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Analytics

NAS RK is pleased to announce that News of NAS RK. Series physico-mathematical journal
has been accepted for indexing in the Emerging Sources Citation Index, a new edition of Web of
Science. Content in this index is under consideration by Clarivate Analytics to be accepted in the
Science Citation Index Expanded, the Social Sciences Citation Index, and the Arts & Humanities
Citation Index. The quality and depth of content Web of Science offers to researchers,
authors, publishers, and institutions sets it apart from other research databases. The inclusion of
News of NAS RK. Series of chemistry and technologies in the Emerging Sources Citation Index
demonstrates our dedication to providing the most relevant and influential content of chemical
sciences to our community.

Kasakcmar Pecrniybniukacbl ¥immbik fbiribiM akademusicbl «KP ¥FA Xabapnapbi. @u3uka xoHe
UHbOpMamuka cepusicbly fbiribiIMU XXypHarnbiHbiH Web of Science-miH xaHanaHfFaH HYcKacbl
Emerging Sources Citation Index-me uHdekcmenyze kabbindaHraHbiH xabapnaldbl. by
uHOekcmery 6apbicbiHOa Clarivate Analytics komnaHusicsl XXypHasndbl o0aH epi the Science Citation
Index Expanded, the Social Sciences Citation Index xoHe the Arts & Humanities Citation Index-ke
Kabbinday mecerneciH Kapacmbipyda. Webof Science 3epmmeywinep, asmopnap, 6acrnauwibi-
iap MeH MeKkemeriepee KOHmMeHm mepeHOiei MeH canacbklH ycbiHadbl. KP ¥FA Xabapnapsbl.
Xumusi xxeHe mexHosioausi cepusicbl Emerging Sources Citation Index-ke eHyi 6i30iH KoramdacmabiK
YWiH eH e3ekmi xxoHe 6edendi XumusisbiK fbiribiMdap 6olbiHWa KOHMeHmke adandbirbiMbi30bi birl-
Oipedi.

HAH PK coobwaem, 4ymo HayyHbil  XypHan «Wsgecmusi HAH PK. Cepusi ¢busuka u
UHQOpMaUUOHHbIE mexHoroauuy ©Obin npuHam Ons uHOekcuposaHusi 8 Emerging Sources
Citation Index, o6HoeneHHoU eepcuu Web of Science. CodepxaHue 8 3amomM UHOeKcuposaHuu
Haxodumcsi 8 cmaduu paccmompeHusi komnaHuel Clarivate Analytics dns danbHeliwe20 npuHs-
musi xypHana e the Science Citation Index Expanded, the Social Sciences Citation Index u the Arts
& Humanities Citation Index. Web of Science npednazaem ka4yecmeo u 2iybuHy KoHmeHma 0Oss
uccnedosamenel, asmopos, usBamenel u y4pexdeHul. BkrroyeHue Wssecmus HAH PK e
Emerging Sources Citation Index demoHcmpupyem Hawy npusepXxeHHocms K Hauboree
akmyarnbHOMy U 6/1UsimeslbHOMY KOHMEHMYy 0 XUMUYeCKUM Haykam 07151 Hawez20 coobwecmea.
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STRUCTURAL AND THERMODYNAMIC PROPERTIES OF A TWO-COMPONENT
DENSE HYDROGEN PLASMA

Abstract. In this article, we investigated the structural and thermodynamic properties of a two-
component dense non-ideal hydrogen plasma with semiclassical electrons and classical ions on the basis
of the effective potentials, which take into account the quantum mechanical effects of diffraction and
symmetry. The effective screened potentials and radial distribution functions (RDFs) calculated on the
basis of these potentials were used to study the thermodynamic properties (e.g., internal energy and
equation of state) of dense hydrogen plasma. The quantum mechanical symmetry effect takes into account
the Pauli principle prohibiting the simultaneous presence of two electrons in the same state, which reduces
the probability of finding electrons at a given distance from each other, increasing repulsion between
them. The accounting for the symmetry effect decreases the value of the RDFs due to the additional Pauli
repulsion between electrons with the same spin. The RDFs for antiparallel and average spin directions
increase in value because they consider the electrons with opposite spins. The quantum effect of symmetry
leads to strengthening the interaction between charged particles and increases the absolute values of the
correlation energy and non-ideal component of the equation of state. The influence of the symmetry effect
is more considerable at small distances and in denser plasma.

Key words: dense plasma, effective potential, symmetry effect, radial distribution functions,
thermodynamic properties.

T.H. Ucmaramoeroa'*, M.T. I'aonysuinn'?, T.C. Pama3zanos!
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areiHgarel Kazak ¥TTeIKk yHUBepcuTeTi, Anmatsl, Kasakcras;
’KaszakcraH-bpuTan TexHUKaIbIK yHUBEpCUTETI, AiMaThl, KasakcraH.
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EKI KOMIIOHEHTTI ThITbI3 CYTEI'T IIVTASBMACBIHBIH K¥PbBIJIBIM/BIK K9OHE
TEPMOJUHAMMUKAJUIBIK KACUETTEPI

