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ÐÒÏ×ÄÓÏÒÉ ÂÅÀÍãÉ ÌÀÍÉÀ (1918 - 1985)

ÂÅÀÍãÉ ÌÉáÄÉËÉÓ ÞÄ ÌÀÍÉÀ 1918 ßËÉÓ 29 ÌÀÉÓÓ ßÀËÄÍãÉáÉÓ ÒÀÉÏÍÉÓ ÓÏ×ÄË ÄßÄÒÛÉ
ÃÀÉÁÀÃÀ. ÌÀÌÀ, ÌÉáÄÉË ÌÖÒÆÀÚÀÍÉÓ ÞÄ ÌÀÍÉÀ ÒÖÓÖËÉ ÄÍÉÓ ÐÄÃÀÂÏÂÉ ÂÀáËÃÀÈ, áÏËÏ
ÌÉÓÉ ÃÄÃÀ - ×ÄÃÏÓÉ ÂÄÈÉÀ ÓÀÌÙÅÃÄËÏ ÏãÀáÉÃÀÍ ÉÚÏ. ÀÙÓÀÍÉÛÍÀÅÉÀ, ÒÏÌ ÁÀÔÏÍÉ
ÂÅÀÍãÉÓ ÁÀÁÖÀ ÃÄÃÉÓ ÌáÒÉÃÀÍ ÃÀ ÌÉÓÉ ÏÒÉ ÁÉÞÀ ÓÏ×ÄË ãÅÀÒÉÓ ßÌÉÍÃÀ ÂÉÏÒÂÉÓ
ÓÀáÄËÏÁÉÓ ÄÊËÄÓÉÀÓ ÄÌÓÀáÖÒÄÁÏÃÍÄÍ.

ÐÉÒÅÄËÃÀßÚÄÁÉÈÉ ÂÀÍÀÈËÄÁÀ ÂÅÀÍãÉ ÌÀÍÉÀÌ ØÀËÀØ ÆÖÂÃÉÃÛÉ ÌÉÉÙÏ. 1932 ßÄËÓ ÉÂÉ
ÆÖÂÃÉÃÉÓ ÐÄÃÀÂÏÂÉÖÒ ÔÄØÍÉÊÖÌÛÉ ÛÄÅÉÃÀ, ÒÏÌÄËÉÝ 1935 ßÄËÓ ÃÀÀÌÈÀÅÒÀ. ÉÌÀÅÄ ßÄËÓ
ÌÀÍ ÜÀÀÁÀÒÀ ÈÁÉËÉÓÉÓ ÓÀáÄËÌßÉ×Ï ÖÍÉÅÄÒÓÉÔÄÔÛÉ ×ÉÆÉÊÀ-ÌÀÈÄÌÀÔÉÊÉÓ ×ÀÊÖËÔÄÔÆÄ,
ÒÏÌËÉÓ ÃÀÌÈÀÅÒÄÁÉÓ ÛÄÌÃÄÂ 1940 ßËÉÃÀÍ 1945 ßËÀÌÃÄ ÆÖÂÃÉÃÉÓ ÓÀÌÀÓßÀÅËÄÁËÏ
ÉÍÓÔÉÔÖÔÛÉ ÀÓÉÓÔÄÍÔÀÃ ÌÖÛÀÏÁÃÀ. ÐÀÒÀËÄËÖÒÀÃ 1943 ßËÉÃÀÍ 1946 ßËÀÌÃÄ ÉÓ
ÈÁÉËÉÓÉÓ ÒÊÉÍÉÂÆÉÓ ÔÒÀÍÓÐÏÒÔÉÓ ÉÍÑÉÍÄÒÈÀ ÉÍÓÔÉÔÖÔÛÉ ÀÓÉÓÔÄÍÔÀÃ ÌÖÛÀÏÁÓ. 1945-
1946 ßËÄÁÛÉ ÉÓ ÉÚÏ ÓÀØÀÒÈÅÄËÏÓ ÂÀÍÀÈËÄÁÉÓ ÓÀÌÉÍÉÓÔÒÏÓ ÖÌÀÙËÄÓÉ ÓÊÏËÉÓ ÉÍÓÐÄØ-
ÔÏÒÉ. 1945 ßÄËÓ ÌÀÓ ÀãÉËÃÏÄÁÄÍ ÌÄÃËÉÈ: “ÛÒÏÌÉÈÉ ÌÀÌÀÝÏÁÉÓÀÈÅÉÓ 1941-1945
ßËÄÁÉÓ ÃÉÃ ÓÀÌÀÌÖËÏ ÏÌÛÉ”.

1946-1949 ßËÄÁÛÉ ÂÅÀÍãÉ ÌÀÍÉÀ ÓßÀÅËÏÁÓ ÌÏÓÊÏÅÉÓ ÐÏÔÉÏÌÊÉÍÉÓ ÓÀáÄËÏÁÉÓ ÐÄÃÀÂÏ-
ÂÉÖÒÉ ÉÍÓÔÉÔÖÔÉÓ ÀÓÐÉÒÀÍÔÖÒÀÛÉ. ÌÉÓÉ ÓÀÌÄÝÍÉÄÒÏ áÄËÌÞÙÅÀÍÄËÉ ÝÍÏÁÉËÉ ÌÀÈÄÌÀ-
ÔÉÊÏÓÉ, ÐÒÏ×ÄÓÏÒÉ ÓÌÉÒÍÏÅÉ ÉÚÏ. ÓÌÉÒÍÏÅÌÀ ÌÀÓ ÛÄÓÈÀÅÀÆÀ ÂÀÍÄáÉËÀ ÀÌÏÝÀÍÄÁÉ,
ÒÏÌËÄÁÉÝ ÀÍÀËÏÂÉÖÒÉ ÉÚÏ ÉÌ ÀÌÏÝÀÍÄÁÉÓ, ÒÏÌËÄÁÓÀÝ ÈÀÅÀÃ ÓÌÉÒÍÏÅÉ ÃÀ ÀÊÀÃÄÌÉÊÏÓÉ
ÊÏËÌÏÂÏÒÏÅÉ ÉáÉËÀÅÃÍÄÍ. ÌÀÓ ÖÍÃÀ ÛÄÄÃÀÒÄÁÉÍÀ ÀÒÀ ÂÀÍÀßÉËÄÁÉÓ ÌÈÄËÉ ÄÌÐÉÒÉÖËÉ
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ßÉÒÉ ÈÄÏÒÉÖË ÂÀÍÀßÉËÄÁÉÓ ÊÀÍÏÍÈÀÍ, ÀÒÀÌÄÃ ÀÌ ßÉÒÉÓ ÌáÏËÏÃ ÂÀÒÊÅÄÖËÉ, ßÉÍÀÓßÀÒ
ÃÀ×ÉØÓÉÒÄÁÖËÉ ÍÀßÉËÉ ÈÄÏÒÉÖËÉ ßÉÒÉÓ ÛÄÓÀÁÀÌÉÓ ÍÀßÉËÈÀÍ. ÓÀÊÉÈáÉÓ ÃÀÓÌÉÓ ÀÓÄÈÉ
ÀØÔÖÀËÏÁÀ ÉÌÉÈ ÉÚÏ ÂÀÍÐÉÒÏÁÄÁÖËÉ, ÒÏÌ áÛÉÒÀÃ ÄÌÐÉÒÉÖËÉ ÌÏÍÀÝÄÌÄÁÉ ÛÄÉÝÀÅÄÍ
ÀÒÀÓÀÉÌÄÃÏ ÃÀÊÅÉÒÅÄÁÄÁÉÓ ÂÀÒÊÅÄÖË ÍÀßÉËÓ, ÒÏÌËÄÁÉÝ, ÒÏÂÏÒÝ ßÄÓÉ, ÂÀÍÀßÉËÄÁÉÓ
ßÉÒÉÓ ÖÊÉÃÖÒÄÓ ÍÀßÉËÄÁÛÉ áÅÃÄÁÉÀÍ ÃÀ ÀÒÙÅÄÅÄÍ ÈÀÍáÌÏÁÀÓ ÊÉÃÄÄÁÆÄ. ÅÉÍÀÉÃÀÍ ÀÓÄÈÉ
ÃÀÊÅÉÒÅÄÁÄÁÉ ÌÏÅËÄÍÀÓ ÌÈËÉÀÍÏÁÀÛÉ ÅÄÒ ÃÀÀáÀÓÉÀÈÄÁÄÍ, ÀÌÉÔÏÌ ÌÉÆÀÍÛÄßÏÍÉËÉÀ ÉÓÉÍÉ
ÂÀÃÀÅÀÂÃÏÈ ÄÌÐÉÒÉÖËÉ ÃÀ ÈÄÏÒÉÖËÉ ÂÀÍÀßÉËÄÁÄÁÉÓ ÛÄÃÀÒÄÁÉÓ ÃÒÏÓ. 1949 ßËÉÓ 3
ÏØÔÏÌÁÄÒÓ Â. ÌÀÍÉÀ ÐÏÔÉÏÌÊÉÍÉÓ ÓÀáÄËÏÁÉÓ ÉÍÓÔÉÔÖÔÉÓ ×ÉÆÉÊÀ-ÌÀÈÄÌÀÔÉÊÉÓ ×ÀÊÖËÔÄÔÉÓ
ÓÀÌÄÝÍÉÄÒÏ ÓÀÁàÏÆÄ ßÀÒÌÀÔÄÁÉÈ ÉÝÀÅÓ ÓÀÊÀÍÃÉÃÀÔÏ ÃÉÓÄÒÔÀÝÉÀÓ ÈÄÌÀÆÄ: “ÂÀÍÀßÉËÄÁÉÓ
ÊÀÍÏÍÉÓ ÓÔÀÔÉÓÔÉÊÖÒÉ ÛÄ×ÀÓÄÁÀ”, ÒÏÌÄËÉÝ ÏÐÏÍÄÍÔÄÁÉÓ ÌáÒÉÃÀÍ ÖÌÀÙËÄÓ ÛÄ×ÀÓÄÁÀÓ
ÉÌÓÀáÖÒÄÁÓ.

ÃÉÓÄÒÔÀÝÉÉÓ Ï×ÉÝÉÀËÖÒÉ ÏÐÏÍÄÍÔÄÁÉ ÉÚÅÍÄÍ ÀÊÀÃÄÌÉÊÏÓÉ ÁÏÒÉÓ ÂÍÄÃÄÍÊÏ ÃÀ
ÐÒÏ×ÄÓÏÒÉ ËÉÀÐÖÍÏÅÉ. ÃÉÓÄÒÔÀÍÔÉÓ ÌÏáÓÄÍÄÁÉÓ ÛÄÌÃÄÂ ÈÀÅÉÓ ÂÀÌÏÓÅËÀÛÉ ÀÊÀÃÄÌÉÊÏÓÌÀ
ÂÍÄÃÄÍÊÏÌ ÀÙÍÉÛÍÀ: “ÂËÉÅÄÍÊÏ, ÊÏËÌÏÂÏÒÏÅÉ ÃÀ ÓÌÉÒÍÏÅÉ ÌÖÃÌÉÅÀÃ ÌÉÖÈÉÈÄÁÃÍÄÍ
ÈÀÅÉÀÍÈÉ ÈÄÏÒÄÌÄÁÉÓ ÍÀÊËÏÅÀÍÄÁÄÁÆÄ. ÀØ ÓÀàÉÒÏÀ Ö×ÒÏ ÆÖÓÔÉ ×ÀØÔÄÁÉ, ÛÄ×ÀÓÄÁÀ
ÖÍÃÀ ÅÀßÀÒÌÏÏÈ ÀÒÀ ÌÈÄË ÒÉÝáÅÉÈ ÙÄÒÞÆÄ, ÀÒÀÌÄÃ ÉØ, ÓÀÃÀÝ ÛÄÉÞËÄÁÀ ÂÅØÏÍÃÄÓ
ÃÉÃÉ ÂÀÃÀáÒÄÁÉ. Â. ÌÀÍÉÀ ÓÌÉÒÍÏÅÉÓ áÄËÌÞÙÅÀÍÄËÏÁÉÈ ÌÖÛÀÏÁÃÀ ÓßÏÒÄÃ ÀÌ ÞÀËÉÀÍ
ÓÀÉÍÔÄÒÄÓÏ ÃÀ ÌÍÉÛÅÍÄËÏÅÀÍ ÐÒÏÁËÄÌÀÆÄ. ÃÉÓÄÒÔÀÝÉÀÛÉ ÌÉÙÄÁÖËÉ ÛÄÃÄÂÄÁÉ ÐÉÒÅÄË-
áÀÒÉÓáÏÅÀÍÉ ÌÍÉÛÅÍÄËÏÁÉÓÀÀ (ÂÍÄÃÄÍÊÏ áÌÀÒÏÁÓ ×ÒÀÆÀÓ: первоклассного значения) ÃÀ
ÌÄ ÌÂÏÍÉÀ, ÒÏÌ ÀÌ ÈÄÌÀÔÉÊÉÃÀÍ ÛÄÉÞËÄÁÀ ÂÀÊÄÈÃÄÓ ÓÀÃÏØÔÏÒÏ ÃÉÓÄÒÔÀÝÉÀ. ÌÉÙÄÁÖËÉ
ÛÄÃÄÂÄÁÉ – ÏÒÉ ÛÄÓÀÍÉÛÍÀÅÉ ÈÄÏÒÄÌÀ – ÓÀàÉÒÏÀ ÒÀÝ ÛÄÉÞËÄÁÀ ÓßÒÀ×ÀÃ ÂÀÌÏØÅÄÚÍÃÄÓ
ÃÀ ÛÄÔÀÍÉË ÉØÍÄÓ ÓÔÀÔÉÓÔÉÊÉÓ ÓÀáÄËÌÞÙÅÀÍÄËÏÄÁÛÉ. ÞÀËÉÀÍ ÓÀÓÀÒÂÄÁËÏÀ ÄÓ ÃÉÓÄÒÔÀ-
ÝÉÀ ÌÏÌÆÀÃÃÄÓ ÂÀÌÏÓÀØÅÄÚÍÄÁËÀÃ.”

ÌÄÏÒÄ Ï×ÉÝÉËÖÒÉ ÏÐÏÍÄÍÔÉ ÐÒÏ×. ËÉÀÐÖÍÏÅÉ ÊÉ ÀÙÍÉÛÍÀÅÃÀ, ÒÏÌ: “ÂÀÌÏÈÅËÄÁÉÓ
ÛÄÃÄÂÀÃ ÀÅÔÏÒÌÀ ÌÉÉÙÏ ÂÀÍÀßÉËÄÁÉÓ ÆÙÅÒÖËÉ ÊÀÍÏÍÄÁÉ ÒÏÂÏÒÝ ÄÒÈÉ, ÉÓÄ ÌÄÏÒÄ
ÂÀÃÀáÒÉÓÀÈÅÉÓ. ÓÒÖËÉÀÃ ÍÀÈÄËÉÀ, ÒÏÌ ÄÓ ÏÒÉ ÈÄÏÒÄÌÀ ÛÄÅÀ ÌÀÈÄÌÀÔÉÊÖÒÉ ÓÔÀÔÉÓÔÉ-
ÊÉÓ ÏØÒÏÓ ×ÏÍÃÛÉ (эти две теоремы войдут в золотой фонд математической статистики,
áÏËÏ Ï×ÉÝÉÀËÖÒ ÂÀÌÏáÌÀÖÒÄÁÀÛÉ ÉÂÉ ßÄÒÃÀ, ÒÏÌ: “можно смело сказать, что
решения этих задач, прочно войдут в золотой фонд математических методов статистики”)
ÃÀ ÛÄÌÃÄÂ ÉÂÉ ÀÂÒÞÄËÄÁÓ: ÌÄ ÅÄÈÀÍáÌÄÁÉ ÀÊÀÃÄÌÉÊÏÓ ÂÍÄÃÄÍÊÏÓ, ÒÏÌ ÀÌ ÈÄÌÀÔÉÊÉÓ
ÛÄÌÃÂÏÌÉ ÂÀÍÅÉÈÀÒÄÁÀ ßÀÒÌÏÀÃÂÄÍÓ ÌÔÊÉÝÄ ÓÀ×ÖÞÅÄËÓ ÓÀÃÏØÔÏÒÏ ÃÉÓÄÒÔÀÝÉÉÓ ÌÏÓÀÌ-
ÆÀÃÄÁËÀÃ.”

ÀØÅÄ ÌÏÅÉÚÅÀÍÈ ÄÒÈ ÍÀßÚÅÄÔÓ Â. ÌÀÍÉÀÓ áÄËÌÞÙÅÀÍÄËÉÓ ÐÒÏ×ÄÓÏÒ ÍÉÊÏËÏÆ
ÓÌÉÒÍÏÅÉÓ ÂÀÌÏÓÅËÉÃÀÍ: “ÌÄ ÅÉáÓÄÍÄÁ 1946 ßÄËÓ, ÒÏÃÄÓÀÝ ÂÀÌÏÜÍÃÀ ÂÅÀÍãÉ ÌÀÍÉÀ. ÉÓ
ÉÚÏ ÌÀÛÉÍ ÞÀËÉÀÍ ÀáÀËÂÀÆÒÃÀ, ÌÀÂÒÀÌ ÛÄÌÏØÌÄÃÄÁÉÈÉ ÄÍÈÖÆÉÀÆÌÉ ÃÀ ÌÄÝÍÉÄÒÄÁÉÓÀÃÌÉ
ÓÉÚÅÀÒÖËÉ ÂÀÌÏÓàÅÉÏÃÀ ÌÉÓ ÚÏÅÄË ÍÀÁÉãÛÉ. ÌÀÍ ÝÖÃÀÃ ÉÝÏÃÀ ÒÖÓÖËÉ ÄÍÀ. ÜÅÄÍ
ÌÉÅÄÝÉÈ ÌÀÓ ßÀÓÀÊÉÈáÀÃ äÀÌÄÒÛÔÀÉÍÉÓ ÄÒÈÉ ÌÄÌÖÀÒÉ ÃÀ ÅÉÚÀÅÉÈ ÖÊÉÃÖÒÄÓÀÃ ÂÀÍÝÅÉ×ÒÄ-
ÁÖËÍÉ, ÒÏÃÄÓÀÝ ÀÌ ÀáÀËÂÀÆÒÃÀ ÊÀÝÌÀ, ÒÏÌÄËÓÀÝ ÞÀËÆÄÃ ÖàÉÒÃÀ ÒÖÓÖË ÄÍÀÆÄ
×ÒÀÆÄÁÉÓ ÓßÏÒÀÃ ÃÀËÀÂÄÁÀÝ ÊÉ, ÞÀËÉÀÍ ÊÀÒÂÀÃ ÃÀ ÆÖÓÔÀÃ ÀÙÀÃÂÉÍÀ ÌÞÉÌÄßÏÍÉÀÍÉ
×ÖÍÃÀÌÄÍÔÖÒÉ ÂÄÒÌÀÍÖËÉ ßÉÍÀÃÀÃÄÁÄÁÉ, ÀÌÀÓÈÀÍÀÅÄ ÚÅÄËÀ ÞÉÒÉÈÀÃÉ ÀÆÒÉ, ÚÅÄËÀ
ÃÄÔÀËÉ ÃÀ ÚÅÄËÀ ÃÀÌÔÊÉÝÄÁÀ ÁÒßÚÉÍÅÀËÄÃ ÉÚÏ ÂÀÃÌÏÝÄÌÖËÉ. ÌÀÓ ÛÄÌÃÄÂ, ÒÀÝ Â. ÌÀÍÉÀ
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ÛÄÖÃÂÀ ÃÀÌÏÖÊÉÃÄÁÄË ÌÖÛÀÏÁÀÓ, ÌÉÓ ÌÉÄÒ ÛÄÌÏÈÀÅÀÆÄÁÖË ÉØÍÀ ÁÄÅÒÉ ÓáÅÀÃÀÓáÅÀ
ÌÉÃÂÏÌÀ. ÌÀÂÒÀÌ ÆÏÂÉÄÒÈÓ ÌÉÅÚÀÅÃÉÈ ÀáÀË Ö×ÒÏ ÒÈÖË ÐÒÏÁËÄÌÄÁÀÌÃÄ, áÏËÏ
ÆÏÂÉÄÒÈÉ ÉÞËÄÏÃÀ ÐÒÏÁËÄÌÉÓ ÞÀËÉÀÍ ÅÒÝÄË ÃÀÓÌÀÓ ÃÀ ÌáÏËÏÃ ÉÍÔÖÉÝÉÀÌ ÖÊÀÒÍÀáÀ
Â. ÌÀÍÉÀÓ ÚÅÄËÀÆÄ Ö×ÒÏ ÌÏáÄÒáÄÁÖËÉ ÃÀ ÓÀÓÀÒÂÄÁËÏ ÌÄÈÏÃÉ, ÒÏÌÄËÉÝ ÍÀÌÃÅÉËÀÃ
ßÀÒÌÏÀÃÂÄÍÓ ÓÀÍÉÌÖÛÏÓ ÌÓÂÀÅÓÉ ÀÌÏÝÀÍÄÁÉÓ ÃÀÓÌÉÓÀ ÃÀ ÀÌÏáÓÍÉÓ ÃÒÏÓ.”

ÒÖÓÄÈÉÓ ÄÐÏÐÄÉÓ ÛÄÌÃÄÂ ÂÅÀÍãÉ ÌÀÍÉÀ ÁÒÖÍÃÄÁÀ ÓÀØÀÒÈÅÄËÏÛÉ ÃÀ 1949–1950
ßËÄÁÛÉ ÌÖÛÀÏÁÓ ÂÏÒÉÓ ÍÉÊÏËÏÆ ÁÀÒÀÈÀÛÅÉËÉÓ ÓÀáÄËÏÁÉÓ ÐÄÃÀÂÏÂÉÖÒ ÉÍÓÔÉÔÖÔÛÉ
ÃÏÝÄÍÔÉÓ ÈÀÍÀÌÃÄÁÏÁÀÆÄ. 1950–1953 ßËÄÁÛÉ ÉÂÉ ÓÀØÀÒÈÅÄËÏÓ ÐÏËÉÔÄØÍÉÊÖÒÉ ÉÍÓÔÉ-
ÔÖÔÉÓ ÃÏÝÄÍÔÉÀ, 1955, 1956 ßËÄÁÛÉ ÊÉ - ÀÍÃÒÉÀ ÒÀÆÌÀÞÉÓ ÓÀáÄËÏÁÉÓ ÈÁÉËÉÓÉÓ
ÌÀÈÄÌÀÔÉÊÉÓ ÉÍÓÔÉÔÖÔÉÓ Ö×ÒÏÓÉ ÌÄÝÍÉÄÒ-ÈÀÍÀÌÛÒÏÌÄËÉ.

ÂÀÍÖÆÏÌËÀÃ ÃÉÃÉÀ ÐÒÏ×ÄÓÏÒ ÂÅÀÍãÉ ÌÀÍÉÀÓ ÙÅÀßËÉ ÓÀØÀÒÈÅÄËÏÛÉ ÉÓÄÈÉ ÀáÀËÉ
ÓÀÌÄÝÍÉÄÒÏ ÝÄÍÔÒÄÁÉÓ ÜÀÌÏÚÀËÉÁÄÁÉÓ ÓÀØÌÄÛÉ, ÒÏÂÏÒÄÁÉÝÀÀ ÂÀÌÏÈÅËÉÈÉ ÝÄÍÔÒÉ ÃÀ
ÂÀÌÏÚÄÍÄÁÉÈÉ ÌÀÈÄÌÀÔÉÊÉÓ ÉÍÓÔÉÔÖÔÉ. ÀÌÃÄÍÀÃ, ÓÒÖËÉÀÃ ÁÖÍÄÁÒÉÅÉ ÃÀ ÍÉÛÀÍÃÏÁËÉÅÉÀ,
ÒÏÌ 2008 ßÄËÓ, ÒÏÝÀ ÀÙÉÍÉÛÍÄÁÏÃÀ ÂÀÌÏÚÄÍÄÁÉÈÉ ÌÀÈÄÌÀÔÉÊÉÓ ÉÍÓÔÉÔÖÔÉÓ (ÛÄÌÃÂÏÌÛÉ
- ÀÊÀÃÄÌÉÊÏÓ ÉËÉÀ ÅÄÊÖÀÓ ÓÀáÄËÏÁÉÓ ÂÀÌÏÚÄÍÄÁÉÈÉ ÌÀÈÄÌÀÔÉÊÉÓ ÉÍÓÔÉÔÖÔÉÓ) ÃÀÀÒÓÄÁÉ-
ÃÀÍ 40 ßÄËÉ ÃÀ ÀÌ ÈÀÒÉÙÓ ÌÉÄÞÙÅÍÀ ÓÀÌÄÝÍÉÄÒÏ ÊÏÍ×ÄÒÄÍÝÉÀ, ÂÀÃÀßÚÃÀ, ÒÏÌ
ÐÒÏ×ÄÓÏÒ ÂÅÀÍãÉ ÌÀÍÉÀÓ 90 ßËÉÓÈÀÅÉÓÀÃÌÉ ÌÉÞÙÅÍÉËÉ ÓÀÉÖÁÉËÄÏ ÓáÃÏÌÀ ÓÀØÀÒÈÅÄ-
ËÏÓ ÌÀÈÄÌÀÔÉÊÏÓÈÀ ÊÀÅÛÉÒÉÓ ÈÀÏÓÍÏÁÉÈÀ ÃÀ ÉÍÉÝÉÀÔÉÅÉÈ ÓßÏÒÄÃ ÀÌ ÉÍÓÔÉÔÖÔÉÓ
ÊÄÃËÄÁÛÉ ÜÀÔÀÒÄÁÖËÉÚÏ. 1956-1964 ßËÄÁÛÉ ÁÀÔÏÍÉ ÂÅÀÍãÉ ÌÖÛÀÏÁÃÀ ÃÉÒÄØÔÏÒÉÓ
ÌÏÀÃÂÉËÄÃ ÓÀÌÄÝÍÉÄÒÏ ÃÀÒÂÛÉ ÓÀØÀÒÈÅÄËÏÓ ÌÄÝÍÉÄÒÄÁÀÈÀ ÀÊÀÃÄÌÉÉÓ ÂÀÌÏÈÅËÉÈ
ÝÄÍÔÒÛÉ (ÛÄÌÃÂÏÌÛÉ – ÀÊÀÃÄÌÉÊÏÓ ÍÉÊÏËÏÆ ÌÖÓáÄËÉÛÅÉËÉÓ ÓÀáÄËÏÁÉÓ ÂÀÌÏÈÅËÉÈÉ
ÌÀÈÄÌÀÔÉÊÉÓ ÉÍÓÔÉÔÖÔÉ), áÏËÏ 1966-1972 ßËÄÁÛÉ ÊÉ ÉÚÏ ÈÓÖ ÂÀÌÏÚÄÍÄÁÉÈ ÌÀÈÄÌÀÔÉÊÉÓ
ÉÍÓÔÉÔÖÔÉÓ ÃÉÒÄØÔÏÒÉÓ ÌÏÀÃÂÉËÄ ÓÀÌÄÝÍÉÄÒÏ ÍÀßÉËÛÉ.

ÀÒÀÍÀÊËÄÁ ßÀÒÌÀÔÄÁÖËÉ ÉÚÏ Â. ÌÀÍÉÀÓ ÓÀÃÏØÔÏÒÏ ÃÉÓÄÒÔÀÝÉÀ ÈÄÌÀÆÄ: “ÌÀÈÄÌÀÔÉ-
ÊÖÒÉ ÓÔÀÔÉÓÔÉÊÉÓ ÆÏÂÉÄÒÈÉ ÌÄÈÏÃÉ”, ÒÏÌÄËÉÝ ßÀÒÌÏÀÃÂÄÍÃÀ ÌÉÓÉ ÀÈßËÉÀÍÉ ÍÀÚÏ-
×ÉÄÒÉ ÌÄÝÍÉÄÒÖËÉ ÌÏÙÅÀßÄÏÁÉÓ ÛÄÃÄÂÓ. Â. ÌÀÍÉÀÌ ÓÀÃÏØÔÏÒÏ ÃÉÓÄÒÔÀÝÉÀ 1963 ßÄËÓ,
À. ÒÀÆÌÀÞÉÓ ÓÀáÄËÏÁÉÓ ÌÀÈÄÌÀÔÉÊÉÓ ÉÍÓÔÉÔÖÔÛÉ ÃÀÉÝÅÀ. ÌÉÓÉ Ï×ÉÝÉÀËÖÒÉ ÏÐÏÍÄÍÔÄÁÉ
ÉÚÅÍÄÍ ÀÊÀÃÄÌÉÊÏÓÄÁÉ: áÅÄÃÄËÉÞÄ, ÐÒÏáÏÒÏÅÉ ÃÀ ÓÉÒÀÑÃÉÍÏÅÉ. 1964 ßÄËÓ ÌÀÓ ÈÓÖ
ÐÒÏ×ÄÓÏÒÉÓ ÈÀÍÀÌÃÄÁÏÁÀÆÄ ÉÒÜÄÅÄÍ.

1963 ßÄËÓ Â. ÌÀÍÉÀÓ ÖÃÉÃÄÓÉ ÞÀËÉÓáÌÄÅÉÈ ÈÁÉËÉÓÛÉ ÜÀÔÀÒÃÀ ÞÀËÉÀÍ ÃÉÃÉ
ÃÀ ÌÍÉÛÅÍÄËÏÅÀÍÉ ÊÏÍ×ÄÒÄÍÝÉÀ - ÓÀÊÀÅÛÉÒÏ ÊÏÍ×ÄÒÄÍÝÉÀ ÀËÁÀÈÏÁÉÓ ÈÄÏÒÉÀÓÀ ÃÀ
ÌÀÈÄÌÀÔÉÊÖÒ ÓÔÀÔÉÓÔÉÊÀÛÉ. ÓÀÁàÏÈÀ ÊÀÅÛÉÒÛÉ, 1963 ßÄËÓ, ÊÏÍ×ÄÒÄÍÝÉÉÓ ÏÒÂÀÍÉÆÀÔÏ-
ÒÄÁÓ Ö×ËÄÁÀ ÌÉÓÝÄÓ ÌÏÄßÅÉÀÈ “ÊÀÐÉÔÀËÉÓÔÖÒ ØÅÄÚÍÄÁÉÃÀÍ 10 ÌÏÍÀßÉËÄ ÃÀ ÓÏÝÉÀËÉÓ-
ÔÖÒÉ ØÅÄÚÍÄÁÉÃÀÍ 15 ÌÏÍÀßÉËÄ” - ÒÀÝ ÉÌ ÃÒÏÉÓÀÈÅÉÓ ßÀÒÌÏÖÃÂÄÍÄËÉ ×Ö×ÖÍÄÁÀ
ÉÚÏ. ÊÏÍ×ÄÒÄÍÝÉÀÛÉ ÌÏÍÀßÉËÄÏÍÃÍÄÍ: ÊÒÀÌÄÒÉ, ÌÀÒÔÉÍ ËÏÅÉ, ÐÀÒÆÄÍÉ, ÅÏË×ÏÅÉÝÉ,
ÒÏÆÄÍÁËÀÔÉ, ÃÄÅÉÃ ÊÄÍÃÀËÉ ÃÀ ÓáÅÄÁÉ.

ÊÏÍ×ÄÒÄÍÝÉÉÓ ÌÏÍÀßÉËÄÄÁÉ ÉÚÅÍÄÍ ÀÒÀ ÌÀÒÔÏ ÀËÁÀÈÏÁÉÓ ÈÄÏÒÉÉÓÀ ÃÀ ÌÀÈÄÌÀ-
ÔÉÊÖÒÉ ÓÔÀÔÉÓÔÉÊÉÓ ÓÐÄÝÉÀËÉÓÔÄÁÉ, ÀÒÀÌÄÃ ×ÖÍØÝÉÀÈÀ ÈÄÏÒÉÉÓÀ ÃÀ ×ÖÍØÝÉÏÍÀËÖÒÉ
ÀÍÀËÉÆÉÓ ÆÏÂÉÄÒÈÉ ÓÀÖÊÄÈÄÓÏ ÀÒÌÏÌÀÃÂÄÍÄËÉ, ÒÏÂÏÒÉÝÀÀ ÌÀÂÀËÉÈÀÃ ÐÒÏ×ÄÓÏÒÉ
Ó. ÓÔÄÜÊÉÍÉ. ÐÒÏ×ÄÓÏÒÉ ËÉÍÍÉÊÉ ÀØ ÉÚÏ ÆÏÂÉÄÒÈ ÈÀÅÉÓ ÌÏÓßÀÅËÄÓÈÀÍ ÄÒÈÀÃ ÃÀ
ÀáÀËÂÀÆÒÃÀ Ì. ÓÔÒÀÔÀÍÏÅÉÜÉ, ÒÏÌÄËÉÝ ÉÌ ÃÒÏÓ ÌÖÛÀÏÁÃÀ ×ÉÆÉÊÀÛÉ ÊÄÒÞÏßÀÒÌÏÄÁÖËÄ-
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ÁÉÀÍÉ ÃÉ×ÄÒÄÍÝÉÀËÖÒÉ ÂÀÍÔÏËÄÁÄÁÉÓ ÀÐÒÏØÓÉÌÀÝÉÉÓ ÌÄÈÏÃÄÁÛÉ. À. ÊÏËÌÏÂÏÒÏÅÉ,
ÈÀÅÉÓ ÌÏÓßÀÅËÄÄÁÈÀÍ ÃÀ ÈÀÍÀÌÛÒÏÌËÄÁÈÀÍ ÄÒÈÀÃ: Á. ÂÍÄÃÄÍÊÏ, À. ÛÉÒÉÀÄÅÉ, É. ÓÉÍÀÉ,
À. ÁÏÒÏÅÊÏÅÉ ÃÀ ÓáÅÄÁÉ, ØÌÍÉÃÍÄÍ ÊÏÍ×ÄÒÄÍÝÉÉÓ ÓÀÌÄÝÍÉÄÒÏ “ÁÉÒÈÅÓ”, ÌÀÂÒÀÌ ÐÒÏÁËÄ-
ÌÄÁÉÓ ÖÌÒÀÅËÄÓÏÁÀÓ, ÒÏÂÏÒÝ ÌÝÉÒÄÓ, ÉÓÄ ÃÉÃÓ, ßÀÒÌÀÔÄÁÉÈ ÖÌÊËÀÅÃÄÁÏÃÀ ÄÒÈ
ÀáÀËÂÀÆÒÃÀ ÊÀÝÉ, ãÄÒ ÊÉÃÄÅ ÀÒÀ ÐÒÏ×ÄÓÏÒÉ -- ÂÅÀÍãÉ ÌÀÍÉÀ.

20-25 ßËÉÓ ÛÄÌÃÄÂ ÃÀ Ö×ÒÏ ÌÏÂÅÉÀÍÄÁÉÈ, ÊÏËÄÂÄÁÉ ÚÅÄËÂÀÍ ÉáÓÄÍÄÁÃÍÄÍ ÀÌ
ÊÏÍ×ÄÒÄÍÝÉÀÓ, ÒÏÂÏÒÝ ÖÃÉÃÄÓ ÌÏÅËÄÍÀÓ ÃÀ ÓÀÓÉÀÌÏÅÍÏ ÌÏÂÏÍÄÁÀÓ.

ÓÀØÀÒÈÅÄËÏÛÉ ÀËÁÀÈÏÁÉÓ ÈÄÏÒÉÉÓÀ ÃÀ ÌÀÈÄÌÀÔÉÊÖÒÉ ÓÔÀÔÉÓÔÉÊÉÓ ÓßÀÅËÄÁÉÓ
ÔÒÀÃÉÝÉÀÓ ÓÀ×ÖÞÅÄËÉ ÃÀÖÃÏ ÐÉÒÅÄËÌÀ ØÀÒÈÅÄËÌÀ ÌÊÅËÄÅÀÒ-ÌÀÈÄÌÀÔÉÊÏÓÌÀ, ÈÁÉËÉÓÉÓ
ÖÍÉÅÄÒÓÉÔÄÔÉÓ ÄÒÈ-ÄÒÈÌÀ ÃÀÌÀÀÒÓÄÁÄËÌÀ, ÐÒÏ×. ÀÍÃÒÉÀ ÒÀÆÌÀÞÄÌ (1889-1929), ÒÏ-
ÌÄËÉÝ ÊÉÈáÖËÏÁÃÀ ËÄØÝÉÄÁÉÓ ÊÖÒÓÓ ÀáËÀÃ ÃÀÀÒÓÄÁÖË ÈÁÉËÉÓÉÓ ÖÍÉÅÄÒÓÉÔÄÔÛÉ,
áÏËÏ ÌÀÈÄÌÀÔÉÊÉÓ ÀÌ ÃÀÒÂÉÓ ÂÀÍÅÉÈÀÒÄÁÀÓ ÓÀ×ÖÞÅÄËÉ ÜÀÖÚÀÒÀ ÂÅÀÍãÉ ÌÀÍÉÀÌ (1918-
1985). 1968 ßÄËÓ ÐÒÏ×. Â. ÌÀÍÉÀÓ ÈÀÏÓÍÏÁÉÈ ÈÁÉËÉÓÉÓ ÓÀáÄËÌßÉ×Ï ÖÍÉÅÄÒÓÉÔÄÔÛÉ
×ÖÞÍÃÄÁÀ ÀËÁÀÈÏÁÉÓ ÈÄÏÒÉÉÓÀ ÃÀ ÌÀÈÄÌÀÔÉÊÖÒÉ ÓÔÀÔÉÓÔÉÊÉÓ ÊÀÈÄÃÒÀ, ÒÏÌÄËÓÀÝ
ÉÓ áÄËÌÞÙÅÀÍÄËÏÁÃÀ ÓÉÝÏÝáËÉÓ ÁÏËÏÌÃÄ. ßÄËÓ ÜÅÄÍ ÀÙÅÍÉÛÍÀÅÈ ÒÏÂÏÒÝ ÁÀÔÏÍÉ
ÂÅÀÍãÉÓ ÃÀÁÀÃÄÁÉÃÀÍ 100 ßËÉÓÈÀÅÓ, ÉÓÄ ÌÉÓÉ ÌÛÏÁËÉÖÒÉ ÖÍÉÅÄÒÓÉÔÄÔÉÓ ÃÀÀÒÓÄÁÉÃÀÍ
100 ßËÉÓ ÉÖÁÉËÄÓ ÃÀ, ÒÀ ÈØÌÀ ÖÍÃÀ, ÌÉÓ ÌÉÄÒ ÃÀ×ÖÞÍÄÁÖËÉ ÊÀÈÄÃÒÉÓ 50 ßËÉÓ
ÉÖÁÉËÄÓÀÝ (ÀÌÑÀÌÀÃ ÀÌ ÊÀÈÄÃÒÀÓ ÓÀÈÀÅÄÛÉ ÖÃÂÀÓ ÓÀØÀÒÈÅÄËÏÓ ÌÄÝÍÉÄÒÄÁÀÈÀ ÄÒÏÅÍÖËÉ
ÀÊÀÃÄÌÉÉÓ ß/Ê, ÐÒÏ×ÄÓÏÒÉ ÄËÉÆÁÀÒ ÍÀÃÀÒÀÉÀ). ÐÀÒÀËÄËÖÒÀÃ, 1973-1983 ßËÄÁÛÉ,
ÐÒÏ×. Â. ÌÀÍÉÀ ÉÚÏ ÓÀØÀÒÈÅÄËÏÓ ÌÄÝÍÉÄÒÄÁÀÈÀ ÀÊÀÃÄÌÉÉÓ ÄÊÏÍÏÌÉÊÉÓÀ ÃÀ ÓÀÌÀÒÈËÉÓ
ÉÍÓÔÉÔÖÔÉÓ ÓÄØÔÏÒÉÓ ÂÀÌÂÄ, 1983 ßËÉÃÀÍ ÊÉ - ÓÀØÀÒÈÅÄËÏÓ ÌÄÝÍÉÄÒÄÁÀÈÀ ÀÊÀÃÄÌÉÉÓ
ÀÍÃÒÉÀ ÒÀÆÌÀÞÉÓ ÓÀáÄËÏÁÉÓ ÉÍÓÔÉÔÖÔÈÀÍ ÀÒÓÄÁÖËÉ ÀËÁÀÈÏÁÉÓ ÈÄÏÒÉÉÓÀ ÃÀ ÌÀÈÄÌÀ-
ÔÉÊÖÒÉ ÓÔÀÔÉÓÔÉÊÉÓ ÓÄØÔÏÒÉÓ ÂÀÌÂÄ.

ÐÒÏ×ÄÓÏÒÉ Â. ÌÀÍÉÀ ÄßÄÏÃÀ ÀØÔÉÖÒ ÃÀ ÍÀÚÏ×ÉÄÒ ÓÀÌÄÝÍÉÄÒÏ ÃÀ ÐÄÃÀÂÏÂÉÖÒ
ÌÏÙÅÀßÄÏÁÀÓ. ÉÂÉ ÀÒÉÓ ÀÅÔÏÒÉ 50-ÆÄ ÌÄÔÉ ÓÀÌÄÝÍÉÄÒÏ ÍÀÛÒÏÌÉÓ. ÓÀØÀÒÈÅÄËÏÛÉ
ÀËÁÀÈÏÁÉÓ ÈÄÏÒÉÉÓÀ ÃÀ ÌÀÈÄÌÀÔÉÊÖÒÉ ÓÔÀÔÉÓÔÉÊÉÓ, ÒÏÂÏÒÝ ÌÀÈÄÌÀÔÉÊÉÓ ÃÀÒÂÉÓ,
ÂÀÍÅÉÈÀÒÄÁÀÓ ÓÀ×ÖÞÅÄËÉ ÓßÏÒÄÃ Â. ÌÀÍÉÀÌ ÜÀÖÚÀÒÀ. ÌÀÓ ÄÊÖÈÅÍÉÓ ÐÉÒÅÄËÉ ØÀÒÈÖËÉ
ÓÀáÄËÌÞÙÅÀÍÄËÏÄÁÉ ÃÀ ÌÏÍÏÂÒÀ×ÉÄÁÉ ÀÌ ÃÉÓÝÉÐËÉÍÄÁÛÉ. ÌÉÓÉ ÌÏÙÅÀßÄÏÁÉÓ ÛÄÃÄÂÀÃ
ÂÀÓÖËÉ ÓÀÖÊÖÍÉÓ 50-ÉÀÍÉ ßËÄÁÉÃÀÍ ÛÄÉØÌÍÀ ÌÄÝÍÉÄÒÈÀ ÊÏËÄØÔÉÅÄÁÉ, ÒÏÌËÄÁÉÝ ÉÊÅËÄÅ-
ÃÍÄÍ ÀËÁÀÈÏÁÉÓ ÈÄÏÒÉÉÓÀ ÃÀ ÌÀÈÄÌÀÔÉÊÖÒÉ ÓÔÀÔÉÓÔÉÊÉÓ ÐÒÏÁËÄÌÄÁÓ ÃÀ ßÚÅÄÔÃÍÄÍ
ÒÏÂÏÒÝ ÈÄÏÒÉÖË, ÉÓÄ ÐÒÀØÔÉÊÖË ÀÌÏÝÀÍÄÁÓ ÀËÁÀÈÖÒ-ÓÔÀÔÉÓÔÉÊÖÒÉ ÌÄÈÏÃÄÁÉÓ
ÂÀÌÏÚÄÍÄÁÉÈ. ÐÒÏ×ÄÓÏÒ Â. ÌÀÍÉÀÓ áÄËÌÞÙÅÀÍÄËÏÁÉÈ ÌÏÌÆÀÃÃÀ 10 ÓÀÊÀÍÃÉÃÀÔÏ
ÃÉÓÄÒÔÀÝÉÀ.

ÐÒÏ×ÄÓÏÒÉ Â. ÌÀÍÉÀ ÌÒÀÅÀËÉ ÓÀÊÀÅÛÉÒÏ ÃÀ ÓÀÄÒÈÀÛÏÒÉÓÏ ÊÏÍ×ÄÒÄÍÝÉÉÓÀ ÃÀ
ÓÏÌÐÏÆÉÖÌÉÓ ÌÖÛÀÏÁÀÓÀ ÃÀ ÌÀÈ ÏÒÂÀÍÉÆÄÁÀÛÉ ÌÏÍÀßÉËÄÏÁÃÀ. 1969 ßÄËÓ ÉÂÉ ÌÉÅËÉÍÄÁÖ-
ËÉ ÉÚÏ ÓÀÄÒÈÀÛÏÒÉÓÏ ÓÔÀÔÉÓÔÉÊÖÒÉ ÉÍÓÔÉÔÖÔÉÓ 37-Ä ÓÄÓÉÉÓ ÃÄËÄÂÀÔÀÃ ËÏÍÃÏÍÛÉ,
áÏËÏ 1970 ßÄËÓ ÉÓ ÉÚÏ ÃÄËÄÂÀÔÉ ÌÀÈÄÌÀÔÉÊÏÓÈÀ ÓÀÄÒÈÀÛÏÒÉÓÏ ÊÏÍÂÒÄÓÉÓ, ÒÏÌÄ-
ËÉÝ ÓÀ×ÒÀÍÂÄÈÉÓ ØÀËÀØ ÍÉÝÀÛÉ ÜÀÔÀÒÃÀ.

ÂÅÀÍãÉ ÌÀÍÉÀÓ ÈÀÏÓÍÏÁÉÈ ÌÈÄËÉ 20 ßËÉÓ ÌÀÍÞÉËÆÄ ÚÏÅÄËßËÉÖÒÀÃ ÓÀØÀÒÈÅÄËÏÛÉ
(ÊÄÒÞÏÃ, ÁÀÊÖÒÉÀÍÛÉ) ÔÀÒÃÄÁÏÃÀ ÓÀÊÀÅÛÉÒÏ ÓÊÏËÀ-ÊÏËÏÊÅÉÖÌÉ ÀËÁÀÈÏÁÉÓ ÈÄÏÒÉÀÓÀ
ÃÀ ÌÀÈÄÌÀÔÉÊÖÒ ÓÔÀÔÉÓÔÉÊÀÛÉ, ÒÏÌÄËÉÝ ÓÖË ÌÀËÄ ×ÀØÔÉÖÒÀÃ ÂÀáÃÀ ÓÀÄÒÈÀÛÏÒÉÓÏ,
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ÅÉÍÀÉÃÀÍ ÌÀÓÛÉ ÒÄÂÖËÀÒÖËÀÃ ÌÏÍÀßÉËÄÏÁÀÓ ÉÙÄÁÃÀ ÀÒÀÄÒÈÉ ÂÀÌÏÜÄÍÉËÉ ÖÝáÏÄËÉ
ÌÄÝÍÉÄÒÉ. 1982 ßÄËÓ ÈÁÉËÉÓÛÉ ÌÉÓÉ ÖÛÖÀËÏ áÄËÌÞÙÅÀÍÄËÏÁÉÈ ßÀÒÌÀÔÄÁÉÈ ÜÀÔÀÒÃÀ
ÓÀÁàÏÈÀ ÊÀÅÛÉÒ-ÉÀÐÏÍÉÉÓ IV ÓÉÌÐÏÆÉÖÌÉ ÀËÁÀÈÏÁÉÓ ÈÄÏÒÉÀÓÀ ÃÀ ÌÀÈÄÌÀÔÉÊÖÒ ÓÔÀÔÉÓ-
ÔÉÊÀÛÉ. ÀÌ ÓÉÌÐÏÆÉÖÌÉÃÀÍ ÃÀÁÒÖÍÄÁÖËÉ ÀÊÀÃÄÌÉÊÏÓÉ ÊÏËÌÏÂÏÒÏÅÉ ÁÀÔÏÍ Â. ÌÀÍÉÀÓ
ßÄÒÃÀ: “ÞÀËÉÀÍ ÃÉÃ ÌÀÃËÏÁÀÓ ÂÉáÃÉÈ ÜÄÌÓ ÌÉÌÀÒÈ ÂÀßÄÖËÉ ÚÏÅÄËÂÅÀÒÉ ÌÆÒÖÍÅÄËÏ-
ÁÉÓÀÈÅÉÓ ÈÁÉËÉÓÓÀ ÃÀ ÓÏáÖÌÛÉ. ÀÌ ÌÉÅËÉÍÄÁÉÓ ÂÀÍÌÀÅËÏÁÀÛÉ ÌÄ ÌØÏÍÃÀ ÐÉÒÀÃÉ
ÁÄÃÍÉÄÒÄÁÀ ÓÀØÀÒÈÅÄËÏÛÉ ÀËÁÀÈÏÁÉÓ ÈÄÏÒÉÉÓÀ ÃÀ ÌÀÈÄÌÀÔÉÊÖÒÉ ÓÔÀÔÉÓÔÉÊÉÓ ÂÀÍÅÉ-
ÈÀÒÄÁÀÛÉ ÈØÅÄÍÉ ÒÏËÉÓÈÅÉÓ ÌÉÌÄÝÀ ÖÌÀÙËÄÓÉ ÛÄ×ÀÓÄÁÀ“.

ÐÒÏ×ÄÓÏÒÉ Â. ÌÀÍÉÀ ÉÚÏ ÓáÅÀÃÀÓáÅÀ ÓÀÌÄÝÍÉÄÒÏ ÓÀÁàÏÓÀ ÃÀ ÓÀÆÏÂÀÃÏÄÁÉÓ ßÄÅÒÉ,
ÌÀÈ ÛÏÒÉÓ ÓÀØÀÒÈÅÄËÏÓ ÌÀÈÄÌÀÔÉÊÏÓÈÀ ÊÀÅÛÉÒÉÓ ÐÒÄÆÉÃÉÖÌÉÓ ßÄÅÒÉ, ÓÀÄÒÈÀÛÏÒÉÓÏ
ÓÔÀÔÉÓÔÉÊÖÒÉ ÉÍÓÔÉÔÖÔÉÓ, ÊÄÒÞÏÃ, ÀËÁÀÈÏÁÉÓ ÈÄÏÒÉÀÓÀ ÃÀ ÌÀÈÄÌÀÔÉÊÖÒ ÓÔÀÔÉÓÔÉÊÀ-
ÛÉ ÓÔÀÔÉÓÔÉÊÉÓ ÂÀÌÏÚÄÍÄÁÄÁÉÓ ÁÄÒÍÖËÉÓ ÓÀáÄËÏÁÉÓ ÓÀÄÒÈÀÛÏÒÉÓÏ ÓÀÆÏÂÀÃÏÄÁÉÓ
ßÄÅÒÉ 1969 ßËÉÃÀÍ, ÀÌÄÒÉÊÉÓ ÌÀÈÄÌÀÔÉÊÖÒÉ ÓÀÆÏÂÀÃÏÄÁÉÓ ßÄÅÒÉ. ÓÀÄÒÈÀÛÏÒÉÓÏ
ÑÖÒÍÀËÉÓ “Statistics” (ÒÏÌÄËÉÝ ÂÀÌÏÃÉÏÃÀ ÁÄÒËÉÍÛÉ) ÓÀÒÄÃÀØÝÉÏ ÊÏËÄÂÉÉÓ ßÄÅÒÉ.
ÌÀÓ ÌÉÙÄÁÖËÉ äØÏÍÃÀ ÌÈÀÅÒÏÁÉÓ ÏÒÉ ãÉËÃÏ ÃÀ ÀÊÀÃÄÌÉÊÏÓ ÉÅ. ãÀÅÀáÉÛÅÉËÉÓ
ÓÀáÄËÏÁÉÓ ÌÄÃÀËÉ.

1989 ßÄËÓ, ÐÒÏ×ÄÓÏÒ Â. ÌÀÍÉÀÓ ÃÀÁÀÃÄÁÉÃÀÍ 70 ßÄËÓ ÌÉÄÞÙÅÍÀ ÛÒÏÌÄÁÉÓ ÊÒÄÁÖËÉ
ÓÀáÄËßÏÃÄÁÉÈ: “ÀËÁÀÈÏÁÉÓ ÈÄÏÒÉÀ ÃÀ ÌÀÈÄÌÀÔÉÊÖÒÉ ÓÔÀÔÉÓÔÉÊÀ”, ÒÏÌÄËÓÀÝ ÃÀÄÈÌÏ
ÓÀØÀÒÈÅÄËÏÓ ÌÄÝÍÉÄÒÄÁÀÈÀ ÀÊÀÃÄÌÉÉÓ À. ÒÀÆÌÀÞÉÓ ÓÀáÄËÏÁÉÓ ÌÀÈÄÌÀÔÉÊÉÓ ÉÍÓÔÉÔÖ-
ÔÉÓ ÛÒÏÌÄÁÉÓ 92-Ä ÔÏÌÉ, ÓÀÃÀÝ ÓáÅÀ ÌÒÀÅÀËÉ ÂÀÌÏÜÄÍÉËÉ ÌÄÝÍÉÄÒÉÓ ÍÀÛÒÏÌÈÀÍ
ÄÒÈÀÃ ÂÀÌÏØÅÄÚÍÃÀ ÀÊÀÃÄÌÉÊÏÓ ÊÀÒÀËÉÖÊÉÓ ÓÔÀÔÉÀ ÓÀÈÀÖÒÉÈ: “Асимптотика статистик
Мания”.

