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Stefan Banach in Tbilisi
(On the occasion of his 120-th Birthday Anniversary)
VAJA TARIELADZE

Niko Muskhelishvili Institute of Computational Mathematics of the Georgian Technical
University, Thilisi, Georgia

email: vajatarieladze@yahoo.com

Abstract. We present an information about Stefan Banach’s visit to Thilisi in
March, 15-20, 1941 contained in Thilisi’s newspapers “COMUNISTI” and “Zarya
Vostoka” of March, 1941.

2010 Mathematics Subject Classification: 01A70, 01A72.

1 Introduction

On July, 21, 2012 I sent an abstract to The International Conference Dedicated to 120-th
anniversary of Stefan Banach, which will be held in Lvov (Ukraine) in September 17-21,
2012. In the abstract I wrote: “At the beginning of the talk it will be commented an
information about being of Stefan Banach in Thilisi (June, 1941)".

I had heard several stories about Banach’s visit to Thilisi, however I was encouraged
to write the above lines thanks to appearance of the book!:

“Andro Bitsadze—Scientist and Personality” (in Georgian), Edited by Mery Bitsadze,
Editorial “INTELECTI”, 2012, 345 p.

This book consists mainly of the reminiscences of Prof. A. Bitsadze?; in particular,
on p. 173 it is written:

“In 1940 Thilisi and Lvov State Universities were engaged in a socialist competition. A
delegation of professors and students of Lvov University, led by its rector Banach?® visited
Thilisi State University several weeks before the begging of the war between Germany
and Soviet Union. An unforgettably deep impression was left by the meeting with the
group of mathematicians such as Banach, Schauder* and Zarits’kyi. It would be good for
a reader to know that these are those Banach and Schauder, whose names are written in
golden letters in the history of mathematics.”

1 T am grateful to Professor Jondo Sharikadze (Thilisi, Georgia), who told to me that this book was
going to appear and lent it to me when it appeared.

2 Seemingly, Banach has never been a rector of Lvov University.

3 Seemingly, Banach has never been a rector of Lvov University.

4 In fact Schauder was not a member of the delegation; see Section 2.
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The meeting with Banach and Schauder was unforgettable for the group of (Georgian)
mathematicians and has left an indelible impression.

This text I could refer as a documental confirmation of Banach’s visit. The words “. ..
several weeks before the begging of the war between Germany and Soviet Union”, since
the war began in June, 22, 1941, I understood as 2 or 3 weeks, that’s why I wrote in the
abstract ‘June, 1941".

Before Lvov Conference I was going to look for the newspapers of 1941 with hope to
find there something more about Banach’s visit.

Meanwhile, on July 28, 2012 from Lech Maligranda® I received an e-mail letter, in
which, in particular it was written:

“I know that Banach was in Thilisi and Gori in 1941. My information is that it was
in March but you are writing in June. How do you know this? Maybe you even know
exact days of stay of Banach in Thilisi and Gori?”

In my answer to Prof. Maligranda I have explained to him my above given ‘argumen-
tation” and wrote also that I knew nothing about Banach’s visit to Gori.

Finally, on the second of August, 2012 I went to the National Library of the Georgian
Parliament, where with the help of Nana Jokharidze® I was able to find several newspapers
containing the information about the visit of Lvov’s delegation to Thilisi mentioned by
A. Bitsadze. Below the reader will see what was found.

2 Banach’s visit according to the newspaper “COMUNISTI”

On the first page of “COMUNISTI”” (Sunday, March 16, 1941, no.63 (6068)) appeared
an article entitled: “Delegation of Lvov State University in Thilisi”.

Here is a translation of the Georgian article kindly made by Lily Goksadze®.

“Yesterday the delegation of Lvov State University, lead by S.S. Banach, the famous
mathematician, arrived in Thilisi. The delegation consists of M.O. Zarits’kyi, a professor
of the history of mathematics of Lvov’s university; A.S. Braginets, the dean of History
Department; M.V. Solyak, a student of History Department.

Banach, the head of the delegation, said to a staff member of “COMUNISTI”: the aim
of our visit to the capital of sunny Georgia is to sign the socialist competition agreement
between Thilisi Stalin State University and Lvov Iv. Franko State University. The wish of
having a socialist competition between these two fraternal universities was first expressed

during the visit of Georgian workers delegation to Ukraine®.

5 Professor of Mathematics Department of Engineering Sciences and Mathematics Lulea University of
Technology SE-971 87 Lulea, Sweden.

6 A leading specialist of the Department of Periodics of the Library.

7 “COMUNISTI”, in English “The Communist” was the official newspaper in Georgian of the Central
and Thilisi committees of Georgian Communist (Bolshevik) Party and the Council of workers’ deputies
of Georgian SSR

8 A professor-emeritus of Ivane Javakhishvili Thilisi State University.

9 See Section 4.



2-9 lyg@gddgdo, dsorydo Bggbo gowmgbesmo 23

Photo by M. Ginzburg.

Our delegation will stay in Georgia for five days; during which we shall visit noteworthy
places connected with the revolutionary activities of great Stalin, the beloved leader of
people and with the period of his youth.

We shall familiarize ourselves with the scientific and pedagogical work at Thilisi Uni-
versity and share their experience to improve the work of Lvov young Soviet University.

There is no doubt that the socialist competition between the two fraternal universities
will further promote our common claim.”

On the third page of “COMUNISTI” (Wednesday, March 19, 1941, no.65 (6070))
appeared a photo of four persons under which it is written:

Delegation of Lvov University in Thilisi, from left to right: A. Braginets, S. Banach
(head of delegation), M. Solyak and M. Zarits’kyi.

On the second page of “COMUNISTI” (Thursday, March 20, 1941, no.66 (6071))
appeared the following information:

“PROFESSORS OF LVOV UNIVERSITY IN GORI

GORI, March, 19 (SAQDES™.). The professors of Lvov University comrades Banach,
Zarits’kyi, docent Braginets and lady-student Solyak arrived to Gori. They were accom-
panied by vice-rector of Thilisi State University Prof. A. Kharadze!!, dean of Faculty of
Physics and Mathematics I. Vekua!'? and assistant of dean of Philology Department K.
Kopaleishvili.

The guests visited the house where the great Stalin was born and spent his childhood,
the room of the former Orthodox Christian Seminary where comrade Stalin studied. The

10 \SAQDES’ in Georgian means: saqartvelos depeshata saagento; in Engish: the teletype agency of
Georgia

A, Kharadze (1895-1976), a Georgian mathematician.

121, Vekua(1907-1977), a famous Georgian mathematician.
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guests also got insights of the activities of Gori State Pedagogic Institute and had a
conversation with comrade Loladze, a secretary of district committee of party in Gori.”

3 Banach’s visit according to the newspaper “Zarya Vostoka”

In “Zarya Vostoka”1? (Friday, March 21, 1941, no.67 (5293)) appeared an article in Russian
entitled: “Lvov-Thilisi. Competition of Universities.”

The article begins with photos of professor S.S. Banach, professor M.O. Zarits’kyi,
docent A.S. Braginets and a lady-student M.V. Solyak.

We give a translation of this article.

“On 17 of March in the club of Thilisi Stalin State University took place a meeting
between the delegation of Lvov Iv. Franko State University with the collective of Tbilisi
University.

=

The meeting was opened by the rector of the
university D. Kipshidze, who underlined the great
importance of socialist competition of high schools
for further improvement of the whole scientific-
pedagogical work.

The populous gathering warmly met the repre-
sentatives of Lvov University.

A.S. Braginets, the dean of History Department
cnpgme;:t:;x M "(‘)pog:;:mm of Lvov University, in his report spoke about stalin
= B friendship of nations, about the importance of so-
cialist competition. Then he read the socialist com-
petition agreement brought by the delegation. The
agreement was signed by: prof. G. Vichenko,
the rector of Lvov Iv. Franko State University;
academician 1. Studiskij, vice-rector; professor Z.
Khraplivij, vice-rector; A. Kulikov, secretary of
party bureau; c¢. Artiukh'?, secretary of bureau of
o _ VLKSM; A. Skaba, chair of mestkom(local com-

Ioisgiir Eoyrisnra mittee) and T. Stanik, chair of profkom(=local
e b M, bogi trade-union committee).

On behalf of the collective of Thilisi University and Academy of Sciences of Georgian
SSR the guests greeted N. Muskhelishvili'®, the president of the Academy of Sciences of
Georgian SSR. He said that the names of scientists from Lvov were familiar to the scientific
workers of Georgia before the establishment of Soviet power in Lvov, but only now it was

13 «Zarya Vostoka”, in English “The Day-break of East” was the official newspaper in Russian of the
Central and Thilisi Committees of Georgian Communist (Bolshevik) Party and the Council of Workers’
Deputies of Georgian SSR.

15 N. Muskhelishvili(1891-1976), the most famous Georgian mathematician.
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opened a possibility of wide scientific collaboration and of exchange of experience. In
particular, the mathematical school led by professor Banach has its followers in Thilisi.

The next speaker academician K. Kekelidze'® spoke about the past of Georgian and
Ukrainian nations, about fruitful ground created by the Soviet power for the scientific
work.

On behalf of Thilisi University the guests were also greeted by the aspirant P. Gudu-
shauri.

V. Imedadze, a chair of the Republic Committee of workers of high schools and sci-
entific institutions spoke about fraternal friendship between the best sons of Ukrainian,
Georgian and Polish people, which existed since old times.

The speech of a distinguished Stalin’s grant-aided lady-student of fourth course of
Chemistry Department T. Tsetskhladze raised attention, who spoke about the study of
students.

Prof. M. Zarits’kyi shared his impressions concerning the work of Tbilisi University.

The populous auditory with exceptional attention listened to the speech of a dis-
tinguished lady-student of History Department of Lvov University M. Solyak, who spoke
about the life of young people in old Lvov, about her five years ordeal in prisons of Poland.

At the end of the meeting there was organized a big concert.”

In “Zarya Vostoka” (Saturday, March 22, 1941, no.68 (5294)) appeared an article in
Russian entitled: "OUR IMPRESSIONS. A letter to “Zarya Vostoka”, signed by Prof.
S.S. Banach, Prof. M.O. Zarits’kyi, docent A.S. Braginets and lady-student M.V. Solyak.

I’ll not give a translation of the text of this letter.

In “Zarya Vostoka” (Sunday, March 23, 1941, no.69 (5295)) appeared an article in
Russian entitled: "MY LIFE, signed by Maria Solyak, a lady-student of Lvov State Uni-
versity.

I’ll not give a translation of the text of this article either.

4 Georgian workers delegation to Ukraine (October, 1940) and
Stefan Banach

A Georgian workers delegation led by People’s Commissar of Education of Georgian SSR
G. Kiknadze!” visited Ukraine in November, 1940. It consisted of factory-workers, land-
workers, miners, actors, scientists, etc. Among 50 members of delegation were also the
mathematician N. Muskhelishvili and the rector of Thilisi Stalin State University D. Kip-
shidze'®. It arrived to Kiev in November, 5, 1940 and stayed there till November, 23
(included). According to “COMUNISTI” (November, 14, 1940, no. 264 (5965)), on
November, 13, 1940 in Kiev the delegation received an invitation letter from professors,

16 K. Kekelidze(1879-1962), a philologist and specialist in Georgian medieval literature.

17 G. Kiknadze (G.=Giorgi, 1902-1963) was a People’s Commissar of Education of Georgian SSR in
1938-1944.

18 D. Kipshidze(D.=David, 1902-1957) was a rector of Thilisi Stalin State University in1938-1942.
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teachers and students of Lvov State University. The letter was ended as follows: “Good
bye, we will meet each-other soon in an old Ukrainian city Lvov.” The letter was signed
by:
the rector, comrade Vichenko,
academician Studinskii,
professor, doctor of mathematical sciences Banach
doctor of philological sciences Chernikh,
professor, doctor of historical sciences Kripkevich,
professor, doctor of physic-mathematical sciences Khrapliv, a student Stanek and others.
According to “COMUNISTI” (November, 21, 1940, no. 270 (5971)), the delegation
visited Lvov on November 19, 1940.
After coming back of the delegation to Georgia, several its members wrote their im-
pressions about the visit. In two of them the name of Banach is mentioned.
In “Zarya Vostoka” (4.XI1.1940, no. 281(5203)) appeared an article (in Russian) by
academician N. Muskhelishvili: “The prosperity of socialist science”. Muskhelishvili wrote:
"The trip to Ukraine gave me a possibility to meet personally my colleagues, many of
them were known for me long before from the literature and the scientific correspondence. . .
It was particularly interesting to get acquainted with mathematicians of the liberated
regions of Western Ukraine. We met the representatives of Lvov mathematical school
which is well-known throughout of the world, and with its leader professor Stefan Banach.”
In “COMUNISTT” (4.X11.1940, n0.281(5982)) appeared an article (in Georgian) by G.
Kiknadze: “A demonstration of Stalin friendship of people.” Kiknadze wrote: "In Lvov
a group of delegates and I visited Lvov University. The professors and students of the
University got together for this occasion. They greeted us. We told them about work of
our higher educational institutions, about the strong scientific school of Tbilisi Comrade
Stalin State University, that the learning and teaching process at the university was in
Georgian, that the Georgian culture, national in form and international in content, was
flourishing. This was a big surprise, especially among Polish professors... The famous
scientist professor Banach cheered up. He said that that day he was convinced of how
important Stalin friendship of people was.”

Acknowledgements. [ am grateful to my colleagues and friends G. Giorgobiani and
Z. Sanikidze from Niko Muskhelishvili Institute of Computational Mathematics for their
interest and help during preparation of this article.

The work was partially supported by Shota Rustaveli National Science Foundation
grant GNSF/ST09 99 3-104.
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Professor Alexi Gorgidze
(To the 105-th Birthday Anniversary)

Alexi Gorgidze was a prominent Georgian scientist-
mathematician and specialist in mechanics, Honored Scientist
(1962). State Prize Laureate (1997), Professor.

Alexi Gorgidze was born in Kutaisi on May 17, 1907. Even at
Kutaisi Technical High School, he displayed a keen interest and
talent in mathematics.

In 1924 A. Gorgidze entered the Department of Physics and
Mathematics of the Education Faculty of Thilisi State Univer-
sity. At that time there worked the founders of higher mathema-
tical education in Georgia Andrea Razmadze, Niko Muskhelishvili, Giorgi Nikoladze and
Archil Kharadze.

In 1929 A. Gorgidze began working at the Department of Theoretical Mechanics of
the Georgian Polytechnic Institute on Niko Muskhelishvili’s invitation.

In 1932 A. Gorgidze was offered a post-graduate studentship at Leningrad State
University, where his supervisors of studies were outstanding scientists V. Smirnov and
S. Mikhlin.

In 1935 A. Gorgidze finished his post-graduate studies and returned to Thilisi. He
began working at Thilisi State University and the Georgian Polytechnic Institute. He
participated energetically in the foundation of Thilisi Institute of Mathematics.

In 1938 N. Muskelishvili proposed that A. Gorgidze was appointed the Head of the
Department of Theoretical Mechanics of the Georgian Polytechnic Institute, which he
himself had been directing for 52 years. At the same time, A. Gorgidze continued working
at the Institute of Mathematics: first as a junior scientific worker and then as a scientific
secretary and a deputy director. After the establishment of the Georgian Academy of
Sciences.

A. Gorgidze worked as an assistant president of the Academy over a period of years.

In the 60-ies of the last century, on A. Gorgidze’s initiative Thilisi Workshop on
Theoretical and Applied Mechanics was established. A. Gorgidze directed this workshop
till his death. Scientists from different countries took part in the Workshop.

A. Gorgidze was an author of many scientific works. The sphere of his scientific interest
included various issues of the mathematical elasticity theory: approximated solutions to
basic boundary problems of the elasticity theory; linear and nonlinear problems associated
with tension, torsion and bending of continuous and complex, isotropic and anisotropic
beams, which are not only of scientific significance, but also of practical importance for
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application to construction mechanics and for increasing the construction sustainability,
ete.

A. Gorgidze was among the first to prepare and publish in Georgian a complete course
of theoretical mechanics for the institutions of technical higher education, which became
a handbook not only for Georgian intellectuals and students, but also for everybody who
was interested in the issues of mechanics. He was awarded the State Prize of Georgia for
this handbook.

In the 60-ies of the XX century the Georgian television began broadcasting the edu-
cational lectures. A. Gorgidze was among organizers and delivered lectures in theoretical
mechanics for years. Professor A. Gorgidze was a member of the Scientific-Methodological
Coordination Council on studying the problems of mathematics and mechanics at the
Georgian Academy of Sciences, a member of the presidium of the Scientific-Methodological
Council of Theoretical Mechanics of the Higher and Special High Education Ministry of
the USSR, a member of the Board of the Georgian Mathematical Society and the Chair-
man of Transcaucasia Scientific-Methodological Council of Theoretical Mechanics.

In 1993 Alexi Gorgidze Prize was established by the Georgian Engineering Academy;
at the Georgian Technical University, A. Gorgidze grant was founded. One of the streets
in the city of Kutaisi was called after A. Gorgidze.
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Professor George Lomadze
(To the 100-th Birthday Anniversary)

Professor George Lomadze was a famous Georgian mathematician and teacher. Nowa-
days his scientific works in the theory of numbers are considered as classics.

George Lomadze was born on December 27, 1911 in Moscow in the family of a military
officer. Since 1921 his family, after numerous relocations, settled in Thilisi. Hard period
for Georgia of that times, connected with its occupation by Soviet Russia, effected his
life too. That’s why he graduated from the physical-mathematical faculty of Thilisi State
University only in 1937. His supervisor was world-wide famous mathematician Arnold
Walfisz. The second world war interrupted his post-graduated course. In 1941-1946 he, as
a military officer, served in the army. Only since 1946 he could continue his scientific work
at Tbilisi Mathematical Institute (further it was called Razmadze Thilisi Mathematical
Institute of the Georgian Academy of Sciences).

In 1948 G. Lomadze defended his Ph.D. thesis: ”On the representation of numbers
as sums of squares”. Since 1948 to the last days of his life he worked at Javakhishvili
Thilisi State University. In 1963 he successfully defended his doctoral dissertation at
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Leningrad (now St. Petersburg) State University. The work was dedicated to the study
of number of representations of numbers by the diagonal positive definite binary, ternary
and quaternary quadratic forms.

G. Lomadze combined intensive scientific work with fruitful pedagogical activity. His
high intellect, creativity and wide knowledge effect his fruitful scientific and teaching
work. He was conducting various courses of lectures for students at the university — main
courses in algebra and theory of numbers and some special courses. His high demand
with respect to his studens, young colleagues and foremost to himself is widely Known.

At the university G. Lomadze founded a scientific seminar on the actual problems
of number theory. Productive discussion of problems arising at seminar sessions made
the seminar an excellent school for young researchers. They had a good chance to grow
up under the direct guidance of the professor. His scientific results and activities stimu-
lated the formation of a group of mathematicians, who are now successfully investigating
important and actual problems of the number theory.

G. Lomadze’s first-rate scientific results were published in the leading mathemati-
cal journals and were reported at numerous mathematical congresses and conferences.
G.Lomadze was profoundly respected as a highly skilled and productive mathematician
and his results were highly appreciated by outstanding mathematicians of modern times.
Part of his methods, results and their applications were successfully generalized by Geor-
gian and foreign mathematicians.

Professor Lomadze’s style of life, scientific work and pedagogical activity is an excellent
example of faithful service to science and people. He was awarded the title of "Honored
Georgian Scientist” and several medals of honour.

G. Lomadze’s scientific heritage is important and diverse. His early papers were ded-
icated to the study of arithmetic function r¢(n) — the number of representations of a
natural number n as a sum of s squares of integers. Bulygin, Walfisz, Mordell, Hardy,
Littlewood, Suetuna and Estermann, using or creating various methods, based on a pure
arithmetic approach, elliptic or modular functions theory, obtained important results in
this direction. G. Lomadze developed the researches and by uniform method generalized
most of the results. Later on he returned to the problem and sharpened some of for-
mulas for r4(n). The "elegance” of obtained classic "exact formulas” should be noted.
Combining and further developing methods based on Jacobi theta-functions, modular
forms, theta-functions with characteristics, Lomadse worked out a uniform general way
for obtaining exact formulas for the number of representations of a natural number by
any quadratic form of type

f:ale+a2x§+---+asx§ (1)

He had to study a behavior of corresponding modular forms. In order to illustrate
the method G.Lomadze considered various cases of s and was able to obtain some exact
formulas for the number of representations of n by the form (1). In the most difficult case
s = 2 he previously introduced "generalized singular series” and then solved the problem.
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Lomadze’s results made it possible to reveal the desired simple arithmetical meaning
of the additional terms in most representation formulas. Lomadze solved the same prob-
lems by constructing bases of special cusp form spaces in terms of generalized multiple
theta-series with spherical functions. Lomadze studied the behavior of n-th order deriva-
tives of ordinary theta-functions with characteristics with respect to the group I'g(4N),
constructed special type cusp forms and used them in the representation problems. He
obtained various significant results for nondiagonal quadratic forms too.

It’s impossible to discuss Lomadze’s all remarkable statements in such a short review.
Some of his results were developed in works of his former students and foreign mathe-
maticians, as Lomadze’s all results are of high theoretical importance and play valuable
role in further development of theory of numbers.

Guram Gogishvili, Teimuraz Vepkhvadze
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Professor Elizbar Citlanadze
(To the 100th Birthday Anniversary)

A well-known Georgian mathematician Elizbar Citlanadze was born in Borjomi (Geor-
gia, in that time a part of the Russian Empire). He graduated from Thbilisi (in that
Stalin’s) State University, depended the Candidate Dissertation in 1937 (adviser — N.
Muskhelishvili) and the Doctor Dissertation in 1951.

From 1955 Elizbar Citlanadze is a professor of Thilisi State University.

The main scientific works of professor Elizbar Citlanadze are dedicated to Functional
Analysis and Global Variational Calculus.

Professor Elizbar Citlanadze is the author of the first Georgian books in Functional
Analysis: “Foundations of Functional Analysis” (Thilisi, 1964) and “Foundations of Math-
ematical Analysis in Functional Spaces” (Tbilisi, 1977).
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Gaioz Khatiashvili — 90

The Chief Researcher of Niko Muskhelishvili Institute of Computational Mathematics
of the Georgian Technical University, Doctor of Mathematics Gaioz Khatiashvili was born
in Thilisi (Georgia). He enrolled faculty of Physics and Mathematics of Thilisi (at that
time, Stalin) State University in 1939. From the second year of education, in 1940 he was
called up for military service and during the whole war between Germany and Soviet Union
(1941-1945) he participated in military operations of Soviet army. He was demobilized in
1946 and graduated from the Thilisi State University in 1950. In 1950-1957 he worked
in Thilisi Railway Transport Institute.

G. Khatiashvili defended his Candidate dissertation in 1955 (Tbilisi A. Razmadze
Mathematical Institute in Elasticity Theory. His superviser was Professor A. Rukhadze).

In 1957 Professor David Kveselava, the director of the Computing Center of the
Academy of Science of Georgian SSR, proposed to G. Khatiashvili to take the position
of Scientific Secretary of the Center. He agreed and took over this position in 1957-1964
years. In 1964-1973 he was the Senior Researcher at A. Razmadze Mathematical Institute,
where he defended his Doctor thesis in Elasticity Theory.

From 1973 he returned to the Computing Center of the Academy of Science of Geor-
gian SSR, first as the Senior Researcher and later, in 1975-1982 years, as the Head of
Department Computational Mathematics. From 2010 he is the Chief Researcher of Niko
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Muskhelishvili Institute of Computational Mathematics of the Georgian Technical Uni-
versity.

G. Khatiashvili’s sphere of scientific interests incudes Mathematical Physics and Me-
chanics. He is the author of numerous research articles and of two monographs: “Almansi-
Mitchell Problems for Homogeneous and Composed Bodies (in Russian; vol. I “Met-
zniereba”, Thilisi, 1983; vol. I “Metzniereba”, Thilisi, 1985) and “Homogeneous and
Composed Elastic Cylinders” (in Russian; “Metzniereba”, Thilisi, 1991). He was the
scientific supervisor of four Candidate Dissertations.

At present he is still active and is engaged with problems of Mixture Theory, as well as
with the applications of Faber’s polynomials to the study of elasticity of confocal ellipses.

G. Khatiashvili was invited for the research work to Czechoslovakia, Romania and
Poland.

G. Khatiashvili was married in 1955. His wife — Liana Khatiashvili-Shavliashvili, also is
a mathematician. They have two daughters Nino and Mariam, which are mathematicians
as well, and four grandchildren.

We congratulate Gaioz Khatiashvili on the occasion of his 90th birthday anniversary,
wish him a good health and the continuation of beloved scientific activity.

Georgian Mathematical Union,

Niko Muskhelishvili Institute of Computational Mathematics
of the Georgian Technical University



2-9 lyg@gddgdo, dsorydo Bggbo ogd0@omgdo 41

3ONBILMHO 300 3MHRIBOS6N — 75

So

dezemg doma@sgogeo (36mdgde. IHMEILmM Rsgom amBrgdosbo @s0dsrs 1937 Fawl.
1961 (gels @osdmogms  mdomoliols  Lobgemdfogm  9bogg®lodg@ols  dgdobaze—domgds@aols
3379209B0. 1961-1964 {@godo Lfogenmows sldomsb@ymado. d99wga ogm Lodommggmmls
d9(30090900m  §owgdools 5. ®dB3sdols domgdanzols obligodn@ols 1ddmbo Igsbogo mabs-
ddmOmdgemo (1964-1968), 0. 3937996 aodmygbgoomo domgds@azols 0bliGodn@ol ggtmmbio 93609
®0bsddNMIgmo (1968-1969), Jsmdols 1boggmliodg@ols Mogbgomo sbswodols esdmmoGmMools
033935900, 0. 8933958  addmygbgdomo  3smgds@azols  0blGogg@ols  Mogbgomo  Igmmemgools
aobymaomgools asdag.  IHmgglmGo ©. amMegdosbo bymddegsbgmmdws  asbymaomgdsdo
d00obsmy  Lodgsbogmm  33em9390l  avmlims mgmmosdo, Ig@gmBmemansdo, gmemaonsdo,
35860 30Mm@obsdnzddo, asBlivegbgdols mI@edodsosls s asmgegddo, Imbsfowmgmdws
L3g00@® Lodgsbogmm 33w9399do (1969-1979).

