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O rpynrie penyiupoBaHHbIX G-TOXKJIECTB OTHOCUTEIBHO
CBOOOJHBIX HWJIBITOTEHTHBIX TPYIIM

M. T. AMATJIOBEJIN
TOunucckuii Tocy1apcTBEeHHBIN YHUBEpCUTET M. 1B, J[)xaBaxumBuin

OcHoBBI anreOpanueckoil reoMeTpUH HaJ| rpynnamu u3noxensl B [1], [2]. B ugactHOCTH, B
9THUX paboTax BBeAeHbl Kareropus G-rpynmn, mnoHatue G-cBOOOAHOW Tpymnmbl, KOTOpas
anreOpanyeckux MHoXkecTB HajJ rpynmnoil G. Tam ke oObsicHeHa HEOOXOAMMOCTb 3TUX POHSTUH
Opy CO3JaHMU alreOpanveckoil reomeTpu Haja (ukcupoBaHHOil rpynmoit G. B pabote [3]
uccienyercs anredpandeckasi reoeMeTpus HaJl CBOOOHOM HIUIIBIIOTEHTHOM IpyMIoi CTyneHH 2.

OcHOBHBIC TIOHATHS, Kacamormuecs G-TOXISCTB, MOXKHO HaWTH B [4]. Tam e mOSCHEHO,
MoYeMy TpyMIa HeTyIHpPOBAaHHBIX (F-TOXKIECTB UTPAET CTOJbh BaXKHYIO POJb B airedOpamdecKon
reOMETPHUH HaJ rPyIIamMHu.

Yepes F (X ) o0o3HaunMM cBOOOAHYIO Tpynmy ¢ Oasucom X = {xl,...,xn}, n21. Ilycth
v(gl,..., gm,xl,...,xn) — 31eMeHT G-CBOOOAHOMN IpyMIIbI G[X ]= G*F (X ) u H — nexoropas G-
rpymnna. JlaHHBIA 31eMeHT Ha3oBeM G-ToxJecTBOM M H, ecim ams mo00oro Habopa 3JIeMEHTOB
h,....h, v H3uauenue v(g,,...,g,.h,...,h,) pasHo 1.

O0603HaunM "yepe3 V' MHOKECTBO BceX 0eck03()(MIIMEHTHBIX TOKAECTB, HCTHHHBIX HA TPYTIIE
G-, a depes V(G) — COOTBETCTBYIOLIYIO €My BepOalbHYIO MOATPYMNIYy M3 G[X ] Hapsiny ¢ V
pPaccCMOTPUM MHOXeCTBO V, Bcex G-TOXKIECTB, HCTUHHBIX Ha rpynne G. O603HaunM uyepes VC(G)
Bbeepbanbuyto moarpynmy u3 G[X ], COOTBETCTBYIOLIYI0 MHOXecTBY V.. Ou4eBHIHO, YTO
V(G)AV.(G)io  Torma  daxrop-rpynma V red (G)=V.(G)/V(G) waswiBaeTcs  rpymmoit
peayHpOBaHHBIX G-TOXKAECTB paHTa 7.

JlokazaHa cienyromas

Teopema. Ilycte M — HuIBIOTEHTHAs CHOrooOpa3ue TPyMI CTYNEHH HWJIBIIOTEHTHOCTH C U
nyctb G =F, (l ) — M-cBoGoaHas rpynma panra [ > c. Torma s mo00ro HaTypanbHOTO YHCIA 7

Vn,red (G) = 1 *
JIuteparypa
1. Algebraic sets and ideal theory. J. Algebra 219 (1999), No. 1, 16-79.
2. Baumslag G., Myasnikov A., Remeslennikov V. Algebraic geometry over groups. I.

Myasnikov A., Remeslennikov V. Algebraic geometry over groups. II. Logical foundations.
J. Algebra 234 (2000), No. 1, 225-276.

3. Awmarno6enu M. I'., PemecnennukoB B. H. G-toxnectBa u G-mMHOrooOpazus. Aieebpa u
noeura 39 (2000), Ne 3, 249-272.

4. Awmarnobemu M. I'. AnreOpandecKkue MHOXKECTBA U KOOPAWHATHBIC TPYIIIGI I CBOOOTHOM
HWIBIMOTEHTHOM Ipymiiel cTynenu 2. Cub. mam. xc. 48 (2007), Ne 1, 5-10.



W-Power Groups with a Distributive Lattice of Subgroups
TENGIZ BOKELAVADZE', AMUR TAVADZE

A. Tsereteli State University, Kutaisi, Georgia*
bokel71@yahoo.com

P. Hall intrduced one class of groups which he called W-power groups or simply W-
groups(for the definition and some properties of W-power groups see [1,2,3]). This class is a
generalization of the notion of W-module to the case of an arbitrary loccaly nilpotent group.The
importance of W-power nilpotent groups in the general theory of abstract groups is due to the fact
that any torsion-free, finitely generated nilpotent groups are embedded into some W- power group.
Hall generalized some results from the theory of nilpotent groups [1].

All W-subgroups of W-group G generated lattice. The aim of the prezent work is to study
Hall's W-power nilpotent groups from the lattice standpoint and to establish a relationship between
the structure of a power group G and the structure of the lattice of all its subgroups L(G).

References

1. Ph.Hall, Nilpotent groups. Notes of lectures given at the Canadian Mathematical Congress,
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Some New Classes of Extremal Positive Quadratic Forms

GURAM GOGISHVILI

St. Andrew the First Called Georgian University, Tbilisi, Georgia

guram@mzera.com

We investigate estimates of the singular series corresponding to the problem of representation
of natural number m by a positive definite, integral, n-ary (n = 4) quadratic form of determinant d.

The estimates are with respect to d and m. We construct some new classes of positive quadratic
forms for which our general estimates of the series obtained earlier, are unimprovable and some
classes of forms sharpening the estimates.



On Uniform n-shape Theory

L. TURMANIDZE

Shota Rustaveli State University, Batumi
lela@bsu.edu.ge

In this paper is defined a precompact uniform n-shape theory by the inverse system approach. Is given
some relations between uniform n-shape category and uniform shape categories defined in ([2], [3],[4]).

By Unif isdenoted the category of uniform spaces and uniform maps, HUnif means a uniform homotopy
category of uniform spaces. Symbols pUnif, ANRU, Upol denotes subcategories of Unif consisting of
precompact uniform spaces, uniform absolute neighborhood retracts and uniform polyhedras, respectively. The
uniform homotopy categories of this subcategories we denote by HpUnif, HANRU, HUpol .

Definition 1. f: X —>Y and g: X =Y uniform maps are called n-uniform homotopic, f nzu g,iffg
and gh are uniform homotopic for any uniform map h: B — X of uniform space B with uniform dimension
dmB =n_

The n-uniform homotopic relation between uniform maps is an equivalence relation. The n-uniform

homotopy class of uniform map f we denote by [f ]S .

Thus, we obtain n-HUnif category whose objects are uniform spaces and morphisms — uniform n-homotopy
classes of uniform maps. #=n- H(pUnif NUPol) is some subcategory of the category 7 =n-HUnif.

Definition 2. A morphism p = ([p, 1) :(X) > X =(X,.[p,. 1), A € n-H(Unif Pol) iscaled an
n— H(Unifr\ PoI)—expansion if it satisfies the following conditions: i) For any uniformmap f : X —» P,
where Pe n-H(Unifn Pol), there exist an index a €A and uniform map f, : X, — P, for which

[f][]:[fa]z [pa]: ; ii) For every index & €A and uniform maps f,,g,: X, — P whith
[f,x]z [pa]l']:[ga]ﬂ [pa]z , there is an index a’€A , such that a <a’ and

[t ol =lo.) [pul

Theorem 1. Every uniform precompact space X &pUnif there exists an n-H(pUnif NUPol)
expansion,i.e. n-H(pUnif NUPOI) isadense subcategory of the category n - HpUnif .

Thus, we have obtained a new shape category. This category we denote by n-uSh and call precompact
uniform n-shape category.

By n-ushX denote uniform n-shape of X.

Theorem 2. Let cX be the completion of precompact uniform space X. Then n-ushX= n-ushcX.
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The Geometry of Classical Groups over Rings
T. KVIRIKASHVILI AND A. LASHKHI
Georgian Technical University, 77, Kostava St., Thilisi 0175, Georgia,

lashkhi@gtu.edu.ge

The aim of our research program is:

For the projective line over left Ore domain non-injective harmonic maps will be considered; it could
be combined the methods of D. James (1982), F. Buekenhout (1956) and A. Lashkhi (1997-2000) to
prove that: collineations which preserves generalized harmonic quadruples (according C. Bartolone
and F. Buekenhout) will be generated by place or anti-place (according Krull’s valuation theory).

It will be given an algebraic description of a large class of mappings and, in particular, of isomor-
phisms and homomorphisms between certain submodule lattices. These mappings are, geometrically
spoken, those which map subspaces to subspaces and preserve joins and disjointness of points and
lines.

For free modules over the rings with invariant basis property the non-bijective collineations and
lattice homomorphisms of affine spaces and affine geometries will be considered.

The perspective maps for free modules over (possibly non-commutative) domains and thus the first
ring version of the fundamental theorem of geometric algebra about perspective maps was proved
(A. Lashkhi & T. Kvirikashvili, 1997, 2002, 2006). It will be considered the generalization of these
results for some classes of general rings.

It will be considered the mapping f : L(X) — L(X;) between the submodule lattices, which
preserves sums and “disjointness” and the question: when f is general collineation between pro-
jective spaces and from this to find a canonical algebraic representation of join preserving lattice
homomorphisms between submodule lattices.

For affine line over the ring non- bijective harmonic maps in connection with samelinear isomor-
phisms and antiisomorphisms (von Staudt’s theorem) will be considered.

For ring affine geometries (coset lattices) and affine spaces lattice homomorphisms and non-bijective
collineations in connection with samelinear isomorphisms will be considered.

For symplectic, unitary and orthogonal groups to find ”Fundamental Theorem” in the dimensions
and for some classes of rings.

P.S. Already, there exist many different generalizations of the fundamental theorems of projective
and affine geometries. In most of them mentioned papers only lattice isomorphisms are considered, and
it is furthermore assumed that cyclic submodules are mapped on cyclic submodules, thus losing the most
interesting part of the representation. In many of these papers only finitely generated free modules are
considered. In our research program we will study most general mappings for large classes of modules.



Approximation Properties of Nilpotent and Meta-Abelian Products
and Interlacings

A. MAMUCHISHVILI

Georgian Technical University, Thiilis

We recall that the n-step nilpotent product and interlacings are defined with the help of a set of
words 4, ,, and ameta-Abelian product corresponds to the set of words 9, .

Theorem 1. k-step nilpotent product of fintely generated groups A, A,,....A, is finitely
approximableif and only if A, A,,..., A, arefinitely approximable.

Proposition. Let A be a finitely generated k-step nilpotent group and let B be a finitely
approximable group. Then the group W = Awr, B isfinitely approximable.

Theorem 2. Let A be a finitely generated group. Then the k-step nilpotent interlacing
W= Awr, B isfinitely approximableif and only if the following conditions hold:

(1) Aisafinitely approximable group;

(2) Bisafinitely approximable group;

(3) if Bisan infinite group, then A is nilpotent of the step k.

Example. Let A:<x, V,Z|xz=2x, yz=2y, [x,y]= z3> and let B=2Z(2). The group A, as a
finitely generated nilpotent torsion-free group, is approximable by finite 2-groups. As is shown in
one of works of Wygold, the Cartesian subgroup D of the group W = Awr, Bis isomorphic to the
group A/[A Al® A/[A A]. The group [A A] is generated by the element Z*. Hence

AN[AAl=Z+Z+Z(3)
and
D=(Z+Z+Z(3))®(Z+Z +7(3))= 4Z +5Z(3)

Therefore, the group W contains a subgroup isomorphic to Z(3) and, therefore, it cannot be

approximable by finite 2-groups.



Unification for Abelian Lattice-Ordered Groups with
Strong Unit

ANTONIO DI NOLA, REVAZ GRIGOLIA*, AND LUCA SPADA
Department of Mathematics and Informatics, University of Salerno, Salerno
adinola@unisa.it
I. Javakhishvili Thilisi State University, Institute of Cybernetics, Thilisi,Georgia
grigolia@yahoo.com, revaz.grigolia@tsu.ge
Department of Mathematics and Informatics, University of Salerno, Salerno

lucaspada@unisa.it

An (-group is an algebra (G, +, —,0,V, A, u), where (1) (G, +, —,0) is an abelian group, (2)
(G,V,N) is a lattice, (3) (xVy)+2z= (r+2)V(y+2) forall z,y,z € G, (4) u is a strong
unit; this means that for all x € G there is some n € N for which —nu < x < nu. f-group with
strong unite we will call fu-group.

Let G be an fu-group, t an fu-group-term in the variables x1, ..., x,,, and assume a, ..., @,
are elements of (G. Substituting an element a; € G for all occurrences of the variable x; € G
, for ¢ = 1,...,m, and interpreting the symbols 0,4+, V, A, u, — as the corresponding operations
in G, we obtain an element of G, denoted t4(ay, ..., a,,). An fu-group-equation (for short, an
equation) in the variables x1, ..., x,, is a pair (t1, t2) of fu-group-terms in the variables x1, ..., z,.
Following tradition, we shall write t; = ¢, instead of (1,%2). An fu-group G satisfies the fu-
group-equation t; = ty, in symbols, G = t; = to, if ti'(a1, ..., am) = t3(ay,...,a,) for any
a,...,a, € G.

Let (T,+,—,0,V,A,u) be the algebra of terms. The complexity c(t) of a fu-group-term
t is defined inductively as follows: 1) ¢(t) = 0, if ¢ is a variable or u or 0, 2) c(t; * t2) =
maz(c(ty), c(tz)), for * = V, A, 2) c(t] + ta) = max(c(ty), c(tz)) + 1, 3) c¢(—t) = c(t). We also
define the complexity of an equation t; = to: ¢(t; = t3) = max(c(t1), c(t2)) + 1.

On the set T define the equivalence relation =: t; = t5 iff the fu-group-equation t; = t5 is
an fu-group-identity (or true in all fu-groups) if it is satisfied in all fu-groups, or equivalently
the equation t; = t, is deduced from the fu-group axioms. If we are restricted with terms m
variables T,,, then (T,,/ =,+,—,0/ =,V,A,u/ =) will be the m-generated free fu-group. We
denote by T}, the m-generated free fu-group.

An endomorphism o : T}, — T,, is said to be a unification for fu-group equation t; = to if
o(t1) = o(tz). An lu-group equation t; = t5 is said to be unifiable if there exists an unification
for the equation t; = t3. An endomorphism o : T}, — T, is less general than an endomorphism
oy : T, — T, (in symbols o1 < 0y) if and only if there is a substitution 7 : T},, — T}, such that
F 7(oa(x;)) < o1(x;) for all z; € {1,...,m}. Let ¥ be the set of all unifiers for the equation
t; = ty. The set of maximal incomparable elements of ¥ is said to be a basis of unifiers for
t1 = to. A unifier o for t; = t5 is said to be a most general (mgu) for t; = ¢, if and only if {o}
is a basis of unifiers for ¢; = t,.

Theorem. For any unifiable fu-group equation t; = t, with complexity c¢(a) < n and m
variables there exists a finite number of pairwise not deducible from each other equations p = ¢
with ¢(p = q) < n, having most general unifications, and p = ¢ |= t; = to.



Idempotents of the Some Complete Semigroups of
Binary Relations

NINO ROKVA

State University of Batumi, Batumi, Georgia

nino_rokva@mail.ru

In this work, all x1 - subsemilattices of unions, defined by complete x -semilattices of the
class x,(x.,7) is studied. Every element of this class is isomorphic to the preliminarily

given x - semilattice D={z,,2,.2,,2,,2,,Z,D} .

The symbol D denotes an arbitrary nonempty set of the set X, closed with respect to the set-
theoretic union of elements from D, any of its nonempty subsets possesses an exact upper bound,
i.e. D is a complete X -semilattice of unions([1]).

If X is finite set, where|X|=n>4 and |5,(X.7)|=s, then

s:l(s"—4~7"+6~6" —4.5"+4").
2

The set B, (D) of all a binary relation «, (f:X — D) is a semigroup with respect to the operation
of multiplication of binary relations, where «; = U ({x}x f(x)) [1].

xeX

Knowing all xi - subsemilattices of the given complete x -semilattice, we have investigated
the class of semigroup B, (D) of binary relations, every element of which is defined by a complete

x - semilattice of unions from the class =,(X,7)[2]. We have received new results:

e These semigroups have no right units;
e Formulas are found for calculating the number of idempotents for a finite set X .
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Modeling Ring Projective Geometry - von
Neumann’s Point of View

P. GURTSKAIA AND A. LASHKHI
Georgian Technical University, 77 Kostava St., Thilisi 0175, Georgia,

lashkhi@gtu.edu.ge

The classical coordinatization theorem for projective geometry was vastly extended by J. von Neumann
for regular rings. The other generalization of skew fields, which is different from the regular rings, is the
principal ideal domains. The question of coordinatization was raised by R. Baer (1939). The problem
was solved by A. Lashkhi (1988, 1995, 2002) for commutative principal ideal domains and U. Brehm for
Ore domains (1983, 1995). Obviously, the initial question before the axiomatization is the apportionment
of the system of points of projective geometry. The module over the principal ideal domain is free and
cyclic if and only if the submodule lattice is distributive with maximum condition. This condition is in
the basis of the definition of a D-point and D-geometric lattice. Among the groat deal of the problem of
lattice and ring geometry the following three directions are most important for the further development:

e Theory of geometric lattice and their generalization.
e The problem of coordinatization geometries over rings.
e Theoretical aspects of geometries which are closed to combinatorics.

The research program is an attempt to investigate all of the above mentioned three directions, namely
to study a special generalization of geometric lattices. In connection with that fact that the fundamental
problem in this area is the problem of coordinatization many interesting aspects of general geometric
lattices were left aside. We will develop and generalize these and other issues connected with the sub-
module lattice of the module over general rings. The present talk contains three parts; the aim of each
is to consider and study systematically:

A. D-semimodular, D-pointwise lattices and some aspects of symmetricity for this classes of submodule
lattices over general rings, coordinatization of rings, embedding problem.

B. General geometric lattices and generalization of Mathroid theory (D-geometrical lattices), -perspectivity.

C. The geometries which are associated with D-geometric lattices and combinatorial problems. Pappus,
Desargues theorems, Six and three cross theorems in D-geometrical lattices etc.

D. Coordinatization of affine geometries (sememodular lattices) over general rings (Ore domains, prin-
cipal ideal domains ets) by the system of axioms with geometrical flavour.

E. Combinatorial problems in affine ring geometries; complementary in semimodular affine lattices;
synthetic affine geometry over general rings
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The Projective Geometry of W-Power Hall’s Groups
M. CHABASHVILI* AND T. BOKELAVADZE**
* Iv. Javakhishvili Thilisi State University, 2, University St., Thbilisi 0143, Georgia
** A. Tsereteli Kutaisi State University, 59, Tamar Mepe St., Kutaisi 4600, Georgia,

bokel71@yahoo.com

If G is a Hall’s W-power group over the ring W, then it is obvious that the set of all W-subgroups
forms a complete lattice L(G). W-power groups G and G; over the rings W and W; are lattice-isomorphic
if there exists an isomorphism f : L(G) — L(G1)

Definition. Let X and Y be W-power groups over the rings W7 and W5, respectively. We say that
the mapping f : X — Y is a semi-linear isomorphism with respect to the isomorphism o : W7 — Wy, If
the equality

flafrag?) = fa1)7 @ f(wo)7 )
is fulfilled for any x1, o € X and aq, as € Wh.

We call a lattice L(0,1 € L) torsion-free if none of the elements covers 0. A W-power group G is called
torsion-free if the condition z* =1, « € W, z € G, implies either a = 0 or z = 1. We call a W-power
groups G proper if the lattice £(G) is torsion-free. It is obvious that the lattice £(G) if torsion-free not
for every torsion-free group G, i.e. not every torsion-free group is proper. Indeed, if W is a field, then any
W-group G over W is torsion-free and thus it is not proper: for any « € G the lattice L({x)) consists two
elements. An element = € G is called proper if the lattice L({x)) is torsion-free, and it is a torsion-free if
the W-subgroup (z) is torsion-free.

Theorem (Fundamental theorem of projective geometry for W-power groups). Let X and
Y be W-power groups defined over the principal ideal domains W1 and Ws, respectively; f : L(X) —
L(Y) be a lattice isomorphism. If X is a proper locally-nilpotent W-power group, then there exist an
isomorphism o : Wy — Wy and o-semilinear isomorphism p: X — 'Y such that u(A) = ¢(A) holds for
every subgroup A C L(X).

Example. Let Q = (a,b) be a free 2-nilpotent W-power group. Generated by two elements a and
b. Assume that the principal ring W is a field. Let us consider an automorphism ¢ of the lattice L(),
© € Aut[L(Q)], which preserves all 2-generated subgroups and maps the singly generated subgroups
arbitrarily but identically with respect to the modulus of the commutant z = [a,b], i.e. p({x)) = (z - 2).

It is easy to see that the lattice automorphism ¢ is generated by none of the isomorphisms 2 (by none
of the semilinear automorphisms).

Remark 1. If p is the semilinear isomorphism form the theorem, then the mapping p~' defined by

p(z) = [p(x)] 7! is a semilinear antiisomorphism, i.e.

plaftag?) = plas) @) f21)7 )

for any z1, x2 € X, a1, ag € W.

Remark 2. Let Q@ C W be a group of invertable elements of a ring W. Then for every ¢ € {2 the
mapping p. = pf (ue(x) = [p(z)]¢) is either a semilinear isomorphism or a semi-linear anti-isomorphism
with respect to the same o : W — Wj.
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Regular elements of complete semigroups of binary relations
defined by semilattices of the class =, (x.s)

SHOTA MAKHARADZE
Batumi State University. Ninoshvili St. 35. shota 59@mail.ru

Let X be an arbitrary nonempty set, D be an X — semilattice of unions, i.e. such a nonempty set of
subsets of the set X that is closed with respect to the set-theoretic operations of unification of elements from
D, f be an arbitrary mapping of the set X in the set D. To each such a mapping f we put into

correspondence a binary relation «; onthe set X that satisfies the condition

a; = UJ({xp 1 (¥)

xe X

D The set of all such , (f:X — D) is denoted by B, (D). It is easy to prove that B, (D) is

a semigroup with respect to the operation of multiplication of binary relations, which is

called a complete semigroup of binary relations defined by an X — semilattice of unions D .
Let =,(X,5) be a class of all X —semilattices of unions whose every element is

isomorphic to an X - semilattice of unions D={Z4,Z3,ZZ,ZI,I5} which satisfies the

Z, following conditions:
Z,cZ,cZcDh, Z4CZ3CZZCVD, (1)
Z\Z,#@,2,\2,#D, Z, UZ, =D.
The diagram of a semilattice satisfying the conditions (1) is shown in the figure.
In the paper we study the class of semigroups, which consists of all such semigroups B, (D) which are

defined by some semilattice D' belonging to the class £, (X,5). The construction of regular elements is

described for semigroups of the considered class. Formulas are found for calculated the number of regular
elements for finite set X .
References
1. Ya. I. Diasamidze. Complete Semigroups of Binary Relations. Journal of Mathematical Sciences, Plenum Publ.
Cor., New York, Vol. 117, No. 4, 2003, 4271-4319.
2. Diasamidze Ya., Makharadze Sh., Diasamidze Il., Idempotent and regular elements of complete semigroups of
binary relations. Journal of Mathematical Sciences, Plenum Publ. Cor., New York, 153, Ne 4, 2008, 481-499.
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Counting Complex Points of Surfaces
T. ALIASHVILI

Technical University of Georgia, Thilisi, Georgia
aliashvili@yahoo.com

Complex points of smooth surfaces in C* play significant role in many problems in complex
analysis. Similar applications arise in singularity theory and algebraic geometry. Moreover,
complex points are also important for constructing solutions to certain nonlinear Riemann-Hilbert
problems [3].

We will present several general results on complex points of real two-dimensional surfaces in
two-dimensional complex vector space. We consider a smooth compact surface X given by two
real polynomial equations in R* = C? and describe an effective method of finding the number of its
complex points. To this end we construct a system of real polynomial equations in auxiliary
variables such that the number of real solutions of this system is equal the number of complex
points of X . This approach appeared quite effective in the case of the graph of a polynomial planar
endomorphism [1] and we now generalize it to arbitrary algebraic surfaces.

First, using the J. Bruce formula we obtain an explicit formula for the number of complex
points of X in terms of the topological degree of a certain polynomial mapping [4].