AnHotrauus. byn makanana audpakuuss MEH CHUMMETPHUSHBIH KBaHTTBIK MEXaHMKAIBIK JCEpiH
€CKEepeTiH THIMAI NOTEHIHAAAP HEeTi31H/1e KBa3UKIACCUKAIIBIK 3JICKTPOHIAP MEH KIIACCUKAJIBIK HOHIAPHI
0ap eKi KOMIIOHEHTTI TBIFBI3 HI€all €MEC CYTeTl MIa3MaChIHbIH KYPBUIBIMBIK JKOHE TEPMOINHAMHUKAIBIK
KacuerTepi 3eprrenai. Ocbl MOTEHIMANAAP HETi3iHAE ecenTeNreH THIMJII dKpaHAajfaH MOTCHUIHUAIIap
MEH pajauaiabl yiaecTipy (QyHKOUsUIapbl THIFBI3 CYTEri MJIa3MachbIHBIH TEPMOIMHAMHKAIIBIK KaCHETTEPiH
(MbICanbl, 1IIKI SHEPTHs )KOHE KYH TeHAEYNepi) 3epTTey YUIiH naiaananbiiibl. CHMMETPHUSIHBIH KBaHTTHIK
MeXaHUKAJBIK dcepi O0ip yaKbITTa €Ki JIEKTPOHHBIH Oip Ky#e O0IybIHa TRIHBIM canaTbid [laynu npuHIumin
CCKEPreHIIKTeH, JJICKTPOHAApAbIH Oip-OipiHeH Oenrisi Oip KalIBIKTBIKTA TaObUTy BIKTUMAJIBIFBIH
a3afTHIN OJNIApIBIH apackIHAAFbl TeO1TyiH apTThipanbl. CHMMETpUs 9cepiH ecenke ainy, OipAei cruHi 6ap
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anekTpoHAap apaceiaa [laynmumin KkockiMIa TedTyiHe OailIaHBICTBI pAAHAIIb b YIASCTIPY PYHKIHSICHIHBIH
MOHIH TeMmeHzaereni. Kapama-kapcel crnuHzaepi Oap 3J€KTpOHAAp KapacThIPbUTYbIHA OaifIaHBICTEI,
aHTUTIAPAJIJICINIb/li KOHE CITUHJIEP/IIH OpTaIlia OaFbITTaphl YIIIIH Paiuaibibl YiIecTipy QyHKIUICHIHBIH MOHI
apragpl. CUMMETPUSHBIH KBaHTTBHIK ocepi 3apsATaiiraH OeJIIeKTep apachlHIAarbl €3apa 9peKeTTECYIiH
apTyblHa, COHJAN-aK KOPPEISIMSIBIK YHEPTUSHBIH a0CONIOTTI MOHIEPI MEH KYH TEHACYIHIH HIeallIbl
eMec KOMIIOHEHTIH apTThIPYbIHA allbll Keseai. CHMMETPHSUIBIK SCEpIiH YJieci a3 KAIBIKTBIKTA KOHE THIFbI3
TU1a3Ma/ia aHaFYPIIbIM MaHbI3/IbL.

Tyiiin ce3mep: THIFBI3 IUIa3Ma, THIMII NOTCHIHAN, CUMMETPHSIBIK d(QEKT, paauaibIbl Tapairy
(GYHKIHSCHI, TEPMOIUHAMUKAIBIK KacHeT.
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CTPYKTYPHBIE U TEPMOJUWHAMUWYECKHUE CBOMCTBA JIBYXKOMIIOHEHTHOM
IJIOTHOM BOJJOPOTHOM ITJIA3MBbI

AHHoTaumsi. B nanHON craThe wHccleOBaHbI CTPYKTYPHBIE M TEPMOIMHAMHUYECKHE CBOICTBa
JBYXKOMIIOHEHTHOH TUIOTHOHM HewJealbHOH BOJOPOAHOM IUIa3Mbl C KBAa3MKJIACCHUYECKHUMHM 3JICKTPOHAMHU
W KIACCHUYECKMMHM HMOHAMHM Ha OCHOBE OJ(PQEKTHBHBIX IOTCHLIUAIOB, YYHUTHIBAIOIIMX KBaHTOBO-
MexaHudeckue »PQPexTsl Tudpakuuu U cuMMeTpud. D(deKTrBHbIE 3KpaHUPOBAaHHBIC MOTCHLUUATBI U
¢bynkunn paguansHoro pacrpenenenus (P®P), paccuntanHble Ha OCHOBE 3THUX IOTEHLHUAIOB, OBLIH
WCIOJIB30BAHbl AJISl UCCIEAOBAHUSI TEPMOJMHAMMYCCKHUX CBOWCTB (HAmpuMep, BHYTPEHHEH 3HEPruu U
YpaBHEHUSI COCTOSIHMS) IMJIOTHOW BOAOpPOAHOW miia3Mmbl. KBaHTOBO-MexaHuueckuil 3ddexkr cummerpun
yuuThiBaeT npuHumn llaynm, 3anpermiaromuii o1HOBpEMEHHOE NPUCYTCTBUE JIBYX 3JIEKTPOHOB B OIHOM
U TOM JK€ COCTOSIHMM, YTO CHHMYKAeT BEPOSTHOCTh OOHAPY)KEHHUS ICKTPOHOB HA 3aJlaHHOM PacCTOSIHUM
Ipyr OT JApyra, yBEJIWYHMBas OTTAJKMBAHUE MEKAY HUMH. YdeT 3(QeKxTa CHUMMETPUU YMEHBIIAET
3HaueHne POP u3-3a NOMONHUTENBHOTO OTTAJKMBAaHUS [laynn Mexay 37IeKTpoHAMH C OJMHAKOBBIM
cnuHoM. 3HaueHus POP nnis anTunapamiensHblX U CPeAHUX HANpPaBICHUH CHMHOB BO3PACTAIOT, IOTOMY
YTO PAacCMaTpPUBAIOTCSl 3JIEKTPOHBI C MPOTHBOIOIOXKHBIMU cuHaMu. KBaHTOBBIH 3ddekT cuMmerpun
MPUBOJUT K YCHJICHUIO B3aUMOACHUCTBUS MEKAY 3apSKCHHBIMU YacTULAMH U YBEIMYUBACT a0COJIIOTHBIC
3HAYEHUSl KOPPEISILMOHHOM SHEPrud M HEHJeajJbHON COCTABISIOIICH YpaBHEHMS COCTOSIHMA. BiusHue
s dexra cuMMeTpHuH 0oJiee CYIIECTBEHHO Ha MaJiblX PACCTOSIHUAX M B 0oJiee MJIOTHOW IIa3Me.

