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§1. ÷×ÅÄÅÎÉÅäÉÎÁÍÉÞÅÓËÁÑ ÓÉÓÔÅÍÁ. éÚÕÞÁÅÍÁÑ ÓÉÓÔÅÍÁ Ï�ÉÓÙ×ÁÅÔÓÑ ÎÁÞÁÌØÎÏ-ËÒÁÅ×ÏÊ ÚÁÄÁÞÅÊ�utt − (
ux)x +Aux +Bu = 0 0 < x < h; 0 < t < T (1.1)u∣∣t<�1(x) = 0 (1.2)u|x=0 = f 0 6 t 6 T: (1.3)úÄÅÓØ �; 
; A;B ÓÕÔØ ÇÌÁÄËÉÅ 1 2×2-ÍÁÔÒÉ�Ù-ÆÕÎË�ÉÉ ÏÔ x ∈ [0; h℄,ÕÄÏ×ÌÅÔ×ÏÒÑÀÝÉÅ ÕÓÌÏ×ÉÑÍ1. �ÏÌÏÖÉÔÅÌØÎÏÓÔÉ: � = diag {�1; �2}; �i > 0 É 
 = diag {
1; 
2},
i > 0,2. ÏÔÄÅÌÅÎÎÏÓÔÉ ÓËÏÒÏÓÔÅÊ: 0 <√
2�2 <√
1�1 ,3. ÓÁÍÏÓÏ�ÒÑÖÅÎÎÏÓÔÉ: Atr = −A; Ax = B −Btr (tr { ÔÒÁÎÓ�ÏÎÉÒÏ-×ÁÎÉÅ);�i(x) := x∫0 √�i(s)
i(s)ds { ÆÕÎË�ÉÉ, ÎÁÚÙ×ÁÅÍÙÅ ÜÊËÏÎÁÌÁÍÉ; ÞÉÓÌÏ×ÙÅ �Á-ÒÁÍÅÔÒÙ h É T Ó×ÑÚÁÎÙ ÓÏÏÔÎÏÛÅÎÉÅÍ T = �1(h); f = f(t) { ÇÒÁÎÉÞÎÏÅÕ�ÒÁ×ÌÅÎÉÅ É u = uf (x; t) { ÒÅÛÅÎÉÅ (R2-ÚÎÁÞÎÙÅ ÆÕÎË�ÉÉ). üÔÁ ÚÁÄÁ-ÞÁ ÇÉ�ÅÒÂÏÌÉÞÅÓËÁÑ É �ÒÉ×ÅÄÅÎÎÁÑ �ÏÓÔÁÎÏ×ËÁ Ñ×ÌÑÅÔÓÑ ËÏÒÒÅËÔÎÏÊ.÷ �ÒÉÌÏÖÅÎÉÑÈ ÓÉÓÔÅÍÁ (1.1){(1.3) ÏÔ×ÅÞÁÅÔ ÏÄÎÏÍÅÒÎÙÍ ÍÏÄÅÌÑÍ,× ËÏÔÏÒÙÈ ÉÍÅÀÔÓÑ Ä×Á ÔÉ�Á ×ÏÌÎÏ×ÙÈ ÍÏÄ, ÒÁÓ�ÒÏÓÔÒÁÎÑÀÝÉÈÓÑ ÓÒÁÚÎÙÍÉ ÓËÏÒÏÓÔÑÍÉ É ×ÚÁÉÍÏÄÅÊÓÔ×ÕÀÝÉÈ ÄÒÕÇ Ó ÄÒÕÇÏÍ. ïÄÉÎ ÉÚ�ÒÉÍÅÒÏ× { ÂÁÌËÁ �ÉÍÏÛÅÎËÏ.ëÌÀÞÅ×ÙÅ ÓÌÏ×Á: Ä×ÕÈÓËÏÒÏÓÔÎÁÑ ÄÉÎÁÍÉÞÅÓËÁÑ ÓÉÓÔÅÍÁ Ó ÇÒÁÎÉÞÎÙÍ Õ�ÒÁ×ÌÅ-ÎÉÅÍ, ÏÂÒÁÔÎÁÑ ÚÁÄÁÞÁ.1×ÓÀÄÕ × ÒÁÂÏÔÅ "ÇÌÁÄËÉÅ" ÏÚÎÁÞÁÅÔ C∞-ÇÌÁÄËÉÅ150



ïâ ïâòá�îïê úáäáþå 151ï�ÅÒÁÔÏÒ ÒÅÁË�ÉÉ. óÉÓÔÅÍÅ (1.1){(1.3) ÓÏ�ÏÓÔÁ×ÌÑÀÔÓÑ ÓÔÁÎÄÁÒÔÎÙÅÁÔÒÉÂÕÔÙ ÔÅÏÒÉÉ Õ�ÒÁ×ÌÅÎÉÑ { �ÒÏÓÔÒÁÎÓÔ×Á É Ï�ÅÒÁÔÏÒÙ. ïÄÉÎ ÉÚÎÉÈ { ÒÁÓÛÉÒÅÎÎÙÊ Ï�ÅÒÁÔÏÒ ÒÅÁË�ÉÉ R2T , ÒÅÁÌÉÚÕÀÝÉÊ ÓÏÏÔ×ÅÔ-ÓÔ×ÉÅ "×ÈÏÄ{×ÙÈÏÄ". ïÎ ××ÏÄÉÔÓÑ ÞÅÒÅÚ ÚÁÄÁÞÕ 2�utt − (
ux)x +Aux +Bu = 0 0 < x < h; 0 < t < 2T − �1(x)u∣∣t<�1(x) = 0u|x=0 = f 0 6 t 6 2TÓÏÏÔÎÏÛÅÎÉÅÍ R2T : f 7→ 
(0)ufx∣∣x=0 É ÉÍÅÅÔ �ÒÅÄÓÔÁ×ÌÅÎÉÅ(R2T f)(t) = −�ft(t) + !f (t) + t∫0 r(t − s) f(s) ds;0 6 t 6 2T (1.4)Ó �ÏÓÔÏÑÎÎÙÍÉ ÍÁÔÒÉ�ÁÍÉ � = diag{�1; �2}, ! É ÇÌÁÄËÏÊ ÍÁÔÒÉ�ÅÊ-ÆÕÎË�ÉÅÊ r(t) = rtr(t); 0 6 t 6 2T , ÎÁÚÙ×ÁÅÍÏÊ ÆÕÎË�ÉÅÊ ÏÔËÌÉËÁ. ÷ÄÉÎÁÍÉÞÅÓËÉÈ ÏÂÒÁÔÎÙÈ ÚÁÄÁÞÁÈ Ï�ÅÒÁÔÏÒ R2T ÉÇÒÁÅÔ ÒÏÌØ ÄÁÎÎÙÈ.ïÓÎÏ×ÎÏÊ ÒÅÚÕÌØÔÁÔ. ï�ÅÒÁÔÏÒ R2T Ï�ÒÅÄÅÌÑÅÔÓÑ ËÏÜÆÆÉ�ÉÅÎÔÁÍÉ�; 
; A;B. ÷ ÏÂÒÁÔÎÙÈ ÚÁÄÁÞÁÈ ÄÌÑ ÓÉÓÔÅÍÙ (1.1){(1.3) ÓÔÁ×ÉÔÓÑ ×Ï-�ÒÏÓ Ï ÔÏÍ, × ËÁËÏÊ ÍÅÒÅ Ï�ÅÒÁÔÏÒ ÒÅÁË�ÉÉ Ï�ÒÅÄÅÌÑÅÔ ÅÅ ËÏÜÆÆÉ-�ÉÅÎÔÙ. îÁÂÏÒ �; 
; A;B Ó ÕÓÌÏ×ÉÑÍÉ 1.{3. Ï�ÉÓÙ×ÁÅÔÓÑ ×ÏÓÅÍØÀ ÎÅ-ÚÁ×ÉÓÉÍÙÍÉ ÓËÁÌÑÒÎÙÍÉ ÆÕÎË�ÉÑÍÉ �1; �2; 
1; 
2; a12; b11; b12; b22, × ÔÏ×ÒÅÍÑ ËÁË Ï�ÅÒÁÔÏÒ R2T ÚÁÄÁÅÔÓÑ ÎÁÂÏÒÏÍ �; !; r, ÓÏÄÅÒÖÁÝÉÍ ÔÒÉÆÕÎË�ÉÉ r11; r12; r22 É ÛÅÓÔØ ÞÉÓÅÌ { ÜÌÅÍÅÎÔÏ× ÍÁÔÒÉ� � É !. ÷ ÜÔÏÊÓÉÔÕÁ�ÉÉ ÏÖÉÄÁÔØ ÅÄÉÎÓÔ×ÅÎÎÏÓÔÉ ÒÅÛÅÎÉÑ ÏÂÒÁÔÎÏÊ ÚÁÄÁÞÉ, Ô.Å. ÏÄ-ÎÏÚÎÁÞÎÏÇÏ Ï�ÒÅÄÅÌÅÎÉÑ ×ÓÅÈ ËÏÜÆÆÉ�ÉÅÎÔÏ×, ÎÅ �ÒÉÈÏÄÉÔÓÑ É ×ÓÔÁÅÔ×Ï�ÒÏÓ Ï ÅÅ ÒÁÚÒÅÛÉÍÏÓÔÉ. ÷ ÒÁÂÏÔÁÈ [1, 3℄ ÕÓÔÁÎÏ×ÌÅÎÙ ÎÅÏÂÈÏÄÉÍÙÅÉ ÄÏÓÔÁÔÏÞÎÙÅ ÕÓÌÏ×ÉÑ ÎÁ Ï�ÅÒÁÔÏÒ ×ÉÄÁ (1.4) (ÎÁÂÏÒ �; !; r), ÇÁÒÁÎÔÉ-ÒÕÀÝÉÅ ÓÕÝÅÓÔ×Ï×ÁÎÉÅ ÓÉÓÔÅÍÙ (1.1){(1.3) Ó �ÒÅÄ�ÉÓÁÎÎÙÍÉ ÄÁÎÎÙ-ÍÉ. ãÅÎÔÒÁÌØÎÙÍ ÕÓÌÏ×ÉÅÍ, ÇÁÒÁÎÔÉÒÕÀÝÉÍ ÓÕÝÅÓÔ×Ï×ÁÎÉÅ ÓÉÓÔÅÍÙ2ÏÎÁ Ñ×ÌÑÅÔÓÑ ÅÓÔÅÓÔ×ÅÎÎÙÍ ÒÁÓÛÉÒÅÎÉÅÍ ÚÁÄÁÞÉ (1.1){(1.3), ÓÕÝÅÓÔ×ÕÀÝÉÍ ÉËÏÒÒÅËÔÎÙÍ × ÓÉÌÕ ÇÉ�ÅÒÂÏÌÉÞÎÏÓÔÉ �ÏÓÌÅÄÎÅÊ