1979-1985 {w90do . am®egdosbo 3793smdwd 0. gg330l asdmygbgdomo dsmgds@ozols
0bl@o@g@ol @omgd@mmols Imseaomge LodgsbogMm—33mggomo dgdomools @smado, bmem
1985-2006 {eg0do ogm 0. 893799l aodmygbgoomo dsmgds@azols obli@o@n@ol @otgd@mmo ws
mdoobiols bobgemdfonm 9bogg®lodg@ols asdmmgmomo dsmgdo@aols jomgemols addag. ogo
b9ddegobgemows 0bligo@g@do d0dwabsty Lodgsbogm—33mgg00 Lodydomgols, Mmdemgons
gbgdmes  dsogds@a3gdo  godagols s 9fygg@o Gobols Igdobazols Lbgowslibgs  sdm(obgools
a03m3g3eggolis o avmgmgols, w@Mggeeo bomMgggools cgmMools $3m(30bgols, domgds@oyno
308030l B3emgog®oo 4sb@megdolismgols @MmMom sMsmm3de )M 83m30bgdls s Lbg. 2006-2009



42 Anniversaries September 2-9, Batumi, Georgia

V@98d0 ogm modoobiols Lobgmdfogm mbogg®lo@g@ol Lergmo 3Mmagglmdo. 2009 fwols
l9g&980Mo@sb 30 0g.xsg0b0dgomols Lobgemmools mdomoliols Lobgemdfogm 1bogg®liodg@ols
999M0@Il 3OMRglmE0s,

3Omg9lmMo @dgom amMeg8osbo 1963 [wowsb wwgdeg mdowmoliols kobgemdfogm mboggm-
Lo@g®do Joobymmdrs @qdi0g0l 3Omamadomgdslss @s asdmmgmon dsmgds@azsdo, dsmgds-
B3O Imegeogosdo, gmbdombocy®m sbomodls @ avdmmgmom domgdo@a3ddo, 39@dm-
{o3mgdnmosbo oggmgboscgmo avb@mmgogools sdmblbols Goigbgomo Igmmegols ws Lbgs
Logbgddo.

. amMegdosbds 1966 (ool w@sogs Lysbrows@m, bmemm 1981 fgamls Loemd@mdm
@olg®opos L3gEoo@mdon "asdmmgmomo domgds@ae” (dmlgmgols Lobgemdfogm 1bogg@®lo-
$930).  dobo  bgmddwgobgemmoom ImMIBorgdgmo s @oEgmos 17 Lyobros@m ©d 7
LoemgBmdm woligd@oies. 3MHmyglmmds ©.amMwgBosbds Imbofomgmds doowm IMsgswo
LogMmsdmmolm o1y dsegommdmogo  3mbamgliols,  LoddmBorgdols,  3mbggmgbiools,  lgmemols
mMaobodgdsolss s Bogomgdsdo asdmmgmomo dsmgdo@azols, dgdobazols, asmlims mgmmools,
30Mm©0bsdozols, dogbo@ydo JoeMmeobsdaiols, obgm®mds@aiol Lggmmdo (LsgHmsdmmolsm
JMbamglio  dsmgdo@azedo, TUTAM LoddmBondo o 6.9.). 3Omggbmto ©. ammegdosbo
Lbgoeslbgs @mmls dofggnmo oym dMogomo gagybols Lodgisbogtm—j3gemggom (59b@®do Ldengd-
oo 39@lgdols Foliggombom s Lsdgsbogm 333900l Bolis@omgdmor, 3mbamgligddo, jmb-
239096309000 ©@d  L0d3mMB09390do  Imbsfowmgmools oldgose.  ogo oMol 170-8g dg@0
Lodg(sbogm  Ipomaidpools, 4 adsdmambgdols (LLE3), 2 39@gb@ols (839, dggego0) s 3
dmbma@ogools  9g@mMo;  sMols  Ldobgobdm  §owgdols [9360;  LogMmsdmmolio  §owgdools
V9300 3md307@90m  393609M9090L0 @ Loligdgode; Lodsmmggmmls Lodbgoolidg@yggem
d9(3009Mg00m0 §30@gdools Lads@om 3MgBogb@o @ Lbgs; domgds@a3gdo gmbocmgdals Lotmg-
@ds0m gmegacols 9360, 3Mogomo LogMmsdmmolim amab@ols bgmddegobgmo ws d3geggemo,
Lbgoslbgs Lodgsbogmm s Ledmogmmdm xommmgdols, 3Modgdols, dgemgdols @s ©odcmdgdols
dgeamogeo.

3Omgglod ©sgon ammEgbosbols Lsdg3bogmm dmmgsfgmdal glsbgd. of Fomdmeagbo-
@05 Jsmgemomdo  9@08Mgdmo  dgsbogtols, asdmygbgoomo ©s addmmgmomo  dsogds@azols
1eoeglo L3gsoo@oli@ols, 930qdolgmls o, Lodsmlgols @obsliosomgds, Hmdgmoig gbgds 3Mmag-
Lot ©og000 amMegdosbols dg(3bogte Immgafgmosls. dogbgeogor 0dols, MmI 83 wsbslos-
0900l @dF9M0sb 2033970 JgMom@os adlnmo, dsls oM @o739Madgl magolo 360dgbgenmds
©, JoMomsese, mgmee soffgdl 3Hmaglmd ©sgom ammegdosbols dgbogmm dmegelgm-
00l @d dols dogh dowgomo dgegagdols dbodgbgemosls,

Logdomggmmml dsmgdsgazmbos  3ogdoMo,

030bg x0g5b0dgomols Lobgenmdols mdomoliols babgendfogm 1bogg®liodgols
ools g9zl Lobgenmools asdmygbgdomo dsmgds@azols obliGodn@o



2-9 lyg@gddgdo, dsorydo Bggbo ogd0@omgdo 43

HayuyHnasi xapakTepucTHKa padoT J0KTOPa GU3UKO-MATEMATHYECKUX HAYK,
npogeccopa [A.I'.I'opaesuanu

JI.I". Topae3nanu siBisieTCsl U3BECTHBIM CHEIMAINCTOM B 00JIaCTH BHIYHUCIUTEILHON U IPUK-
JaHOW MaTeMaTHKH, BHECIIUM CBOMMH TPyAaMU 3HAYMTENbHBIA BKJIAJ B HayKy. Ero paboTsl
MOCBSIIIEHBI PA3JINYHBIM aKTyaJIbHBIM BOIIPOCAM COBPEMEHHON MaTEeMAaTUKU — CO3/IaHUIO U 000-
CHOBaHUIO YUCJIEHHBIX aJITOPUTMOB, B TOM YHUCJI€ U SKOHOMHUYHBIX, JIS1 PELICHUS JINHEHHBIX U
HEJIMHEMHBIX 33]1a4 MaTeMaTu4ecKol (pU3MKH; UcCIeI0BaHUI0 MaTeMaTHYeCKUX Moiesieil miac-
TUH 1 obonouek M.H.Bekya; n3y4eHuto BOIpocoB KOPPEKTHOCTH HOBOT'O KJlacca HEKJIacchyec-
KHMX KpaeBbIX 3aa4 (HEJIOKAIbHBIX KPaeBbIX 3a/1a4) ONPEAEIEHHOTO BUIA U UX AUCKPETU3ALINN;
MCCJIEJIOBAHHUIO MTPOOJIEM MaTeMaTHuecKoro MojienupoBanus Ha OBM paznuunbix 3a1au puzn-
KW, XUMUHU, CTPOUTEIbHON MEXaHUKH, Ta3U(PUKAIIH, TBUKESHUS CEIEBBIX IOTOKOB U JP.

Pannue pa6ots! JI.I. T'opae3nanu nocBsieHbl KOHCTPYUPOBAHHUIO U UCCIIEIOBAHUIO KOHEY-
HOPA3HOCTHBIX CXEM, B TOM YMCJIE CXEM IOBBIIIEHHOW TOYHOCTH JUISl YMCICHHOIO PEILCHUs
HEKOTOPBIX HECTALIMOHAPHBIX JTMHEHHBIX U HEJIMHEHHBIX YpaBHEHUH MapaboInyecKoro TUIa Ha
Pa3IMYHBIX CeTKaX (MPSIMOYTOJIBbHBIX, pPOMOMUECKHX). B HUX ycTaHOBIIEHA CXOAUMOCTH IOCTPO-
€HHBIX PA3HOCTHBIX CXEM, MCCIIEOBAHA MX YCTOMYMBOCTb M TOYHOCTb. OJTHU HMCCIENOBaHUS
ABJISIIOTCS Pa3BUTHEM pe3yabTaroB akagemuka 1. E.Mukenanse, ojrydeHHBIX UM B ClTydae ypas-
HEHUS TETJIONPOBOIHOCTH.

B stot xe nepuon JI.I.Topae3nanu HavaTsl ucciae10BaHus B 0071aCTH SKOHOMHUYHBIX Pa3HOC-
THBIX CXeM (JIOKaJIbHO-0JHOMepHbII MeTox). Ero pabora 1965 rona, nocsieHHas uccieoBa-
HUIO JIOKAJbHO-OTHOMEPHBIX CXeM I TapaboIudeCcKUX YpaBHEHUN 2m-T0 NOPsIIKa, SBISETCS
(axTHueCcKu epBoii paboToN TaKOTO THMA, T/IE MTOKa3aHo, YTO Il yPaBHEHHH BBICOKHMX MOPSI-
KOB JIOCTaTOYHO OOILIEro BHU/IA pEelIeHNE CTIeUalbHON OTHOMEPHOU CUCTEMBI (a1 TUTUBHON MO-
JIeNIi) COBMA/IAeT B IIEJIBIX TOUKAX CETKHU 110 BpEMEHH C pelIeHHeM MHOTOMEpHOM 3aa4u. 37ech
e JaHO MOJIHOe 00OCHOBaHHWE YCTOWYMBOCTH U TOUYHOCTH JIOKAJIbHO-OAHOMEPHBIX CXEM JUIs
ypaBHEeHUH 2m-ro nopsiaka. O1a paboTa MpUBJIeK/Ia BHUMaHUE MHOTHUX HCCIeoBaTeNe, naB-
IIMX el BecbMa BhICOKYIO olleHKY (A.A. Camapckuii, H.H. fInenko), nurupyercs B padorax
psaa CrenuannucToB, B YaCTHOCTH, U B MOE MOHOTrpaduu.

Hano ormeTuts, uto nMeHHO niepBbie pabotsl /1.1 T'opae3nanu sBiIst0TCS OCHOBOIIOJIAraro-
IIMMH B Pa3BUTUH B [ py3uH Mcciaen0BaHUI TaKOro BaKHEMILIEr0 COBPEMEHHOIO HAIIPaBJICHUS
BBIUHCIUTEIPHOW MaTEMaTUKH, KaK UCCIIEJOBAHUE SKOHOMHYHBIX aJTOPUTMOB AJIS PEILICHUS
3a]1a4 MaTeMaTUYHCKOM PU3UKHU (JIOKaJIbHO-OJHOMEPHBIN METO/I, METOJ] APOOHBIX LIaroB, METO
JEKOMIIO3UIIMU, METO/I PACILEIUICHUs, METO/I IEPEMEHHBIX HAIpPaBICHUHU U T.1I.), OCHOBBI KOTO-
PBIX OBUIM 3aJI0KEHBI B pa0OTaX aMEpUKAaHCKHX M COBETCKHMX YUEHBIX B KOHIIE 50-bIX U Hayaje
60-b1x ronoB ([x. dyrnac, I'. Pexdopn, 1. ITucmsn, H.H. SIuenko, A.A. Camapckuii, ['11. Map-
9yK U Ap.).

B nocnenyromux padorax sroro nukia J.I. T'opae3nanu CTpoUIuch U UCCIEA0BAIUCH JIO-
KaJIbHO-OJHOMEPHBIE CXEMbI PA3JIUYHOIO THUIIA, CXEMbl PACHICIUICHUS I HECTALlMOHAPHBIX
MHOTOMEPHBIX JINHEHHBIX YPaBHEHHH B YACTHBIX TPOU3BOIHBIX C IEPEMEHHBIMU KO3 PUILInEH-
TaMH, a TaK)K€ HEJIMHENHBIX YpaBHEHUN TapabOIN4EeCKOTr0 U IMIepOOIMYECKOro THIIOB.
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HeoOxonumo otMeTuTh oiHy ocobeHHocTh psas padot [.I. lopaesnanu - uccnenoBanus
aITOPUTMOB B HUX BEIyTCS Ha aOCTPaKTHOM YPOBHE COBPEMEHHBIMU METOIaMU (PYHKIIHMOHAIIb-
HOTO aHaJIM3a, OJyYEHHbIE TP 3TOM PE3YJIbTaThl HOCIT KOHKPETHBIN 1 MPUKIIaTHON XapakTep.

B naneneitmem J[.I. Topae3uanu k pa3zpaboTke yHOMSHYTBIX BOIPOCOB MPHUBJICKAET MOJIO-
JBIX CIEIUAIMCTOB, Pa3padaThIBAIONINX Ha BEICOKOM HAyYHOM YPOBHE HEKOTOPHIE COBPEMEH-
HbIE TIPOOJIEMBI YHCIIEHHOTO aHAIM3a U MaTEMaTHUECKOTO MOJICIIMPOBAHHMS.

B 1968-72 ronax JI.I'. I'opae3nanu npeanousl SKOHOMUYEBIE aITOPUTMbI HOBOTO TUIIA JUIS
pEIICHUs HECTAIIMOHAPHBIX 33/1a4 MATEeMaTUIECKON (PU3UKH, HA3BAHHBIC UM «YCPEIHEHHBIMI)
MOJIEJISIMH, HA OCHOBE KOTOPBIX IIOCTPOEHBI M HCCIIEI0BaHbl CXEMBI MapajljiesibHOro cuéra. Pe-
3yJAbTaThl YKA3aHHBIX MCCIIEOBAHUN OBLIM YaCTUYHO JOJIOKEHBI Ha KOHIPECCe MaTeMaTHKOB
B Humie B 1970 rony (cm. moxiam A.A. Camapckoro «O paboTax Mo TEOpHH Pa3HOCTHBIX
cxem»). YacTh pesynpratoB onmyOnukoBana Bo ®@panmuu B 1971-72 rogax B mepuon padoThl
JI.I". Topaesuanu B Jlaboparopuu uncienHoro ananusa [laprmkckoro yHuBepcuTeTa moj pyKo-
BozactBoM akaj. XK.-JI. Jluonca. Dtu paborsl HeogHokpaTtHO nutupyrotcs (K.-JI. JInonc, P. Te-
Mam, B.JI. Makapos u ap.). YcpenHéHHbIe MOJIEIH WU aITOPUTMBI TapaJlIeIbHOTO CYETa CTalln
0COOCHHO aKTyaJbHBIMU C MOSIBIIEHUEM MHOTOIpoLeccopHbix DBM. OHM ycnemHo npuMeHs-
FOTCS U pEUIEHUs] KOHKPETHBIX MPUKIATHBIX 3a7a4 TEOPUU YIPYTOCTHU, TEOPUU IUIACTUH U
000J104eK, MAarHUTHOW TUAPOJUHAMHKY U T.1. OTMETUM, UTO paspermaroniue GopMyibl yepe-
HEHHBIX aIIUTUBHBIX Mojieie u cxeM J1.I". Topae3nanu siBIsitOTCS HOBBIMU, BBI3BIBAIOT OOJIBIION
TEOPETUUECKHUI MHTEPEC C TOUKH 3PEHUS TEOPUH MOTYTPYI, MOA0OHO N3BECTHBIM (opMyIaM
JIn-Tpotrepa-Karo-UepHoBa, 1 ux 000CHOBaHUIO B OOIMIUX (DYHKIIOMHAIBHBIX MPOCTPAHCTBAX
MTOCBAILIEHO MCCIIEJOBaHUE aMepHuKaHCKoro yuéHoro M. Jlanumayca.

Bbonwmioi nuki padot J.I'. T'opaesnanu mocBsImEH HCCIeI0BaHUIO TEOPUH IIJIACTHH U 000J10-
yek akanemuka M.H. Bekya, B yacTHOCTH, TOCTPOEHHOM HA €€ OCHOBE MaTeMATUYECKOU MOJIEIIN
IUTACTHH U 000JI0YEK, pa3paboTKe Ha OCHOBE UCCIIEOBAHUS €€ CTPYKTYPHBIX U Kau€CTBEHHBIX
CBOMCTB (pa3pelMMOCTh KPaeBbIX 3aJ1a4, TOYHOCTh YCEUEHHBIX MOJIECH U T.J1.) COBPEMEHHBIX
JUCKPETHBIX aJITOPUTMOB C LIEJIBIO peaiu3aliii KOHKPETHBIX IPUKIaJHBIX 3a1ad Ha DBM (ToH-
KHe 000JIOUKH, apOYHbIE TIIACTHUHBI U IPYTHE CTPOUTEIbHbIE KOHCTPYKIIMU). YKa3aHHBIA LUK
paboT ObLT HauaT Mo BIUSHUEM U pykoBoacTBoM akal. M.H. Bekya. Pesynbrarsl aTux uccieno-
BaHMi (1969-80 roap1) ObUIH T0T0KEHBI HA PAa3IMYHBIX MEKAYHAPOIHBIX U BCECOIO3HBIX (Popy-
Mmax u onyonukoBanbsl B JIAH CCCP B aByx crarbax (1974 1), a Taxke B Ipyrux >KypHajax.
Psin nokiiamoB mo Ha3BaHHOM TemaTHKe ObUT cienaH B [TapuKcKkoM HHCTUTYTE HHPOPMATHKHU U
aBTomMatuku B 1977 rony.

Pesynbrarel uccnenosanuii ['opaesnann no reopun M.H. Bexya nutupyrorcs MHOTHMH CIie-
IHAIMCTaMU, B TOM YHUCJIE B TpyAaxX U3BeCTHbIX MareMatnukoB @. Cespne, M. bepuany u ap.

Yacte pabdot JI.I. [opne3nanu mocesiieHa HEKOTOPHIM PoOIeMaM HEKIIACCHYECKUX Kpae-
BBIX 3aJ1a4, HalpuMep, HEJIOKaIbHOU KpaeBoi 3amade bumanze-Camapckoro (mepsas pabora
J.I". Topne3nanu omyonukoBana B 1970 roiy, Beien 3a coBMecTHO# pabortoit A.B. bunanze u
A.A. Camapckoro, onyoaukoBanHoU B 1969 1.). Pesynwrars! 1.1 [opae3nanu no HelOKaaIbHBIM
KpaeBbIM 337]auaM CTUMYJIMPOBAJIM HOBBIE UCCIIEIOBAHUS CIIEIMAJIMCTOB B 3TOM HaIlPaBICHUH U
[UTUPYIOTCSI MHOTHUMU aBTOPAMHU KaK B CTAaThsX, Tak U B MOHOTpadusx (padotsl A.B. bumanse,
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B.A. Unbpuna, B.A. Makaposa, b.I1. [Tanesx u ap.). Hekoropbie pe3ynabTarsl aBTOpa OBLIH
nonokeHbl Ha cemuHape JK.-JI. JInonca B Ilapmwxke (1977 r., MHCcTUTYT HHDOPMATUKHU U aBTOMA-
THKH).

B 1962 rony Ha xoHrpecce maremarukoB B Bapmase /I.I. 'opnesnanu cnenan noknazn oo
UCCJIEJIOBAHNH U METO/1aX YNCIIEHHOTO PEIIeHNs HOBOTO BU/Ia HEIMHEITHOTO ypaBHEHUS apado-
JIMYECKOTO TUIIA, BO3HUKAIOLIETO MPU MOJEIUPOBAHUU 3a1ad AUPPYy3Ud MarHUTHOTO TOJIA C
Y4ETOM TEIIONPOBOAHOCTU. Pe3ynbTaThl 3TUX MCCIEIOBAHUI HAILLIM IPAKTUYECKOE MPUMEHE-
HUE ¥ BHEIPEHBI B MHCTUTYTE aTOMHOM »Hepruu uM. W.B. KypuartoBa, B CyxyMcKoM (pu3HKO-
TEXHUYECKOM MHCTUTYTE.

Crnenyet OTMETHUTD, YTO U Ipyrue uccienoBanus, nposogaumsle J1.I. T'opaesnanu coBMecTHO
CO CBOMMH YYEHUKAMM U COTPYAHUKAMH, HAILLLJIU IPUMEHEHHUE B TEXHUKE, HAPOJHOM XO31CTBE
(pacuer pacrpocTpaHEHHs CEJIeBbIX IOTOKOB, PACUET M ONITUMHU3AIUS TEUECHUS T'a3a B TOPOJICKUX
CETSIX, TEIJIOBBIX YCTAHOBOK).

Hapsiny ¢ nayunoit pesrensHoctbio J[.I. Topae3nanu yuactByeT B paboTe MO CO3IAHHIO
CHELMAJIBHBIX CTPOUTENBHBIX MEXaHU3MOB U UMEET n300peTeHusl, 3anareHToBanHbleB CIIIA u
[IBeuuu.

I'epoit Conumanuctuueckoro Tpyna,
Jlaypear Jlenunckoii u ['ocynapcTBEHHOU MpeMUH,
aKaJeMUK A.A. Camapckuit
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Professor David Gordeziani — 75

Brief Biography of the Speakers: David Gordeziani in 1961 graduated from
Thilisi State University, Department of Mathematics and Mechanics. In 1961-1964 post-
graduate studentship; then he was junior research worker of A. Razmadze Institute of
Mathematics, Georgian Academy of Sciences (1964-1968); Senior scientific worker at I.
Vekua Institute of Applied Mathematics (1968-1969); Probationer of the Laboratory of
Numerical Analysis in the Paris University; head of the department of Numerical Methods
of I. Vekua Institute of Applied Mathematic; Supervised the scientific work of the depart-
ment in shell theory, meteorology, ecology, magnetic hydro-dynamics, computation and
optimization of gas pipelines, took part in special scientific works(1969-1979); Deputy Di-
rector of 1. Vekua Institute of Applied Mathematics (1979-1985) where he supervised the
Institute scientific-research works; in 1985-2006 director of I. Vekua Institute of Applied
Mathematics; head of Department of Computational mathematics of Thilisi State Univer-
sity; supervised the Institute scientific-research works concerning investigation and real-
ization of different problems of mathematical physics and mechanics of continuum media,
problems of the theory of elastic mixtures, nonlocal-in-time problems for some equations
of mathematical physics, mathematical models for computation of thermo-elastic state of
some energetic plants; full professor of Thilisi State University (2006-2009); from Septem-
ber 2009 Emeritus at the Iv. Javakhishvili Thilisi State University. Since 1963 till now
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read the lectures in programming and computational mathematics, mathematical mod-
eling, functional analysis and computational mathematics, numerical methods of partial
differential equations etc. at the Thilisi State University. In 1966 defended Ph.D. thesis
in specialty "Computational mathematics”. In 1981 defended a thesis for a Doctor of Sci-
ence (habilitation) degree in specialty "Computational mathematics” at the Moscow State
University. Supervised preparation and defences of 17 Candidate thesis and 7 thesis for
a Doctor of Science degree (habilitation). He participated in organization and holding of
many international, republic congresses, symposiums, conferences, schools on mathemat-
ics, computational mathematics, mechanics, theory of shells, hydro-dynamics, magnetic
hydrodynamics, informatics (International Congresses of Mathematics, Athens Interdis-
ciplinary Olympiad, IUTAM Symposium, etc.). Was invited to carry lecture courses and
scientific researches, participation in congresses, conferences and symposiums in scientific
centres of many countries. He is the author of more than 170 scientific publications, 4
inventions (USSR), 2 patents (USA, Sweden) and 3 Monographs; the member of the En-
gineering Academy of Georgia; the member of the International Academy of Computer
Sciences and Systems; the honorary president of Georgian Academy of Natural Sciences,
etc.; the member of editorial board of mathematical journals, supervisor and team mem-
ber in various international grants and owner of different scientific and governmental
awards, prizes, medals and diplomas.

Georgian Mathematical Union,

Ilia Vekua Institute of Applied Mathematics
of Ivane Javakhishvili Tbilisi State University
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Sergei (Sergo) Chobanyan — 70

The Chief Researcher of the Niko Muskhelishvili Institute of Computational Mathe-
matics of Georgian Technical University, Doctor of Mathematics Sergei (Sergo) was born
in Thilisi (Georgia) and graduated from the Faculty of Physics of Thilisi State University
in 1965. S. Chobanyan defended his Candidate dissertation in 1971 (Thilisi A. Razmadze
Mathematical Institute with major “Mathematical Analysis”, advisor: Professor (now
Academician) Niko Vakhania). He defended his Doctoral dissertation in 1985 at Moscow
V.A. Steklov Mathematical Institute with major “Probability Theory and Mathematical
Statistics”.

S. Chobanyan’s research area lies in the joint of Probability Theory and Functional
Analysis. He began in Georgia a systematic study of correlation theory of Banach space
valued stationary random processes. This was the main topic of his candidate dissertation.
Then he was interested in the problem of description of Gaussian distributions on Banach
spaces. He was solving this problem by use of the tools of summing operators and the
theory of vector valued random series. The results obtained in this direction, along
with the study of the problem of sum range of a conditionally convergent vector series
constitutes the basis of his doctoral dissertation.

S. Chobanyan is the author of more than 70 research articles and the monograph
(jointly with N. Vakhania and V. Tarieladze) “Probability Distributions on Banach spaces”
published in Russian in 1985 and in English in 1987. He was an invited speaker on many
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international mathematical conferences, a visiting professor in Poland, USA and Spain.
His results are well-known for specialists, and one of the elegant statements obtained by
him is named in literature as “Chobanyan’s Transference Lemma”.

The subject of Chobanyan’s current interest is one of the most exciting unsolved
problems of the function theory — the Kolmogorov Rearrangement Problem. Let us con-
gratulate him on the occasion of his 70-th birthday, and wish a good health and further
successes in mathematics and in his hobbies: chess and tennis.

