
úÁ�ÉÓËÉ ÎÁÕÞÎÙÈÓÅÍÉÎÁÒÏ× ðïíé�ÏÍ 451, 2016 Ç.ç. ì. úÁ×ÏÒÏÈÉÎ÷ïìîï÷ïå ðïìå ï� �ïþåþîïçï éó�ïþîéëá,äåêó�÷õàýåçï îá îåðòïîéãáåíïêó÷ïâïäîïê ï� îáðòñöåîéê çòáîéãåðïìõðìïóëïó�é âéï
§1. ðÏÓÔÁÎÏ×ËÁ ÚÁÄÁÞÉ É �ÒÅÄÓÔÁ×ÌÅÎÉÅ ÒÅÛÅÎÉÑ ×Ë×ÁÄÒÁÔÕÒÁÈðÕÓÔØ ÏÄÎÏÒÏÄÎÁÑ ÉÚÏÔÒÏ�ÎÁÑ ÆÌÀÉÄÏÎÁÓÙÝÅÎÎÁÑ �ÏÒÉÓÔÁÑ ÓÒÅÄÁÚÁÎÉÍÁÅÔ �ÏÌÕ�ÌÏÓËÏÓÔØ y > 0. ðÏÒÙ ÎÁ ÇÒÁÎÉ�Å ÓÒÅÄÙ y = 0 �ÒÅÄ�Ï-ÌÁÇÁÀÔÓÑ ÚÁËÒÙÔÙÍÉ, ÞÔÏ ÓÏÏÔ×ÅÔÓÔ×ÕÅÔ ÎÅ�ÒÏÎÉ�ÁÅÍÏÓÔÉ ÇÒÁÎÉ�Ù ÉÏÔÌÉÞÎÏÍÕ ÏÔ ÎÕÌÑ ÄÁ×ÌÅÎÉÀ × ÖÉÄËÏÊ ÆÁÚÅ. äÌÑ Ï�ÉÓÁÎÉÑ ×ÏÌÎÏ×ÙÈ�ÒÏ�ÅÓÓÏ× × ÔÁËÉÈ Ä×ÕÈÆÁÚÎÙÈ ÓÒÅÄÁÈ ÂÕÄÅÍ ÉÓ�ÏÌØÚÏ×ÁÔØ ÔÅÏÒÉÀ,ÒÁÚ×ÉÔÕÀ í. âÉÏ [1℄.òÁÓÓÍÁÔÒÉ×ÁÅÔÓÑ ÎÅÓÔÁ�ÉÏÎÁÒÎÁÑ ÚÁÄÁÞÁ ×ÏÚÂÕÖÄÅÎÉÑ ×ÏÌÎ × ÓÒÅ-ÄÅ âÉÏ, ÎÁÈÏÄÑÝÅÊÓÑ × �ÏËÏÅ �ÒÉ t < 0. ÷ÏÌÎÏ×ÏÅ �ÏÌÅ × ÜÔÏÊ ÓÒÅÄÅÏÂÒÁÚÕÅÔÓÑ �ÒÉ t = 0 × ÒÅÚÕÌØÔÁÔÅ ×ÎÅÛÎÅÇÏ ÔÏÞÅÞÎÏÇÏ ×ÏÚÄÅÊÓÔ×ÉÑ,�ÒÉÌÏÖÅÎÎÏÇÏ Ë Ô×ÅÒÄÏÊ ÆÁÚÅ (ÓËÅÌÅÔÕ ÓÒÅÄÙ) Ó×ÏÂÏÄÎÏÊ ÏÔ ÎÁ�ÒÑÖÅ-ÎÉÊ ÇÒÁÎÉ�Ù y = 0.ðÏÓÔÒÏÅÎÉÅ ÔÏÞÎÙÈ ×ÙÒÁÖÅÎÉÊ (× Ë×ÁÄÒÁÔÕÒÁÈ) ×ÏÌÎÏ×ÏÇÏ �ÏÌÑ,×ÏÚÂÕÖÄÅÎÎÏÇÏ ÎÏÒÍÁÌØÎÏÊ ÓÉÌÏÊ, ÄÅÊÓÔ×ÕÀÝÅÊ ÎÁ �ÒÏÎÉ�ÁÅÍÏÊ ÇÒÁ-ÎÉ�Å, ÓÄÅÌÁÎÏ ì. á. íÏÌÏÔËÏ×ÙÍ × [2℄, Á × [3℄ ç. ì. úÁ×ÏÒÏÈÉÎÙÍ �Ï-ÌÕÞÅÎÙ ÆÏÒÍÕÌÙ ÄÌÑ ÓÍÅÝÅÎÉÊ × Ñ×ÎÏÍ ×ÉÄÅ (× ÜÌÅÍÅÎÔÁÒÎÙÈ ÆÕÎË-�ÉÑÈ). ÷ ÄÁÎÎÏÊ ÒÁÂÏÔÅ ×ÍÅÓÔÏ ÏÔÓÕÔÓÔ×ÉÑ ÄÁ×ÌÅÎÉÑ ÎÁ ÇÒÁÎÉ�Å ÓÔÁ-×ÉÔÓÑ ÕÓÌÏ×ÉÅ ÒÁ×ÅÎÓÔ×Á ÎÕÌÀ ÏÔÎÏÓÉÔÅÌØÎÙÈ ÓÍÅÝÅÎÉÊ É ×Ù×ÏÄÑÔÓÑÑ×ÎÙÅ ×ÙÒÁÖÅÎÉÑ (Ï�ÑÔØ-ÔÁËÉ × ÜÌÅÍÅÎÔÁÒÎÙÈ ÆÕÎË�ÉÑÈ) ÄÌÑ ÓÍÅÝÅ-ÎÉÊ × Ô×ÅÒÄÏÊ ÆÁÚÅ É ÏÔÎÏÓÉÔÅÌØÎÙÈ ÓÍÅÝÅÎÉÊ × ÖÉÄËÏÊ ÆÁÚÅ. ÷ ÒÁ-ÂÏÔÁÈ [4, 5℄ �ÏËÁÚÁÎÏ, ÞÔÏ ÄÌÑ ÎÅ�ÒÏÎÉ�ÁÅÍÏÊ ÇÒÁÎÉ�Ù �ÏÒÉÓÔÏÊ ÓÒÅ-ÄÙ ÓÕÝÅÓÔ×ÕÅÔ �Ï×ÅÒÈÎÏÓÔÎÁÑ ×ÏÌÎÁ òÅÌÅÑ �ÒÉ ×ÓÅÈ ÚÎÁÞÅÎÉÑÈ �ÁÒÁ-ÍÅÔÒÏ×. áÎÁÌÉÚ ÏÓÏÂÅÎÎÏÓÔÅÊ ÒÁÓ�ÒÏÓÔÒÁÎÅÎÉÑ �Ï×ÅÒÈÎÏÓÔÎÙÈ ×ÏÌÎëÌÀÞÅ×ÙÅ ÓÌÏ×Á: ÚÁÄÁÞÁ ìÜÍÂÁ, �ÏÒÉÓÔÙÅ ÓÒÅÄÙ, ÔÅÏÒÉÑ âÉÏ, ÎÅ�ÒÏÎÉ�ÁÅÍÁÑÇÒÁÎÉ�Á, ÇÏÌÏ×ÎÁÑ ×ÏÌÎÁ, ×ÏÌÎÁ òÅÌÅÑ.òÁÂÏÔÁ ×Ù�ÏÌÎÅÎÁ �ÒÉ �ÏÄÄÅÒÖËÅ òÏÓÓÉÊÓËÏÇÏ ÆÏÎÄÁ ÆÕÎÄÁÍÅÎÔÁÌØÎÙÈ ÉÓÓÌÅ-ÄÏ×ÁÎÉÊ (òææé), ÇÒÁÎÔÙ 14-01-00535 á, 15-31-20600.54



