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Kiel, October 07, 2018
Review letter for Yerbolat Ussenov, PhD thesis

Based on the tripartite collaborative agreement for doctoral training with Professor
T.S. Ramazanov and the Al-Farabi Kazakh National University in Almaty, the candidate
Yerbolat Ussenov from the Al - Farabi Kazakh national University visited our Institute for
Experimental and Applied Physics at the University of Kiel (Germany) twice for longer
time (20.05. - 20. 08. 2016 and 05.06. - 05.08. 2017). His study / research visit took
place in the frame of the collaboration between the respective groups at Al - Farabi
Kazakh national University and our research group for plasma technology.

Yerbolat Ussenov was working in our group on his PhD thesis (dissertation) with

the title ,Diagnostics of low temperature complex plasma at low and atmospheric

pressures”. In particular, he was involved in mass spectrometric and Langmuir probe

measurements in C,H, containing nanodust- forming low pressure rf-plasmas and in the
experimental investigation of atmospheric pressure plasma jets for nanoparticle
generation he was responsible to take over a Langmuir probe system for plasma
diagnostics of the electron component in an asymmetric capacitively coupled rf-plasmas
and for optical emission spectroscopy at the jet plasma and SEM examination of the
produced nanoparticles in collaboration with PhD and MSc students of our lab, he
operated this dusty plasma experiments very successful. His tasks also included
analyzing and interpreting data and preparation of reports and  publications.

Furthermore, he presented his results at group seminars as well as at international

workshops during his stay in Kiel. Now, Yerbolat Ussenov submitted his PhD thesis

under the supervision of Professor Ramazanov and consultation of my person.




The research subject of complex plasmas differs from ordinary plasmas by the pres-

ence of additional components such as nano- or microparticles. chemically active radicals and

lons, metastables etc. In his thesis, Y. Ussenov used various methods for diagnosing com-

plex low-temperature plasmas both at low pressures and at atmospheric pressure.

The presence of charged dust particles in a low-pressure gas discharge results in dras-
tic changes of the characteristic spatial and temporal plasma properties. Therefore, determi-
nation of the basic parameters as electron density and energy, plasma and floating potential
of such dusty plasmas is a very important task for understanding the physicochemical pro-
cesses. For this purpose, the candidate used a novel Langmuir probe method with a defined
voltage sweep pattern and he determined the electrical discharge properties by current and
voltage characteristics and self-bias voltage measurement as well as by optical emission spec-
troscopy.

Atmospheric pressure plasmas (DBD, APPJ) are still not fully understood due to the
presence of various metastable atoms, ions and radicals of oxygen and nitrogen, water vapor,
and due to the interaction with surrounding surfaces. Also in this plasma environment, Mr.
Ussenov provided interesting contributions in study and diagnostics of particle-forming com-
plex plasmas at atmospheric pressure.

The results obtained in this thesis are valuable in the field of complex plasma physics
for the involved community. They are very useful for in-depth understanding of the mechanisms
of formation of self-organizing dust structures in low-temperature plasmas, for studying the
charging process of particles and for detailed research of plasma properties interacting with
the surface of materials, respectively. The developed diagnostic methods for complex plasma
at low pressures may be useful for determining the parameters of background plasma in la-
boratory setups of various gas discharges, in PECVD and etching, in plasma devices for clean-
iIng and activating substrates in microelectronics and for the synthesis of nanostructured ma-

terials in a plasma environment. All these applications are closely related to the growing field
of modern plasma technology.