Georgian Mathematical Union,

Niko Muskhelishvili Institute of Computational Mathematics
of the Georgian Technical University
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Quantum XX Chain with Interface
DioNYS BAERISWYL

Department of Physics, University of Fribourg, CH-1700 Fribourg,
Switzerland

The one-dimensional XY model plays a central role in the theory of quantum phase
transitions. This talk will present recent results [1] on the isotropic version of the model,
the XX chain - or rather ring - exposed to an inhomogeneous transverse field. Depending
on the field pattern we can model specific types of interfaces. In the step model the field
points down to the left and up to the right. Another type of interface is formed by joining
the ends of an odd-numbered chain subject to a staggered field. Various well-known
phenomena are found in these models such as proximity effects or Friedel oscillations.
Of particular interest are degenerate interface states which may serve as well protected
quantum bits.

References

[1] D. Baeriswyl and G. Ferraz, submitted to Phys. Rev. B.

Coshape Theory and its Applications
VLADIMER BALADZE
Shota Rustaveli Batumi State University, Department of Mathematics
Batumi, Georgia
email: vbaladze@gmail.com
It will be considered a construction of an abstract Coshape Category for an arbitrary
category and its co-dense subcategory. In particular, a topological Coshape Theory of

topological spaces and continuous maps will be developed. Some applications in the
(co)homology Theory will be given.
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On the Distribution of the Steinitz Functional

SERGEI CHOBANYAN!, SHLOMO LEVENTAL?

! Niko Muskhelishvili Institute of Computational Mathematics of the Georgian
Technical University, Thilisi, Georgia
2 Michigan State University, Department of Statistics and Probability,
East Lansing, USA

email: chobanyan@stt.msu.esu; levental@stt.msu.edu

For a natural number n let II,, be the group of all permutations of {1,...,n} and
Ty,...,x, be a collection of elements of a normed space X such that > 7 z; = 0. Then
there exists an absolute constant C' > 0 such that the following maximum inequality holds
for any collection of signs 64, ...,6, and any ¢ > O:

n n t
card{r € II,, : max I Z;IW@H >t} < Ceard{r €11, : max | ;xﬂ@ein > 5t

The inequality is un-improvable (the inverse inequality also holds for some other con-
stant) and generalizes well-known results due to Garsia, Maurey and Pisier, Kashin and
Saakian, Chobanyan and Salehi, and Levental.

Mathematical Modelling and Numerical Solution

of Some Problems of Water Pollution
and Filtration Problems of Liquids

DAviD GORDEZIANI

I. Javakhishvili Thilisi State Univesity
Thilisi, Georgia

email: dgord37@hotmail.com

Having improved in various fields of science and technology and liberalizing the man-
kind, using environment resources and more deeply interfering in the outer world, upset
the existing balance of nature. The earth ecosystem is being destroyed and research of the
ways of its rehabilitation is one of the most important tasks of the contemporary world.

Mathematical modelling and application of numerical analysis enables to forecast these
or those parameters of water quality via computer simulation and thus becomes possible
to control and manage the current processes. This is cost-effective and preserves expenses
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that would be needed for the arrangement and conduction of experiments, and sometimes
it appears to be the only way of studying relevant phenomena. Thus, mathematical mod-
elling of diffusion processes in the environment and investigation of pollution problems
is one of the most actual and interesting challenges of applied and computational math-
ematics. Therefore, all stages of mathematical modelling of that kind of problems are
being constantly improved, refined and in some cases even simplified.

In the current work there are shortly described several methods and prospective di-
rections of mathematical and numerical modelling that seem very promising and efficient
for further application and investigation of problems of quality control in water bodies
and filtration problems of liquids.

Namely there are considered

Part 1. certain linear non-classical problems for which issues of existence and
uniqueness of solution are investigated, and finite-difference and decomposition
methods are developed for their solution

Part 2. various finite-difference algorithms are constructed and investigated for
solution of nonlinear initial-boundary value problems describing filtration processes
of liquids.

Regarding the first part - big variety of non-linear mathematical models describing
pollution processes exist, but in the current work we only focus on linear mathematical
models describing pollution transfer or, more generally, pollution diffusion processes in
water streams.

The literature concerning the research of problems and questions of mathematical
modelling on the basis of classical equations of mathematical physics with classical initial-
boundary conditions is rather rich and vas.

In some works on mathematical modelling of admixture diffusion processes in various
environments, the authors have encountered a specific type of equations that until recently
were not used to describe the above mentioned processes. Such equations are known under
the name of “pluri-parabolic” equations. Theoretical issues and algorithms of numerical
solution of these types of equations with classical initial-boundary conditions are poorly
studied yet. Thus, the investigation of the mentioned problems has very substantial
theoretical and practical value.

It is also important to emphasize that in some cases during the process of mathematical
modelling of pollution problems we deal with initial-boundary value problems with non-
classical boundary conditions. Naturally the question of investigation of mathematical
problems comes up that are based on classical equations of mathematical physics with non-
classical (e.g. non-local) initial-boundary conditions. This problem has been addressed
by many authors. However, it should be noted that very few studies are devoted to the
numerical solution of such problems.
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Finally, mathematical models with non-classical equations and non-classical boundary
conditions are presented. Only a few papers deal with theoretical analysis and numerical
solution of such models.

In this part some mathematical models of the mentioned type are considered, are
carried out their analysis and for some of them and are suggested and studied respective
difference methods.

In the second part there are developed: explicit algorithms with variable step in
time; implicit schemes and corresponding iteration process; implicit, absolutely stable al-
gorithms, based on classical asymmetric schemes, which allow to make calculation process
explicit, but they are less accurate than classical ones; asymmetric averaged schemes are
constructed, by means of which calculation can be conducted in explicit way, but time and
space grid step have strong limitations; calculation algorithms are realized on computer.

Effective Hamiltonian for the Half-Filled
Spin-Asymmetric Hubbard Chain with Strong

and Alternating On-Site Repulsion
INNA GRUSHA, GIORGI JAPARIDZE

E. Andronikashvili Institute of Physics
[lia State University, Thilisi, Georgia

We derive an effective spin Hamiltonian for the one-dimensional half-filled spin asym-
metric ionic-Hubbard model in the limit of strong on-site repulsion. We have shown
that the effective Hamiltonian, which describes spin degrees of freedom of the initial lat-
tice electron system is given by the Hamiltonian of the frustrated and anisotropic XXZ
Heisenberg chain with an additional alternating three spin coupling term in the presence
of alternating magnetic field.

Homotopy Algebras in Topological Field Theory
TORNIKE KADEISHVILI

A. Razmadze Mathematical Institute of I. Javakhishvili Thilisi State University
Thilisi, Georgia email: kade@rmi.ge

In some versions of Topological (quantum) field theory various types of homotopy
(As, Loo, etc.) algebras or categories arise naturally. An important problem here
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is to recognize when these objects are weak equivalent. We are going to demonstrate
the criterion of such equivalence using the author’s minimality theorem. The suitable
obstruction theory will be presented also.

Continuous Homologies and Cohomologies
LEONARD MDZINARISHVILI
Georgian Technical University, Department of Mathematics
Thilisi, Georgia

email: l.mdzinarishviliQgtu.ge

It will be discussed basic construction and properties of continuous homologies and
cohomologies.
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090839 ©dyMHebmoom bloo JsMogowo sby Imbisgdmy  JeMormo  ob@gwgd@mowyo
330y g@gmo  Loliggdols Logrgmo gg@bools sagds, Mo, ogols dbMog, Jomorgmo  gbols
$9gbm@mandgdgemo sbdsbols Lorgmo Loliggdols sa908l j@mMe©gds.
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am35®03900l d9d7dsaggools 3Mmsglgon 1950-00b0 {gdowob dodwobstgmdls @o 83 3393900l

Jdgegase, gl 1dg@glo gbgdolimgols, 7339 oMligomodls dsmo momgdols lemo @gdbememandyg-
oo obdsbo. gl 0dsls bodbagl, Mmd JoMorgmo gbols @gdbmemandgogmo  sbdsbols g9m
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3997dsg900ls d9dmbgggodo, Egdbmemmandgdgemo  gbgdols 83 7339 OOl IMIwast  93mdsdo

Jotormo g9 d9dgdls 3pm@gtols 35§ oMmdmgdgmo 9bols @ggobegmo Lgodnlols dgbstmbry-
bgosls [1].

dmbligbgoolisls, Joorgmo gbols @gdbmemmandgdgemo sbdobols dqd9dsggoals 7339 asloggdow
Bodmysmodgdnmo dodbols gsmgomolifobgdom, [omdmgowaqgb Lbgs 9b90meb dgesmgdom Jom-
oo gbols @gdbmemandgools bogsbasdme w@sdowo bamolbols mgowmlohobme  w@sdowslsdy-

909 ddbomols s, olggg, bgegels 00 3HMdgdg08g, Mmdgmms aswsfyggGols astgdg gl
Loaobasdm Bsdmmbgbs ggMonmom w@sodwyggs.

@odtadigHs
[1] 3-3b938d9, 3.849079b0s, a.bobrys, ©.35kboMsdgomo, .50805b0dyg, b.gobobos, b.gbazedy,

0.hodgobodg, @.aq@molisdgomo, b.odsdg, 9.89M05dg0eo, Jomorgmo ob@gwgd@nowyo
330 g@amo Loliggdols 3mbl@mmotgools dodbgoo ©s Jomorgmo gbols [obsdy dwasto

Logmmbggdo, s0b.Bogmosgsls Lobgemools gbsmdgsbogigools 0bli@o@g@ols VI églidgoemo-
3360 30bggMgbs00ls ,,07bgdM0g 9bsms @sd7dsg90s” dslvemgdo, mdowolo, 2008, a3.23-
24/83.33-34.

Diffraction Problems on Periodic Metric Graphs
VLADIMIR S. RABINOVICH
National Polytechnic Institute of Mexico

email: vladimir.rabinovich@gmail.com

The main aim of the talk is the Fredholm properties of a class of bounded linear
operators acting on weighted Lebesgue spaces on infinite metric graphs I' periodic with
respect to the action of the group Z". We consider operators A on such graphs which
locally are usual pseudodifferential operators in the class OPS° on every open edge of the
graph, and in a neighborhood of the every vertex of I" the operators A are represented as
matrix Mellin pseudodifferential operators.

As applications we consider the integral operators on the graphs generated by the
diffraction problems on graphs imbedded in Z2.
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96900, Lowds gbdombocy®m ory 3Mgen3d@ge Loddmemmgols @sgodloMgdnmo Seaoos-
bmds o odgm, dmem [wgodo ab@gbliogmo dglfogmols Logobo asbes dsmo asdmygbgools
Ly3dome gomom Lggdmls asdm [1]. 7Mobam 9bgddo, Bggimgdmog, mmo Lobols (s3ogdo
a3bgegds:  Loabmdmogo (s3orgdo, HMIgmms hsbosgengds gMmo GgMmdom dgodwmgds @
d00ggmmools (s3morgdo (J3gdmom dsm hggb gafmegdo |, Logbmdmog dodeggtmoom (3gems-
@90ls’”), BMIgmos bogmor dglsdmgdgmos Gg@mdms Lslmrmo dodwggdmdols holsds. B8gdmom
s 9Momo  gbgdolivgob  asblibgoggdom Bggbls Bogd  dqlifogmomo  Mobam  339bEME@o
ogmmools 965do agbgwgds mmMo @Godols Jodwggmdols (3geswgdo: d) Logbmdmogo dodwggtmdols
(330©900, MMdgems bogmore Jglsdmgogmos GgMdms Lolimymo dodwggtmdgdols Bolids wo
0) dOmIMBo307o 30deg3mdols (33eorgdo, MHmIgmms bogmoe dglodmgogmos gmmdems-
0o Loligmo dodwggdmdgdols Holids,  aoMms sdols, 83 ogmools ,,@agls’’,  s@ligomdolss
@S Bmasemools  339bEMMYo0ls dSEan@O0sbmod oM sMols esgodlofgdgmo — olobo Mbam
M39MOGMMYO05. 89 MIGMOFMMYO0ls adsblisdrgms brgds dowgs gbysdols [2] [oMdmgommo
M39M@mMgools d9dm@ebols Mogombocymo Fglgdols Bosmbmdo, ol Logydggemdg nmobam
339b@MO@  0gm@0sdo  ©odFogdge odbs b d@dgols [3] dgeb@mtym  mgmmosdo
dogonmo dgegaqgools sboscmagdo.

bsdmhmdo dglirgmagdnmos Lodommggmmmls sdgsbogdm gmbeols a@msb@ols (D/16/4-120/11)
BoMa90do,

Qo gBsdgs

[1] Kutsia T., Theorem Proving with Sequence Variables and Flexible Arity Symbols.
In: M. Baaz and A. Voronkov, editors, Logic in Programming, Artificial intelligence
and Reasoning. Proceedings of the 9th International Conference LPAR 2002.
Volume 2514 of Lecture Notesin Artificial Inteligence. Springer, 2002, 278-291.

[2] Pkhakadze Sh.; Some Problems of the Notation Theory; TSU,1977; 195pp.
[3] o030 b.; LodMogemgoms ogmos; M 1965; 4534.



62 Plenary Talks September 2-9, Batumi, Georgia

On Boundary Value Problems in Circle Packing
ELiAS WEGERT!

TU Bergakademie Freiberg, Germany

In the lecture we pose and study a discrete counterpart of nonlinear boundary value
problems for holomorphic functions in the framework of circle packing. Though the clas-
sical problem was introduced in Bernhard Riemann’s thesis in a geometric setting, it has
later mainly been considered in the context of integral equations and operator theory,
and it took more than a hundred years until ideas from geometric function theory came
into play again. The translation of Riemann-Hilbert problems to circle packing is the
consequent continuation of this metamorphosis back to geometry.

We begin with an introduction to classical nonlinear Riemann-Hilbert problems and
sketch the fundamental of circle packing. In order to study the interplay of rigidity
and flexibility of ensembles of circles we put them in a framework of smooth manifolds.
This also provides access to a linear structure for advancing circle packing theory, and in
particular for studying various boundary value problems.

Finally we report on test calculations which show that solutions of the circle packing
Riemann—Hilbert problem approximate the classical solutions with surprizing accuracy.

The talk is based on joint work with David Bauer (Leipzig), Frank Martin (Freiberg)
and Ken Stephenson (Knoxville).

Lsupported by the Deutsche Forschungsgemeinschaft grant WE 1704/8-2
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Generalized Analytic Functions

GEORGE AKHALAIA, NINO MANJAVIDZE

I. Javakhishvili Thilisi State University
Georgian Technical University, Department of Mathematics

Thilisi, Georgia

email: giaakha@gmail.com; ninomanjavidze@yahoo.com

In present work some results connected with the theory of generalized analytic func-
tions are introduced. In spite of the fact that the problem of linear conjugation was
studied for the generalized analytic functions and vectors and the progress achieved in
research of elliptic systems, the connection between Riemann-Hilbert problem and elliptic
systems has not been noted until now. In our view this is a very important problem of
the theory of generalized analytic functions.

On the Relationship between Conditions
of Differentiability and existence of Generalized
Gradient

LERI BANTSURI

Akaki Tsereteli State University, Department of Mathematics
Kutaisi, Georgia

email: bantsuri@Qmail.ru

Below everywhere we will assume that n € N and n > 2.

For h € R™ and i € 1,n, denote by h(i) a point in R" such that h(i); = h; for every
j € 1,n\{i} and h(i); = 0. For i € 1,n, let L; be a hyperplane {h € R" : h; = 0}.

By II; (i € 1,n) denote the class of all sets A C R™ with the properties: AN L; =0
and the origin 0 is a limit point for A.

Let i € 1,n, A € II; and f be a function defined in a neighborhood of a point x € R™.
If there exists the limit limasy_o L (Hh)_hf_ @+h(@)  then we call its value the partial (1, A)-
derivative of f at x and denote it by Di,ZA f(z).

For an n-dimensional interval I = [}, [a;,b;] denote:l;(I) = b; —a; (i € 1,n) and
ri(I) = max;z (1) /L(I) (i € T,n).

A basis of gradient generating(briefly, basis) will be defined as an n-tuple A =
(Ay, ..., A,), where A; € II; for every i € 1, n.
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If for a basis A = (Aq, ..., A,) a function f has finite partial (i, A;)-derivative for every
i € 1,n at o then we will say that f has the A-gradient at z.

In the case A = (R"\ Ly,...,R"\ L,) the A-gradient is called the strong gradient
and was introduced by O.Dzagnidze [1]. In [1] it was proved that if a function f has the
strong gradient at a point z, then f is differentiable at x and the converse assertion is
not true. G.G. Oniani [2] constructed a continuous function f : R" — R such that f is
differentiable almost everywhere but f does not has the strong gradient almost nowhere.
The following generalization of this result is true.

Theorem. If for a basis A = (Ay,...,A,) there exist a sequence of n-dimensional
intervals (Iy)gen, @ € 1,n and o > 0 with the properties: limy_,o diaml, = 0, 0 is the
center of I, (k € N), limy oo 73(Ix) = 00 and |A; N Ii|/|1x| > « (k € N); then there exists
a continuous function f : R™ — R such that: 1)f is differentiable almost everywhere; 2)
mmh%w = 0o almost everywhere, and consequently, f does not has the
A-gradient almost nowhere.

References

[1] O. P. Dzagnidze, Proc. A. Razmadze Math. Inst., 106 (1993), 7-48.
2] G. G. Oniani, Mat. Zametki 77 (2005), no. 1, 93-98.

Idea of Complex Conjugacy in Differential Geometry.
Argument Variation Principle and Nevanlinna Type
Results for Conjugate Surfaces
GRIGOR BARSEGIAN
Institute of mathematics of the National Academy of Sciences of Armenia

email: barseg@instmath.sci.am

In this talk we introduce complex conjugate surfaces which, qualitatively speaking,
are those surfaces whose spherical (Gaussian) image is a Riemann surface.

Investigations of similar surfaces seem to be promising due to the following reasons.
On the one hand complex conjugate surfaces imply minimal surfaces. On the other hand
many “usual surfaces” can be decomposed into some parts which either are complex
conjugate or singular. Consequently the idea of complex conjugacy touches large classes
of surfaces.

It turns out that some classical results in complex analysis have corresponding coun-
terparts for complex conjugate surfaces: among them counterparts of argument variation



2-9 lyg@gddgdo, dsorydo bodrgomo ©@d 3mddemgdlydo sbowodo 67

principle and of the first and second fundamental theorems of Nevanlinna value distribu-
tion theory.

Classification of Hermitian Matrices with Their
Polynomial Invariants

NATELA CHACHAVA, ILIA LOMIDZE

University of Georgia, Physics Department
Thilisi, Georgia

email: chachava.natela@yahoo.com; lomiltsu@gmail.com

A method for classification of n-th order Hermitian matrices in terms of polynomial
invariants of the unitary group U(n) is proposed. The method allows to found whether
two n x n Hermitian matrices are unitary similar. The proposed set of invariants contains
complete information on the matrices eigenvalues as well as on the multiplicities and
separates the classes of equivalence — orbits of matrices. The minimal polynom of n x n
Hermitian matrix is presented in terms of the invariants proposed. Besides, it is found
the mapping of the invariants set on the set of inverse power sums of matrices eigenvalues’
multiplicities:

{tk(P)|tk(P) = iripik, k=1,2,.. } > {fk(r)\fk(r) = iri_k, E=1,2,.. } :

i=1 =1

and the explicit formula for the multiplicity of given eigenvalue is derived. There are
considered some examples which are important for quantum computing, e.g. separation
of SU(n) matrices orbits under acting SU(n) group, n = 4,5,6, and SU(2) @ SU(2),
SU(2) Q) SU(3) subgroups.
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The Representation of an Indefinite Integral with
a Parameter by Double Exponential Series

OMAR DzAGNIDZE!, IRMA TSIVTSIVADZE?

1 Andrea Razmadze Mathematical Institute of I. Javakhishvili Thilisi State University
Thilisi, Georgia

2 Akaki Tsereteli State University, Kutaisi, Georgia

e-mail: odzagni@Qrmi.ge; irmatsiv@gmail.com

For a 2m-periodic in each variable function f : R> — R which is integrable on [0, 27]?
let
f~ coo + Z Cmo€ ™ + Z cone'™ + Z Coym €I Y
Im[>1 In[>1 Im|=1,|n|>1

be the corresponding double exponential Fourier series.
Theorem 1. 1. For almost all x € (0,27 and all y € [0, 27]

. h
psinmsg Con my .Y
/ f(z, 7)dT = cooy + yhm E Cmpe e —hQ +2 E —e"2 smn§—|—
ma n
\m\>1 2 In|>1
c h sin m2
. Yy .
+2 lim E S pima pim o113 gin n§ - 2.
0 m=
Im[>1,[n[>1 2
2. For all x € [0,27] and almost all y € [0, 27|
k
LSinne
(t,y)dt = coox + 2 m3 smm +x hm cone™Wem2 — 2
Lk
Iml>1 \n|>1 2
c rsinnk
42 lim E fmn pim§ giny ging gin = - 2
k—0 2 ni

Im[=>1,|n[>1 2

Theorem 2. For almost all (z,y) € [0,27]? the following equalities hold:

: h k
1. coohk+ Z Cmioe””z (Qiy sin? mE + k sin mh) + Z Con ey (221: sin? n2 + hsin nk’)

Im|>1 In|>1

c . 4 mh + nk - h ) k
2 SR gimatiny g2 T 7 oimMTgin? ;m— — o™ gin?n—| =
2D { > > >

mn
[m|>1,|n|>1

= o(|h| + |k]), (h, k) — (0,0);
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Cm0 ima 2. 1 Con_ima in¥ o2 TV
2.yzﬁoe’m”sm2m——2 Z —e’m”emg&angSlnn%:0(|h|),h—)O;

|m|>1 |m|>1,|n|>1

Con . k Cmn imE . k . x
3. x E —Le™ sin® n— — 2 E T eMe™s sin® n—sinm= = o(|k|), k — 0.
n 2 2
In|>1 Im|>1,n|>1
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On the Metric Kernel and Shell Problem

SHADIMAN KHELADZE

Institute of New Technologies, Thilisi, Georgia

email: kheladzeshv@mail.ru

This report gives a survey of the results on finding a metric kernel and a metric shell
of sets of integrable functions whose Fourier series converge almost everywhere or in the
sense of a metric.

At the Tetrad Representation of the Lorentz Group

IL1A LOMIDZE, JIMSHER JAVAKHISHVILI

University of Georgia, Physics Department
Thilisi, Georgia

email: lomiltsu@gmail.com; j.javakhishviliQUG.edu.ge

Considering the Lorentz transformation as linear operator in pseudoeuclidean P"; ,_;
vector space

Af(g) = (5Zj+( —77_57”1@ _(77_6711;%”# ) = 0! +yB(rn? —nim) +(y=1) (17 —nin?), (1)
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we found its eigenvectors

1 ,
Xj = —=(m—ny), Y = —=(75 +n5), my, myn? =0,

¥ V2
and transform the operator to its canonical form:

M(B) = —my'my; — ma'ma; + (v = YB) XY, + (v +B) Y X
We use the notations in (1)-(3):

67 is the Kroneker symbol; v = (1 — f2)"/2,0 < f < 1,
Tiy Mgy My € Py 1, ™" = +1; min® = myymy' = maimy" = —1;
't =71mi" = rmet = 0; myme' = 0. nd = (n°, n*) € P"y,1, ete.

The latin indices take their values from set of integers 0,1, ...,n—1; the greek

ones - from set of integers 1,...,n — 1.
The dummy indices are used to denote corresponding sums.

It is established that the canonical basis gives the light front tetrad representation in P1473,
which is widely known [1]. The corresponding metric tensor gets the nondiagonal form.
We study a result of two consequently performed Lorentz transformations which is
known to be the Tomas precession and a boost combination. The correct consideration
of these effects is subject of discussions up to now [2]. The method developed is rather
clear and mathematically strong, so the results obtained give us possibility clearly derive

correct formulas.
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Liouville Theorems for the Systems
of Elliptic Equations
GEORGE MAKATSARIA

Saint Andrew The First Called Georgian University
of Patriarchate of Georgia

Thilisi, Georgia

email: giorgi.makatsaria@gmail.com

By means of Liouville theorem one of the fundamental principles of complex analysis
is illustrated. This gives us the possibility to define concretely the image of given com-
plex analytic function on whole complex plane (entire function) with a priori structure
(behavior) in the neighborhood of the point at infinity, e.g. power asymptotics.

Further generalization (extension) of indicated important result is the purpose and
subject of researches of many authors. These researches are done according to two direc-
tions. The main point of the first direction is to investigate more general functional classes
(e.g. general elliptic systems) instead of the classical analytic functions (Cauchy—Riemann
classical systems). The main point of the second one is to find the analogs of corresponding
classical a priori structure and to investigate its influence.

In this talk some well-known results with respect of above mentioned directions of
Stone, Carleman and Vekua as well as the results of our recent researches are presented.

a0am@s mbosbo, amao mgomgsdy
3o Tghgomols Lobgemdfogm 1bogg®liodg@o,
oL@ ©d Lodgbgoolidg@yggmm Igsbog@gdoms Ba3gemEgEo, d9m9dsGa3ol @gdemEsdgb@o
Jgosobo, Logomggeam

godgom D stols gdognmmgsbo wos §g C 3mddmgdlgd Loodeygdyg, bmemm LP(D)
(p>0) @9d980L Loghsgo, hP(D)—om s@gbodbmam D—do 3s0dmboremo gabdsogools dseo—mo-
Lols Log™

LodoMoemosbos d9degan ogmtgdgdo:

mamﬁ)aao . o0y U: D — R 3563mbogmo g1bgdi00 9300gmaamgdls Jommdsls grad U €
Ll(D), dsdob U € hl(D).
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mamﬁ)aao 2. o3 U:D — R 35M3mboymo g1bdi500 9390gmaoamqdls Jodmosls grad U €

LQ(D), 95dob sl gMogenmgob [Mgfomdg momddols yggemash asohbos Lolitrgmo 3ymbydo
8agomo f(0) = limg U(z) @ bfrgmegds d9dngao dommdgdo:
z=rel

1) fe L0;2x].
2) [1U(z)]do < 400,
D

2
3) omlgdmols M > 0 d7edogo, oligmo, GmI [f |f(0+h) — f(0)|2d8 < M|h| .
0

mgmigds 3. oy U: D — R 3s63mbogmo gbdios 9oymaomgdls JoMmdsl

/(1 — |2)*)(grad U)?do < +o0,
D
85306 U € h?(D).

m(‘]mﬁ)aao 4, oy U : D — R 35M3mboygmo  gabdis00  §398ymagomgols  Jommdosls

gradU € L%*(D), 3s30b gtognemgsb §ogfomBg mooddols yggmash, gotws dglisdenms
bamo @ggoemdols Lodmgomols, asshbos 3nymbamo 8wgsmo.