Theorem 1. For a generic X < C?, the number of complex points of X = {f =0,¢0= 0}c c?,

is given by
c(X):%(l—degOVH)

where the polynomial H is algebraically expressible through f an g as indicated in [2].
Second, using the estimates for the mapping degree in terms of the so-called Petrovsky
numbers we obtain an upper estimate for the number of complex points.

Theorem 2. The number of complex points of a generic algebraic surface defined by two
equations of degreem >2 does not exceed P,(4m—1), where the latter number is the Petrovky

number defined and calculated in [4].
References

1. T.Aliashvili, Counting real roots of polynomial endomorphisms. J. Math. Sci. 118(2003),
#5, pp.5325-5346.

2. J.W. Bruce, Euler characteristics of real varieties. Bull. London math. Soc. 22(199), #6,
PP.547-552.

3. G.Giorgadze, G.Khimshiashvili, The Riemann- Hilbert problem in loop spaces. Doklady
Mathematics. Vol.73. #2, 2006, pp.258-260.

4. G.Khimshiashvili, The local degree of a smooth mapping. (Russian) Soobshch. Acad. Nauk
Gruz. SSR 85 (1977), #2, 309-312.
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On Complex Structures on Riemann Surfaces

GRIGORY GIORGADZE

Thilis State University, Thilisi, Georgia
gia.giorgadze@tsu.ge

We consider the relation between the complex structures on Riemann surfaces and Beltrami
equation. We discuss also on Beltrani type €elliptic system and generalized Q-holomorphic functions.

On the Uniform Convergence of Multiple Trigonometric
Fourier Series

LARRY GOGOLADZE

Iv. Javakhishvili Thilis State University, Thilisi, Georgia
lgogoladzel@hotmail.com

It iswell known that unlike one-dimensional case, not every multiple trigonometric seriesis the
real or imaginary part of a multiple power series.

The class of those multiple trigonometric series, which are the real or imaginary part of multiple
power series, issaid to be atrigonometric series of a specia type.

Denote by C*(T®) T=[-zz], S>2 the subset of those functions from C (T*) the
trigonometric Fourier series of which are the trigonometric series of a specia type.

We have the following

Theorem. Let f eC” (T ° ) and let its Fourier coefficients are positive numbers. Then its multiple

trigonometric Fourier serieswill uniformly converge on (T s ) .

16



gb®ogom dm3gdygao IOsgo(33esmasbo gubjiools
502993963 900l gOm 338050056 ybiooms bod@agemols

Lobol domgds@ozydo dmwgerols dodm{fdgdgero 3@0@g@0ygdo
(). 3MEXMRSII, 6. dMOXMRKRSII

LoJo@mggeoml Ggdbogydo gbogg@lodg@o, mdogrolo, Lsjs®mggenm
natia.gorjoladze@ugt.ge

aobobogngds  3b®ogomn  dmigdyero n>2 (3oby  ©dM 3owgdyYeo
g0 gdgbBodgeo u=u(x,y,z,t,---,7,1,®,0) gubjzos, dmdmol 3genswgdols 0bwgdlgdos
gLododolboe c,d, p,q,---,a,b,m,g; ueR".

‘dg3ma 3ol dMogomigens@osbo ybjiools Gsbyoli (36gds. my m@o 3genswols
396300l bGogol  gegdgbGgdomn  dgoagboano  IsB@oiol  @obyo  bsgangdos
LEA@odmbgdols s ULggHgdol @oibggdl dm@ol 9dgodglby, dsdob ol gyfmemn
MO 330060 96300l @sbyo. 0y Lbodizgeemosh ¢9bjiosdo ghm-ghmo gensols
sggoJbodgdomn  dowgdymo  obos®hgbo M@0  3gereol  gybiogool  @obygdo
9Omdsbgmols  Gmenos, dodob ol gyFmeme  Lodzgmowosbo  gybjiool  @sbyo.
Sbogrmaoyg@s asbolsbmg®gds mmbo ws IgBo 3geoeol gydiool dsbyogs.

30 303Lgds d9dgao mgm@gds: oy N=2 @ggesol U g9bjiools @obyo s@ols
1, 35dob dolo domgdsBogy®o Imwgmo Fo@Imoagbl ghmEgesmosh g gdgb@os®yan
396d30oms  bod®ogel, bmenm  sbogrobyg@o  Lobol ©odagbo gm@dyes Imozgds
‘d99©ga0 2odmbobyegbom:

u= udpq-~-abmg (X) ) ucpq--~abmg (y) ’ ucdq---abmg (Z) e X

. -1
X ucdpq--~amg (I) ’ ucdpq--~abg (a)) ) ucdpq~--abm (T) . ugdpq--abmg )

oo ghmnagesposbo  g9bjiogdo  dglodsdobo  0bpgdlgdols dJmby  gangdgb@gdom
sy gbogro gangdgb@odyeo B9bjogdos.

dogdygm 35bmbbmdog®gdsls bod@sgmmols 3obmbo gyfmwgom.

od  3obmbowsob  2odmdobomgmdl sy dgb@gdols  gOmEgEe©osh  gubiosms
bod@ogerols Lobol domgdo@ogy®o dmegenols dodm§dgdgano @0 g@oydo: 0dobsmgols,
Omd  AOsgomgeeosbo  gubjiaool  domgds@ogydo  dmpgemo  Fo@dmowygbogl
50293963 9b0L  gOmEg@oosh Bybjiosms bod@ogeol, Lsgds@olos gybdiools @sbyo
0gml gomo.

17



gb®ogom dm3gdygeo IGsgom(33eomasbo gubjiools
>M29d9b@ 9b0l gOhmigEeosb gybiosms xodol Lobol

domgdo@ozyg®@o dmwgaol d5dm{dgogeo 3M0@g®oydo
(). 3MEXMRSII, 6. dMOXMRKRSII

LoJo@mggeoml Ggdbogydo gbogg@lodg@o, mdogrolo, Lsjs®mggenm
natia.gorjoladze@ugt.ge

aoboboangds  bdognom  de9dygeno u=u(xy,zt, 7l o 98093963 oM@ 0
396J30s, Mol 3esgdols 0bpgdlgdos Jglsdsdobee ¢, d, p,q,---,a,b,m,g; ueR".

09 MOEgEs0sbo  gubdiool  gbdogol  gangdgb@gdom  dgoagboeo  ds@d@oiols
@5bpao bogangdos LE®oJmbgdols ws ULggdgool Goibggdl dm@ol 3diodglhby, dsTdob
3ol gyfmeeme m®Egmsposbo g4bizool Gsbyo. 0y LodEgeowosh ¢ubiiosdo gorm-
9omo  33ools  wsgoJlo®gdom  dowgdyemo  mAOEZEsosbo  Bubogdol  Mobygdo
Ae@os, 35dob ol gyfmome bsdggmswosbo gubjEool @sbpo ©s o.9. g@m-gomo
LE@odmbo (Lgg®o) godmgogemon  ©sbos®dhgh LE®oJmbgdl (Lggdgdl) s dsiengdo
LE@odmbo (Lggdo) dggagoermm  gOmgyemgsbo  LbE®oJmbomn (Lggdom). dowgdyero
do@®oiol Gobyl gyfmomon  bobosbo @sbyo.

B 30GPgds 999ga0 mgm@gds: oy N=2 3gmseols U g9bdiool babosbo @obyo
>0l 2, 35dob  dobo  domgdsBogydo  dmpgamo  Fo@Imopagbl sy ydgb@gdols
JON (33 o©0sb  BybJaosms xodl, bogrm sbosgoby@o Lobol ©sdwygbo gmE@IYas
dmogds dgdpgao odmbabyan gdom:

u= udpq~~abmg (X) + ucpq~~abmg (y) + ucdq~~abmg (Z) tet

cdpg--amg (1) U (w) +u (r) = (n=1-u
oo ghmnagesposbo  g9bjiogdo  dglodsdobo  0bpgdlgools djmby gangdgb@gdom
oA gbogno gangdgbBo@gemo iubiogdos.

dJopgdyge  3obmbbmdog®gdsl xodol  gobmbo  gyfmegm.  od  39bmbogsb
30dmdEobs@gmdls sy ydgb@gdoll  gOmEgEoosh  gybjosms  xodol  Labol
do®gdsB0ggdo dmpgeols dodm§dgdgano 3M0@gM0gdo: 0dolomgol, “md
dOogom(33@o©0560  Bubdiool  domgdsBogy®  dmwgeels  3Jmbogl  s@yydgbh@gdols
9JOM 33056 GYbosms xodol Lobyg, Lsgdo@olbos @9bdiool bobosbo @sbyo ogml

M®0.

+Uu

cdpg---abg cdpg---asm cdpg---abmg !

18



On the Modulus of Continuity of k—th Order of
Conjugate Functions

ANA DANELIA

Iv. Javakhishvili Thilisi State University, Thilisi, Georgia,
email:annadanelia2000@Qyahoo.com

In this work the estimates of the partial moduli of continuity of k—th order of the conjugate
functions of several variables are obtained in the space C'(T™). The exactness of these estimates
are established by proper examples. Our results determine the complete picture of violation of
the invariance of the calasses H(wy; C(T™)) under the operator fp. From obtained results as a
consequences follows Zhak’s theorem [1].

References

1. L.LE. Zhak, A theorem of Zygmund about conjugate functions, Dokl. Akad. Nauk SSSR,
97 (1954), 387-389.

19



dom@eobaoll mgm@gdol dgbobgd
Qo0 g Sbogoby@o oMo ybiiogdolmgols

R5do d8®MJANIJ

5. M5bdodols domgds@ogols 0bbEoRYE0
lasha@rmi.acnet.ge

dom@@obgol  gaoslogyg®o  mgmegds  godg  sbooby®o  @ubiogdol  dglabgd
093 30390L, ®md my f (ogdo goblsbog@ymo gomyg sbosgoby®o gubioss dsGols
Ho Logd@owsb, 85dob  f  g9bjizool bsddsgargdo ggges dglodenm  3meobmdgdmsb
Yg9e0aob 33300800 o3 Logdzgdo.

g 0gm@gds  do@®oiz  BybJ3ogoobomgol  Aobbmpsmgdym  ofbs  @slbols s
g3 md 3geobmbols dog@. domo ©sdE0(3g0s gyObmds 0b3gs®osbBmo Jggbogdzggdols
®9db03oL ©s 049690l BybJiombogny@o sbogobols s35@s@ L.

dmbligbgdsdo  Logdodo  0dbgds  dom@@oby-gosJl-3genlmbol  mgm@gdols  do®@og
533 303905bg, Omdgmoi  gyOHebmds  3mddegJlbyg®o  33mswols BybjiEosms  mgm@ools
dg0mEgdls

25bbmasmgdygano @od@oliosbo s Gy®og-gosdgsbiols
0999096300 gdso I 3M0g0l dgyxodgdomds
{®g030 dgomoom

L. OMBIA0S, K. bMFMRS3O

LoJodmggermlb Ggdbogy®o 9boggdlodgdo, mdogrolo, LoJs®mggenm

F99mggo60mos  gobbmpspmgdamo  @odmalol  ®m3g@edm@ols  36gds R (k=3)
bog®ol  9omgamemgsb ST bgggembg (ob. [1]). owygbogros Lsgds@olio 30®mdbgdo,
@539 bo 9bps o3dsymzom gbogls St (k=9 b3gOmbg oblobwgdymo gubjios, Goms
>OgdmdEgl o3 BubdEool gobbmyswmgdymo @ s sliosbo.

dowgdaos RO0g-gos3g0slols 0089096300969 a7 3®039600 fogog0
g EsO @0 dgomegdom  dgxodgdomdol  bogdo®olio 3o@mdgdo. ©0xg@9bi009d0ls

M3905GHMAOSE  25dmYygbgdygaos @sdemsbols Mm3g@s@mmo gomgymmgsb Lggamby, g. o.
bggO g 30mOE0bs@gddo hofghomo @adeslol m3g@s@m@ols jgmby®o bsfoao.

0B gOSR YOS

1. S. Topuria, Boundary Properties and Applications of the Differentiated Poisson Integral for
Different Domains, Nova Science Publishers, Inc. 20009.

20



063500563 s 335b00bgoM0sbG e bmdosms mgm@osdo
Lol gaem 3mddobs@mmdogzol dgomegdols godmygbgdols
‘dgbobgd
o. 300 o>dJ

o, ®5bdsdols Lobgamdbols domgdos@ogols 0bbEoRydo,

LoJodmggeoml Ggdbogy®o 960390Lod g0, mdogrolo, LsJs®mggenm
kirtadze2@yahoo.com

06350056 P o 335b00bgoM0bFH Y  bmdsms  mgm@ool  ggybsdgb@ o
Logombgbdols  dglfoges  (Jspomomsw,  ao@sddboms  xa9xgdom  sedyg®goeo
Lodobolim Lod@ogemggdbyg 2oblobrgdygeo 0bgo@mosb@ygyamo bmdgdols gOMs©gHNMds,
3900390 AMbboGP@mbs, sOSLY3sMogEmds s Ubg.) Jdow@dme ¢9353dod©gds
LoslGygam  3mddbobo@mmogol olgm Gbmdog  @o@gdl, Gmamaoiss: o Godlgol
0goegds  bod@sgmgms  ©sdmyzogdgmo  mxsbol dgbobgd, 3. Lg®3obligol o.§.
oodmygmagols @gds, L. gesdol  G@slgobody®o  do@®ozs, Lod@sgmgms  momddols
©0obybd@Boydo mxoboli 3mddbobs@maygmo mgolgdgdo s bbg. (dogoomsw, obogrgm,
(11, [2}, [3D-

LolGygam  30m3dobs@maogol  bgdmm  dmyggeboano  godBgool  godmygbgdgdbom
©30brgés gdegao Bgwaygdo:

1) 3mb@obyyndol dodmmgbols dowgdols dgdmbgggsdo sdmblbow xa9x9doby Loyds-

Lob@gem s@olgdomadgayg@o 0bgo®osb@ygero bmdol s@lgomds;

2)  Logdo-LolOygam 0bgo®osb@yero (o 3399 g43zgmasb 3330030 J3gxaganol
dJodo®m)  bmdgool  gOMOEIAMMds  Lodsbolm  Gemdmegmaoy®  Log®gms
3005300 bsdMogan 9dby;

3) Logdo-Lobdyganm  335b00bgo@osb@ygao  bmdgdol  sdlmerygdadem  9Fygg@mds
3351006350560 sendomyg@o bmdgdol boddogengdols dods®o.

65O ™Io gbO g goygaos GNSF/ST08/3-391 a@sbBols dbosd@akg@om.
0B gOSE YOS

1. E.Hawitt, K. Ross, Abstract Harmonic Analysis, vol.1, Springer-Verlag, Berlin, 1963.

2. Kharazishvili, Elements of Combinatorical Theory of Infinite Sets, Thilis Univ. Press,
Thilis, 1981(in Russian).

3. 30Omadg, @wobsdogyg®o o 33obowobsdogy@o LolEgdgdol mgm@ool bmpyogdmo
ob3gdBo, 3odmdEgdemds ,,39]6039M0 9b0oggOLoEg@0”, mdognolo, 2006.

21



3 30b bobyyo6rymo obityga@oryydobo o dofbodoryyo ogp(3egdeb
dderbobenermmdol sGopipeordyde feboob
26beo- L bogey3ypddo oo a0dmyibgdgde bobobeea sdey3obyddo

30%(3)062) 30’)30@0830@0
o. 6obdodol 300)380(**)0&01) 061)(3)0(3)":](3)0

Email: kokil@rmi.aonet.ge

obomobm& ggrb]zoomo bobobmyee odm3obiddo.

LOBJQQC’)&%,

O) 3(’)83{23;{[)"360 1)02)%(8)801) 60?6(3330£Q0 %)0601) {SJLOBJE) QOQ&JBOQO OjGJE)O 0301)
O‘DGOQJ&JQO (QO 1)\)&80601)0 306(")2)0, 60’)8 08 WO%%J 6061)0%{236"3@0 &m?ol) ].)062)":]—
QO&"JQO 06@3660@00)0 gQO 306&0—@0@3"3@@01) (8)0301) 3oj1)oaog3w360 (B‘:]BjGOJ(BOO)
E)OgJEOQO (")3“]60@(")6360 BJSMLO%Q:;“‘UQO 03(")1) 6606@—1}7 1)0366336[80 3060’)600)

2)) 8(")33360?’20 OjBJE)O 08 VC")BO(Y)O q}”z]gj(sf):]g)ol) 1)6":]{20 QOBOBOOO)JE)O, 6(")8[}?3608
60603060’)63636 300'301) 1)052)":]{:3\)6"3@0 mSJﬁo(B)mF)ol)o QQO aojl)oaog)gﬁo (B‘DBjSOJbOl)

6) 060[2(")60"30'/)0 08m8060 080")})1)60@00 ?{)(‘]C"/)OQO {BJ‘UC\)QJE)‘DQO (B‘UGjGOJ&Ol)O (QO
(]C;)OJO'/)O 80:]1)080@‘30’/)0 (B'UE:]GOJ&O])OU)BOL

gQ) %38011)1)3636"3930 1)036(3332)01) gob/)gml‘]&{ao rBJamC})oBoQo ojggg)o ogofqoqb"gﬁ o 3o6r-
amgo-:]gg (Bﬁgjgoomo 306&)01)0 o 1)306500301) @)0301) 3;:301):]2)0. QQQQQE)JBOQO ojBJE')o dooo
00301)32)3250: &mraol) (8)0301) 06(*3)32)60@000 Voéamgga)agang&), 1)80(.*/)60')301) (3)0301) or):]mb'/):]ao
o 1)133.).

:]) 060%)6?3030 OBOQO%OL (7)3360(8)0’)6:]2)01) 01)0})3()’[) 0)301)32)36%:] QOH%QGO’)&O@ 2)08(")—
&3[23"3@00 C%OBOBO'[) 1)01)0%{236(") 080')(3060 08 3("){801) (8)0301) OG(B)JEI)C"/)OQJE)OO) %)0680’)@2)3—
BOQ %‘36:]8000)0 &QOI)“]ES‘HO, 60’)83@0)0 1)0833603“]:]2)0 803&"30)3632)006 &EOBQ—LP 1)036—

3) quamBLJGJE)"JQ (BUEjGOUO/) 1)0367)(3336(30 E)QGBOQ‘DQO ongbo (Bngjgoomo oSémj—
1)080(3001) qt‘)me)oi]ﬁor)o ol)-3:]j(3)0.

22



On a Singular Boundary Value Problem for the
Integro-Differential Equations

ROMAN KOPLATADZE
Iv. Javakhishvili Thilisi State University, Thilisi, Georgia,

email:r_koplatadze@yahoo.com

Consider the boundary value problem

20 = plt) [ a(s) 2l (s)) ds, )
z(t) = p(t) for ten,0), I%Ehlilof |z(t)] < 400, (2)

where p € C(R4;(0,400)), ¢ € Lioc(Ri;Ry), 0 < o(t) < t, 7(t) < t for t € Ry,
1tlier o(t) = tli+m T(t) = +oo, 790 = inf{7(t) : t € Ry}, ¢ € C([r,0)) and sup{|e(t)| :
t € [10,0)} < +o0.

The sufficient conditions for problem (1), (2) to have a solutions, a unique solution and a

unique oscillation solution are obtained.
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300350 T = [- 7, 7], bom  gwbdgogdo f :R—> R 960056 27 3g®om©meo,  Loss
R= |04 . ©5379835m, f eL[T], 85806, Gmameg Gobo, off] Loddmwmmo 50060d67ds,
d9L50530bo, f BMbJ300L MOl BHOOYMbMIgE Moo 30 030:

G[f]=%+iakcoskx+bksinkx,
k=1

f(X,r) LOAdMEWM™MO 50065396 U[f] 3036030 509e—-3295LMbols LodMsEMadl. 396IM,

f(xr) :%j f(x+t)P(r,tydt, 0<r<l1,
T

Loog P(r,t) 560l 3295Lmbol d0G30. 30L56My)dEgdm, S3Mgm3g, S0bodgzbom
p(xt)= f(x+t)+ f(x—t)—2f(x)

BobshgMo @ e d (ob. [1]) 50b0dbsgL Grnd [0,72] 3995090bHg 296LsDPYIOWM @ BMBJEosl 5J3L
39900930 30L90900:
1. 90y39®09 [0,72’] g, 2. 0T, tT,
3. wl)>0, 0<t<z, 4 w(0)=0.
3960036s:  LoddMmemgdo  A(f), A(f,X), A(f,X7),... 5060865396 @OEIdOM  LOlEIEN
LOOEYIOL 5IM 30Ol FbMEME B0MOMGIM 365G MYJODY.

0906335 300435m, w € D . oy [a,b]c T, b—a>0 o
t
sup “d(p(x,s} <Aflot), o<t<p<r,
asx<b{y

dsdob

n

sup (1060 101 M) 01 | Pt vz,

a<x<b or

oy T= [a, b], 95906 3565136900 F9x3sBgO0EIL Fo0Mgds 0.3. BoBHIBLMBOU[2] Lomsbom
RSN
@0H9hs00hHs

[1]. N.K. Bari., S.B. Stechkin - Trudy Moscow. Mat. Obshch., 1956, v.5, p. 483-522
[2]. Hatancon U. I1. — JAH CCCP, T. 73, Ne2, 1950, c. 273-276.
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On the Generdlization of One Theorem of Besicovitch
GIORGI ONIANI

A. Tsereteli State University, Kutaisi,Georgia
oniani @atsu.edu.ge

A.S.Besicovitch [1] giving an answer to the problem posed by S.Saks [2] proved that strong
integral means of a summable function of two variables can not diverge boundedly on a set of

positive measure, namely, for any fe L(RZ) the sets {—oo<Q|(Rz)U f ,-)< f} and
{f <5|(R2)(J. f,-)< oo} have measure zero, where I(R”) denotes the strong differentiation basis, i.e.

the basis of n-dimensional intervals. The multidimensional analogue of this theorem was proved
by A.Ward [3].

M. de Guzman [4, p.389] posed the problem: for which type of bases the analogue of the
theorem of Besicovitch istrue?

Let's say that a differentiation basis B has the Besicovitch property if for any function
f eL(R")thesets {—oo<QBUf,-)< f}and {f <53(.[f,-)<oo} have measure zero.

By Q(R”) denote the basis of n-dimensiona cubes. Cartesian product of bases B,,...., B,
denoteby B, x...xB,.

We prove the following

Theorem. For any natural numbers k and n,,..,n, the basis Q(R”l)x...xQ(R”k) has
the Besicovitch property.

This theorem gives an answer to the problem of M.de Guzman for the class of bases
Q(R™)x..xQ(R™) and taking into account that 1(R")=Q(R)x..xQ(R), generadlizes the
theorems of Besicovitch and Ward.
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On Riemann-Hilbert problems in loop spaces
GIORGI KHIMSHIASHVILI
A.Razmadze Mathematical Institute & |.Chavchavadze State University

khimsh@yahoo.com

We discuss an important particular case of a general formulation of Riemann-Hilbert problem
introduced in [1]. Namely, we consider Riemann-Hilbert problems with values in aloop space of
three-dimensional manifold [2], [3] and describe some explicit examples of solutions to such
problems.

In particular, it will be shown that Hopf fibration and lens spaces can be interpreted as solutions to
Riemann-Hilbert problems of such type. In the case of three-dimensional Euclidean space, we
provide some new solutions to the “master equation” for loopy holomorphic discs introduced in [4].
Specificaly, it will be shown that a wide class of solutions can be obtained using conformal
transformations of three-dimensiona Euclidean space. The geometric structure of a typica
holomorphic disc in loop space will be described and a general existence theorem for the initia
value problem for loopy holomorphic discs will be presented.
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On a Certain Transition Kernel in Solovay Model
GOGI PANTSULAIA

Georgian Technical University, Thilisi, Georgia,
email:gogi_pantsulaia@hotmail.com

Let X and Y be Polish spaces. A family (u,).ex is called a transition kernel from X to
Y if for x in X | (uz)zex is a family of probability measure defined on the Borel subsets of YV
and for each Borel subset E of Y the function z — p,(F) is a Borel measurable map of X into
I=10,1].

The transition kernel (u,)zex is said to be uniformly orthogonal provided there is a Borel
subset B of X x Y such that for each  in X, y,(B,) = 1 and if x # ', then p(B,) = 0;
(f2)zex 1s said to be modified uniformly orthogonal if the set B is not required to be a Borel
set.

The kernel (pi;).cx is said to be completely orthogonal provided there is a Borel subset B
of X x Y such that for each z in X, p,(B,) = 1 and if # # 2, then B, N B, = (}; The set B is
said completely separate (pi;)zex. The kernel (p;).cx is modified completely orthogonal if the
requirement that B be a Borel set is dropped.

Example. For x € I = [0, 1], let A\, be a probability Borel measure on I x I produced by
linear Lebesgue measure [, concentrated on the set A, = {z} x I. Analogously, for x € [0, 1], let
A” be a probability Borel measure on [ x I produced by linear Lebesgue measure [* concentrated
on the set A* =1 x {z}.

