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РЕФЕРАТ

Есеп 63 бет, 12 сурет, 60 дерек көздер, 3 қосымша.
ГРАВИТАЦИЯ, КОСМОЛОГИЯ, ҚИСЫҚТЫҚ, ШИРАТУ, СКАЛЯРЛЫҚ ӨРІСТЕР, ЧАПЛЫГИН ГАЗЫ, БАҚЫЛАУ МӘЛІМЕТЕРІ, МЕТРИКАЛЫҚ ЕМЕС ТЕНЗОРЫ. 
Зерттеу нысаны – Ғаламның үдемелі кеңею құбылысы. Ғалам эволюциясының нюанстарын зерттеу үшін Ia супернова және жұлдыздардан, жұлдыздар шоғырларынан және белсенді галактикалық ядролардан радиацияның қызыл ығысуы зерттелуде. Зерттелген дәрежелі космологиялық модельді тексеру үшін қара құрдымдар қарастырылады.
Жоба мақсаты – Эйнштейндік және модифицирленген гравитация модельдеріндегі дәрежелі космологиялық модель мен олардың шектеулері үшін қазіргі заманғы бақылау деректерінің қанағаттандыруын зерттеу.

Зерттеу әдістері. Аналитикалық және сандық.

Жұмыс нәтижелері: Скаляр өрісті және Чаплыгин газы бар гравитацияның модификацияланған модельдері үшін шешімдер. Модификацияланған модельдердің әр түрлі жағдайлары үшін дәрежелі модельдерінің әрекеті қарастырылады. Қарастырылған модельдердің қызыл ығысу, қысым, тығыздық және басқалар сияқты параметрлеріне талдау жүргізіледі..
Жоба нәтижелерінің ауқымы зерттеудің іргелі сипатына байланысты және ғылыми зерттеулерде қолдану жоспарлануда. Сонымен қатар, зерттеу нәтижелері жоғары оқу орындарындағы оқу үрдісінде қолданылатын болады. 

Экономикалық тиімділігі - осы бағдарлама бойынша зерттеулер іргелі сипатқа ие, сондықтан бағдарламаның техникалық және экономикалық іске асырылуы қамтамасыз етілмеген.

Жұмыстың маңызы - ұсынылған жобаның мақсаттары мен оларды жетілдіру әдістері космология мен гравитация теориясы одан әрі дамуында маңызды. Теориялық және математикалық физиканың заманауи әдістері мен тәсілдерін қолдану осы жобада алынған нәтижелердің халықаралық деңгейде бәсекелестік артықшылығына ие болуына әкеледі.

ESSAY

Report 63 p., 12 figures, 60 sources, 3 appendices.

GRAVITATION, COSMOLOGY, CURVATURE, TORSION, SCALAR FIELDS, CHAPLYGIN GAS, OBSERVATIONAL DATA, TENSOR OF NONMETRICITY.

The object of research is the phenomenon of the accelerated expansion of the Universe. To study the nuances of the evolution of the Universe, supernovae Ia and the redshift of radiation from stars, star clusters and active galactic nuclei are investigated within the framework of a modified theory of gravity with scalar fields and Chaplygin gas. Black holes are considered to test the investigated power-law cosmological model.

The aim of this work is to study the satisfaction of modern observational data for the power-law cosmological model in the Einstein and generalized models of gravity and the constraints introduced by them.

Research Methods - Analytical and Numerical.

Results of work: Solutions for modified models of gravity with a scalar field and with a Chaplygin gas. The behavior of power-law models is considered for various cases of modified models. The analysis of the parameters of the considered models, such as redshift, pressure, density and others, is carried out.

The scope of the results of the project is due to the fundamental nature of the research and are planned to be used in scientific research. In addition, the research results will be used in the educational process at higher educational institutions.

Economic efficiency - research on this program is of a fundamental nature, therefore, technical and economic implementation was not envisaged within the program.

Significance of the work - The presented tasks of the project and methods of their achievement are of great importance for the further development of cosmology and the theory of gravity. The use of modern methods of theoretical physics leads to the fact that the results obtained in this project will have a competitive advantage at the international level.
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INTRODUCTION
2020 Report: Study of Constraints on Cosmological Parameters in Power-Law Generalized Cosmological Models, Inventory No. 0220РК01744.
Assessment of the current state of the problem

Over the past century, differential geometry has become an important element of theoretical physics. One of the most interesting examples of this fact is the application of Riemannian geometry in general relativity as the theory of the gravitational field [1].

The first attempts in this direction were undertaken in some of the first works by Gibbs [2] and Carathéodory [3], in which the language of differential forms was introduced into thermodynamics. Riemannian geometry was first introduced into statistical physics and thermodynamics by Rao [4] in the fifties with the help of a metric whose components in local coordinates coincide with the Fisher information matrix. To study the geometry of thermodynamics of ordinary systems and black holes, the Hesse metrics were used extensively [6]–[14]. The fact that it is invariant under the Legendre transformations [15] is an additional aspect of classical thermodynamics, that is, the properties of a given thermodynamic system do not depend on the choice of the thermodynamic potential. This property [16] is taken into account in the context of the geometric description of thermodynamics.

It is proved that for correct processing of Legendre transformations and the geometric version of the first law of thermodynamics, it is necessary to introduce the structure of contact geometry into the thermodynamic phase space [17]. The formal approach of geometrothermodynamics (GTD) [16] was proposed for a consistent and Legendre invariant union of the contact structure of the phase space with the Riemannian structure of the equilibrium space. As a result, Riemannian metrics are obtained for an equilibrium space, which are no longer Hessen and are invariant under the Legendre transformations. One of the main goals of geometrothermodynamics is to interpret the curvature of equilibrium space as a manifestation of thermodynamic interaction. In the case of interacting systems with a nontrivial structure of phase transitions, one could assume that the curvature is nonzero and becomes singular near the points where phase transitions occur. This has been shown for all thermodynamic systems studied to date [18]. In particular, all configurations of black holes in Einstein's theory in four dimensions were investigated in detail.

Justification of the scientific and technical level.

For the project participants, this topic is a continuation of previous scientific research. The project participants have already published articles on this topic in journals with a high impact factor.

Relationship with other research projects

The performers of the project are the students of Professor R. Myrzakulov, who was the first to propose a generalized cosmological model. The generalization of gravity models with scalar fields, which is not only there, is currently being actively investigated in many international scientific centers in the USA, Great Britain, Japan, Italy, Spain, Russia, China, etc. Scientific research on this project is a continuation of research on a number of previous projects and programs.

Perspective and scientific and practical significance

The presented tasks of the project schedule are important for the further development of astrophysics and have both fundamental and applied significance. The use of modern methods of theoretical physics and the relevance of the problems lead to the fact that the results obtained in this project have a competitive advantage at the international level.

The implementation of the project contributes to the training of highly qualified scientific personnel of the international level.

The results of the study have found application in special courses for undergraduates and doctoral PhD students at universities, as well as in the upcoming dissertation work of a PhD doctoral student.

According to the research results, the project executors have a recognized position in the world with a non-zero H-index for everyone, including the PhD candidate, as evidenced by the data of the website http://www.webofknowledge.com.

Contract No. 312 of November 16, 2020 for the implementation of research work under the project AR08957287 "Investigation of restrictions on cosmological parameters in power-law generalized cosmological models" between the State Institution "Science Committee of the Ministry of Education and Science of the Republic of Kazakhstan" and the L .N. Gumilyov "Ministry of Education and Science of the Republic of Kazakhstan.

The terms of the project are 10/01/2020. - 30.09.2021

The amount of funding for 2021 is 1998 thousand tenge.

Main objectives and expected results for the reporting period (APPENDIX B)

Objectives for 2021

- Analyze the behavior of the power-law investigated models of modified gravity and compare them with observational data;

- Introduce restrictions on the current power-law modified models for a set of dynamic parameters describing the current expansion of the Universe;

Expected Results 2021

- Power-law models of dark energy of the modified theory of gravity will be investigated. Obtaining cosmographic parameters, energy dominance conditions, comparison with cosmological observational data from SNIa, BAO, Hubble. Including these models will be considered on various astrophysical objects - stars, black holes, etc.

The restrictions on modified models of the evolution of the Universe will be investigated, including not only different cosmological parameters, but also the behavior of astrophysical objects like different types of stars, black holes, etc. This result includes: consideration of constraints for generalized gravity models containing curvature, torsion, scalar fields and their generalizations; analysis of models using methods of the theory of symmetry and methods of the theory of dynamical systems.
1 Thermodynamics and geometric thermodynamics of Reissner-Nordström black holes in multidimensional power-law models
The subject of intensive research in recent years is solutions describing black holes in more than four dimensions of space-time. Extending general relativity to higher Riemannian space-times provides more information about the basic properties of black holes.

Indeed, in such manifolds the uniqueness theorem cannot be satisfied, since in the considered models it becomes possible to include additional degrees of freedom. For example, in five-dimensional spacetime, rotational symmetry adds another angular momentum on a rotating object. [19].

Another feature of multidimensional black objects relates to the topology of the horizon. In a four-dimensional configuration, the Killing horizon has a trivial topology 
[image: image8.wmf]2
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. But in the five-dimensional space-time, for black objects with a singularity of the ring, the topology has the form 
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, and for black strings in extended supergravity, the multidimensional general relativity topology takes the form 
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. In addition, the structure of the phase transition of black holes looks completely different. Thus, the dimension of space dictates the choice of the theory that defines the process of phase transitions.

To describe a thermodynamic system with 
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 degrees of freedom, i.e. multidimensional black holes, it is convenient to introduce an equilibrium space 
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, the coordinates of which can be identical to extended thermodynamics in variables 
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[image: image15.wmf]E

 represents a special state of equilibrium in which the system can exist. It is clear that not every point  
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 can be busy in this system. The set of points that are available for a particular system are determined by the fundamental equation 
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 where 
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 is the thermodynamic potential [20]. As a rule, the thermodynamic potential 
[image: image19.wmf]F

 is not identical either with the entropy 
[image: image20.wmf]S

 or with the internal energy 
[image: image21.wmf]U

 of the system. However, you can set any thermodynamic potential, leaving the thermodynamic properties of the system unchanged.

This situation can be explained by the choice of an equilibrium space with a differential-geometric structure in several directions. The simplest way is to introduce the Hessian metric into the equilibrium space 
[image: image22.wmf]E

, which is given by formula (1.1)
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which 
[image: image24.wmf]E

 becomes a Riemannian manifold. The metric 
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 behaves like a scalar for any changes in coordinates 
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, i.e. in the operation of mapping coordinates (diffeomorphism) 
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 involving only a set of coordinates 
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. Here the function 
[image: image29.wmf]F

 can be considered as a method of generating functions of the Hessian metric; it does not allow considering changes in the thermodynamic potential.

Here, second-order phase transitions for various configurations of a black hole will be analyzed and, accordingly, the following formula (1.2) will be used
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whose codifferential leads to the metric of the formula (1.3)
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for an equilibrium manifold.