KuroueBble cjioBa: mioTHas miasma, 3QpQGEKTUBHBIA MOTeHUHAT, d3PPEKT CUMMETPHH, pagualbHbIC
(GyHKUMHU pacipeesieHus, TePMOANHAMUYECKIE CBOMCTBA.

Introduction. In this paper, two-component dense hydrogen plasma was considered. Investigation of
the physical properties of dense plasmas, or non-ideal plasmas, is of great importance for the problems
of inertial thermonuclear fusion [1-3]. In such plasmas, where the mean interaction energy becomes
comparable with a mean kinetic energy of thermal motion, both the collective screening effect and quantum-
mechanical effects (such as diffraction and symmetry) are required to study these properties.

Modeling method. To calculate the structural and thermodynamic properties of a two-component dense
hydrogen plasma we used the effective screened potentials taking into account collective and quantum
effects for weakly coupled plasma from work [4] in the following form rewritten with the addition of the
potential (last term), which accounts for the symmetry effect and was obtained for the mixture of ideal
gases of independent electrons in work [5]:

ZaZBeZ 1 1/Age — B? 1//156 — 4
Dop(r) = exp(—Br) —\ T zz ) exp(—Ar) | =
ap T Y21 = (2kp/Aeey?)? 1- Bz’léﬁ - AZAéﬁ
ZaZ e? (1—6(1 ) : :
e e (— 1/ dag) — SaebpeksT In (1~ S exp (~ 7)) @
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2
where, are the types of particles (electron or ion), (2kp /Azey?)? < 1and 42 = 1/2_2 <1 + [1— (;kﬁz) ),

5 V2 2kp \? _ kpagp—kiAz. _ 1/2 is the thermal
Bs = ?<1 - 1 - (W) >, Caﬁ - W, Aaﬁ - h/(4”maBkBTaﬁ) /

de Broglie wavelength, mgg = mgmg/(mg +mp) is the reduced mass, Tpe =T,, Tj; = T; are the
temperatures of the electron and ion subsystems, and Te; = /T T; is the electron-ion temperature [6].

The last term of the equation (1) disappears for all interactions but electron-electron and considers the
symmetry quantum effect with the mean direction of spins of electrons and can be rewritten for the cases
of different directions of spins:

D20 = —kpT In (1 £ exp (- ;Tz)) )

where S = I is for parallel spins and S = 0 is for antiparallel spins.
In the potentials (1), the term (2kp, /A,,y?)? is less than one. If (2kp /A,.¥?%)? > 1, the square root
term \/ 1 — (2kp/2,.y?)? becomes imaginary and we use the potentials (1) in a modified form with

\/1 - (ZkD//leeyz)z = \/—_1\/(2kD//1€e]/2)2 -1

The dimensionless plasma parameters such as coupling parameters [, =

62 ZiZeZ (ni)1/3 _

akBTe’ i = akgT; \n,

i akpTe;

02 . :
o733 (k) . =% _r 7 |%, and density parameter rg = a/ag were used. The ratio
ee Ti s>t el ee“l Ti

n;/ne = 1/Z; and for hydrogen plasma Z; = 1 and an ion is a proton. We consider a fully ionized plasma
with temperatures of and densities of 102'em™3 < n < 10%*cn3.

Internal energy and equation of state [7] were calculated using the radial distribution functions and
potentials (1):

E=Eig—TYamieNa Lpmienp J; 9P @)™ @)ridr = Eyq — 4E, 3)
2 0 0P, 5(T)
P=Py— gﬂZazi,e Ny Xp=ieNg fo ’;’; Gap(M)ridr = Pig — AP, 4

where instead of ¢(r) the Deutsch potential was used as a micropotential to avoid the doubled screening
since it was used to obtain the formulas for the effective interaction potentials (1), g(7) is the radial

distribution functions that were obtained in the exponential approximation g, s (r) = exp <_ j%(r)), E,
is the internal energy of ideal plasma, P, is the equation of state of ideal plasma. Blap

Results and discussion. Figure 1 shows the graphs of the effective potentials (1) for an electron-
electron pair (solid black line) in comparison with the Deutsch (dash-dotted red line) and Debye (dashed
blue line) potentials, while Figure 3 shows the radial distribution functions (RDFs) for these potentials and
the Coulomb potential (dotted dark green line). The results for the potentials (1) tend to the results of the
Debye potential at large distances due to the collective effects, and the discrepancy at small distances and
their finite value at = 0 is explained by considering the quantum effects of diffraction and symmetry in
the interaction of screening electrons formed around the positive ion.

Figure 2 shows electron-electron effective potentials (1) and Figure 4 shows the RDFs for the effective
potentials (1) at different fixed values of the density and coupling parameters (I” = 0.3, r¢ = 2 —black lines;
I'=0.3, rg =7 —red lines; I'=0.03, rg = 2 — blue lines). The solid lines are the potentials themselves,
dotted lines — the potentials without the symmetry term, dashed lines — the potentials with the symmetry
term for antiparallel direction of spins, dash-dotted lines — the potentials with the symmetry term for
parallel direction of spins.

