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Now splines are being constructed in different spaces and with different methods,
and their application is widely studied. In this work, We construct a parametric spline
that belongs K3, space. For this , we will use the Sobolev method and obtain a spline
function for the approximate calculation of the unknown function. Firstly, we will present
the interpolation spline function under which conditions gives a minimum to the norm
in a certain Hilbert space. We will give a equations system to find the coefficints of
interpolation natural spline spline.We use Sobolev method to find the coefficients of this
spline. This method allows to obtain an analytical solution of such systems. This method
is based on constructing a discrete analogue of the differential operator L*L . When we
found the coefficients of the sixth order algebraic-hyperbolic interpolation natural siline,
we obtain the exact expression of this spline.
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1 Introduction

Nowadays, interpolation plays a crucial role in various fields including mathematics,
engineering, computer science, statistics, and more. It involves approximate functions, fill
in missing data, smooth noisy data, and create continuous representations from discrete
data. There are several types of interpolation methods, each with its own characteristics
and suitability for different types of data and applications. Here are some common types:
linear Interpolation, polynomial interpolation, Spline Interpolation, Piecewise Interpola-
tion, Inverse Distance Weighting (IDW), Kriging. These are some of the main types of
interpolation methods commonly used in various fields. Among of them, splines provide
a significant tool for the design of computationally economical curves and surfaces for the
construction of various objects like automobiles, ship hulls, airplane fuselages and wings,
propeller blades, shoe insoles, bottles, etc. It also contributes in the description of geolog-
ical, physical statistical, and even medical phenomena. Spline methods have proven to be
indispensable in a variety of modern industries, including computer vision, robotics, signal
and image processing, visualization, textile, graphic design, and even media. For example,
In 1], a medical application based on biomarkers is presented; a longitudinal and survival
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fitting model based on cubic polynomial B splines sets is presented for modeling the lon-
gitudinal markers. [2| research aims to develop a machine learning model for predicting
the compressive strength of eco-friendly concrete using Multivariate Adaptive Regression
Splines (MARS). [3] presents the theory of Interpolation and its applications in numer-
ical analysis. It specially focuses on cubic spline interpolation. In [4], The cubic spline
interpolation method is used to restore the clipping waveform to solve the near-field data
loss. In this paper, The recoverability of seismic waveforms with different clipped levels is
evaluated through artificial clipping experiments and compared the recovery waveforms
with the projection onto convex sets (POCS) method.

There are a few articles that give methods to construct splines and their applications.

For example, A data-driven approach to represent (multi) exponential decay data is pre-
sented in [5]. In [6], a cubic Hermite spline interpolating scheme reproducing both linear
polynomials and hyperbolic functions is considered. Moreover, in [7], some ideas about
kernel-based greedy algorithms to exponential-polynomial spline is extend, whose main
drawback consists in possible overfitting and consequent oscillations of the approximant.
Construction of Marsden’s identity for Uniform Algebraic Hyperbolic B-splines is devel-
oped and a clear proof is given in [8], the paper [9] provides a new Hermite-type cubic
spline interpolating approach that is based on algebraic hyperbolic functions and has an
optimal property.
In this work, we construct a spline by using a method that Sobolev proposed |10, 11]. Sev-
eral splines that minimized the norms in ng’m*”(o, 1) [12], Lém)((), 1) [13], K2(Py) [14]
was constructed and applied by this method. We will construct a spline that minimizes
the semi-norm in this space.

Ks,={ f:[0,1 — R| f” is absolutely continuous and " € Ls(0,1)}, (1)

With the semi norm
1
I91= {f (£ (@) = 2 ()}, ®)
0
where

/(f'"(ar) — w?f'(x))*dz < oo.

The equality (2) gives the semi-norm and ||f|| = 0 if and only if f(x) = d; sinh(wzx) +
+ dy cosh(wz) + d3. In this space other problems is solved too. For example, in [15], the
problem of constructing an optimal quadrature formula in the sense of Sard based on the
functional approach for the numerical calculation of the Fourier integral is considered.
And also, the optimization of quadrature formulas in the space of functions that have
generalized third-order derivatives that are square summable is studied in [16].

In this work, we construct a parametric spline, this parameter gives help to more minimize
the semi norm (2) .

The first definition of the generalized spline is given in [17]. Now, we give a definition of
the sixth order algebraic-hyperbolic spline by following the definition given [17].

Let L be a linear operator given by the formula

L

&, d
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Let us denote by L* the operator conjugate to L:

d? d
L"=—— G 4
dz3 T dz (4)
Definition.1.1. Sixth order algebraic-hyperbolic spline of defect 1 relative to the mesh:
0=xz9 <z <..<zy =1 on the segment [0, 1] this function Sa(x) from the class K3,

satisfying the differential equation

L*LS = 0. ()
On each open interval (x;_1,2;), i =1,2,...,N.
In addition, let us be given the corresponding values Y : yo, y1, ..., yn and the knot points
Xo, T1, ...,rn. We are looking for a sixth order algebraic-hyperbolic spline of defect one

that satisfies the following conditions

SalY;zj) =y, j=0,1,...,N. (6)

2 Property of the minimum norm

Now, we present under what conditions Sa(x) gives a minimum to the norm Kj,,.
Theorem.2.1. If the function f(z) belongs to the space K3, the Sa(f;z) spline inter-
polates it on the mesh 0 = xy < z; < ... < xy = 1 and fulfilled any of the conditions:

1. at the end points of the mesh Afor the algebraic-hyperbolic spline Sa(f, z) the equal-
ities LS(f;0) =0, LS(f;1) =0, (LS(f;0)) =0, (LS(f;1)) =0, are valid;
2. The function f(z) and algebraic-hyperbolic spline Sa(f, x) satisfy the boundary con-

ditions J'(0) = §'(£,0), /(1) = (/. 1). "(0) = S"(1.0). (1) = §"(f, 1):
3. The function f(x) and the generalized spline Sa(f,z) are periodic;

Then the first integral identity holds

tﬁwmmm=/u&umfm+/umm—&umww. (7

It should be noted that a sixth order algebraic-hyperbolic spline is called

1. a natural interpolation spline, when condition a) satisfied
2. a clamped interpolation spline, when condition b)satisfied
3. a periodic interpolation spline, when condition ¢) satisfied

Prove:
Let u(z) and v(x) be functions from the Hilbert space Kj . Integrating by parts
the indefinite integral of the product Lu(x)v(x) we obtain the following identity.

2 J
/ Lu(z)v(z)de = ul™ > "(=1)"{as_jk(2)o(z) }HH + / w(z)Lv(z)de.  (8)
=0 k=0
Where ay, is the coefficients of the operator (3) and In our condition, they are

2

, g = 0. (9)

az=1, a; =0, a; = —w

Let us be given a mesh 0 = g < ;1 < ... < xxy = 1 and sixth order algebraic-
hyperbolic Sa(x) spline on it and the function f(x) belong to the space K3,(0,1). We
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differentiate both sides of the equation (8) and then we put u(z) = f(z)
v(z) =

z) = f(x) — Sa(x) and
() = LSa(x)on it. The we obtain the following equality by integrating the resulting
equality over [z;_q,2;],7=1,2,..., N interval

f L{f(z) — Sa(z)}LSa(z)dx =

3 17() = Sal@)] 3 (DM arsra@) L@} +
+ j {f(x) = Sa(z)}L * LSA(z)dx.

From here, taking into account equation (3), we come the following

Z;

/ L{f(x) — Sa(x)} LS (2)dx =

Ti—1

) ] (10)
= QO [f (@) = Sa(@)* Y (—1 .

) {as—jn(2)LSa(x)}®

j=0 k=0 i1
Next we consider the following identity.
1 1
JALIf(z) = Sa@)|}?dz = [{Lf(z)}dx — f{LSA )}oda—
0 0

—2 [ L[f(x) — Sa(z)]LSA(x)dz.