9l ogemegdgon FomImowagbab 9300gdngmls 1.3, bogmalgo dogd aolsgeno Loggnbols 60—0sb
V@98do dogdgmo Bmaogdomo dgegacls asbdmaswgdsls.

ao0aes mbosbo, o@ds fogfogody

390 Y9mgomols Lobgmdfogm 1bogg®dlodg@o
Jgomsabo, Logomggeam

sgebodbmo AP (p > O) 9Omggmmgsb A = {z c C : |z| < 1} {69do  sbo@odym
B9bds00m0  09Madobols Logsg, bmwmm HP-mo 3o 3sMwols Logtisg. Z(f)-00 swgbodbmo

39bgs00l brgengdols LodMagen.

oy f(z2) = > apz™ @ a >0, 3530b g3bdis090L:
n=0

—Q G F n (03 Oz n
D™f(2) = fia(z :ZFQ+1+H a2, Df(z) = flz) =) ——————Fa,2",

n=

3

d9lo0sdolor gfimegosm f gbdsools afogols FomowgmMo ob@ggamomo ws [omdmgdamo.
93303290 d9drgan mgmmgdgdo:
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mgodgds L ooy fe AP oo p > 1, 3930b (2) = bff(t)dt € HY, Vg € (0,1) wo

LodoMmmosbos gmmdyms f(z) = %(BSF), bowsy B oMol p-ols dglssdedolio  denosdiols

bodmogemmo, S Lobggemotgmo gmbdiso0s, bowmm F asthy gubdioss (S ©@d F s0ag0s
39bgs00ls Igdggmodom).

ogeo@gds 2. oy f € A2 (0 < p <1) @ a=1+[2p"], 8dob fio € H?,
@5 Lodsdmmosbos gmddyms  f(z) = DY(BSF), Lowsg B, S «d F dglodedolsow
Fomdmomagbab fia) Babdiool baywgools dgliedsdols denosthols bodMogeals, Lobyamstye @b-

Jsools @o adsty gbdiosls.
mgoegds 3. godgeo f € AP s p > 1. oy o, € Z(b) @ dobo xgBormdols
d5hg9bgogemo 39@os 9Mmdg, d5dob «, € Z(f) @5 olobo 93359mxgoegdgb deosdiols Jommdsls

o0

Z(l — |an]) < +o0.

n=0

mgmigds A, gogdgeo f € AP, 0 <p <1l ® a=1+ 2p7Y, oy a, € Z(b) s
dolio  xgMomools doBggbgdgemo Ig@os -89, 3sdob v, € Z(f) w@o dlgoo «, Goibggoo
83004mgoqdgb d@osdiols JoMmosls.

Divergence of Fourier Series with Respect to Systems
of Products of Bases
GIORGI ONIANI
Akaki Tsereteli State University, Department of Mathematics
Kutaisi, Georgia

email: oniani@atsu.edu.ge

It is proved that the feature of function systems being products of quite general type
bases is almost everywhere divergence of certain blocks (and consequently, almost ev-
erywhere divergence in Prinsgheim sense) of Fourier series in integral classes wider than

L(n* L)»([0, 1]").
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A Description of Behaviors of Some Phase Motions
in R in Terms of Ordinary and Standard
“Lebesgue Measures”

. T .
GocI R. PANTSULAIA!, G1vi P. GIORGADZE?

LT, Vekua Institute of Applied Mathematics, I. Javakhishvili Thilisi State University,
Discrete Mathematics and Theory of Algorithms, Thilisi, Georgia

2 Georgian Technical University, Department of Mathematics
Thilisi, Georgia
email: gogipantsulaia@yahoo.com; g_givi@hotmail.com

By using a technique developed in [1], we describe a new and essentially different
approach for a solution of the old functional problem (a) posed by R. D. Carmichael
in [2] (cf. p. 199). More precisely, under some general restrictions, we express in an
explicit form the general solution of the non-homogeneous ordinary differential equation
of the infinite order with real constant coefficients. In addition, we construct an invariant
measure for the corresponding differential equation. By using the structure of the "Fourier
differential operator” in R*°, we give a certain approach for a solution of an initial value
problem for a special class of linear and non-homogeneous partial differential equations
(with constant coefficients) of infinite order in two variables. Also, we describe behaviors
of corresponding dynamical systems in R> in terms of ordinary and standard "Lebesgue
measures” [3].
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On Cantor’s Functionals
SHAKRO TETUNASHVILI
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We denote the trigonometric system defined on [0,1] by T = {t;(7)}2,, where
to(T) = 1, ta;_1 (1) = V2 cos 2miT and to;(1) = v/2sin 2miT, i = 1,2,... .
Let consider a trigonometric series

Z ait; (7). (1)

i=0
Definition 1. We say that a function f(7) belongs to the class J(T") if there erists
a series (1) such that equality > a;t;(T) = f(7) holds true for any T € [0, 1].
i=0

It is well-known that there exists such trigonometric series, that their sums are not in-
tegrable functions in the Lebesgue sense. On the other hand, the uniqueness of coefficients
of everywhere convergent trigonometric series follows from Cantor’s theorem.

Definition 2. We say that a sequence of functionals {G;(f(7))}2, is Cantor’s func-
tionals sequence if for any function f € J(T) and for every i =0,1,2,... the equality

a; = Gi(f(7))
holds.

We consider a double trigonometric series

> aiti)t(2). (2)

=0 7=0

The convergence of the series (2) will be understood as Pringsheim convergence.

Let as consider a finite function F(xy,z5), where (x1,25) € [0,1]2. The symbol
G?(F (1, 72)) means that G; acts on a function F(zy,zs), where only x5, € [0,1] is an
independent variable and x; is a fixed point of the set [0,1]. Also, F(xy,x5) € J(T") for
any z1 € [0,1] and G} (f(z1)) = G;(f(x1)). We established that it is possible to calculate
coefficients of convergent series (2) by iterated using of Cantor’s functionals. Namely, the
following holds true

Theorem. Let

Zzazjti(l‘l) . tj(ftg) = F($1,9U2),

=0 7=0
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when (x1,29) € [0,1]2. Then for every (i,7) > (0,0) an equality
CLZ'j = Gzl (G?(F(.Tl,xz)))
holds.

Boundedness of linear operators from generalized

grand Lebesque spaces to generalized grand Morrey
spaces

SALAUDIN UMARKHADZHIEV
Chechen State University, Grozny, Russia

email: umsalaudin@gmail.com

Let 1 <p<oo,0< A< 1, QC R"and w be a weight function on 2. The norm in
generalized grand Lebesque space LP)(Q, w,) is defined as follows

1

||fHLP)(Q,wa) ‘= sup ep—¢ ”f”LP_E(Q,waE)u
O<e<p—1

where a a non-negative function on 2.
The classical weighted Morrey space is denoted by .ZP*(Q, w) and is endowed by the

norm
1

€ p—¢
pA(Qu) ‘= SU — P=w(y)d ,
Hf“f A (Q,w) e 7?>0 <|B(l’ 7”)| /B(g”) |f<y)’ (y> y)

where B(z,r) ={y € R": |y — x| <r} and E(x r) = B(z,r)NQ.
The generalized grand Morrey space ZP)*«(Q, p) consists of functions f which have
the finite norm

||f||i”p)’>‘a(fl,wa) = . sSup 15p €||f||f/1’—5af\+af(ﬂ,wa5) < 00,
<e<p—

where « is a real number and «a is a non-negative function on ).

A 1—A
If a € LP AP (Qw), —— < a < ——, then
p p

LPAQw) C LPA(Qw,) C LPEME(Q waf), 0<e<p— 1.
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Theorem. If
T : LP(Q,w) — LPMNQ w)

is a bounded linear operator and
T : LP750(Q, wa™) — LP=e0AT00(Q) qpa0)
is bounded for some ¢y € (0,p — 1) and some o € R, then the mapping

T : LP(Q,w,) — L7 (Q,w,)

A 1—-A
is bounded for all —= < a < —= a € ZLP P(Q w).
p p
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Morava K-Theory Atlas for Finite Groups
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Let finite group G is already known to be good in the sense of Hopkins-Kuhn-Ravenel,
that is, K (s)*(BG) is evenly generated by transferred Euler classes. Then even if the ad-
ditive structure is calculated the multiplicative structure is still delicate task. Moreover
even if the multiplicative structure is already determined by representation theory, or G
has exact Chern approximation in the terminology of Srtrickland, then the presentation of
K (s)*(BG) in terms of formal griup law and splitting principle is not always convenient.
In this project we work out in the explicit form the Morava K-theory rings for various
p-groups, for instance nonabelian 2-groups of order 64 from the Hall-Senior list. Previ-
ously it was known by Schuster and Yagita that the Morava K-theory ring K(s)*(BG)
for the groups under consideration [1,2] is evenly generated and [3,4] is generated by
transferred Chern classes. We consider various 2-groups and in this way we check if all
2-groups of order 64 are good and if their Morava K-theory rings are already determined
by representation theory. For the generating relations we follow certain plan proposed
in our earlier work and proved to be sufficient for the modular p-groups and 2 groups

D7SD7QD7Q7G387"'7G41 [17273a4]
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On Homology and Shape Theories of Compact
Hausdorff Spaces
VLADIMER BALADZE
Shota Rustaveli Batumi State University, Department of Mathematics
Batumi, Georgia
email: vbaladze@gmail.com

The functors having main properties of classical homology and cohomology, shape and
coshape functors are essential in algebraic topology and Geometric Topology ([3], [4]).
Systematically is increasing their number and role in the process of the reach of various
problems of modern topology.

Let X be a compact Hausdorff space. Consider the set of all finite partitions of X ([2]).
For each partitions a = {Fy, F5, ..., Fy,} of X consider open swelling u = {Uy,Us, ..., U,}
of closed covering a = {Fl,ﬁ_’g, .. .,Fn}. The set A of all pairs A\ = (o, u) defines the
Chogoshvili inverse system CH (X)) = { X, pax, A}, where X, is the geometric realization
of the nerve N (uy) of covering uy = u and p,y is the geometric realization of simplicial
map myyv : N (uy) = N (uy) induced by the refinement of o’ into .

Let py : X — X\, A\ € A be the canonical map. The morphism p ={[p,]} :
X — CH(X) is called the Chogoshvili expansion of X. The usual Chogoshvili con-
struction yields the functor Ch :Comp — pro — CW which induce the functor Chyaps :
Comp,,,,s — Pro — CW ;¢ of mapping categories. Using the Chogoshvili inverse sys-
tems instead of resolutions, Cech and Vietoris inverse systems the shape, strong shape and
strong extension shape theories and their (co)homology invariants of compact Hausdorff
spaces will be investigated. In particular, our main aims are:

1. Development of shape, strong shape and strong extension shape theories;

2. Construction and investigation of extraordinary homology theory of compact Haus-
dorff spaces, which is extension of Boltyanskii—-Postnikov—Puppe homology theory of finite
CW-complexes ([1], [6]);

3. Investigation of conjecture: A homology theory { H,, 0} on the category of compact
Hausdorff spaces is strong shape invariant if and only if it satisfies the strong excision ax-

iom:(SE) for each compact Hausdorff pair (X, A) the quotient map p : (X, A) — (X/A, >x<>
induces isomorphism (cf. [5]);
4. Definitions of concepts of the shapes and strong shapes of maps;

5. Constructions of long exact sequences of maps for homotopy and (co)homology
pro-groups and groups.
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On Normal Homology and Cohomology Theories
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The normal Cech cohomology and the normal Cech homology theories based on all
locally finite normal open coverings of spaces where constructed by K. Morita [4].

In this paper we define the normal Alexander cohomology groups and the normal
Vietoris homology groups in terms of direct and inverse limits of the simplicial cohomology
and homology groups of the Vietoris complexes of the space indexed by the set of all locally
finite normal open coverings, respectively. The main aim of our paper is to discuss, from
a naive viewpoint, the Eilenberg-Steenrod axioms [8] for these cohomology and homology
theories. The following theorems are the central results (cf. [1-4], [6], [7]).

Theorem 1. The normal Alexander cohomology theory on the category of topological
pairs with nonempty, normally embedded subspaces satisfies the relative homomorphism
axiom, the wedge axiom and all the Filenber—Steenrod axioms.

Theorem 2. The normal Vietoris homology theory on the category of topological pairs
with nonempty, normally embedded subspaces satisfies the relative homeomorphism axiom,
wedge axiom and all the Filenberg—Steenrod axioms except for the exactness axiom.

Theorem 3. The normal Cech cohomology groups and the normal Alexander coho-
mology groups are isomorphic.

Theorem 4. The normal Cech homology group and the normal Vietoris homology
groups are isomorphic.

These cohomology and homology theories are shape invariant ([3], [5]). Besides, will
be discussed the uniform finite-valued (co)homology versions of constructed theories.
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Molodtsov initiated the concept of soft sets. Shabir and Naz [2] firstly introduced
the noton of soft topological which are defined over an initial universe with a fixed set
of parameters and showed that a soft topological space gives a parameterized family
of topological spaces. Also they obtained some interesting results for soft separation
axioms.Theoretical studies of soft topological spaces have also been by some authors.
In these studies the concept of soft point is given almost samely. Consequently, some
results of classical topology are not valid in soft topological spaces.In the present study,
we introduce the concept of point to the theory of soft set. According to this definition,
we investigate some basic notions of soft topological spaces. Later we give T;— soft space
and the relationships between them are discussed in detail. The separability in these
study is compared by others separability. Finally, we investigate soft compactness, soft
local compactness, soft paracompactness and some of its basic properties.
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The spectral and the strong homology groups H,(f;G) and H,(f;G) of continuous
map [ : X — Y were defined by V. Baladze [2] and A. Beridze [3] respectively. As it is
known in the classical case for each compact Hausdorf topological space X the spectral
and the strong homology groups are connected by following formula:

0— lim'H,1( Xo;G) = HL(X;G) = H,( X;G) — 0,

were X is inverse limit of inverse system of polyhedra X= (X,,p,./-A) [4], [5], [6]. In this
report we will show that for each continuous map f : X — Y of compact metric spaces
there exists the short exact sequence:

0— lim'H, 1 (f;G) = H,(f;G) = Hy( f;G) — 0,
were f = limf, [1]. Besides, we will give the example of the map f : X — Y for which
lim' H,, 1 ( fo; G) # 0 and therefore H,(f; Q) # H,( f; Q).
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Solution Bitsadze—Samarski Problem for
the Helmholtz Equations with Mathcad
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Let the domain G be a rectangle, G = [0, 1] x [0, 1], - be the boundary of the domain
G,0<zo<1l, v={(ry) :0<y<1}, y={(L,y):0<y <1}, a,be L,(G), p> 2,
0 < q € Ly (G). In the domain G we consider the following Bitsadze-Samarski boundary
value problem [1] for Helmholtz Equation:

e T mu=b), )G,
u(z,y) =0, (z,y) €I\, (2)

u(l,y) = ou(we,y), 0<y<1, o>0.
For solving the problem (1), we consider the following iterative process [2]

82 ukJrl 82uk:+1

0x? + Oy?

—q(x,y)uk+1=b(x7y), (ZE,y)EG,

W (z,y) =0, (z,y) €T\, (3)
uF T (1 y) = ou (zo,y), 0<y<1, o0>0 k=0,1,2,....
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For each k € N, problem (2) is a Dirichlet problem. For the numerical solution of
the Dirichlet problem built-in functions was used relax(a, b, ¢, d, e, f, u, rjac) on
Mathcad [3]. In particular, for the Helmholtz equation coefficients are a; ; = b;; = ¢;; =
dij =1, ei;=—4—¢q;

The iterative process in Mathcad was recorded by means of a software unit. The
results of numerical solutions are presented graphically.

References

[1] A. V. Bitsadze and A. A. Samarski, On some simplest generalizations of elliptic
problems. (Russian) Dokl. AN SSSR 185 (1969), No. 2, 739-740.

[2] D. G. Gordeziani, Methods for Solving a Class of Nonlocal Boundary Value Problems.
(Russian) Thilis. Gos. Univ., Inst. Prikl. Mat., Thilisi, 1981.

[3] D. V. Kiryanov, Mathcad 14. (Russian) St. Petersburg.: BHV-Petersburg, 2007.

Centered Configurations of Open Linkages
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We present results concerned with three classes of configurations in the planar moduli
space M(L) of an open polygonal linkage L. Recall that the planar moduli space of
an open linkage with k links is a compact smooth manifold diffeomorphic to a (k — 1)-
dimensional torus T%~!. A configuration V of linkage L is called aligned if all vertices lie
on a straight line; cyclic if all of its vertices lie on a circle; tangential if all of its links are
tangent to one and the same circle. The class of centered configurations is defined as the
union of the three above classes.

The reason for the term “centered” is that with each configuration of the first two types
one can naturally associate a center (circumcenter P(V') or incenter Q(V'), respectively)
while for an aligned configuration one can informally imagine that its center is a point “at
infinity” (in other words, in this context we consider a straight line as a “circle of infinite
radius”). Let C'(L) (T'(L)) denote the subsets of M (L) consisting of all cyclic (tangential)
configurations. Sending a centered configuration to its center gives two natural mappings:
P from C(L) to the plane and @ from T'(L) to the plane.
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A big part of our results is concerned with describing the images of these two mappings
for various classes of open linkages. In particular, we present a complete solution of this
problem when the number of links k£ does not exceed four.

Moreover, we establish that the set QC(L) of all quasicyclic configurations is one-
dimensional and give conditions which guarantee that this this set is a smooth submanifold
of the moduli space M (L). We also establish that the set T'(L) of tangential configurations
is two-dimensional and give conditions which guarantee that its interior is a smooth
submanifold of M (L).

Finally, we define two differentiable functions, s (spread) and A (oriented area) on
M(L), such that the critical points of s are the aligned configurations, and the critical
points of A are certain cyclic configurations satisfying an additional geometric condition.
We also give exact lower and upper bounds for the number of critical points on the set of
all open linkages with £ < 4 links.

Abelian and Nilpotent Varieties of 2-Step Nilpotent
Power Groups
TENGIZ BOKELAVADZE

Akaki Tsereteli State University, Department of Mathematics
Kutaisi, Georgia
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We study the relationship between free groups of a given variety for various rings of
scalars. Varieties of abelian power groups are described. Besides, in the category of power
groups we give various analogues of the notion of an n-step nilpotent group and prove
their coincidence for n = 1;2. It is shown that the tensor completion of a 2-step nilpotent
group is also 2-step nilpotent. When defining the varieties of power groups we follow the
standard scheme [3]. It should however be said that the investigated case es- sentially
differs from the classical case. Firstly, the notion of a variety is considered depending on
a ring of scalars. Secondly, a verbal subgroup is not generated, generally speaking, by the
meanings of words defining a variety. However the tensor completion functor relates the
variety layers with respect to various rings of scalars.
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The paper deals with lattice isomorphisms of 2-nilpotent Hall W-Power groups and
Lie algebras. The main definitions and notation are standard and can be found in [1-2]
for W-power groups and in [5] for Lie algebras.

Proposition. A 2-nilpotent W-group X generated by two torsion-free elements xy, xo
is a free nilpotent W-group if and only if the W-subgroup < [x1,xs] > is torsion-free.

A free 2-nilpotent W-group generated by two elements is denoted by €2.In the general
case not every lattice isomorphism f : L(X) — L(Y)is induced by an isomorphism or
implies an isomorphism. The following theorem is true.

Theorem 1. Let X and Y be torsion-free 2-nilpotent W -power groups over the rings
Wi and Wy |, respectively. If X # Q , then Wy Z W5 and X 2Y.

Remark. If we discard the condition X # €2, then the theorem is true provided that
Wy =W,;.

Theorem 2 (fundamental theorem of projective geometry for W-power groups). Let X
andY be W -power groups defined over the principal ideal domains Wy and Wy, respectively;
f:L(X) = L(Y) be a lattice isomorphism. If X is a proper 2-nilpotent W -power group,
then there exist an isomorphism o : Wy — Wy and a o-semilinear isomorphism p: X —Y

such that p(A) = f(A) holds for every subgroup A C L(X).
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Torsion Tensors of Pure [[I-Connections
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Let S be a torsion tensor field of pure II—connection V. We have following results:

1. The I1—connection V is pure if and only if the torsion tensor of V is pure.

2. The pure torsion tensor field of the Il—connection V is a real model of the hyper-

complex torsion tensor of hypercomplex connection V.

3. A torsion-free 11— connection V is always pure.
* * * U ou
4. If V is a torsion-free I1—connection, then ¥V with components I, = T,,€s 5 @
torsion-free connection.
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Some Regular elements, Idempotents and Right
Units of Complete Semigroups of Binary Relations
Defined by Semilattices of the Class Right Side
Incomplete Nets
YASHA DIASAMIDZE

Shota Rustaveli Batumi State University, Department of Mathemathics
Batumi, Georgia

email: diasamidze ya@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 Xin
the semilattice D. To each such a mapping f we put into correspondence a binary relation
oy on the set Xthat satisfies the condition oy = (J, .y ({2} x f (x)). The set of all such
af(f: X — D) is denoted by By (D). It is easy to prove that Bx (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.

Definition 1. Let N,, = {0,1,2,...,m} (m > 1) be some subset of the set of all
natural numbers; s, k, ¢, p are some natural numbers and 1 < ¢g<s—1, 1 <p<k—1.
A subsemilattice

={Ti; CXlieNs, € Ne}\{Tojlg+1 <7 <s—1;p+1<j <k-1}

of the complete X —semilattice of unions D is called right side incomplete net which
contains two subsets Ql = {TOU, Tl(), ce ,Tso}, QQ = {Too, T01, e ,T(]k} and satisfies the
following conditions:

______ a) T()()CTmC"'CquandTo()CTQlC"'CTQk;

<>' " b) Q1N Q2 = {Two} ;

<> ‘ c) Ty # Ty if (r,t) # (i, );

d) the elements of the sets ()1 and @)y are pairwise noncom-
<> ‘ parable;
% e) T;; UTyy =Ty, if r = max{i,7} and t = max {j, j'};
T Note that the diagram of the semilattice D is shown in Fig. 1.
Fig. 1

In this paper, we investigate such a regular elements aand idempotents of the com-
plete semigroup of binary relations Bx (D) defined by semilattices of the class right side
incomplete nets, for which V' (D, ) = Q. Also we described right units of the semigroup
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Bx (Q). For the case where X is a finite set we derive formulas be means of which we can
calculate the numbers of regular elements, idempotents and right units of the respective
semigroup.
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EKA ELERDASHVILI, MAMUKA JIBLADZE, GIORGI KHIMSHIASHVILI

Georgian Technical University, Department of Mathematics
Thilisi, Georgia

email: eka.elerdashviliQyahoo.com

We investigate cyclic configurations of planar polygon and relate them to the topol-
ogy of moduli space of the corresponding polygonal linkage. The main attention is given
to quadrilateral and pentagon linkages. For a nondegenerate quadrilateral linkage, we
prove that cyclic configurations are critical points of the signed area function on moduli
space and their number is determined by the topology of moduli space. Moreover, cyclic
configurations are critical points for the function defined as the product of lengths of two
diagonals. For nondegenerate pentagon linkages, it is established that cyclic configura-
tions are again critical points of the signed area function but the number of critical points
is not determined by the topology of moduli space.
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Properties of the Certain Centro-Symmetric
Matrices Similar To The Unit Matrix

LiANA KARALASHVILI, KETEVAN KUTKHASHVILI, DAVID KALANDARISHVILI

University of Georgia
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liana.qaralashviliQyahoo.com

Among diversity of difference schemes it is worth to emphasize the method without
saturation based on the approximating formula of Sh. Mikeladze, which was applied to
solve the boundary value problem for quasi-linear partial differential equations of elliptic
type. As a model boundary value problem for the Poisson equation in the rectangle in
combination with the method of lines was considered. This approach gave a system of
ordinary differential equations along m-1 lines parallel to the x-axis with matrices and

AU" + h2MU = F,

where M is a centro-symmetric three-diagonal matrix of the second order difference and
a centro-symmetric matrix A which behaves as a unit matrix. There are given theorems
which prove that nonsingular centro-symmetric matrix has m-multiple unit eigenvalue.
For this purpose there are constructed transformation matrices, which reduce matrix

[ mrny]™ : .  Lemy]™ .
Amy1 = |a;; to the lower triangular matrix Ly,+1 = |l;; with the following
1 1
elements
(i—j+1) L
Jm+1) ai—jj+1,1, (P
il - [
0,7 <7, Vi,j=1,m+1
i z+1

and al(-;n) = //lj(-m)(t)dtdz,
i—1 z

where lj(.m) (t) are Lagrange fundamental polynomials.
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in Euclidean Spaces
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Let D be a point-set (finite or infinite) in the n-dimensional Euclidean space R™. We
say that this D is a quasi-Diophantine set if the distance between any two points from D
is a rational number.

Investigation of the combinatorial structure of various quasi-Diophantine sets in Eu-
clidean spaces is a rather attractive and important topic. Properties of various quasi-
Diophantine point systems are considered in many works (see, for example, [1]-[3]).

Let X be a finite point-set in the Euclidean plane R2.

We shall say that a line segment [ is an edge of X if there exist two points from X
which are the end-points of [. This terminology is compatible with graph theory.

Take any four points z, y, z and ¢ from X such that the intersection of the line segments
[z,y] and [z,t] is a singleton. The family of all singletons obtained in this manner will
be denoted by I(X). Note that if X contains at least three points, then X C I(X). We
shall say that a line segment [ is admissible for X if its end-points belong to I(X) and
there exists an edge of X containing .

Theorem 1. Let X be a finite quasi-Diophantine set in the space R™. Then the length
of each admissible line segment for X is a rational number.

In particular, if the points of a quasi-Diophantine set {a,b,c,d} are the vertices
of quadrangular in R" and [a,b]()[c,d] = {z}, then the set {a,b,c,d,x} is a quasi-
Diophantine set, too.

