B cOBOKYITHOCTH PaCCMOTPEHHBIC aCHCKThI MOKA3BIBAIOT, YTO OOPA30BAHUE CJIOS JIbJA HA MOBEPX-
Hoctr Au (111) sBasseTcst MHOTO(AKTOPHBIM MPOLIECCOM, 3aABUCSIIUM HE TOJIBKO OT MPUPOIBI ancopdaTa u
TIOAJTOKKH, HO U OT KHHCTHKH, CTPYKTYPHI MOBCPXHOCTH U BHCIMHUX VCIOBHHA. Takoe KOMIUICKCHOC TTOHH-
MaHHE MPOLIECCOB aACOPOLIHMH U CAMOOPTaHU3AIINH BOABI PACIIUPSCT BO3MOKHOCTH KOHTPOJISI MOJICKY JISIP-
HBIX CHCTEM HA HAHOYPOBHE U CIIOCOOCTBYET PA3BUTHIO COBPEMCHHOH (DH3UKH MOBEPXHOCTH.

3axsrouenue. O0paszoBanue ¢10s apaa Ha nmoBepxHOcTH Au (111) npeacrasmaser coboit ClnoxKHBII
(PUBHKO-XMUMHUYCCKUH MPOLECC, OMPEACCMBIM B3aHMOACHCTBHEM MOJICKYN BOABI MEXKIY COOOH H C
METALTHICCKOH HOA0KKOH. HecMOTPst Ha XUMHUCCKYHO HHEPTHOCTh 30J10Ta, MOJICKYJIBl BOABI CIIOCOOHBI
(hopMHUPOBATE YCTOHYMBBIC U YIIOPSAOUCHHBIC IBYMEPHBIC CTPYKTYPHI 38 CUST PA3BUTHSI CETH BOAOPOIHBIX
CBS3CH. DKCICPUMCHTATIBHBIC UCCIICTOBAHUS MOKA3BIBAIOT, YTO TCOMETPUS U CTAOUTBHOCTD JICASHBIX CJIO-
€B 3aBHUCAT OT TEMIICPATYPBI, CTCTICHU MOKPHITHS U 0COOCHHOCTEH PEKOHCTPYKLMH noBepxHOCTH Au (111).
A TaxKe U3YUCHEBI A¢COPOLUH MONCKY BOABI MPU MATIOIHEPTre THYCCKOH HOHHOH 60MOap IUPOBKE U MOKA-
3aHBI MEXAHU3MBI ACCOPOLIHH X OT MOBEPXHOCTH. [loyueHHBIC Pe3yNbTaThl UMEIOT BAXKHOC 3HAUCHHUC AJTS
(YyHAAMEHTATBHOTO MOHUMAHUS MPOLISCCOB aACoPOLMK 1 (Pa30BBIX MEPEXOA0B B HUZKOPA3MEPHBIX CHCTE-
Max, a TAK:KE MOTYT OBITh HCIIOJIB30BAHBI PH Pa3paboTKe (PyHKIMOHATBHBIX MOBEPXHOCTCH U HAHOCTPYK-
TYPHUPOBAHHBIX MAaTEPUAJIOB.
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IMPACT OF Fe DOPING ON THE ELECTRONIC STRUCTURE OF KAOLINITE

Annotation. Hybrid functional density functional theory calculations were employed to investigate
the effect of iron (Fe) doping on the electronic properties of kaolinite (A1:Si:0sH,). The results show that
pristine kaolinite has a wide band gap of 6.24 eV, which significantly decreases to 2.8 eV when Fe is
introduced at a concentration of 25% relative to silicon atoms (2.94% of total atoms). Density of states
analysis reveals that Fe d-orbitals are primarily responsible for the band gap reduction. Bader charge and
electron localization analyses indicate a decrease in electron density around oxygen atoms bonded to iron.
As a result, Fe doping induces semiconducting behavior and enhances photosensitivity, suggesting
potential applications in solar energy conversion, photocatalysis, and sensor technologies.

Key words: Kaolin, DI'T, VASP, PBE, GGA, PAW, HSE06

KAOLIN ELEKTRON TUZILISHIGA Fe KIRITMASINING TA’SIRI

Annotatsiva. Ushbu ishda gibrid funksional zichlik funksional nazariyasi asosida temir (Fe) dopingi
kaolinit (A1Si209H)ning elektron xususiyatlariga ta sivi o ‘rganildi. Sof kaolinitning tarmoqli oralig i 6.24
eV bo'lib, Fe dopingi 25% (Si atomlariga nisbatan) kiritilganda u 2.8 eVgacha kamayadi. Holatlar zichligi
tahlili tarmoqli oralig ‘ining qisqarishida Fe ning d-orbitallari asosiy rol o ‘ynashini ko ‘rsatdi. Bader zar-
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yad va elektron lokalizatsiya tahlillari temir bilan bog ‘langan kislorod atomlari atrofida elektron zichligi-
ning kamayganligini tasdiqlaydi. Natijada, Fe bilan doplangan kaolinit yarimo ‘tkazgich xususiyatlariga
ega bo ‘lib, fotosensitivligi ortadi va uni quyosh energetikasi, fotokataliz hamda sensor texnologiyalarida
qo ‘llash imkonini beradi.