0

From here, taking into account (10), we obtain the following

1

JALIf () = Sa(@)]

0

}2dx = j{Lf( )}2dx — f{LSA )}2da—
—23 (3 [7(e) - 520 3

Z;

=1 3

(11)

o

—1)*{as_jix(x) LSA(2)} ™)

Ti—1

Now, we study the conditions on the functions and on the generalized spline Sa(x) be-
comes zero this yields (7) identity.

Let us consider the last sum in identity (10) and
denote it as follows:

A(f,5a) :Z O _lf(@) = Sa Z ) {asjir(x)LSa(x)} M)

Y

k=0

Ti—1
for A(f, Sa), expanding the integral sum, we have

A(f,8a) = Z {[f"(x) = SA(2)] - as(x) LSa(2)}

+§31 {[f'(x) = Sx(2)] - (az(2) LSa(x) + (as(2) LSa(7))) }

_|_

—1

T

r T (12)

+ 3 {1£(@) = Sa@)]- (@ (x) L5 (@) + (@aLSa@)

+ (a3LSa(x))")}

Ti—1"
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Let the function f(z) from the space Kj3,(0,1) at the nodes z;, j = 0,1,..., N takes
values (6) and Sa (Y, z) be sixth order algebraic-hyperbolic spline interpolating values (6)
at 0 =xz9 <z <..<zy=1mesh,ie.

SA(f;xj):f(xj)vj:()alw"vN' (13)

In (12), the last sum becomes zero because the spline Sa(z) and f(z) function satisfy
(13) condition.

A, Sa(f)) = % (") — S4@)] - as(@)LSa()} [+ "
£ 3 {[f/(x) — Sh(2)] - (an(a) LSa(x) + (as(x) LSa @) )}

=1

When each sums in (14) is opened all terms in the middle are removed, leaving only the
first and last terms, and it takes the following form:

A(f,5a(f)) = [f"(zn) — SA(zn)] - az(xn) LSa(xN) -
—[f"(x0) — SK(w0)] - az(wo) LSA(0)+
+[f'(xn) = Sh(an)] - (aa(zn) LSA(2N) + (a3(zn) LSA(TN)) —
—[f"(z0) = Sa(w0)] - (az(zo) LA (7o) + (az(xo) LSa(w0))".

Substituting the zy, zo and (9) equality’s into the appropriate terms in expression above,
we obtain the following expression:

A(f.5a(f)) = [1"(1) = SX(1)] - LSa(1) = [f"(0) — SX(0)] - LSA(0)+
+1/(1) = SA(D)] - (LSa(1))" = [f'(0) = SA(0)] - (LSa(0))"
For expression (15) to turn into a zero, it is enough to fulfill one of the conditions given

in the theorem (7). this result follows from a more generation result in [17]. In a result,
we gain (7) because of A(f; Sa(f)) = 0. Theorem (2.1) is proved.

(15)

3 To construct of a system for the sixth order algebraic-hyperbolic

natural interpolation spline
Let a mesh 0 = zp < 21 < ... < zy = lin the open interval (0,1) and a sequence
of corresponding values (yo,y1,...,yn) be given. As mentioned above, among all func-
tions f(x) satisfying the interpolation conditions f(z;) = y;, i = 0,1,..., N, from the
space natural interpolation spline Sa (Y, x) with the conditions LS(f;0) =0, LS(f;1) =
1

=0, (LS(f;0)) =0, (LS(f;1)) =0, , gives a minimum to the integral [(L(f(z))*dz.
0

So now, we come the following problem.
Problem 1 Find the function S(x) € K3(Ps) which gives minimum to the semi-norm (3)
and satisfies the interpolation condition

Tpg € [O, 1}5(.’135) = f(xg), 8=0,1,..,N, (16)

for any f € Ky(Ps), it where x5 € [0, 1] are nodes of interpolation.

Let L and L* be second order differential operators defined by (3) and (4), respectively.
Also, let the functions sinh wz, cosh wz, 1 be the basis of the kernel of the operator L, and
the functions sinh wzx, coshwz, 1, wz sinh wz, wx coshwzx, wr be the basis of the kernel of
the operator L*L . Then the sixth order algebraic-hyperbolic spline Sa (Y, z) is uniquely
determined by the following conditions.
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1. SA(Y, x) consists of a linear combinations sinh wz, cosh wz,1, wz sinh wz,wx cosh wr,wx
functions in every (z;, x;11), i =0,1,..., N — 1 intervals.

2. SA(Y,z) is a linear combination of sinhwz,coshwz,l functions in (—oo0,a) and
(b, 00, )intervals.

3. Sa(Y,z) satisfies the following continuity and natural spline conditions.

Sa(Y,x; —0) = SA(Y,2; +0),«=0,1,2,3,4,5, i =1,2,..., N — 1,

LS(£:0) =0, LS(f:1) = 0, (LS(f:0)) =0, (LS(f;1)) = 0.

4. The function Sa(Y, z) satisfies interpolation conditions
SA(YV, fL’Z) =Y, 1= 0, 1, ceey N.

We get following theorem based on above
Theorem 3.1 The solution of the problem 1 is a algebraic -hyperbolic spline and it has
the following form:

N
SA(Y,z) = Z C;G(x — x;) + dy sinh(wx) + da cosh(wz) + ds. (17)

=0

Where C;, i = 0,1, ..., N, dy, dy, — coefficients of the splayn (17) . G(z) is the fundamental
solution of the operator L*L and satisfies L* LG(x) = §(x) equation and have the following

form and
sign(x)

G(x) = 10 (wzx cosh(wvzx) — 3sinh(wz) — 2wz). (18)

Where §(x)— is the Diraka-delta function.
The Coefficients of the algebraic-hyperbolic interpolation natural splayn satisfies the fol-
lowing system of the linear equations.

N

Z CiG(x; — x;) + dy sinh(wz;) + dg cosh(wzj) + ds = y;, i = 0,1, ..., N, (19)
i=0
N
Z C; sinh(wz;) = 0, (20)
i=0
N
> C;cosh(wa;) =0, (21)
i=0
N
» ci=o0. (22)
i=0

Now, we show the proof of the Theorem3.1.
Prove:
G(x — x,)—has until fourth order continuity and he fifth order derivative has a disconti-
nuity of the first type at the point x., and the discontinuity is equal to 1 i.e G(z — mj) —
— G(x — x7). Suppose that the function p,(x) overlaps with Sa(Y,z) in the interval
(X, Tyi1) , L€, py(2) = pyoa(x) + C,G(x — x,), © € (2, 2441), Wwhere C, is the jump of
the function S® () at z.:

C, = 5(5)(@“) — 5(5)@;),



Construction of the sixth order ... 113

Then the spline S(x) can be written in the following form

S(z) =Y C,G(x — )+ pa(z), (23)
where
p—1(z) = dy sinh(vzx) + dy cosh(vr) + ds, (24)

are real numbers.
We obtain (19) equation from the (23), (24) and the condition (IV). Furthermore, the
function S(x) satisfies the condition (II) and therefore the function

i Z C,(v(x — x) cosh(v(z — z4)) — 3sinh(v(zx — z,)) + 2(v(z — z,))),

=0

is a linear combination of the functions sinh(vx), cosh(vz), 1. It leads to the following
conditions for C,,

N N
Z C, sinh(vz,) =0, Z C, cosh(vz,) =0, Z C, =0. (25)

=0 =0 =0

(25) conditions is said orthogonality conditions.
in the end , we obtain (19)-(22) equations system. After all, we have proved Theorem 3.1.
A system of equations of the form (19)-(22) is called discrete systems of the Winer-
Hopf | Sobolev introduction |. Such systems are ill-conditioned and standard methods
require a large amount of computation to solve them. Therefore S.L.Sobolev proposed
a special method for solving such systems. This method allows to obtain an analytical
solution of such systems. This method is based on constructing a discrete analogue of the
differential analogue of the differential operator L*L . In the next paragraph we give an
algorithm for solving a system of (19)-(22) equations.

