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ÐÒÏ×ÄÓÏÒÉ ÒÄÅÀÆ ÀÁÓÀÅÀ – 70

ÒÄÅÀÆ ÌÉáÄÉËÉÓ ÞÄ ÀÁÓÀÅÀ ÃÀÉÁÀÃÀ 1947 ßËÉÓ
9 ÈÄÁÄÒÅÀËÓ ÆÖÂÃÉÃÉÓ ÒÀÉÏÍÉÓ ÓÏ×ÄË ÂÒÉÂÏËÉÛÛÉ,
ÌÏÓÀÌÓÀáÖÒÉÓ ÏãÀáÛÉ. ÌÀÌÀ - ÌÉáÄÉË ÀÁÓÀÅÀ - ÂÀÍÀÈËÄ-
ÁÉÈ ÉÓÔÏÒÉÊÏÓÉ, ÐÄÃÀÂÏÂÉ ÉÚÏ, ÃÄÃÀ - ÍÉÍÀ ËÏÂÖÀ -
ÃÉÀÓÀáËÉÓÉ.

ÒÄÅÀÆ ÀÁÓÀÅÀÌ 1965 ßÄËÓ ÃÀÀÌÈÀÅÒÀ ÊÏÒÝáÄËÉÓ
ÓÀÛÖÀËÏ ÓÊÏËÀ ÏØÒÏÓ ÌÄÃÀËÆÄ. 1969 ßÄËÓ ÊÉ À. Ì. ÂÏÒ-
ÊÉÓ ÓÀáÄËÏÁÉÓ ÓÏáÖÌÉÓ ÓÀáÄËÌßÉ×Ï ÐÄÃÀÂÏÂÉÖÒÉ ÉÍ-
ÓÔÉÔÖÔÉÓ ×ÉÆÉÊÀ-ÌÀÈÄÌÀÔÉÊÉÓ ×ÀÊÖËÔÄÔÉ ÌÀÈÄÌÀÔÉÊÉÓ
ÓÐÄÝÉÀËÏÁÉÈ.

1971 ßËÉÃÀÍ ÌÖÛÀÏÁÃÀ ÓÏáÖÌÉÓ ÐÄÃÀÂÏÂÉÖÒÉ ÉÍÓÔÉ-

ÔÖÔÉÓ, 1979 ßËÉÃÀÍ À×áÀÆÄÈÉÓ ÓÀáÄËÌßÉ×Ï ÖÍÉÅÄÒÓÉÔÄÔÉÓ ×ÉÆÉÊÀ-ÌÀÈÄÌÀÔÉÊÉÓ ×ÀÊÖË-
ÔÄÔÉÓ ÀËÂÄÁÒÀ-ÂÄÏÌÄÔÒÉÉÓ ÊÀÈÄÃÒÀÆÄ ÌÀÓßÀÅËÄÁËÉÓ, Ö×ÒÏÓÉ ÌÀÓßÀÅËÄÁËÉÓ, ÃÏÝÄÍ-
ÔÉÓ ÈÀÍÀÌÃÄÁÏÁÄÁÆÄ. 1979-1983 ßËÄÁÛÉ ÉÚÏ ×ÉÆÉÊÀ-ÌÀÈÄÌÀÔÉÊÉÓ ×ÀÊÖËÔÄÔÉÓ ÃÄÊÀÍÉÓ
ÌÏÀÃÂÉËÄ.

1989-2004 ßËÄÁÛÉ (ÂÀÒÃÀÝÅÀËÄÁÀÌÃÄ) ÉÚÏ ÈÓÖ ÓÏáÖÌÉÓ ×ÉËÉÀËÉÓ ÌÀÈÄÌÀÔÉÊÉÓÀ
ÃÀ ÊÏÌÐÉÖÔÄÒÖË ÌÄÝÍÉÄÒÄÁÀÈÀ ×ÀÊÖËÔÄÔÉÓ ÃÄÊÀÍÉ.

ÒÄÅÀÆ ÀÁÓÀÅÀ, ÒÏÂÏÒÝ ÌÄÝÍÉÄÒÉ, ÉÅ. ãÀÅÀáÉÛÅÉËÉÓ ÓÀáÄËÏÁÉÓ ÈÁÉËÉÓÉÓ ÓÀáÄËÌßÉ-
×Ï ÖÍÉÅÄÒÓÉÔÄÔÉÓ ÀËÁÀÈÏÁÉÓ ÈÄÏÒÉÉÓÀ ÃÀ ÌÀÈÄÌÀÔÉÊÖÒÉ ÓÔÀÔÉÓÔÉÊÉÓ ÊÀÈÄÃÒÉÓ
ÀÙÆÒÃÉËÉÀ. ÐÒÏ×ÄÓÏÒ ÄËÉÆÁÀÒ ÍÀÃÀÒÀÉÀÓ áÄËÌÞÙÅÀÍÄËÏÁÉÈ ÌÀÍ ÛÄÀÓÒÖËÀ ÓÀÊÀÍÃÉ-
ÃÀÔÏ ÃÉÓÄÒÔÀÝÉÀ ÈÄÌÀÆÄ: „ÌÒÀÅÀËÂÀÍÆÏÌÉËÄÁÉÀÍÉ ÂÀÍÀßÉËÄÁÉÓ ÓÉÌÊÅÒÉÅÉÓÀ ÃÀ ÒÄÂÒÄ-
ÓÉÉÓ ×ÖÍØÝÉÉÓ ÀÒÀÐÀÒÀÌÄÔÒÖËÉ ÂÖËÏÅÀÍÉ ÔÉÐÉÓ ÛÄ×ÀÓÄÁÀÈÀ ÛÄÓÀáÄÁ“ (01.01.05 –
ÀËÁÀÈÏÁÉÓ ÈÄÏÒÉÀ ÃÀ ÌÀÈÄÌÀÔÉÊÖÒÉ ÓÔÀÔÉÓÔÉÊÀ), ÒÏÌÄËÉÝ 1986 ßËÉÓ 10 ÏØÔÏÌÁÄÒÓ
ÁÒßÚÉÍÅÀËÄÃ ÃÀÉÝÅÀ ÌÏÓÊÏÅÉÓ ÄËÄØÔÒÏÍÖËÉ ÌÀÍØÀÍÀÈÌÛÄÍÄÁËÏÁÉÓ ÉÍÓÔÉÔÖÔÉÓ ÓÐÄÝÉÀ-
ËÉÆÉÒÄÁÖË ÓÀÁàÏÆÄ (К.063.68.05) ÃÀ ÌÉÄÍÉàÀ ×ÉÆÉÊÀ-ÌÀÈÄÌÀÔÉÊÉÓ ÌÄÝÍÉÄÒÄÁÀÈÀ ÊÀÍÃÉÃÀ-
ÔÉÓ áÀÒÉÓáÉ.

1993 ßËÉÃÀÍ ÁÀÔÏÍÉ ÒÄÅÀÆÉ ÈÁÉËÉÓÛÉ ÀÂÒÞÄËÄÁÓ ÈÀÅÉÓ ÓÀÌÄÝÍÉÄÒÏ, ÐÄÃÀÂÏÂÉÖÒ
ÃÀ ÀÃÌÉÍÉÓÔÒÀÝÉÖË ÓÀØÌÉÀÍÏÁÀÓ. ÀÌ ÌÞÉÌÄ ßËÄÁÛÉ ÉÓ ÓÀÈÀÅÄÛÉ ÄÃÂÀ ÌÀÈÄÌÀÔÉÊÉÓÀ
ÃÀ ÊÏÌÐÉÖÔÄÒÖË ÌÄÝÍÉÄÒÄÁÀÈÀ ×ÀÊÖËÔÄÔÓ, ÀËÂÄÁÒÀ-ÂÄÏÌÄÔÒÉÉÓÀ ÃÀ ÌÀÈÄÌÀÔÉÊÖÒÉ
ÓÔÀÔÉÓÔÉÊÉÓ ÊÀÈÄÃÒÀÓ.

ÁÀÔÏÍÉ ÒÄÅÀÆÉÓ ÓÀÌÄÝÍÉÄÒÏ ÊÅËÄÅÉÓ ÏÁÉÄØÔÓ ßÀÒÌÏÀÃÂÄÍÃÀ: ÂÀÍÀßÉËÄÁÉÓ ÊÀÍÏÍÉÓ
×ÖÍØÝÉÏÍÀËÖÒÉ ÌÀáÀÓÉÀÈÄÁËÄÁÉÓ ÆÏÂÀÃÉ ÓÀáÉÓ ÀÒÀÐÀÒÀÌÄÔÒÖË ÛÄ×ÀÓÄÁÀÈÀ ÊÅÀÃÒÀÔÖ-
ËÉ ÂÀÃÀáÒÉÓ ÆÙÅÀÒÉÈÉ ÂÀÍÀßÉËÄÁÉÓ ÌÉÙÄÁÉÓ ÌÄÈÏÃÉÓ ÛÄÌÖÛÀÅÄÁÀ ÃÀ ÒÄÀËÉÆÄÁÀ;
ÂÀÍÀßÉËÄÁÉÓ ÓÉÌÊÅÒÉÅÉÓ ÃÀ ÒÄÂÒÄÓÉÉÓ ÌÒÖÃÉÓ ÛÄÓÀáÄÁ ÌÀÒÔÉÅÉ ÃÀ ÒÈÖËÉ äÉÐÏÈÄÆÄÁÉÓ
ÛÄÓÀÌÏßÌÄÁÄËÉ ÊÒÉÔÄÒÉÖÌÄÁÉÓ ÀÂÄÁÀ ÃÀ ÌÀÈÉ ÓÉÌÞËÀÅÒÉÓ ÃÀÃÂÄÍÀ; ÊËÀÓÉ×ÉÊÀÝÉÉÓ ÃÀ
ÉÃÄÍÔÉ×ÉÊÀÝÉÉÓ ÐÒÏÁËÄÌÄÁÈÀÍ ÃÀÊÀÅÛÉÒÄÁÖËÉ ÆÏÂÉÄÒÈÉ ÓÀÊÉÈáÉÓ ÂÀÃÀßÚÅÄÔÀ.
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ÀÌ ÐÒÏÁËÄÌÀÔÉÊÀÛÉ ×ÖÍÃÀÌÄÍÔÖÒÉ ÛÄÃÄÂÄÁÉ ÌÉÙÄÁÖËÉ ÀØÅÈ À. ÊÏËÌÏÂÏÒÏÅÓ,
Å. ÂËÉÅÄÍÊÏÓ, Í. ÓÌÉÒÍÏÅÓ, Ì. ÒÏÆÄÍÁËÀÔÓ, Ä. ÐÀÒÆÄÍÓ, Í. ÜÄÍÝÏÅÓ, Ä. ÍÀÃÀÒÀÉÀÓ,
Ò. äÏËÓ, É. ÉÁÒÀÂÉÌÏÅÓ, Ò. áÀÓÌÉÍÓÊÉÓ ÃÀ ÓáÅÄÁÓ.

ÊÀÒÂÀÃ ÀÒÉÓ ÝÍÏÁÉËÉ, ÒÏÌ ÌÀÒÈÅÉÓ ÀÌÏÝÀÍÄÁÛÉ ÂÀÍÓÀÊÖÈÒÄÁÖËÉ ÀÃÂÉËÉ ÖàÉÒÀÅÓ
ÉÃÄÍÔÉ×ÉÊÀÝÉÀÓ, ÒÀÝ ßÀÒÌÏÖÃÂÄÍÄËÉÀ ÌÀÒÈÅÉÓ ÏÁÉÄØÔÉÓ ÛÄÓÀÁÀÌÉÓÉ ÌÏÃÄËÉÓ ÀÂÄÁÉÓ
ÂÀÒÄÛÄ. ÓÔÀÔÉÊÖÒÉ ÃÀ ÃÉÍÀÌÉÖÒÉ ÓÉÓÔÄÌÄÁÉÓ ÉÃÄÍÔÉ×ÉÊÀÝÉÉÓ ÛÉÍÀÀÒÓÏÁÒÉÅÀÃ ÂÀÍÓáÅÀÅÄ-
ÁÖËÉ ÐÒÏÁËÄÌÄÁÉÓ ×ÏÒÌÀËÉÆÄÁÀ ÛÄÓÀÞËÄÁÄËÉÀ ÒÏÂÏÒÝ ×ÖÍØÝÉÉÓ ÀÙÃÂÄÍÉÓ ÀÌÏÝÀÍÀ,
ÒÏÌËÉÓÈÅÉÓÀÝ ÌÏÝÄÌÖËÉÀ ÌÉÓÉ ÄØÓÐÄÒÉÌÄÍÔÖËÉ ÌÍÉÛÅÍÄËÏÁÄÁÉ. ÀÌÏÝÀÍÀ ÂÀÍÓÀÊÖÈ-
ÒÄÁÉÈ ÒÈÖËÃÄÁÀ ÌÀÛÉÍ, ÒÏÝÀ ÃÀÌÀáÉÍãÄÁÖËÉÀ ÄØÓÐÄÒÉÌÄÍÔÖËÉ ÌÏÍÀÝÄÌÄÁÉ. ÉÃÄÍ-
ÔÉ×ÉÊÀÝÉÉÓ ÐÀÒÀÌÄÔÒÖËÉ ÌÄÈÏÃÄÁÉ ÂÀÌÏÉÚÄÍÄÁÀ ÉÌ ÛÄÌÈáÅÄÅÀÛÉ, ÒÏÝÀ ÀÙÓÀÃÂÄÍÉ
ÃÀÌÏÊÉÃÄÁÖËÄÁÉÓ ÌÏÃÄËÉ ÌÏÝÄÌÖËÉÀ ÒÀÌÃÄÍÉÌÄ ÐÀÒÀÌÄÔÒÉÈ. ÀÒÀÐÀÒÀÌÄÔÒÖËÉ ÌÄ-
ÈÏÃÄÁÉ ÀÓÄÈ ÌÏÃÄËÓ ÀÒ ÉÚÄÍÄÁÄÍ. ÉÓÉÍÉ ÂÀÒÊÅÄÖËßÉËÀÃ ÀÂËÖÅÄÁÄÍ ÄØÓÐÄÒÉÌÄÍÔÖË
ÌÏÍÀÝÄÌÄÁÓ, ÀÌÀÓÈÀÍ, ×ÖÍØÝÉÀ-ÛÄ×ÀÓÄÁÀ, ÓÀÆÏÂÀÃÏÃ, ÀÒÀÐÀÒÀÌÄÔÒÖËÉÀ.

ÀÓÄÈÉ ÓÀáÉÓ ÔÒÀÃÉÝÉÖË ÀÒÀÐÀÒÀÌÄÔÒÖË ÛÄ×ÀÓÄÁÀÈÀ ÒÉÂÓ ÌÉÄÊÖÈÅÍÄÁÀ ÒÄÂÒÄÓÉÉÓ
ÍÀÃÀÒÀÉÀ-ÅÀÔÓÏÍÉÓ ÃÀ ÂÀÓÄÒ-ÌÉÖËÄÒÉÓ ÛÄ×ÀÓÄÁÄÁÉ ÃÀ ÂÀÍÀßÉËÄÁÉÓ ÓÉÌÊÅÒÉÅÉÓ ÐÀÒÆÄÍÉÓÀ
ÃÀ ÜÄÍÝÏÅÉÓ ÛÄ×ÀÓÄÁÄÁÉ. ÆÄÌÏÈ ÀÙÍÉÛÍÖËÉ ÀÅÔÏÒÄÁÉÓ ÍÀÛÒÏÌÄÁÛÉ ÂÀÌÏÊÅËÄÖËÉÀ
ÊÏÍÊÒÄÔÖËÉ ÀÌÏÝÀÍÄÁÉ, ÃÀÊÀÅÛÉÒÄÁÖËÉ ÂÀÍÀßÉËÄÁÉÓ ÓÉÌÊÅÒÉÅÉÓ ÃÀ ÒÄÂÒÄÓÉÉÓ ÌÒÖÃÉÓ
ÛÄ×ÀÓÄÁÄÁÉÓ ÐÒÏÁËÄÌÀÔÉÊÀÓÈÀÍ ÃÀ, ÀÂÒÄÈÅÄ, ÀÌ ÛÄ×ÀÓÄÁÄÁÉÓ ÂÀÌÏÚÄÍÄÁÄÁÈÀÍ ÊËÀÓÉ×ÉÊÀ-
ÝÉÉÓÀ ÃÀ ÉÃÄÍÔÉ×ÉÊÀÝÉÉÓ ÀÌÏÝÀÍÄÁÛÉ.

ÁÖÍÄÁÒÉÅÀÃ ÜÍÃÄÁÀ ÆÏÂÀÃÉ ÈÄÏÒÉÉÓ ÛÄÌÖÛÀÅÄÁÉÓ ÀÖÝÉËÄÁËÏÁÀ, ÒÀÝ ÃÀÊÅÉÒÅÄÁÀÈÀ
ÂÀÍÀßÉËÄÁÉÓ ÊÀÍÏÍÉÓ ÓáÅÀÃÀÓáÅÀ ×ÖÍØÝÉÏÍÀËÖÒÉ ÌÀáÀÓÉÀÈÄÁËÉÓ ÛÄ×ÀÓÄÁÄÁÈÀÍ ÃÀÊÀÅÛÉ-
ÒÄÁÖËÉ ÐÒÏÁËÄÌÄÁÉÓ ×ÀÒÈÏ ßÒÉÓ ÛÄÓßÀÅËÉÓ ÄÒÈÉÀÍÉ ÐÏÆÉÝÉÉÈ ÂÀÍáÉËÅÉÓ ÛÄÓÀÞËÄÁ-
ËÏÁÀÓ ÉÞËÄÅÀ. ÓßÏÒÄÃ ÄÓ ÈÄÏÒÉÀÀ ÂÀÍÅÉÈÀÒÄÁÖËÉ ÒÄÅÀÆ ÀÁÓÀÅÀÓ ÓÀÃÏØÔÏÒÏ
ÃÉÓÄÒÔÀÝÉÀÛÉ „ÂÀÍÀßÉËÄÁÉÓ ÊÀÍÏÍÉÓ ×ÖÍØÝÉÏÍÀËÖÒÉ ÌÀáÀÓÉÀÈÄÁËÄÁÉÓ ÀÒÀÐÀÒÀÌÄÔÒÖËÉ
ÛÄ×ÀÓÄÁÄÁÉ ÃÀ ÂÀÌÏÚÄÍÄÁÀ ÊËÀÓÉ×ÉÊÀÝÉÉÓ ÃÀ ÉÃÄÍÔÉ×ÉÊÀÝÉÉÓ ÀÌÏÝÀÍÄÁÛÉ“.

ÌÀÍ ÌÀÒÔÉÍÂÀËÖÒ ÌÄÈÏÃÄÁÆÄ ÃÀÚÒÃÍÏÁÉÈ ÛÄÉÌÖÛÀÅÀ ÀÒÀÐÀÒÀÌÄÔÒÖËÉ ÓÔÀÔÉÓÔÉÊÉÓ
ÂÖËÏÅÀÍÉ ÛÄ×ÀÓÄÁÄÁÉÓ ÃÀ äÉÐÏÈÄÆÀÈÀ ÛÄÌÏßÌÄÁÉÓ Ä×ÄØÔÖÒÉ ÌÄÈÏÃÄÁÉ. ÀÌÀÍ ÌÉÓÝÀ
ÓÀÛÖÀËÄÁÀ ÄÒÈÉÀÍÉ ÌÉÃÂÏÌÉÈ ÂÀÃÀÄßÚÅÉÔÀ ÌÒÀÅÀËÉ ÐÒÏÁËÄÌÀ ÃÀ, ÒÀÝ ÌÈÀÅÀÒÉÀ,
ÊËÀÓÉ×ÉÊÀÝÉÉÓÀ ÃÀ ÉÃÄÍÔÉ×ÉÊÀÝÉÉÓ ÈÄÏÒÉÉÓ ÓÀÉÍÔÄÒÄÓÏ ÀÌÏÝÀÍÄÁÉ.

ÒÄÅÀÆ ÀÁÓÀÅÀ 30-ÆÄ ÌÄÔÉ ÓÀÌÄÝÍÉÄÒÏ ÍÀÛÒÏÌÉÓ ÀÅÔÏÒÉÀ, ÒÏÌÄËÈÀ ÛÏÒÉÓ ÀÒÉÓ
ÌÏÍÏÂÒÀ×ÉÀ, ÓÀáÄËÌÞÙÅÀÍÄËÏ ÀËÁÀÈÏÁÉÓ ÈÄÏÒÉÀÛÉ ÃÀ ÏÒÉ ÌÄÈÏÃÖÒÉ ÌÉÈÉÈÄÁÀ.
ÌÉÓÉ ÍÀÛÒÏÌÄÁÉ ÂÀÌÏØÅÄÚÍÄÁÖËÉÀ ÖÝáÏÄÈÉÓ ÃÀ ÓÀØÀÒÈÅÄËÏÓ ÀÅÔÏÒÉÔÄÔÖË ÓÀÌÄÝÍÉÄÒÏ
ÑÖÒÍÀËÄÁÛÉ. ÉÓ ÉÚÏ ÌÒÀÅÀËÉ ÓÀÄÒÈÀÛÏÒÉÓÏ ÃÀ ÀÃÂÉËÏÁÒÉÅÉ ÊÏÍ×ÄÒÄÍÝÉÉÓ ÌÏÍÀßÉ-
ËÄ.

ÒÄÆÏÓ ÛÒÏÌÄÁÉ ÀÒÉÓ ÝÉÔÉÒÄÁÀÃÉ ÃÀ ÌÀÈÉ ÝÉÔÉÒÄÁÀ ÃÙÉÈÉÃÙÄ ÉÆÒÃÄÁÀ. ÄÓ ÉÌÉÓ
ÃÀÓÔÖÒÉÀ, ÒÏÌ ÒÄÅÀÆ ÀÁÓÀÅÀÓ ÓÀáÄËÉ ÜÀÉßÄÒÀ ÌÀÈÄÌÀÔÉÊÖÒÉ ÓÔÀÔÉÓÔÉÊÉÓ ÉÓÔÏÒÉÀÛÉ.

ÒÄÅÀÆ ÀÁÓÀÅÀÓ ÌÄÝÍÉÄÒÖËÌÀ ÊÅËÄÅÄÁÌÀ ÃÀÓÒÖËÄÁÖËÉ ÓÀáÄ ÌÉÉÙÏ ÓÀÃÏØÔÏÒÏ
ÃÉÓÄÒÔÀÝÉÉÓ ÓÀáÉÈ: „ÂÀÍÀßÉËÄÁÉÓ ÊÀÍÏÍÉÓ ×ÖÍØÝÉÏÍÀËÖÒÉ ÌÀáÀÓÉÀÈÄÁËÄÁÉÓ ÀÒÀÐÀÒÀ-
ÌÄÔÒÖËÉ ÛÄ×ÀÓÄÁÄÁÉ ÃÀ ÂÀÌÏÚÄÍÄÁÀ ÊËÀÓÉ×ÉÊÀÝÉÉÓ ÃÀ ÉÃÄÍÔÉ×ÉÊÀÝÉÉÓ ÀÌÏÝÀÍÄÁÛÉ“
(01.01.08 – ÌÀÈÄÌÀÔÉÊÖÒÉ ÊÉÁÄÒÍÄÔÉÊÀ). 2004 ßËÉÓ 28 ÌÀÒÔÓ ×ÉÆÉÊÀ-ÌÀÈÄÌÀÔÉÊÉÓ
ÌÄÝÍÉÄÒÄÁÀÈÀ ÃÏØÔÏÒÉÓ ÓÀÌÄÝÍÉÄÒÏ áÀÒÉÓáÉÓ ÌÏÓÀÐÏÅÄÁËÀÃ ÃÉÓÄÒÔÀÝÉÀ ßÀÒÄÃÂÉ-
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ÍÀ ÉÅ. ãÀÅÀáÉÛÅÉËÉÓ ÓÀáÄËÏÁÉÓ ÈÁÉËÉÓÉÓ ÓÀáÄËÌßÉ×Ï ÖÍÉÅÄÒÓÉÔÄÔÉÓ ÓÀÃÉÓÄÒÔÀÝÉÏ
ÓÀÁàÏÓ.

28 ÌÀÉÓÓ ÂÀÌÏÚÅÄÓ Ï×ÉÝÉÀËÖÒÉ ÏÐÏÍÄÍÔÄÁÉ: ÐÒÏ×ÄÓÏÒÉ ÀËÁÄÒÔ ÛÉÒÉÀÄÅÉ, ÒÖÓÄ-
ÈÉÓ ÌÄÝÍÉÄÒÄÁÀÈÀ ÀÊÀÃÄÌÉÉÓ ßÄÅÒ-ÊÏÒÄÓÐÏÍÃÄÍÔÉ (ÌÏÂÅÉÀÍÄÁÉÈ, 2011 ßËÉÃÀÍ ÒÖÓÄÈÉÓ
ÌÄÝÍÉÄÒÄÁÀÈÀ ÀÊÀÃÄÌÉÉÓ ÀÊÀÃÄÌÉÊÏÓÉ), Å. À. ÓÔÄÊËÏÅÉÓ ÓÀáÄËÏÁÉÓ ÌÀÈÄÌÀÔÉÊÉÓ ÉÍ-
ÓÔÉÔÖÔÉÓ ÛÄÌÈáÅÄÅÉÈÉ ÐÒÏÝÄÓÄÁÉÓ ÓÔÀÔÉÓÔÉÊÉÓ ËÀÁÏÒÀÔÏÒÉÉÓ ÂÀÌÂÄ; ÐÒÏ×ÄÓÏÒÉ
ÏÌÀÒ ÙËÏÍÔÉ ÃÀ ÐÒÏ×ÄÓÏÒÉ ÁÄÓÀÒÉÏÍ ÃÏàÅÉÒÉ.

ÃÀÉÍÉÛÍÀ ÃÀÝÅÉÓ ÃÙÄ - 22 ÏØÔÏÌÁÄÒÉ . . . ÌÀÂÒÀÌ ÅÄÒ ÌÏÄÓßÒÏ ÀÌ ÃÙÄÓ, ÒÄÅÀÆÉ
ÖÄÝÒÀÃ ÂÀÒÃÀÉÝÅÀËÀ 57 ßËÉÓ ÀÓÀÊÛÉ, 2004 ßËÉÓ 29 ÌÀÉÓÓ.

ÌÏÌáÃÀÒÈÀÍ ÃÀÊÀÅÛÉÒÄÁÉÈ ÒÖÓÄÈÉÓ ÌÄÝÍÉÄÒÄÁÀÈÀ ÀÊÀÃÄÌÉÉÓ ÀÊÀÃÄÌÉÊÏÓÉ ÀËÁÄÒÔ
ÛÉÒÉÀÄÅÉ ßÄÒÃÀ: „ . . . ÝÏÔÀ áÍÉÓ ßÉÍ ÂÀÅÄÝÀÍÉ ÒÄÆÏÓ ÓÀÃÏØÔÏÒÏ ÃÉÓÄÒÔÀÝÉÉÓ
ÌÀÓÀËÄÁÓ ÃÀ ÃÀÅßÄÒÄ ÒÄÝÄÍÆÉÀ, ÓÀÉÃÀÍÀÝ ÍÀÈÄËÉÀ, ÈÖ ÒÏÂÏÒÉ ÛÄÓÀÍÉÛÍÀÅÉ ÍÀÛÒÏÌÉ
ÌÏÀÌÆÀÃÀ ÌÀÍ. ÉÓ ÀØÄÈÊÄÍ ÌÏÃÉÏÃÀ ÌÒÀÅÀËÉ ßËÉÓ ÂÀÍÌÀÅËÏÁÀÛÉ, ÙÄÁÖËÏÁÃÀ ÒÀ ÓÖË
ÀáÀË ÃÀ ÀáÀË ÛÄÃÄÂÄÁÓ. ÒÄÆÏÌ ÃÀÉÓÀáÀ ÌÉÆÀÍÉ ÃÀ ÌÉÀÙßÉÀ ÌÀÓ, ÌÀÂÒÀÌ ÀÙÌÏÜÍÃÀ, ÒÏÌ
ÉÌÃÄÍÉ ÞÀËÀ ÉÚÏ ÂÀáÀÒãÖËÉ, ÖÊÀÍÀÓÊÍÄËÉ ÍÀáÔÏÌÉÓÈÅÉÓ ÀÒ ÛÄÌÏÒÜÀ. ÜÅÄÍ ÚÅÄËÀÍÉ
ÒÏÂÏÒ ÅÄËÏÃÉÈ ÀÌ ÃÀÌÓÀáÖÒÄÁÖË ÌÏÌÄÍÔÓ, ÌÏÌÄÍÔÓ, ÒÏÌÄËÉÝ ÃÀÉÌÓÀáÖÒÀ ÒÄÆÏÌ
ÈÀÅÉÓÉ ÛÒÏÌÉÈ, ÈÀÅÉÓÉ ÌÄÝÍÉÄÒÖËÉ ÛÄÃÄÂÄÁÉÈ, ÌÉÓÉ ÐÉÒÏÅÍÄÁÉÓ ÀÒÀÜÅÄÖËÄÁÒÉÅÏÁÉÈÀ
ÃÀ ÌÉÌÆÉÃÅÄËÏÁÉÈ . . .

ÁÄÅÒÉ ÃÀÊÀÒÂÀ ÌÄÝÍÉÄÒÖËÌÀ ÓÀÆÏÂÀÃÏÄÁÀÌ, ÃÀÊÀÒÂÀ ÛÄÓÀÍÉÛÍÀÅÉ ÏÒÂÀÍÉÆÀÔÏÒÉ . . .
ÞÀËÉÀÍ, ÞÀËÉÀÍ ÓÀÌßÖáÀÒÏÀ, ÒÏÃÄÓÀÝ ÌÉÃÉÀÍ ÉÓÄÈÉ ÀÃÀÌÉÀÍÄÁÉ, ÒÏÂÏÒÉÝ ÒÄÆÏÀ.“

ÌÏáÃÀ ÖÐÒÄÝÄÃÄÍÔÏ ÛÄÌÈáÅÄÅÀ, ÃÀÍÉÛÍÖË ÃÒÏÓ, 2004 ßËÉÓ 22 ÏØÔÏÌÁÄÒÓ, ÈÓÖ
É. ÅÄÊÖÀÓ ÓÀáÄËÏÁÉÓ ÂÀÌÏÚÄÍÄÁÉÈÉ ÌÀÈÄÌÀÔÉÊÉÓ ÉÍÓÔÉÔÖÔÛÉ, ÈÁÉËÉÓÉÓ ÓÀáÄËÌßÉ×Ï
ÖÍÉÅÄÒÓÉÔÄÔÉÓ ÓÀÃÉÓÄÒÔÀÝÉÏ ÓÀÁàÏÓ ÓáÃÏÌÀÆÄ ÛÄÃÂÀ ÒÄÅÀÆ ÀÁÓÀÅÀÓ ÓÀÃÏØÔÏÒÏ
ÃÉÓÄÒÔÀÝÉÉÓ ÃÀÝÅÀ. ÃÉÓÄÒÔÀÍÔÉÓ ÒÏËÛÉ ÉÚÏ ÓÀÌÄÝÍÉÄÒÏ ÊÏÍÓÖËÔÀÍÔÉ, ÓÀØÀÒÈÅÄËÏÓ
ÌÄÝÍÉÄÒÄÁÀÈÀ ÀÊÀÃÄÌÉÉÓ ßÄÅÒ-ÊÏÒÄÓÐÏÍÃÄÍÔÉ, ÐÒÏ×ÄÓÏÒÉ ÄËÉÆÁÀÒ ÍÀÃÀÒÀÉÀ. ÓÀÃÉ-
ÓÄÒÔÀÝÉÏ ÓÀÁàÏÌ ÂÀÒÃÀÝÅÀËÄÁÉÓ ÛÄÌÃÄÂ ×ÉÆÉÊÀ-ÌÀÈÄÌÀÔÉÊÉÓ ÌÄÝÍÉÄÒÄÁÀÈÀ ÃÏØÔÏÒÉÓ
ÓÀÌÄÝÍÉÄÒÏ áÀÒÉÓáÉ ÌÉÀÍÉàÀ ØÀÒÈÅÄË ÌÀÈÄÌÀÔÉÊÏÓÓ, ÒÄÅÀÆ ÀÁÓÀÅÀÓ.

ÄËÉÆÁÀÒ ÍÀÃÀÒÀÉÀÓ ÞÀËÉÓáÌÄÅÉÈ ÂÀÌÏÉÝÀ ÌÏÍÏÂÒÀ×ÉÀ: „ÃÀÊÅÉÒÅÄÁÀÈÀ ÂÀÍÀßÉËÄ-
ÁÉÓ ÊÀÍÏÍÉÓ ×ÖÍØÝÉÏÍÀËÖÒÉ ÌÀáÀÓÉÀÈÄÁËÄÁÉÓ ÀÒÀÐÀÒÀÌÄÔÒÖË ÛÄ×ÀÓÄÁÀÈÀ ÈÄÏÒÉÉÓ
ÆÏÂÉÄÒÈÉ ÀÌÏÝÀÍÀ“ (ÈÁÉËÉÓÉ, ÂÀÌÏÌÝÄÌËÏÁÀ ÈÓÖ, 2005 ÃÀ 2008 ßËÄÁÉ).

ÌÉÓÉ ÊÏËÄÂÄÁÉ ÀÙÍÉÛÍÀÅÄÍ, ÒÏÌ ÁÀÔÏÍÉ ÒÄÆÏ ÉÚÏ: ÊÄÈÉË ÓÀØÌÄÄÁÛÉ - ÛÄÌÏÖÓÀÆ-
ÙÅÒÄËÉ; ÛÄÝÃÏÌÄÁÛÉ - ÖÓÀÓÒÖËÏÃ ÌÝÉÒÄ; áÀÓÉÀÈÉÈ ÌÃÂÒÀÃÉ; ÈÀÍÀÌÛÒÏÌËÄÁÉÓ ÌÉÌÀÒÈ
ÓÀÊÌÀÏÃ ÂËÖÅÉ; ×ÀÊÖËÔÄÔÉÓÀÈÅÉÓ - ÂÀÌÀÄÒÈÉÀÍÄÁÄË-ÌÀÉÍÔÄÂÒÄÁÄËÉ. ÀÓÄÅÄ ÖÁÒÀËÏ,
ÓÀÈÍÏ, ØÝÄÅÉÈ ÈÀÅÌÃÀÁÀËÉ, áÏËÏ ÆÍÄÏÁÒÉÅÀÃ ÌÀÙÀËÉ . . . ÓÀÏÝÀÒÉ ÙÉÌÉËÉ äØÏÍÃÀ . . .
ÒÄÆÏ ÀÁÓÀÅÀ ÌÄÝÍÉÄÒÄÁÀÛÉ ÌÄÝÍÉÄÒÄÁÀÈÀ ÃÏØÔÏÒÉ ÉÚÏ, ÖÌÀÙËÄÓÉ ÂÀÍÀÈËÄÁÉÓ Ó×ÄÒÏÛÉ
- ÐÒÏ×ÄÓÏÒÉ, áÏËÏ ÌÄÂÏÁÒÏÁÀÛÉ - ÀÊÀÃÄÌÉÊÏÓÉ!

ÊÏËÄÂÄÁÉ, ÌÄÂÏÁÒÄÁÉ
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Professor Revaz Absava – 70

Revaz Mikheil Absava was born on February 9, 1947
in village Grigolishi, Zugdidi Municipality. His father,
Mikheil Absava was a teacher of History, mother – a house-
wife.

In 1965 Revaz Absava successfully finished the secondary
school of Kortskeli and was awarded a gold medal. In 1969
he graduated the Faculty of Physics and Mathematics at
A. M. Gorky Sokhumi State Pedagogical University having
specialized in Mathematics.

From 1971 Revaz Absava worked at Sokhumi Pedagogi-
cal Institute. Since 1979 he worked as a lecturer, a senior

lecturer and a docent at the Chair of Algebra-Geometry of the Faculty of Physics and
Mathematics at State University of Abkhazia. In 1979–1983 he was a Deputy Dean of
the Faculty of Physics and Mathematics.

In 1989–2004 (ante mortem) Revaz Absava held the position of Dean of the Faculty
of Mathematics and Computer Sciences at Sokhumi Branch of Tbilisi State University.

Revaz Absava, as a scientist, had finished the school of the Chair of Probability Theory
and Mathematical Statistics of Iv. Javakhishvili Tbilisi State University. Under guidance
of Professor Elizbar Nadaraia he wrote thesis “On the Nonparametric Kernel Estima-
tion of Density and Regression Function of Multidimensional Distribution” (01.01.05 –
Probability Theory and Mathematical Statistics) for his Candidate Dissertation, which he
successfully defended on October 10, 1986 before the Specialized Council (K.063.68.05)
of Moscow Institute of Electronic Machine Building and was awarded the degree of Can-
didate of Sciences of Physics and Mathematics.

After 1993 R. Absava continued his scientific, pedagogical and administrative works
in Tbilisi. During those hard times he headed the Faculty of Mathematics and Computer
Sciences, the Chair of Algebra-Geometry and Mathematical Statistics.

The subjects of his studies were: elaboration and application of the method for the
marginal distribution of quadratic deviation of general nonparametric estimation of func-
tional properties of the distribution law; construction and determination of the stringency
of the criteria for testing simple and complex hypotheses about distribution density and
regression curve; solution of some issues of classification and identification problems.

For solution of these problems there are fundamental results obtained by A. Kol-
mogorov, V. Glivenko, N. Smirnov, M. Rozenblat, E. Parzen, N. Chentsov, E. Nadaraia,
R. Holl, I. Ibragimov, R. Khasmisnky and etc.
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It is well known that identification plays an essential role in the control problems.
Identification is impossible without construction of relevant control object. Formation of
essentially different problems of identification of statistical and dynamic systems is possi-
ble in the form of function recovery problem, for which its experimental values are given.
A problem becomes especially difficult when its experimental values are distorted. The
parametric methods of identification are used when several parameters of recovery corre-
lation model are presented. Such models are not used in nonparametric methods. They,
to some extent, equalize experimental data. Besides, function-assessment is generally
nonparametric.

The Nadaraia–Watson Regression Estimation, Gasser–Mueller Regression Estimation
and Distribution Density Estimation by Parzen and Chentsov belong to above mentioned
traditional nonparametric estimations. The works of these authors consider concrete
problems of distribution density and regression curve estimations and also application of
these estimations in the problems of classification and identification.

Naturally, there is a necessity for elaboration of a general theory, which enables full
consideration of studies of wide range problems in the estimations of different functional
properties of the observation distribution law. This theory is developed in Revaz Absava’s
Doctorate Dissertation.

He elaborated effective methods for kernel estimation of nonparametric statistics and
hypotheses test on the basis of marginal methods. This enabled him to solve many
problems, especially, some interesting problems of classification and identification by in-
tegrated approach.

Revaz Absava is an author of more than 30 scientific works, among them a monograph,
a textbook on Probability Theory and two methodical instructions. His works have been
published in foreign and Georgian highly-ranked scientific journals. He participated in
numerous international and local conferences.

R. Absava’s works are quoted and their quotations are increasing day after day. It
means that Revaz Absava’s name has been recorded in the History of Mathematical
Statistics.

Revaz Absava’s scientific researches were accomplished in the form of Doctorate Dis-
sertation: “Nonparametric Estimations and Application of the Functional Properties of
the Distribution Law in the Classification and Identification Problems”. On March 28,
2004 the dissertation was introduced to the Dissertation Council of Iv. Javakhishvili Tbilisi
State University.

On May 28 official opponents were appointed: Professor Albert Shiryaev, a Corres-
ponding Member of the Russian Academy of Sciences (later, since 2011 an Academician
of the Russian Academy of Sciences), the Head of Laboratory of the Statistics of Ran-
dom Processes at V. A. Steklov Institute of Mathematics, Professor Omar Ghlonti and
Professor Besarion Dochviri.

The Dissertation Defense date was appointed – 22 October . . . However, Revaz could
not live till that date. He untimely passed away at the age of 57, on May 29, 2004.
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Albert Shiryaev, Academician of the Russian Academy of Sciences wrote: “Recently
I read Revaz Absava’s Dissertation material and wrote a review, which makes it obvious
that this work is just significant. R. Absava strived to this goal during many years
and obtained new results every time. He had established a goal, but had taken such a
hard effort that had left no force to come to the end. We, all were looking forward this
great moment, which Revaz Absava earned with his hard work, his scientific results, his
extraordinary and charismatic personality . . .

The scientific society has lost too much as far as he was a great organizer.
It is very pity that such people as Revaz Absava, leave us.”
An unprecedented case took place. On the appointed date, October 22, 2004 at the

Session of the Dissertation Council Ph. M. 01 08, № 8 of Iv. Javakhishvili Tbilisi State
University in TSU I. Vekua Institute of Applied Mathematics Revaz Absava’s Doctoral
Dissertation was defended. The dissertation was defended by Elizbar Nadaraia, Scientific
Consultant, Corresponding Member of Georgian Academy of Sciences. The Dissertation
Council awarded the degree of a Doctor of Sciences 01.01.08 of Physics and Mathematics
to Georgian Mathematician Revaz Absava after his death.

Monograph “Some Problems of Nonparametric Estimation Theory of the Functional
Properties of Observation Distribution Law” was published through Elizbar Nadaraia’s
effort (Tbilisi, TSU, 2005, 2008).

Revaz Absava’s colleagues note that his noble deeds were limitless, his mistakes were
extremely little, his behavior was always exemplary, his attitude was favourable towards
his coworkers; he was an integrator at the faculty and finally, he was just a merciful,
pleasant, modest and a man of high morale . . . He always had a bright smile on his
face . . . He was a Doctor of Sciences in science, A Professor in the sphere of highest
education, and an Academician – in friendship.

Colleagues and friends
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On Algebraic and Geometric Properties of
Continuous Maps and Applications
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The covariant and contravariant functors having some main properties of classical
homology and cohomology functors [8] are playing essential role in the investigation of
various topics of homology theory (see [2]).

The purpose of this report is to discuss the properties of continuous maps from the
standpoint of geometric topology and algebraic topology. Using a direct system approach
and an inverse system approach of continuous maps ([1]–[3], [5], [7]) V. Baladze studied
the (co)shape and (co)homological properties of continuous maps. Applications of the
here obtained results include the constructions of fiber shape theory of maps of compact
Hausdorff spaces and axiomatic approach to Čech spectral and Chogoshvili projective
homology theories ([4], [6]) in the sense of Hu [6] for the category of compact Hausdorff
spaces, without using the relative groups. Some results connected with this axiomatic
characterizations of Čech and Chogoshvili (co)homology theories by system of axioms of
Hu where announced in [2]. The problem of characterizations of spectral and projective
homology theories by Hu system axioms was formulated by V. Baladze [2].

