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ÍÀÛÒÏÌÉÓ ÆÏÂÀÃÉ ÃÀáÀÓÉÀÈÄÁÀ

ÈÄÌÉÓ ÀØÔÖÀËÏÁÀ ÃÀ ÂÀÌÏÚÄÍÄÁÉÓ Ó×ÄÒÏ. ÓÀÃÉÓÄÒÔÀÝÉÏ ÍÀÛÒÏÌÉ ÞÉÒÉÈÀ-

ÃÀÃ ÄÞÙÅÍÄÁÀ ÌÀÈÄÌÀÔÉÊÖÒÉ ×ÉÆÉÊÉÓ, ÊÄÒÞÏÃ, ÈÄÒÌÏÃÒÄÊÀÃÏÁÉÓ ÈÄÏÒÉÉÓ

ÓÔÀÔÉÊÉÓ ÓÀÍÂÀÍÆÏÌÉËÄÁÉÀÍÉ ÓÀÓÀÆÙÅÒÏ, ÓÀÊÏÍÔÀØÔÏ ÃÀ ÓÀÓÀÆÙÅÒÏ-ÓÀÊÏÍ-

ÔÀØÔÏ ÀÌÏÝÀÍÄÁÉÓ ÂÀÌÏÊÅËÄÅÀÓ ÆÏÂÀÃÉ ÀÍÉÆÏÔÒÏÐÖËÉ ÓáÄÖËÄÁÉÓÀÈÅÉÓ.

ÍÀÛÒÏÌÉ ÂÀÍÄÊÖÈÅÍÄÁÀ ×ÖÍÃÀÌÄÍÔÖÒÉ ÌÉÌÀÒÈÖËÄÁÉÓ Ó×ÄÒÏÓ, ÒÏÌÄËÓÀÝ ÀÌÀ-

ÅÄ ÃÒÏÓ ÂÀÀÜÍÉÀ ÐÒÀØÔÉÊÖËÉ ÌÍÉÛÅÍÄËÏÁÀÝ, ÒÀÃÂÀÍÀÝ ÈÀÍÀÌÄÃÒÏÅÄ ÔÄØÍÏ-

ËÏÂÉÖÒ ÃÀ ÉÍÃÖÓÔÒÉÖË ÐÒÏÝÄÓÄÁÛÉ ×ÀÒÈÏÃ ÂÀÌÏÉÚÄÍÄÁÀ ÒÈÖËÉ ÛÉÍÀÂÀÍÉ

ÓÔÒÖØÔÖÒÉÓ ÌØÏÍÄ ÃÒÄÊÀÃÉ ÀÍÉÆÏÔÒÏÐÖËÉ ÊÏÌÐÏÆÉÔÖÒÉ ÌÀÓÀËÄÁÉ ÃÀ ÀÒÓÄ-

ÁÉÈÀÃ ÀÍÉÆÏÔÒÏÐÖËÉ ×ÉÆÉÊÖÒÉ ÈÅÉÓÄÁÄÁÉÓ ÌØÏÍÄ ÌÀÓÀËÄÁÉÓÂÀÍ ÛÄÃÂÄÍÉËÉ

ÊÏÍÓÔÒÖØÝÉÄÁÉ. ÀÓÄÈÉ ÀÌÏÝÀÍÄÁÉ ÂÅáÅÃÄÁÀ ÐÒÀØÔÉÊÖËÀÃ ÚÅÄËÀ ÓÀÉÍÑÉÍÒÏ

ÃÀÒÂÛÉ, ÒÏÂÏÒÄÁÉÝÀÀ ÌÀÍØÀÍÀÈÌÛÄÍÄÁËÏÁÀ, ÈÅÉÈÌ×ÒÉÍÀÅÈÌÛÄÍÄÁËÏÁÀ, ÂÄÌÈ-

ÌÛÄÍÄÁËÏÁÀ, ÆÄÁÂÄÒÉÈÉ ÃÀ ÊÏÓÌÏÓÖÒÉ ÀÐÀÒÀÔÄÁÉÓ ßÀÒÌÏÄÁÀ, ÓÀÌÏØÀËÀØÏ

ÌÛÄÍÄÁËÏÁÀ ÃÀ ÓáÅÀ. ÈÄÒÌÏÃÒÄÊÀÃÏÁÉÓ ÀÌÏÝÀÍÄÁÓ ÂÀÍÓÀÊÖÈÒÄÁÖËÉ ÌÍÉÛ-

ÅÍÄËÏÁÀ ÄÍÉàÄÁÀ ÉÓÄÈÉ áÄËÓÀßÚÏ-ÀÐÀÒÀÔÄÁÉÓ ÃÀ ÃÀÍÀÃÂÀÒÄÁÉÓ ßÀÒÌÏÄÁÉÓÀÓ,

ÒÏÌÄËÈÀ ÄØÓÐËÖÀÔÀÝÉÀ ÌÉÌÃÉÍÀÒÄÏÁÓ ÌÀÙÀË ÔÄÌÐÄÒÀÔÖË ÒÄÑÉÌÛÉ. ÂÀÒÃÀ

ÓÀÉÍÑÉÍÒÏ ÐÒÀØÔÉÊÉÓÀ, ÈÄÒÌÏÃÄÒÄÊÀÃÏÁÉÓ ÀÌÏÝÀÍÄÁÌÀ ÀÒÓÄÁÉÈÉ ÌÍÉÛÅÍÄËÏÁÀ

ÛÄÉÞÉÍÄÓ ÁÉÏ-ÓÀÌÄÃÉÝÉÍÏ Ó×ÄÒÏÓ ÀÌÏÝÀÍÄÁÛÉ, ÊÄÒÞÏÃ, ÓáÅÀÃÀÓáÀ ÔÉÐÉÓ ÁÉÏ-

ÓÀÌÄÃÉÝÉÍÏ ÀÐÀÒÀÔÖÒÉÓ ÃÀÌÆÀÃÄÁÉÓ ÓÀÊÉÈáÄÁÛÉ. ÀÌÉÔÏÌ ÀÓÄÈÉ ÌÀÓÀËÄÁÉÓ

ÌÀÈÄÌÀÔÉÊÖÒÉ ÌÏÃÄËÄÁÉÓ ÀÂÄÁÀÓ, ÌÀÈ ÂÀÌÏÊÅËÄÅÀÓ ÃÀ ÂÀÀÍÀËÉÆÄÁÀÓ ÛÄÓÀÁÀ-

ÌÉÓÉ ÌÄØÀÍÉÊÖÒÉ ÃÀ ÈÄÒÌÖËÉ ÅÄËÄÁÉÓ ×ÉÆÉÊÖÒÉ ÈÅÉÓÄÁÄÁÉÓ ÃÀÃÂÄÍÉÓ ÌÉÆÍÉÈ,

ÈÄÏÒÉÖË ÌÍÉÛÅÍÄËÏÁÀÓÈÀÍ ÄÒÈÀÃ ÃÉÃÉ ÐÒÀØÔÉÊÖËÉ ÌÍÉÛÅÍÄËÏÁÀÝ ÀØÅÓ.

ÊÄÒÞÏÃ, ÃÉÃÉ ÈÄÏÒÉÖËÉ ÉÍÔÄÒÄÓÉÓ ÓÀÂÀÍÓ ßÀÒÌÏÀÃÂÄÍÓ ÛÄÓÀÁÀÌÉÓÉ ÌÀÈÄÌÀ-

ÔÉÊÖÒÉ ÀÌÏÝÀÍÄÁÉÓ ÊÏÒÄØÔÖËÏÁÉÓ (ÀÌÏÍÀáÓÍÈÀ ÀÒÓÄÁÏÁÉÓ, ÓÉÂËÖÅÉÓ, ÄÒÈÀ-

ÃÄÒÈÏÁÉÓÀ ÃÀ ÌÃÂÒÀÃÏÁÉÓ) ÛÄÓßÀÅËÀ, ÒÀÝ ÐÒÀØÔÉÊÖËÉ ÂÀÌÏÚÄÍÄÁÉÓ ÌÉÆÍÉÈ

ÀÃÄØÅÀÔÖÒÉ ÂÀÌÏÈÅËÉÈÉ ÀËÂÏÒÉÈÌÄÁÉÓ ÛÄØÌÍÉÓ ÀÖÝÉËÄÁÄËÉ ßÉÍÀÐÉÒÏÁÀÀ.

ÊËÀÓÉÊÖÒÉ ÈÄÒÌÏÃÒÄÊÀÃÏÁÉÓ ÀÌÏÝÀÍÄÁÓ ÃÉÃÉ áÍÉÓ ÉÓÔÏÒÉÀ ÀØÅÓ, ÌÀÂÒÀÌ

ÌÀÈÉ ÊÅËÄÅÀ ÃÀ ÓáÀÅÀÃáÀÅÀ ÀÓÐÄØÔÉÈ ÛÄÓßÀÅËÀ ÃÙÄÌÃÄ ÃÉÃ ÀØÔÖÀËÏÁÀÓ

ÉÍÀÒÜÖÍÄÁÓ. ÀÌ ÀÌÏÝÀÍÄÁÉÓ ÌÃÉÃÀÒÉ ÉÓÔÏÒÉÖËÉ ÌÉÌÏáÉËÅÀ ÂÀÃÌÏÝÄÌÖËÉÀ

ÝÍÏÁÉËÉ ÐÏËÏÍÄËÉ ÌÄÝÍÉÄÒÉÓ ÅÉÔÏËÃ ÍÏÅÀÝÊÉÓ ÌÏÍÏÂÒÀ×ÉÀÛÉ (W. Nowacki,

Thermoelasticity. Pergamon Press, Oxford, 1962), ÀÓÄÅÄ ØÀÒÈÅÄËÉ ÌÄÝÍÉÄÒÄÁÉÓ

ÅÉØÔÏÒ ÊÖÐÒÀÞÉÓ, ÈÄÍÂÉÆ ÂÄÂÄËÉÀÓ, ÌÉáÄÉË ÁÀÛÄËÄÉÛÅÉËÉÓ ÃÀ ÈÄÍÂÉÆ

ÁÖÒàÖËÀÞÉÓ ÓÀÄÒÈÀÛÏÒÉÓÏ ÌÀÓÛÔÀÁÉÈ ÓÀÌÀÂÉÃÏ ßÉÂÍÀÃ ÀÙÉÀÒÄÁÖË ÌÏÍÏÂ-

ÒÀ×ÉÀÛÉ (V.D. Kupradze, T.G. Gegelia, M.O. Basheleishvili and T.V. Burchuladze,
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Three-Dimensional Problems of the Mathematical Theory of Elasticity and Thermoe-

lasticity, North-Holland Series in Applied Mathematics and Mechanics, North-Holland

Publishing Company, Amsterdam-New York-Oxford, 1979). ÀÌ ÌÏÍÏÂÒÀ×ÉÄÁÛÉ

ÀÂÄÁÖËÉÀ ÃÀ ÓáÅÀÃÀÓáÅÀ ÌÄÈÏÃÉÈ ÂÀÌÏÊÅËÄÖËÉÀ ÈÄÒÌÏÃÒÄÊÀÃÏÁÉÓ ÈÄÏÒÉÉÓ

ÃÉÍÀÌÉÊÉÓ ÃÀ ÌÃÂÒÀÃÉ ÒáÄÅÉÓ ÀÌÏÝÀÍÄÁÉ ÉÆÏÔÒÏÐÖËÉ ÓáÄÖËÄÁÉÓ ÛÄÌÈáÅÄÅÀ-

ÛÉ. ÀÍÀËÏÂÉÖÒÉ ÀÌÏÝÀÍÄÁÉ ÆÏÂÀÃÉ ÃÉÍÀÌÉÊÉÓ ÃÀ ÌÃÂÒÀÃÉ ÒáÄÅÉÓ ÂÀÍÔÏËÄÁÄ-

ÁÉÓÈÅÉÓ ÀÍÉÆÏÔÒÏÐÖËÉ ÓáÄÖËÄÁÉÓ ÛÄÌÈáÅÄÅÀÛÉ ÛÄÓßÀÅËÉËÉÀ ËÏÔÀÒ ÉÄÍÔ-

ÜÉÓ ÃÀ ÃÀÅÉÈ ÍÀÔÒÏÛÅÉËÉÓ ÌÏÍÏÂÒÀ×ÉÖË ÍÀÛÒÏÌÛÉ (L.Jentsch and D. Na-

troshvili, Three-dimensional mathematical problems of thermoelasticity of anisotropic

bodies. Memoirs on Differential Equations and Mathematical Physics, Part I, v.17,

1999, 7-126, Part II, v.18, 1999, 1-50). ÈÄÒÌÏÃÒÄÊÀÃÏÁÉÓ ÈÄÏÒÉÉÓ ÀÌÏÝÀÍÄÁÉÓ

×ÒÉÀÃ ÃÉÃ ÌÍÉÛÅÍÄËÏÁÀÆÄ ÌÉÖÈÉÈÄÁÓ ÉÓ ×ÀØÔÉÝ, ÒÏÌ ÒÀÌÃÄÍÉÌÄ ßÄËÉÀ

ÌÉÌÃÉÍÀÒÄÏÁÃÀ ÃÀ ßÄËÓ ÃÀÓÒÖËÃÀ ÄÒÈ-ÄÒÈÉ ÖÌÍÉÛÅÄËÏÅÀÍÄÓÉ ÌÒÀÅÀËÔÏ-

ÌÉÀÍÉ ÄÍÝÉÊËÏÐÄÃÉÖÒÉ ÂÀÌÏÝÄÌÀ, ÒÏÌÄËÉÝ ÃÀÁÄàÃÀ ÛÐÒÉÍÂÄÒÉÓ ÂÀÌÏÌÝÄÌ-

ËÏÁÀÌ (Encyclopedia of Thermal Stresses (R. B. Hetnarski, ed.), Volums 1-13,

Springer, Dordrecht, Heidelberg, New York, London, 2014). ÀÌ ÄÍÝÉÊËÏÐÄÃÉÖÒ

ÂÀÌÏÝÄÌÉÓ ÌÏÌÆÀÃÄÁÀÛÉ ÈÀÅÉÓÉ ßÅËÉËÉ ÛÄÉÔÀÍÄÓ ØÀÒÈÅÄËÌÀ ÌÄÝÍÉÄÒÄÁÌÀÝ.

ÊÄÒÞÏÃ, ÂÀÌÏÝÄÌÉÓ ÒÄÃÀØÔÏÒÉÓ - ÐÏËÏÍÄËÉ ßÀÒÌÏÛÏÁÉÓ ÂÀÌÏÜÄÍÉËÉ ÀÌÄ-

ÒÉÊÄËÉ ÌÄÝÍÉÄÒÉÓ ÒÉÜÀÒÃ äÄÔÍÀÒÓÊÉÓ ÛÄÊÅÄÈÉÈ ÓÀÌÉ ÂÀÍÀÊÅÄÈÉ ÃÀßÄÒÀ

ÃÀÅÉÈ ÍÀÔÒÏÛÅÉËÌÀ.

ÓÀÌÖÛÀÏÓ ÌÉÆÀÍÉ, ÊÅËÄÅÉÓ ÏÁÉÄØÔÉ ÃÀ ÌÄÈÏÃÄÁÉ, ÞÉÒÉÈÀÃÉ ÛÄÃÄÂÄÁÉ ÃÀ

ÌÄÝÍÉÄÒÖËÉ ÓÉÀáËÄ. ÒÏÂÏÒÝ ÀÙÅÍÉÛÍÄÈ, ßÀÒÌÏÃÂÄÍÉËÉ ÃÉÓÒÄÔÀÝÉÀ ÄáÄÁÀ

ÈÄÒÌÏÃÒÄÊÀÃÏÁÉÓ ÈÄÏÒÉÉÓ ÓÔÀÔÉÊÉÓ ÓÀÍÂÀÍÆÏÌÉËÄÁÉÀÍÉ ÓÀÓÀÆÙÅÒÏ, ÓÀÊÏÍ-

ÔÀØÔÏ ÃÀ ÓÀÓÀÆÙÅÒÏ-ÓÀÊÏÍÔÀØÔÏ ÀÌÏÝÀÍÄÁÉÓ ÂÀÌÏÊÅËÄÅÀÓ ÆÏÂÀÃÉ ÀÍÉÆÏÔ-

ÒÏÐÖËÉ ÓáÄÖËÄÁÉÓÀÈÅÉÓ, ÒÏÌËÄÁÉÝ ÀØÀÌÃÄ ÀÒ ÚÏ×ÉËÀ ÂÀÌÏÊÅËÄÖËÉ ÓÀÌÄÝ-

ÍÉÄÒÏ ËÉÔÄÒÀÔÖÒÀÛÉ. ÀÌ ÀÌÏÝÀÍÄÁÉÓ ÂÀÌÏÊÅËÄÅÉÓ ÃÒÏÓ ßÀÒÌÏÉÛÏÁÀ ÂÀÒÊ-

ÅÄÖËÉ ÓÉÒÈÖËÄÄÁÉ, ÒÏÌËÄÁÉÝ ÃÀÊÀÅÛÉÒÄÁÖËÉÀ ÀÌÏÍÀáÓÍÈÀ ÀÓÉÌÐÔÏÔÖÒ

ÚÏ×ÀØÝÄÅÀÓÈÀÍ ÖÓÀÓÒÖËÏÁÉÓ ÌÉÃÀÌÏÛÉ. ÊÄÒÞÏÃ, ÊËÀÓÉÊÖÒÉ ÄËÀÓÔÏÓÔÀÔÉ-

ÊÉÓ ÀÌÏÝÀÍÄÁÉÓÂÀÍ ÂÀÍÓáÅÀÅÄÁÉÈ, ÈÄÒÌÏÃÒÄÊÀÃÏÁÉÓ ÈÄÏÒÉÉÓ ÓÔÀÔÉÊÉÓ ÀÌÏ-

ÝÀÍÄÁÉÓ ÛÄÓßÀÅËÉÓ ÃÒÏÓ ÀÖÝÉËÄÁÄËÉÀ ÀÌÏÍÀáÓÍÄÁÉ ÅÄÞÉÏÈ ÖÓÀÓÒÖËÏÁÉÓ

ÌÉÃÀÌÏÛÉ ÛÄÌÏÓÀÆÙÅÒÖË ÅÄØÔÏÒ-×ÖÍØÝÉÀÈÀ ÊËÀÓÛÉ. ÄÓ ÀÒÓÄÁÉÈÀÃ ÀÒÈÖ-

ËÄÁÓ ÓÀÓÀÆÙÅÒÏ ÀÌÏÝÀÍÄÁÉÓ ÂÀÌÏÊÅËÄÅÀÓ, ÒÏÂÏÒÝ ÀÌÏÍÀáÓÍÉÓ ÄÒÈÀÃÄÒÈÏ-

ÁÉÓ, ÉÓÄ ÀÌÏÍÀáÓÍÉÓ ÀÒÓÄÁÏÁÉÓ ÈÅÀËÓÀÆÒÉÓÉÈ. ÓÀàÉÒÏ áÃÄÁÀ ÀÌÏÍÀáÓÍÈÀ
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ÊËÀÓÉÓ ÃÀÆÖÓÔÄÁÀ ÃÀ ÉÓÄÈÉ ÀÓÉÌÐÔÏÔÖÒÉ ÐÉÒÏÁÄÁÉÓ ÃÀÃÂÄÍÀ ÖÓÀÓÒÖËÏÁÀ-

ÛÉ, ÒÏÌÄËÉÝ ÖÆÒÖÍÅÄËÚÏ×Ó ÈÄÒÌÏÓÔÀÔÉÊÉÓ ÀÌÏÝÀÍÄÁÉÓ ÊÏÒÄØÔÖËÀÃ ÀÌÏá-

ÓÍÀÃÏÁÀÓ. ÄÓ ÓÀÊÉÈáÄÁÉ ÓÀÌÄÝÍÉÄÒÏ ËÉÔÄÒÀÔÖÒÀÛÉ ÀÒ ÀÒÉÓ ÛÄÓßÀÅËÉËÉ

ÉÆÏÔÒÏÐÖËÉ ÓáÄÖËÄÁÉÓ ÛÄÌÈáÅÄÅÀÛÉÝ ÊÉ. ßÀÒÌÏÃÂÄÍÉËÉ ÃÉÓÄÒÔÀÝÉÉÓ

ÞÉÒÉÈÀÃÉ ÌÉÆÀÍÉÀ ÀÌ áÀÒÅÄÆÉÓ ÀÙÌÏ×áÅÒÀ ÃÀ ÈÄÒÌÏÃÒÄÊÀÃÏÁÉÓ ÈÄÏÒÉÉÓ

ÓÔÀÔÉÊÉÓ ÀÌÏÝÀÍÄÁÉÓ ÊÏÒÄØÔÖËÀÃ ÀÌÏáÓÍÀÃÏÁÉÓ ÃÄÔÀËÖÒÀÃ ÛÄÓßÀÅËÀ.