152 á. ì. ðåó�ï÷(1.1){(1.3), ÏËÁÚÙ×ÁÅÔÓÑ ÕÓÌÏ×ÉÅ �ÏÌÏÖÉÔÅÌØÎÏÊ Ï�ÒÅÄÅÌÅÎÎÏÓÔÉ Ï�Å-ÒÁÔÏÒÁ CT , ÄÅÊÓÔ×ÕÀÝÅÇÏ × �ÒÏÓÔÒÁÎÓÔ×Å L2 ([0; T ℄;R2) �Ï �ÒÁ×ÉÌÕ
(
CT f) (t) := �f(t) + T∫0 


12 2T−t−s∫

|t−s| r(�) d� f(s) ds; 0 6 t 6 2T (1.5)äÏËÁÚÁÔÅÌØÓÔ×Ï ÄÏÓÔÁÔÏÞÎÏÓÔÉ × [3℄ ËÏÎÓÔÒÕËÔÉ×ÎÏ: �ÒÅÄÌÏÖÅÎÁ �ÒÏ-�ÅÄÕÒÁ, ×ÏÓÓÔÁÎÁ×ÌÉ×ÁÀÝÁÑ ÓÉÓÔÅÍÕ (1.1){(1.3) �Ï �; !; r. ÷ �ÒÏ�ÅÄÕ-ÒÅ �ÒÅÄÕÓÍÏÔÒÅÎ ×ÙÂÏÒ Ó×ÏÂÏÄÎÙÈ �ÁÒÁÍÅÔÒÏ×, ÚÁ ÓÞÅÔ ÞÅÇÏ ×ÏÓÓÔÁ-ÎÁ×ÌÉ×ÁÀÔÓÑ ×ÓÅ ÓÉÓÔÅÍÙ ÜÔÏÇÏ ×ÉÄÁ, ÏÂÌÁÄÁÀÝÉÅ ÚÁÄÁÎÎÙÍÉ �; !; r.ðÏÄÌÅÖÁÝÉÍÉ Ï�ÒÅÄÅÌÅÎÉÀ �ÁÒÁÍÅÔÒÁÍÉ Ñ×ÌÑÀÔÓÑ ÜÌÅÍÅÎÔÙ ÍÁÔÒÉ�A É B : a12; b11; b12; b22. ÷ ÒÁÂÏÔÅ [3℄ �ÏÌÕÞÅÎÏ ÓÏÏÔÎÏÛÅÎÉÅ, ÉÚ ËÏÔÏÒÏÇÏÍÁÔÒÉ�Ù A É B Ï�ÒÅÄÅÌÑÀÔÓÑ ÏÄÎÏÚÎÁÞÎÏ, ÏÄÎÁËÏ Ñ×ÎÙÅ �ÒÅÄÓÔÁ×ÌÅ-ÎÉÑ ÄÌÑ A É B ÎÅ �ÒÉ×ÏÄÑÔÓÑ.÷ �ÅÒ×ÏÊ ÞÁÓÔÉ ÒÁÂÏÔÙ ×Ù×ÏÄÑÔÓÑ �ÒÅÄÓÔÁ×ÌÅÎÉÑ ÄÌÑ ÍÁÔÒÉ� A É B,ËÏÔÏÒÙÅ ÉÓ�ÏÌØÚÕÀÔÓÑ �ÒÉ ÉÈ ×ÏÓÓÔÁÎÏ×ÌÅÎÉÉ �Ï Ï�ÅÒÁÔÏÒÕ ÒÅÁË�ÉÉ.÷Ï ×ÔÏÒÏÊ ÞÁÓÔÉ ÓÔÒÏÉÔÓÑ ÄÉÎÁÍÉÞÅÓËÁÑ ÓÉÓÔÅÍÁ ×ÉÄÁ (1.1){(1.3) ÓÎÅÎÕÌÅ×ÙÍÉ ÍÁÔÒÉ�ÁÍÉ A É B, ÏÂÌÁÄÁÀÝÁÑ Ï�ÅÒÁÔÏÒÏÍ ÒÅÁË�ÉÉ ×ÉÄÁ(R2T f)(t) = −ft(t); 0 6 t 6 2T: (1.6)úÁÍÅÔÉÍ, ÞÔÏ ÔÁËÉÍ ÖÅ Ï�ÅÒÁÔÏÒÏÍ ÒÅÁË�ÉÉ ÏÂÌÁÄÁÅÔ ÓÉÓÔÅÍÁ ×É-ÄÁ (1.1){(1.3) Ó A = B = 0 �ÒÉ ÓÏÏÔ×ÅÔÓÔ×ÕÀÝÅÍ ×ÙÂÏÒÅ ËÏÎÓÔÁÎÔ:�i (0) ; �′i (0) ; 
i (0), 
′i (0) ; i = 1; 2: ÷ ÔÁËÏÊ ÓÉÓÔÅÍÅ ÒÁÓ�ÒÏÓÔÒÁÎÑÀÔ-ÓÑ Ä×Å ÎÅ×ÚÁÉÍÏÄÅÊÓÔ×ÕÀÝÉÅ ÍÅÖÄÕ ÓÏÂÏÊ ×ÏÌÎÙ, Ü×ÏÌÀ�ÉÑ ËÏÔÏÒÙÈÏ�ÉÓÙ×ÁÅÔÓÑ Ä×ÕÍÑ ÎÅÚÁ×ÉÓÉÍÙÍÉ ÕÒÁ×ÎÅÎÉÑÍÉ:�i (ui)tt − (
i (ui)x)x = 0; i = 1; 2:�ÁËÉÍ ÏÂÒÁÚÏÍ, ÄÌÑ ×ÎÅÛÎÅÇÏ ÎÁÂÌÀÄÁÔÅÌÑ, ÏÂÌÁÄÁÀÝÅÇÏ Ï�ÅÒÁÔÏÒÏÍÒÅÁË�ÉÉ ×ÉÄÁ (1.6) ÄÌÑ Ä×ÕÈÓËÏÒÏÓÔÎÏÊ ÓÉÓÔÅÍÙ (1.1){(1.3), ÓÉÓÔÅÍÁÓ ÎÕÌÅ×ÙÍÉ ÍÁÔÒÉ�ÁÍÉ A,B É �ÏÓÔÒÏÅÎÎÁÑ ×Ï ×ÔÏÒÏÊ ÞÁÓÔÉ ÒÁÂÏÔÙÓÉÓÔÅÍÁ Ó ÎÅÎÕÌÅ×ÙÍÉ ÍÁÔÒÉ�ÁÍÉ A,B - ÎÅÒÁÚÌÉÞÉÍÙ.âÌÁÇÏÄÁÒÎÏÓÔÉ. á×ÔÏÒ �ÒÉÚÎÁÔÅÌÅÎ í. é. âÅÌÉÛÅ×Õ ÚÁ ÒÕËÏ×ÏÄÓÔ×ÏÒÁÂÏÔÏÊ É �ÏÍÏÝØ × �ÏÄÇÏÔÏ×ËÅ ÜÔÏÊ ÓÔÁÔØÉ.
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§2. ä×ÕÈÓËÏÒÏÓÔÎÁÑ ÓÉÓÔÅÍÁ2.1. îÁÞÁÌØÎÏ-ËÒÁÅ×ÁÑ ÚÁÄÁÞÁ.ðÏÓÔÁÎÏ×ËÁ. òÁÓÓÍÁÔÒÉ×ÁÅÔÓÑ ÚÁÄÁÞÁ�utt − (
ux)x +Aux +Bu = 0 ; x > 0; 0 < t < T (2.1)u|t=0 = ut|t=0 = 0 x > 0 (2.2)u|x=0 = f 0 6 t 6 T (2.3)× ËÏÔÏÒÏÊ �; 
; A; B ÓÕÔØ ÇÌÁÄËÉÅ ×ÅÝÅÓÔ×ÅÎÎÙÅ 2× 2{ÍÁÔÒÉ�Ù-ÆÕÎ-Ë�ÉÉ ÏÔ x > 0; T < ∞ { ÆÉÎÁÌØÎÙÊ ÍÏÍÅÎÔ; � = diag {�1 (x) ; �2 (x)}É 
 = diag {
1 (x) ; 
2 (x)} { ÍÁÔÒÉ�Ù Ó �ÏÌÏÖÉÔÅÌØÎÙÍÉ ÜÌÅÍÅÎÔÁÍÉ;f = f(t) = (f1(t)f2(t)) { ÇÒÁÎÉÞÎÏÅ Õ�ÒÁ×ÌÅÎÉÅ. òÅÛÅÎÉÅ u = uf (x; t) =

