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РЕФЕРАТ

Есеп 68 бет, 11 сур., 2 кес., 121 дер. көз., 3 қос.
КОСМОЛОГИЯ, ГРАВИТАЦИЯ, ИНФЛЯЦИЯ, KҮНГІРТ ЭНЕРГИЯ, ҮДЕМЕЛI ҰЛҒАЮ
Зерттеу нысанасы. Тұтас Ғалам.
Жобаның мақсаты Ғаламдық эволюцияны сипаттайтын және космологиялық бақылау деректерімен үйлесетін, материяның жалпыланған өрістерімен гравитацияның кеңейтілген теорияларына негізделген, космологиялық модельдерді жасау және олардың шешімдерін зерттеу
Зерттеу әдістері. Аналитикалық және сандық. 
Жұмыс нәтижелері. Аналитикалық және сандық космологиялық шешімдерді жасап, оларды космологияның арнайы әдістерімен тексердік. Тахиондық және скалярлық модельдерді зерттей отырып, түрлендірудің формалық инвариантты Эйнштейн теңдеуінің жаңа шешімдерін алу үшін қолдануға болатындығын және тұрақсыз космологиядан тұрақтыға және керісінше ауысуға мүмкіндік беретінін көрсетті. Модельдердің тәуелсіз тиімді параметрлерін анықтап және оларды бақылау деректерімен салыстырдық. 
Қолдану саласы. Зерттеулер іргелі сипатқа ие болғандықтан, нәтижелердің негізгі тұтынушылары қазақстандық және халықаралық ғылыми қоғамдастық пен университеттер болады. Жұмыс нәтижелері оқу процесіне енгізілуі мүмкін және сол арқылы релятивистік астрофизика, релятивистік аспан механикасы, жалпы салыстырмалылық сияқты жоғары курс студенттеріне, магистранттар мен PhD докторанттарына арналған арнайы курстарды оқу кезінде пайдаланылуы мүмкін.
Экономикалық тиімділігі. Жоба бойынша зерттеулер іргелі сипаттамаларға ие болғандықтан, бұл жоба шеңберінде техника-экономикалық тиімділігі қарастырлмаған. 
Жұмыстың маңыздылығы. Жоба нәтижелері теориялық физика саласында жаңа бәсекеге жарамды ғылыми кадрларды дайындауда және осы бағыт бойынша жұмыс жасап жатқан қызметкерді қызықтыруға мүмкіндік береді және осының салдарынан ҚР ғалымдарының ғылыми қызығушылық аясын кеңейтеді.  Жобаның нәтижелері Ғаламның эволюциясы туралы идеялардың дамуына әсер етеді.  


ABSTRACT
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COSMOLOGY, GRAVITY, INFLATION, DARK ENERGY, ACCELERATED EXPANSION
The object of the study. The universe as a whole.
The aim of the project is to develop cosmological models and study their solutions based on extended theories of gravity with generalized fields of matter that consistently describe the evolution of the universe and are consistent with cosmological observational data.
Research methods. Analytical and numerical.
The results of the work. Analytical and numerical cosmological solutions were constructed and tested by special cosmological methods. Studying tachyon and scalar models, we have shown that the form invariance of transformations can be used to obtain new solutions to the Einstein equation and allows us to move from unstable cosmology to stable and vice versa. The independent optimal parameters of the models were determined and compared with the observational data.
Scope of application. Since the research is fundamental, the main consumers of the results will be the Kazakh and international scientific community and universities. The results of the work can be introduced into the educational process and thus can be used when reading special courses for undergraduates, undergraduates and PhD students, such as relativistic astrophysics, relativistic celestial mechanics, general relativity.
Economic efficiency. Research on this project is of a fundamental nature, therefore, technical and economic implementation was not envisaged within the framework of the project.
The significance of the work. The results of the project can affect the training of new competitive scientific personnel in the field of theoretical physics and contribute to the involvement of already working personnel in this area, thereby expanding the field of scientific interests of scientists of the Republic of Kazakhstan. The results of the project will influence the development of ideas about the evolution of the universe.
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INTRODUCTION

2020 Report: Investigation of the evolution of the universe in extended theories of gravity, inventory No. 0220РК01611.
Assessment of the current state of the problem. The inflationary era came after the era of quantum gravity of our universe. Inflation is considered the most promising candidate to describe its post-Punk era. The inflationary scenario is interesting, since most inflationary theories solve complex problems of the standard Big Bang cosmology, such as horizon and flatness problems. However, to date, it has not been possible to make a direct check of the inflation of the Universe. The simplest description of inflation is realized by a single scalar field, the so-called inflanton, slowly sliding from the peak of the self-interacting potential to the minimum point in the context of the slow-rolling approximation [1]-[4]. Then the inflation ends when the inflaton disintegrates, at the last stage, in the process of reheating [5]-[7]. 
Our universe is currently undergoing an accelerated expansion phase. This is confirmed by various observational data [8]-[11]. Due to the lack of a complete understanding of the nature of accelerated expansion, its source is called dark energy. Many models of dark energy have been proposed in the literature [12]-[28].
Relevance. Currently, many groups of cosmologists from the USA, Europe, Russia and other countries are engaged in research on the evolution of the Universe. Cosmology is a rapidly developing field of knowledge not only as a theoretical aspect. As a result of the development of the cosmological direction, new research methods are emerging, the latest electronic computers are being used for the analysis and processing of the results. Taken together, this is important because they indirectly contribute to the development and introduction of new methods of analysis and technologies into the daily life of society.
Novelty. We consider the observational component in the study of the evolution of the Universe. It is this part that is the pinnacle in this project.  Important information for identifying the class of the most realistic theoretical models can be obtained from cosmological observational data such as Supernova Ia, BAO. Due to the presence of supernovae, it was found [9], [29] that in the framework of a flat and homogeneous Universe, the cosmological lambda term has a positive sign. If we generalize, we can say that the universe contains dark energy. The task is to study its properties. And in this study, supernovae play an important role.
Connection with another research works. Numerous experimental tests of the theory of gravity – laboratory, in the Solar System, in our galaxy and cosmological - are able to detect even a small (on the order of a percent or less) deviation of the law of gravitational interaction from Einstein's. However, it is necessary to create a reliable and well-founded theoretical model.  As a result, such topics have become in demand in many countries of the world, both in the West and in the East, strong theoretical groups working in this field have emerged.
Perspective and scientific and practical significance. The main idea of this project is to identify new extended cosmological models of the dynamic forms of the evolution of the Universe and compare them with cosmological observational data and verification by theoretical methods. A large number of leading foreign theoretical groups work in this field. Our proposed project also lies in this direction, and as its specific directions we have chosen those that will help to support the domestic school of theoretical physics at the modern level.
Information about the scientific and technical level of development, patent research and conclusions from them. The scientific and technical level of development corresponds to the level adopted for similar tasks in world practice. The project is carried out in stages, in accordance with the calendar plan and calculation of the estimated cost. During the implementation of this project, it was not planned to conduct patent research.
The aim of the project is to develop cosmological models and study their solutions based on extended theories of gravity with generalized fields of matter that consistently describe the evolution of the universe and are consistent with cosmological observational data.
The main objectives of the project for 2020-2021 as a whole (APPENDIX B) 
– for 2020
Task 1. Physically relevant theoretical models fitting and obtaining evolution equations.
– for 2021 
Task 2. The construction of analytical cosmological solutions and their verification by special methods of cosmology.
Task 3. The construction of numerical cosmological solutions and their verification by special methods of cosmology.
Task 4. Defining independent optimal model parameters and their comparison with observational data.
Expected results in 2021 
- Analytical cosmological solutions will be constructed and tested by special methods of cosmology.
- Numerical cosmological solutions will be constructed and tested by special cosmological methods.
- Independent optimal parameters of the models will be determined and compared with observational data.
The basis and initial data for the implementation of the project. Extract No. 1 from the Minutes of the Meeting No. 4 of the National Scientific Council on the priority direction "Scientific research in the field of natural sciences" dated October 4, 2020.
Agreement No. 312 dated November 16, 2020 for the implementation of scientific, scientific and technical projects for grant financing under the project "Study of the evolution of the Universe in extended theories of Gravity" between the State Institution "Committee of Science of the Ministry of Education and Science of the Republic of Kazakhstan" and the Non-profit Joint Stock Company "L.N. Gumilev Eurasian National University" of the Ministry of Education and Science of the Republic of Kazakhstan (APPENDIX B).
Project completion dates - 01.10.2020 - 30.09. 2021 
The amount of financing for 2021 is 1,998 thousand tenge.

1 Analysis of cosmological tachyon and fermion model and observation data constraints

Tachyon is a non-stable field, which might be a basis for modifications of string theory. A tachyon field can play one of the leading roles in the modern accelerated expansion of the universe due to dark energy [30]-[36]. Also, it makes a big contribution to inflationary models [37]-[40] and brings a useful role in cosmology with different shapes of the tachyon potentials [41]-[45]. The tachyon Lagrangian was extended in the work [46], where as a result barotropic index could take the different values, giving rise to phantom and complementary tachyons [34], [36], [46].  The standard tachyon can behave as an inflaton field in early epoch, and like matter in late epoch. The phantom tachyon field provides rapid expansion and its energy density is gradually increasing. The complementary tachyon field always plays the role of matter [36], [47]-[49]. In the work [45] was illustrated, that a standard tachyon field, after applying a form invariance symmetry to it, can generate a complementary tachyon field and a phantom tachyon field.  In [36] tachyonization of ΛCDM model was made for spatially flat, homogeneous and isotropic Friedman-Robertson-Walker (FRW) space-time. There was shown that the standard and complementary tachyon fields in the limiting case generate ΛCDM model was shown. The energy-momentum tensor of the tachyon field is the sum of the two tensors associated with the dark matter and the energy density of the vacuum [50]. The tachyon potential has the non-stable maximum at the origin, decreasing almost to zero as the field grows to infinity. At present, there are many models of dark energy and any of them can be used to describe the dynamics of the universe [51]-[58]. Some of these models are based on scalar fields and some of them are similar to inflationary models [1]-[4] or based on fermionic fields [16]-[18], [28], [59]-[66]. Particularly, it was shown, that the fermion field plays a very important role in the isotropization of the initially anisotropic space-time, the formation of a free singularity of cosmological solutions, and the explanation of the late acceleration time. Models with fields of electrodynamic origin [19]-[20], [67] are also of great interest. Action with of the Fµν electromagnetic field tensor or  Yang-Mills fields allow to find new interesting solutions to cosmological problemsYang-Mills fields can interact with themselves and with each other, which is non-linearity, the superposition principle is not fulfilled for them, and its non-linearity complicates the search of solutions. For the first time confirmation of the accelerating expansion of the universe appeared in Type Ia supernova observations [8], [9]. Follow-up observations such as: baryon acoustic oscillations [68], large-scale structure of the universe [29], [69], CMB observation [70], [71], weak gravitational lensing [72], as well as the calculation of the Hubble parameter [73] depending on the redshift confirmed this phenomenon. Due to the periodic updating of observational data and the emergence of many theoretical models of dark energy there was a need to create certain statistics, which could differentiate from each other and from the models with a cosmological constant, the models are affected by various types of dark energy [74]. One of these statistics is proposed in [75] pair of statefinder parameters {r, s}. Statefinder parameters investigate the dynamics of the expansion of the universe through higher-order derivatives of the scale factor.

