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О группе редуцированных G-тождеств относительно  

свободных нильпотентных групп 
М. Г. АМАГЛОБЕЛИ 

Тбилисский государственный университет им. Ив. Джавахишвили 

Основы алгебраической геометрии над группами изложены в [1], [2].  В частности, в 
этих работах введены категория G-групп, понятие G-свободной группы, которая 
алгебраических множеств над группой G. Там же объяснена необходимость этих ронятий 
при создании алгебраической геометрии над фиксированной группой G. В работе [3] 
исследуется алгебраическая геоеметрия над свободной нильпотентной группой ступени 2. 

Основные понятия, касающиеся G-тождеств, можно найти в [4]. Там же пояснено, 
почему группа недуцированных G-тождеств играет столь важную роль в алгебраической 
геометрии над группами. 

Через ( )XF  обозначим свободную группу с базисом { }nxxX ,,1 …= , 1≥n . Пусть 
( )nm xxggv ,,,,, 11 ……  – элемент G-свободной группы [ ] ( )XFGXG ∗=  и H – некоторая G-

группа. Данный элемент назовем G-тождеством для H, если для любого набора элементов 
nhh ,,1 …  и H значение ( )nm hhggv ,,,,, 11 ……  равно 1. 

Обозначим через V множество всех бескоэффициентных тождеств, истинных на группе 
G-, а через ( )GV  – соответствующую ему вербальную подгруппу из [ ]XG . Наряду с V 
рассмотрим множество cV  всех G-тождеств, истинных на группе G. Обозначим через ( )GVc  
Бвербальную подгруппу из [ ]XG , соответствующую множеству cV . Очевидно, что 
( ) ( )GVGV cΔ ю Тогда фактор-группа ( ) ( ) ( )GVGVGV credn =,  называется группой 

редуцированных G-тождеств ранга n. 
Доказана следующая  

Теорема. Пусть M – нильпотентная сногообразие групп ступени нильпотентности c и 
пусть ( )lFG M=  – M-свободная группа ранга cl ≥ . Тогда для любого натурального числа n 

( ) 1, =GV redn . 

Литература 

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. Амаглобели М. Г., Ремесленников В. Н. G-тождества и G-многообразия. Алгебра и 
логика 39 (2000), № 3, 249-272. 

4. Амаглобели М. Г. Алгебраические множества и координатные группы для свободной 
нильпотентной группы ступени 2. Сиб. мат. ж. 48 (2007), № 1, 5-10. 
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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, 
summer seminar, University of Alberts, 12-30 August,1957. Queen Mary College 
Matematics Notes. Queen Mary College (university of London), London,1969. 

2. A.G. Myasnikov and V.N. remeslennikov, Isomorphisms and alementary properties of 
nilpotent power groups(Russian) Dokl.Akad.Nauk SSSR 258(1981) #5. pp.1056-1059  

 
 

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 ( ) 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. 
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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  is denoted  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.  YXf →:  and YXg →:   uniform maps are called n-uniform homotopic, gf u

n
≈ , if fg 

and gh are uniform homotopic for any uniform map  XBh →:  of uniform space 𝐵 with uniform dimension 
nB ≤dim . 

The n-uniform homotopic relation between uniform maps is an equivalence relation. The n-uniform 
homotopy class of uniform map f  we denote by [ ]n

uf . 
Thus, we obtain n-HUnif category whose objects are uniform spaces and morphisms – uniform n-homotopy 

classes of uniform maps.  P= UPol)H(pUnif∩n- is some subcategory of the category T  =n-HUnif. 

Definition 2. A morphism =p [ ] ( )→Xp n
u :)( α   ( ) ),][, ApX n

uααα ′=X ( )PolUnifHn- ∩∈  is called an 
( )−∩− PolUnifHn expansion if it satisfies the following conditions:  i) For any uniform map PXf →: , 

where ∈P  ( )PolUnifHn- ∩ , there exist an index A∈α  and uniform map  PXf →: αα , for which  

[ ] [ ] [ ]n
u

n
u

n
u pff αα= ; ii) For every index A∈α and uniform maps PXgf →:, ααα  whith  

[ ] [ ] [ ] [ ]n
u

n
u

n
u

n
u pgpf αααα = , there is an index A∈′α , such that  αα ′≤  and 

[ ] [ ] [ ] [ ]n
u

n
u

n
u

n
u pgpf αααααα ′′

= .  
Theorem 1.  Every uniform precompact space pUnif∈X  there exists an UPol)H(pUnif-n ∩

expansion, i.e.  UPol)H(pUnif-n ∩ is a dense subcategory of the category HpUnif-n . 
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.  

References: 
1. V.V. Agaronian, Shape classification of uniform spaces. Dokl. Akad. Nauk SSSR, 228 (1976) 848-851. 
2. V.V. Agaronian and Yu. M. Smirnov, The shape theory for uniform spaces and the shape uniform invariants. 
Commentationes Math. Univ. Corolinae, 19 (1978) 351-357. 
3. V. Baladze, On ARU-resolutions of uniform spaces, Georgian Math. J., V. 10 (2003) N2, 201-207. V.Baladze 
and L.Turmanidze, On uniform shape theory with precompact supports, Proc. of A. Razmadze Math. Inst., 127 
(2001) 63-75. 
4. V.Baladze and L.Turmanidze, On uniform shape theory with precompact supports, Proc. of A. Razmadze 
Math. Inst., 127 (2001) 63-75. 
5. R. Engelking, General topology, Warzava, 1977. 
6. J.R. Isbell, Uniform Spaces, Amer. Math Soc., providence, RI, 1964. 
7. S. Mardešic and J. Segal, Shape theory, Amsterdam, 1982. 
8. L. Turmanidze, On uniform strong shape theory, Bull. Georgian Acad. Sci., 167, 1(2003)  19-23. 
9. L.Turmanidze, On uniform shape theory, Abstracts, Int. Math. Cong., Zagreb, 2000.  
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The Geometry of Classical Groups over Rings

T. KVIRIKASHVILI AND A. LASHKHI

Georgian Technical University, 77, Kostava St., Tbilisi 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(X1) 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.
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Approximation Properties of Nilpotent and Meta-Abelian Products 
and Interlacings 

A. MAMUCHISHVILI 

Georgian Technical University, Tbiilisi 
We recall that the n-step nilpotent product and interlacings are defined with the help of a set of 

words 1+nλ , and a meta-Abelian product corresponds to the set of words 2δ . 
Theorem 1. k-step nilpotent product of fintely generated groups nAAA ,,, 21 K   is finitely 

approximable if and only if nAAA ,,, 21 K  are finitely approximable. 
Proposition. Let A be a finitely generated k-step nilpotent group and let B be a finitely 

approximable group. Then the group BAwrW
k 1+

= γ  is finitely approximable. 
Theorem 2. Let A be a finitely generated group. Then the k-step nilpotent interlacing 

BAwrW
k 1+

= γ  is finitely approximable if and only if the following conditions hold: 
(1) A is a finitely approximable group; 
(2) B is a finitely approximable group; 
(3) if B is an infinite group, then A is nilpotent of the step k. 
Example. Let [ ] 3,,,|,, zyxzyyzzxxzzyxA ====  and let ( )2Ζ=B . 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 BAwrW

3λ
= is isomorphic to the 

group [ ] [ ]AAAAAA ,, ⊗ . The group [ ]AA,  is generated by the element 3Ζ . Hence  
[ ] ( )3, ΖΖΖ ++=AAA  

and 
( )( ) ( )( ) ( )35433 ΖΖΖΖΖΖΖΖ +=++⊗++=D  

Therefore, the group W contains a subgroup isomorphic to ( )3Ζ  and, therefore, it cannot be 
approximable by finite 2-groups. 
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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 Tbilisi State University, Institute of Cybernetics, Tbilisi,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,∨,∧, u), where (1) (G, +,−, 0) is an abelian group, (2)
(G,∨,∧) is a lattice, (3) (x ∨ y) + z = (x + z) ∨ (y + z) for all x, 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. `-group with
strong unite we will call `u-group.

Let G be an `u-group, t an `u-group-term in the variables x1, ..., xm, and assume a1, ..., am

are elements of G. Substituting an element ai ∈ G for all occurrences of the variable xi ∈ G
, for i = 1, ...,m, and interpreting the symbols 0, +,∨,∧, u,− as the corresponding operations
in G, we obtain an element of G, denoted tA(a1, ..., am). An `u-group-equation (for short, an
equation) in the variables x1, ..., xm is a pair (t1, t2) of `u-group-terms in the variables x1, ..., xm.
Following tradition, we shall write t1 = t2 instead of (t1, t2). An `u-group G satisfies the `u-
group-equation t1 = t2, in symbols, G |= t1 = t2, if tA1 (a1, ..., am) = tA2 (a1, ..., am) for any
a1, ..., am ∈ G.

Let (T, +,−, 0,∨,∧, u) be the algebra of terms. The complexity c(t) of a `u-group-term
t is defined inductively as follows: 1) c(t) = 0, if t is a variable or u or 0, 2) c(t1 ∗ t2) =
max(c(t1), c(t2)), for ∗ = ∨,∧, 2) c(t1 + t2) = max(c(t1), c(t2)) + 1, 3) c(−t) = c(t). We also
define the complexity of an equation t1 = t2: c(t1 = t2) = max(c(t1), c(t2)) + 1.

On the set T define the equivalence relation ≡: t1 ≡ t2 iff the `u-group-equation t1 = t2 is
an `u-group-identity (or true in all `u-groups) if it is satisfied in all `u-groups, or equivalently
the equation t1 = t2 is deduced from the `u-group axioms. If we are restricted with terms m
variables Tm, then (Tm/ ≡, +,−, 0/ ≡,∨,∧, u/ ≡) will be the m-generated free `u-group. We
denote by Tm the m-generated free `u-group.

An endomorphism σ : Tm → Tm is said to be a unification for `u-group equation t1 = t2 if
σ(t1) = σ(t2). An `u-group equation t1 = t2 is said to be unifiable if there exists an unification
for the equation t1 = t2. An endomorphism σ : Tm → Tm is less general than an endomorphism
σ2 : Tm → Tm (in symbols σ1 � σ2) if and only if there is a substitution τ : Tm → Tm such that
` τ(σ2(xi)) ↔ σ1(xi) for all xi ∈ {1, ...,m}. Let Σ be the set of all unifiers for the equation
t1 = t2. The set of maximal incomparable elements of Σ is said to be a basis of unifiers for
t1 = t2. A unifier σ for t1 = t2 is said to be a most general (mgu) for t1 = t2 if and only if {σ}
is a basis of unifiers for t1 = t2.

Theorem. For any unifiable `u-group equation t1 = t2 with complexity c(α) ≤ n and m
variables there exists a finite number of pairwise not deducible from each other equations p = q
with c(p = q) ≤ n, having most general unifications, and p = q |= t1 = t2.
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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 XI −  subsemilattices of unions, defined by complete X − semilattices   of  the 
class ( )3 ,7XΣ  is studied. Every element of this class is isomorphic to the preliminarily 
given X − semilattice { }6 5 4 3 2 1, , , , , ,D Z Z Z Z Z 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 4X n= ≥  and ( )3 ,7X sΣ = ,  then  

                                                   ( )1 8 4 7 6 6 4 5 4
2

n n n n ns = − ⋅ + ⋅ − ⋅ + . 

 The set ( )XB D of all a binary relation ( ) :f f X Dα →  is a semigroup with respect to the operation 
of multiplication of binary relations, where { }( ( ))f

x X
x f xα

∈
= ×U  [1]. 

Knowing all XI − subsemilattices of the given complete X − semilattice, we have investigated 
the class of semigroup ( )XB D  of binary relations, every element of which is defined by a complete  
X − semilattice of unions from the class ( )3 ,7XΣ [2]. We have received new results: 

• These  semigroups have  no right units; 
• Formulas are found for calculating the number of idempotents for a finite set X .  

 
References 

1. Ya. I. Diasamidze, Complete semigroups of binary relations. Journal of Mathematical         
Sciences,  Plenum Publ.  Cor., New York, Vol. 117, №4, 2003,  4271-4319.  

2. Ya. Diasamidze, Sh. Makharadze, N.Rokva, On  XI-Semilattices of Unions, Bull.     
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rogorc cnobilia, formulis zogadmarTebulobis dasadgenad saWiroa 

ganxilul iqnes yvela SesaZlo areze yvela SesaZlo interpretacia. faqtiurad 

amis ganxorcieleba SeuZlebelia. saWiroa moinaxos iseTi specialuri are, rom am 

areze ganxilul yvela SesaZlo interpretaciaSi mocemuli formulis 
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WeSmaritoba tolZalovani iyos am formulis zogadmarTebulobis. predikatTa 

logikis formulebisaTvis aseTi aris moZebna SeZlo erbranma [1]. am ares erbranis 

universumi ewoda. sainteresoa Cvens mier agebuli SRτ -logikis [2-3] 

formulebisaTvis analogiuri aris moZebna. SRτ -Llogikis A formulisaTvis 

Sesabamisi AH -erbranis universumi moZebnilia avtorTa mier. gansazRvrulia 

agraTve SRτ -logikis A formulis erbranis H -interpretaciis analogi da 

dagenilia kavSiri nebismier aracariel D  areze ganxilul interpretaciisa da 

erbranis SRτ -universumze gansazRvrul erbranis H -interpretaciasTan.   
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2. Rukhaia Kh, TibuaL.; Dundua B.One Method of Constructing a Formal Sistem; Aplied 
Mathematics,Informatics and Mechanics(AMIM)T.11N 2;2006 

            www.viam.science.tsu.ge/Ami/2006_2/2006_2.htm 
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სეპარაბელური p-ჯგუფის  კვაზიციკლური ჯგუფით  
გაფართოების სავსებით ინვარიანტულ ქვეჯგუფთა მესერი 

ტარიელ ქემოკლიძე 

ა. წერეთლის სახელმწიფო უნივერსიტეტი, 

ქუთაისი, საქართველო 

მოხსენებაში განიხილება სეპარაბელური p - ჯგუფის  კვაზიციკლური ჯგუფით 

გაფართოების სავსებით ინვარიანტულ ქვეჯგუფთა მესერი, როცა გრეხვითი ნაწილი 
წარმოადგენს გრეხვითად სრული p -ჯგუფების ნებისმიერ პირდაპირ ჯამს. პროექციებისა 

და ინდიკატორების გამოყენებით  ჯგუფის ყოველ ელემენტს ეთანადება უსასრულო 
მატრიცა, რომელთა დახმარებით აიგება ქვედა ნახევარმესერი, რომლის ფილტრთა მესერი 
იზომორფულია საძიებელი სავსებით ინვარიანტული ქვეჯგუფების მესრისა. 
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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., Tbilisi 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:

• Theory of geometric lattice and their generalization.

• The problem of coordinatization geometries over rings.

• 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 Tbilisi State University, 2, University St., Tbilisi 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 G1 over the rings W and W1 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 W1 and W2, respectively. We say that
the mapping f : X → Y is a semi-linear isomorphism with respect to the isomorphism σ : W1 → W2. If
the equality

f(xα1
1 xα2

2 ) = f(x1)σ(α1)f(x2)σ(α2)

is fulfilled for any x1, x2 ∈ X and α1, α2 ∈ W1.

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 xα = 1, α ∈ W , x ∈ G, implies either α = 0 or x = 1. We call a W -power
groups G proper if the lattice L(G) is torsion-free. It is obvious that the lattice L(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 x ∈ G the lattice L(〈x〉) consists two
elements. An element x ∈ G is called proper if the lattice L(〈x〉) is torsion-free, and it is a torsion-free if
the W -subgroup 〈x〉 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 W2, 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 σ : W1 → W2 and σ-semilinear isomorphism µ : X → Y such that µ(A) = ϕ(A) holds for
every subgroup A ⊆ L(X).

Example. Let Ω = 〈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 ϕ of the lattice L(Ω),
ϕ ∈ Aut[L(Ω)], 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. ϕ(〈x〉) = 〈x · z〉.

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

Remark 1. If µ is the semilinear isomorphism form the theorem, then the mapping µ−1 defined by
µ−1(x) = [µ(x)]−1 is a semilinear antiisomorphism, i.e.

µ(xα1
1 xα2

2 ) = µ(x2)σ(α2)f(x1)σ(α1)

for any x1, x2 ∈ X, α1, α2 ∈ W .

Remark 2. Let Ω ⊂ W be a group of invertable elements of a ring W . Then for every ε ∈ Ω the
mapping µε = µε (µε(x) = [µ(x)]ε) is either a semilinear isomorphism or a semi-linear anti-isomorphism
with respect to the same σ : W → W1.
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სასრულო სიმრავლეზე განსაზღვრული ზოგიერთი ალგებრული 
სტრუქტურის რაოდენობის გამოსათვლელი ფორმულები 

zebur avaliani 

შოთა რუსთაველის სახელმწიფო უნივერსიტეტი 
 

ალგებრული სტრუქტურა ეწოდება სიმრავლეს მასზე განმარტებული ალგებრული 
ოპერაციით. ნაშრომში შესწავლილია სასრულ სიმრავლეზე განსაზღვრული ზოგიერთი 
ალგებრული სტრუქტურის რაოდენობა. დამტკიცებულია შემდეგი: 

თეორემა 1. n -ელემენტიან სიმრავლეზე განსაზღვრული ერთეულის მქონე ყველა ( )α,M  

ალგებრული სტრუქტურის რაოდენობა არის 222 +− nnn . 
თეორემა 2. n -ელემენტიან სიმრავლეზე განსაზღვრული ყველა კომუტაციური ( )α,M  

ალგებრული სტრუქტურის რაოდენობა არის 2

2 nn

n
+

. 
თეორემა 3. n -ელემენტიან სიმრავლეზე განსაზღვრული შებრუნებული ელემენტების მქონე 

ყველა ( )α,M  ალგებრული სტრუქტურის რაოდენობა არის 332 +− nnn . 
თეორემა 4. n -ელემენტიანი სიმრავლის თავისთავზე ყველა ასახვათა რაოდენობა, 

რომელსაც აქვს ერთი მაინც უძრავი წერტილი, არის nn nn )1( −− . 
 

ლიტერატურა: 
 

1. Е. С. Ляпин, А. Я. Аизенштат, М. М. Лесохин. “упражнения по теории групп”. 
 

Regular elements of complete semigroups of binary relations  
defined by semilattices of the class ( )5 ,5XΣ  

 

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  fα  on the set  X   that satisfies the condition 

{ } ( )( )f
x X

x f xα
∈

= ×U  

The set of all such fα  ( :f X D→ )  is denoted by ( )XB D . It is easy to prove that ( )XB 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 ( )5 ,5XΣ  be a class of all X − semilattices of unions whose every element is 
isomorphic to an X − semilattice of unions { }4 3 2 1, , , ,D Z Z Z Z D=

(
 which satisfies the 

following conditions: 
4 3 1 4 3 2

1 2 2 1 1 2

,   ,
\ ,  \ ,  .

Z Z Z D Z Z Z D
Z Z Z Z Z Z D

⊂ ⊂ ⊂ ⊂ ⊂ ⊂
≠ ∅ ≠ ∅ ∪ =

( (

(        …(1) 

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 ( )XB D  which are 

defined by some semilattice D′  belonging to the class ( )5 ,5XΣ . 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,  № 4, 2008, 481-499.  
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Counting Complex  Points of  Surfaces 
T. ALIASHVILI 

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

Complex points of smooth surfaces in 2C   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 24 CR ≅  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 2CX ⊂ , the number of complex points of  { } 20,0 CgfX ⊂=== , 
is given by  

( )HXc ∇−= 0deg1
2
1)(  

 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 degree 2≥m  does not exceed  ( )145 −mP , 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 

Tbilisi State University, Tbilisi, 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 Tbilisi State University,  Tbilisi, Georgia 
lgogoladze1@hotmail.com  

 It is well known that unlike one-dimensional case, not every multiple trigonometric series is 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, is said to be a trigonometric series of a special type. 

Denote by ( )STC ∗   [ ]ππ ,−=T , 2≥S  the subset of those functions from ( )STC   the 
trigonometric Fourier series of which are the trigonometric series of a special type. 

We have the following 
Theorem. Let ( )STCf ∗∈  and let its Fourier coefficients are positive numbers. Then its multiple 

trigonometric Fourier series will uniformly converge on ( )ST  . 
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cxriliT mocemuli mravalcvladiani funqciis 
argumentebis erTcvladian funqciaTa namravlis 

saxis maTematikuri modelis mamowmebeli kriteriumi 

i. gorjolaZe, n. gorjolaZe 

saqarTvelos teqnikuri universiteti, Tbilisi, saqarTvelo 

natia.gorjoladze@ugt.ge 

ganixileba cxriliT mocemuli 2n ≥  cvladze damokidebuli 
elementaruli ( , , , , , , , , )u u x y z t lγ ω θ= L  funqcia, romlis cvladebis indeqsebia 

Sesabamisad , , , , , , , , ; .nc d p q a b m g u R∈L  
  Semogvaqvs mravalcvladiani funqciis rangis cneba. Tu ori cvladis 

funqciis cxrilis elementebiT Sedgenili matricis rangi naklebia 
striqonebisa da svetebis ricxvebs Soris umciresze, maSin mas vuwodoT 
orcvladiani funqciis rangi. Tu samcvladian funqciaSi erT-erTi cvladis 
dafiqsirebiT miRebuli danarCeni ori cvladis funqciebis rangebi 
erTmaneTis tolia, maSin mas vuwodoT samcvladiani funqciis rangi. 
analogiurad ganisazRvreba oTxi da meti cvladis fuqciis rangic.  

mtkicdeba Semdegi Teorema: Tu 2n ≥  cvladis u  funqciis rangi aris 
1, maSin misi maTematikuri modeli warmoadgens erTcvladian elementarul 
funqciaTa namravls, xolo analizuri saxis damdgeni formula moicema 
Semdegi gamosaxulebiT: 

   1

( ) ( ) ( )

( ) ( ) ( ) : ,
dpq abmg cpq abmg cdq abmg

n
cdpq amg cdpq abg cdpq abm cdpq abmg

x u y u z

u l u u u

u u
ω τ −

⋅ ⋅ ⋅ ×

× ⋅ ⋅

= L L L

L L L L

L
       

sadac erTcvladiani funqciebi Sesabamisi indeqsebis mqone elementebiT 
dadgenili elementaruli funqciebia. 

miRebul kanonzomierebas namravlis kanoni vuwodeT.  
am kanonidan gamomdinareobs argumentebis erTcvladian funqciaTa 

namravlis saxis maTematikuri modelis mamowmebeli kriteriumi: imisaTvis, 
rom mravalcvladiani funqciis maTematikuri modeli warmoadgendes 
argumentebis erTcvladian funqciaTa namravls, sakmarisia funqciis rangi 
iyos erTi.  

 

17



cxriliT mocemuli mravalcvladiani funqciis 
argumentebis erTcvladian funqciaTa jamis saxis 
maTematikuri modelis mamowmebeli kriteriumi 

i. gorjolaZe, n. gorjolaZe 

saqarTvelos teqnikuri universiteti, Tbilisi, saqarTvelo 

natia.gorjoladze@ugt.ge 

ganixileba cxriliT mocemuli ( , , , , , , , , )u u x y z t lγ ω θ= L  elementaruli 

funqcia, romlis cvladebis indeqsebia Sesabamisad , , , , , , , , ; .nc d p q a b m g u R∈L  
Tu orcvladiani funqciis cxrilis elementebiT Sedgenili matricis 

rangi naklebia striqonebisa da svetebis ricxvebs Soris umciresze, maSin 
mas vuwodoT orcvladiani funqciis rangi. Tu samcvladian funqciaSi erT-
erTi cvladis dafiqsirebiT miRebuli orcvladiani funqciebis rangebi 
tolia, maSin mas vuwodoT samcvladiani funqciis rangi da a.S. erT-erTi 
striqoni (sveti) gamovakloT  danarCen striqonebs (svetebs) da maklebi 
striqoni (sveti) SevcvaloT erTeulovani striqoniT (svetiT). miRebuli 
matricis rangs vuwodoT  xaziani rangi.         

mtkicdeba Semdegi Teorema: Tu 2n ≥  cvladis u  funqciis xaziani rangi 
aris 2, maSin misi maTematikuri modeli warmoadgens argumentebis 
erTcvladian funqciaTa jams, xolo analizuri saxis damdgeni formula 
moicema Semdegi gamosaxulebiT: 

      
( ) ( ) ( )

( ) ( ) ( ) ( 1) ,
dpq abmg cpq abmg cdq abmg

cdpq amg cdpq abg cdpq asm cdpq abmg

u u x u y u z

u l u u n uω τ

= + + + +

+ + + − − ⋅
L L L

L L L L

L
 

sadac erTcvladiani funqciebi Sesabamisi indeqsebis mqone elementebiT 
dadgenili elementaruli funqciebia. 

miRebul kanonzomierebas jamis kanoni vuwodeT. am kanonidan 
gamomdinareobs argumentebis erTcvladian funqciaTa jamis saxis 
matematikuri modelis mamowmebeli kriteriumi: imisaTvis, rom 
mravalcvladiani funqciis maTematikur models hqondes argumentebis 
erTcvladian funqciaTa jamis saxe, sakmarisia funqciis xaziani rangi iyos 
ori. 
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On the Modulus of Continuity of k−th Order of
Conjugate Functions

ANA DANELIA

Iv. Javakhishvili Tbilisi State University, Tbilisi, Georgia,
email:annadanelia2000@yahoo.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 n). 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(ωk; C(T n)) under the operator fB. From obtained results as a
consequences follows Zhak’s theorem [1].

References

1. I.E. Zhak, A theorem of Zygmund about conjugate functions, Dokl. Akad. Nauk SSSR,
97 (1954), 387-389.
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biorlingis Teoremis Sesaxeb  
gare analizuri matric funqciebisTvis 

laSa efremiZe 

a. razmaZis maTematikis instituti 

lasha@rmi.acnet.ge 

   biorlingis klasikuri Teorema gare analizuri funqciebis Sesaxeb 
amtkicebs, rom Tu  f  wreSi gansazRvruli gare analizuri funqciaa hardis  
H2 sivrcidan, maSin  f  funqciis namravlebi yvela SesaZlo polinomebTan 
yvelgan mkvrivia am sivrceSi. 

es Teorema matric funqciebisaTvis ganzogadoebul iqna laqsis da 
Semdgom helsonis mier. maTi damtkiceba eyrdnoba invariantuli qvesivrceebis 
teqnikas da iyenebs funqcionaluri analizis aparats. 

moxsenebaSi saubari iqneba biorling-laqs-helsonis Teoremis martiv  
damtkicebaze, romelic eyrdnoba kompleqsuri cvladis funqciaTa Teoriis 
meTodebs 

 
 
 

ganzogadoebuli laplasiani da furie-laplasis 
 deferencirebadi mwkrivis Sejamebadoba  

wrfivi meTodiT 

s. Tofuria, l. xoWolava 

saqarTvelos teqnikuri universiteti, Tbilisi, saqarTvelo 

Semoyvanilia ganzogadoebuli laplasis operatoris cneba Rk ( )3≥k  

sivrcis erTeulovan Sk-1 sferoze (ix. [1]). dadgenilia sakmarisi pirobebi, 
ramelsac unda akmayofilebdes Sk-1 ( )3≥k  sferoze gansazRvruli funqcia, raTa 
arsebobdes am funqciis ganzogadoebuli laplasiani. 

miRebulia furie-laplasis diferencirebuli mwkrivebis wrfivi 
regularuli meTodebiT Sejamebadobis sakmarisi pirobebi. diferencirebis 
operatorad gamoyenebulia laplasis operatori erTeulovan sferoze, e. i. 
sferul koordinatebSi Cawerili laplasis operatoris kuTxuri nawili.  

