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THERMAL ANALYSIS AROUND BLACK HOLE IN f(Q) GRAVITY
Annotation

This paper explores the thermodynamic properties of a newly found perturbed black hole solution in symmetric teleparallel
gravity. We focus on a nonlinear model, investigating null geodesics, quasi-normal modes, thermal fluctuations, and phase
transitions. Davies points are identified, and we analyze emission energy and quantum fluctuations to understand the system
comprehensively.
Keywords: Black holes (BHs), Event horizon,Gravitational pull, Hawking radiation
Thermodynamics, Entropy, Holographic principle.

TEILUIOBOM AHAJIA3 BOKPYI YEPHOM JbIPbI B TPABUTAIIAH f(Q)
AHHOTaALHSA

B sT0#i craThe uccnenyoTcs TepMOJUHAMUYECKHE CBOWCTBA HEJABHO HAWJEHHOTO BO3MYILEHHOI'O PELICHHs YEPHOHM IbIPHI B
CUMMETPUYHOU TeJemapayieIbHOM TpaBUTaMd. Mbl  (OKycHpyeMcs Ha HEIMHEHHOW MOJENH, HCCIeAys HYJIEBYIO
reoIe3nYecKylo, KBa3HHOPMAJIbHBIE MOJIBI, TEIIOBbIe (UIyKTyalnu U (a3oBble nepexonsl. Touku JI9Brca HASHTHOHIUPYIOTCS, U
MBI aHAJU3UPYEM DPHEPTUIO H3ITydeHNs U KBAaHTOBBIE (DIYKTYyaIny, YTO0B! BCECTOPOHHE HIOHATH CHCTEMY.

KmioueBbie ciaoBa: Yepusie apipel (YJ]), opusoHT coObITHiA, ['paBuTammonHoe nputspkeHne, V3smydenume XokuHra,
Tepmoannamuka, DuTponus, ['onorpaduueckuit mpuHIHMIL.

f(Q) GRAVITATSIYADAGI QORA TUYNUK ATROFIDA TERMAL TAHLIL
Annotatsiya

Ushbu magola simmetrik teleparallel tortishishda yaqginda topilgan bezovtalangan qora tuynuk eritmasining termodinamik
xususiyatlarini o'rganadi. Biz chizigli bo'lmagan modelga e'tibor garatamiz, nol geodezik, kvazi-normal rejimlar, termal
tebranishlar va fazali o'tishlarni o'rganamiz. Devis nuqtalari aniglanadi va biz tizimni har tomonlama tushunish uchun radiatsiya
energiyasi va kvant tebranishlarini tahlil gilamiz.

Kalit so'zlar: Qora tuynuklar (BHs), hodisalar gorizonti, tortishish kuchi, Xoking nurlanishi, Termodinamika, Entropiya,
Golografik printsip.

Introduction. Black holes (BHs) are crucial in understanding intense gravitational fields. Classical BHs absorb
surrounding matter due to their event horizon's immense gravitational pull, while quantum mechanics predicts thermal radiation
emission, known as Hawking radiation, gradually reducing BH mass and increasing its temperature [1]. Entropy, linked to BH
event horizon area as S=A/4 [2], shows BHs should have maximum entropy, but this poses issues with the second law of
thermodynamics. The holographic principle, relating space's degrees of freedom to its boundary, governs the area-entropy
relationship [3,4]. BHs, as thermodynamic entities, establish a relationship between entropy and Hawking temperature [5-7].

Quasi-normal modes (QNMs), perturbed outcomes of BH dynamical equations, are characterized by eigenvalues
indicating frequency oscillations and damping modes. These motivate exploring thermodynamic features and QNMs in
symmetric teleparallel gravity, focusing on the effects of f(Q) on BH thermodynamic quantities. The paper discusses BH
structure, thermodynamic quantities, thermal stability, emission energy rate, and concludes with final remarks.

Black hole in symmetric teleparallelgravity with thermodynamical implications. In this study, we consider the action
for £(Q) gravity [18], which is given by

S = f J—gd*x E FQQ) + A5F RS, + A4 TE + L, €))

Where determinant of g, is denoted by g, £(Q) is the function of non metricity @, Az‘“’ are the multiplier for the
Lagrangian, and L,, denotes the matter Lagrangian density. Now, we consider the solution of field equations of f(Q) gravity as a
4-dimensional spherical symmetric and stationary spacetime for the ansatz f(Q) = Q@ + aQ?, where the coupling constant is
denoted with a. The respective line element of BH in the modified f(Q) gravity is written as [18]

ds? = gydt? — g dr? —1r2d0% — r?sin? 0 d¢?, )
Here the respective metric component (g¢; = 1/g,) is defined as [18]
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with real integrating constants c;, c¢,, ¢3 and c,. Here, m represents the mass of Schwarzschild BH. Here, the coupling
constant is denoted with aand its values must follow the requirement |a| < 1for the physically acceptable configuration. In this
manuscript, we also considered the values of aaccording to the required range as |a| < 1. In order to get a dimensionless
argument in the logarithm, a new scale parameter introduced as u = 48m?c, and a scale R is used to shift the constant ¢, —
ce — 48m?c; log(R) [18]. For @ = 0, it is reduced to Schwarzschild solution in GR.

The line element given in Eq.(2)with the metric function defined in Eq.(3)is not an exact solution of the theory, it is only
a perturbed solution. In this regard, we rewrite the metric function as

J@) = getla=o + €Yt + ¥*€% 91t qar €))
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Where € « 1 is a tracking parameter. We consider the derivative of the metric function with respect to coupling constant aup to
second-order terms. Hence, the corresponding metric function as a solution of considered geometry with above defined ansatze
becomes

2m  ae r
_q_cm o acr _ 2y _ . r
Jr=1 - + - ( 2a(c; — 16(3¢cg + c;)m?) — ¢, — 2aulog (R))

a’e?

+ (—2(C3 —16(3cg + c;)m?) — 2ulog (%)) (5)

Fig.1. Dependence of metric function for m = 0.3 (left) and m = 0.5 (right) on coupling constant a and radial coordinate r
with R = 0.05,4 = —2,c, =0.3,¢c3 =0.3,¢4 =0.3,¢c; = 0.3, € =0.3.
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Fig.2. Plots of event horizon for m = 0.3 (left) and m = 0.5 (right) versus coupling constant a« with R = 0.05,u = —2,c, =
0.3,c3=0.3, ¢ =0.3,c; =0.3, ¢ =0.3.

For @ = 0, it is reduced to Schwarzschild solution in GR and the correction terms might lead to deviations from the
Schwarzschild solution at large value of r. By taking J(r) = 0, we calculate the position of event horizon in the following form

c; c3,16(3cg+c;)m? 16(3cg+c,)m? C3
T = 2m+ae<Re 2ap p Z >+a262 (Re Z —E) (6)

Fig. 1 shows the graphical behavior of the metric function for different values of physical parameters. It is noted that the
metric function shows symmetric behavior about positive and negative values of coupling constant a. The behavior of the metric
function moves from negative to positive as r and « increase while a increases either negatively or positively. The position of
event horizon is increased as the mass of BH increases. The left and right plots of Fig.2 show the graphical behavior of the
position of the event horizon for different values of the mass of Schwarzschild BH. Here, it is very interesting to mention that the
position of Schwarzschild event horizon (r, = 2m) is recovered for « = 0, i.e., for m = 0.3 and 0.5, we get r, = 0.6 and 1}, =
1, respectively. It is noted that the event horizon increases as « increases positively.

Now, we calculate the thermodynamical quantities of considered BH, i.e., Hawking temperature in terms of the mass of
BH and heat capacity. These quantities are used to explore the thermodynamically stable characteristics of the BH structure.

The entropy of the system is calculated through area entropy relationship of Bekenstein [19]. It is given as
2m 21

S = f f Go0095d0dd = mr? ©)
0 0

The corresponding expression of heat capacity (’ﬂ‘ g—,[sr) has the following from [19]
T (ae(Za(e + 1)(c5 — 16(3¢cg + c;)m?) + ¢;,) + 2 (azu(—e)(e + 1)+ m + a?ue(e + 1) log (T—h)))
(C =

R
3a?ue(e + 1) + ae(—2a(e + 1)(c3 — 16(3¢cg + c;)m?) — ¢c;) — 2m — 2a?ue(e + 1) log (%‘)
(10)
The divergence point of the heat capacity is known as Davies point which plays an important role to discuss the
thermodynamical stability configuration of the BH structure. It is noted that the positive region before the Devies point shows a
stable region and the negative region after the Devies point represents the unstable region. These points are determined by taking
the denominator of the mathematical expression of heat capacity equal to zero as

7
3a?u — 23a?ue(e + 1) + ae(—2a(e + 1)(c; — 16(3c4 + c;)m?) — ¢c;) — 2m — 2a — 2aue(e + 1) log (Eh) =0
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R(-5a%ue(e+1)—ae(—2a(e+1)(c3—16(3cg+c,)m?)—c,)+2m)
2a%ue(e+1)
where rp is represented the position of Davies point.
Fig.3. The position of Davies points and behavior of heat capacity for m = 0.3 (left) and m = 0.5 (right) with R = 0.05,u =

Hence, we get rpp = —

]

Fys Diavies poant —_— =i

—2,6,=0.3,c3=0.3,c =0.3,c;, =03, e =0.3.

Fig.3 is used to discuss the stable and unstable configuration by using Devies points. It is interesting to mention that the
thermodynamical unstable structure is observed for the choice of Schwarzschild BH (@ = 0). It is noted that presence of
coupling constant enhances the stability of the Schwarzschild geometry. It shows stable behavior for smaller BHs as shown in the
left plot. The stability is decreases for higher values of mass of the geometry. Hence, smaller BH represents a stable configuration
while larger BH shows unstable behavior.

Emission energy.  The formation and destruction of an excessive number of particles very close to the horizon is
known as emission energy, and quantum fluctuations in the interior of BHSs are the source of this energy. The main reason for the
BH evaporation within a certain period is due to the positive-energy particles that tunnel out of the BH in the core area where
Hawking radiation occurs. Here, we are interested to explore the energy emission rate associated with considered BH geometry
in f(Q)gravity. At very high energy, the absorption cross-section often oscillates around a limiting constant value o lim. The
limiting value of slimis related to the radius of the event horizon (rh given in Eq.(6)):

Ol = T (11)

The respective expression of the rate of BH energy emission is become:

2 2
de  2mioum .

dwdt e% 1
by considering the Hawking temperature T of considered BH, we get
d?e _ 2131wl 12
dwdt 2
4mri w

aeale + 1)(c3 —16(3cg + c;)m?) +¢c,) + 2 (azu(—e)(e +) + m+ a?ue(e + 1) log (%))

Fig.5 shows the behavior of the rate of emission energy along the frequency with suitable values of physical parameters.
It is found that the rate of energy increases as frequency increases initially and approaches its peak value then decreases. We find
the larger behavior of emission energy as u increases negatively. The coupling constant ahas a great impact on the rate of
emission energy. The right plot shows that the rate of emission energy is become smaller for higher values of a.
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Fig.4. Stability of BH structure by using heat capacity versus r, for m = 0.2 (left) and m = 0.4 (right) with p = -2,
c; =0.3,¢c3=0.5¢=0.5,¢;, =0.03,e =0.3.

Fig.5. Graphical analysis of rate of emission energy versus frequency with different values of u (left) and a (right) with
¢c; =0.3,c3 =0.5,¢4 = 0.5,¢c; =0.03,¢ = 0.3.

Conluding remarks. We explore a novel perturbed solution for black holes within symmetric teleparallel gravity,
focusing on field equations in a 4-dimensional spherically symmetric and stationary spacetime framework parameterized by a, a
coupling constant. Notably, a plays a significant role, where its value influences the deviation from the Schwarzschild solution in
General Relativity (GR). Teleparallel gravity, a modification of Einstein's theory, allows for black holes with similar traits as in
GR but with modified equations. Our study reveals:

The lapse function's symmetric behavior with respect to o, depicted in Fig.1.

Good agreement with the Schwarzschild event horizon is observed in Fig.2.

Stability analysis, shown in Fig.3, identifies thermodynamically stable regions, with smaller black holes being stable and
larger ones unstable.

Fig.5 displays the emission energy rate, indicating an initial increase with frequency before peaking and gradually
decreasing.

]
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INVESTIGATION OF MORPHOLOGICAL CHARACTERISTICS OF TITANIUM DIOXIDE NANOTUBES
Annotation

Titanium dioxide nanotubes are important in scientific research, primarily due to their unique properties, including large surface
area, chemical stability, and photocatalytic activity. This study focuses on the synthesis of TiO2 nanotubes, highlighting the
relevant factors affecting the process. The obtained results contribute to a comprehensive understanding and allow conclusions to
be drawn on the different effects of different synthesis methodologies. In addition, the study investigates the underlying
mechanisms of TiOz nanotube formation, providing valuable insights into the scientific landscape of nanomaterials.

Key words: Titanium dioxide nanotubes, anodizing, electrolyte solution.

HN3YYEHUE MOP®OJOTINYECKUX XAPAKTEPUCTUK HAHOTPYBOK TUOKCHUJA TUTAHA
AnHOTaLUA

HanoTpyOKkyM &IMOKCHIAa THTaHa WIPAIOT BAXHYIO POJNb B HAyYHBIX HCCIENOBAaHHAX, IPEKAE BCEro, Oiaromapst CBOMM
YHUKaJIBHBIM CBOICTBaM, BKJIIOYas OOJBLIYIO IDIONIAJb ITOBEPXHOCTH, XHUMHYECKYI0 CTaOWJIBHOCTH M (HOTOKAJIMTHYECKYIO
AKTHBHOCTB. DTO HMCCIIEJOBaHUE ITOCBSIICHO CHHTE3y HAaHOTPYOOK TiO2, moguepKuBasi COOTBETCTBYIONINE (haKTOPBI, BINSIONIHE
Ha 3TOT mpomecc. [lomydeHHbIe Pe3ynbTaThl CIIOCOOCTBYIOT BCECTOPOHHEMY ITOHMMAHHMIO M TO3BOJAIOT CHEIATh BBIBOABI O
Pa3IUYHOM BIMSIHUHM Pa3lIMIHBIX METOJOJOTHH cuHTe3a. Kpome Toro, B maHHOM paboTe HCCIeqyeT OCHOBHBIE MEXaHH3MEI
obpa3zoBanust HaHOTPYOOK TiO2, UTO HaeT meHHy0 HHPOPMAIMIO O HAYTHOM JaHAIIadTe HAHOMATEPHAIIOB.

KnroueBsbie c1oBa: HaHOTpyOKH THOKCHAA TUTAaHA, aHOAUPOBAHNE, PACTBOP HIEKTPOIIHTA.

TITANI DIOKSID NANOTUBALARINING MORFOLOGIK XUSUSIYATLARINI O’RGANISH
Annotatsiya

Titan dioksid nanotrubkalari, birinchi navbatda, noyob xususiyatlari, jumladan, katta sirt maydoni, kimyoviy barqarorlik va
fotokatalitik faolligi tufayli ilmiy tadgiqotlarda muhim ahamiyatga ega. Ushbu tadgigot TiO2 nanotrubkalarini sintez gilishga
qaratilgan bo'lib, jarayonga ta'sir qiluvchi tegishli omillarni o’rganadi. Olingan natijalar asosida turli xil sintez
metodologiyalarining turli ta'siri bo'yicha xulosalar chigarishga imkon beradi. Bundan tashqari, tadgiqot nanomateriallarning
ilmiy landshafti hagida gimmatli tushunchalar berib, TiO2 nanotube shakllanishining asosiy mexanizmlarini o'rganadi.
Kalit so’zlar: Titan dioksid nanoporasi, anodlash, elektrolit eritmasi.

Introduction. Over the last decade, TiO2 nanopores have garnered considerable scientific and technological attention,
driven by their pivotal roles in energy conversion, environmental amelioration, potential applications as photocatalysts, and their
inherent biocompatibility properties. The utilization of these nanopores spans various fields contingent upon their size, length,
and wall thickness. Diverse methodologies for generating nanotubes, nanofibers, and nanopores have been explored, involving
not only the deposition of metals but also semiconductors and polymer materials. Furthermore, the direct application of
nanopores as filters or photonic crystals for wastewater treatment and the creation of enduring, corrosion-resistant elements has
witnessed substantial advancement. The synthesis of TiO2 nanoparticles, nanofibers, nanotubes, and nanoporous materials
encompasses a spectrum of physical and chemical processes, such as electrochemical anodization, sol-gel, and chemical
precipitation. Notably, the electrochemical anodization method for TiO2 nanopore formation was selected as the focal technique
in this research endeavor.

Literature review. The inaugural synthesis of titanium nanotubes through anodization was documented in 1999 by
Sounart and colleagues [1], employing hydrofluoric acid as the electrolyte. Subsequently, Zwilling et al. reported the formation
of a porous titanium oxide layer in a chromic acid solution with a small quantity of HF. Gong et al. [2-4] delineated the essential
conditions for achieving high-quality and well-ordered (titania nanotubes)TNTs in acidic fluoride electrolytes. Pioneering
advancements were made by Macak et al. [5-6] and Grimes and collaborators [7], who achieved a breakthrough in the fabrication
of TiO2 nanotubular structures. They reported the production of remarkably smooth, regular, and elongated nanotubes utilizing
organic viscous electrolytes. Since then, diverse electrolytes, including HF, aqueous glycerol, carboxymethyl cellulose aqueous
electrolyte, and ethylene glycol with ammonium fluoride, have proven successful in TNT fabrication. Anodizing titanium using
phosphoric acid and sodium fluoride or hydrofluoric acid has also been explored [8-12]. However, titania nanotubes resulting
from such processes exhibit a lack of orderliness and require extended production durations in a high-pH electrolyte [8]. Lee et
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al.[9] created nanoscale biosensors by using TNTs produced through an anodization process at room temperature in an electrolyte
containing ethylene glycol, NH4F, and DI water.Macak et al. suggested that adjusting electrochemical parameters may offer
potential solutions to address these challenges [10-11].

Research Methodology. SEM images of the synthesized TiO2 nanotubes were obtained on a Focused lon Beam
Scanning Electron Microscope (FIB-SEM). Energy dispersive spectroscopy (EDS) of the samples were also investigated.

Experimental part. Main reagents: Pure titanium foil , 2% deionized water,0,5% ammonium fluoride (NH4F) and 97,5%
ethylene glycol (EG). TiO2 nanotubes were systematically prepared through a three-step electrochemical anodization process.
Initially, Ti foil was meticulously sectioned into dimensions of 2.5 x 2.5 cm and subjected to ultrasonic cleaning with acetone,
distilled water, and ethanol for a duration of 10 minutes. The cleansed titanium foil underwent thorough rinsing with distilled
water and was subsequently air-dried for one hour. In the second phase of anodization, the titanium foil was connected to a direct
current (DC) source, sustaining a constant voltage of 60 V for a duration of 4 hours. A platinum electrode served as the counter
electrode, while the electrochemical anodizing process was executed employing a copper base, Teflon cup, and GOPHERT CPS-
6011 equipment. Moving on to the third step, the titanium foil underwent another round of comprehensive washing with distilled
water, followed by ultrasonic treatment with acetone, deionized water, and ethanol for a period of 10 minutes. Subsequently, it
was subjected to heating at 450°C using Nabertherm heating oven for 1 hour, employing a heating rate of 20 °C per second.

R foils

MECD> . manorubes

! Elcciroiv e

Figure 1. lllustrative diagram of anodizing cell
Results. The process is illustrated in( Fig 1), which represents the electrochemical anodization methodology.
Specifically, the anodization was conducted employing titanium foil as the anode, while platinum (Pt) was employed as the
counter electrode in the electrochemical cell configuration.
Post-electrochemical anodization, the surface morphology of the titanium foil was researched through SEM. The
resulting micrograph (Fig 2) reveals the presence of well-organized hexagonal nanotube structures.

L A e - wres L gl o m oo s et
Mo tiem e e i P W o s B \

Figure 2. SEM images of as-prepared TiOz nanotube by anodization method at 20°C
As evidenced by the obtained results, it is imperative to underscore the pivotal role played by the dimensions of the
synthesized TiO2 nanotubes, specifically the diameter and wall thickness, as critical parameters. Consequently, an exhaustive
analysis elucidating the intricate interplay between these dimensions and the applied anodizing voltage was conducted. In
existing literature, this relationship can be articulated as follows: [13-15]
d(nm)=kV
w(nm)=hV
Here, k and h are the growth ratios of the nanotube wall thickness and diameter, respectively, approximately equal to 0.13
(nm V') and 1.2 (nm V).
In accordance with the prescribed formula, the determined dimensions of the nanotubes in our study manifest a diameter
of 161.09 nm and a wall thickness of 65.43 nm.
Simultaneously, concurrent with the synthesis outcomes, electrochemical double-layer capacitance EDS analysis was
performed on the nanotube surface. The analytical findings indicate the absence of additives on the foil's surface, affirming that
the utilized electrolyte composition is devoid of additives (Fig 3)

(& ]
23,01

Figure 3. EDS spectrum of synthesized TiO2

Conclusions. In summary, the investigation comprehensively examined the influencing factors on nanotube formation.
Utilizing SEM and energy-dispersive EDS, detailed imaging and elemental analysis were conducted on the synthesized TiO2
nanotubes. Additionally, an in-depth analysis of ion migration during the nanotube synthesis process was pursued. Notably,

- 465 -




O‘zMU xabarlari Bectnuk HYY3 ACTA NUUz | FIZIKA | 3/1/1 2024

fluorine (F) ions exhibited a migration rate two times faster than other ions, emerging as a pivotal factor in the nanotube
formation mechanism.

The study contributes valuable insights into the dynamic ion migration phenomena influencing nanotube synthesis.
Specifically, the accelerated migration of F- ions plays a central role in the intricate process of nanotube formation. This
newfound understanding enhances our grasp of the underlying mechanisms governing nanotube synthesis.

Moreover, it is noteworthy that the synthesis parameters, including nanotube diameter, length, and wall thickness, can be
deliberately manipulated to meet specific consumer demands. This versatility underscores the adaptability and potential
customization of nanotube synthesis processes to cater to diverse applications and preferences in nanomaterial engineering.
Maintaining precise temperature control is crucial in the electrochemical anodization process for the creation of nanotubes.
Additionally, the anodization process should be conducted within the temperature range of 20°C to 30°C, preferably at room
temperature. Following anodization, the samples should be annealed at appropriate temperatures to achieve a crystalline
structure. Furthermore, it is advisable to subject the titanium foil to vacuum drying following the cleaning process.
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ESP PROJECT FOR CIVIL ENGINEERING
Annotation

English for Specific Purposes (ESP) is an approach to language teaching and learning that meets the specific needs of learners
within the particular field. The students of the ESP study the language for particular reasons (Viana, et.al, 2019). The chosen ESP
context for this project is Civil Engineering. A study has been conducted according to following concepts. Firstly, needs analysis
about participants has been done with the usage of quizzes and interviews. Then a task has been developed based on the needs of
the learners and these tasks have been analyzed whether they work effectively or not throughout the research to develop
appropriate methods and tasks for ESP students.

Key words: qualitative method, quantitative method, target situation analysis, present situation analysis, problem based learning,
case study.

IPOEKT ESP JUISI TPAXKIAHCKOI'O MH)KEHEPHOI'O CTPOUTEJIBCTBA
AHHOTALHSA

AHrIHACKUH SA3BIK ISt crieruanbhbix meneid (ESP) — 310 moaxox kK 00y4eHH 0 M M3YYCHHIO S3bIKA, KOTOPBIHA YIOBJIETBOPSET
KOHKPETHBIE TIOTPEOHOCTH y4aIluXcs B onpenenaeHHoi obnacti. Ctymentsl ESP u3ydaror s3b1k 10 0co0biM mpuunHam (Buana u
np., 2019). BeiOpanubiii koHTekcT ESP i 3TOro mpoekTa - rpakaaHCKOe CTPOMTENLCTBO. MccienoBaHue ObLIO MPOBEACHO
COTJIACHO CJIENYIOIMM KOHIENIUsIM. Bo-nepBbIX, ObUI NpOBeAEH aHAIN3 IMOTPEOHOCTEH YYAaCTHHKOB C HCIIOJIb30BAHHEM
BUKTOPHH W HWHTEPBBIO. 3aTeM ObUIO pa3pa0oTaHO 3aJlaHME HAa OCHOBE IMOTPEOHOCTEH ydamuxcs, ¥ 3TH 3aJaHus ObLIN
MPOaHATN3UPOBAHEI Ha TpeaMeT UX 3(p(EKTHBHOCTH B TEYCHHE MCCISNOBAHMS Ul pa3pabOTKH COOTBETCTBYIOIINX METOAOB U
3amaHui Ui cryneHToB ESP.

KitoueBble cjioBa: KaueCTBEHHBIH METOJI, KOJMUYECTBEHHBIN METOJI, aHAJIN3 LEJIEBOM CUTYyalluH, aHaJTU3 TEeKyLleW CUTyalluH,
o0Oy4eHue Ha OCHOBE Mpo0iteM, KeHc-CTau.

QURILISH MUHANDISLIGI UCHUN ESP LOYIHASI
Annotatsiya

Maxsus magsadlar uchun ingliz tili (ESP) bu til o‘rgatish va o‘rganishga bo’lgan yondashuv bo‘lib, u muayyan sohadagi
o‘quvchilarning tildagi o‘z sohasiga xos ehtiyojlarini qondiradi. ESP talabalari ma'lum sabablarga ko'ra tilni o'rganishadi (Viana,
va boshqalar, 2019). Ushbu loyiha uchun tanlangan ESP mavzusi - Qurilish muhandisligi. Tadgigot quyida kelgan usullar
bo'yicha o'tkazildi. Birinchidan, viktorina va intervyulardan foydalangan holda ishtirokchilarning Ingliz tiliga bo'lgan bilim
ko’nikmasi tahlili o'tkazildi. O’tkazilgan ushbu tahlil asosida vazifa ishlab chiqildi. Bu vazifa orqali ESP talabalariga mos uslub
va davomiy vazifalar ishlab chiqish uchun tadqiqot o’tkazildi. O’tkazilgan tadgiqot davomida yuzaga kelgan natijalar
samaradorligi tahlil gilindi.

Kalit so'zlar: sifat metodi, migdoriy usul, magsadli vaziyat tahlili, hozirgi vaziyat tahlili, muammoli ta'lim, keys tadgiqoti.

Introduction. The growing processes of globalization in the world are having a profound impact on all aspects of the
political, socio-economic and cultural life of mankind[1]. The only constant in the working life of a civil engineer is that they
never have typical days. They face different challenges every day and have to solve problems to meet the specific requirements
of the project they are focused on. Civil engineers may work on the same project for several years and then move on. For
example, they may be working on a long-term project to plan a new housing development, and once completed, they may move
on to developing a new highway system in another city or country. Many projects are very complex and require collaboration
with other civil engineers and other specialties. Teamwork is a big part of this profession, as a large number of people usually
have to work together to achieve large-scale actions.

At first step, an unstructured interview (qualitative method) has been taken from these learners to know background
information about them to identify valid tasks and it must be known that whether they are pre-service or in service in their field
(Serafini, Lake, Long, 2015). After that questionarie and structured interview have been conducted for quantitative approach.
Target situation analysis and present situation analysis have been done with the help of abovementioned methods. Target
situation analysis addresses the “needs” wheareas the present situation analysis includes personal information about the learners
(background their names and living areas, culture and nationality, background knowledge) and teaching environment (available
resources) (Flowerdew, 2013). Available resources have been taken into account for curriculum development as the target
situation is essential to develop it (Chan, 2018). It is important to note that not only learner’s present situation and weaknesses
were considered but also the “wants” of the learners were considered for needs analysis as it can be used as a main tool to
motivate the learners towards the topic (Chan, 2018).
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Participants: The learners for this study have come from different areas of Uzbekistan. Their age is between 23 and 28.
Their number is 14. This group has been organized by the authority to develop civil engineering in the country. They all graduate
students and work in this field. They are required to have one month course in order to develop their skills. The main reason of
studying English is to get some more information and exchange program with foreign specialists on this field. They have studied
English at their bachelor’s degree so they have basic information. However, they should learn more to interact with foreign
experts of civil engineering.

All the learners of this group are good at working at the computer and they can work various programs to create projects.
When it comes to social background, their nationality is Uzbek. Ten of them can speak Russian as a foreign language. There are
only two female learners as this job is not common among women in Uzbekistan.

Literature review. Woodrow (2018) provides various examples for ESP course in his book. One of these examples
named English for cross-cultural nursing by Susan Bosher has been chosen in order to use for this ESP project. There are number
of reasons of choosing this model. First of all, it contains the aim of the course and gives information about the learners and the
length of the course. Moreover, needs analysis and the results of it are clarified. According to Serafini, Lake, Long (2015),
interviews, observations, questionnaires and document analysis have been used to provide the detailed information about the
needs of students. When it comes to methodological approach, the strategies of reading skills, communication skills and the
usage of medical terminology have been considered in this model. Course materials and extra reading materials for development
are provided.

1.Approach to ESP Course Design (Method)

Problem based learning (PBL) and Case Study approach have been used. Wood & Head (2004, as cited in Woodrow,
2018), mentions that PBL should be in following cycle:

- Warm up activity

- PBL activity

- Reflection and evaluation activity

Warm up activity:

A picture of the construction was shown to the learners. Students discussed about this construction. The
discussion part covered following questions:

- What kind of construction is this?

- What elements they can see?

PBL activity:

- Students were divided into groups and then they analyzed the problem that the shown picture had. They had to
find the failure and the possible solution with discussing each other and look additional materials to provide extra information.

Reflection and evaluation activity:

- Students reflected their discussion with the help of presentation and evaluate each other’s opinion

The second approach was the Case study, a description of problem or situation (Woodrow, 2018).

Task:

- Selected topic: Burj Khalifa construction

- Students analyzed the project’s challenges and innovations.

- They wrote a report summarizing its technical aspects

Results. Both PBL and Case Study approaches are the same as they both focus on finding a solution to the problem.
What is more, these approaches are student centered rather than teacher centered classes (Woodrow, 2018). However, Woodrow
(2018), notes that PBL focus on one solution to the problem while number of solutions can be given for a case study. Looking at
the PBL activities, students found a failure and gave solution for it but in the Case study task, they found various challenges and
innovations. To sum up, these approaches highly increased students’ critical thinking abilities on the target field. What is more,
learning centered approach was achieved with the help of choice of learning resources by students (Woodrow, 2018). This
motivated students to be more active during lessons because of their interests.

Conclusion. Based on the learner’s needs and objectives abovementioned resources and methods have been used.
Woodrow (2018) gave number of course designs for ESP project. All of them show us how to conduct the process of ESP and for
selected ESP course examples a sample by Susan Bosher has been chosen. The main reason of choosing this material is that it
focuses on specific vocabulary with nursing-related topics and the usage of following activities: Change-of-shift reports,
telephone reports and documentation skills. For needs analysis, the authors Serafini, Lake, Long (2015) and Flowerdew (2013)
gave brilliant information about the approaches in their articles. They helped us how to find out the needs and the wants of the
learners with dividing two specific analyses (target situation analysis and present situation analysis). The job that they do is based
on presenting the project so group discussions have been done throughout the lesson to exchange information. In group
discussions, the usage of speaking skills about how to solve problems and how to create new projects for civil engineering have
been taken into account for this project.

The selected participants, representing different regions of Uzbekistan, are well-suited for this ESP project. Their diverse
backgrounds, proficiency in working with computers, and prior English language education at the bachelor's level provide a
foundation for effective learning. The emphasis on group discussions and the consideration of learners' "wants" alongside their
present situation and weaknesses contribute to motivation and engagement.

The project's outcomes, as highlighted in the results section, indicate the success of both PBL and Case Study approaches
in fostering critical thinking and a learning-centered environment. The comparison between the two approaches demonstrates the
nuanced differences in solution-focused PBL and the exploration of multiple aspects in a Case Study.
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PRESENTING A NOVEL APPROACH FOR COMPARING AND ANALYZING THE PHASE OF NEUTRINO
OSCILLATIONS IN DIFFERENT CURVED SPACETIMES
Annotation

This paper introduces a classical approach to studying neutrino oscillations in curved spacetime, focusing on the existence of
neutrino mass. It explores transition probabilities and predicts oscillations across different spacetime contexts by considering
fluctuations in neutrino mass. Neutrinos are treated as classical particles following geodesic paths, particularly around massive
objects like black holes and neutron stars. The investigation covers various spacetime models, including Schwarzschild, Kerr,
and Kerr-like spacetimes, as well as complex non-separable domains like the y-metric and Hartle-Thorne metric. Canonical phase
formulas for neutrinos are derived, emphasizing their interaction with gravitational backgrounds. In summary, this research
contributes to our understanding of curved spacetime and the cosmos by examining neutrino oscillations within this classical
framework.

Keywords: Neutrino oscillation, Canonical phase, Curved spacetime

MPEJCTABJIEHUE HOBOI'O IOJIXOA JJ51 CPCABHEHUSA U AHAJIN3A ®A3bl HEUTPHHHBIX
KOJIEBAHUM B PA3JIMYHBIX UICKPUBEHHBIX TPOCTPAHCTBAX-BPEMEHHA
AnHOTaLUA
B nanHo# craThe mpeacTaBiieH KJIACCHUECKUM MOAXO0J K MU3YUEHHIO HEMTPUHHBIX OCUMWIIISIUN B MCKPUBIEHHOM NPOCTPAHCTBE-
BpeMeHH, (Qokycupyromuiics Ha CyIeCTBOBAaHMH Macchl HeHTpuHO. OH HCCleIyeT BEepOSTHOCTH IEPeXofia W NMPeAcKa3biBaeT
KoNneOaHUs B Pa3IMYHBIX KOHTEKCTAaX MPOCTPAHCTBA-BPEMEHW, YUHTHIBasS (MIyKTyallMd Macckl HeWTpmHo. HeifrpuHo
paccMaTpUBAIOTCSl KaK KIACCHYECKWE YACTHIBI, ABIDKYIIHECS II0 TEOAE3MYECKUM ITyTSM, OCOOEHHO BOKPYT MAaCCHBHBIX
00BEKTOB, TaKUX KaK YEpHbIE IbIPbl U HEHTpPOHHBIE 3Be3bl. lccienoBaHue OXBaThIBAE€T pa3iM4HbIE MOJEIM HNPOCTPAHCTBA-
BpeMeHH, BKJIIouast mpocTpancTBo-Bpemst LIBapunmisaa, Keppa u Keppa, a Takke ciosxHble HepaseauMble 00JIacTH, TaKhe KaK
Y-MeTpuKa ¥ MeTpuka Xaptia-TopHa. BriBeneHsl kaHoHnueckue (a3oBble (GOpMyNbl sl HEHTPHUHO, IOJYEPKUBAIOIINE WX
B3aHMOJICHCTBHE C TIpaBUTAMOHHBIM (oHoM. TakuM 00pa3oMm, 3TO HCCIIEIOBAaHHE CIIOCOOCTBYET HauleMy HOHMMAaHHIO
HCKPHBJIEHHOTO IIPOCTPAHCTBAa-BPEMEHM M KOCMOCA, HCCIEeAys HEHTPHUHHBIE KOJIeOaHWs B pPaMKaX 3TOH KIACCHIECKOH

CTPYKTYPHI.
KuiroueBble c10Ba: OCIMILIAIINN HEHTPUHO, KaHOHMYECKas! (pa3a, HICKPUBICHHOE ITPOCTPAHCTBO-BPEMSL.

TURLI EGRILANGAN FAZOLARDAGI NEYTRINOTLARNING TEBRANISH FAZALARINI TAQQOSLASHVA
TAHLIL QILISH UCHUN YANGI USULNI TAQDIM ETISH
Annotatsiya

Ushbu magola neytrino massasining mavjudligiga e'tibor qaratib, egri fazoda neytrino tebranishlarini o'rganishga klassik
yondashuvni tagdim etadi. U o'tish ehtimolini o'rganadi va neytrino massasidagi tebranishlarni hisobga olgan holda turli fazo-
vaqt kontekstlarida tebranishlarni bashorat giladi. Neytrinolar geodezik yo'llar bo'ylab, aynigsa gora tuynuklar va neytron
yulduzlari kabi massiv ob'ektlar atrofida klassik zarralar sifatida ko'rib chigiladi. Tekshiruv turli fazoviy vagt modellarini, shu
jumladan Shvartsshild, Kerr va Kerrga o'xshash fazo vaqtlarini, shuningdek, g-metrik va Xartl-Torn metrikasi kabi murakkab
ajratilmaydigan domenlarni gamrab oladi. Neytrinolar uchun kanonik faza formulalari olingan bo'lib, ularning tortishish fonlari
bilan o'zaro ta'sirini ta'kidlaydi. Xulosa gilib aytganda, ushbu tadgigot ushbu klassik doirada neytrino tebranishlarini o'rganish
orgali egri fazo va kosmosni tushunishimizga yordam beradi.

Introduction. Neutrino oscillation is a phenomenon witnessed in the field of neutrino physics, in which neutrinos
transform from one flavor to another during their journey through space. This oscillation arises due to the mixing of three distinct
neutrino flavors: electron neutrino (v,), muon neutrino (vu), and tau neutrino (v;). The concept of neutrino oscillation was
initially proposed by Pontecorvo (1968) [1]. It implies that neutrinos possess a mass, contrary to the previous belief that their
mass was zero. The experimental confirmation of neutrino oscillation became possible through various notable endeavors such as
the Super-Kamiokande experiment [2, 3], the Sudbury Neutrino Observatory (SNO) experiment [4], and the MINOS experiment
[5, 6]. These experiments observed the disappearance and reappearance of different neutrino types as they traversed the Earth's
atmosphere or encountered matter. The groundbreaking discovery of neutrino oscillation has been acknowledged with prestigious
accolades, including the 2015 Nobel Prize in Physics, which recognized the contributions of Takaaki Kajita and Arthur B.
McDonald to the Super-Kamiokande and SNO experiments, respectively.

- 470 -


mailto:alibekov@astrin.uz

O‘zMU xabarlari Bectnuk HYY3 ACTA NUUz | FIZIKA | 3/1/1 2024

The structure of the article is as follows: Section 2 provides a concise overview of neutrino oscillation in both flat and
curved spacetimes. In Section 3, we present the calculation of the canonical phase for neutrino oscillations using separable
equations within curved spacetime. Section 4 focuses on the calculation of the canonical phase for neutrino oscillations in
spacetimes where non-separable equations of motion are involved. Finally, in Section 5, we provide a summary of our findings
and offer comments on the results. Throughout the paper, we adopt the signature for the line element and utilize geometric units,
settingG =c=h=1.

2. Comprehensive analysis of neutrino oscillation

Neutrinos are generated and observed in distinct flavor eigenstates, represented by |v,), where the flavor eigenstates are
linear combinations of mass eigenstates denoted as |v;). Therefore, a flavor eigenstate can be expressed in terms of mass

eigenstates as follows:[6,7]
va) =D Uil

13
where, U represents the unitary matrix for neutrino flavor mixing, where a denotes the flavors (e, u, ), and i represents
the mass eigenstates (1,2,3). In the context of a curved spacetime, a neutrino wave-function can be influenced by contributions
from multiple geodesics connecting the neutrino source and the detector. Consequently, when considering all possible paths, the
propagation of a neutrino flavor state from the source S to the detector D, located at r and r;, respectively, can be expressed as
follows:[5,12]

[Va(tn ) = Y e OO vt 7))

i
where @;(rp, 1s) is the covariant phase of neutrino. The neutrino flavour transition probability from initial produced «
flavor at the detection points is obtained as [12,15]

Pup = |(vﬁ|va(t3,x3))|z = Z UﬁiUﬁjUajUaie_iA¢ij

19)
Moreover, in the scenario of a two-flavor system, the probability of a neutrino transitioning from the initial flavor e to the
flavor u is expressed as [13,19]
) o (AP
Pyp = sin? 20sin? <T>
where 6 mixing angle and A®;; = ®; — &; is difference of canonical phases. Finally, the generalized covariant phase is

defined as [18]
Ts . Ts
P; :J- p,(f)dx” = —mif ds
. D )]
Here, pff) represents the canonical conjugate momentum to the coordinate x* for the i-th neutrino mass, defined as

p,(j) = m;g,,x". In this equation, &# corresponds to the four-velocity of the particle, normalized as x,x* = —1, indicating that

pup* = —m?. In the context of a flat spacetime, the phase can be derived as illustrated in [8]

@; = Ei(ts — tp) — pi - (xs — xp) = (E; — IpiDIxs — xpl,
In the scenario of a relativistic neutrino, under the condition m; < E;, the discrepancy between energy and momentum

can be approximated as E; — |p;| = E; — ’E,Z —m? =~ m?/(2E;). Consequently, the variation of the covariant phase in a flat

spacetime can be expressed as
2

= _ZE;] |xs — xpl, Amf; = mf —m?

where, E represents the mean energy of the relativistic neutrinos generated at the source.

3. Separable equation of motion

The expression of the Hamilton-Jacobi equation for a particle with mass is given by

w95 05
9 Gxagxb =

where, m denotes the mass of the particle. By utilizing the definition of four-momentum as p, = 8 S/ x%, equation (8)

can be restated as:

AP

Pap® = —m?

3.1. In Schwarzschild spacetime

In this section, we will explore the derivation of the canonical phase in the Schwarzschild spacetime, which represents
the external solution of a black hole with mass M. The metric for this spacetime is given by s2 = —f(r)dt? + f, where f(r) =
1—2M/r. As a result of the symmetry of the system, certain quantities, namely, energy and angular momentum, are conserved
and can be denoted as p, = const and pg = const. Ultimately, in the backdrop of the Schwarzschild spacetime, the equation of

motion (9) can be separated as follows:

1 K

12
= K —
Po sin28’
Py =1L
pr=—E
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In this context, E, L, and K represent the constants of motion associated with energy, angular momentum, and Carter's
separation constant, respectively. By employing the definition of four-momentum as p* = mx%, we can derive the following

expression:
. g K
g \/ : f(r) ( ’ r2> !

PR
me=12 sin%29’

L
md)_rzsinze'
; E
mi=——.

f@)

In the case of radial oscillation, where 8 = /2, the neutrino's angular momentum is zero, i.e., K; = L? = 0.
In the regime of weak field approximation, the disparity in the canonical phase can be calculated as follows: as

Am?, m? +m? R T
Ad;; = E—O” (rs —1p) [1 + lZEZ L <1 n *—log —S>]
0

3.2. In Kerr spacetimes
Next, we examine the canonical phase within an axially symmetric spacetime, specifically considering the Kerr
spacetime described by the following line element:
-4
2 _—

] z sin? 0
ds? = 5 (dt — asin® 6d¢)? + Zdrz +2do?% + 5 [(? + a?)d¢ — adt]?,

Here, A =12 —2Mr +a? and X =12 + a®cos? 8, where M represents the mass and a denotes the spin of the black
hole. In the Kerr spacetime, the equation of motion (9) in the Hamiltonian-Jacobi form is expressed as:
r? + a?)E — al)? z
Ap? + ph — IC A) ] <sin9 — aEsin 9) +m?r? + m?a®cos? 6 = 0,
It is worth noting that the canonical phase for a neutrino in a Kerr-like spacetime is also determined by equation (30). In
the equatorial plane of the Kerr black hole, the expression can be obtained as follows:

o frs —m2dr
i=
o 2 2
a(L; — aE; A L; — aE;
J[Ei_ ( lT.Z 1)] _r_z m1,2+( i rz l.)

4. Inseparable equation of motion

The applicability of variable separation in the equation of motion is not universally valid for all spacetimes, which makes
deriving the canonical phase for a neutrino in such spacetimes challenging. However, in these situations, an alternative approach
can be utilized by expressing equation (5) in the following manner:

Ts s 1
PD; = —m,-f ds = —ml-f —dr

18)) 18)) r
This implies that it is sufficient to derive the equation for radial motion with respect to a specific angle 8,. Our attention
is directed towards certain spacetimes where variable separation is not feasible.
4.1. The y-metric
Next, we will examine the canonical phase in the y-metric. In Erez-Rosen coordinates, the spacetime is described by the
line element:

2 2 (dr?
ds? = —fYde? + fr g7y (T + r2d92> + f17r2sin? 0d¢?,

with
1 2M L 2M  MZ?sin? 60
[l = oyt
where, M represents the mass of the central object, and y denotes the deformation of the spacetime. We can express the
canonical phase for a neutrino as follows:

. = frs mizv —9GeeGrrdr
;= —
Tp
\]gttmiz + (El2 + ;(;; L%)

Ts ml2

In the equatorial plane (6 = /2)

(pi = — dr.

