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Cosmological model with fermion and tachyon fields

Abstract: This article discusses a cosmological model with a fermion and tachyon field in four di-
mensions together with the homogeneous, isotropic and flat Friedmann-Robertson-Walker Universe.
A system of equations of motion has been found for this model. Describe a power solution for the
scale factor. Studied the energy conditions. The parameters that have been obtained satisfy the
latest observational data for a > 1. The pressure in the model under consideration is negative and
tends to zero later. Found energy density and pressure, which correspond to the dark energy of the
model under consideration, the energy conditions. The parameter of the equation of state w, the
deceleration parameter ¢, the jerk parameter j are found. Built graphics for the energy density
p and pressure p, as well as for the equation of state parameter w, deceleration parameter ¢ and
jerk parameter j .
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Introduction. Fermionic sources can cause acceleration in cosmological models [1] - [11]. In
these models the fermionic field plays the role of the inflaton in the early period of the universe
and the role of dark energy in the late-time universe. These fermionic sources has been investigated
using several approaches, with results including numerical solutions, exact solutions, anisotropy-to-
isotropy scenarios and cyclic cosmologies (see, for example [2] - [11]).

On the other hand the inflaton and the dark energy can be modeled in several ways. Tachyon field,
which is first inspired by string theory, can produce inflation as well [12] - [16]. These tachyonic
models has been confronted with observational data, and when compared to the usual canonical
scalar field the physics arising is in general richer, due to non-linear effects [17].

In the papers [18]-[19] the tachyon field was considered to be the responsible for both the infla-
tionary period and the currently accelerated expansion. The exotic nature of these constituents do
not contradict observational data, and the comparison to the canonical scalar field is an important
point of the discussion.

The aim of this work is to analyze a model for the universe with two constituents, a tachyonic
and a fermionic fields. The exact solutions of the field equations show that the model can answer
for the accelerated-decelerated-accelerated periods of the universe, with the tachyonic field playing
the role of the inflaton at early times and as matter field at late times, while the fermionic field can
be considered as a dark energy field for later times, since it answers for the late accelerated period.

The metric signature used is (-,+,+,+) and units have been chosen so that 871G =c=h=1.

The model. The definition of the components of the Ricci tensor (and thus the formulation of
the Einstein equations) for a metric of one or another special type is associated, generally speaking,
with rather cumbersome calculations. Therefore, various formulas take on meaning, allowing in some
cases to simplify these calculations and present the result in a more observable form. These formulas
include the expression of the curvature tensor in the so-called tetrad form

Guv = ezeg'r/abv (1)
where "
el = o¢
v Qak’

are the tetrad or vierbein In these expressions the Latin indexes correspond to the Minkowskian
local space-time and the Greek indexes to the curved manifold. In this context, the derivatives that
act upon the spinor field v are replaced by their covariant counterparts by

O — Dytp = 0pah — Quab, O — Dyip = 0th — Q. (2)
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Here, ¢ = 1179 denotes the spinor adjoint and the symbols (1, are spin connections given by

]' g
Qu = = 90p[T)5 — €} (0e3)IT°T7, (3)

where F;pui are the Christoffel symbols. In the above equation the Dirac-Pauli v* are replaced

by new matrices, according to the general covariance principle. They follow a generalized Clifford
algebra [[*,T%] = 2¢" | where T" = efy* |20].
Gamma-matrix will be used in the form of Dirac

I 0 0 oF 0 I
0 _ k _ 5
7_<0 I>v 7_<_0.k: 0>7 7_<I 0>a

where I = diag(1,1) are the Pauli matrices having the following form

0 1 0 —i 10
1 _ 2 __ 3
(i) () oo h).

Our next step is to establish the field equations for the nodel, which will follow from the action
1
S:/d4xﬁg[2R+LD+LT}, (4)

where R is the curvature scalar. The dynamics of the spinor field ¥ is encoded in the Lagrangian
density

a

17— _

Lp = 5 [T Dy = (Du)T"0| = V(Ww), (5)
with V(iﬁw) denoting the self-interacting potential of the spinor field, which is supposed to be a
function of the bilinear ) .

The tachyon field ¢ is described by a Lagrangian density

Ly = ~V(9)y/T— 0,007, (6)

From the variations of the action (4) with respect to the spinor field and its adjoint it follows the
Dirac equations

: OV () . OV ()
ZF“Duw - T/{/—} = O, ZDuwP'u + T’(]} - O (7)
Note that to find the equations of motion we must use the variations
5\/ —g9g = _0~5g,ul/v _géglﬂ’, (8)
R = (R + 9w0 — V,V,)0g", (9)
where V,V, =0,V, — FZVVU is a covariant derivative of the vector V,,, and dalambertian scalar
¢ is

06 = j_fgawmam (10)

Furthermore, the variation of the action (4) with respect to ¢ gives an equation of Klein-Gordon
type for the tachyon field which reads

1V, oVH(V, 9V ) 1 dV(¢)
2 (1-VroV.,e)  V(g) d¢

Einshtein field equations are obtained from the variation of the action (4) with respect to the
tetrads

VAV .6 +

~0. (11)

1
R;w - §guuR = _Tuu- (12)

Above T}, is the energy-momentum tensor, which has the following expression [20]

V(9)
V1=V,06Vre
Field equation in the Friedmann-Robertson-Walker metric
In this section we shall determine the field equations for a homogeneous and isotropic spatially
flat Universe described by the Friedmann-Robertson-Walker metric
ds® = —dt* + a(t)*(dz* + dy? + dz?), (14)
17
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where a(t) is scale factor dependent of time t.