 

literatura 

1. S. Topuria, Boundary Properties and Applications of the Differentiated Poisson Integral for 
Different Domains, Nova Science Publishers, Inc. 2009. 
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invariantul da kvaziinvariantul zomaTa TeoriaSi 
 usasrulo kombinatorikis meTodebis gamoyenebis 

 Sesaxeb 

a. kirTaZe 

a. razmaZis saxelobis maTematikis instituti,  

saqarTvelos teqnikuri universiteti, Tbilisi, saqarTvelo 

kirtadze2@yahoo.com 

   invariantul da kvaziinvariantul zomaTa Teoriis fundamenturi 
sakiTxebis Seswavla (magaliTad, gardaqmnaTa jgufebiT aRWurvili 
sabaziso simravleebze gansazRvruli invariantuli zomebis erTaderToba, 
metrikuli tranzituloba, araseparabeloba da sxv.) mWidrod ukavSirdeba 
usasrulo kombinatorikis iseT cnobil faqtebs, rogoricaa: a. tarskis 
Teorema simravleTa damoukidebeli ojaxis  Sesaxeb, v. serpinskis e.w. 
gamoyofis lema, s. ulamis trasfinituri matrica, simravleTa TiTqmis 
dizunqtiuri ojaxis kombinatoruli Tvisebebi da sxv. (magaliTad, ixileT, 
[1], [2], [3]).   
   usasrulo kombinatorikis zemoT moyvanili faqtebis gamoyenebebiT 
dgindeba Semdegi Sedegebi: 

1) kontinuumis hipoTezis miRebis SemTxvevaSi amoxsnad jgufebze sigma-
sasrulo araseparabeluri invariantuli zomis arseboba; 

2) sigma-sasrulo invariantuli (garkveuli yvelgan mkvrivi qvejgufis 
mimarT) zomebis erTaderToba sabaziso topologiur sivrceTa 
pirdapir namravlebze;  

3) sigma-sasrulo kvaziinvariantuli zomebis absoluturad uwyvetoba 
kvaziinvariantuli albaTuri zomebis namravlebis mimarT.D 

 

   naSromi Sesrulebulia GNSF/ST08/3-391 grantis mxardaWeriT. 
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çëöæï ïæêàñèŽîñèæ æêðâàîŽèâĲæïŽ áŽ éŽóïæéŽèñîæ òñêóùæâĲæï
öâéëïŽäôãîñèëĲæï çîæðâîæñéâĲæ ûëêæŽê

àîŽêá-Lp ïæãîùââĲöæ áŽ àŽéëõâêâĲâĲæ ïŽïŽäôãîë ŽéëùŽêâĲöæ

ãŽýðŽêà çëçæèŽöãæèæ

Ž. îŽäéŽúæï éŽåâéŽðæçæï æêïðæðñðæ

Email: kokil@rmi.acnet.ge

éëýïâêâĲŽöæ ûŽîéëáàâêæèæ æóêâĲŽ ñçŽêŽïçêâè ýŽêï Žãðëîæï éæâî éæôâĲñèæ
öâáâàâĲæ ŽîŽûîòæãæ ŽêŽèæäæï æêðâàîŽèñîæ ëìâîŽðëîâĲæï öâéëïŽäôãîñèëĲæï
öâïŽýâĲ ĲŽêŽýæï ŽîŽïðŽêáŽîðñè ûëêæŽê òñêóùæñî ïæãîùââĲöæ áŽ àŽéëõâêâĲâĲæ
ŽêŽèæäñî òñêóùæŽåŽ ïŽïŽäôãîë ŽéëùŽêâĲöæ.

ïŽýâèáëĲî,

Ž) çëéìèâóïñîæ ïæĲîðõæï àŽûîòâãŽáæ ûæîæï öâïŽýâĲ áŽáàâêæèæ æóêâĲŽ æéæï
ŽñùæèâĲâèæ áŽ ïŽçéŽîæïæ ìæîëĲŽ, îëé Žé ûæîäâ àŽêïŽäôãîñèæ çëöæï ïæêàñ-
èŽîñèæ æêðâàîŽèæåŽ áŽ ßŽîáæ-èæðãñèáæï ðæìæï éŽóïæéŽèñîæ òñêóùæâĲæå
àŽøâêæèæ ëìâîŽðëîâĲæ öâéëïŽäôãîñèæ æõëï àîŽêá-Lp ïæãîùââĲöæ ìæîëĲæå
1 < p < ∞. Žé ñçŽêŽïçêâè ïæãîùââĲï ŽôêæöêŽãâê Lp) ïæéĲëèëåæ.

Ĳ) éëõãâêæèæ æóêâĲŽ æé ûëêæåæ òñêóùæâĲæï ïîñèæ áŽýŽïæŽåâĲŽ, îëéèâĲæù
àŽêŽìæîëĲâĲâê çëöæï ïæêàñèŽîñèæ ëìâîŽðëîæïŽ áŽ éŽóïæéŽèñîæ òñêóùæâĲæï
öâéëïŽäôãîñèëĲŽï ûëêæŽê Lp) ïæãîùââĲöæ.

à) ŽêŽèëàæñîæ ŽéëùŽêŽ ŽéëýïêæèæŽ þâîŽáæ öâñôèâĲñèæ òñêóùæâĲæïŽ áŽ
úèæâîæ éŽóïæéŽèñîæ òñêóùæâĲæïŽåãæï.

á) äâéëýïâêâĲñèæ ïæãîùââĲæï øŽîøëâĲöæ öâéëðŽêæèæ æóêâĲŽ ŽêŽèæäñî áŽ ßŽî-
éëêæñè òñêóùæŽåŽ ßŽîáæïŽ áŽ ïéæîêëãæï ðæìæï çèŽïâĲæ. áŽáàâêæèæ æóêâĲŽ éŽåæ
åãæïâĲâĲæ: çëöæï ðæìæï æêðâàîŽèæå ûŽîéëáàâêâáëĲŽ, ïéæîêëãæï ðæìæï åâëîâéŽ
áŽ ïýãŽ.

â) ŽîŽûîòæãæ ŽêŽèæäæï ëìâîŽðëîâĲæï ŽïŽýãæï åãæïâĲâĲäâ áŽõîáêëĲæå àŽéë-
çãèâñèæŽ îæéŽêæï ïŽïŽäôãîë ŽéëùŽêŽ æé çëöæï ðæìæï æêðâàîŽèâĲæå ûŽîéëáàâ-
êŽá òñêóùæŽåŽ çèŽïâĲöæ, îëéâèåŽ ïæéçãîæãââĲæ éæâçñåãêâĲæŽê àîŽêá-Lp ïæãî-
ùââĲï.

ã) äâéëýïâêâĲñè òñêóùæñî ïæãîùââĲöæ àŽêýæèñèæ æóêâĲŽ òñêóùæŽåŽ Žìîëó-
ïæéŽùææï äëàæâîåæ Žïìâóðæ.
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On a Singular Boundary Value Problem for the
Integro-Differential Equations

ROMAN KOPLATADZE

Iv. Javakhishvili Tbilisi State University, Tbilisi, Georgia,
email:r−koplatadze@yahoo.com

Consider the boundary value problem

x′(t) = p(t)
∫ σ(t)

0
q(s) x(τ(s)) ds, (1)

x(t) = ϕ(t) for t ∈ [τ0, 0), lim inf
t→+∞ |x(t)| < +∞, (2)

where p ∈ C(R+; (0, +∞)), q ∈ Lloc(R+; R+), 0 ≤ σ(t) ≤ t, τ(t) < t for t ∈ R+,
lim

t→+∞σ(t) = lim
t→+∞ τ(t) = +∞, τ0 = inf{τ(t) : t ∈ R+}, ϕ ∈ C([τ0, 0)) and sup{|ϕ(t)| :

t ∈ [τ0, 0)} < +∞.
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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ganzogadoebul sferul funqciaTa sistemis mimarT 
 furies diferencirebuli mwkrivis Sejamebadoba 

 wrfivi meTodebiT 

n. maWaraSvili 

saqarTvelos teqnikuri universiteti, Tbilisi, saqarTvelo 

lado54@mail.ru 

damtkicebulia Teoremebi ganzogadoebul sferul funqciaTa sistemis 
mimarT furies diferencirebuli mwkrivebis wrfivi regularuli 
meTodebiT Sejamebadobis Sesaxeb. diferencirebis operatorad 
gamoyenebulia laplasis operatori erTeulovan sferoze, e. i. sferul 
koordinatebSi Cawerili laplasis operatoris kuTxuri nawili. 
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ფურიეს ტრიგონომეტრიული მწკრივის აბელ–პუასონის 
საშუალოების აპროქსიმატული თვისებები 

dali maxaraZe 

შოთა რუსთაველის სახელმწიფო უნივერსიტეტი 

dsm@posta.ge 

ვთქვათ [ ]ππ ,−=Τ , ხოლო ფუნქციები RRf →:  არიან π2 პერიოდული, სადაც 
] [+∞∞−= ,R  . დავუშვათ, [ ]TLf ∈ , მაშინ, როგორც წესი, [ ]fσ  სიმბოლოთი აღინიშნება, 

შესაბამისად, f  ფუნქციის ფურიეს ტრიგონომეტრიული მწკრივი: 

                         [ ]fσ ,sincos
2 1

0 ∑
∞

=

++=
k

kk kxbkxaa   

),( rxf  სიმბოლოთი აღნიშნავენ  [ ]fσ  მწკრივის აბელ–პუასონის  საშუალოებს. კერძოდ, 

),( rxf ,),()(1
∫ +=
T

dttrPtxf
π

   10 <≤ r ,   

სადაც ),( trP  არის პუასონის ბირთვი.  ვისარგებლებთ,  აგრეთვე,  აღნიშვნით 

 ( ) ( ) ( ) ( )xftxftxftx 2, −−++=ϕ  

ჩანაწერი Φ∈ω  (იხ. [1]) აღნიშნავს  რომ  [ ]π,0  შუალედზე განსაზღვრულ  ω  ფუნქციას აქვს 
შემდეგი თვისებები:  

1. უწყვეტია [ ]π,0  –ზე,   2. ,  t, ↑↑ω  
                          3.    ,0)( >tω    π≤< t0 ,  4.    0)0( =ω . 

შენიშვნა: სიმბოლოები ),...,,A( ),,A( ),A( ηxfxff  აღნიშნავენ დადებით სასრულ 
სიდიდეებს დამოკიდებულს მხოლოდ მითითებულ პარამეტრებზე.  

თეორემა  ვთქვათ, Φ∈ω . თუ [ ] Tba ⊂, , 0>− ab  და 

( ) ( ) ( ),,sup
0

tfAsxd
t

bxa
ωϕ ≤∫

≤≤
   πη ≤≤< t0 , 

მაშინ 

bxa ≤≤
sup ≤− )(),( xfrxf ( )η,fΑ ( ) ( ) ,1

1
2∫

−

−
η ω

r

dt
t

tr       ( )η0rr ≥ . 

თუ [ ]baT ,= , მაშინ უკანასკნელი შეფასებიდან მიიღება ი.პ. ნატანსონის[2] სათანადო 
დებულება 

ლ ი ტ ე რ ა ტ უ რ ა  

[1].  N.K. Bari., S.B. Stechkin - Trudy Moscow. Mat. Obshch., 1956, v.5, p. 483-522 
[2]. Натансон И. П. — ДАН СССР, т. 73, №2, 1950, с. 273-276. 
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მაქსიმალური და კალდერონ-ზიგმუნდის ოპერატორები  
„გრანდ“ ლებეგის სივრცეებთან  დაკავშირებულ მორის 

სივრცეებში 
aleqsandre mesxi 

ა. რაზმაძის მათემატიკის ინსტიტუტი 

საქართველოს ტექნიკური უნივერსიტეტი 

Email: meskhi@rmi.acnet.ge 

დამტკიცებულია, რომ ერთგვაროვანი ტიპის სივრცეზე განსაზღვრული მაქსიმალური 
და კალდერონ-ზიგმუნდის სინგულარული ოპერატორები შემოსაზღვრულია „გრანდ“ 
ლებეგის სივრცეებთან დაკავშირებულ მორის სივრცეებში. ანალოგიური დებულება 
მიღებულია კარლესონის წირებზე განსაზღვრული მაქსიმალური და კოშის 
სინგულარული ოპერატორებისათვის.  ნაშრომი შესრულებულია  ვ.კოკილაშვილთან 
თანაავტორობით. 

naSromi Sesrulebulia  GNSF/ST07/3-169 grantis mxardaWeriT. 
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On  the  Generalization  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  ( )2RLf ∈  the sets ( ) ( ){ }ffD RI <⋅<∞− ∫ ,2  and 

( ) ( ){ }∞<⋅< ∫ ,2 fDf RI  have measure zero, where ( )nRI  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 is true? 

Let’s say that a differentiation basis B  has the Besicovitch property if for any function 
( )n

RLf ∈  the sets ( ){ }ffD B <⋅<∞− ∫ ,  and  ( ){ }∞<⋅< ∫ ,fDf B   have  measure zero. 

By ( )nRQ  denote the basis of n-dimensional cubes.F Cartesian  product of bases  kBB ,....,1  

denote by  kBB ×× ...1 . 
We prove the following  
Theorem. For  any natural numbers  k   and  knn ,...,1   the basis  ( ) ( )knn RQRQ ××...1   has 

the Besicovitch property. 

This  theorem gives an answer to the problem of  M.de Guzman for the class of  bases 
( ) ( )Knn RQRQ ×× ...1  and taking into account that ( ) ( ) ( )RQRQRI n ××= ... , generalizes  the 

theorems of  Besicovitch and  Ward. 
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ინტეგრალური წარმოდგენები ანალიზურ  

ფუნქციათა ზოგიერთ სივრცეში 
g.a. oniani g. TeTvaZe 

ა. წერეთლის სახელმწიფო უნივერსიტეტი, ქუთაისი, საქართველო 

ვთქვათ { }: 1D z z= ∈ <�  და ( )H D  აღნიშნავს D -ში ყველა ანალიზური 

ფუნქციების სიმრავლეს. დავუშვათ 0α >  რაიმე ნამდვილი რიცხვია. ( ) ( )
0

n
n

n
f z a f z

∞

=

=∑  

ფუნქციის α  რიგის წილადური ინტეგრალი ეწოდება ფუნქციას 

( ) ( )
( ) ( )[ ]

0

1
1

n
n

n

n
f z a f z

nα α

∞

=

Γ +
=

Γ + +∑ , 

სადაც Γ  -ეილერის ფუნქციაა. 
ვთქვათ ( )0 , 0 .p q f H Dλ< < < ∞ < < ∞ ∈  ფუნქციას ეწოდება ( ), ,B p q λ  სივრცის 

ფუნქცია, თუ 

( ) ( ) ( )

1

1 21 1 1

, ,
0 0

1
qqip q

B p q
f r f re d dr

λ λ
π

λ θ
λ

θ
⎛ ⎞

− −⎜ ⎟
⎝ ⎠

⎧ ⎫
⎡ ⎤⎪ ⎪= − < ∞⎨ ⎬⎢ ⎥
⎣ ⎦⎪ ⎪

⎩ ⎭
∫ ∫ . 

მტკიცდება შემდეგი თეორემები: 
თეორემა 1. თუ ( ) ( ), , 1f B p q qλ∈ ≤ , მაშინ [ ] ( )2f H Dα ∈ , სადაც 11 pα −⎡ ⎤= + ⎣ ⎦ , ხოლო 

( )2H D  ჰარდის სივრცეა. 

თეორემა 2. თუ ( ) ( ), , 1f B p q qλ∈ ≤  და  11 pα −⎡ ⎤= + ⎣ ⎦ , მაშინ z D∀ ∈  

( ) [ ] ( )
( )

1

2

2
0

1
2 1

i

pi

f e d
f z

ze

θπ
α

θ

θ

π −⎡ ⎤+⎣ ⎦−
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−
∫ . 

თეორემა 3. თუ  ( ) ( ) ( ) ( )
0

, , 1n
n

n
f z a f z B p q qλ

∞

=

= ∈ ≤∑ , მაშინ: 

    1) ( ) ( )
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1
0

1

1
n

n
n

n
F z a f z A D

n n p

∞

−
=

Γ +
= ∈

⎡ ⎤+ Γ + ⎣ ⎦
∑  და 

    2) ( ) ( )
( ) ( ) ( ) [ ]

1
0

1
0,2

1
i in

n
n

n
F e a f e AC

n n p
θ θ π

∞

−
=

Γ +
= ∈

⎡ ⎤+ Γ + ⎣ ⎦
∑ , 

სადაც ( ) ( ) ( )A D H D C D= I , ხოლო [ ]0,2AC π  -არის [ ]0,2π -ზე აბსოლუტურად უწყვეტი 

ფუნქციების სიმრავლე. 
თეორემა 4. თუ ( ) ( ), , 1f B p q qλ∈ ≤ , მაშინ სამართლიანია ფორმულები: 

     1) ( ) ( ) [ ] ( ) ( )
2

0

1 , Re Im 0
2

i if z H z e f e d i f
π

θ θ
α α θ

π
= +∫ , 

     2) ( ) ( ) [ ] ( )
2

0

1 Re ,
2

i if z H z e f e d
π

θ θ
α α θ

π
= ∫ , სადაც ( )

( )1
2, 1

1
i

i
H z e

ze
θ

α αθ +−
= −

−
. 
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hazemanis sasazRvro amocanis Sesaxeb 
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paatashvilitam@gmail.com 

hazemanis amocana )()()())(( tbttat +Φ=Φ −+ α  ganxilulia koSis tipis 
iseT integralTa klasSi, romelTa simkvrive miekuTneba lebegis 

wonian cvladmaCveneblian );()( ρΓtpL  sivrces. xarisxovani ρ  wonisa da 
uwyveti )(ta  koeficientis SemTxvevaSi xerxdeba amocanis Seswavla 
roca: )(tp  funqcia akmayofilebs logariTmul helderis pirobas, α  
aris orientaciis Semnaxavi homeomorfizmi Γ  wirisa Tavis TavSi da 
α′ ekuTvnis helderis klass, xolo Γ  iseTi Sekruli wiria, romlis 
nebismieri ori wertilis SemaerTebeli umoklesi rkalis sigrZis 
Sefardeba maTi momWimavi qordis sigrZesTan SemosazRvruli 
funqciaa. 

 

On Riemann-Hilbert problems in loop spaces 

GIORGI KHIMSHIASHVILI 

A.Razmadze Mathematical Institute & I.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 a loop 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]. 
Specifically, it will be shown that a wide class of solutions can be obtained using conformal 
transformations of three-dimensional Euclidean space. The geometric structure of a typical 
holomorphic disc in loop space will be described and a general existence theorem for the initial 
value problem for loopy holomorphic discs will be presented.   
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parametrze damokidebuli Sejamebadobis  

meTodebis Sesaxeb 

Saqro tetunaSvili 

a. razmaZis maTematikis instituti, 

saqarTvelos teqnikuri universiteti, Tbilisi, saqarTvelo 

stetun@rmi.acnet.ge 

lebegis, feieris, kolmogorovis, boxneris, steinis cnobili Sedege-
bidan (ix. [1], [2], [3], [4]) gamomdinareobs, rom N-jeradi (N=1,2,3,...) furies 
trigonometriuli mwkrivebis boxner-risis Sejamebadobis meTodisaTvis 

ricxvi 
1

2
N −

 aris kritikuli maCvenebeli C  da L  sivrceebSi. 

Cvens mier damtkicebulia zogadi Teorema parametrze damokidebuli 
operatorebis mimdevrobebisaTvis, saidanac rogorc kerZo Sedegi gamom-
dinareobs zogierTi Teorema cvlad maCvenebelze damokidebuli Sejame-
badobis meTodebisaTvis _ maT Soris boxner-risis SejamebadobisaTvis 

cvladi maCvenebliT. kerZod, vTqvaT, ( );R
RS x fα  boxner-risis Rα  rigis  

saSualoebia. Φ  sivrce aris ( ], NL π π−  an ( ], NC π π−  (N=1,2,3,...), maSin yove-li 

f ∈Φ -saTvis arsebobs Rα  iseTi, rom lim RR
α

→∞
=

1
2

N −
 da  

( ) ( )lim ; 0R
RR

f x S x fα

Φ→∞
− = . 
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On a Certain Transition Kernel in Solovay Model
GOGI PANTSULAIA

Georgian Technical University, Tbilisi, Georgia,
email:gogi−pantsulaia@hotmail.com

Let X and Y be Polish spaces. A family (µx)x∈X is called a transition kernel from X to
Y if for x in X , (µx)x∈X is a family of probability measure defined on the Borel subsets of Y
and for each Borel subset E of Y the function x → µx(E) is a Borel measurable map of X into
I = [0, 1].

The transition kernel (µx)x∈X is said to be uniformly orthogonal provided there is a Borel
subset B of X × Y such that for each x in X, µx(Bx) = 1 and if x 6= x

′
, then µx′ (Bx) = 0;

(µx)x∈X is said to be modified uniformly orthogonal if the set B is not required to be a Borel
set.

The kernel (µx)x∈X is said to be completely orthogonal provided there is a Borel subset B
of X × Y such that for each x in X, µx(Bx) = 1 and if x 6= x

′
, then Bx ∩Bx′ = ∅; The set B is

said completely separate (µx)x∈X . The kernel (µx)x∈X is modified completely orthogonal if the
requirement that B be a Borel set is dropped.

Example. For x ∈ I = [0, 1], let λx be a probability Borel measure on I × I produced by
linear Lebesgue measure lx concentrated on the set Ax = {x}×I. Analogously, for x ∈ [0, 1], let
λx be a probability Borel measure on I×I produced by linear Lebesgue measure lx concentrated
on the set Ax = I × {x}.

For x ∈ I, E ∈ B(I× I), we put µx(E) = 1
2
(λx(E)+λx(E)). It is obvious to see that (µx)x∈I

is a modified uniformly orthogonal transition kernel from I to I × 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 I and B is a set in E × (I × I) which completely separates (µx)x∈E,

then the Lebesgue measure of E is equal to zero;
(ii) the (µx)x∈I is not a modified completely orthogonal transition kernel from I to I × I.
Remark. Construction of our example is rather different from Example 1.5 (see, [2], p.

972). The latter is valid in ZFC + ”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 
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Techinformi, Tbilisi, Georgia  
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N. Muskhelishvili Institute of Computational Mathematics,  Tbilisi,Georgia 
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Let naa ,...,1  be a collection of elements of a normed space X , )[0,  )[0, :  ∞→∞Φ  be an 
increasing convex continuous function. Then the following two-sided maximum inequality holds: 

,)||||(2)||...||(max
!

1)||||
2
1(

]1,0[ 1
)()1(

]1,0[ 1
dtrasaa

n
dtras

n

iinnk

n

ii ∫ ∑∑∫ ∑ +Φ≤++Φ≤+Φ ≤ π
π

π

where π  runs through  all permutations n

n

i rrasnn ,...,and,,},...,1{},...,1{: 1
1
∑=→π  are 

Rademacher functions. 
The right-hand-side part of the inequality in the case of reals and  2)( tt =Φ  leads to the well-

known Garsia inequality which has been used for any function 2Lf ∈  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 actually 
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 almost 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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éîŽãŽèæ ùãèŽáæï áæòâîâêùæîâĲŽáæ áŽ ßŽîéëêæñèæ òñêóùæâĲæ

(éŽåâéŽðæçñîæ ŽêŽèæäæï ïâóùæŽ)

ëéŽî úŽàêæúâ

Ž. îŽäéŽúæï éŽåâéŽðæçæï æêïðæðñðæ

1. éëýïâêâĲñèæ æóêâĲŽ éîŽãŽèæ ùãèŽáæï êŽéáãæèæ áŽ çëéìèâóïñîæ òñêóùæâĲæï
áæòâîâêùæîâĲŽáëĲæï ŽñùæèâĲâèæ áŽ ïŽçéŽîæïæ ìæîëĲâĲæ (èæð.: O. Dzagnidze,
Some new results on the continnity and differentiability of functions of several
real variables. Proc. A. Razmadze Math. Inst. 134(2004), 1–138; O. Dzagnidze,
A criterion of joint C-differentiability and a new proof of Hartogs’ main theo-
rem. J. Appl. Anal. 13(2007), N 1, 13–17) áŽ Žàîâåãâ çãŽðâîêæëêñèæ òñêóùææï
ûŽîéëâĲŽáëĲæï ìæîëĲâĲæ (èæð.: O. Dzagnidze, On the derivability and represen-
tations of quaternion functions. Complex variables and elliptic equations).

éæåæåâĲñèæ æóêâĲŽ çèŽïæ òñêóùæâĲæïŽ, îëéâèåŽù Žóãå áæòâîâêùæîâĲŽáëĲŽäâ
ñçâåâïæ áŽ àîŽáæâêðæï ñûõãâðëĲŽäâ ïñïðæ åãæïâĲŽ.

2. öâéëàãŽóãï ìñŽïëêæï ïòâîñè pr(θ, ϕ; θ′, ϕ′) àñèåŽê θ-ï, ϕ-ï áŽ
(θ, ϕ)- ï éæéŽîå éæçŽãöæîâĲñèæ p∗r, p̃r, p̃ ∗r àñèâĲæ áŽ Žàîâåãâ ìñŽïëêæï uf(r, θ, ϕ)
æêðâàîŽèåŽê éæçŽãöæîâĲñèæ u∗f , ũ f áŽ ũ ∗

f æêðâàîŽèâĲæ.
õëãâèæ f ∈ L2(S) òñêóùææïåãæï, ïŽáŽù S âîåâñèëãŽêæ ïòâîëŽ R3-öæ,

éðçæùáâĲŽ ðëèëĲâĲæ u∗f = uf∗, ũf = uf̃ áŽ ũ ∗
f = uf̃∗ (èæð.: O. Dzagnidze,

For Fourier Analysis on the Sphere. Bull. Georgian Acad. Sci. 158(1998), N 3,
357–360; O. Dzagnidze, Allied integrals. functions and series for the unit sphere.
Georgian Math. J. 5(1998), N 3, 213–323; O. Dzagnidze, A radial derivative with
boundary values of the sperical Poisson integral. Georgian Math. J. 6(1999), N 1,
19–32).
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ცალმხრივად დიფერენცირებადი ორი ცვლადის  

ფუნქციის ზოგიერთ თვისებათა შესახებ 
i. wivwivaZe 

ორი ცვლადის ფუნქციისათვის ცალმხრივად დიფერენცირებადობის ცნება 
შემოღებულ იქნა პროფ. ო. ძაგნიძის მიერ. აქ განხილულია ასეთი ფუნქციების 
ზოგიერთი თვისება. დადგენილია კავშირი ორი ცვლადის ფუნქციის სიმეტრიულ 
დიფერენციალსა და ცალმხრივ დიფერენციალებს შორის, კერძოდ, თუ ( ),f x y  

ფუნქციას ( )0 0 0,P x y=  წერტილზე აქვს ცალმხრივი დიფერენციალები ( )0d f P+  და 

( )0d f P− , მაშინ 0P  წერტილში არსებობს სიმეტრიული დიფერენციალი ( )0
symd f P  და 

ადგილი აქვს ტოლობას 

( ) ( ) ( )0
1
2

symd f P d f h d f h− +⎡ ⎤= +⎣ ⎦ . 

ცალმხრივად დიფერენცირებადი ორი ცვლადის ფუნქცია გამოკვლეულია 
თითოეული დამოუკიდებელი ცვლადის მიხედვით. ჩამოყალიბებულია ფუნქციის 
ცალმხრივად დიფერენცირებადობისთვის საკმარისი საკმარისი პირობები. 

 
 

 

მახლობელი არეების კონფორმულად გადამსახავი 
ფუნქციების მიახლოების ზოგიერთი ამოცანა 

e. jafariZe, l.zivzivaZe 

ა. წერეთლის სახელმწიფო უნივერსიტეტი, ქუთაისი, საქართველო 

ვთქვათ z x iy= +  კომპლექსური ცვლადის C სიბრტყეში მოცემულია სასრული 
ცალადბმული G  არე, რომლის Γ  საზღვარი, ( ) ( ) ( )( ), 0 2 ; 0 2t g g gτ τ π π= ≤ ≤ =  

პარამეტრული განტოლებით, წარმოადგენს Cα
′  ( )0 1α< ≤  კლასის ჩაკეტილ წირს. 

განვიხილოთ G  არის მსგავსი მეორე G%  არე ( ) ( ) ( )( )0 2 ; 0 2t g g gτ τ π π= ≤ ≤ =% % % %  

პარამეტრული განტოლებით. ამ არეებს ვუწოდოთ ε  მახლობელი თუ შესრულებულია 
პირობები 

( ) ( ) ;
C

g g g g
α

τ τ ε ε− < − <% % . 