2y—1
N -
where b = L;/E; is impact parameter.
The Hartle-Thorne spacetime. Let us now focus on the canonical phase for a neutrino in the Hartle-Thorne spacetime,

which is described by the metric given in reference [24]. When considering the equatorial plane (8 = 7/2), the expression for
the phase can be simplified as follows:
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(Di=—ml- dr
T - (e ) [ -2 (-2 2 -2

Key Findings and Future Perspectives: Our study delves into the classical approach to understand vacuum neutrino

oscillations in curved spacetime. We investigate transition probabilities, focusing on mass oscillations, and offer a comprehensive
roadmap for predicting neutrino behavior in diverse curved spacetime scenarios.

We calculate neutrino phase transitions in various spacetimes under general relativity, including Schwarzschild and Kerr

spacetimes, revealing separable equations of motion for neutrinos in both static and rotating scenarios. We also extend our
analysis to the Kerr-like Johannsen metric.

In summary, our research provides valuable insights into the dynamics of neutrino oscillations in curved spacetime,

offering a theoretical foundation for future studies. We anticipate that our findings will enrich our understanding of the cosmos
and neutrino physics as the exploration of the universe continues.

8.

9.
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GRAVITATIONAL LENSING IN STAROBINSKY-BEL-ROBINSON GRAVITY IN NON-UNIFORM PLASMA
Annotation

This study explores optical properties of a rotating black hole in Starobinsky-Bel-Robinson (SBR) gravity, with an
extra parameter 3, surrounded by non-uniform plasma characterized by plasma parameter k. f significantly affects photon motion
near the black hole, diminishing with distance. Photon deflection angle decreases with increasing k. B presence results in a
maximum deflection angle near the black hole, diminishing as photons move away. Photon sphere radius is notably influenced by
B and black hole's spin, with less dependence on plasma parameter.
Keywords: General Theory of Relativity (GR), Black holes, Shadows Gravitational waves, Quantum gravity.

I'PABUTAIIMOHHOE JIMH3UPOBAHUE B T'PABUTALIMU CTAPOBUHCKOI'O-BEJISI-POBMHCOHA B
HEOJHOPOJHOM ILIA3ME
AnHOTaLUA

B aTOM HccnenoBaHNM H3yYar0TCs ONTHYECKUE CBOMCTBA BpalIaloIIeiicsl Y4epHOU IBIPHI B rpaBuTaiu CTapoOHHCKOTO-
ben-Poouncona (SBR) ¢ nomomHMTENBHBIM MapaMeTpoM [3, OKPY)KEHHOH HEOIHOPOAHOHM IUIa3MOHM, XapaKTepH3yeMoi
napaMeTpoM Iuiasmbl k. B CyIIecCTBEHHO BIUMsIET Ha IBHKEHHE (POTOHOB BOJIM3U YEPHOH IBIPHI, YMEHBIIASACh C PACCTOSIHHUEM.
VYron oTkioHeHUs POTOHA yMeHbIIaeTcs ¢ yBenuaenneM k. Hamame f mpuBoauT K MakCHMalIbHOMY YIITy OTKJIOHEHHS BOJIU3H
YepHOH [BIPHI, yMEHBIIAIOMEMYCS 10 Mepe yaaneHus ¢oToHoB. Ha paamyc ¢oTOHHON cdepbl CymIeCTBEHHOE BIHSHHE
OKAa3bIBAIOT 3 ¥ CIIMH YEPHOH JBIPHI, B MEHBIIIEH CTEIIEHH 3aBHCSIIIE OT MapaMeTPOB ILIa3MBL.
KaioueBsie ciioBa: Obmas reopust otHocutenbHOocTH (OTO),YepHsie npipsl, Tenu ['paButanunonHsie BoHBI, KBaHTOBas
rpaBuTanys, MoanGuIpoBaHHbIE TEOPUHU IPABUTALN.

STAROBINSKI1Y-BEL-ROBINSONDAGI GRAVITASYONLI LEZONLASH NONIFORMAL PLAZMADAGI
GRAVITATSIYA
Annotatsiya

Ushbu tadgigot Starobinskiy-Bel-Robinson (SBR) tortishish kuchida, go'shimcha b parametrga ega va plazma parametri k bilan
tavsiflangan bir xil bo'lmagan plazma bilan o'ralgan aylanadigan qora tuynukning optik xususiyatlarini o'rganadi. Natijalar shuni
ko'rsatadiki, b ning foton harakatiga ta'siri qora tuynuk yaqinida sezilarli, lekin masofa bilan kamayadi. Fotonlarning burilish
burchagi k ortishi bilan izchil ravishda kamayadi. b ning mavjudligi gora tuynuk yaginida maksimal burilish burchagiga olib
keladi, fotonlar uzoglashganda kamayadi. Foton sfera radiusi b va gora tuynukning spinidan sezilarli darajada ta'sirlanadi, plazma
parametriga nisbatan zaifrog bog'liglik.

Kalit so'zlar: Umumiy nisbiylik nazariyasi (UNN), Qora tuynuklar, soyalar, Gravitatsion to'lginlar, Kvant tortishish kuchi

Introduction. Recently, Starobinsky-Bel-Robinson (SBR) gravity has emerged, augmenting the Einstein-Hilbert action
with quadratic terms involving the Ricci scalar and Bel-Robinson tensor[1]. Inspired by eleven-dimensional low-energy M-
theory, SBR gravity's four-dimensional formulation includes a stringy coupling parameter, 3 (3>0), determined through M-theory
compactification. Our investigation highlights p's pronounced influence near Kerr-like black hole horizons, diminishing with
distance [2]. The study on Kerr-like black holes within SBR gravity is structured as follows: Section Il presents a concise
overview of the spacetime metric, Section |1l explores photon motion and gravitational lensing phenomena, and Section IV
summarizes findings and conclusions.

Kerr-type black hole in starobinsky-bel-robinson gravity. The SBR gravity action introduces two additional
parameters, m and S, compared to the Hilbert action in General Relativity (GR), and has been utilized to formulate new physical
models, including inflation [3]. Static Schwarzschildtype black hole solutions have been derived within SBR gravity, with the
parameter m determined by solving the equation of motion [2]. It has been shown that thermodynamic quantities are modified by
the stringy gravity parameter . Consequently, the line element of this non-rotating solution is expressed as:

2 2 1 2 2 2
ds f(r)dt +f(r) drc +r<dQ

where the metric function £ (r) is
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T avzZrr,\’ (108 — 97,

S N S
fr=1 r+ﬂ< r3 )( 5r )

where g = 2M, with M representing the total mass parameter. Subsequently, the Newman-Janis algorithm [4, 5] can be
employed for certain modified gravity models incorporating additional parameters to derive rotating black hole solutions.
Specifically, in the SBR gravity, the metric line element in Boyer-Lindquist coordinates is given by:
A — a?sin? 6 z
ds?=— <f> de? + Zdr2 + 2d6?

] A — a?sin? 6
—2asin?20(2 - —— " ") atde
A — a?sin? 6
+sin? 6 [E + a?sin? @ (2 - T) de¢?,

where new parameters

3 3
A=a? 472 [1 _2M  1024m*BM*(108r — 194M)]'
r

57-10

And T =712+ a%cos?6

Two parameters, a and S8, are introduced, where well-known black hole solutions are recovered: when a = 0, nonrotating
black holes are obtained, and when g = 0, the Kerr solution is recovered with the delta function.

Photon geodesics and gravitational lensing. In this section, we explore the motion of photons and the phenomenon of
gravitational lensing in the spacetime of a Kerr-type black hole within the framework of SBR gravity.

A. Photon motion. It is commonly assumed that the environment surrounding a black hole consists of a non-magnetized
cold plasma. The electron plasma frequency can be expressed in terms of the electron density in the plasma, denoted as N(x), as
indicated in reference [6]:
4me?N(x)

me

where x denotes spatial coordinates, e and m, represent the charge and mass of the electron, respectively. In axially
symmetric spacetime, it can be expressed as follows [7]:

, _h() +9(0)
Wp = —Z

where h(r) and g(0) are the radial and angular functions, respectively. One possible choice is to set g(0) to zero and
h(r) = kv/r [7]. Given our interest in the motion of photons in the equatorial plane where 6 = /2, the electron plasma
frequency simplifies to:

Wp(x)z =

k
w,(r)? = eyEs
The plasma refraction index is defined as the ratio of the plasma frequency w,, to the photon frequency w measured by a
proper observer. It is expressed as:
2
n?=1- %
Accordingly, the trajectory of the photon is constrained to the equatorial plane. Hereafter, we adopt the convention M =
1 and impose the condition 8 = m/2 for the equatorial plane in our calculations.
The Hamiltonian governing the propagation of photons in curved spacetime in the presence of plasma is given by the
following expression:
H(x',p;) = %[g“‘pmk +wi] =0
Using the Hamiltonian differential equations
dxt 0H dp; oH
dr ~ap dr ~ oxi
additionally, two constants of motion arise from the stationarity and axial symmetry of the spacetime, which correspond
to the energy and angular momentum of the particle:
E=—pt=w,L=pdJ
a _ E9ee Loy
dr gtz¢>_gttg¢¢

d¢ _ EgeptLget
.. = z _
one can obtain £,7, ¢ as at  9i4=91tIp
V(r) _dr _ Ezg‘w—(gép—gng¢¢)w§+2Lgt¢+L2g“
dr 9rr(98s=91999) '

B. Gravitational lensing. The study examines gravitational lensing by a Kerr-type black hole in SBR gravity, focusing
on photon trajectories. It explores how the radius of closest approach (r) varies with the impact parameter (b=L/E), considering
the B parameter's influence. Larger B values result in smaller b for the same r, especially near the black hole. Faster black hole
rotation increases r, for photons at the same b due to stronger gravitational fields. This effect is significant for small b and
decreases with increasing b. The influence of plasma, represented by the k parameter, is shown to have a nearly linear
relationship with rywithin the chosen parameter range, where higher k values lead to higher ry.

The relationship between the radial coordinate r and the angle ¢ can be expressed as follows:
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d¢ Irr Jip + b

dr gt2¢ — 9et9pop

k
9o — (9?4) - 9tt9¢¢) =t 2bgep + b%g.
12

At the equatorial plane (6 = /2), the relationship between the radial coordinate r and the angle ¢ is derived from the
second and third equations in (17).
Subsequently, the deflection angle can be expressed as:

a= 2[ d—d)dr -7
o dr

The integral is numerically evaluated and depicted in Figure 1. In the first plot, increasing the black hole's spin reduces
the deflection angle of photons. Similar behavior is observed in the second plot, showing the dependence on the plasma
parameter k. The last plot illustrates that the deflection angle's dependence on the radius of closest approach is non-monotonic,
peaking near the black hole. This behavior arises from the additional term introduced in the spacetime metric involving f3. Across
all plots, the deflection angle decreases with an increase in the parameter B. Solutions from specific conditions reveal the
dependence of the photon sphere on spacetime parameters, crucial for understanding black hole shadows in SBR gravity.
Different line styles represent different plasma parameter values (k=0 solid, k=0.5 dashed, k=1 dotted). Figure 2 demonstrates
that increasing P reduces the photon sphere radius, especially for lower black hole spins.
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Specifically, for a non-rotating case (a = 0) and in the absence of plasma around the black hole (k = 0), it can be
observed that the radius of the photon sphere decreases sharply around 8 ~ 0.001, with the lines becoming smoother for higher
values of the spin parameter. Moving to the second panel of Figure 2, it is evident that an increase in the plasma parameter k
results in a nearly linear change in the photon sphere, while an increase in the spin of the black hole shifts the lines downwards.
From the last plot, it can be observed that the rate of change of the photon sphere radius with respect to the change in the plasma
parameter strongly depends on the parameter 8. Specifically, larger values of B lead to smaller rates of change.