Curvature scalar R )

a a
R=6(%+%). 15
PR (15)
Substituting (5), (6) and (15) in action, our Lagrangian is
L = =3i%a+a*2 [ — vy 0| — a*Va(u) — a*Vi(9)y/1 - 67, (16)
where u = 1) .
Euler-Lagrange equation for scale factor a
L,— (Ly): =0. (17)
Substituting Lagrangian in Euler Lagrangian equation, we obtain
3H? +2H = —p, (18)
where .
11 = . = .
p= 5[0 — "] = Ve - 1y/1- 2. (19)
From the Euler-Lagrange equation for tachyon field ¢, we get equation of motion:
Ly —(Ly) =0, (20)
¢ - Vig
—+3Ho+ — =0. 21
e (21)
From the Euler-Lagrange equation for fermion field 1 and 1), we get equation of motion
Ly = (Ly)e =0, (22)
-3 _
Vot GHY = Vo =0, (23)
Lj—(Ly) =0, (24)
. 3 )
U SHY = iVauypy =0, (25)
Zero energy condition B
de+L¢¢5+L¢@Z}+L7ﬂZ}—L:0, (26)
From the zero energy condition
3H? = p, (27)
where "
p=—+ W (28)
\/1— @2
Conservation equation
p+3H(p+p)=0, (29)

Using conservation equation (29) transform the form of the energy density equation (28), we obtain

p=—Vo+ Vayu—Vi\/1— ¢2. (30)

As a result, the complete system of equation of motion will take the form
a) Fridman equation is

3H? +2H = —p, (31)
3H? = p. (32)
b) Klein-Gordon equation is
¢ AT
—+3H¢p+ — =0. 33
G (33

18
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c¢) Dirac equation is

.3
¥ SHY = Vot = 0. (34)
-3 -
b+ SH — iVauin® =0, (35)
The total energy density p and the total pressure p are given by
%1

+ V27 (36)

p=——
1 — 42
p=—Va+ Vauu —Viy/1 — ¢2. (37)

The total energy density of the sources of the gravitational field can be represented as the sum
of the two contributions p = pp + pr, which are associated with the spinor and tachyon fields,
respectively

pp = Va, (38)
Vi

PT:\/J-

In the same way, we can represent the total pressure of the sources of the gravitational field as the
sum of the pressure p = pp + pr associated with the spinor and tachyon fields, respectively

pp = —Va + Vayu, (40)

pr=—-Vi\/1— ¢ (41)
Cosmological solution

In order to analyze cosmological solutions from the proposed model we have to enter new values
for scale factor a

a = apt®, (42)
; a—1
a apt® t
and tachyon field ¢
¢ = dot”. (44)
From the (35), (34), find the type of bilinear function u = v
C

where C is the constant of inegration.
The function of fermion field 1 we will look in the form

Y = Ap(t)e PRO, (46)
Using equation (34), we obtain
3
Ap(t) = a" 2 Ay = ag 2t~ 2 Ay, (47)
where Ay - is integration constant (k =0,1,2,3).
3092 2(2(B—1)
Dy = —% - / e T 2T ViR a22 Vg, (48)
where £ =0,1.
3ag2p2:2(8—1)
D; = % + /6_ 02(5_1) V10¢352t2(’8_1)dt, (49)

where i =2,3.
Potential of the tachyon field in terms of ¢ and ¢
_ 3ag2B226-D 5
OO P Y T = 242(8—1)
S ey (50)
19
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s 2(55—1)
3o 32 (dT) b Ao
V1 qﬁ =e 0 1-— (Z)0252 (7) VlO' 51
@) 2(8—-1) %o (51
where Vg is the constant of integration
Potential of the fermion field in terms of ¢ and u

3@2 _§a¢02ﬁ2 28—2
Va(t) = " — Vage 2 77 T V. (52)
C _Bl 7§a¢0262( c *2({%;1)
= 10(,Ca) o PEGE) T "

where Vag is the constant of integration.

Using equations of energy density and pressure (36), (37) and scale factor (42), we obtain energy
density and pressure for our model

3a?
pP= 2 (54)
a
p= t—2(2 — 3a). (55)
Energy density of the spinor and tachyon field (38), (39) taking into scale factor (42)
3 2 3 ad 232 —
pp = " — Vige BT g, (56)

 3ae2324208-1)
P ‘20(55_1)1/10. (57)

Ficure 1 — The dependence of energy density on time ¢, where a =2, =2, ¢0=0.1, Vip=5, Vog=1.

