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ÐÒÏ×ÄÓÏÒÉ ÒÄÅÀÆ ÁÀÍÝÖÒÉ – 80

ßÄËÓ ÃÀÁÀÃÄÁÉÃÀÍ 80 ßÄËÉ ÛÄÖÓÒÖËÃÀ ÝÍÏÁÉË ØÀÒÈÅÄË ÌÀÈÄÌÀÔÉÊÏÓÓ, ÓÀØÀÒÈÅÄ-
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ÄÒÄÁÀÈÀ ÃÏØÔÏÒÓ, ÐÒÏ×ÄÓÏÒ ÒÄÅÀÆ ÁÀÍÝÖÒÓ.

Ò. ÁÀÍÝÖÒÉ ÃÀÉÁÀÃÀ 1936 ßÄËÓ 10 ÉÅÍÉÓÓ, ÃÖÛÄÈÉÓ ÒÀÉÏÍÉÓ ÓÏ×. ÁÀÍÝÖÒÈÊÀÒÛÉ.
ÈÁÉËÉÓÉÓ ÉÅÀÍÄ ãÀÅÀáÉÛÅÉËÉÓ ÓÀáÄËÏÁÉÓ ÓÀáÄËÌßÉ×Ï ÖÍÉÅÄÒÓÉÔÄÔÉÓ ÃÀÓÒÖËÄÁÉÃÀÍ,
1960 ßËÉÃÀÍ ÓÉÝÏÝáËÉÓ ÁÏËÏÌÃÄ ÓáÅÀÃÀÓáÅÀ ÓÀÌÄÝÍÉÄÒÏ ÐÏÆÉÝÉÄÁÆÄ ÌÖÛÀÏÁÃÀ
À. ÒÀÆÌÀÞÉÓ ÌÀÈÄÌÀÔÉÊÉÓ ÉÍÓÔÉÔÖÔÛÉ. 1966 ßÄËÓ ÃÀÉÝÅÀ ÓÀÊÀÍÃÉÃÀÔÏ ÃÉÓÄÒÔÀÝÉÀ,
áÏËÏ 1982 ßÄËÓ ÓÀÃÏØÔÏÒÏ ÃÉÓÄÒÔÀÝÉÀ ÒÖÓÄÈÉÓ ÌÄÝÍÉÄÒÄÁÀÈÀ ÀÊÀÃÄÌÉÉÓ ÌÄØÀÍÉÊÉÓ
ÐÒÏÁËÄÌÄÁÉÓ ÉÍÓÔÉÔÖÔÛÉ. 1982 ßËÉÃÀÍ ÉÂÉ áÄËÌÞÙÅÀÍÄËÏÁÃÀ ÃÒÄÊÀÃÏÁÉÓ ÌÀÈÄÌÀÔÉ-
ÊÖÒÉ ÈÄÏÒÉÉÓ ÂÀÍÚÏ×ÉËÄÁÀÓ.

1997 ßÄËÓ ÒÄÅÀÆ ÁÀÍÝÖÒÉ ÀÒÜÄÖË ÉØÍÀ ÓÀØÀÒÈÅÄËÏÓ ÌÄÝÍÉÄÒÄÁÀÈÀ ÄÒÏÅÍÖËÉ
ÀÊÀÃÄÌÉÉÓ ßÄÅÒ-ÊÏÒÄÓÐÏÍÃÄÍÔÀÃ, ÉÓ ÂÀáËÃÀÈ ÈÄÏÒÉÖË ÃÀ ÂÀÌÏÚÄÍÄÁÉÈ ÌÄØÀÍÉÊÀÛÉ
ÒÖÓÄÈÉÓ ÍÀÝÉÏÍÀËÖÒÉ ÊÏÌÉÔÄÔÉÓ ßÄÅÒÉ.

ÒÄÅÀÆ ÁÀÍÝÖÒÉ ÉÚÏ ÀÊÀÃÄÌÉÊÏÓ Í. ÌÖÓáÄËÉÛÅÉËÉÓ ÌÏßÀ×Ä ÃÀ ÌÉÓÉ ÓÀÌÄÝÍÉÄÒÏ
ÉÃÄÄÁÉÓ ÙÉÒÓÄÖËÉ ÂÀÌÂÒÞÄËÄÁÄËÉ. ÌÀÍ ÈÀÅÉÓÉ ÛÒÏÌÄÁÉ ÌÉÖÞÙÅÍÀ ÃÒÄÊÀÃÏÁÉÓ ÈÄÏÒÉÉÓ
ÓÀÓÀÆÙÅÒÏ ÃÀ ÓÀÊÏÍÔÀØÔÏ ÀÌÏÝÀÍÄÁÓ, ÀÍÀËÉÆÖÒ ×ÖÍØÝÉÀÈÀ ÈÄÏÒÉÉÓ ÛÄÒÄÖË ÓÀÓÀÆÙÅÒÏ
ÀÌÏÝÀÍÄÁÓ, ÃÒÄÊÀÃÏÁÉÓ ÈÄÏÒÉÉÓ ÀÌÏÝÀÍÄÁÓ ÍÀßÉËÏÁÒÉÅ-ÖÝÍÏÁ ÓÀÆÙÅÒÉÀÍÉ ÀÒÄÄÁÉÓÀ-
ÈÅÉÓ, ÍÀáÅÄÅÉÓ ÔÉÐÉÓ ÉÍÔÄÂÒÀËÖÒ ÂÀÍÔÏËÄÁÄÁÉÓÀ ÃÀ ÖÓÀÓÒÖËÏ ÀËÂÄÁÒÖË ÂÀÍÔÏËÄ-
ÁÀÈÀ ÓÉÓÔÄÌÄÁÉÓ ÂÀÌÏÊÅËÄÅÀÓ. ÌÀÍ ÀÒÓÄÁÉÈÀÃ ÂÀÍÀÅÉÈÀÒÀ ÀÊÀÃ. Í. ÌÖÓáÄËÉÛÅÉËÉÓ
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ÊÅËÄÅÉÓ Ó×ÄÒÏ, ÌÍÉÛÅÍÄËÏÅÍÀÃ ÂÀÀÌÃÉÃÒÀ ÀáÀËÉ ÌÉÌÀÒÈÖËÄÁÄÁÉÈ ÀÍÀËÉÆÖÒ ×ÖÍØÝÉÀÈÀ
ÈÄÏÒÉÉÓ ÌÄÈÏÃÄÁÉÓ ÂÀÌÏÚÄÍÄÁÉÓ ÀÒÄÀËÉ.

Ò. ÁÀÍÝÖÒÌÀ ÉÍÔÄÂÒÀËÖÒÉ ÂÀÒÃÀØÌÍÄÁÉÓ ÂÀÌÏÚÄÍÄÁÉÈ ÓÀÊÏÍÔÀØÔÏ ÀÌÏÝÀÍÄÁÉ ÃÀÉÚ-
ÅÀÍÀ ÀÍÀËÉÆÖÒ ×ÖÍØÝÉÀÈÀ ÈÄÏÒÉÉÓ ÀáÀËÉ ÔÉÐÉÓ ÀÌÏÝÀÍÄÁÆÄ ÃÀ ÖßÏÃÀ ÌÀÈ ÊÀÒËÄÌÀÍÉÓ
ÔÉÐÉÓ ÀÌÏÝÀÍÄÁÉ ÆÏËÉÓÀÈÅÉÓ. ÌÀÍ ÛÄÉÌÖÛÀÅÀ ×ÀØÔÏÒÉÆÀÝÉÉÓ ÀáÀËÉ ÌÄÈÏÃÉ ÃÀ
ÊÀÒËÄÌÀÍÉÓ ÔÉÐÉÓ ÀÌÏÝÀÍÀ ÀÌÏáÓÍÀ ÓÀÊÌÀÏÃ ÆÏÂÀÃ ÛÄÌÈáÅÄÅÀÛÉ. ÀÌ ÌÄÈÏÃÉÓ ÂÀÌÏÚÄÍÄ-
ÁÉÈ ÊÉ ÀÌÏáÓÍÀ ÞÀËÆÄÃ ÌÍÉÛÅÍÄËÏÅÀÍÉ ÓÀÊÏÍÔÀØÔÏ ÀÌÏÝÀÍÄÁÉ ÉÆÏÔÒÏÐÖËÉ ÃÀ ÀÍÉÆÏÔ-
ÒÏÐÖËÉ ÓáÄÖËÄÁÉÓÀÈÅÉÓ. ÄÓ ÌÄÈÏÃÉ, ÂÀÒÃÀ ÃÒÄÊÀÃÏÁÉÓ ÈÄÏÒÉÉÓÀ, ÛÄÉÞËÄÁÀ ÂÀÌÏÚÄ-
ÍÄÁÖË ÉØÍÀÓ ÍÀáÅÄÅÉÓ ÔÉÐÉÓ ÂÀÍÔÏËÄÁÄÁÉÓÀ ÃÀ ÀÌÀÅÄ ÔÉÐÉÓ ÖÓÀÓÒÖËÏ ÀËÂÄÁÒÖË
ÂÀÍÔÏËÄÁÀÈÀ ÓÉÓÔÄÌÄÁÉÓ ÈÄÏÒÉÀÛÉ, ÓÉÈÁÏÓ ÂÀÅÒÝÄËÄÁÉÓ ÀÌÏÝÀÍÄÁÛÉ ÌÄÓÀÌÄ ÂÅÀÒÉÓ
ÞÉÒÉÈÀÃÉ ÓÀÓÀÆÙÅÒÏ ÐÉÒÏÁÄÁÉÈ, ÄËÄØÔÒÏÌÀÂÍÉÔÖÒÉ ÔÀËÙÄÁÉÓ ÃÉ×ÒÀØÝÉÉÓ ÀÌÏÝÀÍÄÁÛÉ
ÃÀ ÓáÅÀ. ÆÄÌÏÈ ÀÙÍÉÛÍÖËÉ ÀÌÏÝÀÍÄÁÉÓÀÈÅÉÓ ÌÉÓ ÌÉÄÒ ÛÄÌÖÛÀÅÄÁÖËÉ ÌÄÈÏÃÉ ÀÒÉÓ
ÉÓÄÈÉÅÄ ÌÍÉÛÅÍÄËÏÁÉÓ, ÒÏÂÏÒÝ ÂÀÓÖËÉ ÓÀÖÊÖÍÉÓ 40-ÉÀÍ ßËÄÁÛÉ ÛÄÌÖÛÀÅÄÁÖËÉ ÌÖÓáÄ-
ËÉÛÅÉËÉÓ ÌÄÈÏÃÉ ÊËÀÓÉÊÖÒÉ ÓÀÊÏÍÔÀØÔÏ ÀÌÏÝÀÍÄÁÉÓÀÈÅÉÓ. ÄÓ ÌÄÈÏÃÉ ÝÍÏÁÉËÉÀ
ÊÀÍÏÍÉÊÖÒ ÀÌÏÍÀáÓÍÈÀ ÁÀÍÝÖÒÉÓ ÌÄÈÏÃÉÓ ÓÀáÄËßÏÃÄÁÉÈ, ÉÂÉ ÀÌ ÃÒÏÉÓÀÈÅÉÓ ÉÈÅËÄÁÀ
ÖÍÉÊÀËÖÒ ÆÏÂÀÃ ÌÄÈÏÃÀÃ ÃÀ ßÀÒÌÀÔÄÁÉÈ ÂÀÌÏÉÚÄÍÄÁÀ ÓÀÊÏÍÔÀØÔÏ ÀÌÏÝÀÍÄÁÉÓ Ä×ÄØÔÖÒÉ
ÀÌÏáÓÍÄÁÉÓÀÈÅÉÓ.

ÀÌÏÝÀÍÄÁÉ ÍÀßÉËÏÁÒÉÅ-ÖÝÍÏÁ ÓÀÆÙÅÒÉÀÍÉ ÀÒÄÄÁÉÓÀÈÅÉÓ ÄáÄÁÀ ÞÀÁÅÄÁÉÓ ÏÐÔÉÌÀËÖÒ
ÂÀÀÍÀßÉËÄÁÀÓ ÓáÄÖËÛÉ. ÉÓÉÍÉ ÌÉÄÊÖÈÅÍÄÁÉÀÍ ÏÐÔÉÌÀËÖÒÉ ÐÒÏÄØÔÉÒÄÁÉÓ ÒÈÖË ÃÀ
ÞÀËÆÄÃ ÌÍÉÛÅÍÄËÏÅÀÍ ÀÌÏÝÀÍÄÁÓ. ÆÏÂÀÃ ÛÄÌÈáÅÄÅÀÛÉ, ÉÓÉÍÉ ÀÒÀßÒ×ÉÅ ÀÌÏÝÀÍÄÁÓ
ßÀÒÌÏÀÃÂÄÍÄÍ.

Ò. ÁÀÍÝÖÒÌÀ ÜÀÌÏÀÚÀËÉÁÀ ÃÒÄÊÀÃÏÁÉÓ ÁÒÔÚÄËÉ ÈÄÏÒÉÉÓÀ ÃÀ ×ÉÒ×ÉÔÄÁÉÓ ÙÖÍÅÉÓ
ÈÄÏÒÉÉÓ ÀÌÏÝÀÍÄÁÉ ÀÌÏÝÀÍÀÈÀ ÆÏÂÀÃÉ ÊËÀÓÉÓÀÈÅÉÓ ÍÀßÉËÏÁÒÉÅ ÖÝÍÏÁÉ ÓÀÆÙÅÒÉÈ
ÃÀ ÌÉÉÚÅÀÍÀ ÉÓÉÍÉ ÈÀÅÃÀÐÉÒÅÄËÀÃ ßÒ×ÉÅ ÀÌÏÝÀÍÄÁÆÄ, ÛÄÌÃÄÂ ÀÍÀËÉÆÖÒ ×ÖÍØÝÉÀÈÀ
ÈÄÏÒÉÉÓ ÓÀÓÀÆÙÅÒÏ ÀÌÏÝÀÍÄÁÆÄ ÂÀÃÀÀÃÂÉËÄÁÄÁÉÈ ÃÀ ÖßÏÃÀ ÌÀÈ ÊÀÒËÄÌÀÍÉÓ ÔÉÐÉÓ
ÀÌÏÝÀÍÄÁÉ ßÒÉÖËÉ ÒÂÏËÉÓÀÈÅÉÓ. ÌÀÍ ÛÄÉÌÖÛÀÅÀ ×ÀØÔÏÒÉÆÀÝÉÉÓ ÌÄÏÒÄ ÌÄÈÏÃÉ,
ÒÏÌËÉÓ ÂÀÌÏÚÄÍÄÁÉÈ ÌÉÙÄÁÖË ÉØÍÀ ÀÓÄÈÉ ÊËÀÓÉÓ ÀÌÏÝÀÍÄÁÉÓ ÀÌÏáÓÍÀÃÏÁÉÓ ÃÀÓÒÖËÄ-
ÁÖËÉ ÈÄÏÒÉÀ.

ÌÖÓáÄËÉÛÅÉËÉÓÀ ÃÀ ÅÉÍÄÒ-äÏÐ×ÉÓ ÌÄÈÏÃÄÁÉÓ ÂÀÌÏÚÄÍÄÁÉÈ Ò. ÁÀÍÝÖÒÌÀ ÁÆÀÒÄÁÉÓ
ÓÔÀÔÉÊÖÒÉ ÀÌÏÝÀÍÄÁÉ, ÒÏÃÄÓÀÝ ÁÆÀÒÉ ÂÀÃÉÓ ÓáÄÖËÉÓ ÓÀÆÙÅÀÒÆÄ ÀÍ ÖÁÀÍ-ÖÁÀÍ ÄÒÈÂÅÀ-
ÒÏÅÀÍÉ ÀÒÉÓ ÂÀÌÚÏ× ÓÀÆÙÅÀÒÆÄ, ÃÀÉÚÅÀÍÀ ßÒ×ÉÅÉ ÛÄÖÙËÄÁÉÓ ÀÌÏÝÀÍÀÆÄ ÅÉÍÄÒÉÓ ÊËÀÓÉÓ
ÊÏÄ×ÉÝÉÄÍÔÉÈ. ÌÀÍ ÌÉÉÙÏ Ä×ÄØÔÖÒÉ ÀÌÏáÓÍÄÁÉ ÃÀ ÛÄÉÓßÀÅËÀ ÞÀÁÅÄÁÉÓ ÊÏÍÝÄÍÔÒÀÝÉÉÓ
ÀÌÏÝÀÍÀ ÁÆÀÒÉÓ ÁÏËÏÄÁÛÉ. ÀÌÒÉÂÀÃ, ÌÀÍ ÌÉÉÙÏ ÌÍÉÛÅÍÄËÏÅÀÍÉ ÛÄÃÄÂÄÁÉ ÒÙÅÄÅÉÓ
ÌÄØÀÍÉÊÀÛÉ. ÆÄÌÏÈÀÙÍÉÛÍÖËÉ ÛÄÃÄÂÉ ÓÐÄÝÉÀËÉÓÔÄÁÉÓ ÌÉÄÒ ÀÙÉÀÒÄÁÖË ÉØÍÀ ÄÒÈ-ÄÒÈ
ÌÍÉÛÅÍÄËÏÅÀÍ ÛÄÃÄÂÀÃ.

ÌÖÃÌÉÅÉ ÀÍ ÝÅËÀÃÉ ÓÉÜØÀÒÉÈ ÓáÄÖËÛÉ ÁÆÀÒÉÓ ÂÀÅÒÝÄËÄÁÉÓ ÀÌÏÝÀÍÄÁÉ ÌÉÄÊÖÈÅÍÄÁÀ
ÛÄÒÄÖË ÀÌÏÝÀÍÀÈÀ ÉÓÄÈ ÊËÀÓÓ, ÒÏÃÄÓÀÝ ÓÀÓÀÆÙÅÒÏ ÐÉÒÏÁÄÁÉÓ ÛÄÝÅËÉÓ ßÄÒÔÉËÄÁÉ
ÂÀÃÀÀÃÂÉËÃÄÁÉÀÍ ÃÒÏÛÉ. Ò. ÁÀÍÝÖÒÌÀ ÂÀÍÉáÉËÀ ÀÌÏÝÀÍÄÁÉ, ÒÏÃÄÓÀÝ ÓÉÁÒÔÚÄÛÉ
ÍÀáÄÅÒÀÃ ÖÓÀÓÒÖËÏ ÁÆÀÒÄÁÉ ÅÒÝÄËÃÄÁÉÀÍ ÓßÏÒáÀÆÏÅÍÀÃ ÌÖÃÌÉÅÉ ÀÍ ÝÅËÀÃÉ ÓÉÜØÀ-
ÒÉÈ. ÌÖÃÌÉÅÉ ÓÉÜØÀÒÉÈ ÁÆÀÒÉÓ ÂÀÅÒÝÄËÄÁÉÓ ÀÌÏÝÀÍÀ ÝÅËÀÃÈÀ ÂÀÒÃÀØÌÍÉÈ ÃÀÉÚÅÀÍÄÁÀ
ÊËÀÓÉÊÖÒÉ ÃÉÍÀÌÉÊÉÓ ÀÌÏÝÀÍÀÆÄ, áÏËÏ ÝÅËÀÃÉ ÓÉÜØÀÒÉÈ ÁÆÀÒÉÓ ÂÀÅÒÝÄËÄÁÉÓ ÀÌÏÝÀ-
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ÍÀÛÉ ÃÒÏÉÓ ×ÖÒÉÄ–ËÀÐËÀÓÉÓ ÂÀÒÃÀØÌÍÉÈ ÌÉÉÙÄÁÀ ÂÀÍÆÏÂÀÃÏÄÁÖËÉ ÅÉÍÄÒ–äÏÐ×ÉÓ
ÀÌÏÝÀÍÀ. ÌÉÙÄÁÖËÉÀ ÀÌ ÀÌÏÝÀÍÉÓ Ä×ÄØÔÖÒÉ ÀÌÏÍÀáÓÍÉ. ÀÙÍÉÛÍÖËÉ ÌÄÈÏÃÉ ÂÀÌÏÉÚÄÍÄÁÀ
ÓÀÊÏÍÔÀØÔÏ ÀÌÏÝÀÍÄÁÛÉ, ÒÏÃÄÓÀÝ ÍÀáÄÅÒÀÃ ÖÓÀÓÒÖËÏ ÌÚÀÒÉ ÛÔÀÌÐÉ ÝÅËÀÃÉ ÓÉÜØÀÒÉÈ
ÂÀÃÀÀÃÂÉËÃÄÁÀ ÍÀáÄÅÀÒÓÉÁÒÔÚÉÓ ÀÍ ÆÏËÉÓ ÓÀÆÙÅÀÒÆÄ. ÀÌ ãÂÖ×ÉÓ ÀÌÏÝÀÍÄÁÛÉÝ ÌÉÙÄÁÖ-
ËÉÀ ÌÄÔÀÃ ÓÀÉÍÔÄÒÄÓÏ ÃÀ ÌÍÉÛÅÍÄËÏÅÀÍÉ ÛÄÃÄÂÄÁÉ.

ÊÏÛÉÓ ÔÉÐÉÓ ÉÍÔÄÂÒÀËÉÓ ÀÐÀÒÀÔÉ ÀÒ ÀÙÌÏÜÍÃÀ ÓÀÊÌÀÒÉÓÉ ÊÀÒËÄÌÀÍÉÓ ÔÉÐÉÓ
ÀÌÏÝÀÍÄÁÛÉ ÆÏËÉÓÀÈÅÉÓ ÃÀ ßÒÉÖËÉ ÒÂÏËÉÓÀÈÅÉÓ, ÀÌÉÔÏÌ Ò. ÁÀÍÝÖÒÌÀ ÀÀÂÏ ÛÄÓÀÁÀ-
ÌÉÓÉ ÉÍÔÄÂÒÀËÖÒÉ ßÀÒÌÏÃÂÄÍÄÁÉ, ÒÏÌËÄÁÉÝ ÀÌ ÛÄÌÈáÅÄÅÀÛÉ ÉÂÉÅÄ ÒÏËÓ ÀÓÒÖËÄÁÄÍ,
ÒÀÓÀÝ ÊÏÛÉÓ ÔÉÐÉÓ ÉÍÔÄÂÒÀËÄÁÉ ßÒ×ÉÅÉ ÛÄÖÙËÄÁÉÓ ÀÌÏÝÀÍÄÁÛÉ.

ÌÉÙÄÁÖËÉ ÛÄÃÄÂÄÁÉÓ ÂÀÌÏÚÄÍÄÁÉÈ Ò. ÁÀÍÝÖÒÌÀ ÀÀÂÏ ßÒÉÖËÉ ÒÂÏËÉÓÀÈÅÉÓ ÒÉÌÀÍ-
äÉËÁÄÒÔÉÓ ÀÌÏÝÀÍÉÓÀ ÃÀ ÀÍÀËÉÆÖÒ ×ÖÍØÝÉÀÈÀ ÈÄÏÒÉÉÓ ÛÄÒÄÖËÉ ÀÌÏÝÀÍÉÓ ÀÌÏÍÀáÓÍÉ,
ÀÂÒÄÈÅÄ ÍÀáÅÄÅÉÓ ÔÉÐÉÓ ÖÓÀÓÒÖËÏ ÀËÂÄÁÒÖË ÂÀÍÔÏËÄÁÀÈÀ ÓÉÓÔÄÌÉÓ Ä×ÄØÔÖÒÉ ÀÌÏáÓ-
ÍÄÁÉ.

Ò. ÁÀÍÝÖÒÌÀ Â. ãÀÍÀÛÉÀÓÈÀÍ ÄÒÈÀÃ ÃÀÀÌÔÊÉÝÀ ÅÉÍÄÒÉÓ ×ÖÍØÝÉÀÈÀ ÀËÂÄÁÒÉÓ ÉÍÅÀÒÉ-
ÀÍÔÏÁÀ ÙÄÒÞÆÄ äÉËÁÄÒÔÉÓ ÂÀÒÃÀØÌÍÉÓ ÌÉÌÀÒÈ. ÀÌÀÍ ÓÀÛÖÀËÄÁÀ ÌÉÓÝÀ ÍÀáÅÄÅÉÓ ÔÉÐÉÓ
ÉÍÔÄÂÒÀËÖÒÉ ÂÀÍÔÏËÄÁÄÁÉÓ ÀÌÏáÓÍÀ ÍÀáÄÅÀÒÙÄÒÞÆÄ ãÀÌÄÁÀÃÉ ÂÖËÉÓÀÈÅÉÓ ÌÉÄÚÅÀÍÀ
ßÒ×ÉÅÉ ÛÄÖÙËÄÁÉÓ ÀÌÏÝÀÍÀÆÄ ÅÉÍÄÒÉÓ ×ÖÍØÝÉÀÈÀ ÊËÀÓÛÉ.

ÆÄÌÏÈ ÈØÌÖËÉÃÀÍ ÂÀÌÏÌÃÉÍÀÒÄ ÛÄÉÞËÄÁÀ ÂÀÅÀÊÄÈÏÈ ÃÀÓÊÅÍÀ, ÒÏÌ Ò. ÁÀÍÝÖÒÌÀ
ÓÀÄÒÈÀÛÏÒÉÓÏÃ ÀÙÉÀÒÄÁÖËÉ ßÅËÉËÉ ÛÄÉÔÀÍÀ ÃÒÄÊÀÃÏÁÉÓ ÈÄÏÒÉÉÓ ÂÀÍÅÉÈÀÒÄÁÀÛÉ,
ÀÒÓÄÁÉÈÀÃ ÂÀÍÀÅÉÈÀÒÀ Í. ÌÖÓáÄËÉÛÅÉËÉÓ ÌÄÈÏÃÉ ÃÀ ÌÍÉÛÅÍÄËÏÅÍÀÃ ÂÀÀ×ÀÒÈÏÅÀ
ÃÒÄÊÀÃÏÁÉÓ ÁÒÔÚÄË ÈÄÏÒÉÀÛÉ ÀÍÀËÉÆÖÒ ×ÖÍØÝÉÀÈÀ ÈÄÏÒÉÉÓ ÌÄÈÏÃÄÁÉÓ ÂÀÌÏÚÄÍÄÁÉÓ
Ó×ÄÒÏ.

ÂÀÍÓÀÊÖÈÒÄÁÉÈ ÖÍÃÀ ÀÙÉÍÉÛÍÏÓ Ò. ÁÀÍÝÖÒÉÓ ÃÀÌÓÀáÖÒÄÁÀ ÀáÀËÂÀÆÒÃÀ ÈÀÏÁÉÓ
ÀÙÆÒÃÉÓ ÓÀØÌÄÛÉ. ÌÒÀÅÀËÉ ßËÉÓ ÂÀÍÌÀÅËÏÁÀÛÉ ÉÓ ÌÖÛÀÏÁÃÀ ÈÄÏÒÉÖËÉ ÌÄØÀÍÉÊÉÓ
ÊÀÈÄÃÒÀÆÄ ÈÁÉËÉÓÉÓ ÓÀáÄËÌßÉ×Ï ÖÍÉÅÄÒÓÉÔÄÔÛÉ, ÊÉÈáÖËÏÁÃÀ ËÄØÝÉÄÁÓ ÃÒÄÊÀÃÏÁÉÓ
ÈÄÏÒÉÀÛÉ, ÀÙÆÀÒÃÀ ÌÒÀÅÀËÉ ÌÄÝÍÉÄÒÄÁÀÈÀ ÊÀÍÃÉÃÀÔÉ ÃÀ ÃÏØÔÏÒÉ. ÃÉÃÉ ÌÊÅËÄÅÀÒÉ,
ÛÄÓÀÍÉÛÍÀÅÉ ÌÏØÀËÀØÄ, ÓÀÖÊÄÈÄÓÏ ÏãÀáÉÓ ÌØÏÍÄ, ÈÀÅÌÃÀÁÀËÉ ÃÀ ÌÏÊÒÞÀËÄÁÖËÉ ÐÉÒÏÅ-
ÍÄÁÀ ÒÄÅÀÆ ÁÀÍÝÖÒÉ ÂÀÒÃÀÉÝÅÀËÀ 2014 ßÄËÓ. ÌÀÍ ÌÍÉÛÅÍÄËÏÅÀÍÉ ÊÅÀËÉ ÃÀÔÏÅÀ
ÌÄÝÍÉÄÒÄÁÀÛÉ.

Í. ÛÀÅËÀÚÀÞÄ



32 Our Calendar Batumi, September 5–9, 2016



ÁÀÈÖÌÉ, 5–9 ÓÄØÔÄÌÁÄÒÉ, 2016 ÜÅÄÍÉ ÊÀËÄÍÃÀÒÉ 33

Professor Revaz Bantsuri – 80

This year is marked by the 80-th birthday anniversary of Professor Revaz Bantsuri,
a prominent Georgian mathematician, Corresponding Member of the Georgian National
Academy of Sciences, Doctor of physical and mathematical sciences.

He was born on June 10, 1936 in the village of Bantsurtkari (Dusheti region). Upon
graduation from I. Javakhishvili Tbilisi State University, since 1960 up to the end of his life
he has been working at A. Razmadze Mathematical Institute holding different positions.
In 1966 he defended his Candidate’s thesis and in 1982 Doctoral thesis at the Institute
of Problems of Mechanics of the Russian Academy of Sciences. Since 1983 he headed the
Department of Mathematical Theory of Elasticity.

In 1997, Revaz Bantsuri was elected a Corresponding Member of the Georgian National
Academy of Sciences. He was a member of Russian National Committee in Theoretical
and Applied Mechanics.

Revaz Bantsuri was Niko Muskhelishvili’s pupil and worthy successor of his scientific
ideas.

He devoted all his works to: boundary and contact problems of the plane theory of
elasticity, mixed boundary value problems of the theory of analytic functions, problems
of elasticity for domains with partially unknown boundaries, systems of convolution type
integral equations and infinite algebraic equations. He essentially developed the well-
known Muskhelishvili research area, having considerably enriched with new trends a range
of application of methods of the theory of analytic functions.
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Using integral transformations, R. Bantsuri reduced contact problems of certain classes
to boundary value problems of the theory of analytic functions of new type and called
them the Carleman type problems for a strip. He elaborated a new type method of
factorization and solved the Carleman type problem in a rather general case. Applying
this method, he solved very important contact problems of various types for isotropic and
anisotropic bodies.

This method, besides the theory of elasticity, can be used in the theory of integral
equations of convolution type and in the theory of systems of infinite algebraic equations
of the same type, in problems of heat distribution with third kind boundary conditions, in
problems of electromagnetic wave diffraction, etc. The method for the above-mentioned
problems is of the same importance as that developed by Muskhelishvili in the 40ies of
the past century for investigation of classical contact problems. The method is known as
R. Bantsuri’s method of canonical solutions, and presently is a unique general method
successfully used for effective solution of the above-mentioned contact problems.

The problems for domains with partially unknown boundaries deal with optimal dis-
tribution of stresses in a body. They belong to mathematically complicated and very
important problems of optimal projecting. In a general case, these problems are reduced
to nonlinear problems.

Revaz Bantsuri formulated the problems of the plane theory of elasticity and plate
bending for some classes of problems with partially unknown boundaries and reduced
them first to linear problems and then to the problems of the theory of analytic functions
with shifts and called them the Carleman type problems for a circular ring. He elaborated
the second method of factorization whose application allowed us to get a completed theory
of solvability for that class of problems.

Applying the methods of Muskhelishvili and Wiener-Hopf, R. Bantsuri reduced static
problems of cracks, when the crack comes to the boundary or to the interface of a piecewise
homogeneous medium, to the problem of linear conjugation with a Wiener class coefficient.
He constructed effective solutions and studied the question on the stress concentration
at the crack ends. Thus he has obtained significant results in fracture mechanics. The
above-mentioned result of R. Bantsuri is recognized by specialists as one of the best
results.

The problems of crack distribution in a body with constant or varying velocity belong
to such a class of mixed problems when the points of change of boundary conditions
displace in time. R. Bantsuri considered the problems when semi-infinite cracks in a plane
spread linearly with constant or varying velocity. The problems of crack distribution with
constant velocity were reduced by means of variable transformations to the problem of
classical dynamics, while in the problem of crack distribution with varying velocity by
means of Fourier-Laplace transformation we get the generalized Wiener-Hopf problem.
An effective solution of that problem is obtained. The above method is used in contact
problems when a semi-infinite rigid punch moves with varying velocity at the boundary
of a half-plane or a strip. Very interesting and significant results were obtained in this
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group of problems, as well.
The apparatus of the Cauchy type integral turned out to be insufficient for solving the

Carleman type problems for a strip and a circular ring, hence Revaz Bantsuri constructed
new integral representations which in this case have played the same role as the Cauchy
type integrals in problems of linear conjugation. Using the obtained results, R. Bantsuri
constructed for a circular ring a solution for the Riemann-Hilbert problem and for the
mixed problem of the theory of analytic functions, he obtained effective solutions of a
system of infinite convolution type algebraic equations.

R. Bantsuri together with G. Janashiya proved the invariance of algebra of Wiener
functions on the axis with respect to Hilbert transformations.

This allowed him to reduce a solution of convolution type integral equations on the
semi-axis for a summable kernel to the problem of linear conjugation in a class of Wiener
functions.

Relying on the above-said, we can conclude that Revaz Bantsuri has made an in-
ternationally recognized contribution to the development of the theory of elasticity. He
improved N. Muskhelishvili’s method and largely extended an area of application of meth-
ods of the theory of analytic functions in the plane theory of elasticity.

A special mention should be made of Revaz Bantsuri’s contribution to the cause of
education of the young generation. For many years he worked at the Chair of Theoretical
Mechanics of Tbilisi State University, delivered lectures in the theory of elasticity and
brought up many candidates and doctors of sciences. Revaz Bantsuri, a great researcher,
remarkable citizen, excellent family man, modest and full of responsibility, passed away
in 2014. He made a major contribution to the science.

Nugzar Shavlakadze
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ÐÒÏ×ÄÓÏÒÉ ÌÄÒÀÁ ÌÉØÄËÀÞÄ – 90

ÌÄÝÍÉÄÒÄÁÉÓ ÃÀÌÓÀáÖÒÄÁÖËÉ ÌÏÙÅÀßÄ, ÔÄØÍÉÊÉÓ ÌÄÝÍÉÄÒÄÁÀÈÀ ÃÏØÔÏÒÉ, ÓÀØÀÒÈÅÄ-
ËÏÓ ÌÄÝÍÉÄÒÄÁÀÈÀ ÀÊÀÃÄÌÉÉÓ ßÄÅÒ-ÊÏÒÄÓÐÏÍÃÄÍÔÉ, ÐÒÏ×ÄÓÏÒÉ ÌÄÒÀÁ ÛÀËÅÀÓ ÞÄ
ÌÉØÄËÀÞÄ ÃÀÉÁÀÃÀ 1926 ßËÉÓ 3 ÈÄÁÄÒÅÀËÓ, ÂÀÌÏÜÄÍÉËÉ ØÀÒÈÅÄËÉ ÌÀÈÄÌÀÔÉÊÏÓÉÓ,
ÀÊÀÃÄÌÉÊÏÓ ÛÀËÅÀ ÌÉØÄËÀÞÉÓ ÏãÀáÛÉ.

1948 ßÄËÓ ÓÀØÀÒÈÅÄËÏÓ ÐÏËÉÔÄØÍÉÊÖÒÉ ÉÍÓÔÉÔÖÔÉÓ ÓÀÌÛÄÍÄÁËÏ ×ÀÊÖËÔÄÔÉÓ
ßÀÒÜÉÍÄÁÉÈ ÃÀÌÈÀÅÒÄÁÉÓ ÛÄÌÃÄÂ ÌÄÒÀÁ ÌÉØÄËÀÞÄÌ ÓßÀÅËÀ ÂÀÍÀÂÒÞÏ ÌÏÓÊÏÅÛÉ, ÓÀÁàÏÈÀ
ÊÀÅÛÉÒÉÓ ÌÄÝÍÉÄÒÄÁÀÈÀ ÀÊÀÃÄÌÉÉÓ ÌÄØÀÍÉÊÉÓ ÉÍÓÔÉÔÖÔÉÓ ÀÓÐÉÒÀÍÔÖÒÀÛÉ. ÉØÅÄ ÃÀÉÝÅÀ
ÓÀÊÀÍÃÉÃÀÔÏ ÃÀ ÓÀÃÏØÔÏÒÏ ÃÉÓÄÒÔÀÝÉÄÁÉ, ÄÓ ÖÊÀÍÀÓÊÍÄËÉ - ÓÀØÀÒÈÅÄËÏÓ ÐÏËÉÔÄØ-
ÍÉÊÖÒÉ ÉÍÓÔÉÔÖÔÉÓ ÃÀÌÈÀÅÒÄÁÉÃÀÍ 10 ßËÉÓ ÛÄÌÃÄÂ.

1952 ßËÉÓ ÉÅÍÉÓÉÃÀÍ 1953 ßËÉÓ ÓÄØÔÄÌÁÒÀÌÃÄ ÉÂÉ ÌÖÛÀÏÁÃÀ ÓÀÊÀÅÛÉÒÏ ÌÄÝÍÉÄÒÄ-
ÁÀÈÀ ÀÊÀÃÄÌÉÉÓ ÌÄØÀÍÉÊÉÓ ÉÍÓÔÉÔÖÔÛÉ. 1953 ßËÉÓ ÓÄØÔÄÌÁÒÉÃÀÍ ÊÉ ÓÀØÀÒÈÅÄËÏÓ
ÌÄÝÍÉÄÒÄÁÀÈÀ ÀÊÀÃÄÌÉÉÓ ÌÀÈÄÌÀÔÉÊÉÓ ÉÍÓÔÉÔÖÔÉÓ Ö×ÒÏÓÉ ÌÄÝÍÉÄÒ-ÈÀÍÀÌÛÒÏÌÄËÉÀ. ÐÀ-
ÒÀËÄËÖÒÀÃ (1953-56 ßËÄÁÛÉ) ËÄØÝÉÄÁÓ ÊÉÈáÖËÏÁÃÀ ÈÁÉËÉÓÉÓ ÓÀáÄËÌßÉ×Ï ÖÍÉÅÄÒ-
ÓÉÔÄÔÉÓ ÌÄØÀÍÉÊÀ-ÌÀÈÄÌÀÔÉÊÉÓÀ ÃÀ ×ÉÆÉÊÀ-ÔÄØÍÉÊÉÓ ×ÀÊÖËÔÄÔÄÁÆÄ.

1958 ßÄËÓ ÌÄÒÀÁ ÌÉØÄËÀÞÄ ÈÁÉËÉÓÉÓ ÔÒÀÍÓÐÏÒÔÉÓ ÉÍÑÉÍÄÒÈÀ ÉÍÓÔÉÔÖÔÛÉ ÈÄÏÒÉ-
ÖËÉ ÌÄØÀÍÉÊÉÓ ÊÀÈÄÃÒÉÓ ÂÀÌÂÄÃ ÌÉÉßÅÉÄÓ. ÀÌ ÉÍÓÔÉÔÖÔÉÓ ÐÏËÉÔÄØÍÉÊÖÒ ÉÍÓÔÉÔÖÔÈÀÍ
ÂÀÄÒÈÉÀÍÄÁÉÓ ÛÄÌÃÄÂ ÊÉ, ÉÂÉ ÓÀÌÛÄÍÄÁËÏ ÌÄØÀÍÉÊÉÓ ÊÀÈÄÃÒÀÓ áÄËÌÞÙÅÀÍÄËÏÁÃÀ (1960-
1982 ßß.).



38 Our Calendar Batumi, September 5–9, 2016

ÌÄÒÀÁ ÌÉØÄËÀÞÄÌ ÈÉÈØÌÉÓ ÏÈáÉ ÀÈÄÖËÉ ßÄËÉ ÌÏÀÍÃÏÌÀ ÈáÄËÉ ×ÉËÄÁÉÓÀ ÃÀ
ÂÀÒÓÄÁÉÓ ÓÀÌÛÄÍÄÁËÏ ÌÄØÀÍÉÊÉÓ ÀÒÀÊËÀÓÉÊÖÒÉ ÀÌÏÝÀÍÄÁÉÓ ÛÄÓßÀÅËÀ-ÂÀÌÏÊÅËÄÅÀÓ. ÌÉÓÉ
ßÚÀËÏÁÉÈ ÓÀÂÒÞÍÏÁËÀÃ ÂÀ×ÀÒÈÏÅÃÀ ÊÅËÄÅÀ ÀÌ ÃÀÒÂÛÉ ÂÀÒÓÈÀ ÀÒÀßÒ×ÉÅÉ ÚÏ×ÀØÝÄÅÉÓÀ
ÃÀ, ÖÐÉÒÅÄËÄÓ ÚÏÅËÉÓÀ, ÈáÄËÉ ÀÍÉÆÏÔÒÏÐÖËÉ ÂÀÒÓÄÁÉÓ ÛÄÓßÀÅËÉÓ áÀÒãÆÄ. ÓÀÌÄÝÍÉÄ-
ÒÏ ÈÄÌÀÔÉÊÉÓ ÀÒÜÄÅÀÍÉ ÍÀÊÀÒÍÀáÄÅÉ ÉÚÏ ÉÌ ÃÉÃÉ ÌÍÉÛÅÍÄËÏÁÉÈ, ÒÀÝ ÏÒÌÏÝÉÀÍÉ ßËÄÁÉÓ
ÃÀÓÀßÚÉÓÉÃÀÍ ÔÄØÍÉÊÀÛÉ ÀÍÉÆÏÔÒÏÐÖË ÌÀÓÀËÄÁÓÀ ÃÀ ÌÀÈÂÀÍ ÃÀÌÆÀÃÄÁÖË ÊÏÍÓÔÒÖØÝÉÄÁÓ
ÌÉÄÍÉàÀ. ÀÌ Ó×ÄÒÏÓ „ÐÉÒÅÄËÌÊÅËÄÅÒÀÃ“ ÌÏÂÅÄÅËÉÍÀ ÓßÏÒÄÃ Ì. ÌÉØÄËÀÞÄ, ÒÏÌÄËÌÀÝ
ÑÖÒÍÀËÛÉ „ДАН СССР“ 1954 ßÄËÓ ÂÀÌÏÀØÅÄÚÍÀ ÍÀÛÒÏÌÉ „ÈÀÅÃÀÐÉÒÅÄËÀÃ ÀÍÉÆÏÔ-
ÒÏÐÖËÉ ÂÀÒÓÄÁÉÓ ÆÉÃÅÉÓ ÖÍÀÒÉÓ ÛÄÓÀáÄÁ“. ÄÓ ÍÀÛÒÏÌÉ ÉÌÉÈÀÝÀÀ ÓÀÚÖÒÀÃÙÄÁÏ,
ÒÏÌ ÞÉÒÉÈÀÃÉ ×ÉÆÉÊÖÒÉ ÃÀÌÏÊÉÃÄÁÖËÄÁÉÓ ÃÀÓÀÃÂÄÍÀÃ Ì. ÌÉØÄËÀÞÄÌ ÌÏÉÛÅÄËÉÀ ÀÒÀ
ÌÝÉÒÄ ÃÒÄÊÀÃ-ÐËÀÓÔÉÊÖÒÉ ÃÄ×ÏÒÌÀÝÉÄÁÉÓ ÍÀÃÀÉ-äÄÍÊÉ-ÉËÖÛÉÍÉÓ ÈÄÏÒÉÀ (ÒÏÌËÉÈÀÝ
„ÂÀÍÖáÒÄËÀÃ“ ÓÀÒÂÄÁËÏÁÃÀ ÏÒÌÏÝÃÀÀÈÉÀÍ ßËÄÁÛÉ ÈÉÈØÌÉÓ ÚÅÄËÀ ÓÀÁàÏÈÀ ÌÄÝÍÉÄÒÉ),
ÀÒÀÌÄÃ ËÄÅÉ-ÌÉÆÄÓÉÓ ÃÉÍÄÁÉÓ ÈÄÏÒÉÀ (ÏÒÈÏÔÒÏÐÖËÉ ÔÀÍÄÁÉÓÀÈÅÉÓ ÂÀÍÊÖÈÅÍÉËÉ,
ÌÉÆÄÓ-äÉËÉÓ ÅÀÒÉÀÍÔÉÓ ÛÄÓÀÁÀÌÉÓÀÃ). ÀÌÒÉÂÀÃ, Ì. ÌÉØÄËÀÞÉÓ ÌÉÄÒ ÛÄÌÏÈÀÅÀÆÄÁÖË
ÈÄÏÒÉÀÓ ÓÀ×ÖÞÅËÀÃ ÃÀÄÃÏ ÊÉÒäÏ×-ËÉÀÅÉÓ ÝÍÏÁÉËÉ äÉÐÏÈÄÆÄÁÉ, ÌÉÆÄÓ-äÉËÉÓ ÐËÀÓÔ-
ÊÖÒÉ ÃÉÍÄÁÉÓ ÈÄÏÒÉÉÓ ÞÉÒÉÈÀÃÉ ÃÀÌÏÊÉÃÄÁÖËÄÁÀÍÉ ÃÀ ÐËÀÓÔÉÊÖÒ-áÉÓÔÉ ÔÀÍÉÓ ÌÏÃÄËÉ.
ÌÉÓ ÍÀÛÒÏÌÛÉ ÀÌ ÂÆÉÈÀÀ ÂÀÍáÉËÖËÉ ÒÏÂÏÒÝ ÓÉÓØÉÓ ÌÉáÄÃÅÉÈ ÄÒÈÂÅÀÒÏÅÀÍÉ ÂÀÒÓÄÁÉÓ,
ÀÓÄÅÄ ×ÄÍÏÅÀÍÉ ÊÏÍÓÔÒÖØÝÉÄÁÉ, ÌÀÈÉ ÉÃÄÀËÖÒÉ ÏÒ×ÄÍÏÅÀÍÉ ÌÏÃÄËÄÁÉÓ ÜÀÈÅËÉÈ.
ÛÖÀ ÆÄÃÀÐÉÒÉÓ ÌÉÌÀÒÈ ÓÉÌÄÔÒÉÖËÉ ÃÉÍÄÁÉÓ ÛÄÌÈáÅÄÅÉÓÀÈÅÉÓ ÃÀÃÂÄÍÉËÉÀ „ÓÀÓÒÖËÉ
ÃÀÌÏÊÉÃÄÁÖËÄÁÀÍÉ ÞÀÁÅÄÁÓÀ ÃÀ ÌÏÌÄÍÔÄÁÓ ÛÏÒÉÓ“, ÒÏÌËÄÁÉÃÀÍÀÝ, ÊÄÒÞÏÃ, ÉÆÏÔÒÏÐÖ-
ËÉ ÂÀÒÓÄÁÉÓÀÈÅÉÓ ÂÀÌÏÌÃÉÍÀÒÄÏÁÓ À. ÉËÖÛÉÍÉÓ ÝÍÏÁÉËÉ ×ÏÒÌÖËÄÁÉ. ÀÌÀÓÈÀÍ,
ÊÅËÄÅÉÓ ÌÉØÄËÀÞÉÓÄÖËÉ ÂÆÀ ÓÀÛÖÀËÄÁÀÓ ÂÅÀÞËÄÅÓ ÂÀÌÏÅÀÌÑÙÀÅÍÏÈ ÃÀÌÀÔÄÁÉÈÉ ÃÀÌÏÊÉ-
ÃÄÁÖËÄÁÀÍÉ ÛÉÂÀ ÞÀËÄÁÓ ÛÏÒÉÓ, ÒÉÓ ßÚÀËÏÁÉÈÀÝ áÄÒáÃÄÁÀ ÓÔÀÔÉÊÖÒÀÃ ÒÊÅÄÅÀÃÉ
ÀÌÏÝÀÍÄÁÉÓ ÊËÀÓÉÓ ÂÀ×ÀÒÈÏÄÁÀ. ÌÀÂÀËÉÈÉÓ ÓÀáÉÈ ÛÄÉÞËÄÁÀ ÌÏÅÉÚÅÀÍÏÈ ÀÍÉÆÏÔÒÏÐÖ-
ËÉ ÝÉËÉÍÃÒÖËÉ ÂÀÒÓÄÁÉÓ ÍÀáÄÅÒÀÃ ÌÏÌÄÍÔÖÒÉ ÈÄÏÒÉÀ, ÒÏÌÄËÈÀ ÓÉÓØÄÝ ÂÀÒÄ ÞÀËÈÀ
ÌÏÝÄÌÖËÉ ÓÉÓÔÄÌÉÓÈÅÉÓ ÂÀÍÉÓÀÆÙÅÒÄÁÀ ÛÖÀ ÆÄÃÀÐÉÒÉÓ ÈÉÈÏÄÖË ßÄÒÔÉËÛÉ ÃÄÍÀÃÏÁÉÓ
ÐÉÒÏÁÉÃÀÍ. ÛÄÌÃÂÏÌÛÉ ÀÍÀËÏÂÉÖÒÉ ÈÄÏÒÉÀ ÂÀÍÀÅÉÈÀÒÀ Ì. ÌÉØÄËÀÞÄÌ ÁÒÖÍÅÉÈÉ
ÀÍÀÊÒÄÁÉ ÂÀÒÓÄÁÉÓÀÈÅÉÓ, ÒÏÌËÄÁÉÝ ÛÄÃÂÄÍÉËÉÀ ÐÀÒÀËÄËÄÁÉÓ ÀÍ ÌÄÒÉÃÉÀÍÄÁÉÓ ÂÀÓßÅÒÉÅ
ÓÀáÓÒÖËÀÃ ÛÄÍÀßÄÅÒÄÁÖËÉ ÄËÄÌÄÍÔÄÁÉÓÂÀÍ. ÂÀÍÉáÉËÀ, ÀÂÒÄÈÅÄ, ÒÀÌÃÄÍÉÌÄ ÙÄÒÞÓÉÌÄÔ-
ÒÉÖËÉ ÀÌÏÝÀÍÀ ÆÉÃÅÉÓ ÖÍÀÒÉÓ ÂÀÍÓÀÆÙÅÒÉÓ ÛÄÓÀáÄÁ ÃÀ ÄÒÈÉ ÃÒÄÊÀÃ-ÐËÀÓÔÉÊÖÒÉ
ÀÌÏÝÀÍÀ, ÒÏÌËÉÓ ÛÄÌÈáÅÄÅÀÛÉ ÛÄÓÀÞËÄÁÄËÉ ÂÀáÃÀ ÝáÀÃÉ ÀÌÏÍÀáÓÍÉÓ ÌÉÙÄÁÀ. ÛÄÓÀÓßÀÅË
ÀÌÏÝÀÍÀÈÀ ÊËÀÓÉÓ ÂÀ×ÀÒÈÏÄÁÉÓÀ ÃÀ ÓÀàÉÒÁÏÒÏÔÏ ÓÀÉÍÑÉÍÒÏ ÓÀÊÉÈáÄÁÉÓ ÂÀÃÀàÒÉÓ
ÓÖÒÅÉËÌÀ ÛÈÀÀÂÏÍÀ Ì. ÌÉØÄËÀÞÄ ÂÀÌÏÄÚÄÍÄÁÉÍÀ ÐËÀÓÔÉÊÖÒ-áÉÓÔÉ ÓÀÀÍÂÀÒÉÛÏ ÓØÄÌÉÓ
ÀáÀËÉ ÅÀÒÉÀÍÔÉ, ÒÏÌËÉÓ ÌÉáÄÃÅÉÈÀÝ ÂÀÒÓÉÓ ÀÒÀ ÌÀÒÔÏ ÃÒÄÊÀÃÉ, ÀÒÀÌÄÃ ÐËÀÓÔÉÊÖÒÉ
ÍÀßÉËÄÁÉÝ áÉÓÔÀÃ ÌÉÉÜÍÄÅÀ. ÀÌÂÅÀÒÉ ÌÉÃÂÏÌÉÓ ÛÄÃÄÂÀÃ ÞÀËÄÁÉÓÀ ÃÀ ÌÏÌÄÍÔÄÁÉÓ
ÄØÅÓÂÀÍÆÏÌÉËÄÁÉÀÍ ÓÉÅÒÝÄÛÉ ÃÄÍÀÃÏÁÉÓ ÆÙÅÒÖËÉ äÉÐÄÒÆÄÃÀÐÉÒÉ ÂÀÒÃÀÉØÌÍÄÁÀ äÉÐÄÒ-
ÄËÉ×ÓÏÉÃÀÃ, ÒÏÌÄËÉÝ, ÃÉÍÄÁÉÓ ÈÀÍÌáËÄÁ ÊÀÍÏÍÈÀÍ ÄÒÈÀÃ, ÓÀÛÖÀËÄÁÀÓ ÂÅÀÞËÄÅÓ
ÜÀÌÏÅÀÚÀËÉÁÏÈ ÈÄÏÒÄÌÄÁÉ ÆÙÅÒÖËÉ ßÏÍÀÓßÏÒÏÁÉÓ ÛÄÓÀáÄÁ ÀÍÉÆÏÔÒÏÐÖËÉ ÂÀÒÓÄÁÉÓ-
ÈÅÉÓÀÝ. ÀÌ ÈÄÏÒÄÌÄÁÉÓ ÃÀáÌÀÒÄÁÉÈ ÛÄÓÀÞËÄÁÄËÉ ÂÀáÃÀ ÃÀÌÒÄÝÉ ÁÒÖÍÅÉÈÉ ÂÀÒÓÄÁÉÓ,
ÂÀàÉÌÖË-ÂÀÙÖÍÖËÉ ßÒÉÖËÉ ×ÉËÄÁÉÓÀ ÃÀ ÓáÅÀ ÍÀÂÄÁÏÁÄÁÉÓ ÆÉÃÅÉÓ ÖÍÀÒÉÓ ÂÀÍÓÀÆÙÅÒÀ.
ÀÍÉÆÏÔÒÏÐÖËÉ ÂÀÒÓÄÁÉÓ ÈÄÏÒÉÀÛÉ ÛÄÌÏÙÄÁÖËÉ ÓÀÀÍÂÀÒÉÛÏ ÌÏÃÄËÄÁÉ ÛÄÌÃÂÏÌÛÉ
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ÂÀÅÒÝÄËÃÀ ÉÓÄÈ ÂÀÒÓÄÁÆÄÝ, ÒÏÌÄËÈÀ ÌÀÓÀËÀÝ ÂÀÍÓáÅÀÅÄÁÖË ßÉÍÀÀÙÌÃÄÂÏÁÀÓ ÖßÄÅÓ
ÊÖÌÛÅÀÓÀ ÃÀ ÂÀàÉÌÅÀÓ. Ì. ÌÉØÄËÀÞÉÓ ÌÉÄÒ ÌÉÙÄÁÖËÉ ÞÉÒÉÈÀÃÉ ÃÀÌÏÊÉÃÄÁÖËÄÁÀÍÉ
ÓÀÛÖÀËÄÁÀÓ ÂÅÀÞËÄÅÓ ÆÏÂÀÃÉ ÓÀáÉÈ ÜÀÌÏÅÀÚÀËÉÁÏÈ ÀÌÏÝÀÍÀ ÊÀÍÏÍÉÓ ÛÄÓÀáÄÁ, ÒÏÌËÉ-
ÈÀÝ ÂÀÍÓÀÆÙÅÒÖËÉÀ ÓÉÓØÉÓ ÝÅËÉËÄÁÉÓ ÉÓÄÈÉ „ÏÐÔÉÌÀËÖÒÉ“ ÀÂÄÁÀ, ÒÏÌËÉÓ ÃÒÏÓÀÝ
ÌÏÝÄÌÖË ÃÀÔÅÉÒÈÅÀÓ ÌÚÉÓÉÄÒÀÃ ÂÀÃÀäÚÀÅÓ ÌÈÄËÉ ÊÏÍÓÔÒÖØÝÉÀ ÃÄÍÀÃÏÁÉÓ ÌÃÂÏÌÀÒÄ-
ÏÁÀÛÉ. ÀÌÂÅÀÒÉ ÌÉÃÂÏÌÀ ÖÆÒÖÍÅÄËÚÏ×Ó ÊÏÍÓÔÒÖØÝÉÉÓ ÈÀÍÀÁÀÒ ÓÉÌÔÊÉÝÄÓ ÃÀ ÌÉÍÉÌÀ-
ËÖÒ ßÏÍÀÓ (ÌÏÝÖËÏÁÀÓ). Ì. ÌÉØÄËÀÞÉÓ ÍÀÛÒÏÌÄÁÛÉ ÂÀÍáÉËÖËÉÀ ÊÏÍÊÒÄÔÖËÉ ÀÌÏÝÀÍÄÁÉ,
ÒÏÌËÄÁÓÀÝ ÉÆÏÔÒÏÐÖËÉ ÌÀÓÀËÉÓ ÛÄÌÈáÅÄÅÀÛÉ ÌÉÅÚÀÅÀÒÈ Å. ÐÒÀÂÄÒÉÓ, Å. ×ÒÀÉÁÄÒÂÄ-
ÒÉÓ, Á. ÔÄÊÉÍÀËÐÉÓ ÃÀ ÓáÅÀÈÀ ÝÍÏÁÉË ÛÄÃÄÂÄÁÀÌÃÄ. ÌÄÝÍÉÄÒÉ ÀÍÀËÏÂÉÖÒÉ ÌÉÃÂÏÌÉÈ
ÉÊÅËÄÅÃÀ ÀÌÏÝÀÍÄÁÓ ÂÀÒÓÉÓ ÛÖÀ ÆÄÃÀÐÉÒÉÓ ÒÀÝÉÏÍÀËÖÒÉ ÌÏáÀÆÖËÏÁÉÓÀ ÃÀ ÒÀÃÉÏÀØÔÉ-
ÖÒÉ ÃÀÓáÉÅÄÁÉÓ ÂÆÉÈ ËÉÈÏÍÉÓ ÂÀÒÓÉÓ ÏÐÔÉÌÀËÖÒÀÃ ÃÀÂÄÂÌÀÒÄÁÉÓ ÛÄÓÀáÄÁ. Ì. ÌÉØÄËÀ-
ÞÉÓ ÄÓ ÂÀÌÏÊÅËÄÅÄÁÉ ÍÀßÉËÏÁÒÉÅ ÀÉÓÀáÀ ÌÉÓ ÌÏÍÏÂÒÀ×ÉÄÁÓÀ („ÀÍÉÆÏÔÒÏÐÖËÉ ÐËÀÓÔÉ-
ÊÖÒÉ ÂÀÒÓÄÁÉÓ ÓÔÀÔÉÊÀ“, 1963 ß.; „ÉÃÄÀËÖÒÀÃ ÐËÀÓÔÉÊÖÒÉ ÈáÄËÉ ÂÀÒÓÄÁÉÓ ÔÄØÍÉÊÖÒÉ
ÈÄÏÒÉÉÓ ÛÄÓÀÅÀËÉ“, 1969 ß.) ÃÀ ÌÒÀÅÀËÒÉÝáÏÅÀÍ ÓÔÀÔÉÄÁÛÉ, ÒÏÌÄËÈÀ ÍÀßÉËÉÝ
ÂÀÌÏØÅÄÚÍÃÀ ÓÀÆÙÅÀÒÂÀÒÄÈ. ÄÓ ÛÄÃÄÂÄÁÉ ×ÀÒÈÏÃ ÛÖØÃÄÁÏÃÀ ÓÀÁàÏÈÀ ÃÀ ÖÝáÏÄËÉ
ÀÅÔÏÒÄÁÉÓ ÌÉÌÏáÉËÅÉÈ ÛÒÏÌÄÁÛÉ (Éá. ÌÀÂ., Ã. ÃÒÀÊÄÒÉÓ ÓÔÀÔÉÀ „ÐËÀÓÔÉÊÖÒÏÁÀ“
(ÉÍÂË. ÄÍÀÆÄ), ÂÀÌÏØÅÄÚÍÄÁÖËÉ ÊÒÄÁÖËÛÉ „ÓÀÌÛÄÍÄÁËÏ ÌÄØÀÍÉÊÀ“, ÍÉÖ-ÉÏÒÊÉ, 1960 ß.;
Å. ÏËÛÀÊÉÓ, Æ. ÌÒÖÆÉÓÀ ÃÀ Ð. ÐÄÑÉÍÀÓ ÉÍÂËÉÓÖÒÉÃÀÍ ÍÀÈÀÒÂÌÍÉ ßÉÂÍÉ „ÐËÀÓÔÉÊÖÒÏÁÉÓ
ÈÄÏÒÉÉÓ ÈÀÍÀÌÄÃÒÏÅÄ ÌÃÂÏÌÀÒÄÏÁÀ“, ÂÀÌÏÌÝÄÌËÏÁÀ „Мир“, 1964 ß.; É.Ò. ËÄÐÉÊÉÓ
ÓÔÀÔÉÀ „ÓÀÉÍÑÉÍÒÏ ÑÖÒÍÀËÛÉ“ (Ô. IV, ÂÀÌ. 3, 1964 ß.); „ÃÒÄÊÀÃ-ÐËÀÓÔÉÊÖÒÉ ÃÀ
ÐËÀÓÔÉÊÖÒ-áÉÓÔÉ ×ÉËÄÁÉÓÀ ÃÀ ÂÀÒÓÄÁÉÓ ßÏÍÀÓßÏÒÏÁÀ“; Å. ÏËÛÀÊÉÓÀ ÃÀ À. ÓÀÅÜÖÊÉÓ
ÉÍÂËÉÓÖÒÉÃÀÍ ÍÀÈÀÒÂÌÍÉ ßÉÂÍÉ „ÂÀÒÓÈÀ ÀÒÀÃÒÄÊÀÃÉ ÚÏ×ÀØÝÄÅÀ“, ÂÀÌÏÌÝÄÌËÏÁÀ „Мир“,
1969 ß. ÃÀ À.Û.).