The coauthors would like to thank V. Baladze for her advise, support and stimulating
discussion.

MSC 2000: 54C15, 54C20, 54C56.
Keywords: Approximation of maps, Shape, Coshape, Long exact homology and

cohomology sequences of maps, Axioms of homology and cohomology theories in the
sense of S.-T. Hu.
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Mixed and Crack Type Dynamical Problems of the
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This paper, we study mixed and crack type boundary value dynamical problems of the
linear theory of thermopiezoelectricity for bodies with inner structure. The model under
consideration is based on the Green-Naghdi theory of thermo-piezoelectricity without
energy dissipation. This theory permits propagation of thermal waves at finite speed.
We investigate a mixed boundary value problem for homogeneous isotropic solids with
interior cracks. We derive Green’s formulae and prove the corresponding uniqueness
theorem. Using the Laplace transform, potential method and theory of pseudodifferential
equations on a manifolds with boundary we prove existence of solutions and analyze
their asymptotic properties. We 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.

This is joint work with T. Buchukuri and D. Natroshvili.
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Let C be a smooth hypersurface in R3 with a smooth boundary decomposed into
two connected ∂C = Γ = ΓD ∪ ΓN and non-intersecting ΓD ∩ ΓN = ∅ parts. Let ν(ω) =
(ν1(ω), ν2(ω), ν3(ω))

⊤, ω ∈ C, be the unit normal vector field on the surface C and consider
the Laplace–Beltrami operator written in terms of the Günter’s tangent derivatives

∆C := D2
1 +D2

2 +D2
3, Dj := ∂j − νj∂ν , j = 1, 2, 3,

∂ν =
3∑

j=1

νj∂j.

Let
νΓ(t) = (νΓ,1(t), νΓ,2(t), νΓ,3(t)), t ∈ Γ,

be the unit normal vector field on the boundary Γ, which is tangential to the surface C and
directed outside of the surface. We study the following mixed boundary value problem
for the Laplace–Beltrami equation

∆Cu(t) = f(t), t ∈ C, u+(τ) = g(τ), τ ∈ ΓD,

(∂νΓu)
+(τ) = h(τ), τ ∈ ΓN , ∂νΓ :=

3∑
j=1

νΓ,jDj.
(1)

Lax–Milgram Lemma, applied to the BVP (1), gives that it has a unique solution in the
classical setting f ∈ H̃−1(C), g ∈ H1/2(Γ), h ∈ H−1/2(Γ).

But in some problems, for example in approximation methods, it is important to know
the solvability properties in the non-classical setting

f ∈ H̃s−2
p (C), g ∈ Ws−1/p

p (Γ), h ∈ Ws−1−1/p
p (Γ), 1 < p <∞, s >

1

p
. (2)
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Figure 1. Solutions to the equation (3).

Theorem. Let 1 < p < ∞, s > 1/p.
The BVP (1) is Fredholm in the non-
classical setting (see (3)) if and only if

cos2 π s−
∣∣∣ sin 2π

(
s− 1

p

)∣∣∣ ̸= 0. (3)

In other words the curves on Figure 1
does not cross the point (s − k, 1/p),
where k = 0, 1, . . . is an integer such
that 1

2
< s− k 6 3

2
.

In particular, the BVP (1) has a
unique solution u in the non-classical
setting (2) if s− 1/p coincided with its
fractional part s− 1/p = {s− 1/p} and
the point (s − 1/p, 1/p) belongs to the
open curved quadrangle ABCD on Fi-
gure 1.

The Dynamical Structure of the QCD Ground State
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I. Javakhishvili Tbilisi State University, Tbilisi, Georgia

email: gogohia.vahtang@wigner.mta.hu, gogokhia@rmi.ge;
barnafoldi.gergely@wigner.mta.hu

Using the effective potential approach for composite operators [1], we have formulated
a general method of calculation of the truly non-perturbative Yang–Mills vacuum energy
density (VED), which is, by definition, the bag constant apart from the sign. It is the main
dynamical characteristic of the QCD ground state. Our method allows one to make it
free of all the types of the perturbative contributions (’contaminations’), by construction.
We also perform an actual numerical calculation of the bag constant as a function of the
mass gap. It is this which is responsible for the large-scale dynamical structure of the
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QCD ground state [2]. The existence of the stable (being in the stationary state with
minimum energy) purely transversal virtual gluon field configurations has been explicitly
shown. Using further the trace anomaly relation, we develop a general formalism which
makes it possible to relate the bag constant to the gluon condensate defined at the same
β function (or, equivalently, effective charge) which has been chosen for the calculation
of the bag constant itself. Our numerical result for it shows a good agreement with other
phenomenological estimates of the gluon condensate. We have argued that the calculated
bag constant may contribute to the dark energy density. Its contribution is by 10 orders of
magnitude better than the estimate from the Higgs field’s contribution. We also propose
to consider the bag energy as a possible amount of energy which can be released from the
QCD ground state by a single cycle. The QCD ground state is shown to be an infinite
and hence a permanent reservoir of energy.

References
[1] J. M. Cornwall, R. Jackiw, E. Tomboulis, Effective action for composite operators.

Phys. Rev. D 10 (1974), no. 8, 2428–2445.
[2] V. Gogokhia, G. G. Barnafoldi, The Mass gap and its applications. World Scientific,

2013.

Matrix Centralizers and Their Applications
Alexander E. Guterman

Department of Mathematics and Mechanics, Lomonosov Moscow State University
Moscow, Russia

email: guterman@list.ru

For a matrix A ∈Mn(F) its centralizer

C(A) =
{
X ∈Mn(F)| AX = XA

}
is the set of all matrices commuting with A. For a set S ⊆Mn(F) its centralizer

C(S) =
{
X ∈Mn(F)| AX = XA for every A ∈ S

}
=

∩
A∈S

C(A)

is the intersection of centralizers of all its elements. Centralizers are important and useful
both in fundamental and applied sciences.
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A non-scalar matrix A ∈Mn(F) is minimal if for every X ∈Mn(F) with C(A) ⊇ C(X)
it follows that C(A) = C(X). A non-scalar matrix A ∈ Mn(F) is maximal if for every
non-scalar X ∈Mn(F) with C(A) ⊆ C(X) it follows that C(A) = C(X).

We investigate and characterize minimal and maximal matrices over arbitrary fields.
Our results are illustrated by applications to the theory of commuting graphs of matrix

rings, to the preserver problems, namely to characterize commutativity preserving maps
on matrices, and to the centralizers of high orders.

The talk is based on several joint works with G. Dolinar, B. Kuzma, and P. Oblak.

On Caveney–Nicolas–Sondow Hypothesis
for Gronwall Numbers

Gennadiy A. Kalyabin
Samara State Technical University, Samara, Russia

email: gennadiy.kalyabin@gmail.com

In 1913 T. Gronwall [1] introduced the numbers G(N) := σ(N)/N log logN , where
σ(N) and log x stand for the sum of all divisors of an integer N > 1 and natural logarithm
of x > 0, respectively, and established the limit relationship:

lim sup
N→∞

G(N) = eγ = 1.78107 . . . , (1)

where γ = 0.57721 . . . is the Euler–Masceroni constant. S. Ramanujan proved in 1915
(published in 1997) that if Riemann Hypothesis (RH) holds true then G(N) < eγ for all
sufficiently large N . The next step was made by G. Robin [2] who obtained in 1984 much
stronger result of principle significance, namely:

(RH) iff G(N) < eγ for all integers N > N0 := 24 · 32 · 51 · 71 = 5040. (2)

Let us call an integer N > 1 to be G-improvable, (N ∈ I) iff either:
(I/): there is a prime q < N , q | N , such that G(N/q) > G(N),
or:
(I×): there is an integer A > 1 such that G(AN) > G(N).

Note that the numbers 3, 4 and 5 are not G-improvable.
Theorem. Every integer N > 5 is G-improvable.
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Ascertaining the equivalence of this proposition with both parts of (2) is the main
substance of [3], where excellent exposition and exhausted historical comments may be
found. Thus the Theorem stated above implies the validity of (RH).

The key idea of the Theorem’s proof is to consider the special class U1 of all those
N∗ > 5 which cannot be G-improved by neither division nor multiplication by any
single prime. Note that this class is not empty and min{N∗ : N∗ ∈ U1} = N∗

1 =
25 · 33 · 52 · 7 · 11 · 13 · 17 · 19 · 23 = 160 626 866 400. The elements of U1 are of very specific
structure which allows for every N∗ ∈ U1 to choose explicitly two positive u, v depending
on N∗ in such a way that G(K(u)K(v)N∗) > G(N∗), where K(x) stands for the product
of all primes p, x < p ≤ 2x.

AMS 2010 Subject Classification: 11A25, 11N05, 11N37.

The work was supported by grant of Russian Foundation of Basic Research, project
no. 14-01-00684.

The author is deeply grateful to Valeriy V. Kozlov for his interest to this research.
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Fold-up Derivatives of Set-Valued Functions:
Its Definition and Applications

Estate Khmaladze
School of Mathematics and Statistics, Victoria University of Wellington,

Wellington, New Zealand
email: Estate.Khmaladze@vuw.ac.nz

We give a survey on fold-up derivatives, a notion which was introduced in Khmaladze
(2007) and extended in Khmaladze and Weil (2014) to describe infinitesimal changes in
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a set-valued function. We summarise the geometric background and compare the fold-
up derivatives with other notions of differentials of set-valued functions, namely, those
of tangent cones of, e.g., Aubin and Frankowska (1990), differential inclusions of, e.g.,
Artstein (1995) and, a very obvious choice, of generalised functions on boundary of sets.

We discuss in more detail applications in statistics, in particular to the change-set
problem of spatial statistics, and show how the notion of fold-up derivatives leads to the
theory of testing statistical hypotheses about the change set. We formulate Poisson limit
theorems for the log-likelihood ratio in two versions of this problem and present also the
route to a central limit theorem.

The talk is based on joint work with John Einmahl (Tilburg) and Wolfgang Weil
(Karlsruhe). The review paper was invited to the Annals of the Institute of Statistical
Mathematics, and will appear in January 2018.
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Extrapolation, Singular Integrals, Applications
to the BVPs

Vakhtang Kokilashvili
Andrea Razmadze Mathematical Institute of I. Javakhishvili Tbilisi State University

Tbilisi, Georgia
email: kokil@rmi.ge

The goal of our talk is to present the extrapolation results in nonstandard Banach
function spaces defined both on quasi-metric measure spaces and product spaces.Based
on these results we prove the boundedness of non-harmonic analysis operators and give
various applications to the BVPs of analytic functions.

Harmonic Univalent Maps and
Pseudo-Hyperbolic Distance

Yusuf Abu Muhanna
University of Sharjah, UAE
email: ymuhanna@aus.edu

The class of harmonic univalent functions shall be introduced together with the hyper-
bolic metric and the psudo-hyperbolic distance. Emphacis shall be on potential theoretic
issues. With the help of the properties of pseudo-hyperbolic distance, many new results
on area distortion, of some classes of orientation preserving harmonic mappings such as
the class of harmonic univalent maps onto the disk, the class of orientation preserving
Bloch and BMOH maps. Issues and problems shall be suggested.
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Stefan Banach and Georgia
(On the occasion of Stefan Banach’s

125-th Birthday Anniversary)
Vaja Tarieladze

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

email: v.tarieladze@gtu.ge

Five years ago I wrote [1]:
1. On Saturday, March 15, 1941 “the delegation of Lvov State University, lead by

S. S. Banach, the famous mathematician, arrived in Tbilisi. . . Banach, the head of
delegation said. . . Our delegation will stay in Georgia for five days. . . ”

2. “Gori, March 19. The professors of Lvov University comrades Banach, Zarits’kyi,
docent Braginets and lady-student Solyak arrived to Gori”.

In the first part of my talk I’ll give some further comments about S. Banach’s visit to
Georgia. The second part of the talk will deal with two problems posed by him. One of
the problems is taken from W. Orlicz’s (1903–1990) paper [2, p. 124], while the another
one is [3, Problem 106, p. 188]. I’ll follow mainly [4] with some supplements related to
the contribution of my colleagues from Georgia.

Acknowledgement. This talk was supported by N. Muskhelishvili Institute of Com-
putational Mathematics of the Georgian Technical University.
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Convergence and Summability of Vilenkin–Fourier
Series in the Martingale Hardy Spaces

George Tephnadze
University of Georgia, Tbilisi, Georgia;

Department of Engineering Sciences and Mathematics, Luleå University of Technology
Luleå, Sweden

email: giorgitephnadze@gmail.com

The classical theory of Fourier series deals with decomposition of a function into
sinusoidal waves. Unlike these continuous waves the Vilenkin (Walsh) functions are rect-
angular waves. Such waves have already been used frequently in the theory of signal
transmission, multiplexing, filtering, image enhancement, codic theory, digital signal pro-
cessing and pattern recognition. The development of the theory of Vilenkin-Fourier series
has been strongly influenced by the classical theory of trigonometric series. Because of
this it is inevitable to compare results of Vilenkin series to those on trigonometric se-
ries. There are many similarities between these theories, but there exist differences also.
Much of these can be explained by modern abstract harmonic analysis, which studies
orthonormal systems from the point of view of the structure of a topological group.

This lecture is devoted to review theory of martingale Hardy spaces. We present cen-
tral theorem about atomic decomposition of these spaces when 0 < p ≤ 1. We also present
how this result can be used to prove boundedness of some operators on the martingale
Hardy spaces and give a brief review how it can be connected to the theory of almost
everywhere convergence. Moreover we present new estimations of Vilenkin-Fourier co-
efficients and prove some new results concerning boundedness of maximal operators of
partial sums. Moreover, we derive necessary and sufficient conditions for the modulus
of continuity so that norm convergence of the partial sums is valid and present Hardy
type inequalities for the partial sums with respect to the Vilenkin systems. We also do
the similar investigation for the Fejér means. Furthermore, we investigate some Nörlund
means but only in the case when their coefficients are monotone. Some well-know exam-
ples of Nörlund means are Fejér means, Cesàro means and Nörlund logarithmic means. In
addition, we consider Riesz logarithmic means, which is not example of Nörlund means.
It is also proved that these results are the best possible in a special sense. As applications
both some well-known and new results are pointed out.
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On Universal Series of Functions
Shakro Tetunashvili

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

Department of Mathematics, Georgian Technical University, Tbilisi, Georgia
email: stetun@rmi.ge

In our presentation we consider universal series with respect to systems of measurable
and almost everywhere finite functions and represent several properties of such series.
It follows from these properties theorems concerning universal series with respect to or-
thonormal systems of functions. Some of these theorems are also discussed.

Some Deterministic and Stochastic Estimations for
Measuring Efficiency of Algorithms

Nodari Vakhania
Centro de Investigación en Ciencias, UAEMor, Mexico

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

email: nodari@uaem.mx

Dedicated to the memory of my father

The computational complexity of an algorithm is traditionally measured for the worst
and also for the average case. The worstcase estimation guarantees a certain worst case
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behavior of a given algorithm, although it might be rough, as for “most of the instances”,
the algorithm may have a significantly better performance. The probabilistic average-
case analysis pretends to derive an average performance of an algorithm, say, for an
“average instance” of the problem in question. That instance may be far away from the
average of the problem instances arising in a given real-life application, and then, an
average case analysis would also provide a non-realistic estimation. We suggest that, in
general, a wider use of the probabilistic models for a more accurate estimation of the
algorithm efficiency is possible. For instance, the quality of the solutions delivered by
an approximation algorithm may also be estimated in “average” probabilistic case. Such
an approach would deal with the estimation of the quality of the solutions delivered
by the algorithm for the most common (for a given application) problem instances. As
we will illustrate, probabilistic modeling can also be used to derive an accurate time
complexity performance measure, distinct from the traditional probabilistic average-case
time complexity measure. Such an approach could, in particular, be useful when the
traditional average-case estimation is still rough or is not possible at all.
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On the Nonexistence of Global Solutions of Cauchy
Problem for a Class of System of Nonlinear

Hyperbolic Equations with Positive Initial Energy
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

We consider the following initial boundary value problem:

uitt −∆ui + ui + uit = fi(u1, u2, u3), x ∈ Rn, t > 0, i = 1, 2, 3, (1)

with initial conditions

ui(0, x) = ui0(x), uit(0, x) = ui1(x), x ∈ Rn, i = 1, 2, 3, (2)

where fi(u1, u2, u3) = |u1|pi1|u2|pi2|u3|pi3ui, ρii = pi − 1, ρik = pk + 1, i, k = 1, 2, 3, p1,
p2, p3 are real numbers. The goal of this paper is to investigate nonexistence of global
solutions to the problem (1), (2).

Assume that
n ≥ 2, pj ≥ 0, j = 1, 2, 3, (3)

and additionally
p1 + p2 + p3 ≤

2

n− 2
if n ≥ 3. (4)

Introduce the following notation

E(t) =
3∑

j=1

pj + 1

2

[
|u′jt|2 + ∥uj∥2 +

1∫
0

|u′jts, · )|2 ds
]

+

∫
Rn|u1(t, x)|p1+1 · |u2(t, x)|p2+1|u3(t, x)|p3+1 dx,

I(ϕ1, ϕ2, ϕ3) =
3∑

j=1

pj + 1

p1 + p2 + p3 + 3
∥u∥2 −

∫
Rn|ϕ1(x)|p1+1 · |ϕ2(x)|p2+1|ϕ3(x)|p3+1 dx.

Theorem. Let conditions (3), (4) be satisfied, ui0 ∈ H1 and ui1 ∈ L2(R
n), i = 1, 2, 3,

and in addition, assume that the following conditions are satisfied:

E(0) > 0, I(u10, u20, u30) < 0,



50 Abstracts of Participants’ Talks Batumi, September 4–8, 2017

3∑
j=1

⟨uj0, uj1⟩ ≥ 0,
3∑

j=1

pj + 1

2
|uj0|2 >

p2 + p2 + p3 + 3

p2 + p2 + p3
E(0).

Then the solution of the Cauchy problem (1), (2) blows up in finite time.
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Solvability of a Boundary Value Problem for Second
Order Elliptic Differential-Operator Equations

Bahram A. Aliev
Institute of Mathematics and Mechanics, Azerbaijan National Academy of Sciences

Baku, Azerbaijan
Azerbaijan State Pedagogical University, Baku, Azerbaijan

email: aliyevbakhram@yandex.ru

In the separable Hilbert space H we study the solvability of the following boundary
value problem for second order elliptic differential equation

L(λ,D)u := λu(x)− u′′(x) + Au(x) = f(x), x ∈ (0, 1), (1)
L1(λ)u := u′(0) + αλu(1) = f1, (2)

L2u := u(0) = f2, (3)

where λ is a complex parameter.
Theorem. Let the following conditions be fulfilled: A is a strongly positive operator in
H; α ̸= 0 is some complex number. Then problem (1), (2) for f ∈ Lp((0, 1);H(A1/2)),
f1 ∈ (H(A), H) 1

2
+ 1

2p
,p, f2 ∈ (H(A2), H) 1

4
+ 1

4p
,p , where 1 < p <∞, and | argλ| ≤ π < φ, |λ|

is sufficiently large, has a unique solution that belongs to the space W 2
p ((0, 1);H(A), H)

and, for these λ, the following noncoercive estimate holds for the solution of problem
(1), (2):
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|λ| ∥u∥Lp((0,1);H) + ∥u′′∥Lp((0,1);H) + ∥Au∥Lp((0,1);H)

≤ C
(
|λ|∥f∥

Lp((0,1);H(A
1
2 ))

+ ∥f1∥(H(A),H) 1
2+ 1

2p ,p

+ ∥f2∥(H(A2),H) 1
4+ 1

4p ,p
+ ∥f1∥H + |λ|

3
2
− 1

2p∥f2∥H
)
.

The boundary value problem similar to boundary value problem (1), (2) was studied
in the paper [1].
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Global Bifurcation in Some Nonlinearizable
Eigenvalue Problems with Indefinite Weight

Ziyatkhan Seyfaddin Aliyev1, Rada Alirza Huseynova2

1Department of Mathematical Analysis, Baku State University, Baku, Azerbaijan
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2Institute of Mathematics and Mechanics, Azerbaijan National Academy of Sciences
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email: rada−huseynova@yahoo.com

We consider the following fourth order boundary value problem

(p(t)u′′)′′ − (q(t)u′)′ = λr(t)u+ h(t, u, u′, u′′, u′′′, λ), t ∈ (0, 1), (1)
u′(0) cosα− (pu′′)(0) sinα = 0, u′(1) cos γ + (pu′′)(1) sin γ = 0,

u(0) cos β + Tu(0) sin β = 0, u(1) cos δ − Tu(1) sin δ = 0,
(2)

where λ ∈ R is a spectral parameter, Ty ≡ (pu′′)′−qu′, the function p(t) is strictly positive
and continuous on [0, 1], p(t) has an absolutely continuous derivative on [0, 1], q(t) is
nonnegative and absolutely continuous on [0, 1], the weight function r(t) is sign-changing
continuous on [0, 1] and α, β, γ, δ are real constants such that 0 ≤ α, β, γ, δ ≤ π/2.
The nonlinear term has the representation h = f + g, where f, g ∈ C([0, 1] × R5) are
real-valued functions satisfying the following conditions:

uf(t, u, s, v, w, λ) ≤ 0, (t, u, s, v, w, λ) ∈ [0, 1]× R5,
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there exists constants M > 0 such that∣∣∣f(t, u, s, v, w, λ)
u

∣∣∣ ≤M, (t, u, s, v, w, λ) ∈ [0, 1]× R5, (3)

and
g(t, u, s, v, w, λ) = o

(
|u|+ |s|+ |v|+ |w|

)
(4)

in a neighborhood of (u, s, v, w) = (0, 0, 0, 0) uniformly in t ∈ [0, 1] and in λ ∈ Λ, for every
bounded interval Λ ⊂ R.

The problem (1), (2) with r > 0 under conditions (3) and (4) was considered in a
paper [1] (see also [2]). In the case when r is a sign-changing function the methods of this
work are not applicable.

Although problem (1), (2) is not linearizable in a neighborhood of the origin (when f ̸≡
0), it is nevertheless related to a linear problem which is perturbation of problem (1), (2)
with h ≡ 0. We estimate the distance between the principal eigenvalues of the perturbed
and unperturbed problem. Using this estimation we find the bifurcation intervals. We
show the existence of two pair of unbounded continua of solutions emanating from the
bifurcation intervals and contained in the classes of positive and negative functions.
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Spectral Properties for the Equation of
Vibrating Rod on Right End of which an

Inertial Load is Concentrated
Ziyatkhan Seyfaddin Aliyev1,2, Nazim Bakhish Kerimov3

1Department of Mathematical Analysis, Baku State University, Baku, Azerbaijan
2Institute of Mathematics and Mechanics, Azerbaijan National Academy of Sciences

Baku, Azerbaijan
3Department of Mathematics, Khazar University, Baku, Azerbaijan

email: z−aliyev@mail.ru; nazimkerimov@yahoo.com

We consider the following eigenvalue problem

y(4)(x)− (q(x)y′(x))′ = λy(x), 0 < x < 1, (1)
y(0) = y′(0) = 0, (2)

y′′(1)− a1λy
′(1) = 0 (3)

Ty(1)− a2λy(1) = 0, (4)

where λ ∈ C is spectral parameter, Ty ≡ y′′′ − qy′, q(x) is positive and absolutely
continuous function on [0, 1], a1 and a2, are real constants, such that a1 > 0, a2 > 0.

The problem (1)–(4) arises when variables are separated in the dynamical boundary
value problem describing bending vibrations of a homogeneous rod, in cross-sections of
which the longitudinal force acts, the left end of which is fixed rigidly and on the right
end an inertial mass is concentrated (see [1, Ch. 8, § 5]).

Note that the signs of the parameters a1 and a2 play an important role. If a1 > 0
and a2 < 0, then problem (1)–(4), can be treated as a spectral problem for a self-adjoint
operator in the Hilbert space H = L2(0, 1) ⊕ C2. This case was considered in [2]. If
a1 > 0 and a2 > 0, then this problem is equivalent to a spectral problem for the self-
adjoint operator in the Pontryagin space Π1 = L2(0, 1)⊕C2 with the corresponding inner
product.

In the present work we study the location of the eigenvalues on the real axis, the struc-
ture of root subspaces, we obtain asymptotic formulas for eigenvalues and eigenfunctions,
and using these asymptotic formulas we establish sufficient conditions for the subsystems
of eigenfunctions of (1)–(4) to form a basis in the space Lp(0, 1), 1 < p <∞.
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A Collocation Method for
Solving Fractional Bratu-Type Equation

Sertan Alkan1, Kenan Yildirim2

1Iskenderun Technical University, Hatay, Turkey
email: sertan.alkan@iste.edu.tr

2Mus Alparslan University, Mus, Turkey
email: kenanyildirim52@gmail.com

In this study, we obtain the numerical solution of the fractional Bratu-type equation
using the sinc-collocation method. Numerical examples are presented to verify the effi-
ciency and accuracy of the proposed algorithm. Finally, the approximate solutions are
shown both graphically and in tabular forms.

Solving a System of Nonlinear
Fractional Integro-Differential Equations

Sertan Alkan1, Kenan Yildirim2

1Iskenderun Technical University, Hatay, Turkey
email: sertan.alkan@iste.edu.tr

2Mus Alparslan University, Mus, Turkey
email: kenanyildirim52@gmail.com

In this study, we obtain approximate solutions of a system of nonlinear fractional
integro-differential equations by the sinc collocation method. To demonstrate the effec-
tiveness of the method, we give some examples. Also, we compare the obtained numerical
solutions and their exact solutions by using Mathematica.



ÁÀÈÖÌÉ, 4–8 ÓÄØÔÄÌÁÄÒÉ, 2017 ÌÏÍÀßÉËÄÈÀ ÌÏáÓÄÍÄÁÄÁÉÓ ÈÄÆÉÓÄÁÉ 55

Nilpotent Exponential MR-Groups
Mikheil Amaglobeli

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

email: mikheil.amaglobeli@tsu.ge

The notion of exponential R-group (R is an arbitrary associative ring with identity) was
introduced by Lyndon in [1]. In [2], Myasnikov refined the notion of a exponential R-group
by introducing and additional axiom. In particular the new notion of a exponential R-
group is a direct generalization of the notion of a R-module to the case of non-commutative
groups. In honour to Myasnikov, R-groups with this axiom in Amaglobeli’s paper [3] has
nomed MR-groups. This report is dedicated to the theory of varieties of nilpotent MR-
groups. Moreover, the various analogs of the notion of n-class nilpotent group in the
category of MR-groups are introduced, and it is shown that they coincide for n = 1, 2.
The question whether these notions coincide remains open for n > 2.
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ÃÉÓÊÖÓÉÀ ÔÄÓÔÖÒÉ ÂÀÌÏÝÃÄÁÉÓ ÛÄÓÀáÄÁ
ÀÌÉÒÀÍ ÀÌÁÒÏËÀÞÄ

ÈÁÉËÉÓÉÓ ÈÀÅÉÓÖ×ÀËÉ ÖÍÉÅÄÒÓÉÔÄÔÉ, ÌÀÈÄÌÀÔÉÊÉÓÀ ÃÀ ÊÏÌÐÉÖÔÄÒÖËÉ ÌÄÝÍÉÄÒÄÁÉÓ
ÓÊÏËÀ, ÈÁÉËÉÓÉ, ÓÀØÀÒÈÅÄËÏ

ÄË. ×ÏÓÔÉÓ ÌÉÓÀÌÀÒÈÉ: a.ambroladze@freeuni.edu.ge

ÀÌ ÌÏáÓÄÍÄÁÉÓ ÌÉÆÀÍÉÀ ÉÍÉÝÉÒÄÁÀ ÂÀÖÊÄÈÏÓ ÃÉÓÊÖÓÉÀÓ ÂÀÌÏÝÃÄÁÉÓ ÜÀÔÀÒÄÁÉÓ ÔÄÓÔÖÒÉ
×ÏÒÌÉÓ ÛÄÓÀáÄÁ. ÊÄÒÞÏÃ:

- ÒÀ ÀÒÉÓ ÔÄÓÔÖÒÉ ÂÀÌÏÝÃÄÁÉÓ ÐËÖÓÄÁÉ ÃÀ ÌÉÍÖÓÄÁÉ (ÄÓ ÊÉÈáÅÀ ÃÀÊÀÅÛÉÒÄÁÖËÉÀ
ÉÌ ÓÀÊÉÈáÈÀÍÀÝ, ÈÖ ÒÀÌÃÄÍÀÃ áÛÉÒÀÃ ÖÍÃÀ ÂÀÌÏÉÝÀÃÍÏÍ ÓÔÖÃÄÍÔÄÁÉ ÓÄÌÄÓÔÒÉÓ
ÂÀÍÌÀÅËÏÁÀÛÉ? ÓÀàÉÒÏÀ ÈÖ ÀÒÀ ÀØ ØÀÒÈÖËÉ ÒÄÀËÏÁÉÓ ÂÀÈÅÀËÉÓßÉÍÄÁÀÝ?)

- ÒÀ ×ÏÒÌÉÈ ãÏÁÓ ÜÀÔÀÒÃÄÓ ÀÓÄÈÉ ÂÀÌÏÝÃÄÁÉ (ÔÄÓÔÖÒÉ ÂÀÌÏÝÃÄÁÉÓ ×ÏÒÌÄÁÉÝ,
ÈÀÅÉÓ ÌáÒÉÅ, ÌÒÀÅÀË×ÄÒÏÅÀÍÉÀ)?

- ÒÏÂÏÒÉ ÖÍÃÀ ÉÚÏÓ ÛÄ×ÀÓÄÁÉÓ ÓÉÓÔÄÌÀ? ÊÄÒÞÏÃ, ÖÍÃÀ ÉÚÏÓ ÈÖ ÀÒÀ „ÃÀÓãÀÃÉ“
ÐÀÓÖáÉÓ ÀËÀËÁÄÃÆÄ ÀÒÜÄÅÀ? Ö×ÒÏ ÐÏÆÉÔÉÖÒÀÃ (ÌÀÂÒÀÌ ÄÊÅÉÅÀËÄÍÔÖÒÀÃ) ÒÏÌ
ÜÀÌÏÅÀÚÀËÉÁÏÈ ÄÓ ÊÉÈáÅÀ: ÖÍÃÀ ÛÄ×ÀÓÃÄÓ ÈÖ ÀÒÀ Ö×ÒÏ ÌÀÙÀËÉ ØÖËÉÈ ÐÀÓÖáÉ
„ÀÒ ÅÉÝÉ“, ÅÉÃÒÄ ÀÒÀÓßÏÒÉ ÐÀÓÖáÉ?

On the H-Wellposedness of the Singular Cauchy
Problem for Systems of Linear Generalized

Differential Equations
Malkhaz Ashordia1, 2, Nino Topuridze2

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

2Faculty of Mathematics and Computer Sciences, Sukhumi State University
Tbilisi, Georgia

email: ashord@rmi.gel; topurnino@yahoo.com

Let I ⊂ R be an interval non-degenerate in the point, t0 ∈ I, It0 = I \ {t0}. Con-
sider the singular Cauchy problem for linear system of generalized ordinary differential
equations

dx = dA(t) · x+ df(t) for t ∈ It0 , (1)
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lim
t→t0+

(H−1(t)x(t)) = 0, (2)

where A ∈ BVloc(It0 ;R
n×n) and f ∈ BVloc(It0 ;R

n), i.e. A and f are, respectively, matrix-
and vector-functions with bounded variations components on the every closed interval
from It0 ; H = diag(h1, . . . , hn) is an arbitrary diagonal matrix-functions with continuous
diagonal elements hi : It0 → ]0,+∞[ (i = 1, . . . , n).

The singularity is considered in the sense that A or f maybe have non-bounded total
variation on the whole interval I.

We assume that det(In ± djA(t)) ̸= 0 for t ∈ It0 (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 s, t ∈ It0 , s < t < b,

where the integral is understand in the Kurzweil–Stieltjes integral sense (see [1]).
Let x0 be the unique solution of the problem (1), (2).
Along with the system (1) consider the sequence of the systems

dx = dAk(t) · x+ dfk(t) for t ∈ It0 (k = 1, 2, . . . , ), (3)

where the matrix- and vector-functions Ak and fk (k = 1, 2, . . . ) have the properties
circumscribed above.

There are considered the question about the sufficient conditions guaranteing the
unique solvability of the singular problem (3), (2) for any sufficiently large natural k and
for so called the H-converge of its solutions xk (k = 1, 2, . . . ) to x0 as k → +∞, i.e.

lim
k→+∞

(H(t))(xk(t)− x0(t)) = 0 uniformly for t ∈ It0 .

The analogous problem has been investigated in [2] for systems of ordinary differential
equations.
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On Compatible Group Topologies on LCA Groups
Lydia Außenhofer

University of Passau, Passau, Germany
email: lydia.aussenhofer@uni-passau.de

The topology on a LCA groupG is the finest locally quasi-convex group topology which
gives rise to the character group G∧ while the Bohr topology σ(G,G∧) is the coarsest
topology with this property. For compact abelian groups both topologies coincide. A
locally quasi-convex group topology is called compatible with the original topology if it
has the same character group.

In the talk concrete examples for compatible topologies on R, Z, Z(p∞) and on infinite
products of discrete abelian groups will be given. Further, some properties of the poset
C(G) of all compatible group topologies on G will be presented. If G is an infinite product
of discrete groups, then |C(G)| = 22

|G| is as big as possible, and |C(R)| = c, |C(Z)| = c,
and |C(Z(p∞))| = c hold.
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[2] L. Außenhofer, D. Dikranjan, Locally quasi-convex compatible topologies on LCA

groups. Preprint.

Analysing Drug Therapy on the Interaction
Between Tumor and Immune Cells Based on

Fractional Differential Equations, and
Optimal Control Theory

Mahin Azizi karachi, Alireza Fakharzadeh, Esmail Hesameddini
Department of Mathematical Sciences, Shiraz University of Technology

Modarres Bolvd, Shiraz, Iran
email: reihane.azizi00@gmail.com

A primary motivation in producing any mathematical model is to describe a natural or
artificial phenomenon by means of a model equation whose behavior is as close as possible
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to the original phenomenon. But this is often difficult, particularly when we are dealing
with nonlinear behavior in natural complex phenomena such as the interaction between
variety of cancers and immune cells. In this article, we have used fractional myelogenous
leukemia blood cancer’s cells against naive T -cell and effective T -cell cells of body. Using
this model, we have studied the dynamic behavior describing the transaction between
bodies’ effective T cell, naive T cell and chronic myelogenous leukemia in one side and
drug in other side. The most important feature of the equations with fractional order
derivatives is their non-localization. We expect that our fractional differential equations
model will be superior to its ordinary differential equations counterpart in facilitating
understanding of the natural immune interactions to tumor and of the detrimental side-
effects which chemotherapy may have on a patient’s immune system. Using this system,
we will study the optimized drug dose in chronic myelogenous leukemia treatment with
two methods namely targeted therapy and broad cytotoxic therapy.

Even the drug dose is important for cancer specialists, the weakness of immunology
system in cancer affected patients, may results in additional problems for their body.
Our goal is to find the best treatment regimens that minimize the cancer cell count and
the deleterious effect of the drugs for a given patint. We examine the optimal control
setting analytically, and include numerical solutions to illustrate the optimal regimens
under various assumptions.
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On Deviations Between Kernel Type Estimators
of a Distribution Density in p ≥ 2

Independent Samples
Petre Babilua, Elizbar Nadaraya

I. Javakhishvili Tbilisi State University, Tbilisi, Georgia
email: petre.babilua@tsu.ge; elizbar.nadaraya@tsu.ge

Let X(i) = (X
(i)
1 , . . . , X

(i)
ni ), i = 1, . . . , p, be independent samples of size n1, n2, . . . , np,

from p ≥ 2 general populations with distribution densities f1(x), . . . , fp(x). It is based
on sample X(i), i = 1, . . . , p, checking two hypotheses: the homogeneity hypothesis H0 :
f1(x) = · · · = fp(x) and the goodness-of-fit hypothesis H ′

0 : f1(x) = · · · = fp(x) = f0(x),
where f0(x) is the completely defined density function. The density f0(x) is unknown.

Here the tests are constructed for the hypotheses H0 and H ′
0 against the sequence of

close alternatives: H1 : fi(x) = f0(x) + α(n0)φi(x), α(n0) → 0, n0 = min(n1, . . . , np) →
∞,

∫
φi(x) dx = 0, i = 1, . . . , p. The test for the hypotheses H0 and H ′

0 based on the
statistic

T (n1, n2, . . . , np) =

p∑
i=1

Ni

∫ [
f̂i(x)−

1

N

p∑
j=1

Nj f̂j(x)
]2
r(x) dx, (1)

where f̂i(x) is a kernel-type Rosenblatt–Parzen estimator of the density of the function
fi(x):

f̂i(x) =
ai
ni

ni∑
j=1

K
(
ai(x−X

(i)
j )

)
, Ni =

ni

ai
, N = N1 + · · ·+Np.

We consider the question concerning the limiting law of the distribution of statistic
(1) for the hypothesis H1 when ni tends to infinity so that ni = nki, where n → ∞, and
ki are constants. Let a1 = a2 = · · · = ap = an, where an → ∞ as n→ ∞.

(i) K(x) ≥ 0, vanishes outside the finite interval (−A,A) and, together with its deriva-
tives, is continuous on this interval or absolutely continuous on (−∞,∞), x2K(x)
is integrable and K(1)(x) ∈ L1(−∞,∞). In both cases

∫
K(x) dx = 1.

(ii) The density function f0(x) is bounded and positive on (−∞,∞) or it is bounded
and positive in some finite interval [c, d]. Besides, in the domain of positivity it has
a bounded derivative.

(iii) Functions φj(x), j = 1, . . . , p, are bounded and have bounded derivatives of first
order; also φi(x) ∈ L1(−∞,∞).

(iv) The weight function r(x) is piecewise-continuous, bounded and r(x) ∈ L1(−∞,∞).
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Theorem. Let the conditions (i)–(iv) be fulfilled. If αn = n−1/2a
1/4
n (αn = α(n0)),

n−1a
9/2
n → 0 as n→ ∞, then for the hypothesis H1 the random variable a1/2n (Tn − µ) has

the normal limiting distribution (A(φ), σ2), where

A(φ) =

p∑
i=1

ki

∫ [
φi(x)−

1

k

p∑
j=1

kjφj(x)
]2
r(x) dx,

σ2 = 2(p− 1)

∫
f 2
0 (x)r

2(x) dx ·R(K0), K0 = K ∗K, µ = (p− 1)

∫
f0(x)r(x) dx ·R(K),

R(g) =

∫
g2(x) dx, k = k1 + · · ·+ kp, p ≥ 2.

Inquiry-Based Teaching in Mathematics
Petre Babilua1,2, Mzevinar Patsatsia3

1Ivane Javakhishvili Tbilisi State University, Tbilisi, Georgia
2European School, Tbilisi, Georgia

email: p_babilua@yahoo.com
3Sokhumi State University, Tbilisi, Georgia

email: mzevip54@mail.ru

In the present talk is considered inquiry-based teaching in mathematics. Is consid-
ered the concept and basic steps for inquiry-based teaching in mathematics. In the given
case is considered the using of electronic tools as research resource. These resources are:
GeoGebra, Desmos/calculator, Microsoft Mathematics and etc. Also are considered par-
ticular specific examples in mathematics which leads to the inquiry. Also are considered
examples of project based and problem based teaching in mathematics.



62 Abstracts of Participants’ Talks Batumi, September 4–8, 2017

Non-Linear Versions of Characteristic Problems
for the Second Order PDEs of Mixed Type
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Georgian Technical University, Tbilisi, Georgia
2Sokhumi State University, Tbilisi, Georgia
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We consider some specific second order PDEs. These equations are of hyperbolic type,
but may degenerate under some known conditions for the derivatives of unknown solution.
Our previous results include the construction of general integrals for these equations.
Based on those results, we consider a non-linear version of Goursat characteristic problem
([1], [2]). In the case of this Characteristic problem, the sufficient conditions for existence
and uniqueness of the solution are established. There is also defined a domain of definition
of the solution. Another characteristic problem we investigated belongs to a class of so
called non-local characteristic problems ([3]). The existence and uniqueness of a regular
solution is proved also in this case.
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On Addition Formulas Related to Elliptic Genera
Malkhaz Bakuradze

Department of Algebra and Geometry, I. Javakhishvili Tbilisi State University
Tbilisi, Georgia

email: malkhaz.bakuradze@tsu.ge

We provide certain addition formulas for the logarithm of the universal Buchstaber
formal group law and for the general elliptic integrals with four parameters having a
differential dt/dR(t), where R(t) is a polynomial of degree 4. Our results specialize in
Euler’s addition theorems for elliptic integrals of the first and second kind.
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On Axiomatic Characterization of
Bifunctor Homology Theory in the sense of Hu

Vladimer Baladze, Zviad Giorgadze
Batumi Shota Rustaveli State University, Batumi, Georgia

email: vbaladze@gmail.com; zviadi−giorgadze@mail.ru

Bifunctor homology theory first axiomatized by H. Inassaridze [6] in terms of relative
homology groups, the induced homomorphisms and the boundary homomorphisms.

In the paper we define bifunctor homology theory in the sense of Hu on the cate-
gory Comp of compact Hausdorff spaces with coefficient in the abelian category G.
G. Chogoshvili projective homology theory [3] with coefficient in the category of abelian
groups in the bifunctor homology theory.

The aim of the paper is to construct axiomatic theory of bifunctor homology theory in
the sense of Hu without using relative homology groups. Our axiomatic characterization is
simpler and instead of Eilenberg–Steenrod axioms [5] uses the Hu’s axioms formulated in
terms of absolute groups, the induced homomorphisms, and the suspension isomorphism.

The main result of paper is following
Theorem 1. There exists one and only one exact bifunctor homology theory on the
category Comp with the coefficients in the category of the abelian groups witch satisfies the
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axioms of homotopy, suspension, dimension, and continuity for every infinitely divisible
groups.

The proof of this theorem is based on results of [6] and ([1], [4]).
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Initiating a New Trend in Complex Equations
Studying Solutions in a Given Domain:

Problems, Approaches, Results
G. Barsegian
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email: barseg@instamath.sci.am

There is a huge number of investigations in complex differential equations when the
solutions are meromorphic in the complex plane. The main attention was paid to the value
distribution type phenomena of the solutions, particularly to the zeros (more generally to
the a-points) of these solutions.

Meantime there are very few studies of meromorphic solutions in a given domain,
particularly zeros of similar solutions weren’t touched at all.
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We initiate studies of meromorphic solutions in a given complex domain: we pose
some new problems and give some approaches for their solutions.