230

—— aM=00 k=0 |
~~~~~ aM=0.1 k=05 | 26 I

- aM=05 k=05 | 3 - = 215
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FIG. 2: The photon sphere radius is depicted as a function of spacetime and plasma parameters.

Conclusion. In our study, we explored the optical properties of a rotating black hole in SBR gravity, introducing an
additional parameter B. We investigated how non-uniform plasma, quantified by parameter k, affects photon motion. Our analysis
showed that B significantly impacts the radius of closest approach of photons near the black hole, but this effect diminishes with
distance. Both increasing black hole spin and plasma parameter decrease the deflection angle of photons. Interestingly, the
relationship between deflection angle and closest approach radius exhibits non-monotonic behavior with B, peaking before
decreasing. Our findings emphasize the strong influence of f on photon behavior and spacetime in SBR gravity, revealing
complex gravitational interactions. Notably, around p~0.001, there's a significant radius decrease, especially in non-rotating
(a=0) and plasma-free (k=0) scenarios. We also observed a linear relationship between the photon sphere and plasma parameter
k, with higher spin values causing downward shifts in the lines.
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Ha ocnose 0630pa npogheccopa A.Tabaposa

UMUMLASHTIRILGAN CHIZIQLI KVAZIGURUHLAR VA i-KVAZIGURUHLAR HAQIDA
Annotatsiya

Kvaziguruhlar nazariyasining vazifalaridan biri, shuningdek, boshqa sotsiativ bo‘lmagan algebraik tizimlar nazariyasi
kvaziguruhlarning morfizmlarini o‘rganish va tavsiflashdir. Gomomorfizm, endomorfizm, avtomorfizm, avtotopiya va
umumlashtirilgan chizigli kvaziguruhlarning endotopiyasi [1-3] ishlarda batafsil o‘rganilgan. Ushbu maqolada asosan
umumlashtirilgan chizigli kvaziguruhlarning gomomorfizmi va ularning parastroflari (chap kvaziguruh va ularning parastroflari,
o‘ng kvaziguruh va ularning parastroflari, birinchi (ikkinchi) turdagi aralash chiziqli kvaziguruh va ularning parastroflari)
o‘rganilgan. Bundan tashqari, birinchi (ikkinchi) turdagi aralash tipdagi kvaziguruhlar va ularning parastroflarining i-
kvaziguruhlar bilan bog‘lanishi topilgan.

Kalit so‘zlar: o‘ngdagi chiziqli kvaziguruhlar, chapdagi chiziqli kvaziguruhlar, parastrof, endotopiya, birinchi tur aralash tipdagi
kvaziguruh, ikkinchi tur aralash tipdagi kvaziguruh, avtomorfizm, antiavtomorfizm, i-kvaziguruh, endomorfizm.

OB OBOBILEHHBIX IMHEMHBIX KBASUI'PYIIII U i-KBASUTPYIIII
AnHOTaLUA

OpnHOIt U3 3a/1a4 TEOPHU KBAa3WIPYII, KaK M TEOPUs IPYrHX HE COLMATHBHBIX alreOpandecKhX CHUCTEM, SIBIIETCS WU3ydeHHEe W
omucanne MopduamMoB kBazurpymi. B paborax [1-3] mompoOHO u3ydaroTcss roMOMOpGU3M, SHIOMOPGHU3M, aBTOMOPGHU3M,
ABTOTOMMS, SHJIOTONMS OOOONIEHHBIX JMHEHHBIX KBAa3UIpymI. B 1aHHOW craTbe B OCHOBHOM H3Y4YaroTCsl TOMOMOP(H3M
0000IIEHHBIX JHHEHHBIX KBa3UTPYIIT W UX MMapacTo(bl (JMHEHHAs clieBa KBAa3WUTPYINAa M WX MapacTpodbl, JIWHEHHas crpaBa
KBa3WUTPYIIa U UX MapacTpo(dbl, KBa3UTPyIIa CMEIIAHHOTO THIA JIMHEHHOCTH TMEPBOTO (BTOPOTO) pojaa W WX MapacTpOdbl).
Kpome Toro, HaiiieHbl CBS3b KBa3MIPYIIIBI CMEIIAHHOTO THIIA JIMHEHHOCTH MepBoro (BTOPOro) poja M UX mapactpodos c i-
KBa3UTPYIIIAMH.

KnroueBble ciioBa: JMHEiHbIE CripaBa KBa3WMIPYIIIBI, JIMHEHHBIC CJIeBa KBa3HIPYMIBI, MapacTpod SHIOTOIMS, KBa3HIPYyIIa
CMEIIIAHHOTO THIAa MEPBOr0 pOJAA, KBa3WUIPYIIa CMEIIAHHOTO THIIA BTOPOrO pOJa, aBTOMOP(U3M, aHTHABTOMOP(HH3M, i-
KBa3HUIPYIIa, SHAOMOPHH3M.

ON GENERALIZED LINEAR QUASIGROUPS AND i-QUASIGROUPS
Annotation

One of the problems of the theory of quasigroups, like the theory of other algebraic systems, is the study and description of
morphisms of quasigroups. In works [1-3] homomorphisms, edomorphisms, automorphisms autotopy endotopy of generalized
linear quasigroups are studied in detail. This article mainly studies homomorphisms of generalized linear quasigroups and their
parastrophes (left linear quasigroup and their parastrophes, right linear quasigroup and their parastrophes, quasigroups of mixed
linearity type of the first (second) kind and their parastrophes). In addition, a connection was found between quasigroups of
mixed type linearity of the first (second) kind and their parastrophes with i-quasigroups.

Key words: right linear quasigroups, left linear quasigroups, parastroph, endotopy, mixed quasigroup of the first kind, mixed
quasigroup of the secont kind, automorvism, antiautomorphism, i-quasigroup, endomorphism.

Beenenmne. 113y4denns aBToMop(HHU3MOB ¥ TOMOMOP(HU3MOB KBa3UTPYIII ObLIA HA4aTO yXKe B CaMBIX MEPBBIX paboTax 1o
Teopuu kBasurpymit. Tak, B 1944 rogy A.Anbept [4] mokasai, 4To Tpymia aBTOMOp(HU3MOB KBa3UTPYIITEI H30MOp(hHA

MOATPYIIIIE TPYIIBI aBTOMOP(U3MOB KXKAOH M3 IPYIIIL: LM, RM, M, TO €CTb IPYIII, MOPOKIEHHBIX COOTBETCTBEHHO
JICBBIMH, NIPABBIMH, JICBHIMH 1 TIPABBIMA TPAHCIAUMAMH KBasUrpynmbl. Kak obbrano, L x =a-x —nesas,a R, x = x-a —
IpaBasi TPaHCIAIMS KBa3UTPYIIIIBI OTHOCUTENBHO dJIEMEHTa (.

Teopus MTMHEHHBIX KBA3UTPYII 3aHMMAET OJTHO M3 LIEHTPaIbHBIX MECT B 00Iel Teopun kBasurpymni. B kmacce
KBa3UTPYIII, H30TOMHBIX TPYIIaM, OOJIBLION HHTEPEC MPEICTABIAIOT JuHeiHbIe kBasurpyrmsl. CornacHo B.JI. Benoycosy, [5]

KBa3uUrpyImna (Q,) Ha3bIBAeTCS JTMHEHHON Haj Ipynnoi (Q,+), eciu (Q,) MMeEET BUL

Alx,y)=px+yy+c o
rne O, Y € Aut (Q,+) , C — duxcuposanuprii sneMenT 13 MHONKecTBa Q .
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I'.B.BemsiBckas u A.X. TabapoB B pabotax [6-7] BBeM Jpyrue KIacchl KBa3UTPYIII aTHHEHHbIC M HX 00001IeHNs, a
UMEHHO, aJMHEeHHbIE clieBa (CIIpaBa), KBa3UTPYIIIBI CMEIIAHHOTO TUIIA IMHEWHOCTH U Apyrue. Ha3BaHHbIE 3TH KIacchl Takoe
CBSI3aHBI C YPAaBHOBEIICHHBIMH M HEYPABHOBEIICHHBIMHU TOXKIECTBAMH.

Kgasurpynma (Q,?) maswiBaercs maneiinoit criesa (cnpasa) ax rpynmoit (Q,+), ecmu (Q,) umeer Bua
A(X, y) =@pX+ ,B y+cC (A(X, Y) =aXx+tyy+cC ), rae ﬂ (cooTBeTcTBEHHO O ) — HoACTaHOBKA MHOXKecTBa Q)
pe Aut(Q,+) (ve Aut(Q,+)) 1.

Ksazurpymnmna (Q,) HA3bIBACTCS KBA3UTPYMIION CMELIHAHOTO TUMa JTuHelHocTH | pona wiu | pona, ecnu (Q,)
UMeeT BUJ A(X, y) = QX+ l/7 Y + C coorsercraenno A(X, y) = (5 X+WY+C, rze @, € Aut (Q,-I—),
@,/ — antuaBTOMOpMU3M IpyMIbI (Q,+) [8].
ITycts (Q,) — NpOM3BOJIbHAs KBasUIpymma. Tpoiika oToOpaxeHuit (0(, ﬁ ) ]/) Ha3bIBaeTCA YHJOTONUEH

KBa3UTPYIIIbI (Q,) , €cllu }/(X : y) =ax- ﬂ Y.B ciyuae, ecmu Y = = ﬂ y TO )/ — Ha3bIBAETCS 3HAOMOPPU3IMOM
KBa3UTPYIIIbI (Q,)
C kaxJ0lf KBa3UTpynIon (Q, ) CBSI3aHBI IIITh KBAa3UTPYMITEL, KOTOPBIX HAa3hIBAIOT MapacTpodamMu KBa3HIPYIIITEI

(Q, ) [9]. HosicauMm 3TOT (akT. Ecm 0603HaYNM KBa3HTIPYIIIOBYIO ONEpatsito KBa3UTPYIIIIBI (Q, ) yepe3 A, To omepatsiro A
MOJKHO acCOLIMMPOBATH CJICAYIOLINMHU KBa3UIPYIIOBBIMH OIIEPAtSisIMH:

AlX,, X, )= X, = A2) (X, % )= X, & Al3)(X;, X, )= X, < A23)(x,, %)= X,

& A@32)(Xy, X5 )= X, < A(123) (X5, X, )= X, . 310 osmamaer, wro A (X1, X, )= X 4

< A%, X, )= X5, me oe S = {e, (12), (13), (23),(123), (132 )} - rpynna nozcTaHOBOK TpeTHETO
nopsawa. Taxin ofpazon, ans seazurpynmst (Q, A) eymecrayior cneayoume nams napacrpogon: (Q, A™) (Q, *A)
@ *aY), (Q, (* A)’l) a(Q, A) rae A"(x,y) = Ay, x).

OYeBHIHO, UTO eCITH (Q, ) KBA3UIPyIIIa CMEMAHHOTO TUIIA [IEPBOTO POJA A(x, y) =@px+yY y+c,mo
cymectayior crenyrome s mapacrpodos: A (X, Y)= @y + 7 X+, TA(X,y)= o x+ oW y+Joc,
At(x,y)=di tox+i ty+Jdir e ((’1A)71Xx, Y)=py+Jo iy x+Jpc
(‘1(A‘1)Xx, y)=Jdw toy+i x+Jiyc.

AHIOTHUHO eCITH (Q, ) KBA3UTPYTINA CMEMIAHHOTO THIA BTOPOTO POJIA A(x, y) =px+yy+c,mo
cymectayior crenyiomme s mapactpodsi: A (X, Y)=@ Y+ X+, TAX,y)=¢ ' x+Jp 'y y+Jp ',
A y)=dy o x+yty+dy e ((‘1A)_1XX, y)=0y+Jp lwx+Jpc
(’1(A’1)Xx, y)=Jdy toy+y x+JIyc.

Teopena 1. TTycrs (Q, A) uneiinas cnpasa eazrpynn suza A(X, y )= x+y y+c u (Q,47)

-1 -1 -1 -1
A (x,y ): Jl// ax+y " y+ Jl// C, eé mapacrpod. [TogcranoBka X Takue 4To CXO:O, ucC= 0, e 0 —

nynesoii snement rpynmst (Q,+). ¥ — npowssonbuiii sunomopdusm rpymmer (Q,+). Torna ¥ sensercs romomopdusmom
cwazsrpymmst (Q, 4) u (Q, A™) toraa u romxo Torma, korma sumombLOTe crenyiomue yeronun Y& = JW T ay,
=y e=lye
Howasarenserso. Tyers (Q, A) suneiinas cnpasa xsazurpym suma A(X, y )= x+w y+c¢ u (Q,47Y)

AMx,y)=dy ™t ax+y ™ y+ Iy e, cénapacrpopn @0=0u ¢ =0. Jlance ¥ smromopusm rpynms
(Q4) u y/(x~ y): ¥ Xo Y. Torma

y(ax+yy+e)=dytayx+yty+ye,

YraxtRyvy)dvtayx+R, vy,

yax+yRyy=Jy ayx+R, v 'ry,

Tlonmoxum: X = 0, ¢ =0. Torna
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7a0+7/§01//y = Jt//’lay0+ §JW,101//71}/ Y, ydutsIBas, 4yTO 0{020, }/0=0, Jl//_lo = 0,

RJw’lo = ﬁm = ﬁo = ﬁo = Ononyunw: Y0+ yyw y = Jl//_la}/O‘H//_l]/ Y, oxazamo, uto ecrn

xpasurpymmsr (Q, A) u (Q, Ail) H30TOIHBI }/(X o y) =o0X: ﬂy y TO HX IIOJYTPYIIIBI SHIOTOMMI CIIPSKEHBI
YWY=yTyYum yy =y 7.
Tenep, ecu nonoxkum y =0, To y & X+ yy0=1J Wﬁl ayX+ l//7170,
yax=dyayX wmya=dy " ay.

C npyroit cTOpoHBI MOXKHO JI0Ka3aTh:
y(x-y)=y(ax+R, yy)=yax+ R, yy=dy ayx+ R, W 7y=rxery,

TO €CTh 7(X' y)= Yy Xoyy.

Caencteue 1. Tlycts (Q, A) suneiinvie cnpasa xazurpynm suma A(x vy ) =ax+yy+cu (Q,_1 A)
_1A(X, y ) = a‘l X+ J(Z_ll// y + Ja_lc, e€ mapactpod. [ToncranoBka (' Takue 4TO a0= O, ucC= O, rae 0-
HYJIEBOH 3JIEMEHT I'PYIIIIbI (Q,+). Y — IpOu3BOJIBHBIA 3HAOMOP(QU3M IPYIIIbI (Q,+). Torga )/ sBnsercs roMoOMOpQU3MOM
xpasurpymmer (Q, A) u (Q, A_l) TOT/Ia M TOJIBKO TOT/Ia, KOT/Ia BBIOJIHSIOTCS CISAYIOIIUE YCIOBUS

=o'y, w=Jdayy, c=Ja"tc.
Cuencreue 2. ITycTs (Q, A) JIMHEWHBIE CIIEBAa KBA3UIPYIIT BHIA A(x vy ) =px+ ﬂ y+Cu (Q,_l A)

_1A(x, y )= (0_1 x+ J(D_lﬁ y+ J(D_lC, ¢& napactpod. Toacranoska ff takue uro fO0=0, u ¢ =0, rae 0 —
HYJIEBOM 3JIEMEHT IPYIIIbI (Q,+). Y — IpOU3BOJIBHBIA 3HAOMOP(QU3M IPYIIIbI (Q,+). Torga )/ sBnsercs roMOMOpQU3MOM
xpasurpymmet (Q, A) u (Q, Ail) TOTZa ¥ TOJBKO TOTJ[a, KOTIA BBITOJIHSIOTCS CIEAYIONINE YCIOBHS
w=¢ 7, 1B=3p By c=dg ¢
Canencrsue 3. TTycts (Q, A) nuneiinbie cresa kpasurpynn sua A(x, y ) =@px+ IB yv+cu(Q, Ail)
A_l(x, y ) = Jﬂ_l gox-i—ﬂ_l y+ Jﬂ_lc, eé mapacTpod.

IloncranoBka ﬂ Takue 4To ,BO =0, uc=0, e 0— HYJIEBOI1 2JIEMEHT IpyMIIb (Q,+). Y — HpOM3BOJIBHBIN

SHIOMOP(HU3M TPYIIIIBI (Q,+). Torma ) sBnsercs roMoMophU3MOM KBa3UIPYTIIbI (Q, A) u (Q,A_l) TOra ¥ TOJBKO

TOTIa, KOT/IA BEIONHAIOTCA CIEIIOIIHE YCTOBHA
w=3"pr.B=p"rc=3f"c
Teopema 2. Tycts (Q, A) muneiimas cnesan (Q, A7) eé mapactpod man rpymme (Q,+) xeasurpynma:
A(x, y ) =px+fy+cu Afl(x, y ) =18 ox+ 7 v+ IB7c. To orospanenne ¥ — romomopdu3M
xeasurpymmsr (Q, A) & (Q, 47): }/(x . y)= ¥ X0 ¥'Y. Torma roMoMopusM ) MOXKHO MEICTABHT B BHJIE
y=38"pr0p" =R . ByOR 7 =LR0.
Toxasatenserso. Iycrs (Q, 4) n (Q,4™") romomopdmsm }/(X- y): yXoyy.

y(px+By+c)=3p" px+p y+3Ip7,
rlox+R. By)=3p 0 x+R . By,
y(x+y)=3p" 0y 9" x+R . BYRI B,
10 ecTh, (J,B‘l oy o, I-iJ e ByR1B, 7/) sunorormus rpymmer (Q,+). U3 [10] sicko, uto, moGas
swsorons rpymmst (Q,+) mveer muxe T = (L0, R0, L,R,0), cacnonaremno L& =B 0y ¢,
RO=R,.B 7R B LRO=y. orcya
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y=Jp"pyl0p "= ﬁjﬁ,lcﬂ‘lyﬁ ﬁ;l L= Ea ﬁbH.
Caencrene 4. Tyers (Q, A) muneiinas cnesan (Q, ™ A)  eé mapactpod man rpymmoit (Q,+) kpasurpymma:
A(x, y ) =px+fy+cu _lA(x, y ) =@ x+Jo " By + o c. To orobpancne ¥ — romomopdusm
ssasmrpymm (Q, 4) 5 (Q,™ 4): 7(X- ¥)= ¥ X0 ¥ Y. Torna romomopdmau ¥ Moo mpeacrasut » Buze
y=¢"y0p" =R, I BrOR’ B =LR,0.

AHAJIOTUYHO €CJIY MOJKHO J0Ka3aTh AJIs JIMHEHHOM CIpaBa KBa3UTPYIION U UX MapacTpo(OB U KBAa3UTPYNIIaMU
CMELIaHHOTO THIIA NIEPBOTO (BTOPOTO) poJa U UX MapacTpoQBbl.

Caexcreue 5. TTycts (Q, A) MUHEliHAs CNPasa KBAa3UrpyIINa BUA A(x, y ) =ax+yy+cu(Q, " A):
‘1A(x, y ): atx+layy+Jac, ((Q, A A‘l(x, ¥ ): Juytax+yty+] y/_lc) cé
napactpodst. To oroSpaertte ¥ — rovowopdusy kaasnrpynmst (Q, 4) 5 (Q, ™ 4) n (Q.4)6(Q, 47))

(X~ )= 7 X0 ¥ Y. Torna romomoppusy ¥ oo npeacrasut s snze
y=alyfat= IE\’-Ja,cha_ly/}/H RYy*=LR#,

Caexcrsue 6. TTycts (Q, A) MuHeliHas CNpasa KBA3UTPYII BUJA A(x, y ) =ax+yy+cu(Q,A):
71A(x, y ): atx+Ja'yy+Jac, ((Q, A™M): A’l(x, y ): Jytax+yty+] l//flc) eé
napacpotpe:. To oTobpmxerme ¥ — romomopdmm wesmrpymmst (Q, 4) = (Q,™ 4) u (Q, 4)6(Q, 47))
7(X-¥)= X0y Y. Toraa romomoppusm ¥ Moo mpescranit » e

y=alyfQa™ s Ja” !//}/9R v E
L

R0,

(]/=Jl//_ ayOa™ =RJW,1CI// y@Rc o ﬁ@)

Cuencrsue 7. ITycts (Q, A) KEA3UZPYNNG CMEWANHO20 MUNA Nepeo2o podd (x ¥ ) OX+W y+cCu

Q1 A): M Alxy )= x+ 3977 y+ dg7e, (Q AT AN xy)=37 Fpx+ip y+ )
e& mapactpoysr. To oToGpaere ¥ — romomopdism keasurpymmsr (Q, A) & (Q,™ A) u ((Q A) e(Q, A ))

7(X-y¥)= X0y Y. Torna romomoppusy ¥ oo npeacrasut s sze
y=¢"'y0p =R, I proR g =LR0,
(=37 prop™ =R, .7 7OR =L R0).
Caencrene 8. TTycts (Q, A) K6a3UZPYNNA CMEWANHO20 MUNA 6MOPO20 Pood A( X,y ) =@ x+yy+cu
Q7 A): A, y) =g x 35y y+ 35 e, (QA™): A wy )=y Gty y+ Iy )
et napactpocpi. To otobpaenre ¥ — rosoophuan kasrpynm (Q, 4) 5 (Q, ™ 4) n (Q, 4) 6(Q, 47)),

Y (X . y)= Y Xo ¥'Y. Torna romomopdusm ) MOXKHO NPEACTABHUT B BUAE
y=0 ‘y0p ‘= ﬁjw,chgB*ll//yH Ry t=LREG,
=3v"5rop"- R, ¥ 7OR y ™ =LR0 )

BBI/IIIy TOT'0, YTO JO0Ka3aTCIbCTBO CIeACTBHH 1-8 MOUYTH ITOTHOCTHIO MIPOBEPAIOT AOKA3aTEILCTBO TEOPEMbL lu 2,
IMO3TOMY CUHUTAEM, YTO HET H806XOIII/IMOCTI/I JUIA 1OKa3aTCiIbCTBA CJ'Ie,I[CTBI/Iﬁ 1-8.

Onpenenenne 3. Kazurpynmna (Q, ) Ha3bIBaeTCsl i-KBa3UTPYIIIION €CITH B (Q, ) YIOBIETBOPSAET TOXKAECTBY [5]

x-((x-y)2)=y-(z-x)-x), Vx,y2€Q. @

Teopema 3. [Tycts (Q, ) KBa3Urpymma CMELIaHHOTO TUIIA IIEPBOro pojia A(X, y) =@pX+ 1/7 Y+ ¢ nm
X-y= (DX—H7 Y +c¢, c ycnosuem a ‘= &, 1/74 =Efu@Px+xe (Q,+), V(X)E Q.Torna (Q, ) SIBJISIETCA -

KBa3UTPYIIIOH, eCITi (Q, ) MIPE/ICTaBUTH B BHJE

X-Yy=pX+@’y+c, @)
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rae, P € Aut (Q,+), 1/7— AHTHABTOMOP(U3M TPYIIIBI (Q,+).
JlokazaTesnbcTBo. IIycTh (Q, ) KBA3UTPYIIIa CMeLaHHOTo Tuna fepsoro poga X+ Y = @ X+ & y+c¢, ¢
2, —2
yenosueM 0 '=& u W = & . U3 pasencrro (2) u (3) crenyer, 4to
x-((x-y)-Z):(0x+172((p((px+172y+c)+1722+c)+c:
:(px+l/71/7((p 2x+(p172y+(pc+l/722+c)+c =
:(0x+l/7(l/70++1732+l/7qpc+17(pl/72y+l/7(0 2x)+c:

:gox+1/72go2x+(/72¢)y72y+1/72¢)c+!742+1/720+c:
=QX+x+Qy+@c+i+c+c.

4)
y-(z-x)-X)=py+7?(plpz+7 X +c)+F?x+c)+c =
:goy+t/71/7(go22+gm/72X+goc+t/72x+c)+c=
=Y+ QI+ o X+ o+ xrete=

=Qy+ZI+eX+@c+x+c+c. ©)
W3 paBenctso (4) u (5) cnenyer, 4To
PX+X+QY+@Qc+I+c+c=Qy+I+@K+@c+x+c+c.
PX+X+QY+Qc+7 =Qy+7+@X+@c+x. ©)

Tonosxum, B paserctse (6) ¢ = 0, Torma PX+X+QY+IL=@py+7I+pX+Xx.
B nocinensem paBeHCTBE 3aMeHss ) Ha a_ly nonysum PX+X+y+Z==y+Z+@X+ X, 10 ectbB

— 2 —4
KBa3UIPYIIIa CMEIIAHHOTO TUIIA IEPBOro poja c ycnosuwsiM P =&, W =& u @PX+ X € (Q,+), v (x)e Q

BBITIOJIHACTCA TOXKIACCTBO i -KBasurpyiiia.

CaencrBue 9. Ilycts (Q, ) KBa3UIPyIIa CMEIIAHHOTO THUIIAa BTOPOTO poAa A(X, y) = (3 X+ Y+ Cum
— —4 2
X-Y=@X+yYy+c,cycnosusm ¢ =&, Y =&nulWPx+xe (Q,-I—). Torma (Q, ) SIBIISIETCS I-KBa3UTPYIION,

ecim (Q, ) NPEICTABUTH B BUJIE
X-Yy=0>X+y y+c.
Caenctsue 10. ITyctb (Q, ) KBa3urpyIina CMEIIaHHOTO THIIA TIEPBOTO poJia A(X, y) =@pX+ !/7 Y+cu
(Q, A_l) CAT (X, Y) =J l//71 (ITX-H/IAJ/ +J l//flc eé napactpod. Torna 1 TolbKo Tor/a (Q, A_l) ABIISIETCS i-
KBa3UIPYIIIOH, €CIIU B (Q, A_l) BBINOJHSIOTCS CIEAYIOLINE YCIOBHS ([7_2 =&, l//_2 =&, x+J (Zx € (Q,+),

v (x)e Q.
JlokaszarenscTBo cneacTBre 9 u 10 aHATOTMYHO KaK 10Ka3aTeNbCTBO TEOPEMBI 3.
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THE IMPORTANCE OF INTERMOLECULAR INTERACTIONS IN THE FORMATION OF TYROSINE
MOLECULAR COMPLEXES
AHHOTaTHOH

The Raman spectra of neat tyrosine were investigated in this work using both experimental and quantum chemical calculations. A
potential energy distribution (PED) analysis was carried out to determine the vibrational frequencies of each atom and their
interactions with other atoms. Calculations were also used to investigate interaction energies, bond lengths, and vibrational
frequencies. This enabled us to learn a lot about weak intermolecular interactions. C=0, N-H, and O-H vibration frequencies
were also seen decreasing as the number of molecules increased.

Key words: Tyrosine, Raman, H-bonding, PED analysis.

3HAYEHHUE MEXMOJIEKYJISIPHBIX B3AMMOJENCTBUI B OBPA30OBAHUU MOJIEKYJJIAPHBIX
KOMIIJIEKCOB TUPO3HHA
AHHOTALUSA

B nmamHo#t pabore CHEKTps! KOMOWHAIMOHHOTO PACCESHHS YHUCTOTO THPO3HMHA WCCIENOBANNCH C HCIIOIB30BAaHHEM Kak
JKCIIEPUMEHTAIIBHBIX, TaK ¥ KBaHTOBO-XMMHYECKHX PacueToB. AHalM3 pacrpeaeneHus moTeHnuanbHoil sueprun (PED) 6bun
MPOBEJICH VISl ONIPE/ISNICHUs] YacTOT KoJeOaHWi KaKIOoro aToMa M MX B3aUMOJAEHCTBHS C JAPYTMMH aToMaMu. PacueTsl Taroke
UCIIOJIBb30BAINCH ISl UCCIIEI0BAaHMsl SHEPTUH B3aMMOJEHCTBHS, [UIMH CBSI3el, YacTOT KojeOaHui. DTO IMO3BOJIMIIO HAM MHOTOe
y3HaTh O CJIAa0BIX MEKMOJIEKYISIPHBIX B3auMoercTusax. Yactotsl konedannit C=0, N-H u O-H rtaxke ymeHbInanucs no mepe
YBEIMYEHHUS IHCIIA MOJEKYIL.
KnioueBble ci0Ba: THPO3WH, KOMOWHALIMOHHOE paccesiHue cBeta, H-cBsa3b, PED.

Annotatsiya
Ushbu ishda toza tirozining Raman spektrlari tajriba va kvantokimyoviy hisoblashlar yordamida tahlil gilindi. Har bir atomning
hamda atomlarning boshga atomlar bilan birgalikdagi tebranish chastotalarini tahlil gilish uchun potensial energiya tagsimoti
(PED) analizi o‘tkazildi. Shuningdek hisoblashlar yordamida o°zaro tasir energiyalari, bog‘ uzunliklarinng o‘zgarishi aniglandi.
Bu esa molekulalararo kuchsiz ta'sirlar hagida muhim ma'lumotlar olish imkonini berdi. Shuningdek molekulalar soni ortishi
bilan C=0, N-H va O-H tebranish chastotalari kamayishi kuzatildi.
Kalit so‘zlar: Tirozin, Raman, H-bog‘lanish, PED analiz.

Introduction. Currently, the research of intermolecular interactions are both theoreticaly and practicaly important [1-5].
The interaction of aromatic rings is one among many noncovalent interactions mentioned in the literature. This is an interaction
among strongly electronegative ring centers (n-system), which can also interact with the weakly polarized hydrogen atom in C-H.
A m-system can also interact to itself by a n-n stacking interaction [6]. Such bonds also include interactions such as C-H... , C-
H-O, halogen, and other o-holes. However, such interactions have not been thoroughly explained theoretically at this point [7].
These bonds are important in proteins and biomolecules, crystal engineering, material science, molecule self-assembly, and
supramolecular structures, particularly DNA structure [8-11]. Mutual stick interaction joins adenine and temin, which are the
fundamental building blocks of DNA [12]. Tyrosine is one of the chemicals participated in such bonding, and tyrosine-(4-
hydroxyphenylalanine) is an essential amino acid for all living organisms. Similarly, the human body may obtain terosine, also
known as L-terosine, from protein-rich diets (meat, fish, regular meals, and legumes). The substance is often used in sports
nutrition because of its potential for reducing tiredness [13]. This substance, like other amino acids, contains many H-bonding
sites. In the crystal phase and polar solvents, the carboxyl group (COQ") of the tyrosine molecule functions as a proton acceptor,
whereas the amino group functions as both an acceptor and a donor. Although intermolecular interactions of tyrosine are weak,
they play a crucial role in protein structure.
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The characteristic vibration and structure of therosin and therosinate have recently been examined using quantum
mechanical approaches, specifically the DFT method [14]. Belén H. and others investigated the characteristic vibrations for
different therosin and therosinate conformations using Raman spectra and calculations [15]. The optimal geometry, harmonic
vibration frequency, IR intensity, and Raman activity were also investigated using the DFT/B3LYP/6-311G(d,p) method [16].
Despite the many experiments and calculations conducted by Abdelali B. and others, analyzing vibrations in the 2600-3600 cm
region remains a difficulty.

According to the review of the above literature, despite the fact that many scientific studies have been conducted to study
the formation mechanisms of weak H-bonded complexes in tyrosine and their manifestations in their spectra, there are many
uncertainties and contradictory opinions in the study of weak intermolecular interactions. In this work, experimental and
calculated Raman spectra were analyzed. Also, with the help of quantum-chemical calculations, interaction energies, changes in
bond lengths, vibration frequencies and PED were analyzed.

Experimental and Computational Details. The Raman spectra of neat tyrosine were obtained using a Renishaw Invia
Raman spectrometer. As a dispersion element, this spectral instrument has a 1200 lines/mm diffraction grating. An argon laser
with a wavelength of 532 nm and a power of 50 mW was utilized to generate excitation light. The scattered light was recorded
using a standard Renishaw CCD camera detector. All experiments were carried out at normal atmospheric pressure and at room
temperature. The exposure time is 10 seconds, and the resolution is 0.5 cm™. The Gaussian 09W program was applied for
conducting calculations using the density functional theory (DFT) method [17]. DFT is used to calculate ground state
optimization molecule as well as the frequency and intensity of different bands. B3LYP is a useful computational function for
medium and high-order molecules. The 6-311+G (2d, p) basis set was used for finding optimal gemetry of molecular structures.
The PED (potential energy distributions) analysis was carried out using the VEDA 4.0 (vibrational energy distribution analysis)
tool at specific vibration frequencies.

Results and Discussion. In this work, the normal vibration frequencies of the tyrosine molecule have been calculated
using methods and compared to experimental results. Tyrosine is a nonlinear molecule with 24 atoms. The formula for 3-N-6
provides 66 fundamental vibrational frequencies. 12 vibration frequencies were found through experiment. Table 1 indicates that
the experimentally and theoretically obtained modes of CCN deformation and CCCC torsional vibration frequencies differ
around 9%. The other frequencies are around £5% of the experimental values.

Figure 1 also shows experimental and calculated Raman spectra. The mode formed by mixing the CCC deformation and
CCCC torsional vibration frequencies at 431 cm* has been found as 429 cm™ at calculation, which is precisely suitable with the
observed value. The mode consisting of a combination of CC stretchingand CCC deformation vibration frequencies
corresponding to 630 cm is 659 cm, which differs from the observed result by 29 cm™. The HNH at 828 cm, which is a
combination of torsional NHCC and HCCC vibrational frequencies, is differ by 27 cm from the determined value of 855 cm™.
The mode composed of the two CC stretching, HCC and CCC deformation vibration frequencies corresponding to 1179 and 1200
is calculated to correspond to 1198 and 1224 cm?, differing from the observed value by just 2%.

Table 1. Experimental and calculated frequencies and PED analysis of tyrosine.

(i) Raman Calcul. Exp./Calc. PED tahlil (%)

1 30 CCCC T (24%), CCCO T (58%)

2 38 CCCC T (75%), as CCCO T (10%)

3 48 as CCN B (15%), CCCC T (52%)

4 76 CCN B (12%), as CCCC t (10%), CCCC T (48%)
5 160 146 1.09 CCN B (29%), CCCC T (27%)

6 237 CCN B (13%), as HNCC t (11%), CCNC 1(29%)
7 245 CCN B (24%), as HNCC T (42%)

8 282 CCN B (43%)

9 302 as CCN f (36%),CCC B (10%), as HNCC t (34%)
10 317 as HOCC t (95%)

11 327 CCC B (46%), as HCCC t (12%)

12 375 CCN B (10%), CCCC t (16%), as 17%y (OCCC)
13 423 As CCC B (15%), HCCC T (13%), CCCC T (61%)
14 431 429 1.00 CCC B (64%), CCCC T (10%)

15 469 As CC v (12%), OCO B (13%), as CCN B (12%)
16 524 CCC B(11%), as HCCC t(17%), as OCCC t(17%)
17 553 as CCC B (23%), as HCCC t (18%), OCCC t(12%)
18 620 HOCC T (70%)

19 638 0CO B (37%), HOCC T (14%)

20 630 659 0.96 as CC v (11%), as CCC B (73%)

21 726 HCCC 1(14%), as CCCC t (45%), CCCC T (11%)
22 767 as OCOC T (36 %)

23 789 as CC v (14%), CC v (13%), as CCC B (12%)

24 798 as CC v (14%), CCN B (14%), OCOC T (22%)

25 817 HCCC Tt (88%)

26 841 as OC v (15%), HNCC t (12%), HCCC t (26%)
27 828 855 0.97 HNH B (11%), HNCC 1 (38%), as HCCC T (19%)
28 863 OC v (51%), CCC B (14%)

29 944 HCCC T (60%)

30 965 HCCC t (82%), CCCC T (12%)

31 968 HCC B (11%), HCCC t (22%), CCNC y (11%)

32 1024 CC v (45 %)

33 1033 0.95 as HCC P (19%), CCC B (64%)

34 1102 NC v (57%)

35 1123 as CC v(21%), as HCC B (22%), HCC B (19%)

36 1148 OC v(39%), HOC B (21%), HCN B (16%)

37 1170 as CC v(11%), as HNC B (15%), HCC B (26%)
38 1191 HOC B (49%), HCC B (50%)

39 1179 1198 0.98 as CC v(19%), as HCC B (66%)

40 1200 1224 0.98 as CC v(37%), as HCC B (11%), CCC B (11%)

41 1232 HOC B (12%), HNC B (15%), HCN B (10%)

42 1279 as OC v(65%), HCC B (13%)

43 1317 HOC B (32%), HCCO T (12%)

44 1326 as HCCC t (45%)

45 1348 CC v(17%), as CC v(17%), as HCC B (25%)

46 1363 HOC B (11%), as HCC B (28%), as HCCO t (20%)
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47 1326 1371 0.97 as HCC B (23%), HCCO t (24%)
48 1449 as HNC B (12%), HNC B (29%)
49 1472 CC v(20%), as HCC B (18%), HCH B (12%)
50 1485 HCH B (67%)
51 1549 CC v(26%), HCC B (52%), CCC B (12%)
52 1630 CC v(51%), CCC B (15%)
53 1643 HNH B(73%), HNCC t (21%)
54 1653 as CC v(62%), HCC B (18%)
55 1613 1801 0.90 OC v(83%)
56 3023 CH v(90%)
57 2931 3062 0.96 CH v(89%)
58 2967 3081 0.96 CH v(90%)
59 3146 as CH v(13%), CH v(86%)
60 3154 CH v(94%)
61 3169 CH v(86%), CH v(13%)
62 3062 3189 0.96 CH v(94%)
63 3489 NH v(99%)
64 3571 as NH v(99%)
65 3736 OH v(100%)
66 3827 OH v(100%)
Abbreviations: v _stretching; B-deformasion; t-torsion; as-asymmetric.

The HCC mode at 1326 cm, formed by the combination of deformation and torsional HCCO vibrational frequencies, is
calculated to be 1371 cm, which differs by 45 cm™ from the experimental result. In addition, the CO mode corresponding to
1653 cm is calculated to be 1613 cmt, which is 10% different from the experimental measurement. The modes of the CH
stretching vibration frequencies corresponding to 2931, 2967, and 3062 cm™ are calculated as 3062, 3081, and 3189 cm™,
respectively, with a 4% difference from the experimental values.

2

4 3627}
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Figure 1. Raman spectra of tyrosine: a) experimental and b) theoretical

Also, calculations were performed on tyrosine molecule aggregates that ranged from monomer to trimer. Figure 2(a)
depicts the tyrosine monomer, in which the carbon (Cs, Cs, Co, and C11), oxygen atoms (O1, Oz, and Os), and nitrogen atom (Na)
are negatively charged while the remaining atoms are positively charged. The carbon C7 atom in the molecule has the highest
positive charge (1.30), while the carbon Cs and Ce atoms have the most negative charges (-0.69 and -0.66). The dipole moment
for tyrosine monomer is 1.47 D (Table 2-3). Figure 2(b) depicts a tyrosine dimer that is bound together by two H-bonds. The first
H-bond, O-H:--0, connects Hs7 and O atoms and has a bond length of 1.87 A. The second is a non-classical H-bond between
Hz2 and Oz7 in the form of C-H---O with a bond length of 2.47 A . Dimer formation energy is 0.73 kcal/mol (average H-bond
2.80 kcl/mol), and the dipole moment is 2.50 D. During dimer formation, the charge of the Oz, Cz, C1s, and Hzz atoms in the H-
bond changed more than the charge of the other atoms (Table 2). In addition, the bond length between C13-0O12 atoms
participating in H-bonding increased to most (from 1.370 A to 1.383 A). However, the length of the C12-H22 bond in the second
hydrogen bond has remained unchanged. This means that this bond is a non-classical H-bond that does not follow the classical H-
bonding rules. Figure 2(c) depicts a tyrosine trimer that is bound together by five H-bonds.
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Figure 2. Aggregations of tyrosine: a) monomer, b) dimer, c) trimer

The first is a non-classical hydrogen bond between Hi4 and Oz7 in the form of C-H---O with a bond length of 2.94 A. Has
and Nsz form an O-H---N bond with a length of 1.75 A. The third and fourth H-bonds are O-H:--O, with bond lengths of 1.75 and
1.87 A, respectively. These bonds are relatively strong. The fifth is a nonclassical interaction between the H*” atom and the
adjacent to molecule’s ring center in the O-H---x form, with a bond length of around 2.21A. The trimer formation energy is 2.92
kcal/mol (average H-bonding is 10.5 kcal/mol), while the dipole moment is 4.46 D.

Table 2 depicts the frequency shifts of certain vibrational modes with high intensity in monomers, dimers, and trimers.
The band corresponding to the C=0 stretching vibration in the monomer was 1801 cm™. In the dimer state, there are two C=0
stretching vibrational modes, which correspond to 1800 and 1777 cm! in the corresponding state, and they are displaced to a
lower frequency by 1 and 24 cm, respectively, compared to the monomer. In addition, three C=0 stretching vibrational modes
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(1709, 1716, and 1730 cm™1) were produced in the trimer, but at a lower frequency than the monomer band. This is compatible
with the notion of H-bonding, which states that the vibrational bands shift to a lower frequency.
Table 3. Parameters of tyrosine obtained in the calculation results
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The N-H symmetric stretching vibration band did not change in the dimer state as it did in the monomer, indicating that
the atom making this band was not involved in the formation of H-bonds. However, in the trimer state, one band shifted to a
lower frequency (3489 cm™t in the monomer and 3476 cm in the trimer). Figure 2 shows that one H-bond is formed in the trimer
with its help of N-H. The above considerations for symmetric stretching vibrations apply to N-H asymmetric vibrations as well.
The monomer's O-H stretching vibration is represented by the frequencies 3736 and 3827 cm™.. The number of these bands in
dimers and trimers rose to four and six, respectively.

Conclusion. In the end, the present research investigated the Raman spectra of tyrosine using experiments and quantum
chemical calculations. When the vibrational frequencies were analyzed using PED analysis, they showed a good agreement with
the experimental frequencies. The atoms involved in non-classical H-bonding do not grow or change the length of bonds, but
rather decrease. Non-classical hydrogen bonds are produced from the tyrosine dimer in the form of C-H-O and the trimer in the
form of O-H---n. According to the calculations, the C=0, N-H, and O-H vibration bands shift to 92, 13, and 693 cm™,
corresponding to low frequencies, as the number of molecules grows. As a result, the greatest shift can be found in the O-H
vibration band.
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PACUYET ITAPAMETPA AHU3OTPOIIMM JJI51 CKOILIEHUI FTAJIAKTHK
AHHOTaALHSA

B nmanHO#l paboTe BBINONHEH aHANU3 JTaHHBIX HAONMIOACHHH MO CKoIuieHHsAM ramakTuk m3 SDSS DRS8. Ha ocHoBe naHHBIX
HaOJIIO/ICHN pacrpeeseHys IIOBEPXHOCTHOH INIOTHOCTH OIPE/eNIeHbl 3HAYEeHHs IapaMeTpa aHM30TPOIHH Ui 31 CKOIIeHHUSI.
TIpennoxxena kiraccuuKanys CKOIUICHHH TalakTHK IO IapaMeTpaM aHU30TPOIHMH CKOPOCTEH, COTrJaCHO KOTOPOH CKOILICHMS
pa3leneHsl Ha TpU Tpymnnbl. [3ydeHa 3aBHCHMOCTB MEXIy IapaMeTpoM aHH30TPOIMM M OCHOBHBIMH (H3HYECKUMHU
XapaKTePUCTUKAMHU CKOIICHUH TajlaKTHK.

Ki11oueBble €/10Ba: TalaKTHKH, CKOIUICHUS TAJIAKTHK, HOBEPXHOCTHAS IUIOTHOCTB, TIapaMeTp aHU30TPOIINH, IBOJIFOLIHS

CALCULATION OF THE ANISOTROPY PARAMETER FOR GALAXY CLUSTERS
Annotation
This work has analyzed observational data on galaxy clusters from SDSS DR8. Based on observational data on the distribution of
surface density, the values of the anisotropy parameter were determined for 31 clusters. A classification of galaxy clusters based
on velocity anisotropy parameters is proposed, according to which the clusters are divided into three groups. The relationship
between the anisotropy parameter and the main physical characteristics of galaxy clusters has been studied.
Key words: galaxies, galaxy clusters, surface density, anisotropy parameter, evolution

GALAKTIKA TO‘DALARI UCHUN ANIZOTROPYA PARAMETRINI HISOBLASH
Annotatsiya

Ushbu maqgola SDSS DR8 bazasidan olingan kuzatuv natijalari asosida galaktika to‘dalari bo'yicha kuzatuv ma'lumotlari tahlil
qilangan. Sirt zichligini tagsimoti bo'yicha kuzatuv ma'lumotlariga asoslanib, 31 ta galaktikalar to‘dasi uchun anizotropiya
parametrining qiymatlari aniglangan. Tezlik anizotropiya parametri asosida galaktika to‘dalarining sinflashtirilishi taklif gilingan,
unga ko'ra to‘dalar uchta guruhga bo'lingan. Anizotropiya parametri va galaktika to‘dalarining asosiy fizik xususiyatlari
o'rtasidagi bog'liglik o'rganilgan.

Kalit so‘zlar: galaktikalar, galaktika to‘dalari, sirt zichlik, anizotropiya parametri, evolyutsiya

BBenenue. CKOTUICHNS TallaKTUK — HauOoOJiee MacCHBHBIEC TPAaBUTAlMOHHO CBsI3aHHBIE 0Opa3oBaHMs BO BceneHHoit (cM.,
Hanpumep, [1-4]). Taxxe, B UX cocTaB BXOAAT ropsiuuil MOHU30BAaHHBIM MEXralaKTHYeCKHH ra3 um TémHas Mmarepus. Maccsl
ckomyeHui ragakTuk coctapisior 10-10'° macc Connua, nmpuuéM OCHOBHAs JONS MAacChl OOBMHO MPUXOAMTCS HA TEMHYIO
Mmarepuo. Ha BTOpoM MecTe 1O Macce HaXOIWTCS MEXKIaJaKTHYECKHH Ta3, M TOJBKO Ha TPETheM — CaMH TaJaKTHUKH.
XapaxkTepHbIi pa3Mep MaCCUBHBIX CKOIUIEHHH rajJakTUK — 0KoJIo 10 MiTH. cBeTOBBIX JieT. CKOPOCTH JABM)KEHUSI TAJIAKTUK BHYTPU
CKOIUIEHUSI OOBIYHO COCTaBJIAIOT 1-2 THICSYM KM/C. Macchl CKOIUIGHHH TaNaKTHK OIPENEII0TCS 10 M3MEPEeHUsM pazdpoca
CKOPOCTEH OTHENBHBIX T'aJJAKTUK OTHOCHTENIHFHO CPEJHEr0o 3HaueHHs OO0 10 TeMIlepaType W pachpeAeleHHI0 TOpSIero rasa,
3aIOTHSIONIETO CKOTIJICHHUE.

Tlo cxommeHusM rajgakTHK OITyOJMKOBaHBI MHOTO HAaOJIIOMATENbHBIX PadoT. 31ech MBI IPUBOIUM OCHOBHEIE paboThl. B
cratbe [1] cocraBmen katajor 2712 GoraThlX CKOIUICHHH TalakTHK, OOHapyXeHHBIX B Xxoae o03opa Heba Ilamomapckoii
oOcepBaropueil. 13 karamora BbeIOpaHO 1682 CKOMIEHHWH, OTBEYAIOUIMX OIPEIETICHHBIM KPUTEPHUAM Ui BKIIOUEHHUS B
OJHOPOJHYIO CTaTUCTHYECKYI0 BBIOOPKY. ABTOpPBI 110 HCCICIOBAaHUAM cleiaind cieaytoumpe BbBoAbl (1) byHKuus
pacmpeneneHnsi ckomieHnit mo GorarctBsy N(N) GbICTpo Bo3pacTaeT ¢ yMeHbIIeHHEeM N; (2) JaHHbIC HE MO3BOJISAIOT CIENaTh
CYILIECTBEHHOI'O PELIeHHUS O TOM, YTO IMPOCTPAHCTBEHHAs IJIOTHOCTh LIEHTPOB CKOIUIEHUH MeHseTcs ¢ paccrosHueM; (3)
TaJlaKTHIeCKOe 3aTEMHEHHE TOPSIKAa HECKOJNBKHAX JECATHIX 3BE3MHON BEIWYHMHBI CYNIECTBYET Ha BBICOKUX CEBEPHBIX
TaJAKTHYECKUX MUPOTax okoso 300 raJakTH4ecKoi TONTOTHL, (4) CYIIecCTBYeT BeChbMa 3HAYMMOE HECITydaifHOEe TIOBEPXHOCTHOE
pacrpeqelicHue CKOIUICHNH, KaK KOTJla CKOIUICHUS HAaXOAATCS Ha BCEX PACCTOSHHUSAX M KOTJIa pacCMaTpHUBAIOTCS CKOIUICHHUS Ha
pa3HBIX PACCTOSHUSIX.

B pabGote [5] BBIMOJHEH CIEKTPOCKOMUYECKUiT aHamu3 286 GOrareiX CKOIUICHHA, paHee HACHTH(HIIMPOBAHHBIX Ha
OCHOBe HaOmoneHui Ha Teneckone J[rormoH B oOcepBaropuu Jlac-Kammanac. B pabote [6] m3ydeHbl paalOaKTUBHbBIE UICHBI
cKoIIeHus Diiberna 1 cocTaBiieH KaTtajgor 150 CKoIUIeHHH 1Mo mapamMeTpaM PeHTI€HOBCKOTO M paaroanana3oHa. A B pabore [7]
0bpaboTano uzodpaxkenus u3 npoekra SDSS-I u naenTudupposansl 132684 cKoMICHUS TATaKTHK, mpudeM Oosee 95 % 3Tux
ckoreHuit uMeroT Macchl M200>10*Me. B pabore [8] mccnemoBaHbl auHaMudeckue cBoiictBa 2092 GoraThiX CKOILIEHHIA
TaJlaKTHK Ha OCHOBE JaHHBIX PEHTTCHOBCKOTO, ONTHYECKOr0 W paauoauamnazona. B pabore [9] mpuBemensl Maccel 1191
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CKOIUICHHH, ¥ KpOMe TOTO JaHHbIe IPHBEACHHBIE B paboTe [8] ObUIM OOHOBIEHBI W/ JononHeHsl. B paGore [10] mams
OCHOBHbIE (PHU3HUYECKUE XAPAKTEPUCTUKH 275 OOraThIX CKOIUICHUH, B TOM YHCIIE, UX MAcChI.

B xocmonoruueckoit momemn ACDM ckomieHHS TalakTHK CO3JAlOTCS BO3MYLICHUSIMH IUIOTHOCTH Ha OOJBIIMX
Mmacmrabax [11]. Taxxke knaccupukanus 3TuX 00BEKTOB 10 KOHIIA €Ilie He onpereseHa. Hago oTMeTUTh, 4To 0 CHX MOp aHaJIH3
HaOJIIONATENIbHBIX NaHHBIX MO CKOIUICHHSM TaJIaKTHK HE BBIIOJHEH M COOTBETCTBYIOINAS MX TeopHs (OPMHUPOBAHHUS He
pa3paboTana. ['oBops Oojee KOHKpPETHO, OTMETHM, YTO OTCYTCTBYIOT DPACUIIMPEHHBIH CHHCOK-KaTaJIor OOTaThIX CKOIUICHUH
TaJaKTHK M CTATUCTUYECKUIl aHAJIM3 BCEX M3BECTHBIX CKOIIEHUH TAIAKTUK C LENBIO MMOUCKA UX O0MMX (HU3HMIECKIX CBOWCTB, HE
BBITIOJTHEHA KJIACCU(UKAINS CKOIUICHUH TaJlakKTHK MO OTAENBHBIM (PU3MUECKUM IapamerpaM. VM3ydeHue CKOIUIEHHI TalakTHK
IpeNCTaBIsIeT OONBIION HHTEpeC TakKe B CBS3M C TEM, YTO 3TH OOBEKTHI MOXKHO HCIOJIB30BaTh B KauecTBE HMHIUKATOPOB
(bU3MUECKOTO COCTOSIHUSA M 3BOJIOLUH.

Pacyer napamerpa anusorponuu. B Hacrosmiee Bpems, Korjna HaOiozaTeNbHas 0a3a MO MHOTHM acTpO(U3HYECKUM
00BEKTaM, B TOM YHUCIIE, [T0 CKOIJIEHHSAM TalakTHK, CTajda JOCTaTOYHO OOraToif, UMEeeT CMBICI H3ydeHHE NMPOOIEeMbI IBOIIOLUI
CKOIUICHUH raNakTHK. BeposTHBIM ABiseTcs TOT (aKT, 4TO CKOIUICHHS Ha MEPBBIi B3I BECbMa MOX0XKH JPYT Ha Ipyra BBULY
ux noutH chepuueckoir GopMel ¢ BecbMa cinaboii cummerpueil. Ho Gu3ndecku SCHO, 94TO 3TH CKOIUICHUS HOJDKHBI Pa3InyaThCst
BHYTPEHHEH CTPYKTYpO#l, CTEHNEHBIO pacmpeneneHus ckopocTted u T.A. Hajgo oTMeTHTs, YTO TEOpETHYECKHE ACIEKTHI
NPOUCXOXKICHUS ¥ DBOJIONMHM CKOIUICHHMH TaJlaKTUK TpeOyroT co3maHms 0as3bl JaHHBIX HaOmoxeHmit. IlostomMy MBI
MPOAHATN3NUPOBAIN JaHHBIE HAOIIOJCHHUH 10 9TUM 00BEKTaM M HAIlIM 3HAYEHHs IIOBEPXHOCTHOU IIOTHOCTH JUIS HECKOJIBKHX
CKOIUTEHU# raylakTuk. J[J1st 3Toro HaMu OBLTH KCITOJIb30BaHbl 0a3bl JaHHbIX SDSS DRS.

W3 pe3ynpTaToB aHanM3a JAHHBIX HAOMIOJCHUH IJISI M3ydEHHS BOIPOCOB 3BOJIOLUM CKOIUICHHH TalaKTUK HAM Hajo
HaWTH HEKOTOpBIE UX mapaMeTpsl. OXHIM U3 HHX, B IPHHIIUIE, MOXKET OBITh MapaMeTp aHH30TPOIHMHU CKOPOCTEH. A ero pasHble
aBTOPHI OMPEETAIOT MO-Pa3HOMY: KaK IPOCTOE OTHOIICHHE CPEAHUX 3HAUCHUH KOMIIOHEHT KHHETHYIECKOH SHEPTHU paJHaibHBIX
2<T, >/<T, > l1-6’lof 6?2 o
U TPAaHCBEPCAIBHBIX JBIKCHUI , M KaK , TIe u — PannanpHas 1 TpaHcBepcallbHast
KOMITOHEHTHI JHUCIIEPCHH CKOpOcTel. B 3Toit paboTe MBI B KauecTBe mapaMeTpa aHHU30TPOIIUH CKOPOCTel OepeM BeTHYHHY

_ (212 -T?)
I 1)

A

BBE/ICHHYIO BHepBbie B pabdore [12]. B (1) H2 u T? pazuaneHasg W TpaHCBEpCANbHAs OUCICPCHH OCTATOYHBIX
ckopocteid. Tak ke kak B [12], MBI mojlaraeM €ro MOCTOSHHBIM U BCEH CHCTEMBI B IEJIOM, XOTS B PEAbHOCTH OH JTOJDKCH
3aBUCETh OT PACCTOSHUS BHYTPU CKOIUICHHS. DTOT IapaMeTp Hac MHTEPECYeT 3/eCh, MPEXKIE BCEro, C TOUKU 3PEHHST BO3ZMOXKHOM
€ro 3aBUCHMOCTH OT APYTUX (HU3NUECKUX XaPAKTEPUCTUK CKOIUIEHHH TAJIAKTHK, XOTS OH IPECTaBIIeT TAKKe CAaMOCTOSATEIbHOM
uHTepec. Jleno B TOM, YTO MapaMeTp aHU30TPONHHU YIO0EH Ui aHann3a CTaIWU SBOJIIOIMY CKOIUICHHH TalakTHK, IOTOMY YTO
KaXAasi CTagus XapaKTepHU3yeTcs ONPENENCHHON CTPYKTYpOH M pachpelelieHHeM IUIOTHOCTH M ckopocTd. C IepexoioM OT
paHHeW craguu K Oonee TO3JHEH, CTPYKTypa CTAHOBUTCS OoJjiee CIJIAKEHHOW M CTpeMHTCS K 0Oojiee HM30TPOIHOMY
pacrpesiesIeHHI0 CKOpOCTed (B OTIMYME OT paHalibHO-BBITSHYTOTO Paclpe/ieieHusl Ha PaHHUX CTaJusX). 3HaYCHHE MapaMerpa
