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Report on abstract of the dissertation by Roman G.
Bystryi entitled
Dynamics of Electrons in Nonideal Cluster Nano-plasma

The dissertation by R.G. Bystryi is concerned with the theory
of electron processes in nano-plasmas found in nano-size
clusters generated by irradiation by strong laser pulses or
particle beams. Currently, nano-plasma is extensively
investigated experimentally due to newly developed
experimental facilities. In search of possible applications such
as charged particle and x-ray sources, the required theoretical
description is quite challenging. The development of an
analytical description of fast electronic processes in such
media meets many problems which could be clarified using
computer simulations. The dissertation contains valuable
results contributing to this challenging field of research. Some
of them are outlined below.

1. The spectrum of electron oscillations in ionized nano-size
sodium clusters are calculated depending on the cluster size
and plasma density. Using GPU computing, the maximum
number of ions in a cluster is extended up to 10° compared to
10% in previous works. As a result, the frequencies of
Langmuir-like and Mie-like oscillation modes are observed to
approach their theoretical values for the bulk plasma with
increasing cluster size.
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2. It is found that the Langmuir-like oscillations appear only in
larger clusters. They are less dependent on the clusters size
than the Mie-like oscillations. The latter are always redshifted
and decay with increasing cluster size.

3. A system of equations is derived for modeling the electron
emission current from a nano-plasma. A heat-flow equation
emerges as a consequence. It is shown that thermionic
emission of electrons leads to nano-plasma cooling. The
results are checked against molecular dynamics simulation
results.

The results of his work are published in highly rated scientific
journals and proceedings of international conferences. From
my point of view, the dissertation by Roman G. Bystryi is of
very high scientific standard. I strongly recommend to award
the PhD degree.
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OT3bIB
Ha aBTOpedepar auccepranmu beictporo Pomana I'puropseuya

«/lnHaMKKa 3JIEKTPOHOB B HEUACAIBHON KIIACTEPHON HAHOILIa3Me,

Huccepraums  beictporo P.I. mocsslieHa TeopuM HJIEKTPOHHBIX IIPOLIECCOB B
HaHOIUIa3Me, MOJyYeHHOH Npu 00Jy4eHUH HAaHOPa3MEpPHBIX KJIACTEPOB CHIILHBIMU JIa3€PHBIMU
UMITyJbCAMH WM TIOTOKAaMM dYacTull. B Hacrosiiee BpeMs HaHOIUIa3Ma HHTEHCHBHO
UCCIIEYETCS B CBSI3U C IIOSBJICEHUEM HOBBIX 3KCIIEPUMEHTAJIBHBIX YCTaHOBOK. Jlyi1 moucka
BO3MOXHBIX TNPUIIOKEHUHN, TaKUX KaK IeHepalus 3apsyKeHHBIX YacTULl U PEHTTEHOBCKOIO
U3Y4YEHUs, BOCTPEOOBAHHBIM SIBJISIETCSI TEOPETUUECKOE ONMHMCAHME MPOIIECCOB B TaKOW IIa3Me.
[TocTpoeHne aHATUTHUYECKOW MOJENH OBICTPBIX TPOIECCOB B AIEKTPOHHON TOACHUCTEME
HATAJIKUBACTCS Ha PAJ MPOOIIeM, KOTOPBIE MOTYT OBITh Pa3pelieHbl ¢ IIOMOLIbI0 KOMITBIOTEPHOTO
MozenupoBaHus. Jluccepranysi COAEPXKUT BaKHBIE PE3yibTaThbl, AAIOIIME BKJIAJ B PELICHUE
yKa3aHHBIX 1pobsieM. HekoTopble U3 3TUX pe3yabTaTOB NEPEUHCICHBI HUXKE:

1. PaccunTtanbl CHEKTpHl KOJICOAHUH DICKTPOHOB B HAaHOPA3MEPHBIX HOHU3UPOBAHHBIX
KJIacTepax HaTpus B 3aBUCUMOCTHU OT pa3Mepa KjacTepa U IJIOTHOCTH I1a3Mbl. C MOMOIIBIO
BBIUMCIICHUI Ha rpa)uuecKuX YCKOPUTENSAX MAKCHUMaIbHOE KOJUYECTBO MOHOB B KIJIACTEpe
OBUIO YBEIUYEHO [0 10° 1o CPaBHEHUIO C 10° B MPeabIIyIuX padoTax. ITO MO3BOIUIO
HAOIIOIATh CXOIUMOCTh JIGHIMIOPOBCKOTO M1 MU-TI0IOOHOTO KOJIEOATENBHOTO peKUMa K MX
TEOPETUYECKUM 3HAUEHUSAM C POCTOM pa3Mepa KilacTepa.

2. bwuio oOHapyxeHo, uTo JIGHTMIOPOBCKHE KOJeOaHHs MOSBISIOTCA TOJBKO B OOJBIINX
KJIacTepax, U OHM B MEHBLICH CTETEHHU 3aBUCAT OT pa3Mepa KiactepoB, yeM Mu-nonoOHbIe

KoJie0aHus, KOTOPbIE OKa3bIBAIOTCS CIIBUHYTHIMU B KPACHYIO 00JIaCTh CIIEKTpa.



3. BriBeneHO BbIpaX€HHE [UIsI TOKA DJIEKTPOHHOW SMHUCCHMM M3 HaHOIIasMbl. M3 »Toro
pe3ynbTrara BBITEKA€T YpPaBHEHUE TEILIOBOrO IOTOKA. Iloka3aHO, 4TO TEpMOIIEKTPOHHAS
OMHUCCHs TPUBOJMUT K OXJIAXKICHUIO HAHOIUIA3Mbl. Pe3ylbTarbl TEOPETUYECKOM MOICIIH

CpaBHHUBAIOTCA C pE3yJIbTaTaMH MOJICKYJISIPHO-AUHAMHUYCCKOTO MO ACITIUPOBAHU.

Pesynprarel paboThl OMYONMKOBaHBI BO MHOTMX HAyYHBIX  BBICOKOPEHTHHIOBBIX
KypHajax M Tpyldax MeXAyHapoOHbIX KoH(pepenumii. Ha Mo B3mmsin, aumccepranus
breictporo P.I'.  cooTBeTCTByeT BBHICOKOMY HAy4yHOMY YpOBHIO. I 0€3yCIOBHO PEKOMEHAYIO

MIPUCBOUTH €€ aBTOPY CTENeHb KaHaAuaaTa (U3NKO-MaTeMaTUYECKIX HAYK.

Xanau PenHxonbIn



