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Exponential solution of the f(R) gravity with Maxwell term and g-essence

Abstract: In this paper, we consider the f(R) model of gravity with a Maxwell term F),, F'*”
and g-essence in four dimensions together with a homogeneous, isotropic and flat Friedman-
Robertson-Walker universe. As a particular case, g-essence includes two important models such
as k-essence and f-essence. For this model, a system of equations of motion is found, an exponen-
tial solution is constructed, scalar and fermion potentials are reconstructed, and energy conditions
are obtained and investigated. These conditions impose very simple and independent of the model
boundary on the behavior of the energy density and pressure, since they do not require a definite
equation of state of matter. For the model under consideration, the energy conditions NEC, WEC,
DEC are realized, and the SEC condition is violated. We found the parameter of the equation of
state w = —1 and the deceleration parameter ¢ = —1, which value corresponds to the accelerated
expansion of the universe.

Keywords: f(R) gravity, Einstein-Maxwell gravity, g-essence, energy conditions, equation of
state, deceleration parameter.

DOI: https://doi.org/10.32523/2616-6836-2018-124-3-33-40

Introduction. Every year there is more and more evidence that the universe in the modern era
is experiencing a phase of accelerated expansion. The accelerated dynamics, that observed in high
redshift studies of type Ia supernovae [1], [2], was independently confirmed by observations of the
anisotropy power spectrum of the Cosmic Microwave Background (CMB) [3]-[5]. This is explained
by the fact that in the universe some form of "dark energy" predominates, occupying up to 70%
of the critical energy density, and the remaining 30% consist of clumpy baryonic and non-baryonic
dark matter [4]. Today in cosmology one of the central questions is the origin of this exotic matter
[6].

There are a number of different models describing the acceleration of the modern universe. How-
ever, at present it is not possible to make a choice in favor of a particular model. This is due,
among other things, to the inability of direct experimental research of these models under terres-
trial conditions. Today, hopes in this area are associated with further refinement of astronomical
observations. In such a situation, the presence of a wide range of different models describing the
accelerated expansion of the modern universe will make it possible in the future to choose in favor of
the most adequate [7]. One of these models is the k-essence. Originally it was proposed as a model
for inflation [8], and then as a model for dark energy [9]-[15]. After these proposals, the k-essence
began to be intensively studied, but investigation of the possible cosmological behavior of the k-
essence in the systematic order deserves attention. Quite recently, the so-called ¢ -essence model,
was proposed [16]-[19], which is a more general model than the k-essence . In fact, the g-essence
contains, as a particular case, two important models: k-essence and f -essence. Note the fact that
the f-essence is a fermion analog of the k-essence [7]. The fermion field plays a very important
role in: 1) isotropization of the initially anisotropic space-time; ii) the formation of a free singularity
of cosmological solutions; iii) explaining the late acceleration time |7].

The equations, obtained by D. Maxwell on the basis of the experimental results accumulated by
the middle of the 19th century, played a great influence on many later fundamental theories, for
example, the special theory of relativity [20].

In this paper, we consider the action of f(R) gravity with the Maxwell term and g-essence.
Additionally we find the equations of motion, construct the solution of the model, and determine
whether such a model can describe the accelerated expansion of the universe.

f(R) gravity with Maxwell term and g-essence
33
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We consider the action of f(R) gravity with the Maxwell term and ¢ -essence in four dimensions

by
1 _
Spats = 1rqr | VIR F(R) — Fu P 4 2K (X, Y.6,0.6), (1)

where the covariant tensor of the electromagnetic field is determined by the derivative of the 4-vector
potential in form

Fw/ = ap,Al/ - &/Au (2)

and K is a function of its arguments, ¢ is a scalar function, ¢ = (Y1, b2, v3,14)T is a fermion
function and ) = ¢T4Y is its conjugate function. Here

X =0.5¢"V,¢V,p, Y = 0.5i{[T"D,3p — (D,p)Hep] (3)

are the canonical kinetic terms of the scalar and fermion fields, respectively. V, and D, are
covariant derivatives. We note that the fermion fields are treated here as classical commuting fields.
The ansatz solution for the Maxwell term is given by the formula A, depend from ¢. Then