| can assess Yerbolat Ussenov as a young scientist who is proactive and works effi-
ciently, independently and with great enthusiasm. With his creative and analytical problem
solving skills and great learning aptitude he proved himself capable of conducting sophisticated

research. The submitted PhD thesis is of high quality and meets definitely the requirements of
an international PhD standard.
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Ha ocHOBaHHMM TpexcTopoHHEro coriameHus o COTpYAHUYECTBE B 00JacTH
AOKTOpaHTypbl ¢ mnpogeccopom T.C. PamaszanoBbiM u  Ka3axcKuM  HAHOHAIBHAIM
YHHBCDCUTCTOM HUM. AJlb-Dapabu B Anmatbl, kanmumar Epbomar VeeHoB m3 KazaxcKoro
HAallHOHAJIBHOTO  yHHBEpCHUTETa HM. Aub-®apabm aBaxkabl IMocellayl  HAalll UHctuTyT
OKCIIEPUMCHTAJIbHON U NpUKIaJHOH bu3uku B Kujabckom yHuBepcurere (I'epmanus) (20.05.-
20.08.201 u 05.06 - 05.08.2017). Ero y4eGuble/HcCeI0BATEILCKHE [MO€3JIKH COCTOSIIUCH B
paMKax COTpYIHHYECTBA MEXKIY COOTBETCTBYIOLUIMMH Ipynnamy B Ka3zaxckoro HalMOHAILHOLG
YHUBEpCUTETA UM. Anb-Qapabu U Haleld HccIenoBaTeIbCKOH PYNNOH IO IIa3MEHHBIM
TEXHOJIOTHSIM.

Epbonar YcenoB paboran B Hameidl rpynme Han JOKTOPCKOW JMCCepTallded ImoJ
HasBaHMEM «/lHarHOCTHKA HHU3KOTEMIIEPATYPHOH KOMILJIEKCHOM ILIA3MEI DA HU3KUX H
aTMOC(EPHBIX NaBIEeHHSAX». B wacTHOCTH, OH y4acTBOBan B MacCC-CIIEKTPOMETPUYECKOM W
JlenrmiopoBckom 30HM0BOM mM3mepenun B C,H (AUETHIIEH) COAEp Kallell BBICOKOYACTOTHOM
[Td3ME  HHU3KOI'O NIaBJICHHS C HAHOYACTHIAMH M B OJKCIEPUMEHTAIBHOM HCCIIe/IOBAHUK
[LITASMEHHBIX CTPYH aTMOC(EPHOrO [aBJIEHMsS TaKKe Ajds TFeHepauuu HaHouyacTuil. OH GBLI
OTBCTCTBCHHBIM 3a pa3pabOTKy MOAMGMDHIMPOBAHHON 30HI0BONH CHCTEMBI Jlenrmropa s
AHArHOCTHKH  OJICKTPOHHOIO ~ KOMIIOHEHTa  IJa3Mbl B AQCHMMETPHYHOM  e€MKOCTHOM
BBICOKOHMACTOTHOM paspsi/ic U /I ONTHYECKOM SMUCCHOHHOMN CIIEKTPOCKONUH CTPYHHOH I1J1a3MBbI
[IpU  atMOC(hepHOM JHaBiaeHHH #u 198 COM-HCClienoBaHmS MOJIYYEHHBIX HaAHOYacTHUll. B
COTPYHHYECTBE C JOKTOpPaHTAMH M MAarucTpaHTaMH Hamie# j1aboparopuu oH [IPOBEI
SKCIICPUMEHTBI C MBUICBOH IIa3MOH OYEHBb yCHelrHo. B ero 3amauu Takyke BXOTHIHM AHAIH3 U
AHICPIpeTalis TaHHBIX M NMOArOTOBKA 0TYETOB. KpoMe TOro, OH mpeacTaBul CBOU pe3yiibTaThl
Hd TPYNIOBRIX CEMHHApaX, a TAKKE Ha MEXIYHapOJHOM CEMHUHApe BO BpeMs NpebGbiBaHHE B
Kune. Tenepr EpGomar Ycenos npencrasnsier mis 3ammrthl cBoio PhD JUCCEPTALHIO ITIO]]
PYKOBOACTBOM Npodeccopa Pamazanosa u o koHcympTanmeii Moei IIEPCOHBHI.