ÒÏÂÏÒÝ ÆÄÌÏÈ ÀÙÅÍÉÛÍÄÈ, ÂÅÀÍãÉ ÌÀÍÉÀÓ ÐÉÒÅÄËÉ ÂÀÌÏÊÅËÄÅÄÁÉ ÛÄÓÒÖËÄÁÖËÉ ÉÚÏ
ÐÒÏ×ÄÓÏÒ ÓÌÉÒÍÏÅÉÓ áÄËÌÞÙÅÀÍÄËÏÁÉÈ, ÓÀÃÀÝ ÌÀÍ ÛÄÉÓßÀÅËÀ ÖßÚÅÄÔÉ ÂÀÍÀßÉËÄÁÉÓ
×ÖÍØÝÉÉÓ ÂÀÃÀáÒÉÓ ÌÀØÓÉÌÖÌÉÓ ÚÏ×ÀØÝÄÅÀ ÄÌÐÉÒÉÖËÉ ÂÀÍÀßÉËÄÁÉÓ ×ÖÍØÝÉÉÓÀÂÀÍ, ÀÙÄÁÖËÉ
ÀÒÀ ÌÈÄËÓ ÙÄÒÞÆÄ, ÀÒÀÌÄÃ ÌáÏËÏÃ ×ÖÍØÝÉÉÓ ÌÏÝÄÌÖË ÆÒÃÉÓ ÌÏÍÀÊÅÄÈÆÄ. ÌÉÓ ÌÉÄÒ
ÍÀÐÏÅÍÉ ÉÚÏ ÛÄÌÃÄÂÉ ÓÔÀÔÉÓÔÉÊÄÁÉÓ ÆÙÅÀÒÉÈÉ ÂÀÍÀßÉËÄÁÀ:

D+
n (θ1, θ2) = sup

x:θ1≤F (x)≤θ2

(
Fn(x)− F (x)

)
,

Dn(θ1, θ2) = sup
x:θ1≤F (x)≤θ2

∣∣Fn(x)− F (x)∣∣, (1)

ÓÀÃÀÝ θ1 ÃÀ θ2 ÌÏÝÄÌÖËÉ ÒÉÝáÅÄÁÉÀ, 0 ≤ θ1 < θ2 ≤ 1 (ÌÏÂÅÉÀÍÄÁÉÈ, ÌÀÍÅÄ ÌÏÀáÃÉÍÀ
(1) ÓÔÀÔÉÓÔÉÊÄÁÉÓ ÆÙÅÒÖËÉ ÂÀÍÀßÉËÄÁÄÁÉÓ ÔÀÁÖËÉÒÄÁÀ, ÒÏÝÀ θ2 = 1− θ1). ÀÙÍÉÛÍÖËÉ
ÛÄÃÄÂÄÁÉÓ ÂÏÍÄÁÀÌÀáÅÉËÖÒÉ ÃÀÌÔÊÉÝÄÁÀ ÄÌÚÀÒÄÁÀ ÂÅÀÍãÉ ÌÀÍÉÀÓ ÌÉÄÒ ÃÀÃÂÄÍÉË “ÀÁÄ-
ËÉÓÀ” ÃÀ “ÔÀÖÁÄÒÉÓ” ÔÉÐÉÓ ÈÄÏÒÄÌÄÁÓ, ÒÏÌËÄÁÛÉÝ ÀÙÌÏ×áÅÒÉËÉÀ ×ÄËÄÒÉÓ ÀÍÀËÏ-
ÂÉÖÒ ÈÄÏÒÄÌÄÁÛÉ ÃÀÛÅÄÁÖËÉ ÛÄÝÃÏÌÄÁÉ. ÀÌ ÛÄÃÄÂÌÀ ÌÀÛÉÍÅÄ ÌÉÉÐÚÒÏ ÓÐÄÝÉÀËÉÓÔÈÀ ÚÖ-
ÒÀÃÙÄÁÀ. ÌÀÓ ÀÒÀÄÒÈáÄË ÌÉÌÀÒÈÀÅÃÍÄÍ ÓáÅÀ ÌÄÝÍÉÄÒÄÁÉ. (1) ÓÔÀÔÉÓÔÉÊÄÁÉ ËÉÔÄÒÀÔÖ-
ÒÀÛÉ ÝÍÏÁÉËÉÀ ÌÀÍÉÀÓ ÓÔÀÔÉÓÔÉÊÄÁÉÓ (ÊÒÉÔÄÒÉÖÌÄÁÉÓ) ÓÀáÄËÉÈ.

1961 ßÄËÓ Â. ÌÀÍÉÀÓ ÌÉÄÒ ÛÄÌÏÈÀÅÀÆÄÁÖËÉ ÉÚÏ ÏÒÉ ÃÀÌÏÖÊÉÃÄÁÄËÉ ÍÏÒÌÀËÖÒÉ
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ÛÄÒÜÄÅÉÓ ÄÒÈÂÅÀÒÏÅÍÄÁÉÓ ÊÒÉÔÄÒÉÖÌÉ, ÃÀ×ÖÞÍÄÁÖËÉ ÓÔÀÔÉÓÔÉÊÀÆÄ:

L = max
x

∣∣∣Φ(x− x1
s1

)
− Φ

(x− x2
s2

)∣∣∣,
ÓÀÃÀÝ Φ ÓÔÀÍÃÀÒÔÖËÉ ÍÏÒÌÀËÖÒÉ ÂÀÍÀßÉËÄÁÉÓ ×ÖÍØÝÉÀÀ, áÏËÏ xi ÃÀ si ÛÄÓÀÁÀÌÉÓÀÃ
ni ÌÏÝÖËÏÁÉÓ ÌØÏÍÄ ÛÄÒÜÄÅÉÓ ÌÉáÄÃÅÉÈ ÀÂÄÁÖËÉ ÄÌÐÉÒÉÖËÉ ÓÀÛÖÀËÏ ÃÀ ÃÉÓÐÄÒÓÉÀÀ,
i = 1, 2. ÌÀÍ ÀÜÅÄÍÀ, ÒÏÌ

n1 · n2

n1 + n2

· L

ÓÔÀÔÉÓÔÉÊÉÓ ÆÙÅÒÖËÉ ÂÀÍÀßÉËÄÁÀ (ÒÏÝÀ n1, n2 →∞) ÀÒ ÀÒÉÓ ÃÀÌÏÊÉÃÄÁÖËÉ ÍÏÒÌÀ-
ËÖÒÉ ÂÀÍÀßÉËÄÁÉÓ ÐÀÒÀÌÄÔÒÄÁÆÄ ÃÀ ÄÌÈáÅÄÅÀ ÓÌÉÒÍÏÅÉÓ ÌÉÄÒ ÃÀÃÂÄÍÉË

n1 max
x

∣∣∣Φ(x− x1
s1

)
− Φ(x)

∣∣∣
ÓÔÀÔÉÓÔÉÊÉÓ ÆÙÅÒÖË ÂÀÍÀßÉËÄÁÀÓ.

ÉÌÀÅÄ ßÄËÓ Â. ÌÀÍÉÀÌ ÛÄÌÏÉÙÏ ÏÒÂÀÍÆÏÌÉËÄÁÉÀÍÉ ÂÀÍÀßÉËÄÁÉÓ ÓÉÌÊÅÒÉÅÄ

fn(x, y) =
∆h1∆h2Fn(x, y)

4h1h2
.

ÌÀÍ ÌÏÞÄÁÍÀ h1-ÓÀ ÃÀ h2-ÉÓ ÏÐÔÉÌÀËÖÒÉ ÌÍÉÛÅÍÄËÏÁÀ ÉÍÔÄÂÒÀËÖÒÉ ÊÅÀÃÒÀÔÖËÉ
ÂÀÃÀáÒÉÓ ÀÆÒÉÈ ÃÀ ÀÜÅÄÍÀ, ÒÏÌ

∞∫
−∞

∞∫
−∞

E
(
fn(x, y)− f(x, y)

)2
dx dy ≈ cn− 2

3 ,

ÓÀÃÀÝ c ÂÀÒÊÅÄÖËÉ ÀÆÒÉÈ ÃÀÌÏÊÉÃÄÁÖËÉÀ f(x, y)-ÉÓ ÌÄÏÒÄ ÒÉÂÉÓ ßÀÒÌÏÄÁÖËÆÄ.
ÛÄÌÃÂÏÌ, Â. ÌÀÍÉÀÌ ÂÀÌÏÉÊÅËÉÀ ÍÏÒÌÀËÖÒÉ ÂÀÍÀßÉËÄÁÉÓ ÓÉÌÊÅÒÉÅÉÓ ÀÒÀÐÀÒÀÌÄÔÒÖ-

ËÉ ÛÄ×ÀÓÄÁÉÓ ÈÅÉÓÄÁÄÁÉ. ÊÄÒÞÏÃ, k-ÂÀÍÆÏÌÉËÄÁÉÀÍÉ ÍÏÒÌÀËÖÒÉ ÂÀÍÀßÉËÄÁÉÓ (ÓÀÛÖÀ-
ËÏÈÉ a ÃÀ ÊÏÅÀÒÉÀÝÉÉÓ ÌÀÔÒÉÝÉÈ C) ÓÉÌÊÅÒÉÅÉÓ ÐÀÒÀÌÄÔÒÖËÉ ÛÄ×ÀÓÄÁÉÓ n(x|a, C)
ÊÅÀÃÒÀÔÖËÉ ÝÃÏÌÉËÄÁÉÓÀÈÅÉÓ

Φn =

∫
Rk

[
n(x|a, C)− n(x|a, C)

]2
dx

ÌÉÓ ÌÉÄÒ ÌÏÞÄÁÍÉË ÉØÍÀ ÆÙÅÀÒÉÈÉ ÂÀÍÀßÉËÄÁÀ:

P
{
n2k+3πk/2

√
detC Φn < u

}
−→ G(u),

ÓÀÃÀÝ G(u) ÄÌÈáÅÄÅÀ ÍÏÒÌÀËÖÒÉ ÓÉÃÉÃÄÄÁÉÓ ÂÀÒÊÅÄÖËÉ ÓÀáÉÓ ÊÅÀÃÒÀÔÖËÉ ×ÏÒÌÉÓ
ÂÀÍÀßÉËÄÁÀÓ. ÂÀÌÏÌÃÉÍÀÒÄ Â. ÌÀÍÉÀÓ ÀÙÍÉÛÍÖËÉ ÛÄÃÄÂÉÃÀÍ, ÛÄÉÞËÄÁÀ ÅÀÌÔÊÉÝÏÈ (ÉÓÄÅÄ
ÒÏÂÏÒÝ ÃÄÅÒÏÉÓ ÃÀ ÃÄÒ×ÉÓ ßÉÂÍÛÉ), ÒÏÌ ÛÄÖÞËÄÁÄËÉÀ ÂÀÖÌãÏÁÄÓÄÁÖË ÉØÍÀÓ ÁÏÉÃÉÓÀ
ÃÀ ÓÔÉËÉÓ ÝÍÏÁÉËÉ ÈÄÏÒÄÌÀ.
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ÐÒÏ×ÄÓÏÒ Â. ÌÀÍÉÀÓ ÆÄÌÏÈ ÜÀÌÏÈÅËÉËÉ ÛÄÃÄÂÄÁÉ, ÃÀ ÀÓÄÅÄ ÌÉÓÉ ÌÈÄËÉ ÒÉÂÉ
ÍÀÛÒÏÌÄÁÉ ÃÀ ÂÀÌÏÊÅËÄÅÄÁÉ ÛÄ×ÀÓÄÁÀÈÀ ÈÄÏÒÉÀÛÉ ÈÀÅÌÏÚÒÉËÉÀ ÌÏÍÏÂÒÀ×ÉÀÛÉ: “ÀËÁÀ-
ÈÏÁÀÈÀ ÂÀÍÀßÉËÄÁÉÓ ÓÔÀÔÉÓÔÉÊÖÒÉ ÛÄ×ÀÓÄÁÄÁÉ”, ÒÏÌÄËÉÝ ÂÀÌÏÉÝÀ 1974 ßÄËÓ ÃÀ ÌÀÓ
ÌÉÄÝÀ ÓÐÄÝÉÀËÉÓÔÄÁÉÓ ÌÀÙÀËÉ ÛÄ×ÀÓÄÁÀ. ÀÙÍÉÛÍÖËÉ ÌÏÍÏÂÒÀ×ÉÉÓ ÂÀÌÏØÅÄÚÍÄÁÀÌÃÄ,
áÄËÍÀßÄÒÉÓ ßÀÊÉÈáÅÉÓ ÛÄÌÃÄÂ ÀÊÀÃÄÌÉÊÏÓÉ ÂÍÄÃÄÍÊÏ ÈÀÅÉÓ ÂÀÌÏáÌÀÖÒÄÁÀÛÉ ßÄÒÃÀ:
”В математическом отношении рукопись выполнена безупречно. Она после опубликова-
ния несомненно оживит интерес к тому направлениюисследований, которое представляет
автор”. ÌÏÍÏÂÒÀ×ÉÉÓ ÂÀÌÏØÅÄÚÍÄÁÉÓ ÛÄÌÃÄÂ ÊÉ 1979 ßÄËÓ ÑÖÒÍÀËÛÉ “International Sta-
tistical Review” ÓÉÌÊÅÒÉÅÉÓ ÓÔÀÔÉÓÔÉÊÖÒÉ ÛÄ×ÀÓÄÁÉÓ ÛÄÓÀáÄÁ ÅÄÒÝÉÓÀ ÃÀ ÛÍÀÉÃÄÒÉÓ
ÁÉÁËÉÏÂÒÀ×ÉÀÛÉ ÌÉÈÉÈÄÁÖËÉÀ ÐÒÏ×. Â. ÌÀÍÉÀÓ 17 ÍÀÛÒÏÌÉ, ÌÀÈ ÛÏÒÉÓ ÆÄÌÏÈ
ÀÙÍÉÛÍÖËÉ ÌÏÍÏÂÒÀ×ÉÀ, ÒÏÌËÉÓ ÛÄÓÀáÄÁÀÝ ÍÀÈØÅÀÌÉÀ, ÒÏÌ ÀÙÍÉÛÍÖËÉ ÌÉÌÀÒÈÖËÄÁÉÈ
ÉÂÉ ßÀÒÌÏÀÃÂÄÍÓ ÁÒßÚÉÍÅÀËÄ ßÉÂÍÓ (The excellent book, ÓßÄÒÓ “International Statistical
Review”).

ÌÏÍÏÂÒÀ×ÉÀ “ÌÀÈÄÌÀÔÉÊÖÒÉ ÓÔÀÔÉÓÔÉÊÉÓ ÆÏÂÉÄÒÈÉ ÌÄÈÏÃÉ”, ÒÏÌÄËÉÝ ÂÀÌÏÅÉÃÀ
1963 ßÄËÓ ØÀÒÈÖË ÄÍÀÆÄ ÃÀ ÌÀÓÈÀÍ ÄÒÈÀÃ ßÉÂÍÉ “ÌÀÈÄÌÀÔÉÊÖÒÉ ÓÔÀÔÉÓÔÉÊÀ ÔÄØÍÉÊÀÛÉ”,
ÒÏÌÄËÉÝ ÂÀÌÏÉÝÀ 1985 ßÄËÓ, ØÀÒÈÖËÉ ÓÀÌÄÝÍÉÄÒÏ-ÔÄØÍÉÊÖÒÉ ÉÍÔÄËÉÂÄÍÝÉÉÓÀÈÅÉÓ
ÌÍÉÛÅÍÄËÏÅÀÍÉ ÛÄÍÀÞÄÍÉ ÉÚÏ, ÒÏÌÄËÉÝ ÌÀÈ ÓÀÛÖÀËÄÁÀÓ ÀÞËÄÅÃÀ ÌÛÏÁËÉÖÒ ÄÍÀÆÄ
ÂÀÒÊÅÄÖËÉÚÅÍÄÍ ÀËÁÀÈÖÒ-ÓÔÀÔÉÓÔÉÊÖÒÉ ÌÄÈÏÃÏËÏÂÉÉÓ ÂÀÌÏÚÄÍÄÁÉÓ ÀÓÐÄØÔÄÁÛÉ ÐÒÀØ-
ÔÉÊÖËÉ ÀÌÏÝÀÍÄÁÉÓ ÂÀÃÀßÚÅÄÔÉÓÀÓ. ßËÄÁÉÓ ÌÀÍÞÉËÆÄ ÁÀÔÏÍ ÂÅÀÍãÉÓÈÀÍ ÊÀÈÄÃÒÀÆÄ
ÌÏÃÉÏÃÍÄÍ ÓáÅÀÃÀÓáÅÀ Ó×ÄÒÏÓ ßÀÒÌÏÌÀÃÂÄÍËÄÁÉ, ÒÀÈÀ ÌÉÄÙÏÈ ÊÏÍÓÖËÔÀÝÉÄÁÉ ÀË-
ÁÀÈÖÒ-ÓÔÀÔÉÔÉÊÖÒÉ ÌÄÈÏÃÄÁÉÓ ÐÒÀØÔÉÊÖË ÂÀÌÏÚÄÍÄÁÄÁÆÄ. ÌÀÈ ÛÏÒÉÓ ÉÚÅÍÄÍ ÄØÉÌÄÁÉ,
ÁÉÏËÏÂÄÁÉ, ÉÍÑÉÍÒÄÁÉ, ÒÖÓÈÀÅÉÓ ÌÄÔÀËÖÒÂÉÖËÉ ØÀÒáÍÉÓ áÄËÌÞÙÅÀÍÄËÄÁÉ ÃÀ ÓáÅÄÁÉ.
ÀÌ ÓÀØÌÉÀÍÏÁÀÛÉ ÌÄ ÃÀ ÜÄÌÉ ÊÏËÄÂÄÁÉÝ ÅÉÙÄÁÃÉÈ ÌÏÍÀßÉËÄÏÁÀÓ ÃÀ ÌÀáÓÏÅÓ ÈÖ
ÒÏÂÏÒ ÊÅÀËÉ×ÉÝÉÖÒ ÃÀáÌÀÒÄÁÀÓ ÖßÄÅÃÀ ÁÀÔÏÍÉ ÂÅÀÍãÉ ÓáÅÀ ÃÀÒÂÄÁÉÓ ÃÀÉÍÔÄÒÄÓÄÁÖË
ÓÐÄÝÉÀËÉÓÔÄÁÓ.

ÐÒÏ×ÄÓÏÒ Â. ÌÀÍÉÀÓ ÖÊÀÍÀÓÊÍÄËÉ ÂÀÌÏÊÅËÄÅÄÁÉ ÄÞÙÅÍÄÁÀ ÌÃÂÒÀÃÉ ÊÀÍÏÍÄÁÉÓ ÐÀÒÀ-
ÌÄÔÒÄÁÉÓ ÛÄ×ÀÓÄÁÀÓ ÃÀ ÖÓÀÓÒÖËÏÃ ÃÀÚÏ×ÀÃÉ ÃÀ ÌÃÂÒÀÃÉ ÊÀÍÏÍÄÁÉÓ ÀÍÀËÏÂÄÁÉÓ
ÂÀÌÏÊÅËÄÅÀÓ ÛÄÓÀÊÒÄÁÈÀ ÛÄÌÈáÅÄÅÉÈÉ ÒÀÏÃÄÍÏÁÉÓ ÛÄãÀÌÄÁÉÓ ÓØÄÌÀÛÉ.

ÂÅÀÍãÉ ÌÀÍÉÀÓ, ÒÏÂÏÒÝ ÛÄÓÀÍÉÛÍÀÅÉ ÐÄÃÀÂÏÂÉÓÀ ÃÀ ÀÙÌÆÒÃÄËÉÓ ÒÏËÉ ÞÀËÉÀÍ
ÃÉÃÉÀ. ÌÖÃÌÉÅÉ ÆÒÖÍÅÀ ÌÉÓ ÌÏßÀ×ÄÄÁÓÀ ÃÀ ÊÏËÄÂÄÁÆÄ ÂÅÀÍãÉ ÌÀÍÉÀÓ ÝáÏÅÒÄÁÉÓ
ÌÍÉÛÅÍÄËÏÅÀÍ ÍÀßÉËÓ ÛÄÀÃÂÄÍÃÀ. ÀËÁÀÈÏÁÉÓ ÈÄÏÒÉÉÓÀ ÃÀ ÌÀÈÄÌÀÔÉÊÖÒÉ ÓÔÀÔÉÓÔÉÊÉÓ
ØÀÒÈÖËÉ ÓÊÏËÉÓ ÓÀÚÏÅÄËÈÀÏ ßÀÒÌÀÔÄÁÀ ÃÉÃ ßÉËÀÃ, ÓÀØÀÒÈÅÄËÏÛÉ ÀÌ ÃÀÒÂÉÓ
ÃÀÌ×ÖÞÍÄÁËÉÓ – ÂÅÀÍãÉ ÌÀÍÉÀÓ ÓÀáÄËÓ ÖÊÀÅÛÉÒÃÄÁÀ.

ÁÀÔÏÍ ÂÅÀÍãÉÓ ÚÀÅÃÀ ÛÄÓÀÍÉÛÍÀÅÉ ÌÄÖÙËÄ, ØÀËÁÀÔÏÍÉ ÉÒÉÍÄ ÌÉáÄÉËÉÓ ÀÓÖËÉ ÍÏÃÉÀ,
ÂÀÌÏÜÄÍÉËÉ ÌÄÝÍÉÄÒÉÓ, ÐÒÏ×ÄÓÏÒ ÌÉáÄÉË ÍÏÃÉÀÓ ØÀËÉÛÅÉËÉ. ÈÅÉÈÏÍ ØÀËÁÀÔÏÍÉ
ÉÒÉÍÄ ÂÀáËÃÀÈ ÀÙÌÏÓÀÅËÄÈÌÝÏÃÍÄ – ÈÀÅÉÓÉ ÃÀÒÂÉÓ ÌÀÙÀËÉ ÒÀÍÂÉÓ ÐÒÏ×ÄÓÉÏÍÀËÉ.
ÁÀÔÏÍÌÀ ÂÅÀÍãÉÌ ÃÀ ØÀËÁÀÔÏÍÌÀ ÉÒÉÍÄÌ ÓÀØÀÒÈÅÄËÏÓ ÀÙÖÆÀÒÃÄÓ ÏÒÉ ÙÉÒÓÄÖËÉ
ÛÅÉËÉ – ÌÉáÄÉËÉ ÃÀ ÌÀÉÀ, ÈÀÅÉÀÍÈÉ Ó×ÄÒÏÄÁÉÓ ÍÀÌÃÅÉËÉ ÐÒÏ×ÄÓÉÏÍÀËÄÁÉ. ÌÉáÄÉË
ÌÀÍÉÀ ÀÒÉÓ À. ÒÀÆÌÀÞÉÓ ÌÀÈÄÌÀÔÉÊÉÓ ÉÍÓÔÉÔÖÔÉÓ ÀËÁÀÈÏÁÉÓ ÈÄÏÒÉÉÓÀ ÃÀ ÌÀÈÄÌÀÔÉÊÖÒÉ
ÓÔÀÔÉÓÔÉÊÉÓ ÂÀÍÚÏ×ÉËÄÁÉÓ ÂÀÌÂÄ, áÏËÏ ÌÀÉÀ ÌÀÍÉÀ - ÀÒØÉÔÄØÔÖÒÉÓ ÉÓÔÏÒÉÊÏÓÉ,
ÈÁÉËÉÓÉÓ ÓÀÌáÀÔÅÒÏ ÀÊÀÃÄÌÉÉÓ ÐÒÏ×ÄÓÏÒÉ. ÏÒÉÅÄ ÃÀÏãÀáÄÁÖËÉÀ.
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ÁÀÔÏÍÉ ÂÅÀÍãÉ ÂÀÃÒÀÉÝÅÀËÀ 67 ßËÉÓ ÀÓÀÊÛÉ, 1985 ßËÉÓ 16 ÌÀÒÔÓ.
ÐÒÏ×ÄÓÏÒ Â. ÌÀÍÉÀÓ ÃÀÁÀÃÄÁÉÃÀÍ 70 ßÄËÓ ÌÉÄÞÙÅÍÀ À. ÒÀÆÌÀÞÉÓ ÉÍÓÔÉÔÖÔÉÓ ÛÒÏ-

ÌÄÁÉÓ ÊÒÄÁÖËÉ (1989 ß.) ÓÀáÄËßÏÃÄÁÉÈ: „ÀËÁÀÈÏÁÉÓ ÈÄÏÒÉÀ ÃÀ ÌÀÈÄÌÀÔÉÊÖÒÉ
ÓÔÀÔÉÓÔÉÊÀ“.

2008 ßÄËÓ ÓÀØÀÒÈÅÄËÏÓ ÌÀÈÄÌÀÔÉÊÏÓÈÀ ÊÀÅÛÉÒÉÓ ÄÂÉÃÉÈ ÀÙÉÍÉÛÍÀ ÐÒÏ×. Â. ÌÀÍÉÀÓ
ÃÀÁÀÃÄÁÉÃÀÍ 90 ßËÉÓ ÉÖÁÉËÄ.

2013 ßÄËÓ 95 ßËÉÓ ÉÖÁÉËÄÓÈÀÍ ÃÀÊÀÅÛÉÒÄÁÉÈ, ÉÅÀÍÄ ãÀÅÀáÉÛÅÉËÉÓ ÓÀáÄËÏÁÉÓ
ÈÁÉËÉÓÉÓ ÓÀáÄËÌßÉ×Ï ÖÍÉÅÄÒÓÉÔÄÔÉÓ XI ÊÏÒÐÖÓÉÓ #335 ÊÀÁÉÍÄÔÓ ÄßÏÃÀ ÐÒÏ×.
ÂÅÀÍãÉ ÌÀÍÉÀÓ ÓÀáÄËÏÁÉÓ ÊÀÁÉÍÄÔÉ.

ÌÉÌÃÉÍÀÒÄ, 2018 ßÄËÓ, ÐÒÏ×. ÂÅÀÍãÉ ÌÀÍÉÀÓ ÃÀÁÀÃÄÁÉÃÀÍ 100 ßËÉÓÈÀÅÈÀÍ
ÃÀÊÀÅÛÉÒÄÁÉÈ, ÓÀØÀÒÈÅÄËÏÓ ÓÔÀÔÉÓÔÉÊÖÒÉ ÀÓÏÝÉÀÝÉÉÓ ÂÀÌÂÄÏÁÀÌ ÌÉÉÙÏ ÂÀÃÀßÚÅÄÔÉËÄÁÀ
ÉÅÀÍÄ ãÀÅÀáÉÛÅÉËÉÓ ÓÀáÄËÏÁÉÓ ÈÁÉËÉÓÉÓ ÓÀáÄËÌßÉ×Ï ÖÍÉÅÄÒÓÉÔÄÔÛÉ ÃÀÀÒÓÃÄÓ ÐÒÏ×.
ÂÅÀÍãÉ ÌÀÍÉÀÓ ÓÀáÄËÏÁÉÓ ÓÔÉÐÄÍÃÉÀ.

ÃÙÄÓ ÜÅÄÍ ÚÅÄËÀÍÉ, ÐÒÏ×ÄÓÏÒ ÂÅÀÍãÉ ÌÀÍÉÀÓ ÌÏÓßÀÅËÄÄÁÉ ÃÀ ÖÌÝÒÏÓÉ ÊÏËÄÂÄÁÉ,
ÃÉÃÉ ÓÉÚÅÀÒÖËÉÈ ÅÉáÓÄÍÄÁÈ ÜÅÄÍÓ ÊÄÈÉËÂÏÍÉÄÒ Ö×ÒÏÓ ÌÄÂÏÁÀÒÓ ÃÀ ÖÃÉÃÄÓ ÌáÀÒ-
ÃÀÌàÄÒÓ.

Ä. ÍÀÃÀÒÀÉÀ, Ï. ×ÖÒÈÖáÉÀ

ÞÉÒÉÈÀÃÉ ÐÖÁËÉÊÀÝÉÄÁÉ

(i) ÌÏÍÏÂÒÀ×ÉÄÁÉ

1. Some methods of mathematical statistics. (Georgian) Publishing House of Georgian
Academy of Sciences, Tbilisi, 1963, pp. 351.

2. Statistical estimation of probability distributions. (Russian) Tbilisi University Press,
1974, 240 pp.

3. Probability theory. (Georgian) Publishing House of Ministry of Education, Tbilisi,
1954, 240 pp.

4. Mathematical statistics in technics. (Georgian) Sabchota Sakartvelo, Tbilisi, 1958,
345 pp.

5. The course of probability theory. (Georgian) Tbilisi University Press, Tbilisi, 1962,
340 pp.

6. Linear programming. (Georgian) “Ganatleba”, Tbilisi, 1967, 295 pp.
7. The course of high mathematic. (Georgian) Tbilisi State University, Tbilisi, 1967,

498 pp. (with P. Zeragia).
8. Ilia Vekua. (Georgian) Publishing House of Tbilisi State University, 1967, 75 pp.

(with B. Hvedelidze).
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9. Probability theory and mathematical statistic. (Georgian) Publishing House of
Tbilisi State University, 1976, 350 pp.

10. A book of problems in probability theory and mathematical statistic. (Georgian)
Publishing House of Tbilisi State University, 1976, 120 pp. (with A. Ediberidze and
N. Anthelava)

(ii) ÒÜÄÖËÉ ÐÖÁËÉÊÀÝÉÄÁÉ

11. Generalization of A. N. Kolmogorov’s criterion for the estimation of distribution
laws by empirical data. (Russian) Dokl. Akad. Nauk SSSR 69 (1949), no. 4,
495–497.

12. Statistical estimation of distribution laws. (Russian) Uchenie Zapiski MGPI imeni
V. P. Potiomkina 16 (1951), 17–63.

13. Practical applications of an estimation of a maximum of two-sided deviations of
empirical distribution in a given interval of growth of a theoretical law. (Russian)
Soobshch. Akad. Nauk Gruzin. SSR 14 (1953), no. 9, 521–524.

14. Practical applications of an estimation of a maximum of one-sided deviations of an
empirical distribution in a given interval of growth of a theoretical law. (Russian)
Proc. of Georgian Politechnical Institute 30 (1954), no. 9, 89–92.

15. Square estimation of divergence of normal densities by empirical data. (Georgian)
Soobshch. Akad Nauk Gruzin. SSR 17 (1956), no. 3, 201–204.

16. Square estimation of normal distribution densities by empirical data (Russian).
Trudy Vsesojuznogo Mat. Siezda, Izd. Akad Nauk SSSR 1 (1956), 124–125.

17. Quadratic error of an estimation of twodimensional normal density by empirical
data. (Russian) Soobshch. Akad. Nauk Gruzin. SSR 20 (1958), no. 6, 655–658.

18. Quadratic error of the estimation of normal density by empirical data. (Russian)
Trudy Vychisl. Tsentra Akad. Nauk Gruzin. SSR 1 (1960), 75–96.

19. On one method of constructing of confidence regions for two samples from general
population. (Russian) Soobshch. Akad. Nauk Gruzin. SSR 27 (1961), no. 2,
137–142.

20. Remark on non-parametric estimations of twodimensional densities. (Russian) Soob-
shch. Akad. Nauk Gruzin. SSR 27 (1961), no. 4, 385–390.

21. Square estimation of divergence of twodimensional normal distribution densities by
empirical data. (Russian) Trudy BC Akad. Nauk Gruzin. SSR 2 (1961), 153–211.

22. Square estimation of divergence of two-dimensional normal distribution densities by
empirical data. (Russian) Proc. of 6-th Vilnius Conference in Probab. Theory and
Math. Stat., 1962, 407–409.

23. Quadratic error of an estimation of densities of normal distributions by two samples.
(Russian) Trudy. BC Akad. Nauk SSSR 4 (1963), 213–216.
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24. Hypothesis testing of identity of distributions of two independent samples. (Rus-
sian) Trudy Vichisl. Tsentra Akad. Nauk Gruzin. SSR 7 (1966), 1–34.

25. Square estimation of divergence of densities of multidimensional normal distribution
by empirical data (po dannim viborki). (Russian) Proc. of Tbilisi State University
129 (1962), 373–382.

26. Quadratic error of the estimation of multidimensional normal distribution densities
by empirical data. (Russian) Soobshch. Akad. Nauk Gruzin. SSR 52 (1968), no. 1,
27–30.

27. Quadratic error of the estimation of multidimensional normal distribution densities
by empirical data (Russian) Probability Theory and Appl. 13 (1968), no. 2, 359–362.

28. Quadratic error of an estimation of densities of multidimensional normal distribution
by empirical data. (Russian) Probability Theory and Appl. 14 (1969), no. 1, 151–
155.

29. Quadratic error of an estimation of densities of multidimensional normal distribution
by empirical data. (Russian) Proc. of Tbilisi State University 2 (1969), 223–227.

30. Quadratic error of an estimation of densities of multidimensional normal distribution
by empirical data. Congres international des Mathematicians, Nice, Paris, 1970,
Abstracts 260.

31. Quadratic error of an estimation of normal distribution densities by several samples.
(Russian) Soobshch. Akad. Nauk Gruzin. SSR 67 (1972), no. 2, 301–304.

32. One approximation of distributions of positive defined quadratic forms of normal
random variables. (Russian) Soobshch. Akad. Nauk Gruzin. SSR 107 (1982), no. 2,
241–244 (with E. Khmaladze and V. Felker).

33. On the estimation of parameters of type of stable laws. Proceedings of the first
International Tampere Seminar on linear Statistical Models and their Applications
(1983) Tampere University, 1985, pp. 202–223 (with L. Klebanov and I. Melamed).

34. One problem of V. M. Zolotarev and analogue of infinitely divisible and stable
distributions in the scheme of the sum of random number of random variables.
(Russian) Probability Theory and Appl. 29 (1984), 757–760 (with L. Klebanov and
I. Melamed).

ÁÉÁËÉÏÂÒÀ×ÉÀ
1. Yu. V. Prokhorov, A. N. Shiryaev, T. L. Shervashidze, Preface (Russian) to Vol. 92

of Proc. Tbilisi A. Razmadze Math. Institute dedicated to 70-th birthday of
G. M. Mania, 1989, pp. 1-8.

2. T. Shervashidze, Probability Theory and Mathematical Statistics (Russian) in 50-th
anniversary of Tbilisi A. Razmadze Math. Institute, Metsniereba, Tbilisi, 1985.
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Professor Gvanji Mania (1918 – 1985)

Professor Gvanji Mania was born in the village of Etseri, Georgia on May 29, 1918.
His father, Mikheil Mania, was a Russian language teacher and his mother, Fedosi was
daughter of clergyman. It is noteworthy that Professor Mania’s maternal grandfather and
two of his uncles served at Saint George’s church in the village of Jvari.

From 1932 to 1935 Mania studied at Zugdidi Pedagogical College and immediately
after its graduation he entered the Department of Physics and Mathematics of Tbilisi State
University. From 1940 to 1945 he worked as Assistant Professor at Zugdidi Pedagogical
Institute and at the same time, from 1943 to 1946, as an Assistant Professor at Tbilisi
Institute of Railway Engineers. In 1945–1946 he was a higher school inspector at the
Ministry of Education of Georgia. In 1945 he was awarded the medal “For labor valor
during the Great Patriotic War”.

From 1946 till 1949 Gvanji Mania studied at the Moscow Potemkin Pedagogical Insti-
tute as a postgraduate student. His research supervisor was a well-known mathematician
Professor Smirnov. Smirnov offered him to study problems similar to those Prof. Smirnov
was working on together with Academician Kolmogorov. Mania had to compare not just
the entire empirical line with the theoretical law of distribution, but only a certain a
priori fixed part of this line – to the respective part of the theoretical line. The relevance
of the stated problem was due to the fact that empirical data often contain unreliable
observations, which, as a rule, are found at the extreme intervals of the distribution line
and therefore break fitting on these intervals. Since such observations do not generally
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define the phenomenon, it is reasonable to omit them when empirical and theoretical
distributions are compared. On October 3, 1949 G. Mania defended his thesis Statistical
Estimation of Distribution Law for Candidate’s degree at the Scientific Council of the
Depart-ment of Physics and Mathematics at Potemkin Institute, his thesis gained a high
appreciation of the opponents.

The official opponents of the thesis were Academician Boris Gnedenko from Kiev and
Professor Liapunov. After the applicant’s speech Academician Gnedenko said: “Glivenko,
Kolmogorov and Smirnov always point out to the drawbacks of their theorems. More ac-
curate facts are necessary here – we should perform estimation not on the whole numerical
axis, but at points where large deviations can be observed. G. Mania, under Smirnov’s
guidance, investigated just these particularly interesting and important problems. The
results obtained in the thesis are of primary importance (Gnedenko uses the phrase:
“первоклассного значения”), and I think that this topic can make a subject of a doctoral
dissertation. The obtained results – the two beautiful theorems – should be published as
soon as possible and included in statistics manuals. It is advisable to prepare this thesis
for publication”.

The second official opponent, Professor Liapunov, noted: “As a result of calculations,
the author obtained boundary laws of distribution both for the first and the second
deviation. It is obvious that these two theorems will enter the gold fund of mathematical
statistics (эти две теоремы войдут в золотой фонд математической статистики), while in
a formal review he wrote: “можно смело сказать, что решения этих задач, прочно войдут
в золотой фонд математических методов статистики” -– undoubtedly, these theorems will
enter the gold fund of mathematical methods in statistics”). Then he added: “I agree with
Academician Gnedenko that extension of this topic will make a firm basis for a doctoral
dissertation”.

We shall present here a fragment from Professor N. Smirnov’s, G. Mania’s thesis
supervisor’s, speech: “I remember the year of 1946 when Gvanji Mania first appeared.
He was very young then, but creative enthusiasm and love for science characterized each
step he took. His Russian was rather poor then. We gave him Hammerstein’s memoirs
to read and were greatly astonished when this young man, who could hardly arrange
Russian words into sentences while speaking, managed to reproduce very precisely heavy
German phrases and present not only all basic ideas, but also all details and proofs in
a brilliant way. Since the time G. Mania started working independently he introduced a
number of different approaches, but some of them led to more difficult problems while
others resulted in very long statements, and it was his intuition that made him choose the
most convenient and useful method that would become a model for statement and proof
of similar problems”.

After the Russian period of his activity G. Mania came back to Georgia and in 1949–
1950 worked as Assistant Professor at Gori Nikoloz Baratashvili Pedagogical Institute. In
1950–1953 he was an Assistant Professor at Georgian Polytechnic Institute. In 1955–1956
he became a Senior Researcher at Tbilisi Andrea Razmadze Institute of Mathematics.
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One cannot overestimate Professor G. Mania’s share in the foundation of new scientific
centers, such as Computational Centre and Institute of Applied Mathematics. Hence it
is quite natural and noteworthy that when during the celebration of the 40-th anniver-
sary of the Institute of Applied Mathematics (later – Academician I. Vekua Institute of
Applied Mathematics) in 2009 a scientific conference dedicated to this event was held, it
was decided that the session devoted to Professor G. Mania’s 90-th anniversary, prepared
on the initiative and under the leadership of Georgian Mathematical Society, would take
place just within the walls of this Institute. In 1956–1964 Professor G. Mania was Deputy
Director for Science at the Computational Center of Georgian Academy of Sciences (later
– Academician Nikoloz Muskhelishvili Institute of Computational Mathematics) and in
1966–1972 he worked as Deputy Director for Science at The Institute of Applied Mathe-
matics of TSU.

G. Mania’s doctoral dissertation titled Some Methods of Mathematical Statistics was as
successful as his Candidate’s thesis. It was a result of his fruitful ten-year scientific studies.
G. Mania defended his doctoral dissertation at A. Razmadze Institute of Mathematics in
1963. His official opponents were Academicians: Khvedelidze, Prokhorov and Sirazhdinov.
In 1964 he was elected for the position of TSU Professor.

In 1963 G. Mania organised, basically singlehandedly, very large and important confer-
ence – All-Union Conference in Probability Theory and Mathematical Statistics. In Soviet
Union, in 1963, the conference was allowed “10 participants from capitalist countries and
15 participants from socialist countries” – an unseen luxury for the times. H. Cramér,
was a participant, and Martin Lóff, E. Parzen, J. Wolfowitz and M. Rosenblatt, David
Kendall. Not just probabilists and statisticians, but some of the best specialists in the
theory of functions and functional analysis, such as Prof. S. Stechkin, also participated.
Prof. Yu. Linnik was there with some of his pupils, and young M. Stratonovich, who at
that time, worked in approximation methods for PDE in Physics. A. Kolmogorov, along
with his pupils and collaborators B. Gnedenko, A. Shityaev, Ya. Sinai, A. Borovkov, and
others, formed the scientific “core”, but myriads of problems, small and large, have been
laid on shoulders of one young, not yet professor, person – Gvanji Mania.

Some 20–25 years later, and more, colleagues everywhere remembered the Conference
as a great and joyful event of they experienced.

The foundations of studies in probability theory and mathematical statistics were laid
by the first Georgian mathematician, one of the founders of Tbilisi University – Profes-
sor Andrea Razmadze (1889–1929). He was a lecturer at the newly established Tbilisi
University, while Gvanji Mania (1918–1985) was his successor developing this field of
mathematics in Georgia. In 1968 under the direction of Professor G. Mania Probability
Theory and Mathematical Statistics Chair was founded at Tbilisi State University, the
head of which he remained till the end of his life. This year we celebrate both Profes-
sor Mania’s centenary and the 100-th anniversary of his native university and the 50-th
anniversary of the chair he founded (today the Head of the Chair is Professor Elizbar
Nadaraya, Member of Georgian Academy of Sciences). At the same time in the period,
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1973–1983 Professor G. Mania was Head of the Sector at the Institute of Economics
and Law of Georgian Academy of Sciences, while since 1983 he was Head of the Sector
of Probability Theory and Mathematical statistics at Tbilisi A. Razmadze Institute of
Mathematics.

Professor G. Mania was actively engaged in scientific and pedagogical work. He is
an author of more than 50 scientific works. It was G. Mania who laid the foundations
for the development of Probability Theory and Mathematical Statistics as a branch of
mathematics in Georgia. He is the author of first Georgian manuals and a number of
monographs in this field. As a result of his activity since the 50-th of the last century
teams of scientists were formed studying problems of probability theory and mathematical
statistics and solving both theoretical and practical problems using probabilistic and
statistical methods. Under the direction of Professor Mania 10 Master’s Theses were
prepared.

Professor G. Mania took an active part in the work and organization of a number of
All-Union and international conferences and symposia. In 1969 he participated in the
work of the 37-th session of the International Institute of Statistics in London and in 1970
he was delegated to the International Congress of Mathematicians held in Nice, France.

Under G. Mania’s leadership All-Union Winter School in Probability Theory and
Mathematical Statistics was yearly held in Bakuriani, Georgia, in the course of 20 years.
It soon became International since it was regularly attended by famous foreign scientists.
In 1982 under Professor G. Mania’s direct supervision Tbilisi hosted the VI USSR-Japan
Symposium in Probability Theory and Mathematical Statistics. After coming back home
Academician Kolmogorov in a letter to Professor G. Mania wrote: “Thank you very much
for all your efforts in Tbilisi and Sukhumi. During my visit I was happy to witness
and appreciate your major part in the progress of probability theory and mathematical
statistics in Georgia”.

Professor J. Mania was a member of various scientific societies and councils, includ-
ing Georgian Mathematical Society, where he was a member of the Presidium, of the
International Institute of Statistics, since 1969 – of International Bernoulli Society for
Application of Statist-ics in Probability Theory and Mathematical Statist-ics, a member
of American Mathematical Society, a member of the Editorial Board of the international
“Statistics” Journal (published in Berlin). He got two government awards and Academi-
cian Iv. Javakhishvili Medal.

In 1989, to commemorate his 70-th anniversary, a book of his works was issued titled
Probability Theory and Mathematical Statistics, which entered the 92-th volume of scien-
tific articles published by A. Razmadze Institute of Mathematics of Georgian Academy of
Sciences, where together with a number of other works by outstanding scientist, Academi-
cian Korolyuk’s paper “Asymptotic Behavior of Mania’s Statistics” was also published.

As we have noted earlier, Gvanji Mania’s first works were written under Professor
Smirnov’s guidance, where Mania studied the maximum deviation behavior of the con-
tinuous distribution function F (x) from the empirical distribution function Fn(x) taken
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not on the entire axis, but only on the maximum growth interval of the function F (x).
He found the limit distribution of the following statistics:

D+
n (θ1, θ2) = sup

x:θ1≤F (x)≤θ2

(
Fn(x)− F (x)

)
,

Dn(θ1, θ2) = sup
x:θ1≤F (x)≤θ2

∣∣Fn(x)− F (x)∣∣,
where θ1 are θ2 given numbers, 0 ≤ θ1 < θ2 ≤ 1 (later, he also tabulated the limit distribu-
tion of these statistics when θ2 = 1− θ1). The sharp-witted proof of the above-mentioned
results is based on Abel and Tauber type theorems, where errors made in Feller’s similar
theorems were eliminated. This result brought about immediate attention of specialists
and it was often used by other scientists. In scientific literature these statistics are referred
to as Mania’s statistics (criteria).

In 1961, G. Mania introduced two independent normal sample homogeneity criteria
based on the statistics:

L = max
x

∣∣∣Φ(x− x1
s1

)
− Φ

(x− x2
s2

)∣∣∣,
where Φ is a standard normal distribution function while xi and si are, respectively,
empirical mean and variance constructed according to the ni-size sample, i = 1, 2. He
showed that the limit distribution of the statistics

n1 · n2

n1 + n2

· L

(when n1, n2 →∞) is independent of normal distribution parameters and is based on the
limit distribution of Smirnov’s statistics

n1 max
x

∣∣∣Φ(x− x1
s1

)
− Φ(x)

∣∣∣.
In the same year G. Mania introduced the two-dimensional distribution density

fn(x, y) =
∆h1∆h2Fn(x, y)

4h1h2
.

He found the optimal value of h1 and h2 in the sense of integral square deviation and
showed that

∞∫
−∞

∞∫
−∞

E(fn(x, y)− f(x, y))2 dx dy ≈ cn− 2
3 ,

where c, in a certain sense, depends on the second-order derivative of f(x, y).
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After that G. Mania studied the properties of normal distribution density nonpara-
metric estimate. In particular, that of density parametric estimate n(x|a, C) of the k-
dimensional normal distribution (by the mean and covariance matrix C) for the square
error

Φn =

∫
Rk

[
n(x|a, C)− n(x|a, C)

]2
dx.

He found the limit distribution:
P
{
n2k+3πk/2

√
detCΦn < u

}
−→ G(u),

where G(u) coincides with a certain type of square distribution of normal values. Thus
G. Mania’s above-mentioned results imply (the same as the book by L. Devroye and
L. Gyofhi) that it is impossible to improve the famous Boyd and Still’s Theorem.

Professor G. Mania’s above mentioned results and a number of his works and studies
in Estimation Theory are published in the monograph Statistical Estimates of Probability
Distribution issued in 1974, which deserved specialists’ appreciation. Before the mono-
graph was published Academician Gnedenko wrote in his review of the manuscript: “В
математическом отношении рукопись выполнена безупречно. Она после опубликования,
несомненно оживит интерес к тому направлению исследований, которое представляет
автор” (“As far as mathematics is concerned the manuscript is perfect. After its pub-
lication it will undoubtedly enliven the interest in the field of mathematics the Author
presents”). After the publication of the monograph on density statistical estimation in
International Statistical Review in 1979 in Werz and Schneider Reference Book G. Mania’s
17 works are mentioned and International Statistical Review calls the above-mentioned
book “an excellent book in the given field”.

The monograph Some Methods of Mathematical Statistics, which appeared in Georgian
in 1963 together with the book Mathematical Statistics in Technology, issued in 1985 were
of primary importance for Georgian scientists and engineers enabling them to become
aware of certain probabilistic and statistical methods, described in their native language,
and apply them for the solution of some practical problems. For years specialists in
different fields used to come to Professor G. Mania’s Chair to consult on the practical
application of probabilistic and statistical methods for the solution of various problems.
Among them there were doctors, biologists, engineers, members of the administration of
Rustavi Metallurgical Factory and others. His younger collegues also participated in this
activity, and they remember clearly Professor G. Mania’s qualified help he rendered to
those specialists in different fields.

Professor G. Mania’s last studies were devoted to problem of estimation of sustain-
able distributions’ parameters and also to the investigation of infinitely divisible and
sustainable distribution analogues within the scope of models with random number of
summands.

G. Mania’s role as a teacher and a tutor cannot be overestimated. His students and
younger colleagues always felt his constant support. Caring for them was an important



ÁÀÈÖÌÉ –ÈÁÉËÉÓÉ, 3–8 ÓÄØÔÄÌÁÄÒÉ, 2018 áÓÏÅÍÀ 43

part of his life. The success achieved by contemporary Georgian scientists in the field
of probability theory and mathematical statistics largely owes to Professor G. Mania’s
dedication and help.

Professor G. Mania’s wife, Mrs. Irina Nodia, was a scholar specializing in Byzantian
Studies. Their son Michael Mania is Head of the Department of Probability Theory and
Mathematical Statistics at the A.Razmadze Institute of Mathematics. Their daughter
Maia Mania is an Architectural Historian and a Professor at the Tbilisi State Academy
of Arts. Both are married.

Professor G. Mania died on March 16, 1985 at the age of 67.
A. Razmadze Institute issued a collection of articles (1989) titled Theory of Probability

and Mathematical Statistics to celebrate G. Mania’s 70-th Anniversary.
In 2008, under the auspices of Georgian Mathematical Society G. Mania’s 90-th An-

niversary was celebrated.
In 2013, for his 95-th Anniversary lecture hall number 335 of the XI Building of

Iv. Javakhishvili Tbilisi State University was given Professor G. Mania’s name.
In the current 2018, to celebrate G. Mania’s centenary, Georgian Statistical Associa-

tion Office decided to establish Professor G. Mania Scholarship at Iv. Javakhishvili Tbilisi
State University.

E. Nadaraya, O. Purtukhia

Main Publications
(i) Monographs

1. Some methods of mathematical statistics. (Georgian) Publishing House of Georgian
Academy of Sciences, Tbilisi, 1963, pp. 351.

2. Statistical estimation of probability distributions. (Russian) Tbilisi University Press,
1974, 240 pp.

3. Probability theory. (Georgian) Publishing House of Ministry of Education, Tbilisi,
1954, 240 pp.

4. Mathematical statistics in technics. (Georgian) Sabchota Sakartvelo, Tbilisi, 1958,
345 pp.

5. The course of probability theory. (Georgian) Tbilisi University Press, Tbilisi, 1962,
340 pp.

6. Linear programming. (Georgian) “Ganatleba”, Tbilisi, 1967, 295 pp.
7. The course of high mathematic. (Georgian) Tbilisi State University, Tbilisi, 1967,

498 pp. (with P. Zeragia).
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8. Ilia Vekua. (Georgian) Publishing House of Tbilisi State University, 1967, 75 pp.
(with B. Hvedelidze).

9. Probability theory and mathematical statistic. (Georgian) Publishing House of
Tbilisi State University, 1976, 350 pp.

10. A book of problems in probability theory and mathematical statistic. (Georgian)
Publishing House of Tbilisi State University, 1976, 120 pp. (with A. Ediberidze and
N. Anthelava).

(ii) Selected Publications

11. Generalization of A. N. Kolmogorov’s criterion for the estimation of distribution
laws by empirical data. (Russian) Dokl. Akad. Nauk SSSR 69 (1949), no. 4,
495–497.

12. Statistical estimation of distribution laws. (Russian) Uchenie Zapiski MGPI imeni
V. P. Potiomkina 16 (1951), 17–63.

13. Practical applications of an estimation of a maximum of two-sided deviations of
empirical distribution in a given interval of growth of a theoretical law. (Russian)
Soobshch. Akad. Nauk Gruzin. SSR 14 (1953), no. 9, 521–524.

14. Practical applications of an estimation of a maximum of one-sided deviations of an
empirical distribution in a given interval of growth of a theoretical law. (Russian)
Proc. of Georgian Politechnical Institute 30 (1954), no. 9, 89–92.