4 Algorithm for solving a equations system

In this section, we give an algorithm for finding the coefficients of (17) splayn and we
assaumu that the nodes x4 are equally spaced, i.e., xg =hf, h=1/N, N =1,2,....
We mainly use the terms of discrete function and their convulation. Let ¢[hf] and 1[hf]

functions (h3) x ¥ (hB) = [p(hfB), ¥ (hB — hy)] = 3277 o(hy) - (hB — hy). be discrete
functions and their convulation is defined as follow:

[e.e]

p(hB) * p(hB) = [p(hB), Y(hB —hy)] = Y @(hy) - (hB — hy). (26)

y=—00

Suppose that Cs = 0 when § < 0 and 8 > N. Using convolution, we write equalties
(19)-(22) as follows:

G(hp) x Cg + dy sinh(waxg) + da cosh(wzg) + ds = f(xs), 8 =0,1,...N, (27)

C, sinh(wz.) = 0, (28)
>

=0
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Z C, cosh(wz,,) = 0, (29)

=0

>y ¢, =0, (30)

=0

where G(hf) is a function of discrete argument corresponding to the function G is given
in (18) .

Thus, we have the following problem.

Problem 2 find the coefficients Cys, 5 = 0,1,..., N and the constants d;, ds, d3 which
satisfy the system (27)-(30).

Futher we investigate Problem 2 which is equivalent to Problem 1. Namely, instead of Cj
we introduce the following functions

v(hB) = G(hB) * Cg, (31)

uw(hB) = v(hB) + dy sinh(whf) + da cosh(whf) + ds. (32)

In such a statement it is necessary to express the coefficients Cz by the function u(hp).
For this we have to construct such an operator D(hf3) which satisfies the equality

D(hp) x G(hfB) = 6(hp), (33)

Where 6(hf) = { ?’ g 7_£ 8 is the discrete delta-function.

The construction of the discrete analogue D(hf3) of the differential operator j—; — 2w2$—44 +
+ w4% is given in [18] .
Following [18] we have:

Theorem 4.1 The discrete analogue of the differential operator d—66 — 2w2d—44 + Wt

dzx dz dz?
has the form

¢ 2
l;Ak)\k‘ﬁ|_l> 18] =0,

2w5 2
Ds(hfB) = oy I+ ’;Ak; 1Bl =1, (34)

2
C+ > %:7 18] =0,
k=1

\

p = hw cosh (hw) — 3sinh (wh) + 2wh,
3sinh (2wh) — 2wh + 6 sinh (wh) — 10wh cosh (wh)

C = —(2+ 4cosh (wh)) —

(wh) cosh(w h) — 3sinh(w h) + 2wh T (35)
A — (1 — Mp)?(A2 + 1 — 2); cosh (wh))?(wh cosh(w h) — 3sinh (wh) + 2wh)?
' e Pi' (W) |

A1, A9 are zero of the polynomial
Py(A\) = (1 — A\g)?[(wh cosh (wh) — 3sinh(wh))Ax? + [3sinh(2wh) — 2wh]\ + (hcosh h —
— 3sinh h]) + 2wh(\?, — 2X\; cosh (wh) 4+ 1)? and |\| < 1.
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Theorem 4.2 Discrete analogue D(h/3) of the differential operator % - 2w2% + w4%
satisfies the following equalities:

nh (whf) = 0,
* (whf) cosh (whf) = 0,
* G(hB) = o(hp),

* (hf) = 0,

*
(S
=
=
&.
=

This properties was proved in [19].

Now, first, we calculate

D(hB)*u(hB) = D(hB)*(Cs* G(hB)+ d;y sinh(whB) 4 dy cosh(wh/3) + ds)and we use (33)
and Theorems (27). As a result we obtain the following:

Cg = D(hp) * u(hp). (36)

Thus, if we find the function u(hf) then the coefficients Cz cab be obtained from equality
(36). In order to calculate the convolution (36) we need a representation of the function
u(hp) for all integer values of 5. From equality (27) we get that w(hf) = ¢(hf) when
hB € [0,1]. Now we need to find a representation of the function u(hf) when § < 0 and
8> N.

Since Cs = 0 when hf ¢ [0,1] then Cs = D,,,(hB) * u(hfB) =0, hB ¢ [0,1]. We calculate
now the convolution v(hf) = G(hf) * Cs when f < 0 and § > N.

Supposing 8 < 0 and taking into account equalities (18), (28), (29), (30), we have

o(hB) = Y CGhB—hy) = 3 O8I (((h3 — hy)) cosh(w(hB — h7))—

Yy=—00 Y=—00

—SOSinh(w(hﬁ —hy)) 4+ 2(w(hf — hy))} =
=1 3 C{(w(hB — hv))[cosh(wh) cosh(why)—

y=—00

— sinh(whf) sinh(wh~y)| — 3[sinh(whp) cosh(why)—
— cosh(whp) sinh(whv)] + 2(w(hB — hy)) =

= _21; i C.{(whp) cosh(whf) cosh(why) — (whp) sinh(wh ) sinh(why)—

—(wh) Cogllz(;o;ﬁ) cosh(why) + (why) sinh(whp) sinh(wh~y) — 3sinh(wh/) cosh(wh~y)
+3 cosh(whp) sinh(whvy) + 2(whp) — 2(why)} =
=—1 > C,{(whpB)cosh(whf) cosh(why)—

y=—00

—(whpB) sinh(whp) sinh(why) — (hy) cosh(hS3) cosh(hy) 4 (hv) sinh(h3) sinh(h~y)]—
—3sinh(hp) cosh(hy) + 3 COS}})EM) sinh(h7y) + 2(whp) — 2(why)} =
= cosh(whB); > C,(why) cosh(why)—

y=—00

— sinh(whf): i C,(why) sinh(why) + 1 i C,(hwy).

Y=—00 Y=—00

Denoting

o0

by=1 > C,(why)sinh(why), by =1 > C,(why)cosh(why), by=13 > C,(why),

y=—00 Y=—00 Y=—0
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we get for <0
v(hf) = —by sinh(whf3) + by cosh(whf3) + bs,

And for 6 > N
v(hf) = by sinh(whf) — by cosh(whf3) — bs.

Now, setting
dl_ :dl—bl, dQ_ :d2+bg, dg_:dg—f—bg,
df =dy+ by, df =dy— by, di = ds— bs.

We formulate the following problem:
Problem 3 Find the solution of the equation

Dr(hf3) x u(hB) = 0, hf3 ¢ [0,1]. (37)

In the form:

dy sinh(whpB) + dy cosh(whp) +d;, <0,
u(hB) = q f(hB), 0< BN, (38)
d{ sinh(whf) + df cosh(whfB) +di, B> N,

where dy, dy, dy, df, dy, di are unknowns.
It is clear that
1 . 1 _ 1 -
d; = §(df +dy), i=12.3, by = §(all+ —dy), by= §(dl —d),l=2,3. (39)

These unknowns dj, dy, ds, df, di, di can be found from equation (37), using
the function D(hfB). Then the explicit from of the function u(hf) and coefficients
C3s, di, da, d3 can be found. Thus, Problem 3 and respectively Problems 2 and 1 can
be solved.

In the next section we realize this algorithm for computing the coefficients Cs, 5 =
=0,1,..,N, dy, dg, ds of the interpolation spline (17) for any N = 1,2...