÷ïìîï÷ïå ðïìå ï� �ïþåþîïçï éó�ïþîéëá 55× �ÏÒÉÓÔÏÍ ÆÌÀÉÄÏÎÁÓÙÝÅÎÎÏÍ �ÏÌÕ�ÒÏÓÔÒÁÎÓÔ×Å ÓÏ Ó×ÏÂÏÄÎÏÊ ÎÅ-�ÒÏÎÉ�ÁÅÍÏÊ ÇÒÁÎÉ�ÅÊ ÔÁËÖÅ �ÒÏ×ÅÄÅÎ × [6℄. òÁÓ�ÒÏÓÔÒÁÎÅÎÉÅ ×ÏÌÎ ×�ÏÒÉÓÔÙÈ ÓÌÏÅ É ÓÔÅÒÖÎÅ âÉÏ Ó ÚÁËÒÙÔÙÍÉ �ÏÒÁÍÉ ÎÁ ÇÒÁÎÉ�ÁÈ ÉÓ-ÓÌÅÄÏ×ÁÌÏÓØ ì. á. íÏÌÏÔËÏ×ÙÍ × [4, 5, 7, 8℄.úÁÄÁÞÁ ÎÁÈÏÖÄÅÎÉÑ ×ÏÚÍÕÝÅÎÉÊ × ÓÒÅÄÅ âÉÏ Ó×ÏÄÉÔÓÑ Ë ÒÅÛÅÎÉÀ×ÏÌÎÏ×ÙÈ ÕÒÁ×ÎÅÎÉÊ ÄÌÑ �ÏÔÅÎ�ÉÁÌÏ× (1) É Ë Ï�ÒÅÄÅÌÅÎÉÀ ÓÍÅÝÅÎÉÊÉ ÎÁ�ÒÑÖÅÎÉÊ �Ï ÆÏÒÍÕÌÁÍ (2), (3), (4).
(�−

1v2i �2�t2)'i = 0 (i = 1; 2); (�−
1v23 �2�t2) = 0; (1)u = ∇'1 +∇'2 + rot ; (2)w = B1∇'1 +B2∇'2 − �fm rot ; (3)�yy = (�+B1�f )�2'1�t2 + (�+B2�f )�2'2�t2 − 2L(�2'1�x2 + �2'2�x2 −

�2 z�x�y) ;�xy = L(2 �2'1�x�y + 2 �2'2�x�y + �2 z�x2 −
�2 z�y2 ) ; (4)

−p = (�f +B1m)�2'1�t2 + (�f +B2m)�2'2�t2 :úÄÅÓØ 'i(x; y; t); i = 1; 2 É  (x; y; t) =  z(x; y; t)k { ÓËÁÌÑÒÎÙÅ É×ÅËÔÏÒÎÙÊ �ÏÔÅÎ�ÉÁÌÙ, Ï�ÉÓÙ×ÁÀÝÉÅ Ä×Å �ÒÏÄÏÌØÎÙÅ ×ÏÌÎÙ P1; P2 É�Ï�ÅÒÅÞÎÕÀ ×ÏÌÎÕ S, ÒÁÓ�ÒÏÓÔÒÁÎÑÀÝÉÅÓÑ Ó ÓÏÏÔ×ÅÔÓÔ×ÕÀÝÉÍÉ ÓËÏ-ÒÏÓÔÑÍÉ vl = onst > 0; l = 1; 2; 3, u = (u1; u2) { ×ÅËÔÏÒ ÓÍÅÝÅÎÉÑ Ô×ÅÒ-ÄÏÊ ÆÁÚÙ × �ÏÒÉÓÔÏÊ ÓÒÅÄÅ, w = (w1; w2) { ×ÅËÔÏÒ ÓÍÅÝÅÎÉÑ ÖÉÄËÏÊÆÁÚÙ ÏÔÎÏÓÉÔÅÌØÎÏ Ô×ÅÒÄÏÊ ÆÁÚÙ, �ij { ËÏÍ�ÏÎÅÎÔÙ ÔÅÎÚÏÒÁ �ÏÌÎÙÈÎÁ�ÒÑÖÅÎÉÊ × �ÏÒÉÓÔÏÊ ÓÒÅÄÅ, p { ÄÁ×ÌÅÎÉÅ × ÖÉÄËÏÊ ÓÒÅÄÅ, L > 0 { ÍÏ-ÄÕÌØ ÓÄ×ÉÇÁ �ÏÒÉÓÔÏÊ ÓÒÅÄÙ. ðÌÏÔÎÏÓÔØ ÖÉÄËÏÊ ÓÒÅÄÙ �f , �ÁÒÁÍÅÔÒm Ó ÒÁÚÍÅÒÎÏÓÔØÀ �ÌÏÔÎÏÓÔÉ, ÓÒÅÄÎÑÑ �ÌÏÔÎÏÓÔØ �ÏÒÉÓÔÏÊ ÓÒÅÄÙ �Ñ×ÌÑÀÔÓÑ ËÏÜÆÆÉ�ÉÅÎÔÁÍÉ × ÕÒÁ×ÎÅÎÉÑÈ Ó�ÌÏÛÎÏÊ ÓÒÅÄÙ É ÏÂÒÁÚÕÀÔ�ÏÌÏÖÉÔÅÌØÎÏ Ï�ÒÅÄÅÌÅÎÎÕÀ ÍÁÔÒÉ�Õ
( � �f�f m ) :