15. Square estimation of divergence of normal densities by empirical data. (Georgian)
Soobshch. Akad Nauk Gruzin. SSR 17 (1956), no. 3, 201–204.

16. Square estimation of normal distribution densities by empirical data (Russian).
Trudy Vsesojuznogo Mat. Siezda, Izd. Akad Nauk SSSR 1 (1956), 124–125.

17. Quadratic error of an estimation of twodimensional normal density by empirical
data. (Russian) Soobshch. Akad. Nauk Gruzin. SSR 20 (1958), no. 6, 655–658.

18. Quadratic error of the estimation of normal density by empirical data. (Russian)
Trudy Vychisl. Tsentra Akad. Nauk Gruzin. SSR 1 (1960), 75–96.

19. On one method of constructing of confidence regions for two samples from general
population. (Russian) Soobshch. Akad. Nauk Gruzin. SSR 27 (1961), no. 2,
137–142.

20. Remark on non-parametric estimations of twodimensional densities. (Russian) Soob-
shch. Akad. Nauk Gruzin. SSR 27 (1961), no. 4, 385–390.

21. Square estimation of divergence of twodimensional normal distribution densities by
empirical data. (Russian) Trudy BC Akad. Nauk Gruzin. SSR 2 (1961), 153–211.
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22. Square estimation of divergence of two-dimensional normal distribution densities by
empirical data. (Russian) Proc. of 6-th Vilnius Conference in Probab. Theory and
Math. Stat., 1962, 407–409.

23. Quadratic error of an estimation of densities of normal distributions by two samples.
(Russian) Trudy. BC Akad. Nauk SSSR 4 (1963), 213–216.

24. Hypothesis testing of identity of distributions of two independent samples. (Rus-
sian) Trudy Vichisl. Tsentra Akad. Nauk Gruzin. SSR 7 (1966), 1–34.

25. Square estimation of divergence of densities of multidimensional normal distribution
by empirical data (po dannim viborki). (Russian) Proc. of Tbilisi State University
129 (1962), 373–382.

26. Quadratic error of the estimation of multidimensional normal distribution densities
by empirical data. (Russian) Soobshch. Akad. Nauk Gruzin. SSR 52 (1968), no. 1,
27–30.

27. Quadratic error of the estimation of multidimensional normal distribution densities
by empirical data (Russian) Probability Theory and Appl. 13 (1968), no. 2, 359–362.

28. Quadratic error of an estimation of densities of multidimensional normal distribution
by empirical data. (Russian) Probability Theory and Appl. 14 (1969), no. 1, 151–
155.

29. Quadratic error of an estimation of densities of multidimensional normal distribution
by empirical data. (Russian) Proc. of Tbilisi State University 2 (1969), 223–227.

30. Quadratic error of an estimation of densities of multidimensional normal distribution
by empirical data. Congres international des Mathematicians, Nice, Paris, 1970,
Abstracts 260.

31. Quadratic error of an estimation of normal distribution densities by several samples.
(Russian) Soobshch. Akad. Nauk Gruzin. SSR 67 (1972), no. 2, 301–304.

32. One approximation of distributions of positive defined quadratic forms of normal
random variables. (Russian) Soobshch. Akad. Nauk Gruzin. SSR 107 (1982), no. 2,
241–244 (with E. Khmaladze and V. Felker).

33. On the estimation of parameters of type of stable laws. Proceedings of the first
International Tampere Seminar on linear Statistical Models and their Applications
(1983) Tampere University, 1985, pp. 202–223 (with L. Klebanov and I. Melamed).

34. One problem of V. M. Zolotarev and analogue of infinitely divisible and stable
distributions in the scheme of the sum of random number of random variables.
(Russian) Probability Theory and Appl. 29 (1984), 757–760 (with L. Klebanov and
I. Melamed).
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of Proc. Tbilisi A. Razmadze Math. Institute dedicated to 70-th birthday of
G. M. Mania, 1989, pp. 1-8.

2. T. Shervashidze, Probability Theory and Mathematical Statistics (Russian) in 50-th
anniversary of Tbilisi A. Razmadze Math. Institute, Metsniereba, Tbilisi, 1985.
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All Extensions of C2 by C2n × C2n are Good
for the Morava K-Theory

Malkhaz Bakuradze
Faculty of Exact and Natural Sciences, Iv. Javakhishvili Tbilisi State University

Tbilisi, Georgia
email: malkhaz.bakuradze@tsu.ge

This talk is concerned with analyzing the 2-primary MoravaK-theory of the classifying
spaces BG of the groups G in the title. In particular it answers affirmatively the question
whether transfers of Euler classes of complex representations of subgroups of G suffice to
generate K(s)∗(BG). Here K(s) denotes Morava K-theory at prime p = 2 and natural
number s > 1. The coefficient ring K(s)∗(pt) is the Laurent polynomial ring in one
variable, F2[vs, v

−1
s ], where F2 is the field of 2 elements and deg (vs) = −2(2s − 1).

References
[1] M. Bakuradze, All extensions of C2 by C2n × C2n are good. arXiv:1603.04021v2;

https://arxiv.org/pdf/1603.04021.pdf.

Metric Spaces, Lattices, Atoms, and Models
Mikhail Belishev1, Sergei Simonov2

1St-Petersburg Department of the Steklov Mathematical Institute, Russian Federation
belishev@pdmi.ras.ru

2St-Petersburg Department of the Steklov Mathematical Institute, Russian Federation
sergey.a.simonov@gmail.com

Let Ω be a metric space, At the metric neighborhood of A ⊂ Ω of radius t, A0 := A;
O the lattice of the open sets in Ω with the partial order ⊆ and the order convergence
topology. The lattice of the O-valued functions of t ∈ [0,∞) with the point-wise order
and topology contains the family IO = {A(·) | A(t) = At, A ∈ O}. Let Ω̃ be the set of
the atoms of IO. We describe a class of spaces such that the set Ω̃ endowed with the
relevant metric is isometric to the original Ω.

The space Ω̃ (wave spectrum) is the key element of the program of constructing a new
functional model for symmetric semi-bounded operators [1]. The given results provide a
step towards realization of this program.
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[5] D. D. Burago, Yu. D. Burago, S. V. Ivanov, A Course of Metric Geometry. Grad-
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Neumann Problem in Polydomains
Ahmet Okay Çelebi

Yeditepe University, Department of Mathematics, İstanbul, Turkey
email: acelebi@yeditepe.edu.tr

In this presentation, we will discuss the Neumann problem for higher order model
equations in the unit polydisc of C2. We derive the integral representations of the func-
tions defined in the unit polydisc of C2 which may particularly be suitable for Neumann
problems.
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100 Years of Alma Mater
Roland Duduchava1, Omar Purtukhia2

1Department of Mathematics, The University of Georgia & A. Razmadze Mathematical
Institute, Ivane Javakhishvili TSU, Tbilisi, Georgia

email: RolDud@gmail.com
2Department of Mathematics, Ivane Javakhishvili Tbilisi State University (TSU)

& A. Razmadze Mathematical Institute, TSU, Tbilisi, Georgia
email: o.purtukhia@gmail.com

A short survey of development of mathematical schools during 100 years of Ivane
Javakhishvili Tbilisi State university.

Frobenius Lie Algebras and q-Hypergeometric
Functions

Alexander Elashvili1, Mamuka Jibladze2

1Department of Geometry and Topology, A. Razmadze Mathematical Institute of
Iv. Javakhishvili Tbilisi State University, Tbilisi, Georgia

email: alela@rmi.ge
2Department of Mathematical Logic, A. Razmadze Mathematical Institute of

Iv. Javakhishvili Tbilisi State University, Tbilisi, Georgia
email: jib@rmi.ge

Classification of Frobenius Lie algebras is of interest because of their relationship with
geometric approaches in quantum field theory.

A particularly tractable class of such algebras arises from the so called seaweed alge-
bras, introduced by Dergachyov and Kirillov in 2000.

For seaweed algebras the Frobenius property can be expressed through a purely com-
binatorial problem – enumeration of meanders of special kind, which we call lieanders.

Enumeration general meanders is a long standing open problem, dating back at least
to Poincaré. In 1988 Arnold gave new impetus to it in connection with the study of certain
branched coverings. Some partial progress has been achieved. There is some interesting
work by physicists (di Francesco with collaborators). In 1993 Lando and Zvonkin obtained
functional equation for the generating function of irreducible meandric systems. In 2017
Zorich with collaborators have related meander statistics with quadratic differentials on
Riemann surfaces.
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Lieanders have their specifics which gives hope that their enumeration may be rel-
atively simpler compared to the general case. We will describe some of our findinds
about the generating functions of various lieandric systems. In particular, we will explain
relationship between these generating functions and q-hypergeometric series.

A Problem about Partitions
Paata Ivanishvili

Department of Mathematics, University of California, Irvine, USA
email: paatai@math.princeton.edu

Let X be an arbitrary finite collection of sets (clusters), some of them may intersect
and some of them may be disjoint. Denote by |X| the total number of clusters in X.
Given n > 1 the question is to count the total number of ways a cluster A in X can be
written as a disjoint union of n other clusters in X. We will estimate this number in
terms of |X| and n.

References
[1] P. Ivanisvili, Convolution estimates and the number of disjoint partitions. Electron.

J. Combin. 24 (2017), no. 2, Paper 2.43, 6 pp.
[2] D. Kane, T. Tao, A bound on partitioning clusters. Electron. J. Combin. 24 (2017),

no. 2, Paper 2.31, 13 pp.

Approximate Matrix Wiener–Hopf Factorisation
and Applications to Problems in Acoustics

Anastasia Kisil
University of Cambridge, UK

email: ak528@cam.ac.uk

In this talk I will introduce some of the techniques which are employed in the study
of Helmholtz equation with various boundary conditions.

I will introduce the Wiener–Hopf method which extends the separation of variables
technique (in Cartesian coordinate) used to investigate PDEs. It provided analytic and
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systematic methodology for previously unapproachable problems. I will focus on con-
structive solutions to matrix Wiener-Hopf problems which come from acoustics. The first
matrix Wiener–Hopf problems is motivated by studying the effect of a finite elastic trailing
porous on noise production, joint work with Dr. Ayton. The approximate factorisation
of this matrix with exponential phase factors is achieved using an iterative procedure
which makes use of the scalar Wiener–Hopf problem arising for each junction. This is an
extension to the pole removal method with explicit error and convergence criteria. We
gained new important insight into noise reduction: the porous extension had the effect of
changing the direction of emitted sound.

The second matrix problem arise from scattering of sound waves by an finite grating
composed of rigid plates, joint work with Prof. Abrahams. The approximate factorisation
of this matrix resulting from a periodic structure is performed using conformal mapping,
rational approximation and the recent procedure by Mishuris and Rogosin.

Lastly, I will introduce some methods which relay on special function called Mathieu
functions. They result in applying the change of variable techniques in elliptic coordinates
to the Helmholtz equation and the boundary conditions. This allows to investigate the
effect of various porosity in a plate. This is used to investigated the effect of a porous
trailing edge on an airfoil motivated by the design of an owl wing.

Geometric Dynamics of a Harmonic Oscillator,
Non-Admissible Mother Wavelets

and Squeezed States
Vladimir V. Kisil

School of Mathematics, University of Leeds, Leeds, England
email: kisilv@maths.leeds.ac.uk

We present a new method of geometric solution of a partial differential equation by
a reduction through an integral transform to an equivalent first-order PDE. The new
equation shall be restricted to a specific subspace with auxiliary conditions which are
obtained from group a representation construction of the integral transform.

The method is applied to the fundamental case of the harmonic oscillator with the
Hamiltonian H = 1

2
(p2/m + mω2q2), where m is its mass and ω – the frequency. The

coherent state transform is generated by the minimal nilpotent step three Lie group A. Its
Lie algebra has a basis {X1, X2, X3, X4} with the following non-vanishing commutators

[X1, X2] = X3, [X1, X3] = X4 .

Note that {X1, X3, X4} span the Lie algebra of the Heisenberg group.
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We demonstrated that the coherent state transform on the group A for an arbitrary
minimal uncertainty state (aka squeezed state) used as a mother wavelet produces a
geometric dynamic of the harmonic oscillator. In contrast, it is shown that the well-
known Fock–Segal–Bargmann transform for the Heisenberg group requires the specific
fiducial vector (with the squeeze parameter E = mω) to produce a geometric solution.
The larger group A creates the image space with a bigger number of auxiliary conditions.
These conditions give additional flexibility in reduction of the PDE’s order, leading to a
richer set of geometric solutions.

There are some natural bounds of a possible squeeze parameter, they are determined
by the degree of singularity of the solution of the auxiliary condition in the form of the
heat equation. Then, the radius of analytic continuation of the time parameter into the
complex plane defines the limits for allowed squeeze. A technical aspect of the group A
is that its representations are not square-integrable and a respective modification of a
coherent state transform is required [1, 2].

The talk is based on joint work [3] with co-author Fadhel Almalki.
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Integral Transforms on Measure Metric Spaces
and Applications
Vakhtang Kokilashvili

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

email: vakhtangkokilashvili@yahoo.com

The goal of our talk is to present our recent results dealing with the bounded-
ness of integral operators in new function spaces defined on general structures. We
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plan to discuss mapping criteria of Hardy–Littlewood maximal functions and Calderón–
Zygmund operators,including one-sided versions and integral transforms defined on prod-
uct spaces.Application to BVP for analytic function will be given.

Three-Body Equations in Quantum Field Theory
Alexander Kvinikhidze

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

email: sasha-kvinikhidze@hotmail.com

Faddeev’s three-body equations represent a powerful tool in Quantum Mechanics.
Derivation of similar equations in Quantum Field Theory (QFT) encounters two prob-

lems: due to a possibility of particle creation and annihilation the number of them is not
fixed, and particles can get ”dressed” the phenomenon that complicates analytic proper-
ties of particle propagation functions. It will be shown how to overcome these problems
to derive the three-body equations in QFT and some applications will be discussed.

Representations of Free Algebras of
Varieties and Hypervarieties

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

email: movsisyan@ysu.am

The free Boolean algebra on n free generators is isomorphic to the Boolean algebra
of Boolean functions of n variables. The free bounded distributive lattice on n free gene-
rators is isomorphic to the bounded lattice of monotone Boolean functions of n variables
(R. Dedekind, 1897). A problem posed by B. I. Plotkin in 1970s has required finding the
varieties (and hypervarieties) of algebras with analogous functional representations of free
finitely generated algebras. In this talk we give a solution of this problem.
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Differentiation of Integrals with respect
to Translation Invariant Convex Density Bases

Giorgi Oniani
Department of Mathematics, Akaki Tsereteli State University, Kutaisi, Georgia

email: oniani@atsu.edu.ge

For a translation invariant convex density basis B it is shown that its Busemann-Feller
extension BBF has close to B properties, namely, BBF differentiates the same class of
non-negative functions as B, moreover, the integral of an arbitrary non-negative function
f ∈ L(Rn) at almost every point x ∈ Rn has one and the same type limits of indeterminacy
with respect to the bases B and BBF. This theorem provides a certain general extension
principle of results obtained for Busemann–Feller bases to bases without the restriction
of being Busemann–Feller. Some such type applications of the theorem are given.

Right-Angled Polytopes, Hyperbolic Manifolds
and Torus Actions

Taras Panov
Department of Mathematics and Mechanics, Lomonosov Moscow State University

Moscow, Russia
email: tpanov@mech.math.msu.su

A combinatorial 3-dimensional polytope P can be realised in Lobachevsky 3-space
with right dihedral angles if and only if it is simple, flag and does not have 4-belts of
facets. This criterion was proved in the works of Pogorelov and Andreev of the 1960s. We
refer to combinatorial 3-polytopes admitting a right-angled realisation in Lobachevsky
3-space as Pogorelov polytopes. The Pogorelov class contains all fullerenes, i.e. simple
3-polytopes with only 5-gonal and 6-gonal facets.

There are two families of smooth manifolds associated with Pogorelov polytopes. The
first family consists of 3-dimensional small covers of Pogorelov polytopes P , also known
as hyperbolic 3-manifolds of Loebell type. These are aspherical 3-manifolds whose fun-
damental groups are certain finite abelian extensions of hyperbolic right-angled reflection
groups in the facets of P . The second family consists of 6-dimensional quasitoric manifolds
over Pogorelov polytopes. These are simply connected 6-manifolds with a 3-dimensional
torus action and orbit space P . Our main result is that both families are cohomologically
rigid, i. e. two manifolds M and M ′ from either family are diffeomorphic if and only if their
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cohomology rings are isomorphic. We also prove that a cohomology ring isomorphism im-
plies an equivalence of characteristic pairs; in particular, the corresponding polytopes P
and P ′ are combinatorially equivalent. This leads to a positive solution of a problem of
Vesnin (1991) on hyperbolic Loebell manifolds, and implies their full classification.

Our results are intertwined with classical subjects of geometry and topology such as
combinatorics of 3-polytopes, the Four Colour Theorem, aspherical manifolds, a diffeo-
morphism classification of 6-manifolds and invariance of Pontryagin classes. The proofs
use techniques of toric topology.

This is a joint work with V. Buchstaber, N. Erokhovets, M. Masuda and S. Park.
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Multipliers in Sobolev Spaces and Their Applications
in the Theory of Differential Operators

Andrey A. Shkalikov
Department of Mechanics and Mathematics, Lomonosov Moscow State University

Moscow, Russia
email: shkalikov@mi.ras.ru

Denote byHs
p(Rn), p > 1, s ∈ R, the Bessel potential spaces (for integer s they coincide

with the Sobolev spaces W s
p (Rn)). We shall present the last results on the description of

the spaces of multipliers acting from the space Hs
p(Rn) to another space H−t

q (Rn). The
main attention we will pay to the case when the smooth indices are of different signs, i.e.
s, t > 0. Such a space of multipliers (we denote it by M [Hs

p(Rn)→ H−t
q (Rn)]) consists of

distributions u ∈ D′ which obey the estimate

∥uφ∥H−t
p

6 C∥φ∥Hs
p
∀ φ ∈ D,

where D is the space of the test functions and a constant C is independent of φ.
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It turns out that always the following embedding with the norm estimate holds

M [Hs
p(Rn)→ H−t

q (Rn)] ⊂ H−t
q, unif (R

n) ∩H−s
p′, unif (R

n),

where Hγ
r, unif (Rn) is the so-called uniformly localized Bessel potential space.

In the case when p 6 q and one of the following conditions

s > t > 0, s > n/p or t > s > 0, t > n/q′ (where 1/q + 1/q′ = 1),

holds one has an explicit representation

M [Hs
p(Rn)→ H−t

q (Rn)] = H−t
q, unif (R

n) ∩H−s
p′, unif (R

n),

where p and p′ are Holder conjugate numbers. Representations of this kind are impossible,
provided that s > n/p or t > n/q′. Then the spaces of multipliers should be described
in terms of capacities. In the important case s = t < n/max(p, q′) we can establish the
two-sided embeddings with the norm estimates

H−s
r1, unif

(Rn) ⊂M [Hs
p(Rn)→ H−s

q′ (R
n)] ⊂ H−s

r2, unif
(Rn),

where the numbers r1 > r2 > 1 can be written down explicitly.
The obtained results have important applications in the theory of differential operators

with distribution coefficients. Some simple applications will be presented in the talk.
The talk is based on the joint papers with Alexey A. Belyaev. The work is supported

by the Russian Scientific Fund, grant number No 17-11-01215.

The Riemann–Hilbert Problem for
the Moisil–Teodoresku System

Alexander Soldatov
Dorodnicyn Computing Centre, FRC CSC RAS, Moscow, Russia

email: soldatov48@gmail.com

The Moisil–Teodoresku system

M

(
∂

∂x

)
u(x) = 0, M(ζ) =


0 ζ1 ζ2 ζ3
ζ1 0 −ζ3 ζ2
ζ2 ζ3 0 −ζ1
ζ3 −ζ2 ζ1 0

 , (1)
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is considered in a bounded domain D ⊆ R3 with smooth boundary Γ. It is posed an
analogue of the Riemann–Hilbert problem

Bu+ = f (2)

with (2× 4)-matrixes

B =

(
p0 p1 p2 p3
q0 q1 q2 q3

)
,

whose rows are linear independent at each point of Γ.
Let us introduce the vector

l = p0q − q0p− [p, q],

where p = (p1, p2, p3), q = (q1, q2, q3). If Γ is homeomorphic to sphere the problem was
investigated by V.I. Shevchenko[1]. He proved that after assumption

ln ̸= 0, (3)

where n is unit normal to Γ, the problem (1), (2) is Fredholmian and its index is equal
to −1.

We give the analogues result for general domain D and we establish that under the
assumption (3) the index of the problem is equal to s − m − 1. Here s is a number of
connected component of Γ but m is an order of the first group cohomology H1(D) of the
domain D. This result is based on the integral representation of a general solution of (1).

Note that the number m can be calculated explicitly. Let Γi, 1 ≤ i ≤ s, be connected
components of Γ and let mi be genus of Γi. Then m = m1 + . . .+ms.

References
[1] V. I. Shevchenko, Certain boundary value problems for a holomorphic vector. (Rus-

sian) Mathematical physics, No. 8 (Russian), pp. 172–187. Naukova Dumka, Kiev,
1970.
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Compatible Topologies for Vector Spaces
and Abelian Groups

Vaja Tarieladze
Muskhelishvili Institute of Computational Mathematics (MICM) of the

Georgian Technical University, Tbilisi, Georgia
email: v.tarieladze@gtu.ge

Dedicated to 130-th birthday anniversary of G. M. Fichtenholz

It can be said that the topic of my talk originates from articles [1] by Russian-Soviet
mathematician Grigorii Mikhailovich Fichtenholz (June 5, 1888 – June 26, 1959) and
[2] by American mathematician George Whitelaw Mackey (February 1, 1916–March 15,
2006) in which [1] is cited.

Given a real vector space X and a topology τ on it, let us write (X, τ)∗ for the set of
all τ -continuous linear functionals f : X → R. A topology η on X is said to be compatible
with τ (or with the pair (X,Y ), where Y := (X, τ)∗) if (X, η)∗ = (X, τ)∗.

Similarly, given an Abelian group X and a topology τ on it, let us write (X, τ)∧ for
the set of all τ -continuous group homomorphisms (characters) χ : X → R/Z. A topology
η on X is said to be compatible with τ (or with the pair (X,Y ), where Y := (X, τ)∧) if
(X, η)∧ = (X, τ)∧.

We will survey some old and new results about compatible topologies in either cases.
The talk is based mainly on [3]–[5].

References
[1] G. Fichtenholz, Sur les fonctionelles lineaires continues au sens generalise. Ree.

Math. (Mat. Sbornik) N.S. 4 (1938), 193–213.
[2] G. W. Mackey, On infinite dimensional linear spaces. Proc. Nat. Acad. Sci. U.S.A.

29 (1943), 216–221.
[3] V. Tarieladze, UMAP classes of groups. Translated from Sovrem. Mat. Prilozh.

No. 84 (2012), Part 3. J. Math. Sci. (N.Y.) 197 (2014), no. 6, 858–861.
[4] E. Martin-Peinador, V. Tarieladze, Mackey topology on locally convex spaces and

on locally quasi-convex groups. Similarities and historical remarks. Rev. R. Acad.
Cienc. Exactas Fís. Nat. Ser. A Math. RACSAM 110 (2016), no. 2, 667–679.

[5] E. Martin-Peinador, A. Plichko, V. Tarieladze, Compatible locally convex topologies
on normed spaces: cardinality aspects. Bull. Aust. Math. Soc. 96 (2017), no. 1,
139–145.
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Braids, Lie Algebras and Homotopy Groups
of Spheres

Vladimir Vershinin
Institut Montpelliérain Alexander Grothendieck, Université de Montpellier, France

email: vladimir.verchinine@umontpellier.fr

We start with the standard definitions of braids as the system of curves in tree-
dimensional space up to isotopy, and as a fundamental groups of configuration spaces.
Then we present their classical properties and give some applications, in particular to
Knot Theory.

Next we explain classical constructions based on braid groups, namely Lie algebras of
pure and similar braids.

After that we introduce certain generalizations of braids as well as specific types of
braids, in particular Brunnian braids. We describe the properties of these objects.

Connections between braids and homotopy groups of spheres will be given also.
The talk is based on author’s survey articles [1, 2].

References
[1] V. V. Vershinin, Braids, their properties and generalizations. In: Handbook of

algebra. Vol. 4, 427–465, Handb. Algebr., 4, Elsevier/North-Holland, Amsterdam,
2006.

[2] V. V. Vershinin, Around Braids. In: Combinatorial and Toric Homotopy. Lecture
Notes Series, Institute for Mathematical Sciences, National University of Singapore:
Volume 35. Singapore, World Scientific, 2017, pp. 179–228.
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Vibrodynamics as the Best Part
of Applied Mathematics

Vladimir A. Vladimirov
DOMAS, Sultan Qaboos University, Muscat, Oman

email: vladimir@squ.edu.om
Department of Mathematics, University of York, UK

email: vv500@york.ac.uk
DAMTP, University of Cambridge, UK,

School of Mathematics, University of Leeds, UK

Vibrodynamics represents a high-impact and flourishing interdisciplinary research di-
rection, unifying various phenomena and theories, which take place under the influence
of time-oscillations and vibrations. Mathematically, Vibrodynamics deals with ODEs,
PDEs, difference equations, integral equations, etc. with time-periodic (or oscillating)
coefficients and/or oscillating right-hand sides. For the introducing this research direc-
tion to applied mathematicians, I start with its general idea, which can be classified as a
two-timing method, or a multi-scale method, combined with an averaging method. The
mathematical heart of the subject lies in the proper choosing of time-scales, which al-
lows one to build up regular asymptotic solutions. I present the related ideas, which
allow such a choice, using simple ODE examples. Then I give several winning examples,
including the describing of self-propulsion of micro-robots and explanation of Langmuir
circulations induced by water waves below the free surfaces of lakes, seas, and oceans. The
latter case brought a theoretical breakthrough to the classical Craik-Leibovich equation
and its generalizations to magneto-hydrodynamics, acoustics, and other areas of applied
mathematics and physics. The talk is based on the papers quoted below.
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[1] V. A. Vladimirov, On vibrodynamics of pendulum and submerged solid. J. Math.
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[3] V. A. Vladimirov, Magnetohydrodynamic drift equations: from Langmuir circula-

tions to magnetohydrodynamic dynamo? J. Fluid Mech. 698 (2012), 51–61.
[4] V. A. Vladimirov, M. R. E. Proctor, and D. W. Hughes, Vortex dynamics of oscil-

lating flows. Arnold Math. J. 1 (2015), no. 2, 113–126.
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3419–3424.
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Rapids, 717, R8-1-716, (2013), R8-11.

[8] K. I. Ilin, H. K. Moffatt, V. A. Vladimirov, Dynamics of a rolling robot. Proc. Natl.
Acad. Sci. USA 114 (2017), no. 49, 12858–12863.
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How Non-Positively Curved is the
Mapping Class Group?

Richard Webb
DPMMS, Centre for Mathematical Sciences, Cambridge, UK

email: webb@maths.cam.ac.uk

The mapping class group Mod(S) of a surface S is the group of homeomorphisms
S → S modulo the isotopy relation. It is also the (orbifold) fundamental group of the
moduli space of Riemann surfaces. Particular examples include the braid group and the
outer automorphism group of a surface group.

In this talk we shall discuss the study of the mapping class group from the point of
view of geometric group theory. Geometric group theory is a flourishing and quickly-
evolving area that has found many applications across various fields of mathematics from
the solution of the virtual Haken conjecture in the study of 3-manifolds to the discovery
of normal subgroups in the Cremona group.

A major theme in geometric group theory is the notion of non-positive curvature.
Much can be learned about a group if it acts nicely by isometries on a non-positively
curved space. There are two widely considered versions of non-positive curvature. The
first is Gromov hyperbolicity which captures the large-scale geometry of the space and
forgets the small scale. The second is more infinitesimal in flavour: a metric space is
CAT(0) if all of its geodesic triangles are at least as thin as their comparison triangles in
the Euclidean plane.
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In the 90s Masur and Minsky proved that the mapping class group acts on an infinite-
diameter, Gromov-hyperbolic metric space called the curve complex. Therefore some of
the theory of Gromov-hyperbolic groups can be applied to study Mod(S). This has led
to breakthroughs in the study of the geometry of the mapping class group and also its
algebra e.g. for each countable group G there is some embedding G→ Q for some quotient
group Q of Mod(S). Despite much success, many notorious problems still remain open
for Mod(S), which are much easier to answer for certain CAT(0) groups. For instance,
does there exist a finite-index subgroup of Mod(S) with a surjective homomorphism to
Z? These problems would be more easily approached if Mod(S) had a suitable CAT(0)
space to act on.

In this talk I will start by surveying some highlights of geometric group theory and
the key properties of mapping class groups. I will explain why they are such interesting
groups worth studying in their own right. I will define the curve complex and arc complex
of S, and state their basic properties and applications to Mod(S). I will then prove that
the arc complex does not admit a CAT(0) metric invariant under Mod(S) by using a
theorem from combinatorics and some topology.
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Integral Modeling of the Filtration Process
in Gas Wells
Elkhan Abbasov

Mechanics – Faculty of Mathematics, Baku State University, Baku, Azerbaijan
email: aelhan@mail.ru

The integral model of the non-stationary filtration process in gas wells is constructed
and solutions of differential equations are presented. Methods are being developed to
simplify the solution of the task. The obtained analytical expressions allow determining
the parameters at the bottom hole and the formation by wellhead information, which is
of great practical importance.

An integral model of the pressure build-up process is constructed and solutions of
related differential equations are presented. An analytical expression is obtained to de-
termine the dynamics of the pressure build-up process taking into account the dynamic
connection between the formation and the well.

On Embedding Theorems between Variable
Morrey Spaces

Ariz Abdullayev1, Rovshan Bandaliyev2

1Department of Mathematical Analysis, Ganja State University, Ganja, Azerbaijan
email: ariz.abdullayev88@gmail.com

2Department of Mathematical Analysis, Institute of Mathematics and Mechanics of
ANAS, Baku, Azerbaijan

email: bandaliyevr@gmail.com

In this abstract we introduce an embedding theorem between variable Morrey spaces.
We note that the variable Morrey spaces have recent history. The variable exponent

Morrey spaces was introduced and studied in [1].
In particular, we obtained the embedding criterion between two different variable

Lebesgue spaces (see [2]).

References
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[2] L. Diening, P. Harjulehto, P. Hästö and M. Ru̇žička, Lebesgue and Sobolev Spaces
with Variable Exponents. Lecture Notes in Mathematics, 2017. Springer, Heidel-
berg, 2011.

Inverse System in the Category of Intuitionistic
Fuzzy Soft Modules

S. E. Abdullayev, S. A. Bayramov
Department of Algebra and Geometry, Baku State University, Baku, Azerbaijan

email: sebuhi−abdullaye@mail.ru; baysadi@gmail.com

We introduce inverse system in the category of intutionistic fuzzy soft modules and
prove that its limit exists in this category. Generally, limit of inverse system of exact
sequences of intutionistic fuzzy soft modules is not exact. Then we define the notion
lim←−

(1) which is first derived functor of the inverse limit functor. Finally, using methods of
homology algebra, we prove that the inverse system limit of exact sequence of intutionistic
fuzzy soft modules is exact.
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[1] C. Gunduz (Aras), S. A. Bayramov, Intuitionistic fuzzy soft modules. Comput.
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Several New Inequalities about the Average
Vladimer Adeishvili, Ivane Gokadze

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

email: vladimer.adeishvili@atsu.edu.ge

Today, when science has achieved great progress in every aspect of math as a dis-
cipline, it is very difficult to find something new, even less important, such as not yet
mentioned, despite this, math lovers try to find something new and by doing this, say
their independent words in mathematics, which will not be repeated or replaced option.
We think the subject of our research is just the latest and requires further survey to be
more in-depth study of the issue.

Our task is to study the attitudes between the average values of positive, real numbers.
In particular, as it is known that real, positive numbers can be determined by the following
values: average harmonic, average geometric, average arithmetic, medium square, for
some, some types of inequalities are true. These inequalities are very well known for
those who love solving Olympic mathematical tasks. We think it is interesting that no
information has been found in any of the mathematical books available at our own, nor
on the Internet if the above mentioned four dimensions depend on each other, If we are
going to pair them twice, specifically, if we compare the sum multiplication of the two
and the sum multiplication of the rest. Of course, it is interesting to compare only the
average square and the average harmonic “set” with the average arithmetic and average
geometry set, because in other cases, the average square and its partner’s advantages are
obvious.

Several tasks discussed in the work are a kind of novelty, and we continue to work to
get more interesting results, which will definitely introduce a wide audience.
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On the Stochastic Property of the Continuous
Transformations of Metric Compacts

with n-adic Property
Shota Akhalaia

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

email: shiaxalaia@yahoo.com

The continues transformation T : X → X of the metric compact X induces a dynamic
system {X,T}. The one of the stochastic property of the dynamic system is the existence
of T -invariant the Borel ergodic measure on X entropy of which the is positive (see, [1]).

We proof that the continuous n-adic transformation of the metric compact has the
analogous property.

Let n be an natural number. We say that the continuous transformation T : X → X
has the n-adic property if there exist the the closed subsets A1, . . . , An from X such that

n∪
k=1

Ak ⊂
n∩
k=1

T (Ak) and
n∩
k=1

Ak = ∅.

In addition, the cap of any n− 1 elements from the set A1, . . . , An is nonempty.
Theorem. If the continuous transformation T : X → X has the n-adic property, then
on the metric compact X, there exists the Borel T -invariant ergodic measure with positive
entropy.

References
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Topology of Quadratic Endomorphisms
of the Plane

Teimuraz Aliashvili
Ilia State University, Tbilisi, Georgia

email: aliashvili@yahoo.com

We discuss topological properties of quadratic endomorphisms of the plane. Let F be
a quadratic endomorphism of the plane explicitly given by the components (F1, F2).

In particular, an algebraic criterion of properness of F is given in terms of coefficients
of components F1, F2. Moreover, an algebraic formula for topological degree of map F
using the signature formula of Khimshiashvili–Eisenbud–Levine. In addition a complete
description of the possible structure of singularity set and bifurcation diagram of F is
obtained.

The aforementioned results are used to obtain the criteria of surjectivity and stability
of such an endomorphism. In special case, when F is the gradient of homogeneous poly-
nomial of third degree, the structure of the local algebra at the origin is also determined.

The proofs are based on the normal forms of quadratic endomorphisms obtained in
a recent paper “Classification of critical sets and their images for quadratic maps of
the plane” (arXiv:1507.02732v1 [math.DS] 9 Jul 2015) by Chia–Hsing Nien, Bruce B.
Peckham and Richard P. McGehee.
Keywords: quadratic map, endomorphism, singularity, critical set, topological degree of
mapping.
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The Mixed Problem for a System of Nonlinear Wave
Equations with q-Laplasian Operators

Akbar B. Aliev1, Asif F. Pashayev2

1Azerbaijan Technical University;
Institute of Mathematics and Mechanics of National Academy of Sciences of Azerbaijan

Baku, Azerbaijan
email: aliyevakbar@gmail.com

2Azerbaijan University;
Institute of Mathematics and Mechanics of National Academy of Sciences of Azerbaijan

Baku, Azerbaijan
email: as_abd@rambler.ru

We study the initial boundary value problem{
u1tt −∆qu1 + (−∆)α u1t − f1 (u1, u2) = g1(t, x),

u2tt −∆qu2 + (−∆)α u2t − f2 (u1, u2) = g1(t, x),

uk (0, x) = φk (x) , ukt (0, x) = ψk (x) , x ∈ Ω.

Here t > 0, x ∈ Ω; 0 < αj ≤ 1, j = 1, 2; f1(u1, u2) = |u1|ρ−1 |u2|ρ+1 u1;

f2(u1, u2) = |u1|ρ+1|u2|ρ−1u2; g1(t, x), g2(t, x) ∈ L2([0, T ]× Ω);

∆qu =
∞∑
i=1

∂

∂xi

(∣∣∣ ∂u
∂xi

∣∣∣q−2 ∂u

∂xi

)
,

and Ω is a bounded domain in Rn, n ≥ 1, with the smooth boundary ∂Ω, (−∆)αu =
∞∑
j=1

λαj (u, φj)φj, where 0 < λ1 < λ2 ≤ λ3 ≤ · · · , φ1, φ2, φ3, . . . are the sequence of

eigenvalues and eigenfunctions of −∆ in H1
0 (Ω), respectively.

Assume that q and ρ satisfy the conditions

0 < ρ <
nq

n− q
for n > q,

0 < ρ < +∞ for n ≤ q,

2 ≤ q < 2ρ+ 1 or q ≥ max {2, 2ρ+ 1} .

Under these conditions we investigate the existence and nonexistence of global solu-
tions.
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Solvability of a Boundary Value Problem
for a Second Order Differential-Operator Equation

with a Complex Parameter
B. A. Aliev

Institute of Mathematics and Mechanics;
Azerbaijan State Pedagogical University, Baku, Azerbaijan

email: aliyevbakhram@yandex.ru

In separable Hilbert space H we consider the following boundary value problem for a
second order elliptic differential equation:

L(λ,D)u := λ2u(x)− u′′(x) + Au(x) = f(x), x ∈ (0, 1), (1)
L1(λ)u := u′(1) + (β0 + β1λ+ λ2)u(1) = f1,

L2u := u(0) = f2,
(2)

where λ is a complex parameter; D := d
dx

.
Theorem. Let the following conditions be fulfilled:

1. A is a linear, closed, densely defined operator in H and ∥R(λ,A)∥B(H) ≤ c(1+ |λ|)−1

for |argλ| ≥ π − φ, where φ ∈ (0, π) is some number, c > 0 is some constant
independent on λ.

2. β0, β1 are any complex numbers and β1 ̸= 0.
Then the operator L(λ) : u → L(λ)u := (L(λ,D)u, L1(λ)u, L2u) for sufficiently large

|λ| from the angle |argλ| ≤ φ
2
< π

2
is an isomorphisim from W 2

p ((0, 1);H(A), H) to
Lp((0, 1);H) u (H(A), H)θ1,p u (H(A), H)θ2,p, where θ1 = 1

2
+ 1

2p
, θ2 = 1

2p
, p ∈ (1,∞),

and for these λ the following estimation is valid for solving the problems (1), (2)

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

≤ c

[
|λ|2 ∥f∥Lp((0,1);H) +

2∑
k=1

(
∥fk∥(H(A);H)θk,p

+ |λ|2(1−θk) ∥fk∥H
)]

.

Solvability of boundary value problems for second order differential-operator equations
in the case when one and the same complex parameter is contained in the equation and
in the boundary conditions, were studied in in different aspects in [1], [2].
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Optical Solutions in Higher Order Nonlinear
Schrödinger Dynamical Equation

Alireza Alizadediz
Department of Mathematics, Shahid Madani University, Tabriz, Iran

email: a.alizade1986@gmail.com

In this research, we apply an analytical method on the modified Benjamin-Bona-
Mahony which is one of the basic models in fluid mechanics and the coupled Klein-Gordon
equations that is a relativistic version of the Schrodinger equation which considered as the
basic model in the optical fiber. This method called extended simple equation method.
We try to get exact and solitary wave solutions for both equations and we also try to
investigate what is the difference between this method by making the comparison between
the results that obtained by literature. We show how the method is very direct and
powerful method and it ability to apply on different kinds of nonlinear evolution equations.

ÌÀÈÄÌÀÔÉÊÖÒÉ ÉÍÃÖØÝÉÀ
ÀÌÉÒÀÍ ÀÌÁÒÏËÀÞÄ

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

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

ÌÀÈÄÌÀÔÉÊÖÒÉ ÉÍÃÖØÝÉÀ ÀÒÉÓ ÄÒÈ-ÄÒÈÉ ÚÅÄËÀÆÄ ÒÈÖËÉ ÈÄÌÀ ÌÀÈÄÌÀÔÉÊÉÓ ÓÀÓÊÏËÏ
ÐÒÏÂÒÀÌÀÛÉ ÃÀ ÀÒÀ ÌÀÒÔÏ ÓÀÓÊÏËÏ ÐÒÏÂÒÀÌÀÛÉ - ÖÍÉÅÄÒÓÉÔÄÔÉÓ ÓÔÖÃÄÍÔÄÁÓÀÝ
áÛÉÒÀÃ ÖàÉÒÈ ÀÌ ÐÒÉÍÝÉÐÉÓ ÓßÏÒÉ ÂÀÀÆÒÄÁÀ ÃÀ ÂÀÌÏÚÄÍÄÁÀ.

ÀÌ ÌÏáÓÄÍÄÁÀÛÉ ÅÉÓÀÖÁÒÄÁÈ ÛÄÌÃÄÂ ÓÀÊÉÈáÄÁÆÄ:
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1. ÅÉÌÓãÄËÄÁÈ ÌÀÈÄÌÀÔÉÊÖÒÉ ÉÍÃÖØÝÉÉÓ ÅÉÆÖÀËÉÆÀÝÉÉÓ áÄÒáÄÁÆÄ.

2. ÌÏÅÉÚÅÀÍÈ ÀÒÀÓßÏÒÉ ÌÓãÄËÏÁÉÓ ÒÀÌÃÄÍÉÌÄ ÌÀÂÀËÉÈÓ, ÓÀÃÀÝ ÀÒ ÀÒÉÓ ÀÃÅÉËÉ
ÛÄÝÃÏÌÉÓ ÐÏÅÍÀ.

3. ÌÏÅÉÚÅÀÍÈ ÀÒÀÓßÏÒÉ ÌÓãÄËÏÁÉÓ ÄÒÈ-ÄÒÈ ÚÅÄËÀÆÄ ÂÀÅÒÝÄËÄÁÖË ÌÀÂÀËÉÈÓ,
ÒÀÓÀÝ áÛÉÒÀÃ ÅÐÀÔÉÏÁÈ ÓÔÖÃÄÍÔÄÁÓ (ÒÀÃÂÀÍÀÝ ÉÛÅÉÀÈÀÃ ÌÉÅÚÀÅÀÒÈ ÀÒÀÓßÏÒ
ÛÄÃÄÂÀÌÃÄ).

4. ÂÀÍÅÉáÉËÀÅÈ ÞÀËÉÀÍ ÖÝÍÀÖÒ ×ÀØÔÓ, ÒÀÝ ÂÀÒÊÅÄÖËÀÃ ÖÍÉÊÀËÖÒÉÀ ÃÀÌÔÊÉÝÄÁÉÓ ÀÌ
ÌÄÈÏÃÉÓÈÅÉÓ: ÉÍÃÖØÝÉÉÓ ÐÒÉÍÝÉÐÉÈ ÌÄÔÉÓ ÃÀÌÔÊÉÝÄÁÀ ÛÄÉÞËÄÁÀ Ö×ÒÏ ÀÃÅÉËÉ
ÉÚÏÓ, ÅÉÃÒÄ ÍÀÊËÄÁÉÓ (ÀÍÖ ÆÏÂÀÃÓ ÅÀÌÔÊÉÝÄÁÈ, ÌÀÂÒÀÌ ÅÄÒ ÅÀÌÔÊÉÝÄÁÈ ÊÄÒÞÏÓ).

Column Sum Majorization
Ali Armandnejad

Department of mathematics, Vali-e-Asr University of Rafsanjan, Rafsanjan, Iran
email: armandnejad@vru.ac.ir

Let Mn,m be the set of all n × m real or complex matrices. Let c(A) := Ae, where
e = (1, . . . , 1) ∈ Rn. For A,B ∈ Mn,m, we say that A is column-sum majorized by B
(written as A ≺cs B) if c(A) ≺ c(B), i.e. there exists a doubly stochastic matrix D such
that c(A) = Dc(B). The structure of all linear operators T : Mn,m → Mn,m preserving
or strongly preserving column-sum majorization will be characterized in this note. Also
some other kinds of majorization are considered and their sum column majorization are
investigated.
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On the Solvability of the Modification
Cauchy Problem for Systems of Linear Impulsive

Differential Equations with Singularities
Malkhaz Ashordia1, Nato Kharshiladze2

1Ivane Javakhishvili Tbilisi State University,
Sukhumi State University, Tbilisi, Georgia

email: ashord@rmi.ge
2Sukhumi State University, Tbilisi, Georgia

email: 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 differential 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+

xi(t)

|t− t0|µi
= 0 (i = 1, . . . , n), (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, 2, . . . ), gl ∈ Rn (l = 1, 2, . . . ), τi ̸= τj if i ̸= j, t0 < τl+1 < τl
(l = 1, 2, . . . ) and liml→+∞ τl = t0; xi is i-th component of the vector-function x for every
i ∈ {1, . . . , n}, and µi ≥ 0 (i = 1, . . . , n) are some numbers.

The singularity of the 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.
There are given the effective sufficient conditions for the existence of the unique solu-

tion of the problem (1), (2); (3). The solutions are finding in the set of the vector-functions
whose restrictions on the every closed interval from the set It0 are absolutely continuous.
In connection with these there is obtained the effective (un-improvable) condition guaran-
teeing absolutely continues of the restrictions of the solutions on the every closed interval
from the interval I.

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

References
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differential equations. (Russian) Differentsial’nye Uravneniya 32 (1996), no. 2,
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On Asymptotics of the Function of Distribution
of Spectrum for Higher Order Partial

Operator-Differential Equation in Hilbert Spaces
Hamidulla Aslanov, Nigar Gadirli

Institute of Mathematics and Mechanics, NASA;
Sumgait State University, Azerbaijan

email: aslanov.50@mail.ru

Let H be a separable Hilbert space. In Hilbert space H1 = L2 (H;Rn) we consider an
operator

Lu = (−1)m
∑

k1+k2+···+k4=2m

Ak1k2···kn (x)
∂2mu

∂xk11 ∂x
k2
2 · · · ∂xknn

+Q (x)u.

Here x = (x1, x2, . . . , xn) ∈ Rn, Ak1k2···kn (x) are real valued functions bounded on all
the space and satisfying the Lipshitz condition:∣∣Ak1k2···kn (x)− Ak1k2···kn (ξ)∣∣ ≤ k |x− ξ|γ if |x− ξ| < 1, 0 < γ < 1.

We suppose that the form of the leading terms is uniformly elliptic, i.e.

C1 |ξ|2m ≤
∑

k1+k2+···+kn=2m

Ak1k2···kn (x)Sk11 S
k2
2 · · ·Sknn ≤ C2 |ξ|2m ,

where C1, C2 are positive constants.
Under some assumptions with respect to the operator function Q (x) we show that

the operator L has a discrete spectrum, and we find asymptotic formula for the function
of distribution of eigenvalues of the operator L.

We note that, for a scalar operator of higher order given in all the space Rn, discrete-
ness of spectrum and asymptotic distribution of eigenvalues were studied by A. G. Kos-
tyucenko. Spectrum and asymptotic distributions of eigenvalues for elliptic operators
given in bounded or unbounded domains were investigated by S. Clark, T. Karleman,
G. I. Aslanov, Sh. G. Baimov.
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On Two-Dimensional Models of
Thermoelastic Shells in the Framework of

Green–Lindsay Nonclassical Theory of
Thermoelasticity

Mariam Avalishvili
School of Informatics, Engineering and Mathematics, University of Georgia

Tbilisi, Georgia
email: mavalish@yahoo.com

The present paper is devoted to the investigation of Green-Lindsay nonclassical three-
dimensional model of thermoelastic bodies, and construction and investigation of two-
dimensional hierarchical models of shells in curvilinear coordinates in the framework of the
three-dimensional model. We consider the nonclassical three-dimensional model, which
was obtained by A. E. Green and K. A. Lindsay [1] to eliminate shortcomings of the
classical thermoelasticity. Note that in Green-Lindsay model the constitutive relations
for the stress tensor and the entropy are generalized by introducing two different relaxation
times.

Applying variation formulation and suitable a priori estimates the existence and
uniqueness of solution of the linear three-dimensional initial-boundary value problem is
proved for anisotropic inhomogeneous thermoelastic bodies. For general thermoelastic
shells with variable thickness, which may vanish on a part of the lateral surface, two-
dimensional hierarchical models in curvilinear coordinates are constructed by applying
spectral approximation method, which is a generalization of the dimensional reduction
method suggested by I. Vekua [2] in the theory of elasticity for plates with variable
thickness. Note that the classical Kirchhoff-Love and Reissner-Mindlin models can be
incorporated into the hierarchy obtained by I. Vekua so that it can be considered as an
extension of the frequently used engineering plate models.

The existence and uniqueness of solutions of the obtained two-dimensional initial-
boundary value problems is proved in suitable spaces of vector-valued distributions. The
relationship between the hierarchy of dynamical two-dimensional models of thermoelas-
tic shells obtained from Green-Lindsay model and the original three-dimensional initial-
boundary value problem is investigated. The convergence of the sequence of vector-
functions of three space variables constructed from the solutions of the reduced problems
to the exact solution of the original three-dimensional initial-boundary value problem is
proved in the corresponding Sobolev spaces pointwise with respect to the time variable
and under additional conditions estimate of the rate of convergence is obtained. Note that
the first approximations of the constructed hierarchies of two-dimensional initial-boundary
value problems can be considered as independent nonclassical models for thermoelastic
shells and can be used for mathematical modeling of engineering structures.
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About One Test for Homogeneity
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The new test for homogeneity for p ≥ 2 independent samples based on Parzen’s type
estimators of distribution density is constructed. The limiting power of the constructed
tests is found for Pitman’s type “close” alternatives. Also is considered the comparison
of constructed tests with Pearson’s chi-square test for two samples. For this is found
the limiting power of chi-square homogeneity test for above-mentioned alternatives. It
is established the limiting power of constructed test is grater then the limiting power of
chi-square homogeneity test.
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On Some Goodness-of-Fit Tests Based on
Wolverton–Wagner Type Estimates of

Distribution Density
Petre Babilua, Elizbar Nadaraya

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

email: petre.babilua@tsu.ge; elizbar.nadaraya@tsu.ge

Let X1, X2, . . . , Xn be a sequence of independent, equally distributed random vari-
ables, having a distribution density f(x). Based on sample X1, X2, . . . , Xn it is required
to check the hypothesis

H0 : f(x) = f0(x).

here we consider the hypothesis H0 testing, based on the statistics

Tn = na−1
n

∫
(fn(x)− f0(x))2r(x)dx,

where fn(x) is the recurrent Wolverton-Wagner kernel estimate of probability density
defined by:

fn(x) = n−1

n∑
i=1

aiK((ai(x−Xi))),

where ai is an increasing sequence of positive numbers tending to infinity, K(x), f0(x)
and r(x) satisfy certain regularity conditions.

1. Question of consistency for the constructed criterion against any alternative H1 :
f(x) = f1(x), where f1(x) is such that

∫
(fn(x)− f0(x))2r(x) dx > 0 is studied.

2. The limiting behavior of the power is studied for sequence of close to hypothesis
H0 alternatives of type Pitmen and Rosenblatt [1] and it is shown that the tests based on
Tn for above mentioned alternatives are more powerfull in limits than the tests based of
Bickel–Rosenblatt [2].

References
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Non-Classical Problems for
Second Order Quasi-Linear Equations

with Rectilinear Characteristics
Giorgi Baghaturia1, Marina Menteshashvili1,2
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One class of second order quasi-linear equations with rectilinear characteristics is con-
sidered [1]. For this special class of equations a general integral is constructed in terms
of characteristics invariants. By using the method of characteristics, some variants of
non-local problems are investigated. The conditions of existence of regular solutions are
obtained.

References
[1] J. Gvazava, On second order nonlinear equations with rectilinear characteristics.

Georgian Math. J. 7 (2000), no. 2, 299–316.

On Fejer–Steinhaus Theorem
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According to [1, Notes and remarks to Ch. VIII, p. 382] the following theorem was
proved by L. Fejer [2] and H. Steinhaus [3].
Theorem 1 ([1, Ch. VIII, Theorem 1.13, p. 300]). There exists a continuous function
whose Fourier series converges pointwise, but not uniformly.

Based on [4 ]we will discuss the questions whether the function from Theorem 1 can
be taken odd or even.
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The (Co)shape and (Co)homological Properties of
Continuous Maps

Vladimer Baladze
Department of Mathematics, Batumi Shota Rustaveli State University

Batumi, Georgia
email: vbaladze@gmail.com

The purpose of this paper is to investigate continuous maps from the standpoint
of geometric topology and algebraic topology. Using a direct system approach and an
inverse system approach of continuous maps, we study the (co)shape and (co)homological
properties of continuous maps. Applications of the obtained results include:

I. Constructions of long exact sequences of continuous maps for the (co)homology
pro-groups, (co)homology inj-groups, spectral Čech (co)homology groups, spectral
singular (co)homology groups, Chogoshvili projective (co)homology groups groups.

