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FIRST INTERNATIONAL CONFERENCE OF THE
GEORGIAN MATHEMATICAL UNION
SEPTEMBER, 12-19, 2010, BATUMI, GEORGIA
CONFEREMCE SHEDULE
Sunday, September 12

15%:18% _ Registration at the Faculty of Mathematics of Batumi State University

Monday, September 13

11%%:13% _ Registration

11%°:13% _ Workshops (see Workshops Programs)

13%:15%° — Lunch Break

15%:16%° - Round Table “Mathematical Education in Georgia from Schools until Ph.D.

Courses 1”
Room 60

Tuesday, September 14

11%%:13% _ Registration

11%°:13% _ Workshops (see Workshops Programs)

13%:15%° — Lunch Break

15%:16% — Round Table “Role of Mathematical Science in Education and Economic I”
Room 60

Wednesday, September 15

9%:13% | 15%:18% _ Registration

10%:10%° — Opening Ceremony (Room 238, Batumi State University)

Chairman of the Session R. Duduchava

10*°:11* — Plenary Talk: B. Bojarski (Poland) — Room 238
11°°:12%° - Coffee and Tea

Chairman of the Session T. Lada

12°:12° — Plenary Talk: M. Baaz (Austria) — Room 238
13%:13*° — Plenary Talk: G. Barsegian (Armenia) — Room 238
14% :15*° — Lunch Break

15%° : 17%° — Workshops (see Workshops Programs)

17%:17°° — Coffee and Tea

17°°:19%° — Workshops (see Workshops Programs)

19%° — Welcome Party

Thursday, September 16

11%%:13% _ Registration

Chairman of the Session B. Bojarski

10%:10*° — Plenary Talk: B. Golubov (Russia) — Room 238
11%°:11% — Coffee and Tea

Chairman of the Session D. Natroshvili

11%°:12*° — Plenary Talk: D. Gordeziani (Georgia) — Room 238
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12*°:13% — Plenary Talk: T. Kadeishvili (Georgia) — Room 238
13%:15% — Lunch Break

15%: 18% — Excursion

19  — Conference Dinner

Friday, September 17

Chairman of the Session B. Golubov

10%:10*° — Plenary Talk: R. Duduchava (Georgia) — Room 238

11%:11% — Coffee and Tea

Chairman of the Session G. Jaiani

11°°:12° — Plenary Talk: V. Vasiliev (Russia) — Room 238

12*°:13% — Plenary Talk: D. Kapanadze (Georgia) — Room 238

13%°:15%° — Lunch Break

17%:19%° — Workshops (see Workshops Programs)

19%:20° - Round Table “Mathematical Education in Georgia from Schools until Ph.D.
Courses 11”

Saturday, September 18

Chairman of the Session T. Kadeishvili

10%°:10*° — Plenary Talk: T. Lada (Usa) — Room 238

11%°:11°° — Coffee and Tea

Chairman of the Session G. Oniani

11°°:12° — Plenary Talk: U. Goginava (Georgia) — Room 238

12*°:13% — Plenary Talk: G. Jaiani (Georgia) — Room 238

13%°:15%° — Lunch Break

15%:16>° — Workshops (see Workshops Programs)

16*°:17°° — Lunch Break

17%:18% — Workshops (see Workshops Programs)

18% : 20%°- 1. Closing Ceremony (Auditorium, Batumi State University)
2. Round Table “Role of Mathematical Science in Education and Economic 11”
3. Open Problems

Sunday, September 19

Departure of participants
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ON GENERALIZED BELTRAMI SYSTEMS

G.Akhalaia, I. Javakhishvili Tbilisi State University
N.Manjavidze, Georgian Technical University, Department of Mathematics
giaakha@gmail.com ninomanjavidze@yahoo.com

We consider the first order system of partial differential equations in the complex
plane. It appears to be the essential property of the elliptic systems in the plane for which
one can obtain a useful extension of the analytic function theory is the self-commuting
property of the variable matrix participating in considered system. Some classes of these
matrices are introduced. Using some auxiliary results we consider the so-called modi-
fied Dirichlet problem as well. The solvability conditions for this problem under some
assumptions for the right-hand side function are established.

Acknowledgement. The authors acknowledge partial financial support by Georgian
National Science Foundation, Grant No 1-3/85.

ON THE GEOMETRY OF REAL AND COMPLEX
FUNCTIONS

G. Barsegian
Institute of mathematics of Nat Acad of Sci of Armenia, Yerevan
Email: barseg@instmath.sci.am

We will presents some new results related to the basic concepts in mathematics such
as: arbitrary algebraic plane curves, complex polynomials, analytic and meromorphic
functions in a given domain; enough smooth plane curves, real and complex functions
of one and two variables; solutions of large classes of differential equations. This is an
essentially enlarged version of my plenary talk at the 6th ISAAC Congress, see [3].

Some of these results have no predecessors. Others touch rather different fields:
Hilbert problem 16 in real algebraic geometry, Nevanlinna theory of meromorphic func-
tions, Poincaré theory in ODE, Integral geometry.

The problems as well as the key ideas and methods permitting to touch simultane-
ously the mentioned different objects and fields come from the Gamma-lines theory in
the complex analysis [1], its further developments and a ring of new problems published
in [2].

To show how Gamma-lines penetrate the different fields we sketch the central part of
this lecture related to the geometry of smooth real functions. We give the upper bounds
for the length, integral curvature of the level sets of real functions as well as the upper
bounds for the number of connected components of real functions. These bounds are
given in the spirit of integral geometry and are analogs of the first and the second funda-
mental theorems in Nevanlinna theory. Moreover we establish an analog of Nevanlinna
deficiency relation for real functions which admits some, new type interpretations in
wavy processes with dumping. One of the above problems (related to the cardinalities)
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was posed for the particular case of polynomials in the Hilbert problem 16 (partl). The
last problem was widely studied in terms of the degree of the polynomial. Clearly, to
obtain similar results for much larger real functions we had to introduce for them some
characteristics that would play a role analogous to that of the degree of the polynomials.

Concluding this abstract we mention all this was made earlier for the Gamma-line
in the complex analysis. Now we do that , in fact, for arbitrary smooth real functions
what seems to be more promising since one can meat level sets of real functions in a huge
number of applied problems.

References

1. Barsegian G., Gamma-lines: on the geometry of real and complex functions, Taylor
and Francis, London, New York, 2002.

2. Barsegian G., A new program of investigations in Analysis: Gamma-lines approaches,
p- 3-73, In book: Value distribution and related topics, editors G. Barsegian, I. Laine
and C. C. Yang; Kluwer, 2004.

3. Barsegian G., Some interrelated results in different branches of geometry and anal-
ysis, p. 3-33, in book "Further progress in analysis. Proceedings of the 6th In-
ternational ISAAC Congress”, editors H. Begehr, O. Celebi and R. Gilbert, World
Scientific, 2009.

REMARKS ON THE BOURGAIN-BREZIS-MIRONESCU
APPROACH TO SOBOLEV SPACES

B.Bojarski
Institute of Mathematics, Polish Academy of Sciences, Warszawa
Email: b.bojarski@impan.gov.pl

For a function f € L},.(R") the notion of p-mean variation of order 1, \/?(f,R") is
defined. The given characterization of the Sobolev space W'?(R") in terms of \//(f, R")
is in direct correspondence with the description of W1P(R") by Lipschitz type point-
wise inequalities [bl, b2, b3, h] and with the BBM approach [bb]. Connections with
the problem of optimal local integrability exponent for K -quasiconformal mappings are
mentioned.

References

[bl] B. Bojarski, Pointwise characterization of Sobolev classes, Proc. Steklov Inst.
Math. 255 (2006), 65-81.

[b2 ] B. Bojarski, P. Hajlasz, Pointwise inequalities for Sobolev functions and some ap-
plications, Studia Math. 106 (1993), 77-92.

[b3] B.Bojarski, P. Hajlasz, P. Strzelecki, Improved C** approximation of higher order
Sobolev functions in norm and capacity, Indiana Univ. Math. ]J. 51 (2002), 507-540.
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[h ] P. Hajlasz, A new characterization of the Sobolev space, Studia Math. 159 (2003),
263-275.
[bb] J. Bourgain, H. Brezis, P. Mironescu, Another look at Sobolev spaces, in: Opti-
mal Control and Partial Differential Equations (ed. J. L. Menaldi et al.), IOS Press,
Amsterdam 2001, 439-455.

ON THE SPACE OF GENERALIZED CONSTANTS

G. Giorgadze, V. Jikia
Thilisi State University
giorgadze@rmi.acnet.ge
1. Consider the Carleman-Vekua equation [vek2] on the Compact Riemann surface

8—15 +Aw+Bw=0 (1)
0z
where A,B € L,, p > 2. A multi-valued solution of (1) is a multi-valued function a
branch of which chose on universal covering of X [g]. Other branches of this function
in general do not satisfy (1). Denote the space of regular solution of equation (1) by L.
Such solution are called generalized constants. It is know that a regular solution of (1) on
X which is equal to zero at an arbitrary point of X is identically equal to zero. From this

follows that the real dimension of the space L is no more then two.

X

Let w : X — C'P! generalized analytic algebraic function, then the genus of X can
be determined by the formula ¢ = 1 — N + b/2, where b is the sum of the orders of all
branch points of w and N is topological degree of w.

2. Let X is genus zero compact Riemann surface. Denote by J;(C) a set of the func-
tions a € L(C), p > 2, for which there exists = primitive Q(z) [j], satisfying the
following conditions

exp{Q(2)} =0(1), z€C,
for every natural number n.

Denote by 2(0) the space of all regular solutions of the equation (1) on complex plane
C satisfying the condition
w(z) =0(1), z— 0.

Let the coefficients of the equation (1) satisfy the condition
—A€ Jl(C), B e LP,Q(C), p > 2.

Then dim2(0) = oo. Therefore in this case dim Ly = oc.

Acknowledgement. The authors acknowledge partial financial support by Georgian
National Science Foundation, Grant No 1-3/85.
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[vek2 ] I. Vekua. Generalized analytic functions. Second Edition, Nauka, 1988.

[g] G.Giorgadze.Regular systems on Riemann surfaces. Journal of Math. Sci. 118 (5),
5347-5399, 2003.

[j]V.]Jikia. On the classes of functions induced by irregular Carlemann-Vekua equa-
tions.In press Georgian Math. Journal, 2010,DOI 10.1515/GM] 2010.031

w— WEIGHTED HOLOMORPHIC BESOV SPACES ON
THE UNIT BALL IN C"

A. Harutyunyan, W. Lusky
Yerevan State University, Dep. of Inf. and appl. Math., Armenia
University of Paderborn, Institut of Mathematics, Germany
email: anahit@ysu.am, lusky@math.uni-paderborn.de

By B"™ we denote the open unit ball in C™ and by H(B") the set of holomorphic
functionson B™. If f € H(B"),then f(z) =) a,,2™ (# € B"), where the sum is taken
over all multiindices m = (my, ..., m,) with nonnegative integer components m; and
2™ = 2" ...z, Assuming that |m| = mi +...+m, and putting fi(2) = >_,, =), am2"™
for any k > 0, one can rewrite the Taylor expansion of f as f(z) = >~ fx(z). Further,
for a holomorphic function f the fractional differential D is defined as

oo

Df(z) =) (k+1)*fu(2), >0, z€B"
k=0
Particularly, if « = 1 we set D' f(z) := Df(z).

By S we denote the well-known class of all non-negative measurable functions w on

(0,1) with 1
w(r) = exp{/x @du}, z € (0,1),

u

where £(u) is some measurable, bounded functions on (0, 1) and —«,, < £(u) < 5,. We
define the holomorphic Besov spaces on the unit ball as follows.

Let p > n + f,. Then a function f € H(B") is said to be of B,(w) if

M) = [ (@ LPrIDr gt ) < o,

where dv is the volume measure on B”, normalized so that v(B") = 1.

In this work we describe the holomorphic Besov space in the terms of the correspond-
ing L,(w) space. Some projection theorems and theorems on existence of the inversions
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of these projections are proved. Also some explicit descriptions of the duals of the con-
sidered Besov spaces are given.

MAXIMUM MODULUS PRINCIPLE FOR FIRST ORDER
MULTIDIMENSIONAL ELLIPTIC SYSTEMS

G. Makatsaria
[.Vekua Institute of Applied Mathematics; Tbilisi State University

First order multidimensional elliptic systems with Lebesgue summable coefficients are
considered. The validity of maximum modulus principle for generalized solutions of these
systems is investigated. The exact classes of such systems are obtained.

Acknowledgement. The author acknowledge partial financial support by Georgian
National Science Foundation, Grant No 1-3/85.
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ABSOLUTE CONVERGENCE OF COEFFICIENTS OF FOURIER-HAAR
DOUBLE SERIES

A. Aplakov
Georgian State University of Subtropical agriculture, Kutaisi
Email: alekoaplakov@meca.gov.ge

In my talk I will discuss the absolute convergence of double series of Fourier-Haar
coefficients of the class PBYV,,.

SUMMABILITY OF TWO-DIMENSIONAL
WALSH-FOURIER SERIES

U. Goginava
Institute of Mathematics, Faculty of Exact and Natural Sciences, Tbilisi State University,
Chavchavadze str. 1, Tbilisi 0128, Georgia
Email: zazagoginava@gmail.com

In my talk I will discuss:

1. The boundedness of maximal operators of the Fejér and Matcinkiewicz-Fejér means
of two-dimensional Walsh-Fourier series

2. Characterize the set of convergence of the Fejér and Marcinkiewicz-Fejér means
of two-dimensional Walsh-Fourier series

3. Strong Approximation By Marcinkiewicz Means of two-dimensional Walsh-Fourier
Series

4. Convergence in norm, in measure and almost everywhere of Logarithmic means
of two-dimensional Walsh-Fourier series

ABSOLUTE CONVERGESIEI%IEE(S)F MULTIPLE FOURIER

L. Gogoladze, V. Tsagareishvi

Institute of Mathematics, Faculty of Exact and Natural Sciences, Iv. Javakhishvili State
University, Tbilisi
lgogoladze@hotmail.com
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Let I* = [0,1]°. If z = (x1,...,25) and h = (hy, ..., hy), then

r+h=(x1+hi,...,zs+hy), |h :(h%+---+h§)%.AsusualeLipa,ae (0,1] if

1f(z+h) = f@)logsy = O (h]).
Let

(xn(2)) = (H X, (%))

be a s-multiple Haar system. By

(Pn(z)) = (H i (xk)>

denote the general orthonormal system (ONS) on /°, and by x,,(f) and ®,(f) the Fourier
coefficients, respectively, with respect to systems (,,(z)) and (P, (x)).

We have

Theorem 1. Let f € Lip,, a € (0,1]. Then for any 5 > Sf—‘;a

Yl (NI < oo
n=0

Theorem 2. Let (,(z)) be a complete ONS on /°. Then for any o € (0, 1] there
exists the function f,(z) € Lip, such that

2s
st = 00.

> 10 (fa)

Theorem 3. Let € > 0 be an arbitrary number. Then we can find a natural number
Se, such that for any ONS(®,,(x)) on I° there exists f (x) € Lipl such that

D1 (I =00
n=0
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SPHERICAL JUMP OF A FUNCTION AND
BOCHNER-RIESZ MEANS OF CONJUGATE MULTIPLE
FOURIER SERIES

B. Golubov

Moscow Institute of Physics and Technologies (State University), Dept of Mathematics,
Moscow
golubov@mail. mipt.ru

Let the function f be defined in a neighborhood of the point z; € R", n > 2, and
P(z), x € R", be a homogeneous harmonic polynomial. We denote S, by the unit
(n—1) - dimensional sphere in R™ with center at the origin. If the function f is integrable
on the spheres x( + t5,, for sufficiently small £ > 0 then we set

For () = /S F(wo — tw) P(w)dS, (w).

If the limit dp(f, 2¢) = fa,(+0) exists then we call it the spherical jump of the function
f at the point xy € R" with respect to the harmonic polynomial P(z). Let us note that
if the function f is continuous at the point x, and integrable on the spheres z( + ¢S, for
sufficiently small ¢ > 0 then dp(f,z¢) = 0 for each homogeneous harmonic polynomial
P(z) # const.