Figure 1 shows dependence of energy density: spinor field(dotted line), tachyon field (solid line)
and total energy density (point line) on time .
Pressure of the spinor and tachyon field (40), (41) taking into scale factor (42)

202

pp = ——5 — Vioe

3 ag?s? $28—2
2

= (1 + ¢0262t2(5’1)> + Vao, (58)

 Bagy28212(A-D)

pr=—e  206-1 (1 — ¢0262t2(5_1)>V10. (59)

Figure 2 shows dependence of pressure: spinor field(dotted line), tachyon field (solid line) and
total energy density (point line) on time ¢.
The boson and fermion fields in the early epoch are responsible for the accelerated mode, but since
the total pressure tends to zero at a later time, the transition to the slow mode occurs. Tachyon
20
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—10°

Ficure 2 — The dependence of pressure on time ¢, where a =2, =2, ¢0=0.1, Vip=5, Voo=1, C=10, ap=1.

field is crucial only in the early times. Isotropization, which occurs in the late epoch, is associated
with the presence of a boson and fermion field as sources of a gravitational field.
The equation of state parameter w

_P
w(t) = s (60)

it should be w~ —1.
In the model under consideration, the equation of state parameter is

2
=—-14—. 61
w +3s (61)
The deceleration parameter ¢ )
aa
Q(t) = _¥7 (62)
it should be ¢ < 0.
For our model the deceleration parameter is
1
=—-1+—. 63
q + (63)
The jerk parameter j
- .d.a/Q
i) = —5 (64)
it should be j =~ 1.
For our model the jerk parameterr is
3 2
=1—-—+4+ —. 65
J ot (65)

Figure 3 shows the graphs for the equation of state parameter w, deceleration ¢, jerk j. Where
solid line - parameter of the equation of state w, exact line - deceleration parameter ¢ and dashes
line - jerk parameter j.

Energy conditions

For a flat Universe energy conditions can be transformed into restrictions on the deceleration
parameter ¢q [22]:

Zero energy condition (NEC)

qg>-—1. (66)
Strong energy condition (SEC)

q=0. (67)
Dominant energy condition (DEC)

q<2. (68)

Among these conditions, there is no weak condition (WEC), since it is completely satisfied for

arbitrary real a(t).
21
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Ficure 3 — The dependence the equation of state parameter w , deceleration ¢ and jerk j on time ¢.

The energy conditions, considered separately, leave a fundamental possibility for both the dec-
celerated (¢ > 0) and the accelerated (¢ < 0) expansion of the Universe. The meaning of the
restrictions for NEC in (66), (67), (68) is quite transparent. As follows from the second Friedmann
equation, the condition for accelerated expansion of the Universe is inequality p + 3p < 0, i.e.
accelerated expansion of the Universe is possible only if there are components with large negative
pressure p < —1/3p. The enegry condition of the SECexcludes the sustenance of such components.
As a result, in this case ¢ > 0. At the same time, the NEC and DEC conditions are compatible
with the condition p < —1/3p, therefore they allow models which ¢ < 0.

These conditions impose restrictions and independent of the model restrictions on the behavior
of energy density and pressure. For our model, the zero energy condition, the strong energy
condition, the dominant energy condition are satisfied, and the weak energy condition, which is not
mandatory, is not satisfied.

Conclusion. Thus, we have considered cosmological model with fermion and tachton fiels to-
gether with a homogeneous, isotropic and flat Friedman-Robertson-Walker universe. For this model,
we have found the exact solution, reconstructed the tachyon and fermion potentials, and studied the
energy conditions. For this model, the energy conditions NEC, WEC, DEC are fulfilled and the SEC
condition is not fulfilled. The parameter of the equation of state w, the deceleration parameter ¢
and the jerk parameter j are found, whose value corresponds to the accelerated expansion of the
universe for a > 1.

In the model under consideration, the tachyon and fermion fields have a negative pressure. In the
early epoch, the boson and fermion fields are responsible for the accelerated mode, but since the
total pressure tends to zero at a later time, the transition to the slow mode occurs. Tachyon field is
important only in the early era.

The work was carried out with the financial support of the Ministry of Education and Science of
the Republic of Kazakhstan, Grant No. 0118 RK00935.
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T'.A. AxmeroBa, O.B. Pa3zuna, I1.}O. IIsi6a, B. Meup6ekos
JI.H.lymunes amovindazo, Bypasus yammok yrusepcumemi, Hyp-Cyaman, Kasaxcman.

DepMHUOHIBIK, >KOHE TaXUOHBIK epicTepi 6ap KOCMOJIOTUSIIIBIK, MOJEJTi

Anparna Byn makanana tept esemeri hepMUOH YK9HE TaXUOH opicTepi 6ap KOCMOJIOTUSIIBIK, MOJIEIbMEH H6ipre roMOreH/ i,
nzorpontTsl xkoue Teric Opuamann-Pobeprcon-Yonakep omeMmi Tankbpuianaasl. OCbl MOJEIb YIIIH KO3FaJbIC TEHAEYIEp Kyieci
Tabbuiabl.  Macmrabrel (akTop VINH apHAJFaH IIellM CUNATTAJFaH. AJIBIHFAH HapaMmerpjiep « > 1 VIIiH COHFBI
Oaiikay JepeKTepiH KaHaraTTaHAbIpalbl. KapacTbIpbUIBII OTBIPFAH MOJEJbIE KBICHIM TepiC *KoHe KeliH HeJire YMTBIIaIbI.
DHeprusi THIFbI3/bIFl YKOHE KBICBIMbI aHBIKTAJIIbI KOHE KApaJibIll OThIPFAH MOJIEJIb/IIH KAPAHFbl SHEPIUSCHIHA, SHEPIeTUKAJIBIK,
maprTapbiHa coiikec Kesieai. KasbIIThUIbIK TeH/EYiHIH mapaMeTpi w , TeXKeJly IapamMerpi ¢ KoHe ceplrijic mapaMeTrpi j 60JibIx
Tabbuiabl. COHBIMEH KaTap, SHEPrHsl THIFBI3ABIY p JKOHE KBICBIMBI P, Kyil TeHJeyiHiH mapaMmeTpi w , TexKesly mapaMerpi ¢
JKOHE CepIIJiic mapamerpi j TeHzeysepi YIIH rpaduKTep TYPFBI3BLIIAbI.