II. Axiomatic characterizations of spectral and projective (co)homology groups without
using the relative (co)homology groups.
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On (Co)homological Properties of
Stone–Čech Compactifications of

Completely Regular Spaces
Vladimer Baladze, Fridon Dumbadze
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Using the set of functionally open finite covers of completely regular spaces in the paper
are constructed Čech type functional homology functor ȞF

q (−,−;G) : Top2
cr → Ab and
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functional cohomology functor Ĥq
F (−,−;G) : Top2

cr → Ab from the category of pairs of
completely regular spaces and their completely closed subspaces to the category of abelian
groups, defined Bokstein–Nowak type functional coefficient of cyclicity ηFG : Topcr →
N ∪ {−1,∞} from the class of completely regular spaces to the set of integers t ≥ −1,
proved the equalities ȞF

n (X,A;G) = Ȟn(βX, βA;G), Ĥ
n
F (X,A;G) = Ĥn(βX, βA;G) and

ηFG(X) = ηG(βX), where Ȟn(βX, βA;G), Ĥn(βX, βA;G) and ηG(βX) are Čech homology
group, Čech cohomology group and Bokstein–Nowak coefficient of cyclisity of Stone–Čech
compactifications of pair (X,A) ∈ ob(Top2

cr) and space X ∈ ob(Topcr), respectively.
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The problem of investigating the measurability of sets and functions with respect to
a concrete measure m on a base (ground) set E, to turn attention to the more general
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question of investigating the measurability of sets and functions with respect to a given
classM of measures on E. We study the measurability properties of sets and real-valued
functions with respect to various classes M of measures on the base set E.

We say that a function f is relatively measurable with respect to the classM if there
exists at least one measure µ ∈M such that f is measurable with respect to µ.

Let (E1, S1, µ1) and (E2, S2, µ2) be measurable spaces equipped with sigma-finite mea-
sures. We Recall that a graph Γ ⊂ E1 × E2 is (µ1 × µ2)-thick in E1 × E2 if for each
(µ1 × µ2)-measurable set Z ⊂ E1 × E2 with (µ1 × µ2)(Z) > 0, we have Γ ∩ Z ̸= 0.

Notice that, the thickness of graphs is pathological phenomenon for subsets of basic
set. However, this feature plays an essential role in the problem of extensions of measures.
Theorem 1. Let E1 be a set equipped with a sigma-finite measure µ and let f : E1 → E2

be a function satisfying the following condition: there exists a probability measure µ2 on
ran(f) such that the graph of f is a (µ1× µ2)-thick of the product set E1× ran(f). Then
there exists the measure µ′ such that:

1) µ′ is measure extending µ1;
2) f is relatively measurable with respect to µ′.
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Triangulation and the Graphs Associated
with a Triangulation
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Certain triangulations of simple polygons in the plane R2 are presented and the graphs
associated with these triangulations are considered. Analogous questions are studied
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for simple polyhedrons in the space R3. This topic is central in modern combinatorial
geometry (see, for instance, [1]–[4]).

Let P be a simple polygon. The partition of the interior of P in triangles, by means
of a set of non-crossing diagonals is called a triangulation of the polygon. Similarly, one
can define a triangulation of a simple polyhedron in R3 into tetrahedrons, without adding
new vertices.

Also, one can define some kinds of geometric graphs which are canonically associated
with a triangulation T ∈ T(P), in particular, the flip graph and the dual graph.

We call the flip graph of a triangulation of P the graph, whose nodes are all the
triangulations of P and whose edges are determined by elementary operations between
the nodes.

We call the dual graph of a triangulation the graph whose vertices are some interior
points of triangles of the triangulation (exactly one point in each triangle) and the edges
connect those nodes which correspond to neighboring triangles (see [1], [3]).

In analogous way the concepts of flip graph and dual graph are introduced for trian-
gulations of simple polyhedrons in R3.

We study some combinatorial properties of the dual graphs of triangulations in the
space R3 and compare those properties with the ones of the dual graphs of triangulations
in the plane R2.
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The Law of Large Numbers for Weakly Correlated
Random Elements in Hilbert Spaces

Valeri Berikashvili
Muskhelishvili Institute of Computational Mathematics of the

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

In this communication the law of large numbers for weakly dependent random elements
with values in separable Hilbert spaces is presented and proved.

One Kind of Olympic Tasks in Mathematical School
Curriculum and Methodical Peculiarities

of Teaching Their Solutions
Giorgi Berdzulishvili, Bakur Bakuradze

Department of Teaching Methods, Akaki Tsereteli State University, Kutaisi, Georgia
email: giorgi.berdzulishvili@mail.ru

Developing creative thinking of students has a strong effect on such tasks, which are
not directly solved by famous algorithms. The process of solving such tasks requires
cognitive thinking, which enhances the joy of finding the way of solving the task, which is
an emotional factor and is a powerful tool for students’ behavior. Its proper management
has an utmost importance in all areas of human activity, in the process of forming a
student as a perfect person and in the teaching process.

By the analysis of math teaching, it’s enacted that the majority of students cannot
solve the olympic tasks and the main reason is that the teaching program is almost never
considered to teach students how to solve olympic tasks.

There is discussed some of the solution of olympic tasks related to division of num-
bers, which can be included in mathematics school courses, because they are selected
by didactic principles and taking into consideration the age peculiarities of students, it
serves to deepen and expand the study material, It is relevant to the level of intellectual
development of students and has a developmental function.

In the process of solving such tasks, theorems related to division of whole and natural
numbers are often used which should be delivered to students for introduction. Tasks
with practical content are discussed, which may be used by teachers when passing relevant
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topics at the lesson for which there is no need for additional training time. The teacher
can also use relatively difficult tasks in or out the classroom work also extra math lessons.

An experienced and innovative teacher can make up similar tasks and use them by
his/her opinion in classroom or extracurricular work, thus enriching the area of tasks
discussed in classroom.

Uniqueness Theorem of Exact Homology Theory
on the Category MorC

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

email: a.beridze@bsu.edu.ge

In the paper [1] Hu gave the new axiomatic system on the category of CW complexes
and proved the uniqueness theorem for an exact homology theory. In this paper we
formulate the Hu type axioms on the category MorCW of morphisms of the category CW
and find the relation to the Hu’s axioms. Using the methods developed in [2] and [3]
we define an non-trivial extension of homology theory from the category MorCW to the
category MorC and prove the uniqueness theorem.
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Solution an m-Point Nonlocal
Boundary Value Problem for the

Helmholtz Equations with Mathcad
Vakhtang Beridze

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

email: v.beridze@bsu.edu.ge; vakhtangi@yahoo.com

Let the domain G be a rectangle, G = [0, 1]× [0, 1], Γ be the boundary of the domain
G, 0 < x1 < x2 < · · · < xm < 1, γk = {(xk, y) : 0 ≤ y ≤ 1}, k = 1, . . . ,m, γ = {(1, y) :
0 ≤ y ≤ 1}, f ∈ Lp(G), p > 2, 0 ≤ q ∈ L∞(G). In the domain G we consider the following
Bitsadze–Samarski boundary value problem for Helmholtz Equation:

∂2u

∂x2
+
∂2u

∂y2
− q(x, y)u = f(x, y), (x, y) ∈ G,

u(x, y) = 0, (x, y) ∈ Γ \ γ,

u(1, y) =
m∑
k=1

σku(xk, y), 0 ≤ y ≤ 1,
m∑
k=1

σk < 1, k = 1, . . . ,m.

(1)

For solving the problem (1), we consider the following iterative process

∂2un+1

∂x2
+
∂2un+1

∂y2
− q(x, y)un+1 = f(x, y), (x, y) ∈ G,

un+1(x, y) = 0, (x, y) ∈ Γ \ γ,

un+1(1, y) =
m∑
k=1

σku
n(xk, y), 0 ≤ y ≤ 1,

m∑
k=1

σk < 1, k = 1, . . . ,m, n = 0, 1, 2, . . . .

(2)

For each n ∈ N , problem (2) is a Dirichlet problem. For the numerical solution of the
Dirichlet problem built-in functions was used Relax (a, b, c, d, e, f, u, rjac) on Mathcad.
In particular, for the Helmholtz equation coefficients are ai,j = bi,j = ci,j = di,j = 1,
ei,j = −4− qi,j.

The iterative process in Mathcad was recorded by means of a software unit. The
results of numerical solutions are presented graphically.
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ÆÏÂÀÃ ÒÂÏËÄÁÆÄ ÂÀÍÓÀÆÙÅÒÖËÉ ÌÏÃÖËÄÁÉÓ
ÂÄÏÌÄÔÒÉÖËÉ ÀÓÀáÅÄÁÉ

ÌÀÒÉÍÄ ÁÄÑÀÍÉÞÄ

ÌÀÈÄÌÀÔÉÊÉÓ ÃÄÐÀÒÔÀÌÄÍÔÉ, ÓÀØÀÒÈÅÄËÏÓ ÔÄØÍÉÊÖÒÉ ÖÍÉÅÄÒÓÉÔÄÔÉ
ÈÁÉËÉÓÉ, ÓÀØÀÒÈÅÄËÏ

ÄË. ×ÏÓÔÉÓ ÌÉÓÀÌÀÒÈÉ: marine.beshanidze@gmail.com

ÍÀÛÒÏÌÛÉ ÛÄÓßÀÅËÉËÉÀ ÉÍÅÀÒÉÀÍÔÖËÉ ÁÀÆÉÓÉÓ ÌØÏÍÄ ÒÂÏËÄÁÆÄ ÂÀÍÓÀÆÙÅÒÖËÉ ÌÏ-
ÃÖËÄÁÉÓ ÂÄÏÌÄÔÒÉÖËÉ ÀÓÀáÅÄÁÉ, ÊÄÒÞÏÃ ÊÏËÉÍÄÀÝÉÄÁÉ, äÀÒÌÏÍÉÖËÉ ÃÀ ÐÄÒÓÐÄØÔÉÖËÉ
ÀÓÀáÅÄÁÉ. ÍÀÜÅÄÍÄÁÉÀ, ÒÏÌ ÊÏËÉÍÄÀÝÉÄÁÉ ÉÍÃÖÝÉÒÃÄÁÀ ÌÏÃÖËÄÁÉÓ ÍÀáÄÅÀÒßÒ×ÉÅÉ
ÀÓÀáÅÄÁÉÈ, äÀÒÌÏÍÉÖËÉ ÀÓÀáÅÄÁÉ ÊÉ ÉÍÃÖÝÉÒÃÄÁÀ ßÒ×ÉÅÉ ÀÓÀáÅÄÁÉÈ ÃÀ ÒÂÏËÄÁÉÓ
ÉÆÏÌÏÒ×ÉÆÌÄÁÉÈ ÀÍ ÀÍÔÉÌÏÒ×ÉÆÌÄÁÉÈ. ÛÄÓßÀÅËÉËÉÀ äÀÒÌÏÍÉÖËÉ ÏÈáÄÖËÄÁÉÓ ÉÍÅÀÒÉ-
ÀÍÔÏÁÀ ÊÏËÉÍÄÀÒÖËÉ ÀÓÀáÅÄÁÉÓ ÛÄÌÈáÅÄÅÀÛÉ. ÐÄÒÓÐÄØÔÉÖËÉ ÀÓÀáÅÄÁÉ ÊÉ ÉÍÃÖÝÉÒÃÄÁÀ
ßÒ×ÉÅÉ ÀÓÀáÅÄÁÉÈ ÃÀÌÀÔÄÁÖËÉ ÉÂÉÅÖÒÉ ÀÅÔÏÌÏÒ×ÉÆÌÉÈ.

ÛÄÍÉÛÅÍÀ: ÒÂÏËÄÁÉÓ ÀÍÔÉÉÆÏÌÏÒ×ÉÆÌÉ ÄßÏÃÄÁÀ ÉÓÄÈ ÀÓÀáÅÀÓ, ÒÏÌÄËÉÝ ÉÍÀáÀÅÓ
ÊÏÌÖÔÀÔÉÖÒÏÁÉÓ ÏÐÄÒÀÝÉÀÓ ÀÍ ÀÍÔÉÊÏÌÖÔÀÔÉÖÒÏÁÉÓ ÏÐÄÒÀÝÉÀÓ. ÌÏÃÖËÄÁÉÓ ÀÓÀáÅÀÓ
ÄßÏÃÄÁÀ ÀÍÔÉÉÆÏÌÏÒ×ÉÆÌÉ, ÈÖ ÉÂÉ ÀÒÉÓ ßÒ×ÉÅÉ ÀÓÀáÅÀ, áÏËÏ ÂÀÌÒÀÅËÄÁÉÓ ÏÐÄÒÀÝÉÉÓ
ÌÉÌÀÒÈ, ÊÉ ÊÏÌÖÔÀÝÉÖÒÉ ÀÍ ÀÍÔÉÊÏÌÖÔÀÔÉÖÒÉ.
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Solution to the Two-dimensional Dynamic
Problem of Thermodiffusion

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

email: y.bezhuashvili@yandex.ru

The paper deals with the investigation of a plane dynamic problem of the conjugate
theory of thermodiffusion with mixed boundary conditions for multiple-connected do-
mains. By the potential method, singular integral equations and Laplace transform, the
theorems of existence and uniqueness of the solution are proved.
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Strongly Cofinitely ⊕-Supplemented Lattices
Çiğdem Biçer, Celil Nebiyev

Department of Mathematics, Ondokuz Mayıs University,
Kurupelit–Atakum/Samsun/Turkíye, Turkey

email: cigdem−bicer184@hotmail.com; cnebiyev@omu.edu.tr

In this work, strongly cofinitely ⊕-supplemented lattices are defined and some prop-
erties of these lattices are investigated. All lattices are complete modular lattices in this
work. Let L be a cofinitely supplemented lattice. Then 1/r(L) is strongly cofinitely
⊕-supplemented.
Definition. Let L be a cofinitely supplemented lattice. If every supplement of any
cofinite element of L is a direct summand of L, then L is called a strongly cofinitely
⊕-supplemented lattice.
Proposition 1. Let L be a lattice with (D1) property. Then L is strongly cofinitely
⊕-supplemented.
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Proposition 2. Let L be a strongly cofinitely ⊕-supplemented lattice and a be a direct
summand of L. Then a/0 is also strongly cofinitely ⊕-supplemented.
Proposition 3. Let L be a strongly cofinitely ⊕-supplemented lattice, a ∈ L and a =
(a ∧m) ⊕ (a ∧ n) for every m,n ∈ L with m ⊕ n = 1. Then 1/a is strongly cofinitely
⊕-supplemented.

Key words: lattices, small elements, supplemented lattices, cofinitely supplemented
lattices.
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The Possibility of Devising a New Type
of Logic Based on Both of Fuzzy Logic

and Description Logic
Anriette Bishara

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

In this talk, we show by the very simple way the possibility of devising a new type of
logic, based on Both of Fuzzy Logic and Description Logic.

In the previous, the scientists and researchers had found out the most suitable way
for dealing with uncertainty and fuzziness of any kind of concepts by combining the
Description Logic which is suitable, for managing structured knowledge and well-defined
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concepts, i.e. set of individuals with common properties. And the Fuzzy Logic which
based on “degrees of truth” rather than the usual “true or false”.

Description Logic is limited in dealing with certain kinds of concepts which they do not
have precisely defined criteria of membership, i.e. they are vague concepts like (height,
weight, illness, happiness, etc.) Fuzzy logic can deal with such kind of vague concepts or
even Uncertainty like (it will snow tomorrow, it will rain tomorrow, etc.)

The simple idea of the new logic is to generalize the dealing with all concepts by the
same measure and vision, by using “degrees of truth” rather than using the usual and
classical “true or false”, whatever the concepts are well-defined concepts, or they do not
have precisely defined criteria of membership, i.e. they are vague or uncertain concepts
and this new type of logic will allow the construction of the ontology, in a way that is
closer to human thinking with its different probability of right and wrong, and thus will
be a radical change in how to deal with computer applications that are used in different
directions of life.

One Nonlinear Characteristic Problem
for Nonlinear Oscillation

Rusudan Bitsadze
Department of Mathematics, Georgian Technical University

Tbilisi, Georgia
email: bitsadze.r@gmail.com

In this work an attempt is made to state correctly one characteristic problem for a
quasilinear equation, which arises in studying nonlinear oscillations. The conditions of the
problem are set forth to various families. The problem makes it possible to simultaneously
define regular solutions and its extension domains.
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Representation Formulas of General Solutions
to the Static Equations of the Thermoelasticity

Theory of Microstrech Materials
with Microtemperature

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

We consider the Two-dimensional differential equations of statics of the theory of
thermoelasticity of microstrech materials with microtemperatures. The representation
formula of a general solution of the homogeneous system of differential equations in the
paper is expressed by means of three 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 Dirichlet
and Neumann type boundary value problem for a circle. Solutions of the considered
problems are obtained in the form of absolutely and uniformly convergent series.

Teaching Methods of Inverse Trigonometric
Functions in Secondary School

Tengiz Bokelavadze
Department of Mathematics, Akaki Tsereteli State University

Kutaisi, Georgia
email: Tengiz.bokelavadze@atsu.edu.ge

Exercise of Inverse trigonometric functions in the secondary school’s current textbooks
is given in the volume that is necessary for the solution of the simplest trigonometric
equations and inequality. We believe that these issues require expansion in order to
better understand the essence of the Inverse trigonometric function and the use of them
to explore a more extensive circle of tasks. The report provides a methodical approach.
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Finite Element Method for Lame Equation
on Surface in Günter’s Derivatives

Tengiz Buchukuri1, Roland Duduchava1, George Tephnadze2

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

email: t−buchukuri@gmail.com; roldud@gmail.com
3University of Georgia, Tbilisi, Georgia

email: giorgitephnadze@gmail.com

We investigate a mixed boundary value problem for Lame equation in a thin layer
around a surface S with the boundary. We trace what happens in Γ-limit when the
thickness of the layer tends to zero. The limit BVP for the Lame equation on the surface
is described explicitly.

We prove that this problem possesses a unique solution in appropriate Bessel poten-
tial space. For this we apply the variational formulation and the calculus of Günter’s
tangential differential operators on a middle surface and layers, which allow global rep-
resentation of basic differential operators and of corresponding boundary value problems
in terms of the standard Euclidean coordinates of the ambient space Rn.

We describe the discrete counterpart of the problem based on Finite Element Method.
Employing Korn’s inequalities we prove the existence and uniqueness of approximated
solutions in suitable finite dimensional spaces and their convergence to the solution of
the corresponding boundary value problem For Lame Equation On middle surface. We
obtain this approximate solution in explicit form.

Teaching Perfect and Friendly Numbers
at the First Level
Mamuli Butchukhishvili

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

email: mbuchukhishvili@yahoo.com

In the case of building the perfect number theory the first important steps were moved
by Euclid, who gave us a “perfect number” formula in its “Initials” (Book IX). Leonard
Euler conducted a serious study on friendly numbers in 1747–1750 And with its unique
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research discovered 60 new pairs of friendly numbers. At present, there are about 1100
pairs of friendly numbers.

Convexity of Certain Integral Operators
Defined By Mittag–Leffler Functions

Murat Caglar, Saip Emre Yilmaz, Erhan Deniz
Department of Mathematics, Faculty of Science and Letters,

Kafkas University, Kars, Turkey
email: mcaglar25@gmail.com; mrylmz0636@gmail.com; edeniz36@gmail.com

In this paper, our aim is to study the convexity of certain integral operators defined
by normalized Mittag–Leffler functions in the open unit disk.
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Intensification of Internal Gravity Waves
in the Atmosphere – Ionosphere at Interaction

with Nonuniform Shear Winds
Khatuna Chargazia1,2, Oleg Kharshiladze2,3

1I. Vekua Institute of Applied Mathematics, TSU, Tbilisi, Georgia
2M. Nodia Institute of Geophysics, TSU, Tbilisi, Georgia

email: khatuna.chargazia@gmail.com
3Department of Physics, TSU, Tbilisi, Georgia

email: o.kharshiladze@mail.ru

Intensification and further dynamics of internal gravity waves (IGW) in the ionosphere
with non-uniform zonal wind (shear flow) is studied. It is revealed that the transient
amplification of IGW disturbances due time does not flow exponentially, but in algebraic
- power law manner. The frequency and wave-number of the generated IGW modes
are functions of time. Thus in the ionosphere with the shear flow, a wide range of wave
disturbances are produced by the linear effects, when the nonlinear and turbulent ones are
absent. The effectiveness of the linear amplification mechanism of IGW at interaction with
non-uniform zonal wind is analyzed. It is shown that at initial linear stage of evolution
IGW effectively temporarily draws energy from the shear flow significantly increasing (by
order of magnitude) own amplitude and energy.

An Extension of the
Mixed Novikov–Kazamaki Condition

Besik Chikvinidze
Institute of Cybernetics of Georgian Technical University

Tbilisi, Georgia
email: beso.chiqvinidze@gmail.com

Given a continuous local martingale M , the associated stochastic exponential E(M) =
exp{M − 1

2
⟨M⟩} is a local martingale, but not necessarily a true martingale. To know

whether E(M) is a true martingale is important for many applications, e.g., if Girsanov’s
theorem is applied to perform a change of measure. We give a several generalizations
of Kazamaki’s results and finally construct a counterexample which does not satisfy the
mixed Novikov-Kazamaki condition, but satisfies our conditions.
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Mathematical Model of Economic Cooperation
Between the Two Opposing Sides

Temur Chilachava
Department of Applied Mathematics, Faculty of Mathematics and Computer Sciences,

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

The paper considers a nonlinear mathematical model of economic cooperation between
two politically mutually opposing sides (possibly a country or a country and its subject)
that takes into account economic or other type of cooperation between parts of the pop-
ulation of the sides aimed at convergence and peaceful resolution of the conflict. The
model implies that the process of economic cooperation is free from political pressure,
i.e. the governments of the sides and the third external side does not interfere in this
process. A dynamic system has been obtained that describes the dynamics of parts of
the population of the sides, focused on cooperation. The model also assumes that both
sides have a zero demographic factor, i.e. during the process, the sum of supporters and
opponents of cooperation is unchanged. In the case of constancy of the coefficients of the
mathematical model, singular points of the nonlinear system of differential equations are
found. The problem of stability of solutions is studied.

In the case of some dependence between the constant coefficients of the model, the
first integral and the exact analytic solution are found. The exact solution obtained
allows, within the limits of the given mathematical model and the dependence between its
coefficients, to determine the conditions under which economic cooperation can peacefully
resolve a political conflict (most of the populations of the sides want conflict resolution).

Nonlinear Mathematical Model of Process
of Three-Level Assimilation
Temur Chilachava, Maia Chakaberia

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

email: temo−chilachava@yahoo.com; chakaberiam@gmail.com

Earlier we have offered nonlinear mathematical models of processes of bilateral and
two-level assimilation [1]–[4].
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In this work the new nonlinear mathematical model of process of three-level assimila-
tion which is described by four-dimensional dynamic system is offered:

du(t)

dt
= α1(t)u(t) + β1(t)u(t)v(t) + β2(t)u(t)w(t) + β3(t)u(t)z(t),

dv(t)

dt
= α2(t)v(t)− β4(t)u(t)v(t) + β5(t)v(t)w(t) + β6(t)v(t)z(t),

dw(t)

dt
= α3(t)w(t)− β7(t)u(t)w(t)− β8(t)v(t)w(t) + β9(t)w(t)z(t),

dz(t)

dt
= α4(t)z(t)− β10(t)u(t)z(t)− β11(t)v(t)z(t)− β12(t)w(t)z(t),

(1)

u(0) = u0, v(0) = v0, w(0) = w0, z(0) = z0, (2)
α1(t) < 0, α4(t) > 0, βi(t) > 0, i = 1, 12, u, v, w, z ∈ C1[0, T ], t ∈ [0, T ].

In case of constancy of coefficients of model special points of dynamic system (1), (2)
are found. Conditions on constants of coefficients of model at which special points are
located in that part of four-dimensional space for which points all four coordinates are
not negative are found.

At some ratios between constant coefficients of model the first integral (1),(2) which
represents a three-dimensional surface in four-dimensional space is found.

References
[1] T. Chilachava, Nonlinear mathematical model of bilateral assimilation. Georgian

Electronic Scientific Journal: Computer Science and Telecommunications 1 (41)
(2014), 61–67.

[2] T. Chilachava, M. Chakaberia, Mathematical modeling of nonlinear process of as-
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Mathematical Model of
Competition Between Two Universities

Temur Chilachava1, Tsira Gvinjilia2

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

2Department of Exact and Natural Sciences, Batumi State Maritime Academy
Batumi, Georgia

email: temo−chilachava@yahoo.com; Gvinjilia1959@mail.ru

The paper deals with a nonlinear mathematical model of competition between two
universities, which takes into account both competition for a limited contingent of en-
rollees and the attraction of students due to mobility (the transition of students from
one university to another). Dynamic system describing quantitative dynamics (flows) as
students of two universities and enrolles is received. In the case of constancy of the coef-
ficients of the mathematical model, singular points of the nonlinear system of differential
equations are found. Using the Routh–Hurwitz stability criterion, the question of the
asymptotic stability of solutions is studied.

Predicting the Results of Political Elections
with the Help of Mathematical and

Computer Modeling
Temur Chilachava, Leila Sulava

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

email: temo−chilachava@yahoo.com; leilasamadash@gmail.com

At the moment it is actual to create a mathematical model, which would give an
opportunity to define the dynamics of change in the number of supporters of different
political subjects during the election period and a possible forecast of the election results.

The nonlinear mathematical models of two and three party elections were proposed in
the works [1, 2], without transformation, i.e. without changing the number of competing
parties in the period from elections to elections.

In [3] a mathematical and computer model of political elections is considered with
subsequent forecasting of election results in case of an increase of the number of competing
political parties from two to three between the elections.
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This work considers the dynamics of the election process in the event of an increase
or decrease of the number of participants in the period between elections. Numerous
computer calculations were performed and the corresponding graphic illustrations were
made, in which, depending on the choice of variable coefficients and initial data, various
forecasts of election results were obtained.

The results of the numerical account can be used by both the ruling and opposition
parties by selecting parameters and choosing the future strategy for achieving the desired
goal.

The model makes it possible to create a database for different countries (with informa-
tion on previous political elections in these countries) and to do the subsequent forecasting
of the upcoming elections with a certain probability.
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Consistent Estimator of Tbilisi City
Lepl Public Schools Internal Resources

Financial Priorities of Addition Models of Regression
Ketevan Chokuri1, Nino Durglishvili1, Vano Kechakmadze2,

Zurab Kvatadze3

1Faculty of Social and Political Sciences, Iv. Javakhishvili Tbilisi State University
Tbilisi, Georgia

2National Department of Statistics, Tbilisi, Georgia
3Department of Mathematics, Georgian Technical University, Tbilisi, Georgia
email: katechokury@yahoo.com; nino.durglishvili@tsu.ge; vanoke@yahoo.com;

zurakvatadze@yahoo.com

Is carried out the sociological survey of Tbilisi city public schools (VIII–IX–X–XI
classes) and pedagogues. Are identified factors that are presented the priorities of financial
provision of internal resources. As a result of factorial analysis (IBM. SPSS, version 20)
are determined the coefficients of those factors are constructed their consistent estimators.
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Provide Multilevel Access to Information Systems
Using QR-Codes

Zaza Davitadze, Gregory Kakhiani, Zurab Meskhidze
Department of Computer Sciences, Faculty of Physics, Mathematics and Computer

Sciences, Batumi Shota Rustaveli State University, Batumi, Georgia
email: zazadavi@yahoo.com; gkakhiani@gmail.com; zurab.meskhidze@gmail.com

Any modern information system in its architecture implies the need to provide mul-
tilevel access to data. Existing mechanisms of customer interaction are oriented to users
working with desktop computers and it is quite inconvenient to distribute mobile devices.
The present work is presented by our protocol created by providing a security layer in the
standard QR code and creation of comfortable conditions for the user. Theoretical and
practical realization of this protocol is described on the basis of Application on Android
Operating System, which can be used in components of smart buildings or smart cities.
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Numerical Modelling of Dust Aerosols Activity
in Forming the Regional Climate of Georgia

Teimuraz Davitashvili
Faculty of Exact and Natural Sciences of Iv. Javakhishvili Tbilisi State University,

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

email: tedavitashvili@gmail.com

In the present study with the view of finding out the details of the dust aerosols
influence on the Georgian climate change some numerical experiments were performed
by WRF and RegCM models. Toward this purpose we have executed as short term
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(WRF/Chem/dust) as well long term (RegCMv.4.7) calculations. Namely sets of 30 years
simulations (1985-–2014) with and without dust effects has been executed by RegCM 4.7
model with 16.7 km resolution (over the Caucasus domain) and with 50 km resolution
(encompassing most of the Sahara, the Middle East, the Great Caucasus with adjacent
regions). Results of calculations have shown that dust aerosol is an inter-active player
in the climate system of Georgia. Numerical calculations have shown that mineral dust
aerosol influenced on temperature and precipitations (magnitudes) spatial and temporally
inhomogeneous distribution on the territory of Georgia and obtained results generally
agreed with MODIS satellite data.

Acknowledgement. This research is supported by the Shota Rustaveli National
Science Foundation Grant FR2017/FR17-548.

Calculation of Gas Non-Stationary Flow in
Inclined and Branched Pipeline
Teimuraz Davitashvili1, Meri Sharikadze2

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

email: tedavitashvili@gmail.com
2I. Vekua Institute of Applied Mathematics of Iv. Javakhishvili Tbilisi State University

Tbilisi, Georgia

Natural gas distribution networks are complex systems with hundreds or thousands of
kilometers of pipes, compression stations and many other devices for the natural gas trans-
portation and distribution service. In the gas transmission pipelines to achieve the power
consumption points with the required conditions is the main and the most difficult issue.
For solving this problem properly determination of the gas pressure and flow rate distribu-
tion along the pipeline is necessary step. Searching of the gas flow pressure and flow rate
distribution along the inclined and branched pipeline network is the more difficult issue.
For this reason development of the mathematical models describing the non-stationary
processes in the branched, inclined pipeline systems are actual. The purpose of this study
is determination of gas pressure and flow rate special and temporally distribution along
the inclined and branched pipeline. A simplified mathematical model (based on the hy-
pothesis that the boundary conditions do not change quickly and the capacity of gas duct
is relatively large) derived from the nonlinear system of one-dimensional partial differen-
tial equations governing the dynamics of gas non-stationary flow in the inclined, branched
pipeline is obtained. In this case gas pressure special and temporally distribution along
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the branched pipeline is presented. Some results of numerical calculations of gas flow in
the inclined branched pipelines are presented.

Acknowledgement. This research is supported by the Shota Rustaveli National
Science Foundation Grant # FR2017/FR17-548.

Nonlocal Contact Problems for Some Non-Stationary
Linear Partial Differential Equations

with Variable Coefficients
(The Method of Separation of Variables)

Tinatin Davitashvili1, Hamlet Meladze2,3

1Faculty of Exact and Natural Sciences, Iv. Javakhishvili Tbilisi State University
Tbilisi, Georgia
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2Muskhelishvili Institute of Computational Mathematics of the
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3 St. Andrew the First-Called Georgian University of Patriarchate of Georgia
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email: h−meladze@hotmail.com

Nonlocal boundary and initial-boundary problems represent very interesting general-
izations of classical problems. At the same time, they quite often arise during the creation
of mathematical models of real processes and the phenomena in physics, engineering, ecol-
ogy, etc.

In the present report, the initial-boundary problems with nonlocal contact condition
is investigated for non-stationary linear partial differential equations with variable coeffi-
cients. For the solution of these problems a method of separation of variables (also known
as the Fourier method) is considered. Existence and uniqueness of regular solution is
proved.
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The Prevention of Expected Mistakes
for the Evaluation of Pupils

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

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

Evaluation of pupils is an inseparable part of an educational process. Right evaluation
and purposefully designed exercises are important because a teacher plans every further
step considering the results of evaluation, what to focus on, what activities to deploy to
plan pupil-performance-oriented teaching.

Right evaluation of pupils should assist their development, the discovery of their abil-
ities and hence, the adequate response from the teacher.

Sometimes, the teacher assigns problems to pupils to evaluate their competence; some-
times they give them tests with proper content by which pupils are expected to “fulfill”
the goal of the teacher to evaluate him/her. Regretfully, as practice has shown, pupils can
solve these types of problems with so-called ”correct answers” without clear idea about
the knowledge of the issue the teacher wanted from him/her to understand with the means
of these problems.

It is essential that huge attention and careful consideration should be practiced during
evaluation and the process of designing math problems. The problems should be designed
exactly in the way to serve the achievement of the goal.

This work contains some problems with their solutions, also, the prevention of expected
mistakes is included.
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ÓÀÃÏØÔÏÒÏ ÈÄÌÀ - „ØÀÒÈÖËÉ ÔÄØÓÔÄÁÉÓ
ÀÅÔÏÌÀÔÖÒÉ ÉÍÔÄËÄØÔÖÀËÖÒÉ ÊËÀÓÉ×ÉÊÀÝÉÉÓ

ÌÄÈÏÃÄÁÉ ÃÀ ÉÍÓÔÒÖÌÄÍÔÄÁÉ“ - ÌÉÆÍÄÁÉÓ,
ÀÌÏÝÀÍÄÁÉÓÀ ÃÀ ÌÄÈÏÃÄÁÉÓ ÆÏÂÀÃÉ ÌÉÌÏáÉËÅÀ

ÊÏÍÓÔÀÍÔÉÍÄ ÃÄÌÖÒÜÄÅÉ, ÊÏÍÓÔÀÍÔÉÍÄ ×áÀÊÀÞÄ

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

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

2017 ßËÉÃÀÍ ÓÀØÀÒÈÅÄËÏÓ ÔÄØÍÉÊÖÒÉ ÖÍÉÅÄÒÓÉÔÄÔÉÓ „ÉÍ×ÏÒÌÀÔÉÊÉÓ“ ÓÀÃÏØÔÏÒÏ
ÐÒÏÂÒÀÌÉÓ ×ÀÒÂËÄÁÛÉ ÀÌÏØÌÄÃÃÀ ÓÀÃÏØÔÏÒÏ ÈÄÌÀ „ØÀÒÈÖËÉ ÔÄØÓÔÄÁÉÓ ÉÍÔÄËÄØÔÖ-
ÀËÖÒÉ ÊËÀÓÉ×ÉÊÀÝÉÉÓ ÌÄÈÏÃÄÁÉ ÃÀ ÉÍÓÔÒÖÌÄÍÔÄÁÉ“ [1] (ÃÏØÔÏÒÀÍÔÉ - Ê. ÃÄÌÖÒÜÄÅÉ,
áÄËÌÞÙÅÀÍÄËÉ - ÓÔÖ ØÀÒÈÖËÉ ÄÍÉÓ ÔÄØÍÏËÏÂÉÆÄÁÉÓ ÝÄÍÔÒÉÓ ÃÉÒÄØÔÏÒÉ ÐÒÏ×. Ê. ×áÀ-
ÊÀÞÄ), ÒÏÌÄËÉÝ ÞÉÒÄÖËÀÃ ÄÚÒÃÍÏÁÀ ÓÔÖ ØÀÒÈÖËÉ ÄÍÉÓ ÔÄØÍÏËÏÂÉÆÄÁÉÓ ÝÄÍÔÒÉÓ
ÂÒÞÄËÅÀÃÉÀÍÉ ÐÒÏÄØÔÉÓ „ØÀÒÈÖËÉ ÄÍÉÓ ÔÄØÍÏËÏÂÉÖÒÉ ÀÍÁÀÍÉ“ [2] ÏÒßËÉÀÍÉ ØÅÄÐÒÏ-
ÄØÔÉÓ „ÊÉÃÄÅ ÄÒÈÉ ÍÀÁÉãÉ ÌÏÓÀÖÁÒÄ ØÀÒÈÖËÉ ÈÅÉÈÂÀÍÅÉÈÀÒÄÁÀÃÉ ÉÍÔÄËÄØÔÖÀËÖÒÉ
ÊÏÒÐÖÓÉÓÀÊÄÍ“ ×ÀÒÂËÄÁÛÉ ×áÀÊÀÞÉÓ ØÀÒÈÖËÉ ÄÍÉÓ ËÏÂÉÊÖÒ ÂÒÀÌÀÔÉÊÀÆÄ ÃÀÚÒÃÍÏÁÉÈ
ÛÄÌÖÛÀÅÄÁÖË ÌÏÓÀÖÁÒÄ ØÀÒÈÖË ÉÍÔÄËÄØÔÖÀËÖÒ ÅÄÁ-ÊÏÒÐÖÓÓ [3]. ÀÌÀÓÈÀÍ, ÓÀÃÏØÔÏÒÏ
ÊÅËÄÅÉÓ ÌÉÆÀÍÉÀ ØÀÒÈÖËÉ ÔÄØÓÔÄÁÉÓ ÀÅÔÏÌÀÔÖÒÉ ÉÍÔÄËÄØÔÖÀËÖÒÉ ÊËÀÓÉ×ÉÊÀÝÉÉÓ ÌÄ-
ÈÏÃÄÁÉÓÀ ÃÀ ÉÍÓÔÒÖÌÄÍÔÄÁÉÓ ÛÄÌÖÛÀÅÄÁÀ. ÄÓ ÂÀÓÀÂÄÁÓ áÃÉÓ ÀÌ ÊÅËÄÅÉÓ ÌàÉÃÒÏ ÊÀÅ-
ÛÉÒÓ ÂÒÞÄËÅÀÃÉÀÍÉ ÐÒÏÄØÔÉÈ „ØÀÒÈÖËÉ ÄÍÉÓ ÔÄØÍÏËÏÂÉÖÒÉ ÀÍÁÀÍÉ“ ÓÀØÀÒÈÅÄËÏÓ
ÔÄØÍÉÊÖÒ ÖÍÉÅÄÒÓÉÔÄÔÛÉ ØÀÒÈÖËÉ ÄÍÉÓ ÃÀÝÅÉÓ ÌÉÆÍÉÈ 2012 ßËÉÃÀÍ ÌÉÌÃÉÍÀÒÄ ÊÅËÄ-
ÅÄÁÈÀÍ [2].

ÀÌÂÅÀÒÀÃ, ÆÄÌÏÀÙÍÉÛÍÖËÈÀ ÂÀÈÅÀËÉÓßÉÍÄÁÉÈ, ÌÏáÓÄÍÄÁÉÓÀÓ, ÌÉÌÏáÉËÖËÉ ÉØÍÄÁÀ
ÓÀÃÏØÔÏÒÏ ÊÅËÄÅÉÓ ÌÉÆÍÄÁÉ, ÀÌÏÝÀÍÄÁÉ ÃÀ ÉÓ ØÀÒÈÖËÉÓÈÅÉÓ ÀáÀËÉ ÌÄÈÏÃÄÁÉ, ÒÉÈÀÝ
ÜÅÄÍ ÓÀÃÏØÔÏÒÏ ÊÅËÄÅÉÈ ÃÀÓÀáÖËÉ ÀÌÏÝÀÍÄÁÉÓ ÂÀÃÀßÚÅÄÔÀÓ ÅÂÄÂÌÀÅÈ.

ËÉÔÄÒÀÔÖÒÀ

[1] Ê. ÃÄÌÖÒÜÄÅÉ, ØÀÒÈÖËÉ ÔÄØÓÔÄÁÉÓ ÀÅÔÏÌÀÔÖÒÉ ÉÍÔÄËÄØÔÖÀËÖÒÉ ÊËÀÓÉ×ÉÊÀÝÉÉÓ
ÌÄÈÏÃÄÁÉ ÃÀ ÉÍÓÔÒÖÌÄÍÔÄÁÉ ÀÍÖ ÓÀØÀÒÈÅÄËÏÓ ÌÄÝÍÉÄÒÄÁÀÈÀ ÄÒÏÅÍÖËÉ ÀÊÀÃÄÌÉÉÓ
ÀáÀËÂÀÆÒÃÀ ÌÄÝÍÉÄÒÈÀ ÓÀÁàÏÓ 2017 ßËÉÓ „ÓÔÖÃÄÍÔÈÀ ÃÀ ÀáÀËÂÀÆÒÃÀ ÌÄÝÍÉÄÒÈÀ
ÉÍÔÄÒÃÉÓÝÉÐËÉÍÖÒÉ ÊÏÍ×ÄÒÄÍÝÉÉÓ“ ÈÄÆÉÓÉ, ÑÖÒÍÀËÉ „ØÀÒÈÖËÉ ÄÍÀ ÃÀ ËÏÂÉÊÀ“,
2017-2018, N 11, 8-9.

[2] 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.
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[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.

The Radii of Parabolic Starlikeness and
Uniformly Convexity of Bessel Functions Derivatives

Erhan Deniz, Murat Caglar, Sercan Topkaya
Department of Mathematics,Faculty of Science and Letters, Kafkas University

Kars, Turkey
email: edeniz36@gmail.com

In this paper, we determine the radii of parabolic starlikeness and uniform convexity
for three kinds of normalized Bessel function derivatives of the first kind. The key tools in
the proof of our main results are the Mittag–Leffler expansion for nth derivative of Bessel
function and properties of real zeros of it. The main results of the paper are natural
extensions of some known results on classical Bessel functions of the first kind.
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The Existence of a Generalized Solution
of an m-Point Nonlocal Boundary Value Problem

for Quasi-linear Differential Equation
David Devadze

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

email: david.devadze@gmail.com

Let G be the bounded domain on the complex plane E with the boundary Γ which is
a closed simple Liapunov curve. We take two simple points A, B on Γ and assume that
at these points there exists the tangent to Γ. It is obvious that that these points divide
the boundary Γ into two curves. One of these parts denoted by γ is an open Liapunov
curve with the parametric equation z = z (s), 0 ≤ s ≤ δ. Let us choose simple points
Ak, Bk, k = 1, . . . ,m, on Γ\γ and assume that at these points the tangent to Γ exists.
Besides, we draw in G the simple smooth curves γk, k = 1, . . . ,m, which connect Ak
and Bk. The curves γk are assumed to have the tangents at Ak and Bk which do not
coincide with the tangent to the contour Γ at the same points. It is assumed that γk is
the image of γ, diffeomorphic to zk = I (z) and with the parametric equation zk = zk (s),
0 ≤ s ≤ δ, k = 1, . . . ,m. Furthermore, it is assumed that γi ∩ γj = ∅, i ̸= j, γi ∩ γ = ∅,
i, j = 1, . . . ,m, and the distance between every two lines γ1, γ2, . . . , γm is larger than some
positive number ε = const > 0.

Let us consider in Ḡ the following m-point nonlocal boundary value problem for quasi-
linear differential equations of first order

∂z̄ = f (z, w, w̄) , z ∈ G,

Re [w (z)] = φ (z) , z ∈ Γ\γ, Im [w (z∗)] = c, z∗ ∈ Γ\γ, c = const,

Re [w (z (s))] =
m∑
k=1

σk Re [w (zk (s))], z (s) ∈ γ, zk (s) ∈ γk,

0 < σk = const, k = 1, · · · ,m.
We prove a theorem on the existence and uniqueness of a generalized solution in the

space Cα(G).
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Gravity and Maritime Navigation 

(experimental calculation of the gravitational constant with participation of students) 

 

Diasamidze Mzia – Professor at Batumi State Maritime Academy, Head of Exact and Natural 
Sciences Department 

e-mail: m.diasamidze@bsma.edu.ge  
Annotation.  

Physics is the science of the simplest and, at the same time, the most general laws of nature, of 

matter, its structure and motion. The laws of physics are the basis of all natural science. The purpose of 

this science is to explain how the world works, to show what laws our universe is operated by. Allowing 

finding the answer to absolutely any question, physics does not cease to develop and improve. 

 According to the law of universal gravitation, all bodies are attracted to each other with a force 

directly proportional to the product of the masses of bodies and inversely proportional to the square of 

the distance between them 𝐹 = 𝐺
𝑀𝑚

𝑅2
. Thanks to this law, it is possible to answer many questions, 

including issues related to maritime navigation. 

In this article, we draw attention to professional issues - the use of gravitational force in marine 

navigation. And also demonstrate on practice on the devices that we constructed with our own hands.  

Keywords:  Flow, star orientation, sea currents. 

        

Physics is the science of the simplest and, at the same time, the most general laws
of nature, of matter, its structure and motion. The laws of physics are the basis of all
natural science. The purpose of this science is to explain how the world works, to show
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what laws our universe is operated by. Allowing finding the answer to absolutely any
question, physics does not cease to develop and improve.

According to the law of universal gravitation, all bodies are attracted to each other
with a force directly proportional to the product of the masses of bodies and inversely
proportional to the square of the distance between them F = G Mm

R2 . Thanks to this law,
it is possible to answer many questions, including issues related to maritime navigation.

In this article, we draw attention to professional issues – the use of gravitational
force in marine navigation. And also demonstrate on practice on the devices that we
constructed with our own hands.

Keywords: Flow, star orientation, sea currents.

On the Optimal Stopping with Incomplete Data
in Kalman–Bucy Scheme

Besarion Dochviri, Zaza Khechinashvili
Ivane Javakhishvili Tbilisi State University, Georgia

email: besarion.dochviri@tsu.ge, khechinashvili@gmail.com

The Kalman–Bucy continuous model of partially observable stochastic processes is
considered. The problem of optimal stopping of a stochastic process with incomplete data
is reduced to the problem of optimal stopping with complete data. The convergence of
payoffs is proved when ε1 → 0, ε2 → 0, where ε1 and ε2 are small perturbation parameters
of the non observable processes respectively.

Laplace Equation in an Angular Domain
Roland Duduchava

The University of Georgia, Tbilisi, Georgia;
A. Razmadze Mathematical Institute of Iv. Javakhishvili Tbilisi State University

Tbilisi, Georgia
email: RolDud@gmail.com

Results on one dimensional Mellin pseudodifferential equations (ΨDOs) in the Bessel
potential spaces will be presented. In contrast to the Fourier ΨDOs, BPOs and Mellin
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ΨDOs do not commute and we derive an explicit formula for Mellin ΨDOs with mero-
morphic symbols. These results are applied to the lifting of the Mellin ΨDOs from the
Bessel potential spaces to the Lebesgue spaces.

Consider the angle Ωα of opening 0 < α < 2π with the vertex at 0. Part of the
boundary Γ = Ωα coincides with the semi axes R+ := (0,∞), while another we denote
by Rα. Consider the mixed Dirichlet–Neumann boundary value problem for the Laplace
equation in Ωα 

∆u(t) = f(t), t ∈ Ωα,

u+(τ) = g(τ), τ ∈ Rα,

−(∂2u)+(τ) = h(τ), τ ∈ R+.

(1)

Here −∂2 coincides on R+ with the normal derivative to the boundary.
Lax–Milgram Lemma applied to the BVP (1) gives that it has a unique solution in

the classical setting f ∈ L2(Ωα), 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 (Ωα), g ∈ Hs−1/p

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

1

p
. (2)

Let those pairs of space parameters (1/p, s) ∈ (0, 1) × (1/p,∞) for which the BVP
(1), (2) is Fredholm call regular pairs.

Based on the above mentioned results for the Mellin ΨDOs we prove the following.
Theorem. Let 1 < p <∞, s ∈ R. The mixed boundary value problem (1) in the setting
(2) is Fredholm if and only if the symbol is elliptic

e4πi/p sin2 π
(2
p
− iξ − s

)
+ cos2

[
(π − α)

(2
p
− iξ − s

)]
̸= 0 for all ξ ∈ R. (3)

If the symbol is elliptic, the strip (0, 1) × (1/p,∞) of pairs of space parameters pairs
(1/p, s) decomposes into an infinite union of non-intersecting connected parts of regular
pairs.

Let R0 be the regular connected part which contains the pair (1/2, 1) (i.e. p = 2,
s = 1). Then the BVP (1), (2) is uniquely solvable for all pairs (s, p) ∈ R0.

Similar results hold for the pure Dirichlet and pure Neumann BVPs for the Laplacian,
although instead of condition (3) we have, respectively, the following

e4πi/p sin2 π
(1
p
− iξ

)
− sin2

[
(π − α)

(1
p
− 1− iξ

)
− π

(
s− 1

p

)]
̸= 0 for all ξ ∈ R,

e4πi/p sin2 π
(1
p
− iξ

)
− sin2

[
(π − α)

(1
p
− iξ

)
− π

(
s− 1

p

)]
̸= 0 for all ξ ∈ R.

The investigation was carried out in collaboration with V. Didenko (Brunei-Vietnam)
and M. Tsaava (Georgia).
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Solving Hedge Regular Language Equations
Besik Dundua1,2, Mircea Marin3

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

2Faculty of Computer Technologies and Engineering, International Black Sea University
Tbilisi, Georgia

3Department of Computer Science, West University of Timişoara, Timişoara, Romania
email: bdundua@gmail.com; mmarin@info.uvt.ro

In recent years, regular hedge languages [1] became very popular in programming lan-
guages, due to their expressive power. Languages supporting programming with regular
hedge expressions are useful for Web-related applications. As examples, CDuce, PρLog,
XDuce and XHaskell can be mentioned. Regular hedge expressions have been extensively
used in search engines, rewriting, program verification, software engineering, lexical anal-
ysis, etc. Because of space limitation, we can not give an exhaustive overview of regular
hedge expressions applications.

The theory of hedge languages generalizes the theory of word languages. Therefore,
it is not surprising that regular hedge languages provide more expressive and powerful
platform for semistructured data manipulation than regular word languages.

Solving regular word language equations with various restrictions have been intensively
studied in the last decade. Solving regular word language equation systems without
restrictions is hard and the class of smallest solutions of such systems corresponds to
recursively-enumerable sets [2]. It should be noted that much less attention has been
devoted to solving regular hedge language equations.

In this talk we propose a solving algorithm for one side ground regular hedge language
equations. The solving algorithm is based on factorization of regular hedge languages,
which generalizes factorization of regular word languages given in [3]. We show that, the
algorithm computes maximal solutions and is sound and complete.

