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VII. BizomocrTi npo IiP
Ha3sBa po6oTH yKpaiHCBHKOIO:

Ki1040Bi acnexkTy B3aemMozii 11a3mMmu 3 IOBEPXHAMU B OCBOEHHI TEPMOSIEPHOI eHeprii

Ha3sBa po6oTH aHIJIilICbKOIO:

Key aspects of the interaction of plasma with surfaces in the development of thermonuclear energy

PedepaT ykpaiHCbKOIO:

EkcTpeMasibHe MOCIiJ0OBHE TEIJIOBE CTalliOHAPHE Ta iIMITyJIbCHE BILJIMB €Heprii Ha KoMIloHeHTax DEMO, mo
KOHTaKTYIOTb 3 I1a3moto (PFC), cripnynHsie 3HaUHe NOMKOPKEHHS BOIbPPAMOBUX 3aXUCHUX Martepiais. [l
OIIiHKM iXHiX XapaKTepUCTHK B YMOBAX, 1110 Bi[I[I0BiZal0Th yMOBaM peaKkTopa, 3pa3ku Bojbdpamy kiacy ITER
(PLANSEE) 6y ninjaHi BIUIMBY BUCOKMX TEMIIEPATYP Ta IIOTOKIB YaCTUHOK. CTallioHapHE NoNepesHe
HaBaHTAKEHH$ 3pa3KiB 0yJI0 BUKOHAHO B ycTaHOBLi Magnum-PSI. CkanyBanHs Temnepatypi (400 K; 500 K; 600 K;
700 K) 6ysno nposeneno npu ¢oenci 1027 m-2 nix yac nocnigoBHux ekcrnosuii mnasmu D - H - D. Exeprig
4acTUHOK pocsrana 40 eB npu cranioHapHOMY HaBaHTaXKEHH] 171a3mMo10. Tlicss nux ekcrno3ulii 6y/u 3acToCcoBaHi
iMITyJIbCHUI [1JIa3MOBUH BIUJIMB 3 BUCOKMM TEIJIOBUM IIOTOKOM 3a JOIIOMOTOI0 KBa3iCTallioHApHOrO IJIa3MOBOT0O
npuckoproBada KCIIIT X-50. TenioBi HaBaHTa>)KE€HHSI HA IOBEPXHIO II€PEBULIYBaIX MOPIr IJ1aBJI€HHS BOJIb(pamy
(ryctuna eneprii no 0,9 MIIxx /M2, TpuBasicTs iMnysbcy 0,25 mc). [leper 1171a3MOBUM IMITyJIbCOM 3pa3Ky Majv
IpU6JIM3HO KIMHATHY TeMIIEPATypy. AHaJIi3 NOBEPXHI IPOBOJUBCA 32 JOIIOMOT0I0 OIITUYHOrO Mikpockona Ta SEM.
PosniaBieHHs NOBEPXHi, yTBOPEHHSI IOBTOPHO 3aTBEPiNUX MAPiB Ta TPIlIUH Ha IOBEPXHi 3pa3Ka Oy/M BU3HAYEHi
SIK OCHOBHI OCOOGJIMBOCTI BILJIMBY iMnysibcHOI BogHeBoi razmu KCIIIT. Mogudikariis moBepxHi Ta po3BUTOK TPIliMH
IIPU3BEJIM [10 306iJIbII€HHS LIOPCTKOCTI ONPOMiHEHUX ITIOBEPXOHB Yy 5 pasiB. Byjio nocsifkeHo eposito MinleHei 3
BosibGpamy (W) 3 KaminsspHoto nopuctom ctpykryporo (KI1C), 3arnoBHenux JitieM (Li), mig giero nepexigHux
nia3MoBux HaBaHTakeHb B KCIIIT X-50. T11a3moBi imnysbcu 6ysiu 3acTocoBaHi 1o aBox MimeHel KIIC, onHa 3 akux
OyJia OpieHTOBaHa HOPMAaJIbHO, a iHIIa — IiJ KyTOM JI0 [1a[1al04Y0ro I1J1a3MOBOT0 IIOTOKY. CIIoCTepesXeHHs B3aeMOii
IIJIa3MU 3 [IOBEPXHEIO BUABUIIY BUKUI, YAaCTUHOK 3 BiIKPUTOI MillleHi, IKMI 3aj1eXKaB Bif ['YyCTUHU €HEePrii BXiIHOro
IOTOKY I1a3mu. AHasi3 mimeHi KIIC micss BIVIMBY IIOXUJIOTO I1JIa3MOBOTO IIOTOKY BUSIBUB €PO3il0 HA NIEPEIHbOMY