ÈÄÒÌÏÃÒÄÊÀÃÏÁÉÓ ÈÄÏÒÉÉÓ ÃÉÍÀÌÉÊÉÓ ßÒ×ÉÅ ÂÀÍÔÏËÄÁÀÈÀ ÓÉÓÔÄÌÀÓ ÀÍÉ-

ÆÏÔÒÏÐÖËÉ ÓáÄÖËÄÁÉÓÀÈÅÉÓ ÛÄÌÃÄÂÉ ÓÀáÄ ÀØÅÓ:

ckjpq ∂j∂qup(x, t)− βkj ∂ju4(x, t) = ρ ∂2
t uk(x, t)−Xk(x, t), k = 1, 2, 3, (1)

λpq ∂p∂qu4(x, t)− c0 ∂tu4(x, t)− T0 βpq ∂t∂puq(x, t) = −X4(x, t), (2)

ÓÀÃÀÝ u = (u1, u2, u3)
⊤ ÀÒÉÓ ÂÀÃÀÀÃÂÉËÄÁÉÓ ÅÄØÔÏÒÉ, u4 = ϑ ÔÄÌÐÄÒÀÔÖÒÉÓ

ÂÀÍÀßÉËÄÁÉÓ ×ÖÍØÝÉÀÀ, ckjpq = cpqkj = cjkpq ÃÒÄÊÀÃÉ ÌÖÃÌÉÅÄÁÉÀ, βpq = βqp

ÀÒÉÓ ÈÄÒÌÖËÉ ÃÀ ÌÄØÀÍÉÊÖÒÉ ÅÄËÄÁÉÓ ÃÀÌÀÊÀÅÛÉÒÄÁÄËÉ ÌÖÃÌÉÅÄÁÉ, λpq = λqp

ÓÉÈÁÏÂÀÌÔÀÒÄÁËÏÁÉÓ ÊÏÄ×ÉÝÉÄÍÔÄÁÉÀ, c0 > 0 ÀÒÉÓ ÓÉÈÁÏÔÄÅÀÃÏÁÀ, T0 > 0

ÓáÄÖËÉÓ ÁÖÍÄÁÒÉÅÉ ÌÃÂÏÌÀÒÄÏÁÉÓ ÓÀßÚÉÓÉ ÔÄÌÐÄÒÀÔÖÒÀÀ, X = (X1, X2, X3)
⊤

ÀÒÉÓ ÌÏÝÖËÏÁÉÈÉ ÞÀËÀ, X4 ÀÒÉÓ ÓÉÈÁÏÓ ßÚÀÒÏ, x = (x1, x2, x3) ÀÙÍÉÛÍÀÅÓ

ÓÉÅÒÝÖË ÝÅËÀÃÓ ÃÀ t ÀÒÉÓ ÃÒÏÉÈÉ ÝÅËÀÃÉ; ÂÀÍÌÄÏÒÄÁÉÈÉ ÉÍÃÄØÓÉÈ

ÉÂÖËÉÓáÌÄÁÀ ÀãÀÌÅÀ 1-ÃÀÍ 3-ÌÃÄ, áÏËÏ ÆÄÃÀ ÉÍÃÄØÓÉ ⊤ ÀÒÉÓ ÔÒÀÍÓÐÏÍÉÒÄ-

ÁÉÓ ÓÉÌÁÏËÏ; ∂p :=
∂

∂xp

, ∂t :=
∂

∂t
.

ÈÖ ÂÀÃÀÀÃÂÉËÄÁÉÓ ÅÄØÔÏÒÉ ÃÀ ÔÄÌÐÄÒÀÔÖÒÀ ÃÒÏÆÄ ÃÀÌÏÊÉÃÄÁÖËÉÀ

äÀÒÌÏÍÉÖËÀÃ, ÌÀÛÉÍ ÌÉÅÉÙÄÁÈ ÌÃÂÒÀÃÉ ÒáÄÅÉÓ ÂÀÍÔÏËÄÁÄÁÓ, áÏËÏ ÒÏÃÄ-

ÓÀÝ ÂÀÃÀÀÃÂÉËÄÁÉÓ ÅÄØÔÏÒÉ ÃÀ ÔÄÌÐÄÒÀÔÖÒÀ ÀÒ ÀÒÉÓ ÃÀÌÏÊÉÃÄÁÖËÉ t

ÝÅËÀÃÆÄ, ÌÀÛÉÍ ÌÉÅÉÙÄÁÈ ÈÄÒÌÏÃÒÄÊÀÃÏÁÉÓ ÓÔÀÔÉÊÉÓ ÂÀÍÔÏËÄÁÄÁÓ:

ckjpq ∂j∂qup(x)− βkj ∂ju4(x) = −Xk(x), k = 1, 2, 3,

λpq ∂p∂qu4(x) = −X4(x).

ßÀÒÌÏÃÂÄÍÉËÉ ÃÉÓÄÒÔÀÝÉÀ ÄÞÙÅÍÄÁÀ ÆÄÌÏÈ ÌÏÚÅÀÍÉËÉ ÓÔÀÔÉÊÉÓ ÂÀÍÔÏ-

ËÄÁÄÁÉÓÀÈÅÉÓ ÞÉÒÉÈÀÃÉ ÓÀÓÀÆÙÅÒÏ ÀÌÏÝÀÍÄÁÉÓÀ ÃÀ ÔÒÀÍÓÌÉÓÉÉÓ ÔÉÐÉÓ ÓÀÊÏÍ-

ÔÀØÔÏ ÀÌÏÝÀÍÄÁÉÓ ÂÀÌÏÊÅËÄÅÀÓ ÐÏÔÄÍÝÉÀËÈÀ ÌÄÈÏÃÉÓÀ ÃÀ ÉÍÔÄÂÒÀËÖÒÉ

ÂÀÍÔÏËÄÁÄÁÉÓ ÈÄÏÒÉÉÓ ÂÀÌÏÚÄÍÄÁÉÈ ÄÒÈÂÅÀÒÏÅÀÍÉ ÃÀ ÖÁÍÏÁÒÉÅ ÄÒÈÂÅÀÒÏ-

ÅÀÍÉ ÆÏÂÀÃÉ ÊÏÌÐÏÆÉÔÖÒÉ ÀÍÉÆÏÔÒÏÐÖËÉ ÓáÄÖËÄÁÉÓÀÈÅÉÓ.

ÊÄÒÞÏÃ, ÓÀÃÉÓÄÒÔÀÝÉÏ ÍÀÛÒÏÌÛÉ ÂÀÀÍÀËÉÆÄÁÖËÉÀ ÃÉÒÉáËÄÓ, ÍÄÉÌÀÍÉÓ,

ÒÏÁÄÍÉÓÀ ÃÀ ÓÐÄÝÉÀËÖÒÉ ÛÄÒÄÖËÉ ÔÉÐÉÓ ÞÉÒÉÈÀÃÉ ÓÀÓÀÆÙÅÒÏ ÃÀ ÓÀÓÀÆÙ-
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ÅÒÏ-ÓÀÊÏÍÔÀØÔÏ ÀÌÏÝÀÍÄÁÉÓ ÊÏÒÄØÔÖËÀÃ ÀÌÏáÓÍÀÃÏÁÉÓ ÓÀÊÉÈáÉ. ÐÏÔÄÍÝÉ-

ÀËÈÀ ÌÄÈÏÃÉÓÀ ÃÀ ÉÍÔÄÂÒÀËÖÒ ÂÀÍÔÏËÄÁÀÈÀ ÈÄÏÒÉÉÓ ÂÀÌÏÚÄÍÄÁÉÈ ÀÙÍÉÛ-

ÍÖËÉ ÀÌÏÝÀÍÄÁÉ ÃÀÚÅÀÍÉËÉÀ ÛÄÓÀÁÀÌÉÓ ÓÉÍÂÖËÀÒÖË ÉÍÔÄÂÒÀËÖÒ (×ÓÄÅÃÏ-

ÃÉ×ÄÒÄÍÝÉÀËÖÒ) ÂÀÍÔÏËÄÁÀÈÀ ÓÉÓÔÄÌÀÆÄ, ÃÄÔÀËÖÒÀÃÀÀ ÂÀÌÏÊÅËÄÖËÉ ÛÄ-

ÓÀÁÀÌÉÓÉ ÉÍÔÄÂÒÀËÖÒÉ ÏÐÄÒÀÔÏÒÄÁÉÓ ÀÓÀáÅÉÓ ÈÅÉÓÄÁÄÁÉ, ÂÀÌÏÊÅËÄÖËÉÀ

ÌÀÈÉ ÍÖË-ÓÉÅÒÝÄÄÁÉ ÃÀ ÃÀÃÂÄÍÉËÉÀ ÌÀÈÉ ×ÒÄÃäÏËÌÖÒÏÁÉÓÀ ÃÀ ÛÄÁÒÖÍÄÁÀ-

ÃÏÁÉÓ ÓÀÊÉÈáÄÁÉ ÛÄÓÀÁÀÌÉÓ ×ÖÍØÝÉÖÒ ÓÉÅÒÝÄÄÁÛÉ.

ÀÌÏÍÀáÓÍÄÁÉÓ ÄÒÈÀÃÄÒÈÏÁÀÓÈÀÍ ÃÀÊÀÅÛÉÒÄÁÖËÉ ÓÀÊÉÈáÄÁÉÓ ÂÀÀÍÀËÉÆÄ-

ÁÉÓÀÓ ßÀÒÌÏÃÂÄÍÉËÉ ÃÉÓÄÒÔÀÝÉÉÓ ÚÅÄËÀÆÄ ÌÍÉÛÅÍÄËÏÅÀÍ ÛÄÃÄÂÓ ßÀÒÌÏÀÃ-

ÂÄÍÓ ÂÀÒÄ ÀÌÏÝÀÍÄÁÉÓ ÛÄÌÈáÅÄÅÀÛÉ ÃÀÃÂÄÍÉËÉ ÝáÀÃÉ ÓÀáÉÓ ÓÔÒÖØÔÖÒÖËÉ

ÃÀ ÀÓÉÌÐÔÏÔÖÒÉ ÛÄÆÙÖÃÅÄÁÉÓ ÓÀÊÌÀÒÉÓÉ ÐÉÒÏÁÄÁÉ ÖÓÀÓÒÖËÏÁÉÓ ÌÉÃÀÌÏÛÉ,

ÒÏÌËÄÁÉÝ ÖÆÒÖÍÅÄËÚÏ×ÄÍ ÓÀÞÉÄÁÄËÉ ÀÌÏÍÀáÓÍÉÓ ÄÒÈÀÃÄÒÈÏÁÀÓ. ÓÀØÌÄ ÉÓ

ÀÒÉÓ, ÒÏÌ ÀÖÝÉËÄÁÄËÉÀ ÀÌÏÍÀáÓÍÄÁÉÓ ÌÏÞÄÁÍÀ ÖÓÀÓÒÖËÏÁÀÛÉ ÛÄÌÏÓÀÆÙÅÒÖË

ÅÄØÔÏÒ-×ÖÍØÝÉÀÈÀ ÓÉÅÒÝÄÛÉ. ÀÌ ÓÉÅÒÝÄÛÉ ÊÉ, ÆÏÂÀÃÀÃ, ÂÒÉÍÉÓ ×ÏÒÌÖËÄÁÉ

ÀÒ ÉßÄÒÄÁÀ, ÒÀÝ ÊËÀÓÉÊÖÒ ÈÄÏÒÉÀÛÉ ÄÒÈÀÃÄÒÈÏÁÉÓ ÈÄÏÒÄÌÄÁÉÓ ÃÀÌÔÊÉÝÄÁÉÓ

ÃÒÏÓ ÀÒÓÄÁÉÈÀÃ ÂÀÌÏÉÚÄÍÄÁÀ. ÀÌÉÔÏÌ ÀÖÝÉËÄÁÄËÉ ÂÀáÃÀ ÀáÀËÉ ÐÉÒÏÁÄÁÉÓ

ÃÀÃÂÄÍÀ ÖÓÀÓÒÖËÏÁÉÓ ÌÉÃÀÌÏÛÉ, ÒÏÌÄËÉÝ ÖÆÒÖÍÅÄËÚÏ×ÃÀ ÀÌÏÍÀáÓÍÄÁÉÓ

ÄÒÈÀÃÄÒÈÏÁÀÓ. ÄÓ ÀÌÏÝÀÍÀ ßÀÒÌÀÔÄÁÉÈÀÀ ÂÀÃÀàÒÉËÉ ÃÉÓÄÒÔÀÝÉÀÛÉ ÃÀ

ÌÏÞÄÁÍÉËÉÀ ÓÀÊÌÀÒÉÓÀÃ Ä×ÄØÔÖÒÉ ÓÔÒÖØÔÖÒÖËÉ ÛÄÆÙÖÃÅÉÓ ÐÉÒÏÁÄÁÉ.

ÀÌÏÍÀáÓÍÄÁÉÓ ÀÒÓÄÁÏÁÉÓ ÛÄÓßÀÅËÉÓÀÈÅÉÓ ÃÉÓÄÒÔÀÝÉÀÛÉ ÂÀÌÏÚÄÍÄÁÖËÉÀ

ÐÏÔÄÍÝÉÀËÈÀ ÌÄÈÏÃÉ ÃÀ ÉÍÔÄÂÒÀËÖÒ ÂÀÍÔÏËÄÁÀÈÀ ÈÄÏÒÉÀ. ÀÌ ÌÉÆÍÉÈ

ÀÂÄÁÖËÉÀ ÈÄÒÌÏÃÒÄÊÀÃÏÁÉÓ ÈÄÏÒÉÉÓ ÓÔÀÔÉÊÉÓ ÃÉ×ÄÒÄÍÝÉÀËÖÒ ÂÀÍÔÏËÄ-

ÁÀÈÀ ÓÉÓÔÄÌÉÓ ×ÖÍÃÀÌÄÍÔÖÒ ÀÌÏÍÀáÓÍÈÀ ÌÀÔÒÉÝÀ, ÂÀÌÏÊÅËÄÖËÉÀ ÀÌ ÌÀÔÒÉ-

ÝÉÓ ÚÏ×ÀØÝÄÅÀ ÐÏËÖÓÉÓÀ ÃÀ ÖÓÀÓÒÖËÏÁÉÓ ÌÉÃÀÌÏÛÉ ÃÀ ÃÀÃÂÄÍÉËÉÀ ÛÄÓÀÁÀ-

ÌÉÓÉ ÂÀÍÆÏÂÀÃÄÁÖËÉ ÌÀÒÔÉÅÉ ÃÀ ÏÒÌÀÂÉ ×ÄÍÉÓ ÐÏÔÄÍÝÉÀËÄÁÉÓÀ ÃÀ ÌÀÈ ÌÉÄÒ

ßÀÒÌÏÛÏÁÉËÉ ÓÀÓÀÆÙÅÒÏ ÉÍÔÄÂÒÀËÖÒÉ ÏÐÄÒÀÔÏÒÄÁÉÓ ÈÅÉÓÄÁÄÁÉ.

ÀÌ ÛÄÃÄÂÄÁÆÄ ÃÀÚÒÃÍÏÁÉÈ ÀÂÄÁÖËÉÀ ÆÄÌÏÈ ÌÉÈÉÈÄÁÖËÉ ÈÄÒÌÏÓÔÀÔÉÊÉÓ

ÓÀÓÀÆÙÅÒÏ ÃÀ ÓÀÓÀÆÙÅÒÏ-ÓÀÊÏÍÔÀØÔÏ ÀÌÏÝÀÍÄÁÉÓ ÀÌÏÍÀáÓÍÀÃÏÁÉÓ ÓÒÖËÉ

ÈÄÏÒÉÀ ÃÀ ÃÀÌÔÊÉÝÄÁÖËÉÀ ÀÌÏÍÀáÓÍÄÁÉÓ ßÀÒÌÏÃÂÄÍÀÃÏÁÀ ÌÀÒÔÉÅÉ ÃÀ ÏÒÌÀÂÉ

×ÄÍÉÓ ÐÏÔÄÍÝÉÀËÄÁÉÓ ßÒ×ÉÅÉ ÊÏÌÁÉÍÀÝÉÄÁÉÓ ÓÀáÉÈ. ÀÙÍÉÛÍÖËÉ ÐÏÔÄÍÝÉÀ-

ËÄÁÉÓ ÓÀÞÉÄÁÄËÉ ÓÉÌÊÅÒÉÅÄÄÁÉ ÂÀÍÉÓÀÆÙÅÒÄÁÉÀÍ ÛÄÓÀÁÀÌÉÓÉ ÓÀÓÀÆÙÅÒÏ ÉÍÔÄÂ-

ÒÀËÖÒÉ ÂÀÍÔÏËÄÁÄÁÉÃÀÍ, ÒÏÌÄËÈÀ ÛÄÓÀÁÀÌÉÓÉ ÉÍÔÄÂÒÀËÖÒÉ ÏÐÄÒÀÔÏÒÄÁÉ

ÃÄÔÀËÖÒÀÃÀÀ ÛÄÓßÀÅËÉËÉ ÃÀ ÃÀÃÂÄÍÉËÉÀ ÌÀÈÉ ×ÒÄÃäÏËÌÖÒÏÁÉÓÀ ÃÀ ÛÄÁ-

ÒÖÍÄÁÀÃÏÁÉÓ ÀÖÝÉËÄÁÄËÉ ÃÀ ÓÀÊÌÀÒÉÓÉ ÐÉÒÏÁÄÁÉ.
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ÍÀÛÒÏÌÉÓ ÀÐÒÏÁÀÝÉÀ. ÃÉÓÄÒÔÀÝÉÀÛÉ ÂÀÃÌÏÝÄÌÖËÉ ÛÄÃÄÂÄÁÉ ÌÏáÓÄÍÄÁÖËÉ

ÉÚÏ ÓÀØÀÒÈÅÄËÏÓ ÔÀØÍÉÊÖÒÉ ÖÍÉÅÄÒÓÉÔÄÔÉÓ ÌÀÈÄÌÀÔÉÊÉÓ ÃÄÐÀÒÔÀÌÄÍÔÉÓ

ÌÒÀÅÀË ÓÄÌÉÍÀÒÆÄ. ÀÌÀÓÈÀÍÀÅÄ, ÀÙÍÉÛÍÖËÉ ÛÄÃÄÂÄÁÉ ÀÓÀáÖËÉÀ ÀÅÔÏÒÉÓ

ÐÖÁËÉÊÀÝÉÄÁÛÉ ÃÀ ÌÏáÓÄÍÄÁÖË ÉØÍÀ ÓÀÄÒÈÀÛÏÒÉÓÏ ÃÀ ÀÃÂÉËÏÁÒÉÅ ÊÏÍ×Ä-

ÒÄÍÝÉÄÁÆÄ, ÒÏÌÄËÈÀ ÍÖÓáÀÝ ÈÀÍ ÄÒÈÅÉÓ ÀÅÔÏÒÄ×ÄÒÀÔÓ. ÂÀÒÃÀ ÀÌÉÓÀ,

ÓÀÃÏØÔÏÒÏ ÐÒÏÂÒÀÌÉÓ ÂÄÂÌÉÓ ÛÄÓÀÁÀÌÉÓÀÃ ÌÏÌÆÀÃÃÀ ÃÀ ÜÀÔÀÒÃÀ ÈÄÌÀÔÖÒÉ

ÊÏËÏÊÅÉÖÌÄÁÉ ÃÀ ÓÄÌÉÍÀÒÄÁÉ ÃÉÓÄÒÔÀÝÉÉÓ ÞÉÒÉÈÀÃÉ ÛÄÃÄÂÄÁÉÓ ÛÄÓÀáÄÁ.

ÍÀÛÒÏÌÉÓ ÌÏÝÖËÏÁÀ ÃÀ ÓÔÒÖØÔÖÒÀ. ÃÉÓÄÒÔÀÝÉÀ ÌÏÉÝÀÅÓ ÒÄÆÉÖÌÄÓ

(ØÀÒÈÖË ÃÀ ÉÍÂËÉÓÖÒ ÄÍÀÆÄ), ÛÄÓÀÅÀËÓ, ÏÒ ÈÀÅÓ, ÝáÒÀ ÐÀÒÀÂÒÀ×Ó, ÃÀÓÊÅÍÀÓ

ÃÀ ÂÀÌÏÚÄÍÄÁÖËÉ ËÉÔÄÒÀÔÖÒÉÓ ÍÖÓáÀÓ (37 ÃÀÓÀáÄËÄÁÀ). ÃÉÓÄÒÔÀÝÉÀ ÌÏÉÝÀÅÓ

111 ÍÀÁÄàÃ ÂÅÄÒÃÓ.
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ÃÉÓÄÒÔÀÝÉÉÓ ÛÉÍÀÀÒÓÉ

ÈÀÅÉ I. ÀÍÉÆÏÔÒÏÐÖËÉ ÈÄÒÌÏÃÒÄÊÀÃÏÁÉÓ ÓÔÀÔÉÊÉÓ ÞÉÒÉÈÀÃÉ

ÓÀÓÀÆÙÅÒÏ ÀÌÏÝÀÍÄÁÉÓ ÂÀÌÏÊÅËÄÅÀ

ÍÀÛÒÏÌÉÓ ÐÉÒÅÄËÉ ÈÀÅÉ ÄÞÙÅÍÄÁÀ ÀÍÉÆÏÔÒÏÐÖËÉ ÈÄÒÌÏÃÒÄÊÀÃÏÁÉÓ ÓÔÀ-

ÔÉÊÉÓ ÞÉÒÉÈÀÃÉ ÓÀÓÀÆÙÅÒÏ ÀÌÏÝÀÍÄÁÉÓ ÀÌÏÍÀáÓÍÉÓ ÄÒÈÀÃÄÒÈÏÁÉÓÀ ÃÀ ÀÒÓÄ-

ÁÏÁÉÓ ÈÄÏÒÄÌÄÁÉÓ ÃÀÌÔÊÉÝÄÁÀÓ ÐÏÔÄÍÝÉÀËÈÀ ÌÄÈÏÃÉÓÀ ÃÀ ÉÍÔÄÂÒÀËÖÒÉ

ÂÀÍÔÏËÄÁÄÁÉÓ ÈÄÏÒÉÉÓ ÂÀÌÏÚÄÍÄÁÉÈ. ÀÌ ÌÉÆÍÉÈ ÃÄÔÀËÖÒÀÃÀÀ ÂÀÀÍÀËÉÆÄÁÖ-

ËÉ ÂÀÍÆÏÂÀÃÄÁÖËÉ ÌÀÒÔÉÅÉ ÃÀ ÏÒÌÀÂÉ ×ÄÍÉÓ ÐÏÔÄÍÝÉÀËÄÁÉÓÀ ÃÀ ÌÀÈ ÌÉÄÒ

ßÀÒÌÏÛÏÁÉËÉ ÓÀÓÀÆÙÅÒÏ ÉÍÔÄÂÒÀËÖÒÉ ÏÐÄÒÀÔÏÒÄÁÉÓ ÈÅÉÓÄÁÄÁÉ.