5 Computing of coefficients of the interpolation spline

In this section using the algorithm from the previous section we obtain explicit for-
mulae for coefficients of interpolation (17) which is the solution of Problem 1.
Theorem 5.1 Coefficients of interpolation spline (17) which minimizes the semi norm
(2) with equally spaced nodes in the space Ks(Ps) have the following form:

2 2L A al
Co = ];{—dl‘ sinhwh+dy coshwh-tds +Cf(0)+f(h)+) )\—k[M;ﬂLZ ALF(hy) AN NiJ 3,
k

k=1 v=0

2

Cy = %{f(h(ﬁ—1))+Cf(hﬁ)+f(h(5+1))+z 2

N
T AM DN () AN
k=1

v=0
Cy = %{df sinh(w(h + 1)) + dj cosh(w(h + 1)) +di + f(1 —h) + Cf(1)+

2

+Y f’“ Y M+ Y AT () + Nl

k=1 k ¥=0

1
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where

N A sinh wh Ak (cosh(wh) — Ag) SRV

My = —d +d, +d 40
12 =20 Cosh(wh) 214 M2 — 20 cosh(wh) 51—\ (40)
Ak (sinh(w(h + 1)) — g sinhw)

1+ A2 — 2\ cosh(wh)
A (cosh(w(h + 1)) — A coshw) LM Y
1+ A2 — 2),, cosh(wh) DV
and p, Ay, C, A, are given in (35) and d, d;, ds, di, di, di are defined by (42), (47).

Proof. First we find the expression for d; and dj . When 8 =0 and 8 = N, from (38)
we get

Ny = df

(41)
+dy

f(1) — d sinh(w) — df

d2_ - f(()) - dga d;_ = cosh(w)

(42)

Now we find other four unknowns d;, ds, di, df which can be found from (37) when
f=-1,—-2, N+1, N+ 2. Taking into account (38) and from (37) we have:

5> D(hf — hy)(dy sinh(whn) + dj cosh(whn) +d3) + 5 D(hS — hy) f (i)
y=—00 v=0

+ > D(hB — hy)(df sinh(why) + d3 cosh(why) +di) =0,

y=N+1

Now, we use (42) and for § = —1, =2, N + 1, N + 2 we get the following system of
linear equations for dy , d3 , df, dj .

—dy Z Ds(hy + h3) sinh(whvy) + d3 Z D3(hvy + hB3)(1 — cosh(wh))
i s 35 Dol -+ N = ) sinh(hy) + df 32 Dy(h 3+ N = 9)(1 - e
— = 35 Dy(hs — 1) (1) = £(0) 3= Dalhf + h) ot~

— L z Ds(h(y + N — 8)) cosh(w(hy + 1)),

and for § = —1, =2, N + 1, N 4+ 2 we get the following system of linear equations for
dy,ds, df, df

—dy Z D3(hy — h) sinh(why) + d5 Z D3(hy — h)(1 — cosh(wh~))

y=1 7_
A i z Dy(h (7 + N + 1)) sinh(why) + df z Dy(h (7 + N +1))(1 — <shleQuitlly
N o)
= = 32 Dyl + 1) (1) = f(0) 32 Dy(hy = b) cosh(wh—)
05 Dy(h(y + N + 1)) cosh(w(hy + 1)),
v=1
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—dy Z Ds(hvy — 2h) sinh(why) 4+ d5 > Ds(hy — 2h)(1 — cosh(whv))
v=1

df -1 Z Dg( (v + N + 2)) sinh(why) + di 3. Ds(h (v + N 4 2))(1 — <xhlelyil)y

coshw
y=1
N 00
= = 2 Dalhy+2h) f(hy) = f(0) 22 Da(hy = 2h) cosh(why—)
5 Dylh(y+ N +2)) coshlw(hy + 1)
y=1

(44)
—dy i Ds(h(y+ N + 1)) sinh(why) + d5 i Ds(h(y+ N +1))(1 — cosh(why))
| s Z Ds(h (y — 1)) sinh(why) + dg Z Dy(h (7 = 1))(1 — <=efre)
- (45)
:_;)Dg( (N +1—=7))f(hv) = f(0) ZDs( (v + N +1)) cosh(why—)

A% X, Dilly 1) cohottn + 1),

—dy i Ds(h (v + N +2))sinh(why) +d3 3272 Da(h(y + N +2))(1 — cosh(why))

! Zy— Dy(h (7 = 2)) sinh(why) +df 3257, Dy(h (y = 2))(1 — =it
— 3o Da(h (N+2 IS (hy) = f(0) 302 Ds(h (v + N +2)) cosh(why)—
— 255 305, Da(hly — 2)) cosh(w(hy + 1))

_|_

(46)

Since |A;| < 1, k = 1.2, the series in the previous system of equations are convergent.

Using (42) and taking into account (34), after some calculations, from (43)-(46) we
obtain the following equations system:

Biy Bz Biz Bus dy T
Byy By Baz Ba ds 15

X = 47
By By By B i | T (47)
By Bys Bys By dy T

where

Bj = %[sinh(wh(i — 1)) + C'sinh (whi) + sinh (wh(i + 1))+

+ X0 R L M sinh(who),
’y:
2 00
By = %[2 +C+ > ‘:—]’j S AP~ — (cosh(wh(i — 1) + C cosh (whi) + cosh(wh(i + 1)+
k=1 y=1

2 00
+ > ‘;‘—: S M7 cosh(why))],

k=1 v=1

2 00
Biz = zﬁ Z Ap ANt Z A sinh(why),

Bz4 = I%[Z Ak/\kN—H ! Z )\ 7 — coshw Z Ak/\kN—H 1 Z )\k COSh( (h’}/ + 1))] 1= 1,2

=1 =1

and
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2 o)
Biton ;20 Z AN Zl A sinh(why)
: ’Y_
2
= 'y: =

D coshw [Slnh<Wh(Z - 1)) + C'sinh ((,uhz)
+sinh (Wh(i + 1)) + Z f\x_: 21 M\~ sinh(why)],
B

k=1

Biyays =

Bliya) _;%[C+2+,§ZAIC Z)\N -

+ cosh(wh(i+ 1)+ 1) + i v i A= cosh(w(hy 4+ 1)} i=1,2,

——{cosh(wh(i — 1) + 1) 4+ C cosh(w(hi + 1)

Infinite sums is calculated in follow:

e : inh w e Ak (coshwh—A
1) 231 A? sinh(why) = 1+/\k5\E;A;co}slh(wh)ﬂ 2) 231 AxY cosh(why) = 1+/\Z(2—2)\k coshIEZJh);
= =

)Z/\k

Ak (sinh(w(h+1))—Ag sinh w
) Z /\k’y Slnh( (h’}/ + 1)) = k(l-s-)\i?(—;;\k)zoshk(wh) )’

A (cosh(w(h+1))—Ag coshw
); A7 COSh( (hfy + )) k(1+)\i2(—2—";\k)3:oshk(wh) )
Combaining (47) and (42) we obtain dy, d,, ds, df, di, di. Then we obtain dy, ds, d3
which are given in the statement of the theorem 5 .1.

Now, We calculate the coefficients Cj, 5 =0, 1,2..., N. Taking into account (36) from
(37) for Cs we get

o0

Cp = Ds(hfB) xu(hB) =Y _ D(hB — hy)u(hy) =

v=1

Z D(hp + hy)(—dy sinh(why) + d5 cosh(why) + d3 )+
y=1

+> " D(hB — hy) f(h7)+
+ i D(h(N +~ — 8))(df sinh(w(hy + 1)) + d3 cosh(w(hy + 1)) + d7).

From which, using (34) and taking into account notations (40), (41), when 5 =0,1,..., N,
for C's we obtain the expression given in the Theorem 5.1.