1.1 Model
Let us present of the investigating model described by following Einstein-Hilbert action (1.1)

                                         (1.1)

where R is the scalar curvature. 
The density of the Lagrangian of the tachyon field ϕ takes the form (1.2)

                                               (1.2)

here   is the potential of the tachyon field.
The dynamics of the spinor field ψ is given by the density of the (1.3)

                                (1.3)

where   denotes the self-interacting potential of the spinor field, depending on the bilinear function  . 
By varying the action (1.1) with respect to tetrads the Einstein equations read (1.4)  

                                                   (1.4)

where Tµν is the energy-momentum tensor and is equal to (1.5) 

(1.5)

Variation of the action (1.1) with respect to   the Klein-Gordon equation for tachyon gives (1.6) 

.                                       (1.6)

Finally, varying the action (1.1) with respect to spinor field ψ and its conjugate  the Dirac equations we obtain (1.7)-(1.8) 

                                                   (1.7)
                                                   (1.8)

We assume a spatially flat FRW space-time with metric (1.9)

                                  (1.9)

where a(t) is scale factor of the universe. Action (1.1) together with metric (1.9) can be written as (1.10) 
      (1.10)

We use a homogeneous and isotropic the universe, in which the fields of fermions and tachyons are exclusively functions of time, and in this case the equations of motion for these fields can be written in the form (1.11)-(1.13)

                                               (1.11)
                                               (1.12)
                                                  (1.13)

From the Einstein equations (1.4) together with the expression for the energy-momentum tensor (1.5) we obtain the Friedman equations (1.14)-(1.15) 

                                                             (1.14)
                                                      (1.15)

where  is the Hubble parameter and the total energy density ρ nd the total pressure p are determined by the expressions (1.16)-(1.17)

                                                    (1.16)
                                      (1.17)

We introduce an expression relating the pressure and energy density of the tachyon field by the barotropic index γ, so that  for analyzing the stability of solutions. In this case, it follows from the equations (1.16), (1.17) that  at , where V20 is constant. hen from the Friedman equations (1.14)-(1.15) follows that (1.18)-(1.19)

                                                    (1.18)
                                               (1.19)

Let us differentiate the equation (1.18) по времени t with respect to time (1.20)

                                     (1.20)

Using the equation (1.19) and taking into account that  we obtain a differential equation for the barotropic index γ (1.21), in which the function of the fermionic field potential is

                                               (1.21)

To obtain asymptotically stable solutions, the barotropic index should tend to a constant value, namely γ = γ0. In this case, an asymptotic differential equation can be obtained from (1.21). At γ = γ0 = const it follows that  and (1.22)

                                                 (1.22)

At   we get . Solving this differential equation, we get (1.23)

                                                              (1.23)

Rewriting (1.21) using (1.23) we obtain the following

                                                 (1.24)

The solution of the differential equation (1.24) at   is (1.25)

                                                             (1.25)

where C is the integration constant.

1.2 Solution
Relation between the energy density of the tachyon field and the scale factor obtained from (1.16) and (1.23)

		(1.26)

and similar to the ratio of an ideal fluid with a constant barotropic index. Let us find and investigate the exact solution for the tachyon field with the following potential (1.27)

		(1.27)

The potential diverges at the early time period when , which corresponds to the behaviour of a typical potential in the context of bosonic string theory. The potential has a unique local maximum at an early epoch and a unique global minimum at a later time, in which tends to zero [46]. The global minimum lies at infinity [47]. For this potential, the equation of the tachyon field (1.13) takes the form (1.28)

		(1.28)

Several works have found the exact solutions for the tachyon field [48]-[49]. Generalizing the ideas obtained in these works, we study the equations of motion by specifying the linear dependence of the tachyon field on the cosmological time (1.29)

		(1.29)

which corresponds to the above expression , at  и . From the equations (1.28) and (1.29) we find the Hubble parameter (1.30) and scale factor (1.31)

		(1.30)
		(1.31)

where  is an integration constant equal .
From the Dirac equations (1.11)-(1.12) taking into account the scale factor (1.31) we find the spinor field function  and the bilinear function  (1.32)-(1.34)

                                             (1.32)
                                          (1.33)
,                                                             (1.34)

where  obeys the following condition  and (1.35)

	.	(1.35)

The energy density and pressure in general form and componentwise for the tachyon and fermionic fields will take the form, respectively (1.36)-(1.37)

		(1.36)
		(1.37)

1.3 Statefinder parameters
The various properties of dark energy are highly dependent on the chosen model. In order to distinguish between different and competing cosmological models involving dark energy, certain evaluation criteria is needed. In the works, [74], [75] two parameters, which called statefinder, are introduced, it makes possible to distinguish several models of dark energy. The  parameter is the next cosmological parameter after the Hubble parameter  and the deceleration parameter , and  is a linear combination of  and  is chosen so that it does not depend on the dark energy density. The statefinder parameters are calculated for different investigated models of dark energy, with a constant and variable parameter of the equation of state . In the case of a cosmological constant, the pair  and  takes on a particularly simple form. These parameters contain the scale factor   and its third time derivative  (1.38)-(1.39)

		(1.38) 
		(1.39)

where  is the deceleration parameter equal to . The statefinder parameters are geometric diagnostics, since they are constructed from the space-time metric [76].
For the scale factor (1.31), the statefinder parameters (1.38) and (1.39) are (1.40)-(1.41) 

		(1.40)
 		(1.41)

The analysis makes it possible to distinguish between the simplest of all models - the -model and the investigated model of dark energy. For the --model, the value of the first statefinder parameter is equal to , even when the density of matter changes from a large value in the early period () to a small value in the late evolution period ().  – - is the fixed point for -model [74].

[image: ]
Figure 1 – Time evolution of statefinder parameters 

The second statefinder parameter  has properties that complement the properties of the first . Since  is clearly independent of , some of the properties belonging to , are violated in the combined pair of state definition parameters . The figure 1 shows the time evolution of the statefinder parameters of . As can be seen from the figure,  monotonically decreases to zero, and  first decreases from one to a minimum value, and then increases to one. Our model is located to the right of the fixed point of the -model ().  

[image: ]
Figure 2 – Time evolution of , where  is the deceleration parameter

Figure 2 shows the time evolution of , which from the equation (1.38) for the scale factor (1.31) is (1.42)

		(1.42)

The dependence graph  passes in the past through the point  corresponding to the universe with a predominance of matter (SCDM) and the point in the future  corresponding to stable state (SS) – which is de Sitter extensions. The lower the curve on the s-r graph, the less relevant the problem of coincidences becomes. The resulting curve does not differ qualitatively from the curves constructed in the previously studied models. 

1.4 Observational Data
In this work, we use catalogue provided Union 2.1 data which contains 580 points from Type Ia Supernovae [77]. BAO data described in Table 1 [73], [78]-[95]. We also use 30 estimations as the Hubble parameters  measured from differential ages of galaxies and BAO data and summarised in Table 2, [96]-[101]. Finally, the CMB parameters are considered from the Plank mission [102]. In order to proceed with the analysis we make use of the technique of the minimum , which establishes the best set of the parameters. To do this, we use a two-dimensional grid, so that the free parameters are reduced for theoretical reasons, or due to marginalization.
For comparing the predictions of the model with the above sets of observational data, we use the functions , and the total function (1.43)

		(1.43)

1.4.1 Supernovae Ia data
Union 2.1 compilation consists [77]  SNe Ia SNe Ia with their observed distance module  for redshift  in the interval . In order to fit free parameters of our model we compare  with the theoretical value , where distance modulies is given by (1.44)

		(1.44)

Here  is the luminosity distance. Corresponding function  is calculated by taking into account the differences between the SNe Ia observational data and model-specific predictions with parameters , in view (1.45) 

		(1.45)

where ,  is the  covariance matrix [93].

1.4.2 BAO data
Barion acoustic oscillations are obtained from galaxy clustering analysis and include measurements of two cosmological parameters [103] (1.46)

		(1.46)

where  is the sound horizont at the decoupling epoch and  is given by 
The values (1.46)) was estimated for the redshift  of galaxies from a peak in the correlation function of the galaxy distribution at the comoving sound horizont scale , which correspond to the decoupling of the photons . In this work, we use the BAO data from refs. [73], [78]-[95] for the parameters (1.46, which provides  data points for  and 7 data point for ,  and  both shown in Table 1. We use the covariance matrices  and  for correlated data from [87], [90], described in detail in Refs. [104]. So the  for the values (1.46) and (1.47) yields 
 
Table 1 – Values of  и  (46) with errors
	   
	  
	 
	  
	  
	Reference  
	 Survey

	 0.106
	 0.336 
	 0.015 
	 0.526
	 0.028
	 [89] 
	 6dFGS 

	 0.15 
	 0.2232 
	 0.0084
	 - 
	 - 
	 [94]
	 SDSS DR7 

	 0.20 
	 0.1905 
	 0.0061
	 0.488
	 0.016
	 [87, 90] 
	 SDSS DR7 

	 0.275
	 0.1390 
	 0.0037
	 - 
	 - 
	 [87]
	 SDSS DR7 

	 0.278
	 0.1394 
	 0.0049
	 - 
	 - 
	 [88] 
	SDSS DR7 

	 0.314
	 0.1239 
	 0.0033
	 - 
	 - 
	 [90]
	 SDSS LRG 

	 0.32 
	 0.1181 
	 0.0026
	 - 
	 - 
	 [83] 
	BOSS DR11 

	 0.35 
	 0.1097 
	 0.0036
	 0.484
	 0.016
	 [87, 90] 
	SDSS DR7 

	 0.35 
	 0.1126 
	 0.0022
	 - 
	 - 
	 [91] 
	SDSS DR7 

	 0.35 
	 0.1161 
	 0.0146
	 - 
	 - 
	 [80] 
	SDSS DR7 

	 0.44 
	 0.0916 
	 0.0071
	 0.474
	 0.034
	 [90]
	 WiggleZ 

	 0.57 
	 0.0739 
	 0.0043
	 0.436
	 0.017
	 [81]
	 SDSS DR9 

	 0.57 
	 0.0726 
	 0.0014
	 - 
	 - 
	 [83]
	 SDSS DR11 

	 0.60 
	 0.0726 
	 0.0034
	 0.442
	 0.020
	 [90] 
	 WiggleZ 

	 0.73 
	 0.0592 
	 0.0032
	 0.424
	 0.021
	 [90] 
	WiggleZ 

	 2.34 
	 0.0320 
	 0.0021
	 -
	 - 
	 [86] 
	 BOSS DR11 

	 2.36 
	 0.0329 
	 0.0017
	 -
	 - 
	 [85] 
	 BOSS DR11 


 
		(1.47)

where  and  column vector  и .

1.4.3  data 
The Hubble parameter valueа  at certain redshift  can be measured with two methods: (1) extraction  from BAO data [73], [78]-[81], [83]-[86], [105] and (2) making  estimation from differential ages  [96]-[101] via the following relation 	 In this paper we used only  values , estimated from differential ages of galaxies, represented in Table 2. The theoretical values ,  naturally depend on . so the  function is marginalized over   [106] in view (1.48)

Table 2 - Hubble parameter values H (z) with errors  from Refs [80]-[85]
	   
	  
	 
	Reference
	  
	  
	  
	Reference

	 0.070 
	 69 
	 19.6
	 [99]
	 0.4783
	 80.9
	 9 
	 [101]

	 0.090 
	 69 
	 12 
	 [96]
	 0.480 
	 97 
	 62 
	 [97]

	 0.120 
	 68.6
	 26.2
	 [99]
	 0.593 
	 104 
	 13 
	 [98] 

	 0.170 
	 83 
	 8 
	 [96]
	0.6797
	 92 
	 8 
	 [98]

	 0.1791 
	 75 
	 4 
	 [98]
	 0.7812
	 105 
	 12 
	 [98] 

	 0.1993 
	 75 
	 5 
	 [98]
	 0.8754
	 125 
	 17 
	 [98] 

	 0.200 
	 72.9
	 29.6
	 [99]
	 0.880 
	 90 
	 40 
	 [97]

	 0.270 
	77 
	14 
	 [96] 
	0.900 
	 117 
	 23 
	 [96]

	 0.280 
	 88.8
	 36.6
	 [99]
	 1.037 
	 154 
	 20 
	 [98]

	 0.3519 
	 83 
	 14 
	 [98]
	 1.300 
	 168 
	 17 
	 [96]

	 0.3519 
	 83 
	 14 
	 [98]
	 1.363 
	 160 
	 33.6
	 [100]