როგორც ცნობილია არსებობენ ფუნქციები :f G D→  და :f G D→% %  ფუნქციები 
რომლებიც G  და G%  არეებს კონფორმულად გადასახავენ { }: 1D w w= <  წრეში, იმ 

პირობით, რომ ( ) ( )0 0 0f f= =%  და ( ) ( )0 0, 0 0f f′ ′> >% . 
მახლობელი არეების ε -სიახლოვის მiხედვით შეფასებულია აღნიშნული არეების 

კანონიკურ არეებზე კონფორმულად გადამსახავი ფუნქციების სასაზRვრო 
მნიშვნელობების სხვაობა, არეთა საერთო ნაწილზე შეფასებულია კონფორმულად 
გადამსახავი ფუნქციების სიახლოვის რიგი და აღნიშნული ფუნქციების შექცეული 
ფუნქციებისა და მათი წარმოებულების სხვაობები. 
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afinur sivrceSi hipersibrtyiTi elementebis            
ganawilebis proeqciuli normalebi 

eTer alSibaia 

iv. javaxiSvilis sax. Tbilisis saxelmwifo universiteti, 

Tbilisi, saqarTvelo 

eter_alshibaia@yahoo.com 

kartan-laptevis invariantuli meTodiT, (n+1)-ganzomilebian afinur 
sivrceSi ganixileba hipersibrtyiTi elementebis ganawileba, e.i. 
diferencialuri kveTa fibrirebuli sivrcisa, romlis bazaa afinuri 
sivrce, xolo fibrebi _ hipersibrtyeTa konebi. 

diferencialuri gantolebebis 
             ωi

n+1=Liαωα   (i,j,k=1,n   α,β,γ=1,n+1),  sadac Liα≠ Lji , 
gagrZelebiT viRebT fundamentalur geometriul obieqtTa mimdevrobas  

                 (Liα) ⊂ ( Liα, Liαβ ) ⊂ (Liα, Liαβ, Liαβγ  ) ⊂ ... 
romlis saSualebiTac aigeba ganawilebis mTeli geometria. 

ganawilebis pirveli rigis midamoSi ganisazRvreba afinuri normali  
(Li ) (Li  = -LikLkn+1, LikLkj =δi

j , dLi +Ls ωi
s - Li ωn+1

n+1 + ωi
n+1 = Li

αωα ). meore rigis midamoSi 
ukve gvaqvs afinuri, ise proeqciuli normalebi da normalTa konebi. 

agebuluia proeqciuli normalebi Xi=  MiXn+1 ,  Xi =SiXn+1 , Xi=  Di Xn+1,  
sadac 

               Mi =-1/2(n+2)LikasjMkjs,       

                      Si =-1/2(n+2) aimasjMsjm, 

                      Di=-1/2(n+2) aimLsjMjst, 
xolo Mkjs = Lkjs+LkjLsn+1+LksLjn+1+LsjLkn+1,  aij=1/2(Lcj+Ljt), aikakj=δi

j. 
am normalebis agebisas gamoyenebuli iqna pirveli rigis fundamenturi 
obieqti da meore rigis fundamenturi obieqtis qveobieqti. 

pirveli da meore rigis fundamenturi obieqtebiT gansazRvrulia 
Semdegi proeqciuli normalebi: Xi=  NiXn+1,   Xi=  NiXn+1, sadac 

      Ni= -NisakmajtNmtsλkj,           λkj=(n+2)Lkjn+1-Lkjλ+LkmSmSj, λ=akjLkjn+1, 
            Nkji=(n+2)Mkji-LkjSi-LkiSj+2(n+2)αjiSmLkm , 
            Nit=aksajmNkjiNsmt, NstNit=δs

t , 
xolo 

      N= -NisLkmLjkN mtsλkj  ,              λkj=(n+2)Lkjn+1-Lkjλ+LkmDmDj,  λ=LkjLjn+1, 
            N kji=(n+2)Mkji-LkjDi-LkiDj+2(n+2)LkmDmaji, 
            N jt=LmkLliN kijNmlt,    N siNik=δs

i. 
bompian-pantazis TanadobiT da mimxebi hiperkvadrikebiT damyarebuli 

polaritetis saSualebiT ganisazRvreba e.w. meore gvaris normalebi-(n-1)- 
ganzomilebis sibtyeebi, romlebic ekuTvnian hipersibrtyiT elements da 

ar gadian elementis centrSi. 
ganawilebis mesame rigis midamoSi aigeba proeqciul normalTa 

kanonikuri kona: Ni(α)=Ji+ αJ i   sadac Ji=Wi-Ji. aq (Ji) fubinis normalis, xolo 
(Wi) vilCinskis direqtrisis analogebia. 
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Chern Characteristic Classes, Transfers and Morava
K-Theory Rings

MALKHAZ BAKURADZE

A. Razmadze Mathematical Institute, Tbilisi, 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 2n · 9.
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On Singular Extensions of Covariant and 
 Contravariant Functors 

V. BALADZE    

Shota Rustavely State university, 
Tbilisi, 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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Cohomology of Continuous Maps   
A. BERIDZE 

Shota Rustavely State University, Tbilisi, Georgia  

Cohomology  groups of continuous maps are defined for each cohomology theory on the 
category 2Top of pairs of topological spaces [ ]31− . It is shown that cohomology group of the 
inclusion map kis cohomology group of the pair ),( AX . The category TopMor  of continuous maps is 
considered as a −h category. The defined cohomology groups of maps induce −δ functor from the 
category TopMor  to the category Ab  of abelian groups. for the constracted cohomology −δ functor 
the Eilenberg-Steenrod  type axioms [ ]1  are formulated.  
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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, Tbilisi, 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, τ) is a function
φ : X → τ such that x ∈ φ(x) and, a bitopological space (X, τ1, τ2) (resp., topological space
(X, τ)) is an (i, j)-D-space (resp., D-space) iff for every i-neighborhood (resp. neighborhood)
assignment φi : X → τi (resp., φ : X → τ) there is a j-closed and i-discrete (resp. closed and
discrete) subset D ⊆ X such that

⋃
x∈D

φi(x) = X (resp.,
⋃

x∈D
φ(x) = X).

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

Definition 2. A bitopological space (X, τ1, τ2) 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 (i, j)-D-space.

Corollary 4. Every connected I-space is a D-space.

Let φ = {φs}s∈S be the class of all neighborhood assignments on a topological space (X, τ).
Then a binary relation ≤, defined on φ in the manner as follows: φ1, φ2 ∈ φ, φ1 ≤ φ2 iff
φ1(x) ⊆ φ2(x) for each point x ∈ X, is a partial order on φ. Evidently, this partial order is
linear iff for each pair φ1, φ2 ∈ φ we have φ1(x) ⊆ φ2(x) for each point x ∈ X or φ2(x) ⊆ φ1(x)
for each point x ∈ X.

Theorem 5. If for a topological space (X, τ) the class φ of all neighborhood assignments
φ : X → τ is linearly ordered and there are topologies τ1 and τ2 on X such that sup(τ1, τ2) = τ
and (X, τ1, τ2) is a p - D-space, then (X, τ) is a D-space.

References
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Characteristic Classes of the Lagrangian Distributions
on the Symplectic Manifolds
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Let π : E → M be a vector fiber bundle with dimension n = dim(M) = 2k and let us
assume that there exists non degenerate section ω ∈ Γ ∧2 E∗. Then on E exists (1,1) type
tensor field J (almost complex structure), that for two arbitrarily chosen sections X,Y ∈ ΓE
we have ω(JX, JY ) = ω(X, Y ) and (0,2) type tensor field g : (X,Y ) 7→ ω(X, JY ) is positively
defined.

Let π|L1 : L1 → M be a Lagrangian subbundle of the bundle π : E → M . On E there
exists a connection ∇1 with respect of which g and J are parallel tensor fields. Locally this
connection has the view:

∇1ei = θj
1iej, (θj

1i = −θi
1j),

where (ei)
n
i=1 is an orthonormal basis of fibers of L1 with respect to g. The curvature matrix

of this connection locally is defined by formulae

Ωi
1j = dθi

1j + θi
1k ∧ θk

1j, i, j = 1, n.

Now let us consider another Lagrangian subbundle π|L2 : L2 → M of the bundle π : E → M .
By ∇2 we denote a connection with respect of which g and J are parallel tensor fields. Then
∇1 − ∇2 is a tensorial 1-form. Let us denote this form (matrix) by α and let us consider the
variation of curvature form (matrix)

Ωt = (1− t)Ω1 + tΩ2 + t(1− t)α ∧ α,

where t ∈ [0, 1]. The differential forms

µh(E, L1, L2) = (−1)h+1

√
−1

(2π)2h−1(2h− 2)!

1∫
0

(δ
j1···J2h−1

i1···i2h−1
αi1

j1
∧ Ωi2

tj2
∧

· · · ∧ Ω
i2h−1

tj2h−1
)dt, h = 1, 2, 3 . . . . (1)

are not depends on choose of J , ∇1 and ∇2 and correctly defines de Rham cohomology classes
µh(E, L1, L2) ∈ H4h−3(M ; R), which are called as Maslov-Hörmander classes.

If L ⊂ Mn is a Lagrangian submanifold of a symplectic manifold (Mn, ω) with Lagrangian
distribution L1, then cohomology classes µh(L) = µh(TM |L, L1, TL) ∈ H4h−3(L, R) are called
as Maslov-Hörmander classes of manifold L.

Theorem 1. Let L ⊂ Mn be a Lagrangian submanifold of an almost bi-Lagrangian mani-
fold (Mn, ω, L1, L2). Then µh(TM |L, L1|L, TL) = µh(TM |L, L2|L, TL).

So, for the manifold L there are correctly defined cohomology classes µh(L) ∈ H4h−3(L, R)
which we will call as Maslov-Hörmander characteristic classes induced by almost bi-Lagrangian
structure.

Theorem 2. If (Mn, ω, L1, L2) is an almost bi-Lagrangian manifold, then µh(TM, L1, L2) =
0, h = 1, 2, . . ..

Theorem 3. Let (Mn, ω,F1,F2) be a bi-Lagrangian manifold and Nk is any folium of the
foliations F1 or F2. Then µh(N

k) = 0, h = 1, 2, . . ..
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Lm(Vn) ვექტორული სივრცის დიფერენციალური 
ინვარიანტების შესახებ 

გოჩა  თოდუა  

საქართველოს ტექნიკური უნივერსიტეტი,  
თბილისი, საქართველო 

gochatodua@yahoo.com 

გეომეტრიულ გამოკვლევებში ერთ–ერთი ცენტრალური ადგილი უკავია თეორიას 
დიფერენციალური ინვარიანტების შესახებ. ამერიკელმა მათემატიკოსმა ო. ვებლენმა 
პირველმა დაამტკიცა ე.წ. თეორემები შეცვლისა და დაყვანის შესახებ ნულსიმრუდიანი 
აფინურბმულობიანი სივრცეებისთვის [1]. ბ. ლაპტევმა განაზოგადა ვებლენის შედეგები 
საყრდენ ელემენტთა ნებისმიერი სივრცისთვის [2]. პასუხი კითხვაზე შეიძლება თუ არა 
შეცვლისა და დაყვანის თეორემების ანალოგების დამტკიცება არაგლუვსიმრუდიან 
სივრცეებისთვის ან ნებისმიერი ვექტორული ფიბრირებული სივრცეებისთვის, ჯერ–
ჯერობით არის ღია. წინანდებარე ნაშრომში მითითებულია ვექტორულ ფიბრირებულ 
სივრცეთა კლასი, რომელთა მიმართ სამართლიანია შეცვლისა და დაყვანის თეორემები. 
ეს კლასი ხასიათდება იმით, რომ წრფივი ბმულობის სიმრუდის ტენზორი არის 
ნაწილობრივ კოვარიანტულად მუდმივი ( ნულის ტოლია მხოლოდ პირველი გვარის 
კოვარიანტული წარმოებული). ამ თეორემების დამტკიცებისას ხდება ვებლენის სქემის 
განზოგადება. აგებულია მოცემული სივრცისათვის ნორმალური კოორდინატები, 
ნაპოვნია კავშირი ნორმალურ ტენზორსა და აფინური ბმულობის ტენზორს შორის და 
დამტკიცებულია მთელი რიგი თეორემებისა შეცვლისა და დაყვანის შესახებ. 
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Continuous Čech Cohomology  
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Unlike the ordinary Čech cohomology where a group of coefficients is abelian, in this paper a 
continuous Čech cohomology with coefficients in a topological abelian group is defined. 

It is proved that for compact spaces and any topological abelian group the continuous Čech 
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 ΩnG, where G is an AR, then for 
compact spaces the continuous Čech cohomology satisfies the excision axiom. 

 
 
 
kojaWvuri operaciebi, romlebic gansazRvraven 

stinrodis namravlebs bar konstruqciaSi 

Tornike qadeiSvili 

andria razmaZis maTematikis instituti, Tbilisi, saqarTvelo 
kade@rmi.acnet.ge 

topologiuri sivrcis kojaWvur kompleqsSi arsebuli gamravleba 
* * *: ( ) ( ) ( )C X C X C X∪ ⊗ →  gansazRvravs diferencials bar konstruqciaSi 

*( )BC X , romelic, Tavis mxriv gansazRvravs maryuJTa sivrcis 

kohomologiis modulebs *( )H XΩ . Semdgomi iteraciisaTvis, meore maryuJTa 

sivrcis kohomologiis * 2( )H XΩ  gamoTvlisaTvis, *( )C X -is es 
multiplikaturi struqtura ar aris sakmarisi, saWiroa garkveuli axali 

kojaWvuri mravaladgiliani operaciebi. aseTi operaciebi *( )C X –is 

SemTxvevaSi agebuli iyo bauesis mier, xolo asociaturi A  algebras 

hoxSildis kojaWvuri kopleqsis *( , )C A A  SemTxvevaSi maT getcler-
qadeiSvilis operaciebs uwodeban. es operaciebi orive SemTxvevaSi qmnian 
e.w. homotopiur gerstenhaberis algebras (hGa) struqturas.  

aseTi rTuli algebruli struqturebis aRsawerad mosaxerxebelia 
operadebis teqnika, kerZod e.w. siureqciaTa operada. am operadis meSveobiT 
mravaladgiliani algebruli operaciebi aRiwereba gadanacvlebebiT 
daSvebuli gameorebebiT. magaliTad operacia ∪  aRiwereba gadanacvlebiT 

(1, 2) , stinrodis 1∪  gamravleba gadanacvlebiT (1, 2,1) , 2∪  gamravleba – 

gadanacvlebiT (1, 2,1,2) da a.S.   
zemoT naxsenebi hGa-struqturis Semadgeneli operaciebi aRiwereba 

makluri-smitis mier agebuli gadanacvlebebebiT (1, 2,1,3,1,...,1, ,1)k . rogorc 
ukve iTqva, es operaciebi gansazRvraven ∪  gamravlebas bar konstruqciaSi. 

moxsenebaSi Cven aRvwerT gadanacvlebebs, romlebic ganszRvraven 
*( )BC X  bar konstruqciaSi stinrodis ,i∪  i = 0, 1, 2, ... gamravlebebs. kerZod, 

bar konstruqciis stinrodis 1∪  ganisazRvreba gadanacvlebebiT  

(1, 1,1, 2,1, ... ,1, ,1, , 2, ,3, ... , , )p p p q p q p q p p q+ + + + + + . 
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ფოსის ბადეთა შესახებ გაფართოებულ ევკლიდურ  
5-სივრცეში 

რ. ხაბურძანია 

ა. წერეთლის სახელმწიფო უნივერსიტეტი, ქუთაისი, საქართველო 

განიხილება 3V  ზედაპირი გაფართოებულ ევკლიდურ *
5 5 4E E E= U  სივრცეში, სადაც 

*
4E  - ელიფსური 4S  სივრცის სტრუქტურის მქონე არასაკუთრივი ჰიპერსიბრტყეა. ამ 

ზედაპირს მიუერთდება მოძრავი, ნახევრადორთოგონალური რეპერი 
{ } ( ) ( )3, , 1,2,3; 4,5 ,iR A A A i A T Aα α= = = ∈  ( ( )3T A  მხები 3-სიბრტყეა 3V  ზედაპირისადმი 

A  წერტილში), ( )2A N Aα ∈  ( ( )2N A  არის ( )3T A  მხები სიბრტყის ორთოგონალური 

დამატება), ( ) ( ) { } *
4 5 4, ,iAA AA A A Eα⊥ ⊂ . 

ვთქვათ რაიმე არეზე 3VΩ⊂  (კერძოდ, მთელ ზედაპირზე) მოცემულია წირთა ბადე 

( )1 2 3, ,ω ω ω . ჩავთვალოთ, რომ მოძრავი რეპერის ( )iAA  წიბოები წარმოადგენენ iω  

წირებისადმი მხებებს A  წერტილში. როცა A  წერტილი გადაადგილდება 3V  

ზედაპირზე, რომელზეც მოცემულია ( )1 2 3, ,ω ω ω  ბადე, მაშინ თითოეული iA  წერტილი 
*
4E  სივრცეში აღწერს, ზოგად შემთხვევაში, 3-ზედაპირს ( )iA -ს და მათზე ბუნებრივად 

აღმოცენდებიან წირთა ( )1 2 3, ,ω ω ω  ბადეები. 

განვიხილავთ იმ შემთხვევას, როცა წირთა ბადე ( )1 2 3, ,ω ω ω  3V  ზედაპირზე 

წარმოადგენს ფოსის ბადეს (შეუღლებულ-გეოდეზიურ ბადეს უწოდებენ ფოსის ბადეს) 
და გავარკვევთ ( )iA  ზედაპირზე შესაბამისი ბადეები რა შემთხვევაში იქნებიან ასევე 
ფოსის ბადეები. 
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fibraciis kveTis arsebobis problemis Sesaxeb 

suliko xaJomia 

a. razmaZis maTematikis instituti, Tbilisi, saqarTvelo 

khazho@rmi.acnet.ge 

moxseneba exeba fibraciis kveTis arsebobis problemas. გanxiluli iqneba 
berikaSvilis winaaRmdegobis funqtoris erTi varianti. 

aRniSnuli funqtori gansazRvrulia fibraciaTa simravleze da 
mniSvnelobebia bazis kojaWvebi koeficientebiT fenis homotopiis 
jgufebSi. gakeTebulia fibraciaTa simravlis faqtorizacia garkveuli 
eqvivalentobiT. Sedegad miRebulia winaaRmdegobis funqtoris varianti 
nawilobriv dalagebul simravleTa kategoriaze. 

 

 

 

Topology of Configuration Spaces 
GIORGI KHIMSHIASHVILI 

I. Chavchavadze State University , Andrea Razmadze Mathematical Institute, 
Tbilisi, 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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Геометрическое моделирование и графические методы решения задач 

Геометрическое моделирование любого объекта, также как общее математическое 
моделирование, подразумевает четыре основных этапа: 

1. Построение геометрической модели. 
2. Исследование (анализ) модели. 
3. Изучение годности модели. 
4. Коррекция модели. 

При построении геометрической модели, как правило, различают два вида моделей: 
графическую (теоретическую) и экспериментальную. Графические модели строятся на базе 
теоретических закономерностей объекта; экспериментальные модели получаются с помощью 
выявления свойств исследуемого объекта – измерений парамеиров.  

Метод геометрического моделирования, сводящий исследование явлений внешнего мира к 
математическим задачам, занимает ведущее место среди других методов исследования, 
особенно в связи с появлением ЭВМ. Он позволяет проектировать новые технические 
средства, работающие в оптимальных, для решения сложных научно-технических задач, 
прогнозировать новые явления. Геометрические модели проявили себя как важное средство 
управления. Они применяются в самых различных облястях знангия, стали необходимым 
аппаратом в области экономического планип=рования и являются важным элемеентом 
автоматизированных систем управления. Все это зародило появление нового направления 
под названием компьютерной графики. 
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მართკუთხა სამკუთხედში გარეჩახაზული 
წრეწირების რადიუსების ფორმულები 

ავალიანი ზებურ ნოდარის ძე 

შოთა რუსთაველის სახელმწიფო უნივერსიტეტი 

სამკუთხედში გარეჩახაზული წრეწირი ეწოდება წრეწირს, რომელიც ეხება ერთ 
გვერდს და დანარჩენი ორის გაგრძელებას. 

სამკუთხედში ჩახაზული და გარეჩახაზული წრეწირების რადიუსების 
გამოსათვლელი ფორმულები მათემატიკურ ლიტერატურაში გვაქვს შემდეგი: 

p

s
r = ,       

ap

s
ra −

= ,       
bp

s
rb −

= ,      
cp

s
rc −

= . 

მართკუთხა სამკუთხედისთვის გვაქვს ჩახაზული წრეწირის რადიუსის 
გამოსათვლელი უფრო მარტივი ფორმულა: 

2

cba
r

−+= . 

მაგრამ არ არის მსგავსი ფორმულები გარეჩახაზული წრეწირის რადიუსებისათვის. 
ჩვენ გამოვიყვანეთ ეს ფორმულები, კერძოდ, დავამტკიცეთ, რომ მართკუთხა 
სამკუთხედში გარეჩახაზული წრეწირების რადიუსები გამოითვლება შემდეგი 
ფორმულებით: 

2

bac
ra

−+= ,       
2

abc
rb

−+= ,      
2

cba
rc

++= . 

აღსანიშნავია, რომ ეს ფორმულები არ მიიღება ზოგადის გამარტივებით, მიიღება 
უშუალოდ ძალიან მარტივად და ამიტომ კარგი იქნება მისი შეტანა სასკოლო 
სახელმძღვანელოში. 
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ნატურალურ რიცხვებზე არითმეტიკული მოქმედებების 

თეორიული საფუძვლის ზოგიერთი საკითხი 

bakur bakuraZe 

ა. წერეთლის სახელმწიფო უნივერსიტეტი 

ქუთაისი, საქართველო 

ნატურალური რიცხვის ცნება მათემატიკის ერთ-ერთი ძირითადი ცნებაა. 
ნატურალური რიცხვი განმარტებულია როგორც არაცარიელი სასრული სიმრავლის 
კარდინალური რიცხვი. ნატურალურ რიცხვთა სიმრავლე წარმოდგენილი ბუნებრივი 
რიგით იწოდება ნატურალურ მწკრივად. 

მოცემულ საკითხზე კანტორის აზრი ძირითადად მიმართულია იქეთკენ რომ 
რიცხვებზე მოქმედებები წარმოდგენილი ყოფილიყო სიმრავლეებზე სათანადო 
ოპერაციების საშუალებით. მოხსენებაში განხილულია ნატურალურ რიცხვებზე 
არითმეტიკული მოქმედებები: შეკრება, გამოკლება და გამრავლება. მათ საფუძვლად 
დაედო: თანაუკვეთ სიმრავლეთა გაერთიანების, სიმრავლის და მისი საკუთრივი 
ნაწილის სხვაობის და სიმრავლეთა დეკარტული ნამრავლის ოპერაციები. სიმრავლეთა 
გაერთიანება არის, ნატურალურ რიცხვთა შეკრების თეორიული საფუძველი. 
სიმრავლის და მისი საკუთრივი ნაწილის სხვაობა არის ნატურალურ რიცხვთა 
გამოკლების თეორიული საფუძველი. სიმრავლეთა დეკარტული ნამრავლი არის 
გამრავლების თეორიული საფუძველი. განხილულია ნატურალურ რიცხვზე 
მოქმედებების თვისებები. 
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zogierTi statistikuri monacemi samaswavleblo kursebisa 
da institutebis Sesaxeb XIX saukunis saqarTveloSi 

l. beriZe, r. gogiberiZe 

saqarTvelos teqnikuri universiteti, Tbilisi, saqarTvelo 

moxsenebaSi motanili iqneba zogierTi statistikuri da istoriuli 
faqtisaqarTveloSi XIX saukunis ganaTlebis sistemis Sesaxeb. 

sainteresoa statistikuri monacemebi goris samaswavleblo seminariis mier 
1879-1901 wlebSi gamoSvebul maswavlebelTa Sesaxeb. 

statistikaSi mocemuli Sedegic: erovnebis mixedviT gamoSvebul maswavlebel-
Ta Soris kavkasiis mxareSi dabadebuli rusi erovnebisaa 44, qarTveli _ 117, maT 
Soris qarTlelebi, kaxelebi, imerlebi _ 111, gurulebi – 6, somxebi _ 64, TaTrebi 
_ 108, mTielebi sul _ 28, maT Soris osebi _ 9, lekebi – 6, afxazebi _ 6, 
yabardoelebi _ 3, Cerqezebi _ 1, qisti _ 1, sxva erovnebisani _ 22, maT Soris: 
germanelebi _ 3, berZnebi _ 16, yirgizi _ 1, megrelebi _ 2, iraneli – 1. 

ww. 
gamoSvebulTa 

ricxvi 
maT Soris 

ganyofilebidan 
ww. 

gamoSvebulTa 
ricxvi 

maT Soris 
ganyofilebidan 

1879 
1880 
1881 
1882 
1883 
1884 
1885 
1886 
1887 
1888 
1889 
1890 

6 
14 
19 
26 
16 
19 
27 
18 
19 
13 
20 
12 

_ 
_ 
3 
8 
7 
3 
6 
3 
5 
3 
6 
6 

1891 
1892 
1893 
1894 
1895 
1896 
1897 
1898 
1899 
1900 
1901 
sul 

14 
14 
12 
13 
17 
17 
14 
16 
16 
19 
18 
373 

7 
5 
5 
5 
6 
6 
6 
5 
8 
4 
7 
113 

sarwmunoebis mixedviT marTmadidebeli _ 194, somexi grigorianeli – 61, somexi 
kaToliki _ 3, luTerani _ 3. musulmani – 123. 

1901 wlis 31 maiss seminariaSi iricxeboda 98 moswavle [80], [119]. 
1911 wlisaTvis kavkasiis olqis saskolo qseli Semdegi direqciebiT iyo war-

modgenili: baqo–daRestnis direqcia, quTaisis direqcia _ baTumisa da soxumis 
olqebiT (es ukanaskneli 1912 wlidan damoukidebeli inspeqcia). Tbilisi-erevnis 
inspeqcia, yarsis inspeqcia ori raioniT da SavizRvispira inspeqcia. 

garda amisa gadawyda gafarToebuliyo saskolo qseli da Seudgnen kidec ga-
dawyvetilebis ganxorcielebas kavkasiis Semdeg qalaqebSi: aleqsandropoli, anapa, 
baqo, vladikavkazi, georgievski, grozno, maikopi, novorosiiski, stavropoli, 
Tbilisi. 

1909 wels kavkasiis saswavlo olqis mzrunvelis xelmZRvanelobiT Sedga Crdi-
loeT kavkasiis stavropolis guberniis yubanisa da teris olqebisa da Sa-
vizRvispira guberniis saxalxo saswavleblebis inspeqtorebisa da direqtorebis 
TaTbiri. 

1912 wlis 26 ivniss _ 6 ivliss q. borjoSi Catarda direqtorebisa da inspeq-
torebis meore TaTbiri, romelzec daisaxa skolebSi swavlebis gaumjobesebis 
gzebi, dRis wesrigSi idga agreTve swavlebis kontrolis sakiTxi. moxseneba 
gaakeTa saolqo inspeqtorma a.i.slovinskim. man aRniSna, rom yvelaze susti 
momzadeba uCvenes quTaisis (xonis) samaswavleblo seminariaSi Semsvlelma im 
axalgazrdebma, romlebmac daamTavres quTaisis guberniis dawyebiTi saswavleb-
lebi. seminariaSi Sesasvlelad weriT gamocdebze gasula 110 moswavle, zepir 
gamocdaze daSvebul iqna da gaagrZela gamocdebis Cabareba _ 48 moswavlem. 
momxsenebelma msmenelTa yuradReba miapyro moswavleTa mier gamomJRavnebul 
tipiur xarvezebs. 
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Ria anu saCvenebeli gakveTilebi da maTi analizi 
XIX saukunis saqarTveloSi  

l. beriZe, r. gogiberiZe, r. gagniZe 

saqarTvelos teqnikuri universiteti, Tbilisi, saqarTvelo 

kavkasiis saswavlo olqis mzrunveli olqis saSualo skolebSi 
maTematikis swavlebaSi miRwevebTan erTad SeniSnavs zogierT xarvezs. ris 
mizezic axalgazrda maswavlebelTa arasakmarisi momzadeba iyo. TiTqmis 
pirdapir skolis merxidan bevri axalgazrda hkidebda xels am mZime da 
metad pasuxsageb saqmes, amitom mzrunvelma gadawyvita skolebSi 
maTematikis swavlebis gaumjobeseba. am mizniT 1907 wels Seiqmna 
specialuri komisiebi sxvadasxva saswavlo dawesebulebebTan maTematikis 
maswavle-belTa monawileobiT.  

1912 wels mzrunvelis gankargulebiT, am komisiebis paralelurad, 
kavkasiis yvela punqtSi, sadac ramodenime saSualo saswavlo dawesebuleba 
iyo, Camoyalibda saerTo komisia, am punqtSi sxvadasxva skolebSi momuSave 
maTematikis maswavlebelTa monawileobiT. 

gamocemulia Sromebi 1911-1912 saswavlo wels maTematikis sagnobrivi 
komisiis mier Catarebuli muSaobis Sesaxeb, romelsac Tavi mouyara, 
redaqtireba gaukeTa da gamosca xelnaweris uflebiT Tbilisis mesame 
vaJTa gimnaziis direqtorma b. k. kramerenkom [94]. 

komisiebi xSirad awyobdnen maTematikis Ria, saCvenebel gakveTilebs, 
moyvanili aseTi gakveTilebis analizis oqmebi, romelTagan dawvrilebiT 
gvinda gadmovitanoT am naSromSi saukeTesod aRiarebuli, aseve bevri 
naklis mqone ramodenime gakveTilis garCevis oqmi. aseve mokle amonawerebi 
sxvadasxva komisiaTa mier Catarebuli sxdomebis oqmebidan. 

 
 

ekonomikuri xasiaTis amocanebi da maTematikis 
swavlebis Sinaarsi XIX saukunis saqarTveloSi 

r. gagniZe, a. mosiZe 

saqarTvelos teqnikuri universiteti, Tbilisi 

1879 wels Seqmnil qarTvelTa Soris wera-kiTxvis gamavrcelebeli sazogadoebis 

skolebis oTx ganyofilebaSi ariTmetikasa da praqtikul geometrias eTmoboda 6 saaTi 

kviraSi yovel ganyofilebaze, algebrisaTvis III da IV klasebSi gamoyofili iyo 2-3 

saaTi, geometriisaTvis I-III klasebSi _ 2-2 saaTi, xolo IV klasSi _ 3 saaTi. 

ariTmetikis zogad kursSi masala klasebze ZiriTadad ase nawildeboda: mosamza-

debel ganyofilebebze moswavleebs unda gaevloT oTxi ariTmetikuli moqmedeba mTel 

ricxvebze, rusuli saangariSos xmareba, amocanebis weriTi da gansakuTrebiT, zepiri 

amoxsna, gamravlebis tabula xSirad saxmari zomebi (rusuli da qarTuli), oTxi 
ariTmetikuli moqme-deba Sedgenil saxeldebul ricxvebze. 

