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1. ®i3n4yHi OCHOBU €JIiICOMETPUYHOI AiarHOCTUKM 3MiH CTPYKTYPH i BJIACTUBOCTE [IepCleKTUBHUX MaTepiasiB

SIePHUX YCTAHOBOK I1iJ] BIVINBOM OIIPOMiHEHHS i TepMOMeXaHiYHOi 06pO6KYU
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facility materials under the influence of irradiation and thermomechanical processing

Pedepar:

1. Y po6oTi po3pobsieHo ¢i3uuHi OCHOBU ONTUYHUX Ta TEpareplieBUX METOMIB NliarTHOC-TUKU MaTepiajiB CTPYKTypHU i
BJIACTMBOCTE MaTepialiB siiepPHO-€HEPreTUYHOTO NPU3HAYEH-HS IIiCJIs1 OIIPOMiIHEHHS], TEPMOMEXaHiuHOi Ta
esieKTpoPiznyHoi 06po6Ku. [IokazaHo, MO ON-TUYHA EJIIICOMETPIs 3abe3nedye BUCOKY YYTJIMBICTb 4O pafialiitHO-
iHIYKOBaHUX [IEPETBO-PEHb, Y TOMY YHCJIi IOYATKOBUX, a TEParepLoBa eJlilcoOMEeTpPis MOXKe BUKOPUCTOBYBATHUCS SIK
CaMOCTIilHMI a60 BepudikaliliHuil MeTo, iarHOCTUKU. EXcliepuMeHTanbHO BUBYEHO MOAM(iKallilo CTPYKTypHU
[IOBEPXHI Ta ONTMYHUX BJIAC-TUBOCTEN BOX TUIIB BoabPpamy (W-IG ta W-rc) npu BruBsi ¢pakTopis, 10 iMITYIOTh
ymo-Bu po6otu B ITER: mociioBHa [1isi HEMTPOHIB Ta aTOMIB Iepe3apsiiku (po3nuseHHs). [Toka-3aHo, 1o

pexpuctanizauiss W-IG npusBoauTh 1o cTabisizalii CTpyKTypu HOro MOBEpXHi i, SIK HACJIOK, ONITUYHUX