Acknowledgments: This research has been supported by the Shota Rustaveli Science
Foundation under the grant FR17−439.
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ÓÀÁàÏÈÀ ÐÄÒÉÏÃÀÌÃÄ ÌÀÈÄÌÀÔÉÊÉÓ
ØÀÒÈÖËÉ ÓÀÓÊÏËÏ ÓÀáÄËÌÞÙÅÀÍÄËÏÄÁÉÓ ÛÄÓÀáÄÁ

ÏÌÀÒ ÞÀÂÍÉÞÄ

ÉÅÀÍÄ ãÀÅÀáÉÛÅÉËÉÓ ÓÀáÄËÏÁÉÓ ÈÁÉËÉÓÉÓ ÓÀáÄËÌßÉ×Ï ÖÍÉÅÄÒÔÓÉÔÄÔÉÓ ÀÍÃÒÉÀ
ÒÀÆÌÀÞÉÓ ÓÀáÄËÏÁÉÓ ÌÀÈÄÌÀÔÉÊÉÓ ÉÍÓÔÉÔÖÔÉ, ÈÁÉËÉÓÉ, ÓÀØÀÒÈÅÄËÏ

ÄË. ×ÏÓÔÉÓ ÌÉÓÀÌÀÒÈÉ: omar.dzagnidze@tsu.ge

„ÀÒÉÈÌÄÔÉÊÉÓ“ ÐÉÒÅÄËÉ ÁÄàÃÖÒÉ ÓÀáÄËÌÞÒÅÀÍÄËÏ ØÀÒÈÖËÀÃ ÂÀÌÏÓÝÄÓ 1862 ßÄËÓ
Ì. Æ. ÚÉ×ÉÀÍÌÀ ÃÀ Å. ÈÖËÀÛÅÉËÌÀ. ÌÀÈ ßÀÒÌÀÔÄÁÉÈ ÃÀÞËÉÄÓ ÔÄÒÌÉÍÏËÏÂÉÖÒÉ ÓÉÞÍÄ-
ËÄ ÃÀ ÛÄØÌÍÄÓ ÔÄÒÌÉÍÄÁÉ: ÂÀÚÏ×À, ÂÀÓÀÚÏ×É, ÂÀÌÚÏ×É, ÄÒÈÄÖËÉ, ÀÈÄÖËÉ, ÓÀÌÒÀÅËÉ,
ÌÀÌÒÀÅËÉ, ÍÀÌÒÀÅËÉ, ÍÀÛÈÉ, ÛÄÌÏßÌÄÁÀ, ÌÀÒÔÉÅÉ ÒÉÝáÅÉ, ÛÄÊÒÄÁÀ, ÀÓÄÖËÉ, áÀÒÉÓáÉ,
ÂÀÌÒÀÅËÄÁÀ ÃÀ ÓáÅÀ. ÀÌ ÌÏÅËÄÍÀÓ ÃÉÃÉ ÌÏßÏÍÄÁÉÈ ÛÄáÅÃÀ ÓÀÆÏÂÀÃÏÄÁÀ, ÈÖÌÝÀ
ÝáÒÀ ßËÉÓ ÛÄÌÃÄÂ ÉÚÏ ÀÒÌÏßÏÍÄÁÉÓ ÛÄÌÝÅÄËÉ ÛÄ×ÀÓÄÁÀÝ. ÀÌÀÍ ÀÉÞÖËÀ Ì. Æ. ÚÉ×ÉÀÍÉ
1884 ßÄËÓ ÂÀÌÏÄÝÀ 455 ÂÅÄÒÃÉÀÍÉ „ÀÒÉÈÌÄÔÉÊÀ ÓÏ×ËÉÓ ÓÀÓßÀÅËÄÁÄËÈÀÈÅÉÓ“, ÓÀÃÀÝ
ÌÏÝÄÌÖËÉÀ ÀÃÅÉËÀÃ ÃÀÓÀÞËÄÅÉ 1257 ÀÌÏÝÀÍÀ-ÊÉÈáÅÀ. ÂÄÏÌÄÔÒÉÉÓ ÐÉÒÅÄËÉ ÏÒÉÂÉÍÀ-
ËÖÒÉ 446 ÂÅÄÒÃÉÀÍÉ ØÀÒÈÖËÉ ÓÀáÄËÌÞÙÅÀÍÄËÏ „ÂÄÏÌÄÔÒÉÀ“ ÂÀÌÏÓÝÀ Ì. Æ. ÚÉ×ÉÀÍÌÀ
1888 ßÄËÓ, ÒÏÌËÉÓ ÍÀßÉËÄÁÉÀ: ÐËÀÍÉÌÄÔÒÉÀ, ÓÔÄÒÄÏÌÄÔÒÉÀ, ÖÌÃÀÁËÄÓÉ ÂÄÏÃÄÆÉÀ,
ÔÒÉÂÏÍÏÌÄÔÒÉÉÓ ÆÏÂÉÄÒÈÉ ÊÀÍÏÍÉ ÃÀ ËÏÂÀÒÉÈÌÖËÉ ÝáÒÉËÄÁÉÓ áÌÀÒÄÁÀ.

ØÀÒÈÅÄËÉ ÀáÀËÂÀÆÒÃÄÁÉÓ ÌÀÈÄÌÀÔÉÊÖÒÉ ÝÏÃÍÉÓ ÀÌÀÙËÄÁÉÓ ÓÀØÌÄÛÉ ÌÍÉÛÅÍÄËÏÅÀ-
ÍÉ ÒÏËÉ ÛÄÀÓÒÖËÀ Å. Ò. ÚÉ×ÉÀÍÉÓ ÌÉÄÒ 1893 ßÄËÓ ÂÀÌÏÝÄÌÖËÌÀ 666 ÂÅÄÒÃÉÀÍÌÀ
ÓÀáÄËÞÙÅÀÍÄËÏÌ „ÃÀßÚÄÁÉÈÉ ÀËÂÄÁÒÀ“, ÒÏÌÄËÉÝ ÛÄÃÂÄÁÀ ÒÅÀ ÂÀÍÚÏ×ÉËÄÁÉÓÂÀÍ ÃÀ
ÌÏÉÝÀÅÓ ÌÈÄËÉ ÀËÂÄÁÒÉÓ ÓÀÊÅÀÍÞÏ ÓÀÊÉÈáÄÁÓ. ÓÀÊÉÈáÈÀ ÓÉÅÒÝÄËÉÈ ÃÀ ÌÀÓÀËÉÓ
ÂÀÃÌÏÝÄÌÉÓ ÌÄÈÏÃÉÈ ÂÀÌÏÉÒÜÄÅÀ É. ÀÅÀËÉÛÅÉËÉÓ „ÀÒÉÈÌÄÔÉÊÉÓ ÓÀáÄËÌÞÙÅÀÍÄËÏ, I“
(1920 ß.). 1919 ßÄËÓ ØÖÈÀÉÓÛÉ ÂÀÌÏÉÝÀ Ê. Ì. ÊÀÍÃÄËÀÊÉÓ 89 ÂÅÄÒÃÉÀÍÉ „ÀËÂÄÁÒÖË
ÀÌÏÝÀÍÀÈÀ ÊÒÄÁÖËÉ“, ÍÀß. II, ßÉÂÍÉ I. ÀÓÄÅÄ, 1918 ßÄËÓ ØÖÈÀÉÓÛÉ ÂÀÌÏÉÝÀ Ó. ÛÀÒÀÛÄÍÉÞÉÓ
102 ÂÅÄÒÃÉÀÍÉ „ÓßÏÒáÀÆÏÅÀÍÉ ÔÒÉÂÏÍÏÌÄÔÒÉÀ“ ÓÀÛÖÀËÏ ÓÀÓßÀÅËÄÁËÉÓ VII ÃÀ VIII
ÊËÀÓÄÁÉÓÈÅÉÓ, ÓÀÃÀÝ ÂÀÃÌÏÝÄÌÖËÉÀ ÔÒÉÂÏÍÏÌÄÔÒÉÉÓ ÌÈÄËÉ ÊÖÒÓÉ.

1919 ßÄËÓ ÃÀÀÒÓÃÀ „ÖÌÀÙËÄÓÉ ÃÀßÚÄÁÉÈÉ ÓÊÏËÀ“, ÒÏÌÄËÓÀÝ 1923 ßÄËÓ ÄßÏÃÀ
„ÌÈËÉÀÍÉ ÛÒÏÌÉÓ ÓÊÏËÀ“. ÀÌ ÓÊÏËÄÁÉÓ ÓÀÍÉÌÖÛÏ ÐÒÏÂÒÀÌÄÁÉ (1920 ß.) ÛÄÉÝÀÅÃÀ
ÁÄÅÒ ÝÅËÉËÄÁÀÓ ÚÅÄËÀ ÓÀÂÀÍÛÉ. ÉØ ÍÀÈØÅÀÌÉÀ: ÛÄÔÀÍÉËÉÀ ÝÏÔÀÏÃÄÍÉ ÝÅËÉËÄÁÀ
ÀÒÉÈÌÄÔÉÊÀÛÉ ÃÀ ÒÀÃÉÊÀËÖÒÀÃÀÀ ÛÄÝÅËÉËÉ ÂÄÏÌÄÔÒÉÀÏ, ÒÏÌËÉÓ ÓßÀÅËÄÁÀÛÉ ÍÀÝÅËÀÃ
ËÏÂÉÊÖÒÉ ÌÓãÄËÏÁÄÁÉÓÀ ÛÄÌÏÙÄÁÖËÉÀ ÈÅÀËÓÀÜÉÍÏÄÁÀÏ. ÀÌÉÓ ÛÄÓÀÁÀÌÉÓÀÃ, 1920 ßÄËÓ
ØÖÈÀÉÓÛÉ ÂÀÌÏÉÝÀ ÉÅ. ÄÒ. ÂÀÜÄÜÉËÀÞÉÓ 86 ÂÅÄÒÃÉÀÍÉ „ÈÅÀËÓÀÜÉÍÏ ÂÄÏÌÄÔÒÉÀ“, áÏËÏ
1922-1923 ßËÄÁÛÉ ÈÁÉËÉÓÛÉ ÍÉÊÏ ÛÀ×ÀØÉÞÉÓ „ÈÅÀËÓÀÜÉÍÏ-ÐÒÀØÔÉÊÖËÉ ÂÄÏÌÄÔÒÉÀ, I-
III“. ÂÄÏÌÄÔÒÉÉÓ „ÈÅÀËÓÀÜÉÍÏ ÊÖÒÓÉ“ ÌÀËÄ ÉØÍÀ ÖÀÒÚÏ×ÉËÉ.
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On a Double Limit Connected with the
Riemannian Method of Summation
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Tbilisi, Georgia
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Along with any series convergent or not convergent
∞∑
k=0

ak, (1)

we can consider a series
∞∑
k=0

ak

(sin kh
kh

)2

,

depending on the variable h, in the assumption of its convergence for sufficiently small
h ̸= 0 and sin 0

0
= 1.

If under the above assumptions there exists a finite limit

lim
h→0

∞∑
k=0

ak

(sin kh
kh

)2

= σ, (2)

then the series (1) is called the Riemannian summation method, or R-summable to σ.
Obviously, equality (2) can be given the following form

lim
h→0

lim
n→∞

n∑
k=0

ak

(sin kh
kh

)2

= σ,

i.e., the form of a repeated limit

lim
h→0

lim
n→∞

An(h) = σ, (3)

where it is assumed that
An(h) =

n∑
k=0

ak

(sin kh
kh

)2

.

Consequently, the fulfilment of equality (3) is equivalent to the R-summability of the
series (1) to σ.
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As for the existence of a finite double limit

lim
h→0
n→∞

An(h) = s,

the theorem below is proved.
Theorem. The convergence of the series (1) to s is the necessary and sufficient condition
for the fulfilment of equality (4).

Difference Equations in Mathematical Modeling
Tsiala Dzidziguri

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

email: cialadzidziguri@rambler.ru

The general theory of difference equations is an important mathematical apparatus,
since it has a wide range of applications for modeling various natural systems.

In the master’s program of the Sukhumi University “Applied Mathematics” an impor-
tant course is the obligatory course: “Difference equations in mathematical modeling”,
since for the analysis of discrete models in different fields of science, mathematical analysis
of difference equations or systems of equations is required.

A course of lectures of this discipline has been created.
In this paper, sources of difference equations, types, their basic properties and basic

methods of solution are considered; matrix, scalar and vector methods for solving systems
of linear difference equations.

The study of the properties and methods of this mathematical apparatus is based on
the construction of specific discrete mathematical models and their qualitative research.

Multiplication Groups of Topological Loops
Ágota Figula

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

A set L with a binary operation (x, y) 7→ x ·y is called a loop if there exists an element
e ∈ L such that x = e · x = x · e holds for all x ∈ L and the equations a · y = b and
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x · a = b have precisely one solution, which we denote by y = a\b and x = b/a. A loop L
is proper if it is not a group.

The left and right translations λa = y 7→ a · y : L → L and ρa : y 7→ y · a : L → L,
a ∈ L, are permutations of L.

The permutation group Mult(L) = ⟨λa, ρa; a ∈ L⟩ is called the multiplication group
of L. The stabilizer of the identity element e ∈ L in Mult(L) is called the inner mapping
group Inn(L) of L.

If L is a connected topological loop having a Lie group as the group of its left trans-
lations, then in general the multiplication group Mult(L) of L is a differentiable trans-
formation group of infinite dimension. The condition that the group Mult(L) is a (finite
dimensional) Lie group gives a strong restriction for the group Mult(L) and also for
the loop L: For every proper 1-dimensional topological loop L the multiplication group
Mult(L) has infinite dimension (cf. [2]). In [1] we proved that only the elementary filiform
Lie groups Fn, n ≥ 4, are the multiplication groups Mult(L) of 2-dimensional connected
simply connected topological loops L.

We determine the structure of the Lie groups which are the multiplication groups
of three-dimensional topological loops L. We use this result for the classification of Lie
groups which occur as the group Mult(L) of a three-dimensional loop L.

References
[1] Á. Figula, The multiplication groups of 2-dimensional topological loops. J. Group

Theory 12 (2009), no. 3, 419–429.
[2] P. T. Nagy, K. Strambach, Loops in Group Theory and Lie Theory. De Gruyter
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On a Static Problem of Beam in the
(0,0) Approximation

Miranda Gabelaia
Mathematics Department, Ivane Javakhishvili Tbilisi State University, Tbilisi, Georgia

email: gabelaiamiranda@gmail.com

The static problem of beam is considered and investigated in the (0,0) approximation
of hierarchical models. There is considered beam whose length is L, width and thickness
are given by the expressions:

2h2 = h02 and 2h3 = h03e
− κ

x1 ,
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x1 ∈ [0, L], h02 = h03 = const > 0, κ = const > 0, L = const > 0.

We consider weighted boundary condition on the cusped end of the beam and Dirichlet
boundary condition on the non-cusped end. The solution of the posed boundary value
problem is given in an integral form.

Hilbert Functions of Morava K(2)∗-Theory
Rings of Some 2-Groups

Natia Gachechiladze
Faculty of Exact and Natural Sciences, Iv. Javakhishvili Tbilisi State University

Tbilisi, Georgia
email: natia.gachechiladze@tsu.ge

This note presents some computer generated calculations of the Hilbert functions
related to Morava K(2)∗-theory rings of classifying spaces BG, for some groups of order 32.

Reference
[1] N. Gachechiladze, Hilbert functions of Morava K(2)∗-theory rings of some 2-groups.

Proc. I. Vekua Inst. Appl. Math. 66 (2016), 10–13.

The boundary problem for the Elliptic Equations
in Generalized Weighted Morrey Spaces

T. Gadjiev, Sh. Galandarova, S. Aliyev
Institute Mathematics and Mechanics, Baku, Azerbaijan

email: tgadjiev@mail.az

For the a weak solution Dirichlet boundary problem uniformly elliptic equations of
higher order in generalized weighted Morrey spaces in a smooth bounded domain Ω ⊂ Rn

a priori estimate is obtained. Weight function from in the Macenhoupt class Ap.
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Numerical Model of Mesoscale Boundary Layer
of the Atmosphere Taking into Account

of Humidity Processes
George Geladze, Manana Tevdoradze

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

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

email: givi-geladze@rfmbler.ru; mtevdoradze@ gmail.com

Using the non-stationary, 2–dimensional (in the vertical (x-z) plane) numerical model
of the mesoscale boundary layer of the atmosphere, such cluster-like moisture processes as
3 layered clouds and fog are simulated, which eventually transform into 4 layered clouds.

The model takes into account a wider range of phase transitions of water, in particular,
as the condensation of water vapor and freezing of water. We are also going to take into
account water anomalies, in particular, sharply different values of dielectric permittivity
of liquid water, water vapor and ice.

We continue to study foehn processes within the framework of this numerical model.

Schauffler Type Theorems
for New Second Order Formulas

Albert Gevorgyan, Yuri Movsisyan
Department of Mathematics and Mechanics, Yerevan State University

Yerevan, Armenia
email: movsisyan@ysu.am; albert.gevorgyan@ysumail.am

In this talk the Belousov theorem on linearity of invertible algebras with the Schauf-
fler ∀∃ (∀)-identity of associativity is extended over the other ∀∃ (∀)-identities. As a
consequence we obtain the equivalency of the considered ∀∃ (∀)-identities and non-trivial
hyperidentities in systems of groups. For the considered second order formulas we prove
the Schauffler type theorems too.
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On Formation of Massless Bose Particles
Hions in the Quantum Vacuum.

Problem of Dark Energy-Quintessence
Ashot Gevorkyan

Institute for Informatics and Automation Problems of the National Academy of Sciences
of the Armenia, Yerevan, Armenia;

A. B. Nalbandyan Institute of Chemical Physics of the National Academy of Sciences of
the Armenia, Yerevan, Armenia

email: g−ashot@sci.am

We have studied the possibility of formation of massless structure particles with spin
1 vector boson. Based on a stochastic differential equation of the Weyl–Langevin type, it
is proved that as a result of multiscale random fluctuations of massless quantum vector
fields, in the first phase of relaxation forms quasiparticles (later these particles called
hion) in the form of randomly oscillating two-dimensional strings. It is shown that, in the
limit of statistical equilibrium, the string is quantized and localized on a two-dimensional
topological manifold. The wave state and geometric structure of the hion are studied in
the case when the quasiparticle is free and when it interacts with a random environment.
In the second phase of relaxation, the symmetry of the quantum state of the hion breaks
down, which leads to spontaneous transitions of quasiparticle to other massless and mass
states. The problem of entanglement of two hions with opposite projections of the spins
+1 and −1 and the formation of a scalar zero-spin boson are studied in detail. The
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properties of the scalar field (dark energy-quintessence) are analyzed and it is shown that
in fact it is a Bose–Einstein (BE) condensate. The problems of the decay of a scalar
boson, as well as a number of features characterizing the stability of BE condensate, are
investigated. The structure of the “empty” space-time is analyzed in the context of the
new properties of the quantum vacuum, which allows us to assume the existence of a
natural quantum computer with complex logic in the form of a dark energy-quintessence.
The possibilities of space-time engineering are discussed.
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Maximum Inequalities and Their Applications
to Orthogonal and Hadamard Matrices

George Giorgobiani, Vakhtang Kvaratskhelia
Muskhelishvili Institute of Computational Mathematics of the

Georgian Technical University, Tbilisi, Georgia;
Sokhumi State University, Tbilisi, Georgia

email: giorgobiani.g@gtu.ge; v.kvaratskhelia@gtu.ge

Using Hoeffding–Chernoff bound maximum inequalities for the signed vector sum-
mands and corresponding probabilistic estimations are established. By use of “transfer-
ence technique” appropriate maximum inequalities are derived for the permutations. One
application for Orthogonal and Hadamard matrices is suggested.
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On Some Methods of Solving Textual Tasks
in Secondary School

Tsiuri Goduadze
Lepl Tskaltubo Municipality Villige Patriketi Givi Shengelia Public School, Georgia

email: tsgoduadze@gmail.com

Part of students of secondary school are difficult to learn mathematics. Special difficul-
ties are encountered when solving textual tasks. The problem here is to understand cor-
rectly the condition of tasks. The report presents the methodological treatment of these
issues.

Some Aspects of Mathematical Education
of Computer Science Direction Students

Guram Gogishvili
Faculty of Business, Computing and Social Sciences, St. Andrew the First Called

Georgian University, Tbilisi, Georgia
email: guramgog@gmail.com

Modernity is characterized by the rapid development of computer sciences and tech-
nologies. The demand for corresponding specialists is increasing day by day. Demand for
their high knowledge level also increases. The fundamental and conceptual shifts in this
direction are importantly related to the mathematics’ various applied aspects.

That’s why, in the leading educational centers of the world, the role of mathematics in
the preparation of students is increasingly reflected in the appropriate training programs.
With the teaching of mathematical fundamental issues, it becomes more important to
present a wide range of applications.

In our talk we focus on the growing role of discrete mathematics and, in particular,
the theory of numbers in many different disciplines of computer science. First of all, we
need to name modular arithmetic and its applications, their decisive role in the creation of
new cryptographic systems. The creation of such public-key systems was based on Euler’s
theorem in the congruence theory and issues of linear congruencies. It is also important to
get familiar with the solution of linear congruence systems and high order congruencies,
properties of general multiplication functions and the continued fractions which allows us
to solve many practical problems in computer sciences.

It should be noted that often learning boils down to acquainting only the final impor-
tant theoretical results - the methods of receiving these results are ignored. The creative
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expert’s knowledge of these methods often leads to a solution of new results. Obviously,
some theoretical results can really be limited to the final results only, but such an approach
can not be the only form of teaching.

Along with the above mentioned issues we will discuss some other topical problems of
teaching and corresponding curricula.

Neural Network for Self-driving Car
Paata Gogishvili

Faculty of Management, Computing and Social Sciences, St. Andrew the First-Called
Georgian University of the Patriarchate of Georgia, Tbilisi, Georgia

email: paatagog@gmail.com

Neural Networks are effective tools for building driving management systems for self-
driving cars. Self-driving cars have many sensors. The information from sensors are
the input signals of the neural network. Neural Network makes decision about driving
direction.

Presented system uses camera that is attached to the car. Camera captures road
signes. Camera pictures are analized by the deep convolutional neural network. Neural
Network recognizes the signs and makes decisions.

We use transfer learning on pretrained network in order to speed-up the learning
process. We choose MobileNet [1] as our Neural Network. MobileNet was trained on
ImageNet [2]. We retrained MobileNet on pictures captured by the car camera. We use
Tensorflow [3] as the software library.

The recognition presizion is quite good. We think that our method, with combination
with other sensors will be effective for self-driving cars.
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Problems, Solvers and PageRank Method
Joseph Gogodze

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

In recent years, intensive studies have been conducted to evaluate the effectiveness of
various solvers and various methods for this purpose have been proposed in the literature.
As well-known (see, e.g., [1]), most benchmarking tests utilize evaluation tables displaying
the performance of each solver for each problem under a specific evaluation metric (e.g.,
CPU time, number of function evaluations, number of iterations). Different methods
(based on suitable “statistical” quantities) are used to interpret data from these tables,
including the mean, median, and quartiles, ranking, cumulative distribution function,
etc. The advantages and disadvantages of each proposed method are often a source of
disagreement; however, this only stimulates further investigation in the field.

The method discussed in this paper was proposed to introduce a new benchmark
that directly accounts for the natural relationship between problems and solvers, which is
determined by their evaluation tables. Namely, we introduces the benchmarking context
concept as a triple ⟨S, P, J⟩, where S is a set of solvers, P is a set of problems, and J is an
assessment function (a performance or evaluation metric). This concept is quite general
and, furthermore, emphasizes that problem and solver benchmarking cannot be considered
separately. Based on the data presented by the benchmarking context ⟨S, P, J⟩, a special
procedure was defined allowing solvers and problems to be ranked. It should also be
noted that the proposed procedure is a specific version (most probably the simplest) of
the Google PageRank method (see, e.g., [2]). This study aimed to propose a PageRank
procedure as an effective tool for benchmarking computational problems and their solvers.

In this study, as an illustrative example we conduct benchmarking analysis of Dif-
ferential Evolution Algorithms (9 optimization algorithms) on a set of test problems (50
optimization problems for 25 well-known test functions) using the Random Sampling
Equivalent–Expected Run Time (ERTRSE) measure as a performance metric [3]. The
considered example demonstrate the viability and suitability of the proposed method for
applications
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Renormalization of Mass in QCD
Vakhtang Gogokhia1,2, Gergely Gábor Barnaföldi1

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; barnafoldi.gergely@wigner.mta.hu

We have shown in the most general way that the mass scale parameter may appear
in QCD without violation of its exact SU(3) color gauge invariance. For this purpose we
investigate the color gauge structure of the Schwinger–Dyson (SD) equation of motion for
the full gluon propagator [1]. The mass scale parameter, the mass gap, in what follows is
dynamically generated by the self-interaction of the multiple massless gluon modes. The
renormalization program for massive gluon fields is developed as well.

References
[1] V. Gogokhia, G. G. Barnafoldi, The Mass Gap and its Applications. World Scien-
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Qausi-Conformal Estimates of Neumann–Laplace
Eigenvalues

Vladimir Gol’dshtein
Ben Gurion University, Beer Sheva, Israel

email: vladimir@bgu.ac.il

We discuss quasi-conformal lower estimates of the first nontrivial Neumann Laplace
eigenvalues for non convex domains including domains with fractal boundaries. Results
are based on the geometric theory of composition operators.
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About One Mathematical Model of
Currency Arbitrage

Anano Gorgoshadze, Nino Devadze
Batumi Shota Rustaveli State university, Batumi, Georgia

email: anano.gorgoshadze1@yahoo.com; nino.devadze@gmail.com

In today’s Global Economy, multinational companies should make transactions in the
currencies of the countries, where they operate. The majority of the firms on Georgian
market have to convert different currencies while investing. Currency arbitrage, or simul-
taneous purchase and sale of the money on different markets, offer us better transaction
from one currency to another. In this work, we have demonstrated how to formulate and
solve arbitrage problem in case of Region’s priority currency transactions. There is given
simulation of real process of the transactions, we have demonstrated the mathematical
model of currency arbitrage, relevant strategy of getting maximal revenue with the help
of currency arbitrage is realized programmatically.
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Contractive Mapping Theorems in Generalized
Soft Metric Spaces

Cigdem Gunduz Aras1, Sadi Bayramov2, Vefa Caferli2
1Department of Mathematics, Kocaeli University, Kocaeli, 41380, Turkey

email: carasgunduz@gmail.com
2Department of Algebra and Geometry, Baku State University, Baku, Azerbaijan

email: baysadi@gmail.com; ceferli−vefa@mail.ru

The purpose of this paper is to contribute for investigating on generalized soft metric
space which is based on soft point of soft sets and give some of its properties. We define
the concepts of sequential compact and totally bounded in generalized soft metric space
and prove some important theorems on this space. Finally, we introduce contractive
mappings on generalized soft metric spaces and prove a common fixed point theorem for
a self-mapping on complete generalized soft metric spaces.

Keywords: Generalized soft metric space, soft contractive mapping, fixed point the-
orem.
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Neutrosophic Soft Seperation Axioms
in Neutrosophic Soft Topological Spaces

Cigdem Gunduz Aras1 Taha Yasin Ozturk2, Sadi Bayramov3

1Department of Mathematics, Kocaeli University, Kocaeli, 41380-Turkey
email: carasgunduz@gmail.com

2Department of Mathematics, Kafkas University, Kars, 36100-Turkey
email: taha36100@hotmail.com

3Department of Algebra and Geometry, Baku State University, Baku, AZ 1148,
Azerbaijan

email: baysadi@gmail.com

The neutrosophic soft topology based on operations of the neutrosophic soft union
and intersection which are differently defined from the other studies. In this paper the
neutrosophic soft null and absolute set will be re-defined differently from the study [1].
we also introduce some basic notions of neutrosophic soft topological spaces by using
neutrosophic soft point concept. Later we give Ti- neutrosophic soft spaces and the
relationships between them. Finally, we investigate some of its important properties.

Keywords: Neutrosophic soft set, neutrosophic soft separation axioms
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Hankel and Berezin Type Operators on Weighted
Besov Spaces of Holomorphic Functions

on Polydiscs
Anahit V. Harutyunyan

Fresenius University of Cologne, Koeln, 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. As in the one-dimensional case, Bp(ω) is a Banach
space with respect to the norm ∥ · ∥Bp(ω). For properties of holomorphic Besov spaces
see [1].

In this paper we consider also the generalized Berezin type operators on Bp(ω) (and on
Lp(ω)) and prove some theorems about the boundedness of these operators. Let us define
the little Hankel operators as follows: denote by Bp(ω) the space of conjugate holomorphic
functions on Bp(ω). For the integrable function f on Un we define the generalized little
Hankel operator with symbol h ∈ L∞(Un) by

hαg (f)(z) = Pα(fg)(z) =

∫
Un

(1− |ζ|2)α

(1− ζz)α+2
f(ζ)g(ζ)dm2n(ζ),

α = (α1, . . . , αn), αj > −1, 1 ≤ j ≤ n.

For n = 1, α = 0 this includes the definition of the classical little Hankel operator, see [3].
we consider the boundedness of little Hankel operator on 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.

Theorem 2. Let f ∈ B1(ω), g ∈ L∞(Un). Then hαg (f) ∈ B1(ω) if and only if αj > αωj
−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
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Theorem 3. 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).
For the integrable function f on Un and for g ∈ L∞(Un) we define the Berezin-type

operator in the following way

Bα
g f(z) =

(α + 1)

πn
(1− |z|2)α+2

∫
Un

(1− |ζ|2)α

|1− zζ|4+2α
f(ζ)g(ζ)dm2n(ζ).

In the case α = 0, g ≡ 1 the operator Bα
g will be called the Berezin transform. We have

the following results:
1. for the case of 0 < p < 1 we have

Theorem 4. Let 0 < 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).

2. the case 1 < p < +∞ gives the next theorem
Theorem 5. Let 1 < p < +∞, 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).

3. we consider now the case of p = 1.

Theorem 6.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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Issues of Building a Microclimate Management
Model in the Building

Nugzar Iashvili
Georgian Technical University, Tbilisi, Georgia

email: n.iashvili@gtu.ge

The microclimate is a climate artificially constructed in a residential and workplace,
the purpose of which is to protect the human body from adverse environmental impacts.
Because the microclimate is artificially created in living and working areas, it is possible
to control and manage it.

The modern level of automation and tool building makes it easier to solve the problem
of creating a micro-climate in public and residential buildings.

In some private cases, the model of a micro-clock management system can be brought
down before the equilibrium equals the mathematical description of the air exchange
process taking into consideration various external climatic impacts.

The Algorithm for Functioning the Digital
Meter Device

Nugzar Iashvili
Georgian Technical University, Tbilisi, Georgia

email: n.iashvili@gtu.ge

Different measuring control devices and devices are significantly different from func-
tions and components and components, but they can still be represented as their structural
block schemes.

This is due to the fact that any control-control device can be identified by its main
determinant blocks and nodes. This in turn allows us to describe a formalized (mathe-
matical) measuring-control device, its model construction and its functional algorithm.
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Hybrid Encryption Model of Symmetric and
Asymmetric Cryptography with

AES and ElGamal Encryption Algorithms
Maksim Iavich1, Elza Jintcharadze2

1Head of Cyber Security Department, School of Technology, Caucasus University,
Tbilisi, Georgia

2Faculty of Informatics and Control Systems, Georgian Technical University, Tbilisi,
Georgia

email: m.iavich@scsa.ge; elza.jincharadze@gmail.com

Computer networks and internet application are growing fast, so data security is the
challenging issue of today that touches many areas. To prevent unauthorized access to
the user data or database, any transmitting process should be securely encrypted. Dif-
ferent cryptography techniques and algorithms are used to provide the needed security
to the applications. Cryptography methods provides authentication, integrity, availabil-
ity, confidentiality, identification, security and privacy of user data. Data security and
authenticity are used in our daily life such as in banking, smart card, business discussion
and insurance. There are two types of cryptography algorithms such as symmetric key
cryptography and asymmetric key cryptography.

This paper provides a comparison between two symmetric, asymmetric algorithms
and new hybrid cryptography algorithm model. The factors are achieving an effectiveness
and security. Currently many encryption algorithms are available to secure the data but
some algorithms consume lot of computing resources such as memory and CPU time.
Comparative analysis was done on encryption algorithms such as AES and ElGamal. Is
designed new hybrid model using combination of two cryptography algorithms AES and
ElGamal.

The objective of this research is to evaluate the performance of AES, ElGamal cryptog-
raphy algorithms and AES&ElGamal hybrid cryptography algorithm. The performance
of the implemented encryption algorithms is evaluated by means of encryption and de-
cryption time and memory usage. To make comparison experiments, for those algorithms
is created program. The programming language Java is used in implementing the encryp-
tion algorithms. As the result shows, provided hybrid algorithm model is comparatively
better than ElGamal in terms of encryption / decryption time and better than AES in
terms of its security.

References
[1] A. J. Menezes, J. Katz, P. C. van Oorschot, S. A. Vanston, Handbook of Applied

Cryptography, CRC Press, Boca Raton, 1996.



ÁÀÈÖÌÉ –ÈÁÉËÉÓÉ, 3–8 ÓÄØÔÄÌÁÄÒÉ, 2018 ÌÏÍÀßÉËÄÈÀ ÌÏáÓÄÍÄÁÄÁÉÓ ÈÄÆÉÓÄÁÉ 133

[2] D. Hofheinz, E. Kiltz, Secure hybrid encryption from weakened key encapsulation.
in: Advances in cryptology—CRYPTO 2007, 553–571, Lecture Notes in Comput.
Sci., 4622, Springer, Berlin, 2007.

On the Mannheim Rational Bezier Curve Pairs
in 3-Space

Muhsin İncesu1, Osman Gürsoy2

1Department of Mathematics Education, Mus Alparslan University, Turkey
email: m.incesu@alparslan.edu.tr

2Department of Mathematics Education, Maltepe University, Turkey
email: osmangursoy@maltepe.edu.tr

In literature it is well known that curve pairs {α, β} are called Mannheim curve pairs
if the unit principal normal vector of the curve α is the same as the unit binormal vector
of the curve β.

In this paper we study Mannheim rational Bezier curve pairs. Let two rational Bezier
curves of degree n with control points {bi}i=0,1,...,n and the weights {wi}i=0,1,...,n, and
{ci}i=0,1,...,n and the weights {mi}i=0,1,...,n be given in the space of E3. We investigated
the conditions of being Mannheim curve pairs of these rational Bezier curves. So we stated
these conditions as control points {bi}i=0,1,...,n and {ci}i=0,1,...,n and weights {wi}i=0,1,...,n,
{mi}i=0,1,...,n of given rational Bezier curves.

Keywords: Mannheim curve, Bezier curve, control points.
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On the Mannheim Bezier Curve Pairs in 3-Space
Muhsin İncesu1, Osman Gürsoy2

1Department of Mathematics Education, Mus Alparslan University, Turkey
email: m.incesu@alparslan.edu.tr

2Department of Mathematics Education, Maltepe University, Turkey
email: osmangursoy@maltepe.edu.tr

In literature it is well known that curve pairs {α, β} are called Mannheim curve pairs
if the unit principal normal vector of the curve α is the same as the unit binormal vector
of the curve β.

In this paper we study Mannheim Bezier curve pairs. Let two Bezier curves of degree
n with control points {bi}i=0,1,...,n and {ci}i=0,1,...,n be given in the space of E3. We
investigated the conditions of being Mannheim curve pairs of these Bezier curves. So
we stated these conditions as control points {bi}i=0,1,...,n and {ci}i=0,1,...,n of given Bezier
curves.

Keywords: Mannheim curve, Bezier curve, control points.
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Asymptotic Behaviour of Solutions of
One Fourth Order Hyperbolic Equation

with Memory Operator
Sevda Isayeva

Department of Higher Mathematics, Baku State University, Baku, Azerbaijan
email: isayevasevda@rambler.ru

Let Ω ⊂ RN (N ≥ 1) be a bounded, connected set with a smooth boundary Γ. We
consider the following problem:

∂2u

∂t2
+
∂

∂t
[u+ F(u)] + ∆2u+ |u|pu = h in Q = Ω× (0, T ), (1)

u = 0, ∆u = 0, (x, t) ∈ Γ× [0, T ], (2)

[u+ F(u)]
∣∣
t=0

= u(0) + w(0),
∂u

∂t

∣∣∣
t=0

= u(1) in Ω, (3)

where p > 0 and F is a memory operator (at any instant t, F(u) may depend not only
on u(t), but also on the previous evolution of u), which acts from M(Ω;C0([0, T ])) to
M(Ω;C0([0, T ])). Here M(Ω;C0([0, T ])) is a space of strongly measurable functions Ω→
C0([0, T ]). We assume that the operator F is applied at each point x ∈ Ω independently:
the output [F(u(x, · ))](t) depends on u(x, · )|[0,t], but not on u(y, · )|[0,t] for any y ̸= x
(see [1]).

The similar problem for second order hyperbolic equation with memory operator was
studied in [2] and asymptotic results for solutions of the corresponding problem were
obtained.

In this work we prove the existence and uniqueness of solutions, the existence of an
absorbing set, the asymptotic compactness of a semigroup, generated by problem (1)–(3)
in E = H2

0 (Ω)×L2(Ω)×L2(Ω) and then the basic theorem about existence of a minimal
global attractor for this problem under conditions, set in [2].

We prove this theorem by time discretization method.
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Simultaneous Approximation in the Variable
Exponent Smirnov Classes

Daniyal Israfilov1, Fatih Celik2

1Department of Mathematics, Balikesir University, Balikesir, Turkey
email: mdaniyal@balikesir.edu.tr

2Department of Mathematics, Balikesir University, Balikesir, Turkey
email: fthcelik77@gmail.com

In this talk we discuss the simultaneous approximation problems for the polynomials
having maximal convergence property on the continuums of the complex plane.

Let K be a bounded continuum with simple connected complement G := C\K, in
the complex plane C. We denote by φ the conformal mapping of G onto domain D− :=
{w : |w| > 1} and by ΓR, R > 1, the Rth level line of K defined by ΓR := {z : |φ(z)| = R}
and let GR := intΓR.

The class of Lebesgue measurable functions p(·) : ΓR → [0,∞), satisfying the condi-
tions

1 < p− := es sin f
z∈Γ

p(·) ≤ ess sup
z∈Γ

p(·) =:= p+ <∞

|p(z1)− p(z2)| ≤ c(p) ln 1/ |z1 − z2| , ∀z1, z2 ∈ ΓR, |z1 − z2| < diamΓR

we denote by P (ΓR).
For a given p(·) ∈ P (ΓR) we define the variable exponent Lebesgue spaces Lp(·)(ΓR)

of functions f with the norm

∥f∥Lp(·)(ΓR) := inf
{
λ ≥ 0 :

∫
ΓR

|f (z) /λ|p(·) |dz| ≤ 1

}
<∞.

Let E1(GR) be the classical Smirnov class of analytic functions in GR. We define the
variable exponent Smirnov class as Ep(·)(GR) :=

{
f ∈ E1(GR) : f ∈ Lp(·)(ΓR)

}
.

It is well known that if f ∈ E1(GR), then for every n ∈ N the following Faber series
representation f (n)(z) =

∞∑
k=0

ak(f)F
(n)
k (z), z ∈ K, holds, where Fk, k = 0, 1, 2, . . . , are the

Faber polynomials of degree k for continuum K.
We estimate the error sup

z∈K

∣∣∣f (n)(z) −
n∑
k=0

ak(f)F
(n)
k (z)

∣∣∣ with dependence of the best

polynomial approximation number En(f,GR)p(·) := inf {∥f − pn∥ : pn ∈ Πn} and R where
Πn is the class of the algebraic polynomials of degree not exceeding n.
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Approximation in the Variable Exponent
Lebesgue Spaces

Daniyal Israfilov, Ahmet Testici
Department of Mathematics, Balikesir University, Balikesir, Turkey

email: mdaniyal@balikesir.edu.tr; testiciahmet@hotmail.com

In this talk we discuss the approximation problems in the variable exponent Lebesgue
spaces defined on the interval [0, 2π] and also in the variable exponent Smirnov classes of
analytic functions defined on the simple connected domains of the complex plane. Under
some restrictive conditions on the variable exponent the direct and inverse theorems of
approximation theory and also theirs improvements are proved. Here the speed of approx-
imation in term of the modulus of smoothness, constructed via Steklov mean operator of
given function is estimated. In particular case, the constructive approximation problems
in the generalized Lipschitz subclasses are considered and the appropriate theorems are
formulated.

The Basic Transmission Problem
of the Thermoelastostatics

for Anisotropic Composite Structures
Diana Ivanidze, Marekh Ivanidze

Department of Mathematics, Georgian Technical University, Tbilisi, Georgia
email: dianaivanize@gmail.com; marexi.ivanidze@gmail.com

In the paper we consider the basic transmission problem for piecewise homogeneous
three-dimensional space consisting of two adgasent anisotropic elastic components with
differential material constants, when one of them is a bounded region and the second one
is its complement to the whole space. The basic rigid transmission conditions are given
on the interface.
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Recurrence Relations for the Moments
of the Order Statistics from the Generalized

Beta Distributions
Hossein Jabbari Khamnei, Roghaye Makouyi

Department of Statistics, Faculty of Mathematical Sciences, University of Tabriz
Tabriz, Iran

email: h−jabbari@tabrizu.ac.ir; R.Makuyi@yahoo.com

The use of recurrence relations for the moments of order statistics is quite well-known
in statistical literature (see, for example, Arnold et al., 1992 and Malik et al., 1988).
Balakrishnan et al. (1988) have reviewed many recurrence relations and identities for the
moments of order statistics arising from several specific continuous distributions such as
normal, Cauchy, logistic, gamma and exponential. For improved forms of some of these
results, see Jabbari Khamnei and Makouyi (2018), Thomas and Samuel (2008), Samuel
and Thomas (2000) and Thomas and Samuel (1996). In this paper, the main focus is to
study the recurrence relations for the single and product moments of the order statistics
of a random sample of size n arising from the generalized beta distributions.
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WRF Model’s Installation, Parameterization and
Some Results of Numerical Calculations

Nato Jiadze1, Zurab Modebadze2, Teimuraz Davitashvili3
1Ministry of Defence of Georgia, St. Andrew the First Called Georgian University of the

Patriarchate of Georgia, Tbilisi, Georgia
email: njiadze@mod.gov.ge

2Faculty of Exact and Natural Sciences, Iv. Javakhishvili Tbilisi State University
Tbilisi, Georgia
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We have elaborated and configured Whether Research Forecast – Advanced Researcher
Weather (WRF-ARW) model for Caucasus region considering geographical-landscape
character, topography height, land use, soil type and temperature in deep layers, veg-
etation monthly distribution, albedo and others. Porting of WRF-ARW application to
the grid was a good opportunity for running model on larger number of CPUs and stor-
ing large amount of data on the grid storage elements on the platform Linux-x86. The
real time outputs of global model – GFS (Global Forecast System), as lateral boundary
and initial conditions for regional domain and recalculating its results adjusted for local
physical-geographical parameters and some meso and micro atmosphere, biological and
chemical processes was used. In searching of optimal execution time for time saving differ-
ent model directory structures and storage schema was used. Simulations were performed
using a set of 2 domains with horizontal grid-point resolutions of 18 and 6 km. The
coarser domain is a grid of 94×102 points which covers the South Caucasus region, while
the nested inner domain has a grid size of 70 × 70 points mainly territory of Georgia.
Both use the default 31 vertical levels.

Due to the importance of precipitation forecast in South Caucasus area, the main
attention was paid to assess the model sensitivity to several configurations of convective
and microphysical parameterizations. The options defined as tested schemes include cu-
mulus and microphysics parameterizations, which have been combined in 3 combinations
of different physical schemes for the coarser domain and 2 configurations for the inner
one.
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Two case studies which are generally characterize model simulation behavior for west-
ern and eastern type synoptic processes are presented.

About New Properties of the Well-Known Integrals
Vagner Sh. Jikia

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

We have studied the properties of the following functional:

J
[
fν

(
ln 1− t

t

)]
(τ) =

1∫
0

dt tz−1(1− t)−z−1fν

(
ln 1− t

t

)
. (1)

The parameter z is a complex number and ν = 1, 2.
If z = ε+ iτ, one can show that:

J [f1 (ξ)] (τ) = L [f1 (ξ)] (τ) , ξ = ln 1− t
t

,

where L [f1 (ξ)] (τ) denotes a Laplace transform and f1 (ξ) = θ (ξ) f (ξ) . The function f (ξ)
satisfies the condition f (ξ) : R ∈ C (see [1]), and θ (ξ) is the Heaviside Unit function.

For z = iτ, one obtains:

J [f2 (ξ)] (τ) = F [f2 (ξ)] (τ) , ξ = ln 1− t
t

. (2)

In the previous expression F [f2 (ξ)] (τ) denotes the Fourier transform and f2 (ξ) = f (ξ) .
In addition, when z = iτ, one gets the following relation:

J [f2(− lnu)] (τ) =M [f2(− lnu)] (τ) , u =
t

1− t
. (3)

We have denoted the Mellin transform as follows: M [f2(− lnu)] (τ) , where f2(− lnu) =
f (− lnu) , uiτ−1f (− lnu) : R ∈ C, and f (ξ) is bounded for arbitrary real ξ (see [2, 3]).

Let note, that from the equalities (2) and (3) one obtains the relation:

F [f(ξ)] (τ) =M [f(− lnu)] (τ) .

Thus, the Laplace, Fourier and Mellin transforms one can derive from the expres-
sion (1).

Acknowledgement. This work was supported by Georgian Shota Rustaveli National
Science Foundation (Grant # FR/ 417/6-100/14).
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The New Representations of the Fourier Transform
Vagner Sh. Jikia

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

In our previous studies, we have shown that (see, e, g., [1] and [2, p. 139])

F [1(x)](τ) =
1∫

0

dt tiτ−1(1− t)−iτ−1 = 2πδ(τ),

where F [1(x)](τ) denotes the Fourier transform of the function f(t) = 1.
Some of the similar results that we got for the generalized functions will be suggested

below.
For instance, one can show that the relations hold (see, e, g., [2, p. 141]):

F [θ(x)](τ) =

∞∫
1

dt t−iτ−1(t− 1)iτ−1 = 2πδ+(τ), (1)

F [θ(−x)](τ) =
∞∫
1

dt tiτ−1(t− 1)−iτ−1 = 2πδ−(τ), (2)

where F [θ(x)](τ) and F [θ(−x)](τ) are the Fourier transforms of the Heaviside functions
θ(x) and θ(−x) accordingly. The singular generalized Heisenberg functions 2πδ+(τ) and
2πδ− (τ) are defined by the Sokhotsky formulas as follows (see, e, g., [2, p. 161]):

2πδ+(τ) =
i

τ + i0
, 2πδ−(τ) = −

i

τ − i0
.
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By virtue of the inverse transform of the formula (1), one can calculate the singular
integral of the following kind:

i

+∞∫
−∞

dτ

τ
tiτ (1− t)−iτ =


+π,

1

2
≤ t ≤ 1

−π, 0 ≤ t <
1

2
.

The new representations of the Fourier transform that we found are very useful to
calculate singular integrals of the new type.

Acknowledgement. This work was supported by Georgian Shota Rustaveli National
Science Foundation (Grant # FR/ 417/6-100/14).
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Chipot’s Method of Solution
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Kirchhoff type equation is called 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. (3)



ÁÀÈÖÌÉ –ÈÁÉËÉÓÉ, 3–8 ÓÄØÔÄÌÁÄÒÉ, 2018 ÌÏÍÀßÉËÄÈÀ ÌÏáÓÄÍÄÁÄÁÉÓ ÈÄÆÉÓÄÁÉ 143

In [3] the problem (1), (2) is studied when n = 1. For the solution is used Chipot’s
approach (see [1], [2]) and accuracy of the method is discussed. Here also are given
numerical examples. In [4] 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 also use Chipot’s approach to solve the problem (1), (2). In order to
estimate the error of the method we consider the numerical example for n = 3. For this
purpose we use Matlab.
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Time-cost Trade-off Method in Project Management
Tamta Kakhidze, Nino Devadze
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In many countries around the globe various construction, research or other kinds of
projects are being conducted. The main factors in such pieces of work are time and cost,
which are necessary components for accomplishing them. The aim of the manager is
to complete project in due date, with minimal costs possible. It’s possible to represent
construction, research and some other kinds of projects with networks flows. Therefore,
network theory provides us with opportunity of modeling project and finding the efficient
solution - minimization of costs and time. Following article discusses the opportunity of
using network flows in project management. One of the ways to do so is using time-cost
trade-off method. This method leads us to reducing the time needed to complete different
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actions in project (and time for the whole project, consequently) by consuming minimum
amount of money. This ability is discussed in an example. On this example is built the
model, respective network flow and it’s solution.
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Boundary Value Two-dimensional Problems
of Stationary Oscillation of the Thermoelasticity

of Microstrech Materials with
Microtemperature

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

In the paper we consider the stationary oscillation case of the theory of linear ther-
moelasticity with microstrech materials with microtemperatures and microdilations. The
representation formula of a general solution of the homogeneous system of differential
equations in the paper is expressed by means of seven 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 Dirich-
let and Neumann type boundary value problem for a circle. We construct an explicit
solutions in the form of absolutely and uniformly convergent series.
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Certain Properties of Matrices in the Schemes of
Finite Differences with Variable Accuracy

Liana Karalashvili
University of Georgia, Tbilisi, Georgia
e-mail: liana.qaralashvili@yahoo.com

Finite difference schemes with constant coefficients are constructed for the Dirichlet
problem with the Poisson equation, which order of approximation and convergence is de-
pend on the number of knots (lines). There are considered properties of matrices included
into these schemes. In the case of discretization of one variable with the corresponding
transformations they are reduced to the equivalent canonical form, in which each equation
contains just one unknown function. The solution of the received system is given in ex-
plicit form. In the case of discretization of two variables a linear system of mn equations
with so many variables (n is a number of inner knots according to x variable and m is a
number of inner knots according to y variable) is received. It is not difficult to solve such
system of equations.

The Radii of Parabolic Starlike of
Some Special Functions

Sercan Kazımoǧlu, Erhan Deniz, Hümeyra Latife Laçin
Department of Mathematics, Faculty of Science and Letters, Kafkas University

Campus, Kars-Turkey
email: sercan36@kafkas.edu.tr; edeniz36@gmail.com; latife.lacin3@gmail.com

In this paper, we determine the radii of β-parabolic starlike of order α for six kinds
of normalized Lommel and Struve functions of the first kind. In the cases considered the
normalized Lommel and Struve functions are β-parabolic starlike functions of order α on
the determined disks.
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On the Cotorsion Hull of Corner’s Group
Tariel Kemoklidze

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

A. L. S. Corner considered an abelian separable primary group which endomorphisms
rings additive group is presented as a direct sum of an additive group of separable closed
ring and additive group of a ring small endomorphisms. It is shown that the cotorsion
hull of Corner’s group is not fully transitive and it is constructed the meet-semilattice the
lattice of dual ideals of which is isomorphic to the lattice of fully invariant subgroups of
a cotorsion hull Corner’s group.
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Discrete Models of Information Warfare
Nugzar Kereselidze

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

email: nkereselidze@sou.edu.ge

The discrete analogue of the continuous mathematical model of attraction of adepts of
Samarskiy-Mikhaylov is provided. The computer experiment of this mathematical model
is made. The also discrete mathematical model of information warfare with limitations
on technological capabilities [1].
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Hydrodynamic Model of Formation of Karst Voids
Zurab Kereselidze1, Davit Odilavadze1, Marina Chkhitunidze1,

Nino Zhonzholadze2, Irine Khvedelidze1

1I. Javakhishvili Tbilisi State University, M. Nodia Institute of Geophysics,
Tbilisi, Georgia

2I. Gogebashvili Telavi State University, Faculty of Exact and Natural Sciences,
Informatics and Physics Department, Telavi, Georgia
email: z-kereselidze@yahoo.com, odildavit@gmail.com,

marina-chxitunidze@yahoo.com, Nino.bej@yahoo.com, Khvedelidze.i@gmail.com

The physical representation of the dynamic picture of the karst development pursues
various objectives, among which, in particular, is to assess the characteristic time scale
of their formation. Obviously, this problem is quite complicated because of the many-
sidedness of the process of karsting, proceeding with both: general characteristics and
local features. In particular, karst voids can have a variety of forms, some of which have
some regularity due to similarity with a certain geometric figure. For example, for karst, a
funnel-shaped form with a base on the earth’s surface is quite common. The effectiveness
of the leaching factor is directly dependent on the geological quality of the medium and
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the duration of the action of the water. It seems that to confirm the uniformity of the
mechanism, the action of which leads to the elution of the solid rock, one can turn to
the approximation of the hydrodynamic boundary layer arising when flowing over a solid
surface. The rate of washing out of solid rock from the karstic cavity depends on the flow
of water, which can vary depending on the flow regime. However, we can talk about some
average characteristic, if we assume, for example, that the water movement is laminar. it
should be noted that the value of the rate of karst leaching used for numerical evaluation
is very approximate. it nevertheless seems that with the help of the model we have used,
it is possible to obtain more accurate quantitative estimates.

References
[1] N. A. Gvozdecky, Karst Landscapes. Moscow, 112, 1988.
[2] B .A. Vakhrushev, Karst geomorphology and the notion of karst relief. Speleology

and karstology, 1, Simpheropol, 47–53, 2008.
[3] D. A. Kirtener, I. B. Uskov, Climatic Factors and the Thermal Mode in the Discov-

ered and Protected Soil. Leningrad, Gidrometizdat, 228, 1982.
[4] D. A. Timofeev, V. N. Dublyansky, T. Z. Kiknadze, Karst Terminology. Moscow,

Science, 260, 1991.
[5] V. N. Koronovsky, A. F. Iakushova, Fundamentals of Geology. Moscow, the Higher

school, 416, 1991.
[6] A. M. Binnie, D. P. Harris, The application of Bonndary-Layer theory to swirling

liquid flow through a nozzle. Quart. J. Mech. and Applied Math. 3 (1950), 89–106.
[7] G. Shlikhting, Theory of an Interface. Moscow, Science, 711, 1974.
[8] L. G. Loytsyansky, Mechanics of Liquid and Gas. Moscow, Science, 847, 1973.
[9] V. Kirtskhalia, Z. Kereselidze, N. Dzhondzholadze, M. Chkitunidze, An analytical

model of an asymmetrical temperature field in the polar and auroral ionosphere.
Georgian International J. of Sci. and Tech. 4 (2012), 381–390.

[10] A. E. Korenchenko, V. P. Beskachko, Definition of the module to shifts of water in
experiments with a floating disk. Applied Mech. Technical Phys. 49 (2008), no. 1,
100–103.



