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Abstract. The paper considers some systems of basic functions which are easy to be used in the interpolation problems. The most well-
known today systems of basic functions include Lagrange system of basic functions and the systems of complete, even and odd basic
trigonometric polynomials. However, there are some other systems of basic functions on analytical grid, including the systems of polynomial
basic splines and trigonometric complete, even and odd basic splines. Some of these systems are considered in this paper.
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Introduction. Modern science is characterized by soaring
amounts of scientific information. In turn, the ability of
computers exceed human capabilities in the field of data
processing. It is the combination of these factors and have
proven their computerization.

Computerization of science allows when building
mathematical models use a more complex mathematical
objects and methods. Earlier problems of approximation of
functions used mainly polinomials approaching; applying the
same powerful means of computing has provided
opportunities for use in such tasks other system functions,
including polynomial and trigonometric splines [2].

In the problems of applied theory of approximation in the
role of close function is convenient to use the generalized
polynomials for some systems functions, coefficients, which
are themselves value close function. System functions allow
you to get this view is called the fundamental.

The importance of this approach is that when using linear
processing methods close features processing subject to only
the most basic functions. This fact in most cases allows to
carry out the necessary calculations processing experimental
data in two stages. The first stage is carried out the
calculations related to the handling of the fundamental
functions (these calculations can be carried out previously),
in the second stage are calculations that take into account the
value of the close function.

Holding the 2-step treatment has a number of advantages,
among which we mention the possibility to calculate the
experimental data in real time scale that often is important in
many of the problems of data processing in real time scale.

To the systems of fundamental functions, the most
prominent at present belong to the system of fundamental
interpolation features Lagrange system full, odd and even
fundamental interpolation trigonometric polynomials. These
system functions to draw attention to the fact that algebraic
and trigonometric polynomials are linearly dense sets in
spaces under continuous and periodic continuous functions.
However, there are other fundamental system functions,
including systems of polynomial and trigonometric
fundamental splines. [2]. Consider the following system of
fundamental functions in more detail.

Main part

Statement of the problem. Let the segment [O,T], set to

some grid Ay, Ay ={ti}i“io,03to <t <..<ty £1.Also

14

along the specified segment [O,T] set the function f (t) , and
it is known values as f(t;)=fj, j=01...,N of this
function in the grid. The generalized polynomial needs to be
build

Dy (1) =Copp(t) + 1 () +... + Cy oy (1)

On function system ¢y (t), ¢, (t)...., @y (t) of the given
class, which depends N +1st options C,,C,,...,C, and
satisfies the conditions

@, (t,) =1, ]=0L..N.

The formulated task called the task of interpolation and
polynomial @  (t) is called the generalized interpolation

polynomial.
It is clear that the definition of functions
@ (1), @, (),..., @y () not be narrower than period

specification interpolation functions. In many cases, the
problems of interpolation system functions
@ (1), @, (t)...., @y (t) ongrind Ay it is advisable to choose
in such way so so that the coefficients ¢, ,k =0,1,..., N,of
generalized interpolation polynomial are the value of the
interpolation polynomial @ (x;) function f(t)in the
nodes of the grid. In this case the fucntion ® (t) takes the
form
Dy (t) = Fto)po () + Ft)e () +... + F(tn)on (V) -
@

The (1) follows that in this case, the function
@0 (), @, (t)...., o\ (1) must be carried out in relation:

11

(t.) =
¢]( |) {0,
Function for those in the grind A take place such rela-

tions (2), are being called fundamentals in the grind [1].
The system of fundamental functions. Lets consider
some of the system'’s fundamental functions in more detail.
1. The system of fundamental functions of Lagrange
The system of functions ¢ (t), @, (t),..., @y (t) consist of

algebraic polynomials I, (t), k =04,...,N, the degree N,
which are of the form

=t

j#I.
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INk (t) =

(t=t)(t—1)(t =t )t b))

oy ()

where, oy (t) = (t —ty)(t —ty)...(t—ty),
referred to as the system of fundamental functions of La-
grange on the grid A .
It is easy to check that,
1 k=i;

'k(t‘)z{o k=i

k,i=041...,N.
Using the basic functions of Lagrange, the interpolation
polynomial of Lagrange that interpolates the function f (t)

in the grid A, can be written as:

LN (t) = i kaNk (t)

The disadvantage of Lagrange fundamental functions is
that they behave quite irregular; in particular, between the
nodes of the grid they take values larger than one unit, i.e.
modules values of these polynomials in points their bends do
not fall monotonically with increasing distance from the site
of interpolation.