	 0.3802 
	 83 
	 13.5
	 [101]
	 1.430 
	 177 
	 18 
	 [96]

	 0.400 
	 95 
	 17 
	 [96]
	 1.530 
	 140 
	 14 
	 [96]

	 0.4004
	 77 
	 10.2
	 [101]
	 1.750 
	 202 
	 40 
	 [96]

	 0.4247
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	 11.2
	 [101]
	 1.965 
	186.5
	 50.4
	 [100] 


 
		(1.48)

1.4.4 CMB data
As opposed to the described above SNe Ia, BAO and , data corresponding to the late-time era , cosmological observations associated with CMB radiation [107]-[108] include parameters at the photon-decoupling epoch  ( [102]), particularly the comoving sound horizon  and the transverse comoving distance (1.49)

		(1.49)

In the present work, we use the CMB parameters in the following form [107], [108] in form (1.50)

		(1.50)

with the estimations (distance priors) [108] equal (1.51)
 
		(1.51)

Here  - s the present time baryon fraction. The distance priors (1.51) with their errors  and the the covariance matrix



where derived in ref. [108] from the Planck collaboration data [102] with free amplitude of the lensing power spectrum. For the value  we use the fitting formula [107]-[109]; the sound horizon  is estimated from equation (49) as the correction . 
Hence, the , function corresponding to the data (1.50)-(1.51), is obtained as follows (1.52)
		(1.52)

which is minimized by marginalizing over the additional parameter . However, for the joint analysis of  and CMB data, the marginalization over  is calculated simultaneously (1.53)
		(1.53)

We present the results for the model considered here. The results of calculating the minimum of the function (1.43) for the model (1.30) are shown in Fig. 3-6. The figure 3-6 shows the corresponding functions of min, min, min и min. The figure 7 shows the dependence of min  on  and .  
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Figure 3 – Dependence of min  via  for SNe
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Figure 4 – Dependence ofmin via  for SNe and Hubble
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Figure 5 – Dependence of min  via  for SNe, Hubble and BAO
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Figure 6 – Dependence of min  via  for SNe, Hubble, BAO and CMB
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Figure 7 – Dependence of min  on  and 

1.5 Conclusion
The tachyonization method allows us to consider a cosmological model with the fermion field and the containing the tachyon field controlled by the potential. We have obtained the standard inverse square potential, which is widely used for tachyons, as well as the corresponding power law solutions for the scale factor. The tachyonization of the model under study was determined from the stability analysis and from the exact solutions of the standard tachyon field controlled by a given potential (1.27) together with the fermionic field with the controlled potential . 
It is seen that our obtained results, tachyon-fermionic model using stander parameters, is in agreement with the theory proposed in [74]. From the figure 2 it is clearly seen that our model starts from the predicted point in the past , which corresponds to the SCDM of the universe with a predominance of matter, and ends its evolution at a point in the future ,  which corresponds to the de Sitter extension.
Figure 3-6 demonstrates that as a result of the analysis of the model using supernova SNe we get  and  (figure 3) adding the data Hubble minimum increases , but at the same time the parameter  decreases significantly (figure 4) data from BAO strongly changes the position of the minimum , but at the same time the parameter   decreases slightly (figure 5); further application of CMB data leads to a slight increase in , and at the same time a slight increase in the parameter  (figure 6). The large value  is critical in relation to the Akaike information criterion . However, simultaneously, a decrease in the  parameter makes this model stable and provides the possibility of a theory with an ordinary tachyon according to the criterion [45]. 

[bookmark: _Hlk82343129]2 Tachyonization cosmological model in the framework of linear form invariance transformations

Our universe is currently undergoing an accelerated expansion phase. This is confirmed by various observational data [8]-[11]. Theorists speculate that there is a component of matter that currently dominates the energy density of the universe, which is why gravity is repulsive even under standard general relativity. Due to the lack of a complete understanding of the nature of this component, it is called dark energy. Many models of dark energy have been proposed in the literature [12]-[22].  In this article, we will consider a dark energy model based on a tachyon field using methods of form-invariance transformations (FIT). Features of these methods are the fact that with the help of FIT an unstable cosmological solution transforms into a stable one and vice versa.
Form-invariance transformations preserves the form of the equations of motion, since it has form-invariance symmetry (FIS) [110].  It was shown [111] that transformations affect the Hubble expansion rate, energy density, and pressure of the cosmic fluid. Such transformations belong to the Lie group. FIS defines a set of identical cosmological models, since each representation of the Lie group is associated with a certain cosmology, through certain fluids. From the quantum field theory, the T-duality comes, which connects a theory compactified on a circle of radius  with another compactified theory on a circle of radius  [112], [113]. In cosmology, the duality of the scale factor is used [114], which reflects the invariance property of the equations of motion. For the spatially flat FRW metric, the radius  is replaced by the scale factor , and the dual transformation  connects the contracting cosmology with the expanding one [111]. In [34], a method for obtaining phantom k-essence cosmologies using FIS is shown, in which phantom symmetry affects the potential, which leads to an expanded super-accelerated tachyon field.
Due to the emergence of a large number of different theoretical models and the improvement in the reliability of observational data, there is a need for reliable statistics that could distinguish cosmological models of dark energy from each other and from the  model. One of these statistics is the pair of the statefinder parameters  [74]. In this paper, we will derive formulas for these parameters after applying FIT and find their values for the power scale factor. Then compare the results with the fixed point  model. From the standard tachyon field will get additional and the phantom field, as resalt we will do full tachionization of the flat universe, that is we will research model at all possible values of the barotropic index. Expansion of the barotropic index value will allow searching for a stable cosmological solution.

2.1 Model
In the model we are investigating, we choose the action in the form (2.1)

		(2.1)

where  – is Ricci scalar,  – is density of matter Lagrangian 
Our aim is investigating internal symmetry Einstein equations jointly spatially flat, homogeneous, and isotropic universe FRW (1.9). Einstein equations conjointly FRW universe tend to Friedman equations (2.2)-(2.3)

		(2.2)
 		(2.3)

where is a Hubble parameter and “dot” denotes derivatives with respect to the cosmic time. 
A consequence of the Friedman equations (2.2)-(2.3) is an energy conservation equation (2.4)

		(2.4)

For another cosmological model filled with an ideal fluid with energy density and pressure , one can obtain similar expressions (2.5)-(2.7)

		(2.5)
		(2.6)
		(2.7)

The investigated cosmological models are invariant with respect to each other and it is possible to introduce a relationship between the energy densities (2.8)

		(2.8)

The Friedman equations have three unknown variables ,  and using connection (2.8) can find relation for that variables (2.9)-(2.11)

		(2.9)
		(2.10)
		(2.11)

Each of investigating cosmological models is filled with perfect fluid with a barotropic equation of states accordingly и  Barotropic indices  and  have the next connection (2.12)

		(2.12)

Form invariance transformation (2.9)-(2.12), generates Lie group [111]. The form-invariance of the symmetry is confirmed by the form-invariance of the transformations and shows the equivalence of the investigating models.

2.2 Linear form-invariance of the transformations 
FIT can be introduced by following linear function [111] in view (2.13)

		(2.13)

where  is arbitrary constant. In that case equations (2.9)-(2.11) take the form вид (2.14)-(2.16)


		(2.14)
 		(2.15)
 		(2.16)

Linear FIT induces linear expresses of variables. We obtain power law connection for scale factors by integrating Eq. (2.17)

		(2.17)

and from Eq.(2.12) transformation for barotropic index (2.18)

		(2.18)

We can relate the scale factor a of the original cosmological model to the scale factor  of another model due to the existence of the structure of the Lie group [45], [111].

2.3 Tachyon model
Let us investigate the behavior of the tachyon field and will show its transformation in accordance with the FIT (2.13)-(2.16). Density of matter Lagrangian tachyon field in a FRW metric becomes (2.19)

		(2.19)

here  is potential of tachyon field. We substitute Lagrangian (2.19) in action (2.1) using the Euler-Lagrange equation and obtain a dynamical system for the tachyon field as follows (2.20)-(2.21)

		(2.20)
		(2.21)

where energy density and pressure  are defined by expressions (2.22)-(2.23)

		(2.22)
 		(2.23)

and Klein-Gordon equation (2.24)

		(2.24)

We obtain an expression connecting the square of the derivative of the tachyon field  and the barotropic exponent , substituting into the equation of state the value of the energy density  Eq. (2.22) and pressure  Eq.(2.23)to analyze the stability of solutions. In this case it follows that (2.25)
		(2.25)

where . Speed of sound or take into account (2.25) 

		(2.26)

The converted energy density and pressure of the tachyon field are equal (2.27) и (2.28) 

	,	(2.27)
		(2.28)

where we used FIT (2.13) and pressure (2.16). From Eq. (2.18) and Eq. (2.25) -- (2.29)

	 	(2.29)

	We obtain the transformation expression for the tachyon field , integrating the last expression. The transformation conditions for the potential of the tachyon field and the speed of sound are (2.30) and (2.31)

		(2.30)
	.	(2.31)
	
FIT allows you to move from a non-stable cosmology to a stable one and vice-versa. A static universe containing an ideal fluid is always stable at the speed of sound . If the initially investigated model has a barotropic index  corresponding to an unstable solution, then after using the transformation rule (2.31) we can obtain a stable cosmological model.
The usual tachyon field corresponds to. Tachyonization of the model at will be achieved by the complementary tachyon field , and at  - thephantom tachyon field. These two kinds of tachyon field can be introduced from the tachyon field analyzed above by applying the transformations [34], [36], [46].
The complementary tachyon field characterized byorand expressions for it can be obtained from the standard tachyon field by an internal transformation , and . Having carried out a simultaneous replacement, we get (2.32) и (2.33)

		(2.32)
	 .	(2.33)

The phantom tachyon field  characterized by,  and expressions for it can also be obtained from the standard tachyon field by an internal transformation. In that case , and. Having carried out a simultaneous replacement, we get (2.34) и (2.35)

		(2.34)
	 	(2.35)

Expressions for two new types of tachyon fields were found using simple internal symmetries. All of them are needed to describe the time evolution of the scale factor (2.17) for all values of  and to carry out complete tachyonization of the flat FRW universe filled with an ideal fluid with barotropic equations of state .

2.3.1 Statefinder parameters
The various properties of dark energy are highly dependent on the chosen model. Previously, specific evaluation criteria were invented in order to distinguish between different and competing cosmological models involving dark energy. In [74], [116], two parameters, called statefinders, were introduced, which make it possible to distinguish several models of dark energy. These parameters contain the scale factor and its third derivative with respect to cosmic time  (2.36), (2.37)

		(2.36)
 		(2.37)

where  is deceleration parameter . Using Eq. (2.14) and Eq. (2.17) we get transformation condition for statefinder parameters and deceleration parameter (2.38)-(2.40)

		(2.38)
 		(2.39)
	 	(2.40)

where to derive the transformation conditions, we used the derivatives (2.41)-(2.43)

		(2.41)
		(2.42)
		(2.43)

2.3.2 Solution
Let consider case when in transformation (2.13)  . When our solution divided into two subcases  (2.44) and  (2.45)


		(2.44)
 		(2.45)

The first subcase corresponds to the identical transformation, and the second case corresponds to the dual transformation, for which the energy density   is an increasing function of time [111].
For , the equations for the statefinder parameters and the deceleration parameter (2.38)-(2.40)  take the standard form (2.36)-(2.37), and for   we get(2.46)-(2.48)

		(2.46)
 		(2.47)
 		(2.48)
From the conservation equation (2.4) we wet (2.49)

		(2.49)

where  equation of state parameter depends on cosmic time accordingly . We substitute equation (2.49) in Friedman equations (2.2) take the form (2.50)

		(2.50)

where we used the next relation . For tachyon field . When we can get expression , by integrating which we get (2.51)

		(2.51)

We multiply equations (2.22) and (2.23) and use the Friedman equation (2.2) we get (2.52)

		(2.52)

For any scale factor   find the time dependence of the potential   and the tachyon field, using equations (2.51) and (2.52) and hence the potential . Also, from equation (2.51) we can conclude that for these models always . The tachyon potential, by analogy with the potential of a scalar field, can be used to control the expansion of the universe.
Consider the case when the expansion of the universe obeys the power law (2.53)

		(2.53)

where  and  are some positive constants, and for the accelerated expansion of the universe it is necessary. In this case, equations (2.51) and (2.52) have the following solutions (2.54)

		(2.54)

where  integration constant. We find the potential  (2.55) by replacing from Eq. (2.54)

		(2.55)
where . This potential diverges at  and corresponds to the typical potential of bosonic string theory. The converted scale factor is  с  и  Expressions (55) correspond to the usual tachyon at . For the complementarytachyon field  at , which is a stiff matter with a cosmology of deceleration, using FIT we obtain (2.56)

		(2.56)

For phantom tachyon field  with  
(2.57)

		(2.57)
For the scale factor (2.53), the statefinder parameters (2.36)-(2.37)and the deceleration parameter take the form (2.58)

		(2.58)

and after FIT at  parameters (2.46)-(2.48)
 
		(2.59)

We exclude the parameter  from equations (2.58) and (2.59)
 
		(2.60)
 		(2.61)
Point  is fixed point for -model [23]. It can be seen from equations (2.60)-(2.61)that the graphs of the functions  and   pass through this point and are located to the right of it. Dependency graphs  and   pass in the past through the point   corresponding to the universe with a predominance of matter (SCDM) and the point in the future  corresponding to stable state (SS) - de Sitter extensions.

