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Hierarchy of WDVYV associativity equations for n =3 case and N =2 when V) =0

Abstract: We investigate solutions to a hierarchy for N = 2 case when V) = 0 of Witten-
Dijkgraaf-E.Verlinde-H.Verlinde (WDVV) equations. We give a description of nonlinear partial
differential equations of associativity in 2D topological field theories (for some special type solutions
of the Witten-Dijkgraaf-E.Verlinde-H.Verlinde (WDVYV) system) as integrable nondiagonalizable
weakly nonlinear homogeneous system of hydrodynamic type.The article discusses nonlinear equa-
tions of the third order for a function f = f(z,t)) of two independent variables x,t. The equations
of associativity reduce to the nonlinear equations of the third order for a function f = f(xz,t))
when prepotential F' dependet of the metric 7. In this work we consider the WDVV equation for
n = 3 case with an antidiagonal metric 7. The solution of some cases of hierarchy when N = 2
and Vy = 0 equations of associativity illustrated. Lax pairs for the system of three equations, that
contains the equation of associativity are written to find the hierarchy of associativity equation.
Using the compatibility condition are found the relations between the matrices U, Vo, V1 . The ele-
ments of matrix V5 are found with the expression of z;; and independent and dependent variables
for the matrix V5. Also solving elements of matrix V; expressed through ¥;; and independent
and dependent variables for the matrix V7. We accepted that elements of matrix V[ are zero. In
the physical setting the solutions of WDVV describe moduli space of topological conformal field
theories. In the above variables the nonlinear equations of the third order for a function f = f(x,t))
we rewritten as a new system of three equations. It is found the relationship between the elements
as, by, cp and y;j, of the matrices U, Vi, . It is found that only 211, 212, 213 are independent el-
ements of V5, and the other elements can be written in terms of them. Expressed are variables
ag, by, c; of three equations are written with the help of matrix elements z19, 213, Y12, Y13 -

Keywords: solutions to a hierarchy, equations of Witten-Dijkgraaf-E.Verlinde-H.Verlinde, non-
linear homogeneous system of hydrodynamic type, the equations of associativity, nonlinear equa-
tions of the third order, antidiagonal metric, the Lax pair, the compatibility condition, independent
elements, dependent variables, system with equations.
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Introduction. In this paper we shall consider so-called nonlinear partial differential equations
of associativity in 2D topological field theories (see [1-5]) and give their description as integrable
nondiagonalizable weakly nonlinear systems of hydrodynamic type. For systems of this type cor-
responding general differential geometric theory of integrability connected with Poisson structures
of hydrodynamic type can be developed. We remind very briefly following to Dubrovin [1] the ba-
sic mathematical concepts connected with the Witten-Dijkgraaf-E.Verlinde-H.Verlinde (WDVV)
system arising originally in two-dimensional topological field theories [3,4] and its relations with
the Dubrovin type equations of associativity. The WDVV equations, in general, have the following
form [1, 6]:
#F ., OF *F ., OF
am = a5 n ; 5
otow ot Otadtkotr ot gtkor " otiotaotT
where F' is a prepotential, n is a metric.
For genus- 0 Gromov-Witten theory, the associativity of quantum cohomology, which is equivalent
to WDVV equation, led to Kontsevich’s solution to the classical problem of counting degree d
rational curves passing through 3d — 1 general points [7].
In work [8, 9], B. Dubrovin and Y. Zhang, generalizing the Virasoro equations for the genus 0
Gromov-Witten invariants, proved the Virasoro equations for a descendent potential in genus 0

of an arbitrary conformal Frobenius manifold.
79

Vi, g, k,r € {1,...,n},




JI.H. 'ymuniues arsiagarel EYY Xa6apmeicsr - Bulletin of L.N. Gumilyov ENU, 2019, 3(128)

