AHOTAIIA
JIO MATICTEPCBKOI JTUCEPTAIIII
CTYJIEHTA 2-ro (MATICTEPCLKOT'O) PIBHS BUILIOT OCBITU I'P. O®-21Mn

CrperoBrnya Mukomau OQiekcanapoBuya

(nie)

Ha TEMY KOHTDOHLOBaHe d)ODMVBaHHH HAHOCTPYKTVYP Ha IHNOBCPXHAX KDGMHi€BI/IX TIJTaCTHH

opienTai (111) Ta (110).

HaykoBuii KepiBHHK Hoktop di3.-mat. Hayk, npodecop kadeapu 3araibHOI (Gi3MKH Ta

MoJeroBaHHs (i3MYHUX mpoliecis, B’ adecnas [ 'opHIkoB.

(HayKOBHU CTYMiHb, BYCHE 3BaHHS, 1IOCAA, iM’s Ta MPi3BUILE)
Axmyansnicms  COHSYHA EHEPTisl € BIJIHOBIIOBAIBHUM JDKEPEJIOM 1 Juisi HOro HaJaidHOIO

BUKODHMCTAHHS HEOOXIHO MOKpallyBaTh e(heKTHUBHICTHh IEPETBOPIOBANBLHUX ejieMeHTiB. s

3HAYHOI'0 3MEHIIEHHS Koe(illeHTIB BigOWTTS DOBEPXOHb COHSYHUX Oarapell HeoOX1THO

BUKOPHUCTOBYBATH MCTOAM KCPOBAHOTO HAHOCTPYKTYPYBAHHA. KDGMHifI € OJHMM 3

HAUMOIIMPEHIINX B 3¢MHIM KOPi1 HAMIBIPOBIAHUM €JIEMEHTOM, IKUU IIIUPOKO BUKOPUCTOBYETHCS

JIA BHUT'OTOBJICHHA d)OTOBOHI:TBj‘-IHPIX €JIEMEHTIB. JToHHO-TTIPpOMEHEBE TPABJICHHS KDGMHiIO 3a

HU3bKUX €HEPriil 10HIB Ta BUCOKMX IIIJIFHOCTEHN IIOTOKY BIUIMBAE JIMIIIE HA OPHUIIOBEPXHEB] 001aCTi

HaHoOMaTeplaJdiB 1 Mae€ mepeBard HaJl KOHKYDPEHTOCIIPOMOKHUMH TEXHOJOTISIMH, TEODPETUUHE

JNOCIIPKEHHs 30UIbIIVE IOTEHIAJ] IPAKTUYHOTO 3aCTOCYBAHHS, 30KpeMa B COHSYHIU

E€HEPreTUIl.

38’a30k pobomu 3 HAYKOBUMU NPo2PAMAMU, NAAHAMU, meMamu Kagpedpu TemaTrka HAyKOBOiI TpyIu
OMD-07.
06’ekm OdocnidmucenHa ['paHi MOHOKPHMCTAJIIYHOIO KPEMHIIO 3 PI3HOI OPIEHTAIIEN BiIHOCHO

BHYTPIIIHBOI KPUCTAIYHOI CTPYKTYPH, MOPGOJIOTris SIKUX €BOJIOLIOHVE OIJI A€ OMPOMIHEHHS

[IJILHUMHU IOTOKaMu Ar'.

Mpedmem AdocnidwenHa DiznuHi MexaHi3MH (POpMyBaHHS HAHOCTPYKTYP BHACITIIOK CTUMYJISIIIT

KIHETUYHUX I[POLECIB B MOPUIIOBEPXHEBUX IMIAPAX MOHOKPUCTAIIYHOIO KPEMHIK 30BHILIHIM

OIIPOMIHEHHSIM.

Mema po6omu P03BHUTOK KOHIIETIIii KEPOBAHOTO HAHOCTPYKTYPYBAHHSI IOBEPXHI KPEMHIIO JUIS

MiHIMi3ai KoediieHTIB BUIOUTTS POOOYHX HOBEPXOHD (POTOBOJIHTAIYHNX €JIEMEHTIB.

Memoodu docnidmucenHa Kinetnuana moaens Monte Kapio ans MmoaentoBanHs Mopgotorii

MOBEPXHI KPUCTATY aIMa3HOi KyOidHOI IpaTKH KPEMHIIO.