ÐÉÒÅÄËÉ ÈÀÅÉÓ 1.1 ÐÀÒÀÂÒÀ×ÛÉ ÀÌÏßÄÒÉËÉÀ ÈÄÒÌÏÃÒÄÊÀÃÏÁÉÓ ÈÄÏÒÉÉÓ

ÛÄÓÀÁÀÌÉÓÉ ÅÄËÉÓ ÂÀÍÔÏËÄÁÄÁÉ ÀÍÉÆÏÔÒÏÐÖËÉ ÓáÄÖËÄÁÉÓÀÈÅÉÓ ÃÀ ÛÄÌÏ-

ÙÄÁÖËÉÀ ÌÉÓÉ ÛÄÓÀÁÀÌÉÓÉ ÌÀÔÒÉÝÖËÉ ÃÉ×ÄÒÄÍÝÉÀËÖÒÉ ÏÐÄÒÀÔÏÒÄÁÉ. ÛÄ-

ÌÏÔÀÍÉËÉÀ {σkj} ÞÀÁÅÉÓ ÔÄÍÆÏÒÉ ÃÀ ÃÄ×ÏÒÌÀÝÉÉÓ {ekj} ÔÄÍÆÏÒÉ, ÒÏÌËÄÁÉÝ

ÄÒÈÌÀÍÄÈÈÀÍ ÃÀÊÀÅÛÉÒÄÁÖËÉÀ ÃÉÖÀÌÄË-ÍÄÉÌÀÍÉÓ ÊÀÍÏÍÉÈ:

σkj = ckjpq epq − βkj u4,

ekj = 2−1
(
∂kuj + ∂juk

)
, k, j = 1, 2, 3,

ÓÀÃÀÝ u = (u1, u2, u3)
⊤ ÀÒÉÓ ÂÀÃÀÀÃÂÉËÄÁÉÓ ÅÄØÔÏÒÉ, u4 = ϑ ÔÄÌÐÄÒÀÔÖÒÉÓ

ÂÀÍÀßÉËÄÁÉÓ ×ÖÍØÝÉÀÀ. ÀÌ ÈÀÍÀ×ÀÒÃÏÁÄÁÓ ÌÏÞÒÀÏÁÉÓ ÂÀÍÔÏËÄÁÄÁÉÓ ÂÀÈÅÀ-

ËÉÓßÉÍÄÁÉÈ ÌÉÅÚÀÅÀÒÈ ÆÏÂÀÃÉ ÃÉÍÀÌÉÊÉÓ (1)-(2) ÂÀÍÔÏËÄÁÄÁÆÄ.

ÈÖ (1)-(2) ÂÀÍÔÏËÄÁÄÁÆÄ ÌÏÅÀáÃÄÍÈ ËÀÐËÀÓÉÓ ×ÏÒÌÀËÖÒ ÂÀÒÃÀØÌÍÀÓ,

ÄÒÈÂÅÀÒÏÅÀÍÉ ÓÀßÚÉÓÉ ÐÉÒÏÁÄÁÉÓ ÛÄÌÈáÅÄÅÀÛÉ, Ä.É. ÒÏÝÀ up(x, 0) = 0, p = 1, 4,

ÃÀ ∂t uj(x, 0) = 0, j = 1, 2, 3, ÌÉÅÉÙÄÁÈ Ä.ß. ×ÓÄÅÃÏ-ÒáÄÅÉÓ ÂÀÍÔÏËÄÁÄÁÓ:

ckjpq ∂j∂qûp(x)− τ 2 ûk(x)− βkj ∂jû4(x) = 0, k = 1, 2, 3, (3)

λpq ∂p∂qû4(x)− τ c0 û4(x)− τ T0 βpq ∂pûq(x) = 0. (4)

ÀØ τ = σ − iω ÀÒÉÓ ÊÏÌÐËÄØÓÖÒÉ ÐÀÒÀÌÄÔÒÉ, ÓÀÃÀÝ ω ∈ R ÃÀ σ ∈ R \ {0},

áÏËÏ ûp(x) ÀÒÉÓ up(x, t) ×ÖÍØÝÉÉÓ ËÀÐËÀÓÉÓÉ ÂÀÒÃÀØÌÍÀ t ÝÅËÀÃÉÓ ÌÉÌÀÒÈ,

ûp(x) =

∞∫
0

up(x, t) e
−τt dt.
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ÈÖ ÃÉÍÀÌÉÊÉÓ (1)-(2) ÓÉÓÔÄÌÀÛÉ ÚÅÄËÀ ×ÖÍØÝÉÀ ÃÒÏÆÄ ÃÀÌÏÊÉÃÄÁÖËÉÀ

äÀÒÌÏÍÉÖËÀÃ, Ä.É.

uk(x, t) = u
(1)
k (x) cosωt+ u

(2)
k (x) sinωt, k = 1, 2, 3, 4, ω ∈ R,

ÌÀÛÉÍ ÌÉÅÉÙÄÁÈ Ä.ß. ÌÃÂÒÀÃÉ ÒáÄÅÉÓ ÂÀÍÔÏËÄÁÄÁÓ:

ckjpq ∂j∂qup(x) + ω2uk(x)− βkj ∂ju4(x) = 0, k = 1, 2, 3, (5)

λpq ∂p∂qu4(x) + i ω T0 βpq ∂puq(x) = 0. (6)

ÓÀÃÀÝ ÛÄÌÏÙÄÁÖËÉÀ ÛÄÌÃÄÂÉ ÀÙÍÉÛÅÍÀ

uk(x) = u
(1)
k (x) + i u

(2)
k (x), k = 1, 2, 3, 4.

ÈÖ ÃÀÅÖÛÅÄÁÈ, ÒÏÌ ÂÀÃÀÀÃÂÉËÄÁÉÓ ÅÄØÔÏÒÉ ÃÀ ÔÄÌÐÄÒÀÔÖÒÀ ÀÒ ÀÒÉÓ

ÃÀÌÏÊÉÃÄÁÖËÉ t ÝÅËÀÃÆÄ, ÌÀÛÉÍ (1)-(2) ÓÉÓÔÄÌÉÃÀÍ ÌÉÅÉÙÄÁÈ ÈÄÒÌÏÃÒÄÊÀÃÏ-

ÁÉÓ ÓÔÀÔÉÊÉÓ ÂÀÍÔÏËÄÁÄÁÓ

ckjpq ∂j∂qup(x)− βkj ∂ju4(x) = 0, k = 1, 2, 3, (7)

λpq ∂p∂qu4(x) = 0. (8)

ÜÅÄÍÉ ÊÅËÄÅÉÓ ÌÈÀÅÀÒÉ ÌÉÆÀÍÉÀ ÓÀÓÀÆÙÅÒÏ ÀÌÏÝÀÍÄÁÉÓ ÛÄÓßÀÅËÀ (7)-(8)

ÓÉÓÔÄÌÉÓÀÈÅÉÓ.

ÀÙßÄÒÉË ÂÀÍÔÏËÄÁÀÈÀ ÓÉÓÔÄÌÄÁÉ ßÀÒÌÏÛÏÁÄÍ ×ÏÒÌÀËÖÒÀÃ ÀÒÀÈÅÉÈ-

ÛÄÖÙËÄÁÖË ÌÀÔÒÉÝÖË ÃÉ×ÄÒÄÍÝÉÀËÖÒ ÏÐÄÒÀÔÏÒÄÁÓ. ÓÔÀÔÉÊÉÓ ÛÄÌÈáÅÄ-

ÅÀÛÉ ÂÀÍÔÏËÄÁÀÈÀ ÓÉÓÔÄÌÉÓ ÛÄÓÀÁÀÌÉÓ ÌÀÔÒÉÝÖË ÏÐÄÒÀÔÏÒÓ ÀØÅÓ ÓÀáÄ:

A(∂) :=
[
Akj(∂)

]
4×4

=

 C(∂) [−βkj ∂j]3×1

[0]1×3 Λ(∂)


4×4

, (9)

ÓÀÃÀÝ

C(∂) :=
[
Ckp(∂)

]
3×3

=
[
ckjpq ∂j∂q

]
3×3

, Λ(∂) = λpq ∂p∂q. (10)

ÀÓÄÅÄ ÛÄÌÏÙÄÁÖËÉÀ ÊËÀÓÉÊÖÒÉ ÞÀÁÅÉÓ T (∂, n) ÏÐÄÒÀÔÏÒÉ, ÈÄÒÌÏÃÒÄÊÀÃÏ-

ÁÉÓ ÞÀÁÅÉÓ P (∂, n) ÏÐÄÒÀÔÏÒÉ ÃÀ ÈÄÒÌÏÞÀÁÅÉÓ ÂÀÍÆÏÂÀÃÄÁÖËÉ ÌÀÔÒÉÝÖËÉ

9



B(∂, n) ÏÐÄÒÀÔÏÒÉ

T (∂, n) :=
[
Tkp (∂, n)

]
3×3

= [ ckjpq nj∂q ]3×3, (11)

P (∂, n) :=
[
Pkp (∂, n)

]
3×4

=
[
[Tkp(∂, n)]3×3, [−βkj nj]3×1

]
3×4

, (12)

B(∂, n) :=
[
Bkp (∂, n)

]
4×4

=

 T (∂, n) [−βkj nj]3×1

[0]1×3 λ(∂, n)


4×4

, (13)

λ(∂, n) = λpq nq ∂p. (14)

ÀØ n = (n1, n2, n3) ÀÒÉÓ ÆÄÃÀÐÉÒÉÓ ÄËÄÌÄÍÔÉÓ ÄÒÈÄÖËÏÅÀÍÉ ÍÏÒÌÀËÖÒÉ

ÅÄØÔÏÒÉ.

n ÍÏÒÌÀËÉÓ ÌØÏÍÄ ÆÄÃÀÐÉÒÉÓ ÄËÄÌÄÍÔÆÄ ÌÏØÌÄÃÉ ÌÄØÀÍÉÊÖÒÉ ÞÀÁÅÉÓ

ÅÄØÔÏÒÉÓ ÊÏÌÐÏÍÄÍÔÄÁÉ ÌÏÉÝÄÌÀ ÛÄÌÃÄÂÉ ÔÏËÏÁÄÁÉÈ

σkjnj = ckjpq nj ∂qup − βkjnj u4 = [P (∂, n)U ]k = [B(∂, n)U ]k, k = 1, 2, 3, (15)

áÏËÏ ÆÄÃÀÐÉÒÉÓ ÀÌÀÅÄ ÄËÄÌÄÍÔÆÄ ÓÉÈÁÏÓ ÍÀÊÀÃÉ ÂÀÌÏÉÈÅËÄÁÀ ÛÄÌÃÄÂÉ

×ÏÒÌÖËÉÈ

λ(∂, n)ϑ = λpq nq ∂pϑ = [B(∂, n)U ]4. (16)

ÀÌÀÅÄ ÈÀÅÉÓ 1.2 ÐÀÒÀÂÒÀ×ÛÉ ×ÖÒÉÄÓ ÂÀÍÆÏÂÀÃÄÁÖËÉ ÂÀÒÃÀØÌÍÉÓ ÔÄÒÌÉÍÄÁ-

ÛÉ ÀÂÄÁÖËÉÀ ÓÔÀÔÉÊÉÓ A(∂) ÏÐÄÒÀÔÏÒÉÓ ÛÄÓÀÁÀÌÉÓÉ ×ÖÍÃÀÌÄÍÔÖÒÉ Γ(x)

ÌÀÔÒÉÝÀ ÃÀ ÛÄÓßÀÅËÉËÉÀ ÌÉÓÉ ÚÏ×ÀØÝÄÅÀ ÖÓÀÓÒÖËÏÁÉÓÀ ÃÀ ÊÏÏÒÃÉÍÀÔÈÀ

ÓÀÈÀÅÉÓ ÌÉÃÀÌÏÛÉ.

1.3 ÐÀÒÀÂÒÀ×ÛÉ ÜÀÌÏÚÀËÉÁÄÁÖËÉÀ ÞÉÒÉÈÀÃÉ ÓÀÓÀÆÙÅÒÏ ÀÌÏÝÀÍÄÁÉ, ÊÄÒ-

ÞÏÃ, ÃÉÒÉáËÄÓ, ÍÄÉÌÀÍÉÓ, ÒÏÁÄÍÉÓÀ ÃÀ ÓÐÄÝÉÀËÖÒÉ ÛÄÒÄÖËÉ ÔÉÐÉÓ ÞÉÒÉÈÀ-

ÃÉ ÛÉÂÀ ÃÀ ÂÀÒÄ ÓÀÓÀÆÙÅÒÏ ÀÌÏÝÀÍÄÁÉ.

ÅÈØÅÀÈ, Ω+ ⊂ R3 ÛÄÌÏÓÀÆÙÅÒÖËÉ ÀÒÄÀ, ÒÏÌËÉÓ ÓÀÆÙÅÀÒÉÀ ÌÀÒÔÉÅÀÃ

ÁÌÖËÉ ÛÄÊÒÖËÉ ÂËÖÅÉ ÆÄÃÀÐÉÒÉ ∂Ω =: S ∈ C2,α, 0 < α 6 1; Ω+ = Ω+ ∪ S ÃÀ

Ω− = R3 \ Ω+.

ÃÉÒÉáËÄÓ, ÍÄÉÌÀÍÉÓ, ÒÏÁÄÍÉÓÀ ÃÀ ÓÐÄÝÉÀËÖÒÉ ÛÄÒÄÖËÉ ÔÉÐÉÓ ÞÉÒÉÈÀÃÉ

ÛÉÂÀ ÃÀ ÂÀÒÄ ÓÀÓÀÆÙÅÒÏ ÀÌÏÝÀÍÄÁÉ ÛÄÌÃÄÂÍÀÉÒÀÃ ÚÀËÉÁÃÄÁÀ:

ÅÉÐÏÅÏÈ Ω± ÀÒÄÛÉ

A(∂)U(x) = 0 (17)
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ÃÉ×ÄÒÄÍÝÉÀËÖÒÉ ÂÀÍÔÏËÄÁÉÓ ÉÓÄÈÉ ÒÄÂÖËÀÒÖËÉ U = (u1, u2, u3, u4)
⊤ ∈

C2(Ω±) ∩ C1(Ω±) ÀÌÏÍÀáÓÄÍÉ, ÒÏÌÄËÉÝ S ÓÀÆÙÅÀÒÆÄ ÀÊÌÀÚÏ×ÉËÄÁÓ

(D)± ÃÉÒÉáËÄÓ ÓÀÓÀÆÙÅÒÏ ÐÉÒÏÁÄÁÓ:

{u(x)}± = f̃(x), {ϑ(x)}± = f4(x), x ∈ S, (18)

ÀÍÖ

{U(x)}± = f(x), x ∈ S; (19)

ÀÍ (N)± ÍÄÉÌÀÍÉÓ ÓÀÓÀÆÙÅÒÏ ÐÉÒÏÁÄÁÓ

{P (∂, n)U(x)}± = F̃ (x), {λ(∂, n)ϑ(x)}± = F4(x), x ∈ S, (20)

ÀÍÖ

{B(∂, n)U(x)}± = F (x), x ∈ S; (21)

ÀÍ (R)± ÒÏÁÄÍÉÓ ÔÉÐÉÓ ÓÀÓÀÆÙÅÒÏ ÐÉÒÏÁÀÓ

{
B(∂, n)U(x)

}±
+ K

{
U(x)

}±
= F (x), x ∈ S, (22)

ÓÀÃÀÝ K = [Kkj]4×4 ÃÀÃÄÁÉÈÀÃ ÂÀÍÓÀÆÙÅÒÖËÉ ÌÀÔÒÉÝÀÀ:

K =

 [K̃kj]3×3 [0]3×1

[0]1×3 κ2


4×4

, (23)

κ2 > 0 ÃÀÃÄÁÉÈÉ ÌÖÃÌÉÅÉÀ ÃÀ K̃ = [K̃kj]3×3 ÃÀÃÄÁÉÈÀÃ ÂÀÍÓÀÆÙÅÒÖËÉ

ÌÀÔÒÉÝÀÀ;

ÀÍ ÛÄÒÄÖËÉ ÓÐÄÝÉÀËÖÒÉ ÔÉÐÉÓ ÓÀÓÀÆÙÅÒÏ ÐÉÒÏÁÄÁÓ, ÊÄÞÏÃ,

(D.N)± ÐÉÒÏÁÄÁÓ:

{u(x)}± = f̃(x), {λ(∂, n)ϑ(x)}± = F4(x), x ∈ S; (24)

ÀÍ (N.D)± ÐÉÒÏÁÄÁÓ:

{P (∂, n)U(x)}± = F̃ (x), {ϑ(x)}± = f4(x), x ∈ S. (25)

ÀÌ ÀÌÏÝÀÍÄÁÉÓ ÜÀÌÏÚÀËÉÁÄÁÀÛÉ f = (f̃ , f4)
⊤, F = (F̃ , F4)

⊤, ÓÀÃÀÝ f̃ = (f1, f2, f3)
⊤

ÃÀ F̃ = (F1, F2, F3)
⊤, ÓÀÆÙÅÀÒÆÄ ÌÏÝÄÌÖËÉ ÝÍÏÁÉËÉ ×ÖÍØÝÉÄÁÉÀ. ÓÉÌÁÏËÏÄÁÉ

{·}± ÀÙÍÉÛÍÀÅÓ ÝÀËÌáÒÉÅ ÆÙÅÒÄÁÓ S ÆÄÃÀÐÉÒÆÄ ÛÄÓÀÁÀÌÉÓÀÃ Ω± ÀÒÉÃÀÍ.
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ÀÌÀÅÄ ÐÀÒÀÂÒÀ×ÛÉ ÜÀÌÏÚÀËÉÁÄÁÖËÉÀ ÓÀÓÀÆÙÅÒÏ ÀÌÏÝÀÍÄÁÉ ÛÄÓÀÁÀÌÉÓÉ

×ÏÒÌÀËÖÒÀÃ ÛÄÖÙËÄÁÖËÉ A∗(∂) = A⊤(−∂) ÏÐÄÒÀÔÏÒÉÓÀÈÅÉÓ, ÒÏÌËÄÁÉÝ

ÀÒÓÄÁÉÈ ÒÏËÓ ÈÀÌÀÛÏÁÄÍ ÜÅÄÍÉ ÓÀÊÅËÄÅÉ ÀÌÏÝÀÍÄÁÉÓ ÀÌÏáÓÍÀÃÏÁÉÓ ÀÖÝÉËÄ-

ÁÄËÉ ÃÀ ÓÀÊÌÀÒÉÓÉ ÐÉÒÏÁÄÁÉÓ ÃÀÃÂÄÍÀÛÉ.

1.4 ÐÀÒÀÂÒÀ×ÛÉ ÂÀÖÓÉÓ ÍÀßÉËÏÁÉÈÉ ÉÍÔÄÂÒÄÁÉÓ ×ÏÒÌÖËÉÓ ÂÀÌÏÚÄÍÄÁÉÈ

ÂÀÌÏÚÅÀÍÉËÉÀ ÓáÅÀÃÀÓáÅÀ ÔÉÐÉÓ ÂÒÉÍÉÓ ×ÏÒÌÖËÀ ÓÔÀÔÉÊÉÓ ÂÀÍÔÏËÄÁÀÈÀ

ÓÉÓÔÄÌÉÃÀÍ ßÀÒÌÏØÌÍÉËÉ ÌÀÔÒÉÝÖËÉ ÏÐÄÒÀÔÏÒÉÓÀÈÅÉÓ ÒÄÂÖËÀÒÖËÉ ÅÄØ-

ÔÏÒ-×ÖÍØÝÉÄÁÉÓÀÈÅÉÓ ÂËÖÅÉ Ω+ ⊂ R3 ÀÒÉÓ ÛÄÌÈáÅÄÅÀÛÉ.

1.5 ÐÀÒÀÂÒÀ×ÉÓ 1.5.1 ØÅÄÐÀÒÀÂÒÀ×ÛÉ ÛÄÓßÀÅËÉËÉÀ ÓÔÀÔÉÊÉÓ ÂÀÍÔÏËÄÁÉÓ

ÛÄÓÀÁÀÌÉÓÉ ÛÉÂÀ ÓÀÓÀÆÙÅÒÏ ÀÌÏÝÀÍÄÁÉÓ ÀÌÏÍÀáÓÍÉÓ ÄÒÈÀÃÄÒÈÏÁÉÓ ÓÀÊÉÈáÄÁÉ.

ÊÄÒÞÏÃ, ÃÀÌÔÊÉÝÄÁÖËÉÀ ÛÄÌÃÄÂÉ ÈÄÏÒÄÌÄÁÉ.

ÈÄÏÒÄÌÀ 1 ÃÉÒÉáËÄÓ (D)+ ÛÉÂÀ ÓÀÓÀÆÙÅÒÏ ÀÌÏÝÀÍÀÓ ÀÒ ÂÀÀÜÍÉÀ ÄÒÈÆÄ ÌÄÔÉ

ÀÌÏÍÀáÓÄÍÉ.

ÈÄÏÒÄÌÀ 2 ÛÄÒÄÖË ÛÉÂÀ ÓÀÓÀÆÙÅÒÏ (M)+ ÀÌÏÝÀÍÀÓ ÀÒ ÂÀÀÜÍÉÀ ÄÒÈÆÄ ÌÄÔÉ

ÀÌÏÍÀáÓÄÍÉ.

ÈÄÏÒÄÌÀ 3 ÛÉÂÀ ÓÀÓÀÆÙÅÒÏ (D.N)+ ÀÌÏÝÀÍÉÓ ÀÌÏÍÀáÓÄÍÉ ÂÀÍÉÓÀÆÙÅÒÄÁÀ U (0) =

(0, ϑ0)
⊤ ÅÄØÔÏÒÉÓ ÓÉÆÖÓÔÉÈ, ÓÀÃÀÝ ϑ0 = const ÍÄÁÉÓÌÉÄÒÉ ÌÖÃÌÉÅÉÀ.