Fon=—Fio=A), Fyo=—Fy=Ay, Fyz=—F3=A43 (4)

where the dot means the time derivative (all other components of F),, are equivalent to zero).
Consider a homogeneous, isotropic and flat Friedman-Robertson-Walker (FRW) universe filled
with g-essence. In this case the metric has the form

ds® = —dt* + a(t)*(dz? + dy? + d2?), (5)
where a(t) is a scale factor of the universe. For this metric, the equation (2) takes the form
Fu P = 2[g% " (For)® + %% (Fo2)? + ¢%9™ (Foz)?) = —%[(‘41)2 +(42)? + (43)%]. (6)
Then the action (1) in conjunction with (6) will be written in the form
Simg = % /d4x{—3aa2 + %a‘gf +af(A1)? + (A2)? + (43)?] + K ). (7)

In the case of the FRW metric (5), the equations of motion corresponding to the action (7) will
be written as

3H? —p = 0, (8)

2H +3H? +p = 0, (9)

A+ HA, = 0, (10)

Ay + HAy = 0, (11)

As+ HA; = o0, (12)

Kxé+ (Kx +3HKx)p — K, = 0, (13)

Kyy +0.5(3HKy + Ky)p —i°K; = 0, (14)
Kyt +05(3HKy + Ky)) +iKyy’ = 0, (15)
p+3H(p+p) = 0, (16)

where H = % is the Hubble parameter, the canonical kinetic terms of the scalar and fermion fields
have the following form

X =05¢%, Y =057 — 7°0) (17)
and the energy density and pressure take the form

[(A1)* + (A2)* + (43)7]

p=—3HRfrp +3(H + H*)fr —0.5f +2KxX + KyY — K + = . (18)
A.\2 A \2 A1.\2
p=R:frrr + QHR + R)frr — (3H® + H)fr+ 0.5f + K + [(Ay)” + (‘;52) + (Ao (19)

34
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We consider the action of the g-essence of (7) with
K =eX +0Y —Vi(¢) — Va(u) — ndu, (20)

where 1 = const, u = Y1), ¢ and o some constants. Here we can note that ¢ = 1 (e = —1)
corresponds to the usual (phantom) case, then we can rewrite the system of equations (25)—(16

)
3H2—p = 0, (21)
3H>+2H +p = 0, (22)
Ay + HAy = 0, (24)
A3+ HA3 = 0, (25)
€ +3eHp +nu+Viy = 0, (26)
.3 :
o+ SoHY +iVon "y +im e = 0, (27)
= 3 — S — . —
o+ JoHY —iV; A —inggn® = 0, (28)
p+3H(p+p) = 0, (29)

where

[(A1)? + (A3)? + (43)?]

p=—3HRfrr +3(H + H?)fr — 0.5f +0.5¢0> + Vi + Vs + nou + 5 . (30)
) .. . . , A2 + (A9)2 + (Aq)2
p=R*frrr+(2HR+R) frr— (3H*+H) fr+0.5f+0.5e¢* — Vi —Va+ Vou+ (A) (3;2 ) ]'
(31)
Excluding f from the equations (21) and (22) we get
. . : L o A[(A)? + (Ag)? + (As)?
R’ frrr — (HR — R)frr + 2H fr + 2H + €6° + nou + Vou + (A1) (3;2) o) _, (32)
This equation can be rewritten in the form
3 L A o A[(A))? + (Ag)? 4 (A3)?
F— HF +2HF +2H + ¢¢* + nou + Vyu + [(4y) +(3a22) + (43)°] =0, (33)
d
where [ = d—f .
From (23)-(25) we obtain the expression for the potential of the 4-vector
b,
Ap =" (n=1,2,3), (34)
a
where b,, = const.
The system (21)-(29) has a solution
a = aoe)‘t, (35)
¢ = doc”, (36)
_ G D@ _
Tzz)l - Fe ()7 (l - 172)7 (37)
_ % _—iD(t _
v = —se P (h=3,4), (38)
c c
L agedt’ (39)

where ¢; obeys the following condition ¢ = |e1]? + |ca|? — |es]? — |ea?.
For the metric (5) and the scalar factor (35) we get

R=6(H +2H?) = 12)\% (40)
35
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From (26) the scalar field potential is

6525(2)5 26t Podnc (6—3\)t
=———(0+3X - = - 41
Vi 5 (0+3X)e IOV Vio, (41)
Vi ——ﬁ(é—}—S)\) 9 2_M ¢ = — Vi (42)

T2 bo ag(6 —3) \ ¢o o
From (27) the potential of the fermion field is

3ACnPo  (s-aay , SACO / S —3At
Vo= —— — | D dt. 43
2 a3(5—3)\)€ + a} ¢ (43)

Then the equation (21) takes the form
: L g2 2.3 oy o BAO [ gy By
BHRfrr—3(H+ H*)fr+0.5f+3H +§e¢05>\e ——5— [ De >Mdt — —e +Vip =10, (44)
o o

where b= b3 + b3 + b3 .