Let Q" = {xr € R" : —7 < z; < 7, j = 1,...n}. Everywhere below the function
f € L(Q,),n > 2,is 27 periodic in each variable z;, j = 1,...,n, and P(x) # const is a
homogeneous harmonic polynomial. A.P. Calderon and A. Zygmund [1] introduced the
spherical Bochner-Riesz means of order § > 0 of conjugate Fourier series of the function
by the equality

S (fa)y=> (1—|mP/R)" f(m)K (m)exp(imz), R>0.

0<|m|<R

Here f (m) are Fourier coefficients of the function and K (x) is the principal value of
Fourier transform of the Riesz type kernel K (z) = P (x/ |z|) |z| ™",z € R™\ {0}, n > 2.
Theorem. Let the function ¢ € Llog™L(Q), n > 2, be bounded in a neighborhood
of the point zy € R" and the variation of the function f, (¢) be finite on some interval
[0, 0], to > 0. Then for the critical index 7 = 252 the equality
5%(f, o) dp(f, o)

li =
Fotse  InR (2m)n

is valid.

This theorem is a multidimensional analog of a theorem of Lukacs (see [2], p. 127).
There is also a non periodic analog of this theorem.
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ON INVERSION OF THE INTEGRAL WITH
CONDITIONAL WIENER MEASURE

Z.. Khechinashvili, G. Sokhadze
I.Javakhishvili Tbilisi State University
Email: khechinashvili@gmail.com; giasokhil@i.ua

Consider the space C; x of continuous functions on [0, t| with fixed ends z(0) = 0
and z(t) = X. It is separable, real metrical space (linear if X = 0) with the metric
p(f,9) = SUP (0,4 | f(s) = g(s)]-

The conditional Wiener measure on cylindrical sets

Cgi:’bs = {x < Ct,X tar < I(tl) < bl, vy Qg < I(tn_l) < bn_l},

a

is defined by formula
S ((WB1,ebn) — 1
Hw(Calv"'“"> V(e —t1) e (tn—1—tn—2) (t—tn_1)
b1 b by — z?  (wa—x1)? (X—zn_1)?
g e { - e Do gy dda,

As usual we can extend this measure from algebra of cylindrical sets to the o-algebra
subsets of C} x.

For finite and continuous functional F on C; x the integral on the conditional Wiener
measure denote as [, F[z(7)]fiw(d).

We investigate the question of inversion for the convolution type relationship. In
particular, consider

Dxly] = /C Fly — aljin(dz), W

where ¢ is known smooth functional on C; x and F' decision functional.

Using finite dimensional approximations we construct the procedure of inversion for
(1) and find out the functional F'.

Examples of statistical applications of obtained results are given.
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EXAMPLES OF FRAMES ON THE CANTOR DYADIC
GROUP

Yu. A. Farkov
Russian State Geological Prospecting University, Moscow, Russia
e-mail: farkov @ list.ru

Let Z5 be the discrete cyclic group of order 2, i.e., the set {0, 1} with the discrete
topology and modulo 2 addition. The Cantor dyadic group G is defined to be the sub-
group of [ [, ; Z consisting of sequences

r=(x;)=(...,0_2,2_1,%0,21,%2,...),

for which there exists k = k() € Z such that x; = 0 for all j < k. The group operation
on G is denoted by @ and is the coordinate-wise addition modulo 2:

(2j) = (z;) ® (yj) <= zj =z; +y;(mod2) forall jeZ.

So, if 0 is the zero sequence, then = & = = 0 for all z € G (i.e. each x is its own inverse).
One can put a topology on G as the product topology inherits from [ [, Z,. It is well
known that Walsh functions w; are characters for G and that also the sets U; := {(z;) €
G|xz; =0forj <lI},1 € Z, form a complete system neighbourhoods of @ (see, e.g., [1]).
Define an automorphism A € Aut G by the formula (Ax); = x;1;. Let

aps(x) =27 xo(Ax)w (A %x), I, s€Zy,

where Y is the characteristic function of the set U,. In particular, a; ¢ coincides with
the Haar wavelet on G. For each fixed s € Z the family {a; ;| | € Z. } is an orthogonal
basis for L?(Uy) (cf. [1, p. 12], [2, p. 41]). Observe also that any compactly supported
orthogonal wavelet in L?(G) can be expanded in the gap series with respect to a;, , (see
(3], [4]). In this talk, using the Daubechies type "admissible condition”, we construct
several examples of frames for L?((G) which are finite linear combinations of a; ;. Then
we present an example of a Parseval frame for L?(G) related to the generalized Walsh-
Dirichlet kernel for G (cf. [5, Section 3]).
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ON THE CONVERGENCE AND DIVERGENCE OF
FOURIER SERIES

Sh. Kheladze
Instititute of New Technologies, Tbilisi
email: ati@gol.ge

Let f be a 27-periodic measurable function, integrable on T=[0,2).

U = {9}, is either a trigonometric system or a Walsh system (in terms of Puli
numeration) or a general multiplicative system normalized on T.

For the sake of brevity, a Fourier series with respect to the system ¥ = {¢,} ~, is
called a Fourier-V series .

We denote by S the set of 27-periodic real measurable functions s satisfying the con-
dition

|s(x)|=1, —00 < = < 0.

The following three results are well known in the Fourier series theory.

Theorem (L. Carleson). The Fourier-V¥ series of a square-integrable function con-
verges almost everywhere.

Theorem (A.Kolmogorov). There exists an integrable function, the Fourier-V series
of which diverges at each point.

Theorem (Sh. Kheladze). For any integrable function f there exists a function s€S
such that the Fourier-¥ series of functions sf converges almost everywhere.

The question is posed: can the latter theorem be strengthened so that if we multiply
by -1 the values of the integrated function on some set, then we can obtain the conver-
gence of the Fourier-U series of the resulting new function at each point?

It turns out that the answer to this question is negative. Namely, the following state-
ment is valid.

Theorem. There exists a bounded function f such that the Fourier-U series of any
functions sf, s€S, diverges on an everywhere dense set.

In the context of the latter result there arises the problem the solution of which is
unknown to us: for an arbitrary set E, ECT, of zero measure does there exist a continuous
(or at least an unbounded) function f such that the Fourier-¥ series of the function sf,
s€S, diverges at every point of the set E?

HIGHER RANK HAAR WAVELET BASES IN L? (R) SPACES

T. Kopaliani
Iv. Javaxishvili State University, Faculty of Exact and Natural Sciences,
Institute of Mathematics
Email: t.kopaliani@math.sci.tsu.ge
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Using Bellman function method, we prove that Haar wavelet system of rank NV (N €
N, N > 2) is unconditional basis in L? (R), 1 < p < oo if and only if w € A)}. Note that
the higher rank Haar wavelet system became of interest in connection with problems of
p-adic (non-Archimedean) mathematical physics. The method was roughly influenced by
Bellman’s work in the (stochastic) optimal control theory. Recently the Bellman function
method have proved to be an efficient tool for solving some problems in Harmonic anal-
ysis. Note that in the field of harmonic analysis the idea was first used by Burkholder to
obtain sharp inequalities for martingale transforms. Further the method was developed
by Nazarov, Treil and Volberg and used to reprove and strengthen many classical results
in harmonic analysis.

THE RIEMAN-HILBERT PROBLEM IN WEIGHTED
SMIRNOV CLASSES OF ANALYTIC FUNCTION

Z. Meshveliani
The Sokhumi state university

ABSTRACT. The Riemann-Hilbert problem

Re[(a(t) + (X))o (t)] = f(1)

is investigated in the weighted Smirnov classes E,(D;"; p); E,(D; ; p), where D is the
domain bounded by a simple, closed, oriented, piecewise-smooth curve with one angular
point.

ON THE EXACTNESS OF WEYL MULTIPLIERS FOR ALMOST
EVERYWHERE CONVERGENCE AND SUMMABILITY OF DOUBLE
SERIES WITH RESPECT TO DIAGONAL BLOCK-ORTHONORMAL

SYSTEMS

G. Nadibaidze
I. Javakhishvili Tbilisi State University
Email: g.nadibaidze@gmail.com

Block-orthonormal systems were introduced by Gaposhkin.In particular, he obtained
some results on almost everywhere convergence of series with respect to block-orthonormal
and block-independent systems.

We obtained the necessary and sufficient conditions on the length of blocks , when
the Kacmarz's theorem is valid for the block-orthonormal series.Using proved theorems
it is possible determine exact Weyl multipliers for the Cesaro (C,1) summability almost
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everywhere of block-orthonormal series in the case, when the Kacmarz’s theorem is
not true. We obtained the sufficient conditions on the length of blocks guaranteeing
(C,a)(—1 < a < 0)-summability almost everywhere of block-orthonormal series.

Then it will be introduced a diagonal double Block-orthonormal systems and the
conditions on the blocks are established, when the double series with respect to such
systems are summable almost everywhere by Cesaro methods.

Moreover the exact Weyl multipliers for the convergence and summability almost

everywhere of double series with respect to diagonal block-orthonormal systems were
established.

Finally It is established the relation between the length of blocks and Weyl multi-
pliers for the Cesaro summability almost everywhere of series with respect to diagonal
block-orthonormal systems.

B? H036&GO6 8363G050S BMB30ISHN0 (103063806 BILSLIS

3 Mbosbo, . (3005d9
53930 §9Mgmeols Lobgdfozm Mboggdlo@gdo,
95393530308 9350 3>396E0, JMmsolio
Email: giglaoniani@yahoo.com
300d3om D = {z € C: |z] <1} s H (D) s0bodbsgbD-8o y39ws s6s¢nobeto
869430900L LodMogzEgl. @svyzsm a > 0 M0y GoEbzos. f(2) = > o7 ja, (f) 2"
339694300l a bd3ool Mool Fowswemo 0b@gy®mswo 9fim©gds i3vbd3osl

[e.e]

f[a] (2) = ;%an (f) 2",

Lo I'-90egMob 53mbdEoss.
300d35m 0 < p < 1, f € H (D) gmbg30L 9ficmgds BP Log®Eob 13w9bdzos, 00

1 27 L '
1fll = /0 /0 (1 —r)r 2| f (re")| drdf < +oo.

9(»30309%5 8990930 009MM99900:
»gm@gds 1. oy f € BP s a =1+ [p!], 85806 fio € H.
96905 2. o) f € BP (D) @sa =1+ [p~'], 835806 Vz € D 5000 5936

1 2 f[a] (61'9) do
e =5 | T

Cor — ze~0)

GMU 2010



32 Functional Spaces and Approximations September, 12-19, Batumi

90905 3. o) [ (2) = > 7 ja, (f) 2" € BP, 85806

2) F (eie) = Z?C;O:O (n+1)r‘r((7}bigi[p—1]) Qp, (f) ein@ € AC {O, 27T],

bossg A (D) = H (D) (N C (D), borgwm AC [0, 27] 560U [0, 27]-bg sdbmeedo@so
0093000 BIBI30gd0L LodMZEY.

0gmM9ds 4. o) f € BP, 35806 Lodo®mm0s605 gm®mIMwgdo :

1) f(2) =& [77 Hy (2,€”) Refia) (¢?) d6 + iImf (0),

2) f(2) =& OQW ReH, (z,€") fio (€7) db,

bosg o =1+ [pt], Hy (2,€) = % —1, z€D.

(l—ze*ie

FEJER MEANS OF VILENKIN-FOURIER SERIES

G. Tephnadze
Faculty of Exact and Natural Sciences, I. Javakhishvili State University, Tbilisi
Email: giorgitephnadze@gmail.com
In my talk I will discuss:
1. The boundedness of operator o,, of the Fejér means of Vilenkin-Fourier series on
the Hardy space H,,.

2. The boundedness of maximal operator

Y
nen log® (n + 1)
on the Hardy space H,

036B(MN3INVIIR BIGHI BI6IG0SNS LOLGAIIN 30dd&()
B0 3V3003I806 3dOHRIA6Y

%b. fozwom®o
Logdo®mg9wmb 3996032960 Mmbogzgdlodgdo
Email: zviad_tsiklauri@yahoo.com

93030905 009MM939d0 A56DMYsIdIM LGBGOHY 3630500 LobiEgdol do—
om0 gMogl 3H 360039000 gocsddbol Tgbobgd. 396dm, IFI0EPIOS 9)(30¢)d)—
@0 5 155305(0L0 306OHMBYOO 0TS, 03¢ M5 G9dmb3g35d0 93360 (a,,) F08IZOMDS
(B,B), (C,C), M,M), (B,C), (M,L), (L,B) 3amsligdb.

GMU 2010



PARTIAL AND ORDINARY DIFFERENTIAL
EQUATIONS AND APPLICATIONS

h3JIRIdOH030 RS 3I&d(VI&AMIBI0d60
Q0BIOHIECNYIS0 336G
> 3530193638080

GMU 2010



34Partial and Ordinary Differential Equations and applications September, 12-19, Batumi

STRESS FIELD SINGULARITIES IN PIEZOELECTRIC
MEDIA

T. Buchukuri, O. Chkadua, R. Duduchava, D. Natroshvili
A. Razmadze Mathematical Institute, Tbilisi, Georgia
Email: t_buchukuri@yahoo.com

In the talk some three—dimensional interface crack problems for anisotropic metallic-
piezoelectric composite bodies with regard to thermal effects are discussed. We study
general asymptotic properties of solutions to the problem near the exceptional curves.
Namely, we investigate in detail the asymptotic expansion of solutions at the interface
crack edge and at the curve where the interface intersects the exterior boundary. The
stress singularity exponents in this case can be explicitly calculated with the help of the
principal homogeneous symbol matrices of the corresponding pseudodifferential opera-
tors.

We discuss the numerical examples which show that the that the stress singularities
as well as the oscillating effect significantly depends on the piezoelectric constants and
the orientation of the exceptional curve with respect to the axes of symmetry of piezo-
electric medium. in particular, when the piezoelectric constants are sufficiently small,
the stress singularities are equal to —0, 5 similar to the materials lacking piezoelectric
properties. Starting from some threshold value the stress singularities differ from —0,5
and simultaneously we have no more oscillation. calculations also show the considerable
dependence of the stress singularities and oscillation parameters on the angle between
the symmetry axis of the piezoelectric material and the normal of surface at the reference
point.

ELECTROMAGNETIC SCATTERING BY ORTHOTROPIC
WAVEGUIDE IRISES

D. Kapanadze, L. Castro, R. Duduchava
A. Razmadze Mathematical Institute, Tbilisi
Email: daka@rmi.ge

The paper is devoted to the mathematical analysis of scattered time-harmonic electro-
magnetic waves by an infinitely long cylindrical orthotropic waveguide iris. This is mod-
eled by an orthotropic Maxwell system in a cylindrical waveguide iris for plane waves
propagating in the z3-direction, imbedded in isotropic infinite medium. The problem
is equivalently reduced to 2-dimensional boundary-contact problem with the operator
div M grad + k? inside the domain and the (Helmholtz) operator A + k? = div grad + k?
outside the domain. Here M isa 2 x 2 positive definite, symmetric, matrix with constant,
real valued entries. The unique solvability of the appropriate boundary value problems
is proved and regularity of solutions is established in Bessel potential spaces.
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BOB30ISHN0 LLYBERO MBS dIGI3I@IMNGNIR)
R GIN BRI RTT

B F3PQY?
03. X935b08d300l Lob. Mdoobol Lobgardfonm MboggMbodgEo, Mmdowolio
Email: g.chkadua@gmail.com

9mbligbgdsdo 393Ho35M>3Mmbowo 39bEMEgdolsm30L gobobowgds H030gl Godol
3960990 s 9360560l LolsDPZMM 53M(356900, s3MJ3g dMEsbgdo L3930 IGO
A030L LELOYBEZMM 306MHMDYdOM. Fobbo Mo 5TME6gdOLMZ0L TEI0EIOME0S
53mboblboL 5MBYIMOOLS S JOMSIMNMBOL MJMMYT9d0 LMdME93-bEPMdMY330L

1036 (399000. 50b0T6O LHBOL FobEMEGOJdO 3H3YOS BHOIWWIMS YOZMEFIILIOOL

090590 (L5 J9BBOIMMPOIMO YIMH YD 993939 9-§- 30MI30M0 s Tgd39—
00 59356900 359M33009350), Y390 GO MO0l 1gMM0530, FgddMIBsMs Mbg—

30L 09M©05d0 S Ls0bObMM S BOBO3ZMEOO Fgi3bogMgdol Lbgs dMogse aodmygbg—
000 LggHMTo. Q5EbOWMO H3M (356930 FodMm33egME0s 3ME9bE0sw ™ BgomObs
5 BLYZOM-POGBIOIBEF0SW N MIJOSBHMOMS MYMOOOL 25dMYgbgdom, Mog Lodro—
905l 03935 58MbIBLEOL SOLYIMDS s GNP IOPMDS EZOEIL LELIBEOIOM
9dmb5399930L J0T5MM 2530¢0gd0® YROM LYLBHO dmmMbmzbgdom, 30MY g Jarslo—
39960 8900MEOM 0gM 3539009090. 535bmMsbs3g 65B39b9gd0s, BMI 9360560l EHodol
59m 3960l 39000b393580 5651396 IMEHO OMOLEIGL 5TMEI6OL 58MBIBLBL gosBbos
wRO® d9G0 LORW39, 30O Fqlsdsdol 3eolio 3O LMW G030l SdM3BOL
53mboblbl. s©bsb0Tbs3009, BMT F9MHO s 9360960l BHO30L 5dMEI6gd0 25693mN3—
690096 53m3565m5 0bgm Jesll, GMIgems 5dMbIbLEYOL o5hb0SD JoBLS3MOGdw)—
©wmd9d0 9.5. Lobymwstrmwo Fomgdol dosdmdo (930560l BgsdoMol Lobwgzsmo
@5 BobyBEOZOM 30M>MdJdOL (330wgdol oMo FgMgmwo sdmEsbols d9dmbggzsdo)

MBLbEOMME P30 JMbs3gdgd0ol 999mbggz5do3 30.