It can be seen that this indicator can be explicitly calculated only for the main equation 
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. In this case, the geometric properties of the equilibrium manifold 
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, described by the metric 
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, must be related to the thermodynamic properties of the system, described by the basic equation 
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. In particular, it is expected that the curvature of a system 
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 with thermodynamic interaction and the curvature of a singularity 
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 are in the corresponding phase transitions of the corresponding thermodynamic system.для равновесного многообразия.

1.1 Reissner-Nordström black hole dimension 
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The solution for a charged Reissner-Nordström (RN) black hole without angular momentum can be applied to the dimension 
[image: image39.wmf]5
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. The corresponding metric in five-dimensional space-time is given by the equation (1.4)
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where 
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- is a linear element on a 3-dimensional unit sphere, 
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Accordingly, for our particular case, the volume is determined by the formula (1.5)
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Let us consider a special case when 
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 we use this dimension to find the necessary equations of thermodynamics and geometrothermodynamics [21]. Solving equation (1.5) at 
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, one can find the event horizon of any dimension and the region of the corresponding entropy.

Figure 1 shows the dependence of the volume 
[image: image46.wmf]V

 of a five-dimensional black hole RN on its radius 
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, at various values of mass and heat. Curve 1 (top) corresponds to the values 
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; curve 2 (middle) corresponds to the values 
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 and curve 3 (lower) to the values 
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. It can be seen from the figure that with increasing radius the volume of the black hole decreases and at different values of mass and heat this volume tends to the same value. This suggests that black holes, that the volume of a black hole decreases with increasing radius.
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Figure 1 - Dependence of the volume 
[image: image51.wmf]V

 of a four-dimensional black hole RN on its radius r
1.2 Thermodynamics of the Reissner-Nordström black hole dimension 
[image: image52.wmf]5
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Next, we consider the thermodynamics of the Reissner-Nordström black hole for the case d = 5. The main equation for entropy is written in the form of equation (1.6)
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                         (1.6)

According to the above formula, with an increase in mass, entropy increases, which can be proved that the second law of thermodynamics is fulfilled for an irreversible process.

Using equation (1.5), we obtain the mass function [21] in the form of equation (1.7)
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This equation satisfies the first law of thermodynamics, where 
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 it is meant as an electric potential. Then the temperature and electric potential [22] will take the form of the equation (1.8)
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The ratio of electric potential to mass in extreme limits as equation (1.9)


[image: image57.wmf],

3

4

=

 

    

т.е.

3

4

=

экстремал

2

экстремал

2

2

S

Q

M

Q


  
  (1.9)

where, the electric potential remains constant, and the temperature of the black hole becomes zero. By the way, in the extreme case, we get the ratio 
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By calculating the function corresponding to the potential 
[image: image59.wmf]f

 for the RN black hole, one can notice the presence of some points at which, most likely, phase transitions occur. We write the heat capacity at constant heat as the equation (1.10)
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where 
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, etc. At an extreme value of heat, critical points appear, which show the interaction of the black hole with the Universe.

At constant entropy, two response functions appear in the RN black hole:

- isentropic compressibility in ide equation (1.11)
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- isentropic expansion in ide equation (1.12)
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As can be seen from this formula, the isentropic expansion has a negative value, which explains that black holes do not expand, but the turnover shrinks [22]

It should be noted that in the thermodynamics of a black hole RN, only a discrepancy in the heat capacity is possible, in the case when the denominator (1.9) is equal to zero, i.e., while equation (1.13):


[image: image64.wmf].

15

4

=

экстремал

3

4

2

S

Q

  
               
(1.13)

It can also be shown that this value is located inside the spatial region occupied by the black hole, i.e., when the condition in equation (1.14) is fulfilled
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Using equation (1.5), we rewrite equation (1.12) in the form of equation (1.15)
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It should be noted that the structure of the phase transition of a black hole may depend on the chosen ensemble. For example, if we use the ensemble corresponding to the "enthalpy" 
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then we obtain the expression in ide equation (1.17)
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The heat capacity at a constant potential 
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 has specific features; therefore, from the point of view of thermodynamics, phase transitions are not expected in this ensemble.

1.3 Geometrothermodynamics of the Reissner-Nordström black hole 
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Taking into account the basic equations (1.7), (1.8) and the general metric (1.3), it is possible to calculate the metric and the curvature scalar for the black hole RN in the entropy and energy representations.

Thus, the metric 
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 is written in the following form by the equation (1.18)
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the curvature scalar is given by the equation (1.19)
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(1.19)

 where, A1, A2, A3 and A4 can be written in the form of equation (1.20)
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and B1 in the form of equation (1.21)
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After algebraic transformations, we find that the only real positive root of the denominator of the scalar curvature (1.19) is given by the solution of equation (1.22)
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From equations (1.13) and (1.2), it follows that in fact the curvature scalar is located precisely at those points where phase transitions occur. A graphical representation of the curvature scalar is shown in Figure 2, in which some singularity points are clearly highlighted.

Figure 2 shows the dependence of the curvature scalar in the entropy representation as a function of mass and heat capacity, at the value of mass and heat, respectively, M {-8; 8} and Q {-8; 8}. Figure 2.a is a top view, 2.b is a side view and 2.c is a general view in three-dimensional representation.
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Figure 2 - Dependence of the curvature scalar in the entropy representation

depending on mass and entropy

To show the invariance of the above results, we use 
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 as the thermodynamic potential, which satisfy the main equation (1.16). Then from the general thermodynamic metric (1.3), we obtain in the form of equation (1.23)
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with which we calculate the curvature scalar in the form of equation (1.24)
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where,
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Further, using an algebraic transformation, we note that the only points of divergence are given [4] in the form of the equation (1.25)
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which coincides with the condition for second-order phase transitions (1.13). This once again shows a specific connection between the curvature of the metric (1.23) and the thermodynamic interaction. A graphical representation of the scalar curvature, depending on entropy and heat, is shown in Figure 3, where singularity points are highlighted at values of entropy S {-8; 8} and heat Q {-8; 8}. Figure 3.a is a top view, 3.b is a side view and 3.c is a general view in three-dimensional representation.
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Figure 3 - Dependence of the curvature scalar in the mass representation

from entropy and heat

Figure 3.a is a top view, 3.b is a side view and 3.c is a general view in three-dimensional representation.

To carry out a geometrodynamic analysis of various ensembles, we use the metric and write it down using the main equation (1.16), bearing in mind that 
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. As a result, the metric will be written in the form of the equation (1.26)
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Consequently, the curvature scalar takes the form as the formula (1.27)
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Figure 4 - Dependence of the curvature scalar in the enthalpy representation

on entropy and thermodynamic potential

Thus, the first factor in the denominator, being a conformal factor in the metric (26), is equal to 
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, which, according to Euler's identity, is proportional to the enthalpy H. The first term in the denominator of the curvature scalar is zero only when the thermodynamic potential is zero, hence H = 0. Taking into account the equation of state 
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, which exactly corresponds to the extreme limit of the black hole (8) with zero temperature. This is explained by the fact that the metric 
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 degenerates in extreme limits. Hence, the only peculiarities arise from beyond the limit of applicability of the thermodynamic approach to a black hole, where the general relativity approach is also expected to be rejected. A graphical representation of the curvature scalar is shown in Figure 4, where the singularity points are shown in detail. Figure 4.a is a top view, 4.b is a side view and 4.c is a general view in three-dimensional representation.

1.4 Generalized cosmological model [image: image104.png]F(R,T)



 - gravity with f-essence

A generalization of general relativity is often used to describe the observed accelerated expansion of the Universe. In particular, a generalization in the form of [image: image105.png]F(R,T)



 a gravity model is used. As a generalization of a higher order, one can take into account the presence of fermionic matter in the model. Thus, we will consider a generalized [image: image106.png]F(R,T)



 cosmological model with a fermionic field in the form of an f-essence [23]-[26], the formula (1.28)
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 is the canonical kinetic term. This action can be rewritten in the FRW metrics as the formula (1.29)
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We write the Lagrangian of this model in the form of equation (1.30):
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      (1.30)
Substituting the obtained Lagrangian into the Euler-Lagrange equations, we obtain, in particular, an equation with respect to the scale factor in the form of formula (1.31)


[image: image111.wmf](

)

RR

RR

RR

TR

RR

TR

F

a

ha

F

a

a

h

F

F

a

ha

R

F

T

F

a

2

2

2

3

6

3

3

)

(

2

h

&

&

&

&

-

-

=

-

+

-

-

,


[image: image112.wmf](

)

,

a

a

6

a

a

3

a

a

3

)

(

2

1

2

2

2

2

2

2

RR

RR

RR

TR

RR

TR

F

F

F

F

R

F

TF

&

&

&

-

-

=

-

+

-

-

                 (1.31)


[image: image113.wmf].

0

H

3

H

6

H

3

)

(

2

1

2

2

=

-

-

+

-

TR

RR

RR

RR

TR

F

F

F

RF

TF

&


The fermionic field equation for this model will have the form (1.32)
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As an additional equation, the minimum energy condition can be used, which will have the form of the following formula (1.33)
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The available equations are not enough to solve, since the number of variables is greater than the number of equations. Replenish the missing amount using the properties of symmetry.

In particular, the system of equations obtained from Netter symmetry will have the form of formulas (1.34)-(1.47):
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This system of equations is too complex to obtain a general solution. But it is possible to find its particular solutions. One of such particular solutions of this system of equations for this model will be a power-law model with a scale factor in the form of formula (1.48)
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 are constants.

That is, it is shown here that the investigated generalized cosmological model can describe not only, for example, the evolution of the early Universe at the time of initial inflation. But also the current state of the Universe, which is described by a power-law model. In particular, this model describes both the dusty stage of the state of the Universe and the radiation stage of its evolution.

