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The proposed Ph.D. Dissertation of Mrs. Yermuhamed is yield an in-depth fundamental understanding of light-driven
hydrogen generation mechanism using functionalized nanostructured silicon surface as highly promising surface for
the solar-to-hydrogen conversation. The dissertation has a strong focus to the implementation of proposed system to
the cost effective water purification or water desalination processes which today is one of the most important tasks for
the human community of planet Earth, given the consumption of natural sources (oil, gas) for water treatment and
desalination processes. On the other hand, if we look at the widespread use of "green" energy technologies based on
wind, water or solar energy, human energy consumption can be more or less completely covered by "green" energy.
However, a global problem, which is also pointed out by many international organizations, is access to drinking water.
This is not only a Third World or developing country problem, but also a critical point for Western countries. In the
context of highly developed and highly localized agriculture (e.g. in Germany, the agricultural sector is mainly
localized in northern Germany), which results in groundwater pollution mainly from pesticides or other organic
pollutants. From this perspective, the water purification or desalination by using green technologies and smart
nanomaterials is a crucial challenge for the modern human society processes that is to time one of the most
important challenge for the human community of the planet Earth. Photocatalytic water splitting or solar-to-hydrogen
conversions one of the pillars of modern nanotechnology. For this technology to succeed, the development of
materials capable for light-driven water splitting with high efficiencies and high long-term stability is necessary.
Fostering any new advancement in this area, aimed not only at elevations of the process efficiencies, but also at the
developments of environmentally-friendly technological routes, requires high interdisciplinary synergism and
activities across the borders of physics, chemistry and material sciences. In this context, silicon (Si) is an ideal
candidate as it is the second most abundant element in the Earth's crust. Silicon-based approaches are certainly
favored because of non-toxicity at a high level of materials control and understanding, together with a huge industrial
infrastructure to account for low production/processing costs and high production yields.

Mrs. Yermuhamed dissertation is dedicated to investigation of structural and physicochemical properties of
nano/microstructured silicon for applications in hydrogen energy. The influence of morphology and optical properties of
silicon microstructures obtained by metal-assisted wet-chemical etching on the efficiency of hydrogen generation is
considered in work.
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As a practical application, it has been shown that investigating structures can be successfully used for the efficient
generation of hydrogen both due to chemical reaction of structure’s surface oxidation and due to photocatalytic
reactions on oxidizing surface.

Ms. Yermuhamed was performed experimental research work on the preparation and detailed study of silicon micro- and
nanostructures morphology and optical properties.

Mrs. Yermuhamed passed two times a scientific internship in the period from August to October, 2017 and March to
April 2019, under my leadership at Leibniz Institute of Photonic Technology, Jena, Germany. During the scientific
internship, Mrs. Yermuhamed performed experimental work on the topic of the thesis. In this case, she had a good
opportunity to learn new aspects of material characterization methods using research and technology infrastructure at
Leibniz IPHT in Jena, Germany. Her latest scientific progress was obtained under close daily supervision and controlling
in my department at Leibniz Institute of Photonic Technology. The main focus of her studies was related to the formation,
evaluation of morphological and physicochemical properties of nanostructured silicon surfaces and their photoatalytic
activities studies by gas chromatography. Mrs. Yermuhamed ihvestigated optical properties (surface reflectance) of
nanostructured layers using UV-vis spectroscopy. The morphology of nanostructured layers was studied using scanning
electron microscopy using facilities at Leibniz IPHT, but also at Ernst Abbe University of Applied Sciences in
Jena/Germany .As a result of applicant: investigations, conditions optimization of silicon micro- and nanostructures
formation were determined, and structural and optical properties of obtained experimental samples were studied. It was
also experimentally shown that during silicon microstructures growing on highly doped n-type substrate surface,
additional layer of porous silicon is formed between silicon microstructures array and silicon substrate, which leads to 2
time increase in the generated hydrogen when they interact with water compared to low-doped samples of n-type
conductivity. Large yield of hydrogen occurs presumably due to the cleavage of passivating Si-H bonds on the
microstructures surface, which was also shown by scanning electron microscopy and IR spectroscopy investigations. The
investigation of near-threshold X-ray absorption spectra showed the presence of uniform silicon suboxide (SiOx) film with
thickness of more than 10 nm on the upper layer of silicon microstructures surface and in the lower part of structures,
which indicates that hydrogen is generated on the surface of n+ type silicon microstructures due to the oxidation reaction
surface to silicon dioxide, and due to the photocatalytic decomposition of water molecules on the silicon suboxides
surface. It is worth noting that results obtained by Mrs. Yermuhamed contribute to better understanding of hydrogen
generation processes physics and chemistry with using semiconductor micro- and nanostructures, and are also very
important from an applied point of view for creating hydrogen energy applications. Each week, Dana actively participated
my group weekly lab meetings and she attended all scientific presentations that were given within research center. She
presented her Ph.D. topic and scientific progress in form of scientific presentation (30 min) at my department meeting.
For the time being in my laboratory, Dana developed very good relations with all members of my international research
group. She was always very kind, friendly, and sincere. She comes from a very different field of research, for that reason
many experimental aspects were absolutely new, useful, and | believe on long-term, they would have very beneficial
aspects on her studies.