1965 ßÄËÓ Ì. ÌÉØÄËÀÞÉÓ ÉÍÉÝÉÀÔÉÅÉÈ ÃÀ ÌÉÓÉÅÄ áÄËÌÞÙÅÀÍÄËÏÁÉÈ ÓÓÓÒ ÌÄÝÍÉÄÒÄÁÀ-
ÈÀ ÀÊÀÃÄÌÉÉÓ ÌÀÈÄÌÀÔÉÊÉÓ ÉÍÓÔÉÔÖÔÛÉ ÜÀÌÏÚÀËÉÁÃÀ ÂÀÌÏÚÄÍÄÁÉÈÉ ÌÄØÀÍÉÊÉÓ ÂÀÍÚÏ×É-
ËÄÁÀ, ÒÏÌÄËÉÝ ÃÀÊÏÌÐËÄØÔÃÀ ÓÐÉ-Ó ÀÙÆÒÃÉËÉ ÀáÀËÂÀÆÒÃÀ ÌÄÝÍÉÄÒÄÁÉÈ. ÃÀÉÓÀáÀ
ÂÀÍÚÏ×ÉËÄÁÉÓ ÓÀÌÄÝÍÉÄÒÏ ÈÄÌÀÔÉÊÉÓ ÞÉÒÉÈÀÃÉ ÌÉÌÀÒÈÖËÄÁÀÝ - ÈáÄËÉ ×ÉËÄÁÉÓÀ ÃÀ
ÂÀÒÓÄÁÉÓ ÃÒÄÊÀÃÉ ÃÀ ÃÒÄÊÀÃ-ÐËÀÓÔÉÊÖÒÉ ßÏÍÀÓßÏÒÏÁÉÓ ÂÀÌÏÊÅËÄÅÀ ÌÀÈÉ ÝÀËÊÄÖËÉ
×ÉÆÉÊÖÒÉ, ÂÄÏÌÄÔÒÉÖËÉ ÃÀ ÊÉÍÄÌÀÔÉÊÖÒÉ ÐÀÒÀÌÄÔÒÄÁÉÓ ÝÅËÉËÄÁÉÓ ÍÀáÔÏÌÉÓÄÁÒÉ
áÀÓÉÀÈÉÓ ÂÀÈÅÀËÉÓßÉÍÄÁÉÈ.

Ì. ÌÉØÄËÀÞÉÓ ÌÏÙÅÀßÄÏÁÀÛÉ ÌÍÉÛÅÍÄËÏÅÀÍÉ ÀÃÂÉËÉ ÖÊÀÅÉÀ ÓÀØÀÒÈÅÄËÏÓ ÐÏËÉÔÄØ-
ÍÉÊÖÒÉ ÉÍÓÔÉÔÖÔÉÓ ÓÀÌÛÄÍÄÁËÏ ÌÄØÀÍÉÊÉÓ ÊÀÈÄÃÒÀÓ, ÒÏÌÄËÉÝ ÜÀÌÏÚÀËÉÁÃÀ ÌÉÓÉ
ÉÍÉÝÉÀÔÉÅÉÈ 1960 ßÄËÓ ÃÀ ÒÏÌÄËÓÀÝ ÈÀÅÀÃ áÄËÌÞÙÅÀÍÄËÏÁÃÀ 1982 ßËÀÌÃÄ.

ÂÀÍÚÏ×ÉËÄÁÉÓ ÂÏÍÉÅÒÖËÀÃ ÏÒÂÀÍÉÆÄÁÀÌ ÃÀ ÊÀÈÄÃÒÉÓ ÈÀÍÀÌÛÒÏÌÄËÈÀ ÓÀÌÄÝÍÉÄÒÏ
ÐÏÔÄÍÝÉÀËÉÓ ÂÀÀÆÒÄÁÖËÀÃ ÂÀÌÏÚÄÍÄÁÀÌ Ì. ÌÉØÄËÀÞÄÓ ÓÀÛÖÀËÄÁÀ ÌÉÓÝÀ ÜÀÌÏÄÚÀËÉÁÄÁÉÍÀ
ÄÒÈÉÀÍÉ ÞËÉÄÒÉ ÓÀÌÄÝÍÉÄÒÏ ÊÏËÄØÔÉÅÉ.

Ì. ÌÉØÄËÀÞÉÓÀ ÃÀ ÌÉÓÉ ÌÏßÀ×ÄÄÁÉÓ ÌÉÄÒ ßÀÒÌÀÔÄÁÉÈ ÀÌÏáÓÍÉËÉ ÌÒÀÅÀËÉ ÀÌÏÝÀÍÉÃÀÍ
ÒÀÌÃÄÍÉÌÄÓ ÃÀÓÀáÄËÄÁÀÝ ÊÌÀÒÀ: 1. ÈáÄËÉ ×ÉËÄÁÉÓ ÙÖÍÅÀ ÃÀ ÏÐÔÉÌÀËÖÒÉ ÃÀÂÄÂÌÀÒÄÁÀ,
ÒÏÃÄÓÀÝ ÌÀÈÉ ÓÉÓØÄ ÉÝÅËÄÁÀ ÖÁÀÍ-ÖÁÀÍ ÌÖÃÌÉÅÉ ÊÀÍÏÍÉÓ ÌÉáÄÃÅÉÈ; 2. ÓÀáÓÒÖËÀÃ
ÛÄÍÀßÄÅÒÄÁÖËÉ ÄËÄÌÄÍÔÄÁÉÓÂÀÍ ÛÄÌÃÂÀÒÉ ÃÒÄÊÀÃÉ ÃÀ ÀÒÀÃÒÄÊÀÃÉ ÊÏÍÓÔÒÖØÝÉÄÁÉÓ
ÂÀÀÍÂÀÒÉÛÄÁÀ; 3. ÈÀÍÀÁÀÒÉ ÓÉÌÔÊÉÝÉÓ ÊÏÍÓÔÒÖØÝÉÄÁÉÓ ÃÀÂÄÂÌÀÒÄÁÀ ÒÀÃÉÀØÔÉÖÒÉ ÃÀÓáÉ-
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ÅÄÁÉÓ ÂÆÉÈ; 4. ÀÒÀßÒÉÖËÉ ÌÏáÀÆÖËÏÁÉÓ ÃÒÄÊÀÃÉ ÃÀ ÐËÀÓÔÉÊÖÒÉ ÝÉËÉÍÃÒÖËÉ
ÂÀÒÓÄÁÉÓ ÂÀÀÍÂÀÒÉÛÄÁÀ; 5. ÆÉÃÅÉÓ ÖÍÀÒÉÓ ÂÀÌÏÊÅËÄÅÀ; 6. ÏÐÔÉÌÀËÖÒÉ ÃÀÂÄÂÌÀÒÄÁÀ
ÓÉáÉÓÔÉÓÀ ÃÀ ÓÉÌÔÊÉÝÉÓ ÐÉÒÏÁÄÁÉÓ ÂÀÈÅÀËÉÓßÉÍÄÁÉÈ; 7. ÖàÒÉ ÊÏÍÓÔÒÖØÝÉÄÁÉÓ ÂÀÀÍÂÀ-
ÒÉÛÄÁÀ; 8. ßÚÅÄÔÉËÉ ÌÀáÀÓÉÀÈÄÁËÄÁÉÓ ÌØÏÍÄ ×ÉËÄÁÉÓÀ ÃÀ ÝÉËÉÍÃÒÖËÉ ÂÀÒÓÄÁÉÓ
ÃÒÄÊÀÃ-ÐËÀÓÔÉÊÖÒÉ ÙÖÍÅÀ ÌÀÓÀËÉÓ ÂÀÍÌÔÊÉÝÄÁÉÓ ÂÀÈÅÀËÉÓßÉÍÄÁÉÈ. ÀÙÍÉÛÅÍÉÓ ÙÉÒÓÉÀ,
ÀÂÒÄÈÅÄ, ÌÄÒÀÁ ÌÉØÄËÀÞÉÓ ÌÉÄÒ ÛÄÓßÀÅËÉËÉ ÓÀÊÉÈáÄÁÉ, ÒÏÌËÄÁÉÝ ÄáÄÁÀ ×ÏËÀÃÉÓ
ÖßÚÅÄÔÀÃ ÜÀÌÏÓáÌÀÓ ÒÀÃÉÀËÖÒ ÃÀ ÏÅÀËÖÒ ÃÀÍÀÃÂÀÒÄÁÆÄ. ÀÌ ÊÅËÄÅÄÁÉÓ ÂÀÌÏÓÀÅÀË
ÃÄÁÖËÄÁÀÓ ßÀÒÌÏÀÃÂÄÍÃÀ ÃÉÃÉ ÌÄÝÍÉÄÒÉÓ ÌÉÄÒ ÌÉÙÄÁÖËÉ ÃÀÛÅÄÁÀ, ÒÏÌ ÊÒÉÓÔÀËÉÆÀ-
ÔÏÒÛÉ ÃÀ ÌÄÏÒÀÃÉ ÂÀÝÉÅÄÁÉÓ ÆÏÍÀÛÉ ÓáÌÖËÉÓ ØÄÒØÉ ÛÄÉÞËÄÁÀ ÂÀÍáÉËÖËÉ ÉÚÏÓ
ÒÏÂÏÒÝ áÉÓÔ-ÐËÀÓÔÉÊÖÒÉ ÝÉËÉÍÃÒÖËÉ ÂÀÒÓÉ, ÒÏÌËÉÓ ÃÄÍÀÃÏÁÉÓ ÆÙÅÀÒÉ ÊÖÌÛÅÉÓÀÓ
ÌÒÀÅÀËãÄÒ ÀÙÄÌÀÔÄÁÀ ÃÄÍÀÃÏÌÉÓ ÆÙÅÀÒÓ ÂÀàÉÌÅÉÓ ÃÒÏÓ. ÀÌ ÀÌÏÝÀÍÄÁÓ Ì. ÌÉØÄËÀÞÄÓÈÀÍ
ÄÒÈÀÃ ÉÊÅËÄÅÃÍÄÍ ÌÉÓÉ ÌÏßÀ×ÄÄÁÉ.

ÝÀËÊÄ ÖÍÃÀ ÂÀÌÏÅÚÏÈ ÌÄÒÀÁ ÌÉØÄËÀÞÉÓ ÌÉÄÒ ÌÀÍØÀÍÀÈÀ ÓÀÌÛÄÍÄÁËÏ ÌÄØÀÍÉÊÉÓ
Ó×ÄÒÏÛÉ ÜÀÔÀÒÄÁÖËÉ ÓÀÌÖÛÀÏÄÁÉ 50-ÉÀÍÉ ßËÄÁÉÓ ÃÀÓÀßÚÉÓÛÉ. ÄÓ ÄáÄÁÏÃÀ, ÞÉÒÉÈÀÃÀÃ,
ÓßÒÀ×ÀÃ ÌÁÒÖÍÀÅÉ ÃÉÓÊÏÄÁÉÓ, ÝÉËÉÍÃÒÄÁÉÓÀ ÃÀ ÙÄÒÏÄÁÉÓ ÂÀÀÍÂÀÒÉÛÄÁÀÓ ÃÒÄÊÀÃÏÁÉÓ
×ÀÒÂËÄÁÛÉ ÃÀ ÌÉÓ ÂÀÒÄÈ. ÛÄÌÃÂÏÌÛÉ ÄÓ ÊÅËÄÅÄÁÉ ÂÀÍÀÅÉÈÀÒÄÓ ÌÉÓÌÀ ÌÏßÀ×ÄÄÁÌÀ.

Ì. ÌÉØÄËÀÞÉÓ ÂÀÌÏÊÅËÄÅÄÁÉ ÌÀÍØÀÍÀÈÀ ÓÀÌÛÄÍÄÁËÏ ÌÄØÀÍÉÊÀÛÉ ÍÀßÉËÏÁÒÉÅ ÀÓÀáÖËÉÀ
ÌÉÓ ÌÏÍÏÂÒÀ×ÉÀÛÉ „ÊÏÍÓÔÒÖØÝÉÄÁÉÓÀ ÃÀ ÌÀÍØÀÍÄÁÉÓ ÄËÄÌÄÍÔÄÁÉÓ ÃÒÄÊÀÃÏÁÀ ÃÀ ÐËÀÓ-
ÔÉÊÖÒÏÁÀ“, 1976 ß.

Ì. ÌÉØÄËÀÞÄ, ÀÓÄÅÄ, ÀÅÔÏÒÉÀ áÖÈÉ ÏÒÉÂÉÍÀËÖÒÉ ÓÀáÄËÌÞÙÅÀÍÄËÏÓÉ ÈÀÍÀÌÄÃÒÏÅÄ
ÓÀÌÛÄÍÄÁËÏ ÌÄØÀÍÉÊÉÓ ÃÀÒÂÛÉ: ÂÀÒÓÈÀ ÈÄÏÒÉÉÓ ÓÀ×ÖÞÅËÄÁÉ, 1974 ß.; ×ÉËÄÁÉÓ ÙÖÍÅÉÓ
ÈÄÏÒÉÀ, 1976 ß.; ÓÀÌÛÄÍÄÁËÏ ÌÄØÀÍÉÊÉÓ ÌÏÊËÄ ÊÖÒÓÉ, 1977 ß.; ÈáÄËÊÄÃËÉÀÍÉ ÓÉÅÒÝÉÈÉ
ÓÉÓÔÄÌÄÁÉÓ ÂÀÀÍÂÀÒÉÛÄÁÉÓ ÓÀ×ÖÞÅËÄÁÉ, 1980 ß.; ÉÃÄÀËÖÒÀÃ ÃÒÄÊÀÃ-ÐËÀÓÔÉÊÖÒÉ ÃÀ
ÐËÀÓÔÉÊÖÒ-áÉÓÔÉ ÓÉÓÔÄÌÄÁÉÓ ÓÔÀÔÉÊÀ, 1980 ß.

Ì. ÌÉØÄËÀÞÉÓ ÓÀÌÄÝÍÉÄÒÏ ÌÏÙÅÀßÄÏÁÉÓ ÌÏÊËÄ ÃÀáÀÓÉÀÈÄÁÉÓ ÃÀÓÀÓÒÖËÓ ÀÙÅÍÉÛÍÀÅÈ,
ÒÏÌ ÉÂÉ ÈÀÅÉÓÉ ÃÀÒÂÉÓ ÄÒÈ-ÄÒÈÉ ÝÍÏÁÉËÉ ÓÐÄÝÉÀËÉÓÔÉÀ ÒÏÂÏÒÝ ÜÅÄÍÓ ØÅÄÚÀÍÀÛÉ,
ÉÓÄ ÌÉÓ ×ÀÒÂËÄÁÓ ÂÀÒÄÈ. ÀÒÀ ÄÒÈÉ ÃÀ ÏÒÉ ÍÀÛÒÏÌÉ ÂÀÌÏÖØÅÄÚÍÄÁÉÀ ÌÀÓ ÝÍÏÁÉËÉ
ÓÀÆÙÅÀÒÂÀÒÄÈÖËÉ ÓÀÌÄÝÍÉÄÒÏ ÑÖÒÍÀËÄÁÉÓ ×ÖÒÝËÄÁÆÄ, ÌÏÍÀßÉËÄÏÁÀ ÌÉÖÙÉÀ ÌÄÝÍÉÄÒ-
ÈÀ ÒÀÌÃÄÍÉÌÄ ÓÀÄÒÈÀÛÏÒÉÓÏ ×ÏÒÖÌÉÓ ÌÖÛÀÏÁÀÛÉ. ÌÄÒÀÁ ÌÉØÄËÀÞÉÓ ÓÀÌÄÝÍÉÄÒÏ
ÛÒÏÌÄÁÉÓÀÈÅÉÓ ÃÀÌÀáÀÓÉÀÈÄÁÄËÉÀ ÀÆÒÉÓ ÓÉÀáËÄ ÃÀ ÐÒÀØÔÉÊÖËÉ ÌÉÆÀÍÃÀÓÀáÖËÏÁÀ. ÄÓ
ÌÄÔÚÅÄËÄÁÓ ÀÅÔÏÒÉÓ ×ÀÒÈÏ ÄÒÖÃÉÝÉÀÓÀ ÃÀ ÌÉÓ ÖÍÀÒÆÄ, ÛÄÌÏØÌÄÃÄÁÉÈÀÃ ÂÀÌÏÉÚÄÍÏÓ
ÈÀÍÀÌÄÃÒÏÅÄ ÌÀÈÄÌÀÔÉÊÖÒÉ ÀÐÀÒÀÔÉ ÒÈÖËÉ ÓÀÉÍÑÉÍÒÏ ÀÌÏÝÀÍÄÁÉÓ ÛÄÓßÀÅËÉÓ ÃÒÏÓ.

ÉÌ ßÅËÉËÉÓ ÂÀÈÅÀËÉÓßÉÍÄÁÉÈ, ÒÏÌÄËÉÝ ÃÒÄÊÀÃ-ÐËÀÓÔÉÊÖÒÉ ÓÉÓÔÄÌÄÁÉÓ ÓÀÌÛÄÍÄÁ-
ËÏ ÌÄØÀÍÉÊÉÓ ÂÀÍÅÉÈÀÒÄÁÉÓÀ ÃÀ ÄÒÏÅÍÖËÉ ÓÀÌÄÝÍÉÄÒÏ ÊÀÃÒÄÁÉÓ ÌÏÌÆÀÃÄÁÉÓ ÓÀØÌÄÛÉ
ÛÄÉÔÀÍÀ, ÌÄÒÀÁ ÌÉØÄËÀÞÄ ÙÉÒÓÄÖËÀÃ ÀÔÀÒÄÁÃÀ ÌÄÝÍÉÄÒÄÁÉÓ ÃÀÌÓÀáÖÒÄÁÖËÉ ÌÏÙÅÀßÉÓÀ
ÃÀ ÓÀØÀÒÈÅÄËÏÓ ÓÓÒ ÌÄÝÍÉÄÒÄÁÀÈÀ ÀÊÀÃÄÌÉÉÓ ßÄÅÒ-ÊÏÒÄÓÐÏÍÃÄÍÔÉÓ ÓÀáÄËÓ.

ÌÄÒÀÁ ÌÉØÄËÀÞÄ ÛÄÓÀÍÉÛÍÀÅÀÃ ÂÒÞÍÏÁÃÀ ÉÌ ÃÉÃ ÌÍÉÛÅÍÄËÏÁÀÓ, ÒÀÝ ÄØÓÐÄÒÉÌÄÍÔÖË
ÊÅËÄÅÀÓ ÄÍÉàÄÁÀ ÂÀÌÏÚÄÍÄÁÉÈÉ ÌÄØÀÍÉÊÉÓ ÃÀÒÂÛÉ. ÓßÏÒÄÃ ÌÀÛÉÍ, ÒÏÃÄÓÀÝ ÌÉÓÉ
ÈÀÏÓÍÏÁÉÈ ÌÀÈÄÌÀÔÉÊÉÓ ÉÍÓÔÉÔÖÔÛÉ ËÀÁÏÒÀÔÏÒÉÖËÉ ÁÀÆÀ ÉØÌÍÄÁÏÃÀ, ÒÖÌÉÍÄÈÛÉ
ÂÀÌÏÅÉÃÀ ÀÊÀÃÄÌÉÊÏÓ ÁÀËÀÍÉÓÀ ÃÀ ÌÉÓÉ ÌÏßÀ×ÄÄÁÉÓ ßÉÂÍÉ „ØÒÏÌÏÐËÀÓÔÉÊÖÒÏÁÀ“,
ÒÏÌÄËÛÉÝ ÀÙßÄÒÉËÉÀ ÃÒÄÊÀÃ-ÐËÀÓÔÉÊÖÒÉ ÓÉÓÔÄÌÄÁÉÓ ÄØÓÐÄÒÉÌÄÍÔÖËÉ ÊÅËÄÅÉÓ ÈÅÀË-
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ÓÀÜÉÍÏ ÃÀ ÌÀÒÔÉÅÉ ÌÄÈÏÃÄÁÉ. ÜÅÄÍ ØÅÄÚÀÍÀÛÉ ÀÌ ÌÄÈÏÃÄÁÉÓ ÐÏÐÖËÀÒÉÆÀÝÉÉÓÀ ÃÀ
ÂÀÍÅÉÈÀÒÄÁÉÓ ÌÉÆÍÉÈ ÌÄÒÀÁ ÌÉØÄËÀÞÄÌ ÓÀàÉÒÏÃ ÜÀÈÅÀËÀ ßÉÂÍÉ ÒÖÌÉÍÖËÉÃÀÍ ÄÈÀÒÂÌÍÀ
ÃÀ ÂÀÌÏÄÝÀ. ÀÌ ÌÄÝÍÉÄÒÉÓÀ ÃÀ ÌÉÓÉ ÌÏßÀ×ÄÄÁÉÓ ÈÄÏÒÉÖËÉ ÊÅËÄÅÀ ÚÏÅÄËÈÅÉÓ ÌàÉÃÒÏÃ
ÉÚÏ ÃÀÊÀÅÛÉÒÄÁÖËÉ ÐÒÀØÔÉÊÀÓÈÀÍ. ÀËÁÀÈ, ÀÌÉÈÀÝ ÀÉáÓÍÄÁÀ ÉÓ ÂÀÒÄÌÏÄÁÀ, ÒÏÌ ÌÒÀÅÀËÉ
ÀáÀËÂÀÆÒÃÀ, ÒÏÌËÄÁÌÀÝ ÌÉÓÉ áÄËÌÞÙÅÀÍÄËÏÁÉÈ ÌÏÓÊÏÅÓÀ ÈÖ ÈÁÉËÉÓÛÉ ÃÀÉÝÅÄÓ
ÃÉÓÄÒÔÀÝÉÄÁÉ, ÍÀÚÏ×ÉÄÒÀÃ ÛÒÏÌÏÁÓ ÒÏÂÏÒÝ ÓÀÌÄÝÍÉÄÒÏ ÃÀ ÐÄÃÀÂÏÂÉÖÒ ÀÓÐÀÒÄÆÆÄ,
ÉÓÄ ÓÀáÀËáÏ ÌÄÖÒÍÄÏÁÉÓ ÓáÅÀÃÀÓáÅÀ Ó×ÄÒÏÛÉ. ÂÀÍÓÀÊÖÈÒÄÁÖËÉ ÀÙÍÉÛÅÍÉÓ ÙÉÒÓÉÀ
ÌÄÒÀÁ ÌÉØÄËÀÞÉÓ ÐÄÃÀÂÏÂÉÖÒÉ ÌÏÙÅÀßÄÏÁÀ. ÓÀØÀÒÈÅÄËÏÓ ÐÏËÉÔÄØÍÉÊÖÒÉ ÉÍÓÔÉÔÖÔÉÓ
ÊÖÒÓÃÀÌÈÀÅÒÄÁÖËÈÀ ÀÒÀÄÒÈ ÈÀÏÁÀÓ ÀáÓÏÅÓ ÌÉÓÉ ÂÀÌÀÒÈÖËÉ, ÄÍÏÁÒÉÅÀÃ ÃÀáÅÄßÉËÉ
ÃÀ ÙÒÌÀÀÆÒÏÅÀÍÉ ËÄØÝÉÄÁÉ. ÓÀÓßÀÅËÏ ÐÒÏÝÄÓÉÓ ÌÏÃÄÒÍÉÆÀÝÉÉÓÀ ÃÀ ÓÒÖËÚÏ×ÉÓ
ÓÀØÌÄÛÉ ÌÍÉÛÅÍÄËÏÅÀÍÉ ÒÏËÉ ÛÄÀÓÒÖËÀ ÌÉÓ ÌÉÄÒ ÌÛÏÁËÉÖÒ ÄÍÀÆÄ ÃÀßÄÒÉËÌÀ ÓÀáÄËÌ-
ÞÙÅÀÍÄËÏÄÁÌÀ. ÀÌÀÓÈÀÍ, ÌÄÒÀÁ ÌÉØÄËÀÞÄ ßËÄÁÉÓ ÂÀÍÌÀÅËÏÁÀÛÉ ÉÚÏ ÓÀÊÀÅÛÉÒÏ ÌÄÝÍÉÄÒÄ-
ÁÀÈÀ ÀÊÀÃÄÌÉÉÓ ÐÒÄÆÉÃÉÖÌÈÀÍ ÀÒÓÄÁÖËÉ „ÓÉÌÔÊÉÝÉÓ“ ÓÀÌÄÝÍÉÄÒÏ ÊÏÌÉÓÉÉÓ ßÄÅÒÉ ÃÀ
ÓÀÁàÏÈÀ ÊÀÅÛÉÒÉÓ ÖÌÀÙËÄÓÉ ÃÀ ÓÀÛÖÀËÏ ÓÐÄÝÉÀËÖÒÉ ÂÀÍÀÈËÄÁÉÓ ÓÀÌÉÍÉÓÔÒÏÓ ÓÀÌÄÝÍÉ-
ÄÒÏ ÌÄÈÏÃÖÒÉ ÊÏÌÉÓÉÉÓ ÓÀÌÛÄÍÄÁËÏ ÌÄØÀÍÉÊÉÓÀ ÃÀ ÓÀÌÛÄÍÄÁËÏ ÊÏÍÓÔÒÖØÝÉÄÁÉÓ
ßÄÅÒÉ.

ÒÏÂÏÒÝ ÓÐÉ-Ó ÓÀÆÏÂÀÃÏÄÁÀ „ÝÏÃÍÉÓ“ ÈÀÅÌãÃÏÌÀÒÄÌ, ÌÄÒÀÁ ÌÉØÄËÀÞÄÌ ÓÀØÀÒÈÅÄ-
ËÏÛÉ ÄÒÈ-ÄÒÈÌÀ ÐÉÒÅÄËÌÀ ÂÀÖßÏÃÀ ÃÀáÌÀÒÄÁÉÓ áÄËÉ ÌÀÙÀËÌÈÉÀÍÉ ÒÀÉÏÍÄÁÉÓ ÍÉàÉÄÒ
ÀáÀËÂÀÆÒÃÏÁÀÓ ÃÀ ÛÄÓÀÞËÄÁËÏÁÀ ÌÉÓÝÀ ÖÌÀÙËÄÓÉ ÂÀÍÀÈËÄÁÀ ÓÀØÀÒÈÅÄËÏÓ ÐÏËÉÔÄØ-
ÍÉÊÖÒ ÉÍÓÔÉÔÖÔÛÉ ÌÉÄÙÏÈ.

ÌÄÒÀÁ ÌÉØÄËÀÞÄ ÀÒÀ ÌÀÒÔÏ ÃÉÃÉ ÌÄÝÍÉÄÒÉ, ÀÒÀÌÄÃ ÂÀÌÏÒÜÄÖËÉ ÌÀÌÖËÉÛÅÉËÉ ÃÀ
ÌÏØÀËÀØÄ ÉÚÏ. ÀÊÀÃÄÌÉÊÏÓ ÛÀËÅÀ ÌÉØÄËÀÞÉÓ ÔÒÀÃÉÝÉÖË ÏãÀáÛÉ ÀÙÆÒÃÉËÓ ÓÀÌÛÏÁËÏÓ
ÓÉÚÅÀÒÖËÉ ÁÀÅÛÅÏÁÉÃÀÍ äØÏÍÃÀ ÜÀÍÄÒÂÉËÉ. ÌÖÃÀÌ ÌÆÀÃ ÉÚÏ ÚÅÄËÂÀÍ ÃÀ ÚÏÅÄËÈÅÉÓ
ÃÀÄÝÅÀ ÓÀØÀÒÈÅÄËÏÓ ÉÍÔÄÒÄÓÄÁÉ, ÌÀÛÉÍÀÝ ÊÉ, ÒÏÃÄÓÀÝ, ÓÀÁàÏÖÒÉ ÌÌÀÒÈÅÄËÏÁÉÓ ÌÞÉÌÄ
ÐÉÒÏÁÄÁÛÉ, ÚÏÅÄËÉ ÐÀÔÒÉÏÔÖËÉ ÍÀÁÉãÉ ÐÒÉÌÉÔÉÖË-ÍÀÝÉÏÍÀËÉÓÔÖÒ ÂÀÌÏÅËÉÍÄÁÀÃ
×ÀÓÃÄÁÏÃÀ. ÀÌÉÓ ÃÀÃÀÓÔÖÒÄÁÀ ÉÚÏ ÌÀÌÀ-ÛÅÉËÉÓ, ÛÀËÅÀ ÃÀ ÌÄÒÀÁ ÌÉØÄËÀÞÄÄÁÉÓ
ÂÀáÌÀÖÒÄÁÖËÉ ÂÀÌÏÓÅËÀ ÓÀØÀÒÈÅÄËÏÓ ÌÄÝÍÉÄÒÄÁÀÈÀ ÀÊÀÃÄÌÉÉÓ ÂÀ×ÀÒÈÏÄÁÖË ÓáÃÏÌÀÆÄ
1973 ßÄËÓ, ÓÀÊÀÅÛÉÒÏ ÀÊÀÃÄÌÉÉÓ ÌÉÄÒ ÂÀÌÏÝÄÌÖËÉ ßÉÂÍÉÓ, „ÓÀÌÀÌÖËÏ ÌÀÈÄÌÀÔÉÊÉÓ
ÉÓÔÏÒÉÀ“ ßÉÍÀÀÙÌÃÄÂ. ÀÌ ßÉÂÍÛÉ ÖÀÙÒÄÓÀÃ ÃÀÊÍÉÍÄÁÖËÉ ÉÚÏ ÓÀØÀÒÈÅÄËÏÓ ÉÓÔÏÒÉÀ
ÃÀ ØÀÒÈÅÄËÉ ÌÀÈÄÌÀÔÉÊÏÓÄÁÉÓ ÃÀÌÓÀáÖÒÄÁÀ ÌÀÈÄÌÀÔÉÊÉÓ ÂÀÍÅÉÈÀÒÄÁÉÓ ÓÀØÌÄÛÉ. ÀÌÀÓÈÀÍ,
„ËÉÔÄÒÀÔÖÒÖË ÓÀØÀÒÈÅÄËÏÛÉ“ ÂÀÌÏØÅÄÚÍÃÀ ÌÄÒÀÁ ÌÉØÄËÀÞÉÓ ÓÀÐÒÏÔÄÓÔÏ ßÄÒÉËÉ,
ÒÀÓÀÝ ÌÀÛÉÍÃÄËÉ ÌÈÀÅÒÏÁÉÓ ÌßÅÀÅÄ ÒÄÀØÝÉÀ ÌÏäÚÅÀ.

ÌÄÒÀÁ ÌÉØÄËÀÞÄ ÉÚÏ ÓÀÌÀÂÀËÉÈÏ ÛÅÉËÉ, ÌÄÖÙËÄ ÃÀ ÌÀÌÀ. ÉÂÉ ÓÉÝÏÝáËÉÓ ÁÏËÏÌÃÄ
ÂÀÔÀÝÄÁÉÈ ÌÖÛÀÏÁÃÀ ÓÀØÀÒÈÅÄËÏÓ ÉÓÔÏÒÉÉÓ ÓÀÊÉÈáÄÁÆÄÝ. ÌÉÓ ÊÀËÀÌÓ ÄÊÖÈÅÍÉÓ
ÀÒÀÄÒÈÉ ÓÀÉÍÔÄÒÄÓÏ ÍÀÛÒÏÌÉ ÃÀ ßÄÒÉËÉ, ÒÏÌÄËÉÝ ØÀÒÈÖË ÐÄÒÉÏÃÉÊÀÛÉ ÓáÅÀÃÀÓáÅÀ
ÃÒÏÓ ÉÁÄàÃÄÁÏÃÀ.
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Professor Merab Mikeladze – 90

Honored Worker of Sciences, Doctor of Engineering, Corresponding Member of Geor-
gian Academy of Sciences, Professor Merab Mikeladze was born in 1926 in the family of
outstanding Georgian mathematician Shalva Mikeladze.

In 1948 after the graduation from the Construction Faculty of Georgian Polytechnic
Institute he continued study in Moscow at the Institute of Mechanics Postgraduate School
of the Academy of Sciences of the former Soviet Union. There he defended both candidate
and doctor’s theses. The last one was defended in 10 years after graduation from the
Georgian Polytechnic Institute.

Since June of 1952 till September of 1953 he was working at the Institute of Mechanics
of the Academy of Sciences of the Soviet Union. Since September of 1953 he was a senior
research associate at the Mathematical Institute of Georgian Academy of Sciences. At the
same time (1953-56) he delivered lectures at the Tbilisi State University at Mechanico-
Mathematical faculty.

In 1958 he was invited as the head of the Department of Theoretical Mechanics at
Tbilisi Institute of Transport Engineers. After merge to Polytechnic Institute he headed
Department of Structural Mechanics (1960-1982).

He devoted nearly 4 decades to studying researches of thin plates and shells of non-
classical problems of Structural Mechanics. Researches in this area of nonlinear behavior
of shells, and first of all at the expense of studying of anisotropic shells, considerably
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extended. The choice of scientific subject was prompted by the fact that in the early
forties huge significance was given to anisotropic materials and the constructions made of
them. In this regard it should be noted that M. Mikeladze was a pioneer of this sphere
by publishing the article in the magazine ``ДАН СССР'', 1954 “On the carrying capacity
initially anisotropic shells”. This work was important also for the reason that instead of
using the theory of Nadai-Henki-Ilushin of small elasto-plastic deformations (which was
used by almost all Soviet scientists during fifties), he used Levi-Mizes theory of a flow
(referred to the version of Mises-Hill for orthotropic bodies). So, the known hypotheses
of Kirhgoff-Liav, - the main relations of the theory of a plastic flow of Mises and model of
a plastic and rigid body, were the basis of the theory offered by M. Mikeladze. Accord-
ingly homogeneous shells of different thickness and also composite layered constructions,
including ideal two-layer models were considered. “Finite relations between stresses and
the bending moments were established in case of a symmetric flow to the middle of a
surface in particular, the known formulas of Ilushin for isotropic shells were followed.
Besides, the Mikeladze’s way of research gave the chance to reveal additional relations
between internal forces thanks to what widening of a class of statically determined prob-
lems became possible.It was possible,in the form of an example,to provide semi-moment
theory of anisotropic cylindrical shells whose thickness for this system of external forces
were defined in each point of the middle of a shell, proceeding from a fluidity condition.
Further M. Mikeladze developed the similar theory for the rotating prefabricated shells
which were made along parallels and meridians jointed by hinges.He considered several ax-
ially symmetric problems about definition of the carrying capacity and one elasto-plastic
problem, in which case explicit solution was enabled. The desire to expand the class of
the studied problems and to resolve burning engineering issues inspired M. Mikeladze to
use a new version of plasto-rigid calculation scheme, according to which not only elastic
but also plastic parts of a shell were considered rigid. As a result of such approach in
six-dimensional space of forces and moments the limited hyper surface of fluidity would
be transformed to a hyper ellipsoid which, together with the corresponding law of the
flow, gave the chance to formulate theorems of limit equilibrium for anisotropic shells as
well. By means of these theorems it became possible to determine carrying capacity of the
shallow rotating shells, the stretched bending circular plates and other structures. Con-
sequently, the calculation models of the anisotropic shells were extended to such shells,
material of which differently interfered with compression and stretching. The main rela-
tions received by M. Mikeladze gave the chance to formulate a general problem about the
law by means of which the optimal thickness of a shell, at which this loading instantly
transferred the entire structure to a fluidity condition, was determined. Such approach
provided the uniform strength and the minimum weight (volume) of a construction. In
works of M. Mikeladze specific problems, which in case of isotropic material were reduced
to results of V. Prager, V. Friberger, B. Tekinalpi and other scientists, were considered.
The scientist using similar approach researched problems regarding shaping of optimal
middle surface of a metal shell and by means of radioactive radiation of a middle surface
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of a shell. These researches of M. Mikeladze were partially reflected in his monographs
(“Statics of anisotropic plastic operations”, 1963; “Introduction to the technical theory
of ideally plastic shells”, 1969) and in many articles which were published abroad. These
results were widely covered in survey works of the Soviet and foreign authors (see, for
example, article of D. Drakker “Plasticity” in English, published in the collection “Con-
struction Mechanics”, New York, 1960; V. Olshak, Z. Mruzis and Pezhina, translation
from English “A Current State of the Theory of Plasticity”, publishing house “Мир”,
1964; article of I. R. Lepik in “The Engineering Magazine” (v. IV, issue 3, 1964); “Bal-
ance of Elastoplastic and Plastic-Rigid Plates and Shells“; V. Olshak’s translation from
English “Inelastic Behavior of Shells”, publishing house “Мир”, 1969, etc).

In 1965 at the initiative of M. Mikeladze and under his supervision at the Mathematical
Institute of Academy of Sciences of the USSR the Department of Applied Mechanics which
was completed with young scientists – graduates of GPI was created, the main directions
of scientific subject of the Department – research of elastic and elasto-plastic equilibrium
of thin plates taking into account piece-wise defined behavior of their separate physical,
geometrical and kinematic parameters were planned.

The important place in activity of M. Mikeladze was taken by the Department of
Structural Mechanics of the Georgian Polytechnic Institute which was created by his
initiative in 1960 and which was directed by him till 1982.

The reasonable organization of the Department and intelligent use of scientific poten-
tial of staff gave to the scientist the chance to create single strong research team.

In order to reflect the success of M. Mikeladze and his disciples it could be named
several of them: 1. Bending and optimal planning of thin plates, when their thickness be-
haves as a piece-wise defined function; 2. Calculation of elastic and non-elastic structures
consisting of jointed by hinges elements; 3. Planning of structures of equilibrium strength
by radiation exposure; 4. Calculation of elastic and plastic cylindrical shells of noncir-
cular shape; 5. Research of carrying capacity; 6. Optimal planning taking into account
conditions of rigidity and strength; 7. Calculation of continuous structure; 8. Elasto-
plastic bending of the plates and cylindrical shells having discontinuous characteristics
taking into account material hardening. It is worth mentioning the questions, studied by
M. Mikeladze, which concerned continuous casting of steel on radial and oval equipments.
The assumption, accepted by him that in a crystallizer and in a zone of secondary cooling
to consider a crust of a body as a rigid and plastic shell, which fluidity limit at compres-
sion many times over surpasses a fluidity limit at stretching, became a starting point of
these researches. These problems together with the scientist were considered also by his
disciples.

It should be noted separately works in Structural Mechanics of Machines. They were
executed in the early fifties. Generally they concerned to calculations of quickly rotating
disks, cylinders and cores within and out of elasticity. Further these researches were
continued by his disciples.

Researches of M. Mikeladze are partially reflected in Structural Mechanics of Machines
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in his monograph “Elasticity and Plasticity of Elements of Structures and Machines”,
1976.

Besides, M. Mikeladze is the author of five original textbooks in the field of Modern
Structural Mechanics: Bases of the theory of shells, 1974; Theory of plates bending, 1976;
Short course of Structural Mechanics, 1977; Bases of calculations of thin-walled spatial
systems, 1980; Statics of ideally elasto-plastic and plastic and rigid systems, 1980.

At the end of the short characteristic of scientific activity of M. Mikeladze we will
note that he in his scientific area is one of the famous experts both in our country, and
beyond its bounds. Neither one, nor two works were published by him on pages of the
famous foreign scientific magazines, took part in work of several international forums. His
scientific works were characterized by novelty of thought and practical commitment. It
testifies to wide erudition and talent of the author creatively to use modern mathematical
apparatus in the course of studying of complex engineering challenges.

Taking into account that contribution which M. Mikeladze brought in development
of elasto-plastic systems of Structural Mechanics and in preparation of national scientific
staff, the scientist adequately carried a rank of the Honored Worker of Science and the
Corresponding Member of Academy of Sciences of the Georgian SSR.

He perfectly felt that great significance which was attached to pilot studies in the field
of Applied Mechanics. When on his initiative at Mathematical Institute the laboratory
base was creating, in Romania a book of Balan and his disciples “Hromoplasticity” was
issued, in which visual and simple teaching methods of pilot studies of elasto-plastic sys-
tems were described. For the purpose of promoting and development of these methods
in our country M. Mikeladze considered necessary to translate this book from Romanian
and to publish it. Theoretical researches of this scientist and his disciples were always
closely connected with practice. Possibly therefore the fact that young people who under
his supervision defended dissertations in Moscow or Tbilisi fruitfully worked both at sci-
entific and pedagogical fields, and in different spheres of a national economy. It should
be noted pedagogical activity of M. Mikeladze especially. Not one generation, graduated
the Georgian Polytechnic Institute, remember his smoothly running, refined in the lan-
guage plan and deeply intelligent lectures. In modernization and perfection of educational
process the significant role was played by the textbooks in the native language written
by him. Besides, within years M. Mikeladze was a member of the scientific commission
“Stregth”, existing at Presidium of Academy of Sciences of the USSR and the member of
the Scientific Methodical Commission of the Ministry of Secondary Vocational Education
of Structure Mechanics and Building Constructions.

As the chairman of society “Knowledge” M. Mikeladze one of the first in Georgia gave
a helping hand to capable youth of mountain areas and gave them the chance to study at
the Georgian Polytechnic Institute. Brought up in a traditional family of the academician
Shalva Mikeladze love for the country to him was imparted since the childhood. He was
ready always and everywhere to protect interests of Georgia. Then under trying con-
ditions of the Soviet management each patriotic step was regarded as primitive-national
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manifestation. The proof to that was noisy performance of the father and son, Shalva and
Merab Mikeladze on enlarged meeting of Academy of Sciences of GSSR in 1973 against
the book, published by Academy of Sciences of the USSR, “Questions of History of Math-
ematics” in which the role of the Georgian mathematicians was not considered. The acute
reaction and repressions of the government of that time was a followed result. Together
with all M. Mikeladze was an approximate son, the husband and the father.

The big scientist and the patriot M. Mikeladze until the end of his life worked on
questions of history of Georgia. He wrote many interesting works and letters which part
was published by the separate book “Totem and Ancient World”, Tbilisi, 2001.
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ÂÒÉÂÏË (ÂÉÀ) ÓÏáÀÞÄ

ÌÏÖËÏÃÍÄËÀÃ ÂÀÒÃÀÉÝÅÀËÀ ÝÍÏÁÉËÉ ÌÀÈÄÌÀÔÉ-
ÊÏÓÉ, ÉÅÀÍÄ ãÀÅÀáÉÛÅÉËÉÓ ÓÀáÄËÏÁÉÓ ÈÁÉËÉÓÉÓ
ÓÀáÄËÌßÉ×Ï ÖÍÉÅÄÒÓÉÔÄÔÉÓ ÐÒÏ×ÄÓÏÒÉ, ÈÓÖ ÉËÉÀ
ÅÄÊÖÀÓ ÓÀáÄËÏÁÉÓ ÂÀÌÏÚÄÍÄÁÉÈÉ ÌÀÈÄÌÀÔÉÊÉÓ ÉÍÓÔÉ-
ÔÖÔÉÓ ÂÀÍÚÏ×ÉËÄÁÉÓ ÂÀÌÂÄ, ×ÉÆÉÊÀ-ÌÀÈÄÌÀÔÉÊÉÓ
ÌÄÝÍÉÄÒÄÁÀÈÀ ÃÏØÔÏÒÉ ÂÒÉÂÏË (ÂÉÀ) ÓÏáÀÞÄ.
Â. ÓÏáÀÞÄ ÃÀÉÁÀÃÀ 1953 ßËÉÓ 29 ÀÐÒÉËÓ ØÀËÀØ

ØÖÈÀÉÓÛÉ. 1970-1974 ßËÄÁÛÉ ÉÂÉ ÓßÀÅËÏÁÃÀ ØÖ-
ÈÀÉÓÉÓ ÓÀáÄËÌßÉ×Ï ÐÄÃÀÂÏÂÉÖÒÉ ÉÍÓÔÉÔÖÔÉÓ ×ÉÆÉÊÀ-
ÌÀÈÄÌÀÔÉÊÉÓ ×ÀÊÖËÔÄÔÆÄ. ÉÍÓÔÉÔÖÔÉÓ ÃÀÌÈÀÅ-
ÒÄÁÉÓÈÀÍÀÅÄ ÐÒÏ×ÄÓÏÒÉ ÂÅÀÍãÉ ÌÀÍÉÀ Â. ÓÏáÀÞÄÓ,
ÒÏÂÏÒÝ ÂÀÍÓÀÊÖÈÒÄÁÖËÉ ÍÉàÉÈ ÃÀãÉËÃÏÄÁÖË
ÀáÀËÂÀÆÒÃÀÓ, ÉßÅÄÅÓ ÌÄÝÍÉÄÒ-ÈÀÍÀÌÛÒÏÌËÉÓ ÈÀÍÀÌ-
ÃÄÁÏÁÀÆÄ ÈÓÖ ÉËÉÀ ÅÄÊÖÀÓ ÓÀáÄËÏÁÉÓ ÂÀÌÏÚÄÍÄÁÉÈÉ

ÌÀÈÄÌÀÔÉÊÉÓ ÉÍÓÔÉÔÖÔÛÉ, ÌÏÂÅÉÀÍÄÁÉÈ ÌÀÍ ÌÖÛÀÏÁÀ ÂÀÀÂÒÞÄËÀ ÓÀØÀÒÈÅÄËÏÓ ÌÄÝÍÉ-
ÄÒÄÁÀÈÀ ÀÊÀÃÄÌÉÉÓ ÀÍÃÒÉÀ ÒÀÆÌÀÞÉÓ ÓÀáÄËÏÁÉÓ ÌÀÈÄÌÀÔÉÊÉÓ ÉÍÓÔÉÔÖÔÛÉ. 1983 ßËÉÃÀÍ
Â. ÓÏáÀÞÄ ØÖÈÀÉÓÉÓ ÀÊÀÊÉ ßÄÒÄÈËÉÓ ÓÀáÄËÏÁÉÓ ÓÀáÄËÌßÉ×Ï ÖÍÉÅÄÒÓÉÔÄÔÉÓ ÐÒÏ×ÄÓÏÒÉ
ÃÀ ÖÌÀÙËÄÓÉ ÌÀÈÄÌÀÔÉÊÉÓ ÊÀÈÄÃÒÉÓ ÂÀÌÂÄÀ. 2009 ßËÉÃÀÍ ÓÉÝÏÝáËÉÓ ÁÏËÏÌÃÄ ÉÂÉ
ÌÖÛÀÏÁÃÀ ÈÓÖ ÆÖÓÔ ÃÀ ÓÀÁÖÍÄÁÉÓÌÄÔÚÅÄËÏ ÌÄÝÍÉÄÒÄÁÀÈÀ ×ÀÊÖËÔÄÔÆÄ.

1980 ßÄËÓ Â. ÓÏáÀÞÄÌ ÊÉÄÅÛÉ, ÖÊÒÀÉÍÉÓ ÌÀÈÄÌÀÔÉÊÉÓ ÉÍÓÔÉÔÖÔÉÓ ÓÀÃÉÓÄÒÔÀÝÉÏ
ÓÀÁàÏÓ ÓáÃÏÌÀÆÄ, ßÀÒÌÀÔÄÁÉÈ ÃÀÉÝÅÀ ÓÀÊÀÍÃÉÃÀÔÏ ÃÉÓÄÒÔÀÝÉÀ, áÏËÏ ÌÏÂÅÉÀÍÄÁÉÈ,
1992 ßÄËÓ, ÉÌÀÅÄ ÉÍÓÔÉÔÖÔÉÓ ÓÀÃÉÓÄÒÔÀÝÉÏ ÓÀÁàÏÓ ÓáÃÏÌÀÆÄ ÌÀÍ ÀÓÄÅÄ ßÀÒÌÀÔÄÁÉÈ
ÃÀÉÝÅÀ ÓÀÃÏØÔÏÒÏ ÃÉÓÄÒÔÀÝÉÀ.

Â. ÓÏáÀÞÄÓ ÌÒÀÅÀËÌáÒÉÅÉ ÓÀÌÄÝÍÉÄÒÏ ÉÍÔÄÒÄÓÄÁÉ ÂÀÀÜÍÃÀ. ÉÂÉ ÉÚÏ ×ÀÒÈÏ
ÄÒÖÃÉÝÉÉÓ, ÌÀÙÀËÉ ÃÏÍÉÓ ÌÀÈÄÌÀÔÉÊÏÓÉ. ÓÀÌÄÝÍÉÄÒÏ ÍÀÛÒÏÌÄÁÉÓ ÃÉÃÉ ÍÀßÉËÉ ÊÉ
ÀËÁÀÈÏÁÉÓ ÈÄÏÒÉÉÓÀ ÃÀ ÌÀÈÄÌÀÔÉÊÖÒÉ ÓÔÀÔÉÓÔÉÊÉÓ ÌÉÌÀÒÈÖËÄÁÉÈ ÀØÅÓ ÂÀÌÏØÅÄÚÍÄ-
ÁÖËÉ. ÂÀÓÀÏÝÀÒÉ ÉÚÏ ÌÉÓÉ ÓÀÌÄÝÍÉÄÒÏ ÐÒÏÃÖØÔÉÖËÏÁÀ - ÖÊÀÍÀÓÊÍÄËÉ 10 ßËÉÓ
ÂÀÍÌÀÅËÏÁÀÛÉ ÓáÅÀÃÀÓáÅÀ ÓÀÌÄÝÍÉÄÒÏ ÑÖÒÍÀËÛÉ ÌÉÓ ÌÉÄÒ ÂÀÌÏØÅÄÚÍÄÁÖËÉ ÓÔÀÔÉÄÁÉÓ
ÒÀÏÃÄÍÏÁÀÌ 100-Ó ÂÀÃÀÀàÀÒÁÀ. ÌÉÓ ÁÏËÏÃÒÏÉÍÃÄË ÛÒÏÌÄÁÛÉ ÂÀÌÏÉÊÅÄÈÀ ÀáÀËÉ
ÓÉÙÒÌÉÓÄÖËÉ ÊÀÅÛÉÒÄÁÉ ÄÒÈÉ ÌáÒÉÅ ÖÓÀÓÒÖËÏÂÀÍÆÏÌÉËÄÁÉÀÍ ÀÍÀËÉÆÓÀ ÃÀ ÌÀËÉÀÅÄÍÉÓ
ÀÙÒÉÝáÅÀÓ ÛÏÒÉÓ, áÏËÏ ÌÄÏÒÄ ÌáÒÉÅ, ÓÔÏØÀÓÔÖÒ ÀÙÒÉÝáÅÀÓÀ ÃÀ ÓÔÀÔÉÓÔÉÊÖÒÉ
ÃÀÓÊÅÍÄÁÉÓ ÈÄÏÒÉÀÓ ÛÏÒÉÓ. ÂÀÍÓÀÊÖÈÒÄÁÉÈ ÖÍÃÀ ÀÙÉÍÉÛÍÏÓ ÉÓ ×ÀØÔÉ, ÒÏÌ ÁÏËÏ áÖÈ
ßÄËÉßÀÃÛÉ ÌÉÓÉ áÄËÌÞÙÅÀÍÄËÏÁÉÈ ßÀÒÃÂÄÍÉËÌÀ ÓÀÌÌÀ ÓÀÌÄÝÍÉÄÒÏ ÐÒÏÄØÔÌÀ ÌÏÉÐÏÅÀ
ÓÀÂÒÀÍÔÏ ÃÀ×ÉÍÀÍÓÄÁÀ, ÒÉÈÀÝ ÊÉÃÄÅ ÄÒÈáÄË ÂÀÌÏÅËÉÍÃÀ Â. ÓÏáÀÞÉÓ ÌÄÝÍÉÄÒÄÖËÉ
ÊÅËÄÅÄÁÉÓ áÀÒÉÓáÏÁÒÉÅÉ ÃÏÍÄ ÃÀ ÉÍÔÄÒÄÓÈÀ ÌÒÀÅÀË×ÄÒÏÅÍÄÁÀ.
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ÀÙÍÉÛÅÍÉÓ ÙÉÒÓÉÀ ÁÀÔÏÍÉ ÂÉÀÓ ÌÒÀÅÀËÌáÒÉÅÉ ÃÀ ÍÀÚÏ×ÉÄÒÉ ÓÀÌÄÝÍÉÄÒÏ-ÐÄÃÀÂÏÂÉ-
ÖÒÉ ÌÏÙÅÀßÄÏÁÀ. ÉÂÉ ÉÚÏ ÌÒÀÅÀËÉ ÓÀÓßÀÅËÏ ÊÖÒÓÉÓÀ ÈÖ ÓÀáÄËÌÞÙÅÀÍÄËÏÓ ÀÅÔÏÒÉ,
ÀÒÀÄÒÈÉ ÀáÀËÂÀÆÒÃÀ ÀÆÉÀÒÀ ÌÀÍ ÌÄÝÍÉÄÒÖËÉ ÝÏÃÍÉÓ ÓÀ×ÖÞÅËÄÁÓ. ÉÂÉ ÃÀÖÙÀËÀÅÉ,
ÌÏÌÈáÏÅÍÉ ÃÀ ÓÀÉÍÔÄÒÄÓÏ ÐÄÃÀÂÏÂÉ ÉÚÏ, ÌÀÓ äØÏÍÃÀ ÖÍÀÒÉ ÌÏÌÈáÏÅÍÄËÏÁÀ ÌÀÌÀ-
ÛÅÉËÖÒ ÓÉÈÁÏÓÀ ÃÀ ÓÉÚÅÀÒÖËÛÉ ÂÀÄÆÀÅÄÁÉÍÀ, ÒÀÝ ÌÄÔÀÃ Ä×ÄØÔÖÒÓ áÃÉÃÀ ÌÉÓ ÀáÀËÂÀÆ-
ÒÃÄÁÈÀÍ ÌÖÛÀÏÁÀÓ. ÉÓ ÉÚÏ ÓÔÖÃÄÍÔÄÁÉÓ ÓÀÚÅÀÒÄËÉ ËÄØÔÏÒÉ, ÒÀÝ áÛÉÒ ÛÄÌÈáÅÄÅÀÛÉ
ÀÃÌÉÍÉÓÔÒÀÝÉÀÓ ËÏãÉÓÔÉÊÖÒ ÐÒÏÁËÄÌÄÁÓ ÖØÌÍÉÃÀ - ÂÀÝÉËÄÁÉÈ ÌÄÔÉ ÌÓÖÒÅÄËÉ ÄßÄ-
ÒÄÁÏÃÀ ÌÉÓ ÀÒÜÄÅÉÈ ÊÖÒÓÄÁÆÄ, ÅÉÃÒÄ ÄÓ ÓÀÓßÀÅËÏ ÂÄÂÌÉÈ ÉÚÏ ÂÀÈÅÀËÉÓßÉÍÄÁÖËÉ.
Â. ÓÏáÀÞÉÓ áÄËÌÞÙÅÀÍÄËÏÁÉÈ ÃÀÝÖËÉ ÉØÍÀ ÌÒÀÅÀËÉ ÃÉÓÄÒÔÀÝÉÀ ÊÉÄÅÓÀ ÃÀ ÈÁÉËÉÓÛÉ.
ÀÌÀÑÀÌÀÃ, ÉÓ ÄÒÈÃÒÏÖËÀÃ áÖÈ ÃÏØÔÏÒÀÍÔÓ áÄËÌÞÙÅÀÍÄËÏÁÃÀ ÓáÅÀÃÀÓáÅÀ ÖÍÉÅÄÒÓÉ-
ÔÄÔÉÃÀÍ.