The symmetry effect takes into account the Pauli principle, which prohibits the simultaneous presence
of two identical particles with half-integer spin (in this case, electrons) in the same state, which reduces
the probability of particles being at a distance from each other compared to taking into account only the
diffraction effect because the Pauli principle takes into account additional repulsion of electrons with the
same spin projection.
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Accounting for the antiparallel or parallel spin directions in comparison with the mean direction of spins
of electrons decrease or increase, respectively, the repulsion between electrons, increasing or decreasing
(to zero at zero distance), respectively, the probability of finding an electron at a distance R from another
one. The antiparallel RDF curve lies higher than every other RDFs due to the missing Pauli repulsion (only
the opposite spins of electrons are present, which means an increased probability of finding two electrons
at small distances). The parallel RDF curve lies lower than other RDFs because opposite spins are absent
entirely, and it shows a depletion at zero distance due to both Pauli repulsion and Coulomb repulsion.
The RDF with average spin direction lies between the antiparallel and parallel RDFs because one-half of
the electrons have opposite spins and reduces Pauli repulsion, increasing the probability of finding two
electrons near each other.

The symmetry effect has a more considerable influence on the values of the RDFs at small distances
when the mean distance between particles is comparable with the first Bohr radius.

At fixed densities and with the decrease of coupling parameter (increase in the system’s temperature),
the influence of the symmetry effect on curves moves in the region of smaller distances. In addition, all the
RDFs lie lower with the increasing coupling parameter because the probability of finding electrons near
each other decreases due to strengthening correlation, leading to increased repulsion.
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Figure 1 — Electron-electron interaction potentials (1) of Figure 2 — Electron-electron interaction potentials (1) of dense
dense plasma at/"= 0.3and rg = 2 plasmaat /"= 0.3, =0.03andrg = 2,15 =7
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Figure 3 — Electron-electron radial distribution functions Figure 4 — Electron-electron radial distribution functions of
of dense plasma at /"= 0.3 and rg = 2 dense plasmaat '=0.3,/'=0.03andrg =2,1rs =7

The quantum mechanical effects, in general, lead to the weakening of the interaction between charged
particles and lower the absolute values of the correlation energy and non-ideal component of the equation
of state. However, this is if we compare the results with the results based on potentials without quantum
effects. The results change if we compare the quantum effects of diffraction and symmetry and compare
different spin directions in the symmetry effect.
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In Figures 5 and 7, we show the percentage ratios of the electron-electron components of the correlation
energy for different accounting of the symmetry effect. Dotted lines — average direction of electron spins
divided on without symmetry, while dashed lines — antiparallel direction of spins and dash-dotted lines —
parallel direction in comparison with the average direction of electron spins depending on the coupling
parameter and the density, respectively. The electron-electron non-ideal components of the equation of
state are shown in Figures 6 and 8. Figures 5 and 6 present the thermodynamic corrections depending on
the coupling parameters at fixed densities:

=1 (n=16-10%*cm™3) — red lines with the dotted blue line for the case average divided on
without symmetry;

re =2 (n=2-10%3cm™3) — black lines with the dotted dark green line for the case average divided
on without symmetry;

while Figures 4.7 and 4.8 — depending on the density at fixed temperatures:

I'=0.3 (T =1.05-10°K) — black lines with the dotted dark green line for the case average divided
on without symmetry;

I'=0.5 (T =6.3-10°K) — red lines with the dotted blue line for the case average divided on
without symmetry;

I'=0.7 (T =4.5-10°K) — magenta lines with the dotted violet line for the case average divided on
without symmetry;

I'=1 (T =3.15-10°K) — green lines with the dotted dark yellow line for the case average divided
on without symmetry.

It’s clear from the figures that accounting for the antiparallel direction of spins of electrons in comparison
with the average direction of spins results in the most significant percentage of difference of —0,14% for
the correlation energy and of —3,2% for the equation of state because of the missing Pauli repulsion and
pure attraction between electrons with opposite spins, which weakens the interaction and gives negative
values. On the other hand, the second largest percentage of difference of +0,046% and +1,09% is the
result of comparing the influence of the added symmetry effect to the pure diffraction effect because the
addition of Pauli repulsion strengthens the interaction and increases the thermodynamic values, changing
to positive correction values. Finally, the smallest percentage of difference of +0,045% and +1,07% is very
close to the second largest. However, it is from comparing the corrections of the thermodynamic properties
with the parallel direction of electron spins to the average direction of spins. It increases the interaction
due to taking into account the pure Pauli repulsion compared to Pauli repulsion with added opposite spin
electrons in the average direction result and also gives the positive values.

It should be noted that the difference between the results is more pronounced in denser plasma and at
higher values of the coupling parameters because the influence of quantum effects increases with increasing
density. At high densities, the growth of the coupling parameter increases the interaction between particles
in the system and raises the absolute values of the correlation energy and the equation of state.
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Figure 5 — Electron-electron component of correlation Figure 6 — Electron-electron non-ideal component of the
energy of hydrogen plasma depending on the coupling parameter ~ equation of state of hydrogen plasma depending on the coupling
parameter
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Conclusion. The effective screened potential taking into account both the collective and quantum
mechanical effects of diffraction and symmetry has been used. The accounting for the symmetry effect
decreases the value of the RDFs due to the additional Pauli repulsion between electrons with the same
spin. On the other hand, the RDFs for antiparallel and average spin directions increase in value because
they consider the electrons with opposite spins. The quantum effect of symmetry leads to strengthening
the interaction between charged particles and increases the absolute values of the correlation energy and
non-ideal component of the equation of state. The difference between the results is more significant in
denser plasma and at higher values of the coupling parameters because the influence of quantum effects
increases with increasing density. At high densities, an increase of the coupling parameter strengthens the
interaction between particles in the system and raises the absolute values of the correlation energy and the
equation of state.

This work was supported by the Ministry of Education and Science of the Republic of Kazakhstan under
Grant No. AP09259081.