The results achieved in frame of proposed dissertation were published in 13 works, including 2 scientific papers in
international peer-reviewed journals like Scientific Reports, Materials Research Express and Brief Communications on
Physics, and also presented at international scientific conferences.

As a scientific co-advisor of Mrs. Dana Yermuhamed, considering the above, | consider that in terms of the results
obtained in the thesis, the personal qualities of the applicant, the dissertation by Mrs. Yermuhamed “Optical and
structural properties of microstructured silicon obtained by metal-assisted chemical etching’
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meets the qualification requirements of an international standard for a Ph.D. and | strongly mﬂg‘cﬂﬁ’&{&mm
presentation to the Academic Dissertation Council of your University and Mrs. Yermuhamed deserves awarding of the
Ph.D. degree in the specialty 6D071000-“Materials science and technology of new materials”.

Please do not hesitate to contact me, if you have further questions or inquiries.

Sincerely yours
A foreign scientific advisor

Dr. rer. nat. Vladimir Sivakov

Head of Semiconductor Nanostructures Group at

Leibniz Institute of Photonic Technology

CTCT Conference President

Baltic Sea Network , NanoPhoto" Coordinator

Member of National Research Council Section “Life Sciences” of Republic of Kazakhstan
Member of National Research Council Section of Lithuanian Republic
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PaccmarpuBaemas juccepranus  r-xdH  Epmyxamen  BHOCHT — BKIal B riayookoe
dyHaamMeHTaibHOE IIOHMMaHHE MeXaHW3Ma TeHepaluu BOJOpPOJa MPH  OCBCUICHHH, ¢
HCIOJIb30BaHUEM  (DYHKIIMOHATM3UPOBAHHOM — MOBEPXHOCTH  HAHOCTPYKTYPHUPOBAHHOTO
KPEMHHs B KQUeCTBE BEChMa MEPCIICKTUBHOM MOBEPXHOCTH JUIs npeoOpa3oBaHUs COIHEYHON
SHEPTHH B BOJIOPOJHYIO. JluccepTalis NOCBSLICHa BHEAPCHHUIO Npe/ularaéMou CUCTEMBbI B
KOHOMHYECKH d(PPEKTUBHBIC MPOLECCH] OYMUCTKU MM OTIPECHEHUS BO/IbI, KOTOPbIC CCTO/IHA
SBJISIHOTCS OJHOM M3 BKHEHIIMX 3a7au 4eOBEYECKOro cOOOLIeCTBA IUIAHEThI 3eMis, ¢
y4eToM HoTpeOJIeHUs TIPUPOIHBIX UCTOYHUKOB (He(Th, ras) Juls IPOLECCOB obpadoTKu
BObI 1 onpecHenust. C Apyroi CTOPOHLI, €CJIM MbI IOCMOTPUM Ha IIMPOKOE UCIIOJIL30BAHHC
TEXHOJIOTHIl «3€JICHOI» YHEPreTHKH Ha OCHOBE BETPOBOM, BOJIHON WIIM COJIHEYHON DHEPIHH,
MoTpelIeHHe DHEPrMM YCIOBEKOM MOXKET ObITh O0sice MM MEHEE IOJHOCTHIO TOKPBITO
«3eneHoii» dHepretukoil. OjiHaKo riao0daabHoN NpodeMOit, Ha KOTOPYIO YKa3bIBAIOT MHOIHE
MEXIyHapoJIHble OpraHu3aluu, SBISETCA JOCTYI K [UTLEBOM Bojie. DTO HE TOJBKO
npo6JieMa TPETbEro MUpa Wil Pa3sBUBAIONIMXCA CTPaH, HO CUMTACTCA npoOJeMaTHIHbIM U
7UTS 3anajHbIX CTPaH. YCIOBHS BBICOKOPA3BHUTOIO M BBICOKO JIOKATH30BAHHOIO CEJILCKOTO
xo3diictBa (HampuMmep, B ['epMaHHM CENbCKOXO3AHCTBCHHBIH CEKTOp B OCHOBHOM
JIOKaJIM30BaH Ha ceBepe ['epMaHMM) MPUBOJAT K 3arpA3HEHMIO MOJ3EMHBIX BOJ, INTABHLIM
00pa3oM, NeCTHLMIAMH HJIM JIPYTHMMH OPraHMYECKUMH 3arps3HUTC/IAMH. C 9TOi TOYKH
3peHus, OYMCTKA WIIM OIIPECHEHHE BOJbI C HCIOJIBL30BAHHEM  OKOJIOTHHYCCKH YUCTBIX
TEXHOJNOTMH ¥ YMHBIX HAHOMATEPHANOB ABJIAETCA BaKHEHIIEH 3a/1aued  4esIoBeYeCcKoro
coobmecrBa  mmaHeThl  3emusi.  DOTOKAaTAIMTHYECKOE  Pa3OKCHHC  BOIbI  HIH