2.4 Scalar field
Let us explore the behaviour of the scalar field and show transformation in FIT accordance (2.14)-(2.16). Matter Lagrangian of the scalar field for FRW metric equal to (2.62)

	 	(2.62)

here V (ϕ) is potential of the scalar field. In case of the scalar field, Einstein equation (2.20)-(2.21) and Klein-Gordon equation take the form (2.63)

	 	(2.63)

where energy density ρ and pressure p are defined by expressions (2.64), (2.65)

	 	(2.64)
		(2.65)

Using the equation (2.64) and (2.65) we can find dependence on time of potential V(ϕ) and the scalar field for any scale factor a(t). It means, that potential V(ϕ) (2.66) и (2.67)

	 	(2.66)
	 	(2.67)

The solution will be considered as neutral stable if the condition the speed of sound  satisfies. To analyse the stability of the solutions, we obtain an expression relating the square of the derivative of the scalar field  and barotropic index , substituting into the equation of state  the energy density  (2.64) and the pressure  (2.65). In this case it follows that (2.68)

	 	(2.68)
where  and speed of sound equals to (2.69)

	 	(2.69)

The converted energy density and pressure of the scalar field are equal to (2.70) and (2.71)

	 	(2.70)
	 	(2.71)

where we used the FIT (2.13) and expression for pressure (2.16). From (2.18) and (2.68)

	 	(2.72)

After integrating the last equation, we obtain a transformation expression for the scalar field . The transformation conditions for the potential of the scalar field and the speed of sound are (2.73) и (2.74)

	 	(2.73)
	 	(2.74)

The transformations of the time dependence of the potential  and the scalar   equial to (2.75) and (2.76)

	 	 (2.75)
	 	(2.76)

2.4.1 Slow roll parameters and spectral indices 
For description of inflation, we introduce the slow roll parameters in terms of the Hubble parameter (2.77), [67], [117] 

		(2.77)

The slope of the potential  and the curvatureа , hich are called the parameters of the slow roll are defined through the potential and the scalar field function, as follows [118], (2.78) 

		(2.78)

If the potential of the scalar field and the scalar field function are expressed by the respect with terms of a time derivative, then expressions (2.78) can be rewritten as (2.79) [67], [119],

		(2.79)

If they are small, they will equal to slow roll in Hubble parameter terms (2.80)

		(2.80) 
		(2.81)

For the emergence and continuation of the inflationary stage, it is necessary that these parameters are in the area (2.82)

		(2.82)

A useful quantity is the number of e-folds defined as , which measures the amount of space-time expansion. The slow roll approximation yields a N given by as (2.83)

		(2.83)

where  is the value at the end of inflation, when (2.82), executes, and the upper limit in the integral is the value relative to the value of  at crossing the horizon. If the value of the potential function  is known one can make predictions about inflation, that can be experimentally verified by measuring the power spectrum [120]. It is counted backwards in time from the end of inflation. In other words, N = 60 - is before the end of inflation.
Slow roll parameters approximately describe of the inflation dynamic and observational features of different models.  We use the following spectral indices, which we find through the parameters of the slow roll [120], to compare our model with observational data (2.84)


                                          (2.84)

where  is the scalar spectral index,  is the tensor spectral index and  is the tensor-to-scalar ratio.

2.4.2 Search for solution
Let's consider the case, when expansion of the universe is described by power law solution (2.85)
		(2.85)

where  and  arbitrary and positive constants, and for the accelerated expansion of the universe it is necessary . In that case equations (2.66) and (2.67) have the next solutions (2.86)

		(2.86)

where  integration constant and . From (2.86) we can findц  replacing  in view (2.87)

		(2.87)

Energy density  and pressure  are determined, respectively, from the expressions (2.64) and (2.65) 
		(2.88)

Slow roll parameters in Hubble terms, using (2.77) and into account scale factor (2.85) take the form (2.89)

		(2.89)

[image: ]
Figure 8 – Dependence of the e-folding via cosmic time (2.90) via .

Slow roll parameters in potential terms, using (2.79) and into account scale factor (2.85) take the form (2.90) and were shown on figure 8

		(2.90)

As follows from (2.89) and (2.90) conditions (2.80) and (2.81) are satisfied for the case under study. The transformed scale factor is  с  и . In this case, the equations (2.75) and (2.76) have the following solutions (2.91)

		(2.91)

where  is integration constant. From (2.91) we find  replacing , in resalt we get (2.92) 

		(2.92)

where . The transformed energy density is  and pressure  are determined, respectively, from the expressions (2.70) and (2.71) equials to (2.93)

		(2.93)

The transformed slow roll parameters in Hubble terms are (2.94)

		(2.94)

The transformed slow roll parameters in potential terms are (2.95)

		(2.95)

As follows from (2.94) and (2.95) for the transformed model, the conditions (2.80) and (2.81). E-folds accordingly (2.83) for the scale factor (2.85) take the form (2.96)

		(2.96)

Time dependence of the function (2.96) is presented by figure 9. The spectral indices (2.84) in terms of the  parameter and the e-folding (2.96) are equal (2.97)
                        	(2.97)

[image: ]
Figure 9 – Dependence of the e-folding via cosmic time , at 

Figures 10 and 11 show graphs of the dependence of spectral indices (2.97) on the parameter  and time , at  ( dotted line,  solid line and  dotted line).
[image: ]
Figure 10 – Dependence of the spectral indices (2.97) via 

The values of the scalar spectral index  and the boundaries of the value of the tensor-scalar ratio  are given by the expression [121], Plank data accordingly

	                     	(2.98)
	                     	(2.99)

[image: ]
Figure 11 – Dependence of the spectral indices (2.97) via time , at 

2.5 Conlusion
By investigating our model, we have shown that FIP can be used to obtain new solutions to the Einstein equation. For the tachyon field, the possibility of the existence of two types of expanded tachyons was proved in the same way as in [36]. From the standard tachyon field, additional  and phantom  tachyon fields were obtained. With the help of these fields, a complete tachyonization of the flat universe of the FRU filled with an ideal liquid with barotropic equations of state  was carried out\rho for all values of  and scale factor (2.53).
In the study of the scalar field, it was shown that the FIP allows you to move from an unstable cosmology to a stable one and vice versa. A static universe containing an ideal fluid is always stable at the speed of sound . From the expression (2.68) for the studied model with a power scale factor (2.85), it follows that  Therefore, the speed of sound is equal to ,at   which is necessary for the accelerated expansion of the Universe and our initial model is always stable. After applying the FEP, the speed of sound is equal to  and since there are no restrictions on n, the transformed model can be both stable and unstable.

CONCLUSION

Brief conclusions on the results of the work of 2021 and its individual stages.
The results of the second year of work on the project were completed in full in accordance with the calendar plan (Application A-С). The results obtained can be summarized as follows:
1 The tachyonization method allows us to consider a cosmological model with the fermion field and containing the tachyon field controlled by the potential. We have obtained the standard inverse square potential, which is widely used for tachyons, as well as the corresponding power law solutions for the scale factor. The tachyonization of the model under study was determined from the stability analysis and from the exact solutions of the standard tachyon field controlled by a given potential (1.27), together with the fermionic field with the controlled potential .
It is seen that our obtained results, tachyon-fermionic model using statefinder parameters are in agreement with the theory proposed in [74]. From the figure 2 it is clearly seen that our model starts from the predicted point in the past , which corresponds to the SCDM of the universe with a predominance of matter, and ends its evolution at a point in the future , which corresponds to the de Sitter extension.
Figure 3-6 demonstrates that as a result of the analysis of the model using supernova SNe we get  and   (figure 3) adding the data Hubble minimum increases , but at the same time the parameter  decreases significantly (figure 4) data from BAO strongly changes the position of the minimum , but at the same time the parameter   decreases slightly (figure 5); further application of CMB data leads to a slight increase in , and at the same time a slight increase in the parameter  (figure 6). The large value  is critical in relation to the Akaike information criterion . However, simultaneously, a decrease in the  parameter makes this model stable and provides the possibility of a theory with an ordinary tachyon according to the criterion [45]. The speed of sound for this model, which is confirmed by the observational data, is . Considering the Lagrangian of the tachyon field with allowance for , which is small, it can be seen that only the potential part will make the main contribution to the Lagrangian of the tachyon field. That is, the kinetic energy of the tachyon field will be small compared to the potential energy. This leads to a slow roll effect in the late universe, that is, accelerated expansion. From the figure 7 it follows that the model under study has a minimum only with respect to the parameter  and the impossibility of achieving minimum with respect to the parameter . 
Along with the obtained advantages, the tachyon-fermionic model has a disadvantage - the Akaike parameter is high compared to the  model. Another drawback of the investigated model is the difference of the  parameter from the predictions of the  model.
2 By researching model, we have shown that form invariance transformations can be used to obtain new solutions to the Einstein equation. As in [36], we proved the possibility of the existence of two types of extended tachyons. The complementary () and the phantom ) tachyon fields were obtained from the standard tachyon field ( ). These fields were used to complete tachyonization of the FRW universe filled with an ideal fluid with barotropic equations of state  for all values  and scale factor (2.53).
A method was shown for finding the time dependence of the potential   and the tachyon field  for any scale factor . We were convinced that the tachyon potential, by analogy with the potential of a scalar field, can be used to control the expansion of the universe.
Derived formulas of the statefinder and the deceleration parameter after applying FIT. From the performed study of our tachyon model using statefinder, it can be seen that the results obtained   agree with the theory proposed in [74].
3 The researching results indicate that form invariance transformations can be used to obtain new solutions to the Einstein equations. Moreover, FIT allows to move from an unstable cosmology to a stable one and vice versa. The static universe containing an perfect fluid is always stable at the speed of sound . From the expression (2.68) for the model under study with (2.85) it follows that . Therefore, the speed of sound is , which is necessary for the accelerated expansion of the universe and our original model always stable. After applying FIT, the speed of sound is   and since there are no restrictions on  the transformed model can be both stable and unstable.
Method for finding the time dependence of the potential   and the scalar field   for any scale factor  was illustrated. The scalar field potential can be used to control the expansion of the universe that has been verified.
The slow roll parameters were found and their graphs were plotted. From the graph 8 it can be seen that for   the slow roll parameters are ,  and the model under study describes the inflationary stage. After applying FIT, the model also describes inflation, but the beginning or end of the inflationary stage will depend not only on the value  and also on the value $n$. The graphs 10 and 11 show the dependence of the spectral indices (2.97) on the parameter  and . The results of the investigated model have been shown in the graph 10 at large values of  are in good agreement with the observational data of Planck (2.98)-(2.99). 
Recommendations for using the results. The results of the work can be used by scientists working in similar areas. 
Assessment of technical and economic efficiency of implementation. Technical and economic implementation was not envisaged within the framework of the project.
Justification of the scientific and technical level. The scientific and technical level of the conducted research corresponds to the level adopted for similar tasks in world practice.
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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. AP08955524 Investigation of the evolution of the universe in extended theories of gravity.
1.4. The total amount of the project is 4998000 (four million nine hundred and ninety-eight thousand) tenge, including by year for the performance of work according to paragraph 3:
- for 2020 in the amount of 3000000 (three million) tenge;
- for 2021 in the amount of 1998,000 (one million nine hundred and ninety-eight thousand) tenge.
2. Characteristics of scientific and technical products according to classification criteria and economic indicators
2.1 Направление работы: Фундаментальные исследования. Физико-математические.
2.2 Scope of application: Higher educational institutions and research institutes.
2.3 The end result:
- for 2020: Relevant theoretical models will be determined and evolutionary equations will be obtained
- 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): Investigation of dark energy models of the modified theory of gravity with various types of kinetic coupling. Consideration of models of dark energy with higher-order invariants, scalar and fermionic fields, obtaining evolutionary equations by methods of symmetry theory, obtaining cosmographic parameters, energy dominance conditions, approximation by methods of Pade and Chebyshev polynomials, comparison with cosmological observational data of SNIa, BAO, Hubble.
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
	Job code, stage
	The name of the work under the contract, the main stages of its implementation
	Deadline
	Expected result