ÈÄÏÒÄÌÀ 4 ÛÉÂÀ ÓÀÓÀÆÙÅÒÏ (N.D)+ ÀÌÏÝÀÍÉÓ ÀÌÏÍÀáÓÄÍÉ ÂÀÍÉÓÀÆÙÅÒÄÁÀ U (0) =

(χ(x), 0)⊤ ÅÄØÔÏÒÉÓ ÓÉÆÖÓÔÉÈ, ÓÀÃÀÝ

χ(x) = a× x+ b

áÉÓÔÉ ÂÀÃÀÀÃÂÉËÄÁÉÓ ÅÄØÔÏÒÉÀ, a = (a1, a2, a3)
⊤ ÃÀ b = (b1, b2, b3)

⊤ ÍÄÁÉÓÌÉÄÒÉ

ÌÖÃÌÉÅÉ ÅÄØÔÏÒÄÁÉÀ.

ÈÄÏÒÄÌÀ 5 ÍÄÉÌÀÍÉÓ ÛÉÂÀ ÓÀÓÀÆÙÅÒÏ (N)+ ÀÌÏÝÀÍÉÓ ÀÌÏÍÀáÓÄÍÉ ÂÀÍÉÓÀÆÙÅ-

ÒÄÁÀ ÛÄÌÃÄÂÉ ÛÄÓÀÊÒÄÁÉ ÅÄØÔÏÒÉÓ ÓÉÆÖÓÔÉÈ

U (0)(x) =
(
χ(x) + ϑ0 v

(0)(x), ϑ0

)⊤
=

(
χ(x), 0

)⊤
+ ϑ0

(
v(0)(x), 1

)⊤
, (26)

ÓÀÃÀÝ ϑ0 ÍÄÁÉÓÌÉÄÒÉ ÌÖÃÌÉÅÉÀ, χ(x) = a× x+ b ÔÉÐÉÓ áÉÓÔÉ ÂÀÃÀÀÃÂÉËÄÁÉÓ

ÅÄØÔÏÒÉÀ, a = (a1, a2, a3)
⊤ ÃÀ b = (b1, b2, b3)

⊤ ÍÄÁÉÓÌÉÄÒÉ ÌÖÃÌÉÅÉ ÅÄØÔÏÒÄÁÉÀ,

áÏËÏ v(0) ÌÏÝÄÌÖËÉÀ v
(0)
k (x) = αkl xl, k = 1, 2, 3, ÔÏËÏÁÉÈ, ÓÀÃÀÝ αkl = αlk

ÌÖÃÌÉÅÄÁÉ ÂÀÍÉÓÀÆÙÅÒÄÁÀ ÝÀËÓÀáÀÃ ÀÌÏáÓÍÀÃÉ

ckjpq αpq = βkj, k, j = 1, 2, 3,
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ÀËÂÄÁÒÖË ÂÀÍÔÏËÄÁÀÈÀ ÓÉÓÔÄÌÉÃÀÍ. ÀØ ckjpq ÃÀ βkj ÈÄÒÌÏÃÒÄÊÀÃÉ ÓáÄÖËÉÓ

ÌÀáÀÓÉÀÈÄÁÄËÉ ÌÀÔÄÒÉÀËÖÒÉ ÌÖÃÌÉÅÄÁÉÀ.

ÀØÅÄ ÍÀÜÅÄÍÄÁÉÀ, ÒÏÌ (26) ÈÀÍÀ×ÀÒÃÏÁÉÈ ÌÏÝÄÌÖËÉ ÅÄØÔÏÒÉ ÄÊÖÈÅÍÉÓ

ßÒ×ÉÅ ÓÉÅÒÝÄÓ, ÒÏÌÄËÉÝ ÌÏàÉÌÖËÉÀ ÛÄÌÃÄÂ ÅÄØÔÏÒÄÁÆÄ

Ψ(1) =
(
1, 0, 0, 0

)⊤
, Ψ(2) =

(
0, 1, 0, 0

)⊤
, Ψ(3) =

(
0, 0, 1, 0

)⊤
,

Ψ(4) =
(
0,−x3, x2, 0

)⊤
, Ψ(5) =

(
x3, 0,−x1, 0

)⊤
, Ψ(6) =

(
− x2, x1, 0, 0

)⊤
, (27)

Ψ(7) =
(
v
(0)
1 , v

(0)
2 , v

(0)
3 , 1

)⊤
.

1.5.2 ØÅÄÐÀÒÀÂÒÀ×É ÄÞÙÅÍÄÁÀ ÂÀÒÄ ÓÀÓÀÆÙÅÒÏ ÀÌÏÝÀÍÄÁÉÓ ÀÌÏÍÀáÓÍÄÁÉÓ

ÄÒÈÀÃÄÒÈÏÁÉÓ ÂÀÌÏÊÅËÄÅÀÓ. ÖÓÀÓÒÖËÏ ÀÒÉÓ ÛÄÌÈáÅÄÅÀÛÉ ÃÉÒÉáËÄÓ, ÍÄÉÌÀ-

ÍÉÓ, ÒÏÁÄÍÉÓÀ ÃÀ ÛÄÒÄÖËÉ ÔÉÐÉÓ ÂÀÒÄ ÓÀÓÀÆÙÅÒÏ ÀÌÏÝÀÍÄÁÉÓ ÀÌÏÍÀá-

ÓÍÄÁÉÓ ÄÒÈÀÃÄÒÈÏÁÉÓ ÛÄÓßÀÅËÀ áÃÄÁÀ ÖÓÀÓÒÖËÏÁÉÓ ÌÉÃÀÌÏÛÉ ÂÀÒÊÅÄÖËÉ

ÀÓÉÌÐÔÏÔÉÊÉÓ ÌØÏÍÄ ÅÄØÔÏÒ-×ÖÍØÝÉÀÈÀ ÊËÀÓÛÉ. ÓÀØÌÄ ÉÓ ÀÒÉÓ, ÒÏÌ ÀÖÝÉ-

ËÄÁÄËÉÀ ÂÀÒÄ ÀÌÏÝÀÍÄÁÉÓ ÂÀÍáÉËÅÀ ÖÓÀÓÒÖËÏÁÀÛÉ ÛÄÌÏÓÀÆÙÅÒÖË ÅÄØÔÏÒ-

×ÖÍØÝÉÀÈÀ ÓÐÄÝÉÀËÖÒ ÊËÀÓÛÉ, ÒÀÃÂÀÍ ÆÏÂÀÃÀÃ ÈÄÒÌÏÓÔÀÔÉÊÉÓ ÄÒÈÂÅÀÒÏ-

ÅÀÍÉ ÂÀÍÔÏËÄÁÉÓ ÀÌÏÍÀáÓÄÍÉ ÖÓÀÓÒÖËÏÁÉÓ ÌÉÃÀÌÏÛÉ ÀÒ ØÒÄÁÀ; ÊÄÒÞÏÃ,

ÂÀÃÀÀÃÂÉËÄÁÉÓ ÅÄØÔÏÒÉ ÖÍÃÀ ÅÄÞÉÏÈ ÖÓÀÓÒÖËÏÁÉÓ ÌÉÃÀÌÏÛÉ ÛÄÌÏÓÀÆ-

ÙÅÒÖË ×ÖÍØÝÉÀÈÀ ÊËÀÓÛÉ, áÏËÏ ÔÄÌÐÄÒÀÔÖÒÉÓ ×ÖÍØÝÉÀ ÊÉ - ÖÓÀÓÒÖËÏÁÉÓ

ÌÉÃÀÌÏÛÉ ØÒÏÁÀÃ ×ÖÍØÝÉÀÈÀ ÊËÀÓÛÉ. ÀÙÍÉÛÍÖË ØÅÄÐÀÒÀÂÒÀ×ÛÉ ÛÄÌÏÙÄÁÖ-

ËÉÀ ÀÓÄÈ ÅÄØÔÏÒ-×ÖÍØÝÉÀÈÀ ÊËÀÓÉ Z(Ω−).

ÂÀÍÓÀÆÙÅÒÄÁÀ 6 ÅÉÔÚÅÉÈ, ÒÏÌ Ω− ÀÒÄÛÉ ÂÀÍÓÀÆÙÅÒÖË U = (u1, u2, u3, ϑ)
⊤ ÅÄØ-

ÔÏÒÓ, ÒÏÌÄËÉÝ ÖßÚÅÄÔÉÀ ÖÓÀÓÒÖËÏÁÉÓ ÌÉÃÀÌÏÛÉ, ÀØÅÓ Z(Ω−) ÈÅÉÓÄÁÀ, ÈÖ

ÌÉÓÉ ÊÏÌÐÏÍÄÍÔÄÁÉ ÀÊÌÀÚÏ×ÉËÄÁÄÍ ÛÄÌÃÄÂ ÐÉÒÏÁÄÁÓ:

uk(x) = O(1), k = 1, 2, 3, ϑ(x) = O(|x|−1) ÒÏÝÀ |x| → ∞, (28)

lim
R→∞

1

4πR2

∫
Σ(0,R)

uk(x) dΣ(0, R) = 0, k = 1, 2, 3, (29)

ÓÀÃÀÝ Σ(0, R) ÀÒÉÓ R ÒÀÃÉÖÓÉÀÍÉ Ó×ÄÒÏ ÝÄÍÔÒÉÈ ÊÏÏÒÃÉÍÀÔÈÀ ÓÀÈÀÅÄÛÉ.

ÃÀÌÔÊÉÝÄÁÖËÉÀ ÒÀÌÃÄÍÉÌÄ ÃÀÌáÌÀÒÄ ÃÄÁÖËÄÁÀ ÃÀ ÛÄÓßÀÅËÉËÉÀ ÂÀÒÄ

ÓÀÓÀÆÙÅÒÏ ÀÌÏÝÀÍÄÁÉÓ ÀÌÏÍÀáÓÍÄÁÉÓ ÄÒÈÀÃÄÒÈÏÁÉÓ ÓÀÊÉÈáÉ. ÊÄÒÞÏÃ, ÃÀÌÔ-

ÊÉÝÄÁÖËÉÀ, ÒÏÌ ÃÉÒÉáËÄÓ, ÍÄÉÌÀÍÉÓ, ÒÏÁÄÍÉÓÀ ÃÀ ÛÄÒÄÖËÉ ÔÉÐÉÓ ÂÀÒÄ

ÓÀÓÀÆÙÅÒÏ ÀÌÏÝÀÍÄÁÓ ÀÒ ÂÀÀÜÍÉÀÈ ÄÒÈÆÄ ÌÄÔÉ ÒÄÂÖËÀÒÖËÉ ÀÌÏÍÀáÓÄÍÉ

ÅÄØÔÏÒ-×ÖÍØÉÀÈÀ Z(Ω−) ÊËÀÓÛÉ.
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ÀÌÀÅÄ ØÅÄÐÀÒÀÂÒÀ×ÛÉ ÛÄÖÙËÄÁÖËÉ ÂÀÒÄ ÀÌÏÝÀÍÄÁÉÓ ÀÌÏÍÀáÓÍÄÁÉÓÈÅÉÓ

ÃÀÃÂÄÍÉËÉÀ ÀÓÉÌÐÔÏÔÖÒÉ ÚÏ×ÀØÝÄÅÀ ÖÓÀÓÒÖËÏÁÉÓ ÌÉÃÀÌÏÛÉ ÃÀ ÛÄÌÏÙÄÁÖ-

ËÉÀ ÛÄÓÀÁÀÌÉÓÉ Z∗(Ω−) ÊËÀÓÉ.

ÂÀÍÓÀÆÙÅÒÄÁÀ 7 ÅÉÔÚÅÉÈ, ÒÏÌ Ω− ÀÒÄÛÉ ÂÀÍÓÀÆÙÅÒÖË U∗ = (u∗
1, u

∗
2, u

∗
3, ϑ

∗)⊤ ÅÄØ-

ÔÏÒÓ, ÒÏÌÄËÉÝ ÖßÚÅÄÔÉÀ ÖÓÀÓÒÖËÏÁÉÓ ÌÉÃÀÌÏÛÉ, ÀØÅÓ Z∗(Ω−) ÈÅÉÓÄÁÀ, ÈÖ

ÌÉÓÉ ÊÏÌÐÏÍÄÍÔÄÁÉ ÀÊÌÀÚÏ×ÉËÄÁÄÍ ÛÄÌÃÄÂ ÐÉÒÏÁÄÁÓ:

u∗
k(x) = O(|x|−1), k = 1, 2, 3, ϑ∗(x) = O(1) ÒÏÝÀ |x| → ∞, (30)

lim
R→∞

1

4πR2

∫
Σ(0,R)

ϑ∗(x) dΣ(0, R) = 0, k = 1, 2, 3. (31)

1.5.3 ØÅÄÐÀÒÀÂÒÀ×ÛÉ ÃÀÌÔÊÉÝÄÁÖËÉÀ ÄÒÈÀÃÄÒÈÏÁÉÓ ÃÄÁÖËÄÁÄÁÉ ÛÄÖÙËÄ-

ÁÖËÉ ÀÌÏÝÀÍÄÁÉÓÈÅÉÓ, ÊÄÒÞÏÃ, ÍÀÜÅÄÍÄÁÉÀ, ÒÏÌ ÃÉÒÉáËÄÓ ÛÉÂÀ ÃÀ ÂÀÒÄ,

ÀÓÄÅÄ ÍÄÉÌÀÍÉÓ ÂÀÒÄ ÄÒÈÂÅÀÒÏÅÀÍ ÀÌÏÝÀÍÄÁÓ ÂÀÀÜÍÉÀÈ ÌáÏËÏÃ ÔÒÉÅÉÀËÖÒÉ

ÀÌÏÍÀáÓÄÍÉ, áÏËÏ ÍÄÉÌÀÍÉÓ ÛÉÂÀ ÄÒÈÂÅÀÒÏÅÀÍÉ ÀÌÏÝÀÍÉÓ ÛÄÌÈáÅÄÅÀÛÉ ÆÏÂÀÃÉ

ÀÌÏÍÀáÓÄÍÉÀ ÂÀÒÊÅÄÖËÉ ÓÔÒÖØÔÖÒÉÓ ÌØÏÍÄ ÅÄØÔÏÒÉ, ÒÏÌËÉÓ ÐÉÒÅÄËÉ ÓÀÌÉ

ÊÏÌÐÏÍÄÍÔÉ ÛÄÄÓÀÁÀÌÄÁÀ áÉÓÔÉ ÂÀÃÀÀÃÂÉËÄÁÉÓ ÅÄØÔÏÒÓ, áÏËÏ ÌÄÏÈáÄ ÊÏÌ-

ÐÏÍÄÍÔÉ ÍÄÁÉÓÌÉÄÒÉ ÌÖÃÌÉÅÉÀ. ÄÓ ÛÄÃÄÂÄÁÉ ÀÒÓÄÁÉÈÀÃ ÂÀÌÏÉÚÄÍÄÁÀ ÞÉÒÉÈÀÃÉ

ÓÀÓÀÆÙÅÒÏ ÀÌÏÝÀÍÄÁÉÓ ÛÄÓÀÁÀÌÉÓÉ ÉÍÔÄÂÒÀËÖÒÉ ÂÀÍÔÏËÄÁÄÁÉÓ ÀÌÏáÓÍÀÃÏ-

ÁÉÓ ÓÀÊÉÈáÉÓ ÛÄÓßÀÅËÉÓÀÓ, ÊÄÒÞÏÃ, ÛÄÓÀÁÀÌÉÓÉ ÛÄÖÙËÄÁÖËÉ ÏÐÄÒÔÏÒÄÁÉÓ

ÍÖË-ÓÉÅÒÝÄÄÁÉÓ ÂÀÓÀÀÍÀËÉÆÄÁËÀÃ.

1.6 ÐÀÒÀÂÒÀ×ÛÉ ÀÍÉÆÏÔÒÏÐÖËÉ ÃÒÄÊÀÃÏÁÉÓ ÈÄÏÒÉÉÓ ÓÔÀÔÉÊÉÓ A(∂) ÃÀ

A∗(∂) ÏÐÄÒÀÔÏÒÄÁÉÓ ×ÖÍÃÀÌÄÍÔÖÒÉ ÌÀÔÒÉÝÉÓ ÓÀÛÖÀËÄÁÉÈ ÀÂÄÁÖËÉÀ ÆÄÃÀÐÉ-

ÒÖËÉ - ÌÀÒÔÉÅÉ ÃÀ ÏÒÌÀÂÉ ×ÄÍÉÓ ÐÄÔÄÍÝÉËÄÁÉ

V (h)(x) = VS(h)(x) :=

∫
S

Γ(x− y)h(y) dSy, x ∈ R3 \ S, (32)

W (h)(x) = WS(h)(x) :=

∫
S

[
Q
(
∂y, n(y)

)
Γ⊤(x− y)

]⊤
h(y) dSy, x ∈ R3 \ S, (33)

V ∗(h∗)(x) = V ∗
S (h

∗)(x) :=

∫
S

Γ∗(x− y)h∗(y) dSy, x ∈ R3 \ S, (34)

W ∗(h∗)(x) = W ∗
S(h

∗)(x) :=

∫
S

[
B
(
∂y, n(y)

)
[Γ∗(x− y)]⊤

]⊤
h∗(y) dSy, x ∈ R3 \ S,

(35)
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ÓÀÃÀÝ

Q(∂, n) :=
[
Qkp(∂, n)

]
4×4

=

 T (∂, n) [ 0 ]3×1

[0]1×3 λ(∂, n)


4×4

. (36)

ÀÌÀÅÄ ÐÀÒÀÂÒÀ×ÛÉ ÃÀÃÂÄÍÉËÉÀ ÆÄÃÀÐÉÒÖËÉ ÐÄÔÄÍÝÉÀËÄÁÉÓ ßÚÅÄÔÉÓ ×ÏÒ-

ÌÖËÄÁÉ ÃÀ ÍÀÜÅÄÍÄÁÉÀ, ÒÏÌ ÉÓÉÍÉ ÄÊÖÈÅÍÉÀÍ ÛÄÓÀÁÀÌÉÓÀÃ Z(Ω−) ÃÀ Z∗(Ω−)

ÊËÀÓÄÁÓ.

ÌÀÒÔÉÅÉ ÃÀ ÏÒÌÀÂÉ ×ÄÍÉÓ ÐÏÔÄÍÝÉÀËÄÁÓ ÂÀÀÜÍÉÀ ÀÓÀáÅÉÓ ÛÄÌÃÄÂÉ ÈÅÉÓÄ-

ÁÄÁÉ

ÈÄÏÒÄÌÀ 8 ÈÖ S ∈ Ck+1,α, k > 1 ÍÀÔÖÒÀËÖÒÉ ÒÉÝáÅÉÀ ÃÀ 0 < β < α 6 1. ÌÀÛÉÍ

ÌÀÒÔÉÅÉ ÃÀ ÏÒÌÀÂÉ ×ÄÍÉÓ ÐÏÔÄÍÝÉÀËÄÁÓ ÛÄÌÃÄÂÉ ÀÓÀáÅÉÓ ÈÅÉÓÄÁÄÁÉ ÂÀÀÜÍÉÀ

V : [Ck,β(S)]4 → [Ck+1,β(Ω±)]4, W : [Ck,β(S)]4 → [Ck,β(Ω±)]4.

ÌÀÒÔÉÅÉ ÃÀ ÏÒÌÀÂÉ ×ÄÍÉÓ ÐÏÔÄÍÝÉÀËÄÁÉÓ ÛÄÓÀÁÀÌÉÓÉ ÆÙÅÒÖËÉ ÌÍÉÛÅÍÄ-

ËÏÁÄÁÉÓ ÈÅÉÓÄÁÄÁÉ ÀÙßÄÒÉËÉÀ ÛÄÌÃÄÂÉ ÃÄÁÖËÄÁÉÈ

ÈÄÏÒÄÌÀ 9 ÈÖ S ∈ C2,α, 0 < β < α 6 1, h ∈ [C0,β(S)]4 ÃÀ g ∈ [C1,β(S)]4. ÌÀÛÉÍ

ÍÄÁÉÓÌÉÄÒÉ x ∈ S ßÄÒÔÉËÉÓÈÅÉÓ ÀÃÂÉËÉ ÀØÅÓ ÛÄÌÃÄÂ ÆÙÅÒÖË ÔÏËÏÁÄÁÓ:

{V (h) (x)}± = H (h)(x), (37)

{B(∂x, n(x))V (h) (x)}± = [∓2−1I4 +K ]h(x), (38)

{W (h) (x)}± = [±2−1I4 +N ]h(x), (39)

{B(∂x, n(x))W (g)(x)}+ = {B(∂x, n(x))W (g)(x)}− =: L g(x), (40)

ÓÀÃÀÝ B(∂, n) ÂÀÍÓÀÆÙÅÒÖËÉÀ (13) ÔÏËÏÁÉÈ, H ÓÖÓÔÉ ÓÉÍÂÖËÀÒÖËÉ ÉÍÔÄÂ-

ÒÀËÖÒÉ ÏÐÄÒÀÔÏÒÉÀ, K ÃÀ N ÓÉÍÂÖËÀÒÖËÉ ÉÍÔÄÂÒÀËÖÒÉ ÏÐÀÒÀÔÏÒÄÁÉÀ,

áÏËÏ L ÀÒÉÓ ÓÉÍÂÖËÀÒÖËÉ ÉÍÔÄÂÒÏ-ÃÉ×ÄÒÄÍÝÉÀËÖÒÉ ÏÐÄÒÀÔÏÒÉ,

Hh(x) = HS h(x) :=

∫
S

Γ(x− y)h(y) dSy, (41)

Kh(x) = KS h(x) :=

∫
S

[B(∂x, n(x)) Γ(x− y)]h(y) dSy, (42)

Nh(x) = NS h(x) :=

∫
S

[Q(∂y, n(y)) Γ
⊤(x− y)]⊤ h(y) dSy, (43)

Lg(x) = LS g(x) := lim
Ω±∋z→x∈S

B(∂z, n(x)

∫
S

[Q(∂y, n(y)) Γ
⊤(z − y)]⊤ g(y) dSy. (44)
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(40) ÔÏËÏÁÀÓ ÄßÏÃÄÁÀ ËÉÀÐÖÍÏÅ-ÔÀÖÁÄÒÉÓ ÈÄÏÒÄÌÀ.

