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Review letter for the PhD thesis work “Transport and
optical properties of dense semiclassical plasma based
on the effective interaction potentials”

of Erik Shalenov, Al-Farabi Kazakh National University,
Almaty

Within the long-standing collaboration with the Al-Farabi
Kazakh National University (Prof. T.S. Ramazanov, Prof. K.N.
Dzhumagulova) and the Rostock University (PD H. Reinholz,
Prof. G. Roepke) on the theory of dense plasmas, Erik Shalenov
visited several times Germany and worked together with our
Rostock group on electrical conductivity and optical reflectivity
of non-ideal plasmas. This collaboration was very active, and a
lot of common publications have been worked out to present
our results to the scientific community. Two common
publications are made together with Erik Shalenov:

Optical reflectivity based on the effective interaction potentials
of xenon plasma, Contrib. Plasma Phys. (2017) Vol. 57, P. 486.

Dynamical conductivity of the dense semiclassical plasmas on
the basis of the effective potential, Physics of Plasmas (2018)
Vol. 25, P. 082706.

Another publication is in preparation. In addition, there are
several contributions to conferences on non-ideal plasmas.
Together with additional 4 publications in international journals
and further contributions to conferences, these peer-reviewed
publications are part of the PhD thesis work of Erik Shalenov.
Together, with 38 citations, these results are visible and
accepted by the international audience and represent his
scientific work of research.
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Traditio et Innovatio

To give a brief overview about the scientific progress obtained
in the work of Erik Shalenov, a dynamic model of the charged
particle interaction in non-ideal semiclassical plasma has been
given which takes into account the quantum mechanical
diffraction effect and the dynamic screening effect. On the
basis of the dynamic interaction potential, scattering cross
sections are investigated. The Calogero equation was solved to
find the phase shifts. An important contribution was the
treatment of elastic scattering of electrons by hydrogen atoms
in a dense semiclassical hydrogen plasma for low impact
energies. The influence of the diffraction effect on the
Ramsauer-Townsend effect was studied on the basis of a
comparison with results made within the effective polarization
model of the Buckingham type.

An interesting application was the reflectivity and the Brewster
angle of dense xenon plasmas based on the effective
interaction potentials (which take into account static and
dynamic screening effects) at high pressures and
temperatures. Using the Fresnel formulas, the reflectivity
coefficients for the s- and p-polarized laser waves are
investigated and compared to experiments. The influence of
atoms, which was taken into account at the level of the
collision frequency via an effective interaction potential, is
proven to be crucial for understanding the reflection process.
These investigations are related to our investigations in
Rostock, where we are considering a density profile so that
the Fresnel formulas are replaced by the Helmholtz equations.

Using a generalized Drude formula, the dynamical conductivity
has been investigated. The influence of electron-electron
interactions was taken into account via a renormalization
factor. The results of the dynamical conductivity show good
agreement with the data of other authors, notably with the
molecular-dynamics simulation, which also includes electron-
electron interactions. These investigations show the high level
of knowledge of statistical physics of Erik Shalenov.

The PhD thesis work gives a good presentation of the problems
in treating dense, strongly coupled and degenerate plasmas.
The Introduction considers the general problem and the aim of
the work. Then, according to a method given by Baimbetov, an
effective interaction potential is presented which takes into
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account screening as well as quantum diffraction. An
interesting aspect of the present work of Shalenov is the the
dependence on velocity which allows to consider dynamical
screening effects. The corresponding cross sections and
dynamical collision frequencies are compared to other
approaches, for instance statical screening. A consistent
treatment of different microscopic interaction processes is
worked out. Remarkable are not only the large number of
references (about 250) but also the large number of own
contributions.

In conclusion, Erik Shalenov is very actively and successfully
working in plasma physics. He obtained new results with
respect to the properties of dense plasma, in particular the
introduction of pseudo- potentials to describe dynamical
screening and quantum diffraction effects. These results are of
interest with respect to recent experiments measuring
conductivity, reflectivity, and Thomson scattering by high-
density plasmas produced in explosions or intense short-time
laser irradiation, but also with respect to the investigation of
astrophysical objects such as planets where matter at extreme
densities occurs.

