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Review Letter of the Thesis of Ms Ranna Masheyeva

Ms Ranna Masheyeva has conducted her PhD research at Al-Farabi Kazakh National University, under
the supervision of Prof. Karlygash Dzumagulova. The research program has been supported by the
Scientific Academy of the Ministry of Education and Science of the Republic of Kazakhstan. | have
been collaborating with the Candidate as a foreign co-supervisor over the whole duration of the PhD
program. In the framework of this collaboration Ms Masheyeva has also visited our Laboratory at the
Wigner Research Centre of the Hungarian Academy of Sciences. The main topic during her stay,
spanning couple of months, has been the development of Molecular Dynamics simulation codes.

Computer simulations are indispensable tools for describing many-body systems in physics. The
studies of Ms Masheyeva have focused on an important physical system, dusty plasmas, that have
been investigated by many research groups around the Globe and experiments on such systems
have even been conducted aboard the International Space Station. Her studies followed the
mathematical model of ideal Yukawa liquids, as well as their non-ideal counterpart, where the effects
of the gas/plasma environment are accounted for by Langevin dynamics (via a friction coefficient and
randomly fluctuating external forces acting on the particles). To be able to conduct successful
research in this field she had to get acquainted with the relevant literature, learn the principles and
the techniques of mathematical modeling of many-particle systems, the relevant numerical
integration schemes, the implementation of these into simulation codes, performing computer
simulations efficiently, and data analysis/interpretation.

She has investigated the effect of strong external magnetic field on the caging properties, the velocity
autocorrelation function as well as on the transport properties of dusty plasmas. Her tasks included
the development of mathematical models for describing processes in dusty plasma with taking into
account the Lorentz force and the dissipative term in the equations of motion of dust particles,
creating a software package to study the effect of dissipation and a magnetic field on the properties
of a strongly coupled dusty plasma. For this purpose, has developed an integration scheme for the
solution of the particles' equations of motion, which is appropriate to use in simulations in the cases
when friction and a magnetic field are present simultaneously.

These studies and the results that she has obtained are relevant to laboratory dusty plasma
experiments and to other physical systems in which strong coupling effects are prominent (e.g.
charged colloids). The results obtained for the diffusion coefficient of a two-dimensional dusty
plasma under the effect of a strong magnetic field have been compared and published together with
experimental data obtained in our Laboratory. Besides laboratory experiments, dust is also present
in astrophysical objects (e.g. in interstellar clouds, near the Moon's surface), microelectronics



manufacturing equipments, fusion devices, etc. Therefore, investigating the properties of dusty
plasmas, across ranges of the coupling coefficient are very important.

The research achievements have been presented in a number of (national as well as international)
scientific conferences and published in leading international journals in the field.

The thesis consists of an introduction, four sections, a conclusion and a list of references. The
introduction exposes the problems to be studied and gives a brief overview of the subject area. The
second section deals with the Molecular Dynamics method and the numerical schemes for solving
the equations of motion of particles, taking into account the effect of forces depending on the
velocity of the particles. The third section presents mathematical models for calculating the
characteristics of dusty plasma based on computer simulation data, the results and the analysis of
calculations. The last section is devoted to the description of complex computer programs for
modeling and studying the properties of dusty plasma in an external magnetic field. The concluding
section gives a summary of the achievements and their significance for the field and gives an outlook
to practical applications.

In summary, Ms Ranna Masheyeva made important contributions to the field of dusty plasma physics
via numerical studies based on Molecular Dynamics simulation codes, which she has developed.
Based on her work | fully support awarding the PhD degree to Ms Ranna Masheyeva.