npeoGpa3oBaHne CONHEYHOH OHEPrHMH B BOJOPOAHYIO  SABIAIOTCA OJIHOW M3 OCHOB
COBPEMEHHO# HAHOTEXHOJIOTHH. JIisl YCENHOro Pa3sBUTHS OTOH TEXHOJIOTHH HeoOXo1uMa
pa3pab0TKa MaTepUaloB C BHICOKOH SPHEKTHBHOCTHIO H BBICOKOW JIOJITOBPEMEHHOM
CTAOHIIBHOCTBIO, CIOCOOCTBYIOIIMX JIETKOMY —pasiokeHHi0 BoOAbl.  CTMMYJIMpOBaHHE
nporpecca B OTOH 00JacTH, HANpaBieHO HE TOJIBKO HA TIOBLIMICHHE 3¢ EKTUBHOCTH
mporiecca, Ho M Ha pa3paboTKy 9KOJOTHYECKH 0e30MacHbIX TEXHOIOTHICCKUX HarpaBJICHHH,
TPeOYIONIMX BHICOKOTO MEXKIMCIHMIIMHAPHOrO CHHEPTU3Ma U JICITEIbHOCTH HEPE3 IPaHuLbI
dH3KKY, XMMUX U MaTepuaioBejieHus. B cBasu ¢ 5TuM kpemHuuii (Si) cuMraercs uieaibHbIM
KaH/MIATOM, TTOCKOJIBKY OH SIBJISIETCS BTOPBIM HanOoJjiee pacipoCTPAHEHHBIM JIEMEHTOM B
seMHON Kope. TeXHOJIOrHYEeCKUe IOJXO/bl, OCHOBAHHBIC Ha HCIOJIB30BAHMM KPCMHIL,
Ge3yCIIOBHO, SBJIAIOTCS OOJee MPEIMOYTUTENBHBIME 0J1arosiaps €ro HETOKCHYHOCTH IIpH
BBICOKOM YPOBHE KOHTPOJISi M NOHHMAaHHMs MarepHaja, a TaKkKe OrpoOMHOr0 MOTCHIMANA
CO3/1aHHs TPOMBIIUICHHOH HHPPACTPYKTYpPh! JUIA IOJIy4CHHs MaTepHrala, obecrieunBaroen
HU3KHME 3aTPaThl HA IIPOU3BOJICTBO/OOPAOOTKY 1 OOJIBIIOC KOJIMICCTBO BBIXO/IA POy KILAH.
Jluccepranus r-ku EpMmyxamell MOCBSLICHA HMCCIEI0BAHAIO CTPYKTYPHBIX H ¢$u3uKo-
XUMHYECKUX CBOWCTB HAHO/MHKPOCTPYKTYPHPOBAHHOTO KPEMHMS JUIsl TPUMEHEHHUS B
BOJIOPOJIHON SHepretke. B pabore paccMOTPEHO BIHAHHC MOP(}OJIOTHM ¥ ONTHYCCKUX
CBOICTB KPEMHHEBBIX MUKPOCTPYKTYP, MOJNYYCHHBIX METOJIOM METaj-CTUMYJIMPOBAHHOTO
MOKPOTO XMMHYECKOTO TpaBJIcHHUs Ha 9 (HEKTHBHOCTh TCHEPALMH BOJOPO/A.