1.5 Conclusions

According to the cadendar plan, power-law models of dark energy of the modified theory of gravity are investigated. Models with a power-law dependence of multidimensional models of black holes were considered as a special case, in particular, the thermodynamics and geometro-thermodynamics of the five-dimensional Reissner-Nordstrom black hole in a gravitational field were studied. For the five-dimensional Reissner-Nordström black hole, singularity points are determined at which second-order phase transitions occur, which show interactions in the gravitational field. It should be noted that the structure of the phase transition of a black hole may depend on the chosen model of the ensemble. Consequently, the only features in all considered scalar versions of curvature in the representation of entropy, mass, and enthalpy, depending on thermodynamic parameters, arise from beyond the limits of applicability of the thermodynamic approach to a black hole, where it is assumed that it is impossible to apply the usual approaches of general relativity.
2 Variable generalized Chaplygin gas with a power-law model

The current Universe is undergoing a phase of accelerated expansion. This was independently reported by Rice et al. [27] and Perlmutter et al. [28] in the late 1990s. This is a breakthrough in modern cosmology [27], [28]. Many observational studies have confirmed the accelerated expansion of our present Universe, namely the anisotropic emission of the cosmic microwave background (CMB), large-scale structure (LSS), X-ray experiments, etc. [29] – [38]. It is believed that exotic matter with negative pressure is responsible for the accelerated expansion of the universe. This exotic matter is called Dark Energy (DE) [39] –[ 42]. The parameter of the equation of state (EoS) of dark energy is equal to 
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Traditionally, general relativity has been described in terms of Levi-Civita relationships. This forms the basis of Riemannian geometry. To study in a wider perspective, Einstein's gravity was modified and gave rise to new degrees of freedom in the gravitational sector. General relativity can be described in terms of geometry other than Riemannian. As a rule, in dark energy models, modifications are made with the infrared radiation turned off. Modified gravity models are as follows:
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Modified gravity, to be accepted as a cosmological theory, constraints must satisfy not only local astrophysical data, but also global constraints. Consequently, many problems arise [48]. The main goal of studying modified gravity is to combine early inflation with the late acceleration of the universe. A unified 
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Chaplygin gas (GC) promotes the unification of early inflation with the late acceleration of the universe. Chaplygin gas fluids at an early stage behave like dust, and at a later stage - like dark energy [53]–[55]. In cosmology, the Chaplygin gas satisfies the parameter of the equation of state of the form 
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 the Hubble parameter. If we consider the interaction between shadow energy and dark matter, then in the interaction scenario, the first Friedman equation has the form of formula (2.2)
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where 
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 is the density of dark matter. The conservation equations containing the interaction term 
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where, as in formula (2.5)


[image: image190.wmf]m

H

Q

dr

3

=


(2.5)

and 
[image: image191.wmf]d

 is the interacting parameter. Volumetric viscous pressure as 
[image: image192.wmf]P

 where 
[image: image193.wmf]x

H

3

=

-

P

, where 
[image: image194.wmf])

(

=

2

2

1

0

H

H

H

+

+

+

&

x

x

x

x

, 
[image: image195.wmf]0

x

, 
[image: image196.wmf]1

x

 and 
[image: image197.wmf]2

x

 are positive constants.

2.1 
[image: image198.wmf])

(

Q

f

 gravity and its brief description 
Here I would like to give a brief description of the mathematical interpretation of 
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 gravity [57]. The action for symmetric teleparallel gravity is given [58] by the formula (2.6) 
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where 
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Its two traces are defined in the form of formulas (2.8) and (2.9) 
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To continue, it is very important to determine the superpotential. So, the superpotential will be equal to the formula (2.10) 
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where 
[image: image209.wmf]amn

amn

P

Q

Q

-

=

. Now the energy-momentum tensor is defined as the formula (2.11) 


[image: image210.wmf]mn

mn

d

d

g

g

g

T

m

)

(

2

=

L

-

-

-


(2.11)
Varying equation (2.6) with respect to the metric tensor, the equations of motion will have the form of formula (2.12) 
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It is important to note this 
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. Now, varying equation (2.6) with respect to the constraint, we obtain equation (2.13) 
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We think of the universe as flat. The FRLW universe, represented by an isotropic, homogeneous and spatially flat linear element, is given by the expression in the form of equations (2.14) 
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where 
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where 
[image: image218.wmf]eff

p

 is the effective pressure. The effective pressure is determined by the expression [image: image220.png]
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The conservation equation  under the action of gravity 
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where 
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 and 
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 are the density and pressure, respectively, under the action of gravity 
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2.2 Reconstruction of the power law

A reconstruction scheme is constructed according to the power law of the scale factor for the noninteracting scenario of the variable generalized Chaplygin gas in 
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 gravity. The power law of the scale factor is determined by the expression in the form (2.19)
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where 
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. Reconstruction is carried out for both the inviscid and viscous cases. For the scenario without interaction, the right-hand side of the conservation equation (2.3) vanishes. Hence, we can write it as 
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 represents the equations of state of the variable generalized Chaplygin gas for the scenario of no interaction. As we know 
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Using the density 
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 of the variable generalized Chaplygin gas from equation (2.20) in equation (1), we obtain the pressure of the variable generalized Chaplygin gas 
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 in the form of equation (2.21).
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The Hubble parameter 
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A. Nonviscous case

In this subsection, we study schemes for reconstructing a variable generalized Chaplygin gas in 
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Using 
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Let us denote the parameter of the equation of state of a variable generalized Chaplygin gas in 
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 gravity for the power scale factor of the inviscid case as 
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We plotted 
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Figure 5 – Effective evolution equation 
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B. Viscous case

In this subsection, we study schemes for reconstructing a variable generalized Chaplygin gas under 
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Using 
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Figure 6 – Evolution of the parameter of the equation of state 
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2.3 Reconstruction of the scale factor with bounce
Here the behavior of the parameter of the equation of state 
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 gravity is studied for the scale factor of bounce in the inviscid and viscous cases. The bounce scale factor is determined by the expression (2.29)
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where 
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A. Nonviscous case

 Let us now study the behavior of the parameter 
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Figure 7 – Evolution of the parameter of the equation of state 
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B. Viscous case 

Let us now consider the behavior of the parameter 
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Using 
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Drawing. 8 – Evolution of the parameter of the equation of state 
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 accordingly.
Now, applying equation (2.1), we can obtain the density 
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 a transition from quintessence to phantom. Hence, it is a quintom. We noticed that it further decreases with cosmic time, indicating that there will be a Big Rip feature in the future if it decreases in this model.
2.4 A look at the inflationary scenario

Cosmic inflation is an exponential expansion of the space of the Universe. Guth suggested that for about a 
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 second, our universe underwent a period of very rapid, accelerated expansion. At that time, the Universe was inflated at 
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 times. While inflation is a fascinating area of study, it cannot be observed directly. It is studied by artificially reproducing the early inflation model. Therefore, it is very difficult. As the present universe is expanding with acceleration, Einstein's gravity is expanding into modified theories of gravity. The aim of this modified theory is to unify the dark energy model. When constructing modified theories, electromagnetism, weak nuclear interaction, strong nuclear interaction, etc. are taken into account. This is useful when studying the inflationary phase, primary oscillations, the 
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Based on the foregoing, let us consider the flat universe of the FLRW for a non-viscous, non-interacting variable generalized Chaplygin gas in 
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 [60]. The Friedmann equation of the scalar field in the form of formulas (2.34) and (2.35):
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The equation of motion for a scalar field has the form (2.36)
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The main motivation for analyzing the parameters of the slow roll-off is to study the possibility of inflationary expansion for this model. Let us denote the parameters of slow roll-off in Hubble terms by 
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. Slow rolling parameters are represented by expressions (2.37), (2.38), (2.39) and( 2.40)
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The scalar field model of the quintessence of dark energy is very effective for studying the inflationary expansion of the Universe. The equation of energy density and pressure of the scalar quintessence field is identified as equations (2.41) and (2.42)
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From equations (2.41) and (2.42) we have equations (2.43) and (2.44)
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A. Power Law Scale Factor for Nonviscous Scenario

In this subsection, we will reconstruct the slow roll-off parameters for the power-law scale factor of the inviscid case. Using the expressions for the pressure 
[image: image440.wmf]vis

non

PL

p

-

,

 and density 
[image: image441.wmf]vis

non

PL

-

,

r

 of the variable generalized Chaplygin gas for the power-law scale factor of the inviscid case in 
[image: image442.wmf])

(

Q

f

 gravity from equations (2.25) and (2.26), respectively, in equations (2.43) and (2.44), we obtain expressions for 
[image: image443.wmf]f

&

 and 
[image: image444.wmf]V

 (
[image: image445.wmf]))

(

(

f

V

 from the point of view of space time 
[image: image446.wmf]t
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Using 
[image: image449.wmf]f

&

 from equation (2.45) and 
[image: image450.wmf]V

 from equation (2.46) instead 
[image: image451.wmf])

(

f

V

 of equation (2.34), we calculate the Hubble parameter 
[image: image452.wmf]H

 as equation (2.47)


[image: image453.wmf](

)

(

)

(

)

(

)

(

)

(

)

(

)

(

)

(

)

(

)

ú

ú

û

ù

+

-

-

+

-

+

+

-

+

-

÷

ø

ö

+

-

+

+

-

ê

ê

ê

ë

é

ç

ç

ç

è

æ

÷

÷

ø

ö

ç

ç

è

æ

+

-

+

-

-

-

+

-

-

-

-

-

-

-

a

a

a

a

a

a

a

a

a

a

a

a

a

a

a

2

1

0

1

3

0

3

0

3

0

3

0

2

1

2

0

1

3

0

3

0

3

0

1

1

0

0

3

0

3

0

3

1

3

0

3

))

3(1

))(

3

(

1

(

)

(1

3

))

3(1

(

))

3(1

(

)

(1

3

)

3(1

)

(1

3

3

1

=

n

n

m

t

a

C

mn

t

a

t

A

a

n

a

n

t

a

C

t

a

t

A

a

n

t

a

A

a

t

a

t

C

t

a

t

H

n

m

m

m

n

m

m

m

n

m

m

m

n

m

m


(2.47)
Now we have 
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Figure 9 – Evolution of the slow roll-off parameter 
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 in terms of the Hubble parameter of the variable generalized Chaplygin gas in the presence of 
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Figure 10 – Evolution of the slow roll-off parameter 
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Figure 11 – Evolution of the slow roll-off parameter 
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Figure 12 – Evolution of the slow roll-off parameter 
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We have constructed a graph of the variable generalized Chaplygin gas in the presence of 
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 of the inviscid case depending on the redshift 
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2.5 Conclusions

During the reporting period, the problem of the inflationary cosmology of the variable generalized chaplygin gas in 
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. We have reconstructed the parameters for the variable generalized Chaplygin gas in the modified 
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Then it was reconstructed 
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 (equation (2.24)), which is a function of space time for the power form of the scale factor. The behavior of the parameters of the equation of state in two cases is also considered. The first refers to an inviscid body, and the second to a viscous one. We have reconstructed the pressure 
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 gravity for the power scale factor of the inviscid case in equations (2.25) and (2.26), respectively. The parameter of the equation of state 
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CONCLUSION

Brief conclusions on the results of work in 2021 and its individual stages.

The results of nine months of work on the project were completed in full in accordance with the schedule. The results obtained can be summarized as follows:

According to the cadendar plan, power-law models of dark energy of the modified theory of gravity were investigated. The cosmographic parameters are obtained and compared with the cosmological observational data of SNIa, BAO, Hubble. Including considered on various astrophysical objects - stars, black holes, etc. The inflationary cosmology of the chaplygin variable generalized gas in 
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 gravity is also investigated. For convenience, Eckart's approach for bulk viscous pressure is chosen and reconstructed 
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 as 
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, which is a function of space time 
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 for the power form of the scale factor. Cosmological parameters describing the early and late epochs are obtained, such as the equation of state parameter, the deceleration parameter, the energy dominance conditions, the slow roll-off parameters.

Also, 
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 gravity was reconstructed as 
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, which is a function of cosmic time 
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 on the scale factor of the rebound, and its parameters of the equation of state for the inviscid case and the viscous case were studied, respectively. Parameters of the equation of state 
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 the variable generalized Chaplygin gas equation in 
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 gravity for the bounce scale factor for the inviscid and viscous cases, respectively.