Localized boundary domain integral equation approach for second order
partial differential equations with variable coefficients

0O.Chkadua, S.E. Mikhailov, D. Natroshvili
A.Razmadze Mathematical Institute, Department of Mathematical Physics, Tbilisi
Email: chkadua7@yahoo.com

We consider the Dirichlet and Neumann boundary value problems for second order
elliptic partial differential equations with variable coefficients and develop the general-
ized potential method based on the localized parametrix method. Our goal here is to
show that solutions of the problems can be represented by localized potentials and that
the corresponding localized boundary-domain integral operators (LBDIO) are invertible,
which is very omportant from the point of view of numerical analysis, since they lead to
very convenient numerical schemes in applications. In our case, the localized parametrix
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is represented as the product of the corresponding Levi function of the differential oper-
ator and cut-off function supported on some neighbourhood of the origin. The localized
potentials do not solve the original differential equation, while they preserve almost all
mapping properties of the usual non-localized ones. By means of the localized layer and
volume potentials we reduce to the localized boundary-domain integral equations (LB-
DIE) system. First we establish the equivalence between the original boundary value
problems and the corresponding LBDIEs systems which proved to be a quiete nontriv-
ial problem and plays a crucial role in our analysis. Afterwards we establish that the
localized boundary domain integral operators obtained belong to the Boutet de Monvel
algebra and with the help of the Vishik-Eskin theory , based on the factorization method
(Wiener-Hopf method) , we investigate Fredholm properties and prove invertibility of
the localized operators in appropriate function spaces.

KORN'’S INEQUALITIES FOR SHELLS

R. Duduchava®

A. Razmadze Mathematical Institute, Tbilisi, Georgia
dudu@rmi.ge =~ RolDud@gmail.com

We continue investigation of revised asymptotic model of a shell, started in [Dul,Du2].
Namely, we prove Korn’s inequalities for the linearized change of the metric tensor of
the middle surface of a shell. They play a crucial role in proving the uniqueness and the
solvability of the equations derived in revised asymptotic model of a shell (see [Du2]),
based on the calculus of tangential Gunter’s derivatives, developed by R. Duduchava, D.
Mitrea & M. Mitrea.

Let .7 denote the middle surface of a thin shell, v = (v, 12, v3) be the unit normal
vector field to ., 9, .= 0, := Z?Zl v;0; be the normal derivative, and %; := 0; — v;0,,
j = 1,2,3, denote the Giinter’s derivatives. Let e; := (1,0,0)", e, := (0,1,0)" and
e3 := (0,0,1)" be the canonical basis in R* and d; := e; — v;v, j = 1,2, 3, denote their
projections on the tangent space to the surface ./, dy := v. Then U := 2321 Uje; =
2?21 U,d;, where U, := (v,U) = 25;1 v;U;j and let U° = (Uy, Uy, Us) 7. The linearized
change [0,:(U)], ,
displacement vector field U = (U3, U, Us, U4)T, coincides with the “deformation tensor”
0,,(U) = 3[(Z/U) + (Z7U);] — (9;vx)Us, where 277U);, := 2,U), — (v, 2,U)v
denotes the covariant Gunter’s derivative.

We will say that the subset I'y C I' := 0.7 of the boundary of the hypersurface
. C R" is non-flat if I is not a subset of any hyperplane of codimension 2 in R". Let

of the covariant metric tensor on . associated with a non-tangential

(The investigation was supported by the grant of the Georgian National Science Foundation
GNSF/ST07/3-175
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H(,To) = {p € Hi(S) : p(t) =0 VteTol,s>1,1<p<oc.

THEOREM.II Let .¥ C R be a C''-smooth hypersurface, s > 1,1 < p < oo. For
the linearized change of the metric tensor [, (U)] 44> associated with a non-tangential

displacement vector field U = (U1, U, Us, Uy) " € H3(.7) of the surface ., Korn’s in-
equality

3 1/p
IO A+ D [os(U)EGH()]”

J,k=1

[UJH;(7)|| < M (1)

holds for a constant M > 0 independent of the displacement vector field U.

If Ty is a non-flat subset of the boundary and U = (U, Uy, Us, Uy)" € ]ﬁlf,(f, To),
then

3 1/p
(Vi) <3| 3 Homwrﬂ;-wup] . <z>

J,k=1

The formulated theorem is an essential generalization of Korn’s inequalities for asymp-
totic model of a shell obtained by W. Koiter, E. Sanchez-Palencia, P. Ciarlet and others
(see Cil]).
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BOUNDARY CONTACT PROBLEMS WITH FRICTION OF
DYNAMICS FOR HEMITROPIC ELASTIC SOLIDS

A. Gachechiladze, R. Gachechiladze
A Razmadze Mathematical Institute, Tbilisi, Georgia
D. Natroshvili
Department of Mathematics,Georgian Technical University, Tbilisi, Georgia

In the present paper we investigate the three-dimensional boundary-contact problem
of dynamics for homogeneous hemitropic elastic medium with regard for friction. The
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problem is equivalently reduced to a special spatial variational equation. The correspond-
ing regularized equation depending on the parameter is written out and the questions on
the existence of its solution are studied by the Faedo-Galerkin method. Some a priori
estimates for the solution of the regularized equation are established; the estimates allow
us to make the passage to the limit with respect both to dimension and to parameter. The
limiting function turns out to be a solution of the variational inequality. The questions of
the uniqueness of a solution follow directly from the properties of full potential energy.
Such kind of problems in the classical theory of elasticity have been investigated in the
monograph [Dulil].
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LOCALIZED POTENTIAL METHOD FOR GENERAL
SCALAR ELLIPTIC EQUATIONS WITH CONSTANT

COEFFICIENTS

D. Natroshvili
Georgian Technical University, Tbilisi, Georgia
natrosh@hotmail.com

We develop a localized potential method for general scalar second order elliptic par-
tial differential equations with piecewise constant coefficients (cf. [CMN-1, CMN-2,
CMN-3, CMN-4, CMN-5]). The kernel functions of localized potentials are represented as
products of the corresponding fundamental solutions (Levi functions) and appropriately
chosen cut-off functions supported on sufficiently small regions. On the one hand, such
approach reduces boundary-transmission problems to localized boundary-domain inte-
gral equations (LBDIEs) which are very convenient from the point of view of numerical
analysis since it leads to linear algebraic systems with sparse matrices. On the other hand,
the theoretical investigation of the LBDIEs and rigorous mathematical justification of the
method are very involved. The main difficulties are related to the fact that the properties
of the localized potentials and integral operators generated by them are essentially dif-
ferent from those known from the classical potential theory. In our presentation we will
consider a wide class of boundary-transmission problems which are studied by the LB-
DIEs technique. We establish basic mapping properties of the localized Newtonian and
surface layer potentials and reduce the original problems to LBDIEs equivalently. We in-
vestigate Fredholm properties of the corresponding localized boundary-domain integral
operators and prove their invertibility which finally leads to the existence results for the
LBDIEs under consideration.
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ABOUT ONE INTEGRAL EQUATION ARISING FROM
PROBLEMS OF PENETRATION OF RADIATION

D. Shulaia
I.Vekua Institute of Applied Mathematics; Tbilisi State University

The aim of this work is to study, in the class of Holder functions, the special type
of linear integral equation with coefficient having simple zero in an interval under con-
sideration and which frequently occur when investigating many important problems of
penetration of radiation. Using the theory of complex analysis, the necessary and suffi-
cient conditions for solvability of these equations are given.

SCREEN TYPE BOUNDARY VALUE PROBLEMS FOR THE VECTOR
HELMHOLTZ EQUATION

L. Sigua
Thilisi State University, Department of mathematic
Email: levsig@yahoo.com

The present paper is devoted to the study of problems of the mathematical theory of
electromagnetic wave diffraction.

Similar classical boundary value problems in the Hilbert space have been studied in
detail in the monograph by D. Colton and R. Kress "Integral Equation Methods in Scat-
tering Theory” (A Wiley, IntersciencePublication, John Wiley & Sons, 1983), in which
the boundary value problems Are reduced by means of vector potentials to a sys-tem of
boundary integral equations. Analogous problems have also been considered in the works
due to V. Kupradze, K. Muller, V. Wendland, M. Kostabel, P. Werner, etc.

When the boundary is an open surface (screen), the above-mentioned problems have

been investigated by E. Stephan “Boundary Integral Equations for Mixed Boundary

Value Problems ” (Preprint No. 848, TH. Darmstadt, 1984). In the same work the
vector potential have been used to reduce the boundary value problem to a system of
boundary pseudodifferential equations.

In the present paper, the similar boundary value problems are studied in the Besov
and the Bessel potential spaces. The reduction of these problems to a system of boundary
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pseudodifferential equations is performed by means of ordinary scalar potentials. Struc-
ture and smoothness of a solution of these problems are established. Theorems on the
existence and uniqueness of a solution of problems are proved. Almost the best smooth-
ness for the screen type boundary value problems is established.

Consideration of screen type problems in the Besov and the Besselpotential spaces
allows one to establish in natural (minimal) restrictions the smoothness of the solution.
When considering the problems in the Hilbert space the analogous result can be obtained
only in the case if we impose hard restrictions on the data of the problem.

ASYMPTOTIC BEHAVIOUR OF SOLUTION OF THE
HYPERBOLIC EQUATIONS WITH PERIODIC

COEFFICIENTS, WHEN THE CORRESPONDING HILL’S
OPERATOR IS NON-POSITIVE

T. Surguladze
Akaki Tsereteli state University, Department of Mathematic, Kutaisi
Email: temsur@mail.ru

It is considered asymptotic behaviour at ¢ — oo solutions of problem

U — Uz +q(z) =0 (1)

u(z,0) = 0,u(z,0) =0,t > 0,2 € [a, b (2)
in a case, when the corresponding Hill’s operator nonpositive.
Following theorems are fair:

Theorem 1:If the left end of a spectrum of the corresponding Hill’s operator coincides
with zero the solution of a problem (1)+(2) looks like

1
u(z,t) = ¢(x) + 7i [ur (2, 1) + g2, 1)) + v(2, 1) 3)

where ((z), u;(z,t) and us(z, t) known functions, and for function v(z, t) the estimation
is fair

c(b)

Jo(a, ] < =21 f 1 @
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The theorem 2: If the left end of a spectrum of the corresponding Hill’s operator
negative and also coincides with point (—a?) the solution of a problem (1)+(2) looks like

eaot

U(fli,t) - —F (bofaovo(m) + U(Z‘, t))

Vit

where vy(z) is known function, and for function v(z, t) the estimation (4) is fair.

DEGENERATE DIFFERENTIAL EQUATIONS ON
INFINITE INTERVALS

L. Tepoyan
Yerevan State University, Faculty of Mathematics and Mechanics, Yerevan
Email: tepoyan@yahoo.com

We consider the following differential-operator equation
Lu = (—1)™(t*u™)™ 4 Aty = f, (1)

where t € (1,400), f € Ly _p((1,+00), H),ae # 1,3,--- ,2m — 1,A is a linear operator
in Hilbert space H and has a complete system { ¢y }2; of the eigenfunctions, which form
a Ries’z basis in H.

Let C™ = {u € C™[1,+00),u® (1) = u¥(c0) = 0,k = 0,1,---,m — 1} and
Ly s = {u, 1+°° t?|lu(t)|? dt < oo}. Denote by W™ the completion of C'"™ by the norm
|ull2,., = 1+°° t*|u(™ (t)|? dt. Note, that we have a continuous embedding W C Ly 5
for g < o — 2m, which for B < a — 2m is compact.

First we consider one—dimensional case of the equation (1), i.e. Au = au for some
a € C. The function u € W/ is called the generalized solution for the equation (1) if
Vv € W we have the equality (t*u(™, v(™) + a(t*u,v) = (f,v). Denote by B the one-
dimensional operator in the case a = 0. It is easy to prove that the generalized solution
for the equation Bu = f exists and is unique Vf € L 5. Denote by B = ¢t °B.

Theorem 1.The operator B : Ly 3 — Ly 5 for 8 < o — 2m is positive, selfadjoint and the
inverse operator B~ : Ly 3 — Lo 4 is continuous, which for 5 < o — 2m is compact. For
f = a — 2m the spectrum of the operator B is purely continuous and o(B) = 0.(B) =
(4@ = 1)*(a=3)*- - (o = (2m — 1))* +00).

The number —a for the one-dimensional equation we can regard as a spectral param-
eter for the operator B.

For the operator equation (1) using the equalities u(t) = Y ;- ux(t)yr and f(t) =
Y rey fu(t)r we get an infinite chain of the ordinary differential equations

Lkuk = (_1)m<taul(€m))(m) + aktﬁuk = fka k € N. (2)
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Theorem 2.The operator equation (1) is uniquely solvable Vf € Lo _5((1, +00), H) iff the
equations (2) are uniquely solvable Vf;, € L, _3 and uniformly with respect to & € N we
have

el s < cllfellr, s

Note also that if the operator A : H — H is selfadjoint then for the spectrum of the
operator t L = I we have
oL C o(B)+o(A).
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SOME PROBLEMS OF PSEUDO DIFFERENTIAL
EQUATIONS THEORY

V. Vasilyev
Bryansk State University, Department of Mathematics and Information Technologies,
Bezhitskaya 14, Bryansk 241036, Russia
Email: vladimir.b.vasilyev@gmail.com
The author earlier has defined a special multi-dimensional singular integral G}* of
Calderon-Zygmund type [vas]. It is related to the cone C¢{ = {z € R™ : z,,, > al2/|,"2’ =
(1, ey Tm—1, @ > 0}. One assumes that A is elliptic pseudo differential operator with
symbol A(§), £ € R™, satisfying the condition

cr <A+ €))7 < e,

and admitting the wave factorization with vanishing index with respect to C'{ [vas]. The
solution of model pseudo differential equation

(Au)(z) = f(z), v € CF,

is written with the help of operator G!'. It is interesting how is looked the operator
G under a — oo. This case corresponds to crack in m-dimensional space. The author
has done certain experiments (calculations) in two- and multi-dimensional case, and has
obtained some results on type of operator G7..
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TOWARDS A PROOF THEORY OF ANALOGICAL
REASONING

M. Baaz
Institute for Discrete Mathematics and Geometry, Vienna University of Technology
Wiedner Hauptstrasse 8/10, a-1190 Vienna, Austria
Email: baaz@logic.at

In this lecture we compare three types of analogies based on generalizations and their
instantiations: 1. Generalization w.r.t. to invariant parts of proofs (e.g., graphs of rule
applications etc.).2. Generalization w.r.t. to an underlying meaning. (Here proofs and
calculations are considered as trees of formal expressions. We analyze the well-known
calculation of Euler demonstrating that the 5th Fermat number is compound.) 3. Gener-
alization w.r.t. to the premises of a proof. (This type of analogies is especially important
for juridical reasoning.)
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ON IMPLANTATION AND USAGE OF WRF-ARW
MODEL ON THE SEE-GRID-SCI INFRASTRUCTURE

T. Davitashvili, R. Kvatadze, N. Kutaladze, G. Mikuchadze
[.Vekua Institute of Applied Mathematics, I, Javakhishvili State University, Tbilisi,
Georgia
Georgian Research and Educational Networks Association, Tbilisi, Georgia
Georgian Hydro-meteorological Department, Tbilisi, Georgia
Email: tedavitashvili@gmail.com, ramaz@grena.ge, cwlam08@gmail.com

Global atmosphere models, which describe the weather processes, give the general
character of the weather but can’t catch the smaller scale processes, especially local weather
for the territories with compound topography. Small-scale processes such as convection
often dominate the local weather, which cannot be explicitly represented in models with
grid size more then 10 km. A much finer grid is required to properly simulate frontal
structures and represent cumulus convection.