ÀÍÀËÏÂÉÖÒÉ ÈÄÏÒÄÌÄÁÉ ÀÓÀáÅÉÓ ÈÅÉÓÄÁÄÁÉÓÀ ÃÀ ßÚÅÄÔÉÓ ×ÏÒÌÖËÄÁÉÓ

ÛÄÓÀáÄÁ ÌÔÊÉÝÃÄÁÀ ÛÄÖÙËÄÁÖËÉ V ∗(h∗) ÃÀ W ∗(h∗) ÆÄÃÀÐÉÒÖËÉ ÐÏÔÄÍÝÉÀËÄ-

ÁÉÓ ÛÄÌÈáÅÄÅÀÛÉÝ. ÊÄÒÞÏÃ, ËÉÀÐÖÍÏÅ-ÔÀÖÁÄÒÉÓ ÈÄÏÒÄÌÀÓ ÛÄÖÙËÄÁÖËÉ

ÏÒÌÀÂÉ ×ÄÍÉÓ ÐÏÔÄÍÝÉÀËÉÓÈÅÉÓ ÛÄÌÃÄÂÉ ÓÀáÄ ÀØÅÓ

{Q(∂x, n(x))W
∗(g∗)(x)}+ = {Q(∂x, n(x))W

∗(g∗)(x)}− =: L∗g∗(x). (45)

ÀØÅÄ ÂÀÌÏÚÅÀÍÉËÉÀ ÈÄÒÌÏÓÔÀÔÉÊÉÓ ÓÉÓÔÄÌÉÓ U ÀÌÏÍÀáÓÍÉÓ ÉÍÔÄÂÒÀËÖÒÉ

ßÀÒÌÏÃÂÄÍÉÓ ×ÏÒÌÖËÄÁÉ ÒÏÂÏÒÝ ÛÉÂÀ, ÀÓÄÅÄ ÂÀÒÄ ÖÓÀÓÒÖËÏ ÀÒÄÄÁÉÓ

ÛÄÌÈáÅÄÅÀÛÉ:

W
(
{U}+

)
− V

(
{BU}+

)
=


U(x), ÒÏÝÀ x ∈ Ω+,

0, ÒÏÝÀ x ∈ Ω−.

(46)

−W
(
{U}−

)
+ V

(
{BU}−

)
=


U(x), ÒÏÝÀ x ∈ Ω−,

0, ÒÏÝÀ x ∈ Ω+.

(47)

1.7 ÐÀÒÀÂÒÀ×ÛÉ ÃÀÌÔÊÉÝÄÁÖËÉÀ ÞÉÒÉÈÀÃÉ ÓÀÓÀÆÙÅÒÏ ÀÌÏÝÀÍÄÁÉÓ ÀÌÏ-

ÍÀáÓÍÄÁÉÓ ÀÒÓÄÁÏÁÉÓ ÈÄÏÒÄÌÄÁÉ ÒÄÂÖËÀÒÖË ÅÄØÔÏÒ-×ÖÍØÝÉÀÈÀ ÊËÀÓÄÁÛÉ.

ÊÄÒÞÏÃ, 1.7.1 ØÅÄÐÀÒÀÂÒÀ×ÛÉ ÂÀÌÏÊÅËÄÖËÉÀ ÃÉÒÉáËÄÓ ÛÉÂÀ ÓÀÓÀÆÙÅÒÏ

ÀÌÏÝÀÍÀ ÃÀ ÍÀÜÅÄÍÄÁÉÀ, ÒÏÌ ÄÓ ÀÌÏÝÀÍÀ ÝÀËÓÀáÀÃ ÀÌÏáÓÍÀÃÉÀ ÒÄÂÖËÀÒÖË

ÅÄØÔÏÒ-×ÖÍØÝÉÀÈÀ
[
C1(Ω+)

]4∩[C2(Ω+)
]4
ÊËÀÓÛÉ. ÌÏÝÄÌÖËÉÀ ÃÉÒÉáËÄÓ ÛÉÂÀ

ÀÌÏÝÀÍÉÓ ÂÀÍÏÊÅËÄÅÉÓ ÏÒÉ ÌÄÈÏÃÉ. ÐÉÒÅÄËÉ ÃÀ×ÖÞÍÄÁÖËÉÀ ÀÌÏÍÀáÓÍÉÓ

ßÀÒÌÏÃÂÄÍÀÆÄ ÏÒÌÀÂÉ ×ÄÍÉÓ W (φ) ÐÏÔÄÍÝÉÀËÉÓ ÓÀÛÖÀËÄÁÉÈ, áÏËÏ ÌÄÏÒÄ

ÌÉÃÂÏÌÀ - ÀÌÏÍÀáÓÍÉÓ ßÀÒÌÏÃÂÄÍÀÆÄ ÌÀÒÔÉÅÉ ×ÄÍÉÓ V (φ) ÐÏÔÄÍÝÉÀËÉÈ,

ÓÀÃÀÝ φ =
(
φ1, φ2, φ3, φ4

)⊤
ÓÀÞÉÄÁÄËÉ ÓÉÌÊÅÒÉÅÄÀ.

ÏÒÉÅÄ ÛÄÌÈáÅÄÅÀÛÉ ÃÉÒÉáËÄÓ ÓÀÓÀÆÙÅÒÏ ÀÌÏÝÀÍÀ ÃÀÚÅÀÍÉËÉÀ ÝÀËÓÀáÀÃ

ÀÌÏáÓÍÀÃ ÉÍÔÄÂÒÀËÖÒ ÂÀÍÔÏËÄÁÀÈÀ ÓÉÓÔÄÌÀÆÄ.

ÐÉÒÅÄËÉ ÌÉÃÂÏÌÉÈ ÀÌÏÝÀÍÀ ÃÀÉÚÅÀÍÄÁÀ ÍÏÒÌÀËÖÒÀÃ ÀÌÏáÓÍÀÃ ÓÉÍÂÖËÀ-

ÒÖË ÉÍÔÄÂÒÀËÖÒ ÂÀÍÔÏËÄÁÀÈÀ ÛÄÌÃÄÂ ÓÉÓÔÄÌÀÆÄ:

[ 2−1I4 +N ]φ(x) = f(x), x ∈ S. (48)

áÏËÏ ÌÄÏÒÄ ÛÄÌÈáÅÄÅÀÛÉ ÉÍÔÄÂÒÀËÖÒÉ ÏÐÄÒÀÔÏÒÉ ÀÒÉÓ ÌÀÒÔÉÅÉ ×ÄÍÉÓ

ÐÏÔÄÍÝÉÀËÉÓ ÓÀÓÀÆÙÅÒÏ ÌÍÉÛÅÍÄËÏÁÉÈ ßÀÒÌÏÛÏÁÉËÉ -1 ÒÉÂÉÓ ×ÓÄÅÃÏÃÉ-
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×ÄÒÄÍÝÉÀËÖÒÉ ÏÐÄÒÀÔÏÒÉ ÖÀÒÚÏ×ÉÈÀÃ ÂÀÍÓÀÆÙÅÒÖËÉ ÌÈÀÅÀÒÉ ÄÒÈÂÅÀÒÏ-

ÅÀÍÉ ÓÉÌÁÏËÖÒÉ ÌÀÔÒÉÝÉÈ:

Hφ(x) = f(x), x ∈ S. (49)

ÏÒÉÅÄ ÛÄÌÈáÅÄÅÀÛÉ ÍÀÜÅÄÍÄÁÉÀ ÛÄÓÀÁÀÌÉÓÉ ÉÍÔÄÂÒÀËÖÒÉ ÏÐÄÒÀÔÏÒÄÁÉÓ ×ÒÄÃ-

äÏËÌÖÒÏÁÀ ÃÀ ÌÀÈÉ ÍÖË-ÓÉÅÒÝÄÄÁÉÓ ÔÒÉÅÉÀËÖÒÏÁÀ, ÒÀÝ ÄÊÅÉÅÀËÄÍÔÖÒÉÀ

ÀÙÍÉÛÍÖËÉ ÉÍÔÄÂÒÀËÖÒÉ ÏÐÄÒÀÔÏÒÄÁÉÓ ÛÄÁÒÖÍÄÁÀÃÏÁÉÓÀ ÛÄÓÀÁÀÌÉÓ ×ÖÍ-

ØÝÉÏÍÀËÖÒ ÓÉÅÒÝÄÄÁÛÉ. ÀØÄÃÀÍ ÊÉ ÂÀÌÏÌÃÉÍÀÒÄÏÁÓ ÃÉÒÉáËÄÓ ÓÀÓÆÙÅÒÏ

ÀÌÏÝÀÍÉÓ ÀÌÏÍÀáÓÍÉÓ ÀÒÓÄÁÏÁÉÓ ÃÄÁÖËÄÁÄÁÉ.

ÈÄÏÒÄÌÀ 10 ÅÈØÅÀÈ, S ∈ C2, α ÃÀ f ∈
[
C1, β(S)

]4
, 0 < β < α 6 1. ÌÀÛÉÍ ÃÉÒÉáËÄÓ

ÛÉÂÀ ÀÌÏÝÀÍÀ ÝÀËÓÀáÀÃ ÀÌÏáÓÍÀÃÉÀ ÒÄÂÖËÀÒÖË ÅÄØÔÏÒ-×ÖÍØÝÉÀÈÀ U ∈[
C1, β(Ω+)

]4 ∩ [
C2(Ω+)

]4
ÊËÀÓÛÉ ÃÀ ÀÌÏÍÀáÓÄÍÉ ßÀÒÌÏÉÃÂÉÍÄÁÀ ÏÒÌÀÂÉ ×ÄÍÉÓ

ÐÏÔÄÍÝÉÀËÉÈ U = W (φ), ÓÀÃÀÝ ÓÉÌÊÅÒÉÅÄ φ ∈
[
C1, β(S)

]4
ÂÀÍÉÓÀÆÙÅÒÄÁÀ

ÝÀËÓÀáÀÃ ÀÌÏáÓÍÀÃÉ (48) ÓÉÍÂÖËÀÒÖËÉ ÉÍÔÄÂÒÀËÖÒÉ ÂÀÍÔÏËÄÁÉÃÀÍ.

ÈÄÏÒÄÌÀ 11 ÅÈØÅÀÈ, S ∈ C2, α ÃÀ f ∈
[
C1, β(S)

]4
, 0 < β < α 6 1. ÌÀÛÉÍ

ÃÉÒÉáËÄÓ ÛÉÂÀ ÀÌÏÝÀÍÀ ÝÀËÓÀáÀÃ ÀÌÏáÓÍÀÃÉÀ ÒÄÂÖËÀÒÖË ÅÄØÔÏÒ-×ÖÍ-

ØÝÉÀÈÀ U ∈
[
C1, β(Ω+)

]4 ∩ [
C2(Ω+)

]4
ÊËÀÓÛÉ ÃÀ ÀÌÏÍÀáÓÄÍÉ ßÀÒÌÏÉÃÂÉÍÄÁÀ

ÌÀÒÔÉÅÉ ×ÄÍÉÓ ÐÏÔÄÍÝÉÀËÉÈ U = V (φ), ÓÀÃÀÝ ÓÉÌÊÅÒÉÅÄ φ ∈
[
C0, β(S)

]4
ÝÀËÓÀáÀÃ ÂÀÍÉÓÀÆÙÅÒÄÁÀ (49) ÉÍÔÄÂÒÀËÖÒÉ ÂÀÍÔÏËÄÁÉÃÀÍ.

ÀÍÀËÏÂÉÖÒÉ ÌÉÃÂÏÌÉÈ, 1.7.2 ØÅÄÐÀÒÀÂÒÀ×ÛÉ ÛÄÓßÀÅËÉËÉÀ ÍÄÉÌÀÍÉÓ ÂÀÒÄ

ÓÀÓÀÆÙÅÒÏ ÀÌÏÝÀÍÉÓ ÀÌÏÍÀáÓÍÉÓ ÀÒÓÄÁÏÁÉÓ ÓÀÊÉÈáÉ ÃÀ ÃÀÌÔÊÉÝÄÁÖËÉÀ, ÒÏÌ

ÉÓ ÀÌÏáÓÍÀÃÉÀ ÅÄØÔÏÒ-×ÖÍØÝÀÉÈÀ [C1(Ω−)]4 ∩ [C2(Ω−)]4 ∩ Z(Ω−) ÊËÀÓÛÉ ÃÀ

ÀÌÏÍÀáÓÄÍÉ ßÀÒÌÏÉÃÂÉÍÄÁÀ ÌÀÒÔÉÅÉ ×ÄÍÉÓ ÐÏÔÄÍÝÉÀËÉÈ U = V (φ), ÓÀÃÀÝ

φ ∈
[
C0, β(S)

]4
ÂÀÍÉÓÀÆÙÅÒÄÁÀ ÝÀËÓÀáÀÃ ÀÌÏáÓÍÀÃÉ ÛÄÌÃÄÂÉ ÓÉÍÂÖËÀÒÖËÉ

ÉÍÔÄÂÒÀËÖÒÉ ÂÀÍÔÏËÄÁÉÃÀÍ:

[ 2−1I4 +K ]φ(x) = F (x), x ∈ S. (50)

1.7.3 ØÅÄÐÀÒÀÂÒÀ×ÛÉ ÂÀÌÏÊÅËÄÖËÉÀ ÃÉÒÉáËÄÓ ÂÀÒÄ ÓÀÓÀÆÙÅÒÏ ÀÌÏÝÀÍÉÓ

ÀÌÏÍÀáÓÍÉÓ ÀÒÓÄÁÏÁÉÓ ÓÀÊÉÈáÉ. ÃÀÌÔÊÉÝÄÁÖËÉÀ, ÒÏÌ ÒÄÂÖËÀÒÖË ÅÄØÔÏÒ-

×ÖÍØÝÉÀÈÀ [C1(Ω−)]4∩[C2(Ω−)]4∩Z(Ω−) ÊËÀÓÛÉ ÄÓ ÀÌÏÝÀÍÀ ÝÀËÓÀáÀÃ ÀÌÏáÓÍÀ-

ÃÉÀ ÃÀ ÀÌÏÍÀáÓÄÍÉ ßÀÒÌÏÉÃÂÉÍÄÁÀ ÌÀÒÔÉÅÉ ÃÀ ÏÒÌÀÂÉ ×ÄÍÉÓ ÐÏÔÄÍÝÉÀËÄÁÉÓ

ßÒ×ÉÅÉ ÊÏÌÁÉÍÀÝÉÉÈ U = W (φ) + aV (φ), ÓÀÃÀÝ φ ÓÉÌÊÅÒÉÅÄ ÂÀÍÉÓÀÆÙÅÒÄÁÀ
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ÝÀËÓÀáÀÃ ÀÌÏáÓÍÀÃÉ ÓÉÍÂÖËÀÒÖË ÉÍÔÄÂÒÀËÖÒ ÂÀÍÔÏËÄÁÀÈÀ ÓÉÓÔÄÌÉÃÀÍ

[ 2−1 I4 +N + aH ]φ(x) = f(x), x ∈ S. (51)

ÛÉÂÀ ÀÌÏÝÀÍÉÓ ÀÍÀËÏÂÉÖÒÀÃ, ÀØÀÝ ÃÀÌÔÊÉÝÄÁÖËÉÀ, ÒÏÌ ÃÉÒÉáËÄÓ ÂÀÒÄ

ÓÀÓÀÆÙÅÒÏ ÀÌÏÝÀÍÉÓ ÀÌÏÍÀáÓÄÍÉ ßÀÒÌÏÉÃÂÉÍÄÁÀ ÌÀÒÔÉÅÉ ×ÄÍÉÓ V (φ) ÐÏÔÄÍ-

ÝÉÀËÉÈÀÝ, ÓÀÃÀÝ φ ÓÉÌÊÅÒÉÅÄ ÂÀÍÉÓÀÆÙÅÒÄÁÀ ÝÀËÓÀáÀÃ ÀÌÏáÓÍÀÃÉ ÉÌÀÅÄ

(49) ÂÀÍÔÏËÄÁÀÈÀ ÓÉÓÔÄÌÉÃÀÍ.

ÍÄÉÌÀÍÉÓ ÛÉÂÀ ÓÀÓÀÆÙÅÒÏ ÀÌÏÝÀÍÉÓ ÀÌÏÍÀáÓÍÉÓ ÀÒÓÄÁÏÁÉÓ ÓÀÊÉÈáÉ ÂÀÌÏÊ-

ÅËÄÖËÉÀ 1.7.4 ØÅÄÐÀÒÀÂÒÀ×ÛÉ. ÀÌÏÝÀÍÉÓ ÀÌÏÍÀáÓÍÓ ÅÄÞÄÁÈ ÌÀÒÔÉÅÉ ×ÄÍÉÓ

ÐÏÔÄÍÝÉÀËÉÈ

U(x) = V (φ)(x), (52)

ÓÀÃÀÝ φ =
(
φ1, φ2, φ3, φ4

)⊤
ÓÀÞÉÄÁÄËÉ ÓÉÌÊÅÒÉÅÄÀ, ÒÏÌÄËÉÝ ÖÍÃÀ ÂÀÍÉÓÀÆÙÅÒÏÓ

ÛÄÌÃÄÂÉ ÓÉÍÂÖËÀÒÖËÉ ÉÍÔÄÂÒÀËÖÒÉ ÂÀÍÔÏËÄÁÉÃÀÍ:

−2−1 φ(x) +Kφ(x) = F (x), x ∈ S. (53)

ÃÉÓÄÒÔÀÝÉÀÛÉ ÃÄÔÀËÖÒÀÃÀÀ ÂÀÌÏÊÅËÄÖËÉ (53) ÂÀÍÔÏËÄÁÉÓ ÌÀÒÝáÄÍÀ ÌáÀ-

ÒÉÈ ßÀÒÌÏÛÏÁÉËÉ ÉÍÔÄÂÒÀËÖÒÉ ÏÐÄÒÀÔÏÒÉ −2−1 I4+K ÃÀ ÌÉÓÉ ÛÄÓÀÁÀÌÉÓÉ

ÛÄÖÙËÄÁÖËÉ ÏÐÄÒÀÔÏÒÉ −2−1 I4 +K∗. ÍÀÜÅÄÍÄÁÉÀ, ÒÏÌ −2−1 I4 +K ÓÉÍÂÖËÀ-

ÒÖËÉ ÉÍÔÄÂÒÀËÖÒÉ ÏÐÄÒÀÔÏÒÉ ×ÒÄÃÂÏËÌÖÒÉÀ ÍÖËÏÅÀÍÉ ÉÍÃÄØÓÉÈ ÃÀ ÌÉÓÉ

ÂÖËÉ (ÍÖË-ÓÉÅÒÝÄ) ÛÅÉÃÂÀÍÆÏÌÉËÄÁÉÀÍÉÀ. ÀÌÀÓÈÀÍ −2−1 I4+K∗ ÛÄÖÙËÄÁÖËÉ

ÉÍÔÄÂÒÀËÖÒÉ ÏÐÄÒÀÔÏÒÉÓ ÛÅÉÃÂÀÍÆÏÌÉËÄÁÉÀÍÉ ÓÉÅÒÝÉÓ ÁÀÆÉÓÉ {Φ(k)}7k=1

ÝáÀÃÉ ÓÀáÉÈÀÀ ÀÂÄÁÖËÉ:

Φ(1) =
(
1, 0, 0, 0

)⊤
, Φ(2) =

(
0, 1, 0, 0

)⊤
, Φ(3) =

(
0, 0, 1, 0

)⊤
,

Φ(4) =
(
0,−x3, x2, 0

)⊤
, Φ(5) =

(
x3, 0,−x1, 0

)⊤
, Φ(6) =

(
− x2, x1, 0, 0

)⊤
,

Φ(7) =
(
0, 0, 0, 1

)⊤
.

ÄÓ ÓÀÛÖÀËÄÁÀÓ ÂÅÀÞËÄÅÓ ÝáÀÃÀÃ ÀÌÏÅßÄÒÏÈ ÀÒÀÄÒÈÂÅÀÒÏÅÀÍÉ ÓÉÍÂÖËÀ-

ÒÖËÉ ÉÍÔÄÂÒÀËÖÒÉ (53) ÂÀÍÔÏËÄÁÉÓ, ÀÍÖ ÒÀÝ ÉÂÉÅÄÀ, ÍÄÉÌÀÍÉÓ ÛÉÂÀ ÓÀÓÀÆÙ-

ÅÒÏ ÀÌÏÝÀÍÉÓ ÀÌÏáÓÍÀÃÏÁÉÓ ÀÖÝÉËÄÁÄËÉ ÃÀ ÓÀÊÌÀÒÉÓÉ ÐÉÒÏÁÄÁÉ. ÊÄÒÞÏÃ,

ÃÀÌÔÊÉÝÄÁÖËÉÀ ÛÄÌÃÄÂÉ ÈÄÏÒÄÌÀ.