Tyitin cesnep: PepMUOHIBIK OPIC, TAXMOHJBIK, OPIC, SHEPreTHKAJBIK, IapTTap, Kyl TeHJIeyiHiH mapameMeTpi, TerKesy
napameTpi, cepIrijic mapamMerpi.
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I'.A. AxmeroBa, O.B. Pazuna, I1.}O. IIsi0a, B. Meup6ekoB
Espasutickuti nayuonaavrorl yrnusepcumem um. JI.H. I'ymunesa, Hyp-Cyaman, Kasaxcman

Kocmogornueckasi MmoaeJib C Cl:)epMI/IOHHbIM N TaXUOHHBIM ITIOJIAMU

Annotanusi: B 3710l craThe 06CYy:KA€TCS KOCMOJIOIMYECKasi MOJENb C (PEPMUOHHBIM U TAXUOHHBIM IOJEM B YeThIPEX
M3MEPEHUSIX BMECTe C OJHOPOJIHOM, M30TPOIHON U IIOCKOU BcesjeHHON Ppummana-Pobeprcona-Yokepa. st sroit momgenn
HaiijieHa cucreMa ypasHeHuii jqsurkenust. OIHMCAHO CTENEHHOe pelleHue s Macirabaoro dpakropa. V3ydennl sHepreTudyeckue
ycioBusi.  Ilosy4yeHHBIE MapaMeTpbl YIOBJIETBOPSIIOT IOCJIEIHUM HaO/IOJATE/bHBIM JaHHBIM st « > 1. JlaBjnenue B
pPacCMaTpUBAEMOil MOJIeJIM OTPHUIIATENILHO U B IIOCJIE/IHEE BPEMsl CTPEMHUTCS K HyJ0. HalileHbl SHEepreTudeckue ycJioBus,
IUIOTHOCTb SHEPIHH W JaBJIEHHE, KOTOPBLIE COOTBETCTBYIOT TEMHOM SHEPIHH paccMmarpuBaeMmoit momenu. Haiinen mapamerp
YPABHEHUsI COCTOSIHUSI W , NIapaMeTp 3aMejjIeHusi ¢, napaMerp pbiBKa j . llocTpoenbl rpaduku Jjisi IJIOTHOCTU SHEPTUU P
¥ JaBJIEHUsS D , & TaK’Ke JJjIsl yPaBHEHUS COCTOSHHS IIapaMeTpa w , IapaMeTpa 3aMeJJIeHUsd ¢ | IIapaMeTpa PBIBKA J .

KuroueBbie ciioBa: (GepMHOHHOE TOJIe, TAXUOHHOE TIOJIE€, IHEPTreTHYECKUE yCJIOBUs, YPABHEHUE COCTOSTHUS, TAPAMETP

3aMe/lJIeHNsI, TapaMeTp PBIBKA.
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ITonoxkeHue O PYKOIUCSAX, MIPEACTABJIsSIEeMbIX B >XKypHai «BecrHuk EBpasumiickoro HanmoHaJIbHOTO
yHusepcurera numenu JI.H.I'ymunesa. Cepusi: @usuka. AcCTpoOHOMUsI»