(uf1(x; t)uf2(x; t)) Ï�ÉÓÙ×ÁÅÔ ×ÏÌÎÕ, ÉÎÉ�ÉÉÒÏ×ÁÎÎÕÀ Õ�ÒÁ×ÌÅÎÉÅÍ f É ÒÁÓ-�ÒÏÓÔÒÁÎÑÀÝÕÀÓÑ ×ÄÏÌØ �ÏÌÕÏÓÉ x > 0. æÕÎË�ÉÉ 
i := √
i(x)�i(x) ÎÁÚÙ-×ÁÀÔÓÑ ÓËÏÒÏÓÔÑÍÉ.÷ÓÀÄÕ × ÒÁÂÏÔÅ �ÒÅÄ�ÏÌÁÇÁÀÔÓÑ ×Ù�ÏÌÎÅÎÎÙÍÉ ÕÓÌÏ×ÉÑ0 < 
2(x) < 
1(x) ; x > 0; ∞∫0 dx
1(x) =∞ (2.4)É ÓÏÏÔÎÏÛÅÎÉÑAtr (x) = −A (x) ; Ax(x) = B (x)−Btr (x) ; x > 0 (2.5)(tr { ÔÒÁÎÓ�ÏÎÉÒÏ×ÁÎÉÅ), ÒÁ×ÎÏÓÉÌØÎÙÅ ÒÁ×ÅÎÓÔ×ÁÍA (x) = ( 0 −a (x)a (x) 0 ) ; b21 (x)− b12 (x) = ax (x) ; x > 0:òÁÓÈÏÄÉÍÏÓÔØ ÉÎÔÅÇÒÁÌÁ × (2.4) ÏÂÅÓ�ÅÞÉ×ÁÅÔ ËÏÒÒÅËÔÎÏÓÔØ ÚÁÄÁÞÉ(2.1){(2.3)�ÒÉ ÌÀÂÏÍ T > 0. ÷ ÓÉÌÕ (2.5) Ï�ÅÒÁÔÏÒ y 7→ (
yx)x −Ayx −By ÓÁÍÏÓÏ�ÒÑÖÅÎ �Ï ìÁÇÒÁÎÖÕ, Ô.Å. ÓÉÍÍÅÔÒÉÞÅÎ × L2 ((0;∞);R2) ÎÁÆÕÎË�ÉÑÈ Ó ËÏÍ�ÁËÔÎÙÍ ÎÏÓÉÔÅÌÅÍ.æÕÎË�ÉÉ �i (x) := x∫0 ds
i(s)



154 á. ì. ðåó�ï÷ÎÁÚÙ×ÁÀÔÓÑ ÜÊËÏÎÁÌÁÍÉ. üÔÏ ÍÏÎÏÔÏÎÎÙÅ, ÓÔÒÏÇÏ ×ÏÚÒÁÓÔÁÀÝÉÅÆÕÎË�ÉÉ. óÏÇÌÁÓÎÏ (2.4) ÉÍÅÅÍ: �1(x) < �2(x); x > 0; �i(∞) = ∞.æÕÎË�ÉÉ xi(�), ÏÂÒÁÔÎÙÅ Ë ÜÊËÏÎÁÌÁÍ, ÔÁËÖÅ ÓÕÔØ ÓÔÒÏÇÏ ×ÏÚÒÁÓÔÁ-ÀÝÉÅ É x1(�) > x2(�) �ÒÉ � > 0.ïÂÏÂÝÅÎÎÙÅ ÒÅÛÅÎÉÑ. äÌÑ ÄÁÌØÎÅÊÛÅÇÏ ÕÄÏÂÎÏ �ÒÉÎÑÔØóÏÇÌÁÛÅÎÉÅ 1. (a) ÷ÓÅ ÆÕÎË�ÉÉ, ÚÁ×ÉÓÑÝÉÅ ÏÔ ×ÒÅÍÅÎÉ, �ÒÅÄ�Ï-ÌÁÇÁÀÔÓÑ �ÒÏÄÏÌÖÅÎÎÙÍÉ ÎÕÌÅÍ �ÒÉ t < 0.(b) ðÕÓÔØ � ⊂ R
2 ÅÓÔØ �ÒÑÍÏÕÇÏÌØÎÉË ÉÌÉ �ÏÌÕ�ÏÌÏÓÁ ÓÏ ÓÔÏÒÏ-ÎÁÍÉ, �ÁÒÁÌÌÅÌØÎÙÍÉ ËÏÏÒÄÉÎÁÔÎÙÍ ÏÓÑÍ. æÕÎË�ÉÀ ' ÍÙ ÎÁÚÙ×ÁÅÍÇÌÁÄËÏÊ × � ×ÎÅ ËÒÉ×ÙÈ S1; : : : ; Sp ⊂ �, ÅÓÌÉ ÏÎÁ Ñ×ÌÑÅÔÓÑ ÇÌÁÄËÏÊ ×ËÁÖÄÏÊ ÉÚ ËÏÍ�ÏÎÅÎÔ Ó×ÑÚÎÏÓÔÉ ÍÎÏÖÅÓÔ×Á �\∪pi=1 Si É �ÒÏÄÏÌÖÁ-ÅÔÓÑ ÄÏ ÇÌÁÄËÏÊ ÆÕÎË�ÉÉ × ÏËÒÅÓÔÎÏÓÔÉ ÜÔÏÊ ËÏÍ�ÏÎÅÎÔÙ.ïÂÏÚÎÁÞÉÍ � := diag{�1; �2} ; �i(x) := ( �i(0)
i(0)�i(x)
i(x)) 14 . ÷×ÅÄÅÍ ÌÉÎÅ-ÁÌ

MT := {f ∈ C∞
([0; T ℄;R2) | supp f ⊂ (0; T ℄} (2.6)ÇÌÁÄËÉÈ Õ�ÒÁ×ÌÅÎÉÊ, ÁÎÎÕÌÉÒÕÀÝÉÈÓÑ ×ÂÌÉÚÉ t = 0. ï ÒÅÛÅÎÉÉ ÚÁÄÁÞÉ(2.1){(2.3) ÉÚ×ÅÓÔÎÏ ÓÌÅÄÕÀÝÅÅ.ðÒÅÄÌÏÖÅÎÉÅ 1. äÌÑ Õ�ÒÁ×ÌÅÎÉÊ f ∈ MT ÚÁÄÁÞÁ (2.1){(2.3) ÉÍÅÅÔÅÄÉÎÓÔ×ÅÎÎÏÅ ËÌÁÓÓÉÞÅÓËÏÅ ÇÌÁÄËÏÅ ÒÅÛÅÎÉÅ uf (x; t). äÌÑ ÎÅÇÏ Ó�ÒÁ-×ÅÄÌÉ×Ï �ÒÅÄÓÔÁ×ÌÅÎÉÅuf (x; t) = �(x)(f1 (t− �1 (x))f2 (t− �2 (x)))+ t−�1(x)∫0 w̃ (x; t− s) f (s) ds (2.7)Ó ÍÁÔÒÉÞÎÙÍ ÑÄÒÏÍ w̃(x; t), ÇÌÁÄËÉÍ × [0;∞) × [0; T ℄ ×ÎÅ ÈÁÒÁËÔÅÒÉ-ÓÔÉË t = �i(x) ÕÒÁ×ÎÅÎÉÑ (2.1) É ÔÁËÉÍ, ÞÔÏ w̃|t<�1(x) = 0; w̃|x=0 = 0.äÌÑ Õ�ÒÁ×ÌÅÎÉÊ f ∈ L2 ([0; T ℄ ;R2) (ÏÂÏÂÝÅÎÎÏÅ) ÒÅÛÅÎÉÅ ÚÁÄÁÞÉÏ�ÒÅÄÅÌÑÅÔÓÑ ËÁË �ÒÁ×ÁÑ ÞÁÓÔØ �ÒÅÄÓÔÁ×ÌÅÎÉÑ (2.7). óÌÅÄÓÔ×ÉÅÍ ÔÁ-ËÏÇÏ Ï�ÒÅÄÅÌÅÎÉÑ Ñ×ÌÑÀÔÓÑ ÓÏÏÔÎÏÛÅÎÉÅuf ∣∣t<�1(x) = 0 (2.8)É ÌÏËÁÌØÎÙÊ ÈÁÒÁËÔÅÒ ÚÁ×ÉÓÉÍÏÓÔÉ ÒÅÛÅÎÉÑ ÏÔ ËÏÜÆÆÉ�ÉÅÎÔÏ×: ÚÎÁ-ÞÅÎÉÑ uf �ÒÉ 0 6 t 6 T Ï�ÒÅÄÅÌÑÀÔÓÑ ÚÎÁÞÅÎÉÑÍÉ �; 
 A;B �ÒÉ 0 6x 6 x1(T ) (ÎÅ ÚÁ×ÉÓÑÔ ÏÔ �Ï×ÅÄÅÎÉÑ ËÏÜÆÆÉ�ÉÅÎÔÏ× �ÒÉ x > x1(T )).