XapakTepucTuK. [IpoBeeHi KOMIUIEKCHI JOCIIIKEHH paAialiiiHUX [1e-PETBOPEHD MIOBEPXHI JO3BOJIUIIN 3'4CYBaTU
disnuni MexaHi3mMu ii epozii nif BrBoM ¢dakro-pis ITER i no6yayBaTy Mofesi MOpPCTKOi ToBepxHi. Briepiie
OOI'PYHTOBAHO MOJIeJIb iCHy-BaHHS IBOX TUIIiB IOPCTKOCTI Ha noBepxHi W-IG Ta ii Mmogudikanis npu
pekpucranisauii. BuBueHo BIuB cTyneHs gedopmaii npu Hu3bkotemnepatypHiil KI'E Ha cTpykTypy Ta
eJIeKTpoMeXaHiuHi BinacTuBocTi crapy CuCrZr. JJocmiiKeHo BIVIUB KBa3uriipoeKcTpysii mpu kimuaTHi# (300 K) Ta
piaxoro azory (77 K) Temneparypax Ha (popMyBaHHS CTPYKTYpH AucnepcHo-3minHeHoro ciay CuCrZr. I[TokazaHo,
wo KI'E ta PKKII cyTTeBO BIIMBa€e Ha KiHETUKY PO3Majy NIEPECUYEHOI0 TBEPAOTO PO3YMHY Ta BU3HAYAE PO3MOLI i
(popMy BKJIIO-4EHDb BTOPMHHUX (a3. TakoxK MMoKas3aHo, o 3acTocoBaHi Metogi IT1]] npu3soguTs 1o GopMy-BaHHS
BHPaK€HOI aHi30TPOIHOI (BOJIOKHUCTOI) CTPYKTypU MaTpHULi Ta BKJIIOYEHb BTOPUHHUX (a3, OPi€HTOBAHUX B3OBXK
HaIpSIMKY €KCTPy3ii. BillloBinHO, Lie IpU3BOAUTD IO aHi30TPOIIii BjacTUBOCTEN Marepiay. [lokasaHo, mo IT1]]
IIO3BOJISIIOTH 3HAYHO IiABULIMTY MilIHICHI Xa-pakTepuCcTyKU criaBy CuCrZr Ta CTIfKICTb 4O PO3NUIIEHHS IIPU
36€pe>KeHHI JOCUTb BUCOKOI €JIEKTPOIPOBiIHOCTI. 3alIPONIOHOBAHO (Pi34Hy MOJIeJb [IOBEPXHi, TOOYL0BaHY Ha
OCHOBI eKCIlepuMeHTanbHuX nanux SEM, enincometpii Ta pediekTomeTpii. Mojiesib T03BOJISIE MTO-SICHUTHU
eKCIIEpMMEHTAJIbHI AaHi esincomMerpii. HaBeeHO onuc KOHCTPYKLi Ta MIPUHLXAIY POOOTU NIOPTATUBHOTO
TeparepLeBOro CIe-KTPOCKOMIYHOrO [ialla30Hy eJlincoMeTpa-pedaeKTOMeTpa Ha OCHOBI IOPOXKHUCTOTO JieJIeKT-
pUYHOro rnpomMeHesony niametrpom 20 mm. [TokazaHo, mo Hapmupokocmyrosa KO-inis ne-penaui 3a6esneuye
pob0oTy ycTaHOBKM B fianasoHi yactot 0,1...1 TT'y,. [TpoBeneHo TecTyBaH-H Npyiany. BusHaueHo TOUHICTh
BUMIpIOBaHHS €JIiNICOMETPUYHUX NTapaMeTpiB, o ckiagae ans I ~ 0,05¢, s [I ~ 0,le. TouHicTh BUMipIOBaHHS
Koe(ilieHTy BinouTTs cTaHOBUTD ~ 0,1%. HaBeeHo pe3ysibTaTu MaclITabHOTO MOZIE/IIOBAHHS BILIUBY Je(eKTiB
Pi3HUX THUIIIB Ha €JIiIICOMETPUYHI TapaMeTpy, OTPUMAaHi 3a JOIIOMOTr0I0 CyOTeparepleBoro KBa3ionTuyHoro
eJlifcomeTpa y MijliMeTpoBOMY Aiarna3oHi panioxsuib. i maHi CyTTeBO LONOBHIOIOTE i IOSIC-HIOIOTh CUCTEMATUYHI
DIOCJIiIPKEHHS BIJIMBY Ne(PEKTIB HAa TOBEPXHi MaTepiasliB i3 CUIbHUM NOTJIMHAHHSAM Ha IaHi ONITUYHUX METOJiB.
Po3pob6sieH0 MeToA, IiarTHOCTUKY CUJIBHOIIOPCTKUX MTOKPUTTIB, oTprMaHux metonom MIIO, 3a nonomoroio cy6-TI'
eslincomeTpii. 3alpOIIOHOBAHO MOJIeJIb KyCOYHO-0JHOIAPOBOi IIOBEPXHi 117151 6ibIll aleKBATHOI 06POOKU
€JIINICOMETPUYHUX JAHUX Ta PO3Pa-XyHKY [1apaMETPiB MOKPUTTIB. PO3p06sI€HO OpUTiHAIBHMI METOJ, 32CTOCYBaHHSI
TeparepLoBOi eJiNCcOMETPIi y SIKOCTi eKcIIpec-MeToAy IJ1s1 JOCiIPKEHHS XapaKTEPUCTUK (IIOPUCTOCTI Ta BOJIOTOCTI)
rpaHyJl akTH-BOBAaHOTO BYTiJLIS, 1110 BUKOPUCTOBYEThCS B cucTeMax BeHTW il AEC. [17151 po3paxyHKy e(peKTUBHUX
ONTUYHUX KOHCTAHT I'paHyJl AB 3a11ponioHoBaHo Ta (i3YHO OOI'PYHTOBAHO MO-[€/b €(PEKTUBHOTO CEPENOBUILA 3i
3MiHHUM (PAaKTOPOM €KpaHyBaHHs (0), 0 LO3BOJIMJIO BpaXyBaTH aHi30TPOIIiI0 3pa3Ka, CIPUYMHEHY CBOEIO
reomeTpiero. JIoCiI>KeHHS EMOHCTPYE, 110 TEPAreploBy eJICOMETPil0 MOKHA BUKOPUCTOBYBATH [JI1

OJHOYaCHOT'O BU3HAYEHHS HOpI/ICTOCTi Ta BMiCTy BOJIOT'Y B IIOBEPXHEBOMY mapl r'paHyJ1 aKTUBOBAHOI'O BYI‘iJUIH.