Forz € I,E € B(I x I), we put y1,(E) = $(A\(E) 4+ A*(E)). It is obvious to see that (1) zer
is a modified uniformly orthogonal transition kernel from I to I x I.

The main result is formulated as follows.

Theorem. In Solovay Model [3], the following conditions are fulfilled:

(i) if E is a subset of [ and B is a set in E' x (I x I) which completely separates (i )zep,
then the Lebesgue measure of E is equal to zero;

(ii) the (pg)zes is not a modified completely orthogonal transition kernel from I to I x I.

Remark. Construction of our example is rather different from Example 1.5 (see, [2], p.
972). The latter is valid in ZFC 4+ "the uniformity of Lebesgue measure is less than the
covering number of Lebesgue measure”, and this is known to be relatively consistent with ZF',
but in the cardinal-free expression used by R. Mauldin, D. Preiss and H. Weizsacker in [2], the
hypothesis is clearly false in Solovay model.
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A Maximum Inequality for Rearrangements of Summands

and its Applications to Orthogonal Series and Scheduling Theory
L.A.CHOBANYAN, SA.CHOBANYAN* AND G.D.GIORGOBIANI

Techinformi, Thilisi, Georgia
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N. Muskhelishvili Institute of Computational Mathematics, Thilisi,Georgia
chobanyan@stt.msu.edu
N. Muskhelishvili Institute of Computational Mathematics, Thilisi,Georgia
bachanabc@yahoo.com

Let a,,..,a, be a collection of elements of a normed space X, ®:[0,0)—[0,0) be an
increasing convex continuous function. Then the following two-sided maximum inequality holds:

1 3 1 .
J q)(zlls + Zairi ) dt < HZCD(manSn la, o+ + aml) <2 J‘ O(]|'s + zairi I) dt,
1 L 4 [0 1

(04

are

n

where 7 runsthrough all permutations 7:{1, ... ,n} —> {1, ... ,n}, S=Zai ,and r, .., 1
1

Rademacher functions.

The right-hand-side part of the inequality in the case of realsand @ (t)=t leads to the well-
known Garsiainequality which has been used for any function f L, to prove the existence of an
almost everywhere convergent rearrangement of the Fourier series.

The left-hand-side of our inequality shows that the right-hand-side part is actualy
unimprovable.

The inequalities of this type also find applications in studying the structure of the sum range of
a conditionally convergent series in an infinite-dimensional space and in assertions claiming the
existence of an amost everywhere convergent rearrangement of a functional series. We also study
curious applications to the scheduling theory.

Our inequality is in accordance with the idea that there is a close relationship between series
rearrangements and assignments of signs.

Our research is supported by the grant GNSF/ST08/3-384.
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Chern Characteristic Classes, Transfers and Morava
K-Theory Rings
MALKHAZ BAKURADZE
A. Razmadze Mathematical Institute, Thilisi, Georgia
maxo@rmi.acnet.ge
We work in Morava K-theory and give K (s)* rings of classifying spaces of all p-groups with

maximal cyclic subgroup in terms of Chern characteristic classes and Honda formal group law.
We also calculate K (s)* at 2 for all finite Frobenius complements G of exponent dividing 2" - 9.
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On Singular Extensions of Covariant and
Contravariant Functors

V. BALADZE

Shota Rustavely State university,
Thilisi, Georgia

The concepts of coshapes of topological spaces and continuous maps are given [1].
Applications of the obtained results include constructions of long exact sequences of homology and
homotopy inj-groups and cohomology pro-groups of spaces and maps, coshape invariant extensions
of covariant and contravariant functors defined on the category of spaces having the homotopy
type of finite Cw -complexes.
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1. V.H.Baladze. On coshape invariant extensions of functors, Proceeding of A.Razmadze
Mathematical Institute, Vol. 150 (2009),1-50.

Cohomology of Continuous Maps
A.BERIDZE

Shota Rustavely State University, Thilisi, Georgia

Cohomology groups of continuous maps are defined for each cohomology theory on the
category Top?of pairs of topological spaces [1— 3]. It is shown that cohomology group of the
inclusion map kis cohomology group of the pair (X, A) . The category Mor,, of continuous mapsis

considered as a h— category. The defined cohomology groups of maps induce s - functor from the
category Morp, to the category Ab of abelian groups. for the constracted cohomology s - functor

the Eilenberg-Steenrod type axioms [1] are formulated.
References
1. S. Eilenberg, N. Steenrod. Foundation of Algebraic Topology, Princeton University Press,
1952.

2. E.Spanier. Ann. Of Math., 49, 1949, 407-427.
3. E. Spanier. Algebraic Topology, McGrow-Hill,1966.
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On (Bi)Topological Spaces
B.P. DVALISHVILI

Department of Mathematics of St. Andrew the First Called Georgian University of the
Patriarchate of Georgia, Thilisi, Georgia

email:badri.dvalishvili@yahoo.com

The sufficient conditions are established on the one hand, by the topological methods and,
the other hand, by the bitopological ones, under which a topological space is a D-space [2].

Definition 1. A neighborhood assignment on a topological space (X, 7) is a function
¢ : X — 7 such that x € ¢(z) and, a bitopological space (X, 7y, 72) (resp., topological space
(X, 7)) is an (4, j)-D-space (resp., D-space) iff for every i-neighborhood (resp. neighborhood)
assignment ¢; : X — 7; (resp., ¢ : X — 7) there is a j-closed and i-discrete (resp. closed and
discrete) subset D C X such that UD ¢i(z) = X (resp., UD o(z) = X).

xre Tre

By [1], a topological space (X, 7) is an I-space iff its derived set X? is closed and discrete.

Definition 2. A bitopological space (X, 7y, 72) is an (i, j)-I-space iff its j-derived set is
j-closed and i-discrete.

Theorem 3. Every p-connected (i, j)-I-space is an (3, j)-D-space.
Corollary 4. Every connected [-space is a D-space.

Let ¢ = {¢s}ses be the class of all neighborhood assignments on a topological space (X, 7).
Then a binary relation <, defined on ¢ in the manner as follows: &1, ¢ € @, ¢1 < ¢ iff
o1(z) C ¢o(x) for each point x € X, is a partial order on ¢. Evidently, this partial order is
linear iff for each pair ¢y, ¢ € ¢ we have ¢;(z) C ¢o(x) for each point = € X or ¢o(z) C ¢y ()
for each point x € X.

Theorem 5. If for a topological space (X, 7) the class ¢ of all neighborhood assignments
¢ : X — 7 is linearly ordered and there are topologies 71 and 75 on X such that sup(m, ) =7
and (X, 1, 7) is a p - D-space, then (X, 7) is a D-space.

References

1. A.V. Arhangel’skii, P. J. Collins, On submaximal spaces. Topology Appl. 64(1995),
No. 3, 219-241.

2. E.K. van Douwen, W. F. Pfeffer, Some properties of the Sorgenfrey line and related
spaces. Pacific J. Math. 81(1979), No. 2, 371-377.
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Characteristic Classes of the Lagrangian Distributions
on the Symplectic Manifolds

ZA7ZA TEVDORADZE
International School of Economics, Thilisi State University, Tbilisi, Georgia
zatevd@gmail.com

Let m : E — M be a vector fiber bundle with dimension n = dim(M) = 2k and let us
assume that there exists non degenerate section w € I' A2 E*. Then on F exists (1,1) type
tensor field J (almost complex structure), that for two arbitrarily chosen sections X,Y € I'E
we have w(JX,JY) = w(X,Y) and (0,2) type tensor field g : (X,Y) — w(X, JY) is positively
defined.

Let 7|y, : Ly — M be a Lagrangian subbundle of the bundle 7 : £ — M. On E there
exists a connection V; with respect of which g and J are parallel tensor fields. Locally this
connection has the view: ' '

Vie; = Q{iew (01 = _‘911']')’
where (e;); is an orthonormal basis of fibers of L; with respect to g. The curvature matrix
of this connection locally is defined by formulae
O, = dby; + 03, A0, i =1n.

Now let us consider another Lagrangian subbundle 7|7, : Ly — M of the bundle 7 : E— M.
By V, we denote a connection with respect of which g and J are parallel tensor fields. Then
Vi — V3 is a tensorial 1-form. Let us denote this form (matrix) by « and let us consider the
variation of curvature form (matrix)

Q=1-) +tQ +t(l —t)aAa,
where ¢ € [0, 1]. The differential forms

1

h+1 V —1 i1 Jan—1 i 19
Mh<E7L17L2) = (_1> " (27T)2h_1<2h— 2)] /((5311,“1»;}:110@1 /\Qtj2 A
0
S ANQEYdE, h=1,2,3. (1)

are not depends on choose of J, Vi and V5 and correctly defines de Rham cohomology classes
pn(E, Ly, Ly) € HY 3(M;R), which are called as Maslov-Hoérmander classes.

If £ C M™is a Lagrangian submanifold of a symplectic manifold (M™,w) with Lagrangian
distribution L;, then cohomology classes uy(L) = un(T M|z, L1, TL) € H¥=3(L R) are called
as Maslov-Hormander classes of manifold L.

Theorem 1. Let £ C M™ be a Lagrangian submanifold of an almost bi-Lagrangian mani-
fold (Mn, W, Ll, Lg) Then /Lh(TM|L, L1|5, T,C) = /Lh<TM|L7 L2|£7 TE)

So, for the manifold £ there are correctly defined cohomology classes (L) € H¥=3(L,R)
which we will call as Maslov-Hormander characteristic classes induced by almost bi-Lagrangian
structure.

Theorem 2. If (M" w, Ly, Ls) is an almost bi-Lagrangian manifold, then p, (T M, Ly, Ly) =
0, h=1,2,....

Theorem 3. Let (M",w, Fi,F;) be a bi-Lagrangian manifold and N* is any folium of the
foliations F; or F,. Then yu,(N*) =0, h=1,2,....
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Continuous Cech Cohomology
LEONARD MDZINARISHVILI* AND LIA CHECHELASHVILI

Georgian Technical University, Tbilisi, Georgia

amyrocher@yahoo.com

Georgian Technical University, Tbilisi, Georgia
ch060971@hotmail.com

Unlike the ordinary Cech cohomology where a group of coefficients is abelian, in this paper a
continuous Cech cohomology with coefficients in a topological abelian group is defined.

It is proved that for compact spaces and any topological abelian group the continuous Cech
cohomology satisfies all Eilenberg-Steenrod axioms and continuity axiom, except the excision
axiom.
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However, if a group of coefficients is an absolute retract or Q"G, where G is an AR, then for
compact spaces the continuous Cech cohomology satisfies the excision axiom.
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Topology of Configuration Spaces
GIORGI KHIMSHIASHVILI

I. Chavchavadze State University , Andrea Razmadze Mathematical Institute,

Thilisi, Georgia

We present a number of results concerned with homology groups of configuration spaces of
planar polygonal linkages. First, a general method for computing the homology groups of
intersection of quadrics will be described which enables one, in particular, to find the homology of
configuration spaces. Next, a general estimate for the Euler characteristic of configuration space
will be given which appears asymptotically exact. Finally, several concrete examples of such
computation will be presented in the case of planar pentagonal linkages.
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B. Cecanze, B. Kexenanse
I'pysunckuii mexnuueckuil ynusepcumem, Tounucu

I'eomeTpuyeckoe MoJeJIMpOBaHHe M rPpauyecKue MeTOAbI pelieHUs 32124

FCOMeTpI/I‘leCKOC MOZICIINPOBAHUC JIF000T0 O6”[>CKT8_, TaKKC KakK 06mee MaAaTEMATHUYCCKOC
MOACIIMPOBAHUC, ITOAPA3YMCBACT YCTHIPC OCHOBHBIX OTalla:

1. IlocTpoeHne reoMeTpUYECKOW MOJEIIH.
2. HUccnenoBanue (aHaJIn3) MOJEIH.

3. HM3yueHue rogHOCTH MOJEIIH.

4. Koppekuust MoJemu.

IIpy mocTpoeHMH Te€OMETPHUUYECKOW MOJENu, Kak MpaBHIO, pPa3IUYaloT JBa BUAA MOJENEH:
rpaduUecKyro (TEOPETHUYECKYI0) U IKCIepUMEHTaNIbHY0. [ padmdeckne Moaenu crposrcs Ha Oaze
TEOPETUYECKUX 3aKOHOMEPHOCTEH 00BEKTa; IKCIIEPUMEHTAIIbHBIE MOEIH MOJIyYalOTCs ¢ TOMOILBIO
BBISIBIICHUSI CBOMCTB MCCIIEyEMOTO 00BEKTa — U3MEPEHHM MMapaMeupoB.

MeTtoa reoMeTpuYecKOro MOJAEIMPOBAHUS, CBOISAIIMNA MCCIEIOBAHUE SBJICHUN BHEUIHETO MHpa K
MaTEMaTUYECKUM 3a/a4aM, 3aHUMAeT BEAyIee MECTO Cpeau APYTruX METOJOB HUCCIECIOBaHMI,
0co0eHHO B CBsi3u ¢ mnosiBieHueM OBM. OH Mo3BOJS€T HPOEKTHPOBATH HOBBIE TEXHUYECKHE
CpEICTBa, pabOTaIOLIME B ONTUMAIbHBIX, JJI1 PEIICHUS CIIOXHBIX HAay4YHO-TEXHUYECKHX 3aj]ad,
IIPOrHO3UPOBATh HOBbIC ABJICHUA. [ 'eoMeTpruyeckre MOJENN MPOSBUIN ce0sl KaK BaXKHOE CPEJICTBO
ynpasieHusi. OHM NPUMEHSIOTCS B CaMbIX Pa3jMYHBIX OOJSACTSAX 3HAHIHUS, CTAIW HEOOXOIUMBIM
anmaparoM B 00JacTH 3KOHOMUYECKOIO IUIAHUII=POBAHUSA M SBISIOTCS BAXKHBIM 3JIEMEEHTOM
aBTOMATHU3MPOBAHHBIX CHCTEM yIMpaBieHUs. Bce 3To 3apoamiio MosBiIEHHE HOBOI'O HAIPABIICHUS
[10J1 Ha3BaHUEM KOMITbIOTEPHOI rpaduku.

45



300)J33BN3IAN 30600)RIdd RS 350)J3dBN30L OLBMM®HNS

MATHEMATICS EDUCATION AND HISTORY OF MATHEMATICS



oM 3Mmbs L3 3MPHYET0o QoMGBRIHBIBIO
DO9Homgd0L Msombgdol gmedmegdo
5350560 Bg0©H brmgs®ol dy
;s HMLmaggarols bobgardfogm MboggdLo@g@o

L593bgEA0  J9MGPRIbIBMo ffMghodo gfimogds [OghoML, GMmIgwog gbgds goHm
3390©L 5 E65MRIHO MMHOL QoML GdSL.
Lod3Mbgdo  Pobobmo s Q9MYRIbIBMmo  [EghHoMgdol Moo mLigdol
3900bsM3W g0 BMOHIMGd0 Fo09853H039O WoBIMSGHIMST0 335d3L d90g0:
S S S S
r=—, "= ,  hp=——— o =—
p p-a p-b p-c
domm3zmmbs  LodzMMbgobmzol 3593l BsbsbBywo  {Ogfiodol  Gsomliols
3990bsmM3 g0 MROM JoMEGH030 BMOTME0s:
a+b-c
r= .
2
059653 56 560l AbO3LO BMOTMGIO 25MghsLIBMO [OHoMOL MoEOMLGdIOLIMZOL.
B396 99m309435690m gl BMOIMWd0, 39MIME, ©O9359}30(390, OMT  FOHDIMMbY
L593PbgEA0  oMghsbosbmwo  [iMghoMgdol  Moomligdo  Qodmom3zmgds  d9dgao
RMEOHINGd00):

c+a-b c+b-a a+b+c
r,= N N .
2 2 2
50bs603b5305, ™I gb BMOIMEGOO 56 0GOS DRSOl 45FsMEH03900m, F00MIdS
MMO@M@©  do0sh  FoMEGH0350 @5 $FoFM™I 3960 0g6gds oo dgBobs  Loligmerm
LobgEddM3z569w™do.

@0oGIOGIOS
1. A. O. Hlxnapckuii, H. H. Yenmos, M. M. frnom. M36panHble 3afauyu M TeOpeMbI

3JeMeHTapHOH MaTeMaTUKHU. 9acTb 2. Mocksa, 1952.
2. T. H. fxosnues, Iloco6ue o matemarnke, HayKa, 1985.

47



Bo@ Mo m® M03b390Dg 9M0m3E 030 dmddggdgool

09600 B593d3eols BMyogHmo Logzombo
03I 653dMdJY

5. §96gmob bobgwdfoxgm mboggdlo@gdo
Jm050b0, LodsGrzgem

BodmMowm@mo  Gogbgzolb  369gds  FomgdsBolzol  9mHm-gmHmo  doMOMI©O  (369d59.
BoG Moo MHoEbzo 29635MEJOM0s OHMAMOE 95350090 LLlGMEo LodMmsgzeol
3900bscnHo MHobgz0. bos@GmEowwe Moabzms LodMogwg Ho®dmoagbowo dmbgdcmogzo
60000 0{9ds by MMoe® A()30M0350.

3399 Lo30bBY  396EMMOL SHMO J0MHOMIIE FoTsOMM0s 0dgm3gb ™I
Mobzgdbg  9mgdngdgdo  Fomdmoagbowo  gmgowoym  LodMI3ggdBg  Lomsbowm
™3965(30900L  LYFMOEgdom.  dmbligbgdsdo  AsbbowIMwos  BodMGow®  MHoEb3zgd by
500mIY3H03o dmddggdgdo: 8936905, odmMm3Egds s 2odMms3gds. F50 LsxgwYdlzEs©
©90M: 965193390 BOIMOZEGMS  499M0569d0L, LoIMS3eol s dobo  Ly3MPMHOZ0
Bsffoeols bbgomdol s LodMmsgzargms ©Y39OGHIO BsdEMmsgwol M3gMo30gd0. LOIMHZEGMS
3996000056905 5M0L,  BoGMOOEmEm  Mogbgms  893M900L  MgMOoo  Boggwydzgero.
LodMS3col s Tobo  LogMMMogo  bBoffools Lbgsmds Mol bs@mGowwe  Gogbgms

399030 gdol mgm®mowo  byxdzgEo. BoIMIZWGMS  ©IZIOGHVIO  BIFMOZE0  SMOL

39965300l MgMOoMEo  byxgdzgwo.  asbbowremos  BoGMowmm  Gogbzby
dmg0990900L ™30L90900.

48



bmgog@mo LESGOLE0ZYD0 dmbsigdo Ladslfsgergdemm 39@lgdols
> 0bLA0HYAIO0L dglobgd XIX Loygybol Lsdo@mggemdo

. 330049, @. 3™Md03I®H0II
LoJo@mggenml Ggdbogn®o 9bogg@lodgdo, mdogmoblo, Lsds®mggenm

doblgbgosdo  dm@obogro  0dbgds  bmpogdmo  LEsGobGogy®o  ©s  olGm@oywo
3oJBobsdodmggeremdo XIX Loyggybols aobsmangdols LoliGgdols dglobyd.

LoobBgmgbms  LEsGolBogg®o dmbsigdgdo agm@ol Lodolfogmgdanm  Lgdobs®ools dog®
1879-1901 §a0gddo godmdggoyen dolifogangdgamms dglobgd.

bAo@olRogsdo dmigdgmo dgegaoE: g0mgbgdol dobgogom sdmdggdygen dolFogen gdgen-
0o Aol goggobools dbodygdo wodswgdbymmo @OyYlo gamgbgdolos 44, Josdmggero — 117, dom
0@l Jodmagegdo, gobgangdo, 0dg@emgdo — 111, yy@yamgdo — 6, Lmdbgdo — 64, msm®gdo
— 108, dmogamgdo ULyer — 28, dom dm@ol olbgdbo — 9, @g39d0 — 6, osgxgbsbgdo — 6,
godo@mgemgdo — 3, bgddgbgdo — 1, JobGo — 1, Lbgs gomgbgdolbsbo — 22, oo dm@ol:
290dobgangdo — 3, dg@dbgdo — 16, godpaobo — 1, dgadgergdo — 2, 0@sbgaro — 1.

39 dggdyems dsm dm@ols 3°dmdggogmms doo dm@ols
vy Goibgo 3°bgmzoe gdosb g ®obgo 3obgmazoe gdo©sb
1879 6 _ 1891 14 7
1880 14 _ 1892 14 5
1881 19 3 1893 12 5
1882 26 ] 1894 13 5
1883 16 7 1895 17 6
1884 19 3 1896 17 6
1885 27 6 1897 14 6
1886 18 3 1898 16 5
1887 19 5 1899 16 8
1888 13 3 1900 19 4
1889 20 6 1901 18 7
1890 2 6 begeo 373 113

Lo@{dybmgdols dobgwgom do@mdswowgdgemo — 194, Lmdgbo g@oam@osbgero — 61, Limdgbo
3omm@ogo — 3, cogmg®obo — 3. Iglgendsbo — 123.

1901 Faool 31 ds0bl Lgdobs@osdo o@oibgdbmes 98 Jml{ogang [80], [119].

1911 fanobosmgol goggolbool mendol Lalgmanm Jlgaro dgdwgao ©odgdiEogdomn ogm Fod-
Joagboo: dsJm—omglGbol wodgdEos, Jymsobol odgdaos — dsmydobs s Lembydol
o@dgdom (gl 9gobsligbgeo 1912 Feosb ©sdmyzoegdgemo 0bldgdios). mdoaolo-g®ggbols
0bli3gd309, go@lol 0bldgdios m@o @sombomn s dsgobwgoldo®s 0bldgdioo.

3o0s 5dols AoEsfyws gogs@mmgdygmoygm bolgmamm Jlgamo ©s dgueabgb gowgi go-
5F9390 00 gdol gobbm@dzogamgdsls joggobools dgdogy Joensdgd@o: sengdlsbo®mameano, obs3o,
d5Jm,  geooogeggobo,  agmdaoggligo, a®mbbe, dsogmdo, begm@mbooligo, LEsgdMm3meno,
ndogolo.

1909 (9ol 3oggobool Lobfoganm mendol 3b@ybggerols byanddmgsbgermbomn dgwys htwo-
g 3og3olbools  LEsghm3mmols  a9dg@bools  ggdsbols s Fgdol  mandgdbols ©s do-
30bmgolidod@s g9dg@bools Lobsanbm Lalifogengdagdols 0bldg@mdgdols ©s ©odgd@mmgdols
050d0M0.

1912 §anols 26 0gboll — 6 ogaroll J. dm@xmTo hs@odms wodgddmdgdolbs ©s 0bldgd-
AM@gdol dgm@g  mombdodo, GmIganbgi woobsbs Lgmamgddo Lfsgmgdol aomdxmdglgdols
abgdo, Eols Fgbdoado owpas sp®gmgg Lfsgmgdols  gmb@@menols  Lsgombo. dmbligbgds
23003905 Lomendm  0bl3gdBm@ds  o.0.Lgomgoblgod. dob  s@bodbs, M3 yggesby  LylGo
dmdbowygds  9hggbgl  Jymsolols (bmbol) Lodolifogmgoeem  Lgdobos®osdo dgdbgangends od
Ssbogasb®gdds, OMAegddso ©osdmag®gl  Jymsolol audg@bool wsfygdomo Lolifogengd-
@gdo. Lgdobs@osdo Jgbobigangens  Fg®om asdmiEpgdby gobyas 110 dmbfsgang, bgdom
2odmEEoby  ©odggdyge  0dbs o aoog@dgans  godmigdol hododgds — 48 Jmb{ogangd.
dmdbligbgdgands  dbdgbganms  gy@omgds  dosdy@em  dmbfsgamgms  dog®  odmdgmegbgdeya
G03096 bocggbgol.

49



oo obyy bohggbgdgeo ao33900emgdo s domo sbosgobo
XIX Loyygubol Lodo@mggermdo

. 63A0dJ, &. 6MB06IMNOII, @&. 35860dJ

Lodo@mggermlb Ggdbogy®o 9bogg@lodg@o, mdognolio, Lsjs®mggenm

358g5bools  Lobfogenm  mendols  3bGYbggemo  maenJol  Losdygogoem  Limengddo
domgdo@ogol Lfsgangdsdo dow{gggdmseb gomow dgbodbogl bmyogmo bodggbl. @ols
dobgbo obogasbdws Islfsgangdgams s@sbsgdo®@olo dJmdboswgds oym. momdol
3005300  Lgmaol dg@bosb 39300 sboaasb@s dgogdes bganls o3 ddodg ©o
dgBo  3obygbloggd  Loddgl,  odo@md  db@ybggends  yosfygods  Limenrgddo
domgds@ogol  Lfogargdol  goydxmodglgds. o3 dobbom 1907  Fgeols  dgo]dbs
b3gioo@yg@o  gmdobogdo Lbgowolbgs ULolfoganm o glgdyegdgdmsb domgds@ogol
doli{ogag-dgems dmbsfoan gmbdom.