Clearly for similar studies we should have some tolls that are valid for large classes of
functions in a domain. As some tools we make use results related to three comparatively
recent topics, Gamma-lines, proximity property and universal version of value distribution
theory; all they are valid for any meromorphic function in a given domain.

Acknowledgement. The work was supported by Marie Curie International Award
(of Euro union) and by position of Visiting Leading Professor (in China).

The Influence of the Inclusion on the Buckling Plate
Svetlana M. Bauer, Stanislava V. Kashtanova, Nikita F. Morozov

Saint Petersburg State University, Sankt-Peterburg, Russia
email: kastasya@yandex.ru

The paper deals with the problem of the local buckling caused by uniaxial stretching
of an infinite plate with a circular inclusion from a different material. The effect of elastic
modulus of the inclusion on the value of the critical load is investigated. In order to
find the first critical load a variational principle is applied. The comparison of numerical
results that were obtained in the Maple 18 and the results obtained by the finite element
method in the ANSYS 13.1. The influence is analysed the ratio of the elastic properties
of the inclusion and plate on the value of the critical load and the form of the loss of
stability.

Suppose that: E1, ν1 – are Young’s modulus and Poison’s ratio of the plate, and E2, ν2
– parameters of the inclusion. R – radius of the inclusion, and x, y Cartesian coordinates.
The plate is presented in Figure 1.

The stresses act along the y axis. Let us denote the stress field inside the inclusion as
σxx = kxσ and σyy = kyσ, where kx and ky are the coefficients which were defined in [1]
and these coefficients are responsible for the relationship between the elastic modulus of
the insert and the plate.

The first critical load that causes the loss of stability can be evaluated with the use of
the energy method customized by Timoshenko and Ritz. Figure 2 shows the dependence
of the critical load on the ratio between the modulus of the inclusion and plate (σ0 is the
critical load corresponding to the plate with a hole of radius R). Calculations show that
the loss of stability of a plate with a circular rigidly fixed inclusion happens at lower loads
when the modulus of elasticity of the inclusion is either much smaller than the plate (i.e.
the inclusion is very ”soft”) or, conversely, much larger (i.e., inclusion very “tough”).
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Figure 1. Plate with a Circular Inclusion
Under Tensile Stress

Figure 2. Dependence of the critical load on
the ratio of the inclusion module to the plate

module
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Soft Countable Topological Spaces
Sadi Bayramov1, Cigdem Gunduz Aras2, Vefa Cafarli3
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In 1999, Russian researcher Molodtsov proposed the new concept of a soft set which
can be considered as a new mathematical approach for vagueness. Soft topological spaces
have been studied by some authors in recent years.
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The purpose of this paper is to investigate some concepts of soft topological spaces.
We give some new concepts in soft topological spaces such as soft first-countable spaces,
soft second-countable spaces and soft separable spaces, soft sequential continuity and
some important properties of these concepts are investigated.
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Questions of Existence of Periodic Solutions for
Functional-Differential Equations of Pointwise Type

Levon A. Beklaryan
Central Economics and Mathematics Institute, Moscow, Russia

lbeklaryan@outlook.com

The report is devoted to the existence of periodic solutions for ordinary differential
equations, as well as for functional differential equations of pointwise type with quasilinear
right sides. The developed approach is based on taking into account the asymptotic
properties of the solutions of differential equations that were not taken into account in
the study of periodic solutions, since we considered restrictions of such equations to an
interval equal to the period. Such conditions for the existence of a periodic solution
obtained on the basis of the study of the action of the shift operator, but taking into
account its asymptotic properties, are new even for ordinary differential equations and
essentially expand the class of non-autonomous ordinary differential equations for which
this approach is applicable.
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Triangulation of Polyhedra and Their Applications
Shalva Beriashvili

Department of Mathematics, Georgian Technical university
Tbilisi, Georgia

email: shalva−89@yahoo.com

In our presentation we consider one of the most important topic of combinatorial
geometry – triangulation of polyhedrons. It is well known that triangulation have a many
applications in various branch of mathematics and not only in mathematics but also in
other fields of sciences such, that Geodesy, Bibliography, Research of Design, Modern
Technology, Engineering, Navigation, Meteorology, Astrometry, Developing of Arms and
so on. Algorithmic study of triangulations was founded in the 70th years in XX century
(see [1], [2]).

The goal of presented topic is study the various problems connected to the triangu-
lation of polyhedrons in three dimensional Euclidean space, and their applications in the
various fields of mathematics, in particular in the study of mathematical education. More
precisely, in R2 plane it is workable (possible) to calculate the number of triangulation
of polygons, but similar question in R3 space is more difficult (see [3]).

In particular, in three dimensional Euclidean space during triangulation of convex
polyhedron we lose some invariants, such that number of diagonals, number of tetrahe-
drons and so on. The presentation is an interdisciplinary topic. We investigate application
of algebraic or geometrically structures, algorithms and methodology of theory of graphs
to computational geometry.
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On the Axiomatic Systems of Steenrod Homology
Theory of Compact Spaces

Anzor Beridze1, Leonard Mdzinarishvili2
1 Batumi Shota Rustaveli State University, Batumi, Georgia

email: a.beridze@bsu.edu.ge
2Georgian Technical University, Tbilisi, Georgia

email: l.mdzinarishvili@gtu.ge

The Steenrod homology theory on the category of compact metric pairs was axiomat-
ically described by J.Milnor. In [6] the uniqueness theorem is proved using the Eilenberg-
Steenrod axioms and as well as relative homeomorphism and clusres axioms. J. Milnor
constructed the homology theory on the category Top2

C of compact Hausdorff pairs and
proved that on the given category it satisfies nine axioms - the Eilenberg-Steenrod, relative
homeomorphis and cluster axioms (see Theorem 5 in [6]). Besides, he proved that con-
structed homology theory satisfies partial continuity property on the subcategory Top2

CM
(see Theorem 4 in [6]) and the universal coefficient formula on the category Top2

C (see
Lemma 5 in [6]). On the category of compact Hausdorff pairs, different axiomatic sys-
tems were proposed by N. Berikashvili [1], [2], H. Inassaridze and L. Mdzinarishvili [4], L.
Mdzinarishvili [5] and H.Inasaridze [3], but there was not studied any connection between
them. The paper studies this very problem. In particular, in the paper it is proved that
any homology theory in Inassaridze sense is the homology theory in the Berikashvili sense,
which itself is the homology theory in the Mdzinarishvili sense. On the other hand, it is
shown that if a homology theory in the Mdzinarishvili sense is exact functor of the second
argument, then it is the homology in the Inassaridze sense.

Acknowledgement. The authors are supported by grant FR/233/5-103/14 from
Shota Rustaveli National Science Foundation (SRNSF).
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äÄÌÉÔÒÏÐÖËÉ ÃÒÄÊÀÃÏÁÉÓ ÈÄÏÒÉÉÓ
ÓÀÌÂÀÍÆÏÌÉËÄÁÉÀÍÉ ÃÉÍÀÌÉÊÉÓ ÀÌÏÝÀÍÉÓ ÀÌÏáÓÍÀ

×ÖÒÉÄÓ ÌÄÈÏÃÉÈ
ÉÖÒÉ ÁÄÑÖÀÛÅÉËÉ

ÌÀÈÄÌÀÔÉÊÉÓ ÃÄÐÀÒÔÀÌÄÍÔÉ, ÓÀØÀÒÈÅÄËÏÓ ÔÄØÍÉÊÖÒÉ ÖÍÉÅÄÒÓÉÔÄÔÉ
ÈÁÉËÉÓÉ, ÓÀØÀÒÈÅÄËÏ

ÄË. ×ÏÓÔÉÓ ÌÉÓÀÌÀÒÈÉ: y.bezhuashvili@yandex.ru

ÛÄÓßÀÅËÉËÉÀ ÓÀÌÂÀÍÆÏÌÉËÄÁÉÀÍÉ ÃÉÍÀÌÉÊÖÒÉ ÀÌÏÝÀÍÀ ÄÒÈÂÅÀÒÏÅÀÍÉ äÄÌÉÔÒÏÐÖËÉ
ÌÉÊÒÏÐÏËÀÒÖËÉ ÓáÄÖËÉÓÀÈÅÉÓ. ×ÖÒÉÄÓ ÌÄÈÏÃÉÓ ÂÀÌÏÚÄÍÄÁÉÈ ÃÀÌÔÊÉÝÄÁÖËÉÀ ÊËÀÓÉÊÖ-
ÒÉ ÀÌÏáÓÍÄÁÉÓ ÀÒÓÄÁÏÁÉÓÀ ÃÀ ÄÒÈÀÃÄÒÈÏÁÉÓ ÈÄÏÒÄÌÄÁÉ.

Completely ⊕-Supplemented Lattices
Çiğdem Biçer, Celil Nebiyev

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

email: cigdem_bicer184@hotmail.com; nebiyev@omu.edu.tr

In this work, all lattices are complete modular lattices. Let L be a lattice. If every
quotient sublattice a/0 such that a is a direct summand of L is ⊕-supplemented, then
L is called a completely ⊕-supplemented lattice. In this work, some properties of these
lattices are investigated.
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Proposition 1. Every complemented lattice is completely ⊕-supplemented.
Corollary 2. Let L be a supplemented lattice with r(L) = 0. Then L is completely
⊕-supplemented.
Proposition 3. Let L be a lattice with (D1) property. Then L is completely ⊕-supple-
mented.
Proposition 4. Let L be a lattice with (D3) property. Then L is completely ⊕-supple-
mented.

2010 Mathematics Subject Classification: 06C05, 06C15.
Key words: Lattices, small elements, supplemented lattices, complemented lattices.
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An Ontology Model for a Tourism Web Portal
Anriette Bishara

International Black Sea University, Tbilisi, Georgia
email: anriettehazem@yahoo.com

In the talk we present an ontology model of a semantic web portal, based on the De-
scription Logics. A semantic web portal is a web page, based on semantic web technolo-
gies, where human readable information is accompanied by machine readable information,
usually written in ontologies. The topic of our web portal is tourism in Georgia, where
user can automatically plan trips (the places to visit in Georgia) based on his budget,
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length of visit and some other criteria. To the best of our knowledge, there is no such
automated system exists so far.

On the Solutions of Elastic Materials with Voids
Lamara Bitsadze

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

email: lamarabitsadze@yahoo.com

In this paper the 2D quasi-static theory of elasticity for materials with voids is consid-
ered. The representation of regular solution of the system of equations in the considered
theory is obtained. There the fundamental and some other matrixes of singular solutions
are constructed in terms of elementary functions.
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The Cauchy Problem for the
Equation Describing Hydrodynamic Processes in

Magnetohydraulic Pusher
Rusudan Bitsadze, Simon Bitsadze

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

The work proposes the initial Cauchy problem for the equation describing hydrody-
namic processes in the magnetohydraulic pusher of an original construction. There is
shown the uniqueness of solution, which is written in the explicit form and its domain of
propagation is established.
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The System of Mathematical Tasks Solving by
Using the Method of Area

Mamuli Butchukhishvili
Department of Teaching Methods, Akaki Tsereteli State University

Kutaisi, Georgia
email: mbuchukhishvili@yahoo.com

Different kinds of tasks are given in the modern books. During their solving less
attention is paid to the psychological factors affecting mathematics. In this case, we offer
the solution of the mathematical tasks by using the method of area.

Osculating Directional Curves of
Non-Lightlike Curves in Minkowski 3-Space

Ali Cakmak1, Semra Yurttancikmaz2, Sezai Kiziltug3
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In this study, we introduce the notion of osculating directional curve and osculating
donor curve of the non-lightlike Frenet curve in the Minkowski 3-space E3

1 and give some
characterizations and results for these curves.
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Computer Modeling of Process of
Two-Level Assimilation

Maia Chakaberia
Faculty of Mathematics and Computer Sciences, Sokhumi State University

Tbilisi, Georgia
email: chakaberiam@gmail.com

In work numerical results of computer modeling of earlier offered mathematical model
of process of two-level assimilation in case of constancy of all parameters of model are
given [1]–[3].

In a numerical experiment demographic factor of the first side is negative, the third –
is positive, and demographic factor of the second side is taken both positive and negative.
The numerical experiment shows that required functions have periodic character, at the
same time the function defining the third side which is under double assimilation accepts
positive values.

As a result of computer modeling of process of two-level assimilation it is shown that
if indicators of demographic factor, assimilation coefficients, initial values of required
functions are taken from some intervals, then there is no full assimilation of the third side
(state formation, autonomy).
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Mathematical Model of Information Warfare
with System of Linear Partial Differential

Equations
Temur Chilachava

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

email: temo−chilachava@yahoo.com

In work in development of earlier considered model of information warfare with par-
ticipation two confronting and the third peacekeeping the sides [1]–[3], with flows of
information depending only on time the new mathematical model of information warfare,
where flows of information of all three sides depend both on a time and on the second “ge-
ometrical” variable characterizing the level of development of technology of information
transfer is offered.

The mathematical model is described by an initial-boundary task for system of three
linear differential equations in partial derivatives, and the task is considered in some closed
rectangle of the first quarter of the plane of two independent variables, and on the left end
of a segment of change of a “geometrical” variable homogeneous conditions of Dirichlet
are given.

In some special case of constants of model, for the third peacekeeping side, the
parabolic differential equation in partial derivatives of the second order with the corre-
sponding initial and boundary conditions is received. Some exact decisions are received.
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Nonlinear Mathematical Model of Transformation
of Two-Party Elections to Three-Party Elections

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

Tbilisi, Georgia
email: temo−chilachava@yahoo.com

In work the new nonlinear mathematical model of transformation of two-party elec-
tions to three-party elections is offered. In model it is supposed that two parties par-
ticipated in the previous elections and as a result of elections one of parties became
pro-governmental and the second oppositional. Before the following elections to political
arena there is the second opposition party and on the subsequent elections two opposi-
tional and one pro-governmen-tal parties already participate.

In that special case, when demographic factor of elections for all three parties is
equal to zero, coefficients of involvement of voters are constant, but are excellent during
the periods of two-party membership and three-party membership, Cauchy’s task in the
first interval for system of two, and in the second interval of three nonlinear differential
equations is solved analytically exactly. Taking into account indicators of appearances at
the next elections of all three parties supporting voters, certain falsifications of voices of
opposition parties, necessary conditions for a victory of pro-government party are found.
The found exact analytical solutions allow all three parties to select strategy for a win of
elections.
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Mathematical Model of Interference of Fundamental
and Applied Researches

Temur Chilachava1, Tsira Gvinjilia2
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Tbilisi, Georgia

email: temo−chilachava@yahoo.com
2Department of Exact and Natural Sciences, Batumi State Maritime Academy
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In work the new nonlinear continuous mathematical model of interference of funda-
mental and applied researches of scientifically-research institute (micro-model) is consi-
dered. For a special case, Cauchy’s problem for nonlinear system of differential equations
of first order is definitely decided analytically. In more general case based on Bendikson’s
criteria the theorem of not existence in the first quarter of the phase plane of solutions
of closed integral curves is proved. Conditions on model parameters in case of which
existence of limited solutions of system of nonlinear differential equations is possible are
found.

The offered nonlinear mathematical model allows to estimate influence of fundamental
and applied researches (works) at each other, to find conditions on constant models in case
of which there can be limited solutions, i.e. closed integral curves in the first quadrant of
the phase plane of solutions.

Nonlinear Two or Three-Stage
Mathematical Model of Training of Scientists

Temur Chilachava1, Tsira Gvinjilia2

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

email: temo−chilachava@yahoo.com
2Department of Exact and Natural Sciences, Batumi state Maritime Academy

Batumi, Georgia
email: Gvinjilia1959@mail.ru

In work it is offered two or three-stage nonlinear mathematical model of training of
research associates (scientists). In two-level model two subjects are considered: research
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associates without degree and the diplomaed scientists with doctor’s degree, and in three-
stage model – three subjects: research associates without degree, candidates of science
and the diplomaed scientists with doctor’s degree. For system of two or three nonlinear
differential equations Cauchy’s task is set. The mathematical model describes process of
self-reproduction of research associates (preparation), their irreversible exit or transition
from one category to another.

The two-level model actually comes down to the known model “the victim” (research
associates without degree) – “a predator” (scientists with doctor’s degree) taking into
account the intraspecific competition (members with self-limitation of increase). The
system of the nonlinear differential equations in the first closed quarter of the phase plane
of decisions has three provisions of balance, and the balance position corresponding to
the trivial decision is a saddle at any values of parameters of model, the second position
of balance corresponding to extinction of “predators” and to an equilibrium condition of
“the victims” in one case is a saddle, and in the second–steady knot.

Conditions on constant models for which the stationary decision, the third position of
balance in an open first quarter of the phase plane of decisions (the only limit point of sys-
tem of the differential equations) corresponding to equilibrium coexistence of “predators”
and “the victims” asymptotically is steady (steady knot or steady focus) are found.

Lack of periodic trajectories of system of the nonlinear differential equations is proved.

Simulation and Analysis of Some
Non-Ordinary Atmosphere Processes by

WRF Model Based on the GRID Technologies
Teimuraz Davitashvili

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

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

email: teimuraz.davitashvili@tsu.ge

Regional scale summer time precipitations, among others (wind, temperature, sea level
pressure, geopotential height etc.), still remain more difficult parameter for prediction by
weather research forecast (WRF) model. This inconvenience mainly is stipulated by in-
sufficient parameterization the resolved and subgrid-scale precipitation processes in the
WRF model and by the lack in setting reliable initial and boundary conditions at nested
grids of the WRF model. Furthermore, in comparison with cold-season precipitations,
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warm-season convective events and precipitations are much more difficult for prediction
and especially for the territories having complex orography. In this study the problem
of micro physics and cumulus parameterization schemes options for several warm-season
convective events predictions above the Caucasus territory is studied. With the purpose
of investigating impact of detailed orography on summer time heavy showers prediction
three set of domains with horizontal grid-point resolutions of 19.8, 6.6 and 2.2 km have
been used. Computations were performed by Grid system with working nodes (16 cores+,
32GB RAM on each) situated at GE-01-GRENA. Some results of the numerical calcula-
tions performed by WRFv.3.6.1 model with different microphysics and convective scheme
components are presented.

Acknowledgment. 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).

About Nonlocal Contact Problems
Tinatin Davitashvili1, Hamlet Meladze2,3

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

email: tinatin.davitashvili@tsu.ge
2N. Muskhelishvili Institute of Computational Mathematics of the

Georgian Technical University, Tbilisi, Georgia
3St. Andrew the First Called Georgian University, Tbilisi, Georgia

email: h−meladze@hotmail.com

The present work is devoted to the review of the articles, where for some equations
of the mathematical physics the boundary and initial-boundary problems with nonlocal
contact conditions are considered. For these problems, the existence and uniqueness of the
solution is proved. The algorithms for numerical solution are constructed and investigated.
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Some Issues of Data Sufficiency
about Solving the Problem

Manana Deisadze, Vladimer Adeishvili
Department of Teaching Methods, Akaki Tsereteli State University

Kutaisi, Georgia
email: manana.deisadze@atsu.edu.ge; vladimer.adeishvili@atsu.edu.ge

While studying math in school mathematics courses, the greatest attention is given
to the task solving. The practice proved that most of the graduates of the school find it
difficult to solve unknown tasks. Moreover, they are completely powerless in front of it.
So that we think that quite more attention must be given to the task solving about data
sufficiency. If the pupil is well aware of which condition is appropriate for the task to be
solved and which is not, the content of the task is clear and the mathematical model of
a verbal formulated task is created, it no longer be difficult. The problem is that pupils
cannot understand the content of the text. In this paper, three types of task solving
models about data sufficiency are proposed.

Some Issues of Teaching Division with Remainder
in School Math Course

Manana Deisadze, Shalva Kirtadze
Department of Teaching Methods, Akaki Tsereteli State University

Kutaisi, Georgia
email: manana.deisadze@atsu.edu.ge; shalva.kirtadze@atsu.edu.ge

Present work deals with the clear interpretation of the concept of division with re-
mainders in the school math course and its relation with life problems. It is noteworthy
that in certain books and on the internet we come across with incorrect clear interpreta-
tion of problems related to the division with a remainder. For a student this obstructs
the correct consideration of the most serious math issue - division with remainder. The
work presents analysis of the division with remainders in school math course, hence, its
proper clear interpretation, which is very important to correctly consider the division with
remainders.



ÁÀÈÖÌÉ, 4–8 ÓÄØÔÄÌÁÄÒÉ, 2017 ÌÏÍÀßÉËÄÈÀ ÌÏáÓÄÍÄÁÄÁÉÓ ÈÄÆÉÓÄÁÉ 81

The Boundary Value Problem for Some Class
of Second Order Hyperbolic Systems

Giorgi Dekanoidze
Department of Mathematics, Georgian Technical University

Tbilisi, Georgia
email: ggdekanoidze@gmail.com

Darboux type problem with Dirichlet and Poincaré boundary conditions for one class
of nonlinear second order hyperbolic systems is considered. The questions of existence
and nonexistence, uniqueness and smoothness of global solution of this problem are in-
vestigated.

The case when the nonlinearity in the system is of an integral nature is considered
also.

Scintillation Effects and the Spatial Power Spectrum
of Scattered Radio Waves in the

Ionospheric F Region
Mzia Diasamidze, Irma Takidze

Batumi State Maritime Academy, Batumi, Georgia
email: m.diasamidze@bsma.edu.ge; i.takidze@bsma.edu.ge

Differential equation for two-dimensional spectral function of the phase fluctuation is
derived using the modify smooth perturbation method. Second order statistical moments
of the phase fluctuations are calculated taking into account polarization coefficients of
both ordinary and extraordinary waves in the turbulent collision magnetized plasma and
the diffraction effects. Analytical and numerical investigations in the ionospheric F re-
gion are based on the anisotropic Gaussian and power law spectral functions of electron
density fluctuations including both the field-aligned anisotropy and field-perpendicular
anisotropy of the plasma irregularities. Scintillation effects in this region are investigated
for the small-scale ionospheric irregularities. Splashes caused by strong phase fluctuations
are revealed in the normalized scintillation level at 40 MHz incident wave. Increasing fre-
quency from 30 MHz up to 40 MHz scintillation level decreases for both spectra. Phase
structure function is calculated for arbitrary correlation function of electron density fluc-
tuations. Varying anisotropy factor the angle of arrival in the principal plane than in
perpendicular plane. The large-scale background plasma structures are responsible for
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the “Double-Humped Effect” in the spatial power spectrum taking into account diffrac-
tion effects. This spectrum of scattered electromagnetic waves has two maximums if large
scale plasma irregularities strongly elongated along the lines of forces of geomagnetic field.
At fixed collision frequency the gap of the curve decreases two times increasing anisotropy
factor four times. Estimations show that the this new effect exists even small scale plasma
irregularities are oriented perpendicular to the external magnetic field. Numerical calcu-
lations are based on the experimental data of the navigation satellites.

On One Problem of Reduction
Besarion Dochviri, Vakhtang Jaoshvili, Zaza Khechinashvili

Department of Mathematics, I. Javakhishvili Tbilisi State University
Tbilisi, Georgia

email: besarion.dochviri@tsu.ge; vakhtangi.jaoshvili@gmail.com;
khechinashvili@gmail.com

The problem of optimal stopping with incomplete data is reduced to the problem of
optimal stopping with complete data. Let us consider the following model of Kalman–
Bucy scheme [1]:

dθt = a(t)θtdt+ ϵ1dw1(t),

dξt = dθt + ϵ2dw2(t), 0 ≤ t ≤ T,

where ϵ1 > 0, ϵ2 > 0 are constants, w1 and w2 are independent Wiener processes. It is
assumed that θ is the nonobservable component and ξ is the observable one.

Let us define the following processes mt = E[θt|ℑξ
t ] and γt = E(θt − mt)

2. Let us
introduce the payoff function [2]:

Sϵ1,ϵ2 = sup
τ∈ℜξ

Eθτ ,

where supremum is taken over the class of stopping times ℜθ (respectively ℜξ) with respect
to the filtration ℑθ

t = σ{θs : 0 ≤ s ≤ t} (respectively ℑξ
t = σ{ξs : 0 ≤ s ≤ t}).

Theorem 1. For the payoff Sϵ1,ϵ2 we have

Sϵ1,ϵ2 = sup
τ∈ℜξ

Emτ .

Theorem 2. The following representation is valid payoff Sϵ1,ϵ2 we have

Sϵ1,ϵ2 = sup
τ∈ℜθ

Eθ̃τ ,
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where

θ̃t = Φt

[ t∫
0

Φ−1
s a(s) ds+

t∫
0

Φ−1
s

a(s)γs√
ϵ21 + ϵ22

dw1(s)

]
, Φt = exp

{ t∫
0

a(s) ds

}
.
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Solving Matching Equations in
Variadic Equational Theories

Besik Dundua1, Temur Kutsia2

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

email: bdundua@gmail.com
2Research Institute for Symbolic Computation, Johannes Kepler University Linz

Linz, Austria

In this talk, we present our recent results about matching in variadic equational theo-
ries. In particular, we have designed a sound and complete matching procedure for these
theories, computing minimal set of solutions. In general, the procedure is not terminating,
since some problems might have an infinite set of solutions. We have identified matching
fragments for which the procedure stops and returns a minimal and complete set of so-
lutions. We have also restricted the procedure to a variant of matching, where solutions
are of a certain shape, and proved its termination and minimality.
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On the Summability of One-Dimensional
Associated Fourier Series

Omar Dzagnidze1, Irma Tsivtsivadze2

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

email: odzagni@rmi.ge
2Akaki Tsereteli Kutaisi State University, Kutaisi, Georgia

email: irmatsiv@gmail.com

It is known that to each summable in the n -dimensional cube [−π, π]n function f
of variables x1, . . . , xn there corresponds one n-multiple trigonometric Fourier series S[f ]
with constant coefficients.

With the function f are associate n one-dimensional Fouries series S[f ]1, . . . , S[f ]n
with respect to variables x1, . . . , xn, respectively, with nonconstant coefficients. If a
continuous function f is differentiable at some point x = (x1, . . . , xn) , then all one-
dimensional Fourier series S[f ]1, . . . , S[f ]n converge at x to the value f(x).

We consider a summability of associate series with f [1].

References
[1] O. Dzagnidze, One-dimensional Fourier series of a function of many variables.

Trans. A. Razmadze Math. Inst. 171 (2017), no. 2, 167–170.

On Teaching of Mathematics to the Students
of Natural Sciences

Tsiala Dzidziguri
Faculty of Mathematics and Computer Sciences, Sokhumi State University

Tbilisi, Georgia
email: cialadzidziguri@rambler.ru

We have prepared textbook “Mathematics for the Students of Natural Sciences” for
the second edition. The first edition (Innovation, Tbilisi, 2006) has been revised and filled
with some themes and exercises. The textbook includes the elements of Analytical Geom-
etry, Linear and Vector Algebra, Differential and Integral Calculus. All the basic issues
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have examples and exercises. Some simple mathematical models of chemical, biological,
ecological, medical and other processes are considered.

On the H-Wellposedness of the Singular Cauchy
Problem for Systems of Linear Impulsive

Differential Equations
Goderdzi Ekhvaia, Nato Kharshiladze

Sukhumi State University, Tbilisi, Georgia
email: goderdzi.ekhvaia@mail.ru; natokharshiladze@ymail.com

Let I ⊂ R be an interval non-degenerate in the point, t0 ∈ I, It0 = I \ {t0}. Consider
the linear system of impulsive equations with fixed points of impulses actions

dx

dt
= P (t)x+ q(t) for a.a. t ∈ It0 \ {τl}+∞

l=1 , (1)

x(τl+)− x(τl−) = Gl x(τl) + gl (l = 1, 2, . . . ); (2)
lim

t→t0+
(H−1(t)x(t)) = 0, (3)

where P ∈ Lloc(It0 , R
n×n), q ∈ Lloc(It0 , R

n), i.e. P and q are, respectively, matrix-
and vector-functions with integrable components on the every closed interval from It0 ;
Gl ∈ Rn×n (l = 1, . . . ,m), gl ∈ Rn (l = 1, . . . ,m), τi ̸= τj if i ̸= j, and t0 /∈ {τ1, τ2, . . . };
H = diag(h1, . . . , hn) is an arbitrary diagonal matrix-functions with continuous diagonal
elements hi : It0 → ]0,+∞[ (i = 1, . . . , n).

The singularity of system (1), (2) is considered in the sense that the matrix P and
vector q functions, in general, are not integrable at the point t0.

We assume that
det(In +Gl) ̸= 0 (l = 1, 2, . . . ),

where In is the identity n× n-matrix.
Let x0 be the unique solution of the problem (1), (2); (3).
Along with the system (1), (2) consider the sequence of the systems

dx

dt
= Pk(t)x+ qk(t) for a.a. t ∈ It0 \ {τl}+∞

l=1 , (4)

x(τl+)− x(τl−) = Gkl x(τl) + gkl (l = 1, 2, . . . ); (5)

(k = 1, 2, . . . ), where Pk, Gkl, qk and gkl (k, l = 1, 2, . . . ) have the properties circumscribed
above.
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We consider the question on the sufficient conditions guaranteing the unique solvability
of the singular problem (4), (5); (3) for any sufficiently large natural k and for so called
the H-converge of its solutions xk (k = 1, 2, . . . ) to x0 as k → +∞, i.e.

lim
k→+∞

(H(t))(xk(t)− x0(t)) = 0 uniformly for t ∈ It0 .

The analogous problem has been investigated in [1] for systems of ordinary differential
equations.

References
[1] I. T. Kiguradze, On a singular Cauchy problem for systems of linear ordinary differ-
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Optimal Variational Iteration Approximation of a
Fourth-Order Boundary Value Problem

Vedat Suat Erturk
Ondokuz Mayis University, Department of Mathematics, Samsun, Turkey

email: vserturk@omu.edu.tr

In this study, we present a semi-analytical solution of a nonlinear fourth-order integro
differential equation subject to two point boundary conditions arising in the study of
transverse vibrations of a hinged beam by Optimal Variational Iteration Method. The
most recently established methodology, which involves an auxiliary parameter and an
auxiliary linear differential operator, is the approach used in this study in order to achieve
efficient numerical solution. A sufficient way is considered for determining an optimal
value of auxiliary parameter by the way of minimizing the residual error over the problem
domain. The numerical examples and their residual error computations are given to
support the accuracy and efficiency of the proposed technique.
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Measure Theoretical Approach for Solving 3-D
Optimal Shape Design Problems

in Spherical Coordinates
A. Fakharzadeh J., M. Goodarzi

Department of Applied Maths, Faculty of Mathematics,
Shiraz University of Technology, Shiraz, Iran

email: a−fakharzadeh@sutech.ac.ir; m.goodarzi@sutech.ac.ir

In this paper, the problem of determining a bounded shape located over the (x, y)-
plane, with a given projection area and volume such that it minimizes some given surface
integral, has been examined. In order to determine the optimal shape, by regarding
some useful advantages of spherical coordinates, we have extended a measure theoretical
embedding process for shape optimization problems in spherical coordinates. First, the
problem is converted into a measure theoretical space as an infinite dimensional linear
optimization problem. Then it is relaxed into a finite dimensional linear programming by
using approximation schemes. Finally, the solution of this LP is used to identify some
points of the nearly optimal surface. Then, using an suitable outlier detection algorithm
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and a kind of MATLAB smooth curve fitting toolbox gives us the nearly optimal smooth
surface based on the given optimal points. This approach in comparison to the other
methods, has some important advantages: linear treatment for even strongly nonlinear
problems, global optimization without requiring an initial shape and mesh designing.

ÌÉÆÍÏÁÒÉÅÉ ×ÖÍØÝÉÄÁÉÓ ÓÀÆÙÅÒÄÁÉÓ ÐÏÅÍÉÓ
ÓßÒÀ×É ÀËÂÏÒÉÈÌÄÁÉ

ÂÄÍÀÃÉ ×ÄÃÖËÏÅÉ, ÂÉÏÒÂÉ ÉÀÛÅÉËÉ, ÍÖÂÆÀÒ ÉÀÛÅÉËÉ

ÓÀØÀÒÈÅÄËÏÓ ÔÄØÍÉÊÖÒÉ ÖÍÉÅÄÒÓÉÔÄÔÉ, ÈÁÉËÉÓÉ, ÓÀØÀÒÈÅÄËÏ

ÄË. ×ÏÓÔÉÓ ÌÉÓÀÌÀÒÈÉ: pedulov@caucasus.net; nugzar.iashvili@rambler.ru

ÊÏÍÔÄÉÍÄÒÄÁÛÉ ÛÄ×ÖÈÅÉÓ ÀÌÏÝÀÍÄÁÉÓ ÊÅËÄÅÀ ÜÅÄÍÉ ãÂÖ×ÉÓ ÌÉÄÒ ÖÊÅÄ ÒÀÌÃÄÍÉÌÄ
ßÄËÉÀ ÂÒÞÄËÃÄÁÀ. ÂÀÓÖË ßÄËÈÀÍ ÛÄÃÀÒÄÁÉÈ ÛÄÉØÌÍÀ ÀÌÏÝÀÍÀÈÀ ÊÉÃÄÅ áÖÈÉ, ÓÖË
ÃÀÌÖÛÀÅÃÀ ÏÝÃÀÀÈÆÄ ÌÄÔÉ ÓáÅÀÃÀÓáÅÀ ÀÌÏÝÀÍÉÓ ÌÏÃÄËÉ ÃÀ ÌÀÈÉ ÀÌÏáÓÍÉÓ Ä. ß. „ÓßÒÀ×É
ÀËÂÏÒÉÈÌÄÁÉ“, ÒÏÌËÄÁÉÝ ÓÀÛÖÀËÄÁÀÓ ÉÞËÄÅÉÀÍ ÍÀÐÏÅÍÉ ÉØÍÀÓ ÌÉÆÍÏÁÒÉÅÉ ×ÖÍØÝÉÄÁÉÓ
ÓÀÆÙÅÒÄÁÉ ÃÀ ÌÏáÃÄÓ ÌÀÈÉ ÏÐÔÉÌÀËÖÒÏÁÉÓ ÛÄ×ÀÓÄÁÀ ÌÉÍÉÌÖÌÉÓÀ ÃÀ ÌÀØÓÉÌÖÌÉÓ ×ÀÒ-
ÂËÄÁÛÉ.

ÜÅÄÍÉ ÌÉÆÀÍÉ ÉÚÏ ÌÏÌáÌÀÒÄÁÄËÉÓÀÈÅÉÓ ÌÉÂÅÄßÏÃÄÁÉÍÀ ÌÏÓÀáÄÒáÄÁÄËÉ ÉÍÓÔÒÖÌÄÍÔÉ
– ÐÒÏÂÒÀÌÖËÉ ÐÒÏÃÖØÔÉ ÛÄ×ÖÈÅÉÓ ÌÀÈÉ ÀÌÏÝÀÍÄÁÉÓ ÀÌÏÓÀáÓÍÄËÀÃ. ÉÍÓÔÒÖÌÄÍÔÉ
ÉÞËÄÅÀ ÒÀÌÃÄÍÉÌÄ ÌÍÉÛÅÍÄËÏÅÀÍ ÛÄÃÄÂÓ, ÒÏÌÄËÈÀÂÀÍ ÂÀÌÏÅÚÏ×È ÏÒ ÌÈÀÅÀÒÓ, ÄÓÄÍÉÀ:
ÓÀÖÊÄÈÄÓÏ ÌÉÀáËÏÄÁÉÈÉ ÀÌÏÍÀáÓÍÉÓÀ ÃÀ ÌÉÆÍÏÁÒÉÅÉ ×ÖÍØÝÉÉÓ ÓÀÖÊÄÈÄÓÏ ÓÀÆÙÅÒÉÓ
ÐÏÅÍÀ, ÒÏÌÄËÈÀÍÀÝ ÜÅÄÍÉ ÉÍÓÔÒÖÌÄÍÔÉ ÂÀÓÝÄÌÓ ÃÒÏÉÓ ÌÏÝÄÌÖËÉ ËÉÌÉÔÉÓ ×ÀÒÂËÄÁ-
ÛÉ. ÌÏÞÄÁÍÉËÉ ÓÀÆÙÅÒÄÁÉÈ ÛÄÂÅÉÞËÉÀ ÌÉÀáËÏÄÁÉÈÉ ÀÌÏÍÀáÓÍÄÁÉÓ áÀÒÉÓáÉÓ ÛÄ×ÀÓÄÁÀ,
ÒÏÂÏÒÝ ÏÐÔÉÌÀËÖÒ ÀÌÏÍÀáÓÍÈÀÍ ÀáËÏÓ ÌÃÂÏÌÉÓÀ. ÐÒÏÂÒÀÌÖËÉ ÐÒÏÃÖØÔÉ ÛÄÃÂÄÁÀ
ÓÀÌÉ ÍÀßÉËÉÓÀÂÀÍ: 1. ÌÏÌáÌÀÒÄÁËÉÓ ÉÍÔÄÒ×ÄÉÓÉ; 2. ÀÌÏÌáÓÍÄËÉ; 3. ÉÍÔÄÒÀØÔÉÖËÉ
ÛÄ×ÖÈÅÀ.

ÃÀÌÖÛÀÅÄÁÖËÉÀ ÉÍ×ÏÒÌÀÝÉÖËÉ ÉÍÔÄÒÀØÔÉÖËÉ ÊÏÌÐÉÖÔÄÒÖËÉ ÓÉÓÔÄÌÀ, ÒÏÌÄËÉÝ
ÌÒÀÅÀË ÌÏÌáÌÀÒÄÁÄËÓ ÓÀÛÖÀËÄÁÀÓ ÌÉÓÝÄÌÓ ÈÀÅÉÓÉ ÊÏÍÊÒÄÔÖËÉ ÓÀÊÉÈáÉÓ ÂÀÃÀßÚÅÄÔÉÓÀ-
ÈÅÉÓ ÐÀÓÖáÉ ÌÉÉÙÏÓ ÓÀßÚÉÓÉ ÌÏÍÀÝÄÌÄÁÉÓ (ÀÌÏÝÀÍÉÓ ÐÉÒÏÁÄÁÉÓ) ÊÏÌÐÉÖÔÄÒÛÉ ÛÄÚÅÀÍÉÈ,
ÒÉÓÈÅÉÓÀÝ ÌÀÈ ÀÒ ÃÀÓàÉÒÃÄÁÀÈ ÓÐÄÝÉÀËÖÒÉ ÌÀÈÄÌÀÔÉÊÖÒÉ ÀÐÀÒÀÔÉÓ ÝÏÃÍÀ. ÀÌÀÅÄ
ÃÒÏÓ, ÓÉÓÔÄÌÀÓ ÛÄÖÞËÉÀ ÃÉÃÉ ÒÀÏÃÄÍÏÁÉÓ ÄÒÈÂÀÍÆÏÌÉËÄÁÉÀÍÉ ÀÌÏÝÀÍÄÁÉÓ ÌÏÃÄËÄÁÉ
ÂÀÀÄÒÈÉÀÍÏÓ ÄÒÈ ÓÀÄÒÈÏ ÐÒÏÂÒÀÌÀÛÉ ÃÀ ÉÐÏÅÏÓ ÌÉÆÍÏÁÒÉÅÉ ×ÖÍØÝÉÄÁÉÓ ÓÀÆÙÅÒÄÁÉ,
ÒÀÈÀ ÌÏáÃÄÓ ÌÉÀáËÏÄÁÉÈÉ ÀÌÏáÓÍÄÁÉÓ ÛÄ×ÀÓÄÁÀ.

ÂÀÒÃÀ ÆÄÌÏÈÀÙÍÉÛÍÖËÉÓÀ, ÃÀÌÖÛÀÅÄÁÖËÉÀ ÀÌÏÍÀáÓÍÄÁÉÓ ÛÄ×ÀÓÄÁÉÓ ÏÒÉÂÉÍÀËÖÒÉ
ÔÄØÍÏËÏÂÉÀ, ÒÏÌËÉÓ ÂÀÌÏÚÄÍÄÁÉÈ áÃÄÁÀ ÐÒÏÁËÄÌÖÒÉ ÀÌÏÝÀÍÄÁÉÓ ÌÉÆÍÏÁÒÉÅÉ ×ÖÍØÝÉ-
ÏÍÀËÄÁÉÓ ÛÄ×ÀÓÄÁÀ (ÌÉÍÉÌÖÌÉÓ ÀÌÏÝÀÍÄÁÉÓÀÈÅÉÓ – ØÅÄÃÀ ÓÀÆÙÅÒÄÁÉÓ ÃÀ ÌÀØÓÉÌÖÌÉÓ
ÀÌÏÍÀÝÄÁÉÓÀÈÅÉÓ – ÆÄÃÀ ÓÀÆÙÅÒÄÁÉÓÀÈÅÉÓ).
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ÃÀÌÖÛÀÅÄÁÖËÉÀ 34 ÊÏÌÁÉÍÀÔÏÒÖËÉ ÌÏÃÄËÉÓ ÀÌÏáÓÍÉÓ ÃÉÓÔÀÍÝÉÖÒÉ ÐÒÏÂÒÀÌÖËÉ
ÉÍÓÔÒÖÌÄÍÔÉ, ÒÏÌËÄÁÉÝ ÓÄÌÀÍÔÉÊÖÒÀÃ ÀáËÏÓ ÀÒÉÓ ÊÏÍÔÄÉÍÄÒÄÁÛÉ ÛÄ×ÖÈÅÉÓ ÄÒÈÂÀÍÆÏ-
ÌÉËÄÁÉÀÍ ÝÍÏÁÉË ÀÌÏÝÀÍÄÁÈÀÍ. ÚÅÄËÀ ÌÏÃÄËÓ ÂÀÀÜÍÉÀ ÓáÅÀÃÀÓáÅÀ Ó×ÄÒÏÛÉ ÐÒÀØÔÉÊÖËÉ
ÂÀÌÏÚÄÍÄÁÀ.