ÁÀÔÏÍÉ ÂÉÀ ÉÍÔÄÍÓÉÖÒ ÓÀÌÄÝÍÉÄÒÏ ÃÀ ÐÄÃÀÂÏÂÉÖÒ ÌÏÙÅÀßÄÏÁÀÓÈÀÍ ÄÒÈÀÃ ÀØÔÉÖÒ
ÓÀÆÏÂÀÃÏÄÁÒÉÅ ÓÀØÌÉÀÍÏÁÀÓÀÝ ÄßÄÏÃÀ. ÉÂÉ ÉÚÏ ÓÀØÀÒÈÅÄËÏÓ ÌÀÈÄÌÀÔÉÊÏÓÈÀ ÊÀÅÛÉÒÉÓ
ÓÀÈÀÈÁÉÒÏÓ ßÄÅÒÉ, ÓÀØÀÒÈÅÄËÏÓ ÓÔÀÔÉÓÔÉÊÖÒÉ ÀÓÏÝÉÀÝÉÉÓ ÂÀÌÂÄÏÁÉÓ ßÄÅÒÉ, ÂÀÍÀÈ-
ËÄÁÉÓ áÀÒÉÓáÉÓ ÂÀÍÅÉÈÀÒÄÁÉÓ ÄÒÏÅÍÖËÉ ÝÄÍÔÒÉÓ ÀÊÒÄÃÉÔÀÝÉÉÓ ÄØÓÐÄÒÔÉ, ÌÀÓßÀÅ-
ËÄÁÄËÈÀ ÂÀÃÀÌÆÀÃÄÁÉÓ ÝÄÍÔÒÉÓ ÔÒÄÍÄÒÉ, ÑÖÒÍÀË „ÈÓÖ ÌÄÝÍÉÄÒÄÁÉÓ“ ÓÀÒÄÃÀØÝÉÏ
ÊÏËÄÂÉÉÓ ßÄÅÒÉ, ÓÀÌÄÝÍÉÄÒÏ-ÐÏÐÖËÀÒÖËÉ ÑÖÒÍÀËÉÓ „ÌÀÈÄÌÀÔÉÊÀ“ ÒÄÃÀØÔÏÒÉÓ ÌÏ-
ÀÃÂÉËÄ. ÂÉÀ ÚÅÄËÂÀÍ ÁÏËÏÌÃÄ ÉáÀÒãÄÁÏÃÀ.

ßÀÅÉÃÀ ÜÅÄÍÂÀÍ ÀÙÉÀÒÄÁÖËÉ ÌÄÝÍÉÄÒÉ, ÓÀÄÒÈÀÛÏÒÉÓÏ ÃÏÍÉÓ ÌÀÈÄÌÀÔÉÊÏÓÉ. ÚÅÄËÀ,
ÅÉÍÝ ÂÉÀÓ ÉÝÍÏÁÃÀ, ÃÉÃÀÃ À×ÀÓÄÁÃÀ ÌÉÓ ÌÀÙÀË ÐÒÏ×ÄÓÉÏÍÀËÉÆÌÓ, ÐÒÉÍÝÉÐÖËÏÁÀÓÀ
ÃÀ ÏÁÉÄØÔÖÒÏÁÀÓ, ÂÀÌÏÒÜÄÖË ÀÃÀÌÉÀÍÖÒ ÈÅÉÓÄÁÄÁÓ, ÙÉÒÓÄÁÉÓ ÂÒÞÍÏÁÀÓ ÃÀ ÊÄÈÉËÂÀÍ-
ßÚÏÁÀÓ ÊÏËÄÂÄÁÉÓ ÌÉÌÀÒÈ. ÌÉÓÉ ÂÀÒÃÀÝÅÀËÄÁÀ ÀÖÍÀÆÙÀÖÒÄÁÄËÉ ÃÀÍÀÊËÉÓÉÀ ÒÏÂÏÒÝ
ÏãÀáÉÓÀÈÅÉÓ, ÉÓÄ ÌÉÓÉ ÌÄÂÏÁÒÄÁÉÓÀ ÃÀ ÊÏËÄÂÄÁÉÓÀÈÅÉÓ.

ÅÀáÔÀÍÂ ÊÅÀÒÀÝáÄËÉÀ

ÏÌÀÒ ×ÖÒÈÖáÉÀ
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Grigol (Gia) Sokhadze

We are grieved by the sudden death of the well-known
mathematician, Professor of the Iv. Javakhishvili Tbilisi
State University, Head of Department of I. Vekua Insti-
tute of Applied Mathematics of TSU, Doctor of physics
and mathematics, Grigol (Gia) Sokhadze.

G. Sokhadze was born on April 29, 1953, in Kutaisi.
In 1970-1974 he was a student of physics and mathemat-
ics faculty at the Kutaisi State Pedagogical Institute.
After graduating from the Institute, G. Sokhadze, being
a young man of special talent, was invited by Profes-
sor Gvanji Mania to work as a research worker at the
I. Vekua Institute of Applied Mathematics of TSU.

Later he started work at A. Razmadze Institute of Mathematics of the Georgian
Academy of Sciences. Since 1983 he had been Professor and Head of Chair of Higher
Mathematics at Kutaisi Akaki Tsereteli State University. Since 2009 to the end of his life
he had been working at the Faculty of Exact and Natural sciences of TSU.

In 1980 G. Sokhadze successfully defended his candidate’s thesis in Kiev, at the Insti-
tute of Mathematics of Ukraine, and in 1992 -– the doctor’s thesis at the same Institute.

G. Sokhadze had versatile scientific interests. He was a well-educated mathematician,
scientist of high level. Most of his scientific investigations are dedicated to problems of
probability theory and mathematical statistics. He was extremely productive as a re-
searcher – for the last 10 years he had been the author of over 100 scientific papers,
published in different scientific journals. His latest works reveal new and profound rela-
tions between infinite-dimensional analysis and Malliavin calculus, on the one hand, and
stochastic calculus and theory of statistical inference, on the other hand. It should also
be mentioned that for the last five years three scientific projects under his guidance have
obtained funding through grants which is one more proof of the high level of his scientific
investigations and diversity of his interests.

G. Sokhadze was also remarkable as a teacher to many young scientists, author of
many text-books, a favourite lecturer with students and often those wishing to attend his
lectures were more than it was envisaged by the educational course. Many theses were
defended under his guidance both in Kiev and Tbilisi. He was guiding the work of five
doctoral students for the last years.

Besides the scientific and pedagogical activities he was also the member of the Council
of the Georgian Mathematical Society, member of the Board of the Georgian Statistical
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Society, accreditation expert of the National Center for Educational Quality Enhance-
ment, trainer at the Teachers’ Training centre, member of the Editorial Board of the
journal “TSU science”, Deputy Editor-in-Chief of the Editorial Board of the scientific-
popular journal “Mathematics”. He exerted himself to the end.

The death of G. Sokhadze, famous scientist, mathematician of international level, a
principal, distinguished person and a reliable colleague, is an irreparable loss to his family,
friends and colleagues.

Vakhtang Kvaratskhelia
Omar Purtukhia
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Holomorphic Functions on the Symmetrized
Bidisk – Realization, Interpolation and Extension

Tirthankar Bhattacharyya
Indian Institute of Science, Bengaluru, Karnataka, India

email: tirthankar.bhattacharyya@gmail.com

This talk is about the open symmetrized bidiskG = {(z1+z2, z1z2) : |z1|, |z2| < 1}. We
shall start with basic properties of this object and then turn to function theory. The main
aim is to relate function theory with reproducing kernel Hilbert spaces of holomorphic
functions. In particular, three new thing will be discusses.

1. The Realization Theorem: A realization formula is demonstrated for every f in the
norm unit ball of H∞(G).

2. The Interpolation Theorem: Nevanlinna–Pick interpolation theorem is proved for
data from the symmetrized bidisk and a specific formula is obtained for the inter-
polating function.

3. The Extension Theorem: A characterization is obtained of those subsets V of the
open symmetrized bidisk G that have the property that every function f holo-
morphic in a neighbourhood of V and bounded on V has an H∞-norm preserving
extension to the whole of G.

The talk is based on joint work with Dr. Haripada Sau.



56 Abstracts of Plenary and Invited Speakers Batumi, September 5–9, 2016

Inequalities on Rearrangements of Summands
with Applications in a.s. Convergence

of Functional Series
Sergei Chobanyan

Niko Muskhelishvili Institute of Computational Mathematics of Georgian Technical
University, Tbilisi, Georgia

email: chobanyan@stt.msu.edu

Theorem 1. Let x1, . . . xn ∈ X be a collection of elements of a normed space X with∑n
1 xi = 0. Then
a. For any collection of signs ϑ = (ϑ1, . . . , ϑn) there is a permutation π : {1, . . . , n} →

{1, . . . , n} such that

max
1≤k≤n

∥∥∥ k∑
1

xi

∥∥∥+ max
1≤k≤n

∥∥∥ k∑
1

ϑixi

∥∥∥ ≥ 2 max
1≤k≤n

∥∥∥ k∑
1

xπ(i)

∥∥∥.
The mapping ϑ→ πϑ can be written down explicitly .

b. (Transference Theorem) There is a permutation σ : {1, . . . , n} → {1, . . . , n}
such that

max
1≤k≤n

∥∥∥ k∑
1

xσ(i)

∥∥∥ ≤ max
1≤k≤n

∥∥∥ k∑
1

ϑixσ(i)

∥∥∥
for any collection of signs ϑ = (ϑ1, . . . , ϑn).

Theorem 1 implies the Maurey-Pisier sign-permutation relationship, as well as Garsia-
Nikishin type theorems on rearrangement convergence almost surely of a functional series.
A particular form of Theorem 1 also was used by Konyagin and Revesz to find conditions
under which the Fourier series of a 2π-periodic continuous function f converges a.s. under
some rearrangement. Theorem 1 also finds applications in scheduling theory, discrepancy
theory and machine learning.

References
[1] S. A. Chobanyan, G. Giorgobiani, A problem on rearrangements of summands in

normed spaces and Rademacher sums. Probability theory on vector spaces, IV (Łań-
cut, 1987), 33–46, Lecture Notes in Math., 1391, Springer, Berlin, 1989.

[2] S. Levental’, A. Mandrekar, S. A. Chobanyan, On Nikishin’s theorem on the almost
sure convergence of rearrangements of function series. (Russian) Funktsional. Anal.
i Prilozhen. 45 (2011), no. 1, 41–55; translation in Funct. Anal. Appl. 45 (2011),
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Kolosov-Muskhelishvili’s Method in Problems
of Fracture and Buckling of Thin Planes with Defects

Yuri Dahl, Nikita Morozov, Boris Semenov
Saint Petersburg State University, Faculty of Mathematics and Mechanics,

Saint Petersburg, Russia
email: semenov@bs1892.spb.edu

We will develop an analysis of the impact of defects such as cuts and cracks in the loss
of the bearing capacity of thin plates under tension. The loss of bearing capacity of such
plates can be caused by its destruction or buckling. We conduct research in problems
caused by using different nanodevices with elements of nanometer thickness (MEMS,
NEMS and others).

We consider two classes of problems:
1) planes which are weakened by a lattice of parallel cracks
2) planes which are weakened by a circular cut.
The analytical study of the stress state of the plane with a lattice of parallel cuts is

still a tricky task of the theory of elasticity. Articles devoted to this problem use the
calculation of the stress intensity factors at the tips of two, three or four collinear cracks
placed one above the other. This approach seems quite natural when it comes to the
strength of massive quasi-brittle bodies with cracks that are in plane strain state. In the
case of generalized plane stress state typical for stretched thin plates the formation and
development of specific bending of plates in the vicinity of the centers of cuts usually pre-
cedes destruction. The emergence of the latter is caused by compressive stresses, localized
around the edges of the cuts. At certain level of external tensile forces these stresses cause
local buckling of plates, which considerably reduces their load-bearing capacity.

By Kolosov-Muskhelishvili’s method [1] an exact analytical solution to the system of
collinear cracks is built.

The dependence of the failure load and the critical load of the buckling on the ratio
of crack length to the distance between them is analyzed. The dependence of the critical
load on the number of cracks is also studied.

Considering the plates of nanoscale thickness it is shown that the bending stiffness is
significantly affected by the surface stresses. For plate of the nanoscale thickness with
a circular cut the effect of surface stresses on the buckling under uniaxial tension is
evaluated [2].

The considered problems were also solved by the method of finite elements. A good
coincidence of the first critical loads constructed by the method of finite elements and by
the above method is obtained.
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The Mass Gap and Hagedorn Density of States
in QCD at Finite Temperature

V. Gogokhia, A. Shurgaia, M. Vasuth
Deprt. Theor. Phys., WIGNER RCP RMI, Budapest, Hungary;

Deprt. Theor. Phys., A. Razmadze Math. Inst., TSU, Tbilisi, Georgia
email: gogohia.vahtang@wigner.mta.hu, gogokhia@rmi.ge

The effective potential approach for composite operators turned out to be a very
useful analytical and perspective dynamical tool for the generalization of QCD to non-
zero temperature and density. In the absence of external sources it is nothing but the
vacuum energy density (VED), i.e., the pressure apart from the sign. This approach is
non-perturbative (NP) from the very beginning, since it deals with the expansion of the
corresponding skeleton vacuum loop diagrams in powers of the Planck constant, and thus
allows one to calculate the VED from first principles. Using this general approach, we
have shown in detail that the low-temperature expansion for the non-perturbative gluon
pressure has the Hagedorn-type structure. Its exponential spectrum of all the effective
gluonic excitations are expressed in terms of the mass gap. It is this which is responsible
for the large-scale dynamical structure of the QCD ground state. The gluon pressure
properly scaled has a maximum at some characteristic temperature T = Tc = 266.5MeV ,
separating the low- and high temperature regions. It is exponentially suppressed in the
T → 0 limit. In the T → Tc limit it demonstrates an exponential rise in the number of
dynamical degrees of freedom. This makes it possible to identify Tc with the Hagedorn
transition temperature Th, i.e., to put Th = Tc. The gluon pressure has a complicated
dependence on the mass gap and temperature near Tc and up to approximately (4−5)Tc.
In the limit of very high temperatures T → ∞ its polynomial character is confirmed,
containing the terms proportional to T 2 and T . All this will make it possible to transform
such obtained gluon pressure into the full gluon pressure by adding the so-called Stefan-
Boltzmann (SB) term in a self-consistent way. In its turn, this will allow one to analytically
describe SU(3) lattice thermodynamics in the whole temperature range from zero to
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infinity, and thus to understand what is the physics behind its numbers and curves.
Especially this is important for low-temperature region, where all lattice results suffer
from big uncertainties.

Composition Operators for
Sobolev Spaces and their Applications

Vladimir Gol’dshtein
Ben-Gurion University, Israel
email: vladimir@bgu.ac.il

The talk is devoted to bounded composition operators φ∗ : L1,p(Ω
′
) → L1,p(Ω) of

uniform Sobolev spaces L1,p defined in space domains Ω,Ω
′ ⊂ Rn under an additional

assumption that φ : Ω → Ω
′$ are homeomorphisms. In the case p = n the composi-

tion operators can be induced by quasiconformal homeomorphisms. In the case p ̸= n
the composition operators can be induced by comparatively new class of so-called p-
quasiconformal homeomorphisms. The class of p-quasiconformal homeomorphisms coin-
cide with the class of quasiconformal homeomorphisms for p = n. In this case p = n
composition operators φ∗ are invertable. For applications more useful to use composition
operators φ∗ : L1,p(Ω

′
) → L1,q(Ω), q ≤ p that induced by so-called (p, q)-quasiconformal

homeomorphism. In all these cases descriptions of composition operators are exact (nec-
essary and sufficient conditions).

Following applications will be discussed: Embedding theorems for rough domains;
Brennan’s conjecture for composition operators; spectral stability of Laplace–Dirichlet
and Laplace–Neumann operators in plane domains and hyperbolic geometry; lower esti-
mates of the first non-trivial eigenvalue of the spectral Neumann problem for the Laplace
operator and the p-Laplace operator in plane and space domains (the free membrane
problem).

The work is done jointly with Alexander Ukhlov.
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Multiplicative Fourier Transforms and Convolutions
Boris I. Golubov, Sergey S. Volosivets

Dept. of Mathematics, Moscow Institute of Physics and Technology (State University),
Moscow, Russia

email: golubov@mail.mipt.ru

Multiplicative Fourier transform (MFT) was introduced by N.Ya. Vilenkin (see [1],
p. 135). MFT FP(f)(x), x ∈ R+ = [0,∞), of a function f ∈ L1(R+) depends on the
sequence P = {pj}∞j=1 of natural numbers pj ≥ 2. For any function f ∈ L2(R+) the
analog of Plansherel equality ∥FP(f)∥2 = ∥f∥2 is valid (see [2], p. 83). For each function
f ∈ Lp(R+), 1 < p ≤ 2, an analog of the Hausdorf–Young inequality ∥FP(f)∥p′ ≤ ∥f∥p
holds, where 1/p + 1/p′ = 1 (see [1], p.149). The integrability and uniform convergence
of multiplicative Fourier transforms was studied by us in the paper [3].

In this presentation we assume that the sequence P is bounded.
Theorem 1. Let the function g be non increasing on (0,+∞), g ∈ L1[0, 1) and
lim

x→+∞
g(x) = 0, 1 < p ≤ 2. Then for existence of a function f ∈ Lp(R+) such that

FP(f)(x) = g(x) almost everywhere on R+ the condition g(x)x1−2/p ∈ Lp(R+) is neces-
sary and sufficient. If this condition is valid then the inequality ∥f∥p ≤ C∥g(x)x1−2/p∥p
holds.

This result can be considered as an analog of the Hardy–Littlewood theorem on
trigonometric cosine- and sine-series with monotone coefficients (see [4], Ch. X, p. 657).
There are similar results for the Fourier cosine-transform (see [5], Ch. 4, Theorems 79,
80 and 82).

It is known the notion of P-convolution (f ∗ g)P(x) of two functions (see [2], p. 44).
Theorem 2. Let 1 < p, q < 2, 3/2 < 1/p+1/q < 2, 1/r = 1/p+1/q− 1, 1/r+1/r′ = 1.
1) If f ∈ Lp(R+), g ∈ Lq(R+), then h = (f ∗ g)P ∈ Lr(R+) and ∥FP(h)∥r′ ≤ ∥f∥p∥g∥q.
2) If θ ∈ (r, 2], γ ∈ (0, r′), then there exist functions f0 ∈ Lp(R+), g0 ∈ Lq(R+) such that
h0 = (f0 ∗ g0)P /∈ Lθ(R+) and FP(h0) /∈ Lγ(R+).
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On Elastic Multi-Layered Prismatic Structures
George Jaiani

I. Vekua Institute of Applied Mathematics & Faculty of Exact and natural Sciences,
I. Javakhishvili Tbilisi State University, Tbilisi, Georgia

email: george.jaiani@gmail.com

The present talk is a survey devoted to mathematical and engineering models of elastic
multi-layered prismatic shell-like structures. In particular, it presents a model constructed
by the speaker, based on modifications and a combination of the engineering method of
equivalent single-layered model (see, e.g., [1]) and I. Vekua dimension reduction method
[2] of constructing hierarchical models. The layers may be cusped prismatic shells as well.
In the case of cusps peculiarities of setting boundary conditions (for such peculiarities see
[3]) do not arise if the thickness of the structure does not vanish at the lateral boundary
in spite of the fact that the structures may consist of cusped layers.
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Surface and Edge waves of General time-Dependence
Julius Kaplunov, Danila Prikazchikov

School of Computing and Mathematics, Keele University, Keele, Staffordshire, UK

j.kaplunov@keele.ac.uk, d.prikazchikov@keele.ac.uk

Well-known surface waves of arbitrary profile [1, 2] are considered together with less
known bending edge waves of general time dependence [3] within a uniform framework,
relying on an implicit travelling wave ansatz arising from the dispersion relations. The
examples include classical Rayleigh wave on elastic half-space, bending edge wave on a
Kirchhoff plate, with extension to edge waves on plates supported by elastic foundations.

A straightforward approach to subsonic regimes of steady-state moving load problems
relying on the eigensolution for surface wave is demonstrated. Finally, slow-time pertur-
bations of surface and bending edge waves of general time-dependence leading to explicit
formulations [4] are discussed.
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[4] J. Kaplunov and D. A. Prikazchikov, Explicit models for surface, interfacial and
edge waves in elastic solids. In R. V. Craster, J. Kaplunov, Dynamic localization
phenomena in elasticity, acoustics and electromagnetism. CISM International Cen-
tre for Mechanical Sciences, 547, Springer-Verlag Wien, 2013.



ÁÀÈÖÌÉ, 5–9 ÓÄØÔÄÌÁÄÒÉ, 2016 ÐËÄÍÀÒÖËÉ& ÌÏßÅÄÖËÉ ÌÏÌáÓÄÍÄÁËÄÁÉÓ ÈÄÆÉÓÄÁÉ 63

Boundary Value Problems for Analytic and
Generalized Analytic Functions within

the Framework of New Function Spaces
Vakhtang Kokilashvili1, Vakhtang Paatashvili1,2.

1A. Razmadze Mathematical Institute, Tbilisi, Georgia
2Georgian Technical University, Tbilisi, Georgia

email: kokil@rmi.ge

Our talk deals with the following topics:

• Mapping properties of Cauchy singular (generalized Cauchy singular integrals) op-
erators in variable exponent and variable exponent grand Lebesgue spaces;

• Variable exponent Hardy classes and Dirichlet problem;

• The Riemann and Riemann-Hilbert BVPs for generalized analytic functions with
the coefficients more general than Simonenko’s ones;

• The Riemann-Hilbert problem in the class of Cauchy type integrals with densities
of grand Lebesgue spaces;

• The Riemann and Riemann-Hilbert BVPs with piecewise continuous coefficients
within the framework of variable grand Lebesgue spaces.

Tools of the Nuclear Effective Field Theory
Alexander Kvinikhidze

Department of Theoretical Physics, A. Razmadze Mathematical Institute,
Tbilisi State University, Tbilisi, Georgia
email: sasha_kvinikhidze@hotmail.com

The ultimate theory of strong interaction, Quantum Chromodynamics (QCD), is not
applicable directly to problems of low energy nuclear physics due to large value of coupling
constant making perturbative methods useless. In this range of energies one resorts to
the so called nuclear effective field theory (EFT) where a perturbation theory can be
formulated based on the expansion in powers of low energy. EFT involves many free
parameters which need to be ordered in a systematic way the theory to have predictive
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power. There are methods used in EFT this and other jobs to be done some of which are
discussed in this talk.

Namely we derive so called Renormalization group equations for interaction potential
and currents by demanding that physical observables do not depend of a cutoff parameter.
Note that the cutoff is needed to keep energy low in the intermediate states as well. We also
discuss constrains imposed by invariance with respect to the local transformations (gauge
invariance) and current conservation. The equations also are discussed that describe
exotic systems, e.g. tetraquarks which are the particles composed of three quarks and one
antiquark.

Reality Viewed through the Eyes of
Continuum Mechanics

W. H. Müller1, W. Weiss1, E. N. Vilchevskaya2,3

1Institute of Mechanics, Chair of Continuum Mechanics and Materials Theory, Technical
University of Berlin, Berlin, Germany

2Institute for Problems in Mechanical Engineering of the Russian Academy of Sciences,
St. Petersburg, Russia

3Peter the Great Saint-Petersburg Polytechnic University (POLYTEC),
St.-Petersburg, Russia

email: whmmechanik@yahoo.de

The purpose of this paper is a fundamental one: We wish to draw attention to the fact
that modeling nature by using continuum theory can become quite treacherous. Whilst
we may have some confidence in the applicability of the fundamental laws of classical
physics, such as the conservation of mass, linear and angular momentum, or energy, the
use of constitutive relations requires special care and sound scepticism, even if they follow
from principles of rational thermodynamics. As a matter of fact, many engineers of daily
practice are not even aware of the fundamental difference between conservation laws and
material equations” as the latter are sometimes innocently called. They believe that they
are “true laws of nature”. Surely, there might be limits to their applicability, if strains
become too high or temperatures are too low (say), but very often this is attributed to
numerical inaccuracy rather than a principal internal deficiency. This dilemma is nicely
depicted in a recent textbook [1] and we will illustrate it here for the case of selfgravitating
terrestrial planets.

We start our discussion with a model based on Hookean elasticity formulated in terms
of linear strain measures. In this case the solutions for the stresses, the strains, and the
displacements in a selfgravitating object can be presented in closed form, as was first



ÁÀÈÖÌÉ, 5–9 ÓÄØÔÄÌÁÄÒÉ, 2016 ÐËÄÍÀÒÖËÉ& ÌÏßÅÄÖËÉ ÌÏÌáÓÄÍÄÁËÄÁÉÓ ÈÄÆÉÓÄÁÉ 65

shown by the great (linear) elastician A.E.H. Love around the beginning of last century
[2]. We will, first, present the underlying theory in modern form. Second, solutions
to the resulting equations will be obtained. Third, the equations will be evaluated by
using physical data of various objects, such as terrestrial planets, moons, and asteroids.
This will show that under certain circumstances the displacements may be enormous.
Consequently, the limits of linear strain theory will become evident.

As a special feature we will then leave the canonical pathway of linear elasticity,
where it is conventionally assumed that the body forces are applied to the undeformed
configuration [3]. In contrast to conventional (engineering) literature, we will present an
“extended model” and study the influence of linear terms of displacement gradients in the
body force density. In fact, this approach may serve as a bridge between linear elasticity
at small strains and elasticity at large deformations. Moreover, it has the advantage of
still leading to closed-form solutions.

In an attempt to remedy the problem of large deformations once and for all we will then
choose a nonlinear version of Hooke’s law in the current configuration. More precisely,
the Cauchy stress will be related to the nonlinear deformation measure of the current
configuration, the Euler–Almansi finite strain, which replaces the linear strain tensor of
the ordinary Hooke’s law [4]. However, even this approach has drawbacks: As we shall see,
we will run into modeling and numerical problems again, if the mass of the self-gravitating
object becomes too large. There will even be a limit mass beyond which stresses will go to
infinity, similarly to the case of the Chandrasekhar limit for the mass of white dwarf stars.
However, this phenomenon is an artifact of the constitutive law we chose for the stress-
strain relation [5]: It can lead to a unique, two, three, or no solutions for the problem.
This is a well-known problem of strain energy density functions that are not poly-convex
and we will address this issue.

Finally we will turn to time-dependent modeling of deformation in terms of a defor-
mation-wise linear viscoelastic model of the Kelvin–Voigt type [6]. Surprisingly it allows
for a closed-form solution for a solid as well as for a hollow sphere. As a new result it will
turn out that in the early days of planet formation the so-called Love radius, which is the
demarcation line between the completely compressive interior of a planet from a radially
strain-wise tensile exterior, does not exist initially and requires time for its development.
Interestingly the solution for the solid sphere will not lead to zero deformation in the limit
of initial time. Rather it jumps abruptly to finite values varying linearly throughout the
sphere. If the same limit is considered in the solution for the hollow sphere with a very
small hole at the center one can see the reason for this behavior: The transition from
zero to finite deformation is extremely fast. In other words: If gravitation is “switched
on”, large amounts of mass will start moving and it is inapt to use the static form of the
balance of momentum. Inertial forces should be taken into account. Hence, this time
it is not a fault of the constitutive equation but an inappropriate simplification of the
equations of motion, which creates a problem.
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Recent Developments of Grüss Type Inequalities for
Positive Linear Maps

Mohammad Sal Moslehian
Department of Pure Mathematics, Ferdowsi University of Mashhad, Mashhad, Iran

email: moslehian@um.ac.ir

Grüss showed that if f and g are integrable real functions on [a, b] and there exist real
constants α, β, γ, Γ such that α ≤ f(x) ≤ β and γ ≤ g(x) ≤ Γ for all x ∈ [a, b], then

∣∣∣∣ 1

b− a

b∫
a

f(x)g(x) dx− 1

b− a

b∫
a

f(x) dx
1

b− a

b∫
a

g(x) dx

∣∣∣∣ ≤ 1

4
|β − α| |Γ− γ|.

This inequality was studied and extended by a number of mathematicians for different
contents such as inner product spaces, quadrature formulae, finite Fourier transforms and
linear functionals.

For unital n-positive linear maps Φ (n ≥ 3), the authors of [3] proved that∥∥Φ(AB)− Φ(A)Φ(B)
∥∥ ≤ inf

α∈C
∥A− αI∥ inf

β∈C
∥B − βI∥.
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for all operators A, B in a C∗-algebra.
The Grüss inequality was generalized in the setting of inner product modules over H∗-

algebras and C∗-algebras in [1]. Several Grüss type inequalities in inner product modules
over C∗-algebras are investigated in [2]. In this talk, we investigate several new Grüss
type inequalities for positive linear maps.
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Boundary Element Methods with
Radial Basis Functions

Sergej Rjasanow
Institute for Applied Mathematics, Saarland University, Saarbrücken, Germany

email: rjasanow@num.uni-sb.de

Radial basis functions (RBF’s) have become increasingly popular for the construction
of smooth interpolant s : Rn → R through a set of N scattered, pairwise distinct data
points. In the first part of the talk we introduce the RBF’s [1] and discuss their properties.

The second part of the talk is devoted to the boundary integral formulation for a mixed
boundary value problem in linear elastostatics with a conservative right hand side [2]. A
meshless interpolant for the scalar potential of the volume force density is constructed
by means of radial basis functions. An exact particular solution to the Lamé system
with the gradient of this interpolant as the right hand side is found. Thus, the need
of approximating the Newton potential is eliminated. The procedure is illustrated on
numerical examples.

In the third part of the talk, an iterative procedure for the numerical solution of
the diffusion equation with variable diffusion coefficient is formulated. For the iterative
solution, we suggest a combination of the fast Boundary Element Method [3] and RBF’s.
We prove linear convergence with a convergence factor depending on the ratio of the
maximal and the minimal value of the diffusivity. Numerical examples illustrate the
functionality and the efficiency of the approach.
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Sobolev Space of Half-Differentiable Functions
and Quasisymmetric Homeomorphisms

Armen Sergeev
Steklov Mathematical Institute, Moscow, Russia

email: sergeev@mi.ras.ru

One of the main goals of the noncommutative geometry is the translation of basic
notions of analysis, geometry and topology into the language of Banach algebras. In our
talk we demonstrate how it is done in the case of quasisymmetric homeomorphisms of
the circle. They are boundary values of quasiconformal homeomorphisms of the disk and
form a group QS(S1) with respect to composition. This group acts on the Sobolev space
H

1/2
0 (S1,R) of half-differentiable functions on the circle by reparameterization. We give

interpretations of the group QS(S1) and the space H1/2
0 (S1,R) in terms of the noncom-

mutative geometry.
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On the Formation of Freak Waves
Wojciech Sulisz

Polish Academy of Sciences, Institute of Hydroengineering,
80328 Gdańsk, Poland

email: sulisz@ibwpan.gda.pl

Freak waves are unique phenomena that appear unexpectedly on the ocean surface and
are the most dangerous type of extreme waves. Eye witnesses, reporting on individual
extreme waves in coastal or deep water, mention either single very high waves or several
successive extreme waves. These waves are not only a danger to fishermen or yachtsmen,
but are also capable of damaging large vessels and maritime structures. Within the
past 20 years at least 200 supercarriers have been lost, each more than 200 meters long.
In majority of these cases the cause of the accident is believed to be freak waves The
consequences of the attack of freak waves are usually very tragic. Many accidents occurred
in the Black Sea.

The mechanism of the formation of freak waves is still unknown. Neither the occur-
rence of these waves nor their physical structure is well understood by conventional wave
science. A theoretical approach is applied to predict the propagation and transformation
of nonlinear water waves in a wave train. The studies show that the evolution of unstable
waves may lead to the formation of freak waves. The analysis shows that these phenomena
cannot be described properly by the nonlinear Schrödinger equation or its modifications.
Conducted investigations comprise cases characteristic for the Black Sea [1, 2].

Theoretical results are in a fairly good agreement with experimental data. A reason-
able agreement between theoretical results and experimental data is observed also for the
formation and evolution of freak waves.

Keywords: wave trains, evolution of nonlinear waves, extreme waves, freak waves
Acknowledgements. Financial support for this study was provided by the National

Science Centre, Poland, and the Institute of Hydroengineering of the Polish Academy of
Sciences in Gdańsk, Poland, under the contract No. UMO-2012/05/13/ST8/01833.
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A Numerical Analysis of Deformed Multilayered
Ellipsoidal Non-Linear Shells

Edison Abramidze
N. Muskhelishvili Institute of Computational Mathematics of Georgian Technical

University, Tbilisi, Georgia
E-mail: edisoni.abramidze@mail.ru

For the numerical realization of problems of deformed multilayered ellipsoidal geo-
metrically non-linear shells we give a non-linear system of differential equations, which
provides the solution of these class of problems. This system is obtained on the basis of a
version of the refined theory, which takes into account the non-homogenity of shifts along
the layers.
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Correctness of the Boundary Value Problems for
Some Classes of Two-Dimensional Elliptic Systems

G. Akhalaia1, G. Makatsaria2, N. Manjavidze3

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

email: giaakha@gmail.com
2Saint Andrew The First Called Georgian University of Patriarchate of Georgia,

Tbilisi, Georgia
email: giorgi.makatsaria@gmail.com

3Ilia State University, Tbilisi, Georgia
email: nino.manjavidze@iliauni.edu.ge

The structure of the solutions of sufficiently wide class of singular elliptic systems in
the neighborhood of singular point are studied. On this basis the correct boundary value
problems are posed and their complete (in some sense) analysis is given.
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On Topology of Proper Quadratic Endomorphisms
Teimuraz Aliashvili

Ilia State University, Tbilisi, Georgia
email: aliashvili@yahoo.com

We discuss topological properties of quadratic endomorphism of n-dimensional space.
In particular, a criterion of properness is obtained. Moreover, an explicit estimate for
the topological degree of proper quadratic endomorphism is given and the spectrum of
possible values of topological degree is completely described. In special cases where n = 2
or n = 3, more detailed results are available. In particular, for n = 2 an algebraic
criterion of properness of F is given in terms of coefficients of components F1, F2. More-
over, an algebraic formula for topological degree of map F using the signature formula
of Khimshiashvili-Eisenbud-Levine. In addition a complete description of the possible
structure of singularity set and bifurcation diagram of F is obtained. The aforementioned
results are used to obtain the criteria of surjectivity and stability of such an endomor-
phism. In special case, when F is the gradient of homogeneous polynomial of third degree,
the structure of the local algebra at the origin is also determined. The proofs are based on
the normal forms of quadratic endomorphisms obtained in a recent paper “Classification
of critical sets and their images for quadratic maps of the plane” (arXiv:1507.02732v1
[math.DS] 9 Jul 2015) by Chia-HsingNien, Bruce B. Peckham and Richard P. McGe-
hee. For n = 3, we present an algebraic formula for the topological degree which enables
one to obtain a criterion of surjectivity.

Keywords: Quadratic maps, endomorphism, singularities, topological degree of map-
ping, surjectivity and stability.

Topological Invariants of Random Polynomials
Teimuraz Aliashvili

Ilia State University, Tbilisi, Georgia
email: aliashvili@yahoo.com

Random polynomials with independent identically distributed Gaussian coefficients
are considered. In the case of random gradient endomorphism F = (f, g) : R2 → R2 the
expected value of topological degree is computed and the expected number of complex
points is estimated. In particular, the asymptotics of these invariants are determined as
the algebraic degree of F tends to infinity.
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We also give the asymptotic of the mean writhe number of a standard equilateral
random polygon with big number of sides and obtain a lower estimate for the mean
Coulomb energy of a standard equilateral random polygon.

Keywords: random polynomial endomorphism, Gaussian distribution, topological
degree, equilateral random polygon, writhe number, Coulomb energy, self-linking number.

Existence and Nonexistence of Global Solutions
for a Class Nonlinear Pseudo-Hyperbolic Equations

with Damping and Source Terms
Akbar B. Aliev1,2, Gunay I. Yusifova3

1Azerbaijan Technical University, Baku, Azerbaijan
2Institute of Mathematics and Mechanics, National Academy of Sciences of Azerbaijan,

Baku, Azerbaijan
email: alievakbar@gmail.com

3Ganja State University, Ganja, Azerbaijan

Consider the initial-boundary value problem for the nonlinear pseudo-hyperbolic equa-
tion:

utt −∆utt +∆2u+ |ut|m−1 ut = |u|p−1 u, t > 0, x ∈ Ω, (1)

u (0, x) = φ (x) , ut (0, x) = ψ (x) , x ∈ Ω, (2)

u (t, x) = ∆u (t, x) = 0, t ∈ [0,∞) , x ∈ Γ, (3)

where Ω ⊂ Rn is bounded domain with boundary Γ.
We determine suitable relation between m and p, for which there is global existence or

alternatively finite - time blow up. In other words we showed that if p ≤ m the solutions
of problem (1)–(3) exist globally in time and blow up in finite time if p > m and the
initial energy is sufficiently negative.
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Solvability of a Boundary Value Problem
for Second Order Elliptic Differential-Operator
Equations with Quadratic Spectral Parameter

Bakhram A. Aliev
Institute of Mathematics and Mechanics of NAS of Azerbaijan;
Azerbaijan State Pedagogical University, Baku, Azerbaijan

email: aliyevbakhram@yandex.ru

In the notice in the separable Hilbert space H we study the solvability of the following
boundedly value problem for second order elliptic differential equation with a quadratic
spectral parameter

L(λ,D)u := λ2u(x)− u′′(x) + Au(x) = f(x), x ∈ (0, 1), (1)

L1(λ)u := αu′(1) + λBu(0) = f1, (2)

L2u := u′(0) = f2.

Theorem.Let the following conditions be fulfilled: A is a strongly positive operator in H.
The linear operator B is bounded from H into H and from H(A1/2) into H(A1/2).α ̸= 0
is some complex number.

Then the operator L(λ) : u→ L(λ)u := (L(λ,D)u, L1(λ)u, L2u), for sufficiently rather
large |λ| from the sector |argλ| ≤ φ < π

2
is an isomorphism from W 2

p ((0, 1) ;H (A) , H)
onto

Lp ((0, 1) ;H)
·
+ (H (A) , H) 1

2
+ 1

2p
,p

·
+ (H (A) , H) 1

2
+ 1

2p
,p

and for these λ, the following estimate is valid for solution of the problem (1), (2)

|λ|2 ∥u∥Lp((0,1);H) + ∥u′′∥Lp((0,1);H) + ∥Au∥Lp((0,1);H)

≤ C

[
|λ| ∥f∥Lp((0,1);H) +

2∑
k=1

(
∥fk∥(H(A),H) 1

2+ 1
2p ,p

+ |λ|1−
1
p ∥fk∥H

)]
The boundary value problem similar to boundary value problem (1), (2) was studied

in the paper [1].
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Orthogonality in Finsler C∗-Modules
Maryam Amyari

Mashhad Branch, Islamic Azad University, Department of Mathematics,
Mashhad, Iran

email: maryam_amyari@yahoo.com

In this talk, we introduce the notion of orthogonality in the setting of Finsler C∗-
modules and investigate the relation between this orthogonality and the Birkhoff-James
orthogonality. Suppose that (E, ρ) and (F, ρ′) are Finsler modules over C∗-algebras A and
B, respectively, and φ : A → B is a ∗-homomorphism of C∗-algebras. A map Ψ : E → F is
said to be a φ-morphism of Finsler modules if ρ′(Ψ(x)) = φ(ρ(x)) and Ψ(ax) = φ(a)Ψ(x).
We show that each φ- morphism of Finsler C∗-modules preserves the Birkhoff-James
orthogonality and conversely, each surjective linear map between Finsler C∗-modules that
preserves the Birkhoff-James orthogonality is a φ- morphism under certain conditions. In
fact, we state a version of Wigner’s theorem in the framework of Finsler C∗-modules.

The talk is based on joint work with co-author (Reyhaneh Hassanniah).
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About Solution of Generalized Problems
of Minimal Set Covering

Natela Ananiashvili
Faculty of Exact and Natural Sciences, I. Javakhishvili Tbilisi State University,

Tbilisi Georgia
email: natela.ananiashvili194@ens.tsu.edu.ge

The heuristic algorithm of solution of generalized problems of finding of minimal set
covering is developed. The necessity of solution of generalized problem of minimal set
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covering is revealed, when we search of multiple main centre in the graph [1]. We can
cite many practical problems of optimal location of service points for finding such centers.
The proposed algorithm has selective characteristic and uses a search tree [2]. Algorithm
realization software showed good results for test problems.
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The Algorithm of Mathematical Modeling
of Turbulent Spatial Flows

Gegi Aptsiauri
Georgian Aviation University, Tbilisi, Georgia

email: gegiaptsiauri@gmail.com

Mathematical modeling of turbulent flows is one of the most important problems
of continuous body mechanics, which, despite the existence of a number of successful
models, from theoretical to numerical and experimental point of view, but it has to be
fully explored. Recently, the theoretical solution of turbulence problem achieved high
level in Georgia and opens up new opportunities to make important steps towards the
creation of mathematical models, which are based on a solid theoretical basis. At present
in Georgian aviation university are developing a new mathematical model, algorithm and
the program, of complex turbulent flows based on fundamental principles of Continuous
mechanics and tensor accounting equations. Elaborated by us model program is different
from other semi-empirical models in determination of stress tensor and turbulence kinetic
energy are used the exact theoretical solution of initial system of equations.
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Calculation of Hoses on Strength
Zurab Arkania

Department of Engineering Mechanics, Akaki Tsereteli State University,
Kutaisi, Georgia

email: Zurabi.arkania@mail.ru

We have developed a method of determination of axial tensions of absolutely flexible
hung hose shapes and in the hoses. We have received an axial tensions formula in case of
consideration of internal flow of the liquid in the hose. We have developed the algorithm
of the calculation on solidity of absolutely flexible hoses when flexural rigidity, having no
significant influence on shape of hoses and axial tensions, importantly effects on tensions
in the hoses. In any cross-section of the hose the complete normal tension is presented as
a sum of two components, where the first is a normal strain caused by axial tensions and
the second is a strain caused by flexural rigidity. The results give opportunity to evaluate
solidity of the hose, to select parameters of the internal flow of the hose and liquid in it
in order to raise reliability of the hose in the process of maintenance.
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On the Solvability of the Cauchy Problem for
Linear Systems of Generalized Differential Equations

with Singularities
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Faculty of Mathematics and Computer Sciences, Sokhumi State University,
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Let [a, b[ be an arbitrary (finite or infinity) subset of R. Consider the singular problem

dx(t) = dA(t) · x(t) + df(t) for t ∈ [a, b[ , x(b−) = 0, (1)

where A = (aik)
n
i,k=1 : [a, b[→ Rn×n is a nondecreasing matrix-function, and f = (fk)

n
k=1 is

a vector-function with bounded variations components on the every closed interval from
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[a, b[. The singularity is considered in the sense that A or f maybe has non-bounded
total variation on the whole closed interval [a, b]. We assume that det(In ± djA(t)) ̸= 0
for t ∈ [a, b[ (j = 1, 2), where In is the identity n × n-matrix, d1A(t) = A(t) − A(t−),
d2A(t) = A(t+)−A(t). A vector function x ∈ BVloc([a, b[ ;R

n) is said to be a solution of

the generalized system (1) if x(t)− x(s) =
t∫
s

dA(τ) · x(τ) + f(t)− f(s) for a ≤ s < t < b,

where the integral is understand in the Kurzweil–Stieltjes integral sense.
If X ∈ BVloc([a, b[ ;R

n×n) and Y ∈ BVloc([a, b[ ;R
n×n), then

A(X,Y )(t) ≡ Y (t)− Y (a) +
∑

a<τ≤t

d1X(τ)(In − d1X(τ))−1d1Y (τ)

−
∑

a≤τ<t

d2X(τ)(In + d2X(τ))−1d2Y (τ).

Theorem. Let d1aii(t) < 1 (i = 1, . . . , n) and there exist a nondecreasing matrix-function
(bik)

n
i,k=1 : [a, b[→ Rn×n, the spectral radius of which is less than 1, such that

b−∫
t

(b− τ)daii(τ) ≤ (bii(b−)− bii(t))

and
b−∫
t

(b− τ)dVar (A(aii, fi))(τ) ≤ (bik(b−)− bik(t))

for t ∈ [b − δ, b[ (i ̸= k, i, k = 1, . . . , n), where δ is some small positive number. Let,
moreover,

lim
t→b−

(b− t)−1V arb−t (A(aii, fi)) = 0 (i = 1, . . . , n).

Then the problem (1) is uniquely solvable.
In first, analogous problem has been investigated by V. A. Chechik in the paper [1]

for ordinary differential equations. See also [2] and the references therein.
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On the Cauchy Problem for Systems of Linear
Generalized Differential Equations with Singularities

Malkhaz Ashordia, Goderdzi Ekhvaia, Nato Kharshiladze
Sukhumi State University, Faculty of Mathematics and Computer Sciences,

Tbilisi, Georgia
emails: ashord@rmi.ge; goderdzi.ekhvaia@mail.ru; natokharshiladze@ymail.com

Let [a, b[ be an arbitrary (finite or infinity) subset of R. Consider the singular problem

dx(t) = dA(t) · x(t) + df(t) for t ∈ [a, b[, x(b−) = 0, (1)

where A ∈ BVloc([a, b[;R
n×n) and f ∈ BVloc([a, b[;R

n), i.e. A and f are, respectively,
matrix and vector functions with bounded variations components on the every closed
interval from [a, b[. The singularity is considered in the sense that A or f maybe has
non-bounded total variation on the whole closed interval [a, b]. We assume that det

(
In ±

djA(t)
)
̸= 0 for t ∈ [a, b[ (j = 1, 2), where In is the identity n × n-matrix, d1A(t) =

A(t)−A(t−), d2A(t) = A(t+)−A(t). A vector function x ∈ BVloc([a, b[;R
n) is said to be

a solution of the generalized system (1) if x(t)− x(s) =
∫ t

s
dA(τ) · x(τ) + f(t)− f(s) for

a ≤ s < t < b, where the integral is understand in the Kurzweil–Stieltjes integral sense.
If X ∈ BVloc([a, b[;R

n×n) and Y ∈ BVloc([a, b[;R
n×n), then A(X,Y )(t) ≡ Y (t) −

Y (a) +
∑

a<τ≤t d1X(τ)(In − d1X(τ))−1d1Y (τ)−
∑

a≤τ<t d2X(τ)(In + d2X(τ))−1d2Y (τ).
Let C0 : I2t0 → Rn×n be the Cauchy matrix of the homogeneous system dx(t) =

dA0(t) · x(t), where A0 ∈ BVloc([a, b[;R
n×n).

Theorem. Let there exist the matrix-function A0 ∈ BVloc([a, b[;R
n×n) and constant

matrices B0, B ∈ Rn×n
+ such that det

(
In ± djA0(t)

)
̸= 0 for t ∈ [a, b[ (j = 1, 2), the

spectral radius of the matrix B is less than 1, |C0(t, τ)| ≤ B0 for a ≤ t ≤ τ < b− δ, and

∣∣∣∣
b−∫
t

|C0(t, τ)|dV ar
(
A(A0, A− A0)

)
(τ)

∣∣∣∣ ≤ B for t ∈ [b− δ, b[,

where δ is some small positive number. Let, moreover,

lim
t→b−

∥∥∥∥
b−∫
t

C0(t, τ)dA(A0, f)(τ)

∥∥∥∥ = 0.

Then the problem (1) is uniquely solvable.
In first, analogous problem has been investigated by V. A. Chechik in the paper

[Investigation of systems of ordinary differential equations with singularity, Tr. Mosk.
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Mat. Obshch. 8 (1959), 155–198] for ordinary differential equations. See also [I. T.
Kiguradze, On the singular Cauchy problem for systems of linear ordinary differential
equations. (Russian) Differentsial’nye Uravneniya 32 (1996), no. 2, 215-223; English
transl.: Differ. Equations 32 (1996), no. 2, 173-180] and the references therein.

Boundary Layer Problem for the System
of First Order Ordinary Differential Equations
with General Nonlocal Boundary Conditions

Siamak Ashrafi
Department of Mathematics, Islamic Azad University, Maragheh Branch,

Maragheh, Iran
email: siamak.ashrafi@yahoo.com

One of the important subjects in applied mathematics is the theory of singular per-
turbation problem. The mathematical model for this kind of problem usually is in the
form of either ordinary differential equations (O.D.E) or partial differential equations
(P.D.E) in which the highest derivative is multiplied by some powers of ε as a positive
small parameter [1], [2]. The purpose of the theory of singular perturbations is to solve a
differential equation with some initial or boundary conditions with small parameter ε. If
the solution of the differential equation

εy(n)ε + f(y(n−1)
ε , y(n−2)

ε , . . . , y
′

ε, y, x) = 0

(when ε is chosen to be zero) is the same solution as the limit of the solution when ε→ 0,
then we say our problem is free of boundary layer. In other words, the limit of the solution
i.e. limε→0 yε(x) = y0(x) satisfies the given boundary conditions.

Otherwise we said that boundary layer exists. Naturally the case of free boundary
layer is more desirable than the other cases. On the other hand, since the structure of
approximate solutions of these problems depend on place of boundary layer, therefore
the determination of points which for them boundary layer formed will be important.
According to these facts, we decided to apply these conditions for determining boundary
layers for singular perturbation problems. In the some works of authors: M. Jahanshahi
and S. Ashrafi and N. Aliev [1], [2], wish to present sufficient conditions for some singular
perturbation problems consisting O.D.E’s which do not have boundary layers. Moreover
In this paper we consider a boundary layer problem (singular perturbation problem) which
consist of first order system of differential equations. For the given problem, we determine
if the boundary layers exist or not. Then by making use of the necessary conditions
and fundamental solution of the given system of differential equations, we obtain some
sufficient conditions such that we have no boundary layer.
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Apply of Graph Extension Function in Nature
Irakli Avalishvili
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Arbitrary systems, will it be biological, physical, cybernetical, chemical, etc., may
be described by a simple (possible single) mathematical function, namely by a graph
extension function, which we also call hierarchical function (and which mathematically
shows hierarchical nature of science).

This function can be also used to describe mathematical objects themselves, which in
the paper is shown on the example of the action of the graph extension function on the
set of integers. A new theory of graph extensions, similar to group extension theory, is
outlined. A theorem about the equivalence of different extension functions is proved.

There exists an isomorphism between the modified functional graph of the cell (func-
tional block-scheme) and the morphological graph of the cell (the graph expressing topo-
logical membrane intertransformations of the cell) which expresses the most essential
features of for the biology of the cell and captures one of the specific differences between
living and non-living systems.

It is shown that the construction of the graph of a complex organism from the primor-
dial graph given by Rashevsky is nothing, but an extension of the primordial graph by
the graph extension function. It is described, that there exist morphisms from biological
graphs described by various authors to our functional graph.
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On the Solution of the Eigenvalue Problem of Shear
Deformable Functionally Graded Shells

Abdullah Avey1, Bilender Pasaoglu2

1Engineering Faculty, Suleyman Demirel University, Department of Civil Engineering,
Isparta, Turkey

email: abdullahavey@sdu.edu.tr
2Faculty of Arts and Sciences, Suleyman Demirel University, Department of
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Functionally graded materials (FGM), as special composites have been widely used in
various structures as optimal strength and stiffness, associated with their design. There-
fore, its applications have been studied and received considerable attention from the
industrial production and modern technologies. As the use of FGMs increases, the study
of FGMs are considered to be the distribution of the volume fraction of metal or ceramics
has been presented for many years [1]. A comprehensive survey of the relevant theoretical
methodologies and numerical modeling and detailed review on the stability performance
of FGM shells can be found in the study of Shen [2]. Mechanical behavior of structural
elements with FGMs gain practical value and play an important role in the analysis, some
studies have been published on the vibration and stability analyses in recent years [3, 4].

The major goal of this research was to obtain a closed form solution for free vibration
of FGM conical shells within the shear deformation theory (SDT). The basic equations of
FGM shells are derived within the SDT. By using the Galerkin method to basic equations
are obtained the expressions for the frequency parameters of FGM shells within the SDT.
In particular, similar expressions within the classical shell theory (CST) are obtained,
also. Our numerical experiments reveal that the proposed solution may offer accurate
frequency parameter for FGM shells as compared with reference solutions available in the
literature. Finally, the calculation and presentation of the effects of many parameters
included in the analysis conclude the goals to be reached in the study.
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Let X(i) = (X
(i)
1 , . . . , X

(i)
ni ), i = 1, . . . , p, be independent samples with sizes n1, . . . , np,

from p ≥ 2 general population with probability densities f1(x), . . . , fp(x) and it is required
to test two hypothesis, based on samples X(i), i = 1, . . . , p: test of homogeneity

H0 : f1(x) = · · · = fp(x)

and goodness-of-fit test

H ′
0 : f1(x) = · · · = fp(x) = f0(x),

where f0(x) is a fully defined density function. In case of hypothesis H0 the common
density function f0(x) is unknown.

In this abstract the criteria for testing hypothesis H0 and H ′
0 is constructed against a

sequence of “close” alternatives ([1], [2]):

H1 : fi(x) = f0(x) + α(n0)φi

(x− li
γ(n0)

)
+ o

(
α(n0)γ(n0)

) (
α(n0), γ(n0) → 0

)
,∫

φi(x) dx = 0, n0 = min(n1, . . . , np) → ∞.

We will consider criteria for testing hypothesis H0 and H ′
0 based on statistics

T (n1, . . . , np) =

p∑
i=1

Ni

∫ [
f̂i(x)−

1

N

p∑
j=1

Nj f̂j(x)
]
r(x) dx,
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where f̂i(x) is a kernel estimator of Rosenblatt–Parzen of density fi(x):

f̂i(x) =
ai
ni

ni∑
j=1

K(ai(x−X
(i)
j )), Ni =

ai
ni

, N = N1 + · · ·+Np.

In particular, case p = 2 the statistic T takes the explicit form

T (n1, n2) =
N1N2

N1 +N2

∫ (
f̂1(x)− f̂2(x)

)2
r(x) dx.
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1ÉÅÀÍÄ ãÀÅÀáÉÛÅÉËÉÓ ÓÀáÄËÏÁÉÓ ÈÁÉËÉÓÉÓ ÓÀáÄËÌßÉ×Ï ÖÍÉÅÄÒÓÉÔÄÔÉ
ÈÁÉËÉÓÉ, ÓÀØÀÒÈÅÄËÏ
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ÄË.×ÏÓÔÉÓ ÌÉÓÀÌÀÒÈÉ: petre.babilua@tsu.ge; grigol.sokhadze@tsu.ge

ÌÀÓßÀÅËÄÁËÉÓ ÓÀØÌÉÀÍÏÁÉÓ ÃÀßÚÄÁÉÓ, ÐÒÏ×ÄÓÉÖËÉ ÂÀÍÉÅÈÀÒÄÁÉÓÀ ÃÀ ÊÀÒÉÄÒÖËÉ
ßÉÍÓÅËÉÓ ÓØÄÌÉÓ ÄÒÈ-ÄÒÈÉ ÌÈÀÅÀÒÉ ÀÌÏÝÀÍÀÀ ÓÊÏËÄÁÉÓ ÂÀÞËÉÄÒÄÁÀ, ÒÀÝ, ÖÐÉÒÅÄËÄÓ
ÚÏÅËÉÓÀ, ÂÖËÉÓáÌÏÁÓ ÓÊÏËÉÓ ÁÀÆÀÆÄ ÌÀÓßÀÅËÄÁÄËÈÀ ÐÒÏ×ÄÓÉÖË ÂÀÍÅÉÈÀÒÄÁÀÓ. ÓßÏÒÄÃ
ÀÌÉÔÏÌ ÖÍÃÀ ßÀáÀËÉÓÃÄÓ ÌÀÓßÀÅËÄÁËÄÁÓ ÛÏÒÉÓ ßÀÒÌÀÔÄÁÖËÉ ÂÀÌÏÝÃÉËÄÁÉÓ ÂÀÆÉÀÒÄÁÀ
ÃÀ ÐÒÏ×ÄÓÉÖËÉ ÃÉÀËÏÂÉ.

ÌÀÓßÀÅËÄÁËÄÁÉÓ ÌÉÄÒ ÜÀÔÀÒÄÁÖËÉ ÂÀÊÅÄÈÉËÄÁÉ ÄÒÈÌÀÍÄÈÉÓÂÀÍ ÌÉÆÍÏÁÒÉÏÁÉÈ ÂÀÍ-
ÓáÅÀÅÃÄÁÀ. ÀÌ ÂÀÊÅÄÈÉËÄÁÓ ÛÏÒÉÓ ÀÒÉÓ ÂÀÌÏÒÜÄÖËÉ ÂÀÊÅÄÈÉËÄÁÉ, ÒÏÌËÄÁÉÝ ÀÒÀ
ÌáÏËÏÃ ÌÏÓßÀÅËÄÄÁÉÓ ÂÀÍÓÀÊÖÈÒÄÁÖË ÉÍÔÄÒÄÓÓ ÉßÅÄÅÓ, ÀÒÀÌÄÃ ÐÄÃÀÂÏÂÉÖÒÉ ÈÅÀËÓÀÆ-
ÒÉÓÉÈÀÝ ÉÍÏÅÀÝÉÖÒÉÀ ÃÀ ÊÏËÄÂÄÁÉÓÈÅÉÓ ÓÀÓÀÒÂÄÁËÏ. ÓØÄÌÉÓ ÖÐÉÒÅÄËÄÓÉ ÌÉÆÀÍÉÀ
ÖÒÈÉÄÒÈÈÀÍÀÌÛÒÏÌËÏÁÉÓ ÂÆÉÈ ÌÀÓßÀÅËÄÁÄËÈÀ ÐÒÏ×ÄÓÉÖËÉ ÂÀÍÅÉÈÀÒÄÁÀ. ÓßÏÒÄÃ
ÀÌÉÔÏÌ ÂÀÍÉÓÀÆÙÅÒÀ ßÀÌÚÅÀÍÉ ÌÀÓßÀÅËÄÁËÉÓÈÅÉÓ ÓÀÅÀËÃÄÁÖËÏ ÀØÔÉÅÏÁÀÃ ÓÀÌÏÃÄËÏ
ÂÀÊÅÄÈÉËÉÓ ÜÀÔÀÒÄÁÀ. ÓØÄÌÉÓ ÌÉáÄÃÅÉÈ ÂÀÍÉÓÀÆÙÅÒÀ ÏÈáÉ ÔÉÐÉÓ ÓÀÌÏÃÄËÉ ÂÀÊÅÄÈÉËÉ:
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ÉÍÔÄÂÒÉÒÄÁÖËÉ, ÐÒÏÁËÄÌÀÆÄ ÏÒÉÄÍÔÉÒÄÁÖËÉ, ÂÀÌàÏËÉ ÊÏÌÐÄÔÄÍÝÉÄÁÉÓ ÂÀÍÅÉÈÀÒÄÁÀÆÄ
ÏÒÉÄÍÔÉÒÄÁÖËÉ ÃÀ ÉÍÏÅÀÝÉÖÒÉ.