About 85 percent of the total land area of Georgia occupies complex mountain ranges.
Therefore for the territory of Georgia it is necessary to use atmosphere models with a very
high resolution nested grid system taking into account main orographic features of the
area.

We have elaborated and configured WRF-ARW model for Caucasus region consid-
ering geographical-landscape character, topography height, land use, soil type and tem-
perature in deep layers, vegetation monthly distribution, albedo and others. On the grid
WRF was compiled for both Open MP and MPI (Shared + Distributed memory) envi-
ronment and WPS was compiled for serial environment using PGI (v7.1.6, MPI- version
1.2.7) on the platform Linux-x86. Simulations were performed using a set of 2 domains
with horizontal grid-point resolutions of 15 and 5 km, both defined as those currently
being used for operational forecasts. The coarser domain is a grid of 94x102 points which
covers the South Caucasus region, while the nested inner domain has a grid size of 70x70
points mainly territory of Georgia. Both use the default 31 vertical levels. We have stud-
ied the effect of thermal and advective-dynamic factors of atmosphere on the changes
of the West Georgian climate. We have shown that non-proportional warming of the
Black Sea and Colkhi lowland provokes the intensive strengthening of circulation. Some
results of calculations of the interaction of airflow with complex orography of Caucasus
with horizontal grid-point resolutions of 15 and 5 km are presented.

Also with the purpose of study behaviour of nested grid method above complex ter-
rain we have elaborated in sigma coordinate system short term prediction regional nu-
merical model for Caucasus region. The results of computation carried out with one di-
rectional, two directional and new combined methods are given.

ACKNOWLEDGMENT. The authors were supported by the 7th Framework Program
”SEE-GRID elnfrastructure for regional eScience”, the Georgian National Science Foun-
dation Grants #GNSF/ST07/5-211 and Grant #GNSF/ST09-614/5-210.
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PpLog IN WEB RELATED APPLICATIONS

B. Dundua
I. Vekua Institute of Applied Mathematics, I, Javakhishvili State University, Tbilisi,
Georgia
Email: bdundua@gmail.com

We illustrate the potential of strategy-based conditional hedge transformations in
Web related applications. To achieve this goal, first, we present Pplog [1], an experi-
mental tool that extends logic programming with strategic conditional transformation
rules, combining Pplog with the pLog calculus [2]. PpLog deals with hedges (sequences
of terms), transforming them by conditional rules. Transformations are nondeterministic
and may yield several results. Strategies provide a control on rule applications in a declar-
ative way. Strategy combinators help the user to construct more complex strategies from
simpler ones. Rules apply matching to the whole input hedge (or, if it is a single term, ap-
ply at the top position). Four different types of variables (individual, sequence, function,
and context variables) give the user flexible control on selecting subhedges in hedges (via
individual and sequence variables) or subterms/contexts in terms (via function and con-
text variables). As a result, the obtained code is usually quite short, declaratively clear,
and reusable.

Furthermore, we show suitability of PpLog in XML querying, validation, and Web
reasoning. Various kinds of XML queries can be naturally expressed in PpLog. Moreover,
it permits regular constraints to restrict possible values of sequence and context variables
by regular hedge expressions and regular tree (context) expressions, respectively. These
constraints are very useful, for instance, in validation of a given XML document with
respect to a given DTD.

It should be noted that PpLog has not been implemented specifically for Web related
applications. Its main purpose is to bring strategy-based conditional hedge transforma-
tions in the logic programming framework for general programming. However, as we
demonstrate in this work, it can have interesting applications in Web related problems.

ACKNOWLEDGMENT. This research has been funded by the Georgian National Sci-
ence Foundation (ref. YS09 2 1-120 and 09 184 1-120).
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TOOL TO FIND THE BOUNDS OF OBJECTIVE

FUNCTIONS FOR THE TASKS OF ONE-DIMENSIONAL
BIN PACKING CLASS

G. Fedulov, Kh. Rukhaia, L. Tibua, N. Iashvili
I.Vekua Institute of Applied Mathematics, I, Javakhishvili State University, Tbilisi,
Georgia

We research a class of 17 combinatorial models [1] that are semantically near to the
known One-Dimensional Bin Packing (1DBP) task. All models have a large practical
applications in the different areas: One-Dimensional Stock Cutting, placing of files on
CDs, Scheduler Theory, a Container Loading and so on. A general description of class is
following. Given a set of items A = {ay, as, ..., a,}, to each item a, corresponds a weight
s(ay) and a profit(cost) p(ax), s(ax) > s(ags1). We need to divide the initial set A into
M disjoint subsets Ay, Ay, ..., Ay, UM, A = A, AN A; = 0,4 # 4,4, € [1, M] with
the given properties. All subsets are independence ones and a sequence of weights within
each subset is any. We called our list of 17 models as One-Dimensional Bin Packing Class.
The optimization models 3-17 we can lead to the two base models Model I or Model II in
process of solving.

Base Model I. Given a fixed list of bins L = {BIN;, BIN,..., BINy}, the B; isa
capacity of BIN;, B; > Byy1, S(L) > S(A), where S(L) = S, B;, S(A) = 27, s(ag,).
We need to pack Ainto L: C; < B;, C; = ZakeAi s(ay) is a sum size of items (a bin
content) of BIN,,i € [1, M]. Anansweris YES if we can pack A into L and NO otherwise.

Base Model II. Given a fixed list of bins L. = {BIN;, BIN,,..., BINy}, the B;
and B are the capacity and quota of BIN; accordingly, S’(L) < S(A) < S(L), where
S'(L) = Zf\il B, S(L) = Zf\il B;. We need to pack Ainto L: B, < C; < B;,i € [1, M].
An answer is YES if we can pack A into L and NO otherwise.

The models 3-17 are the NP-hard problems in strong sense to find the optimal solu-
tions for the arbitrary initial data. We developed an estimation technology to build the
fast bounds of objective functions. Our technology can be used as base to make the bounds
of objective functions for the other models that use an idea to divide the initial set A into
the disjoint subsets with the given properties. The technology is of the two blocks: the
initial reduction and estimation corridor. The first block removes the dominate groups of
weights from the initial data (A, L) and reduces to (A*, L*). The second block estimates
an existence of reasonable solutions for a fixed number (M) of subsets. This block solves
a problem: does exist a packing A’ C A into M’ bins: B™» < C! < BM= 4 ¢ [1,M']?
At present we have a tool in C# 2008 as WindowsFormsApplication to solve the models
of our class. On base of our tool we developed the fascinating computer games for peo-
ple too. The main possibilities of our tool are: Comfortable User’s Interface lets to load
the input data by three way: Manual Input, File Input and Automatic Input by using a
Random Number Generator; To choice a model with a brief description; To define the
parameters of finding the solutions; To define the parameters to view the process of find-
ing the solutions in graphic form; To view the process of finding the solutions in graphic
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form; To view statistics of modules that estimate the current partial solutions; To view a
solution in graphic form; To view the bin contents in graphic form; To view an estimation
corridor; Possibility to solve the tasks within a given time limit; Possibility to solve the
large-size tasks; Tool is open to include new models; Tool can be used by users without
the special mathematical knowledge.
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THE GROUNDING QUESTIONS OF THE

MATHEMATICAL THEORY OF THE GEORGIAN
LANGUAGE AND THINKING AND SOME SUBSYSTEMS
OF THE 1ST VERSION OF THE VOICE MANAGED
GEORGIAN INTELLECTUAL COMPUTER SYSTEM

K. Pkhakadze, G. Chichua, A. Vashalomidze, K. Gabunia, L. Abzianidze, A.
Maskharashvili, N. Pkhakadze, M. Chiqvinoidze
Open Institute of the Georgian Language, Logic, and Computer (www.gllc.ge)
Email: gllc.ge.@gmail.com

We present the basic results of our researches, which are current for the aims to cre-
ate Mathematical theory of the Georgian Language and Thinking (MTofGLT) and Voice
Managed Georgian Intellectual Computer System with Listening and Speaking Abilities.
Since 2003 these researches are current under the theoretical and technological aims de-
clared by the State Priority Program (SPP) “Free and Complete Inclusion of a Computer
in the Georgian Natural Language System” By now we have already crated the basic part
of the MTofGLT and sum sub-systems of the 1st Version of the Voice Managed Geor-
gian Intellectual Computer System (VMGeointel 1). At the conference we will shortly
presented our here underlines. More concretely: (I) At the conference we will present
Georgian Lingual Ideology (GLI). According to GLI any Natural Language and Think-
ing is a result of naturally extension of Primary Mathematical Theory (PMT). Here, the
PMT is a formally extendable (i.e. symbolically developable) Euclid type axiomatic the-
ory, which language is call as Primary Mathematical Language (PML) and which basic
notions, axioms, general rules of inference, and general rules of extension is call as Pri-
mary Mathematical Concepts (PMC). The GLI is based on Prof. Sh.Pkhakadze’s notation
theory and on the in our group already studding mathematical specifics of the Georgian
Language and Thinking Also, we will present some PMC and some basic notions, some
axioms, some rules of inference and some rules of extensions of the basic part of MT of
GLT (II We will present some sub-systems of the VMGeointel 1. They are: Georgian
Grammatical Spellchecker; Two-way Georgian-Mathematical Translator; Solver System
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of the Simple Georgian Logical Tasks; Two-way Many-Lingual (Georgian, English, Ger-
man) Translator; Georgian Written Texts Reader with User’s Possibility to Build in Own
Synthetic Voice; Georgian Lexically Restricted Speech Recognizer; Georgian Voice Man-
aged Internet with Reading Abilities; - It must underline, that all here listed experimental
systems are unique in the sense, that there are no other similar type systems for Georgian
Language.

SR603650S MIMOH00L LIS0NEIS0 bIL(M36 IO
J6Ja0Ld030L

b. H©bs0s, . BHodYs
0. X535b08300b Lobgardfonm MboggMLo@gEol 0. 3932950 8o s Lebwdol

Lobgerdfonm mboggdLodg@o; bodsermzgwm
Email: khimuri.rukhaia@viam.sci.tsu.ge lali.tibua@viam.sci.tsu.ge

36Md00s, ®MA [1] 659630 Jogdvyen F99a90L 5J3L OO MYMMHOMEIO
36543030 360d3690mds. 00 0dwrgzs 0ol JglsdergdEmdsl, MMd doMHOMSEO
09MM00L JgLoLHogwrs 9139dG1IM9© 0469L 25dmyqbgdyemo 993s9m3egdgero Loddm—
©Mgd0l 35300 J00gdmeEo Jolo bbgsolibgs 49335MMMIdGd0. 0Q0 OTS® 53—
9bl Bb35LBZs Bo0gdo3H03M MJMMOGIL FmMOL SOOI 353006093L. 5Tsli0sb,
090 36154303 9EO0LYDII0s 8500935BH032IM0 350330939000 533MBdEH0Do—
300LsM30L s 0lgMOo B3gEOsW MO LoLEGHYIgdoL 9Jdbolsmzols, HMBwgdLss 9g—
90507 3509353032900 BH9LEBHIOOL ©3853905.[2,3]

365¢rM0MH0 LoEYo3055 bgrrmzbmMo 9bgdols I9dmbgg3580.54 doMomso 9bols
Ml SLOMEg09gb 30330993 9MH0L(FsbJsbmEM0) 9b9gd0, bmerm Jgdsdm3wgdgero Lod—
OME MO0 OoRIOMNMYOM0 960l T 253M0B 3OMYM Mo 96900. ymzgero
360165300 965 J00GOE05 5H5E0 M3GMOEMMGOOL TG ob0m (53 M3gMHOGHMEIOL
39230d0s 3Mhmmo §9950m3wgd9geo LoddMEMYdO). 3OHMYMINo gbgdo, Jmd—
30993 96M0b 96930056 F9s0Mgd0m, SHWML 56056 dbgdMH03 GBgdMb. 3BIMyMol To—
©960LOL 3BIMYM>AOLE0 099bgdl 3mB3099E OO 96930l S 3OMYMITMo 9bgdols
0050535390609090 BMYS 356MbgdL, HMIWGd0E X IO EIOGEIONLO 56 5G0SD. Tom
5533303905 LsFoMmMs Fglifogeroe 0469L Msbs8xMM3Y 3GIMYMTMo gbgdols
39056900, d99mEsbog 0469l 9358m3e9dg o LOoFdMEMYOOL Mo30Mbse MO
36905 5 529099 0gbsls bgermgbmMo 9bgdolsmzgols 893sdm3ergdgen LoddMEM™MS
0905, SBgMO MgMMo0l 8943bs BogGoMo 60dbsgl, MM 53 MgMEmOol 9bsby
509m0w0 36:MmY653900 046905 LEBM. QM 5TobY, SYNO MYMEOOOL J9Jdbs dmaz—
3990 LTS5 GdSL 8303 Tomm 093D I30930 M) OHMYMEOO MBS 0gmls Jobo—
6960 96900, ®5 3085600 gd0m b 45630MMHIL A5TMMNZWOMO ¢gdb03s, Fs0g—
3530399600 BH9LGHYOOL olsdw)dsz390Ws© MMAMOO 533 MI>E“M0 Tmfymdowmdgdo
<605 990gabsls by bbgs.

GMU 2010



52 Applied Logics and Programming September, 12-19, Batumi

@OoGIOIOYOS

[1] Pkhakadze Sh. Some Problems of the Notation Theory. Tbilisi, University Press,
1977.(In Russian).

[2] Chang Ch.L; Lee R.Ch. Symbolic Logic and Mechanical Theorem Proving; Aca-
demic Press New York;San Francisco London; 1973

[3] Rukhaia Kh.; Tibua L.; Chankvetadze G.; Dundua B. One Method of constructing
a formal system; Aplied Mathematics,Informatics and Mechanics(AMIM)T.11N 2;2006

GMU 2010



MATHEMATICAL EDUCATION
AND HISTORY

dd01JddG03IN0 356001Idd L A&

GMU 2010



54 Mathematical Education and History September, 12-19, Batumi

ddOUN3INGS LA INLIRN BIEIRNIBIN CerdV1EOIB0L
GIR0ILIBL B IKIB0

b. 935¢0560
;5 ONBM39wol Lob. Lobgardform MmboggMlodg@o, d509do
15939990 Q56M9RLIBMWO gfimgds FM9gHomL, HMIgeros gbgds 9o 239M L
5 ©BMBIBO MMHOL oM YEGOL.
15939990 BobsBMW0 S F569hLsBYIO [EM9HoMIdOL MoEOgdOL AT~
0390 BMMIMEGd0 3509350306 0@ gMsGYMd0 33543 890ayo:
5 5 5 5

r=—Tq= y Ty = yTe = .
p p—a p—2>b p—c

35O 3Mmbs 153 39MbgoLmM30L 23543l Pobsbrmwo {GghoMol Gsomliols 4s0m—
153G MBOM FoMEH030 BMOTMES:

a+b-—rc
5 )

T =

3593650 56 5M0L o300 BMOTMEGIO ocGBIbIBMo FOghoMol Hoomligdolo—
30U. B396 259309435690 gl BMOHIME9gd0, 39603MO, S350}HI0(B3JM, MM oI 3w)—
bos 1593MMbgETo 2o6ghsbIBMO M9HoMgdol MoOMLYdO godmom3zwgds 90—
30 BMOIMWIO00:

c+a—> c+b—a a+b+c

Tq = 9 y o = 9 yTe = 9

50L5603653005, MMI gl FMEOHIMEGOO 56 F00WJOS DMYSOL 456 EH039000, doo—
0905 MM Jo05b JoMEH0350 s 530EHM™T 35MA0 046905 Jobo Fg@sbs Lol gmem
Lobgdd3zs69w™o.
OGIMSEGHME:
1. [. O. Mlxnapckuii, H. H. Yennos, Y. M. fArmom. M30panHsle 3aa4u 1 TeOpPEeMEI
3JeMeHTapHOU MareMaTuku. 4actb 2. Mocksa, 1952.