aHM30TpONUH ckopocTeii A=0 COOTBETCTBYET C(HEPHUUECKOMY pPACIPENENICHHIO CKOPOCTEH (MO3MHSS CTaausl dBOJIOUUH), A=2
COOTBETCTBYET PaIHalbHO-BBITAHYTOMY PACIpE/elICHHIO (PaHHsIS CTaAUs SBOJIOIIUH CHCTEMBI).

Jnst ompenerneHuss mapameTpa aHH30TPOIHMU CKOPOCTEH B CKOIUICHUSX TajaKTHK IO AaHHBIM HaOJIOJEHHH BUIMMOW
MOBEPXHOCTHOI INIOTHOCTH MBI Oy/IeM paccMaTpHBaTh CTAMOHAPHYIO MOJIENIb CO cheprueckoll cuMMeTpureil. JIerko BeIBecTH 3
THAPOANHAMHYECKOTO YPaBHEHHS ClIeIyIoIIee

2 _ -
a4 r—O'—(D I )+ (2117 ~T?)r | =-47GDr*. )
dr| Ddr

UCKJIFOYas TMOTEHIMal B TUAPOAMHAMUYECKOM YpaBHEHMH IpH Iomomu ypaBHeHus Ilyaccona. B (2) BBeneHa

. . N 2
Oe3pazmepHas TWIOTHOCTH D. Ecnmm mepedTH K HOBOH mNepeMeHHOH X:47Z'Gr/ I1° rorma ypasuenue (2) npumer

CPaBHUTEIILHO HpOCTOfI BUI:

2
x“dD .
d (x*dD)_ . A ©
dx{ D dx
, dD
Pemast uncnenno ypasaenue (3), momyunm 3aBucuMoctd D n D'=— orx, npudeM Oe3pa3MepHas IIOTHOCTH D

ABHO 3aBHCHT OT 3HAUCHHS MapaMeTpa aHW3OTPOIHH. YpaBHeHHe (3) MBI pelraeM s pasTHYHBIX 3HaueHmit A € [0; 2] . Io

HM3BECTHBIM 3HAUYCHUSIM D u DI MOJXHO HepeﬁTH K HOBerHOCTHOfI IIJIOTHOCTH, T.€. K IPOCKINHU HpOCTpaHCTBeHHOfI IIJIOTHOCTH
Ha KapTUHHYIO IIJIOCKOCTbD. )lanee, BBIYUCIIIEM MTOBEPXHOCTHYIO IJIOTHOCTH NOCPEACTBOM BbIPDAXKCHUA

F(r)=—AT sz—(r/a)zD'(x)dx- @)

rla

[Nomyuast Anst 3aAaHHBIX 3HAYEHUH HapaMeTpa aHU30TPONUHU COOTBETCTBYIOUIME 3HAYEHUs MOBEPXHOCTHON IIOTHOCTH
F(r) 1 cpaBHHBas MX ¢ HaOJIOAAEMBIMH TTOBEPXHOCTHBIMU IUIOTHOCTSIMH IJIi KOHKPETHBIX CHCTEM, BBIOMpaeM ONTHMAlIbHOE
3HaueHne A. MacmTaOHBIe MHOXXHTEIH OIPEETIIOTCS ITyTeM MHHHMH3AIMH Pa3HOCTH HaOII0MaeMON M TeopeTHYeCKOn
wIoTHOCTed. Mcxoms w3 Qusnmueckodl NPHPOABI MAaHHOW 3amadd, ymoOHO TNPUMEHEHHE IOCTaTOYHO AarmpoOHPOBAHHOTO
CHMIIIEKTHYECKOT0 METO/1a MUHUMH3AIMH CIIeAYyIomel QyHKInI
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f:i —AT 2 =(r/a) D () dx—F, ®)

i=1 nla

no mapametpam O, A u FO . 3nece N - 4HCIO KPYTOBBIX 30H Ha (DOTOIUTACTHHKAX (MM U300paKEHUsX), B KOTOPBIX

MOJICYUTHIBAIIOCH YHKCIIO 3Be3]]. Takum 00pa3om, TO 3HAYEHHE MapaMeTpa aHU30TPOIINH, KOTOpOe JaeT MuHuMyM f, mpuaumaercs
Kak HanOoJiee BeposTHOE 3HAUCHHE A.

BrrmeykazaHHBIM METOJIOM HAaMU BBIYHCICHBI 3HAUCHHS MapameTpa aHu30Tpomuu A it 31 CKOIUICHHWH TalakKTHK,
UCIIONIB3YSI CUMIUICKCHBI METOJI MUHHMH3AI[MH KBaJpaTa Pa3HOCTH MEXKIY TCOPETHUCCKHHA W HaONromacMoil (QyHKIUSIMHU
IUIOTHOCTH. Pe3ynbTaThl pacyera TaHbI HIDKE B Tabmwme 1.

Tabauya 1. OcHosHbie ghuzuieckue XapaKkmepucmuky U 3Ha4eHus napamempa aHu30mponuu st CKONJEeHUL 2ANAKMUK

No Haspanus CKOIUTeHHiT rm Ruv 2 o A
raaKTHK mag arcmin

1 J001051.4+290940 17.98 88.90 0.3320 0.1931 0.08
2 J002016.1+000446 16.73 104.60 0.2156 0.8172 0.00
3 J002712.5-193045 17.42 94.00 0.2586 0.5740 0.88
4 J002800.9+244744 18.79 73.50 0.4839 0.2310 1.50
5 J004118.5+252609 15.77 112.30 0.1675 0.2149 0.60
6 J004511.7+084111 17.28 96.06 0.3014 2.4684 0.48
7 J023127.6+065856 15.67 156.70 0.2262 0.5312 112
8 J023952.7-013419 17.73 144.92 0.3712 0.1613 1.44
9 J083057.3+655031 16.25 209.09 0.1853 0.4227 0.88
10 J085007.9+360414 18.33 117.09 0.3639 1.1409 0.72
11 J090912.7+105829 15.56 200.20 0.1681 0.1259 1.24
12 J091609.0-002226 18.05 125.16 0.3163 1.4599 0.56
13 J091753.4+514338 16.08 173.82 0.2161 0.1315 1.32
14 J092048.3+302818 17.04 184.93 0.2928 0.1242 0.72
15 J094951.8+170711 17.88 133.91 0.4124 0.5140 0.92
16 J100226.8+203102 18.08 141.21 0.3376 0.6505 0.76
17 J105417.5+143904 17.18 135.02 0.2956 0.2526 1.00
18 J111450.3-121351 16.10 150.92 0.1926 0.1563 1.08
19 J112358.8+212850 16.78 108.06 0.1907 0.5638 0.96
20 J131129.5-012028 15.69 168.86 0.1791 1.0006 0.84
21 J131505.2+514903 16.76 130.18 0.2838 0.5160 1.04
22 J133238.4+503336 17.33 185.14 0.2775 0.1807 112
23 J133520.1+410004 16.37 176.94 0.2304 0.1898 0.8.
24 J140102.1+025242 16.06 205.45 0.2615 1.1394 0.72
25 J144431.8+311336 16.65 87.06 0.2340 0.0694 1.00
26 J153940.5+342527 16.95 135.85 0.2254 0.2480 0.96
27 J155820.0+271400 14.40 157.09 0.0871 0.1008 0.20
28 J160319.0+031645 16.67 156.13 0.2383 0.5564 0.84
29 J164019.8+464242 16.55 181.34 0.2301 0.0326 1.00
30 J164325.4+132236 16.45 114.19 0.1909 0.2691 0.00
31 J212823.4+013536 17.77 144.58 0.3857 1.4662 0.80

W3 tabmuupl 1 BUIHO, 4TO 5 CKOIUICHHMIT TallakTHK MMEIOT 3HAYEHHs IapameTpa aHH30TPOIHH, OJM3KUE K HYJIO, T.€. B
okoiio 16 % ckoruieHHit MeeT MeCTO MoYTH chephuuecKoe paclpeielieHue CKOPOCTeH, U OHM, BEpPOSTHO, HaXoIsITcsl Ha Ooiee
MO3JHEeH CTaJuyu HBOTIOLUH. 3aMETUM, YTO MMEHHO IPU HAMIEHHBIX 3HAUYEHMSX MapaMeTpa aHU30TPOIMU COOTBETCTBYIOILUE
MOTydIeHHbIE TEOPETHIECKHE PE3yIbTAaThl XOPOIIO COTNIACYIOTCS ¢ HAOMIOAAaTeIbHBIMI (DYHKITMSAMH HOBEPXHOCTHOH INIOTHOCTH.
s 4 ckomeHni 3HaYSHMS TapaMeTpa aHU30TPOIINHI CKOPOCTeil sIBISAIOTCS Onu3kumH K 2. [ToaToMy pactipenenenne CKopocTei
B OTHX CKOIUIEHHSX COOTBETCTBYeT pPAAHAIBHO-BBITSHYTOMY CIy4al0, 49TO MOXET OBITh CBA3aHO, BEpPOSATHO, C WX
HECTAI[OHAPHOCTHIO B peryisipHoM mosie. OcTanbHble 3HAYEHMS ITapaMeTpa aHM30TPOIHH I CKOIUIEHHH TalakTHK OKa3alnch
Onn3kuMHK K 1.

[lanee Hac MHTepecyeT BOIPOC: MOXKHO JIM KJIACCHU(UIMPOBATH CKOIUICHUS TaJlaKTUK IO MapaMeTpy aHM30TPOIHH
ckopocteii? C 3ToH 1eNbl0 HaMHU cocTaBiicHa Tabnuia 1.

IIpexne Bcero, cpaBHUBAs 3HAYEHUs NapaMeTpa aHU30TPONUM CKOPOCTEH, 3amedaeM, YTO HMX MOXKHO YBEPEHHO
pa3zenuTh Ha TPU Kilacca:

Knaccer A Kou. ckomtenui
BCI' 1 0< A<0.5 5

BCT" 2 0.5< A<1 18

BCTI" 3 1< A<15 8

3amernM, 9TO B mHTepBaje 1.5 < A < 2 HeT HM OJHOTO CKOIUIEHHS, a 3TO TpedyeT MoHcKa B Oyxyriem
JIOTIOJTHUTEIBHBIX AaHHBIX M0 BHIAMMOI IUIOTHOCTH Ul CKOIUICHMII TayakTUK. TeM He MeHee, HHTePEeCHO CPaBHHUThH CpEIHHE
3HAUCHHUS] OCHOBHBIX (PU3UUECKUX MapaMETPOB TPEX KJIACCOB 3THX CKOIUICHUI.
Tabnuya 2. Cpednue 3HaueHus. XapaKmepucmux mpex spynn

Kitaccol <z> <rm>, [mag] <r00>, [Mok] | <R> <ro>, [arcmin]
BCI' 1 0.22 16.57 1.87 112.17 0.77
BCT 2 0.27 16.97 2.02 145.39 0.59
BCT" 3 0.25 16.46 2.10 163.13 0.26

B Tabn. 2. maHel cpefHHe 3HAYCHHS psifia XapaKTEePUCTHK YKa3aHHBIX TPYII CKOIUICHUH rajakTHK: (pOTOMETpHYecKoe
KpacHO€ CMEIICHUE - <Z>, BEJIMYMHA CAMOT0 SIPKOro WICHa B PEHTICHOBCKOM Juana3oHe - <fm>, paauyc, B npeaeiax KOToporo
CpenmHss IUIOTHOCTH cKomreHnst B 200 pa3 MpeBbIIIaeT KPUTHYECKYIO TIOTHOCTh BeeneHHoH - <r200>, 60raTcTBO CKOIIEHHIA -
<RL*> [7], pamuyc sapa CKOIUIeHH - <fo>.

Taxke OTMETHM pe3yJbTaThl pacdeToB 3HAUCHMH KOI(QQUIMEHTa KOPpPEeNSIHH MapaMeTpa aHU30TPOIHH C XOpOIIO
W3BECTHBIMH JAaHHBIMU TI0 APYTUM (H3MYECKHM XapaKTEPUCTHKAM, IT0 KOTOPBIM, B IPHHIIUIE, MOXKHO COCTaBHTH JBYMEpHEIE
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WM MHOTOMepHbIe kiaccudukanuu. K coxaneHuto, 5T 3Ha4eHHsT KO3(hUIMEHTa 0YeHb MaJbl M HET BO3MOXKHOCTH CO3IaHUs
TaKHUX KIacCU(pUKAIMA.

3akioueHne. BoInoaHeH aHaaM3 JaHHBIX HAOMIOACHHUH 1O CKOmuIeHusM rajgaktuk u3 SDSS DRS8. Ha ocHoBe maHHBIX

HaOJIFO/IeHNIT BBIYMCIEHO KONMYECTBO TaJaKTHK M HaWAEHBI paclpelefieHHs IOBEPXHOCTHOM IUIOTHOCTH B CKOIUICHHUSIX
ragakTuK. C MOMOIIBIO 3TUX JAHHBIX OMPEIEeNeHbl 3HAUCHUS ITapaMeTpa aHU30TPOIHK CKOpocTel it 31 cKOMIeHUi TanakTHK.
Ilo pesynbratam pacdera pacHpeieNIeHHsl CKOPOCTEH, 5 CKOIUICHMH TaJaKTHK HMEIOT chepHdecKylo cHuMMeTpuio. Taxke,
pa3paboTaHa KiaccU(UKanus CKOIUICHWH TaJAKTHK IO TapamMeTpaM aHU30TPOIHMH CKOPOCTeH M II0Ka3aHO, YTO HX MOXKHO

YCJIOBHO pa3JCJIUTh Ha TPU T'PYIIILI. HSy‘IeHBI 3aBHUCUMOCTH MEXKIY NapaMe€TpOM aHU3O0TPOIIMU U OCHOBHBIMU (1)I/I3I/I‘{eCKI/IMI/I
XapakTepUCTUKaAMHU CKOTUICHUH TaJIAKTHK.
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INVESTIGATION OF ELECTROPHYSICAL PROPERTIES OF NATURAL FIBER PLANTS
Annotation

It was found that the photoconductivity spectra of different types of sorghum plant fibers added with potassium permanganate are
completely different. It was found that the electrical conductivity of the fibers of the plant doped with J+KJ+C2H50H and
KMnO4 and not doped increases exponentially with the increase in temperature. Infrared quenching and long-term relaxation of
the photoconductivity of sorghum plant fibers treated with potassium permanganate were found. Over time, it was found that the
quality of hemp fibers improved with UV radiation at low doses and deteriorated at high doses.

Key words. latifolia plant and silk fibers, alloying, light, photoconductivity, electrical conductivity.

HCCJEIOBAHUE YJIEKTPOPU3INYECKHX CBOMCTB PACTEHAN HATYPAJIBHOTO BOJTOKHA
AnHOTaLUA

YcTaHOBIEHO, YTO CHEKTPHI (POTOMPOBOIMMOCTH PAa3HBIX BHIOB PACTUTEIBHBIX BOJIOKOH COPro ¢ JO0OaBIEHHEM IepMaHraHata
KaJus COBEPLIEHHO Pa3IM4HbL. Y CTAaHOBJIEHO, YTO 3JICKTPOIPOBOAHOCTh BOJIOKOH pacTeHus, jgerupoBanHbelx J+KJ+C2HSOH u
KMnO4 u HenernpoBaHHBIX, SKCIIOHEHIUAIBFHO BO3PACTaeT ¢ POCTOM TemriepaTypbl. OOHapy)eHo MH(paKpacHOE TYIICHHE U
TIONTOBPEMEHHAsT peiakcanus (HOTONPOBOIUMOCTH BOJOKOH pAacTeHHH copro, oOpaboTaHHBIX mepMmaHraHaroMm kamus. Co
BpeMeHeM ObIII0 0OHApYKEHO, YTO Ka4eCTBO KOHOIUITHBIX BOJIOKOH YIYdIIAIOCh IMOJ AecTBueM Y D-H3TydeHus MpU HU3KUX
J103aX M yXyJIIaJ0Ch IIPH BBICOKHX.
KuroueBsbie c10Ba. poro3sl U MICIKOBbIE BOJIOKHA, JISTHPOBAHUE, JTy4, (POTOMPOBOIUMOCTD, NEKTPUIECKask IIPOBOANMOCTS.

TABIIY TOLALI O‘SIMLIKLARNING ELEKTROFIZIK XUSUSIYATLARINI TADQIQ QILISH
Annotatsiya

Kaliy permanganat bilan qo'shilgan har xil turdagi qo‘g‘a o‘simligi tolalarining fotoo'tkazuvchanlik spektrlari butunlay
boshgacha ekanligi aniglandi. J+KJ+C2H50H va KMnOu« bilan legirlangan va legirlanmagan qo‘g‘a o‘simligi tolalarining elektr
o'tkazuvchanligi harorat oshishi bilan eksponensial ravishda oshishi aniqlandi. Kaliy permanganat bilan qo'shilgan qo‘g‘a
o‘simligi tolalarining fotoo'tkazuvchanligining infraqizil o'chirilishi va uzoq vaqt bo'shashishi aniqlandi. Vaqt o'tishi bilan, qo‘g‘a
o‘simligi tolalarini kichik dozalarda UB nurlanishi bilan qo‘g‘a o‘simligi tolalarining sifati yaxshilanishi va katta dozalarda
yomonlashishi aniglandi.

Kalit so'zlar’K qo‘g‘a o‘simligi va ipak tolalari, legirlash, yorug‘lik, fotoo'tkazuvchanlik, elektr o'tkazuvchanligi.

Kirish. So'nggi paytlarda tabiiy tolalar fizikasi sohasida tadgigotlar muvaffagiyatli olib borilmogda. Bu xususan,
yarimo'tkazgich xususiyatlarining qo‘g‘a o‘simligi va ipak tolalarida aniqlanishi bilan bog'liq . Qo‘g‘a o‘simligi va ipak tolalari
kabi tabiiy polimerlar ketma - ket o'zgaruvchan kristalli va amorf mintaqalarning tuzilishlariga ega. Qo‘g‘a o‘simligi va ipak
tolalarining elektrofizik va optik xususiyatlari tashqi ta'sirlarga (harorat, legirlash, bir o'gli bosim, namlik, yorug'lik) juda sezgir
va kerakli xususiyatlarga ega materiallarni olish uchun osongina o'zgartirilishi mumkin. Qo‘g‘a o‘simligi tolasi sirtini qayta
ishlashda ma'lum bo'ldiki, xossalar asosan 10-15 mkm shartli tolali diametri 1 mm gacha galinlikdagi qo‘g‘a o‘simligi sirt gismi
bilan belgilanadi . Kaliy permanganat bilan legirlangan qo‘g‘a osimligi tolalarning o'ziga xos yutilish mintaqasidagi
fotoluminesans va fotoo'tkazuvchanlik (FK) ham qo‘g‘a o‘simligida topilgan.- Shuningdek, qo‘g‘a o‘simligi tolalariga kaliy
permanganat kiritilganda hosil bo'lgan chuqur darajalarga zaryad tashuvchilarning yopishishi tufayli infragizil so'nish va
fotoo'tkazuvchanlikning uzoq vaqt bo'shashishi aniglandi.

Bu natijalardan yuqgorida aytib o'tilganidek, "Tabiiy yarimo'tkazgichlar fizikasi va yangi ilmiy natijalar fizikasi" yangi
ilmiy yo'nalishi ishlab chigilgan.

Birog, erishilgan muvaffagiyatlarga garamay, hali ham ko'plab hal etilmagan muammolar mavjud, jumladan, bu
hodisalarning fizikasi to'liq tushunilmagan. Binobarin, ushbu ilmiy yo‘nalishda tadqiqot sohasini kengaytirish, tabiiy polimerik
nanostrukturali yarimo‘tkazgichli materiallarning elektrofizik va optik xususiyatlarini tartibga solish yo‘llarini ochib beradi va
ular asosida yangi diskret yarimo‘tkazgich elementlari va elektron uskunalarni yaratish uchun keng imkoniyatlar ochadi.

Ushbu maqola qo‘g‘a o‘simligi va ipak tolalarining yangi tadqiqot natijalarini taqdim etadi.
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Jumladan, bu tadgigot namunalari quyidagi texnologiya yordamida tayyorlangan. Tadqiqot ob'ekti qo‘g‘a o‘simligi va
ipak tolalari edi. Qo‘g‘a o‘simligini kaliy permanganat bilan legirlash uchun avval qo‘g‘a o‘simligi tolasi ichi nozik taroq bilan
yaxshilab taraladi (pichoq davri 0,3 mm) , so'ngra qo‘g‘a o‘simligi tolasi kaliy permanganatning 2 yoki 5% li suvli eritmasiga
namlangan. Keyin kaliy permanganatning targalishi T = 60-80° C da 6-8 soat davomida amalga oshirildi . Keyinchalik , ichida
buyurtma ohmik kontaktlarni yaratish uchun grafit va suyuq shishaga asoslangan elektr o'tkazuvchan yopishtiruvchi ishlab
chigilgan. Ezilgan nozik taneli grafit suyuq shisha bilan qorishma holga keltirildi. Shundan so'ng, qo‘g‘a o‘simligi va ipak
tolalarining so'nggi tomonlariga bunday elektr o'tkazuvchan yopishtiruvchi (R = 300 Om qalinligi 10 mm va uzunligi 1 sm)
go'llaniladi. Bu takrorlanadigan o'lchov natijalarini olish imkonini berdi. Elektr toki va kuchlanish DMM 6500 KIETHLEY
millimetr yordamida o'lchandi. Tayyorlangan namunalarning to'g'ridan-to'g'ri va teskari yo'nalishdagi ogim kuchlanish
xususiyatlari chizigli. O'lchovlar shuni ko'rsatdiki, qo‘g‘a o‘simligini kaliy permanganat bilan legirlagandan so'ng, namunalar n-
tipli o'tkazuvchanlikka ega bo'ldi.

J+KJ+C2H50H yod distillangan suvda eritildi. J+KJ+C2H50H ning 2% li spirtli eritmasi tayyorlandi. Ushbu eritma
qo‘g‘a o‘simligi tolasi yuzasiga surtiladi, shundan so'ng ular xona haroratida bir kun quritiladi, so'ngra diffuziya 60-80 ° C da 6-8
soat davomida amalga oshiriladi. Namunaning haroratga bog'ligligi 0-100 °© S harorat oralig'ida o'lchandi. Namuna harorati
kalibrlangan mis-konstantan termojufti bilan o'lchandi.

Ipak tolasining fizik xossalarini o'rganish uchun 1200 m gacha bo'linmasdan bitta bo'g'inli ipak tolasini olish imkonini
beruvchi maxsus pilla yechish moslamasi yaratilgan. Yechishdan keyin choklarni distillangan suvda 75 ° S haroratda 3-5 marta
yuvish kerak. Qo‘g‘a o*simligi tolasi namunalarini tayyorlashning golgan protseduralari uchun ishlatiladigan texnologiyalardir.

Tajriba va muhokama. Tajribalardan kelib chigadiki, bir xil boshlang'ich sharoitlarda kaliy permanganat bilan
legirlangan turli xil qo‘g‘a o‘simligi tolasi markali ShK spektrlari bir-biridan farq qiladi. Buni qo‘g‘a o‘simligi tolasining yuqori
qobig'i - kesikulaning shaxsiy yorug‘lik spektrlarida namoyon bo'ladigan darajasiga bog'ligligi bilan izohlash mumkin. Kaliy
permanganat bilan legirlangan har xil turdagi qo‘g‘a o‘simligi tolalarning shaxsiy kompyuter spektrlari T = 300K haroratda
o'lchangan holati 1- rasmda ko'rsatilgan.

Qo‘g‘a o‘simligi tolasi turli holatlarda kaliy permanganatning shaxsiy yorug‘lik spektrlarida turli xil chuqurlikdagi
cho'qqilarni hosil qilishining eksperimental haqiqati qo‘g‘a o‘simligi tolasini turli legirlashlarda aniglash uchun ishlatilishi
mumkin. Tajribalar shuni ko'rsatadiki, kaliy permanganatning turli foizlardagi legirlanishi turli xil chuqurlik darajasini hosil
qgiladi. Qo‘g‘a o‘simligi tolalarining chuqur darajalarining ionlanish energiyalari kaliy permanganat bilan legirlanish natijasida
hosil bo'lgan.

Aniglanishicha, kaliy permanganat va J+KJ+C2H50H bilan legirlanmagan va legirlangan qo‘g‘a o‘simligi tolasining
elektr o'tkazuvchanligi harorat oshishi bilan ma'lum issiglik ionlanish energiyasi bilan eksponensial ravishda ortadi. 1-rasmda
kaliy permanganat va J+KJ+C2H50H qo'shilgan turli xil qo‘g‘a o‘simligi tolalarning elektr o'tkazuvchanligining haroratga
bog'ligligi ko'rsatilgan.
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1. Qo‘g‘a o‘simligi tolasining turli legirlanishi orqgali o'tadigan elektr tokining haroratga bog’ligligi. Ichi olingan
va ichi olinmagan

Shuningdek, qo‘ga o‘simligi tolalarni legirlashdan so'ng chuqur darajadagi ionlanish energiyasi 0'zgarganligi aniglandi,
bu ko'rinishidan qo‘g‘a osimligi tolasi tuzilmalarining kaliy permanganat bilan o'zaro ta'siri bilan bog'lig.

Kaliy permanganat bilan legirlangan har xil turdagi qo‘g‘a o‘simligi tolalarning fotoo'tkazuvchanligi (FK) o'rganildi.
Aniglanishicha, namuna yorug'lik energiyasi hv = 3,8 eV bilan yoritilsa , fototok vaqt o'tishi bilan eksponensial ravishda ortadi.
Bu nisbat qorong'u ogimga fototok Ipn/ Is = 22-100 ga teng . Bu spektrning UB hududida ishlaydigan fotodetektorlarni yaratishga
imkon beradi. Kombinatsiyalangan yoritishda qo‘g‘a o‘simligi tolasining barcha turlarida fotoo'tkazuvchanlikning IR-so’nishi
kuzatildi. Qo‘g‘a o‘simligi tolasining IR-so’nishi estrodiol yorug'lik ostida chuqur darajalarni qayta zaryadlash bilan izohlanadi.
Keyin yoritishning hv>Eq yorug'likli namuna , ( Eq tarmogli bo'shlig'i), yorug'likni o'chirgandan so'ng namunaning uzoq vaqt
bo'shashishi aniglanadi. O'zining orqa yorug'ligining intensivligi oshishi bilan yutilishning ko'payishi aniglandi. Bu qo‘g‘a
o‘simligi tolasining taqiqlangan zonasida chuqur yod darajasini to'ldirish darajasining o'zgarishi bilan bog'liq.

Ko‘rinib turibdiki, nurlanishning past dozalarida kuchlanish kuchi ortib, keyin 1,6 marta kamayadi. Bu, jumladan, UB
nurlarining kulrang yuzasiga ta'siri tufayli ipak qurti tirtilinin o'sishi va rivojlanishi yomonlashadi. E'tibor bering, nurlanishning
past dozasi (t <0,5 min.) ipak tolalari sifatini yaxshilaydi.

Xulosalar. Qo‘g‘a o‘simligi hamda ipak tolalarini kaliy permanganat va J+KJ+C2H50H aralashmasi bilan legirlash
texnologiyasi ishlab chigilgan. Yagona tabiiy tolalarning bir o'qli mexanik kuchlanish ta'sirida yorilish vagtini aniglash uchun
moslama yaratilgan. Aniqlanishicha, bir xil boshlang'ich sharoitlarda kaliy permanganat bilan qo'shilgan turli qo‘g‘a o‘simligi
tolalarining fotoo'tkazuvchanlik spektrlari bir-biridan farq giladi. Bu kaliy permanganatning sirt - kesikulalar bilan o'zaro ta'siri
bilan bog'liq bo'lib, ular qo‘g‘a o‘simligi tolalarining turlariga qarab turli xil xususiyatlarga ega . Bu qo‘g‘a o‘simligi tolalari
turlarini aniqlash uchun ishlatilishi mumkin . Har xil turdagi qo‘g‘a o‘simligi tolalarning kaliy permanganat va J+KJ+C2H50H
bilan legirlanmagan va legirlangan elektr o'tkazuvchanligi harorat oshishi bilan eksponensial ravishda oshishi aniglangan.
Aniglanishicha, qo‘g‘a o‘simligi tolalarni legirlanganda chuqur darajadagi ionlanish energiyalari o'zgargan, bu qo‘g‘a o‘simligi
tolasi strukturasining kaliy permanganat bilan o'zaro ta'siri bilan bog'liq. TF<J> ning yoritilishidan so'ng IR so‘nish va uzoq vaqt
davomida yorug‘likning bo'shashishi aniglandi. IQ o'chirish Kompyuterning ishlashi kombinatsiyalangan yorug'lik ostida chuqur
darajalarni gayta zaryadlash bilan izohlanadi.

Birinchi marta qo‘g‘a o‘simligi tolasining cho’zilish kuchining UB nurlanish vaqtiga bog’ligligi o’rganildi.
Aniglanishicha, nurlanishning past dozalari qo‘g‘a o‘simligi tolalari sifatini yaxshilaydi.
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IKKI QAVATLI UGLEROD NANONAYCHA SIRTIDA BOR ATOMLARINING ADSORBSIYA JARAYONINI
MOLEKULYAR DINAMIKA USULIDA MODELLASHTIRISH
Annotatsiya

Tadgiqot ishida molekulyar dinamika usuli yordamida 300K va 900K haroratlarda ikki gavatli uglerod nanonaycha (IQUNN)
sirtida bor atomlarining adsorbsiyalanish jarayoni o‘rganildi. IQUNN larning bor atomlari bilan o'zaro ta'sir jarayonlarini model
hisoblashlarda ReaxFF potentsialidan foydalanilgan. IQUNN sirtida adsorbsiyalangan bor atomlari konsentratsiyasining oshishi
tizimdagi gisman zaryadning o'zgarishiga olib keladi. Xususan, 300 K haroratda IQUNN larda adsorbsiyalangan bor atomlarining
konsentratsiyasi 900 K dagidan yugqori, gismiy zaryad esa yuqori haroratda (900 K) pastki haroratga (300 K) garaganda yuqori
bo’lishi kuzatildi.

Kalit so‘zlar IQUNN (ikki gavatli uglerodli nanonaycha), bor atomlari, adsorbsiya, konsentratsiya, xirallik

MOJIEJJMPOBAHUE ITPOIIECCA AJJCOPBIIMA ATOMOB BOPA HA TIOBEPXHOCTH JIBYXCJIOMHOM
VIJIEPOJHOM HAHOTPYBKHA METOJIOM MOJIEKYJISIPHOM TUHAMUKH
AHHOTALIUSA

B pabGore meromoM MOJEKYISpHOW IOWHAMHKHA HW3y4eH IMpOIecC ancopOIMyd aToMOB 0opa MOBEPXHOCTBIO JBYXCIOWHOU
yraepognoit HaHOTpYOKH (JACYHT) mpu Temmepatypax 300K um 900K. B MomempHBIX pacueTax MpOIECCOB B3aMMOICHCTBUS
JCVYHT c atomamu 6opa Obl1 Mcmions30BaH nmoreHnuan ReaxFF. YBennueHnne KoHIEHTpaIlik aTOMOB 00pa, acopOMpOBaHHBIX
noBepxHocThio JICYHT, npuBoAUT K U3MEHEHHMIO YaCTHUYHOTO 3apsijia B cucTeMe. B 4acTHOCTH, KOHIIEHTpalUsi aTOMOB Oopa,
ancopoupoBannsix Ha JJICYHT mpu Temmneparype 300 K, 6buta Beime, yem npu 900 K, wacTuunblii 3apsa Obun OoJbllie MpH
BepxHeM 3HaueHnu temnepatypsl (900 K), uem npu HmxaeMm (300 K).

KnroueBble cjioBa IBYXCIIONHHAS yriiepoIHas HAHOTPYOKaA, aTOMbI 60pa, acOpOIIHs, KOHIICHTPALHS, XHPATbHOCTb.

SIMULATION OF THE PROCESS OF ADSORPTION OF BORON ATOMS ON THE SURFACE OF A DOUBLE-
WALLED CARBON NANOTUBE USING THE MOLECULAR DYNAMICS METHOD
Annotation

In this work, the process of adsorption of boron atoms by the surface of a double-walled carbon nanotube (DWCNT) at
temperatures of 300K and 900K was studied using the molecular dynamics method. In model calculations of the processes of
interaction of DWCNTSs with boron atoms, the ReaxFF potential was used. An increase in the concentration of boron atoms
adsorbed on the DWCNT surface leads to a change in the partial charge in the system. In particular, the concentration of boron
atoms adsorbed on DWCNTSs at a temperature of 300 K was higher than at 900 K, and the partial charge was higher at the upper
temperature (900 K) than at the lower temperature (300 K).

Key words. double-walled carbon nanotube, boron atoms, adsorption, concentration, chirality.

Kirish. O‘zlarining noyob xususiyatlari tufayli uglerodga asoslangan nanostrukturalar bir necha o‘n yillar davomida fan
va texnikaning bir gancha sohalarida eng muhum nanotexnalogiya materiallari sifatida foydalaniladi [1]. Ushbu nanostrukturalar
orasida uglerodli nanonaycha (UNN) lar past og‘irligi va kimyoviy barqarorligi [2] tufayli fizika, kimyo va materialshunoslikda
[1] keng qiziqish uyg‘otib, ular turli xil ilovalarda, jumladan, elektron qurilmalar [3], sensorlar, materiallarni mustahkamlash [4],
adsorbentlar [5] kabi sohalarda qo‘llanilib kelinmoqda. Ular orasida ikki qavatli (devorli) uglerod nanonaychalari (IQUNN)
bargarorligi va mexanik xususiyatlarining yaxshilanganligi tufayli, so‘nggi yillarda ularga katta e’tibor qaratilmoqgda [6]. Bir
gavatli uglerod nanonaycha (BQUNN) lar bilan solishtirganda, IQUNNIar kuchli mexanik, elektr va optik xususiyatlarga, hamda
yugori kimyoviy bargarorlikka ega [1].

IQUNN lar har bir qavati yarimo‘tkazgich (YaO*) yoki metall (M) bo‘lishiga qarab 4 xil (YaO* va YaO*; M va YaO‘; M
va M hamda YaO‘ va M) konfiguratsiyada bo‘lishi mumkin [7]. Ushbu maretiallarning xususiyatlarini nazorat gilishning eng
oddiy usullaridan biri IQUNN larga geteroatomlarni qo‘shish (adsorbsiya) yoki almashtirish (doping) orqali o‘zgartirishdir.
Xususan, bor (B), azot (N), kalsiy (Ca), palladiy (Pd) va platina (Pt) kabi elementlarni qo‘shish orqali ularning mexanik, optik va
elektron xususiyatlarini o‘zgartirish mumkin. Ushbu atomlar orasida strukturaviy tuzlishi bo‘yicha uglerod (1s22s22p?)
elementiga yaqin bo‘lgan bor (1s?2522p') atomining o°zaro ta’siri yordamida IQUNN ning elektron xususiyatlari o‘zgarib ketishi
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tadgiqotlarda o‘rganilgan. Bor (B) atomlarining IQUNN ga kiritilishi sirtning zaryadlanishini oshiradi va shuning uchun IQUNN
larning adsorbsion xususiyatlarini yaxshilaydi [8]. Ushbu IQUNN larning bor atom va u asosidagi materiallar bilan o‘zaro ta’siri
bo‘yicha ko‘plab nazariy (DFT), eksperimental (masalan, CVD, ALD) va modellashtirish (MD, MC) tadqiqotlari olib
borilayotganiga garamay, bor atomlarini strukturadagi miqdorini (konsentratsiyasini) boshqarish asosiy muammolardan biri
bo‘lib golmogda.

Ushbu tadgigotda molekulyar dinamika (MD) simulyatsiyalari yordamida turli haroratlarda IQUNN da bor atomlarining
kimyosorbsiya mexanizmlarini o‘rganildi.

Hisoblash usullari. Ushbu tadqiqot ishida metal o‘tkazuvchanlikka ega bo‘lgan (5.5) va (10.10) xirallikdagi IQUNN va
bor atomlarining o‘zaro ta’siri MD usulidan foydalanib LAMMPS dasturiy paketi [9] yordamida kompyuterda modellashtirilib
o‘rganildi. (5.5) va (10.10) xirallikdagi IQUNN ning ichki va tashqi diametrlari mos ravishda 0.678 va 1.357 nm ga teng bo‘lib,
eksperimentlarda olingan IQUNN lardagi giymatlari mos keladi. [10]. IQUNN va bor atomlari orasidagi o‘zaro bog‘lar hosil
bo‘lishi va uzilish jarayonlarini hisoblashda ReaxFF ta’sir potensialidan foydalanildi [11].

Dastlab, barcha model tizimlarining energiyasi konfiguratsiyalangan gradiyent usuli bilan minimallashtirildi.
Tizimlarning harorati va bosimi NpT ansamblida Berendsen termostati va barostat [12] yordamida kerakli giymatga (300 K)
tenglashtiriladi. Tanlangan isitish tezligi (ya'ni, 1 K/ps) ilgari xabar gilingan giymatlar diapazoniga (0,1-10,0 K/ps) mos keladi va
harorat oshishi vaqtida model tizimlarining termodinamik muvozanatidagi og‘ishlar ahamiyatsiz ekanligini ko‘rsatadi. IQUNN
da bor atomlarining kimyosorbsiyasi holatida tizimning harorati kanonik NVT ansamblida Bussi termostati [13] yordamida 100
ps uchun 300 K da ushlab turildi.

Modellashtirishlarda tizimdagi bor atomlarning bosimi 1,94 MPa ga teng. Bor atomlari NVT ansamblida 10 ps oralig‘i
bilan nanonaycha yuzasini o‘rab turgan muhitga tasodifiy ravishda adsorbsiyalangan va atomlar orasidagi minimal masofa 1nm
qilib tanlangan.

Harorat (300 K) ta’sirida IQUNN yuzasida qolgan bor atomlarining konsentratsiyasi quyidagicha hisoblangan:

p (%) =Ns/Nc * 100%) (1)

bu yerda Nc va Ns — IQUNN dagi uglerod atomlari va unga adsorbsiya bo‘lgan bor atomlari soni.

Simulyatsiyalar har bir holat uchun bir necha marta takrorlangan va yakuniy natijalar individual gqiymatlarni o‘rtachalash
yo‘li bilan olingan.

Hisoblash natijalari. 300 K va 900 K tizimlar uchun (5,5) va (10,10) xirallikdagi IQUNN yuzasida adsorbsiyalangan bor
atomlar konsentratsiyasi (p (%)) harakat tezligi (kinetik energiya, Ex) ga qarab o‘zgarib borgan. Ex ning ortishi bilan (ya’ni, 1 eV
dan 32 eV gacha) adsorbsiyalangan bor atomlarining p (%) qiymati 300 K va 900 K ga mos ravishda 2.2 %-16.1 % va 1.2 %-15.7
% oralig’ida o’zgargan (1-rasm). Borning past kKonsentratsiyasi (masalan, <0,5 %) UNN larning mexanik xususiyatlarni
o‘zgartirmaydi, biroq ularning elektron o‘tkazuvchanligini sezilarli darajada yaxshilanishiga olib kelishi mumkin [14].
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1-rasm. IQUNN sirtida bor atomlarining adsorbsiya ko‘rsatgichining uning Kinetik energiyasiga bog‘ligligi

2a-rasmda sistemadagi (ya’ni, IQUNN) atomlar qismiy zaryadining o‘zgarishi tasvirlangan bo‘lib, qizil rangdan ko‘k
rangga o‘tish holati qismiy zaryadlarning ortishini (ya’ni, -16e va 16e) ifodalaydi. 2b-rasmda adsorbsiya energiyasining bor
atomlari gismiy zaryadlarining o‘zgarishiga bog’liqligi keltirilgan. Rasmdan ko‘rinadiki, 300 K va 900 K haroratlarda uglerod
(C) va bor (B) atomlarining maksimal qismiy zaryadlari yig‘indisi, mos ravishda 16e va -16e (18 eV) hamda 20.61e va 20.61e
(32 eV) qiymatlariga to‘g‘ri keladi. Bu shuni ko‘rsatadiki, bor kontsentratsiyasining ortishi IQUNN ning musbat (p-tip) gismiy
zaryadlarining oshishiga olib keladi. (5,5) va (10,10) xirallikka ega IQUNN dagi bor va uglerod (B-C) orasidagi bog‘lanish
uzunligi 1.4-1.8 A oralig‘ida bo‘lib, bu boshqa tadgiqot natijalariga yaqin [15].

a b
[ | B (900 K)

1B (300 K)
& 10 1s
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A — LT SN 160 Energiya, ev25 ==
2-rasmda a) IQUNN sirtiga bor atomlarining adsorbsiyasi keltirilgan, tizimdagi atomlar musbat zaryadli ko‘k va manfiy zaryadli
gizil rangda, zaryadsiz (0) atomlar esa oq rangda tasvirlangan. Rasmdagi holat 300 K uchun. b) Adsorbsiyalangan bor
atomlarining gismiy zaryadlarining o‘zgarishiga bog’liqligi.
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IQUNN da bor atomlarining kimyosorbsiyasi ko‘plab omillarga, jumladan, nanonaycha yuzasining egriligi, olti a’zoli
uglerod halqalarining joylashishi bog‘liq [16]. Bor atomlari UNN ning olti burchakli (geksoganal) tuzilishi ichidagi joylashuviga
(para, orto, meta) garab, UNN yuzasidan harorat ta’sirida sirtdan chiqib ketishi mumkin [17]. IQUNN yuzasida adsorbsiyalangan
bor atomlarga boshqa bor atomlarining sirtga kelishi ta'sir giladi, bu esa Lengmyur-Hinshelvud rekombinatsiya mexanizmi orqali
molekulalarning hosil bo‘lishiga olib keladi (bu yerda sirtdagi ikki bor atom kovalent bog‘lanib, bor molekulasini hosil giladi)
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yoki

kiruvchi bor atomlarning adsorbsiyalangan bor atomiga ta’siri tufayli yuzada Eley-Rideal mexanizmi orgali

desorbsiyalanadi [18].

Xulosa. Nanonaychalarda bor atomlarining mavjudligi geterostrukturada zaryadning gayta tagsimlanishi hisobiga

ularning reaksiya imkoniyatlarini yaxshilaydi. Bor atomlarining Kiritilishi bir gator muhim kimyoviy birikmalarni aniglash va
nanonaychalardagi turli xil konsentratsiyalarni boshqgarish nanosensorlarning sezgirligini nazorat gilish imkonini beradi. Ushbu
ishda 300 K va 900 K haroratlarda uglerod (C) va bor (B) atomlarining maksimal qismiy zaryadlari yig‘indisi, mos ravishda 16e
va -16e (18 eV) hamda 20.61e va 20.61e (32 eV) giymatlariga to‘g‘ri keldi. Xulosa qgilib aytish mumkinki, bor UNN dagi o‘rnini
bosuvchi reaktsiyalar uchun eng istigbolli materiallardan biridir.
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Ce0 FULLEREN GEKSAN-TOLUOL ERITUVCHILAR SISTEMASIDA: KOMPONENTLAR
KONSENTRATSIYASINING TA’SIRI
Annotatsiya

Ushbu tadqiqot ishida Ceo fullerenning “geksanttoluol” erituvchilarning binar aralashmalaridagi eritmalarning fizikaviy
xususiyatlarini optik yutilish spektroskopiyasi, refraktometriya va yorug’likning dinamik sochilishi metodlarida tadqiq qilindi.
Eritmalarning optik va morfologik xossalari komponentlarning konsentratsiyalariga bog’liq ravishda o’zgarish natijalari bayon
etilgan. Olingan natijalar o’lchamli va fizik xususiyatlarini oldindan boshqariladigan fulleren tarkibli funktsional nanomateriallar
yaratish mumkinligini ko’rsatadi.

Kalit so‘zlar: Ceo fulleren, o°z-o‘zidan tashkillanish, sindirish ko‘rsatkichi, optik zichlik, yorug‘likning dinamik sochilishi,
gidrodinamik diametr.

®YJUIEPEH Cs B CHCTEME PACTBOPUTEJIEN TEKCAH-TOJIYOJI: BJIUSIHUE KOHUEHTPALIUU
KOMIIOHEHTOB
AHHOTAITHS

B nmanHO# paboTe METOAaMH CIIEKTPOCKOMHUS ONTHYECKON MONIOMICHHUS, pehpaKTOMETPUU U JUHAMHUYECKOTO PACCEsHUS CBETa
HCCTIeIOBaHbl (pHU3MYECKHE CBOWCTBAa pacTBOpoB dymiepena Ceo B OWHAPHBIX CMECAX PACTBOPHUTENCH «TEKCaHTTONTYOID».
OmnvcaHbl pe3yabTaThl M3MEHEHUS ONTHYECKUX U MOP(HOJOrHMUSCKAX CBOMCTB PACTBOPOB B 3aBHCHMOCTH OT KOHIICHTPAIMH
KOMIOHEHTOB. [lonydeHHbIe pe3yabTaThl MOKa3bIBAIOT BO3MOXKHOCTh CO3AaHUs (pyiepeHcoaepKamux (QyHKIIMOHATBHBIX
HaHOMATEPHAJIOB € 3apaHee KOHTPOJIUPYEMBIMH Pa3MEpOM U (PU3MIECKUMH CBOWCTBAMH.

KaioueBbie cnoBa: Oymieper Ceo, caMocOOpka, IOKa3aTeNb MPETOMIICHHS, ONTUYECKas IUIOTHOCTh, THHAMHYECKOE PacCEesTHUE
CBETa, THAPOINHAMUYECKUIA HAMETP.

FULLERENE Ceso IN A HEXANE-TOLUENE SOLVENT SYSTEM: INFLUENCE OF COMPONENT
CONCENTRATIONS
Annotation

In this work, the physical properties of solutions of Ceo fullerene in binary mixtures of hexane+toluene solvents were studied
using optical absorption spectroscopy, refractometry and dynamic light scattering. The results of changes in the optical and
morphological properties of solutions depending on the concentration of components are described. The results obtained show
the possibility of creating fullerene-containing functional nanomaterials with pre-controlled size and physical properties.
Key words: Ceo fullerene, self-assembly, refractive index, optical density, dynamic light scattering, hydrodynamic diameter.

Kirish. Turli nanoo‘lchamli materiallar orasida uglerod nanomateriallari noyob optik, elektr, issiqlik va mexanik
xususiyatlarga egaligi bilan ajralib turadi [1-2]. Hozirgi vaqgtda uglerod nanozarrachalarining, xususan, Cn (n = 60, 70, ...)
fullerenlar eritmalarini o‘z-o‘zini tashkil etuvchi tizimlarning tabily modellari sifatida qaralishi fiziklar va kimyogarlarning
e’tiborini tobora ko‘proq jalb gilmoqda [3-4]. Bir qgator eksperimental ishlarda [5-10] eritma tayyorlashda ishlatiladigan
erituvchilarning turi va miqgdorini, erigan moddaning konsentratsiyasini va tashqi sharoitlarni (atrof-muhit harorati, eritma
tayyorlash usuli va boshqalar) nazorat qilish orqali o‘z-o‘zini tashkil etuvchi tizimlarni boshqarish imkoniyati bor ekanligini
ko‘rsatildi. Eritmalarda sintezlangan uglerod tarkibli nanoklasterlarning fizikaviy xususiyatlari ularning yakuniy geometrik
o‘lchamlariga bog‘liq bo‘ladi va ularni tashkil etuvchi diametri ~0,7 nm bo‘lgan fulleren molekulalari xususiyatlaridan sezilarli
darajada farq giladi [11-12]. Fullerenlar molekulasi va erituvchilar o‘rtasida sodir bo‘ladigan o‘zaro ta’sir va agregatsiya
jarayonlarini yaxshiroq tushunish fullerenlar asosida yangi nanomateriallarni yaratish uchun muhimdir. Hozirgi vaqtda fulleren
nanomateriallari diodlar, tranzistorlar, quyosh fotoelementlari tayyorlashda [13-15], tibbiyot sohasida antioksidantlar sifatida [16-
17], tribologiyada [18], yangi molekulyar tarmoglarni yaratishda [19], shuningdek sensor texnologiyalarida [20] samarali
foydalanilishi bilan ajralib turadi. Shu bilan birga, hozirgi vaqtda binar eritmalarda fulleren molekulalarining 0‘z-0°zini tashkil
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gilishiga olib keladigan eritma ichidagi va tashqarisidagi molekulalararo (zarralararo) o‘zaro ta’sirlar haqidagi ko‘plab muhim
savollar munozarali bo‘lib qolmogqda.

Ushbu ishning magsadi fulleren Ceo eritmalarining optik yutilish spektrlarini va sindirish ko‘rsatkichlarini eksperimental
ravishda “geksanttoluol” erituvchilarning binar aralashmalarida turli konsentratsiyalarda o‘rganish, undan tashqari,
yorug‘likning dinamik sochilishi (YDS) metodlari bilan Ceo fulleren nanostrukturalarining o‘lchamlari va morfologik
xususiyatlarini aniglashdan iborat.

Tadgiqot metodi va reagentlar. Belgilangan konsentratsiyadagi Ceo eritmalarini tayyorlash uchun oldindan aniq
o‘Ichangan Ceo fulleren kukuni (tozaligi >99,8%, Sigma Aldrich, AQSH), geksan, toluol yoki geksan/toluol aralashmalari bo‘lgan
shisha kolbaga qo‘shiladi. Olingan aralashma germetik yopilgan shisha kolbada xona haroratida 4 soatgacha vaqt davomida 2,2
Hz chastotada laboratoriya magnit aralashtirgichi “MS-11 H” (WIGO, Polsha) yordamida mexanik aralashtirish bilan eritildi.

Turli konsentratsiyali Ceo/geksan va Ceol/toluol/geksan tizimining nur sindirish ko‘rsatgichi yuqori aniqlikka ega
(<0,0001) raqgamli refraktometr PAL BX/RI (ATAGO, Yaponiya) yordamida o‘lchandi.

Tajribalarda Ceo eritmalarining optik yutilish spektrlari o‘lchovlari spektral anigligi ~0,1 nm bo‘lgan UV-2700
spektrofotometrida (Shimadzu, Yaponiya) olib borildi. Ceo/geksan va Ceo/toluol/geksan optik yutilish spektrlari ular
tayyorlangandan so‘ng darhol olingan.

NanoSight LM10 (Malvern Instruments Ltd.) qurilmasida YDS usulidan foydalangan holda, Ceo fulleren dispers
fazasining eritmalardagi o‘rtacha gidrodinamik diametri (Dn) bo‘yicha tagsimlanish xarakteri o‘rganildi.

Natijalar va ularning muhokamasi. Komponentlar konsentratsiyasining o‘zgarishi bilan fulleren eritmalarining nur
sindirish ko‘rsatgichining o‘zgarishi turli o‘lchamdagi klasterlarning yorug‘likka sezgirligi haqida tasavvur beradi, bu esa
ma’lum bir sensorlar uchun nano o‘lchamdagi fulleren klasterlarini tanlashga yordam beradi. Ceo fullerenning ikkita
konsentratsiyasida (~10 va ~14 mg/dm3) Ceo/toluol/geksan eritmalarining nur sindirish ko‘rsatkichlarining (n) o‘lchangan
eksperimental qiymatlari shuni ko‘rsatadiki, Ceo/geksan/toluol eritmasida fulleren Ceo kontsentratsiyasi ortishi bilan n ning
giymati oshib boradi. Ceo konsentratsiyasi ~10 va ~14 mg/dm?® bo‘lgan Ceo/toluol eritmasida n ning giymatlari mos ravishda
1,4907 va 1,4912 ni tashkil giladi. Shu bilan birga, Cso/geksan eritmasida n ning giymatlari Ceo konsentratsiyasi ~10 mg/dm? dan
~14 mg/dmd gacha ortishi bilan 1,3671 dan 1,3682 gacha ortib borishi kuzatildi. Bunday o‘zgarishlar o‘rganilayotgan eritmalarda
Ceo kontsentratsiyasining oshishi bilan individual Ceo—Cso molekulalarining o°‘z-o‘zidan tashkillanish jarayonlari kuchayishi bilan
bog‘lig. Bu esa yorug‘lik fotonlari bilan ko‘proq o‘zaro ta’sirga olib keladi, natijada eritmalarning nur sindirish ko‘rsatgichlari
qiymatlari oshishiga sabab bo‘ladi.

1-rasmda Ceo/geksan (nugta-nugta chiziq) va Ceo/geksan/toluol (uzug-uzug chiziq va tutash chiziqg) yangi tayyorlangan
past konsentratsiyali eritmalarining ko‘zga ko‘rinadigan sohadagi optik yutilish spektrlari keltirilgan bo‘lib, bu eritmalarda Ceo
fullerenning konsentratsiyasi ~14 mg/dm3. Ceo/geksan eritmasida Ceo ning quyidagi xarakterli yutilish sohalari yaqqol va zaif
maksimumlar sifatida kuzatildi: ~404,35 nm, ~406,7 nm, ~535 nm, ~568 nm, ~590 nm, ~598 nm va ~620 nm (1-rasm, nuqta-
nugta chiziq). Ceo/geksan/toluol eritmada toluolning mol ulushi oshishi bilan spektrning gisqa va uzun to‘lginli gismlarida optik
yutilish maksimumlarining amplitudalari ortishi, ~404,35 nm va ~406,7 nm ga mos keluvchi yutilish maksimumlari o‘zaro
qo‘shilib ketishi, ~620 nm ga mos keluvchi yutilish maksimumining batoxromik siljishi (~3.2 nm ga) kuzatildi (1-rasm, uzug-
uzuq chiziq va tutash chiziq). Bu o‘zgarishlar bu jarayonda eritmada zaryad almashishi hisobiga Ceo-Ceo Va Ceo-erituvchi
molekulalari o°‘rtasida molekulalararo o‘zaro ta’sirlar qayta tagsimlanishini ko rsatadi.
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aralashmalaridagi eritmalarida toluolning mol
fraksiyalari (M) funksiyasi sifatida ko‘zga
ko‘rinadigan sohadagi optik yutilish spektrlari:
0,00 (nugta-nugta chiziq), ~0,32 (uzug-uzuq
chiziq) va ~0,6 (tutash chiziqg). Ceo fullerenning

aralashmalaridagi eritmalarida toluolning mol
fraksiyalari (M) funksiyasi sifatida ~328,8 nm
yutilish maksimumi o‘zgarishi: 0,00 ( nuqta-
nugta chiziq), ~0,32 (uzug-uzuq chiziq) va ~0,6
(tutash chiziq).

konsentratsiyasi ~14 mg/dmd,

2-rasmda Ceo/geksan (nugta-nuqgta chizig) va Ceo/geksan/toluol (uzug-uzuq chizig va tutash chiziq) eritmalarining
ultrabinafsha sohadagi optik yutilish spektrlari keltirilgan bo‘lib, bu eritmalarda Ceo fullerenning konsentratsiyasi ~14 mg/dm?.
Bu sohada Ceo/geksan eritmasida fullerenning ~328,7 nm xarakterli yutilish maksimumi mavjud (2-rasm, nugta-nuqta chiziqg). Bu
holda aralashmada toluolning molyar ulushi ortishi bilan geksandagi Ceo spektriga nisbatan optik spektrlarida sezilarli
o‘zgarishlar (solvatoxrom effekti) kuzatiladi. Xususan, eritmadagi toluolning ~0,6 M molyar ulushida ~328,7 nm xarakterli
yutilish maksimumi intensivligi ortishi va uning ~4,8 nm ga batoxromik siljishi bir paytda kuzatildi (2-rasmga garang). Bu