Information about the authors:

Ismagambetova Tomiris Nurlanovna — Master of Science in Nuclear physics, Researcher; Institute
of Experimental and Theoretical Physics (IETP), al-Farabi Kazakh National University, al-Farabi Ave.,
71, Almaty, 050040, Kazakhstan. +7-777-113-41-57. E-mail: ismagambetova@physics.kz, https://orcid.
org/0000-0003-4889-7526;

Gabdullin Maratbek Tulebergenovich — PhD, Candidate of Physical and Mathematical sciences,
Professor, Department of Plasma physics, Nanotechnology and Computer physics, al-Farabi Kazakh
National University, al-Farabi Ave., 71, Almaty, 050040; Chief Researcher, Institute of Experimental and
Theoretical Physics (IETP), al-Farabi Kazakh National University, al-Farabi Ave., 71, Almaty, 050040;
First Vice-Rector, Kazakh-British Technical University, Tole bi str., 59, Almaty, 050000, Kazakhstan. +7-
701-710-33-32. E-mail: gabdullin@physics.kz, https://orcid.org/0000-0003-4853-3642;

Ramazanov Tlekkabul Sabitovich — Doctor of Physical and Mathematical sciences, Professor,
Academician of NAS of the Republic of Kazakhstan, Vice Rector for Research-Innovation Affairs,
Department of Plasma physics, Nanotechnology and Computer physics, al-Farabi Kazakh National
University, al-Farabi Ave., 71, Almaty, 050040; Chief Researcher, Institute of Experimental and Theoretical
Physics (IETP), al-Farabi Kazakh National University, al-Farabi Ave., 71, Almaty, 050040, Kazakhstan.
+7-727-221-11-22. E-mail: ramazan@physics.kz, https.//orcid.org/0000-0001-7172-8005.

REFERENCES
[1] Stefano P., Dimitri B., Tommaso V., Roberto B., Keisuke Sh., Yoichiro H., Toshihiko K., Akiyuki Sh., Paolo P., Stefano
B., Alfonso M., Abutrab A. (2013) A new target design for laser shock-compression studies of carbon reflectivity in the megabar
regime, The European Physical Journal D, 67:136-148. https://doi.org/10.1140/epjd/e2013-30630-8 (in Eng.).
[2] Gericke D.O. and Schlanges M. (1999) Beam-plasma coupling effects on the stopping power of dense plasmas, Physical
Review, 60:904. https://doi.org/10.1103/PhysRevE.60.904 (in Eng.).

136



ISSN 1991-346X 1. 2022

[3] Young F.G., Mosher D., Stephanakis S.J., Goldstein Shyke A. and Mehlhornet T.A. (1982) Measurements of Enhanced
Stopping of 1-MeV Deuterons in Target-Ablation Plasmas, Physical Review Letters, 49:549. https://doi.org/10.1103/
PhysRevLett.49.549 (in Eng.).

[4] Ramazanov T.S., Moldabekov Zh.A., and Gabdullin M.T. (2015) Effective potentials of interactions and thermodynamic
properties ofanonideal two-temperature dense plasma, Physical Review E, 92:023104. https.//doi.org/10.1103/PhysRevE.92.023104
(in Eng.).

[5] Filinov A.V., Golubnychiy V.O., Bonitz M., Ebeling W. and Dufty J.W. (2004) Temperature-dependent quantum pair
potentials and their application to dense partially ionized hydrogen plasmas, Physical Review E, 70:046411. https://doi.
org/10.1103/PhysRevE.70.046411 (in Eng.).

[6] Bredow R., Bornath Th., Kraeft W.-D., Redmer R. (2013) Hypernetted chain calculations for multi-component and
nonequilibrium plasmas, Contributions to Plasma Physics, 53:276-284. https.//doi.org/10.1002/ctpp.201200117 (in Eng.).

[7] Isihara A. (1971) Statistical physics. New York and London: Academic Press, United States. eBook ISBN: 9781483274102.

137



COJIEP)KAHUE
HUH®OPMATHKA

K.C. Aopumyparos, B.!. [Imurpuuenko, M.A. Isxernucos, E.H. ZKarvinapos
AJTIATITALIA 3ALLUTEI PEJIE SJIEKTPOAIBUT'ATEJIA [TPU ITPOEKTHUPOBAHINN
LIU®POBBIX TTOACTAHIIUIN B PECITYBJIMKE KABAXCTAH. ..o 6

K.C. ABrypoBa, b.K. Adnypaumona, C. I'natiok, JI.M. Ksiabipanuna
MO/EJIb [TAPAMETPOB JIJIS1 PAHHEI'O BBISIBJIEHUSA APT-ATAK U UJIEHTUOUKALIMA
HAPYILIMTEIEN BE3OITACHOCTHU B KMBEPITPOCTPAHCTBE............ooooeeeeeceeeceee e 17

T.C. baijimouaanos, 2K.M. Anum:kanoBa, H. baiimoaan, K.E. Kyoaes, K.C. baiimmosanoBa
OLIEHKA CTOMKOCTHU KPUIITOI' PAOMYECKHUX IIU®POB C ITIOMOILBIO AHAJIN3A
IIHDPTEKCTOBA..... .ttt ettt e ettt e e ettt e e e ataeeesstaeeessbaeaessssaeeeansaeeesassseeeaansseeesansseeennns 26

K.C. Ecenranmena, K.H. KacblikacoBa, A.O. KacsliikacoBa
AHAJIN3 MEJULIUHCKUX TPUJIOXKEHUN, CO3JAHHBIX CITELIUAJILHO JJI151 BOPbEbI
C COVID AT e e ettt e e et e e et e e e e ettt e e e e tt e e e etsaeeeeatseeeetaseeeastsesessaeeeensseeean 34

K.C. Ukcebdaena, K. Kernucon, K.M. MypaTtoBa
PABPABOTKA KOHILIEITTYAJIbHOM MOJIEJIM ABTOMATHUYECKO [TPOBEPKU
TEXHUYECKOU JTOKYMEHTALIMN. ..ot s e eese s seeeneseees 43