Simply Connected Nilmanifolds
Ágota Figula1, Péter T. Nagy2

1Institute of Mathematics, University of Debrecen, Debrecen, Hungary
email: figula@science.unideb.hu

2Institute of Applied Mathematics, Óbuda University, Budapest, Hungary
email: nagy.peter@nick.uni-obuda.hu

Let g be a Lie algebra and G be the corresponding connected and simply connected
Lie group. A metric Lie algebra (g, ⟨ · , · ⟩) is a Lie algebra g together with a Euclidean
inner product ⟨ · , · ⟩ on g. This inner product on g induces a left invariant Riemannian
metric on the Lie group G. If (n, ⟨ · , · ⟩) is a nilpotent metric Lie algebra, then the cor-
responding nilpotent Lie group N endowed with the left-invariant metric arising from
⟨ · , · ⟩ is a Riemannian nilmanifold. The isometry group of Riemannian nilmanifolds and
the totally geodesic subalgebras of metric nilpotent Lie algebras are popular subjects for
investigations (cf. [1]–[6]). Together with P. T. Nagy we classify the isometry equivalence
classes and determine the isometry groups of Riemannian nilmanifolds on all five dimen-
sional simply connected non two-step nilpotent Lie groups and on all simply connected
standard filiform Lie groups. In this classification the metric Lie algebras which possess an
orthogonal direct sum decomposition into one-dimensional subspaces play an important
role.
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Dynamics of the Electron Spins S = 1 with
the Zero-Field Level Splitting in the Molecular

Crystals in a Strong Constant Field
N. Fokina1, E. Khalvashi2, M. Elizbarashvili3

1Iinstitute “Talgha” of the Georgian Technical University, Tbilisi, Georgia
2Batumi Shota Rustaveli State University, Batumi, Georgia

3Vladimir Chavchanidze Institute of Cybernetics of the Georgian Technical University
Tbilisi, Georgia

email: maikoeliz@gmail.com

Some questions of the dynamics of the electron spins S=1 possessing the zero-field
splitting are investigated in a strong constant magnetic field. The equations of motion of
the magnetization components related to the separate transitions of the EPR fine structure
(FS) are derived. It is demonstrated that the free motion of the sample magnetization
is the precession at the frequency of the excited “allowed” transition with an ellipse
in the plane transverse to the constant field, which is accompanied by the longitudinal
magnetization component oscillation at the frequency of the “forbidden” transition. The
tensor of the dynamic susceptibility of the spin-system (SS) to the microwave field is
written at the creation of the resonance conditions for each transition of the well resolved
FS. The matrix elements of this tensor reflect the elliptical character of the magnetization
precession at the frequency of the very same transition, for which the resonance conditions
are created. The SLR rates of the separate transitions of the FS are calculated at the
same mechanism. The low-frequency method of their measurement is suggested with the
help of the Gorter type experiment in a strong constant field transforming the three-level
SS into the two-level one with the analytically derived expressions for the three non-zero
diagonal elements of the low-frequency susceptibility tensor at the three directions of the
constant field.
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Boundary Contact Problems for
Hemitropic Elastic Solids with Friction

Roland Gachechiladze
A. Razmadze Mathematical Institute of I. Javakhishvili Tbilisi State University

Tbilisi, Georgia
email: r.gachechiladze@yahoo.com

We investigate boundary-contact problem of statics of the theory of elasticity for
homogeneous hemitropic elastic medium with regard friction. In this case on the part of
the surface where friction occurs, instead of the normal component of the body force, a
normal component of displacement is given. We consider two cases, the so-called coercive
(when elastic media is fixed along some parts of boundary), and the semi-coercive case
(the boundary is not fixed). By using the Steklov–Poincaré operator, we reduce this
problem to an equivalently boundary variational inequality. Based on our variational
inequality approach,we prove existence and uniqueness theorems for weak solutions. We
prove that the solutions continuously depend on the data of the original problem. In
the semi-coercive case, the necessary condition of solvability of the corresponding contact
problem is written out explicitly. This condition under certain restrictions is sufficient as
well.

The Solutions of Stochastic Differential Equations
Connected with Nonlinear Elliptic Equations

T. S. Gadjiev, T. Maharramova
Institute of Mathematics and Mechanics, Azerbaijan National Academy of Sciences

Baku, Azerbaijan
email: tgadjiev@mail.az

In the paper we consider the stochastic differential equations. The solutions of these
equations connected with nonlinear elliptic equations are studied.

Key words: Stochastic differential equations, nonlinear equation, elliptic.
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Numerical Model of a Mesoscale Boundary Layer of
the Atmosphere and Some Processes Proceeding in It

Giorgi Geladze, Manana Tevdoradze
I. Javakhishvili Tbilisi State University, Tbilisi, Georgia

email: givi-geladze@rambler.ru

On the basis of developed by us two dimensional (in the vertical x − z plane), non-
stationary numerical model of the mesoscale boundary layer of the atmosphere (MBLA)
the following works are carried out:

The “dry” model, i.e. is modelled only MBLA thermohydrodynamics. It is basic
model for our researches.

The “humidity” model, i.e. model considers processes fog and cloud formation against
the background of a thermohydrodynamics of “dry” MBLA. In this task are simulated:

Separately the taken cloud and fog;
The mode of simultaneous existence of a cloud and fog is revealed;
It is imitated daily continuous cloudiness;
The integrated vertical complex of fog and cloud is received - here we had to investigate

in details a role of horizontal and vertical turbulence in formation of humidy processes;
“Theoretical” influence on radiation fog by means of thermal sources and upright the

descending airflows is carried out; are defined time of a dispelling of fog; optimum regime
of influence are picked logically up.

Influence of background wind on MPSA thermohydrodynamics is investigated - it can
modelling creation and optimization of wind-shelter strips.

The Classical Three-Body Problem
without Environment and with It.

New Ideas and Approaches in the Theory
of Dynamical Systems

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

Institute of Chemical Physics, NAS of Armenia, Yerevan, Armenia
email: gashot@ipia.sci.am

The three-body general problem as a problem of geodesic flows on the Riemannian
manifold is formulated [1]. It is proved that a curved geometry with its local coordinate
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system allows us to detect new hidden symmetries of the internal motion of a dynamical
system and reduce the three-body problem to the system of order 6th. It is shown that
the equivalence between of the initial Newtonian three-body problem and developed rep-
resentation provides coordinate transformations in combination with an underdefinished
system of algebraic equations, that makes the system of geodesic equations irreversible
relative to the evolution parameter, i.e. the length of the arc of the geodesic curve. The
latter leads to branching of trajectories problem, which, depending on the geometry prop-
erties of the Riemannian space, can lead to chaos in the dynamical system. Equations of
deviation of geodesic trajectories characterizing the behavior of the dynamic system as a
function of the initial parameters of the problem are obtained. To describe the motion
of a dynamical system influenced by external regular and stochastic forces, a system of
stochastic equations (SDEs) is obtained. Using these SDEs, the partial differential equa-
tion of the second order is obtained for the joint probability distribution of the momentum
and coordinate. A criterion for estimating the degree of deviation of probabilistic cur-
rent tubes of geodesic trajectories in the phase and configuration spaces is formulated.
The mathematical expectation of the transition probability between different asymptotic
channels is determined taking into account the multichannel nature of the scattering.

Lastly, it is proved that the classical dynamical system, beginning with three bodies,
has a so-called internal evolution time, which makes classical equations irreversible relative
to this parameter. The latter leads to new ideas and possibilities for studying dynamical
systems as mathematical as well as physical points of view.

References
[1] A. S. Gevorkyan, On the motion of classical three-body system with consideration

of quantum fluctuations. Physics of Atomic Nuclei 80 (2017), no. 2, 358–365.

Diagram Using Some Practical Aspects
Teimuraz Giorgadze

Department of Teaching Methods, Akaki Tsereteli State University
Kutaisi, Georgia

email: temo.giorgadze@yahoo.com

From ancient times the practical work of the human being required the physical,
geometric and other properties of different (but uniform) objects. In the primary school
mathematics course to solve problems and draw up the tasks it takes great place for
diagrams. The solution of the two-dimensional diagrams are based on the theory theorem,
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in particular, at any point on the rectangle diagonal, parallel lines of the rectangle sides,
and in the inside of the given rectangle, the two rectangles are rectangular. Sometimes
the simplest calculations can be made to answer the questions in the tasks that can be
achieved using two-dimensional diagrams.

Problem of Statics of the Linear
Thermoelasticity of the Microstretch Materials

with Microtemperatures for a Half-Space
Levan Giorgashvili, Aslan Djagmaidze, Maia Kharashvili

Department of Mathematics, Georgian Technical University, Tbilisi, Georgia
emails: lgiorgashvili@gmail.com; omar-d@yandex.ru; maiabickinashvili@yahoo.com

We consider the statics case of the theory of linear thermoelasticity with microtem-
peratures and microstrech materials. The representation formula of differential equations
obtained in the paper is expressed by means of four harmonic and four metaharmonic
functions. These formulas are very convenient and useful in many particular problems for
domains with concrete geometry. Here we demonstrate an application of these formulas to
the III type boundary value problem for a half-space. Uniqueness theorems are proved.
Solutions. are obtained in quadratures.

Boundary Value Problems of statics of
Thermoelasticity of Bodies with

Microstructure and Microtemperatures
Levan Giorgashvili, Shota Zazashvili

Departament of Mathematics, Georgian Technical University, Tbilisi, Georgia
email: lgiorgashvili@gmail.com; zaza-ude@hotmail.com

The paper deals with the equilibrium theory of thermoelasticity for elastic isotropic
microstretch materials with microtempeatures and microdilatations. For the system of
differential equations of equilibrium the fundamental matrix is constructed explicitly in
terms of elementary functions. With the help of the corresponding Green identities the
general integral representation formula of solutions by means of generalized layer and
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Newtonian potentials are derived. The basic Dirichlet and Neumann type boundary
value problems are formulated in appropriate function spaces and the uniqueness theorems
are proved. The existence theorems for classical solutions are established by using the
potential method.

Energy Control Issues
George Giorgobiani, Jimsher Giorgobiani, Mziana Nachkebia

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

email: giorgobiani.g@gtu.ge

We present our collaborative research with energy experts about some issues of energy
control:

- Elaboration of the optimal parameters based on the Moran model for the HPP
(Hydro Power plant) with reservoir under construction;

- Study of optimal regimes of work of HPP by means of the method of Dynamic Pro-
gramming, reducing the constraints imposed in the previous works of the authors;

- Study of optimal regimes for the cascade systems;
- Control of multifunctional systems;
- Two models of optimal work of energy system (regional or for the single country)

implemented by use of Dynamic or Mathematical Programming.

Based on the real, existing data we also present the results of practical character.
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On the Theoretical and Applied Aspects
of the Generating Functions’ Method
in Discrete Math Learning Courses

Guram Gogishvili
St. Andrew the First Called Georgian University, Faculty of Informatics,

Mathematics and Natural Sciences, Tbilisi, Georgia
email: guramgog@gmail.com

The method of generating functions creates a powerful analytical apparatus of math-
ematical research. Its capabilities and theoretical and practical areas of use are diverse in
the study of discrete objects. At the beginning of systematic teaching of this theory, me-
thodically is preferable to set various simple and interesting practical motivational tasks
and demonstrate an efficient use of the method of generating functions for the solution of
the tasks.

The generating function A(z) of the numerical sequence (an) is a power series
∑
n≥0

anz
n,

where z can be considered as complex variable. Then obviously the question of conver-
gence of the corresponding series arises.

A(z) can also be considered as a formal power series and in such representation, if
the problem of studying the asymptotic behavior of series’ coefficients is excluded, the
question of the series convergence can be removed. Then, even in the case of divergent
series, we can formally conduct operations of differentiation and integration and these
operations will be correct. In such cases, if for the sequence (an) given by recurrence
we obtain close formed formula (i.e. a formula in which an can be represented as an
explicit function of n), then these formulas considered as hypothetical can be proved by
the mathematical induction.

By addition, multiplication, shift, transformation of variables. differentiation and
integration the possibilities of using of these functions are widened.

In our talk we present different spheres of the use of generating functions and also
present the methodical side of their teaching. In particular, certain algorithms of obtain-
ing close formed formulas for sequences given by recurrence in various problems will be
illustrated.
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Periodic Field Configurations in a Theory of
Scalar Fields and Phase Transitions

Vakhtang Gogokhia1,2, Avtandil Shurgaia2

1Department of Theoretical Physics, WIGNER Research Centre for Physics
Budapest, Hungary

2Department of Theoretical Physics, A. Razmadze Mathematical Institute of
I. Javakhishvili Tbilisi State University, Tbilisi, Georgia

email: gogohia.vahtang@wigner.mta.hu, gogokhia@rmi.ge; avsh@rmi.ge

The periodic field configurations have turned out to be a significant field configura-
tions which interpolate between the stable vacuum configurations and unstable sphalerons
sitting on the top of the potential barrier. In this process the transition from false vac-
uum 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).

The talk is devoted to a simple model in which periodic field configurations are found,
indeed a scalar triplet with broken SU(2) symmetry is considered. Classical equations
are studied and a set of particular solutions obtained. The solutions are analyzed in view
of phase transitions. Charged and neutral solutions are presented. These periodic field
configurations are used in view of phase transitions between the thermally assisted quan-
tum tunneling and pure classical process (thermal activation). The field configurations
with zero and nonzero charges are analyzed and their contributions in phase transitions
investigated.

Spectral Estimates for the Laplace and
p-Laplace Neumann Operators in Space Domains

Vladimir Gol’dshtein
Ben-Gurion University, Be’er Sheva, Israel

email: vladimir@bgu.ac.il

In [1] we obtained lower estimates of µ1(Ω) in terms of a hyperbolic (conformal) radius
of Ω for domains Ω ⊂ R2 for a large class of non-convex domains. For space domains the
theory of conformal mappings is not relevant.

We prove discreteness of the spectrum of the Neumann–Laplacian in a large class of
non-convex space domains. The lower estimates of the first non-trivial eigenvalue are
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obtained in terms of geometric characteristics of homeomorphisms that induce composi-
tion operators on homogeneous Sobolev spaces L1,p. The suggested method is based on
Poincaré–Sobolev inequalities that are obtained with the help of the geometric theory of
composition operators. A corresponding composition operators are induced by a general-
izations of conformal homeomorphisms that are mappings of bounded 2-dilatation (weak
2-quasiconformal mappings).

The work is done jointly with Alexander Ukhlov.
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Boundary Value Problems for a Circular Ring
with Triple-Porosity in the Case of an

Elastic Cosserat Medium
Bakur Gulua1,2,3, Roman Janjgava2

1Department of Mathematics, I. Javakhishvili Tbilisi State University, Tbilisi, Georgia
2I. Vekua Institute of Applied Mathematics of I. Javakhishvili Tbilisi State University

Tbilisi, Georgia
3Sokhumi State University, Tbilisi, Georgia

email: bak.gulua@gmail.com; roman.janjgava@gmail.com

In the paper the two-dimensional version of the fully coupled linear theory of elasticity
for solids with triple porosity is considered in the case of an elastic Cosserat medium [1]–
[3]. The solutions are represented by means of three analytic functions of a complex
variable and three solution of the Helmholtz equations [4]. The problems are solved when
the components of the displacement vector or the stress tensor are known on the boundary
of the concentric circular ring.

Acknowledgement. This work was supported by a financial support of Shota Rus-
taveli National Science Foundation (Grant SRNSF/FR/358/5-109/14).
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Using a Small Parameter Method for Splitting
of the Multi-Level Semi-Discrete Scheme

for the Evolutionary Equation
David Gulua1, Jemal Rogava2

1Department of Computation Mathematics, Georgian Technical University
Tbilisi, Georgia

email: jemal.rogava@tsu.ge
2Department of Mathematics, I. Javakhishvili Tbilisi State University

Tbilisi, Georgia
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In the work, for evolutionary equations, multi-level (three and four-level) semi-discrete
schemes are considered. With a small parameter method (with perturbation algorithm),
these semi-discrete schemes are reduced to two-level schemes. Using the combination
of the solutions of these schemes, an approximate solution to the original problem is
constructed. In a Banach and a Hilbert spaces, estimate on the approximate solution
error are proved using properties of semigroups and associated polynomials under minimal
assumptions about the smoothness of the data of the problem.
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Perturbation Algorithm for Numerical Realization
of Difference Scheme of Parabolic Equation

Ekaterine Gulua
Faculty of Informatics and Control Systems, Georgian Technical University

Tbilisi, Georgia
email: e.gulua@gtu.ge

In the work, using the perturbation algorithm, computer realization of a purely implicit
three-level difference scheme for spatial single-dimensional evolutionary problem has been
implemented. In MatLab the relevant program and user interface has created. Numerical
calculations are executed and the corresponding graphs are presented.

The interface allows users to perform numerical realization of this type of evolutionary
problems without knowing the perturbation algorithm. In addition to the specificity of
the algorithm, the interface is built in such a way that it allows the customer to gradually
solve the initial problem, which in turn will useful to carry out a number of research
numerical experiments.

An Overwiev Intuitionistic Fuzzy Soft
Supratopological Spaces

Cigdem Gunduz Aras
Department of Mathematics, Kocaeli University, Kocaeli, 41380-Turkey

email: caras@kocaeli.edu.tr

In this paper, we introduce intuitionistic fuzzy soft supratopological spaceand then
we define the notions of intuitionistic fuzzy soft supra closure, intuitionistic fuzzy soft
supra interior. Later we investigate some of their important properties. We also consider
the notions of fuzzy strongly soft supra connected, fuzzy soft supra continuous mapping
and intuitionistic fuzzy soft supra compact. We investigate many properties relations and
characterizations of this notions.
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Separation Axioms in Supra Soft
Bitopological Spaces

Cigdem Gunduz Aras1, Sadi Bayramov2

1Department of Mathematics, Kocaeli University, Kocaeli, Turkey
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2Department of Algebra and Geometry, Baku State University, Baku, Azerbaijan
email: baysadi@gmail.com

The concept of soft sets was introduced by Molodtsov in 1999 as a general mathe-
matical tool for dealing with uncertain objects. Later topological stuructures of soft sets
have been studied by some authors in recent years. M. Shabir and M. Naz presented
soft topological spaces and studied some important properties of them. Many researcher
studied some of basic concepts and properties of soft topological spaces. S. A. El-Sheikh
and A. M. Abd. El-latif introduced the concept of supra soft topological spaces. Supra
soft topological spaces are generalization of soft topological spaces. Ittanagi defined the
notion of soft bitopological space which is given over an initial universal set X with fixed
set of parameters. The purpose of this paper is to introduce the notions of some separation
axioms in supra soft bitopological spaces and investigate some of their properties.
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On the Integral Invariants of Line Geometry
Osman Gürsoy1, Muhsin Incesu2

1Maltepe University, Istanbul, Turkey
2Muş Alpaslan University, Muş, 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, 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 ds or λx = 2π − ax =

∮
gx ds and

ℓx = a∗x = ⃝
∫∫

(∂u+∂v) du dv which have the new geometric interpretations of 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 explanations. Thus, some new results and new
explanations are gained [2], [3]. Furthermore, as a limit position of the surface, some new
theorems and comments related to space curves are obtained.
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Bounded Operators on Weighted Besov Spaces of
Holomorphic Functions on Polydiscs

Anahit V. Harutyunyan1, George Marinescu2

1Yerevan State University, Yerevan, Armenia
2University of Cologne, Cologne, North Rhine-Westphalia, Germany

email: anahit@ysu.am

Assuming that S is the space of functions of regular variation (see [2]) and ω =
(ω1, . . . , ωn), ωj ∈ S, by Bp(ω) we denote the class of all holomorphic functions defined
on the polydisk Un such that

∥f∥pBp(ω)
=

∫
Un

|Df(z)|p
n∏

j=1

ωj(1− |zj|) dm2n(z)

(1− |zj|2)2−p
< +∞,

where dm2n(z) is the 2n-dimensional Lebesgue measure on Un and D stands for a special
fractional derivative of f defined here. For properties of holomorphic Besov spaces see [1].

We consider the boundedness of little Hankel operator hαg (f) in Bp(ω). For the case
0 < p < 1 and for the case p = 1 we have the following results
Theorem 1. Let 0 < p ≤ 1, f ∈ Bp(ω) (or f ∈ B

p
(ω)), g ∈ L∞(Un). Then hαg (f) ∈

Bp(ω) if and only if αj > αωj
/p− 2, 1 ≤ j ≤ n.

The case p > 1 is different from the cases of 0 < p < 1 and from the case of p = 1.
Here we have the following
Theorem 2. Let 1 < p < +∞, f ∈ Bp(ω) (or f ∈ Bp(ω)), g ∈ L∞(Un). Then if
αj > αωj

, 1 ≤ j ≤ n then hαg (f) ∈ Bp(ω).
In this paper we consider also the generalized Berezin type operators Bα

g (f) on Bp(ω)
(and on Lp(ω)) and prove some theorems about the boundedness of these operators.

We have the following results:

1. for the case of 0 < p < 1 we have

Theorem 3. Let 0 < p < +∞, p ̸ 1, f ∈ Bp(ω) (or f ∈ Bp(ω)), g ∈ L∞(Un) and let
αj > αωj

/p− 2, 1 ≤ j ≤ n. Then Bα
g (f) ∈ Lp(ω).
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2. we consider now the case of p = 1.

Theorem 4. Let f ∈ B1(ω) (or f ∈ B1(ω)), g ∈ L∞(Un). Then Bα
g (f) ∈ L1(ω) if and

only if αj > αωj
, 1 ≤ j ≤ n.
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On a Boundary Value Problem with Infinite Index
Hrachik Hayrapetyan
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In the work it is investigated Riemann boundary value problem in a unit circle D+ =
{z; |z| < 1} with the following setting:

Problem R

Determine analytic in D+ ∪D− function φ(z), φ(∞) = 0 such that the following holds:

lim
r→1−0

∥∥φ+(rt)− a(t)φ−(r−1t)− f(t)
∥∥
Lp(ρ)

= 0, (1)

where 1 ≤ p <∞, ρ(t) =
∞∏
k=1

|tk − t|δk , δk > 0,
∞∑
k=1

δk <∞.

On a solution

In the case 1 < p <∞ it is shown that problem (1) is normally solvable. In other words,
the homogeneous problem has a finite number of linearly independent solutions, and the
inhomogeneous problem is solvable for any function f ∈ Lp(ρ). If p = 1, then the general
solution of the homogeneous problem (1) can be represented in the form:

φ0(z) =
∞∑
k=1

Ak

tk − z
,
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where
∞∑
k=1

Ak < ∞. Thus, the general solution of the problem (1) can be represented in

the form: φ(z) = φ0(z) + φ1(z), where

φ1(z) =
∞∑
k=1

φ1k(z)

and
φ1k(z) =

1

2πi(tk − z)

∫
Tk

f(t)(tk − t)

t− z
dt.

Besides, T = ∪Tk, where Tk, k = 1, 2, . . . , intervals are mutually disjoint.
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ÓÏ×ËÉÓ ÌÄÖÒÍÄÏÁÀÛÉ ÓÀÉÍ×ÏÒÌÀÝÉÏ
ÔÄØÍÏËÏÂÉÄÁÉÓ ÂÀÌÏÚÄÍÄÁÉÓ ÀÖÝÉËÄÁËÏÁÉÓ ÛÄÓÀáÄÁ

ÂÉÏÒÂÉ ÉÀÛÅÉËÉ, ÍÖÂÆÀÒ ÉÀÛÅÉËÉ

ÓÀØÀÒÈÅÄËÏÓ ÔÄØÍÉÊÖÒÉ ÖÍÉÅÄÒÓÉÔÄÔÉ, ÈÁÉËÉÓÉ, ÓÀØÀÒÈÅÄËÏ

ÄË. ×ÏÓÔÉÓ ÌÉÓÀÌÀÒÈÉ: gioiashvili@gmail.com; nugzar.iashvili@rambler.ru

ÁÏËÏ 10-15 ßÄËÉÀ ÌÓÏ×ËÉÏÓ ÂÀÍÅÉÈÀÒÄÁÖËÉ ØÅÄÚÍÄÁÉ ÃÉÃÉ ßÀÒÌÀÔÄÁÉÈ ÉÚÄÍÄÁÄÍ
ÓÀÉÍ×ÏÒÌÀÝÉÏ ÔÄØÍÏËÏÂÉÄÁÓ ÓÏ×ËÉÓ ÌÄÖÒÍÄÏÁÉÓ ßÉÍÀÛÄ ÌÃÂÀÒÉ ÀÌÏÝÀÍÄÁÉÓ ÂÀÃÀÓÀß-
ÚÅÄÔÀÃ, áÏËÏ ÓÀØÀÒÈÅÄËÏ ÌÉÄÊÖÈÅÍÄÁÀ ÉÌ ÂÀÍÅÉÈÀÒÄÁÀÃ ØÅÄÚÍÄÁÓ, ÓÀÃÀÝ, ÀÌ ÌáÒÉÅ,
ÀÒÓÄÁÏÁÓ ÃÉÃÉ ÜÀÌÏÒÜÄÍÀ. ÄÅÒÏÊÀÅÛÉÒÉÓ ØÅÄÚÍÄÁÉÓ, ÀÛÛ, ÊÀÍÀÃÉÓÀ ÃÀ ÆÏÂÉÄÒÈÉ ÓáÅÀ
ØÅÄÚÍÉÓ ÂÀÌÏÝÃÉËÄÁÉÓ ÛÄÓßÀÅËÉÓÀ ÃÀ ÀÍÀËÉÆÉÓ ÛÄÃÄÂÀÃ ÛÄÉÞËÄÁÀ ÃÀÓÊÅÍÉÓ ÂÀÊÄÈÄÁÀ,
ÒÏÌ ÓÀÓÏ×ËÏ-ÓÀÌÄÖÒÍÄÏ ßÀÒÌÏÄÁÉÓ ÉÍÔÄÍÓÉÖÒÉ ÂÀÍÅÉÈÀÒÄÁÀ, ÌÀÙÀËÉ Ä×ÄØÔÖÒÏÁÀ ÃÀ
ÄÊÏËÏÂÉÖÒÉ áÀÒÉÓáÉÀÍÉ ÓÀÓÏ×ËÏ ÐÒÏÃÖØÔÄÁÉÓ ÌÉÙÄÁÀ ßÀÒÌÏÖÃÂÄÍÄËÉÀ ÈÀÍÀÌÄÃÒÏÅÄ
ÓÀÉÍ×ÏÒÌÀÝÉÏ ÔÄØÍÏËÏÂÉÄÁÉÓ ÂÀÒÄÛÄ. ÌÏáÓÄÍÄÁÀÛÉ ÍÀÜÅÄÍÄÁÉÀ ØÅÄÚÍÉÓ ÓÏ×ËÉÓ ÌÄÖÒ-
ÍÄÏÁÉÓ ÒÀÉÏÍÖËÉ ÃÀ ÒÄÂÉÏÍÀËÖÒÉ (ÓÀÌáÀÒÄÏ) ÓÀÉÍ×ÏÒÌÀÝÉÏ ÓÉÓÔÄÌÄÁÉÓ ÛÄØÌÍÉÓ
ÀÖÝÉËÄÁËÏÁÀ. ÌÉÌÃÉÍÀÒÄÏÁÓ ÌÖÛÀÏÁÀ ÓÉÓÔÄÌÄÁÉÓ ÆÏÂÀÃ ÀÌÏÝÀÍÀÈÀ ÜÀÌÏÍÀÈÅÀËÉÓ
ÂÀÍÓÀÆÙÅÒÉÓÀ ÃÀ ÌÀÈÉ ×ÏÒÌÀËÉÆÄÁÖËÉ ÀÙßÄÒÉÓÈÅÉÓ.
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ÓÀÌÈÏ ÌÏÌÐÏÅÄÁÄËÉ ÃÀ ÂÀÌÀÌÃÉÃÒÄÁÄËÉ ÓÀßÀÒÌÏÄÁÉÓ
ÓÀÌÒÄßÅÄËÏ ÔÒÀÍÓÐÏÒÔÉÓ ÌÀÒÈÅÉÓ

ÀÅÔÏÌÀÔÉÆÄÁÖËÉ ÓÉÓÔÄÌÉÓ ÓÔÒÖÔÖÒÀ
ÍÖÂÆÀÒ ÉÀÛÅÉËÉ

ÓÀØÀÒÈÅÄËÏÓ ÔÄØÍÉÊÖÒÉ ÖÍÉÅÄÒÓÉÔÄÔÉ, ÈÁÉËÉÓÉ, ÓÀØÀÒÈÅÄËÏ

ÄË. ×ÏÓÔÉÓ ÌÉÓÀÌÀÒÈÉ: n.iashvili@gtu.ge

ÓÀÌÈÏ-ÌÏÌÐÏÅÄÁÄËÉ ÃÀ ÂÀÌÀÌÃÉÃÒÄÁÄËÉ ÓÀßÀÒÌÏÄÁÉÓ ÀÃÂÉËÌÃÄÁÀÒÄÏÁÀ ÌÍÉÛÅÍÄ-
ËÏÅÍÀÃ ÂÀÍÓÀÆÙÅÒÀÅÓ ÛÉÃÀ ÓÀÔÒÀÍÓÐÏÒÔÏ ÂÀÃÀÆÉÃÅÄÁÉÓÀÈÅÉÓ ÓÀÌÒÄßÅÄËÏ ÔÒÀÍ-
ÓÐÏÒÔÉÓ ÓáÅÀÃÀÓáÅÀ ÓÀáÄÏÁÉÓ ÂÀÌÏÚÄÍÄÁÀÓ.

ÓÀÌÒÄßÅÄËÏ ÔÒÀÍÓÐÏÒÔÉÓ ÔÒÀÃÉÝÉÖËÉ ÓÀáÄÄÁÉÓ ÂÀÒÃÀ, ÓÀÌÈÏ ÓÀßÀÒÌÏÄÁÛÉ ÂÀÌÏ-
ÚÄÍÄÁÀÓ äÐÏÅÄÁÓ ÔÒÀÍÓÐÏÒÔÉÓ ÉÓÄÈÉ ÓÀáÄÏÁÄÁÉ, ÒÏÂÏÒÄÁÉÝÀÀ ÊÉÃÖËÉ ÓÀÁÀÂÉÒÏ ÂÆÄÁÉ,
äÉÃÒÀÅËÉÊÖÒ ÃÀ ÐÍÄÅÌÀÔÉÊÖÒÉ ÌÉËÓÀÃÄÍÄÁÉ, ÊÏÍÅÄÉÒÖËÉ ÃÀ ÓáÅÀ.

ÆÏÂÀÃÀÃ ÓÀÌÒÄßÅÄËÏ ÔÒÀÍÓÐÏÒÔÓ ÀáÀÓÉÀÈÄÁÓ ÓÔÀÝÉÏÍÀÒÏÁÀ, ÔÅÉÒÈÄÁÉÓ ÛÄÃÀÒÄ-
ÁÉÈ ÅÉßÒÏ ÓÐÄÝÉÀËÉÆÀÝÉÀ ÃÀ ÌÀÈÉ ÍÀÊÀÃÄÁÉÓ ÝÀËÌáÒÉÅÉ ÌÉÌÀÒÈÖËÄÁÀ.

ÀÌÉÔÏÌ ÓÀÌÈÏ-ÌÏÌÐÏÅÄÁÄËÉ ÃÀ ÂÀÌÀÌÃÉÃÒÄÁÄËÉ ÓÀßÀÒÌÏÄÁÛÉ ÌÉÆÀÍÛÄßÏÍÉËÉÀ ÓÀÌ-
ÒÄßÅÄËÏ ÔÒÀÍÓÐÏÒÔÉÓ ÓáÅÀÃÀÓáÅÀ ÓÀáÄÏÁÉÓ ÊÏÌÐËÄØÓÖÒÉ ÂÀÌÏÚÄÍÄÁÀ. ÄÓ ÊÉ ÈÀÅÉÓ
ÌáÒÉÅ ÂÀÍÓÀÆÙÅÒÀÅÓ ÂÀÃÀÓÀßÚÅÄÔ ÀÌÏÝÀÍÄÁÓ.

ÀØ ÖÍÃÀ ÀÅÙÍÉÛÍÏÈ ÉÓ ×ÀØÔÉ, ÒÏÌ ÈÖ ÔÒÀÃÉÝÉÖËÉ, ÓÀÀÅÔÏÌÏÁÉËÏ ÃÀ ÓÀÒÊÉÍÉÂÆÏ
ÔÒÀÍÓÐÏÒÔÉÓ ÀÌÏÝÀÍÄÁÉ, ÌÀÈÉ ÒÄÀËÉÆÀÝÉÉÓ ÀËÂÏÒÉÈÌÄÁÉ ÃÀ ÐÒÏÂÒÀÌÄÁÉ ÝÍÏÁÉËÉÀ
ÃÀ ÃÀÍÄÒÂÉËÉÀ ÌÈÄË ÒÉÂ ÓÀßÀÒÌÏÛÉ, ÔÒÀÍÓÐÏÒÔÉÓ ÓÐÄÝÉÀËÖÒ ÓÀáÄÏÁÀÈÀ ÌÉÌÀÒÈ
ÀÒ ÀÒÓÄÁÏÁÓ ÀÒÀ ÈÖ ÃÀÌÖÛÀÅÄÁÖËÉ ÀËÂÏÒÉÈÌÄÁÉ ÃÀ ÐÒÏÂÒÀÌÄÁÉ, ÀÒÀÌÄÃ ÌÓÂÀÅÓÉ
ÓÀÊÉÈáÄÁÉ ÂÀÍáÉËÖËÉÝ ÊÉ ÀÒ ÀÒÉÓ.

ÓÀÌÈÏ-ÌÏÌÐÏÅÄÁÄËÉ ÃÀ ÂÀÌÀÌÃÉÃÒÄÁÄËÉ ÓÀßÀÒÌÏÄÁÉÓ ÔÒÀÍÓÐÏÒÔÉÓ ÏÐÄÒÀÔÉÖËÉ
ÌÀÒÈÅÉÓ ÓÉÓÔÄÌÀÛÉ ÂÀÃÀÓÀßÚÅÄÔÉ ÀÌÏÝÀÍÄÁÉ ÛÄÉÞËÄÁÀ ÃÀãÂÖ×ÃÄÓ ÓÀÌ ãÂÖ×ÀÃ:

1. ÓÀÀÅÔÏÌÏÁÉËÏ ÔÒÀÍÓÐÏÒÔÉÓ ÀÌÏÝÀÍÄÁÉ;

2. ÓÀÒÊÉÍÉÂÆÏ ÔÒÀÍÓÐÏÒÔÉÓ ÀÌÏÝÀÍÄÁÉ;

3. ÔÒÀÍÓÐÏÒÔÉÓ ÓÐÄÝÉÀËÖÒÉ ÓÀáÄÏÁÄÁÉÓ ÀÌÏÝÀÍÄÁÉ.

ÈÉÈÏÄÖËÉ ÀÙÍÉÛÍÖËÉ ãÂÖ×ÉÓÈÅÉÓ ÂÀÍÓÀÆÙÅÒÖËÉÀ ÀÌÏÝÀÍÀÈÀ ÛÄÌÃÄÂÉ ÊÏÌÐËÄØÓÄÁÉÓ
ÂÀÃÀßÚÅÄÔÀ: ÔÒÀÍÓÐÏÒÔÉÓ ÄÒÈÄÖËÄÁÉÓ ÌÖÛÀÏÁÉÓ ÃÀÂÄÂÌÅÀ, ÃÙÉÖÒÉ ÃÀ ÓÀÊÅÉÒÀÏ
ÂÒÀ×ÉÊÄÁÉÓ ÂÀÈÅËÄÁÉ ÃÀ ÛÄÃÂÄÍÀ; ÔÒÀÍÓÐÏÒÔÉÓ ÓÀáÄÏÁÀÈÀ ÂÀÌÏÚÄÍÄÁÉÓ ÀÒÒÉáÝÅÀ ÃÀ
ÀÍÀËÉÆÉ; ÏÐÄÒÀÔÉÖËÉ ÀÍÂÀÒÉÛÄÁÉÓ ÛÄÃÂÄÍÀ ÃÀ ÓÀÌÒÄßÅÄËÏ ÔÒÀÍÓÐÏÒÔÉÓ ÝÀËÊÄÖË
ÓÀáÄÏÁÀÈÀ ÏÐÄÒÀÔÉÖË-ÃÉÓÐÄÔÜÄÒÖËÉ ÌÀÒÈÅÀ. ÀØÅÄ ÛÄÓÀÞËÄÁÄËÉÀ ÔÒÀÍÓÐÏÒÔÉÓ ÝÀË-
ÊÄÖË ÓÀáÄÏÁÀÈÀ ÄÒÈÏÁËÉÅÉ ÌÖÛÀÏÁÉÓ ÏÒÂÀÍÉÆÄÁÀ (ÈÖ ÀÓÄÈÉ ÊÏÍÊÒÄÔÖË ÓÀßÀÒÌÏÛÉ
ÀÒÓÄÁÏÁÓ).

ÔÒÀÍÓÐÏÒÔÉÓ ÌÀÒÈÅÉÓ ÀÅÔÏÌÀÔÉÆÄÁÖË ÓÉÓÔÄÌÀÛÉ ÂÀÍÓÀÆÙÅÒÖËÉÀ ÓÀÌÈÏ-ÌÏÌÐÏÅÄÁÄ-
ËÉ ÃÀ ÂÀÌÀÌÃÉÃÒÄÁÄËÉ ÓÀßÀÒÌÏÄÁÉÓÀÈÅÉÓ ÊÏÍÊÒÄÔÖËÉ ÀÌÏÝÀÍÄÁÉÓ ÒÄÀËÉÆÀÝÉÀ.
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ÌÉÊÒÏÐÒÏÝÄÓÏÒÖËÉ ÂÀÌÆÏÌÉ áÄËÓÀßÚÏÓ
×ÖÍØÝÉÏÍÉÒÄÁÉÓ ÌÀÈÄÌÀÔÉÊÖÒÉ ÌÏÃÄËÉ

ÍÖÂÆÀÒ ÉÀÛÅÉËÉ, ÂÉÏÒÂÉ ÉÀÛÅÉËÉ

ÓÀØÀÒÈÅÄËÏÓ ÔÄØÍÉÊÖÒÉ ÖÍÉÅÄÒÓÉÔÄÔÉ, ÈÁÉËÉÓÉ, ÓÀØÀÒÈÅÄËÏ
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ÌÉÖáÄÃÀÅÀÃ ÉÌÉÓÀ, ÒÏÌ ÂÀÌÆÏÌÉ áÄËÓÀßÚÏÄÁÉ ÌÀÈÉ ×ÖÍØÝÉÖÒÉ ÃÀÍÉÛÍÖËÄÁÉÓÀ ÃÀ
ÀÂÄÁÉÓ ÓÔÒÖØÔÖÒÉÈ ÌÍÉÛÅÍÄËÏÅÍÀÃ ÂÀÍÓáÅÀÅÃÄÁÉÀÍ ÄÒÈÌÀÍÄÈÉÓÀÂÀÍ, ÀËÁÀÈ ÌÀÉÍÝ
ÛÄÓÀÞËÄÁÄËÉÀ ÌÀÈÉ ßÀÒÌÏÃÂÄÍÀ ÆÏÂÀÃÉ ÁËÏÊÉÓ ÓØÄÌÉÓ ÓÀáÉÈ. ÄÓ ÂÀÍÐÉÒÏÁÄÁÖËÉÀ
ÉÌÉÈÀÝ, ÒÏÌ ÍÄÁÉÓÌÉÄÒ ÂÀÌÆÏÌ áÄËÓÀßÚÏÛÉ ÛÄÓÀÞËÄÁÄËÉÀ ÌÉÓÉ ÌÈÀÅÀÒÉ, ÂÀÍÌÓÀÆÙÅÒÄËÉ
ÊÅÀÍÞÄÁÉÓÀ ÃÀ ÁËÏÊÄÁÉÓ ÂÀÌÏÚÏ×À. ÄÓ, ÈÀÅÉÓ ÌáÒÉÅ, ÓÀÛÖÀËÄÁÀÓ ÂÅÀÞËÄÅÓ ÌÏÅÀáÃÉÍÏÈ
ÂÀÌÆÏÌÉ áÄËÓÀßÚÏÓ ×ÏÒÌÀËÉÆÄÁÖËÉ (ÌÀÈÄÌÀÔÉÊÖÒÉ) ÀÙßÄÒÀ ÃÀ ÌÉÓÉ ×ÖÍØÝÉÏÍÉÒÄÁÉÓ
ÌÏÃÄËÉÓ ÀÂÄÁÀ.

ÃÙÄÅÀÍÃÄËÉ ÍÄÁÉÓÌÉÄÒÉ ÂÀÌÆÏÌÉ áÄËÓÀßÚÏÓ ÀÖÝÉËÄÁÄËÉ ÍÀßÉËÉÀ ÌÉÊÒÏÐÒÏÝÄÓÏÒÖ-
ËÉ ÁËÏÊÉ, ÒÏÌËÉÓ ÃÀÍÉÛÍÖËÄÁÀÀ áÄËÓÀßÚÏÓ ÓÄÍÓÏÒÉÃÀÍ ÌÉÙÄÁÖËÉ ÓÉÂÍÀËÉÓ ÌÉÙÄÁÀ,
ÂÀÒÃÀØÌÍÀ, ÃÀÌÖÛÀÅÄÁÀ ÃÀ ÂÀÆÏÌÅÉÓ ÛÄÃÄÂÉÓ ÉÍÃÉÊÀÝÉÉÓ ÔÀÁËÏÆÄ ÂÀÌÏÓÀáÅÀ ÃÀ ÌÀÒÈÅÉÓ
ÓÉÂÍÀËÄÁÉÓ ÂÀÌÏÌÖÛÀÅÄÁÀ ÛÄÌÓÒÖËÄÁÄËÉ ÌÏßÚÏÁÉËÏÁÄÁÉÓÀÈÅÉÓ.

ÌÉÊÒÏÄËÄØÔÒÏÍÉÊÉÓ ÓßÒÀ×ÌÀ ÂÀÍÅÉÈÀÒÄÁÀÌ ÂÀÍÀÐÉÒÏÁÀ Ä. ß. „àÊÅÉÀÍÉ“ (ÉÍÔÄËÄØÔÖ-
ÀËÖÒÉ) ÂÀÌÆÏÌÉ áÄËÓÀßÚÏÄÁÉÓ ÂÀÜÄÍÀ, ÒÏÌÄËÈÀÝ ÓÀ×ÖÞÅËÀÃ ÖÃÄÅÓ ÉÍ×ÏÒÌÀÝÉÉÓ
ÐÒÏÂÒÀÌÖËÉ ÌÀÒÈÅÀ ÃÉÓÊÒÄÔÖË (ÝÉ×ÒÖË) ×ÏÒÌÀÛÉ. ÀÌ ÀáÀËÉ ÌÏßÚÏÁÉËÏÁÉÓ ÌÈÀÅÀÒÉ
ÛÄÌÀÃÂÄÍÄËÉÀ ÌÉÊÒÏÐÒÏÝÄÓÏÒÄÁÉ, ÒÏÌÄËÈÀ ÐÒÏÄØÔÉÒÄÁÉÓÀ ÃÀ ÃÀÌÖÛÀÅÄÁÉÓÀÈÅÉÓ ÀÖÝÉ-
ËÄÁÄËÉÀ ÌÀÈÄÌÀÔÉÊÖÒÉ ÌÏÃÄËÉÒÄÁÉÓ ÌÄÈÏÃÄÁÉÓ ÂÀÌÏÚÄÍÄÁÀ.