	
	
	Start
	Finish
	

	2020

	1
	Physically relevant theoretical models fitting and obtaining evolution equations.
	Oktober
	December
	Physically relevant theoretical models will be determined and evolutionary equations will be obtained.

	2021

	2
	Construction of analytical cosmological solutions and their verification by special methods of cosmology
	January
	March
	Analytical cosmological solutions will be constructed and verified by special methods of cosmology 

	3
	Construction of numerical cosmological solutions and their verification by special methods of cosmology
	April
	June
	Numerical cosmological solutions will be constructed and verified by special cosmological methods

	4
	Determination of independent optimal parameters of the model and their comparison with observational data
	July
	September
	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.





APPENDIX С
List of published works based on the results of the research for 2020
Scientific publications in the journals of the Republic of Kazakhstan:
1 Tsyba P.Yu., Razina O.V. Determination of evolutionary equations for the generalized cosmological model // Bulletin of Kokshetau State University named after Sh. Ualikhanov. Natural Sciences series. - 2020. - N3. - pp. 11-19. (in Russian)
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13 PEAIBAUNIO HAYSNLIX, HAYAHO-TEXHHNECKHY NPOEKTOR 10
rpanTosowy duanenponanmio

357 r. Hyp-Cyaran oty sapcpe 2020 rona

Tocyrapersennoe  yupewnenwe  «Kovimrer maykm  Munncrepersa
oGpasomanun w waykn PecnyGankn Kasaxerams, umenyemoe s aanneiimen
" 3akasank, B amue npeaceraters Kypwanraamesoit KL, sciicrayioucii na
] octosannn  onokens 0 KOMMTCTe  HayKi, YTBEPAACHHONO NPHKAZOM
Otercraenioro cekperaps or 10 mions 2018 roxa Ne 169-K n npukasow

B Munnctpa oGpasosanis u Haykn PK or 25 nekaGps 2019 rosa Ne 169-k, ¢
§ oaoif eropons, i Hekowmeptieckoe  akumoreproc  oditiectso  «Espasuiickuii
TPHIOKEHHE B4 HaumoRaTRbii yinsepeuter uvenn JLH.TyMiiesay, nvenyemoe B Aatbhelicy

] VcnoamuTe:th, B JMiLe NPOPEKTOpa o Hayke i HiloBawusM Mepsauiosoii I.T.,
Rk JloroBop Ha'pea TH3aIMI0 HaY THLLY, Hay THO-TEXHHTECKHX TPOCKTOR, TEXHTECKas" weiieTayiontero Ha ockosanmn Tpukasa ot 19 mas 2020 roza NeSS0-#x, ¢ apyroit
E R CTOPOIH, UICE CORMECTHO HMeHyeNie CTOPONH, 11d OCHORIHMH BioMKeTIOr0
& Koexea Pecnyaniu Kasaxcran ot 4 jexaGps 2008 roza, Tpaiaickoro Koiekc:
] PecnyGamkn Kasaxcran ot | mio;n 1999 ro1a, «O HaT0rax 1 ApyrHX 0BA3aTebibIxX
M naatexax 8 Goken» Koaexca PecnyGmn Kasaxcran or 25 1exa6ps 2017 rona
] (aance ~ Hazorossiii Kostexc), Jaxona PecnyGmn Kasaxcrai or 18 pespars 2011
H rosa «O wayke», noctanowienms TpasuTensersa PecnyGamkn Kasaxerai or 25
] nas 2011 rona Ne 575 «OG yroepaacunn [Ipapni Gasosoro, rpaitosoro,
: NIPOTPANMIHO-ILCICHOr0. (UHAHCHPOBINHS HAY4HOH W (W) HayMHO-TeXHHUCCKO
AeATeABOCTIY, NocTaoBAeHMA TIpabHTenbeTsa PecnyGmikm Kasaxcran ot 16 mas

i 2011 ropa Ne 519 «O HauMOHATBHEIX HAyWHbIX COBCTax», npukasa Tpencenarens
K Kowwrera nayku Munmcrepersa ofpasosaiis u naykn PecrtyGamkn Kasaxerait ot
1 30 anpens 2020 rona  No 621k «OG yTHEpAUCHHM KOHKYPCHOI AOKYMCHTALUIN
b Ha TANTOBOC (QUHAHCHDOBAHHE 10 HAYSHBIM W (WIH) HaySHO-TEXHHICCKHM
R npoektav Ha 20202022 roaey, npukasa Ilpeicenarens Kowmirera maykn

Munctepetsa ofpasosaims u wayki om 04 noadpa 2020 200a Ne 166-HK «O6
YTBCpAUICHUH  peimiennii  HAUMOHATOHBIX HAYUHBIX COBCTOB O  IPAHTOBOM
B QUHAHCHPORAHIH 1O HayHbIM i (i) HaYYHO-TEXHHUECKHM NPOCKTAM Ha 2020-
] 2022 roauy, pewennii HauMOMATGHBX HAYNHMX COBCTOB O TPAHTOBOM
B dunancaposain 10 nproputeTay  «HayuHbe  MCCACIOBANHA B oGiacTH
i ccrectBenIBIX HayK» (npomokon om 04 oxmadps 2020 200a Ned), <PaumONATLHOE
K HETOTL0BAIME IPUPOMNLIX PECYPEOR, B TOM WHCIIE BOALIX PECyYpCOR, TE0TOrs,
| nepepaboTKa, HOBHIE MATEPHAL M TEXHOIOIWH, OCIONACHBC WIACIHS W
3 KOHCTpYKUHHY (npomokoa om 08 oxmadpa 2020 200a Ne6), «Hayuibie ocHOBb
B «Manrizix ca» (oGpasoanme XXI Boka, ywiameHTaTbHble W TpHKIAAHME
HCCAEIOBANMA B OONACTH TYMANNTAPHBIX HAYK)) (WpomoKoa om 15-23 oxmAGpx
2020 c00a Ne9), «YeToitaMnoe PIBHTHC  ArPOTIPOMBILLICHIOND KOMILICKCA 1
GE30MACHOCTL CEITLCKOXOSATICTECHHOM NPOAYKIHH)» (pomoKoa om 21-25 oxmsGpa
5 2020 c00a Net), sakmounmn wacrownwii sorosop (rance — Jlorosop) o
HinkecTenyioNen
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i peuicnuii  HAWMORATBHLX  HayuHBIX COBETOB O  FPAHTOBOM 1. Tpeaver rorosopa
DHHANCHPOBANHN N0 HAYMHbIM  (HIIH) HAYYHO-TEXHHYECKHM NIPOCKTaM Ha 2020-
01, peweinii HAUMOMATHIBY WaYSHHX COBCTOR O rpaiTOBON 1.1 3akasuuk mopysaer, a MCnomHUTE s IPHIIMAET Ha CeBH 06A3ATEBCTBa,
HIICHPOIIN 110 IPHODHTETaN  cHaYAWME | HCCICAOMNNA B OGnacTin 110 BHITIOTHEHHIO HAYHHbIX HCCACAOBAINH, B PAMKAX FOCYAPCTBEHHOTO 3aKa3a b
ccTecTBeHNbIX HAYKy (npomoko om 04 okmadps 2020 200a Ned), «Paunonabioe PEAIIALIIO HAYHHOTO H (WIH) HAYWHO-TEXHHYECKOTO NPOCKTA 110 GIOKETHOf

HETIOTL30DaIINE TIPUPOANLIX PECYPCOR, b TOM TWHCIIE BOAWKIX. PECYPCOR, Feotors, nporpavme 217 «PassuTe  Haykiw, nognporpamye 102 «Ipantosoe
ICPCpUCOTA,  HOBIE  MUTCDHATH W TEXHONOMMH,  GC30MACHNE MIICIHA UHANCHOBAHME  HAYWHMX  HccnenoBanmity,  crewsduke 156 «Onrata
KOHCTPYKUWNWY (npomoKon om 08 okmaGpa 2020 200a Ne6), «Hayuibie ocHoBk KOHCATTHHIOBLIX YCAYT H HCCHeAOBaNMiy Ha oblylo cymmy 56 838 58397

Mo e (oSpwonamne XXI oeka, dputaverane n_ npwainie (TIATRICCAT  WECTh MILLIHOHOB BOGEMDCOT TPIIIATH BOGEMb THCAY MATLCOT
HCCICIOBRNA B OGIACTH IYNIHMTAPHE HayK)» (npomoKoi om 15-23 oxmacpn BOGEMBIECAT TPH) TeMre 97 Thit, A Bech CPOK PEAIAIN MPOCKT, € PAIOHBKOHE
2020 2000 Ne9), «Veroiiimo PAYBITHE  ATPOTPOMMULICINORD. KOMIIEKCS. W 110 rozan

GE3MACHOCTI CeTheKONOMICTREINOT NpOIYKLHM)Y (1pomoxoa om 21-25 oxmacpa B npeeaax cywn GumancHposarA a 2020 1o - B cywve 33 102 97492
2020 z00a CHOuMAN 1 = T i i g
020 2000 Ne6), sakmounam wactomuii 10rosop (iaree — Jlorosop) o (TPWALETS TP MIELINONa CTO TBC THERIH TGRATLGOT CeMBIEGAT HeTbipe) Tesre 92
mecreayiomen: - s