Let f=pR!, fr=pBIR"", frr = BI(l—1)R2
Then from (44) we get

3 262 2
ap | 3EAPRO” anyosy 40T
= - - — D 45
3Aco | 3N+ 20 a%e + o (45)
and the potential of the fermion field has the next form
3 b? 3cAngg
Vo = ZeXd 2,26t Y —4Xt (6=3M)t V- ’ 46
5 26 dpe aée +7a8(5—3)\)e + Vao (46)
where
Vag = =3 % 1271 BNH (1 — 2) + 322 4 V. (47)
Density of energy and pressure are
p = 3)\27 (48)
p = —3\4 (49)

There are a number of different theoretical models that describe the accelerating expansion of the
modern universe. For these models, the phenomenological relations p = wp between the pressure p
and the energy density p of each of the fluid components, where w is the parameter of the equation
of state, or for brevity, the state parameter [7]. A component with a negative w corresponds to a
dark energy. Modern experiments, including WMAP, indicate that at present the dark energy state
parameter is close to —1. In particular, from the existing estimates obtained from the results of
observations, it follows that with a probability of 0.95, the value of w lies in the interval —1.45 <
w < —0.74. From the theoretical point of view, the region mentioned above covers three essentially
different cases [7]. Phantom matter corresponds to a region of space with the parameter w < —1,
where the scalar field has a negative kinetic energy [11|. Although the matter of this form is currently
consistent with observations, the origin of such a scalar field with unusual kinetic energy is not clear.
On the other hand, recently it has been obtained that the phantom field is not necessarily scalar, it
can also have vector or tensor degrees of freedom [6].

In the model under consideration, the equation of state parameter is

w=L-_1, (50)

p

The obtained state parameter corresponds to modern observational data.
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The great importance have the energy conditions |21]

NEC = p+p>0, (51)
WEC = p>0,p+p>0, (52)
SEC = p+3p>0,p+p>0, (53)
DEC = p>0,-p<p<p. (54)

Here NEC, WEC, SEC and DEC, respectively, are null, weak, strong and dominant energy
conditions. These conditions impose very simple and model-independent limitations on the behavior
of the energy density and pressure, since they do not require a definite equation of state of matter.
Thus, with the help of energy conditions it is possible to explain the evolution of the universe using
general principles [|21].

Since we are considering the model of a flat universe with the FRW metric, we can convert the
conditions (51)—(54) into constraints on the deceleration parameter ¢

NEC = ¢>—1, (55)
SEC = ¢>0, (56)
DEC = ¢<2. (57)

The condition WEC is always satisfied for arbitrary real a(t).

For q > 0, the universe expands slowly. For ¢ < 0 the universe expands at an accelerated rate.
The condition NEC (55) has a fairly transparent meaning. Accelerated expansion of the universe
is possible only in the presence of components with a large negative pressure p < —% p. The SEC
energy condition excludes the existence of such components. Hence in this case ¢ > 0. But the
conditions of NEC and DEC are compatible with the condition p < —% p, so they admit regimes in
which ¢ <0 [21].

We are considering the model, where the deceleration parameter is

q=—5=—1 (58)

For the energy density (48), the pressure (49) and the deceleration parameter (58), the energy
conditions NEC, WEC, DEC are fulfilled and the SEC condition is not fulfilled. In equation (58)
q < 0 therefore, our model describes the accelerated expansion of the universe.