Yours Sincerely,
Dr Zoltan Donko
Scientific Advisor,

Department of Complex Fluids
Wigner Research Centre, Budapest, Hungary
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OT13bIB HA AUCCepPTALMOHHYI0 padoTy MameeBoii PaHHbI

l'ocnokxa Panna MaieeBa BbINOJMHWIA Hay4dHyH auccepranuio B Kazaxckom
HannonansHOM yHUBepcuTeTe M. anb-Dapabu moa pyKOBOACTBOM Mpodeccopa
JxymarynoBori Kapmwiram. MccnenoBaTenbckas paboTa Oblla MpojiefiaHa MpH
noaaepkke Hayunoii Axanemueir MunucrepctBa OOpasoBanus u  Hayku
Pecnyonuku Kazaxcran. S corpynuuuan ¢ PanHHOM B KayecTBE MHOCTPAHHOIO
PYKOBOAMTENA Ha MpOTshKeHUH Bcero cpoka PhD mporpammel. B pamkax storo
coTpynHMuecTBa MaimieeBa Takke IMOCeTWIa Hamy JadopaTopuio, KOTopas
HaxOJUTCS B UCCIIEOBATEIIbCKOM LIEHTpEe MMeHH Burnepa Benrepckoii Akagemun
Hayx. OcHoBHOI1 3a7a4eil BO BpeMs ee MpeObIBaHUS Ha MPOTSHKEHUHA HECKOJIBKHUX
MecseB Obu1a pa3paboTKa KOJ0B MOJIETUPOBAHUS MOJIEKYJIIPHON TUHAMUKHY.
KoMmnploTepHOE MOAEIMPOBAHUE SBIAECTCS HE3aMEHUMBIM HHCTPYMEHTOM JUIA
ONMCaHUsA CHUCTEM, COCTOSLIMX W3 MHOrux Tei. HMccinepoBanus rocrnoxu
MarteeBoii ObBUTM COCPEOTOYEHBI HA BAaXXHOW (PU3UYECKON CHUCTEME - MBUICBOU
1a3Me, KoTopas Oblila MCClIeJOBaHa MHOTUMHU HCCJIEI0BATEIbCKUMHU TPYIIIIaMU IO
BCEMY MHPY, U SKCIIEPUMEHThI C TAKUMHU CUCTEMaMHU J1a)Ke MIPOBOAMIIUCH HA OOPTY
MexayHapoqHOW KOCMHUYECKOM CcTaHIMHU. Ee uccienoBaHus NMPOBOAWINCH Ha
OCHOBE MaTE€MaTHYECKOM MOJENU HICAIbHBIX kuakoctel FOkaBbl, a Takxke HX
HEUJICAJIbHOTO aHajiora, B KOTOPOM BJIMSIHME Ta30BOM (IJIa3MEHHOM) Cpeibl
oObsicHsieTcst nuHamMukoi JlankeBeHa (uepe3 K03 (UIIMEHT TpeHUs U CiIy4yalHO
(GAYKTYyHpYyIOUIME BHEIIHWE CWIbl, JEHCTBYIOLIME Ha 4YacTHIlbl). UTOOBI MMETh
BO3MOYKHOCTb IPOBOJIMTH YCIEIIHbIE UCCIIEIOBAHUS B 3TOM 00JIacTH, OHA JOJKHA
ObUIa MMO3HAKOMUTBCSI C COOTBETCTBYIOUIEH JIMTEPaTypoil, U3YyUUTh NMPUHIUIBI U
METOAbl ~ MAaTeMaTU4YeCKOro  MOJCIMPOBAHUS  MHOTIOYACTUYHBIX  CUCTEM,
COOTBETCTBYIOIIME CXEMbI YHCIIEHHOIO HHTETPUPOBAHHUs, PCAIIM30BATh UX B KOJIAX
MOJICIUPOBAHUS, BBIMOJHUTHh A()PEKTUBHOEC KOMIBIOTEPHOE MOJICIUPOBAHUE U
aHan3 (MHTEPIIPETAINIO) TaHHBIX.