ÜÅÄÖËÄÁÒÉÅ, ÂÀÆÏÌÅÉÓ ÐÒÏÝÄÓÄÁÉÓ ÌÀÈÄÌÀÔÉÊÖÒ ÌÏÃÄËÄÁÛÉ ÀÉÓÀáÄÁÀ ÂÀÓÀÆÏÌÉ ÏÁÉ-
ÄØÔÉÓ, ÌÏÅËÄÍÉÓ ÈÖ ÐÒÏÝÄÓÉÓ ÚÅÄËÀÆÄ ÌÈÀÅÀÒÉ ÃÀ ÌÍÉÛÅÍÄËÏÅÀÍÉ ÈÅÉÓÄÁÄÁÉ ÃÀ
ÌÀáÀÓÉÀÈÄÁÄËÉ ÍÉÛÍÄÁÉ. ÌÀÈÄÌÀÔÉÊÖÒÉ ÌÏÃÄËÉÒÄÁÉÓ ÛÄÃÄÂÀÃ ÌÉÉÙÄÁÀ ÀáÀËÉ ÉÍ×ÏÒÌÀÝÉÀ,
ÒÏÌÄËÉÝ ÓÀÛÖÀËÄÁÀÓ ÉÞËÄÅÀ Ö×ÒÏ ÙÒÌÀÃ ÃÀ ÆÖÓÔÀÃ ÀÙÅßÄÒÏÈ ÂÀÓÀÆÏÌÉ ÏÁÉÄØÔÉ,
ÒÀÈÀ ÀáÀËÉ ÌÉÊÒÏÐÒÏÝÄÓÏÒÖËÉ ÌÏßÚÏÁÉËÏÁÉÓÀ ÃÀ ÓÉÓÔÄÌÉÓ ÃÀÌÖÛÀÅÄÁÉÓ ÐÒÏÝÄÓÛÉ
ÂÀÈÅÀËÉÓßÉÍÄÁÖËÉ ÉØÍÀÓ ÚÅÄËÀ ÀÖÝÉËÄÁÄËÉ ÐÉÒÏÁÄÁÉ ÃÀ ÌÏÈáÏÅÍÄÁÉ. ÌÏáÓÄÍÄÁÀÛÉ
ÂÀÍáÉËÖËÉÀ ÂÀÌÆÏÌÉ áÄËÓÀßÚÏÓ ÊÏÍÊÒÄÔÖËÉ ÌÀÂÀËÉÈÉ; ÁÖÍÄÁÒÉÅÉ ÀÉÒÉÓ ÂÀÑÏÍÅÉÓ
ÀÙÌÏÓÀÜÄÍÉ ÌÏßÚÏÁÉËÏÁÉÓ ×ÖÍØÝÉÏÍÉÒÄÁÉÓ ÌÏÃÄËÉÓ ÀÂÄÁÀ ÏÁÉÄØÔÉÓ ÃÀÌÀáÀÓÉÀÈÄÁÄËÉ
ÍÉÛÀÍ-ÈÅÉÓÄÁÄÁÉÓÀ ÃÀ ÌÉÊÒÏÐÒÏÝÄÓÏÒÖËÉ ÁËÏÊÉÓ ÐÀÒÀÌÄÔÒÄÁÉÓ ÂÀÈÅÀËÉÓßÉÍÄÁÉÈ.
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ÐÉÒÏÅÍÄÁÉÓ ÉÃÄÍÔÉ×ÉÝÉÒÄÁÉÓÀÈÅÉÓ
ÁÉÏÌÄÔÒÉÖËÉ ÌÀáÀÓÉÀÈÄÁËÄÁÉÓ ÂÀÌÏÚÄÍÄÁÀ

ËÄÅÀÍ ÉÌÍÀÉÛÅÉËÉ, ÂÉÏÒÂÉ ÉÀÛÅÉËÉ, ÌÀÂÖËÉ ÁÄÃÉÍÄÉÛÅÉËÉ

ÓÀØÀÒÈÅÄËÏÓ ÔÄØÍÉÊÖÒÉ ÖÍÉÅÄÒÓÉÔÄÔÉ, ÈÁÉËÉÓÉ, ÓÀØÀÒÈÅÄËÏ

ÄË. ×ÏÓÔÉÓ ÌÉÓÀÌÀÒÈÉ: limn54@gmail.com; gioiashvili@gmail.com;
maguli1004@gmail.com

ÐÉÒÏÅÍÄÁÉÓ ÃÀÛÅÄÁÉÓ ÊÏÍÔÒÏËÉÓ ÄÒÈ-ÄÒÈ ÐÄÒÓÐÄØÔÉÖË ÓÀáÄÓ ßÀÒÌÏÀÃÂÄÍÓ ÃÀÛÅÄ-
ÁÉÓ ÓÉÓÔÄÌÄÁÛÉ ÁÉÏÌÄÔÒÉÖËÉ ÌÄÈÏÃÄÁÉÓ ÂÀÌÏÚÄÍÄÁÀ, ÒÏÌÄËÉÝ ÂÀÍÓÀÊÖÈÒÄÁÉÈ ×ÀÒÈÏÃ
ÂÀÅÒÝÄËÃÀ ÁÏËÏ ßËÄÁÛÉ.

ÐÉÒÏÅÍÄÁÉÓ ÃÀÛÅÄÁÉÓ ÊÏÍÔÒÏËÉÓ ÔÒÀÃÉÝÉÖËÉ ÓÉÓÔÄÌÄÁÉÓÀÂÀÍ ÂÀÍÓáÅÀÅÄÁÉÈ ÃÀÛÅÄÁÉÓ
ÁÉÏÌÄÔÒÉÖË ÓÉÓÔÄÌÄÁÛÉ ÉÃÄÍÔÉ×ÉÊÀÔÏÒÄÁÀÃ ÂÀÌÏÉÚÄÍÄÁÀ ÐÉÒÏÅÍÄÁÉÓ ÁÉÏÌÄÔÒÉÖËÉ
ÌÀáÀÓÉÀÈÄÁËÄÁÉ: ÈÉÈÉ, ÓÀáÄ, áÄËÉ, ÈÅÀËÉÓ ÂÀÒÓÉ ÃÀ ÓáÅÀ.

ÃÀÛÅÄÁÉÓ ÓÉÓÔÄÌÄÁÛÉ ÁÉÏÌÄÔÒÉÖËÉ ÌÀáÀÓÉÀÈÄÁËÄÁÉÓ ÂÀÌÏÚÄÍÄÁÀ ÓÀÛÖÀËÄÁÀÓ ÉÞËÄÅÀ:

- ÀÅÙÊÅÄÈÏÈ ÃÀÝÖË ÔÄÒÉÔÏÒÉÀÓÀ ÃÀ ÛÄÍÏÁÄÁÛÉ ÀÒÀÓÀÍØÝÉÒÄÁÖËÉ ÃÀÛÅÄÁÀ;

- ÖÆÒÖÍÅÄËÚÏÓ ÓÀÐÀÓÖáÉÓÌÂÄÁËÏ ÏÁÉÄØÔÄÁÆÄ ÌáÏËÏÃ ÓÄÒÔÉ×ÉÝÉÒÄÁÖËÉ ÓÐÄÝÉÀ-
ËÉÓÔÄÁÉÓ ÃÀÛÅÄÁÀ;

- ÂÀÌÏÉÒÉÝáÏÓ ÖáÄÒáÖËÏÁÄÁÉ ÒÏÌËÄÁÉÝ ÃÀÊÀÅÛÉÒÄÁÖËÉÀ ÂÀÓÀÙÄÁÄÁÉÓ, ÁÀÒÀÈÄÁÉÓ,
ÑÄÔÏÍÄÁÉÓ ÃÀ ÐÀÒÏËÄÁÉÓ ÃÀÊÀÒÂÅÀÓÀ ÃÀ ÃÀÆÉÀÍÄÁÄÁÈÀÍ;

- ÖÆÒÖÍÅÄËÚÏÓ ÛÄÍÏÁÄÁÓÀ ÃÀ ÔÄÒÉÔÏÒÉÄÁÆÄ ÃÀÛÅÄÁÖË ÐÉÒÈÀ ÀÙÒÉÝáÅÀ;

ÂÀÍÓÀÊÖÈÒÄÁÖËÉ ÃÀ ÓÐÄÝÉÀËÖÒÉ ÌÍÉÛÅÍÄËÏÁÉÓ ÌØÏÍÄ ÃÀßÄÓÄÁÖËÄÁÄÁÉÓÀÈÅÉÓ ÒÄÊÏ-
ÌÄÍÃÉÒÄÁÖËÉÀ ÃÀÛÅÄÁÉÓ ÁÉÏÌÄÔÒÉÖË ÓÉÓÔÄÌÀÛÉ ÒÀÌÃÄÍÉÌÄ ÁÉÏÌÄÔÒÉÖËÉ ÌÀáÀÓÉÀÈÄÁËÉÓ
ÂÀÌÏÚÄÍÄÁÀ (Ä. ß. „ÌÖËÔÉ ÁÉÏÌÄÔÒÉÖËÉ ÓÉÓÔÄÌÀ“), ÒÏÌÄËÉÝ ÌÀÙÀËÉ Ä×ÄØÔÖÒÏÁÉÈ
ÉÞËÄÅÀ ÐÉÒÏÅÍÄÁÉÓ ÀÌÏÝÍÏÁÉÓ ÉÃÄÍÔÉ×ÉÝÉÒÄÁÉÓ ÓÀÛÖÀËÄÁÀÓ ÀÍÖ ÌÉÓÉ ÀÌÏÝÍÏÁÉÓ ÓÀÛÖÀ-
ËÄÁÀÓ ÄÒÈÃÒÏÖËÀÃ ÓáÅÀÃÀÓáÅÀ ÁÉÏÌÄÔÒÉÖËÉ ÐÀÒÀÌÄÔÒÄÁÉÈ. ÌÀÂÀËÉÈÀÃ, ÈÉÈÉÓ
ÌÏáÀÆÖËÏÁÉÈ ÃÀ ÓÀáÉÓ ÌÏÚÅÀÍÉËÏÁÉÈ ÀÍ ÈÉÈÉÓ ÌÏáÀÆÖËÏÁÉÈ ÃÀ ÈÅÀËÉÓ ÂÀÒÓÉÈ.
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PDE Based Method for
Image Enhancing and Image Restoration

Safar Irandoust-Pakchin
Department of Applied Mathematics, Faculty of Mathematical Sciences,

University of Tabriz, Tabriz, Iran
email: s.irandoust@tabrizu.ac.ir

In this work we present an new filters for image enhancing and image restoration pro-
cesses. We use the proposed filter that is completely adaptive and it changes proportional
to structure of the image. This model has some advantages such as deblurring and de-
noising and fully adaptivity. It can be used practically in enhancing processes. We use
different test images to show the validity of this method. Numerical experiments illustrate
the efficiency of the proposed method.

Keywords: Perona–Malik filter, shock filter, deblurring, PDE based image restora-
tion, fractional differential equation.
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On the Yokoi’s Invariant Value of
Certain Real Quadratic Fields with the Period Eight

Sevcan Işikay1, Ayten Pekin2

1Gebze Technical University, Kocaeli, Turkey
email: s.isikay@gtu.edu.tr

2Istanbul University, Department of Mathematics, Istanbul, Turkey
email: aypekin@istanbul.edu.tr

Let K = Q(
√
d) be a real quadratic field, where d is a positive square-free integer

congruent to 1 modulo 4. In this paper, we obtain some conditions for Yokoi’s d-invariant
value to be zero with period kd = 8 using the explicit form of the fundamental unit.
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2010 AMS Subject Classification: Primary 11A55; Secondary 11R27.
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The Boundary-Transmission Problem of Statics
Diana Ivanidze, Marekh Ivanidze

Department of Mathematics, Georgian Technical University
Tbilisi, Georgia

email: dianaivanize@gmail.com; marexi.ivanidze@gmail.com

The present thesis deals with the problems of Mathematical Physics, in particular
three-dimensional boundary-transmission problems of statics of thermo-elasticity theory
for hemitropic solids.
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One of the most essential results is investigation of the uniqueness questions. The case
is that solutions to the problem should be sought in the space of vector functions which
are only bounded at infinity.

The existence of solutions is proved by the potential method and the theory of singular
integral equations.

A Problem of Plane Asymmetric Elasticity
for a Perforated Rectangular Domain

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

Tbilisi, Georgia
Georgian National University, Tbilisi, Georgia

email: roman.janjgava@gmail.com

In this paper the plane boundary value problem of the asymmetric theory of elasticity
for a perforated domain is considered. The domain is a square with circular holes located
in a certain way. The problem of stretch-press of such a plate is solved approximately [1].

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 Beta Function, New Properties and Applications
Vagner Sh. Jikia

I. Javakhishvili Tbilisi State University, Tbilisi, Georgia
email: v−jikia@yahoo.com

We have defined the Euler Beta function of imaginary parameters [1] and have shown
that

B(ix,−ix) =
1∫

0

dt tix−1(1− t)−ix−1 =

∞∫
0

dt tix−1 = 2πδ(x). (1)

From the equalities (1), one gets:
+∞∫

−∞

du

1 + exp(u) cos(xu) =
+∞∫

−∞

du
exp(u)

1 + exp(u) cos(xu) = πδ(x). (2)

Differentiating the expression (1) one can write (see also [2]):
1∫

0

dt tix−1(1− t)−ix−1 ln[t/(1− t)] =

1∫
0

dt tix−1 ln(t) = −2πiδ′(x).

Due to the formulas (2), one obtains:
+∞∫

−∞

du

1 + exp(u) sin(xu)u =

+∞∫
−∞

du
exp(u)

1 + exp(u) sin(xu)u = −πδ′(x).

The method developed in [1] is connected with many new results, some of them useful
in avoiding the quantum mechanical difficulties.

Acknowledgement. This work was supported by Georgian Shota Rustaveli National
Science Foundation (grant FR/ 417/6-100/14).
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The Special Functions, the New Relations
Vagner Jikia1, Ilia Lomidze2

1I. Javakhishvili Tbilisi State University, Tbilisi, Georgia
2Georgian Technical University, Tbilisi, Georgia
email: v−jikia@yahoo.com; Lomiltsu@gmail.com

Using the next integral formula (see, e.g., [1, p. 960])

Qµ
ν (z) = exp(iπµ) Γ(ν + 1)

Γ(ν − µ+ 1)

∞∫
0

dt cosh(µt)
(
z +

√
z2 − 1 cosh(t)

)−ν−1
,

Re (ν + µ) > −1, ν ̸= −1,−2,−3, . . . , |arg(z ± 1)| < π,

one can show that the relation holds [2]:

Qiτ
ν (z) = exp(−πτ) Γ(ν + iτ + 1)

Γ(ν + 1)
Qν(z), (1)

Im (ν) = 0, Re (ν) > −1, |arg(z − 1)| < π,

where Qµ
ν (z) and Qν(z) are the well-known Legendre functions of the second kind and

Γ(z) is the Euler gamma function.
Besides, due to the asymptotic formula (see, e.g., [3, p. 220]):

Qν(z) = − ln(z − 1)

2Γ(ν + 1)
, z → 1, ν ̸= −1,−2,−3, . . . , |arg(z − 1)| < π,

from the equality (1) one obtains:

Qiτ
ν (z) = −1

2
exp(−πτ) Γ(ν + iτ + 1)

Γ2(ν + 1)
ln(z − 1), z → 1, (2)

Im ν = 0, Re ν > −1, |arg(z − 1)| < π.

The results obtained are useful in avoiding the quantum mechanical problems. Using
the formulas (1) and (2) we have derived the transition amplitude of two charged particles
of continuous spectrum in the light photons approximation.

Acknowledgement. This work was supported by Georgian Shota Rustaveli National
Science Foundation (Grant FR/417/6-100/14).
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About One Method of
Solution of Elliptic Kirchhoff Type Equation

Nikoloz Kachakhidze, Zviad Tsiklauri
Georgian Technical University, Tbilisi, Georgia

email: n.kachakhidze@gtu.ge; zviad−tsiklauri@yahoo.com

Let us consider the following boundary value problem

−φ
(∫

Ω

|∇w|2 dx
)
∆w = f(x), x ∈ Ω, (1)

w(x) = 0, x ∈ ∂Ω, (2)

where Ω is an open subset of Rn, n ≥ 1, and ∂Ω is its boundary. The function f(x) is
twice continuously differentiable function on Ω and function φ(z), 0 ≤ z < ∞, satisfies
the condition

φ(z) ≥ α > 0.

In [1] the problem (1), (2) is studied when n = 1. For the solution is used Chipot’s
approach and accuracy of the method is discussed. Here also are given numerical exam-
ples. In [2] the problem (1), (2) is studied when n = 2. For the solution is used Chipot’s
approach and accuracy of the method is discussed.

In this paper, we use Chipot’s approach to solve the problem (1), (2). For this purpose
we develop the computer program in Matlab. Furthermore, we give the numerical example
for n = 3.
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Line and Grid Composed Methods
Liana Karalashvili

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

Unlike line and grid classical methods to solve partial differential equations line and
grid methods based on the high accuracy Sh. Mikeladze formula (so-called method with-
out saturation), which approximation and convergence order depends on the number of
knots (lines) are considered. The composed methods give possibility to use discretization
of the received (in the result of the first discretization) subintervals the second time. This
discretization process can be repeated so many times till the necessary number of simulta-
neous algebraic or ordinary differential equations is received. In the case of the composed
method of lines first discretization by m inner knots gives m simultaneous ordinary differ-
ential equations. In the case of the composed grid method (first discretization according
both variables) gives mn (m2) simultaneous algebraic equations. In the result of using
composed method several times, the number of the equations and variables increases in
a square of times of each use. Usage of the composed method influences the order of
approximation and convergence.
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On One Family of Separable Primary Groups
Tariel Kemoklidze

Akaki Tsereteli Kutaisi State University, Kutaisi, Georgia
email: kemoklidze@gmail.com

The family of separable primary groups, where additive group of endomorphisms ring
of the group is a direct sum of additive group of separable closed unital subring and a
group of small endomorphisms, is considered. Relying on the results of A. Korner and
A. Moskalenko it is shown, that the cotorsion hulls of these groups are not fully transitive.

On the Cotorsion Hulls in the Class
of Primary Groups

Tariel Kemoklidze, Irakli Japaridze
Akaki Tsereteli Kutaisi State University, Kutaisi, Georgia

email: kemoklidze@gmail.com

It is shown that there is the class of separable primary groups where the basic subgroup
of group is unbounded, is not more than least uncountable cardinality but the class consists
with nonisomorphic groups which cardinality is more than the least uncountable cardinal
and the cotorsion hull of each group is not fully transitive.

Integration Mathematical and Computer Models
of the Information Warfare

Nugzar Kereselidze
Department of Mathematics and Computer Sciences, Sokhumi State University

Tbilisi, Georgia
email: tvn@caucasus.net; nkereselidze@sou.edu.ge

New mathematical and computer models of the Information Warfare are being con-
sidered. An attempt has been made to unify the mathematical model of attracting adepts
given in the monograph of A. A. Samarskii, A. P. Mikhailov [1] with the mathematical
and computer model of flows outlined in the works T. I. Chilachava, N. G. Kereselidze
[2]–[4].
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Quantum-Chemical Study of the Propensity
of the Amino Acid Pairs for the

Peptide Bond Formation
Jumber Kereselidze1, George Mikuchadze2

1Department of Chemistry, I. Javakhishvili Tbilisi State University, Tbilisi, Georgia
email: jumber.kereselidze@tsu.ge

2National Environmental Agency of Georgia, Tbilisi, Georgia
email: gmikuchadze@gmail.com

The Modern method of quantum chemistry – Density Functional Theory (DFT) is
used for the quantitative description of the formation of peptide bond between amino acid
pairs. The formula of propensity of amino acids (Kp) for the peptide bond formation is
constructed, which in turn is a function of six variables: both length and order of the CO
and NH bonds, (RCO, RNH , PCO, PNH), the activation energy for the formation of the
peptide bond (∆E#), and difference between charges of the carbon atom of the carbonyl
group and the amino nitrogen atom (∆q). By means of the proposed formula the Kp
parameter for 400 amino acid pairs was calculated. Among them only 26 amino acid
pairs are most likely to take part in the synthesis of proteins that have been selected
based on the value of the parameter Kp. This approach may have important meaning for
quantitative description of the amino acid sequences in proteins.
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On Hilbert H∗-Bimodules
Mahnaz Khanehgir, Marzieh Moradian Khaibary

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

email: mkhanehgir@gmail.com

In this paper, we introduce the notion of Imprimitivity Hilbert H∗-bimodule and
describe some properties of it. Moreover, we show that if A and B are proper and
commutative H∗-algebras, AEB is a Hilbert H∗-bimodule and e1 is a minimal projection
in A with A[x|x] = e1 for some x ∈ A, then [x|x]B is a minimal projection in B, too.
Furthermore, the existence of orthonormal bases for such spaces are studied.
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Some Aspects of Using the Internet in the
Process of Learning Mathematics

Marina Kharazishvili
Ilia State University, Tbilisi, Georgia

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

It’s no secret that many students have problems with mastering mathematical subjects.
To advance their knowledge in mathematics, it is very important not only to keep in mind
an appropriate theoretical material, but also to learn how to solve problems independently.
By solving mathematical problems of varying degrees of complexity, students will be able
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to gain a useful experience, as well as to assess the level of their knowledge. Actually, this
is the best way to prepare for colloquiums, exams or math tests.

Nowadays, the Internet can substantially help students in this respect, because there
are special sites for self-studying mathematics. These sites suggest different options. As
a rule, on these sites students can find:

- various problems, solving which they can improve their mathematical skills;
- online calculators by using which students will be able to enter the task data and

get an answer in the form of a detailed solution;
- theoretical material concerning various mathematical themes with relevant exam-

ples;
- manual material including different tables and lists of formulas that are often used

in the process of solving mathematical problems.
Therefore, for students who study mathematics courses, it is necessary to provide

them with information about the most well-known Internet resources of mathematical
orientation:

- sites containing theoretical information (e.g., in the form of lecture courses);
- sites containing various mathematical packages and information about their usage;
- sites that contain examples, tasks and their solutions.
Undoubtedly, the Internet is an underutilized resource, but the academic personal of

universities needs to better study these opportunities in order to use them for improving
students knowledge of mathematics.

Summarizing all the said above, the Internet becomes a significant resource in math-
ematics education. The diversity and interactive nature of the materials presented by
Internet sites enable students to learn and visualize mathematical notions with the aid of
a new methodology.
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Interaction of the Zonal Flows with the
Dift Waves in the Ionosphere
Oleg Kharshiladze, Khatuna Chargazia

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

email: khatuna.chargazia@gmail.com

Influence of the large-scale zonal flows and magnetic fields on the relative short-scale
ULF electromagnetic waves in the dissipative ionosphere in the presence of a smooth
inhomogeneous zonal wind (shear flow) is studied. A broad spectrum of Alfvenic-like
electromagnetic fluctuations appears from electromagnetic drift turbulence and evidence
of the existence of magnetic fluctuations in the shear flow region is shown in the experi-
ments. In present work one possible theoretical explanation of the generation of electro-
magnetic fluctuations in DW-ZF systems is given. We show that the transient growth
substantially exceeds the growth of the classical dissipative trapped-particle instability
of the system. Excitation of electromagnetic fluctuations in such systems leads to the
Attenuation-suppression of the short-scale turbulence. Also the numerical treatment of
the satellite data is carried out. Influence of Bursty Bulk Flow (BBF) on the ionospheric
plasma is investigated. It is shown, that it causes essential thinning of the plasma sheet
at developing stage during passage inside it, but at the recovery stage plasma sheet thick-
ening occurs and its size exceeds much the initial one.

About Some Application of Data Mining
for Managements

Aben Khvoles
Bar Ilan University, Ramat Gan, Israel

email: abenkh@gmail.com

In the report I will tell how to use real-statistic program for excel during teaching
research methods for managements.
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Stability of Thin-Walled Spatial Systems
with Discontinuous Parameters

Gela Kipiani
Georgian Aviation University, Tbilisi, Georgia

email: gelakip@gmail.com

It is developed t3eh method of analysis of having holes and cuts shells and plates in
conditions of linear and non-linear deformation that gives the possibility to determine
with same precision the stresses and moments in continual area as well as in adjacent of
edges and vertexes.

The obtained for analysis of having ribs and breaks shells are design formulae gives
the possibility to describe all singularities of variable of the components of mode of defor-
mation in adjacent of violation of regularity, express changes and distribution of stresses
and moments in process of loading.

It is studied the simplified variant of solution, methodology for reducing of having
equivalent bending stiffness single-layered plate that leads to essential simplification of
calculations without significant losses in precision. Firstly are solved new problems of
analysis of having cuts and holes sandwich plates in conditions of different supporting on
edges and various specific loadings.

ËÄÁÄÂÉÓ ÉÍÔÄÂÒÀËÉÓ ÂÀÌÏÈÅËÀ ÖÍÉÌÏÒ×ÖËÀÃ
ÂÀÍÀßÉËÄÁÖËÉ ÌÉÌÃÄÅÒÏÁÄÁÉÓ ÓÀÛÖÀËÄÁÉÈ

ÈÄÍÂÉÆ ØÉÒÉÀ

ÓÀØÀÒÈÅÄËÏÓ ÔÄØÍÉÊÖÒÉ ÖÍÉÅÄÒÓÉÔÄÔÉ, ÈÁÉËÉÓÉ, ÓÀØÀÒÈÅÄËÏ

ÄË. ×ÏÓÔÉÓ ÌÉÓÀÌÀÒÈÉ: kiria8@gmail.com

ÊÏËÌÏÂÏÒÏÅÉÓ ÂÀÞËÉÄÒÄÁÖËÉ ÃÉÃ ÒÉÝáÅÈÀ ÊÀÍÏÍÉÓ ÂÀÒÊÅÄÖËÉ ÌÏÃÉ×ÉÝÉÒÄÁÉÓ
ÂÀÌÏÉÚÄÍÄÁÉÈ ÛÄÓÀÞËÄÁÄËÉ ÂÀáÃÀ ÁÀáÀÓ ÃÀ ÛÏÉÓÄÍÂÄÒÉÓ (2002) ÛÄÃÄÂÄÁÉÓ ÂÀ×ÀÒÈÏÁÀ
ÌÀØÓÉÌÀËÖÒÉ ÒÀÏÃÄÍÏÁÀ ÈÀÍÀÁÒÀÃÂÀÍÀßÉËÄÁÖËÉ ÌÉÌÃÄÅÒÏÁÄÁÉÓÈÅÉÓ (0, 1)-ÆÄ, ÒÏÌÄ-
ËÉÝ ÌÊÀÝÒÀÃ ÌÏÉÝÀÅÓ ÚÅÄËÀ ({αn})n∈N ÓÀáÉÓ ÌÉÌÃÄÅÒÏÁÄÁÓ α ÉÒÀÝÉÏÍÀËÏÁÉÈ ÃÀ
ÂÀÜÍÉÀ ÓÒÖËÉ ÆÏÌÀ ℓ∞1 , ÓÀÃÀÝ ℓ∞1 ÀÒÉÓ ßÒ×ÉÅÉ ËÄÁÄÂÉÓ ÆÏÌÉÓ ÖÓÀÓÒÖËÏ áÀÒÉÓáÉ
(0, 1)-ÆÄ.
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Amply Cofinitely e-Supplemented Modules
Berna Koşar1, Celil Nebiyev1, Ayten Pekin2

1Department of Mathematics, Ondokuz Mayıs University
Kurupelit-Atakum/Samsun, Turkey

email: bernak@omu.edu.tr
2Department of Mathematics, Istanbul University

Vezneciler-Istanbul, Turkey
email: cnebiyev@omu.edu.tr

In this work, amply cofinitely e-supplemented modules are defined and some proper-
ties of these modules are investigated. It is proved that every factor module and every
homomorphic image of an amply cofinitely e-supplemented module are amply cofinitely
e-supplemented.
Results
Definition 1. Let M be an R-module. If every cofinite essential submodule of M has
ample supplements in M , then M is called an amply cofinitely e-supplemented module.
Lemma 2. If M is a π-projective and cofinitely e-supplemented module, then M is an
amply cofinitely e-supplemented module.
Corollary 3. If M is a π-projective and cofinitely e-supplemented module, then M is an
amply cofinitely e-supplemented module.
Lemma 4. Let R be any ring. Then every R-module is cofinitely e-supplemented if and
only if every R-module is amply cofinitely e-supplemented.

Key words: Cofinite submodules, essential submodules, small submodules, supple-
mented modules.
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An Application of Ontology Modeling
in Semantic Web

Lia Kurtanidze
St. Andrew the First-Called Georgian University of the Patriarchate of Georgia

Tbilisi, Georgia
email: lia.kurtanidze@gmail.com

From its beginning, development of semantic web technologies was closely related to
the Internet. The name itself, Semantic Web, was introduced by Tim Berners-Lee, who
was a founder of this scientific direction. The main idea of the semantic web is to have
knowledge available for wide auditory (the purpose of WWW itself) and to utilize this
knowledge by developing systems for searching, browsing and evaluation. Thus, main
technologies in semantic web are knowledge representation formats and different forms of
knowledge.

Semantic Web is a collection of different technologies, where most of them is already
standardized. The main purpose of these technologies is to describe semantic content of
the web, i.e. their meaning and sense, in the format understood by computers. Such
descriptions are called ontologies and the languages, on which ontologies are written – the
ontology languages. Nowadays, the main research is concentrated on the ontology and
logic layers.

The purpose of this talk is to present the author’s research project which is going to
be implemented together with her high-school students. The aim of the project is to build
and implement an ontology model of Georgian touristic places. The resulting ontology
potentially can be integrated in the semantic search engines.

Regional Climate Prediction System for
South Caucasus Region

Nato Kutaladze1, Nino Shareidze2

1National Environmental Agency, Tbilisi, Georgia
email: cwlam08@gmail.com

2San Diego State University Georgia, Tbilisi, Georgia
email: cassiemolko@gmail.com

To assess the socio-economic effects caused by climate change currently and in future
individual countries need climate change scenarios provided by mathematical modelling of
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the climate system according to different socioeconomic scenarios defining the conditions
of development of the society in the future. For South Caucasus region Regional Climate
Model (RegCM4) was used. A model was run on the GRENA’s cluster. Simulation
was done (N 40◦30′ − 47◦; W 39◦25′ − 44◦) with maximal horizontal resolution of 20km,
admissible in the area. Initial and boundary conditions were taken from EH5OM (MPI,
Hamburg), global model output data (existing from 1941–2100) and A1B socio-economic
scenarios. The simulation was done to cover 1959 to 2100 inclusively. Before assessing
future trend of climate parameters model was bias corrected and uncertainties evaluated.
Besides of changes in multiyear mean values of main climate parameters likely changes in
extremes also have been analyzed. This extreme indices such as the number of hot and
frost days, number of heavy rains, duration of heating and cooling periods also vegetation
periods and etc. are very important for agriculture, energy, health and almost all sectors.

Acknowledgment. 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).

ÂÀÍÒÉÂÈÀ ÈÄÏÒÉÉÓ ÊÄÒÞÏ ÀÌÏÝÀÍÀ
ÛÄÆÙÖÃÖËÉ ÃÀÌÀÔÄÁÉÈÉ ÒÄÓÖÒÓÄÁÉÓ ÐÉÒÏÁÄÁÛÉ

ØÄÈÄÅÀÍ ÊÖÈáÀÛÅÉËÉ

ÉÍ×ÏÒÌÀÔÉÊÉÓ, ÉÍÑÉÍÄÒÉÉÓÀ ÃÀ ÌÀÈÄÌÀÔÉÊÉÓ ÓÊÏËÀ, ÓÀØÀÒÈÅÄËÏÓ ÖÍÉÅÄÒÓÉÔÄÔÉ
ÈÁÉËÉÓÉ, ÓÀØÀÒÈÅÄËÏ

ÄË. ×ÏÓÔÉÓ ÌÉÓÀÌÀÒÈÉ: kkutkhashvili@yahoo.com

ÂÀÍÉáÉËÄÁÀ ÂÀÍÒÉÂÈÀ ÈÄÏÒÉÉÓ ÀÌÏÝÀÍÀ: ÓÀàÉÒÏÀ ÛÄÓÒÖËÃÄÓ ÃÀÅÀËÄÁÀÈÀ ÂÀÒÊÅÄÖ-
ËÉ ÓÉÌÒÀÅËÄ ÒÄÓÖÒÓÄÁÉÓ ÂÀÒÊÅÄÖËÉ ÒÀÏÃÄÍÏÁÉÓ ÃÀ ÌÏÌÓÀáÖÒÄÁÉÓ ÓÀÛÖÀËÄÁÄÁÉÈ.
ÜÅÄÍÉ ÌÉÆÀÍÉÀ ÀÉÂÏÓ ÃÀÅÀËÄÁÀÈÀ ÛÄÓÒÖËÄÁÉÓ ÈÀÍÌÉÌÃÄÅÒÏÁÉÓ ÏÔÉÌÀËÖÒÉ ÂÀÍÒÉÂÉ ÉÓÄ,
ÒÏÌ ÃÀÝÖËÉ ÉÚÏÓ ÂÀÒÊÅÄÖËÉ ÐÉÒÏÁÄÁÉ. ÆÏÂÀÃÀÃ ÀÓÄÈÉ ÀÌÏÝÀÍÀ ÀÒÀÐÏËÉÍÏÌÉÀËÖÒÉ
ÓÉÒÈÖËÉÓÀÀ ÃÀ ÌáÏËÏÃ ÊÏÍÊÒÄÔÖË ÛÄÌÈáÅÄÅÄÁÛÉ áÄÒáÃÄÁÀ ÐÏËÉÍÏÌÉÀËÖÒÉ ÓÉÒÈÖ-
ËÉÓ ÀËÂÏÒÉÈÌÉÓ ÀÂÄÁÀ.

ÓÀÌÖÛÀÏ ÄÞÙÅÍÄÁÀ ÐÏËÉÍÏÌÉÀËÖÒÉ ÀËÂÏÒÉÈÌÉÓ ÀÂÄÁÀÓ ÃÀ ÌÉÓÉ Ä×ÄØÔÖÒÏÁÉÓ
ÃÀÃÂÄÍÀÓ ÉÓÄÈÉ ÊÏÍÊÒÄÔÖËÉ ÀÌÏÝÀÍÉÓÀÈÅÉÓ, ÒÏÃÄÓÀÝ ÃÀÅÀËÄÁÀÈÀ ÛÄÓÒÖËÄÁÀ áÃÄÁÀ
ÄÒÈÓÀ×ÄáÖÒÀ ÐÒÏÝÄÓÏÒÄÁÉÓ ÓÀÛÖÀËÄÁÉÈ, ÐÒÏÝÄÓÏÒÄÁÉÓ ÓÉÓÔÄÌÀ ÍÀßÉËÏÁÒÉÅ ÖÒÈÉ-
ÄÒÈÛÄÝÅËÀÃÉÀ, ÀÒÝ ÍÀßÉËÏÁÉÈÉ ÃÀËÀÂÄÁÉÓ ÓÉÌÒÀÅËÄ ÃÀ ÀÒÝ ÃÀÌÀÔÄÁÉÈÉ ÒÄÓÖÒÓÄÁÉÓ
ÓÉÌÒÀÅËÄ ÀÒ ÀÒÉÓ ÝÀÒÉÄËÉ. ÈÉÈÏÄÖËÉ ÃÀÅÀËÄÁÉÓ ÛÄÓÒÖËÄÁÀÓ ÓáÅÀÃÀÓáÅÀ ÃÀÌÀÔÄÁÉÈÉ
ÒÄÓÖÒÓÉÓ ÐÉÒÏÁÄÁÛÉ ÓáÅÀÃÀÓáÅÀ ÓÀ×ÀÓÖÒÉ ÛÄÄÓÀÁÀÌÄÁÀ, áÏËÏ ÈÉÈÏÄÖËÉ ÃÀÅÀËÄÁÉÓ
ÛÄÓÒÖËÄÁÀ ÍÄÁÉÓÌÉÄÒ ÐÒÏÝÄÓÏÒÆÄ ÌÖÃÌÉÅÉ ÓÉÃÉÃÄÀ. ÏÐÔÉÌÀËÏÁÉÓ ÆÏÌÀÃ ÀÙÄÁÖËÉÀ
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ÂÀÍÒÉÂÉÓ ÓÉÂÒÞÄ ÃÒÏÉÓ ÈÅÀËÓÀÆÒÉÓÉÈ ÃÀ ÓÉÓÔÄÌÉÓ ÌÀØÓÉÌÀËÖÒÉ ÙÉÒÄÁÖËÄÁÀ. ÃÀÃÂÄ-
ÍÉËÉÀ ÀËÂÏÒÉÈÌÉÓ Ä×ÄØÔÖÒÏÁÀ.
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A Note on Relationships between Moments
Vakhtang Kvaratskhelia

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

email: v.kvaratskhelia@gtu.ge

Let (Ω,A,P) be a probability space, ξ : Ω → R1 be a random variable and E be the
mathematical expectation symbol.
Theorem. Let p > q > 0 be any numbers and for some constant C ≥ 1 we have{

E|ξ(ω)|p P(dω)
}1/p ≤ C

{
E|ξ(ω)|q P(dω)

}1/q
.

Then for any r, s, 0 < r, s ≤ p, the following inequality is fulfilled{
E|ξ(ω)|r P(dω)

}1/r ≤ Cβ
{
E|ξ(ω)|s P(dω)

}1/s
,

where

β =



0, if 0 < r ≤ s ≤ p,

1, if q ≤ s < r ≤ p,
q(p− s)

s(p− q)
, if 0 < s < q < r ≤ p,

p(q − s)

s(p− q)
, if 0 < s < r ≤ q.
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This result improves the result of R. Fukuda [1]. This inequality is very useful in many
problems of probability theory.

References
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Related Fields 85 (1990), no. 4, 505–521.

Interactive Mathematics Based on Technology
“Mathematicos”

Temur Mushni Kvaratskheliya
Mathematicos, LTD, Russia

email: mathematicos.pro@gmail.com

The report describes the possibilities of using technology “Mathematicos” to create
interactive lessons with built-in online teacher, accompanying the student’s actions in
solving problems, performing detailed, step-by-step assistance. We propose technics for
learning lessons, solving problems and exercises through mediation and under control
of the virtual teacher. We show that incorporation of such machine teacher as a fully-
fledged technological participant in the process of everyday learning provides a significant
improvement in the individual indicators of students.

e-Infrastructure
for Research and Education in Georgia

Ramaz Kvatadze
Georgian Research and Educational Networking Association (GRENA)

Tbilisi, Georgia
email: ramaz@grena.ge

The status of network and computing infrastructure and available services for research
and education community of Georgia are presented. The network services provided by
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GRENA to universities and research institutions are: Internet and GEANT connectivity,
eduroam – educational roaming, eduGAIN – authentication and authorization, CERT
Computer Emergency Response Team, Intrusion Detection/Prevention systems IDS/IPS,
etc.

GRENA computational resources consists of Grid (distributed computing) GE-01-
GRENA site included in European Grid infrastructure and Virtualization facility. Com-
puting resources used by the research teams working in weather research and forecasting,
climate modelling, life sciences and computational chemistry.

Currently development e-Infrastructure and services is performed in the framework of
European Commission projects: EaPConnect, GN4-2 Research and Education Network-
ing – GÉEANT and VRE for regional Interdisciplinary communities in Southeast Europe
and the Eastern Mediterranean. Results of these research and developments are briefly
presented.

On the Exactness of the Unknown Density
Approximation by a Nonparametric Estimate

Constructed by Conditionally Independent
Observations

Z. Kvatadze1, B. Pharjiani1, T. Shervashidze2

1Department of Mathematics,Georgian Technical University
Tbilisi, Georgia

email: zurakvatadze@yahoo.com; beqnufarjiani@yahoo.com
2A. Razmadze Mathematical Institute of I. Javakhishvili Tbilisi State University

Tbilisi, Georgia
email: sher@rmi.ge

We consider a two-component stationary (in a narrow sense) sequence {ξiXi}i≥1,
{Xi}i≥1 is a conditionally independent sequence, while {ξi}i≥1 is a sequence of equally
distributed independent random variables. ξi =

m∑
k=1

αkI(ξi=αk), P (ξi = αk) = Pk, k = 1,m.

The distributions P(ξi=αk)=αk
have unknown densities fk(x), k = 1,m. The exactness of

the approximation of the unknown density by the estimate f̂(x) =
m∑
k=1

Pkfk(x) obtained

by conditionally independent observations f̂n(x) is established x1, x2, . . . , xn.
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On Consistent Estimator of a Useful Signal in
Ornstein–Uhlenbeck Model in C[−l, l[

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

email: levanlabadze@yahoo.com

We consider a transmission process of a useful signal in Ornstein–Uhlenbeck stochastic
model in C[−l, l[ defined by the stochastic differential equation

dΨ(t, x, ω) =
2m∑
n=0

An
∂n

∂xn
Ψ(t, x, ω) dt+ σ dW (t, ω)

with initial condition:
Ψ(0, x, ω) = Ψ0(x) ∈ FD(0)[−l, l[ ,

where m ≥ 1, (An)0≤n≤2m ∈ R+ × R2m−1, ((t, x, ω) ∈ [0,+∞[×[−l, l[×Ω), σ ∈ R+,
C[−l, l[ is Banach space of all real-valued bounded continuous functions on [−l, l[ ,
FD(0)[−l, l[⊂ C[−l, l[ denotes the class of all real-valued bounded continuous functions
on [−l, l[ whose Fourier series converges to himself everywhere on [−l, l[ , (W (t, ω))t≥0 is
a Wiener process and Ψ0(x) is an useful signal.

By use a sequence of transformed signals (Zk)k∈N = (Ψ(t0, x, ωk))k∈N at moment t0 > 0,
consistent and infinite-sample consistent estimates of the useful signal Ψ0 is constructed
under assumption that parameters (An)0≤n≤2m and σ are known.

Pareto Efficiency and Achievable Distribution
Dali Magrakvelidze

Department of Computing Mathematics, Georgian Technical University
Tbilisi, Georgia

email: dali.magraqvelidze@gmail.com

It is interesting to answer the following question, how successfully achieves concurrent
market the Pareto efficiency. The distribution method is a Pareto efficient if there is
alternative distribution where no one will suffer, but even certain number of customers
condition will be improved. Pareto-efficiency can be described as the distribution, where
1. there is no ability to improve all’s condition; or 2. there are no ways to improve
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condition of any individual without worsening other individuals condition. Distribution
is achievable, if the total amount of consumptions of each product is equal to its total
number [1]: Here is some equation

x1A + x1B = ω1
A + ω1

b ,

x2A + x2B = ω2
A + ω2

B.