ÍÀÛÒÏÌÛÉ ÜÅÄÍÓ ÌÉÄÒ ÛÄÌÏÈÀÅÀÆÄÁÖËÉÀ ÓÀÌÏÃÄËÏ ÂÀÊÅÄÈÉËÉÓ ÍÉÌÖÛÄÁÉ ÌÀÈÄÌÀÔÉ-
ÊÀÛÉ. ÛÄÌÏÈÀÅÀÆÄÁÖËÉ ÂÀÊÅÄÈÉËÄÁÉ ÀÒÉÓ ÌÀÈÄÌÀÔÉÊÉÓ ÓáÅÀÃÀÓáÅÀ ÌÉÌÀÒÈÖËÄÁÄÁÉÃÀÍ.
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ßÉÍÓÅËÉÓ ÓØÄÌÉÓ ÂÆÀÌÊÅËÄÅÉ, ÍÀßÉËÉ II, 2016. ÌÀÓßÀÅËÄÁÄËÈÀ ÐÒÏ×ÄÓÉÖËÉ
ÂÀÍÅÉÈÀÒÄÁÉÓ ÄÒÏÅÍÖËÉ ÝÄÍÔÒÉ.

Elastic-Plastic State of Cylindrical Tube
in Elastic Medium

Guram Baghaturia, Marina Losaberidze
LEPL Grigol Tsulukidze Mining Institute, Tbilisi, Georgia

email: marinalosaberidze@rambler.ru

The elastic-plastic problem for cylindrical tube in elastic medium has been solved.
The case is considered when the constant pressure, P , acts on the tube internal wall and
on external one-elastic body. We imply that there is no displacement along the cylinder
axis. The equation was obtained which establishes the relationship between the boundary
of elastic and plastic medium and the pressure, which acts on the tube internal wall.
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The General Integrals of Quasi-Linear Equations
and Domains of Propagation of the Solutions

of Non-Linear Cauchy Problems
Giorgi Baghaturia1, Marina Menteshashvili1,2

1Muskhelishvili Institute of Computational Mathematics of the Georgian Technical
University, Tbilisi, Georgia

2Sokhumi State University, Tbilisi, Georgia
emails: nogela@gmail.com; m.menteshashvili@gtu.ge

Some specific quasi-linear second order equations are considered. These equations are
of hyperbolic type but they also admit a parabolic degeneration. After constructing of first
integrals it become possible to obtain the general solution for each of the given equations.
Using these general solutions The non-linear Cauchy problems with open support of data
are solved. In each case, the solving process of the non-linear Cauchy problem required
the simultaneous definition of a solution together with the domain of its propagation.
Hence, the structures of such domains are also studied in this work.

The presentation is mainly based on the results of the papers [1]–[2].

References
[1] G. Baghaturia, Nonlinear versions of hyperbolic problems for one quasi-linear equa-

tion of mixed type. J. Math. Sci. (N.Y.) 208 (2015), no. 6, 621–634; translated
from Sovrem. Mat. Prilozh. No. 90 (2014).

[2] M. Menteshashvili, The nonlinear Cauchy problem with solutions defined in domains
with gaps. J. Math. Sci. (N.Y.) 206 (2015), no. 4, 413–423; Translated from
Sovrem. Mat. Prilozh. No. 89 (2013).



ÁÀÈÖÌÉ, 5–9 ÓÄØÔÄÌÁÄÒÉ, 2016 ÌÏÍÀßÉËÄÈÀ ÌÏáÓÄÍÄÁÄÁÉÓ ÈÄÆÉÓÄÁÉ 89

Investigation of a Temperature Field of a Beam
under Non-Uniform Nonstationary Heating
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In the present paper dependence of the temperature on time under non-uniform, non-
stationary heating of a cantilevered beam is established. On the basis of the experimental
measurements, diagrams of dependence of the temperature of the surfaces of the beam
on time are constructed. For analytical representation of the experimental curves three-
parametric regression by a power function is used. The experimental results are processed
by means of the mathematical editor Mathcad and regression coefficients are defined too.
As a result the following is established:

1. dependence of the temperature on time for a surface on which heat source is
influencing is given by

T0(t) = 20.688 · t0.322 + 24.878; (1)

2. dependence of the temperature on time at points of the free surface of the beam is
given by

T (t) = 0.153 · t0.98 + 23.929. (2)

The one-dimensional nonstationary temperature problem is solved. On the heated
surface of a beam the boundary condition of the first kind in the form of function (1) is
used, and on the second free surface the boundary condition of the third kind is used. By
numerical calculation the change of temperature of the free surface in time is defined and
it is compared with function (2). It is established that the difference between the experi-
mental data and results of the numerical calculation is about 1% until the dimensionless
time t̄ = 0.8, and the maximal difference took place at the moment t̄ = 1.0.
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Strong Shape and Homology of Continuous Maps
Vladimer Baladze, Anzor Beridze

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

email: vbaladze@gmail.com; anzorberidze@yahoo.com

In the paper [1] the fiber resolution and fiber expansion of continuous map is defined
and it is shown that any fiber resolution is fiber expansion. In this paper we have defined
strong fiber expansion. We have modified some lemmas and theorems of [1] and we have
shown that any fiber resolution is a strong fiber expansion. Besides, we have proved an
analogous lemma of the Main Lemma on strong expansions [6]. Using the methods of
strong shape theory [6] and fiber strong shape theory [3], we have constructed a strong
fiber shape category of maps of compact metric spaces (comp. [3], see Remark 8).

In the second part in this paper, we have constructed the strong homological functor
from the strong shape category of maps of compact metric spaces to the category of
sequences of abelian groups and level mophisms. Using the obtained results we defined the
homological functor H : MorCM → Ab from the category of continuous maps of compact
metric spaces to the category of abelian groups and proved the following theorems [4-5]:
Theorem 1. For each continuous map f : X → X ′ of compact metric spaces the
corresponding homological sequence

· · · → Hn (X
′)

σ∗→Hn (f)
κ∗→Hn−1 (X)

E→Hn−1 (X
′) → · · ·

is exact.
Theorem 2. If any two morphisms (φ1, φ

′
1), (φ1, φ

′
1) : f → g induce a same strong shape

morphisms, then
(φ1, φ

′

1)∗ = (φ1, φ
′

1)∗ : H(f) → H(g).

Theorem 3. If a continuous map f : X → X ′ of compact metric space is the inverse
limit of an inverse sequence f = {fi, (pi,i+1, p

′
i,i+1) , N} of ANR-maps, then the following

sequence
0 → Lim1Hn+1(fi) → Hn(f) → Lim Hn(fi) → 0

is exact.
Remark 4. Note that by [2] LimHn(fi) is the spectral homology groupHn(f) of f . There
exists a continuous map f ∈ MorCM of compact metric space for which Lim1H2(fi) ̸= 0
and so

H1(f) ̸= H1(f).

The authors are supported by grant FR/233/5-103/14 from Shota Rustaveli National
Science Foundation (SRNSF)
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The Proper Shape Theories and Massey
(Co)Homology Groups

Vladimer Baladze, Koba Ivanadze
Department of Mathematics, Batumi Shota Rustaveli State University,

Batumi, Georgia
emails: vbaladze@gmail.com; kobaivanadze@gmail.com

The proper shape and proper fiber shape theories of closed pairs of locally compact
metrizable spaces and proper maps are investigated.

The spectral proper shape invariant extensions of Massey (co)homology functors are
constructed. Besides, it is showed that there exist long (co)homological sequences of
proper maps.

The authors are supported by grant FR/233/5-103/14 from Shota Rustaveli National
Science Foundation (SRNSF).
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On Fiber Strong Shape Theory
Vladimer Baladze, Ruslan Tsinaridze

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

email: vbaladze@gmail.com; rtsinaridze@yahoo.com

The purpose of this paper is the construction and investigation of fiber strong shape
theory for compact metrizable spaces over a fixed base space B0, using the fiber versions
of cotelescop, fibrant space and SSDR-map. In the paper obtained results containing
the characterizations of fiber strong shape equivalences, based on the notion of double
mapping cylinder over a fixed space B0. Besides, in the paper we construct and develop
a fiber strong shape theory for arbitrary spaces over fixed metrizable space B0. Our
approach is based on the method of Mardešić-Lisica and instead of resolutions, introduced
by Mardešić, their fiber preserving analogues are used. The fiber strong shape theory
yields the classification of spaces over B0 which is coarser than the classification of spaces
over B0 induced by fiber homotopy theory, but is finer than the classification of spaces
over B0 given by usual fiber shape theory.

The authors are supported by grant FR/233/5-103/14 from Shota Rustaveli National
Science Foundation (SRNSF).
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Hausdorff Operator in Lebesgue spaces
Rovshan Bandaliyev

Institute of Mathematics and Mechanics of Azerbaijan National Academy of Sciences,
Baku, Azerbaijan

email: bandaliyevr@gmail.com

The investigation of Hausdorff operator can be traced back to 1917 by Hurwith and
Silverman in [2] with summability of number series. Therefore Hausdorff operator have
become an essential part of modern harmonic analysis. In particular, the study of Haus-
dorff operator has attracted resurgent attentions in recent years (see [1]).

For a fixed function ϕ ∈ Lloc
1 (0,∞), the one-dimensional Hausdorff operator is defined

in the integral form by

Hϕ(f)(x) =

∞∫
0

ϕ
(

x
y

)
y

f(y) dy.

See [3] for detailed discussion.
In this report we study the boundedness and compactness of Hausdorff operator in

weighted Lebesgue spaces. In the case 0 < p < 1 we prove the boundedness of Hausdorff
operator in weighted Lebesgue spaces. Moreover, we investigate boundedness of Hausdorff
operator in variable Lebesgue spaces.

This is joint work with Przemysław Górka.
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New Type Regularities for Some Basic Concepts
in Analysis and Geometry (in Particular for Smooth

Curves, Surfaces and Analytic Functions)
G. Barsegian

Institute of Mathematics of Academy of Sciences of Armenia,
Erevan, Armenia

email: barseg@instamath.sci.am

There is a huge number of investigations relating to different classes of meromorphic
functions, particularly concerning meromorphic functions in the complex plane which
were intensively studied in the classical value distribution theory created by Nevanlinna
in 1920s. Meanwhile regularities related to the general case of arbitrary meromorphic
functions in a given domain were revealed only in works of Cauchy in 19 century and in
created in 1935 Ahlfors theory of covering surfaces.

In this talk we present some other results obtained since end of 1970s concerning the
same meromorphic function in a given domain. Here we mention two of them; both
intertwining with Nevanlinna and Ahlfors’s theories.

One of these results shows that the basic regularities of these theories can be trans-
ferred for all meromorphic functions in a given domain (while these theories themselves
are meaningful only under some additional restrictions). Thus we deal with an “universal
version of value distribution”. The universal version reveals essentially new type phenom-
ena for meromorphic functions in a given domain while for meromorphic functions in the
complex plane it leads to the conclusions quite comparable with the classical ones.

Also it will be shown that similar results occur also in geometry: the so-called “triple
principle” shows that the universal version, formulated for complex function, admits cor-
responding forms for the smooth curves and surfaces in R3.

The work was supported by the “Marie Curie (IIF) Award, 2013-2015”.
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Some Applications of Projective Sets in Study
of Absolutely Non-measurable Functions

Mariam Beriashvili
I. Vekua Institute of Applied Mathematics, Tbilisi State University, Tbilisi, Georgia

email: mariam_beriashvili@yahoo.com

Descriptive Set theory is an important branch of set theory and plays an important
role to solve many problems and questions in set theory ([2], [4]). When Luzin have
constructed Projective sets hierarchy, he give to the mathematicians a new idea to develop
set theory in new direction ([2], [3]). Descriptive set theory was applied in measure theory
and was clear that, projective sets are very good objects in the sense of Lebesgue measure
and are measurable sets. We discuss a modified version of the concept of measurability of
sets and functions, in particular, we consider the measurability not only with respect to
a concrete given measure, but also with respect to various classes of measures ([1], [3]).
So, for a class M of measures, the measurability of sets and functions has the following
three aspects:

a. absolute measurability with respect to M;
b. relative measurability with respect to M;
c. absolute non-measurability with respect to M.
Definable Sets of real line have a many interesting properties and we consider such sets

in the sense measure extension problem. It is well known, that assuming Martin’s axiom
it can be shown that there exists absolutely non-measurable functions. In particular, It is
proved, that there exists absolutely non-measurable functions whose graph is projective
subset of R.
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Asymptotic Distribution of the Eigenvalues and
Eigenfunctions in Basic Boundary Value

Oscillation Problems in Hemitropic Elasticity
Yuri Bezhuashvili

Georgian Technical University, Tbilisi, Georgia
email: y.bezhuashvili@yandex.ru

The basic boundary value oscillation problems for a three-dimensional elastic medium
bounded by a closed surface are considered. Asymptotic formulas are derived for the
eigenvalue and eigenfunction distributions in the problems.

Fundamental Solution in the Plane Equilibrium
Theory of Thermoelasticity with Microtemperatures

for Microstretch Solids
Lamara Bitsadze

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

email: lamarabitsadze@yahoo.com

In this paper the 2D linear equilibrium theory of thermoelasticity with microtemper-
atures for isotropic microstretch solids is considered and the fundamental and singular
matrices of solutions are constructed in terms of elementary functions. Representation of
regular solution is obtained. Some basic results of the classical theories of elasticity and
thermoelasticity are generalized.
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On Initial Problem for One Equation of Oscillation
Taking Place in Magnetohydraulic Pusher

Rusudan Bitsadze, Simon Bitsadze
Georgian Technical University, Tbilisi, Georgia

email: bitsadze.r@gmail.com

In the work is studied the initial Cauchy problem for one equation of nonlinear oscil-
lations, which is received by mathematical modeling of processes taking place in magne-
tohydraulic pusher of specific design. There is shown the uniqueness of solution, which is
written in an explicit form and its domain of propagation is established.
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Program of Analysis of Plate with a Certain
Reduced Flexural Rigidity

Nika Botchorishvili, Lia Kipiani, D. Chikovani
Georgian Technical University, Tbilisi, Georgia

email: zodeli@yahoo.com, kipianilia@yahoo.com, davidchikovani@yahoo.com

The developed method of plate’s analysis which is taking into account the physical
non-linearity is presented. It gives a possibility to estimate the changes of all components
of mode of deformation, values of critical loadings and shapes of buckling and are more
effective in comparison with other numerical and numerical-analytical methods.

Simplified variants of solution, in particular, a variant of reducing to single-layered
plate with a certain flexural rigidity that leads to significant simplification without loss
of precision of calculation, especially by determination of displacements, are studied.

Pseudo-oscillation Problems
of the Thermopiezoelectricity Theory

without Energy Dissipation
Tengiz Buchukuri1, Otar Chkadua1,2, David Natroshvili3

1A. Razmadze Mathematical Institute of I. Javakhishvili Tbilisi State University,
Tbilisi, Georgia

2Faculty of Mathematics and Computer Sciences, Sokhumi state University,
Tbilisi, Georgia

3Department of Mathematics, Georgian Technical University, Tbilisi, Georgia
email: t_buchukuri@eyahoo.com

We consider the pseudo-oscillation equation of the linear theory of thermopiezoelec-
tricity for bodies with inner structure. The model under consideration is based on the
Green–Naghdi theory of thermopiezoelectricity without energy dissipation. In particu-
lar, this theory permits propagation of thermal waves at finite speed. We investigate
the mixed boundary value problem for homogeneous isotropic solids with interior cracks.
Using the potential method and theory of pseudodifferential equations on manifolds with
boundary we prove existence and uniqueness of solutions and analyze their asymptotic
properties. We also describe the explicit algorithm for finding the singularity exponents
of the thermo-mechanical and electric fields near the crack edges and near the curves,
where different types of boundary conditions collide.
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As it is well known from the classical elasticity theory, in general, solutions to crack
type and mixed boundary value problems have singularities near the crack edges and near
the lines where the types of boundary conditions change, regardless of the smoothness of
the boundary surfaces and given boundary data. It turned out that the same effect can
be observed also in the theory under consideration. Explicit calculations show that the
stress singularity exponents essentially depend on the material parameters, in general.

Parallel Surfaces of Ruled Surfaces
Ali Cakmak

Department of Mathematics, Faculty of Sciences and Bitlis Eren University, 13000,
Bitlis, Turkey

email: acakmak@beu.edu.tr

In this paper, we investigate parallel surfaces of a ruled surface indicated by Mr,
condition that M is denoted by a ruled surface in E3. Besides, we calculate curvatures of
Mr and obtain some relationships between curvatures of surfaces M and Mr.
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Some Notes on Covarient and Lie Derivatives
of Sasakian Metric on Cotangent Bundles

Hasim Cayir
Department of Mathematics, Faculty of Arts and Sciences, Giresun University, 28100,

Giresun, Turkey
email: hasim.cayir@giresun.edu.tr

In this paper, we define a Sasakian metric Sg on cotangent bundle T ∗M , which is
completely determined by its action on complete lifts of vector fields. Later, we obtain
the covariant and Lie derivatives applied to Sasakian metrics with respect to the complete
and vertical lifts of vector and kovector fields, respectively.
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Schwarz Problem for Higher-Order Linear
Equations in Cn

Ahmet Okay Çelebi
Yeditepe University, Department of Mathematics, İstanbul, Turkey

email: acelebi@yeditepe.edu.tr

In this presentation, a general higher-order integral representation formula is devel-
oped for solutions of inhomogeneous pluriholomorphic systems in the unit polydisc by
proper iterations of the respective formula for one variable case. Schwarz problem for
inhomogeneous linear equations in Cn, satisfying the boundary conditions chosen from a
class of pluriholomorphic functions are discussed.

This is a joint work with Umit Aksoy; Atilim University, Department of Mathematics,
Ankara, Turkey.
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Automated Theorem Prover for Unranked Logics
Gela Chankvetadze, Lia Kurtanidze, Mikheil Rukhaia

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

email: mrukhaia@logic.at

In the talk we present proof search methods for first-order unranked logic. The un-
ranked languages have unranked alphabet, where function and predicate symbols do not
have a fixed arity. Such languages can model XML documents and operations over them,
thus becoming more and more important in semantic web. We present a version of a se-
quent calculus for first-order unranked logic and describe a proof construction algorithm
under this calculus. We give implementation details of the algorithm. We believe that
this work will be useful for the undergoing work on logic and proof layers of the semantic
web stack.

Acknowledgement. This work was supported by the Shota Rustaveli National Sci-
ence Foundation project no. FR/51/4-120/13.

Theoretical and Numerical Analysis of the Zonal
Flow Structures in Nonuniform Ionospheric Medium

Khatuna Chargazia1,2, Oleg Kharshiladze2,3

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

2M. Nodia Institute of Geophysics of I. Javakhishvili Tbilisi State University
Tbilisi, Georgia

3Physics Department, I. Javakhishvili Tbilisi State University,
Tbilisi, Georgia

email: Khatuna.chargazia@gmail.com

Near Earth space (ionosphere, magnetosphere) is characterized by complicated dynam-
ics and for modeling of such processes, especially at conditions of external nonstationary
impact (bow shock) it is very important an estimation of determined and stochastic parts
of the dynamics, as well as the possibility of the generation of large scale wave and fractal
structures. In this work a physical model of the plasma perturbations for experimental
data treatment and their physical and theoretical interpretationis obtained. In this model
a nonlinear mechanism of interaction of the perturbations with spatially inhomogeneous
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space flows is considered. From this flows a zonal flow is energetically most important.
Numerical simulation of formation of such large scale flows are carried out. Time series
of velocity flow and magnetic field components of the magnetospheric flows observed by
THEMIS satellite mission are studiedby virtue of nonlinear methods. For numerical treat-
ment of these data a recurrent diagram method is used, which is effective for short data
series. Recurrence is a fundamental feature of the dissipative dynamical systems, which
is used for analysis of relaxation processes in the magnetotail. The results of nonlinear
analysis of plasma perturbations for interpretation is compared with the signals obtained
by Lorentz and Weierstrass function. By virtue of recurrent diagram method a fractal
nature of experimental signals and dynamical chaos parameters. The results of satellite
and numerical simulation data are compared.

About Some Decisions of Nonlinear System
of the Differential Equations Describing

Process of Two-Level Assimilation
Temur Chilachava, Maia Chakaberia

Sokhumi State University, Faculty of Mathematics and Computer Sciences,
Tbilisi, Georgia

emails: temo_chilachava@yahoo.com; chakaberiam@gmail.com

Earlier with us mathematical modeling of nonlinear process of two-level assimilation
taking into account demographic factors of three sides is offered.

In the real model it is supposed that the powerful state with a widespread state
language carries out assimilation of the population of less powerful state and the third
population talking in two languages, different in prevalence. Carries out assimilation of
the population of the state formation with the least widespread language to the turn, less
powerful state.

Not triviality of model assumes negative demographic factor of the powerful state-
assimilating and positive demographic factor of the state formation which is under bilat-
eral assimilation. For some ratios between demographic factors of the sides and coefficients
of assimilations, for nonlinear system of three differential equations with the correspond-
ing conditions of Cauchy the first integrals are found.

In particular, in the first case the first integral in space of required functions represents
a hyperbolic paraboloid, and in the second case – a cone. In these cases, the nonlinear
system of three differential equations is reduced to nonlinear system of two differential
equations for which the second first integrals are found and in the phase plane of decisions
are investigated behavior of integrated curves.
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In more general case with application of a criteria of Bendikson the possibility of
existence of the closed integrated curves is proved that indicates a possibility of a survival
of the population finding under double assimilation.

Nonlinear Mathematical Model of Dynamics
of Processes of Cooperation Interaction

in Innovative System
Temur Chilachava1, Tsira Gvinjilia2

1Sokhumi State University, Faculty of Mathematics and Computer Sciences,
Tbilisi, Georgia

email: temo_chilachava@yahoo.com
2Batumi State Maritime Academy, Batumi, Georgia

email: Gvinjilia1959@mail.ru

One of the perspective and quickly field of application of mathematical modeling is
dynamics of innovative processes. Researches in this area show that the crisis phenomena
have not the casual, but systematic character defined by the determined mechanisms.
Therefore many features of behavior of innovative processes can be described within the
determined systems of the differential equations. The difficult behavior of these systems,
including self-organization processes, gives in to the description thanks to existence of
the nonlinear members who are present at mathematical models of dynamic systems.
Research of mathematical models of innovative processes in scientific and educational
areas is of a great interest.

In this work the nonlinear mathematical model of dynamics of processes of cooper-
ation interaction in innovative system: fundamental researches – applied researches –
developmental works – innovations is offered.

du(t)
dt

= α1u(t)− β1u
2(t) + δ1 − δ2,

dv(t)
dt

= α2v(t)− β2v
2(t) + γ21u(t)v(t),

dw(t)
dt

= α3w(t)− β3w
2(t) + γ32v(t)w(t),

dz(t)
dt

= α4z(t)− β4z
2(t) + γ43w(t)z(t),

u(0) = u0, v(0) = v0, w(0) = w0, z(0) = z0, δi > 0, i = 1, 2,

αi > 0, βi > 0, i = 1, 4, γ21 > 0, γ32 > 0, γ43 > 0.

We look for the solution of a task of Cauchy on a segment [0, T ] in a class of continu-
ously differentiable functions u(t), v(t), w(t), z(t).
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u(t) – number of fundamental researches, v(t) – number of applied researches, w(t) –
number of developmental works, z(t) – number of innovative works.

Generally Cauchy’s task of an analytically is solved in quadratures. In some private
cases simple analytical formulas are received and the analysis of decisions is carried out.

Three Party Nonlinear Mathematical
Model of Elections

Temur Chilachava, Leila Sulava
Faculty of Mathematics and Computer Sciences, Sokhumi State University,

Tbilisi, Georgia
emails: temo chilachava@yahoo.com; leilasamadash@gmail.com

In this paper, the development of our previously proposed two-party electoral models,
is proposed the nonlinear mathematical model with variable coefficients in the case of
three-party elections, that describes the dynamics of the quantitative change of the votes
of the ruling and two opposition parties from election to election. The model considers
four objects:

1. State and administrative structures, acting by means of administrative resources for
opposition-minded voters with the aim to win their support for the pro-government
party.

2. Voters who support the first opposition party.

3. Voters who support the second opposition party.

4. Voters who support the ruling party.

The model takes into account the change in the total number of voters in the period
from election to election, i.e. the so-called demographic factor during the elections is
taken into account. We have considered two cases: when the elections are held without
falsification and when there are cases of falsification by the Election Commission in favor
of the pro-government party. The model considered the cases with variable coefficients.
In particular, we assume that in the period between elections coefficients of ”attracting”
voters are exponentially increasing function of time.

In the particular case we obtain exact analytical solutions. The conditions have been
identified under which the opposition can win the forthcoming elections, and in some
cases, the pro-government party can stay in power.

In general Cauchy problem was solved numerically using the MATLAB software pack-
age.
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We get different variations of the outcome of the election based on voter turnout, the
possible falsification of elections and demographic factors.

The proposed mathematical and computer model has both theoretical and practical
importance. Political opponents (government and opposition) can use our results: to
choose a strategy, to calculate its abilities (selecting parameters) in order to achieve the
set goal.

Antiplane Shear of Orthotropic
Non-Homogeneous Prismatic Shells

Natalia Chinchaladze1,2

1Faculty of Exact and Natural Sciences, I. Javakhishvili Tbilisi State University, Tbilisi,
Georgia

2I. Vekua Institute of Applied Mathematics of I. Javakhishvili Tbilisi State University,
Tbilisi, Georgia

email: chinchaladze@gmail.com

Antiplane shear of an orthotropic non-homogeneous prismatic shell is considered when
the shear modulus depending on the body projection (i.e., on a domain lying in the plane of
interest) variables may vanish either on a part or on the entire boundary of the projection
(problems of antiplane strain of isotropic non-homogeneous prismatic shell-like bodies are
considered in [1], [2]). The dependence of well-posedeness of boundary conditions on the
character of vanishing the shear modulus is studied.
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to three-dimensional problems. Semin. I. Vekua Inst. Appl. Math. Rep. 28 (2002),
40–51.

[2] N. Chinchaladze, On some dynamical problems of the antiplane strain (shear) of
isotropic non-homogeneous prismatic shell-like bodies. Bull. TICMI 19 (2015),
no. 2, 55–65.
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A Generalization of the Minkowski and Related
Type Inequalities for the Sugeno Integrals

Bayaz Daraby
Department of Mathematics, University of Maragheh, Maragheh, Iran

email: bdaraby@maragheh.ac.ir

In this paper, we generalize the Minkowski type inequality for the Sugeno integrals.
In the continue, we prove the related type’s of this inequality for the Sugeno integrals.
Finally, we illustrate the results by some examples.
Definition 1 (Sugeno [1]). A set function µ : F → [0, 1] is called a fuzzy measure if the
following properties are satisfied:

(FM1) µ(∅) = 0 and µ(X) = 1;
(FM2) A ⊂ B implies µ(A) ≤ µ(B);
(FM3) An → A implies µ(An) → µ(A).
When µ is a fuzzy measure, the triple (X,F , µ) is called a fuzzy measure space.
For any α ∈ [0, 1], we will denote the set {x ∈ X|f(x) ≥ α} by Fα and {x ∈ X|f(x) >

α} by Fᾱ. Clearly, both Fα and Fᾱ are nonincreasing with respect to α, i.e., α ≤ β implies
Fα k Fβ and Fᾱ k Fβ̄.
Definition 2 (Daraby [2], Sugeno [1]). Let (X,F , µ) be a fuzzy measure space, and A
∈ F , the Sugeno integral of f over A, with respect to the fuzzy measure µ, is defined by

−
∫
A

fdµ =
∨

α∈[0,1]

(α ∧ µ(A ∩ Fα)).

When A=X, then
−
∫
X

fdµ = −
∫
fdµ =

∨
α∈[0,1]

(α ∧ µ(Fα)).

Theorem 1. Let (X,F , µ) be a fuzzy measure space and f, g : X → [0, 1] two comonotone
measurable functions. Let ⋆ : [0, 1]2 → [0, 1] be continuous and nondecreasing in both
arguments. If the seminorm T satisfies

T (a ⋆ b, c) ≤ (T (a, c) ⋆ b) ∧ (a ⋆ T (b, c)),

then the inequality(∫
T,A

(f ⋆ g)sdµ
) 1

s ≤
(∫

T,A

f sdµ
) 1

s
⋆
(∫

T,A

gsdµ
) 1

s

holds for any A ∈ F and for all 0 < s <∞.
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Uniform Boundedness Theorem on Fuzzy
Hilbert Spaces

Bayaz Daraby
Department of Mathematics, University of Maragheh, Maragheh, Iran

email: bdaraby@maragheh.ac.ir

Let η be a fuzzy subset on R, i.e. a mapping η : R → [0, 1] associating with each real
number t its grade of membership η(t).
In this paper, we consider the concept of fuzzy real numbers (fuzzy intervals) in the sense
of Xiao and Zhu [1].
Definition 1([2]). Let (X, ∥ · ∥) and (Y, ∥ · ∥∼) be fuzzy normed linear spaces. A linear
operator T : X → Y is said to be weakly fuzzy bounded if there exists a fuzzy interval
0̃ ≺ η ∈ F ∗ such that

∥Tx∥∼ ⊘ ∥x∥ ≼ η, ∀x(̸= 0) ∈ X.

Definition 2. Let (X, ∥ · ∥) and (Y, ∥ · ∥∼) be two fuzzy normed linear spaces. A family
{Tn} ⊆ B(X,Y ) is called point-wise bounded if for every x( ̸= 0) ∈ X, there exists fuzzy
number 0̃ ≺ δx ∈ F ∗ such that for all n > 0,

∥Tn(x)∥∼ ≼ δx,

and is said uniformly bounded if there exists fuzzy number 0̃ ≺ δ ∈ F ∗ such that for each
n > 0 and x(̸= 0) ∈ X,

∥Tn∥∼ ≼ δ.

Theorem 1 (Uniform Boundedness Theorem). Let {Tn} ⊂B(H,H) such that for each
x ∈ H, {Tn} is bounded in H, i.e. there exists a fuzzy real number ηx such that ∥Tnx∥ ≼ ηx,
for all n. Then there exists a fuzzy real number δ such that ∥Tn∥ ≼ δ, for all n, where
(H, ∥ · ∥) is a complete fuzzy normed linear space for each α ∈ (0, 1].
Remark 1. If T is weakly fuzzy bounded, then the above theorem is also true.
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Bessel’s Inequality on Fuzzy Hilbert Spaces
Bayaz Daraby

Department of Mathematics, University of Maragheh, Maragheh, Iran
email: bdaraby@maragheh.ac.ir

Definition 1 ([1]). Let X be a vector space over R. A fuzzy inner product on X is a
mapping ⟨·, ·⟩ : X ×X → F (R) such that for all vectors x, y, z ∈ X and r ∈ R, we have

(IP1) ⟨x+ y, z⟩ = ⟨x, z⟩ ⊕ ⟨y, z⟩,

(IP2) ⟨rx, y⟩ = r̃⟨x, y⟩,

(IP3) ⟨x, y⟩ = ⟨y, x⟩,

(IP4) ⟨x, x⟩ ≽ 0̃,

(IP5) infα∈(0,1]⟨x, x⟩−α > 0 if x ̸= 0,

(IP6) ⟨x, x⟩ = 0̃ if and only if x = 0.

The vector space X equipped with a fuzzy inner product is called a fuzzy inner product
space. A fuzzy inner product on X defines a fuzzy number

∥x∥ =
√

⟨x, x⟩, ∀x ∈ X. (1)

A fuzzy Hilbert space is a complete fuzzy inner product space with the fuzzy norm defined
by (1). Therefore by the above definition, any fuzzy inner product space with origin 0 is
a subspace of a fuzzy normed linear space.
Definition 2 ([2]). Let X be a fuzzy inner product space. A fuzzy orthogonal set M in

X is said to be fuzzy orthonormal if ⟨x, y⟩ =
{
1̃, x = y

0̃, x ̸= y
, for all x, y ∈M.
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Theorem 1. Let X be a fuzzy inner product space and for any x ∈ X there exists
{xn} ⊂ X, xn → x. Let {ek} be a fuzzy orthonormal sequence in X then

∞∑
k=1

|⟨x, ek⟩|2 ≤ ∥x∥2, x ∈ X.

Theorem 2 (Bessel’s inequality). Let H be a fuzzy Hilbert space. If {ek} is a fuzzy
orthonormal sequence in H, then

∞∑
k=1

|⟨x, ek⟩|2 ≼ ∥x∥2, x ∈ H,

which is special case of Theorem 1.
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Hydraulic Calculation of Branched Gas Pipeline
Teimuraz Davitashvili, Givi Gubelidze, Meri Sharikadze

I. Javakhishvili Tbilisi State University, Faculty of Exact and Natural Sciences, I.Vekua
Institute of Applied Mathematics, Tbilisi, Georgia
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As pipelines become one of the main sources of liquid and gas substances transporta-
tion so studying behaviour of gas and liquid substances flow in horizontal and inclined
branched pipelines became topical problem of today. Recently, many gas flow models
have been developed and a number are using by the gas-liquid industry. In spite of the
fact that most of those have been based on the result of gas-liquid flow experiments,
accounting practices have shown none of them are universal, as yet they needs to be care-
fully analyzed, retreated, reworked and checked by the flow pattern. It has been shown
in modern publications that the most complicated part in the practice especially are
connected with branched pipeline networks and as a consequence mathematical models
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describing flow in the pipelines having outlets containing essential mistakes, which are ow-
ing significant simplification of the modelling environment and processes. For this reason
development of the detailed numerical models adequate describing the real non-stationary
not isothermal processes processing and progressing in the branched pipeline systems is
necessary want. And as a consequence study of the problem by analytical methods from
the mathematical point of view is prerequisite and represents a very actual problem. In
the present paper gas pressure and flow rate distribution along the branched pipeline is
investigated. The study is based on the analytical solution of the simplified nonlinear,
non-stationary partial differential equations describing gas quasi-stationary flow in the
branched pipeline. The effective solutions of the quasi-stationary nonlinear partial differ-
ential equations are presented. Preliminary numerical calculations have shown efficiency
of the suggested method.

Heavy Showers Prediction above the Complex
Terrain Based on WRF Modelling

Teimuraz Davitashvili1, Nato Kutaladze2, Ramaz Kvatadze3,
Giorgi Mikuchadze2, Zurab Modebadze4

1I. Javakhishvili Tbilisi State University, I. Vekua Institute of Applied Mathematics
2Georgian National Environmental Agency

3Georgian Research and Educational Networking Association
4I. Javakhishvili Tbilisi State University, Faculty of Exact and Natural Sciences

Tbilisi, Georgia
emails: teimuraz.davitashvili@tsu.ge; cwlamc@gmail.com; ramaz@grena.ge;

gmikuchadze@gmail.com; Zurab@tsu.ge

The Weather Research and Forecasting (WRF) model version 3.6 represents a good
opportunity for studding regional and mesoscale atmospheric processes such are: extreme
precipitations, hails, sensitivity of WRF to physics options, influence of orography on
mesoscale atmosphere processes, etc. In the present article the WRF model was ap-
plied to the selected weather events for predicting rainfall with numerous combinations of
physics options. For fulfillment of this plan we have configured the WRF v.3.6 nested grid,
wet model for Caucasus region (Georgian territory), considering geographical-landscape
character, topography height, land use, soil type, temperature in deep layers, vegeta-
tion monthly distribution, albedo and others. The computations were performed by the
Georgian Research and Educational Networking Association (GRENA) GRID system GE-
01-GRENA which is integrated in the European GRID infrastructure. Therefore it was a
good opportunity for running model on larger number of CPUs and storing large amount
of data on the GRID storage element. On the GRENA’s cluster WRF was compiled for
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both Open MP and MPI (Shared + Distributed memory) environment and WPS was
compiled for serial environment using PGI (v7.1.6) on the platform Linux-CentOS. Sim-
ulations were performed using a set of 2 domains with horizontal grid-point resolutions
of 6.6 km and 2.2 km, both defined as those currently being used for operational fore-
casts. The coarser domain is a grid of 94x102 points which covers the South Caucasus
region, while the nested inner domain has a grid size of 70x70 points mainly territory
of Georgia. Both use the default 54 vertical levels. We have studied some particulate
cases of dangerous unexpected heavy showers which have taken place in warm seasons
of 2015 in eastern part of the territory of Georgia and were accompanied with damage
results consequences of the events were hard to foresee. The predicted rainfall by WRF
model was compared with the observed rainfall data. In this study some comparisons
between WRF forecasts was done in order to check the consistency and quality of WRF
model with the heavy precipitations occur on the territory of Georgia. Some results of
the numerical calculations performed by WRF model are presented.

Acknowledgement. The research leading to these results has been co-funded by the
European Commission under the H2020 Research Infrastructures contract no. 675121
(project VI-SEEM).

On One Numerical Method of Solution
of the Problem of Optimal Control

for Linear Differential Equation
David Devadze

Batumi Shota Rustaveli State University, Department of Computer Sciences,
Batumi, Georgia

email: david.devadze@gmail.com

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

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

For numerical realization, on the basis of necessary and sufficient conditions of opti-
mality, the algorithm for solution of linear problem of optimal control is suggested. There
are given the numerical experiments on modeling problems in MathCAD.
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Second Order Statistical Moments
of the Phase Fluctuations of Scattered Radiation

in the Collision Magnetized Plasma
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Batumi, Georgia

emails: m.diasamidze@bsma.edu.ge; i.takidze@bsma.edu.ge

Statistical characteristics of multiply scattered electromagnetic waves in the turbulent
magnetized collision plasma with electron density fluctuations are considered. Analytical
expression for the phase correlation function is derived for arbitrary correlation function
of fluctuating plasma parameters using modify smooth perturbation method taking into
account the diffraction effects. Evolutions of the second order statistical moments are
analyzed analytically and numerically for the anisotropic Gaussian correlation function
of electron density fluctuations in the polar ionospheric F-region using the experimental
data. Investigation of the statistical characteristics of scattered radiation in randomly
inhomogeneous anisotropic media is of great interest. The elongated large-scale plasma
irregularities are observed in the polar ionosphere.

Electric field of electromagnetic wave in the magnetized collision plasma with electron
density fluctuations satisfies the wave equation:( ∂2

∂xi∂xj
−∆δij − k20εij(r)

)
Ej(r) = 0.

Analytical and numerical calculations are carried out for the anisotropic Gaussian
correlation function of electron density fluctuation [2,8]:

Ṽn(kx, ky, kz) = σ2
n
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Second order statistical moments of the
phasefluctuations of scattered radiation in the

collisionmagnetized plasma
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Georgia
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Abstract - Statistical characteristics of multiply scattered electromagnetic waves in the
turbulent magnetized collision plasma with electron density fluctuations are considered.
Analytical expression for the phase correlation function is derived for arbitrary correla-
tion function of fluctuating plasma parameters using modify smooth perturbation method
taking into account the diffraction effects. Evolutions of the second order statistical mo-
ments are analyzed analytically and numerically for the anisotropic Gaussian correlation
function of electron density fluctuations in the polar ionospheric F-region using the ex-
perimental data. Investigation of the statistical characteristics of scattered radiation in
randomly inhomogeneous anisotropic media is of great interest. The elongated large-scale
plasma irregularities are observed in the polar ionosphere.

Electric field of electromagnetic wave in the magnetized collision plasma with electron
ensity fluctuations satisfies the wave equation:( ∂2

∂xi∂xj

−∆δij − k2
0εij(r)

)
Ej(r) = 0

Analytical and numerical calculations are carried out for the anisotropic Gaussian
correlation function of electron density fluctuation [2,8]:
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Figure 1: Figure depicts 3D picture of the phase correlation function versus distances
between observation points in the principle and perpendicular planes.
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Figure 1: Figure depicts 3D picture of the phase correlation function versus distances
between observation points in the principle and perpendicular planes.
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Basic Boundary Value Problems for the Helmholtz
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A model basic boundary value problems for the Helmholtz equation is investigated in
a planar angular domain Ωα ⊂ R2 of magnitude α with the boundary Γα = R+ ∪ Rα,
where R+ is the real positive semi-axes and Rα is the ray turned by the angle α from R+:
The Dirichlet BVP {

∆u(x) + k2u(x) = f(x), x ∈ Ωα,

u+(t) = G(t), t ∈ Γα,
(1)



ÁÀÈÖÌÉ, 5–9 ÓÄØÔÄÌÁÄÒÉ, 2016 ÌÏÍÀßÉËÄÈÀ ÌÏáÓÄÍÄÁÄÁÉÓ ÈÄÆÉÓÄÁÉ 115

the Neumann BVP {
∆u(x) + k2u(x) = f(x), x ∈ Ωα,

(∂νu)
+(t) = H(t), t ∈ Γα

(2)

and the mixed BVP 
∆u(x) + k2u(x) = f(x), x ∈ Ωα,

u+(t) = g(t), t ∈ Rα,

(∂νu)
+(t) = h(t), t ∈ R+,

(3)

is considered in a non-classical setting (the setting is classical for s = 1 and p = 2): u ∈
Hs

p(Ωα), f ∈ H̃s−2
p (Ωα) ∩ H̃−1

0 (Ωα), G ∈ Ws−1/p
p (Γα), H ∈ Ws−1−1/p

p (Γα), g ∈ Ws−1/p
p (Rα),

h ∈ Ws−1−1/p
p (R+), 1 < p < ∞, 1

p
< s < 1 + 1

p
. The subset H̃−1

0 (Ωα) ⊂ H̃−1(Ωα) consists
of functions φ ∈ H̃−1(Ωα) for which ⟨φ, ψ⟩ ̸= 0 for some ψ ∈ C1

0(Ωα).
The problems (1)–(3) are investigated using the potential method by reducing them

to an equivalent boundary integral equation (BIE), which is of Mellin convolution type.
By applying the recent results on Mellin convolution equations in Bessel potential spaces
obtained by V. Didenko & R. Duduchava, conditions of the unique solvability of BVPs
(1)–(3) are found.

The research was supported by Shota Rustaveli National Science Foundation grants
no. 13/14 and 31/39.

On the Application of Uncertain Measure to Find
the Uncertain Weighted Stable Set

Mehdi Djahangiri
University of Maragheh, Maragheh, Iran

email: mehdi86math@gmail.com

In the real world applications the data about problems is indeterminate. There exist
two axiomatic methods to model indeterminacy. Probability theory and Uncertainty
theory. The probability theory is usable when the samples for indeterminate quantity was
collected and their size is large enough. Unfortunately in many cases the preparations
to use the probability theory is not provided. In these cases, it can be usefull to utilize
the believes of some domain experts. To apply these believes, the uncertainty theory was
founded by Liu [1, 2]. Let Γ be a nonempty set and L be a σ-algebra over L. A set
function M over L is said to be uncertain measure if it satisfies the following four axioms:
1 : M{Γ}=1 for the universal set Γ.
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2 : M{Λ}+M{Λc}=1 for any Λ.
3 : For every countable sequence of Λi’s, we have M{

∪∞
i=1 Λi} ≤

∑∞
i=1M{Λi}.

4 : M{
∏∞

k=1 Λk} =
∧∞

k=1Mk{Λk} for k = 1, 2, . . . .
The function f : (Γ,L,M) → R where the R is the set of real numbers, is said to be

measurable if for any Borel set B of real numbers we have f−1(B) = {γ|f(γ) ∈ B} ∈ L.
An uncertain variable ξ is a measurable function on an uncertainty space.

Given a graphG(V,E), a stable set is a set of vertices any two of which are nonadjacent.
The maximum size of a stable set in G is called the stable set number of G, and is denoted
by α(G). If each vertex vi has the weghit wi, then the problem is called weghited stable set
and its parameter is shown by αw(G). A linear integer programming model for uncertain
weighted stable set problem could be as:

min
{ n∑

i=1

ξixi | xi + xj ≤ 1 ∀(i, j) ∈ E , xi ∈ {0, 1}, i = 1, 2, . . . , n

}
,

where ξi’s are uncertain variables. Since an uncertain objective function
∑n

i=1 ξixi can
not be directly minimized, we give two following equivalent deterministic models.

min
{ n∑

i=1

ϕ−1(αi)xi | xi + xj ≤ 1 ∀(i, j) ∈ E , xi ∈ {0, 1}, i = 1, 2, . . . , n

}
,

min
{ n∑

i=1

E(ξi)xi | xi + xj ≤ 1 ∀(i, j) ∈ E , xi ∈ {0, 1}, i = 1, 2, . . . , n

}
,

where ϕ−1(αi) and E(ξi) are the inverse uncertain distribution and uncertain expectation
of ξi respectively.

References
[1] B. Liu, Uncertainty Theory, 2nd ed. Springer-Verlag, Berlin, 2007.
[2] B. Liu, Some research problems in uncertainty theory. J. Uncertain Systems 3

(2009), no. 1, 3-10.
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Rule-Based Programming with Regular Constraints
Besik Dundua

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

email: bdundua@gmail.com

PρLog is a rule-based system [1], that extends Prolog with strategy conditional se-
quence transformation rules. These rules (basic strategies))define transformation steps on
finite (possible empty) sequences. Strategy combinators help to combine strategies into
more complex ones in a declaratively clear way. Transformations are nondeterministic
and may yield several results, which fits very well into the logic programming paradigm.
Strategic rewriting separates term traversal control from transformation rules. This al-
lows the basic transformation steps to be defined concisely. The separation of strate-
gies and rules makes rules reusable in different transformations. Transformation rules
are equipped with four different kinds of variables (individual, sequence, function, and
context variables) together with regular constraints. These variables allows to traverse
sequences in single/arbitrary width (with individual and sequence variables) and terms
in single/arbitrary depth (with functional and context variables). Regular constraints are
useful to restrict possible values of sequence and context variables by regular sequence
expressions and regular tree (context) expressions, respectively. These features facilitate
flexibility in matching, providing a possibility to extract an arbitrary subsequence from
a sequence, or to extract subterms at arbitrary depth.These capabilities enable PρLog to
have highly declarative programming style that is expressive enough to support concise
implementations for: specifying and prototyping deductive systems, solvers for various
equational theories, tools for XML querying and transformation, etc. In this talk we give
an overview of the P�Log system and underline some of its applications [2], [3].

References
[1] B. Dundua, Programming with Sequence and Context Variables:Foundations and

Applications. Ph.D. Thesis, Universidade do Porto, 9, 2014.
[2] B. Dundua, T. Kutsia, M. Marin, Strategies in prholog, in Proceedings Ninth Inter-

national Workshop on Reduction Strategies in Rewriting and Programming, WRS
2009, Brasilia, Brazil, 28th June 2009. (M. Fernández, ed.), vol. 15 of EPTCS,
pp. 32–43, 2009.

[3] J. Coelho, B. Dundua, M. Florido, T. Kutsia, A Rule-Based Approach to XML
Processing and Web Reasoning, in Proceedings of the 4th International Conference
on Web Reasoning and Rule Systems, RR 2010 (P. Hitzler and T. Lukasiewicz, eds.),
vol. 6333 of Lecture Notes in Computer Science, pp. 164–172, Springer, 2010.
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Single Fourier Series of Several Variable
Functions

Omar Dzagnidze
A. Razmadze Mathematical Institute of I. Javakhishvili Tbilisi State University,

Tbilisi, Georgia
email: odzagni@rmi.ge

Let the function f(x), x = (x1, . . . , xn), be summable in an n-dimensional cube [0, 2π]n
and be 2π periodic with respect to each variable xj, 1 ≤ j ≤ n.

For the function f we consider a single Fourier series with respect to some variable,
say, with respect to the variable xn. It is obvious that the coefficients of this series will
be dependent on the rest of the variables x1, . . . , xn−1.

So, we consider the single Fourier series of the function f with respect to the variable xn

S[f ] =
1

2
a0 +

∞∑
k=1

(ak cos kxn + bk sin kxn),

where the variable coefficients ak = ak(x1, . . . , xn−1) and bk = bk(x1, . . . , xn−1) are given
by Fourier formulas.
Theorem. If the function f is differentiable at some point x0 = (x01, . . . , x

0
n), then the

series S[f ] converges at the same point x0 to the value f(x0), symbolically S[f ](x0) =
f(x0).

This theorem is a particular case of the general theorem where the function f is smooth
in the Riemann sense at the point x0.

Guidelines for the Study of the Course
“Mathematical and Computer Modeling” on

a Specialty “Computer Technology”
Tsiala Dzidziguri

Faculty of Mathematics and Computer Sciences, Sokhumi State University,
Tbilisi, Georgia

email: cialadzidziguri@rambler.ru

In this course, the mathematical model of the classic of Ecology (interaction of popu-
lations) are considered mainly.
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In the proposed guidelines that will facilitate the development of mathematical and
computer modeling of these problems.

For practical exercises chosen problem for fixed values of model parameters. In lab-
oratory studies using suitable computer modeling program going and a comparison with
the result of mathematical analysis for specific parameters.

To develop common requirements for laboratory work, as well as issues specific labs
and requirements of their registration.

ÊÏÍÔÄÉÍÄÒÄÁÛÉ ÛÄ×ÖÈÅÉÓ ÏÐÔÉÌÉÆÀÝÉÉÓ ÀÌÏÝÀÍÉÓ
ÌÏÃÄËÉÒÄÁÉÓÀ ÃÀ ÀËÂÏÒÉÈÌÄÁÉÓ ÛÄÓÀáÄÁ

Â. ×ÄÃÖËÏÅÉ, Í. ÉÀÛÅÉËÉ, È. ÞÀÂÀÍÉÀ, Å. ×ÀÃÉÖÒÀÛÅÉËÉ

ÓÀØÀÒÈÅÄËÏÓ ÔÄØÍÉÊÖÒÉ ÖÍÉÅÄÒÓÉÔÄÔÉ, ÈÁÉËÉÓÉ, ÓÀØÀÒÈÅÄËÏ

ÄË-×ÏÓÔÉÓ ÌÉÓÀÌÀÒÈÉ: pedulov@caucasus.net

ÊÏÍÔÄÉÍÄÒÄÁÛÉ ÛÄ×ÖÈÅÉÓÀ ÃÀ ÌÀÓÀËÄÁÉÓ ÂÀÌÏàÒÉÓ ÀÌÏÝÀÍÄÁÉÓ ÊÅËÄÅÀÓ ÓÀ×ÖÞÅÄËÉ
ÂÀÓÖËÉ ÓÀÖÊÖÍÉÓ ÏÒÌÏÝÉÀÍ ßËÄÁÛÉ ÜÀÄÚÀÒÀ, ÒÏÃÄÓÀÝ ÝÍÏÁÉËÌÀ ÌÄÝÍÉÄÒÌÀ Ë. ÊÏÍÔÏ-
ÒÏÅÉÜÌÀ ÈÀÅÉÓ ÄÒÈ-ÄÒÈ ÓÀÌÄÝÍÉÄÒÏ ÛÒÏÌÀÛÉ ÂÀÍÉáÉËÀ ÓáÅÀÃÀÓáÅÀ ÌÀÓÀËÄÁÉÓ ÂÀÌÏàÒÉ-
ÓÀÈÅÉÓ ßÒ×ÉÅÉ ÐÒÏÂÒÀÌÉÒÄÁÉÓ ÌÄÈÏÃÄÁÉÓ ÂÀÌÏÚÄÍÄÁÉÓ ÛÄÓÀÞËÄÁËÏÁÀ.

ÛÄÌÃÄÂ ßËÄÁÛÉ ÂÀÌÏÉÊÅÄÈÀ ÌÓÂÀÅÓÉ ÀÌÏÝÀÍÄÁÉÓ ÐÒÀØÔÉÊÖËÉ ÂÀÌÏÚÄÍÄÁÉÓ ×ÀÒÈÏ
ÀÒÄÀËÉ, ÀÌÉÔÏÌ, ÀÌÏÝÀÍÄÁÉÓ ÀÌÏáÓÍÀ ÌÄÔÀÃ ÀØÔÖÀËÖÒÉ ÃÀ ÌÍÉÛÅÍÄËÏÅÀÍÉÀ. ÓÀÔÅÉÒÈÏ
ÂÀÃÀÆÉÃÅÄÁÉÓ ÏÒÂÀÍÉÆÄÁÀ; ÓáÅÀÃÀÓáÅÀ ÌÀÓÀËÉÓ ÂÀÌÏàÒÀ; ÉÍ×ÏÒÌÀÝÉÉÓ ÏÐÔÉÌÀËÖÒÉ
ÂÀÍÀßÉËÄÁÀ ÌÀÈ ÌÀÔÀÒÄÁËÄÁÆÄ; ×ÀÉËÄÁÉÓ ÂÀÍÈÀÅÓÄÁÀ ÃÉÓÊÄÔÀÆÄ; ÔÅÉÒÈÄÁÉÓ ÂÀÍÀßÉËÄÁÀ
ÊÏÍÔÄÉÍÄÒÄÁÛÉ - ÀÉ ÀÒÀÓÒÖËÉ ÜÀÌÏÍÀÈÅÀËÉ ÌÓÂÀÅÓÉ ÀÌÏÝÀÍÄÁÉÓ ÐÒÀØÔÉÊÖËÉ ÂÀÌÏÚÄ-
ÍÄÁÉÓÀ. ÝáÀÃÉÀ, ÒÏÌ ÀÌ ÀÌÏÝÀÍÄÁÉÓ ÂÀÃÀßÚÅÄÔÀ ÛÄÖÞËÄÁÄËÉÀ ÌÀÈÉ ÌÏÃÄËÄÁÉÓ ÀÂÄÁÉÓÀ
ÃÀ ÀÌÏáÓÍÉÓ ÀËÂÏÒÉÈÌÄÁÉÓ ÃÀÌÖÛÀÅÄÁÉÓ ÂÀÒÄÛÄ.

ÜÅÄÍ ßÉÍÀÛÄ ÃÀÓÌÖËÉ ÀÌÏÝÀÍÄÁÉÓ ÂÀÃÀÓÀàÒÄËÀÃ ÀÒÓÄÁÖËÉ ÓáÅÀÃÀÓáÅÀ ÌÄÈÏÃÄÁÉÃÀÍ
ÀÒÜÄÅÀÍÉ ÂÀÊÄÈÃÀ ÀÌÏÝÀÍÄÁÉÓ ÌÏÃÄËÉÒÄÁÉÓÀ ÃÀ ÀÌ ÌÏÃÄËÄÁÉÓ ÁÀÆÀÆÄ ÏÐÔÉÌÉÆÀÝÉÉÓ
ÀËÂÏÒÉÈÌÄÁÉÓ ÃÀÌÖÛÀÅÄÁÉÓ ÌÄÈÏÃÄÁÆÄ.

ÊÏÍÔÄÉÍÄÒÄÁÛÉ ÛÄ×ÖÈÅÉÓ ÀÌÏÝÀÍÄÁÉÓ ÊÅËÄÅÉÓÀÓ ÛÄØÌÍÉËÉ ÉØÍÀ ÀÌÏÝÀÍÀÈÀ ÓáÅÀÃÀ-
ÓáÅÀ, ÓÖË ÏÝÃÀÀÈÀÌÃÄ ÌÏÃÄËÉ, ÒÏÌËÄÁÉÝ ÐÉÒÏÁÉÈÀÃ ÃÀÚÏ×ÉËÉ ÉØÍÀ ÏÒ ãÂÖ×ÀÃ.
ÈÅÉÈÏÄÖËÉ ÌÏÃÄËÉÓÀÈÅÉÓ ÍÀÐÏÅÍÉ ÉØÍÀ ÀÌÏÍÀáÓÍÉ ÃÀ ÌÏáÃÀ ÌÀÈÉ ÏÐÔÉÌÀËÖÒÏÁÉÓ
ÛÄ×ÀÓÄÁÀ ÌÉÍÉÌÖÌÉÓÀ ÃÀ ÌÀØÓÉÌÖÌÉÓ ×ÀÒÂËÄÁÛÉ.

ÃÀÌÖÛÀÅÃÀ ÉÍ×ÏÒÌÀÝÉÖËÉ ÉÍÔÄÒÀØÔÉÖËÉ ÊÏÌÐÉÖÔÄÒÖËÉ ÓÉÓÔÄÌÀ, ÒÏÌÄËÉÝ ÌÒÀÅÀË
ÌÏÌáÌÀÒÄÁÄËÓ ÓÀÛÖÀËÄÁÀÓ ÌÉÓÝÄÌÓ ÈÀÅÉÓÉ ÊÏÍÊÒÄÔÖËÉ ÓÀÊÉÈáÉÓ ÂÀÃÀßÚÅÄÔÉÓÀÈÅÉÓ
ÐÀÓÖáÉ ÌÉÉÙÏÓ ÓÀßÚÉÓÉ ÌÏÍÀÝÄÌÄÁÉÓ (ÀÌÏÝÀÍÉÓ ÐÉÒÏÁÄÁÉÓ) ÊÏÌÐÉÖÔÄÒÛÉ ÛÄÚÅÀÍÉÈ,
ÒÉÓÈÅÉÓÀÝ ÌÀÈ ÀÒ ÃÀÓàÉÒÃÄÁÀÈ ÓÐÄÝÉÀËÖÒÉ ÌÀÈÄÌÀÔÉÊÖÒÉ ÀÐÀÒÀÔÉÓ ÝÏÃÍÀ.

ÜÅÄÍÉ ÀÆÒÉÈ, ÊÏÍÔÄÉÍÄÒÄÁÛÉ ÛÄ×ÖÈÅÉÓ ÀÌÏÝÀÍÄÁÉÓ ÌÏÃÄËÄÁÉÓ ÃÀ ÀËÂÏÒÉÈÌÄÁÉÓ
ÀáÀËÉ ÔÄØÍÏËÏÂÉÀ ÖÍÉÅÄÒÓÀËÖÒÉÀ ÉÌ ÌáÒÉÅ, ÒÏÌ ÛÄÓÀÞËÄÁÄËÉÀ ÌÀÈÉ ÂÀÌÏÚÄÍÄÁÀ
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ÓáÅÀ ÌÓÂÀÅÓÉ ÐÒÏÁËÄÌÖÒÉ ÀÌÏÝÀÍÄÁÉÓ ÌÉÆÍÏÁÒÉÅÉ ×ÖÍØÝÉÄÁÉÓ ÛÄ×ÀÓÄÁÉÓ ÀËÂÏÒÉÈÌÄÁÉÓ
ÀÓÀÂÄÁÀÃ. ÀÌÉÓÀÈÅÉÓ, ÐÒÏÂÒÀÌÀ ÛÄÉÞËÄÁÀ ÂÀ×ÀÒÈÏÅÃÄÓ ÀáÀËÉ ÌÏÃÄËÄÁÉÓ ÃÀÌÀÔÄÁÉÓ
ÂÆÉÈ.