ïâ ïâòá�îïê úáäáþå 155üÔÁ ÌÏËÁÌØÎÏÓÔØ (�ÒÉÞÉÎÎÏÓÔØ) Ñ×ÌÑÅÔÓÑ ÓÌÅÄÓÔ×ÉÅÍ ÇÉ�ÅÒÂÏÌÉÞÎÏ-ÓÔÉ ÕÒÁ×ÎÅÎÉÑ (2.1) É ÏÔ×ÅÞÁÅÔ ËÏÎÅÞÎÏÓÔÉ ÓËÏÒÏÓÔÉ ÒÁÓ�ÒÏÓÔÒÁÎÅÎÉÑ×ÏÌÎ.éÚ ÎÅÚÁ×ÉÓÉÍÏÓÔÉ ËÏÜÆÆÉ�ÉÅÎÔÏ× ÕÒÁ×ÎÅÎÉÑ (2.1) ÏÔ ×ÒÅÍÅÎÉ ÓÌÅ-ÄÕÅÔ ÉÚ×ÅÓÔÎÏÅ ÓÏÏÔÎÏÛÅÎÉÅuf (· ; s) = uT TT−sf (· ; T ) ; 0 6 s 6 T ; (2.9)ÇÄÅ T TT−s { ÄÅÊÓÔ×ÕÀÝÉÊ × L2 ([0; T ℄ ;R2) Ï�ÅÒÁÔÏÒ ÚÁÄÅÒÖËÉ:(T TT−sf)(t) := f (t− (T − s))(ÚÁ�ÉÓØ ÉÓ�ÏÌØÚÕÅÔ óÏÇÌÁÛÅÎÉÅ 1a).2.2. óÉÓÔÅÍÁ s
T . ó ÕÞÅÔÏÍ ÏÔÍÅÞÅÎÎÙÈ ×ÙÛÅ Ó×ÏÊÓÔ× ÒÅÛÅÎÉÑ uf(ÓÍ.(2.8)), ÚÁÄÁÞÕ (2.1){(2.3) ÍÏÖÎÏ ÚÁ�ÉÓÁÔØ × ×ÉÄÅ�utt − (
ux)x +Aux +Bu = 0 0 < x < x1(T ); 0 < t < T (2.10)u|t<�1(x) = 0 (2.11)u|x=0 = f ; 0 6 t 6 T : (2.12)�ÁËÁÑ ÚÁ�ÉÓØ Ï�ÔÉÍÁÌØÎÁ × ÔÏÍ ÓÍÙÓÌÅ, ÞÔÏ ÏÎÁ ÎÅ ÓÏÄÅÒÖÉÔ ÚÎÁÞÅÎÉÊËÏÜÆÆÉ�ÉÅÎÔÏ× {�; 
; A;B}

∣∣x>x1(T ), ÏÔ ËÏÔÏÒÙÈ ÒÅÛÅÎÉÅ ÎÅ ÚÁ×ÉÓÉÔ.äÁÌÅÅ ÚÁÄÁÞÁ (2.10){(2.12) ÒÁÓÓÍÁÔÒÉ×ÁÅÔÓÑ ËÁË ÄÉÎÁÍÉÞÅÓËÁÑ ÓÉ-ÓÔÅÍÁ. ïÎÁ ÏÂÏÚÎÁÞÁÅÔÓÑ ÓÉÍ×ÏÌÏÍ s
T É ÎÁÄÅÌÑÅÔÓÑ ÓÔÁÎÄÁÒÔÎÙÍÉÁÔÒÉÂÕÔÁÍÉ ÔÅÏÒÉÉ Õ�ÒÁ×ÌÅÎÉÑ.ðÒÏÓÔÒÁÎÓÔ×Á É �ÏÄ�ÒÏÓÔÒÁÎÓÔ×Á. çÉÌØÂÅÒÔÏ×Ï �ÒÏÓÔÒÁÎÓÔ×Ï Õ�ÒÁ-×ÌÅÎÉÊ FT := L2 ([0; T ℄ ;R2) ÓÏ ÓËÁÌÑÒÎÙÍ �ÒÏÉÚ×ÅÄÅÎÉÅÍ(f; g)FT := T∫0 f(t) · g(t) dt (2.13)("·" { ÓÔÁÎÄÁÒÔÎÏÅ �ÒÏÉÚ×ÅÄÅÎÉÅ × R

2) ÎÁÚÙ×ÁÅÔÓÑ ×ÎÅÛÎÉÍ �ÒÏÓÔÒÁÎ-ÓÔ×ÏÍ ÓÉÓÔÅÍÙ s
T . ïÎÏ ÓÏÄÅÒÖÉÔ ÒÁÓÛÉÒÑÀÝÕÀÓÑ (Ó ÒÏÓÔÏÍ �ÁÒÁÍÅ-ÔÒÁ �) �Å�ÏÞËÕ �ÏÄ�ÒÏÓÔÒÁÎÓÔ×

FT; � := {f ∈ FT | supp f ⊂ [T − �; T ℄}= T TT−�FT ; 0 6 � 6 T ;



156 á. ì. ðåó�ï÷ÏÂÒÁÚÏ×ÁÎÎÙÈ ÚÁ�ÁÚÄÙ×ÁÀÝÉÍÉ Õ�ÒÁ×ÌÅÎÉÑÍÉ 3. úÁ�ÁÚÄÙ×ÁÎÉÅ Õ�ÒÁ-×ÌÅÎÉÑ ×ÅÄÅÔ Ë ÚÁ�ÁÚÄÙ×ÁÎÉÀ ×ÏÌÎÙ: ÉÚ (2.7) ÌÅÇËÏ ÓÌÅÄÕÅÔ ÓÏÏÔÎÏÛÅ-ÎÉÅ uf ∣∣t<�1(x)+T−� = 0 ; f ∈ FT;� ;ÕÔÏÞÎÑÀÝÅÅ (2.8).ðÒÏÓÔÒÁÎÓÔ×Ï Hx1(T ) := L2; � ([0; x1(T )℄ ;R2) ÓÏ ÓËÁÌÑÒÎÙÍ �ÒÏÉÚ×Å-ÄÅÎÉÅÍ (y; v)Hx1(T ) := x1(T )∫0 [�(x) y(x)℄ · v(x) dx (2.14)ÎÁÚÙ×ÁÅÔÓÑ ×ÎÅÛÎÉÍ. ëÁË ×ÉÄÎÏ ÉÚ (2.8), �ÒÉ ×ÓÅÈ t ∈ [0; T ℄ ×ÏÌÎÙuf (·; t) ÓÕÔØ ÅÇÏ ÜÌÅÍÅÎÔÙ. ÷ÎÅÛÎÅÅ �ÒÏÓÔÒÁÎÓÔ×Ï ÓÏÄÅÒÖÉÔ Ä×Å �Å-�ÏÞËÉ �ÏÄ�ÒÏÓÔÒÁÎÓÔ×
Hxi(�) := {y ∈ Hx1(T ) | supp y ⊂ [0; xi(�)℄} ; 0 6 � 6 T; i = 1; 2 :ï�ÅÒÁÔÏÒ Õ�ÒÁ×ÌÅÎÉÑ. ðÏ ÔÅÒÍÉÎÏÌÏÇÉÉ ÔÅÏÒÉÉ Õ�ÒÁ×ÌÅÎÉÑ ×ÏÌÎÁuf (·; t) ÅÓÔØ ÓÏÓÔÏÑÎÉÅ ÓÉÓÔÅÍÙ s