I Kklasi: 1) oTxi ariTmetikuli moqmedebis gameoreba Sedgenil saxeldebul ri-

cxvebze da amocanebSi. 2) aTwiladebi, Sedareba, moq-medebebi maTze. 3) martivi 

wiladebi, wesieri, arawesieri, Sereuli, Sekveca, Sedareba, mocemuli ricxvis nawilis 

povna, nawiliT ricxvis povna, martivmniSvneliani wiladebis Sekreba. 4) martivi da 
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Sedgenili ricxvebi, gayofadobis niSnebi, ricxvis daSla martiv mamravlebad, u.s.j. da 
u.s.g., wiladebis Sekreba-gamokleba. 

II klasi: 1) I klasSi naswavli masalis gameoreba. 2) aTwiladebis gadaqceva Cve-

ulebriv wiladad da piriqiT (ori SemTxveva), sasruli, usasrulo, perioduli 

aTwiladebi, wminda da Sereuli perioduli aTwiladebis gadaqceva Cveulebriv wiladad. 

3) sazomTa metrikuli sistema. 4) ariTmetikuli da geometriuli Tanafardoba. 

III klasi: 1) procentebis wesebi. 2) Tamasuqebis angariSi (komerciuli). 3) jaWvuri 

wesi. 4) amxanagobis wesebi (proporciuli gayofa). 5) Sereuli wesebi (I da II gvaris).  

IV klasi: ariTmetikis mTeli kursis gameoreba. 

rogorc vxedavT, didi adgili aqvs daTmobili `amxanagobis wesebTan~, `Tamasuqeb-

Tan~, `sammag wesebTan~ dakavSirebul sakiTxebs, romelTa swavleba skolebSi dRe-
vandeli ekonomikuri sakiTxebis mozRvavebisa da saWiroebis pirobebSic ar iqneboda 

urigo. wlebis ganmavlobaSi xom am sakiTxebs gakvriTac ar axsenebdnen saSualo 

skolebSi. sabednierod, dReisaTvis mdgomareoba Seicvala da skolebSi ukve iswavleba 

ekonomikis sakiTxebi. sabazro ekonomikas moswavle, axalgazrda saSualo skolaSive 

unda vaziaroT, radgan skolaSi am sakiTxebis swavleba ufro uSualo, ufro `sufTa~, 

ufro kanonebze agebuli iqneba, amave dros bavSvs Tavidanve ecodineba, ra sakiTxebis 

codnaa aucilebeli cxovrebisaTvis, dainaxavs kavSirs sagansa da cxovrebas Soris. 

 

სასკოლო საგანმანათლებლო პროცესის ზოგიერთი 
აქტუალური პრობლემის შესახებ 

guram gogiSvili 

საქართველოს საპატრიარქოს წმიდა ანდრია  

პირველწოდებულის სახ. ქართული უნივერსიტეტი, თბილისი, 
საქართველო 

guram@mzera.com 

მოხსენებაში გაანალიზებულია მათემატიკის ამჟამად მოქმედი სასკოლო პროგრამის 
ძირითადი პრიორიტეტები, ახალი სახელძღვანელოების შექმნისა და ფუნქციონირების 
პროცესი. 

ხაზგასმულია სასწავლო გეგმების დახვეწაზე მუშაობისას პედაგოგებთან 
თანამშრომლობის დიდი მნიშვნელობა. 

განხილულია მოსწავლეებთან, მშობლებთან, სასწავლო პროგრამებთან და თვით 
სახელმძღვანელოებთან მასწავლებელთა დამოკიდებულების აქტუალური საკითხები 
და საგანმანათლბლო პროცესში  მოსწავლის როლი, მის მიერ მიღწეული შედეგის 
მნიშვნელობა. 

წარმოჩენილია ის პრობლემები, რაც ახლავს ახალი სასწავლო თემატიკის, სასწავლო 
პროცესში ახალი დამოკიდებულებების დამკვიდრებას,  ცოდნის ოდენობისა და 
ცოდნის ხარისხის ურთიერთდამოკიდებულებაში პრიორიტეტების განსაზღვრას. 

მოხსენებაში წარმოდგენილია ამ პრობლემათა ანალიზი და შემოთავაზებულია 
მათი გადაჭრის შესაძლო გზები. 
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მოსწავლეთა დამოუკიდებელი აზროვნების განვითარება ამო-
ცანების მათემატიკური წარმოდგენის სწავლების 

საშუალებით 
დიმიტრი გოშხეთელიანი 

ა.  წერეთლის სახელმწიფო უნივერსიტეტი, ქუთაისი, საქართველო 

საკითხის დასმისას, აუცილებელია, ვასწავლოთ მოსწავლეებს ამოცანების 
დამოუკიდებლად ამოხსნა, რომ მათ თავად შეძლონ ამოცანის ამოხსნის ხერხის მოძებნა 
ამ დროს წარმოიქმნება სხვადასხვა სიძნელე. 

იმისათვის, რომ ამოცანა, მისი ამოხსნის ძიება, გამოყენებული იქნეს მოსწავლეთა 
აზროვნების, მათი დამოუკიდებელი მუშაობის განვითარებისათვის საჭიროა, შემუშა-
ვდეს ამოცანის ამოახსნის ძიების ზოგადი ხერხი, რომელიც უნდა ავუხსნათ, აღვუწე-
როთ მოსწავლეებს. 

ამის მისაღწევად შეიძლება გამოყენებული იქნეს სახელმძღვანელოში მოთავსებუ-
ლი ამოცანებიც, რომელიც გამოუმუშავებს მოსწავლეებს (ჩვენი დაკვირვებით) უფრო 
რთული ამოცანების ამოხსნის უნარს, ე.ი. განუვითარებს მათ დამოუკიდებელ აზროვნე-
ბას.  

"ფსიქოლოგებისა და პედაგოგ-მეთოდისტების მიერ ჩატარებული გამოკვლევების 
საფუძველზე აღიარებულია, რომ მოსწავლის მიერ მასალის ათვისება უფრო კარგად 
მიმდინარეობს არა სახელმძღვანელოზე დაყრდნობით ან მასწავლებლის საუბრის შემ-
დეგ, არამედ მოსწავლის პირადი კვლევა – ძიების პროცესში, რომლის დროს მას შეუძ-
ლია თავისუფლად განავითაროს თავისი შემოქმედებითი აქტიურობა". 

სწორედ მოსწავლის მიერ პირად კვლევა-ძიებასთან გვაქვს საქმე, როდესაც ის ამო-
ცანას წარმოადგენს მათემატიკურად და შემდეგ ეძებს მის განზოგადებებს.  

ამოცანის მათემატიკური წარმოდგენა განსაკუთრებით იმ სიძნელეების დაძლევაში 
გვეხმარება, რაც დ. პოიას მიერ შემოთავაზებული ამოცანის ამოხსნის ძიების სქემის 
პირველ ეტაპს – "ამოცანის დასმა და მისი შინაარსის კარგად ათვისება" – ახასიათებს. 
სტატიაში მოყვანილია თუ რა სიძნელეები შეიძლება ახლდეს ამ პირველ ეტაპს და რო-
გორ შეიძლება დაიძლიოს ისინი ამოცანის მათემატიკური წარმოდგენით. 
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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.  

 
 

maTematika XIV-XIX saukuneebis saqarTveloSi 

aleqsandre laSxi 

saqarTvelos teqnikuri universiteti 

sulxan-saba orbelianis leqsikonis (1668-1725) pirvel gverdze 
moTavsebulia qarTuli anbanuri numeraciis da Sesabamisi arabul-induri, 
e. i. Tanamedrove numeraciis cxrili. iqve vxvdebiT evklides `sawyisebidan~ 
amoRebul wertilis, wiris, sibrtyis da sxeulis gansazRvrebebs. 
sxvadasxva evropuli wyarodan moyvanilia algebris, geometiisa da 
ariTmetikis gansazRvrebani da zogierTi saintereso cnoba astronomiidan. 
mniSvnelovania sabas cnobebi qarTuli sazomebis Sesaxeb. 

Semdegi cnobebi saqarTveloSi maTematikuri codnis Sesaxeb mogvepoveba 
vaxtang VI-is (1676-1736) nawerebSi. gansakuTrebiT mniSvnelovania 
astronomiuli naSromi `varskvlavTmricxveloba~, romelic dawerilia 
vaxtang VI-isa da misi Tanamedroveebis mier. igi Seicavs XV saukunis didi 
uzbeki astronomis ulul-bekis astronomiuli naSromis srul Targmans 
iranulidan, romelic TviT vaxtang VI-s ekuTvnis. masSi moyvanilia 834 
qalaqis geografiuli koordinatebi. xolo TviT vaxtang VI-is naSromSi _ 
1276 qalaqisa. 1033 qalaqis geografiuli koordinatebis Sesaxeb cnobebi 
vaxtang VI-s amoRebuli aqvs berZnuli, dasavleT evropuli da rusuli 
wyaroebidan. maT Sorisaa q. goris koordinatebic, rac imas niSnavs, rom 
XVII saukuneSi qarTvelebma icodnen adgilis geografiuli koordinatebis 
gansazRvra. 

dasavleT evropul enaze uRul-bekis naSromi pirvelad gadaTargmnes 
1863 wels, igi Targmna frangma sedilom. e. i. es wigni qarTul enaze ufro 
adrea Targmnili, vidre evropulze. igi Seicavs e. w. arabebis 
trigonometrias. cnobilia, rom evropelebma trigonometriis safuZvlebi 
arabebisagan gadaiRes. maSasadame, qarTvelebma trigonometriis safuZvlebi 
pirvelad gadaiRes ara evropelebisagan, aramed arabebisagan. 

vaxtang VI-is xelmZRvanelobiT qarTvelebs iranulidan uTargmniaT as-
tronomiul-astrologiuri naSromi `qmnilebisa codna~ da daubeWdavT 
Tbilisis stambaSi 1721 wels, romelic aseve Seicavs arabuli 
trigonometriis safuZvlebs. 

qarTvelebis mier evropelTa trigonometriis gacnobis pirveli sabuTia 
mixeil eliaSvilis mier rusulidan naTargmni naSromi `sivakis zoma anu 
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planimetria~, romelic gamoica 1726 wels vaxtng VI-is redaqciiT. naSromi 
ZiriTadad warmoadgens praqtikul geometrias, magram Seicavs agreTve 
ariTmetikis sakiTxebs, trigonometriis ZiriTad formulebs da maT 
gamoyenebas sxvadasxva amocanis amoxsnisaTvis. naSromis pirveli nawili 
Seicavs ariTmetikisa da trigonometriis elementebs, meore nawili ki _ 
maTematikur amocanebs samxedro saqmeSi, gansakuTrebiT balistikaSi 
gamoyenebisaTvis. cnobilia xelnaweri, romelic XVII saukunis dasawyisSi 
frangulidan gadauTargmnia dimitri ciciSvils. masSi mocemulia agreTve 
cnobebi qarTul sazomTa sistemis Sesaxeb. xelnaweri Seicavs progresiebs, 
kvadratuli da kuburi fesvebis amoRebis wesebs, samTa wess, martiv da 
aTobiT wiladebze moqmedebis wesebs. 

ariTmetikis sakiTxebia mocemuli im xelnawerSi, romelic 1735 wels 
mixeil eliaSvilis mieraa Targmnili kvlav vaxtang VI-is xelmZRvanelobiT. 

1800 wels giorgi TarxniSvils daumTavrebia maTematikis 
saxelmZRvanelos wera. xelnaweri ori nawilisagan Sedgeba: 1. ariTmetika, 2. 
ariTmetikis vaWrobis saqmeSi gamoiyeneba.  

giorgi TarxniSvilis am naSromis didi nawili miZRvnilia samTa 
wesisadmi, cnobilia, rom samTa wesi Seadgens komerciuli ariTmetikis 
ZiriTad Sinaarss. mocemulia amocanebi am wesebis vaWrobis saqmeSi 
gamoyenebisaTvis. am amocanebis nawili TviT TarxniSvilis mieraa 
Sedgenili. 

maTematikis qarTuli xelnawerebidan yvelaze vrceli ioane 
batoniSvils (1767-1830) ekuTvnis. savaraudoa, rom igi rusulidan unda iyos 
naTargmni. igi vrclad Seicavs geometrias da trigonometrias, mokledaa 
mocemuli analizuri geometriis elementebi. 

1821 wels dawerili xelnaweris avtoria ioseb focxveraSvili. 
aRniSnuli naSromi naTargmni ki araa, aramed _ originaluri. 

 
iakob gogebaSvili _ qarTuli maTematikuri 

saxelmRvaneloebis saTaveebTan 

 a. laSxi, d. burWulaZe 

saqarTvelos teqnikuri universiteti, Tbilisi, saqarTvelo 

iakob gogebaSvili did interess iCenda ariTmetikis swavlebis mimarTac. 
ai ras werda igi quTaisis saTavadaznauro skolis inspeqtors: `Tqvengan 
warmodgenili programebi sazogadod Sedgenilni arian codnierad da 
gvarianad, magram Siga da Sig eWirvebaT damateba, Secvla da ganviTareba. 
ariTmetikis programa Zlier mokled aris Sedgenili da ganviTareba 
eWirveba. pirveli wlisaTvis cotaa pirveli aTeuli. ori aTeulis aTviseba 
advilad SeuZliaT Svidi-rva wlis bavSvebs wlis ganmavlobaSi. aq saWiroa 
rom meore aTeulis swavlebis dros maswavlebelma umTavresi yuradReba 
miaqcios ricxvis warmodgenas aTeuliTgan da calkeuliTgan. meore 
weliwads swavloben pirvel aseuls sruliad da umTavres yuradRebas 
aqceven gamoangariSebis xerxebs. swrafad gaivlian imisTana martiv ri-
cxvebs, romlebis Semadgenloba da Tviseba arafriT ar ganirCeva 
raodenobis garda wina ricxvebisagan da SeCerdebian imisTana rTul da 
mravalmxrovan ricxvebzed, rogoric arian 48, 49 da sxvani. danarCen 
masalas ariTmetikisas unda miematos gacnoba ubralo nawilovanTa da xsna 
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martivTa amocanaTa aRricxvis samkec kanonidgan, amxanagobis da Sereulis 
kanonidgan da sargeblobis angariSiTgan. da es Sevsebuli masala 
ganawilebuli iqnas mesame da meore ganyofilebis Sua~. 

amrigad, iakob gogebaSvili gvevlineba ariTmetikis programis 
Sedgenlis rolSi. 

i. gogebaSvils 1888 wels Seumowmebia goris mazris sofel xelTubnis 
skola, sadac maswavleblad muSaobda vaJa-fSavelas Zma, Tedo razikaSvili. 
`ariTmetika yvela ganyofilebas saSualod SeuswavliaT, martiv amocanebs 
advilad da Cqara xsnian, magram rTul amocanebzed bevrsac wvaloben TviT 
saukeTeso mowafeni. am saganSic maswavlebels marTebs mometebuli cda da 
warmateba~. iakobis am sityvebidan SegviZlia davaskvnaT, rom igi Zalian 
did yuradRebas aqcevda amocanebis amoxsnis sworad warmarTvas. 

1900 wels `wera-kiTxvis gamavrcelebeli sazogadoebis~ gamgeobis mier 
gamoyofil komisias iakobis xelmZRvanelobiT Seumowmebia Zveli senakis 
saTavadaznauro skola. iakobs, rogorc komisiis xelmZRvanels, 
gamgeobisaTvis warudgenia Semowmebis analizi, romelSic I ganyofilebaze 
ariTmetikis swavlebis Sesaxeb wers: `oTxs ariTmetikul moqmedebas ocis 
sazRvrebSi Segirdebi swrafad angariSobdnen, agreTve swrafad xsnidnen 
ararTul amocanebs. swrafadve angariSobdnen ricxvebis nawilebs 
dasaxelebul sazRvrebSi~. sazogadod, ariTmetikis swavleba am 
ganyofilebaSi Zlier kargad dauyenebia b-n s. janaSias. III ganyofilebis 
analizSi ki naTqvamia: `numeraciaSi kargad arian gavarjiSebuli. kargad 
ician agreTve zomebi simZimisa, sigrZisa da sxva. magram amocanebis amox-
snasa da daskvnaSi, agreTve oTx moqmedebaSi, xSirad cdebian. sazogadod, 
ariTmetikis codna moswavleTa mxriv sruliad ar akmayofilebs moTxovni-
lebas~. 

iakob gogebaSvili maswavleblisagan moiTxovda SeerCia iseTi amocanebi, 
rom moswavles yoveldRiur praqtikul saqmianobaSi gamodgomoda, garda 
amis, `maswavlebelma angariSis swavlebisas unda aametyvelos da 
gaacxovelos, cxovrebis sinamdviles Seufardos da am rigad es sagani 
moswavleebis sayvarel sagnad gaxados, angariSis gakveTilebze SeZenil 
codnas moswavle yoveldRiur saqmianobaSi unda iyenebdes~ (saiubileo 
krebuli. `i. gogebaSvili~, universitetis gamomcemloba, Tbilisi, 1940 
weli). misi azriT, `skolam mis axalgazrdobas unda aswavlos gvarianad 
wigni, gauxsnas goneba, Seaswavlos sagnebi pedagogiuri gziT, mianiWos 
codna da misces gonebiTi Zala keTildReobis aRsadgenad da dasacvelad. 
erTi sityviT, moamzados cxovrebisaTvis~ (i. gogebaSvili, Txz. t. 1, gv. 217). 

i. gogebaSvils gadawyvetili hqonia ariTmetikis saxelmZRvanelos 
gamoqveyneba, magram am ganzraxvaze xeli auRia, radgan: `roca ariTmetika 
batoni jajanaSvilisa da batoni natroSvilisa Sedga, Cven dawyebuli 
gvqonda elementaruli ariTmetika saxalxo skolebisaTvis, magram misi 
damTavreba aRar movindomeT, raTa am pirobisaTvis xeli ar SegveSala~ (i. 
gogebaSvili, Txz. t. III, gv. 71). meTodist t. tyemalaZes i. gogebaSvilis 
pirad arqivSi unaxavs 24 furcliani rveuli, romlis 12 furcelze 
moTavsebuli yofila 164 amocana pirveli da meore aTeulis farglebidan. 
es xelnawe-ri gamoqveynebulia i. gogebaSvilis TxzulebaTa me-9 tomSi. 
pirvel ganyofilebaSi moTavsebulia 86 amocana, meore ganyofilebaSi _ 76 
amocana, Semdeg aris saTauri: `amocanebi mesame aTeulisagan~, riTac 
mTavrdeba xelnaweri. 
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sainteresoa, rom gogebaSvilis mier Sedgenili bevri amocana moiTxovs 
ramdenime amonaxsnis miRebas. magaliTad, `ramden ymwvils SeiZleba 
davurigoT 6 kakali Tanasworad da ramdeni kakali ergeba TiTosa?~ aq 
moswavlem unda ifiqros, rom 6 kakali Tanabrad SeiZleba daurigdes 6, 3, 2, 
da 1 ymawvils da moqmedeba gayofiT gaigos, TiToeul SemTxvevaSi ramdeni 
kakali Sexvdeba TiToeul ymawvils. gogebaSvili yovelTvis moiTxovda 
swavlebis cxovrebasTan mtkice kavSirs da miRe-buli Teoriuli codnis 
praqtikul gamoyenebas, `zurgi unda SevaqcioT yalb codnas da 
formulebis zepirobas da SevudgeT SeZenas namdvilis, WeSmaritis 
codnisas~. 

 

 

maTematikuri modelirebisa da kompiuteruli daprogramebis 

meTodebi qarTuli leqswyobis ZiriTadi parametrebis 

gamoTvlaSi  

a. laSxi*, e. CxartiSvili** 

*saqarTvelos teqnikuri universiteti, Tbilisi, saqarTvelo 
**S. rusTavelis universiteti, baTumi, saqarTvelo 

leqsis struqturuli modeli warmoadgens evoluciur dinamikur sistemaTa erT-

erT kerZo saxes (TviTorganizebad ierarqiul informaciul sistemas), amitom misi 

ganviTarebis procesebi SeiZleba dadgindes sinergetikis, fraqtalebisa da qaosis 

Teoriis meTodebiT. 

am meTodis analizi, Sesabamisi matematikuri da programuli saSualebebi, agreTve, 

maTi gamoyenebis xerxebi qarTuli leqswyobis ZiriTadi parametrebis gamosaTvlelad 

warmoadgens kvlevis sagans. 
qarTuli leqsmcodneobiTi analizis Tanamedrove meTodebiT leqsis calkeul 

striqonTa avtoriseuli interpretaciis dadgena SeuZlebeli. SemoTavazebuli 

kompiuteruli analiziT (programa 1) SesaZlebelia dadgindes avtoriseuli 

parametrebi da perspeqtivaSi romelime (uavtoro) leqsi mivakuTvnoT romelime poets, 

an miaxloebiT ganvsazRvroT poetis romel periods ekuTvnis uTariRo leqsi, 

SesaZlebelia, vivaraudoT, Tu romelia ufro axlos originalTan struqturisa da 

Ziritad parametrTa damokidebulebis TvalsazrisiT.  

aso-bgerebis nebismier qaosur moZraobaSi yovel uasos gameorebis albaToba 

Tanabaria, magram sxvadasxva enaSi gamoikveTeba upiratesi bgerebi. 

ioane zosimem Tavis `qebai da dideba qarTulia enisai~-Si xotba Seasxa qarTul 
enas. misi rwmeniT qarTuli ena gansakuTrebulia. Tuki anagramuli principis 

gamoyenebiT yvelaze xSiri aso-bgerebisagan avawyobT sityvebs, maSin nebismier qarTul 

teqstSi (da gansakuTrebiT poetur striqonebSi) ikiTxeba sityva `mesia~, razec 

migvaniSnebda kidec ioane zosime. 

teqstis mocemuli komopiuteruli programiT (programa 2) Catarebuli kvlevebidan  

gamomdinare aRsaniSnavia isic, rom zemoaRniSnuli tendencia (miswrafeba `mesia~-saken) 

Cveulebriv (prozaul) teqstebTan SedarebiT poetur striqonebSi ufro mZlavria. 

poetur nawarmoebebSi marcvalTa monacvleobazea damyarebuli garkveulia harmoniis 

warmoSoba. igi met-naklebad gansazRvravs leqsis ritmul struqturasac. aqedan 

gamomdinare, mniSvnelovania da perspeqtiuli siaxlea leqsmcodneobaSi aRniSnuli 
problemis kompiuterul-programuli kvleva, rac zrdis mecnier-mkvlevaris Sromis 
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nayofierebas. aRniSnul programas didi daxmarebis gaweva SeuZlia moculobiTi 
informaciebis damuSavebisa da mowodebis saqmeSi.  

PP.S. qarTuli leqswyobis maTematikuri modelirebis kvlevebs safuZveli Cauyara 
aw gansvenebulma guram TevzaZem. moxseneba eZRvneba mis xsovnas. 

 
 

maTematikuri ganaTlebis saTaveebTan saqarTveloSi  

aleqsandre laSxi, fiqria Rurwkaia, maia jafoSvili 

miuxedavad mravali sxva negatiuri movlenisa, saqarTvelos ruseTTan 
SeerTebam am mxriv erTgvari pozitiuri roli Seasrula. XIX saukunis sa-
qarTveloSi nel-nela iqmneba ganaTlebis qseli da erTiani sistema, dgeba 
saswavlo programebi da gegmebi, yalibdeba sxvadasxva saxis saswavleblebi: 
sasuliero seminariebi, realuri saswavleblebi, gimnaziebi, samaswavleblo 
institutebi da sxva. iqmneba wera-kiTxvis gamavrcelebeli sazogadoeba, 
dRis wesrigSi dgeba universitetis gaxsnis aucilebloba. 

humanitaruli dargebisagan gansxvavebiT, zusti da sabunebismetyvelo 
sagnebis (maTematika, fizika, astronomia da sxva) swavleba saqarTveloSi, 
ararusul saswavleblebSic ki ZiriTadad centralizebuli, standartuli 
saxiT gadmoitaneboda ruseTidan. am mxriv qarTulma pedagogiurma sityvam 
erTgvarad daigviana. 

pirveli nabijebi am mimarTulebiT mogvianebiT gadaidga: vaxtang 
TulaSvili (1862), mixeil yifiani (1884), raJden jajalaSvili (1886), ilia 
JRenti (1889), anton natroSvili (1889).  

XX saukunis dasawyisisaTvis (20-iani wlebi) ukve gvaqvs ramdenime 
aTeuli originaluri qarTuli saskolo saxelmZRvanelo maTematikis yvela 
dargSi (anton natroSvili, egnate xramelaSvili, mixeil yifiani, simon 
ocxeli, aleqsandre deviZe, aTanase xarabaZe, daviT parkaZe da sxvebi). 
iqmneba sauniversiteto maTematikuri literatura (andria razmaZe, andria 
benaSvili, arCil xaraZe, giorgi nikolaZe, levan gokieli), ixveweba da 
srulyofili xdeba qarTuli maTematikuri ena (terminologia). 

mecnierebis yvela dargs Tavisi ganviTarebis istoria aqvs. maTematikis 
swavlebis da meTodikis ganviTarebis istoriac am mxriv gamonakliss ar 
warmoadgens. saqarTveloSi maTematikis swavlebisa da meTodikis 
ganviTarebisa da istoriis Seswavlis mizniT Sesrulebulia ramodenime 
saintereso naSromi (uS. obolaZe, d. cxakaia, aT. xarabaZe, p. RvinaZe, a. 
benduqiZe, T. ebanoiZe, v. parkaZe, ab. miqaZe). Mmiuxedavad amisa, kidev rCeba 
sakmao raodenobiT faqtiuri masala Seuswavleli da gamoukvleli. 

am mimarTulebiT gansakuTrebiT aRsaniSnavia farTo sazogadoebisaTvis 
SedarebiT ucnobi qarTveli avtoris, ilia oqropiris-Ze JRentis naSromi – 
“Примърнiя ръшенiя задачъ по математикъ, Тифлисъ, 1889 год”. 

es aris sakmaod maRali donis naSromi, romelic Seicavs umaRlesi 
maTematikis elementebsac da gankuTvnilia umaRles saswavleblebSi 
SemsvlelTaTvisac. tipografiulad naSromi umaRles donezea gamocemuli. 
gamocemis xarisxi da daxvewiloba dResac ki SesaSuria. erTi Tvalis 
gadavlebiTac naTeli xdeba, rom imdroindel saqarTveloSi, sakmaod 
maRali moTxovnebia maTematikisadmi. SeiZleba iTqvas, rom es done savsebiT 
Seesabameba dRevandels. ufro metic, bevr SemTxvevaSi aRemateba kidec 
Tanamedrove moTxovnebs. 
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bunebrivia, rom am naSromis mokvleva, misi safuZvliani Seswavla da 
Sefaseba axali sityvaa qarTuli maTematikis da meTodikis ganviTarebis 
istoriaSic. igi ueWvelad sasargebloa qarTuli maTematikuri 
istoriografiisaTvis. 

 
 

maTematikuri  mecnierebis istoriis swavlebis 
sakiTxisaTvis 

n. maxvilaZe 

saqarTvelos teqnikuri universiteti, Tbilisi, saqarTvelo  

 imakhviladze@yahoo.com  

maTematikuri  mecnierebis istoriis Seswavlis sakiTxi pirvelyovlisa 
mniSvnelovania TviT maTematikisaTvis. amitom, am saqmiT dakavebulni unda 
iyvnen ara marto mecnierebis istoriis dargis specialistebi, aramed TviT 
maTematikosebic.  

amasTan dakavSirebiT sasiamovnoa aRiniSnos, rom ukanasknel 
aTwleulebSi arsebiTad gafarTovda da gaRrmavda kvleviTi muSaoba 
maTematikis, meqanikis, fizikisa da astronomiis istoriis dargSi. am 
sistematuri kvlevis Sedegia Tundac is, rom bolo wlebSi gamoqveynda 
mravali wigni, broSura da  calkeuli statia im  mecnierebis Sesaxeb, 
romelTac TavianTi moRvaweobiTa da SemoqmedebiT mniSvnlovani kvali 
datoves erisa da mecnierebis istoriaSi. 

mecnierebis istoriis mkvlevarTaTvis didi mniSvneloba aqvs imis naTel 
warmodgenas, rom mecnierebis istoria aris: a) sayovelTao istoriis 
aucilebeli Semadgeneli nawili; b) mecnierebis, gansakuTrebiT 
maTematikuri  mecnierebis, Tanamedrove ganviTarebis erT-erTi mniSvne-
lovani piroba; g) swavlebis srulyofis meTodi da mecnieruli 
meTodologiis baza; d) azrovnebis procesebis analizis erT-erTi 
mniSvnelovani wyaro. 

sazogadoebis progresuli ganviTarebis analizisaTvis gansakuTrebiT 
mniSvnelovania im saocari gzis gacnoba romelic gaiara codnis 
gamarjvebam umecrebaze kacobriobis mTeli istoriis manZilze. 
sazogadoebis ganviTarebis zogadi istoriis gadmocema ar SeiZleba 
movwyvitoT mecnierebis istoriisagan, radganac es ukanaskneli warmoadgens 
zogadi istoriis nawils, da amasTanave, Zalian mniSvnelovan nawils. 

mecnierebis istoriis codna aucilebelia mecnieruli koncefciis, 
filosofiuri azrovnebisa da zogadi ganaTlebis progresis Sesaswavlad.  

mecnierebis warsulis codna saSualebas iZleva ufro 
koncentrirebulo saxiT miviRoT cnobebi ama Tu im ideisa Tu faqtis 
wyaroze, mecnieruli azris formirebaze. 

mecnierebis istoria Tavis Tavad mniSvlelovania axali Taobis 
aRsazrdelad; 

mecnierebis istoria ZiriTadad iyo kacobriobis  gonebis gamarjvebis 
istoria. albaT droa, rom mecnierebis istoria gaxdes azrovnebis 
istoriac.  

azri yovelTvis gadawyvetas GeZebs! 
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sasurvelia meti yuradReba daeTmos maTematikuri mecnierebis 
istoriis adgilsa da rols (saskolo da umaRlesi saswavleblebis) 
saswavlo programebsa da saxelmZRvaneloebSi. 