Theorem 2. In the Fuclidean plane R? there exists a pentagon X which is a quasi-
Diophantine set but for which I(X) is not quasi-Diophantine.
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On One Hypothesis of Moskalenko
TARIEL KEMOKLIDZE
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In theory of abelian groups and modules it is important to establish the condition,
when founded endomorphism (automorphism) which maps one of the elements of group
to other one. One of this condition is fully transitivity (transitivity). A. I. Moskalenko
took the hypothesis into consideration according which cotorsion hull of separable p-group
A will be fully transitive only two cases: when A direct sum of ciclyc p-groups or torsion
complete group. In the talk given some thesis are in faviur of this hypothesis.

30633@0 3366015 Bodg\n'{]ﬁ)ogb ‘38'{](;@86'3;@0 15015@83015
‘381561383 851\*)0(1315'36)0 15036)(3015 B@ﬁ)';}j@’aﬁpcﬂj 3;]0068
mmbaoﬁ%maogmabnoﬁ aﬁpoliod'{]mﬁm3 3033615066@83‘30

M579b  badymdabos
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Jyosabo, Lodommggem
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Morse Functions on Shapes of Linkages
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We discuss several Morse functions on the so-called planar shape space of a polygonal
linkage. Recall that a k-bar linkage L(a) is defined by a k-tuple of positive numbers a
called its gauge. We will consider both open and closed linkages defined by a given gauge.
A planar realization (configuration) V' of an open k-bar linkage is an ordered (k4 1)-tuple
of points v;,7 = 1,...,k + 1 in the Euclidean plane such that, for each ¢ = 1,... k&, the
distance between v; and v;,; is equal to a;. A planar realization of a closed k-bar linkage
is defined similarly but additionally requires that vx,; = v;. The shape space S(L) of
(open or closed) k-bar linkage L is defined as the factor of the set of planar realizations of
L by the diagonal action of the group G of orientation preserving isometries of the plane.

Any G-invariant function on the set of realizations gives a function on the shape space.
For any (open or closed) k-bar linkage the function A on S(L) is defined as the oriented
area of the polygon determined by vertices v;. For an open linkage, we define the function
s (spread) on S(L) as the distance between the first and the last vertices. For a closed
linkage, we define the function E (electrostatic potential) on an open dense subset X (L)
consisting of realizations V' with pairwise distinct vertices, as the sum of inverses of the
lengths of all diagonals of V.

For a generic gauge a, the shape space is a compact differentiable manifold so one can
speak of differentiable functions on it and each of these three functions is differentiable.
Hence one can consider their critical points which will be in the focus of our discussion.

The following results obtained in our recent papers will be presented. We will describe
the critical points of A and s in the shape space, show that they are generically non-
degenerate in the sense of Morse theory, and give explicit formulas for Morse indices. For
these two functions, we will also give exact lower and upper bounds for the number of
critical points on the shape spaces of k-bar linkages.

The electrostatic potential E is also a Morse function on S(L(a)) for a generic gauge
a. For k < 5, we will give lower and upper bounds for the number of its critical points
and discuss their connection with the so-called Maxwell conjecture on point charges.
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Continuous Hu Cohomology
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In [1],[2], S.-T. Hu defined the continuous cohomology H} (X, G) of an arbitrary space
X, where G is R (R is the real numbers field) or finite-dimensional vector group with
Euclidean topology. He proved that if X is a compact Hausdorff space, there is an
isomorphism H*(X,G) ~ H (X,G), where H is the Alexander-Spanier cohomology
([1, Theorem 5.1], [2, Theorem 6.6]). In [3], the partially continuous Alexander-Spanier
cohomology E*(X , G) with coefficients is defined in an arbitrary topological abelian group
G and it is shown that if X is a compact Hausdorff or a metric space and G is an
absolute retract (AR), then there is an isomorphism H*(X,G) ~ h (X, G) ([3, Corollary
8.4]). In [4], it is proved that if X is a paracompact space and G = R, then there is an
isomorphism 7" (X,R) ~ H (X,R). Therefore if X is a compact Hausdorff or a metric
space then there is an isomorphism H*(X,R) ~ H (X,R). Our aim is to define the
continuous Hu cohomology with coefficients in an arbitrary topological abelian group and
to find the connection between this cohomology and the Alexander-Spanier cohomology
for different groups of coefficients.
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Hypercombined Numbers
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It is known that the set of complex numbers admits an extension to the set of quaternions,
in which the multiplication is not commutative.

We consider a way how the set of complex numbers can be extended for the multipli-
cation to be commutative.

Let i, «, B be the imaginary units and define the multiplication rule as follows:

1i=—1l,a-a=1,06-=-1i-a=a-i=6,i-f=0-1=—-a,a-F=F-a=1.

An expression of the form
z=a+bi+ ca+dp,

where a, b, ¢, d are real numbers, will be called a hypercombined number .
For hypercombined numbers z; = a1 4+ b1 + cia + di1 8, 22 = as + bat + coa + dao 5, we
have:
21+ 29 = (CL1 + CLQ) + (bl + bg)l + (01 + CQ)CY + (dl + dg)ﬁ,
and
Z1 Ry = (a1a2 — b1b2 + ci1c9 — dldz) + (a1b2 + b1a2 + 01d2 + d102>’i—|—

(a102 — bldg + C1Q9 — dlbg)a + (a1d2 =+ b102 + Clbg + dlag)ﬁ .

The multiplication of hypercombined numbers is commutative, associative distributive with
respect to the addition.

For a hypercombined number z = a + bi 4+ ca + d:
the pseudomodulus w(z) is defined by the equality:

w(z) = a* + b 4 + & + 2a%0? + 2a2d* + 20°c* + 2c2d* — 2a°c? — 2b*d* — Sabed;

w(z) =01if and only if a = ¢,b =d or a = —¢,b = —d;
If w(z) # 0, then z has the inverse z~1, namely,

o, ad+ab® —ac®+ad? —2bed  bd* — ba* — b — bc* + 2acd
= + 1+
w(z) w(z)
cb?® — ca® + ¢ + cd* — 2abd db* — da® — dc® — d® + 2abc

() ot () &

z
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A note about Givi Mikiashvili and Hypercombined numbers
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Givi Mikishvili (born in 1937) has graduated from Georgian Polytechnic Institute. He
worked at the Institute of Cybernetics and then at the Niko Muskhelishvili Institute of
Computational Mathematics. After retirement he has lost the ability to see and hear; he
can speak and now it is possible to communicate with him only by writing with his finger
on a smooth table. During my being in National Polytechnic Institute of Mexico (May,
2012) I showed Mikiashvili’s manuscript to Professors Maria Elena Luna and Michael
Shapiro, who are experts in Quaternion Analysis. They explained to me that a similar
number system (bicomplex numbers) was found by Italian mathematician Corrado Segre
(1863-1924) in 1892 [1] and then rediscovered in 1934 by Soviet mathematician V.V.
Lyush [2]. The reader may look the references [3,4] for these and related number systems.
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Many practical problems in economics, engineering, environment, social science, medi-
cal science etc. cannot be dealt with by classical methods, because classical methods have
inherent difficulties. The reason for these difficulties may be due to the inadequacy of
the theories of parameterization tools. Molodtsov initiated the concept of soft set theory
as a new mathematical tool for dealing with uncertainties. Different algebraic structers
were given in soft sets.We are forming a category by defining chain complexes and their
morphisims in the category of fuzzy soft modules that was defined by ¢. Gunduz and S.
Bayramov. We are investigating the properties of fuzzy soft chain complexes by giving
homology modules of fuzzy soft chain complexes. By defining the concept of fuzzy soft
homotopia we prove that fuzzy soft homology modules are invariant according to this
relation. Generally, the sequence of homology modules of fuzzy soft modules is not exact.
We prove the exactness of the sequences of homology modules of fuzzy soft modules under
some conditions. By the use of this exact sequence there are some researches about the
derivative functors of some functors.

References

[1] C. Gunduz and S. Bayramov, Fuzzy Soft modules, Int. Math. Forum 6 (2011), No.
11, 517-527.

2] R. Ameri and M. M. Zahedi, Fuzzy chain complex and fuzzy homotopy, Fuzzy Sets
and Systems 112 (2000), 287-297.

[3] T. Y. Ozturk and S. Bayramov, Category of chain complexes of soft modules, Int.
Math. Forum 7 (2012), No. 20, 981-992.



2-9 lyg@gddgdo, dsorydo BMIM@MA0S, S@agOMS s Mosbgms mgmmoes 101
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Let L,(X) be a free Lie p-algebra with a set X of free generators. We say that elements
Y1, Y2, - - ., Ym are primitive, if there exists a set Y of free generators of L,(X) such that
{y1,92, ..., ym} CY.

In this talk a following theorem is presented:

Theorem. Let I C L,(X) be a nonzero ideal such that L,(X)/I is isomorphic to a free
Lie p-algebra L,(Y’) of a rank m. Then there exist primitive elements {q1, q2, ..., n-m} C
I which generate the ideal I.

We hope that this theorem is helpful to prove that a € L,(X) is primitive if and only
if L,(X)/(a) is free, where (a) is a ideal of L,(X) generated by a.

On Hypercomplex Structures
ARIF A. SALIMOV

Faculty of Science, Department of Mathematics,
Atatiirk University, 25240, Turkey

email: asalimov@atauni.edu.tr

A hypercomplex algebra is a real associative algebra with unit. A poly-affinor struc-
ture on a manifold is a family of endomorphism fields (i.e. tensor fields of type (1,1)).
If poly-affinor structure is an algebra (under the natural operations) isomorphic to a
hypercomplex algebra, the poly-affinor structure is called hypercomplex. In this paper
we define some tensor operators which are applied to pure tensor fields.. Using these
operators we study some properties of integrable commutative hypercomplex structures
endowed with a holomorphic torsion-free pure connection whose curvature tensor satisfy
the purity condition with respect to the covariantly constant structure affinors.
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On a Special Class of Topological Spaces
IVANE TSERETELI

St. Andrew Georgian University,
Department of Physical-Mathematical and Computer Sciences,
Thilisi, Georgia
email: ivanetsereteli@hotmail.com

Term “space” means topological space. All spaces below are at least Hausdorff. N (re-
spectively, R™ (n > 0), S™ (n > 0)) denotes the space of all positive integers (respectively,
the n-dimensional Euclidean space, the standard n-dimensional sphere). Ty, denotes the
class of all separable and metrizable spaces. |X]| is the cardinality of a set (space) X. ¢
stands for the cardinality of continuum. dim is the classical covering dimension function.
A topological space X is called strongly rigid, if the only continuous maps of X into itself
are constant maps and the identity (see e.g., [1]). The class of all strongly rigid spaces is
denoted by T,.. A subspace Y of a space X is proper provided there is a point o € X
with Y C X \ {zo}.

We say (see [2]) that a nonempty topological space X is topologically finite, iff for any
proper subspace Y C X there is no homeomorphism from X onto Y. Otherwise we say
that the (nonempty) space X is topologically infinite. The class of all topologically finite
spaces is denoted by Ti;. Obviously, any finite space is topologically finite.

Proposition. For every integer n > 0, S™ is topologically finite.

Proposition. Let n € N. FEvery subspace A C R™ with dimA = n is topologically
infinite.

Proposition. Every countable (infinite) space X € Tsyy is topologically infinite.

Proposition. Fvery infinite 0-dimensional compact space with countable base is topo-
logically infinite.

Proposition. Let (X, )aer be a family of spaces at least one of which is topologically

infinite. Then the product [[ X, is topologically infinite.
acA
Proposition. The topological sum of any two connected and topologically finite spaces

is topologically finite.
Theorem. For everyn € {0,1,2,... } | J{oo}, there exists a separable metrizable space
X, with X,, € Tyy \ Ty, dim X,, = n and | X,| = c.
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On the Strong Uniform Homology Theory
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In my report the strong homology theory on the category uniform spaces and uniform
maps will be constructed (cf. [2]) The Eilenberg-Steenrod axioms will be checked and

proved that the uniform strong homology groups are invariants of Bauer uniform strong
shape theory ([1], [3], [4]).
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On the Number of Representations of Positive
Integers by Some Diagonal Quadratic Forms
of 16 Level
TEIMURAZ VEPKHVADZE
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By means of the theory of modular forms explicit (exact) formulas are derived for the
number of representations of positive integers by the forms

k 9
FO=3"a2+4 > 27 (k=1,2,....8).
j=1

j=k+1

The cases (k = 1,2,7) were considered by Lomadze.
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Inverse Limits in the Category of Fuzzy Soft Modules
MURAT IBRAHIM YAzAR!, CIGDEM GUNDUZ (ARAS)?, SADI BAYRAMOV!
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Many practical problems in economics, engineering, environment, social science, medi-
cal science etc. cannot be dealt with by classical methods, because classical methods have
inherent difficulties. Probability theory, fuzzy sets, rough sets, and other mathematical
tools have their inherent difficulties. The reason for these difficulties may be due to the
inadequacy of the theories of parameterization tools.

Molodtsov [4] initiated the concept of soft set theory as a new mathematical tool for
dealing with uncertainties.

It is known that the inverse limit is not only an important concept in the category
theory, but also plays an important role in topology, algebra, homology theory etc. To
the date, inverse system and its limit was defined in the different categories. Furthermore,
some of its properties was investigated. Gunduz and Bayramov [2] defined inverse (direct)
system of fuzzy modules and their limits and obtained their properties. Gunduz and
Bayramov defined fuzzy soft modules [3]. Here, we investigate the properties of the functor
liin by defining homology modules of fuzzy chain complexes of fuzzy soft modules. We

prove that the inverse system limit of exact sequence of fuzzy soft modules is exact.
2010 Mathematics Subject Classification. 18A72, 18G05, 18G10.
Keywords. Soft set, soft module, Fuzzy soft module, inverse system, inverse limit.
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r-Orthomorphisms and Their Arens Triadjoints

RUSEN YILMAZ! AND YILMAZ ALTUN?
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2 Artvin Coruh University, Faculty of Arts and Science, Department of Mathematics,
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We introduce a new concept of r-orthomorphism and prove that, for vector lattices A
and B, the Arens triadjoint 7% : (A") x (A’)! — (B')., of a positive r-orthomorphism
T:Ax A— Bis a positive r-orthomorphism. This also generalizes results on the order
bidual of r-algebras in [R. Yilmaz, The bidual of r-algebras, Ukrainian Mathematical
Journal, Vol. 63 (2011) no. 5, 833-837].
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On a Two Point Boundary Value Problem
for the System of the Linear Impulsive Equations
with Singularities
Malkhaz Ashordia

A. Razmadze Mathematical Institute;
Sukhumi State University, Faculty of Mathematics and Computer Sciences

Thilisi, Georgia

email: ashord@rmi.ge

The Fredholm property for the impulsive problem with singularities
diL'Z'

b P alt) = 1.2) )
() — zi(m—) = Gi(k) - x3_i(m) + hi(k) (1=1,2; k=1,2,...); (2)
z1(a) = c1, z1(b) = e, (3)

are considered, where P; € Lj,.(Ja,b[; R"*"~%), ¢; € Lic(Ja,b; R™), G;(k) € R">"s—i
and h;(k) € R™ (i=1,2), ¢; € R™ (i = 1,2), ny and ny are natural numbers, and

—o<a<T<Tp<---<b<ooand lim 7, = b.
k—oo

It is known that if P, ¢; (i = 1,2) are integrable and Y (||G;(k)|| + [|h:(k)]) <
k=1

oo(i = 1,2), then for defined conditions the problem (1),(2);(3) is Fredholm, i.e., it is
uniquely solvable if and only if the corresponding homogeneous system dz;/dt = P;(t) -
x3_i, Ti(Tet) — xi(m—) = Gi(k) - x3_i(mx) (i = 1,2;k = 1,2,...) has only the trivial
solution under the conditions x;(a) = 0, x;(b) = 0.

We are interested in the case when the system (1),(2) has singularities at the points

b 0 b )
a and b, ie., [[|P(t)||dt + > ||Gi(k)|| = oo and [ ||g;(¢)||dt + > ||k (k)| = oo for some
k=1 a k=1

i,7 €{1,2}.
Theorem. Let

b

/(le(t)H + @) dt + D (IGL R+ [Ba(R)]]) < oo,

a

[ Fo([Pul; |Gl [ Po], |Gal) (s =) + (| Fo ([Pl (Gl gl [Re]) (e, =) < oo,

where Fy is some operator. Then problem (1),(2);(3) is Fredholm.
Analogous results are established for the boundary condition z1(a) = ¢;, x2(b) = co.
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On Conditions for the Well-Posedness of Nonlocal
Boundary Value Problems for Systems of a Class

of Linear Generalized Ordinary Differential
Equations with Singularities
Malkhaz Ashordia, Nestan Kekelia
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Sukhumi State University, Faculty of Mathematics and Computer Sciences

Thilisi, Georgia
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The well-posedness question is considered for the singular generalized BVP
dz;(t) =xida;11(t), dz,(t Zh () +df(t); li(zq,...,2,)=0(i=1,n), (1)

where a;,b; and f; have bounded variations on [a,b], h; is a function measurable with
respect to the measures p(v(b;)), and ¢; is a linear bounded functional for ¢ € {1,...,n}.
Under a solution of the BVP (1) we understand a vector-function satisfying the cor-
responding integral equalities with the integral in the Lebesgue-Stieltjes sense.
Along with the problem (1) consider the perturbed BVP

da;(t) =x;dai 1 (1), duy(t Zh () +df(t); bz, ... 2,)=0(=T,n). (2)

Definition 1. The problem (1) is said to be well-posed if for an arbitrary f and
¢ = (¢;)I, the problem (2) is uniquely solvable and there exists a positive constant 7,
independent of f and ¢, such that |7 — z||, < r- (||| + |f = f]ls), where z = (z;)"_, and
T = (Z;),, respectively, are solutions of the problems (1) and (2).

It is known that if the coefficients of the system (1) are integrable on [a, b], then the
unique solvability of the problem (1), with some conditions, ensures its well-posedness.

We consider the case, when the system (1) is singular, i.e., some of the coefficients
h; (i=1,...,n), in general, are not integrable on [a, b] with respect to the corresponding
measures, having singularities at some boundary or interior points of the interval [a, b].
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Definition 2. The problem (1) is said to be conditionally well-posed if the assump-
tions in Definition 1 are valid only for ¢; =0 (i =1,...,n).

In the singular case, there are established the conditions guaranteeing the the condi-
tional well-posedness of the problem (1),(2), and the conditions for which this problem is
conditionally well-posed but not well-posed.

Acknowledgement. Supported by the Sh. Rustaveli Nat. Science Found. (Grant
No. FR/182/5-101/11).

On One Nonlinear Characteristic Problem
RUSUDAN BITSADZE

Georgian Technical University
Faculty of Informatics and Systems Management
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email: Kavrelishvilim@hotmail.com

Suppose we are given two arcs i, 72 drawn from the common point (a, f(a)) and let
them be given in the explicit form

T:y=filz), b<z<a, b<0, a>0
and

Y2y =folr), d<z<a, d<0, fila)=faa), fila)=—f3(a).

Assume that the functions f; and f5 are three times continuously differentiable and the
arc y; monotonically ascends, whereas the arc 7, vice versa, monotonically descends.

The characteristic problem. Find a regular hyperbolic solution u(zx,y) of equation

4 -2 4 _

UyUgy — Uyy = CT “UU,,, €= const,
and, simultaneously with it, a domain of its extension when the curves 7, and v, are the
arcs of the characteristics, and the values

u(a, fi(a)) =19, wuy(a, fila)) =0

are given at the common point.

For any 0 < e < ¢ < %, there are regular hyperbolic solutions of the characteristic
problem represented in the explicit form in two non-intersection domains — in the char-
acteristic triangle between the curves v, and 7, and straight line x = ¢, as well as in the
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domain D from the opposite side of degeneration line, where D is bounded by arcs of
characteristic curves.

Boundary Value Problems for the
Helmholtz Equation in Arbitrary 2D-Sectors

ROLAND DUDUCHAVA, DAVID KAPANADZE, GEORGE TEPNADZE, MEDEA TSAAVA

Andrea Razmadze Mathematical Institute,
I. Javakhishvili Thilisi State University

Thilisi, Georgia

email: roldud@gmail.com

We investigate different boundary value problems (with the Dirichlet, Neumann, mixed
or impedance conditions) for the Helmholtz equation in 2D domains with angular points
on the boundary. We reduce the problem to the boundary pseudodifferential equation
which is transformed equivalently to a system of singular integral equations with fixed
singularities in the kernels. Further we apply the results of [2,3,4] to derive the unique
solvability criterion for the BVPs under consideration.

Next we consider the case when two domains with the common part of the boundary
have different frequency parameter and derive results for BVPs similar to those mentioned
above.

The interest to such problems was revived recently by very modern and very important
investigations of Surface plasmon polaritons (SPPs), which is believed to play a crucial
role in the development and miniaturisation of photonic information processors. Some
new meta-materials, created artificially, have negative electric permittivity and magnetic
permeability and composites of such materials with dielectrics, require investigation of
scattering of electromagnetic waves in domains with angular points on the boundary (see
[1]). Moreover, even more difficulty is associated with the sign-changing of the leading
order coefficients of the equation, which leads to the loss of ellipticity of the BVP.

The approach not only permits investigation of the solvability and equivalent reduction
to a simple classical Fredholm integral equation on the boundary, but also allows to find
precise and detailed asymptotic of a solution in the vicinity of singular points on the
boundary.
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Dependence on Initial Conditions of a Solution
to a Mixed Problem with Periodic Boundary
Condition for a Class of Quasi-Linear
Euler—Bernoulli Equation
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In this work, the dependency on initial conditions of the weak generalized solution
which existence and uniqueness are proved by us [5] of a mixed problem with periodic
boundary condition for the following quasi-linear Euler-Bernoulli equation is studied

ot? 0t20x2 Oxt
u(0,2,6) = p(r,¢), 1(0,7,6) = ¥(r,e) (0<a<m 0<e<ey),
u(t,0,e) = u(t,m e), ug(t,0,e) =u,(t,me),

ug2(t,0,6) = up2(t,m €), us(t,0,6) = ups(t,me) (0<t<T, 0<e<eg).

= f(e,t,z,u), (t,x) e D{0<t<T, 0<z<m},
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On a Darboux Type Multidimensional Problem
for One Class of Second Order Nonlinear
Hyperbolic Systems
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Consider a semilinear hyperbolic system of the form

82% ‘
0t2 Z +flu1,u2,...,N):Fi(x,t), i=1,...,N, (1)

where f = (f1,..., fn), FF = (Fi,..., Fy) are given vector functions while u = (u1, ..., uy)
is an unknown real vector-function, n > 2, N > 2.

Denote by D : t > |z|, z, > 0 the half of a light cone of the future bounded by the
part S°: 9D N {x, = 0} of the hyperplane {z, = 0} and the half S : t = |z|, x,, > 0 of
the characteristic conoid C' : ¢t = |z| of the system (1). Let Dy := {(x,t) € D : t < T},
S = {(z,t) € S*:t <T}, Sp:={(z,t) € S:t<T} T > 0.

For the system of equations (1) consider a problem on finding a solution u(x,t) of this
system by the boundary conditions

ou
ox, =9, U‘ST =9 (2>
S
where g = (g1, ..., gn) is a given vector-function on Sr. In the case when 7' = oo we have

Do =D, S% =5%and S, = S.
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The problem (1), (2) represents a multidimensional version of the Darboux first prob-
lem for the system (1), when one part of the problem data support represents a charac-
teristic manifold, while another part is a time type manifold.

We give certain conditions for the nonlinear vector-function f = f(u) from (1), which
fulfilment ensures local or global solvability of the problem (1), (2), while in some cases
the problem (1), (2) will not have a global solution, though it will be locally solvable.

Some Nonlinear Variant of the Darboux Type
Nonlocal Problem
MARINE MENTESHASHVILI

Niko Muskhelishvili Institute of Computational Mathematics of the Georgian Technical
University, Thilisi, Georgia

email: menteshashvili m@mail.ru

We consider the questions related to the modified Darboux problem for a second order
quasilinear equation with real characteristics

Uz + (14 Uz + Uy) = Ugy + (U + Uy) - Uyy = 0. (1)

Equation (1) judging by its characteristic roots Ay = 1,2 = u, + u,, is hyperbolic.
However the case is not excluded, where the values of these roots coincide and therefore
equation (1) itself parabolically degenerates. This happens for u, +u, = 1. Therefore the
class of hyperbolic solutions of the considered equation should be defined by the condition
Uy +uy — 1 #0.

If we know the value of the sum of the first order derivatives u,,u, of the unknown
solution u(z,y):

ux<x07 ?JO) + uy(x(]?yO) = Oé(l’o, Z/0>7 (1’0790) € A7

where A is a set of points, then the characteristics of the family of the root Ay are
representable as y—yo = a(xg, yo)(x —x0). If a(xo,y0) = 1, (x0,%0) € A, then the equation
parabolically degenerates all over the straight line y — yg = x — x¢. If the condition

Uy (2,0) + uy(z,0) = a(z), =z €]0,qd] (2)

is fulfilled, the characteristics of the family of the root Ay have the form y = a(z¢)(z —
xg), g € [0, al, and they intersect with the straight line y = x at the point (u(xo), u(zo)),

where
za(x)

() = olm) -1
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The Darboux type nonlocal problem. Find a reqular solution u(zx,y) of equation
(1) and, along with it, the domain of its propagation if it satisfies condition (2) and the
nonlocal condition

U(ZE,O) + ﬁ($) u(ﬂ<m>’/~b(x)) - ¢<x>’ LS [O,CL], (3)

where o, 3, € C?0,a] are given functions.

Theorem. If conditions
20(z) — 1| > 1, —oco<d(x) <0, z€l0,a], B(0)#1,

are fulfilled, then in the characteristic triangle there exists a unique reqular solution of the
nonlocal problem (1)—(3).