6 Conclusion

In this work,we constructed an parametric sixth order algebraic-hyperbolic interpola-
tion, natural spline . To solve this problem, we used the Sobolev method and obtain a
spline function for the approximate calculation of the unknown function. We first pre-
sented the interpolation spline function under which conditions gives a minimum to the
norm in a certain Hilbert space. We shoved that, the semi norm (2) can be minimized by
three different spline function. We choosed interpolation narural spline and constructed it.
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To find the coefficients of this spline, we created a system of equations based on certain
conditions. We used Sobolev method and gave the algorithem to solve equations sys-
tem. When we found the coefficients of the sixth order algebraic-hyperbolic interpolation
natural siline, we obtain the exact expression of this spline.
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ITIOCTPOEHUNE AJITEBPO-TIIEPBOJIMYECKOI'O
NMHTEPIIOJIATIMOHHOI'O HATYPAJIBHOI'O CIIJTAVTHA
IMTECTOTI'O ITIOPAJIKA

123 Xaémos A.P., *Hypaaues @.A., ** A6dyanaesa I.III.
*gulruxshukurillayevna@gmail.com
Mucruryr maremaruxu um. B.M. Pomanosckoro AH PV3,
100174, Y3bekucran, r. Tamkent, yja. YHuBepcurerckas, 1. 9;
2TamKeHTCKIit ME2KIYHAPOJAHDBIN YHUBEPCUTET,
100084, Y3bekucran, TamkenT, yia. Kuunk xajka itymnu, 7;
31lenTpaIbHOAZMATCKIN YHUBEPCHUTET,
111221, V36ekucran, Tamrkent, ya. Mummit Bor, 264.

Ceiiuac ciaifiHbI CTPOSITCS B PA3HBIX IIPOCTPAHCTBAX U PA3HBIMU METOIAMU, IIIHPO-
KO M3ydYaeTcs WX MpuMeHeHune. B 3Toit paboTe MBI CTPOMM IMapaMeTPUIECKUil CILIaiH,
npuHajexKamuii npocrpancTsy K3 . [dnsa sToro socnonssyemca merogom Cobosiesa n
MOJIyYUM CILTAWH-(PYHKIIAIO JJIs IPUOJINKEHHOIO pacdera Hem3BecTHOH dyukmuu. Bo-
IIEPBBIX, MBI IIPEJICTABUM MHTEPIIOJISIIIMOHHYIO CILIARH-(YHKIIUIO, IIPH KOTOPOR YCIOBUSI
JAI0T MUHUMYM HOPMBI B OIIPEJEIEHHOM THIbOEpPTOBOM IpocTpancTBe. [IpuBemem cu-
CcTeMy ypaBHEHUN JIjIs HAXO0XKAeHUs KO3 PUITNEHTOB HHTEPIOJIAIMOHHOTO HATYPAJIHLHOTO
ciiaiiaa. st HaxoxkaeHusT KO3(M@UIIMEHTOB 9TOro0 CILIaiiHa Hcrojb3yem meron Cobo-
JIeBa. DTOT METOJ MO3BOJISIET MOJYyYUTh AHAJUTUIECKOE PEIIeHre TAKUX CHCTEM. DTOT
METOJI OCHOBAH Ha IOCTPOEHHMH JUCKPETHOIO aHajora JuddepeHuaaIbHOr0 oIepaTopa
L*L . Haiinsg koaddunmenTsl anredpanko-runepOoaIndecKoil HHTEPIOSIIUA HATY Palb-

HOT'O CHMJIMHaA HMIECTOr'O IMOPAJIKa, Mbl IIOJIYIUJIXN TOYHOE BbIpazKE€HHE 3TOTI'O CILJIaiHA.

KirodueBblie ciioBa: mapaMeTpudecKuii MHTEPIIOISIIUOHHbIN CILIaiiH, THaIb0epTOBO IPO-
crpancTBo, Meron CobosieBa, IUCKpeTHAs apryMeHTHasi (PyHKINs, TAUCKPETHBIN aHAJIOr
auddepeHnnaabHOrO OIePaTOPA.

HMurupoBauue: Xaémos A.P., Hypasues @.A., A6dyarnacsa I 11l IlocTpoenne anredbpo-
rUnepboJIMIecKOro UHTEPHOJISAIMOHHOIO HATYPAJBHOIO CILIAHA IeCTOro nopsijka //
[TpoGiieMbl BHIYUCIUTENBHON U IPUKJIaAHON MaTemaTuku. — 2024, — Ne4 /1(59). — C. 107-
121.
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IIpodeccop
NCPANJIOB MAPY® NNCPANJIOBUY
(k 90-steTuIO CO IHS POXKIEHMUS)

Mapyd Ncpamiosua VcpanioB — U3BECTHBIN YYeHBII-MAaTEMATUK, JOKTOP (DU3UKO-
MaTeMaTHIeCKIX HayK, mpodeccop, KPYHIHBII CHENUaJUCT B 0OJaCTH TEOPUU JHCET U
BBIYNCIUTEHHON MATEMATUK.

M.N. UcpanmoB pommicsa 27 amnpens 1934 roga B ropoge CamapKaHIe B CeMbe pe-
MecaerrnKa. B 1951 roay ¢ ommmamem okoHYHB cpemmioro mkoay Nel6 . Camapkania,
noctTynmi Ha (u3nKo-mMmareMaTuydeckuii daxymabreT CamMapKaHICKOrO TOCy/IapCTBEHHOTO
yHUBepcuTera, KOTopbiil ycrerHo okon4am1 B 1956 . C 1958 1o 1961 rojbr npoxo/ui 00y-
yenue B actiimpantype Mucruryra maremaruku uM. B.V. PomanoBcKoro o1 pyKoBoJICTBOM
npodeccopa H.I1. Pomanosa. B 1966 rojy 3amuTu Kan uJIaTcKyo JTUCCEPTAIIIO HA TEMY
«IIpobnema Tappu Jj1st OBICTPOPACTYIIHUX CJIAra€MbIX U €€ TPUJIOKEHUE K U3YUIEHUIO dp-
rojimdaecknx cymm». B 1974 rogy M.U. VcpannoBy nprcBoeHO 3BaHUE CTAPIIErO HAYTHOTO
corpyaauka. B 1986 rogy M.U. McpanioB 3amuTi TOKTOPCKYIO JIUCCEPTAIAIO HA TEMY
«AcuMIITOTHYECKHE U TOYHBIE (DOPMYJIBI JIId aJJIATUBHBIX 339 C PACTYIIUM THCJIOM
caaraeMbix», a B 1989 rojy nosydmit 3Banue mpodeccopa 1o CrernuajbHoCTu « Buraucn-
TeJIbHAs MaTeMaTUKay.

[Tocne okonwanum acrmpantypbl M.M. Mcpawmio paboras MIaJmmmuM HAYYHBIM CO-
TpyAHUKOM B Borauciurensnom merTpe Mucturyra matemaruku AH PV3, zatem ¢ 1966
I. — cTapiuM HaydIHbIM coTpyaHukoM. C 1976 rojga paboras Ha JIOJZKHOCTH 3aBe/LyIONIe-
ro Jiaboparopueit «Teopus npubimzkeHHOro HHTErpUpoBanusd» VHcruryra KubepHeTUKu
¢ BeruucanTeabHbIM meHTpoM. C 1984 1. u 1o 1995 1. — aBJIsICS 3aBEIYIONIAM OTAEIOM
«Boraucimmrenpabie Meroely Nucruryta maremarnku AH PVY3. B tom ke 1995 romy
M.N. Ucpanios npuctynmi K pabore B CaMapKaHICKOM TOCYIapCTBEHHOM YHUBEPCUTETE
B Ka4eCTBe 3aBe/IyIONero Kadeapoil BBIYUCINTEIHHON MATEMATHK.