ÈÄÏÒÄÌÀ 12 ÅÈØÅÀÈ, S ∈ C2,α ÃÀ F ∈ C0,β(S), 0 < β < α 6 1; ÌÀÛÉÍ ÍÄÉÌÀÍÉÓ ÛÉÂÀ

ÀÒÀÄÒÈÂÅÀÒÏÅÀÍÉ ÓÀÓÆÙÅÒÏ ÀÌÏÝÀÍÉÓ ÀÌÏÓáÍÀÃÏÁÉÓÀÈÅÉÓ ÀÖÝÉËÄÁÄËÉÀ ÃÀ
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ÓÀÊÌÀÒÉÓÉ ÛÄÌÃÄÂÉ ÐÉÒÏÁÄÁÉÓ ÛÄÓÒÖËÄÁÀ:(
F,Φ(k)

)
L2(S)

≡
∫
S

F (x) · Φ(k)(x) dS = 0, k = 1, 7, (54)

ÈÖ ÛÄÓÒÖËÄÁÖËÉÀ (54) ÐÉÒÏÁÄÁÉ, ÌÀÛÉÍ ÍÄÉÌÀÍÉÓ ÛÉÂÀ ÀÒÀÄÒÈÂÅÀÒÏÅÀÍÉ

ÀÌÏÝÀÍÉÓ ÀÌÏÍÀáÓÄÍÉ ßÀÒÌÏÉÃÂÉÍÄÁÀ ÌÀÒÔÉÅÉ ×ÄÍÉÓ (52) ÐÏÔÄÍÝÉÀËÉÈ, ÒÏÌ-

ËÉÓ φ ÓÉÌÊÅÒÉÅÄ ÂÀÍÉÓÀÆÙÅÒÄÁÀ (53) ÓÉÍÂÖËÀÒÖËÉ ÉÍÔÄÂÒÀËÖÒÉ ÂÀÍÔÏ-

ËÄÁÉÃÀÍ. ÀÌÀÓÈÀÍ, ÈÖ φ(0) ÀÒÉÓ ÀÒÀÄÒÈÂÅÀÒÏÅÀÍÉ (53) ÉÍÔÄÂÒÀËÖÒÉ ÂÀÍÔÏ-

ËÄÁÉÓ ÒÀÉÌÄ ÊÄÒÞÏ ÀÌÏÍÀáÓÄÍÉ, ÌÀÛÉÍ ÀÌÀÅÄ ÂÀÍÔÏËÄÁÉÓ ÆÏÂÀÃÉ ÀÌÏÍÀáÓÄÍÉÀ

φ(x) = φ(0)(x) +
7∑

k=1

Ck H−1Ψ
(k)
S (x), x ∈ S, k = 1, 7, (55)

ÓÀÃÀÝ Ck ÍÄÁÉÓÌÉÄÒÉ ÍÀÌÃÅÉËÉ ÌÖÃÌÉÅÄÁÉÀ, H−1 ÀÒÉÓ H ÏÐÄÒÀÔÏÒÉÓ ÛÄÁÒÖÍÄ-

ÁÖËÉ, áÏËÏ Ψ
(k)
S ÅÄØÔÏÒÄÁÉ ßÀÒÌÏÀÃÂÄÍÓ (27) ÔÏËÏÁÄÁÉÈ ÂÀÍÓÀÆÙÅÒÖËÉ

ÅÄØÔÏÒÄÁÉÓ ÛÄÆÙÖÃÅÀÓ S ÆÄÃÀÐÉÒÆÄ.

ÂÀÒÃÀ ÀÌÉÓÀ, ÈÖ U (0) ÀÒÉÓ ÍÄÉÌÀÍÉÓ ÛÉÂÀ ÀÒÀÄÒÈÂÅÀÒÏÅÀÍÉ ÓÀÓÀÆÙÅÒÏ

ÀÌÏÝÀÍÉÓ ÒÀÉÌÄ ÊÄÒÞÏ ÀÌÏÍÀáÓÄÍÉ, ÌÀÛÉÍ ÀÌÀÅÄ ÀÌÏÝÀÍÉÓ ÆÏÂÀÃÉ ÀÌÏÍÀáÓÄÍÉ

ÛÄÌÃÄÂÍÀÉÒÀÃ ßÀÒÌÏÉÃÂÉÍÄÁÀ

U(x) = U (0)(x) +
7∑

k=1

Ck Ψ
(k)(x), x ∈ Ω+, (56)

ÓÀÃÀÝ Ck ÍÄÁÉÓÌÉÄÒÉ ÍÀÌÃÅÉËÉ ÌÖÃÌÉÅÄÁÉÀ, Ψ(k) ÂÀÍÆÏÂÀÃÄÁÖËÉ áÉÓÔÉ ÂÀÃÀ-

ÀÃÂÉËÄÁÉÓ ÅÄØÔÏÒÄÁÉÀ ÃÀ ÌÏÝÄÌÖËÉÀ (27) ÔÏËÏÁÄÁÉÈ.
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ÈÀÅÉ II. ÈÄÒÌÏÃÒÄÊÀÃÏÁÉÓ ÈÄÏÒÉÉÓ ÓÔÀÔÉÊÉÓ ÔÒÀÍÓÌÉÓÉÉÓ

ÀÌÏÝÀÍÄÁÉ ÀÍÉÆÏÔÒÏÐÖËÉ ÓáÄÖËÄÁÉÓÀÈÅÉÓ

ÌÄÏÒÄ ÈÀÅÛÉ ÛÄÓßÀÅËÉËÉÀ ÈÄÒÌÏÃÒÄÊÀÃÏÁÉÓ ÈÄÏÒÉÉÓ ÓÔÀÔÉÊÉÓ ÔÒÀÍÓ-

ÌÉÓÉÉÓ ÀÌÏÝÀÍÄÁÉ ÀÍÉÆÏÔÒÏÐÖËÉ ÓáÄÖËÄÁÉÓÀÈÅÉÓ. ÊÄÒÞÏÃ, ÂÀÍáÉËÖËÉÀ

ÓÀÌÉ ÛÄÌÈáÅÄÅÀ, ÒÏÃÄÓÀÝ

(i) ÊÏÌÐÏÆÉÔÖÒ ÓáÄÖËÓ ÖÊÀÅÉÀ ÌÈÄËÉ ÓÉÅÒÝÄ, ÒÏÌÄËÉÝ ÛÄÃÂÄÁÀ ÓÀÓÒÖ-

ËÉ D1 ÀÒÉÓÀ ÃÀ ÌÉÓÉ ÖÓÀÓÒÖËÏ D2 = R3 \D1 ÃÀÌÀÔÄÁÉÓÂÀÍ, ∂D1 = ∂D2;

(ii) ÊÏÌÐÏÆÉÔÖÒ ÓáÄÖËÓ ÖÊÀÅÉÀ ÓÀÓÒÖËÉ ÀÒÄ, ÒÏÌÄËÉÝ ÛÄÃÂÄÁÀ ÏÒÉ

ÖÒÈÉÄÒÈÌÏÓÀÆÙÅÒÄ Ω1 ÃÀ Ω2 ÀÒÉÓÀÂÀÍ, ÀÌÀÓÈÀÍ Ω1 ÀÒÄ ÌÃÄÁÀÒÄÏÁÓ Ω2 ÀÒÉÓ

ÛÉÂÍÉÈ ÃÀ ∂Ω1 = S1, áÏËÏ ∂Ω2 = S1∪S2, ÓÀÃÀÝ S1 ÌÃÄÁÀÒÄÏÁÓ S2-ÉÓ ÛÉÂÍÉÈ;

(iii) ÊÏÌÐÏÆÉÔÖÒ ÓáÄÖËÓ ÖÊÀÅÉÀ ÖÓÀÓÒÖËÏ ÀÒÄ, ÒÏÌÄËÉÝ ÛÄÃÂÄÁÀ ÝÀÒÉÄ-

ËÉ D0 ÓÉÙÒÖÅÉÓ ÛÄÌÝÅÄËÉ ÓÀÓÒÖËÉ D1 ÃÀ ÖÓÀÓÒÖËÏ D2 = R3 \ (D0 ∪D1)

ÀÒÄÄÁÉÓÂÀÍ; ÀÌÀÓÈÀÍ ∂D1 = S0∪S1, ÓÀÃÀÝ S0 ÌÃÄÁÀÒÄÏÁÓ S1-ÉÓ ÛÉÂÍÉÈ, áÏËÏ

∂D2 = S1.

ÓÀÌÉÅÄ ÛÄÌÈáÅÄÅÀÛÉ ÉÂÖËÉÓáÌÄÁÀ, ÒÏÌ ÂÀÍÓáÅÀÅÄÁÖËÉ ÀÒÄÄÁÉ ÛÄÅÓÄÁÖËÉÀ

ÂÀÍÓáÅÀÅÄÁÖËÉ ÌÀÔÄÒÉÀËÖÒÉ ÌÖÃÌÉÅÄÁÉÓ ÌØÏÍÄ ÄÒÈÂÅÀÒÏÅÀÍÉ ÀÍÉÆÏÔÒÏÐÖ-

ËÉ ÌÀÓÀËÉÈ. ÀÌÀÓÈÀÍ ÓÀÊÏÍÔÀØÔÏ ÆÄÃÀÐÉÒÆÄ ÊÌÀÚÏ×ÉËÃÄÁÀ áÉÓÔÉ ÔÒÀÍÓÌÉ-

ÓÉÉÓ ÐÉÒÏÁÄÁÉ, áÏËÏ ÊÏÌÐÏÆÉÔÖÒÉ ÓáÄÖËÉÓ ÓÀÆÙÅÀÒÆÄ ÌÏÝÄÌÖËÉÀ ÀÍ

ÃÉÒÉáËÄÓ, ÀÍ ÍÄÉÌÀÍÉÓ, ÀÍ ÒÏÁÄÍÉÓ, ÀÍ ÓÐÄÝÉÀËÖÒÉ ÛÄÒÄÖËÉ ÓÀÓÀÆÙÅÒÏ

ÐÉÒÏÁÄÁÉ.

2.1 ÐÀÒÀÂÒÀ×ÛÉ ÜÀÌÏÚÀËÉÁÄÁÖËÉÀ ÓÀÓÀÆÙÅÒÏ-ÓÀÊÏÍÔÀØÔÏ ÀÌÏÝÀÍÄÁÉ ÓÀÓ-

ÒÖËÉ ÊÏÌÐÏÆÉÔÖÒÉ ÀÒÉÓÀÈÅÉÓ ÃÀ ÂÀÍáÉËÖËÉÀ ÀÌ ÀÌÏÝÀÍÄÁÉÓ ÀÌÏÍÀáÓÍÄÁÉÓ

ÄÒÈÀÃÄÒÈÏÁÉÓ ÓÀÊÉÈáÉ ÃÀ ÃÀÌÔÊÉÝÄÁÖËÉÀ ÛÄÌÃÄÂÉ ÃÄÁÖËÄÁÄÁÉ.

ÈÄÏÒÄÌÀ 13 . ÞÉÒÉÈÀÃ ÄÒÈÂÅÀÒÏÅÀÍ ÓÀÊÏÍÔÀØÔÏ (TP −B) ÀÌÏÝÀÍÀÓ ÒÄÂÖËÀ-

ÒÖË ÅÄØÔÏÒ-×ÖÍØÝÉÀÈÀ
(
[C2(D1)]

4∩ [C1(D1)]
4
)
×
(
[C2(D2)]

4∩ [C1(D2)]
4∩Z(D2)

)
ÊËÀÓÛÉ ÂÀÀÜÍÉÀ ÌáÏËÏÃ ÔÒÉÅÉÀËÖÒÉ ÀÌÏÍÀáÓÄÍÉ;

ÈÄÏÒÄÌÀ 14 . ÃÉÒÉáËÄÓ ÛÉÂÀ ÄÒÈÂÅÀÒÏÅÀÍ ÓÀÓÀÆÙÅÒÏ-ÓÀÊÏÍÔÀØÔÏ (TP −D),

ÒÏÁÄÍÉÓ ÛÉÂÀ ÄÒÈÂÅÀÒÏÅÀÍ ÓÀÓÀÆÙÅÒÏ-ÓÀÊÏÍÔÀØÔÏ (TP −R) ÃÀ ÓÐÄÝÉÀËÖÒ

ÛÄÒÄÖË ÛÉÂÀ ÄÒÈÂÅÀÒÏÅÀÍ ÓÀÓÀÆÙÅÒÏ-ÓÀÊÏÍÔÀØÔÏ (TP − M) ÀÌÏÝÀÍÄÁÓ

ÂÀÀÜÍÉÀÈ ÌáÏËÏÃ ÔÒÉÅÉÀËÖÒÉ ÀÌÏÍÀáÓÍÄÁÉ.
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ÈÄÏÒÄÌÀ 15 ÍÄÉÌÀÍÉÓ ÔÉÐÉÓ ÄÒÈÂÅÀÒÏÅÀÍÉ ÓÀÓÀÆÙÅÒÏ-ÓÀÊÏÍÔÀØÔÏ (TP − N)

ÀÌÏÝÀÍÉÓ ÆÏÂÀÃÉ ÀÌÏÍÀáÓÄÍÉÀ

U (1)(x) = (χ, 0)⊤ + C (u
(1)
0 , 1)⊤, x ∈ Ω1,

U (2)(x) = (χ, 0)⊤ + C (u
(2)
0 , 1)⊤, x ∈ Ω2,

ÓÀÃÀÝ χ ÍÄÁÉÓÌÉÄÒÉ áÉÓÔÉ ÂÀÃÀÀÃÂÉËÄÁÉÓ ÅÄØÔÏÒÉÀ, C ÍÄÁÉÓÌÉÄÒÉ ÌÖÃÌÉÅÉÀ,

áÏËÏ u
(1)
0 ÃÀ u

(2)
0 ÀÒÉÓ

C(m)(∂)u(m)(x) = 0 x ∈ Ωm, m = 1, 2, (57)

{u(1)(x)}+k − {u(2)(x)}−k = 0, x ∈ S1, k = 1, 2, 3, (58)

{
T (1)(∂, n)u(1)(x)

}+

k
−
{
T (2)(∂, n)u(2)(x)

}−
k

= (β
(1)
kj − β

(2)
kj )nj(x), x ∈ S1, k = 1, 2, 3, (59)

{
T (2)(∂, n)u(2)(x)

}+

k
= β

(2)
kj nj(x), x ∈ S2, k = 1, 2, 3. (60)

ÀÒÀÄÒÈÂÅÀÒÏÅÀÍÉ ÀÌÏÝÀÍÉÓ ÒÀÉÌÄ ×ÉØÓÉÒÄÁÖËÉ ÊÄÒÞÏ ÀÌÏÍÀáÓÄÍÉ.

2.2 ÐÀÒÀÂÒÀ×ÛÉ ÂÀÍáÉËÖËÉÀ ÔÒÀÍÓÌÉÓÉÉÓ ÀÌÏÝÀÍÄÁÉÓ ÀÌÏÍÀáÓÍÄÁÉÓ ÀÒÓÄ-

ÁÏÁÉÓ ÓÀÊÉÈáÉ. ÊÄÒÞÏÃ, 2.2.1 ØÅÄÐÀÒÀÂÒÀ×ÛÉ ÛÄÓßÀÅËÉËÉÀ ÞÉÒÉÈÀÃÉ ÓÀÊÏÍ-

ÔÀØÔÏ ÀÌÏÝÀÍÀ (i) ÐÖÍØÔÛÉ ÀÙßÄÒÉËÉ ÏÒÊÏÌÐÏÍÄÍÔÉÀÍÉ ÖÓÀÓÒÖËÏ ÊÏÌÐÏÆÉ-

ÔÖÒÉ ÓÉÅÒÝÉÓÀÈÅÉÓ ÃÀ ÃÀÌÔÊÉÝÄÁÖËÉÀ, ÒÏÌ ÌÀÓ ÀØÅÓ ÄÒÈÀÃÄÒÈÉ ÀÌÏÍÀáÓÄÍÉ

(U (1), U (2)), ÒÏÌËÄÁÉÝ ßÀÒÌÏÃÂÄÍÀÃÉÀ ÛÄÓÀÁÀÌÉÓÉ ×ÖÍÃÀÌÄÍÔÖÒÉ ÌÀÔÒÉÝÄÁÉÈ

ÀÂÄÁÖËÉ ÌÀÒÔÉÅÉ ×ÄÍÉÓ ÐÏÔÄÍÝÉÀËÄÁÉÈ:

U (1) = V (1)(h), U (2) = V (2)(g),

ÓÀÃÀÝ h ÃÀ g ÓÉÌÊÅÒÉÅÄÄÁÉ ÂÀÍÉÓÀÆÙÅÒÄÁÀ ÝÀËÓÀáÀÃ ÀÌÏáÓÍÀÃ ÉÍÔÄÂÒÀËÖÒ

ÂÀÍÔÏËÄÁÀÈÀ ÓÉÓÔÄÌÉÃÀÍ,

H(1)
S1

h(x)−H(2)
S1

g(x) = f(x), x ∈ S1, (61)

[−2−1I4 +K(1)
S1
]h(x)− [2−1I4 +K(2)

S1
] g(x) = F (x), x ∈ S1; (62)

ÀØ H(j)
S1
ÃÀ K(j)

S1
, j = 1, 2, ÉÍÔÄÂÒÀËÖÒÉ ÏÐÄÒÀÔÏÒÄÁÉ ÂÀÍÓÀÆÙÅÒÖËÉÀ ÛÄÓÀÁÀÌÉ-

ÓÀÃ (41) ÃÀ (42) ÔÏËÏÁÄÁÉÈ.
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2.2.2 ØÅÄÐÀÒÀÂÒÀ×ÛÉ ÛÄÓßÀÅËÉËÉÀ ÃÉÒÉáËÄÓ ÓÀÓÀÆÙÅÒÏ-ÓÀÊÏÍÔÀØÔÏ ÀÌÏ-

ÝÀÍÀ (ii) ÐÖÍØÔÛÉ ÀÙßÄÒÉËÉ ÏÒÊÏÌÐÏÍÄÍÔÉÀÍÉ ÓÀÓÒÖËÉ ÊÏÌÐÏÆÉÔÖÒÉ ÀÒÉÓÀÈ-

ÅÉÓ: Ω1 ∪ Ω2, ÓÀÃÀÝ ∂Ω1 = S1, ∂Ω2 = S1 ∪ S2, ÃÀ ÊÏÌÐÏÆÉÔÉÓ ÂÀÒÄ S2

ÓÀÆÙÅÀÒÆÄ ÌÏÝÄÌÖËÉÀ ÃÉÒÉáËÄÓ ÓÀÓÀÆÙÅÒÏ ÐÉÒÏÁÀ. ÃÀÌÔÊÉÝÄÁÖËÉÀ, ÒÏÌ

ÀÌ ÓÀÓÀÆÙÅÒÏ-ÓÀÊÏÍÔÀØÔÏ ÀÌÏÝÀÍÉÓ ÀÌÏÍÀáÓÄÍÉ (U (1), U (2)) ÄÒÈÀÃÄÒÈÉÀ ÃÀ

ÈÉÈÏÄÖËÉ ÌÀÈÂÀÍÉ ßÀÒÌÏÉÃÂÉÍÄÁÀ ÛÄÓÀÁÀÌÉÓÉ ÌÀÒÔÉÅÉ ×ÄÍÉÓ ÐÏÔÄÍÝÉÀËÄÁÉÈ:

U (1) = V
(1)
S1

(h), U (2) = V
(2)
S1

(g) + V
(2)
S2

(φ).

ÓÀÞÉÄÁÄËÉ g, h ÃÀ φ ÓÉÌÊÅÒÉÅÄÄÁÉ ÂÀÍÉÓÀÆÙÅÒÄÁÀ ÝÀËÓÀáÀÃ ÀÌÏáÓÍÀÃ ÉÍÔÄÂ-

ÒÀËÖÒ ÂÀÍÔÏËÄÁÀÈÀ ÓÉÓÔÄÌÉÃÀÍ:

H(1)
S1

h(x)−H(2)
S1

g(x)− r
S1
V

(2)
S2

φ(x) = f (1)(x), x ∈ S1, (63)

[−2−1I4 +K(1)
S1
]h(x)− [2−1I4 +K(2)

S1
] g(x)− r

S1
B(2)(∂, n)V

(2)
S2

φ(x)

= F (1)(x), x ∈ S1, (64)

r
S2
V

(2)
S1

g(x) +H(2)
S2

φ(x) = f (2)(x), x ∈ S2, (65)

ÓÀÃÀÝ r
S
ÀÒÉÓ S-ÆÄ ÛÄÆÙÖÃÅÉÓ ÏÐÄÒÀÔÏÒÉ. ÀØÀÝ H(j)

Sk
ÃÀ K(j)

Sk
, j, k =

1, 2, ÉÍÔÄÂÒÀËÖÒÉ ÏÐÄÒÀÔÏÒÄÁÉ ÂÀÍÓÀÆÙÅÒÖËÉÀ ÛÄÓÀÁÀÌÉÓÀÃ (41) ÃÀ (42)

ÔÏËÏÁÄÁÉÈ.

2.2.3 ØÅÄÐÀÒÀÂÒÀ×ÛÉ ÊÉ ÂÀÌÏÊÅËÄÖËÉÀ ÒÏÁÄÍÉÓ ÓÀÓÀÆÙÅÒÏ-ÓÀÊÏÍÔÀØÔÏ

ÀÌÏÝÀÍÀ (iii) ÐÖÍØÔÛÉ ÀÙßÄÒÉËÉ ÏÒÊÏÌÐÏÍÄÍÔÉÀÍÉ ÖÓÀÓÒÖËÏ ÊÏÌÐÏÆÉÔÖÒÉ

ÀÒÉÓÀÈÅÉÓ, ÒÏÃÄÓÀÝ ÓÀÓÒÖËÉ ÊÏÌÐÏÍÄÍÔÉ ÈÀÅÉÓ ÛÉÂÍÉÈ ÛÄÉÝÀÅÓ ÓÉÝÀÒÉÄËÄÓ,

ÒÏÌËÉÓ ÓÀÆÙÅÀÒÆÄ ÌÏÝÄÌÖËÉÀ ÒÏÁÄÍÉÓ ÔÉÐÉÓ ÓÀÓÀÆÙÅÒÏ ÐÉÒÏÁÀ. ÀÌ

ÛÄÌÈáÅÄÅÀÛÉÝ ÐÏÔÄÍÝÉÀËÈÀ ÌÄÈÏÃÉÓÀ ÃÀ ÉÍÔÄÂÒÀËÖÒ ÂÀÍÔÏËÄÁÀÈÀ ÈÄÏÒÉÉÓ

ÂÀÌÏÚÄÍÄÁÉÈ ÃÀÌÔÊÉÝÄÁÖËÉÀ, ÒÏÌ ÂÀÍÓÀáÉËÅÄËÉ ÓÀÓÀÆÙÅÒÏ-ÓÀÊÏÍÔÀØÔÏ ÀÌÏ-

ÝÀÍÉÓ ÀÌÏÍÀáÓÄÍÉ ßÀÒÌÏÉÃÂÉÍÄÁÀ ÌÀÒÔÉÅÉ ×ÄÍÉÓ ÐÏÔÄÍÝÉÀËÄÁÉÈ, ÒÏÌÄËÈÀ

ÓÀÞÉÄÁÄËÉ ÓÉÌÊÅÒÉÅÄÄÁÉ ÂÀÍÉÓÀÆÙÅÒÄÁÀ ÝÀËÓÀáÀÃ ÀÌÏáÓÍÀÃ ÛÄÓÀÁÀÌÉÓ ÉÍÔÄÂ-

ÒÀËÖÒ ÂÀÍÔÏËÄÁÀÈÀ ÓÉÓÔÄÌÉÃÀÍ.

