, BMICT SIKOTO
MJIaBHO 3MEHIIYEThCS 10 riubuHi. CriocTepiraeTbCsi pO3NMUIIEHHS KOHCTPYKIIN M71a3MOXIMIYHOrO peakTopa, 1o IMPU3BOLUTH 10
3a0pyiHEHHS 0O6pPOOIIIOBAHOTO MaTepialy, a HA Mac-CIIEKTPax CIIOCTEPIraloThCsl MacH i30TOIIB €JIEMEHTIB, 5IKi BXOASTb O CKIIaLy

HeMarHiTHoi Hep>kaBitoyoi crasni 12X18H10T.
Pedepar (aHr1)

Abstract Report on the study: 53 pp., 26 fig., 4 tab., 19 sources. At the third stage of research, the effect of irradiation of helium
ions with samples of various materials, their mass spectrometric, X-ray diffraction studies and electron microscopy was studied.
Dosimetric measurements of samples. To do this, it is necessary to carry out a certain amount of work on upgrading the plasma
source of hydrogen and helium ions with the required parameters and the substrate holder of various materials. The results of
studies of the interaction of protons with an energy of 250 - 260 eV with the surface of tungsten foil are presented. Tungsten is
sprayed at a rate of ~ 0.5 pm / h at a temperature of 300 ° C and an ion current density of ~ 1.5 mA / cm2. The surface of



tungsten varies considerably after the irradiation process. The surface is largely free of oxides, including due to their reduction
in hydrogen plasma. The hydrogen content in tungsten decreases in depth, especially it is large on the surface of the sample.
The surface of molybdenum changes significantly after proton irradiation. Due to the sputtering of the surface, a substantial
cleaning of the surface from oxides occurs. It is also possible to reduce oxides in a hydrogen plasma. After processing, the
surface of molybdenum becomes more uneven with the manifestation of a fine structure. Molybdenum is sprayed at a rate of ~
0.1 pum / h at a temperature of 300 ° C and an ion current density of ~ 1.5 mA / cm2. After irradiation with protons, the hydrogen
content near the molybdenum surface practically does not increase. The content of hydrogen in molybdenum does not vary in
depth, but constantly before and after irradiation. Molecular hydrogen is not observed in both samples. On the SIMS spectra of 7
isotopes of Mo and the same of its oxides and dioxides are separated. After the treatment of Mo, a series of atomic masses
belonging to materials of a stainless steel substrate holder (12X18H10T) (Cr, Fe, Ni, Ti, Mn isotopes, etc.) is observed on the Mo
surface. Isotopes of other impurities are also observed, which can be pereraspylyatsya from the substrate holder and silicon,
which covers the unworkable area of ??the sample. The results of studies of the interaction of protons with an energy of 260 eV
with the surface of aluminum foil at a temperature of 300 ° C, ion current density of ~ 1.5 mA / cm2 with an exposure time of 11
hours are presented. The surface of aluminum changes significantly after the irradiation process, covered with bubbles and
microcraters. Observed surface blistering. The surface is largely free of oxides by spraying the surface, as well as by reducing
them in a hydrogen plasma. After aluminum is irradiated by protons, the hydrogen content increases significantly at the sample
surface, the content of which gradually decreases in depth. Sputtering of the structures of the plasma-chemical reactor is
observed, which leads to contamination of the material being processed, and the mass spectra show the masses of isotopes of
the elements that make up the nonmagnetic stainless steel 12X18H10T.

Inpexc YIK: 533.9.01, 533 /9:537.523.5/525.5

Kozau tremaruunux py6pux HTI: 29.27.01
6. HaykoBo-TexHiyHa npoaykuis (HTII)

HTII 1

Hassa npoaykuii (yKp): 3akstouHuil 3BiT mpo HJIP "[loctimkeHHs BIIUBY B3aeMOJi iOHIB BOAHIO Ta H10ro i30TOMIB 3
KOHCTPYKLiMHMMU MaTepianamy, sIKi BUKOPUCTOBYIOTBCSI B SIIEPHiN eHepreTuli." ( 53 cTOpiHKU 26 PUCYHKIB, 4 Tabiuii, 19

JKeper)

Hassa npoaykuii (aurur): The final report on the research "Study of the influence of the interaction of hydrogen ions and its
isotopes with structural materials that are used in nuclear power." (53 pages, 26 figures, 4 tables, 19 sources)

OuiKyBaHi pe3yJIbTaTH:

T'amyss 3actocyBaHHs: 1.8. SInepHa ¢isuka Ta eHepreTruka

Omnuc npozykuii (ykp): [IpuBenieHO pe3ysbTaTy JOCIiIXKeHb B3aeMoZii IpoToHIB 3 eHeprieto 250 - 260 eB 3 noBepxHelo
BOJIb(PpamMoBoi, MOTIGIEHOBOI Ta amoMiHieBOi Gosbru. BindyBaeTbcst po3nopoueHHs Bosabdpamy 3i meuakictio ~ 0,5 MKM / Tof
npu temrepatypi 300 C i minsHOCTI ioHHOTO CTPyMy ~ 1,5 MA / cM2. TloBepxHsI BOsbppamy 3HAYHO 3MIHIOETHCSI ITICIsI IPOLIECY
onpoMiHeHHs!. . BMicT BofHIO B Bosib(dpaMi 3MEHIIYETHCS 110 ITIMOMHI, 0COGJIMBO BEJIMKUI BiH Ha NOBEPXHi 3paska. ITicsis o6pobku
MOBEPXHSI MOJTiGIeHy CTa€e GibIl HEPIBHOIO 3 TPOSIBOM APiOGHOI CTPYKTYpU. BinGyBaeThCst po3nOpouIeHHs! MOJIiGeny 3i
mBuzkictio ~ 0,1 MKM / rog. . 3MiCT BOAHIO B MOJTiGIEHi 110 IIMOVHI He 3MIHIOEThCS, a € MOCTIMHUM SIK 10 OIIPOMIHEHHS, TaK i
mnicssi. MosieKyISpHUM BOJEHb He CIIoCTepiraeTbcs B 060x 3paskax. Ha BIMC - criekTpax po3ninsioTses 7 i30TomniB Mo i CTisIbKA X
10ro oKcupiB i giokcuis. CrioCcTepiraloThbCs TaKOXK i30TOMNM iHIIMX JOMIIIOK, Ki MOXKYTb [1€PEPO3NUIATUCS 3 TPUMaYa MigKIIagKy
i KpeMHIl0, SIKUM NIPUKPUBAETHCSI HEOOPOOIIIOBAHA i/MsIHKA 3pa3Ka. [I0BepXHSI a/llOMiHiI0 3HAYHO 3MiHIOETHCS ITiCJIS MpoLecy

OIIPOMI

ConianpbHO-eKOHOMIYHA cripsimoBaHicTe HTII:
Cragis 3aBepmenocri HTII: 3git o HIJKP
Bnposazykennsa HTII: He BinpoBamkeHO
CTpOKH BIPOBAZ;KE€HHS: HE Nepei6aueHo
Bupo6uuk npoaykuii: I51] HAH Vkpainu

CnoskuBayi IpOAYKIii: MiAIp1eEMCTBA €HePreTUKU



IlepcniekTHBHI pUHKHU: YKpaiHa
IIpaBa iHTeIeKTyasIbHOI BJIACHOCTI: 32 JOrOBOpaMu

®opmu Ta ymoBH nepegaui npogykuii: CriinieHi HIJTKP
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