Acoustic Scattering by Inhomogeneous Anisotropic
Obstacle

DAVID NATROSHVILI
Georgian Technical University, Department of Mathematics
Thilisi, Georgia

email: natrosh@hotmail.com

We consider the time-harmonic acoustic wave scattering by a bounded layered aniso-
tropic inhomogeneity embedded in an unbounded or bounded anisotropic homogeneous
medium. The material parameters and the refractive index are assumed to be discon-
tinuous across the interfaces between the inhomogeneous interior and homogeneous ex-
terior regions. The corresponding mathematical problems are formulated as boundary-
transmission problems for a second order elliptic partial differential equation of Helmholtz
type with discontinuous variable coefficients. We show that the boundary-transmission
problems with the help of localized potentials can be reformulated as a localized boundary-
domain integral equations (LBDIE) systems and prove that the corresponding localized
boundary-domain integral operators (LBDIO) are invertible.

First we establish the equivalence between the original boundary-transmission prob-
lems and the corresponding LBDIE systems which plays a crucial role in our analysis.
Afterwards, we establish that the localized boundary domain integral operators obtained
belong to the Boutet de Monvel algebra of pseudo-differential operators. And finally,
applying the Vishik-Eskin theory based on the factorization method (the Wiener-Hopf
method) we investigate Fredholm properties of the LBDIOs and prove their invertibil-
ity in appropriate function spaces. This invertibility property implies then existence
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and uniqueness results for the LBDIE systems and the corresponding original boundary-
transmission problems.

Beside a pure mathematical interest these results can be applied in constructing and
analysis of numerical methods for solution of the LBDIE systems and thus the scattering
problems in inhomogeneous anisotropic media.

This is a joint work with Otar Chkadua (Tbilisi State University, Georgia) and Sergey
Mikhailov (Brunel University of London, UK).
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“Mathematical analysis of Localized Boundary-Domain Integral Equations for Variable-
Coefficient Boundary Value Problems” from the EPSRC, UK.

The Weighted Cauchy Problem for Nonlinear
Singular Differential Equations with Deviating
Arguments
ZAZA SOKHADZE

Akaki Tsereteli State University, Department of Mathematics
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email: z.soxadze@gmail.com

The sufficient conditions of well-posedness of the weighted Cauchy problem for non-
linear differential equations with deviating arguments are established.

Acknowledgement. The present work is supported by Shota Rustaveli National
Foundation (Project GNSF/ ST09-175-3-301).
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General Constitutive Relation for Viscoelasticity
Containing Fractional Derivatives
TEIMURAZ SURGULADZE

Akaki Tsereteli State University, Department of Mathematics
Kutaisi, Georgia

email: temsurg@yahoo.com

As shown by Begley 1979 under uniaxial stress state the general constitutive relation
containing fractional derivatives for a homogeneous viscoelastic material is given by

(1 - i akDBk> (1 0 i bkpg) a(t)
— (1+éka5) (Aﬁil /\jD;\j)a(t) + 2<1+iakD3k) (uo+ilmDal)a(t), (1)

where o(t) is stress and () is strain.

Theorem: Suppose that the constitutive relation for homogeneous isotropic materials
in the case of uniaxial dressed up state is given in the form of (1), then the relation (1) is
equivalent to

e =1« do,

where the function II can be represented as a finite sum of functions of Mittag—Leftler
type.
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Quantitative Characteristic of Stability of

Multicriteria Investment Problem with Wald’s
Efficiency Criteria

VLADIMIR EMELICHEV, VLADIMIR KOROTKOV

Belarusian State University, Minsk

email: emelichev@bsu.by; wladko@tut.by

We consider multicriteria discrete variant of Markowitz’s investment managing prob-
lem [1]. We denote by: N, = {1,2,...,n} a set of investment projects (assets); N,, a set
of possible financial market states (situation); N; a set of indicators of investment projects
efficiency; * = (21,29,...,2,)T € X C E" an investment portfolio, where E = {0, 1},
x; = 1 if project j € N, is implemented, x; = 0 otherwise. Here E = {0, 1}.

Let the following vector objective function f(z, E)=(fi(x, E1),fa(z, E2), ..., fs(x, Es)),
be given on a set of investment portfolios X whose components are Wald’s maximin cri-
teria [2]

fr(x, Ey) = min Eyx = min €;jxT; — Mmax, k € Ny,
1€ENm 1ENm zeX
JEN,
where Ej, € R™*" is the k-th cut of matrix £ = [e;;x] € R™ "% Ei, = (€i1k, €izky - - - » €ink)

is the i-th row of that cut.

A multicriteria investment Boolean problem Z°(E), s € N, means the problem of
searching the Pareto set P*(E).

As usual [3], the stability radius of the problem Z*(E), s > 1, is defined as the
number p(m,n,s) = sup =, if = # (), and p(m,n,s) = 0, if = = @, where = = {¢ >
0: VE' € Q) (P(E+E') C P(E))}, Qe) ={F € R™"™° . 0 < ||F < ¢},
1B =max S 5 fewil ' = efy)

kENs i€ Ny, JEN,
Theorem. Let P*(FE) # X. Then the stability radius p(m,n,s) of multicriteria
investment problem Z*(E), s > 1, has the following lower and upper attainable bounds

p(m,n,s) < plm,n, s) < mng(m,n, s),

where

¢ = p(m,n,s) = min max  min max min (Eyr — Egr).
x¢Ps(E) z'€Ps(z,E) k€ENs i€Nm /€N

P(x,E)={2'e X: o - x},
/

Voo e f@LE)>f(@E) & [ B) £ f(z,B),

This work was supported by the Republican Foundation of Fundamental Research of
Belarus (project F11K-095).
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A Version of the Rearrangement Theorem

GEORGE GIORGOBIANI, VAJA TARIELADZE

Niko Muskhelishvili Institute of Computational Mathematics of the Georgian Technical
University, Thilisi, Georgia

email: bachanabc@yahoo.com; vajatarieladze@yahoo.com

We say that a sequence (z)ren of elements of a topological vector space X satisfies the
(0,0)-condition, if for any permutation o : N — N there exists a sequence 0 = (61,0, .. .)
of "signs” +1 and —1 such that the series > . x,(;0; converges in X. Validity of the
following rearrangement theoremwas noticed in [1].

Theorem 1. Let 0 < p <1 and (x,) be a sequence of elements of a p-normed space
X, which satisfies the (o, 0)-condition, s € X be an element such that some subsequence of
the sequence (3 ,_, x1) converges in X to s. Then there exists a permutation o : N — N
such that the sequence (>} _, Zox)) converges in X to s.

The similar result remains true for general metrizable locally convex spaces [2].

We plan to discuss the following refinement of Theorem 1 in case of a normed space.

Theorem 2. Let (x,) be a sequence of elements of a normed space X, which satisfies
the (o,0)-condition, s € X be an element such that some subsequence of the sequence
(>"%_, z) converges in the weak topology of X to s. Then there exists a permutation
o : N — N such that the sequence (3, _, Tox)) converges in X to s.

The last theorem implies the following statement.

Corollary 3. Let (x,) be a sequence of elements of a Hilbert space X for which
Yoo llzkll? < oo, s € X be an element such that some subsequence of the sequence
(>"%_, z) converges in the weak topology of X to s. Then there exists a permutation
o : N — N such that the sequence (3, _, Tox)) converges in X to s.

This corollary strengthens the following assertion proved in [3] in incorrect way.

Corollary 3. Let (x,) be a sequence of elements of a Hilbert space X for which
Yoo llzkll? < oo, s € X be an element such that some subsequence of the sequence
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(>"%_, i) converges in the weak topology of X to s. Then there exists a permutation
0: N — N such that the sequence (3 ,_, o)) converges in the weak topology of
X to s.

The work was partially supported by grants: EC FP7, INCO-2010-6, no. 266155 (the
first author) and GNSF/ST09_99_3-104 (the second author).

References

[1] G. Giorgobiani, The structure of the set of sums of a conditionally convergent series
in a p-normed space. Bull. Acad. Sci. Georgian SSR 130 (1988), No. 3, 481-484.

[2] M.-J. Chasco and S. Chobanyan, On rearrangements of series in locally convex
spaces. Michigan Math. J. 44 (1997), No. 3, 607-617.

[3] B. K. Lahiri and S. K. Bhattacharya, A note on rearrangements of series. Math.
Student 64 (1995), No. 1-4, 141-145 (1996).

%066615'86)0 ﬁ)ﬂljdﬂlj 865)0)3015 %maﬂaﬁ)mﬂ 88me0
093796 3m3modobady
d00rgdols Immd Brglimaggenols bobgendfogm mbogg@liogg@ols 3smgdo@oiols ©g3smEsdgbEo
08017390, Lodommggemm
g, gob@ols dolsdstmmoe:  temurS9 @mailru.com

bodmddo sefgMomos gobsblsymo mdgMmsgogools @s Molgols Lobggde, Golgols [omdmdgdbols
B399 Gmgd0.

aobbo@0d gobsbligmo 35mgdo@ozols d9degan badgbgenmgsbo sdm(sobgdo: Bobodowymo
Molgols IJmbg 50bsblsydo Im@EBgmols 9900, Mmdgmo 98Mbggeymals d9dmliogemosbmdols
g0dloMgoge 360dgb9emmdsls; doglodscry@o d9dmlisgeosbmdols ddmbg 50bsblsyMo JmMEggwmols
93908, MmIwols Molgo oM 509983900 godloMgdge ©segoom dbodgbgemosls; Lmo @
bofocmmomogo  asbylisdrgmgmmools  JoMmdgddo  80bsblig@o  m3gMoiools  adsbbmmsogmgools
M3@odocn®o gomosb@ols sMbggs; BmMgeMEymo ©@d goghgdligmo 3mb@Emod@gdols, mom-
bgools @o Ligmdgdols 4sdmygbgos dmgengbgdols stobganlssy@mgemo asbgomamgdolioash @sdwgggols
d08boo @d Imgagbgdols bgmlioymgmo asbgomamgdols d9dmbgggsdo dmaqdols dowgools dodbom;
2065bliyMo  d98Mgd0ls dbowodols Logmdggedyg 5obobligo dMHmiglols dsg339@Mo dmegmols
33909, dolo ad3mygbgdom gobsblsymo 0bli@™dgb@gdols d98sli90900ls addmmgms s gobsblymo
m3gMaools dgegaqools IMHmabmBomagds.



2-9 lyg@gddgdo, dsorydo s@dsmmdols mgmmos @d LbEogolGags ... 127

The Notion of Subgaussian Random Element
in Banach Spaces

VAKHTANG KVARATSKHELIA, VAJA TARIELADZE, NICHOLAS VAKHANIA

Niko Muskhelishvili Institute of Computational Mathematics of the Georgian Technical
University, Thilisi, Georgia
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nikovakhania@yahoo.com

Following [1] we call a real valued random variable ¢ Subgaussian if for some a, 0 <
a2 2
a < 0o, and for any real number ¢ the following inequality holds: Ee!¢ < e el

In [2] a random element ¢ with values in a Banach space X is called Subgaussian (or

T-Subgaussian) if there exists a Gaussian covariance R : X* — X such that Eel8 <
Rx*,x*)

es! for all 2* € X*. In [3] a random element ¢ with values in a Banach space

X is called a Subgaussian (F-Subgaussian), if there exists a number C' > 0 such that

Eelfie™e") < 5 Bex"2) for all 2+ € X*, where R is the covariance operator of . In [4]
a random element £ with values in a Banach space X is called weakly Subgaussian if for any
continuous linear functional z* € X* the random variable (z*, &) is Subgaussian one. In
the finite dimensional Banach spaces the concepts of the weak, T- and F-subgaussianity
coincide. In an infinite dimensional case there are examples of a.s. bounded centered
random elements which are neither T-Subgaussian, nor F-Subgaussian.

We will discuss the following result, which clarifies the relation between T- and F-
subgaussianity in Banach spaces.

Theorem. For a Banach space X with an unconditional basis the following statements
are equivalent:
(1) X does not contain I,

)

s uniformly.

(17) Any F-Subgaussian random element with values in X is T-Subgaussian.

The work was supported by grant GNSF/ST09 99 3-104.
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On the Ornstein—Uhlenbeck Process in the Banach
Space

BADRI MAMPORIA

Niko Muskhelishvili Institute of Computational Mathematics of the Georgian Technical
University, Thilisi, Georgia
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The Ornstein—Uhlenbeck process in a Banach space is considered as a solution of the
linear stochastic differential equation.

About Testing Hypotheses for Bernoulli Regression
Function
Regression

EL1IZBAR NADARAYA, PETRE BABILUA, GRIGOL SOKHADZE
. Javakhishvili Thilisi State University,

Faculty of Exact an Natural Sciences, Department of Mathematics
Thilisi, Georgia
email: elizbar.nadaraya@tsu.ge; petre.babilua@tsu.ge; grigol.sokhadze@tsu.ge

Let a random variable Y takes two values 1 and 0 with probabilities p (“success”) and
1 — p (“failure”). ie. p =p(z) = P{Y = 1| 2}, z € [0,1]. Let z;, i = 1,...,n, be the
division points of the interval [0, 1] which are chosen from the relation

i 21

H(xi):/h(u)dU— 5 i=1,...,n,
n

0

where h(x) is the known positive distribution density on [0, 1]. Let further ¥;,i = 1,... n,
be independent Bernoulli random variables with P{Y; = 1| z;} = p(z;), P{Y; =0| 2} =
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1—p(z;). The problem consists in estimating the function p(z), x € [0, 1], by the sampling
Y1, Ys, ..., Y,. Such problems arise in particular in biology, in corrosion studies and so
on.

As an estimate for p(z) we consider a statistic of the form

Pue) = ()3l (2). ponle) = —— S )

nb
"=

r — T

YE v=12,

n

where K (x) > 0 is some distribution density (kernel), K(z) = K(—z), K(z) = 0 when
|z| > 7 >0, {b,} is a sequence of positive numbers converging to zero, p € C?[0, 1].

Denote T, = nb, [ [pn(z) — p(x)fp%n(x) dr, Q, = [1by, 1 —Tby,).
Qn (1)
We fond the limiting distribution of the statistic T,.

Theorem. If nb? — oo and nb: — 0 than

—1/2 T, — A(p) d

b, ) — N(0,1),
Where A(p) —jp<x><1—p<x>> e [ 1) dr, lp) = 2Oflp2<x><1—p<x>>2 i | K3

Ky=K x K.

The conditions of the theorem gives us construction for goodness-of-fit tests based on
T, with level a,, 0 < o < 1 for cheking hypothesis Hy : p(x) = po(z), x € Q,(7). Critical
region can be find from the inequality 7, > ¢, («).

Where g,,(a) = A(FPy) + MaVbn 0(F), ®(\a) =1 — a.

This goodness-of-fit is consistency and its power tends to 1 against any alternative.

A Test for Being Gaussian

MZEVINAR PACACIA!, VAJA TARIELADZE?

1 Sokhumi State University, Thilisi, Georgia

2 Niko Muskhelishvili Institute of Computational Mathematics of the Georgian
Technical University, Thilisi, Georgia

email: mzevipb4@mail.ru; vajatarieladze@yahoo.com

The real random variables £, &, are called jointly Gaussian if for every (t;,t,) € R?
the linear combination ¢1&; + t2&s is a (possibly degenerated) Gaussian random variable.
We call a non-empty set T C R? a Gaussianity test set, for short, a GT-set, if a pair of
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real random variables &1, &y is jointly Gaussian whenever for every (t1,t3) € T the linear

combination t1&; + t2&s is a (possibly degenerated) Gaussian random variable.
Write

S, :={(t1,t) eR*: 5 + 13 =1}.

We plan to discuss a proof of the following theorem based on [1] and [2]:
Theorem. For a non-empty set T C Sy the following statements are equivalent:
(i) T is a GT-set.

(ii) T is an infinite set.
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Cramer—Rao inequality in the Hilbert space
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I. Javakhishvili Thilisi State University, Department of Probability and Statistics
Thilisi, Georgia
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Let {Q,.#, P} be the complete probability space and X = X (w,#) is the random ele-
ment with values in real separable Hilbert space E. Here # € © C = and Z is real separable
Banach space with the norm ||-||=. If the random elements X1, X5, ..., X, are the i.i.d. re-
alizations of X, then (X, R, (P(6,-),0 € O)) is the sequence of statistical structures, where
N=FE"n=1,2,...,n is the Hilbert space generated by the sequence of random vari-
ables X1, Xo,...,X,, R is the o-algebra generated by observable sets, {P(6,-),0 € ©}
is the system of probability measures generated by vector Y = (X3, Xs,...,X,) and
P(9,A) = P(Y"}(A)),AeR.

Let z(z) : X — X be the vector field with sup,eg||2’(z)|| < co. Suppose, that measure
P(#,-) is differentiable along of vector field z(z) and has logarithmic derivative along
of vector field z(x) : By(z,z). For any fixed A € R and vector ¥ € X consider deriva-
tive of function 7(0) = P(#, A) at the point 6 along of ¥. Denote this derivative as
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dgP(0, A)Y. For fixed 0 and o the derivative dyP(6, A)¥ is a signed measure. Easy to see
that dgP(0, )9 < P(0,-) and using Radon-Nicodym theorem there is the density ly(z, ).

Assumption 1. X(0) = X(0,w) : © x Q — N and the derivative X'(#) by 6 along of
¥ € = exists, where =y C = is subset of =. This derivative represents the linear mapping
Z — R for each § € ©. Moreover for any ¥ € =y and 6 € © we have || X'(0)||x € L*(Q, P).

Assumption 2. F{X'(0)9|X(0) = x} is strongly continuous function of x for any
Y€y, 0 €O.

Assumption 3. The family of measures P(0,-),0 € © possess a logarithmic derivative
by parameter along of constant directions from tight in = subspace Zy C = and ly(x,J) €
Ly(R, P(6)), ¥ € =, 0 € O.

Assumption 4. The family of measures P(0,-),0 € © possess logarithmic derivative
along of constant directions from tight in X subspace Xy C N and Sy(z, h) € Ly(R, P(0)),
h €Ny, 0 €0O.

Assumption 5. For the statistics T'= T'(z) : X — R the following equality is true

dﬁ/%T(:E)P(H,dx) :AT(x)dﬁP(Q,dm).

Theorem (Cramer-Rao inequality). Let g(0) = EoT(x). If the reqularity assump-
tions 1.- 5. are satisfied then

L. ly(z,0) = —Py(x, Ko g(x)), where Koy(x)=E{LX(0)9|X(0) =x};

(95(6))”
2. VarT(z) > m.

Multiplicators for WLLN

ALEXANDER SHANGUA, VAJA TARIELADZE

Niko Muskhelishvili Institute of Computational Mathematics of the Georgian Technical
University, Thilisi, Georgia
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We plan to discuss the following theorem:

Theorem. Let (¢,) be a i.i.d symmetric random variables. Consider the statements:

22:1 gk
n

(1) The sequence ( ) is bounded in probability.

(1) sup,, nP[& ] > n] < oco.

111) For every sequence of real numbers («,,) for which the sequence izl ) o
(4d7) y seq q L

D k=1 akfk)
n

verges to zero, the sequence ( converges to zero in probability.
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(iv) For every sequence of real numbers (a,) for which lim, a,, = 0, the sequence

—Zk:}lakgk converges to zero in probability.

Then (i) <= (i1) = (ii1) = ().
The equivalence (i) <= (i¢) is known and it dues in fact to A. Kolmogorov.
In general, (ii) may not imply that for every sequence of real numbers (cv,) for which

M)
n

lim,, a,, = 0, the sequence ( converges to zero almost surely.
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Measurability Properties of Sets and Functions
in Light of Additional Set-Theoretical Axioms
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Among the standard axioms of set theory, the Axiom of Choice (AC) is a powerful
set-theoretical assertion which implies many extraordinary and interesting consequences
(see, for instance, [1], [2]). Moreover, further additional set-theoretical axioms (e.g. the
Continuum Hypothesis (CH), Martin’s axiom (MA), the existence of large cardinals, and
others) allow to obtain new deep results in real analysis and measure theory (see e.g. [3],
[4], [5])-

We consider a modified version of the concept of measurability of sets and functions,
and analyze this version from the point of view of additional set-theoretical axioms. The
main feature of such an approach is that the measurability is treated not only with respect
to a concrete given measure, but also with respect to various classes of measures. So, for
a class M of measures, the measurability of sets and functions has the following three
aspects: absolute measurability with respect to M; relative measurability with respect to
M; absolute non-measurability with respect to M. With the aid of additional set theoretical
axioms, we specify the above-mentioned aspects of measurability. In particular, it is shown
that:

(a) Bernstein sets can be characterized as absolutely non-measurable sets with respect
to a certain natural class My of measures (recall that the existence of Bernstein sets is
relied on AC);

(b) Sierpinski sets can be characterized as hereditarily non-measurable sets (recall that
the existence of Sierpinski sets needs CH);

(c) under MA, there exist absolutely non-measurable functions with respect to the
class of all nonzero sigma-finite diffused measures.

It is also investigated how the classes of absolutely measurable, relatively measurable
and absolutely non-measurable functions (with respect to a fixed class M of measures)
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behave under action of standard operations, such as composition, addition, multiplication,
limit operation, and so on.
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Constraint Logic Programming (CLP) extends logic programming with capabilities
of constraint solving and constraint satisfaction over a predefined domain. The domain
we consider in this work is built from unranked trees. These are trees where different
nodes with the same label can have different number of children. They attracted con-
siderable attention in recent years because of their wide range of applications. They
naturally model XML documents, program schemata, ambients, multithreaded recursive
program configurations where the number of parallel processes is unbounded, variadic
functions in various programming languages, etc. They are used in rewriting, knowledge
representation, program analysis and transformation, just to name a few.

The elements of the domain that we consider are hedges (sequences of unranked trees)
and contexts (unranked trees with a single hole). Contexts can be applied to trees such
that the argument tree replaces the hole in the context. At this stage, We consider
positive equational constraints over hedges and contexts in disjunctive normal form. In
the constraints we permit four kinds of variables: tree variables for single trees, hedge
variables for hedges, function variables for function symbols (labels in trees), and context
variables for contexts. Hedge and context variables can be restricted to belong some
regular hedge or regular context languages. In general, the algorithm is incomplete,
which is natural, because constraints may have infinitely many solutions [3, 2] and we
can not get completeness and termination at the same time. Even more, decidability
of such constraints is an open problem (based on the similar open problem for context
unification [4]). Therefore, we may have non-termination even if the solution set is finite.

Taking into account these difficulties, our goal was to design a constraint solving
procedure, which is sound, terminates on all inputs, simplifies constraints and detects
failure as much as possible, and returns a partially solved form. The resulting algorithm
is embedded in the CLP scheme [1], resulting into the language CLP(HC): constraint logic
programming for hedges and contexts. We study syntactic restrictions of constraints which
guarantee completeness of the solving algorithm and restrictions on queries and clauses
which lead to the generation of those restricted constraints.

Acknowledgments. This research has been Supported by the Georgian Rustaveli
National Science Foundation under the project DI/16/4-120/11: Constraint Logic Pro-
gramming over Unranked Terms and Hedges with Description Operators.
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The Logical Computer Game for Pupils to Study
English on the Basis of the Algorithm of Solving
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During the years of work on the issues of packaging containers, it became clear that
the results can be used to create intelligent computer games. The purpose of the computer
game is packing into containers of single letters or words in such a way that would get
the word or sentence.

We present a Software Product “Intelligent Games” (part 4) for solving the One-
Dimensional Bin Packing Problems. These games were developed with using Interactive
Packing (part 3) of Software Product. Currently we have 12 games. Below we give the
description for 6 games of 12.

Interactive Packing is intended to build solutions with the specified properties. Since
our tool is able to find a solution for any sequence of items within each subset, user
can specify his own sequence. Our tool helps user to build his own solution using the
User-Specified Properties at every step. The interactive packing is performed in manual
mode step-by-step. At each step a current position is a partial solution. Tool evaluates a
current solution within a time interval, declared in “Response Time” field. Tool can give
one of the following answers: “Packing is not possible”, “Packing might exist”, “Packing



140 Applied Logic and Programming September 2-9, Batumi, Georgia

exists” and others. According to the response, re-packing might be done. There are no
more than 40 weight buttons and 50 bin buttons on the computer screen. Each weight
button represents a set of equal item sizes w; o k;. To observe other sets of weights a
portion of p(w) buttons should be loaded, 2 < p(w) < 40. Each bin button represents
one bin. To see the other bins a portion of buttons should be loaded, 2 < p(w) < 50.
Interactive Packing gives an opportunity to: view the weight and bin portions; redefine
sizes of weight and bin portions; return to previous position and continue re-packing from
this position; redefine “Response Time” (0,5 seconds by default) and so on.

We offer Intelligent Games that any man alive will enjoy. These games will be useful
for children of any age to develop and improve their intelect: mental arithmetic, attention
concentration, ability to estimate possibilities, case analysis, decision-making and so on.
One can play within a given time limit or gambling as in a casino. Design of intelligent
games is similar to the design of interactive packing.
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Service-orientation as a software design paradigm, emphases separating solution logic
into different loosely coupled reusable and composable computing units - called services.
Service reusability and composability are main design principles of service-orientation.
Separated and centralized logic is easy to govern and reuse in different complex com-
positions. Separation of concerns leads to functional decomposition of large problem
into smaller, related problems. Sometimes in practice, it is not easy to discover what
are distinct concerns of complex problem and how big system could be represented as a
composition of simple solutions. In this talk we will discuss one particular approach of
concern identification. Using this approach, we are starting from conceptual description
of concerns with predefined descriptors having lattice structure. We have defined algo-
rithm which is used to discover similarities between different descriptions and identify
new concept which corresponds to distinct concern of complex problem.
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In the abstract, I outline the results of my master thesis [1] which was accomplished
during The European Masters Program in Language and Communication Technologies®.

Due to the high demand for the systems capable of understanding human languages,
many languages are studied from theoretical and computational points of view. Consider-
ing that Georgian is poorly studied for these purposes, designing a formal computational
grammar for Georgian should be estimated as a highly important and necessary task.

The formal grammar of Georgian (GeoGram) is based on the Head-Driven Phrase
Structure Grammar (HPSG) formalism [3]. The formalism was chosen due to its ex-
pressive power and mathematical foundation. GeoGram is implemented in TRALE [4] —
expressive and faithful grammar implementation platform to “hand-written” HPSG the-
ories. At the moment, GeoGram models morphology and syntax levels.

The syntax part covers: the verb complementation by nouns and pronouns (where
verb complements are verbal arguments of [2] marked with logical cases); the pro-drop
property (by distinguishing explicit and implicit verb complements); adjunction of the
noun by quantifiers and adjectives (based on the logical declination of [2]); adjunction and
complementation of the noun by possesive phrases which causes several syntactic readings
(it is one of the original contributions of [1]); nominalized quantifiers and adjectives.