2. T. H. fAxosnes, [Tocobue mo maTemaTuke, Hayka, 1985.
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JAORLIL0  35MIdG0306_ VY330 I&AN0 3(6GIBGO0
‘ddbdbJId

d. ©0bvys83000
L5JomM390mL F9d60396M0 boggMLoEgE0 0bxmM®mTsE030Ls s FsMNZ0L
LoLGH9YIJdOL B3 EIAHO MI0WOLO, 3MLEOZL J.77

Email: mziadin@mail.ru

3963000569390 LEBMYSMGdOL FMM35{gMdOL P0MJdol y3gas LezgMmdo dsmg-
35¢)039L 3603369c0M3560 5P 135305, M5353 930X JOJO F5HSS JoBLLZ0390-
@0 EMR9O0L B39E0SOLEYOOLIMZ0L 1ToLglo o0gdoE030L Bsgzegdol 3Mm3gL-
4o 256339910 3900MEMEMY0M0 oyMdol, 3mb3gBEO0L obbowmgs s glisdsdo-
Lo Bbfogerm 3Gmaesdols G9ddbs. 39MHdm, 39MdgE MO0 oMsgddbgdol LHsgwrgdols
90D6d9fimbomds. BmOIsm{o®dmddbol 58m3569080, B3Mbd30mMH0 00 Fbs@3HrEwo
R0mOIob d0gdoLsL 3gmIgEHH0ME0 J9MddBIdOL 30106303900 458mYgbgds 3MMAGLO-
)0 EMbOL 5350 gdol, Labfsgwrm, 898mddwgd0mo s Lofo®Mdmm 3GrM3glol Mm3E0-
90Bo300l H0b5306OHMds© b BS0MZIEMb, M3 JOUEHMII0IE0s SB0BMG
369930 4505436900056 8085600090500 [1]. LOT3EH MBSO 58 3GI0B3030L godm-
49b6900L 93009 Mds 5OJoBgdBHsdo. 39MHAMmE, BMOsMocrdmddbol 3obmbbmdogeg-
B5m5 3G 5E9O0L 3090IT0, HMYMOMO(3S GEOOE0YIX0 OBE03W0bs - 3m83M-
B0o305. Bo35M5Ms 890093900L 4963MEMds BmBoxbs39g OL303w069dBY, BHrrdwng-
003 99mOB0Wgd056 3d3MBoiEo0L 356MEBMB0gMHYd9dL [2]. 0bEHgMgLIMIEgdMEro
56 56H0L LodgBHMooL 3MObE030L godmYgbgds 49magEHMOME BMEOIsm{o@mdmddbsdo,
396Jdm© 56703 gdGHOME-00Mmb6032796M0 BMMTJIOL M0 gd5do s doMbo 3OO
53m©3d900L 9943bs dogerobs s gargdgb@ol mz300malyogLgdol, sbsHgzMgdol s
AGOBLRBMOB5300L BEOIEOXOHO 3OHMEgLOL 5ALOBZIWO 19399M 96O SEYMOHO0-
dob godmygbgdom. sMLYdOMOs ggmIgEHMOIO Q5MOJIbgdOL 2odmygbgdol dgls-
g0 MdS 256M9dMmb Bgdmddggdols s dgbodsdolio bLadMmgdd ™ 0bliE®mwagb@smool
RMOI>0DGO) S©[9M5d0. Y39wsBg BMms© 9900b39398d0 0HBMdMJd0, 0DMBM-
3900, 0BM3oxLydo s Lbgs (Fos@GHgMools, vy gbgeyool 3mb3gb@®msgool Bmbgdol
d9L50530L0 363 MGd0) 5Tl MZ5ELIROBM OILEHWMYOSS [3]. GJ0BIIEHMOOL o
38969030l 9MHN-960H000 JOMO0M5EO IBOTEMEGdSs MMBIBIO gobgzoms®mgdol m-
00993H93b9 (096Md5-65390MdJdBY, BHYMOGHMM05DY), 350gdmb 9bgMygE 03 Bgdm-
90900905L 30mdgdbmUb sblibs s 50093353 M0 351vIbo, 49MTgEMOIENO oM sJdbgdOL
3MOI0m. S3oL FoOWOM0s 93EHMMOL J0ge F9gIM™o35H90Io IMEIWOo - LBIOME
Dom3MLsbmo (30L 493dsOLS S S330603900L F9O G006 H39dwwo 3MbYLMEO
B953060L 33900l Dol IMIM>MIOL GHGMsgdEHMMm0s© HoMmBmmyqbols s 89dy™a
dolo boero bsfowrol (0bLmesEoolbsby®mdwozmdol 933035¢9bEHMMo 335¢0ls)
39B™3830L 3gnMEO [4]. obbowmeos 8999H9db030L 3OMdgdgdol s©fgcmol, dqlfog-
ob, 33e930Ls S FsMM30L bLygMmdo LolEIMEmO oMol s MbsTgMM3Y
3996031960 (CAD boliEgdgdo) s 3900MEOME®y0mMo Bodmsgdgdol 3sdmygbgdol
3300090 Mds [5]. 90603605 BT 29M3gEHM0E0 dmEgero®gdol ©dbodgzbgurm-
3569U, BMSBLBMOT>300L 933D J9JWO000 535M5E05 FgMAgEHMOMWO A5MoJdbgdol
3MOIs0oDd0, M53 090dgds 256bm®mE09w gl md09dE o, LBdMdogIEOL S M-
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0596 (Md09JGH LOTMI3OL) PMbYHY. T9gIMMO35DJO0 0BEHIM3MYEHOG0S JO6-
339Hows® m0gbE0M9dw0s 50Jo@qdG OO 3oHo3ol s Loddgbgderm
30353 M00L 3M:M39I9d0L sbgdMIEMSE A95BMYOLS s F500 FMEYEXP0MGdOL
960560 LobiE gm0 oMol Bsdmygs0dgdsbg gbodsdols LoobgobmHm b3gEos-
md900L d9aLfogegeo 3mbE0bygbdobomgob.
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. M. bepxe, I'eomerpus, t. 1-2, M., 1984.

2. T'T. Asranppos, YucnenHas Mepa 1 IIpoGIeMbl KPaCOTHI B apxuTeKType. M.
Crpoituzgar. 1978.

3. O6onenckuit H.B.. ApxurekrypHnas ¢pusuka. M., Crpoiiuszar. 1998.

4. 9.0006v95830¢0, 01693030 49BsYdOL ImY0Mgds CAD bobEgdgddo. LEvy,
»39O™M30L 530T5E0D0MGdIMo LoliEgdgdo™ 2009.

5. ].D. Foley, A. Van Dam, Fundamentals of Interactive Computer Graphics. London,
1982.
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Email: zgiunashvili@ganatleba.org

393900l s 5¢gdMOL OLgMO bS30MbYdO, HMIEOOE MMM Habo, Lol-
Dogem 3mMLgddo 2969gbgd s s gMHmMIBIMNOLORD ITM300090sE OLffog-
909, 15395 9BIJAHIOS Fg0dEgds 3530060 ObsdomEmo 4gmdgE ool
3033099390 3OMYM59900L 259MmYygbqdom. sS1gmo 3OIMPEMSGOOL GOHM-9MMO Yo~
dmOmBgmwo 60dMdos GeoGebra. 53335600 36MHMYM539d0L 25dmyqbgds 5356MEH0390L ob-
900 b530mbgdoL Jgifogwrols 3OMEgLL, GMIgdoE IMoMbM3ZL LogcmEMeEro HoMmBmUs-
bH30L MbsML, SOLEHO GO sSDBOHMZBIOOL 1o3ToMm® FoMoe MBIL. YoMS ST0bY, To-
00 25d0yg9gbgds DOl dmbfogerols Im@E0353050, Mog ghm-gMmo 360d3bgermazsbo
3394 3HMO05 ALl LOWEYMBOWHE S030LJOOBS O JOSBMGOIOLSMZ0U.
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59 5 BMA0gMH 0 b3 5dM3560L gos)g39@odo HoMdo@gdsl s0fg3l Fbmem
95050 356500 gd0L, o300 Boddom 493939090, 398mJdgEo 390saM0 - 3063
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doM0mo0 3583960090 - 3507905303000 bs0-63039d0L gobgzoms®mqdols ombgo.
133 515390 IHYJO0MO Fo9To3030L 9egdgbE oMo oM qbgdoL
Q5 LOHYgolgdOL LHogegdol F9BLY3MNPMJIMW MBS Q9B30MOHMBYO0s: 0bBMOTS(300L
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0oL 53M36Mds, M3es, 5336900l 5TMbLbS, MA039M0 SHBOMZDgds s AbxgerMds.
033902995 800535600 30D5b0: g53BsMI©Mm 15383980 IMsBOM3b9 30636909050, M-
9BLsE 899degdom LmMo 99o935LMmb LoE)o30900, HMIIWMSE YMZILPOLOIO
353690580 99b30q0056. 300Mb MM 300JOIE0 255(Y39E0Wgds.
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bbgs 3mMH3gd0l s bgbgdol IBgO3gMdOMO 5¢Jdol Mbs6-B393900L LEIMEIYMaH;
QOMLS S BOgM(39d0 MOO0YBES300L MBs®-B303900L 450MBTo390L; 3060390 50YG¥)-
ol B g0d0 130l Y65MHOL 53E™MToEH0D0MGdIM Mbgdg J0gzs65L.

36HMaM5d0l 3M5d3H03wo 360d369emds Jobsbdghmboeros gobolisbrg®mml Lod
31399 GHdo: 459m0339mMb Lob3mem Bfogwgdobsdo 3BsYMmzbol gho-gOHmo doMo-

0500 956396909w00; HomdMmb00 0465L LobEgdsEHoBoMmYdMwo Fobogrs IHY9-
000 35009953 032900 Ho0dmagbgdol, dgblogMgdol, sHBOM3ZbgdoL, Fodmliobgol,
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X383G0 MIMH00L BM3INISHN0 B0EOIN I6-01I(&0'I0)
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”. 39@bsdzowo
005 393295L Lobgermdol 259mygbgdomo domgds@ozol obbGo@w@o,
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d00olo
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15YM39MOMPIS (36MDOEO XA MTMS 19MM00L 3603690 Mds Bomgdad0olzol Lbgs-
sbbgs 0o gdgd0LIMZ0L. sTXIMS T939H9d00 KX AYRMS MJMMOLDSE -
393806939 BMP0gOH o 5659539dBHw9O s13gdBAL. osFY39G0 OHMEO 5M59R9IJGHMO0
31399 3H9g00LsM30L 5943l 9. 39MGEMU SFMORYZ0L 5JBoMTSL, Mg, Hmymes Hgbo,
36 BogmoM@ 56 49b60bogds MFsmeglio Jo09d53H030L 3MLT0, 56 obobowgds 56~
153056M0L0 LoMTom, MH3 YI3ME 50369 M3560 65305 MTswEglio omgds@o-
30U 56599060 ™m39 396OBOLIMZ0L. 3969060309, bEMIBEL »Tsrglio JomgdsEozolb
3996LOL 45300l 9990 VMTS b 3JMBEIL o5DMYdIMo oligmo (3690900, rm-
36900359 XAMRB0, LOIMS3OL LOAIESZMY, BMISO O MVBMI>EO LOIMSZEY
(G02- Aol SOLYOMBS 30MI30M0 FJEIA0S 39MTIML 5TMMBY30L sJlomdols), 50
369090~ 96 53538060900 gbs v ols 360d3bgem3560 IdEgds. FoBsbTY-
Pmbows 0356605, O™ LEGMIBEL F935LF93eM™ KAMRMS MgmGool 360dzbg-
M35 05O 1S30MHYOOBIMZOL, MMYMEJOOESS LOTgEOOOU (36900L BYLEO s Dmys-
QO 25bLOBMZMS, Lbgoolbgs gmagE Moo dbgdols IJmbg Mmd0gdEgdol 3ersliogo-
39305 5 359M331935. 50b0dbmol gHm-9MHm B399l oo oL HoMmBmoygbls
5. 3919635691 3096 J90m 35600 Bbs3g6EHM0 X 3B0. JOMOMO® 39mIgEHOIE
1030 39D F9MJIbIMS J96M3390 X 3MBOL IMJI)IOILMB @S 53 LogMEOL SEro-
B350 J39L03M3OL SOLYGOMBLMD 35380MGdN0s LBZoLLZS BoyMHdOLS
51030 30L 35M5MJLIO OYMBGOO, MMTI YL Foblis3MMMGOIEo 5©0bodzbols
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EXPLICIT SOLUTIONS OF THE BOUNDARY VALUE
PROBLEMS OF THE THEORY OF CONSOLIDATION
WITH DOUBLE POROSITY FOR HALF-SPLACE

L. Bitsadze, M. Basheleishvili
Ilia State University, Thbilisi, Georgia
E-mail: lamarabits@yahoo.com

Abstract The purpose of this paper is to consider three-dimensional version of statics
of the Aifantis’ equation of the theory of consolidation with double porosity, to study the
uniqueness and existence of solutions of basic boundary value problems (BVPs) and ef-
fectively solved the basic BVPs for half-space. In this work we intend to extend potential
method and the theory of integral equation to BVPs of the theory of consolidation with
double porosity. For all problems we construct Fredholm type integral equations. We
construct one particular solution for the Aifantis’ equation of statics and we reduce the
solution of basic BVPs of the theory of consolidation with double porosity to the solution
of the basic BVPs for the equation of an isotropic body. In this paper we construct Pois-
son type formula for the solution of the first and of the second boundary value problem
for the half-space.
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INCOMPRESSIBLE FLUID-CUSPED PLATE
INTERACTION PROBLEM IN CASE OF THE ZERO
APPROXIMATION Oll\:/lg%)[]]EEESUAS HIERARCHICAL

Natalia Chinchaladze
I.Vekua Institute of Applied Mathematics of Iv. Javakhishvili State University, Thbilisi,
Georgia,
Email: chinchaladze@gmail.com

[.Vekua [1] introduced linear hierarchical models for elastic prismatic shells which
was based on expansion into orthogonal Fourier-Legendre series with respect to the plate
thickness variable. By taking into account only the first N + 1 terms of the expansions,
he introduced the so-called N-th approximation. Each of these approximations (N =
0,1,...) can be considered as an independent mathematical model of plates. We consider
elastic cusped plate, i.e., shells whose thickness vanishes either on a part or on the whole
boundary of the shell middle surface.

The aim of this talk is to study solid-fluid interaction problem where continuity con-
ditions of displacements and stresses are fulfilled at the interface and the solid is an elastic
cusped plate in the zero approximation of I.Vekuas hierarchical models.
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ON NUMERICAL MODELING OF SPILLING OIL
DISTRIBUTION INSHORE WATERS OF THE BLACK SEA

T. Davitashvili , G. Geladze, T. Imnadze, N. Begalishvili, D. Demetrashvili
I.Vekua Institute of Applied Mathematics of Tbilisi State University,2 University St.
0186, Thilisi, Georgia.

E-mail : tedavitashvili@gmail.com
Institute of Hydrometeorology, 150a David Agmashenebeli Ave.. 0112, Tbilisi, Georgia.
E-mail : nb@gw.acnet.ge
Institute of Geophisics, 1, M. Aleksidze St., 0193, Tbilisi, Georgia.

E-mail : kuktav@email.com

Oil and mineral oils have toxic influence upon the groups of sea organisms. Therefore
it is necessary to define the zone of possible spreading of oil pollution upon the area of
sea-water, at the bottom and on shore — otherwise Affected Zone (AZ) of shore oil dis-
charge into the sea, which may occur as a result of railway accident in the seaside of Black
Sea in the Region of Supsa-Kobuleti-Batumi or at the break of the oil-pipe line in the port
of Batumi. In the present work by numerical modeling we have studied spilled oil dis-
tribution inshore waters of the Black Sea. Namely the results of numerical calculations
have shown that after 3-4 days from dangerous and catastrophic disastrous oil spilling
in the Georgian sector of the Black Sea practical surface, bottom and coastal pollution
formation is completed. It is necessary to note that there are considerable distinctions
between spilled oil concentrations distribution in summer and winter. In all cases pollu-
tion follows the main background currents and spreads in the north-west direction. But
there are observed much more intensive (fast) distribution in winter due to more active
turbulence. That is why it is observed oil products involving in cyclone type circle cir-
culation current which stipulate oil products spreading to the south at the Turkish Sea
shore (coastal line).The heavy results of oil pollution have been discovered when oil had
spilled nearer of oil terminal in Kulevi for accidental and especially for catastrophic ocean
occurrence events. Considerable lass pollution of surface and coastal areas was observed
due to catastrophic spillage in the open sea, because after 4-5 days the area of pollution
was going out from Georgian sector to Russian’s coastal are in the direction of Sea of Azov.
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APPLICATION OF THE METHOD OF NORMED
MOMENTS FOR THE NON-SHALLOW SHELLS

B. Gulua
I. Vekua Institute of Applied Mathematics of
Iv. Javakhishvili Thilisi State University, Tbilisi
Sokhumi State University,Tbilisi

Email: bak.gulua@gmail.com

In the paper we consider non-shallow shells.