If we use differential calculus for description of Pareto efficiency distribution, the formula
of maximization will get the following form:

max
x1
A,x2

A,x1
B ,x2

B

UA(x
1
A, x

2
A),

when
uB(x

1
B, x

2
B) = ū, x1A + x = ω1; x2A + x2B = ω2.

we can solve this problem by composing Lagrangian, which will have such form:

L = uA(x
1
A, x

2
B)− λ

(
uB(x

1
B, x

2
B)− u

)
− µ(x1A + x1B − ω1)− µ2(x

2
A + x2B − ω2).

If we differentiate for each commodity and make some kind of transformations we will get:

MRSA =
∂uA/∂x

1
A

∂uA/∂x2A
=
µ1

µ2

,

MRSA =
∂uB/∂x

1
B

∂uB/∂x2B
=
µ1

µ2

.

Keywords: Pareto efficiency, distribution method, substitution marginal rate, Lag-
rangian.
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On the Norm Estimates of
Fourier Integrals Summability Means in

Weighted Grand Lebesgue Space on the Axis
Dali Makharadze1, Tsira Tsanava2

1Batumi Shota Rustaveli State University, Batumi, Georgia
email: dali−makharadze@mail.ru

2Georgian Technical University, Tbilisi, Georgia
email: tsanava@rmi.ge

Let 1 < p <∞, θ > 0. Weighted grand Lebesgue space on (−∞,∞) is defined as

Lp),θ
W (R1) =

{
f : ∥f∥Lp),θ

W

= sup
0<ε<p−1

(
εθ

+∞∫
−∞

|f(x)|p−εw(x)
(√

1 + |x2|
)−αε

dx

) 1
p−ε

< +∞
}
,

where α > p. For definition see [1, p. 800].
We assume that the weight w belongs to the well-known Cesàro Muckenhoupt class.
The goal of our talk is to present the uniform estimates in Lp),θ

W (−∞,∞) of the norms
Fourier integral’s Cesàro and Abel–Poisson summability means. The norm convergence
problems will be treated in some subspaces of aforementioned spaces. For the analogous
results in weighted Lebesgue spaces with variable exponent, we refer the readers to [2].

MSC 2000: 42B20, 47B38.
Keywords: Fourier integrals, weighted grand Lebesgue space.
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On Stochastic Differential Equation Driven
by the Cylindrical Wiener Process

Badri Mamporia
N. Muskhelishvili Institute of Computational Mathematics of the

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

We consider the problem of existence and uniqueness of the solution of the stochastic
differential equation driven by the cylindrical Wiener process. According to our approach,
We construct the corresponding stochastic differential equation in the space of the gen-
eralized random elements, find the generalized solution as a generalized random process
and the question of existence of the solution of the main equation in a Banach space we
reduce to the well known problem of decomposability of the generalized random elements
(see [1]).
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Liouville Type Theorems for First
Order Singular Systems

Nino Manjavidze1, George Makatsaria2, Tamaz Vekua3

1Department of Natural Sciences and Engineering, Ilia State University, Tbilisi, Georgia
email: nino.manjavidze@iliauni.edu.ge

2St. Andrew the First Called Georgian University, Tbilisi, Georgia
3Georgian Technical University, Tbilisi, Georgia

The present work deals with the interpretation of uniqueness theorem of the theory
of analytic functions, its generalization and some applications.
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Some Existence and Uniqueness Results for
Fractional Differential Equations with

Caputo–Fabrizio Derivative
H. R. Marasi

Department of Applied Mathematics, Faculty of Mathematical Sciences,
University of Tabriz, Tabriz, Iran

email: marasi@tabrizu.ac.ir

Compared with integer order, a significant feature of a fractional order differential
operator is its nonlocal behavior. In other words, the future state of a process described
by fractional derivative depends on its current state as well as its past states. Therefore,
by making use of differential equations of arbitrary order, one can describe the memory
and hereditary properties of various important materials and systems. So, in recent years
fractional differential equations have been paid of great interest and there appeared new
areas for applications of initial and boundary value problems of such equations. There
are different definitions for fractional derivative and recently some new definitions for
derivative of arbitrary order have been updated.

The new Caputo–Fabrizio fractional derivative, with no singular kernel, was defined
as the following
Definition 1. For a function f ∈ H1(a, b) the Caputo–Fabrizio derivative of fractional
order α ∈ [0, 1] is defined as

Dα
t (f(t)) =

(M(α)

1− α

) t∫
a

f ′(x) exp
[
− α

t− x

1− α

]
dx,

such that M(α) is a normalization function under the conditions M(0) =M(1) = 1.
Definition 2. The fractional arbitrary order integral of a function f ∈ H1(a, b) is defined
as follows

I tα(f(t)) =
2(1− α)

(2− α)M(α)
f(t) +

2α

(2− α)M(α)

t∫
0

f(s) ds, t ≥ 0.

Caputo–Fabrizio fractional derivative has many significant properties such as its ability in
describing matter heterogeneities and configurations with different scales. The existence
of solutions for nonlinear differential equations has been studied using the techniques of
nonlinear analysis such as fixed point results [1, 2] and stability.

In this paper, we consider the fractional differential equations via the new fractional
derivative of Caputo–Fabrizio and study some existence and uniqueness results for such
equations.
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Teaching a Concept
Ia Mebonia

Department of Exact Sciences, Georgian-American School, Tbilisi, Georgia
email: iamebonia@gmail.com

We use concepts for teaching any subject, often without even realizing if student ad-
equately perceives them or not. Usually concepts are the foundation on which further
knowledge is built, so the success of the teaching process is largely dependent on the
whether the perception of concept is correct or not. The author discusses different meth-
ods of teaching (specificity, generalization) and common mistakes that are made during
the teaching process, such as development of inappropriate perception in the mind of
student caused by limited number of samples; Analysis of sample schemes of hierarchical
characteristic features of concepts (cause and effect), specifics of using these schemes and
based on them the possible problems related to making alternative definitions; A sam-
ple of Concept Map isexamined, such as concepts’ visible succession scheme and didactic
peculiarities of its usage.
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Simulation of Air Pollutant Distribution Over the
Caucasus on the Bases of WRF-Chem Model

George Mikuchadze
National Environmental Agency of Georgia, Tbilisi, Georgia

email: gmikuchadze@gmail.com

This study evaluates the spatiotemporal distribution of dust over Caucasus region
using WRF-Chem model. The model runs in operational mode on GRENA’s High Per-
formance Computing (HPC) center. It makes 3-days forecast of mineral dust distribution
and creates maps for the distribution of the particles with 2.4um in diameter over the
Caucasus domain for the 4 different values of height with 1 hour pitch. For the initial
and boundary conditions the model uses Global Forecast System (GFS) model data.

Acknowledgment. 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).

Software of Distributed
Computing Network Monitoring and Analysis

Zurab Modebadze
Parliament of Georgia, IT department, Tbilisi, Georgia

email: zurab@tsu.ge

The brief description of programming for controlling and analyzing information about
functioning distributed computing network is presented. Operating in the menu mode
an administrator and engineer are consider a network temporary state, tracing map of
token and statistic of commands, used by users of the network. Using screen menu mode
of operation, the user can copy, rename, restore, find and change phrases, to print files.
The program could be easily transferred to any computer of CP/M operation system.
Operating in the menu mode, the user can specify a node architecture, the number of
ports to be serviced, and give parameters for the initial adjusting of the ports for specific
equipment. The user can set up a connection with the nodes hooked up to the computer,
load the programs prepared for the further debugging, look through, copy and modify the
files with the net software.
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A Characterization of Bigroups of Operations
Yu. M. Movsisyan

Department of Mathematics and Mechanics, Yerevan State University
Yerevan, Armenia

email: yurimovsisyan@yahoo.com

By analogy of bilattices [1]–[3] we consider the concepts of a bisemigroup, a bimonoid,
a De Morgan bisemigroup and a bigroup.

A bimonoid Q( · , ◦) with identity elements 0 (for operation ·) and 1 (for operation ◦)
is called a bigroup, if for every x ∈ Q:

0 ◦ x = 0, 1 · x = 1,

and the following conditions are valid:
(a) Q \ {1} is a group with an identity element 0 under the multiplication · ;
(b) Q \ {0} is a group with an identity element 1 under the multiplication ◦;

A bigroup of order > 3 is called non-trivial.
The set O(2)

p Q of all binary operations on the set Q is a bimonoid under the following
operations:

f · g(x, y) = f(x, g(x, y)), (1)
f ◦ g(x, y) = f(g(x, y), y), (2)

in which the identity elements are the identical operations δ22 and δ12,where δ12(x, y) = x,

and δ22(x, y) = y for all x, y ∈ Q. Any subset S ⊆ O
(2)
p Q which is closed under these

two operations is called a bisemigroup of operations (on the set Q). The bisemigroup of
operations (on the set Q) is called a bimonoid of operations (on the set Q) if it contains
the identical operations δ12 and δ22.

The bimonoid S of operations (on the set Q) is a bigroup, if both of the following
conditions are valid:

(c) S \ {δ12} is a group with an identity element δ22 under the multiplication (1);
(d) S \ {δ22} is a group with an identity element δ12 under the multiplication (2);

Such bigroup is called a bigroup of operations (on the set Q).
We give a local characterization of bigroups of operations.

Acknowledgement. This research is supported by the State Committee of Science
of the Republic of Armenia, grants: 10-3/1-41 and 15T-1A258.
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A Characterization of the Belousov Variety
Yu. M. Movsisyan1, M. A. Mando2

1Department of Mathematics and Mechanics, Yerevan State University
Yerevan, Armenia

email: movsisyan@ysu.am
2Al-Baath University, Syria

email: mandomufeed@yahoo.com

The concept of Belousov quasigroup and Belousov variety are introduced and it is
proved that the nontrivial Belousov quasigroup has at least five elements. The variety
of Belousov quasigroups is a subvariety of the Mikado variety. The Belousov variety has
a solvable word problem and is congruence-permutable. Every Belousov quasigroup of
prime order is a simple algebra. However the solution of the following problem is open:
to which loops are Belousov quasigroups isotopic?
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Numerical Solution of the
Non-Linear Biharmonic Equation for

Different Boundary Conditions
Zahir Muradoglu

Department of Mathematics, Kocaeli University, Kocaeli, Turkey
email: zahir@kocaeli.edu.tr

Biharmonic equation plays an important role in different scientific disciplines, but it
is difficult to solve due to the existing fourth order derivatives. They arise in several areas
of mechanics such as two dimensional theory of elasticity and the deformation of elastic
and elasto-plastic plates. The mathematical model related to elasto-plastic bending plate
can be written by the non-linear biharmonic equation.

Various approaches for the numerical solution of biharmonic equation have been con-
sidered in the literature over several decades. In this study, bending problem of the plate
which is an elasto-plastic and homogeneously isotropic incompressible features is studied.
The main purpose of this work is obtain numerical solution of the nonlinear biharmonic
equation corresponding to the bending problem of the elasto-plastic plate with different
boundary conditions by the finite difference method.

The study is contained that mathematical model of bending problem of non-linear
plate, its finite difference approach and numerical solution. To check the correctness of
the numerical solutions, a test function which is proved conditions of the problem is used.

The numerical results obtained by the computational experiments have interesting
aspects of both mathematical and engineering points of view. The presented numerical
examples show the effectiveness of the given approach.

Study on Meromorphic Functions Based
on Subordination

Shahram Najafzadeh
Department of Mathematics, Payame Noor University, Iran

email: najafzadeh1234@yahoo.ie

This paper investigates sharp coefficient bounds, integral representation, extreme
point, and operator properties of a certain class associated with functions which are mero-
morphic in the punctured unit disk.
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Amply Weak e-Supplemented Modules
Celil Nebiyev1, Hasan Hüseyin Ökten2

1Department of Mathematics, Ondokuz Mayis University
Kurupelit-Atakum/Samsun, Turkey

email: cnebiyev@omu.edu.tr
2Technical Sciences Vocational School, Amasya University, Amasya, Turkey

email: hokten@gmail.com

In this work, amply weak e-supplemented modules are defined and some properties of
these modules are investigated. It is proved that every factor module and every homo-
morphic image of a amply weak e-supplemented module are amply weak e-supplemented.
Definition. Let M be an R-module and U ≤ M . If for every V ≤ M such that
M = U + V , U has a weak supplement V ′ with V ′ ≤ V , we say U has ample weak
supplements in M . If every essential submodule of M has ample weak supplements in M ,
then M is called an amply weak e-supplemented module.
Lemma 1. Let M be an R-module. If every submodule of M is weakly e-supplemented,
then M is amply weak e-supplemented.
Lemma 2. Let R be any ring. Then every R-module is weakly e-supplemented if and
only if every R-module is amply weak e-supplemented.

2010 Mathematics Subject Classification. 16D10, 16D80.
Key words and phrases. Essential submodules, small submodules, radical, supple-

mented modules..
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ET -Small Submodules
Celil Nebiyev1, Hasan Hüseyin Ökten2

1Department of Mathematics, Ondokuz Mayis University, Kurupelit-Atakum
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Let M be an R-module and T ≤M . A submodule K of M is called ET -small in M ,
denoted by K ≪ET M , in case for any essential submodule X of M , T ≤ X +K implies
that T ≤ X. In this work, some properties of these submodules are investigated.
Proposition 1. Let M be an R-module and K ≤ M . Then K ≪EM M if and only if
K ≪e M .
Proposition 2. Let M be an R-module and K ≤ T ≤ M . Then K ≪ET M if and only
if K ≪e T .
Proposition 3. Let M be an R-module and T,K1, K2 ≤ M . If K1 ≪ET M and
K2 ≪ET M , then K1 +K2 ≪ET M .

2010 Mathematics Subject Classification. 16D10, 16D80.
Key words and phrases. Essential sumbodules, small submodules, T -small sub-

modules, e-small submodules.
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A Generalization of a Relation Between Means
Alexandra Nikoleishvili1, Mikheil Nikoleishvili2,3, Vaja Tarieladze2,4

1Department of Mathematics of the First Public School of Samtredia
Semtredia, Georgia

2N. Muskhelishvili Institute of Computational Mathematics of the
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Tbilisi, Georgia
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Let n > 1, x1, . . . , xn be natural numbers, x1 + · · · + xn = L, let also L = nq + r,
where q is a natural number and 0 ≤ r < n is an integer. Then we have

x1 · · ·xn ≤ (1 + q)rqn−r

and the equality takes place if and only if |xi − xj| ∈ {0, 1} for i, j = 1, . . . , n.
In case when L is not divisible on n (i.e. r ̸= 0) this inequality is a refinement of

classic mean-arithmetic–mean-geometric inequality. A verification of this, even for cases
n = 2 or n = 3, would be a good exercise for the pupils interested in mathematics.

The talk is based on [1].
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About the Mathematical Model of Progression and
Treatment of Autoimmune Diseases

Kakhaber Odisharia1, Paata Tsereteli1, Vladimer Odisharia2,
Nona Janikashvili3

1Informatics, Mathematics and Natural Sciences School, St. Andrew the First-Called
Georgian University of Patriarchate of Georgia, Tbilisi, Georgia

email: k.odisharia@gmail.com; paata.tsereteli@gmail.com
2Department of Mathematics, Faculty of Exact and Natural Sciences,

I. Javakhishvili Tbilisi State University, Tbilisi, Georgia
email: vodisharia@yahoo.com

3Department of Immunology, Faculty of Medicine, Tbilisi State Medical University
Tbilisi, Georgia

email: nonajanikashvili@gmail.com

The model-based investigation of diseases is complex and evolving field. We herein
report about our attempt to establish the mathematical model and its computational
implementation for autoimmune diseases. Mathematical models of immune mediated
disorders provide an analytic framework in which we can address specific questions con-
cerning disease immune dynamics and the choice of treatment. Such models are actively
reported in the field of tumor immunology and immunotherapy by de Phillis et al [1],
[2]. At the last conference we presented mathematical model of rheumatoid arthritis. We
generalized the mode for all autoimmune diseases and consider rheumatoid arthritis as a
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particular case

dJ(t)

dt
= r0J(t)(1− b0J(t))− a0J(t)(B(t)−Bnorm),

dB(t)

dt
= r1B(t)(1− b1B(t)) + c1B(t)Th(t)− d1B(t)Treg(t),

dTh(t)

dt
= r2Th(t)(1− b2Th(t)),

dTreg(t)

dt
= s2 − d2Treg(t).

Now we present generalized and improved model. Improvement includes estimation
of model coefficients and the software that solves the Cauchy problem for this system and
visualizes the obtained solution is developed. We also add drug component to the model.
Solutions can be obtained for the case of each individual patient to decipher the disease
progress and the absence of disease.
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Numerical Computation of the Kirchhoff type
Nonlinear Static Beam Equation by

Iterative Method
Archil Papukashvili1,2, Zurab Vashakidze1,2

1I. Vekua Institute of Applied Mathematics of I. Javakhishvili Tbilisi State University
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Let us consider the nonlinear beam equation

u′′′′(x)−m

( l∫
0

u′
2
(x) dx

)
u′′(x) = f(x, u(x), u′(x)), 0 < x < l, (1)

with the conditions
u(0) = u(l) = 0, u′′(0) = u′′(l) = 0. (2)

Here u = u(x) is the displacement function of length l of the beam subjected to the
action of a force given by the function f(x, u(x), u′(x)), the function m(z),

m(z) ≥ α > 0, 0 ≤ z <∞, (3)

describes the type of a relation between stress and strain.
The questions of the solvability of problem (1), (2) is studied in [1], while the problem

construction of numerical algorithms and estimation of their accuracy is investigated in
[2], [3]. In the present paper, in order to obtain an approximate solution of the problem
(1), (2) an approach is used, which differs from those applied in the above-mentioned
references. It consists in reducing the problem (1), (2) by means of Green’s function to a
nonlinear integral equation, to solve with we use the iterative process. The condition for
the convergence of the method is established and numerical realization is obtained. The
algorithm has been approved tests and the results of recounts are represented in graphics.

The authors express hearing thanks to Prof. J. Peradze for his active help in problem
statement.
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Numerical Calculations of the
Timoshenko Type Dynamic Beam

Nonlinear Integro-Differential Equation
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Let us consider the nonlinear equation

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)

with the initial boundary conditions

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)

Here α, γ, ρ, σ, β and δ are given constants, among which the first four are pos-
itive numbers, while u0(x) ∈ W 2

2 (0, L) and u1(x) ∈ L2(0, L) are given functions such
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that u0(0) = u1(0) = u0(L) = u1(L) = 0. We suppose that there exits a solution
u(x, t) ∈ W 2

2 ((0, L) × (0, T )) of problem (1), (2). The equation (1) obtained by J. Ball
[1] using the Timoshenko theory describes the vibration of a beam. Solution of prob-
lem (1), (2) is founded by means of an algorithm, the constituent parts of which are the
Galerkin method, an implicit symmetric difference scheme and Jacobi iterative method
(see [2]). For approximate solving boundary value problem (1), (2) the some of programs
in algorithm language Maple is composed and many numerical experiments are carried
out.

The author express hearing thanks to Prof. J. Peradze for his active help in problem
statement and solving.
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We 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)
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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 given sufficiently smooth functions.

Equation (1) obtained by J. M. Ball [1] using the Timoshenko theory describes the
vibration of the beam. To approximate the solution of problem (1), (2) with respect to a
time variable a difference scheme is used and its error is estimated.
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Let T be a unit circle in the complex plane z, and let D+ and D− be the interior and
exterior domains, respectively bounded by the curve T . Also, ρ(t) =

m∏
k=1

|t− tk|αk , where
tk ∈ T and αk, k = 1, . . . ,m, are arbitrary real numbers.

The Dirichlet boundary value problem is investigated in the following setting:
Problem D. Let f be a real-valued, measurable on T function from the class L1(ρ).
Determine an analytic in D+ function Φ(z) to satisfy the boundary condition:

lim
r→1−0

∥∥ReΦ(rt)− f(t)
∥∥
L1(ρr)

= 0.

With the famous transformation this problem is reduced to Riemann boundary value
problem which is investigated in the work [1].

1. On the general solution of the homogeneous problem

(a) If N > −1, then the general solution of the homogeneous Problem D can be repre-
sented in the form:

Φ0(z) =
1

Π(z)
(c0z

N + c1z
N−1 + · · ·+ cN),
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where numbers {cl}Nl=0 satisfy the following condition:

(−1)N+1cl

m∏
k=1

tnk
k = cN−l, l = 0, 1, . . . , N.

(b) If N ≤ −1, then the homogeneous problem has only trivial solution.

2. On the general solution of Dirichlet problem

The general solution is given in the form Φ(z) = Ω(f, z) + Φ0(z), where

Ω(f, z) =
1

πiΠ(z)

(∫
T

f(t)(tN + zN)Π(t)

tN(t− z)
dt−

∫
T

f(t)Π(t)

tN+1
dt

)
.

Besides, in the case N ≤ −1 there are given necessary and sufficient conditions for solva-
bility of the problem.
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ÄÍÏÁÒÉÅÉ ÒÄÓÖÒÓÄÁÉÈÀ ÃÀ ÔÄØÍÏËÏÂÉÄÁÉÈ
ØÀÒÈÖËÉ ÄÍÉÓ ÓÒÖËÉ ÖÆÒÖÍÅÄËÚÏ×ÉÓ

ÄÒÈÉÀÍÉ ÂÄÂÌÉÓ ÐÉÒÅÄËÉ ÊÏÍÝÄÐÔÖÀËÖÒÉ ÌÏÍÀáÀÆÉ
ÊÏÍÓÔÀÍÔÉÍÄ ×áÀÊÀÞÄ, ÌÄÒÀÁ ÜÉØÅÉÍÉÞÄ, ÂÉÏÒÂÉ ÜÉÜÖÀ, ÃÀÅÉÈ ÊÖÒÝáÀËÉÀ,

ÛÀËÅÀ ÌÀËÉÞÄ

ÓÀØÀÒÈÅÄËÏÓ ÔÄØÍÉÊÖÒÉ ÖÍÉÅÄÒÓÉÔÄÔÉ, ØÀÒÈÖËÉ ÄÍÉÓ ÔÄØÍÏËÏÂÉÆÄÁÉÓ
ÓÀÓßÀÅËÏ-ÓÀÌÄÝÍÉÄÒÏ ÝÄÍÔÒÉ, ÈÁÉËÉÓÉ, ÓÀØÀÒÈÅÄËÏ
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ØÀÒÈÖËÉ ÄÍÉÓ ÔÄØÍÏËÏÂÉÆÄÁÉÓ ÝÄÍÔÒÉÓ ÂÒÞÄËÅÀÃÉÀÍÉ ÐÒÏÄØÔÉÓ „ØÀÒÈÖËÉ ÄÍÉÓ
ÔÄØÍÏËÏÂÉÖÒÉ ÀÍÁÀÍÉ“ [1] ÌÉÆÀÍÉÀ ØÀÒÈÖËÉ ÌÏÀÆÒÏÅÍÄ, ÌÏÓÀÖÁÒÄ ÃÀ ÌÈÀÒÂÌÍÄËÉ
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ÓÉÓÔÄÌÉÓ ÀÂÄÁÀ, ÒÀÝ ÀÖÝÉËÄÁËÏÁÉÈ ÉÈáÏÅÓ ÃÀ, ÀÂÒÄÈÅÄ, ÈÉÈØÌÉÓ ÖÔÏËÃÄÁÀ ØÀÒÈÖËÉ
ÖÍÉÅÄÒÓÀËÖÒÉ àÊÅÉÀÍÉ ÊÏÒÐÖÓÉÓ ÓÒÖËÉ ÅÄÒÓÉÉÓ ÀÂÄÁÀÓ.

ÀÌÀÓÈÀÍ, ÆÄÌÏÀÙÍÉÛÍÖËÉ ÄÍÏÁÒÉÅÉ ÒÄÓÖÒÓÄÁÉÈÀ ÃÀ ÔÄØÍÏËÏÂÉÄÁÉÈ ØÀÒÈÖËÉ
ÄÍÉÓ ÓÒÖË ÖÆÒÖÍÅÄËÚÏ×ÀÓ ÍÉÛÍÀÅÓ. ÀÌÂÅÀÒÀÃ, ÉÌ ÂÀÌÏÝÃÉËÄÁÉÓ ÂÀÈÅÀËÉÓßÉÍÄÁÉÈ,
ÒÀÝ 2012–2017 ßËÄÁÛÉ ÐÒÏÄØÔÉÓ „ØÀÒÈÖËÉ ÄÍÉÓ ÔÄØÍÏËÏÂÉÖÒÉ ÀÍÁÀÍÉ“ ×ÀÒÂËÄÁÛÉ
ßÀÒÌÏÄÁÖËÉ ÊÅËÄÅÄÁÉÈÀ ÃÀ ÀÌ ÊÅËÄÅÄÁÉÓ ÀÒÀÖÌÍÉÛÅÍÄËÏ ÛÄÃÄÂÄÁÉÈ ÃÀÂÒÏÅÃÀ [2],
[3], ÌÏáÓÄÍÄÁÉÓÀÓ ßÀÒÌÏÅÀÃÂÄÍÈ ÄÍÏÁÒÉÅÉ ÒÄÓÖÒÓÄÁÉÈÀ ÃÀ ÔÄØÍÏËÏÂÉÄÁÉÈ ØÀÒÈÖËÉ
ÄÍÉÓ ÓÒÖËÉ ÖÆÒÖÍÅÄËÚÏ×ÉÓ ÄÒÈÉÀÍÉ ÂÄÂÌÉÓ ÐÉÒÅÄË ÊÏÍÝÄÐÔÖÀËÖÒ ÌÏÍÀáÀÆÓ. ÀØÅÄ
ÛÄÅÍÉÛÍÀÅÈ, ÒÏÌ ÄÓ ÊÏÍÝÄÐÔÖÀËÖÒÉ ÌÏÍÀáÀÆÉ ÓÒÖË ÈÀÍÌÈáÅÄÅÀÛÉÀ [2]-[5]:

1. ÓÀáÄËÌßÉ×Ï ÄÍÉÓ ÛÄÓÀáÄÁ ÓÀØÀÒÈÅÄËÏÓ ÊÀÍÏÍÉÓ 37-Ä ÌÖáËÉÓ ÌÄ-3 ÐÖÍØÔÈÀÍ,
ÒÏÌËÉÓ ÈÀÍÀáÌÀÃÀÝ „ÓÀáÄËÌßÉ×Ï ÄÍÉÓ ÄÒÈÉÀÍÉ ÐÒÏÂÒÀÌÀ“ ÖÍÃÀ ÉÈÅÀËÉÓ-
ßÉÍÄÁÃÄÓ „ØÀÒÈÖËÉ ÄÍÉÓ ÓÒÖË ÔÄØÍÏËÏÂÉÖÒ ÖÆÒÖÍÅÄÚÏ×ÀÓ“;

2. ÓÀØÀÒÈÅÄËÏÓ ÌÄÝÍÉÄÒÄÁÀÈÀ ÄÒÏÅÍÖËÉ ÀÊÀÃÄÌÉÉÓ ÀÊÀÃÄÌÉÖÒÉ ÓÀÁàÏÓ 2015 ßËÉÓ
29 ÌÀÉÓÉÓ № 28 ÃÀÃÂÄÍÉËÄÁÉÈ ÛÄØÌÍÉË „ØÀÒÈÖËÉ ÔÄØÓÔÖÒÉ ÁÀÆÄÁÉÓ ÔÄØÍÏ-
ËÏÂÉÖÒÉ ÖÆÒÖÍÅÄËÚÏ×ÉÓ ÞÉÒÉÈÀÃÉ ÐÒÉÍÝÉÐÄÁÉÓ ÛÄÌÌÖÛÀÅÄÁÄËÉ ÓÀÊÏÍÓÖË-
ÔÀÝÉÏ ÓÀÁàÏÓ“ ÌÉÆÍÄÁÈÀÍ.
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ØÀÒÈÖËÉ àÊÅÉÀÍÉ ÊÏÒÐÖÓÉ -
ÖÊÅÄ ÌÉÙßÄÖËÉ ÛÄÃÄÂÄÁÉÓÀ ÃÀ ÌÉÓÀÙßÄÅÉ

ÌÉÆÍÄÁÉÓ ÆÏÂÀÃÉ ÌÉÌÏáÉËÅÀ
ÊÏÍÓÔÀÍÔÉÍÄ ×áÀÊÀÞÄ, ÌÄÒÀÁ ÜÉØÅÉÍÉÞÄ, ÂÉÏÒÂÉ ÜÉÜÖÀ, ÃÀÅÉÈ ÊÖÒÝáÀËÉÀ,

ÉÍÄÆÀ ÁÄÒÉÀÛÅÉËÉ, ÛÀËÅÀ ÌÀËÉÞÄ

ÓÀØÀÒÈÅÄËÏÓ ÔÄØÍÉÊÖÒÉ ÖÍÉÅÄÒÓÉÔÄÔÉ, ØÀÒÈÖËÉ ÄÍÉÓ ÔÄØÍÏËÏÂÉÆÄÁÉÓ
ÓÀÓßÀÅËÏ-ÓÀÌÄÝÍÉÄÒÏ ÝÄÍÔÒÉ, ÈÁÉËÉÓÉ, ÓÀØÀÒÈÅÄËÏ
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ÓÔÖ ØÀÒÈÖËÉ ÄÍÉÓ ÔÄØÍÏËÏÂÉÆÄÁÉÓ ÝÄÍÔÒÉÓ ÂÒÞÄËÅÀÃÉÀÍÉ ÐÒÏÄØÔÉÓ „ØÀÒÈÖËÉ
ÄÍÉÓ ÔÄØÍÏËÏÂÉÖÒÉ ÀÍÁÀÍÉ“ [1] ÏÒßËÉÀÍÉ ØÅÄÐÒÏÄØÔÉÓ „ÊÉÃÄÅ ÄÒÈÉ ÍÀÁÉãÉ ÌÏÓÀÖÁÒÄ
ØÀÒÈÖËÉ ÈÅÉÈÂÀÍÅÉÈÀÒÄÁÀÃÉ ÉÍÔÄËÄØÔÖÀËÖÒÉ ÊÏÒÐÖÓÉÓÀÊÄÍ“ ×ÀÒÂËÄÁÛÉ ÛÏÈÀ ÒÖÓÈÀ-
ÅÄËÉÓ ÄÒÏÅÍÖËÉ ÓÀÌÄÝÍÉÄÒÏ ×ÏÍÃÉÓ №AR/122/4-105/14 ÓÀÂÒÀÍÔÏ ÌáÀÒÃÀàÄÒÉÈ ÌÉÌ-
ÃÉÍÀÒÄ ÊÅËÄÅÄÁÉÈ ÛÄÌÖÛÀÅÃÀ ØÀÒÈÖËÉ ÉÍÔÄËÄØÔÖÀËÖÒÉ ÅÄÁ-ÊÏÒÐÖÓÉ, ÓáÅÀ ÓÉÔÚÅÄÁÉÈ,
ØÀÒÈÖËÉ àÊÅÉÀÍÉ ÊÏÒÐÖÓÉ [2], ÒÏÌÄËÉÝ, ÌÉÖáÄÃÀÅÀÃ ÉÌÉÓÀ, ÒÏÌ ×ÀÓÃÄÁÀ ØÀÒÈÖËÉ
(ÖÍÉÅÄÒÓÀËÖÒÉ) àÊÅÉÀÍÉ ÊÏÒÐÖÓÉÓ ÀÂÄÁÉÓ ÌÉÌÀÒÈÖËÄÁÉÈ ÂÀÃÀÃÂÌÖË ãÄÒ ÌáÏËÏÃ
ÐÉÒÅÄËÉ ÍÀÁÉãÀÃ ÖÊÅÄ ÀÒÉÓ:

1. ØÀÒÈÖËÉ ÄÍÉÓ ÚÅÄËÀÆÄ ÌÏÝÖËÏÁÉÈÉ ÊÏÒÐÖÓÉ. ÄÓ ÚÏÅÄËßÖÈÉÄÒ ÀÅÔÏÌÀÔÖÒÀÃ
ÂÀÍÅÉÈÀÒÄÁÀÃÉ ÊÏÐÒÖÓÉ ãÀÌÖÒÀÃ ÖÊÅÄ ÛÄÉÝÀÅÓ 258 ÌÉËÉÏÍ ÓÉÔÚÅÀ-ÔÏÊÄÍÆÄ ÌÄÔÓ,
ÒÏÌÄËÈÀÍÂÀÍ 4 ÌÉËÉÏÍÆÄ ÌÄÔÉ ÂÀÍÓáÅÀÅÄÁÖËÉÀ;

2. ÔÄØÍÏËÏÂÉÖÒÀÃ ÚÅÄËÀÆÄ Ö×ÒÏ ÌÄÔÀÃ ÌáÀÒÃÀàÄÒÉËÉ ØÀÒÈÖËÉ ÊÏÒÐÖÓÉ. ÂÀÒÃÀ
ÊÏÒÐÖÓÉÓ ÀÅÔÏÌÀÔÖÒÀÃ ÂÀÍÌÀÅÉÈÀÒÄÁÄËÉ ÉÍÔÄËÄØÔÖÀËÖÒÉ ÉÍÓÔÒÖÌÄÍÔÄÁÉÓÀ,
ÌÀÓÛÉ ÜÀÃÂÌÖËÉ ÓÀáÉÈ ÖÊÅÄ ×ÖÍØÝÉÏÍÉÒÄÁÓ ÌÈÄËÉ ÒÉÂÉ ØÀÒÈÖËÉ ÖÍÉÊÀËÖÒÉ
ÓÉÓÔÄÌÄÁÉ ÄÍÏÁÒÉÅÉ ÔÄØÍÏËÏÂÉÄÁÉÓ ÉÓÄÈÉ ÞÉÒÉÈÀÃÉ ÌÉÌÀÒÈÖËÄÁÄÁÉÈ, ÒÏÂÏÒÉ-
ÝÀÀ ÔÄØÓÔÉÓ ÀÍÀËÉÆÉ, ÌÄÔÚÅÄËÄÁÉÓ ÃÀÌÖÛÀÅÄÁÀ, ÀÅÔÏÌÀÔÖÒÉ ÈÀÒÂÌÀÍÉ, ÃÉÀËÏÂÖÒÉ
ÖÒÈÉÄÒÈÏÁÄÁÉ, ÄÒÈÄÍÏÅÀÍÉ/ÌÒÀÅÀËÄÍÏÅÀÍÉ ÊÏÌÖÍÉÊÀÝÉÀ ÃÀ ÓßÀÅËÀ-ÓßÀÅËÄÁÀ.

ÀÌÂÅÀÒÀÃ, ÌÏáÓÄÍÄÁÉÓÀÓ ÆÏÂÀÃÀÃ ÌÉÌÏÅÉáÉËÀÅÈ ØÀÒÈÖË àÊÅÉÀÍ ÊÏÐÒÖÓÓÀ ÃÀ
ÌÀÓÛÉ ÜÀÃÂÌÖË ÔÄØÍÏËÏÂÉÖÒ ÓÉÓÔÄÌÄÁÓ. ÀÓÄÅÄ, ÌÏÊËÄÃ ßÀÒÌÏÅÀÃÂÄÍÈ ØÀÒÈÖËÉ
àÊÅÉÀÍÉ ÊÏÒÐÖÓÉÓ ÈÄÏÒÉÖË ÓÀ×ÖÞÅËÄÁÓÀ ÃÀ ÌÉÓÉ ÛÄÌÃÂÏÌÉ ÂÀÍÅÉÈÀÒÄÁÉÓ ÌÉÆÍÄÁÓÀ ÃÀ
ÌÉÌÀÒÈÖËÄÁÄÁÓ [2], [3].
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21-Ä ÓÀÖÊÖÍÉÓ ÂÀÌÏßÅÄÅÄÁÉ“ ÛÒÏÌÄÁÉ, 2013, 95-102.
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[2] Ê. ×áÀÊÀÞÄ, Ì. ÜÉØÅÉÍÉÞÄ, Â. ÜÉÜÖÀ, Ã. ÊÖÒÝáÀËÉÀ, É. ÁÄÒÉÀÛÅÉËÉ, Û. ÌÀËÉÞÄ,
ØÀÒÈÖËÉ ÉÍÔÄËÄØÔÖÀËÖÒÉ ÅÄÁ-ÊÏÒÐÖÓÉ: ÌÉÆÍÄÁÉ, ÌÄÈÏÃÄÁÉ, ÒÄÊÏÌÄÍÃÀÝÉÄÁÉ,
ÂÀÌÏÉÝÀ ÓÀØÀÒÈÅÄËÏÓ ÔÄØÍÉÊÖÒÉ ÖÍÉÅÄÒÓÉÔÄÔÉÓ ØÀÒÈÖËÉ ÄÍÉÓ ÔÄØÍÏËÏÂÉÆÄÁÉÓ
ÓÀÓßÀÅËÏ-ÓÀÌÄÝÍÉÄÒÏ ÝÄÍÔÒÉÓ ÓÀÌÄÝÍÉÄÒÏ-ÓÀÂÀÍÌÀÍÀÈËÄÁËÏ ÑÖÒÍÀËÉÓ „ØÀÒÈÖ-
ËÉ ÄÍÀ ÃÀ ËÏÂÉÊÀ“ ÃÀÌÀÔÄÁÉÓ ÓÀáÉÈ, (2017), 4-320.

[3] Ê. ×áÀÊÀÞÄ, Ì. ÜÉØÅÉÍÉÞÄ, Â. ÜÉÜÖÀ, Ã. ÊÖÒÝáÀËÉÀ, À. ÌÀÓáÀÒÀÛÅÉËÉ, ØÀÒÈÖËÉ
ÄÍÉÓ ËÏÂÉÊÖÒÉ ÂÒÀÌÀÔÉÊÀ: ÓÀ×ÖÞÅËÄÁÉ ÃÀ ÂÀÌÏÚÄÍÄÁÄÁÉ - I ÍÀßÉËÉ, ÑÖÒÍÀËÉ
„ØÀÒÈÖËÉ ÄÍÀ ÃÀ ËÏÂÉÊÀ“, № 9, 2015-2016, 4–128.

ÐÒÏÄØÔÉ „ØÀÒÈÖËÉ ÄÍÉÓ ÔÄØÍÏËÏÂÉÖÒÉ ÀÍÁÀÍÉ“
ÀÍÖ ØÀÒÈÖËÉ àÊÅÉÀÍÉ ÊÏÒÐÖÓÉÓ ÓÀÝÃÄËÉ

ÅÄÒÓÉÉÃÀÍ ØÀÒÈÖËÉ (ÖÍÉÅÄÒÓÀËÖÒÉ) àÊÅÉÀÍÉ
ÊÏÐÒÖÓÉÓ ÓÒÖË ÅÄÒÓÉÀÌÃÄ

ÊÏÍÓÔÀÍÔÉÍÄ ×áÀÊÀÞÄ, ÌÄÒÀÁ ÜÉØÅÉÍÉÞÄ, ÂÉÏÒÂÉ ÜÉÜÖÀ, ÃÀÅÉÈ ÊÖÒÝáÀËÉÀ,
ÛÀËÅÀ ÌÀËÉÞÄ

ÓÀØÀÒÈÅÄËÏÓ ÔÄØÍÉÊÖÒÉ ÖÍÉÅÄÒÓÉÔÄÔÉ, ØÀÒÈÖËÉ ÄÍÉÓ ÔÄØÍÏËÏÂÉÆÄÁÉÓ
ÓÀÓßÀÅËÏ-ÓÀÌÄÝÍÉÄÒÏ ÝÄÍÔÒÉ, ÈÁÉËÉÓÉ, ÓÀØÀÒÈÅÄËÏ

ÄË. ×ÏÓÔÉÓ ÌÉÓÀÌÀÒÈÉ: gllc.ge@gmail.com

ÓÔÖ ØÀÒÈÖËÉ ÄÍÉÓ ÔÄØÍÏËÏÂÉÆÄÁÉÓ ÝÄÍÔÒÉÓ ÂÒÞÄËÅÀÃÉÀÍÉ ÐÒÏÄØÔÉÓ „ØÀÒÈÖËÉ
ÄÍÉÓ ÔÄØÍÏËÏÂÉÖÒÉ ÀÍÁÀÍÉ“ [1] ØÅÄÐÒÏÄØÔÉÈ „ÊÉÃÄÅ ÄÒÈÉ ÍÀÁÉãÉ ÌÏÓÀÖÁÒÄ ØÀÒÈÖËÉ
ÈÅÉÈÂÀÍÅÉÈÀÒÄÁÀÃÉ ÉÍÔÄËÄØÔÖÀËÖÒÉ ÊÏÒÐÖÓÉÓÀÊÄÍ“ [2] ÛÄÌÖÛÀÅÃÀ ØÀÒÈÖËÉ ÉÍÔÄËÄØ-
ÔÖÀËÖÒÉ ÅÄÁ-ÊÏÒÐÖÓÉÓ, ÓáÅÀ ÓÉÔÚÅÄÁÉÈ, ØÀÒÈÖËÉ àÊÅÉÀÍÉ ÊÏÒÐÖÓÉÓ ÐÉÒÅÄËÉ ÓÀÝÃÄËÉ
ÅÄÒÓÉÀ. ÀÌÀÅÄ ÂÒÞÄËÅÀÃÉÀÍÉ ÐÒÏÄØÔÉÓ ÊÉÃÄÅ ØÅÄÐÒÏÄØÔÉ „ØÀÒÈÖËÉ ÄÍÉÈ ÄÅÒÏÊÀÅÛÉÒÛÉ
ÀÍÖ ÓÀÃÏØÔÏÒÏ ÈÄÌÀ - ØÀÒÈÖËÉ àÊÅÉÀÍÉ ÊÏÒÐÖÓÉÓ ÀáÀËÉ ÂÀÍÌÀÅÉÈÀÒÄÁÄËÉ ÉÍÓÔÒÖ-
ÌÄÍÔÄÁÉÓÀ ÃÀ ÌÄÈÏÃÄÁÉÓ ÛÄÌÖÛÀÅÄÁÀ ÃÀ ÀÒÓÄÁÖËÈÀ ÂÀÖÌãÏÁÄÓÄÁÀ“ [3] ÌÉÆÍÀÃ ÉÓÀáÀÅÓ
ÖÊÅÄ ÀÒÓÄÁÖËÉ ØÀÒÈÖËÉ àÊÅÉÀÍÉ ÊÏÒÐÖÓÉÓ ÂÀ×ÀÒÈÏÄÁÉÓÀ ÃÀ ÂÀÞËÉÄÒÄÁÉÓ ÂÆÉÈ
ØÀÒÈÖËÉ (ÖÍÉÅÄÒÓÀËÖÒÉ) àÊÅÉÀÍÉ ÊÏÒÐÖÓÉÓ ÓÀÝÃÄËÉ ÅÄÒÓÉÉÓ ÀÂÄÁÀÓ. ÀÌÀÓÈÀÍ,
ÐÒÏÄØÔÉÈ „ØÀÒÈÖËÉ ÄÍÉÓ ÔÄØÍÏËÏÂÉÖÒÉ ÀÍÁÀÍÉ“ ÃÀÓÀáÖËÉ ÌÉÆÍÉÓ ÌÉÙßÄÅÀ ÀÍÖ
ØÀÒÈÖËÉ ÌÏÀÆÒÏÅÍÄ, ÌÏÓÀÖÁÒÄ ÃÀ ÌÈÀÒÂÌÍÄËÉ ÓÉÓÔÄÌÉÓ ÀÂÄÁÀ ÀÖÝÉËÄÁËÏÁÉÈ ÉÈáÏÅÓ
ÃÀ, ÀÂÒÄÈÅÄ, ÈÉÈØÌÉÓ ÖÔÏËÃÄÁÀ ØÀÒÈÖËÉ ÖÍÉÅÄÒÓÀËÖÒÉ àÊÅÉÀÍÉ ÊÏÒÐÖÓÉÓ ÓÒÖËÉ
ÅÄÒÓÉÉÓ ÀÂÄÁÀÓ.