On Deflections of a Prismatic Shell Exponentially
Cusped at Infinity

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

Tbilisi, Georgia
email: mirandagabelaia@yahoo.com

In the N = 0 approximation of hierarchical models the well-posedness of boundary
value problems for an equation of deflections of a prismatic shell exponentially cusped at
infinity is studied. The thickness of the shell has the form

h = h0e
−α(x2

1+x2
2), h0 = const > 0, α = const ≥ 0, x1 ∈ (−∞,+∞), x2 ≥ 0.

The solution of the posed boundary value problem is given in an integral form.

On Two-Weighted Estimates for Riesz Potentials
M. Gabidzashvili

Georgian Technical University, Tbilisi, Georgia
email: gabdato@gmail.com

The goal of our talk is to give some conditions assuring two-weighted inequalities for
Riesz potentials both in classical Lebesgue spaces and grand Lebesgue spaces.
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On the Approximation of Periodic Functions
in Variable Exponent Lorentz Spaces

Inga Gabisonia1, Vakhtang Kokilashvili2, Dali Makharadze3

1Sokhumi State University, Tbilisi, Georgia
2A. Razmadze Mathematical Institute of I. Javakhishvili Tbilisi State University,

Tbilisi, Georgia
3Batumi Shota Rustaveli State University, Batumi, Georgia

emails: kokil@rmi.ge; dali_makharadze@mail.ru

We consider results on approximation by trigonometric polynomials in Lorentz spaces
with variable exponents. The inequalities are obtained, which establish the connection
between the best approximation by trigonometric polynomials and the generalized modu-
lus of smoothness so that the exponents of space metrics are different on both sides of the
inequalities. The analogues of Jackson’s and inverse inequalities are proved in variable
exponent Lorentz spaces.

Some Contact Problem in Elasticity with Natural
Nonpenetration Condition

Avtandil Gachechiladze, Roland Gachechiladze
A. Razmadze Mathematical Institute, I. Javakhishili Tbilisi State University,

Tbilisi, Georgia
emails: avtogach@yahoo.com; r.gachechiladze@yahoo.com

In the recent work the contact problem of an elastic anisotropic unhomogeneous body
with a rigid body (frame) is considered. Usually, such contact is described by Signorini
boundary conditions including normal displacement and normal stress (also the tangen-
tial components of the stress if the friction arise between bodies). These conditions are
derived from the Natural Nonpenetration Condition (NNC) after some linearizations and
simplification procedure. We consider the mentioned contact problem by the initial NNC
aiming to avoid the simplification procedure. If the contact part of the surface of rigid
frame is described by the concave and continuous function, then we give the variational
formulation of the problem and prove its unique solvability and stability results under the
Dirichlet condition on some part of the boundary of the elastic body.Also, we consider
the situation when the frame linearly goes back under the pressure of the elastic body
and prove the existence of solution, but the uniqueness we prove under some conditions.
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Fermat’s Great Theorem
Levan Gavasheli

email: levan_gavasheli@yahoo.com

There don’t exist integral numbers x, y, z different from zero for which:

xn + yn = zn, (1)

where n > 0 (it is well known, that at n = 2 such numbers exist).
Comment. Let’s propose, that the solution of equation (1) is whole, different from

zero numbers, exist. It’s obvious that without losing the commonality, we can consider
that it consists of pair positive co-primes. Further, it’s obvious that if Fermat’s theorem
is correct for n index, than it automatically turns out to be correct and for any an index,
multiple n, as if the equation

uan + van = wan

has integral solution u, v, w, than the equation (1) will have integral solution ua, va, wa.
That’s why it’s enough to prove Fermat’s theorem for n = 4 (this was done by Fermat
himself) and for n ≥ 3 - arbitrary prime number. May be consider as well that x < y < z.
(If x = y, when 2xn = zn or

(
z
x

)n
= 2; z

x
- rational number. It’s known that there

exist rational numbers n-th degree that is equal to 2. As in any multitude of natural
numbers exist the smallest number, among all such solutions exist the primitive solution
the smallest value z. Let’s review this solution more precisely:

(xn − x) + (yn − y) = zn − (x+ y), x+ y > z.

Due to the small theorem of Fermat:

xn ≡ x mod n; yn ≡ y mod n⇒ zn ≡ x+ y mod n.

On the other hand, zn ≡ zmod n⇒ x+ y ≡ zmod n, x+ y − z - even number,

x+ y − z = λn (2)

number n is odd and the number λ is even, (λ = 2k),

x = λn+ (z − y) = λn+ x1, where x1 = z − y > 0.

Similarly y = λn+ y1, where y1 = z − x > 0; and, consequently,

z = λn+ x1 + y1.
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Numerical Modelling of a Mesoboundary Layer
of Atmosphere Taking into Account of Some

Moments of Solar Radiation
George Geladze, Manana Tevdoradze

Faculty of Exact and Natural Sciences of I. Javakhishvili Tbilisi State University,
I. Vekua Institute of Applied Mathematics, Tbilisi, Georgia
email: givi-geladze@rambler.ru; mtevdoradze@gmail.com

It is provided the two-dimensional problem (in the vertical plane x − z) about the
mesometeorological boundary layer of atmosphere (MBLA) by means of which a number
of ecometeorological processes is simulated:

Fog- and cloud formation against a background of MBLA thermohydrodynamics;
Forming of ensemble of fog and clouds and their mutual transformation;
Investigation of a role of turbulence in forming of ensemble of humidity processes.
The problem about MBLA taking into account cooling on borders of a cloud and fog

is set and is at a stage of numerical realization. From experimental data it is known that
the cloudy and cloudless atmospheres have various optical properties. Therefore because
of solar radiation on the upper bounds of a cloud and fog a number of the abnormal
phenomena takes place: local temperature inversions, cooling of the atmosphere, squally
processes, change of dynamics, strengthening of humidity processes, obviously expressed
distortion of an anvil form of a cloud etc. We especially are interested in temperature
inversions as their research is very actual from the point of view of both meteorology, and
ecology - they are just responsible for any formation of smogs.

Poincare Conjecture, Classical Nonintegrability and
Quantum Chaos on the Example of 3 Bodies

Ashot Gevorkyan
Institute for Informatics and Automation Problems, NAS of Armenia;

Institute of Chemical Physics, NAS of Armenia,
Yerevan, Armenia

email: g_ashot@sci.am

We obtained the system of stochastic differential equations, which describes the clas-
sical motion of the three-body system under influence of quantum fluctuations. Using
SDEs, for the joint probability distribution of the total momentum of bodies system were
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obtained the partial differential equation of the second order. It is shown that the equa-
tion for the probability distribution is solved jointly by classical equations, which in turn
are responsible for the topological peculiarities of tubes of quantum currents, transitions
between asymptotic channels and, respectively for arising of quantum chaos.

Reduction of the Classical Three-Body
Problem to 6th Order System

Ashot Gevorkyan
Institute for Informatics and Automation Problems, NAS of Armenia;

Institute of Chemical Physics, NAS of Armenia
Yerevan, Armenia

email: g_ashot@sci.am

In the framework of an idea of separation of rotational and vibrational motions, we
have examined the problem of reducing the general three-body problem. The class of
differentiable functions allowing transformation of the 6D Euclidean space to the 6D
conformal-Euclidean space is defined. Using this fact the general classical three-body
problem is formulated as a problem of geodesic flows on the energy hypersurface of the
bodies system. It is shown that when the total potential depends on relative distances be-
tween the bodies, three from six ordinary differential equations of second order describing
the nonintegrable Hamiltonian system are integrated exactly, thus allowing reducing the
initial system in the phase space to the autonomous system of the 6th order. In the result
of reducing of the initial Newtonian problem, the geometry of reduced problem becomes
curved. The latter gives us new ideas related to the problem of geometrization of physics
as well as new possibilities for study of different physical problems.

Boundary Value Problems for the
Navier–Stokes Equations in the Half-Space

Levan Giorgashvili1, Maia Kharashvili1, Revaz Meladze2

1Department of Mathematics, Georgian Technical University, Tbilisi, Georgia
2David Agmashenebeli University of Georgia, Tbilisi, Georgia

emails: lgiorgashvili@gmail.com; maiabickinashvili@yahoo.com; r.meladze@yahoo.com

In this paper we consider boundary value problems for the Navier–Stokes equations in
the half-space, when limiting values of the tangential components of the stress vectors and
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the normal components of the velocity vectors are given on the boundary. We consider
also BVPs when limiting values of the normal components of the stress vectors and the
tangential components of the velocity vectors are given on the boundary. Uniqueness
theorems are proved. Solutions are represented in qaudratures.

Mathematical Problems of Thermoelasticity of
Bodies with Microstructure and Microtemperatures

Levan Giorgashvili, Shota Zazashvili
Department of Mathematics, Georgian Technical University, Tbilisi, Georgia

emails: lgiorgashvili@gmail.com; zaza-ude@hotmail.com

The purpose of this paper is to construct explicitly in terms of elementary functions,
fundamental matrices of solutions to the differential equations of the linear theory of ther-
moelasticity for elastic materials with microstructure and microtemperatures. We derive
the corresponding Green’s formulas and construct the integral representation formulas of
solutions by means of generalized simple layer, double layer and Newtonian potentials. We
formulate the basic boundary value problems in appropriate function space and prove the
uniqueness theorems. The existence theorems of regular solutions of the external BVPs
are proved using the potential method and the theory of singular integral equations.

Crane-Transport, Building and Road Machines
Working Equipments’ Structural Research

Vazha Gogadze
Akaki Tsereteli State University, Kutaisi, Georgia

email: Vazha.gogadze@atsu.edu.ge, vajagogadze@rambler.ru

In this work, crane transport, building and road machines working equipments’ kine-
matical analysis is discussed. Researches showed that in some working equipments of
above machines extra ties take place.

As the result moving of rings is possible only in the case of existence of slots in the
joints or with extra tension of metal constructions.
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ÌÀÈÄÌÀÔÉÊÀÛÉ ÄÒÏÅÍÖËÉ ÓÀÓßÀÅËÏ ÂÄÂÌÉÓ
ÂÀÞËÉÄÒÄÁÖËÉ ÓÀÓßÀÅËÏ ÊÖÒÓÉÓ ÛÄÓÀáÄÁ

ÂÖÒÀÌ ÂÏÂÉÛÅÉËÉ

ßÌÉÃÀ ÀÍÃÒÉÀ ÐÉÒÅÄËßÏÃÄÁÖËÉÓ ÓÀáÄËÏÁÉÓ ØÀÒÈÖËÉ ÖÍÉÅÄÒÓÉÔÄÔÉ,
ÈÁÉËÉÓÉ, ÓÀØÀÒÈÅÄËÏ

ÄË. ×ÏÓÔÉÓ ÌÉÓÀÌÀÒÈÉ: guramgog@gmail.com

ÀÌÑÀÌÀÃ ÌÏØÌÄÃ ÄÒÏÅÍÖË ÓÀÓßÀÅËÏ ÂÄÂÌÀÛÉ ÆÏÂÀÃÓÀÂÀÍÌÀÍÀÈËÄÁËÏ ÓÊÏËÀÛÉ ÌÀÈÄ-
ÌÀÔÉÊÉÓ ÓßÀÅËÄÁÉÓ ÏÒÉ ÊÖÒÓÉÀ ßÀÒÌÏÃÂÄÍÉËÉ. ÌÀÈÂÀÍ ÄÒÈ-ÄÒÈÉÓ - ÂÀÞËÉÄÒÄÁÖ-
ËÉ ÓßÀÅËÄÁÉÓ ÐÒÏÂÒÀÌÉÓ ÌÉÆÍÀÃ ÌÀÈÄÌÀÔÉÊÉÓ ÌÒÀÅÀËÉ ÌÍÉÛÅÍÄËÏÅÀÍÉ ÓÀÊÉÈáÉÓÀ ÃÀ
ÌÄÈÏÃÉÓ ÂÀÝÍÏÁÀ ÃÀ ÓÀÈÀÍÀÃÏ ÛÄÌÏØÌÄÃÄÁÉÈÉ ÖÍÀÒÄÁÉÓ ÂÀÍÅÉÈÀÒÄÁÀ ÉÚÏ ÃÀÓÀáÖËÉ.
ÄÓ ÐÒÏÂÒÀÌÀ ÀÒÓÄÁÉÈÀÃ ÂÀÍÓáÅÀÅÃÄÁÀ ÌÄÏÒÄ, ÞÉÒÉÈÀÃÉ ÓÀÓßÀÅËÏ ÐÒÏÂÒÀÌÉÓÂÀÍ.
Ö×ÒÏ ÌÄÔÉÝ, ÉÓ ÈÀÅÉÓÉ ÂÀÃÀÔÅÉÒÈÖËÏÁÉÓÀ ÃÀ ÓÀÊÉÈáÈÀ ÍÀßÉËÉÓ ÀÌ ÐÒÏÂÒÀÌÉÓÈÅÉÓ
ÛÄÖÓÀÁÀÌÏÁÉÓ ÂÀÌÏ, ÅÄÒ ÂÀÃÀÉØÝÀ ÂÀÞËÉÄÒÄÁÖËÉ ÓßÀÅËÄÁÉÓ ÒÄÀËÖÒ ÃÀ ÀÖÝÉËÄÁÄË
ÓÀÌÏØÌÄÃÏ ÐÒÏÂÒÀÌÀÃ. ×ÀØÔÏÁÒÉÅÀÃ, ÀÌ ÐÒÏÂÒÀÌÉÓ ÍÀÝÅËÀÃ ÌÏØÌÄÃÄÁÓ ÌÒÀÅÀËÉ
ßËÉÓ ÓÀÓßÀÅËÏ ÐÒÀØÔÉÊÉÈ ÜÀÌÏÚÀËÉÁÄÁÖËÉ ÓÀÓßÀÅËÏ ÐÒÏÂÒÀÌÀ, ÒÏÌÄËÉÝ ÌÏÉÝÀÅÓ
ÒÈÖËÉ ÓÀÊÏÍÊÖÒÓÏ ÀÌÏÝÀÍÄÁÉÓ ÂÀÍáÉËÅÀÓ, ÈÉÈØÌÉÓ ÓÒÖËÀÃ ÌÏÉÝÀÅÓ ÃÉ×ÄÒÄÍÝÉÀËÖ-
ÒÉ ÃÀ ÉÍÔÄÂÒÀËÖÒÉ ÀÙÒÉÝáÅÉÓ ÓÏËÉÃÖÒ ÊÖÒÓÓ, ÒÏÌËÉÓ ÓÀ×ÖÞÅÄËÆÄ ÌÏÓßÀÅËÄÄÁÉ
ÄÖ×ËÄÁÉÀÍ ×ÖÍØÝÉÀÈÀ ÂÀÌÏÊÅËÄÅÉÓÀ ÃÀ ÂÒÀ×ÉÊÄÁÉÓ ÀÂÄÁÉÓ ÓÔÀÍÃÀÒÔÖË ÓÀÊÉÈáÄÁÓ.

ÀáËÀ, ÒÏÝÀ ÌÉÌÃÉÍÀÒÄÏÁÓ ÄÒÈÉÀÍÉ ÓÀÓßÀÅËÏ ÂÄÂÌÉÓ ÒÄÅÉÆÉÀ, ÝáÀÃÉÀ, ÖÍÃÀ
ÃÀÉáÅÄßÏÓ ÃÀ Ö×ÒÏ ÌÄÔÉ ÃÄÔÀËÉÆÀÝÉÉÈ ÜÀÌÏÚÀËÉÁÃÄÓ ÓßÀÅËÄÁÉÓ ÀÌ ÃÏÍÄÆÄ ÂÀÃÀÓÀ-
ÝÄÌÉ ÓÀÊÉÈáÄÁÉÓ ÍÖÓáÀ. ÛÄÒÜÄÖËÉ ÌÀÓÀËÀ ÖÍÃÀ ÉÞËÄÏÃÄÓ ÉÍÃÖØÝÉÉÓ, ÃÄÃÖØÝÉÉÓ,
ÂÀÍÆÏÂÀÃÄÁÉÓ, ÀÍÀËÉÆÉÓÀ ÃÀ ÓÉÍÈÄÆÉÓ ÂÆÉÈ ÌÏÓßÀÅËÄÈÀ ÌÀÙÀËÉ ÓÀÀÆÒÏÅÍÏ ÖÍÀÒÄÁÉÓ
ÂÀÍÅÉÈÀÒÄÁÉÓ ÛÄÓÀÞËÄÁËÏÁÀÓ ÃÀ, ÀÌÀÓÈÀÍÀÅÄ, ÂÀÌÏÉÒÜÄÏÃÄÓ ÂÀÌÏÚÄÍÄÁÉÈÉ ÀÓÐÄØÔÄÁÉ-
ÈÀÝ. ÀÌÉÓ ÂÀÈÅÀËÉÓßÉÍÄÁÉÈ ÌÏáÓÄÍÄÁÀÛÉ ÓÀÖÁÀÒÉ ÉØÍÄÁÀ ÉÌ ÓÀÊÉÈáÄÁÉÓ ÍÀßÉËÆÄ,
ÒÏÌËÄÁÉÝ ÌÍÉÛÅÍÄËÏÅÀÍÉÀ ÂÀÞËÉÄÒÄÁÖËÉ ÓßÀÅËÄÁÉÓÀÓ ÃÀ, ÀÂÒÄÈÅÄ, ÀÙÍÉÛÍÖË ÓÀÊÉÈá-
ÈÀ ÓÀÈÀÍÀÃÏ ÌÄÈÏÃÉÊÉÈ ÂÀÃÀÝÄÌÀÓÀ ÃÀ ÃÀÌÖÛÀÅÄÁÀÆÄ. ÄÓ ÌÄÈÏÃÉÊÀ, ÞÉÒÉÈÀÃÀÃ,
ÐÒÏÁËÄÌÀÆÄ ÃÀ×ÖÞÍÄÁÖË ÓßÀÅËÄÁÀÓ ÄÌÚÀÒÄÁÀ - ÊÀÒÂÀÃ ÛÄÒÜÄÖËÉ ÊÏÍÊÒÄÔÖËÉ, ÀÃÅÉËÀÃ
ÀÙÓÀØÌÄËÉ ÀÌÏÝÀÍÄÁÉÓ ÃÀÓÌÉÈ, ÂÀÍáÉËÅÉÈÀ ÃÀ ÂÀÃÀßÚÅÄÔÉÈ ÉËÖÓÔÒÉÒÄÁÖËÉ ÉØÍÄÁÀ
ÂÆÄÁÉÓ ÞÉÄÁÀ Ö×ÒÏ ÆÏÂÀÃÉ ÀÌÏÝÀÍÄÁÉÓ ÊÅËÄÅÉÓÊÄÍ. ÛÄÌÃÄÂ ÊÉ - ÆÏÂÀÃÉÃÀÍ ÀáÀËÉ
ÊÏÍÊÒÄÔÖËÉ ÀÌÏÝÀÍÄÁÉÓ ÛÄÓßÀÅËÉÓÊÄÍ ÃÀÁÒÖÍÄÁÀ. ÄÓ ÂÖËÉÓáÌÏÁÓ ÀÂÒÄÈÅÄ ÊÀÒÂÀÃ
ÛÄÒÜÄÖËÉ ÀÌÏÝÀÍÉÓ ÀÌÏÓÀáÓÍÄËÀÃ ÓáÅÀÃÀÓáÅÀ ÓÀÉÍÔÄÒÄÓÏ ÌÄÈÏÃÉÓ ÌÏÞÉÄÁÀÓÀ ÃÀ
ÂÀÌÏÚÄÍÄÁÀÓ, ÒÀÝ ÌÊÀ×ÉÏÃ ÂÀÌÏÀÅËÄÍÓ ÄÒÈÉ ÛÄáÄÃÅÉÈ ÃÀØÓÀØÓÖË, ÄÒÈÌÀÍÄÈÉÓÂÀÍ
ÂÀÍÚÄÍÄÁÖËÀÃ ÀÙØÌÖË ÀÌ ÌÄÈÏÃÄÁÓ ÛÏÒÉÓ ÊÀÅÛÉÒÄÁÓ, ÛÄÀÃÀÒÄÁÓ ÌÀÈ Ä×ÄØÔÉÀÍÏÁÀÓ,
ÂÀÌÏÚÄÍÄÁÉÓ ÖÐÉÒÀÔÄÓÏÁÀÓ.
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Periodic Field Configurations in a Theory
of Scalar Fields with Brocken SU(2) Symmetry

V. Gogokhia, A. Shurgaia
Deprt. Theor. Phys., WIGNER RCP RMI, Budapest, Hungary;

Deprt. Theor. Phys., A. Razmadze Math. Inst., TSU, Tbilisi, Georgia
email: gavsh@rmi.ge

The periodic field configurations have been of interest regarding phase transitions
from classical regime of field theory to a quantum one. It has been turned out that these
configurations interpolate between the stable vacuum configurations and sphalerons which
are unstable sitting on the top of the potential barrier. In this process the transition from
false vacuum to the true one takes place and at the finite energies below the potential
barrier temperature assisted quantum tunneling is dominating whereas at higher energies
(above the potential barrier) the process is pure classical (thermal activation) – this means
that as the energy (temperature) varies the phase transition from classical regime to the
quantum tunneling takes place at which periodic field configurations are significant.

The talk is devoted to � simple model which lets find a periodic field configurations
such that some aspects of phase transitions can be studied. A scalar triplet with broken
SU(2) symmetry is considered. Classical equations studied and a set of particular solu-
tions obtained. The solutions are analyzed in view of phase transitions. Charged and
neutral solutions are presented. The quantum properties of those solutions are studied.
It has been shown that the quantum fluctuations obey an equation which has a negative
eigenvalue due to which the system is unstable.

On Estimation of the Two Dimensional Regression
Function

David Gogolashvili
I. Vekua Institute of Applied Mathematics, Tbilisi, Georgia

email: dgogolashvili@yahoo.com

On the square [0; 1]2 consider two dimensional regression function of Bernoulli type
Y (x; y); P (Y (xi; yj) = 1) = p(xi; yj), P(Y (xi; yj) = 0) = 1 − p(xi; yj). On base sample
Yij = Y (xi; yj), i, j = 1, 2, . . . , n, is constructed an estimation of unknown regression
function p(x, y). Consistency and asymptotic normality of the estimation are proved.

This investigation is based and extended the results of paper [1].
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Electroelasticity Equilibrium of an Elliptical Cylinder
David Gorgidze

Georgian Technical University, Tbilisi, Georgia
email: dgorgidze@yahoo.com

We consider the elastic equilibrium of a figure bounded by coordinate surfaces in an
elliptic cylindrical coordinate system θ, α, ζ. It occupies the following area: Ω = {θ0 <
θ < θ1, α1 < α < α2, ζ0 < ζ < ζ1}. On θ = const surfaces, one of four basic boundary
conditions can be performed: on ζ = const surfaces, the symmetric continuous extension,
w = 0, τζα = 0, τζθ = 0, the antisymmetric continuous extension σζ = 0, u = 0, v = 0,
on α = const surfaces, the symmetric continuous extension has the form v = 0, ταζ = 0,
ταθ = 0 and the latter as follows σα = 0, u = 0, w = 0. According to N. Khomasuridze’s
method, within theory of electroelasticity, there are general solutions for boundary value
type of problems in elliptic cylindrical coordinates system.

Derivation of the System of Equations of Equilibrium
for Plates Having Double Porosity

Bakur Gulua1,3, Roman Janjgava1,2

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

2Faculty of Exact and Natural Sciences, Iv. Javakhishvili Tbilisi State University,
Tbilisi, Georgia

3Sokhumi State University, Tbilisi, Georgia
emails: bak.gulua@gmail.com; roman.janjgava@gmail.com

In the report we consider three-dimensional elastic static equilibrium system of equa-
tions of bodies with double porosity. From this system of equations, using a reduction
method of I. Vekua, we receive the equilibrium equations for the plates having double
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porosity. The systems of equations corresponding to approximations N = 0 and N = 1
are written down in a complex form and we express the general solutions of these systems
through analytic functions of complex variable and solutions of the Helmholtz equation.
The received general representations give the opportunity to solve analytically boundary
value problems about elastic equilibrium of plates with double porosity.

Acknowledgement. The designated project has been fulfilled by a financial support
of Shota Rustaveli National Science Foundation (Grant No. FR/358/5-109/14).

Solution of Boundary Value Problems
of Spherical Shells by the Vekua Method

in the Approximation N = 2
Bakur Gulua1,2, Manana Tevdoradze1

1I. Vekua Institute of Applied Mathematics and Faculty of Exact and Natural
Sciences of I. Javakhishvili Tbilisi State University, Tbilisi, Georgia

2Sokhumi State University, Tbilisi, Georgia
email: bak.gulua@gmail.com

I. Vekua has constructed several versions of the refined linear theory of thin and shallow
shells by means of his method of reduction of three-dimensional problems of elasticity to
two-dimensional ones [1]. This method for nonshallow shells in case of geometrical and
physical nonlinear theory was generalized by T. Meunargia [2].

In the present paper by means of the I. Vekua method the system of differential
equations for the geometrically nonlinear spherical shells is obtained. Using the method
of a small parameter,in the approximations of order N = 2 the complex representations
of the general solutions are obtained. Some concrete problems are solved.

Acknowledgment. The designated project has been fulfilled by a financial support
of Shota Rustaveli National Science Foundation (Grant SRNSF/FR/358/5-109/14).
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About One Method for Splitting
of the Semi-discrete Schemes for the Evolutionary

Equation with Variable Operator
David Gulua, Jemal Rogava

Department of Computation Mathematics, Georgian Technical University;
Department of Mathematics, I. Javakhishvili Tbilisi State University,

Tbilisi, Georgia
email: d gulua@gtu.ge

We study the semi-discrete schemes for the following evolutionary problem in the
Hilbert space H:

du(t)

dt
+ A(t)u (t) = f(t), t ∈ ]0, T ] , u (0) = u0, (1)

where A(t) is the self-adjoint positively defined operator in H with domain of definition
D(A) does not depend on t; f(t) is a continuously differentiable function with values in
H; u0 is a given vector from H; u(t) is the sought function.

On the interval [0, T ], we define the grid tk = kτ , k = 0, 1, . . . , n, with the step τ =
T/n. Using the difference formula of second order approximation for the approximation
of the first derivative equation (1) can be represented at the point t = tk+1 as:

∆u(tk)

τ
+
τ

2

∆2u(tk−1)

τ 2
+ A(tk+1)u (tk+1) = f(tk+1) + τ 2Rk+1(τ, u), Rk(τ, u) ∈ H, (2)

where∆u(tk) = u(tk+1)−u(tk), τ 2Rk(τ, u) is the approximation error of the first derivative
at the point t = tk. Using the perturbation algorithm on the basis of representation (2)
we obtain the following system of equations:

∆u
(i)
k

τ
+ A(tk+1)u

(i)
k+1 = f(tk+1) +

1

2

∆2u
(i−1)
k−1

τ 2
, k = i+ 1, . . . , n, i = 0, 1, u

(−1)
k = 0.

Let the vector vk = u
(0)
k + τu

(1)
k (k = 2, . . . , n) be an approximate value of the exact

solution of problem (1) for t = tk, vk ≈ u(tk). The following theorem is valid.
Theorem. Let A(t) be a self-adjoint positively defined operator in H with domain of
definition D(A) not depending on t. Let solution u(t) be sufficiently smooth function. If

D(Am(t)) = D(Am(0)) (m = 2, 3),∥∥(Am(t′)− Am(t′′))A−m(s)
∥∥ ≤ c|t′ − t′′|, ∀ t′, t′′, s ∈ [0, T ], m = 1, 2,
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and ∥∥(A(tk+1)− 2A(tk) + A(tk−1))A
−1(tk+1)

∥∥ ≤ cτ 2, k = 1, . . . , n− 1,

then there holds that
∥u(tk)− vk∥ = O(τ 2), k = 1, . . . , n.

On the Kinematical Invariants in Line Space
Osman Gursoy

Maltepe University, Istanbul, Turkey
email: osmangursoy@maltepe.edu.tr

As known the geometry of a trajectory surfaces tracing by an oriented line (spear) is
important in line geometry and spatial kinematics. Until, early 1980s, although two real

integral invariants, the pitch of angle λx and the pitch ℓx of an x− trajectory surface
were known, any dual invariant of the surface were not. Because of the deficiency, the
line geometry wasn’t being sufficiently studied by using dual quantities.

A global dual invariant, Λx of an x− closed trajectory surface is introduced and shown
that there is a magic relation between the real invariants, Λx = λx − εℓx , [1]. It gives

suitable relations, such as Λx = 2π−Ax =
∮
Gx or λx = 2π−ax =

∮
gxds and ℓx =

a∗x =
∫ ∮

(∂u + ∂v)dudv which have the new geometric interpretations of an x−trajectory
surface where ax is the measure of the spherical area on the unit sphere, described by the
generator of x−closed trajectory surface and ∂u and ∂v are the distribution parameters
of the principal surfaces of the X(u; v)−closed congruence.

Therefore, all the relations between the global invariants, λx , ℓx , ax, a∗x, gx, g∗x, K,
T , σ and s1 of x− c.t.s. are worth reconsidering in view of the new geometric explana-
tions. Thus, some new results and new explanations are gained. Furthermore, as a limit
position of the surface, some new theorems and comments related to space curves are
obtained [2, 3].

References
[1] O. Gürsoy, On the integral invariants of a closed ruled surface. J. Geom. 39 (1990),

no. 1-2, 80–91.
[2] O. Gürsoy, Some results on closed ruled surfaces and closed space curves. Mech.

Mach. Theory 27 (1992), no. 3, 323–330.
[3] O. Gürsoy, A. Kücük, On the invariants of trajectory surfaces. Mech. Mach. Theory

34 (1999), no. 4, 587–597.



132 Abstracts of Participants’ Talks Batumi, September 5–9, 2016

Parametrization of Euclidean Nearly Kähler
Submanifolds

Abbas Heydari, Nikrooz Heidari
University of Mohaghegh Ardabilbi, Ardabil, Iran

email: nikrooz.heidari@modares.ac.ir

At now one of the most important problem about Nearly Kähler manifolds Was raised
by Butruile in 2008. when he was trying to complete the proof of the Wolf-Gray conjecture
(this conjecture said that “Every nearly Kahler homogeneous manifold is 3-symmetric
space with its canonical almost complex structure [2]”) was faced this question “is possible
that every compact Nearly Kähler manifold is a 3-symmetric space”? [1] to close this
conjuncture we studied in [3, 4, 5] isometric immersions f : M2n −→ Q2n+p

c from Nearly
Kähler manifolds to a space forms of curvature c with co-dimension p, for partially answer
this problems. in [3] furthermore of introduce of complex and invariant (under torsion of
intrinsic Hermitian connection) umbilic foliation we shown that each leaf of this foliation
is itself a 6-dimensional locally homogeneous Nearly Kähler manifolds and in suitable
direction of complex and invariant umbilic distribution each leaf of related foliation on a
open set of complete base manifold M is Homothetic with 6-dimensional term in Nagy
decomposition (at least locally and up to a finite cover). In [4] with further study of each
leaf of complex and invariant umbilic foliation we put suitable condition and a almost
complex with compatible metric on induced foliation space such that this space convert
a Nearly Kähler manifolds. then we can find a condition that under satisfying it the
submanifolds can be decomposed. this decomposition like Nagy decomposition but in
this new decomposition the 6-dimensional term is locally homogeneous.

In this article and [5] our goal to more recognize of isometric immersions like f that
this map immersed isometrically a nearly Kähler manifolds in Euclidean space. at first
for this purpose we introduce a complex and compatible metric on foliation space related
to complex and invariant umbilic foliation. this new structure under suitable condition
define a Quasi-kähler on this foliation space. with used this foliation f parametrized on
leaves and foliation space.this parametrization separately do in codimention p = 1, p = 2
and p ≥ 3. this describtion of f abels us to construct new example of Nearly Kähler
Euclidean submanifolds in a certain codimension. for example in this article was shown
how to build a 18-dimensional Nearly Kähler Euclidean heypersurface, Nearly Kähler
Euclidean submanifololds of codimension two and some general sample.
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ßÚÅÄÔÉËÄÁÉÓ ÌÉÙÄÁÉÓ (ÈÖ ÌÉÖÙÄÁËÏÁÉÓ) ÊËÀÓÉÊÖÒÉ ÌÀÂÀËÉÈÉÀ ÌÀÈÄÌÀÔÉÊÏÓÄÁÉÓÀÈÅÉÓ
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ÂÀÃÀßÚÅÄÔÉËÄÁÉÓ ÌÉÙÄÁÀÓ ÀÒÈÖËÄÁÓ ÓÒÖËÉ ÃÀ ÓÀÊÌÀÒÉÓÉ ÉÍ×ÏÒÌÀÝÉÄÁÉÓ ÀÒ ÀÒÓÄÁÏ-
ÁÀ, ÃÀ ÛÄÓÀÁÀÌÉÓÀÃ, ÀÌÏÝÀÍÀ ÛÄÃÀÒÄÁÉÈ ÌÀÒÔÉÅÃÄÁÀ, ÌÀÛÉÍ, ÒÏÃÄÓÀÝ ÛÄÓÀÞËÄÁÄ-
ËÉÀ ÓÀàÉÒÏ ÉÍ×ÏÒÌÀÝÉÉÓ ÓÒÖËÀÃ ÌÉÙÄÁÀ ÃÀ ÌÉÓÉ ÒÀÏÃÄÍÏÁÒÉÅÀÃ ÂÀÍÓÀÙÅÒÀ ÃÀ
ÃÀÓÀÁÖÈÄÁÀ. ÝáÀÃÉÀ, ÒÏÌ ÒÀÉÌÄ ÂÀÃÀßÚÅÄÔÉËÄÁÉÓ ÌÉÙÄÁÉÓÀÈÅÉÓ ÀÖÝÉËÄÁÄËÉÀ ÓÀÊÉÈáÉÓ
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ÌÉÄÒ ÖÍÃÀ ÀÒÜÄÖËÉ ÉØÍÀÓ ÓÀÖÊÄÈÄÓÏ ÀÅÒÉÀÍÔÉ. ÓßÏÒÄÃ ÄÒÈÉ ÅÀÒÉÀÍÔÉÓ ÛÄÒÜÄÅÀ
ßÀÒÌÏÀÃÂÄÍÓ ÂÀÃÀßÚÅÄÔÉËÄÁÉÓ ÌÉÙÄÁÀÓ. ÓÀÖÊÄÈÄÓÏ ÅÀÒÉÀÍÔÉÓ ÀÒÜÄÅÀÓ, ÒÏÌÄËÉÝ
ÖÆÒÖÍÅÄËÚÏ×Ó ÌÀØÓÉÌÀËÖÒ Ä×ÄØÔÖÒÏÁÀÓ ÄßÏÃÄÁÀ ÏÐÔÉÌÀËÖÒÉ, áÏËÏ ÀÌ ÅÀÒÉÀÍÔÉÓ
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áÀÒÉÓáÏÁÒÉÅÀÃ. ÒÀÏÃÄÍÏÁÒÉÅÉ ÌÄÈÏÃÉ ÂÀÌÏÉÚÄÍÄÁÀ ÌÀÛÉÍ, ÒÏÃÄÓÀÝ ÂÀÃÀßÚÅÄÔÉËÄÁÉÓ
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ÃÀ ÌÏÃÄËÄÁÌÀ; ÄÊÏÍÏÌÄÔÒÖËÌÀ ÌÄÈÏÃÄÁÌÀ; ÒÉÂÈÀ ÈÄÏÒÉÉÓ ÌÄÈÏÃÄÁÌÀ; ÌÀÈÄÌÀÔÉÊÖÒÉ
ÐÒÏÂÒÀÌÉÒÄÁÉÓ ÌÄÈÏÃÄÁÌÀ (ßÒ×ÉÅÉ ÃÀ ÃÉÍÀÌÉÖÒÉ); ÌÀÒÀÂÄÁÉÓ ÌÀÒÈÅÉÓ ÌÄÈÏÃÄÁÌÀ ÃÀ
ÓáÅ.

ÌÝÉÒÄ ÁÉÆÍÄÓÉÓ ÂÀÍÅÉÈÀÒÄÁÉÓ ÃÏÍÉÓ ÛÄ×ÀÓÄÁÉÓ
ÊÒÉÔÄÒÉÖÌÄÁÉ ÃÀ ÌÄÈÏÃÉÊÀ

ÌÀÂÃÀ ÉÀÛÅÉËÉ

ÓÀØÀÒÈÅÄËÏÓ ÔÄØÍÉÊÖÒÉ ÖÍÉÅÄÒÓÉÔÄÔÉ, ÈÁÉËÉÓÉ, ÓÀØÀÒÈÅÄËÏ

ÄË-×ÏÓÔÉÓ ÌÉÓÀÌÀÒÈÉ: magda.iashvili@gmail.com

ÌÝÉÒÄ ÃÀ ÓÀÛÖÀËÏ ÁÉÆÍÄÓÉÓ ÂÀÍÅÉÈÀÒÄÁÉÓ ÄÊÏÍÏÌÉÊÖÒÉ ÌÀáÀÓÉÀÈÄÁËÄÁÉÓ ÀÍÀËÉÆÌÀ
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ÄÒÈÉ ÌÉÆÄÆÉÀ ÉÓ, ÒÏÌ ÌÏÍÉÔÏÒÉÍÂÉÓ ÀÒÓÄÁÖË ÓÉÓÔÄÌÄÁÛÉ ÂÀÈÅÀËÉÓßÉÍÄÁÖËÉ ÀÒ ÀÒÉÓ
ÌÈÄËÉ ÒÉÂÉ ÌÀÜÅÄÍÄÁËÄÁÉ (ÉÍÃÉÊÀÔÏÒÄÁÉ).
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ÌÀÈÉ ÓÀØÌÉÀÍÏÁÉÓ ÞÉÒÉÈÀÃÉ ÌÀÜÅÄÍÄÁËÄÁÉÓ ÌáÏËÏÃ ÓÔÀÔÉÓÔÉÊÖÒÉ ÌÏÍÀÝÄÌÄÁÉÈ. ÀÒ
áÏÒÝÉÄËÃÄÁÀ ÁÉÆÍÄÓÆÄ áÀÒÉÓáÏÁÒÉÅÉ ÊÏÍÔÒÏËÉ; ÂÀÍÖÓÀÆÙÅÒÄËÉÀ ÓÒÖËÉ ÃÀ ÓÀÉÌÄÃÏ
ÓÔÀÔÉÓÔÉÊÖÒÉ ÌÏÍÀÝÄÌÄÁÉ, ÒÏÌËÄÁÉÝ ÓÀÛÖÀËÄÁÀÓ ÌÏÂÅÝÄÌÓ ÅÉÌÓãÄËÏÈ ÌÝÉÒÄ ÁÉÆÍÄÓÉÓ
ÂÀÍÅÉÈÀÒÄÁÉÓ ÃÏÍÄÆÄ. ÀÌÀÓ ÄÌÀÔÄÁÀ ÉÓ ÄÈÌÀÜÅÄÍÄÁÄËÈÀ ÃÉÃÉ ÒÀÏÃÄÍÏÁÀ, ÒÏÌËÄÁÉÝ
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ÊÀÓ. ÝáÀÃÉÀ, ÒÏÌ ÌÝÉÒÄ ÁÉÆÍÄÓÉÓ ÂÀÍÅÉÈÀÒÄÁÉÓ ÃÏÍÉÓ ÀÍÀËÉÆÉÓÀ ÃÀ ÛÄ×ÀÓÄÁÉÓÀÓ
ÂÀÈÅÀËÉÓßÉÍÄÁÖËÉ ÖÍÃÀ ÉØÍÀÓ ÒÏÂÏÒÝ ØÅÄÚÍÉÓ, ÀÓÄÅÄ ÒÄÂÉÏÍÄÁÉÓÀ ÃÀ ÒÀÉÏÍÄÁÉÓ
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ÃÄÁÉ, ÒÏÌËÄÁÉÝ ÛÄÓÀÞËÄÁÄËÉÀ ÂÀÌÏÚÄÍÄÁÖËÉ ÉØÍÀÓ ØÅÄÚÍÉÓ (ÒÄÂÉÏÍÉÓ) ÈÀÅÉÓÄÁÖÒÄÁÄÁÉÓ
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ÂÀÍÐÉÒÏÁÄÁÖËÉÀ ÂÀÓÀÆÏÌÉ ×ÉÆÉÊÖÒ-ØÉÌÉÖÒÉ ÐÀÒÀÌÄÔÒÄÁÉÓ ÓÉÌÒÀÅËÉÈÀ ÃÀ ÈÅÉÈÂÀÆÏÌ-
ÅÉÓ ÐÉÒÏÁÄÁÉÓ ÀÒÀÄÒÈÂÅÀÒÏÅÍÄÁÉÈ. ÆÏÂÀÃÀÃ, ÂÀÆÏÌÅÉÓ ÀÍÀËÉÔÉÊÖÒÉ ÌÄÈÏÃÉ ÛÄÃÂÄÁÀ
ÛÄÌÃÄÂÉ ÞÉÒÉÈÀÃÉ ÏÐÄÒÀÝÉÄÁÉÓÀÂÀÍ: ÂÀÓÀÆÏÌÉ ÓÉÍãÉÓ ÀÙÄÁÀ; ÌÏÌÆÀÃÄÁÀ; ÔÒÀÍÓÐÏÒÔÉ-
ÒÄÁÀ, ÐÀÒÀÌÄÔÒÄÁÉÓ ÂÀÍÓÀÆÙÅÒÀ (ÂÀÆÏÌÅÀ); ÉÍ×ÏÒÌÀÝÉÄÁÉÓ ÃÀÌÖÛÀÅÄÁÀ ÃÀ ÛÄÃÄÂÄÁÉÓ
ÂÀÌÏÓÀáÅÀ.

ÌÉÊÒÏÄËÄØÔÒÏÍÉÊÉÓ ÓßÒÀ×ÌÀ ÂÀÍÅÉÈÀÒÄÁÀÌ ÂÀÍÀÐÉÒÏÁÀ Ä.ß. „àÊÅÉÀÍÉ“ (ÉÍÔÄËÄØÔÖ-
ÀËÖÒÉ) ÂÀÌÆÏÌÉ áÄËÓÀßÚÏÄÁÉÓÀ ÃÀ ÓÉÓÔÄÌÄÁÉÓ ÂÀÜÄÍÀ, ÒÏÌÄËÈÀÝ ÓÀ×ÖÞÅËÀÃ ÖÃÄÅÓ
ÉÍ×ÏÒÌÀÝÉ ÉÓ ÐÒÏÂÒÀÌÖËÉ ÌÀÒÈÅÀ ÃÉÓÊÒÄÔÖË (ÝÉ×ÒÖË) ×ÏÒÌÀÛÉ. ÀÌ ÀáÀËÉ ÌÏßÚÏÁÉ-
ËÏÁÉÓ ÌÈÀÅÀÒÉ ÛÄÌÀÃÂÄÍÄËÉÀ ÌÉÊÒÏÐÒÏÝÄÓÏÒÄÁÉ, ÒÏÌÄËÈÀ ÐÒÏÄØÔÉÒÄÁÉÓÀ ÃÀ ÃÀÌÖ-
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ÝÉÀ, ÒÏÌÄËÉÝ ÓÀÛÖÀËÄÁÀÓ ÉÞËÄÅÀ Ö×ÒÏ ÙÒÌÀÃ ÃÀ ÆÖÓÔÀÃ ÀÙÅßÄÒÏÈ ÂÀÓÀÆÏÌÉ
ÏÁÉÄØÔÉ, ÒÀÈÀ ÀáÀËÉ ÌÉÊÒÏÐÒÏÝÄÓÏÒÖËÉ ÌÏßÚÏÁÉËÏÁÉÓÀ ÃÀ ÓÉÓÔÄÌÉÓ ÃÀÌÖÛÀÅÄÁÉÓ
ÐÒÏÝÄÓÛÉ ÂÀÈÅÀËÉÓßÉÍÄÁÖËÉ ÉØÍÀÓ ÚÅÄËÀÆÄ ÀÖÝÉËÄÁÄËÉ ÐÉÒÏÁÄÁÉ ÃÀ ÌÏÈáÏÅÍÄÁÉ.

ÀÍÀËÉÔÉÊÖÒÉ ÌÏßÚÏÁÉËÏÁÄÁÉÓÀ ÃÀ ÓÉÓÔÄÌÄÁÉÓ ÌÀÈÄÌÀÔÉÊÖÒÉ ÌÏÃÄËÉÒÄÁÉÓ ÓÀÊÉ-
ÈáÄÁÓ ÜÅÄÍÂÀÍ ÅÉáÉËÀÅÈ ÊÏÍÊÒÄÔÖËÉ ÌÀÂÀËÉÈÉÓ ÜÅÄÍÄÁÉÈ: ÄÓ ÀÒÉÓ ÓÀÓÌÄËÉ (ÃÀ
ÜÀÌÃÉÍÀÒÄ) ßÚËÉÓ ÐÀÒÀÌÄÔÒÄÁÉÓ ÂÀÓÀÆÏÌÉ ÀáÀËÉ ÌÏßÚÏÁÉËÏÁÄÁÉÓ ÃÀÌÖÛÀÅÄÁÀ.

ÜÅÄÍÓ ÌÉÄÒ ÛÄÌÖÛÀÅÄÁÖËÉÀ ÓÀÓÌÄËÉ ßÚËÉÓ ÐÀÒÀÌÄÔÒÄÁÉÓ ÂÀÌÆÏÌÉ ÀÍÀËÉÔÉÊÖÒÉ
ÌÏßÚÏÁÉËÏÁÉÓ ÛÄØÌÍÉÓ ÀËÂÏÒÉÈÌÉ, ÒÏÌÄËÛÉÝ ÂÀÈÅÀËÉÓßÉÍÄÁÖËÉÀ ÒÏÂÏÒÝ ÏÁÉÄØÔÉÓ
(ÓÀÓÌÄËÉ ßÚËÉÓ) ÌÀáÀÓÉÀÈÄÁÄËÉ ÍÉÛÀÍ-ÈÅÉÓÄÁÄÁÉ, ÀÓÄÅÄ ÂÀÌÆÏÌÉ ÔÄØÍÉÊÖÒÉ ÓÀÛÖÀËÄÁÄÁÉÓ
(ÌÉÊÒÏÐÒÏÝÄÓÏÒÖËÉ ÌÏßÚÏÁÉËÏÁÉÓ) ÓÀàÉÒÏ ÐÀÒÀÌÄÔÒÄÁÉ.
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S(2,D)-Equivalence Conditions of Control Points
of Dual Planar Bezier Curves

Muhsin Incesu, Osman Gürsoy
Department of Mathematics Education, Mus Alparslan University, Mus, Turkey

email: m.incesu@alparslan.edu.tr

Let D = {A = a+ εa∗ : a, a∗ ∈ R; ε2 = 0} be set of dual numbers and D2 = DxD
be the dual vector space. Then in this study we investigated the S(2, D)− equivalency
conditions of control points given in dual plane D2 in terms of results of the first funda-
mental theorem with similarity transformations’ group S(2, D) in dual plane. Finally the
similarity conditions of dual planar Bezier Curves are expressed.
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Boundary Value Problem of the Vallee–Poussin
for the Differential Equations Unsolved

with Respect to Highest Derivative
S. V. Israilov1, A. A. Sagitov2

1Chechen State Pedagogical University (Petrozavodsk State University), Grozny, Russia
2Chechen State University (Chgu), Grozny, Russia

email: segitov@mail.ru

For a differential equation

F (x, y, y′, . . . , y(n)) = 0, (1)

we consider the problem with the terms

y
(i−1)
(ak)

= 0, i = 1, . . . , τk, k = 0, 1, 2, . . . ,m+ 1, (2)
a = a0 < a1 < a2 < · · · < am < am+1 = b, τ0 + τ1 + · · ·+ τm+1 = n,

m ∈ {0, 1, . . . , n− 2}, τk ∈ {1, 2, . . . , n− 2} (k = 0, 1, . . . ,m− 1).

It is believed that the function F is continuous in all arguments and there exist continuous
partial derivatives ∂F

∂x
, ∂F

∂y(k)
, k = 0, 1, . . . , n, and ∂F

∂y(n) ̸= 0.
In place (1) take the differential equation

y(n+1) = −

n∑
i=1

∂F
∂y(i)

y(i) + ∂F
∂x

∂F
∂y(n)

= Φ(x, y, y′, . . . , yn), (3)

is equivalent to the integro-differential

y
(n)
(x) =

x∫
a

Φ(x, y, y′, . . . , y(n)) dt, (4)

with the condition y
(n)
(0) = 0. For (4) we study the task conditions (2) and proved the

theorem of existence and uniqueness of solution [1] with specific restrictions on the Φ,
F , ∂F

∂x
, ∂F

∂y(i)
, i = 1, . . . , n. The solution of the problem (2), (3) will be the solution of

equation (1).
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A Numerical Method for Solving Integral
Equations by Modified Hat Functions

Yousef Jafarzadeh
Sama Technical and Vocational Training College, Islamic Azad University,

Karaj Branch, Karaj, Iran
email: Mat2j@yahoo.com

In this paper, modified hat basis functions is proposed for solving system of linear and
nonlinear Fredholm integral equations of the second kind. This proposed method can be
applied to Voltra integral equations. We briefly describe some properties of Modified Hat
Functions. we indicate a new numerical method to solve the system of Fredholm integral
equations of the second kind The convergence rate of this method in the nodal points
is too high so, it also allows us to get approximate values at other points by another
methods based on interpolation. Numerical examples are given to illustrate the efficiency
and accuracy of the method.

Keywords: Integral equations, Modified hat functions, Fredholm system of integral
equation.

Error Analysis of Fuzzy Fredholm Integral
Equations by the Splines Interpolation

Yousef Jafarzadeh
Sama Technical and Vocational Training College, Islamic Azad University,

Karaj Branch, Karaj, Iran
email: Mat2j@yahoo.com

In this paper,a numerical procedure is proposed to solve the fuzzy linear Fredholm
integral equations of the second kind using splines interpolation. Error analysis is investi-
gated. Numerical examples of this approach have been shown advantages compared with
the Lagrange method.
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Keywords: Fredholm integral equations, fuzzy spline interpolation, Lagrange inter-
polation

Non-Classical Problems of Statics of
Linear Thermoelasticity of Microstretch Materials

with Microtemperatures
Aslan Jaghmaidze, Giorgi Karseladze, Guram Sadunishvili

Department of Mathematics, Georgian Technical University, Tbilisi, Georgia
emails: omari@gmail.com; gkarseladze@gmail.com; g.sadunishvili@mail.ru

In this paper considers the static case of the theory of linear thermoelasticity of mi-
crostretch materials with microtemperatures. The representation formulas derived in the
paper for a general solution of a homogeneous system of differential equations are ex-
pressed in terms of four harmonic and four metaharmonic functions. These formulas are
very helpful in solving a lot of particular problems for domains of concrete geometry. An
application of such a formula to a (III)+ and (IV)+ type boundary value problem for the
ball is demonstrated. Uniqueness theorems are proved. Explicit solutions are constructed
in the form of absolutely and uniformly convergent series.

A Condition of Existence of Neutral Surfaces
for the Shells Consisting of Binary Mixtures

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

Tbilisi, Georgia
email: roman.janjgava@gmail.com

In the present paper the shells consisting of binary mixtures are considered [1]. Based
on I. Vekua’s work [2], the question of existence of neutral surfaces in such shells is
studied. By neutral surface is called a surface which belongs to a shells but is not subject
to tensions and compressions by the deformation of the elastic body.

Acknowledgement. The designated project has been fulfilled by a financial support
of Shota Rustaveli National Science Foundation (Grant SRNSF/FR/358/5-109/14).



140 Abstracts of Participants’ Talks Batumi, September 5–9, 2016

References
[1] R. Janjgava, Derivation of a two-dimensional equation for shallow shells by means

of the method of I. Vekua in the case of linear theory of elastic mixtures. Differential
equations and their applications. J. Math. Sci. (N. Y.) 157 (2009), no. 1, 70–78.

[2] I. Vekua, Shell Theory: General Methods of Construction. Pitman Advanced Pub-
lishing Program, Boston-London-Melbourne, 1985.

Field of Stresses in Cylindrical Specimen
of the Rocks and Other Hard Materials

at Indirect Test of Tensile Strength
Levan Japaridze

Gr. Tsulukidze Mining Institute, Tbilisi, Georgia
email: levanjaparidze@yahoo.com

In this work is analyzed the fields of stresses in a cylindrical specimen of hard materials
in the indirect, so called Brazilian test.

Brazilian test, developed by Carneiro and Barcellos (1953), has found widespread
application because of its practical convenience. The International Society for Rock Me-
chanics (ISRM, 1988) officially suggested the indirect method for determining the tensile
strength of rock materials. The standard test method can be followed according to Amer-
ican Society for Testing and Materials (ASTM, 2008) for different kinds of anisotropy and
homogeneity of testing rocks, concretes, glass, and many other brittle and not quite brit-
tle materials (e.g. nuclear wastes (ASTM C1144-89, 2004), asphalt concrete etc.). The
European standard for testing the tensile strength of concrete specimens was approved
by the European Committee for Standardization (CEN 12390-6: 2000).

In the vast majority of different analytical and numerical solutions and improved
schemes of indirect test of tensile strength of materials, main attention of researchers is
placed on the tensile and compressive normal stresses, or deformations in the diametrical
section of disk specimen. As for the deviatoric shear stresses in the nearby off-diametrical
chordal sections, their role in the formation of cracks in the sample long has been seen
qualitatively, but they hardly was studied quantitatively, although, as is known, deviatoric
stress controls the distortion, and many of the criteria for failure are concerned with
distortion.

This study underlines this problem on the basic of the results of experimental and
analytic investigations and presents the quantitative assessment of principal normal and
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shearing stresses in diametrical as well as nearby chordal sections of a cylindrical specimen,
where they can reach critical intensity and create initial local tensile-shear cracks.

The contact width and pressure between loading jaws and cylindrical specimen, ob-
tained through solution of the contact problems, are used as boundary conditions. Ana-
lytic solutions are derived in two dimensional closed form, applying N. Muskhelishvili com-
plex potentials method. Numerical examples solved using computer program MATLAB.
The results are compared with those of an experimental study of mechanical behavior of
brittle, isotropic, homogenous rock materials.

About Reserved Systems with Repair and
Replacement Bodies

Revaz Kakubava1, Solomon Kurtanidze2, Grigol Sokhadze2,
1Georgian Technical University, Tbilisi, Georgia

2I. Javakhishvili Tbilisi State University, Tbilisi, Georgia
emails: r.kakubava@gmail.com; solokurtanidze@hotmail.com; grigol.sokhadze@tsu.ge

Reserved system with one repair and one replacement bodies is considered. General
task is raised and studied, particular cases are given.

Short Review of Scientific and Pedagogical
Activity of Merab Mikeladze

Murad Kalabegashvili
Agricultural University of Georgia, Tbilisi, Georgia

email: m.kalabegashvili@agruni.edu.ge

Merab Mikeladze first started to investigate anisotropic plastic shells on the basis
of Kirchhoff-Liav hypothesis and a rigid-plastic model. The way offered him gives the
chance to establish additional dependences between internal forces that it considerably
expands a circle of statically solvable tasks. On the basis of his version the rigid-plastic
model theorems of extreme balance for the shallow rotating shells and the stretched bent
circular plates were stated. The received model of anisotropic shells was developed for the
brittle-plastic shells, that gave him possibility to state a problem for the design of evenly
strong shells.
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Merab Mikeladze directed department of Applied Mechanics in the Mathematical In-
stitute from the moment of the basis of the department until the end of his life. Subject of
department were researches of elastic and elastoplastic thin plates and shells taking into
account piecewise changes of separate physical, geometrical and kinematic parameters.
Many non-classical problems of thin plates and shells were solved in the department.

In 1960–1982 Merab Mikeladze was a head of the Department of Construction Me-
chanics (Construction Mechanics Chair) at the Georgian Polytechnical Institute. In mod-
ernization and improvement of educational process the significant role was played by the
textbooks written by him in Georgian.

Blow up of Solutions of Nonlinear Wave
Equations with Positive Initial Energy

Varga Kalantarov
Department of Mathematics, Koç University, İstanbul, Turkey

email: vkalantarov@ku.edu.tr

We will discuss the problem of blow up of solutions with arbitrary positive initial en-
ergy of the Cauchy problem and initial boundary value problems for damped and strongly
damped nonlinear wave equation, damped Boussinesq equation and related systems of
equations. Recent results on blow up of solutions of initial boundary value problems for
generalized Korteweg de Vries equation and nonlinear Schrödinger equation will be also
discussed.

The Plane Problems of the Theory of Elasticity
for a Doubly-Connected Domain Bounded

by the Convex Polygons
Giorgi Kapanadze

I. Vekua Institute of Applied Mathematics & A. Razmadze Mathematical Institute
of I. Javakhishvili Tbilisi State University, Tbilisi, Georgia

email: kapanadze.49@mail.ru

In the present paper we consider a plane problem of elasticity for a doubly-connected
domain bounded by the convex polygons. The problem is solved by the methods of
conformal mappings and boundary value problems of analytic functions. The sought
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complex potentials are constructed effectively (in the analytical form). Estimates of the
obtained solutions are derived in the neighborhood of angular points.

Acknowledgment. The designated project has been fulfilled by a financial support
of Shota Rustaveli National Science Foundation (Grant SRNSF/FR/358/5-109/14).

The Approximate Solution of a Boundary
Value Problem by Grid Method

Using Sh. Mikeladze Formula
Liana Karalashvili

University of Georgia, Tbilisi, Georgia
email: liana.qaralashvili@yahoo.com

On the basis of the general formula of Sh. Mikeladze a difference scheme of Dirichlet
problem for the Poisson equation is received. This approach generates centrosymmetric
matrices of certain properties. The approximation and convergence order of the difference
scheme, which depends on the number of knots according to both variables, is established.