Kpai, [0 BKasdye Ha 1110 06J1aCTh SIK Ha KPUTUYHUI (PaKTOp CTIHKOCTI MilleHi.

Pedepar aHr1ilicbKOIO:

The extreme sequential thermal steady-state and transient energy deposition on the DEMO Plasma-Facing
Components (PFCs) causes significant damage to tungsten armor materials. To evaluate their performance under
reactor-relevant conditions, ITER-grade tungsten samples (PLANSEE) were exposed to high heat and particle
fluxes. Steady-state pre-loading of samples was performed in the Magnum-PSI facilities. Temperature scans (400
K; 500 K; 600 K; 700 K) were performed during successive D - H - D plasma exposures at a fluence of 1027 m-2.
The energy of particles reached 40 eV under steady-state plasma loading. After these exposures, high heat flux
transient plasma impacts were applied using the quasi-stationary plasma accelerator QSPA Kh-50. The surface
heat loads exceeded the melting threshold of tungsten (energy density up to 0.9 MJ/m2, pulse duration of 0.25
ms). The samples were initially at approximately room temperature before the plasma pulse. Surface analysis was
conducted using optical microscopy and SEM. Surface melting, the formation of re-solidified layers, and cracking
of the sample surface were identified as the main features of the QSPA pulsed hydrogen plasma exposure. Surface
modification and crack development led to an increase in the roughness of the exposed surfaces up to 5 times.The
erosion behavior of selective laser melting (SLM) tungsten (W) Capillary Porous Structure (CPS) targets filled with
lithium (Li) was examined under transient plasma loads in the QSPA Kh-50. Plasma pulses were applied to two CPS
targets, one oriented normally and the other inclined relative to the incident plasma stream. Observations of
plasma-surface interactions revealed particle ejection from the exposed target, which depended on the energy
density of the incoming plasma stream. Post-mortem analysis of the CPS target under oblique plasma exposure



revealed erosion at the leading edge, pointing to this region as a critical factor in target resilience.
Impexc YIK: 533.9, 533.9.004.14;621.039.6, 621.039.6

Koau TemaTHYHHUX PYOPHK: 29.27
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VIII. HaykoBa (HayKoBo-TexHiuHa) npoaykuist (HTII)

Haszga HTII ykpaiHCBKOIO: [lociizpkeHo (GisnyHMX IIPOLECB I1a3MOBO-TIOBEPXHEBOI B3aEMO/ii i MeXaHi3MiB

YTBOPEHHS MUY IIif, Oi€l0 ra3oBoi I1a3MU.

Ha3zpa HTII aHrsiicbKoO0: The physical processes of plasma-surface interaction and the mechanisms of dust

formation under the influence of gas plasma were investigated.
HTII, sixy nepen6a4asiocss CTBOPHTH: CTBOPEHO
IIpuunnn, yepe3s aki HTII He Gysi0 cTBOpeHO:
OTpHMaHi P€3yJbTaTH: MeToau, Teopii, rinoresu
l'asy3p 3aCTOCYBaHHS: PeakropHa TexHika (73.10.01)
PeecTpaiifiHuii HOMep KapTKH T€XHOJIOT1i:

Onuc HTII: Buepiue nposeneHo nocsifioBHe ONPOMIHEHHS CTALliIOHAPHUMU Ta IMITYJIbCHUMU [IOTOKAMU BOZHEBOI
II71a3MU BOJIb(PPaMy B yMOBax iMiTalii TeNnnoBuMX HaBaHTaXXeHb B [UBepTOpi peakropa DEMO. NokasaHo, o peabed
MIOBEPXHi, XapaKTePHU 1711 (Pi3UYHOrO PO3MOPOLIEHHS, CIIOCTEPIraBcs MicCJsl CTaliOHAPHOrO IIJIa3MOBOTO
onpoMiHeHHs. BusBieHi 6sicTepu miciis onpoMiHeHHs Ipu Temnepatypi nosepxHi Buiie T = 600 K 3a no3u
onpomineHHs1 1027 m-2. ITicsis iMITy/IbCHOTO I1JIa3MOBOTO ONPOMIHEHI IMTOMOIO €HEPTI€EL0, 110 0OYMOBIIIOE
IIJIaBJIEHHS BOJIb()paMy, Ha IIOBEPXHi yTBOPIOBABCS NIOBTOPHO 3aTBEPALNNX MIAPiB, PO3TPiCKyBaHHS IOBEPXHI
IIPMBEJIO 10 YTBOPEHHS MepeXi BeJUKUX (po3Mip oceperkiB 1o 0,4 MM 3 KUPUHOIO A0 1 MKM) Ta MDKKPUCTAITHUX
(po3mip ocepegkis 1o 40 om) TpimyH. Ha noBepxHi yTBOPIOIOTHCS IIOPU B Pe3y/bTaTi pyHHYBaHHS KPUIIOK 6J1iCTepiB.
Mopudikais MOBEpPXHi i pO3BUTOK TPIillIUH IIPU3BEJIU A0 301/IbLHIEHHS IOPCTKOCTI OIIPOMiHEHUX IIOBEPXOHb MalKe
B 5 pasiB, 1[0 NOTPiOHO BpaXxOByBaTU 1,11 OL[iHKU Jerpaallii BoJab(paMOBUX MOBEPXOHb B TEPMOSIAEPHOMY PEaKTOPi

Mif [iero KOMOGIHOBAHOTO OTPOMiHEHHSI.

ComniannbHO-eKOHOMIYHA cupsimoBaHicTh HTII: Creopenns npuHumnoBo HOBOI nmpoaykKuii (Matepiasis,

TEXHOJIOTI} TOMIO) AJ11 3a0€3MeYeHHs eKCIIOPTHOTrO NMOTEHIialy Ta 3aMillleHHIO iIMIIOPTY
Bnyiue HTII Ha mOBKiJIS:
BnposagskeHHst HTII: He snpoBamxeHo
ITpakTuyHa peasisanis HTTI
IToyaTok eramy: 07.2025
3aKkiH4yeHHs eTamy: 12.2025

Crno>KuBavi NpoAyKIii: ITER Organization (dpanuis), Tepmosinepui peakropu Ykpainu i €C, JocmigHUIbKi

LIEHTPHU,B SKUX PO3B'SA3yI0ThCS 33/1a4i KEPOBAHOTO TEPMOSAEPHOTO CUHTE3Y.
IlepcnieKTHBHI PUHKH: [lIBewis, Ykpaina, CIIIA, fnoHis, kpaiau €C .
XapakTep cniBpOOIiTHHIITBA 3 iIHBECTOPOM

IToTpiOHMI 06CAT iHBECTHILiH, THC. TPH.:

IIpagBa, 0 HaAAIOTHCS iIHBECTOPY MicJIsA 3aBEPIIEHHS POOOTH:

HasaBHicTb 0i3Hec-IJIaHY:

TexHiKO-€KOHOMiYHE OOrpyHTYBaHHSI.

IToTeHUiaILHUM 00CAT IIPOAAKY, THUC. TPH.:

OuiKkyBaHHI TepMiH OKYIHOCTI (pPOKiB):



JopaTtkoBa iHdpopmamist:
Haszsa HTTI yKpaiHCBKOIO: BusBieHO MeXaHi3MM YTBOPEHHS [IHILY IIifi Ai€i0 ra30Boi [I1a3MHu.