B KkauecTBe NMPAKTMUECKOTO NPUMEHEHHs ObLIO M0Ka3aHO, YTO MCCICAyCMbIC CTPYKTYPRI
MOTYT OBITh YCIEIHO HCIOb30BaHbl Uil d(Q(EKTUBHON ICHEpaIuy BOJIOPOJA  KaK
Grarofaps XMMHYECKOW PEaKlMU OKHUCIICHUS MOBEPXHOCTH CTPYKTYpBI, TaK H Osaronaps
(GOTOKATATUTHYECKUM PEAKIMSAM HA OKHCIISIOEH OBEPXHOCTH.

[xa Epmyxamen [mpoBesia OKCICPUMEHTAIBHBIC — HMCCICA0BATC/ILCKUC paboTsl 110
MOJYYEHHIO M JeTAIbHOMY H3YYEHHIO MOP(OJIOTHH M ONTHYCCKHX CBOWCTB MHKpPO- H
HAHOCTPYKTYP KpEMHHUS.

B mepuoa ¢ asrycta mo okrsaOpp 2017 rojna u ¢ Mapra no anpejb 2019 ropa r-xa
EpMyxaMesl JIBaX/[bl IIPOXOJMIA HAy4YHYIO CT@XHPOBKY IO MOHM  DYKOBOACTBOM B
JIeHOHUIKOM HHCTUTYTE (OTOHHBIX TEXHOJIOTHH, Mena, I'epmanus. Bo Bpems Hay4HO#
CTaXUPOBKY T-xka EpMyXamest mpoBesia dKCHEPUMEHTAIBHYIO paboTy MO TeMe JAUCCEPTALHH.
V mee 6bia XOpomIas BO3MOXHOCTH M3YUMTh HOBBIC ACTCKTBI METOJIOB ONpPC/IC/ICHIA
XapaKkTEPUCTHK MaTEPHAJIOB € MCIOJIL30BAHUCM MCCIIeI0BATENIbCKOW M TEXHOJIOTHYECKOH
uH PACTPYKTYpbl JICHOHUIIKOTO MHCTUTYTA (POTOHHBIX texnonoruii B Mene, I'epmanus. Ee
ocieHEe HAy4yHble pe3yJbTarbl ObLIM IOJYYEHBI MOJ TPUCTAIbHBIM  CXC/IHCBHBIM
HaGJIIOJeHMEeM M KOHTPOJIEM B MOEM OT/eleHuH B JICHOHHMLIKOM HHCTHTYTE (OTOHHBIX
TexHoorHit. OCHOBHOE HAIPABIEHHE €¢ MCCIIeI0BAHMI ObUIO CBA3aHO ¢ (POPMHPOBAHHMEM,
onenkoit  mopdonornueckux M (DH3MKO-XMMHYECKHX — CBOMCTB MOBEPXHOCTEH
HAHOCTPYKTYPHPOBAHHOIO KPEMHHsI W H3y4CHHEM WX doToaTaTUTHIECKOH aKTHBHOCTH
METOJIOM Ta30Boil xpomarorpapuu. I'-xa Epmyxame] uccienobaia ONTHYCCKUE CBOMCTBA
(OTpakeHHE MOBEPXHOCTH) HAHOCTPYKTYPUPOBAHHBIX CIIOCB C TMOMOIIBIO Vd-suiumon
crieKTpocKoiu. Mopdooris HaHOCTPYKTYPHPOBAHHBIX CJIOCB Oblj1a U3y4eHa C IMOMOIIbIO
CKaHUPYIOLIEH AJIEKTPOHHOH MHKPOCKOIHH €  HMCIOJb30BAHHUEM obopyjoBaHus B
JIeifGHMIKOM HHCTHTYTE (OTOHHBIX TEXHOJIOIHH, a TakKe B YHMBEPCHUTETS IPHKJIAIHBIX
HayK uM. DpHcra AOOe B Wene/I'epmanus. B pesyibTaTe HCCie/0BaTeIbCKUX pabGot
comckareqs ObUIM  OIPEIE/CHBbl ONTUMAIbHBIC YCIOBAS (OPMHUpOBaHUS MHUKpO- U
HAHOCTPYKTYP KPEMHHs M MCCJICJOBAaHBI ~CTPYKTYpHBIC M ONTHYCCKHC CBOHCTBA
[0JIy4EHHBIX DKCIIEPUMEHTATbHBIX 00pasioB. Taioke ObUIO DKCIEPUMEHTAIBHO I0Ka3aHo,
4TO BO BpeMsl POCTA KPEMHHMEBBIX MHMKPOCTPYKTYp Ha TMOBEPXHOCTH MONOKKH N-THIIA €
BBICOKOH CTENEHBIO JICTHPOBAHUS MEXKIYy MacCHBOM KPEMHHMEBBIX MHUKPOCTPYKTYp H
KPEMHHEBOW  T10JUI0KKOH obpasyercst  IOHOJIHUTENbHbIN CJIOH MOPHUCTOrO KPEMHUA,
KOTOpBIil B 2 pa3a yBEIMYMBAET TEHEPUPYEMbIH BOJIOPOA IIPH B3aUMOJICHCTBUU € BOJIOH IO