56 ç. ì. úá÷ïòïèéîâÅÚÒÁÚÍÅÒÎÙÅ ËÏÜÆÆÉ�ÉÅÎÔÙ Bi ÒÁÚÄÅÌÑÀÔ �ÏÌÑ �ÏÔÅÎ�ÉÁÌÏ× 'i É�ÒÅÄÓÔÁ×ÌÑÀÔÓÑ ÒÁ×ÅÎÓÔ×ÁÍÉBi = C − �fv2imv2i −M = H − �v2i�fv2i − C ; i = 1; 2: (5)óËÏÒÏÓÔÉ �ÒÏÄÏÌØÎÙÈ ×ÏÌÎ v1, v2 É �Ï�ÅÒÅÞÎÏÊ ×ÏÌÎÙ v3 ×ÙÒÁÖÁÀÔÓÑÓÌÅÄÕÀÝÉÍÉ ÒÁ×ÅÎÓÔ×ÁÍÉv21;2 = Hm+M�− 2C�f ±

√(Hm+M�− 2C�f )2 − 4(�m− �2f )(HM − C2)2(�m− �2f ) ;(6)v23 = Lm�m− �2f ; (7)Á ÓËÏÒÏÓÔÉ v1 É v2 ÕÄÏ×ÌÅÔ×ÏÒÑÀÔ ÂÉË×ÁÄÒÁÔÎÏÍÕ ÕÒÁ×ÎÅÎÉÀ(�m− �2f )v4 − (Hm+M�− 2C�f )v2 + (HM − C2) = 0:éÓ�ÏÌØÚÕÑ ÎÅÏÄÎÏÚÎÁÞÎÏÓÔØ ×ÅËÔÏÒÁ  , �ÏÓÔÁ×ÉÍ ÄÏ�ÏÌÎÉÔÅÌØÎÏÅ ÕÓ-ÌÏ×ÉÅ div = 0:ïÂÒÁÚÕÀÝÅÅÓÑ ×ÏÌÎÏ×ÏÅ �ÏÌÅ ÄÏÌÖÎÏ ÕÄÏ×ÌÅÔ×ÏÒÑÔØ �ÒÉ y=0 ÇÒÁ-ÎÉÞÎÙÍ ÕÓÌÏ×ÉÑÍ�yy|y=+0 = −Æ(x)Æ(t); �xy|y=+0 = 0; wy|y=+0 = 0 (8)É ÎÕÌÅ×ÙÍ ÎÁÞÁÌØÎÙÍ ÄÁÎÎÙÍ'1 = '2 =  z = 0; �'1�t = �'2�t = � z�t = 0 �ÒÉ t = 0: (9)éÓ�ÏÌØÚÕÑ ÉÎÔÅÇÒÁÌØÎÙÅ �ÒÅÏÂÒÁÚÏ×ÁÎÉÑæÕÒØÅ (�Ï �ÒÏÓÔÒÁÎÓÔ×ÅÎ-ÎÏÊ �ÅÒÅÍÅÎÎÏÊ x) É ìÁ�ÌÁÓÁ (�Ï ×ÒÅÍÅÎÉ t), �ÏÔÅÎ�ÉÁÌÙ ËÁË ÒÅÛÅÎÉÑÕÒÁ×ÎÅÎÉÊ (1) ÂÕÄÕÔ �ÒÅÄÓÔÁ×ÌÅÎÙ ÆÏÒÍÕÌÁÍÉ'i = ∞
∫0 os kxdk2�i �+i∞

∫�−i∞ Xi(k; �)ek(t�−y�i)d� (i = 1; 2); (10) z = ∞
∫0 sin kxdk2�i �+i∞

∫�−i∞ Y (k; �)ek(t�−y�)d�; (11)