Bioomocmi npo o6caz 36imy, kinvkicms inlocmpauiil, maoéauysb, 000amkie i JimepamypHux
Haimenysans 3a nepenikom euxopucmanux 87 CTOPIHOK, 22 imocTpariii, 87 mxepen.




Mema iHOugIOyanbHO20 3080AHHA, BUKOPUCMAHI MEMOOU MA OMPUMAHI Pe3YTbmamu
HaBuuTHcs aHami3yBaTh Ta OIIIHIOBATH HAYKOBY JITEpaTypy, a TaKOX INYKATH PE3YJIbTaTH

€KCIIEpUMEHTAJIBHUX JOCHIDKEHD, Kl MATBEPHKYIOTh OTPUMAHI JaHi Ha OCHOBI KOMIT FOTEPHOIL

moaeni. OTpuMarH 3HaHHS PO KOMIT IOTEpHE MOIETIOBAHHSA MOPGhOJIOTIT KPUCTAIIB Ta HABUYKHA

a3y mudpoBux manux. B poboTi BUKOpHCTAHA KOMII'IOTEPHA KIHETMYHA MOonaeiab MoHTE

Kapno. Orpumanuii pisanii pensed g opicararii (111) Ta (110), sIKi MarOTh pi3HI BIACTUBOCTI

PO3BHUTKY IMOBEPXHEBOI IITOPCTKOCTI.

Bucnoeox Po3riagHyTHH MeTon MOkK€ OYTH BHKOPUCTAHWUU JUId CTBOPEHHS BUCOKOE()EKTMBHUX

COHIYHMX Oarapeil 3a paxXyHOK BUIOTOBJIEHHS TAaK 3BAHOI0 «UYOPHOro» KpemHiw. Orpumasxi

TEOPETHYH]I  JaHl pO3KPpMBAIOTH  (i3WuHl MexaHIi3MH  (GOpPMYBAHHSA  HAHOCTPYKTYD B

[IPUIOBEPXHEBUX MIApaX MOHOKPHUCTAIIYHOIO KPEMHIO ITiJT €0 30BHIMIHIX YUHHUKIB.

Iepenik knrouosux cnie (ne 6invwe 20) HaHOMATEPiaau, HAHOIIOBEPXHI, KPUCTAJIM, HAIMIBOPOBIJ
HUKU, HAHOCTPYKTYPH.
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Topicality Solar energy is a renewable source, and for its reliable use, it is necessary to improve the

efficiency of the conversion elements. To significantly reduce the reflectance coefficients of solar

cell surfaces, it is necessary to use controlled nanostructuring methods. Silicon is one of the most

common semiconducting elements in the Earth's crust and is widely used for the manufacture of

photovoltaic cells. Ion-beam etching of silicon at low ion energies and high flux densities affects

only the near-surface regions of nanomaterials and has advantages over competitive technologies;

theoretical research increases the potential for practical applications, in particular in solar energy.

Relationship of work with scientific programs, plans, themes cathedra The topic is related to scientific

oroup FMF-07.

Object of research The faces of single-crystal silicon with different orientations relative to the

internal crystal structure, the morphology of which evolves under the influence of irradiation with

dense Ar' fluxes.

Subject of research Physical mechanisms of nanostructure formation due to stimulation of kinetic

processes in the near-surface layers of single crystal silicon by external irradiation.

Purpose of work Development of the concepts of controlled nanostructuring of the silicon surface

to minimize the reflection coefficients of the working surfaces of photovoltaic cells.

Research methods Kinetic Monte Karlo model for morphology evolution modeling of a diamond

cubic structure crystal.




Information about the volume of the report, the number of illustrations, tables, applications and
literary names in the list of used ones

87 pages, 22 graphs, 87 references

The purpose of the individual task, the methods used and the results obtained Learn how to analyze

and evaluate scientific literature, as well as search for experimental results that confirm the data

obtained from a computer model. Gain knowledge of computer modeling of crystal morphology

and skills in of analyzing digital data. The Monte Carlo computer kinetic model was used in the

work. Different topography was obtained for orientations (111) and (110), which have different

properties of surface roughness development.

Conclusion The method under consideration can be used to create highly efficient solar cells by

manufacturing so-called "black" silicon. The obtained theoretical data reveal the physical

mechanisms of the formation of nanostructures in the near-surface layers of single crystal silicon

under the influence of external factors.

Keyword list (no more than 20) nanomaterials, nanosurfaces, crystals, semiconductors,

nanostructures.

7 / i
Signature of the supervisor o

&