In addition, we analyzed the inflationary scenario by examining the behavior of the slow slide parameters. A model of a scalar field of the quintessence of dark energy is considered here. The analysis is carried out for the power scale factor for the inviscid case. Therefore, this model, ie the variable generalized Chaplygin gas equation in 
[image: image554.wmf])
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 gravity for the power scale factor for the inviscid case, cannot be considered as a unifying model of early inflation and late acceleration.

For the entire period of the project implementation in 2020-2021, the executors published 1 publication in international scientific journals included in the database of two Web of Science and Scopus with an impact factor; 1 publication in journals recommended by COXON; 2 publications in Kazakhstani journals not included in the KKSON database; 1 publication in international conferences held in the RK (APPENDICES A and B).
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Hyp-Cyaran ored» mm;:( 22020 rona

Tocyrapersennoe  yupeacienne «Kowmrer maykn  Munucrepersa
o6pasomanmn u waykn PecnyGanku Kasaxeraws, uvenyemoe b aaauheiimem
Bakasnk, B amue npeacerarers Kypwanrainesoi KL, iciicrayioucii i
ockopanii  [oaokenns 0 KOMMTET  HayKi, yTBEPAUICHHOIO  MpuKasom
Otvercraennoro cexperaps o1 10 wions 2018 roga Ne 169-K u npiasom
Munmerpa oGpasosanns u Haykn PK or 25 xexaGps 2019 roma Ne 169-kx, ¢
o0l CTOpOIIk, 1 HeKkommepueckoe  axiumorepioe  odmectno  «Espasmiicknii
HAIAOHATbHb YiHBepCHTET Myenn JLHTyMinesay, nnenyemoe B aanbeiiuies
VCnomiTeh, & ulie 1pOpeKTopa 1o Hayke i miHoBaIMSN Mepsaminosoii I*T.,

cTayloiero na ockosanmi Tpukasa or 19 was 2020 roza NeSS0-#k, ¢ Apyroii
CTOPOIbI, AICE COBMECTHO MyeHyeMbie CTOPONb, Ha OCHOBAHHN BiowkeTHoro
Kozerea PecnyGamkn Kasaxetan ot 4 sicxaGps 2008 rona, Tpaxaancroro koekca
PecniyGankn Kasaxcrai ot 1 nioiin 1999 roa, «O HATOFaX H Apyrix oBA3aTeAbHBIX
natemax v Gioker» Kojtexea PecnyGmkn Kasaxcran ot 25 nexaGps 2017 roga
(aanee ~ Hanorossii Koaexe), 3axona PecriyGmin Kasaxeran ot 18 pespars 2011
roxa «O wayken, noctaosieums Npasutenbersa PecnyGanku Kasaxeran ot 25
Man 2011 rosa Ne 575 «OG yrsepaenwn [Ipaswn Gasosoro, rpaHToBoro,
NIPOTPAMMIHO-UIEICRONO. (GMHAHCHPOBAHHA HayWiOli 1 (WIH) HaYHO-TEXHHUECKOT
AeATEALHOCTINY, nocTaHoRAeHHA [IpasnTeascTsa PecmyGnkn Kasaxcrai ot 16 mas
2011 roza Ne 519 «O HAKORATBHBIX HaySHX CoBeTax», npukaa Ipenceaateis
Kowirera naykn Munwctepetsa obpasosaiis i uayku PecryGin Kasaxcran or
30 anpens 2020 roxa  Ne 62-1 «OG yTHEpRCHHH KOHKYDCHOH AOKYMEITALlIH
Ha TPANTOROC (MIANCHPOBAHHE N0 HAYUHBM W (WIM) Hay<HO-TEXHHYECKHNM
npoektam wa 2020-2022 ronew, mpukasa llpencenarens Kowmrera Hayki
Munctepersa oGpasosans u nayku om 04 noatps 2020 200a Ne 166-HK «O6
YIBepACHH  peticuii  HAUMONAIbHBX  HAYUHBIX  COBETOB O IPANTOBOM
QHHANCHPOBAHHH 110 HAYMHbIM 1 (WTH) HAYYHO-TEXHUYECKHM TPOCKTaM Ha 2020
2022 roauy, peuwcimii HauMOHATHHBIX HAYUHBX COBETOB O  IPAHTOBOM
Guuancuposanin 1o npuoputeram  «Haydibie uccaeioRanks B 004acTH
cCTeCTBRHIX HayK» (npomokon om 04 okmsGps 2020 200a Ned), «Paunonansiioe
HGIIOTLIOBAHE TIPHPOANLIX PECYPCOR, B TOM UHCAE BOALIX. PECYPCOR, FeOIOMA,
HOBHIC  MATCDHATH W TEXHOTOTWM, OeONACHBE WIICWS W
KOHCTPYKUHIY (mpomoKo om 08 okmaGpa 2020 200a Net), «Hayunbie ocoshi
«Monrizi en (oGpasosanme XXI beka, (ywAAMEHTATLME H npKIAILE
HCCHCAOBANNA B OGTACTH ryMAHWTADHBIX HAYK)» (npomoxoa om 15-23 okmstpa
2020 200a A29), «YcTojitMBOe DAIBHTHE AFONIPOMBILLICHIONO KOMILICKCA W
GE30MACHOCT, CETLCKOXO3AHCTBCHHON TPORYKIIMH)) (npomokon om 21-25 okmsGps
2020 2000 NeG), saxmoumaw wactosuuii jorosop (ianee — Jlorosop) o
HibkecIEIyIOmEM:
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1.1 3akassink nopysact, a HCOMMATE b IPHHUMACT Ha CeGH OAIATEIbCTHA,
10 BLITIOHEHHIO HaYHLIX HCCIEAOBANMH, B PAMKAX 10CYABPCTBEHHOTO 3aKasa Ha
PEQIIALIIO HAYHHOTO 1 (M) HAYUHO-TEXHMNECKOTO NPOCKTA N0 GIOTKETHOM
nporpave 217 «Pasmirie  mayki, noanporpawve 102 «lpantosoe
uHaHCHpOBANME  MaywHbX  Wecrenoamuiy, cnieuwpuke 156 «Omiara
KONCANTHHIOBLIX YCAYT H Hecrenobanniy Ha oGutylo cywmmy 56 838 583.97
(TISTLACCAT  WIECTh MWIIHOHOB BOCEMBCOT TPWULATS BOCSMS THICHY IATLCOT
BOCEMBECAT TPH) Tertre 97 THbIH, HA BeCk CPOK PEATH3AIINN IIPOEKTA, ¢ PasOBKOTi
10 roza

B npeseax cyMy (uancHposaiis Ha 2020 1o - B cyse 33 102 974,92
(TPWALATS TP MILLTHORA CTO ABE THCA4H JIEBATICOT CEMBIECAT HeTHIpe) Tenre 92
T

B npenenax cymm dumancuposanms wa 2021 rox - & cywmve 23 735 609,05
(JlBaAATE TPH MHIIHOHA CMBCOT TPHAUATh TIATH THICRY LICCTHCOT JCBATE) TeHIE
05 Tisin,

10 npHopHTeT)
Teman:

1) APO8957176  «llepponpunuanibii  uaiin  (OAHOCTHO
CKOMIICHCHPOBAHHLIX  (PEPPUMATHHTHEX ~ MATCDHATOB /A MpWIOKCHHTE B

HHTPOHIKE;
2)  APO89ST287 Mccneiopanme orpanmienuii Ha  KOCMOJOTHYCCKHE
113DAMETPEI B CTENEHHBIX OGOGUIEHHbIX KOCMOIOTHICCKHX MOACTAXY;

3)  AP08955524 «Hcenenosarme IBoaioAN BeeACHHON B pactImpenibix
TeOpHSX TpaBHTALIY;

4)  AP089S6932  «HWTerpupyeMbie  JOKATbHME M HCIOKAAbHbC
AMEPEHIMATBHEIE YPABHEHIHA B HACTHBIX NPOUSBONHBIXY;

110 IPHOPHTETY: PAIlOHATLHOE HCTONH30BAIHE IPHPOIBIX PECYPCOB, B TOM
“HCITE BOTHBIX PECYPCOB, TEQTOTHS, IEPEPAGOTK, HOBLIC MATCPHATL H TEXHOIOMHA,
Gesonaciible WSCIHA W KOHCTPYKUHH:

5)  AP089S6244 «PaspaGoTka TEXHOTOTMH  MOAYYCHHA  KpACHTCIH
TPHMAPraiiLia TETPAOKCHA W3 MAPFAHLEBOH PyIbl MecTOpoAAeHHi HKaKcoLIbik 1
Boras (Kasaxcran)»;

6)  AP08956334 «MOHHTOPHHF CTOMHEIX BOZ FopoioB Kasaxcrara ¢ Ueinio
OUHCTICH OT (aPMAIICBTHUCCKHX SarpAsHHTEICH.

no npnopiery: Hayuitiie ocios «Manrizik e (oGpasopanme XXI nexa,
QIbHbIE 1 IPHKAGINbIE HCCTETOBAHMHA B OGAACTH TYMAHNTAPHLIX HAYK).

7)  APO8956066 «COOp, CHCTEMATWIAUMA M W3YWCHHS  HayuHo-
JNCTONAPHOTO MacTens akazewika Adbkes Mapryiana (OTSBH, peUeH3HH,
THCLM, OTKPLITKH).

8)  AP089S6538 «MoHOHKALIAA HayHHO-HCCICAOBATEILCKOH NIOATOTOBKI
CHCLIMATHCTOR JIOIIKOIBHOT0  OOP3OBANMA Ha OCHOBE  3PYGEAIIONO  OMBIT
(OwAIA).

9)  APOS9S64S7 «PaspaloTka  MOZCIM  KOMNETEHUM  Menemkepa

Haysiibie HCCIETOBAINA B 0GTACTH CCTECTBEHHbIX HAYK H 110
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10)  AP08956330 cllermpaibhas Asis 1 msmnaryba «[Tosc u nyTs» nocie
TaHEMHH: BOSMOKHOCTH H PHCKID.

1) APO89S64SS «rika Tpyaa H YNPABIEHMs B KOHTEKCTE COUMATLHO
Mozepimsaunm Kasaxcranay.

0 npHOpHTETY: VCTOMMMEOS PABHTHE AIPONPOMMILIICHHOTO KOM
Ge301aCHOCTS CeILCKOXOSHHCTREHHOH NPOAYKUHH.

12)  APO89S7713 «PaspaGoTka HOBOTO CEKTPOGOTOMCTPHYESKOrO METOZA
onpeneactis BHpyCHbX 3aG0ienanHii pacreimiiy

12 Coepkanie W CPOKH BMIOIHCHHS OCHOBHHIX STAIOB PEaIM3AUMN
HQyuHOTO M (WIM)  HayMHO-TEXHHSECKOTO  NPOCKTA [0 TPAHTOBOMY
OUHHCHPORANMIO OTIPEACIOTCA KATCIGPHIN [LIAHOM COTIACHO. KOHKYPCHOT
sasnke MCNOAHNTES Ha TPAHTOBOE PHIAHCHOBANHC.