The system of equilibrium equations of the continuous medium and stress-strain re-
lation (Hook’s law) have the form:

0

iai(@ai) +0=0, (ai: T i= 1,2,3),

Va9
ol =\ (R’f@ku)R" y (Riﬁku)Rk y (RiR’f)aku,

where g is the discriminant of the metric tensor of the space curvilinear coordinates z°,
o' and [ are, respectively, the contravariant “constituents” of the stress vector and an
external force, u is the displacement vector, R and R; are contravariant and covariant
base vectors of the space.

By means of I.N. Vekua method the three-dimensional problems of the theory of
elasticity are reduced to the tow dimensional problems.

For these tow dimensional problems we used the method of normed moments.

CUSPED SHELLS AND BEAMS

G. Jaiani
I.Vekua Institute of Applied Mathematics of Iv. Javakhishvili Thilisi State University,
2 University St., Tbilisi 0186, Georgia, Email: george.jaiani@gmail.com

The present lecture is devoted to the up-dated exploratory survey of the title topics.
Under cusped shells (see, e.g., [1-3]) we understand shells whose thickness vanishes either
on a part or on the whole boundary of the shell middle surface. Beams are called cusped
ones (see, e.g., [4,5]) if at least at one end of the beams the area of its cross-section vanishes.
Mathematically the corresponding problems lead to non-classical, in general, boundary
value and initial-boundary value problems for governing degenerate ordinary and partial
differential equations and systems. At present we have sufficiently complete theory of
elastic cusped prismatic shells and beams but study of general cusped shells remains top-
ical. The first part deals with the hierarchical models of cusped shells, mainly, prismatic
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ones (explicit solutions for cusped elastic prismatic shell-like bodies; variational formu-
lation of the basic 3D problem for prismatic shell-like bodies; approximating function
spaces; variational formulation in particular spaces; existence and uniqueness theorems;
convergence results; derivation of the basic system of two-dimensional models; the case
of general systems; the case of the Legendre polynomials (Vekua’s system); existence and
uniqueness theorems for cusped prismatic shells in the N-th hierarchical model). Cusped
Kirchhoff-Love plates are presented as well. The second part of the lecture deals with
the hierarchical models of cusped beams (construction of hierarchical models; variational
formulation of the basic three-dimensional problem for beam type bodies; approximating
function spaces; existence results; convergence results) and cusped Euler-Bernoulli beams
(properties of the general solution of the degenerate Euler-Bernoulli equation; solution of
boundary value problems, vibration and dynamical problems). The third part deals with
relations of hierarchical models of cusped elastic shells and beams to three-dimensional
models [6].
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AN EXTENSION OF THE MUSKHELISHVILI-VEKUA
METHOD FOR 3-D SHELL-LIKE ELASTIC BODIES

T. Meunargia
I. Vekua Institute of Applied Mathematics of Iv. Javakhishvili Tbilisi State
University, Tbilisi
Email: tengiz.meunargia@viam.sci.tsu.ge

The 3-D system of equilibrium equations and Hook’s law for the spherical shell have
the form:

1
Kﬁz [A(Tll — 722 + 2'721 + Z7'12>:| + @[A (7’11 + 722 + i721 - Wf)] — AHT;_ + 837,}'[' =0,

tlo-(am) o (a(m)| - (o 72) + auri =0,

A
. 1 .9 o .
(282 =01 — 10y, 2 =10 4127, Oy = a0 = 1,2,3),
where
T =73+ (7 + i) = 4urto:U,
T+ 78 +i(rd — 72) = 2\ + )0 + 2X\(1 — Hzs)Osus,
7'3+ = %[QH&ZU — (1 — Hx3)83u+],
74 =2u(1 — Hzy) [n@;U —(1- H$3)83u+},
73 = (1— Hay) [)\0 O 21— ng)agug].
Here

0 = 1°0,U = 2Re(r"0.U) = A" (0, uy + d-uy) —2Hu3, H = —%,

r70:U = A"1'0.u; — Hus, nd;U=0dzuz+ 3Hu,, A=4R*(1+22)2%

For 3-D plate H = 0and A = 1.

By method Muskhelishvili-Vekua solution some of 3-D problems (some stress con-
centration problems, etc.) are obtained.
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ol d90mbggz5do dgLflogeroo s3m3560L 5bsErMmA0®mo 53m39bs [1]. LEbgE MO,
363580 5dmbLB00s Y350 BM93005 dOEHYJE0 MJMOHOOL LBSEH030L 533565 Lols-
M@0 MOSE-03ME0 5OHOLIMZOL, HMIEXOL ToYd S FoMY LsDPZMYOO [oMMOY)b9b
dm3999wo §O3030 3mbs3390900L s ©936Mmd0 MsbsdMSI 33039 Mo gdol gBmMm-
OOMdSL.

LoBE3MOL HHB0Z IMbs 339009, 39MM F5S9YOEGOIMS 39dBMEOIGO06 DOOM-
99920 bM 35 Bg 29300 MB6-1ds6 F9T0Z305, berem MEOOEBTME0 SGHOL Jngen
BoBE35MBY, o030l 39JBHMMOL 300390 S FJMEY, saMgm3zg Igbsdg s dgmmby

3033mb9639500Lsb I9gb0wo 399 MMHJO0IB MoMMgol bgdbyg ggadowo M-
6ol bmenls.

[1] 80 3930 39™©OL 359MmYyg6900m, 3560L5BOZMGdS LsbBPZOOL MbIdGMS©-
93039 b5fowgdo s Bbgol sds-0v)eo BEYMAsMYMdS.
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3. 935¢00d30¢0, ©. 3MmMHEOY)H0sbo, 3. 535¢0d300
03. X535503300L Lob. Mdowolol Lobgedfonm MbogzgMLodg@o, BMLE s
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A996mma 0900 bgmens
Email: g a_avalishvili@yahoo.com; dgord37@hotmail.com; mavalish@yahoo.com

659630 99036905 561530B0 3OO 53M (356930l FglHogersl sMfHMTR0Z0 3039MdM-
M0 296EMEO0LIMZOL OOMOM 3MHEMISYOHO LIHYOLO 0MMBYIO0). 50153~
1030 53ME67dOL F5TML33¢g3500 oBHBOE0s F50 35M0S30O BMMIO-
905 256DMY50gdMw 53bdosms Gglsdsdols bemdmengzol LogMEggddo, GMIgEos
QOMOM 5O IO 5dM 356590 8935350 319630900 Ls3doMolo Logez0L 30-
HMd90d0 305L03MM0 ORYMHYI6E0MMO Loboo dm3gdMo STMEIBOL BHMETBIBOS.
d9LHo3W0WO0s 5653WLOIMOO 5TM365 DMASIO M3gMIGHMOMO bobom dm39dvy-
@O0 55 M350 LOfYolo 30MHMBJIOM, YIS 5MHEIMISTMEIO M3YMOE M-
900L 3oLo S IMY35600s 306OHMBYO0, HMIgGEms FGuMHIGIOLIL OMOM 565~
356 5935651 gosBbos 58MbsbLBO. 539005 POHMOM SMHOEIM SO0 SAM(35-
6ol 3a0sliog o 58M(356980m 536MHMJLO0Ts300L SEYMOHOMT0. OHMOY SOSPMIOEV-
60 53m3560L5030L F0YOdMW0s 58MbIBLEOL GBHMIHPMBOL Fg9gao s bsB39bY-
005, MM LEMBIM 30MMDYBTO 53g0E0 3EslOIMEO SFM(356900L SFMbIBLBYdOL
9000936 d5 F0oLHOSROL 5615305150 319M0 533560l 5TMbsbBLBOLY3YD. Asbbomos
9009090 990093900l godmyggbgds s9HMHR030 3039MHBMW MO A56EHMWgdOLsM30L
5LINO 56535100 5TM356900B5MZ30L OLZMYEH W -06E MW MO SGI> M-
39060 Bsfyolo 306HMBGO0m. IYRIBOW0s 306HMBYdO TGusdsdol M3gMsGHMOODY,
OMIJDIMZ0LIE OOMOM 5MIEXMIIYE 5TMEIBIL 4o9hb0s 5TMBsblbO, ol ghoms-
O05 LEMsbsM LOgM 399030 S F90dEgds S0FML 3¢l MEMO sTM(3569d0L sTm-
Boblbgdom dosbermgdols serymGomdo.

NONLINEAR MATHEMATICAL MODEL OF
ADMINISTRATIVE PRESSURE

M. Chakaberia, T. Chilachava, Ts. Dzidziguri, L. Sulava,
Sokhumi State University, Faculty of Mathematics and Computer Sciences, Tbilisi
Email: temo_chilachava@yahoo.com; cialadzidziguri@rambler.ru; le83o@hotmail.com;
chakaberia@rambler.ru

In work the new nonlinear continuous mathematical model which can describe in the
given society (the country, an educational institution, industrial object etc.) administra-
tive pressure upon people from outside administrative structures for the purpose of the
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control of their actions is offered. The mathematical model is described by nonlinear sys-
tem of the differential equations with two unknown (quantity free (non-ruled) and ruled
people at the moment of time). Administrative pressure which can have various forms, is
generally defined by the given function of time. In case of constant administrative pres-
sure the problem of Cauchy’s for system of the nonlinear differential equations of the first
order is solved analytically exactly. Depending on various correlations between model
parameters (the factor of degree of freedom, force of administrative pressure) and initial
conditions are received five various cases: - without dependence from starting conditions
the quantity of free people aspires to certain equilibrium value which is more than half of
their total quantity (weak pressure); - despite constant administrative pressure and var-
ious starting conditions in society the equal quantity of ruled and non-ruled people will
be established (insufficient pressure); - the quantity of free people which was initially
more quantities ruled, aspires to equilibrium value which is less than half of their total
quantity (strong, but the limited pressure upon free people); - the quantity of free peo-
ple which was initially less or equally quantities ruled, aspires to zero (strong pressure, a
complete control case); -the quantity of free people which was initially more quantities
ruled, aspires to zero (the strongest pressure upon free people, model of full submission).
The offered mathematical model except theoretical interest has also the important prac-
tical meaning as both sides (administration, free people) can use results of mathematical
model in conformity of the purposes.

MATHEMATICAL AND COMPUTER MODEL OF
PREVENTIVE INFORMATION WARFARE

T. Chilachava, N. Kereselidze
Sokhumi State University
The Georgian university of St. Andrey at Patriarchate of Georgia
Email : temo_chilachava@yahoo.com, tvh@caucasus.net

In work the continuous linear mathematical model of the preventive is investigated
Information warfare and on its basis corresponding computer models are constructed.
For the considered continuous mathematical model of preventive information war at
high aggression and equal starting conditions of the contradictory side’s strategy (cri-
terion function) of the third — the peace-making side — in the shortest possible time end
of information warfare and the minimum financial expenses for end information warfare
are defined criterion. At high aggression and equal starting conditions of the contradic-
tory side’s the optimizing model of speed is constructed. At restriction of parameters of
optimization the side’s algorithm of the permission of optimizing model is chosen. As pa-
rameters of optimizing management the entry condition and an index of peace-making
activity of the third party are taken. The optimizing model of speed is described in the
M-programming language and on the received computer model modeling computing ex-
periment is made. At computer modeling by means of a machine drawing visualization
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of results of modeling is received. In case of application in practice of the received results,
the strategy chosen by the third side gives the chance end of information warfare in the
shortest possible time. At the second case - the model gives the chance at high aggression
and equal starting conditions of the contradictory side’s to define the economic expenses
of the third peace-making side directed on the termination of information warfare that
is a considerable indicator for the world international organizations.

ON NUMERICAL MODEL%\%J} OF SOIL POLLUTION BY

T. Davitashvili, D. Gordeziani, I. Samkharadze, A. Papukashvili
I.Vekua Institute of Applied mathematics of Tbilisi State University, 2 University
Str., Thilisi. Georgia,
Email: tedavitashvili@gmail.com

As oil transportation by TRACECA and pipelines goes through the densely populated
areas, so for solving the problem of protecting the population and the environment the
important subject is the prognosis and modeling of possible emergency situations. So
with the help of numerical integration of nonlinear filtration equation of a liquid, we
have studied a penetration of oil into the rivers ,soils underground water in case of their
emergency spilling. In the present paper the specific properties oil infiltration into soils
of Georgia is studied by mathematical modelling. The effect of thermal and advective-
dynamic factors of oil penetration into soil is investigated. The specific peculiarities of
the thermodynamic model of diffusion and infiltration proceses are discussed. Subsurface
water pollution by oil in case of their emergency spilling with flat surface containing pits
is analyzed.

ACKNOWLEDGMENT: The authors were supported by the the Georgian National
Science Foundation Grant #GNSF/ST(09-614/5-210.

ON MODELLING OF LEAK DETECTION IN OIL AND GAS
PIPELINES

T. Davitashvili, G. Gubelidze, I. Samkharadze
I.Vekua Institute of Applied mathematics of Thilisi State University, 2 University Str.,
Thilisi. Georgia,
Email: tedavitashvili@gmail.com

The solution of the problem of disclosing the location of an accidental gas escape from
the main pipe-line is known not only for simple pipe-line but also for the complicated
one. In conditions of stationary usage of gas even flow is stationary in the main pipe-
line. But from the moment of accidental gas escape non-stationary process is in progress.
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After some periods new stationary situation is formed. That is way it’s important to know
(detect) the location and intensity of accidental gas escape even in non-stationary flow,
with the purpose to reduce lack loss of gas and in ecological way too. In the present paper
determine the location and amount of accidental gas escape from the main gas (oil) pipe-
line has been studied. For solving the problem it has been discussed early-made method,
reason is that the exact analytical method has not been existed. We have created quite
general test, the manner of the solution has been known in advance. Comparison has
shown us the affectivity of the suggested method.

ACKNOWLEDGMENT The authors were supported by the the Georgian National
Science Foundation Grant #GNSF/ST(09-614/5-210.

ABOUT SOME PARALLEL ITERATIVE METHODS FOR
SOLUTION OF NONLINEAR OPERATOR EQUATIONS

Tinatin Davitashvili, H. Meladze
Iv.Javakhishvili Thilisi State University, faculty of exact and natural sciences, Tbilisi
St. Andrew the first-called Georgian University at Patriarchate of Georgia, Tbilisi
Email: t_davitashvili@hotmail.com, h_meladze@hotmail.com

For numerical modelling of complex applied problems now as perspective direction
use of computing systems with parallel processing of information is represented.

At the solution of many applied problems there arising the nonlinear operator equa-
tions, in particular the systems of the nonlinear equations and the scope of numerical
methods of nonlinear algebra is wide enough. For example, intermediate and the final
stage of solution the practical problems which are described by the differential and in-
tegral equations. They can arise also, as stages in problems of minimisation or approxi-
mation of functions. The solution of such systems is one of challenges in calculus math-
ematics, and essential computing resources demand, as a rule. One of ways of reduction
of time of the solution of such problems is use of parallel calculations on multiprocessing
computing systems.

Now many efforts for construction and studying of parallel algorithms of the solution
of systems of the nonlinear equations are spent. But it is necessary to notice that new
researches in the field of parallel calculation looks rather modestly in comparison with
results in the field of sequential calculations.

In this paper, we construct and analyze the family of synchronous iterative methods
for solving the systems of nonlinear equations. These methods can be effectively realised
on parallel computing systems. At minimum restrictions on the operator the local con-
vergence theorems of these iterative methods are proved and the quadratic convergence
is shown.