 

 

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 Is 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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kompiuteruli grafika da misi adgili 
sauniversiteto ganaTlebaSi 

c. sarajiSvili 

S. rusTavelis universiteti, baTumi, saqarTvelo 

Cvens mier Seswavlili iqna umaRlesi skolis pedagogikisa da 
pedagogiuri fsiqologiis sakiTxebi im kuTxiT, rom garkveuli warmodgena 
Segveqmna grafikuli disciplinebis swavlebis meTodikis Teoriuli 
safiZvlebis Sesaxeb. aseTi midgomis Sedegad, grafikuli disciplinebis 
swavlebis meTodika eyrdnoba or ZiriTad baziss: Teoriul da 
eqsperimentul gamokvlevebs, organizaciul formebsa da meTodebs, erTis 
mxriv, da swavlebis fsiqologiur safuZvlebs, meores mxriv.  

amgvar bazaze dafuZnebuli grafikuli disciplinebis swavlebis 
meTodika moicavs Tavad am meTodikis ganviTarebis istorias, grafikuli 
disciplinebis SemecnebiT Rirebulebas da mis adgils sxva saswavlo 
disciplinaTa Soris, saswavlo-meToduri xasiaTis literaturis 
damuSavebis principebs, kadrebis momzadebis RonisZiebebs. 

Cvens winaSe dasmuli miznidan gamomdinare, Seswavlilia umaRlesi 
skolis pedagogikisa da pedagogiuri fsiqologiis sakiTxebi im kuTxiT, 
rom SevqmnaT grafikuli disciplinebis swavlebis meTodikis safuZvlebi. 
aseTi midgomis Sedegad, grafikuli disciplinebis swavlebis meTodika 
eyrdnoba or ZiriTad baziss: teoriul da eqsperimentul gamokvlevebs, 
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saorganizacio formebsa da meTodebs, erTis mxriv, da swavlebis 
fsiqologiur safuZvlebs, meores mxriv. 

ganxilulia kompiuteruli grafikis sistemebi da saswavlo programebis 
Taviseburebani baTumis universitetSi, gaanalizebulia sagnis 
problematika, sainJinro grafikis meTodologiuri aspeqtebi.  

ganxilulia ramodenime geometriuli amocana agebebze, romelTaTvisac 
SeiZleba Sedgebili iyos incidentobis cxrilebi da romelTaTvisac 
SesaZlebelia Sesabamisi programuli uzrunvelyofa grafikuli 
agebebisaTvis. Seswavlili sam da eqvs wertilebSi TanakveTebis teoremebi 
da Catarebulia maTTan dakavSirebuli agebebi. 

agebebi Catarebulia sxvadasxva feris wrfeebis saSualebiT _ moculoba 
mwvane wrfeebi, Semdgomi nabijebi Savi da yviTeli xazebi, xolo saboloo 
Sedegi _ wiTeli feriT. es erTgavri meToduri xerxia naxazis ukeT aRqmisa 
da gaanalizebisaTvis, agreTve, is vizuali=uri damaxsovrebis ukeTes 
saSualebas iZleva. 
 

Kkompiuterizacia da informatikis sagnebi 
maTematikur specialobebze baTumis universitetSi 

c. sarajiSvili 

S. rusTavelis universiteti,  baTumi, saqarTvelo 

1991 wels, pedagogiuri institutis universitetad gadakeTebis Semdeg, 
pedagogiuri institutis programebi SesabamisobaSi movida sauniversiteto 
programebTa. ramdenadac universitetSi mxolod maTematikis kaTedra 
arsebobda, informatikis swavlebac warimarTa `maTematikis~ specialobis 
programis Sesabamisad, iswavleboda gamoTvliTi manqanebi, mini da mikro-
kompiuterebi, informatika, daprogrameba, informatikis praqtikumi. 
aRniSnuli kursis daniSnuleba iyostudentebisaTvis probramirebis 
ZiriTadi cnebebis, struqturebis, algoriTmizaciis safuZvlebis arsebuli 
eleqtronul-gamomTvleli manqanebis struqturisa da maTi praqtikuli 
uzrunvelyofis, programirebis romelime konkretuli enis gacnoba. 
gaTvaliswinebuli iyo manqanaze dialogiiur reJimSi Sesasrulebeli 
Semdegi laboratoriuli samuSaoebi: ekranis teqsturi redaqtorebis 
aTviseba, umartivesiamocanebis amoxsna dialogur reJimSi, egm-is gamoyeneba 
gamoyenebiTi maTematikis zogierTi amocanis amoxsnisaTvis. maT Soris 
wrfivi da arawrfivi gantolebis amoxsnis ricxviTi meTodebi (Suaze 
gayofis, martivi iteraciis, niutoni), rwfiv gantolebaTa Teoriis 
sakiTxebi, wrfivi da kvadratuli interpolebis formulebi, lagranJis 
sainterpolacio mravlawevri, umcires kvadratTa meTodi, ricxviTi 
integreba.  

momavali maTematikosebisaTvisgankuTvnili programa informatikaSi 
baTumis universitetSi gansxvavdeba sxva specialobebis studentebisaTvis 
gankuTvnili programebisagan. 

Seswavlilia kompiuterizaciis problemebi istoriul aspeqtSi aWaris 
regionis skolebis magaliTze. aRwerilia qronologiuri TanmimdevrobiT 
yvela etapi da sirTule, romelic xasiaTdeboda xangrZlivi periodis 
ganmavlobaSi gasuli saukunis 50-iani wlebidan moyolebuli XX saukunis 
bolomde. 
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maTematikis  swavlebis  Sesaxeb 

Tengiz tetunaSvili 

i. vekuas sax. gamoyenebiTi maTematikis instituti,                  
i. WavWavaZis saxelmwifo universiteti, Tbilisi, saqarTvelo 

ten21go@hotmail.com  

Cvens mier ganxilulia maTematikis swavlebis Tanamedrove koncefcia. 
naCvenebia, rom maTematikis swavlebis nebismieri Tanamedrove koncefcia 
aucileblad unda gulisxmobdes swavlebis procesSi simravleTa Teoriis, 
maTematikuri logikisa da zogadad diskretuli maTematikis saTanadod 
SerCeuli elementebis meti doziTa da intensivobiT gaSuqebas, vidre es 
xdeba xSir SemTxvevaSi. ganxilulia maTematikis swavlebis proceSi 
arsebuli zogierTi naklovaneba da miTiTebulia maTi aRmofxvris gzebi. 
Camoyalibebulia kriteriumebi, romlebsac unda akmayofilebdes rogorc 
zust da sabunebismetyvelo, aseve humanitarul mecnierebaTa fakultetebis 
studentebisaTvis gaTvaliswinebuli umaRlesi maTematikis Tanamedrove 
kursi. maTematikis sxvadasxva dargebidan SerCeuli magaliTebis ganxilvis 
safuZvelze naCvenebia, maTematikis swavlebis procesSi, iseTi principebisa 
da midgomebis ganxorcielebis mniSvneloba rogorebicaa: ganxilul 
sakiTxebTan dakavSirebuli sakvanZo momentebis gaSuqeba; SemoRebuli 
cnebebis logikuri analizi da modelireba; TvalsaCinoebis aqcentebis wina 
planze wamoweva; analogiebis meTodis gamoyenebiT sxvadasxva tipis 
maTematikur obieqtebs (struqturebs) Soris Sinagani kavSirebis xazgasma 
da demonstrireba; saswavlo masalis miwodebis optimaluri gzebis SerCeva-
SemuSaveba.   
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qarTuli maTematikuri ganaTlebis saTaveebTan 

f. Rurwkaia 

saqarTvelos teqnikuri universiteti, Tbilisi, saqarTvelo 

ariTmetikis I qarTuli beWduri saxelmZRvanelo gamoica 1862 wels. es iyo 
fogelis ariTmetika, romelic qarTul enaze gadmoakeTes mixeil yifianma 
da vaxtang TulaSvilma. 

mogvianebiT ariTmetikis kidev ramdenime saxelmZRvanelo gamoica. kerZod, 
m. yifianisa 1886 wels, a. natroSvilisa 1899 wels da sxva. 

rac Seexeba algebras, vasil yifianma pirvelma Seqmna algebris 
fundamenturi kursi qarTul enaze. mis mier Sedgenili saxelmZRvanelo 
`dawyebiTi algebra~ pirvelad 1893 wels avtorisave xarjiT gamoica 
TbilisSi. meored ki gamoica quTaisSi 1918 wels. saxelmZRvanelos Sedgena 
algebraSi mraval siZnelesTan iyo dakavSirebuli. im xanebSi maTematikur 
cnebaTa gamomxatveli terminologia TiTqmis sruliad daudgeneli iyo. 
misi damuSveba arsebiTad pirvelad vasil yifians xvda wilad. es 
saxelmZRvanelo arafriT ar Camouvardeba revoluciamde gavrcelebul 
algebris saukeTeso rusul saxelmZRvaneloebs. 

1862 wels v. TulaSvilima m. yifianTan erTad Seadgina da gamosca 
ariTmetikis saxelmZRvanelo qarTul enaze, fogelis ariTmetikis 
saxelmZRvanelos mixedviT. 

moxsenebaSi sistematizirebuli da istoriul aspeqtSia gaanalizebulia 
qarTvel pedagogTa Rvawli pirveli maTematikuri saxelmZRvaneloebis 
SeqmnaSi. 

 

 
arawrfivi strategiuli menejmentis amocanebi   

a. CxartiSvili 

S. rusTavelis universiteti, baTumi, saqarTvelo 
strategia aris omisa da mSvidobis dros samxedro, politikuri, 

ekonomikuri da fsiqologiuri Zalebis ganviTarebisa da gamoyenebis 
xelovneba, mecniereba, romelic gamoiyeneba gamarjvebis sasurveli 
Sedegebis miRebis da damarcxebis albaTobia SemcirebisaTvis. 

zemoaRniSnulidan biznesis strategia SeiZleba warmovidginoT rogorc 
gare garemos cvlilebebze organizaciis mier winaswar dagegmili reaqcia, 
mis mier amorCeuli moqmedebis mimarTuleba (wrfe, xazi), sasurveli 
Sedegebis misaRwevad. Sesabamisad stategiuli dagemvis amocanebi metwilad 
maTematikuri modelirebis amocanebze dadis. 

mravali saukunis win uZveles CineTSi filosofosTa, politikosTa da 
samxedro saqmis moazrovneTa mier gamomuSavebuli da    sistemaSi    iyo   
moyvanili  ama Tu im viTarebaSi moqmedebis 36 stratagema (intrigis 
principi), romlebic warmoadgenen konkretul viTarebaSi tyuilis, 
eSmakobis sxvadasxva xerxis, xrikisa da fandis gamoyenebis praqtikul 
rekomendaciebs. 
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Cinuri stratagemebis mTavari principi imasi mdgomareobs , rom 
minamaluri saSualebebiT (danaxarjebiT) miaRwio dasaxul mizans. 

strtagemaTa mravali principi daedo safuZvlad arawrfiv moqmedebebs 
da aqtiurad iyo gamoyenebuli warsulsi Cineli mxedarTmTavrebis mier. 

arawrfiv moqmedebaTa strategiis ganviTarebaSi gansakuTrebiT 
mniSvnelovani wvlili Seitana Zveli CineTis ganTqmulma strategma da 
mxedarTmTavarma su Zim (su Zi “omis xelovneba”, Tbilisi, 2007). 

termini strategiuli marTva biznesSi gasuli saukunis 60-70 wlebidan 
Semovida.   Tanamedrove mewarmes gaaCnia biznes-strategiis mTeli arsenali. 
maT Soris  

1. organizaciis ganviTarebis strategia,  

2. marketingis strategia,  

3. konkurenciis strategia,  

4. marTvis (xelmZRvanelobis strategia, personalis marTva) strategia 
da sxva.  

ama Tu strategiis gamoyeneba imis gaTvaliwinebiT xdeba, Tu ra 
mdgomareobaa, an ra cvlilebebs SeiZleba velodoT qveyanaSi (politikuri, 
ekonomikuri, finansuri) da ra gavlenas moaxdens igi bazris 
stabilurobasa da konkurenciis garemoze. 

aseT viTarebaSi biznes-strategiis wrfivi meTodebiT (wrfivad) 
gamoyeneba yovelTvis rodi moitans warmatebas. viTareba gansakuTrebiT ki 
maSin rTuldeba, roca konkurenti TviT iynebs arawrfiv strategias. 

arawrfivi strategiis arsi imaSi mdgomareobs, rom ise miaRwio mizans, 
rom uSualod ar Seexo konkurents (mowinaaRmdeges, mters), anu Ria 
konfrontaciis gareSe, SemovliT arawrfivi manevriT ganaxorcielo 
dasaxuli mizani. zogjer arawrfiv strtegias ganmartaven rogorc 
efeqturi gamarjveba mcire ZalebiT; an kidev gamarjveba brZolis gareSe.  

moxsenebaSi moyvanili da gaanalizebuli iqneba strategiuli 
menejmentisa da dagegmvis zogierTi arawrfivi maTematikuri modeli. 

 
 

musikaluri teqstis kvleva sanoto wyvilebis 
saSualebiT 

e. CxartiSvili 

S. rusTavelis universiteti, 

 baTumi, saqarTvelo 

musikaluri nawarmoebis struqturuli modeli warmoadgens dinamikur 
sistemaTa kerZo saxes, amitom misi ganviTarebis procesebi SeiZleba 
dadgindes sinergetikis, fraqtalebisa da qaosis Teoriis meTodebiT. am 
meTodebis analizi, Sesabamisi maTematikuri da programuli saSualebebi, 
agreTve, maTi gamoyenebis xerxebi musikaluri nawarmoebis ZiriTadi 
parametrebis gamosaTvlelad warmoadgens kvlevis sagans. 

kompiuteruli programa ikvlevs winaswar failSi Senaxul musikalur 
teqstSi sanotowyvilebis (do-do), do-re, do-mi, ..., si-la, si-si) sixSires. 
aseTi wyvili sul aris 49. gasaTvaliswinebelia erTi garemoeba, rom 
musikaluri teqsti gadayvanili iqnes erT gamaSi da failSi Seyvanili 
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iqnes notebi da misi Sesabamisi ricxviTi analogebiT: do _ 1, re _ 2, mi _ 
3, dfa _ 4, sol _ 5, la _ 6, si _ 7. Semdeg programa Tvlis aRniSnuli 
wyvilebis sixSireebs. 

juzepe verdis, mocartisa da borodinis SemoTavazebul nawarmoebeSi 
ufro gamoikveTa upiratesi sanoto wyvilebi, vidre zaqaria faliaSvilis 
SemoqmedebaSi, xolo qarTul xalxur SemoqmedebaSi es tendencia naklebia. 
SesaZlebelia, swored es iyos erT-erTi ganmsazRvreli parametri 
kompozitoris stilis, daxvewili gemovnebisa da talantisa.  

  

მიმდევრობათა გარდაქმნები და მათი სწავლება ზუსტ და 
საბუნებისმეტყველო მეცნიერებათა ფაკულტეტის პირველ 

კურსზე 
ლ. ციბაძე, გ. ბერძულიშვილი 

ა. წერეთლის სახელმწიფო უნივერსიტეტი, ქუთაისი, საქართველო 

როგორც ვიცით ყოველი კრებადი მიმდევრობა შემოსაზღვრულია. მაგრამ 
შებრუნებული წინადადება საზოგადოდ ჭეშმარიტი არ არის. ასე მაგალითად 
მიმდევრობა, რომლის ზოგადი წევრი ( )n

nx 1−=  შემოსაზღვრულია, ვინაიდან 1=nx , 
მაგრამ ის კრებადი არ არის. ამ მაგალითიდან სჩანს, რომ საკმაოდ მარტივი 
შემოსაზღვრული მიმდევრობებიც კი არ არიან კრებადი. ამიტომ ბუნებრივია ისმის 
კითხვა, ხომ არ შეიძლება განვაზოგადოთ კრებადობის ცნება ისეთნაირად, რომ 
შემოსაზღვრული მიმდევრობათა რაც შეიძლება ფართე კლასს მიენიჭოს გარკვეული 
ზღვარი. სწორედ ამ საკითხის ნაწილობრივ გადაწყვეტას ემსახურება ჩვენი მოხსენება. 

ნაშრომში მოყვანილი არის ტეპლიცის ერთი თეორემა, რომელიც ეხება 
მიმდევრობათა ისეთ გარდაქმნებს, რომლებიც ინარჩუნებენ კრებადობას. ამ 
თეორემიდან, როგორც კერძო შემთხვევა მიიღება კრებადობის ჩეზაროს (საშუალო 
არითმეტიკულების) მეთოდი და ამ მეთოდით ნაჩვენებია, რომ კრებადია არა მარტო 
ჩვეულებრივი აზრით კრებადი მიმდევრობები, არამედ ჩვეულებრივი აზრით 
განშლადი მიმდევრობებიც კი. იმისათვის, რომ მათემათემატიკის სპეციალობის 
სტუდენტებს ნათელი წარმოდგენა შეექმნათ განშლად და კრებად მიმდევრობებზე, 
უმჯობესია მოხდეს ამ მეთოდის სწავლება. 

ტეპლიცის ზემოთ მოყვანილი თეორემიდან გამომდინარეობს აგრეთვე, როგორც 
კერძო შემთხვევა, შტოლცის ცნობილი თეორემა. ნაშრომში განხილულია უმაღლეს 
კურსში შემოთავაზებული სტანდარტული სქემა, რომლის მიხედვითაც ხორციელდება 
მიმდევრობის ზღვართა გამოთვლა. პარალელურად ჩვენს მიერ გარჩეულია იმავე 
ამოცანებისათვის ამოხსნის არასტანდარტული ხერხი. კერძოდ, შტოლცის თეორემის 
გამოყენებით ვაჩვენეთ, რომ მიმდევრობის ზღვართა გამოთვლა გაცილებით ადვილია 
და უფრო ნაკლებ დროს მოითხოვს, ამიტომ დღის წესრიგში დგება მიმდევრობის 
ზღვართა გამოთვლის არასტანდარტული ხერხების გამოყენების აუცილებლობა. 
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მომავალ პროგრამისტებზე ორიენტირებული დისკრეტული 
მათემატიკის კურსის სპეციფიკის შესახებ  

მარინა ხარაზიშვილი 

ი. ჭავჭავაძის სახელმწიფო უნივერსიტეტი, თბილისი, საქართველო  

kharaz777@gmail.com  

როგორც ცნობილია, დისკრეტული მათემატიკა არის თანამედროვე მათემატიკის 
ის დარგი, რომელიც სხვადასხვა ტიპის დისკრეტულ სტრუქტურებს შეისწავლის. 
ეს სტრუქტურები ბუნებრივად წარმოიშვება როგორც საკუთრივ მათემატიკაში, 
ასევე მის ფარგლებს გარეთ. აღსანიშნავია, რომ სულ უფრო და უფრო იზრდება 
დისკრეტული მათემატიკის გამოყენების შესაძლებლობა მეცნიერებისა და ტექნიკის 
მრავალ დარგში, აგრეთვე ეკონომიკურ და სოციალურ სფეროებში. 
ჩვეულებისამებრ, დისკრეტული მათემატიკის საკითხები შეისწავლება უმაღლესი 
სკოლის ცალკეულ მათემატიკურ საგნებში, რომელთა შორის შეგვიძლია 
დავასახელოთ მათემატიკურიი ლოგიკა, გრაფთა თეორია, კომბინატორიკის 
ელემენტები, თამაშთა თეორია და ა.შ. დაპროგრამების კურსებში კი განიხილება 
დისკრეტული სტრუქტურების შესაბამისი ალგორითმები და მათი რეალიზაციები 
დაპროგრამების ენებზე. პრაქტიკამ გვიჩვენა, რომ ალგორითმების დამუშავების 
საკითხები სტუდენტებში გარკვეულ სიძნელეებს იწვევს. აქედან გამომდინარე, 
გადავწყვიტეთ ამ დისციპლინის სპეციალური კურსის შექმნა, რომელიც სწორედ 

მომავალ პროგრამისტებზე არის ორიენტირებული. მეცადინეობების ჩატარების 
ფორმები სტანდარტული დარჩა: ლექციები, სემინარები და ინტენსიური 
კომპიუტერული პრაქტიკუმები. ბუნებრივია, ამ კურსის გავლისას დიდი 
ყურადღება დაეთმო სტუდენტთა დამოუკიდებელ მუშაობას. კურსის მიზანია 
სტუდენტებს გააცნოს დისკრეტული მათემატიკის ფუნდამენტური ცნებები და 
კონცეფციები, რომლებიც ფართოდ გამოიყენება თანამედროვე კომპიუტერულ 

მეცნიერებებში. კურსი შეიცავს მასალას ლოგიკური ფუნქციების, რეკურენტული 
განსაზღვრებების, გრაფებისა და ინფორმაციის კოდირების შესახებ. წარმოდგენილი 
თემების მიზანია სტუდენტებს შეასწავლოს შემდეგი საკითხები: ლოგიკური 
ფუნქციების გამოყენება დაპროგრამების ენებში და ინფორმაციულ სისტემებში; 
რეკურსიული ალგორითმების რეალიზაცია დაპროგრამების ენაზე; თვითმსგავსი 
ფიგურების (ფრაქტალების) გაცნობა და მათი კავშირის დადგენა რეკურსიულ 

განსაზღვრებთან; რეკურსიული ტიპის ფიგურების აგების მეთოდები; კონკრეტული 
პრაქტიკული ამოცანების განხილვა, რომლებიც გრაფთა თეორიის საშუალებით 

იხსნება, და სხვ. ამიტომ, სასწავლო მასალის ასათვისებლად, აუცილებელია 
დაპროგრამების ცოდნის გარკვეული დონე. კერძოდ, იგულისხმება, რომ 
სტუდენტებს გავლილი აქვთ დაპროგრამების ენის რომელიმე კურსი და აქვთ 

კომპიუტერული პროგრამების შედგენის გარკვეული უნარი.  
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ინფორმაცია საქართველოდან საზღვარგარეთ მოღვაწე 
მათემატიკოსებზე 

onise surmaniZe 

შოთა რუსთაველის სახელმწიფო უნივერსიტეტის 

მეოცე საუკუნის დასაწყისში, ნიჭიერი ახალგაზრდობა, ცოდნის შესაძენად და 
მეცნიერების დასაუფლებლად საზღვარგარეთ (განსაკუთრებით ლენინგრადსა და 
მოსკოვში) მიემგზავრებოდნენ. იქ ისინი წარმატებით ეუფლებოდნენ უმაღლესი 
სკოლის პროგრამას, მეცნიერებას და საქართველოში ბრუნდებოდნენ, რითაც ხელს 
უწყობდნენ ადგილზე მათემატიკის განვითარებას. ასე შეიქმნა ქართული 
მათემატიკური სკოლა ნიკო მუსხელიშვილის მეთაურობით და წარმატებით 
განვითარდა ისეთი დარგები, როგორიცაა: მათემატიკური ანალიზი, ტოპოლოგია და 
ალგებრა. 

თუ მე-20 საუკუნის დასაწყისში საქართველოდან ნიჭიერი ახალგაზრდობა 
უცხოეთში ცოდნას იღებდა და უკან ბრუნდებოდა სამშობლოში, 21-ე საუკუნის 
დასაწყისისათვის კი საქართველოში გამოწრთობილი, როგორც პედაგოგიური ისე 
მეცნიერული თვალსაზრისით, ნიჭიერი ახალგაზრდობა, უკვე საქვეყნოდ ცნობილი 
მეცნიერები, მიემგზავრებიან უცხოეთში და მთელ თავიანთ ცოდნასა და 
გამოცდილებას ახმარენ იქაურ სტუდენტ ახალგაზრდობას. 

წინამდებარე ჩვენი ნაშრომის მიზანია, მკითხველს გავაცნოთ ასეთი 
მათემატიკოსები. ბევრ მათგანზე ინფორმაციის მოპოვება სრულყოფილად ვერ 
ხერხდება, ზოგიც კი, ჩვენგან დამოუკიდებლად, ადვილად შესაძლებელია ვერ მოხდა 
ჩვენს ჩამონათვალში, რისთვისაც თვითოეულ მათგანს ვთხოვთ პატიებას. 
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დაწყებითი სკოლის პირველ კლასში მათემატიკის გაკვეთილზე 
დიდაქტიკური თამაშების გამოყენების  მეთოდიკა 

 
SoTa maxaraZe, Teona kakabaZe 

 
SoTa rusTavelis saxelmwifo universiteti 

 
სწავლების პროცესში ეფექტური სწავლება პირდაპირ კავშირშია მოსწავლეთა 

აქტიურობასთან სწავლების ეფექტური მეთოდების ძიებისათვის კი განსაკუთრებული 
მუშაობაა საჭირო. სწორედ ამიტომ დაწყებითი სკოლის  პირველ კლასში მათემატიკის 
გაკვეთილებზე მეთოდიკურ თამაშების გამოყენება განსაკუთრებულ ინტერესს იწვევს.  

,,თამაში ის უზარმაზარი ნათელი ფანჯარაა, რომლიდანაც ბავშვის სულიერ სამყაროში 
გარემომცველი სამყაროს შესახებ შემეცნების სასიცოცხლო ნაკადი შემოედინება. თამაში ის 
ნაპერწკალია, რომელიც ცნობისმოყვარეობისა და აღქმის ცეცხლს ანთებს” (ვ. სუხომლინსკი), 
ხოლო ელკონინი თავის ნაშრომში ,,თამაშების ფსიქოლოგია” წერს, რომ ,,თამაშში 
წარმოიშობა მოტივაციის ახალი ფსიქოლოგიური ფორმა”. საზოგადოდ კი თამაში სასწავლო 
პროცესს საინტერესოს და შინაარსიანს ხდის. მიღებული ცოდნა ადვილად აღსაქმელი 
ხდება, ვითარდება წერისა და კითხვის უნარები, ყურადღება ექცევა აზროვნების 
განვითარებას.  

ნაშრომის მიზანია დაწყებითი სკოლის პირველ კლასში მათემატიკის გაკვეთილზე 
დიდაქტიკური თამაშების გამოყენების მეთოდიკის ეფექტურობის განსაზღვრა.  

ნაშრომის ამოცანაა შევისწავლოთ მათემატიკის გაკვეთილზე პირველ კლასში: 
დიდაქტიკური თამაშის სახეები,  მათი ჩატარების ფსიქო-პედაგოგიური თავისებურებები; 
მასწავლებლისა და ბავშვის ურთიერთობა დიდაქტიკური თამაშების დროს; დიდაქტიკური 
თამაშების გამოყენების თავისებურებანი ახალი მასალის ახსნის, მიღებული ცოდნის 
გამყარების და განზოგადების დროს. განხილულია პირველი კლასის მათემატიკის 
გაკვეთილის სანიმუშო გეგმა-კონსპექტი დიდაქტიკური თამაშების გამოყენებით.      