Eio Obulo wHcclienoBaHO BIUSHUE CHIIBHOTO BHEIIHETO MAarHUTHOTO IMOJs Ha
JIOKAIU3alMI0 YaCTHUIl, HA aBTOKOPPEISLUOHHYIO (DYHKIIMIO CKOPOCTEMH, a TAK)KE Ha
TPAHCTIOPTHBIE CBOMCTBA MBUICBOW IUTa3Mbl. B ee 3amaum Bxoamna pazpaboTka
MAaTeMaTHYECKUX MOJEIJIEN JJIsl ONMCAHUS ITPOLECCOB B MBIJIEBOM IUIA3ME C yYETOM
cuibl JIopeHIIa M IHCCUNIATMBHOIO YJI€HA B YPAaBHEHMAX JBM)KCHHUS INBLUIEBBIX
YaCTHUIl, CO3JaHME MAKETa NPOrpaMM Ui M3YYEHHs BIWSAHUS JIUCCUNALUUU U
MarHMTHOTO MOJIS Ha CBOMCTBA CUJIBHO CBSI3aHHOM NBLJICBOM mia3Mbl. /s 3TOro



OblIa pa3paboTaHa cXeMa WHTETPUPOBAHUS [JISl PEIICHUS YPABHEHUW IBUKCHUS
YacTHl], KOTOPYIO II€J€CO00pa3HO MCIOJb30BaTh IMPU MOJCIMPOBAHUM B TeX
Cly4asXx, KOrja TPEHUE U MATHUTHOE I10JIE€ TPUCYTCTBYIOT OJJHOBPEMEHHO.

OTH UCCIENOBaHWA M TOJYYEHHBIE €I pPE3yNbTaThl MMEKOT OTHOLICHHE K
71a00paTOPHBIM SKCHEPUMEHTAM C MbUIECBOM IMJIa3MOW M K APYrMM (PU3NYECKUM
cuUcTeMaM, B KOTOPBIX 3aMETHBI CHUJIbHOE BIIMSHHE CBSI3U B CHUCTEME (Hampumep,
3apsOKEHHbIE  KOJUIoWbl). Pe3ynbrarhl, mMojydyeHHble s KO3 uULMEeHTa
muddy3un TByMEpHOUW MBUICBOM TIa3MBbl MMOJ] IEWCTBHEM CHUILHOTO MAarHUTHOTO
TI0JISI, COTTOCTABJICHBI U OMyOJIMKOBAHBI BMECTE C IKCIIEPUMEHTATBHBIMY JTAHHBIMU,
MOJIyYeHHBIMU B Harieil naboparopun. [TomumMo mabopaTOpHBIX SKCIIEPUMEHTOB,
IObUIb TaKXKE TNPUCYTCTBYET B acTpopu3MUECKHMX OO0BeKTax (Hampumep, B
MEX3BE3HBIX OONlakax, BOJIM3M TMOBepXHOCTU JlyHBI), 0OOOpyJAOBaHHM ISt
MPOU3BOJICTBA MUKPOAJIEKTPOHUKH, TEPMOSIAEPHBIX yCTpoKcTBaxX U T. A. [ToaTomy
OYEHb BAXXHO HCCIEAOBAaTh CBOMCTBA NbUICBOM IJIa3Mbl BO BCEX JMANa3oHaX
ko3 puLeHTa CBSI3M.

Hayunbie nocTukeHusi ObUIM TPEJACTABICHbl B HECKOJbKUX (HALIMOHAJIBHBIX U
MEXIYHAPOJIHBIX) HAy4YHBIX KOH(EPEHIUSAX U OMyOJUKOBaHBI B BEIYIIMX
MEXIYHAPOJHBIX KypHAJIaX B 3TOU 00JIaCTH.