Pedaxyusn olcyprana npocum agmopos 03HAKOMUMBCA C NPABUAGMU U NPUOEPHCUBAMBCA UL NPU Mod20moske pabom,
HAMPABAAEMBLT 8 dHCYPHAA. OMKAOHEHUE OM YCTNAHOBAEHHBIT NPABUA 360ePIAHCUBAEM NYOAUKAUUIO CMAMDU.
1. IHens >xypHasa. [lybinukanus TIiaTeJbHO OTOOPAHHBIX OPUTHMHAJBHBIX HAyYHBIX pabOT 10 aKTyaJbHBIM IIpobJjiemMam
TEOPETUIYCKUX U IKCIIEPUMEHTAIBHBIX UCCIEJOBAHAN B 001aCTH (DU3UKH U ACTPOHOMIUH.
2. B penaknumio (B GymMarKHOM BH/e, IOJAIMCAHHOM BCEMH ABTOPDAMH U B 3JIEKTPOHHOM BHJE) IPEACTABJAIOTCH Tex- u
Pdf-daitner paboTsl, moaroroBieHHbIE B M31aTeabCcKOM cucreMme LaTeX, ¢ 06s3aTeIbHBIM HCIIOIB30BAHUEM OPHUIMHAIBHOIO
crusnesoro daitna xypuana. CruseBoii daill MOXKHO CKadaThb CO caiita KypHasa bulphysast.enu.kz. Asropy (aBropam)
HEOOXOIMMO IIPENOCTABUTE COIMPOBOAUTEIBHOE MHCHMO.
SI3bIk myGauKauuil: Ka3axXCKuil, pyCCKuil, aHTJINACKAN.
3. OrnpaBieHune crareii B peJakKIMIO O3HA4YaeT corjlacue aBTOpoB Ha mnpaso Vsparensi, EBpasuiickoro
HanmoHaJbHOro yHuBepcutera uMenu JLLH. I'ymuaeBa, usmanHusi crareili B >KypHajle U IE€PEeU3IaHUS
ux Ha JI060M wmHOCTpaHHOM s#s3bike. IlpencraBiisisi Tekct paboTbl s myGamkamuu B >KypHaJie, aBTOP
rapaHTUpyeT NPaBUJILHOCTH BCEX CBeJeHUil 0 cebe, OTCyTCTBUE ILUIArnaTa U APYrux dopM HEIIPABOMEPHOTrO
3aMMCTBOBaHUs B PYKOIIMCH, Hajajexxkaimnee odopMJIeHHEe BCeX 3aMMCTBOBaHMII Tekcra, tabiui, cxem,
WJLJIIOCTPALUIA.
4. O6beM craTby HE JJOJKEH HpeBbImarh 18 crpanur (or 6 cTpaHwuir).
5. Cxema MMOCTPOEHUsI CTAThU
I'PHTH http://grnti.ru/
Hhuyuaast u pamuaus aemopa(os)
INoaroe naumerosarue opzaru3ayul, 20pod, cmpara (eciau aBropbl paboTAIOT B PA3HBIX OPTaHU3AIUAX, HEOOXOAUMO
[TOCTABUTH OJMHAKOBBIA 3HAYOK OKOJIO (haMHJIMK ABTOPA U COOTBETCTBYIOMIECH OPraHU3aIN )
E-mail asropa(oB)
Hassanue cmambvu
Annomayus (100-200 csioB; He JOJIZKHA COJIEPKATH I'POMO3JKHE (DOPMYJIbI, O COAEPXKAHHUIO INIOBTOPSTH HA3BAHWE
CTaTbH; HE JOJIXKHA COAEP2KaTh OnbamorpadutuecKue CChIIKT; JO/KHA OTParkaTh KPATKOE COAEPXKAHUE CTATbU, COXPAHI
CTPYKTYDPYy CTaTbU —BBeJeHHe/ IIOCTAHOBKA 3aJadu,/ 1€,/ MCTODPHs, METOJbl HCCJIEJIOBaHUs, DE3yJIbTaThbl/00CyKIeHHE,
3aKJIIOUEHUE / BBIBOJBI).
Karoueswvie caosa (6-8 cios/cioBocoderannii. KiiodeBble ci1oBa JOKHBI OTpayKaThb OCHOBHOE COJIEPIKAHUE CTATHH,
HCIIOIb30BATH TEPMUHBL U3 TEKCTa CTATHH, & TAKKE TEPMUHBI, OIIPEAEJIAIONINE IIPEAMETHYIO 00/IaCTh U BKIIIOYAIONINE PYTHe
BaKHBIE IIOHSTUsI, TO3BOJISIIONIUE O0JIErIUTh U PACIINPUTH BO3MOYKHOCTH HAXOXK/IEHUs CTATHU CPECTBAMH HH(MOPMAIIMOHHO-
[IOMCKOBOW CHCTEMBI).
Oc1oeHol meKrem cmambvu T0JIKEH COlEePKATh BBEJIeHNe,/ IOCTAHOBKY 3aJa1u,/ 11eJ11,/ HCTOPUIO, METO/IbI UCCIIEJOBAHNSI,
pe3yIbTaThl/ 06CY XK I€HHE, 3aKTIOYCHUE / BBIBOJIBL.
Tabnibl BKIIOYAIOTCS HEIIOCPEICTBEHHO B TEKCT PAOOTHI, OHU JIOJI2KHBI ObITH IPOHYMEPOBAHBI U COIIPOBOXK AATHCS CCHLIKON
Ha HHUX B TeKcTe paborbl. PucyHku, rpaduku JI0JKHBI OBITH IPEJACTABJIEHBI B OJHOM U3 CTaHIApTHBHIX (gopmaros: PS,
PDF, TIFF, GIF, JPEG, BMP, PCX. Toueunble puCyHKH HEOOXOAUMO BBINOJIHATH ¢ paspemenueMm 600 dpi. Ha pucynkax
JIOJIPKHBI OBITH SICHO II€PEJAaHbl BCE JETAJIU.
B craTbe HyMepyroTCs JIAIIb T€ POPMYABL, HA KOTOPBIE 110 TEKCTY €CTh CCHIIKH.
Bce abbpesuamypst u coxkpauweHUs, 3a UCKIIIOYEHUEM 3aBEJIOMO OOIEN3BECTHBIX, JIOJIXKHBI OBITH pacumdpoBaHbl IPU
[IePBOM YIIOTPEOIECHUN B TEKCTE.
Ceezienust o purarcosot noddepaicke paboThl YKA3bIBAIOTCS HA MEPBOI CTPAHUIE B BUIE CHOCKH.