[Ipenmer uccnenoBanust ciioxHoOM NIa3MBI OTAMYAETCS OT OGBIYHON I17123MEL HaJIMYHEM
AOTHOJIHHTC/IPHBIX KOMIIOHEHTOB, TAKUX KaK HAHO- UJIK MHKPOYACTHIIbl, XHMUYECKH AKTHBHEIE
PalMKaIbl ¥ HOHBI, MCTACTADMIIbHBIC BEIIECTBA M T. A. B cBoeil nuccepranmmu E. YceHOB

HCHOIB30OBAT PA3/IMYHbIC METO/bI JIMATHOCTHKH CJIOKHOH HM3KOTEMIIEPATYPHOM IUIa3Mbl Kak
[IpA HU3KHUX NABJICHUSAX TaK H [PH aTMOC(EPHOM IaBICHUH.

Hanwune 3apskeHHBIX OBLUIEBBIX YaCTHII B TA30BBIX paspsaax HHU3KOro JaBJICHUS
UPUBOIHUT K PC3KUM H3MECHECHUSIM XapaKTEePHBIX IPOCTPAHCTBEHHBIX M BPEMEHHBIX CBOMCTB
miasmel. [loaToMy onpenenenre oCHOBHBIX [1apaMCTPOB, TAKKX KaK 3JIEKTPOHHAS [JIOTHOCTE H
JHCPIHs, IOTCHUHAN IJIa3Mbl M IJIaBAIOUIAH MMOTEHIMA TAaKOM MBUIEBOI [1JIa3Mbl, SIBJISIETCS
OYCHb BAXXHOH 3aJa4yel Ul MOHUMAaHHUS (DUIMKO-XUMHYECKUX nponeccoB. Jlisg 3ToH uenu
RAHARAT HCIOJIE30BAl HOBBIM METOJ 30HAa JIeHrMiopa ¢ ompeaeneHHON cxeMmoii pPa3BEpPTKH
HAPSDKCHUS M ONPEACITHII CBOMCTBA 3JIEKTPHYECKOTO paspsa o XapaKTepUCTUKaM TOKa H
HAIIPSDKCHUA M U3MCPCHHUIO HANPSDKEHHS CMEIICHHS, a TAKXKE [0 ONTHYECKOH SMHCCHOHHOMN
CIIEKTPOCKOTIHH.

[Inasma atmocdepnoro naenenus (DBD. APPJ) 1o cux nop He nmonnocThIO M3yueHa u3-
3a HPUCYTCTBHA PAa3sIHYHBIX METacTaOM/IbHBIX aTOMOB, HOHOB M PaMKAJIOB KHCJI0pO/Jia U a30Ta,
SO/UIHOTO Tapa M H3-3a B3aMMOJCHCTBUS. C OKPYKAIOLIMMH MOBEPXHOCTAMHU. Takke B 3TOI
[UIA3MEHHOH Cpelie TI-H YCEHOB BHEC MHTEPECHBIH BKJIan B M3YUY€HUE H JHarHOCTHKY
4acTHLI0Opa3yroLleH CI0KHO# MIa3Mbl IPH aTMOC(EpPHOM JJaBJICHUM.
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Pe3yabTaThl, MOJIYYEHHbIC B OTOH JIMCCEPTAIUH, ABJIAIOTCH LICHHBIMH B o0acTu (PU3UKHU
CTTOKHON IUIa3MBbl JUISL BOBJIeYeHHOTO coobuiectBa. OHM Ou€Hb MONE3HBI Ui TJ1yOOKOro
[OHUMAHHS MEXaHHU3MOB 00pa30BaHMs CaMOOPraHU3yrOLIMXCA  MBUICBBIX  CTPYKTYp B
HH3KOTEMIIEpaTyPHOM IMU1azMme, /Ul M3y4eHHsl mpouecca 3apsaikd 4acTdll ¥ U JACTaIbHOTO
HCCIIEIOBAHHUSl CBOMCTB  IJIa3Mbl, B3aUMOJICHCTBYIOIIUX C TOBCPXHOCTBIO MaTCpHAIIOB
COOTBETCTBEHHO. Pa3paloTaHHBIE METOJbI JAUATHOCTUKH KOMILIEKCHOH IIA3Mbl [PH HU3KHX
MABJACHUSAX MOTLYT OBITh ITOJIE3HBI [UJIs OMNPEICIICHUs IapaMeTpoB ¢oHOBOM TMJa3Mbl B
1a0OpaTOPHBIX YCTAHOBKAX Pa3jIMYHOr0 ra3oBoro paspsnia, PECVD u TpaBnenus B IUIa3MEHHBIX
yCTpOHCTBaX, /Ul OYMCTKM M aKTHBAIWKM TOAJIOKEK B MHUKPO3JICKTPOHMKE M VLA CHHTC3A
HAHOCTPYKTYPHBIX MarepHasoB B IUIA3MEHHOH cpese. Bee 3TH MPUIIOKCHHS TECHO CBA3AHBI C
pacTylIeH 061acThIO COBPEMEHHBIX MIA3MEHHbIX TEXHOJIOTHH,