The results have been presented and discussed at several
conferences, they are published in international peer-reviewed
journals. Erik Shalenov has a good understanding of the
complex problems which occur in strongly coupled plasmas. He
is able to perform numerical calculations and knows the
international state of art is this field. The PhD thesis work
“Transport and optical properties of dense semiclassical
plasma based on the effective interaction potentials” reflects
his high performance to work in the physics of dense plasmas.
This thesis work fully meets the international standards of PhD
works and is recommended for acceptance by the Al-Farabi
Kazakh National University. | propose to rate this PhD thesis
work with the best mark “very good”.

Sincerely yours

/? X Universitit Rostock
- /Z 1(/( Institut fiir Physik
7 i " AG Quantentheorie und

__ Vielteilchensysteme
Prof. Dr. Gerd Rdpke Universititsplatz 3
18051 Rostock
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/Imbrema/ YHuBepcUTeT POCTOK

Vuusepentet Poctok | Dakynbrer MaTeMaTHky 1 EcrecTBO3HAHUS

18051 Poctok, MHcTuTyT DPH3HKH

HUNTO®, Kazaxckuil HAMOHAJIbHBIA YHUBEPCHTCT UM. Anb-Dapabdu,
Viuna anb-®apadu 71, AnMaTbl 050040, Kazaxcran

Pocrok, 26. ®espains 2019
[Tucbmo-peniensuss Ha PhD  gumccepramuio Ha TEMY, «TpaHcrOpPTHBIE U
ONTHYECKHE CBOWCTBA IUIOTHOM KBa3MKJIACCHYECKOM IUIa3Mbl Ha OCHOBE
30 })eKTHBHBIX MOTCHIMAIOB p3anmoeiictus» Epuka [llanenosa, KasHY um.
Anp-®apabu, AMaTsl

B pamkax MHOTOJIETHErO COTpYAHHYECTBA C Ka3zaxckuM HalHMOHAIBbHBIM
YHUBEPCUTETOM HM. Anp-®apabu  (npod. T.C. Pamasanos, npod. K.H.
JxymarynoBa) ¥ POCTOKCKHMM yHHBEPCHTCTOM (motient X. Peiirxonsil, npog.
. Pemke) Mo TEOPHH TUIOTHOW ILJIA3MBIL, Epuk IllaneHOB HECKOJIBKO pa3
mocerrn ['epmanuio M pabortan BMmeCTe C pameit komangoi PocTok 1O
3JE€KTPOTIPOBOJHOCTH M ONTHYECKOH  OTpaXKaTeJbHOH  CMOCOOHOCTH
HenIeaTbHOM IUIa3MBL. DTO COTPYIHUYECTBO OBUIO OYCHH AKTHBHBIM, H OBL10
pa3paboTaHO MHOTO  OOILIMX myOnuKanuid, 4YToOBl MPEACTABUTH HAlIX
pe3ynbTaThl HayIHOMY coobmecTBy. Bmecre ¢ Epux IllaneHOBbIM ObLIH
01y0JIMKOBaHBI IBE CTAThU!

Optical reflectivity based on the effective interaction potentials of xenon
plasma, Contrib. Plasma Phys. (2017) Vol. 57, P. 486.

Dynamical conductivity of the dense semiclassical plasmas on the basis of the
effective potential, Physics of Plasmas (2018) Vol. 25, P. 082706.

a TaKKe eIl OjlHa yOIMKALUs HAXOUTCs B CTalMH MOATOTOBKH. Kpowme Toro,
eCTh HECKOJIBKO cTareil 1is KoH(epeHIui 1o HewlealbHON TIazme. Bmecte ¢
JONOJHUTEIBHEIME 4  mMyOJMKalusMu B MEKIYHAPOLHBIX KypHallax H
JIOMOTHUTE/ILHBIMU  MaTepHajlaM¥  JUlsl KoH(epeHIUi, dTH PELUEH3UPYCMBbIC
nyOJMKalM|  SABJSIOTCA  9acThIO KaHauuaTtckoil  aucceprauuu - Epuka
IllanenoBa. Bmecre ¢ 38 umratamu 5TH pe3yjbTaTbl BHIHBL H IIPUHSTEI
MEXKIyHapOHOM ayquTopHedl W MPEJCTaBIsioT  Cro Hay4HYIO
JCCIIEI0BATENBCKYIO paboTy.