B.A. Jlaxno, b.C. AxmeToB, M.b. blabipsimoaesa, 1. CarpvinasikoBa
[IPUMEHEHHWE CETU BAUECA CO CKPBIThIMU BEPILIMHAMU B CEKTOPAJIBHBIX CIIIIP
JULA 3AJJAY OBECITEYEHU S KUBEPBE3OITACHOCT ...t 50

0.K. Mambip6aeB, JI.0. OpanbexoBa, K. Anumxan, M. Othman, b. XKyma:kanos
[IPUMEHEHUWE I'MBPUIHOM UHTEI'PAJIBHOM MOJIEJIN JJ11 PACTIO3HABAHUS
KABAXCKOM PEU..........ooooieeieeveeeeee e 58

A.P. Opa3aeBa, [I.A. Tycynos, C.B. IlaBjos, I.b. A0nukepumoBa
SOOEKTUBHOCTH OBPABOTKU BUOMEJIMIIMHCKKX N30BPAYXXEHHI PAKA MOJIOYHOM
JKEJIE3BI C UCIIOJIB3OBAHUEM @UIIBTPOB......c..iiiiiiiiieiieeeeeee et 69

K.M. TamenoBa, 3.H. Hypasi6aesa, 7K.K. Adoxyrysosa, III.A. Amankos10Ba
METO/IbI BESOITACHOCTU U IIIU®POBAHNS B OBJIAYHOM CUCTEME...........cocovevveeeeeean 77

O.A. YcaroBa, A.Ill. bapakoBa
AHAJIM3COBPEMEHHBIXCUCTEM3AIIUTBIBEB-PECYPCOB........ccoociiiiiiiiiinicnicicicceceicee 88

I'.C. blosiTaeBa, H.®. Xaiipoa, K.72K. Myxcuna, B.2K. ’Kyma:xxanos
OB30P ITPOBJIEM UCIIOJIB30OBAHNA 1 @OPMUPOBAHN A JIMHI'BUCTUYECKNX
OHTOTIOT M ... 96

K.C. YexxknmbaeBa, M.7K. barsipoBa

MN3YYEHUE BJIIMAHNSA NCKYCCTBEHHOI'O UHTEJUUIEKTA HA CETb ITIEPEJJAYU TAHHBIX
(I10T) AJIA MOAEJIMPOBAHUSA YMHOI'O JIOMAL.....coiiiiiiiiiiiiieieeseeteee et 107

138



OU3UKA

I.b. A6apamanosa, O. Umamoex, A.M. Hagup, M.b. Mbip3abaeBa
VIIPYTOE PACCESIHUE ITPOTOHOB HA SAJPE *He ITPU ITIPOMEXYTOYHbIX DHEPT'USIX....... 117

A.E. AmanTaeBa, I.P. Cy0eboexoBa, A.T. Arumen, C.A. XoxJi0B
OIIPEJIEJIEHUE ®YHJIAMEHTAJIBHBIX [IAPAMETPOB KATAKJIM3MUYECKOI
[IEPEMEHHOM3BE3/IBI [TIPOMEXXYTOYHOI'O ITEPUOJIA V1239 HERCULES........oeoveveeeeeeeeeenn 124

T.H. UcmaramberoBa, M. T. I'aonyanun, T.C. Pamazanos

CTPYKTYPHBIE U TEPMOJIMHAMMNYECKUE CBOMCTBA JIBYXKOMIIOHEHTHOI
TUIOTHOM BOTOPOTHOM TITTABMBL......eeeeeeeee ettt seeeeeeeeeee e etes e eeseeeeseeeseeseeeeneenees 131

139



MA3MYHbI
NHO®OPMATUKA

K.C. Aonumyparos, B.U. /Imutrpuuenko, M.A. Iskernucos, E.H. Karpsinapos
KA3AKCTAH PECITYBJIINMKACBIHJAFBI HUDPIIBIK KOCAJIKBI CTAHIUUAJIAPIBI ZKOBAJIAY
KE3IHJIE KO3FAJITKBILITBIH, PEJIEJIIK KOPFAHBICBIH BEUIMJIEY........coooivieeeeeeeeeeeeeeeeeenen. 6

K.C. ABkypoBa, B.K. AdonypaumoBa, b. I'nariok, JI.M. Kpigbipanuna
APT-IHABYBUIIAPIBI EPTE AHBIKTAYTA )XOHE KUBEPKEHICTIKTEI'T KAYITICIZAIK
BY3YIIBUIAPBIH AHBIKTAYFA APHAJIFAH ITAPAMETPJIEP MOJEJIL.......coooiiiiiiinieieieceeee 17

T.C. baiimosnanos, 2K.M. Anum:kanoBa, H. baiimoaan, K.E. Kyoaes, K.C. baiimmosnanoa
HNOPMOTIHAI TAJTAAY APKBIJIBI KPUIITOI' PAOUAJIBIK TN DPJIAPABIH, T¥PAKTHIJIBIF bIH
BAT ATIAY ... ettt ettt e et e e e bt e e tb e e e be e e ta e e e te e e tbeeatbeeetbeeabeeetaeeaareeereeennreeas 26

K.C. Ecenraanena, K.H. KaceliikacoBa, A.O. KacblikacoBa
COVID-19-BEH KYPECY YIIIH APHAMBI )KACAJIFAH MEJULIMHAJIBIK KOCBIMILIAJIAP/IbI
TATIZLAY ettt ettt et e e e ettt e et e et e e e ab e e e st e e entee et teeeabee et it e e antee e nteeenbeeetaeeanbeeenteeenneeans 34

K.C. UkcebdaeBa, K. Kernucos, K.M. Myparosa
TEXHUKAIJIBIK K¥KATTAMAHBI ABTOMATTbBI TYPAE TEKCEPYAIH T¥KbIPBIMJIAMAJIBIK
MOIEJITH O3IPIIE V..ot ettt sttt sttt st sa bt nbeebeesnenne s 43