npeobpasoBanye COJHEYHOH SHEPrHH B  BOJOPOJHYIO SBJSIOTCA OIHOH M3  OCHOB
COBPEMEHHO} HaHOTEXHOJIOrHH. JUJIs YCIEeIHOro pa3BUTHs TOH TEXHOJIOTHH HeoO0XoauMa
pa3paboTKa MaTepHaloB C BBICOKOH A(QEKTUBHOCTBIO M BBICOKOH JIOJITOBpEMEHHOMN
CTaOMIIBHOCTBIO, CHOCOOCTBYIOIMX JIEFKOMY — pa3jiokeHHio  Bojbl. CTUMYJIHpOBaHHE
nporpecca B OTOH 00JACTH, HANpPaBJIEHO HE TOJBKO Ha IOBBILICHHE 3 PEKTUBHOCTH
nmpolecca, HO ¥ Ha Pa3padoTKy dKOJIOIHYECKH Oe30acCHbIX TEXHONOTHYECKHX HaIpaBJICHUH,
TpeOYIOIMX BHICOKOTO MEXKANCIUIIIMHAPHOTO CHHEPIU3Ma U JICATE/IbHOCTH Y€PE3 IPAHUIIbI
DUMKK, XUMHUM ¥ MaTepraloBeieHus. B cBs3n ¢ 5TuM KpeMHuuit (Si) cauTaeTcsi uieaibHbiM
KaHIMIAaTOM, TIOCKOJIBKY OH SIBJISIETCS BTOPBIM HauOoJiee pacipOCTPaHEHHBIM DJICMEHTOM B
3eMHOH Kope. TeXHOJIOrMYecKHe IOJAXO0/bl, OCHOBAHHBIC HA HCIOJIb30BAHMH KPCMHU,
Ge3yciIoBHO, SABJSIOTCS OOJiee MPEINOYTHTENLHBIMK Oarojiaps €ro HETOKCUYHOCTH IpH
BBICOKOM YPOBHE KOHTPOJISI U TOHMMAHMS MaTepuasa, a TaKKe OrpOMHOro MOTCHIHAA
CO3/IaHMsl TIPOMBIIIUICHHOW HHQPACTPYKTYpPbI VIS TI0JYUEHUs MaTCpUaa, obecrieunBaroLIEeH
HU3KHE 3aTpaThl HA IPOM3BOJCTBO/0OPAOOTKY M OOJIBIIOE KOIMYECTBO BbIXO/A NPOIYKIHH.
Jlucceprauus r-Kd Epmyxamen NOCBALICHA MCCICIOBAHUIO CTPYKTYPHBIX H du3uKo-
XMMHYECKUX CBOWCTB HAHO/MUKPOCTPYKTYPHPOBAHHOIO KPEMHHS JUIs INPUMCHEHHUS B
BOJIOPOJIHOM HHEpreTHke. B pabore paccMOTPEHO BIIMAHHC MOP(}OJIOTHH ¥ ONTUYECKUX
CBOJCTB KPEMHHEBBIX MHUKPOCTPYKTYP, IOJIYYCHHBIX METOJOM METaJI-CTUMYIHPOBAHHOTO
MOKPOT0 XMMUYECKOT0 TPaBJIcHUs Ha G (EKTHBHOCTH I'€HEPALMK BOAOPO/IA.