[Ipodeccop M.M. NUcpanioB umest MUPOKHil JTHaTa30H HAYYHBIX HHTEpPecoB. Kro riy-
OOKMe MCCae0BaHnsA B 00JIACTIX aIMTUBHBIX 3aJa4, [IOCTPOeHUsT O0InX apudMeTnde-



CKUX OPTOTOHAJIBHBIX U OMOPTOTOHAJIBHBIX CUCTEM B I'MJILOEPTOBBIX MPOCTPAHCTBAX; Ha-
XOYKJIEHUA YUCJIA PEIICHUN pa3InydHbIX KJIaCCOB JTUO(MAHTOBLIX yPABHEHUI, OIEHKE TPU-
TOHOMETPUYIECKUX CYMM; MTOCTPOEHUS ONTUMAJIbHBIX KBaIpATYPHBIX U KyOaTypHBIX (hOop-
MYJI B Pa3/IMIHbIX (DYHKIIMOHAJIBHBIX IIPOCTPAHCTBAX, & TaKKe MPUOJINZKEHHOI'O PEIIeHUS
PEeryapHBIX U CUHTY/IAPHBIX WHTErPAJIbHBIX YPaBHEHWII BHEC/IM CYIIECTBEHHBIN BKJIaJ B
PA3BUTUE TEOPUU TUCE]T U BBIYUC/IUTEIHLHON MaTeMaTuku. Pe3ybraTsl ero paboT ycIemnrHo
NPUMEHSIOTCA B MHOTOYUC/IEHHBIX TTPUKJIAIHBIX 3a/a9aX.

M.N. NcpanioB BuepBblie ncciiempoBas mpobaemy Tappu fjis 00X IUCIOBBIX OCTe-
JIOBATEJILHOCTEN U MPUMEHUJT K U3YUICHUIO SPIOJUICCKUX CyMM. 3JI€Ch OH TAKXKE PEIUI
M3BECTHYIO IPpobJieMy BeHrepckoro Maremarnka [1. Dpgemma (06 omnenke CHI3Y MaKCHMyMa
MOJLyJIsl MHOTOYJIEHOB Ha €JIMHUIHON OKPYKHOCTH) B OOOOIIEHHON U yTOYHEHHON mocTa-
noske. M.I. McpanioBy npuHa/IIe?KUT BCECTOPOHHEE MCC/IeTOBAHNE aJJIATUBHBIX 33184
¢ PACTYIIIM YUCIOM cjaaraeMbiX. OH MOJTy9InI aCUMITOTHIECKUE PA3JIOKEHHUsS B IIpodJIe-
Me BapuHra ¢ moJIMHOMHUAJIBHBIMEU CJIaraeMbIMU 1 B JinodanToBoit cucreme ['mibbepra-
Kawmxke.

WM takzke HaiigeHa ToYHas (GoOpMy/Ia JJisi YUCJIa PEIIeHn JTHHEHHBIX 1n0(haHTOBBIX
ypaBHeHU 001Iero Buja. JTa (opMysia HaAILIA IPUMEHEHHEe B TEOPUU WHBAPUAHTHBIX
KybGarypabix dopmyr akagemuka C.J1.ECo6oseBa i mo3BOMIIA CHIBHO YIIPOCTHTE HCCITE-
JIOBAHUE U TOCTPOCHHUE TaKUX (POPMYJ Ha MOBEPXHOCTH MHOTOMEPHBIX Cdep U IapoB.

Mapyd HcpamnoBud TakzKke BHEC CYIIECTBEHHBIN BKJIAJ] B IPUMEHEHUE TEOPETUKO-
YUCJIOBBIX METOJIOB U METOJOB CILIAH-(PYHKIUN B BBIYUC/IUTEIbHON MaTeMaTuke. Vm
IIOCTPOEHBI ONTHMAJIbHBIE KBaJIpaTypHbIe U KybaTypHbIe (POPMYJIbl CUHTYISPHBIX HHTE-
rpaJjioB ¢ siapamu ['uinbepra u Koru, HaiijieHbl MpUOJIMKEHHO-aHATUTUICCKUE PEITCeHUST
CHUCTEM OJTHOMEPHBIX ¥ MHOTOMEPHBIX MHTErpaJIbHbIX ypaBHEHUN ¢ sgiapamMu PpejironbMma,
['mnbbepra u Komm. HaiijeHbl o1eHKN MOTPENTHOCTH B PA3JIMYHBIX YaCTO BCTPEYAIONINX-
¢l IPOCTPAHCTBAX (PYHKINNA. DTU Pe3yabTATHI NMEIOT MHOTOYHUC/IEHHBIE TTPUMEHEHUs B
NPUKJIAIHBIX 3aja4daX, B YaCTHOCTH B adPOJMHAMUKE U T'UJIPOIUHAMUKE. XapaKTepHO
0CODEHHOCTBIO ITOTO IUKJ/IA MCC/IEIOBAHUN SBJIAETCAd HOBU3HA ITOCTAHOBOK 3aJlad U Pas-
paboTKa HOBBIX METOJIOB UX PEIICHU.

Otnenbable pe3ynbrarhl uccaemoBannit M.U. McpanmoBa mo Teopun nzera-QyHKIMNT
Pumana n npobsieme nenuresneit Jlupuxiie Bb3Ban O0JIbINON PE30OHAHC CPEIN CIIEIIAA -
CTOB 3a IIpejieIaMy HaIlell CTpaHbI.

B Mapyde NcpanioBude rapMOHUYHO COYETANUCH CIIOCOOHOCTH KPYIIHOI'O yYEHOTO,
TaJAHTIUBOIO IIe/Iarora U yMeJIoro PYKOBOIUTEIA KPYIIHBIX HAayUIHBIX HcciaegoBanmnii. Ou
YCIENTHO COYeTaJ TIJIOJIOTBOPHYIO HAYYHYIO M HAYYHO-OPraHU3aTOPCKYIO JIeATETbHOCTD C
OOJIBINION TeJarorunvdeckoii nu obmecTBeHHO AearenbHocTho. C 1967 1. M.U. Mcpanios
quTasI OOINKe U CIeluaIbHbIe KYPChl Ha (paKy/IbTeTe MPUKJIaIHON MaTeMaTuKu TaIkeHT-
CKOI'0 TrocyJiapcTBeHHOro yHuBepcureTa, a ¢ 1995 mo 2003 rogapr — B CamapKaHICKOM
rOCYJIapCTBEHHOM YHHBEPCHUTETE, TJie JO KOHIA YKW3HU ITPOJIOJIZKA aKTUBHYIO HAYTHO-
[eJIATOTUIECKYTO JIeATeIbHOCTh B KA9eCTBE IMOYETHOTO MPOodeccopa-KOHCYILTaHTA.

M.N. Ucpannos ¢ 1972 1. aBidicd 9I€HOM JBYX CIEUAIU3UPOBAHHBIX COBETOB II0
3aIuTe KaHINIaTCKUX U JTOKTOpcKux jguccepranuii. C 1967 mo 1995 rombr pyKoBOIMI pa-
60TOI OPranm30BaHHOTO UM TOPOJICKOr0 Hay4dHoro cemunapa «lIpumenenune reopun aucesn
B BBIUUC/INTE/BHON MaTemaTtukes npu Vuacruryre kubepuetuku AH PY3 u Uncturyre
marematuku AH PV3, a ¢ 1995 roga pykoBogwmt HaydHbIM cemuHapoM «lIpubmmkennbie
MeTOJIbI BbiciIero anajm3as B Caml'V.

Paboras B kpynueitmmx BY3ax u HUN pecrybmmku, Mapyd UcpanaoBud moaroroBut
JIECATKU YUEHUKOB, YCIIENTHO pabOTAIONUX B PAa3IUYIHBIX cepax SKOHOMUKU PeciryOJim-



KU, B cCTpaHax OJmKHEro u jajibHero 3apyoexnbs. M.U. Ucpaunos pykoBoua paboramu
MarucTpaHTOB, ACIIUPAHTOB U JIOKTOPAHTOB. [loy ero pykoBojicTBOM 3amuiieHbl bosiee 10
KaHIUJIATCKUX JINCCEPTAIUil, OH CIIOCOOCTBOBAJI 3AIlUTE TPEX JOKTOPCKHUX JTUCCEPTAITHi.
C 1993 r. M.A. UcpanyioB co cBOMMU JIOKTOPAHTAMM, aCIUpaHTaMU U CTYJACHTAMU BEJI
Hay4YHbIe MCCIEJIOBAHUS B PaMKaxX IIPOEKTOB, MMEIONUX (QyHIaMeHTaIbHOEe 3HAYEHUE U
MIUPOKOE TPUKJIAHOE ITPUMEHEHNE.