Conclusion

Thus, we considered a model of f(R) gravity with a Maxwell term and g essence in four dimen-
sions together with a homogeneous, isotropic and flat Friedman-Robertson-Walker Universe. For
this model, we found the equations of motion, the exponential solution, reconstructed the scalar 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 = —1 and the deceleration parameter ¢ = —1 are found which the value corresponds to
the accelerated expansion of the universe.
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JI.H.lymunes amwndaev, Eypasus yammuwk ynusepcumemi, Acmana, Kazaxecman

f(R) rpaBuUTanMsiCHIHBIH, MAKCBEJJIAIK MYIIIECi YK9HE ¢ -3CCEeHIMSICHI MOEJIb/iH, 9KCIIOHEHIMAJIbAbI LIeleMi

Amnsoranusi: Bepinren makanaga Fj, FMY  MakcBen Mymresi »koHe g -sccenuumsiibl  f(R)  rpaBuTan@siiapbl  TOpPT
eJreMi 6ipTekTi, U30TpONTHI KoHE Ka3blkK, Ppuaman-Pobeprcon-Yokep Fajmambivmen Gipjece KapacTbIpbLIaIbl. ¢ -9CCEHIUST
nepbec xkarnaiijia eki MaHBI3ABI K -3CCeHIUsi MeH f -3CCeHIMs MOAesaepin Kypaigapl. OCbl MOMENb VIIIH KO3FaJbIC TeHAEY1
JKyilesiepi aHbIKTAJIFaH, SKCIIOHEHIINAJI bl MIENIiMAEP] TYy31JIreH, CKaJspJibl KoHe (PEPMHOHIBI ITOTEHINAJIAPH] KallTa KYPbIJIIbI,
SHEPreTUKAJIbIK IapTTapbl yiipeHiiai. Bys maprrap sHeprusi ThIFbI3AbIFEI MEH KBICHIMHBIH, OPEKETIHe IIeK KOSThIH MOJEJIIepre
TOyeJI/Ii eMeC »KoHe eTe KapallalibIM Karaiiapapl 6epeii, cebebi oap aHbIK Oip Kyil TeHaeyiH KaxKkeT erneigi. KapacTbpbuibli
orsipran mozess yiin NEC, WEC, DEC suepretuxansix maprrapbl opbiagassi, SEC maprter operaganMainsl. Conpaii-ak
MOHJIEP] Y/IEMEJIi YJIFAIONIbI TaJlaMFa Coikec Kesyln w = —1 Kyl TeHeyinin nmapaMeMeTpi MeH ¢ = —1 TeKeJry mapamerpJiepi
AQHBIKTAJIFAH.

Tyitin ce3mep: f(R) rpasuranuscel, DifHinTedH-MaKCBeI IPaBUTAIUSCH], ¢ -9CCEHIIUsI, SHEPreTUKAJIBIK IIapTTap, Kyil
TeHJIeyiHiH TapaMeMeTpi, TeKesly ImapaMeTpi.

O.B. Pa3zuna, II.}O. IIni6a
Eepasutickutl Hayuorarorvitl yrusepcumem um. JI.H. lymunesa, Acmana, Kaszaxcman

DKcnoHeHnMaNbHOEe peuieHue Mogenu f(R) rpaBATAIMY C MAKCBEJJIOBCKHMM YJIE€HOM MU ¢ -3CCEHIMEN

Amnnoranus: B nansoii craree paccmarpuBaercss Momenb f(R) rpaBHTanMH ¢ MaKCBEJJIOBCKHM dWieHOM Fj, FHY u
g -9CCEHIMEN B 4YeThIPEX M3MEPEHUsIX COBMECTHO C OJHOPOMIHOM, M30TPONHONU u 1uiockoit Beenennoit @puamana-Pobeprcona-
Yokepa. ¢ -3CCeHIUS CONEPXKUT, KaK YaCTHBIN CIydail, 1Be BaXKHble Mofenu: k -scceHnmio u [ -sccennmio. s sToit Momean
Hali/IeHa CHCTeMa YPaBHEHUU JBUXKEHUs], [IOCTPOEHO SKCIIOHEHIIMAJILHOE PEIIeHre, BOCCTAHOBJIEHBI CKAJIAPHBIN U (HepPMUOHHBINR
IIOTEHINAJIBI, TOJYIEHbI M U3YUEeHbl SHEPIeTUYIECKUE YCIOBUs. DTHU YCJIOBHS HAKJIAJBIBAIOT OYEHb IPOCThIE U HE3ABUCHAIIUE OT
MOJI€JIM OTPAHUYEHUs] Ha IIOBEJIEHNE IIJIOTHOCTY SHEPIUU U JABJIEHUS, TaK KaK HE TPEOYIOT OIPE/IEJIEHHOIO yPABHEHUSI COCTOSIHUS
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BemecTBa. st paccmarpuBaemMoii Moesu BbinosHsAoTca saeprerudeckue ycaosus NEC, WEC, DEC u ne BbinosinsieTcst ycaoBue
SEC. Haiiiennl mapamerp ypaBHEHUsI COCTOsIHUS w = —1 u mapamerp 3aMejjieHusi ¢ = —1 , 3HaYeHHe KOTOPBIX COOTBETCTBYET

YCKOPEHHOMY DaclIupeHuto BcesieHHOM.

