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Annortanus. bepinren xymrpicta 0 K Temmeparypa xarmaifeiana Typii keHictikrik tontapaarel KF xone LiF
HAHOKPHUCTAJIAAPBIHBIH 30HAIBIK KYPBUIBICBIHBIH KOMIIBIOTEPIIIK MOJENBACYIHIH HOTIKenepi kepcerinred. Ecenrey
YaKbITBIH YHEMJIEYy MakKcaThblHAa TeK KaHa OaiJaHbICTBIpYFa KAaThICATHIH SJIEKTPOHJbl CAHAWTBHIH, apHAMbl JKajFaH
MOTeHLMANIap KoJIaHbUIasl. KepcerinreH »KyMmbIcTarbl OapiblK ecenTeyliep >XOFapbl CIUHIIK (GeppoMarHUTTIK
HHUIMAIMACH Oap MArHUTTIK HOHJAapAa CIHHHIIK TOJSIPU3AIMIHbl KOJJAHY J>KOJBIMEH KYpri3iimi. bBepinrex
cumaTTamanapiblH  MojenbleHyl Burai 1.3 Oarmapiamanslk makeriHze, conbiMeH karap CIF  gaiinnapasl
TeHepanusUIayra MYMKIHIIK OepeTiH materialsproject.org KOMIBIOTEPIIK CaHTBIHIA KY3€re AachIpBUINBL. 3epTTey
KYMBICTApBIHBIH OapbICBIHAA JKAJIFaH IOTEHIMAIAAPIBl KOJJIAHYy JCEpiHEH OJIIEKTPOHAAp MOJIIEpiHiH a3aiFaHbl,
COHBIMEH KOCa >Ka3blK TOJKBIHIAp HETI3IHAE JY3ere acaThlH ecenTeyJepAe epeKlle MoHre ue OoJFaH, KaXeTTi
OeJIIIeKTey 3HEPTHACHIHBIH J1a KbICKAPFaHBl AaHBIKTAIIBI. AJIBIHFAH HOTIDKEsep (QyHIaMeHTanapl OONBIN TaObLIAIBI
KOHE HAaHOKPUCTAJAAPABI 3epTTey e Maiaansl 60Tyl MYMKIH.

Tyiiin ce3nep: KF xone LiF HaHOkpucTaniapbl, 30HAIBIK KYPBUIBIC, KYH TBHIFBI3IBIFBI, TOJBIK JHEPTHS,
KOMITBIOTEPIIIK MOJIEIIBICY.

AHHoTanusi. B pabore mpezcraBieHbl pe3ysibTaThl KOMIBIOTEPHOTO MOJAEIMPOBAHUSI 30HHOW CTPYKTYDBI
HaHokpuctaiwmioB KF n LiF B pasznmuHpix mpocTpaHCTBeHHBIX Tpymmax mpu Temrepatype 0 K. s cokpamenwus
BBIYHMCIIUTENLHOTO BPEMEHH HCIIOIb30BAINCH IICEBIONOTEHIMANBI, KOTOPbIE YYHTHIBAJIM TOJIBKO Y4YacTBYIOIIHE B
CBSI3BIBAHMU 3JIEKTPOHBI. Bee pacueTs! B 1aHHOM paboTe ObLIM BHIITOJIHEHBI C UCIIOJIB30BAaHUEM CITHHOBOH MOJISpU3aNT
Ha MAarHUTHBIX HMOHAX C BBICOKOH CHHHOBOW (eppOMAarHUTHOW HHHIManM3anued. MopennpoBaHHEe yKa3aHHBIX
XapakTepUCTHK peann3oBaHO B mporpamme Burai 1.3, a Takke Ha caiite materialsproject.org, MO3BOJSIOMIEM
reaepupoBats CIF ¢aiinsl. BrsiBIeHO, 4TO Ha OCHOBE WCIIOIB30BAHMS IICEBJONOTEHIMAIOB OBUIO YMEHBIICHO
KOJIMYECTBO JJIEKTPOHOB, & TaK K€ COKpaTHJIach HEOOXOAMMash SHEPrusi OTCEYEHHs, KOTopas HMMela peliarolee
3HAUEHHE B pacueTax Ha OCHOBE IUIOCKMX BOJH. IlosrydeHHBIE pe3yNbTaThl SBISIIOTCS (yHAAMEHTAIbHBIMH U MOTYT
OBITH MOJIE3HBI ITPU U3YYEHUN HAHOKPHUCTAJIJIOB.

KmroueBbie ciaoBa:nanokpuctabel KF u LiF, 30HHas cTpykTypa, IUIOTHOCTH COCTOSIHHM, MOJHAS SHEPIHs,

KOMIBIOTEPHOC MOJACIIMPOBAHNE.