÷ïìîï÷ïå ðïìå ï� �ïþåþîïçï éó�ïþîéëá 57ÇÄÅ �i(�) = √1 + �2v2i ; �(�) = √1 + �2v23 (i = 1; 2): (12)äÌÑ ÏÄÎÏÚÎÁÞÎÏÓÔÉ ÒÁÄÉËÁÌÏ× �i; � �ÒÏ×ÅÄÅÍ ÎÁ �ÌÏÓËÏÓÔÉ � ÉÚÔÏÞÅË ×ÅÔ×ÌÅÎÉÑ � = ±ivi (i = 1; 2; 3) ÒÁÚÒÅÚÙ × ÌÅ×ÕÀ �ÏÌÕ�ÌÏÓËÏÓÔØ�ÁÒÁÌÌÅÌØÎÏ ×ÅÝÅÓÔ×ÅÎÎÏÊ ÏÓÉ É ÆÉËÓÉÒÕÅÍ ÏÓÎÏ×ÎÏÊ ÌÉÓÔ ÕÓÌÏ×ÉÑÍÉ�i = 1; � = 1 �ÒÉ � = 0:æÕÎË�ÉÉ X1(k; �); X2(k; �); Y (k; �) Ï�ÒÅÄÅÌÑÀÔÓÑ ÉÚ ÇÒÁÎÉÞÎÙÈ ÕÓ-ÌÏ×ÉÊ (8), ËÏÔÏÒÙÅ Ó×ÏÄÑÔÓÑ Ë ÓÉÓÔÅÍÅ ÕÒÁ×ÎÅÎÉÊg(X1 +X2)− 2�Y = −
1�Lk ;2�1X1 + 2�2X2 − gY = 0; (13)�1B1X1 + �2B2X2 + �fmY = 0;�ÒÉ ÜÔÏÍ g(�) = 2 + �2v23 ; v4 = √Mm = onst > 0 { �ÁÒÁÍÅÔÒ Ó ÒÁÚÍÅÒÎÏ-ÓÔØÀ ÓËÏÒÏÓÔÉ, M { ÍÏÄÕÌØ �ÏÒÉÓÔÏÊ ÓÒÅÄÙ.óÉÓÔÅÍÁ ÕÒÁ×ÎÅÎÉÊ (13) ÉÍÅÅÔ ÎÅÎÕÌÅ×ÏÅ ÒÅÛÅÎÉÅ �ÒÉ ÕÓÌÏ×ÉÉ�′(�) ≡ �1(M −mv22)(2L−

H�f − C�C − �fv22 �2)2+ �2(mv21 −M)(2L+ H�f − C��fv21 − C �2)2
− 4L2m(v21 − v22)�1�2� = 0: (14)õÒÁ×ÎÅÎÉÅ �′(�)=0 { ÄÉÓ�ÅÒÓÉÏÎÎÏÅ ÓÏÏÔÎÏÛÅÎÉÅ �Ï×ÅÒÈÎÏÓÔÎÙÈ ×ÏÌÎòÅÌÅÑ ÄÌÑ Ó×ÏÂÏÄÎÏÊ ÎÅ�ÒÏÎÉ�ÁÅÍÏÊ ÇÒÁÎÉ�Ù �ÏÒÉÓÔÏÊ ÓÒÅÄÙ âÉÏ.òÅÛÅÎÉÅ ÓÉÓÔÅÍÙ (13) �ÒÅÄÓÔÁ×ÌÑÅÔÓÑ ÒÁ×ÅÎÓÔ×ÁÍÉX1 = −

�2( 2�fm +B2g)�Lk�′
; X2 = �1( 2�fm +B1g)�Lk�′

;Y = 2�1�2(B1 −B2)�Lk�′
: (15)ðÏÄÓÔÁ×ÌÑÑ ÆÏÒÍÕÌÙ (15) × (10), (11), ÎÁ ÏÓÎÏ×ÁÎÉÉ ÓÏÏÔÎÏÛÅÎÉÊ(2), (3) �ÏÌÕÞÁÅÍ ×ÙÒÁÖÅÎÉÑ ÄÌÑ ÓÍÅÝÅÎÉÊ × Ô×ÅÒÄÏÊ ÆÁÚÅ É ÏÔÎÏÓÉ-ÔÅÌØÎÙÈ ÓÍÅÝÅÎÉÊ × ÖÉÄËÏÊ ÆÁÚÅ



58 ç. ì. úá÷ïòïèéîux = 1�L +∞
∫0 sin kx2�i dk �+i∞

∫�−i∞ [�2 (2�fm +B2g) e−ky�1
− �1 (2�fm +B1g) e−ky�2 + 2�1�2�(B1 −B2)e−ky�]ekt��′

d�; (16)uy = 1�L +∞
∫0 os kx2�i dk

×

�+i∞
∫�−i∞ [�1�2 {(2�fm +B2g) e−ky�1 − (2�fm +B1g) e−ky�2}+ 2�1�2(B1 −B2)e−ky�]ekt��′

d�; (17)wx = 1�L +∞
∫0 sin kx2�i dk

×

�+i∞
∫�−i∞ [B1�2 (2�fm +B2g) e−ky�1 −B2�1 (2�fm +B1g) e−ky�2

−
2�fm �1�2�(B1 −B2)e−ky�]ekt��′

d�; (18)wy = 1�L +∞
∫0 os kx2�i dk

×

�+i∞
∫�−i∞ [�1�2 {B1 (2�fm +B2g) e−ky�1 −B2 (2�fm +B1g) e−ky�2}

−
2�fm �1�2(B1 −B2)e−ky�]ekt��′

d�: (19)



÷ïìîï÷ïå ðïìå ï� �ïþåþîïçï éó�ïþîéëá 59
§2. ïÂÒÁÔÎÙÅ ÉÎÔÅÇÒÁÌØÎÙÅ �ÒÅÏÂÒÁÚÏ×ÁÎÉÑäÌÑ �ÏÌÕÞÅÎÉÑ ÒÅÛÅÎÉÑ ÚÁÄÁÞÉ × Ñ×ÎÏÍ ×ÉÄÅ ÉÓ�ÏÌØÚÕÅÍ ÍÅÔÏÄ,�ÒÅÄÌÏÖÅÎÎÙÊ ç. é. ðÅÔÒÁÛÅÎÅÍ × [9℄. ëÌÀÞÅ×ÙÍ ÍÏÍÅÎÔÏÍ × ÉÎÔÅ-ÇÒÉÒÏ×ÁÎÉÉ ×ÙÒÁÖÅÎÉÊ ÄÌÑ ÓÍÅÝÅÎÉÊ (16){(19) Ñ×ÌÑÅÔÓÑ ×ÏÚÍÏÖÎÏÓÔØ�ÅÒÅÓÔÁÎÏ×ËÉ �ÏÒÑÄËÁ ÉÎÔÅÇÒÉÒÏ×ÁÎÉÑ �Ï � É k, ËÏÔÏÒÁÑ ÁÎÁÌÉÚÉÒÕ-ÅÔÓÑ × ÒÁÂÏÔÁÈ [9℄ É [10℄.òÁÓÓÍÏÔÒÉÍ ÇÏÒÉÚÏÎÔÁÌØÎÕÀ ËÏÍ�ÏÎÅÎÔÕ ÓÍÅÝÅÎÉÑ × Õ�ÒÕÇÏÊ ÆÁ-ÚÅ ux. ðÏ ÁÎÁÌÏÇÉÉ ×Ù×ÏÄÑÔÓÑ ÆÏÒÍÕÌÙ ÄÌÑ ËÏÍ�ÏÎÅÎÔ ÓÍÅÝÅÎÉÊ uy,wx, wy. éÔÁË, �ÒÅÄÓÔÁ×ÉÍ ×ÙÒÁÖÅÎÉÅ (16) × ×ÉÄÅux = 1�L +∞