Kuarouesble cisoBa: f(R) rpasurtanus, rpaBuTanus DiHmTelina-MakcBesua, ¢ -3CCEHLUsI, JHEPreTHUECKUE yCIOBUS,

YpaBHEHHNE COCTOAHUHA, ITapaMeTpP 3aMeIJIEHUA.
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pe3yJIbTaThbl KOTOPBIX UCIOJIbL3YIOTCS B JOKA3aTEIbCTBAX, HE TOILYCKAIOTCH.

ABTOpaM DPEKOMEH/IyeTCsl NMPU O(POPMIIEHUH CCHLUIOK HCKJIIOYUTH YIIOMUHAHME CTPAHUI[ U PYyKOBOACTBOBATHCS CJIELYIONUM
mabI0HOM: HOMED TVIABbI, HOMED Haparpada, HOMep IIyHKTa, HOMEP TeOPeMBI (JIEMMBI, YTBEPXKJICHUS, 3aMEIaHUsA K TeOpeMe U
T.11.), HOMep dopmynbl. Hampumep, "..., em. [3; § 7, memma 6]"; "..., cMm. [2; 3ameuanue kK Teopeme 5|". B nporusHOM cityuae
[IPY TIOJIFOTOBKE AHIJIOSI3BIYHON BEPCHUM CTATHU MOTYT BO3HUKHYTH HEBEPHBIE CCBHLIKU.
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HEOOXOIMMO OTIIPABUTH KOPPEKTYPY crarbu. CTaTbH, MOJyYUBIINE OTPUIIATEIbHYIO PEIEH3UI0, K MOBTOPHOMY PaCCMOTPEHHUIO
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BBenenne

TexkcT BBeIeHUA. ..

ABTOopaM He cieyerT HCHONIb30BaTh HecTaHnapTHble makerol LaTeX (ucmosbsyiire mx snmmb B
cirydae Kpaitaeil HeoOXOIMOCTH )

3aroJioBOK cekIiuu

1.1 3aroyioBOK moaceKinuu
Okpy:xeHus.

Teopema 1. ...

Jlemma 1. ...

IIpennoxxkenne 1.

Omnpegenenne 1.

Caencrsue 1. ...

3ameuganwue 1. ...

Teopema 2 (Temupramues H. [2]). Texcm meopemot.
HoxaszaTrenbcTso. Tekcr mokazaresbCcTBa.

2. @opmyJibl, TAOJIUIIBI, PUCYHKA

In(ens DN)y = n(en; T F; D)y = (l(N),;rjl\zf)eDN on (6N; (l(N), @N))Y, (25)
rie 6n (en; (1Y), ¢N))y = 0n(en; T; F; (™) o))y =
= sup HTf(-) —#N (lgvl) () + 78N s I () +’71(VN)€§\JIV)§')H :
fer y
MT) <1(r=1,...,N)

Tabsurbl, pUCYHKH HEOOXOJIMMO pacIoJiaraTh mocje ynomuHanus. C KaxKJio# WLTIOCTpanueil JoiKHa
CJIEIOBATH HAJIIINCH.

3. Ccbuiku u 6ubamorpadusi

st cchutoK Ha yTBeprKjeHust, (POPMYJIBI U T. II. MO’KHO HCIIOJIb30BaTh MeTKH. Hanpumep, Teopema 2,
Dopmyia (25)
58



Z. K. Shanina, Y. M. Myrzakulov

Tasnmuna 1 — Hazsanme tabinibr

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

Pucynok 1 — Hassaumue pucynka

st pykoBomcrsa 1o M TEX u B kKadecTBe mpuMepa opopMIIeHHUs CCBLIOK, CM., HanpuMep, JIpBoBckuii C.M.
Habop u Bepcrka B makere ITEX. Mocksa: Kocmocuadopm, 1994.
Crucok juTepaTypbl 0QOPMIISIETCS CJIETYIONNM 0OPA30M.