On Some Measurability Properties of Additive
Functions

Tamar Kasrashvili
Department of Mathematics, Georgian Technical University

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

email: tamarkasrashvili@yahoo.com

Let E be a ground set and let M be a class of measures on E (we assume, in general,
that the domains of measures from M are various σ-algebras of subsets of E).

We shall say that a real-valued function f is absolutely non-measurable with respect
to M if there exists no measure µ ∈M such that f is µ-measurable (about this definition
see [1], [2]).

It is well known that every additive function f which is not of the form

f(x) = k · x,
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for all x ∈ R, is nonmeasurable with respect to the Lebesgue measure.
The next statement is true, which is generalization of above-mentioned property from

a certain point of view.
Theorem. There exists additive function f : R → R such that:

(a) f is absolutely nonmeasurable with respect to the class of nonzero sigma-finite
diffused measures;

(b) f nonmeasurable with respect to every translation invariant measure on the real
line R, extending the Lebesgue measure.
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About a Safety Issue of Computer System
Nugzar Kereselidze, Beqa Toklikishvili

Mathematical and Computer Science Department, Sokhumi State University,
Tbilisi, Georgia

email: nkereselidze@sou.edu.ge; toklikishvili.beqa@mail.ru

The computer system included in a World Wide Web - the Internet, with a high
probability is exposed to attacks from malefactors. Therefore abilities and knowledge of
how to protect the computer system are extremely important.

In work the possibilities of protection a Host file which is most vulnerable in case of
attacks of hackers are considered. The software product for control of a correctness of
content a HOST file is offered. Efficiency of the offered protection method a HOST file is
compared to work known and popular ant viruses.
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About Blocking and Unblocking Websites
Nugzar Kereselidze, George Sanaia, Beqa Toklikishvili

Department of Mathematical and Computer Sciences, Sokhumi State University,
Tbilisi, Georgia

emails: nkereselidze@sou.edu.ge; giooosanaia@gmail.com; toklikishvili.beqa@mail.ru

Today the Internet resources in the educational process has become common prac-
tice. More and more schools and teacher training materials on a variety of the Internet
resources, such as for example: youtube; social network – facebook; free hosting ucoz,
hostinger and more.

In addition, some campuses are being blocked by the employees working time under
the pretext of misuse of the Internet resources. The restriction of access to resources
of students can not obtain the relevant knowledge. Therefore, it becomes necessary to
be able to block the removal of at least - the teacher, the students in order to pave the
necessary access to the resource. Here we encounter a problem, because the majority of
pupils and students are not aware of how resources are being blocked on the Internet and
how you can access them.

The report concerns the methods of blocking the Internet resources, and removing
their decision ways. Proposed as commonly practiced, as well as our own new methods
and programs.

ÀÒÀÓÀÊÖÈÒÉÅÉ ßÒ×ÄÄÁÉÓ ×ÏÊÖÓÄÁÉÓ ÛÄÓÀáÄÁ
áÖÈÂÀÍÆÏÌÉËÄÁÉÀÍ ÂÀ×ÀÒÈÏÄÁÖË ÄÅÊËÉÃÖÒ

ÓÉÅÒÝÄÛÉ
ÒÀÑÃÄÍ áÀÁÖÒÞÀÍÉÀ

ÀÊÀÊÉ ßÄÒÄÈËÉÓ ÓÀáÄËÌßÉ×Ï ÖÍÉÅÄÒÓÉÔÄÔÉ, ØÖÈÀÉÓÉ, ÓÀØÀÒÈÅÄËÏ

ÄË-×ÏÓÔÉÓ ÌÉÓÀÌÀÒÈÉ: Razhden.khaburdzania@atsu.edu.ge

áÖÈÂÀÍÆÏÌÉËÄÁÉÀÍÉ ÂÀ×ÀÒÈÏÄÁÖËÉ ÄÅÊËÉÃÖÒÉ ÓÉÅÒÝÄ ÌÉÉÙÄÁÀ áÖÈÂÀÍÆÏÌÉËÄÁÉÀÍÉ
ÄÅÊËÉÃÖÒÉ ÓÉÅÒÝÉÓ ÃÀ ÀÒÀÓÀÊÖÈÒÉÅÉ äÉÐÄÒÓÉÁÒÔÚÉÓ ÂÀÄÒÈÉÀÍÄÁÉÈ. ÀÌ ÖÊÀÍÀÓÊÍÄËÓ
ÀØÅÓ ÏÈáÂÀÍÆÏÌÉËÄÁÉÀÍÉ ÄËÉ×ÓÖÒÉ ÓÉÅÒÝÉÓ ÓÔÒÖØÔÖÒÀ. ÂÀ×ÀÒÈÏÄÁÖË ÓÉÅÒÝÄÛÉ
ÂÀÍÅÉáÉËÀÅÈ ÏÈáÂÀÍÆÏÌÉËÄÁÉÀÍ ÆÄÃÀÐÉÒÓ ÃÀ ÌÀÓÆÄ ßÉÒÈÀ ÛÄÖÙËÄÁÖË ÁÀÃÄÓ. ÆÄÃÀ-
ÐÉÒÓ ÌÉÅÖÄÒÈÄÁÈ ÌÏÞÒÀÅ ÒÄÐÄÒÓ. ÀÒÀÓÀÊÖÈÒÉÅ ÓÉÅÒÝÄÛÉ ÌÃÄÁÀÒÄ ÒÄÐÄÒÉÓ ßÅÄÒÏÄÁÉ
ÂÀÍÓÀÆÙÅÒÀÅÄÍ ÀÒÀÓÀÊÖÈÒÉÅ ßÒ×ÄÄÁÓ. ÛÄÅÉÓßÀÅËÉÈ ÀÌ ßÒ×ÄÄÁÆÄ ÌÃÄÁÀÒÄ ×ÏÊÖÓÄÁÉÓ
ÈÅÉÓÄÁÄÁÓ.
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Using Graphing Calculators in the Mathematics
Teaching Process

Marina Kharazishvili
Ilia State University, Tbilisi, Georgia

email: marina.kharazishvili@iliauni.edu.ge, kharaz777@gmail.com

Nowadays in many foreign countries a graphing calculator is widely used in the pro-
cesses of teaching and examination students. Moreover, during some exams in mathemat-
ics one of necessary requests is extensive usage of graphing calculators, because quite often
the contents of suggested tasks substantially need their application. In fact, a graphing
calculator is a handheld calculator that is capable for plotting graphs, solving diverse
systems of equations, and performing many other tasks with variables.

Graphing calculators are optimal tools of information technologies. Their technical
characteristics have many advantages, namely, calculators are of small size and weight,
are actually independent of powerful energy sources, are easy in usage, and do not need
any special software in the form of computer mathematical systems. Besides, for applica-
tions of graphing calculators a computer-equipped classroom is not necessary for practical
lessons and seminars.

As a long-term experience shows, students encounter essential difficulties when they
are concerned with functions and their graphs, with functional relations between dates
and variables, with solving polynomial and transcendental equations, etc. The implemen-
tation of graphing calculators in the above-mentioned process enables students to make a
visualization of the required results and to easily vary initial parameters of the suggested
tasks. This circumstance, in its turn, leads to an essential improvement of the effective-
ness of the studying process and its quality, by involving in it a lot of new tasks and the
methods of their solving.

On the Cauchy Integrals with the Weierstraß Kernel
Nino Khatiashvili

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

email: ninakhatia@gmail.com

We consider the integral of the type

W (z) =
1

2πi

∫
L0

ϕ(t)ζ(t− z)dt, (1)
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where L0 is a piece-wise smooth line, ζ is the Weierstraß zeta-function [1].The function
W (z) is the Cauchy type integral [2] and was investigated in [3, 4]. The integral (1)
has various applications in hydrodynamics [5, 6]. The inversion formula for the integral
equation W (t0) = f(t0), f ∈ H∗, t0 ∈ L0, was obtained in [7, 8].

Here is discussed the problem of existence of the solution of the class H∗ of the
nonlinear integral equation A[W (t0)] = ϕ(t0), t0 ∈ L0, where A is the nonlinear operator.

Keywords and phrases: Cauchy integrals, Weierstraß functions.
AMS subject classification: 45E05, 45G05.
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Optimal Forecasting for Risky Asset Price
Evolution in the Models Represented

by Gaussian Martingale
Zaza Khechinashvili

Department of Probability and Statistics, I. Javakhishvili Tbilisi State University,
Tbilisi, Georgia

email: khechinashvili@gmail.com

We have considered two models of risky asset price evolution in discrete time, which are
driven by Gaussian martingale. One of these schemes is characterized by so called disorder
moment, that is random moment in which distribution law change occurs. Properties
of both models are studied and optimal in mean square sense forecasting formulas are
obtained.

Topology of Stable Quadratic Mappings
into the Plane

Giorgi Khimshiashvili
Ilia State University, Tbilisi, Georgia

email: gogikhim@yahoo.com

We deal with the topological properties of pairs of real quadratic forms considered as
mappings into the plane. First, we present algebraic criteria of stability and properness
for such mappings in terms of minors of a certain explicitly constructed matrix. Next,
using these criteria we show that both stability and properness properties are fulfilled for
a dense open subset in the space of pairs of quadratic forms, and the same holds for re-
strictions of quadratic mappings to algebraic submanifolds of the source space. The latter
fact enables us to obtain some new results in an important special case of numerical range
of complex non-singular matrix considered as a mapping from an odd-dimensional sphere
into the plane. In particular, our results combined with the Whitney’s classification of sin-
gularities of stable mappings imply that, for a generic non-singular matrix, the numerical
range mapping has only singularities of the fold and cusp type. A natural and seemingly
unexplored problem is to find formulae for the number of such cusps for a concrete matrix
and obtain exact upper estimates for the number of cusps of all non-singular matrices
of fixed size N . We deal with this problem in a wider context of estimating topological
invariants of stable quadratic mappings not necessarily coinciding with a numerical range
mapping. Specifically, we concentrate on the calculation and estimation of the number
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of cusps of stable pairs of quadratic forms. Explicit formulae for the number of cusps are
given using the so-called signature formulae for topological invariants developed in our
previous papers. Moreover, we give a general upper estimate for the number of cusps and
show that it is exact for N = 2. The same estimate appears exact for numerical range of
complex non-singular (2× 2)-matrices.

Morse Functions on Concentric Configurations
of Points

Giorgi Khimshiashvili, Natia Sazandrishvili
Ilia State University, Tbilisi, Georgia

email: gogikhim@yahoo.com

We consider configurations of N points belonging to a system S of N concentric circles
in the plane under the assumption that each circle contains one of the given points.
The totality X(S) of such configurations is naturally identified with the N -dimensional
torus TN and we are concerned with the investigation of critical points of certain smooth
functions on X(S). Specifically, we are interested in the two functions P and A defined
as the perimeter and oriented area of configuration. Our main results can be formulated
as follows.
Theorem 1. For any system S of concentric circles functions P and A are Morse
functions on X(S).
Theorem 2. For each of these functions, the number of critical points can be calculated
as the signature of a certain algorithmically constructible quadratic form.
Theorem 3. Morse index of a critical configuration can be calculated from the combina-
torial structure induced on any of diameters of the outer circle.
Theorem 4. For each of these functions, the critical values can be calculated as the real
roots of a certain algorithmically constructible polynomial with real coefficients.

These results arose from certain conjectures suggested by general paradigms of critical
theory on configuration spaces developed by the first author. We will also present much
more detailed results for N = 3 and N = 4 obtained by the second author. Some
generalizations and related results will also be outlined.
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On the Strong Summability of Fourier-Laplace Series
Vladimir Khocholava

Department of Mathematics, Georgian Technical University, Tbilisi, Georgia
email: lado54@mail.ru

Let Rk be a k-dimensional Euclidean space and let Sk−1 = {x : x ∈ Rk; |x| = 1} be
the unit sphere.

If f ∈ L(Sk−1), k ≥ 3, then the series S(f ;x) =
∞∑
n=0

Y λ
n (f ;x) is called the Fourier–

Laplace series of f , where Y λ
n (f ;x) is a hyperspherical harmonic of f of order n, λ = k−2

2

is a critical exponent.
The Cesàro (C, α)-means of the series S(f ;x) are defined as follows

σλ,α
n (f ;x) =

1

Aα
n

n∑
m=0

Aα−1
n−mS

λ
m(f ;x),

where Sλ
m(f ;x) is a partial sum of the series S(f ;x).

A Fourier–Laplase series is (H, q, α)-strong summability in the point x if following
assertion is valid:

lim
n→∞

1

n+ 1

n∑
m=0

|σλ,α
m (f ;x)− f(x)|q = 0.

Let f ∈ Lp(S
k). We call that the point x ∈ Sk is a Dp-point of f if

lim
h→0

1

h2λp+1

∫ h

0

∣∣∣∣ ∫
(x,y)=cos γ

[f(y)− f(x)]dSk−1(y)

∣∣∣∣pdγ = 0.

We call that the point x ∈ Sk is a D∗
p-point of f if points x and x∗ are Dp-points,

where x∗ is diametrically opposite point of x.
Theorem. If f ∈ Lp(S

k), p > 1, then Fourier–Laplase series is (H, q, α)-strong summa-
bility for each D∗

p-point, where 1
p
+ 1

q
= 1 and α > λ− 1

q
.
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Determination of the Parameters of Refracted
Wave Stress in the Rock

S. Khomeriki, D. Khomeriki, G. Shatberashvili, E. Mataradze,
M. Losaberidze

LEPL Grigol Tsulukidze Mining Institute, Tbilisi, Georgia
email: marinalosaberidze@rambler.ru

For preservation of natural structure of facing stone blocks, mined by explosion tech-
nologies, the most efficient decision is attained by the transfer from the stone quasi-static
load to the dynamic one by means of the linear charge of the explosive which detonate
by rate of (7-7,5) km hour-1 and are characterized by very small critical diameter or
by the use of original construction of mean-power external charges, which transfer the
explosion impulse to the rock by means of the blast-hole filling water column. In any
case when the shock wave reaches the interface of two media (in this case, the blast-hole
wall), then its reflection and refraction takes place. For determination of the parameters
of the refracted wave at the rock dynamic load by means of the equations, describing its
state, the equations set is derived on the basis of hydrodynamic main equations, of the
laws of momentum and mass conservation, which yields the parameters of the refracted
wave when the angle of incidence, α = 0◦. The analytical expressions were derived for the
parameters of the refracted wave by means of the prefrontal parameters of undisturbed
part of the body when α varies in the range from 0◦ to 90◦. The equations are readily
solved if the elastic characteristics of exploded rock are known.

The work was financed by Shota Rustaveli National Science Fundation (Grant Project
NFR/171/3-180-14).

On the MADM Problem Based on TOPSIS
with Triangular Hesitant Information

Irina Khutsishvili
Department of Computer Sciences, I. Javakhishvili Tbilisi State University,

Tbilisi, Georgia
email: irina.khutsishvili@tsu.ge

The present work proposes an evaluation methodology for multi-attribute decision-
making (MADM) problem based on the TOPSIS (Technique for Order Performance by
Similarity to Ideal Solution) method in fuzzy environment. In proposed approach both
the values and weights of the attributes take the form of triangular fuzzy numbers, given
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by all decision makers. For the processing of the triangular hesitant information the
triangular hesitant fuzzy TOPSIS is developed. The ranking of alternatives is made in
accordance with the proximity of their distance to the fuzzy positive-ideal and fuzzy
negative-ideal solutions. In this work the hesitant weighted Hamming distance is used.
The report provides an example clearly illustrating the process of decision-making based
on the proposed methodology.

Keywords: Multiple-attribute decision-making, fuzzy TOPSIS approach, hesitant
fuzzyset, triangular fuzzy number.

About Application of Data Mining Methods Teaching
Research Methods for Managements Faculties

Aben Khvoles
Bar Ilan University, Ramat Gan, Israel

email: abenkh@gmail.com

In the report I will tell how to use Data Mining methods during teaching research
methods for management and finance

Analysis of Rotating Circular Ring Disk
with a Constant Thickness with Rigidly Fixed

Internal Circuits
G. Kipiani1, D. Jankarashvili2, A. Tabatadze2

1The Georgian Aviation University, Tbilisi, Georgia
2Georgian Technical University, Tbilisi, Georgia

email: gelakip@gmail.com

Dynamic studies of modern high-speed electro-mechanical actuators are interfaced
with the following view of the elastic properties of mechanical transmission elements,
which, in turn, requires further improvement of methods and technologies related to
the optimization of parametric and structural synthesis of the systems studied. This
article discusses the methodological approaches and original mathematical relationships,
to further improve the dynamic synthesis methods of drive systems with elastic ties to
the mechanical parts. Bending elastic circular disk in the centrifugal force field reduces to
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the solution of two differential equations with variable coefficients. The solution of these
equations is more convenient to carry out by the method proposed by M.Sh. Mikeladze.
Rotary disc rigidly fixed in the centrifugal force field leads to two differential equations
with variable coefficients. These differential equations are reduced to a single integral
equation of Volterra type of the second kind proposed by M.Sh. Mikeladze. Numerical
analysis revealed that the limiting ratio between the angular speed of the disc and the
intensity of a load stage in view of the elastic tensile centrifugal forces and without them
is within 2.42.

Plate’s Optimization in As ircrafts
Gela Kipiani1, Akaki Paresishvili2, Nino Chorkhauli3

1Georgian Aviation University, Tbilisi, Georgia
email: gelakip@gmail.com

2Georgian Technical University, Tbilisi, Georgia
email: akakifaresishvili@yahoo.com

3Georgian Technical University, Tbilisi, Georgia

The optimization of structures, in particular, arrangement of reinforcing elements
(edges) and distribution of material between this ribs and the plate is not less important
than the estimation of their reliability.

The optimization problem is extremely important in such structures as aircrafts, whose
weight reduction with maintaining the reliability is very important.

In the present paper for structurally orthotropic plates are considered the discrete as
well as the continual schemes. Studies have been carried out on the basis of the theory
of nonlinear buckling that takes into account the interaction between general buckling
of plate edges and local buckling. The results of the experimental research of reinforced
plates are also presented.
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Stability of Thin-Walled Spatial Systems
with Discontinuous Parameters

Gela Kipiani1, Lery Zambakhidze2, Giorgi Rekhviashvi3
1Georgian Aviation University, Tbilisi, Georgia

email: gelakip@gmail.com
2Georgian Technical University, Tbilisi, Georgia

email: leri.zamba@mail.ru
3Georgian Technical University, Tbilisi, Georgia

email: malnikol@rambler.ru

In the paper in the method of calculation of plates and shells with holes and cuts
under conditions of linear and nonlinear deformation that gives the possibility to define
with same accuracy stresses and moments in the continual area, as well as in the adjacent
of cut edges and vertices areas, is proposed.

The obtained formulas for calculation of shells having ribs and cuts give the possibility
to describe the change of singularities of all components of mode of deformation in adjacent
of the violation of regularity to reflect in loading process changes and re-distribution of
the stresses and moments.

A simplified version of solution is developed and investigated.

On a Classification of Sets and Functions from
the Point of View of Their Measurability

Aleks Kirtadze
Department of Mathematics, Georgian Technical University, Tbilisi, Georgia

email: kirtadze2@yahoo.com

It is natural, instead of the question of investigating the measurability of sets and
functions with respect to a concrete measure µ on ground set E, to turn attention to
the more general question of investigating the measurability of sets and functions with
respect to a given class M of sigma-finite measures on E.

This approach seems to be a natural and helpful generalization of the classical defini-
tion of the measurability of real-valued functions and sets with respect to a fixed single
measure µ on E. According to this general approach, if M is a given class of σ-finite
measures on E, then all real-valued functions f defined on E can be of the following three
categories:
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– absolutely non-measurable functions with respect to M (i.e., all those functions f
which are not measurable with respect to every measure from M);

– relatively measurable functions with respect to M (i.e., all those functions f for
which there exists at least one measure µ from M (certainly, depending on f) such that
f turns out to be µ-measurable);

– absolutely (or universally) measurable functions with respect to M (i.e., all those
functions f which are measurable with respect to any measure from M).

About of this approach be found [1], [2].
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Fundamental Inequalities for Trigonometric
Polynomials in New Function Spaces

and Applications
Vakhtang Kokilashvili1,2, Tsira Tsanava3

1A. Razmadze Mathematical Institute of I. Javakhishvili Tbilisi State University, Tbilisi,
Georgia

2International Black Sea University, Tbilisi, Georgia
3Georgian Technical University, Tbilisi, Georgia

emails: kokil@rmi.ge; tsanava@rmi.ge

Our talk deals with the fundamental inequalities for single variable trigonometric
polynomilas in new function spaces (variable exponent Morrey, weighted grand Morrey
spaces, etc.) and their applications to the trigonometric approximation in appropriate
vanishing new function spaces.
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Adaptive Forecasting With Alternative Techniques
Tea Kordzadze1, Nino Gogoladze1, Petro I. Bidyuk2

1Department of Mathematics, Akaki Tsereteli State University, Kutaisi, Georgia
2Institute for Applied System Analysis, National Technical University of Ukraine “Kyiv

Polytechnic Institute”, Kyiv, Ukraine
emails: tea_kordzadze@yahoo.com; gogoladze.nino73@mail.ru; pbidyuke_00@ukr.net

Today there exists a growing necessity for development of modern decision support sys-
tems (DSS) that would help decision makers (DM) in processing statistical/experimental
data and expert estimates, adequate model constructing, estimating of quality forecasts
for a given horizon and generating decision alternatives on the basis of the forecasts
generated. Appropriately developed DSS provides wide possibilities for adequate mod-
els development and computing high quality forecasts with the most different techniques
and combine the estimates generated by different methods. Another important task that
could be performed is system identification and taking into consideration possible proba-
bilistic and level uncertainties that usually create difficulties with mathematical modeling
of selected processes and computing forecasts as well as generating alternative decisions
[1, 2].

Modern DSS are complex multifunctional computing systems with architecture of
hierarchical type. Define DSS formally as follows:

DSS = {DKB, PDP, DT, SE, PE, FG, DQ, MQ, FQ, AQ},

where DKB - data and knowledge base; PDP - a set of procedures for preliminary data
processing; DT - a set of statistical tests for determining possible effects contained in
data; SE - a set of procedures for estimation of mathematical model structure; PE -
a set of procedures for estimation of mathematical model parameters; FG - forecasts
generating procedures; DQ, MQ, FQ, AQ the sets of statistical quality criteria for
estimating quality of data, models, forecasts, and alternatives, accordingly.

The DSS proposed has an architecture consisting of the following elements: the lan-
guage subsystem, the main processing unit that performs all necessary computations, data
and knowledge base (DKB), and subsystem visualizing intermediate and final results of
computing [2]. One of the possibility for solving the short-term forecasting problem in ran-
dom environment provide for such methods as various Kalman filtering techniques, hierar-
chical (in parameters) models, nonparametric and Bayesian regression, modern immune
and genetic algorithms based methodology. Very promising results could be achieved
with combined application of regression analysis techniques and modern intellectual data
analysis approaches.
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Cofinitely E-Supplemented Modules
Berna Koşar, Celil Nebiyev

Department of Mathematics, Ondokuz Mayıs University, 55270
Kurupelit–Atakum/Samsun/Türki̇ye-Turkey

emails: bernak@omu.edu.tr; cnebiyev@omu.edu.tr

In this work, cofinitely e-supplemented modules are defined and some properties of
these modules are investigated. It is proved that any sum of cofinitely e-supplemented
modules is cofinitely e-supplemented. It is also proved that every factor module and every
homomorphic image of a cofinitely e-supplemented module are cofinitely e-supplemented.

Key words: Cofinite Submodules, Essential Submodules, Small Submodules, Sup-
plemented Modules.

Results
Definition 1. Let M be an R-module. If every cofinite essential submodule of M has a
supplement in M , then M is called a cofinitely e-supplemented module.
Proposition 2. Let M be a cofinitely e-supplemented module. Then M/RadM have no
proper cofinite essential submodules.
Lemma 3. Any sum of cofinitely e-supplemented modules is cofinitely e-supplemented.
Lemma 4. Every factor module a cofinitely e-supplemented module is cofinitely e-
supplemented.
Corollary 5. Every homomorphic image of a cofinitely e-supplemented module is cofinitely
e-supplemented.
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Proposition 6. Let R be a ring. Then RR is e-supplemented if and only if every R-module
is cofinitely e-supplemented.
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Unconditional Convergence of Random Series
Vakhtang Kvaratskhelia

N. Muskhelishvili Institute of Computational Mathematics of the Georgian Technical
University;

Sokhumi State University, Tbilisi, Georgia
email: v_kvaratskhelia@yahoo.com

Let X be a real Banach space, (Ω,A, P ) – be a probability space. By a random
element with values in X we mean a separably valued Borel measurable mapping Ω to
X. Let (ξk)∞k=1 be e sequence of random elements with values in X.

Definition. A random series
∞∑
k=1

ξk is called a.s. unconditionally convergent in X, if there

exists a set Ω0 ∈ A of full probability (P (Ω0) = 1), such that the series
∞∑
k=1

ξk(ω) converges

unconditionally in the norm topology of X for any ω ∈ Ω0. (i.e. for every permutation π
of the integers the series

∞∑
k=1

ξπ(k)(ω) is convergent for all ω ∈ Ω0).

It is easy to see that under the proposed definition the equivalence between a.s. uncon-
ditional and absolute convergence of random series in the finite dimensional case remains
valid, but for the infinite dimensional case according to the well-known Dvoretzky-Rogers
theorem this is not true.
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It is clear that if the series
∞∑
k=1

ξk converges a.s. unconditionally then every its per-
mutation is a.s. convergent as well. The converse assertion is not true even in the one
dimensional case, because the a.s. unconditionally convergence of all permutations does
not provide the existence of a set of convergence with full probability. The corresponding
example is the series

∞∑
k=1

1
k
εk, where (εk)∞k=1 is a sequence of independent random variables

with distribution P [εk = −1] = P [εk = 1] = 1
2
, k = 1, 2, . . .. It is obvious, that every

permutation of the series
∞∑
k=1

1
k
εk is a.s. convergent since

∞∑
k=1

1
k2
<∞, at the same time

this series is not a.s. unconditionally (absolutely) convergent since
∞∑
k=1

∣∣ 1
k
εk
∣∣ = ∞∑

k=1

1
k
= ∞.

The presentation is mainly based on the results of the paper [1]. Here the a.s. uncon-
ditionally convergent random series are investigated. The connection of the a.s. uncon-
ditionally convergence with the geometry of spaces is established as well.
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On Statistical Estimation of Coefficients of the
Ornstein–Uhlenbeck Processes

Levan Labadze
Department of Mathematics, Georgian Technical University, Tbilisi, Georgia

email: levanlabadze@yahoo.com

We consider stochastic differential equation in Hilbert space of Ornstein–Uhlenbeck
type. For estimation of the coefficients of drift and volatility we use the method of
maximal likelihood estimation and minimum of second moment method. Consistency
and asymptotic normality are proved.
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Numerical Modeling of Fires in the Road Tunnels
and Dynamic of Distribution of Damaging Factors

O. Lanchava1,2, G. Nozadze2

1Georgian Technical University, Tbilisi, Georgia
2Gr. Tsulukidze Mining Institute, Tbilisi, Georgia

emails: o.lanchava@yahoo.com; g_nozadze@yahoo.com

The article discusses fire security issues in road tunnels with the longitudinal ven-
tilation system. Heat Release Rate of fire is 5 – 30 Mw., as it’s required by normative
documents of European Union.

In present paper the dynamic of spreading of fire damage factors (temperature, con-
centrations of toxic gases, visibility) for different boundary condition of ventilation system
was studied. In this case, we have considered the quickly flammable fuel fire,that quickly
take maximal value of HRR.

Modeling has been fulfilled by software Pyrosim 2015, which was based on FDS
method. This software gave possibility to calculate characteristic values for damage fac-
tors of fire and obtain 3 D dynamic map of distribution for each factor in the tunnel.

The analysis of calculations give possibility, for scenarios programming of the devel-
opment of specific fire hazards, calculate the spatial and time scale of spread of damage
factors, which gives the possibility to define the critical time of evacuation of people from
each factors, which is necessary for right planning of effective rescue service.

This work was supported by Shota Rustaveli National Science Foundation of Georgia
AR/61/3-102/13.
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Strong Coupling Constant from τ Decay
Badri Magradze

Department of �heoretical Physics, A. Razmadze Mathematical Institute of
I. Javakhishvili Tbilisi State University, Tbilisi, Georgia

email: magr@rmi.ge

We extract numerical value for the strong coupling constant αs from final ALEPH(2013)
τ -lepton decay data on vector non-strange spectral function. The distinguished feature of
our procedure is that we employ the global quark-hadron duality in the limited interval
of the energy squared variable sc < s < m2

τ ,
√
sc ≫ ΛQCD, where sc is the onset of the

perturbative QCD continuum and ΛQCD denotes the QCD scale. On this duality interval,
we write Finite Energy Sum Rules (FESRs) taking standard “spectral weights” wk,l(s)
(k, l = 0, 1 . . .) determining spectral moments of the invariant mass distribution [1]. The
non-perturbative contributions from the QCD condensates are ignored. These sum rules
are used together with the chirality constraint, the sum rule that follows from the absence
of the dimension d = 2 operator in the chiral correlator. We have performed several
determinations of the strong coupling constant αs and the duality point sc combining
different wk,l based FESRs with the chirality sum rule. The error analysis is performed
using covariance matrixes provided by ALEPH. The numerical values for the parameters
obtained from different determinations are found to be consistent among themselves. Us-
ing the FESR with the kinematic weight, w0,0, we obtain (in the MS scheme at N3LO)
the following values: αs(m

2
τ ) = 0.322 ± 0.011exp . (sc = 1.69 ± 0.03 GeV2) using Contour

Improved Perturbation Theory and αs(m
2
τ ) = 0.298 ± 0.012exp. (sc = 1.69 ± 0.03 GeV2)

using fixed order perturbation theory.

References
[1] F. Le Diberder and A. Pich, Testing QCD with τ decays.s Phys. Lett. B 289

(1992), 165–175.
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Description of Income and Substation Effect by
Using Slutsky Identity

Dali Magrakvelidze
Department of Computing Mathematics, Georgian Technical University, Tbilisi, Georgia

email: dali.magraqvelidze@gmail.com

The income effect ∆x′n is a process of changing demand on goods 1, when changing
amount of income fromm′ tom and living the price p′1 of goods 1 intact∆xn1 = x1(p

′
1,m)−

x1(p
′
1,m

′).
The overall change of demand ∆x1 is a price change related to the change of demand

while income is the same ∆x1 = x1(p
′
1,m) − x1(p1,m). It can be written also as ∆x1 =

∆xs1 +∆xn1 .

x1(p
′,m)− x1(p1,m) =

[
x1(p

′
1,m

′)− x1(p1,m)
]
+
[
x1(p

′
1,m)− x1(p

′
1,m

′)
]
.

This equality shows, that total change of demand equals to the sum of substitution
effect and income effect. This equality is called Slutsky identity [1].

When we are presenting Slutsky identity using relatively changes, it turns out that it
is convenient to define ∆xm1 as a reciprocal number of a income effect:

∆xm1 = x1(p
′
1,m)− x1(p

′
1,m) = −∆xn1

If we use this definition, the identity of Slutsky will look as: ∆x1 = ∆xs1 −∆xm1 .
If we divide both sides by ∆p1, we obtain:

∆x1
∆p1

=
∆xs1
∆p1

− ∆xm1
∆p1

or
∆x1
∆p1

=
∆xs1
∆p1

− ∆xm1
∆m

x1

this is identity of Slutsky expressed in terms of relatively changes.
It is possible to express Slutsky‘s identity by using differentials. Let x1(p1,m(p1)) be

demand function on goods 1, when the price of goods 2 is fixed and we know that income
is depending on goods 1‘s price in such way: m(p1) = p1ω1 + p2ω2. Then we will have:

dx(p1,m(p1))

dp1
=
∂x1(p1,m)

∂p1
+
∂x1(p1,m)

∂m

dm(p1)

dp
,

∂m(p1)

∂p1
= ω1. (1)
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We know from Slutsky equation how demand is changing due to price changes, when
cash income is fixed.

∂x1(p1,m)

∂p1
=
∂xs1(p1)

∂p1
− ∂x(p1,m)

∂m
x1. (2)

After substituting equation (1) into (2) we will obtain:

∂x1(p1,m)

∂p1
=
∂xs1(p1)

∂p1
+
∂x(p1,m)

∂m
(ω1 − x1).

This is a suitable Slutsky’s identity.

References
[1] H. R. Varian, Intermediate microeconomics. A Modern Approach, IW. W. Norton

and Comp., Inc, 1993.

Bernoulli Type Time Series
Nino Makatsaria

Department of Mathematics, Georgian Technical University, Tbilisi, Georgia
email: nini_makatsaria@yahoo.com

The sequence of random values is considered. The distribution of this data is un-
known. A method of construct the estimation of the distribution is given. Corresponding
asymptotical theorems are proved. Simulation results are given.
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The Analysis of Hydrodynamic and Mechanical
Processes Impact on Pressure Pipeline Durability

and Exploitation Reliability During Hydro
Aero-Mixtures Motion with Abrasive Solid

and Loose Admixtures in It
Leon Makharadze

LEPL Grigol Tsulukidze Mining Institute, Tbilisi, Georgia
email: lmakharadze@rambler.ru

Today total length of worldwide hydrotransporting system pipelines is up to several
thousand kilometers. These systems are used not only for one-phase liquid transportation,
but also for multi-phase hydro mixtures as well, which is the cause of the difficulties
in pipeline processes due to exploitation specific conditions. The condition of pipeline
internal surface and accordingly the strength of pipeline depend on their development
a lot, which also means its durability and reliability. Many theoretical researches and
also practical experiments are done by G. Tsulukidze Institute about hydrodynamical
processes and hydroabrasive wear, foreseeing all characteristics of analogical systems.
Namely, these processes definitely impact on the pipeline durability and exploitation
reliability, because during exploitation intensive wear of pipeline walls take place. During
hydrodynamical processes permanent changes of loading ranges on pipeline walls causes
their structural damage. All these have negative impact on pipeline reliability, accordingly
on its durability and generally on system exploitation safety. Therefore, the present talk
is devoted to reviews and analyses of the research results concerning above mentioned
processes.

Homotopy Groups of Infinite Wedge
Leonard Mdzinarishvili

Georgian Technical University, Tbilisi, Georgia
email: l.mdzinarishvili@gtu.ge

In 1959 S. T. Hu for X ∨ Y wedge sum of pointed spaces (X, x0) and (Y, y0) proved
that for n ≥ 2 there is an isomorphism

πn(X,∨Y, u0) ≈ πn(X, x0)⊕ πn(Y, y0)⊕ πn+1(X × Y,X ∨ Y, u0), (1)

where u0 = (x0, y0).
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C. J. Knight in 1963 defined the weak product LYω of pointed topological spaces
(Yω, y

0
ω), ω ∈ Ω, and proved that for n ≥ 2 there is an isomorphism

πn(LYω, y
0) ≈

∑
πn(Yω, y

0
ω),

where y0 is a base point of LYω.
In the present work we consider an infinite wedge ∨Yω, ω ∈ Ω, of pointed spaces

(Yω, y
0
ω) and prove that for n ≥ 2 there is an isomorphism

πn(∨Yω, y0) ≈
∑
ω∈Ω

πn(Yω, y
0
ω)⊕ πn+1(LYω,∨Yω, y0).

In particular, if Ω is a finite set, then there is an isomorphism (1).

On the Forced Vibration of the Bi-Material Elastic
System Consisting of the Hollow Cylinder

and Surrounding Elastic Medium
Mahir Aligulu Mehdiyev1,2, Surkay Akbarov1,3

1Institute Mathematics and Mechanics of NAS Azerbaijan, Baku, Azerbaijan
2Azerbaijan State Economics University, Dept. Mathematics, Baku, Azerbaijan

3Yildiz Technical University, Dept. Mechanical Eng., Istanbul, Turkey

Mathematical modelling of the problems related to the study of dynamics of tunnels
and similar type constructions in many cases can be reduced to the study of the forced vi-
bration of the bi-material elastic system consisting of the hollow cylinder and surrounding
elastic medium. As an example for such modelling and study, in the present paper the
forced vibration of the aforementioned system caused by the radial time-harmonic forces
which act on the internal surface of the cylinder is considered. It is assumed that the
forces are point-located with respect to the central axis of the cylinder and the axisym-
metric problem is analyzed, according to which, the following field equations are satisfied
within the framework of the volume of each constituents of the system.

∂σ
(k)
rr

∂r
+
∂σ

(k)
rz

∂z
+

1

r
(σ(k)

rr − σ
(k)
θθ ) = ρ(k)

∂2u
(k)
r

∂t2
,

∂σ
(k)
rz

∂r
+

1

r
σ(k)
rz = ρ(k)

∂2u
(k)
z

∂t2
,

σ
(k)
ii = λ(k)(ε(k)rr + ε

(k)
θθ + ε(k)zz ) + 2µ(k)ε

(k)
ii , ii = rr, θθ, zz; σ(k)

rz = 2µ(k)ε(k)rz ,

ε(k)rr =
∂u

(k)
r

∂r
, ε

(k)
θθ =

u
(k)
r

r
, ε(k)zz =

∂u
(k)
z

∂z
, ε(k)rz =

1

2

(
∂u

(k)
z

∂r
+
∂u

(k)
r

∂z

)
.

(1)
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In (1) a conventional notation is used and the case where k = 1 (k = 2) relate to the
surrounding media (cylinder). Note that before writing the equations in (1) we introduce
the cylindrical system of coordinates associated with the central axis of the cylinder.
Assuming that the cylinder (surrounding media) occupies the region R − h < r < R
(R < r < ∞) under −∞ < z < +∞ the corresponding perfect contact conditions on the
surface r = R and the following boundary conditions on the surface r = R− h are added
to equations in (1):

σ(2)
rr = −P0e

iωtδ(z), σ(2)
rz = 0 at r = R− h. (2)

The foregoing mathematical problem is solved analytically by employing the Fourier trans-
formation with respect to z and using the corresponding algorithm developed in [1] the
originals of the sought values are found numerically. Numerical results on the frequency
response of the normal and shear stresses acting on the interface surface between the
constituents are presented and discussed.

References
[1] S. D. Akbarov, Dynamics of Pre-Strained Bi-Material Elastic Systems. Linearized

three-dimensional approach. Springer, Cham, 2015.

Some Algorithms of Solving the Systems of
Nonlinear Algebraic Equations on

Parallel Computing Systems
Hamlet Meladze1, Tinatin Davitashvili2

1St. Andrew the First Called Georgian University, Tbilisi, Georgia
2I. Javakhishvili Tbilisi State University, Tbilisi, Georgia

emails: h−meladze@hotmail.com; tinatin.davitashvili@tsu.ge

Nowadays the use of computing systems with parallel processing of information for
numerical modeling of applied complex problems is a perspective direction. The systems
of the nonlinear algebraic equations are arising in the course of solution of many ap-
plied problems and a scope of application of numerical methods of nonlinear algebra is
rather wide, for example, the intermediate and final stages of the solution of practical
problems, described by nonlinear differential and integral equations. They can also arise,
as intermediate stages in problems of minimization or approximation of functions. The
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solving of such systems is one of complex problems in computational mathematics and it
demands, as a rule, essential computing resources. One of the ways to reduce the time of
the solution of such tasks is to use parallel calculations on the computing systems with
multiprocessors.

In the present work the iterative algorithm for solving the systems of nonlinear alge-
braic equations is constructed, taking into account the features of parallel calculations.
Speed of convergence of the offered iterative method is estimated.

×ÖÍØÝÉÉÓ ÌÍÉÛÅÍÄËÏÁÀÈÀ ÓÉÌÒÀÅËÉÓ ÓßÀÅËÄÁÀÓÈÀÍ
ÃÀÊÀÅÛÉÒÄÁÖËÉ ÓÀÊÉÈáÄÁÉ

ÒÖÓÖÃÀÍ ÌÄÓáÉÀ

ÉÅÀÍÄ ãÀÅÀáÉÛÅÉËÉÓ ÓÀáÄËÏÁÉÓ ÈÁÉËÉÓÉÓ ÓÀáÄËÌßÉ×Ï ÖÍÉÅÄÒÓÉÔÄÔÉ,
ÈÁÉËÉÓÉ, ÓÀØÀÒÈÅÄËÏ

ÄË-×ÏÓÔÉÓ ÌÉÓÀÌÀÒÈÉ: rusudan.meskhia@tsu.ge

×ÖÍØÝÉÉÓ ÝÍÄÁÉÓÀ ÃÀ ÈÅÉÓÄÁÄÁÉÓ ÛÄÓßÀÅËÀÓ ÌÀÈÄÌÀÔÉÊÉÓ ÓÀÓÊÏËÏ ÊÖÒÓÛÉ ÌÍÉÛÅÍÄ-
ËÏÅÀÍÉ ÀÃÂÉËÉ ÀØÅÓ ÃÀÈÌÏÁÉËÉ.

Å×ÉØÒÏÁÈ, ×ÖÍØÝÉÉÓ ÌÍÉÛÅÍÄËÏÁÀÈÀ ÓÉÌÒÀÅËÉÓ ÃÀÃÂÄÍÉÓ ÓáÅÀÃÀÓáÅÀ ÌÄÈÏÃÄÁÓ
ÓÀÈÀÍÀÃÏ ÚÖÒÀÃÙÄÁÀ ÖÍÃÀ ÃÀÄÈÌÏÓ ÃÀ ÀÌ ÈÄÌÀÔÉÊÉÃÀÍ ÌÄÔÉ ÓÀÅÀÒãÉÛÏÄÁÉÓ ÂÀÍáÉËÅÀÀ
ÓÀàÉÒÏ. ÖÌãÏÁÄÓÉÀ, ÄÓ ÓÀÊÉÈáÉ ÌÀÙÀË ÊËÀÓÄÁÛÉ ÓÉÓÔÄÌÖÒÉ ÓÀáÉÈ ÉÓßÀÅËÄÁÏÃÄÓ.

ßÀÒÌÏÃÂÄÍÉËÉ ÉØÍÄÁÀ ×ÖÍØÝÉÉÓ ÌÍÉÛÅÍÄËÏÁÀÈÀ ÓÉÌÒÀÅËÉÓ ÐÏÅÍÉÓ ÓáÅÀÃÀÓáÅÀ áÄÒáÄ-
ÁÉ ÃÀ ÌÏÅÉÚÅÀÍÈ ÌÀÂÀËÉÈÄÁÓ, ÓÀÃÀÝ ×ÖÍØÝÉÉÓ ÌÍÉÛÅÍÄËÏÁÀÈÀ ÓÉÌÒÀÅËÄ ÂÀÌÏÉÚÄÍÄÁÀ
ÂÀÍÔÏËÄÁÄÁÉÓÀ ÃÀ ÖÔÏËÏÁÄÁÉÓ ÀÌÏáÓÍÀÛÉ.

ÓÀÓÄÒÔÉ×ÉÊÀÝÉÏ ÂÀÌÏÝÃÄÁÆÄ ÌÀÓßÀÅËÄÁËÄÁÓ ÌÏÄÈáÏÅÄÁÀÈ ÃÉ×ÄÒÄÍÝÉÀËÖÒÉ ÃÀ ÉÍ-
ÔÄÂÒÀËÖÒÉ ÀÙÒÉÝáÅÉÓ ÄËÄÌÄÍÔÄÁÉÓ ÝÏÃÍÀ, ÀÌÉÔÏÌ ÓáÅÀ ÌÄÈÏÃÄÁÈÀÍ ÄÒÈÀÃ ÂÀÍÅÉáÉ-
ËÀÅÈ ßÀÒÌÏÄÁÖËÉÓ ÂÀÌÏÚÄÍÄÁÉÈ ×ÖÍØÝÉÉÓ ÌÍÉÛÅÍÄËÏÁÀÈÀ ÓÉÌÒÀÅËÉÓ ÐÏÅÍÉÓ ÌÀÂÀËÉ-
ÈÄÁÓ.
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Solution of the Non-classical Problems of Statics of
Two-Component Elastic Mixtures for a Half-Space

David Metreveli, David Burchuladze
Department of Mathematics, Georgian Technical University, Tbilisi, Georgia

emails: datometreli@hotmail.com; dburchula@yahoo.com

In this paper we consider boundary value problems of statics of two-component elastic
mixtures for a half-space, when the normal components of partial displacement vectors and
the tangent components of partial rotation vectors are given on the boundary. Uniqueness
theorems of the considered problem are proved. Solutions are represented in quadratures.

Integral Functionals of Distribution Densities
and Their Derivatives

Tina Mgeladze
Department of Probability Theory and Statistic, Tbilisi State University, Tbilisi, Georgia

email: tikuna.mgeladze13@gmail.com

In this work we study integral functionals of distribution densities and their derivatives.
We work on the problem of constructing recurrence Estimates for such functionals. To
estimate density and it’s derivatives, we use classical Rosenblatt-Parzen kernel estimates
and for functionals we make plug-in-estimator type argument. We study limit properties
of constructed recurrence.
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Management Tasks Formulation in Geopolitics
(Neural approach)
Miranda Mnatsakaniani

Akaki Tsereteli State University, Department of Mathematics, Kutaisi, Georgia
email: mira_mna@mail.ru

Recently a new neural type models were created, which make the current processes
formulation and international relationships prediction in society.

The work raises the problem of optimization, which can be solved by using this type
of models.

For example, N states are linked by definite interests. Each of them is characterized by
parameters- capacity in the given moment. The dynamic of the system will be described
by sigmoid function. The system is influenced by internal factors like links between
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these states historically developed and assessed by the experts, historically sustainable
situations (for example, formations), sustainability towards certain internal processes of
the state, as well as external factors (for example change of geopolitical, economic, or
environmental situation) and joint (states conclude an agreement, the partial distribution
of states capacity within this union takes place, and etc.) factors.

From the states included in the system State A is interested in increasing own capacity
at the expense of other states weakening.

The control parameters in the given module can be the links matrix with the limi-
tations as follows: A- State in the definite period of time, can not change sharply the
attitude towards other states of the union), and it may be a matrix of joint factors (for
example: domestic product shares or investment matrix transferred by A State by other
States.)

Quality criteria for the operation of the State A represent generalization of the criterion
function reviewed in [1].

Note that this type of neural model can be used in so-called Cooperative option, when
the State unions want to increase their total joint capacity.

References
[1] М.С. Берадзе,М. Р.Мнацаканян, Управление в моделях нейросетевого типа. Наукові

вісті НТУУ ``КПІ'', 2001, no. 2, 25-30.

Knapsack Problem over Time
Shahram Morowati-Shalilvand, Sedaghat Shahmorad, Kamal Mirnia

University of Tabriz, Tabriz, Iran
email: Sh_Morowati@Tabrizu.ac.ir

In this abstract we study a variation of the well known knapsack problem [1], [2] called
“Knapsack Problem Over Time(KPOT)”. In KPOT there exist n items (liquids) namely
J = {1, 2, . . . , n} and each item j ∈ J corresponds a weight per unit wj, a value per unit
vj and a traverse (pumping) time τj. Note that when an item j starts to load or pump at
time θ, it arrives into container (knapsack) at time θ + τj. Using these notations, given
a time horizon T , a total capacity W , KPOT aims to maximize the value of liquids in
the container (knapsack) up to time T without exceeding its weight capacity W . This
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problem can be formulated as follows

max


n∑

j=1

vj

∫ T−τj

0

xj(θ)dθ

∣∣∣∣∣∣∣∣∣∣∣

n∑
j=1

wj

∫ T−τj

0

xj(θ)dθ ≤ W,∫ T−τj

0

xj(θ)dθ ≤ uj, j ∈ J,

0 ≤ xj(θ) ≤ ηj, θ ∈ [0, T ], j ∈ J,


, (1)

where uj and ηj denote the availability and maximum possible pumping rate of item j,
respectively; and xj(θ) : [0, T ] → [0, ηj] is a Lebesgue-integrable function which measures
the rate of pumping item j ∈ J at time moment θ; moreover xj(θ) = 0 must hold for
(T − τj, T ]. The complicated problem (1) can not be solved by existing methods in
literature. Therefore we attempt to simplify (1) to a solvable problem.

By the well known “mean value theorem for integrals” there exists at least one ξ ∈
(0, T − τj) such that

∫ T−τj
0

xj(θ)dθ = (T − τj)xj(ξ). Therefore substituting
∫ T−τj
0

xj(θ)dθ
by (T − τj)xj(ξ), the problem (1) converts to the following linear programming problem.

max


n∑

j=1

vj(T − τj)µj

∣∣∣∣∣∣∣∣∣
n∑

j=1

wj(T − τj)µj ≤ W,

(T − τj)µj ≤ uj, j ∈ J
0 ≤ µj ≤ ηj, θ ∈ [0, T ], j ∈ J

 , (2)

where µj = xj(ξ).
Due to taking the time factor into account, KPOT has many variations categorized

as continuous time KPOT and discrete time KPOT. Discrete time category includes two
types of “carne loading” and “conveyor loading”. Some of the variations of KPOT are
NP-complete which most of them are solved but a few of them still remain open.
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On Burnside Varieties
Yu. M. Movsisyan

Department of Mathematics and Mechanics, Yerevan State University,
Yerevan, Armenia

email: yurimovsisyan@yahoo.com

The following algebraic problem is classical: what are all (idempotent) varieties of
algebras that do not contain finitely generated infinite algebras? This is an unsolved
hard problem even for varieties of classical algebraic structures. Such varieties are called
Burnside varieties of algebras (W. Burnside). For instance:

1) A finitely generated distributive lattice is finite;

2) A finitely generated Boolean algebra is finite;

3) A finitely generated De Morgan algebra is finite;

4) A finitely generated Boole-De Morgan algebra is finite;

5) A finitely generated algebra with two binary, one unary and two nullary operations,
satisfying the hyperidentities of the variety of Boolean algebras is finite;

6) A finitely generated algebra with two binary and one unary operations, satisfying
the hyperidentities of the variety of De Morgan algebras is finite;

7) A finitely generated idempotent semigroup is finite.

In the main result of the current talk we give a general version of the last result
concerning idempotent algebras with an associative hyperidentity. As a consequence we
obtain new infinitely many idempotent varieties of binary algebras in which every finitely
generated algebra is finite.
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On Division and Regular Algebras with
Functional Equations

Yuri Movsisyan1, Sergey Davidov1, Aleksandar Krapež2

1Department of Mathematics and Mechanics, Yerevan State University,
Yerevan, Armenia

2Mathematical Institute of the Serbian Academy of Science and Arts,
Belgrade, Serbia

emails: yurimovsisyan@yahoo.com; davidov@ysu.am; sasa@mi.sanu.ac.rs

Functional equations are equations in which the unknown (or unknowns) are functions.
We consider equations of generalized associativity, mediality (bisymmetry, entropy), para-
mediality, transitivity as well as the generalized Kolmogoroff equation. The usefullness
of all of them were proved in applications both in mathematics and in other disciplines,
particularly in economics and social sciences. We use unifying approach to solve these
equations for division and regular operations generalizing the classical quasigroup case.

Prismatic Shell with the Thickness Vanishing
at Infinity in the N = 0 Approximation

of Hierarchical Models
Natia Mtchedlidze

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

email: natia92@yahoo.com

The work is devoted to the prismatic shell with the thickness vanishing at infinity in
the N = 0 approximation of hierarchical models. The thickness of the plate has the form

2h = 2h0e
−κ(x1+x2), h0 = const > 0, κ = const ≥ 0, x1 ≥ 0, x2 ≥ 0.

Two cases are considered:
I. Projection of the plate on Ox1x2 is the following square

ωl = {(x1, x2) : 0 ≤ x1 ≤ l; 0 ≤ x2 ≤ l}.

The existence and uniqueness theorems are proved in the Hilbert Space Xκ(ωl) ≡
W 1

2 (ωl).
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II. Projection of the plate on Ox1x2 is the following quadrant

ω := {(x1, x2) : 0 ≤ x1 < +∞; 0 ≤ x2 < +∞}.

The solutions of the set problems are given in integral forms, in some concrete cases they
are given in explicit forms.

On Estimations of Distribution Densities in
Functional Spaces

Elizbar Nadaraya, Grigol Sokhadze
Faculty of Exact and Natural Sciences, Department of Mathematics, I. Javakhishvili

Tbilisi State University, Tbilisi, Georgia
emails: elizbar.nadaraya@tsu.ge; grigol.sokhadze@tsu.ge

The problems of estimation of functionals of probability distribution densities and
it’s derivatives in various functional spaces are considered. Asymptotic properties of this
estimations are given.

On Selection of Copulas
Vadoud Najjari

Young Researchers and Elite Club, Maragheh branch, Islamic Azad University,
Maragheh, Iran

email: vnajjari@iau-maragheh.ac.ir; vnajjari@gazi.edu.tr

In choosing the right copula, existing methods pose numerous difficulties and none of
them is entirely satisfactory. In this study, the main endeavor is to propose a simple and
reliable new method to choose the right copula family. Hence, we propose goodness of fit
test statistic to be a function of copula parameters and then we investigate the minimum
of this function. Hereby we are able to estimate copula parameters and also select the
right copula between copula families. With an example the new method will be compared
with the existent nonparametric method.
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Some Statically Definable Problems
for Cylindrical Shells

Miranda Narmania1, Roman Janjgava2

1University of Georgia, Tbilisi, Georgia
email: miranarma19@gmail.com

2I. Vekua Institute of Applied Mathematics of I. Javakhishvili Tbilisi State University,
Tbilisi, Georgia

email: roman.janjgava@gmail.com

In this paper we consider some statically definable problems for cylindrical shells with
constant thickness [1]. The middle surface of the shell expanded in the plane is the
rectangle. Hooke’s law is not applicable in this case. We assume the transverse stress
field as known in advance, and for the other components of the stress tensor we obtain a
system of equations, for which we set the physical boundary conditions.

Acknowledgement. The designated project has been fulfilled by a financial support
of Shota Rustaveli National Science Foundation (Grant SRNSF/FR/358/5-109/14).
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The General Solution of the Non-Homogeneous
Problem

Natavan Nasibova
Institute of Mathematics and Mechanics of NAS of Azerbaijan,

Baku, Azerbaijan
email: natavan2008@gmail.com

Consider the following Riemann problem in H+
p(·),ρ × mH

−
p(·),ρ classes:

F+ (τ)−G (τ)F− (τ) = f (τ) , τ ∈ ∂ω , (1)

where f ∈ Lp(·),ρ is some function. By the solution of problem (1) we mean a pair of
analytic functions (F+(z);F−(z)) ∈ H+

p(·),ρ × mH
−
p(·),ρ, boundary values of which satisfy

the relation (1) almost everywhere. Introduce the following functions X±
i (z), which are

analytic inside (with the + sign) and outside (with the - sign) the unit circle, respectively:

X±
1 (z) ≡ exp

± 1

4π

π∫
−π

ln
∣∣G (

eit
)∣∣ eit + z

eit − z
dt

 ,

X±
2 (z) ≡ exp

± i

4π

π∫
−π

θ (t)
eit + z

eit − z
dt

 ,

where θ (t) ≡ argG (eit) . Define

Zi (z) ≡

{
X+

i (z), |z| < 1,[
X−

i (z)
]−1

, |z| > 1, i = 1, 2.

Assume
Z± (z) ≡ Z±

1 (z)Z
±
2 (z).

Theorem. Let {βk}r1 be defined by

βk =
m∑
i=1

αiχ{tk} (arg τi) +
1

2π

r∑
i=0

hiχ{tk} (si) , k = 0, l ,

and the inequalities − 1
p(τk)

< αk < 1
q(τk)

, k = 1,m, − 1
q(tk)

< βk < 1
p(tk)

, k = 0, r, be
satisfied. Then the general solution of the Riemann problem (1) in classes H+

p(·), ρ×mH
−
p(·), ρ

can be represented in the following form

F (z) = Pm0 (z)Z (z) + F1 (z) ,
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where Z(·) is the canonical solution of homogeneous problem, F1 (z)=
Z(z)
2π

π∫
−π

f(t)
Z+(eit)

Kz(t)dt,

is the particular solution of non-homogeneous problem (1), and Pm0 (·) is a polynomial of
order m0 ≤ m.

This work was supported by the Science Development Foundation under the President
of the Republic of Azerbaijan – Grant №EIF/GAM-3-2014-6(21)-24/03/1.

A Numerical Method for Solving Integral
Equations by Modified Hat Functions

Babak Nasrinpay, Yousef Jafarzadeh
Islamic Azad university, Central Tehran Branch, Tehran, Iran

Sama Technical and Vocational Training College, Islamic Azad University,
Karaj Branch, Karaj, Iran
email: Mat2j@yahoo.com

In this paper, we use hat basis functions to solve the system of Fredholm integral
equations (SFIEs) of the second kind. This method converts the system of integral equa-
tions into a nonlinear system of algebraic equations. Also, we investigate the convergence
analysis of the method. Some examples show its accuracy and efficiency.

Keywords: Integral equations, Hat functions, Convergence analysis, fix point method.

Weakly E-Supplemented Modules
Celil Nebiyev

Department of Mathematics, Ondokuz Mayş University, 55270
Kurupelit–Atakum/Samsun/Türki̇ye-Turkey

email: cnebiyev@omu.edu.tr

In this work, weakly e-supplemented modules are defined and some properties of these
modules are investigated. Let M be an R−module and M =M1 +M2 + · · ·+Mn. If Mi

is weakly e-supplemented for every i = 1, 2, . . . , n, then M is also weakly e-supplemented.
It is proved that every factor module and every homomorphic image of a weakly e-
supplemented module are weakly e-supplemented.