Consider a function F(t), t = (t!,...,#") such that the following three conditions are satisfied for
its third derivatives denoted as |3, 4]
3
Capn(t) = ai;;ég)ﬂ :
1) normalization, i.e.,
Mg = C1ag(t)
is a constant nondegenerate matrix;
2) associativity, i.e., the functions

Cap(t) = 1" Ceap(t)
for any t define a structure of an associative algebra A; in the n-dimensional space with a basis
€1y eees €

ea €8 = czﬂ(t)e,y
In the work [10] show that there is a universal algebraic structure, closely related with that of the
WDVYV equation, governing quantum correlation functions of every quantum field theory in their
framework up to a certain ambiguity.
3) F(t) must be quasihomogeneous function of its variables:

F(cht!, ... ¢ty = AF Pt . ")
for any nonzero ¢ and for some numbers dq, ..., d,,dp .
The resulting system of equations for F'(t) is called the Witten-Dijkgraaf-E.Verlinde-H.Verlinde
(WDVV) system |3, 4] (see also [1, 2]). It was shown by Dubrovin [1, 11, 12] that solutions of the

WDVYV system can be reduced by a linear change of coordinates to two special types:
(1) in the most important physically case

1 1 n—1
F(t) =S ()2t + o' Y et 4 (7,1 (1)
2 2
a=2
for some function f(¢2,...,t")
(2) in some special case
c 1 n—1
F(t) = —(t")? + st Y oot f(2, 17

for a nonzero constant c¢. For these cases the equations of associativity reduce to the following two
nonlinear equations of the third order for a function f = f(x,t)) of two independent variables
(z=t3t=1%):

fttt - fngct - fzxa:fmtt

and
f:vxwfttt - f:vxtfxtt = 1a

correspondingly.

1. Consideration of cases of hierarchy for N =2 when Vj =0 of WDVYV associativity
equations

1.1 Methods
In this work, we consider the solution (1). Let us introduce new variables a, b, c as follows [13, 14,
15]:
a= frzz, b= frat, €= fau.
In the above variables the equation (1) can be rewritten as a system of three equations as follows:

ar = by, (2)
by = cq, (3)
ct = (b2 - ac):p- (4)
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The Lax pair for the system (2)-(4) is given by [14]
U, = \UU, (5)
U, = AV, (6)

where U is given by

and V is given by
0 0
V= c b
(b®> —ac) c
The compatibility condition for the system (5), (6) is given by

Ut = VJH
w,v] = o.

o O =

In the following sections we work with the system (2)-(4).
1.2 Solution of hierarchy for N =2 when V=0
The solution to a hierarchy for N =1 case corresponds to the system of equations (2), (3), (4).
Hierarchy for N =2 case when Vj # 0 is given in the work [16].
In this article we consider a hierarchy for N = 2 case when Vy = 0. Consider the Lax pair for
N =2 case when V=0

v, = AUV,

U, = W+ AT =V

The compatibility condition of the Lax representation is given by
AU + \UV)U = (V, + AVU)W.

The last equation can be written as

AU, — V, + A[U, V] = 0. (7)
Collecting terms in (7) by the powers of A we obtain
AU V) =0, (8)
A2 Vo + [Ua Vl] =0, (9)
MU -V, =0. (10)

The elements z;j,1;; of matrices V5,V has been found and presented in the paper [16]. It was
obtained in equation (8), (9) that the independent variables z11, 212, 213 of the matrix V5 have
to satisfy the following system of equations [16]:
cx212 + 3cz122 + (b2 — ac)pz13 + (302 — 2ac) 213, + bz11z + bagzi2 + abziog + bbyziz = 0,
2by212 + 2¢3213 + 3cz13s + AZ11g + aaz212 + %212, + abyzig + abzigy + 4bzio, = 0,
0.