კვლევის ობიექტია მათემატიკის სწავლების პროცესი პირველ კლასში. 
კვლევის საგანია დაწყებითი სკოლის პირველ კლასში მათემატიკის გაკვეთილზე 

მასწავლებლის მიერ დიდაქტიკური თამაშების გამოყენების მეთოდების, ხერხების და 
საშუალებების ერთობლიობა, ვინაიდან სკოლამდელი და დაბალი კლასის ბავშვების 
ცხოვრებაში თამაშს განსაკუთრებული როლი აქვს. ,,თამაში არის ბავშვობის სასიცოცხლო 
ლაბორატორია, რომელიც ახალგაზრდა სიცოცხლეს იმ ატმოსფეროს და არომატს აძლევს, 
რომლის გარეშეც ბავშვობის ხანა კაცობრიობისათვის უაზრობა იქნებოდა” (შაცკი). 
სპეციალურად დამუშავებული თამაშები - საზრიანი ცხოვრების ჯანსაღი ბირთვია. იგი 
ცხოვრების განსაკუთრებული ფორმაა, რომელიც გამოიმუშავა ან შექმნა საზოგადოებამ, 
რათა ბავშვთა განვითარება ვმართოთ. იგი გონებრივი და სულიერი აღზრდის  უმთავრესი 
საზრდოა, რომელიც ბავშვებს არასასიამოვნო და აკრძალულ ემოციებს უხსნის. 
დიდაქტიკური თამაშების უპირატესობა მის სტრუქტურაშია, რომელიც სხვა თამაშებთან 
შედარებით მდგრადია. მისი სტრუქტურული კომპონენტებია: თამაშის ჩანაფიქრი, თამაშის 
მოქმედება და წესები. თამაშის ყველა სტრუქტურული ელემენტი 
ურთიერთდაკავშირებულია და თუ ერთ-ერთი მათგანი გამოირიცხა, თამაშის 
დიდაქტიკური როლი იშლება. 
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of Elastic Mixtures  
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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 algorithms of numerical solutions of three-dimensional 
boundary and initial-boundary value problems in the theory of elasticity and especially 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. Vekua for linearly elastic 
prismatic shells. The investigations of I. 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 shells in 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 problems in 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 value problems. Moreover, we investigate the relation between constructed two-
dimensional and original 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 I. Vekua 
dimensional reduction method. 
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On One Averaged Integro-Differential
Parabolic Equation
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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:

∂U

∂t
=

∂

∂x

a
 t∫

0

(
∂U

∂x

)2

dτ

 ∂U

∂x

 , (1)

where the function a = a(S) is defined for S ∈ [0,∞).
In 1990 Laptev proposed some generalization of the equation of type (1) and received the

equation

∂U

∂t
= a

 t∫
0

1∫
0

(
∂U

∂x

)2

dxdτ

 ∂2U

∂x2
, (2)

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 + S)p, 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: 
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where ),(),(),(),,(, 0110 xxxxxxfba ϕϕϕξξ <<<  – are given, sufficiently 
smooth functions in its range of definition, D – n-dimensional area with border Γ 
( Γ= UDD ), limited by Lyapunov's pieces-smooth surface, 

( ),,00),( 0 niconstxxa ii =>=≥α  ;0,,0),( 0 >=≥ constbaxxa  l – one of variants of 
the classical boundary operator. 

In the certain conditions, imposed on ( )nixxaxxai ,0),(),,( 00 = , on average 
boundary values )(),( 11 xx ϕϕ , on value  ),( 0 xxϕ  –  classical boundary condition, it is 
investigated a task 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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saqarTvelos akvatoriis Savi zRvis sanapiro zolSi 
mavne nivTierebaTa gavrcelebis ricxviTi modelireba 
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mocemul naSromSi ganxilulia Sav zRvaSi avariulad daRvrili 
navTobis gavrcelebis maTematikuri organzomilebiani modeli. Sesru-
lebulia ricxviTi gaTvlebi. zRvaSi avariuli CaRvrebis modelirebisaTvis 
gamoyenebulia sami scenari: pirveli – wertilovani daRvra, romelic 
moTavsebulia 2,5km manZilze baTumis portis maxloblad; meore wrfivi 
daRvra – 10km-ian qobuleTi-maxinjauris sarkinigzo monakveTis 
paralelurad, sadac satvirTo Semadgenloba moZraobs faqtiurad sanapiro 
zolis gaswvriv; mesame scenariT Seswavlilia zRvaSi avariuli CaRvrebi 
md. sufsis maxloblad, sadac avariulad daRvrili navTobi aRwevs 
mdinaris napirs. mocemulia ricxviTi gaTvlebis Sedegebi. 
 
 

saqarTvelos teritoriaze klimatis cvlilebis 
zogierT anomaliaTa  gamokvleva maTematikuri 

modelirebiT 

T. daviTaSvili*, m.SariqaZe 

ivane javaxiSvilis saxelobis Tbilisis saxelmwifo universitetis 

i.vekuas saxelobis gamoyenebiTi maTematikis instituti, Tbilisi. 

saqarTvelo E 

tedavitashvili@gmail.com  
am naSromSi Seiswavleba regionaluri klimatis cvlilebis zogierTi 
Taviseburebebi  statistikuri meTodebisa da maTematikuri modelirebiT. 
kerZod maTematikuri modelirebiT Seiswavleba klimatis acivebis efeqti 
dasavleT saqarTveloSi. ricxviTi eqsperimentebiT Seswavlilia Savi Zrvisa 
da lixis qedis gavlena atmosferos cirkulacize dasavleT saqarTvelos 
teritoriaze. Aaseve Seiswavleba klimatis daTboba aRmosavleT 
saqarTveloSi gaudaobnebis procesis Sefasebis mizniT. gaudaobnebis 
procesis xelSemwyobi procesebis Sefasebis mizniT Seswavlilia miwis 
zedapiris temperaturisa da naleqebis urTierT kavSiri. mocemulia 
gaudaobnebis procesis Semamsubuqebeli RonisZiebebis nusxa. Mmocemulia 
gaudabnoebis Termodinamikuri maTematikuri modeli da miwis zedapiruli 
fenis aRdgenis RonisZiebebi. 
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Tanamedrove amindis saprognozo operatiuli ricxviTi modelebi 

saprognozo maxasiaTeblebis gaumjobesebis mizniT moiTxoven ukeTesi 
ricxviTi sqemebis SemuSavebas, fizikuri procesebis ufro realistur 
parametrizacias, satelituri da meteorologiuri sadgurebidan miRebuli 
informaciis sivrcul-droiTi mwkrivebad mowesrigebas, damuSavebasa da 
inicializacias, efeqtur saintegracio meTodebs, miRebuli Sedegebis 
vizualizaciasa da gaanalizebuli informaciis momxmarebelTan mitanas. 
amgvarad Tanamedrove atmosferos samodelo da saprognozo modelebi 
manipulireben uzarmazar monacemTa bazebTan da awarmoeben kompleqsur 
gaTvlebs superkompiuterebis daxmarebiT, romelic moiTxovs optimalur 
teqnologiebs paraleluri saTvlel procesorebis daxmarebiT. amjamad 
ganviTarebul qveynebSi amindis saprognozod gamoiyeneba masiuri 
paraleluri struqturebi (rogoricaa superkompiuteri CRAY) ramodenime 
milioniani paralelurad momuSave procesorebiT.  

Cvens mier amindis saprognozo operatiuli ricxviTi modeli (WRF-ARW) 
SevimuSaveT kavkasiis teritoriisaTvis. kerZod modelSi gaviTvaliswineT 
kavkasiis reliefi, niadagebis tipebi, maTi mosiloba, niadagebis Rrma 
fenebis temperatura, mcenareuli safaris sezonuri cvlileba, albedo da 
sxva. aseve moxda WRF-ARW modelis SEE-GRID masiuri paraleluri 
struqturebis mqone  superkompiuterSi portireba Linux-x86-is platformiT. 
WRF-ARW modelSi gamoiyenebul iqna erTmaneTSi Cadgmuli moZravi badeebi 
horizontaluri badis bijebiT 50km, 15km, 5km, romlebic Sesabamisad 
faravdnen kavkasiisa da saqarTvelos teritoriebs. Sesrulda ricxviTi 
gaTvlebi. Tvlis Sedegebma aCvenes, rom 5km-iani badiT SesaZlebeli iyo mTa-
xeobaTa cirkulaciis zogierT TaviseburebaTa daWera.A 
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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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SeSfoTebis Teoriis alternatiuli meTodis ricxviTi 
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SeSfoTebis Teoriis (puankare-liapunovis mcire parametris meTodis) 
alternatiuli meTodi ganviTarebulia prof. T. vaSaymaZis mier [1] da efuZneba 
asimptoturi mwkrivis nacvlad saZiebeli veqtoris orTogonaluri mwkrivebiT 
warmodgenebs mcire parametris mimarT. miiReba specialuri struqturis 
samwertilovan operatorul gantolebaTa sistema, romlis amosaxsnelad 
viyenebT garkveul regularul meTods [1],[2].  

vTqvaT mocemulia araerTgvarovani operatoruli gantoleba  
,      (1) 

sadac  wrfivi operatorebia raime normirebul sivrceSi, amasTan 

arseboben  da  Sebrunebuli operatorebi, mcire parametri 
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sadac ( ){ }εkP  leJandris polinomTa sistemaa, ( )xwk  da ( )xvk  ucnobi 

koeficientebi, γ _ricxviTi parametri. roca 1=γ , maSin gvaqvs kargad cnobili 

asimptoturi meTodi (puankare-liapunovis mcire parametris meTodi), xolo 
roca 0=γ , maSin SeSfoTebis Teoriis alternatiuli meTodi. warmodgenil 
naSromSi agebulia mcire parametris Semcveli (1) operatoruli gantolebis 
miaxloebiTi amoxsnis algoriTmebi, romlebic aprobirebulia a) rTuli 
struqturis algebrul gantolebaTa sistemis, b) orwertilovani sasazRvro 
amocanis, g) zogierTi integro-diferencialuri gantolebisa da d) uZravi 
gansakuTrebulobis Semcveli singularuli integraluri gantolebis 
miaxloebiTi amoxsnis povnis amocanebze. 
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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 Fμ  of the problem 
element set F  this condition admits the following form: 

Theorem 1. For nonadaptive information I of cardinality m, restriction operator T and y∈I(F1) an 
interpolating spline exists iff the m-codimensional subspace KerI is proximal in F1 with respect to the 
Minkowski functional μF of the problem elements set F. 

Based on this result this notion is generalized for the case, when on the space 1F  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 also of corresponding Minkowski functional. In other words a 
generalized interpolating spline exists iff the subspace KerI  is strongly proximal in the metric space 

),( dE . This notion was introduced by us [2]. For the well-known normlike metrics the notion of  strongly 
proximality coincides with the ordinary proximality, but for the metric constructed by D.Zarnadze [3] the 
best approximation element with respect to the metric may be not  have the analogously property with 
respect to the Minkowski  functional. 

Naturally arises the problem of the existence of generalized interpolating splines for arbitrary 
nonadaptive information of the cardinality 1>m and  .)(EIy ∈  For 1=m  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 .)(EIy ∈  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 cardinality m  and arbitrary .)(EIy ∈  The 
problem of (strong) proximality of all 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 is true 

Theorem 2. Let E  be a Frechet space, which topology is generated by an increasing sequence of 
seminorms }||{|| n⋅  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  

)(EIy ∈ ;  

c)  the Frechet space E  is reflexive quojection. 
Some classes of reflexive Frechet spaces are given, in which nonproximinal closed hypersubspaces 

exist. This is equivalent to the existence of such nonadaptive information of cardinality 1, for which does not 
exist a generalized spline. A similar result is valid 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 1>m  and arbitrary )(EIy ∈ .  
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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

∂t
= − rot

a
 t∫

0

|rot H|2 dτ

 rot H

 , (1)

where H is vector of magnetic field and function a = a(S) is defined for S ∈ [0,∞).
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:

∂H

∂t
= a

 t∫
0

1∫
0

|rot H|2dxdτ

∆H. (2)

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

∂t
=

∂

∂x

[
a (S)

∂U

∂x

]
,

∂V

∂t
=

∂

∂x

[
a (S)

∂V

∂x

]
, (3)

where

S(x, t) =

t∫
0

(∂U

∂x

)2

+

(
∂V

∂x

)2
dτ, (4)

or

S(t) =

t∫
0

1∫
0

(∂U

∂x

)2

+

(
∂V

∂x

)2
dτdx. (5)

Many scientific works are devoted to investigate (3),(4) and (3),(5) type models. In our
work the asymptotic behavior as t → ∞ 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(x) ∈ C(2) ]−a, 0[∩C[−a, 0]
for which

Au(x) ≡ −(k(x)u′(x))′ + (Bu)(x) = f(x), x ∈]− a, 0[, (1)

u(−a) = 0,

0∫
−ξ

k(x)u′(x)dx = 0, (2)

where ξ ∈]0, a[ is a fixed point, f(x) ∈ C [−a, 0], k(x) ∈ C(1)[−a, 0], k(x) ≥ k0 > 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 HA[−a, 0] space of functions from W 1
2 [−a, 0], each function of which satisfies

conditions (2).
Assume, that fα = (f(x), α) ∈ L2]− a, 0[×R and consider following functional

Fα(v) = [v, v]A − 2[fα, v], (3)

where [ , ], [ , ]A are scalar products defined in H[−a, 0] = L2] − a, 0[×R and HA[−a, 0] corre-
spondingly:

[w, v] =

ξ∫
−ξ

x∫
−a

w̃(s)ṽ(s)dsdx,

[w, v]A =

ξ∫
−ξ

x∫
−a

k(s)w̃′(s)ṽ′(s)dsdx + [Bw, v],

where

ṽ(x) =

{
v(x), if x ∈ [−a, 0],
−v(−x) + 2v(0), if x ∈ ]0, ξ].

v̄(x) =

{
v(x), if x ∈ [−a, 0],
v(−x), if x ∈ ]0, ξ],

and operator B satisfies positiveness conditions:

[Bv, v] ≥ 0, [Bw, v] = [w, Bv], ∀ w, v ∈ C[−a, 0].

Functional (3) has unique minimizing function uα(x) ∈ HA[−a, 0] for all α ∈ R.
Theorem. Minimizing function uα(x) ∈ HA[−a, 0] is a solution u(x) of problem (1)-(2) if

and only if when following equality takes place (Buα)(0) = α.
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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):

∂U

∂t
=

∂

∂x

(
V

∂U

∂x

)
+

∂

∂y

(
W

∂U

∂y

)
,

∂V

∂t
= −V + f

(
V

∂U

∂x

)
,

∂W

∂t
= −W + g

(
W

∂U

∂y

)
,

(1)

where f and g are given sufficiently smooth functions and following conditions are satisfied:
0 < γ0 ≤ g(ξ) ≤ G0, 0 < γ0 ≤ g(η) ≤ G0, γ0 = Const, G0 = 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. SIAM 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)×(0, 1)×(0, T ) with the following boundary and initial data:

U(0, y, t) = 0, U(x, 0, t) = 0, V
∂U(x, y, t)

∂x

∣∣∣∣∣
x=1

= γ(t), W
∂U(x, y, t)

∂y

∣∣∣∣∣
y=1

= η(t),

U(x, y, 0) = U0(x, y), V (x, y, 0) = V0(x, y), W (x, y, 0) = W0(x, y),

(2)

where γ, η, U0, V0, W0 are given sufficiently smooth functions.
Using usual notations we correspond to problem (1), (2) the following difference scheme of

the type of variable directions:

u1t = (v̂û1x̄)x + (wu2ȳ)y, u2t = (v̂û1x̄)x + (ŵû2ȳ)y,
vt = −v̂ + f(vu1x̄), wt = −ŵ + g(wu2ȳ),

(3)

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.

81



mcire parametris Semcveli erTi singularuli 
integraluri gantolebis miaxloebiTi  

amoxsnis Sesaxeb 

 arCil papukaSvili da gela maneliZe 

Tbilisis saxelmwifo universitetis gamoyenebiTi maTematikis 

instituti, Tbilisi, saqarTvelo 

apapukashvili@rambler.ru 
Tbilisis 199-e sajaro skola-pansioni “komarovi”, Tbilisi, saqarTvelo  

gelamanelidze@gmail.com 
bzarebiT Sesustebuli ubnobriv erTgvarovani orTotropiuli sibrtyis-

Tvis drekadobis Teoriis antibrtyeli amocanebi miiyvaneba uZravi gansakuT-
rebulobis Semcvel singularul integralur gantolebaze mxebi Zabvebis 
naxtomebis mimarT [1]   

                

( ) ( )

( )
⎪
⎪
⎩

⎪
⎪
⎨

⎧

=

∈=⎥⎦
⎤

⎢⎣
⎡

+
+

−

∫

∫

,0

]1,0[,11

1

0

1

0

dttu

xxfdttu
xtxt

ε
π

 

sadac  ],1,0[)(],1,1[]),1,0([*)( με HxfHtu ∈−∈∈  .10 ≤< μ                                      

zemoaRniSnuli integraluri gantolebis gamokvlevas, misi amoxsnis zusti 
da miaxloebiTi meTodebis Seswavlas axasiaTebs specialuri sirTuleebi, 
radganac amonaxsns aqvs rTuli asimptotika, romelic mxolod garkveul 
SemTxvevebSi SeiZleba gaviTvaliswinoT woniTi funqciebis SemoRebiT. Cvens 

SemTxvevaSi tttutu −= 1/)()( 0
α , sadac ,0)0(]),1,0([)( 000 =∈ uHtu α damokidebulia 

masalebis drekad mudmivebze, .10 << α                                
naSromSi agebulia zemoaRniSnuli amocanis miaxloebiTi amoxsnis saTvle-

li algoriTmebi rogorc asimptoturi meTodiT, aseve misi alternatiuli me-
TodiT [2]. algoriTmebi aprobirebulia kerZo SemTxvevaSi, rodesac Sualedis 
orive boloze gvaqvs kvadratuli fesvis tipis gansakuTrebuloba. warmodge-
nili naSromi Sesrulebulia saqarTvelos erovnuli samecniero fondis xel-
SewyobiT (Grant # GNSF / ST08/3-395). 
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This paper concerns such actual practical 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 researchers in 
engineering problems). The results of numerical experiments are given. 
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Let us consider integro-differential equation  

 (1)   
,   ,  

with the initial boundary conditions  

,   , 

 ,  ,      

(2)

 

,   . 

Here  and   are some given positive constants and functions. Equation 
(1) , 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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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 which is 
to neutralize the tension between the two rival 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 its turn 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. The rival sides intensify 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 a time (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 the initial stage of information attack.  
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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:

∂θ

∂t
= νm (rot H)2 + div (κ grad θ) ,

∂H

∂t
= − rot(νm rot θ),

(1)

where θ is a temperature, H – vector of magnetic field, νm and κ are physical parameters. As
a rule coefficients νm and κ depend on unknown function θ.

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:

∂H̃

∂t
= − rot(νm(θ̃) rot H̃),

∂θ̃

∂t
= νm(θ̃)

(
rot H̃

)2
(2)

and

∂
˜̃
θ

∂t
= div

(
κ(

˜̃
θ) grad

˜̃
θ
)

. (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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arawrfivi dinamikuri sistemebis optimizacia 
Sereuli sawyisi pirobis gaTvaliswinebiT 

l. alxaziSvili, m. iordaniSvili 

iv.javaxiSvilis saxelobis Tbilisis saxelmwifo universiteti, 
Tbilisi, saqarTvelo 

lelalhaz@yahoo.com 

iv.javaxiSvilis saxelobis Tbilisis saxelmwifo universiteti, 
Tbilisi, saqarTvelo 

imedea@yahoo.com 

ganxilulia arawrfivi optimaluri amocana arafiqsirebuli sawyisi 
momentiT da cvladi dagvianebebiT: 
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litxtgyttq i ,1,0))(),(,,,( 10010 ==
      min,))(),(,,,( 10010

0 →txtgyttq  
sadac Ω  aris zomad )(tu  funqciaTa simravle mniSvnelobebiT 

SemosazRvrul rRU ⊂  simravlidan; 1Δ  da 2Δ  aris uban-uban uwyvet )(tϕ  da 

)(tg  funqciaTa simravleebi mniSvnelobebiT SemosazRvrul-amozneqili 
kR⊂Φ  da eRG ⊂  simravleebidan, amasTan ;nek =+ nRO ⊂ aris Ria simravle.  

[1]-Si moyvanili meTodiT da amonaxsnis variaciis formulebis gamoye-
nebiT damtkicebulia optimalurobis aucilebeli pirobebi: marTvisa da 
sawyisi funqciebisaTvis gawrfivebuli integraluri maqsimumis principis 
formiT; sawyisi da saboloo momentebisaTvis rogorc utolobebis, aseve 
tolobebis saxiT. 

naSromi Sesrulebulia saqarTvelos erovnuli samecniero fondis Ta-
nadgomiT, granti # GNSF/ST06/3-046. 
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Tanamedrove samecniero miRwevebis safuZvelze,sazogadoebrivi 
sistemebis funqcionirebis optimizaciis problemebis modelirebis cdebi 
dakavSirbulia iseTi midgomis sinTezTan, rogoricaa fizika sinergetika, 
biologia, informatika da kompiuteruli mecnierebebi. saxelmwifo sistemis 
qcevebis dinamikuri kanonzomierebebis analizma da didi raodenobis 
elementebisagan Sedgenili rTuli sistemebis aRweris xerxebma, modelebis 
agebis iseTi axali principebis stimulireba gamoiwvia, rogoricaa 
neiroqseluri midgoma. Uukraineli mkvlevarebis jgufma 90-ian wlebSi igi 
ukve gamoiyena gepolitikis amocanebSi. Mmodelireba realizebul iqna 
kompiuteruli programebis saSualebiT da gakeTda garkveuli 
geopolitikuri prognozebi. neiroqseluri sistemebis gamoCenis Semdeg, 
romlebic ukeT ergebian socialur sistemebis dinamikasa da struqturuli 
cvlilebebis kvlevas, didi sazogadoebrivi sistemebis funqcionirebis 
gaumjobesebis da garkveuli azriT optimluri socialuri Tu ekonomikuri 
procesebis miRwevis sakiTxebi, transformirdeba marTvis amocanebSi. 
marTvis amocanebis dasmis dros, veyrdnobiT ra sazogadoebrivi sistemebis 
neiroqselur bunebis ideas, sistemis evolucias droSi aRvwerT 
neiroqeluri sistemebisaTvis damaxasiaTebeli iseTi arawrfivi aqtivaciuri 
funqciebiT, rogoricaa sigmoiduri da tangenhiperboluri funqciebi. 
modelirebisaTvis gamoyenebul iqneba analogiuri neiroqselebi, kerZod 
diskretuli neiroqselebis uwyveti analogebi. 

 naSromSi dasmulia optimaluri marTvis amocana monopoliuri 
marTvisas, rogorc sigmoiduri,ise tangenhiperboluri arawrfivobiT 
evolucionireba- di sistemebisaTvis da napovnia optimaluri marTvaTa 
sinTezi da sistemaTa optimaluri traeqtoriebi, fiqirebuli mmarTveli 
elementis SemTxvevaSi.  
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mesame rigis dagvianebul argumentiani wrfiv 
diferencialur gantolebaTa sistemis 

amonaxsnTa rxevadobis Sesaxeb 
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    ganxilulia wrfiv diferencialur gantolebaTa sistema                            
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   naSromSi miRebulia wesieri amonaxsnebis rxevadobis optimaluri 
sakmarisi pirobebi. 
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Analytic Theory of Differential Equations
GRIGORY GIORGADZE

Tbilisi State University, Department of Mathematics, Tbilisi,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 1

2
; b) equation obtained by confluence of any two singular points

has four regular singular points with arbitrary exponents differences; c) 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 1+1-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 regular
singular points. 2) Every regular system of differential equations ia obtained from normalized
asomonodromic confluence of singular points of Fuchsian systems.

References

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

[2] A.Bolibruch. On isomonodromic confluences of Fuchsian singularities. Pros. Steklov Math.
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kvaziwrfivi neitraluri dinamikuri sistemebis 
optimizacia Sereuli sawyisi pirobis 

gaTvaliswinebiT 

n. gorgoZe, i. ramiSvili 
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ganxilulia kvaziwrfivi neitraluri optimaluri amocana arafiqsire- 
buli sawyisi momentiT, cvladi dagvianebebiT, zogadi sasazRvro pirobebiT 
da zogadi funqcionaliT:  
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 sadac Ω  da 3Δ  aris Sesabamisad zomad )(tu  da )(th  funqciaTa simravleebi 

mniSvnelobebiT SemosazRvruli rRU ⊂  da SemosazRvrul-amozneqili 
nRH ⊂  simravleebidan; 1Δ  da 2Δ  aris uban-uban uwyvet )(tϕ  da )(tg  

funqciaTa simravleebi mniSvnelobebiT SemosazRvrul-amozneqili kR⊂Φ  

da eRG ⊂  simravleebidan, amasTan ;nek =+ nRO ⊂ aris Ria simravle. aR-

vniSnavT, rom )(tx& simbolos qveS, roca 0tt < , igulisxmeba siCqaris war-

moebulis winaistoria da igi ar aris dakavSirebuli sistemis mdgoma-
reobis winaistoriis warmoebulTan.  

[1]-Si gadmocemuli sqemiT da amonaxsnis variaciis formulebis gamoye-
nebiT miRebulia optimalurobis aucilebeli pirobebi: marTvisa da sawyisi 
funqciebisaTvis integraluri maqsimumis principis formiT; sawyisi da 
saboloo momentebisaTvis rogorc utolobebis, aseve tolobebis saxiT. 

naSromi Sesrulebulia saqarTvelos erovnuli samecniero fondis Ta-
nadgomiT, granti # GNSF/ST06/3-046. 
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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 Tbilisi State University, Tbilisi,Georgia
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Abdeljalil.Nachaoui@univ-nantes.fr

Iv.Javakhishvili Tbilis State University , Tbilisi, Georgia

akaki27@yahoo.com

Let 0 < τ1 < τ2, t1 < t2 < t3 be given numbers with t3− t2 > τ2; suppose that Φ ⊂ Rn, X0 ⊂
Rn are compact sets, V ⊂ Rn is compact and convex set ; ∆1 is a set of measurable initial
functions ϕ(t) ∈ Φ, t ∈ [a− τ2, t2], for system state prehistory; ∆2 is a set of measurable initial
functions v(t) ∈ V, t ∈ [a− τ2, t2], for system velocity prehistory.

By W we denote the set of such elements w = (τ, t0, ϕ, v, x0) ∈ [τ1, τ2]×[t1, t2]×∆1×∆2×X0

for which there exists the solution x(t) = x(t; w) ∈ Rn of the differential equation

ẋ(t) = f(t, x(t), x(t− τ)) + A(t)ẋ(t− τ), t ∈ [t0, t3]

x(t) = ϕ(t), ẋ(t) = v(t), t ∈ [t0 − τ2, t0), x(t0) = x0.

defined on the interval [t0, t3]. In what follows we will assume that W 6= ∅.
An element w0 ∈ W is said to be optimal initial data if J(w0) ≤ J(w),∀w ∈ W, where

J(w) =

∫ t3

t0

[f 0(t, x(t), x(t− τ)) + a0(t)ẋ(t− τ)]dt.

Theorem. Let the following conditions hold: 1) there exists a compact K ⊂ Rn such that
x(t; w) ∈ K, t ∈ [t0, t1],∀w ∈ W ; 2) for any (t, x) ∈ [t1, t3] ×K the set

{
F (t, x, y) : y ∈ Φ

}
is

convex. Than there exists an optimal initial data w0.
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
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r−koplatadze@yahoo.com

Consider an operator differential equation of the form

u(n)(t) + F (u)(t) = 0, (1)

where n ≥ 2, F : C(R+; R) → Lloc(R+; R) is continuous mappings, when satisfying the condi-
tion

F (u)(t) u(t) ≥ 0 for t ≥ t0 and u(t) 6= 0

or
F (u)(t) u(t) ≤ 0 for t ≥ t0 and u(t) 6= 0.

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 n is even and either is oscillatory or satisfies∣∣u(i)(t)

∣∣ ↓ 0, as t ↑ +∞ (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 ∣∣u(i)(t)

∣∣ ↑ +∞, as t ↑ +∞ (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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arawrfivi marjvena mxariani diskretuli 
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socialuri, biologiuri Tu avtomaturi marTvis sistemebi miekuTvnebian 
im marTvad dinamikur sistemaTa farTo klass, romelTa evolucia ar 
aRiwereba calsaxad. aseTi sistemebisaTvis invariantuli simravlis 
dadgena maTi amomwuravi maxasiaTebelia, radgan dinamikuri Sefasebis 
saSualebas iZleva. swored aseTi problemebis kvlevas exeba warmodgenili 
naSromi. kerZod, masSi ganxilulia arawrfivi diskretuli marTvadi 
dinamikuri sistema. es sistema funqcionirebs mravalmniSvnelian 
SemTxvevaSi, romelic ganpirobebulia marTvis elementebis arsebobiT. am 
parametris Sesaxeb cnobili mxolod isaa, rom igi miekuTvneba apriorulad 
mocemul simravles. aseTi klasis arawrfivi sistemisaTvis dasmulia 
specialuri saxis invariantuli simravlis arsebobis amocana, 
damtkicebulia Sesabamisi Teoremebi da konkretul magaliTze naCvenebia 
agebis gza. 

miRebuli Sedegebi SeiZleba gamoyenebul iqnes arawrfivi diskretuli 
marTvadi sistemebis evoluciis TeoriaSi. 