∫0 sin kx2�i dk �+i∞
∫�−i∞ �2 ( 2�fm +B2g) ek(−�1y+t�)�′

d�+ (−1)�L +∞
∫0 sin kx2�i dk �+i∞

∫�−i∞ �1 ( 2�fm +B1g) ek(−�2y+t�)�′
d�+ 2(B1 −B2)�L +∞

∫0 sin kx2�i dk �+i∞
∫�−i∞ �1�2�ek(−�y+t�)�′

d�= uxp1 + uxp2 + uxs: (20)÷×ÅÄÅÎÎÙÅ ÏÂÏÚÎÁÞÅÎÉÑ uxp1 ; uxp2 ; uxs ÓÏÄÅÒÖÁÔ ÓÏÏÔ×ÅÔÓÔ×ÅÎÎÏÆÕÎË�ÉÉ ek(−�1y+t�); ek(−�2y+t�); ek(−�y+t�). ñÓÎÏ, ÞÔÏ �ÒÉ �ÏÌÏÖÉ-ÔÅÌØÎÏÓÔÉ Re (−�1y + t�) ; Re (−�2y + t�) ; Re (−�y + t�) �ÅÒÅÓÔÁÎÏ×ËÁ�ÏÒÑÄËÁ ÉÎÔÅÇÒÉÒÏ×ÁÎÉÑ × (20) ÎÅ×ÏÚÍÏÖÎÁ, �ÏÓËÏÌØËÕ ÍÙ �ÒÉÄÅÍ ËÜËÓ�ÏÎÅÎ�ÉÁÌØÎÏ ÒÁÓÈÏÄÑÝÉÍÓÑ ÉÎÔÅÇÒÁÌÁÍ. óÌÅÄÏ×ÁÔÅÌØÎÏ, ÄÌÑ ÏÓÕ-ÝÅÓÔ×ÌÅÎÉÑ �ÅÒÅÓÔÁÎÏ×ËÉ �ÏÒÑÄËÁ ÉÎÔÅÇÒÉÒÏ×ÁÎÉÑ ËÏÎÔÕÒ ÉÎÔÅÇÒÉ-ÒÏ×ÁÎÉÑ (� − i∞; � + i∞) ÄÏÌÖÅÎ ÂÙÔØ �ÒÏÄÅÆÏÒÍÉÒÏ×ÁÎ ÔÁË, ÞÔÏÂÙÜÔÉ ×ÙÒÁÖÅÎÉÑ ÎÁ ÎÅÍ ÏÓÔÁ×ÁÌÉÓØ ÏÔÒÉ�ÁÔÅÌØÎÙÍÉ. úÁÍÅÔÉÍ, ÞÔÏ ×uxp1 ; uxp2 ; uxs �ÏÄÉÎÔÅÇÒÁÌØÎÙÅ ×ÙÒÁÖÅÎÉÑ ÒÅÇÕÌÑÒÎÙ �ÒÉ Re� > 0.ðÏÓËÏÌØËÕ ×ÏÌÎÏ×ÏÅ �ÏÌÅ ÄÏÌÖÎÏ ÕÄÏ×ÌÅÔ×ÏÒÑÔØ ÎÕÌÅ×ÙÍ ÎÁÞÁÌØÎÙÍÄÁÎÎÙÍ, ÕÒÁ×ÎÅÎÉÅ �′(�) = 0 × �ÒÁ×ÏÊ �ÏÌÕ�ÌÏÓËÏÓÔÉ ÎÁ ÏÓÎÏ×ÎÏÍÌÉÓÔÅ � ËÏÒÎÅÊ ÎÅ ÉÍÅÅÔ. åÄÉÎÓÔ×ÅÎÎÙÍÉ �ÏÌÀÓÁÍÉ ÎÁ ÍÎÉÍÏÊ ÏÓÉ�ÌÏÓËÏÓÔÉ � ÂÕÄÕÔ ÔÏÌØËÏ �ÏÌÀÓÁ � = ±ivR (vR { ÓËÏÒÏÓÔØ ×ÏÌÎÙòÅÌÅÑ), ÓÏ×�ÁÄÁÀÝÉÅ Ó ËÏÒÎÑÍÉ ÕÒÁ×ÎÅÎÉÑ �′(�) = 0. ðÕÓÔØ � = i� .òÁÓÓÍÏÔÒÉÍ ÉÎÔÅÒ×ÁÌ 0 < � < min(v2; v3): (21)