32114 + azz12 + az12z + byz13 + b213,

Now we consider the equation (10). Writing a new system with equations for aq, b, ¢, yields

ag = Yoou, (11)
by = Y21z, (12)
b = Y32u, (13)
Ct = Y3la- (14)
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Using necessary dependent elements of matrix V; in the system of work [16] in equations (11)-(14),
we have

ar = Z12zo + Y11z T z¥12 + a¥12: + bay13 + byisa,
by = 211ze + bey12 + by122 + CoY13 + Y13z,
by = 221120 + Qgz212 + 2052120 + 21220 + Dra213 + 3022132 + 2021322 + bey12 + bY120 + C2Y13 + CY134s
¢t = bap212 + 3bp212z + 2621905 + Canz13 + 3cp 2135 + 2021300 — AuZ11e — Q2110 + (b2 — aC)zy13
+  (b” = ac)yise + Catiz + Y12z,
Y23z = Z13zx + Y12z,
Y3zx = 221220 — Az213z — G213z + Ylla-

Since 213z, = 0 and 2190 = %213, , we obtain
2 Y

Qg
ar = 5 230+ oY1z + bz¥13,
by = 2112z + baY12 + coy13,
by = 22112z + Gzz212 + 2052122 + %2133: + byz213 + 3bz 2132 + bay12 + 213,
¢t = bypz12 + 3bp212s + bazz13s + Cop213 + 322130 — Ap211s — A2112s + (2 — ac)zy13 + cayio-

Equating the RHSs of the equations for b; above, we obtain the following equation

aay
Alze + Qzz212 + 2052125 + 5 A3a + bypz13 + 3bg 213, = 0.

With the above system we finally have a system
o219 + 3cz100 + (b2 — ac)pz13 + (307 — 2a¢) 2130 + b211a + bagzio + abziog + bbyzis =

0

2b,212 + 2¢p213 + 3C2132 + 211z + @Gz 212 + a2212m + abyz13 + abzisg + 4bz19, = 0,
32112 + agz12 + az12: + bpz13 +bz13, = 0

0

aay
2z + Qpz212 + 2052120 + 5 A3x + braz13 + 3br213: =

From (18) we express zi14s, plug 2114 into by, ¢; and obtain the following equation

a
ap = ?Izlzm + azy12 + bpyis, (19)
aaq
be = bpy12 + Ca¥13 — Ape212 — 2052120 — bpez13 — (3bgy + Tx)zlsx, (20)
2 (I?E 1 7
Gt = (b - ac)xyl?) + czy12 + (bmc + E + aamc)212 + (Cxx + gaxb:r: + abx:p)ZIS + (Bbx + ga%)zwx
4 aa
+ (Fbaz + 3¢ + Tx + 3aby) 13- (21)

From (17) we express 211z, plug z11, into (15) and (16) and obtain the following equations,
respectively

(3cy + 2bay)z12 + (9¢ + 2ab)z12, + (4b2 — 3ac)zz13 + (8b2 —6ac)zizz = 0, (22)
(6by + 2aa;)z19 + (120 + 2a%) 219, + (6¢; + 2aby) 213 + (9¢ + 2ab) 213, = 0. (23)

Now we express z13, in (23) to obtain

(12b + 2a?) (3¢, + 2bay) — (6b, + 2aa;)(9c + 2ab)
(9¢ + 2ab)? — (12b + 2a?)(8b% — 6ac)
(12b + 2a2)(4b? — 3ac), — (6¢, — 2aby)(9c + 2ab)

(9¢ + 2ab)? — (12b + 2a?)(8b? — 6ac)
82
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We plug z13, into zj2, which is expressed from (22) and obtain zj2, which has the form

; { —(3cg + 2bag) (8% — 6ac) (12b + 2a?) (3¢, + 2bay) — (6by + 2aa,)(9c + 2ab) } ;
120 = 12

(9¢ + 2ab) (9¢ + 2ab) (9¢ + 2ab)? — (12b + 2a?)(8b? — 6ac)
(4b? — 3ac), (8% — 6ac) (12b + 2a?)(4b? — 3ac), — (6¢, — 2aby)(9c + 2ab) 215(25)
(9c + 2ab) ' (9¢ + 2ab) (9¢ + 2ab)? — (12b + 2a2)(8b — 6ac) 1

The solution to a hierarchy for N = 2 case when Vj = 0 system is given by (2), (3), (4)
corresponds to the system of above equations (19), (20), (21), where values z12, and 213, from
Egs. (24), (25).