22



ÃÀÓÊÅÍÀ

ÓÀÃÉÓÄÒÔÀÝÉÏ ÍÀÛÒÏÌÉ ÈÄÒÌÏÃÒÄÊÀÃÏÁÉÓ ÓÀÓÀÆÙÅÒÏ ÀÌÏÝÀÍÄÁÉÓ ÂÀÌÏÊÅËÄÅÀ

ÀÍÉÆÏÔÒÏÐÖËÉ ÓáÄÖËÄÁÉÓÀÈÅÉÓ ÄÞÙÅÍÄÁÀ ÌÀÈÄÌÀÔÉÊÖÒÉ ×ÉÆÉÊÉÓ, ÊÄÒÞÏÃ, ÈÄÒ-

ÌÏÃÒÄÊÀÃÏÁÉÓ ÈÄÏÒÉÉÓ ÓÔÀÔÉÊÉÓ ÓÀÌÂÀÍÆÏÌÉËÄÁÉÀÍÉ ÓÀÓÀÆÙÅÒÏ, ÓÀÊÏÍÔÀØ-

ÔÏ ÃÀ ÓÀÓÀÆÙÅÒÏ-ÓÀÊÏÍÔÀØÔÏ ÀÌÏÝÀÍÄÁÉÓ ÂÀÌÏÊÅËÄÅÀÓ ÆÏÂÀÃÉ ÀÍÉÆÏÔÒÏ-

ÐÖËÉ ÓáÄÖËÄÁÉÓÀÈÅÉÓ. ÍÀÛÒÏÌÉ ÂÀÍÄÊÖÈÅÍÄÁÀ ×ÖÍÃÀÌÄÍÔÖÒÉ ÌÉÌÀÒÈÖËÄÁÉÓ

Ó×ÄÒÏÓ, ÒÏÌÄËÓÀÝ ÀÌÀÅÄ ÃÒÏÓ, ÂÀÀÜÍÉÀ ÐÒÀØÔÉÊÖËÉ ÌÍÉÛÅÍÄËÏÁÀÝ, ÒÀÃÂÀÍÀÝ

ÈÀÍÀÌÄÃÒÏÅÄ ÔÄØÍÏËÏÂÉÖÒ ÃÀ ÉÍÃÖÓÔÒÉÖË ÐÒÏÝÄÓÄÁÛÉ ×ÀÒÈÏÃ ÂÀÌÏÉÚÄÍÄ-

ÁÀ ÒÈÖËÉ ÛÉÍÀÂÀÍÉ ÓÔÒÖØÔÖÒÉÓ ÌØÏÍÄ ÃÒÄÊÀÃÉ ÊÏÌÐÏÆÉÔÖÒÉ ÌÀÓÀËÄÁÉ

ÃÀ ÀÒÓÄÁÉÈÀÃ ÂÀÍÓáÅÀÅÄÁÖËÉ ×ÉÆÉÊÖÒÉ ÈÅÉÓÄÁÄÁÉÓ ÌØÏÍÄ ÌÀÓÀËÄÁÉÓÀÂÀÍ

ÛÄÃÂÄÍÉËÉ ÊÏÍÓÔÒÖØÝÉÄÁÉ. ÀÌÉÔÏÌ ÀÓÄÈÉ ÌÀÓÀËÄÁÉÓ ÌÀÈÄÌÀÔÉÊÖÒÉ ÌÏÃÄËÄ-

ÁÉÓ ÀÂÄÁÀÓ, ÌÀÈ ÂÀÌÏÊÅËÄÅÀÓÀ ÃÀ ÂÀÀÍÀËÉÆÄÁÀÓ ÛÄÓÀÁÀÌÉÓÉ ÌÄØÀÍÉÊÖÒÉ,

ÈÄÒÌÖËÉ, ÄËÄØÔÒÖËÉ, ÌÀÂÍÉÔÖÒÉ ÃÀ ÓáÅÀ ×ÉÆÉÊÖÒÉ ÈÅÉÓÄÁÄÁÉÓ ÃÀÃÂÄÍÉÓ

ÌÉÆÍÉÈ ÈÄÏÒÉÖË ÌÍÉÛÅÍÄËÏÁÀÓÈÀÍ ÄÒÈÀÃ ÃÉÃÉ ÐÒÀØÔÉÊÖËÉ ÌÍÉÛÅÍÄËÏÁÀÝ

ÀØÅÓ. ÊÄÒÞÏÃ, ÃÉÃÉ ÈÄÏÒÉÖËÉ ÉÍÔÄÒÄÓÉÓ ÓÀÂÀÍÓ ßÀÒÌÏÀÃÂÄÍÓ ÛÄÓÀÁÀÌÉÓÉ

ÌÀÈÄÌÀÔÉÊÖÒÉ ÀÌÏÝÀÍÄÁÉÓ ÊÏÒÄØÔÖËÏÁÉÓ (ÀÌÏÍÀáÓÍÈÀ ÀÒÓÄÁÏÁÉÓÀ, ÓÉÂËÖÅÉÓ,

ÄÒÈÀÃÄÒÈÏÁÉÓÀ ÃÀ ÌÃÂÒÀÃÏÁÉÓ) ÛÄßÀÅËÀ, ÒÀÝ ÐÒÀØÔÉÊÖËÉ ÂÀÌÏÚÄÍÄÁÉÓ

ÌÉÆÍÉÈ ÀÃÄÊÅÀÔÖÒÉ ÂÀÌÏÈÅËÉÈÉ ÀËÂÏÒÉÈÌÄÁÉÓ ÛÄØÌÍÉÓ ÀÖÝÉËÄÁÄËÉ ßÉÍÀÐÉ-

ÒÏÁÀÀ.

ÓÀÃÉÓÄÒÔÀÝÉÏ ÍÀÛÒÏÌÉÓ ÌÈÀÅÀÒÉ ÌÉÆÀÍÉÀ ÃÉÒÉáËÄÓ, ÍÄÉÌÀÍÉÓ, ÒÏÁÄÍÉÓÀ

ÃÀ ÓÐÄÝÉÀËÖÒÉ ÛÄÒÄÖËÉ ÔÉÐÉÓ ÞÉÒÉÈÀÃÉ ÓÀÓÀÆÙÅÒÏ ÃÀ ÓÀÓÀÆÙÅÒÏ-ÓÀÊÏÍ-

ÔÀØÔÏ ÀÌÏÝÀÍÄÁÉÓ ÂÀÌÏÊÅËÄÅÀ ÈÄÒÌÏÃÒÄÊÀÃÏÁÉÓ ÈÄÏÒÉÉÓ ÓÔÀÔÉÊÉÓ ÃÉ×Ä-

ÒÄÍÝÉÀËÖÒ ÂÀÍÔÏËÄÁÀÈÀ ÓÉÓÔÄÌÉÓÀÈÅÉÓ ÄÒÈÂÅÀÒÏÅÀÍÉ ÃÀ ÖÁÍÏÁÒÉÅ ÄÒÈÂ-

ÅÀÒÏÅÀÍÉ ÊÏÌÐÏÆÉÔÖÒÉ ÀÍÉÆÏÔÒÏÐÖËÉ ÓáÄÖËÄÁÉÓ ÛÄÌÈáÅÄÅÀÛÉ. ÐÏÔÄÍ-

ÝÉÀËÈÀ ÌÄÈÏÃÉÓÀ ÃÀ ÉÍÔÄÂÒÀËÖÒ ÂÀÍÔÏËÄÁÀÈÀ ÈÄÏÒÉÉÓ ÂÀÌÏÚÄÍÄÁÉÈ ÛÄÓ-

ßÀÅËÉËÉÀ ÀÍÉÆÏÔÒÏÐÖËÉ ÈÄÒÌÏÃÒÄÊÀÃÏÁÉÓ ÈÄÏÒÉÉÓ ÓÔÀÔÉÊÉÓ ÃÉÒÉáËÄÓ,

ÍÄÉÌÀÍÉ, ÒÏÁÄÍÉÓÀ ÃÀ ÓÐÄÝÉÀËÖÒÉ ÛÄÒÄÖËÉ ÔÉÐÉÓ ÛÉÂÀ ÃÀ ÂÀÒÄ ÓÀÌÂÀÍÆÏÌÉ-

ËÄÁÉÀÍÉ ÓÀÓÀÆÙÅÒÏ ÀÌÏÝÀÍÄÁÉÓ ÀÌÏÍÀáÓÍÄÁÉÓ ÄÒÈÀÃÄÒÈÏÁÉÓÀ ÃÀ ÀÒÓÄÁÏÁÉÓ

ÓÀÊÉÈáÄÁÉ. ÀÓÄÅÄ ÂÀÌÏÊÅËÄÖËÉÀ ÞÉÒÉÈÀÃÉ ÓÀÊÏÍÔÀØÔÏ ÃÀ ÓÀÊÏÍÔÀØÔÏ-

ÓÀÓÀÆÙÅÒÏ ÀÌÏÝÀÍÄÁÉ ÊÏÌÐÏÆÉÔÖÒÉ ÀÍÉÆÏÔÒÏÐÖËÉ ÓáÄÖËÄÁÉÓÀÈÅÉÓ. ÀÙ-

ÍÉÛÍÖËÉ ÀÌÏÝÀÍÄÁÉ ÃÀÚÅÀÍÉËÉÀ ÛÄÓÀÁÀÌÉÓ ÓÉÍÂÖËÀÒÖË ÉÍÔÄÂÒÀËÖÒ (×ÓÄÅ-

ÃÏÃÉ×ÄÒÄÍÝÉÀËÖÒ) ÂÀÍÔÏËÄÁÀÈÀ ÓÉÓÔÄÌÀÆÄ, ÃÄÔÀËÖÒÀÃÀÀ ÂÀÌÏÊÅËÄÖËÉ

ÛÄÓÀÁÀÌÉÓÉ ÉÍÔÄÂÒÀËÖÒÉ ÏÐÄÒÀÔÏÒÄÁÉÓ ÀÓÀáÅÉÓ ÈÅÉÓÄÁÄÁÉ, ÂÀÌÏÊÅËÄÖËÉÀ

ÌÀÈÉ ÍÖË-ÓÉÅÒÝÄÄÁÉ ÃÀ ÃÀÃÂÄÍÉËÉÀ ÌÀÈÉ ×ÒÄÃäÏËÌÖÒÏÁÉÓÀ ÃÀ ÛÄÁÒÖÍÄÁÀ-
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ÃÏÁÉÓ ÓÀÊÉÈáÄÁÉ ÛÄÓÀÁÀÌÉÓ ×ÖÍØÝÉÖÒ ÓÉÅÒÝÄÄÁÛÉ.

ÓÀÃÉÓÄÒÔÀÝÉÏ ÍÀÛÒÏÌÛÉ ÌÉÙÄÁÖËÉ ÞÉÒÉÈÀÃÉ ÛÄÃÄÂÄÁÉ ÛÄÉÞËÄÁÀ ÀÓÄ

ÜÀÌÏÚÀËÉÁÃÄÓ:

• ÀÍÉÆÏÔÒÏÐÖËÉ ÈÄÒÌÏÃÒÄÊÀÃÏÁÉÓ ÈÄÏÒÉÉÓ ÓÔÀÔÉÊÉÓ ÓÀÌÂÀÍÆÏÌÉËÄ-

ÁÉÀÍÉ ÓÀÓÀÆÙÅÒÏ, ÓÀÊÏÍÔÀØÔÏ ÃÀ ÓÀÓÀÆÙÅÒÏ-ÓÀÊÏÍÔÀØÔÏ ÀÌÏÝÀÍÄÁÉÓ ÛÄÌ-

ÈáÅÄÅÀÛÉ ÃÀÃÂÄÍÉËÉÀ ÝáÀÃÉ ÓÀáÉÓ ÓÔÒÖØÔÖÒÖËÉ ÃÀ ÀÓÉÌÐÔÏÔÖÒÉ ÛÄÆÙÖ-

ÃÅÄÁÉ ÖÓÀÓÒÖËÏÁÉÓ ÌÉÃÀÌÏÛÉ, ÒÏÌËÄÁÉÝ ÖÆÒÖÍÅÄËÚÏ×ÄÍ ÓÀÞÉÄÁÄËÉ ÀÌÏ-

ÍÀáÓÍÄÁÉÓ ÄÒÈÀÃÄÒÈÏÁÀÓ;

• ÀÍÉÆÏÔÒÏÐÖËÉ ÈÄÒÌÏÃÒÄÊÀÃÏÁÉÓ ÈÄÏÒÉÉÓ ÓÔÀÔÉÊÉÓ ÃÉ×ÄÒÄÍÝÉÀËÖÒ

ÂÀÍÔÏËÄÁÀÈÀ ÓÉÓÔÄÌÉÓÀÈÅÉÓ ×ÖÒÉÄÓ ÌÄÈÏÃÉÈ ÀÂÄÁÖËÉÀ ×ÖÍÃÀÌÄÍÔÖÒ ÀÌÏ-

ÍÀáÓÍÈÀ ÌÀÔÒÉÝÀ ÃÀ ÂÀÌÏÊÅËÄÖËÉÀ ÌÉÓÉ ÚÏ×ÀØÝÄÅÀ ÐÏËÖÓÉÓÀ ÃÀ ÖÓÀÓÒÖ-

ËÏÁÉÓ ÌÉÃÀÌÏÛÉ. ÛÄÓßÀÅËÉËÉÀ ÛÄÓÀÁÀÌÉÓÉ ÂÀÍÆÏÂÀÃÄÁÖËÉ ÌÀÒÔÉÅÉ ÃÀ

ÏÒÌÀÂÉ ×ÄÍÉÓ ÐÏÔÄÍÝÉÀËÄÁÉÓ ÀÓÀáÅÉÓ ÈÅÉÓÄÁÄÁÉ ÃÀ ÃÀÃÂÄÍÉËÉÀ ÌÀÈ ÌÉÄÒ

ßÀÒÌÏÛÏÁÉËÉ ÓÀÓÀÆÙÅÒÏ ÉÍÔÄÂÒÀËÖÒÉ ÏÐÄÒÀÔÏÒÄÁÉÓ ×ÒÄÃäÏËÌÖÒÏÁÀ ÃÀ

ÛÄÓÀÁÀÌÉÓÉ ÍÖË-ÓÉÅÒÝÄÄÁÉÓ ÁÀÆÉÓÄÁÉ;

• ÂÀÌÏÊÅËÄÖËÉÀ ÀÍÉÆÏÔÒÏÐÖËÉ ÈÄÒÌÏÃÒÄÊÀÃÏÁÉÓ ÈÄÏÒÉÉÓ ÓÔÀÔÉÊÉÓ

ÃÉÒÉáËÄÓ ÛÉÂÀ ÃÀ ÂÀÒÄ ÓÀÓÀÆÙÅÒÏ ÀÌÏÝÀÍÄÁÉ ÐÏÔÄÍÝÉÀËÈÀ ÌÄÈÏÃÉÓÀ ÃÀ

ÉÍÔÄÂÒÀËÖÒ ÂÀÍÔÏËÄÁÀÈÀ ÈÄÏÒÉÉÓ ÂÀÌÏÚÄÍÄÁÉÈ ÃÀ ÃÀÌÔÊÉÝÄÁÖËÉÀ ÌÀÈÉ

ÖÐÉÒÏÁÏ ÃÀ ÝÀËÓÀáÀÃ ÀÌÏáÓÍÀÃÏÁÀ ÍÄÁÉÓÌÉÄÒÉ ÓÀÓÀÆÙÅÒÏ ÌÏÍÀÝÄÌÄÁÉÓ

ÛÄÌÈáÅÄÅÀÛÉ;

• ÂÀÌÏÊÅËÄÖËÉÀ ÀÍÉÆÏÔÒÏÐÖËÉ ÈÄÒÌÏÃÒÄÊÀÃÏÁÉÓ ÈÄÏÒÉÉÓ ÓÔÀÔÉÊÉÓ

ÍÄÉÌÀÍÉÓ ÛÉÂÀ ÃÀ ÂÀÒÄ ÓÀÓÀÆÙÅÒÏ ÀÌÏÝÀÍÄÁÉ ÐÏÔÄÍÝÉÀËÈÀ ÌÄÈÏÃÉÓÀ ÃÀ

ÉÍÔÄÂÒÀËÖÒ ÂÀÍÔÏËÄÁÀÈÀ ÈÄÏÒÉÉÓ ÂÀÌÏÚÄÍÄÁÉÈ. ÃÀÌÔÊÉÝÄÁÖËÉÀ, ÒÏÌ

ÍÄÉÌÀÍÉÓ ÂÀÒÄ ÓÀÓÀÆÙÅÒÏ ÀÌÏÝÀÍÀ ÖÐÉÒÏÁÏÃ ÃÀ ÝÀËÓÀáÀÃÀÀ ÀÌÏáÓÍÀÃÉ,

áÏËÏ ÍÄÉÌÀÍÉÓ ÛÉÂÀ ÓÀÓÆÙÅÒÏ ÀÌÏÝÀÍÉÓÀÈÅÉÓ ÝáÀÃÉ Ä×ÄØÔÖÒÉ ÓÀáÉÈÀÀ

ÀÌÏßÄÒÉËÉ ÀÌÏáÓÍÀÃÏÁÉÓ ÀÖÝÉËÄÁÄËÉ ÃÀ ÓÀÊÌÀÒÉÓÉ ÐÉÒÏÁÄÁÉ;

• ÂÀÌÏÊÅËÄÖËÉÀ ÀÍÉÆÏÔÒÏÐÖËÉ ÈÄÒÌÏÃÒÄÊÀÃÏÁÉÓ ÈÄÏÒÉÉÓ ÓÔÀÔÉÊÉÓ

ÞÉÒÉÈÀÃÉ ÓÀÊÏÍÔÀØÔÏ ÀÌÏÝÀÍÀ ÏÒÉ ÂÀÍÓáÅÀÅÄÁÖËÉ ÌÀÔÄÒÉÀËÖÒÉ ÌÖÃÌÉÅÄÁÉÓ

ÌØÏÍÄ ÀÒÉÓÀÂÀÍ ÛÄÃÂÄÍÉËÉ ÌÈÄËÉ ÓÀÌÂÀÍÆÏÌÉËÄÁÉÀÍÉ ÓÉÅÒÝÉÓÀÈÅÉÓ, ÒÏÃÄ-

ÓÀÝ ÄÒÈ-ÄÒÈÉ ÀÒÄ ÓÀÓÒÖËÉÀ, áÏËÏ ÌÄÏÒÄ ßÀÒÌÏÀÃÂÄÍÓ ÌÉÓ ÃÀÌÀÔÄÁÀÓ

ÌÈÄË ÓÉÅÒÝÄÌÃÄ; ÀÌÀÓÈÀÍ, áÉÓÔÉ ÔÒÀÍÓÌÉÓÉÉÓ ÐÉÒÏÁÄÁÉ ÃÀÓÀáÄËÄÁÖËÉÀ

ÓÀÊÏÍÔÀØÔÏ ÆÄÃÀÐÉÒÆÄ. ÃÀÌÔÊÉÝÄÁÖËÉÀ ÀÌ ÀÌÏÝÀÍÉÓ ÝÀËÓÀáÀÃ ÀÌÏáÓÍÀÃÏ-

ÁÀ ÍÄÁÉÓÌÉÄÒÉ ÓÀÊÏÍÔÀØÔÏ ÌÏÍÀÝÄÌÄÁÉÓ ÛÄÌÈáÅÄÅÀÛÉ;

• ÂÀÌÏÊÅËÄÖËÉÀ ÀÍÉÆÏÔÒÏÐÖËÉ ÈÄÒÌÏÃÒÄÊÀÃÏÁÉÓ ÈÄÏÒÉÉÓ ÓÔÀÔÉÊÉÓ
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ÃÉÒÉáËÄÓ ÓÀÓÀÆÙÅÒÏ-ÓÀÊÏÍÔÀØÔÏ ÀÌÏÝÀÍÀ ÏÒÉ ÂÀÍÓáÅÀÅÄÁÖËÉ ÌÀÔÄÒÉÀËÖ-

ÒÉ ÌÖÃÌÉÅÄÁÉÓ ÌØÏÍÄ ÖÒÈÉÄÒÈÌÏÓÀÆÙÅÒÄ ÓÀÓÒÖËÉ ÊÏÌÐÏÆÉÔÖÒÉ ÀÒÉÓÀÈÅÉÓ.