1.3 TlepeucieHHbE HIKe JOKYMEHTL W YCIOBHS, OTOBOPEHHHIC B HIHX,
oGpasyior annbii J10TOBOP 1 ARIAOTCH €10 HEOTHEMIEMOTH HACTEIO:

1) Hactouuii Jorosop;

2) Kanennapusiii mian (Mpuiowenns 1.1-1.12);

3) Orict 00 MCIONIOBANAW BHUISTEHHbX CPEACTS N0 TPAITOBOMY
dunancuposaiiio (Mpwioxeins 2.1-2.12).

Tekca 1

2. XapaKTepHCTHKA HAYHHO-TEXHHYECKO POAYKUNI

2.0 XapaKtepucTHKM  HayMHO-TEXHANECKOH  MpoayKWwam  no
KBUUMGHKAUHONHLIM  IDHINGKAM 1 OKOHOMHHCCKHE NOK3aTeAN VKasanbi B
1. 2 KAIGHAAPHAIX TLIAHOB, COTAACHO MpWIOKeHHAM 1.1-1.12

3. OGuwas cywma 10r0BOPa i YCAOBHS OMAATE

3.1 O6uias cymma Jlorosopa cocrasasier 56 838 583.97 (Ilarbacest wects
MHATHOHOB BOCEMBCOT TPHALATE BOCEMb THICHH MATHCOT BOCEMBJCCHT TPH) TeHTE,
97 THBIN, HA BECh CPOK PEATH3ALIH IPOEKTA, ¢ PAsOHBKON N0 FOZAM: B NPEACAX,
cymy QuiaicHpoBain 1a 2020 104 - & cywve 33 102 974,92 (Tpuauar Tph
MILLTHOHA CTO /IBE THICAUM JCBATHCOT CEMBIECHT HeThipe) TeHre 92 THbIN; B
npesteax cym dunacuposaiis Ha 2021 101 - B cysve 23 735 609,05 (Lsauars
TPH MHATHONA CEMLCOT TPHAUATE TTH THCAY WECTLCOT ACBATS) TeHTE 05 THbi
BIIIOUAA CTONMOCTD BCEX JATPAT, CHANINHBIX ¢ BHTOAHCHHEM PAGOT, ¢ yueTOM
BeeX HAZOTOB W APYFUX OBAMTEBHbIX MIATEAEH B GIOTACT, B COOTBETCTRHN ©
3akonoatebersom PecnyGankn Kasaxcran.

32 Paboth McnonmmTens OnauMBaOTCR 3GKIMMKOM B CCAyiOuEeMm
RopAIke: Ak OcyUIECTRARET NPeAONTATY S0% OT CYMMB! (HHQHCHDOBAHIA
Ha COOTBETCTRYIOUIAIE (pHHAHCOBLI 10N, B TeUeHMH S (IATH) GAHKOBCKNX Ateil ¢
MoweHTa perveTpaini nactosero Jlorosopa s oprarax KasmatciicTsa.

[MocAeaylollas ONIaTa MPOHIBOAHTES C MPONOPLHOHAIBHBIM YIACPAANHEM
paiee BILIANCHIOTO 4BANCA, COTAACHO IUIAHY (GUHAHCHPOBAHMA MO MIATEHKAM





[image: image566.png]0ciie npetocTanens MCnoTHHTEICM I IOCIEAYIOIEro noinucans CToponav
AKTA BLINOAHERHLIX PaGOT.

Oxowsareawias  onsata  3akasanmkod  no  Jlorosopy  Ha  Komel
COOTRETCTRYIOUIETO  (DHHAHCOBOTO TOMa (PR TOA PCQIHIAH  NPOCKTa
(TPOMEAYTONHAIT))  OCYULECTRIAETCA, COTIACHO IL7aiy GHHAHCHPOBHNA 10
aTeRIM N0CTe NpeAOCTaBIeHIs MCTOMMKTEICN: OT4eTa O HayuHoii 1 (wan)
HayHO-TEXHHICCKOH ACATEbHOCTH, MONOAMTENbHbX pettennli Halmoambibix
HayHLIX COBETOB, OTHET 06 HOTIOH3OBAHHH BHICTEHHbIX CPECTS 10 FPAHTOBOMY
dunancuposanmio  (Tlpuiokenws 2.1-2.12 K Jlorosopy), #  nocieayiouero
RoanMcains  CTOPOHAMM  GKTA  BIIOTHEHHDX PAGOT, B COOTBCTCTBUM ©
TPEGOBAIIAMK, YCTAHOBIEHIbIH FAKOHOATE THCTHOM.

Oxomvarerphas  oniara  3akasuukom 1m0 Jlorosopy W Kowell
COOTBTCTBYIONICTO  UHAHCOROTO T01a (WTOPOi O PeatHiawin  1pOeKTa
(WIOTOBbIH)) OCYUIECTRISETCA COMIACHO MAGHY (HHANCHPOBANMA 110 IAGTCKaM
ocne npezocTamienns MCnomTeeM: oTdeTa 0 Haydnoil (i) HayuHo-
TEXHHHECKOH ACATEIBHOCTH, 3AKIIONEHHS TOCY TAPCTRCHHO HaYWHO-TEXHHYCCKOH
OKCTIEPTH3, NONOKHTEBHbIX eiliciinii HAMORATEHLIX Hay HbIX COBETOB, OTYCTa
00 MCMONLIOBANMA BHACIEHHbX CPEACTS N0 TPAHTOBOMY (UHANCHPOBAHIIO
(Tpaosenns 2.1-2.12 x Jlorosopy), # MOCIEAYIOUIEro NOANMCaHA CTOPOHAMH
AKTA BLTOAHEHHbX PAGOT, B COOTBETCTBMM C TPEGOBANMAMH, YCTAHOBICHHBIMH
ACHCTRYIOUINM 3aKOHOTATEITHCTBOM.

3.3 ierounmi dukancuposanits: PeciiyGankanckuit Giomket.

3.4 Menoanutenn obw3ai o0ecriednTs, y ceO% Hamiexauii Gyxraitepekiii
YUCT W QHAIM3 (aKTHUECKOH CTOMMOCTH BMIOJHEHHOH aGoThi B paspese ce
JTATIOR, B YCTAHOBCHHOM 3AKOHOTATETLCTHOM HIOPRIKE.

3.5'B cootsercramy ¢ noanyukiom 40) ctahu 394 Hatorosoro xozekca
VICHOMITEA 0CBOGOATAETES OT HATIOTa Ha I0GARIEHHYHO CTOUMOCT

4. Tlopsaok caawm W npHeNKH pasor

40 VenommTenn npeicTABINOT 3AKIHKY MPONEKYTOUHM OTYCT O
HaysHO 1 (A1) HayMHO-TEXHHUECKON JEATEABHOCTH He Ho3uuee 1S HOXOpA
Tekyiero orerioro roza o FOCT 7.32-2017. WTorossie oruetsi o Hayamoii it
(Wik) HayuHo-TexiiMECKOR JEATEIBHOCTH - HE MolHee | HOAGPA TeKyIero
OTHCTHOTO TG

4.2 McnonnuTenn B nepsii TO1 (33 MCKTIOYEHHEM NPOGKTOB CO CPOKOM
peatmsaiin | (oaun) roa), BTOOi 1O (33 HCKITIONEHHEN MDOCKTOB €O CPOKOM
peammsaiin 2 (18a) ro1a) (TPOMEAYTOuHIH) PEATHIALIK POCKTA He nodaiee 10
JekaGps PeCTARISET 3AKAIMHKY OTHCT OO HCTIOB3OBANMH BHICICHHHIX CPEACTE
10 rpantosoMy duHancHposanmio (npwiokenue 2.1-2.12Vk Jlorosopy), akT
BNOIHEHHbIX PaBOT W peuiee HAIMONATLHOTO Hay MHOTO CORCTA

Menoanieh B nieprow 1oty (110 NPOSKTaN co cpokom peaimsaui | (o)
101, BTOPOM TOTy (€O CPOKOM pearHsailh 2 (158) r01a) (HTOrOBbIH)) peatsaum
npockra me mosmmee 10 feKaOPE  MPCACTABIACT 3aKa3mky OTHET 00
MCNIOB30BANMH  BELIGTCHNBIX  CPEACTB 10 TPAHTOBOMY  (PMHANCHDOBAHHIO





[image: image567.png](npunoxenne 2.1-2.12 x Jlorobopy), aKT BEIMOIHCHHIX PalOT, 3aKIIONCHHE
Tocy1apeTsenioli HayuHo-Texiiseckoll IKCepTH3sl i peuente Haunonaaboro
HayHOrO CoBeTa.

43 B caysae focpodsoli peamMsadn  Haywworo W (wim) Hayuo-
TEXHICCKOTO NPOEKTA 10 TPAHTOBOMY (MHAHCHPOBAHHIO 3aKasukk —Bnpane
0CPOUHO TIDHSTS H OTLAGTHTS, PaGOTH.

ECai B OUCCCE PEATH3IN HAYHHOTO W (WIH) HayHHO-TEXHHYCCKOTO
HPOCKTA 10 FPAITOBOMY (MHAHCHPOBIHMIO BLIACHAETCA HEWSOEAHOCTS NOAYHCHIA
OTPHIATEALHOO PE3YABTATA IWIH HEILEACCOOBPAIHOCTE AQIBHEHILIETO BBITIOAHCHHA
HayUHOTo 1 (WIH) HAYSHO-TEXHHYECKOTO NpoeKta, Mcnoanntenn oGasan
PHOCTAIOBHTS X, OCTABHS B WIBECTHOCTH 3AKA3UMKA B NATWNCBULi CPOK
H0CE IpHOCTaHOBEHHS PAGOTH

B 510N CilyHae CTOPOHB! OGR KL PACCNOTPETh BOTIPOC O LEIECO0GPaSHOCTH
W HANPABICHIAX IPOJOTKEHMA HAYHHOTO H (HIH) HAYUHO-TEXHHHCCKOTO NPOGKTA
lyTen nonyesms peuieiitii HAUHOHAIbHbIX Hay4HbIX COBCTOR.

44 OGopyiosanic, NPHOOPM H (WIH) WHBEHTADh, HDHOGPETCHHbC
FOCYAAPCTBENILIMH OPIAHIAMSMA B PAMKAX NDOCKTA, 3AKPCILAIOTCH 1A WX
Ganarice.

4.5 Tipn nyGankan Hayuoil pagoTsi, 5 Xoie (W) nocne 3ascpuiesis
POCKTa, QBTOPH O0N3AHbI CCHUIATECH HA 0Ty UCHHIE TPANT ¢ YKasanmem ero HPH
W HCTONHIKa (uHaHCHpOBaE (MHHHCTEPCTO OGpasoBanA 1 Waykn PecnyGamian
Kasaxeran).

5. OtpererpennocTs cropon

S.1 Tlpn newbinomeiny ofssatensers, npeayevorpennbix Jlorosopon,
CTOPOHI HECYT OTBCTCTRCHNOCTH Ha YCIOBHAX W B MOPAAKS YCTAHOWICHHBIX
SAKOHOTATENLCTOM.