JuccepTanusi COCTOUT W3 BBEIIECHHS, YETHIPEX Pa3JeioB, 3aKIIOUEHUS M CIHUCKa
UCIIOJIb30BAaHHBIX HMCTOYHUKOB. B0 BBEAEHMM pPaCKpBIBAIOTCS IPOOJIEMBI,
MOJIJIeXkKAIINe U3yUYEHUI0, U JJAETCS KpaTKUil 0030p mpeaMeTHoM obiactu. Bropoi
pa3ien TMOCBSIIEH METOAY MOJIEKYISPHOM JMHAMUKUA M YHCICHHBIM CXEMaMm
pEILIECHUs] YPAaBHEHUW JIBUKEHUS YACTHI[ C YYETOM BIMSHHUS CHUJ, 3aBUCAIIUX OT
CKOpOCTH 4acThil. B TpeTbeM paszzene MmpeAcTaBlIeHbl MAaTEMAaTUYECKUE MOJIENU
JUI  pacyeTa  XapakKTepUCTHK TMbUIEBOW IUIA3Mbl HAa OCHOBE  JaHHBIX
KOMIIBIOTEPHOTO MOJEIMPOBAHUA, pPE3yJIbTATOB U aHanu3a pacueToB. [locmennuii
pazzien TOCBSIIEH OIMCAaHUIO CIIOKHBIX KOMIBIOTEPHBIX —MpOrpamMm  JJis
MOJICTUPOBAHUSL U U3YUYCHUSI CBOMCTB MbIJIECBOM IJIa3Mbl BO BHEIIHEM MarHUTHOM
nosie. B 3akmounTenbHOM paszzene AaeTcs KpaTKOe OMMCAaHUE JTOCTUKEHUH U HX
3HAYeHWs] [ JaHHOM o00macTu, a TakkKe JaeTcs 0030p MPaKTHIECKOro
MPUMEHEHUS.

B 3akmouenue, rocnoka Panna MaimreeBa BHecja BaKHBIM BKJIaJ B 00JIacTh
(U3MKH MHUIEBOHM IJIa3MbI C MOMOIUIBIO YMCICHHBIX HCCIIETOBaHUM, OCHOBAHHBIX
Ha pa3pa0OTaHHBIX €0 KOAaX MOJEIMPOBAHUS MOJIEKYJsipHOM auHamMuku. Ha
OCHOBaHMUM €€ PabOThI 5 MOJHOCTHIO MOAAECPKUBAIO TPUCBOCHUE CTENEHU JOKTOPA
PhD Panne MarmeeBoi.

Hckpenne Bar,
HokTop 3onTtan [JoHko

Hayunb1i1 pykoBOAUTEND,
OTaes1 KOMIUIEKCHBIX JKHJIKOCTEH
Hccenenosarenbcknid neHTp nMeHu Burnepa, bynanemr, Benrpus



51, Axmenosa Jxamuna Amanosra, UIMH 7400501401616, (yaocroBepenue uanocTi Ne |
025770003, Beano MIO PK ot 08.06.2010 r. peiicteutensao go 07.06.2020 r.), HacTosIIAM
MOATBEPIKIAI0, YTO JAHHBIA [ePeBOI SBIAETCS TOUHBIM MEPEBOAOM JAHHOIO JOKYMEHTA M
COOTBETCTBYET COACPIKAHHIO OpUrHHANA JOKYMEHTA. ‘
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“IBaJLATH MSTOE» OKTAOPS ABE THICAYM AEBATHAALATOrO roja, s, Myranuesa [lniusapa
PammoBHa, HOTapuyc ropojaa AJMarbl, AeiCTBYIOIMN HA OCHOBAaHMH IOCYAApCTBEHHOMH
nunensun Ne 00 00252, BeipanHoii Komurerom 110 OpraHH3allid [PaBOBOH MOMOUIH H
OKa3aHHIO IOPUIMYECKUX yeIyr Hacenennio Munuctepersa FOctuumy Pecnybimkn Kasaxcran
or 03.11.2005 ronma, CBHAETEJBLCTBYIO MOUIHHHOCTh HOANMCH, CAENAHHOM TEPEeBOAYHUKOM |
AxmenoBoit  JDkamuiel  AMaHoBHBL JIMUHOCTH HOANMCaBINEH JIOKYMCHT yCTaHOBJICHA,
J1eeCoCOOHOCTh H MOTHOMOYUS €€ TPOBEPEHbL. !
3aperncTpHpoBaHo B peectpe 3a e 570 5.4 '
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