Crucok aureparyphbl

1 Jlokymuesckuit O.M., I'aspukos M.B. Hauasna yucimennoro anamuza. —M.: TOO "dAuyc", 1995. —581 c. - KHUra

2 Temmpramues H. KoMmnbioTepHbIil (BBIMUCIUTEHHBIA) MONEPEIHAK KAK CHHTE3 U3BECTHOTO M HOBOTO B YHCJICHHOM
anammse // Becruuk EBpasuiickoro nanmonasibaoro yuusepcurera umenn JILLH. Tymuinesa —2014. —T.4. Ne101. —C.
16-33. doi: ... (npu HaIUINKN) - CTATHS

3 Kybaubimesa A.2K., Abukenosa I11. O nopmax npousBogHbIxX DYHKIUH C HyJIeBbLIMYA 3HAYEHUSIMHU 3aJaHHOTO HABOPa
JIMHEHHBIX (PYHKIMOHAJIOB U UX NPUMEHEHHs K IIONEPEYHUKOBBIM 3azadaM // OyHKIMOHAJBHBIE IPOCTPAHCTBA
n Teopus npubskenus oyskuumit: Tesucer mokinanoB MexayHapomaHoi koHdepeHnnu, nocssanienaas 110-geruo
co must poxkaenust akagemuka C.M.Hukosnbckoro, Mocksa, Poccusi, 2015. — Mocksa, 2015. —C.141-142. - Tpyzabt
KOH(epeHI it

4 KypmykoB A.A. AHrmOIpOTEKTOPHAs W I'MIIOJIUIIIIEMAYecKast aKTUBHOCTE JieyKomusuHa. —Asmarsr: Bacray, 2007.
—C. 3-5 - ra3zeTHbIE CTATHU

5 Koipos B.A., Muxaiinunaenko I'\I. AHaauTudecKuit MeTO/| BIIOKEHHsI CUMILUIEKTHYIECKO# reomerpun // Cubupckue
9JIEKTPOHHBIE MaTeMaTudeckne wmspecrust —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). - 3I€KTPOHHBII >KypHAJ

A.2K. YKy6aupmuesa ! , H. Temipranues !, A.B. Yrecos 2

L JL H.Mymunes amoirdaeo, Eypasus yammols YyHUSEPCUMEMINiY, MeoPUALLLE MAMEMAUMUKE HCIHE 2OLAGLMU ECENMeYAeD
uncmumymat, Acmana, Kaszaxcman
2 K.2Ky6anoe amvmodaes.. Axmebe onipaix memaexemmix. yrnueepcumemi, Axmobe, Kasaxcman

Komnbiorepaik (ecenreyim) guamerp MoHMaTIHIHAEe dyHKImMaANapas!l caiablk, auddepeHnuannay

Amnsoranusi: Komnbroreprix (ecenreyim) nuamerp monMoriHiEAe Co6oJeB KIaChIHAA *KATATHIH (DYHKIUATADABL OJIAPIbIH
TpuronoMerpusiyiblK, Pypue-Jlebera koabuIMEeHTTEPIHIH aKbIPJIbI XKUBbIHBIHAH AJIBIHFAH JI9J1 €MeC aKIapaT OOUbIHINA XKYBIKTAY
ecebi TosbrrbiMen mmentinai [100-200 cesnep).

Tyitin ce3pep: kybikTan nuddepeHnuaniay, I eMec aKnapar OOMbIHINA KYyBIKTay, IIEKTIK KaTesldik, KoMmnbioTepiik
(ecenrreyim) nnamerp [6-8 cos/ces 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) di-

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

References

1 Lokucievskij O.M., Gavrikov M.B. Nachala chislennogo analiza [Elements of numerical analysis| (Yanus, Moscow,
1995). [in Russian]
59



JI.H. 'ymuniues arsiagarel EYY Xa6apmeicsr - Bulletin of L.N. Gumilyov ENU, 2018, 3(124)

2 Temirgaliyev N. Komp’juternyj (vychislitel’'nyj) poperechnik kak sintez izvestnogo i novogo v chislennom analize
[Computational (numerical) diameter as a synthesis of the known and the new in numerical analysis|, Vestnik Evraz-
ijskogo nacional’nogo universiteta imeni L.N. Gumileva [Bulletin of L.N. Gumilyov Eurasian National University],
4 (101), 16-33 (2014). [in Russian]|