S mory ouenuth EpOosara YceHOBa Kak MOJOAOro y4CHOTO, KOTOPBIM TIPOSIBISCT
MHANHATABY ¥ paboraeT >(G(EeKTHBHO, HE3aBUCHMO W C OOJIBLIMM SHTY3HA3MOM. Obnanas
TBOPYECKUMU U AHAIUTHYECKUMH HABBIKAMH PEIICHUS npoOiemM U OONBLIOH CIOCOOHOCTBIO K
00yUEHHIO, OH JIOKa3ajl, uYTO CrOCOOCH MPOBOAMTE CIIOKHBIC HCCIIC/I0BAHHA. [IpeacrasiieHHas K
3alTe JOKTOPCKAs JMCCEpTalldsi MMEET BbICOKOE KauecTBO M 0€3yCJIOBHO COOTBETCTBYET
TpeGoBaHUAM MeXIyHapoaHoro cranaapra PhD.

/TIOITHCH/



dq, Kanenoa Alirepum AmanrenpaudeBHa, HWHMH951006450095, (ymoctoBepenue
maunoetd Ne035190560. Beimano MBJT PK ot 17.06.2013r. medictButesnbHo a0 16.06.2023r.),

HACTOSAINMM I[I0JITBEPIKAAr0, 4YTO JIAaHHBIH [I€PEBO/I COOTBETCTBYET COJCPIKAHUIO OpPUTHHANA
NOKYMEHTA.
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«TpunHamaroe» mapra JBe ThICAYH AeBATHaauaroro roja, s, Myranuesa /lumspa
PanmmaoBHa, HOTapuyc ropoga AJMarhl, JEHCTBYIOIIMH HAa OCHOBAHWHM TOCYIapCTBEHHOM
munens3uu Ne 0000252, serganaoit KomuteToM nmo opraHu3aiyy paBoBOH ITOMOIIK W OKa3aHUIO
FOPUAMYUECKHX ycayr HaceideHuto Munncrtepersa [Octuumu PecnyOsnmky  Kaszaxcrad oOT
03.11.2005 roma, CBHUAETEALCTBYIO IMOJJIMHHOCTH [OAMMCH, CJCJIIAHHOH MNEPEBOIUYHKOM
KaneHoBo#l AiirepuM AMaHrenbaueBHOM. JIMYHOCTH MOAMUCABINEH JOKYMEHT YCTaHOBJICHA,
1eecrnocoOHOCTh U ITOJTHOMOYHS €€ IIPOBEPCHBI.

3aperncTpUpOBAHO B peecTpe 32 Ne /(5

OmraueHo cornacHy ¢f.30, . 2. 3akona PK «O Horapuare»
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