1912 Fgaol  3bOYbgganol  aobgodpygemgdom, o3 3mdologbol Js@sggery@sw,
35345b0ol ggges 3963 Do, Lowsi Medmegbody Lodygomm Lolifogem ©sfglgdyan gds
040, hsdmysodws Logtmm gmdolos, o3 396]@do Lbgowslbbgs Lgmangddo dmdydsgy
domgdo@Bogol dolifogangdgams dmbsfoagmdom.

3odmi3gdgemos  dOmdgdo  1911-1912 Lobifogerm (el domgds@ogzol  Logbmd®ogo
3™dobools  dog®  ho@dodgdygmo  Igdomdol  dglobgd, @mdgelsi  mogo  dmyys@s,
Mgs]BoMgds  ao93gme  ©s  asdmbie  bymbs{gdol  gRegdom  mdogolol dglsdy
35905 20dbsbool woMgJBm@ds . 3. 3M3gMgbima [94].

3™dobogdo  bdoGow oSFymdebgb domgds@ogzol oo, Lohggbgdger 53390080900,
dmyggobogoo skgmo  25339m0e0gbdols sbogobol ™Jdgdo, @OmIgemspsh ws{g@oagdom
2306 2odMgo@dobmm 53 bodOmIdo  Logzgmgbme  smos@gdyeno, obiggg b93@o
bogerols dJmbg Msdmgbody goz39mogols gomdhggol mJdo. sbggg dmgeng sdmbs§gmgodo
Lbgowolbbgs gmdobosms dogd ho@omgdygao bbomdgbol mddgdowsb.

930bmdogg®o bobosmols sdmisbgdo s domgds@ogols
LY ogegdols doboos@bo XIX Loysnbols Lso®mggenmdo

®. 6506043, o. IMLOJII
bsJotrmggmmls $§gdbognéo mbogg®lodgdo, mdoralo

1879 gl 9gddboem  Jotrmggmms Feadols Fods-zombgol  asdsgdisgergdgmo  Lsbmasemgdals
bmemgdol mob asbymagomgdsdo s@omdgBozsls s 3@sddognm agmdgd@osl gmdmdmes 6 Lssmo
33060380 gmggm  asbgmaomgdsty, smaqgddolsmgol Il s IV 3msligddo gsdmgmagomo ogm 2-3
bssomo, ggmdgdtoobsmzgols I-III 3emsligd8o — 2-2 Lssmo, bogne IV 3emsli@o — 3 Lssoo.

300393030l Beagse 3O do  dsbsems  gmsligdby doGomswse sy bsfommegdmes:  dmbsdbs-
g0  asbymiz0mgdgdby dmbegmgadl mbes asgzmmo mmbo  sGocmdgBozmnmo dmdgegds dogem
0363909, O lmmo  bssbgs®0dml  bdsegds, sdm(3sb6960l  FgPomo s 3sbLsgnmegbom, Bgdomo
sdmbLbs, 3s3¢o3mgdols  Bedmems Bdodse  Lobdsto  bmdgdo  (Blnmo ©s  JsGorgmo), mnbo
sG0mdgdogmmo dnddg-egds Bgeagborm Lebgmegdnm Goisbzgdby.

I gmobo: 1) mobo stomdgdognmo dmgdgegdol gsdgmegds gogqboen  Lsbgmegdnem  Go-
Y370ty @8 8dm39696T0.  2)  sofjoemsgdo,  Bgestigds, dmg-dgegdgdo  dsoby.  3)  dsé@Bogo

Fomawgdo, (glogdo, ssFgbogeo, dgdgnmo, 933939, FgsMgds, dmigdnmo Goibzol bsfoemols
3036, bsfoemon o3B30l 3c3bs, dstB03360336gmm0s60  Fomsmgdol Bgz@gds. 4) dstBogzo ©d

50



dgagboemo Go3bzgdo, gegmagsmdals 6036930, Go(3bzol Esdms dstBog dsdGsgmgdse, by, ©s
..., Fomsegdol g361905-3590 3emgds.

II gemobo: 1) 1 gemsl@do 6sbffogemo dsbsgmols 3sd3gmegds. 2) soffomsegdols aswsdigss h3g-
Memgd®03  Jomswse s 3oodon (60  Fgdmbzgzs), Lsbermemo, qlslemme,  3gGomememo
soffomsegdo, (dobes ©s dgdgnmo 3g@omeamo soffomaswgdols gemsdisgss hggmnmgddog fomswsw.
3) Lsbmdos Iggeoznmo boliggds. 4) se0mdgdogmnmo ©s 39mdgdonmo msbsgstrmds.

I gemsbo: 1) 36m3968)900L §gligdo. 2) osdsligdgdol sbas6080 (3mdg@iomgmo). 3) xs33mco
Fabo. 4) s3bsbsgmdol Fgligdo (3m3mGionmo asgmays). 5) dgdgnmo Falgdo (I s II g3s60b).

IV gmsbo: seomdgdozol dogmo 36 lols gsdgmégds.

Omame3 3bges3m, oo swaomo 843l smdmdomo 836565330l [qlgdmsb®, ,msdslindgd-
0s6%, ,,b8ddsy  Falbgdmsb™  ©s3s3806gd e Lsgombgdl, Gmdgmms  Lfegmgds  Lymemgddo  oeg-
396gmo  93mbmdogn®o  Lsgombgdol dmbBmgsggdols ©s Lsgodmgdols 306mdg6do(3 o6  0dbgdmes
aG0am.  Gegdol  3s63s3mmdsdo bemd 83 Logombgdls  asiz@omsz o6 sblighgdebab  LaBmsemm
b3memgddo. Lsdgeboghme, mgobsmgol dwamdsdgmds dgozgems ©s bgmegddo 0339 olfegemagds
93m6m30g0l  Lsgombgdo. LsdsbOm  93mbmdogsl  dmbfegmyg, sbsmasb@rs Lsdngsmm  bgmmsdogy
Mbes  30BosOMm, GoEash bimmsdo 3 bsgombgdols Lfsgmads e 9dnsmm, gi6m |, byggns®,
RO 3bmbgdby sgqdmmo 0dbgds, 3539 O™l 38393l MmagoEsbzg g30bgds, M Lszombgdols
(ORbss 5309690 (3bmggdolsmgol, ©sobsbsgl 393306 Lsgsbls ©s (3bmgagdsl Tem@ols.

BOLZMEM BogvboboMEGdM 3GIM(39L0L BMY0IMO
5939500 36-:d9dol dgbobgd
3IGSY BMBOYZ0L0)

LogoM»39WMb L3oEMOsMJML {0 b

30639 Hm9dol bob. Jomoeo MbogzxmboGgd o, Md0EOLO,
LogoMm3z9wm

guram@mezera.com

9dmblinbgd5d0 2556500BGIMW0s F539d5EH030L 99559500 dmddgo Loligmem 3MMyMsdols
doM0MIO 3O0MMOEGHYBHI00, b0 Lobgurdm3zsbgwmgdols d9ddbols s g3mbdiombotmgdol
36MHm3qLo.

boByoldmmos  Lobjogerm 29399008  ©obgghoBg  FMTomdolols  39RMYgOMD
05658960 MdOL oo 3b0dzbgEMds.

396bomwos dmbifogewggdmsb, d8mdEgdmsb, Lolfogwm 3MHMAMTGOMb s ™300,
Lobgerddm35690MgdMB FoLogwrgdgerms M0 MEGdOL 9GS MMO Lszombgdo
@5 LooBFsbsMEdMm 3MMmi3gbdo  IMLHogerol Gmero, dol doge dowfgmmo FggyoL
360093690 mds.

0o00mPabo0s 0l 3O:MBdWYdgd0, M3 SBWHZL sHIEO Bolifogwrm mMgdsdolol, Labfagerm
30m3gbdo  9bsEro  IM30EIOGdOOL  ©sT3300MYOL,  3MEBOL  MmEIbMdOLs o
360l ba®olbol MOm0gHmsdm 30070990530 3M0MmMOEJGHJI0L 4obLsDBLIML.

dmbligbgdsdo FomBmagboos 58 3MMdWGIoms sbseoBo s F9Imme35HYdMW0s
350 255FMH0L Gglsderm 3Bgdo.

51



dmbogergms ©s3MY30009090 SHMM36900L ob30mot1gds sAM-
396900L 5079853039960 Hodmaqbols Lsgergdols
L5395 G000)

©030@®M0o gmIbgmgerosbo

5. §9609gmeols Lobgadfozm «bogzgdlo@g@o, Jmmsobo, bads@mggam

L530bOL  EOLAOLSL,  9Y(30€GdYJ0s,  39LFOgerMo  JMUFegzerggdl  STMFIbYdOL
©53M93000g0S© 5dMblibs, MM o0 19350 F9deMb 533560l sdmbLBOL bg®bol dmdgdbos
59 O™ §o6dmoddbgds Bbgsslibgs Lodbgeny.

090Lsm30L, G®MI 5dm3sbs, dolbo sdmblbol dogds, godmygbgdmwo odbgl dmbfsgergoms
3BMH™36900L, B0 IM30009090 FMTomdol A9630MGOOLIMZOL byFoMMs, Tgdwds-
30096 53mE36oL sdmMoblbol dogdol BmasEo baMbo, HMIgwwos Mbs 939bLbsm, 5©039959-
@ ImbHogwrgqdb.

530l AoLorf935 F90dEgds 25dmyqbgdemo 0gbgl Lobgwddwgsbgermdo dmmogligdy-
o 59m3569003, ®MIgoE 259mmdmdsgqdl dmbfsgzarggdl (B39bo ©H33063930m) MRG®
M0 59Mm 356930l $3MbLBOL MbIOV, 9.0. §3b3005M9gdL Foon HTMY30JOJ SBOMZDY-
dsb.

"BLOJMEMAIOOLS S 399PMY-09NMEOLEHJOOL Joge BoBoGMmOVIEO 450M 3393900
Lo93MAZzgeDY 9500MGOME0s, MHMI JMUFogerol Jogh TsLoerol SM30Bds MBOM J35OYSQ
3000b5MGMAL 565 LY AIM3569EMBY OYMHBMBOM 96 ToLfogergderols Lorgdemols 990-
@92, 90599 IMbFogerol 30650 33935 — d0gdol 3MMm3gLdo, GOl M™L Aol gd-
W05 M30LBBWSE P96530MOML M30L0 F99mMJdxId0MO 5JGHOIMOMDS".

Mg dmbHogerols oge 306Ms© 33e1935-30905LmSb 335d3L Logddg, MHMLSE oL sTm-
3965L oMM 9bL Fo0985¢03M9 s 390009y 9990l Job 2o6BDMYsgdHdL.

59m39bols 3500985303900 FoHdm©agbs 49bLs3MPMYd0m 03 Lodbgerggdol sdgrgzsdo
3396856935, B3 ©. 3005L JogH F9IM™o35HdME0 STM35BOL sdMbLBOL dogdol bdgdol
30639 9B3L — "5dm3sbol slids s JoLo F0bssOLOL 56O 5030Lgds" — sbolinsmYBL.
LGoG05d0 dmygzs6005 M) G5 Lodbgggdo Tgodwrgds sbeIL 58 30039 9BHO3L s OM-
3™ 990dgds ©S0dEoml 0bobo 53Mm3560L Bomgdo@03 Mo Homdmeppgboo.

52



Representation of Numbers by Certain Quadratic Forms in Seven and
Nine Variables

TEIMURAZ VEPKHVADZE

Iv. Javakhishvili Tbilisi State University, Tbilisi, Georgia
t-vepkhvadze@hotmail.com

Some entire modular forms of weight 7/2 and 9/2 are constructed. The Fourier coefficients of
these modular forms have a simple arithmetical sense. This allows one to get the Liouville type
formulas for the number of representations of positive integers by positive diagonal quadratic
forms in seven and nine variables with integral coefficients.
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Probability Theory and Business Statistics for Students
A. MOSIDZE

American University for Humanities

To someone who has never taken a course in statistics, the work of a statistician is often
misunderstood. Many think the job of a statistician involves nothing more than clerical operations
such as summarizing data, computing averages and percentages, and making charts and graphs.
Others see the statistician as special kind of mathematician dealing with a subject most people can't
understand and all find boring.

However, the typical statistician finds fulfillment in the profession, not boredom. The field is
one with great variety and wide application. It is a constantly growing profession, with each new
problem studied spawning numerous other questions to be answered.

With such a variety of perceptions about the work of the statistician, my challenge is to correct
the misconceptions you may have, while creating some of the same excitement for you that the
statistician finds. First, however we must provide a fairly brief definition of what statistics is as a
field of study. That is complicated by the fact that there is much variation in definitions as there are
people who attempt the task.

What |s Statistics
Statistics deals with the development and use of methods and techniques to understand and

explain chance phenomena. Typically, data are collected from a population. The data are then

examined for patterns and characteristics which would help explain the population being studied.

Any process which has outcomes that are unpredictable or uncertain can be better understood
by using the principles of statistics and probability. Consider the following typical examples:

1. The weather at a particular location varies from day to day and eludes exact prediction.
Meteorologists are interested in the study of weather patterns to try and identify the variables
that are most closely linked to the varying weather patterns. If such patterns can be found, more
accurate weather forecasts can be made. Data concerning high and low temperatures, wind
speed, barometric pressure, cloud cover and type, humidity, etc. are likely characteristics to be
studied.

2. Quality control engineers that in any production process there is item to item variability. For
example, the quality of a particular metal part may depend on the temperature of the metal when
it is produced, the metal thickness, malleability, the speed of the cutting tool and its
temperature, and so forth. Data concerning these characteristics might be collected in order to
produce a more uniform and higher quality product.

3. A sociologist is studying the causes of divorce and its impact on the family. A sample of
divorced families is randomly selected along with a sample of families having stable marriages.
Data are collected relative to family sizes, ages of children, income of husband, working or non-
working status of the wife, years of marriage prior to divorce, socioeconomic status of the
family adjustment problems of the children, the children's success in school and society, and so
on. It is hoped that this data will reveal factors that might be related to divorce and its associated
problems.

4. At large time-sharing computer facility the number of users and the length of their computing
jobs vary from hour to hour. The system operator wants to know how many terminals to provide
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the users, how much disk storage users need and what kind of rate structure to provide its users

to encourage efficient use of facilities. Data is collected on the pattern of usage, length of jobs,

CPU times used for each job, used and unused disk storage space. The data are analyzed so that

decisions can be made that will help to run the facility more economically and efficiently.

5. A politician, running for elective office, wants to know the likelihood of election as well as what
issues are of concern to the electorate. A sample of registered voters is selected from the district.
Data about their voting preference, likelihood of voting, age, sex, political persuasion, political
issues of concern to the prospective voter, and other related items are collected. Analyzing the
data will help the politician better understand the political views of the registered voters in her
district.

In these examples, first note the diversity of the settings of the problems — from weather to
politics to business to computers operations. In fact, most fields of study, at some phase, collect and
interpret data — thus utilizing the concepts of statistics. Secondly, each of the examples discussed
above, dealt with uncertainty — unpredictable weather, variations of product quality, unknown
political attitudes, and so on. Thirdly, to help solve the problem, data were collected and analyzed to
detect any patterns, trends and relationships the data might show. The formal methods that are
developed to collect, analyze and interpret data are the subject matter of statistics course. This
course will introduce the terminology and vocabulary of statistics and lay the foundation for
developing data-analytical skills.

On Application of Visual Conceptual Model Based
on Mappings Motion
V. NIKOLAISHVILI, H. MELADZE AND N. TOPURIA
Georgian Technical University,
St. Andrew the First Called Georgian University of The Patriarchy of Georgia,
Georgian Technical University, Tbilisi, Georgia

In order to acquire an information in time and to simplify its structural understanding, it is
important its schematic graphical modeling which is a component of realization of computer
technologies. Depending on different objectives and situation, this approach requires further
perfection. For example, understanding of an information given by the functional relations is
simplified through making the graphs in the coordinate system. An explanation of relationships
(correspondences, reflections, ordering, etc) between arbitrary sets, requires the graphs to be
modified in different forms, that underlies a deeper understanding and development of the skills for
representing a structure in the most optimal way. A novelty of the proposed approach, consists in
finding the principles of selection of the initial stage to make the modified informational diagram
with further generalizations.

Here, the patterns of modeling of transition from simple cases to the complex ones relates to
known or unknown matters with the prospects of their possible generalization. A simplified
generalization of various adjacent themes through analogies is to be implemented in the course of
increasing the semantic load in various directions. An attempt of applying the relation databases
may be considered as one of such directions. E.g., the system of essences to be considered will
create the cortege, while the essences describing system will create a system of corteges. A certain
sequence of grouping the elements by classes is usually more flexible and easily understandable.

Using Euclidean structure in combination with space operations at define various mappings (in
particular self-adjoint operators) we obtain analogical modelling of relationships (consequences) of
analytical geometry.

From point of view of computerized implementation, a knowledge about the problem will be
moved by us into the Object-Role Model (ORM). The ORM is a well-developed tool for a
conceptual scheme design, with describing problem area in-question as the objects, which play a
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certain role. Application of the natural language and the intuitive diagrams (which are added by
examples) as well as description of the problem based upon the elementary facts, simplifies
considerably the process of projecting.

Finding out of this principle is caused by teachingintensification that is a motivation of
effectively achieving of final aims. The main idea of this principle is that object of study contains
elements. In these set of elements as on area of definition are constructed mappings by some
observation in other sets with mathematical structures. Sometimes such correspondences
(particulary, mappings) are given by specially found statistical data. It is accepted, that mappings
are denoted by arrows or by directed curves. In the beginning and the end of these arrows sets of
definition and value corresponding mappings are attributed. Mappings have different properties and
each of them has components: image, pre-image of some concrete value, full pre-image, factor sets
of all full pre-images, sets of “leaders” and so on. It is natural that all possible images and other
components are connected by some relations.

Describing of these relations by using of traditional overloading problems. In our approach
representation of relations occurs by some regularity. It helps to explain teaching material in a
simple transparent way.

The NORMA software for Visual Studio.Net 2008 gives the chance to map knowledge in
ORM model, whence there are generated the SQL code for our database after we have completed
the modeling process.
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Spectral Approximation for Multilayer Prismatic Shell in the Theory
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Mathematical modeling and numerical simulation of stress-strain state of continuum with
complicated internal structure is one of the rapidly developing directions in the mechanics of
continuum and scientific computing. The theoretical principles for studying the mechanics of
mixtures were formulated by C. Truesdell and R. Toupin. Further, various mathematical models of
elastic mixtures were suggested by A.E. Green, P.M. Naghdi, T.R. Steel and others. The
investigation of mixtures is important not only from theoretical, but also from practical point of
view, as most astrophysical, geological and biological structures are mixtures with two or more
constituents. The mixtures are widely used in industry, aerospace and other areas of technology.

Construction and implementation of agorithms of numerical solutions of three-dimensional
boundary and initial-boundary value problems in the theory of elasticity and especialy in the theory
of elastic mixtures is rather complicated problem. Therefore, it is important to develop methods of
approximation of the original problems defined on three-dimensional domains by problems posed
over two-dimensional or one-dimensional space domains. Spectral methods are widely used for
construction algorithms of reduction of dimension of space domain for various problems of
mathematical physics. One of the methods of this type was proposed by I. Vekuafor linearly elastic
prismatic shells. The investigations of 1. Vekua's reduction method first were carried out by D. Gor-
deziani. Namely, for static boundary value problems the well-posedness of the reduced two-dimen-
sional problems for elastic shellsin Sobolev spaces was investigated and the rate of approximation
of the exact solution of the three-dimensional problem by the vector-functions restored from the
solutions of the reduced problemsin the spaces of classical smooth enough functions was estimated.
Later on, various two-dimensional and one-dimensional models of elastic plates, shells and beams
were constructed and investigated applying I. Vekua's reduction method and its generalizations.

In this paper, we consider a linear dynamical model of a multicomponent nonhomogeneous
elastic mixture, which is a generalization of the well-known linear models. Applying variational
approach, we study the initial-boundary value problem for multilayer prismatic shell in suitable
Sobolev spaces. For various boundary conditions along the upper and the lower faces of prismatic
shell, we construct algorithms of spectral approximation of three-dimensional dynamical problems
by sequences of two-dimensional problems and study the well-posedness of the obtained initial-
boundary vaue problems. Moreover, we investigate the relation between constructed two-
dimensional and origina three-dimensional problems. We establish pointwise convergence, as order
of the approximation tends to the infinity, with respect to the time variable of the sequence of
vector-functions of three space variables restored from the solutions of the reduced two-dimensional
problems to the solution of the original problem in corresponding spaces and under additional
conditions we obtain estimates of the rate of convergence, which depend on the order of
approximation and maximum thickness of the layers of multilayer prismatic shell. Consequently,
applying introduced spectral approximation algorithm for fixed order of the two-dimensional
problem it is possible to tend the thickness of the layers to zero and obtain better approximations of
the original three-dimensional initial-boundary value problem, than in the case of |. Vekua
dimensional reduction method.
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In the work by D.Gordeziani, T.Dzhangveladze and T.Korshia (1983) the process of pen-

etration of a magnetic field into a substance is modeled by the system of nonlinear integro-
differential equations scalar and onedimensional analogue of which has the following form:

ou 9 r(0UN® ) ou

=5 |a / — | dr | =—

ot Oz / Ox Ox
where the function a = a(5) is defined for S € [0, 00).

In 1990 Laptev proposed some generalization of the equation of type (1) and received the
equation

, (1)

ou [ r(oU\’ 02U
00
which named the average model.

Our purpose is to study the asymptotic behavior of solutions and finite difference schemes
for the equation (2). In particular, our objective is to give large-time asymptotic of the solutions
of the initial-boundary value problem with homogeneous as well as nonhomogeneous Dirichlet
boundary conditions for the equation (2). We consider case a(S) = (1 + S5)?, 0 < p < 2.
Qualitative and structural properties of the solutions of initial-boundary value problems, con-
struction and investigation of discrete analogues for equations (1) and (2) as well as the same
questions for appropriate systems were investigated by T.Jangveladze and Z.Kiguradze.

Theoretical researches made earlier, show difference between asymptotic behavior of the
solutions for homogeneous and nonhomogeneous boundary conditions. In particular stabiliza-
tion of solution for homogeneous boundary conditions has the exponential while stabilization of
solution for nonhomogeneous boundary conditions — polynomial character. Recently, numerical
experiments show that stabilization in both case has the same character. This circumstance dic-
tated to continue theoretical researches and get exponential stabilization for nonhomogeneous
boundary conditions too.
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The following nonlocal problem is considered:
_ N9, ou _
Lu= i;a)(i (a1 (X9, X) ox j+a(x0,x)u = (%o, X), (1)
X=(Xy,X), X=(X,..,X,) €D, XeQ=(ab)xD,
5
(-a)  fu(u,du=py(%), X=(¥..... ) €D, (2)
b
(b-&)" Julu,du =9, (0, x=(x,....%,) €D, (3)
£
Lu(Xo,X) = 0(%,X), X €[a,b]xT, (4)

where a<§<§<b, f(X0,X), @1 (X), o(X), @(X,X) — are given, sufficiently
smooth functions in its range of definition, D — n-dimensional area with border T’
(D=DUTI), limited by Lyapunov's pieces-smooth surface,
a (Xg,X) > aj =const >0 (i :ﬁ), a(xXg,X) =0, ab=const>0; |- one of variants of
the classical boundary operator.

In the certain conditions, imposed on a (X,,X), a(x,,X) (|=O_n) on average
boundary values ¢;(x), @(X), on value ¢(%y,X) — classica boundary condition, it is

investigated atask in view correctness (solution existence, uniqueness and other properties),
Is studied also the discretization of stated nonlocal problem. Research is based on some

generalizations of Green formulas and the certain equalities, received on the basis of this
generalization.

The research technique is easy for transferring on a case of non-stationary equations.
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Numerical Methods for Solving Some Optimization
Problems of Resilience Theory

D. DEVADZE

Sh. Rustaveli University, Batumi

The paper deals with the problem of optimal control for simple linear differential equations of
the second order with the Bitsadze-Samarski [1,4]boundary condition. Necessary conditions of
optimality are received in the form of principle of maximum. Conjugated equations are constructed
in the differential and integral form [2].

Using necessary and sufficient condition of optimality, the solution of a linear problem of
optimal control is led to the solution of equivalent system of the differential equations. For
receiving the numerical solution of the problem, difference scheme on convergence in a class of
functions, which have absolutely continuous first products, is constructed and investigated [2,3].