ÀÌÂÅÀÒÀÃ, ÌÏáÓÄÍÄÁÉÓÀÓ ÌÉÌÏÅÉáÉËÀÅÈ ØÀÒÈÖËÉ ÄÍÉÓ ËÏÂÉÊÖÒÉ ÂÒÀÌÀÔÉÊÉÓ ×ÀÒ-
ÂËÄÁÛÉ ÛÄÌÖÛÀÅÄÁÖË ÉÌ ÂÆÄÁÓÀ ÃÀ ÌÄÈÏÃÄÁÓ, ÒÀÝ ÜÅÄÍ ÌÉÂÅÉÚÅÀÍÓ ØÀÒÈÖËÉ àÊÅÉÀÍÉ
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ÊÏÒÐÖÓÉÓ ÖÊÅÄ ÀÒÓÄÁÖËÉ ÓÀÝÃÄËÉ ÅÄÒÓÉÉÃÀÍ ÀÌÀÅÄ ÊÏÒÐÖÓÉÓ ÓÒÖË ÅÄÒÓÉÀÌÃÄ, ÒÀÝ,
ÌÈËÉÀÍÏÁÀÛÉ, ÈÉÈØÌÉÓ ÖÆÒÖÍÅÄËÚÏ×Ó ÒÏÂÏÒÝ ÂÒÞÄËÅÀÃÉÀÍÉ ÐÒÏÄØÔÉÈ „ØÀÒÈÖËÉ
ÄÍÉÓ ÔÄØÍÏËÏÂÉÖÒÉ ÀÍÁÀÍÉ“ ÃÀÓÀáÖËÉ ÌÉÆÍÉÓ ÌÉÙßÄÅÀÓ, ÉÓÄ ØÀÒÈÖËÉ ÄÍÉÓ ÃÀÝÅÀÓ
ÝÉ×ÒÖËÉ ÊÅÃÏÌÉÓ ÓÀ×ÒÈáÉÓÂÀÍ.

ËÉÔÄÒÀÔÖÒÀ

[1] Ê. ×áÀÊÀÞÄ, ØÀÒÈÖËÉ ÄÍÉÓ ÔÄØÍÏËÏÂÉÖÒÉ ÀÍÁÀÍÉ - XXI ÓÀÖÊÖÍÉÓ ÄÒÈ-ÄÒÈÉ
ÖÌÈÀÅÒÄÓÉ ØÀÒÈÖËÉ ÂÀÌÏßÅÄÅÀ, ÓÀÐÀÒËÀÌÄÍÔÏ ÊÏÍ×ÄÒÄÍÝÉÉÓ „ØÀÒÈÖËÉ ÄÍÀ -
21-Ä ÓÀÖÊÖÍÉÓ ÂÀÌÏßÅÄÅÄÁÉ“ ÛÒÏÌÄÁÉ, 2013, 95-102.

[2] Ê. ×áÀÊÀÞÄ, Ì. ÜÉØÅÉÍÉÞÄ, Â. ÜÉÜÖÀ, Ã. ÊÖÒÝáÀËÉÀ, É. ÁÄÒÉÀÛÅÉËÉ, Û. ÌÀËÉÞÄ,
ØÀÒÈÖËÉ ÉÍÔÄËÄØÔÖÀËÖÒÉ ÅÄÁ-ÊÏÒÐÖÓÉ: ÌÉÆÍÄÁÉ, ÌÄÈÏÃÄÁÉ, ÒÄÊÏÌÄÍÃÀÝÉÄÁÉ,
ÂÀÌÏÉÝÀ ÓÀØÀÒÈÅÄËÏÓ ÔÄØÍÉÊÖÒÉ ÖÍÉÅÄÒÓÉÔÄÔÉÓ ØÀÒÈÖËÉ ÄÍÉÓ ÔÄØÍÏËÏÂÉÆÄÁÉÓ
ÓÀÓßÀÅËÏ-ÓÀÌÄÝÍÉÄÒÏ ÝÄÍÔÒÉÓ ÓÀÌÄÝÍÉÄÒÏ-ÓÀÂÀÍÌÀÍÀÈËÄÁËÏ ÑÖÒÍÀËÉÓ „ØÀÒÈÖ-
ËÉ ÄÍÀ ÃÀ ËÏÂÉÊÀ“ ÃÀÌÀÔÄÁÉÓ ÓÀáÉÈ, (2017), 4-320.

[3] Û. ÌÀËÉÞÄ, Ê. ×áÀÊÀÞÄ, Ì. ÜÉØÅÉÍÉÞÄ, Â. ÜÉÜÖÀ, Ã. ÊÖÒÝáÀËÉÀ, ÓÀÐÒÏÄØÔÏ
ßÉÍÀÃÀÃÄÁÉÓ, „ØÀÒÈÖËÉ ÄÍÉÈ ÄÅÒÏÊÀÅÛÉÒÛÉ ÀÍÖ ÓÀÃÏØÔÏÒÏ ÈÄÌÀ - ØÀÒÈÖËÉ
àÊÅÉÀÍÉ ÊÏÒÐÖÓÉÓ ÀáÀËÉ ÂÀÍÌÀÅÉÈÀÒÄÁÄËÉ ÉÍÓÔÒÖÌÄÍÔÄÁÉÓÀ ÃÀ ÌÄÈÏÃÄÁÉÓ ÛÄÌÖÛÀ-
ÅÄÁÀ ÃÀ ÀÒÓÄÁÖËÈÀ ÂÀÖÌãÏÁÄÓÄÁÀ“ ÅÒÝÄËÉ ÓÀÐÖÁËÉÊÀÝÉÏ ÅÄÒÓÉÀ, „ØÀÒÈÖËÉ ÄÍÀ
ÃÀ ËÏÂÉÊÀ“ (ÉÁÄàÃÄÁÀ), 2017.

[4] Ê. ×áÀÊÀÞÄ, Ì. ÜÉØÅÉÍÉÞÄ, Â. ÜÉÜÖÀ, Ã. ÊÖÒÝáÀËÉÀ, À. ÌÀÓáÀÒÀÛÅÉËÉ, ØÀÒÈÖËÉ
ÄÍÉÓ ËÏÂÉÊÖÒÉ ÂÒÀÌÀÔÉÊÀ: ÓÀ×ÖÞÅËÄÁÉ ÃÀ ÂÀÌÏÚÄÍÄÁÄÁÉ - I ÍÀßÉËÉ, ÑÖÒÍÀËÉ
„ØÀÒÈÖËÉ ÄÍÀ ÃÀ ËÏÂÉÊÀ“, № 9, 2015-2016, 4–128.

ØÀÒÈÖËÉ àÊÅÉÀÍÉ ÊÏÒÐÖÓÉ - ÈÉÈØÌÉÓ ÓÒÖËÀÃ
ÀÃÀÐÔÉÒÄÁÖËÉ ØÀÒÈÖËÉ ÓÀÉÍÔÄÒÍÄÔÏ ÓÉÅÒÝÉÓ
×ÏÒÌÉÒÄÁÉÓÊÄÍ ÂÀÃÀÃÂÌÖËÉ ÌÍÉÛÅÍÄËÏÅÀÍÉ ÍÀÁÉãÉ

ÊÏÍÓÔÀÍÔÉÍÄ ×áÀÊÀÞÄ, ÃÀÅÉÈ ÊÖÒÝáÀËÉÀ, ÌÄÒÀÁ ÜÉØÅÉÍÉÞÄ, ÂÉÏÒÂÉ ÜÉÜÖÀ,
ÛÀËÅÀ ÌÀËÉÞÄ

ÓÀØÀÒÈÅÄËÏÓ ÔÄØÍÉÊÖÒÉ ÖÍÉÅÄÒÓÉÔÄÔÉ, ØÀÒÈÖËÉ ÄÍÉÓ ÔÄØÍÏËÏÂÉÆÄÁÉÓ
ÓÀÓßÀÅËÏ-ÓÀÌÄÝÍÉÄÒÏ ÝÄÍÔÒÉ, ÈÁÉËÉÓÉ, ÓÀØÀÒÈÅÄËÏ

ÄË. ×ÏÓÔÉÓ ÌÉÓÀÌÀÒÈÉ: gllc.ge@gmail.com

ÓÀØÀÒÈÅÄËÏÓ ÔÄØÍÉÊÖÒÉ ÖÍÉÅÄÒÓÉÔÄÔÉÓ ØÀÒÈÖËÉ ÄÍÉÓ ÔÄØÍÏËÏÂÉÆÄÁÉÓ ÝÄÍÔÒÉÓ
ÏÒßËÉÀÍÉ ØÅÄÐÒÏÄØÔÉÓ „ÊÉÃÄÅ ÄÒÈÉ ÍÀÁÉãÉ ÌÏÓÀÖÁÒÄ ØÀÒÈÖËÉ ÈÅÉÈÂÀÍÅÉÈÀÒÄÁÀÃÉ
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ÉÍÔÄËÄØÔÖÀËÖÒÉ ÊÏÒÐÖÓÉÓÀÊÄÍ“ [1] ×ÀÒÂËÄÁÛÉ ÛÄÌÖÛÀÅÃÀ ØÀÒÈÖËÉ ÉÍÔÄËÄØÔÖÀËÖÒÉ
ÅÄÁ-ÊÏÒÐÖÓÉ, ÓáÅÀ ÓÉÔÚÅÄÁÉÈ, ØÀÒÈÖËÉ àÊÅÉÀÍÉ ÊÏÒÐÖÓÉ, ÒÏÌÄËÉÝ ÈÀÅÉÓ ÈÀÅÛÉ
ÀÄÒÈÉÀÍÄÁÓ ØÀÒÈÖËÉ ÓÀÉÔÄÒÍÄÔÏ ÐÒÄÓÉÓ ÌÄÔ ßÉËÓ.

ÀÌÀÓÈÀÍ, ÉÌÉÓ áÀÒãÆÄ ÊÏÒÐÖÓÉ ÍÀßÉËÏÁÒÉÅ ÖÊÅÄ ÀÙàÖÒÅÉËÉÀ ÜÅÄÍÓ ÌÉÄÒÅÄ ÛÄÌÖÛÀÅÄ-
ÁÖËÉ ÓÀÝÃÄËÉ ÓÀáÉÈ ÌÏÌÖÛÀÅÄ ØÀÒÈÖËÉ ÊÏÌÐÉÖÔÄÒÖËÉ ÔÅÉÍÉÈ (ÀÍÖ ØÀÒÈÖËÉ ÔÄØÓÔÄ-
ÁÉÓ ÌÀÀÍÀËÉÆÄÁÄËÉ, ÌÀÂÄÍÄÒÉÒÄÁÄËÉ ÃÀ ÌÀÒÈËßÄÒÉ ÓÉÓÔÄÌÄÁÉÈ), ÚÄËÉÈ (ÀÍÖ ØÀÒÈÖËÉ
ÄËÄØÔÒÏÍÖËÉ ÔÄØÓÔÄÁÉÓ ÂÀÌÀáÌÏÅÀÍÄÁÄËÉ ÀÍÖ ÌÊÉÈáÅÄËÉ ÓÉÓÔÄÌÄÁÉÈ), ÚÖÒÉÈ (ÀÍÖ
ØÀÒÈÖËÉ ÌÄÔÚÅÄËÄÁÉÓ ÀÌÏÌÝÍÏÁÉ ÓÉÓÔÄÌÉÈÀ ÃÀ ØÀÒÈÖËÉ áÌÏÅÀÍÉ ÌÀÒÈÅÉÓ ÌÏÃÖËÉÈ),
ÌÈÀÒÂÍÄËÉÈ (ÀÍÖ ØÀÒÈÖËÉÃÀÍ ÃÀ ØÀÒÈÖËÆÄ áÌÉÃÀÍ áÌÀÆÄ ÃÀ ÔÄØÓÔÉÃÀÍ ÔÄØÓÔÆÄ
ÌÈÀÒÂÍÄËÉ ÓÉÓÔÄÌÄÁÉÈ) ÌÏÌáÌÀÒÄÁÄËÓ ÓÀÛÖÀËÄÁÀÓ ÀÞËÄÅÓ: 1. áÌÉÈ ÀÍÖ ÌÏÓÌÄÍÉÈ
ÌÉÉÙÏÓ ÉÍ×ÒÏÌÀÝÉÀ ÊÏÒÐÖÓÉÓ ÓÔÀÔÉÄÁÉÃÀÍ (ÌÀÈÉ ÒÀÏÃÄÍÏÁÀ 2 ÌÉËÉÏÍÓ ÀàÀÒÁÄÁÓ)
ÌÀÈÆÄ ÌÉÃÂÌÖËÉ ÜÅÄÍÓ ÌÉÄÒÅÄ ÛÄÌÖÛÀÅÄÁÖËÉ áÌÏÅÀÍÌÀÒÈÅÉÀÍÉ ÌÊÉÈáÅÄËÉ ÓÉÓÔÄÌÉÈ; 2. ÀÌ
ÓÔÀÔÉÄÁÛÉ ÀßÀÒÌÏÏÓ ÜÅÄÍÓ ÌÉÄÒ ÄÂÒÄÈ ßÏÃÄÁÖËÉ áÌÏÅÀÍÉ ÞÄÁÍÀ ÃÀ ÃÀÞÄÁÍÉËÉ ×ÒÀÆÉÈ
ÀÍ ÀÌ ×ÒÀÆÉÓ ÖÝáÏÄÍÏÅÀÍÉ ÈÀÒÂÌÍÉÈ ÀßÀÒÌÏÏÓ áÌÏÅÀÍÉ ÁÒÞÀÍÄÁÉÈÅÄ ßÀÌÏßÚÄÁÖËÉ
ÞÄÁÍÀ ÒÏÂÏÒÝ ØÀÒÈÖË ÉÓÄ ÛÄÓÀÁÀÌÉÓ ÖÝáÏÄÍÏÅÀÍ ÂÖÂËÓÀ ÃÀ ÅÉÊÉÐÄÃÉÀÛÉ.

ÄÓ ÚÅÄËÀ×ÄÒÉ ÂÀÓÀÂÄÁÓ áÃÉÓ, ÒÏÌ ØÀÒÈÖËÉ àÊÅÉÀÍÉ ÊÏÒÐÖÓÉ ÚÅÄËÀ×ÄÒ ÃÀÍÀÒÜÄÍÈÀÍ
ÄÒÈÀÃ, ÀÓÄÅÄ ÖÍÃÀ ÛÄ×ÀÓÃÄÓ ÒÏÂÏÒÝ ÐÉÒÅÄËÉ ÓÀÝÃÄËÉ ÍÀÁÉãÉÓ [2] ÛÄÌÃÄÂ ÂÀÃÀÃÂÌÖËÉ
ÌÍÉÛÅÍÄËÏÅÀÍÉ ÍÀÁÉãÉ ÈÉÈØÌÉÓ ÓÒÖËÀÃ ÀÃÀÐÔÉÒÄÁÖËÉ ØÀÒÈÖËÉ ÓÀÉÍÔÄÒÍÄÔÏ ÓÉÅÒÝÉÓ
×ÏÒÌÉÒÄÁÉÓÊÄÍ, ÒÀÝ, ÈÀÅÉÓ ÌáÒÉÅ, ÊÏÒÐÖÓÓ ÌÍÉÛÅÍÄËÏÅÀÍ ÐÒÀØÔÉÊÖË ÙÉÒÄÁÖËÄÁÄÁÓ
ÓÞÄÍÓ ØÀÒÈÅÄËÉ ÖÓÉÍÀÈËÏÄÁÉÓ ØÀÒÈÖË ÓÀÉÍÔÄÒÍÄÔÏ ÓÉÅÒÝÄÛÉ Ö×ÒÏ ÌÄÔÉ ÌÏÝÖËÏÁÉÈ
ÉÍÔÄÂÒÉÒÄÁÉÓ ÈÅÀËÓÀÆÒÉÓÉÈ.

ËÉÔÄÒÀÔÖÒÀ

[1] Ê. ×áÀÊÀÞÄ, Ì. ÜÉØÅÉÍÉÞÄ, Â. ÜÉÜÖÀ, Ã. ÊÖÒÝáÀËÉÀ, É. ÁÄÒÉÀÛÅÉËÉ, Û. ÌÀËÉÞÄ,
ØÀÒÈÖËÉ ÉÍÔÄËÄØÔÖÀËÖÒÉ ÅÄÁ-ÊÏÒÐÖÓÉ: ÌÉÆÍÄÁÉ, ÌÄÈÏÃÄÁÉ, ÒÄÊÏÌÄÍÃÀÝÉÄÁÉ,
ÂÀÌÏÉÝÀ ÓÀØÀÒÈÅÄËÏÓ ÔÄØÍÉÊÖÒÉ ÖÍÉÅÄÒÓÉÔÄÔÉÓ ØÀÒÈÖËÉ ÄÍÉÓ ÔÄØÍÏËÏÂÉÆÄÁÉÓ
ÓÀÓßÀÅËÏ-ÓÀÌÄÝÍÉÄÒÏ ÝÄÍÔÒÉÓ ÓÀÌÄÝÍÉÄÒÏ-ÓÀÂÀÍÌÀÍÀÈËÄÁËÏ ÑÖÒÍÀËÉÓ „ØÀÒÈÖ-
ËÉ ÄÍÀ ÃÀ ËÏÂÉÊÀ“ ÃÀÌÀÔÄÁÉÓ ÓÀáÉÈ, (2017), 4-320.

[2] K. Pkhakadze, M. Chikvinidze, G. Chichua, I. Beriasvili, D. Kurtskhalia, Sh. Mali-
dze, the first version of the georgian smart journal and adapted Wikipedia. Pro-
ceedings of I. Vekua Institute of Applied Mathematics 66 (2016), 47–54.
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ØÀÒÈÖËÉ àÊÅÉÀÍÉ ÊÏÒÐÖÓÉ ÃÀ ØÀÒÈÖËÉ ÄÒÈÄÍÏÅÀÍÉ
ÃÀ ÌÒÀÅÀËÄÍÏÅÀÍÉ ÓÀÉÍÔÄÒÍÄÔÏ ÃÀ ÓÀÌÏÁÉËÖÒÏ

ÓÀÊÏÌÖÍÉÊÀÝÉÏ ÓÉÓÔÄÌÄÁÉ
ÊÏÍÓÔÀÍÔÉÍÄ ×áÀÊÀÞÄ, ÃÀÅÉÈ ÊÖÒÝáÀËÉÀ, ÌÄÒÀÁ ÜÉØÅÉÍÉÞÄ, ÂÉÏÒÂÉ ÜÉÜÖÀ,

ÛÀËÅÀ ÌÀËÉÞÄ

ÓÀØÀÒÈÅÄËÏÓ ÔÄØÍÉÊÖÒÉ ÖÍÉÅÄÒÓÉÔÄÔÉ, ØÀÒÈÖËÉ ÄÍÉÓ ÔÄØÍÏËÏÂÉÆÄÁÉÓ
ÓÀÓßÀÅËÏ-ÓÀÌÄÝÍÉÄÒÏ ÝÄÍÔÒÉ, ÈÁÉËÉÓÉ, ÓÀØÀÒÈÅÄËÏ

ÄË. ×ÏÓÔÉÓ ÌÉÓÀÌÀÒÈÉ: gllc.ge@gmail.com

ÓÀØÀÒÈÅÄËÏÓ ÔÄØÍÉÊÖÒÉ ÖÍÉÅÄÒÓÉÔÄÔÉÓ ØÀÒÈÖËÉ ÄÍÉÓ ÔÄØÍÏËÏÂÉÆÄÁÉÓ ÝÄÍÔÒÉÓ
ÐÒÏÄØÔÉÓ „ØÀÒÈÖËÉ ÄÍÉÓ ÔÄØÍÏËÏÂÉÖÒÉ ÀÍÁÀÍÉ“ ÏÒßËÉÀÍÉ ØÅÄÐÒÏÄØÔÉÓ „ÊÉÃÄÅ
ÄÒÈÉ ÍÀÁÉãÉ ÌÏÓÀÖÁÒÄ ØÀÒÈÖËÉ ÈÅÉÈÂÀÍÅÉÈÀÒÄÁÀÃÉ ÉÍÔÄËÄØÔÖÀËÖÒÉ ÊÏÒÐÖÓÉÓÀÊÄÍ“
[1] ×ÀÒÂËÄÁÛÉ ÛÄÌÖÛÀÅÃÀ ØÀÒÈÖË àÊÅÉÀÍ ÊÏÒÐÖÓÛÉ ÜÀÃÂÌÖËÉ ÓÀáÉÈ ×ÖÍØÝÉÏÍÉÒÄÁÀÃÉ
ØÀÒÈÖËÉ (àÊÅÉÀÍÉ) ×ÖÒÝÄËÉ, ÒÏÌÄËÆÄÝ ÃÀÚÒÃÍÏÁÉÈÀÝ ÀÉÂÏ ÌÀÓÛÉ ÀÓÄÅÄ ÜÀÃÂÌÖËÉ
ÓÀáÉÈ ×ÖÍØÝÉÏÍÉÒÄÁÀÃÉ ØÀÒÈÖËÉ ÄÒÈÄÍÏÅÀÍÉ ÃÀ ÌÒÀÅÀËÄÍÏÅÀÍÉ ÓÀÉÍÔÄÒÍÄÔÏ ÃÀ
ÓÀÌÏÁÉËÖÒÏ ÓÉÓÔÄÌÄÁÉ. ÀÌÀÓÈÀÍ, ÄÓ ÓÉÓÔÄÌÄÁÉ ÌÏÌáÌÀÒÄÁËÄÁÓ ÓÀÛÖÀËÄÁÀÓ ÀÞËÄÅÓ
ÈÀÅÉÓÉ ØÀÒÈÖËÉ àÊÅÉÀÍÉ ×ÖÒÝËÉÃÀÍ ÓáÅÀ ØÀÒÈÖË àÊÅÉÀÍ ×ÖÒÝÄËÓ ÂÀÃÀÖÂÆÀÅÍÏÓ:

1. ØÀÒÈÖËÉ ÔÄØÓÔÖÀËÖÒÉ ÛÄÔÚÏÁÉÍÄÁÀ ÀÍ/ÃÀ ØÀÒÈÖËÉ ÔÄØÓÔÖÀËÖÒÉ ÛÄÔÚÏÁÉÍÄÁÉÓ
ØÀÒÈÖËÀÃÅÄ ÓÉÍÈÄÆÉÒÄÁÖËÉ ÀÍÖ ÂÀáÌÏÅÀÍÄÁÖËÉ ÅÄÒÓÉÀ ÀÍ/ÃÀ ØÀÒÈÖËÉ ÔÄØ-
ÓÔÏÁÒÉÅÉ ÛÄÔÚÏÁÉÍÄÁÉÓ ÖÝáÏÄÍÏÅÀÍÉ ÈÀÒÂÌÀÍÉ. - ÖÀáËÏÄÓ ÌÏÌÀÅÀËÛÉ ÉÂÄÂÌÄÁÀ
ÀÌ ×ÖØÍÝÉÏÍÀËÉÓ ÂÀ×ÀÒÔÏÄÁÀ ØÀÒÈÖËÉ ÔÄØÓÔÖÀËÖÒÉ ÛÄÔÚÏÁÉÍÄÁÉÓ ÖÝáÏÄÍÀÅÀÍÉ
ÈÀÒÂÌÀÍÉÓ ÂÀáÌÏÅÀÍÄÁÖËÉ ÅÄÒÓÉÄÁÉÓ ÂÀÃÀÂÆÀÅÍÉÓ ÛÄÓÀÞËÄÁËÏÁÄÁÉÈ.

2. ØÀÒÈÖËÉ ÀÍ/ÃÀ ÖÝáÏÄÍÏÅÀÍÉ áÌÏÅÀÍÉ ÛÄÔÚÏÁÉÍÄÁÀ. - ÓÀÌÏÌÀÅËÏÃ ÅÂÄÂÌÀÅÈ
ÀÌ ×ÖÍØÝÉÏÍÀËÉÓ ÂÀ×ÀÒÈÏÄÁÀÓ ÒÏÂÏÒÝ ØÀÒÈÖËÉ, ÉÓÄ ÖÝáÏÄÍÏÅÀÍÉ áÌÏÅÀÍÉ
ÛÄÔÏÁÉÍÄÁÄÁÉÓ ÌÉÍÉÛÍÄÁÖË ÄÍÀÛÉ ÈÀÒÂÌÍÉËÉ ÅÄÒÓÉÉÓ ÂÀÃÀÂÆÀÅÍÉÓ ÛÄÓÀÞËÄÁËÏÁÄ-
ÁÉÈ.

ÀÌÂÅÀÒÀÃ, ÂÀÓÀÂÄÁÉ áÃÄÁÀ, ÒÏÌ ØÀÒÈÖËÉ àÊÅÉÀÍÉ ÊÏÒÐÖÓÉ, ÚÅÄËÀ×ÄÒ ÃÀÍÀÒÜÄÍÈÀÍ
ÄÒÈÀÃ, ÀÓÄÅÄ ÖÍÃÀ ÛÄ×ÀÓÃÄÓ ÒÏÂÏÒÝ ØÀÒÈÖËÉ ÄÒÈÄÍÏÅÀÍÉ ÃÀ ÌÒÀÅÀËÄÍÏÅÀÍÉ
ÓÀÉÍÔÄÒÍÄÔÏ ÃÀ ÓÀÌÏÁÉËÖÒÏ ÓÀÊÏÌÖÍÉÊÀÝÉÏ ÓÉÓÔÄÌÄÁÉÓ ÀÂÄÁÉÓ ÌÉÌÀÒÈÖËÄÁÉÈ ÂÀÃÀÃ-
ÂÌÖË ÌÍÉÛÅÍÄËÏÅÀÍ ÍÀÁÉãÀÃ. ÀÌÂÅÀÒÀÃ, ÝáÀÃÉÀ, ÒÏÂÏÒÝ ÉÓ, ÒÏÌ ÒÏÌ ÄÓ ÚÅÄËÀ×ÄÒÉ
ØÀÒÈÖË àÊÅÉÀÍ ÊÏÒÐÖÓÓ ÌÍÉÛÅÍÄËÏÅÀÍ ÐÒÀØÔÉÊÖË ÙÉÒÄÁÖËÄÁÄÁÓ ÓÞÄÍÓ, ÀÓÄÅÄ ÉÓÉÝ,
ÒÏÌ ÀÌÉÈ ØÀÒÈÖË ÄÍÀ ÝÉ×ÒÖË ÓÀÌÚÀÒÏÛÉ Ö×ÒÏ ÍÀÚÏ×ÉÄÒÀÃ ÂÀÌÏÚÄÍÄÁÀÃÉ ÀÍÖ Ö×ÒÏ
„ÊÏÌ×ÏÒÔÖËÉ“ áÃÄÁÀ, ÅÉÃÒÄ ÉÓ ÌÀÍÀÌÃÄ ÉÚÏ.

ËÉÔÄÒÀÔÖÒÀ

[1] Ê. ×áÀÊÀÞÄ, Ì. ÜÉØÅÉÍÉÞÄ, Â. ÜÉÜÖÀ, Ã. ÊÖÒÝáÀËÉÀ, É. ÁÄÒÉÀÛÅÉËÉ, Û. ÌÀËÉÞÄ,
ØÀÒÈÖËÉ ÉÍÔÄËÄØÔÖÀËÖÒÉ ÅÄÁ-ÊÏÒÐÖÓÉ: ÌÉÆÍÄÁÉ, ÌÄÈÏÃÄÁÉ, ÒÄÊÏÌÄÍÃÀÝÉÄÁÉ,
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ÂÀÌÏÉÝÀ ÓÀØÀÒÈÅÄËÏÓ ÔÄØÍÉÊÖÒÉ ÖÍÉÅÄÒÓÉÔÄÔÉÓ ØÀÒÈÖËÉ ÄÍÉÓ ÔÄØÍÏËÏÂÉÆÄÁÉÓ
ÓÀÓßÀÅËÏ-ÓÀÌÄÝÍÉÄÒÏ ÝÄÍÔÒÉÓ ÓÀÌÄÝÍÉÄÒÏ-ÓÀÂÀÍÌÀÍÀÈËÄÁËÏ ÑÖÒÍÀËÉÓ „ØÀÒÈÖ-
ËÉ ÄÍÀ ÃÀ ËÏÂÉÊÀ“ ÃÀÌÀÔÄÁÉÓ ÓÀáÉÈ, (2017), 4-320.

[2] Ê. ×áÀÊÀÞÄ, Ì. ÜÉØÅÉÍÉÞÄ, Â. ÜÉÜÖÀ, Ã. ÊÖÒÝáÀËÉÀ, ÐÒÏÄØÔÉÓ „ÊÏÌÐÀÍÉÉÓ - „ØÀÒ-
ÈÖËÉ ÄÍÏÁÒÉÅÉ ÔÄØÍÏËÏÂÉÄÁÉ“ - ÃÀ×ÖÞÍÄÁÀ“ ÁÉÆÍÄÓÂÄÂÌÀ, ÑÖÒÍÀËÉ „ØÀÒÈÖËÉ
ÄÍÀ ÃÀ ËÏÂÉÊÀ“ , № 9, 159-200, 2015-2106.

À×áÀÆÖÒÉ ÄÍÉÓ ÊÏÒÐÖÓÉ - ÐÒÏÄØÔÉÓ
„ØÀÒÈÖËÉ ÄÍÉÈ ÄÅÒÏÊÀÅÛÉÒÛÉ ÀÍÖ ÓÀÃÏØÔÏÒÏ

ÈÄÌÀ - ØÀÒÈÖËÉ àÊÅÉÀÍÉ ÊÏÒÐÖÓÉÓ ÀáÀËÉ
ÂÀÍÌÀÅÉÈÀÒÄÁÄËÉ ÉÍÓÔÒÖÌÄÍÔÄÁÉÓÀ ÃÀ ÌÄÈÏÃÄÁÉÓ

ÛÄÌÖÛÀÅÄÁÀ ÃÀ ÀÒÓÄÁÖËÈÀ ÂÀÖÌãÏÁÄÓÄÁÀ“
ÄÒÈ-ÄÒÈÉ ÌÍÉÛÅÍÄËÏÅÀÍÉ ÌÉÆÀÍÉ

ÊÏÍÓÔÀÍÔÉÍÄ ×áÀÊÀÞÄ, ÛÀËÅÀ ÌÀËÉÞÄ, ÌÄÒÀÁ ÜÉØÅÉÍÉÞÄ, ÂÉÏÒÂÉ ÜÉÜÖÀ,
ÃÀÅÉÈ ÊÖÒÝáÀËÉÀ

ÓÀØÀÒÈÅÄËÏÓ ÔÄØÍÉÊÖÒÉ ÖÍÉÅÄÒÓÉÔÄÔÉ, ØÀÒÈÖËÉ ÄÍÉÓ ÔÄØÍÏËÏÂÉÆÄÁÉÓ
ÓÀÓßÀÅËÏ-ÓÀÌÄÝÍÉÄÒÏ ÝÄÍÔÒÉ, ÈÁÉËÉÓÉ, ÓÀØÀÒÈÅÄËÏ

ÄË. ×ÏÓÔÉÓ ÌÉÓÀÌÀÒÈÉ: gllc.ge@gmail.com

ÓÀØÀÒÈÅÄËÏÓ ÔÄØÍÉÊÖÒÉ ÖÍÉÅÄÒÓÉÔÄÔÉÓ ØÀÒÈÖËÉ ÄÍÉÓ ÔÄØÍÏËÏÂÉÆÄÁÉÓ ÝÄÍÔÒÉÓ
ÂÒÞÄËÅÀÃÉÀÍÉ ÐÒÏÄØÔÉÓ „ØÀÒÈÖËÉ ÄÍÉÓ ÔÄØÍÏËÏÂÉÖÒÉ ÀÍÁÀÍÉ“ [1] ÏÒßËÉÀÍÉ ØÅÄ-
ÐÒÏÄØÔÉÓ „ØÀÒÈÖËÉ ÄÍÉÈ ÄÅÒÏÊÀÅÛÉÒÛÉ ÀÍÖ ÓÀÃÏØÔÏÒÏ ÈÄÌÀ - ØÀÒÈÖËÉ àÊÅÉÀÍÉ
ÊÏÒÐÖÓÉÓ ÀáÀËÉ ÂÀÍÌÀÅÉÈÀÒÄÁÄËÉ ÉÍÓÔÒÖÌÄÍÔÄÁÉÓÀ ÃÀ ÌÄÈÏÃÄÁÉÓ ÛÄÌÖÛÀÅÄÁÀ ÃÀ
ÀÒÓÄÁÖËÈÀ ÂÀÖÌãÏÁÄÓÄÁÀ“ [2] ÄÒÈ-ÄÒÈÉ ÌÄÔÀÃ ÌÍÉÛÅÍÄËÏÅÀÍÉ ÌÉÆÀÍÉÀ À×áÀÆÖÒÉ ÄÍÉÓ
ÈÅÉÈÂÀÍÅÉÈÀÒÄÁÀÃÉ ÀÍÖ ÀÅÔÏÌÀÔÖÒÀÃ ÂÀÍÅÉÈÀÒÄÁÀÃÉ ÅÄÁ-ÊÏÒÐÖÓÉÓ ÛÄÌÖÛÀÅÄÁÀ, ÒÀÝ,
ÝáÀÃÉÀ, ÓáÅÀÂÅÀÒÀÃ ÂÀÒÃÀ ÈÖ ÀÒÀ À×áÀÆÖÒÉ ÄÍÉÓ ÝÉ×ÒÖËÉ ÊÅÃÏÌÉÓ ÓÀ×ÈáÉÓÂÀÍ
ÃÀÝÅÉÓÈÅÉÓ ÀÖÝÉËÄÁÄËÉ ÌÏÝÄÌÖËÏÁÀ, ÅÄÒ ÛÄ×ÀÓÃÄÁÀ. ÀÌÀÓÈÀÍ, ÓÀÃÏØÔÏÒÏ ÐÒÏÄØÔÉÓ
ÌÉÆÀÍÉÀ ØÀÒÈÖËÉ àÊÅÉÀÍÉ ÊÏÒÐÖÓÉÓÀ ÃÀ ÌÀÓÛÉ ÜÀÃÂÌÖËÉ ÔÄØÍÏËÏÂÉÖÒÉ ÓÉÓÔÄÌÄÁÉÓ
ÂÀ×ÀÒÈÏÄÁÉÓÀ ÃÀ ÂÀÞËÉÄÒÄÁÉÓ ÂÆÉÈ ØÀÒÈÖËÉ ÖÍÉÅÄÒÓÀËÖÒÉ àÊÅÉÀÍÉ ÊÏÒÐÖÓÉÓ ÓÀÝ-
ÃÄËÉ ÅÄÒÓÉÉÓ ÀÂÄÁÀ, ÒÀÝ, ÝáÀÃÉÀ, ÊÉÃÄÅ Ö×ÒÏ ÂÀÆÒÃÉÓ ØÀÒÈÖËÉ ÄÍÉÓ ÝÉ×ÒÖËÉ
ÊÅÃÏÌÉÓ ÓÀ×ÒÈáÉÓÂÀÍ ÃÀÝÖËÏÁÉÓ áÀÒÉÓáÓ [3]. ÄÓ ÚÅÄËÀ×ÄÒÉ, ÌÈËÉÀÍÏÁÀÛÉ, ÂÀÓÀÂÄÁÓ
áÃÉÓ ÓÀÃÏØÔÏÒÏ ÐÒÏÄØÔÉÓ ÌÄÔÀÃ ÌÀÙÀË ÌÍÉÛÅÍÄËÏÁÀÓ ÓÀØÀÒÈÅÄËÏÓ ÓÀáÄËÌßÉ×Ï
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ÄÍÄÁÉÓ - ØÀÒÈÖËÉÓÀ ÃÀ À×áÀÆÖÒÉÓ ÝÉ×ÒÖËÉ ÊÅÃÏÌÉÓ ÓÀ×ÒÈáÉÓÂÀÍ ÃÀÝÅÉÓ ÄÒÈÉÀÍÉ
ØÀÒÈÖËÉ ÓÀáÄËÌßÉ×ÏÄÁÒÉÅÉ ÌÉÆÍÄÁÉÓÀ ÃÀ ÐÀÓÖáÉÓÌÂÄÁËÏÁÄÁÉÓ àÒÉËÛÉ.

ÀÌÂÅÀÒÀÃ, ÌÏáÓÄÍÄÁÉÓÀÓ ÂÀÍÓÀÊÖÈÒÄÁÖË ÚÖÒÀÃÙÄÁÀÓ ÂÀÅÀÌÀáÅÉËÄÁÈ ÐÒÏÄØÔÉÈ ÀÓÀ-
ÂÄÁÀÃ ÃÀÂÄÂÌÉË À×áÀÆÖÒÉ ÄÍÉÓ ÊÏÒÖÓÆÄ ÃÀ, ÀÓÄÅÄ, ÃÄÔÀËÖÒÀÃ ÂÀÅÛÖØÄÁÈ ÌÉÓ ÖÊÅÄ
ÀÂÄÁÖË ÓÀÝÃÄË ÅÄÒÓÉÀÓ.

ËÉÔÄÒÀÔÖÒÀ

[1] Ê. ×áÀÊÀÞÄ, ØÀÒÈÖËÉ ÄÍÉÓ ÔÄØÍÏËÏÂÉÖÒÉ ÀÍÁÀÍÉ - XXI ÓÀÖÊÖÍÉÓ ÄÒÈ-ÄÒÈÉ
ÖÌÈÀÅÒÄÓÉ ØÀÒÈÖËÉ ÂÀÌÏßÅÄÅÀ, ÓÀÐÀÒËÀÌÄÍÔÏ ÊÏÍ×ÄÒÄÍÝÉÉÓ „ØÀÒÈÖËÉ ÄÍÀ -
21-Ä ÓÀÖÊÖÍÉÓ ÂÀÌÏßÅÄÅÄÁÉ“ ÛÒÏÌÄÁÉ, 2013, 95-102.

[2] Û. ÌÀËÉÞÄ, Ê. ×áÀÊÀÞÄ, Ì. ÜÉØÅÉÍÉÞÄ, Â. ÜÉÜÖÀ, Ã. ÊÖÒÝáÀËÉÀ, ÓÀÐÒÏÄØÔÏ
ßÉÍÀÃÀÃÄÁÉÓ „ØÀÒÈÖËÉ ÄÍÉÈ ÄÅÒÏÊÀÅÛÉÒÛÉ ÀÍÖ ÓÀÃÏØÔÏÒÏ ÈÄÌÀ - ØÀÒÈÖËÉ
àÊÅÉÀÍÉ ÊÏÒÐÖÓÉÓ ÀáÀËÉ ÂÀÍÌÀÅÉÈÀÒÄÁÄËÉ ÉÍÓÔÒÖÌÄÍÔÄÁÉÓÀ ÃÀ ÌÄÈÏÃÄÁÉÓ ÛÄÌÖ-
ÛÀÅÄÁÀ ÃÀ ÀÒÓÄÁÖËÈÀ ÂÀÖÌãÏÁÄÓÄÁÀ“ ÅÒÝÄËÉ ÓÀÐÖÁËÉÊÀÝÉÏ ÅÄÒÓÉÀ, ÓÀÌÄÝÍÉÄÒÏ-
ÓÀÂÀÍÌÀÍÀÈËÄÁËÏ ÑÖÒÍÀËÉ „ØÀÒÈÖËÉ ÄÍÀ ÃÀ ËÏÂÉÊÀ, (ÉÁÄàÃÄÁÀ), 2017.