3 Zhubanysheva A.Zh., AbikenovaSh.K. O normah proizvodnyh funkcij s nulevymi znachenijami zadannogo nabora
linejnyh funkcionalov i ih primenenija k poperechnikovym zadacham [About the norms of the derivatives of func-
tions with zero values of a given set of linear functionals and their application to the width problems|. Tezisy
dokladov Mezhdunarodnoj konferencii, posvjashhennaja 110-letiju so dnja rozhdenija akademika S.M.Nikol’skogo
"Funkcional’nye prostranstva i teorija priblizhenija funkcij" [International conference on Function Spaces and Ap-
proximation Theory dedicated to the 110th anniversary of S. M. Nikol’skii]. Moscow, 2015, pp. 141-142. [in Russian]

4 Kurmukov A. A. Angioprotektornaja i gipolipidemicheskaja aktivnost’ leukomizina [Angioprotective and lipid-
lowering activity of leukomycin| (Bastau, Almaty, 2007, P. 3-5). [in Russian]

5 Kyrov V.A., Mihajlichenko G.G. Analiticheskij metod vlozhenija simplekticheskoj geometrii [The analytic method of
embedding symplectic geometry]|, Cibirskie jelektronnye matematicheskie izvestija [Siberian Electronic Mathemati-
cal Reports|, 14, 657-672 (2017). doi: 10.17377/semi.2017.14.057. Available at: http://semr.math.nsc.ru/v14/p657-
672.pdf. [in Russian|. (accessed 08.01.2017).

CBegenust 06 aBTopax:

2Kybarviwesa A.2K. - Crapmmii HaydHBIH COTPYIHUK VIHCTHTYTa TEOPETUYECKON MATEMATHUKU W HAyYHBIX BBIYUCJICHU,
Espasniicknii nanmonasnbubiii yausepcurer umenu JI.H.I'ymunesa, yi. Carnaesa, 2, Acrana, Kazaxcran.

Temupezanues H. - [Tupektop NHCTUTyTa TEOPETUYECKONH MATEMATUKU U HAyIHBIX BBIYHUCICHUN, EBpasuiicKnii HaImOHAIBHBIA
yuusepcurer umenu JI.H.I'ymunesa, yn. Carnaesa, 2, Acrana, Kazaxcran.

VYmecos A.B. - kangunar bU3NKO-MaTEMAaTUYECKUX HAyK, JOUEHT Kadeapbl MaTeMaTuku, AKTIOOMHCKUN pernoHasIbHBIN
rocynapcrBernblii yausepcurer umenu K. 2Kybanosa, np. A.Moagarymnosoii, 34, Akrobe, Kazaxcran.

Zhubanysheva A.Zh. - Senoir researcher of the Institute of theoretical mathematics and scientific computations, L.N.
Gumilyov Eurasian National University, Satpayev str., Astana, Kazakhstan.

Temirgaliyev N. - Head of the Institute of theoretical mathematics and scientific computations, L.N. Gumilyov Eurasian
National University, Satpayev str., Astana, Kazakhstan.

Utesov A.B. - candidate of physical and mathematical sciences, Associate Professor of the Department of Mathematics,
K.Zhubanov Aktobe Regional State University, A.Moldagulova Prospect, 34, Aktobe, Kazakhstan.

IHocmynuaa 6 pedarxyuro 15.05.2017

60



Penakropsr: A.K. ApbiHrasux

IIbrrapyisl peJakTop, JIU3aiiH: A. Hyp6osar

JLLH. I'ymunes arsiaparel Eypasus yATTBIK yHUBEPCUTETIHIH,
Xabaprubicel. Pusnka. ACTPOHOMUS CEPHUSICHI.
-2018 - 3(124) - Acrana: EYV. 61-6.
ITaprTer 6.71. - 27,25. Tapaasiver - 20 gaHa.

Maswmyssmaa Tunorpadust 2xkayan 6epmeiini

Penakuust mexken->kaiipr: 010008, Acrana K.,
Cormaes kemreci, 2.
JL.LH. I'ymunes arbingarsl Eypasus yaITTBIK yHEBEPCUTETI

Teu.: (8-717-2) 70-95-00(imxki 31-428)

JI.LH. I'ymuieB arpingarsl Eypasust yiITThIK yHHBEpCUTETIHIH 6acracbiHia 6achlIIbl