B KkayecTBe NPAKTHYECKOTO NPUMEHEHHs ObLIO MMOKa3aHO, YTO MCCIIENYEMBIC CTPYKTYpbI
MOTYT OBITh YCIEHIHO WCIOIb30BaHbl Juid H(QQEKTHBHOH TeHEpallMk BOJOPOAA KaK
Gnarojiaps XMMHYECKOH peaKlM¥ OKMCIEHMS ITOBEPXHOCTH CTPYKTYPBI, TaK H OJstaronaps
(GOTOKATATUTHYECKAM PEaKIUAM Ha OKHCIISIOIICH TOBEPXHOCTH.

I'-xa Epmyxamesn mpoBena SKCIEPUMEHTAIbHbIC —HCCIEI0BATEILCKHE paboTel 10
MOJYYEHHIO M JETAILHOMY H3YYCHHIO MOP(OJOTHH M ONTHYECKHX CBOHCTB MHKpO- H
HAHOCTPYKTYP KPEMHHUS.

B nepuox ¢ asrycra mo okrs6ps 2017 rojga u ¢ mapra 1o ampeib 2019 ropa r-xa
EpMyxamen [Bax/pl IPOXOJMIA HAY4YHYIO CTaXHPOBKY IMOJ MOHUM DYKOBOJACTBOM B
JIefiOHUIKOM HHCTUTYTE (POTOHHBIX TEXHOJIOTHH, Mena, I'epmanus. Bo Bpems HaydHOM
CTaXMPOBKH r-ka EpMyxames mpoBesia 9KCIIePUMEHTaTIbHYIO PabOTY IO TEME JMCCepTaLiH.
V Hee OblIa XOpomias BO3MOXXHOCTb M3YUMTh HOBbIC aCIEKThl METOJOB ONPCICICHUSA
XapaKTepPUCTHK MATEpUAlOB C MCHOJIb30BAHMEM HMCCIIEI0BATEIbCKOH H TEXHOJOTHYECKOH
nHppacTpyKTypbl JIEHOHUIIKOrO MHCTUTYTa (POTOHHBIX TEXHOJIOTHH B Wene, lepmanus. Ee
[OCJIeIHAE HayuHble pPe3yjbTaTbl ObUIM IIOJYYEHBI I0J] IMPUCTAIbHBIM EIKC/HEBHBIM
HAGJIO/ICHHEM M KOHTPOJEM B MOeM OT/esieHuH B JICHOHMIKOM HHCTHTYTE (OTOHHBIX
TexHoJorui. OCHOBHOE HAIPaBJICHUE €€ UCCIICIOBaHUI OBLIO CBA3aHO ¢ (OPMHPOBAHHEM,
OLEHKOH  Mopdonormyeckux M (U3UKO-XHMHYECKMX  CBOMCTB  MOBEPXHOCTEH
HAHOCTPYKTYPHPOBAHHOTO KPEMHHs M HM3ydeHHeM MX (OTOATATUTHYCCKOH aKTHBHOCTH
METOJIOM Ta30Boil Xxpomatorpapuu. ['-ka EpMyxamesn uccienosana ONTHICCKHE CBOHCTBA
(OTpa@KeHHe MOBEPXHOCTH) HAHOCTPYKTYPHPOBAHHBIX CJIOEB C MOMOLIBIO Y D-BU/IMMOH
CIeKTPOCKONMH. Mopdos10rusi HAHOCTPYKTYPHPOBAHHBIX CJI0CB OblIa N3yYeHA C TIOMOIIBIO
CKAHUPYIOIIEH 93JEKTPOHHOM MHKPOCKONMHHM €  HCHOJIL30BAHHEM obopyjoBaHus B
JIeHOHUIKOM HHCTHTYTE (POTOHHBIX TEXHOJIOTHH, a TaKkKe B YHHBEPCHTETC IIPUKJIA/IHBIX
HayK uM. DpHcta AOGe B Mene/Tepmanns. B pesyibrare HCCIe0OBAaTENLCKUX padoT
couckareass ObUIM  ONpEIEIEHbl  ONTHUMAIbHBIE YCIOBUs (OPMHPOBAHHSA MHKPO- H
HAHOCTPYKTYp KPEMHHsS M HCCIEI0BaHbl CTPYKTYpHBIE M  ONTHYCCKHC CBOMCTBA
[OJTYYEHHBIX JKCIIEPUMEHTAIBHBIX 00pasios. Takke OBLIO SKCIEPUMEHTANILHO TOKA3aHO,
4TO BO BPEMs POCTa KPEMHHEBBIX MHKPOCTPYKTYP Ha IIOBEPXHOCTH IMOJUIOKKH N-THIA C
BBICOKOM CTENCHBIO JIETUPOBAHHUS MEXAY MAaCCHMBOM KPEMHHEBBIX MHUKPOCTPYKTYp H
KPEMHHEBOM IOJUIOKKOH —00pasyercs JIONIOJIHUTEJIbHBIA  CJIOM  MOPUCTOr0  KPEMHHA,
KOTOpBIii B 2 pa3a yBEJIMYMBACT FE€HEPUPYEMbIH BOJOPO MIPH B3aUMOJIEMCTBUH C BOJOH 110