YroObl aTh KpaTKuil 0030p Hay4yHOro Inporpeccd, MoJy4eHHOro B pabote
Epuka IllaseHoBa, MpHBEJICHA JMHAMHHUCCKA MOJEIb B3aUMOJIEHCTBUS
3apsDKEHHBIX 4YacTULl B HeMJleaAIbHOM KBA3UKIIACCHYECKOH IJIa3Me, KOTOpasd
YUUTHIBACT KBAHTOBO-MexaHuueckuit  sddexr audpakuuu  H s ekt
MHAMHYECKOro 9SKpanupoanus. Ha ocHOBE AHHAMHHUCCKOTO NoTeHIraa
B3aHMOJICHCTBUSL  MCCJIC/IOBAHBl  CEUCHHs  PaCCeAHMs. Jlnst  HAXOKIACHUS
(ha3oBbIX CIBUIOB ObLIO PEILICHO ypaBHCHUC Kasomkepo. BaHbIM BKIIAJIOM
Gpula 00paboTKa YIPYroro pacCesHus SJICKTPOHOB aToOMaM{ BOJIOpoJa B
[LTOTHO KBa3MK/IACCHUECKOM BOJOPO/IHOM I1a3Me Ul HU3KHX JHEPrui yaapa.
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BausHue audpaKinoOHHOIO s¢pdekra Ha spdexr Pamsayspa — TayHcenza
{3y4anoch Ha OCHOBC CpaBHEHHMs C pe3yJbTaTami, OJTydeHHbIMU B pamKax
3 deKTHBHOH TOJSIPU3ALIMOHHOM MO/IC/IH THITA Bykunrema.

MnTepecHbIM PUMEHCHUEM OBUIH  OTpaXKaTelIbHas CriocoOHOCTh M YIoJl
Bproctepa TUIOTHOH KCEHOHOBOM TITa3Mbl, OCHOBAHHBIC Ha 3 HeKTUBHBIX
noTeHIMaax —B3aMMOJCHCTBHA (KOTOpBIE ~ y4HTbIBAIOT CTaTUUECKHE H
jmHaMudeckue  PGEKThI SKpaHMPOBAHHs) TP  BHICOKHX JABJICHUAX H
Temmeparypax. Yicrnonp3ys dopmysl Ppenens, K09 PUIMEHT! OTPAKCHHA
UIst S- ¥ P-TIONPU30BAHHBIX JIA3CPHBIX BOJIH MCCJIEAYIOTCSl ¥ CPaBHUBAIOTCA €
SKcTiepUMeHTaMH. Brusnue  aToMoB, KoTopoe ObLIO YUYTECHO Ha ypOBHE
4acTOThl CTOJIKHOBEHHMH HEPE3 > ek THBHBIA MOTCHIHAT B3aMMO/ICHCTBNA,
OKA3aHO MMETH PElarolLIee 3HAUCHUE AT [IOHMMAHHs Tpolecca OTpaXKeHHs.
J1H Hcclel0BaHKs CBA3AHBI C HALIMMH yccreoBanusaMu B PocToKe, IIC Mb
paccMaTprBacM npoduib  [UIOTHOCTH,  TaK gro (opmysbl  PpeHesns
3aMeHsIOTCs ypaBHEHUSIMHA [ ebMIoIbIa.