Conclusion. In this paper we investigate solutions to a hierarchy for N =2 case when V5 =0 of
Witten-Dijkgraaf-E. Verlinde-H.Verlinde (WDVV) equations. For WDVV equation are described
conditions of normalization, of associativity, of quasihomogenuis. The WDVV equations was writ-
ten in general form. In this work we consider the WDVV equation for n = 3 case with an antidi-
agonal metric 7. So, we considered of some cases of hierarchy for N =2 when Vj =0 of WDVV
associativity equations. Lax pairs for the system of three equations, that contains the equation of
associativity are written to find the hierarchy of associativity equation. Using the compatibility
condition are found the relations between the matrices U, V5, V; . Thus, we obtained the elements
of the matrices V5, V; for case N =2 when Vy = 0. The elements of matrix V5 are found with
the expression of z;; and independent and dependent variables for the matrix V5. It was found,
that only 211, 212, 213 are independent elements of V5, and the other elements can be written in
terms of them. Also solving elements of matrix V; expressed through y;; and independent and
dependent variables for the matrix Vi . It is found, that y11, y12, y13 are independent elements
of V1, and the other elements can be written in terms of them and z11, 212, 213 . We accepted that
elements of matrix Vj are zero. It is found the relationship between the elements ay, b, c; and
Yijo of the matrices Uy, Vi, . So, expressed are variables ag,bs,c; of three equations are written
with the help of matrix elements z19, 213, Y12, Y13 -
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A.A. XKansipanoBa, bl.E. AuyapbekoBa

Kagedpa obuett u meopemuneckots gusuru Eepasuiickozo nayuonarvrozo yrusepcumema umeny JI1.H. lymunesa,
Hyp-Cyaman, Kasaxcman
HNepapxust ypaBHeHuil acconuatuBHoctTu WDVV ggst cayuast n=3 u N =2 mpu Vp =0