B npeseniax cymM (unancuposanns wa 2021 rox - B cymme 23 735 609,05

. 361 (JlBaITS TPH MILLIHOHA CEMBCOT TPHIUATE MIATH THICK' LIECTBCOT ACBATE) TeHre
05 Tibin,
10 npuopHTeTy: HayHbie Hee/enoBanys 5 0GIaCTH €CTECTBRNHbX HAYK H 1o
eman:
o 1) AP0895TIT6 «lepsonpriLHmIBIi Awsaitn TOAHOCTHIO
- CKOMIICHCHPOBAHILIX  (JCPPHMATHHTHBIX ~MATCPHLIOB JUIA  NPHIOKSHHI &
2 cnmTpONIKe;
N 2) AP08957287 «Mccne/ioBanie  OFpaHMueHMii HA  KOCMOJIOTHYECKHE
1apaNCTPHI B CTereHbix OGOBUIEHHbIX KOCNOIOTHICCKHX MOTEASX;
] 1 3)  AP08955524 «Mcenenoarme IBoOLHH BeeneRiioli B pacumpentsx
K TeopHAX rpaBHTALINI;
M T 4) AP08956932  «MuTerpupyembie  JOKQIbHBIE W HEJNOKAIbHBIC
K q JHPhEpCHUHATLHBIC YPABHHHS B HACTHBIX POHIBOHBIX;
10 NIpHOPHTETY: PaUHOHATHHOE HCHION30BAHE NPHPOLITBIX PECYPCOB, B TOM
p T 4HCAE HOAHBIX PECYPCOB, [COIOM, NIEPCPABOTA, HOBbIE MATEPHATH H TEXHOOTHA,
" T Ge30nacHbIC IVIEAIA 1 KOHCTPYKUMA
] 5)  AP08956244 «PaspaGoTka TEXHOJIOTHH MOAYWYEHMS  KPACHTENH
M 1 TPHMAPraNiia TETPAOKCHI W3 MApraHueBoii pyJibi MecToposkeniit JKakchubik i
N q borau (Kasaxcran)»;
“ 6) AP08956334 « MOHHTOPHHT CTOMHBIX BOJL TOPOj10B Kasaxcrana ¢ uesisio
E T UHCTKM OT (APMALICKTHAECKHX 3arPASHHTEAEI.
o 1o npuopmtery: Hayunbie octorsi «Monrinik e (obpasosaine XXI peka,
] T (pyNAGMEH-TATbHbIE H NIPHKIAAHbIE MCCACOBANMA B OGAACTH TYMAHHTAPHbIX HAYK).
N q 7)  APO8956066 «CGop, CHCTEMATHIAUMA M M3yueHHe  Hay
" JHCTOIAPHOTD HACICANA aKaewnka Adbkes Maprynana (oTawmsi, p
1 TTHCHMA, OTKPBITKH)».
| q 8) AP08956538 «MoandHKalMs Hay HO-HCCAEIOBATENLCKOH NOArOTOBKH
f LHAIHCTOB OLIKO/LHOTO  OBPAIOBANMA HA OCHOBE 3apYGEAIOTO  OMBITA
B q (Onnanan)y.
N q 9)  APO89S6487 «PaspaGoTka  MOCAM  KOMMETEHIMEi  MeHELKepa
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B UHCLAE, ORI
B 8) AP08956538 «Moaudukalns HayuHO-HCCII0BATENLCKOH MOArOTOBKH
Bl CIHEWATHCTO JOUIKOILHOTO  ODPAIOBAMA 13 OCHOBE 3APYGEAIOND  OMbITA
p (G,

WHHOBALMOHHO AEKTEIBHOCTH Ha OCHOBE MCTOAOAOTHH (GOPCaiiTa
10)  AP08956330 «llentpabias Asis w mimumarsa «Tlosc 1 1yTH» noc:
AHEMHH: BOIMOKHOCTH H PHCKH.

f 9)  APOB9S6487  «Paspaorka  MOACAH  KOMICTCHUMH  MenemKkepa 1)L EAPOES56455 abomim Sk | iy essshaiaL S Miekist cocpaanl
R 1 MozepHsaun Kasaxcranay.

1o npiopirery: YCToiuiBoe pAsEMTHE ArONPOMBILLICHHOTO. KOMILIEKCE
§ . Ge30MCHOCTS CenbCKOXOSHCTBEHHON MPOTY KUK,
0 12)  APOR9S7713 «PaspaboTka HOBOTO CHIEKTPOGOTOMETPHYECKONO METota

- onpencsenis BipyCHbIX saBoeBaMi pacTeiHiiy

1.2 Colepkaine 1 COKM BLUIOTHEHHA OCHOBHHX ITAIOB PeaAMALMN
WayuHoro  #  (1M)  HYMHO-TEXHWMECKOTO  NDOCKTA M0 TPAHTOBOMY
OUNGHCHPOBANHIO. ONPEETAIOTCS KATEHIAPHLIM LIGHOM COFIACHO KOHKYPCHOI
3abKke MCNOIHHTEIIS Ha TPAITOBOE QHIAHCHDOBAIHE.

1.3 Tlepeucaeniibic Hike OKYMEHTH W YCIOBUA, OFOBOPCHHHC B HHX,
oGpazyloT @Rk JIOroBOp i SBAKIOTCA €10 HEOTEEMIEMOl HACTHIO:

1) Hacrosuuii Jlorosop;

2) Kanennapusii nai (Mpuaosenns 1.1-1.12);

3) Oruer 00 HCNONLIOBANMW BHUIETEHHHX CPCACTS MO TPAHTOBOMY
uuascuposaniio (Mpwiokens 2.1-2.12).

2. XapaKTepHCTHA HAY4HO-TEXHHUECKOl NPOTYKIIMM

2.1 XapakTepHCTMKH  HAYMHO-TEXHHUSCKO nponykun o
KBAIMQUKAMORHBIM  TIDHSHAKAM 1 IKOHOMMUECKHE OKA3ATeIH  VKasallki &
1. 2 KAJICHAGPHBIX TLIGHOB, COFIACHO NPHAOKENHAM 1.1-1.12

. OGuas cywma 10r0BOPA H YCAOBHS ONAATHI

3.1 OBuian cymma Jlorosopa cocrapaser 56 838 583.97 (Tlatnieest uieets
MILIHOHOD BOCEMBCOT TPWILATS BOCEM D THCAU NIATECOT BOCCMBICCAT TDH) TEHTE
7 THIN, Ha BeCh CPOK PEATHIALIH IPOEKTA, ¢ PASGHBKOI 110 FOAAM: B MIpEACIax
cymy unaricuposais #a 2020 10 - B cymve 33 102 97492 (Tpwwate pn
MILLIHONA CTO ABE THICAHH JIEBATHCOT CEMBIIECHT YCTHIPE) TeHTe 92 THbiI B
npesenax cym Guiancuposaris Ha 2021 107 - B cywmse 23 735 609,05 ([lsanuar,
TPH MILIHONA CCMLCOT TPHAUATS ATh THICAY LICCTBCOT JEBATH) TeHre 0 T
BICIOUA CTOMMOCTS BCEX 3ATPAT, CHAJAHBIX C BLNOHCHHEM PABOT, € YHETOM
Beex HAZOTOB # APYTHX OGH3ATELHbIX ILIATEACEH B GIOUKET, B COOTBETCTBIM C
sakonozatesersom PecnyGmin Kasaxcran.

32 Pabots McnomMTers ONaUMBAIOTCH 34K3MKOM B CACAylouieM
nopstke: 3aKasuiK OCyUIECTRISET MPEAONAATY 50% OT CYMMBI (GUHAHCHPOBAIHS
Ha COOTBETCTRYIOUIAIE (DUHAHCOBIE 1O, B TCHEHHH S (NATH) GAHKOBCKUX
MOMEHTa percTpalitn HacTositero JI0roopa b opranax Kasuauchicrsa.

TocieayIoNas OMIATa MPOKIBOIHTEA © MPOMIOPLHONATLHEIM YACPHAHHENM
palice BHIMIQUENHOTO ABAHCA, COTIACHO LIAHY QUHAHCHPOBANMS N0 MAGTEAAM

o a8 .a.a .2 .a.a.a.a.a.a.a.a.a.a.a.a.a

Crpanwua 37338 Uncno cnos: 6071 [ pycoxwit & - t +
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1PH MILINOHA CEMLCOT TPHAUATS NATH THICAY WECTLCOT ACBATE) Tere 03 Tubii,
BKIIOUGA CTONMOCT BCCX JATPAT, CRRIANHAIX ¢ BHIOTHCHHEN PAGOT, ¢ YueToM Ml
BCEX HAI0TOB M APYIHX OGSIATEIBHLIX IIATEACH B GIOKCT, B COOTRETCTBIM ¢ e <hpn MRS PO SEFRLIRED R
sakoozaTeaLCTBOM PecnyGanki Kasaxcra COOTBCTCTRYIOIICTO  (HHAHCOROrO ToAd (NPBHE 0N PEATHIAAH  MPOEKT
32 PaGoth MCTOIMMTES OMIQUMBAIOTCH 3AKAS4MKOM B CACAYIOIEM (IPOMEAYTONNBI))  OCYILCCTRIACTCA, COPIACHO MAaNY QHAANCHDOBAHHS 1O
opwike: 3AKAIMMK OCYUIECTRAACT NPEAOMAATY 50% OT CyMMBI GHHAHCHPOBAIHHA Iatexaw mocae npeaocTanienns M JIeM: OTYCTA O HayuHOR 1 (1)
Ha COOTBETCTBYIOWNTE (PMHAHCOBKII O, B TedeHMH S (NATH) GanKoBCKNX el ¢ HaySHO-TEXHUECKOH CATELHOCTH, MOOAWTEALHMIX peuieinii HalnONaIbibix
MOMeNTa perncTpauik nactosiero Jlorosopa s opraax Kasnaueiicrsa HaYIbIX COBCTOR, OTHETA 0O HCIIOAKIORAHIH BLLECHHbIX CPEACTB 110 TPAHTOBOMY
TloeAeyIONas ONJATa NPOH3BOITCS C MPONOPUHOHAILHBIM YICPAHHEM unasicuposaiiio  (Tpunokenns 2.1-2.12 x Jlorosopy), M nocieayiouiero

paliee BLIIAUCHHOTO ABANCA, COMIACHO NAHY (UHAHCHPOBAHMA MO MIATEH nowmmcaim Cropoauas akTa BumomHeRNSX PaGoT, 3 cooTeeTeTREH ¢
TPEGOBHHAMH, YCTAHOBIICHIbIMH 3AKOHOIATE TLCTBOM.

T Oxonuareibias  oniata  3akasuukom 1o JIorosopy  Wa  Komei
COOTBETCTRYIONICTO  (BUHAHCOBOTO TOA@ (BTOPOFi 1O PEATH3ALMH TPOCKTA
389 (WTOrOBIT)) OCYIECTRASETCA COTIACHO LAY (MHAHCHPOBAHKA 10 ILIATEAAM

1 noese npegocTanneius MenonuuTenem: ordeta o waysnoli M (wan) Wayuno-
TEXHIIECKOH JIEATEBHOCTH, SAKAIOYEHHS TOCY TAPCTREHHON HaYUHO-TEXHHYECKOT
SKCIIEPTHSH, NOMOKHTEbHBIX petieiii HAHOMATLIBIX HayUHbX COBETOB, OTYETa
00 HCNOARIOBANHH BEUICACHHBX CEICTB 10 FPAHTOBOMY (HHANCHPOBAHHIO
(Tpaoskeins 2.1-2.12 k JIOrosopy). H H0CICAYIOUIEro noAmMCanuA CToponamh
aKTa BRNOAHCHNLIX PadoT, B COOTBETCTRMH C TPEGOBAMMAMM, YCTAHORICHHbIMH
ACHCTBYIONLIM 3AKOHOZATEBCTROM.

3.3 MieTounik Guianchposanis: PecnyGamKkaneuii Giozker

3.4 Menoanwrens obssan oGecneunts y ce0s natemauntii Gyxraiepekii
VT W GHAIM3 (aKTHteckoli CTOMMOCTH BHIIOHEHHON PAGOTH B paspese ec
JTANIOB, B YCTAHORIEHHOM SAKOHOATETLCTEOM IOPAKC.