60 ç. ì. úá÷ïòïèéî÷ÓÌÅÄÓÔ×ÉÅ ÓÉÍÍÅÔÒÉÉ ËÏÒÎÅÊ ÏÔÎÏÓÉÔÅÌØÎÏ ÎÁÞÁÌÁ ËÏÏÒÄÉÎÁÔ, ÏÇÒÁ-ÎÉÞÉÍÓÑ ÒÁÓÓÍÏÔÒÅÎÉÅÍ ËÏÒÎÅÊ ÔÏÌØËÏ ÎÁ �ÏÌÏÖÉÔÅÌØÎÏÊ ÞÁÓÔÉ ÍÎÉ-ÍÏÊ ÏÓÉ. ðÒÉ ÍÁÌÙÈ � �ÏÌÕÞÁÅÍ�′(�) = −
L(v21 − v22)(�m− �2f )(HM +BM − 2C2)�2HM − C2 < 0;Á �ÒÉ � = v2 ÉÌÉ � = v3 ÉÍÅÅÍ �′(�) > 0. �ÁËÉÍ ÏÂÒÁÚÏÍ, ÕÒÁ×ÎÅÎÉÅ�′(�) = 0 ÉÍÅÅÔ ÎÅÞÅÔÎÏÅ ÞÉÓÌÏ ËÏÒÎÅÊ × ÉÎÔÅÒ×ÁÌÅ (21). ÷ [4℄ ÄÏËÁÚÁ-ÎÏ, ÞÔÏ ËÏÒÅÎØ ÔÏÌØËÏ ÏÄÉÎ É ×ÎÅ ÉÎÔÅÒ×ÁÌÁ (21) ËÏÒÎÅÊ ÎÅÔ. ïÔÍÅÔÉÍ(ÓÍ. [5℄), ÞÔÏ ×ÏÌÎÁ òÅÌÅÑ ×ÄÏÌØ Ó×ÏÂÏÄÎÏÊ �ÏÒÉÓÔÏÊ ÇÒÁÎÉ�Ù ÒÁÓ�ÒÏ-ÓÔÒÁÎÑÅÔÓÑ Ó ÂÏÌØÛÅÊ ÓËÏÒÏÓÔØÀ × ÓÌÕÞÁÅ ÏÔËÒÙÔÙÈ �ÏÒ, ÞÅÍ × ÓÌÕÞÁÅÚÁËÒÙÔÙÈ �ÏÒ.äÁÌÅÅ ÉÎÔÅÇÒÁÌÙ �Ï k ÌÅÇËÏ ×ÙÞÉÓÌÑÀÔÓÑ, Á ËÏÎÔÕÒÎÙÅ ÉÎÔÅÇÒÁÌÙ�Ï � ÂÅÒÕÔÓÑ �Ï ×ÙÞÅÔÁÍ. �ÁËÉÍ ÏÂÒÁÚÏÍ, �ÏÌÕÞÁÅÍ ÓÌÅÄÕÀÝÉÅ ÆÏÒ-ÍÕÌÙ ÄÌÑ ÓÍÅÝÅÎÉÊ × Õ�ÒÕÇÏÊ ÆÁÚÅ:ux = uxp1 + uxp2 + uxs; uy = uyp1 + uyp2 + uys: (22)úÄÅÓØuxp1=−

1�LIm[�2(�10)(2�fm +g(�10)B2) (t− y(�10v21 )

√

(�10v1 )2 + 1)

−1
{�′(�10)}−1](23){ ÇÏÒÉÚÏÎÔÁÌØÎÁÑ ËÏÍ�ÏÎÅÎÔÁ ÓÍÅÝÅÎÉÊ �ÒÏÄÏÌØÎÏÊ ÂÙÓÔÒÏÊ ×ÏÌÎÙ P1,uxp2=−

1�LIm[�1(�20)(2�fm + g(�20)B1)(t− y(�20v22 )

√

(�20v2 )2 + 1)

−1
{�′(�20)}−1](24){ ÇÏÒÉÚÏÎÔÁÌØÎÁÑ ËÏÍ�ÏÎÅÎÔÁ ÓÍÅÝÅÎÉÊ �ÒÏÄÏÌØÎÏÊ ÍÅÄÌÅÎÎÏÊ ×ÏÌ-ÎÙ P2,uxs = 2(B1 −B2)�L Im[�1(�30)�2(�30)�(�30)(t− y(�30v23 )

√

(�30v3 )2 + 1)

−1
{�′(�30)}−1](25)



÷ïìîï÷ïå ðïìå ï� �ïþåþîïçï éó�ïþîéëá 61{ ÇÏÒÉÚÏÎÔÁÌØÎÁÑ ËÏÍ�ÏÎÅÎÔÁ ÓÍÅÝÅÎÉÊ �Ï�ÅÒÅÞÎÏÊ ×ÏÌÎÙ S,uyp1= −
1�LRe[�1(�10)�2(�10)(2�fm + g(�10)B2)(t− y( �10v21 )

√

( �10v1 )2+1)

−1
{�′(�10)}−1](26){ ×ÅÒÔÉËÁÌØÎÁÑ ËÏÍ�ÏÎÅÎÔÁ ÓÍÅÝÅÎÉÊ �ÒÏÄÏÌØÎÏÊ ÂÙÓÔÒÏÊ ×ÏÌÎÙ P1:uyp2= −

1�LRe[�1(�20)�2(�20)(2�fm + g(�20)B1)(t− y( �20v22 )

√

( �20v2 )2+1)

−1
{�′(�20)}−1](27){ ×ÅÒÔÉËÁÌØÎÁÑ ËÏÍ�ÏÎÅÎÔÁ ÓÍÅÝÅÎÉÊ �ÒÏÄÏÌØÎÏÊ ÍÅÄÌÅÎÎÏÊ ×ÏÌ-ÎÙ P2:uys = 2(B1 −B2)�L Re[�1(�30)�2(�30)(t− y(�30v23 )

√

(�30v3 )2 + 1)

−1
{�′(�30)}−1](28){ ×ÅÒÔÉËÁÌØÎÁÑ ËÏÍ�ÏÎÅÎÔÁ ÓÍÅÝÅÎÉÊ �Ï�ÅÒÅÞÎÏÊ ×ÏÌÎÙ S, ÇÄÅ�i0 = −ixt+ y√t2 − x2+y2v2it2 − y2v2i (i = 1; 2; 3): (29)ïÔÎÏÓÉÔÅÌØÎÙÅ ÓÍÅÝÅÎÉÑ × ÖÉÄËÏÊ ÆÁÚÅ ×ÙÒÁÖÁÀÔÓÑ ÞÅÒÅÚ ÓÍÅÝÅ-ÎÉÑ × Õ�ÒÕÇÏÊ ÆÁÚÅ �Ï ÆÏÒÍÕÌÁÍ:wxp1 = B1uxp1 ; wxp2 = B2uxp2 ; wxs = −