Annortanusi. B crarbe wuccmenyiorcst pernenusi mepapxum g caydas N = 2, worma Vg = 0 ypaBHeHuit
Burrena-Iukkrpada-E.Bepiaunge-I.Bepaunge (BABB). lano onucanue HesuHeRHBIX anddepeHInalbHbIX ypaBHEHNN
B YACTHBIX NPOU3BOJHBIX ACCOIMATHBHOCTU B 2D TOMOJIOrMYeCKHNX TEOPHUAX MOJIs (71 HEKOTOPBIX PEIIeHUil CIIEIUaJIbHOrO
Tuna cucreMmbl Burrena-Jlupkkrpada-E.Bepaunjge-I.Bepaunge (BJBB) kak wuHTerpupyeMoil HeQMaroHaJn3yeMoit
cy1aDOHETMHEHHON OHOPOAHON CHCTEMBI M'MAPOJUHAMUYIECKOTO THIA.B craThbe paccMarpuBaroTCs HeJIUHEHHBbIE ypaBHEHUS
TpeTbero nopsiaka wid dyakuun f = f(z,t)) IByX HE3ABUCHMBIX IIEPEMEHHBIX X,t. Y paBHEHUS aCCOIMATHBHOCTH CBOJISTCS
K HeJINHEIHBIM ypaBHEHUSM TPEThero nopsaaka nisd yuaxmun f = f(x,t)) , korga norermman F 3aBucut ot MeTpukn 7 . B
pabote paccMmarpuBaercs ypasHenne WDVV g n = 3 ciydas ¢ aHTHIBaroHaJ bHON MeTpukoit 1) . IIpomsutroctpupoBano
peleHne HEKOTOPBIX ciy4daeB mepapxuum nmpu N = 2 uw Vy = 0 ypaBHeHuil accormaruBHOCTH. L1 HaxOXKIeHUS
HepapXuu yPaBHEHUs ACCOIMATHBHOCTH 3alMChIBAIOTCS Napbl Jlakca mjis cucreMbl u3 Tpex ypaBHeruii. C MOMOIIBIO yCIOBUs
COBMECTHMOCTH HalJIeHbl COOTHOMICHHs Mexkay Marpumamu U, Va, V) . DmemenTs MaTpunbl V2 BBIDaXkeHBI Yepes3 z;; U
Hal/IeHbl HE3aBUCHUMbIe ¥ 3aBHCUMBbIE IIepeMeHHble MaTpulbl Vo . Tak>ke Hall/IeHbI 3JIEMEHTHI MATPULIBI V] , BbIPa’KEHHbIE
4gepes y;; W ONpeJiesIeHbl He3aBUCUMbIC W 3aBUCHMBIE TIepeMeHHbIe [t MaTpuipl Vi . IIpuHATO, 9TO 377€MEeHTBl MaTpPHUITLI
Vo paBubl Hy/o. B dusnveckom npusiokenuit pemrenusi WDVV onucbIBaloT IPOCTPAHCTBO MOJYJIEH TOIIOJIOTMYECKUX
KOH(OPMHBIX TeOpuii 1oJisi. B IpuBeIeHHBIX BBIIIE IEPEMEHHBIX HEJIMHENHbIE YPDAaBHEHUsI TPETHErO MOpsiaKa Ajist PyHKimu f
= f (x,t)) nepenucanbl Kak HOBasl cuCTeMa U3 Tpex ypasHenuil. Haiiziena cBsisb MexK/1y S/IeMeHTaMu Ay, b, Ct M Yijp MaTPHIL
Ut, Vig . YCTaHOBIIEHO, 9TO TOJIBKO 211, 212, 213 SBJISIIOTCS HE3ABUCUMBIME 3JIEMEHTAMH V72 , a OCTaJIbHBIE 9JIEMEHTHI MOT'YT
OBbITH 3AIMCAHBbl B UX TePMUHAX. BbIparkeHHbIE [IEDEMEHHBIE at, b, Ct TPEX ypaBHEHUI 3aIlMCAaHbI C IOMOIIBIO MATPUYHBIX
9JIEMEHTOB 212, 213, Y12, Y13 -

KuroueBble ciioBa: pernenHuve wuepapxuu, ypaBHeHusi Burrena-/lmxkpada-E.Bepaunne-I.Bepnunnge, nenuneiinas
OJIHOPO/IHASI CUCTEMA, T'UIPOIMHAMUYECKTO TUIIA, YPABHEHUSI aCCOIMATUBHOCTH, HEJIMHENHBIE YPABHEHUsI TPETHErO MOPSIIKA,
aHTUUAaroHaJIbHAsT METPHKa, napbl Jlakca, ycjioBue COBMECTHOCTH, HE3aBHCHMBIE 3SJIEMEHTBHI, 3aBHUCUMBbIE II€PEMEHHBIE,
crucTeMa ¢ ypaBHEHHSIMI.

A.A. XKanpipanosa, bl.E. AuyapbekoBa

JI.H.lymunes amundaev, Eypasus yammuok ynusepcumemani, Hyp-Cyaman, Kaszaxcman
n =3 »xkxoHe N = 2 >xarzahaaps! yurin Vo =0 6oarangarst WDVV acconmaruBTisiik TeHaeyiHig
nepapxusChL