3.5 B coorsercraun ¢ nonynkrom 40) c1athu 394 Hasorosoro Koiexca
ViCnoHTe s 0CBOGOAIACTCS OT HAJIOTR Ha I0GARICHHYIO CTONMOCTE

Hoce npetocTaeiing ACOTMTEIeN  N0CIEAYIOIEro noAncaris CTOpoHaNH

ok

am

4. Tlopsiaok cxaum w npHemkm pador

4.1 MCnomHuTenn NpeiCTABIMOT 3aKSUMKY NPOMEAKYTOUHb OTIET O
HaysHOH W (W) HAySHO-TEXHHYECKO ACATCABHOCTH He nojaiee 15 1osps
tekyuiero oruernoro rona o TOCT 7.32-2017. Mroroskie oT4eTsi 0 Hayhofi i
(M) HAYHHO-TEXHIECKOH JEATETLHOCTH - HE TO3AHEe | HOAGPA Tekymero
OTHETHOTO rOa

4.2 Micnonnuteas B mepsuiii oA (58 HCKTIOUSHHEM POCKTOB €O CPOKOM
peansauny | (o) T0%), BTOPOFi O (3 HCKIIOUCHHEM MPOCKTOR €O CPOKOM
peammsawn 2 (18) roa) (IPOMEAYTOUHEIH) PEATHIAHH NPOCKTa e no3aiee 10
AeKaBps IPEACTARISET 3aKA3HKY OTHET 06 HCTIONBIOBAHNN BICICHHNIX CPEACTE
No. rpaitonomy unancuposanmio (npriokenme 2.1-2.12Vi Jlorosopy), axt
BHINOANCHHLIX PAGOT H pettienie HALMOHATLHOTO HayHOTO COBETa.

VRt B 11epoM 104y (110 MPOCKTAM €0 cpokom peainsatuai | (o)
Foi1), BTOPOM roly (€0 CPOKoM peaiHsaLi 2 (15a) ro1a) (HTOroBbI)) peatnaun
npockra me mosmmee 10 jekaGpa mpeicTamiser 3aKasuMky OTHCT 08
WCTIOALIOBANMH  BEUICTCHNBIX  CPEICTB 110 FPAHTOBOMY  (HHANCHPOBAIIIO

a4 a a4 .a.a.a.a.a.a.a .2 .a.a.a

Crpannua 39339 Uncno cnos: 6071 [ pycoxwi & - t +

7
nn B

Ll © Bseavre specs Texer ana novcka





image19.png
Bl = Orser_LsiBa_M1_pyc_2020[10.1.20] -

W omarena @ m - O
-] B for 103208 2 wec U x | (B AdT2d0STSaTIBSatOaN: X | +

oain [ b Kowcpycop  Maxer  Coumn  Paccwnor  Peuewswposawe  Bua  Crpamxa  Q Mowouss [ Mogenus

ﬁ TimesNewRoman -[12 -

e K K Y -akex, X Ao

2 A N P A e R
Bydep o6meHa S Wpngt 5 Ag3au. S Cram KoHdmaeHUMaNEHOCTE.

& F RS SNEE FUNE FRRE SHRE SR INEE SUR SRRE FERTONRE SRR S W AR SR A

E peamsauny 2 (18a) 104a) (IPOMEKYTOUHBI) PeatH3aLMH IPoeKTa e nosanee 10
2 Jekalps npescTaRIseT 3aKazMuKy OTYET O MCTIONIB3OBAHMM BLLICICHHBIX CPEACTB (npuoskenme 2.1-2.12 k JlOroBopy), AKT BHIIOTHEHHBIX PaGOT, 3aKmOuCHHE
no rpantosomy dunancuposanmo (npuiokenne 2.1-2.12Vk Jlorosopy), aKt TocyAapeTBeHHOi Hay|HO-TEXHUNECKOl KCIIEPTH3b W petenme Haumonabnoro
BUNONCINLIX PAGOT H pettiente HaMORAILHOIO HayYHOTO coBeTa. HAYUHOTO COBETa.

Menoanmrea B nEpBom roay (110 IPOEKTAM €O CPOKOM peansaunit | (o) 43 B ciywae A0CPONHOI PEATHSAWH HAYSHOTO W (W) Hayuio-
A o), BTOPOM 1oy (o cpokom peainsauny 2 (1Ba) rosa) (HTOroBblit)) peainsaunn TEXHHNCCKOTO NIPOCKTA 110 IPANTOROMY (HHAHCHPOBANHIO 3aKasuMK  Brpase

¥ # , = HOCPOINO IPHIATS 1 ONIATHTS aGOTH

- npoekta He mosmmce 10 jekaGps NpeACTABASCT 3aKasuMky OTHCT 00

i WCTOALIOBANAN  BELICTCHHBIX ~CPEACTB 1O T oMy (pHHAHCHPOBAIHIO ECii B poliecce peaimsaiuin Haysnioro W (WiH) HaySHO-TEXHHYCSKOTO
9 Cnoab30Ba BEUIC/ICHIBIX  CPEACTB 1O FPAHTOBOMY  HHAHCHPOBAIHIO 1POCKT 110 FPAHTOBOMY GHHAIICHPORANMIO BIACHACTCA HEHIOEAHOCTS N0

N 7 OTPHITEIBHOTO PE3yTHTATA AN HIICACCOOGPASHOCTE ARIBHCHLICTO BHINOAHE S

WayuHoro W (i) HAyWHO-TEXHHWECKOTO mpoeKTa, Mcnommmrens ofsan
. NPHOCTAIOBHT WX, MOCTABMB B W3BECTHOCTH 3AKA3WHKA B NATWUHCBHLH CPOK

] 10CIE NPHOCTAHORIEHHS PAGOTH.

- B 5Tom eyuac CTOpOHLI O03aifhI PACCMOTPETS BOIIPOC O UEACCOOOPIIHOCTH

W HANPABICHISX NIPOAOTKEHHS HayHOTO H (AH) HAYHHO-TEXHHYECKOrO POCKTa

Iy Tem noyserns peueniii HLMORQIbHbIX Hay uHbiX CORCTOR,

44 OGopyiosanve, NpHOOPH # (AIH) MHBCHTADS, NPHOGPCTCHHMC
FOCYAGPCTBCHHbINMH OPrAHHIAMSMH B PAMKAX TDOCKTA, SAKPEILIAIOTCH HA WX
Ganarice.

4.5 Tipu nyGamcain
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2

“enin

il paBoThi, B X0z H (WiH) MOCAE SaBCpUICHIA

POCKTI, ABTOPHI OB#IAIBI CCHLIATLCA Ha 11Oy SCHHBI TpAT ¢ yKasanmem ero MPH

W nerounika dumancipoania (MUHHCTEPCTBO 0GpasoBalis 1 Hayki PecnyGank
Kasaxctan).

5. Otnercraennoets eopon

5.0 TIpi HeBMIONEINH OCKIATENLCTS, NPEAYCMOTPeHHbX ~JloroBopoy,
CTOPOMbI HECYT OTRETCTRGHHOCTH HA YCAOBHAX W B NOPAIKE YCTAHOBICHHbIX
JAKOHOMATENCTHOM.

52 B cayuac HCBMIOIHCHWA PAGOT MO HayuHOMy W (W) HayuHo-
TEXHHUCCKOMY NPOCKTY B CPOKH, yKasaribie B pWwioenax 1.1-1.12 wacroauero
Jlorosopa u nynkte 4.1 Jlorosopa, MCnoAuMTeh BLMIQUMBACT B A0XOX
CooTBeTCTBYIOWEr0  GloKeTa  Heycroliky B pasmepe 0,03 % o0T cywmwb
COOTBTCTBYIOIErO TEKYIEro FOfd HAYHHOTO M (WIk) Hay\HO-TEXHIYCCKOro
NpOEKTa 30 KaIbil NPOCPOdEHHb  KAICHIZPHBI CHL (33 MCKMONCHHEM
NpoMEsy TouHOr0 OTHeTa | (11epBoro) roza).

B ciyuge HCBMINOTHEHHS W HCHALICKALETO  BIOANCHMA pagOT,
NPCIYCMOTPCHHLIX  KAICHAGPHANM  1aHOM  paGoT  (mpwiokemmax 1.1-1.12)
acToutero Jlorosopa, MCTIOANNTENh BLITAYHBACT B JOXO/l COOTBOTCTRYIOIIErO
Glomkera HeycToiiky B pasvepe 0,05 % O CYMMBI COOTBOTCTBYIOUIETO TEKYIIIEr0
{018 HAYUHOTO M (1) HaY\HO-TEXHHIECKOTO POSKTA 34 Kb 1POCposenibili
KanenapHbiii et

Jlis BuveTa cyMbi HeycToiiki MCTOHHTEN, W 3aKaIMK 3aKnONaET
IHOE cortamenie k JIOTOBOPY, 33 MCKIIOUGHHCM CHYUAEH OLIATH

caperi

sonouT
HeyCToiiki HICTIOANHTCIEN B 0X01 PecnyOAMKIHEKOTO GIOUKETA i Ipe
HOATBPALAIOLIUAX 10KYMEHTOB.

a a4 .8 .a.a.a.a .4 .a.a.a.a.a.a.a.a

Crpannua 39 w340 Unco cnos: 6071 [ pycoxwit & - t +
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4 JONOANKTEAbHOE COrTatieHHe K JIOTOBOPY, 3a MCKIOUHHEM
R HeyeToiiki MCnoaNHTEIeM B 10X01 PECTyOIHKAHCKOTO GIOJUKCTA i NIPEACTABIEHHA
a NO.ATBEPAAAIONLHX JIOKYMEHTOB.

Crunn | Peaakruposane

€8 ONIATH

5.3 B cayuac HEBITOTHEIHNA 1 HEHALIEKALIETO BhnOAHeHHS Henomkurmeres
PAGOT 110 Hay4HOMY W (WIH) HayUHO-TEXHM4ECKOMY NMPOCKTY, 3aKA34MK BUpane
UPEKPATHTE WX QMHAHCHDOBAHHE WA TOGOM OTAle  BHTOINEHMS, nyTeM
] T JAICIOUCHHA  JONOIHMTEALHOTO  COTMAIICHHA — HA  OCHOBAHWM  pellCHUs
HALMOHAIbHOTO HaY4HOTO COBeTa.

. 0 5.4 Cpeictsa IpanToBOro (GUHAHCHPOBAHMA PACHPEACIIOTCH HAYUHBIM

f PYKOBOIMTEIEN MIPOSKTA, HASHANAEMBIM JAABHTEICM U HENOCPEACTRRHHOND
] PYKOBOZICTH Hay4HBIM W (Wilk) Hay4HO-TEXHHHECKH TPOEKTOM, COTAACHO asBK
3 IPAITOBOE GHIANCHPOBAIHE

B caydae KOHOMMH CPEICTS PYKOBOIWTENh MPOCKTA Nepepactipeseiser
CPECTBA B PAMKAX OO/ CTATLH JATPAT GO NEPEPACTIPEACIAET CPE/CTR MEAAY
PUSTHUHBIMH CTATHAMM 3ATPAT B PAMKAX OGUIETO O0BEMA, YTBEPAICHHOO Ha
Kasenaapbii  Toa.  He  JONYCKACTCA  yBeiNeHMe | QMHANCHPOBaHHS,
YTBepAZCHHOTO HALMOHAILHbM HayWHbIM COBETOM NPH 00GpElHH NpoeKTa Ha
IyKCGHMC KOMAHAMPOBKH 32 mpeicabl PecnyGunku Kasaxcram W uayso-
OPAHH3ALHONHOE CONPOBOEHHE

5.5 CpeAcTsa rANTOBOrO (MHAHCHPOBAHMS HATPARISIOTCH HA PACXOS,
HENOCPEACTBEHHO  CBASAHHbE ¢ PeaiMsauMell HAY4HOTO i (Wik) Hay§HO-
TEXHHYECKOTO 11POCKTA, B COOTBETCTHHH C TPEGOBAMMAMM  YCTAHOBICHHHMIH
SAKOHOAATEALCTEOM

5.6 B ciiyuac Hed(EKTHBHOTO i HEOGOCHOBANHOIO HCTIOTBIOBANHS CPEACTS
IPANTOBOTO  (MHAHCHDOBANMS, MICTOIHMTENS  HECET —OTBETCTHEHHOCTH B
YCTAHOBENHOM 3AKOHOATEILCTROM MOPSIKE.