�fmuxs; (30)wyp1 = B1uyp1 ; wyp2 = B2uyp2 ; wys = −
�fmuys: (31)éÚ �ÏÌÕÞÅÎÎÏÇÏ Ñ×ÎÏÇÏ ÒÅÛÅÎÉÑ (22){(31) ×ÙÄÅÌÉÍ ×ÙÒÁÖÅÎÉÅ, ÓÏÏÔ-×ÅÔÓÔ×ÕÀÝÅÅ �Ï×ÅÒÈÎÏÓÔÎÏÊ ×ÏÌÎÅ òÅÌÅÑ. ÷ �ÅÒ×ÏÍ �ÒÉÂÌÉÖÅÎÉÉ �ÒÉy → 0 ËÏÍ�ÏÎÅÎÔÙ ÓÍÅÝÅÎÉÊ ×ÏÌÎÙ òÜÌÅÑ ÂÕÄÕÔ ÉÍÅÔØ ×ÉÄuRx ≈ �1 [ yt 1t(xt ± vR)2 + 1 (yt )2]+ �2 [ yt 1t(xt ± vR)2 + 2 (yt )2 ]+ �3 [ yt 1t(xt ± vR)2 + 3 (yt )2 ] ; (32)



62 ç. ì. úá÷ïòïèéîuRy ≈ 	1 [ (xt ± vR) 1t(xt ± vR)2 +  1 (yt )2]+	2 [ (xt ± vR) 1t(xt ± vR)2 +  2 (yt )2]+	3 [ (xt ± vR) 1t(xt ± vR)2 +  3 (yt )2] ; (33)wRx = B1uRxp1 +B2uRxp2 − �fmuRxs; (34)wRy = B1uRyp1 +B2uRyp2 − �fmuRys; (35)ÇÄÅ �i; i; 	i;  i; i = 1; 2; 3 { ËÏÜÆÆÉ�ÉÅÎÔÙ, ÚÁ×ÉÓÑÝÉÅ ÏÔ ÍÁÔÅÒÉÁÌØ-ÎÙÈ �ÁÒÁÍÅÔÒÏ× ÓÒÅÄÙ âÉÏ, É ××ÅÄÅÎÙ ÏÂÏÚÎÁÞÅÎÉÑ uRxp1; uRxp2; uRxs ÄÌÑÓÌÁÇÁÅÍÙÈ × (32), uRyp1; uRyp2; uRys ÄÌÑ ÓÌÁÇÁÅÍÙÈ × (33) ÓÏÏÔ×ÅÔÓÔ×ÅÎÎÏ.

òÉÓ. 1. ÷ÏÌÎÏ×ÙÅ ÆÒÏÎÔÙ.áÎÁÌÉÚÉÒÕÑ �ÏÌÕÞÅÎÎÏÅ ÒÅÛÅÎÉÅ ÚÁÄÁÞÉ, ÉÍÅÅÍ ÒÁÚÎÙÅ ÁÎÁÌÉÔÉÞÅ-ÓËÉÅ ×ÙÒÁÖÅÎÉÑ × ÒÁÚÎÙÈ ÏÂÌÁÓÔÑÈ. ðÅÒÅÈÏÄ ÏÔ ÏÄÎÉÈ ×ÙÒÁÖÅÎÉÊ ËÄÒÕÇÉÍ Ï�ÒÅÄÅÌÑÅÔ ×ÏÌÎÏ×ÙÅ ÆÒÏÎÔÙ { ÌÉÎÉÉ, ÎÁ ËÏÔÏÒÙÈ ÅÓÔØ ÏÓÏÂÅÎ-ÎÏÓÔÉ. ÷ ÓÌÕÞÁÅ ÔÏÞÅÞÎÏÇÏ ÉÓÔÏÞÎÉËÁ, ÒÁÓ�ÏÌÏÖÅÎÎÏÇÏ ÎÁ Ó×ÏÂÏÄÎÏÊ