Annarna Bepiiren makamana N =2 Vp = 0 uepapxusce ymin Burren-Inmpkkrpad-E.Bepnunae-I.Bepnunge (BIBB)
Teyzeynepi 3eprreneni. 2D romosorusinblk Teopusichinga  (Burren-Anmkkrpad-E. Bepmunae-I. Bepaunne (B/IBB)
Kylecinin Keibip menrimaepi yiiH rupoIuHaMUKAJIBIK, TUIITEr] NHTEIPAJIIaHATBIH ChI3BIKTBI eMec O6IpTeKTi XKylie peTine
Gepinren. By )kymMbicTa @, ¢ Toyesici3 aitHbIMabLIAPbIHAH TYPAThH f = f(2,1) (QYHKIMACH! YINIH YITIHIN PETTi CHI3BIKTHI
eMecC TeHJIEeYJIep TAJIKbUIAHAIbI. AcCConuaTuBTIIK TeHaeynep F moTeHnuas 1 MeTpukara GalIaHbICTBI OOJIFAHA YINIHII
perTi cb3bIKTEL eMec f = f(x,t)) Temneynepre kenripineni. WDVV n = 3 »xkoHe MeTpHKa 7) aHTHIMATOHAJL GOJIFAHIA
KapacTeIpbliagsl. CoHbiMeH kKaTap acconuaTuBTLIK TeHmeyiaep N = 2 u Vp = 0 umepapxusiChIHbIH OipHele Iremrimepi
cUIaTTaaaabl. ACCONMATUBTIIIK TeH ey IePiHiH nepapXusiChiH Taby MaKCaThIHAa aCCOIMATUBTIIIK TEeHIeyIepiHEH KyPaJFaH
TeyIeysaep xkyiteci yuiin Jlake »xynrapsr xka3babl. ColikecTik mapTeiabiy koMmeriven U, Vo, V] maTpunaiapsl apacblHIArb
KaTbIHACTAD aHBIKTAJ/Ibl. Zij APKbLIbl ODHEKTE/reH V2 MaTPHUIACHIHLIH, 3JIeMEHTTepi MeH V2 MaTpHUIACBIHLIH, TOYeJ i
2KOHE TOyeJsICi3 aiHbIMa/bLIapbl €CeNTe/iHMi. ¥;; APKbLIbl ©DHEKTeIreH V| MaTpPUIACBIHBIH 3jeMeHTTepi Men Vi
MaTPHUIACBIHBIH TOYeJIJIi >KoHe TOyeJICi3 allHbIMaJIbLIIaphl TAOBIABL. V() MaTPUIIACBIHBIH 3JIEMEHTTEDP] HOJITe TEH, JIETl AJIbIH/IbI.
WDVV memiminiy, Gpu3MKaJIbIK, KOCBIMIIAJIAPBIHIA OPICTIH TOMOJOTUSIBIK, KOH(MOPMAJIBIK, TEOPHUsap MOJLYJIbIEPiHiH
KeHicTiriH cunarraiiapl. 2Korapbiia Kesaripiares aiibivansuiapia f = f(x,t) dyHKousch! yiniH yiiHD peTTi ChI3BIKTHI
eMec TeHJEyJep YII TeHJeyai »KaHa »Kyileci peringe »kaspurran. U, Vi, MaTpunmaiap ajeMeHTTepi a¢,bi,ct M Yija
apachIHJAFrbl Oaitanpic TaObLIABL. TeK 211,212,213 V2 MaTpPHUIAHBIH TOYeJICI3 3JIeMEHTTED], KaJFaH SJIEMEHTTED OJIAp/IbIH
TEePMUHIMEH »Ka3bLIybl MyMKiH. Tenieysep »kyitecinen TypaTblH at, by, ¢t alHBIMAJIBLIADHL 212, 213, Y12, Y13 MaTPUIAIBIK,
3JIEMEHTTEP] apKbIJIbl O©DHEKTEJII YKa3bIIIbI.
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Tyitin cespep: wuepapxusa mentimaepi. Burren-Aumxkprad-E.Bepnunge-I'.Bepnunge Tenaeynepi, rugpoInHaMUAKaIIbIK,
TUINTI CBI3BIKTHI eMec GIPTeKTi Kyle , aCCONMATUBTLIIK TeHeyl, YIIHII PETTI CHI3BIKTBI éMeC TEeHJEYJIED, AHTHINATOHAID