Numerical results of applying this method to some test problems show the efficiently
and reliability of these methods.
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THE FOURTH ORDER OF ACCURACY OPERATOR
SPLITTING SCHEME FOR QUASI-LINEAR EVOLUTION

PROBLEM

N. Dikhaminjia, J. Rogava, M. Tsiklauri
I. Vekua Institute of Applied Mathematics, Tbilisi
Email: nanukadm@gmail.com

In the present work there is considered the following nonlinear evolution problem:
W (0)+ Au(t) + M (u() = F (1), £>0, u(0)=gp. 1)

Here A is a self-adjoint positively defined operator in Hilbert space H and A = A; +
Ay, where A; and A, are self-adjoint positively defined operators. ¢ is a given vector
from D (A), f(t) is a continuously differentiable function, nonlinear operator M (-) sat-
isfies Liptschitz condition. Let us introduce the following net domain w, = {t; = k7,
k=0,1,...,7 > 0}. For the solution of problem (1) the following formula is valid:

te+1

U(tper) =U (21, A)u (tr—1) + / Ultpsr — s, A) f(s,u(s))ds, (2)

te—1

where U (t, A) = exp (—tA), f (s,u(s)) = f (s) — M (u(s)).
On the basis of formula (2), using abstract analogue of simpson quadrature formula,
there is constructed the following fourth order of accuracy operator splitting scheme:

ws =V 27) o+ 5 (F s, uen) +4V () F(twn) +V 27) F (et we)) 5 G)

where
1

V() =5 (Vi) +Va(m),

« 1 . 1 Q )
‘/}(T):W(T,EAj)W(T,ﬁAgj>W(T,OéAj)W(T,§A3j)W(T,EAj s j21,2

_ -1 _

Q ] a Q -1 1 1

W (7, A) (1 2tA> <I+2tA) (1 QtA) <I+2tA> a=gtis s

Numerical realization of scheme (3) on each time layer ¢, is carried out using the fol-
lowing iterative process:

u,(:;)l = gM (ugﬂ:;l)) + F, k=1,2...., m — iteration index,
T ~ 4T ~ T
B, = V(27) <Uk—1 + gf (tr—1, Uk:—l)) + ?V (7) f (ts u) + §f (trt1),

The stability of the scheme (3) is investigated and the error of the approximate so-
lution is estimated. Using this scheme, there are carried out numerical calculations for
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different model problems. On the basis of the results of numerical calculations there are
studied the stability and accuracy order of the obtained operator splitting scheme.
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Email: givi-geladze@rambler.ru

5L3Y0s O SIMBLBOWOS 5ETMLGIOHML FgBMULILIDLZOM G960 (53bg3) 2-456-
Bm30gd0560 (x-z LOdMEHYYI0) 5dM3Bs J3953960OL BHYI3GMOGHOWMWO SGIBYOHD-
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0oL LIS GIOM. IRIH0W0s FgEJMEHO™MbOL 39d3gMoGHMOLS (1*) S ILVTIZ5O
©96900L LoBJoMob (w*) 353cgbs bolicrols Fyaosbmdsbyg, Lodswergls s SOBYOMBOL
@OMDY; 633605 t* -0bd s W -0l B3O 360369 ™dYdO, HMIGEmS MM
b9 boberol LG 2586935. Bo@o®MmgdEos bgwmzbr®mo Bgdmddgogds m3z0lg-
060350 bbgssLbgs Mg:00d0; JgMbgrIe0s 3500 FMEMOL Yy39wsbg Mm3EGH0sIMO.
5LdMO0s S ®OEbZOMO MYoODBIFOOL LB IMPIWOMHYOMEO FGbs
MOl 296960l d9ga9 FHBOL MoE0s300L 93M9B0MdOL (J39139b0w By Fo®dm-
3000 ©OYdOL "BOHEOEIOL ) 293w9bs s8LG-0b 9EIJMOMEMY0M® H90dDY.
50b5603653005, ™A 3MIM39LL 593L 583565 25TMbIEIO LObgMYgEHO IO bolosmo:
5QRA0WO 5936 393 gM39e900L 93EHMMBEOEISE0BS @S MOOS300Ld S VEOHWBEOL
53m®»I0MgO0L 3OHM3EILYOL FmMoL sOLYDME 30MJI30M S ©)39935300MBL.

ASYMPTOTIC PROPERTIES OF SOLUTION FOR ONE
NONLINEAR INTEGRO-DIFFERENTIAL MODEL
ASSOCIATED WITH THE PENETRATION OF A
MAGNETIC FIELD INTO A SUBSTANCE

T. Jangveladze
Ilia Vekua Institute of Applied Mathematics
Ivane Javakhishvili Tbilisi State University, Tbilisi, Georgia
email: tjangv@yahoo.com

A great variety of applied problems are described by nonlinear integro-differential
equations. Such equations arise for instance for mathematical modeling of the process of
penetrating of magnetic field into a substance. One-dimensional analogue of such equa-
tions has the following form:

£l
oU A 02U
- - - -— 1
ot a(//(m>deeW’ M)
0 0
where function a = a(5) is defined for S € [0, 00).

Many scientific works are devoted to the investigation of initial-boundary value prob-
lems for equations of type (1). In these works the existence, uniqueness and asymptotic
behavior of solutions as well as numerical resolution of first type initial-boundary value
problems are studied.

Now investigations are carried out for the problem with Dirichlet boundary con-
dition on one side of boundary and the Neumann boundary condition on other side of
boundary. Particularly, in the domain (0, 1) x (0, co) for the equation (1) the following
initial-boundary value problem is considered:

oU (z,t)

U =0, -

=0, t>0, (2)

r=1
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U(z,0) = Up(x), z€]0,1], 3)
where Uy = Up(x) is a given function.
The main result can be given as the following statement.

Theorem. If a(S) = (1 + S)?, p > 0; Uy € H*(0,1) N H}(0, 1), then for the solution
of the problem (1)-(3) the following estimates hold:

i zeen(l). 152z em()

DISCRETE LINEAR MATHEMATICAL MODEL OF
PREVENTIVE INFORMATION WARFARE

N. Kereselidze, T. Chilachava
The Georgian university of St. Andrew at Patriarchate of Georgia
The Sokhumi state university
Email: tvn@caucasus.net, temo_chilachava@yahoo.com

In the presented work the discrete linear mathematical model of preventive informa-
tion warfare is constructed and investigated. Information warfare is described by system
linear difference equations of the first order with constant factors. Under information
warfare we mean spread through mass media (a printing and electronic press, the In-
ternet, etc.) two antagonistic sides (two states or two associations of the states, or two
powerful economic structures (consortiums) etc.) conducting under the relation to each
other purposeful discredit, misinformation, demoralization, propagation. In preventive
information warfare the third is from the very beginning in gear — the peace-making side
(the United Nations, OSCE, EU, the WTO, etc.) which calls the antagonistic sides for the
termination of information warfare.

As required sizes are considered, quantities corresponding the information extended
by each of the sides during the discrete moment of time. Exact analytical solutions of a
Cauchy’s problem for system of difference equation of the first order with constant factors
are received.

In work influence of the third — the peace-making side on a course of information
warfare is studied. The case of ignoring of an opposite side is considered, at equal starting
value and the big sizes of factors of aggression. For this case necessary and sufficient
conditions of suppression by the third side, information warfare between the antagonistic
sides are established. The termination of information warfare by the antagonistic sides
means that it has stopped to extend the statements discrediting an adversary.

The discrete linear mathematical model of preventive information warfare allows on
the basis of supervision and the analysis, already at an early stage of information attacks,
to establish true intentions of each of the sides and to define character of development
of information warfare. In the turn, the third — the peace-making side, at desire, using
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recommendations of mathematical model, can achieve the termination of information
warfare between the antagonistic sides.

ON THE 3D HELMHOLTZ EQUATION IN A PERIODIC
DOMAINS WITH CUTS

N. Khatiashvili, A. Papukashvili, O. Komurjishvili, M. Tevdoradze
Iv. Javakhishvili Tbilisi State University, Tbilisi
Email: ninakhat@yahoo.com

The Helmlotz equation with the homogeneous boundary conditions in the domain D
represented by a cubic lattice with different cuts (cylindrical or prismatic) is considered.
Let Dy beacube —1/2 < x < 1/2,0 <y < 1,0 < z < 1 cut along cylinder or prism in
the space oxyz. D is the period of the lattice D with a boundary S.

Problem 1. To find a real function u(zx,y, z) in D having second order derivatives,
satisfying the equation

u(z,y,2) + Nu(x,y, 2) =0, (1)

and the boundary condition
uly =0, 2)

S
where ) is the constant to be determined.

Actually the equation (1) is a stationary Schrodinger’s equation in 3D. The constant
A? reflects the energy levels of a particle [1-6]. The periodic solutions of the Problem 1
are obtained.The spectrum is estimated. The problem is investigated by means of integral
equation method and Fourier series.

The designated project has been fulfilled by financial support of the Georgia National
Science Foundation (Grant#GNSF/ST08/3-395). Any idea in this publication is possessed
by the author and may not represent the opinion of the Georgia National Science Foun-
dation itself.
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39b60bogds 39M-0ME 0 5M3565 9OI0 SMHOR0Z0 356M15dMEMMO O30 gob-
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_ _ - = <z <
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LSHgol oMM

u(z,0) = up(z), 0<z<1 (2)

5 3960MmEMEXMdOL 30MHMBSL x-0l JodsMm

u(0,1) = u(1,1), 3)
ou(0,t)  Ou(l,t)
= 4
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boog 1 = ali, A1y = Yaz, boagoem Geqbsg a < 0, 35806

Yjt1 — Yj—1
yi + 0T Ry = —ayuz — ]+2—h] + fi, (6)

y(x,0) =uo(x), Yo=1yn, Ynt1 =Y. (7)

GMU 2010



84 Mathematical Modelling and Numeric Analysis September, 12-19, Batumi

653 899b9ds 30039 BgbsL, j =1 y(7), 5 go9mom3wgdo Fo®dmgdl 9dgao Ldg-
doon:

TO L T . 5 3 5
y(1) = T2 (Git1 — 2Ui + Gim1) — o (Git1 — Pim1) Uis Ui = Uo (8)

NUMERICAL RESOLUTION OF INITIAL-BOUNDARY
VALUE PROBLEM FOR ONE NONLINEAR
INTEGRO-DIFFERENTIAL EQUATION

Z. Kiguradze
Ivane Javakhishvili Tbilisi State University, Tbilisi, Georgia
Email: zkigur@yahoo.com

Process of penetration of the magnetic field into a substance is modeled by Maxwell’s
system of partial differential equations. If the coefficient of thermal heat capacity and
electroconductivity of the substance depend on temperature, then Maxwell’s system can
be rewritten in the integro-differential form (Gordeziani D., Jangveladze T., Korshia T.
Existence and Uniqueness of the Solution of a Class of Nonlinear Parabolic Problems. Dif-
fer. Uravn., 1983, V.19, N7, p.1197-1207). G. Laptev (1990) proposed some generalization
of this integro-differential model in his doctoral dissertation. For the one-component
magnetic field the one-dimensional case of the corresponding equation can be written in

the following form:
oU [ (U 0*U
0 0

In the domain [0, 1] x [0, 7] for the equation (1) the following initial-boundary value
problem is considered:

B oU (x,t) B
U(Oat) - 07 3x ‘ B - 07 t € [07T]7

U(x,0) = Up(x), @ € [0,1],

where Uy = Up(x) is a given function.

(2)

In the domain wy, = w;, X w,, where w, and w, are grids on [0, 1] and [0, 7] respec-
tively, for problem (1),(2) the following finite difference scheme is studied:

M j+1 2 j+1 j+1 j+1
14 Thz Z w —up upy = 2u +ul _ g
h h? v

=1 k=1
i=1,2..,M—1, j=01,.,N—1, 3)

L _ i
i W

T

. uj —uj
u) =0, %:0, j=0,1,...,N,

u) = Up,, i=0,1,..., M.
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Theorem. If problem (1),(2) has a sufficiently smooth solution U = U(x, t), then the
solution u/ = (u{, ug, cee u?w), j =1,2,..., N of the finite difference scheme (3) tends
to the U7 = (Ulj,Ug,...,U]{[) forj =1,2,...,Nas7 — 0, h — 0 and the following
estimate is true

W — Uy < C(T+h), j=1,2,...,N.

Realization algorithms for (3) are constructed. Several numerical experiments are
given as well. The numerical results to theoretical ones are compared.

CONTROL ON NONLINEAR HEAT EXCHANGE PROCESS
IN THE DISPERSE ENVIRONMENT

T. Modebadze
Akaki Tsereteli state University, Department of Mathematic, Kutaisi

Email: temo-mod@mail.ru

Nonlinear process of heat exchange in the disperse environment is considered. The
stationary mode is studied. On the basis of the Damkeler equation the mathematical
model of dynamic process looks like:

Q) 0 0 ( 0Q 9 ( 0Q\ _ / _ _
3o, ~an (e ) oy (g ) =T (T -@) a(T - @)

oT or o0 oT 0 oT !
il s i il — T2/3 T 4_T4 —%T

Characteristic functions of disperse system are functions of distribution of tempera-
tures Q(z,y) and T'(z,y) which accordingly are temperatures of the disperse phase and
the disperse environment. Here z - a thickness of a layer 0 < x < h; and y - the length
of a zone mode; ¢ - duration of the process 0 < ¢ < t. Denote:

Q= (0,h) x (0,1).5 = [0,1].

Vy» Wa, U1, 1y, «, C are given constants. ai, as, by, by - bounded functions, which satisfied
the following conditions: 0 < A\ < a;, 0 < Xy < b; (i = 1,2), were \j, \y functions
belongs to the area L., (92). ap = K|T'|?/? - is the Timofeev’s function.

For the given problem the stationary mode is considered. Determination of regional
problems of Dirihle and Neumann are proved.
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THE DIFFERENCE SCHEME FOR ONE WAVE EQUATION

J. Peradze
I. Javakhishvili Tbilisi State University, Georgian Technical University, Tbilisi
Email: j_peradze@yahoo.com

Let a solution of the Timoshenko equation for a dynamic beam [1]

2L
O<z<L,0<t<T,h>0,\>0,with the initial boundary condition

u(z,0) = u’(z), u(z,0) =u(z), u(0,t) =u(L,t) =0, Up(0,t) = upe(L,t) =0

1 L
Ut + Ugggr — huwztt - ()\ + — / idl’) Ugy = 07 (1)

be sought for by the Galerkin method as a finite sum u,(z,t) = Y u,;(t) sin Z z. If we

i=1
introduce into consideration the functions y,;(t) = ul,;(t), zni(t) = 2 uy(t), then the

system of equations for the coefficients u,;(t) will be rewritten as (1 +h () 2 )y;”(t) +

<A+ ()" +1 Z Zng (1t )) T ani(t) = 0, 20,(t) = F yi(t)s 4ni(0) = s 2i(0) = Faf,

i=1,2,...,n, where al = ¢ f% )sin Tz dz, p = 0,1. On the segment [0, 7] we
1ntroduce a net with step 7 = and nodes tm, = m7m,m = 0,1,..., M. Denote the
approximate values y,;(¢) and zm( ) fort = t,,, by y,’g and 2" and use the scheme

m—1 . 2 n m\2 m—1 m—1
L yg_ynz m 1 (znj) + (an ) s Z i T 2
1 Yni “Yni )2y _
(+h(L) ) T +{>\+(L> i 2 L 2 &

7j=1
m _ ,m—1 . m m—1
“ni Zni :Z_ﬂ_ym +ynz 7 :1’2’ ,M,
T L 2
2)
7
yhi=al, 2=l i=12...m 3)

The error of the scheme (2),(3) is estimated. The accuracy of other constituent parts of
the algorithm for the equation (1) — the Galerkin method and the Jacobi iteration process
—is studied in [2] and [3].

References
[1] Henriques de Brito E., A nonlinear hyperbolic equation. Internat, J. Math. Math.
Sci. 3 (1980), no. 3, 505-520.
[2] Peradze J., On the accuracy of the Galerkin method for one nonlinear beam equa-
tion, Math. Meth. Appl. Sci., 8 p., 2010 (submitted).
[3] Peradze J., Tsiklauri Z., On the iterative solution of discrete Timoshenko equations,
Bull. TICMI TSU, Thilisi, 8 pp., 2010 (submitted).
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GOGEYR (N&Hd606dA0 LOLO3LOL BEHXROL Ie0)0)
SOYVEB030 350133303 Im0 IMNRIK0L IbdbIS

J. 30OMIMZs
d0EoLOL LybgEEdHoRm MbogzgMLOEGYEH0, MIOEOLO
Email: chrdmk@gmail.com

3™EbI MmEOHR560DTdo LoLALOZBOL 256300569dOL FomToE 03I SOFIMIL dMEOM SO~
Dargmendo Godmqbodg 6596Mm30 309dm3bs, G®MmIgams 53¢HMGM9d0 bbgoolbgs doq-
3™l 094969096, 3960dM© ORMHBOOL F9BEBHMEGIL, LiGSEHOLE03MM Bg0MEL - 5.6.
[1-4].