ÃÉÒÉáËÄÓ ÓÀÓÀÆÙÅÒÏ ÐÉÒÏÁÀ ÃÀÓÀáÄËÄÁÖËÉÀ ÓÀÓÒÖËÉ ÊÏÌÐÏÆÉÔÖÒÉ ÓáÄÖ-

ËÉÓ ÂÀÒÄ ÓÀÆÙÅÀÒÆÄ, áÏËÏ áÉÓÔÉ ÔÒÀÍÓÌÉÓÉÉÓ ÐÉÒÏÁÄÁÉ ÃÀÓÀáÄËÄÁÖËÉÀ

ÓÀÊÏÍÔÀØÔÏ ÆÄÃÀÐÉÒÆÄ. ÃÀÌÔÊÉÝÄÁÖËÉÀ ÀÌ ÀÌÏÝÀÍÉÓ ÝÀËÓÀáÀÃ ÀÌÏáÓÍÀÃÏÁÀ

ÍÄÁÉÓÌÉÄÒÉ ÓÀÊÏÍÔÀØÔÏ ÃÀ ÓÀÓÀÆÙÅÒÏ ÌÏÍÀÝÄÌÄÁÉÓ ÛÄÌÈáÅÄÅÀÛÉ;

• ÂÀÌÏÊÅËÄÖËÉÀ ÀÍÉÆÏÔÒÏÐÖËÉ ÈÄÒÌÏÃÒÄÊÀÃÏÁÉÓ ÈÄÏÒÉÉÓ ÓÔÀÔÉÊÉÓ

ÒÏÁÄÍÉÓ ÓÀÓÀÆÙÅÒÏ-ÓÀÊÏÍÔÀØÔÏ ÀÌÏÝÀÍÀ ÖÓÀÓÒÖËÏ ÊÏÌÐÏÆÉÔÖÒÉ ÀÒÉÓÀÈ-

ÅÉÓ, ÒÏÌÄËÉÝ ÛÄÃÂÄÁÀ ÛÉÂÀ ÓÉÙÒÖÅÉÓ ÌØÏÍÄ ÓÀÓÒÖËÉ ÀÒÉÓÀÂÀÍ ÃÀ ÌÉÓÉ

ÌÏÓÀÆÙÅÒÄ ÖÓÀÓÒÖËÏ ÊÏÌÐÏÍÄÍÔÉÓÀÂÀÍ. ÒÏÁÄÍÉÓ ÓÀÓÀÆÙÅÒÏ ÐÉÒÏÁÀ ÃÀÓÀ-

áÄËÄÁÖËÉÀ ÖÓÀÓÒÖËÏ ÊÏÌÐÏÆÉÔÖÒÉ ÓáÄÖËÉÓ ÛÉÂÀ ÓÀÆÙÅÀÒÆÄ, áÏËÏ áÉÓÔÉ
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ÁÖËÉÀ ÀÌ ÀÌÏÝÀÍÉÓ ÝÀËÓÀáÀÃ ÀÌÏáÓÍÀÃÏÁÀ ÍÄÁÉÓÌÉÄÒÉ ÓÀÊÏÍÔÀØÔÏ ÃÀ ÓÀ-

ÓÀÆÙÅÒÏ ÌÏÍÀÝÄÌÄÁÉÓ ÛÄÌÈáÅÄÅÀÛÉ.

25



ÊÏÍ×ÄÒÄÍÝÉÄÁÛÉ ÌÏÍÀßÉËÄÏÁÀ

1. É. ÅÄÊÖÀÓ ÓÀáÄËÏÁÉÓ ÂÀÌÏÚÄÍÄÁÉÈÉ ÌÀÈÄÌÀÔÉÊÉÓ ÉÍÓÔÉÔÖÔÉÓ ÓÄÌÉÍÀÒÉÓ

ÂÀ×ÀÒÈÏÄÁÖËÉ ÓáÃÏÌÄÁÉ, ÈÁÉËÉÓÉ, ÀÐÒÉËÉ 22-24, 2009.

Enlarged Sessions of the Seminar of I.Vekua Institute of Applied Mathematics, Tbilisi,

April 22-24, 2009.

Ã.ÉÅÀÍÉÞÄ, Ì.ÉÅÀÍÉÞÄ, ÈÄÒÌÏÃÒÄÊÀÃÏÁÉÓ ÈÄÏÒÉÉÓ ÂÀÒÄ ÓÀÓÀÆÙÅÒÏ ÀÌÝÀÍÄÁÉÓ

ÀÌÏÍÀáÓÍÄÁÉÓ ÄÒÈÀÃÄÒÈÏÁÉÓ ÛÄÓÀáÄÁ.

D.Ivanidze, M.Ivanidze, Uniqueness of Solutions to Exterior Boundary Value Problems

of Thermoelastostatics.

2. É.ÅÄÊÖÀÓ ÓÀáÄËÏÁÉÓ ÂÀÌÏÚÄÍÄÁÉÈÉ ÌÀÈÄÌÀÔÉÊÉÓ ÉÍÓÔÉÔÖÔÉÓ ÓÄÌÉÍÀÒÉÓ

ÂÀ×ÀÒÈÏÄÁÖËÉ ÓáÃÏÌÄÁÉ, ÈÁÉËÉÓÉ, ÀÐÒÉËÉ 21-23, 2010.

Enlarged Sessions of the Seminar of I.Vekua Institute of Applied Mathematics, Tbilisi,

April 21-23, 2010.

Ã.ÉÅÀÍÉÞÄ, Ì. ÉÅÀÍÉÞÄ, ÈÄÒÌÏÃÒÄÊÀÃÏÁÉÓ ÈÄÏÒÉÉÓ ÓÀÓÀÆÙÅÒÏ ÀÌÏÝÀÍÄÁÉÓ

ÂÀÌÏÊÅËÄÅÀ äÄÌÉÔÒÏÐÖËÉ ÓáÄÖËÄÁÉÓÈÅÉÓ.

D.Ivanidze, M.Ivanidze, Boundary Vvalue Pproblems of Thermostatics for Hemitropic

Elastic Solids.

Ì.ÉÅÀÍÉÞÄ, Ã.ÉÅÀÍÉÞÄ, ÈÄÒÌÏÃÒÄÊÀÃÏÁÉÓ ÈÄÏÒÉÉÓ ÂÀÒÄ ÓÀÓÀÆÙÅÒÏ ÀÌÏÝÀÍÄÁÉÓ

ÂÀÌÏÊÅËÄÅÀ ÀÍÉÆÏÔÒÏÐÖËÉ ÓáÄÖËÄÁÉÓÈÅÉÓ.

M.Ivanidze, D.Ivanidze, Uniqueness Theorems in the Thermoelasticity Theory of

Anisotropic Bodies.

3. É.ÅÄÊÖÀÓ ÓÀáÄËÏÁÉÓ ÂÀÌÏÚÄÍÄÁÉÈÉ ÌÀÈÄÌÀÔÉÊÉÓ ÉÍÓÔÉÔÖÔÉÓ ÓÄÌÉÍÀÒÉÓ

ÂÀ×ÀÒÈÏÄÁÖËÉ ÓáÃÏÌÄÁÉ, ÈÁÉËÉÓÉ, ÀÐÒÉËÉ 20-23, 2011.

Enlarged Sessions of the Seminar of I.Vekua Institute of Applied Mathematics, Tbilisi,

April 20-23, 2011.

Ã.ÉÅÀÍÉÞÄ, Ì.ÉÅÀÍÉÞÄ, äÄÌÉÔÒÏÐÖËÉ ÈÄÒÌÏÃÒÄÊÀÃÏÁÉÓ ÈÄÏÒÉÉÓ ÆÏÂÉÒÈÉ ÓÀÓÀ-

ÆÙÅÒÏ ÀÌÏÝÀÍÉÓ ÂÀÌÏÊÅËÄÅÀ ÛÄÖÙËÄÁÖË ÃÉ×ÄÒÄÍÝÉÀËÖÒ ÂÀÍÔÏËÄÁÀÈÀ

ÓÉÓÔÄÌÉÓÀÈÅÉÓ.

D.Ivanidze, M.Ivanidze, Some Boundary Value Problems for the Adjoint System of

Differential Equations of the Thermoelasticity Theory of Hemitropic Solids.

Ì.ÉÅÀÍÉÞÄ, Ã.ÉÅÀÍÉÞÄ, ÈÄÒÌÏÃÒÄÊÀÃÏÁÉÓ ÈÄÏÒÉÉÓ ÐÏÔÄÍÝÉÀËÈÀ ÈÅÉÓÄÁÄÁÉ

ÓÔÀÔÉÊÉÓ ÂÀÍÔÏËÄÁÄÁÉÓ ÛÄÌÈáÅÄÅÀÛÉ.

M.Ivanidze, D.Ivanidze, Properties of Layer Potentials of the Static Equations of

Thermoelasticity Theory.

26



4. ÓÀØÀÒÈÅÄËÏÓ ÌÀÈÄÌÀÔÉÊÏÓÈÀ ÊÀÅÛÉÒÉÓ ÌÄÏÒÄ ÊÏÍ×ÄÒÄÍÝÉÀ, ÁÀÈÖÌÉ,

ÓÄØÔÄÌÁÄÒÉ 15-19, 2011.

The Second International Conference of the Georgian Mathematical Union, Georgia,

Batumi, September 15-19, 2011.

Ã.ÉÅÀÍÉÞÄ, Ì.ÉÅÀÍÉÞÄ, ÍÄÉÌÀÍÉÓ ÛÉÂÀ ÀÌÏÝÀÍÉÓ ÂÀÌÏÊÅËÄÅÀ ÈÄÒÌÏÃÒÄÊÀÃÏÁÉÓ

ÈÄÏÒÉÀÛÉ äÄÌÉÔÒÏÐÖËÉ ÓáÄÖËÄÁÉÓÀÈÅÉÓ.

D.Ivanidze, M.Ivanidze, The Interior Neumann type Boundary Value Problem of the

Thermoelasticity Theory of Hemitropic Solids, Book of Abstracts II International

Conference (2011), 142.

Ì.ÉÅÀÍÉÞÄ, Ã.ÉÅÀÍÉÞÄ, ÈÄÒÌÏÃÒÄÊÀÃÏÁÉÓ ÈÄÏÒÉÉÓ ÓÔÀÔÉÊÉÓ ÓÀÓÀÆÙÅÒÏ ÀÌÏÝÀ-

ÍÄÁÉÓ ÂÀÌÏÊÅËÄÅÀ.

M.Ivanidze, D.Ivanidze, Investigation of Boundary Value Problems of the Theory of

Thermoelasticity, Book of Abstracts II International Conference (2011), 142.

5. É.ÅÄÊÖÀÓ ÓÀáÄËÏÁÉÓ ÂÀÌÏÚÄÍÄÁÉÈÉ ÌÀÈÄÌÀÔÉÊÉÓ ÉÍÓÔÉÔÖÔÉÓ ÓÄÌÉÍÀÒÉÓ

ÂÀ×ÀÒÈÏÄÁÖËÉ ÓáÃÏÌÄÁÉ, ÈÁÉËÉÓÉ, ÀÐÒÉËÉ 23-25, 2012.

Enlarged Sessions of the Seminar of I.Vekua Institute of Applied Mathematics, Tbilisi,

April 23-25, 2012.

Ã.ÉÅÀÍÉÞÄ, Ì.ÉÅÀÍÉÞÄ, äÄÌÉÔÒÏÐÖËÉ ÈÄÒÌÏÃÒÄÊÀÃÏÁÉÓ ÈÄÏÒÉÉÓ ÓÀÓÀÆÙÅÒÏ

ÀÌÏÝÀÍÄÁÉÓ ÂÀÌÏÊÅËÄÅÀ ÛÄÖÙËÄÁÖË ÃÉ×ÄÒÄÍÝÉÀËÖÒ ÂÀÍÔÏËÄÁÀÈÀ ÓÉÓÔÄ-

ÌÉÓÀÈÅÉÓ.

D.Ivanidze, M.Ivanidze, Boundary Value Problems for the Adjoint System of Differ-

ential Equations of the Thermoelasticity Theory of Hemitropic Solids.

Ì.ÉÅÀÍÉÞÄ, Ã.ÉÅÀÍÉÞÄ, ÈÄÒÌÏÃÒÄÊÀÃÏÁÉÓ ÈÄÏÒÉÉÓ ÐÏÔÄÍÝÉÀËÄÁÉÓ ÈÅÉÓÄÁÄÁÉ.

M.vanidze, D.Ivanidze, Properties of Layer Potentials of Thermoelastostatics.

6. ÓÀØÀÒÈÅÄËÏÓ ÌÀÈÄÌÀÔÉÊÏÓÈÀ ÊÀÅÛÉÒÉÓ ÌÄÓÀÌÄ ÊÏÍ×ÄÒÄÍÝÉÀ, ÁÀÈÖÌÉ,

ÓÄØÔÄÌÁÄÒÉ 2-9, 2012.

III International Conference of the Georgian Mathematical Union, Georgia, Batumi,

September 2-9, 2012.

Ì.ÉÅÀÍÉÞÄ, ÀÍÉÆÏÔÒÏÐÖËÉ ÈÄÒÌÏÃÒÄÊÀÃÏÁÉÓ ÈÄÏÒÉÉÓ ÞÉÒÉÈÀÃÉ ÓÀÊÏÍÔÀØÔÏ

ÀÌÏÝÀÍÀ.

M.Ivanidze, Uniqueness theorems for the basic interface problems of thermoelastostatics

for anisotropic composite bodies, Book of Abstracts III International Conference (2012),

195.

7. É.ÅÄÊÖÀÓ ÓÀáÄËÏÁÉÓ ÂÀÌÏÚÄÍÄÁÉÈÉ ÌÀÈÄÌÀÔÉÊÉÓ ÉÍÓÔÉÔÖÔÉÓ ÓÄÌÉÍÀÒÉÓ

27



ÂÀ×ÀÒÈÏÄÁÖËÉ ÓáÃÏÌÄÁÉ, ÈÁÉËÉÓÉ, ÀÐÒÉËÉ 22-24, 2013.

Enlarged Sessions of the Seminar of I.Vekua Institute of Applied Mathematics, Tbilisi,

April 22-24, 2013.

Ì.ÉÅÀÍÉÞÄ, ÍÄÉÌÀÍÉÓ ÔÉÐÉÓ ÛÉÂÀ ÓÀÓÀÆÙÅÒÏ ÀÌÏÝÀÍÉÓ ÂÀÌÏÊÅËÄÅÀ ÀÍÉÆÏÔÒÏ-

ÐÖËÉ ÓáÄÖËÄÁÉÓÀÈÅÉÓ.

M.Ivanidze, Investigation of the interior Neumann type boundary value problems of

thermoelastostatics for anisotropic bodies.

8. ÓÀØÀÒÈÅÄËÏÓ ÌÀÈÄÌÀÔÉÊÏÓÈÀ ÊÀÅÛÉÒÉÓ ÌÄÏÈáÄ ÊÏÍ×ÄÒÄÍÝÉÀ, ÁÀÈÖÌÉ,

ÓÄØÔÄÌÁÄÒÉ 9-15, 2013.

IV International Conference of the Georgian Mathematical Union, Georgia, Batumi,

September 9-15, 2013.

Ì.ÉÅÀÍÉÞÄ, ÈÄÒÌÏÃÒÄÊÀÃÏÁÉÓ ÈÄÏÒÉÉÓ ÓÔÀÔÉÊÉÓ ÔÒÀÍÓÌÉÓÉÉÓ ÀÌÏÝÀÍÄÁÉ ÀÍÉÆÏ-

ÔÒÏÐÖËÉ ÊÏÌÐÏÆÉÔÖÒÉ ÓáÄÖËÄÁÉÓÀÈÅÉÓ.

M.Ivanidze, Transmission problems of thermoelastostatics for anisotropic composite

structures, Book of Abstracts IV International Conference (2013), 197.

9. É.ÅÄÊÖÀÓ ÓÀáÄËÏÁÉÓ ÂÀÌÏÚÄÍÄÁÉÈÉ ÌÀÈÄÌÀÔÉÊÉÓ ÉÍÓÔÉÔÖÔÉÓ ÓÄÌÉÍÀÒÉÓ

ÂÀ×ÀÒÈÏÄÁÖËÉ ÓáÃÏÌÄÁÉ, ÈÁÉËÉÓÉ, ÀÐÒÉËÉ 22-24, 2014.

Enlarged Sessions of the Seminar of I.Vekua Institute of Applied Mathematics, Tbilisi,

April 22-24, 2014.

Ì.ÉÅÀÍÉÞÄ, ÈÄÒÌÏÃÒÄÊÀÃÏÁÉÓ ÈÄÏÒÉÉÓ ÓÔÀÔÉÊÉÓ ÃÉÒÉáËÄÓ ÓÀÓÀÆÙÅÒÏ-ÓÀÊÏÍ-

ÔÀØÔÏ ÀÌÏÝÀÍÀ ÀÍÉÆÏÔÒÏÐÖËÉ ÓáÄÖËÄÁÉÓÀÈÅÉÓ.

M.Ivanidze, Dirichlet boundary - transmission problem of thermoelastostatics for

anisotropic composite structures.

ÐÖÁËÉÊÀÝÉÄÁÉ

1. D.Ivanidze, M.Ivanidze, Uniqueness of solutions to exterior boundary value

problems of thermoelastostatics, Reports of Enlarged Sessions of the Seminar of

I.Vekua Institute of Applied Mathematics, Vol. 23 (2009), 36-41.

2. D.Ivanidze, M.Ivanidze, Boundary value problems of thermostatics for hemitropic

elastic solids, Reports of Enlarged Sessions of the Seminar of I.Vekua Institute of

Applied Mathematics, Vol. 24 (2010), 57-60.

3. M.Ivanidze, D.Ivanidze, Uniqueness theorems in the thermoelasticity theory of

28



anisotropic bodies, Reports of Enlarged Sessions of the Seminar of I.Vekua Institute

of Applied Mathematics, Vol. 24 (2010), 61-65.

4. D.Ivanidze, M.Ivanidze, Boundary value problems for the adjoint system of

differential equations of the thermoelasticity theory of hemitropic solids, Bulletin of

TICMI, Vol.16, No.1 (2012), 1-14.

5. M.Ivanidze, D.Ivanidze, Properties of layer potentials of thermoelastostatics,

Bulletin of TICMI, Vol.16, No.1 (2012), 43-53.

6. M.Ivanidze, Existence results for the interior Dirichlet and exterior Neumann

type boundary value problems of thermoelastostatics , Georg. Inter. J. Sci. Tech., 4

(2012), no. 3-4, 327-345.

7. M.Ivanidze, D. Natroshvili, Investigation of the interior Neumann type boundary

value problem of thermoelastostatics for anisotropic bodies, AMIM, vol 18, No.1

(2013), 23-46.

29



ÌÀÃËÏÁÀÓ ÅÖáÃÉ ÜÄÌÓ ÓÀÌÄÝÍÉÄÒÏ áÄËÌÞÙÅÀÍÄËÄÁÓ
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ÂÖËÉÓáÌÉÄÒÄÁÉÓÀÈÅÉÓ

summary

The present PhD thesis Investigation of basic boundary value problems of ther-

moelastostatics for anisotropic solids by Marekh Ivanidze deals with the problems of

Mathematical Physics, in particular three-dimensional boundary value and boundary-

transmission problems of statics of thermo-elasticity theory for general anisotropic

solids. In recent years, due to the rapidly increasing use of composite materials in

modern industrial and technological processes, on the one hand, and in biology and

medicine, on the other hand, the mathematical modelling related to complex composite

structures and their mathematical analysis became very important from the theoretical

and practical points of view. Mathematical investigation of such complex models

has a crucial importance for both fundamental research and practical applications. In

particular, the most essential question is the investigation of well-posedness of corre-

sponding mathematical problems, which includes the analysis of uniqueness, existence,

smoothness and stability of solutions, as well as development of appropriate efficient

numerical algorithms for calculation of basic thermo-mechanical characteristics.

The main objective of the dissertation is a detailed investigation of the three-

dimensional Dirichlet, Neumann and Robin type boundary value problems for the

differential equations of statics of thermo-elasticity theory of anisotropic solids. These

problems are studied by using the potential method and the theory of integral equations.

One of the most essential results of the dissertation is investigation of the uniqueness

questions in the exterior problems. The case is that solutions to the exterior boundary

value problems should be sought in the space of vector functions which are only

bounded at infinity. For such vector functions the standard Green formulas do not

hold and one needs to introduce a special class of bounded vector functions. This

problem is successfully solved in the dissertation by introducing an appropriate space

of vector functions. The efficient asymptotic and structural sufficient conditions are

established at infinity guaranteeing uniqueness of solutions to the exterior problems.

The existence of solutions is proved by the potential method and the theory of

singular integral equations. To this end, the matrix of fundamental solutions to the
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system of governing differential equations is efficiently constructed by the Fourier

transform technique and its properties in a vicinity of the pole and at infinity are

studied. The mapping and jump properties of the corresponding single and double

layer potentials and the boundary integral operators generated by them are investigated.

In the dissertation, it is shown that with the help of the single and double

layer potentials the Dirichlet and Neumann boundary value problems can be reduced

to equivalent boundary integral equations. Investigation of the Fredholm properties,

analysis of the index problem and construction of the basis of the corresponding

null-spaces of the operators and their adjoint ones is the most principal part of the

dissertation.

It is proved that solutions to the interior and exterior Dirichlet boundary value

problem, as well as the Neumann boundary value problem are uniquely and uncondi-

tionally solvable and their solutions are representable by the single and double layer

potentials. The unknopwn densities of the potentials are defined by the corresponding

uniquely solvable singular integral (pseudodifferential) equations.

In the case of the interior Neumann type boundary value problem, it is shown that

the non-homogeneous problem is not unconditionally solvable, since the corresponding

homogeneous problem possesses seven linearly independent solutions which are found

explicitely in terms of elementary functions. With the help of the single layer potential

the problem is reduced to the equivalent system of boundary integral equations and the

seven-dimensional null space of the respective adjoint integral operator is constucted

explicitely. On the basis of these results the necessary and suficient conditions for the

Neumann problem to be solvable are written explicitely.

The boundary-transmission problems for piece wise homogeneous anisotropic com-

posite solids are studied by the similar approach. In these problems the basic rigid

contact conditions are given on the interface, while on the boundary of the com-

posite body one of the basic boundary conditios (the Dirichlet, Neumann or Robin

type boundary condition) is presribed. In particular, three type boundary-transmission

problems are studied in detail in the dissertation:

(i) The basic transmission problem for piece wise homogeneous three-dimensional

space consisting of two adgasent anisotropic elstic components with different material

constants, when one of them is a bounded region and the second one is its complement

to the whole space. The rigid transmission conditions are given on the interface.

(ii) The Dirichlet boundary-transmission problem for a bounded composite anisotro-
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pic elstic solid consisting of two adgasent bounded domains with different material

constants. The rigid transmission conditions are given on the interface, while the

Ditichlet condition is given on the exterior boundary of the composite body.

(iii) The Robin type boundary-transmission problem for an ubounded composite

anisotropic elstic solid consisting of a bounded domain with interior cavity and its

adgasent unbounded compliment. The rigid transmission conditions are given on the

interface, while the Robin type condition is given on the interior boundary of the

composite body.

For all these transmission problems it is shown that the solutions can be represented

by the single layer potentials whose densities are defined by the respective uniquely

solvable systems of integral equations.
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