2. The system of complete trigonometric polynomial of
the fundamental

When considering trigonometric functions we will
assume that the T = 2. On the [0,27] the uniform grid

Ay

{t }.N=1 { = %(i —1) has been set.

The system of fundamental trigonometric polynomials on
the grid A consists of polynomials t,(t), k=1..N,
N =2n+1,n=12,..), where N - the number of interpola-

tion nodes, and the n — the order of the trigonometric poly-
nomial.

On this grid fundamental trigonometric polynomials
t, (t), k =1,..N, in order n can be written in such way:

t (1) =%{1+ 2zn:cosj(t—tk)}
i1
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Fig. 2. The fundamentals on the grid A, trigonometric polynomials
ti@®)andt3(t) (N =9)-
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(tk _to)(tk _tl)"'(tk _tk—l)(tk _tk+1)"'(tk _tN) (t _tk)('o’(tk) ’

The system of basic trigonometric functions, from some
grid A is the only in the sense that there is something a

single system of trigonometric polynomials of order n that
satisfies this grid conditions

1 k=j;
tk(tj)z{ )

d

(k, j=1..,N).

0, k=j,
Using a system of basic trigonometric polynomials t, (t),

k =1,.N, fundamental trigonometric polynomials can be
written in such way:

TO=3 f40).

3. Systems of fundamental polynomial splines. Among
other classes of polynomial functions attention classes of
simple polynomial splines, which, as is well known, is the
best linear approximation of vehicle classes differentiated
features. In addition, it is worth noting the possibility to
control the differential properties of such spline, which is
very convenient in many tasks.

It is easy to build a system of fundamental polynomial
splines. On the segment [0,T] has been set the grid A\ .

Label through C['E’T] class real continuous functions that

have continuous derivatives up to the M—th order, aand
through P,,,1[0,T] class of algebraic polynomials of
degree 2m-1m=1.2..., specified on the segment [O,T].

Define N +1 the sequence ©, ={ ki }Z o that defined
11

this way:
Ci = {O,

Lets define system of fundamental polynomial splines of
degree  2m-1,m=12.,with defect dl<d<m(if

d =1- polynomial splines is called simple)
Som1q (KA ),k =01, N,
S0, Somo1a (KAL) =S5 14 Ok, A).
Therefore, the fundamental  polynomial  spline
Som-rd (K,A 1),k =01,.., N, takes the value 1 in k-th

i=k;
i =K.

node of the grid A , and a value of 0 in all other nodes of the

grid.
Using a system of the fundamental polynomial splines,
the spline that interpolates the function f (t) inthe grid Ay

can be written in the form

N
Somaa (FAD =D fiSomia(KAL).
k=0

We do not provide graphs of basic simple polynomial
splines based on uniform grid because they coincide with the
fundamental trigonometric splines, graphics which will be
below [3].

The class of polynomial splines have a number of
shortcomings, which greatly hampered their use in many
problems of science and technology. One of those
disadvantages is the substantial growth of the difficulties
their building with the growth of the degree of the spline; as
a result, in practice mainly used only polynomial splines of
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the third order. The other principal drawback of polynomial
splines is their structure; in turn, this leads to the fact that the
operations of integration and differentiation splines need to
carry over the polynomial approximations that make these
splines.

So some interest cause other types of interpolation
features that have certain properties of smoothness. One of
these classes of functions are trigonometric interpolation
splines [2] [3], which have the advantage of polynomial
splines and serves only analytical expression throughout the
interval approximation; In addition, the complexity of their
construction does not increase with increasing orders of
splines.

4. The system of fundamental trigonometric splines.
The system of fundamental trigonometric splines will have

cos(mN + j X . cos(mN — jt

mark  St(r,t). Unlike fundamental trigonometric

polynomials t, (t), that are shown in the [3] depend more

on setting r,r =1,2,...; his option determines the

differential properties of trigonometric splines. So when any
value I St(r,t) e C/;;

[0,27]"

In the paper [4] was investigated the influence of
differential properties of fundamental trigonometric
interpolation splines interpolation accuracy on both ends and
the middle section of the interpolation.