15


http://novosti-kosmonavtiki.ru/forum/forum11/topic12533/?PAGEN_1=41
http://www.phoenix.kz/

BecTHUK AKTIOGHHCKOTO PErHOHAIIBHOTO rocyapeTBeHHoro yuusepeurera uM. K. XKy6anoa, Ne3(57), cents6ps, 2019
Ou3nKo-MaTeMaTHIECKUE HAyKH

Annotation. The paper presents the results of computer modeling of the band structure of KF and LiF in various
spatial groups at a temperature of 0 K. To reduce the computational time, pseudopotentials were used, which took into
account only the electrons involved in the binding. All computationin this paper were performed using spin polarization
on magnetic ions with high spin ferromagnetic initialization. Modeling of the characteristics is implemented in the
Burai 1.3 program, as well as a site that allows you to generate CIF files materialsproject.org. It was found that the use
of pseudopotentials reduced the number of electrons, as well as reduced the required cutoff energy, which had a
rescheduling value in the calculations based on plane waves. The results obtained are fundamental and can be useful in
the study of nanocrystals.

Key words: KF and LiF nanocrystals, band structure, density of states, total energy, computer simulation.

Introduction. Alkali halide crystals (AHC) — representatives of the class of ionic compounds
— have a fairly simple crystalline and electronic structure. As a result, they convenient model
systems for studying various crystalline defects. Many of the physical properties of AHCs are very
sensitive to the presence of defects in these crystals, including those due to the presence of various
impurities in the crystal. The effect of external influences on the crystal, in particular, heating,
exposure to radiation of various wavelength ranges (from X-ray to infrared), and deformation, can
significantly depend on the type and concentration of activator centers present in the crystal lattice
[1-3].

Interest in research in the physics of AHCs is also associated with the expansion of their
practical application. The possibility of using these crystals as media for recording and storing
information, active materials of optical quantum amplifiers and generators, radiation sensors of
various types makes it relevant to study the processes that occur in them under various influences.

The basic idea of using pseudopotentials instead of truepotentials for atoms is based on the
fact that mainly valence electrons determine the chemical and physical properties of materials, and
underlying electrons are most often chemically inert and canconsidered in the approximation of a
frozen skeleton. Orbitals of the coreelectrons are located closer to the nucleus and experience strong
oscillations, which would require expansion of the wave functions in too large a set of basis
functions (plane waves) in solving Kohn Sham equations. The use of pseudopotential significantly
reduces computational costs not only by reducing the amount orbitals, but mainly due to a decrease
in the required basis sets.It should be noted that the pseudopotential method played a decisive role
indevelopment of the plane wave method in the theory of the density functional inKohn-Shem
approximation, which is the dominant approach in the DFT. All calculations were performed using
pseudopotentials with an expanded projection wave (PAW).

In this work, the calculations were carried out under the following conditions 0 K and 0 atm,
and spin polarization on magnetic ions with high-spin ferromagnetic initialization is used, in this

case, the system can relax to a state where a low spin is observed during relaxation of the charge
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density functional. In this work, we used the following parameters for all calculations, a grid of k-
points on a scale of 1000 / total number of atoms in a cell. Monk horst-Pak method for selecting k-
points and the tetrahedron method for integrating k-points. We also used the Pymatgen method,
which can change the calculus default parameters, that is, when one method of integrating k-points
is not suitable, the system switches to other integration parameters of all points. You can read more
about this method in [4-6].

Description of the object and methods of research

Most properties of a physical system are determined by its valence electrons. It is assumed
that the behavior of the wave functions of the internal of electrons does not change when the
external chemical environment atom. The pseudopotential approach uses the idea of replacing core
electrons and strong ionic potential by a weaker pseudopotential, which acts on many pseudo-wave
functions and defines everything pronounced properties of valence electrons, including relativistic
effects. Thus, the investigated system is replaced by a system consisting of pseudovalent electrons
and pseudoions whose potential is outside the radius cutoff rc coincides with the potential of the
true ion, but inside this sphere it much weaker. The Schrodinger equation in this case is solved
inside the sphereof radius rc is much easier, because the desired wave function decomposes in much
fewer basic functions. The following criteria are essential for choosing the mostoptimal
pseudopotential:

1) the pseudo-wave function should not contain nodes. It's necessary to obtain a smooth
pseudo-wave function;

2) charges concentrated inside a sphere with radius rc, for bothwave functions must match;

3) the pseudo-wave function must be continuous and double differentiable;

4) the eigenvalues of both wave functions must be equal.

In this work, pseudopotentials constructed withusing the PAW method. Valence wave
functions tend to have fast oscillations near ionic core. This situation is problematic because it
requires many Fourier components for an accurate description of wave functions. One of ways to
solve this problem is to use pseudopotentials, inwhich collective system consisting of nuclei and
core electrons, described by effective potential. Then the Kohn-Shem equationsare solved only for
valence electrons. Projection method attachedwaves (Projector augmented wave method, PAW)
solves this problem bytransforming these rapidly oscillating wave functions into smoothwave
functions that are more convenient for calculations. MethodPAW generalizes the method of ultra
soft pseudopotentials (US-PP) and linearized augmentedplane-wave (LAPW) method. PAW is a
full electron method in whichthe full wave function is divided into parts, each of which is described
according to the ideology of the attached waves, which facilitates the transition between full-

electron function and pseudo-wave.
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Simulation results. In general, forbidden zones calculated using common exchange-
correlation functionals, such as LDA and GGA, are greatly underestimated. As a rule, in the
literature, disagreement is about 50%. GGA accuracy is much higher than LDA, because the
gradient is partially takes into account the non-locality of electronic interactions. Computational
costshowever, they remain practically the same, since the dependence on the gradientintroduced
into a predetermined value — exchange-correlation energy. By thisthe reason most modern DFT
options are based on the approximation GGA.