o‘zgarishlar erituvchi almashtirilgandan so‘ng Ceo molekulalarning asosiy holatiga nisbatan uyg‘otilgan elektron holatda =-
elektronlarining zaryad tagsimotining sezilarli darajada farqlanishini ko‘rsatadi.

YDS metodi bo‘yicha tajriba o‘lchovlari Ceo/geksan/toluol eritmasidagi molekulalarning o‘z-o‘zidan tashkillanishi
natijasida sintez gilingan Ceo nanoklasterlarining geometrik o‘lchamlari haqgida qo‘shimcha ma’lumot beradi. 3-rasmda
Ceo/geksan/toluol eritmalarida Ceo Klasterlari o‘lchamlarining hajm bo‘yicha tagsimoti toluolning ~0,6 (1) va ~0,32 (2) mol
fraktsiyalariga bog‘liq o‘zgarishlari keltirilgan. Ushbu eritmalarda Ceo fullerenning konsentratsiyasi bir xil va u ~14 mg/dm? ga
teng. Past konsentratsiyali Ceo eritmasida Ceo nanoklasterlarining gidrodinamik o‘lchamlari tagsimoti butun o‘lcham oralig‘ida
monomodal cho‘qqi ekanligi ko‘rinib turibdi. Ceo/geksan/toluol eritmalarida sintez gilingan Ceo nanoklasterlari gidrodinamik
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diametri eritmadagi toluol migdori ortishi bilan kamayadi. Ceo/geksan/toluol eritmasida toluol ulushi ~0,6 M bo‘lganda, eritmada
sintezlangan nanoklasterlarning maksimal diametri ~8,23 nm ga teng bo‘lsa, toluol ulushi ~0,32 M bo‘lganda maksimal diametr
~10,36 nm ga tengligi ko‘rinib turibdi (3-rasm). Toluol mol fraksiyasi ~0,6 M bo‘lgan Ceo/geksan/toluol eritmasida fulleren
nanoklasterlari gidrodinamik diametrlari tagsimlanishi ~3,35+13,92 nm o‘lcham oralig‘ida, ~0,32 M molyar fraktsiyasida
nanoklasterlar gidrodinamik diametrlari ~5,1 nm dan ~18,8 nm gacha kengroq tagsimlanadi. Ceo/geksan/toluol muhitida
sintezlangan Ceo klasterlarining o‘lcham xususiyatlaridagi bunday keskin farqlar Ceo molekulalarining o‘z-o‘zidan tashkillanish
xarakterini aniqlashda ishlatiladigan erituvchi rolini ko‘rsatadi. Bu holda taxmin gilish mumkinki, tizimdagi toluol migdori
ortishi bilan Ceo fulleren molekulalari eritmada yaxshi eruvchanlikka moyil bo‘ladi va nanoklasterlar o‘lchami kamayadi.
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3-rasm. Ceo/geksan/toluol eritmasida sintez gilingan Ceo nanoklasterlarining o‘lchamlari tagsimoti toluolning turli mol
fraksiyalarida (M): ~0,6 (1) va ~0,32 (2). Eritmalarda Ceo fullerenning konsentratsiyasi ~14 mg/dm?.

Xulosa. Ceo fullerenning “geksan+toluol” binar aralashmasidagi yangi tayyorlangan eritmalarining sindirish ko‘rsatkichi
qiymatlari o‘zgarishlarining “Ceo-Ce0” va “Ceo-erituvchi” molekulalararo o‘zaro ta’sir darajalariga bog‘ligligi refraktometriya
metodida tadqiq qilindi. Eritmalarda toluolning ulushi kamayishi va Ceo konsentratsiyasining oshishi “Ceo-Ceo” molekulalararo
o‘zaro ta’sirlar “Ceo-erituvchi” o‘zaro ta’sirlardan kuchli bo’lishiga olib kelishi va eritma nur sindirish ko‘rsatkich qiymatlarining
oshishiga sabab bo’lishi aniqlandi.

Tajribalarda Ceo eritmalarining optik yutilish spektral o‘lchovlari aralashmada toluolning molyar ulushi ortishi bilan
geksandagi Ceo spektriga nisbatan optik spektrlarida sezilarli o‘zgarishlar (solvatoxrom effekti) kuzatiladi. Bu o‘zgarishlar
erituvchi almashtirilgandan so‘ng Ceo molekulalarning asosiy holatiga nisbatan uyg‘otilgan elektron holatda n-elektronlarining
zaryad tagsimotining sezilarli darajada farqlanishini ko‘rsatadi.

YDS metodi yordamida Ceo/geksan/toluol eritmasida toluol ulushining oshishi erigan modda va erituvchi o‘rtasidagi
ta’sirga sezilarli o‘zgarishlarga olib kelishi, eritmada sintezlangan fulleren zarralari qayta tashkillanishi hisobiga
nanoagregatlarining maksimal geometrik o‘lchami kamayishi o’rnatidi.

Ushbu ish O‘zbekiston Respublikasi Fanlar akademiyasining fundamental tadqiqotlar jamg‘armasi moliyaviy ko‘magida
amalga oshirildi: “Suyuq sistemalarda organik nanoo'lchamli materiallarning o'z-0'zidan tashkillanish yarayonlarining fizik
gonuniyatlarini tadqiq etish”.
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GRAVITATIONAL LENSING IN JANIS-NEWMAN-WINICOUR SPACETIME IN PLASMA
Annotation

The Janis-Newman-Winicour (JNW) metric represents a comprehensive static spherically symmetric solution to the Einstein
massless scalar equations, introducing an additional parameter v. This metric encompasses the Schwarzschild metric as a special
case. Notably, it features a globally naked strong curvature singularity. We investigate the weak-field lensing effects caused by
JNW spacetime naked singularities surrounded by plasma, considering three distribution scenarios: uniform, singular isothermal
spheres.

Key words: Gravitational lensing (GL), General relativity,Event Horizon Telescope Collaboration, Supermassive black hole,
Kerr metric, Naked singularity, Janis-Newman-Winicour (JNW) spacetime, Reissner-Nordstrom naked singularity, Light
propagation,Weak lensing.

I'PABUTAIIMOHHOE JIMH3WPOBAHUE B IIJIASME B IPOCTPAHCTBE-BPEMEHU JKEHUCA-HBIOMEHA-
BUHUKYPA
AnHOTaLUA

Mertpuka Suuca-Heiomana-Bunnkypa (JNW) mpencraBnseTr co0oi KOMIUIEKCHOE CTaTHYECKOe C(HEpUUIecKH CHMMETPUYHOE
pemeHne 0e3MacCOBBIX CKANSPHBIX YpaBHEHHH DWHINTEHHa, BBOIS JOIOJHUTENBHBINA mapamerp N. DTa METpUKA BKIIOYAET B
ce6st meTpuky llIBaprmmibaa kak ocoOblil caydail. IIpuMedarennsHO, YTO OH MMeEET TII00aTbHO OOHAKEHHYIO CHHTYISIPHOCTD
CHJIBHOH KpHBHM3HBL. MbI ncciemyeM 3(¢eKTsl JMH3UPOBAHHS CIAabOTO TOJS, BBI3BAHHBIE TOJBIMH CHHTYISIPHOCTSIMH
npoctpancTBa-BpeMeHn JNW, OkpykeHHBIMHM ITIa3MOi, paccMaTpuBash TPH CLEHApUs pacHpenieNieHus:: OIHOPOJHBIE,
CHHTYJISIpHBIE H30TepMHYECKHEe Chephl.

KunroueBbie cioBa: rpaButanrionHoe mH3uposanue (I'J1), oOmast Teopyst OTHOCHTEIBHOCTH, COTPYAHMYECTBO C TEJIECKOMaMHU
TOpU30HTA COOBITHIA, CBEpXMAaCCHBHAsl YepHasl JbIpa, METPUKA Keppa, Tojias CHHTYISIPHOCTh, MPOCTPAHCTBO-BpPEMs JKEHHCa-
HplOMaHa-BUHUKYpa (JNW), oOHakeHHas CHHTYJSIPHOCTh peiicCHepa-HOPACTpEMa, CBET. pacHpocTpaHeHue, ciaboe
JMH3UPOBAHHUE.

PLAZMADAGI JANIS-NYYMEN-VINIKUR KOMOV VAQTIDA GRAVITASYONLI LEZONLASH
Annotation

Janis-Nyuman-Vinikur (JNW) metrikasi Eynshteynning massasiz skalyar tenglamalarining keng gamrovli statik sferik simmetrik
yechimini ifodalaydi va qo'shimcha n parametrini kiritadi. Ushbu ko'rsatkich Shvartsshild ko'rsatkichini alohida holat sifatida o'z
ichiga oladi. Shunisi e'tiborga loyigki, u global yalang'och kuchli egrilik o'ziga xosligi bilan ajralib turadi. Plazma bilan o'ralgan
JNW fazoviy vaqtning o'ziga xosligi tufayli yuzaga keladigan zaif maydonli linzalash effektlarini uchta tagsimlash stsenariysini
ko'rib chigamiz: bir xil, yagona izotermik.

Kalit so‘zlar: Gravitatsion linzalash (GL), Umumiy nisbiylik, Vogea gorizonti teleskopi bilan hamkorlik, Supermassiv qora
tuynuk, Kerr metrikasi, Yalang‘och singularlik, Janis-Nyuman-Vinikur (JNW) fazoviy vaqt, Reissner-Nordstromsikulyarlik,
yalang‘ochlik tarqalish, zaif linzalash.

Introduction. Gravitational lensing (GL) is a phenomenon predicted by general relativity, where light bends in a
gravitational field, producing multiple images of a single source. GL offers valuable insights into astrophysical phenomena and
the Universe's geometry, serving as a tool to study gravity's strong-field aspects and detect exotic objects[1-4]. Recent
observations of the shadow image of the supermassive black hole M87* have highlighted GL's significance[5—7]. Early work by
Synge initiated investigations into GL and plasma effects[8], further advanced by Perlick and Bisnovatyi-Kogan & Tsupko,
which expanded to include rotational aspects and shadows of black holes[11-17]. Studies have also analyzed plasma's influence
on photon trajectories around compact gravitating objects[17].

Weak-field lensing in the presence of plasma. We are intrigued by a solution to the Einstein equations that satisfies the
criteria of being static, spherically symmetric, and asymptotically flat, while incorporating a massless scalar field as the energy-
momentum source, as proposed by JINW. This solution, known as the JINW solution, depicts a spherically symmetric gravitational
field that seamlessly transitions into the exterior Schwarzschild spacetime. The JNW metric arises as a solution to the Einstein-
massless scalar field equations.
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Ry =2V, 0V, 0, V,VFp =0 (€8]
It is described by the metric
ds? = —FVdt? + F7Vdr? + r2F7V(d6? + sin? 0 d¢?). (2)
where the lapse function F and the scalar field ®, respectively read

F=(1-2)and® = (") InF 3)
The JNW solution is governed by two parameters v and r are, respectively, given by
v=2r—Mandrg=2 M2 + g2 4)

g

Here, M and q are, respectively, the ADM mass and scalar charge of the compact object. The parameter lies in the range
0 < v < 1. Therange of the radial coordinate is givenby 7; < r < oo.

When the scalar field is zero g = 0, the solution should reduce to the Schwarzschild solution, which happens when v =
1 or the INW solution differs from the Schwarzschild solution for g # 0. The INWsolution, for non-trivial scalar fields, does not
possess an event horizon and describes a naked curvature singularity located at radial distance at r = 7, when v < 1 which
could be globally naked as it can be visible to distant observers not being covered by a horizon. Thus, an introduction of the static
scalar field in the Schwarzschild black hole becaomes a JNW spacetime containing a naked singularity, and the event horizon or
coordinate singularity at r = 7, is then deformed into a naked singularity. The Stress-tensor for the INW metric is

TV[,L = diag[_prPI'PZrP3]' (5)
where [3]
%
r2(1—v?) (1—;9) ]
rz(r — rg)z ©

The JNW spacetime satisfies the weak energy condition and it has a globally naked strong curvature singularity r = 7,
for g # 0. Next, we use a more general approach and derive the deflection angle for the photon moving in a weak gravitational
field, in the JINW metric (2), in the arbitrary inhomogeneous plasma [13,14]. In the JNW spacetime (2), the metric tensor gz is
independent of the time. We assume that the gravitational field is weak, hence we have

Gap = MNap + haﬁ
where 1, and h,g, respectively, refer to the Minkowski metric and a perturbation metric.
Nag = diag(=1,1,1,1),

p:—P1:P2:P3:

hep <1, hgp = 0under x* — oo,
g =1 —h, hF =hep  (®)
Now, we consider the distribution of plasma surrounds the mass M, located at the origin and that the spacetime is filled
with a static inhomogeneous plasma whose electron plasma frequency w, is a function of the radius coordinate only
4me?
N O
in terms of the electric charge e and the number density N,,.m is the electron mass. The refraction index n of this plasma

We =

2
We
le =1- E (10)
We describe photon paths through the plasma in the JINW spacetime by the Hamiltonian in the geometric optics limit

described by

1 2
H(x%pa) = 5 [99Ppaps — (0* - DP°Y=g00) | (1)
The paths of light rays are then described

dx® _ 0H
dl ~ dp,
dp, 0H
dr — ox®

where 2 is the affine parameter. The plasma has an index of refraction n = n(x%, ), where the photon frequency is w,
and p, the linear momentum of the photon. Let us assume that w, be the plasma frequency in terms of the electron charge e and

number density N, it depends on the spatial coordinates x* because of the gravitational field. In order to proceed further we
assume refractive index is of the form [8,13]
w? 4me?N(xt 4

=1 [w(xH)]? we = m( - KN(x).  (12)
The validity of the inequality, w? > w? is important for the propagation of light through the plasma medium. We can
assume photon moving along the z-axis and take in the null approximations [13] a in curved spacetime in an inhomogeneous
plasma. The photon will move along the curved trajectory because of the curved spacetime metric and plasma inhomogeneity.

We use the approximation in which deviations of the photon trajectory from the straight line are small [8] and hence

o_ hw Oonhw _( hw Oonhw) 14
p=\700—) Pa = 0.0, — (14)

Henceforth, for definitences we utilize the following notations

2
w(x) = w, We () = wy, n(ew) = [1-— w_g =n.
1)

n
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Since we are considering a diagonal metric therefore the components of the metric tensor g, dissolves for all « # . On
using Eqgs.(11) and (12), yields the following equations of motion
ﬂ =dip.
a =97'p) (215)
% = —%g,’i’"pmm - %g,‘?"p% - %?—2 KeN,i. i=12. (19)

We consider only those components of the unit vector perpendicular to the initial direction of propagation [13] since the
motion takes place only along the z-axis. The deflection angle, in a weak gravitational field (18), appears as @ = U0 — U_q.

Hence, The deflection angle of the photon moving from infinity to the central object and then to infinity reads
+0o0

1 w? K, )
a= E f h33,i +mhoo‘i —ml\],l dz (20)

Thus, the deflection angle «; could be —ve or +ve, respectively, according to the deflection of light towards or away
w.r.t. spacetime.
Gravitational lensing in INW metric. Next, we analyse the deflection angle for a photon moving in the plasmamedium

2
for the INWmetric (2)We take the series expansion of f up to O(rgz) for the weak field regime and we use rf>> (rf) ,in
additional, the INW metric (2) takes the form

VT,
ds? =ds? + TQ(dt2 +dr?) + (v — Dryr(d6? + sin® 0 dp?) 21
with ds§ = —dt? + dr? + r2(d6? + sin® 6 d¢p?). The components h, in Cartesian coordinates, reads

_'
00 — r )
(4v — 3 — cos 26 + cos 2¢ sin® O)ry,
hiy = ’
4r
L (4v — 3 — c0s 20 + cos 2¢ sin” O)ry
22 = )

4r
(2v — 1+ cos 26)r,
h33 = )

r
sin? @ sin2¢ 7
12 = - 3y
cos¢psin2¢ 1y,
13 = f;
sin26sin ¢ 1,
BT
where r =+vVb? + z% and cos 8 = z/r are introduced in [13], and b is the impact parameter of photon’s orbit. From
the general equation (20) of the deflection angle, we can determine the deflection angle of light relative to the impact parameter b
for a black hole in the presence of a plasma medium

+00
R b (2v — 1+ cos 20)r, vy, w?
a, = f Z[@( 5 ) + 0, (—)marl\/ dz . (22)

r

The formula (22) allows us to calculate the deflection angle of the photonmoving in the JNWspacetime in the presence of
a spherically symmetric distribution of plasma for both inhomogeneous and homogeneous plasma and depends on the photon
frequency.

a. Uniform plasma In a homogeneous plasma with w2 = const, the refractive index does not explicitly depend on the
space coordinates, so refractive action is absent, i.e., d,.N vanish for a homogeneous plasma, and from the equation (22), one can
compute the deflection angle of light in a uniform plasma as

utlﬂl

Tz X 0e 0. 1.0

1 wd/ w?
. 2
Fig. 1 The dependence of the parameter v and surrounding plasma parameter 2 on the deflection angle with a fixed
impact parameter b = 5
R vry 1
Auni = T 1+ woz . (23)
T w?

The most exciting result following our calculation is that even in a homogeneous or uniform plasma, the photon
deflection angle differs from the vacuum case and depends on the plasma and photon frequency. The formula (23) holds when
w > wq as the waves with w < w, do not propagate in the plasma. In the limit w — w,, the gravitational deflection in plasma
can be much larger than in the vacuum We have shown the influence of the plasma parameter and the JNV v parameter on the
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angle of light deflection around the central object in the Fig. 1. It is clear that as the parameter v decreases, the deflection angle
also increases.

b. Singular Isothermal sphere Here,we consider situations of lensing with a non uniform plasma distribution. Indeed, we
consider a model non-uniform plasma medium of a singular isothermal sphere (SIS) which is frequently used in the lens
modelling of galaxies and clusters of galaxies. The SIS density distribution can be written as

[oF
p(r) = n—v (25)
where ¢ corresponds to a 1-dimensional velocity dipersion which can be for stars in galaxies. The concentration of
plasma medium reads
r
&, (26)
Kmp
where « is a dimensionless constant coefficient may correspond to the dark matter contribution to the Universe and mp is
the proton mass [13]. On using Egs.(12),(25) and (26), the plasma frequency takes the form
~ 2vry  r?w? 1 2y ’8
sis =7 +b2w2<5_3nb>' (28)
Thus, we have obtained correction to the gravitational deflection due to the plasma. Here, we introduced a new plasma
frequency w? for SIS to simplify below

N(r) =

2
wf
@2

Fig. 2 The dependence of the parameter v and surrounding plasma parameter on the deflection angle with a fixed

impact parameter b = 5
2
= i@z_ (29)
2Kkmy, R

Conlusions. We examined light propagation around JNW naked singularities and its interaction with plasma. Three
scenarios, including uniform plasma and singular isothermal sphere (SIS), were explored to estimate light deflection angles under
weak conditions. Key findings include:

Exact expressions for deflection angles in weak gravitational lensing around JNW naked singularities with plasma were
derived.

The influence of plasma on deflection angles in JNW spacetime was analyzed for various v values, showing a decrease
with decreasing JNW parameter and an increase with plasma presence.

Calculations included models with non-uniform plasma distributions, like SIS within JNW naked singularities' backdrop.

w¢
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RESULTS OF THE MONITORING OF THE AMOUNT OF PRECIPITATED WATER IN THE ATMOSPHERE OF
THE SUFFA PLATEAU
Annotation

The results of measurements of the amount of precipitated water at the RT-70 Radio Astronomy Observatory on the Suffa
Plateau (Uzbekistan, A=65°26, $=39°37, h=2500 m) are presented. Observations were carried out automatically every 11 minutes
throughout the year, starting from January 2015 to November 2020 using the MIAP-2 measuring complex. Seasonal changes of
the amount of precipitated water in the atmosphere are considered and statistical diagrams are constructed. The main result of the
work is statistical data characterizing the astroclimate, allowing one to predict the possibility of radio astronomical observations
in the transparency windows of the wavelength range.

Key words: interstellar atoms and molecules, ground-space communication, sounding, precipitated water.

SUFFA YASSITOG’I ATVOSFERASIDAGI CHO’KMA SUV MIQDORINING MONITORINGI NATIJALARI
Annotatsiya

Magqolada Suffa yassitog’da joylashgan RT-70 radioastronomiya observatoriyasida (O‘zbekiston, A=65°26, $=39°37, h=2500 m)
cho‘kma suv miqdorini olchash natijalari keltirilgan. Kuzatishlar 2015-yil yanvaridan 2020-yil noyabrigacha MIAP-2 o‘Ichash
majmuasi yordamida yil davomida har 11 daqiqada avtomatik ravishda amalga oshirildi. Atmosferadagi cho’kma suv
miqdorining mavsumiy o'zgarishlari hisobga olindi va statistik diagrammalar tuzildi. Ishning asosiy natijasi astroiglimni
tavsiflovchi statistik ma'lumotlar bo'lib, to'lgin uzunligi diapazonining shaffof oynalarida radioastronomik kuzatishlarni prognoz
qgilish imkonini beradi.

Kalit so*zlar: yulduzlararo atomlar va molekulalar, yer-kosmos alogasi, masofadan zondlash.

PE3YJIbTATBI MOHUTOPHUHI A KOJIUYECTBA OCAXKIEHHOM BOJBI HA IIJIATO CY®®A
AHHOTAIHS

IpencraBneHsl pe3ysbTaThl U3MEPEHH KOJNMYECTBA OCaXAEHHOH Bojbl B PammoactpoHomuueckod obcepBatopun PT-70 Ha
mwiato Cydda (Y3bekucran, A=65°26, $=39°37, h=2500 m). HabroaeHusI TPOBOAMINCH B @BTOMATHUECKOM PEKHME B KaXKIbIC
11 MuHYT B TeueHue rofa, HaunHas ¢ sHBaps 2015 1. mo HOsIOps 2020 T., ¢ MOMOIIBI0 M3MEpHUTENBHOTO Komiuiekca MUATI-2.
PaccMoTpeHbl Ce30HHBIC H3MEHEHHUS KOJMYECTBA OCAKIAAEMOW BOJBI B aTMOc(epe U MOCTPOEHBI CTATUCTHYECKUE HArpaMMBL.
OCHOBHBIM Pe3yJIbTaTOM pabOTBl SBISAIOTCS CTATHCTHYECKHE [TaHHbIe, XapaKTePH3YIOLIHE ACTPOKIMMATA, [TO3BOJISIOIINE
MPOTHO3MPOBATH BO3MOXKHOCTH PAJIHOACTPOHOMHUYECKHX HAOIIOACHHI B OKHAX MIPO3PAYHOCTH ANANA30HA JAJIUH BOJIH.
KunroueBbie ci10Ba: MeX3BE3JHbIEC ATOMBI M MOJIEKYJIbI, HA3€MHO-KOCMHYECKasl CBSI3b, MUCTAHIIMOHHOE 30HANPOBAHHE.

BBenenmne. l3BecTHO, 4TO Hauboyiee MEPCHEKTHBHON OOJNACTBIO CIIEKTpa AJIEKTPOMATHUTHBIX KOJICOAHWH B PEIICHUH
(yHIaMEeHTaIBHBIX MPOOJIEM KOCMOJIOTHH, TIOMCKA U UCCIIEA0BAHHUS OPraHMYECKHX MOJIEKYJ KOCMHYECKOTO MPOUCXOXKICHUS U
Ipyrux GpyHIaMEeHTAJIbHBIX MPoOeM acTpo(dU3HUKH, a TAKXKE PELICHUH MPUKIATHBIX 33/1a4, UMEIOIINX HapOJIHO-X03IHCTBEHHOE
3HAUeHNE, TAaKUX KaK Ha3eMHO-KOCMUYECKasi CBs3b, JUCTAHIMOHHOE 30HIWPOBAHWE 3€MIM, CO3JaHHe TJI00AIBHON
HABHTAl[MOHHOMN CHCTEMBI M MHOTHX APYTHX, SBISETCS MIJUTMMETPOBBIH THama3oH JIMH BoH [1].

TpenmyIiiecTBa MHJUIMMETPOBOTO JHala30Ha B PaJMOACTPOHOMHH IIOMHMO TOTO, YTO JOMHUHHPYIOLIUM B 3TOM
JIMana3oHe SBISETCS PEIMKTOBOE KOCMOJIOTHYECKOE M3IIydeHHE, cllaboe paccesiHue M TOTJIOMIEHHE PaAHOBOJIH B KOCMHUYECKOMN
rnjaasme, OoraThIit CIICKTP Bpa[L[aTeJ'l];HO-KOIleGaTeIll)Hl)IX JIMHUH OONBIIMHCTBA MEX3BE3JHBIX aTOMOB U MOJICKYJI, ABJIACTCA
BO3MOKHOCTh PEeaM30BaTh CaMO€ BBICOKOE yIJIOBOE paspelueHue [2].

B mocnenHee necstunerne, Onarogapst CTPEMHTEIBHOMY pPa3BUTHIO TEXHHKH CBEPXBBICOKHX YacTOT, CO3JaHUIO
ANAlTUBHBIX PAJUOTEIICCKOIIOB 0ONBIIION anepTypsl U BO3MOXHOCTHU OG’I)G}II/IHCHI/IH UX B CHUCTEMY HA3€MHBIX W HAa3€MHO-
KOCMHYECKHX MHTEp()EpPOMETPOB CO CBEPXIMHHBIMU 0a3aMH, MOSIBUIIACH pealibHasi BO3MOXKHOCTh B IIOJIHON Mepe peann30BaTh
HPEUMYIIECTBO MIJUIMMETPOBOTO JHaNa3oHa B pelieHu: (HyHIaMEHTaIbHBIX MPOOJIeM KOCMOJIOTHH, a TAKXe B PELICHUH psna
NPHKIAIHBIX 3a]a4 Ha COBEPLICHHO HOBOM ypoBHe [3].

OnHako HeCTaOMIPHOCTh MHOTHX MapaMeTpoB atMocdepsl 3emim, Oiaromapst Kak rio0anbHas DUPKYIAIHSA, TaK U
NEpEMECIINBAHUC aTMOC(bCprIX CJIOCB U JIOKAJIbLHOM TypGyJ'[eHTHOCTI/I BBI3bIBAKOT HEOJJHOPOJHOCTHU 3EMHOM IMOBEPXHOCTH U UX
BIIMSIHUE Ha MPOXOXKJICHUE DJICKTPOMArHUTHBIX BOJH MHKPOBOJIHOBOTO JHANa30Ha, HUCKIIOYAIOT BO3MOXKHOCTH IMOCTPOCHHUE
YHUBEPCAIBHOH pano MoJenu arMocdepbl, HEOOXOAUMOCTh IOCTOSHHOTO HAaONIOZEHMS 3a COCTOSIHHEM aTtMoc(epbl, B
JIOTIOJIHEHHE K HCIIOJIb30BAHMIO HAOJIIOaeMbIX IapaMeTpoB Ui peleHus GyHIaMeHTalbHbIX npobiieM Qusuku atmMocdeps! u
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HNPOJUKTOBAHEI 110 3KOHOMHYECKOM IeNIecOOOpa3HOCTH, C TOUYKH 3peHHs Oosiee S (PEKTHBHOTO HCHONB30BAaHHS OONBIINX
(moporux) pagroTENIecKONOB B PeIN3alMi HCCIEI0BaTENbCKUX Iporpamm [4].

ITosToMy B HacTosIee BpeMsl BO BCEX KPYNHBIX paJuo oOcepBaTOpUAX MUpa (B MECTax YCTAHOBKH PaJHOTENECKOINOB)
HPOBOATCS CHCTEMATHYECKHE HAOMIOICHHS TTapaMeTpOB aTMOC(ephl C UCIIONB30BAHUEM COBPEMEHHBIX H3MEPHTEIIBHBIX CHCTEM
JUISL HAKOIUIEHUSI CTATUCTHYECKOTO MaTepHaa JUisi IPOTHO3UPOBAHUS YCIOBHH MPOXOXKICHUS MHKPOBOJIHOBOTO H3IyUCHHUS OT
KOCMHYECKHX 00BeKTOB [5-9].

B nmanHoO#t paboTe MBI mpencTaBiIseM pe3yabTaThl MOHHTOPHHIA OCaXJaeMOH BOIBI B arMocdepe, MMPOBOIMMOIO Ha
IInato Cydda, B mepron ¢ staBapst 2015 rozxa mo Hostops 2020 T. ¢ HCIOIB30BaHUEM H3MEPHUTENBEHOTO KoMIutekca MUATI-2.

H3mepurtenpnasi anmapatypa. V3MepuTeNnbHEI KOMIUIEKC COCTOMT M3 JIBYX HE3aBHCHMBIX KaHaja PErHCTPaIliH
aTMOC(EepHOTO MOTJIOIICHHUS B TaK Ha3bIBaeMbIX OKHAX mpo3payHocTu armocepst 3emnu — 84-99 I'Tr (A = 3 mm) u 132-148
ITo (Aep = 2 MM), pacIoNOKEHHBIX B OOIEM KOpITyce ¢ aMIUTUTYAHO-IH(poBbIM npeodpazosarenem (ALII), yerpoiicTBa mms
CKaHMPOBAHMSA 3€HUTHBIX YTJI0B OT 0° (3eHHT) 10 90° (TOPH30HT) U PYNOPHBIX aHTEHH. Bee paguomerpudeckoe 000pynoBaHHE
YCTaHOBJIEHO Ha €MHOU IIaT¢opMe, C TePMETHYHBIHN KECTKHI KOPIIyC M3 HeprKaBeroleil cTanu, o0ecreunBaromuil HaJe:KHYIO
3alMTa OT HEONIArONPHATHBIX ITOTOIHBIX YCIOBHH M MMEET paanonpo3payHoe ¢roporuiactoBoe okHo. IlIupuHa yya pynopHsie
AQHTEHHBI paJioOMeTpa Ha IOJIOBUHHOM YPOBHE MOIIHOCTH B 00a auana3oHa cOCTaBILOT 2,5°. CTpoeHHe M IPHHIUI PaboTHI
kommuiekca MUAII-2 moapo6rO ommcansl B [10,11]. M3MepeHne HONHOTO BEPTHKATGHOTO IOTJIOIICHUS PagWOBOJIH Ha
YKa3aHHBIX YacTOTaX OCYIIECTBIIIETCS METOJ BEPTHKAIBHBIX CEYCHHUH, OCHOBAHHBIM Ha M3MEPEHHH COOCTBEHHOTO TEIIOBOTO
M3IydcHHs aTMocephl IPH pa3IMIHbIX YTIIbI Haja ropu3oHToM (60,5°, 76,3°, 81,4°, 84,2°, 88,6°).

Tlocnemnuit yrom HaxoAWTCS KaKk MOXKHO OIMkKe K TOPU3OHTY. METOJ pealau3yeTcs ITyTeM CpaBHEHMS HpHpalieHui
SIPKOCTHBIE TEMIIEPATypHl ABYX Y4aCTKOB aTMOC(Ephl OA pa3sHbIMU 3€HUTHBIMH yTIIaMH C TEMIIEpaTypoil pepeHHBIH PEeruoH.
Ota obmacTh OOBIYHO HCHONB3yeTCsA Kak aTrMoc(epHas H3Iy4eHHs B HANpPABICHHH TOPH30HTA, €CIU IPEATOIOXKHTb, YTO
SPKOCTHAs TeMIlepaTypa aTMoc(ephl B HallpaBIeHUN aHTEHHBI OJIM3Ka K TEPMOJMHAMIYECKON TeMIepaType

NPU3EMHBIH CII0H BO31yXa, a camMa aTMoc(epa H30TepPMUIECKasi B TOPU30HTAIBHBIX KOOPANHATAX.

PacuetHOe 3HaueHMe aTMOC(EpHOTo IMOTJIOMIEHUS B 3eHHTe, BEIpaxkaercsi B Hemepax (1 Hem = 8,686 nb), T. e. Tak
Ha3bIBaeMasi ONTHYEcKas TOJIIMHA aTMocdepbl oToOpaxkaercss Ha rpaduke. LIMKI perucrpanu JIHTCS OKOJIO MHHYTHL
Bo3MoxHOCTE 06ecrieunBaeTcsi HEPEPHIBHBINA KOHTPOJIb paiio Mpo3padHocTH. Kak oTMedanocs BhIlIe, H3MEpeHusl TapaMeTpoB
atMocdeps! Ha waro Cydda npoBonsates ¢ staBaps 2015 mo HosOps 2020 r. 3a 3TOT Meproa HaMHU OBUTH HOIydeHBI Ooiee 250
000 3HaueHnit mapaMeTpoB aTMochepbl. Pe3ynbTaTbl MOHUTOPHHTA TApaMETPOB aTMOchephl peacTaBIeHs! B [12].

KosmuecTBo ocaxnénnoii Boapl. OCHOBHas mpobieMa HaOMIOeHUH Ha BBIMICYKAa3aHHBIX paluonana3oHax A [elei
PagroacTpOHOMUH U TENEKOMMYHUKAIMH SIBISIETCS 3HAYUTEIBHOE MOTJIOMEHNE U3ITydeHHs aTMOC(EPHBIMH Ta3aMH U, IPexIe
BCEro, BOJSHEIM 1mapoM [13]. OH nmoxBeprkeH 3HAYUTEIBHBIM Ce30HHBIMU M CYTOYHBIMHU KOJICOAQHUSIMH, CYIIECTBEHHO 3aBHCSIINX
OT KJINMarta, penbeda 1 BHICOTOH HajJ ypOBHEM MOPSI.

HaGmonenuss B IByX OKHax aTMOC(EPHOTO IOTJIONICHHS IO3BOJITIOT PAacCUUTATh KOJIMYECTBO OCAKAEHHOW BOABI IO
METOIy, NIpe/ICTaBIeHHOMY B pabote [14], ncroib3ys MeTOIbI pacueTra yAenbHOro Ko3(h(GHIMEHTH MOTJIOMEHNUs Ul JaHHOTO
pamuomeTrpa, mpuBeneHHbIE B pabore [15]. Pe3ympTaThl pacdeToB KONMWYECTBA OCAXKIEHHON BOABI HAXOMATCS OTAENBHO IS
K@)XIOT0 KaHama, HO B YHCTOM BPEMEHH OHH COBIIQJAIOT C TOYHOCTBIO IO TIOTPENIHOCTH M3MepeHms. Pesymprar - cpemHee
apuQMeTHIecKoe MeXIy 3HAUCHHUSIMH JUTS IBYX KaHAJIOB B K0 TOUKE BpeMsI.

B xauectBe nmpuMepa Ha puc. 1 moka3aH BpeMEHHOH ps KOJTHMYECTBA OCAXIEHHONW BOABI, MONydeHHO! Ha tuiato Cydda
322015, 2017 u 2020 rr. Kak BUIHO U3 pUCYHKaA, CpeJlHEE 3HAUECHHE KOJIMUYECTBA OCAKAEHHOM BOJIBI OCTAETCS CTAOUIIBHBIM.

J1nst BU3yasibHOTO TIPEJICTaBICHHS CTATUCTUKH aTMOC(EPHBIX MOTIOMICHHS ¥ TSHASHIIMH €T0 H3MEHEHHs1, ObUTH BBIOPAHBI
BpeMeHa rojia IO TNPUHLUITY IMOTOJHBIX YCJIOBHMH: HOSIOpb, Aekabpb, sHBaph M (EeBpalb OTHOCATCS K 3UMHEMY CE30HY;
MEePEXOIHBINH CE30H BKIIIOYAET MapT, alpeib, CEHTIOPb U OKTAOPb, JISTHUI CE30H - Maii, NIOHb, MIOJIb U aBTyCT. B 3uMHMii ce30H,
CpeaHee 3HauCHHE OCAXKIICHHOW BOJBI AJI Auama3oHa 2 MM - 5,04 MM, a g nuamazona 3 MM — 9,90 mm. B mepexomHsiii ce30H
KOJMYECTBO BBIMAJAOIINX OCAAKOB BOA JJIsS AMAlla3oHa 2 MM cocTaBiseT 7,71 MM, a s auama3oHa 3 mm 3to 13,17 mm. B
JIETHUI ce30H — 7,29 MM Ha 2 MM JUana3oHa, a [y auama3ona 3 mm — 13,17,
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Puc. 1. BpeMeHHO# psi KoJIMuecTBa OCaxIEHHOI BOIbI, TTONTy4eHHbIN Ha ruiato Cydoda.

U3BecTHO, 4TO oOONaka HE BIMSAIOT Ha PabOTy pagHOTENIECKON KpPOME KpalHMX CaHTUMETPOB U MHJUIMMETPOBBIC
nuanazoHel.  [lockonmbky B JaHHas paboTa MOCBSIIEHA M3MEPeHUSIM B MHJUTIMETPOBOM JHana3oHe HaMH  ObUIH
IPOAHAIU3UPOBAHB! JaHHBIC PAAMOU3MEPEHHH, TOMYYCHHBIX Ha aOCONIIOTHO SCHBIX M NMACMYpPHBIX THEil. 3UMOIl B sICHBIE THH
BEJIMYMHA OCAXIEHHOW BOIBI Beeria Hke Ha 30%, 4eM B macMypHBIC THH B 3 MM JIMamnia3oHe, a 2 MM auamna3one — 35%.

KommdecTBo ocaxI€HHOWM BOIBI MPH MEPEXOJHOM IIEPHOJIE B MacMypHble THA Ha 60% BBIIE, YeM B SICHBIC THH IS
Iana3oHa 2 MM, a Jist 3 MM nuana3ona — 57%. Jletom B macMypHBIE THH 3HaYCHHE OcakJaeMoi BOABI Bcernaa Ha 31% Beime,
4eM B SICHBIE JHU B 2 MM auara3oHe u 46% B 3 MM [Iuama3oHe.

CyTOYHBIN X0 OCaXIaeMO BOJbI B JISTHUI Tepro] Oosee 3HaYMTeNIeH, YeM 3UMHHI. Ha HekoTophIX HOuH B Jekabpe u
SIHBape KOJMYECTBO OCAXIAEMON BOJBI OIIYCKAeTCs 10 MUHUMYMa IIPUMEPHO Ha 2 MM, JIETOM MOJAHUMAETCs 10 15 MM.

3akmoyenne. Ha ocHOBe NpPOBEINCHHBIX MCCIEAOBAaHUH MOXKHO CHAENATh BBIBOJA, YTO 3a LIECTHJICTHUH NEpHOA
napamerpsl atmocdepst Ha wiato Cydda ocrarorcst JOBONBHO cTaOHIBHBIMH. 3HAYEHHUs, IPEACTABICHHBIC 3/1€Ch OCAXKIACMOM
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BOJIBI COOTBETCTBYIOT 3HAUCHUSIM BCeH TONIIM aTMocdeps! B 3eHUTe. OH MOXKET CBOAMUTHCS K 3HAUCHUSIM JII000TO YIJIa, a TaKkKe
SKCTPANOIUPOBATHCS Ha JIF00YIO BBICOTY C YUETOM CTaHIAPTHOI MoAenu aTMochephI.
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PARTICLE DYNAMICS AROUND CHARGED ROTATING BLACK HOLE IN PERFECT FLUID DARK MATTER
Annotation
This paper is devoted to studying particle acceleration around charged rotating black holes surrounded by perfect fluid dark
matter(PFDM) as medium. In the beginning, we discuss black hole(BH) horizons, ergosphere and inner stable circular orbits in
the framework of PFDM. Next, we investigate the collision of particles in the vicinity of extremal and non-extremal BHs. It is
found that in the non-extremal case E_,,, energy can be finite for some values of charge Q in the presence of PFDM.
Key words: Horizons; Ergosphere; Particle acceleration.

JAHAMMKA YACTHUI] BOKPYT 3APSI)KEHHOM BPAIIAIOIIENCS YEPHOM JBIPHI B UIEAJIBHOMN
JKUJKON TEMHOM MATEPUA
AHHOTanUs

JlaHHas CTaThs MOCBAIIEHA UCCIEAOBAHUIO YCKOPEHUS JaCTUIl BOKPYT 3apsKEHHBIX BPAIIAIOIINXCS YEPHBIX IBIP, OKPYKEHHBIX
naeaNbHON xuakoi TemHoil marepueil (PFDM) B kadectBe cpenbl. BHawane mMbl oOCyxgaeM rOpH30HTHI 4epHbIX Ablp (),
sprocdepy ¥ BHYTPEHHHE CTa0MIBHBIC KPYroBBIle OpOUTHI B pamkax PFDM. [lanee MBI HiccieqyeM CTOJIKHOBEHUE YacTHUI] BOIU3U
SKCTPEMaJIbHBIX B HEdKcTpeMalbHBIX Y/[. Y cTaHOBIIEHO, UTO B HEIKCTPEMAIbHOM ciydae sHeprus E_cm MoxeT ObITh KOHEUHOU
Ul HEKOTOPBIX 3HadeHui 3apsina Q npu Hanuuun PEDM.

Knarwouesnle ciioBa: ['opusoHTsl; Dprocdepa; Y CKOpeHHE YaCTHIL.

MUKAMMAL SUYUQ QORA MATERIYADA ZARYADLI AYLANADIGAN QORA TUYNUK ATROFIDAGI
ZARRACHALAR DINAMIKASI
Annotatsiya

Ushbu magola vosita sifatida mukammal suyuqlik qora materiya (PFDM) bilan o'ralgan zaryadlangan aylanadigan qora tuynuklar
atrofida zarrachalar tezlashishini o'rganishga bag'ishlangan. Boshida biz PFDM doirasida gora tuynuk (BH) gorizontlari,
ergosfera va ichki bargaror dumalog orbitalarni muhokama gilamiz. Keyinchalik, ekstremal va ekstremal bo'Imagan BHlar
yaginida zarrachalarning to'gnashuvini tekshiramiz. Aniglanishicha, ekstremal bo'Imagan holatda E_cm energiya PFDM
ishtirokida Q zaryadining ba'zi giymatlari uchun chekli bo'lishi mumkin.

Kalit so'zlar: Ufglar; Ergosfera; Zarrachalarning tezlashishi.

Introduction. Several experiments and observations reveal that normal matter constitutes only a small fraction (4%) of
the Universe, with dark matter (~21%) and dark energy (~75%) comprising the majority[1][2]. While these new forms of matter
are not directly observed, their presence is inferred through gravitational interactions. In the context of astrophysical processes
around compact objects, the impact of dark energy is typically negligible, yet strong evidence supports the existence of dark
matter around giant galaxies[3].

Understanding the effect of dark matter on various astrophysical processes around compact gravitating objects is a key
challenge in modern relativistic astrophysics. Modifications to standard theory are often tested through experiments and
observations, particularly by studying the dynamics of test particles around black hole (BH) horizons. Analyzing particle
dynamics, including orbits, oscillations, and acceleration, provides valuable insights into gravity theories and their
modifications[4-6].

Previous studies have investigated particle dynamics around compact objects with nonvanishing electric charge and/or
magnetic dipole momentum in the presence of electromagnetic fields, offering insights into important physical processes[7-10].
Additionally, the Kerr BH exhibits intriguing features, such as its role in particle acceleration and the divergence of the center of
mass energy of colliding particles at the event horizon of extreme rotating Kerr BH[11]. Studies exploring particle acceleration
mechanisms and energetic processes around rotating BHs in modified or alternative theories of gravity contribute to our
understanding of these phenomena[12-13].

The paper is organized as follows: In Sect. Il we review the spacetime around rotating BH with electric charge and in the
presence of perfect fluid dark matter. We consider the particle acceleration mechanism and explored the center of mass energy of
colliding article around rotating charged BH surrounded by PFDM in Sect. Il1l. We have concluded our results in Sect. IV.
Throughout the work, we have used units that fix the speed of light and the gravitational constant via 8nG = ¢* = 1.

Charged BH in perfect fluid dark matter. The action for the gravity theory minimally coupled with gauge field in
PFDM reads as [14]
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4 [ /,w
Here, g = det(gqp) is the determinant of the metric tensor, R is the Ricci scalar, G is Newton's gravitational constant,

E, =0,A, - aVA#(Au is the gauge potential) is the Maxwell field strength and Lp,, is the Lagrangian density for PFDM.
Charged rotating BH in PFDM is [14]:

1 2
ds? = —p—(A —a?sin? 0)dt? + p—drz + p%do?

2asm2 0

[ZMr - Q2 - yrln( )] dtde

in? 6
+sinZ § [rz +a?+ T (2Mr — Q2

—yrln( ))] de?,

r
A=r2+a2—2Mr+Q2+yrln(;)

here A and p defined as

p? =12+ a%cos?6O

where M, a, Q and y are the mass, rotational parameter, charge and PFDM parameter of the black hole, respectively

On the other hand, the condition g, = 0 gives us two static limit surfaces: rg and rg;. The region between gt and
;7 corresponds to the ergosphere region. With the help of numerical computation of A = 0 and g,; = 0 we can easily evaluate the
horizon and static limit surfaces of the charged rotating BH in PFDM. The Fig. 1) shows the behavior of the regions of the
horizon and ergosphere of the charged rotating BH in PFDM for non-extremal BH for different values of charge Q and spin
parameter a at fixed PFDM parameter y = 0.1. One can see from the plot that by increasing the charge Q gradually the regions
of the ergosphere and horizon are converging and merging into one region, taking an almost spherical shape.

Particle acceleration near charged rotating BH in PFDM. This section is devoted to study the collision of two
particles around charged rotating black hole in PFDM and energy extraction produced by the collision. We assume that the
collision of particles occurs near the horizon of the charged rotating black hole. Furthermore, as the metric (2) is rotating black
hole we consider two cases to evaluate the center-of mass energy E.,, produced by the collision: an extremal and non-extremal
BHs.

A. Equation of motion and effective potential. Now our goal is to find the equation of motion and effective potential
for a time-like particle around charged rotating black hole in PFDM. To achieve this, the simplest way is to use the constants of
motions, such as P, and Py :

0=0.5, a=0.5 Q=0.7. a= 0.3
1.5

0=0.2, a=0.8

reosd

-1.5
-1.5 —-1.0 -0.5 00 0.5 1.0 1.5
rsinosd

FIG. 1: The variation of the shape of ergosphere of the rotating charged non-extremal BH in PFDM for the fixed PFDM
parameter y = 0.1
P =gyt + gigp = —E
Py = gppd + grpt =L
Here, E and L are the energy and the angular momentum of the particle, respectively. Let's consider the motion at 8 =

/2, which means that & = 0. By utilizing the expressions for the generalized momenta of the particle (4) and the normalization
condition w,u# = —m? we get the following equation of motion:

1 [(a2+r2)
rz A

-2 -1 o 1
rsinfosg

N

-1.5 -1.0 -0.5 0.0 05 1.0 1.5
rsinéosd

(E(@®> +r?)—al) +a(L — aE)],

_1Je 24,2
d)_r_z[K(E(a +r )—aL)+(L—aE)]

B +\/(aL — (a2 +r?)E)? — A(m?r?2 + (L — aE)?)
=+ -
The + and - signs in the radial velocity 7 indicate the outgoing and incoming geodesics, respectively. It is useful to derive

the expression for the effective potential in order to acquire more information about the character of the
motion of the particle. With the help of (7) and the following expression:

1 2
N o - - . _ET +Veff=0
it is not difficult to find the effective potential in the form:
(aL — (a® + r?)E)? — A(m3r? + (L — aE)?)
2r4
By utilizing the expression for the effective potential Vg we can easily determine the innermost stable circular orbit of
the particle. The following conditions must be satisfied to evaluate the ISCO:

Verr = —
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LV =0

2.Vepr() =0

The dependence of the innermost stable circular orbits (ISCO) on parameters y, and a at fixed value of charge Q = 0.5 is
presented in the Fig. (2). The graph on the left hand-side illustrates the ISCO radius versus y parameter for different values of the
spin parameter a. It can be noticed that increase in the rotational parameter a leads to the decrease of the radius of ISCO when
the charge Q and parameter y are fixed. In addition, there is a gradual drop in the radius of ISCO with the grow of the y.
Meanwhile the second graph on the right hand-side illustrates the variation of ISCO with respect to a at fixed @ = 0.5 for
various values of the parameter y.

FIG. 2: The variation of the innermost stable circular orbits for PFDM parameter y and rotating parameter a at fixed
charge Q = 0.5

B. Collision of Particles Near Horizon. In this section we are aimed to determine the center-of-mass (CM) energy E.,,
produced by the collision of two timelike particles around charged rotating black hole in PFDM. In our case, particles have the

,,,,,,,,,,,,,,,,,,,,,,,, 6/

2 v Y] 2s 1 : 7
0.0 010 0.1 0.20 0.2 s o2 0.4 o6 0.8

5

same mass m; = m, = m, but different four-velocities u, and u,, respectively. The CM energy E.,, of collision between two

particles at the radial coordinate  is given by the following expression: E,,, = mov2 /1 - gwufu‘z’

By substituting (5-7) into the equation (10) we get the following expression:
2, K

2 rZA

where €., = Ecn/mp and K has the form:
K=@?+a?—-al)(@?+a%®—al,)+ (r?—(a—Ly)(a—Ly)A)

—\/(r2 +a?—alL,)? — (m?r?2 — (a— Ll)Z)A\/(rZ +a? —al,)? — (m?r?2 — (a— Ly)?)A

In order to get the ultrahigh-energy we need the particle to approach the BH with the critical angular momentum L.,.. We
can get the critical value of the angular momentum L., from the condition ¢ > 0 (see 5), when r — r£. So, the expression for
the critical angular momentum L, is:

(a2 + (r,f)z) E
cr ——

a
The limiting values of the angular momentum along with the corresponding spin parameters and the horizons for the
extremal and nonextremal charged rotating BH in PFDM are presented in the Tab. (I) and Tab. (Il), respectively. Fig. (3)
illustrates the collision energy for an extremal BH at fixed PFDM parameter y = 0.2 for different values of charge Q. In this
case, the CM energy diverges sharply close to the region of the horizon. On the other hand, in Fig. (4) the collision energy
diverges beyond the radius of the event horizon and maybe even finite at some values for Q.