HasBa HTII aHr/1ificbKO¥0: Mechanisms of dust formation under the influence of gas plasma have been
identified.

HTII, sixy nepen6ayasiocss CTBOPHUTH: CTBOPEHO
IIpuunnmu, yepe3s saki HTII e 6ysi0 cTBOpeHO:
OTpumaHi pe3yJIbTaTH: MeToay, Teopii, rinoresu
l'asmy3b 3acTOCYBaHHS: PeakropHa TexHika ( 73.10.0 )
PeecTpanifiHuii HOMep KapTKH T€XHOJIOTi:

Omnuc HTII: [ocnimkeno nomkomkeHHs 3pa3ka BosibPppamoBoi 3D-1pyKOBaHOI KaliIPHO-TIOPUCTOI CTPYKTYpPH
(KTIC) 3arioBHEHOI JliTieM Iif BIIJIMBOM IOTY>KHUX [IOTOKIB I1J1a3MU 3 IIapaMeTpaMy HabJIMKeHVMU 10 YMOB
TEpMOsIePHOrO peakropa. JlociigpKkeHo eposio MieHel 3 Bosbdpamy (W) 3 KamisiipHOIO [IOPUCTOIO CTPYKTYPOIO
(KTIC), 3anoBHeHux Jiitiem (Li), iz gieto nepexinHux niaasmoBux HaBaHTaxeHb B KCIIIT X-50. [11a3MOBi iMITyJIbCH
(t~0,25 mc, q~3 M /M?). BcTaHOBJIEHO, 11O [TPU ONTPOMiHEHHI 3 eHepriero (<1,2 M /M?) Befie e 10
HE3HAYHOT'O BUKUIAHHS YaCTUHOK ([IPOAYKTIB epo3ii). 36ibIeHHSI HAaBaHTa )KEHHS IIPU3BOJUIIO IO 3HAYHOT'O
BMKUJly YaCTMHOK 3i BUAKICTIO 10 33 M/c. [Ipy noxunomy onpoMiHEHH]i BUSBIJIEHA iCTOTHA €pO3isl IEPEIHbOTO
Kpai.
ConianbHO-eKOHOMIYHA crpsimoBaHicTh HTII: Creopenns npuHuunoBo HOBOI mpoyKiii (Marepiasis,
TEXHOJIOTI} TOIO) J1s1 3a0e3eYeHHsI eKCIIOPTHOTO NIOTEeHIialy Ta 3aMillleHHIO iIMIIOpTY
Bnus HTII Ha moBKiss:
BnposaaskeHHst HTII: He supoBamkeHo
ITpakTuyHa peasnizanis HTTI

IToyaTok eramy: 07.2025

3akiHuyeHHs eTamy: 12.2025

Cno>kuBavi Npoaykiii: ITER Organization (®panuis), TepmosaepHi peakropu Ykpainu i €C. JloCifHULBKI

LIEHTPU,B SIKUX PO3B'SI3yIOThCS 33/1a4i KEPOBAHOTI'O TEPMOSIIEPHOIO CUHTE3Y.
IlepcrieKTHBHI pUHKH:
XapakTep cniBpoOiTHHIITBA 3 iHBECTOPOM
IToTpiOHUI 00CAT iHBECTHILIiH, THC. TPH.:
IIpaBa, 0 HaAAIOTHCS iIHBECTOPY MiCJIsA 3aBEPLIEHHS POOOTH:
HasiBHicTb Gi3Hec-mJjaHy:
TexHiKO-€eKOHOMiYHe OOrpyHTYBaHHSI:
IToTeH1iaIbHU 0OCAT IIPOJASKY, THC. TPH..
OuikyBaHHI TepMiH OKYIHOCTi (pPOKiB):

JoapaTtkoBa iHpopmanist:
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