52 B caydae emMIOHEHWS PAGOT N0 HaydHOMY W (Wam) HayuHo-
TEXHIICCKOMY IPOCKTY B CPOKH, YKASAHHBIE B NPHAOKCHHAX 1.1-1.12 Hacrosero
Jlorosopa i nyukre 4.1 Jlorosopa, MCHOIHMIEN, BMIIAYHBACT B AOX0L
COOTBCTCTBYIONIETO  GOmKeTa  HeycTofiky B pasepe 0,03 % o0T cymwh
COOTBTCTBYIOUIETO TEKYIETO FOAd HAYHHOTO 1 (WIH) HayUHO-TEXHINCCKOTO
NpoeKTa 33 Kakuii Npocpouennbill KaiCHIApHL AeHb (31 HCKONCHHEM
oMY TONHOrO oTHeTa | (1IepBOTO) roza).

B ciydae HCBMNOTHCHIS M HEHAUIGKQWETO  BROANCHIA  pador,
NPCAYCMOTPENLX  KAICHAGPRUN  iaHOM  paGor  (npaowenmax 1.1-1.12)
acTostero /I0rosopa, MCTONIINTE b BHIIAAHBACT B /I0XO] COOTBCTCTRYIONIETO
Giomkera HeycToiiky B pasvepe 0,05 % OT CYMMbI COOTRTCTBYIOUIETO TEKYIIEro
FOAQ HAYHOTO 1 (HTH) HaYWHO-TEXHHIECKOTO IPOCKTA 32 KA bt IPOCPOUEHHHIi
KanewzapHbii Ak

Jlis shiueTa Cyswbl neycToiki MenommuTens u 3aKasuMk 3akiuosact
JOROANHTEbHOC COrnaeHHe K JIOTOBOPY, 3 MCKIIONGHHEN CIYHAC OnIaTH
HeyeTOliKi VICTIOAITEARM B A0X0A PECTIYGIMKAHCKOTO GIOUKCTA 1 IPEACTABIEHHA
HOITBEPAKAAIOIIIX J0KYMCHTOB.





[image: image568.png]5.3 B cayuac HEBLINOTHENHA H HEHALICKAIIETO BhinoHeHHA HenonnuTenem
PaGOT N0 HayuHOMY H (i) HayHO-TEXHMSECKOMy NPOEKTY, 3Ka34MK Bpase
UPEKPATHTL HX (MNAHCHDOBANME HA MOGOM OTANIE BMNOTHHNS, NyTeM
AKTOUCHHA  JONOTHHTCILHOTO  COIAUICHAS  Ha  OCHOBANHM  peucHis
HalloHabHOr0 HayHoro cobera.

54 Cpeictsa FpaiTOBOrO (MHAMCHPOBGHMS PACIPEACISIOTCS HAYSHBIM
PYKOBOIHTCIIEN NDOEKTA, HASHASAEMBIM SQHBHTEAEM IS HENOCPEACTHCHHOIO
PYKOBOZCTB HaY4HBIM  (ITH) HAYHO-TEXHIUECKHM NIPOCKTOM, COTIACHO 3asBke
A TPANTOROE HHACHPOBAIHE,

B ciyuae JKOHOMMH CPEICTB PYKOBOZMTEh NPOCKTA nepepacnipesenser
CPECTBA B PAMKAX OZIHOH CTATHH SATPAT JHGO NIEPEPACTPENEIAET CPEACTRA MEKAY
DASTMUHMMA_ CTATHAMMH SATPAT B PAMKAX OGMIEr0 OGheM, YTBEPAACHHOTO Ha
Kutewnapubit  ron.  He  jONyCKeTCR  yBeimdenMe | QMHAHCHDOBAHWS,
yrBepAenHOro. HalHOHATSHEN HIYNHbGM COBETOM NP OA0GPEHMH NPOCKTa Ha
CayKeGHbE KOMAHIMPOBKH 33 Npeicihi PecnyGiukn Kasaxcram - mayuno-
OPFAHHSALHOHHOE CONPOBOAACHHE

5.5 CpeicTua IPANTOROT0 (MHAHCHPOBAHHS HATDARISIOTCH WA ACXOb,
HENIOGPCACTACHHO  CBASAHNbE ¢ PEaiusalbici Hayanoro (W) wayuo-
TEXHHYECKOTO NIPOCKTA, B COOTBETCTHMM C TPEGOBAMMAMM  YCTAHOBACHNbIH
AKOHOAATEALCTHON,

5.6 B caysae HexdOEXTHEHOTO 1 HEOGOCHOBARHOTO HCTIONSI0BANHS CEACTR
IPAHTOBOrO  (WHAHCHDOBANWA, MCTOAHWTENS  HECeT OTBETCTREHHOCTH B
YCTAHOBICHHON 5aKOHOIATELCTBOM HOpAKE.

6. Tpoune yeaosus

6.1. MOHHTODHHF XO71a PEATHIAINH HAYWHIX H (HITH) HAYSHO-TEXHHHCCKHX
NIPOCKTOB WX PEIy/IBTATHBHOCTH, B TOM HHCIIE C BHEVIOM HA MECTO, A TaKKe
OCYUIECTRICHHE MOWATODHHTA PE3yTbTATHBHOCTH TIDOBOTMMBIX HAYSHBIX W (W)
HaySHO-TEXHHYECKHX TIDOEKTON OCYLIECTRISETCA B COOTBETCTBHM C AEHCTBYIOMMM
3AKOHOATENLCTBOM.

6.2. B ciyuae wheceins wivenennii B 3akon PecnyGmikn Kasaxcran «O
pecnyGaHKaCKoM GokeTe Ha 2020-2022 FOA, B YACTH YMCHBUICHHA CPEACTS
Ha COOTBETCTBYIOIIIH (HIAHCOBLIH TOA, BHIETACMBIX Ha BHTOTHCIHE HAYUIHIX
(WIH)  HayuHO-TEXHWMECKMX TPOCKTOB, 3AKAIMMK HA OCHOBAHHW —DeUICHHA
HallHOHAILHOTO HAYHHOTO COBETA BIIPABE BIOCHTI, COOTBETCTBYIOIINE HSMEHEHIA &
nywk 3.1, Jloropopa, Kanewnapibii naan (npwioweins 1.1-1.12 Jlorosopa).

6.3. JI0rOBOp BCTYNAET B CHAY H CTAHOBHTCA OGASATEBHLIM 1A CTOPON ©
MOMEHTA €r0  perHCTPAWMM B TeppHTOpHATbHEX opramax  Kaswaueiicrsa
Munnerepersa duiancon PeenyGmnkn KasiXCran, corfacKo nyHKTy 2 Cratbi
386 pakaanckoro Kozexca PecnyGikh Kasaxcran pacnpocrpanser csoc
JCHCTBHE Ha OTHOWIEHIA, BOSHHKIIME CO A NPHATHA pettichiii Haunonanbiibix
HayHLIX coBeTOB W AeficTayet 10 «3 1 exaGps 2021 rosa.

6.4. Hayuibie, HayHO-TEXHHYECKHE NIPOCKTH H OTICTH (IPOMCKYTOUHBIE
MTOTOBBIC) 110 HX BHIONHEHHIO TOUIEAKAT OOAIATE/BHOMY TOCYAIPCTHEHHOMY





[image: image569.png]yuery Menommrenen 5 HAHOMATHOM wUeHTPE rocyiapeTBentoli HaywHo-
TEXHMYECKOM IKCTIEPTHIL B YCTHOBIEHHOM 3IKOHOMMTENLCTBOM NIOPHIKE, B
cootnercramM ¢ [paBIIaMH TOCYIEPCTBEHHOTO YHETA HAYNHX, WAYSHO-
TEXHHMECKHX NPOEKTOB M MPOTPANM, (MHAHCHPYEMSIX W3 [OCYIAPCTBEHHOIO
GiOIKETa 1 OTYETA 10 HX BHNOIHEHMIO, YTREPACHIBIMU NPHKAIOM MHHHCTPY
oGpasonaiins H HayKH o131 mapra 2015 rona Ne 149.

65. OTBETCTCHHOCTH 1O BCeM  NPETEHSMAM TPETHHX ML Hecer
Henommure:

6.6 JI0r0ROp COCTABIEH B ABYX JKICMILIAPAX, 10 OHOMY JKIEMILIAPY A1
Ka3KI0H W3 CTOPOH, HMEIOIIHX OTIIAKOBYIO IODHINYECKYIO CHY

6.7. Bee wavenenns u tono7kenis k nactosutewy JIorosopy oopusiorcs
AOTOHHTE IbHBIMH COTTAUEHHAMM # NOATHCHBAIOTC TEBLIMH PYKOBOIMTENH
Cropon

HOpuanseckwe arpeca cropon

Sakasank: Henoanntenn:
Y «Kownter maykn Mummctepersa HAO «Espaswiickiii naumonasiiii
obpasosanms W Haykw PecmyGrmkn  yuwnepentet umerm JLH. Tywmienar

Kasaxcrain 010008, r. Hyp-Cyaran, ya. Carriaesa,
r. Hyp-Cysitan, npocniext Manr 2 Tea. 8 (7172) 70-95-46, 70-94-57

8 MHK KZ8160101 11000363791

BHH 061 140 007 608 AO «Hapoausiii Bank Kasaxeranay
BUK KK MF KZ 2A BHK HSBKKZKX

MHK KZ92 0701 01KS N0 0000 BHMH 010 140 003 594

Koe 11 KBE 16

PIY  «Kowwter  Kasnaueiicrsa

Muncrepera dunancon PK»
TMpeacenatens

Kypwanraauesa 4.1





[image: image570.png]Tpuoerme 1.2
K HACTOALEMY J0TOBOPY

Ne3ftor « 7 », M@,Lzozo o

KAJEHJAPHBI TUIAH

1. Hexowmepueckoe  akuwonepuoe  obwectso  «Eppaswiickuii
wauwowaAbubii  yuwsepenter wwemn JLH. Tymuaesa» Munmcrepersa
obpasosanms w naykn PecnyGamin Kasaxeran

1.1 Tlo npwopurety: 8. Hayusbie HCCA€A0BNMS B OG/IACTH ECTECTBEHHbX
Hayk.

12 Mo nompuopurery: 82 ®ymiaventa
WCCA0BAINA B 0GAACTH HSHH H ACTPOHOMHH,
13 Tlo teme npoexta: APOS9S7287 «Hcereosaire orpanseni 1a
KOCMOTOTHYCCKHE  APAMETPH B CTCTICHHbX  OGOGUICHHbX ~KOCMO/IOTHYECKHX
%0,

14 1.4 OBuas cymma npoexta 4 821 000 (uetsipe Mmmona socembcor
ABILATS O1IHa THCYA) TEHTE, TOM YHCIE ¢ PASCHBKOI 110 01N, JUTH BIIONHEHHS
paGor cornacio mywky 3:

- Ha 2020 rox - B cymme 2 823 000 {182 MIILTHOHA BOCEMBCOT ABAIATE TP
Thics ) Tes

- Ha 2021 roa - B cymve 1998 000 '(onun MuHOH AEBATECOT AeBAHOCTO
BOCEMS TLICSH) TeRTe.