CpaBHEHHIO ¢ 00pasiaMi ¢ HU3KUM JICTHPOBAHHEM NPOBOJMMOCTH N-THIIA. Bonbnit BBIXO/
BOJIOPOJIa MPOUCXOMUT, TO-BUIMMOMY, M3-3a paspbiBa MACCUBUPYIOIIHMX Si-H-cBsizeit Ha
MOBEPXHOCTH MHKPOCTPYKTYp, KOTOpBIi OBLI TMOKa3aH ¢  TMOMOIIBIO CKaHUPYIOLIEH
3MeKTpoHHON MuKpockonuu u - MK-CriekTpocKonuy. UccrenoBanusi  OKOJOIOPOTOBbBIX
CIIEKTPOB  TIOIJIOMICHAS. PEHTTEHOBCKOIO M3JIy4CHHMA M0Ka3ano HaIndne OJIHOPOHOM
ek cybokena kpeMuus (SiOy) TonuuHoi 6onee 10 HM Ha BEPXHEM €JI0€ ITOBEPXHOCTH
MHKPOCTPYKTYpP KPEMHHsI X B HIKHEH 4acTH CTPYKTYp, 4TO YKa3biBaeT Ha TO, 4TO BOLOPOI
reHepupyeTcs Ha MOBEPXHOCTH KPEMHHEBBIX MUKPOCTPYKTYP n'-Tuna BeieICcTBUE peaKLUK
OKHCJICHHUS JI0 THOKCHIa KPEMHHS U (POTOKATAIMTHYECKOTO PA3JIOKCHUS MOJICKYJT BOJIbI HA
MOBEPXHOCTH CYOOKCHIOB KpeMHHs. CTOUT OTMETHTh, YTO PE3yJIbTATHI, IIOJIYICHHBIC -0
EpMyxamet, CIIocOOCTBYIOT JIy4IIeMy ITOHMMAaHUIO (pU3UKK ¥ XUMUH TPOLECCOB FCHEPALMH
BOJOPOA C MCIOJIb30BAHMEM TOJIYNPOBOHAKOBBIX MHKPO- W HAHOCTPYKTYp, & TaIoKe
OueHb B@KHBI C TNPUKIAAHOM TOYKK 3pCHUsA Ul CO3/1aHHA IPUIIOKEHUH  BOJXOPOIHOM
sonepreruku. Kaxayio senemo JlaHa nmpuHHMala akTHBHOC ydacTHE B eXeHe 1eIbHBIX
ceMHHapax J1aGopaTopuM H MOCellaia Bee HaydHbIC NPE3CHTALNH, MPE/ICTAaBICHHbBIC B
ueceoBaTenbckom nentpe. Ona npencrasuia csoto Temy PhD nmuccepranuu n HayHqHbIC
pesyibTarbl B (popMe Hay4dHOH MPE3CHTalH (30 MHHYT) Ha 3ace/laHdd HAIIero oTjeja B
HHCTUTYTE.