For numerical realization, on the basis of necessary and sufficient conditions of optimality, the
algorithm for solution of linear problem of optimal control is suggested. There are given the
numerical experiments on modelling problems. Results of the account are resulted in the form of
tables and schedules.
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Lu +asMu=f, (1)
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Generalized Splinesfor Linear Problemswith a Sequence of
Problem Elements Sets

D. UGULAVA, D. ZARNADZE
Niko Muskhelishvili Institute of Computational Mathematics

A polynomial spline is defined as a piecewise polynomial function, having some smoothness in given
knotes. Such functions represent solutions of some extremal problems. In the case of Hilbert space splines
are defined and studied in the monograph by P. Laurent. For Banach spaces similar problems are studied by
R. Holmes, D.Ugulava and others. We will use the definition of splines, which is given in the monograph by

J.Traub, G.Wasilkowski and H.Wozniakowski [1]. In the terms of Minkowski functional t. of the problem

element set F this condition admits the following form:

Theorem 1. For nonadaptive information | of cardinality m, restriction operator T and yel(F;) an
interpolating spline exists iff the m-codimensional subspace Kerl is proximal in F; with respect to the
Minkowski functional 4 of the problem elements set F.

Based on this result this notion is generalized for the case, when on the space F, is given not one set of

problem elements, but a decreasing sequence of problem elements sets. Generalized interpolating spline
realized minimum not only of metric, but aso of corresponding Minkowski functional. In other words a
generalized interpolating spline exists iff the subspace Kerl is strongly proxima in the metric space
(E,d). This notion was introduced by us [2]. For the well-known normlike metrics the notion of strongly

proximality coincides with the ordinary proximdity, but for the metric constructed by D.Zarnadze [3] the
best approximation element with respect to the metric may be not have the anaogoudly property with
respect to the Minkowski functional.

Naturally arises the problem of the existence of generaized interpolating splines for arbitrary
nonadaptive information of the cardinality m>1l1and ye I(E). For m=1 this problem is equivalent to

the strong proximality for each closed hypersubspaces in arbitrary Frechet space. In the case of Banach space
the answer on this question is given by James well-known theorem according to which a Banach space is
reflexive iff its every closed hypersubspace is proximal, i.e. if there exists interpolating spline for every
nonadaptive information of cardinality 1 and arbitrary ye | (E). In the case of a Banach spaces from the

existence of interpolating splines for arbitrary nonadaptive information of cardinality 1 follows the existence
of interpolating splines for arbitrary nonadaptive information of cardindity m and arbitrary ye | (E). The

problem of (strong) proximality of al closed hypersubspaces with respect to the norm like metrics in the
Frechet spaces was considered by many matematicians. D.Zarnadze [4] have founded the exact class of
Frechet spaces, in which every closed hypersubspace is (strong) proximal with respect to the well-known
norm like metrics. Such is the class of strictly regular Frechet spaces, which coincides with the class of
reflexive quojections. The following istrue

Theorem 2. Let E be a Frechet space, which topology is generated by an increasing sequence of

seminorms {|| - ||} and normlike metric d . Then the following assumptions are equivalent:

a) every closed hypersubspace is (strongly) proximal with respect to the normlike metrics;
b) there exists a generalized spline for a nonadaptive information of cardinality 1 and arbitrary
ye I(E);

¢) the Frechet space E isreflexive quojection.

Some classes of reflexive Frechet spaces are given, in which nonproximinal closed hypersubspaces
exist. Thisis eguivalent to the existence of such nonadaptive information of cardinality 1, for which does not
exist ageneraized spline. A similar result isvalid for the metric constructed by D.Zarnadze.

Unlike of Banach spaces, in Frechet spaces the proximality of all closed subspaces does not follows
from the proximality of all hypersubspaces. Therefore from the existence of interpolating splines for
arbitrary nonadaptive information of cardinality 1 does not follows the existence of interpolating splines for
arbitrary nonadaptive information of cardinality m>1 and arbitrary ye |1 (E) .
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The integro-differential models describe various processes in science and technology. It is
doubtless that study of initial-boundary value problems for these models, construction and
investigation of discrete analogues and corresponding numerical algorithms are very important.

One type of integro-differential systems arise for mathematical modeling of the process of
penetrating of electromagnetic field in a substance. In a quasistationary case the correspond-
ing system of nonlinear partial differential equations by D.Gordeziani, T.Dzhangveladze and
T.Korshia was reduced to the following integro-differential form (Existence and uniqueness of
the solution of a class of nonlinear parabolic problems. Differential’'nye Uravnenyia, 1983, V.19,

N 7, p.1197-1207):
¢
H
aat:—rot [a (/|r0tH|2d7') rotH] , (1)
0

where H is vector of magnetic field and function a = a(5) is defined for S € [0, 00).

Modeling of same process G. Laptev proposed some generalization of equations of type
(1) (Quasilinear evolution partial differential equations with operator coefficients. Doct. diss.
Moscow, 1990, 267p.). Assuming the temperature to be constant through considered body
following so-called averaged system of integro-differential equations are obtained:

SH ¢ 1
ik (// rot H\2dxd7) AH. (2)
0

0
If H=(0,U,V)and U = U(z,t), V = V(x,t) from (1) and (2) the following systems are

received:
oU 0 oU oV 0 ov
-l 5] 5] )
where t 2 2
oU oV
S(z,t) :/ (8:}0) + (895) dr, (4)
0
or t 1

ou\® (v

S(t)—o/o/ ((%) + (8:13) drds. (5)

Many scientific works are devoted to investigate (3),(4) and (3),(5) type models. In our

work the asymptotic behavior as ¢ — oo of solutions of initial-boundary value problems for

systems of type (3),(4) and (3),(5) are investigated. The corresponding difference schemes are

also studied. Numerical solutions of these problems are given as well. We compare numerical
results to theoretical ones.
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Consider following nonlocal boundary value problem. Let us find u(z) € C® ]—a, 0[N C[—a
for which

Au(z) = —(k(z)u'(z))' + (Bu)(z) = f(z), €] —a,0] (1)

/k:(x)u'(x)dw =0, (2)
e

where ¢ €]0, af is a fixed point, f(z) € C'[—a, 0], k(z) € CW|[~a, 0], k(z) > ks > 0, B is a
linear operator which acts from C[—a, 0] into C[—a, 0]. We assume that problem (1)-(2) has
unique solution.

Denote by H4[—a,0] space of functions from Wj[—a,0], each function of which satisfies
conditions (2).

Assume, that f, = (f(z),a) € Ls] — a,0[x R and consider following functional

Fo(v) = [v,0]a = 2[fa, v], (3)
where [, |, [, |4 are scalar products defined in H[—a,0] = L] — a,0[x R and H4[—a, 0] corre-
spondingly:

[w, v] // s)dsdx,

75 —a
£ =z
// "(s)dsdx + [Bw, v],
—£—a
where

{ v(x), if x € [—a, 0],
—v(—x) +20(0), if xz€]0,¢].

oy o), if z€[—a,0],
o) = { o). if =€,
and operator B satisfies positiveness conditions:
[Bv, v] >0, [Bw,v]=[w,Bv], Y w,veC]—a,d0].

Functional (3) has unique minimizing function u,(x) € Hx[—a,0] for all « € R.
Theorem. Minimizing function u,(x) € Ha[—a,0] is a solution u(x) of problem (1)-(2) if
and only if when following equality takes place (Buy)(0) = a.
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Describing the vein-formation in meristematic tissues of young leaves Mitchison G. J. pro-
posed following system of nonlinear partial differential equations (A model for vein formation
in higher plants. Proc. R. Soc. Lond. B., 1980, V. 207, N1166, p. 79-109):

oU 0 oU 0 oU
m‘m(vax>+ay<way)’

D
oV oUu oW oU (
6t__v+f<v8x>’ e +9<”ay>’

where f and g are given sufficiently smooth functions and following conditions are satisfied:
0 <7 < g < Go, 0 <y <gn < Gy v = Const, Gy = Const. Here U is the
signal concentration and V', W are diffusion coefficients for flux parallel to Ox and Oy axes,
respectively.

In above mentioned work some qualitative and structural properties of the solutions of the
initial-boundary value problems for the system (1) are established. One-dimensional analogue
of the system (1) with two unknown functions U and V' are studied by Bell J., Cosner C. and
Bertiger W. (Solutions for a flux-dependent diffusion model. STAM J. Math. Anal., 1982, V.
13, N5, p. 758-769).

The averaged model of sum approximation as well as some discrete analogous for system
(1) are studied by Jangveladze T. (see, for example, averaged model of sum approximation for
a system of nonlinear partial differential equations. Proc. of I. Vekua Institute of Appl. Math.,
1987, V. 19, p. 60-73).

In the present work we study the convergence of the scheme of the type of variable directions
for the system (1) in domain (0, 1) x (0, 1) x (0,7) with the following boundary and initial data:

oU(z,y,t) oU(z,y,t)

LYY ), wERREYY gy,
o |, 7(?) |, n(t)

U(x7y70) = U()(Jf,iy), V(x7y70> - %(x7y)7 W<x7y70) = WO(x7y>7

U,y,t) =0, U(z,0,t)=0, V )

where v, n, Uy, Vy, Wy are given sufficiently smooth functions.
Using usual notations we correspond to problem (1), (2) the following difference scheme of
the type of variable directions:

Ut = (@alj)x + (’LUUQ@)w U = (@ﬁ/lj)x —+ (wﬁgg)y, (3)
v =—0+ f(vurz), w=—w+ glwugy),

with suitable initial and boundary conditions.
The convergence theorem for scheme (3) is obtained and corresponding numerical experi-
ments are done that agree with theoretical result.
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On One Model of Reduction of the Dirichlet Generalized Problem to
Ordinary Problem for Harmonic Functionline

MAMULI ZAKRADZE*, ZAZA TABAGARI,
ZAZA SANIKIDZE AND NANA KOBLISHVILI
N. Muskhelishvili Institute of Computational Mathematics, Thilisi, Georgia

mamuliz@yahoo.com

This paper concerns such actual practica problems as the boundary problems with the
boundary singularities. Dirichlet generalized boundary problem for Laplace equation is considered
in the case of finite and infinite domains. The case of a boundary function with limited number of
first kind break points is meant under Dirichlet generalized boundary problem. In this paper the one
method for reduction of the Dirichlet generalized boundary problem for a harmonic function to an
ordinary problem is given. The method is constructed on the basis of fictitious sources and is
applied to the finite and infinite domains. From our point of view the method is characterized with
simplicity, high accuracy and is oriented on wide range of users (especially for the researchersin
engineering problems). The results of numerical experiments are given.
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An Application of aPriori Estimation Method for a Dynamic Beam
Problem

JEMAL PERADZE, BACHANA DZAGANIA AND GIORGI PAPUKASHVILI
Thilis State University,Thilisi, Georgia
|_peradze@yahoo.com
Thilisi State University, Thilisi, Georgia
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|.Chavchavadze State University, master of mathematics, Thilisi, Georgia
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Let us consider integro-differential equation

B , oBu B, Bw (o mgeu® o NP L Buffw o 8%
e Ve T e T Y ["9 el [axj d“"‘]aﬁ T )y pnpmoe S — 0 (D)
0wz e L Qe b= T,
with theinitial boundary conditions
wlx,0) = ugla), i—“ (2, 0) = uy (x),

)
w0, =u(L.§ =0, Lh(o,n =Lw,9 =0,

D= x=1L, D= t=T.

Here @, 3. v, 8,2 @, T.L and uy(x), uy(x) are some given positive constants and functions. Equation
(2) , which was introduced by Ball [1], describes the behavior of a strongly damped extensible beam.
The questions of construction and investigation of numerical methods for equation (1) are dealt with in
[2]-[4]. For approximate solution of problem (1), (2) with respect to the spatial variable we used the
Galerkin method, the accuracy of which is estimated.
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About One Mathematical Model of the Information Warfare
TEMUR CHILACHAVA AND NUGZAR KERESELIDZE'
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Here is proposed a mathematical model of a new direction of theory of information warfare.
Under “information warfare” we mean using of mass media (printed or electronic press, internet) by
two countries or the union of two countries or two strong economic structures (consortiums) to
conduct purposeful disinformation or propaganda. The union of international organizations (UN,
OSCE, EU, NATO, WTO and others) appears as the third side in this process, the effort of whichis
to neutralize the tension between the two riva countries, sides and cease the information warfare.

The aims of information warfare can be:

- Infliction of losses to the image of the antagonist country - creating the image of an enemy.
Discredit of the management of the antagonist country.

- Demoralization of the personnel of the armed forces and the civilians of the antagonist
country.

- Creation of public opinion, inside and outside of the country, for justification and
argumentation of possible military operations.

- Opposition to the geopolitical ambitions of the antagonist country etc.

In the previous work there is constructed the general linear continuous mathematical model of
information warfare between the two rival countries, considering there is a third —peacekeeping
side. The model regards opposition of unions having both, equal (*yak-bear”) as well as sharply
different (“lamb —wolf”) strength.

The amount of the information, at the given moment, spread by each side to achieve the set
goal, chosen strategy is taken as a searching function. In the private case of the model both sides
conduct information warfare at the same pace and react to the appeal of international organizations
(third side). The third side, in itsturn reacts equally to the intensity of information attacks.

The study of the exact analytical solutions of Cauchy problem for the system of linear
differential equation first order with constant coefficients revealed the correlation between constants
and initial conditions of the model, during which:

1. Therival sidesintensify information attacks in spite of the third side appeal.

2. One of the rival sides, under the influence of the third side, puts an end to the information
warfare after atime (coming of the corresponding solution to zero), while the other intensifies
it.

3. Both rival sides after reaching maximum activity, under the influence of the third side, lessen
information attacks and after the finite time (at the end of the finite section) put an end to the
information warfare (coming of the solutions to zero).

Let’s remark that in the first case we should expect transformation of the information warfare
in the hot phase, while in the second this transformation is less possible, in the third - impossible.

Except of the theoretical interest the proposed model has practical meaning as well. It enables
us to establish real intentions of the sides and the nature of the information warfare by means of
observation and analysis at theinitial stage of information attack.
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Semidiscrete and Discrete Additive Models for
Nonlinear Electromagnetic Diffusion System Taking into

Account Heat Conductivity
TEMUR JANGVELADZE
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In mathematical modeling of various problems of applied sciences systems of nonlinear
partial differential and integro-differential equations arise very often. Such systems occur for
instance describing the process of penetrating of electromagnetic field into a substance. The
study of initial-boundary value problems for these systems, construction and investigation of
numerical algorithms are very actual. Taking into account heat conductivity and Joule-Lents
rule the Maxwell’s system, that describe the above mentioned electromagnetic field diffusion
process, has the following form of nonlinear parabolic equations:

9 _ U (rot H)? + div (k grad 0) |

ot on (1)
— = —rot(v, rot 0)
ot ' ’

where 6 is a temperature, H — vector of magnetic field, v, and k are physical parameters. As
a rule coefficients v, and k depend on unknown function 6.

It is important investigation of initial-boundary value problems for system (1) by the split-
ting method. In particular, it is very actual to consider and study additive semidiscrete and
discrete methods. These methods are based on following two models, that are constructed on
the bases of splitting initial problems into physical precesses:

OH o0

i —rot(um(g) rot [A{J), % Vm(g) (rot ﬁ>2 (2)
and ~
(;f = div (/1(5) grad 5) . (3)

System (2) can be reduced to integro-differential form, investigations of which dedicated
many scientific works. This reduction at first was made in work by D.Gordeziani, T.Dzhangve-
ladze and T.Korshia (Existence and uniqueness of the solution of a class of nonlinear parabolic
problems. Differential’'nye Uravnenyia, 1983, V.19, N 7, p.1197-1207).

We study one-dimensional case of model (1) and it splitted analogous (2),(3). The semidis-
crete additive model as well as finite difference algorithm of parallel counting are constructed
and investigated. Analogous questions for (1) type model were considered earlier in the work
by I.Abuladze, D.Gordeziani, T.Dzhangveladze and T.Korshia (Discrete models for a nonlin-
ear magnetic-field scattering problem with thermal conductivity. Differential’nye Uravnenyia,
1986, V.22, N7, p.1119-1129).

Finally the results of computing of model problems are given.
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Analytic Theory of Differential Equations
GRIGORY GIORGADZE
Thilisi State University, Department of Mathematics, Thilisi,Georgia
gia.giorgadze@tsu.ge

In the present talk, attention is focused on the nonlinear equation of mathematical physics.
In the nineteenth century, Bocher and Klein have established the following heuristic principle:
the main equation of mathematical physics are obtained from a differential equation with five
regular singular points and the following properties: a) difference of exponents for each pair
solutions of singular points is %; b) equation obtained by confluence of any two singular points
has four regular singular points with arbitrary exponents differences; ¢) equation obtained by
confluence of three or more singular points is not regular and has the unique defined form (see
for example [1], [2]).

Many nonlinear differential equations encountered in field theory are solved using inverse
scattering method (mostly for 141-dimensional theories) or Penrose twistor transform methods
(Yang-Mills and Einstein equations in 4 dimensions.) Characteristic features of both these
methods is investigation of nonlinear equations as integrability conditions for auxiliary linear
systems. Algebraic characteristics of the nonlinear equation can be characteristic classes of
vector bundles induced by the linear system, their monodromy groups, etc.

A partial differential equation is integrable with the inverse scattering method only if the
nonlinear equation obtained by the exact reduction of the initial equation has P-property (this
means that the nonlinear ordinary equation has only fixed singular point, i.e. is a Painleve
equation).

Fuchsian equation of second order on the complex plane having three or four singular points
are well studied. For example, such equations having three singular points is known as the
Riemann equation. Coefficients of this equation are uniquely determined by characteristic
roots and the singular points. Second order equations with more than three singular points do
not have this property. Fuchsian differential equation with four regular singular points is Heun
equation.We shall discuss the following theorem

Theorem 1 1) A normalized isomonodromic confluence of singular points of a family of Fuch-
sian systems of liner differential equations on the Riemann sphere leads to a system with reqular
singular points. 2) Every regular system of differential equations ia obtained from normalized
asomonodromic confluence of singular points of Fuchsian systems.
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Existence of Optimal Initial Data for a Quasi-Linear
Neutral Differential Equation

T. TADUMADZE*, A. NACHAOUI AND A. ARSENASHVILI
Iv.Javakhishvili Thilisi State University, Thilisi,Georgia
tamaztad@yahoo.com

J.Leray Laboratory of Mathematics,University of Nantes,Nantes, France,
Abdeljalil. Nachaoui@univ-nantes.fr

Iv.Javakhishvili Thilis State University , Thilisi, Georgia
akaki27@yahoo.com

Let 0 < 7y < 7o,t; <ty < t3 be given numbers with t3 —t, > 7o; suppose that & C R", Xy C
R™ are compact sets, V C R" is compact and convex set ; A is a set of measurable initial
functions ¢(t) € ®,t € [a — 19, t], for system state prehistory; A, is a set of measurable initial
functions v(t) € V,t € [a — 7o, to], for system velocity prehistory.

By W we denote the set of such elements w = (7, to, @, v, o) € [T1, To] X [t1, t2] X Ay X Ay x X
for which there exists the solution z(t) = x(t; w) € R™ of the differential equation

i(t) = f(t,2(t), 2t — 7)) + A(L)i(t — 7)1t € [fo, t3]

z(t) = @(t),2(t) = v(t),t € [to — T2, t0), x(to) = 0.

defined on the interval [to, t3]. In what follows we will assume that W # ().
An element wy € W is said to be optimal initial data if J(wg) < J(w),Vw € W, where

J(w) = / 3[fg(t, z(t),z(t — 7)) +a’(t)2(t — 7)]dt.

to

Theorem. Let the following conditions hold: 1) there exists a compact K C R™ such that
z(t;w) € K,t € [to, t1],Yw € W; 2) for any (t,z) € [t1,t3] X K the set {F(t,z,y) 1y € P} is
convex. Than there exists an optimal initial data wy.

On the basis of this Theorem the question of the continuity of the functional minimum with
respect to perturbations of the right-hand side of equation and integrand is investigated

Acknowledgement. The work was supported by the Georgian National Science Founda-
tion, Grant No.GNSF/ST08/3-399.
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On Oscillatory Properties of Solutions of Almost Linear
and Essentially Nonlinear Differential Equations

ROMAN KOPLATADZE
Department of Mathematics of
Iv. Javakhishvili Thilisi State University
Thilisi, Georgia
r_koplatadze@yahoo.com

Consider an operator differential equation of the form
u™(t) + F(u)(t) = 0, (1)

where n > 2, F': C(R4+; R) — Lioe(R+; R) is continuous mappings, when satisfying the condi-
tion

F(u)(t)u(t) >0 for t>1ty and wu(t)#0

" Fu)(t)u(t) <0 for t>t, and wu(t)#D0.

It is obvious that particular case of equation (1) are ordinary differential equations, differ-
ential equation with deviating arguments and integro-differential equations.

Definition 1. We say that the equation (1) has Property A if any of its solutions is oscillatory
when 7 is even and either is oscillatory or satisfies

|u(i)(t)’10, as t14+o00 (i=0,...,n—1) (2)
when n is odd.

Definition 2. We say that the equation (1) has Property B if any of its solutions is oscillatory
or satisfies (2) or 4
WD (B)] T 400, as tT+00 (i=0,...,n—1) (3)

when n is even, and either is oscillatory or satisfies (3) when n is odd.

Sufficient conditions are established for the equation to have Property A and B. The ob-
tained results are also new for the Emden-Fowler type ordinary differential equation. For some
classes of functions the obtained sufficient conditions are necessary as well.
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Asymptotic Properties of Solutions to Interface Crack
Problems for Composite Structures
T. BUCHUKURI, O. CHKADUA*, R. DUDUCHAVA AND D. NATROSHVILI
Andria Razmadze Mathematical Institute, Thilisi, Georgia
t_buchukuri@yahoo.com
Andria Razmadze Mathematical Institute, Thilisi, Georgia
chkadua@rmi.acnet.ge
Andria Razmadze Mathematical Institute, Thilisi, Georgia
dudu@rmi.acnet.ge
Georgian Technical University, Thilisi, Georgia

natrosh@hotmail.com

We investigate asymptotic properties of solutions of three-dimensional interface crack prob-
lems for metallic-piezoelectric composite bodies near the crack edges and near the curves,
where different boundary conditions collide. In particular, we characterize the stress singular-
ity exponents and show that they can be explicitly calculated with the help of the principal
homogeneous symbol matrices of the corresponding pseudodifferential operators.
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Some Boundary Value Problems
in Mindlin’s Model of Piezoelectricity
TENGIZ BUCHUKURI AND OTAR CHKADUA
Andrea Razmadze Mathematical Institute, Thilisi, Georgia

t_buchukuri@yahoo.com; chkdua@rmi.acnet.ge

We consider mixed boundary value problems for piezoelectric medium containing crack. The
study is based on Mindlin’s model of piezoelectricity which takes into account the influence of
the polarization gradient. Using the potential methods and the theory of pseudodifferential
equations on manifolds with boundary we prove the existence and uniqueness of solutions and
establish their regularity properties.

The Unilateral Contact Problem for
the Elastic Hemitropic Media
A. GACHECHILADZE, R. GACHECHILADZE, AND D. NATROSHVILI
A. Razmadze Mathematical Institute, Thilisi, Georgia
email: avtogach@yahoo.com
A. Razmadze Mathematical Institute, Thilisi, Georgia
email: r.gachechiladze@yahoo.com
Georgian Technical University, Department of Mathematics, Thilisi, Georgia

email: natrosh@hotmail.com

The problem of the one-sided contact of two elastic hemitropic media with different elastic
properties under the condition of natural impenetrability of one medium into the other, is inves-
tigated. Using boundary variational inequalities, the question on the existence and uniqueness
of a weak solution is studied. The coercive case (when an elastic medium is fixed along a part of
the boundary), as well as the non-coercive case (the boundaries of elastic media are not fixed)
is considered. In the latter case, the necessary conditions for the existence of a solution are
written out explicitly.
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Equivalent Regularization of Maxwell’s System
R. DUDUCHAVA, O. CHKADUA*, AND D. KAPANADZE
Andria Razmadze Mathematical Institute, Thilisi, Georgia

chkdua@rmi.acnet.ge; dudu@rmi.acnet.ge; daka@rmi.acnet.ge

Maxwell’s system, governing the scattering of time-harmonic electromagnetic waves by
closed or open surfaces, is non-elliptic and the Dirichlet and Neumann boundary conditions
on the boundary are non-normal (i.e., it looks like an ill-posed problem). We prove that the
boundary value problem

curl g leurl E — segrad Div(eE) —w?*E=0 in Q CR3,
vs (v x ptewrl E — sDiv(eE)ev) =g on S := 09, (1)
g c HY2(S), EcHY(Q), H=—i(wu) curlE,

which is a normal BVP for an elliptic equation, is equivalent to the original Neumann BVP
for the Maxwell system provided the parameter s > 0 is chosen properly. Here s denotes
the trace on S, v is the outer unit normal vector to S,  and ¢ are the permeability and the
permittivity matrix coefficients from the original Maxwell system, w € C is a frequency. E and
H are the unknown electric and magnetic fields. It is remarkable that the parameter s can be
taken arbitrarily for a complex valued frequency w € C, Imw # 0, while for Imw = 0 there
exists only a unique choice of s > 0 which ensures the matching of the radiation conditions at
infinity for the original and the auxiliary BVPs and, therefore, the equivalence of BVP (1) with
the original one.