be w o npuKIaAHLIe

2. XapakTepucrWka  WayuNo-TexwWdeckoll  mpoykumw  no
KBATHQHKAUNONHBIM TPHIHAKAM H IKOHOMHUECKHE HOKAIATEAN

2.1 Hanpasenwe paGoThi: QyWQMEHTRIbINE HOCICIOBANHS, DHSHKO-
MaTeNaTHYECKOE.

2.2 OGiaacti npuvenenus: Bucuine yuebubie sanencimns n HUM.

2.3 Koweunviii pesyanrar:

- 33 2020 rox: ByayT MCCIelomaih  MHQMAIMOMHHE  MOAST
MOZMQHUMpOBAIHOF TeopHH rpaBHTAIIH, [LIAHKPYETCH PaceMOTPeTS 0600eHIyI0
Mozieny F(R,T) rpasuTaili, B TOM WHCIe C CKATAHBIM mOTieM. PesymbTarsi

i MOZCIM GyiyT MCIOTLSOBANM A HAXOKICHHS NZpaMETPOB
crenenoll ozem

- 38 2021 ron: ByAyT HCCICOBANb CTENEHHBIC MOENH TEMHON dHeprii
NoMHHUMpoBanOf  Teopu  rpasTam.  TloTyueHHe  KOCMOrPAGHIECKINX
HAPAMCTPOB,  YCIOBUA IHEPIOJOMHHANTHOCTH, CPABHENHE C KOCMOJIOTHUECKINMH
HaGaHoaTe:L L Aanibivg SNIa, BAO, Hubble. B 10w dcae 97w Moz GyyT
PACCNOTPEHbI Ha PASTHAHLIX ACTPODH3HIECKHX OGBEKTAX — 3BE31bl, YEPHbIE JbIpbi
T BYAYT HCCICIOBGHb OTPAHHHEHHS Ha MOIHOHLMPOBIHHbIE MOZENH JBOTIOLIH
BCeCHHOf, BKIIOYIS N TONLKO AsHble KOCMO/OTHYECKHE NapaMeTphi, HO i





[image: image571.png]nOBEAEHHE ACTPODHIHICCKHX OGHEKTOB KK PASHEIE BB IBEI, YEPHBIE AbDbl
LA DTOT peSyILTAT BKNOYACT B CeGAi paceoTpenme  orpammuciii i
0GoGeHHIX MOJEEH TPABHTAILHH, COAEPAAILX KDHBHSHY, KPYUEHHE, CKATAPHHE
NI W WX OGOGIEHMS; aHATI MOZedei C NDHMCHEHHEM METOAOB Teopun
CHMMETPHH W METOLOB TeopHH AMHAMMMECKIX cHCTeM. Byier onyGankosana |
nyGamkans 5 Ayphate sxoasuies B | (nepwuii), 2 (51opoil) auGo 3 (1peruii)
Kiaprian B Gase Web of Science n (k) uveiouiem npoieiTiab 1o CiteScore s
Gase Scopus e menee SO (narwiecsti). Byzer onyGnukosana 1 (o) crath B
OTCHECTREHIOM H3IAHIK pexovenioBartiom KOKCOH,

2.4 TlaTemT0cn0cOBHOCTE: PesyuTarsi HCCHEAORIMI 10 JIIHOMY TIPOCKTY
ABIOTCA TCOPETHICCKHMH, I0ITOMy MATEHTHAA ASATEALHOCTS HE NPEAYCMOTPEHa.

25 Hayamo-rexwnseckwii  ypowews  (wowwswa):  Hccaciomanne
HQIALMONHbX MOAEIIEI MOMGHLMPOBANHOF TEOPHH TPABHTALIAN CO CTTICHHbIMH
OG0B b F(R,T) MOZetsNi, B TOM “HCIIE ¢ CKATAPHBIMM noaswn. Tloaysenie
KOCMOrPAQHHECKIX 1IADAMETPOB, YCHOBHH SHEPrOTOMMHANTHOCTH, CPABHEHHC ¢
KOCMO0rHECK MMM HAGOATE BB Aanibivi SNIa, BAO, Hubble. B rom wncie
JTH MO GYAYT PACCMOTPEHbI IPH PACCMOTPEHHH PASIHIHLIX ACTPORHSHHECKHX
OGLEKTAX — B3I, YEPHbIE ABIPHI 1 T

2.6 Mcnoam3oBanme HaysHO-TeXHHYECKOli IPOIYKUMM OCYIECTBAETCH:
COBMECTHOE HENIOAKI0BAHHE COTTACHO 3aKoHOTATEbCTRY PK.

27 BuI MCNOABIOBAWMS DEIABTATA HAYSHON M (WIM) HAY4HO-
TexHMUIECKOli AESTEALHOCTH: Pesy/IiTaT HCCICIOBANNA MOTYT GHiTh IPUNCHEHE!
KateCThe CIEIKYPCo /1A MATHCTPAITOB 1 A0KTOpaiTos PhD B Bysax, a Takxe b
Hay IHBIX MCCIEAORAHMAX AQHHON 001ACTH.

3. HammenoBanse padoT, CPOKH WX PEATHSAUMM H PE3Y-ILTATH!

Ulngp| Hanmenosanme | Cpok spinonnenns®|  Owiiacwbiii pesysbrar
satan | padot 10 [ yauano | okor- 1 |
ws, | Jorosopyn | | e | |
srana | ocronnse sranst |
Lero sumomernur | | R
2020 ron
1 [OGsop Oxratp | Jlexabpn |Byzer nposenci  0G30p|
[ . axyanbimx
| wonpmuposain | MOAMBHUHPOBAHHEX
| Kocwonoruteckax  Mozenell,
[ — | | onmenaionme Texyuee,
| ot | | |yexopemoe  pacnupene
pS——"" | | Beesewnoii
| rexyuee | Byayr neerenoBanbi |
|yexopennioe | | HHGARHONHbE Mojtein
| |pecumpewwe | | |vomdwmposumoii reopuu|
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CALENDAR PLAN 
1. Non-profit joint-stock company «L.N. Gumilyov Eurasian national university»

1.1. The name of the priority area for which the application is submitted. 8. Research in the field of natural sciences

1.2. The name of the specialized scientific field in which the application is submitted, type of research. 8.2 Fundamental and applied research physics and astronomy

1.3. Project title Investigation. AP08957287 The study of limitations on cosmological parameters in power-law generalized cosmological models.

1.4. The total amount of the project is 4821000 (four million eight hundred twenty-one thousand) tenge, including by year for the performance of work according to paragraph 3:

- for 2020 in the amount of 2823,000 (two million eight hundred twenty-one thousand) tenge;

- for 2021 in the amount of 1998,000 (one million nine hundred ninety-eight thousand) tenge.

2. Characteristics of scientific and technical products according to classification criteria and economic indicators

2.1 Направлениеработы:Fundamental and applied research in the field of physics and astronomy.

2.2Scope of application: Higher educational institutions and research institutes.

2.3 The end result:

- for 2020: Inflation models of the modified theory of gravity will be investigated. It is planned to consider a generalized model of F(R,T) gravity, including with a scalar field. The results of the generalized model will be used to find the parameters of the power model.

- for 2021: Analytical cosmological solutions will be constructed and verified by special methods of cosmology. Numerical cosmological solutions will be constructed and verified by special cosmological methods. Independent optimal parameters of the model will be determined and compared with observational data. Based on the results of the project 1 (One) publication in science-technical journal World Scientific Publishing or American Physical Society or Springer Science publisher house incoming in 1(first), 2(second), 3(third) quartil in Web of Science database and(or) percentile CiteScore in Scopus database no less 50(fifty) will be published. And 1(one) publication in domestic edition will be published by recommended CCSES.

2.4 Patentability: The results of research on this project are theoretical, therefore patent activity is not provided.

2.5 Scientific and technical level (novelty):There are two periods of accelerated expansion of the universe, the accelerated expansion of the beginning of the universe, and the present-day observed accelerated expansion. Their research is one of the most important tasks of modern science. As is known, the cosmological model describing the recent acceleration satisfies the power-law model. In this regard, it is important to consider the cosmological parameters of this model; therefore, it is important to obtain a range of parameters using the available observational data. In this study, we investigate power-law cosmology, but taking into account generalized gravity. This model is applied to consider various astrophysical objects.

2.6 The use of scientific and technical products is carried out by: Sharing according to the legislation of the Republic of Kazakhstan.

2.7 Type of use of the result of scientific and (or) scientific and technical activities: The results of the study can be used as special courses for undergraduates and PhD students in universities as well as in scientific research in this field.

3. The name of the works, the timing of their implementation

	Jobcode, stage
	The name of the work under the contract, the main stages of its implementation
	Deadline
	Expectedresult

	
	
	Start
	Finish
	

	2020

	1
	A review of current modified cosmological models describing the current accelerated expansion of the universe.
	Oktober
	December
	Inflation models of the modified theory of gravity will be investigated. It is planned to consider a generalized model of F(R,T) gravity, including with a scalar field. The results of the generalized model will be used to find the parameters of the power model.

	2021

	2
	To conduct an analysis of the behavior of the power-law investigated models of modified gravity and their comparison with observational data;
	January
	April
	Power-law models of dark energy of the modified theory of gravity will be investigated. Obtaining cosmographic parameters, energy dominance conditions, comparison with cosmological observational data SNIa, BAO, Hubble. Including this model will be considered at various astrophysical objects - stars, black holes, etc. The results will be published in the proceedings of international conferences, including in the journal recommended by CCSES.

	3
	To introduce restrictions on the current power-law modified models according to a set of dynamic parameters describing the current expansion of the Universe
	May
	September
	The limitations on modified models of the evolution of the Universe will be investigated, including not only different cosmological parameters, but also the behavior of astrophysical objects like different types of stars, black holes, etc. This result includes: consideration of constraints for generalized gravity models containing curvature, torsion, scalar fields and their generalizations; analysis of models using methods of the theory of symmetry and methods of the theory of dynamical systems. The results will be published in peer-reviewed journals, including abroad.


APPENDIX C
List of published works based on the research results for 2020.