Fundamental trigonometric interpolation splines, which

we will examine on uniform grids A have a look

—1+ ZZa’l(r)[C (r.t)cos jty +S;(r,t)sin jt, ],

N -1
St(r,t) =
j=1
cos jt
Where C; (rt)= Hi

_sin jt

sin(mN + jl  sin(mN — jk

|

(mN + J)r+1 (mN _ j)r+1

r+l

:

1

0
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m=
o0

(mN + j)
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|

(mN _ )r+l

J
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+

Z
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i= l2
The look of some of the fundamental trlgonometrlc
splines with different values of the parameter r are given in
Fig. 3.
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Figure 3. Graphs of basic trigonometric splines with r =1,2

1

It is easy to see that fundamental trigonometric splines
module highs come from the removal from the site of
interpolation. Also for the fundamental trigonometric splines
at any values r of condition

16

{(mN R —11')”1}

=1...N, I' _gspline’s degree

N
ZtS(r,t) =1
k=0

A certain weakness for fundamental trigonometric splines
is their frequency. However, they can be applied to non-
periodic functions, applying this special methods of periodic
continued [3].

Conclusions. The paper considers some of the system's
fundamentals functions, which is convenient for application
in problems of interpolation. The look of interpolation
polynomial in the form of (1) has a significant advantage
over other forms of representation, that is, that there is no
need to calculate the coefficients ¢,,k = 0,1, ..., N, of the
polynomial interpolation. In turn in the role of uncertain
parameters in (2) advocating the value of approximate search
solving in the key points ¢;, (j = 1, ..., N). Itis clear that the
formulation in terms of the key points allows you to
associate settings with limited parts in the General case of
spatial areas that include these nodal points. This fact is very
useful as a study method this equation allows you to discover
the range, where the convergence of decisions is slow (or
live) [1].

A particular disadvantage of such a submission can be
considered that a change in the grid have to transfer
functions ¢ (t), ¢, (t), ..., oy (t) however, this disad-
vantage in many applied problems are inconsequential, since
in the vast majority of these problems are considering only
the uniform grid.

Fundamental trigonometric splines have a number of ad-
vantages in comparison with polinomial splines. Such bene-
fits include no algorithms for constructing trigonometric
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splines for different values of the parameter and view their  ber) on the entire range of approximation.
only expression (uniformly convergent trigonomentric num-
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MaremaTuuHi Mojie1i Ha 0CHOBI QyHIaMeHTAILHUX TPUTOHOMETPUYHHX CIVIAIHIB
B. I1. Jlenuciok, O. B. Heronenko
AHoranis. B po0oTi po3rsinaloTees aeski cucteMu (GpyHIaMeHTaTbHUX (QYHKIIH, SKi 3pYYHO 3aCTOCOBYBATH B 337adax iHTepnossmii. o
cucTeM (yHIaMEHTANBHIX (DYHKLIH, HAHOLTBII BIIOMHX Ha TEMEPIlIHIN yac, Hale)XaTh cucTeMa (pyHIaMeHTaIbHIX (yHKii Jlarpamka Ta
CHCTEMH ITIOBHUX, TTAPHUX Ta HEMApHUX (yHIaMEHTAJIPHUX TPHTOHOMETPHYHHUX MHOTOWIEHIiB. [IpoTe Ha piBHOMIpHHX CITKax iCHYIOTB i
iHIII cucTeMu (yHIaMEHTATBPHIX (YHKIIH, 30KpeMa CHCTEMH MONIHOMIAIBHAX (yHIaMEHTAIBHIX CIUIaiHIB, @ TAKO)K TPUTOHOMETPUIHUX
TIOBHHX, TAPHUX Ta HEMapHHUX (yHIaMEHTAIBHHX CIUIAiHIB . J{esKi 3 TAKMX CHCTEM i pO3IJIIAlOTECS B JJaHiil poOoTi.

Knwouogi cnosa: gynoamenmanvui @pynxyii, gyuxyii Jlacpanorca, inmepnonayis, npocmi nOMHOMIGIbHI CRAQUNY, MPULOHOMEMPUYHI
cnaaiinu.
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