Hcnonb3ys 00001IEeHHYIO dopmyny pyne, Gpula MCCNe0BaHa JIMHAMIICCKad
TIPOBOJUMOCTD. Bhusiue  VEKTPOH-JICKTPOHHBIX B3aUMO/ICHCTBUH
YUHTHIBAJIOCH ~ HA ypOBHE  4acTOTBI cTonKHOBeHMit  uepes  (BaKTop
TiepeHOPMHPOBKH. PesynbTaThl JUHAMHYECKOH MPOBOAMMOCTH MOKa3bIBAIOT
xopoluee corjacue ¢ JAHHBIMH JIPyrUX aBTOpPOB, 0COOEHHO ¢ MOJICKYJISAPHO-
JMHAMHMYECKHM MOJIETMPOBAHUEM, KOTOpOE TaKXKe BKIIOHACT JJIEKTPOH-
9NIEKTPOHHBIC B3AMMOJIEHCTBUS., OTH HCCIEJ0BAHMS [10KA3bIBAIOT BBICOKUH
ypOBEHb 3HAHHH cratucTHYecKoit Gpusukn Eprka [lanenosa.

PhD muccepranus jaeT XOpOmIee Tpe/ICTaBJICHUE O npobiemax 00paboTKH
[UIOTHO#M, CHJIBHO CBA3AHHOM H Bblpomﬂennoﬁ nnasmbpl. Bo BpeneHuu
paccMaTpUBaOTCs oburas npobdiaema U 1elb paboTbl. 3aTeM B COOTBETCTBUH C
METOIOM, TPEIIOKCHHBIM BaiiMOeTOBbIM,  [TPEACTABIICH 3¢ heKTUBHBIN
[IOTEHIMAT B3aUMOJCHCTBHA, KOTOPBIH YUHTBIBACT SKpAaHMPOBAHKE, & TAKKE
KBAHTOBYIO  JTH(PAKIHIO. MHTepecHbIM  acleKTOM Hacrosieii  paboThI
[llajeHoBa SBJSAETCS 3aBUCHMOCTD OT CKOpocTH, KOTOpasd [03BOJIAET
yUUTHIBATH AMHAMIUCCKIC JKpaHHPYIOLINC 3¢ deKThl. CoOTBETCTBYIOLINE
ceueHMs ¥ IMHAMHYECKHE HacTOTRI CTOJNKHOBEHUH CPaBHUBAIOTCA € JpYTHMHA
[10IX0/IaM ¥, HAIIPHUMED, €O cTAaTHUECKUM dKPaHUPOBAHHCM. [TocnenoBarebHast
o6paboTka pasvuIHbIX IIPOLECCOB MHKPOCKOMMYECKOro B3aUMO/JICHCTBUA
pa3padarTbIBacTCsL. [IpumMeuaTesbHO HE TOJIBKO GOJTbIIOE KOJIMYECTBO CCBUIOK
(oxosio 230), HO H 60JIbIIOE KOIHYECTBO CcOOCTBEHHBIX 1yOJIMKaLUH.

B saxmouenne Epuk lllancHoB OYeHb AKTHBHO M YCHCUIHO paboTact B
obnacTH (U3MKH IJ1a3MBL. OH 1OJIyuusl HOBbIE pe3yJbpTarbl B OTHOLIECHUH
CBOMCTB TJIOTHOM IUIA3MBbl, B HACTHOCTH BBe/ICHHE TCEBJOTIOTCHIMAIOB Ul
omucannsi  dGGHEKTOB  TMHAMHUCCKOTO SKpaHupoBaHus M KBAHTOBOH
qmbpakuun, OTH  pesybTaTbl [pE/ICTABIIAIOT MHTEPEC KaK B OTHOLICHHH
HEeaBHUX OKCIICPUMEHTOB IO M3MEPEHNIO MPOBOUMOCTH, oTpaKaTeIbHOH
CrIOCOOHOCTH M paccesHHs ToMcoHA  ILIA3MOH BBLICOKOM  IMJIOTHOCTH,
BO3HMKAIONIMX [PU B3pbIBAX HIH MHTEHCUBHOM KpaTKOBPEMEHHOM J1a3epHOM
00nydYeH!H, TaK U B OTHOIIEHUH HCCIICI0BAHNA acTpo(hHU3NUECKUX 00OBEKTOB,
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TaKHUX KakK IIJIAHETHI, e Marepus HaXOAUTCs IIpHA 3KCTPEMAJIbHBIE MJIOTHOCTHU
IIPOUCXOOUT.