T × ÍÏÍÅÎÔ t, {ut(·; t) | 0 6 t 6 T}{ ÅÅ ÔÒÁÅËÔÏÒÉÑ. óÏÏÔ×ÅÔÓÔ×ÉÅ "×ÈÏÄ 7→ ÓÏÓÔÏÑÎÉÅ" ÒÅÁÌÉÚÕÅÔÓÑ Ï�Å-ÒÁÔÏÒÏÍ Õ�ÒÁ×ÌÅÎÉÑ W T : FT → Hx1(T ),W T f := uf (·; T ) :éÚ (2.7) ÉÍÅÅÍ �ÒÅÄÓÔÁ×ÌÅÎÉÅ
(W T f) (x) = �(x)(f1 (T − �1 (x))f2 (T − �2 (x)))+T−�1(x)∫0 wT (x; t) f (t) dt; x > 0;Ó ÍÁÔÒÉÞÎÙÍ ÑÄÒÏÍ wT (x; t) := w̃ (x; T − t), ÇÌÁÄËÉÍ × [0; x1(T )℄ ×[0; T ℄ ×ÎÅ ÈÁÒÁËÔÅÒÉÓÔÉË t = T − �i (x) É ÔÁËÉÍ, ÞÔÏ wT |t>T−�1(x) =0; wT |x=0 = 0. éÚ �ÒÅÄÓÔÁ×ÌÅÎÉÑ ÏÞÅ×ÉÄÎÏ, ÞÔÏ Ï�ÅÒÁÔÏÒ Õ�ÒÁ×ÌÅÎÉÑÏÇÒÁÎÉÞÅÎ. ïÔÍÅÔÉÍ ÓÏÏÔÎÏÛÅÎÉÑW TT TT−�f = uf (·; �); W TFT;� ⊂ Hx1(�) ; 0 6 � 6 T ;Ñ×ÌÑÀÝÉÅÓÑ ÆÏÒÍÏÊ ÚÁ�ÉÓÉ (2.9) É (2.8). îÁ Õ�ÒÁ×ÌÅÎÉÑÈ, ËÏÔÏÒÙÍÏÔ×ÅÞÁÀÔ ÇÌÁÄËÉÅ ÒÅÛÅÎÉÑ, ÉÍÅÅÍ:uftt = uftt (2:1)= Luf3T − � ÅÓÔØ ÚÁ�ÁÚÄÙ×ÁÎÉÅ, � { ×ÒÅÍÑ ÄÅÊÓÔ×ÉÑ Õ�ÒÁ×ÌÅÎÉÑ



ïâ ïâòá�îïê úáäáþå 157ÇÄÅ Ly := �−1 ((
yx)x −Ayx −By) :ïÔÓÀÄÁ ÓÌÅÄÕÅÔ ÓÏÏÔÎÏÛÅÎÉÅLW T = W T d2dt2 ; (2.15)Ñ×ÌÑÀÝÅÅÓÑ ÆÏÒÍÏÊ ÚÁ�ÉÓÉ ÕÒÁ×ÎÅÎÉÑ (2.1).ï�ÅÒÁÔÏÒ ÒÅÁË�ÉÉ. óÏÏÔ×ÅÔÓÔ×ÉÅ "×ÈÏÄ 7→ ×ÙÈÏÄ" × ÓÉÓÔÅÍÅ s
T Ï�É-ÓÙ×ÁÅÔÓÑ Ï�ÅÒÁÔÏÒÏÍ ÒÅÁË�ÉÉ RT : FT → FT ; DomRT =MT ,

(RT f) (t) := 
(0)ufx(0; t) ; 0 6 t 6 T :ðÏÓËÏÌØËÕ × ÄÅÊÓÔ×ÉÉ Ï�ÅÒÁÔÏÒÁ ÒÅÁË�ÉÉ ÕÞÁÓÔ×ÕÅÔ ÄÉÆÆÅÒÅÎ�ÉÒÏ-×ÁÎÉÅ, ÏÎ ÏËÁÚÙ×ÁÅÔÓÑ ÎÅÏÇÒÁÎÉÞÅÎÎÙÍ.ðÒÅÄÌÏÖÅÎÉÅ 2. ó�ÒÁ×ÅÄÌÉ×Ï �ÒÅÄÓÔÁ×ÌÅÎÉÅ
(RT f) (t) = −�ft(t) + !f (t) + t∫0 r(t− s) f(s) ds ; 0 6 t 6 T (2.16)Ó �ÏÓÔÏÑÎÎÙÍÉ ÍÁÔÒÉ�ÁÍÉ� = (�1 00 �2) ; �i := 
i(0)�i(0) ;! := − 
1(0)2 (
1�1)x ∣∣x=0 − 
1(0)
1(0)+
2(0) a (0)
2(0)
1(0)+
2(0) a (0) − 
2(0)2 (
2�2)x ∣∣x=0 (2.17)(a(x) = A21(x)) É ÇÌÁÄËÏÊ ÍÁÔÒÉ�ÅÊ-ÆÕÎË�ÉÅÊr (t) := 
 (0) w̃x (0; t) :ðÒÉ ÜÔÏÍ ×Ù�ÏÌÎÑÀÔÓÑ ÓÏÏÔÎÏÛÅÎÉÑ�1; �2 > 0 ; !12 = −�!21 ; � > 1 ; r(t) = r(t)trÉ � = 
1 (0)
2 (0) ; !21 − !12 = a (0) : (2.18)ðÒÅÄÓÔÁ×ÌÅÎÉÅ (2.16) ÕÓÔÁÎÁ×ÌÉ×ÁÅÔÓÑ ÄÉÆÆÅÒÅÎ�ÉÒÏ×ÁÎÉÅÍ �Ï x× (2.7) (ÓÍ. [2℄). óÉÍÍÅÔÒÉÞÎÏÓÔØ ÍÁÔÒÉÞÎÏÊ ÆÕÎË�ÉÉ ÏÔËÌÉËÁ r(t)×Ù×ÏÄÉÔÓÑ ÉÚ ÕÓÌÏ×ÉÊ ÓÁÍÏÓÏ�ÒÑÖÅÎÎÏÓÔÉ (2.5).



158 á. ì. ðåó�ï÷ï�ÅÒÁÔÏÒ R2T . ó ÓÉÓÔÅÍÏÊ s
T Ó×ÑÚÁÎ ÅÝÅ ÏÄÉÎ Ï�ÅÒÁÔÏÒ, ËÏÔÏÒÙÊ××ÏÄÉÔÓÑ ÞÅÒÅÚ ÎÁÞÁÌØÎÏ-ËÒÁÅ×ÕÀ ÚÁÄÁÞÕ�utt − (
ux)x +Aux +Bu = 0 ; (x; t) ∈ �2T (2.19)u∣∣t<�1(x) = 0 (2.20)u|x=0 = f ; 0 6 t 6 2T ; (2.21)ÇÄÅ �2T = {(x; t) | 0 < x < x1(T ); 0 < t < 2T − �1 (x)}. åÅ ËÏÒÒÅËÔ-ÎÏÓÔØ ÕÓÔÁÎÁ×ÌÉ×ÁÅÔÓÑ ÓÔÁÎÄÁÒÔÎÏÊ ÔÅÈÎÉËÏÊ { Ó×ÅÄÅÎÉÅÍ Ë ÓÉÓÔÅÍÅÉÎÔÅÇÒÁÌØÎÙÈ ÕÒÁ×ÎÅÎÉÊ ÷ÏÌØÔÅÒÒÁ ×ÔÏÒÏÇÏ ÒÏÄÁ. ðÒÉ Õ�ÒÁ×ÌÅÎÉÑÈf ∈ M2T (ÓÍ. (2.6)) ÒÅÛÅÎÉÅ u = uf (x; t) ÏËÁÚÙ×ÁÅÔÓÑ ËÌÁÓÓÉÞÅÓËÉÍ ÉÇÌÁÄËÉÍ.ï ÚÁÄÁÞÅ (2.19){(2.21) ÍÏÖÎÏ ÇÏ×ÏÒÉÔØ ËÁË Ï ÒÁÓÛÉÒÅÎÎÏÊ ×ÅÒÓÉÉÚÁÄÁÞÉ (2.10){(2.12), ÓÕÝÅÓÔ×ÕÀÝÅÊ × ÓÉÌÕ ÇÉ�ÅÒÂÏÌÉÞÎÏÓÔÉ �ÏÓÌÅÄ-ÎÅÊ. åÓÌÉ Õ�ÒÁ×ÌÅÎÉÅ f ÉÚ (2.21) ÔÁËÏ×Ï, ÞÔÏ f |[0;T ℄ ÓÏ×�ÁÄÁÅÔ Ó f ÉÚ(2.3), ÔÏ ÒÅÛÅÎÉÑ ÜÔÉÈ ÚÁÄÁÞ ÓÏ×�ÁÄÁÀÔ �ÒÉ ×ÒÅÍÅÎÁÈ 0 6 t 6 T .÷ÁÖÎÏ ÏÔÍÅÔÉÔØ, ÞÔÏ ÒÅÛÅÎÉÑ ÏÂÅÉÈ ÚÁÄÁÞ ×�ÏÌÎÅ Ï�ÒÅÄÅÌÑÀÔÓÑ �Ï-×ÅÄÅÎÉÅÍ ËÏÜÆÆÉ�ÉÅÎÔÏ× �; 
; A;B �ÒÉ 0 6 x 6 x1(T ) (ÎÅ ÚÁ×ÉÓÑÔ ÏÔÉÈ �Ï×ÅÄÅÎÉÑ �ÒÉ x > x1(T )).úÁÄÁÞÅ (2.19){(2.21) ÓÏ�ÏÓÔÁ×ÉÍ Ï�ÅÒÁÔÏÒ R2T : F2T → F2T ,DomR2T =M2T ,

(R2T f) (t) := 
(0)ufx(0; t) ; 0 6 t 6 2T ;ËÏÔÏÒÙÊ ÎÁÚÙ×ÁÅÔÓÑ ÒÁÓÛÉÒÅÎÎÙÍ Ï�ÅÒÁÔÏÒÏÍ ÒÅÁË�ÉÉ ÓÉÓÔÅÍÙ s
T .ðÒÅÄÌÏÖÅÎÉÅ 3. ï�ÅÒÁÔÏÒ R2T Ï�ÒÅÄÅÌÑÅÔÓÑ ËÏÜÆÆÉ�ÉÅÎÔÁÍÉ