O6brano Oyaymux yuenbix Mapyd VcpanioBuda npusiiekas K HayKe CO CTYICHIECKO
ckaMbu. Bojiee TOro, OH ¢ acnUPaHTCKUX JIET AKTUBHO YYACTBOBAJI B MOUCKE U (pOPMUPO-
BaHUU IOHBIX MATEMAaTUYECKUX JJAPOBAHUN B CHCTEMeE IIKOJBLHOIO oOpaszoBaHus. Bymydn
acCIIMPaHTOM U MOJIOJbIM yuenbiM M.U. Vcpanios mpenojiaBai B clenuaIn3upoOBaHHON
dusuko-maTeMaTrdeckoit 1mkose Ne82 ropoja TarkeHTa, opraHn30BaHHON aKaJIeMUKOM
B.K. Ka6ysiobim. Muorue yuennku M.J. VcpansioBa u3 9Toil MKOJIBI CTAJIA B IIOCTETY-
IOIIEM JIOKTOPaAMH HayK M M3BECTHBIMU CIIEIMAJINCTaMU B cBOMX oTpaciaax. [loarorosky
MaTeMaTUKOB CO TIKOJIbHOU cKaMbu mpodeccop M.U. McpannoB npoaomkui B hpU3nKo-
MaTeMaTu4IeckKoM Jjuiee r. CamMapKaHa, yaalimecss KOTOPOro Pery/isipHO 3aHUMAJIA [TPU-
30Bble MeCTa Ha Pa3IMYHBIX MEXKIYHAPOIHBIX MaTeMaTHYeCcKnX oJuMmmImajax. Ha mpo-
TAYKEHUU BCell IeJIarOrmIecKoil JIedTeIbHOCTA CBOMMU HAYYHO-TIOMYJISIPHBIMU CTATHIMU
B SHITUKJIONE/IUAX, B PA3JIUIHBIX OOIIECTBEHHBIX U MOJIOJECKHBIX W3JIaHUAX, e TeJe-
nepejgad M.U. McpanioB ymesno u BbIBepeHO (hOPMUPOBAT MATEMATHYECKYIO KYJIBTYPY
MBIILJIEHUS Y MOJIOJIEYKU.

M.N. Ucpannos — aBrop 6osee 160 nHayurbix, 40 HayIHO-TOMYISIPHBIX paboT. OKoJI0
50 ero Hay9IHBIX cTaTell OIyOINKOBAHBI B ABTOPUTETHBIX U3IAHUIX OJIMKHETO U JAJIHBHErO
zapybexbs. [Ipodeccop M.U. Mcpansios siBjisgeTcss aBTOPOM IIHPOKO U3BECTHOTO JIBYXTOM-
HOI'O yIeOHMKA 110 BRITHCIUTEILHOM MaTeMaTuKe « XucobJran MeToaiapuy. JlanHas Kaura
SIBJISIETCSI €IMHCTBEHHBIM YIeOHUKOM I10JIOOHOIO THUIIA Ha y30EKCKOM SI3bIKE U IPUHSATA B
KavyecTBE OCHOBHOTO B BEJYIIUX yHUBEpCHUTeTaX Y30eKucrana. DTOT yIeOHUK HAIMCAH
Ha OCHOBe OpUTHHAJILHBIX Jiekinit M.U. Mcpaniosa, KoTopble OH YnuTasl Ha TPOTIKEHIT
40 mer B HanmmonabaOM yHUBepcuTeTe Y30ekncrana, CaMapKaHICKOM TOCY/IapCTBEHHOM
yHuBepcuTere, Ha cemuHapax B Mucturyre marematruku AH PVY3. Takxke pesysnbrarom
MHOT'OJIETHET'O UTEHUs JIEKIUil cTaj yueOHuK 1o Teopun uncen «CoHIap Ha3apusacu» B
coaBropcTse ¢ npodeccopom A. CoJieeBbIM.

M.N. VcpansnoB u ero y4eHUKN y4acTBOBAJIU C JIOKJIAJAMU BO MHOTUX MEXKTyHAPO/I-
HBIX Hay4dHBIX (hopymax. Ou npunuMmas yuactue B MexyHapoHOM KOHI'Decce MaTeMa-
TUKOB, BcemupHom KoHrpecce obiecTBa BepHy/m u Ipyrux. Bbu oHUM U3 aKTHUBHBIX
OPTaHU3aTOPOB BCEX MEXKJyHAPOIHBIX KOH(MEPEHIIN 10 TeOPUU KyOaTypHBIX (POPMYII,
POBOIUMBIX B ¥Y30ekucrane. [Ipodeccop M.M. Ncpanios 10 mocsie fHUX JIHEH ocTaBasICs
AKTUBHBIM YYaCTHUKOM €KeroiHoit MexKmyHapoHolt HayIHO-TIPAKTHIeCKoil KoHdepen-
mun «uHoBanusy. ABisisach ogauM 3 6eccMeHHBIX PyKoBojuTe el ceknuu «Maremaru-
ka. Maremarndeckoe monenuposanuey, M./. Vcpanios nomiepKkuBajl BLICOKHI yPOBEHD
HAYYHBIX U3bICKAHUI U JOK/Ia10B KoHdepennun. M.M. VcpanioB ObLT 4I€eHOM PeIKOJI-
Jleruu cOOpHUKA «Bompochl BEIYUCIUTETBHON 1 TPUKJIAIHON MaTeMaTHKIy, a TAKXKe OT-
BETCTBEHHBIM PEJIAKTOPOM COOPHHUKOB 110 BBIYUC/IUTEIHLHON MaTeMATHKE, BBIITYCKAEMbBIX B
Nucruryre maremarukun AH PVY3. A ¢ 2001 roga sAB/Isijics 9JI€HOM PEJIKOJIIErHU cOOP-
HUKa Hay4dHbIX crareit Mexynapojnoit koudepennun «unoBarusy. ABisica aienom
AMEpUKaHCKOTO MATEMATHIECKOTO OOIEecTBa W IKCIEPTOM MEKIyHAPOIHOTO KypHAJIA
«Mathematical Reviewss.

Mapyde UcpanioBut HEOTHOKPATHO HAIPAZKIAJICSA TTOIETHBIMY I'PAMOTAME AKaIeMUN
HayK Pecrybsimkn Y36ekncraH.



B sHak mpmsHaHus BECOMOI'O MHOroJjieTHero BKJiaja mpodeccopa M.U. Mcpanios B
pa3BUTHE MaTEMATHIECKON HAYKU U MOJTOTOBKY BBICOKOKBAIN(MUIIMPOBAHHBIX KaIPOB B
2009 roxy HarmumonabHBIM yHUBEPCHTETOM Y30eKucTaHa OblIa MPOBEJIeHa PeciryO/IMKaH-
cKas Hay4dHad KoHdepeHius «Beraucanre/buble TEXHOJIOIIN 1 MaTeMaTHIEeCKOe MOJIE/H-
poBaHUe», OCBAIIeHHas ero 7o-yeruto. B 2013 roxy nmposesnen nHayunblit cemunap «IIpo-
deccop M.U. VcpaunoB u pa3BuTue MPUKJIAIHON MaTeMaTuKu B Y30ekucrane», B 2014
rOJIy COCTOSIJIACH HAyJHO-TeXHWIecKasi kKoHdepennus: «lIpukiagnas maremMaTuka U WH-
dopmanmonHas 6e30macHOCTh», ocBAmIeHHas S80-yeTuio yaénoro. B rekymem 2024 roxy
B cBsa3u ¢ 90-etuem mpodeccopa M.U. Mcpaunosa B HY Y3 opranunzoBan Mexk 1yHapo/I-
HbIIT HaydHBIT cemuHap «Borauciurenbabie Mojenu u texuoynorun (CMT2024)».