6. Crucok JmrepaTypbl JOJXKEH COJEPKATh TOJILKO Teé MCTOYHUKHU (IPOHYMEPOBAHHBIE B IOPSJIKE LUTUPOBAHUS HJIUA B
[OPsiZIKe AHIVIMHACKOTO ajihaBuTa), Ha KOTOPBIE NUMEIOTCsI CChUIKK B TeKcTe paborel. CChLIKU Ha HEOIyOJIMKOBaHHBIE PaGOTHI,
Pe3yJIbTaThl KOTOPBIX UCHOJIB3YIOTCHA B JOKA3aTEIbCTBAX, HE JIOIYCKAIOTCH.

ABTOpaM peKOMeHIyeTCsl IpH OPOPMIIEHUH CCHLIOK HCKJ/IIOYUTH YIIOMHUHAHUE CTPAHMI] M PYKOBOJICTBOBATHCS CJIELYIOIIUM
mabI0HOM: HOMEp IVIaBbl, HOMEp naparpada, HoMep ILyHKTa, HOMED TeOPEMbI (JIeMMbI, yTBEDPK/ICHUs, 3aMEUaHUs K TeOPEMe
"..., e [3; § 7, memma 6]"; "..., M. [2; samewanme K Teopeme 5|". B mpormBHOM
CJly4ae IPH IMOATOTOBKE aHIVIOA3BIYHON BEPCUM CTATHUA MOTYT BO3HUKHYTH HEBEDHBIE CCHLIKU.

IIpumepsbl odpopMIIeHNs CIIMCKA JIUTEPATYPbI

1 Bopouun C. M., Kapany6a A. A. [Izera-byukiua Pumana. -M: @usmariur, -1994, -376 cTp. - KHUra

2 Baunos E. A., Cuxos M. B., Temuprasues H. O6 obimeMm ajaropurme UuCI€HHOIO MHTETPUPOBAHUS (DYHKIMHA MHOIHX
nepemenHbIx // 2KypHas BbIMHCIATEIBHON MaTEeMaTHKU U MaTeMaThuieckoil dusuku -2014. -T.54. Ne 7. -C. 1059-1077. -

u 1.1.), HoMep dopmyssl. Hanpuwmep,

cTaTbst
3 XKyGaunpbimesa A.2K., Abukenosa I1I. O mopmax mpou3BOAHBIX (DYHKIUN C HYJIEBLIMU 3HAYCHUSIMH 33JIaHHOTO HabOpa
JIMHEHHBIX (DYHKIMOHAJIOB U MX HPHMEHEHHs K IOIIEPEYHUKOBBIM 3aja4daM // PyHKIMOHAJIBHbIE IPOCTPAHCTBA U TEOPUS
upubsmkenns: Gyuknuit: Te3ucel n1okiaanoB MexkayHapoHON KOoHdepeHIun, HOoCBAIEeHHON 110-71eTuio co qHs POXKIEHUST
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4 Hyprasuna K. Peimaps maremaruku u undopmaruku. -Acrana: Kaz.mpaszga, 2017. 19 anpens. -C.7. - razeTHasi cTaTbs
5 Koipo B.A., Muxaitmunuenko I'I. AnajaurTuueckuii MeToJ| BJIOXKEHHsI CHMILIEKTHYecKoi reomerpuu // Cubupckue
SJIEKTPOHHBIE MareMaTudeckue wusBectus -2017. -T.14. -C.657-672. doi: 10.17377/semi.2017.14.057. - URL:
http://semr.math.nsc.ru/v14/p657-672.pdf. (nara obpamenus: 08.01.2017). - 9JIEKTPOHHBIA >KYPHAJI

7. Tlocne cnmcka JuTepaTypbl, HEOOXOUMO yKa3aTh 6ubauorpaduieckne JaHHbIE HA PYCCKOM M aHIJIMHCKOM f3bIKax (ecin
craTbst 0bOPMIICHA Ha KA3aXCKOM SI3bIKE), HA KA3aXCKOM U aHIVIMHCKOM sI3bIKaX (ec/n craTbs 0hbOpMIIeHA Ha PYCCKOM SI3bIKE)
7 Ha PYCCKOM M Ka3axCKOM SI3bIKax (ecyam crarTbs oopMIIeHa HA AHIVIMICKOM S3bIKE). 3aTeM HMPHBOIUTCH KOMOWHAIHS
AQHIVIOS3BIYHON M TPAHCIUTEPUPOBAHHON YaCTeil CIIMCKa JINTepPaTyPhl U CBEJIEHUsI IO KarXKIOMy 13 aBTOPOB (HayIHOE 3BaHHE,
ciry»kebHbIi aapec, TesedoH, e-mail - Ha Ka3aXCKOM, PYCCKOM U aHIVIMACKOM sI3BIKAX).
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8. PaGora c 92yieKTpOHHOU KoppekTypoi. Crarbu, nocrynusmme B Otzen HaydHbIX wns3zaHuil (pegakius),
OTIPABJIAIOTCS Ha AaHOHMMHOE pelleH3WpoBaHue. Bce peleH3uu 1o craTbhbsiM OTIPABJSIOTCA aBTOPY. ABTOpaM B TedYeHHe
Tpex AHell HeoOXOAUMO OTIPABUTH KOPPEKTYpy cTarbu. CTaTbH, MOJLYYUBIINE OTPUIATEIbHYIO PEIEH3UI0, K TOBTOPHOMY
PacCMOTPEHMIO He IPUHUMAIOTCs. VcIIpaB/IeHHbIE BADHAHTHI CTATEH M OTBET aBTOPa PEIEH3EHTY IPHUCHIIAIOTCA B PETAKITUIO.
CraTby, UMEIONINE TIOJOXKUTEIbHBIE PEIEH3UH, IPEICTABIAIOTCA PEAKOJUIEIH Ky PHAJA s OOCYKIACHUS U yTBEPKICHUS
IS Ty OJIMK ALY,