Kalit so‘zlar: Kaolin, DFT, VASP, PBE, GGA, PAW, HSEOG.

BJIMAHUE JIETUPOBAHUSA FE HA DJIEKTPOHHYIO CTPYKTYPY KAOJIMHA

Annomauus. B pabome c ucnonv3osanuem 2ubpuUOHvIX YHKYUOHALO8 MEOPUU PYHKYUOHANA A0~
HOCHIU UCCTIeQ08AHO GIUAHIE Te2uposanus ocenezom (Fe) na anexmponnvie ceolicmed KAOTUHUMA
(A:8i:00Hy). Yemanoeneno, umo wupuna 3anpeuyéHnoil 30Hbl YUCmozo KaoauHuma cocmagisiem 6.24 5B
u ymeHvuiaemes 0o 2.8 3B npu eeedenuu Fe 6 konyenmpayuu 25% no OMHOULEHUIO K AMOMAM KPEMHUA.
Ananuz nromnocmu COCMOSIHUT NOKA3AT, YN0 YMeHbUleHle 3aNpeéHHOT 30Hbl 00YCI081eHO d-opbumarsi-
mu Fe. Pesynomamol ananusa 3aps0oe no badepy u 10kanu3ayuis 31eKmpoOHO8 YKA3bI6AIOM HA CHUCEH1e
IAEKMPOHHOT NAOMHOCIU BOKPY AMOMOS KUCAOPOOL, CEA3AHHBIX C dcene3om. B pesynvmame re2uposaniis
Mamepuan npuodpemaem HOTYNPOBOOHUKObIE CEOUICMEA U NOGLIUEHHYIO (POMOUYECEUMETbHOCHIb, YTHO
denaem e20 NePCNEeKMUSHBIM Ol NPUMEHEHUS. 8 COTHEYHOT IHep2emike, YOMOKAMAnU3e U CeHCOPHBIX
MEXHOTIO2USAX

Knroueewvie cnoea: Kaonun, DFT, VASP, PBE, GGA, PAW, HSE06.

Introduction. In modern materials physics and chemistry, clay minerals, particularly kaolin
(AL2Si209H4), are widely used due to their unique structural and chemical properties. Kaolin is a natural
white clay, and its crystal structure consists of aluminosilicate layers [1]. Modifying the electronic
propertics of this material, particularly by reducing its band gap value, has expanded its application
possibilities in important technological areas such as semiconductors, photocatalysis, and sensors [2].

Doping with transition metal ions is considered an effective method for changing the electronic,
optical and magnetic properties of materials. Among these, Iron (Fe) is of particular interest. More
specifically, it can exist in various oxidation states and significantly changes its electronic propertics when
introduced into the kaolin structure [3]. Fe-doped kaolin is considered a promising material for many
practical applications such as reducing environmental pollution, catalysts and light absorption systems [4].

Modern computational methods, especially density functional theory (DFT), allow the study of
fundamental properties of clay minerals at the atomistic level [5]. Hybrid functionals, particularly HSE06,
are of special importance for accurately calculating the band gap values of materials. Standard DFT
methods often underestimate band gap values [6].

In this research, we studied the changes in the electronic properties of kaolin by doping it with iron
atoms. Our main focus was on the changes in electronic localization, Bader charge distribution, and band
gap values of Fe-doped kaolin. Understanding these changes opens up possibilities for expanding the
practical applications of kaolin-based materials and creating materials with new functional properties [7].

Using DFT calculations performed with the Vienna Ab-initio Simulation Package (VASP), the
crystal structure, electronic properties of kaolin, and changes resulting from Fe doping were analyzed in
detail. The research results have wide-ranging practical significance, expanding the possibilities of using
kaolin-based materials in areas such as photocatalysis, gas sensors, and solar energy utilization [8,9,10].

Computational Methodology. The computations were executed with the Vienna Ab-initio
Simulation Package (VASP6.5), with structural optimization conducted via the Projector Augmented Wave
(PAW) method, parameterized by Perdew, Burke, and Emzerhof (PBE), employing the gencralized
gradient approximation (GGA). The DFT-D3 method was incorporated to account for Van der Waals
interactions during structure optimization. For band gap calculations, the Heyd-Scuseria-Erzerhof 2006
(HSE06) hybrid functional was used. The cutoff energy was 620 ¢V. For system geometry optimization,
force convergence of 0.02 eV/A and energy convergence of 107 ¢V were used. For Brillouin zone sampling,
gamma-centered k-point grids of 4 x 3 x 2 were used [11,12,13,14,15]. Calculations were performed using
the above criteria for both before and after Fe doping of kaolinite.