2. The work develops the physical foundations of ellipsometric methods for diagnosing the structure and
properties of nuclear energy materials after irradiation, thermomechanical, and electrophysical processing. It is
shown that optical ellipsometry provides high sensitivity to radiation-induced transformations, including their
initial stages, while terahertz ellipsome-try can be used as an independent or verification diagnostic method. The
modification of the surface structure and optical properties of two types of tung-sten (W-1G and W-rc) under
exposure to factors simulating ITER operating conditions (se-quential irradiation by neutrons and charge-
exchange atoms) was experimentally studied. It is shown that recrystallization of W-1G leads to stabilization of its
surface structure and, conse-quently, its optical characteristics. Comprehensive studies of radiation-induced
surface trans-formations made it possible to clarify the physical mechanisms of erosion under ITER-relevant
conditions and to develop rough-surface models. A model describing the existence of two types of surface
roughness in W-IG and their modification upon recrystallization has been substantiated. The influence of the
deformation degree during low-temperature quasihydroextrusion on the structure and electromechanical
properties of the CuCrZr alloy was investigated. The effect of quasihydroextrusion at room temperature (300 K)
and liquid nitrogen temperature (77 K) on the formation of the structure of the precipitation-strengthened CuCrZr
alloy was studied. It is shown that quasihydroextrusion and equal-channel angular pressing significantly affect the
kinetics of decomposition of the supersaturated solid solution and determine the distribution and morphology of
precipitates. It is also demonstrated that the applied severe plastic deformation (SPD) methods lead to the



formation of a pronounced anisotropic (fiber-like) structure of the matrix and secondary-phase inclusions
oriented along the extrusion di-rection, resulting in anisotropy of the material properties. It is shown that SPD
substantially improves the strength characteristics and sputtering resistance of the CuCrZr alloy while maintaining
relatively high electrical conductivity. A physical surface model based on SEM, ellipsometry, and reflectometry
data is proposed, which adequately explains the experimental ellipsometric results. The design and operating
principle of a portable terahertz spectroscopic ellipsometer-reflectometer based on a hollow dielectric waveguide
with a diameter of 20 mm are de-scribed. It is shown that the ultra-wideband quasi-optical transmission line
ensures operation in the frequency range 0.1-1 THz. The instrument was tested. The measurement accuracy of the
ellipsometric parameters was determined to be approximately 0.05° for o and 0.1° for A. The accuracy of the
reflectance coefficient measurement is about 0.1%. The results of scale modeling of the influence of various defect
types on ellipsometric parameters obtained using a sub-terahertz quasi-optical ellipsometer in the millimeter-
wave range are presented. These data significantly complement and explain systematic studies of the effect of
surface defects in strongly absorbing materials on optical measurement results. A diagnostic method for highly
rough coatings produced by micro-plasma oxidation (MPO) using sub-THz ellipsometry has been developed. A
piecewise single-layer surface model is proposed for more adequate processing of ellipsometric data and
determination of coating parameters. An original approach to the application of terahertz ellipsometry as an
express method for studying the characteristics (porosity and moisture content) of activated carbon granules used
in nuclear power plant ventilation systems has been developed. To calculate the effec-tive optical constants of
activated carbon granules, an effective medium model with a vari-able screening factor q(o) is proposed and
physically substantiated, allowing the anisotropy of the sample caused by its geometry to be taken into account.
The study demonstrates that tera-hertz ellipsometry can be used for the simultaneous determination of porosity
and moisture content in the surface layer of activated carbon granules.

Jep>kaBHHH peecTpaniliHuil Homep JiP:

IIpiopuTeTHHI HanpsSIM PO3BUTKY HayKH i TEXHIKHU: OyHnamMeHTasbHi HAYKOBI TOCIIIPKEHHS 3 HANGIbII
Ba)KJIMBUX PO6JIEM PO3BUTKY HayKOBO-TEXHIYHOT0, COLiaJIbHO-€KOHOMIYHOT0, CyCIiJIbHO-TIOJIITUYHOTO,
JIIOJICbKOT'O NIOTEHLjay 1715 3a6e3le4eHHs] KOHKYPEHTOCIIPOMOXKHOCTI YKpaiHu y CBiTi Ta CTaJIor0 PO3BUTKY

CYCIIiJIbCTBA i Jep>kaBu

CrpareriyHuii NpiopUTETHUH HaNIPSIM iHHOBALLiMHOI Ais1JIbHOCTI: OCBOCHHS HOBMX TEXHOJIOTIiA
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