The unique solvability of the BVP (1) is proved in the pseudooscillation case (a complex
valued frequency w) for positive definite, symmetric permeability and permittivity matrices.
Similar solvability results are obtained for a real valued frequency w when the permeability and
permittivity matrix coefficients are real valued, symmetric, positive definite and proportional
e = kp. The Neumann BVP (1) is reduced to equivalent elliptic pseudodifferential equations
on the boundary, which are coercive. The solvability criteria of the boundary pseudodifferential
equations in H(S)-space setting are obtained.

Solvability of the Dirichlet BVP for the Maxwell system is derived as a consequence, based
on explicit relations between Dirichlet and Neumann BVPs.
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On the Uniqueness of a Solution to Anisotropic

Maxwell's Equations
T. BUCHUKURI, R. DUDUCHAVA, D. KAPANADZE*, AND D. NATROSHVILI

Andria Razmadze Mathematical Institute, Tbilisi, Georgia
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Andria Razmadze Mathematical Institute, Tbilisi, Georgia
dudu@rmi.acnet.ge
Andria Razmadze Mathematical Institute, Tbilisi, Georgia
daka@rmi.acnet.ge
Department of Mathematics, Georgian Technical University, Tbilisi, Georgia

natrosh@hotmail.com

We consider Maxwell's equations in an anisotropic media, when the dielectric permittivity
¢ and the magnetic permeability x are 3x3 matrices. We formulate relevant boundary
value problems, investigate a fundamental solution and find a Silver-Miiller type radiation
condition at infinity which ensures the uniqueness of solutions when permittivity and

permeability matrices are real valued, symmetric, positive definite and proportional & = xu,
Kk>0.

The Electrodynamic Problem for

a Four-port Waveguide Junction
G. KEKELIA, N. SHAVLAKADZE AND G. KIPIANI

D. Guramishvili Georgian-Ukrainian International University “Iberia”, Tbilisi, Georgia

giakekelia@yahoo.com

A. Razmadze Mathematical Institute, Tbilisi, Georgia

nusha@Mni.acnet.ge

Georgian Technical University, Tbilisi, Georgia

gelakip@yahoo.com

The problem of propagation of electromagnetic waves in four-port waveguide junctions is

considered when a disturbance comes from different sides. The problem is formulated by the
boundary value problem of mathematical physics; the solution of a wave equation is represented in
the rectangular domains (both finite and semi-infinite) with discrete or continuous spectrum. The

components of the vectors of electrical and magnetic fields are represented in the form of series or
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integrals with unknown coefficients [1-3]. The problem consists in determination of the above-
mentioned coefficients in a whole physical domain.

Using the theory of analytical and generalized functions for the condition of continuity of a
field on the joint boundary imagenary surfaces of different domains we receive a dual system of
infinite linear algebraic equations. The received system is investigated for regularity in the space of

square summable sequences (I 2).

The quasi-regularity of the system and the possible use of a reduction method are established.
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K nmoctpoeHuto Teopun 000JI0UeK
C UCIIOJIb30BAHUEM HECKOJIbKUX 0a30BBIX IMTOBEPXHOCTEH

ABTAH/JINJI TBAJTYPEJIM3E

JlemaprameHT npuKiIagHON MEXaHUKH, ['ocynapcTBeHHbi YHuBepcuteT AK. Lleperenu,
Kyraucu, I'py3us

atvaltchrelidze@yahoo.com

CornacHO €QMHCTBEHHOW KHHEMAaTHYEeCKOW THUIOTe3e pPa3pabOTaHHOM TeopuH, o
nepeMenieHuii u aedopmannii B 000J09Ke OJHO3HAUYHO OMPEIENIAIOTCS Yepe3 NepeMelIeHHs] TOUeK
0a30BbIX MOBEPXHOCTEH. MeTpruecKuii TeH30p MPOCTPAHCTBA 0OOJIIOUKH 10 U mocie aedopManun
BBIpaXKaeTcsl 4epe3 CBOE 3HAUE€HHWE Ha OJHOW M3 0a30BBIX MOBEPXHOCTEH M TEH30PHI MEpeHoca,
CBSI3bIBAIOIIME KOMIIOHETHI TE30pPHBIX BEJIIMYMH Ha pa3HbIX 0a30BBIX MNOBEpPXHOCTAX. Yepes
KOMITOHEHTBl 3THX TEH30pPOB BbIpaxaroTcsi KO3((UIKMEHTH BTOPOW OCHOBHOW KBaapaTUYHOU
(hopMbI 6230BBIX TOBEPXHOCTEH.

B Teopuu 00001IeHHBIMH MIEPEMEIIIEHUSMH 000JIOUKH SIBIISIIOTCS TMIEPEMEIIEHUS TOYEK 0a30BBIX

- + - +
MMOBEPXHOCTEH, B Cllydae ABYX 0a30BBIX MOBEPXHOCTEM (S) u (S) - (U)(Xl, x*)u (U)(Xl ,X*), roe X', x*-
rayccoBbl KOOpDAMHATHI TOYEK O0a30BBIX IMOBEpXHOCTEW. llpupaBHUBas HyMIO BBIpAXEHUS MpPU
BapHallMsX JTHUX [MepeMelleHui B BapHAallMOHHOM YpaBHEHHWU MPUHIIUIIA BO3MOKHBIX
nepeMeIeH, mojlyyaeM IpaHYHbIC YCIIOBUS U yPaBHEHUS PABHOBECHS 111 00OOIIEHHBIX CHIT:
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- &)
3neck T,T - TEH30pbl BHYTPEHHUX OOOOIIEHHBIX CHJI, COOTBETCTBYIOIIMX HAIMPSKCHUSIM,

JEHCTBYIOIIMM B TIOTIEPEUYHBIX CEUEHHUS OOOJIOYKH; & - BEKTOp BHYTpPEHHEH OOOOIIEHHOW CHUIHI,
- ®
COOTBETCTBYIOIIEH HAIIPSDKEHUSAM, JIEHCTBYIOIIMM B IIPOJOJIBHBIX CEYEHMSX; N,N - BEKTOPBI

BHCIIHUX O606H_ICHHBIX CHJI, COOTBETCTBYIOIINEC BHCIIHHUM IMOBCPXHOCTHBIM CHUJIAM, I[CﬁCTByIOL[IHM
Ha JIMIOEBBIC ITOBEPXHOCTHU, U BHCUIHHUM O0O0BEMHBIM CHJIAM. I[O63BJ'I€HI/ICM HWHEPIUOHHBIX YJICHOB B

DO ®E HE) ©
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D ® @
ypaBHeHUs TeopuH. 3aech, J,J = J,J - kodpPuMeHTs MHEpUUU, 3aBUCAIINE OT T€OMETPUHU

000JIOUYKH U paclpeiesIeHUs] ITIOTHOCTH 110 TOJILIUHE.

K mocrounHcTBaM Teopum, MOMUMO Y4eTa CIIBUTOBBIX Aedopmariuii u 00xaTus, MOKHO OTHECTH
IPOCTYIO 3allMCh B YPABHEHUSAX WICHOB, ONMCHIBAIOIIMX BHEIIHHWE BO3JEHCTBUA (IMHAMHUYECKUE,
TEIUIOBBIE M T.[.) Ha JMIEBBIX IIOBEPXHOCTSX, SICHOE MEXAHUYECKOE COJEp)KaHHE U IIOJHOE
COOTBETCTBUE MEX]ly YMCIOM O0OOIIEHHBIX KHHEMAaTHUECKUX U INHAMHUYECKUX EPEMEHHBIX.
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Some Nonlocal Problems for Second Order Strictly Hyperbolic

Systems on a Plane
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Some nonlocal problems for a class of second order strictly hyperbolic systems in the
plane strip are considered in weight functional spaces. With the help of the structure of
solutions of hyperbolic systems and using the methods of complex analysis there are found
conditions for weight powers of functional spaces which provide the correctness of the
problems under consideration.

On Some Finite Difference Schemes for the
oxy-Symmetric Problem

NINO KHATIASHVILI* , OMAR KOMURIJISHVILI,
ZURAB KUCHAVA AND VLADIMER AKHOBADZE

I. Vekua Institute of Applied Mathematics of Iv. Javakhishvili Tbilisi State University,

ninakhat@vahoo.com

The paper deals with the finite-difference schemes for the oxy-symmetric problem arising in
hydrodynamics. For example the shock-type motion of the ellipsoidal body (erythrocyte) in the
narrow capillary [1]. This problem is reduced to the two-dimensional Dirichlet problem for the

elliptic equation in the rectangle. In the area G, G={-a,<x <a, 0<X,<a,}, G=G+TI,
where  y(X')is the bounded function, we consider the following problem

[ ou  ou Co PR ,
LUZAU_7(X1aX2)(a_X-2_a_X1~j: f(x,%), X=(X,%)eG, u=0, Xxel . ()
In terms of new variables X, =a,X, X, =a,%,, (1) takes the form
2
o’u (a | é’u a’ ou ou )
—+|— | ——7(aX,a,X)———-a,— |=a f(ax,aXx,) . 2
ox? [azJ ox 7(11322)&28)(2 15X1 (@)X, a,x,) (2)

Let us introduce the net @, =w,+I, with steps h =2/N,, h,=1/N,, where
w, ={x=(X,%)=(=1+ih, jh), i=1L..,(N,=1);j=1L....,(N, =D},-1<x <1 0<x, <1,
I', is the boundary of net. We admit N, =2N, =N (i =1,....N—-1; ] =l,...,N/2—1). We can
consider iteration process as two or three layered scheme for non-stationary problem. So we can
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write down two new iteration schemes. One of which we called "o"parameterization and the
second with the changeable direction. This methods were considered in [2] for linear case. The first
scheme is of the form

_(0-/2)0-(yk+1 _2yk + yk71 )xli1 = y;il +(a1 /82)2 ytziz _7ija;((l/a2) (l/a )y j+a1 f” >

and the second scheme in coordinates is

k+m L. k+m k+m L.
TIiTl)((l/hlz )"’ Yij (alal /2h|))’6\n (@, J)_(1+ T|(<1+)1 (l/hlz ))yi,j s T|£1+)1 ((1/h12 )_ Yii (alal /2hl))Bm (1, ]) = P>
Where Alk+1/2(ia J) = yik—l,j; Al(ﬂ(ia J) = yilfj—l; Blk+l/2(i’ J) = yik+1,j; B;H(ia J) = yi|fj+l; m= 1’2 ¢m are
given by the finite difference scheme.
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Some Problems of Wave Motion of Water
NINO CHECHELASHVILI

Department of Mathematics, Georgian Technical University, Tbilisi, Georgia
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Analytical solution of boundary value problems which are connected with wave motion

of water in reservoirs with variable depth and width are constructed explicitly. The motion
is described by the following system of differential equations:

B+ (BOOH (XM (x 1) = HU(x1)

oV (xt) g oh
ot ox’
where B(x) and H(x) are width and depth of reservoirs, U and V are components of the
velocity vector, and h= _1o .
g ot

Initial and boundary conditions for the problem read as:

9 |

¢=%—f=0,f0rt20 XZO,L:O'

The above boundary value problem has an analytical solution for the given width
B(x) = B, exp(SX), and depth as quadratic parabola

Wrrrr

Obtained solution gives us possibility to analyze wave picture and to establish influence of
the geometric characteristics on parameters of waves.
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A Contact Problem for Piecewise Homogeneous
Elastic Orthotropic Plate
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We consider a compound elastic plate, as unbounded elastic medium consisting of two
different orthotropic half-planes (Rez>0 and Rez<0). On the boundary line the following
condition

oV =c®, W@ u=u, v=v,
are satisfied.

In the conditions of the plane deformation, the plate is assumed to be strengthened along a
segment of Ox-axis by an inclusion of variable rigidity. Theinclusion is loaded by tangential forces
of intensity 7,(X) .

The differential equation of equilibrium of the inclusion elements has the form:

du,(x) 1
dx  E(X)
where 7,(X) is an unknown contact stress caused by interaction of the inclusion and the plate,
satisfying the following condition of equilibrium of the inclusion:

j;[rl (t) — 7o (t)]dt = R,

(P~ [l -0k, xe(©OD,

E(x) is rigidity of the inclusion, P, is the unknown axial stress at the point x=0.

The problem is studied by determination of contact stresses and established behavior of
these stresses at the ends of the elastic inclusion.

Using the methods of boundary value problems of the theory of analytical functions, the
problem is reduced to a singular integral differential equation. By the Fourier integral
transformation we will get a boundary value problem of the theory of analytical functions
(problem of conjugation, problem of Karleman type), whose solution can be represented in an
explicit form.
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The purpose of this paper is to consider the geometrically nonlinear and non-shallow
cylindrical shells. The components of the deformation tensor have the following form:

e :%(ﬁjaim RO, +0"00,d),

where R are covariant basis vectors, U is the displacement vector.

By means of |. Vekua method the systems of two-dimensional equations are obtained. Using
the method of the small parameter, approximate solutions of these equations are constructed. The
small parameter ¢ = h/ R, where 2h is the thickness of the shell, R is the radius of the middle

surface of the cylinder. A concrete problem is solved, when components of external forces are
constants.
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Equation of Anisotropic Elasticity on a Hypersurface
ROLAND DUDUCHAVA
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The report applies a calculus of boundary value problems (BVP’s) for partial differential
equations (PDE’s) on hypersurfaces in R™ to the equation of anisotropic elasticity.

In the present investigation we apply the approach which allows to represent the most basic
partial differential operators (PDO’s), as well as their associated boundary value problems, on
a hypersurface S in R”, in global form, in terms of the standard spatial coordinates in R".
It turns out that a convenient way to carry out this program is by employing the so-called
Giinter’s derivatives, the column of surface gradient

D := (D1, Dy, ..., D) ", (1)

introduced by N. Giinter and applied in many investigations by V. Kupradze, M. Bashaleishvili,
D. Natroshvili, U. Massari, M. Miranda, etc. The first-order differential operator D; is the
directional derivative along mse;, where s : R" — T'S is the orthogonal projection onto the
tangent plane to S and, as usual, e, = (0j;)1<k<n € R", with J;; denoting the Kronecker
symbol (j,k=1,... n). The operator D is globally defined on S. D}S := 7msD; denote the
covariant derivatives.

A similar approach, based on the principle that, at equilibrium, the displacement minimizes
the potential energy, leads to the derivation of the equation for the elastic hypersurface (see
the paper R. Duduchava, D. Mitrea & M. Mitrea 2005 for the isotropic case). In particular, we
consider the total free (elastic) energy

£[U] ::/SE(y,DSU(y))dS, D°U = [(DJU)] .., (2)

defined for all tangent vector fields U € V(S) (Koiter's model). As always, equilibria states
correspond to minimizers of the above variational integral. By this approach the deformation
(strain) tensor turns out to be

1 .
Defs := [Diuly,,, U= |(DJU), + (DSU),| Vik =123, (3)

and the Euler-Lagrange equation associated with the energy functional (??) for a linear anisotropic
elastic medium, reads

As(t.D)U = Def5TDefsU, T := [ey’ (4)

for U € V(S). Here T is the elasticity tensor which is positive definite and has the standard
symmetry properties Cijkt = Cktij = Cijek-

Let C be a smooth open hypersurface with the smooth boundary I' := 0S. We consider
the standard Dirichlet (when the displacements are prescribed on I') and Neumann (when the
stresses are prescribed on I') boundary value problems and prove solvability results for them.
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ITynbcalimoHHOE T€YEHUE U TeIUIonepeada IpoBOISIICH )KUIKOCTH B
MTOPHUCTOM KaHAJIE C YYETOM BHEIITHENO MArHUTHOTO TOJIS

H. KOBAJI3E, X. MIIBEHUEPA/I3E

TOownucckuii rocy1apCTBEHHBIM YHUBEPCUTET

atinatia@gmail.com, xatuni@ gmail.com

PaccmoTpeHo mynbcupylolliee TEUEHUE U TEIUIoNepeiaya HEC)KMMAEMOU 3JIEKTPOIPOBOASIICH
XKHUJKOCTH B MIOPUCTOM KaHaje, MpU HaJUYUU BHEIIHEro MarHUTHOro mnoiyig. CTeHKH KaHaja JBH-
xKyTest co ckopoctbro W 1 W,€' . Jlnist rpajiuenTa 1aBieHus TOMyIIEHO, YTO

1P aibe.

p OX
YpaBHEHHUS CKOPOCTH, TEMIIEPATYPHI U TPAHUYHBIE YCIOBUSI, COOTBETCTBEHHO, UMEIOT BU/I:

ou_, ou__10P V5_2U_0'35
o "oy poX oy p
oT of _o°T (eu)
— V= Aty —|;
ot oy oy oy
u(0;t) = w,, u(h;t) = w,e',
T(0;t) =4, T(h;t) = 4,

u;

rae V,, CKOpocTh 0Tcoca.
Penrenue HaiiieHO B BUE
u(y;t) = u,(y) +u,(y)e”,
T(y;t) =T, (Y)e” +T,(y)e” +T,(y)e"",
rae U, u,,T,, T,, T, onpenenstorcs siBHBIM 00pa3oM B BUJE NOKa3aTeIbHBIX (QYHKIIMH.

Brruncnensl Bce puznueckrue XapakTepUCTUKH TEUSHHSI U MepeiadH.

On the Vekua-Bitsadze Complex Representations
in the Theory of Shells

TENGIZ MEUNARGIA

I. Vekua Institute of Applied Mathematics of Iv. Javakhishvili Tbilisi State University,
Thilisi, Georgia

tengiz.meunargia(@viam.sci.tsu.ge

By means of 1. Vekua method the system of three-dimensional differential equations
of elasticity are reduced to the infinite system of two-dimensional ones for the nonlinear
theory of non-shallow shells. Then using the method of a small parameter for any
approximation of order N the complex representations of Vekua-Bitsadze type of the
general solutions are obtained. By means of these representations basic boundary value

problems are considered.
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On Oscillatory Modes in Viscous Heat-Conducting Fluids Between
Two Heated Cylinders

L. SHAPAKIDZE

A. Razmadze Mathematical Institute, Thilisi, Georgia
luiza@rmi.acnet.ge

The oscillatory modes arising after the loss of stability of viscous heat-conducting flow
between two rotating heated cylinders with radia flow and radial temperature gradient are
investigated. Temperatures of the cylinders are supposed different. The problem is reduced
to the investigation of an autonomous dynamical fourth-order nonlinear system whose
coefficients can be found numerically by integrating the series of linear boundary value
problems for systems of linear ordinary differential equations.

114



[Ipumenenne merona Cnéskuna-Tapra Ayt TpuOINKEHHOTO PEIICHUS
MIOrPAHUYHOTO CJIOSI IPOBOASAIIEH )KUJKOCTH C IEPEMEHHBIM
K03 PUIMEHTOM ITPOBOJUMOCTH

JUK. IIIAPUKAJT3E

NuctutyT npukinagHoit matematuku uM. M. Bekya Towmnncckoro yauBepcurera

nia_sharikadze@yahoo.com

Jist mpuOIMKEHHOTO PEelIeHUs] yPaBHEHUSI IOTPaHUYHOTO CJI0s1 TPOBOASALICH KHUIKOCTH
ou au du o’'u o,B; u
U—+v—=u,—=+V—+——"lau, —u)-b 1-— |].
ox oy dox oy Yo, u

npu a=1, b=0, c =0, =0, =congt,

['e]

npu a=0, b=1, U=UO(1—ij, o, =0,

rae o - K03(pPUuueHT MPOBOIUMOCTH KUAKOCTH, UCTONb3yeTcst MeTon Cné3kuna-Tapra, rae
MCKOMasi CKOPOCTh B IIOIPAaHIUYHOM CJIO€ BEIOMPAETCS B BUJIE

2 2
uxy)=A +Ay+AYy Ay,
kodppuuuentsl A,, A, A, BBIYUCISIOTCA U3 OCHOBHBIX U JOIOJIHUTENIBHBIX TPAaHUYHBIX YCIOBHI,
BBITCKAIOIINX U3 YPABHCHUS JIBHIKCHHS:

2 2 3 2
mpu y=0, u=0, v ljz—uw u, 0,8 au,, v l::_(a”Lb)(aOBo)@,
oy dox  p oy p oy
2
mpu y=3(x), Y =0, T 0.
oy oy

Haiinens! Bce pusnueckue XapakTepUCTUKU IOMPAHUYHOTO CJIOS TPOBOISAIIEH KHUIKOCTH.

115



Cylindrical Bending of Cusped Reisner-Mindlin Plates !
NATALIA CHINCHALADZE

I.Vekua Institute of Applied Mathematics of Iv. Javakhishvili Thilisi State University, Thbilisi,
Georgia

email:natalia.chinchaladze@tsu.ge

By cylindrical bending the governing equations for cusped Reisner-Mindlin plates have the
following form

LI = ae)] 2~ 2y ) — gy () =0,
D) a(m2)] 2~ 2 By (a) — g ()] — ) = 0.

Eh(l’Q)
1+ v

(92($2) - u3,2($2) ) —Q3($2) =0,

where 0, := ug,q (T2) — Ya(r2), @ = 1,2; uz(xs) and @, (z2) are unknown functions; ugz(xs) is
the deflection of the plate; indices after comma means differentiations with respect variables; E
is an Young’s modulus; v is a Poison’s ratio; ¢;, i = 1,2, 3, is a load; D(z5) is a flexural rigidity
of the plate. In general,

2Eh3 ([L’Q)

3(1 —o0?)

Let the thickness of the plate is given by the relation

D(xq) :=

2h(xq) = hoxgl/?’(l — :1:2)”“2/3, ho, 1, k1, ke = const > 0,

where [ is a length of the plate.

Since the thickness of the plate vanishes on the boundary, the above plate of variable
thickness is called a cusped plate. The setting of the boundary conditions depends on the
geometry of sharpening of cusped edges.

'Research supported by the INTAS-South-Caucasus Programme (project 06-1000017-8886)

116



TEIIJIOOBMEH B KOJIbHEBOM MI'JIT KAHAJIE IIPA
KOHEYHBIX SHAYEHWAX MAI'HUTHOI'O YUCJIA
PEMHOJIB/ICA

B. H. IYLUKUPUJI3E, JI. A. JUKUKU/3E

['py3uHCKHIT TexHWYEeCKHi yHHBepcuTeT, TOommmcn, [PY3UA

b.tsutskiridze@mail.ru

Pabotel mo TemnmooOMeHHBIM TpoueccoM B KaHamax MIJl cuctemM mpu BO3AECHCTBHHM HEO-
JHOPOJHBIX MarHUTHBIX TOJIEH B HACTOSIIEEe BpeMs MpaKTHUYecKU OTCyTcTBYeT. OOBIUHO paccm-
aTpUBACTCSA MOJHOCTBHIO Pa3BUTHI PEXHUM TEIUIOOOMEHA; B HEKOTOPBIX paboTax MO Pa3BHUTIO Te-
mI000MeHa 3aj7a4a pemaeTcs Wik MpU 3aJaHHOM CKOPOCTHOM Tpoduiie (0gHOpOIHOM, Tapadod-
MYECKOM MJIM TapTMAaHOBCKOM) HJIM COBMECTHO C Pa3BUTUEM TEUEHUS.

B nacTostieit paboTe mpencTaBieHbl Pe3ysbTaThl PacueTOB TEII00OOMEHa B KojblieBoM MI'J]
KaHaje IpH BO3JACHCTBUM HEOJHOPOAHOIO MArHUTHOIO MOJS € YYETOM MHIYLHHPOBAHHOIO
TEeKYIIMM B HJIKOCTH DJEKTPUUYECKMMHM TOKAaMH MAarHUTHOTO MOJis (MPU KOHEYHUX 3HAYEHUSIX
MarHuTtHoro uwciaa PeliHonpaca). Kak W3BECTHO, WIWIMHAPHUYECKHE IIOBEPXHOCTU SIBISIOCA
HanOoJiee pacrnpoCTPaHEHHBIMH TEIUIOOOMEHHBIMU TMOBEPXHOCTSMHU. BHeliHee MarHuTHOE mose
co3faercs MWIMHAPUYECKUM JIBYXCTOPOHHUM  (PEeppOMarHUTHBIM HHIYKTOPOM, Hapy>KHBIH

MarHMTONPOBOJ KOTOPOTO COJIEPKUT TOKOBYIO HAarpysKy |Z< Cl|, r=r,+d. MarautHoe momne

TaKOW CHUCTEMbl aKCHaJIbHO CUMMETPHYHO, HEOAHOPOIHO IO PAaguycy M MO Z U 3HAKONEPEMEHHO
(MensieT 3HaKk mpu Tepexoae depe3 ceueHne z=0). B pabGodyem mNpocTpaHCTBE HHIYKTOpA
pacIoyio’keH KOJBIEBOM KaHal ¢ M30JSIIMOHHBIMU CTEHKaMU. XOTsS (PU3NYECKHE CBOWCTB CpeJlbl
(TUTOTHOCTB, AJIEKTPONPOBOJAHOCTh, KOIDOUIIMEHTHI BSI3KOCTH W TETUIONMPOBOIHOCTH) CHIIBHO
3aBHUCSITh OT €€ TeMIIepaTyphl, AJsS BBIACICHUS BIUSHUS HEOJHOPOJHOCTH MAarHUTHOTO MOJIA Ha
TEIJIOOOMEH Ha TEPBOM JTale 3TOM 3aBUCHMOCTBIO IiesiecooOpasHo mpeHeOpeus. [Ipu Takom
JOMYIICHUH MarHUTHOTHIPOJUHAMHUYECKAs U TETUIOBAsl YaCTU 33aJ]a4H Pa3JIeIIOTCS.