Pesynbratel  Gbutd  mpencraBieHbl M O0CYXJEHBI Ha  HECKOJIBKHX
KOH(EPEHIUsAX, OHM ONyGIHKOBAHBI B MEXIYHAPOJIHBIX PELEH3HPYEMBIX
Kypuanax. Epuk [llaeHOB XOpOmo NOHHMAeT —ClIOKHbIE npobJieMbl,
BOSHHKAIOIINE B CUIILHO CBSI3aHHOM I1a3Me. OH yMeeT BBIOJIHAThH YHC/ICHHBIE
pacdeTbl M 3HACT, YTO TAaKOE€ MEXKAYHApPOJHOE COCTOSIHHE TeXHHKH. PhD
auccepranus  «TpaHCIOPTHBIE W ONTHYECKHE  CBOMCTBA  ILIOTHOIN
KBA3HUK/IACCHYECKOH  IUTa3Mbl  HAa  OCHOBE S()(DEKTUBHBIX MOTEHIHAIOB
B3aMMO/ICHCTBUS) OTPaXKaeT €ro BBICOKYIO paBGOTOCHOCOBHOCTh B OBIACTH
busuku  noTHOM mnasmel.  Jlanmas  MIUIOMHas paboTa  MOJHOCTEIO
COOTBETCTBYCT ~ MEXKAYHApPOAHBIM  cTanjapram PhD  jguccepraumu  u
PCKOMEH/I0BAaHA K NPUHATHIO Ka3axCKUM HAlMOHAILHBIM YHUBEPCHTETOM HM.
Anb-Qapabu. [Tpetarao onenuts sty PhD AUCCEPTALMIO € JIyYIIEeH OLIEHKO
«OYEHb XOPOIIIOY.

HMckpenne Bamn, (UIramn: Yausepcuter Poctok,

A.I'. KBaHTOBast Teopust m cHCTEMEI
(monmuce) MHOT'HX TeJl

YHuBepcuTeTCKas miomaim 3
Hpodeccop I'epn Perke, 18051, Pocrok)

JlokTop Hayk
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S, Kanenosa AilirepuM AMaHIe/IbJMCBHA, MMHI951006450095, (ymocroBepeHue
mmunoctd Ne035190560, Boigano MBJ] PK ot 17.06.2013r. aeHCTBUTENBLHO 110 16.06.2023r.),

HACTOSIIIMM IIOATBEPXIAK0, YTO JIaHHBIN [IepeBOJI COOTBETCTBYCT COJICpXKaHUIO OpUI'MHaJIa
JOKYMECHTA.

[Toamucs .. 5(3% %(35[555%2%%5&%%%% s

«JlBajaTh MIECTOe» MapTa JIBE THICSYU JICBATHAALATOro roaa, s, Myranuesa Jlussipa
PammMj0BHA, HOTAPUYC Topoja AJMarhl, JEHCTBYIOUIMA Ha OCHOBAaHHH roCy1apCTBEHHOM
munensud Ne 0000252, BeiganHoi KOMHTETOM 0 OpraHu3aluu [IPABOBOM NMOMOILIHM U OKa3aHUIO
OPUMYECKMX yCJIYT HaceleHu0 MHHHCTEpCTBA Octunun  PecnyOnukn  Kaszaxcran ot
03.11.2005 roma, CBHACTEILCTBYIO TOMAJMHHOCTH TOAMNUCH, C/IEJIAaHHOM  TIepeBOTUHKOM
KanenoBoil Affrepum AMaHrelbineBHOH. JIMUHOCTD NoJAINMCaBIIeH JOKYMEHT YCTaHOBJICHA,
J1eeCTIOCOOHOCTD U TTOJIHOMOYHS €€ TIPOBEPEHDI.

3aperucTpupoBaHo B peectpe 3a Ne A, j;

Orutaueno cornagro ¢1.30, n. 2. 3akona PK «O Horapuare»

Hortapuyc

—3AudeioH