{�; 
; A;B}
∣∣06x6x1(T ) É ÉÍÅÅÔ �ÒÅÄÓÔÁ×ÌÅÎÉÅ

(R2T f) (t) = −�ft(t) + !f (t) + t∫0 r(t − s) f(s) ds; 0 6 t 6 2T (2.22)Ó ÍÁÔÒÉ�ÁÍÉ �; ! ÉÚ (2.17) É ÇÌÁÄËÏÊ ÓÉÍÍÅÔÒÉÞÅÓËÏÊ ÍÁÔÒÉ�ÅÊ-ÆÕÎ-Ë�ÉÅÊ r(t); 0 6 t 6 2T . ðÒÉ ÜÔÏÍ r∣∣06t6T ÓÏ×�ÁÄÁÅÔ Ó ÆÕÎË�ÉÅÊ rÉÚ (2.16).îÅÔÒÕÄÎÏ ÚÁÍÅÔÉÔØ, ÞÔÏ Ï�ÅÒÁÔÏÒ R2T ÓÏ×�ÁÄÁÅÔ Ó (ÎÅÒÁÓÛÉÒÅÎ-ÎÙÍ) Ï�ÅÒÁÔÏÒÏÍ ÒÅÁË�ÉÉ ÓÉÓÔÅÍÙ s
2T Ó ÆÉÎÁÌØÎÙÍ ÍÏÍÅÎÔÏÍ t =2T 4. ðÏÜÔÏÍÕ �ÒÅÄÓÔÁ×ÌÅÎÉÅ (2.22) ÎÅ ÔÒÅÂÕÅÔ ÏÔÄÅÌØÎÏÇÏ ×Ù×ÏÄÁ: ÏÎÏ4�Ï ÜÔÏÊ �ÒÉÞÉÎÅ ÍÙ ÎÅ ÒÁÚÌÉÞÁÅÍ ÉÈ ÏÂÏÚÎÁÞÅÎÉÑÍÉ



ïâ ïâòá�îïê úáäáþå 159�ÒÏÓÔÏ ×ÏÓ�ÒÏÉÚ×ÏÄÉÔ (2.16) Ó ÄÒÕÇÉÍ ÆÉÎÁÌØÎÙÍ ÍÏÍÅÎÔÏÍ. óÏ×�Á-ÄÅÎÉÅ ÜÔÉÈ Ï�ÅÒÁÔÏÒÏ× ÅÓÔØ ÓÌÅÄÓÔ×ÉÅ ÇÉ�ÅÒÂÏÌÉÞÎÏÓÔÉ (ËÏÎÅÞÎÏÓÔÉÏÂÌÁÓÔÅÊ ×ÌÉÑÎÉÑ).ïÔÍÅÞÅÎÎÙÊ × ðÒÅÄÌÏÖÅÎÉÉ 3 ÈÁÒÁËÔÅÒ ÚÁ×ÉÓÉÍÏÓÔÉ ÏÔ ËÏÜÆÆÉ�É-ÅÎÔÏ× ÄÅÌÁÅÔ ÒÁÓÛÉÒÅÎÎÙÊ Ï�ÅÒÁÔÏÒ ÁÔÒÉÂÕÔÏÍ Ä×ÕÈÓËÏÒÏÓÔÎÏÊ ÄÉ-ÎÁÍÉÞÅÓËÏÊ ÓÉÓÔÅÍÙ Ó ÆÉÎÁÌØÎÙÍ ÍÏÍÅÎÔÏÍ t = T : ËÁË É ÏÓÔÁÌØÎÙÅÜÌÅÍÅÎÔÙ ÓÉÓÔÅÍÙ s
T , ÏÎ Ï�ÒÅÄÅÌÑÅÔÓÑ ÍÁÔÒÉÞÎÙÍÉ ËÏÜÆÆÉ�ÉÅÎÔÁÍÉ

{�; 
; A;B}
∣∣06x6x1(T ).ëÁË ×ÉÄÎÏ ÉÚ (2.22), ÚÁÄÁÎÉÅ Ï�ÅÒÁÔÏÒÁ R2T ÒÁ×ÎÏÓÉÌØÎÏ ÚÁÄÁÎÉÀ�ÏÓÔÏÑÎÎÙÈ ÍÁÔÒÉ� �, ! É ÓÉÍÍÅÔÒÉÞÅÓËÏÊ ÆÕÎË�ÉÉ r|06t62T .ó×ÑÚÙ×ÁÀÝÉÊ Ï�ÅÒÁÔÏÒ. ï�ÅÒÁÔÏÒ CT : FT → FT ,CT := (W T )∗W TÎÁÚÙ×ÁÅÔÓÑ Ó×ÑÚÙ×ÁÀÝÉÍ. ï�ÒÅÄÅÌÑÀÝÅÅ ÅÇÏ ÓÏÏÔÎÏÛÅÎÉÅ

(CT f; g)
FT = (W T f;W T g)

Hx1(T ) = (uf (·; T ) ; ug (·; T ))Hx1(T )Ó×ÑÚÙ×ÁÅÔ ÍÅÔÒÉËÉ ×ÎÅÛÎÅÇÏ É ×ÎÕÔÒÅÎÎÅÇÏ �ÒÏÓÔÒÁÎÓÔ×. ï�ÅÒÁÔÏÒCT ÏÇÒÁÎÉÞÅÎ (�Ï ÏÇÒÁÎÉÞÅÎÎÏÓÔÉ W T ), ÓÁÍÏÓÏ�ÒÑÖÅÎ É ÎÅÏÔÒÉ�ÁÔÅ-ÌÅÎ. âÏÌÅÅ ÔÏÇÏ, ÄÌÑ ÎÅÇÏ Ó�ÒÁ×ÅÄÌÉ×Ï �ÒÅÄÓÔÁ×ÌÅÎÉÅ
(CT f) (t) = �f (t) + T∫0 


12 2T−t−s∫

|t−s| r (�) d� f (s) ds; 0 6 t 6 T :íÅÄÌÅÎÎÙÅ ×ÏÌÎÙ. îÅÓÍÏÔÒÑ ÎÁ ×ÚÁÉÍÏÄÅÊÓÔ×ÉÅ ÍÏÄ, × ÓÉÓÔÅÍÅ sT ÓÕ-ÝÅÓÔ×ÕÀÔ ×ÏÌÎÙ, �ÅÒÅÄÎÉÊ ÆÒÏÎÔ ËÏÔÏÒÙÈ Ä×ÉÖÅÔÓÑ Ó ÍÅÄÌÅÎÎÏÊ ÓËÏ-ÒÏÓÔØÀ 
2(x) = dx2d� ∣∣�=�2(x); ÔÏ ÅÓÔØuf (x; t) ≡ 0 �ÒÉ x > x2 (t) : (2.23)÷ [1, 3℄ �ÒÉ×ÏÄÉÔÓÑ Ï�ÉÓÁÎÉÅ Õ�ÒÁ×ÌÅÎÉÊ, ÉÎÉ�ÉÉÒÕÀÝÉÈ ÔÁËÉÅ ×ÏÌÎÙ.ðÒÅÄÌÏÖÅÎÉÅ 4. óÕÝÅÓÔ×ÕÅÔ ÅÄÉÎÓÔ×ÅÎÎÁÑ ÇÌÁÄËÁÑ ÆÕÎË�ÉÑ l =l(t), 0 6 t 6 T − �1(x2(T )), ÔÁËÁÑ, ÞÔÏ ÓÏÏÔÎÏÛÅÎÉÅ (2.23) ÒÁ×ÎÏÓÉÌØ-ÎÏ Ó×ÑÚÉ f1 (t) = t∫0 l(t− s) f2 (s) ds ; 0 6 t 6 T − �1 (x2(T ))