117



1gb-ggbobol 5dm3obgdo IBogo@ dB0s5bo 3MbRM ogy®o
geoogby®o dognobasmgols
0. bdB0S'I30RN0)

b. 39Lbganrodgogmols yodmmgeromo domgds@ogzol obLEo@ydo,
ndognolo, bsJo@mggem

hggb gobgobogrsgm Lomoyg®do domomgdyga sdm3obgdl d@sgoed@osbo N 3mb-
RO Io@g@0 gerogly@o dogobsmgol, Gmdgmmsiz Q,Q,.Q4 509900 9353000. 0%-
eolbdgds, @mI bbgowsolibgs doboasl ofgl 3yolmbols 0@gb@ydo, gOmopsoyogg 3m-
98030960, g0. v=v =v,=..=vy, dopa®sd gAgbol sImEobsdo gl gbeywggdo
doblbogros, g.0. @O0 gggers Igedogo s@ol Lbgowslbge.

9bs  dggbodbmm,  @OmI  dowgdygmo  aobBmegdgdol  ©gHg®Iobsb@gdo
aodmomge gds 3bowo.

4gge0s 5dm3obols 5dmblibs ¢odg9@ol 3m@obmdgddo dJomgdyeos hogg@omo Lobom.

On the Solution of Spatial Axi-Symmetric with Partially Unknown
Boundaries Problems of the Theory of Jet Flows

TSITSKISHVILI A.*, TSITSKISHVILI Z. **, AND TSITSKISHVILI R.***
* A. Razmadze Mathematical Institute

tsitsi@rmi.acnet.ge

** Geiorgian Technical University
*#*Caucosus University, Tbilisi, Georgia
In this work we present a general mathematical method of solution of spatial axially symmetric

stationary with partially unknown boundaries problems of the theory of jet flows, in particular, we
consider spatial axially symmetric jet flows.
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The paper gives an up-dated survey of results concerning cusped shells, plates, and beams. The
importance of investigation of such bodies both in theoretical and practical points of view was
pointed out by I. Vekua in the early fifties of the last century. At that time the study of degenerate
partial differential equations and systems was in full swing and it was interesting to find a
mechanica (physical) interpretations of the so-called E (M. Keldysh) problem and of weighted
boundary value problems. The cusped shells, plates, and beams considered as three-dimensional
objects occupy, in general, non-Lipschitz three-dimensional domains and smoothness of
coefficients of the corresponding degenerate differential equations and systems are not satisfactory
to apply genera theories of degenerate differential equations and systems. Therefore, to carry out
either additional or special researches are unavoidable. First works in this direction belong to E.
Makhover, S. Mikhlin, A. Khvoles, and G. Jaiani. During many decades G. Jaiani devoted his
works to systematic studies in this field. In cooperation with him or under his influence G. Tsiska-
rishvili, N. Khomasuridze, G. Devdariani, N. Chinchaladze, D. Natroshvili, S. Kharibegashvili, W.
Wendland, A. Kufner, B.-W. Shulze, D. Gordeziani, G. and M. Avalishvili, and R. P. Gilbert have
also contributed to this direction. Some problems for the particular case of power type cusped
beams are investigated by S. G. Usunov, S. Naguleswaran, and N. Shavlakadze. It can be stated that
at present we have the theory of cusped shells, plates, and beams but with a lot of open problems.
The open problems will be discussed in this paper as well. For previous surveys see [1] and
introductionsin [2-7].
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IJI€ €-MaJiblii MapaMeTp U NEPIEHAUKYIIIPHO IUCKaM IIPUIOKEHO OJHOPOJHOE MATHUTHOE TI0JIE.
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To Fundamental Systems of Equations of Continuum M echanics,
its Application for Constructing, Justifying, and Numerical

Solving of Some 2D New M athematical M odels
TAMAZ S. VASHAKMADZE

Iv. Javakhishvili Thilisi State University, I. Vekua Institute of Applied Mathematics,
Thilisi, Georgia
tamazvashakmadze@yahoo.com

A dynamical system of partial differential equations which is 3D with respect to spatial
coordinates and contains as a particular case both: Navier-Sokes equations and the nonlinear
systems of PDEs of the elasticity theory is proposed.

In the second part using the above uniform expansion there are created and justified new 2D
with respect to spatia coordinates nonlinear dynamical mathematical models of von Karman-
Mindlin-Reissner (KMR) type for anisotropic porous, piezo, viscous elastic prismatic shells.
Truesdell-Ciarlet problem (even in case of isotropic elastic plates) about physical soundness with
respect to von Kérméan system is solved. Thereis found also new dynamical summand 0,A® (P is

Airy stress function) to another equation of von Karman type systems. Thus, the corresponding
systems in this case contain Rayleigh-Lamb wave processes not only in the vertical, but also in the
horizontal direction. For comlpleteness we also introduce 2D Kirchhoff-Mindlin-Reissner type
models for e astic plates of variable thickness.

Then if KMR type systems are 1D with respect to spatia coordinates at first part for numerical
solution of corresponding initial-boundary value problems, we consider the finite-element method
using new class of B-type splain-functions. The exactness of such schemes depends from
differential properties of unknown solutions: it has an arbitrary order of accuracy with respect to a
mesh width in case of sufficiently smooth functions and Sard type best coefficients, characterizing
remainder proximate members on less smooth class of admissible solutions.

Corresponding dynamical systems represent evolutionary equations for which the methods of
harmonic anayses are nonapplicable. In this connection for Cauchy problem we suggest new
schemes having arbitrary order of accuracy which are based on Gauss-Hermite processes. These
processes are new even for ordinary differential equations.
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00 ouenke JorapupmMu4ecKOr MPOU3BOIHOH pacnpeae/ieHUus
CJIy4ailHOT 0 Mmpouecca Ha0M10aaeM0ro nox BuHepoBcKUM rymom

BABUJIVA I1., HAJAPAA 2.*, COXA/I3ET.

Tounucckuit 'ocynapcrBennsiii Yausepcutet uM. W. xaBaxumuim, ToOwmmcu

e-mail: giasokhil@i.ua, elizbar.nadaraya@tsu.ge, p_babilua@yahoo.com

Mycts X,,X/,..., X" BbIOOpKa TpaeKTOpHMii CiTyyaitHOro mpomecca
X, =Y, +W,,
rae W, cranpaprHeiii Buneposckuit nponecc Ha [0,1], Y, HempepbIBHBIN cilyuaifHblil mporecc,
HezaBucsammii ot W,. Ilycts g, pacmpemenenue Y, B mpoctpanctse C[0,1]. Kpome Toro,
IPEIIONOKUM, YTO 4, oOiamaeT jJorapudmMudecKiuM npou3BoaHbM p(X,h) Broas h € C[0,1].
Haina 3a1a4a — IOCTPOMTH COCTOATENBHYIO OLleHKY o(X,h) 1o nabmoaenusm X, , X/7,..., X",

i — L ) — 0. O603Ha49nM

Pazo6em [0,1] Toukamm 0=t, <t <---<t <t =1 Tak, 4ToOBI max(t
]
X" = (X, X X, )oY = (Y YY) W =W, W, .., W, ) 1 pacemorpmv cymmy

X"=Y"+W". Tak kak 3TO KOHCYHOMEPHOE PABEHCTBO, TO I COOTBETCTBYIOIIMX IIOTHOCTEH
MOYKHO HalucaTh:

1
Px (Xlﬂ"'>xn):

X
\/ﬂ-ntl (tz _tl)"'(tn _tn—l)
2 n-1 y+ _ . 2
XJ.pY(Xl_yla X0 = Ya exp{ ( "1 - )} dy, ---dy, .

E, j=1

K sromy npeobpazoBaHiIo MOXKHO MPUMEHUTH (hopMyiy obpatierus u3 padotsi [1]. [loxyunm

2k,
N NS 0 0 o P P
By (Y15 Vaseenn Yy )= (_1)k|+kz+ K+ _+_+"'+—+—j ( .
y \Yis Y2 klzz;)kzzzo kg;z oy, 0y, o, O, oy,

s oY (o oY) o)t )
4ot +—J [—-‘r—J (_j px(yla 9yn) 2(ky 4+ +ky ) - . '
ayn—l ayn ayn—l ayn ayn 2 k o kn'

Hcxons wu3 91Ol  (opMyibl MOKEM Hamucath JIOTapu(MHUECKYI0 HpPOHM3BOJHYIO B
KOHEYHOMEPHOM IpocTpaHcTBe. B TakoMm cirydae

(gradp, (x,)h,)
pn Xn 3 hn = y b
boh) ===

rac (', ) - CKaJIIpHOC IIPOU3BCACHHC B En' HJ’IH OLCHKHU TIPUMCHACM AACPHYIO TCXHUKY

HenapaMeTPUUIECKOro oleHuBaHus (cM. [2]).
st o6ocHOBaHMA MTpeebHON MPOIeAyPhl IPUMEHSIEM Pe3ybTaThl paboThI [3].
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On Some Goodness-of-fit Tests Based on Estimates of
Kernel Type Distribution Densities
P. BABILUA, E. NADARAYA, AND G. SOKHADZE
Iv. Javakhishvili Thilisi State University, Thilisi, Georgia
p_babilua@yahoo.com, elizbar.nadaraya@tsu.ge, giasokhil@i.ua

Let X1, X5,..., X, be a sequence of independent equally distributed random values having
a distribution density f(z). Using the sampling X, Xs,..., X,,, it is required to check the
hypothesis Hy : f(z) = fo(z). Here we consider the test of the hypothesis Hy based on the
statistic U, = na; ' [ (fu(z) — fo(x))*r(z) dz, where f,(z) is the recurrent Wolverton-Wagner
kernel estimate of the probability density defined by

folx) =n~" iai[((ai(x - X)),

where {a;} is an increasing sequence of positive integers tending to infinity, r(z) € R (R is

the set of non-negative, bounded and piecewise-continuous functions at (—oo, +00)), K(x) €

H={h: h(z) >0, sup h(z) <oo, [hz)de= 1, 2?h(z) € Li(—00,+00), ho(ux) >
2€(—00,+00)

ho(x) for all u € [0,1] and for all z € (—o0, +00), hg = h * h; * is the convolution operator}.

Let us introduce into consideration the sequence of alternatives of the form ([1], [2]):

Hy: fiz) = folx) + angp(

where v | 0, 7y, | 0, £ is the fixed point of continuity r(z) and r(l) # 0.

Theorem. Let K(z) € H and Ko(x) € F (F is the set of densities having bounded
derivatives up to second order), fo(x) € F, p(x) € F. If a, = n°, ap, = n~%, v, =n" and
also 0/2=1-2a—F,a+0>1/2,2/9<§<1/2, 3<0,9), a < 20, then

Pu{Un > M)} — 1 — q><ga _ Téﬁj) / o2 (u) du>,

xz—/

) + o),

g

where
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Quaternion Gaussian Random Variables
NICHOLAS VAKHANIA AND GEORGE CHELIDZE

Muskhelishvili Institute of Computational Mathematics,
Thilisi, Georgia
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The main result of this work is the formulation and proof of Polya’s theorem on the char-
acterization of Gaussian random variables with values in quaternion algebra in which three
types of Gaussian random variables are considered: real, complex and quaternion Gaussian
random variables. More complete information on these topics could be found in [1]. The
present work is closely related with paper [2] where Polya’s theorem is formulated for the case
of complex random variables. It was shown that Polya’s type condition characterizes complex
Gaussian random variables. For the formulation of the quaternion version of Polya’s theorem
we introduce the following definition of jointly quaternion system.

Definition. Let {ay,as,...,a,}, n > 2, be quaternion system. We say that this system is
jointly quaternion system if there does not ex1st 1mag1nar number i = i + ﬁ 7 + vk, such that
the following expressions hold: a; = a} + a}i, ay = ay + ayi,..., ap = a,, + a,i.

Theorem. Let £ be a quaternion random variable, &;, 52, vy &ny m > 2 be pairwise inde-
pendent random variables, that have the same distribution as &, and {ay, as, ..., a,} be nonzero
quaternions that form jointly quaternion system and satisfy the condition 7_; |axn]|?> = 1.
Then, if the sum n = >°}_; ap€, has the same distribution as &, £ is a quaternion Gaus-

sian random variable, i.e., the characteristic function of the random variable ¢ has the form
Xe(q) = exp(—glalE|¢]?).

References

[1] N. N. Vakhania, Random vectors with meanings in quaternion Hilbert spaces, Probability theory
and its application, 43 (1998), 18-40.

[2] N. N. Vakhania, Polya’s characterization theorem for complex random variables, J. Complexity, 13

(1997), 480-488.

The Law of Large Numbers for Weakly Correlated
Random Elements in Hilbert Space
VAKHTANG KVARATSKHELIA
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Let (&,) be a sequence of real random variables. Denote by o%(&,) the variance of &, and

by 7nm the coefficient of correlation of &, and &,. We say that a sequence (&,) is weakly
correlated if there exists a nonnegative function ¢(n), n = 0,1,..., such that |r,,| < c¢(|n —
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m|), n,m = 0,1,2,.... In 1928 A. Khintchine proved that a weakly correlated sequence (&,)

n
p—1 Sk

satisfies the Law of Large Numbers (i.e. limn_,ooP{ R
lim,, . k=0 c(k)-ng;;la?(gk) o

We extend the Khintchine’s result for the case of Hilbert space valued random elements and
obtain some corollaries.

>5} = 0 for every ¢ > 0) if

Generalized Stochastic Differential Equations in a
Banach Space, Existence and Uniqueness of Solutions
B. MAMPORIA
Niko muschelishvili Institute of Computational Mathematics, Thilisi, Georgia

mamporia@gw.acnet.ge

Let X be a real separable Banach space, X*-its conjugate, B(X) - the Borel o-algebra of
X. (Q, B, P)-a probability space. Continuous linear operator £ : X* — Lo(£2, B, P) is called a
generalized random element (GRE). . Denote My := L(X*, Lo(2, B, P)) the Banach space of
GRE with the norm ||£|| = supj, < [|[£2*|[;,- A random element (measurable map) § : Q2 — X
is said to have a weak second order if for all z* € X* F(,2*)? < oo. & we can realize as an
element of My : Lex* = (€, 2*). Let (Wy).ep0,1) be one dimensional Wiener process, (F;)co1] be
an increasing family of o-algebras such that a) W; is F;-measurable for all t € [0, 1]; b) We—W,
is independent of the g-algebra F; for all s > t. Fy contains all P-null sets in B.

Consider the stochastic differential equation for the generalized stochastic processes

dT, = a(t,T)dt + B(t, T,)dW, . (1)

where a(t,T;)z* and B(t,T;)x* are [0, 1] x F; measurable,

E [y la(t, T)2z*|?dt + E [ |B(t,T,), x*|?dt < oo

for each z* € X*.

The following theorem is true

Theorem. Suppose that the coefficients of the stochastic differential equation (1) satisfies
the following conditions:

(1) llalt, D)2, + I BE T2, < K20+ [TI3,),

(2) la(t,T) — a(t,L)||3(, + 1B, T) — B(t,L)||3, < K||T — L||3,,. for any K > 0.Then
there exists a unique strong generalized solution (7})¢cjo,1] to (1) with initial conditions Ty = L,
where for all x* € X*, La* is Fo-measurable.

We can use this theorem to develop the existence of solution of the stochastic differential
equation in a Banach space.

127



The Elements of Anticipative Stochastic Calculus for the
Poisson Processes
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Let (Q,3,{3},4o1»P) be a filtered probability space satisfying the usual conditions. Let N, be
the standard Poisson process (P(N, =k) =t“e™ /k!,k=0,1,2,...) and 3, is generated by N (T, =3'),
3=3;. Let M, be the compensated Poisson process (M, =N,-t). Let us denote
V.f(X)=f(x+)-f(x); V., f(M;)=V_ f(X)

Definition 1 (cf. Definition 4.1 [1]). For any polynomial function F(X) the stochastic derivative of
F(M;) is defined as D,[F(M)]=V,F(M,)-1,4(1).

The operator D can be considered as an unbounded operator defined on a dense subset of L,(Q)
and taking value on L,([0,1]x€). For any real number p>1 we introduce the semi norm on DomD:
IF lpu =l F @ +ITDF L ol @ -

Let D,, be the Banach space which is the completion of DomD with respect to the norm ||-|| ;.
For p=2, the space D, is a Hilbert space with the scalar product

(F.G),, = (Fae)LZ(Q) +E[(DF, D.G)Lz([o,T])]-
Definition 2. u, is Skorokhod integrable if there exists a constant C such that for any F e D, :

x=M; *

T T T
|E(jut .D,Fdt)|<c|F|, and E(jut-Dtht): E(Fjutht).
0 0 0

Proposition 1. For any polynomial functions F(X) and G(X) we have
D,[F(M,)G(M,)]= F(M,)D,[G(M,)]+G(M, + )D,[F(M)].
Theorem 1. Let u, is Skorokhod integrable and F(X) and G(X) are a polynomial functions. Then
F(M;)u is Skorokhod integrable and we have

T T T
[F(Mp)udM, = F(M; =D udM, - [u,D,[F (M —D]dM, .
0 0 0
Theorem 2. Let u, and D, (for all s a. e.) are Skorokhod integrable and there is version of

T T
{[D,u,dM,, s€[0,T]} in L,([0,T]x€). Then [u,dM, € D, and
0 0

T T
D, {[u,dM,} = [Du,dM, +u,.
0 0

The work has been financed by the Georgian National Science Foundation grant Ne 337/07, 06 223 3-
104.
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KHHETUYECKHN Y®PEKT C)KMMAEMOCTH
COJIHEYHOI'O BETPA B 3ACTOWHO# 30HE IIEPE]
MATHUTOC®EPOW 3EMJIH

3YPAB KEPECEJIM/I3E

HuctutyT reopusuku um. M. Hogua, Towmmcu, I'py3us

MarnutorujpogHamMuyecKas 3azadya JaMUHApHOrO OOTEKaHMs MarHuToc(epbl CONHEYHbIM
BETPOM B OOLLEH OCTAHOBKE SIBJISIETCSI HEJ10CTATOUHO KOPPEKTHOM!

1. ConHeuHblii BeTep He SBJISETCS CIUIOIIHON 3JIEKTPONOPOBOASILEH Cpeloil B KiacCUUEeCKOM
NOHUMAaHUH,

2. JHEeBHas CTOpOHa MarHUTocdepbl JHlIb IpydO MOMKET annpoOKCMMHUPOBATHCS 3aTYIJIEHHbIM
TEJIOM, Ha MOBEPXHOCTH KOTOPOrO MarHUTHOE IMOJIE UMEET JUNOJBHYIO CTPYKTYPY;

3. Teuenue cosHeuHOro BeTpa BOJIM3M MarHutocepbl MOMKET CUMTATLCS [103BYKOBbIM (110
aJIbBEHOBCKKMM) JiHIiib B (DOKAJIbHOM 00J1aCTH, B OCTAJIbHOM e 4acTh NepexoiHON 00J1acTH OHO
MOJKET COJIEPKATh HE TOJILKO CJ1abble Pa3pblBbl, HO U YAPHbIE BOJIHBI.

Ha ¢poHTe ronoBHoil ynapHOW BOJHBI TEPMOJAMHAMMYECKHWE MapaMETPbl COJHEUHOrO BETpa
TEPISIT pe3Krue U3MEHEHHs!, BCIEICTBUE Hero npossisiercs 3pdexkt MarHuTHON BS3KOCTH TIa3Mbl. DTO
onpapabiBaeT wucnoib3oBanne MIJ] ypaBHeHM B JlaMUHApHOM MPUOIMKEHUH, KOTJa MOXKHO
JIOMTYCTUTh CYILIECTBOBAHME DJIEMEHTAa PETYJSIPHOCTH B CTPYKTYype Te4YeHHs BOJM3M TpaHULbI
marautocepbl. TyT MOKET BO3HUKHYTh MarHUTHBIM MOTPAHUYHBIN CIOH ¢ JOCTATOUYHO YKECTKUMHU
XapaKTEepUCTUKAaMHU, TMOJACTPAUBAIOIIMMHUCS T0J M3MEHEHEHUs MapaMeTpOB COJIHEYHOIO BETpa U
MEXKIJIAHETHOTO MarHuTHoro mousd. [lorpaHW4HBIi CIIOI  CTYKTYypHpYeT TEYeHWE IUIa3Mbl H
MO3BOJISET C/eNaTh JOMYyLIEHHs, YPOLLAIOLIME CIIPaBeUIMBbIE /IS EPEXOIHOM 001acTh ypaBHEHUS.
B MarHMTHOM mOrpaHMyHOM cjoe  Hambosee BepOSTHO, MO CPaBHEHWIO C JIPYTMMH YacTsMU
nepexoqHol 007acTH, pa3BUTHE TeX KWHETMUECKMX HEYCTOWYMBOCTEH TIa3Mbl, KOTOpbIE CIO-
cOOCTBYIOT BOBHMKHOBEHHIO 3(h(heKTa aHOMaIbHOW MAarHMTHOM BSI3KOCTH COJIHEUHOIO BETpa.

JlelicTBuTenbHO JiM TedeHue B (hoKanbHOM oOnact MarHutochepbl SBASETCS 103BYKOBBIM?
Hackosnbko Takoe mnpeicTaBi€HUME COrjacyercsl ¢ MPEeArosIoKeHHEM O TOM, 4TO 3Ta 00JacTb
J0JKHA ObITH HanboJsiee 61aronpUsiTHHIM MECTOM ISl Pa3BUTHUSI KWHETUUECKUX HEYCTOWUYMBOCTEH,
CMOCOOCTBYIOLIMX BO3HUKHOBEHMIO 3(¢dekTa aHOMaJbLHOTO COMpPOTHBJICHUS B Tulazme? B
MpUONMXKEHUU CTpyH wuaeabHOW Heckumaemoi skuakoctd, C. YamibIriHbIM ObUIO TMOMYHEHO
peleHre 3agaurM oO0TeKaHHsl MIIOCKOM MIacTHHBI KOHEYHOTO pa3Mepa, Ha KOTOpOW KpUTHYeKas
TOUKa, T.€. TOUKA CUHTYJISIPHOCTH ypaBHEHUS JBUKEHUS Cpe/ibl, Obljla 3aMEeHEeHa 3aCTOHHON 30HOA.
JIuHeiiHple pa3zMepbl 3TOro BUPTYyaJbHOrO 00pa3oBaHusi B MOCTaHOBKe YamibirnHa sIBISIOTCS
HEM3BECTHbIMM, 3aBUCSLIMMU OT Hanepej TpeOyeMOd TOYHOCTH aHaJUMTUYECKOIO pELUEHMs,
KOTOpasi 3aJaeTcsi CBOOOJHBbIM [apaMETPOM, SIBJSIOLIMMCS OTHOLUEHMEM TI'MAPOAMHAMMUYECKON
CKOPOCTM Ha IpaHULE 3aCTOMHON 30HbI K CKOPOCTM TEYEHMS! HA OECKOHEUYHOM YIAJeHUM OT
njaacTuHbl. B ¢okanbHON vacTu nepexojiHoi 00siacTH COJIHEYHbIM BETEp MOMXKET MojBeprarcs
CUJILHOMY CXKAaTHIO, T.€. TYT CKOPOCTb 3ByKa MOXKET CYLIECTBEHHO YMEHBLUATLCS MO CPABHEHUIO C
ee 3HaueHueM Ha nepudepun. OnHako, B 3aCTOWHON 30HE NOJKHA TaKXKE YMEHbLIATbCS M
FUIPOJIMHAM MUECKAsl CKOPOCTb, YTO MO3BOJISIET CUATATh CHPABEAIMBBIM J103BYKOBOE NPUOIMKEHUE
BOJIM3M KpPUTUYECKOW TOUkM MarHutocdepbl. Hanpumep, ecnu Ha rpaHuile 3acTONHON 30HbBI
rugpoauHamMudeckas ckopocte Teuenus V,=0,01V,, rae V, - XapakTepHas CKOPOCTb COJTHEUHOIO

BeTpa [0 B3aWMOJICHCTBUS ¢ MarHuTocepoldi, TO BBICOTa 3aCTOWHOW 30HBI MPUOJM3UTENRHO Ha
MopsIiIOK OyAET MPEeBOCXOAWUTH TONIIMHY MarHutonay3bl. MiIMeHHO B 3TOi 00macTu cripaBeajvuBa
KMHeMaTuieckas Mofenb ckopocteil I[lapkepa, no3Bossiiomias MOJNy4YUTh KPYNMHOMACIITAOHYIO
3JIEKTPOMArHUTHYO KAPTUHY B MATHUTHOM NOTPAHUYHOM CJIOE.
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Mathematical Modeling and Calculation Knight Shift on

Nucle in Scandium Compounds

L. DARCHIASHVILI, Z. CHACHKHIANI
Georgian Technical University

Energy-band structure calculations of metallic scandium have indicated that a considerable

hybridization of s band occurs in this metal, which is well preserved, according to [1], in its aloy
with Hf and Zr at low concentrations of the second components; in this case the combined
hybridization parameter is determined by the following formula

§Sp =Ci6a +Co%5, 1)
where C, and C, are component concentrations, £, and &, parameters of the aloy s™
hybridization.

