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Abstract. In this work, we study the problem of constructing basis functions for finite
element methods. In this case, we use the coefficients of the algebraic-trigonometric optimal
interpolation formula constructed using the Sobolev method in the Hilbert space of differentiable
functions. In addition, we will prove the theorem expressing the main property of these local
basis functions.
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In this work, basis functions for finite element methods are constructed. Applying these
basic functions, it is possible to solve the boundary value problems set for ordinary differential
equations.

At the work [1] in the Hilbert space

3 n m
Kga)) = {(o :[0,]] > R|¢ —abs.con.and ¢ L, (0,1)},

the optimal interpolation formula of the form

N

p(N)=P ()= C,(x) plx,)

is constructed. We construct a set of basis functions using the coefficients of this optimal
interpolation formula.

From the coefficients of the optimal interpolation formula (1) at N = 2 with nodes

1

X, = 0, X =—,X, = 1, we have the following functions
2

sin(m) sin(wz — wx,)
C(z)= 2 ,

. WX, — :
sm(°22) sin(wx, — wx,)

sin(wx, — wz)sin(wz — wx,)

C(z)=— : :
sin(wx, — wx,)sin(wx, — wx,)
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. WX, —OZ .
s1n(°2) sin(wz — wx,)

. WX, — :
s1n(°22) sin( wx, — wx,)

To geometrically represent the functions CO (Z ), C1 (Z ) and C2 (Z ) , we present their
graphs for the case (W = I in Fig.1.
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Figure 1. This figure shows the graph of the functions CO (Z), Cl (Z) and CZ (Z) (a) = 1) .
Now we construct a set of basis functions using (2). For this, we consider the interval [0,
: 1.
1] divided by 0 z,<z <..<z l,Zl, =ih,h =—(l = 0,1,...,}1) . We take basis
n

function as follows.
Three non-zero local basis functions on the element (yZi,y2i+2)(l' =0,1,...,n—1)
have the following form:

0, Z<Y, 5
Cz(Z)9 y2i—2 Z<y2i’

\Z) =
szl( ) CO(Z)9 y2i z <y2i+2’

0’ y2i+2 Z’
0,z<y,,
52”1(2): C1 (Z)’yZi Z<y2i+2’
O’ y2i+2 Z’
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0,z<y,,

C2 z ’y2i Z<y2i+27
u(2)= )
O(Z)’y2i+2 z <y2,449
O’y2i+4 z.

where

¥,, = z,(nodal points),

zZ+z, . :
V,., = ——*(auxiliary points). -
Thus, we got a set of local 2 trigonometric basis
functions

E(z)(i=0,1,...,2n).

Theorem 1. The functions & (z)(7 = 0,1,...,2n) satisfy the following conditions:
i) &(2)(i =0,1,...,2n) functions are piecewise-linear functions in [ 0,1];
ii) £.(2) C[O,l](i =0,1,...,2n);
iii) £(z)(i=0,1,...,2n) functions are satisfying the relation
l,i=j,
0, otherwise,

ie.,
¢ (z,)=9; (i =0,L...,2n, j= 0,1,...,2n),
where 5!] is Kronecker symbol.

The proof of this theorem follows from the definition of the basis functions

E(z)(i=0,1,...,2n)[2].

In our next works, we will study the properties, approximation procedure and practical
applications of these basis functions.

Conclusion

In this paper, local trigonometric basis functions for finite element methods are
constructed. For this, the coefficients of the algebraic-trigonometric optimal interpolation
formula constructed in the Hilbert space were used. Also, the theorem expressing the main
property of these basis functions was proven.
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