ITepuonuyHOCTh >KypHaJa: 4 pa3a B TOf.

9.0nmara. ABTopaM, IIOJIyYHUBIINM IIOJOXKHUTEIHHOE 3aKJ/IIOYEHIE K OILyOINKOBaHUIO, HEOOXOIUMO IPOU3BECTH OILJIATY II0
cnexyomuM peksusutaM (s corpynaunkos EHY — 4500 renre, miis croponnnx opranusanuii — 5500 Tenre): PexBusursr:
PexBusursr:

1)PI'II IIXB "Espasuiickuii Hanmonaabuelii yausepcurer uMenn JIL.H. Dymuresa MOH PK

AO "Bank lenrpKpeaut"

BUK 6anka: KCIBKZKX

NUK: KZ978562203105747338

Ké6e 16

Knu 859- 3a crareio

2)PI'II IIXB "Espasuiickuii nanmonanbubii yausepcurer umenu JI.H. T'ymunesa MOH PK AO "Bank RBK"

Buk 6anka: KINCKZKA

NNK: KZ498210439858161073

Ko6e 16

K 859 - 3a crarsio

3)PI'II IIXB "Espasuiickuii Haimonanbublii yausepcurer umenn JI.H. T'ymunesa MOH PK AO "ForteBank"

BUK Banka: IRTYKZKA

NUK: KZ599650000040502847

Ké6e 16

Kuu 859 - 3a crareio

4)PT'II IIXB "Espaswuiickuii nHannonansusiii yausepcurer umenn JIL.H. Tymmuinesa MOH PK AO "Hapoameiit Bank
Kazaxcran"

BUK Banka: HSBKKZKX

NUK: KZ946010111000382181

Ko6e 16

Kun 859.

"3a nybnukamuio B Becruuke EHY @O asTopa"
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MakaJjiaHbI paciMaey YJIrici
MPHTU 27.25.19
A K. XKy6ansmmesa ', H. Temupranues?, A.B. Yrecos?
U Memumym meopemumeckoti mamemamury u nayumoir evucaernuti Bepasutickozo
HAYUOHAALHO020 YyHusepcumema umenu JI. H. Tymunesa, Acmana, Kazaxcman
2 Axmaobuncruti pezuonasvhon eocydapemeenoni ynusepcumem umenu K. Xybanosa,
Axmobe, Kazaxcman
(Email: ' avaulezh@mail.ru, % ntmath10@mail.ru, 3 adilzhan_ 71@mail.Tu)

Yucaennoe nuddepeHiimpoBanue pyHKIiI B KOHTeKcTe KoMnbioTepHOTO

(BBIYMCIIMTEILHOIO) IIONEPEeYHNKA

Bseaeunune

TekcT BBEIEHUS. ..
ABropam He cileyeT UCIOIb30BaTh HecTangaprable makersl LaTeX (mcmospsyiiTe ux Juin B
citydae KpaifHeil HeOOXOMMOCTH )

3aroJioBOK CeKIu

1.1 3aroyioBOK moaceKnuu
Okpy:xeHus.

Teopema 1. ...

JlemMma 1. ...

IIpenmoxxenue 1. ...

Ompenenenne 1. ...

CaencrBue 1. ...

3ameuanwue 1. ...

Teopema 2 (Temupramues H. [2]). Texcm meopemot.
HokazaTeanbcTso. TekcT moKazaTeabCTBA.

2. ®opmysibl, TaOJUIIbI, PUCYHKH

. — e sl A — : (1Y)
In(en;Dn)y =0n(en; T; F; D)y = (l(N),;r]lvf)EDN N (8N, (l ,@N>)Y, (1)
rie On (en; (™), on))y = on(en; T F; (I, on) )y =
= s 17O e (10 (D) 00 1 () a0 -
feF y

’»yg\;')lgl(‘rzl,...,N)

Tabsuipl, pUCYHKH HEOOXOAMMO pacrojiaraTh mocjie ynomuHauus. C KaxK0if WILTIOCTpaIeil JoJKHA
CJIeI0OBaTh HAJIIINCh.