6. Tpoune yeaosus

6.1. MONHTODHHT X01a PEATHIALIN Hay4HbIX  (WIH) HayHHO-TEXHIUECKNX
NIPOCKTOB M HX E3YIITATHBHOCTH, B TOM YHCIC C BHIEIIOM Ha MECTO, @ TAKKe
OCYUIECTRIEHHE MOHHTODHHIA PESY.IBTATHBHOCTH MPOBOMHMBIX HAYSHEIX W (i)
HaYUHO-TEXHHAECKAX TIPOCKTOB OCYLICCTRINETCA B COOTBOTCTBUN ¢ ACTCTBYIONM
3AKOHOATETBCTHOM

62. B ciyuae precenns wimenennii B 3akon PecnyGanku Kasaxcran «O
pecnyGankanckom Glomkere Ha 2020-2022 Tol», B HACTH YMCHBIICHHA CPEICTS
Ha COOTBETCTRYIONIMH (MHAHCOBI T, BEUIETACMBIX HA BLITTOTHENHE HAYUHLX
(WIH) Hay4HO-TEXHHUECKMX TDOCKTOB, 3AKAIMMK WA OCHOBAHMW  pemieHiA
HattonassHoro ay uie HIMEHEHHA
nyir 3.1, Jlorosopa, kazenapisiit naan (npuaokenia 1.1-1.12 Jlorosopa).

6.3. JloroBop BCTYNGET B CHAY M CTAHOBHTCA OGR3ATEABHLIM 1A CTOPOH ¢
MOMEHTA €10 PErMCTDALMH B  TepPHTOpHATBHBIX opramax Kaswaueilcrsa
Munncrepersa dmnancon PecnyGnmin Kasaxcrai, coriacio myHKTy 2 CTaTb
386 Tpaxnanckoro Kozexca PecryGankn Kasaxcran pacnpoctpaser — csoe
JCHCTBE Ha OTHOLICHMSA, BOSHMKILIME CO WA MPHHATHA peuteiiit Haumonatbibix
HayHLIX CoBeToB 1 AeiicTayeT 10 3 1 fekaGps 2021 roa

6.4. Hayuibie, HayuHO-TEXHHIECKHE IPOCKTH H OTHCTHI (IPOMEHKYTONHIC
WIOTOBHE) 10 MX BHNOTHEHHIO MOLIEKAT OOASITEILHOMY TOCYIAPCTBEHHOMY

1010 COBETA BIIPABE BHOCHTE COOTBETCTRYIO)

o 4 4 a2 .a.a .4 .a.a.a.a.a.a.a.a

Crpannua 40 w341 Uncno cnos: 6071 [ pycoxwit & - t +
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Elpeira? prn = A2 e LI EED yuery Mcrommutenem B HAuMOMATHHOM LEHTPE rOCYJAPCTBEHHON HaydHO-
& D o oiosinicvisninicnininioininnmininnntannipiennanin s it oninin U TeXHIICCKOi OKCIEPTHSN B YCTAHORICHHOM JAKOHOAGTENLCTEOM MOPHIKE, B
(HIM)  HaySHO-TEXHHUECKMX MPOEKTOB, SAKAIMHK HA OCHOBUMHM peUICHHA cootsercTan ¢ TIpABHIAMH  TOCYI3PCTEEHHOTO  YUETa HAYWHBX, HAYWHO-
HaulHoHaIbHOrO Hay|HOTO COBETA BIPABE BIOCHTE COOTBETCTRYIONIAE HIMCHENHA B iy o s Gttt g e
nyskr 3.1, Jloronopa, kanenaapibiii naan (npuaokenws 1.1-1.12 Jlorosopa) GlOAKCTa W OTHETA 110 X BINOHHHIO, YTBCPAICHHBIMI NPHKE30M MiHMCTPa
6.3. JIOrOROp BCTYNAET B CHITY W CTAHOBHTCS OONIATENbHLIM 1A CTOPOH ¢ oGpazopanis 1 Haykn o131 mapra 2015 roza Ne 149.
MOMEHTA €rO PCrHCTPALMH B TeppHTOpHATBHEX opranax Kaswaueiicrsa 6.5. OTBCTCTRCHHOCTL 110 BeeM  MPCTCH3WAM  TPETHX M Hecer
Musncreperna dunancon PecnyGuukn Kasaxeraw, coriacko nysKry 2 CTabu Henoammre.
386 Ipakaanckoro Kogekca PecnyGamks Kasaxcran pacnpocTpanser  csoe 6.6 JL0rOROp COCTARIEH B ABYX JKICMILIAPAX, 110 OHOMY IKIEMIISPY Ats
JCiiCTBHE HA OTHOLICHHS, BOSHKLIME CO /UHA NPWHATHA peimiennii HauMORatL1biX Rt i e e st O
5 5 exaGps 202 6.7. Bee wasenenns 1 0nonenus K nactosmeny Jlorosopy ogopwasiores
Ha) bIX COBETOB W AeiicTByeT 110 «31» aekadps 2021 roaa.
" s b JOMOANTEBHBIMH COAMICHUAMH H NOANHCHBAIOTCS NEPBLIMH PYKOBOHTEIRMH
6.4 Hayunbie, HayuHO-TEXHHICCKHE NPOCKTH H OTHCTH (IPOMEKYTOUHBIE s Y
WTOTOBBIE) 1O MX BLINONHEHHIO NOLIEKAT O0S3ATENLHOMY TOCYAAPCTBEHHOMY
T 7. IOpuamseckue aapeca cTopo
417 Zakazum Henoanurens:
1 IV «Kowmmurer naykn Munnerepersa HAO «Espasuiickuii naunonansmbii
opazosanms #  Hayku PecnyGamkw ymmsepewter umenn JLH. Iymuiesar
Kasaxcrain 010008, r. Hyp-Cyaran, ya. Carriaesa,
- r. Hyp-Cyaman, npocnekt Manrinik Ex, 2 Ten. 8 (7172) 70-95-46, 70-94-57
N 8 MMK KZ8160101 11000363791
a BHUH 061 140 007 608 AO «Hapoausiii bank Kasaxcrana»
i BHK KK MF KZ 2A BHK HSBKKZKX
MMK KZ92 0701 01KS NOOO 0000 BHH 010 140 003 594
B q Koe 11 KBE 16
PIY  «Kowwrer  Kamauefictsa
] T Municrepersa (unaiicos PK»
1
~ Tpencenarens
7 1
R 1
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E 1
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| 1
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] 1. Hekowwepueckoe  aKumonepn obmecrso  «Enpasmiickuii
wonabHLi yunsepenter umenn JLH. Tymnaesa»
1.1 Mo npuopwrery: 8. Hayuithie HCCICIOBANNS B OBIACTH CCTCCTRCHHNX

Hayk.

12 Tlo noampuopurtery: 8.2 DyiiavenTaTMHE H  IPHKIAUHBC
HCCACAORAIS B 0G1ACTH QH3HKH H ACTPOHOMH

1.3 Mo eme npoexra: APOS933524 «He
B PACIIMPCHHBIX TEOPHAX TPABHTALNI.

1.4 Ofwasn cymma npoekta 4 998 000 (METbIpe MHIHONA JCBATHCOT
JCBIHOCTO BOCEMD ThICAY) TEHTE, B TOM WHMCAC ¢ AOMBKOH MO roiaM, i
BLINOAHEHIA PAGOT COPTacH0 MyHKTY 3: |

- ha 2020 ro - B cyme 3 000 000 (rpw MmHONa) T

- Ha 2021 rox - B cysye | 998 000 (7 MHLIHON JICBATHCOT JICBAHOCTO
BOCMS THICAY) TCHTE. v

tezoBaike dBoIoHH Bee:

XapaKTepucTUKa  HAYMHO-TEXWHMECKOW  mpOAYKUMH 1O
KBAHHIALMONHBIM NPHIHAKAM H IKOHOMHUECKHE NOKAIATENN

2.1 Hanpasaenne paGorhi: DyIMEHTATbHbNC HCCICIOBAIIA, DH3HKO-
MareMarHecKoe,

2.2 OGaacts npumenennsi: Biscime yueGrsie sanesenis u HUH

2.3 Koneunniii pesyaa

- 32 2020 rox: byayT ONpENEIEHs PETEBINTHEIE TEOPETHICCKHE MOETH 1
N0y HEHb! YBOTIOLHONHbIE YPABHEHHS.

- 32 2021 roa: ByIyT N0CTPOEHE! QHATHTHIECKHE KOCMOAOTHISCKHE PeUIeHits
W CACTANA WX POBEPKA. CTIEIHATHIBIMK METOAGMH KOCMO:IOFHH. BYIyT NOCTPOCHE!
ancren Kie PEIlICHIS 1 CACTAND WX TIPOBEPKA. CIICHHATHbNH
METOZAMH KOCMOAOTHH. BYJIYT OTIpE/Ie/eHl HESABMCHMLIE ONITHMATLHbIC HIaPAMETPb
MOAeICH W NPOBEACHO MX CPABHEHME C HAGMIOKATEABHMMA JGHHBIMM. By
onyGamkosaia | nyGamMKauAs B KypHasie Bozsuien b | (nepsiit), 2 (8T0poit) G0
3 (rpemnii) Kuapriim b Gase Web of Science u (iH) HMCIOUIEM NPOUCHTAL 1O
CiteScore s Gase Scopus ne menee S0 (nsTuaccaT). Byser onyGmkosana 1 (ona)
CTATB B OTEHECTREHIOM HIIAHKH PeKoMen0BaHHOM KOKCOH.

2.4 TatentocnocoBuoeTh: PesynTarki HCCIEO 10 JaHHOMY 1pOCKTY
ABIAOTCH TCOPETHHECKHMH, TI0ITOMY TIATEHTHAR JETEBHOCTS HC TIPEAYCMOTPEHa.

2.5 Hayamo-exumseckwii yposewn (opwsma): Mccieionaime Moze
TCMHOI JHEPIIH MOAMPHIMPOBAHHOT TEODHH TPABHTAIIIN C PASTHUHBIMM THTAMI
conm. PaceMOTpenHe MOAETel TEMHOH IHEPTHH ¢ WHBADHAHTAMM
BLICIICTO 110PAKa, CIATAPHbIE W (EPMHONHbIC MO/A; NIOAYUCHHC MCTOAMH TEOPHH

bl KOCMOAOTHH
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CHMMETPHH  JBOTIOWMONHLX  ypaBHewil,  mOmyueHHe  Koeworpagiueckix
TGPANETPOB,  YCAOBHA  SHEPIOZOMHHAHTHOCTH,  NPOBEACHHE  ANIPOKCHMALINI
MeTojaM ofioMos TMane u UeGhiuieRa; cpaBHenHe ¢ KOCMOAOTHICCKIMI
naGmoaareashbivm Aaibivm SNIa, BAO, Habble

2.6 Mcnoansosanie wayumo-Texnuyeckoil IPOAYKIMM ocymeeTBAsETCs:
CoBMECTHOE HCTIOTb30RaIHE COTIACHO 3aKOHOATEbCTRY PK.

27 BWI WCNOLIOBAMNS DE3YABTATA MAYWHOR W (wam) maywmo-
TEXINYECKOii ACATETLHOCTH: PesyJIhTaThi HCCICAOBIIS MOTYT GbiTh IDHMEHCHb B
KaUECTHE CTIEUKYPCOB L% MATHCTPANTOB  J0KTOpaKTOR PhD B By3ax, a Taike b
HaySHBIX HOCCIOBANMAX AaHHOM 00AaCTH

3. Hanvenosanne pador, cpoxit ix peaamsauii u pesyasTaTot

[1tngp | Hanmenosasme pador

CpoK sbinommenns | Ommzaensiil pesystar
Hauaio | OKowsarme
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s 5 2020 roa 1
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pencaantHx pencaaimiie
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INVESTIGATION OF THE EVOLUTION OF THE UNIVERSE
IN EXTENDED THEORIES OF GRAVITY
(final report)

G.2020 “Investigation of the evolution of the universe in extended theories of gravity”
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