160 á. ì. ðåó�ï÷ÍÅÖÄÕ ËÏÍ�ÏÎÅÎÔÁÍÉ Õ�ÒÁ×ÌÅÎÉÑ. âÏÌÅÅ ÔÏÇÏ,l(0) = √
2(0)�2(0)
1(0)�2(0)− 
2(0)�1(0) a(0) = �!21(� − 1)�1(ÎÁ�ÏÍÎÉÍ, ÞÔÏ � := 
1(0)
2(0) > 1).ðÒÉÍÅÞÁÔÅÌØÎÙÊ ÆÁËÔ ÓÏÓÔÏÉÔ × ÔÏÍ, ÞÔÏ ÆÕÎË�ÉÑ l ÎÅ ÚÁ×ÉÓÉÔ ÏÔT É ÅÅ ÚÎÁÞÅÎÉÑ × ÉÎÔÅÒ×ÁÌÅ 0 6 t 6 T − �1 (x2(T )), ÉÓ�ÏÌØÚÕÅÍÏÍ �ÒÉÄÁÎÎÏÍ T , Ï�ÒÅÄÅÌÑÀÔÓÑ ÚÎÁÞÅÎÉÑÍÉ ËÏÜÆÆÉ�ÉÅÎÔÏ× �; 
; A;B ÌÉÛØ�ÒÉ 0 6 x 6 x2(T ). ðÏÜÔÏÍÕ ÆÕÎË�ÉÀ l∣∣t>0 ÅÓÔÅÓÔ×ÅÎÎÏ ÓÞÉÔÁÔØ ÁÔÒÉ-ÂÕÔÏÍ ÚÁÄÁÞÉ (2.1){(2.3) Ó T = ∞.
§3. ðÒÏ�ÅÄÕÒÁ �ÏÓÔÒÏÅÎÉÑ ÓÉÓÔÅÍÙ3.1. èÁÒÁËÔÅÒÉÚÁ�ÉÑ ÄÁÎÎÙÈ ÏÂÒÁÔÎÏÊ ÚÁÄÁÞÉ. ÷ ÏÂÒÁÔÎÙÈ ÚÁ-ÄÁÞÁÈ Ï�ÅÒÁÔÏÒ ÒÅÁË�ÉÉ ÄÉÎÁÍÉÞÅÓËÏÊ ÓÉÓÔÅÍÙ ÉÇÒÁÅÔ ÒÏÌØ ÄÁÎÎÙÈ,�Ï ËÏÔÏÒÙÍ ÔÒÅÂÕÅÔÓÑ ×ÏÓÓÔÁÎÏ×ÉÔØ ÅÅ �ÁÒÁÍÅÔÒÙ. èÁÒÁËÔÅÒÉÓÔÉÞÅ-ÓËÏÅ Ï�ÉÓÁÎÉÅ ÄÁÎÎÙÈ ÄÏÓÔÁ×ÌÑÅÔ ÎÅÏÂÈÏÄÉÍÙÅ É ÄÏÓÔÁÔÏÞÎÙÅ ÕÓÌÏ-×ÉÑ ÒÁÚÒÅÛÉÍÏÓÔÉ ÏÂÒÁÔÎÏÊ ÚÁÄÁÞÉ. ëÁË ÂÙÌÏ �ÏËÁÚÁÎÏ × ÒÁÂÏÔÅ [3℄,�ÒÉÍÅÎÉÔÅÌØÎÏ Ë ÓÉÓÔÅÍÅ s

T 5 ÜÔÉ ÕÓÌÏ×ÉÑ ÓÏÓÔÏÑÔ × ÓÌÅÄÕÀÝÅÍ.�ÅÏÒÅÍÁ 1. ï�ÅÒÁÔÏÒ R2T : L2 ([0; 2T ℄;R2) → L2 ([0; 2T ℄;R2),DomR2T = M2T ×ÉÄÁ
(
R2T f) (t) = −�ft(t) + !f(t) + t∫0 r(t − s)f(s) ds; 0 6 t 6 2T (3.1)Ó �ÏÓÔÏÑÎÎÙÍÉ ÍÁÔÒÉ�ÁÍÉ � = diag {�1; �2}; ! É ÇÌÁÄËÏÊ ÍÁÔÒÉ�ÅÊ-ÆÕÎË�ÉÅÊ r|06t62T Ñ×ÌÑÅÔÓÑ ÒÁÓÛÉÒÅÎÎÙÍ Ï�ÅÒÁÔÏÒÏÍ ÒÅÁË�ÉÉ ÎÅËÏ-ÔÏÒÏÊ ÓÉÓÔÅÍÙ s

T ÅÓÌÉ É ÔÏÌØËÏ ÅÓÌÉ ×Ù�ÏÌÎÅÎÙ ÕÓÌÏ×ÉÑ:(1) �1; �2 > 0, !12 = −�!21 Ó � > 1;(2) [r(t)℄tr = r(t); 0 6 t 6 2T ;(3) Ï�ÅÒÁÔÏÒ CT , ÄÅÊÓÔ×ÕÀÝÉÊ × L2 ([0; T ℄;R2) �Ï �ÒÁ×ÉÌÕ
(
CT f) (t) := �f(t) + T∫0 


12 2T−t−s∫

|t−s| r(�) d� f(s) ds; 0 6 t 6 2T;5îÁ�ÏÍÎÉÍ, ÞÔÏ ÓÉÓÔÅÍÁ s
T Ï�ÒÅÄÅÌÑÅÔÓÑ ÎÁÞÁÌØÎÏ-ËÒÁÅ×ÏÊ ÚÁÄÁÞÅÊ (2.10){(2.12) Ó ÇÌÁÄËÉÍÉ ËÏÜÆÆÉ�ÉÅÎÔÁÍÉ, �ÒÉÞÅÍ ×Ù�ÏÌÎÅÎÙ (2.4) É (2:5).



ïâ ïâòá�îïê úáäáþå 161Ñ×ÌÑÅÔÓÑ �ÏÌÏÖÉÔÅÌØÎÙÍ ÉÚÏÍÏÒÆÉÚÍÏÍ.äÏËÁÚÁÔÅÌØÓÔ×Ï ÄÏÓÔÁÔÏÞÎÏÓÔÉ × [3℄ ËÏÎÓÔÒÕËÔÉ×ÎÏ: �Ï ÚÁÄÁÎÎÏÍÕ
R2T ÓÔÒÏÉÔÓÑ ÓÉÓÔÅÍÁ s