ÁÀÈÖÌÉ –ÈÁÉËÉÓÉ, 3–8 ÓÄØÔÄÌÁÄÒÉ, 2018 ÌÏÍÀßÉËÄÈÀ ÌÏáÓÄÍÄÁÄÁÉÓ ÈÄÆÉÓÄÁÉ 149

A Focal Line in the Improper Hyperplane
Razhden Khaburdzania

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

A two-dimensional surface is considered in the four-dimensional extended affine space.
A moving frame is attached to the surface mentioned above, according to a certain rule.
When we choose a conjugated net on the normal of Voss for the net under the certain
condition. So the line described by one of the points represents a focal line that may be
either an oval line or a real pair of straight lines.

On the Non-Smooth Solitonic Solutions of the
Non-linear Schrödinger Equation

Nino Khatiashvili
Iv. Javakhishvili Tbilisi State University, Tbilisi, Georgia

email: ninakhatia@gmail.com

The nonlinear Scrödinger equation describes wide range of physical phenomena [1–5].
In the Euclidian space R3 we consider the cubic nonlinear Scrödinger equation (cNLS)

∆r + λ0r
3 − A0r = 0, (1)

where r is unknown function, λ0 and A0 are some parameters, A0 > 0. r is the modulus
of the wave function Ψ

Ψ = reiA0t+iA1 ,

where t is a time, i2 = −1 and A1 is a definite number.
By using previous results of the author [5] we have obtained the approximate non-

smooth solitonic solutions of the equation (1)

r = R sin {exp[−α|x| − β|y| − γ|z| −D]}+
m∑
k=1

Rk exp[−αk|x| − βk|y| − γk|z| −Dk], (2)

where α, β, γ, αk, βk, γk, Rk, Dk, R, D, k = 1, 2, . . . ,m, are some parameters satisfying
the conditions

α2 + β2 + γ2 = α2
k + β2

k + γ2k = A0; α, β, γ, αk, βk, γk > 0,
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λ0R
2 = 4A0/3; R, A0 > 0; Dk ≥ 3D; D > 0,

m is an arbitrary natural number and the constant D is chosen for the desired accuracy
in such a way, that e−5D is negligible.

The function given by the formula (2) vanishes at infinity exponentially and is the
approximate solution of the equation (1) with the accuracy A0 exp (−5D)/2.

The graph of (2) is constructed for the different parameters.
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Composing a Syllabus on
Finance Mathematics for Different Faculties

Aben Khvoles
Department of Economics, Bar Ilan University, Ramat Gan, Israel

email: abenkh@gmail.com

In the talk I shall give some possibilities of composing the syllabuses on finance math-
ematics for different faculties
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On Cofinitely e-Supplemented Modules
Berna Koşar, Celil Nebiyev

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

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

In this work, some properties of cofinitely e-supplemented modules are investigated.
All rings are associative with identity and all modules are unital left modules in this work.
Proposition 1. Let M be a finitely generated R-module. Then M is e-supplemented if
and only if M is cofinitely e-supplemented.
Lemma. Let M be an R-module, U be a cofinite essential submodule of M and M1 ≤M .
If M1 is cofinitely e-supplemented and U +M1 has a supplement in M , then U has a
supplement in M .
Corollary. Let U be a cofinite essential submodule of M and Mi ≤M for i = 1, 2, . . . , n.
If Mi is cofinitely e-supplemented for i = 1, 2, . . . , n and U +M1 +M2 + · · · +Mn has a
supplement in M , then U has a supplement in M .
Proposition 2. Let M be a cofinitely e-supplemented module. Then every M-generated
R-module is cofinitely e-supplemented.

Keywords: cofinite submodules, essential submodules, small submodules, supple-
mented modules.
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ÉÍ×ÏÒÌÀÔÉÊÉÓ ×ÀÊÖËÔÄÔÆÄ ÌÀÈÄÌÀÔÉÊÉÓ ÓßÀÅËÄÁÉÓ
ÆÏÂÉÄÒÈÉ ÈÀÅÉÓÄÁÖÒÄÁÉÓ ÛÄÓÀáÄÁ

ØÄÈÄÅÀÍ ÊÖÈáÀÛÅÉËÉ

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

ÄË. ×ÏÓÔÉÓ ÌÉÓÀÌÀÒÈÉ: kkutkhashvili@yahoo.com

ÃÙÄÓÃÙÄÏÁÉÈ ÒÀÉÌÄ ÃÀÒÂÉÓ ÂÀÍÅÉÈÀÒÄÁÀ ÊÏÌÐÉÖÔÄÒÉÓ ÂÀÒÄÛÄ ßÀÒÌÏÖÃÂÄÍÄËÉÀ. ÊÏÌ-
ÐÉÖÔÄÒÖËÉ ÔÄØÍÏËÏÂÉÄÁÉ ÌÈÄË ÌÓÏ×ËÉÏÛÉ ÓÖË Ö×ÒÏ ÓßÒÀ×ÀÃ ÅÉÈÀÒÃÄÁÀ ÃÀ,
ÛÄÓÀÁÀÌÉÓÀÃ, ÉÆÒÃÄÁÀ ÌÏÈáÏÅÍÀ ÉÍ×ÏÒÌÀÔÉÊÉÓ ÓáÅÀÃÀÓáÅÀ ÌÉÌÀÒÈÖËÄÁÉÓ ÓÐÄÝÉÀËÉÓ-
ÔÄÁÆÄ. ÓßÏÒÄÃ ÀÌÉÓ ÂÀÌÏ, ÌÀÙÀËÊÅÀËÉ×ÉÝÉÖÒÉ ÓÐÄÝÉÀËÉÓÔÄÁÉÓ ÀÙÆÒÃÀ ØÅÄÚÍÄÁÉÓÈÅÉÓ
ÌÍÉÛÅÍÄËÏÅÀÍÉ ÓÀÊÉÈáÉÀ. ÖÍÉÅÄÒÓÉÔÄÔÄÁÉÓ ßÉÍÀÛÄ ÊÉ ÃÂÀÓ ÂÀÍÀÈËÄÁÉÓ ÀÌÀÙËÄÁÉÓ ÓÀ-
ÊÉÈáÉ ÓßÏÒÄÃ ÀÌ ÌÉÌÀÒÈÖËÄÁÄÁÉÈ. ÈÀÍÀÌÄÃÒÏÅÄ ÂÀÍÀÈËÄÁÀ ÌÊÀ×ÉÏÃ ÜÀÌÏÚÀËÉÁÄÁÖË
ÌÉÆÍÄÁÓ ÃÀ ÐÒÏ×ÄÓÉÀÆÄ ÌÏÒÂÄÁÖË ÓßÀÅËÄÁÀÓ ÌÏÉÈáÏÅÓ.

ÌÄÏÒÄÓ ÌáÒÉÅ, ÉÍ×ÏÒÌÀÔÉÊÀ ÃÉÓÝÉÐËÉÍÀÈÛÏÒÉÓÉ ÁÖÍÄÁÉÈ áÀÓÉÀÈÃÄÁÀ. ÂÀÍÓÀÊÖÈ-
ÒÄÁÉÈ ÌÍÉÛÅÍÄËÏÅÀÍÉÀ ÌÉÓÉ ÊÀÅÛÉÒÉ ÌÀÈÄÌÀÔÉÊÀÓÈÀÍ, ÒÀÝ ÞÉÒÉÈÀÃÀÃ, ÌÏÅËÄÍÀÈÀ
ÀÁÓÔÒÀÂÉÒÄÁÀÓÀ ÃÀ ÓÉÌÁÏËÖÒ ÀÓÀáÅÀÛÉ ÂÀÌÏÉáÀÔÄÁÀ. ÀÌÉÓ ÃÀ ÊÉÃÄÅ ÌÒÀÅÀËÉ ÌÉÆÄÆÉÓ
ÂÀÌÏ ÌÀÈÄÌÀÔÉÊÉÓ ÂÀÒÊÅÄÖËÉ ÓÀÂÍÄÁÉÓ ÝÏÃÍÉÓ ÂÀÒÄÛÄ ÉÍ×ÏÒÌÀÔÉÊÏÓÉÓ ÀÙÆÒÃÀ ßÀÒÌÏ-
ÖÃÂÄÍÄËÉÀ.

ÌÀÈÄÌÀÔÉÊÀ ÉÍ×ÏÒÌÀÔÉÊÉÓ ÓÐÄÝÉÀËÏÁÉÓÀÈÅÉÓ ÄÒÈ-ÄÒÈÉ ÌÈÀÅÀÒÉ ÓÀÂÀÍÉÀ, ÒÏÌÄËÆÄÝ
ÛÄÌÃÄÂ ÓÐÄÝÉÀËÏÁÉÓ ÖÀÌÒÀÅÉ ÓÀÂÀÍÉÀ ÃÀÛÄÍÄÁÖËÉ. ÀÌÉÓ ÂÀÌÏ, ÌÀÈÄÌÀÔÉÊÖÒÉ ÓÀÂÍÄÁÉÓ
ÂÀÅËÀ ÓÔÖÃÄÍÔÄÁÓ ÓßÀÅËÄÁÉÓ ÐÉÒÅÄËÉÅÄ ÓÀ×ÄáÖÒÆÄ ÖßÄÅÈ ÃÀ áÛÉÒÀÃ ÌÀÈÄÌÀÔÉÊÉÓ
ÓßÀÅËÄÁÉÓ ÓÀàÉÒÏÄÁÀ ÌÀÈÈÅÉÓ ÂÀÖÂÄÁÀÒÉÀ, ÒÈÖËÉÀ ÃÀ ÌÏÓÀßÚÄÍÉÀ. ÓßÏÒÄÃ ÀÌÉÔÏÌ,
ÛÄÌÏÈÀÅÀÆÄÁÖËÉ ÉØÍÄÁÀ ÆÏÂÉÄÒÈÉ ÌÏÓÀÆÒÄÁÀ ÉÍ×ÏÒÌÀÔÉÊÉÓ ×ÀÊÖËÔÄÔÄÁÆÄ ÌÀÈÄÌÀÔÉÊÖÒÉ
ÓÀÂÍÄÁÉÓ ÓßÀÅËÄÁÉÓ ÛÄÓÀáÄÁ. ÌÀÂÀËÉÈÀÃ, ÒÏÂÏÒÉÝÀÀ ÂÀÌÏÚÄÍÄÁÉÈÉ áÀÓÉÀÈÉÓ ÌÀÈÄÌÀ-
ÔÉÊÖÒÉ ÀÌÏÝÀÍÄÁÉÓ ÀÌÏáÓÍÀ ÊÏÌÐÉÖÔÄÒÉÓ ÂÀÌÏÚÄÍÄÁÉÈ. ÌÀÈÄÌÀÔÉÊÖÒÉ ÀÌÏÝÀÍÄÁÉÓ ÃÀÐ-
ÒÏÂÒÀÌÄÁÀ ÂÀÝÉËÄÁÉÈ ÂÀÆÒÃÉÓ ÌÏÔÉÅÀÝÉÀÓ. ÊÏÌÐÉÖÔÄÒÖËÉ ÐÒÏÂÒÀÌÄÁÉÓ ÂÀÌÏÚÄÍÄÁÉÈ
ÉÓÄÈÉ ×ÖÍÃÀÌÄÍÔÖÒÉ ÌÀÈÄÌÀÔÉÊÖÒÉ ÓÀÊÉÈáÄÁÉÓ ÓßÀÅËÄÁÀ, ÒÏÂÏÒÉÝÀÀ ×ÖÍØÝÉÀ, ÌÒÀÅÀËÉ
ÝÅËÀÃÉÓ ×ÖÍØÝÉÀ, ÆÙÅÀÒÉ, ßÀÒÌÏÄÁÖËÉ ÃÀ ÓáÅÀ, ÂÀÝÉËÄÁÉÈ ÀÌÀÒÔÉÅÄÁÓ ÓÀÊÉÈáÉÓ ÀÈ-
ÅÉÓÄÁÀÓ ÃÀ áÃÉÓ ÌÀÓ Ö×ÒÏ ÓÀÉÍÔÄÒÄÓÏÓ.

ÂÀÒÃÀ ÀÌÉÓÀ, ÌÍÉÛÅÍÄËÏÅÀÍÉÀ ÓÔÖÃÄÍÔÌÀ ÃÀÉÍÀáÏÓ ÌÀÈÄÌÀÔÉÊÉÓ ÊÀÅÛÉÒÉ ÃÀÐÒÏÂÒÀ-
ÌÄÁÀÓÈÀÍ. ÀÌÀÓÈÀÍ ÃÀÊÀÅÛÉÒÄÁÉÈ, ÓÀàÉÒÏÀ ÉÓÄÈÉ ÌÀÂÀËÉÈÄÁÉÓ ÂÀÍáÉËÅÀ ÌÀÈÄÌÀÔÉÊÀÛÉ,
ÒÏÌÄËÉÝ ÒÀÉÌÄ ÐÒÏÝÄÓÓ ÀÙßÄÒÓ ÓáÅÀÃÀÓáÅÀ Ó×ÄÒÏÛÉ, ÀÍÖ ÌÀÒÔÉÅÉ ÌÀÈÄÌÀÔÉÊÖÒÉ
ÌÏÃÄËÄÁÉÓ ÛÄØÌÍÀ ÃÀ ÌÀÈÉ ÊÏÌÐÉÖÔÄÒÖËÉ ÒÄÀËÉÆÀÝÉÀ. ÓÔÖÃÄÍÔÄÁÉÓÈÅÉÓ ÍÀÈËÀÃ
ßÀÒÌÏÜÄÍÀ, ÈÖ ÀÌ ÌÏÃÄËÄÁÛÉ ÒÀ ÒÏËÓ ÈÀÌÀÛÏÁÓ ×ÖÍØÝÉÀ ÃÀ ÒÏÂÏÒ ÂÀÌÏÉÚÖÒÄÁÀ
ÉÓ ÃÀÐÒÏÂÒÀÌÄÁÀÛÉ. ÃÀÐÒÏÂÒÀÌÄÁÉÓ ÊÖÈáÉÈ ÉÓÄÈÉ ÌÀÈÄÌÀÔÉÊÖÒÉ ÝÍÄÁÄÁÉÓ ÂÀÍáÉËÅÀ,
ÒÏÂÏÒÉÝÀÀ ÒÈÖËÉ ×ÖÍØÝÉÀ, ÒÄÊÖÒÓÉÀ, ÌÉÌÃÄÅÒÏÁÄÁÉ, ÅÄØÔÏÒÄÁÉ, ÌÀÔÒÉÝÄÁÉ, ÏÐÔÉÌÉ-
ÆÀÝÉÉÓ ÓÀÊÉÈáÄÁÉ ÌÒÀÅÀËÂÀÍÆÏÌÉËÄÁÉÀÍ ÓÉÅÒÝÄÄÁÛÉ ÃÀ ÓáÅÀ. ÒÀ ÐÒÏÁËÄÌÄÁÉ ÛÄÉÞËÄÁÀ
ÂÀÌÏÉßÅÉÏÓ ÐÒÏÂÒÀÌÉÒÄÁÀÛÉ ×ÖÍØÝÉÉÓ ÈÅÉÓÄÁÄÁÉÓ ÀÒÝÏÃÍÀÌ, ÒÏÂÏÒÉÝÀÀ ÌÀÂÀËÉÈÀÃ,
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×ÖÍØÝÉÉÓ ÖßÚÅÄÔÏÁÀ, ÌÉÌÃÄÅÒÏÁÉÓ ÊÒÄÁÀÃÏÁÀ ÃÀ ÌÒÀÅÀËÉ ÌÓÂÀÅÓÉ ÓÀÊÉÈáÉÓ ÂÀÍáÉËÅÀ
áÄËÓ ÛÄÖßÚÏÁÓ ÀÒÀ ÌÀÒÔÏ ×ÖÍÃÀÌÄÍÔÖÒÉ ÓÀÊÉÈáÄÁÉÓ ÛÄÓßÀÅËÀÓ, ÀÒÀÌÄÃ ÂÀÆÒÃÉÓ
ÓÔÖÃÄÍÔÉÓ ÌÏÔÉÅÀÝÉÀÓ.

The Constructed by Chain Depend Observations
of Kernel Comparative Precision of the Density

by L1 Metrics
Zurab Kvatadze

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

Due the selection of chain depend elements is constructed the Rosenblatt–Parzen type
kernel density estimation. In the certain conditions are determined the precision of esti-
mation with L1 metrics. Is considered the example for specific kernel function case.
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Charge Distribution and Currents in Nuclei
Alexander Kvinikhidze

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

email: sasha-kvinikhidze@hotmail.com

RGEs for currents describing interaction of a two nucleon system with external probes
are derived. The nonrelativistic pionless EFT is studied on the basis of these equations.
To this end a non-trivial fixed point solution for the interaction current is identified. The
linear equation for the perturbations near this fixed point current is derived and solved.

The Radii of Starlikeness of Some Integral Operators
Hümeyra Latife Laçin, Erhan Deniz, Sercan Kazımoǧlu

Department of Mathematics, Faculty of Science and Letters, Kafkas University
Campus, Kars-Turkey

email: latife.lacin3@gmail.com; edeniz36@gmail.com; sercan36@kafkas.edu.tr

The object of the present paper is to study of radius of starlikeness two certain integral
operators as follows

F (z) :=

z∫
0

n∏
i=1

(f ′
i(t))

γi dt

where γi ∈ C, fi (1 ≤ i ≤ n) belong to the certain subclass of analytic functions.
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Exponential Snooding Techniques in
Exchange Rate Forecasting

Givi Lemonjava
University of Georgia, Tbilisi, Georgia

email: Givi−lemonjava@yahoo.com

This paper aims to investigate the behavior of daily exchange rate of the US Dol-
lar/Georgian Lari and US Dollar/ERO. We make use of daily data to evaluate the pa-
rameters of each model and produce volatility estimates. Exchange rates forecasting
challenging task in finance and for this task we will use statistical smoothing techniques
and the forecasting ability of these methods are subsequently assessed using the symmet-
ric loss functions which are the Mean Absolute Error(MAE) and Root Mean Square Error
(RMSE).
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Matrix Wiener–Hopf Problems Related
to Propagation of Cracks in Elastic Structures

Pavlos Livasov, Gennady Mishuris
Department of Mathematics, Institute of Mathematics, Physics and Computer Science,

Aberystwyth University, Aberystwyth, UK
email: pal19@aber.ac.uk

In many problems of mechanics, especially fracture mechanics, the presence of mixed
boundary conditions allows to apply integral transforms which lead to Wiener-Hopf prob-
lem [1]. This applies to both static problems within a continuous model [2] and dynamic
problems, especially when it comes to steady-state regime. In addition, this technique is
also effective in the case of discrete problems [3,4], which concern both lattice structures
composed of masses and connecting springs [5] and structures made of masses and beams
[6]. Wiener-Hopf technique allows us to determine the basic properties of the solution and
to identify important physical applications relating to the nature of crack propagation or
phase transitions [7]. On the other hand, in the case when there is a significant process
zone in the vicinity of the crack tip, the application of this method is much more compli-
cated. Sometimes it can be done by reducing to a matrix Wiener-Hopf problem [8]. In
the present paper some of these problems are considered. Some numerical examples are
presented and discussed.

References
[1] D. Abrahams, On the application of the Wiener-Hopf technique to problems in

dynamic elasticity. Wave Motion 36 (2002), no. 4, 311–333.
[2] A. Piccolroaz, G. Mishuris, A. B. Movchan, Symmetric and skew-symmetric weight

functions in 2D perturbation models for semi-infinite interfacial cracks. J. Mech.
Phys. Solids 57 (2009), no. 9, 1657–1682.

[3] L. I. Slepyan, Models and Phenomena in Fracture Mechanics. Foundations of En-
gineering Mechanics. Springer-Verlag, Berlin, 2002.

[4] G. S. Mishuris, L. I. Slepyan, Brittle fracture in a periodic structure with internal
potential energy. Proc. R. Soc. Lond. Ser. A Math. Phys. Eng. Sci. 470 (2014),
no. 2165, 20130821, 25 pp.

[5] G. S. Mishuris, A. B. Movchan, L. I. Slepyan, Dynamical extraction of a single chain
from a discrete lattice. J. Mech. Phys. Solids 56 (2008), no. 2, 487–495.

[6] M. Nieves, G. Mishuris, L. I. Slepyan, Analysis of dynamic damage propagation in
discrete beam structures. International Journal of Solids and Structures 97 (2016),
699–713.



ÁÀÈÖÌÉ –ÈÁÉËÉÓÉ, 3–8 ÓÄØÔÄÌÁÄÒÉ, 2018 ÌÏÍÀßÉËÄÈÀ ÌÏáÓÄÍÄÁÄÁÉÓ ÈÄÆÉÓÄÁÉ 157

[7] L. I. Slepyan, M. Ayzenberg-Stepanenko, G. Mishuris, Forerunning mode transition
in a continuous waveguide. J. Mech. Phys. Solids 78 (2015), 32–45.

[8] A. V. Kisil, An iterative Wiener-Hopf method for triangular matrix functions with
exponential factors. SIAM J. Appl. Math. 78 (2018), no. 1, 45–62.

On Some Controlled Multi-channel Queueing Models
Hanna Livinska

Applied Statistics Department, Faculty of Computer Sciences and Cybernetics,
Taras Shevchenko National University of Kyiv, Ukraine

email: Hanna.Livinska@univ.kiev.ua

Recent years, queueing theory has acquired new practical importance as a primary
tool for studying, designing and optimizing real-world systems with interacting compo-
nents for which queueing models (systems and networks) provide a simple but extremely
useful representation. The role of the networks is constantly increasing in epidemiology,
genetics, economics, in the study of cellular communication networks, computer viruses,
computer support. Queueing models are successfully used at all levels of organization of
such network structures.

The main model we consider is a queueing network consisting of r service nodes. Each
node is a queueing system and it consists of an infinite number of servers. Therefore, if
a customer arrives at such a system, then it begins processing immediately. Input flow
arriving at the network is controlled by a Markov process. We define a service process
in the network as an r-dimensional stochastic process Q(t) = (Q1(t), . . . , Qr(t))

′, t ≥ 0,
where Qi(t), i = 1, 2, . . . , r, is the number of customers at the i-th node at instant t.

We study such a network in two cases. Firstly, we consider one-dimensional case, where
the network has the only service node. It is assumed that the instants of customers’ arrivals
to the system are the same as jump instants of a homogeneous continuous-time Markov
chain with a finite set of states. A customer arrived to the system immediately begins to
be served anywhere on a free server. The service time is distributed exponentially. In this
case generating function of the stationary distribution for the process Q(t) is obtained.
The form of the generating function is a matrix version of the Takacs formula.

Further, the network with r > 1 service nodes is studied. A common input flow
of customers arrives at servicing nodes. This flow is controlled by a Markov chain η(t)
according to the following algorithm. As before, the instants of customers arrivals are the
same as jump instants tn, n = 1, 2, . . . , of the chain η(t). If the chain η(t) jumps into state
i at the instant tn, the customer numbered n arrives for service into the ith node. Note,
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that the number of states for controlling Markov chain η(t) coincides with the number of
network nodes. At the node the customer occupies a free server for the time distributed
exponentially with parameter µi. After service in the ith node the customer is transferred
to the jth node with probability pij, j = 1, 2, . . . , r, or leaves the network with probability
pir+1 = 1−

r∑
j=1

pij. For a multivariate service process the condition of a stationary regime

existence and a correlation matrix are found.
Finally, the stochastic network with controlled input flow is considered in heavy traffic.

It is proved, that under certain heavy traffic conditions on the network parameters, the
service process converges in the uniform topology to a Gaussian process. Correlation
characteristics of the limit process are written via the network parameters.

Methodology of Teaching Geometric Construction
Tasks in Secondary School

Giorgi Lominashvili
Department of Mathematics, Akaki Tsereteli State University

Kutaisi, Georgia
email: Lominashvili1971@yahoo.com

It should be noted that geometric construction tasks are very narrow in secondary
school. The process of solving geometric construction tasks is accompanied by a logical
reasoning that is necessary for mathematical education. Therefore, it must take a proper
place in mathematics. The report presents the methodological treatment of these issues.

On the Absolute Continuity for Random Measures
under Nonlinear Transformations

G. Lominashvil, A. Tkeshelashvili
Department of Mathematics, Akaki Tsereteli State University

Kutaisi, Georgia
email: lominashvili1971@yahoo.com; aleko611@mail.ru

Random measures and their nonlinear transformations are considered. The conditions
of absolute continuity for this measures are obtained in case of nonlinear and random
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transformation of a space. There is given explicit formula for Radon–Nikodym derivative.
The notion of measurable functional is used and the logarithmic derivative technique of
measures is developed.

Analysis of the Consumer’s Choice under
Risk Condition Using Utility Function

Dali Magrakvelidze
Department of Computational Mathematics, Georgian Technical University

Tbilisi, Georgia
email: dali.magraqvelidze@gmail.com

Utility function, In case of choice under risk conditions, can be represented as a func-
tion of not only consumption level, but of probabilities as well. Denote c1, c2, and c3 to be
consumption for different conditions, and π1, π2, and π3 to be probability of appearing of
these three different conditions. If those probabilities independence condition is satisfied
the utility function should obtain the following form:

U(c1, c2, c3) = π1u(c1) + π2u(c2) + π3u(c3).

This is the function that we call expected utility function. The substitutions marginal
norm of the first and the second goods has the following form:

MRS12 =
∆U(c1, c2, c3)/∆c1
∆U(c1, c2, c3)/∆c2

=
π1∆u(c1)/∆c1
π2∆u(c2)/∆c2

.

MRS depends only on the first and second goods amount that we have and is independent
of the third goods amount.

The Consumer’s optimal choice of insurance will be determined under condition, that
MRS of consumption of two expected values is equal to the ratio of the prices of corre-
sponding consumptions:

MRS = − π∆u(c2)/∆c2
(1− π)∆u(c1)/∆c1

= − γ

1− γ
. (1)

The expected value of insurance is exactly equal to the insurance price when insurance
company does not get profit or loss the. Thus, P = γK − πK = 0. This means that
γ = π.
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If we plug this value in Equation (1) and divide by π we will obtain condition that
should satisfy optimal amount of insurance:

∆u(c1)

∆c1
=

∆u(c2)

∆c2
. (2)

Optimal amount of investment is defined with the condition that derivative with x of
expected utility should be equal to zero. This will be global maximum because the second
derivation of utility is automatically negative due to it’s curvature.

If equation EU ′(x) = πu′(w + xrg)rg + (1 − π)u′(w + xrb)rb is equal to zero we will
obtain:

EU ′(x) = πu′(w + xrg)rg + (1− π)u′(w + xrb)rb = 0.

This equation defines the optimal choice of x for a given consumer.
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Necessary and Sufficient Conditions for
Weighted Boundedness of Integral Transforms

Defined on Product Spaces in Generalized Grand
Lebesgue Spaces

Dali Makharadze1, Tsira Tsanava2

1Department of Mathematics, Batumi Shota Rustaveli State University, Batumi, Georgia
email: dali.makharadze@bsu.edu.ge

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

Our talk deals with one-weighted boundedness criteria for the integral transforms
generated by the strong maximal functions, multiple conjugate functions and Hilbert
transforms in grand Lebesgue spaces with respect to measurable functions. We character-
ize both the weak and strong type weighted inequalities. Both cases of weighted spaces
differing by position of the weight function in the norms are explored.
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The Expansion Formula for
Sturm–Liouville Equations with Spectral Parameter
Nonlinearly Contained in the Boundary Condition

Khanlar R. Mamedov, Hamza Menken, Volkan Ala
Mathematics Department, Science and Letter Faculty, Mersin University, Mersin, Turkey

email: hanlar@mersin.edu.tr; hmenken@mersin.edu.tr; volkanala@mersin.edu.tr

Differential equations with nonlinear dependence on the spectral parameter arise in
various problems of mathematics as well as in applications [1, 6]. Some aspects for bound-
ary value problems in various formulations have been considered in [3, 4].

In this work, operator theoretic formulation is given for the boundary value problem,
resolvent operator is constructed and expansion formula was obtained by using Titch-
marsh’s [5] method.

The singular Sturm–Liouville problem with spectral parameter in the boundary con-
dition arise from applied problems such as the study of heat equation by [1, 2]. Spectral
analysis involving linear dendence on the eigenvalue in the boundary condition was studied
in [2].
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On Linear Stochastic Differential Equations
in a Banach Space

Badri Mamporia
Muskhelishvili Institute of Computational Mathematics of the

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

Linear stochastic differential equation in an arbitrary separable Banach space is con-
sidered.The corresponding linear stochastic differential equation for generalized random
processes is constructed and is produced its solution as a generalized process Ito.It is found
the conditions under which the received generalized random process is the Ito process in a
Banach space; in such a way it is received the solution of the considered linear stochastic
differential equation.
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ÓÀÃÏØÔÏÒÏ ÈÄÌÀ - „ØÀÒÈÖËÉ àÊÅÉÀÍÉ ÊÏÒÐÖÓÉÓ
ÀáÀËÉ ÂÀÍÌÀÅÉÈÀÒÄÁÄËÉ ÉÍÓÔÒÖÌÄÍÔÄÁÉÓÀ ÃÀ

ÌÄÈÏÃÄÁÉÓ ÛÄÌÖÛÀÅÄÁÀ ÃÀ ÀÒÓÄÁÖËÈÀ
ÂÀÖÌãÏÁÄÓÄÁÀ“ - ÌÉÆÍÄÁÉÓ, ÀÌÏÝÀÍÄÁÉÓ, ÌÄÈÏÃÄÁÉÓÀ

ÃÀ ÛÄÃÄÂÄÁÉÓ ÌÏÊËÄ ÌÉÌÏáÉËÅÀ
ÛÀËÅÀ ÌÀËÉÞÄ, ÊÏÍÓÔÀÍÔÉÍÄ ×áÀÊÀÞÄ

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

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

2016 ßËÉÃÀÍ ÓÔÖ „ÉÍ×ÏÒÌÀÔÉÊÉÓ“ ÓÀÃÏØÔÏÒÏ ÐÒÏÂÒÀÌÉÓ ×ÀÒÂËÄÁÛÉ ÀÌÏØÌÄÃÃÀ
ÓÀÃÏØÔÏÒÏ ÊÅËÄÅÀ „ØÀÒÈÖËÉ àÊÅÉÀÍÉ ÊÏÒÐÖÓÉÓ ÀáÀËÉ ÂÀÍÌÀÅÉÈÀÒÄÁÄËÉ ÉÍÓÔÒÖÌÄÍ-
ÔÄÁÉÓÀ ÃÀ ÌÄÈÏÃÄÁÉÓ ÛÄÌÖÛÀÅÄÁÀ ÃÀ ÀÒÓÄÁÖËÈÀ ÂÀÖÌãÏÁÄÓÄÁÀ“ [1-2] (ÃÏØÔÏÒÀÍÔÉ -
Û. ÌÀËÉÞÄ, áÄËÌÞÙÅÀÍÄËÉ - ÓÔÖ ØÀÒÈÖËÉ ÄÍÉÓ ÔÄØÍÏËÏÂÉÆÄÁÉÓ ÝÄÍÔÒÉÓ ÃÉÒÄØÔÏÒÉ
ÐÒÏ×. Ê. ×áÀÊÀÞÄ). ÄÓ ÊÅËÄÅÀ, ÄÒÈÉ ÌáÒÉÅ, ÄÚÒÃÍÏÁÀ ØÀÒÈÖËÉ ÄÍÉÓ ÔÄØÍÏËÏÂÉÆÄÁÉÓ
ÝÄÍÔÒÉÓ ÂÒÞÄËÅÀÃÉÀÍÉ ÐÒÏÄØÔÉÓ „ØÀÒÈÖËÉ ÄÍÉÓ ÔÄØÍÏËÏÂÉÖÒÉ ÀÍÁÀÍÉ“ [3] ØÅÄÐÒÏ-
ÄØÔÉÓ „ÊÉÃÄÅ ÄÒÈÉ ÍÀÁÉãÉ ÌÏÓÀÖÁÒÄ ØÀÒÈÖËÉ ÈÅÉÈÂÀÍÅÉÈÀÒÄÁÀÃÉ ÉÍÔÄËÄØÔÖÀËÖÒÉ
ÊÏÒÐÖÓÉÓÀÊÄÍ“ ×ÀÒÂËÄÁÛÉ ×áÀÊÀÞÉÓ ØÀÒÈÖËÉ ÄÍÉÓ ËÏÂÉÊÖÒ ÂÒÀÌÀÔÉÊÀÆÄ ÃÀÚÒÃÍÏÁÉÈ
ÛÄÌÖÛÀÅÄÁÖË ØÀÒÈÖËÉ àÊÅÉÀÍÉ ÊÏÒÐÖÓÉÓ ÓÀÝÃÄË ÅÄÒÓÉÀÓ [4], ÌÄÏÒÄ ÌáÒÉÅ ÊÉ, ÌÉÓÉ
ÌÉÆÀÍÉÀ ÀÌ ÖÊÅÄ ÀÒÓÄÁÖËÉ àÊÅÉÀÍÉ ÊÏÒÐÖÓÉÓ ÂÀ×ÀÒÈÏÄÁÉÈ ØÀÒÈÖËÉ ÖÍÉÅÄÒÓÀËÖÒÉ
àÊÅÉÀÍÉ ÊÏÒÐÖÓÉÓ ÀÂÄÁÀ, ÒÀÝ ÂÀÓÀÂÄÁÓ áÃÉÓ ÌÉÓ ÌàÉÃÒÏ ÊÀÅÛÉÒÓ ÂÒÞÄËÅÀÃÉÀÍÉ
ÐÒÏÄØÔÉÈ „ØÀÒÈÖËÉ ÄÍÉÓ ÔÄØÍÏËÏÂÉÖÒÉ ÀÍÁÀÍÉ“ ÓÔÖ-ÛÉ 2012 ßËÉÃÀÍ ØÀÒÈÖËÉ
ÃÀ 2015 ßËÉÃÀÍ À×áÀÆÖÒÉ ÄÍÄÁÉÓ ÃÀÝÅÉÓ ÌÉÆÍÉÈ ÌÉÌÃÉÍÀÒÄ ÊÅËÄÅÄÁÈÀÍ [4].

ÀÌÂÅÀÒÀÃ, ÌÏáÓÄÍÄÁÉÓÀÓ ÌÉÌÏÅÉáÉËÀÅÈ ÓÀÃÏØÔÏÒÏ ÊÅËÄÅÉÓ ÌÉÆÍÄÁÓ, ÀÌÏÝÀÍÄÁÓ,
ÌÄÈÏÃÄÁÓÀ ÃÀ ÛÄÃÄÂÄÁÓ, ÌÀÈ ÛÏÒÉÓ ÉÁÄÒÉÖË-ÊÀÅÀÓÉÖÒÉ ÄÍÄÁÉÓ (ÄÓÄÍÉÀ: À×áÀÆÖÒÉ,
ÚÀÁÀÒÃÏÖËÉ, ÜÄÜÍÖÒÉ, ËÄÊÖÒÉ, ÌÄÂÒÖËÉ) ÖÊÅÄ ÀÂÄÁÖË ÈÅÉÈÂÀÍÅÉÈÀÒÄÁÀÃ ÊÏÒÐÖÓÄÁÓ.
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On Kunneth’s Correlation and it’s Applications
Leonard Mdzinarishvili

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

Let K be an abelian category and has enough injective objects, T : K → A be an any
left exact covariant additive functor to an abelian category A and T (i) be right derived
functors, i > 1. If T (i) = 0 for i > 1 and T (i)Cn = 0 for all n ∈ Z, then there is an exact
sequence

0→ T (1)Hn+1(C∗)→ Hn(TC∗)→ THn(C∗)→ 0,

where C∗ is a chain complex in the category K, Hn(C∗) is the homology of the chain
complex C∗, TC∗ is a chain complex in the category A, Hn(TC∗) is the homology of the
chain complex TC∗. This exact sequence is the well-known Kunneth’s correlation.

In the present work the conditions are found under which the infinite exact sequence

· · · → T (2i+1)Hn+i+1 → · · · → T (3)Hn+2 → T (1)Hn+1 → Hn(TC∗)→
→ THn(C∗)→ T (2)Hn+1 → T (4)Hn+2 → · · · → T (2i)Hn+i → . . .

holds.
The formula makes it possible to generalize Milnor’s formula for the cohomologies of an

arbitrary complex, to relate the Kolmogorov and Sklyrenko homology to the Alexandrov–
Čech homology, to generalize result of W. Massy for a locally compact Housdorff space
and the direct system {U} of an open subsets U of X such that U is a compact subset
of X.
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Teaching Mathematics with Generalization
Ia Mebonia

Department of Exact Sciences, Newton’s Free School, Tbilisi, Georgia
email: iamebonia@gmail.com

Methodology of teaching, in particular, the teaching of mathematics is a teacher’s
purposeful action to develop fitting competence in pupils and is only effective when it
meets students’ abilities and experiences, triggering their interest. Educational literature
divides teaching methodologies in two groups: methodologies that promote learning of a
specific material and methodologies that develop general/transferable skills. However, the
division is nominal, since most of the methodologies help pupils develop material specific
as well as general competencies. In order to use the teaching methods effectively, the
student must have the appropriate learning strategies. Among the learning strategies one
of the central partsis held by cognitive strategies that enable the learner to gain knowledge,
process, analyze, critically evaluate, store and use it on demand in different situations.
Cognitive strategies are studied by generalization, which is particularly effective during
mathematics. The author discusses the positive sides of the generalization strategy with
the generalization of trigonometric functions. In particular, the functions introduced using
the axiomatic method are reminiscent of trigonometric sin and cos functions, but differ
from them, for example, by determining the range and period values.By determining the
features of the new functions and comparing them with those of the known functions,
students gain abilities of researching, analyzing the retrieved information and critical
evaluation.
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Investigation of Loss Stability of the Ring under
the Action of Nonuniform External Pressure

Magomed Mekhtiyev, Laura Fatullayeva, Nina Fomina
Baku State University, Baku, Azerbaijan

email: mehtiev−magomed@mail.ru; laura−fat@rambler.ru; fomina1109@mail.ru

The purpose of this paper is a numerical analysis of the critical time for the loss of
stability of a multilayer linear viscoelastic ring composed of various materials and under
the action of an unevenly distributed external pressure of a given intensity. The search for
reserves and the saving of material with a simultaneous increase in the bearing capacity
of the structure is an actual and important problem of mechanics. When solving such a
class of problems, it is necessary to take into account the geometric nonlinearity.

The material object of the study is a ring of radius R and thickness 2h , and the study
is carried out in the polar coordinate system (z, φ) . We denote by v and w, respectively,
the displacement in the tangential direction and the deflection. The basis of the theory
of compressed multilayer rings proposed here is as follows:

a) in the process of deformation, the nonlinearity is taken into account both for the
deflection and for the tangential displacement (total nonlinearity);

b) neglecting the tangential displacement, we restrict ourselves to nonlinearity only of
the deflection (partial nonlinearity);

c) when v ≈ 0 is satisfied the inequality w/R≪ 1(simple non-linearity).
The considered ring is compressed by an unevenly distributed radial load, which varies

in magnitude and direction according to law

q = q0(1 + µ sin2 φ),

here the parameter µ > 0 u characterizes the non-hydrostatic nature of the compressible
pressure, and q0 is the control parameter of the loading.

Obtaining effective analytical solutions to the task is very difficult, and sometimes
impossible. This is due to the need to integrate nonlinear boundary value problems with
discontinuous coefficients. Therefore, to overcome the mathematical difficulties that arise,
the solution of the problem is carried out by means of a variational method of mixed type
in combination with the Rayleigh-Ritz method. The influence of the number of layers in
the packet and the parameter of the unevenness of the external pressure on the critical
buckling time are numerically revealed. Comparison of numerical results is performed in
cases of total nonlinearity, partial nonlinearity and simple nonlinearity.
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Lim Colim Versus Colim Lim
Sergey A. Melikhov

Steklov Mathematical Institute, Moscow, Russia
email: melikhov@mi.ras.ru

The use of lim1 (and in extreme cases also lim2, lim3, . . . ) provides a reasonable
description of any limiting behaviour in homology and cohomology for infinite polyhedra
and, on the other hand, for compact spaces. In contrast, homology and cohomology
(even ordinary) of non-triangulable non-compact spaces have been poorly understood
until recently, due to the lack of any clues on how direct limits (colim) interact with
inverse limits (lim). I will talk about a few first steps in this direction (some of them).
Story A. Here is a model situation in which lim and colim do not commute, but their
“commutator” can be computed in terms of lim1 and a new functor lim1

fg. There are
two well-known approximations of the Steenrod–Sitnikov homology of a Polish space
X: “Čech homology” qHn(x) and “Čech homology with compact supports” pHn(X).
The homomorphism pHn(X) → qHn(X), which is a special case of the natural map
colim lim → lim colim, need not be either injective (P. S. Alexandrov, 1947) or sur-
jective (E. F. Mishchenko, 1953), but it is still unknown whether it is surjective for
locally compact X. It turns out that for locally compact X, the dual map in cohomology
pHn(X)→ qHn(X) is surjective and we are able to compute its kernel. The original map
pHn(X)→ qHn(X) is surjective and its kernel is computed if X is a “compactohedron”,
i.e. contains a compactum whose complement is a polyhedron.
Story B. What happens if we permute colim with lim (or rather homotopy limit) in the
definitions of Steenrod–Sitnikov homology and Čech cohomology? This very natural ques-
tion has a well-known but very unnatural answer: the resulting “strong homology” and
“strong cohomology” cannot be computed in ZFC already for simplest non-compact non-
triangulable spaces (Mardešić–Prasolov, 1988). The reason being, already lim1 cannot
be computed in ZFC for certain very simple inverse systems with uncountable indexing
sets. We explain how to “correct” the functors limp for uncountable indexing sets so
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that the whole issue disappears. Namely, for a Polish space X the “corrected” strong
(co)homology, as expressed in terms of limp of qth (co)homology of open neighborhoods
of X in the Hilbert cube (resp. of compact subsets of X) via a Bousfield–Kan type spectral
sequence, turns out to be nothing but the usual Steenrod–Sitnikov homology (resp. Čech
cohomology). The correction of limp takes into account the topology of the indexing sets.
Story C. “Fine shape” of Polish spaces is a common correction of strong shape and
compactly generated strong shape (which differ from each other essentially by permuting
a lim with a colim), obtained by taking into account the topology on the indexing
sets. For compacta, fine shape coincides with strong shape, and in general, its definition
can be said to reconcile Borsuk’s and Fox’s approaches to shape. Both Steenrod–Sitnikov
homology and Čech cohomology are proved to be invariant under fine shape, which cannot
be said of any of the previously known shape theories of non-compact spaces. In fact,
for a (co)homology theory, fine shape invariance is a strong form of homotopy invariance
which implies the map excision axiom.

A Categorical Approach to Tilting Theory
Bachuki Mesablishvili

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

email: bachuki.mesablishvili@tsu.ge

Tilting modules play a prominent role in representation theory of finite dimensional
algebras. Tilting theory is mainly described as torsion theory in module categories. We
show that it can also be accessed through the (co)monad associated to the tilting module
and that some constructions related with “tilting” can be described at this level of gen-
erality. As an application we define and characterize tilting objects in the non additive
case
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×ÖÒÉÄÓ ãÄÒÀÃÉ ÔÒÉÂÏÍÏÌÄÔÒÉÖËÉ ÌßÊÒÉÅÄÁÉÓ
ÂÀÍÆÏÂÀÃÄÁÖËÉ ÀÁÓÏËÖÔÖÒÉ ÊÒÄÁÀÃÏÁÉÓ ÛÄÓÀáÄÁ

ÒÖÓÖÃÀÍ ÌÄÓáÉÀ

ÉÅÀÍÄ ãÀÅÀáÉÛÅÉËÉÓ ÓÀáÄËÏÁÉÓ ÈÁÉËÉÓÉÓ ÓÀáÄËÌßÉ×Ï ÖÍÉÅÄÒÔÓÉÔÄÔÉ
ÈÁÉËÉÓÉ, ÓÀØÀÒÈÅÄËÏ

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

ÃÀÃÂÄÍÉËÉÀ ×ÖÒÉÄÓ ãÄÒÀÃÉ ÔÒÉÂÏÍÏÌÄÔÒÉÖËÉ ÌßÊÒÉÅÄÁÉÓ ÂÀÍÆÏÂÀÃÄÁÖËÉ ÀÁÓÏ-
ËÖÔÖÒÉ ÊÒÄÁÀÃÏÁÉÓ ÓÀÊÌÀÒÉÓÉ ÐÉÒÏÁÄÁÉ ×ÖÍØÝÉÉÓ δ-ÝÅËÉËÄÁÉÓ ÌÏÃÖËÉÓ ÔÄÒÌÉÍÄÁÛÉ.
ÃÀÌÔÊÉÝÄÁÖËÉ ÈÄÏÒÄÌÉÃÀÍ ÌÉÉÙÄÁÀ ÝÍÏÁÉËÉ ÈÄÏÒÄÌÄÁÉ ×ÖÒÉÄÓ ãÄÒÀÃÉ ÌßÊÒÉÅÄÁÉÓ
ÀÁÓÏËÖÔÖÒÉ ÊÒÄÁÀÃÏÁÉÓ ÛÄÓÀáÄÁ.

The Gibbs Phenomenon
for Some Orthonormal Systems

Vazgen Mikayelyan
Department of Mathematics and Mechanics, Yerevan State University

Yerevan, Armenia
email: mik.vazgen@gmail.com

The Gibbs Phenomenon discovered by Henry Wilbraham in 1848 and rediscovered
by Josiah Willard Gibbs in 1899, is the peculiar manner in which the Fourier series of
some function behaves at a jump discontinuity. The n-th partial sum of the Fourier series
has large oscillations near the jump, which might increase the maximum of the partial
sum above that of the function itself. The overshoot does not die out as n increases, but
approaches a finite limit. We studied the Gibbs phenomenon for general Franklin systems
and for Stromberg systems.

The general Franklin system corresponding to a given dense sequence of points T =
(tn, n ≥ 0) in [0, 1] is a sequence of orthonormal piecewise linear functions with knots
from T , that is, the n-th function from the system has knots t0, . . . , tn.

Stromberg system is m-order spline system on R, particularly, it is a modified classical
Franklin system in the case m = 0. It was defined by Jan-Olov Stromberg in 1983 (see
[1]). Stromberg system is obtained using Stromberg’s wavelet.

The Gibbs Phenomenon has been studied for Fourier series with respect to several
famous systems (see [2]–[7]). We proved that the Gibbs phenomenon for both of general
Franklin systems and Stromberg systems occurs almost everywhere. In particular, for
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Stromberg systems in the case of m = 0 the Gibbs phenomenon occurs everywhere in R
and the Gibbs function is constant almost everywhere.
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The Existence of Unchangeable Sets for Non-linear
Dynamic Systems (Neural Network Approach)

Miranda Mnatsakaniani
Department of Mathematics, Akaki Tsereteli State University, Kutaisi, Georgia

email: Miranda.mnatsakaniani@atsu.edu.ge

While modeling public systems, it is comfortable to use a neural network approach.
That is why the issues appearing in such systems are important in neural network theory
too.

Occasional processes in public systems are often described by differential equations,
and their evolution takes place in discrete time. The components in them are connected
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to each other in non-linear form and there may be a whole group of random sets that take
the values from the set given in advance. This creates mindful behavior of the system.

The paper shows the existence of unchangeable set for such systems, in which the
discrete dynamic system trajectory after some point of time, regardless of whether the
initial value of the movement belonged to it or not, enters and stays in it.
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Necessary Conditions for Optimal Control
of the Stationary Process in Conditions

of Heat Exchange
Temuri Modebadze, Nino Gogoladze

Department of Mathematics, Akaki Tsereteli State University, Kutaisi, Georgia
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Let u ∈ U limited and poor closed sen in U . Let rewrite the heat exchange boundary
problem in operator form

A(u, y) = f, f ∈ X∗, where A(u, y) = A(y)− F (u, y + v(u).

Objective functions, which minimizes with help of the operator u optimal control has the
form

J(u) =

∫
Ω

|Θ(x, y) + Θ̂(x, y)−Θ∗(x, y)|2 dx dy.

Objective functions which minimizes with help of the operator u optimal control has
the form

L(u, y(u)) =

∫
Ω

|Θ(x, y) + Θ̂(x, y)−Θ∗(x, y)|2 dx dy.

We assume that the problem is regular (otherwise it will be regulated) and the optimum
conditions of vibration are ascertained. To do so, the operator L must meet certain
conditions of smoothness, namely:
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1) Reflection A : U ×X −→ X∗, V in some areas has partial derivatives.
2) Functional (function) A : U × X −→ R, V in some areas has partial derivatives

with Gateaux.
1) conditions is not fulfilled A(u, y) = A(y) − F (u, y) + ν(u) because of operator F.

So we build F n operator build a family that meets the condition

lim
n→∞

F n(u, y) = F (u, y) ∀ y ∈ X, u ∈ U.
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The Optimal Conditions for Optimal Control
in the Conditions of Heat Exchange

for Dynamic Process
Temuri Modebadze, Tea Kordzadze

1Department of Mathematics, Akaki Tsereteli State University, Kutaisi, Georgia
email: Temuri.modebadze@atsu.edu.ge; tea.kordzadze@atsu.edu.ge

Consider the problem
L(u, y(u)) = J(u) −→ inf

u∈U
, (1)

where
J(u) =

∫
Ω

|Θ(t, x, y) + Θ̂(t, x, y)−Θ∗(x, y)|2 dx dy

for heat exchange boundary problem whose operator form is

y
′
+ A(u, y) = f, f ∈ X∗, y(0, x, y) = y0(x, y), y0(x, y) ∈ L2(Ω),

where A(u, y) = A(y)− F (u, y) + ν(u).
Theorem 1. A : U × X → X∗ operator, which corresponds to the nonlinear boundary
problem, where U is the limited poor closed subsystem on U = L2(Γ1 × S) and represents
nonlinear, limited, coercive operator with equally semi-limited variation and satisfy to the
property (M).
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Theorem 2. Problem (1) with the restriction y ∈ K(u, y), where K is convex and closed
set on X = [L2(S;

◦
W 1

2(Ω) ∩ Lp(S;Lp(Ω)))], p ≥ 3, has a solution if and only if when it is
regular.
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Techniques of Debugging and Adjusting the LAN
Zurab Modebadze

Iv. Javakhishvili Tbilisi State University, Tbilisi, Georgia
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The brief description of programming capability for debugging the LAN software is
given. Operating in the menu mode, 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. 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. Using screen menu
mode of operation, the user can copy, rename, restore, find and change phrases, to print
files.
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Parabolic Fractional Integral Operators with
Rough Kernels in Parabolic Local Generalized

Morrey Spaces
Shemsiyye A. Muradova

Baku State University, Baku, Azerbaijan
ANAS Institute of Mathematics and Mechanics, Baku, Azerbaijan

email: mshams01@yahoo.com

Let P be a real n × n matrix, whose all the eighenvalues have positive real part,
At = tP , t > 0, γ = trP is the homogeneous dimension on Rn and Ω is an At-homogeneous
of degree zero function, integrable to a power s > 1 on the unit sphere generated by
the corresponding parabolic metric. We study the parabolic fractional integral operator
IPΩ,α, 0 < α < γ, with rough kernels in the parabolic local generalized Morrey space
LM

{x0}
p,φ,P (R

n). We find conditions on the pair (φ1, φ2) for the boundedness IPΩ,α from the
space LM{x0}

p,φ1,P
(Rn) to another one LM{x0}

p,φ2,P
(Rn), 1 < p < q < ∞, 1

p
− 1

q
= α

γ
, and from

the space LM{x0}
p,φ1,P

(Rn) to the weak space WLM
{x0}
p,φ2,P

(Rn), 1 ≤ q <∞, 1− 1
q
= α

γ
.
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Effect of Electrokinetic Processes on the Propagation
of Non-Linear Waves in Gas Saturated Liquid

Parviz Museibli1, Geylani Panahov2

1Fluid and Gas Mechanics, Institute of Mathematics and Mechanics, Baku, Azerbaijan
email: pervizmuseyibli@gmail.com

2Fluid and Gas Mechanics, Institute of Mathematics and Mechanics, Baku, Azerbaijan
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It is known that there are many applications of a liquid with gas bubbles in nature,
industry and medicine. Non-linear wave processes in a gas-liquid mixture were studied
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for the first time in works [1–3]. The Burgers, the Korteweg-de Vries and the Burgers
-Korteweg-de-Vries equations were obtained in [1–5] for the description of long weakly non-
linear waves. Non-linear waves in a liquid with gas bubbles in the three-dimensional case
were considered in [6]. Linear waves in a gas-liquid mixture under the van Wijngaarden’s
theory were studied in [7, 8]. In [9] propagation of linear waves in a liquid containing
gas bubbles at finite volume fraction was considered. We investigate non-linear waves
in a gas saturated liquid taking into consideration influence of internal electrokinetic
process. To the best of our knowledge the influence of potential difference parameter on
non-linear waves propagation simultaneously was not considered previously. The aim of
our work is to study non-linear waves in a liquid with gas bubbles taking into account
electric potential differences for non-linear waves. The nonlinear waves described by the
KdV-Burgers nonlinear equation as follows:

∂U

∂t
+ U

∂U

∂z
− η∂

2U

∂z2
+ β

∂3U

∂z3
= 0, (1)

where

η =
( 4µ
R0

+ 2
3
σER0)R0

6α1α2ρf
, β =

R0Ce
6α1α2

.