B.A. Jlaxno, b.C. AxmeToB, M.b. blabipsimoaesa, 1. CarpinasikoBa
KHUBEPKAVIIICI3AIKTI KAMTAMACHI3 ETY YIIIH CEKTOPAJIZIbI INKKX - 1E XXACBIPBIH
TOBEJIEPI BAP BAMEC XKEJIICTH KOJIIAHY......oeieieeeeeeeeee et 50

0.K. Mambipbaes, I.0. OpandexoBa, K. 9aimxan, M. Othman, b. Kymaxkanos
KA3AKILIA COMJIEYI TAHY YIUIH TUBPHUATI MHTETPAJIIBIK MOJEJIBAEPL
SN0 11 B 72N = /OSSPSR 58

A.P. OpazaeBa, [I.A. Tycynos, C.B. IlaBios, I.b. A0qukepumoBa
CYT BE3I KATEPJII ICIT'THIH BUOME JULIMHAJIBIK KECKIH/EPIH CY3TUIEP/I ITAVJIATIAHA
OTBIPBIT OHAEY TUIMIIIIII L. ...cuioiiiiiiiiiiieieniereeete ettt st s 69

7K.M. TamenoBa, 3.H. Hypasioaesa, 7K.K. Adoxyry.osa, LII.A. AManko0Ba
BYJITTBIK XXYWUEJEIT KAYITICI3/IK XXOHE IIUDPIAY OJICTEPL........ovvvoeeeeeeeeeeeeeeees 77

O.A. YcaroBa, A.lll. bapakoBa
KABIPI'T 3AMAHFBI BEB-PECYPCTAP/IbI KOPFAY JKYMEJIEPTH TAJIJIAY.....ooviieeeeeeeeeeeeaans 88

I'.C. blosiTaeBa, H.®. Xaiipoa, K.72K. Myxcuna, B.2K. ’Kyma:xxkanos
JIMHI'BUCTUKAJIBIK OHTOJIOT'MAHBI KOJIAAHY XXOHE KAJIBIIITACTBIPY MOCEJIEJIEPIHE
LITOUJTY .ttt ettt ettt e h et b e sttt eb et sh e a b e bt eh e et eh e et ebeeab e bt bt et bt et bt et e nees 96

K.C. YexkumbaeBa, M.2K. barsipoBa
AKBUTJIBI YW/II MOAEJIBAEY YIUIH JEPEKTEP XEJICIHE (I0T) J)KACAH/bI UHTEJIJIEKT
OCEPIH BEPTTEV ..ottt ettt ettt 107

140



OU3UKA

I'b. AdapamanoBa, O. Umamobek, ©.M. Hanip, M.b. Mbip3a6aeBa
APAJIBIK DHEPT USIJTAPJAFBI ITPOTOH/IAP/BIH *He AIPOCBIHAH CEPTIIMI
HTATITBIPAY BLL....oiitee ettt ettt ettt bbbt bbbt sbeesaenb e s enenteeneennens 117

A.E. Amanraesa, I.P. Cy0edexoBa, A.T. Arumes, C.A. X0xJi0B
APAJIBIK TIEPUO/TAFBI V 1239 HERCULES KATAKJIM3MAIJIBIK AUHBIMAJIBI
KYJIABISBIHBIH, IPTEJII ITAPAMETPIIEPTH AHBIKTAY.....cuiiiiiiieeeeeee e 124

T.H. UcmarambeToBa, M.T. I'aonynaun, T.C. Pama3anos

EKI KOMIIOHEHTTI ThIFBI3 CYTETT IJTASMACKHIHBIH KYPBLIBIM/IBIK
YKOHE TEPMOAMHAMUKAJTIBIK KACHETTEPL.......coovvooeeeeeeeeeeeeeeeeeeeeeeeeeseeeeeesseeesessesesseessesseesseees 131

141



CONTENTS

COMPUTER SCIENCE

Zh.S. Abdimuratov, V.I. Dmitrichenko, M.A. Jetpisov,Y.N. Zhagyparov
ADAPTATION OF ELECTRIC MOTOR RELAY PROTECTION WHEN DESIGNING DIGITAL
SUBSTATIONS IN THE REPUBLIC OF KAZAKHSTAN....c..cociiiiiiiiiiieieieeeeeeeeeecreseeeee e 6

Zh. Avkurova, B. Abduraimova, S. Gnatyuk, L.M. Kydyralina
MODEL OF PARA METERS FOR EARLY DETECTION OF APT ATTACKS AND IDENTIFICATION
OF SECURITY INTRUDERS IN CYBERSPACE........ccccoiiiiiiiiiiitceeteeee e 17

T.S. Baisholanov, Zh.M. Alimzhanova, N. Baisholan, K.E. Kubayev, K.S. Baisholanova
EVALUATION OF THE STRENGTH OF CRYPTOGRAPHIC CIPHERS USING CIPHERTEXT
F A AN B Y N RS PRR 26

Zh. Yessengaliyeva, K. Kassylkassova, A. Kassylkassova
ANALYSIS OF MEDICAL APPLICATIONS DESIGNED SPECIFICALLY TO COMBAT
COVID 19ttt st a e et a e s h ettt e ee et b e sae e e na et e ennenaes 34

Zh.S. Ixebayeva, K. Jetpisov, Zh.M. Muratova
DEVELOPMENT OF A CONCEPTUAL MODEL FOR AUTOMATIC VERIFICATION
OF TECHNICAL DOCUMENTATION......cutittiiiiiie ettt sttt nee e 43