÷ïìîï÷ïå ðïìå ï� �ïþåþîïçï éó�ïþîéëá 63ÏÔ ÎÁ�ÒÑÖÅÎÉÊ ÎÅ�ÒÏÎÉ�ÁÅÍÏÊ ÇÒÁÎÉ�Å �ÏÒÉÓÔÏÊ ÓÒÅÄÙ, ÒÁÓ�ÒÏÓÔÒÁ-ÎÑÀÔÓÑ, �ÏÍÉÍÏ ÏÂßÅÍÎÙÈ ÓÆÅÒÉÞÅÓËÉÈ ×ÏÌÎ P1; P2; S É �Ï×ÅÒÈÎÏÓÔ-ÎÏÊ ×ÏÌÎÙ òÅÌÅÑ, ÔÒÉ ÇÏÌÏ×ÎÙÈ ×ÏÌÎÙ P1P2; P1S, Á ÔÁËÖÅ P2S(v2 > v3)ÉÌÉ SP2(v3 > v2). é ËÁÒÔÉÎÁ ×ÏÌÎÏ×ÙÈ ÆÒÏÎÔÏ× (òÉÓ. 1) ÂÕÄÅÔ ÉÍÅÔØÔÁËÏÊ ÖÅ ×ÉÄ ËÁË É × ÓÌÕÞÁÅ �ÒÏÎÉ�ÁÅÍÏÊ ÇÒÁÎÉ�Ù (ÓÍ. [3℄).÷ ÚÁËÌÀÞÅÎÉÅ ÏÔÍÅÔÉÍ, ÞÔÏ ÄÒÕÇÏÊ �ÏÄÈÏÄ Ë ÄÁÎÎÏÊ �ÒÏÂÌÅÍÅ ×ÏÚ-ÍÏÖÅÎ ÎÁ ÂÁÚÅ ÒÁÂÏÔ ÷. é. óÍÉÒÎÏ×Á { ó. ì. óÏÂÏÌÅ×Á [11℄. íÏÖÎÏ�ÏËÁÚÁÔØ, ÞÔÏ ÆÏÒÍÕÌÙ, �ÏÌÕÞÅÎÎÙÅ ÍÅÔÏÄÏÍ ç. é. ðÅÔÒÁÛÅÎÑ, × ÔÏÞ-ÎÏÓÔÉ ÓÏ×�ÁÄÁÀÔ Ó ÆÏÒÍÕÌÁÍÉ, Ë ËÏÔÏÒÙÍ �ÒÉ×ÏÄÉÔ ÍÅÔÏÄ ËÏÍ�ÌÅËÓ-ÎÙÈ ÒÅÛÅÎÉÊ (ÓÍ. [9, 11℄). ìÉÔÅÒÁÔÕÒÁ1. M. A. Biot, Theory of propagation of elasti waves in uid-saturated porous solid.| J. Aoust. So. Amer. 28, No. 2 (1956), 168{191.2. ì. á. íÏÌÏÔËÏ×, ïÂ ÉÓÔÏÞÎÉËÁÈ, ÄÅÊÓÔ×ÕÀÝÉÈ ÎÁ Ó×ÏÂÏÄÎÏÊ ÇÒÁÎÉ�Å �Ï-ÒÉÓÔÏÊ ÓÒÅÄÙ âÉÏ, É ÏÂ ÏÔÒÁÖÅÎÉÉ ×ÏÌÎ ÎÁ ÜÔÏÊ ÇÒÁÎÉ�Å. | úÁ�. ÎÁÕÞÎ.ÓÅÍÉÎ. ðïíé 264 (2000), 217{237.3. ç. ì. úÁ×ÏÒÏÈÉÎ, ÷ÏÌÎÏ×ÏÅ �ÏÌÅ ÏÔ ÔÏÞÅÞÎÏÇÏ ÉÓÔÏÞÎÉËÁ, ÄÅÊÓÔ×ÕÀÝÅÇÏÎÁ ÏÔËÒÙÔÏÊ ÇÒÁÎÉ�Å �ÏÌÕ�ÌÏÓËÏÓÔÉ âÉÏ. | úÁ�. ÎÁÕÞÎ. ÓÅÍÉÎ. ðïíé393 (2011), 101{110.4. ì. á. íÏÌÏÔËÏ×, òÁÓ�ÒÏÓÔÒÁÎÅÎÉÅ ×ÏÌÎ × ÉÚÏÌÉÒÏ×ÁÎÎÏÍ �ÏÒÉÓÔÏÍ ÓÌÏÅâÉÏ Ó ÚÁËÒÙÔÙÍÉ �ÏÒÁÍÉ ÎÁ ÇÒÁÎÉ�ÁÈ. | úÁ�. ÎÁÕÞÎ. ÓÅÍÉÎ. ðïíé 354(2008), 173{189.5. ì. á. íÏÌÏÔËÏ×, îÏÒÍÁÌØÎÙÅ ×ÏÌÎÙ × �ÏÒÉÓÔÏÍ ÓÌÏÅ Ó ÏÔËÒÙÔÙÍÉ �ÏÒÁÍÉÎÁ ÏÄÎÏÊ ÇÒÁÎÉ�Å É Ó ÚÁËÒÙÔÙÍÉ �ÏÒÁÍÉ ÎÁ ÄÒÕÇÏÊ ÇÒÁÎÉ�Å. | úÁ�. ÎÁÕÞÎ.ÓÅÍÉÎ. ðïíé 393 (2011), 178{190.6. î. ó. çÏÒÏÄÅ�ËÁÑ, ÷ÏÌÎÙ ÎÁ ÇÒÁÎÉ�Å �ÏÒÉÓÔÏ-Õ�ÒÕÇÏÇÏ �ÏÌÕ�ÒÏÓÔÒÁÎÓÔ×Á.I. ó×ÏÂÏÄÎÁÑ ÇÒÁÎÉ�Á. | áËÕÓÔÉÞÎÉÊ ×iÓÎÉË 8, Nos. 1{2 (2005), 28{41.7. ì. á. íÏÌÏÔËÏ×, òÁÓ�ÒÏÓÔÒÁÎÉÅ ÎÏÒÍÁÌØÎÙÈ ×ÏÌÎ × �ÏÒÉÓÔÏÍ ÓÔÅÒÖÎÅ ÓÚÁËÒÙÔÙÍÉ �ÏÒÁÍÉ ÎÁ ÇÒÁÎÉ�ÁÈ. | úÁ�. ÎÁÕÞÎ. ÓÅÍÉÎ. ðïíé 393 (2011),191{210.8. ì. á. íÏÌÏÔËÏ×, òÁÓ�ÒÏÓÔÒÁÎÉÅ ÎÏÒÍÁÌØÎÙÈ ×ÏÌÎ × �ÏÒÉÓÔÏÍ ÓÔÅÒÖÎÅ ÓÏÔËÒÙÔÙÍÉ �ÏÒÁÍÉ ÎÁ ÇÒÁÎÉ�ÁÈ. | úÁ�. ÎÁÕÞÎ. ÓÅÍÉÎ. ðïíé 393 (2011),211{223.9. ç. é. ðÅÔÒÁÛÅÎØ, ç. é. íÁÒÞÕË, ë. é. ïÇÕÒ�Ï×, ï ÚÁÄÁÞÅ ìÜÍÂÁ × ÓÌÕÞÁÅ�ÏÌÕ�ÒÏÓÔÒÁÎÓÔ×Á. | õÞ. úÁ�. ìçõ, ×Ù�. 21, ÔÏÍ 35, (1950).10. ÷. í. âÁÂÉÞ, ó. ë. ëÏÞÕÇÕÅ×, ï ÍÅÔÏÄÅ ÷. é. óÍÉÒÎÏ×Á{ ó. ì. óÏÂÏÌÅ-×Á Ñ×ÎÏÇÏ ÒÅÛÅÎÉÑ ÚÁÄÁÞ ÍÁÔÅÍÁÔÉÞÅÓËÏÊ ÔÅÏÒÉÉ ÄÉÆÒÁË�ÉÉ. ðÒÅ�ÒÉÎÔÙðïíé 1/2002.11. V. I. Smirno�, S. L. Sobole�, Sur une methode nouvelle dans le probleme plandes vibrations elastiques. | �Ò. óÅÊÓÍ. ÉÎÓÔ. 20, ì., áî óóóò, (1932).
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