3a Bpems npeObiBanms B 1abopaTopuu, y JlaHbl CI0KMIHCE OUCHbL XOPOLIAE OTHOIIIEHHUS CO
BCEMM WIEHAMM MOEH MEXIYHapOIHOU uceieoBaresibckoi rpynnel. OHa Beerja ObLIa
ouenb 100poH, ApyxkentoOHOH M HCKpenHed. Ee mpenpuiymas 001aCTh HCCIICOBAHUH
OTIIMYAIACh OT 37CIIHEH, I03TOMY MHOTHE JKCIIEPUMEHTAIbHBIC ACIICKTRI ObL1H a0COJIIOTHO
HOBBIMH, MOJIE3HBIMH, M 5 CUMTAl0, 9YTO OHHM OyJIyT TIONE3HBI eil B JaJIbHEHIIMX
UCCJICIOBAHUSX.

Pe3ynprarhl, HOJTY4YEHHBIC B paMKax paccMaTpUBaeMOii IMccepTalui, OblH 0IyOJIMKOBAHBI
B 13 paGorax, B TOM uMCje B 2 HAyYHBIX CTarbiX B MEXKyHAPOAHBIX peleH3HPyEMbIX
KypHanax, Takux kak «Scientific Reportsy, «Materials Research Express» u «Kparkue
coobmenus 1o (u3MKe», a TAKKe TPEJCTABICHB HA MEKIAYHAPOIHoIX  HAyHHBIX
KoH(pepeHInAX.

Kak HaydHblii KOHCYIbTaHT r-ku Jlaubl EpmyXamen, yduTbIBad BBILLICH3JIOKEHHOE,
CUMTAIO, UTO ¢ TOYKM 3PEHHsl PEe3yJbTaTOB, MONYYCHHBIX B JMCCCPTAUMH M JIHIHOCTHLIX
KayecTB COMCKATeNs, aMccepranus r-xu Epmyxamen «OnTHdecKue M CTPYKTYPHBIC
CBOMCTBAa MUKPOCTPYKTYPHPOBAHHOTO KPEMHHUS, TOJTYyICHHOTO METaJI-CTUMYJIMPOBAHHBIM
XMMHWUYECKUM  TpaBJEHHMEM»  COOTBETCTBYCT KBATH(UKALMOHHBIM  TPEOOBAHUSM
MEXIyHapoHoro craniapta juis PhD jokropa, U peKOMEHIYyIO €ro il [pe/icTaBIeHUs
Vuenomy CoBery Balllero yHMBEPCHTETa, U CUMTAIO, YTO I-XKa Epmyxame]1 3aciiyKuBaeT
npucBoennst crenenn PhD 1o  cneunanbHOCTH 6D071000- «MarepuajioBe/icHue H
TEXHOJIOIMSI HOBBIX MaTEPHaIOB).

Ecin y Bac BO3HMKIM Kakue-TMOO BONPOCHI WM OKelaHHs HOrOBOPHTH noXxanyicra,
II03BOHUTE MHE.

C yBaxxeHHueM,
3apyOeKHbIH HAyYHbI KOHCYJILTAHT
JIOKTOp ecTecTBeHHBIX HayK Brapumup CrBakoB
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/nieyars/

PyxoBomress rpynibl "KpeMHHEBBIX HaHOCTPYKTYp" B
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«JlBajanarh TpeThe)» CEHTSOPs JBE THICAIH JBA/IIATOrO TOAA 4, MyTanu
HOTapHyC ropoja AuMarhl, —JeHCTBYIOLAs Ha OCHOBAHHH rocyIapCTBEHHOM 31
»r 03.11.2005 roma, BemanHod KomuTeroM 10 OpraHM3allni NpaBOBOM MOMOIIM U OKa3aHWIO
FOPHIMUECKHX YCIIYT HaceleHnio MUHUCTEpCTBA FOctumu Pecniy6nuku Kasaxcran, CBHIETENBCTBYIO
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