The morphology is modeled by lexical rules for nominals (pluralization, logical de-
clension, possessivization and nominalization rules) and verbal polypersonal conjugation
(organized in three main conjugation paradigms). They employ lexemes from the lexicon.

Further details on GeoGram can can be found at the following url:
http://sites.google.com/site/lashabzianidze/thesis
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This abstract shortly describes my forthcoming master’s thesis, in the area of natural
language generation (NLG). It aims to use a machine learning (ML) approach to generate
tense and aspect in English narratives.

The TIMEBANK corpus was developed as a means to use ML to extract temporal rela-
tions from textual resources [2]. It consists of newspaper articles annotated with time line
information denoting events and times described in the text, and the temporal relations
between them [1]. Temporal relations have been statistically inferred from narrative texts
with an accuracy as high as 93% [3].

The same corpus can be used for generation, by predicting the tense and aspect that
is most likely to be used given certain temporal data. NLG systems are used to generate
textual representations of formal data, such as weather reports from meteorological mea-
surements [4]. A generation model of tense and aspect would mark a small step toward
automated generation of newspaper-like texts from formal temporal data.

To accomplish NLG of tense and aspect, I am using ML methods on the information
provided by the TIMEBANK corpus. Given an event which needs to be expressed textually
using a certain verb stem, this allows prediction of the fully temporally inflected form.
Some factors which play a part in this are the Vendlerian aspectual class of the verb, the
relation the time of the event has to the current time, and the temporal relations an event
has with respect to other events in the text. The thesis will be available August 2012.
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In this abstract, we will shortly present the results and approaches which are being
developed in my master thesis'. In this study we deal with some type of contracting
symbols, which exist in languages and which are expressed by some linguistic phenomena.

Broadly speaking, a contacting symbol of in a given natural language contracts the
mathematical expression of that mathematical system which naturally underlies this nat-
ural language in humans. The problem of dealing with contracting symbols in formal lan-
guages was encountered by N. Bourbaki [1]. In response to this problem, Sh. Pkhakadze
in his monograph Notation Theory [2] developed the theory which allows one to make
conservative extension of any Sufficiently General mathematical language and theory by
adding it different type contracting symbols in a formally justified, proved way.

In [3] and [4] K. Pkhakadze having Notation theory as a mathematical basement
described the core part of Georgian as a mathematical theory. In result, in [5], we declared
as a thesis that natural conscious Georgian language is a result of formal extension of the
Primary Mathematical Language. The current work has high value not only from logic of
natural languages but also computational linguistics point of view, as the theory developed
in it has been already used in our translator system, logical task solver, spell-checker.
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The construction of allophonic base for the synthesizer of speech is hard and com-
plex process. In another work the allophones were represented by the tri-phones, was
determined the concept of the similarity of tri-phones and the classes of similarity.

Independently from concrete composition of classes always arises a question of se-
lection of a representative for each class. The number of the variants of selection of
representatives is astronomically large number; therefore it is necessary to determine the
criteria of selection. The rule of selection of representatives for each class is presented in
this work.

We select the representatives using, the so-called contextual matrices. For each unit
of base, in our case for allophone, it is built a rectangular array (table). In the first line
and in the first column of the table the symbols of Georgian alphabet are written. At
the intersections is given the frequency of appearance of the corresponding tri-phone in
a large corpus of the texts. This table (with the appropriate volume of corpus) is the
invariant of language and it may be used in any tasks of processing the Georgian texts,
including the task of the recognition of speech.
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The rectangular minor of matrix, determined by the number field of the corresponding
table, corresponds to each class of similarity. Tri-phone, which corresponds to the maximal
element of minor (the mode), is the representative of class.

The described method of constructing of tables and selection of representatives does
not depend on the selection of units and determining the classes.

For the contextual matrices the correlation matrix of contexts was built. Correlation
matrix helps us to determine the groups of the contextual-correlated phonemes and to
determine different contexts for them.

The concrete base of representatives is built.
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On a Numerical Solution of One Nonlocal Boundary

Value Problem with Mixed Dirichlet—Neumann
Conditions
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L' A. Razmadze Mathematical Institute, I. Javakhishvili Thilisi State University

2 Department of Mathematics, Georgian Technical University
Thilisi, Georgia

e-mail: berikela@yahoo.com

Let Q = {z = (z1,29) : 0 < x4 < la, a = 1,2} be the rectangle with boundary T';
F-i-l = {(ll,l'g) s 0< To < lg}, F+2 = {(QTl,lg) 0< 2 < lg}
Consider the mixed boundary value problem: find a function u(z) such that

Au= f(z) x € Q, (1)
0
u(@) =0, & € Loy, 5 = g(aa), v €Ly, (2)
1

l1 l2
/ u(zy, xe) dry =0, 0 < x5 < g, / w(wy, xe) drg =0, 0 < x1 <. (3)
0 0

We introduce the grid domains W, = {Zo = iaha : o = 0,1,...,n4 ha = lo/na},
Wo = Wo N (O, la), W =w1 X W, Y41 = {(ll,l'Q) X9 € wg}, Y42 = {(1’1,12) DX € (Dl}.

Let hy = hay Ta € Wa; ho = ha/2, x4 =0;  h=max(hy,hs).

We approximate the problem (1)-(3) by the finite difference scheme:

Yziz, T Yzgzs = Tngf, T e w, (4)
2 _ 2
— Yz T Yzozy = 11 Tof — —Tog, = € vy, (5)
hl hl
y=0, x € v42, Zhlyzoa T2 € Wy, Zfby:o’ Ty € Wy, (6)
w1 w2

where yz_, v, denotes the backward and forward difference quotients, respectively in x,
direction and T},75, 7] are some averaging operators.

Theorem. Let the solution of the nonlocal boundary value problem problem (1)—(3)
belong to the space W3*(Q), m > 1. Then, the discretization error of the finite difference
scheme (4)—(6) in the discrete W, (w)-norm is determined by the estimate

”y - U’HWQI(w) < ChmilHuHWQM(Q% m e (173}7

where the positive constant ¢ does not depend on h and wu.
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About New Mathematical Model
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TEMUR CHILACHAVA
Sokhumi State University
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Thilisi, Georgia
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In work the new nonlinear continuous mathematical model “beast - predator-victim”
is presented. In model dynamics of three mutually antagonistic populations is considered.
It is supposed that population of the victim eats vegetation and for it is fair or Malthus
model (unlimited quantity of a food resource) or Pearl-Verhulst (limited quantity of a
food resource). Population of predators eats only population of victims, and population
of beast both population of victims and predators. The model is described by nonlinear
system of the differential equations and initial data.

) _ an(t) = anr (1) — ba(e)u(t) - ex(t)=(0),
dz_it) = —dy(t) + dix(t)y(t) — day(t)z(t),
di;tﬂ — g2 (t) + daz(t)2(1) + ds=(1)y(t).

a,b,c,d,dy,ds,ds,dy,ds > 0, a; > 0, l’(to) = Xy, y(t0> = y0,2<t0) = 2y, where x(t),
y(t), z(t) respectively number of victims, predators and beast at the moment of time ¢. In
the absence of beast or predators, the model Lotka—Volterra of two resisting types turns
out. In that specific case, (at certain ratios between model constants) integrated surfaces
of system on which the ratio of quantity of predators with product of victims and beast,
doesn’t change that testifies to a certain balance between types in the Nature (fauna) are
received.
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In this report the problem of construction of three-layer factorized scheme for solving
of mixed problem with first order boundary conditions for systems of linear equations of

0
parabolic type B 8—1; = Lu+ f is considered, where B is positively defined and symmet-

ric matrix, L is strong elliptic operator with variable coefficients, containing the mixed
derivatives, u and f are n-dimensional vectors.

Is constructed absolutely stable three-layer factorized scheme, whose solution requires
no inversion of matrix B. Separately considered the case, when B is the unit matrix. In
this case the absolutely stable three-layer factorized scheme is constructed.

For difference scheme the aprioristic estimation on layer in norm of mesh space I/CI)/S)
is received, on which basis convergence of solution of the difference scheme to the solution
of an initial problem is proved with the speed O(7 + h?) and in the second case with the
speed O(72 + h?), where 7 - the step of time grid and & - the step of space grid.

The received algorithms can be effectively used for multiprocessing computing systems.
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Mathematical Modeling of Leak Location
in Compound Gas Pipeline Network
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Faculty of Exact and Natural Sciences of 1. Javakhishvili Thilisi State University,
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meri.sharikadzeQviam.sci.tsu.ge

Analyses of a reliability of the main gas pipeline’s exploitation has shown high prob-
ability of the main gas pipeline’s some sections damage and gas leakage and as a result
the gas pressure and expenditure alteration when non-stationary processes are in progress
[1-3]. After some time gas leakage (under some conditions), it is possible establishment a
new stationary state of gas movement in the pipelines has stationary character. That is
way it is necessary to study as a non-stationary stage as well the stationary stage of gas
movement in the pipelines having gas escape in the some sections of the main gas pipeline
[1-2].

It is known analytical method of determination a large-scale gas escape location on the
simple section of main gas pipeline [1], using data of the gas pressures and expenditure
at the entrance and ending of the gas pipeline. But this method cannot be used for main
gas pipelines with several sections and branches if previously would not be discovered the
location of the section with gas escape. The method offered by us is devoid from this
default.

So the problem can be formulated as follows: In the complex main gas pipeline with
several branches and sections first of all the placement of the section having accidental gas
escape is determined using minimal information (data of the gas pressures and expenditure
at the main gas pipeline’s entrance and ending points before and after gas escape) and then
defined location of the accidental gas escape in the determined section of main pipeline.

In this article the above mentioned problem is studied.
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Let the domain G be the rectangle, G = [0,1] x [0,1] , I'- be the boundary of the
domain G, 0 < zg < 1, 79 = {(%0,y) : 0<y <1}, v ={(1,y): 0<y <1}, a,b, ¢,d €
L,(G), p>20<q(zy) € Lo(G), U [—1,1], Q- set of all possible control
functions w (z,y) : G — U. For each fixed w € Q in the domain G we consider the
following Bitsadze—Samarski boundary value problem [1] for Helmholtz Equation:

Pu  0*u
@+a—y2—q(z,y)u—a(m,y)W(x,y)+b(x,y),(x,y)EG,
u(z,y) =0, (z,y)€l\y, (4)
u(ly) =ou(ry), 0<y<1, o>0.

Consider the functional I(u) = [, [c(z,y)u(z, y)+d(z, y)w(z,y)|dedy and pose the fol-
lowing optimal control problem: Find a function ug (z,y) € €2, for which the solution of

the problem (1) gives the functional I (u) a minimal value [2].

Theorem. Let 1)y - a solution of the adjoint problem

0? 0?
8_;5 + 8—;5 —q(z, ) =—c(z,y), (x,y)€ G\,

U(zy) =0, (z.y) €T, (5)
0 (x5.y) 0¥ (wo.y) _ v (Ly)

<y <1
or Ox ozr » O=sys

I
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then, for optimality (ug,wo) if and only if the principle of minimum almost everywhere
on G:inf ey ld(z,y) —a(x,y) o (r,y)|w=[d(x,y) —a(z,y) o (x,y)] wo.

With the iterative process the solution of (1),(2) can lead to a solution of the Dirichlet
problem. For the numerical solution of the Dirichlet problem built-in functions relax (a,
b, c, d, e, f, u, rjac) were used on Mathcad.
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The two-dimensional numerical model of an aerosol distribution from an instant point
source against of thermohydrodynamics of a mesoscale boundary layer of atmosphere
is developed. With its help it has been investigated the contribution and influence on
considered ecological process of such basic factors, as an aerosol source height, an aerosol
sedimentation velocity, a background wind, atmosphere stratification. In this work the
special place is given to a problem of an surface pollution. It depends essentially on a
source pollution height; it decreases with its increase, i.e. the ecological situation under
the source improves. As the increase of an aerosol source height is connected with different
technical and economic problems same effect can often by achieving by preliminary heating
of an aerosol. This scenario is simulated By means of the present model. The first
numerical experiments about of revelation of equivalence between increasing of pollution
source height and degree of preliminary heating of an aerosol are received.
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Mathematical Simulation of a Humidity Processes
Ensemble

GEORGE GELADZE, MERI SHARIKADZE, MANANA TEVDORADZE
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I. Vekua Institute of Applied Mathematics of I. Javakhishvili Thilisi State University

Thilisi, Georgia
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The ensemble of humidity processes (fogs, layered clouds) has been simulated on the
basis of the numerical model of a non-stationary mesoscale boundary layer of atmosphere
(MBLA) developed by us. In this work the accent becomes on interaction and inter-
conversion of humidity processes in the above-stated ensemble. Local circulation against
which process fog- and cloudformation develops is caused by a daily march of temperature
of an underlying surface. In the work process develops in time: in the end of the period of
heating and in the beginning of cooling (evening) of an underlying surface simultaneous
presence of a fog and of a cloud takes place. At the subsequent heating (at daybreak) of
an underlying surface there is a gradual emerging and horizontal expansion of fog edges;
they constantly lose touch with an initial fog and continue to exist irrespective of it as a
layered cloud. So, we have three layered clouds and one fog. At the further heating of
an underlying surface there is a gradual emersion of a fog. Therefore we receive ensemble
from four layered clouds. Thus, during one day we have simultaneously a cloud and a fog,
then three clouds and a fog, and at last four clouds. In modelling of the above-stated un-
ordinary processes a determinative role are played relative humidity and turbulent regime
of MBLA. The results of calculations received at selection of special meteorological condi-
tions are physically quite logical and possible, but occurrence of such humidity processes
ensembles in the nature are not known to us from materials of meteorological observation.
Therefore it is possible to consider our work as numerical experiment. Further we will try
to find meteorological process corresponding to our results
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On One Nonlinear One-Dimensional Diffusion Model

TEMUR JANGVELADZE
Ilia Vekua Institute of Applied Mathematics
Ivane Javkhishvili Thilisi State University
Caucasus University
Thilisi, Georgia

email: tjangv@yahoo.com

The one-dimensional analogue of the following nonlinear diffusion model is considered:

o
ot

CU% = U (rot H)? + £V (kV6) (7)

where H = (Hy, Hs, H3) is a vector of magnetic field, § — temperature, ¢,, v/, and k char-
acterize correspondingly heat capacity, electroconductivity and heat conductivity of the
medium, that depends on temperature, € = const > 0. System (1) describes propagation
of magnetic field in the medium, and equation (2) describes temperature change at the
expense of Joule’s heating and heat conductivity.

Some aspects of investigation and numerical solution of one-dimensional version of
system (1), (2), in case of one-components magnetic field, are given, for example, in the
works [1]-[4].

Our aim is investigation and numerical solution of one-dimensional version of system
(1), (2) in case of two-components magnetic field. Especially, the finite difference scheme
for initial-boundary value problem for some kind of nonlinearities are constructed and
investigated. The behavior of solutions as ¢ — 0 is also studied. The corresponding
numerical experiments are carried out.

= —rot (Vprot H) , (6)
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On the Solution of an Equation for the Static String
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We consider the methods of solution of the boundary value problem

© /w’Z(x)d:v w'(z) = f(z), 0<xz<l, (8)
w(0) =w(l) =0,

where ¢(z) > const > 0, 0 < z < oo, which describes the static behavior of the string
when the relation between stress and strain is of nonlinear character. The question of
solution exactness is studied. Results of computer-aided calculations are presented. Also,
a two-dimensional analogue of equation (1) is considered.

The Numerical Solution of Fractional
Differential- Algebraic Equations (FDAEs)

MESUT KARABACAK!, MUHAMMED YIGIDER?, ERCAN CELIK!

1 Atatiirk University Faculty of Science, Department of Mathematics, Erzurum-Turkey
2 Erzincan University Faculty of Art and Science, Department of Mathematics,
Erzincan-Turkey

email: mkarabacak@atauni.edu.tr; myigider@erzincan.edu.tr; ercelik@atauni.edu.tr

In this paper, Numerical solution of Fractional Differential-Algebraic Equations
(FDAESs) is considered. First Fractional Differential-Algebraic Equations(FDAESs) has
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been converted to power series. Then Numerical solution of Fractional Differential-Algebraic
Equations (FDAEs) is obtained.

Keywords. Differential-Algebraic Equations(DAEs), Fractional Differential-Algebraic
Equation (FDAESs), Power Series.

Mathematical Model of Information Warfare
Taking into Account Technological Possibilities

of the Parties
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School (Faculty) Mathematical modeling and computer technologies

Thilisi, Georgia

email: tvnQcaucasus.net

The mathematical model of information warfare, taking into account possibilities of
information technologies of the antagonistic parties is constructed. In particular, for a
basis the mathematical model of ignoring of the parties [1] is chosen. According to this
model, in principle the antagonistic parties can extend unlimited amount of information
at any moment. Actually, the amount of extended information is limited, and is defined
by an appropriate level information technologies of warring parties. Taking into account
this situation the following mathematical model - non-linear system of the differential
equations, is constructed and studied.

dz\;lt(t) — aNy() (1 _ N}_@)) — BNs(t),
D0 a1 - 250 - st
dj\i;t(t) — (N1 (t) + No()),

where [, I respectively the maximum quantity of effectively extended information the
antagonistic parties at the moment of time. Ny(t), Na(t), the amount of information
extended by the antagonistic parties respectively. And N3(t) peacekeeping party. -
index of aggression of the antagonistic parties, 8- index of readiness for reconciliation, ~-
index of peacekeeping activity.
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On the Solution of One Nonlinear Elliptic Equation
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In the talk the following problem will be presented.

Problem. In R? to find continuous function u having second order derivatives, van-
ishing at infinity and satisfying the equation

Au+ \u? = Agu, (1)

where A is some parameter.

By introducing new function and using Taylor series the equation is reduced to the
approximate nonlinear elliptic equation. The effective solutions of this equation vanishing
at infinity are obtained and are given by the formula

— Rqin e—olzl=Blyl—vlz|-D
u = Rsine )

where R is some constant, D > 0 is the constant for which e=*” is sufficiently small and
the constants A, o, 3,y > 0 satisfy the conditions

4
Oé2 + ,82 + ’}/2 = A(), )\_R2 = §A07

where Ag > 0 is the constant.
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Variational Iteration Method for Fuzzy Fractional
Differential Equations with Uncertainty
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In this paper the variational iteration method is used to solve the fractional differential
equations with fuzzy initial condition. We consider a differential equation of fractional
order with uncertainty and present the concept of solution. We compared the results with
their exact solutions in order to demonstrate the validity and applicability of the method.

Key words: Fuzzy number, Fuzzy initial value problems, Riemann—Liouville frac-
tional derivative, Mittag-Leffler function, Variational iteration method.

On Numerical Resolution of One System
of Nonlinear Integro-Differential Equations
ZURAB KIGURADZE
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Faculty of Exact and Natural Sciences
Thilisi, Georgia
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The following initial-boundary value problem is studied:

auzz< / / [(8u> (%) dxdr) ‘Zx“ (2.1),

ui(z,0) = up(z), x€l0,1],
where T'= Const > 0 and w;o(x), i = 1, 2 are given functions.

The approximation u? € S" to wu; is defined by as follows: Find a pair u? € S such
that

oul ouh oub\ > oul ol
h ™ 1 2 3 i — .yl
<vi, T > <<1+/ / [( ) <8x> ]dwch) s 8at> < fi,v;" >,
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and
<ol ul(z,0) >=< 0! up(z) >, Vol € Sh,

where S}, is a finite-dimensional subspace of the linear space H of functions u; satisfying
the boundary conditions in (1) for each ¢ and i = 1, 2.

The following theorem is proven:

Theorem. The error in the finite element approzimation ul satisfies the inequality

2

o 8ul
i = w{lls < W71 erh® [Juol|* + eoh® +C3\||U1H\o+c4h2j ) ZHWMH‘O
at m=1
1/2

2

> (coh? ™ lfumllls +C7Hum[])] :

m=1

where
1/2
VE(z P E(z,1) Tt
IIEIl = [/ A ( L ) dxdt] Dl =[] fuldods
o Jo
and cp, k=1, 2,...,7, denote positive constants.

The issue above, jointly with author, was the subject of recent investigations of Prof.
T. Jangveladze, Prof. B. Neta and Prof. S. Reich.

The Approximate Solution of a Nonhomogeneous
Differential Equation
VLADIMER ODISHARIA
Department of Mathematics, I. Javakhishvili Thilisi State University
Thilisi, Georgia

email: vodisharia@yahoo.com

The following initial boundary value problem is considered
()\+—/|Vw| d:v)Aw—f(:pt) 0<t<T, ze€, (1)

w(z,0) = u(x), w(x,0) = wh(z), z €9,
w(z,t)=0, z€d, 0<t<T, (2)
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wherexr = (x1, 29, x3), Q = {(1, 22, 23)|0 < z; <7, i =1,2,3}, 09 is the boundary of
the domain Q,u°(x),w'(x) and f (x,t) are given functions, A > 0 and Tare the known
constants.

Equation (1) is a three-dimensional nonhomogeneous analogue of the Kirchhoff equa-

tion [1] 1
Wy = (1 +/ widm) Wy (3)
0

describing the oscillation of a string. The problem of solvability of (3) equation was for
the first time studied by S. Bernstein. Later, many researchers showed an interest in
equations of Kirchhoff type (see e.g. [2]-[5]).

Here we present a numerical algorithm of problem (1),(2). Step-by-step discretization
with respect to a spatial and a time variables is carried out. To solve the resulting cubic
system we use the Jacobi iteration method. The error of this method is estimated.
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Classification of Factors that Affect the Speed
of the RSA Cryptosystem
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The RSA is asymmetric encryption method widely used for information security and
digital signature. In this papers, firstly, RSA Cryptosystem were announced. Then,
factors affecting time of encryption and decryption of RSA cryptosystem were examined.
Finally the algorithms developed to shorten time of encryption and decryption of RSA
cryptosystem were classified under two topics.

Keywords: RSA, Variation of RSA, Key Generation, Algorithms.

On One Finite-difference Method for Investigation

of Stressed State of Composite Bodies Weakened
by Cracks
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Study of boundary value problems for the composite bodies weakened by cracks has a
great practical significance. Mathematical model investigated boundary value problems
for the composite bodies weakened by cracks in the first approximation can be based
on the equations of anti-plane approach of elasticity theory for composite (piece-wise
homogeneous) bodies. When cracks intersect an interface or penetrate it at all sorts of
angle on the base of the integral equations method is studied in the works [1]-[3]. In
the present article finite-difference solution of anti-plane problems of elasticity theory
for composite (piece-wise homogeneous) bodies weakened by cracks is presented. The
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differential equation with corresponding initial boundary conditions is approximated by
finite-differential analogies in the rectangular quadratic area. Such kind set of the problem
gives opportunity to find directly numeral values of shift functions in the grid points. The
suggested calculation algorithms have been tested for the concrete practical tasks. The
results of numerical calculations are in a good degree of approach with the results of
theoretical investigations.
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Let us consider the nonlinear differential equation

u"(z) — m(/o u?(x) dx) u"(z) = f(x), (1)
0<zx<L,
with the boundary conditions
uw(0) =u(L) =0, u"(0)=u"(L)=0. (2)

Here u(z), 0 < x < L, is the function to be found and m(\) > const > 0, 0 < X < oo,
and f(x), 0 < x < L, are the given functions.
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Equation (1) is the stationary problem associated with the equation

L
Ut (T, 1) + Uggae (T, 1) — (ao + o / ui(:v, t) d:v) Ugez (T, 1) =0,
0

O<zx<L, 0<t<T,

g,y > const > 0, which was proposed by Woinowsky—Krieger in 1950 as a model for
the deflection of an extensible dynamic beam with hinged ends.

To approximate the solution of problem (1), (2) the Galerkin method and the Newto-
nian iteration process are used. The accuracy of algorithm is discussed.

Accelerating the Convergence of Trigonometric
Interpolation via Polynomial and Rational
Corrections
ARNAK POGHOSYAN

Institute of Mathematics of National Academy of Sciences of Armenia
Yerevan, Republic of Armenia

email: arnak@instmath.sci.am

It is well known that reconstruction of a smooth on [—1,1] function by the classical
trigonometric interpolation

N
[N(f) _ Z fvneiﬂn:p’
n=—N

1 N 2%
— —iTNnTy _
fn 2N+1k;Nf(xk)e T = o

is noneffective when the 2-periodic extension of the interpolated function is discontinuous
on the real line. The oscillations caused by the Gibbs phenomenon are typically propa-
gated into regions away from the singularities and degrade the quality of interpolation.

We consider the convergence acceleration of the classical trigonometric interpola-
tion via polynomial and rational (by e™) corrections. Polynomial correction is known
as the Krylov—Lanczos approach ([1], [2]). Rational corrections follow the idea of the
Fourier-Pade approximation [3].

The resulting interpolation Iy, ,(f) is a sum of a polynomial in the form of a linear
combination of the Bernoulli polynomials with ¢ jumps in the coefficients, trigonometric
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interpolation of a smooth function and rational corrections where p is the order of de-
nominator. Such interpolations include an unknown parameter which determination is a
crucial problem for rational corrections.

We reveal some theoretical estimates for convergence of the suggested interpolations,
discuss the problem of parameter determination, present some results of numerical exper-
iments and show how the parameters can be chosen in practical problems.
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We consider the problem of function interpolation by its discrete Fourier coefficients
1 al k :
~ 2imn
n=——————— — e Nmil, m € 7, >0,
J 2N+m+lzf<]\7>e " "
k=—N
calculated over the equidistant grid ~ o0 [—1,1] including also the endpoints of the

interval. The solution of this problem we seek in the form

N
2itnNx

IN(f> _Qj) = Fn€2N+m+l7
n=—N
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where unknown coefficients F;, can be determined from condition of exactness for quasi-

periodic functions
2itnNax

eaNtm+i, n=-—N,...,N.

This condition leads to determination of F;, as follows
Fn = fn + Zejan-i-ja
j=1

where 0, is the solution of linear system with Vandermonde matrix.

The resultant interpolation was first discovered by academician Nersessian (see [1]) and
was called full and quasi-periodic interpolation. We investigate the convergence of quasi-
periodic interpolation in dependent on parameter m, present some results of numerical
experiments and discuss its advantages over the classical trigonometric interpolation.