V.A. Lakhno, B.S. Akhmetov, M.B. Ydyryshbayeva, Sh. Sagyndykova
APPLICATION OF A BAYESIAN NETWORK WITH HIDDEN VERTICES IN SECTORAL DSS
FOR CYBERSECURITY TASKS ...ttt sttt s 50

0.Zh. Mamyrbayev, D.O. Oralbekova, K. Alimhan, M. Othman, B. Zhumazhanov
APPLICATION OF HYBRID END TO END MODELS FOR KAZAKH SPEECH
RECOGNITION. ... .oiitieiit ettt ettt stteeteestteesbeessbaesstassseessaeassaessseasssessseessseasseessseasseessseessssassenssseanseenss 58

A.R. Orazayeva, J.A. Tussupov, S.V. Pavlov , G.B. Abdikerimova
EFFICIENCY OF PROCESSING BIOMEDICAL IMAGES OF BREAST CANCER USING
FILTERS. ... ettt e e e et e e e e e e ae e e et e e e eae e e et e e eteeeeaseeeteeeeaseeenseeenseeeeneean 69

Zh. Tashenova, E. Nurlybaeva, Zh. Abdugulova, Sh. Amanzholova
CLOUD SECURITY AND ENCRYPTION METHODS ..ottt 77

0O.A. Ussatova, A.Sh. Barakova
ANALYSIS OF MODERN WEB RESOURCE PROTECTION SYSTEMS.......ccoiiiieieceeeee e 88

G.S. Ybytayeva, N.F. Khairova, K.Zh. Mukhsina, B.Zh. Zhumazhanov
PROBLEMS OF USING AND FORMING LINGUISTIC ONTOLOGIES: AN OVERVIEW..................... 96

K.S. Chezimbayeva, M.Z. Batyrova
STUDYING THE IMPACT OF ARTIFICIAL INTELLIGENCE ON THE DATA NETWORK (IOT)
FOR SIMULATION OF A SMART HOME........ccccioiiiiiiiiiiee ettt 107



PHYSICS

G.B. Abdramanova, O. Imambek, F.B. Belisarova
ELASTIC PROTON SCATTERING BY *He NUCLEI AT INTERMEDIATE ENERGIES....................... 117

A.E. Amantayeva, G.R. Subebekova, A.T. Agishev, S.A. Khokhlov
DETERMINATION OF THE FUNDAMENTAL PARAMETERS OF CATACLYSMIC
VARIABLE PERIOD GAP STAR V1239 HERCULES........oouiiioiieeeeeee e 124

T.N. Ismagambetova, M.T. Gabdullin, T.S. Ramazanov

STRUCTURAL AND THERMODYNAMIC PROPERTIES OF A TWO-COMPONENT
DENSE HYDROGEN PLASMA . ..ottt ettt ettt ettt ettt et e 131

143



Publication Ethics and Publication Malpracticein
the journals of the National Academy of Sciences of the Republic of Kazakhstan

For information on Ethics in publishing and Ethicalguidelines for journal publication see
http://www.elsevier.com/publishingethics and http://www.elsevier.com/journal-authors/ethics.

Submission of an article to the National Academy of Sciences of the Republic of Kazakhstan implies
that the described work has not been published previously (except in the form of an abstract or as part of a
published lecture or academic thesis or as an electronic preprint, see http://www.elsevier.com/postingpolicy),
that it is not under consideration for publication elsewhere, that its publication is approved by all authors and
tacitly or explicitly by the responsible authorities where the work was carried out, and that, if accepted, it will
not be published elsewhere in the same form, in English or in any otherlanguage, including electronically
without the written consent of the copyright-holder. In particular, translations into English of papers already
published in another language are not accepted.

No other forms of scientific misconduct are allowed, such as plagiarism, falsification, fraudulent
data, incorrect interpretation of other works, incorrect citations, etc. The National Academy of Sciences
of the Republic of Kazakhstan follows the Code of Conduct of the Committee on Publication Ethics (COPE),
and follows the COPE Flowcharts for Resolving Cases of Suspected Misconduct (http://publicationethics.org/
files/u2/New_Code.pdf). To verify originality, your article may be checked by the Cross Check originality
detection service http://www.elsevier.com/editors/plagdetect.

The authors are obliged to participate in peer review process and be ready to provide corrections,
clarifications, retractions and apologies when needed. All authors of a paper should have significantly
contributed to the research.

The reviewers should provide objective judgments and should point out relevant published works which
are not yet cited. Reviewed articles should be treated confidentially. The reviewers will be chosen in such a
way that there is no conflict of interests with respect to the research, the authors and/or the research funders.

The editors have complete responsibility and authority to reject or accept a paper, and they will only
accept a paper when reasonably certain. They will preserve anonymity of reviewers and promote
publication of corrections, clarifications, retractions and apologies when needed. The acceptance of a
paper automatically implies the copyright transfer to the National Academy of Sciences of the Republic of
Kazakhstan.

The Editorial Board of the National Academy of Sciences of the Republic of Kazakhstan will monitor and
safeguard publishing ethics.

[TpaBuna oopmiieHHs CTaThH ISl MyONMKALMK B )KypHaJle CMOTPETh Ha CalTax:
www:nauka-nanrk.kz

http://physics-mathematics.kz/index.php/en/archive

ISSN2518-1726 (Online),
ISSN 1991-346X (Print)

Penaxroper: M.C. Axmemosa, A. Bomanxwizwi, /].C. Anenos, PJK. Mpsabaesa
Bepctka na xommnerotepe 1./ /Kadwviparnosa

ITonxnucano B meuars 10.03.2022.
dopmar 60x881/8. bymara odcernas. [leuars —puszorpad.
9,0 .. Tupax 300. 3akas 1.

Hayuonanvnas akademus nayx PK
050010, Anmamut, ya. Lllesyenxo, 28, m. 272-13-19