MeTpHKa, Jlakc »Kynrapbl, CORKECTIK MIapThl, TOYEJICI3 3JIEMEHTTED, TOyes /i allHbIMaJbLIap, TEHEYIep »Kyheci.
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[IOMCKOBOW CHCTEMBI).
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PDF, TIFF, GIF, JPEG, BMP, PCX. Toueunble puCyHKH HEOOXOAUMO BBINOJIHATH ¢ paspemenueMm 600 dpi. Ha pucynkax
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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.
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Ficure 1 — Ha3zBanue pucyHka
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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
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2007. —C. 3-5 - ra3eTHBIE CTATHU
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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|

References

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

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
Evrazijskogo 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 nab-
ora linejnyh funkcionalov i ih primenenija k poperechnikovym zadacham [About the norms of the derivatives
of functions with zero values of a given set of linear functionals and their application to the width prob-
lems]|. Tezisy dokladov Mezhdunarodnoj konferencii, posvjashhennaja 110-letiju so dnja rozhdenija akademika

173



JI.H. 'ymuniues arsiagarel EYY Xa6apmeicsr - Bulletin of L.N. Gumilyov ENU, 2019, 3(128)

S.M.Nikol’skogo "Funkcional’nye prostranstva i teorija priblizhenija funkcij" [International conference on Func-
tion Spaces and Approximation 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 ana-
lytic method of embedding symplectic geometry], Cibirskie jelektronnye matematicheskie izvestija [Siberian
Electronic Mathematical 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).

CgBenenus 06 aBTOpax:

Kybarviwesa A.2K. - crapmmii Hay4IHBIH cOTPYAHUK VHCTUTYTa TEOPETUYECKONH MATEMATHKHM W HAYYHBIX BBIYHUCICHUI,
Espaswuiickuit nanponansubiil yausepcurer umenu JI.H.I'ymunesa, yin. Carnaesa, 2, Acrana, Kazaxcran.

Temupearues H. - pupexkTop WHCTATYTa TEOPETUYECKONH MATEMATHKH M HAyYHBIX BbIMHUCJIEeHUN, EBpasuiickmii
HarnuoHa bHbIN yHuBepcuTer nMenn JI.H.I'ymunesa, yin. Carnaesa, 2, Acrana, Kaszaxcran.

VYmecos A.B. - kaHnumaT (pU3NKO-MATEMATHIECKUX HAYK, JIOIEHT Kadeapbl MaTeMaTUKd, AKTIOOMHCKUN PErnOHAJIbHBIN
rocynapcrennblil yausepcurer umenu K. 2Kybanosa, np. A.Moagarynosoii, 34, Akrobe, Kazaxcramn.
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.
Hocmynuaa 6 pedarxyuro 15.05.2017

174



Penakropsr: A.T. AkpLi6exkoB

[IbrrapyInsl pegakTop, Au3aiH: A. Hypb6ousar

JI.H. I'ymunes arbigarst Eypasust yiITTBIK YHUBEPCUTETIHIH
Xabapmbicl. Pusnka. ACTPOHOMUS CEPUSICHI.
-2019 - 3(128) - Hyp-Cyusran: EYVY. 175-6.
IMMaprTet 6.7. - 9,375 TapasbiMer - 25 nama.

MazmyHbiHa THIOrpadus XKayar 6epMeii.

Penaknusa mexen-xkaiier: 010008, Hyp-Cyaran: K.,
Corbaes kermeci, 2.
JI.LH. I'ymuines areingarel Eypasust yITTBIK yHUBEPCUTETI
Temn.: +7(7172) 70-95-00(imki 31-428)

JI.H. T'ymuiieB arbiggarsl Eypasus yITTHIK yHUBEPCUTETIHIH, GacachiHia 6achlIIbl