Key words: Essential Submodules, Small Submodules, Radical, Supplemented Mod-
ules.
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Results
Definition 1. Let M be an R−module. If every essential submodule of M has a weak
supplement in M , then M is called a weakly e-supplemented module.
Proposition 2. Let M be a weakly e-supplemented module. Then M/RadM have no
proper essential submodules.
Lemma 3. Let M be an R−module, U be an essential submodule of M and M1 ≤ M .
If M1 is weakly e-supplemented and U +M1 has a weak supplement in M , then U has a
weak supplement in M .
Lemma 4. Let M =M1+M2. If M1 and M2 are weakly e-supplemented, then M is also
weakly e-supplemented.
Proposition 5. Let R be a ring. Then RR is weakly e-supplemented if and only if every
finitely generated R−module is weakly e-supplemented.
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E-Supplemented Lattices
Celil Nebiyev1, Hasan Hüseyi̇n Ökten2

1 Ondokuz Mayis University, Department of Mathematics, Kurupelit-Atakum,
Samsun, Turkey

email: cnebiyev@omu.edu.tr
2 Amasya University, Technical Sciences Vocational School, Amasya, Turkey

email: hokten@gmail.com

In this work, e-supplemented lattices are defined and some properties of these lattices
are investigated. Let L be complete modular lattice and m1 ∨m2 ∨ · · · ∨mn = 1. If mi/0
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is e-supplemented for every i = 1, 2, 3, . . . , n then, L is also e-supplemented. All lattices
in this paper are complete modular lattices.
Theorem 1. Let L be a lattice, m1 ∈ L and u be an essential element of L. If m1/0 is
e-supplemented and u ∨m1 has a supplement in L, then u has a supplement in L.
Lemma 2. Let L be a lattice and m1 ∨m2 = 1. If m1/0 and m2/0 are e-supplemented,
then L is also e-supplemented.
Corollary 3. Let L be a lattice and m1 ∨m2 ∨ · · · ∨mn = 1. If mi/0 is e-supplemented
for each i = 1, 2, . . . , n, then L is also e-supplemented.
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Mathematical Modeling of Immunopathogenesis
of Rheumatoid Arthritis

Kakhaber Odisharia1, Vladimer Odisharia2,4, Paata Tsereteli1,4,
Nona Janikashvili3

1Informatics, Mathematics and Natural Sciences School, St. Andrew the First-Called
Georgian University, Tbilisi, Georgia

2Faculty of Exact and Natural Sciences, I. Javakhishvili Tbilisi State University, Tbilisi,
Georgia

3Department of Immunology, Tbilisi State Medical University, Tbilisi, Georgia
4Georgian Association of Biomathematics, Tbilisi, Georgia

email: paata.tsereteli@gmail.com

Rheumatoid arthritis is a systemic autoimmune disease characterized by the joint
inflammation and the cartilage destruction. Autoreactive B lymphocytes represent inte-
gral elements of the pathophysiology of rheumatoid arthritis. Immune balance between



180 Abstracts of Participants’ Talks Batumi, September 5–9, 2016

the effector and the regulatory T cell subsets guide the production of autoantibodies by
B lymphocytes and, therefore, play a cardinal role in disease severity. While targeted
therapeutic approaches are successfully emerging in medical practice, refined personal-
ized analysis of T and B lymphocyte subsets in patients with rheumatoid arthritis are
critically needed for rigorous disease management.

Mathematical models of immune mediated disorders provide an analytic framework
in which we can address specific questions concerning disease immune dynamics and the
choice of treatment. Herein, we present a novel mathematical model that describes the
immunopathogenesis of rheumatoid arthritis using non-linear differential equations. The
model explores the functional dynamics of cartilage destruction during disease progression,
in which a system of differential equations deciphers the interactions between autoreactive
B lymphocytes and T helper cells. Immunomodulatory relation between pro-inflammatory
and regulatory T lymphocyte subsetsis also solved in these equations. Of importance, our
model provides a mechanistic interpretation of targeted immunotherapy which deals with
the intervention of pathophysiological immune processes in rheumatoid arthritis.

In conclusion, we propose a novel mathematical model that best describes the im-
munopathogenic dynamics in patients with rheumatoid arthritis and, therefore, may take
a rapid pace towards its implementation in biomedical and clinical research.
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ÒÉÝáÅÉÈÉ ÀÌÏÍÀáÓÍÉ ÒÄÉÓÍÄÒÉÓ ÀÒÀßÒ×ÉÅÉ
ÓÉÓÔÄÌÉÓÀÈÅÉÓ

Ê. ÏÃÉÛÀÒÉÀ1, Å. ÜÉÍÜÀËÀÞÄ2, Å. ÏÃÉÛÀÒÉÀ2

1ßÌ. ÀÍÃÒÉÀ ÐÉÒÅÄËßÏÃßÁÖËÉÓ ÓÀá. ØÀÒÈÖËÉ ÖÍÉÅÄÒÓÉÔÄÔÉ,
ÈÁÉËÉÓÉ, ÓÀØÀÒÈÅÄËÏ

2ÉÅ. ãÀÅÀáÉÛÅÉËÉÓ ÓÀá. ÈÁÉËÉÓÉÓ ÓÀáÄËÌßÉ×Ï ÖÍÉÅÄÒÓÉÔÄÔÉ,
ÈÁÉËÉÓÉ, ÓÀØÀÒÈÅÄËÏ

ÂÀÍáÉËÖËÉÀ ÓÀÌ×ÄÍÏÅÀÍÉ ×ÉÒ×ÉÔÉÓ ÃÄ×ÏÒÌÀÝÉÉÓ ÀÙÌßÄÒÉ ÀÒÀßÒ×ÉÅ ÂÀÍÔÏËÄÁÀÈÀ
ÓÉÓÔÄÌÉÓ ÄÒÈÂÀÍÆÏÌÉËÄÁÉÀÍÉ ÅÀÒÉÀÍÔÉ. ÀÙÍÉÛÍÖËÉ ÂÀÍÔÏËÄÁÈÀ ÓÉÓÔÄÌÀ ÃÀÚÅÀÍÉËÉÀ
ÄÒÈ ÀÒÀßÒ×ÉÅ ÉÍÔÄÂÒÏ-ÃÉ×ÄÒÄÍÝÉÀËÖÒ ÂÀÍÔÏËÄÁÀÆÄ. ÐÒÏÄØÝÉÖËÉ ÌÄÈÏÃÉÓ ÓÀÛÖÀ-
ËÄÁÉÈ ÖÓÀÓÒÖËÏ ÂÀÍÆÏÌÉËÄÁÉÀÍÉ ÀÌÏÝÀÍÀ ÛÄÝÅËÉËÉÀ ÓÀÓÒÖË ÂÀÍÆÏÌÉËÄÁÉÀÍÉÈ.

ÃÀÌÔÊÉÝÄÁÖËÉÀ ÌÉÙÄÁÖËÉ ÀÌÏÝÀÍÉÓ ÂÀÍÆÏÂÀÃÏÄÁÖËÉ ÀÌÏÍÀáÓÍÉÓ ÀÒÓÄÁÏÁÀ ÃÀ ÂÀËÉ-
ÏÒÊÉÍÉÓ ÌÄÈÏÃÉÓ ÊÒÄÁÀÃÏÁÀ. ÛÄÃÄÂÀÃ ÌÉÙÄÁÖËÉ ÊÖÁÖÒÉ ÂÀÍÔÏËÄÁÀÈÀ ÓÉÓÔÄÌÀ
ÉáÓÍÄÁÀ ÉÔÄÒÀÝÉÖËÀÃ. ÒÉÝáÅÉÈÉ ÀÌÏÍÀáÓÍÉ ÒÄÀËÉÆÄÁÖËÉÀ ÐÀÒÀËÄËÖÒ ÂÀÌÏÈÅËÉÈ
ÓÉÓÔÄÌÀÆÄ.

ÌÓÂÀÅÓÉ ÌÉÃÂÏÌÄÁÉ ÀÃÒÄ ÂÀÌÏÚÄÍÄÁÖËÉ ÉÚÏ ÔÉÌÏÛÄÍÊÏÓ ÀÒÀßÒ×ÉÅÉ ÂÀÒÓÄÁÉÓÀÈÅÉÓ.
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On Construction of Full-Strength Holes for the
Mixed Problem of Plate Bending

Nana Odishelidze
Iv. Javakhishvili Tbilisi State University, Faculty of Exact and Natural Sciences,
Interdisciplinary (Mathematics, Computer Science) Department, Tbilisi, Georgia

email: nana−georgiana@yahoo.com

The paper addresses a problem of bending of an isotropic elastic plate, weakened with
a required full-strength hole. Rigid bars are attached to each component of the broken
line of the outer boundary of the plate. This plate bends under the action of concentrated
moments applied to the middle points of the bars. Unknown part of the boundary is
free from external forces. Using the methods of complex analysis the plate deflection and
required full-strength contours are determined. The corresponding plots are constructed
by Mathcad.

The Process of Semi-Markov Random Walk
with Two Delaying Screen

Konul Omarova
Institute of Control Systems of Azerbaijan National Academy of Sciences,

Baku, Azerbaijan
email: omarovakonulk@gmail.com

Let {ξk, ηk}k≥0 , ξk ≥ 0 be a sequence of independent and identically distributed ran-
dom variables. By given random variables is constructed process of semi-Markov random
walk as

X1(t) =
k∑

i=0

ηi, if
k∑

i=1

ξi ≤ t <

k+1∑
i=1

ξi,

where ξ0 = 0, η0 = z.
By the A. A. Borovkov’s method [1] the process is delayed screen at zero as

X(t) = X1(t)− inf
0≤s≤t

(0, X1(s)) .

In the general case a integral equation for the distribution process X(t), if X(0) = z ≥ 0
is obtained.

Detailed we reference to [2].
Let ηk, k ≥ 1, are gamma distributed random variables and ξk, k ≥ 1, are exponen-

tial distributed random variables. In this case obtained integral equation is reduced to
fractional differential equation with constant coefficients.
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Representation of the Dirac Delta Function
in C(R∞) in Terms of the

(1, 1, · · · )-Ordinary Lebesgue Measure
Gogi Pantsulaia, Givi Giorgadze

Georgian Technical University, Department of Mathematics, Tbilisi, Georgia
emails: g.pantsulaia@gtu.ge; g.giorgadze@gtu.ge

Let λ be an (1, 1, · · · )-ordinary Lebesgue measure in R∞ (cf. [1]). For ε > 0, we

set ak(ε) = e−
1

2kε/2 and ∆ε =
∞∏
k=1

[−ak(ε), ak(ε)]. We set ηε(x) = e

∞∑
k=1

1

2kε if x ∈ ∆ε and

ηε(x) = 0, otherwise. ηε(x) is called a nascent delta function.
Let f be a continuous real-valued function on R∞. We define a Dirac delta integral

as follows
(δ)

∫
R∞

δ(x)f(x) dλ(x) = lim
ε→O+

∫
R∞

ηε(x)f(x dλ(x).

We define a Dirac delta functional δ : C(R∞) → R by (1, 1, · · · )-ordinary Lebesgue
measure λ as follows: δ(f) = (δ)

∫
R∞

δ(x)f(x) dλ(x).

In the present talk we will demonstrate the validity of the following properties of the
Dirac delta functional δ:
Property 1. δ is a linear functional such that δ(f) = f(0) for each f ∈ C(R∞), where
0 denotes the zero of R∞.
Property 2. For a non-zero scalar α, δ satisfies the following scaling property

(δ)

∫
R∞

δ(αx) dλ(x) = |α|−∞.

Property 3. δ is an even distribution provided that

(δ)

∫
R∞

δ(−x)f(x) dλ(x) = (δ)

∫
R∞

δ(x)f(x) dλ(x) for f ∈ C(R∞),
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which is homogeneous of degree −1.
Property 4 (sifting property). The following equality

(δ)

∫
R∞

δ(x− T )f(x) dλ(x) = f(T )

holds for f ∈ C(R∞).
Property 5. For ε > 0, let (Yn(ε))n∈N be an increasing family of finite subsets of ∆ε

which is uniformly distributed in the ∆ε (cf. [2]). Then the following equality

δ(f) = lim
ε→0

lim
n→∞

∑
y∈Yn(ε)

f(y)/#(Yn(ε)

holds true for each f ∈ C(R∞).
Acknowledgment. The research for this paper was partially supported by Shota

Rustaveli National Science Foundation’s Grant no. FR/116/5-100/14.
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Numerical Solution for a Two-Point
Boundary Value Problem with a

Second Order Non-Constant Coefficient
Ordinary Differential Equation by Means of

Operator Interpolation Method
Archil Papukashvili1,2, Meri Sharikadze1,2, Ekaterine Namgalauri2,

Maria Gorgisheli2
1I. Vekua Institute of Applied Mathematics of I. Javakhishvili Tbilisi State University,

Tbilisi, Georgia
2I. Javakhishvili Tbilisi State University, Faculty of Exact and Natural Sciences, Tbilisi,

Georgia
emails: archil.papukashvili@tsu.ge; meri.sharikadze@tsu.ge; eka.namgalauri@yahoo.com;

maria.gorgisheli2014@ens.tsu.edu.ge

Functional series and interpolation algorithms for solving identification problems are
used in the theory of nonlinear systems. It’s constructed interpolation formula of the
Newton type and obtained evaluation of residual term in V. Makarov’s and V. Khlobis-
tov’s works for nonlinear operators functional (see for example [1]). This approach is
based on “continual” knots from interpolation conditions in the definition of kernels of
functional (operator) polynomials. These “continual” knots represent linear combination
of Heaviside functions. The abovementioned works have theoretical and practical impor-
tance in applied problems of the theory of operators’ approximation. Issues of realization
of interpolation approximations on the electronic computers haven’t been discussed by
the abovementioned authors. Calculating algorithms for approximate solution for bound-
ary value problems of ordinary differential equations with non-constant coefficients are
subscribed in the works [2], results of calculations of test problems are given, convergence
issues are studied by the numerical-experimental way.

Issues of approximate solutions for two-point boundary value problem with non-
constant coefficient by the use of operator interpolation polynomials of the Newton type
are also discussed in the given work. Besides, the Green function of the differential
equation of the boundary value problem)as a non-linear operator with respect to the non-
constant coefficient, is replaced by the known kernels of operator interpolation polynomial
of the Newton type. Formulas of approximate solution of different type are constructed
for finding the solution for two-point boundary value problem. Description of realization
algorithm sand the calculation results of test problems are given. The convergence with
respect to m parameter from the series of numerical experiments is exposed (m-degree of
the operator interpolation polynomial of the Newton type).
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On One Method of Approximate Solution of the
J. Ball Nonlinear Dynamic Beam Equation

Giorgi Papukashvili
V. Komarovi No. 199 Public School, Georgian Technical University,

Tbilisi, Georgia
email: gagapapukashvili@gmail.com

Let us consider the initial boundary value problem

utt(x, t) + δut(x, t) + γuxxxxt(x, t) + αuxxxx(x, t),

−
(
β + ρ

L∫
0

u2x(x, t) dx

)
uxx(x, t)− σ

( L∫
0

ux(x, t)uxt(x, t) dx

)
uxx(x, t) = 0,

0 < x < L, 0 < t ≤ T,

(1)

u(x, 0) = u0(x), ut(x, 0) = u1(x),

u(0, t) = u(L, t) = 0, uxx(0, t) = uxx(L, t) = 0,
(2)

where α, γ, ρ, σ, β and δ are the given constants among which the first four are positive
numbers, while u0(x) and u1(x) are the given functions.

The equation (1) obtained by J. Ball [1] using the Timoshenko [3] theory describes
the vibration of a beam. The problem of construction of an approximate solution for this
equation is dealt with in [2].

An initial boundary value problem for a J. Ball nonlinear dynamic beam equation
is studied. For approximate solution of the problem projection method, symmetrical
difference scheme and iteration process have been used. The accuracy of the algorithm is
investigated.

The author express hearing thanks to Prof. J. Peradze for his active help in problem
statement and solving.
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Dilation, Functional Model and Spectral Problems
of Discrete Singular Hamiltonian System

Bilender Pasaoglu
Suleyman Demirel University, Department of Mathematics, Isparta, Turkey
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A space of boundary values is constructed for minimal symmetric operator, generated
by discrete singular Hamiltonian system, acting in the Hilbert space ℓ2A(N0;E⊕E) (N0 =
{0, 1, 2, . . . }, dimE = m < ∞) with maximal deficiency indices (m,m) (in limit-circle
case). A description of all maximal dissipative, maximal accumulative, self-adjoint and
other extensions of such a symmetric operator is given in terms of boundary conditions
at infinity. We construct a self-adjoint dilation of a maximal dissipative operator and
its incoming and outgoing spectral representations, which make it possible to determine
the scattering matrix of the dilation. We establish a functional model of the dissipative
operator and construct its characteristic function in terms of the scattering matrix of the
dilation. Finally, we prove the theorem on completeness of the system of eigenvectors
and associated vectors (or root vectors) of the maximal dissipative discrete Hamiltonian
operator.

References
[1] B. P. Allahverdiev, Extensions, dilations and functional models of discrete Dirac

operators in limit point-circle cases. IMA J. Appl. Math. 68 (2003), no. 3, 251–
267.

[2] B. P. Allahverdiev, Extensions, dilations and functional models of discrete Dirac
operators. Illinois J. Math. 47 (2003), no. 3, 831–845.



188 Abstracts of Participants’ Talks Batumi, September 5–9, 2016

[3] B. P. Allahverdiev, Dissipative discrete Hamiltonian systems. Comput. Math. Appl.
49 (2005), no. 7-8, 1139–1155.

[4] B. P. Allahverdiev, Extensions and spectral problems of 1D discrete Hamiltonian
systems. Math. Methods Appl. Sci. 36 (2013), no. 18, 2554–2563.

[5] B. P. Allahverdiev, Dilations, models, scattering and spectral problems of 1D dis-
crete Hamiltonian systems. Bull. Iranian Math. Soc. 40 (2014), no. 6, 1553–1571.

[6] F. V. Atkinson, Discrete and continuous boundary problems. Mathematics in Science
and Engineering, Vol. 8 Academic Press, New York–London, 1964.

[7] V. M. Bruk, On a class of boundary-value problems with a spectral parameter in
the boundary conditions. Mat. USSR Sb. 28 (1976), 186–193.

[8] S. Clark and F. Gesztesy, On Weyl–Titchmarsh theory for singular finite difference
Hamiltonian systems. J. Comput. Appl. Math. 171 (2004), no. 1-2, 151–184.

[9] Yu. P. Ginzburg and N. A. Talyush, Exceptional sets of analytic matrix functions,
contracting and dissipative operators. Izv. Vyssh. Uchebn. Zaved., Mat. 1984,
no. 8(267), 9–14 (1984) (in Russian); translation in Sov. Math. 28 (1984), no. 8,
10–16.

Spectral Problems of Singular Sturm–Liouville
Boundary Value Transmission Problem

in Limit-Point Case
Bilender Pasaoglu

Suleyman Demirel University, Department of Mathematics, Isparta, Turkey
email: bilenderpasaoglu@sdu.edu.tr

In this paper, we consider a dissipative singular Sturm–Liouville boundary value prob-
lem in limit-point case and with transmission conditions in interier point. We construct a
selfadjoint dilation of the dissipative operator and its incoming and outgoing spectral rep-
resentations, which makes is possible to determine the scattering matrix of the dilation in
terms of the Weyl–Titchmarsh function of selfadjoint operator. Constructing a functional
model of the dissipative operator, we also determine its characteristic function in terms
of the scattering function of the dilation. The theorems verifying the completeness of the
root functions of the dissipative boundary value transmission problem are proved.
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On Possibility of Static and Dynamical Calculations
of Extended Bodies with Application

of a Solid Deformable Body Discrete Model and
Successive Approximation Algorithm

David Pataraia
LEPL Grigol Tsulukidze Mining Institute, Tbilisi, Georgia

email: david.pataraia@gmail.com

Developed by us method of solid deformable body modeling and calculation [1, 2],
which is based on discrete presentation and a special algorithm of calculating, except the
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static calculations was also applied and examined for the dynamical calculation of ex-
tended bodies, such as cableways, space antennas and other similar bodies. For example,
we consider the originated as result of cableway carriage transition on support vibration
of the traction cable. We also consider vibrations of bilateral fixed cable, when a concen-
trated force instantly will be applied or removed at a certain point. The present work
provides the basis for further inquiry the proposed approach which also will be able to
use for dynamical calculation of non-extended bodies, such are buildings and bridges.

References
[1] D. Pataraia, Ein Beitrag zur diskreten Darstellung des Seiles. Wissenschaftliche

Arbeiten des Instituts fuer Eisenbahnwesen, (in German) Verkehrswirtschaft und
Seilbahnen der TU Wien., Vienna, 32 (1993), no. 2, 32–38.

[2] D. Pataraia, The calculation of rope-rod structures of ropeways on the basis of the
new approach - International Organization for Transportation by Rope (O.I.T.A.F.)
/ World Congress / Rio De Janeiro - Brazil / October, 2011, 24 - 27 / Papers of
the Congress / http:// www.oitaf.org/Kongress, 202011/Referate/Pataraia.pdf.

On Functionals of a Probability Density
Mzevinar Patsatsia, Grigol Sokhadze

I. Javakhishvili Tbilisi State University, Tbilisi, Georgia
emails: mzevip54@mail.ru; grigol.sokhadze@tsu.ge

A probability density functional (nonlinear and unbounded, generally speaking) has
been considered. Consistency and asymptotic normality conditions have been established
for the plug-in-estimator. A convergence order estimator has been obtained.
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On an Integro-Differential Equation of
a Nonlinear Static Plate

Jemal Peradze1,2

1I. Javakhishvili Tbilisi State University, Tbilisi, Georgia
2Georgian Technical University, Tbilisi, Georgia

email: j−peradze@yahoo.com

Let the static behaviour of a plate be described by the system of equations [1]

∂Ni

∂xi
+
∂N12

∂xj
+ pi = 0, i, j = 1, 2, i ̸= j,

D∆2w =
∂

∂x1

(
N1

∂w

∂x1

)
+

∂

∂x2

(
N12

∂w

∂x1

)
+

∂

∂x2

(
N2

∂w

∂x2

)
+

∂

∂x1

(
N12

∂w

∂x2

)
+ q, (x1, x2) ∈ Ω,

(1)

where

Ni =
Eh

1− ν2

{
∂ui
∂xi

+
1

2

( ∂w
∂xi

)2

+ ν
[∂uj
∂xj

+
1

2

( ∂w
∂xj

)2]}
, i, j = 1, 2, i ̸= j,

N12 =
Eh

2(1 + ν)

(∂u1
∂x2

+
∂u2
∂x1

+
∂w

∂x1

∂w

∂x2

)
.

Here ui = ui(x1, x2) are longitudinal, i = 1, 2, and w = w(x1, x2) transverse displace-
ments of points of the plate midsurface Ω, pi = pi(x1, x2), i = 1, 2, q = q(x1, x2) are
external force components, ∆ is the Laplace operator, E and 0 < ν < 1

2
are respectively

Young’s modulus and Poisson’s ratio, D is the plate flexural rigidity, h is the thickness.
Assuming that Ω is the rectangle and for ui(x1, x2), i = 1, 2, the first and second

kind conditions are fulfilled on the boundary ∂Ω of Ω, from (1) we obtain the following
nonlinear equation for the function w(x1, x2)

D∆2w−
2∑

i=1

2∑
j=1

{∫
Ω

[
Aij

(∂w
∂ξ1

)2

−2Cij
∂w

∂ξ1

∂w

∂ξ2
+Bij

(∂w
∂ξ2

)2

+d1ijp1+d2ijp2

]
dξ1 dξ2

+

∫
∂Ω

[
aij

(∂w
∂ξ1

)2

− 2cij
∂w

∂ξ1

∂w

∂ξ2
+ bij

(∂w
∂ξ2

)2
]
ds

}
∂2w

∂xi∂xj
+ p1

∂w

∂x1
+ p2

∂w

∂x2
= q,

where the integrand coefficients Aij, Bij, Cij, d1ij, d2ij and aij, bij, cij depend on x1, x2
and ξ1, ξ2, ds is an element of the boundary ∂Ω.
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In the European Union with the Georgian Language
– the Long-Term Project “Technological Alphabet

of the Georgian Language” and the Threats
in which is Georgian Language

Konstantine Pkhakadze
Georgian Technical University, Scientific-Educational Center for Georgian Language

Technology, Tbilisi, Georgia
email: gllc.ge@gmail.com

From 2012 in the Center of the Georgian Language Technology at the Georgian Tech-
nical University there is launched a long-term project “The Technological Alphabet of the
Georgian Language” [1], [2]. Thus, in confine of the project there is already financed 5
subprojects [1–5]. They are: 1 “Internet Versions of a Number of Developable (Learnable)
Systems Necessary for Creating The Technological Alphabet of the Georgian Language”;
2. “Foundations of Logical Grammar of Georgian Language and Its Application in In-
formation Technology”; 3. “In the European Union with the Georgian Language, i.e.,
the Doctoral Thesis – Georgian Speech Synthesis and Recognition”; 4. “In the Euro-
pean Union with the Georgian Language, i.e., the Doctoral Thesis – Georgian Grammar
Checker (Analyzer)”; 5. “One More Step Towards Georgian Talking Self – Developing
Intellectual Corpus”.

At the presentation it will be briefly overviewed this long-term project and its direct
relation to the national aim of defence Georgian language from the digital extintion in
the digital age and, accordingly, to the aim of join European Union or, more generally,
the future cultural world with the Georgian language.

Publication prepared in the Center of the Georgian Language Technology at the Geor-
gian Technical University with AR/122/4-105/14 grant support of the Shota Rustaveli
National Science Foundation.
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ØÀÒÈÖËÉ ÛÉÍÀÀÒÓÖËÀÃ ÌÊÉÈáÅÄËÉ ÓÉÓÔÄÌÉÓ
ÓÀÝÃÄË-ÓÀÌÏÌáÌÀÒÄÁËÏ ÅÄÒÓÉÀ

ÊÏÍÓÔÀÍÔÉÍÄ ×áÀÊÀÞÄ, ÂÉÏÒÂÉ ÜÉÜÖÀ

ÓÀØÀÒÈÅÄËÏÓ ÔÄØÍÉÊÖÒÉ ÖÍÉÅÄÒÓÉÔÄÔÉ, ØÀÒÈÖËÉ ÄÍÉÓ ÔÄØÍÏËÏÂÉÆÄÁÉÓ
ÓÀÓßÀÅËÏ-ÓÀÌÄÝÍÉÄÒÏ ÝÄÍÔÒÉ, ÈÁÉËÉÓÉ, ÓÀØÀÒÈÅÄËÏ

ÄË. ×ÏÓÔÉÓ ÌÉÓÀÌÀÒÈÉ: gllc.ge@gmail.com

ÓÔÖ ØÀÒÈÖËÉ ÄÍÉÓ ÔÄØÍÏËÏÂÉÆÄÁÉÓ ÝÄÍÔÒÛÉ ÛÏÈÀ ÒÖÓÈÀÅÄËÉÓ ÄÒÏÅÍÖËÉ ÓÀÌÄÝ-
ÍÉÄÒÏ ×ÏÍÃÉÓ DO /305/4-105/14 ÓÀÂÒÀÍÔÏ ÌáÀÒÃÀàÄÒÉÈ ÌÖÛÀÅÃÄÁÀ ÐÒÏÄØÔÉ „ØÀÒÈÖ-
ËÉ ÄÍÉÈ ÄÅÒÏÊÀÅÛÉÒÛÉ ÀÍÖ ÓÀÃÏØÔÏÒÏ ÈÄÌÀ - ØÀÒÈÖËÉ ÌÄÔÚÅÄËÄÁÉÓ ÓÉÍÈÄÆÉ ÃÀ
ÀÌÏÝÍÏÁÀ“, ÒÏÌÄËÉÝ ÝÄÍÔÒÉÓ ÂÒÞÄËÅÀÃÉÀÍÉ ÐÒÏÄØÔÉÓ „ØÀÒÈÖËÉ ÄÍÉÓ ÔÄØÍÏËÏÂÉÖÒÉ
ÀÍÁÀÍÉ“ [1] ÄÒÈ-ÄÒÈÉ ÌÄÔÀÃ ÌÍÉÛÅÍÄËÏÅÀÍÉ ØÅÄÐÒÏÄØÔÉÀ.

ÌÏáÓÄÍÄÁÉÓÀÓ ßÀÒÌÏÅÀÃÂÄÍÈ ÀÌ ÆÄÌÏÀÙÍÉÛÍÖËÉ ÐÒÏÄØÔÉÓÀ ÃÀ, ÀÓÄÅÄ, ÐÒÏÄØÔÉÓ
„ÊÉÃÄÅ ÄÒÈÉ ÍÀÁÉãÉ ÌÏÓÀÖÁÒÄ ØÀÒÈÖËÉ ÈÅÉÈÂÀÍÅÉÈÀÒÄÁÀÃÉ ÉÍÔÄËÄØÔÖÀËÖÒÉ ÊÏÒÐÖ-
ÓÉÓÀÊÄÍ“ ×ÀÒÂËÄÁÛÉ ÜÅÄÍÓ ÌÉÄÒ ÛÄÌÖÛÀÅÄÁÖËÉ ØÀÒÈÖËÉ ÛÉÍÀÀÒÓÖËÀÃ ÌÊÉÈáÅÄËÉ ÓÉÓÔÄÌÉÓ
ÓÀÝÃÄË-ÓÀÌÏÌáÌÀÒÄÁËÏ ÅÄÒÓÉÀÓ, ÒÏÌÄËÉÝ ÌÊÉÈáÅÄËÉÓ ×ÖÍØÝÉÄÁÓ ÀÓÒÖËÄÁÓ ÜÅÄÍÓ
ÌÉÄÒÅÄ ÛÄÌÖÛÀÅÄÁÖË Ä.ß. ØÀÒÈÖË àÊÅÉÀÍ ×ÖÒÝÄËÛÉ [2]-–[5].



194 Abstracts of Participants’ Talks Batumi, September 5–9, 2016
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I. Vekua Inst. Appl. Math. 30 (2016) (in Publishing).

ØÀÒÈÖËÉ ÌÒÀÅÀËÄÍÏÅÀÍÉ (ÉÍÂËÉÓÖÒÉ, ÂÄÒÌÀÍÖËÉ,
ÒÖÓÖËÉ) ÊÏÌÐÉÖÔÄÒÖËÉ ÓÀÓÀÖÁÒÏ ÓÉÓÔÄÌÉÓ
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ÄÒÈÉ ÍÀÁÉãÉ ÌÏÓÀÖÁÒÄ ØÀÒÈÖËÉ ÈÅÉÈÂÀÍÅÉÈÀÒÄÁÀÃÉ ÉÍÔÄËÄØÔÖÀËÖÒÉ ÊÏÒÐÖÓÉÓÀÊÄÍ“,
ÒÏÌÄËÉÝ ÝÄÍÔÒÉÓ ÂÒÞÄËÅÀÃÉÀÍÉ ÐÒÏÄØÔÉÓ „ØÀÒÈÖËÉ ÄÍÉÓ ÔÄØÍÏËÏÂÉÖÒÉ ÀÍÁÀÍÉ“
[1] ÄÒÈ-ÄÒÈÉ ÌÄÔÀÃ ÌÍÉÛÅÍÄËÏÅÀÍÉ ØÅÄÐÒÏÄØÔÉÀ.

ÌÏáÓÄÍÄÁÉÓÀÓ ßÀÒÌÏÂÉÃÂÄÍÈ ÐÒÏÄØÔÉÓ ×ÀÒÂËÄÁÛÉ ÛÄÌÖÛÀÅÄÁÖËÉ ØÀÒÈÖËÉ ÌÒÀÅÀË-
ÄÍÏÅÀÍÉ ÊÏÌÐÉÖÔÄÒÖËÉ ÓÀÓÀÖÁÒÏÓ ÀÍÖ ØÀÒÈÖËÉ ÌÒÀÅÀËÄÍÏÅÀÍÉ áÌÉÃÀÍ áÌÀÆÄ ÀÅÔÏÌÀ-
ÔÖÒÀÃ ÌÈÀÒÂÌÍÄËÉ ÊÏÌÐÉÖÔÄÒÖËÉ ÓÉÓÔÄÌÉÓ ÐÉÒÅÄË ÓÀÝÃÄË ÅÄÒÓÉÀÓ [2]-[5].1

ÂÀÌÏØÅÄÚÍÄÁÀ ÌÏÌÆÀÃÃÀ ÓÔÖ ØÀÒÈÖËÉ ÄÍÉÓ ÔÄØÍÏËÏÂÉÆÄÁÉÓ ÝÄÍÔÒÛÉ ÛÏÈÀ ÒÖÓÈÀ-
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ÌÖÛÀÅÄÁÖËÉ ØÀÒÈÖËÉ ÄÍÏÁÒÉÅÉ ÒÄÓÖÒÓÄÁÉ ÃÀ ÔÄØÍÏËÏÂÉÄÁÉ, ÓÀÄÒÈÀÛÏÒÉÓÏ
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ØÀÒÈÖËÉ ÀÃÀÐÔÉÒÄÁÖËÉ ÀÍÖ áÌÏÅÀÍÌÀÒÈÅÉÀÍÉ
„ÅÉÍÃÏÖÓÉÓ“ ÐÉÒÅÄËÉ ÓÀÝÃÄËÉ ÅÄÒÓÉÀ

ÊÏÍÓÔÀÍÔÉÍÄ ×áÀÊÀÞÄ, ÂÉÏÒÂÉ ÜÉÜÖÀ, ÌÄÒÀÁ ÜÉØÅÉÍÉÞÄ, ÃÀÅÉÈ ÊÖÒÝáÀËÉÀ

ÓÀØÀÒÈÅÄËÏÓ ÔÄØÍÉÊÖÒÉ ÖÍÉÅÄÒÓÉÔÄÔÉ, ØÀÒÈÖËÉ ÄÍÉÓ ÔÄØÍÏËÏÂÉÆÄÁÉÓ
ÓÀÓßÀÅËÏ-ÓÀÌÄÝÍÉÄÒÏ ÝÄÍÔÒÉ, ÈÁÉËÉÓÉ, ÓÀØÀÒÈÅÄËÏ

ÄË.×ÏÓÔÉÓ ÌÉÓÀÌÀÒÈÉ: gllc.ge@gmail.com

ÓÔÖ ØÀÒÈÖËÉ ÄÍÉÓ ÔÄØÍÏËÏÂÉÆÄÁÉÓ ÝÄÍÔÒÛÉ ÛÏÈÀ ÒÖÓÈÀÅÄËÉÓ ÄÒÏÅÍÖËÉ ÓÀÌÄÝÍÉ-
ÄÒÏ ×ÏÍÃÉÓ № AR/122/4-105/14 ÓÀÂÒÀÍÔÏ ÌáÀÒÃÀàÄÒÉÈ ÌÖÛÀÅÃÄÁÀ ÐÒÏÄØÔÉ „ÊÉÃÄÅ
ÄÒÈÉ ÍÀÁÉãÉ ÌÏÓÀÖÁÒÄ ØÀÒÈÖËÉ ÈÅÉÈÂÀÍÅÉÈÀÒÄÁÀÃÉ ÉÍÔÄËÄØÔÖÀËÖÒÉ ÊÏÒÐÖÓÉÓÀÊÄÍ“,
ÒÏÌÄËÉÝ ÝÄÍÔÒÉÓ ÂÒÞÄËÅÀÃÉÀÍÉ ÐÒÏÄØÔÉÓ „ØÀÒÈÖËÉ ÄÍÉÓ ÔÄØÍÏËÏÂÉÖÒÉ ÀÍÁÀÍÉ“ [1]
ÄÒÈ-ÄÒÈÉ ÌÄÔÀÃ ÌÍÉÛÅÍÄËÏÅÀÍÉ ØÅÄÐÒÏÄØÔÉÀ.

ÌÏáÓÄÍÄÁÉÓÀÓ ßÀÒÌÏÂÉÃÂÄÍÈ ÐÒÏÄØÔÉÓ ×ÀÒÂËÄÁÛÉ ÛÄÌÖÛÀÅÄÁÖËÉ ØÀÒÈÖËÉ ÀÃÀÐÔÉ-
ÒÄÁÖËÉ ÀÍÖ áÌÏÅÀÍÌÀÒÈÅÉÀÍÉ „ÅÉÍÃÏÖÓÉÓ“ ÐÉÒÅÄË ÓÀÝÃÄË ÅÄÒÓÉÀÓ [2]-[5].1

ÂÀÌÏØÅÄÚÍÄÁÀ ÌÏÌÆÀÃÃÀ ÓÔÖ ØÀÒÈÖËÉ ÄÍÉÓ ÔÄØÍÏËÏÂÉÆÄÁÉÓ ÝÄÍÔÒÛÉ ÛÏÈÀ ÒÖÓÈÀ-
ÅÄËÉÓ ÄÒÏÅÍÖËÉ ÓÀÌÄÝÍÉÄÒÏ ×ÏÍÃÉÓ № AR/122/4-105/14 ÓÀÂÒÀÍÔÏ ÌáÀÒÃÀàÄÒÉÈ.
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ØÀÒÈÖËÉ ÈÅÉÈÂÀÍÅÉÈÀÒÄÁÀÃÉ ÉÍÔÄËÄØÔÖÀËÖÒÉ ÊÏÒÐÖÓÉÓÀÊÄÍ“ ×ÀÒÂËÄÁÛÉ ÛÄ-
ÌÖÛÀÅÄÁÖËÉ ØÀÒÈÖËÉ ÄÍÏÁÒÉÅÉ ÒÄÓÖÒÓÄÁÉ ÃÀ ÔÄØÍÏËÏÂÉÄÁÉ, ÓÀÄÒÈÀÛÏÒÉÓÏ
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ÄÍÉÓ ËÏÂÉÊÖÒÉ ÂÒÀÌÀÔÉÊÀ: ÓÀ×ÖÞÅËÄÁÉ ÃÀ ÂÀÌÏÚÄÍÄÁÄÁÉ - I ÍÀßÉËÉ, ÑÖÒÍÀËÉ
„ØÀÒÈÖËÉ ÄÍÀ ÃÀ ËÏÂÉÊÀ“, № 9, 2015-2016, 4–128.
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[5] K. Pkhakadze, M. Chikvinidze, G. Chichua, and D. Kurtskhalia, The first version
of the georgian smart journal and adapted wikipedia. Rep. Enlarged Sess. Semin.
I. Vekua Inst. Appl. Math. 30 (2016) (in Publishing).

ØÀÒÈÖËÉ äÉÁÒÉÃÖËÉ ÂÒÀÌÀÔÉÊÖËÉ
(ÏÒÈÏÂÒÀ×ÉÖËÉ, ÓÉÍÔÀØÓÖÒÉ) ÌÀÒÈËÌßÄÒÉ

ÓÉÓÔÄÌÉÓ ÐÉÒÅÄËÉ ÓÀÝÃÄË-ÓÀÌÏÌáÌÀÒÄÁËÏ ÅÄÒÓÉÀ
ÊÏÍÓÔÀÍÔÉÍÄ ×áÀÊÀÞÄ, ÌÄÒÀÁ ÜÉØÅÉÍÉÞÄ

ÓÀØÀÒÈÅÄËÏÓ ÔÄØÍÉÊÖÒÉ ÖÍÉÅÄÒÓÉÔÄÔÉ, ØÀÒÈÖËÉ ÄÍÉÓ ÔÄØÍÏËÏÂÉÆÄÁÉÓ
ÓÀÓßÀÅËÏ-ÓÀÌÄÝÍÉÄÒÏ ÝÄÍÔÒÉ, ÈÁÉËÉÓÉ, ÓÀØÀÒÈÅÄËÏ
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ÓÔÖ ØÀÒÈÖËÉ ÄÍÉÓ ÔÄØÍÏËÏÂÉÆÄÁÉÓ ÝÄÍÔÒÛÉ ÛÏÈÀ ÒÖÓÈÀÅÄËÉÓ ÄÒÏÅÍÖËÉ ÓÀÌÄÝ-
ÍÉÄÒÏ ×ÏÍÃÉÓ DO/308/4-105/14 ÓÀÂÒÀÍÔÏ ÌáÀÒÃÀàÄÒÉÈ ÌÖÛÀÅÃÄÁÀ ÐÒÏÄØÔÉ „ØÀÒÈÖ-
ËÉ ÄÍÉÈ ÄÅÒÏÊÀÅÛÉÒÛÉ ÀÍÖ ÓÀÃÏØÔÏÒÏ ÈÄÌÀ - ØÀÒÈÖËÉ ÂÒÀÌÀÔÉÊÖËÉ ÌÀÒÈËÌßÄÒÉ
(ÀÍÀËÉÆÀÔÏÒÉ)“, ÒÏÌÄËÉÝ ÝÄÍÔÒÉÓ ÂÒÞÄËÅÀÃÉÀÍÉ ÐÒÏÄØÔÉÓ „ØÀÒÈÖËÉ ÄÍÉÓ ÔÄØÍÏ-
ËÏÂÉÖÒÉ ÀÍÁÀÍÉ“ [1] ÄÒÈ-ÄÒÈÉ ÌÄÔÀÃ ÌÍÉÛÅÍÄËÏÅÀÍÉ ØÅÄÐÒÏÄØÔÉÀ.

ÌÏáÓÄÍÄÁÉÓÀÓ ßÀÒÌÏÅÀÃÂÄÍÈ ÀÌ ÆÄÌÏÀÙÍÉÛÍÖËÉ ÐÒÏÄØÔÉÓÀ ÃÀ, ÀÓÄÅÄ, ÐÒÏÄØÔÉÓ
„ÊÉÃÄÅ ÄÒÈÉ ÍÀÁÉãÉ ÌÏÓÀÖÁÒÄ ØÀÒÈÖËÉ ÈÅÉÈÂÀÍÅÉÈÀÒÄÁÀÃÉ ÉÍÔÄËÄØÔÖÀËÖÒÉ ÊÏÒÐÖ-
ÓÉÓÀÊÄÍ“ ×ÀÒÂËÄÁÛÉ ÜÅÄÍÓ ÌÉÄÒ ÛÄÌÖÛÀÅÄÁÖËÉ ØÀÒÈÖËÉ äÉÁÒÉÃÖËÉ ÂÒÀÌÀÔÉÊÖËÉ (ÏÒ-
ÈÏÂÒÀ×ÉÖËÉ, ÓÉÍÔÀØÓÖÒÉ) ÌÀÒÈËÌßÄÒÉ ÓÉÓÔÄÌÉÓ ÐÉÒÅÄË ÓÀÝÃÄË-ÓÀÌÏÌáÌÀÒÄÁËÏ
ÅÄÒÓÉÀÓ, ÒÏÌÄËÉÝ ÒÄÃÀØÔÏÒÉÓ ×ÖÍØÝÉÄÁÓ ÜÅÄÍÓ ÌÉÄÒÅÄ ÛÄÌÖÛÀÅÄÁÖË Ä.ß. ØÀÒÈÖË
àÊÅÉÀÍ ×ÖÒÝÄËÛÉ [2]--[5].

ÂÀÌÏØÅÄÚÍÄÁÀ ÌÏÌÆÀÃÃÀ ÓÔÖ ØÀÒÈÖËÉ ÄÍÉÓ ÔÄØÍÏËÏÂÉÆÄÁÉÓ ÝÄÍÔÒÛÉ ÛÏÈÀ ÒÖÓÈÀ-
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An analogue of the notion of a set in intuitionistic mathematics is a species as an
exact condition on the mathematical objects (see [1]). One of the simplest way of defining
a species whose members are natural numbers is to describe an algorithm which allows
us to make sure that a given number is a member of the species. Thus the collection of
the members of such a species is a recursively enumerable set. In addition, the condition
defining a species should be understood intuitionistically, i.e., x ∈ y iff there is a witness
of the fact that x satisfies the condition. Thus, in fact, a number x can be considered as a
member of a species y only together with a number e coding a justification of the sentence
x ∈ y, so it it is necessary to speak about the ordered pair ⟨e, x⟩. This idea is a base of
the following constructive semantics for the language of the set theory with atoms.

Let τ : N2 → N be a one-to-one primitive recursive function, the inverse projection
functions π0 and π1 being primitive recursive, too. By ⟨x, y⟩ denote τ(x, y). LetWn be the
range of a unary partial recursive function φn whose Gödelean index is n. The language
of the set theory with atoms ZFA contains the usual binary predicate symbols = and ϵ
and the unary predicate symbol A for the property to be an atom. For convenience let
us suppose that the constants 0, 1, 2, . . . for the natural numbers are also in the language.
The relation e rΦ for a natural number e and a closed formula Φ is defined inductively. For
the atomic formulas the definition is following: e rA(k) � π0(k) = 0; e r [k = l] � k = l;
e r [k ϵ l] � [π0(k) < π0(l)& ⟨e, k⟩ ∈ Wπ1(l)]. The case of more complicated formulas is
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treated in the manner of Kleene’s recursive realizability (see [2]). For example,

e r [Φ0 → Φ1] � ∀a [a rΦ0 ⇒ ∃b (φe(a) = b& b rΦ1)];

e r∀xΦ0(x) � ∀k ∃b [φe(k) = b& b rΦ0(k)].

A closed formula Φ is realizable iff ∃e [e rΦ].
Specific axioms of the theory ZFA are the axiom of the empty set ∃xE(x) and the axiom

for atoms ∀x [A(x) ≡ ¬E(x)&¬N(x)], where E(x) is ¬A(x)&¬∃y [y ϵ x], N(x) is ∃y [y ϵ x].
The other axioms are slightly modified usual axioms of the Zermelo–Fraenkel set theory.
E.g., the regularity axiom is stated as ∀x [N(x) → ∃ y [y ϵ x&¬∃ z [z ϵ x& z ϵ y]]].
Theorem.

1) The following axioms of ZFA are realizable: the axiom of the empty set, the axiom
for atoms, the pairing axiom, the union axiom, and the axiom of choice.

2) The following axioms of ZFA are not realizable: the extensionality axiom, the power
set axiom, the infinity axiom, the replacement axiom.

3) The regularity axiom is not realizable, but its weakened variant

∀x [N(x) → ¬¬∃ y [y ϵ x&¬∃ z [z ϵ x& z ϵ y]]]

is realizable.

4) In general, the separation axiom ∀u, x ∃ y [¬A(y)& ∀ z [z ϵ y ≡ z ϵ x&Φ(z,u)]] is
not realizable, but is realizable if Φ(z,u) is a Σ-formula.
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Dynamic Stress Intensity Factor for
Break-Line Shaped Crack at

Harmonic SH-Wave Interaction
Vsevolod Popov

Department of Higher Mathematics, National University “Odessa Maritime Academy”,
Odessa, Ukraine

email: vs−popov@math.onma.edu.ua

The problem of the stress intensity factor (SIF) estimation is solved for the break-line
shaped crack which consists of the segments. The crack is situated in the unbounded
elastic isotropic body and the plane harmonic waves of the longitudinal shear (SH-waves)
interact with it. It is supposed that the edges of the crack are unloaded.

The method of the solution is based on the use of the Helmholtz’s equations discon-
tinuous solutions. The diffraction fields displacements are presented as the sum of the
discontinuous solutions which are constructed for each cracks segment. As a result of the
boundary conditions realization the system of the singular integro-differential equations
relatively to the displacements on the segments of the crack is obtained. The numerical
solution of this system is complicated by the presence of the fixed singularities in the
kernels of the integral operators. It influences at the exponent of power singularity of the
systems solution, which is different from. The disadvantages of the known methods of the
singular integral equations solving are consisted or in the ignoring of the solutions real
exponent of the power singularity or in the formal using of the Gauss–Jacobi quadrature
formulas for the integrals with the fixed singularity. Therefore one of the main results of
the report is the numerical method for the obtained integro-differential equations systems
solving. This collocation method takes into consideration the solutions real exponent of
the power singularity and use as the collocation points the second order Jacobi functions
zeros. Also it uses the special quadrature formulas for the singular integrals with the fixed
singularity. The final result of the numerical solving is the approximation formulas for
the SIF calculation.

As an example, the cracks which are consisting of the two and three segments are
examined. The results of the methods practical convergence studies and the influence of
the cracks geometry and the propagated waves frequency at the SIF values are given.
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Stress State of a Cylindrical Body with a Crack
under Oscillations in the Plane Strain Conditions

V. G. Popov, O. I. Kirillova
National University “Odessa maritime academy”, Department of Higher Mathematics,

Odessa, Ukraine
email: vs_popov@math.onma.edu.ua, ol007ga@math.onma.edu.ua

The problem about the determination of the stress state in an infinite elastic cylindrical
body with a tunnel crack is solved. The side surface of the cylinder is under the influence
of self-balancing normal harmonic loading. Under these conditions the plane strain in the
cylinder is realized and the radial and angular components of displacements that satisfy
the equations of motion to be determined. The crack surface is considered free of the
loading. Also on the crack surface the displacements are discontinuous. The problem is
reduced to solving two-dimensional equations of motion in planar regions bounded by any
closed smooth curves, with the described boundary conditions. The method of solution
is based on the use of discontinuous solutions of two-dimensional equations of motion
of an elastic medium with jumps of displacements on the surface. Displacements in the
cylinder are represented as the sum of discontinuous solutions, built for the crack, and
the unknown function, which provides the satisfaction of the boundary conditions of the
body. These functions are searched approximately as a linear combination of linearly
independent solutions of the equations of the elasticity theory in the frequency domain
with unknown coefficients. This representation makes possible to separately satisfy the
boundary conditions on the crack surface and on the boundary of the body. The conditions
on the crack are realized as a set of systems of singular integro-differential equations,
which differ only in the right-hand sides. The approximate solutions of these systems are
obtained by the method of mechanical quadratures. After that, the conditions on the
boundary of the body are satisfied, from which by the collocation method the unknown
coefficients of the above functions are determined.

The approximate formulas for calculating SIF by which are studied the influence of
the value of the oscillation frequency, geometric cylinder size and the location of crack in
it are obtained.
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Hedging of European Option
with Nonsmooth Payoff Function

Omar Purtukhia
A. Razmadze Mathematical Institute of Iv. Javakhishvili Tbilisi State University,

Tbilisi, Georgia
Faculty of Exact and Natural Sciences, Department of Mathematics, Iv. Javakhishvili

Tbilisi State University, Tbilisi, Georgia
email: o.purtukhia@gmail.com

We consider the European Options in the case of Black–Scholes financial market model,
which payoff functions is a certain combination of the Binary and Asian options payoff
functions and investigate the hedging problem. In spite of the fact that Clark–Ocone
formula is the effective tool for solution of the hedging problem there are some prob-
lems with its practical realizations. We generalized the Clark–Ocone formula in case,
when functional is not stochastically smooth. It has turned out that the requirement
of smoothness of functional can be weakened by the requirement of smoothness only of
its conditional mathematical expectation ([1]). It is well-known, that if random variable
is stochastically differentiable in Malliavin sense, then its conditional mathematical ex-
pectation is differentiable too ([2]). In particular, if F ∈ D2,1, then E(F | ℑw

s ) ∈ D2,1

and Dt[E(F | ℑw
s )] = E(DtF | ℑw

s )I[0,s](t). On the other hand, it is possible that con-
ditional expectation can be smooth even if random variable is not stochastically smooth
([1]). For example, it is well-known that I{wT≤x} ̸∈ D2,1 (indicator of event A is Malliavin
differentiable if and only if probability P (A) is equal to zero or one ([2])), but for all
t ∈ [0, T ) :

E
[
I{wT≤x} | ℑw

t

]
= Φ

[
(x− wt)/

√
T − t

]
∈ D2,1.

In present work we consider the functional of integral type
T∫
0

ut(ω) dt (with nonsmooth

integrand us(ω)), whose conditional mathematical expectation is not stochastically dif-
ferentiable too (in spite that vs = E(ut | ℑw

s ) ∈ D2,1). We prove that if us(ω) is not
differentiable in Malliavin sense, then the Lebesgue average (with respect to ds) also is
not differentiable in Malliavin sense. On the other hand, in this case even the conditional
mathematical expectation of mentioned functional is not smooth, because it represents
as sum

E

(∫ T

0

ut(ω) dt | ℑw
s

)
=

∫ s

0

ut(ω) dt+

∫ T

s

vt(ω) dt,

where the first summand is not differentiable, but the second summand is differentiable
in Malliavin sense (if vt(· ) ∈ D2,1 for almost all t and v·(ω) is Lebesgue integrable for a.a.
ω, then

∫ T

s
vt(ω) ds ∈ D2,1).
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Approximately Dual for Continuous Frames in
Hilbert Spaces

Asghar Rahimi, Zahra Darvishi
Department of Mathematics, University of Maragheh, Maragheh, Iran

email: rahimi@maragheh.ac.ir

In this manuscript, the concept of dual and approximate dual for continuous frames
in Hilbert spaces will be introduced. Some of its properties will be studied.
Definition 1. A weakly-measurable mapping F : Ω → H is called a continuous frame
for H with respect to (Ω, µ) if there exist constants 0 < A ≤ B <∞ such that

A∥f∥2 ≤
∫
Ω

∣∣⟨f, F (ω)⟩∣∣2 dµ(ω) ≤ B∥f∥2, f ∈ H.

The constants A and B are called continuous frame bounds. The mapping F is called
tight continuous frame if A = B and if A = B = 1 it called a Parseval continuous frame.
The mapping is called Bessel if the second inequality holds. In this case, B is called Bessel
constant. If F : Ω → H is a Bessel mapping and φ ∈ L2(Ω, µ), then

∫
Ω

φ(ω)F (ω) dµ(ω)

defines an element of H. In fact, the operator TF : L2(Ω, µ) → H weakly defined by

⟨TFφ, g⟩ =
∫
Ω

φ(ω)⟨F (ω), g⟩ dµ(ω), φ ∈ L2(Ω, µ), g ∈ H,

is well defined, linear, bounded with bound
√
B and its adjoint is given by

T ∗
F : H → L2(Ω, µ), (T ∗

Ff)(ω) = ⟨f, F (ω)⟩, ω ∈ Ω, h ∈ H.

The operator TF is called the synthesis operator and T ∗
F is called the analysis operator

of F . For continuous frame F with bounded A and B, the operator SF = TFT
∗
F is called

continuous frame operator and this is bounded, invertible, positive and AIH ≤ SF ≤ BIH .
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Definition 2. Two Bessel mappings F and G are called approximately dual continuous
frames for H if ∥IH − TGT

∗
F∥ < 1 or ∥IH − TFT

∗
G∥ < 1.

Theorem 1. If F and G are approximately dual continuous frames, then F and G are
continuous frames for H with respect to (Ω, µ).
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About a Center of a Biparabolic
of Subalgebra of sl(n)

Giorgi Rakviashvili, Ekaterine Kuljanishvili
Ilia State University, Tbilisi, Georgia

emails: giorgi.rakviashvili@iliauni.edu.ge, ekaterine.kuljanishvili.1@iliauni.edu.ge

In this paper we investigate the dimension of a center Z(Q) of a biparabolic subalgebra
Q of a special linear Lie (simple) algebra sl(n) over the field of complex numbers C; it
is well known, that Z(Q) ≃ H0(Q,Q). A subalgebra P of a semisimple Lie algebra L is
parabolic, if it contains a Borel subalgebra (i.e. a maximal solvable subalgebra) of L. A
subalgebra Q of a semisimple Lie algebra L is biparabolic, if Q = P

∩
P1, there P and

P1 are such a parabolic subalgebras of L that P + P1 = L. It is clear that a biparabolic
subalgebra of sl(n) is determined by a pair of compositions n = a1 + a2 + · · · + ar =
b1 + b2 + · · ·+ bs, there ai and bj are natural numbers. Let d be the maximum number of
equal partial sums of this compositions (for example, for compositions 10 = 2+3+2+5 =
3 + 2 + 2 + 1 + 4 the maximum number of equal partial sums is 3). The main result of
this work is
Theorem. In the above notations, dim(Z(Q)) = d− 1.
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Basic Properties of Controlled Frames
in Hilbert C∗-modules

Mehdi Rashidi-Kouchi
Department of Mathematics, Kahnooj Branch,

Islamic Azad University, Kerman, Iran
email: m−rashidi@kahnoojiau.ac.ir

Weighted and controlled frames in Hilbert spaces have been introduced in [1] to im-
prove the numerical efficiency of iterative algorithms for inverting the frame operator on
abstract Hilbert spaces, however they are used earlier in [2] for spherical wavelets. The
concept of controlled frames has been extended and generalized to g-frames in [3].

Hilbert C∗-modules form a wide category between Hilbert spaces and Banach spaces.
Frames and their generalization are defined in Hilbert C∗-modules and some properties
have been studied for example see [4].

Here we investigate basic properties of controlled frames in Hilbert C∗-modules. Also
we present a characterization of controlled frames for Hilbert C∗-modules and show that
any controlled frame in Hilbert C∗-module is frame in Hilbert C∗-module.
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Numerical Solution of the Eikonal Equation with
Applications to an Automatic Piping

Kerstin Rjasanowa
Department of Civil Engineering, University of Applied Sciences, D-67659

Kaiserslautern, Schoenstraße 6, Germany
email: kerstin.rjasanowa@hs-kl.de

The procedure of positioning of pipes, for example for automobile exhaust construc-
tion, by the use of 3D-CAD-systems is difficult and time consuming because of the pres-
ence of obstacles in an engine compartment. There are also further strong technical
requirements and restrictions. An automatic generation procedure based on the level set
method and the numerical solution of the Eikonal equation is proposed. The positions of
pipes which fulfill the technical requirements are obtained using spline functions.
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ÈÄÏÒÄÌÀÈÀ ÀÅÔÏÌÀÔÖÒÉ ÌÔÊÉÝÄÁÉÓ
ÄÒÈÉ ËÏÂÉÊÖÒÉ ÌÄÈÏÃÉÓ ÛÄÓÀáÄÁ

áÉÌÖÒÉ ÒÖáÀÉÀ, ËÀËÉ ÔÉÁÖÀ, ÓÏ×Ï ×áÀÊÀÞÄ

ÉÅ. ãÀÅÀáÉÛÅÉËÉÓ ÓÀáÄËÏÁÉÓ ÈÁÉËÉÓÉÓ ÓÀáÄËÌßÉ×Ï ÖÍÉÅÄÒÓÉÔÄÔÉ,
ÈÁÉËÉÓÉ, ÓÀØÀÒÈÅÄËÏ

ÓÏáÖÌÉÓ ÓÀáÄËÌßÉ×Ï ÖÍÉÅÄÒÓÉÔÄÔÉ, ÈÁÉËÉÓÉ, ÓÀØÀÒÈÅÄËÏ

ÄË-×ÏÓÔÉÓ ÌÉÓÀÌÀÒÈÉ: khimuri.rukhaia@gmail.com; ltibua@gmail.com

ÂÀÓÖËÉ ÓÀÖÊÖÍÉÓ ÁÏËÏ ÏÝÃÀÀÈÉ ßÄËÉ ÉÍÔÄÍÓÉÖÒÀÃ ÌÉÌÃÉÍÀÒÄÏÁÃÀ ÈÄÏÒÄÌÀÈÀ
ÀÅÔÏÌÀÔÖÒÉ ÌÔÊÉÝÄÁÉÓ ÌÄÈÏÃÄÁÉÓ ÛÄÌÖÛÀÅÄÁÀ. ÌÉÙÄÁÖË ÉØÍÀ ÌÒÀÅÀËÉ ÓÀÉÍÔÄÒÄÓÏ
ÛÄÃÄÂÉ [1]. ÌÀÂÒÀÌ ÊÅËÀÅ ÙÉÀÃ ÒÜÄÁÀ ÞÉÒÉÈÀÃÉ ÓÀÊÉÈáÉ - ÈÄÏÒÄÌÀÈÀ ÀÅÔÏÌÀÔÖÒÉ
ÌÔÊÉÝÄÁÉÓ Ä×ÄØÔÖÒÉ ÐÒÏÝÄÃÖÒÄÁÉÓ ÞÉÄÁÀ. ÀÌ ÌÉÌÀÒÈÖËÄÁÉÈ ÌÉÙÄÁÖËÉ ÒÏÂÏÒÝ
ÈÄÏÒÉÖËÉ, ÀÓÄÅÄ ÐÒÀØÔÉÊÖËÉ áÀÓÉÀÈÉÓ ÚÏÅÄËÉ ÛÄÃÄÂÉ ÞËÉÄÒ ÌÍÉÛÅÍÄËÏÅÀÍÉÀ ÈÄ-
ÏÒÄÌÀÈÀ ÀÅÔÏÌÀÔÖÒÉ ÌÔÊÉÝÄÁÉÓ ÈÄÏÒÉÉÓ ÂÀÍÅÉÈÀÒÄÁÉÓÀÈÅÉÓ.