Cozmannas npodeccopom M.U. VcpanmoBbiM HaydHas MKOJA IO UUCIEHHBIM METO-
JlaM U B HACTOSIIEE BPEeMsl ITPOJIOJIZKAET HPOJyKTUBHO (DYHKIIMOHUPOBATH. Y 9€HUKU U
nocsiegoBaresin Mapyda VcepanioBuda cerojus ycrento padoTaioT B pa3jnydHbIX cde-
pax M OTpac/sgX SKOHOMUKHU HaIlleil peciryOJIuKu U 3a pyOekKoM, ITPOJIOJIzKas JIEJI0 CBOETO
Ycroza-yauress.

PepaknuonHasi KoJjierus >KypHaJsia «IIpobsieMbl BBIYUCIUTEIBHON U TIPH-
KJIQJHO MaTeMaTUKN» IMOCBANIAET JIAHHBINA CIEIUAJIbHbI BbIIIYCK CBETJION I1a-
msaTu npodeccopa Mapyda Vcpannosuua McpansoBa — BeIgaomierocs y4IeHo-
ro, TaJaHTJIWBOIO MeJarora, 3a00TJIMBOro HACTABHUKA M 3aMedYaTeJIbHOTO dYe-
JIOBEKa, KOTOPbIil HaBCer/Jla OCTaHEeTCd B MaMATHU JApy3eil, KoJIJIer 1 yIEeHUKOB.



Conepxkanne

Conees A.C., Posem HU.T., Myxmapos 4.
VccneoBanue 3K0JI0r0-MEIUITMHCKUX MoJIesiell MeTogamMu 6udypKaMOHHbIX 14~
pPaMeTpPOB B KOHEYHO-PA3HOCTHBIX JUCKPETHBIX CHCTEMAX . . . . . . . . . . ... 9

Xydotibepeanos M.Y., Tysseanosa H.B., Kapumos JI. K.
VccnenoBanne yCTORINBOCTH MOAMMDUIIMPOBAHHBIX PA3HOCTHBIX cxeM Kypanra,
Ajizexkcona n Puza 1j1g KBasuanHeHHBIX TUIepOoIMIecKuX cucreM . . . . . . . . 15

Dwrysamos 3.K., Carumosa H.M., Xydotibepearnos M.O.
Pemenne cucrembl mHTErpaibHBIX ypaBHeHuit BoJibreppa mepBoro poja MoJIu-
GUIMPOBAHHBIM METOJIOM pa3joKeHnss AjoMuaHa . . . . . . . . . . . ... ... 23

Oaumos H.H., Bexmypodosa /[.B.
OnrumasibHasi HHTEPIOJIAINOHHAsT (DOPMYJIa ¢ MPOU3BOIHLIMU B IIPOCTPAHCTBE
CoBOMTEBA . . . . v v o e 3T

Kypbonnasapos A.H.
OnrumasibHast KBaJapaTypHasi (popMysia JJIst BeIaucieHns: Koddduimenro Dy-
pbe B I'IJILOEPTOBOM HPOCTPAHCTBE . . . . . . o v v oo oo oo oo oo oo 46

IHTadumemos X.M, Amamypadosa B.M.
Juckpernas cucrtema tuna Bunepa-Xomda /it KoddOUIIEeHTOB UHTEPIIOJISIIHI-
OHHBIX pOpMYT . . . . . T

ITadumemos X.M., Kapumos P.C.
Cucrema tuna Bunepa—Xorda /11 HaX0XKIeHUsT OIITUMAJIBHBIX KO3(DDUIITEHTOB

Pa3HOCTHBIX (DOPMYJT B THJIBOEPTOBOM IPOCTPAHCTBE . . . . . . . . . . . . . ... T4
Pacynros A.C., Paumosa I'.M.

[IpuMenenne METOIOB YCKOPEHHUsSI CXOJAMMOCTH K aCUHXPOHHBIM HUTEpaluaM . . . . 85
HTadumemos X.M., Illonasapos C.K.

O06 ojHO# ABHOI ONTHUMAJIBLHON pasHoCTHOR dopMmyne . . . . . . . . . ... ... 96

Xaémos A.P., Hypasues @.A., Ab6dyaraesa ['1II.
[Tocrpoenne aaredbpo-ruepObOInIecKOro MHTEPIIOIAINOHHOTO HATYPAJILHOTO CILIaM-
Ha IECTOTO TMOPSAITKA .+« « « « v v v e e e e e e e e e e e e e e e 10T

Aanaxos U., Ipdonos B.X.
O06 0IHOBpEMEHHOM IIPEICTABIEHUN TPEX UNCE CYMMOM IMeCTH MPOCThIX duces . 122

K. Jca, K.B. Manandxap
O6mmit pe3yabraT ¢ GUKCHUPOBAHHON TOYKOM JIJIsT COBMECTHUMBIX OTOOpayKeHUit
tuna (K) B MHTYUIMOHUCTCKOM HEYETKOM METPUYECKOM IPOCTPaHCTBe . . . . . . 134
Xaémos A.P., Xaumos T.0., Bysawepos /].C.
OnrumasibHast GopMyIIa IUCIEHHOTO MHTETPUPOBaHUs TpoOHOTO nHTEerpasia Pumana-
JIMYyBUILI . . . o L e 142
HTadumemos X. M., Azamos C.C., Iamypamos I Y.
MunuMu3alys IorpenrHocTh KBIpPaTypHoil popMysibl B ipocTpancTBe ['minbepraldl



Contents

Soleyev A.S., Rozet I.G., Muxtarov Y.
Research of ecological and medical models using bifurcation parameters methods
in finite difference discrete systems . . . . . .. ...

Khudoyberganov M.U., Tulyaganova N.B., Karimov D.K.
Investigation of the stability of the modified difference Courant, Isaakson and
Rees schemes for quasi-linear hyperbolic systems . . . . . . ... ... ... ...

Eshkuvatov Z.K., Salimova N.M., Khudoyberganov M.O.
Solving system of Volterra integral equations of the first kind by modified Ado-
mian decomposition method . . . . . ... oo

Olimov N.N., Bekmurodova D.B.

An optimal interpolation formula with derivatives in Sobolev space . . . . . . . .

Kurbonnazarov A.L
Optimal quadrature formula for calculating Fourier coefficients in Hilbert space .

Shadimetov Kh.M., Atamuradova B.M.
Discrete system of Wiener—Hopf type for coefficients of interpolation formulas . .

Shadimetov Kh.M., Karimov R.S.
Wiener—Hopf type system for finding optimal coefficients of difference formulas
in the Hilbert space . . . . . . . . . . . . . . ..

Rasulov A.S., Raimova G.M.
Applications of convergence acceleration methods to asynchronous iterations

Shadimetov Kh.M., Shonazarov S.K.
On an explicit optimal difference formula . . . . . . . . .. ... ... ... ...

Hayotov A.R., Nuraliyev F.A., Abdullayeva G.Sh.
Construction of the sixth order algebraic-hyperbolic interpolation natural spline

Allakov 1., Erdonov B.Kh.
On the simultaneous representation of three numbers by the sum of six numbers
of primes . . . . . L

Jha K., Manandhar K.B.
A common fixed point result for compatible mappings of type (K) in intuitionistic
fuzzy metric space . . . . . ..

Hayotov A.R., Khaitov T.O., Buvasherov D.S.
An optimal formula for numerical integration of fractional Riemann-Liouville
integral . . . . . .

Shadimetov Kh.M., Azamov S.S., Elmuratov G.Ch.

Minimizing the error of a quadrature formula in Hilbert space . . . . .. .. ..



	Nuraliev Hayotov-4-1
	mundarija2