659030 99HbMdS 3 EHYMHIL 0L [5], OMIGEToa F9bobows s DMYPsO®
500965 3035(30980L 30mb63MM96300L §M33030 IMYEo s Bsbmsb 353806MGOV)-
o0 $3999 9303 ©OBIOIBE05WNO 25b6EHMEgdsms LobBgds.

59 65d6H™AT0 gl MY A56DMYPSYIMW0s 3mb3MYEMWO B3Y3053030L Fo0IZS-
wobfobgdom. 396:dm, 59 dmgedo Lodbogbol L)X M9EIOO s X6 V)X -
0900 96H»3bgNL 3mb39MBE0sL MH9g396 1533900 6030gMHGdOL gobsfoegdolisl s
999399050 95b9696 9OHMTBgNBY. 5F5LMB H39380MGTOOM 5993 OS S~
005303 ©0x9M96305O 253bEGHME9dImS LoLEgds.

9009005 53 5M5)HOHB030 LoLEIOL Tosbermgdomo sdmblbgdo. BmyogH PO
99639608960 FMbs3Ed0L FomMZ5¢olH0bgd0m s 3MMYMTs> Maples 25dmygbgdom
52909905 Fglod53olo 4M93303980 BsBMM Logc3gdo.

5060860 3198¢00 35309 9BbMM 309w LodsMMZg ML 9MM3zbmwo bydg3609-
O 3mbol gobsblmmo bgwdgfigmdom (aMsb@o #GNSF/ST08/3-395). {obsdwgdstg
3900003530590 259mmJdwgero 6adoldogMo SHBOHO 3290360 53EHMMYGOL s Tgolodrms
56 5Lb3L LgLligz-ol FgbgYIEgdIBL.
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EIGENVALUE PROBLEM FOR CERTAIN TYPE CENTROSYMMETRIC
MATRICES

L. Qaralashvili
University of Georgia, Tbilisi
Email: liana.qaralashvili@yahoo.com

General form of the third order centrosymmetric matrices, which are at the same
time symmetric too and have such a property, that sum of elements in each row is the
same number, is considered. The characteristic equation of such matrices is constructed
in factorized form. All eigenvalues and eigenvectors are given in explicit form. Besides,
such type of matrices has the same eigenvectors. Matrix of spectral decomposition, which
columns represent orthonormal eigenvectors of the initial one, and its inverse are con-
structed to reduce the initial matrix to the diagonal form. Such approach gives a possibil-
ity to evaluate any degree of the given matrix.

This method can be generalized for the higher order such type matrices and on the
basis of their peculiarities can be folded and reduced to the half order matrices.

ON APPROXIMATE SOLUTION OF ONE NONLINEAR
ABSTRACT HYPERBOLIC EQUATION

J. Rogava, M. Tsiklauri
I. Vekua Institute of Applied Mathematics, Tbilisi, Georgia
Email: mtsiklauri@gmail.com

In the work there is considered nonlinear abstract hyperbolic equation with self-
adjoint positively defined operator which is generalization of classic beam Kirchhoff equa-
tion. We search the approximate solution of Cauchy problem stated for this equation
using symmetric three-layer semi-discrete scheme. In this scheme, value of the gradient
in nonlinear term is taken in the middle point. It makes possible to find approximate
solution at each time step by inverting the linear operator.

Let us consider the Cauchy problem for abstract hyperbolic equation in the Hilbert
space H:

d2
;gt) + Bu(t) +a (]]A1/2u]]2) Au(t)y=f(t), telo,T], (1)
u@ =g, 2O, @)

where A and B are self-adjoint, positively defined (generally unbounded) operators with
the definition domains D (A) and D (B) which are everywhere dense in H, besides the
following condition is fulfilled

| Au|l® < o (Bu,u), Vue D(B)C D(A),
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where ¢y = const > 0; a (HAl/zuHQ) =\t HAl/QuH2 , A > 0; ¢ and ¢, are given vectors

from H; u (t) is a continuous, twice continuously differentiable, searched function with
values in H and f () is given continuous function with values in H.

We are searching solution of the problem (??)-(??) by the following semi-discrete
scheme:

—2 _ _ A Ay,
Uk+1 U;—i—wg 1 +BUk+1+Uk: 1 +G<HA1/2U1€H2> Up41 + Aug_q i 3)
T 2 2
where f, = f (tx), k=1,...,n—1,7=T/n(n>1).
As an approximate solution u (¢) of problem (??)-(??) at point t;, = k7 we declare wy,
Error of the approximated solution is estimated. Using this scheme, there are carried
out numerical calculations for different model problems.

dB0&d 390dIBEO0L 'dddB3IR0 BMIBNIHNN Y&ed(130
(13d6G NI 3I6GNAS0L 3056000 SIMBL6OL
SRB(N&0013J806d Qb‘aﬁya{lgl?gpgmﬂ 6JOR0BIC0Id0L

0. 3585435dg, 3. 3sbgerody, 5. 35349359300
0. X 535600300l Lsbgerdfozm »boggdlo@g@o, Mmdowolo, LogsMmgzgwm

6596300 539005 FOR0Z0 5659MHMY350MM3560 M39MHOGMOO 2obEHMmmgdol
305bmgdomo 53mbLEOL s5EMH0MTGd0 (MMM 3 T9353M09d0L MgMMoom, slig39
9ol 5eGHgMbsE 0o 39MmEOL godmygbgdom. sbod3EmEGHwemo dgomol gsdmyqbgdol
@6OML B5d0gdg BMBJ305L A0 J306Y 356599EHMOL 0TSO BsGIOLLMZH, brgrm
3 3gMbsEH 0o 9gmm©ol 999mb3z935d0 MmOMYMbs® 3f30:0350. s EHgMbs@omwo
3900Mm©O 256300569005 3OME. 0. 35d59dsdol 8og® [1], b 3mb36M9¢ Mo
59m 396900l d05bEMmgd0m0 5IMbLEOLSMZ0L BodMMITo 539005 BomMZEGEPO SEQMHOMIYDO0,
31939 PoE M9 Fglsdsdolio MHOEH30MO QoM3wgd0 [2]. BgdmMombodboyero dgmmpgdol
3905 6596MM3To 250IME0ME0s 9OHDOEIMS305b0 Bosbermgdomo 36MHMgdiorero
99000 b¥)3963609050MB0L 1153000b7BO JEPORLMOO LsldsBPIMHM STMEIbgdOLMZOL,
M35 L3MMOPOBIEHM LOLEHYII 0GOS Bs3MMNMZ0 9egdgbEHYO0 “doHomso”
M3965GMO0L, HMIOoL gMHobol BbJ3053 36MdOws [3]. 396339990 BmbsBOHYd0m
9O»0EGHIM530560 8gommEo §8mbz935 BgdMmombodbmen dgmm@gdLlmzoL.
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LALOIAN LOIONGLIBI_3I6LIBREMIN BBNIHN0
SBIBAOHIK0 bGEHIIGIOL ONRIGMBO
333MMNBZRIN BMerd IR0

B. 535000560
Sh. Rustaveli University, Batumi

5€29060)0 BEAGWMJGHVOS JhMI0s LoIMSZEgl olBY 2960 GHYIMO Sen9-
0600 M39EMo300m. BsdMmddo Iglfogzerowos Lol LodMsgEgHYg 2obLOBOIOHY)-
0 HBMA0JOMO 5¢390MME0 LAV BHMOOL COMmOIbMdY. I33H3I03EJOI0s 99©Y-
20:

0gme9ds 1. n-9egdgb@osb LodMmsgzegbg AoBLEBOZOMEO gHMGMEol IJmby
439w (M, @) 5eagd6990 LEGIBHIOOL G5m©gbmds sl n™ 272,

0906905 2. 1-9¢9396&056 LOIMOZEYDY 49BLIBWZOMEO y3z9es 30FFHSEOMO
(M, @) 5003906590 LG E«mol Gsm@gbmds sGol n™ 2.

090935 3. n-9gdgb@0sb LodM3wIBY 2obLIBWIMHo T9dcIMbadEo 90"
896¢900L 8Jmbg yzgmos (M, o) 5eagdcO¥eo bEOIEwIHOL H5MEYBrdS SO n™ ~37+3,

09935 4. 1-909996GH0560 LT3l MOZ30LM3DY Y39ws SbOHBZOMS Br>MOY-
Bmds, H®@Igeoloig 5936 gm0 85063 «dMms30 PodEHowo, s6ob n™ — (n — 1)".
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COHOMOLOGICAL DIMENSIONS OF PROXIMITY AND
TYCHONOFF SPACES

V. Baladze
Shota Rustaveli State University

In this report we give classification and extension theorems for dimensions of proxim-
ity and Tychonoff spaces. For this aim we develop Cech (co)homology theories [1] based
on the proximity coverings [2] of proximity spaces and the functionally open coverings [3]
of Tychonoff spaces.. Using the obtained results we study the associated (co)homological
dimensions and give characterizations of classical (co)homological dimensions [4] of com-
pactifications of Tychonoff spaces.
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ON ALEXANDER-SPANIER NORMAL COHOMOLOGY THEORY

A. Beridze, V. Baladze
Sh. Rustaveli State University, Batumi

Using the normal coverings of pair of topological spaces [1] the Alexander-spanier
type cohomology functor H} (—, —;; G) is defined on the category T'op* (cf. [2],[3],[4]).
Constructed cohomology theory satisfies Steenrod-Eilenberg type axioms [5]. Besides, it
is proved that n-dimensional Alexander-Spanier normal cohomology group Hy, (X, A;; G)
of pair (X, A) is isomorphic to the group [C;; ; K(G};n)| of homotopy classes of contin-
uous maps from the mapping cone C; of embedding : : A — X to Eilenberg-Maclane
space K(G;;n) (cf. [1])) References
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L-INFINITY ALGEBRA MORPHISMS AND SYMMETRIC
BRACE ALGEBRAS

Thomas Lada
Mathematics Department, North Carolina State University, Raleigh, NC 27695 USA
email lada@math.ncsu.edu

L-infinity algebra structure maps can be regarded as degree -1 elements in the sym-
metric brace algebra B, (V) = oplusHom(V°mesn V)@ that satisfy a relation in this al-
gebra. We will show how certain degree 0 elements in B,(V') can be regarded as L-
infinity algebra morphisms between different L-infinity algebra structures on V with the
relations given by symmetric brace algebra actions. To extend these ideas to L-infinity
algebra morphisms from V' to IV, one has to introduce the concept of modules over sym-
metric brace algebras. The graded vector space B,(W,V) = oplusHom/(V°/mesn 11/)e
has to have the structure of a left B, (/) module as well as the structure of a right B,.(1)
module.

3&Jb30MNSR OHI) X3IBId0L 3063060 %30
3186630000 3IOLOL Ld3LIJN0) 0633&H036GIV
J305%33990)d ddLde0)

O- Jgdmgerody
5.096900ol Lobgedfoxzm 1boggmloE G0, BMLE) s LsdbadoLdyBHY3germ
99(36096M905m5 B53MEGHIGH0, JMmsolio
Email: kemoklidze@gmail.com

9dmblinbgd5d0 396obowgds 4Mgbz0ms© LMo X MBgdOL 67d0LT0YMHO 30Ms30-
60 x5I0L 3AMIHZ0MO FoOBOL BOgLYOdOM 0b35M0BEHWMW J39x MBS dglgeo. 3
d9LMH0L EbILOSMYGOOLIMZOL 3MYMIHZ30000 2oMLOL Ymzge 9egdgbEHL 9msbsgds ds-
A®035 OMAolL LGHMmOJMbBgdoL MHoEb30 3003060 X 5Tob TgliozMgdms Mom@gbmdol
AM0s bee 15393900l MHoEbgo M3wsos. 50bodbwmeo olisdzgdo Jo@Mo3gdoL
LOIM539d0 A5BOLYBOZMGOS HR3gJBMOO S BHEMBBOEME0 F0TOMYOS HMTJ DS
393393000 0090 LsFoMHM M30L909d0L ddmbg dgligMo.
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LBINIOIR  3M333IEIO0 RS C&B030R  3(Nd33IGIm()
GM3MLMB0IN0 I In0 X%3JBId0LSNI0
3(6G&0530606 N&HSLM3Ia0L 35AMFI6IdS

. bm®dsbodg
ML szgol Lobgerdfonm mboggdbodgdo
. 3mbE®0sa0b0L Joge d9Jdbogro dsbosliosmgdgums 09MmM0s Lodwmogdsls o-

d939, O™ OG0 WMIS)MHS© 3MA35dBHM0 BHM3MELMP0MOHO X3IBoL 0b-
ROHI>3000 goboloBZMML Bolio Jobolinsmgdgems ¥ 450l 0bxm®mBs300 s 3060-

Jom. 6700L80gMHO EOLZMHYGHMLO XFMIBO WMISEIMS 3Md35JGHIM0s OoLZMYGHME
AM3MWMY05d0, 5d0GHMB5(359, HMT OLIOIGHIWO XaIROL 3bmdow 369gdgdl dglis-
AY30L0 gosBbosm M35MMEs© 3mA35dBH M0 X yMBJOOLIMZ0L, Foasd dJoMojom
d990bg935L ymzgem3z0L 956G 594300 5P, FHRI0MOE, Sbgm 369d5ms HoEblL
909399936905 GHM3MMmP0)H0 XyRBoL 36Mmdowo (3690930 83MWMdS s LH3LYdOM
56503 Mds. 35058 FoboliosmYdIE™S MYMMOOL LYo gd0 300335JGHMIO XYY
33900l 890mb3935d0, A0bYds Fomo Fglodsdolo 3693900 sboliosmgdgwms xaw-
33990LsmM30L, 39MdME, 3m33sdGHM0 G XaMBo dIMWos < = > G yMgbgol o6y
oL XRIBOS S 3MB35JHIO0 G XaIR0 LOHBIDOM 5GdFMWOos <= > G
39HOMEO OLIOIHILO XFIBOS.

36MB005, HMT X QMBS 30MHPISOMO X 5F0 S 30M30M0 bIFMSZWIO BHMIMEM-
30100 X29R900L WM I5)HO 30MI30M0 X STOL 3gHdm Jgdmbggzgdos. d969dM0-
305 9965 sOBGOIMOOIL BMYIO MYMEOHGTs Lol M (303¢MO KAYIRIOOL WM Io-
@6 3060306 X535 Ol MoMdsDY, MMAEOl 390dm F9dmbgg39d03 046905
. 399w03m30L5 S 5. 3w0sboEzol 99990 (sbgmo MgME9ds KIO-XIOMOOM
3655 ©9(3H30(39000) . FoBIBILOSMYOG DS MJMEOOOL 59MmYg6gd00 OYOBL. (™.
LH39b0dg) , HMIT WMISNMSE 30F35JGHVIO0 SOJWNIOHO X AR, s©0bodbMwo oo
H d39x2m80m, 0degds Qp Lobolb xa53930L Mm35¢w6 306306 Ksds < = >
HmEo tG=0 s G= G.

LolirmeEm Fo63MIIbgE0sb0 B9 MMO X yMBoLIMZOL Jeslo3MO MmOl
36Md00 2o6DMYsMgds 303359 wM0 FoMTMIMBOL M3 IMO© 3MA35dGH e
X39RDBY, b. FmOHoLAs, FobsLOSMGOIW NS MYMOOOL 45dMYqbgdom, gargdab@strmero
abom doopm.
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199900, 3960dME FoM 3035095 PGB0 MR350 3MA35dBHMO X AYRIOOL SEY-
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30U, M3 M 330350 EOoL3MYGHMXO XAMNBO E0ToeMl 300306 K5 0liYMO
Jd30X30BIBOL2, HMIYR0G 27300 303 YN0 P-3IBIOL, 335100 YOO XFIFOL,
909 P3O0 QO Y390 P—QO0E0E HOEHIMS X3BJOOL GH030.
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