 
 
 

arawrfivi dagvianebul argumentiani diferencialur 
gantolebaTa sistemebis amonaxsnebis 

SemosazRvrulobis da mdgradobis Sesaxeb 

z. soxaZe 

a. wereTlis saxelobis quTaisis saxelmwifo universiteti,  
quTaisi, saqarTvelo 

z.soxadze@atsu.edu.ge 

warmodgenil moxsenebaSi ganxilulia koSis amocana 

              ))),((),...,((,())(()()( 110 txtxtftxtgtx inniiiiii τττ =+&                   (1) 

nicaxattctx iiii ,1,)(,),()( 0 ==<=                                                    (2) 

sadac niRRRf n
i ,1,: =→×+  funqciebi akmayofileben karaTeodoris 

lokalur pirobebs; niRttgRLg iloci ,1,,0)(),( 00 =∈≥∈ ++ ; ++ → RRti :)(τ , 

nkiRRik ,1,,: =→+τ  jamebadi funqciebia yovel sasrul monakveTze, iseTi rom 

niRttttt iki ,1,,)(,)( =∈≤≤ +ττ ; .,1,[),,(], 0 niRcaCcRa ii =∈∞−∈∈ +   

dadgenilia (1)-(2) amocanis amonaxsnebis SemosazRvrulobis, Tanabrad 
mdgradobis da Tanabrad asimptoturad mdgradobis pirobebi. 
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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, Tbilisi, Georgia
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Andria Razmadze Mathematical Institute, Tbilisi, Georgia
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Georgian Technical University, Tbilisi, 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, Tbilisi, 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, Tbilisi, Georgia

email: avtogach@yahoo.com

A. Razmadze Mathematical Institute, Tbilisi, Georgia

email: r.gachechiladze@yahoo.com

Georgian Technical University, Department of Mathematics, Tbilisi, 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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naSromSi miRebulia Termohemitropuli drekadi sxeulis stacionaruli 
rxevis erTgvarovan diferencialur gantolebaTa sistemis amonaxsnis 
zogadi warmodgenis formula gamosaxuli Svidi metaharmoniuli funqciis 
saSualebiT. miRebuli warmodgena saSualebas iZleva amovxsnaT sasazRvro 
da sasazRvro-sakontaqto amocanebi rogorc koncentruli aseve 
eqscentruli sferoebiT SemosazRvruli areebisaTvis. 
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Equivalent Regularization of Maxwell’s System
R. DUDUCHAVA, O. CHKADUA*, AND D. KAPANADZE

Andria Razmadze Mathematical Institute, Tbilisi, 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 µ−1curlE− s ε grad Div(εE)− ω2εE = 0 in Ω ⊂ R3 ,

γS (ν × µ−1curlE− s Div(εE)εν) = g on S := ∂Ω ,

g ∈ H−1/2(S), E ∈ H1(Ω), H = −i(ωµ)−1curlE,

(1)

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 γS denotes
the trace on S, ν is the outer unit normal vector to S, µ and ε are the permeability and the
permittivity matrix coefficients from the original Maxwell system, ω ∈ 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 ω ∈ C, Im ω 6= 0, while for Im ω = 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 ω) for positive definite, symmetric permeability and permittivity matrices.
Similar solvability results are obtained for a real valued frequency ω when the permeability and
permittivity matrix coefficients are real valued, symmetric, positive definite and proportional
ε = κµ. 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 Hs

p(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  
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We consider Maxwell's equations in an anisotropic media, when the dielectric permittivity 
ε  and the magnetic permeability μ  are 3 3×  matrices. We formulate relevant boundary 
value problems, investigate a fundamental solution and find a Silver-Müller type radiation 
condition at infinity which ensures the uniqueness of solutions when permittivity and 
permeability matrices are real valued, symmetric, positive definite and proportional ε κμ= , 

0κ > . 
 
 

The Electrodynamic Problem for  

a Four-port Waveguide Junction 
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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 

102



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 ( )2l . 

The quasi-regularity of the system and the possible use of a reduction method are established.  
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К построению теории оболочек  

 с использованием нескольких базовых поверхностей 
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Согласно единственной кинематической гипотезе разработанной теории,  поля 
перемещений и деформаций в оболочке однозначно определяются через перемещения точек 
базовых поверхностей. Метрический тензор пространства оболочки до и после деформации 
выражается через свое значение на одной из базовых поверхностей и тензоры переноса, 
связывающие компонеты тезорных величин на разных базовых поверхностях. Через 
компоненты этих тензоров выражаются коэффициенты второй основной квадратичной 
формы базовых поверхностей. 

В теории обобщенными перемещениями оболочки являются перемещения точек базовых 

поверхностей, в случае двух базовых поверхностей 
)(−

S и 
)(+

S  - ),( 21
)(

xxu
−r и ),( 21

)(
xxu

+r , где 21 , xx - 
гауссовы координаты точек базовых поверхностей. Приравнивая нулю выражения при 
вариациях этих перемещений в вариационном уравнении принципа  возможных 
перемещений, получаем граничные условия и  уравнения равновесия для обобщенных сил: 
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внешних обобщенных сил, соответствующие внешним поверхностным силам, действующим 
на лицевые поверхности, и внешним объемным силам. Добавлением инерционных членов в 

уравнения равновесия, соответственно, 
⋅⋅⋅⋅
+−−

−−
)()()()(

uJuJ rr m

 и 
⋅⋅⋅⋅
++−±

−−
)()()()(

uJuJ rr получим динамические 

уравнения теории. Здесь, 
)()()()(

,,
+±−

= JJJJ
m

- коэффициенты инерции, зависящие от геометрии 
оболочки и распределения плотности по толщине. 

К достоинствам теории, помимо учета сдвиговых деформаций и обжатия, можно отнести 
простую запись в уравнениях членов, описывающих внешние воздействия (динамические, 
тепловые и т.д.) на лицевых поверхностях, ясное механическое содержание и полное 
соответствие между числом обобщенных кинематических и динамических переменных.   
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      განვიხილოთ კოშის შემდეგი ამოცანა 
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სადაც  q  არის პერიოდული ფუნქცია, პერიოდით 1, რომელიც უწყვეტია ან აქვს 
პირველი გვარის წყვეტის წერტილთა სასრული რაოდენობა პერიოდზე, 1

0( ) ( ),f x C R∞∈  
supp [ ] 10,1 , , 0f Rω ω⊂ ∈ ≥  - ნამდვილი რიცხვია.  
     სამართლიანია შემდეგი თეორემა: 
     თეორემა: თუ ჰილის 0H  ოპერატორი დადებითია, q const≠  და 2ω  ქრ დევს  0H  
ოპერატორის სპექტრის საზღვარზე, მაშინ (1) განტოლების ამონახსენს აქვს სახე 

[ ]1 2
1( , ) ( , ) ( , ) ( , ) ( , )i tu x t ie x u x t u x t v x t
t

ω ζ ω−= − + + + , 
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სადაც  ( , )xζ ω  ფუნქცია განისაზღვრება ზღვრული ამპლიტუდის პრინციპით, 1u  და 2u  
ფუნქციები მოიცემიან ცხადი სახით, ხოლო ( , )v x t  ფუნქციისათვის, როცა x b<  ( 0b >  - 
ნებისმიერი ნამდვილი რიცხვია) და 0t >  სამართლიანია შეფასება 

2( , )
L

Cv x t f
t

≤  . 

 

 
gadatanis Teoriis erTi amocanis Sesaxeb 

Dd. Sulaia* da n. SaraSiZe 

Tbilisis sax. universitetis gamoyenebiTi maTematikis instituti 

dazshul@yahoo.com @ 

 saqarTvelos  teqnikuri universiteti 

naSromSi Seiswavleba atmosferoSi sinaTlis gabneva kinetikuri 

Teoriis safuZvelze. dasmulia procesis aRmweri bolcmanis tipis in-

tegro-diferencialuri gantoleba Tavisi sasazRvro pirobebiT. amo-

cana amoxsnilia Sesabamisi maxasiaTebeli gantolebis speqtraluri 

analizis safuZvelze. 

 

 

gadatanis wrfivi mravaljgufuri Teoriis 
maxasiaTebeli gantolebis speqtraluri gamosaxva da 

misi zogierTi gamoyeneba 

d. Sulaia 

iv. javaxiSvilis sax. Tbilisis saxelmwifo universiteti,  

i. vekuas sax. gamoyenebiTi maTematikis instituti, Tbilisi, 
saqarTvelo 

dazshul@yahoo.com 

Seiswavleba gadatanis mravaljgufuri Teoriis bazisuri maxasia-
Tebeli gantolebisTvis miRebuli, garkveuli azriT misi eqvivalen-
turi, speqtraluri elementebis Semcveli, axali integraluri ganto-
lebis gamoyenebis sakiTxi. gamoyvanilia formulebi, romlTa saSua-
lebiT xdeba maxasiaTebeli gantolebis sakuTrivi funqciebis, sakuT-
riv ricxvTa speqtris da speqtraluri simkvrivis gansazRvra aRniSnu-
li integraluri gantolebisa da gadatanis mravaljgufuri Teoriis 
sxva maxasiaTebeli gantolebis cnobili sakuTrivi funqciebis, sakuT-
riv ricxvTa speqtris da speqtraluri simkvrivis daxmarebiT.  
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Some Nonlocal Problems for Second Order Strictly Hyperbolic 

Systems on a Plane  

SERGO KHARIBEGASHVILI AND BIDZINA MIDODASHVILI  

Department of Mathematics, Georgian Technical University, Tbilisi, Georgia 

kharibegashvili@yahoo.com 

Department of Mathematics and Computer Science, Gori University, Gori, Georgia 

bidmid@hotmail.com  

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 KOMURJISHVILI,  

ZURAB  KUCHAVA AND VLADIMER AKHOBADZE 

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

ninakhat@yahoo.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 , { },0, 2

'
21

'
11 axaxaG ≤≤≤≤−= Γ+= GG , 

where )'(xγ is the bounded function, we consider the following problem  
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Let us introduce the net  hhh Γ+= ωω   with steps ,/2 21 Nh =  22 /1 Nh = , where 
{ })1(,,1);1(,,1),,1(),( 212121 −=−=+−=== NjNijhihxxxh KKω , ,1011 21 ≤≤≤≤− xx

hΓ  is the boundary of net.  We admit NNN == 21 2    ( )12/,,1;1,,1 −=−= NjNi KK . 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 ""σ parameterization and the 
second with the changeable direction. This methods were considered in [2] for linear case. The first 
scheme is of the form   
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k

x

k

x
ij

k
xx
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and the second scheme in coordinates is 
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+ are 
given by the finite difference scheme. 
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Some Problems of Wave Motion of Water  
NINO CHECHELASHVILI  
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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: 

( ) ( ) ( ) ( )( ) ( )txHUtxVxHxB
xt

hxB ,, =
∂
∂

+
∂
∂  , 

( )
x
hg

t
txV

∂
∂

−=
∂

∂ , , 

where ( )xB  and ( )xH  are width and depth of reservoirs, U  and V  are components of the 

velocity vector, and 1h
g t

φ∂
= −

∂
. 

Initial and boundary conditions for the problem read as:  

0=
∂
∂

=
t
ϕϕ , for 0=t ,       

x∂
∂ϕ │x=0, L = 0. 

The above boundary value problem has an analytical solution for the given width 
( ) ( ),exp0 SxBxB =  and depth as quadratic parabola    

( )
2

0 1 0 1
0 .

1 1
Sx

SL SL

H H H H
H x H e

e e
−

− −

⎛ ⎞− −
= − +⎜ ⎟⎜ ⎟− −⎝ ⎠

 

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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A. Razmadze Mathematical Institute, Tbilisi, Georgia 
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A. Razmadze Mathematical Institute, Tbilisi, Georgia 
nusha@rmi.acnet.ge 

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 

2121
)2()1()2()1( ,,, vvuuxyxyxx ==== ττσσ  

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. The inclusion is loaded by tangential forces 
of intensity )(0 xτ . 

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

[ ] ),1,0(},)()({
)(

1)(

0
010

0 ∈−−= ∫ xdtttP
xEdx

xdu x

ττ  

where )(1 xτ  is an unknown contact stress caused by interaction of the inclusion and the plate, 
satisfying the following condition of equilibrium of the inclusion: 

∫ =−
1

0
001 )]()([ Pdttt ττ   

 E(x) is rigidity of the inclusion,  0P  is the unknown axial stress at the point  0=x . 
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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On Geometrically Nonlinear and Non-Shallow  

Cylindrical Shells 
BAKUR GULUA  

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

Tbilisi, Georgia  

bak.gulua@gmail.com 

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: 

( )uuuRuRe k
k

jiijij

rrrrrr
∂∂+∂+∂=

2
1

, 

where iR
r

 are covariant basis vectors, ur  is the displacement vector. 
 By means of I. 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 Rh /=ε , where h2  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

Andrea Razmadze Mathematical Institute, Tbilisi, Georgia

dudu@rmi.acnet.ge

The report applies a calculus of boundary value problems (BVP’s) for partial differential
equations (PDE’s) on hypersurfaces in Rn 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 Rn, in global form, in terms of the standard spatial coordinates in Rn.
It turns out that a convenient way to carry out this program is by employing the so-called
Günter’s derivatives, the column of surface gradient

D := (D1,D2, ...,Dn)>, (1)

introduced by N. Günter and applied in many investigations by V. Kupradze, M. Bashaleishvili,
D. Natroshvili, U. Massari, M. Miranda, etc. The first-order differential operator Dj is the
directional derivative along πSej, where πS : Rn → TS is the orthogonal projection onto the
tangent plane to S and, as usual, ej = (δjk)1≤k≤n ∈ Rn, with δjk denoting the Kronecker
symbol (j,k=1,. . . ,n). The operator D is globally defined on S. DS

j := πSDj 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

E [U] :=

∫

S
E(y,DSU(y)) dS, DSU :=

[
(DS

j U)0
k

]
n×n

, (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

DefS :=
[
Djk

]
3×3

, DjkU :=
1

2

[(DS
k U

)
j
+

(DS
j U

)
k

]
∀ j, k = 1, 2, 3. (3)

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

AS(t,D)U = Def∗STDefSU, T :=
[
cijk`

]3

ijk`=1
(4)

for U ∈ V(S). Here T is the elasticity tensor which is positive definite and has the standard
symmetry properties cijk` = ck`ij = cij`k.

Let C be a smooth open hypersurface with the smooth boundary Γ := ∂S. We consider
the standard Dirichlet (when the displacements are prescribed on Γ) and Neumann (when the
stresses are prescribed on Γ) boundary value problems and prove solvability results for them.
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hidrodinamikuri dineba periodul sasazRvro fenSi 
cvladi gaJonvisa da cvladi gamtareblobis 

SemTxvevaSi 

n. kobaZe, x. mSvenieraZe  

Tbilisis saxelmwifo universiteti 

atinatia@gmail.com    xatuni@ gmail.com 

naSromSi Seswavlilia usasrulo horizontaluri forovani firfitis 
arastacionaruli garsdena gamtari xarisxovani blanti siTxiT, rodesac 
firfitaSi xdeba gaJonva 

( )tievv ωε+= 10                                  (1) 

kanoniT, xolo gamtareblobis koeficienti moicema Semdegi saxiT: 
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sasazRvro fenis gantolebas aqvs 
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saxe, sadac 

1. Tu 1=a  da 0=b , gveqneba SemTxveva, rodesac const0 === ∞σσσ ; 

2. Tu 0=a  da 1=b , gveqneba cvladi gamtareblobis SemTxveva, romelic 
moicema (2) formuliT. 

siTxis siCqare akmayofilebs Semdeg sasazRvro pirobebs: 
0=u , roca 0=y ; 

∞=u , roca ∞→y . 
amonaxsns veZebT uganzomilebo sidideebSi Semdegi saxiT: 

)()(1 21 yfeyfeu titi ωω εε −−+= ; 
tieu ωε+=∞ 1 . 

da misTvis miiReba 

[ ])()1(1),( 1 yCFeCeeetyu ytiyti −−−−+= −− βωαω εε  

gamosaxuleba, sadac α , β  da C sawyisi pirobebidan gansazRvruli mudmivi 
sidideebia. 

xaxunis koeficientisTvis miRebulia Semdegi gamosaxuleba 
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rxeviTi moZraobis sixSiris, amplitudisa da β  koeficientis 
cvlilebiT SesaZloa, imarTos dineba da zedapiruli xaxuni. 
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Пульсационное течение и теплопередача проводящей жидкости в 
пористом канале с учётом внешнего магнитного поля 

Н. КОБАДЗЕ, Х. МШВЕНИЕРАДЗЕ 

Тбилисский государственный университет 
atinatia@gmail.com,    xatuni@ gmail.com 

Рассмотрено пульсирующее течение и теплопередача несжимаемой электропроводящей 
жидкости в пористом канале, при наличии внешнего магнитного поля. Стенки канала дви-
жутся со скоростью 1W  и tieW ω

2 . Для градиента давления допущено, что 
iwtbea

x
P

+=
∂
∂

ρ
1 . 

Уравнения скорости, температуры и граничные условия, соответственно, имеют вид: 
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1);0( wtu = , tiewthu ω
2);( = , 

1);0( ϑ=tT , tiethT ωϑ2);( = , 
где wv  скорость отсоса. 

Решение найдено в виде 
tieyuyutyu ω)()();( 21 += , 

tititi eyTeyTeyTtyT ωωω 2
321 )()()();( ++= , 

где 1u , 2u , 1T , 2T , 3T  определяются явным образом в виде показательных функций. 
Вычислены все физические характеристики течения и передачи. 
 
 
 

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, 
Tbilisi, Georgia  

tengiz.meunargia@viam.sci.tsu.ge  

By means of I. 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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drekad narevTa brtyeli Teoriis Sereuli amocanis 
amoxsna simetriis RerZis mqone mravladbmuli 

arisaTvis nawilobriv ucnobi sazRvriT 

k. svanaZe 

akaki wereTlis saxelmwifo universiteti, quTaisi, saqarTvelo 

naSromSi gamokvleulia drekad narevTa brtyeli Teoriis Sereuli 
amocana mravladbmuli D arisaTvis, romelic warmoadgens xuTi ucnobi 
xvreliT Sesustebul kvadrats, romelTagan oTxi xvreli tolia da 
simetriulia mopirdapire gverdebis Sua wertilebis SemaerTebeli 
monakveTebis mimarT. mexuTe xvreli Seicavs gadakveTis wertils da 
simetriulia am monakveTebisa da koordinatTa RerZebis mimarT. kvadratis 
wveroebi mdebareoben koordinatTa RerZebze da maTi midamoebi amoWrilia 
koordinatTa RerZebis simetriuli toli sididis gluvi rkalebiT. 

sazRvris wrfiv monakveTebze modebulia absoluturad gluvi myari 
Stampebi sworxazovani fuZeebiT, romlebzec modebulia Zala P=(P1, P2)T. 

saZiebeli  Tanabradmtkice sazRvris nawilebi Tavisufalni arian gareSe 
zemoqmedebisagan.  

analizur funqciaTa Teoriis meTodebis gamoyenebiT ganisazRvreba 
sazRvris Tanabradmtkice nawilebi da sxeulis daZabuli mdgomareoba. 

 

 

On Oscillatory Modes in Viscous Heat-Conducting Fluids Between 
Two Heated Cylinders  

L. SHAPAKIDZE 

A. Razmadze Mathematical Institute, Tbilisi, 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 radial 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.  
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Применение метода Слёзкина-Тарга для приближённого решения 
пограничного слоя проводящей жидкости с переменным 

коэффициентом проводимости 
 

ДЖ. ШАРИКАДЗЕ 

Институт прикладной математики им. И. Векуа Тбилисского университета 
nia_sharikadze@yahoo.com 

Для приближённого решения уравнения пограничного слоя  проводящей жидкости 
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∞u
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где σ - коэффициент проводимости жидкости, используется метод Слёзкина-Тарга, где 
искомая скорость в пограничном слое выбирается в виде 

2
2

2
210),( yAyAyAAyxu ++= , 

коэффициенты 0A , 1A , 2A  вычисляются из основных и дополнительных граничных условий, 
вытекающих из уравнения движения: 
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Найдены все физические характеристики пограничного слоя проводящей жидкости.  
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Cylindrical Bending of Cusped Reisner-Mindlin Plates 1

NATALIA CHINCHALADZE

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

email:natalia.chinchaladze@tsu.ge

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

1

2
[D(x2)(1− ν)θ1,2(x2)] ,2−

Eh(x2)

1 + ν
θ1(x2)− q1(x2) = 0,

[D(x2)θ2,2(x2)] ,2−
Eh(x2)

1 + ν
[θ2(x2)− u3,2(x2)]− q2(x2) = 0,[

Eh(x2)

1 + ν
(θ2(x2)− u3,2(x2)

]
,2−q3(x2) = 0,

where θα := u3,α (x2) − ϕα(x2), α = 1, 2; u3(x2) and ϕα(x2) are unknown functions; u3(x2) is
the deflection of the plate; indices after comma means differentiations with respect variables; E
is an Young’s modulus; ν is a Poison’s ratio; qi, i = 1, 2, 3, is a load; D(x2) is a flexural rigidity
of the plate. In general,

D(x2) :=
2Eh3(x2)

3(1− σ2)
.

Let the thickness of the plate is given by the relation

2h(x2) = h0x
κ1/3
2 (l − x2)

κ2/3, h0, l, κ1, κ2 = const > 0,

where l 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.

1Research supported by the INTAS-South-Caucasus Programme (project 06-1000017-8886)
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ТЕПЛООБМЕН  В  КОЛЬЦЕВОМ  МГД  КАНАЛЕ  ПРИ  
КОНЕЧНЫХ ЗНАЧЕНИЯХ  МАГНИТНОГО  ЧИСЛА  

РЕЙНОЛЬДСА 
В. Н. ЦУЦКИРИДЗЕ, Л. А. ДЖИКИДЗЕ 

Грузинский  технический  университет, Тбилиси, ГРУЗИЯ 
b.tsutskiridze@mail.ru 

Работы по теплообменным процессoм в каналах МГД систем при воздействии нео-
днородных магнитных полей в настоящее время практически отсутствует. Обычно рассм-
атривается полностью развитый режим теплообмена; в некоторых работах по развитю те-
плообмена задача решается или при заданном скоростном профиле (однородном, парабол-
ическом или гартмановском)  или совместно с развитием течения. 

В настоящей работе представлены результаты расчетов теплообмена в кольцевом МГД 
канале при воздействии неоднородного магнитного поля с учетом индуцированного 
текущим в жидкости электрическими токами магнитного поля (при конечних значениях 
магнитного числа Рейнольдса). Как известно, цилиндрические поверхности являюся 
наиболее распространенными теплообменными поверхностями. Внешнее магнитное поле 
создается цилиндрическим двухсторонним  ферромагнитным индуктором, наружный 
магнитопровод которого содержит токовую нагрузку 1cz < ,   drr += 2 . Магнитное поле 
такой системы аксиально симметрично, неоднородно по радиусу и по z  и знакопеременно 
(меняет знак при переходе через сечение 0=z ). В рабочем пространстве индуктора 
расположен кольцевой канал с изоляционными стенками. Хотя физические свойств среды  
(плотность, электропроводность, коэффициенты вязкости и теплопроводности) сильно 
зависять от ее температуры, для выделения влияния неоднородности магнитного поля на 
теплообмен на первом этапе этой зависимостью целесoобразно пренебречь. При таком 
допущении магнитногидродинамическая и тепловая части задачи разделются. 

 

117



sen-venanis amocanebi mravalSriani konfokaluri 

elifsuri milisaTvis  

g. xatiaSvili 

n. musxeliSvilis gamoTvliTi maTematikis instituti,  
Tbilisi, saqarTvelo 

Cven ganvixilavT saTaurSi miTiTebul amocanebs mravalSriani N  kon-
fokaluri elifsuri milisaTvis, romelTac NΩΩΩ ..., 21  areebi ukaviaT. igu-

lisxmeba, rom sxvadasxva masalas aqvs puasonis identuri, erTidaigive ko-
eficienti, e.i. Nνννν ==== ...21 , magram grexis amocanaSi es SezRudvebi 
moxsnilia, e.i. drekadi yvela mudmivi aris sxvadasxva. 

unda SevniSnoT, rom miRebuli gantolebebis determinantebi 
gamoiTvleba cxadad. 

yvela amocanis amoxsna faberis polinomebSi miRebulia Caketili saxiT. 
 
 
 
 
 

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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Cusped Shells, Plates, and Beams  
GEORGE JAIANI 

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

george.jaiani@gmail.com, george.jaiani@viam.sci.tsu.ge  

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 
mechanical (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 general 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 
introductions in [2-7]. 

Acknowledgement. Some works of the speaker included in the present survey were supported by 
the NATO Science Fellowship Programme (fellowship number: 25/C/01/CZ); Max-Plank 
Gesellschaft; DAAD, and DFG awards; NATO-CNR fellowship; NATO Science Programme 
(PST.CLG.976426/5437); GRDF/CRDF Georgian-U.S. Bilateral Grants Program III (GEP1-3339-
TB-06); INTAS South Caucasian Republics 2006 - Research Project (06-100017-8886); Georgian 
National Science Foundation Project (GNSF/ST06/3-035). 
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НЕСТАЦИОНАРНАЯ ЗАДАЧА МГД-ТЕЧЕНИЯ 
ПРОВОДЯЩЕЙ ЖИДКОСТИ  МЕЖДУ  ДВУМЯ   

ВРАЩАЮЩИМИСЯ    БЕСКОНЕЧНЫМИ ПОРИСТЫМИ 
ДИСКАМИ ПРИ ПЕРЕМЕННОЙ 

ЭЛЕКТРОПРОВОДНОСТИ 
 

Л.А.ДЖИКИДЗЕ, В.Н.ЦУЦКИРИДЗЕ 
 

Грузинский Технический Университет, Тбилиси, Грузия 
levanjikidze@yahoo.com 

 

Исследовано нестационарное магнитогидродинамическое течение прoводящей жидкости 

между двумя параллельными пористыми дисками, когда коэффициент электропроводности 

является функцией времени вида 

),1(0
tiAe ωεσσ +=  

где ε-малый параметр и перпендикулярно дискам приложено однородное магнитное поле. 
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To Fundamental Systems of Equations of Continuum Mechanics, 

its Application for Constructing, Justifying, and Numerical 

Solving of Some 2D New Mathematical Models 

TAMAZ S. VASHAKMADZE 

Iv. Javakhishvili Tbilisi State University, I. Vekua Institute of Applied Mathematics,  
Tbilisi, 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-Stokes 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 spatial coordinates nonlinear dynamical mathematical models of von Kármán-
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 Kármán system is solved. There is found also new dynamical summand tt∂ ΔΦ ( Φ  is 

Airy stress function) to another equation of von Kármán 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 elastic plates of variable thickness.  

Then if KMR type systems are 1D with respect to spatial 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 analyses 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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Об оценке логарифмической производной распределения 

случайного процесса наблюдаемого под Винеровским шумом 
БАБИЛУА П., НАДАРАЯ Э.*, СОХАДЗЕ Г.  

Тбилисский Государственный Университет им. И. Джавахишвили, Тбилиси 
e-mail: giasokhi1@i.ua, elizbar.nadaraya@tsu.ge, p_babilua@yahoo.com 

Пусть n
ttt XXX ,,, 21 …  выборка траекторий случайного процесса 

ttt WYX += , 
где tW  стандартный Винеровский процесс на ]1,0[ , tY  непрерывный случайный процесс, 
независящий от tW . Пусть Yμ  распределение tY  в пространстве ]1,0[C . Кроме того, 
предположим, что tμ  обладает логарифмическим производным ),( hxρ  вдоль ]1,0[Ch∈ . 

Наша задача – построить состоятельную оценку ),( hxρ  по наблюдениям n
ttt XXX ,,, 21 … . 

Разобем ]1,0[  точками 10 110 =<<<<= +nn tttt "  так, чтобы ( ) 0max 1 →−+ jjj
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К этому преобразованию можно применить формулу обращения из работы [1]. Получим 
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Исходя из этой формулы можем написать логарифмическую производную в 
конечномерном пространстве. В таком случае 

( ) ( )( )
( )nY

nnY
nnn xp

hxgradp
hx

n

n
,

, =ρ , 

где ( )⋅⋅ ,  - скалярное произведение в nE . Для оценки применяем ядерную технику 
непараметрического оценивания (см. [2]). 

Для обоснования предельной процедуры применяем результаты работы [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 Tbilisi State University, Tbilisi, Georgia

p babilua@yahoo.com, elizbar.nadaraya@tsu.ge, giasokhi1@i.ua

Let X1, X2, . . . , Xn be a sequence of independent equally distributed random values having
a distribution density f(x). Using the sampling X1, X2, . . . , Xn, it is required to check the
hypothesis H0 : f(x) = f0(x). Here we consider the test of the hypothesis H0 based on the
statistic Un = na−1

n

∫
(fn(x) − f0(x))2r(x) dx, where fn(x) is the recurrent Wolverton–Wagner

kernel estimate of the probability density defined by

fn(x) = n−1
n∑

i=1

aiK(ai(x−Xi)),

where {ai} is an increasing sequence of positive integers tending to infinity, r(x) ∈ R (R is
the set of non-negative, bounded and piecewise-continuous functions at (−∞, +∞)), K(x) ∈
H = {h : h(x) ≥ 0, sup

x∈(−∞,+∞)
h(x) < ∞,

∫
h(x) dx = 1, x2h(x) ∈ L1(−∞, +∞), h0(ux) ≥

h0(x) for all u ∈ [0, 1] and for all x ∈ (−∞, +∞), h0 = h ∗ h; ∗ is the convolution operator}.
Let us introduce into consideration the sequence of alternatives of the form ([1], [2]):

H1 : f1(x) = f0(x) + αnϕ
(x− `

γn

)
+ o(αnγn),

where α ↓ 0, γn ↓ 0, ` is the fixed point of continuity r(x) and r(l) 6= 0.