The origin of the forbidden zone error and increase the accuracy. Errors in the forbidden
zones of the DFT obtained from the calculations can be attributed to two sources:

1. The approximations used for the exchange correlation functional.

2. The derivative term of discontinuity, originating from the true density functional, which is
discontinuous with the total number of electrons in the system.

Also on the DFT results are influenced by the type of lattice which we took for payments in
our calculations, we have 2 types of centered lattices is the F (n about superficially - centered) and
P (centered on a certain side); calculation results are shown below (figure 1). For our calculations,
we took two chemical compounds like KF and LiF. In this paper, we used the following
pseudopotentials: K.pbe-spn-kjpaw_psl.1.0.0.UPF, F.pbe-n-kjpaw_psl.1.0.0.UPF,Li.pbe-s-
kjpaw_psl.1.0.0.UPF
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Figure 1. Calculation results of KF and LiF nanocrystals

Of these contributions, (2) is usually considered a larger and more important contribution to
the error. This can be partially solved using various methods, such as the GW approximation, but
usually at high computational costs [7-8]. The table shows the band gap of KF and LiF
nanocrystals.

Table. Band gap of KF and LiF nanocrystals

Nanocrystal Band gap, eV Experimental band gap, eV Run Type
P msm F msm
KF 6.3537 5.996 13.6 GGA
LiF 7.5046 8.736 10.7

Conclusion. Thus, in this paper, the results of computer simulation of the band structure for
different input parameters of the cell are presented, which strongly affect the calculation results.
These calculations are fundamental for further research. Despite a wide variety of quantum-
chemical methods, not one at present, letting you quantitatively describe the electronic system, and

the accuracy depends on the choice of a package that has its pros and cons
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«OITUKAJIBIK ACITAIITAP» TAKBIPBIBBIHA
AKT K9HE JUAJIOI'TBIK OKBITY 9AICTEPIH KOJIIAHY

3.K. AUMATAHBETOBA, A.M. KAJIBIBAEBA, M.E. JKAKCBLJIBIKOBA
K.2Kybanoe amvinoaevr Akmebe onipnik memnekemmik yHugeepcumemi, Axkmeobe kanacwt,

Kazaxcman

Anpnarna. Makanazia >kaHa MHHOBAIMSUIBIK TEXHOJIOTHSIIAp/Ibl TaliianaHa OTHIPBIIN, KaH-KaKThl JaMblFaH, Ke3i
allIbIK, KOKiperi 05y, KOFaM YIIIiH MaiIackl 30p XKeKe TyJiFa TopOueneyi xxeHiHae aiiTeurrad. Koram ymrin OumiMIi yprak
TopOHeNieyIe MyFATIMICD «IICTYPII» SICTeH Oac TapThIl, JKAaHAIA JIICTEP apKbLJIbI OKBITYFa KOIIyl Typajbl aram
kepcerinreH. COHBIMEH KaTap OKYLIbUIApAbI ©3-03/epiH Oaranail Oliyre, OKyIIBLIAPABIH OKY ENTLIIrH JAaMbITYFa,
CBIHIAPJIBI OfylayFa OareITTay KEPEKTIri aTalblll KOPCETIITeH.

TyiiiH ce3aep: MTHHOBALUSJIBIK TEXHOJIOTUSIIAP, MOLYJIb, TUATOITHIK OKBITY, ONTHKANBIK acnantap, AKT.

AnHoTanusi. B cratbe pacckaswsiBaeTcsi 0 XOpouo 00pa30BaHHOM, HENperyOekIeHHOM M 00pa30BaHHOM
YEJOBEKE C HCIOJIb30BAaHUEM HOBBIX MHHOBAIMOHHBIX TeXHOJNOTWH. [loguepkuBaercs, 4TO y4uTelss B BOCIHHTAHHU
TIOJIE3HBIX JUIA OOIIEeCTBAa IOKOJICHWH OTKA3aJIMCh OT «TPAJMIMOHHOTO» METO/a M Nepeluld Ha HOBBIE METOMBI
oOyueHns. DTO TakkKe INOIYEPKHBAET HEOOXOAWMOCTH CaMOOICHKH, CIIOCOOHOCTH YYEHHKOB K OOy4YeHHIO H

KPUTUYECKOT'O MBIIIJICHUA.

KuioueBble cJI0Ba. HHHOBAIMOHHBIE TEXHOJIOTHUH, MOAYIIH, TUATIOTH, onTudeckue mpuoopsl, MKT.
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