2010 Mathematics Subject Classification. 42A15, 65T40.

Keywords. Trigonometric interpolation, quasi-periodic interpolation.
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Plasmonic and Plasmonic Metamaterials that are promising to revolutionize ways of
generating, controlling and processing light in the nanoscale and expected to have a strong
impact on future developments in the technological applications range from nano-lasers
to optical nano-waveguides to artificial media with unusual and exotic optical properties
unattainable in natural materials.
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Optical properties of plasmonic nanostructures are often accessed by evaluating their
interaction with light by means of rigorous numerical methods. Such analysis allows
the reliable prediction of any measurable quantity, whereas insights into the physical
mechanisms that govern the observable effects require an intense interpretation of these
quantities.

Because of the strong enhancement Plasmonic effects, accurate simulation is extremely
demanding. First of all, only a full, vectorial field analysis can take the strong coupling
sufficiently well into account. Secondly, even simple plasmonic structures are considerably
smaller than the optical wavelength. Finally, numerical inaccuracies strongly disturb the
optimization process. As a result, the numerical models become rather large, i.e., time-
and memory-consuming.

The Generalized Multipole Method (GMT) is a relatively new and fast advancing
method. It did not find that much interest compared to other methods. But nowadays
it popularity is steadily increasing. Extensions and enhancement to the methods and
computer codes are continuously being published, which broaden the scope of the meth-
ods. The Method of Auxiliary Sources (MAS) is the most general implementation of the
GMT. MAS is the semi-analytic Maxwell solver for computational electrodynamics in the
frequency domain and can handle various electromagnetic (EM) problems on the personal
computers while. A reason for using frequency domain solvers is that it is much easier
and natural to work with dispersive, i.e., frequency dependent materials such as metals
at optical frequencies.
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Using a Modern Information Technology to Teach
High Mathematics in a Technical College
Luiza UMARKHADZHIEVA
Grozny State Oil Technical University, Grozny, Russia

email: umluiza@mail.ru

The solution of professionally designed tasks by mathematical modeling requires a
lot of time. To save the time in computing tasks, you can apply special programs such
as Mathcad, Maple, Matlab, etc., that can for a short time exactly or approximately
compute derivatives, integrals, differential equations, find solutions, and so etc., that
is, almost every action that we teach students in practical classes. Moreover, mentioned
programs allow you to demonstrate the solution in a short time and avoid time consuming
routine computations.
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The most practical among programs for computer mathematics in terms of teaching
and application is a Mathcad. The Maple has big opportunities for character transfor-
mations and calculations. Maple is a package for analytical calculations on a computer
that contains more than two thousand commands that enable you to solve problems of
algebra, geometry, calculus, differential equations, statistics, and mathematical physics.
Both systems remove a psychological barrier in studying mathematics by making easier to
solve complex mathematical problems. Proper use of systems of computer mathematics
in the teaching process enhances the fundamental mathematical and technical education,
promotes the genuine integration of theory and practice.

Using modern software applications in the study of high mathematics can significantly
save time it takes to “hand work” — the usual analytic transformation and calculation of
derivatives, integrals, the solution of various equations. The time we gain can be used
for practical interpretation of analytical results received by the same system of computer
mathematics.
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Continuum Mechanics
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Some Synergetic Treatments of Wave Dynamics
in Application to Stochastic Processes in
Semiconductors, Traffic Flow, Fracture Mechanics
ALEKSANDER G. BAGDOEV
Institute of Mechanics NAS RA, Yerevan

email: bagdoev@mechins.sci.am

In present paper are offered series of phenomenological models, using application of
methods of nonlinear wave dynamics to study of processes on micro-mezo-macro levels
and their transition to the macro fracture.

1. For known Gurson-Tvergard-Needelman model, describing dynamics of microspores,
in equation of porosity, instead of gaussian distribution for probability density, is
introduced its nonlinear generalization, which can be calculated for different values
of nonlinearity coefficient, and can be carried out comparison with experiments.

2. On the base of many modern investigations on processes in fracture mechanics,
where it is shown universal character of these processes with respect to different
materials and loads, it is carry out analogy among processes of Gunn’s instability in
semiconductors, described by one nonlinear diffusion equation for electrical field on
account of relaxation terms, supplemented by delta-fluctuations, also in presence of
experimental dependence graph of velocity of electrons from electrical field, solved
by Haken and Nakamura by method of expansion on plane waves and determination
of effective formulae for final stationary stable state after phase transition, process
of traffic low on crowded roads investigated by Lighthill and Whitham by simple
effective method of kinematics waves, where, obtained by them gas-dynamics equa-
tion of mass continuity for machines density, is supplemented by same form, as
problem of semiconductors, graph represented relation of current and density for
the traffic flow.

Analogously to that, what is carried out in works of famous physics in study of
traffic flow, to mentioned nonlinear equation are added diffusion, relaxation and
fluctuations terms in complete correspondence with equation for semiconductors.
All solutions for traffic flow, including phase transition to bottleneck, are carried
out identically with above mentioned solutions for semiconductors, besides due to of
method of nonlinear waves is carried out supplementation of nonlinearity in Fokker-
Plank equation and are studied spatial stochastic problems where stationary solution
already is function from coordinate.

3. All these considerations are transmitted on phenomenological description of problem
of motion of micro pores with abrupt phase transition to macro fracture, describing
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by same model equation as for semiconductors and traffic flow, however already
written for porosity by determination of its value in stationary state, as well as of
corresponding probability. This allows examine fracture’s criteria.

In former paper we carried out same simulations and analogies on the base of two-
component Biot equations, where in pores also there is electrical fluid, and is used
derived previously model evolution equation written for velocity of carcass particles,
for nonlinear slow wave.

Effective Solution of the Dirichlet BVP of the Linear
Theory of Thermoelasticity with Microtemperatures

for a Spherical Ring
LAMARA BITSADZE
I. Vekua Institute of Applied Mathematics of I. Javakhishvili Thilisi State University
Thilisi, Georgia

email: lamarabits@yahoo.com

In this paper the expansion of regular solution for the equations of the theory of ther-
moelasticity with microtemperatures is obtained, that we use for explicitly solving the
Dirichlet boundary value problem (BVP) (we assume that on the boundary of spherical
ring the displacement vector, the microtemperature vector and the temperature are given)
for the equations of the linear equilibrium theory of thermoelasticity with microtemper-
atures for the spherical ring. The obtained solutions are represented as absolutely and
uniformly convergent series.
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Analysis of Winkler’s Model of Elastic Foundation
Using Differential Transform Method

SEMA BODUR, H. ALPASLAN PEKER, GALIP OTURAN(

Selcuk University, Department of Mathematics, 42075, Campus, Konya, Turkey

email: goturanc@selcuk.edu.tr

In this study, differential equation of beams on elastic foundation, which has a great
importance for engineering problems, has been analyzed [1, 2]. The beams on elastic
foundation has widely been used in plenty of engineering areas. For instance, railway
engineering, pipes used in liquid and gas conduction lines, off-shore and port foundations,
some applications in airports, plane-space and petrochemical industries, biomechanical
and dentistry. Winkler, Pasternak, Vlasov, Kerr and some other models have been de-
veloped for the foundations with different types of elements such as beams, discs and
shells [5,6]. In literature, the beams on Winkler foundation problem has been solved for
static, buckling and vibration analyses by finite differences, finite elements, boundary el-
ements, Ritz, Galerkin, differential quadrature, Monte Carlo methods [7]. In this study,
apart form the literature, the problems related to Winkler’s model of elastic foundation
with different conditions has been analyzed by the differential transform method, which
is based on Taylor series expansion and is easily applied to linear or nonlinear problems
and reduces the size of computational work [3, 4]. In addition, the obtained solutions
have been compared to analytical solutions. Besides, all calculations have been made by
Maplel3 and codes were also given.

Acknowledgement. This study is supported by the Selcuk University Scientific
Research Project Coordinatorship (BAP).

Keywords. Differential Transform Method, Winkler’s Model, Beams on Elastic Foun-
dation

References
[1] M. Inan, Cisimlerin Mukavemeti, 1967, ITU (In Turkish).
2] 1. Kayan, Cisimlerin Mukavemeti, 1992, ITU (In Turkish).

[3] J. K. Zhou, Differential Transformation and Its Applications for Electical Circuit,
1986 (In Chinese).

[4] G. Oturang and Y. Keskin, Diferensiyel Donisim Yontemiyle Diferensiyel Den-
klemlerin (ozilmesi, Aybil Yaymevi, 2011 (In Turkish).

[5] V. Z. Vlasov and N. N. Leont’ev, Beams, Plates and Shells on Elastic Foundations,
Israel Program for Scientific Translations, 1966 (Translated from Russian).



192 Continuum Mechanics September 2-9, Batumi, Georgia

[6] A. Daloglu, A. Dogangiin, and Y. Ayvaz, Dynamic Analysis of Foundation Plates
Using a Consistent Vlasov Model, Journal of Sound and Vibration, 224(5) (1999),
941-951.

[7] O. Civalek and C. Demir, Elastik Zemine Oturan Kiriglerin Ayrik Tekil Konvoliisyon
ve Harmonik Diferensiyel Quadrature Yontemleriyle Analizi, BAU FBE Dergisi,
11(1) (2009), 56-71 (In Turkish).

Asymptotic Analysis of Interface Crack Problems
for Metallic-Piezoelectric Composite Structures
OTAR CHKADUA

A. Razmadze Mathematical Institute of I. Javakhishvili Thilisi State University
Sokhumi State University

Thilisi, Georgia

email: chkadua7@yahoo.com

We investigate three-dimensional interface crack problems for metallic-piezoelectric
composite bodies with regard to thermal effects. We give a mathematical formulation
of the physical problems when the metallic and piezoelectric bodies are bonded along
some proper parts of their boundaries where interface cracks occur. By the potential
method the interface crack problems are reduced to equivalent strongly elliptic systems of
pseudodifferential equations on manifolds with boundary. We study the solvability of these
systems in appropriate function spaces and prove uniqueness and existence theorems for
the original interface crack problems. We analyse the regularity and asymptotic properties
of the corresponding thermo-mechanical and electric fields near the crack edges and near
the curves where the different boundary conditions collide. In particular, we characterize
the stress singularity exponents and show that they can be explicitly calculated with the
help of the principal homogeneous symbol matrices of the corresponding pseudodifferential
operators. For some important classes of anisotropic media we derive explicit expressions
for the corresponding stress singularity exponents and show that they essentially depend
on the material parameters. The questions related to the so called oscillating singularities
are treated in detail as well.

This is a joint work with T. Buchukuri, R. Duduchava and D. Natroshvili.
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Partially Unknown Boundaries Problems
of Elasticity and Plate Bending (Equi-Strong
Contours Finding Problem)
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The partially unknown boundary problems of elasticity theory and plate bending tasks
(equi-strong contours finding problem) are considered to be most important problems,
their solvability provides controlling stress optimal distribution selecting the appropriate
hole boundary. In general, tangential normal stresses and tangential normal moments
whose values depend on external loads and hole shapes play an important role in the
plasticity zone foration in the plates with the holes and also in the neighborhood to the
plate’s hole boundary. Proceeding from the above —mentioned, the following tasks were
assigned: in conditions of provided external loads the shapes of the holes in plates should
be chosen so that on the boundaries tangential normal stresses (tangential normal mo-
ments) module’s maximal value will be the same and minimal in the same body in all other
possible holes tangential normal stresses (tangential normal moments) maximal value of
module. It’ s proven that for infinite domains tangential normal stresses (tangential nor-
mal moments) the minimum of maximal value will be obtained on such contours, where
this value maintains the constant value; this contours are named equi-strong contours.
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The Boundary Value Problems for a Solid Body
with Double Porosity and Two Nonintersecting
Spherical Cavities

L. GIORGASHVILI, G. KARSELADZE

Georgian Technical University, Department of Mathematics
Thilisi, Georgia

email: lgiorgashvili@gmail.com

The paper studies the basic boundary value problems for a three-dimensional space
which is filled with a solid body having double porosity and two nonintersecting spherical
cavities. A problem solution is sought using the representation of a general solution of
a system of homogeneous differential equations of statics, which is expressed in terms
of four harmonic and one metaharmonic functions. The problem solution is reduced to
the investigation of an infinite system of linear algebraic equations. It is shown that the
obtained system is of normal type. Solutions of the considered problems are obtained in
the form of absolutely and uniformly convergent series.

Uniqueness Theorems for the Basic Interface
Problems of Thermoelastostatics for Hemitropic
Composite Bodies
DIANA IVANIDZE

Georgian Technical University, Department of Mathematics
Thilisi, Georgia

email: dianaivanize@gmail.com

We consider the three-dimensional interface boundary-value problems of the theory
of thermoelastostatics for piecewise homogeneous hemitropic (Cosserat type) composite
structures. In particular, we treat the model problem, when the whole space is divided
into two disjoint regions, a bounded domain Q% and its unbounded complement 2~ with
a common interface boundary S. It is assumed that these domains are occupied by elastic
hemitropic solids characterized by different material parameters. On the interface surface
we impose the so called rigid contact (transmission) conditions. In addition, we require
that in the unbounded domain the sought for displacement vector is bounded and satisfies
some structural restrictions at infinity, called Z(£27) conditions. Under these conditions
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we prove that the basic transmission problem possesses at most one solution in the class
of regular vector-functions.

Similar uniqueness results hold true in general case when the interior domain contains
material inclusions or voids (empty inclusions). In the later case on the boundaries of
the voids there are prescribed Dirichlet, or Neumann, or Robin or mixed type boundary
conditions.

Uniqueness Theorems for the Basic Interface
Problems of Thermoelastostatics for Anisotropic
Composite Bodies
MAREKH IVANIDZE

Georgian Technical University, Department of Mathematics
Thilisi, Georgia

email: marexi.ivanidze@gmail.com

We consider the three-dimensional interface boundary-value problems of the theory
of thermoelastostatics for piecewise homogeneous anisotropic composite structures. In
particular, we treat the model problem, when the whole space is divided into two disjoint
regions, a bounded domain Q% and its unbounded complement -, with a common in-
terface boundary S. It is assumed that these domains are occupied by anisotropic elastic
solids characterized by different material parameters. On the interface surface we im-
pose the so called rigid contact (transmission) conditions. In addition, we require that in
the unbounded domain the sought for displacement vector is bounded and satisfies some
structural restrictions at infinity, called Z(£27) conditions. Under these conditions we
prove that the basic transmission problem possesses at most one solution in the class of
regular vector-functions.

Similar uniqueness results hold true in general case when the interior domain contains
material inclusions or voids (empty inclusions). In the later case on the boundaries of
the voids there are prescribed Dirichlet, or Neumann, or Robin or mixed type boundary
conditions.
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The Boundary Value Problems of Statics of
the Two-temperature Theory Elastic Mixtures
for a Domain Bounded by Spherical Surface

A. JAGHMAIDZE, R. MELADZE

Georgian Technical University, Department of Mathematics
Thilisi, Georgia

email: omar.jagmaidze@gmail.com

We consider the statics case of the theory of two-temperature elastic mixtures when
partial displacements of the elastic components of which the mixture consists are equal to
each other. The representation formula of a general solution of the homogeneous system
of differential equations obtained in the paper is expressed by means of four harmonic
functions and four metaharmonic functions. The obtained general solution representation
makes it possible to represent the displacement vector and the stress vector by Fourier-
Laplace series with respect to a complete system of well-defined orthonormal vectors.
Thus the solution of the considered boundary value problems reduces to the investigation
of a system of linear algebraic equations. Solutions are obtained in the form of absolutely
and uniformly convergent series.
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Thermodynamics of Barochronic Potential Flow
of Ideal Liquid (Gas)

IL1A LOMIDZE, JIMSHER JAVAKHISHVILI

University of Georgia, Physics Department
Thilisi, Georgia

email: lomiltsu@gmail.com; j.javakhishviliQUG.edu.ge

Using the results of previous works of the authors [1] we consider time and space
dependence of an enthropy, temperature and some other thermodynamical quantities of
barochronic potential flow of ideal liquid (gas). Solving of common thermodynamical
equations and taking into account space-time dependence of a hydrodynamical velocity

T =7t + o),

and of a dencity
p=poll+1t/to] %,
obtained in [1-3] we conclude that the temperature is also time dependence only:

T - T()’l +t/t0‘a,

where «a, pg, to, 1o are some constants.
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A Two-Component Elastic Mixture with Different
Temperature Values in a Scalar Field
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In the paper we consider the case of the two-temperature theory of statics of an elastic
mixture when partial displacements of the elastic components of the considered mixture
are equal to each other. A contact problem with contact spherical surface is considered.
The ball bounded by the contact surface is filled with a composite material, while the
external scalar field of the ball is defined by a harmonic function. The representation
formula obtained for a general solution of a system of homogeneous differential equations
of statics of the two-temperature theory of an elastic mixture is expressed in terms of
four harmonic and one metaharmonic functions. For the considered contact problem, the
solution uniqueness theorem is proved. The problem solution is obtained in the form of
absolutely and uniformly convergent series.
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Mathematical Model of Dynamics of Micropolar
Elastic Orthotropic Multilayered Thin Plates

S. H. SARGSYAN, A. J. FARMANYAN

Gyumri M. Nalbandyan State Pedagogical Institute, Armenia

email: afarmanyan@yahoo.com

In the present paper general theory with free fields of displacements and rotations of
dynamics of micropolar orthotropic elastic multilayered thin plates is constructed.

Thin plate is considered composed of micropolar orthotropic elastic N layers. Middle
plane of layer K or the plane of layers’ contact is assumed as a ground plane and Cartesian
system of coordinates x1, w9 is placed there. Transverse coordinate x3 is measured in
direction of the outward normal of the ground plane.

For the construction of the dynamic theory of micropolar orthotropic multilayered
thin plates following hypotheses are formulated:

1. Kynematic hypothesis for the whole package of the plate: during the deformation
initially linear and normal to the ground plane fibers of the plate rotate at an angle as a
whole rigid body, without changing their length and without remaining perpendicular to
the deformed ground plane;

2. Static hypotheses: normal force stress and tangential moment stresses, acting in
areas, parallel to the ground plane, are negligible in relation to other components of
tensors of force and moment stresses. Special algorithm of determination of tangential
force stresses and normal moment stress, acting in the same areas, is drawn up.

The constructed general applied theory of dynamics of micropolar orthotropic elastic
multilayered thin plates is assumed as a basis during the studying of concrete problems
of free and force vibrations, dynamic stability of rectangular and circular plates in case
of different boundary conditions. Specific properties of the micropolar material will be
revealed on the basis of numerical analysis.
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Boundary Value Problems of Statics in
the Two-Temperature Elastic Mixture Theory
for a Half-Space
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The case of statics of the two-temperature elastic mixture theory is considered when
partial displacements of the elastic components of the mixture are equal to each other.
The obtained formula of representation of a general solution of a homogeneous system of
differential equations is expressed in terms of four harmonic and one metaharmonic func-
tions. The solution uniqueness theorem is proved. Solutions are obtained in quadratures
by means of boundary functions.

On One Problem of the Plane Theory of Elastic
Mixture For a Half-Plane Weakened by Periodically
Arranged Equally Strong Holes
KosTA SVANADZE

Department of Mathematics, Akaki Tsereteli State University
Kutaisi, Georgia

email: kostasvanadze@yahoo.com

In the case of equation of statics of the linear theory of elastic mixture is considered
the problem of elastic equilibrium of a lower half-plane weakened by periodically arranged
equally strong holes.

The hole boundaries are assumed to be free from external forces and absolutely smooth
rigid punch with rectilinear base is applied at the boundary; the punch is under the action
of external normal contractive forces.

The problem consists in finding both the stressed state of a half-plane and analytical
forms of boundaries of equally strong holes under the condition that tangential normal
stresses on these boundaries take constant value.

Using of analogous Kolosov—Muskelishvili’s formulas, the problem under consideration
is reduced to a mixed problem of the theory of analytic functions, and the solution of
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the latter allows us to construct complex potentials and equations of unknown contours
effectively (analytically).

Numerical Solution of Boundary Value Problems
of Thermoelasticity with Microtemperatures
for Circular Hole
IVANE TSAGARELI', MAIA SVANADZE?

L1, Vekua Institute of Applied Mathematics, I.Javakhiahvili Thilisi State University
Thilisi, Georgia

2 Institute of Mathematics, University of Gottingen, Bunsenstrasse 3-5, D-37073
Gottingen, Germany

email: i.tsagareli@yahoo.com; maia.svanadze@Qgmail.com

Consider a boundary value problems (BVP) of statics of the theory of thermoelasticity
with microtemperatures for the plane with a circular hole. The basic equations of statics
of the theory of thermoelasticity with microtemperatures can be written in the form [1,2]:

pA(u(z)) + (A + p) grad div(u(z)) = fgradus, kAug(z) + ki divw(z) = 0, (1)
keAw(z) + (kg + k5) grad divw(x) — ks grad ug(z) — kew(z) = 0,

where u(x) is the displacement vector of the point z, u = (uj,us); w = (wy,wy) is
the microtemperatures vector; ug is temperature measured from the constant absolute
temperature To; A, i, B8, k, k1, ko, k3, k4, ks, ke are constitutive coefficients [1,2].

We consider the following BVP: find a regular solution U = (uy, ug, us, wy, ws) of the
system (1), satisfying the boundary conditions:

I u(z) = f(2), wus(z) = f3(2), w(z)=np2);

. T@e mu(e)-Bua(2)nle) = (2), K thi(en(2)=ale), T7(0mhul2)=ple),
where T"u is the stress vector in the classical theory of elasticity; T"w is stress vector
for microtemperatures [1,2]; f = (f1, f2), p = (p1,02), f1, f2, fs-are the given functions on
boundary.

The representation of solutions of the equation system (1) is constructed with the help
of the harmonic and metaharmonic functions [3].

Using this representation the solution of the problems is given in the explicit form by
using the Fourier series [3]. There are the obtained the numerical solutions.
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Motion of a Viscous Hydromagnetic Fluid Contained
between Rotating Coaxial Cylinders

VARDEN T'SUTSKIRIDZE, LEVAN JIKIDZE

Georgian Technical University, Department of Mathematics
Thilisi, Georgia

email: b.tsutskiridze@mail.ru; btsutskiridze@Qyahoo.com

The problem of unsteady rotational motion of electrically conducting viscous incom-
pressible fluid, contained within two axially concentric cylinders of finite length in the
presence of an axial symmetric magnetic field of constant strength, has been solved ex-
actly using finite Hankel transform in combination with a technique presented in this
paper. This paper presents a complete of the problem under consideration, which has
been of interest for many years; moreover the Pneuman—Lykoudis solution in magneto-
hydrodynamics and Childyal solution in hydrodynamics appears as a special case of this
study. The analysis shows that the disturbance in the fluid disappears by increasing the
magnetic field.

Impact of a Deformable Indenter and the Plate in
the Presence of Discharge Current

A. A. VANTSYAN

With the development of methods for throwing the flying bodies (bullets, projectiles)
the impact velocity of the indenter and the target becomes (increases) more and more.
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With increasing of the impact velocity the problem of the indenter penetration passes into
the perforation problem, which introduces additional difficulties associated with physical
phenomena occurring on the back side of the target. Among these phenomena is the re-
maining velocity with which the indenter comes from the back of the target, the shape of
the free surface at z = h, where h is thickness of the plate, the occurrence (appearance) of
the fragments. All these phenomena are significantly affected by discharge current; there-
fore investigation of the discharge current influence is of great interest both in physical
and practical relation. Both theoretically and experimentally by ourselves it was shown
that the discharge current leads to a significant decrease in the depth of penetration. Ap-
plying this effect to the perforation problem of the targets, one can achieve a substantial
increase of the protective properties of targets.

For simplicity, here the problem is also solved for the same values of the constants for
the indenter and the target, although the program of numerical solution of the problem
can solve it more precisely for any values of these (indicated) constants.

From the obtaining figures it is clearly seen that the target and the indenter receive
vibrations in r and z directions. There is a spatial (space) stress-strain state in the target
and the indenter. It is noticeable that in the absence of the discharge current the indenter
perforates the plate and comes with a remaining velocity V,.,, = 360m/sec, and in the
presence of discharge current the indenter gets stuck in the target. Meanwhile the indenter
gets more intense plastic deformations. The region of plasticity in the target and indenter
is increased. This is due to plasticity increasing of materials and additional stresses at
the cost of the Ampere force j x H.

On the corresponding figures are also given equip-potential surfaces of the stresses at
the moment for the specified times. It is noticeable that the presence of discharge current
leads to a redistribution of stresses. In particular, there is an increase of the stress near
the indenter and on the indenter and a decrease of stress with distance from the cavity,
which can be attributed to the pinch-effect.
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The Boundary Value Problems of Stationary
Oscillations in the Theory of Two-Temperature
Elastic Mixtures
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Georgian Technical University, Department of Mathematics
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Work provides Green’s formulas for the system of differential equations of stationary
oscillations in the theory of elastic mixtures, provides prove of the theorems of uniqueness
of the boundary value problems’ solutions by means of these formulas. The formulas of
simple and double-layer potential discontinuity formulas are derived. By means of the
theories of potentials and integral equations the existence of problem solutions is proved.

Study of Stress-Strain State of the Piecewise
Homogeneous Infinity Elastic Body with an Elliptic
Hole and the Cracks
NATELA ZIRAKASHVILI, MIRANDA NARMANIA

I. Vekua Institute of Applied Mathematics of 1. Javakhishvili Thilisi State University,
University of Georgia

Thilisi, Georgia
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There is being study Stress-strain state of the piecewise homogeneous infinity elas-
tic body, with an elliptic hole, when on internally surface body are four cracks. The
top of each crack is strengthened in a certain area of the top with use a harder materi-
als. The body is in plane-deformation state and therefore corresponding two-dimensional
boundary-contact problem is considered. There is investigated dependences of deforma-
tion in a body on materials of the body (nearby tops of a cracks in a circle with radius r
is other material), on size of radius r, on quantity of cracks and length. For some value of
radius r and length of cracks by means of a method of boundary elements are received the
numerical decisions, constructed corresponding schedules and physical and mechanical
interpretations for the received results are made.

AMS subject classification: 65N38, 74B05, 74515.
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