TABLE I: Limiting cases for angular momentum for an extremal BH

Q ag Ly L,

0.2 0.836371 -3.40392 1.53746
0.3 0.805926 -3.36789 1.53350
0.4 0.761261 -3.31489 1.53152
0.5 0.699655 -3.24148 1.53774
0.6 0.61605 -3.14123 1.56787
0.7 0.499517 -3.00021 1.67339
0.8 0.315463 -2.77392 1.94426

TABLE II: Limiting cases for angular momentum for a non-extremal BH

Q a T T L, L,

0.2 0.8 0.537845 0.996355 -3.38472 1.82852
0.3 0.7 0.39476 1.14429 -3.31002 2.02628
0.4 0.6 0.331881 1.21029 -3.22286 2.13517
0.5 0.5 0.313006 1.23025 -3.12092 2.20061
0.6 0.4 0.331881 1.21029 -3.00059 2.23378
0.7 0.3 0.39476 1.14429 -2.85571 2.23662

- 508 -




O‘zMU xabarlari Bectnuk HYY3 ACTA NUUz | FIZIKA | 3/1/1 2024

| 0.8 | 0.2 | 0.537845 0.996355 -2.67415 | 2.20285 |

Conclusion. In this paper we have studied the particle acceleration around charged rotating black hole in PFDM.

We have investigated the horizons and ergosphere of the metric (2) and considered the effects of the PFDM parameter y
on the shapes of the horizon and ergosphere regions. As is shown, the y parameter decreases both regions considerably.

We have also derived the equations of motion for the time-like particle and found the expression for the effective
potential V.. of the particle. Moreover, the effect of the y parameter along with the spin parameter a and the charge @ of the
black hole on the innermost stable circular orbits has been analysed and is shown in Fig. (1). It has been found that the ISCO
radius is decreasing within the scope of all parameters (y, Q,a ).

We have also studied the collision of two particles with the same mass m near the horizon of the charged rotating BH in
PFDM. For this, we have analysed two cases of the black hole: extremal and non-extremal. We have evaluated the

——— 1y=-3.40382 L3=1 53748] £ o ——— [4=-3.3679 L3=15335 F ———— 04=-3.31485 L=1 53152
e Ly=-3.40382 Ly=14 30f 5 smeees Ly=-33679 Lp=id 30 FY memeees Ly=-331489 Lo=14

e—Event Horizon

(a) @ = 0.2 (b) @ = 0.3 (c) @ =04
FIG. 3: The center-of-mass energy &.,,, dependence of the radial coordinate r for an extremal BH for y = 0.2 and various
Q values with rf = 0.765747 critical values of the spin parameter a for different values of the charge Q where the black hole
becomes extremal. The limiting cases for the charge @, rotational parameter a and angular momentum L for the extremal and
non-extremal black hole are presented in the Tabs. (1) and (I1), respectively.

70| i T0f

—— ye-20847  £p=18252 60F i —— (=831 17=2.02628 4

nee Lj=-33847 L3217

©L4=-3384T  L3=16

&= Event Horizon «=EventHorizon |

0 5
0.5 1.0 1.5 2.0 2.5 30 0.5 1.0 1.5 2.0 23 30 1.0 1.5 20 25 30
: r
(a) @ = 0.2 (b) @ = 0.3 (¢) @ = 0.4

FIG. 4: The center-of-mass energy &.,, dependence of the radial coordinate r for a non-extremal BH for y = 0.2 and
various Q values.

Finally, we have derived the expression for the CM energy E,, of colliding particles near the horizon of the BH in
PFDM and got its radial dependence for extremal and non-extremal black hole at fixed y = 0.2 for different values of charge Q
(Fig. (3) and Fig. (4), in turn). It is found that the colliding energy diverges near the horizon of the black hole sharply for the
extremal case, while in the non-extremal case it diverges beyond the radius of the horizon and even can be finite when the charge
of the black hole increases.
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Annotation
This article presents an approach to solve the problem of forecasting electric loads of the electric network based on intelligent
systems monitoring of hybrid intelligent energy systems. Such systems include both expert systems and artificial neural
networks. The main directions of application of the neural network methodology in the field of energy are considered. A
functional and infological model of a power system design automation system based on poorly formalized processes such as
functional and parametric synthesis has been developed.
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AHAJIN3 ABTOMATU3ALIUU CUCTEMBbI MOHUTOPUHI'A B UHTEJUIEKTYAJIBHBIX T'MHBPU/ITHBIX
SHEPTETUYECKHUX CUCTEMAX
AHHOTALHSA

B naHHOI cTaThe MPEACTaBIeH MOAXO0/] K PEIICHUIO 3aa4H IPOTHO3UPOBAHHS dJIEKTPUUSCKUAX HATPY30K IIEKTPUUESCKON CETH Ha
OCHOBE MHTEIUIEKTYaIbHBIX CHCTEM MOHUTOPHMHTa THOPUIHBIX HHTEUICKTYAIBHBIX JHEPreTHUeCKuX ciucteM. K Takum cucremMam
OTHOCATCS KaK O3KCIEPTHBIC CHUCTEMBbI, TaK M WCKYCCTBCHHBIC HEHPOHHBIC CETH. PacCMOTpPEHBI OCHOBHBIC HAIPABICHUS
MPUMCHCHHS HEHPOCETEBOM METONMOJOTHH B cdepe 3HepreTukd. PaspaboTaHa (yHKIMOHANEHO-UH(OIOTHUECKAS MOJCIb
CHCTEMBl aBTOMATH3AIMU TPOCKTUPOBAHUS JHEPrOCHCTEMBI, OCHOBaHHAs Ha IUIOXO (DOPMANM30BaHHBIX MpOIECCaX THIIA
(DYHKIIMOHALHOTO M TAPAMETPUIECKOTO CHHTE3a.

KunroueBbie cjioBa: THOPUIHBIC, HCKYCCTBEHHbIE HEHPOHHBIE CETH, CTPYKTYPHBIE, TAPAMETPUIECKHE, METOIbI CHHTE3a, MOJIEb,
THOPHUIHBIE IKCIIEPTHBIE CUCTEMBI, TEXHOJIOTHS, (QyHKIHMOHATbHAS, HH(OIOTHIECKasi MOENb U ITApaMeTPUISCKUIl CHHTE3.

INTELLEKTUAL GIBRID ENERGIYA TIZIMLARIDA MONITORING TIZIMINI AVTOMATLASHTIRISHNI
TAHLILI QILISH
Annotatsiya

Ushbu maqolada gibrid intellektual energiya tizimlari monitoringini aqlli tizimlar asosida elektr tarmog‘ining elektr yuklarini
bashorat qilish muammosini hal gilish yondashuvi keltirilgan. Bunday tizimlarga ham ekspert tizimlari, ham Sun’iy neyron
tarmoqlar kiradi. Energetika sohasida neyron tarmoq metodologiyasini qo‘llashning asosiy yo‘nalishlari ko‘rib chiqgilgan. Bunda
muhandislik bilimlari bankini o‘z ichiga olgan va funktsional va parametrik sintez kabi noto ‘g‘ri rasmiylashtirilgan jarayonlarga
asoslangan energiya tizimini loyihalashni avtomatlashtirish tizimining funktsional va infologik modeli ishlab chigilgan.

Kalit so‘zlar: gibrid, sun’iy neyron tarmogqlari, strukturaviy, parametrik, sintez qgilish usullari, model, gibrid ekspert tizimlari,
texnologiya, funktsional, infologik modeli hamda parametrik sintez.

Kirish. Hozirgi vaqtda ilg‘or texnologiyalar va ragamli innovatsiyalarni joriy etish bilan bog‘liq ishlab chiqarish sanoati
rivojlanishining yangi bosqichlaridan hisoblanadi. Birinchi marta Sanoat 4.0 atamasi Germaniyada paydo bo‘lgan va ishlab
chigarishni yanada samaraliroq qilishga qaratilgan to‘rtinchi sanoat inqilobini aks ettiradi. Sanoat 4.0 bir nechta asosiy
texnologiyalar, jumladan:

buyumlar internet - (inglizcha: internet of things, 10T) — bu bir-biri bilan yoki tashqi muhit bilan o‘zaro ta’sir qilish uchun
o‘rnatilgan vositalar va texnologiyalar bilan jihozlangan jismoniy obyektlar (“narsalar’’) o‘rtasida ma’lumotlarni uzatish tarmog‘i
tushunchasi; - Sun’iy intellekt - (SI; inglizcha: artificial intelligence, Al) — inson intellektiga taglid gilishga godir bo‘lgan
mashinalar yaratishga garatilgan fan va texnologiya sohasi. - bulutli hisoblash - bulutli hisoblash xizmati asosan 3 xil modelga
ko‘rsatiladi:

infrastruktura xizmati (iglizcha Infrastructure as a Service); platforma xizmati (iglizcha Platform as a Service); dasturiy
vosita xizmati (iglizcha Software as a Service).

Bunda infrastruktura xizmati eng quyi xizmat turi bo‘lib, qolgan yuqori xizmat turlari pastkilarining detallarini yanada
abstraktlash asosida quriladi.

avtomatlashtirish — bu fan va texnologiya sohasida, insonning bevosita ishtirokisiz texnologik jarayonlarni amalga
oshirishning texnik vositalari va usullarini ishlab chigadi.

Hozirgi vaqtda ekspert tizimlarining sinflaridan biri gibrid ekspert tizimlari bo‘lib, ular nafagat bilimlar bazalarida
bilimlarni taqdim etishning turli modellarini birlashtirishga, balki ularni gayta ishlash uchun bir nechta texnologiyalardan
foydalanishga imkon beradi [1].

Mavzuga oid adabiyotlar tahlili. 1940-va 1950-yillar oralig‘ida matematik Alan Tyuring “Fikrlash mashinasi”
konsepsiyasini taqdim etish orqali sun’iy intellektning rivojlanish tarixiga oz hissasini qo‘shdi. Uning asosiy g‘oyasi mashinalar,
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xuddi odam kabi, mavjud ma’lumotlarni qayta ishlashi va ular asosida qaror qabul gqilishi mumkinligini ta’kidlash edi.
Amerikalik ilm-fan tadqiqotchisi Jorj Jonson sun’iy intellekt sohasining o‘ziga xos xususiyatlarini quyidagicha tavsiflaydi: “sof
va amaliy bo‘lmagan o‘rtasidagi bo‘linish qutblanish kabi bo‘linish emas — maydonni harakatga keltiradigan kuchlanishdir”
degan fikrlarni bildirishgan.

Tadgiqot metodologiyasi. Bugungi kunda sun’iy intellektning asosiy jihatlari quyidagilarni o‘z ichiga oladi:

Mashinani o ‘rganish. Bu kompyuter tizimlari tajriba va ma’lumotlar asosida avtomatik ravishda o‘rganishi va ish
faoliyatini yaxshilashi mumkin bo‘lgan metodologiyadir. Mashinani o‘rganish Sun’iy intellektni rivojlantirishda muhim rol
o‘ynaydi, bu tizimlarga ma’lumotlarni tahlil gilish va natijalarni bashorat qgilish imkonini beradi. - Chuqur o ‘rganish. Bu
ma’lumotlarni qayta ishlash va tahlil qilish uchun ko‘p gatlamli neyron tarmoqlardan foydalanadigan mashinani o‘rganishning
kichik bo‘limi bo‘lib chuqur o‘rganish tizimlarga naqgshlarni tan olish, tabiiy tilni tushunish, murakkab ma’lumotlarga asoslangan
garorlar gabul gilish va boshga murakkab vazifalarni bajarish imkonini beradi. - Neyron tarmoglar. Bu inson miyasining
ishlashiga taglid giluvchi kompyuter modellari hisoblanadi. Neyron tarmoglar axborotni uzatuvchi va gayta ishlovchi ulangan
neyronlardan tashkil topgan bo‘lib, ular nagshni aniqlash, ma’lumotlarni tasniflash, prognozlash va katta hajmdagi ma’lumotlarni
qayta ishlashni talab giladigan vazifalar uchun ishlatiladi. - Tabiiy tilni gayta ishlash. Bu Sun’iy intellektning bo‘limi bo‘lib, u
odamlar tomonidan ishlatiladigan tabiiy tilni qayta ishlash, tahlil qilish va tushunish bilan shug‘ullanadi. Bu kompyuterlarga
tabiiy tilda odamlar bilan mulogot gilish, nutgni tan olish, matnni tahlil gilish va tilni gayta ishlash vazifalarini bajarish imkonini
beradi. - Jarayonlarni avtomatlashtirish va optimallashtirish. Sun’iy intellekt yordamida faoliyatning turli sohalarida turli
jarayonlarni avtomatlashtirish va optimallashtirish mumkin. Masalan, ishlab chiqarish sohasida Sun’iy intellekt uskunalar va
ishlab chiqarish jarayonlarining ishlashini nazorat gilishi va optimallashtirishi mumkin. Logistika sohasida esa transport
yo‘nalishlari tovarlarni etkazib berishni va boshgarishni optimallashtirishi mumkin.

* = 5y simulation
Big Data >

Augmented

Reality s. lNDUSTRY 4.0 @’-@ In?ey;r‘::on

Additive Internet of
Manufacturing Things

1-rasm. Sanoat 4.0 asoslangan texnologiyalar ro‘yxati keltirilgan.

Industry 4.0 texnologiyasida ishlab chigarishning asosiy xususiyati uning modulliligidir. Unda barcha alogalar simsizdir.
Smart komponentlar quyidagi xususiyatlarga iborat:

— ma’lumotlar almashinuvi uchun standart interfeys va yagona manzilga ega bo‘lish; - ularning holati va joylashuvi
haqidagi ma’lumotlarni uzatishi va saqlashi mumkin; - matematik modellar bilan tavsiflanadi.

Energetika tizimida sun’iy intellekt tizimlarini qo‘llash sohalari.

Quyida hal qilish zamonaviy energiya tizimlarida Sun’iy intellekt tizimlaridan foydalanish bilan bog‘liq bo‘lgan asosiy
vazifalar ro‘yxati keltirilgan:

—yukni bashorat gilish uchun yukni bashorat qilish va atrof-muhit haroratini bashorat gilish; - tarmoglarda elektr
energiyasi oqimlarini boshqgarish va maksimal quvvatni ta’minlash; - kuchlanishni tartibga solish; - nosozliklarni aniglash
magsadida energiya tizimlarining diagnostikasi tuzish; - energiya tizimlarining xavfsizligini nazorat gilish uchun sensorni
joylashtirishni optimallashtirish; - energiya tizimlarining xavfsizligini nazorat gilish; - transformatorlarni himoya gilishni
ta’minlash; - barqarorlikni ta’minlash, dinamik holatni baholash va generatorlarni diagnostika qilish; - turbogeneratorlarni
boshqarish; - generator tarmog‘ini boshqarish; - kuchli kommutatsiya tizimlarini boshqarish.

Energiya tizimlarini boshqarishni avtomatlashtirishda Sun’iy intellekt tizimlaridan foydalanish bo‘yicha vazifalar
ro‘yxati doimiy ravishda o‘sib bormoqda. Ilgari ushbu muammolarning ba’zilari statistik va ragamli usullar bilan hal gilingan.
Elektr energiya tizimlarining ish rejimlarini modellashtirish va operativ boshqarish usullaridan foydalanilgan. Ammo ekspert
tizim texnologiyalari va neyron tarmoqlarining rivojlanishi energiya tizimining holatini baholashda hal qilinishi kerak bo‘lgan
vazifalar doirasini kengaytirish imkonini berdi.

Gibrid aglli tizim (Hybrid intelligent system-HIS) bu odatda muammoni hal gilish uchun insonning intellektual faoliyatini
taqlid qilishning bir nechta usullari qo‘llaniladigan tizim sifatida tushuniladi.

B HYBRID SYSTEM Bilim
Mutaxassis + muhandisi

lBilimlarni egallash quyi tizimi

Ma'lumotlar bazasi

Bilimlar bazasi

[ Chigish masinasi

)0

Tushuntirish quyi tizimi bilan
foydalanuvchi interfeysi

2-rasm. Gibrid aqglli tizimi. 3-rasm. Espert tizimining tuzilishi.
Gibrid aqlli tizim parallel ravishda Sun’iy intellektning pastki maydonlaridan quyidagi usullar va metodlarni go‘llaydigan
dasturiy ta’minot tizimini bildiradi:
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— Neyro-loyqga tizimlar; - Gibrid konnektistik-ramziy modellar; - Asabiy-simvolik hisoblash; - Xira ekspert tizimlari; -
Connectionist ekspert tizimlari; - Evolyutsion asab tarmoglari; - Genetik loyqga tizimlar; - Qattiq loyqgalashtirish;

Ushbu tizimning asosiy komponentlari ekspert tizimlari va Sun’iy neyron tarmoqlaridir. Ekspert tizimlari - bu ma’lum
bir mavzu bo‘yicha mutaxassislarning qarorlariga o‘xshash qarorlar gabul gila oladigan kompyuter tizimlarini yaratish uchun
Sun’iy intellekt sohasidagi tadqiqot yo‘nalishidir. Ekspert tizimlarining boshqa Sun’iy intellekt tizimlaridan farqi bor: ular neyron
tarmogqlar yoki genetik algoritmlar kabi universal muammolarni hal qilish uchun mo‘ljallanmagan. Ekspert tizimlari ishlab
chiquvchilar tomonidan belgilangan sohada, kamdan-kam hollarda, sohalarda muammolarni yuqori sifatli hal gilish uchun
mo‘ljallangan. Ekspert tizimi ma’lum bir fan sohasidagi mutaxassislar, bilim muhandislari va dasturchilarning birgalikdagi
faoliyati natijasidir (2-rasm). Neyron - bu kirish signallari yig‘indisidan chiqish signalini (ma’lum qoidaga muvofiq)
hisoblaydigan o‘z elementi [2]. Sun’iy neyron tarmoq (SNT) - bu og‘irlik koeffitsientlari bilan belgilangan ulanishlar
yordamida bir-biriga va tashgi muhitga ma’lum bir tarzda bog‘langan Sun’iy neyronlarning tuzilgan to‘plami [3,4,...6]. Sun’iy
neyron tarmoq quyidagi xususiyatlaridan iborat: - pretsedentlar (misollar) asosida o‘qitish; - oldingi tajribani umumlashtirish; -
ortiqcha va shovqinli ma’lumotlardan mazmunli ma’lumotlar va nagshlarni olish; - o‘zgaruvchan ish sharoitlariga moslashish.
Sun’iy neyron tarmoqdan foydalanish tavsiya etiladi, agar: - masalani yechish algoritmi yo‘q yoki uni yechish printsipi
noma’lum, lekin uni hal qilish bo‘yicha eksperimental ma’lumotlar mavjud; - vazifa katta hajmdagi ma’lumotlar bilan
tavsiflanadi; - ma’lumotlar to‘liq emas, shovqinli, ortigcha yoki nomuvofig. Sun’iy neyron tarmoglar uchun muammoning
bayoni: Bunday xaritalashni qurish kerak X—Y, shuning uchun har bir kirish signali X uchun to‘g‘ri chiqish signali Y hosil
bo‘ladi.

Sun’iy neyron tarmoqni qo ‘llash sohalari:

- tasniflash va nagshni aniglash (X — Kirish tasviri; Y — Kirish tasviri tegishli sinf ragami); - klasterlash/kategorizatsiya (X
— kirish vektori; Y — kirish vektori tegishli bo‘lgan klaster); - funksiyaning yaginlashuvi (X — kirish o‘zgaruvchilari vektori; Y —
taxminiy chiqish o‘zgaruvchisi); - bashorat/prognoz (X - ma’lum vaqt oralig‘idagi vaqt seriyasi; Y - kirish signali o‘zgaruvchilari
to‘plami); - identifikatsiya (X va Y tizimning kirish va chigish signallarini ifodalaydi, jarayon aniglanadi); - optimallashtirish; -
assotsiativ xotira; - boshqgaruv.

Sun’iy neyron. 2-rasmda Sun’iy neyronning tipik tuzilishi ko‘rsatilgan.

—~ Dy chegarasi Induksiyalangan by =0
*——{wy |

= mahalliy maydon. Uk
— (o
\ Foydalanish
EL A funksiyasi

Kirish / | ox Chigish signali
signallari | > — ) —— - Chizigli
\ - L go‘shimchaning

chegara

/- — chigishi 14,
Qo*shuvchi

s.‘mpﬁi;og‘.‘ruk
2-rasm. Sun’iy neyron diagrammasi. 3-rasm. Neyron chiqishiga chegaraning ta’siri

b, > 0

Neyronning asosiy elementlari: - har biri xarakterli bo‘lgan sinapslar / ulanishlar to‘plamij; - k neyron bilan bog‘langan
j sinapsining kirishidagi Xj signali W, j og‘irligiga ko‘paytiriladi (birinchi indeks ko‘rib chigilayotgan neyronga, ikkinchisi
esa bu og‘irlik bog‘langan sinapsning kirish uchiga ishora qiladi); - sinaptik og‘irlik ijobiy yoki salbiy bo‘lishi mumkin; - adder
neyronning mos keladigan sinapslariga nisbatan og‘irlikdagi kirish signallarini qo‘shadi; - faollashtirish funktsiyasi neyronning
chigish signalining amplitudasini cheklaydi; neyron chigish amplitudalarining normallashtirilgan diapazoni [0, 1] yoki [-1, 1]

oralig‘idagi diapazonda ko‘rsatilgan. Neyron k ning ishlashi quyidagi iboralar bilan tavsiflanadi:
Up = Xjoq Wij X;, Vi = @(u + by)
bu yerda X1, X3, ... X4y — Kirish signallari; - W1, W, ... Wgm — k ning sinaptik og‘irliklari neyron; - Up —
kirish ta’sirlarining chiziqli birikmasi; - bk — chegara siljishi (qo‘shiluvchi chiqishining affin o‘zgarishi effektini ta’'minlaydi); -
() - faollashtirish funktsiyasi; V.- neyronning chigish signali. bk chegarasidan foydalanish. Neyronda postsinaptik potentsial
quyidagicha hisoblanadi:, UV}, = U + bk- Xususan, bk chegarasi ganday giymat olishiga garab, musbat yoki manfiy

bo‘lsa, k -neyronning induktsiyalangan mahalliy maydoni yoki faollashuv potentsiali Uy, 3-rasmda ko‘rsatilganidek o‘zgaradi.
— Tahlil va natijalar. Sun’iy neyronning faollashuv funksiyalari 4-rasmda misollari asosida ko‘rsatilgan: a) bitta sakrash

0,s < —a,
0,s <0, 1
funktsiyasi: f(s) = { . b) qismli chizigl funksiya: f(s) =<—(s+a),—a<s<a, o
1,s > 0; 2a
1,s > a;
edS_p—as
logistika (sigmasimon):f(S) = m; , d) giperbolik tangent (sigmoid):f(S) = m.

-512 -




O‘zMU xabarlari Bectnuk HYY3 ACTA NUUz | FIZIKA | 3/1/1 2024

y

y y ¥ v
1
1 1 jf 1
; )
0o @ ) 5 = o s -1
a) b) c) d)

4-rasm. Neyronni faollashtirish funktsiyalariga misollar.

Sun’iy neyron tarmoq neyronlarining turlari:

- kirish neyronlari kirish ta’sirini kodlaydi va neyron tarmog‘ining oraliq neyronlariga “vaznli” ma’lumotlarni uzatadi; -
oraliq neyronlar neyron tarmog‘ida asosiy ma’lumotlarni o‘zgartirishni amalga oshiradi; - chiqish neyronlari hosil bo‘lgan
transformatsiyalarni amalga oshiradi; ularning chigish giymatlari neyron tarmogning chigishlaridir. Gibrid ekspert tizimlarida
qo‘llaniladigan usullar va algoritmlar odatda mantiqiy va evristik turlarga bo‘linadi. Ular elektr tarmoglarini loyihalashni
avtomatlashtirish uchun mos keladi [6]. Olingan natijalardan kelib chigib, GESlarni rivojlantirishga yondashuv taklif etilmoqda,
u quyidagilardan iborat GES tarkibiga Sun’iy neyron tarmoqlari (SNT) apparatlarini joriy etish orgali gidroelektrostantsiya
kengaymoqda. SNTning shubhasiz afzalliklari quyidagilardan iborat: - tuzilishning moslashuvchanligi; - tezkor o‘rganish
algoritmlarini qo‘llash; - ko‘p miqdordagi shovqin mavjud bo‘lganda ishlash qobiliyatidagi, - signallar; - har xil turdagi
axborotlar bilan ishlash gobiliyati; - oqitilgan SNT o°zining alohida elementlarining ishdan chigishiga chidamli bo‘ladi.

Gibrid ekspert neyron tizimining blok diagrammasi 5-rasmda ko‘rsatilgan. Gibrid ekspert neyron tizimi quyidagi
komponentlarni o°z ichiga oladi:

— o‘qitilgan neyron tarmogq; - ekspert tizim; - garor gabul gilish va tushuntirish moduli; - neyron tarmoq va ekspert
tizimidan ma’lumotlarni o‘zaro o‘zgartirish imkonini beruvchi interfeys moduli.

Ekspert tizimi

O'zaro ma lamotai
almachich moduli

- Hidden layer Output layer
5-rasm. Gibrid ekspert neyron tizimining tuzilishi.

Mualliflar neyron tarmoqlardan foydalangan holda modellashtirish usullaridan foydalanish imkoniyatini ko‘rsatdilar. tarmoq

ob’ektlari yukini bashorat qilishda SNTga asoslangan kompyuter prognozlash modeli ko‘rib chiqiladi [7].

Xulosa va takliflar. Ushbu maqolada elektr tarmoglarini loyihalash va monitoring gilish muammolarini hal gilishda
gibrid intellektual tizimlardan foydalanish imkoniyatlari ko‘rsatilgan. Gibrid ekspert tizimlari va Sun’iy neyron tarmoqlari
strukturasi tahlili gilingan. Gibrid aqlli tizim parallel ravishda sun’iy intellekt bilan metodlarni qo‘llaydigan dasturiy ta’minot
tizimining ishlash prinspri tahlil gilindi hamda gibrid aglli neyron tizimlardan foydalanishga asoslangan energiya muammolarini
hal qilishga yondashuv taklif etildi. Sun’iy neyronning faollashuv funksiyalari misollar bilan ko‘rsatildi hamda neyron
diagrammasi yoritib berildi. Gibrid ekspert neyron tizimining blok diagrammasida neyron tarmoglardan foydalangan holda
modellashtirish usullaridan foydalanish imkoniyatini ko‘rsatib o‘tilgan.
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PROBLEMS OF DETERMINING THE AGES OF GLOBULAR CLUSTERS
Annotation
In this work, the literature on the ages of Globular Clusters (GCs) is analyzed. The problems of determining the age of the
clusters are thoroughly reviewed. Also, the relationship between the concentration parameter and the age of GCs found based on
the observations of the HST and Gaia DR2 space telescopes has been studied. Connections based on the found concentration
parameter and the absolute magnitude and mass of GCs are presented.
Key words: age estimation, concentration parameter, globular clusters, modeling, xi-square method, space observations.

MPOBJEMBI OITPEJIEJIEHUSI BO3PACTA IIAPOBBIX CKOILUIEHUIM
AHHOTAIHS

B nanHol paboTe aHanmm3upyercs muteparypa o Bo3pacte mapoBbix ckorieHuid (LLC). I[ToapoOHO paccMOTpeHBI TPOOIEMBI
OIIpe/IeNICHNsI BO3pacTa CKOIUIeHWH. Takke M3ydeHa CBs3b Mapamerpa KoHHIeHTpamuu c BospactoM IIC, HalineHHBIX 1O
HaOmoeHusIM  KocMuuecknx TteneckonioB HST u Gaia DR2. TlpencraBieHsl CBS3M Ha OCHOBE HAMICHHOTO MapameTpa
KOHILICHTPALIUH, a TakkKe a0COMOTHON BemmuuHbI U Macchl LLIC.

KuiroueBble ci10Ba: OleHKa BO3pAcTa, MapaMeTp KOHIEHTPAINH, MIapOBBIE CKOIUICHUS, MOJICINPOBAHNE, METO XH-KBaJpaToB,
KOCMUYECKHE HAOIIOICHHS.

SHARSIMON TO’DALARNING YOSHLARINI ANIQLASH MUAMMOLARI
Annotatsiya

Bu ishda Globular Kklasterlar (GK) yoshiga oid adabiyotlar tahlil gilingan. Klasterlarning yoshini aniglash muammolari har
tomonlama ko'rib chigiladi. Shuningdek, HST va Gaia DR2 kosmik teleskoplari kuzatuvlari asosida aniglangan kontsentratsiya
parametri va GK yoshi o'rtasidagi bog'liglik o'rganildi. Topilgan konsentratsiya parametri va GK larning mutlaq kattaligi va
massasiga asoslangan ulanishlar keltirilgan.

Kalit so'zlar: yoshni baholash, konsentratsiya parametri, sharsimon to’dalar, modellashtirish, xi-kvadrat usuli, kosmik
kuzatuvlar.

Introduction. Globular clusters, ancient enclaves of stars, hold the keys to unraveling the cosmic timeline. Their ages
provide crucial constraints on the age of the Universe itself. However, determining these ages is no straightforward task. A key
distinguishing feature of globular clusters in the Galaxy is their uniformly old age. Globular clusters are composed of Population
Il objects (old stars). Determined by comparing the stellar population of globular clusters with stellar evolutionary models, the
ages of all those so far measured range from 11 billion to 13 billion years. They are the oldest objects in the Galaxy and so must
have been among the first formed. Composed of stars belonging to the extreme Population 11, as well as the high-latitude halo
stars, these nearly spherical assemblages apparently formed before the material of the Galaxy flattened into the present thin disk.
The present interstellar gas in the solar neighborhood contains elements heavier than helium, which are called metals by
astronomers, at a level of about 2 percent by mass, while the globular clusters contain as little as 0.02 percent of the same
elements. The color magnitude diagram of co-eval stellar populations in the Milky Way can be used to infer the age of its oldest
stars. The age can also be estimated for individual stars if their metallicity and the distance to them are known. For resolved
stellar populations, however, an independent measurement of the distance is not strictly necessary as the full morphology of the
color-magnitude diagram can, in principle, provide a determination of the absolute age [1-3]. It has long been recognized that
they are among the most metal poor (~ 1% of the solar metallicity) stellar systems in the Milky Way, and exhibit color-
magnitude diagrams characteristic of old (> 10 Gyr) stellar populations [1, 3, 4]. As argued in Ref. [5], it is possible to estimate
the probability distribution of At by considering that the first galaxies are found at z ~ 11 and a significant number of galaxies are
found at z > 8. Many of these galaxies contain stellar populations that indicate that star formation started at z ~ 15 — 40 [6-8].
Since the mid 90’s, estimates of the ages of GCs have been in the range 12—14 Gyr consistently [9]. According to the result of D.
Valcin et al. (2020) the average age of the oldest (and most metal poor) GCs is tec = 13.32 = 0.1 Gyr. [10]. As first pointed out in
Refs. [11, 12], the full color-magnitude diagram has features that allow for a joint fit of the distance scale and the age (see
Appendix A for a visual rendering of this). On the one hand, in Ref. [13] shows how the different portions of the color-magnitude
diagram constrain the corresponding physical quantities. On the other, in Ref. [12] show how the luminosity function is not a
pure power law but has features that contain information about the different physical parameters of the GC. This technique
enabled the estimation of the ages of the GCs M68 [11], M5 and M55 [13]. Moreover, in principle, exploiting the morphology of
the horizontal branch makes it possible to determine the ages of GCs independently of the distance [9].

About age estimation for some Globular Clusters. We delve into the challenges and methods associated with
estimating the ages of GCs, shedding light on the discrepancies and uncertainties that persist. GCs are celestial time capsules,
preserving the earliest stellar generations. Their stars, densely packed and gravitationally bound, offer unique insights into the
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universe’s past. Yet, pinpointing their ages remains a puzzle. We explore the complexities involved in this endeavor. But there
are enough problems with determining the age of GCs. There are two conflicting accounts of the age of Globular Clusters. The
first suggests a relatively young age of the universe of less than 14 billion years due to cosmological expansion and the Hubble
constant. Second, ancient celestial objects: globular clusters, with their metal-poor stars, consistently give ages over 14 billion
years. Some even go as close as 18 billion years [14].

The primary tool for age determination is the main sequence turnoff (TO) [15]. Hertzsprung-Russell Diagram (H-R
Diagram): By plotting a star’s temperature (color) against its intrinsic brightness (luminosity), we trace its evolutionary path.
Massive, blue stars exhaust their hydrogen fuel first and evolve off the main sequence. Their transition to red giants shifts their
position on the H-R diagram. In addition, the horizontal line of red giants marks their post-main-sequence phase. Challenges and
Solutions:

Stars within a cluster have varying masses and mass influences their lifetimes. It is used the TO region, where stars burn
hydrogen, to estimate the cluster age. O-type stars live about a million years, G-type stars (like our Sun) survive around 8 billion
years and red M-type stars can endure 56 billion years. Globular clusters harbor stars formed at different times. Some clusters
exhibit multiple episodes of star formation. Untangling this complexity is essential. Recent statistical methods aim to combine
various age indicators including Global Fitting: Simultaneously fitting multiple properties of the cluster CMD (color-magnitude
diagram) using isochrones and comparing synthetic CMDs to observed data statistically. Applying these techniques to clusters
like NGC 6397, M92, and M3, are found [16]:

e NGC 6397: Estimated age of 14.0 Gyrs (range: 13.8-14.4 Gyrs).

e M92: Age around 14.75 Gyrs (range: 14.50-15.40 Gyrs).

e M3: Approximately 16.0 Gyrs (range: 15.9-16.3 Gyrs).

The search is on to determine the age of the GC. As we improve our methods and encounter inconsistencies, finding the
exact age of these ancient witnesses will increase the accuracy of our calculations and lead to a deeper understanding of cosmic
history.

Results. From the surface density observation data of 26 GCs obtained by HST [17], we calculated the concentration
parametric (y), which represents the concentration of stars towards the center, using the model (1) based on the King model,
using the chi-square method and, we examine the relationship between this parameter and the age of GCs.

o(r, v, 10, 60) = co(1+(r/ro)?)™ 1)

Here v, ro and oo are free parameters, y is the degree of concentration of stars towards the center of the cluster, is the
radius of the cluster core, oo is the surface density of the core.

We examined relatively observational data published by Dotter et al. (2010) [18]. Using the data, we found that the
correlation is —0.57. For the last case, for the sake of interest, we decided to find corresponding empirical dependence. So it is
obtained that

y=(436+1.15)—(0.26 £ 0.09)t. )

From here it can be seen that the cluster becomes denser if the age grows.

We calculated concentration parameters based on surface density observations of 81 GCs obtained by Gaia DR2 [19].
Unfortunately, no correlation was found between this parameter and the Age of GCs. This is because the quality of the Gaia DR2
observation data is lower than that of the HST observations [20]. Furthermore, in literature several researches have been done
estimation ages of GCs using different methods. But the results of these researches differ from each other’s. For example, In [21],
GCs range in age from ~[8-13.75] Gyr, in [10] in the range ~[8-15] Gyr, in [22] in the range ~[10-13] Gyr, In [23] it varies
between ~[9-13] Gyr, and in [24] between ~[7-14] Gyr. But we found correlations between concentration parameter and
absolute magnitude (Mv) and GCs mass (Mac) values. Below we show empirical formulas of these relationships.

a). Relationship between y and the absolute value of MV. The correlation coefficient between these values is 0.63. The
corresponding empirical formula has the form

v = 0.24(£0,05)My + 3,01(£0,39), (3)
or vice versa
Mv = 1,64(+0,33)y - 9,91(+0,37). (4)
b). Dependence between y and GC mass. The correlation coefficient is - 0.62. Empirical formula:
=-0,58(0,12)lg M/Mop + 4,22(+0,65), 5)
or vice versa
lg M/IMo = - 0.67(20,14)y + 6,18(0,15). (6)

Conclusion. We have discussed in detail that there are serious problems in determining the age of GCs. These issues
have a material impact on our results. In addition, errors and inaccuracies in the observations of GCs have a negative impact on
the results. Nevertheless, we tried to find a connection between the concentration parameter we calculated and the age of GCs.
We also found connections between this parameter and cluster mass and absolute magnitude. In the future, the increase in the
accuracy of finding the age of GCs, the improvement of the quality of observations will help us to make more accurate
conclusions based on our results.
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INFLUENCE OF DISSYMPATIZATION ON ENTEROCYTES
Annotation

This study highlights the influence of physicochemical desympatization on the functional state of enterocytes(enterocytes (lat.
enterocytes) is the general name for a number of intestinal epithelial cells) and some morphometric indicators of the small
intestine.
The experiments were carried out during the transition to feeding of newborn rats, during the formation of skeletal muscle tone
and thermoregulation mechanisms. Experiments confirm that disruption of sympathetic innervation negatively affects the
function of a number of parameters of the small intestine, as well as functional states associated with enterocyte adhesion.
Key words: function, diameter, system, cell, segment, rat, enterocyte, intestine, section, guanethidine, mechanism.

BJIUAHUE JUCCUMIIATU3ALIUNA HA DHTEPOILIUTHI
AHHOTaLUA

B 1OaHHOM HCCIECIOBAaHWH BBIACICHO BIHSHAE (H3UKO-XMMHYECKOM NECHMIIATH3AIMH Ha (YHKUHOHAIBHOE COCTOSHHE
SHTEPOUHUTOB (9nmepoyumel (1am. eNterocytus) - obluiee Ha3BaHWE psida KIETOK OSIUTENHs KAIICYHHKA) W  HEKOTOPHIE
Mop(hOMeTpHUIECKIe MOKa3aTeNH TOHKOM KULIKH.
DKCIepUMEHTHl IPOBOAMWINCH B MEPHOJ MEPexofa K MUTAHHI0 HOBOPOXKACHHBIX KPBICAT, B MEPHOI (HOPMHUPOBAHHS TOHyCa
CKEJIETHBIX MBIIIII 1 MEXAHU3MOB TEPMOPETYIISIIHH.
DKCIEPUMEHTHI MOATBEPIKAAIOT, YTO HapYIIEHHE CHMIIATHYECKOW WHHEPBAIMH OTPHIATENHHO BIWsET Ha (GYHKIMIO psja
MapaMeTpOB TOHKOM! KHIIKH, & TAKKe Ha (YHKIHMOHAIBHBIE COCTOSHUS, CBA3aHHbIE C A/ITe3Ueil SHTEPOIUTOB.
KiroueBbie ciaoBa: (YHKIWs, THAMETP, CHCTEMa, KJIETKA, CETMEHT, KPbICA, JHTEPOIMT, KUIICYHHK, Pa3jel, T'yaHCTHIIWH,
MEXaHH3M.

DISSIMPATIYANING ENTEROTSITLARGA TA’SIRI
Annotatsiya

Mazkur tadgiqot ishida fiz-kimyoviy desimpatizatsiya, enterotsitlar (enterotsitlar (lot. enterocytus) - bir gator ichak epiteliy
hujayralarining umumiy nomi) ning funksional xolatiga va ingichka ichakning ayrim morfometrik ko‘rsatkichlariga ta’siri
yoritildi.
Eksperimentlar yangi tug‘ilgan kalamushlarning oziqlanishga o‘tish davrida, skelet mushaklari tonusi va termoregulyatsiya
mexanizmlarining shakllanishi davrlarida olib borildi.
Tajribalar, simpatik innervatsiyaning buzilishi ingichka ichakning bir qator ko‘rsatkichlarining funksiyasini izdan chiqishiga,
hamda enterotsitlar adgeziyasiga bog‘liq funksional holatlarga salbiy ta’sir etishini asoslaydi.
Kalit so‘zlari: funksiya, diametr, tizim, hujayra, segment, kalamush, enterotsit, ichak, bo‘lim, guanetidin, mexanizm.

Introduction. Transport, barrier, rheological properties and the mechanism of action of the mucous membrane of the
stomach, thin and thick men, and many of them are determined by adhesion between enterocytes. [1,3]. The activity of the
membrane-attachment complexes of the basal part of the cell is due to its close connection with the desmosomes of the apical
part of the cell [3,4,7]. Adhesion of epithelial cells, including enterocytes, reflects individual patterns of development. This
describes the current functional state of the body, which depends on the influence of external environmental factors.

For example, adhesion of different species depends on their emotional and behavioral reactions. Therefore, its function
changes under stress and under the influence of a number of pharmacological drugs [4,5].

Izucheno vliyanie physiko-khimicheskoy desimpatizatsii na adgezivnye svoystva enterotsitov i nekotorye
morphometricheskie pokaseteli tonkoy kishki.

Literature review. Intramural ganglia and neurocytes of the small intestine of white laboratory rats have different
morphometric characteristics. Under the influence of gunetidine, changes in the age-related dynamics of cholinesterase and
monoamine oxidase activity are observed

Chemical desympatization under ultrasound control is a minimally invasive, pathogenetically based intervention in
patients with open trophic ulcers of venous etiology. The method is economically feasible and can be used both in inpatient and
outpatient settings [4,5,6].

When de-empathized with guanethidine (60-70 mg/kg per day, from the second to the fortieth day of life), the age-related
dynamics of the studied indicators is disrupted. changes in the stomach are significantly higher than in the duodenum. As a result,
the parameters of gastric neurocytes are restored more slowly. It is known from the literature that there are different degrees of
influence of the sympathetic and parasympathetic parts of the nervous system on the intramural ganglia.

- 517 -



https://ru.wikipedia.org/wiki/%D0%9B%D0%B0%D1%82%D0%B8%D0%BD%D1%81%D0%BA%D0%B8%D0%B9_%D1%8F%D0%B7%D1%8B%D0%BA
https://ru.wikipedia.org/wiki/%D0%AD%D0%BF%D0%B8%D1%82%D0%B5%D0%BB%D0%B8%D0%B9
https://ru.wikipedia.org/wiki/%D0%9A%D0%B8%D1%88%D0%B5%D1%87%D0%BD%D0%B8%D0%BA

O‘zMU xabarlari Bectnuk HYY3 ACTA NUUz | FIZIKA | 3/1/1 2024

After chemical desympatization, the functional state of metasympathetic neurocytes in the intestinal ganglia of white rats
is disrupted. As a result, which leads to more pronounced changes in the gastric ganglia. There are relatively few functional
disorders in the duodenum.

Chemical desymptization partially affects the neuronal apparatus of the ganglia. This shows the extreme resistance of the
nervous system to extreme chemicals such as guanethidine.

We can say that the reason for this may be the nature of the origin of the metasympathetic innervation of the internal
organs, their inherent flexibility and resistance to chemical influences [2,7,9].

Research Methodology. White laboratory rats of different ages were used in research experiments. For this purpose,
animals of different sexes weighing 140-180 g were selected. Pregnant female rats were kept in individual cages.

Newborn rats were allocated five per lactating rat. The experiments were carried out during a critical period of growth
and development of rats [2,3,8].

In this case: 12-14th day is the period of opening the eyes of rats; 21-22 days of transition to full nutrition; Day 30 —
period of liberation from the mother (emancipation); 55-60 days — the period of formation of skeletal muscle tone and
thermoregulation mechanisms; 85-90 days is the period of puberty of animals.

Six rats were used for each experiment. Enterocyte adhesion and morphometric parameters were studied in various
sections of the small intestine and sections below the duodenum.

In the first part of the experiments (control group), the mechanism specific to the adhesive properties of various physical
parameters of the small intestine was studied;

NH>

FbN/Lﬁﬂ/\“/N

Fig. 1. Chemical formula of the
studied guanethidine

In the second series of experiments, the state of these indicators was determined after physical-chemical
desympathization. In these experiments, physicochemical desympathization was performed using guanethidine sulfate. The
chemical formula of the studied guanethidine is presented in Fig. 1. Guanethidine is a white crystalline powder with a bitter taste.
Slightly soluble in water [6,9].
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Fig. 1. Chemical formula of the
studied guanethidine sulfate

Guanethidine sulfate (Guanethidine monosulfate) ia an antihypertensive agents. Guanethidine is also an adrenergic