The expression for the Knight shift with the account of hybridization is written in the following
form[2], [3]

K :0‘07(3+(O‘0§_ﬁ)7(d + X o s (2

where a,y, and yy,, are contact and orbital contributions, respectively, & is the s band

hybridization parameter, f a space-charge polarization coefficient, «, and y are coefficients of

contact and orbital interaction, respectively.

As follows from (2) , the Knight shift behaviour in translation metals and their aloys in the
presence of the hybridization effects is determined by the sign of (& - ).

We have estimated various contributions using the dependence K = f(y). The sum of orbital

and contact contributions for the alloys have proved not to exceed 0.05%, i.e. the principal
contribution is due to the hybridization effects and to the spin susceptibility of d-electrons.
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Extra Dimensionsin Flavor Physics
GELA DEVIDZE

Faculty of Exact and Natural Sciences, Ivane Javakhishvili Thilisi State University
gela_devidze@yahoo.co.uk

We have studied manifestation of extra dimensions in rare processes. The study of
flavour changing processes (rare processes) offer by far the most sensitive and
uncontroversial test for extradimensional extensions of the standard model(SM). Before
their direct detection on collider beyond SM effects may manifest themselves in rare
processes. Our attention was devoted to lepton flavour violation processes and neutral B-
meson rare decays in frame of extra dimensional models. Numerical estimates show that in
case of B-meson double radiative decays we can get a difference from SM-result as much as
~40%. We thus hope that not too much time will pass until this difference will be accessible
for experimental analysis.We have detailed investigated the role of extra dimensions and
mini black holes in the lepton flavour violation processes. We have estimated |epton flavour
violation processes rates and concluded that three body decays seem more favourable then
radiative one. On the other hand the search for | 23| decays could be more favourable by
some experimental reasons even if Br(l 23l) is less than Br(I 215). We have discussed one
of the windows towards the theoretical avenue of New Physics manifestation. The
experimental success of SM is very impressive during decades after its establishment as a
Bible of HEP: at least yet we know only experimental derivation from “standard thinking”
due to discovery of finite neutrino masses in various neutrino oscillation experiments. That
is why there is important to know, how massive and at which extent of confidence level
would be an experimenta interventions of New Physics beyond SM in all sectors of HEP
knowledge, including the modern models with large extra space-time dimensions. Large
Extra Dimensions are well motivated theoretically; Large Extra Dimensions and low scale
guantum gravity effects are at reach at present (Tevatron) and future colliders (LHC); Large
Extra Dimensions have unambiguous experimental signatures; Large Extra Dimensions can
also help to solve theoretical Particle Physics problems; If Large Extra Dimensions will
found at LHC or somewhere else it would possibly constitute the most important revolution
in the History of Particle Physics and not only in physics.
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Gauge lariance in the EFT with Ctoff
ALEXANDER KVINIXIDZE

A. Razmadze Mathematical Institute, Thilisi, Georgia
sasha_kvinikhidze@hotmail.com

Diverse applications of the gauging equations method is briefly presented. In some
detail its application to the quantum field theory with cutoff is considered. In particular the
electromagnetic current operator for the two-nucleon system is constructed in the effective
field theory (EFT) with a finite cutoff. The employed formulation ensures that the two-
nucleon T-matrix and corresponding five-point function, in the cutoff theory, are identical to
the ones formally defined by a reference theory without a cutoff. A feature of our approach
Isthat it effectively introduces a cutoff into the reference theory in away that maintains the
long-range part of the exchange current operator; for applications to EFT, this property is
usually sufficient to guarantee the predictive power of the resulting cutoff theory. In addition,
our approach leads to Ward-Takahashi (WT) identities that are linear in the interactions.
From the point of view of EFT's where such a WT identity is satisfied in the reference
theory, this ensures that gauge invariance in the cutoff theory is maintained order by order
in the expansion.

Classical String Solutions and AdS-CFT
BUMHOON LEE

Sogang University, Seoul, Korea
bhl @sogang.ac.kr

The duality between the string theory and the gauge theory provides the connection
between the gravity description on the Anti-deSitter bulk geometry and that of the
conformal field theory in the boundary flat spacetime. Related to the spectrum matching in
both sides, we introduce some examples of the string excitation solutions. We show the
dispersion relation among various charges and give physical interpretation of these
solutions.
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Physicsin LHC Era
AKAKI LIPARTELIANI

High Energy Physics Institute of 1vane Javakhishvili Thilis State University
lipart48@yahoo.com

Some topics of modern HE physics which are waiting answers at LHC are discussed.
We will shortly discuss experimental success of the SM, its theoretical incompleteness, the
role of modern and forthcoming accelerators, the roads beyond SM, theory of everything
(TOE),large extra dimentional approach and rare decays.
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Testing the Concept of Quark-Hadron Duality
with the ALEPH 7 Decay Data

BADRI MAGRADZE

A. Razmadze Mathematical Institute, Thilisi, Georgia
magr@rmi.acnet.ge

We propose a modified procedure for extracting the numerical value for the strong coupling
constant o5 from the 7 lepton hadronic decay rate into non-strange hadrons. The quark-hadron
duality is implemented by means of a specific semi-empirical parametrization for the non-strange
vector spectral function which allows the use of perturbation theory only at sufficiently large
energies. To evaluate the perturbation theory component of the total “experimental” spectral
function, we use the contour improved perturbation theory (CIPT) approach up to the next-next-
next-next-to-leading order (N*LO). A new feature of our procedure is that it enables us to extract
from the data ssmultaneously the QCD scale parameter Ag; and the boundary energy squared s,

the onset of the perturbative continuum. These parameters are determined from the experimental
spectral function by solving a transcendental system of equations numerically. In our calculations
we employ the publicly available ALEPH collaboration data. We carefully determine the
experimental errors on the parameters which come from the errors on the invariant mass squared

distribution. For the M'S scheme coupling constant, at the N3LO, we obtain
as(mf) =0.3204+ 0.0159expt.
which corresponds to
o, (M ZZ) =0.1188+ O.OOZOEXpL +0.0005,,, .

The new numerical value for the coupling is appreciably smaller than the value obtained from 7 data
within standard extraction procedure based on CIPT. We show that our numerical analysis is much
more stable against higher-order corrections than the standard one. We aso calculate the
“experimental” Adler function in the infrared region. The associated experimental uncertainty is
carefully estimated.

Renormdynamics and Scaling Functions of the Multiparticle
Production Processes

NUGZAR MAKHALDIANI

Laboratory of Information Technologies, Joint Institute for Nuclear Research,
Dubna, Moscow Region, Russia

mnv@jinr.ru
For Quantum Feld Theory models, Renormdynamic equations of motion for observable
quantities and their solution are given. Universal scaling functions of multiparticle production in

High energy physics are considered. Explicit forms of the KNO, [1] - and z-Scaling functions are
constructed.
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Singular Liouville fields and spiky stringsin P*? and SL(2, P)
GEORGE JORJADZE
A. Razmadze Mathematical Institute, Thilisi, Georgia
jorj@physik.hu-berlin.de

The closed string dynamics in P*? and SL(2, P) is studied within the scheme of Pohlmeyer
reduction. In both spaces two different classes of string surfaces are specified by the structure of the
fundamental quadratic forms. The first class in P*? is associated with the standard lightcone gauge
strings and the second class describes spiky strings and their conformal deformations on the
Virasoro coadjoint orbits. These orbits correspond to singular Liouville fields with the monodromy
matrixes . Thefirst classin SL(2, P) is parameterized by the Liouville fields with vanishing chira
energy functional. Similarly to P*?, the second class in SL(2, P) describes spiky strings, related to
the vacuum configurations of the SL(2, P) /U(1) coset model.
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Algebraic theory of motion processes
ZAUR KHUKHUNASHVILI

Niko Muskhelishvili Institute of Computational Mathematics
Thilisi, Georgia
zaur.khukhunashvili @yahoo.com

In the proposed work which continues [Z.Z.Khukhunashvili, V.Z.Khukhunashvili,
Alternative Analysis Generated by a Differential Equation, E. J. Qualitative Theory of Diff. Equ.,
No. 2.(2003), pp. 1-31], we study the algebraic properties of processes described by autonomous
differential equations. We have found that a wide class of differential equations contains an
algebraic object isomorphic to the object consisting of superposed two alternatively acting
numerical fields with common neutral elements. Using its own algebraic field, each process
constructs its own (differential and integral) calculus with a simultaneous definition of its own
frame of reference. It appears that in its own calculus the differential equation of this process takes
the linear form, while the arisen system of reference becomes inertial. Along with this, because of
the existence of a double algebraic field an alternative antiprocess is assigned to each process. The
developed theory makes it possible to describe one process from the standpoint of the other process.
It should be said that the inertial systems of one process do not necessarily coincide with the inertial
systems of the other process. All the results and conclusions follow exclusively from the algebraic
properties of differential equations without using any other postulates and assumptions. These
studies enable us to get an idea of the algebraic structure of the Fourier method in the case of
nonlinear equations. We succeeded in writing out the exact solution of equations of hydrodynamics
inimplicit form.

In this paper the geometry of a space isinvestigated using not the logic of motion of a classical
particle, but the properties of motion of afield. This appears to be sufficient for the algebraic theory
of differential equations to bring us unambiguously to a qualitatively new mathematical space and
field theory. It turns out that each differential equation describing some process constructs its own
geometry. The principles of relativity are qualitatively broadened, an explanation is found for the
existence of unitary symmetry that commutes with the Lorentz group but is generated by its
representation. From the scalar curvature, a single Lagrangian is derived for Maxwell, Yang-Mills,
Dirac and Einstein equations for strong gravitation. In this case, in the first approximation there
arise standard interaction terms and even mass terms. As to usual gravitation, though it is involved
in the field theory developed in the paper, it has an absolutely different nature than all other fields.
The alternative properties of the agebraic theory of differential equations allow us to conclude
immediately that all fields must be quantized. An exception is a gravitation field whose quantization
Is meaningless. The developed theory suggests the existence of the double world. There exists only
agravitational interaction between these worlds, all other interactions are absent.
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One Approach of Theorem Proving Text's Automatic Translation from
Formal Language into Natural Language

JEMAL ANTIDZE

[.Vekua Institute of Applied Mathematics, Tbilisi State University, Tbilisi, Georgia

jeantidze@yahoo.com

In this report one approach of theorem proving text translation from formal language into natural
language is presented. Formal language must be describable by a context free grammar. The grammar
is used to compose translation program by Bison formalism. Input of such program is a theorem
proving text and output is corresponding text in natural language. The report includes an example of

such translation from MTSR language into English.

HccnenoBanre u reHepanysi HOBbIX MATPUYHBIX CTPYKTYP H
KPUIITOCUCTEMBI

P.II. ME['PEJIMILBUJIN*, A.JI. CUXAPYJIU/3E, M.A. YEJIU/I3E
U P.J1. TXUJIAUIIBUIN

@axynbrer Tounbix u EcreccrBennsix Hayk, Tounuckuii 'ocynapcTBeHHbI Y HUBEPCUTET UM.
WgB./IxaBaxumBunu, TOumucu, ['py3us

r_megreliishvili@yahoo.com

®axkynbeTeT Tounbix 1 EctreccTBenHbix Hayk, Townmuckuii ['ocynapcTBeHHbI Y HUBEPCUTET HIM.
WB.JlxxaBaxumum, Toumucu, ['py3us

ana.sikharulidze@tsu.ge

@akynpreT MaTtematuku u Komnsrorepubsix Hayk, Cyxymckuii ['ocynapcTBeHHbIN
VYuusepcuter, TOunucu, ['py3us

@axynprer Matematuku n Komnsrorepusix Hayk, barymckuit I'ocynapcTBeHHbIN
Yuusepcurtet um.l.PyctaBenu, Towmucu, ['py3us

OcHoBHasg 1enab pabOTBl COCTOMT B HCCIECIOBAHMU HOBBIX MATPUYHBIX CTPYKTYpP IS
MOCTPOEHUS KPUNITOTPpA(PUUIECKUX METOJOB U alropuTMOB. [lo Hee 3T MOCTpOCHUS JOIKHBI
BBIMOJHATD (DYHKIMH, KOTOPBIE BBHIMOJHAIOTCS B W3BECTHBIX AJTOPHUTMAaX, NEHCTBYIOLIMX IO
OTKPBITOMY KaHaly. 3/1eCh, B IEPBYIO O4Yepeib, UMEIOTCs B BUAY npoTokon Auddu-Xennmana,
T.€. — HAMEPEHHUE TOTO, YTO Ha MATPHUIAX MOJYyYUTHh (PYHKIIMOHAIBHBIE CXEMbI, aHAIIOTUIHBIC
OJHOCTOPOHHEH (YHKIMH, aITOPUTM MU panui-gemudpanuu u 1.1, Maes 3ta He HOBas, HO
[0 TIOCJCAHWM JaHHBIM BHOBBH BBI3BIBAET HHTEpeC B Hay4HbIX Kpyrax. OmpaBnanue
NPEINPUHUMACMBIX YCHIIMH, BHIMMO, HAJAO0 BHUACTH B OBICTPOJCHUCTBUU CXEMHBIX H
IPOTPaAaMMHBIX PEIIEHUI MATPUUHBIX CTPYKTYD.
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Mps1 XoTHM OOpaTUTh BHHUMAaHHWE, TAKXKe, HA TOT ()aKT, YTO HEKOTOpPbIE HEBBIPOXKICHHBIE
MaTpulbl (MAaTpULBl C AETEPMUHAHTAMH, OTJIMYHBIMH OT HYJS) UMEIOT BHYTPUMATPUUYHYIO
PEKYPPEHTHYIO 3aBHCHMOCTb. JTa 3aBUCUMOCTb MMEETCS MEXAY CTPOKaMHU M CTOoiOLaMu
MaTpull. B Toxe Bpems oHa He sBiseTCSl OOBIYHOM JIMHEWHOHN 3aBHCHMMOCTBIO. [loTomy-TO
N0/I00HBIE MATPUILIBI OCTAIOTCSI HEBBIPOKAEHHBIMH.

Marpuinpl ¢ BHYTPUMATPUYHOM PEKYPPEHTHOM 3aBUCUMOCTBIO MOXHO IIOCTPOUTH C

nomopso noisa ['amya GF(p"), Opnako, B psajlie ciiydyaeB, OOHapyKE€HUE BHYTPUMATPUUHOM
3aBHCHUMOCTHU MOJKET OKa3aTcs HEMPOCTOH 3aaaueil.

[TomyueHHbIE aNrOPUTMBI CKOPOCTHBIE, 00JIaJal0T BBICOKOW CTOMKOCTBIO U YCTOWYMBOCTBIO
IIPOTUB aTaK ¢ OTKPBITHIM TEKCTOM.

Mathematical Model of One Process of
Ecological Pollution

MZIANA NACHKEBIA AND MIKHEIL TUTBERIDZE

Niko Muskhelishvili Institute of Computational Mathematics, Tbilisi, Georgia
mzianachkebia@yahoo.com
Niko Muskhelishvili Institute of Computational Mathematics, Tbilisi, Georgia

mtutberidze@gmail.com

In this work the mathematical model of the process of spreading of pollution of seas or oceans by
oil is elaborated and its computer realization is given. The model is described by the system of ordinary
differential equations. The swimming mass of the oil is solved in water under the affect of molecular
diffusion from the one side and by Brown motion on the other side. The local movement of oil particles
is described by Fick first law. The solving coefficient, mass and the shape of the pollution are the initial
data for the problem. The numeric experiments were performed for different cases and realistic results
were received.

Symmetry Principles for Tasks of Identification and Management

V.SESADZE, T. KAISHAURI, V. KEKENADZE

Georgian Technical University, Tbilisi

In the talk the basic scientific and technical directions which are connected to main principles of
symmetry are determined. The role of principles of symmetry and laws of preservation in a modern
science and technics is proved; different principles of symmetry in one general the theory are
systematized.

On the basis of the strengthened form of theorem of Noether, it is authorized, that for “normal”
systems actually there is biunique conformity between groups not trivial variational symmetry and
nontrivial laws of preservation.
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Decision Precising Technologies in Temporalized Structures
GIA SIRBILADZE*, TAMAZ GACHECHILADZE AND ANNA SIKHARULIDZE

Department of Computer Science, Faculty of Exact & Natural Sciences
Iv. Javakhishvili Thilisi State University, Tbilisi, Georgia

gia.sirbiladze@tsu.ge

Iv. Javakhishvili Tbilisi State University, Tbilisi, Georgia

tamaz_gachechiladze@rambler.ru

Iv. Javakhishvili Tbilisi State University, Tbilisi, Georgia

ana.sikharulidze@tsu.ge

To ensure the effectiveness of decision-support computer systems it is essential to solve
such problems as identification, filtration, precision etc. of information streams, as well as
modeling and simulation of decision-making problems which are based on them. When
working with information streams of expert knowledge, as a complex systems, in parallel with
classical approaches of their modeling, the most important matter is to assume fuzziness. All
these is connected to the complicity of study of incomplete, abnormal and extreme processes in
nature and society, which are caused by lack or shortage of objective information and when
expert data streams are essential for constructing credible decisions. Such problems include
solutions of business problems in extreme environments, analysis of management and
investment risks, problems of conflictology, sociology, medical diagnosis, etc. With the growth
of complexity of information our ability to make credible decision about process development
reduces to some level, below which some characteristics such as accuracy and certainty
become mutually conflicting. Our research is concerned with quantitative-fundamental analysis
of this uncertainty and its use for precision of informational processes and decision modeling.
Consequently one of main objects of our attention is the analysis of structures of expert data
and measures of its uncertainty. The most important of such analysis methods are the theory of
the body of evidence.

The precision of decisions first of all means improvement of representation of decision
making factors by Dempster-Shafer data structures. Of course, there are many methods for
knowledge representations and decision making, which use the Dempster-Shafer structures.
The novelty of our research in this direction is the technology for precision of the structure of
body of evidence, which we call the temporalization of body of evidence. Temporalization
means the construction of inclusion relation on the bodies of evidence. This approach is
completely novel in study of expert knowledge representations and structuring. It will cause
many heurstic methods of decision- making based on the expert knowledge representation to be
modified. Thus existing heuristic methods will obtain fundamental basis, final purpose of
which will be to model more precise decision in the cases of expert knowledge streams input.
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Decision Making Problems in the Dempster-Shafer Belief Structure
GIA SIRBILADZE*, BEZHAN GHVABERIDZE AND PRIDON DVALISHVILI

Iv. Javakhishvili Thilisi State University, Tbilisi, Georgia
gia.sirbiladze@tsu.ge

Iv. Javakhishvili Tbilisi State University, Tbilisi, Georgia

b.gvaberidze@gmail.com

Iv. Javakhishvili Thbilisi State University, Tbilisi, Georgia
max_332(@posta.ge

Some decision problems can be considered as given by the decision-making information
system:

(Q,D,Lu,K)
where © is the non-empty set of the states (acts, factors, situations, symptoms and so on) of
nature; D is non-empty set of the feasible decisions (possible alternatives); I is the available
information about €2; K is the decision-maker's criterion, which represents some optimal
principle; and W:DxQ—>R 5 a valuation of the consequences, coherent with the decision-
maker's preferences (utilities, results, gains and so on).

According to the kind and amount of available information I, the following cases have been
distinguished:

- General Decision Problem in a Certain Environment: when the state of nature which will
occur is known "a priori".

- General Decision Problem in a Risk Environment: if the true state is unknown but a
probability distribution is available on €.

- General Decision Problem in an Uncertain Environment: when no information about the
states of nature can be used.

Our aim in this work is to study a more general model including the previous three, such a
model will consider the information about €2 as defined by a body of evidence.

A general model for decision problems is presented by a basic probability assignment of a
body of evidence, which gives the information on distribution of states, situations or factors in
the form of Dempster-Shafer belief structure. The rule for decision making is constructed from
two steps by means of a composition of two functions — Dempster’s lower and upper expected
values. Shapley information entropy decreasing principal is received for the information
inclusion relation constructed in the framework of the Dempster-Shafer belief structure.
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The Dominance Concept of Dempster-Shafer (D-S)
Belief Structure in the Modeling Decisions

ZAKARIA KARSAULIDZE

I. Javakhishvili Tbilisi State University, Tbilisi, Georgia
zaza_kar@yahoo.com

A General model for decision problems is presented in the structure of a body of evidence in the
framework of utility theory. Decision maker’s preferences valuations on the states of decision systems
and possible alternatives (decisions) are presented by utility function. In this case the concept of
stochastic dominance is changed by the dominance concept of D-S belief structure, when the utility
function is unknown, but there exists some analytical information about it. First, second and higher
dominance relations are established. We present theorems about their connections. The maximum
principle of Shapley expected utility is explained instead of the maximum principle of Bernoulli
expected utility. Because of this, conditional optimization problem is created as nonspecificity measure
maximum principle, for which unknown parameters are focal probabilities of a body of evidence.

Forecast Modeling based on the Possibility
Discrimination Analysis

IRINA KHUTSISHVILI
Department of Computer Sciences, Iv.Javakhishvili Thilisi State University,
Thilisi, Georgia
i.khutsishvili@yahoo.com

Recently, in decision-making problems the methods of fuzzy sets theory are more often applied.
This results from the fact that the description of the complex object in traditional mathematical terms
and, hence, construction of its exact mathematical model becomes impossible. The description of such
objects is impossible without introduction of fuzzy representations.

The author offers application of one fuzzy method - the Possibilistic Discrimination Analysis,
which on the basis of information database of primary data (data about the last condition of object)
allows to predict possible events. This method is modification of a known method of the
Discrimination Analysis and is based on works of the following authors: Norris D., Pilsworth B.W.,
Baldwin J.F., Sirbiladze G., Sikharulidze A., Korakhashvili G.

Let's considered the set of activities (factors) essential to reception of the forecast
A={A A .., A} and the set of possible decisions (forecasts) D=1{d,,d,,....d,}. As well as in a

S« I
“classical” variant of the Discrimination Analysis, from the information in general database the
frequency distribution table { f;} is established, where f; is the relative frequence of activity A

accompanying decision D;. Then the possibilistic distribution table is obtained under formulae

nij = f; /m@c f; . Using the known transformation principle, the possibilistic distribution table is
j=1,n
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n

transformed to the probabilistic distribution table by the formulae f; = E —(72"- -t ), where
S ~ s Ie I+

s=12,...,Nn, ﬂijml =(0.On Dx A are obtained positive and negative discriminations:

1
n= 1+kf.ﬂf.fl e Zifk ot ':n+ 1+k§f,fl i Z(f'—f -0y >0,5=12,
kfk>f' K: f<f]

If some set of activities A’ = {AJl A e Ay

following positive and negative possibilistic discriminations are calculated on the set of decisions D'

} 1s defined before a concrete decision is made, the

1< 1< . P :
_EZ Pi, » Vi :Eznii ,- On D is calculated the possibilistic distribution, Vi=1.2,..m
=1

1

§; = %(n? +(1 —vi)ﬁ),B >0. And, finally, the decision with a maximum value in {3§;} can be
recognized as a most believable decision: §;, = max3d; .
I

Offered method is applied in concrete forecasting task - decision-making regarding the possibility
of earthquake occurrence. As the factors-precursors the some geophysical activities of an atmosphere
are taken. Initial data comprises the earthquakes’ statistics in the Dusheti Region of Georgia. In
comparison with the Discrimination Analysis the quantity of correct forecasts of a method has appeared
approximately for 6.5 percent more.
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