Results and discussion. The structure of kaolinite (Al>Si20sHas) was optimized according to establi-
shed criteria. Structural optimization utilizing the Perdew-Burke-Emzerhof (PBE) func-tional yielded
lattice parameters and angular values of a=5.1756 A, b=7.3398 A, ¢=8.98 A, 0=91.70°, p=89.80°, and
v=105.10°, which demonstrated excellent agreement with experimental results [2]. Subsequent
optimization following iron incorporation as an impurity resulted in modified lattice parameters and angular
values ofa=5.17886 A, b=7.361 A, ¢c=9.027 A, a=91.44°, p=90.25°, and y=105.18° (Fig.1). These structural
modifications induced significant alterations in charge transfer mechanisms, electron localization patterns,
and electronic band structure of the material.
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UNSTATIONARY FLOW OF MAXWELLIAN FLUID IN A CYLINDRICAL PIPE:

ANALYTICAL SOLUTION

Annotation. This study addresses the analytical problem of the unsteady flow of a rheologically
complex fluid, specifically a Maxwellian fluid, within a cylindrical pipe under the influence of a constant
pressure gradient. While stationary and oscillatory flows have been extensively studied, the transition
processes in unsteady flows—where the fluid shifis from rest fto a specific motion state—require deeper
analytical exploration. This research aims to fill the scientific gap in theoretical models for non-stationary
processes, which is vital for applications in biomedical engineering and hydraulic reliability.

Keywords: Maxwell’s fluid, unsteady flow, cylindrical pipe, Laplace—Carson transform, Bessel
functions, relaxation time, Poiseuille flow.

SILINDRSIMON QUVURDA MAKSVEL SUYUQLIGINING NOSTATSIONAR OQIMI:
ANALITIK YECHIM

Annotatsiva. Ushbu tadgiqot reologik jihatdan murakkab suyuqlik, xususan, Maxwell fluidning doi-
miy bosim gradienti ta sirida silindrsimon quvur ichidagi nostatsionar oqimining analitik masalasini ko ‘rib
chigadi. Statsionar va tebranishli ogimlar yetarlicha o ‘rganilgan bo ‘Isa-da, nostatsionar ogimlarda, ya 'ni
suyuqlikning tinch holatdan ma’lum harakat holatiga o ‘tish jarayonlari chuqurrog analitik tahlilni talab
etadi. Mazkur tadqiqot nostatsionar jarayonlar uchun nazariy modellar sohasidagi ilmiy bo ‘shligni to ‘Idi-
rishga qaratilgan bo‘lib, bu yo ‘nalish biotibbiyot muhandisligi hamda gidraviik tizimlar ishonchliligi
uchun muhim ahamiyat kasb etadi.

Kalit so‘zlar: Maksvel suyuqligi, nostatsionar ogim, silindrsimon quvur, Laplace—Carson transform,
Bessel functions, relaksatsiya vaqti, Poiseuille flow.

HECTAIIMOHAPHOE TEYEHHUE MAKCBEJLUIOBCKOM )KUJIKOCTHU B
OUJINHIPUYECKON TPYBE: AHAJIMTUYECKOE PEIIEHUE

Annomayus. B oannoii pabome paccmampueaemcs aHAIUMU4ecKkas 3a0a4d HecmayuoHapHO20
meyeHUus peosio2UYecKl CLOHCHOT acuokocmu, ¢ yacmuocmu, Maxwell fluid — 6 yununopuuecxoii mpyoée
100 Oeticmeuem NOCMOIHHO20 epaduenma oagrenus. Hecmomps Ha mo, umo cmayuoHapHsie u Koieba-
menbHble meyeHus 0vLil NOOPOOHO UCCIe008AHDI, NEPEXOOHbIE NPOYECChl 8 HECHAYUOHAPHBIX PEHCUMAX,
K020d HCUOKOCHb Nepexooum 13 COCMOIHUSA NOKOS K ONPeOelEéHHOMY PeXCUMy 08UdCeHUs, mpebyrom 60-
Jniee 2nyboko2o ananumuyecko2o ananusd. Hacmoswee uccneooeanue HanpaeieHo Ha 60OCNOIHEHUE HAYY-
HO20 npobena 6 06nacmu meopemu4eckux Mooeeil HeCMAayUOHAPHBIX NPOYECCos, YMO UMeem BAHCHOE
3HAueHue 018 DUOMeOUYUHCKOT UHIHCEHePUl 1 0DeCneyeHUs HAOEHCHOCU SUOPAGTIUYECKIUX CUCIEM.

Knrouesvie co6a: maxceennogekas HeuOKOCms, HeCMAYUOHAPHOe meyeHue, YUIUHOPUYeCKAs mpy-
oa, Laplace—Carson transform, Bessel functions, epemsa peraxcayuu, Poiseuille flow.

Introduction. The study of unsteady fluid flows is a fundamental aspect of modern fluid mechanics,
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