We have investigated numerically the nonlinear wave process described by equation (1) as
well. We defined that the more potential difference increase, the less radius of bubbles de-
crease [10]. Accordingly this result, we have demonstrated that when potential difference
increases, the amplitude of waves attenuate gradually.
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Acoustic Scattering by Inhomogeneous Anisotropic
Obstacle with Lipschitz Boundary

David Natroshvili, Sveta Gorgisheli
Department of Mathematics, Georgian Technical University, Tbilisi, Georgia

email: natrosh@hotmail.com

We consider the time-harmonic acoustic wave scattering by a bounded anisotropic in-
homogeneity embedded in an unbounded anisotropic homogeneous medium assuming that
the boundary of the obstacle and the interface are Lipschitz surfaces. The material param-
eters may have discontinuities across the interface between the inhomogeneous interior
and homogeneous exterior regions. The corresponding mathematical model is formulated
as a boundary-transmission problem for a second order elliptic partial differential equa-
tion of Helmholtz type with peace wise Lipschitz-continuous variable coefficients. The
problem is studied by the so-called nonlocal approach which reduces the problem to a
variational equation containing sesquilinear forms over a bounded region occupied by the
inhomogeneous obstacle and over the interfacial surfaces. This is done with the help
of the theory of layer potentials on Lipschitz surfaces. The coercivity properties of the
corresponding sesquilinear forms are analyzed and unique solvability of the variational
equation is established, which in turn implies unique solvability of the acoustic scattering
problem in appropriate Sobolev–Slobodetskii and Bessel potential spaces.
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GE-Supplemented Modules
Celil Nebiyev1, Hasan Hüseyin Ökten2
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Let M be an R-module. If every essential submodule of M has a g-supplement in
M , then M is called a GE-supplemented module. In this work, some properties of these
modules are investigated.
Lemma 1. Let M be an R-module, U be an essential submodule of M and M1 ≤ M . If
M1 is GE-supplemented and U+M1 has a g-supplement in M , then U has a g-supplement
in M .
Lemma 2. Let M = M1 +M2. If M1 and M2 are GE-supplemented, then M is also
GE-supplemented.
Corollary 1. The finite sum of GE-supplemented modules is GE-supplemented.
Lemma 3. Every factor module a GE-supplemented module is GE-supplemented.
Corollary 2. Every homomorphic image of a GE-supplemented module is GE-supple-
mented.
Key words: essential submodules, small submodules, supplemented modules, G-supple-
mented modules.
2010 Mathematics Subject Classification: 16D10, 16D80.
Acknowledgement. This research was in part supported by grants from Amasya Uni-
versity (Project # FBM-BAP 18-0377).
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Cofinitely ⊕−G-Supplemented Modules
Celil Nebiyev1, Hasan Hüseyin Ökten2
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Let M be an R-module. If every cofinite submodule of M has a g-supplement that is
a direct summand of M , then M is called a cofinitely ⊕ − G-supplemented module. In
this work, some properties of these modules are investigated.
Proposition 1. Any direct sum of cofinitely ⊕ − G-supplemented modules is cofinitely
⊕−G-supplemented.
Proposition 2. Let M be a cofinitely ⊕−G-supplemented module. If every g-supplement
of any cofinite submodule in M is a direct summand of M , then every direct summand of
M is cofinitely ⊕−G-supplemented.
Lemma 1. Let M be a distributive and cofinitely ⊕−G-supplemented R-module. Then
every factor module of M is cofinitely ⊕−G-supplemented.
Corollary. Let M be a distributive and cofinitely ⊕−G-supplemented R-module. Then
every homomorphic image of M is cofinitely ⊕−G-supplemented.
Key words: essential submodules, small submodules, cofinite submodules, G-supplemented
modules.
2010 Mathematics Subject Classification: 16D10, 16D80.
Acknowledgement. This research was in part supported by grants from Ondokuz Mayıs
University (Project # PYO.EGF.1901.17.003).
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On a Problem of Minimization
Mikheil Nikoleishvili1,2, Vaja Tarieladze2
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We plan to discuss a solution of a general problem of minimization, which implies in
particular that the following inequality is true: let n ≥ 2 be a natural number and xk ≥ 1,
k = 1, . . . , n be real numbers; then

n∏
k=1

xk ≥
n∑
k=1

xk − (n− 1) .
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Mathematical Modeling of Dynamics
of the Disk-Shaped Flying Device

Tamaz Obgadze, Otar Kemularia
Department of Control Systems, Georgian Technical University, Tbilisi, Georgia

email: t.obgadze@gtu.ge; otari.kemularia@cern.ch

The disk-shaped flying devices were developed in many countries and they bring in
mind the UFO forms. Chance Vought designed the first such device in the USA in the
1911. In 1939, in Nazi Germany Henrich Focke got a patent for the plane of a disk-shaped
form with turbine powered vertical take-off capability. Development of such machines are
still under work, although the information on such activities is classified. In his work,
which is based on the theory of hypercomplex numbers (quaternions), the mathematical
model of kinematics and dynamics of the disk-shaped flying device are developed based
on Dr. G. Kvaratskhelia projects. This device flies and maneuvers. Dr. G. Kvaratskhelia
also developed a new design of a disk-shaped military shell, flight mechanics of which is
again, described by quaternions.
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Mathematical Modeling of Mud Flow
Tamaz Obgadze, Naida Kuloshvili

Department of control systems, Georgian Technical University, Tbilisi, Georgia
email: t.obgadze@gtu.ge; naidayuloshvili@gmail.com

For mud flows it is characteristic, macroscopic composite structure and obviously
expressed not stationarity. The mud flow on the one hand consists of the stone and
detrital weight and soil, on the other hand of water. Its education is, as a rule, caused by
erosive processes in slopes of the bed of the mountain rivers that is in return caused by
destruction of a green cover. Well-known destroying results of Mud Fow’s. Practically,
for all mountainous areas emergence of mud flow is characteristic though, on the basis of
ant torrential actions perhaps considerably to reduce a loss for engineering constructions
and agricultural grounds. In this regard, mathematical modeling of a mud flow and
identification of the defining parameters is obviously important; definition of the expected
loads of engineering constructions and optimally ant torrential actions to what this work
is devoted. In work, the mud stream is represented as mix of two liquids, on the one
hand it is a mud-stone soil component which we represent as the baroviscosy circle of
Geniyev-Gogoladze and on the other hand is an incompressible liquid of Naiver-Stokes.
Two-component mix is averaged by T. G. Voynich-Syanozhentsky’s method and becomes
isolated the equation of nonlinear diffusion for a water component and the law of a fractal
filtration of water through soil under D. Dzhanelidze’s law.
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Solution of Cauchy Problem of Non-Linear
Mathematical Model of Rheymatoid Arthritis
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Our model of rheumatoid arthritis is a system of non-linear ordinary differential equa-
tions [1] and describes immunopathogenic dynamics in patients with rheumatoid arthritis.
We improved this model by providing the treatment components that allows evaluating
the effect of the drug and choosing a treatment scheme. It is considered the solution of
Cauchy problem determined by the system.
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On One Problem of Plane Theory of Elasticity
with Partially Unknown Boundary for Plate

Weakened with a Hole
Nana Odishelidze

Interdisciplinary Department (Mathematics, Computer Sciences)
Faculty of Exact and Natural Sciences, Iv. Javakhishvili Tbilisi State University

Tbilisi, Georgia
email: nana−georgiana@yahoo.com

The problem of plane theory of elasticity for plate with partially unknown boundaries
weakened with hole is investigated. The uniformly distributed normal strees is applied to
the hole boundary.The tangential stresses and the normal displacements are zero along
the entire boundary of the body. The shape of the contour of the required hole and
the stressed state of the given body are determined, provided that the tangential normal
stress arising at contour of required hole would take the constant value. Equistable hole
is found by means of complex analysis. The considered problem with partially unknown
boundaries is reduced to the known boundary value problems of the theory of analytic
functions by means of the developed method. The solutions are presented in quadratures.
Equistable contour is constructed.

The Stability Problem of Differential Equations
in the Sense of Ulam

Süleyman Öğrekçı̇1, Yasemin Başci2, Adil Misir3

1Mathematics Department, Sciences & Arts Faculty, Amasya University,
Amasya, Turkey

email: suleyman.ogrekci@amasya.edu.tr
2Mathematics Department, Science Faculty, Abant Izzet Baysal University,

Bolu, Turkey
email: basci_y@ibu.edu.tr

3Mathematics Department, Science Faculty, Gazi University, Ankara, Turkey
email: adilm@gazi.edu.tr

In this study we consider the stability problem of a general class of differential equa-
tions in the sense of Hyers–Ulam and Hyers–Ulam–Rassias with the aid of a fixed point
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technique. We extend and improve the literature by dropping some assumptions of some
well known and commonly cited results in this topic. Some illustrative examples are also
given to visualize the improvement.

A Study of the Fundamentals of Neutrosophic
Soft Sets Theory

Taha Yasin Ozturk1, Cigdem Gunduz Aras2, Sadi Bayramov3

1Department of Mathematics, Kafkas University, Kars, 36100-Turkey
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2Department of Mathematics, Kocaeli University, Kocaeli, 41380-Turkey
email: carasgunduz@gmail.com

3Department of Algebra and Geometry, Baku State University, Baku, Azerbaijan
email: baysadi@gmail.com

Some operations on neutrosophic soft sets defined in the studies [1, 2]. In the present
paper, we re-defined this operations differently from other studies. We have constructed
the neutrosophic soft topological spaces differently from the study [1] in the direction of
these re-defined operations. Finally, some basic notions and theorems on neutrosophic
soft topological spaces are investigated and interesting examples are given.

Keywords: Neutrosophic soft set, neutrosophic soft interior, neutrosophic soft clo-
sure.
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Construction and Numerical Realization of
Algorithms for approximate solution of Some

Nonlinear Integro-Differential Equations
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In the first part of the work the problems for both dynamic beams are studied. The
complex nonlinear problem of Timoshenko type for dynamic beam, which was solved
using by us algorithm [1]. The algorithm we constructed gives an approximation for both
spatial and temporal variables. An algorithm for the resulting system of discrete equations
is constructed, considering the nonlinear, namely, cubic structure of the model. In order
to simplify the iterative process in this part of the algorithm, we used Cardano’s formulas,
which allowed us to optimize the algorithm in certain sense, and positively affected the
number of iterations.

In the second part of the thesis the problem of approximate solution of the nonlinear
integro-differential equation for a static beam of Kirchhoff type is studied [2]. We used
an approach, which reduces the problem to a nonlinear integral equation, using Green’s
functions, and for its solution we use the Picard’s iterative method. The condition of
convergence of considered method is established and the accuracy is estimated. The
theoretical results related to the convergence of approximate solutions are confirmed by
the numerical experiments.

The author express hearing thanks to Prof. J. Peradze for his active help in problem
statement and solving.
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The Splitting of a System of Timoshenko
Equations for a Plate

Jemal Peradze
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We consider a boundary value problem for the following system of Timoshenko static
equations [1]
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ai < xi < bi, i = 1, 2, 0 < µ < 1, E, h, k > 0.

By analogy with [2], this system yields a nonlinear integro-differential equation of
Kirchhoff type for the function w(x1, x2), while for each pair of functions u1(x1, x2),
u2(x1, x2) and ψ1(x1, x2), ψ2(x1, x2) we write a system of linear differential equations.
The first of these systems is the Lame system of plane elasticity.
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Some New Results Concerning Strong Convergence
of Partial Sums and Fejer Means with Respect

to Vilenkin Systems
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This lecture is devoted to review some new strong convergence theorems for partial
sums and Fejer means with respect to the Vilenkin systems.

In particular, we show that there exists an absolute constant c, such that

sup
n∈N

1

n logn

n∑
k=1

∥Skf∥H1 ≤ c∥f∥H1 for all f ∈ H1, (1)

and
sup
n∈N

1

n logn

n∑
k=1

∥σkf∥1/2H1/2
≤ c∥f∥1/2H1/2

for all f ∈ H1/2. (2)

Sharpness of inequalities (1) and (2) will be also obtained.
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The Density Nonparametric Estimates of a
Dependent Observations Some for Class

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

email: beqnufarjiani@yahoo.com

On the probabilistic space (Ω, F, P ) a two-component stationary (in the narrow sense)
sequence {ξi, Xi}i≥1 is given, where {ξi}i≥1 (ξi : Ω → Ξ) is a controlling sequence, and
the members of the sequence {Xi}i≥1, (Xi : Ω → R) are observations on some ran-
dom variable. The cases of conditional independence and chainwise dependence of these
observations are considered.Using observations {Xi}i≥1 kernel observations of Rosenblatt–
Parzen type of an unknown density of the variable X are constructed. The upper bounds
of the mathematical expectations are established for the integral of the standard deviation
of the obtained estimates from f(x).
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On the Statistical Estimation of the Probability
Distribution Density
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An asymptotic behavior of the integral mean square deviation for projective estima-
tion of the probability distribution density with the use of the integrals according to a
Feinmann measure examined for the certain class of the functionals is considered in the
work.
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Improved Understanding of Aqueous Solubility
Modeling through Topological Data Analysis

Mariam Pirashvili
Department of Mathematics, University of Southampton

Southampton, United Kingdom
email: mp2m15@soton.ac.uk

Topological data analysis is a family of recent mathematical techniques seeking to
understand the ‘shape’ of data, and has been used to understand the structure of the
descriptor space produced from a standard chemical informatics software from the point
of view of solubility. We have used the mapper algorithm, a TDA method that creates
low-dimensional representations of data, to create a network visualization of the solubility
space. While descriptors with clear chemical implications are prominent features in this
space, reflecting their importance to the chemical properties, an unexpected and inter-
esting correlation between chlorine content and rings and their implication for solubility
prediction is revealed.

A parallel representation of the chemical space was generated using persistent homol-
ogy applied to molecular graphs. Links between this chemical space and the descriptor
space were shown to be in agreement with chemical heuristics.

The use of persistent homology on molecular graphs, extended by the use of norms on
the associated persistence landscapes allow the conversion of discrete shape descriptors
to continuous ones, and a perspective of the application of these descriptors to QSPR
problems is presented.

À×áÀÆÖÒÉ áÌÏÅÀÍÌÀÒÈÅÉÀÍÉ ÌÊÉÈáÅÄËÉ ÓÉÓÔÄÌÉÓ
ÓÀÊÏÌÐÉÖÔÄÒÏ ÃÀ ÓÀÉÍÔÄÒÍÄÔÏ ÅÄÒÓÉÄÁÉÓÀÈÅÉÓ -

ÛÄÃÄÂÄÁÉ ÃÀ ÐÄÒÓÐÄØÔÉÅÄÁÉ
ÊÏÍÓÔÀÍÔÉÍÄ ×áÀÊÀÞÄ, ÂÉÏÒÂÉ ÜÉÜÖÀ, ÌÄÒÀÁ ÜÉØÅÉÍÉÞÄ, ÃÀÅÉÈ ÊÖÒÝáÀËÉÀ,

ÛÀËÅÀ ÌÀËÉÞÄ

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

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

ÓÔÖ ØÀÒÈÖËÉ ÄÍÉÓ ÔÄØÍÏËÏÂÉÆÄÁÉÓ ÝÄÍÔÒÉÓ ÂÒÞÄËÅÀÃÉÀÍÉ ÐÒÏÄØÔÉÓ „ØÀÒÈÖËÉ
ÄÍÉÓ ÔÄØÍÏËÏÂÉÖÒÉ ÀÍÁÀÍÉ“ [1] ØÅÄÐÒÏÄØÔÉÓ „ÊÉÃÄÅ ÄÒÈÉ ÍÀÁÉãÉ ÌÏÓÀÖÁÒÄ ØÀÒÈÖËÉ
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ÈÅÉÈÂÀÍÅÉÈÀÒÄÁÀÃÉ ÉÍÔÄËÄØÔÖÀËÖÒÉ ÊÏÒÐÖÓÉÓÀÊÄÍ“ ×ÀÒÂËÄÁÛÉ ÛÄÌÖÛÀÅÃÀ ØÀÒÈÖËÉ
àÊÅÉÀÍÉ ÊÏÒÐÖÓÉ [2] ÃÀ ØÀÒÈÖËÉ áÌÏÅÀÍÌÀÒÈÅÉÀÍÉ ÌÊÉÈáÅÄËÉ ÓÉÓÔÄÌÉÓ ÓÀÝÃÄË-
ÓÀÌÏÌáÌÀÒÄÁËÏ ÅÄÒÓÉÄÁÉ. ÀÌÀÓÈÀÍ, ÃÙÄÓ ÖÊÅÄ ØÀÒÈÖËÉ àÊÅÉÀÍÉ ÊÏÒÐÖÓÉ ÂÀ×ÀÒÈÏÅÃÀ
ÃÀ ÌÏÉÝÀÅÓ À×áÀÆÖÒ, ÚÀÁÀÒÃÏÖË, ÜÄÜÍÖÒ, ËÄÊÖÒ ÃÀ ÌÄÂÒÖË ÊÏÒÐÖÓÄÁÓ. ÀÌÃÄÍÀÃ,
ÜÅÄÍÉ ÊÅËÄÅÉÓ ÄÒÈ-ÄÒÈÉ ÌÉÆÀÍÉÀ ÀÌ ÉÁÄÒÉÖË-ÊÀÅÊÀÓÉÖÒÉ ÄÍÄÁÉÓ ÊÏÒÐÖÓÄÁÉÓ ÀÙàÖÒÅÀ
áÌÏÅÀÍÌÀÒÈÅÉÀÍÉ ÌÊÉÈáÅÄËÉÈ, ÒÉÓ ÐÉÒÅÄË ÄÔÀÐÀÃÀÝ ÜÅÄÍ ÂÀÍÅÉáÉËÀÅÈ À×áÀÆÖÒÉ
áÌÏÅÀÍÌÀÒÈÅÉÀÍÉ ÌÊÉÈáÅÄËÉ ÓÉÓÔÄÌÄÁÉÓ ÀÂÄÁÀÓ. ÀØÅÄ, áÀÆÓ ÅÖÓÅÀÌÈ: 1. ÜÅÄÍÉ À×áÀÆÖÒÉ
ÃÀ ÌÄÂÒÖËÉ ÊÏÒÐÖÓÄÁÉ ÓÀÝÃÄËÉ ÓÀáÉÈ ÖÊÅÄ ÀÙàÖÒÅÉËÉÀ À×áÀÆÖÒÉ ÃÀ ÌÄÂÒÖËÉ
ÓÀÉÍÔÄÒÍÄÔÏ ÌÊÉÈáÅÄËÄÁÉÈ [3]; 2. ÖÊÅÄ ÀÂÄÁÖËÉ ÂÅÀØÅÓ À×áÀÆÖÒÉ áÌÏÅÀÍÌÀÒÈÅÉÀÍÉ
ÅÏÒÃÉÓ ÌÊÉÈáÅÄËÉÓ ÓÀÝÃÄËÉ ÓÀÊÏÌÐÉÖÔÄÒÏ ÓÉÓÔÄÌÀ [3].

ÀÌÂÅÀÒÀÃ, ÌÏáÓÄÍÄÁÉÓÀÓ ÌÉÌÏÅÉáÉËÀÅÈ ÖÊÅÄ ÀÂÄÁÖË ÉÁÄÒÉÖË-ÊÀÅÊÀÓÉÖÒÉ ÄÍÄÁÉÓ
ÊÏÒÐÖÓÄÁÓ. ÀÌÀÓÈÀÍ, ÚÖÒÀÃÙÄÁÀÓ ÂÀÅÀÌÀáÅÉËÄÁÈ À×áÀÆÖÒ áÌÏÅÀÍÌÀÒÈÅÉÀÍ ÓÀÊÏÌÐÉÖ-
ÔÄÒÏ ÌÊÉÈáÅÄËÓÀ ÃÀ À×áÀÆÖÒ ÃÀ ÌÄÂÒÖË ÓÀÉÍÔÄÒÍÄÔÏ ÌÊÉÈáÅÄËÄÁÆÄ ÃÀ ÉÌ ÐÄÒÓÐÄØ-
ÔÉÅÄÁÆÄ, ÒÀÝ ÃÙÄÓ ÜÅÄÍ À×áÀÆÖÒÉ áÌÏÅÀÍÌÀÒÈÅÉÀÍÉ ÓÀÉÍÔÄÒÍÄÔÏ ÌÊÉÈáÅÄËÉÓ ÀÂÄÁÉÓ
ÌÉÌÀÒÈÖËÄÁÉÈ ÂÅÀØÅÓ [3].
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ØÀÒÈÖËÉ ÖÍÉÅÄÒÓÀËÖÒÉ àÊÅÉÀÍÉ ÊÏÒÐÖÓÉ
ÒÏÂÏÒÝ ÍÀÁÉãÉ ÄÒÈÉÀÍÉ ØÀÒÈÖËÉ ÓÀÉÍÔÄÒÍÄÔÏ

ØÓÄËÉÓÊÄÍ - ÛÄÃÄÂÄÁÉ ÃÀ ÐÄÒÓÐÄØÔÉÅÄÁÉ
ÊÏÍÓÔÀÍÔÉÍÄ ×áÀÊÀÞÄ, ÌÄÒÀÁ ÜÉØÅÉÍÉÞÄ, ÂÉÏÒÂÉ ÜÉÜÖÀ, ÃÀÅÉÈ ÊÖÒÝáÀËÉÀ,

ÛÀËÅÀ ÌÀËÉÞÄ, ÊÏÍÓÔÀÍÔÉÍÄ ÃÄÌÖÒÜÄÅÉ, ÓÏ×Ï ÛÉÍãÉÊÀÛÅÉËÉ

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

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

ÓÔÖ ÐÒÏÄØÔÉÓ „ØÀÒÈÖËÉ ÄÍÉÓ ÔÄØÍÏËÏÂÉÖÒÉ ÀÍÁÀÍÉ“ [1] ØÅÄÐÒÏÄØÔÉÈ „ÊÉÃÄÅ
ÄÒÈÉ ÍÀÁÉãÉ ÌÏÓÀÖÁÒÄ ØÀÒÈÖËÉ ÈÅÉÈÂÀÍÅÉÈÀÒÄÁÀÃÉ ÉÍÔÄËÄØÔÖÀËÖÒÉ ÊÏÒÐÖÓÉÓÀÊÄÍ“
ÛÄÌÖÛÀÅÃÀ ØÀÒÈÖËÉ àÊÅÉÀÍÉ ÊÏÒÐÖÓÉ [2], ÒÏÌÄËÛÉÝ ÖÊÅÄ ÜÀÉÃÂÀ À×áÀÆÖÒÉ, ÚÀÁÀÒÃÏÖ-
ËÉ, ÜÄÜÍÖÒÉ, ËÄÊÖÒÉ, ÌÄÂÒÖËÉ ØÅÄÊÏÒÐÖÓÄÁÉ, ÒÉÓ ÛÄÃÄÂÀÃÀÝ ÉÓ ÖÊÅÄ ÀÒÉÓ ØÀÒÈÖËÉ
ÖÍÉÅÄÒÓÀËÖÒÉ àÊÅÉÀÍÉ ÊÏÒÐÖÓÉÓ ÉÓ ÐÉÒÅÄËÉ ÓÀÝÃÄËÉ ÅÄÒÓÉÀ, ÒÏÌÄËÉÝ ÀÌÀÅÃÒÏÖËÀÃ
ÀÒÉÓ ÈÅÉÈÂÀÍÅÉÈÀÒÄÁÀÃÉ, ÌÒÀÅÀËÄÍÏÅÀÍÉ, ÌÒÀÅÀËÌÏÃÀËÖÒÉ ÃÀ ÔÄØÍÏËÏÂÉÖÒÀÃ ÚÅÄ-
ËÀÆÄ Ö×ÒÏ ÌáÀÒÃÀàÄÒÉËÉ ÃÀ ÚÅÄËÀÆÄ Ö×ÒÏ ÌÏÝÖËÏÁÉÈÉ ØÀÒÈÖËÉ ÊÏÒÐÖÓÉ -
ÊÏÒÐÖÓÛÉ ÂÀÒÃÀ ÌÉÓÉ ÂÀÍÌÀÅÉÈÀÒÄÁÄËÉ ÉÍÓÔÒÖÌÄÍÔÄÁÉÓÀ ÓÀÝÃÄËÉ ÓÀáÉÈ ÌÏØÌÄÃÄÁÓ
ÌÈÄËÉ ÒÉÂÉ ÖÍÉÊÀËÖÒÉ ØÀÒÈÖËÉ ÄÍÏÁÒÉÅÉ ÔÄØÍÏËÏÂÉÄÁÉ ÔÄØÓÔÉÓ ÀÍÀËÉÆÉÓ, ÃÉÀ-
ËÏÂÖÒÉ ÖÒÈÉÄÒÈÏÁÄÁÉÓÀ ÃÀ ÀÅÔÏÌÀÔÖÒÉ ÈÀÒÂÌÀÍÉÓ ÌÉÌÀÒÈÖËÄÁÄÁÉÈ [2]. ÛÄÃÄÂÀÃ
ÊÏÒÐÖÓÉ ÓÝÃÄÁÀ ÓÔÀÃÀÒÔÖË ÓÀÊÏÒÐÖÓÏ ÜÀÒÜÏÄÁÓ ÃÀ ×ÀÒÈÏ ÌÏÝÖËÏÁÉÈ ÉÈÀÅÓÄÁÓ
ÓÀÉÍÔÄÒÍÄÔÏ ØÓÄËÄÁÉÓÈÅÉÓ ÃÀÌÀáÀÓÉÀÈÄÁÄË ×ÖÍØÝÉÄÁÓ.

ÌÏáÓÄÍÄÁÉÓÀÓ ÌÉÌÏÅÉáÉËÀÅÈ ÜÅÄÍÉ ÊÅËÄÅÉÓ ÄÒÈ-ÄÒÈ ÌÉÆÀÍÆÄ, ÒÀÝ ØÀÒÈÖËÉ ÖÍÉ-
ÅÄÒÓÀËÖÒÉ àÊÅÉÀÍÉ ÊÏÒÐÖÓÉÓ ÉÓÄÈ ØÀÒÈÖË ÌÒÀÅÀËÄÍÏÅÀÍ ÓÀÉÍÔÄÒÍÄÔÏ ØÓÄËÀÃ ×ÏÒ-
ÌÉÒÄÁÀÓ ÂÖËÉÓáÌÏÁÓ, ÒÏÌÄËÉÝ ØÀÒÈÖËÈÀÍ ÄÒÈÀÃ ÈÀÅÉÓÖ×ËÀÃ ÂÀÌÏÚÄÍÄÁÀÃÉ ÉØÍÄÁÀ
À×áÀÆÖÒÉ ÃÀ ÚÅÄËÀ ÓáÅÀ ÊÏÒÐÖÓÛÉ ÀÒÓÄÁÖËÉ ÉÁÄÒÉÖË-ÊÀÅÊÀÓÉÖÒÉ ÄÍÄÁÉÈÀÝ, ÒÀÝ,
ÝáÀÃÉÀ, ØÀÒÈÖËÈÀÍ ÄÒÈÀÃ ÀÌ ÄÍÄÁÓÀÝ ÓÀÛÖÀËÄÁÀÓ ÌÉÓÝÄÌÓ ÝÉ×ÒÖË ÄÐÏØÀÛÉ ÌÚÀÒÀÃ
ÃÀÉÌÊÅÉÃÒÏÍ ÀÃÂÉËÉ ÊÖËÔÖÒÉÓ ÌÀßÀÒÌÏÄÁÄË ÃÀ ÌÀÔÀÒÄÁÄË ÄÍÄÁÓ ÛÏÒÉÓ.

ËÉÔÄÒÀÔÖÒÀ

[1] Ê. ×áÀÊÀÞÄ, ØÀÒÈÖËÉ ÄÍÉÓ ÔÄØÍÏËÏÂÉÖÒÉ ÀÍÁÀÍÉ - XXI ÓÀÖÊÖÍÉÓ ÄÒÈ-ÄÒÈÉ ÖÌ-
ÈÀÅÒÄÓÉ 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.
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[3] Ê. ×áÀÊÀÞÄ, Ì. ÜÉØÅÉÍÉÞÄ, Â. ÜÉÜÖÀ, Ã. ÊÖÒÝáÀËÉÀ, Û. ÌÀËÉÞÄ, ÙÉÀ ßÄÒÉËÉ ÓÀØÀÒ-
ÈÅÄËÏÓ ÐÀÒËÀÌÄÍÔÓ, ÌÈÀÅÒÏÁÀÓ, ÌÄÝÍÉÄÒÄÁÀÈÀ ÄÒÏÅÍÖË ÀÊÀÃÄÌÉÀÓÀ ÃÀ ØÀÒÈÖË
ÃÀ À×áÀÆÖÒ ÓÀÆÏÂÀÃÏÄÁÄÁÓ ÀÍÖ ÓÀáÄËÌßÉ×Ï ÄÍÉÓ (ØÀÒÈÖËÉ, À×áÀÆÖÒÉ) ÓÒÖËÉ
ÔÄØÍÏËÏÂÉÖÒÉ ÖÆÒÖÍÅÄËÚÏ×ÉÓ ÄÒÈÉÀÍÉ ÐÒÏÂÒÀÌÉÓ ÞÉÒÉÈÀÃÉ ÐÒÉÍÝÉÐÄÁÉ ÀÍÖ
ÌÏÌÀÅËÉÓ ÊÖËÔÖÒÖË ÓÀÌÚÀÒÏÛÉ ÔÄØÍÏËÏÂÉÖÒÀÃ ÓÒÖËÀÃ ÖÆÒÖÍÅÄËÚÏ×ÉËÉ
ØÀÒÈÖËÉ ÃÀ À×áÀÆÖÒÉ ÄÍÄÁÉÈ, ÑÖÒÍÀËÉ „ØÀÒÈÖËÉ ÄÍÀ ÃÀ ËÏÂÉÊÀ“, 2017-2018,
N 11, 121-164.

ØÀÒÈÖËÉ ÃÀ À×áÀÆÖÒÉ ÄÍÄÁÉÓ ÃÀÝÅÉÓÀ ÃÀ
ÂÀÍÅÉÈÀÒÄÁÉÓ ÓÀáÄËÌßÉ×Ï ÐÒÏÂÒÀÌÀ
ÒÏÂÏÒÝ ÄÍÏÁÒÉÅÉ ÁÀÒÉÄÒÄÁÉÓÂÀÍ

ÈÀÅÉÓÖ×ÀËÉ ÌÏÌÀÅËÉÓ ÝÉ×ÒÖË ÓÀÌÚÀÒÏÛÉ
ØÀÒÈÖËÉ ÃÀ À×áÀÆÖÒÉ ÄÍÄÁÉÈ ÛÄÓÅËÉÓ ÂÆÀ
ÊÏÍÓÔÀÍÔÉÍÄ ×áÀÊÀÞÄ, ÌÄÒÀÁ ÜÉØÅÉÍÉÞÄ, ÂÉÏÒÂÉ ÜÉÜÖÀ, ÃÀÅÉÈ ÊÖÒÝáÀËÉÀ,

ÛÀËÅÀ ÌÀËÉÞÄ

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

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

2017 ßËÉÓ 27 ÏØÔÏÌÁÄÒÓ ÐÒÄÌÉÄÒ-ÌÉÍÉÓÔÒÌÀ ÂÀÍÀÝáÀÃÀ: „27 ÏØÔÏÌÁÄÒÉ ÀÒÉÓ
À×áÀÆÖÒÉ ÄÍÉÓ ÃÙÄ ÃÀ ÌÉÍÃÀ, ÚÅÄËÀÓ ÌÏÂÉËÏÝÏÈ ÃÀ ÂÀÍÓÀÊÖÈÒÄÁÉÈ ÌÉÅÖËÏÝÏ
ÜÅÄÍÓ À×áÀÆ ÞÌÄÁÓ ÃÀ ÃÄÁÓ. . . . . ÜÅÄÍ ÅØÌÍÉÈ À×áÀÆÖÒÉ ÄÍÉÓ ÃÀÝÅÉÓÀ ÃÀ ÂÀÍÅÉÈÀÒÄÁÉÓ
ÓÀáÄËÌßÉ×Ï ÐÒÏÂÒÀÌÀÓ ÃÀ Å×ÉØÒÏÁÈ, ÒÏÌ ÄÓ ÐÒÏÂÒÀÌÀ ÉØÍÄÁÀ ÞÀËÉÀÍ ÌÍÉÛÅÍÄËÏÅÀÍÉ
ÓÀ×ÖÞÅÄËÉ ÍÃÏÁÉÓ ÀÙÃÂÄÍÉÓ ÐÒÏÝÄÓÛÉ.“ ÀÌÀÓÈÀÍ, ÓÀØÀÒÈÅÄËÏÓ ÓÀáÄËÌßÉ×Ï ÄÍÉÓ
(ÉÂÖËÉÓáÌÄÁÀ ØÀÒÈÖËÉ ÃÀ À×áÀÆÖÒÉ ÄÍÄÁÉ) ÃÀÝÅÉÓ ÌÉÆÍÉÈ 2015 ßËÉÓ 22 ÉÅËÉÓÓ
ÃÀÌÔÊÉÝÃÀ ÓÀØÀÒÈÅÄËÏÓ ÊÀÍÏÍÉ ÓÀáÄËÌßÉ×Ï ÄÍÉÓ ÛÄÓÀáÄÁ, ÒÏÌËÉÓ 37-Ä ÌÖáËÉÓ
ÛÄÓÀÁÀÌÉÓÀÃ ÛÄÓÀÌÖÛÀÅÄÁÄËÉÀ ÓÀáÄËÌßÉ×Ï ÄÍÉÓ ÄÒÈÉÀÍÉ ÐÒÏÂÒÀÌÀ, ÒÏÌÄËÉÝ ÀÌÀÅÄ
ÌÖáËÉÓ ÌÄ-3 ÐÖÍØÔÉÓ Â) ØÅÄÐÖÍØÔÉÓ ÈÀÍÀáÌÀÃ ÖÍÃÀ ÉÈÅÀËÉÓßÉÍÄÁÃÄÓ „ÓÀáÄËÌßÉ×Ï ÄÍÉÓ
ÓÒÖË ÔÄØÍÏËÏÂÉÖÒ ÖÆÒÖÍÅÄËÚÏ×ÀÓ.“ ÀÓÄÅÄ, 2015 ßËÉÓ 19 ÌÀÉÓÉÓ ÓÀØÀÒÈÅÄËÏÓ
ÌÄÝÍÉÄÒÄÁÀÈÀ ÄÒÏÅÍÖËÉ ÀÊÀÃÄÌÉÉÓ ÀÊÀÃÄÌÉÖÒÉ ÓÀÁàÏÓ N28 ÃÀÃÂÄÍÉËÄÁÉÈ ÛÄÉØÌÍÀ
ØÀÒÈÖËÉ ÔÄØÓÔÖÒÉ ÁÀÆÄÁÉÓ ÔÄØÍÏËÏÂÉÖÒÉ ÖÆÒÖÍÅÄËÚÏ×ÉÓ ÞÉÒÉÈÀÃÉ ÐÒÉÍÝÉÐÄÁÉÓ
ÛÄÌÌÖÛÀÅÄÁÄËÉ ÓÀÊÏÍÓÖËÔÀÝÉÏ ÓÀÁàÏ. - ÀØ áÀÆÂÀÓÀÓÌÄËÉÀ, ÒÏÌ ÈÄÆÉÓÉÓ ÄÒÈ-ÄÒÈÉ
ÀÅÔÏÒÉ - Ê. ×áÀÊÀÞÄ, ÒÏÌÄËÉÝ ÆÄÌÏÈ áÓÄÍÄÁÖËÉ ÓÀÁàÏÓ ßÄÅÒÉ ÃÀ ÆÄÌÏÈÅÄ ÝÉÔÉÒÄÁÖËÉ
ÊÀÍÏÍÉÓ 37-Ä ÌÖáËÉÓ ÌÄ-3 ÐÖÍØÔÉÓ Â) ØÅÄÐÖÍØÔÉÓ ÄÒÈ-ÄÒÈÉ ÉÍÉÝÉÀÔÏÒÉÀ, ÈÄÆÉÓÉÓ
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ÓáÅÀ ÀÅÔÏÒÄÁÈÀÍ ÄÒÈÀÃ ÉÍÉÝÉÀÔÏÒÉÀ ÀÂÒÄÈÅÄ ØÀÒÈÖËÉ ÃÀ À×áÀÆÖÒÉ ÄÍÄÁÉÓ ÓÒÖË
ÔÄØÍÏËÏÂÉÖÒ ÖÆÒÖÍÅÄËÚÏ×ÀÆÄ ÌÉÌÀÒÈÖËÉ ÉÌ ÐÉÒÅÄËÉ ÊÅËÄÅÄÁÉÓÀ, ÒÏÌÄËÈÀ ÛÄÃÄÂÀÃ,
ÃÙÄÓ ÖÊÅÄ, ØÀÒÈÖËÉÝ ÃÀ À×áÀÆÖÒÉÝ ÁÄÅÒÀÃ Ö×ÒÏ ÌÄÔÀÃ ÀÒÉÀÍ ÃÀÝÖËÍÉ ÝÉ×ÒÖËÉ
ÊÅÃÏÌÉÓ ÓÀ×ÒÈáÉÓÂÀÍ, ÅÉÃÒÄ ÉÚÅÍÄÍ ÌÀÍÀÌÃÄ.

ÀÌÂÅÀÒÀÃ, ÌÏáÓÄÍÄÁÉÓÀÓ, ÃÀÅÀÓÀÁÖÈÄÁÈ ØÀÒÈÖËÉ ÃÀ À×áÀÆÖÒÉ ÄÍÄÁÉÓ ÃÀÝÅÉÓÀ
ÃÀ ÂÀÍÅÉÈÀÒÄÁÉÓ ÓÀáÄËÌßÉ×Ï ÐÒÏÂÒÀÌÉÓ, ÒÀÝ ÉÂÉÄÅÀ, ÓÀáÄËÌßÉ×Ï ÄÍÉÓ ÄÒÈÉÀÍÉ
ÐÒÏÂÒÀÌÉÓ ÛÄÌÖÛÀÅÄÁÉÓÀ ÃÀ ÀÌÏØÌÄÃÄÁÉÓ ÂÀÃÀÖÃÄÁÄË ÀÖÝÉËÄÁËÏÁÀÓ. - ÄÓ, ÜÅÄÍÉ
ÙÒÌÀ ÒßÌÄÍÉÈ, ØÀÒÈÅÄËÄÁÉÓÀ ÃÀ À×áÀÆÄÁÉÓ ÄÍÏÁÒÉÅÉ ÁÀÒÉÄÒÄÁÉÓÂÀÍ ÈÀÅÉÓÖ×ÀË
ÌÏÌÀÅËÉÓ ÝÉ×ÒÖË ÓÀÌÚÀÒÏÛÉ ØÀÒÈÖËÉ ÃÀ À×áÀÆÖÒÉ ÄÍÄÁÉÈ ÛÄÓÅËÉÓÀ ÃÀ ÃÀÌ-
ÊÅÉÃÒÄÁÉÓ ÄÒÈÀÃÄÒÈÉ ÂÆÀÀ.

ËÉÔÄÒÀÔÖÒÀ

[1] Ê. ×áÀÊÀÞÄ, Ì. ÜÉØÅÉÍÉÞÄ, Â. ÜÉÜÖÀ, Ã. ÊÖÒÝáÀËÉÀ, Û. ÌÀËÉÞÄ, ÙÉÀ ßÄÒÉËÉ ÓÀØÀÒ-
ÈÅÄËÏÓ ÐÀÒËÀÌÄÍÔÓ, ÌÈÀÅÒÏÁÀÓ, ÌÄÝÍÉÄÒÄÁÀÈÀ ÄÒÏÅÍÖË ÀÊÀÃÄÌÉÀÓÀ ÃÀ ØÀÒÈÖË
ÃÀ À×áÀÆÖÒ ÓÀÆÏÂÀÃÏÄÁÄÁÓ ÀÍÖ ÓÀáÄËÌßÉ×Ï ÄÍÉÓ (ØÀÒÈÖËÉ, À×áÀÆÖÒÉ) ÓÒÖËÉ
ÔÄØÍÏËÏÂÉÖÒÉ ÖÆÒÖÍÅÄËÚÏ×ÉÓ ÄÒÈÉÀÍÉ ÐÒÏÂÒÀÌÉÓ ÞÉÒÉÈÀÃÉ ÐÒÉÍÝÉÐÄÁÉ ÀÍÖ
ÌÏÌÀÅËÉÓ ÊÖËÔÖÒÖË ÓÀÌÚÀÒÏÛÉ ÔÄØÍÏËÏÂÉÖÒÀÃ ÓÒÖËÀÃ ÖÆÒÖÍÅÄËÚÏ×ÉËÉ
ØÀÒÈÖËÉ ÃÀ À×áÀÆÖÒÉ ÄÍÄÁÉÈ, ÑÖÒÍÀËÉ „ØÀÒÈÖËÉ ÄÍÀ ÃÀ ËÏÂÉÊÀ“, 2017-2018,
N 11, 121-164.

À×áÀÆÖÒÉ áÌÏÅÀÍÉ ÁÒÀÖÆÄÒÉÓÀÈÅÉÓ -
ÛÄÃÄÂÄÁÉ ÃÀ ÐÄÒÓÐÄØÔÉÅÄÁÉ

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

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

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

2017 ßÄËÓ ÓÔÖ ØÀÒÈÖËÉ ÄÍÉÓ ÔÄØÍÏËÏÂÉÆÄÁÉÓ ÝÄÍÔÒÉÓ ÂÒÞÄËÅÀÃÉÀÍÉ ÐÒÏÄØÔÉÓ
„ØÀÒÈÖËÉ ÄÍÉÓ ÔÄØÍÏËÏÂÉÖÒÉ ÀÍÁÀÍÉ“ [1] ØÅÄÐÒÏÄØÔÉÓ „ÊÉÃÄÅ ÄÒÈÉ ÍÀÁÉãÉ ÌÏÓÀÖÁÒÄ
ØÀÒÈÖËÉ ÈÅÉÈÂÀÍÅÉÈÀÒÄÁÀÃÉ ÉÍÔÄËÄØÔÖÀËÖÒÉ ÊÏÒÐÖÓÉÓÀÊÄÍ“ ×ÀÒÂËÄÁÛÉ ÛÄÌÖÛÀÅÃÀ
ØÀÒÈÖËÉ àÊÅÉÀÍÉ ÊÏÒÐÖÓÉ [2], ÒÏÌÄËÉÝ ØÀÒÈÖË ÄÍÀÛÉ ÓÀÝÃÄË-ÓÀÌÏÌáÌÀÒÄÁËÏ ÓÀáÉÈ
ÀÙàÖÒÅÉËÉÀ ØÀÒÈÖËÉ áÌÏÅÀÍÉ ÁÒÀÖÆÄÒÉÈ, ÒÀÝ ÊÏÒÐÖÓÉÓ áÌÏÅÀÍÉ ÌÀÒÈÅÉÓ ÛÄÓÀÞËÄÁ-
ËÏÁÄÁÈÀÍ ÄÒÈÀÃ ÓÀÝÃÄËÉ ÓÀáÉÈ ÉÞËÄÅÀ ÀÂÒÄÈÅÄ ØÀÒÈÖË ÅÉÊÉÐÄÃÉÀÓÀ ÃÀ ÉÍÔÄÒÍÄÔÛÉ
áÌÏÅÀÍÉ ÍÀÅÉÂÀÝÉÉÓÀ ÃÀ ÉØ ÀÒÓÄÁÖËÉ ÉÍ×ÒÏÌÀÝÉÉÓ áÌÉÈ ÀÍÖ ÌÏÓÌÄÍÉÈ ÌÉÙÄÁÉÓ ÓÀÛÖÀËÄ-
ÁÄÁÓ. ÀÌÀÓÈÀÍ, ÃÙÄÓ ÖÊÅÄ, ÄÓ ÊÏÒÐÖÓÉ ÌÏÉÝÀÅÓ À×áÀÆÖÒ, ÚÀÁÀÒÃÏÖË, ÜÄÜÍÖÒ, ËÄÊÖÒ
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ÃÀ ÌÄÂÒÖË ÊÏÒÐÖÓÄÁÓ. ÀÌÃÄÍÀÃ, ÀÌ ÄÔÀÐÆÄ ÜÅÄÍÉ ÄÒÈ-ÄÒÈÉ ÌÉÆÀÍÉÀ ÀÍÀËÏÂÉÖÒÀÃ
ØÀÒÈÖËÉÓÀ ÀÌ ÉÁÄÒÉÖË-ÊÀÅÊÀÓÉÖÒÉ ÊÏÒÐÖÓÄÁÉÓ ÀÙàÖÒÅÀ ÉÁÄÒÉÖË-ÊÀÅÊÀÓÉÖÒÉ áÌÏÅÀÍÉ
ÁÒÀÖÆÄÒÄÁÉÈ (ÄÓ ÀÌ ÊÏÒÐÖÓÄÁÓ ÀÙàÖÒÅÀÅÓ áÌÏÅÀÍÉ ÌÀÒÈÅÉÓÀ ÃÀ ÉØ ÀÒÓÄÁÖËÉ ÉÍ×ÏÒ-
ÌÀÝÉÉÓ áÌÉÈ ÀÍÖ ÌÏÓÌÄÍÉÈ ÌÉÙÄÁÉÓ ÛÄÓÀÞËÄÁËÏÁÄÁÉÈ), ÒÉÓ ÐÉÒÅÄË ÄÔÀÐÀÃÀÝ ÜÅÄÍ
ÂÀÍÅÉáÉËÀÅÈ À×áÀÆÖÒÉ ÌÏÓÀÖÁÒÄ ÁÒÀÖÆÄÒÉÓ ÀÂÄÁÀÓ.

ÀÌÂÅÀÒÀÃ, ÌÏáÓÄÍÄÁÉÓÀÓ ÌÉÌÏÅÉáÉËÀÅÈ ØÀÒÈÖË àÊÅÉÀÍ ÊÏÐÒÖÓÛÉ ÖÊÅÄ ÌÏØÌÄÃ
À×áÀÆÖÒ áÌÏÅÀÍÌÀÒÈÅÉÀÍ ÅÏÒÃÉÓ ÌÊÉÈáÅÄËÆÄ, À×áÀÆÖÒ ÃÀ ÌÄÂÒÖË ÓÀÉÍÔÄÒÍÄÔÏ
ÌÊÉÈáÅÄËÄÁÆÄ ÃÀ ÉÁÄÒÉÖË-ÊÀÅÊÀÓÉÖÒ ØÅÄÊÏÒÐÖÓÄÁÆÄ [2 - 3]. ÀÌÀÓÈÀÍ, ÚÖÒÀÃÙÄÁÀÓ
ÂÀÅÀÌÀáÅÉËÄÁÈ ØÀÒÈÖË áÌÏÅÀÍ ÁÒÀÖÆÄÒÆÄ ÃÀ, ÀÓÄÅÄ, ÉÌ ÐÄÒÓÐÄØÔÉÅÄÁÆÄ, ÒÀÝ À×áÀÆÖÒÉ
áÌÏÅÀÍÉ ÁÒÀÖÆÄÒÉÓ ÀÂÄÁÉÓ ÌÉÌÀÒÈÖËÄÁÉÈ ÃÙÄÓ ÜÅÄÍÓ ßÉÍÀÛÄÀ [3].

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] Ê. ×áÀÊÀÞÄ, Ì. ÜÉØÅÉÍÉÞÄ, Â. ÜÉÜÖÀ, Ã. ÊÖÒÝáÀËÉÀ, Û. ÌÀËÉÞÄ, ÙÉÀ ßÄÒÉËÉ ÓÀØÀÒ-
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N 11, 121-164.
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A Sequent-Type Calculus for
Three-Valued Circumscription

Sopo Pkhakadze, Hans Tompits
Institute for Logic and Computation 192-03,

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

Circumscription is an important formalism for nonmonotonic reasoning introduced by
John McCarthy [3, 4] based on the idea of minimal-model reasoning. Roughly speaking,
for checking whether a formula is a logical consequence of a given theory, T , instead of
considering all models of T , only models satisfying a certain minimality condition are taken
into account. In this work, we consider three-valued circumscription [5], a generalisation of
the basic circumscription approach based on three-valued logic, and introduce a sequent-
type calculus for it. Our calculus generalises a similar one for standard circumscription as
introduced by Bonatti and Olivetti [2], who relied their system on a sequent-type calculus
for valid formulas and a so-called complementary sequent-type calculus for invalid formulas.
In our approach, in order to accommodate the underlying three-valued logic, L, we use an
approach based on many-sided sequents [1]. Intuitively, a many-sided sequent is a triple of
form Γ1 | Γ2 | Γ3, where each Γi (i = 1, 2, 3) is a finite set of formulas, corresponding to one
of the three truth values of L. Overall, our calculus, then, comprises a many-sided sequent
calculus for formulas valid in L, a complementary calculus for formulas invalid in L, and
specific nonmonotonic inference rules similar to the one for standard circumscription by
Bonatti and Olivetti [2].

Acknowledgements. 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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Mathematical Modeling of the Operation
of the Consumer Gas Consumer Safety System

Archil Prangishvili, Nugzar Iashvili, Iuri Khutashvili
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email: nugzar.iashvili@rambler.ru

The report describes issues of building mathematical model of the security of gas
consumption.

There is presented the gas leak monitoring system in the high-rise buildings. The
results of calculations have shown that Device and monitoring system with its main tech-
nical parameters are in compliance with the existing foreign analogs.

Giorgi Nikoladze’s Merits in the Development
of Computer Technologies

Archil Prangishvili, Levan Imnaishvili, Nugzar Iashvili
Georgian Technical University, Tbilisi, Georgia

email: nugzar.iashvili@rambler.ru

George Nikoladze was a prominent Georgian scientist, primarily a mathematician, a
specialist in the field of geometry, an engineer-metallurgist, the author of many works
on mathematics, Doctor of Sorbonne University. He was one of the initiators of Geor-
gian mountaineering. He was among the founders of Georgian scientific and technical
terminology.

The paper deals with one of the interesting aspects of G. Nikoladze’s activity.
Brilliant knowledge of mathematics and eternal aspiration for technical novelties led

him to the idea of designing a computing machine based on electric devices. The model
was made. G. Nikoladze obtained a patent for his device, but failed to realize the idea
because of lack of finances
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The Martingale Approach in the Problem of the
Stochastic Integral Representation of Functionals

Omar Purtukhia
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Department of Mathematics, Faculty of Exact and Natural Sciences,

Iv. Javakhishvili Tbilisi State University, Tbilisi, Georgia
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It is known that any functional of Brownian motion with finite second moment can
be expressed as the sum of a constant and an Ito stochastic integral. A corollary of this
result is that any martingale (on a closed interval) that is measurable with respect to the
increasing family of σ-fields generated by a Brownian motion is equal to a constant plus
a stochastic integral. The general result only asserts the existence of the representation
and does not help to find it explicitly. Sufficiently well-behaved Frechet-differentiable
functionals have an explicit representation as a stochastic integral in which the integrand
has the form of conditional expectations of the differential.

The first proof of the martingale representation theorem 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. One of the pioneer work on explicit descriptions
of the integrand is certainly the one by Clark. In general, the finding of explicit expression
for integrand φ(t, ω) of stochastic integral is very difficult problem. According to Ocone
(1984) φ(t, ω) = E[DB

t F |ℑBt ] (so called Clark–Ocone formula), where DB
t is the so called

Malliavin stochastic derivative. A different method for finding the process φ(t, ω) was
proposed by Shiryaev, Yor and Graversen (2003, 2006), which was based on the Ito
(generalized) formula and the Levy theorem for the Levy martingale Mt = E[F |ℑBt ]
connected with the considered functional F. Later on, using the Clark–Ocone formula,
Renaud and Remillard (2006) have established explicit martingale representations for
path-dependent Brownian functionals.