[3] Ê. ×áÀÊÀÞÄ, Ì. ÜÉØÅÉÍÉÞÄ, Â. ÜÉÜÖÀ, Ã. ÊÖÒÝáÀËÉÀ, É. ÁÄÒÉÀÛÅÉËÉ, Û. ÌÀËÉÞÄ,
ØÀÒÈÖËÉ ÉÍÔÄËÄØÔÖÀËÖÒÉ ÅÄÁ-ÊÏÒÐÖÓÉ: ÌÉÆÍÄÁÉ, ÌÄÈÏÃÄÁÉ, ÒÄÊÏÌÄÍÃÀÝÉÄÁÉ,
ÂÀÌÏÉÝÀ ÓÀØÀÒÈÅÄËÏÓ ÔÄØÍÉÊÖÒÉ ÖÍÉÅÄÒÓÉÔÄÔÉÓ ØÀÒÈÖËÉ ÄÍÉÓ ÔÄØÍÏËÏÂÉÆÄÁÉÓ
ÓÀÓßÀÅËÏ-ÓÀÌÄÝÍÉÄÒÏ ÝÄÍÔÒÉÓ ÓÀÌÄÝÍÉÄÒÏ-ÓÀÂÀÍÌÀÍÀÈËÄÁËÏ ÑÖÒÍÀËÉÓ „ØÀÒÈÖ-
ËÉ ÄÍÀ ÃÀ ËÏÂÉÊÀ“ ÃÀÌÀÔÄÁÉÓ ÓÀáÉÈ, (2017), 4-320.
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ÐÒÏÄØÔÉÓ „ØÀÒÈÖËÉ ÄÍÉÈ ÄÅÒÏÊÀÅÛÉÒÛÉ ÀÍÖ
ÓÀÃÏØÔÏÒÏ ÈÄÌÀ - ØÀÒÈÖËÉ àÊÅÉÀÍÉ ÊÏÒÐÖÓÉÓ
ÀáÀËÉ ÂÀÍÌÀÅÉÈÀÒÄÁÄËÉ ÉÍÓÔÒÖÌÄÍÔÄÁÉÓÀ ÃÀ

ÌÄÈÏÃÄÁÉÓ ÛÄÌÖÛÀÅÄÁÀ ÃÀ ÀÒÓÄÁÖËÈÀ
ÂÀÖÌãÏÁÄÓÄÁÀ“ ÌÉÆÍÄÁÉÓ, ÀÌÏÝÀÍÄÁÉÓÀ ÃÀ

ÌÄÈÏÃÄÁÉÓ ÆÏÂÀÃÉ ÌÉÌÏáÉËÅÀ
ÊÏÍÓÔÀÍÔÉÍÄ ×áÀÊÀÞÄ, ÛÀËÅÀ ÌÀËÉÞÄ, ÌÄÒÀÁ ÜÉØÅÉÍÉÞÄ, ÂÉÏÒÂÉ ÜÉÜÖÀ,

ÃÀÅÉÈ ÊÖÒÝáÀËÉÀ

ÓÀØÀÒÈÅÄËÏÓ ÔÄØÍÉÊÖÒÉ ÖÍÉÅÄÒÓÉÔÄÔÉ, ØÀÒÈÖËÉ ÄÍÉÓ ÔÄØÍÏËÏÂÉÆÄÁÉÓ
ÓÀÓßÀÅËÏ-ÓÀÌÄÝÍÉÄÒÏ ÝÄÍÔÒÉ, ÈÁÉËÉÓÉ, ÓÀØÀÒÈÅÄËÏ

ÄË. ×ÏÓÔÉÓ ÌÉÓÀÌÀÒÈÉ: gllc.ge@gmail.com

ÓÀØÀÒÈÅÄËÏÓ ÔÄØÍÉÊÖÒÉ ÖÍÉÅÄÒÓÉÔÄÔÉÓ ØÀÒÈÖËÉ ÄÍÉÓ ÔÄØÍÏËÏÂÉÆÄÁÉÓ ÓÀÓßÀÅËÏ-
ÓÀÌÄÝÍÉÄÒÏ ÝÄÍÔÒÌÀ ÂÒÞÄËÅÀÃÉÀÍÉ ÐÒÏÄØÔÉÓ „ØÀÒÈÖËÉ ÄÍÉÓ ÔÄØÍÏËÏÂÉÖÒÉ ÀÍÁÀÍÉ“
[1] ÊÅËÄÅÉÈÉ ÌÉÆÍÄÁÉÓ ÂÀÈÅÀËÉÓßÉÍÄÁÉÈ ÛÄÉÌÖÛÀÅÀ ÃÀ ÛÏÈÀ ÒÖÓÈÀÅÄËÉÓ ÄÒÏÅÍÖËÉ
ÓÀÌÄÝÍÉÄÒÏ ×ÏÍÃÛÉ ÓÀÂÒÀÍÔÏ ÃÀ×ÉÍÀÍÓÄÁÀÆÄ ßÀÒÀÃÂÉÍÀ ÃÏØÔÏÒÀÍÔ ÛÀËÅÀ ÌÀËÉÞÉÓ
ÏÒßËÉÀÍÉ ÐÒÏÄØÔÉ „ØÀÒÈÖËÉ ÄÍÉÈ ÄÅÒÏÊÀÅÛÉÒÛÉ ÀÍÖ ÓÀÃÏØÔÏÒÏ ÈÄÌÀ - ØÀÒÈÖËÉ
àÊÅÉÀÍÉ ÊÏÒÐÖÓÉÓ ÀáÀËÉ ÂÀÍÌÀÅÉÈÀÒÄÁÄËÉ ÉÍÓÔÒÖÌÄÍÔÄÁÉÓÀ ÃÀ ÌÄÈÏÃÄÁÉÓ ÛÄÌÖÛÀÅÄÁÀ
ÃÀ ÀÒÓÄÁÖËÈÀ ÂÀÖÌãÏÁÄÓÄÁÀ“.

ÓÀÃÏØÔÏÒÏ ÐÒÏÄØÔÉÓ ÓÀÌÄÝÍÉÄÒÏ áÄËÌÞÙÅÀÍÄËÉÀ ÓÀØÀÒÈÅÄËÏÓ ÔÄØÍÉÊÖÒÉ ÖÍÉ-
ÅÄÒÓÉÔÄÔÉÓ ØÀÒÈÖËÉ ÄÍÉÓ ÔÄØÍÏËÏÂÉÆÄÁÉÓ ÝÄÍÔÒÉÓ ÃÉÒÄØÔÏÒÉ, ÐÒÏ×ÄÓÏÒÉ ÊÏÍ-
ÓÔÀÍÔÉÍÄ ×áÀÊÀÞÄ. ÀÌÀÓÈÀÍ, ÐÒÏÄØÔÛÉ ÊÏÍÓÖËÔÀÍÔÄÁÉÓ ÓÔÀÔÖÓÉÈ ÜÀÒÈÖËÍÉ ÀÒÉÀÍ
ÃÏØÔÏÒÄÁÉ: ÀËÄØÓÀÍÃÒÄ ÌÀÓáÀÒÀÛÅÉËÉ (ÓÀ×ÒÀÍÂÄÈÉ, ÍÀÍÓÉÓ ÖÍÉÅÄÒÓÉÔÄÔÉ), ËÀÛÀ
ÀÁÆÉÀÍÉÞÄ (äÏËÀÍÃÉÀ, ÔÉËÁÖÒÂÉÓ ÖÍÉÅÄÒÓÉÔÄÔÉ), ÂÉÏÒÂÉ ÜÉÜÖÀ (ÓÀØÀÒÈÅÄËÏ, ÓÀØÀÒ-
ÈÅÄËÏÓ ÔÄØÍÉÊÖÒÉ ÖÍÉÅÄÒÓÉÔÄÔÉÓ ØÀÒÈÖËÉ ÄÍÉÓ ÔÄØÍÏËÏÂÉÆÄÁÉÓ ÝÄÍÔÒÉ), ÌÄÒÀÁ
ÜÉØÅÉÍÉÞÄ (ÓÀØÀÒÈÅÄËÏ, ÓÀØÀÒÈÅÄËÏÓ ÔÄØÍÉÊÖÒÉ ÖÍÉÅÄÒÓÉÔÄÔÉÓ ØÀÒÈÖËÉ ÄÍÉÓ ÔÄØ-
ÍÏËÏÂÉÆÄÁÉÓ ÝÄÍÔÒÉ). áÀÆÂÀÓÀÓÌÄËÉÀ ÉÓÉÝ, ÒÏÌ ÐÒÏÄØÔÉÓ ÓÀÓÀ×ÖÞÅËÏ ÛÄÃÄÂÄÁÉÓ
ÌÏÌÆÀÃÄÁÀÛÉ ÌÍÉÛÅÍÄËÏÅÀÍÉ ßÅËÉËÉ ÀØÅÓ ÛÄÔÀÍÉËÉ ÃÀÅÉÈ ÊÖÒÝáÀËÉÀÓ (ÓÀØÀÒÈÅÄËÏ,
ÈÁÉËÉÓÉÓ ÓÀáÄËÌßÉ×Ï ÖÍÉÅÄÒÓÉÔÄÔÉÓ ÌÀÂÉÓÔÒÀÍÔÉ, ÓÀØÀÒÈÅÄËÏÓ ÔÄØÍÉÊÖÒÉ ÖÍÉÅÄÒ-
ÓÉÔÄÔÉÓ ØÀÒÈÖËÉ ÄÍÉÓ ÔÄØÍÏËÏÂÉÆÄÁÉÓ ÝÄÍÔÒÉÓ ÌÊÅËÄÅÀÒÉ).

ÀÌÂÅÀÒÀÃ, ÌÏáÓÄÍÄÁÉÓÀÓ ÆÏÂÀÃÀÃ ÌÉÌÏÅÉáÉËÀÅÈ ÐÒÏÄØÔÉÓ ÌÉÆÍÄÁÓ, ÀÌÏÝÀÍÄÁÓÀ ÃÀ
ÌÏÊËÄÃ ÂÀÅÀÛÖØÄÁÈ ÀÂÒÄÈÅÄ ÌÀÈÉ ÂÀÃÀßÚÅÄÔÉÓ ÆÏÂÀÃ ÈÄÏÒÖË ÌÄÈÏÃÄÁÓ [2], [3].
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On Gentzen-type Proof Systems for
Minimal Quantum Logic

Sopo Pkhakadze, Hans Tompits
Institute for Information Systems 184/3, Technische Universität Wien

Vienna, Austria
email: pkhakadze.s@gmail.com; tompits@kr.tuwien.ac.at

Quantum logic originated in the 1930s with John von Neumann’s book on the math-
ematical foundations of quantum mechanics [5] and is characterised by the algebraic
structure of projection operators over Hilbert spaces, corresponding to orthomodular lat-
tices. These are Boolean lattices without the distributive laws but in which modular-
ity is stipulated, expressing the condition that, for a lattice (L,⊔,⊓), z ⊑ x implies
x ⊓ (y ⊔ z) = (x ⊓ y) ⊔ z, for all x, y, z ∈ L (recall that, for any a, b ∈ L, a ⊑ b holds iff
a⊓ b = a). Minimal quantum logic, on the other hand, is a variant of quantum logic being
characterised by ortholattices, which are orthomodular lattices without the modularity
requirement. Accordingly, minimal quantum logic is also referred to as orthologic.

In this work, we study axiomatisations of orthologic in terms of Gentzen-type sys-
tems. This kind of proof systems are important for analysing proof search in automated
deduction and have first been introduced by Gerhard Gentzen in 1935 [3]. We discuss
relations of different calculi for orthologic introduced in the literature [4,1,2] and present
generalisations to the predicate-logic case.

Acknowledgement. The first author was partially supported by the Shota Rustaveli
National Science Foundation under grant GNSF/FR/508/4-120/14.
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About Methods of Stochastic
Integral Representation of Wiener Functionals
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In stochastic process theory, the representation of functionals of Wiener process by
stochastic integrals, also known as martingale representation theorem, states that a func-
tional that is measurable with respect to the filtration generated by the Wiener process
can be written in terms of Ito’s stochastic integral with respect to this process. The theo-
rem only asserts the existence of the representation and does not help to find it explicitly.
It is possible in many cases to determine the form of the representation using Malliavin
calculus if a functional is Malliavin differentiable. We consider nonsmooth (in Malliavin
sense) functionals and have developed some methods of obtaining of constructive martin-
gale representation theorems. The first proof of the martingale representation theorem
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was implicitly provided by Ito (1951) himself. Many years later, Dellacherie (1974) gave
a simple new proof of Ito’s theorem using Hilbert space techniques. Many other articles
were written afterward on this problem and its applications but one of the pioneer work
on explicit descriptions of the integrand is certainly the one by Clark (1970). Those
of Haussmann (1979), Ocone (1984), Ocone and Karatzas (1991) and Karatzas, Ocone
and Li (1991) were also particularly significant. A nice survey article on the problem of
martingale representation was written by Davis (2005).

In spite of the fact that this problem is closely related to important issues in applica-
tions, for example finding hedging portfolios in finance, much of the work on the subject
did not seem to consider explicitness of the representation as the ultimate goal. In many
papers using Malliavin calculus or some kind of differential calculus for stochastic pro-
cesses, the results are quite general but unsatisfactory from the explicitness point of view:
the integrands in the stochastic integral representations always involve predictable pro-
jections or conditional expectations and some kind of gradients. Shiryaev and Yor (2003)
proposed a method based on Ito’s formula to find explicit martingale representation for
the running maximum of Wiener process. Even though they consider Clark–Ocone for-
mula as a general way to find stochastic integral representations, they raise the question
if it is possible to handle it efficiently even in simple cases.

In all cases described above investigated functionals, were stochastically (in Malliavin
sense) 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 ex-
pectation. We (with Prof. O. Glonti, 2014) considered Wiener functionals which are
not stochastically differentiable. In particular, we generalized the Clark–Ocone formula
in case, when functional is not stochastically smooth, but its conditional mathematical
expectation is stochastically differentiable and established the method of finding of in-
tegrand. Now, we have considered functionals which didn’t satisfy even these weakened
conditions. To such functionals belong, for example, Lebesgue integral (with respect to
time variable) from stochastically non smooth square integrable processes.
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Variational–Difference Scheme for Kirchhoff
Two-Dimensional Nonlinear Dynamical Equation

Jemal Rogava1,2, Archil Papukashvili1, Zurab Vashakidze1

1Ilia Vekua Institute of Applied Mathematics of Ivane Javakhishvili Tbilisi State
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Tbilisi, Georgia

email: jemal.rogava@tsu.ge; archil.papukashvili@tsu.ge;
zurab.vashakidze306@ens.tsu.edu.ge

In the present work, we consider the classical nonlinear Kirchhoff string equation and
study its two-dimensional generalization. Our goal is to find an approximate solution to
the initial-boundary value problem for this equation. To do so, we apply a three-layer
symmetrical semi-discrete scheme with respect to time variable, in which the gradient
value of a nonlinear term is taken at the middle point. This detail is essential, because
the inversion of the linear operator is sufficient for computation of approximate solutions
for each time step. The variation method is applied for spatial variables. Sine function
and differences of the Legendre polynomials were used as coordinate functions. This
choice of Legendre polynomials is also important for numerical realization. This way we
obtain a system whose structure does not essentially differ from the corresponding differ-
ence equations system, allowing us to use the methods developed for solving difference
equations system.

Linear variation problem for one-dimensional Kirchhoff equation (for spatial dimen-
sion) is considered, error of approximate solution is estimated, and convergence order
considering the number of spatial functions is found. General operator equation is con-
sidered for symmetric operators. We prove that the matrix corresponding to its variation
system is positively defined, when coordinate functions satisfy some natural conditions
that will be specified in this work.

Numerical realization program with corresponding interface was created based on the
offered algorithm, and numerical computations were carried out for model problems both
for one-dimensional and two-dimensional cases. Based on the obtained theoretical results
and numerical computations, the practical conclusions about the stability and convergence
of the offered method were drawn.
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The Invariance Property of Some Type of
Derived Unranked Operators

Khimuri Rukhaia1,2, Lali Tibua1, Sopo Pkhakadze1

1I. Javakhishvili Tbilisi State University, Tbilisi, Georgia
2Sokhumi State University, Tbilisi, Georgia

email: Khimuri.rukhaia@gmail.com; lali.tibua@gmail.com

We use theory extended with contracted operators to study Bourbaki fundamental
theory. We have defined unranked invariance and monotonicity notions and proved cor-
responding theorems. In particular, we have proved following theorem: Assume type of
derivable unranked operators is I, II, II1. If any operators belonging before derivable
operators are invariant, then operator is also invariant.
Result 1. Unranked operators and are invariant operators.
Result 2. Unranked operators and are monotonic operators.
Result 3. Unranked operators and are monotonic with respect to last operand.

Acknowledgment. This work was supported by the Shota Rustaveli National Science
Foundation under the grants # FR/508/4-120/14.
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Non-Classical Problems of Statics of
Linear Thermoelasticity of Microstretch Materials

with Microtemperatures
Guram Sadunishvili, Giorgi Karseladze, David Metreveli

Department of Mathematics, Georgian Technical University
Tbilisi, Georgia
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The paper investigates non-classical boundary value problems of the theory of linear
thermoelasticity of microstretch materials with microtemperatures. The representation
formulas given in the paper for a general solution of a homogeneous system of differential
equations are expressed 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 applications of such a formula to a III and IV type boundary
value problems for the ball is demonstrated. Uniqueness theorems are probed. Explicit
solutions are constructed in the form of absolutely and uniformly convergent series.

Convective Clouds Prediction Based on
ARL Aerological Diagrams and

Radar Observations Data Analysis
Inga Samkharadze1, Teimuraz Davitashvili1,2

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: inga.samkharadze562@ens.tsu.edu.ge; teimuraz.davitashvili@tsu.ge

Dangerous meteorological events have significantly increased on the territory of Geor-
gia over the last decades. In accordance with Georgia’s complex Orography, the main
part of these events has local character and they mainly are associated with the air mass
convective movements. Therefore, in the agenda there is an urgent question about timely
prediction of possible convection processes in the non-uniform areas of Georgia. For this,
it is necessary to study the thermodynamic condition of the atmosphere in the particular
areas and therefore determine the degree of instability of the atmosphere. The presented
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article examines several cases of strong convective meteorological processes processing on
the territory of Georgia based as on per the data of the synoptic maps, as well as on the
basis of the Sighnaghi meteorological radar data. Aerological diagrams have been built
for the each dangerous meteorological event taken part in the region. The diagrams were
designed to measure and assess the thermodynamic state of the atmosphere and the rate
of uncertainty of the atmosphere based on the particle method. It has been confirmed that
the degree of volatility of the atmosphere for the four days was accurate in conjunction
with data received from meteorological radar and synoptic mapping. This fact allows us
to predict the atmospheric thermodynamic condition in the specific region on the basis
of forecasted aerogical data obtained through the model and evaluate the quality of the
convective processes in the local area.

A Note on the Rihaczek Transform and its Friends
Ayse Sandikci

Department of Mathematics, Ondokuzmayis University, Samsun, Turkey
email: ayses@omu.edu.tr

The Rihaczek quadratic representation is defined as the product of the signal {f(x)
with its Fourier transform f̂(ω). Symmetrically, we obtain the conjugate Rihaczek rep-
resentation. These representations give rise to play a key role within the theory of time
frequency representations. In this work we study the regularity properties of Rihaczek
transform and its friends on some function spaces (such as Lorenz spaces, a kind of mod-
ulation spaces).

Some key references are given below.
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Parallel Alogirthm For
Kirchhoff’s One Non-Linear Problem
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Let us consider the initial boundary value problem:

ωtt −
(
λ+

2

π

π∫
0

ω2
x dx

)
ωxx = f(x, t), 0 < x < π, 0 < t ≤ T, λ = const > 0, (1)

ω(x, 0) = ω(0)(x), ωt(x, 0) = ω(1)(x), ω(0, t) = ω(π, t) = 0. (2)

For the homogeneous case the equation (1) was obtained by Kirchhoff [1] who investi-
gated the dynamic state of a string. A great number of works are devoted to this equation
both from the standpoint of its solvability and from the standpoint of construction and
investigation of numerical algorithms (see, for example, [2]–[5] and the references cited
therein).

We represent the parallel algorithm of task (1), (2) that approximates the exact so-
lution and results obtained by parallel computer. Convergence of approximate solution
to the exact solution is also proved. This approach was used before for Timoshenko
equations [6].
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Stochastic Variational Inequalities and
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We give a new characterization of the Snell envelope of a given process as the unique
solution of certain stochastic variational inequality (SVI). This approach leads to several
a priori estimates for the Snell envelopes and their components [1].

The valuation for American Contingent Claims (ACC) in general financial market
model is considered as an application. The robustness of the optimal portfolio/consumption
processes with respect to the payoff function is established [1], [2].
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On the Spaces of Generalized Theta-Series with
Quadratic Forms of Five Variables
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We form the basis of the space of spherical polynomials of second order P (2, Q) with
respect to some diagonal quadratic form Q(X) of five variables and obtained the basis of
the space of generalized theta-series T (2, Q) with spherical polynomial P of second order
and quadratic form Q(X).

Let
Q(X) = b11x

2
1 + b22x

2
2 + b33x

2
3 + b44x

2
4 + b55x

2
5

be a quadratic form of five variables. For these form we have proved the following
Theorem. dimT (2, Q) = 4 and the generalized theta-series:

ϑ(τ, P5, Q) =
∞∑
n=1

( ∑
Q(x)=n

(
− b11
b22

x21 + x22

))
zn,

ϑ(τ, P9, Q) =
∞∑
n=1

( ∑
Q(x)=n

(
− b11
b33

x21 + x23

))
zn,

ϑ(τ, P12, Q) =
∞∑
n=1

( ∑
Q(x)=n

(
− b11
b44

x21 + x24

))
zn,

ϑ(τ, P14, Q) =
∞∑
n=1

( ∑
Q(x)=n

(
− b11
b55

x21 + x25

))
zn

form the basis of the space T (2, Q).
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Computer Modeling of Multi-Party Elections
Leila Sulava

Sokhumi State University, Tbilisi, Georgia
email: leilasamadash@gmail.com

From the point of view of developing the models of elections that we proposed earlier,
now consider the general nonlinear mathematical model for four party elections with
variable coefficients [1], [2]. This model describes quantity dynamics of voters of ruling
and three opposition parties between two elections.

There are following objects in the nonlinear mathematical model that describes this
process:

1. State and administrative structures, that try to influence supporters of opposition
party and gain their support through utilization of state resources (the administra-
tive structures are obviously supporters of the ruling party).

2. The voters who support a ruling party.
3. The voters who support the first opposition party.
4. The voters who support the second opposition party.
5. The voters who support the third opposition party.
Nonlinear mathematical model is described by taking into consideration voters’ activ-

ity, demographic factor and possible falsification of the elections.
For numerical solution the software MATLAB is used. Numerical experiments are

carried out and results are visualized.
The model of elections are quite relevant from the theoretical as well as practical point

of view. The interested parties are encouraged to use widely the given results, calculate
parameters and choose the future strategy for achieving the desired goal.
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The Generalized Maxwell’s Body when the
Constitutive Relationship Contains Conformable

Fractional Derivatives
Teimuraz Surguladze

Department of Mathematics, Akaki Tsereteli State University, Kutaisi, Georgia
email: teimurazsurguladze@yahoo.com

The generalized Maxwell’s body is considered when the constitutive relationship con-
tains conformable fractional derivatives [1]. Direct and return ratios are received. Func-
tions of a relaxation and creep are calculated.
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Solution of the First and Second Boundary
Value Problems of Statics of the Theory of

Elastic Mixture for a Half and a Fourtly Planes
Kosta Svanadze

Department of Mathematics, Akaki Tsereteli State University, Kutaisi, Georgia
email: kostasvanadze@yahoo.com

For homogeneous equation of statics of the linear theory of elastic mixture in the case
of a half and a first planes effective are solved the first (when on the boundary domain
is given a displacement vector) and the second(when on the boundary domain is given a
stress vector) boundary value problems.

By applying analogous formulas due to Kolosov–Muskhelishvii and the method de-
scribed in [1] the solutions of the problems in a half-plane – are given in quadratures.
Further the solution of the first problem is represented by Poisson type formula.

To solve the problems in a fourtly plane we use the method developed in [2] and the
solutions of the problems are given in quadratures.
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Potential Method in the Theory of
Thermoviscoelasticity of Binary Mixtures

Maia M. Svanadze
Faculty of Exact and Natural Sciences, I. Javakhishvili Tbilisi State University

Tbilisi, Georgia
email: maia.svanadze@gmail.com

The present talk concerns with the linear theory of thermoviscoelasticity of binary
mixture which is modelled as a mixture of an isotropic elastic solid and a Kelvin-Voigt
material. The basic boundary value problems (BVPs) of quasi statics of the considered
theory are investigated and some basic results of the classical theory of thermoviscoelastic-
ity are generalized. The fundamental solution of the system of equations of quasi-statics is
constructed by elementary functions. The representation of Galerkin type solution is ob-
tained. The Green’s formulae and the formulae of integral representation of regular vector
and regular (classical) solutions are obtained. The uniqueness theorems for solutions of
the internal and external basic BVPs are proved. The basic properties of potentials and
singular integral operators are presented. Finally, the existence theorems for the above
mentioned BVPs are proved by means of the potential method and the theory of singular
integral equations.

Acknowledgment. This research has been fulfilled by financial support of Shota
Rustaveli National Science Foundation (Grant no. YS15−2.1.1−100).
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On the Solution of the Neumann BVP
of Thermo-Electro-Magneto 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. 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 Neumann boundary value problem of the thermo-electro-
magneto-elasticity theory for a half-space.
Neumann problem. 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 Neumann type boundary condition

{T (∂, n)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 and T (∂, n) is the corresponding generalised stress
operator [1]. We require that F ∈

◦
C∞(R2).

Theorem 1. The Neumann 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| → ∞

for arbitrary multi-index α = (α1, α2, α3). Here Ũ = (u, φ, ψ)⊤.

Theorem 2. Let F ∈
◦
C∞(R2) and

∫
R2

F (x̃)x̃β dx̃ = 0 for arbitrary multi-index β =

(β1, β2), |β| = 0, 1, 2. Then the unique solutions of the boundary value problems (1), (2)
can be represented in the form

U(x) = F−1

ξ̃→x̃

[
T (−iξ, n)Φ(−)(ξ̃, x3)[Φ

(−)(ξ̃, 0)]−1f̂(ξ̃)
]
, x3 > 0, or

U(x) = F−1

ξ̃→x̃

[
T (−iξ, n)Φ(+)(ξ̃, x3)[Φ

(+)(ξ̃, 0)]−1f̂(ξ̃)
]
, x3 < 0.

Here F−1 denotes the inverse generalized Fourier transform and Φ(±) are matrices con-
structed by the symbol matrix of the operator A(∂) [2].
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On Coverings and Decompositions of
Subsets of Euclidean Space

Tengiz Tetunashvili
I. Vekua Institute of Applied Mathematics of I. Javakhishvili Tbilisi State University

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

email: tengiztetunashvili@gmail.com

In this presentation we consider various coverings of the Euclidean plane and Eu-
clidean space which are produced by using a set-theoretical approach. Special attention
is paid to so-called homogenous coverings which are constructed with the aid of Axiom
of Choice and method of transfinite induction. In this context, it should be noted that in
1985 A. B. Kharazishvili solved a well-known problem concerning homogenous coverings
of the Euclidean plane and three-dimensional Euclidean space with congruent circumfer-
ences (see [1]). We apply the method similar to that of [1]. In our joint paper (see [2]),
some questions related to indicated problems are highlighted too. We also consider several
decompositions of certain subsets of Euclidean space and demonstrate their close connec-
tions with independent families of sets. Some applications of special decompositions in
mathematical analysis are also discussed.

Acknowledgement. This work is partially supported by the Shota Rustaveli Na-
tional Science Foundation Grant for Young Scientists (Contract Number: YS15−2.1.1−31).
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Features of the Analytic Functions’ Border
Meanings in the Unit Disk

Giorgi Tetvadze, Lamara Tsibadze, Lili Tetvadze
Department of Mathematics, Akaki Tsereteli State University, Kutaisi, Georgia

email: giorgi.tetvadze@yahoo.com

Generally, there is no connection between the angular border meanings of the analytic
functions’ sequences and the angular meanings of the sequences’ border functions. Even if
the members of the sequence are multinomials. However, there are necessary and sufficient
conditions, such that, on the positively measured subsequence of the unit circle there is a
sequence, which is uniformly convergent to the analytic function inside unit circle and is
convergent to the given function almost everywhere on the borders of the circle. Besides,
the angular border meanings of the border functions are almost equal to the meanings of
the function.
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About Backward Stochastic Integral
Luka Tikanadze

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

email: tikanadzeluka@gmail.com

We study the so called backward stochastic integral which in one specific case has
been entered by McKean (1969), but we consider a case when the integrand in addition
depends on random and time variables and some properties of this stochastic integral
construction are studied. As it is known, in ordinary integration theory the requirement
of measurability of integrand is essentially less restriction, than the condition of its inte-
grability, which demands a certain bound condition of absolute value of the integrand.
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As for the Ito’s Stochastic Integral
T∫
0

f(t, ω) dWt(ω), here, the situation is opposite in

some sense: moreover that, integrand f(t, ω) is a measurable function of two variables, it
should be an adapted process, i.e. for all t ∈ [0, T ] the random variable f(t, · ) must be
measurable with respect to the σ-algebra ℑW

t := σ{Ws : s ∈ [0, t]}, which means that
integrand should be independent of the future increments of the Wiener process. On the
one hand, it is clear that in many cases this is natural condition, where the filtration ℑW

t

represents the evolution of the available information. On the other hand, this condition
for a long time was limiting, both development of the theory, as well as applications of
stochastic calculus.

In the 70th of the last century, there have been a lot of tries to weaken the adaptedness
requirement for the integrand of Ito’s stochastic integral, as well as in the theory of
filtration expansion. A completely different approach has been suggested by Skorokhod
(1975), which didn’t demand independence of the integrand from the future increments of
the Wiener integrator and was symmetrical with respect to time reversal. For this purpose
it was required to demand smoothness of an integrand in some sense, in particular its
stochastically differentiability.

We define and study some properties of the backward stochastic integral where the
integrand (in difference from the case considered in [1]) depends on random and time
variables. In particular, the class of integrable in such sense integrands is described,
the relationships with both of Ito’s and Stratanovich’s integrals are established and the
change of variables rule (the analogous of Ito’s formula) is given. As it is known, if for
every period of time f is dependent of Wiener process past behavior (or in other words,

it is adapted process to its own natural filtration), then the integral
T∫
0

f dW had been

defined by Ito and it has some good properties, but if f is dependent of Wiener’s process
future behavior, then many properties (e.g., isometry and martingale property) are lost.
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About the Fast Direct Solution of DGTD Equation
Paata Tsereteli, Iskander Badzagua, Roman Jobava
EM Consultations and Software, EMCoS Ltd., Tbilisi, Georgia

email: paata.tsereteli@gmail.com

In recent years the discontinuous Galerkin time domain method (DGTD) [1] is widely
used for applications arising in electromagnetics. In principle, DGTD is a variant of
conventional finite element method (FEM) [2]. The main difference is that in DGTD
the basis functions are only defined on a single element without any overlap with the
neighboring elements. This effectively decouples the elements. After having performed
all expensive operations on each element separately, the coupling between the elements
is reintroduced via the so-called numerical flux. Usage of the spatial discretization based
on unstructured, tetrahedral finite elements is one of the main advantages of DGTD. The
explicit time integration schemes, such as Runge-Kutta and Leap-Frog are easy applicable,
but unfortunately computationally expensive due to restriction of time step size (Courant–
Friedrichs–Lewy condition). Thus it is required to use implicit time stepping scheme that
is unconditionally stable and allows usage of larger time step, which in turn reduces the
calculation time. However, efficiency of this approach depends on inversion of huge sparse
matrices. This report presents an optimized implicit time integration scheme for DGTD
based on fast direct inversion of matrix.

Aun+1 = Bun + Cvinc,

where A, B and C are sparse matrices, un is vector of fields calculated at previous time
step, vinc is vector of incident fields and un+1 is unknown vector that should be calculated.

For solution of the equation the same approach is used as in Fast Direct Solver (FDS),
which was reported on the last conference [3]. Along with full and compressed blocks we
introduce zero blocks, and newly obtained during solution non-zero blocks we compress
by SVD method
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MHD-Flow of Conducting Liquid in Ducts with
Arbitrary Conductivity of Walls
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The paper deals with steady flow of conducting liquid in rectangular ducts with ar-
bitrary conductivity of walls in the presence of transverse magnetic field the variational
method of investigation being used. The obtained results are applied particularly for the
determination of viscous and Joule losses in the MHD-converter.
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On the Infinite Sequence of Twin Prime Numbers
Tristan Turashvili

Georgian Technical University, Tbilisi, Georgia
email: l.turashvili1999@gmail.com

Consider twin prime numbers 17 and 19. We construct two infinite sequence of num-
bers

107, 1007, 10007, 100007 and so on;
109, 1009, 10009, 100009 and so on.

By using mathematical induction is proved that all members of the first sequence are
prime. Members a4, a10, a16, a22 and so on of the second sequence are composite and
other members are prime. From these follows that there exists the infinite sequence of
twin prime numbers.
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I-Rad-⊕-Supplemented Modules
Burcu Nişancı Türkmen, Ergül Türkmen

Department of Mathematics, Faculty of Art and Science, Amasya University
Ipekköy/Amasya, Turkey

email: burcunisancie@hotmail.com; ergulturkmen@hotmail.com

Let M be an R-module and let I be an ideal of R. We say that M is I-Rad-⊕-
supplemented modules, provided for every submodule N of M , there exists a direct sum-
mand K of M such that M = N+K, N∩K ⊆ IK and N∩K ⊆ Rad(K). The aim of this
paper is to show new properties of I-Rad-⊕-supplemented modules. Especially, we show
that any finite direct sum of I-Rad-⊕-supplemented modules is I-Rad-⊕-supplemented.
We also prove that an R-module M is I-Rad-⊕-supplemented if and only if K and M

K

are I-Rad-⊕-supplemented for a fully invariant direct summand K of M . Finally, we
obtain the following result: Let R be a Dedekind domain which is not a field and M be
an injective R-module. Then M is Rad-⊕-supplemented if and only if M is I-Rad-⊕-
supplemented for every non-zero ideal I of R.

2010 Mathematics Subject Classification. 16D10, 16D50, 16D25.
Key words and phrases. supplement, Rad(-⊕-)supplemented modules, I-Rad-⊕-

supplemented modules.
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Absolutely Convergence Factors for Lip 1 Class
Fourier Coefficients

Giorgi Tutberidze, Vakhtang Tsagareishvili
Department of Mathematics, I. Javakhishvili Tbilisi State University

Tbilisi, Georgia
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It is known that if (φn) is either trigonometric, Haar or Walsh systems and f(x) ∈
Lipα, α ∈ (0, 1], then

∞∑
n=1

|cn(f)|nγ < +∞,
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where γ < α
2

and cn(f) =
1∫
0

f(x)φn(x) dx.

This talk is devoted to investigate sequences, for which multiplication with
∞∑
n=1

|cn(f)|n
1
2

provides absolute convergence of Lip 1 class Fourier coefficients.
We present theorem, which is a criterion for which above mentioned numerical se-

quences are absolute convergence factors of Lip 1 class Fourier coefficients.

Hardy Operators in Grand Lebesgue Spaces
Salaudin Umarkhadzhiev

Academy of Sciences of Chechen Republic, Grozny, Russia
email: umsalaudin@gmail.com

Grand Lebesgue spaces over sets of infinite measure are defined with using an addi-
tional characteristic a( · ) called a grandizer. Conditions on the grandizer a(x) for the
Hardy operators to be bounded in the grand Lebesgue spaces Lp)

a (Rn) are found, and
the lower and upper estimates for a sharp constant in the one-dimensional and multidi-
mensional Hardy inequalities are given in dependence on the grandizer. For some special
choice of the grandizer it is proved that this sharp constant is equal to the sharp constant
for the classical Lebesgue spaces.

The Number of Representations of Some
Positive Integers by Binary Forms

Teimuraz Vepkhvadze
Department of Mathematics, I. Javakhishvili Tbilis� State University

Tbilisi, Georgia
email: t-vepkhvadze@hotmail.com

It is well known how to obtain the formulas for the number of representations of a
positive integer by a binary quadratic form which belongs to one-class genera. In this
paper we give a full description of binary forms belonging to multi-class genera for which
the problem of obtaining formulas for the number of representations of some positive
integers can be easily reduced to the case of one-class genera.
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On Cross-Sections in the (2, 0)-Semitensor Bundle
Furkan Yildirim1, Ercan Celik2

1Department of Mathematics, Faculty of Science Atatürk University,
Narman Vocational Training School, Erzurum, Turkey

email: furkan.yildirim@atauni.edu.tr
2Department of Mathematics, Faculty of Science Atatürk University

Erzurum, Turkey
email: ercelik@atauni.edu.tr

Using projection (submersion) of the tangent bundle TM over a manifold M, we de�ne
a semi-tensor (pull-back) bundle tM of type (2,0). The main purpose of this paper is to
investigate complete and horizontal lift of vector fields for semi-tensor (pull-back) bundle
tM of type (2,0). In this context cross-sections in a special class of semi-tensor (pull-back)
bundle tM of type (2,0) can be also defined.
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An Application of Haar–Wavelet
Collocation Method to a Beam Equation

Kenan Yildirim1, Sertan Alkan2

1Mus Alparslan University, Mus, Turkey
email: kenanyildirim52@gmail.com

2Iskenderun Technical University, Hatay, Turkey
email: sertanalkan@iste.edu.tr

In this study, An Application of Haar-Wavelet Collocation Method to a Beam Equation
is presented. In order to show the efficiency and robustness of the method, some numerical
examples are given by means of figures.
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Solitary Wave Solutions of a Special Class of
Calogero–Degasperis–Fokas Equation

Kenan Yildirim1, Shabnam Jamshidzadeh2, Reza Abazari2
1Mus Alparslan University, Mus, Turkey

email: kenanyildirim52@gmail.com
2Young Researchers and Elite Club, Islamic Azad University, Ardabil, Iran

email: shjamshidzadeh@yahoo.com; abazari.r@gmail.com

In this study, G′/G expansion method is applied for a new solitary wave solutions of
a special class of Calogero–Degasperis–Fokas equation. New periodic and solitary wave
solutions for the nonlinear equation are derived.

On the Grammatical, Set Interpretations and
Unification of Denotations of Logical Operations

David Zarnadze1,2, Soso Tsotniashvili3, Mirian Sakhelashvili4
1Georgian Technical University, Tbilisi, Georgia

2N. Muskhelishvili Institute of Computational Mathematics of the
Georgian Technical University, Tbilisi, Georgia
3Gori State Teaching University, Gori, Georgia

4School of Bank and Law
email: stsotniashvili@gmail.com

In the papers [1]–[5] there were discussed classification of logical operations receiving
from using “or”, “and”, and “just or” conjunctions on three P , Q and R sentences paired,
alternatively and multiple ways. As well their grammatical, set interpretations and circuits
in Digital Electronics. This paper discusses similar circuits in case of conditional sentences
operation (9 proposition), circuits of negations of the logical operations (21 circuits) and
their grammatical, set interpretations. As well equivalent representations will be also
given. This kind of grammatical interpretations is not discussed in English, in German
and in Russian languages. Well-known denotations of classic operations will be given and
possibility of changing them will be discussed.
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The Consistent Estimators for Statistical Structures
Zurab Zerakidze1, Mzevinar Patsatsia2

1Gori University, Gori, Georgia
email: zura.zerakidze@mail.ru

2Sokhumi State University, Tbilisi, Georgia
email: mzevip54@mail.ru

Let there is given (E, S) measurable space and on this space there given {µi, i ∈ I}
family of probability measures defined on S, the I is set of parameters.
Definition 1. A statistical structure is called the set of objects {E, S, µi, i ∈ I}, where
(E, S) is a measurable space and {µi, i ∈ I} is a family of probability measures on it.
Definition 2. A statistical structure {E, S, µi, i ∈ I} is called strongly separable if there
exists disjoint family of S-measurable sets {Xi, i ∈ I} such that the relations are fulfilled:

µi(Xi) = 1 ∀ i ∈ I.

Definition 3. A linear subset MB ⊂Mσ is called a Banach space of measures if:
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1) one can define a norm on MB under which MB will be a Banach space and for any
orthogonal measures µ, ν ∈MB, and real number λ ̸= 0 the equality ∥µ+λν∥ ≥ ∥µ∥
is fulfilled;

2) if µ ∈MB, |f(x)| ≤ 1, then νf (A) =
∫
A

f(x)µ (dx) ∈MB and ∥νf∥ ≤ ∥µ∥;

3) if νn ∈MB, νn > 0, νn(E) < +∞ (∀n ∈ N) and νn ↓ 0 then for any linear functional
l∗ ∈M∗

B : lim
n→∞

l∗(νn) = 0.

Let ξi(t) (i ∈ I, t ∈ T ⊂ Rn) be the Gaussian real homogeneous field on T with zero
mean and correlation function Ri(t− s), i ∈ I; t, s ∈ T. Let∫

Rn

∫
Rn

|̃bi,j(λ, µ)|2

fi(λ)fj(µ)
dλ dµ = +∞ ∀ i, j ∈ I,

where b̃i,j(λ, µ) is Fourier transformation of bi,j(t, s) = Ri(t, s) − Rj(, st), i, j ∈ I. Then
the corresponding probability measures µi and µj are pairwise orthogonal.
Definition 4. Let’s say that the statistical structure {E, S, µi, i ∈ I} admits a consistent
estimators of parameters i ∈ I, if there exists at least one measurable map δ : (E, S) →
(I, B(I)), such that µi({x : δ(x)}) = 1 ∀ i ∈ I.
Theorem. Let MB =

⊕
i∈I
MBi

be a Banach space of measures; E be the complete metric

space whose topological weights are not measurable in a wider sense; S be the Borel σ-
algebra in E and cardI ≤ c. Then in the theory (ZFC) & (MA) the Gaussian orthogonal
statistical structure {E, S, µi, i ∈ I} admits a consistents estimators of i ∈ I if and only
if the correspondence f → lf defined by the equality

∫
E

f(x)µj (dx) = lf (µj), µj ∈ MB, is

one-to-one (here lf is linear functional on MB f).
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Numerical Simulation of Some
Non-Classical Elasticity Problems for

half-Plane by Boundary Element Method
Natela Zirakashvili

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

email: natzira@yahoo.com

The paper set a non-classical problems, which formulate in the following way: what
normal stress supposed to be applied on part of the boundary, that at the segment lying
inside the homogeneous isotropic elastic half-plane to obtain a pre-given conditions. The
problems solved by Boundary element method [1]. Testable examples are given, which
shows us, that what the normal stress supposed to be applied on part of the boundary,
that at the segment lying inside the body to obtain a pre-given stress or displacement.
Represented the numerical results, appropriate graphics, mechanical and physical inter-
pretation this problems.
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About Mathematics Teacher to Assess the
Work Performed by the Student

Manana Zivzivadze
Department of Teaching Methods, Akaki Tsereteli State University, Kutaisi, Georgia

email: manana.zivzivadze@atsu.edu.ge

Today, when it is important to move on to the new system of assessment of the teacher’s
activity, it is especially noteworthy how the teacher evaluates the task performed by the
pupil. An assessment of pupil by the teacher is a necessary component of learning and
teaching quality management. Correct assessment is equally important for both parties
involved in the teaching process. A last kind of task from the teacher’s subject examination
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is presented in the work. In particular, assessment of the work performed by the pupil.
During the assessment the teacher finds faults and gives pupil relevant recommendations.

Definition of Deflected Mode of
Anisotropical Cylindrical Body at the

Irregular Temperature Influence
Roland Zivzivadze

Department of Mathematics, Akaki Tsereteli State University, Kutaisi, Georgia
email: rolandi.zivzivadze@gmail.com

As it is known, determination of tensed-deformated condition of log of cylindrical
shape belongs to the group of spatial objectives of mechanics of deformative bodies. The
spatial objectives like this, on the basis of the classical elasticity, as a rule is accompanied
to solve the flat objectives with the help of several hypothetic assumptions(among them
the principle of Saint-Venant), with what, it is evident, their exact solving is not reached.
In the work the task of deflected anisotropic cylindrical circular-section body, mounted
on either end motionlessly is studied at the irregular temperature influence. Without the
usage of hypothetical assumptions (among them Saint-Venant principle) the exact solution
of the task is given with the collocation method. The coordinate system without dimension
is used in cylindrical coordinates. With the help of corresponding transformation of set
objectives, basic equations of theory of elasticity are portrayed. The internal strain and
the relocate components are found, which satisfy the corresponding boundary conditions
of the task, also the equilibrium equations and physical equations.
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