neurone blocking agent, enters noradrenergic nerve terminals by the neuronal amine carrier. The chemical formula of the studied
guanethidine sulfate is shown in Fig.2 [6,8].

Newborn rat pups were administered guanethidine sulfate at a dose of 20 mg/kg daily intraperitoneally from the 1st to the
14th day of life. As a result of these experiments, the number of nerve cells in the sympathetic ganglia decreased to
approximately 75-85-90 percent.

To determine enterocyte adhesion in subsequent experiments, rats were decapitated. The abdominal cavity was opened
and the small intestine isolated.
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Appropriate 2 cm pieces of small intestine were inverted and thoroughly washed with chilled Hanks' solution. The pH
value is 7.4.

Then they placed it in a special glass and poured in 5 ml of Hanks' solution. The test tubes prepared in this way are placed
in a shaker and strainer for 1 to 5 minutes. For easy counting of the number of enterocytes, the time was determined according to
the release of enterocytes into the surrounding solution.

A drop of the solution was introduced into Goryaev’s chamber. The collected enterocytes were counted using a special
microscope. It has been established that the more enterocytes are exfoliated from the small intestinal mucosa during the
determination process, the weaker the adhesion of enterocytes.

The results obtained were statistically processed using the Student and Fisher method.

Analysis and results. The results of the study showed that the weight of the mucous membrane of intact rats increased
rapidly from the 2nd to the 7th day of life of rats in all parts of the small intestine. Then, by day 85-90, the growth rate slowed
down. When comparing the processes of growth of the mass of the mucous membrane in each of the four sections of the
intestine, it was found that the mass of the mucous membrane increased everywhere in the same proportion.

In 2-day-old rats, the intestinal diameter was very small and was the same in all four intestinal segments. By days 6 and
14, the intestinal diameter increased, but remained the same in all segments. By the 22nd day, the intestinal diameter increased,
especially in the duodenum. An increase in diameter was also observed on the 55-60th day of life of rats, after which the
diameter of the duodenum became wider than other sections.

Enterocyte adhesion increased from the 2nd to the 28-30th day of life in rats and stabilized by the 85-90th day. In each
age group, enterocyte adhesion was approximately the same in different parts of the small intestine.

After physico-chemical desensitization, the development of the small intestine is disrupted. While the length and
diameter of the small intestine increased at a normal rate, mucosal mass increased slowly in the duodenum and proximal portion
and gradually increased in the medial and distal portions until days 21-22.

The adhesion of enterocytes decreased maximally in the duodenum and paroxysmal region according to the number of
heared enterocytes on days 21-22 and 30 after the disruption of sympathetic innervation, was less observed in the medial section
and did not differ from the control group in the distal section

It is a growing rat, it is an adult, it plays a vital role in the regulation of the functions of the thin intestine, and it plays the
role of zaputyvaniya mejmyshechnyh and mucous nerves, as well as humoral factors. Sympathetic and parasympathetic nerves
play a secondary role [5,9]. However, the results showed that the disturbance of sympathetic innervation negatively affects the
development of parameters in men, for example, adhesion of enterocytes.

Guanetidin has a sympatholytic effect, and adrenergic neuron transmitter. lIzbirateln nakaplivaetsya v granulax
sympathicheskix postganglionarnyx nervnyx okonchaniy i vydavlivaet iz nix noradrenaline. Chast vydelivshegosya
noradrenaline dostigaet postsynapticheskikh a-adrenoretseptorov i okazyvaet kraktovremennoe pressornoe deystvie. No, it is
often inactivated. As a result, the function of the adrenergic junction is disturbed.

Guanethidine has a blocking ability and affects p2-adrenergic receptors. But it has almost no effect on the mechanism of
the nervous system and adrenal glands.

The effect of guanethidine develops in two stages: tachycardia - a transient reaction occurs in the heart, followed by a
gradual decrease in systolic and diastolic blood pressure, a decrease in heart rate and cardiac output. This process is associated
with a violation of vascular resistance [5,8,9].

Conclusion. After chemical desensitization, i.e., administration of guanethidine to rats from the 1st to the 14th day of
life, enterocyte adhesion decreased maximally in the duodenum and proximal section, less in the medial section and less than
control in the distal section. matter. Studies on rats of different ages showed that on days 20 and 30, enterocyte adhesion
increased in all parts of the small intestine. By the end of the experiment, this increase stabilized. It can be said that sympathetic
innervation is important for restoring the adhesive properties of enterocytes compared to the initial parts of the intestine.

The results are statistically significantly different from the results of the control group. During the postnatal ontogenesis
of rats, the adhesion of enterocytes in various parts of the small intestine decreases depending on the number of exfoliated
enterocytes.

Based on the results of the experiments and instead of a conclusion, we can say that disruption of sympathetic innervation
after desympatization causes functional changes in a number of indicators of the small intestine. As a result, there is a negative
impact on the functional states associated with the adhesion of enterocytes.

Most disturbances occur in the oral portions of the small intestine, but may be related to the presence of oral-caudal
gradients of control mechanisms. The neural mechanisms of this condition are clearly expressed in the upper gastrointestinal
tract. In the caudal direction, the process of dominance of humoral mechanisms gradually decreases.
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WEAK GRAVITATIONAL LENSING OF A GUP-MODIFIED SCHWARZSCHILD BLACK HOLE IN THE
PRESENCE OF PLASMA
Annotation
In this work, we have studied weak gravitational lensing effect around black hole. We started with orbits of photons around black
hole in S-GUP. In addition, we have studied gravitational weak lensing around such black hole in plasma medium.
Keywords: Generalized Uncertainty Principle (GUP), General relativity (GR), Schwarzschild black hole, Accretion disk, Kerr
black hole.

CJABOE I'PABUTALIMOHHOE JIMUH3UPOBAHUE GUP-MOIU®UIIAPOBAHHOM YEPHOM JIBIPHI
HIBAPIIINJIBAA B IPUCYTCTBUU ITJIASMBI
AnHOTaLUA

B aroit pabore Ml m3yumnn 3¢ ¢GeKT crnadoro rpaBUTAMOHHOTO JIMH3UPOBAHHUS BOKPYT YEpPHOH IBIPBI. MBI Hadalm ¢ OpOMT
(dhotoHOB BOKpYT uepHOU AbIpbl B S-GUP. Kpome Toro, Mbl ncciieioBaiu ¢1aboe TpaBUTAIIMOHHOE JIMH3UPOBAHHUE BOKPYT TaKOM
YEpHOH JIBIPBI B TUIA3MEHHOMU Cpefie.

Kniouessie ciioBa: O600mennsit npuaIun HeonpeaeneHHoctd (OITH), O6mas Teopust otHocutenbHOocTH (OTO), yepHas npipa
IBaprmmnbsaa, AKKpeHOHHBIN Auck, YepHas neipa Keppa.

WEAK GRAVITATIONAL LENSING OF A GUP-MODIFIED SCHWARZSCHILD BLACK HOLE IN THE
PRESENCE OF PLASMA
Annotatsiya

Ushbu ishda biz qora tuynuk atrofida zaif tortishish linzalash effektini o'rgandik. Biz S-GUPdagi qora tuynuk atrofidagi
fotonlarning orbitalaridan boshladik. Bundan tashqari, biz plazma muhitida bunday qora tuynuk atrofida tortishish kuchsiz
linzalarini o'rgandik.

Kalit so*zlar: Umumlashtirilgan noaniglik printsipi (UNP), Umumiy nisbiylik (UN), Shvartsshild gora tuynugi, Akkretsiya diski,
Kerr gora tuynuk.

Introduction. The generalized uncertainty principle (GUP) offers insights into the limitations of general relativity (GR)
by incorporating nonlinear terms in the uncertainty relationship between position and momentum operators[1]. These terms,
motivated by string theory and loop quantum gravity, have been studied extensively, including their effects on the accretion disk
onto Schwarzschild black holes[2][3]. Estimates of the GUP parameters have been derived from various physical phenomena,
such as gravitational wave events, perihelion precession, and weak lensing, providing constraints on modified gravity models[4-
10]. Recent observations, including gravitational waves and images of supermassive black holes by the LIGO-Virgo and Event
Horizon Telescope collaborations, respectively, offer new avenues for testing alternative gravity theories[11-13]. The presence of
magnetized plasma near supermassive black holes, as observed by the Event Horizon Telescope, highlights the need for better
theoretical models to understand such environments[19]. In this context, we focus on studying non-magnetized plasma near black
holes, considering its effects on the deflection of light and weak gravitational lensing[20]. Understanding photon motion and
weak lensing around black holes provides fundamental insights into gravity's behavior and can reveal deviations from established
theories[21-22]. By integrating these tests, we aim to refine our understanding of gravity and its role in the universe's evolution.
In this paper, we calculate the deflection angle in the weak field limit (Sect. 1) and summarize our results (Sect. 111).

Gravitational weak lensing in presence of the plasma medium. In this section, our main objective is to investigate the
effects of gravitational lensing in the Schwarzschild black hole with corrections from the Generalized Uncertainty Principle
(GUP), while considering the presence of surrounding plasma. We undertake this analysis using a weak-field approximation, as
defined by [23]. In Boyer-Lindquist coordinates, S-GUP metric is given by [5]

ds? = —f(r)dt? + f(r)"1dr? + r2(d6? + sin? 8d $?),
with
1 2M M?
fr) = - +€ )
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Here, € serves as a dimensionless parameter representing the GUP correction [5], which has been bounded within the
range —44.9 < e <1 [7]. Additionally, it's important to note that this metric simplifies to the Schwarzschild metric as €
approaches 0 .

9ap = Nap + hap.

Here, 745 and h,p denote the Minkowski metric and perturbation metric, respectively, with their properties outlined in
[23].

Nep = diag(—1,1,1,1),

hep << 1, hgp = 0 under x* > o
g% =nf — pab, pob = Rap-

We are interested in examining the effects of plasma on the deflection angle of light rays. In the presence of a plasma
medium, the deflection angle can be expressed as described in [23].

oo 2
=t [ hass + = hgys - — 2N, || dz
i -2 . 2 33,0 w2 — w2 00,0 w2 — wg )i

e
N(x") represents the number density of particles in the plasma surrounding the black hole, and K, = 4me?/m, is a
constant. The =+ signs of &, determine the deflection towards or away from the central object, respectively. For large distances,
we can approximate the black hole metric as follows:

R R? R R?
2 — Jc2 S _ s 2 S _ S 2
ds* =ds§ + " e4r2>dt +<r e4r2>dr,

Here, ds? = —dt? +dr? + r?(d6? + sin®? 8d$?), and for further calculations, we utilize R, =2M as the
Schwarzschild radius. In Cartesian coordinates, the components h,g can be expressed as:

Ry RZ
hoo=|——-€e—],
00 (r E4r2

Ry  R?
h j—
ik =\ T €z |V

Ry,  RE\
his = (7_ em COS“ X,
Here, cosx = \/ﬁ and r = vVb? + z2, where b represents the impact parameter, indicating the closest approach of the
photons to the black hole. By employing the aforementioned expressions in the formula, one can calculate the light deflection

angle with respect to b for a black hole surrounded by plasma.
. ® p R,  R? X R,  R? w? K,
absza 6r<<T—em cos“x | + 0, 7—em wz—wg_wz—wgarlv dz

In light of the preceding discussion, we can readily examine the impact of different plasma mediums on the photon
deflection angle, as depicted in Figure.1.

Uniform plasma. In the first case, we consider homogeneous plasma with w2 = const. In this plasma state, the refractive
index does not explicitly depend on spatial coordinates, so we can disregard the refractive action. In other words, we do not
consider the last term of Eq. (13). By integrating Eq. (13), we obtain the following result for the deflection angle.

. _(Rs TR2 N Ry  mR2 1
Guni =\p " €16b2) T\~ “8b2) . w2
-2
Graphs illustrating the impact parameter b for different GUP parameter e (left) and plasma parameters % (right) are

depicted in Fig.1. The deflection angle increases with decreasing impact parameter b, indicating that a massless particle

approaching the vicinity of a black hole experiences
W Ww?=0.5 €=0.5
1.0

0.9 .
0.8
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FIG. 1:The plot illustrates how the deflection angle &,,,,; varies with the impact parameter b.
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X . . N . w3 . . .
FIG. 2: The graph displays the deflection angle &,,; plotted against the parameters w—‘z’ and e, with a fixed impact parameter
b/M = 6.
2
a greater deviation. Fig. 2 visually illustrates the variation of the deflection angle concerning % and e. Specifically, the

deflection angle is maximized with higher plasma distribution (right panel) and is observed to decrease significantly with
increasing GUP parameter e (right panel).

B. Singular isothermal sphere. The Singular Isothermal Sphere (SIS) serves as a highly suitable model for
comprehending the characteristics of photons undergoing gravitational lensing. Initially introduced to investigate lens properties
and clusters, the SIS represents a spherical distribution of matter with a density feature

W/uw?=05 €=05
065];,
060, &

0.7-

06

é 05 gm 0.50

045

0.4 0.40

0.35

0.3
6 7 8 9 10 11 12 6 7 8 9 10 1 12
M /M
2
FIG. 3: The figure illustrates the change in &;s concerning b under different € values (left panel) and % (right panel).
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2
FIG. 4: Plot of the deflection angle &, as a function of € ( left panel ) and % (‘right panel ) for a fixed impact parameter b/M =
6.
that extends to infinity at its center. The density distribution of a SIS is given by [20 ]
2
_ v
p(T) - 271'7'2

where o2 refers to a one-dimensional velocity. The plasma concentration follows the given analytical dispersion and

admits the following analytic expression [23, 24].
T
N = p()
}cmp
here m,, is the proton mass and k is a dimensionless constant coefficient generally associated with the dark matter
universe. Utilizing the plasma frequency takes the form

K, o}
2 _ _ e-v
w; =K,Nr)=r7"7"7">
€ N 2micm,,r?
We consider the aforementioned properties of the SIS and compute the angle of deflection &g, as follows:
€=0.5 b/M =6
e
0.8
—— Uniform
00 Tl TN T@EEl e sis
-------- Vacum
0.4
L s B L] S
0.02 0.04 0.06 0.08 010

FIG. 5: Plot of the deflection angle &, as function of the impact parameter b and €. The correspoding fixed parameters
2 2
used are =% = 0.5, = 0.5,h/M = 6,7, = 3
w w

. 2R, 3nR? RZw? (1 2R, 3mR?
Usis =

— - —— |-+
b “16b?)  b?w2\2 3mb ' © 16b2
These calculations result in an additional plasma constant w2, which can be expressed analytically as follows [24]:
2 _ KEO-E
we = h
kM, R§
In order to understand the impact of the Singular Isothermal Sphere (SIS) on the trajectory of photons, we have plotted
the deflection angle dg;s as a function of the impact parameter b, as shown in Fig. 3. Interestingly, we observe common
2
characteristics in the behavior of b for both the uniform plasma and SIS medium. Additionally, the quantity % represents the

distribution of the SIS in the vicinity of the black hole, allowing us to analyze the sensitivity of photons to this specific parameter
along with the coupling constant parameter €. This analysis is depicted graphically in Fig. 4. We observe that dg;s decreases with
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increasing € (left panel), while it increases with increasing z—f (right panel). Thus, the presence of the SIS in the vicinity of the

black hole has a noticeable effect on the trajectory of massless particles. Fig. 5 is a visual juxtaposition of the &,,;, ds;s as a
function of the impact parameter and the parameter €. It is quite obvious that the deflection is maximum when the black hole is
surrounded by a uniform plasma medium. The final result can therefore be encapsulated in a mathematical expression as, @,,; >
Usis

Conclusion. In this paper, we have investigated gravitational weak lensing in Schwarzschild spacetime with a modified
GUP parameter. When studying weak gravitational lensing, it is observed that the presence of the GUP modification parameter e
leads to a decrease in the deviation angle. As the impact parameter b decreases, an increase in the deflection angle is observed,
indicating that a massless particle moving closer to the black hole's surroundings experiences a higher degree of deviation. The
deflection angle is maximized in the presence of high plasma distribution and is observed to decrease steadily with increasing
GUP parameter €. For instance, when e = 0, Schwarzschild gravity ensures the highest degree of deviation &,,,;. We conclude

2
that, as expected, the presence of plasma in the vicinity of the black hole, contrary to the vacuum case % = 0, contributes to the
motion of photons.
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YULDUZLAR DINAMIKASIDA UCHINCHI VA LOKAL INTEGRALARNING MUAMMOLARI HAQIDA
Annotatsiya
Ushbu magolada harakat tenglamalarining uchinchi integrali va ikkinchi invarianti — lokal integralining yulduzlar dinamkasida
qo‘lanilishi haqida gisqacha gap boradi. Statsionar gravitatsion maydon uchun lokal integralining ma’nosi va ularining mavjud
bo‘lgan ba‘zi holarini keltiramiz.
Kalit so‘zlar: yulduzlar dinamikasi, gravitasion potensial, harakat integrallari.

ON THE PROBLEMS OF THE THIRD AND LOCAL INTEGRALS IN STELLAR DYNAMICS
Annotation
This article briefly discusses the application of the third integral and the second invariant - the local integral of the equations of
motion in stellar dynamics. We present the value of the local integral and some cases of their existence.
Key words: stellar dynamics, gravitational potential, integrals of motion.

O ITPOBJEMAX TPETHEI'O U JJOKAJIBHOI'O HHTEI'PAJIOB B 3BE3JHOM TUHAMMKE
AHHOTaALHA
B 9T0ii cTaThe KpaTKO pacCMaTPUBACTCS MPUMEHEHHE TPEThEro MHTEerpaia W BTOPOr0 HHBapHaHTA -JOKAJIBHOTO HHTErpaia
YPaBHCHUI JIBIDKCHUS B 3BE3MHOM JOUHaMHKe. [IpHBeeM 3HAuCHHE JIOKAJBHOTO HWHTErpajia W HEKOTOPhIC CIyYaul HUX
CYIIECTBOBAHMUS.
KnrwueBble cjioBa: 3Be3/1HAS TUHAMUKA, TPABUTAIIMOHHBINA OTCHIIAAI, HHTEIPAJIBI IBUKCHUSL.

BBenenne. IIpoGnema cymecTBOBaHMS JIOMONHHUTEIBHOTO HHTETpaia [BIKEHHS, B PETYISIPHOM CTalMOHAPHOM
TPaBUTALMOHHOM I10JIe, HE3aBUCUMOT'0 OT HHTETPaJIOB SHEPIHH U IUIONIa e, 00CcyxKmanack BO MHOTHX paborax [2-32] u [60-80].

B Teuenne monroro BpeMEHH MpeIIONaragoch, YTO TPETHH WHTETrpan JBIKEHHS OTAENBHOI 3BE3[BI B PETYIIPHOM
CTaI[MOHAPHOM T'PaBUTAIMOHHOM MoJIe ['amakTHKy, ¢ ITOMOIIBI0 KOTOPOTO OMpEesieTcss BO3MOXHBIE BUIBI BRIpayKeHUST (ha30BOH
IUIOTHOCTH B 3BE3[IHBIX CHCTEMaX, He SIBISIETCS 0HO3HA4YHBIM [33-38], Ha TOM OCHOBaHWH, YTO, HECMOTpPS HA MHOTOYHCIICHHBIE
ycunusi, He ObUIO OOHapy)XEHO SBHBIH BHJ TPETHErO HMHTErpaja, BBIPaXKaeMOTOo B aHAJIMTHYECKOW (opme, MOJOOHON Kak
MHTETPAJIOB HEPTUH U miomaneid. Ho 3To mpenmnoyioxkeHne, Kak 4acTo 0TMEYaIoCh, BCTYIAeT B IPOTHBOPEUHE ¢ HAOII0JaeMbIM
pacrpezieneHneM ckopocteil 3Be3n BOam3u CoHI, TMOCKOJIBKY M3 HETO CleAyeT, 4TO pa3dpoc CKOpocTedl JOIKEeH ObITh
OJIMHAKOBBIMH B HallpaBlIieHWH IeHTpa [‘anakTuku R W B HampaBlIeHWH HEpIeHIMKYISIPHBIA K IUIOCKOCTH TAIAKTUKH Z, TOTJa
KaK HaOJroaeMble TUCIIEPCHH CKOPOCTEH MO 3TUM KOOpIHMHATaM, COOTBETCTBEHHO, MMEIOT COOTHOIICHHE MPUOIN3UTENBHO 2:1,
T.€., JUIS BCeX mojcucTeM ['alakTHKH JUCTepCHs BEPTHKAIFHOTO KOMIOHEHTa CKOPOCTH MEHBIIE, 9eM PaAnaIbHOTO TOYTH B J[Ba
paza [39, 40]. A Taxxe, YNCICHHO BBHIYMCIICHHBIE OPOWTHI 3BE3]] OKA3aIHCh TAKMMH, KaK €ciad OBl y HUX OBUIO HE JBa, a TPU
OJTHO3HAYHBIX MHTErpaja aBrkenus [41-44].

B paborax [45-46, 49] ObuUM MPEANPHHATHI MOTBITKH TEOPETHYECKH JI0KAa3aTh CYIIECTBOBAHUE TPETHETO MHTETpaia, HO
KKABIH OTIOJIHUTENBHBII HHTETPaJl MOXKET OBITh OJHO3HAYHBIM WJIM MHOTO3HA4YHBIM. J[eHCTBUTENBHO, apryMeHTaMu (ha30Boit
IUIOTHOCTH JOJDKHBI OBITh MMEHHO OJHO3HAYHBIC MHTETpaibl (OHM MHOTIA HA3bIBAIOTCS TAKKE «U30AUPVIOWUMUY), NTHAYE cama
(a3oBast IIOTHOCTh TAKXKE MOJTYYUTCSI MHOTO3HAYHOM, YTO JHIIEHO (u3ndeckoro cmbicia. Oaunako, I.M.Manuc paccmarpuBaeT
Cllydad, KOTAa HHTErpaj, BOOOIIe MHOTO3HAuYHBIA, HO Ui OIpeNeNeHHBIX ¢opM norteHnmana U(x,y,z) BBIpOXKZaeTcs B
OJIHO3HAYHYIO QyHKIHIO [4-7].

B padore [5] I'I'Ky3smuH mompoOHO ONHCBHIBAET TNPHUMEHHMOCTh K8AOPAMUYHO20 UHMESPANd OBUICEHUS IS
MOJEMPOBAHNS CTAIIMOHAPHOW ["anakTHKH, JOIMyCKalollee TPEXOCHOE pacIpesieNieHue CKOPOCTeil, a Takxke B cTaThsx [8, 49]
MHOTO pa3 00CYKIaIiCh CBOMCTBA 3TOT0 MHTErpaa. beimm TakxKe MOMBITKY ONPEAENIeHNs U APYTHX (GOPM TPETHEr0 MHTErpaa,
Harpumep, [.M.Unnuc B pabote [11] uier uHTErpas IBIKSHNUS, TPEICTABISIONMINA cOO0H CyMMY WICHOB HYJIEBOTO, BTOPOTO U
YETBEPTOrO MOPSIKOB OTHOCHTEILHO KOMIIOHEHTOB CKOPOCTH.

D. Lynden-Bellom ucciemnoBaHo, 4TO KaXIblii M3 M3BECTHBIX IO CHX IMOP MHTErPAJOB JBWKEHHUS JJIsd CTALMOHAPHBIX
CHCTEM COXpaHseT CHIIy JUIsl LIEJOro Kjacca Takux cucTeM. [Ipu 3TOM Bech KiIacc WM €ro 4acTh MOYKHO MOJYYHTh, BapbHPYsI
HeKkoTopylo (yHKIHMIO ofHOW mepemeHHOW. Cama 3Ta (QYHKUHMS BXOIUT Kak B MOTCHIMAN, TaK U B HMHTErpal IBHKCHUS
JIOKaJTbHBIM 00pa3oM, T.e. 6e3 oMol aeiicTBuit quddepeHIMpoBaHns U HHTErPUpoBaHus [46].

Tpernii materpan G. Contopoulos mpexncTaBmsier co00i pasiIokeHHE B PSJ MO CTEHEHSM OTKJIOHEHHH B (ha30BOM
MPOCTPAHCTBE OT KaKOH-IN00 (HUKCHPOBAaHHON KPyroBOH OpPOUTHI MIIH, YTO OOBIYHO SKBHBAJICHTHO IIEPBOMY OIIPEACIICHHUIO, PSII
TI0 CTETICHSIM MaJIOTO MapaMeTpa, XapaKTepHU3yIOIero OTKIOHSHNE TPaBUTAIIMOHHOTO MOTEHINANIA OT KBaJAPAaTHIHON GopMsbl [61-
65].
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Takum 06pa3oM, MOHATHO, YTO €CIM PAcCMaTPUBAEMBII TOTCHIMAT HE NMEET OCEBOH MM POTAllMOHHOW CHMMETpPHH, TO
HHTETpala IUIoLae He CYLIECTBYeT W TPETHH MHTEerpaj Kak IPaBUIIO, SIBISIETCS MHOTO3HAuHBIM, [46, 48, 62, 72], u Torma
mpoO6IeMOlt CTAHOBUTCS YK€ BTOPOH MHTErpai Mociie HHTerpaia SHEprui.

B pa6ore [1] B.A. AHTOHOBBEIM OBLIO BBEIEHO IMOHATHE JOKAIBHOT'O HHTETpaja, OTJIMYHOrO OT HHTerpana Jluaaen-bemna
[46, 48]. dynpamentanbHas pabota B.A.AHTOHOBa, MONOXWJIAa HAyalo MHOMCKAM BTOPOTO HHBapHaHTa B BHUAE OJHOU
W30JIMPOBAHHONW THUIIEPIOBEPXHOCTH, CYIIECTBOBAHHE KOTOPOH JaeT HEKOTOPYI0 OPHEHTHPOBKY B CBOMCTBAX MHOXECTBa
BO3MOXXHBIX TPAeKTOPHi, IOCKOJIBbKY JIOKAJIBHBI MHTErpal Urpaer B (a3oBOM IPOCTpPAaHCTBE POib Oapbepa, dyepe3 KOTOpoi
U300pakarolas TOYKa He MOYKET HUKOra nepeiitu [1, 51, 52, 54-56].

JlokxanbHBII HHTErpad AHTOHOBA, IIOCTPOCHHBIN B aHATUTHYECKOM BHJIE, B OTIMYHE OT HACTOSIIEro HHTErpaia, Booomie
TOBOpSA, HE TO3BOJISIET HAWTH caMU TPAeKTOPHUH, a TOJIbKO HMHBAapHAHTHBIE MHOXeCTBa B (pazoBoM mpocTpaHcTBe. OJHAKO,
BO3MOJKHBI CITy4aH TIOJTHOTO HAXOXICHHS 00JIACTH [IBUKCHHS HIIH TPAEKTOPHH U C JIOKAIBHBIM HHTErpaioM [53, 56].

H3BecTHBIE clydyad HHTEIPUPYEMOCTH YPABHEHHsl IBHKEHH.

OTbICKaHNE TOUHBIX TPACKTOPHH JBHKEHMS NMPOOHOM 4acTHIBI B MIPOU3BOJIBHOM MOTEHIMAILHOM II0JIE, CTAHOHAPHOM
JMIIb BO BpaIIaloIeiicss cucreMe KOOPAUHAT, NMPEACTaBIAeT, BOOOIIE roBOps OOJIbIIME TPYTHOCTH, 4eM ISl HEHOABMKHOM
cucteMbl. J[11 Takol CHCTEMBI KaK HM3BECTHO CYNIECTBYeT TOJbKO HHTerpan Slkob6um [2]. Tak, Hampumep, I CHCTEMEI C
HEHYJIEBBIM BpallleHNEeM He YAAETCs pa3[eInTh IIepeMeHHbIe IPH IIOTEHINaje U IPECTaBUTh €0 B BUIE

U =U,(x)+U,(y).
(Y
KpOME HEKOTOPBIX JOBOJBHO MPOCTHIX CiTydacB. K 4HCITy 3TUX MPOCTHIX CIIy4acB OTHOCSTCS CIICAYIOIIUE:
a) Pomayuonno-cummempuyHulii nomeHyual.

U=U(p,2). (p=+yx*+y?); @

(BpaleH#ue 1o CyIIECTBY HE UTPAECT HUKAKOH POJIH).
8) YpasHosewennocms no 00HOU U3 KOOpOUHam,
22
QX
u = +U (y);

©)
¢) Keaopamuunwiti nomenyuar,
2 2
U= A_X + B_y ,
2 2
4)

COOTBETCTBEHHO C JIMHEHHBIMU yPABHCHUSIMH JIBHKCHHSI.

VI3BeCTHO, 4TO BO BCEX ITHX CIIy4asiX MOKHO HAHTH AOMOJHHUTENBHBIN HHTErPA IBIKCHHUS, HE 3aBUCAIIHMI OT MHTErpaja
sHeprud [53].

Cay4an cymecTBOBaHHS JIOKATBLHOTO HHTErpaJa.

CaMo MOHSTHE JIOKaJBHOTO HHTETpajia B CIOJIB3yeMOM 3/IeCh CMBICIIE MepBble ObLIO B BBEJCHO B 3BE3/IHYIO TUHAMHKY
B.A. AHTOHOBBIM [ 1], XOTS 1O CYIIECTBY TaKOE e MOHATHE HCIOIb30BAIOCH paHee B Teopuu Bomuka [81]. To ecth peus umet 06
OTIEeNbHON MHBAapHAHTHOW MOBEPXHOCTH B (pa30BOM MpocTpaHcTBe. B padote [1] BEIpakeHHE TaKOTO JIOKATBLHOTO MHTETpajia
JaBajiock Gopmymoit

ACx,y)u? + 2B(x, y)uv + C(x, y)v? =1, (5)
rae X,y — JIEKapTOBBl KOOPIMHATHI, U,V —KOMIIOHEHTHI ckopoctn; A(x,y),B(x,y) m C(x,y) — HeKoTOpbIE
Hen3BeCcTHbIe (DYHKIMH, MOUISKALIME OIIPe/IeNIeHUI0. SICHO, YTO Takoe OIMMCAHHE TOMOJOTHIECKUX CBOMCTB TPAGKTOPHUIl 3BE3.IbI
BO3MOJKHO TOJIBKO TIPH HAJIMYUH UHTErpalia SHEPTUu
2 2
%_U(xry) = h! (6)

IUTSL TI000TO 3HaYeHUST h —IIOCTOSIHHOW MHTETpajla YHEPTHH.

B [1] B.A. AHTOHOBBIM OIlpefieIeH KjlacC MOTEHIUANO0B, I KOTOPBIX MHBApUAHTHOCTH (5) cymiecTByeT. [loBepXHOCTS,
3amaBaeMoil hopmynoii (5), urpaer poip Gapbepa, yepe3 KOTOPOH MOCTOPOHHSS M300pakarolas TOYKa HE MOXKET IeperTH.
JlBikeHue ke, yaoBieTBopsioee (5), MPOMCXOAUT Ha TIOCKOCTH (X,Y) B HEKOTOpOM siuke. PopMa caMOl TPAEeKTOpUH, B
OTJIHYHE OT CJy4as CYIICCTBOBAHMS HACTOSIIEr0 HHTErpana, He OMpeleNsieTcs B KBaApaTypaX, HO MOPSJOK CHCTEMBI
b depeHIMaTbHbIX ypaBHEHUH JIBHKESHNUS JTIOKAIBHBIH HHTETPaJl TO3BOJISET MOHU3HTh.

B pabote [52] naHo 06001IeHNE TOKAJIFHOTO MHTErpaja Ha CIydail BpallleHHs KOOPAHHATHOW CHCTEMBI, C MOCTOSHHOIT
YIIIOBO# CKOPOCTBIO (), HO TOJBKO /ISt HOPMBI IEPBOTO MOPSIIKA OTHOCUTEIBHO KOMIIOHEHTOB CKOPOCTH

a(x,y)u+ b(x, y)v = ¢o(x,y,u,v). (7

rae a(x,y), b(x,y)- HekoTOpbIE HEU3BECTHBIE (DYHKIIMHU, MOIEKANINE ONPENEIEHNI0, @ (X, Y, U, V) — caM JIOKAJIbHBIN
uHTerpan. Torna, HCKOMBIH 00N MOTEHIHAN uMeeT Gopmy,

U =2[S@) + @2 — Q2(x? + y?)]. ®)

O0acTeI0 JABMIKEHUS B THUIHUYHBLIX ClydasX SABJISICTCA HEKOTOPOE KOJIBILO, CaMa XK€ TPaCeKTOpHsA OKa3bIBACTCA
HpHHAJIeKANIEH K KaTerOpHH YCIOBHO-NIEPUOANYECKUX M YacTO IMOKa3blBaeT JIMOO JIOKAJIbHBIE «3aBHTKH», JIHOO «BOJIHBD)
BONM3M BHYTPCHHEHl TIpaHHIBl, 4YTO IOXOXKE Ha pe3yJbTaThl YHCICHHOIO WHTETPHPOBAaHUS B Oolice peamucTHYECKUX
noTeHIuanax. JlokazaHo TakKe CYyLIeCTBOBAHHS MEPHOUIECKOrO PEIICHHS ¢ OTHOIICHHEM 4acToT 1:3.

B [51] naHo TpexMepHO 00001IeHHE, IPHYEM I0JIe CKOPOCTEH 3apaHee UILETCs B BUIE
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u=1uy(x,yz)+alxy,2)/Sy,2)+ 2h
v =vo(x,¥,2) £ B(x,,2)\/S(x,y,2) + 2h 9)
w=wu(x,y,2) £y(x,y,2)/S,y,2) + 2h

rac h —nocrosiHHas OHCPruu.
1 H
UGx,y,2) =3 [Uo(L) + 5] (10)

rae GpyHKIusA H 3aBUCHT TOJIBKO OT YIJIOBBIX KOOPJMHAT, a HE OT I.
B [54, 55] MBI paccMOTpUM ciiydad KOTJa CUCTEMa BpaIlaeTcsl ¢ MOCTOSAHHOM yrioBoii ckopoctu (). [Ipenmonaraem, 4to
TI0JIe CKOPOCTEH IpeICTaBIsIeTCs B BUIE

u=uytavS+2h +Qy
v=v9%[VS+2h —Qx (11)
w=wy,xyVvS+2h

rze S, ug, Vo, Wy, @,f3, Y —pyHKIMN KOOpAUHAT, h —IIPOM3BOJIbHAS OCTOSIHHASL SHEPTHH.
M3BecTeH 11 TaKuX CUCTEM MHTerpani Slkoou

w?+v2+w? Q2 (x2+y?)

> > —U(x,y,z) = h. (12)
Taxoke HaiineH oOmuil BUI JOMYCTHMBIX TOTCHINAIOB
UGxy,2) = [(grad®)? + Up(1) + 0 (y 5 - x32)] (13)
L 2 1M 0 Y o ay/ I

TlocTpoeH HETPUBHANBHBINA PUMEP MOTEHIIMANA aHATM30M TOTIOJIOTHHU TIoBepxHOCTel yposHs U(x, y, ).

PesynbraTel McciemoBaHHS MOTYT OBITh IPHMEHEHBI JUII HM3YYCHWsS JABWDKCHUS 3Be3J B CHCTEMax, OJIM3KHX K
chepuuecKoil CHMMETPHUH.

4. 3akmiodenue. [ToguepkaeM, 4To pobIeMa PeryIsIpHOCTH JBHKEHHH aKTyallbHa HE TOJBKO B 3BE3JHON MHAMUKE, HO
U BOOOIIE B Pa3sIHYHBIX OOJIACTSIX MEXAaHUKU U (PU3MKH, MPHYEM BCTPEYAIONIMECs IPH 3TOM CHJIBI HE 00SM3aTENbHO UMEIOT
noteHnman. Cpenn Hambosee M3BECTHBIX MPUMEPOB MOXKHO yKa3aThb JBIDKCHHE 3apsDKCHHOHM dYacTHIBI B MarHUTHOM IIOJE
[35,36], BpamieHne TBEpAOTO Tena BOKPYT HEMOABKHOM TOUKH [81] ¥ mpobieMy IBIDKEHHMS KaTAILIErocs mapa B Omibsapae (Wi,
YTO MaTeMaTH4ecKd TO Ke camoe, (oToHa B 001acTH ¢ 3epkanbHOU rpanuueit) [25]. [Tocnennss mpobiema HHTEpECHA TEM, YTO
HpeNCTaBIsieT co00i MpenenbHBIH CiTydall JBIDKEHHS YacTHIBI B MOTCHIMAIBHOM IIOJIE: BMECTO HENpPEPhIBHO MEHSIOIIETroCcs
NOTEHIMANa 31eCh MMEeM «IMy» C PEe3KHMMH BBICOKMMH CTEHKaMH. B 4acTHOCTH, BBIpoXKAeHHE mHoTeHImana moxenu ..
Kysbmuna [8-15] maer sammunrideckuid Omibsapa. B nccinenoBaHuy J0KaabHOTO MHTETpalia 3TOT HPeaebHBIN ciiydail «poToHa»
HEpPEJIKO UIPACT BaXKHYIO IOJCOOHYIO POJIb.

Crnemyer OTMETHT, YTO CYNIECTBOBAaHHME JOKAJBHOTO WHTETpana C TOYKH 3PEHMS yIEp>KaHUs HYacTHI B MAarHUTHBIX
JIOBYIIKAaX, YacTO peIIaeT MPAaKTUUECKyIo0 3afady NPOCTPAHCTBEHHOTO OTPaHWYEHHs OOJIACTH IBYIKEHHS YaCTHUIIBI, XOTS OBI
HACTOSIIMH MHTETPANl IPH 3TOM HE CyIIEeCTBOBANI. Takke M B TEOPHH OMIbApJa M3BECTHBI IIPHMEPHI, KOTJa JBIKEHHIE JaCTUIIBI
HE pacHpOCTPaHIETCS] Ha BCIO 00IACTh, JOMYCTUMYIO BHEIITHE IO YCIOBHSAM 3aJauH, XOTsl HACTOSIIHH MHTETPUPYEMOCTH B 3TUX
HNpUMepax HeT.

Baaromapnocts. PaGora BemonHena B pamkax rpanta FZ-20200929344 MunucrepctBa 00pa3oBaHUs, HAayKd W
nHHOBanuy Pecrryonukn Y30ekucras.

JINTEPATYPA
AntoHoB B.A., Bectauk Jlennnrpan. roc. yausep. 19, 97 (1981).
Jacobi's, Lectures on Dynamics, Second Revised Edition, Hindustan Book Agency (India), 2009
Whittaker, E. T., & Watson, G. N. 1902, A course of Modern Analysis (Cambridge University Press) Fifth edition 2021
Wnmae I'M., Actpon. xypHrai, 1959, 36, N 1, 85-88
WUnmuce I'. M., Tpyast Actpodus. na-ta AH KazCCP. Towm. 1, 1961, 1963, 6.51.330 K
Wnnue I'M., U3Bectus Actpon. un-ta AH Ka3CCP, 1962, 13, 3-15
WUnmnuc I'.M., U3Bectus Actpon. un-ta AH KasCCP, 1959, 8, 24-52.
Ky3mun I'. I'. Actpon. sxxypHan, 1956, 33, Ne 1, 27-45, 1957, Ne 3, 2042
Kysmun I'.T"., Bronnerens AGact. o6ceps., 1962, N 27, 89-92
10. Ky3muHn I'.I",, [Ty6u. Taptyc. actpoH. obceps., 1963, 34. N 1. 9-37
11. Kysmusn I.T"., [Ty6n. TapTyc. actpoH. o6cepB., 1963. 34. N 1. 457-484
12. Kysmun I.'., Manacumze I'.A., [1y6n. Taptyc. actp. o6ceps., 1969. 38. 181-250
13. Kyzemun I'.I'., [lunamuka raJakTHK U 3BE3JHBIX CKOIUICHUH. AnMa-ATa, ¢. 71. (1973)
14. Kyzpmun I'.I'., JIuH. raqakTHK U 3Be3HBIX CKOIUIEHNH. Anma-Ata. 1973. 71-75
15. Kysmun I'.I',, [Ty6x. Taptyc. actpodus. obceps., 1973. 40, 3-10
16. Oropoauukos K.®., /lunamuka 3Be3AHBIX cucTeM, M. ®u3matrus., ¢.636, 1958.
17. AreksH T.A., ActpoHomMudeckuii xxypHai, 1. 49, c. 371 (1972)
18. AreksH T. A., ActpoH. xypHan, 1972, 49, N 2, c. 371.
19. AreksH T. A., ActpoH. xypHai, 1994, 71, N 2. (mpuHSATa K TIEYaTH).
20. Arexsu T.A., Betora A.A., Bectauk Jlenunrpan. yu-ta. 1973, N 7. c. 128.
21. ArexsH T. A., Opnos B.B. [Tucema B Actpos. xypHai, 1989, 1. 15, c. 771.
22. ArexsH T. A., ITutees H. I1. Actpon. xypnan, 1977, 54, N 5.
23. Arexsu T.A., SIkumos C. I1. Bectauk Jlennurpan. yu-ta, 1975. N 1. c. 185.
24. AreksH T.A., Slkumos C. I1. Bectauk Jlennnrpan. yu-ta, 1976, N 13. c. 177.

OCoOoNOO~WNE

- 526 -




O‘zMU xabarlari Bectnuk HYY3 ACTA NUUz | FIZIKA | 3/1/1 2024

25.
26.
217.
28.
29.
. Ocumnkos JLII., Tp. AO JII'Y, 1972, 29

. Ocumnkos JLIL., Actpodusuka, 1972, 8, N 2, 295-304

. Opunos B.B., Becruux Jlenunrpan. yn-ra. 1988. N 1. 4

. Jeans, J. H., Monthly Notices Roy, Astron. Soc. 76, 81, 1915

. Jeans, J. H., Problems of Cosmogony and Stellar Dynamics (Cambridge University Press, New York), p. 233, 1919

. Lindblad, B. Handbuch der Astrophysik (Springer-Verlag, Berlin), Vol. V/2, p. 1038, 1933

. Lindblad, B. Handbuch der Astrophysik (Springer-Verlag, Berlin), VVol. 53, p. 28, 1959

. Smart, W. M., Stellar Dynamics (Cambridge University Press, New York), p. 338, 1938

. van der Pahlen, E., Einfiikkrung in die Dynamik von Stern-systemen (Verlag Birkhauser, Basel), p. 61, 1947

. Jloktun A.B., Mapcakos B.A., Jlekuuu o 38&3aH0ii actpoHomuu, Tunorpadus 0DV, 282 c. (2009)

. Binney J., Tremaine S., Galactic Dynamics: Second Edition, Series: Princeton Series in Astrophysics, Edition: REV-Revised, 2,

53.

54.
55.

56.
57.

58.

59.

AnroHoB B. A., Utoru nayku u Texuuku. Cep. acTpoH., 1968, T. 4.
AnroHoB B. A., Utoru nayku u Texuuku. Cep. actpoH. 1985, 1. 26.
AntonoB B.A., Bectnuk Jlenunrpan. ya-ta, 1981, N 19, c. 97.
Ocumxkos JLII., AL 1971, N 623, 1-2

Ocunkos JLIL., Actpodusuka, 1972, N 1, 139-147

Published by: Princeton University Press, DOI.org/10.2307/j.ctvc778ff, (2008)

. Contopoulos G., Stockholms Obs. Ann. 19, No. 10. ibid. 20, No. 5. 1958,

. Contopoulos G., Astron., Journal, 68,273, 1963

. Ollongren A., Bull. Astron. Inst. Neth., 16, 241, 1962

. Hénon M., & Heiles C., The Astronomical Journal v. 69, Num. 1, (1964)

. Wintner A., The Analytical Foundalions of Celestial Mechanics (Princeton University Press, Princeton, New Jersey), p. 96, 1947

. Lynden-Bell D., Monthly Notices Royal Astron. Soc. 124, 95 DOI:10.1093/mnras/ 124.2.95, (1962)

. de Zeeuw, Lynden-Bell D., Monthly Notices Royal Astron. Soc. (1985)

. Lynden-Bell D., Monthly Notices Royal Astron. Soc. 458 (1), 726 (2016). DOI:10.1093/mnras/stw229

. Ollongren A. Three-dimensional galactic stellar orbits. Bull. Astron. Inst. Netherl.», 1962, 16. Ne 521, 211-295. 1963, 5.51.365

55.

. Bienaymé O., “Integrals of motion for non-axisymmetric potentials”, A&A, vol.627 (2019)
. AntonoB B.A., llammues ®. T., ActpoHomuueckuit )xypHai. 69 (5), 971 (1992)
. Antonov V.A. and Shamshiev F.T., Celestial Mechanics and Dynamical Astronomy 56 (3), 451 (1993).

DOI:10.1007/BF00691813

Antonov  V.A. and Shamshiev F.T., Celestial Mechanics and Dynamical Astronomy 59 (3), 209 (1994).
DOI:10.1007/BF00692872

Shamshiev F.T., Astronomical and Astrophysical Transactions 7 (4), 269 (1995). DOI:10.1080/10556799508203273

Shamshiev F.T., in Proc. All-Russian Conf. on Astronomy at the Epoch of Multimessenger Studies, Moscow, Russia, 2021, Ed.
by A. M. Cherepashchuk (Janus-K, Moscow, 2022), pp. 468-470. DOI:10.51194/VAK2021.2022. 1.1.195

lamimues ®.T., Acrpodusudeckuii Grosierens, ToM 79, Nel, ¢. 153-161 (2024)

Brnacos A.K., Kypc Beiciieii Mmatematuku. Tom I. AHanmutndeckas reometpust. AnddepeHnnanbHoe 1 HHTErPAITEHOE HCYHCIICHUS
(gacts mepsast), URSS, 480 c. ISBN 978-5-9710-8821-9, (2021)

CoxonparkoB WM.C., Ten3opHblil aHamu3 (¢ TPUIOKECHUSIMA K TEOMETPUH M MEXaHHKe CIUIOMIHBIX cpex), M.: Hayka, c. 376,
(1971)

Moszep 0., KAM-Tteopus 1 npobiaemMsl ycTOHYUBOCTH, IepeBo nox. pex. Tpemeésa, Vbxesck: HULL «PerynsipHast u xaoTnaeckast
nUHaMHKay, 448 c. (2001)

. de Zeeuw P.T., Lynden-Bell D., “Best approximate quadratic integrals in stellar dynamics”, Monthly Notices Royal Astron. Soc.,

Vol. 215, P, 713-730 (1985)

. Contopoulos G., Astron. J. 1971, 76, N 2, 147-156

. Contopoulos G., Astron. and Astrophys., 1978, 64, N 3, 323-332

. Contopoulos G., Astron. and Astrophys., 1980, N 1-2, 198-209

. Contopoulos G., Celeste. Mech., 1981, 24, N 4, 355-366

. Contopoulos G., Celeste. Mech., 1983, 21, N 2, 193-211

. Contopoulos G., P.O. Vandervoort, The Astrophys. J., 1992, 389, 118-128
. de Zeeuw P.T., MNRAS, 1985, 216, 273

. de Zeeuw P.T., C. Hunter, Astrophys. J., 1990, 356, 365

. de Zeeuw P.T., D. Lynden-Bell, MN RAS, 1985, 215, 713

. de Zeeuw P.T., C. Hunter, M. Schwarschild, Astrophys. J., 1987, 317,607
. Stodolkiewicz J.S., Acta Astronomica, 1972, N 4, 22, 375-386

. Stodolkiewicz J.S., Acta Astronomica, 1974, N 2, 24, 153-164

. Stodolkiewicz J.S., Acta Astronomica, 1974, N 3, 24, 265-274

. Stodolkiewicz J.S., Acta Astronomica, 1974, N 4, 24, 321-326

. Vandervoort P.O., The Astrophys. J., 1970, 161, 67

. Vandervoort P.O., The Astrophys. J., 1973, 180, 739

. Vandervoort P.O., The Astrophys. J., 1975, 201, 50

. Vandervoort P.O., The Astrophys. J., 1978, 221, 539

. Vandervoort P.O., The Astrophys. J., 1979, 232, 91-105

. Vandervoort P.O., Monet D.G., The Astrophys. J., 1975, 232, 91-105

. T'omy6es B.B., Jlekiiun o HHTETpHPOBAHHIO YPABHEHHUS IBIXKEHHS TSHKETIOTO TBEPAOTO TEIa OKOJIO HEMOABIDKHOM TOUKH. M.:

T'oc.m3a.tex.Teop.a-psl, 288 c., 1953

- 527 -




O‘ZBEKISTON MILLIY
UNIVERSITETI
XABARLARI, 2024, [3/1/1]
ISSN 2181-7324

FIZIKA
http://journals.nuu.uz

Natural sciences

UDK:621.315.592.9
Latofat SHUHRATOVA,
O z.R.FA Fizika texnika instituti tayanch doktoranti
Rustam KABULOQV Rashidovich
O z.R.FA Fizika texnika instituti f-m.f.n., katta ilmiy xodimi
E-mail:shuhratovalatofat2@gmail.com

TDTU dotsenti, t.f.n M.Tulyagov taqrizi asosida

GUIDELINES FOR USING THERMAL VACUUM EVAPORATION METHOD FOR PRODUCING THIN FILMS OF
PEROVSKITE
Annotation

This article provides an overview of thermal vacuum sputtering for producing high-quality perovskite thin films, essential for
optoelectronic applications. It covers substrate preparation, deposition process of perovskite materials, controlled parameters,
monitoring techniques, post-deposition treatments, and device integration. Highlighting its versatility, the article serves as a
roadmap for researchers and practitioners in advancing perovskite-based optoelectronics.

Key words: thermal vacuum evaporation, perovskite thin films, deposition techniques, optoelectronic applications, film
morphology.

PYKOBO/JACTBO IO UCITOJIb30BAHUIO METOJIA TEPMOBAKYYMHOI'O UCITAPEHUA J1JIs1
MNOJYUYEHMUS TOHKUX IIVIEHOK ITIEPOBCKHUTA
AHHOTaALUA

B nmanHO# crathe mpencraBieH 0030p MaTepHaia UIA IONYYCHHS KOMMEPUYECKHX BBICOKOKAUECTBEHHBIX TOHKHX IUICHOK
MEPOBCKUTA METOJOM TEPMHUYECKOI'0 BAKYYMHOT'O UCIIAPEHHUS JIJIsl ONITORJIEKTPOHHBIX MpHIoKeHHH. OH 0XBaThIBa€T MOJATOTOBKY
MOJUTOXKKH, TPOIECC OCAKICHUS MEPOBCKUTHOTO MaTepHaia, KOHTPOJb MapaMeTpoOB, METOJBI MOHHUTOPUHTA, 00pabOTKy mocie
OCAXKICHUS W H3rOTOBIEHHE ycTpoicTB. [loguepkuBas €ro YHHBEpPCAJILHOCTb, CTaThsl CIYKUT JOPOXKHOM KapTou [yis
HCclleZIoBaTeNIed U MPAKTUKOB B PA3BUTHH ONTOAIEKTPOHUKH Ha OCHOBE TIEPOBCKUTA.

KnioueBsble cioBa: TepMuyeckoe BaKyyMHOE UCTIapeHHe, TOHKHE TUIEHKH MEPOBCKHUTA, METOMIBI OCAKACHHS, ONMTOMIEKTPOHHBIE
MPUIOKEHHS, MOP(HOJIOTHS TIICHOK.

PEROVSKIT YUPQA QATLAMLARNI TAYYORLASHDA TERMIK VAKUUM PURKASH USULINI QO‘LLASH
BO‘YICHA QO‘LLANMA
Annotatsiya

Ushbu magola optoelektronik qurilmalar uchun zarur bo‘lgan yuqori sifatli perovskit yupga gatlamlarni termik vakuumli uchirish
usuli yordamida tayyorlash bo‘yicha umumiy ma’lumot beradi. Ushbu maqola taglik tayyorlash, perovskit materiali, purkash
jarayoni, parametrlarni boshgarish usullari, purkashdan keyingi ishlov berish va qurilmada gatlamni integratsiyalasni o‘z ichiga
oladi. Magola tadgiqotchilar va amaliyotchilar uchun perovskit asosidagi optoelektronikani rivojlantirishda yo‘l xaritasi bo‘lib
xizmat giladi.

Kalit so’zlar: termik vakuumli purkash, perovskit yupga qgatlamlar, purkash texnikasi, optoelektronik qurilmalar, gatlam
morfologiyasi.

Introduction. In contemporary materials science and engineering, the pursuit of advanced materials with tailored