ÀÌ ÓÀÊÉÈáÄÁÈÀÍ ÃÀÊÀÅÛÉÒÄÁÖËÉ ÊÅËÄÅÀ ÞÉÒÉÈÀÃÀÃ ÌÉÌÃÉÍÀÒÄÏÁÓ ÏÒÉ ÌÉÌÀÒÈÖËÄ-
ÁÉÈ:

À) ÐÒÏÁËÄÌÉÓ ÌÀÒÔÉÅÀÃ ßÀÒÌÏÃÂÄÍÀ, ÒÏÌÄËÉÝ ÌÉÉÙßÄÅÀ ËÏÂÉÊÖÒÉ ÄÍÉÓ ÓÒÖËÚÏ-
×ÉÈ.

Á) ÌÔÊÉÝÄÁÉÓ Ä×ÄØÔÖÒÉ ÌÄÈÏÃÄÁÉÓ ÞÉÄÁÀ - ÒÄÀËÉÆÀÝÉÀ.

ÀÌ ÌÉÌÀÒÈÖËÄÁÉÈ ÌÉÙÄÁÖËÉ ÛÄÃÄÂÄÁÉ ÞÉÒÉÈÀÃÀÃ ÄÚÒÃÍÏÁÀ ÐÉÒÅÄËÉ ÒÉÂÉÓ
ÈÄÏÒÉÄÁÓ. ÀÌ ÈÄÏÒÉÄÁÛÉ ÀÒ ÂÅáÅÃÄÁÀ ÁÖÒÁÀÊÉÓ [2] ËÏÂÉÊÖÒÉ ÏÐÄÒÀÔÏÒÖËÉ
ÍÉÛÀÍÉ ÔÀÖ ÃÀ ÌÉÓÉ ÛÄÌÏÔÀÍÀÝ ÀÒ áÄÒáÃÄÁÀ ÛÄÌÀÌÏÊËÄÁÄËÉ ÓÉÌÁÏËÏÄÁÉÓ ÂÀÍÓÀÆÙ-
ÅÒÄÁÀÈÀ ßÄÓÄÁÉÓ ÉÌ ÒÀÝÉÏÍÀËÖÒÉ ÓÉÓÔÄÌÉÈ, ÒÏÌÄËÉÝ ÌÏÞÄÁÍÉË ÉØÍÀ ÛÀËÅÀ
×áÀÊÀÞÉÓ ÌÉÄÒ [3]. ÈÄÏÒÉÀÛÉ ÔÀÖ ÏÐÄÒÀÔÏÒÉÓ ÀÒ ÀÒÓÄÁÏÁÀ ÂÀÒÊÅÄÖËÀÃ ÆÙÖÃÀÅÓ
ÌÉÓ ÂÀÌÏÌÓÀáÅÄËÏÁÉÈ ÖÍÀÒÓ. ÊÅËÄÅÀÓ ÅÀßÀÒÌÏÄÁÈ, ÞÉÒÉÈÀÃÀÃ, ÜÅÄÍÓ ÌÉÄÒ
ÀÂÄÁÖËÉ ÔÀÖ–ËÏÂÉÊÉÓ ÁÀÆÀÆÄ [4], ÒÏÌËÉÓ ÄÍÉÓ ÞÉÒÉÈÀÃ ÓÉÌÁÏËÏÄÁÛÉ ÛÄÃÉÓ
ÔÀÖ ÏÐÄÒÀÔÏÒÉ, ÜÀÓÌÉÓ ÓÐÄÝÉÀËÖÒÉ ÃÀ ËÏÂÉÊÏ-ÓÐÄÝÉÀËÖÒÉ ÏÐÄÒÀÔÏÒÖËÉ
ÍÉÛÍÄÁÉ. ÀÌ ÈÄÏÒÉÀÛÉ ÀÒÓÄÁÏÁÉÓÀ ÃÀ ÆÏÂÀÃÏÁÉÓ ÊÅÀÍÔÏÒÄÁÉ ÂÀÍÉÓÀÆÙÅÒÄÁÉÀÍ
ÂÀÍÓÀÆÙÅÒÄÁÀÈÀ ßÄÓÄÁÉÓ ÒÀÝÉÏÍÀËÖÒÉ ÓÉÓÔÄÌÉÈ. ÀÌÀÅÄ ÓÉÓÔÄÌÉÈ áÃÄÁÀ ÔÀÖ-
ÈÄÏÒÉÉÓ ÄÍÉÓ ÃÄÃÖØÝÉÖÒÀÃ ÂÀ×ÀÒÈÏÄÁÀ-ÂÀÍÅÉÈÀÒÄÁÀ ÃÀ, ÛÄÓÀÁÀÌÉÓÀÃ, ÌÀÓ ÂÀÀÜ-
ÍÉÀ ÊÀÒÂÉ ÂÀÌÏÌÓÀáÅÄËÏÁÉÈÉ ÖÍÀÒÉ.

ÂÀÒÃÀ ÀÌÉÓÀ, ÃÀÌÔÊÉÝÄÁÖËÉÀ ÆÄÌÏáÓÄÍÄÁÖËÉ ÏÐÄÒÀÔÏÒÄÁÉÓ ÆÏÂÉÄÒÈÉ ÈÅÉÓÄÁÀ.

ÍÀÛÒÏÌÉ ÛÄÓÒÖËÄÁÖËÉÀ ÛÏÈÀ ÒÖÓÈÀÅÄËÉÓ ÓÀÌÄÝÍÉÄÒÏ ×ÏÍÃÉÓ ÂÒÀÍÔÉÓ FR/508/4-
120/14 2014 áÄËÛÄßÚÏÁÉÈ.
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On an Existence of Dynamical Systems
in Polish Topological Vector Spaces

Nino Rusiashvili
Department of Mathematics, Georgian Technical University, Tbilisi, Georgia

email: nino.rusiashvili@gmail.com

The investigation and study of various topics of mathematical analysis in infinite-
dimensional topological vector spaces are often realized within concrete dynamical systems
of the form (E,G, S, µ), where E denotes an infinite-dimensional topological vector space,
S denotes the σ-algebra of all Borel subsets of E, G denotes a group of transformations
of E and µ stands for a G-invariant σ-finite measure on E. In this direction, there is a
deep methodology which enables to investigate some important properties of dynamical
systems (see, for example, [1–4]).

The next statement is valid.
Theorem. Let E be a complete metric topological vector space. Then following two
assertion are equivalent:

(1) there exists a dynamical system in E;

(2) E is separable.

Acknowledgement. The research has been partially supported by Shota Rustaveli
National Science Foundation, Grants No. FR/116/5-100/14.
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Modular Spaces Associated to
Semi-Finite von Neumann Algebras

Ghadir Sadeghi
Department of Mathematics and Computer Sciences, Hakim Sabzevari University,

Sabzevar, Iran
email: g.sadeghi@hsu.ac.ir

Non-commutative Orlicz spaces can be defined either in an algebraic way [2] or via
Banach function spaces [3]. Al-Rashed and Zegarlióski [1] established the theory of non-
commutative Orlicz spaces associated to a non-commutative Orlicz functional. Their non-
commutative Orlicz functional is related to those introduced by [4] where the author used a
specific Young function φ(x) = cosh (x)−1, which has a particular importance in quantum
information geometry. They investigated a theory associated with a faithful normal state
on a semi-finite von Neumann algebra. In [5] Sadeghi consider another approach based
on the concept of modular function spaces. Using the generalized singular value function
of a τ -measurable operator, He define a modular on the collection of all τ -measurable
operators. This modular function defines a corresponding modular spaces, which is called
the non-commutative Orlicz space. Recently, Sadeghi and Saadati introduce the notion
of a non-commutative modular function space and look at some geometric properties of
such spaces as modular spaces, and generalizes the idea of a function modular [6]. In
this talk, we investigate some geometrical properties of noncommutative modular spaces
associated to semi-finite von Neumann algebras.
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Numerical Solution of Natural Convective
Heat Transfer for Dilatant Fluids

Serpil Şahi̇n1, Hüseyin Demi̇r2

1Faculty of Sciences and Arts, Department of Mathematics, Amasya University,
Amasya, Turkey

2Faculty of Sciences and Arts, Department of Mathematics, Ondokuz Mayıs University,
Samsun, Turkey

emails: serpil.sahin@amasya.edu.tr; hdemir@omu.edu.tr

In this study, we consider flow properties of Dilatant fluids motion generated by ther-
mal gradients in an enclosed cavity region. Pseudo time derivative is used to solve the
continuity, momentum and energy equations with suitable initial and boundary condi-
tions. Therefore, the governing equations of fluid of vorticity-stream function and tem-
perature formulations are solved numerically using finite difference method. The stream
function, vorticity and temperature results are obtained for the steady, two-dimensional,
incompressible Dilatant flow. These results are presented both in tables and figures. The
stream function, vorticity and energy equations are solved separately with the numerical
method. Each equation with pseudo time parameter on very fine grid mesh is solved step
by step with a pair of tridiagonal system. The advantage of this process is that it gives
the solution of the flow problems effectively and accurately.

Key Words: Dilatant fluid, heat transfer, pseudo time parameter, finite difference
method.
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Intrinsic Equations for a Generalized
Relaxed Elastic Line on an Oriented
Surface in the Pseudo-Galilean Space

Tevfik Şahi̇n
Faculty of Sciences and Arts, Department of Mathematics, Amasya University,

Amasya, Turkey
email: tevfik.sahin@amasya.edu.tr

In this work, we study the elasticity theory in pseudo-Galilean space, a special type
of Cayley–Klein spaces. In particular, we derive the intrinsic equations for a generalized
relaxed elastic line on an oriented surface in the 3-dimensional pseudo-Galilean space G3

1.
These equations will give direct and more geometric approach to questions concerning
about generalized relaxed elastic lines on an oriented surface in G3

1.
Key words: Pseudo-Galilean space, generalized relaxed elastic line, variational prob-

lem, intrinsic formulation, geodesic.
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Some Remarks on the Geometry
of Anti-Kähler–Codazzi Manifolds

Arif Salimov
Department of Mathematics, Faculty of Science, Atatürk University,

Erzurum, Turkey
email: asalimov@atauni.edu.tr

In [1] we introduced the notion of an anti-Kahler-Codazzi manifold, for which a twin
anti-Hermitian (also known as a twin Norden) metric of neutral signature satisfies the
Codazzi equation. We introduced also the notion Ricci* tensor field for Levi-Civita con-
nection of an anti-Hermitian metric and give a characterization of an anti-Kahler-Codazzi
manifold in terms of a Ricci* tensor field [2]. Such torsion-free metric connection also em-
phasise the importance of anti-Hermitian metric connections with torsion in the study of
anti-Kahler-Codazzi geometry. With the objective of defining new types of anti-Hermitian
metric connections, we consider properties of anti-Hermitian manifolds associated to these
connections.
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Some Aspects of Teaching Sensitivity Analyses
of Economic Problem

Tsitsino Sarajishvili
Department of Computer Sciences, Batumi Shota Rustaveli State University,

Batumi, Georgia
email: tsis55@yahoo.com

One of the important issues, that we find in teaching mathematical modeling study
course in economics students (and not only them), is to show the practical applications of
the subject and proving its practical importance. We should demonstrate the possibilities
of the subject on specific examples. In this regard the sensitivity analysis of economics
problems’ solution is important.

As it is known, linear programming is one of the well-studied areas in operations
research, therefore same stands for economic problems that are described by linear cor-
relations. The paper deals with the specific model problems and economic analysis using
duality theory elements. In particular, by using of dual assessment we show students
the opportunity of improving solution; Show them how the changes of each parameter of
problem might affect the optimal solution of the initial problem.

Although today the preference is given to the usage of end-product program packages
and linear programming problems are easily solved using computer resources, but we
can clearly discuss the sensitivity analysis if we use the tabular form of simplex method
in solving problems. By using the tabular simplex-algorithm and the analysis of the
corresponding final tab, we can demonstrate to students, how the change of parameters
in problem affects the optimal solution.red in [1], [2]). The dependence of well-posedeness
of boundary conditions on the character of vanishing the shear modulus is studied.
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Using the Wald’s Method for Prove of Consistency
of Generalized Estimation of Maximal

Likelihood Estimation
Aleksandr Sborshchikov

Department of Mathematics, I. Javakhishvili Tbilisi State University,
Tbilisi, Georgia

email: a.sborshchikov@gmail.com

We consider a problem of estimation unknown parameters in a censored case. Gener-
alized maximal likelihood estimator is constructed. Consistency of the estimator is proved
using Wald’s method. Applications are given.

Hochstadt’s Result for
Inverse Sturm–Liouville Problems

Using m Transmission and Parameter Dependent
Boundary Conditions

Mohammad Shahriari
Department of Mathematics, University of Maragheh, Maragheh, Iran
emails: shahriari@maragheh.ac.ir; mohamad.shahriari@yahoo.com

This paper deals with the boundary value problem involving the differential equation

ℓy := −y′′ + qy = λy, (1)

subject to the parameter dependent boundary conditions

L1(y) := λ
(
y′(0) + h1y(0)

)
− h2y

′(0)− h3y(0) = 0,

L2(y) := λ
(
y′(π) +H1y(π)

)
−H2y

′(π)−H3y(π) = 0,
(2)
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along with the following discontinuity conditions at the points di ∈ (0, π)

Ui(y) := y(di + 0)− aiy(di − 0) = 0,

Vi(y) := y′(di + 0)− biy
′(di − 0)− ciy(di − 0) = 0,

(3)

where q(x), ai, bi, ci‘for i = 1, 2, . . . ,m are real, q ∈ L2(0, π) and λ is a parameter
independent of x. For simplicity we use the notation L = L(q(x);hj;Hj; di), for the
problem (1)–(3). We develop the Hochstadt’s result [1] based on the transformation
operator for inverse Sturm–Liouville problem when there are finite number of transmission
and parameter dependent conditions [2]. Furthermore, we establish a formula for q(x)−
q̃(x) in the finite interval where q(x) and q̃(x) are analogous functions.

Theorem If L(q(x);h;H; di), L̃(q̃(x);h;H; di) have the same spectrum and λn = λ̃n for
all n ∈ Λ, (where Λ0 ⊂ N be a finite set and Λ = N \ Λ0), then

q − q̃ =
∑
Λ0

(ỹnφn)
′w,

a.e. on [0, d1)
m−2∪
i=1

(di, di+1)∪ (dm−1, π], where ỹn and φn are suitable solutions of ℓ̃y = λny

and ℓy = λny, respectively, and

w(x) =



1, 0 ≤ x < d1,
1

a1b1
, d1 < x < d2,

...
1

a1b1 · · · am−1bm−1

, dm−1 < x ≤ π.
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Reconstruction of the Discontinuous
Potential Function for Sturm–Liouville
Problems with Transmission Conditions

Mohammad Shahriari, Behzad Abbasi
Department of Mathematics, University of Maragheh, Maragheh, Iran
emails: shahriari@maragheh.ac.ir; mohamad.shahriari@yahoo.com

We consider the Sturm–Liouville problems with discontinuous potentials having jump
and transmission conditions. As the main result we obtain a procedure of recovering the
location of the discontinuity and the height of the jump.

We consider the boundary value problem

ℓy := −y′′ + qy = λy,

subject to the Robin boundary conditions along with the following discontinuity conditions

y
(π
2
+ 0

)
= a1y

(π
2
− 0

)
, y′

(π
2
+ 0

)
= a1

−1y′
(π
2
− 0

)
+ a2y

(π
2
− 0

)
,

where q(x), a1, a2 are real, q ∈ L2(0, π) and λ is a parameter independent of x. In this
work we suppose that the potential function q(x) have the special following form

q(x) =

{
q1(x) + b, 0 ≤ x ≤ a;

q1(x), a < x ≤ π;

where q1(x) ∈ AC[0, π] and a2 = 0. By using the asymptotic form of eigenvalues of
two types of the spectrum Dirichlet {λn}n≥1 and Dirichlet–Neumann {µn}n≥1 boundary
conditions from [2] we have the following relation

λn < µn < λn+1 < µn+1 < · · · , n = 1, 2, 3, . . .

i.e. the eigenvalues of two spectrum are alternating. So that bn and cn can be obtained by

bn =

λk − (k)2,

µk −
(
k +

(−1)α

π

)2

,
cn =

λk − (k)2 − A, n = 2k − 1,

µn −
(
k + (−1)α

π

)2

− A, n = 2k, k = 1, 2, . . .

is known for all k and

A = lim
n→∞

bn = lim
N→∞

2N∑
n=N

bn
N + 1

.
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Let us define the following function

pN(x) =
2πi

N + 1

2N∑
n=N

cnne
inx, x ∈ [0, π].

Theorem. The following relation holds

pN(x) = p∗N(x) + o(1), N → ∞

where
p∗N(x) =

b

N + 1
· e

i(2N+1)(x−a) − eiN(x−a)

ei(x−a) − 1
.

The function pN(x) obtained the discontinuous point and height of jump point in the
potential function.
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Complex Regimes Arising in a Heat-Conducting
Flow Between Horizontal Porous Cylinders

Luiza Shapakidze
A. Razmadze Mathematical Institute of I. Javakhishvili Tbilisi State University,

Tbilisi, Georgia
email: luiza@rmi.ge

The report presents the results of investigations of stability of heat-conducting liq-
uid motion between two horizontal stationary porous cylinders which is driven under a
constant azimuthal pressure gradient acting around the cylinders. The liquid is under
the action of a radial flow through the porous cylinder walls and of a radial temperature
gradient.

Numerical analysis shows that when the stationary flow losses its stability under the
certain parameter values of the problem, there arise intersections between the vortex and
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azimuthal wave bifurcations. This indicates that there arise rather complicated regimes.
These intersections take place especially when temperature of the outer cylinder is higher
than that of the inner one for sufficiently large values of the wave axial number and when
the liquid moves through the inner cylinder.

The Solutions of Integral-Differential Equations and
Their Applications in the Linear Theory of Elasticity

Nugzar Shavlakadze
A. Razmadze Mathematical Institute of Iv. Javakhishvili Tbilisi State University,

Tbilisi, Georgia
emails: nusha@rmi.ge; nusha1961@yahoo.com

Let a finite or infinite non-homogeneous inclusion with modulus of elasticity E1(x),
thickness h1(x) and Poisson’s coefficient ν1 be attached to the plate which is in the con-
dition of a plane deformation. It is assumed that the inclusion has no bending rigidity,
is in the uniaxial stressed state and is subject only to tension, the tangential stress τ0(x)
acts on the line of contact of the inclusion and the plate, the contact condition considers
the existence of thin glue layer.

We are required to define the law of distribution of tangential contact stresses τ(x) on
the line of contact, the asymptotic behavior of these stresses at the end of the inclusion
and the coefficient of stress intensity.

To define the unknown contact stresses we obtain the following singular integral-
differential equation

φ(x)

E(x)
+
λ

π

a∫
0

φ′(t)

t− x
dt− k0φ

′′(x) = g(x), 0 ≤ x ≤ a, (1)

φ(0) = 0, φ(a) = T0,

where

φ(x) =

x∫
0

τ(t) dt,

a∫
0

τ(t) dt = T0, T0 =

a∫
0

τ0(t) dt,

E(x) =
E1(x)h1(x)

1− ν21
, g(x) =

1

E(x)

x∫
0

τ0(t) dt.



228 Abstracts of Participants’ Talks Batumi, September 5–9, 2016

The effective solutions for integro-differential equations (1) related to problems of
interaction of an elastic thin finite and infinite inclusion with a plate are considered.
If the geometric and physical parameter of the inclusion is measured along its length
according to the parabolic and linear law we have managed to investigate the obtained
boundary value problems of the theory of analytic functions and to get exact solutions
and establish behavior of unknown contact stresses at the ends of an elastic inclusion.

Acknowledgement. The designated project has been fulfilled by a financial support
of Shota Rustaveli National Science Foundation (Grant no. FR/86/5-109/14).

Precision of Estimation of Nonperiodical Core
Density Constructed by Observation

with Chain Dependence
T. Shervashidze1, Z. Kvatadze2

1A. Razmadze Mathematical Institute, I. Javakhishvili Tbilisi State University,
Tbilisi, Georgia

2Georgian Technical University, Tbilisi, Georgia
email: zurakvatadze@yahoo.com

In the paper is considered stationary in narrow sense succession {ξn;xn}n≥1. The
chain dependence succession {ξn}n≥1, terms of that represents observations on arbitrary
x occurrence. It is known that Px1/ξ1=α, α = 0, 1 conditional distributions have densities
f1(x) and f2(x) accordingly.

In certain conditions is determined the precision f(x) = p(ξ1)f1(x) + p(ξ2)f2(x) of
density approximation by core type it’s estimation.
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Hyperbolicity Equation of Motion for
General Maxwell’s Body

Teimuraz Surguladze
Department of Mathematics, Akaki Tsereteli State University, Kutaisi, Georgia

emails: teimurazsurguladze@yahoo.com; surguladze@posta.ge

In this work the equation of the motion of the generalized Maxwell’s body

σ + λαDα = λβG0D
βε, 0 ≪ α, β ≪ 1

is considered, where σ is a tension, ε is a deformation, Dα and Dβ Riemann–Liouville
derivative of fractional order.

It is shown that the equation of motion is hyperbolic.
This is another case and it differs from earlier case just, that here α ̸= β.

Universal Topological Abelian Groups
Onise Surmanidze

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

onise.surmanidze@mail.ru

A topological group H is called universal for topological group G, if G is isomorphical
to some subgroup of H.

For weakly linearly compact topological abelian groups are constructed universal topo-
logical abelian groups and proved that each such type universal group is isomorphical to
the local direct product of elementary topological abelian groups.
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On the Solution of Some Problems of the Theory
of Elastic Mixture by the Variation Method

Kosta Svanadze
Department of Mathematics, Akaki Tsereteli State University, Kutaisi, Georgia

e-mail: kostasvanadze@yahoo.com

In the present work in the case of plane theory of elastic mixture the solutions of the
non-homogeneous boundary value problem of statics and homogeneous boundary value
problem of steady state oscillations when on the boundary of simple connected finite
domain is given a displacement vector are reduced to the minimum finding problem of a
positively defined functional.
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ÆÒÃÉÓ ÓÔÖÃÄÍÔÄÁÛÉ ÌÏÔÉÅÀÝÉÀÓ, ÉÞËÄÅÀ ÈÅÀËÓÀÜÉÍÏÄÁÉÓ ÌÒÀÅÀË ÛÄÓÀÞËÄÁËÏÁÀÓ,
ÓÔÖÃÄÍÔÄÁÉÓÈÅÉÓ ÃÉ×ÄÒÄÍÝÉÒÄÁÖËÉ ÃÀÅÀËÄÁÄÁÉÓ ÌÉÝÄÌÉÓ ÓÀÛÖÀËÄÁÀÓ, ÀÉÏËÄÁÓ ÓÔÖ-
ÃÄÍÔÄÁÉÓ ÝÏÃÍÉÓ ÌÏÍÉÔÏÒÉÍÂÓ. ÄËÄØÔÒÏÍÖËÉ ÓÀÛÖÀËÄÁÄÁÉÓ ÂÀÌÏÚÄÍÄÁÀ ÌÀÈÄÌÀÔÉÊÉÓ
ÓßÀÅËÄÁÀÓ áÃÉÓ Ö×ÒÏ ÓÀÉÍÔÄÒÄÓÏÓ, ÄÌÏÝÉÖÒÓ, Ä×ÄØÔÖÒÓ ÃÀ ÌÉÌÆÉÃÅÄËÓ.

Math-Bridge ÀÒÉÓ ÌÀÈÄÌÀÔÉÊÉÓ ÄËÄØÔÒÏÍÖËÉ ÓßÀÅËÄÁÉÓ ÐÉÒÅÄËÉ ÓÒÖËÉÀÃ ÄÅÒÏÐÖ-
ËÉ ÐÒÏÂÒÀÌÀ. ÉÓ ÄÅÒÏÐÉÓ ÛÅÉÃÉ ØÅÄÚÍÉÓ ÝáÒÀ ÖÞËÉÄÒÄÓÉ ÖÍÉÅÄÒÓÉÔÄÔÉÓ ÞÀËÉÓáÌÄÅÉÈ
ÛÄÉØÌÍÀ ÃÀ ÃÙÄÌÃÄ ÅÉÈÀÒÃÄÁÀ. ÌÉÓ ÓÒÖËÚÏ×ÀÛÉ ÓÖË Ö×ÒÏ ÌÄÔÉ ØÅÄÚÍÄÁÉ ÄÒÈÅÄÁÀ
ÃÀ ÖÊÅÄ ÌÒÀÅÀË ÄÍÀÆÄÀ ÛÄÓÀÞËÄÁÄËÉ ÌÉÓÉ ÂÀÌÏÚÄÍÄÁÀ.

Math-Bridge ÐÒÏÂÒÀÌÀ ÌÏÓÀáÄÒÄáÄÁÄËÉÀ ÃÀ ÌÒÀÅÀË ÓÀÛÖÀËÄÁÀÓ ÉÞËÄÅÀ ÒÏÂÏÒÝ
ÓÔÖÃÄÍÔÄÁÉÓÀÈÅÉÓ, ÀÂÒÄÈÅÄ ÐÄÃÀÂÏÂÄÁÉÓÀÈÅÉÓ. ÉÂÉ ÛÄØÌÍÉËÉÀ ÒÏÂÏÒÝ ÉÍÓÔÒÖÌÄÍÔÉ
ÓÀÉÍÑÉÍÒÏ ÓÐÄÝÉÀËÏÁÄÁÆÄ ÌÀÈÄÌÀÔÉÊÖÒÉ ÓÀÂÍÄÁÉÓ ÓßÀÅËÄÁÉÓ ÓÒÖËÚÏ×ÉÓÀÈÅÉÓ ÃÀ ÌÏÉ-
ÝÀÅÓ ÓßÀÅËÄÁÉÓ ÌÈÄË ÐÒÏÝÄÓÓ. ÓÔÖÃÄÍÔÉÓÀÈÅÉÓ ÀÃÅÉËÀÃ áÄËÌÉÓÀßÅÃÏÌÉÀ ÌÉÓÈÅÉÓ
ÓÀàÉÒÏ ÊÖÒÓÄÁÉ, ÒÏÂÏÒÝ ÈÄÏÒÉÖËÉ ÌÀÓÀËÉÓ ÀÓÄÅÄ ÓÀÅÀÒãÉÛÏÄÁÉÓ ÓÀáÉÈ. ÃÀÅËÄÁÉÓ
ÛÄÓÒÖËÄÁÀ ÛÄÓÀÞËÄÁÄËÉÀ ÉÍÔÄÒÀØÔÉÖË ÒÄÑÉÌÛÉ. ÈÄÏÒÉÖËÉ ÌÀÓÀËÉÓ ÂÀÝÍÏÁÀ ÛÄÓÀÞ-
ËÄÁÄËÉÀ ÌÒÀÅÀË ÄÍÀÆÄ. ÐÒÏÂÒÀÌÀ ÐÄÃÀÂÏÂÄÁÉÓÀÈÅÉÓ ÊÖÒÓÉÓ ÛÄØÌÍÉÓ ÃÒÏÓ ÌÀÍÀÌÃÄ
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ÛÄØÌÍÉËÉ ÊÖÒÓÄÁÉÓ ÂÀÌÏÚÄÍÄÁÉÓ ÓÀÛÖÀËÄÁÀÓ ÉÞËÄÅÀ, ÀÂÒÄÈÅÄ ÛÄÓÀÞËÄÁÄËÉÀ ÒÏÂÏÒÝ
ÈÄÏÒÉÖËÉ, ÀÓÄÅÄ ÐÒÀØÔÉÊÖËÉ ÌÀÓÀËÉÓ ÌÖÃÌÉÅÀÃ ÂÀÍÀáËÄÁÀ ÃÀ ÓÒÖËÚÏ×À. ÛÄÓÀÞËÄÁÄ-
ËÉÀ ÔÄÓÔÄÁÉÓÀ ÃÀ ÓÀÂÀÌÏÝÃÏ ÅÀÒÉÀÍÔÄÁÉÓ ÀÂÄÁÀ ÉÍÃÉÅÉÃÖÀËÖÒÀÃ ÓÔÖÃÄÍÔÉÓÀ ÈÖ
ÓÔÖÃÄÍÔÈÀ ãÂÖ×ÄÁÉÓÀÈÅÉÓ, ÛÄÓÀÞËÄÁÄËÉÀ ÔÄÓÔÉÒÄÁÉÓÀ ÃÀ ÂÀÌÏÝÃÉÓ ÀÅÔÏÌÀÔÖÒ ÒÄÑÉÌÛÉ
ÜÀÔÀÒÄÁÀ ÛÄ×ÀÓÄÁÉÓ ÊÒÉÔÄÒÉÖÌÄÁÉÓ ÂÀÈÅÀËÉÓßÉÍÄÁÉÈ. Math-Bridge ÐÒÏÂÒÀÌÀ ÓÔÖÃÄÍÔ-
ÈÀ ÝÏÃÍÉÓ ÌÏÍÉÔÏÒÉÍÂÉÓ ÓÀÛÖÀËÄÁÀÓ ÉÞËÄÅÀ ÀÅÔÏÌÀÔÖÒ ÒÄÑÉÌÛÉ. ÌÉÓÉ ÂÀÌÏÚÄÍÄÁÀ
ÛÄÓÀÞËÄÁÄËÉÀ ÒÏÂÏÒÝ ÓÀÀÖÃÉÔÏÒÉÏ ÀÓÄÅÄ ÃÉÓÔÀÍÝÉÖÒÉ ÓßÀÅËÄÁÉÓ ÛÄÌÈáÅÄÅÀÛÉ.

ÌÏáÓÄÍÄÁÀÛÉ ÀÙßÄÒÉËÉ ÉØÍÄÁÀ Math-Bridge ÐÒÏÂÒÀÌÉÓ ÞÉÒÉÈÀÃÉ ÉÍÓÔÒÖÌÄÍÔÄÁÉ ÃÀ
ÛÄÓÀÞËÄÁËÏÁÄÁÉ. ÂÀÍáÉËÖËÉ ÉØÍÄÁÀ Math-Bridge ÐÒÏÂÒÀÌÉÓ ØÀÒÈÖËÉ ÅÄÒÓÉÀ ÃÀ ÌÉÓÉ
ÂÀÍÅÉÈÀÒÄÁÉÓ ÄÔÀÐÄÁÉ.

The Basic BVP of Thermo-Electro-Magneno
Elasticity for Half Space

Zurab Tediashvili
Department of Mathematics, Georgian Technical University, Tbilisi, Georgia

email: zuratedo@gmail.com

Let R3 be divided by some plane into two half-spaces. Without loss of generality
we assume that these half-spaces are R3

1 := {x | x = (x1, x2, x3) ∈ R3, x3 > 0}, R3
2 :=

{x | x = (x1, x2, x3) ∈ R3, x3 < 0} .
We investigate the following basic boundary value problem of the thermo-electro-

magneto-elasticity theory for half-space.
Dirichlet problem (D)±. Find a solution vector U = (u, φ, ψ, ϑ)⊤ ∈ [C1(R3

1,2)]
6 ∩

[C2(R3
1,2)]

6 to the system of equations

A(∂)U = 0 in R3
1,2 (1)

satisfying the Dirichlet type boundary condition

{U}± = f on S = ∂R3
1,2, (2)

where A(∂) = [Apq(∂)]6×6 is the matrix differential operator of statics in the theory of
thermo-electro-magneto-elasticity [1]. We require that f ∈

◦
C∞(R2).

Theorem 1. The Dirichlet boundary value problems (1)–(2) have at most one solution
U = (u, φ, ψ, θ)⊤ in the space [C1(R3

1,2)]
6 ∩ [C2(R3

1,2)]
6 provided

θ(x) = O(|x|−1) and ∂αŨ(x) = O(|x|−1−|α| ln |x|) as |x| → ∞
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for arbitrary multi-index α = (α1, α2, α3). Here Ũ = (u, φ, ψ)⊤.

Theorem 2. Let f ∈
◦
C∞(R2) and

∫
R2 f(x̃) dx̃ = 0,

∫
R2 f(x̃)xj dx̃ = 0, j = 1, 2,

x̃ = (x1, x2). Then the unique solutions of the boundary value problems (1)–(2) can
be represented in the form

U(x) = F−1

ξ̃→x̃

[
Φ(−)(ξ̃, x3)[Φ

(−)(ξ̃, 0)]−1f̂(ξ̃)
]
, x3 > 0, or

U(x) = F−1

ξ̃→x̃

[
Φ(+)(ξ̃, x3)[Φ

(+)(ξ̃, 0)]−1f̂(ξ̃)
]
, x3 < 0.

Here F−1

ξ̃→x̃
denotes the inverse generalized Fourier transform and Φ± are the following

matrices:

Φ(+)(ξ̃, x3) =

∫
ℓ+
A−1(−iξ)e−iξ3x3 dξ3, Φ(−)(ξ̃, x3) =

∫
ℓ−
A−1(−iξ)e−iξ3x3 dξ3,

where ℓ+ (resp., ℓ−) is a closed simple curve of positive counterclockwise orientation (resp.,
negative clockwise orientation) in the upper (resp., lower) complex half-plane Re ξ3 > 0
(resp., Re ξ3 < 0) enveloping all the roots with respect to ξ3 of the equation detA(−iξ) = 0
with positive (respectively, negative) imaginary parts.

References
[1] D. Natroshvili, Mathematical problems of thermo-electro-magneto-elasticity. Lect.

Notes TICMI 12 (2011), 127 pp.

Convergence of Walsh–Fourier Series in the
Martingale Hardy Spaces

George Tephnadze
Department of Mathematics, I. Javakhishvili Tbilisi State University, Tbilisi, Georgia
Department of Engineering Sciences and Mathematics, Luleå University of Technology,

Luleå, Sweden
email: giorgitephnadze@gmail.com

In [2] (see also [3]) it was proved that there exists an martingale f ∈ Hp (0 < p ≤ 1),
such that

sup
n

∥Snf∥Hp = +∞.
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On the other hand, it is well known (for details see e.g. [1], [4] and [5]) that there
exists an absolute constant cp depending only on p, such that

∥S2nf∥Hp ≤ cp∥f∥Hp , f ∈ Hp, p > 0.

This lecture is devoted to review boundedness of the subsequences of partial sums
with respect to Walsh system in the martingale Hardy spaces Hp, when 0 < p ≤ 1. We
also investigate necessary and sufficient conditions for the convergence of subsequences of
partial sums in terms of modulus of continuity of the martingale Hardy spaces Hp, when
0 < p ≤ 1.

References
[1] F. Schipp, W. R. Wade, and P. Simon, Walsh series. An introduction to dyadic

harmonic analysis. With the collaboration of J. Pál. Adam Hilger, Ltd., Bristol,
1990.

[2] G. Tephnadze, On the partial sums of Vilenkin–Fourier series. Izv. Nats. Akad.
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Math. Anal. 49 (2014), no. 1, 23–32

[3] G. Tephnadze, On the partial sums of Walsh-Fourier series. Colloq. Math. (to
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[4] F. Weisz, Summability of multi-dimensional Fourier series and Hardy spaces. Math-
ematics and its Applications, 541. Kluwer Academic Publishers, Dordrecht, 2002.

[5] F. Weisz, Martingale Hardy spaces and their applications in Fourier analysis. Lec-
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A Note on N. Bary’s One Conjecture
Shakro Tetunashvili

A. Razmadze Mathematical Institute of Iv. Javakhishvili Tbilisi State University,
Tbilisi, Georgia

email: stetun@rmi.ge

According to Cantor’s well-known theorem (see [1]) if a trigonometric series converges
everywhere to zero, then all of its coefficients equal to zero.

V. Kozlov proved (see [2]) that there exists a trigonometric series
∞∑
n=1

bn sinnx,
∞∑
n=1

b2n > 0 (1)
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possesing the following property:
if {Sm(x)}∞m=1 is the sequence of partial sums of the series (1), then there exists a

sequence of natural numbers {mk}∞k=1 such that Smk
(x) → 0 everywhere as k → ∞ and

Smk
(x) → 0 uniformly on [δ, π − δ] for any δ > 0.
According to N. Bary’s conjecture (see [3]) if the trigonometric series (1) posses the

above mentioned property indicated by V. Kozlov, then it is necessary that
mk+1

mk

→ ∞ as k → ∞. (2)

We gave a negative answer to this conjecture (see [4]).
In our talk we present a theorem which strengthens our above mentioned result re-

flected in [4]. Namely, the following theorem holds:
Theorem. There exist a series (1) and a sequence {mk}∞k=1 such that

1) Smk
(x) → 0 everywhere as k → ∞;

2) Smk
(x) → 0 uniformly on [δ, π − δ] for any δ > 0;

3) lim
N→∞

1
N

max
mk≤N

{k} = 1.

Remark. It is obvious that condition (2) implies that the upper density of the sequence
{mk}∞k=1 equal to zero, while 3) means that the upper density of the sequence {mk}∞k=1

equal to one.
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On Geometrical Realizations of Families of Sets
Tengiz Tetunashvili

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

Georgian Technical University, Tbilisi, Georgia
email: tengiztetunashvili@gmail.com

In our talk geometrical realizations of families of sets and some algorithms for such
realizations in finite dimensional Rn spaces are presented and discussed. Special attention
dictated by visibility aspects is paid to geometrical realizations of families of sets in
R1, R2 and R3 spaces. Several of our theorems describe properties of special important
cases of geometrical realizations of families of sets and some of their applications are
shown. Namely, different statements dealing with geometrical realizations of independent
families of sets are presented. These results continue our earlier research work reflected
in publications [1] and [2].

Acknowledgement. Presented research was supported by the Shota Rustaveli Na-
tional Science Foundation Grant for Young Scientists (Contract Number: YS15−2.1.1−31).
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[2] A. Kharazishvili and T. Tetunashvili, Combinatorial properties of families of sets
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Absolutely Convergence Factors of Fourier Series
Vakhtang Tsagareishvili, Giorgi Tutberidze

Department of Mathematics, Faculty of Exact and Natural Sciences, I. Javakhishvili
Tbilisi State University, Tbilisi, Georgia

emails: cagare@ymail.com; giorgi.tutberidze257@ens.tsu.edu.ge

The talk is devoted to investigate numerical sequences, for which multiplication with
Fourier coefficients of finite variation functions provides absolute convergence of Fourier
series in the power p, where p > 0.
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We present the theorem, which is a criterion for which the above mentioned numerical
sequences are absolute convergence factors of Fourier series of finite variation functions.

Moreover, we also consider efficiency of criterion of main results for trigonometric and
Walsh systems.

Solution of the Boundary-Contact Problem of
Elastostatics for an Multi-Layer Infinite Cylinder

with Double Porosity
Ivane Tsagareli

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

email: i.tsagareli@yahoo.com

Green’s formulas for systems of equations phoroelasticity are deduced. The uniqueness
theorems of solutions are proved. The general solutions of equations are presented by
means of harmonic, meta-harmonic and biharmonic functions. Explicit solutions of basic
BVPs are obtained in the form of series. The conditions needed for absolute and uniform
convergence of series are established.
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219–225.

[3] I. Tsagareli and L. Bitsadze, Explicit solution of one boundary value problem in the
full coupled theory of elasticity for solids with double porosity. Acta Mech. 226
(2015), no. 5, 1409–1418.

[4] L. Bitsadze and I. Tsagareli, Solutions of BVPs in the fully coupled theory of elas-
ticity for the space with double porosity and spherical cavity. Math. Methods Appl.
Sci. 39 (2016), no. 8, 2136–2145.
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Application of Low Rank Approximation for Solution
of Large Scale Electromagnetic Problems

P. Tsereteli1,2, Z. Sukhiashvili1, R. Jobava2

1EMCoS Ltd, Tbilisi, Georgia
2St. Andrew the First-Call Georgian University of Patriarchate of Georgia

email: paata.tsereteli@gmail.com

Solution of large scale and complex electromagnetic (EM) problems by the Method of
Moments (MoM) demands a large amount of computer memory (hundreds of GBytes) and
requires a big computational time. The used technique finally leads to solution of the sys-
tem of linear equations with complex coefficients where the number of unknowns may be
100,000 and more [1]. To reduce the required memory and speed up the calculation time,
various low rank approximation methods are used. At the last conference we reported
about ACA (Adaptive Cross Approximation) algorithm and BICGSTAB (BiConjugate
Gradient Stabilized) iterative method for compression of matrix and its solution [2], [3].
Now we would like to report about SVD (Single Value Decomposition) algorithm for the
compression and direct method (LU decomposition) for solving of compressed system of
linear equations.

In our approach surface of the investigated body is divided approximately into equal
areas taking into account their properties. The MoM assumes that these areas interact to
each other and various blocks of matrix correspond to these interactions. Diagonal blocks
of matrix correspond to interaction of the surface area on themselves and they are filled
completely. The blocks which describe interaction between concerning areas are filled
completely also or low rank approximation with high accuracy is used for filling. Other
blocks are compressed by low rank approximation method. In some cases we obtain 80-
90% compression of matrix. For solving the compressed system of linear equations, block
LU method is implemented.
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University Press, 1996.
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tions of Large Scale Problem. Proc. of the 2nd International Scientific Conference
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Problem. VI Annual International conference of the Georgian Mathematical Union,
Book of Abstracts, July 12-16, 2015, Batumi, Georgia, 192.

On the Iterative Solution of a System
of Discrete Beam Equations

Zviad Tsiklauri
Georgian Technical University, Tbilisi, Georgia

email: zviad−tsiklauri@yahoo.com

The variational and difference methods are used respectively for spatial and time
variables to solve a nonlinear integro-differential dynamic beam equation. The resulting
algebraic system of cubic equations is solved by the iterative method. The iteration
process error is estimated.

On the Fourier Coefficients of a Double
Indefinite Integral

Irma Tsivtsivadze
Akaki Tsereteli Kutaisi State University, Kutaisi, Georgia

email: irmatsiv@gmail.com

The necessary and sufficient conditions for 2π periodicity are established with re-
spect to each variable of the indefinite double integral Ff corresponding to a function f
summable on [0, 2π]2 and 2π periodic with respect to each variable. Give the relation
between the Fourier coefficients of functions f and Ff .
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The Nonstationary Flow of a Conducting Fluid in a
Plane Pipe in the Presence of a

Transverse Magnetic Field
B. Tsutskiridze, L. Jikidze

Department of Mathematics, Georgian Technical University, Tbilisi, Georgia
emails: b.tsutskiridze@mail.ru; levanjikidze@yahoo.com

We consider the nonstationary flow of an incompressible viscous conducting fluid in
plane pipe of infinite length in the presence of a transverse magnetic field. Using the
Laplace transformation we obtain the expressions for the fluid flow velocity and the electric
and magnetic field intensities when the conductivity values of the fluid and pipe walls are
arbitrary. Solutions are expressed in terms of complex integrals which are calculated for
the particular case of ideally conducting walls.

In recent years, nonstationary flows of a conducting incompressible fluid have been
considered in a number of works. A class of exact solutions of magnetohydrodynamic
equations for laminar flows has been considered in the papers [1]. The theoretical state-
ment of nonstationary problems and their solvability were investigated by Ladizhenskaya
and Solonnikov in [2]. In the papers [3], an exact solution was obtained for a nonsta-
tionary flow of a fluid which is produced by the ideally conducting parallel walls in the
presence of a transverse magnetic filed. The impulsive motion and oscillations of the plate
in a conducting fluid in the presence of a magnetic filed are studied in the works [4].
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Cylindrical Deformation of a Prismatic
Shell with the Thickness Vanishing at Infinity

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

Tbilisi, Georgia
email: Tutberidze.rita@mail.ru

The present work is devoted to the problem of cylindrical deformation of a prismatic
shell with the following thickness

h = h0e
−αx2 , h0 = const, α = const, 0 ≤ x2 <∞; −∞ < x1 < +∞, (x1, x2) ∈ ω,

where ω is the projection of the plate on Ox1x2,

ω := {(x1, x2) : −∞ ≤ x1 < +∞, 0 < x2 < +∞}.

Solutions of the posed boundary value problems are presented by integral forms, nu-
merical results are also given.

Approximation in Mean on Homogeneous Spaces
Duglas Ugulava

N. Muskhelishvili Institute of Computational Mathematics of Georgian Technical
University, Tbilisi, Georgia

email: duglasugu@yahoo.com

Let W be a homogenous space, and G be a compact transitive transformation group of
W with respect to left multiplication(see, for example, [1]). Let further a be a fixed point
from W and consider its stationary subgroup H ⊂ G. Consider the following one-to-one
correspondence φ between W and the factor space G/H: if w ∈ W and g ∈ G transfers a
to w, then the corresponding to w element φ(w) ∈ G/H is the class gH. To the subgroup
H and defined on G a Haar measure, corresponds a G-invariant Radon measure µ on G/H
[2]. In turn, by means of such measure µ and the correspondence φ, we may introduce
on W a translation invariant measure dW. By L2(W) we denote the space of quadratic
integrable with respect to the measure dW functions. In the case of a massive subgroup
H [1], some Jackson’s type theorems for the space L2(W) are established and illustrated
by examples. It is considered also the case when on a homogenous space acts a locally
compact group.
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Cohomogeneity One Lorentzian Manifolds
Mohammad J. Vanaei, S. M. B. Kashani

Department of Pure Mathematics, Tarbiat Modares University, Tehran, Iran
emails: javad.vanaei@modares.ac.ir; kashanism@modares.ac.ir

The action of a subgroup of the isometry group of a given semi-Riemannian manifold
is called an isometric action. The cohomogeneity of an isometric action is defined as the
lowest codimension of its orbits. Each one of the orbits of such an isometric action, as
an invariant under the isometries of the ambient manifold, is called an (extrinsically)
homogeneous submanifold, and the collection of all the orbits is the orbit foliation of
the action. The investigation of homogeneous submanifolds and their generalizations has
produced an influential and fruitful area of research along the last decades. Historically,
the case of codimension one was the first one to be addressed. The classification of co-
homogeneity one actions up to orbit equivalence (which is equivalent to the classification
of homogeneous hypersurfaces up to isometric congruence) is an important problem in
differential geometry. The main reason is that, if M is a cohomogeneity one manifold,
certain partial differential equations that can arise on M can be reduced to ordinary dif-
ferential equations, which can make its resolution easier. This procedure has proved to
be successful, for example, for the construction of Einstein, Einstein–Kähler metrics ([1]).
In Riemannian geometry, the orbit structure of a cohomogeneity one action is easy to
describe. Indeed, it is well-known that the orbit space M/G is a one dimensional topo-
logical space and using this fact one can see that all orbits of a cohomogeneity one action
can be reconstructed from one orbit of the action ([1]). The situation in non-Riemannian
geometry gets quite different and more interesting. To get a better understanding of coho-
mogeneity one actions in non-Riemannian setting, we consider cohomogeneity one actions
on Lorentzian manifolds of constant curvature. Besides some general results on specific
spaces (the anti de Sitter space and the Minkowski space) we classify cohomogeneity one
actions in low dimensions which clarify how various and different the orbit structure and
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the orbit spaces could be in non-Riemannian manifolds. For example, we can see that it
may not be possible to reconstruct the orbits structure even if the orbits are known on
an open dense subset of the ambient space.

This is a joint work with J. Berndt, J.C. Díaz-Ramos and E. Straume.
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Approximate Solution of Antiplane Problem of
Elasticity Theory for Composite Bodies Weakened by

Cracks Based On Finite-Elements Method
Zurab Vashakidze1,2

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

2Faculty of Exact and Natural Sciences of I. Javakhishvili Tbilisi State University,
Tbilisi, Georgia

email: zurab.vashakidze@gmail.com

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]–[2].
Approximate solution of the above mentioned problem by finite-difference method have
been studied in the articles [3], [4].
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In the present article finite-elements solution of anti-plane problems of elasticity theory
for composite (piece-wise homogeneous) bodies weakened by cracks is presented. The
differential equation with corresponding initial boundary conditions is approximated by
finite-elements 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.

The author express hearty thanks to Prof. A. Papukashvili for his active help in
problem statement and solving.
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Sess. Semin. I. Vekua Appl. Math. 26 (2012), 50–53.
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New Algorithm of the Estimate Operation Number
for Product of Polynomials

Tamaz Vashakmadze1,2

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

2Department of Mathematics, I. Javakhishvili Tbilisi State University, Tbilisi, Georgia
email: tamazvashakmadze@gmail.com

In the our report will be considered the problem of construction of the new scheme for
a product of polynomials of one variable. By our scheme, in particular, this number may
be reduced almost twice as in [1] but our approach is different giving some interesting ap-
plications. Then we construct an new expansion for arbitrary parameter.Same expression
in the simple case give an estimate considering in [2, Exercise 1.2.6] and for the work [3]
this result is essential.

Further, we also will present new scheme for product of polynomials, from which partic-
ularly follows that the order of numbers of multiplications for the product of two integers
is same of Toom-Cook estimate with bounded constant (compare with [4, Theorem C,
p. 324]).

By The Georgian Patent Office the corresponding materials of this article was deposit-
ing at 17.09.2015, Certificate No. 6353.
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To Creation and Design of Refined Theories
of von Kármán–Koiter Type for

Thin-Walled Continuum Medium
Tamaz Vashakmadze

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

email: tamazvashakmadze@gmail.com

In the first chapter of [1] for elastic plates are constructing of refined theories (such
as Kirchhof–Love, von Kármán–A. Feppl, Reissner–Mindlin, Poincare, Donnel, Washizu,
Hellinger, Landau, Timoshenko, Vekua, Ball, Goldenveiuser, Lucasiewich, Ciarlet, etc.)
and their equivalent new models,depending on arbitrary control parameters. On the
other hand, in [2] we formulated the Pinciple:If some phenomenon is discovered for any
separate media then this one are true for all forms of continuum mechanics. In this way it’s
interesting that in [3] we predicted the existence of solution waves for elastic plates which
would be confirmed by experiment [4]. Based on works[1], [2] we formulate the problem
investigation and decision of which would be for us the main aim: the creation of refined
theories with control parameters without applicable of simplifying hypothesis for problems
of continuum media with thin-walled structures (for example, the theory of Nagdy–Koiter
and Burgers’ equation). For clearness and concreteness we consider the cases when the
cylindrical pipe conductors of finite or semi-infinite lengths have concentrate circles or
confocal elliptical rings with oil, gas and blood.

In historical sense these problematics are connected with the names of I. Vorovich,
V. Koiter [some details see1, pp. 3, 4], C. Truesdell [5], Ph. Ciarlet [6]. In [5] Trues-
dell declared that von Kármán classical systems doesn’t have “physical soundness (PS)”.
Ph. Ciarlet in [6] seeked to proof that this system has PS. But it’s impossible as the sec-
ond differential equation with respect to Airy stress function is Saint–Venant–Beltrami
condition of compatibility and no-equilibrium independent equation. This incorrectness
discovered more evidently for consideration of dynamical problems.

Thus an aim of this report is determination facilities of construction and investigation
a class of mathematical models of von Kármán–Koiter type refined theories; in case when
pipeconductors have sections of circle or elliptical rings we will try to construct new
algorithms and create new schemes for full designing.
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Calculation of Thin-Walled Structures with Cracks
Mamuka Vazagashvili1, Jumber Kakhidze2, David Kipiani3

1Georgian Technical University, Tbilisi, Georgia
email: mamuka_vazagashvili@mail.ru

2 Shota Rustaveli Batumi State University, Batumi, Georgia
email: rezokakhidze@mail.ru

3Georgian Technical University, Tbilisi, Georgia
email: kipianidavid@yahoo.com

One of the key issues that determines the crack resistance of thin-walled reinforced
concrete structures, is taking into account the specific properties of reinforced concretes.
Reinforced concretes as a two-component structural material, differ from other materials
in a number of characteristic features such as heterogeneity, anisotropy, transformation
of cracks, etc., creates some difficulties for building structures calculation and design.

The paper is devoted to the calculation of reinforced concrete structures with cracks
by means of reduction of reinforced concrete elements mode of deformation to the calcu-
lation of having variable stiffness rod using the methods of structural mechanics. Due to
the integral model of deformation the level of load according to modes and duration of
loading, as well as strength, deformation characteristics, and according to cross-section
are determined.
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On the Number of Representations of a Positive
Integer by Binary Forms Belonging

to Multi-Class Genera
Teimuraz Vepkhvadze

Department of Mathematics, I. Javakhishvili Tbilisi State University,
Tbilisi, Georgia

email: t-vepkhvadze@hotmail.com

We extend formulae of P. Kaplan and K. Williams [1] for the number of representations
of positive integers by some binary quadratic forms belonging to multi-class genera.

References
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Influence of Delamination Type Defects
on Parameters of Sandwich Plate

Fatima Verulashvili1, Revaz Kakhidze2

1Georgian Technical University, Tbilisi, Georgia
email: gelakip@gmail.com

2 Shota Rustaveli Batumi State University, Batumi, Georgia
email: rezokakhidze@mail.ru

At design of sandwich plates and shells should be considered a possibility of such type
of defects, as the delamination of structure, which may arise at production of structure,
or at its operation. The origination of such defects is necessary to take into consideration
at design of optimal tasks as restrictions of symmetrical structure.

The analysis of mode of deformation of sandwich slab, which is being under the ac-
tion of distributed on the surface load and was simply supported on edges, shows that
parameters of mode of deformation of such slab that has additional delamination type
defect, considerably different from the parameters of mode of deformation of slab without
defects. Is clear numerical as well as qualitative difference. Especially in the case when
the defect location does not match the force application spot.
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In the report is stated the delamination related to shifted loading in the middle of span
applied on upper load bearing layer, when the deflection curve becomes asymmetrical
and the maximum deflection is increasing in comparison with non-deformed structures.
Also occurs the maximum deflection displacement ti the delamination zone. Location of
maximum deflection is determined by the sizes of delamination.

Cross-Sections in a Special Class of Semi-Cotangent
Bundles

Furkan Yildirim1, Kursat Akbulut2

1Department of Mathematics, Faculty of Sci. Atatürk University, Narman Vocational
Training School, 25530, Erzurum, Turkey

email: furkan.yildirim@atauni.edu.tr
2Department of Mathematics, Faculty of Sci. Atatürk University, 25240,

Erzurum, Turkey
email: kakbulut@atauni.edu.tr

The main purpose of this paper is to investigate cross-sections in semi-cotangent (pull-
back) bundle t*M of cotangent bundle T*M by using projection (submersion) of the
tangent bundle TM.
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A Suggestion for Controlling of a Nonlinear Plate
Via Maximum Principle

Kenan Yildirim
Mus Alparslan University, Mus, Turkey

email: kenanyildirim52@gmail.com

In this study, a nonlinear plate equation is considered by means of maximum principle
in aspect of well-posedness and controllability. As a conclusion of the present study, an
open problem is presented.

Optimal Vibration Control for a Mindlin-Type Beam
Kenan Yildirim

Mus Alparslan University, Mus, Turkey
email: kenanyildirim52@gmail.com

In this study, optimal dynamic response control of a forced Mindlin-type beam is
presented. Before giving the controllability results, well-posedness of the system is dis-
cussed. Numerical results are presented in tables and graphical forms to demonstrate the
effectiveness and capability of the introduced control algorithm.
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Study of Stress-Strain State of Infinite Elastic Body
with Parabolic Notch

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

Tbilisi, Georgia
email: natzira@yahoo.com

In the parabolic coordinates ξ, η (−∞ < ξ < ∞, 0 ≤ η < ∞; if x, y are Cartesian
coordinates, then x = c

2
(ξ2−η2), y = cξη, where c is the scale factor and equal to 1 in our

case) [1] equilibrium equations system and Hook’s law are writing. Exact solutions of 2D
static boundary value problems of elasticity are constructed for the homogeneous isotropic
bodies occupying domains bounded by coordinate lines of system parabolic coordinates.
Namely, the elastic body occupies the following domain Ω = {−∞ < ξ < ∞, ≤ η <
∞}. At parabolic border are given normal or tangential loads, and at ξ = 0 are given
symmetrical or anti-symmetrical conditions. The exact solutions are obtained by the
separation variables method. In the work the numerical values of the components of
stress tensor and displacement vector at some points of the body, and visualization and
discussion of gained results are presented.
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Numerical Solution of Stresses Localization Problem
by Boundary Element Method
Natela Zirakashvili, Mariam Mateshvili

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

emails: natzira@yahoo.com; mmateshvili@yahoo.com

Numerical solution of the non-classical problem, namely problem of localization of
stresses, are obtained by the boundary element method [1]. In a certain sense, the problem
of localization of stresses in a body is the inverse problem to the delocalization problem [2].
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The localization problem is defined as follows: to change a sufficiently uniform stressed-
deformed state of a body for a sharply expressed non-uniform stressed-deformed state (in
conditions of constant external perturbations) by changing and appropriate selection of
parameters of the medium. This will enable us to destroy a military structure, for example,
the underground facilities. The problem can be set as follows: find on the part of border
half plane distribution of normal stress so that is the same normal stress on the segment
given length at a given distance from the boundary half plane is equal of given function
(function describes a concentrated force). By the changes of elastic characteristics, the
distance and the length of segment of the border will be select the normal stress optimal
distribution at part of border half plane. Numerical results, corresponding graphs and
mechanical and physical interpretation of above-mentioned problems are presented.
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