Scientific publications in the journals of the Republic of Kazakhstan
1. Алтайбаева А.Б., Ержанов К.К., Бауыржан Г.Б. Точное решение космологической модели на фоне обобщенной f(r,t)-гравитации методами теории симметрий // Вестник Кокшетауского университета имени Ш.Уалиханова. Серия естественные науки. Кокшетау, - 2020. №4(2020)- C. 58-63

2. Алтайбаева А.Б., Ержанов К.К., Бауыржан Г.Б. Параметры обобщенной F(R,T) степенной космологической модели // Вестник Кокшетауского университета имени Ш.Уалиханова. Серия естественные науки. Кокшетау, - 2020. №4(2020)- C. 12-26

� EMBED Equation.3  ���








5

[image: image577.emf]_1690706375.unknown

_1690706446.unknown

_1690706512.unknown

_1696184966.unknown

_1696188259.unknown

_1696190027.unknown

_1696190360.unknown

_1696190646.unknown

_1696190966.unknown

_1696321126.unknown

_1696321903.unknown

_1696678469.unknown

_1696321151.unknown

_1696191400.unknown

_1696190699.unknown

_1696190882.unknown

_1696190672.unknown

_1696190442.unknown

_1696190495.unknown

_1696190387.unknown

_1696190173.unknown

_1696190199.unknown

_1696190041.unknown

_1696189557.unknown

_1696189642.unknown

_1696189809.unknown

_1696189927.unknown

_1696189578.unknown

_1696189640.unknown

_1696189457.unknown

_1696189541.unknown

_1696188882.unknown

_1696189373.unknown

_1696188777.unknown

_1696187681.unknown

_1696188003.unknown

_1696188116.unknown

_1696187935.unknown

_1696185744.unknown

_1696185777.unknown

_1696185109.unknown

_1696166495.unknown

_1696184787.unknown

_1696184790.unknown

_1696184791.unknown

_1696184788.unknown

_1696166502.unknown

_1696170573.unknown

_1696171180.unknown

_1696166498.unknown

_1690706529.unknown

_1690706531.unknown

_1690812780.unknown

_1696166486.unknown

_1690897015.unknown

_1690805256.unknown

_1690706530.unknown

_1690706515.unknown

_1690706516.unknown

_1690706513.unknown

_1690706464.unknown

_1690706501.unknown

_1690706508.unknown

_1690706510.unknown

_1690706511.unknown

_1690706509.unknown

_1690706504.unknown

_1690706505.unknown

_1690706502.unknown

_1690706497.unknown

_1690706499.unknown

_1690706500.unknown

_1690706498.unknown

_1690706495.unknown

_1690706496.unknown

_1690706465.unknown

_1690706454.unknown

_1690706458.unknown

_1690706461.unknown

_1690706462.unknown

_1690706459.unknown

_1690706456.unknown

_1690706457.unknown

_1690706455.unknown

_1690706450.unknown

_1690706452.unknown

_1690706453.unknown

_1690706451.unknown

_1690706448.unknown

_1690706449.unknown

_1690706447.unknown

_1690706406.unknown

_1690706425.unknown

_1690706434.unknown

_1690706442.unknown

_1690706444.unknown

_1690706445.unknown

_1690706443.unknown

_1690706438.unknown

_1690706440.unknown

_1690706441.unknown

_1690706439.unknown

_1690706436.unknown

_1690706429.unknown

_1690706432.unknown

_1690706433.unknown

_1690706430.unknown

_1690706427.unknown

_1690706428.unknown

_1690706426.unknown

_1690706416.unknown

_1690706420.unknown

_1690706422.unknown

_1690706424.unknown

_1690706421.unknown

_1690706418.unknown

_1690706419.unknown

_1690706417.unknown

_1690706410.unknown

_1690706412.unknown

_1690706415.unknown

_1690706411.unknown

_1690706408.unknown

_1690706409.unknown

_1690706407.unknown

_1690706391.unknown

_1690706399.unknown

_1690706404.unknown

_1690706405.unknown

_1690706402.unknown

_1690706403.unknown

_1690706400.unknown

_1690706395.unknown

_1690706397.unknown

_1690706398.unknown

_1690706396.unknown

_1690706393.unknown

_1690706394.unknown

_1690706392.unknown

_1690706383.unknown

_1690706387.unknown

_1690706389.unknown

_1690706390.unknown

_1690706388.unknown

_1690706385.unknown

_1690706386.unknown

_1690706384.unknown

_1690706380.unknown

_1690706381.unknown

_1690706382.unknown

_1690706377.unknown

_1690706378.unknown

_1690706379.unknown

_1690706376.unknown

_1690706185.unknown

_1690706278.unknown

_1690706329.unknown

_1690706350.unknown

_1690706367.unknown

_1690706371.unknown

_1690706373.unknown

_1690706374.unknown

_1690706372.unknown

_1690706369.unknown

_1690706370.unknown

_1690706368.unknown

_1690706363.unknown

_1690706365.unknown

_1690706366.unknown

_1690706364.unknown

_1690706359.unknown

_1690706361.unknown

_1690706362.unknown

_1690706360.unknown

_1690706356.unknown

_1690706358.unknown

_1690706357.unknown

_1690706354.unknown

_1690706355.unknown

_1690706353.unknown

_1690706352.unknown

_1690706338.unknown

_1690706344.unknown

_1690706347.unknown

_1690706348.unknown

_1690706346.unknown

_1690706341.unknown

_1690706342.unknown

_1690706339.unknown

_1690706334.unknown

_1690706336.unknown

_1690706337.unknown

_1690706335.unknown

_1690706332.unknown

_1690706333.unknown

_1690706331.unknown

_1690706297.unknown

_1690706307.unknown

_1690706325.unknown

_1690706326.unknown

_1690706328.unknown

_1690706316.unknown

_1690706319.unknown

_1690706323.unknown

_1690706324.unknown

_1690706320.unknown

_1690706317.unknown

_1690706314.unknown

_1690706315.unknown

_1690706312.unknown

_1690706313.unknown

_1690706310.unknown

_1690706311.unknown

_1690706309.unknown

_1690706303.unknown

_1690706305.unknown

_1690706306.unknown

_1690706304.unknown

_1690706299.unknown

_1690706300.unknown

_1690706298.unknown

_1690706287.unknown

_1690706292.unknown

_1690706295.unknown

_1690706296.unknown

_1690706293.unknown

_1690706290.unknown

_1690706291.unknown

_1690706289.unknown

_1690706282.unknown

_1690706284.unknown

_1690706286.unknown

_1690706283.unknown

_1690706280.unknown

_1690706281.unknown

_1690706279.unknown

_1690706220.unknown

_1690706248.unknown

_1690706262.unknown

_1690706268.unknown

_1690706275.unknown

_1690706276.unknown

_1690706270.unknown

_1690706264.unknown

_1690706267.unknown

_1690706263.unknown

_1690706254.unknown

_1690706260.unknown

_1690706261.unknown

_1690706258.unknown

_1690706259.unknown

_1690706256.unknown

_1690706251.unknown

_1690706253.unknown

_1690706250.unknown

_1690706236.unknown

_1690706244.unknown

_1690706246.unknown

_1690706247.unknown

_1690706245.unknown

_1690706242.unknown

_1690706243.unknown

_1690706238.unknown

_1690706240.unknown

_1690706224.unknown

_1690706226.unknown

_1690706231.unknown

_1690706234.unknown

_1690706227.unknown

_1690706230.unknown

_1690706225.unknown

_1690706222.unknown

_1690706223.unknown

_1690706221.unknown

_1690706201.unknown

_1690706209.unknown

_1690706214.unknown

_1690706218.unknown

_1690706219.unknown

_1690706216.unknown

_1690706212.unknown

_1690706213.unknown

_1690706210.unknown

_1690706205.unknown

_1690706207.unknown

_1690706208.unknown

_1690706206.unknown

_1690706203.unknown

_1690706204.unknown

_1690706202.unknown

_1690706193.unknown

_1690706197.unknown

_1690706199.unknown

_1690706200.unknown

_1690706198.unknown

_1690706195.unknown

_1690706196.unknown

_1690706194.unknown

_1690706189.unknown

_1690706191.unknown

_1690706192.unknown

_1690706190.unknown

_1690706187.unknown

_1690706188.unknown

_1690706186.unknown

_1677320841.unknown

_1690706149.unknown

_1690706169.unknown

_1690706177.unknown

_1690706181.unknown

_1690706183.unknown

_1690706184.unknown

_1690706182.unknown

_1690706179.unknown

_1690706180.unknown

_1690706178.unknown

_1690706173.unknown

_1690706175.unknown

_1690706176.unknown

_1690706174.unknown

_1690706171.unknown

_1690706172.unknown

_1690706170.unknown

_1690706158.unknown

_1690706163.unknown

_1690706167.unknown

_1690706168.unknown

_1690706166.unknown

_1690706160.unknown

_1690706162.unknown

_1690706159.unknown

_1690706156.unknown

_1690706151.unknown

_1690706154.unknown

_1690706155.unknown

_1690706152.unknown

_1690706153.unknown

_1690706150.unknown

_1690706119.unknown

_1690706139.unknown

_1690706147.unknown

_1690706148.unknown

_1690706141.unknown

_1690706142.unknown

_1690706140.unknown

_1690706132.unknown

_1690706134.unknown

_1690706138.unknown

_1690706133.unknown

_1690706125.unknown

_1690706130.unknown

_1690706131.unknown

_1690706129.unknown

_1690706123.unknown

_1690706124.unknown

_1690706121.unknown

_1690706122.unknown

_1690706120.unknown

_1690706101.unknown

_1690706113.unknown

_1690706117.unknown

_1690706118.unknown

_1690706116.unknown

_1690706102.unknown

_1690706112.unknown

_1690705845.unknown

_1690705852.unknown

_1690705855.unknown

_1690705856.unknown

_1690705857.unknown

_1690705854.unknown

_1690705851.unknown

_1690705847.unknown

_1690705850.unknown

_1690705846.unknown

_1680770755.unknown

_1690705837.unknown

_1690705842.unknown

_1690705844.unknown

_1690705839.unknown

_1690705835.unknown

_1690705836.unknown

_1690705833.unknown

_1690705834.unknown

_1690705831.unknown

_1690705832.unknown

_1680770766.unknown

_1680770198.unknown

_1541496172.unknown

_1675610423.unknown

_1676022753.unknown

_1676106531.unknown

_1676112201.unknown

_1676112238.unknown

_1677319158.unknown

_1676112232.unknown

_1676106560.unknown

_1676106420.unknown

_1676106456.unknown

_1676052848.unknown

_1676097998.unknown

_1676051445.unknown

_1675612472.unknown

_1675613348.unknown

_1676022048.unknown

_1676022725.unknown

_1676022741.unknown

_1676022468.unknown

_1676022029.unknown

_1675613533.unknown

_1675612517.unknown

_1675610537.unknown

_1675610578.unknown

_1675610501.unknown

_1541496196.unknown

_1541496216.unknown

_1675609294.unknown

_1675610063.unknown

_1675610362.unknown

_1675610016.unknown

_1541496218.unknown

_1675608550.unknown

_1675609275.unknown

_1541496217.unknown

_1541496210.unknown

_1541496211.unknown

_1541496197.unknown

_1541496183.unknown

_1541496192.unknown

_1541496177.unknown

_1541496180.unknown

_1541496181.unknown

_1541496173.unknown

_1541496037.unknown

_1541496091.unknown

_1541496163.unknown

_1541496170.unknown

_1541496171.unknown

_1541496169.unknown

_1541496167.unknown

_1541496093.unknown

_1541496094.unknown

_1541496092.unknown

_1541496041.unknown

_1541496088.unknown

_1541496089.unknown

_1541496042.unknown

_1541496039.unknown

_1541496040.unknown

_1541496038.unknown

_1541496027.unknown

_1541496033.unknown

_1541496035.unknown

_1541496036.unknown

_1541496034.unknown

_1541496030.unknown

_1541496031.unknown

_1541496028.unknown

_1541496022.unknown

_1541496024.unknown

_1541496025.unknown

_1541496023.unknown

_1541496020.unknown

_1541496021.unknown

_1541496019.unknown