properties has led to significant interest in perovskite materials [1]. These materials, with their versatile crystal structures and
remarkable optoelectronic properties, hold immense promise for various applications ranging from solar cells to light-emitting
diodes (LEDs) and beyond. Among the plethora of methods available for thin film fabrication, thermal vacuum evaporation has
emerged as a versatile and efficient technique. Thermal vacuum evaporation stands out as a versatile and efficient technique for
thin film fabrication due to its material compatibility, precise control over film properties, high deposition rates, vacuum
environment advantages, compatibility with complex structures, and scalability for industrial production, distinguishing it from
other methods available in the field [2]. This article aims to provide a detailed exploration of the process of using thermal
vacuum evaporation to create perovskite thin films, offering insights into its advantages, challenges, and potential applications.

Thermal Vacuum Evaporation Method: An Overview

Research from leading research centers in 10 countries, coordinated by the National Renewable Energy Laboratory in the
United States (NREL) and the Karlsruhe Institute of Technology (KIT) in Germany, has determined that the use of vapor
deposition processes for perovskite layers holds promise for accelerating the commercialization of photosensitive structures
based on perovskites [3]. Thermal vacuum evaporation stands as a prominent and extensively utilized technique within thin film
fabrication processes due to its efficacy and versatility [4]. The methodology of thermal vacuum evaporation hinges upon the
principle of sublimating a solid source material, often in the form of pellets or powder, followed by the subsequent condensation
of the evaporated material onto a substrate surface, ultimately yielding a thin film product. This entire process unfolds within a
vacuum environment, meticulously crafted to prevent the intrusion of contaminants and to optimize the quality of the resulting
film. Let's understand the intricacies of the process; a thermal vacuum evaporation system consists of several essential
components, each of which plays a vital role in ensuring the efficiency and accuracy of the deposition process. Firstly, the
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vacuum chamber serves as the main protective vessel in which the entire process of creating a perovskite layer is carried out and
the necessary conditions of vacuum purity are maintained. Within this chamber, a crucible or boat accommodates the solid source
material intended for sublimation. This chamber is created in such a way as to provide controlled heating of the starting material,
thereby initiating its transition to the gaseous phase. Central to the process is the heating element, designed to provide the
necessary thermal energy to induce sublimation of the source material. This component ensures that the temperature within the
crucible or boat reaches the threshold required for the material to undergo the phase transition from solid to vapor. Through
meticulous temperature control, the heating element regulates the rate of sublimation, thereby exerting influence over crucial
aspects such as deposition rate and film thickness. Finally, a substrate holder is incorporated into the system to support and
secure the substrate upon which the thin film is to be deposited. This holder plays a pivotal role in positioning the substrate
within the vacuum chamber, ensuring optimal exposure to the vaporized source material for uniform film formation. Moreover,
the substrate holder may incorporate mechanisms for precise manipulation, enabling controlled movement or rotation to further
enhance film uniformity and consistency across the substrate surface. Figure 1 shows a schematic diagram of a thermal
evaporation system.

/‘_-—‘\ _ Substrate

—
%ﬁ—— — Deposition of thin film
o =]
Y
e, ©
© o 77— Vaporized material
L=l
o Perovskite powder
P -
B’Q/— . Evaporator
AN

—_— i |_“ — Heater

To Vacuum Pump

Figure 1. Schematic diagram of the thermal evaporation system [5]

Methodology of deposition. Thermal vacuum sputtering is a method used to deposit thin layers of materials onto
substrates under controlled conditions of vacuum and temperature. In the context of the formation of thin layers of perovskite, the
process must begin with the preparation of substrates on which thin layers of perovskite will be deposited. Substrates are
typically made of materials like glass, silicon, or flexible polymers, depending on the application requirements. Substrates
undergo thorough cleaning to eliminate contaminants such as dust, oils, and residues. Methods include ultrasonic cleaning,
solvent rinsing, and plasma treatment. Ultrasonic cleaning employs high-frequency sound waves in a solvent-filled bath, while
solvent rinsing uses organic solvents like acetone or ethanol. Plasma treatment exposes substrates to low-pressure plasma,
removing organic contaminants and activating surfaces. Surface treatments, like deposition of functional layers or chemical
modifications, enhance adhesion and promote uniform perovskite thin film growth. Techniques such as UV-ozone treatment or
oxygen plasma treatment modify surface chemistry, facilitating uniform deposition. The next step is to prepare a source of high
purity perovskite material. This target is typically made of the specific elements or compounds required to form the desired
perovskite structure. For instance, for a lead halide perovskite, the target might contain lead, iodine, and other appropriate
elements. The cleaned substrate is loaded into the vacuum deposition chamber, along with the perovskite target material. The
chamber is then evacuated to create a vacuum environment, typically reaching pressures in the range of 10 to 107 torr
(1torr=133,322 Pa). The sputtering process begins by bombarding the perovskite sources with high-energy ions. These ions
dislodge adsorbed foreign atoms or molecules from the perovskite sources.

The perovskite film deposition process begins with a gradual increase in the heater temperature until sublimation begins.
The sublimated atoms or molecules from the perovskite sources then condense on the surface of the substrate, forming a thin
film. Various parameters are carefully controlled during the deposition process to achieve the desired thin film characteristics,
such as thickness, composition, and crystal structure. These parameters include the evaporator temperature of the perovskite
source, the substrate temperature, the deposition rate, and the pressure inside the chamber. Throughout the deposition process, the
thickness and quality of the growing perovskite thin film are monitored using techniques such as in-situ spectroscopy,
ellipsometry, or quartz crystal microbalance. After deposition, the thin film may undergo further characterization using
techniques like X-ray diffraction (XRD), scanning electron microscopy (SEM), and atomic force microscopy (AFM) to assess its
structural and morphological properties. Depending on the specific application requirements, post-deposition treatments such as
annealing or surface passivation may be performed to improve the performance and stability of the perovskite thin film. Finally,
the perovskite thin film may be integrated into devices such as solar cells, light-emitting diodes (LEDs), or photodetectors,
depending on the intended application.

Analysis and result. Advantages of Thermal Vacuum Evaporation for Perovskite Thin Film Deposition: The vacuum
environment minimizes impurities and contaminants, resulting in high-purity thin films with enhanced properties. By adjusting
deposition parameters such as deposition rate and substrate temperature, precise control over the thickness of the perovskite thin
film can be achieved [6]. Thermal evaporation ensures uniform coverage of the substrate surface, leading to consistent film
quality and performance [7]. Thermal vacuum evaporation is compatible with a wide range of substrates, including glass, silicon,
and flexible substrates, offering versatility in device fabrication [8].

Challenges and Considerations: Perovskite materials are sensitive to temperature variations, and excessive heating
during evaporation can lead to degradation or phase transitions. Careful control of substrate temperature is essential to maintain
the desired crystal structure and properties [9]. Achieving the desired stoichiometry in perovskite thin films is crucial for optimal
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device performance. Controlling the deposition rate and the ratio of precursor materials is necessary to ensure proper composition
[10]. The morphology of perovskite thin films significantly influences their optoelectronic properties. Optimization of deposition
parameters is required to minimize defects such as pinholes, grain boundaries, and non-uniformity [11]. Perovskite materials are
susceptible to environmental factors such as moisture and oxygen, which can degrade film quality and stability. Deposition under
controlled vacuum conditions is essential to mitigate these effects [12].

Conclusion. In summary, thermal vacuum evaporation offers a versatile method for fabricating high-quality perovskite
thin films with tailored properties for optoelectronic applications. While it provides advantages such as high-purity deposition,
precise control over film thickness, and compatibility with various substrates, challenges like temperature sensitivity and
stoichiometry control must be addressed. Nonetheless, with careful optimization and post-deposition treatments, thermal vacuum
evaporation holds promise for advancing perovskite-based devices such as solar cells, LEDs, and photodetectors. Further
research is essential to unlock its full potential in next-generation optoelectronics.
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SHADOW OF A GUP-MODIFIED SCHWARZSCHILD BLACK HOLE IN THE PRESENCE OF PLASMA
Annotation

In this research, we examined the shadow radius within the context of the Schwarzschild spacetime modified by Generalized
Uncertainty Principle (GUP), denoted as S-GUP, in the presence of a plasma environment. Our investigation began by analyzing
the photon orbits around a black hole in the S-GUP framework. Furthermore, we explored the characteristics of the shadow cast
by such a black hole. Utilizing observational data from the Event Horizon Telescope (EHT) project related to M87* and Sgr A*,
we derived constraints on the parameter e within the gravitational framework of S-GUP.
Key words: black holes, generalized uncertainty principle (gup), string theory, loop quantum gravity,planck scale, plasma
effects, photon motion, weak gravitational lensing.

TEHb GUP-MOJU®UILIAPOBAHHOM YEPHOM JIBIPHI IIBAPIIINJIBIA B IPUCYTCTBUM ILIA3MbI
AHHOTanUs

B oaToM wmccnenoBaHMM MBI MCCIENOBAaIM pajyc TEHH B KOHTEKCTE IIpocTpaHcTBa-BpeMeHH llIBapummmuisia,
MOJIU(DUITMPOBAHHOTO 00O0OMICHHBIM MpHHIUIIOM HeonpenenecHaoctd (GUP), o6osnauenHoro kak S-GUP, mnpu Hammyun
TIa3MeHHOM cpenpl. Haile mccneqoBanue Havyanoch ¢ aHanu3a opouT (pOTOHOB BOKPYT YepHOit AbIpsl B pamkax S-GUP. Kpome
TOTO, MBI HCCIIEIOBATIA XapaKTEPUCTHKN TEHH, OTOpAChIBAEMON TaKoil yepHO# NpIpoii. Mcronp3ys naHHbIe HAOIIOIEHUH TPOEKTa
Event Horizon Telescope (EHT), cBsizannsie ¢ M87* u Sgr A*, Mbl MONyYnId OTpaHUYEHHs Ha MapamMeTp € B paMKax
TPaBUTALMOHHOM cTpyKTYpHI S-GUP.

KnioueBsble ciioBa: depHble ABIPHL, 0000meHHbI npuHImn HeonpeaeneHHoctu (OITH), Teopus cTpyH, meTiieBas KBaHTOBas
rpaBuTanys, Macmrad [lnanka, miazmenHsre 3h$exTsl, IBIKEHHE (POTOHOB, c1adoe rpaBUTAMOHHOE JTMH3UPOBAHNE.

PLAZMA BO'LGAN SHVARJSCHILD QORA TUYNIGINING SOYASI
Annotatsiya

Ushbu tadgigotda biz plazma muhiti mavjudligida S-GUP deb ataladigan Umumiy noaniglik printsipi (GUP) tomonidan
o'zgartirilgan Shvartsshild fazo vaqti kontekstida soya radiusini ko'rib chigdik. Bizning tadgigotimiz S-GUP tizimidagi gora
tuynuk atrofidagi foton orbitalarini tahlil gilishdan boshlandi. Bundan tashqgari, biz bunday qora tuynuk soyasining
xususiyatlarini o'rganib chiqdik. M87* va Sgr A* bilan bog‘liq Event Horizon Telescope (EHT) loyihasidan olingan kuzatuv
ma’lumotlaridan foydalanib, biz S-GUP gravitatsion doirasidagi e parametriga cheklovlarni oldik.

Kalit so'zlar: kvant tortishish, umumiy nisbiylik, gora tuynuklar, umumlashtirilgan noaniglik printsipi (UNP), iplar nazariyasi,
halga kvant tortishish, plank shkalasi, plazma effektlari, foton harakati, zaif tortishish linzalari.

Introduction. The challenge of unifying quantum theory and gravity stands out as one of the most captivating and formidable
issues in contemporary physics. At the core of this endeavor is the effort to harmonize two highly successful yet inherently
different theories: quantum mechanics, governing particle behavior at the subatomic level, and general relativity, describing
spacetime curvature in response to mass and energy.

While quantum mechanics adeptly explains phenomena at atomic and subatomic scales, general relativity offers an elegant
framework for comprehending the gravitational effects across solar to cosmic scales. Various attempts to merge these theories,
such as string theory, loop quantum gravity, and others, have shed light on the intricate nature of this task. Fortunately, black
holes, being both gravitational and quantum mechanical entities, serve as a unique laboratory to test predictions of quantum
gravity. They also provide a theoretical foundation for advancing towards the overarching goal of formulating a theory of
quantum gravity [1].

The Generalized Uncertainty Principle (GUP) is utilized as a valuable tool to address the limitations of general relativity (GR).
The uncertainty relationship between position and momentum operators, introduced by GUP, incorporates nonlinear terms
arising from uncertainties in momentum, expressed as [£, p] = th(1 + $$2). This formulation is motivated by insights from both
string theory and loop quantum gravity, as highlighted in [2]. GUP implies a minimal length at the Planck scale, mitigating the
singularity predicted by standard GR. Since its introduction, physicists have extensively and profoundly explored GUP [3].
Numerous tests of GUP-corrected black holes have been considered in the literature [4-9]. The influence of GUP on the accretion
disk around a Schwarzschild black hole is discussed in Ref. [10], where the quantum corrections to the Schwarzschild black hole
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metric based on GUP are derived [11]. GUP parameter estimates have been applied to various physical effects, including
constraints from gravitational wave events [12], perihelion precession for planets and binary pulsars [13], shadow phenomena
[14], Shapiro time delay, gravitational redshift, and geodetic precession for the GUP-modified Schwarzschild metric [15].

In the study of GUP-modified Schwarzschild black holes, plasma effects play a crucial role, influencing shadow features. The
presence of plasma introduces modifications to spacetime geometry, impacting the trajectory of light rays and observable
characteristics. Understanding these effects is essential for accurate interpretations of astrophysical observations, shedding light
on the intricate interplay between quantum gravity corrections and the surrounding plasma environment [5-18]. It is crucial to
rigorously test gravity models using various observational techniques particle motion, to obtain meaningful constraints on these
models [18]. The test particle and photon motion, serves as a fundamental probe of gravity's behavior under different conditions.
The integration of above mentioned tests contributes to refining our understanding of gravity's intricacies and its role in the
universe's evolution. Ultimately, these observations play an indispensable role in constraining and validating gravity models,
steering us toward a more comprehensive and accurate portrayal of the fundamental forces that shape our cosmos. With this aim,
here we plan to study the photon motion and effect of weak gravitational lensing around black hole within GUP modified gravity
model. The paper is organized as follows. In Sect. I, we provide null geodesic in presence of plasma. In Sect. Ill. Finally, in
Sect. 1V, we summarize obtained results.

Null geodesic in GUP-modified schwarzschild spacetime. In Boyer-Lindquist coordinates, S-GUP metric is given by [13]

ds? = —f(r)dt? + f(r)"1dr? + r2(d6? + sin? 0d ¢?) @)
with
fy=1-2 4 @

where € is a dimensionless parameter representing the GUP correction [13]. In addition, this metric reduces to the
Schwarzschild metric when € — 0.
For a photon moving in a plasma, the Hamiltonian is written as

1 (r)?
H(x% pe) =5 (9% + (%) u*uP)p.pp, 3
here x describe the spacetime coordinates and w? (r) = 4me?N(r)/m, and w(r) = J% , here w, = const.

Using the constraint H = 0 for the photon motion, we can rewrite the above equation as

d 2

ﬁ=ﬂﬁﬁﬁmwﬁ— ©)

where we define [22]

20y = p2 [ _ @0
W) =1t w3 ®)

The radius of a circular orbit of light around black hole, particularly the one that forms a photon sphere of radius 7,, is
determined by solving the following equation as

an?m)

—_— = 0. 6

dr r=r, ( )

we will consider a few simplifed cases below.

A. Homegeneous plasma with wZ(r) = const. First of all, in the case of homogeneous plasma medium with a constant
plasma frequency throughout the medium From Fig.(1) one can easily see that the photon's radius around black hole decreases
with increasing GUP parameters €. As well as, the plasma medium increases radius of the photon sphere.

B. Inhomogeneous plasma with w2 (r) = z,/r . In this subsection we probe photon spheres in the presence of an non-
uniform plasma, where the plasma frequency must satisfy a simple power-law of the from [19, 22],

Zo

2
wi(r) =2 @

where z, and g > 0 are free parameters. To analyze the primary features of the power-law model, we restrict ourselves to
the following cases: g = 1 and g = 3 based on Goldreich-Julian(GJ) density.
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FIG. 1. This graph describes radius of the photon sphere in a homogeneous plasma medium with constant frequency w, = const.
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FIG. 2. This graph shows a variation of r,,, /M with respect to e for the case g = 1 (left panel) and g = 3 (right panel).

Using Egs (6, 7) we obtain the radius of the photon sphere based on numerical scheme for the inhomegeneous plasma
medium, as illustrated in Fig.(2). This profile shows that the radius of photon sphere decreases when e parameter increases. On
the other hand, plasma medium leads to the widening of the photon sphere radius if its distribution obeys w3 (r) = zo/r law
(shown in left panel), contrarily, in the case of g = 3, the effect of plasma is negative i.e. the presence of plasma around black
hole slightly shrinks the photon radius (shown in right panel). Furthermore, difference of the photon radius in the case of without
and with plasma is enough small. This suggests that testing and distinguishing the homogeneous plasma from inhomogeneous
plasma around BHs based on their shadows may be quite challenging.

Shadow of a bh surrounded by plasma medium. We investigate the radius of the shadow of S-GUP spacetime metric
in a plasma medium.

Notably, if the observer is located at a sufficiently large distance from the BH, one can approximate the radius of the BH
shadow as follows

BIET T
5.0
4.8/
Z 46|
¥l
42/
4.0}

€
FIG. 3. This graph describes a variation of Ry, /M with respect to € in uniform plasma
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FIG. 4. Variation of Ry, /M with respect to € for ¢ = 1 (left panel) and g = 3 (right panel).
[22]
2
Rgp = rosinagy, = |12 [I(ip) - w’;gp)] (8)

The radius of the BH shadow is depicted for different parameter € in Fig (3) for a homogeneous plasma frequency. This
figure illustrates that the shadow radius decreases much more steeply with € as well as plasma frequency. Furtermore, we have
investigated inhomogeneous plasma with ¢ = 1 and g = 3 in Eq.(8). One can see that due to the presence of plasma radius of the
BH's shadow is decreasing.

Now we assume that the supermassive BHs M87* and Sgr A* are spherically symmetric static. Although the observation
got by the EHT collaboration does not support the assumption taken here. However, here we explore theoretically the constrain
on the parameter €, from the data provided by the EHT project. To constrain this parameter € we use the observational data
released by the EHT project for the BH shadows of the supermassive BHs M87* and Sgr A*. The angular diameter of the
shadow, the distance from sun system and the mass of the BH at the centre of the galaxy M87, are Qpg,+ = 42 + 3pas,D =
16.8 + 0.8Mpc and Mygy- = (6.5 + 0.7) x 10°Mg, respectively [24]. For the Sgr A* the data recently obtained by the EHT
project is Qggra+ = 48.7 £ 7p as, D = 8277 £ 9 £+ 33pc and Mgy, o = 4.297 £ 0.013 X 10°M¢, (VLTI) [18].
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FIG. 5. Relationship between e and plasma parameter via observational shadow angular diameter of M87* (left panel) and Sgr
A* (right panel) black holes. Black lines correspond to black hole shadow angular diameter 6, = 39uas for M87* (left panel)
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and 6, = 41.7uas for Sgr A* (right panel), respectively. Regions contained within it satisfy M87*(left panel) and Sgr A* (right
panel) black holes shadow 1 — ¢ bound.
Now we can obtain the diameter of the shadow from the expression dg}ﬁ“ = 2Rg,. Thus, the diameter of the BH shadow

image is d¥%7 = (11 + 1.5)M and d>8"* = (9.5 + cc — by)M . From the data by the EHT collaboration, we obtain the
constrain on the parameter e for the supermassive BHs at the centre of the galaxy M87 and the Sgr A. We present our results
obtained here in the Fig. 5. In this figure, it is observed that the angular diameter of BH shadow decreases with the increasing
value of parameter €. It is also observed that the angular diameter of shadow for M87* and Sgr A* BH in the context of the S-
GUP black hole is smaller than the other ordinary astrophysical BH such as Schwarzschild BH. In addition, by using
observational data of EHT project, we can get constrains parameter e. Fig.(5) shows that the region that is coincided observation.
As a result, we can get upper bound of parameter e of GUP-modified Schwarzschild black hole. This value is € = 0.2 in the

upper
case of M87*, while it can be €, = 0.9 in the case of SgrA*.

Conclusion. In this paper, we have tested Schwarzschild spacetime with modified GUP parameter through studying null
geodesic and shadow. From above investigating, we can summarize as follows:

¢ Studying of the null geodesic we can observe that photon orbits decrease due to presence of the parameter €. As well as
Radius of the BHs shadow decrease with increasing of the parameter €.

o Also, we have obtained influence of plasma in photon radius and shadow. From Figs.(1) and (2), photon and shadow
radius decreasing with increasing plasma parameter in the case g = 1 and for the case q = 3 photon radius falls when plasma
parameter growth.
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TAQI, Geomatika muhandisligi kafedrasi dotsenti D.Tog ‘ayeva taqrizi asosida

IN THE ESTABLISHMENT OF STATE BASE NETWORKS THEORETICAL ISSUES OF APPLICATION OF
SATELLITE GNSS OBSERVATIONS
Annotation
The article provides information about navigational system GPS and GLONASS applicable when making the state geodetic
supporting network. The Requirements to receiver companion (satellite) for performing on making the state geodetic supporting
network.
Keywords: reference system, GPS, TJIOHACC, CK-42, RTK method, WGS-84 coordinate system.

HOCTPOEHUHU I'OCYJIAPCTBEHHBIX BA3OBBIX CETE TEOPETUYECKUE BOIIPOCHI IPUMEHEHUSA
CIIYTHUKOBBIX HABJIIOJEHUA GNSS
AHHOTaALHA
B crarpe npeacraBnena nHpopmammsa o cucteMax cnyTHukoBoi HaBuranmu GPS u ['JIOHACC, nmpuMeHseMBbIX IIPpH BO3BEICHUU
TOCYapCTBEHHBIX T'€0JIe3MYeCKUX 0a30BBIX ceTedl. PaccMoTpeHbl TpeOOBaHWS K CIyTHHKOBBIM HpPHEMOIEPEalouM
YCTPOWCTBAM JUIS IIPOBENICHUSI PaboT IO COOPYKEHHUIO TOCYJapCTBEHHBIX Te0/Ie3MYECKUX OIIOPHBIX CeTeH.
Karwuessie cioBa: cucrema orcueta, GPS, IJIOHACC, CK-42, meton RTK, cucrema xoopaunar WGS-84.

DAVLAT TAYANCH TARMOQLARINI BARPO QILISHDA YO‘LDOSHLI GNSS KUZATISHLARNI QO‘LLASHNI
NAZARIY MASALALARI
Annotatsiya
Magqolada davlat geodezik tayanch to‘rlarini barpo etish bo‘yicha qo‘llaniladigan GPS va GLONASS sun’iy yo‘ldoshli
navigatsiya tizimlari hagida ma’lumotlar berilgan. Davlat geodezik tayanch to‘rlarini barpo etish bo‘yicha ishlarni amalga
oshirish uchun sun’iy yo‘ldosh gabul giluvchi qurilmalariga bo‘lgan talablar ko‘rib chiqilgan.
Kalit so‘zlar. referens sistema, GPS, GLONASS, CK-42, RTK usuli, WGS-84 koordinatalar sistemasi.

Kirish. Ma’lumki mamlakatimizda geografik koordinatalar sistemasidan foydalanishda asosiy tayanch bo‘lib geodezik
ishlar xizmat qiladi. Hozirgi kunga kelib, butun dunyo bo‘ylab koordinata sistemasining turlicha ko‘rinishlari mavjud.
Oc‘zbekistonda barcha geodezik, topografik tashkilotlar 1942 yilda joriy etilgan CK-42 (Krasovskiy) koordinata sistemasi
qo‘llanilib kelmoqda.

Yuqoridagilarni xisobga olib, davlat geodezik tarmoglari gayta qurish va ularni rivojlantirish shuningdek respublikamiz
hududi uchun WGS-84 umumyer koordinatalar sistemasini joriy qilish magsadida so‘nggi yillarda sun’iy yo‘ldosh navigatsion
tizimlariga asoslangan davlat geodezik tarmoglarini qurish va rivojlantirish borasida respublikamizda loyihalar ishlab chigildi va
amaliyotga tadbiq etilmoqda.

Mavzuga oid adabiyotlar tahlili. Ushbu masalani hozirgi kunga kelib malakali ilmiy tadgigotchi olimlar tomonidan
o'rganilib kelinmoqda. Xususan, davlat tayanch geodezik tarmoqlarini barpo qilishda yo‘ldoshli GNSS kuzatishlarni qo'llashga
bag'ishlangan tadqiqotlar bo'yicha soha olimlaridan J.A.Yunes, T.Sh.Chan, V.N.Balandin, I.V.Men’shikov, YU.G.Firsov,
X.A.Mohamed, M.G.Godjamanov, A.V.Gordeev, A.V.Maslov, YU.K.Neumivakin, M.Y.Brin, T.M.Pimshina, A.V.Voytenko,
M.A.Monaxova, K.M.Antonovich, F.Molodensky, F.Xelmert, A.P.Gerasimov, A.A.Genike, G.G.Pobedinskiy, K.F.Afonin,
V.N.Xarisov, A.l.Perov, V.A.Boldin, B.B.Serapinas, V.F.Xabarov, A.V.Yuskevich va boshga bir gator olimlarning ilmiy
ishlarida o‘z ifodasini topgan. O‘zbekistonda ham yo‘ldoshli GNSS kuzatishlari bo‘yicha amaliy, nazariy va metodologik
masalalari E.R.Mirmaxmudov, X.Muborakov, A.Ro‘ziyevlar va bir qator olimlarning ilmiy ishlarida o'z aksini topgan.

Tadgigot metodologiyasi. O‘zbekiston Respublikasi hududida hozirgi kunga kelib jami 14145 ta davlat geodezik
tayanch punktlari mavjud bo‘lib, ular astronomo-geodeziya, triangulyatsiya, poligonometriya punktlari va nivelir reperlaridan
tashkil topgan.

Mavjud geodezik tayanch tarmoglarini qurish ishlari 1939-yildan boshlangan. Barcha geodezik punktlar Gauss-
Kryugerning 1942 yilda gabul gilingan davlat koordinatalar sistemasi va boltiq balandliklar tizimiga ega (1 va 2 sinf astronomo-
geodeziya tarmog‘i — AGT punktlari shuningdek, CK-95 koordinatalar sistemasiga ega, biroq ushbu koordinatalar sistemasi
O‘zbekiston Respublikasida davlat koordinatalar sistemasi xisoblanmaydi va faqatgina maxsus ishlarni bajarishda foydalaniladi).
Barcha punktlarning koordinatalari va balandliklari to‘g‘risidagi ma’lumotlar xozirgi kunda tizimlashtirilgan kataloglar
ko‘rinishida xamda elektron kompyuter bazasi tizimida shakllantirilgan.
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Bundan tashqari Respublikamizning shaxarlari va tuman markazlarida poligonometriya punktlari yaratilgan bo‘lib, ular
davlat va maxalliy koordinatalar tizimiga ega.

Butun dunyo bo‘yicha olib borilayotgan kosmik tadqiqotlar natijasida geodeziya, kartografiya, yer tuzish va davlat
kadastri sohalariga kosmik uskunalar va yangi o‘lchash usullarining kirib kelishi xamda o‘lchashlar aniqlik darajasining
oshganligi tufayli mavjud davlat geodezik tarmog‘idagi kamchiliklar yuzaga chiqdi. Bir tomondan, Davlat geodezik tarmog‘i
punktlarining juda ko‘p qismi yo‘qotilgan bo‘lsa, boshqa tomondan an’anaviy yer usti geodezik o‘lchash usullari asosida
yaratilgan davlat koordinatalar sistemasi CK-42 foydalanuvchilar talabini to‘la qanoatlantirmay qo‘ydi. Ushbu kamchiliklar
global navigatsion sun’iy yo‘ldosh tizimlariga (GNSYT) asoslangan geodezik texnologiyalar yordamida zamonaviy davlat
geodezik tarmoglarini qurish orgali bartaraf etilishi mumkin.

Sun’iy yo‘ldosh geoedezik balandlik tarmoqlari triangulyatsiya va poligonometriya kabi an’anaviy usullarda qurilgan
geodezik tarmoglarga nisbatan o‘zining yuqori darajadagi aniqligi va samaradorligi bilan ajralib turadi. Ushbu texnologiyalarda
balandliklarni topish o‘rta kvadratik xatosi 2 sm va undan xam kam ko ‘rsatkichni tashkil etadi.

Hozirgi vaqtda geodezik o‘lchashlarni bajarishda asosan ikkita sun’iy yo‘ldosh navigatsion tizimlari qo‘llaniladi — AQSh
ga tegishli GPS (boshga nomi NAVSTAR - Navigation Satellite Timing And Ranging) va Rossiyada ishlab chigarilgan
GLONASS (Globalnaya Navigatsionnaya Sputnikovaya Sistema). Ushbu ikkita tizimdan tashgari Yevropa kosmik agentligiga
tegishli Galileo navigatsion tizimi xam mavjud.

GPS va GLONASS tizimlari turli umumyer geotsentrik koordinatalar sistemasida ishlaydi. GPS tizimida nuqtalar o‘rni
WGS-84 (World Geodetic System, 1984) koordinatalar sistemasida topilsa, PZ-90 (Parametri Zemli, 1990) koordinatalar
sistemasida ishlaydi [1].

O‘zbekiston Respublikasi xududi bo‘yicha yer resurslaridan samarali foydalanish, yer fondini bir tizimga solib
boshqarish, ya’ni davlat kadastrlari yagona tizimini (DKYaT) yuritish kabi qator masalalarni yechish maqsadida Respublikamiz
xududida sun’iy yo‘ldosh texnologiyalariga asoslangan davlat geodezik tarmoglarini barpo etish borasida ishlar olib borilmoqgda.

Tahlil va natijalar. O‘zbekiston Respublikasining sun’iy yo‘ldosh navigatsion tizimlariga asoslangan Davlat geodezik
tarmogqlari (Davlat Sun’iy Yo‘ldosh Geodezik Tarmogqlari - DSYGT) GPS va GLONASS tizimlaridan, shuningdek kosmik
geodeziyaning boshga usullaridan foydalanib umumiydan xususiyga o‘tish tarzida quriladi va quyidagilarni o‘z ichiga oladi:
referens geodezik punktlar tarmog‘i (RGP); 0-sinf sun’iy yo‘ldosh geodezik tarmog‘i (SYGT-0); 1-sinf sun’iy yo‘ldosh geodezik
tarmog‘i (SYGT-1).

RGP tizimi umumyer fazoviy koordinatalar sistemasini (WGS-84) bevosita O‘zbekiston Respublikasi xududiga o‘rnatish
uchun mo‘ljallangan. Hozirgi kunda Respublikamiz xududida bunday referens geodezik punktlarining beshtasi mavjud bo‘lib
ular Farg‘ona, Toshkent, Urganch, Termiz va Kitob shaxarlarida joylashgan. Ushbu RGP larning barchasida o‘lchash ishlari
yakuniga yetkazilgan. RGP uchun boshlang‘ich punktlar sifatida geodinamika uchun Xalqaro GPS-xizmatining (International
GPS-Service for Geodinamics — 1GS) muntazam ishlab turuvchi punktlari xizmat giladi. Bunday punktlar, shu jumladan
O‘zbekiston Respublikasi xududida xam joylashgan (Kitob sh.).

RGP tizimi orqali umumyer fazoviy koordinatalar sistemasi quyi sinf sun’iy yo‘ldosh tarmog‘i punktlariga uzatiladi.
Ishlash rejimlariga garab RGP muntazam ishlab turuvchi (aktiv) va davriy (passiv) larga bo‘linadi. Barcha referens geodezik
punktlar uchta IGS punktlari bilan va qolgan qo‘shni RGP lar o‘lchashlari bilan bog‘langan bo‘lishi kerak. Referens geodezik
punktalri orasidagi masofa o‘rtacha 500-800 km ni tashkil gilishi kerak.

RGP ni yaqin IGS punktiga nisbatan o‘rnini topishning o‘rta kvadratik xatosi plandagi koordinatalar bo‘yicha 2 sm dan
va geodezik balandlik bo‘yicha 3 sm dan oshmasligi kerak.

RGP punktlarning 0°zaro o‘rnini topishning o‘rta kvadratik xatosi plandagi koordinatalar bo‘yicha 3 mm + 5x10% D mm
(D — RGP punktlari orasidagi masofa, mm) dan va geodezik balandlik bo‘yicha 5 mm + 7x10® D dan oshmasligi kerak [3].

0-sinf sun’ly yo‘ldosh geodezik tarmog‘i (SYGT-0) umumyer fazoviy koordinatalar sistemasini (WGS-84)
respublikaning butun xududiga uzatish uchun shuningdek, umumyer va referens koordinatalar sistemalari aro o‘tish
parametrlarini aniqlash uchun mo‘ljallangan. SGS-0 punktlari, RGP bilan bir qgatorda quyi sinf geodezik tarmoglarini
rivojlantirish uchun boshlang‘ich asos xisoblanadi. Barcha SYGT-0 punktlari kamida 2 ta RGP va barcha qo‘shni SYGT-0
punktlari o‘lchashlari bilan bog‘langan bo‘lishi kerak [5, 6].

Hozirgi kunda Respublikamiz xududida bunday punktlarning 15 tasi mavjud. Ular orasidagi o‘rtacha masofa 100-300 km
ni tashkil etadi. RGP tarmog‘ining va SYGT-0 ning Respublikamiz xududi bo‘yicha joylashuvi quyidagi shaklda keltirilgan (1-
rasm).

I-sinf sun’iy yo‘ldosh geodezik tarmog‘i (SYGT-1) turli magsadlar uchun foydalanish qulay bo‘lgan geodezik punktalar
tizimi bo‘lib, sun’iy yo‘ldosh o‘lchash vositalarini qo‘llash uchun optimal sharoitlarni ta’minlash va ular imkoniyatidan
maksimal tarzda foydalanish uchun mo‘ljallangan.

SYGT-1 punktlari o‘zaro RGP tizimi orqali bog‘lanuvchi aloxida fragmentlar ko‘rinishida quriladi.

SYGT-1 yaratilayotgan fragmenti bitta boshlang‘ich punktga ega mustaqil tarmoq xisoblanadi. SYGT-1 fragmenti uchun

_ —_— —_— ——— — — — e — — -

1-rasm. RGP, SYGT-0va DSYG"I:rnﬁng joylasFuv sx'e--r;asi
SYGT-1 punktlari orasidagi o‘rtacha masofa quyidagilarga teng bo‘lishi kerak: 5-10 km — axolisi 300 ming kishidan ortiq
bo‘lgan shaxarlar xududida (zichligi — 20-80 km? ga 1 punkt); 10-20 km — intensif xo‘jalik faoliyatidagi shuningdek, seysmik
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aktivligi 6 va undan yuqori ballga ega bo‘lgan xududlarda (zichligi — 80-350 km? ga 1 punkt); 20-30 km — sanoat majmualari
bilan band bo‘lgan xududlarda (zichligi 350-800 km? ga 1 punkt) [1, 3].

Yuqoridagilardan istisno tarigasida aloxida xududlarda SYGT-1 punktlari zichligi oshirilishi yoki kamaytirilishi mumkin.

SYGT-1 qo‘shni punktlari o‘rnini topishning o‘rtacha kvadratik xatosi plandagi koordinatalar bo‘yicha 3 mm + 1x107 D
mm dan geodezik balandlik bo‘yicha 5 mm + 2x10"7 D mm dan oshmasligi kerak.

SYGT-1 ni yagin SYGT-0 va RGP ga nisbatan o‘rnini topishning o‘rta kvadratik xatosi 2 sm dan oshmasligi kerak.

1-jadval
RGP da va SYGT-1 punktlarida sun’iy yo‘ldosh o‘lchashlarini bajarishga qo‘yiladigan talablar
RGP SYGT-1
-0‘Ichash davomiyligi — 3 sutkadan kam bo‘Imasligi kerak; -o‘Ichash davomiyligi — ikki (yoki undan ko‘p) seansdan, xar bir seansda 4
-0‘Ichash intervali — 30 sek.; soatdan;
-sun’iy yo‘ldosh minimal ko‘tarilish burchagi - 15°; -o‘Ichashlar bajariladigan sun’iy yo‘ldoshlar soni — 5 tadan kam emas;
-o‘Ichashlar bajariladigan su’iy yo‘ldoshlar soni — 6 tadan kam emas (uzoq | -yozish intervali — 20 sek;
vaqgt davomiyligi uchun); -sun’iy yo‘ldosh minimal ko‘tarilish burchagi - 15°;
-DOP ko‘rsatkichi — 4 tadan kam emas (uzoq vagt davomiyligi uchun). -DOP ko‘rsatkichi — 4 tadan kam.

Sun’iy yo‘ldosh geodezik tarmogqlarida sun’iy yo‘ldosh o‘lchashlari bitta seansda iloji boricha ko‘p miqdordagi
priyomniklarni qo‘llab bajarilishi kerak. Bunda qo‘llaniladigan priyomniklar mumkin gadar bir xil tipda bo‘lmog‘i lozim.

SYGT-0 va SYGT-1 larni qurishda Leica firmasining ikki chastotali Leica Viva GS16, Leica GS 16, LeicaGS08plus,
Sino GNSS T300 PLUS GNSS kabi sun’iy yo‘ldosh priyomniklari keng qo‘llanilmoqda.

Sun’iy yo‘ldosh orqali o‘lchashlarni bajarish uchun quyidagi usullardan foydalaniladi: statik (Static); tezstatik (Fast
Static, Rapid Static); RTK usuli (soxtastatik, reokkupatsiya); kinematik.

Respublikamiz shahar hududlarida mavjud geodezik tarmoglar zamonaviy talablarini ganoatlantira olmaydi. Shuning
uchun xam keyingi yillarda GPS-texnologiyalari asosida geodezik tarmoglarni qurishga garatilgan ishlar olib borilmoqgda.
Respublikamizda xozirgi kunda RGP, SYGT-0 va SYGT-1 kabi sun’iy yo‘ldosh geodezik tarmoqlarini qurish borasida loyixalar
ishlab chiqilgan va ba’zi o‘lchashlar olib borilgan. Shulardan, SYGT-1 ni qurish loyixasi bo‘yicha “Respublika aerogeodeziya
markazi” xodimlari tomonidan ilmiy va amaliy izlanishlar olib borildi va Namangan viloyatida barpo etildi. Keyinchalik ushbu
tarmogqlarni quyi sinf tarmogqlari bilan zichlashtirish, xamda shaharlar hududlarida sun’iy yo‘ldosh texnologiyalariga asoslangan
geodezik tarmogqlarni qurish rejalari xam mavjud. Biroq, ba’zi sabablarga ko‘ra xozirda ishlar to‘xtab turibdi.

Shuning uchun xam respublikamiz shaharlarida s’yomkalari uchun aniqlik va sifat jixatlari bilan tavsiflanuvchi geodezik
tarmoqlarini qurish masalasi xozirgi kunda dolzarb masalalardan biri bo‘lib turibdi. Bunda sun’iy yo‘ldosh va yer usti
texnologiyalarni birga qo‘llash masalasi katta axamiyat kasb etadi.

Shularni xisobga olib shahar hududlarida s’yomkalarni bajarish uchun geodezik tarmoqlarni sun’iy yo‘ldosh
texnologiyalari va yer usti o‘Ichashlariga asoslangan usullar yordamida rivojlantirishni quyidagi 2-sxema (variant) asosida ko‘rib
chigaldi.

SYGT-1 ning har bir punkti uchun alohida ikkita sessiyadagi qo‘shma o‘lchashlarga dastlabki ishlov berish va ularni
tenglash Trimble Business Center dasturining 5.52 versiyasi bo‘yicha WGS-84 tizimida keyinchalik ularni 1942 vyilgi
koordinatalar tizimiga transformatsiyalagan holda bajarildi [9].

1-rouda cymsuii HYII0M recAeIHK TAPMOFH IyHKTAADH

2-rasm. Farg‘onﬁ vodiysi 1-sinf sun’iy yo‘ldosh geodezik tarmog‘i
(SYGT-1) punktlari
2-jadvalda Farg‘ona vodiysi hududida o‘rnatilgan SYGT-1 punktlarida olib borilgan o‘Ichash natijalari keltirilgan.

2-jadval
Punktlar koordinatalari (WGS84) \
Nugta Kenglik 6, mm Uzoqlik 6, mm Balandlik, m 6, mm
Andi 40° 46' 35.16069" 0.9 72°20'41.08785" 0.7 450.1002 2.5
Asak 40°39'01.64864" 0.9 72° 14' 06.82586" 0.7 461.8710 2.5
Balik 40° 54' 04.83701" 0.8 71° 48'57.36675" 0.7 438.8937 2.6
Besh 40°25' 01.46833" 0.7 70° 36' 02.04850" 0.6 489.6569 1.8
Chim 40° 11'58.47634" 1.1 71°42'41.73164" 0.9 636.3988 1.1

Xulosa va takliflar. O‘zbekistonda xozirgi kunga kelib xam 1942-yilda gabul gilingan SK-42 koordinat tizimi qullanilib
kelmoqda. Barcha topogeodezik ishlar shu tizimga asoslangan. Lekin xozirgi zamonaviy asboblar va GAT Umumyer koordinata
tizimi WGS84 koordinata tizimiga asoslangan. O‘zbekiston Respublikasida qurilayotgan suniy yuldosh geodezik punktlari
(SYuGP) RGP (Referens Geodezik Punkt) va bazi SYGT 1 tarmoqlari GPS va DORIS punktlariga bog‘langan. Bu punktlar
yuqori aniqlikka yega bo‘lgan fundametal punkt xisoblanadi ushbu punktlardan mamlakatimizda boshlang‘ich geodezik asosni
yaratish masalalarni xal gilishda foydalanish lozim.
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