Tasnua 1 — Hassauue Tabauiinbt

IIpoctoie He mpoctiie
2,3,5,7,11, 13,17, 19, 23,29 | 4, 6, 8, 9, 10, 12, 14

3. Cchuiku u dbubsmorpadus

st cChIIOK Ha yTBepzKJeHus, (POPMYJIbI U T. II. MOXKHO HCIIOJIh30BaTh MeTKu. Hampumep, Teopema 2,
Dopmyina (1)

st pykoBomcTa 1o ATEX u B KadecTBe puMepa 0oOPMIIEHUS CCBIIIOK, CM., Hartpumep, JIppoBckmii C. M.
Habop u Bepcrka B nmakere WTEX. Mocksa: Kocmocundopwm, 1994.

Crucok auTepaTypbl 0QOPMIISETCS CJIEYIONUM 00PA30M.

172



A.C. ®aus, 9.Y. Abyosa, H. Illoken, A.Y. Abyosa, /.A. /I>xkyuucbekoBa, I.B. Baiimaun

Ficure 1 — Ha3zBanue pucyHka

Crmcok jureparypbl

1 Jlokymuesckuii O.M., T'aspukos M.B. Hauasa yuciennoro ananuza. —M.: TOO "dAuyc", 1995. —581 c. - kuura

2 Temupramumes H. Komnbrorepublii (BBIYMCIMTEILHDIH) [ONEPEYHUK KAK CHHTE3 HM3BECTHOIO ¥ HOBOIO B
quciaennom anasnuse // Becrauk Eppasuiickoro mammonanbuoro yamsepcutera umenu JI.H. Dymunesa —2014.
~T.4. Ne101. —C. 16-33. doi: ... (upu HaIU9IUN) - CTATHSI

3 2Kybanbimesa A.2K., Abukenosa I1I. O HOpMax MPOU3BOIHBIX (DYHKIINN C HYJEBBIMU 3HAYEHUSIMU 3aJaHHOTO
Habopa JIMHEHHBIX (DYHKIMOHAJIOB M UX IPUMEHEHHsI K IIONEPeYHMKOBBIM 3agadaM // PyHKIMOHAJbHBIE
MIPOCTPAHCTBA ¥ Teopus upuoOamkenus ¢yaknmit: Te3ucor mokma70B MexayHapomgHOl KOHMEpeHInH,
nocesienHas 110-seruto co pust poxaenus: akagemuka C.M.Hukosnbckoro, Mocksa, Poccusi, 2015. — Mocksa,
2015. —C.141-142. - Tpynap!l KoHdepeHIUit

4 KypmykoB A.A. AHIrHOIPOTEKTOPHAS M THIOJIHIIAIEMIYECKas aKTUBHOCTh JleyKoMu3uHa. —Amarsr: Bacray,
2007. —C. 3-5 - ra3eTHBIE CTATHU

5 Koipos B.A., Muxaitnmuuenko [.I. Amanurwdaeckuwii MeTOJ| BJIOXKEHUS CHMILUIEKTHYECKOH reomerpuun [/
Cubupckue s1ekTponnble Maremarnaeckue u3pectns —2017. —T.14. —-C.657-672. doi: 10.17377/semi.2017.14.057.
— URL: http://semr.math.nsc.ru/v14/p657-672.pdf. (mara obpamenuns: 08.01.2017). - 3JI€eKTPOHHBIN
Ky pHaJI

A.2K. XKy6ansimesa ! , H. Temipranues ! , A.B. Yrecos 2

L JI.H.Nymunes amuvimdazo, Bypasus yammok YyHUEepCUmeminiy, meopuaibll MAMEeMAMUKG HCIHE 2bLAbLMU ECENMEeYaeD
uncmumymaot, Acmana, Kasaxeman
2 K. 2Ky6anos amomdaeo. Axmebe onipaix memaexemmix. yrusepcumemi, Axmobe, Kasaxcman

Komnbrorepaik (ecenreyinr) guaMerp MoHMOTIHIHAE hyHKImMAIapapl cavablk, auddepeHnnangay

Amnnoranusa: Komnborepiik (ecenreyim) quamerp mouMariniage Co6osieB KIachlHAa KATATHIH (DYyHKIMIADIBL OJIADIBIH,
TpuroHoMeTpusisiblik, Pypobe-Jlebera KoadpdunreHTTEPIHIH, aKbIPJIbl YKUBIHBIHAH AJIBIHFAH JI9JI €MeC aKlapaT OOWBIHIIA
KybIKTay ecebi TosbirbiMen memisai [100-200 ceszep.

Tyiiin ce3pep: xyvikran mguddepeHnnaigay, IoJI eMeC akmapaT OOHbIHIIA XKYBIKTAy, IIEKTIK KaTeaik, KommboTepik
(ecenreyimr) nuamerp [6-8 co3/ceos TipkecTepi|.

A.Zh.Zhubanysheva ! , N. Temirgaliyev ! , A.B. Utesov 2

L Institute of theoretical mathematics and scientific computations of L.N. Gumilyov Eurasian National University,
Astana, Kazakhstan
2 K.Zhubanov Aktobe Regional State University, Aktobe, Kazakhstan

Numerical differentiation of functions in the context of Computational (numerical) diameter

Abstract: The computational (numerical) diameter is used to completely solve the problem of approximate differentiation
of a function given inexact information in the form of an arbitrary finite set of trigonometric Fourier coefficients. [100-200
words|

Keywords: approximate differentiation, recovery from inexact information, limiting error, computational (numerical)

diameter, massive limiting error. [6-8 words/word combinations|
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