Theorem. Let K(x) ∈ H and K0(x) ∈ F (F is the set of densities having bounded
derivatives up to second order), f0(x) ∈ F , ϕ(x) ∈ F . If an = nδ, αn = n−α, γn = n−β and
also δ/2 = 1− 2α− β, α + β > 1/2, 2/9 < δ ≤ 1/2, β < 0, 9δ, α < 2δ, then

PH1{Un ≥ λn(α)} −→ 1− Φ
(
εα −

r(`)

σ(f0)

∫
ϕ2(u) du

)
,

where

σ(f0) = 2
∫

f 2
0 (x)r2(x) dx

∫ ( 1∫
0

uδK0(u
δz) du

)2

dz, K0 = K ∗K,

λn(α) = ∆(f0) + εαa−1/2
n σ(f0), ∆(f0) = γ

∫
f0(x)r(x) dx

∫
K2(u) du, γ =

1

1 + δ
,

σ2(f0) ≤ γσ2
0 < σ2

0 = 2
∫

f 2
0 (x)r2(x) dx

∫
K2

0(u) du.
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( )PF ,,Ω  albaTur sivrceze ganxilulia finansuri bazari ori aqtiviT ( )tt SB , , 0≥t , 

sadac tB  warmoadgens erTeulovani sabanko angariSis Rirebulebas t momentSi, xolo 

tS  aqciis Rirebulebas t momentSi. am aqtivebis evolucia aRiwereba Semdegi 

stoqasturi diferencialuri gantolebebiT 

( )
( ) ( ) .0,0,,

,1,0,

0

0

>≤≤⋅⋅+⋅⋅=
=≤≤⋅⋅=

STtdWSStdtStrdS
BTtdtBtrdB

ttttt

tt

σ
 

am modelisaTvis Seswavlilia amerikuli ofcionis fasdadebis zogierTi sakiTxi 

da Sesabamisi optimaluri gaCerebis fasis funqciis Tvisebebi. 
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Quaternion Gaussian Random Variables
NICHOLAS VAKHANIA AND GEORGE CHELIDZE

Muskhelishvili Institute of Computational Mathematics,
Tbilisi, Georgia

g.chelidze@mail.ru

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 {a1, a2, ..., an}, n ≥ 2, be quaternion system. We say that this system is
jointly quaternion system if there does not exist imaginar number i = αi + βj + γk, such that
the following expressions hold: a1 = a

′
1 + a

′′
1i, a2 = a

′
2 + a

′′
2i,..., an = a

′
n + a

′′
ni.

Theorem. Let ξ be a quaternion random variable, ξ1, ξ2, ..., ξn, n ≥ 2 be pairwise inde-
pendent random variables, that have the same distribution as ξ, and {a1, a2, ..., an} be nonzero
quaternions that form jointly quaternion system and satisfy the condition

∑n
h=1 |ah|2 = 1.

Then, if the sum η =
∑n

h=1 ahξh has the same distribution as ξ, ξ is a quaternion Gaus-
sian random variable, i.e., the characteristic function of the random variable ξ has the form
χξ(q) = exp(−1

8
|q|2E|ξ|2).
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The Law of Large Numbers for Weakly Correlated
Random Elements in Hilbert Space

VAKHTANG KVARATSKHELIA

Muskhelishvili Institute of Computational Mathematics,
Ivane Javakhishvili Tbilisi State University, Tbilisi, Georgia

vvk@gw.acnet.ge

Let (ξn) be a sequence of real random variables. Denote by σ2(ξn) the variance of ξn and
by rnm the coefficient of correlation of ξn and ξm. We say that a sequence (ξn) is weakly
correlated if there exists a nonnegative function c(n), n = 0, 1, . . ., such that |rnm| ≤ c(|n −
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m|), n,m = 0, 1, 2, . . .. In 1928 A. Khintchine proved that a weakly correlated sequence (ξn)

satisfies the Law of Large Numbers (i.e. limn→∞P
{∣∣∣∣∑n

k=1
ξk

n

∣∣∣∣ > ε
}

= 0 for every ε > 0) if

limn→∞

∑n−1

k=0
c(k)·

∑n

k=1
σ2(ξk)

n2 = 0.
We extend the Khintchine’s result for the case of Hilbert space valued random elements and

obtain some corollaries.

Generalized Stochastic Differential Equations in a
Banach Space, Existence and Uniqueness of Solutions

B. MAMPORIA

Niko muschelishvili Institute of Computational Mathematics, Tbilisi, Georgia

mamporia@gw.acnet.ge

Let X be a real separable Banach space, X∗-its conjugate, B(X) - the Borel σ-algebra of
X. (Ω,B, P )-a probability space. Continuous linear operator L : X∗ → L2(Ω,B, P ) is called a
generalized random element (GRE). . Denote M1 := L(X∗, L2(Ω,B, P )) the Banach space of
GRE with the norm ‖L‖ = sup‖x∗‖≤1 ‖Lx∗‖L2

. A random element (measurable map) ξ : Ω → X
is said to have a weak second order if for all x∗ ∈ X∗ E〈ξ, x∗〉2 < ∞. ξ we can realize as an
element of M1 : Lξx

∗ = 〈ξ, x∗〉. Let (Wt)t∈[0,1] be one dimensional Wiener process, (Ft)t∈[0,1] be
an increasing family of σ-algebras such that a) Wt is Ft-measurable for all t ∈ [0, 1]; b) WS−Wt

is independent of the σ-algebra Ft for all s > t. F0 contains all P -null sets in B.
Consider the stochastic differential equation for the generalized stochastic processes
dTt = a(t, Tt)dt + B(t, Tt)dWt . (1)
where a(t, Tt)x

∗ and B(t, Tt)x
∗ are [0, 1]×F1 measurable,

E
∫ 1
0 |a(t, Tt)x

∗|2dt + E
∫ 1
0 |B(t, Tt), x

∗|2dt < ∞
for each x∗ ∈ X∗.
The following theorem is true
Theorem. Suppose that the coefficients of the stochastic differential equation (1) satisfies

the following conditions:
(1) ‖a(t, T )‖2

M1
+ ‖B(t, T )‖2

M1
≤ K2(1 + ‖T‖2

M1
),

(2) ‖a(t, T ) − a(t, L)‖2
M1

+ ‖B(t, T ) − B(t, L)‖2
M1

≤ K‖T − L‖2
M1

. for any K > 0.Then
there exists a unique strong generalized solution (Tt)t∈[0,1] to (1) with initial conditions T0 = L,
where for all x∗ ∈ X∗, Lx∗ is F0-measurable.

We can use this theorem to develop the existence of solution of the stochastic differential
equation in a Banach space.
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The Elements of Anticipative Stochastic Calculus for the  
Poisson Processes 

O. PURTUKHIA*, V. JAOSHVILI 
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omar.purtukhia@tsu.ge ; vakhtangi.jaoshviil@gmail.com 

Let [0. ]( , ,{ } , )t t T P∈Ω ℑ ℑ  be a filtered probability space satisfying the usual conditions. Let tN  be 

the standard Poisson process ( ( ) / !k t
tN k t e k−Ρ = = , 0,1, 2,...k = ) and  tℑ  is generated by N  ( N

t tℑ = ℑ ), 

Tℑ = ℑ . Let tM  be the compensated Poisson process ( t tM N t= − ). Let us denote 
( ) : ( 1) ( )x f x f x f x∇ = + − ; ( ) : ( )

Tx T x x Mf M f x =∇ = ∇ . 

Definition 1 (cf. Definition 4.1 [1]). For any polynomial function )(xF  the stochastic derivative of 
)( TMF  is defined as )()()]([ ],0[ tIMFMFD ssxst ⋅∇= . 

The operator D  can be considered as an unbounded operator defined on a dense subset of 2 ( )L Ω  
and taking value on 2 ([0,1] )L ×Ω . For any real number 1p >  we introduce the semi norm on DomD : 

)(]),0([)(1, 222
||||||||||||:|||| Ω⋅Ω += LTLLp FDFF . 

Let 1,pD  be the Banach space which is the completion of  DomD  with respect to the norm ,1|| ||p⋅ . 
For 2p = , the space 1,2D  is a Hilbert space with the scalar product 

]),[(),(, ]),0([)(1,2 22 TLL GDFDEGFGF ⋅⋅Ω +=〉〈 . 
Definition 2. tu  is Skorokhod integrable if there exists a constant c  such that for any 1,2DF ∈ : 

2
0

|||||)(| FcFdtDuE
T

tt ≤⋅∫  and )()(
00
∫∫ =⋅
T

tt

T

tt dMuFEFdtDuE . 

Proposition 1. For any polynomial functions )(xF  and )(xG  we have 
)]([)1()]([)()]()([ stsstssst MFDMGMGDMFMGMFD ++= . 

Theorem 1. Let  tu  is Skorokhod integrable and )(xF  and )(xG  are a polynomial functions. Then 
uMF T )(  is Skorokhod integrable and we have 

∫∫∫ −−−=
T

tTtt

T

ttT

T

ttT dMMFDudMuMFdMuMF
000

)]1([)1()( . 

Theorem 2. Let  tu  and tsuD  (for all s  a. e.) are Skorokhod integrable and there is version of 

]},0[,{
0

TsdMuD
T

tts ∈∫  in )],0([2 Ω×TL . Then 1,2
0

DdMu
T

tt ∈∫  and 

s

T

tts

T

tts udMuDdMuD += ∫∫
00

}{ .  

The work has been financed by the Georgian National Science Foundation grant № 337/07, 06_223_3-
104. 
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КИНЕТИЧЕСКИЙ ЭФФЕКТ СЖИМАЕМОСТИ 
СОЛНЕЧНОГО ВЕТРА В ЗАСТОЙНОЙ  ЗОНЕ ПЕРЕД 

МАГНИТОСФЕРОЙ ЗЕМЛИ 

ЗУРАБ КЕРЕСЕЛИДЗЕ 

Институт геофизики им. М. Нодиа, Тбилиси, Грузия 

         Магнитогидродинамическая задача ламинарного обтекания магнитосферы солнечным 
ветром в общей постановке является недостаточно корректной:  
1. Солнечный ветер не является сплошной электропороводящей средой в классическом 

пониманий; 
2. дневная сторона магнитосферы лишь грубо может аппроксимироваться затупленным  

телом, на поверхности  которого магнитное поле имеет дипольную структуру;   
3. Течение солнечного ветра вблизи магнитосферы может считаться дозвуковым (до 

альвеновским) лишь в фокальной области, в остальной же части переходной области оно  
может содержать не только слабые разрывы, но и ударные волны. 
На фронте головной ударной волны термодинамические параметры солнечного ветра 

терпят резкие изменения, вследствие чего проявляeтся эффект магнитной вязкости плазмы. Это 
оправдывает использование МГД уравнений в ламинарном приближении, когда можно 
допустить существование элемента регулярности в структуре течения вблизи границы 
магнитосферы. Тут может возникнуть магнитный пограничный слой с достаточно жесткими 
характеристиками, подстраивающимися под измененения параметров солнечного ветра и 
межпланетного магнитного поля. Пограничный слой стуктурирует течение плазмы и 
позволяет сделать допущения, упрощающие справедливые для переходной области уравнения. 
В магнитном пограничном слое  наиболее вероятно, по сравнению с другими частями 
переходной области, развитие тех кинетических неустойчивостей плазмы, которые спо-
собствуют возникновению эффекта аномальной  магнитной вязкости солнечного ветра. 

Действительно ли течение в фокальной области магнитосферы является дозвуковым? 
Насколько такое представление согласуется с предположением о том, что  эта область 
должна быть наиболее благоприятным местом для развития кинетических неустойчивостей, 
способствующих возникновению эффекта аномального сопротивления в плазме?  В 
приближении струй идеальной несжимаемой жидкости, С. Чаплыгиным было получено   
решение задачи обтекания плоской пластины конечного размера, на которой критичекая 
точка, т.е. точка сингулярности уравнения движения среды, была заменена застойной зоной. 
Линейные размеры этого виртуального образования в постановке Чаплыгина являются 
неизвестными, зависящими от наперед требуемой точности аналитического решения, 
которая задается свободным параметром, являющимся отношением гидродинамической 
скорости на границе застойной зоны к скорости течения на бесконечном удалении от 
пластины. В фокальной части переходной области солнечный ветер может подвергатся 
сильному сжатию, т.е. тут скорость звука может существенно уменьшаться по сравнению с 
ее значением на периферии. Однако, в застойной зоне должна также уменьшаться и 
гидродинамическая скорость, что позволяет считать справедливым дозвуковое приближение 
вблизи критической точки магнитосферы. Например, если на границе застойной зоны 
гидродинамическая скорость течения 1 00,01V V= , где 0V  -  характерная скорость солнечного 
ветра до взаимодействия с магнитосферой, то высота застойной зоны приблизительно на 
порядок будет превосходить толщину магнитопаузы. Именно в этой области справедлива 
кинематическая модель скоростей Паркера, позволяющая получить крупномасштабную 
электромагнитную картину в магнитном пограничном слое. 
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Mathematical Modeling and Calculation Knight Shift on  

Nuclei in Scandium Compounds 

L. DARCHIASHVILI, Z. CHACHKHIANI 
Georgian Technical University 

Energy-band structure calculations of metallic scandium have indicated that a considerable 
hybridization of ds −  band occurs in this metal, which is well preserved, according to [1], in its alloy 
with Hf and Zr at low concentrations of the second components; in this case the combined 
hybridization parameter is determined by the following formula: 

BAsp CC ξξξ 21 += ,            (1) 

where 1C  and 2C  are component concentrations, Aξ  and Bξ  parameters of the alloy ds −  
hybridization. 

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

( ) orbdK γχχβξαχα +−+= 030 ,        (2) 
where 30χα  and orbγχ  are contact and orbital contributions, respectively, ξ  is the ds −  band 
hybridization parameter, β  a space-charge polarization coefficient, 0α  and γ  are coefficients of 
contact and orbital interaction, respectively.  

As follows from (2) , the Knight shift behaviour in translation metals and their alloys in the 
presence of the hybridization effects is determined by the sign of ( )βξα −0 . 

We have estimated various contributions using the dependence ( )χfK = . 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 Dimensions in Flavor Physics  
GELA DEVIDZE  
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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 extra-dimensional 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 lepton flavour 
violation processes rates and concluded that three body decays seem more favourable then 
radiative one. On the other hand the search for l 3l decays could be more favourable by 
some experimental reasons even if Br(l 3l) is less than Br(l lγ). 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 experimental 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 
quantum 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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zurab kereseliZe*, nino wereTeli 

mixeil nodias sax. geofizikis instituti. Tbilisi, saqarTvelo 

www.qqs.org.ge  

wertilovani afeTqebis Sedegad xdeba energiis zvaviseburi gamo-
Tavisufleba, rac iwvevs dartymiT talRebs da maTTan dakavSirebul 
plastikur deformaciebs. afeTqebis keraSi qanebis erTgvarovnebis daS-
vebisas energiis nakadi SeiZleba gavrceldes radialurad simetriulad. 
drekadi deformaciebi efeqturi xdeba mxolod im manZilebze, romlebzec 
miwisZvris energiis simkvrive drekadi deformaciebis energiis simkvrivis 
Tanazomadia. sferuli simetria, samarTliani epicentris maxloblad, 
keris sazRvarze SeiZleba dairRves, Tumca keris aproqsimaciisaTvis 
samarTliani unda darCes brunvis elifsoidis miaxloeba. qanebis drekadi 
deformaciebis Sedegad garemoSi vrceldeba mxolod keris sazRvarze 
generirebuli talRebi. vixilavT mxolod SekumSva-gankumSvis an yovel-
mxrivi kumSvis deformaciebs, romlebic keris sazRvarze warmoqmnis 
moculobiT talRebs. wagrZelebuli brunvis elifsoidis sazRvris 
wonasworobis piroba, modelis Tanaxmad, SeiZleba miviRoT laplasis 
gantolebis analogidan, romelSic siTxis zedapiruli daWimulobis 
(drekadobis) koeficienti Secvlilia yovelmxrivi moculobiTi kumSvis 
K  moduliT, gamravlebuli elifsoidis maxasiaTebel zomaze c  

( ) 1
3 1 2cK Ec σ

−
= −⎡ ⎤⎣ ⎦                           (1) 

(Ε - Wimvis (iungis) modulia, σ - puasonis koeficienti), xolo am elif-
soidis sakuTari rxevebis sixSireTa speqtri elipsoidalur koordina-
tebSi ganisazRvreba formuliT 

( )( ) ( )
2

2
01/ 2 23 2 2 2

00 0 0

1 2 ln ( ) ,
1( )( 1)

n
cK m dn n

da
ω Χ σ

σ σρ σ τ σ

⎡ ⎤
≈ − + −⎢ ⎥−⎡ ⎤− − ⎣ ⎦⎣ ⎦

    (2) 

sadac a - elifsoidis fokusTa Soris manZilis naxevaria, ρ - garemos 
somkvrive, X(σ) - eileris radialuri gantolebis amonaxsni. 

Cveni modelis gamoyenebiT SesaZlebelia Sebrunebuli seismologiuri 
amocanis amoxna, kerZod, afeTqebis keris xazovani parametrebis 
gansazRvra da gamoTavisuflebuli energiis Sefaseba, rac samrewvelo 
da samxedro afeTqebebis parametrebis dadgenis saSualebas iZleva 
seismografebis Canawerebis safuZvelze. gansakuTrebiT sainteresoa sin-
Tezuri seismogramebis ageba realuri sixSireTa speqtris saSualebiT. 
es saSualebas mogvcems Sefasdes plastikuri deformaciebze gaxarjuli 
afeTqebis energiis wili. savaraudoa, rom es efeqti, Tumca miwisZvrasTan 
SedarebiT gacilebiT mcire odenobiT, axdes xelovnur afeTqebebsac.   
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Gauge Iariance in the EFT with Ctoff 
ALEXANDER KVINIXIDZE 

A. Razmadze Mathematical Institute, Tbilisi, 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 
is that it effectively introduces a cutoff into the reference theory in a way 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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Physics in LHC Era 

AKAKI  LIPARTELIANI  

High Energy Physics Institute of Ivane Javakhishvili Tbilisi 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. 

 
erTi da mravali cvladis hipergeometriuli 

funqciebis zogierTi Tvisebis Sesxeb 
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 napovnia rekurentuli Tanafardoba cvladTa sxvadasxva raodenobaze 
damokidebul lauriCelas hipergeometriuli (hg) funqciebs Soris.  

n cvladis lauriCelas FD tipisFhg funqciisaTvis miRebulia melin-
bernsis tipis integraluri warmodgena n-jeradi integralis saxiT.  
 naCvenebia, rom lauriCelas n cvladis hg funqciisaTvis arsebobs  

[ ]( ) ( 2) ( 1)( 1/ 2) 2 , 1,2, ...N n n n n n= + + + + =  

Tanafardoba, romlebic akavSirebs erTmaneTTan mosazRvre funqciebs  

1 1 1 1 1 1 1 1
1 ...; ; ; ;, ; ...; , , , ; ...; , , 1, ; ...; , , , , ; ...; 1,

1n n n n n n n n
a a a aF b z b z F b z b z F b z b z F b z b z
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da napovnia es Tanafardobebi cxadi saxiT. gausis hg funqciisaTvis es 
Tanafardobebi daiyvaneba cnobil (1) 15N =  Tanafardobaze, xolo apelis hg 

funqciisaTvis gvaZlevs (2) 38N =  Tanafardobas, rac gansxvavdeba lite-

raturaSi cnobili Sefasebebisgan. naCvenebia am gansxvavebis mizezebi.  
SemoRebulia eileris beta funqciis ganzogadeba erTjeradi integ-

ralebiT Sedgenili matricis determinantis saxiT, am ganzogadebuli 
funqciisaTvis damtkicebulia eileris formulis analogi (romlis kerZo 
SemTxvevaa eileris formula beta funqciisaTvis). napovni Tanafardobebidan 
miRebulia mTeli rigi formulebisa gausis hg funqciisaTvis. analizuri 
saxiT gamoTvlilia zogierTi axali gansazRvruli integrali 
transcendentuli da elementaruli funqciebidan.  

miRebuli Sedegebi gamoyenebulia relativisturad mbrunavi sistemis 
energiisa da impulsis momentis gamosaTvlelad da zogierTi kvantur-
meqanikuri funqciisaTvis axali integraluri warmodgenis asagebad. 
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Testing the Concept of Quark-Hadron Duality  
with the ALEPH τ  Decay Data 

BADRI MAGRADZE 

A. Razmadze Mathematical Institute, Tbilisi, Georgia 

magr@rmi.acnet.ge 

We propose a modified procedure for extracting the numerical value for the strong coupling 
constant αs from the τ  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 (N4LO). A new feature of our procedure is that it enables us to extract 
from the data simultaneously the QCD scale parameter 

SM
Λ  and the boundary energy squared sp, 

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 MS scheme coupling constant, at the N3LO, we obtain  
2( ) 0.3204 0.0159s expt.mτα = ±  

which corresponds to  
2

.( ) 0.1188 0.0020 0.0005s z expt. e olM υα = ± + . 

The new numerical value for the coupling is appreciably smaller than the value obtained from τ 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 also 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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zogierTi kvantur - meqanikuri funqciis 
axali integraluri warmodgenis Sesaxeb 

vagner jiqia*, ilia lomiZe 

saqarTvelos sapatriarqos wminda andria pirvelwodebulis 
saxelobis qarTuli universiteti, Tbilisi, saqarTvelo. 

 
    cnobilia, rom uwyveti speqtris ori damuxtuli nawilakis kvanturi me-
qanika impulsur sivrceSi srulyofili analizuri saxiT dRemde ar arsebobs. 
SemoTavazebuli naSromi warmoadgens aRniSnuli naklovanebis nawilobriv 
gamosworebis mcdelobas. gamokvleulia uwyveti speqtris zogierTi kulonuri 
kvantur-meqanikuri funqciis radialuri nawilis furie-komponenti. kerZod, 
naxevradenergetikul zedapirze T-matricis furie-komponentisaTvis miviReT: 
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sadac k  da q  kinematikuri parametrisa da impulsuri sivrcis veqtoris abso-

luturi mniSvnelobebia, ,kqa =  xolo −)(xQ γi
l  leJandris meore gvaris 

mikavSirebuli funqciaa. analogiurad, kulonuri talRuri funqciis furie-
komponentisaTvis napovnia warmodgena:   
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SemoTavazebuli formulebi miRebulia axali integraluri 
warmodgenebis gamoyenebis Sedegad, romelTa detaluri aRwera 
gamoqveyndeba SemdgomSi. amrigad, kulonuri funqciebi koreqtulia yoveli 
(kompleqsuri) q -sTvis, garda kq =  wertilisa. aRvniSnoT, rom T -matricis 
radialuri nawilis zemoT motanili zusti gamosaxuleba akmayofilebs 

ornawilakobrivi T -matricis unitarobis pirobas, xolo ),( kqlΨ  

normirebulia )( kq
rr −δ  funqciis radialur nawilze.    

miRebuli formulebi ori damuxtuli nawilakis kvavturi meqanikis 
maTematikur formalizms ramdenadme srulyofil analizur saxes aZlevs, 
amasTanave maTi Semdgomi gamokvlevebi, SesaZloa, dakavSirebuli aRmoCndes 
impulsur sivrceSi uwyveti speqtris ornawilakobrivi kulonuri ganSla-
dobebis regularizaciasTan.   
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Singular Liouville fields and spiky strings in Ρ1,2 and SL(2, Ρ) 

GEORGE JORJADZE 

A. Razmadze Mathematical Institute, Tbilisi, Georgia 

jorj@physik.hu-berlin.de 

The closed string dynamics in Ρ1,2 and SL(2, Ρ) 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 Ρ1,2 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 ±I. The first class in SL(2, Ρ) is parameterized by the Liouville fields with vanishing chiral 
energy functional. Similarly to Ρ1,2, the second class in SL(2, Ρ) describes spiky strings, related to 
the vacuum configurations of the SL(2, Ρ) /U(1) coset model. 

 
 
 
 
 

supersimetria dirakis gantolebaSi da kulonuri 
potenciali 

xelaSvili a. a. 

saqarTvelos sapatriarqos  

wminda andria pirvelwodebulis saxelobis qarTuli universiteti, 

Tbilisi, saqarTvelo 

anzorkhelashvili@hotmail.com 

naCvenebia, rom dirakis hamiltonianis invariantuloba garkveuli saxis 

vitenis superalgebris mimarT calsaxad gamoyofs mxolod kulonur 

potencials. ganxilulia agreTve nebismieri maRal- ganzomilebiani 

SemTxveva da dasabuTebulia, rom kulonis potencialis Sesaxeb tradiciuli 

warmodgena, rogorc gausis kanonidan gamomdinare, unda Seicvalos N= 2 
supersimetriis konteqstSi.  
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Algebraic theory of motion processes  
ZAUR KHUKHUNASHVILI   

Niko Muskhelishvili Institute of Computational Mathematics  
Tbilisi, 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 
in implicit form. 

In this paper the geometry of a space is investigated using not the logic of motion of a classical 
particle, but the properties of motion of a field. 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 algebraic 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 
a gravitational 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 

I.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. 

 
 

Исследование и генерация новых матричных структур и 
криптосистемы 

Р.П. МЕГРЕЛИШВИЛИ*, А.Д. СИХАРУЛИДЗЕ, М.А. ЧЕЛИДЗЕ  

И Р.Д. ТХИЛАЙШВИЛИ 

Факультет Точных и Естесственных Наук, Тбилиский Государственный Университет им. 
Ив.Джавахишвили, Тбилиси, Грузия 

r_megreliishvili@yahoo.com 
Факультет Точных и Естесственных Наук, Тбилиский Государственный Университет им. 

Ив.Джавахишвили, Тбилиси, Грузия 
ana.sikharulidze@tsu.ge 

Факультет Математики и Компьютерных Наук, Сухумский Государственный 
Университет, Тбилиси, Грузия 

Факультет Математики и Компьютерных Наук, Батумский Государственный 
Университет им.Ш.Руставели, Тбилиси, Грузия 

Основная цель работы состоит в исследовании новых матричных структур для 
построения криптографических методов и алгоритмов. По идее эти построения должны 
выполнять функции, которые выполняются в известных алгоритмах, действующих по 
открытому каналу. Здесь, в первую очередь, имеются в виду протокол Диффи-Хеллмана, 
т.е. – намерение того, что на матрицах получить функциональные схемы, аналогичные 
односторонней функции, алгоритм шифраций-дешифрации и т.п. Идея эта не новая, но 
по последним данным вновь вызывает интерес в научных кругах. Оправдание 
предпринимаемых усилий, видимо, надо видеть в быстродействии схемных и 
программных решений матричных структур. 
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Мы хотим обратить внимание, также, на тот факт, что некоторые невырожденные 

матрицы (матрицы с детерминантами, отличными от нуля) имеют внутриматричную 
рекуррентную зависимость. Эта зависимость имеется между строками и столбцами 
матриц. В тоже время она не является обычной линейной зависимостью.  Потому-то 
подобные матрицы остаются невырожденными. 

Матрицы с внутриматричной рекуррентной зависимостью можно построить с 
помощью поля Галуа )( npGF . Однако, в ряде случаев, обнаружение внутриматричной 
зависимости может оказатся непростой задачей. 

Полученные алгоритмы скоростные, обладают высокой стойкостью и устойчивостью 
против атак с открытым текстом. 

 
 

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 Tbilisi 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 Tbilisi State University, Tbilisi, Georgia 
gia.sirbiladze@tsu.ge  

Iv. Javakhishvili Tbilisi State University, Tbilisi, Georgia 
b.gvaberidze@gmail.com 

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

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

)K,u,I,D,(Ω  
where Ω  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 Ω ; K is the decision-maker's criterion, which represents some optimal 
principle; and RD:u →Ω× , is 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 Ω . 

- 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 Ω  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 Tbilisi State University, 

Tbilisi, 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 
{ }nAAAA ,...,, 21=  and the set of possible decisions (forecasts) { }mdddD ,...,, 21= . As well as in a 

“classical” variant of the Discrimination Analysis, from the information in general database the 
frequency distribution table { ijf } is established, where ijf  is the relative frequence of activity iA  
accompanying decision jD . Then the possibilistic distribution table is obtained under formulae 

ij
nj

ij
i
j ff

,1
max
=

=π . Using the known transformation principle, the possibilistic distribution table is  
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transformed to the probabilistic distribution table by the formulae ( )i
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If some set of activities { }kjjj AAAA ,...,, 21=′  is defined before a concrete decision is made, the 
following positive and negative possibilistic discriminations are calculated on the set of decisions D : 
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. On D  is calculated the possibilistic distribution, mi ,...,2,1=∀ : 

( )( )ββ ν−+π=δ iii 1
2
1 , 0>β . And, finally, the decision with a maximum value in { iδ } can be 

recognized as a most believable decision: iii δ=δ max0 . 

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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