We study the problem of stochastic integral representation of stochastically nonsmooth
functional. In [2], we also considered the stochastically nonsmooth path-dependent Brow-
nian functional. It turned out that the requirement of smoothness of the functional can be
weakened (see [1]). 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 for finding of the integrand.

Here, by conditional averaging of the stochastic functional, we pass to the deterministic
function of two variables, study the properties of its smoothness, and on the basis of the
martingale approach we derive the stochastic integral representation formula with an
explicit form of the integrand.
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Inverse Trigonometric Functions
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Function and its inverse is one of the most important topics in the high school math
curriculum. Some of the important applications of the topic are following: to determine
the range of a rational function, we find the domain of its inverse; to learn exponential and
logarithmic functions; to investigate equivalency of irrational equations and inequalities,
we use the properties of the inverse of a power function.

Graphical representation of inverse functions is tightly connected with line symmetry.
Indeed, to build the graph of the inverse, one needs to reflect the graph of the given
function over the angle-bisector of the I and III quadrants (line y = x). Therefore,
understanding line symmetry is a crucial pre-requisite to learning inverse functions.

When it comes to inverse trigonometric functions, their role in the curriculum is limited
to writing down the solutions of trigonometric equations using specific values of inverses.
We believe, that function and its inverse should be taught simultaneously to ensure that
students have a deep understanding of the topic. This, of course, includes trigonometric
functions as well. It turns out, that “Geogebra” is an extremely effective tool to teach
and learn trigonometric functions and their inverses.
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On the Products of Algebraic K-Functors
of a Crossed Hopf Algebras

Giorgi Rakviashvili
Department of Mathematics, Ilia State University, Tbilisi, Georgia

email: giorgi.rakviashvili@iliauni.edu.ge

Let k be a commutative ring with identity, H be a Hopf algebra over k and let A
be a commutative H-module algebra. If σ ∈ Reg2+(H,A) is a 2-cocycle of Sweedler’s
cohomology [1] of H with coefficients in A then a crossed product A#σH (see [1]) of the
Hopf algebra H and the commutative H-module algebra A is defined as an A-module
A⊗k H with multiplication

(a#σg)(b#σh) =
∑
(g),(h)

a(g(1)b)σ(g2 ⊗ h(1))#σg(3)h(2).

We construct some product for algebraic K-functors of the crossed product of the com-
mutative ring and the cocommutative Hopf algebra and investigate its some properties.
This product generalises corresponding results for (crossed) group rings and for restricted
(crossed) enveloping algebras of (super) Lie p-algebras.
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Usage of TSR Logic Methods in Natural Event
Problems

Khimuri Rukhaia, Teimuraz Davitashvili, Lali Tibua
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Tbilisi, Georgia
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Regional climate formation above the territory of complex terrains is conditioned dom-
inance due to of joint action of large-scale synoptic and local atmospheric processes which
is basically stipulated by complex topographic structure of the terrain. The territory of
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Georgia is a good example for that. Indeed, about 85% of the total land area of Georgia
is mountain ranges with compound topographic sections which play an important role for
spatial-temporal distribution of meteorological fields. As known, the global weather pre-
diction models can well characterize the large scale atmospheric systems, but not enough
the mesoscale processes which are associated with regional complex terrain and land cover.
With the purpose of modelling these smaller scale atmospheric phenomena and its char-
acterizing features, it is necessary to take into consideration the main features of the local
complex terrain, its heterogeneous land surfaces and at the same time influence of large
scale atmosphere processes on the local scale processes.

The Weather Research and Forecasting (WRF) model is a mesoscale numerical weather
prediction system, designed for forecasting needs. WRF consists of several solvers and
it is quite flexible to be extended for different needs. One of such example is the Polar
WRF. One of our goals is to combine WRF model with the solver developed by us, to
get better prediction of temperature, wind velocity, showers and hails for different set of
physical options in the regions characterized with the complex topography.

Rule-Based Techniques in Access Control
Mikheil Rukhaia

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

email: mrukhaia@logic.at

Access control is a security technique that specifies which users can access particular
resources in a computing environment. Formal description of access control is extremely
important, since it should be defined, unambiguously, how rules regulate what action can
be performed by an entity on the resource, how to guarantee that each request gets an
authorization decision, how to ensure consistency, etc. It is also important that such a
formal description is at the same time declaratively clear and executable, to avoid an
additional layer between specification and implementation.

Over the years, numerous access control models have been developed to address various
aspects of computer security. In this talk, we describe traditional models: discretionary
access control (DAC), mandatory access control (MAC) and role-based access control
(RBAC). Despite successful practical applications of these traditional models, they have
certain disadvantages, which was the reason why new approaches emerged. We will focus
on one modern approach, attribute-based access control, which has been proposed in order
to overcome limitations of traditional models.

Acknowledgement. This work was supported by the Georgian Shota Rustaveli
National Science Foundation project FR17_439.
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Numerical Computation of Rayleigh-Benard
Problem for Dilatant Fluids

Serpil Şahin
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In this study, we consider flow properties of Dilatant fluids motion generated by ther-
mal gradients in an enclosed cavity region. As far as Rayleigh-Benard convection is
concerned, share rate equals to the vorticity function. As a result, since the share rate
is zero on the boundary, vorticity function must be zero as well. Pseudo time derivative
is used to solve the continuity, momentum and energy equations with these conditions.
Therefore, the governing equations of fluid of vorticity-stream function and temperature
formulations are solved numerically using finite difference method. The stream function,
vorticity and temperature results are obtained for the steady, two-dimensional, incom-
pressible Diatant flow. These results are presented both in tables and figures. The stream
function, vorticity and energy equations are solved separately with the numerical solution
method used in this study. Each equation with pseudo time parameter on very fine grid
mesh is solved step by step with a pair of tridiagonal system. The advantage of this
process is that it gives the solution of the flow problems effectively and accurately.

References
[1] E. Barragy, G. F. Carey, Stream function-vorticity driven cavity solutions using p

finite elements. Computers and Fluids 26 (1997), 453–468.
[2] E. Ertürk, T. C. Corke, C. Gökçöl, Numerical solutions of 2-D steady incompressible

driven cavity flow at high Reynolds numbers. International Journal for Numerical
Methods in Fluids 48 (2005), 747–774.

[3] O. M. Rayleigh, On convection currents in a horizontal layer of fluid, when the
higher temperature is on the under side. Philosophical Magazine Series 6 32 (1916),
529–546.

[4] S. G. Rubin, P. K. Khosla, Navier-Stokes calculations with a coupled strongly im-
plicit method. I. Finite-difference solutions. Comput. & Fluids 9 (1981), no. 2,
163–180.

[5] R. Schreiber, H. B. Keller, Driven cavity flows by efficient numerical techniques.
Journal of Computational Physics 49 (1983), 310–333.



ÁÀÈÖÌÉ –ÈÁÉËÉÓÉ, 3–8 ÓÄØÔÄÌÁÄÒÉ, 2018 ÌÏÍÀßÉËÄÈÀ ÌÏáÓÄÍÄÁÄÁÉÓ ÈÄÆÉÓÄÁÉ 203

Initial-Boundary Value Problems Related to
Integrable Nonlinear Equations

Alexander Sakhnovich
Faculty of Mathematics, University of Vienna, Vienna, Austria

email: oleksandr.sakhnovych@univie.ac.at

We consider several important initial-boundary value problems related to integrable
nonlinear equations. We start with the well-known compatibility condition (zero curvature
equation). Then we solve second harmonic generation equation using the evolution of the
Weyl function. Finally, since initial-boundary value problems for integrable nonlinear
equations are mostly overdetermined, we discuss some cases where initial condition is
determined by the boundary condition. There is also a simple connection between Weyl
functions and reflection coefficients. Thus, one can discuss reflection coefficients instead
of Weyl functions. The talk is based on the papers [1–4].
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Sun’s Direct Radiation Impact on Glaciers Melting
Index for Some Glaciers of Georgia
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The glaciers of Georgia have undergone significant changes against the background of
global warming. Most of them have disappeared, and some have suffered degradation.
The glacier area has decreased during the retreat, but at the same time the total number
of glaciers has increased. Generally the glaciers play a major role in formation the water
balance of the region and their reduction or disappearance poses significant damage to
the natural ecosystems. The paper deals with major meteorological factors operating on
glaciers and the melting of direct solar radiation on the basis of the melting energy model
of the Enguri basin glacier.

On Regularity Results for Localization Operators
Ayşe Sandıkçı

Department of Mathematics, Faculty of Arts and Sciences, Ondokuz Mayis University,
Samsun, Turkey

email: ayses@omu.edu.tr

In this work we introduce localization operators by means of time frequency analysis.
Regularity results for localization operators with symbols and windows living in vari-
ous function spaces (such as Lebesgue spaces, modulation spaces or mixed Lorentz type
modulation spaces) are discussed.

Some key references are given below.
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When teaching mathematic modeling to students of economics and not only them, the
greatest importance is attributed to the solutions of the examples from the practice by
using mathematic methods and mathematic modeling elements. Among those practical
problems, which are solved by using mathematic modeling, the problems that are solved
by dynamic programming method are exceptionally interesting. Our goal is to discuss the
teaching of solving a specific problem with dynamic programming method. It’s important
to show students the principle and action mechanism of dynamic programming while
solving the problem.
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Improved Algorithm of Customers Segmentation
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Finding, developing and retaining a customer is becoming a priority for companies. If
a company has more than a thousand customers, it is too difficult to take into account
the needs of each of them. It is advisable to analyze the needs of several client groups,
rather than each of them. It is advisable to analyze the needs of several client groups
rather than each of them, to effectively solve the problem of segmentation the customer’s
market based on the clients consumer needs and preferences in order to further target
marketing tasks [1].

According to the formally defined client market segmentation problem [2], the dis-
tances between customers are represented as points of the m-dimensional space Rm, and
for the analysis Fuzzy C-Means and Gustavson–Kessel algorithms [3, 4], the Euclidean
distance, as the geometric distance in m-dimensional space, as well as the Mahalanobis
distance [3, 5] for its correction are used. It makes possible to form clusters of a spher-
ical shape with an arbitrary orientation of the axes.The algorithms of Fuzzy C-Means
and Gustavson–Kessel are based on using a fuzzy neural network. Both algorithms train
the network in order to minimize the target function J(M,U,C) according to the self-
organization algorithm, which assumes the clustering of the customer market.

The output of the algorithm is a list of clients and the probability of their belonging
to a particular market segment.

The proposed mathematical model and an improved algorithm of client market seg-
mentation will allow to divide the customer’s market into groups, taking into account the
algorithm type (fast or accurate) selected by user, client attributes for the segmentation,
fuzzyness parameter w, stopping criterion δ and a given number of segments g on which
it is necessary to divide the market of customers. In the situations where the value of
the client attribute vector is on the boundary between clusters, the proposed information
technology gives a more accurate result of customer segmentation. It was proved based
on the conducted tests, which used the solution of the client market segmentation, by
using the developed information technology, which is based on the improved algorithm
and Deductor Academic [6].
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Various data mining technologies can be used to extract useful information that will be
used during software development (SWD), and help to discover patterns between software
applications.

The purpose of this study is to justify the feasibility of using the technology to search
for associative rules (AR) in the software development process.

Associative rules can be used to accomplish these goals during software development:
1. To detect defects in the software, by searching for AR among all extracted versions

of the program code. This approach will identify vulnerabilities in the architecture of the
software in the early stages and reduce the material costs of their correction in the future
[1].

2. To determine the necessary resources for the software development process and
effectively manage them. It is proposed to do this, by using the theory of fuzzy sets and
search for AR. This will effectively plan the actions of each participant during the software
development process [2].

3. To identify the developer, who will be assigned to correct the defect. For this
purpose, it is proposed to use the search technologies of AR and such characteristics of
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the defect as: importance, priority, short description and developer. This approach will
automate the process of assigning a developer to fix a certain defect [3].

Therefore, the use of technology of searching for associative rules is feasible in the
software development. Therefore, it is proposed to use a modified Frequent Pattern
Growth method of searching AR to determine the time required to perform a particular
task by a particular developer. The modification is that the data before the search for
associative rules is classified, which will allow to obtain more informative associative rules.
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On the Number Of Representations of Integers
by the Quadratic Forms of Eight Variables

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

Tbilisi, Georgia
email: ketevan.shavgulidze@tsu.ge

We form the spherical polynomials of second order with respect to some quadratic form
Q(X), we form also the basis of the space of corresponding generalized theta-series and
obtained the formulae for the number of representations of positive integers by quadratic
form of eight variables.

Let

Q(X) = x21 + 2x22 + 2x23 + 4x24 + x1x2 + x1x4 + x2x3 + x2x4 + 2x3x4
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be a quadratic form of type (−2, 13, 1) (see [3]) and

F = Q(x1, x2, x3, x4) +Q(x5, x6, x7, x8)

be the quadratic form of eight variables. For this quadratic form we have proved the
following
Theorem. The number of representations of positive integers n by quadratic form F is
given by

r(n, F ) =
24

17
σ∗
3(n) +

91

34

( ∑
Q(x)=n

x21 −
4

13
n
)

− 247

34

( ∑
Q(x)=n

x1x2 −
4

13
n
)
− 26

17

( ∑
Q(x)=n

x1x3

)
,

where

σ∗
3(n) =

{
σ3(n), if (13, n) = 1,

σ3(n) + 169σ3

( n
13

)
, if 13|n.
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ÌÀÈÄÌÀÔÉÊÖÒÉ ÌÄÈÏÃÄÁÉÈ ÀÂÄÁÖËÉ
ØÀÒÈÖË-×ÒÀÍÂÖË-ÉÍÂËÉÓÖÒÉ ÛÉÍÀÀÒÓÖËÀÃ

ÌÈÀÒÂÌÍÄËÉ ÓÉÓÔÄÌÉÓ ÐÉÒÅÄËÉ ÓÀÝÃÄËÉ ÅÄÒÓÉÀ
ÓÏ×Ï ÛÉÍãÉÊÀÛÅÉËÉ, ÊÏÍÓÔÀÍÔÉÍÄ ×áÀÊÀÞÄ

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

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

ÓÔÖ ØÀÒÈÖËÉ ÄÍÉÓ ÔÄØÍÏËÏÂÉÆÄÁÉÓ ÝÄÍÔÒÉÓ ÂÒÞÄËÅÀÃÉÀÍÉ ÐÒÏÄØÔÉÓ „ØÀÒÈÖËÉ
ÄÍÉÓ ÔÄØÍÏËÏÂÉÖÒÉ ÀÍÁÀÍÉ“ [1] ØÅÄÐÒÏÄØÔÉÓ „ÊÉÃÄÅ ÄÒÈÉ ÍÀÁÉãÉ ÌÏÓÀÖÁÒÄ ØÀÒÈÖËÉ
ÈÅÉÈÂÀÍÅÉÈÀÒÄÁÀÃÉ ÉÍÔÄËÄØÔÖÀËÖÒÉ ÊÏÒÐÖÓÉÓÀÊÄÍ“ [2] ×ÀÒÂËÄÁÛÉ ×áÀÊÀÞÉÓ ØÀÒÈÖËÉ
ÄÍÉÓ ËÏÂÉÊÖÒÉ ÂÒÀÌÀÔÉÊÉÈ ÛÄÌÖÛÀÅÄÁÖË ÌÀÈÄÌÀÔÉÊÖÒ ÌÄÈÏÃÄÁÆÄ ÃÀÚÒÃÍÏÁÉÈ [3]
ÀÉÂÏ ØÀÒÈÖËÉ-ÉÍÂËÉÓÖÒ-ÂÄÒÌÀÍÖËÉ ÌÈÀÒÂÌÍÄËÉÓ ÓÀÝÃÄË-ÓÀÌÏÌáÌÀÒÄÁËÏ ÅÄÒÓÉÀ [2],
ÒÏÌÄËÉÝ ÄÚÒÃÍÏÁÏÃÀ 2005 ßÄËÓ ÀÂÄÁÖË ÓÀÝÃÄË ØÀÒÈÖË-ÂÄÒÌÀÍÖË ÌÈÀÒÂÌÍÄËÓ [4].
ÀÌÂÅÀÒÀÃ, ÓÀÌÀÂÉÓÔÒÏ ÊÅËÄÅÉÈ ÃÀÉÂÄÂÌÀ ØÀÒ- ÈÖË-×ÒÀÍÂÖË-ÉÍÂËÉÓÖÒÉ ÌÈÀÒÂÌÍÄËÉÓ
ÓÀÝÃÄË-ÓÀÌÏÌáÌÀÒÄÁËÏ ÅÄÒÓÉÉÓ ÀÂÄÁÀ, ÒÉÈÀÝ ÄÓ ÊÅËÄÅÀ ÍÀßÉËÉ ÂÀáÃÀ ÐÒÏÄØÔÉÈ
„ØÀÒÈÖËÉ ÄÍÉÓ ÔÄØÍÏËÏÂÉÖÒÉ ÀÍÁÀÍÉ“ ØÀÒÈÖËÉ ÄÍÉÓ ÓÒÖËÉ ÔÄØÍÏËÏÂÉÖÒÉ ÖÆÒÖÍ-
ÅÄËÚÏ×ÉÓ ÃÀ, ÛÄÓÀÁÀÌÉÓÀÃ, ÝÉ×ÒÖËÉ ÊÅÃÏÌÉÓ ÓÀ×ÒÈáÉÓÂÀÍ ÃÀÝÅÉÓ ÌÉÆÍÉÈ ÓÔÖ-ÛÉ 2012
ßËÉÃÀÍ ÌÉÌÃÉÍÀÒÄ ÊÅËÄÅÄÁÉÓÀ.

ÌÏáÓÄÍÄÁÉÓÀÓ ÌÏÊËÄÃ ÌÉÌÏÅÉáÉËÀÅÈ ÓÀÌÀÂÉÓÔÒÏ ÈÄÌÉÓ „ÌÀÈÄÌÀÔÉÊÖÒÉ ÌÄÈÏÃÄÁÉÈ
ÀÂÄÁÖËÉ ØÀÒÈÖË-×ÒÀÍÂÖË-ÉÍÂËÉÓÖÒÉ ÛÉÍÀÀÒÓÖËÀÃ ÌÈÀÒÂÌÍÄËÉ ÓÉÓÔÄÌÉÓ ÐÉÒÅÄËÉ
ÓÀÝÃÄËÉ ÅÄÒÓÉÀ“ [5] ÌÉÆÍÄÁÓ, ÀÌÏÝÀÍÄÁÓ, ÌÄÈÏÃÄÁÓÀ ÃÀ ÖÊÅÄ ÌÉÙßÄÖË ÛÄÃÄÂÄÁÓ.
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On the Eigenvalue Problem of Functionally
Graded Cylindrical Shells with Mixed Boundary

Conditions in an Elastic Medium
Abdullah Sofiyev1, Bilender Pasaoglu2

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

email: abdullahavey@sdu.edu.tr
2Faculty of Arts and Sciences, Suleyman Demirel University,

Department of Mathematics, Isparta, Turkey
email: bilenderpasaoglu@sdu.edu.tr

The cylindrical shells are widely used as structural elements in many engineering ap-
plications, aerospace, nuclear reactors, petrochemicals, marine industry, civil engineering
and mechanical engineering. The vibration analyses of cylindrical shells have been inves-
tigated for a long time. Recently, a new class of composite materials known as functional
graded materials (FGMs) has become attractive due to the increased requirements for
structural characteristics in the industry, especially at extremely high temperatures and
high speeds. FGMs are designed to achieve functional characteristics with variable char-
acteristics in one or more directions. The concept of FGMs was first expressed in 1984
by a group of Japanese scientists [1]. FGM cylindrical shells interact with the elastic
medium in some special applications. Most floors can be represented by a mathematical
model based on Pasternak, and sandy soils and liquids can be represented by the Win-
kler model. Vibration analysis of the FGM shells on the elastic foundations is done by
some scientists [2, 3]. There are limited studies on the vibration of unconstrained FCM
shells under mixed boundary conditions [4]. The purpose of this work is to examine the
free vibration of FGM cylindrical shells under mixed boundary conditions resting on the
Winkler elastic foundation. Donnell shell theory is taken into account in the derivation of
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the governing equations for FGM cylindrical shells. The closed form solution for circular
frequency on the Winkler elastic foundation is obtained. Using the obtained formula,
numerical analyzes are performed and the influences of various profiles of FGM and Win-
kler elastic foundation on the circular frequency of FGM cylindrical shells with mixed
boundary conditions are analyzed.
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On Some Paradoxes in the Theory of
Elastic Contact with Sliding

Ivan A. Soldatenkov
Laboratory of Tribology, A. Ishlinsky Institute for Problems in Mechanics of the Russian

Academy of Sciences, Moscow, Russia
email: iasoldat@hotmail.com

Two problems on sliding contact of a punch with elastic foundation are considered,
notably: case of punch with corners (fixed contact region) without friction and case of
smooth punch with friction.

The formal statement of the 1-st problem leads to paradox of “perpetuum mobile”
(figure). To solve the paradox a concept of corner tangential forces ψ± is introduced.
Such kind of forces are defined by limiting passage from the smooth punch to the corner
one using known equations of contact problem for elastic half-plane [1]:
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ψ± = ±
C2

±

4πθ(a+b)
; C± = P ±

{
a

b

}
A0 + A1,

Ak = −θ
b∫

−a

skg′(s) ds√
(a+x)(b−x)

, θ =
E

2(1−ν2)
.

Friction sliding of the smooth punch (2-nd case) is taking place under action of the
following tangential forces: external drag force T , Coulomb friction force F and deforma-
tion friction force ψ. The powers of these forces are related by energy conservation law
MT = MF +Mψ. The last equality means that work of the external force T is only par-
tially expended on covering Coulomb friction losses. In connection with it a paradoxical
issue arises: what the remainder Mψ of the power MT is expended on, whereas there is
no dissipation of energy in the elastic foundation?

For elimination of the contradiction it is proposed to take into account variation of the
sliding velocity over contact region: V (x) = Vs(1 + u′(x)) [2] in calculation of Coulomb
friction losses.

The work was supported by the Russian Foundation for Basic Research (17-01-00352).
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On the Regularity of
Positive Ternary Quadratic Forms

Levan Sulakvelidze
University of Georgia, School of IT, Engineering and Mathematics

Tbilisi, Georgia
email: levan.sulakvelidze@gmail.com

Let F be a positive ternary quadratic form, which belongs to some genusG of quadratic
forms.

B. W. Jones in [1] has proved that a form F of genus G is regular if and only if it
represents all the integers represented by the every form of G.

Therefore, whenever F is the only reduced form of a genus, it is regular. Conversely, if
the form F is regular, it may not belong to one class genera. There are just small amount
of such forms and it is difficult to find them.

Based on the theory of a modular forms, general approach for representation of num-
bers by positive quadratic forms was developed by G. A. Lomadze and then by his disci-
ples.

Using J. S. Hsia’s [2] consideration and based on the properties of modular forms simple
formulas for the representation of integers by two ternary quadratic forms belonging two
class generas are obtained and all arithmetical progressions, whose members and only they
are not represented by these quadratic forms are founded. Therefore, these two quadratic
forms are regular.
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Two-Parametric Analysis of an elastic Half-Space
Coated by a Soft/Stiff Thin Layer

Leyla Sultanova, Danila Prikazchikov, Julius Kaplunov
School of Computing and Mathematics, Keele University, Staffordshire, UK

email: l.sultanova@keele.ac.uk

Static equilibrium of an elastic half-space with a thin soft/stiff coating, subject to a
vertical load, is considered. The two small parameters arise from relative small thickness
of the coating, as well as from the contrast in stiffnesses of the layer and the substrate.
A version of the method of direct asymptotic integration, see e.g. [1], is then developed.
First, a solution of a toy plane-strain problem for a harmonic load is obtained, in order to
establish the asymptotic scaling for general setup for both limits of soft and stiff coating
layer. For a sufficiently soft coating the Winkler-Fuss hypothesis is justified at leading
order, and higher-order corrections to the formulation, such as the Pasternak model,
are also studied [2]. In case of a rather stiff coating the traditional thin plate model is
validated. Alternative approximations for less pronounced contrast are also addressed.
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The Direct and Reverse Relationships of
Generalized Zener Body, when the Constitutive

Relationship Contains Conformable
Fractional Derivatives

Teimuraz Surguladze
Department of Mathematics, Akaki Tsereteli State University

Kutaisi, Georgia
email: teimurazsurguladze@yahoo.com

Be Considered generalized Zener body, when the constitutive relationship contains
conformable fractional Derivatives. The constitutive relationship for generalized Zener
body has been written down by means of the kinematic and dynamic relations. The
direct and reverse relationships have been obtained for generalized Zener body as well
as the expressions of the creep and relaxation functions. The case is considered when in
model the spring is replaced with an element of fractional calculus.

On the Decomposition into a Direct Sum of
Locally Linear Compact Topological Abelian Group

Onise Surmanidze
Department of Mathematics, Batumi Shota Rustaveli State University

Batumi, Georgia
email: onise.surmanidze@bsu.edu.ge

Locally linear compact abelian group G is a weakly compact group, which has such a
linear compact open subgroup H, that corresponding quotient group G/H is a discrete.
For such group G with a subgroup H of the given property, a decomposition into a direct
product with groups of rank 1 is studied:
Theorem. For the decomposition into a direct product with groups of rank 1 of a locally
linear compact abelian group G it is necessary and sufficient:

1. A decomposition into a direct product with groups of rank 1 of subgroup H;
2. A decomposition into a direct product with groups of rank 1 of quotient groups
G|p∞H with a subgroup f(H) of the given property.
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On the Solution of Some Non-Classical Problems of
Statics of the Theory of Elastic Mixture in

Infinite Plane with a Circular Hole
Kosta Svanadze

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

In the work for homogeneous equation of statics of the linear theory of elastic mixture
in an infinite domain with a circular hole are considered two boundary value problems. In
the case of problem I on the boundary of domain there are prescribed projections of the
partial displacements vectors on the normal and rotation, and in the case of problem II
on the boundary of domain there are prescribed projections of the partial displacements
vectors on the tangent and divergence. The problems are uniquely solvable and the
solutions are represented in quadratures.

The Task of Chemical Synthesis with the Modelling
of Differential Equations

Mzia Talakhadze
Sokhumi State University, Tbilisi, Georgia

email: mziatalakh@mail.ru

Differential equations take an important place in math appendixes of different fields
of science. They are quite effective and common way to solve the tasks by using natural
science and technique. Many real processes are described easily and completely with
differential tasks. Therefore the interest toward creating differential equations is quite
natural.

Our aim is to show different tasks of natural science and technique and support the
modern methods to study the creation of differential equations. These tasks are derived in
the process of scientific research or production. Chemical kinetics equation for example:
molecular reaction, stationary diffusion and many others are brought on the solution of
differential equation or differential equation system.

We decided to study the chemical synthesis in its theoretical model of differential
equation. Therefore, we deal with the task of chemical synthesis with the modelling of
differential equations.
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Convergence and Summability of the
One- and Two-Dimensional Vilenkin–Fourier Series

in the Martingale Hardy Spaces
George Tephnadze

School of Informatics, Engineering and Mathematics, The University of Georgia
Tbilisi, Georgia

email: g.tephnadze@ug.edu.ge

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
central theorem about atomic decomposition of these spaces and show how this result
can be used to derive necessary and sufficient conditions for the modulus of continuity
such that partial sums with respect to one- and two-dimensional Vilenkin–Fourier series
converge in norm. Moreover, we also present some strong convergence theorems of partial
sums of the one- and two-dimensional Vilenkin systems.
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Boundary Value Properties of
Canonical Blaschke Product in a Unit Circle

Giorgi Tetvadze, Lamara Tsibadze, Lili Tetvadze
Department of Teaching Methods, Akaki Tsereteli State University

Kutaisi, Georgia
email: giorgi.tetvadze@yahoo.com

The necessary and sufficient conditions for the canonical Blaschke product to have
angular limits are obtained.
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Robust Stochastic Control of the Exchange Rate
Revaz Tevzadze

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

We consider the problem of a Central Bank that wants the exchange rate to be as
close as possible to a given target, and in order to do that uses the interest rate level and
interventions in the unspecified foreign exchange market model. We represent this as a
robust stochastic control problem, and provide for the first time a solution to that kind of
problem. We give examples of solutions that allow us to perform an interesting economic
analysis of the optimal strategy of the Central Bank. For the fully specified model such
type problems were solved in [1], [2].
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About Convergence of Stochastic Integral
Luka Tikanadze

Department of athematics, Ivane Javakhishvili Tbilisi State University
Tbilisi, Georgia

email: tikanadzeluka@gmail.com

Let us consider a sequence of continuous processes with bounded variation Xn
t , which

converges to a continuous semimartingale X. Let
t∫
0

f (s,Xn
s ) dX

n
s be a sequence of

Lebesgue–Stieltjes integrals where f = f (t, x) (t ∈ [0, T ] , x ∈ R) is a function of two
variables. It is interesting, when this sequence of integrals has a limit, can this limit be
presented as a stochastic integral and in which sense we should consider this integral.

This question was answered first by Wong and Zakai in 1965, for the case when X = W
is Brownian motion. It turned out, that given limit approaches not to the Ito’s Stochastic
integral, but to the integral in Stratanovich sense. Further it has been also proved for
continuous semimartingales.

We generalize this result for nonatisipating functionals using the generalized Ito’s
formula derived by R. Chitashvili (1982).

References
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Convolutions and Fourier Analysis Generated by
Riesz Bases

Niyaz Tokmagambetov
al–Farabi Kazakh National University, Almaty, Kazakhstan

email: tokmagambetov@math.kz

In this talk we will discuss notions of convolutions generated by biorthogonal systems
of elements of a Hilbert space. We develop the associated biorthogonal Fourier analysis
and the theory of distributions, discuss properties of convolutions and give a number of
examples.

The talk is based on the joint work with Professor Michael Ruzhansky.

Boundary Value Problem for
the Bi-Laplace–Beltrami Equation

Medea Tsaava
I. Javakhishvili Tbilisi State University, Tbilisi, Georgia

email: m.caava@yahoo.com

The purpose of the present paper is to investigate the boundary value problems for the
bi-Laplace-Beltrami equation ∆2

Cφ = f on a smooth hypersurface C with the boundary
Γ = ∂C. The unique solvability of the BVP is proved, based upon the Green formulae
and Lax–Milgram Lemma.

We also prove the invertibility of the perturbed operator in the Bessel potential spaces
∆2

C+H I : Hs+2
p (S)→ Hs−2

p (S) for a smooth closed hypersurface S without boundary for
arbitrary 1 < p <∞ and −∞ < s <∞, provided H is smooth function, has non-negative
real part ReH(t) > 0 for all t ∈ S and non-trivial support mes supp ReH ̸= 0.
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On Relative Topological Finiteness
Ivane Tsereteli

School of Business, Computing and Social Sciences, St. Andrew the First-Called
Georgian University of Patriarchate of Georgia, Tbilisi, Georgia

email: ivanetsereteli@hotmail.com

In [1] the notion of topologically finite space was given: a topological space is called
topologically finite provided it is homeomorphic to none of its proper subspaces (otherwise
the space is called topologically infinite). Later, in [2], the concept of relative topological
finiteness was introduced: a topological space is called topologically finite relative to
some subclass of its proper subspaces if the given space is homeomorphic to none of its
subspaces belonging to the mentioned subclass (otherwise the space is called topologically
infinite relative to the given subclass). In [2] a Hausdorff compact topologically finite
space is constructed which is topologically infinite relative to the class of all its proper Gδ

subspaces. In the present work we give an example of a topologically finite (Hausdorff)
hereditarily normal (not perfectly normal) space which is topologically infinite relative to
the class of all its proper Fσ subspaces.

References
[1] I. Tsereteli, Topological finiteness, Bernstein sets, and topological rigidity. Topology

Appl. 159 (2012), no. 6, 1645–1653.
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On Fiber Strong Shape Equivalences
Ruslan Tsinaridze

Department of Mathematics, Batumi Shota Rustaveli State University, Batumi, Georgia
email: r.tsinaridze@bsu.edu.ge

Using the notion of fiber double mapping cylinder are given the characterizations of
fiber strong shape morphisms. Here are found necessary and sufficient conditions under
which a map over fixed space B0 is a fiber strong shape equivalence.
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À×ÉÍÖÒÉ ÀÓÀáÅÄÁÉ ÃÀ ÊÏÏÒÃÉÍÀÔÉÆÀÝÉÀ
(ÀØÓÉÏÌÀÔÉÊÀ) ÆÏÂÀÃ ÒÂÏËÄÁÆÄ ÂÀÍÓÀÆÙÅÒÖËÉ

ÌÏÃÄËÄÁÉÓÀÈÅÉÓ
ÌÆÉÀ ÝáÏÌÄËÉÞÄ

ÌÀÈÄÌÀÔÉÊÉÓ ÃÄÐÀÒÔÀÌÄÍÔÉ, ÓÀØÀÒÈÅÄËÏÓ ÔÄØÍÉÊÖÒÉ ÖÍÉÅÄÒÓÉÔÄÔÉ
ÈÁÉËÉÓÉ, ÓÀØÀÒÈÅÄËÏ

ÄË. ×ÏÓÔÉÓ ÌÉÓÀÌÀÒÈÉ: mziacxomelidze@mail.ru

ÛÄÓßÀÅËÉËÉÀ À×ÉÍÖÒÉ ÂÒÀÃÀØÌÍÄÁÉÓ ÂÄÏÌÄÔÒÉÖËÉ ÉÍÔÄÒÐÒÄÔÀÝÉÀ ÊËÀÓÉÊÖÒÉ ÀË-
ÂÄÁÒÉÓ ÊÖÈáÉÈ, ÃÀÂÒÏÅÉËÉÀ ÓÀÊÌÀÏ ÌÀÓÀËÀ ÞÉÒÉÈÀÃÀÃ ÌÈÀÅÀÒ ÉÃÄÀËÈÀ ÒÂÏËÄÁÆÄ,
ÊÄÒÞÏÃ, ÉÍÅÀÒÉÀÍÔÖËÉ ÁÀÆÉÓÉÓ ÌØÏÍÄ ÌÏÃÖËÄÁÉÓ ÊÏÏÒÃÉÍÀÔÉÆÀÝÉÀ, ÊÄÒÞÏÃ, ÀØÓÉÏÌÀ-
ÔÉÊÖÒÉ ÀÙßÄÒÀ. ÀØÓÉÏÌÀÈÀ ÓÉÓÔÄÌÀ ÀÒÉÓ ÃÀÌÏÖÊÉÃÄÁÄËÉ, ÈÀÅÓÄÁÀÃÉ ÀØÓÉÏÌÄÁÉ
ÂÄÏÌÄÔÒÉÖË ÉÍÔÄÒÐÒÄÔÀÝÉÄÁÉÓ áÀÓÉÀÈÓ ÀÔÀÒÄÁÓ ÃÀ ÉÓÉÍÉ ÃÀÌÏÖÊÉÃÄÁÄËÍÉ ÀÒÉÀÍ.
ÀØÓÉÏÌÀÔÉÊÀÛÉ ÂÅáÅÃÄÁÀ ÃÄÆÀÒÂÉÓÀ ÃÀ ÐÀÐÉÓ ÈÄÏÒÄÌÀ, ÒÏÌÄËÉÝ ÂÀÍÀÐÉÒÏÁÄÁÓ ÆÏÂÀÃÉ
ÒÂÏËÄÁÉÓ ÊÏÌÖÔÀÔÉÖÒÏÁÀÓ. ÀÒÀÊÏÌÖÔÀÔÉÖÒÉ ÒÂÏËÄÁÉÓ ÛÄÌÈáÅÄÅÀÛÉ ÊÉ ÃÄÆÀÒÂÉÓ



224 Abstracts of Participants’ Talks Batumi–Tbilisi, September 3–8, 2018

ÃÀ ÐÀÐÉÓ ÀØÓÉÏÌÄÁÓ ÃÀÌÏÖÊÉÃÄÁÄËÉ áÀÓÉÀÈÉ ÀØÅÈ, áÏËÏ ÊÏÌÖÔÀÔÉÖÒÉ ÒÂÏËÄÁÉÓ
ÛÄÌÈáÅÄÅÀÛÉ ÉÓÉÍÉ ÉÃÄÍÔÖÒÄÁÉ ÀÒÉÀÍ. ÀÌ ÓÀÊÉÈáÄÁÉÓ ÐÀÒÀËÄËÖÒÀÃ ÂÀÍÅÉáÉËÀÅÈ
ÂÀÒÃÀØÌÍÀÓ, ÉÍÅÄÒÓÉÀÓ (ÀÓÀáÅÀÓ). ÀÌ ÂÀÒÃÀØÌÍÄÁÉÓ ÊÏÏÒÃÉÍÀÔÉÆÀÝÉÉÓ, À×ÉÍÖÒÉ ÂÀÒÃÀØ-
ÌÍÄÁÉÓ ÌÏÃÄËÆÄ ÃÀÚÒÃÍÏÁÉÈ, ÉÍÅÄÒÓÉÉÓ ÂÀÌÏÚÄÍÄÁÉÈ, ÃÀÌÔÊÉÝÄÁÖËÉÀ ÃÄÆÀÒÂÉÓ ÈÄÏÒÄ-
ÌÀ ÃÀ ÀÂÄÁÖËÉÀ ßÄÒÔÉËÈÀ ÏÈáÄÖËÉ ÃÀ ÓáÅÀ ÌÒÀÅÀËÉ. ÈÄÏÒÄÌÉÓ ÛÉÍÀÀÒÓÉ ÃÀ ÌÉÓÂÀÍ
ÂÀÌÏÌÃÉÍÀÒÄ ÛÄÃÄÂÄÁÉ ÌÍÉÛÅÍÄËÏÅÀÍÉ ÍÀÁÉãÉÀ ÄËÄÌÄÍÔÀÒÖËÉ 29 ÂÄÏÌÄÔÒÉÖËÉ ÀÌÏ-
ÝÀÍÉÃÀÍ ÐÒÏÄØÝÉÖËÉ ÂÄÏÌÄÔÒÉÉÓ Ö×ÒÏ ÒÈÖË ÀÌÏÝÀÍÄÁÆÄ ÂÀÃÀÓÅËÉÓÀÓ.

Some Issues of Conducting Fluid Unsteady Flows in
Constant Cross Section Pipes in

Transverse Magnetic Field
Varden Tsutskiridze1, Levan Jikidze2, Eka Elerdashvili1

1Department of mathematics, Georgian Technical University, Tbilisi, Georgia
email: author@email.addr

2Department of Engineering Mechanics and Technical Expertise in Construction,
Georgian Technical University, Tbilisi, Georgia

email: btsutskirid@yahoo.com; levanjikidze@yahoo.com; Elerdashvili@yahoo.com

In this article is considered the unsteady flow of viscous incompressible electrically
conducting fluid in an infinitely long pipe placed in an external uniform magnetic field
perpendicular to the pipe axis. It is considered that the motion is created by applied
at the initial time in constant longitudinal pressure fall. The exact general solution of
problem is obtained.

In this section is given a formulation of problem and are stated the general consider-
ations, related with its solution for an arbitrary profile of transverse cross-section pipe.
The next three sections of work (§§ 2-4) are devoted to the detailed study of flow in
rectangular pipes. Finally in the last §5 is considered special case of motion in a circular
pipe.
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On the Summability of Fourier Series of Abstract
Almost Periodic Functions

Duglas Ugulava
Muskhelishvili Institute of Computational Mathematics of the

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

Let W be a set of almost periodic (resp., weak almost periodic) functions, defined on a
locally compact Abelian group G, with values in a Banach space X. There are considered
some summability methods of Fourier series for functions f ∈ W with respect to the norm
(resp., weak norm) of the space X. These methods are obtained by varying the coefficients
of Fourier series

∑
k aχk

(f)χk(g), where χk are characters of the group G, aχk
(f) are the

Fourier coefficients of f , belonging to X and defined by the formula aχk
=Mg{f(g)χk(g)}.

Mg : G→ X is the average (resp., weak average) value on G of the function in brackets.
There are studied the cases which are connected with the consideration of accumulation
points of the set {χk(g)}. The varying of the Fourier coefficients is realized with the help
of some multiplier function φT which is defined on the dual group Ĝ, is equal to 1 in some
symmetric with respect to the unity compact set T ⊂ Ĝ and the Fourier transform φ̂T of
which is integrable on G. In the case when X is the space of complex numbers, similar
problems were considered in [1].
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On Grand Lebesgue Spaces on Sets
of Infinite Measure
Salaudin Umarkhadzhiev

Academy of Sciences of Chechen Republic, Grozny, Russia
email: umsalaudin@gmail.com

The theory of grand spaces is intensively developed during last two decades. Such
spaces Lp)(Ω), 1 < p < ∞, on bounded sets Ω ⊂ Rn were introduced by T. Iwaniec and
C. Sbordone [1] in connection with application to differential equations.

Last years, operators of harmonic analysis were widely studied in such spaces. Some
of these results are presented in the book [2]. In all the above mentioned studies only sets
Ω of finite measure were allowed, based on the embedding Lp ⊂ Lp−ε.

In the papers [3] and [4] there was suggested an approach to define grand spaces Lp)a (Ω)
on sets Ω ⊆ Rn of not necessarily finite measure. In the general form given in [4], this
approach is based on introducing the small power aε of a weight a into the norm of grand
space. We call this function a, which determines the grand space Lp)a (Ω), the grandizer of
this space.

The significance of the approach based on the use of the, is first of all in the fact that it
allows to consider variants operators of harmonic analysis on Rn. For the Riesz potential
operator Iα this approach was realized in [5], where in particular it was shown that the
known inversion of Iα by hypersingular operators is possible also in grand spaces under
an appropriate conditions for the grandizer.
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Neutrosophic Soft Modules
Kemale Veliyeva, Sadi Bayramov

Department of Algebra and Geometry, of Baku State University, Baku, Azerbaijan
email: kemale2607@mail.ru; baysadi@gmail.com

In this paper we study the concept of neutrosophic set. We have introduced this
concept in soft sets and defined neutrosophic soft set. Some definitions and operations
have been introduced on neutrosophic soft set. The main purpose of this paper is to
introduce a basic version of neutrosophic soft module theory, which extends the notion of
module by including some algebraic structures in soft sets. Finally, we investigate some
of neutrosophic soft module basic properties.

The Number of Representations Function for
Binary Forms Belonging to Multi-class Genera

Teimuraz Vepkhvadze
Department of Mathematics, Ivane Javakhishvili Tbilisi State University

Tbilisi, Georgia
email: t-vepkhvadze@hotmail.com

We show how the representations number of some positive integers by binary forms
belonging to multi-class genera can be computed by linking those forms to other forms
whose genus consists of a single class. The formulas for the number of representations
of a positive integer by a binary form which belongs to one-class genus are known. The
relationship between forms belonging to multi-class genera with forms of a single class is
obtained by elementary means.



228 Abstracts of Participants’ Talks Batumi–Tbilisi, September 3–8, 2018

Approximation of Certain Linear
Growth Functionals

Thomas Wunderli
Department of Mathematics and Statistics, The Amer�cian University of Sharjah

Sharjah, UAE
email: twunderli@aus.edu

We consider certain functionals
∫
Ω

g(x,Du) defined for u ∈ BV (Ω) where the integrand

g(x, p) : Ω × RN → R is measurable in x for each p, convex in p for a.e. x, is of the
form g(x, p) = g(x, |p|), and satisfies a linear growth condition. If

∫
Ω

g(x,Du) is lower

semicontinuous in L1(Ω), we construct a family of functionals
∫
Ω

φ(x,Du) that Γ-converge

to
∫
Ω

g(x,Du) in L1 (Ω), whose minimizers converge to minimizers of
∫
Ω

g(x,Du), and are

of the form ∫
Ω

φ(x,Du) := sup
ϕ∈V

{
−
∫
Ω

u divϕ+ φ∗(x, ϕ(x)) dx

}
.

Importantly, continuity in the x variable is not assumed.

Compactness in Soft
Bigeneralized Topological Spaces

Adem Yolcu, Taha Yasin Ozturk
Department of Mathematics, Kafkas University, Kars, 36100-Turkey

email: yolcu.adem@hotmail.com; taha36100@gmail.com

The soft bigeneralized topological spaces have been firstly introduced in [1] by Ozturk
et. al. and some basic notions and theorems have been presented. In this paper we will
present some researches and investigations by defining the concept of compactness in soft
bigeneralized topological spaces.

Keywords: Soft bigeneralized topological spaces, soft bigeneralized continuity, soft
bigeneralized compactness



ÁÀÈÖÌÉ –ÈÁÉËÉÓÉ, 3–8 ÓÄØÔÄÌÁÄÒÉ, 2018 ÌÏÍÀßÉËÄÈÀ ÌÏáÓÄÍÄÁÄÁÉÓ ÈÄÆÉÓÄÁÉ 229

References
[1] C. Gunduz Aras, A. Yolcu, T. Y. Ozturk, A study on soft generalized continuity in

soft bigeneralized topological spaces, accepted.
[2] T. Y. Ozturk, C. Gunduz Aras, A. Yolcu, Soft bigeneralized topological spaces.

Filomat, accepted.
[3] Á. Császár, Generalized topology, generalized continuity. Acta Math. Hungar. 96

(2002), no. 4, 351–357.
[4] D. Molodtsov, Soft set theory-first results. Global optimization, control, and games,

III. Comput. Math. Appl. 37 (1999), no. 4-5, 19–31.

About Subject and Learning of
Logical-Analytical Thinking
David Zarnadze, Murman Kublashvili

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

email: zarnadzedavid@yahoo.com; mkublashvili@mail.ru

Teaching of analytical thinking and conclusions is crucial for pupils and students. It
has given stimulus to the documentation created and translated for the logical, analytical
and critical thinking of the Ministry of Education [1]–[3]. By D. Zarnadze was created
the “General Skills Logic” Guide [4]. With the participation of D. Zarnadze, D. Ugulava,
M. Kublashvili was created the Standard of subject of “Logical-Analytical Thinking” in
the X, XI, XII Classes, Study/Teaching Methodology and Syllabus for teaching in the
general education system that was financed by the Patriarch International Foundation.
According this standards was written textbook “logical-analytical thinking grounds” [5]
in which it represents as an inter-disciplinary subject. Is being studied not only the right
thinking rules but also their Understanding-Learning Practical Exercises and Learning
Analytical Thinking.

The unanimous thought of these issues showed the shortcomings and errors that were
actually legalized in the guiding texts on which we were mentioned in the works [6]–[7].
These mistakes have been map into legal laws and national exam tests.

Based on the beginning research of classical logic operations for three statements were
made their grammatical, set interpretations [8] and the construction of the appropriate
circuits in the digital electronics [9]–[10]. These studies have led to the study of similar
issues in English, German and other languages.
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Linear Consistent Criteria for Testing Hypotheses
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Let (X,B) is separable Hilbert space with σ-algebra of Borel sets in X and {µh, h ∈
H} is the family of measures on B. Let ah average value: (ah, z) =

∫
X

(z, x)µh(dx), z ∈ X
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and Bh correlation operator

(Bhz, u) =

∫
X

(z, x)(u, x)µh(dx), ∀ z, u ∈ X,

where (z, u) denotes scalar product in X. Let us suppose By = B is independent of h. We
assume that the hypothesis parameters are the average values:

(h, z) =

∫
X

(z, x)µh(dx), H ⊂ X.

In linear theory is assumed that H is a linear manifold.
Definition. We will say that the statistical structure {X,B, µh, h ∈ H} admits a weakly
(strongly) sequential consistent linear criteria if there exists the sequence of continuous
mappings gn : X −→ X such that

lim
n−→∞

∫
X

(z, gn(x)− h)2µh(dx) = 0 (respectively, lim
n−→∞

∫
X

||gn(x)− h||2µh(dx) = 0).

Theorem 1. Let Xn ⊂ Xn+1 be some increasing sequence of finite dimensional subspaces
of Hilbert space X, Qn is projector on Xn and operator Q′

n satisfies the relation Q′
n(u) = u,

if u ∈ Xn −QnX; Q
′
νn ∀νn ∈ Xn; Q

′
nB = BQ

′
n on X. If X is a complete separable space,

then the condition
lim
n→∞

(BQ
′

nQnZ,Q
′

nQnZ) = (Bz, z)

is necessary and sufficient for existence unbiased consistent criteria coordinated with se-
quence of subspaces Xn.

Theorem 2. Let Xn ⊂ Xn+1 be some increasing sequence of finite dimensional subspaces
of Hilbert space X and

lim
n→∞

inf
Xn

[(Ba, a) + sup
∥h∥61

(a−Qnz, h)
2] = 0,

then there exists unbiased consistent criteria.
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Linear Consistent Criteria
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Let (X,B) is separable Hilbert space with σ-algebra of Borel sets in X and {µh, h ∈
H} is the family of Gaussian probability measures with correlation operator B and means
h ∈ H ⊂ X.
Definition 1. We will say that the statistical structure {X,B, µh, h ∈ H} admits a
weakly sequential consistent linear criteria for testing hypotheses if there exist a sequence
of continuous linear mappings gn : X → X such that

lim
n→∞

∫
X

(z, gn(x)− h)2µh (dx) = 0 ∀ z ∈ X, h ∈ H.

Definition 2. We will say that the statistical structure {X,B, µh, h ∈ H} admits a
strongly sequential consistent linear criteria for testing hypotheses if there exist a sequence
of continuous linear mappings gn : X → X such that

lim
n→∞

∫
X

∥gn(x)− h∥2µh (dx) = 0 ∀h ∈ H.

Definition 3. Weakly measurable linear mapping g : X → X admits a weakly consistent
linear criteria for statistical structure {X,B, µh, h ∈ H} if µh{x : g(x) = h} = 1 ∀h ∈ H.
Definition 4. Strongly measurable linear mapping g : X → X admits a strongly con-
sistent linear criteria for statistical structure {X,B, µh, h ∈ H} if µh{x : g(x) = h} = 1
∀h ∈ H.
Theorem. The Gaussian statistical structure {X,B, µh, h ∈ H} admits a consistent
linear criteria if and only if there exists the sequence of positive symmetric operators An
such that the following relations are fulfilled

(1) lim
n→∞

(Anh, h) = 0 ∀h ∈ H;

(2) lim
n→∞

µ0{x : |(Anx, x)− (x, x)| > ε} = 0 ∀ ε > 0;

(3)
∑
k

(B1/2AnB
1/2ek, ek) uniform converges with respect n and for all complete or-

thonormal system {ek} of operator B.
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Strain Control of Infinite Elastic Body with
Circular Opening and Radial Cracks by Means of

Boundary Condition Variation
Natela Zirakashvili
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Tbilisi, Georgia

email: natzira@yahoo.com

A two-dimensional boundary value problem of elastic equilibrium of a plane-deformed
infinite body with a circular opening is studied. A part of the opening is fixed and
from some points of the unfixed part of the cylindrical boundary there come radial finite
cracks. The problem is to find conditions for the fixed parts of the opening so that the
damage caused by the crack, i.e. stresses on its surface, should be minimal. We should
note that the crack ends inside the body are curved. The curve radii vary similar to
boundary conditions. The solution of the given problem can be immediately applied to
the construction of different kinds of structures, in particular, to underground structures.
The problem is solved by the boundary element method [1–3].
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Definition of Deflected Mode of Cylindrical Body
under the Influence of Temperature, Volumetric

and Surface Forces
Roland Zivzivadze
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Kutaisi, Georgia
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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 isotropic cylindrical circular-section body, mounted
on either end motionlessly is studied under the influence of temperature, volumetric and
surface forces. Without the usage of hypothetical assumptions (among them Saint-Venant
principle) the exact solution of the task is given. 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 initial and boundary
conditions of the task, also the equilibrium equations and physical equations.

Some Issues about the Graphical Expression
of the Direct Proportional Attitudes

Manana Zivzivadze-Nikoleishvili
Department of Teaching Methods, Akaki Tsereteli State University

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

Study of the proportionate attitude between the values is very important in the math-
ematical school course. The student should be able to describe the quality and quantity of
the given dependence on the effect of the change in the size of one degree. You should be
able to draw examples from everyday life associated with constant and unmatched quan-
tities. The practice proved to be that the students can well articulate the relationship
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between the values, but unfortunately they are not able to graphically represent them, or
vice versa, with a graphic representation of the proportional attitude between the size.
In the paper we will pay attention to the graphical depiction of the direct proportional
attachment between the values.
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