T , Ï�ÅÒÁÔÏÒ ÒÅÁË�ÉÉ ËÏÔÏÒÏÊ ÓÏ×�ÁÄÅÔ Ó R2T .ðÏÓÔÒÏÉÔØ ÓÉÓÔÅÍÕ (2.10){(2.12) ÚÎÁÞÉÔ �ÒÅÄßÑ×ÉÔØ ËÏÎËÒÅÔÎÙÅ Ï�ÒÅ-ÄÅÌÑÀÝÉÅ ÅÅ ËÏÜÆÆÉ�ÉÅÎÔÙ �; 
; A;B. ó ÕÞÅÔÏÍ ÕÓÌÏ×ÉÑ (2.5), ÜÔÉ ËÏ-ÜÆÆÉ�ÉÅÎÔÙ ÚÁÄÁÀÔÓÑ ×ÏÓÅÍØÀ �ÁÒÁÍÅÔÒÁÍÉ (ÓËÁÌÑÒÎÙÍÉ ÆÕÎË�ÉÑ-ÍÉ) �1; �2; 
1; 
2; a12; b11; b12; b22. ÷ ÔÏ ÖÅ ×ÒÅÍÑ Ï�ÅÒÁÔÏÒ R2T Ï�ÒÅÄÅ-ÌÑÅÔÓÑ ÌÉÛØ ÔÒÅÍÑ �ÁÒÁÍÅÔÒÁÍÉ r11; r12(= r21); r22 (�ÌÀÓ �ÏÓÔÏÑÎÎÙÅÍÁÔÒÉ�Ù �É !). ÷ ÜÔÏÊ ÓÉÔÕÁ�ÉÉ ÏÖÉÄÁÔØ ÅÄÉÎÓÔ×ÅÎÎÏÓÔÉ ÓÉÓÔÅÍÙ
s
T Ó ÚÁÄÁÎÎÙÍ R2T ÎÅ �ÒÉÈÏÄÉÔÓÑ. ðÏÜÔÏÍÕ × ÒÁÂÏÔÅ [3℄ Ï�ÉÓÙ×ÁÀÔÓÑ×ÓÅ ÔÁËÉÅ ÓÉÓÔÅÍÙ, Á �ÏÓÔÒÏÅÎÉÅ �ÒÅÄÓÔÁ×ÉÔÅÌÑ ÓÅÍÅÊÓÔ×Á ÓÉÓÔÅÍ ÓÚÁÄÁÎÎÙÍ R2T Ó×ÏÄÉÔÓÑ Ë "ÓÁÍÏÓÏÇÌÁÓÏ×ÁÎÎÏÍÕ" ×ÙÂÏÒÕ Ó×ÏÂÏÄÎÙÈ�ÑÔÉ (5=8-3) �ÁÒÁÍÅÔÒÏ× É �ÏÓÌÅÄÕÀÝÅÊ �ÒÏ×ÅÒËÅ ÎÅ �ÒÏÔÉ×ÏÒÅÞÉ×Ï-ÓÔÉ É �ÒÁ×ÉÌØÎÏÓÔÉ ×ÙÂÏÒÁ. ÷ ËÁÞÅÓÔ×Å Ó×ÏÂÏÄÎÙÈ �ÑÔÉ �ÁÒÁÍÅÔÒÏ××ÙÂÉÒÁÀÔÓÑ ÄÉÁÇÏÎÁÌØÎÙÅ ÜÌÅÍÅÎÔÙ ÍÁÔÒÉ�-ÆÕÎË�ÉÊ � É 
; Á ÔÁË-ÖÅ ÆÕÎË�ÉÑ l, Ï�ÒÅÄÅÌÑÀÝÁÑ Ó×ÑÚØ ËÏÍ�ÏÎÅÎÔ Õ�ÒÁ×ÌÅÎÉÊ, ÉÎÉ�ÉÉÒÕ-ÀÝÉÈ ÍÅÄÌÅÎÎÙÅ ×ÏÌÎÙ. ðÏÍÉÍÏ ×ÙÂÏÒÁ Ó×ÏÂÏÄÎÙÈ �ÁÒÁÍÅÔÒÏ×, ÄÌÑ×ÏÓÓÔÁÎÏ×ÌÅÎÉÑ ÍÁÔÒÉ� A É B ÎÁ ÏÔÒÅÚËÅ [0; x1 (T )℄, ÎÅÏÂÈÏÄÉÍÏ Ó�Å�É-ÁÌØÎÙÍ ÏÂÒÁÚÏÍ �ÒÏÄÏÌÖÉÔØ Ï�ÅÒÁÔÏÒ ÒÅÁË�ÉÉ, Ô.Å. ×ÙÂÒÁÔØ �ÒÏÄÏÌ-ÖÅÎÉÅ ÓÉÍÍÅÔÒÉÞÎÏÊ ÍÁÔÒÉÞÎÏÊ ÆÕÎË�ÉÉ r ÎÁ ÂÏÌØÛÉÊ �ÒÏÍÅÖÕÔÏË.ðÏÓÌÅ ÞÅÇÏ, ËÁË �ÏËÁÚÁÎÏ × [3℄, ÍÁÔÒÉ�Ù -ÆÕÎË�ÉÉ A É B Ï�ÒÅÄÅÌÑÀÔ-ÓÑ ÎÁ ÏÔÒÅÚËÅ [0; x1 (T )℄ ÏÄÎÏÚÎÁÞÎÏ. ïÄÎÁËÏ Ñ×ÎÙÈ �ÒÅÄÓÔÁ×ÌÅÎÉÊ ÄÌÑÍÁÔÒÉ� A É B × [3℄ ÎÅ �ÒÉ×ÏÄÉÔÓÑ.÷ ÓÌÅÄÕÀÝÅÍ ÒÁÚÄÅÌÅ �ÒÏ×ÏÄÉÔÓÑ �ÒÏ�ÅÄÕÒÁ, Ï�ÉÓÁÎÎÁÑ × [3℄. ðÏ ÅÅÒÅÚÕÌØÔÁÔÁÍ, × ÒÁÚÄÅÌÅ 3.3 ÂÕÄÅÔ ÄÏËÁÚÁÎÁ �ÅÏÒÅÍÁ 2 Ï �ÒÅÄÓÔÁ×ÌÅÎÉÑÈÄÌÑ ÍÁÔÒÉ� A É B: ÷ÓÅ �ÒÅÄÌÏÖÅÎÉÑ, ×ÓÔÒÅÞÁÀÝÉÅÓÑ ÎÉÖÅ, ÄÏËÁÚÁÎÙ× [3℄.3.2. ÷ÙÂÏÒ �ÁÒÁÍÅÔÒÏ×. éÔÁË, × ÎÁÛÅÍ ÒÁÓ�ÏÒÑÖÅÎÉÉ ÄÁÎÎÙÅ�; !; r|[0;2T ℄, ÕÄÏ×ÌÅÔ×ÏÒÑÀÝÉÅ ÕÓÌÏ×ÉÑÍ 1{3 �ÅÏÒÅÍÙ 1. ðÒÏ�ÅÄÕÒÁ �Ï-ÓÔÒÏÅÎÉÑ ÓÉÓÔÅÍÙ ÎÁÞÉÎÁÅÔÓÑ Ó ×ÙÂÏÒÁ Ó×ÏÂÏÄÎÙÈ �ÁÒÁÍÅÔÒÏ×.ûÁÇ 1. ðÏ ! ×ÙÂÅÒÅÍ � = 
onst > 1 ÔÁË, ÞÔÏÂÙ ×Ù�ÏÌÎÑÌÏÓØÕÓÌÏ×ÉÅ 1. îÁ �ÏÌÕÏÓÉ x > 0 ×ÙÂÅÒÅÍ �ÒÏÉÚ×ÏÌØÎÙÊ �ÒÏÍÅÖÕÔÏË [0; h℄.÷ÓÅ ÄÁÌØÎÅÊÛÉÅ ÒÁÓÓÍÏÔÒÅÎÉÑ �ÒÏ×ÏÄÑÔÓÑ ÎÁ ÜÔÏÍ �ÒÏÍÅÖÕÔËÅ.ûÁÇ 2. ÷ÙÂÅÒÅÍ ÆÕÎË�ÉÉ 
1; 
2 ∈ C∞[0; h℄ ÔÁË, ÞÔÏÂÙ ×Ù�ÏÌÎÑÌÉÓØÓÏÏÔÎÏÛÅÎÉÑ 0 < 
2(x) < 
1(x); 0 6 x 6 h (ÓÒ. Ó (2.4)) É ÒÁ×ÅÎÓÔ×Ï
1(0) = �
2(0) (3.2)



162 á. ì. ðåó�ï÷(ÓÒ. Ó (2.18)). ï�ÒÅÄÅÌÉÍ�i(x) := x∫0 ds
i(s) ; T ′ := �2(h) ;�ÕÓÔØ x1(t); x2(t) ÓÕÔØ ÆÕÎË�ÉÉ, ÏÂÒÁÔÎÙÅ Ë �1(x); �2(x) É ÚÁÄÁÎÎÙÅÎÁ �ÒÏÍÅÖÕÔËÁÈ [0; T ℄ É [0; T ′℄ ÓÏÏÔ×ÅÔÓÔ×ÅÎÎÏ. ïÔÍÅÔÉÍ ÓÏÏÔÎÏÛÅÎÉÑT ′ > T; x1(T ) = x2(T ′) = h, ÓÌÅÄÕÀÝÉÅ ÉÚ Ï�ÒÅÄÅÌÅÎÉÊ.ûÁÇ 3. ÷ÙÂÅÒÅÍ ÆÕÎË�ÉÉ �1; �2 ∈ C∞[0; h℄; �i > 0 ÔÁË, ÞÔÏÂÙ ×Ù-�ÏÌÎÑÌÉÓØ ÒÁ×ÅÎÓÔ×Á�i(0) = �i
i(0) ; −
i(0)2 (
i�i)x ∣∣x=0 = !ii : (3.3)üÔÉ ÒÁ×ÅÎÓÔ×Á ÎÁËÌÁÄÙ×ÁÀÔ ÕÓÌÏ×ÉÑ ÌÉÛØ ÎÁ �i(0) É d�idx (0); É ÔÁËÏÊ×ÙÂÏÒ ÆÕÎË�ÉÊ �i, ÏÞÅ×ÉÄÎÏ, ×ÏÚÍÏÖÅÎ. ðÏÌÏÖÉÍ
i(x) := �i(x)
2i (x) ; 0 6 x 6 h :ûÁÇ 4. ÷×ÅÄÅÍ ÆÕÎË�ÉÉ�T ′1 (�) := T ′ − �2(x2(�)) = T ′ − � ; (3.4)�T ′2 (�) := T ′ − �1(x2(�)); 0 6 � 6 T ′ : (3.5)÷ÙÂÅÒÅÍ ÆÕÎË�ÉÀ l ∈ C∞[0; �T ′2 (T ′)℄ ÔÁË, ÞÔÏÂÙ ×Ù�ÏÌÎÑÌÏÓØ ÒÁ×ÅÎ-ÓÔ×Ï l(0) = �!21(�− 1)�1 : (3.6)ë ÜÔÏÍÕ ÍÏÍÅÎÔÕ ÄÉÎÁÍÉÞÅÓËÏÊ ÓÉÓÔÅÍÅ, ËÏÔÏÒÕÀ ÍÙ ÓÔÒÏÉÍ, �ÒÅÄ-�ÉÓÁÎÙ ËÏÜÆÆÉ�ÉÅÎÔÙ (ÍÁÔÒÉ�Ù) �; 
 É ÆÕÎË�ÉÑ l, ËÏÔÏÒÁÑ Ï�ÒÅÄÅÌÑ-ÅÔ Ó×ÑÚØ ËÏÍ�ÏÎÅÎÔ ÍÅÄÌÅÎÎÙÈ ×ÏÌÎ (ÓÍ. ðÒÅÄÌÏÖÅÎÉÅ 4). îÅÚÁ×ÉÓÉÍÏÏÔ ÔÏÇÏ, ËÁËÉÍÉ × ÄÁÌØÎÅÊÛÅÍ ÏËÁÖÕÔÓÑ ÏÓÔÁ×ÛÉÅÓÑ ËÏÜÆÆÉ�ÉÅÎÔÙA;B, Ï�ÅÒÁÔÏÒ ÒÅÁË�ÉÉ ÓÉÓÔÅÍÙ ÚÁ×ÅÄÏÍÏ ÂÕÄÅÔ ÉÍÅÔØ ×ÉÄ (2.22) Ó �Ï-ÓÔÏÑÎÎÙÍÉ ÍÁÔÒÉ�ÁÍÉ �; !, ÓÏ×�ÁÄÁÀÝÉÍÉ Ó ÏÄÎÏÉÍÅÎÎÙÍÉ ÍÁÔÒÉ�Á-ÍÉ ÉÚ (3.1). üÔÏ ÓÏ×�ÁÄÅÎÉÅ ÏÂÅÓ�ÅÞÅÎÏ ÎÁÌÏÖÅÎÉÅÍ ÕÓÌÏ×ÉÊ (3.2){(3.6).ûÁÇ 5. úÄÅÓØ ÍÁÔÒÉ�Á-ÆÕÎË�ÉÑ r ÉÚ (3.1), ÚÁÄÁÎÎÁÑ �ÒÉ 0 6 t 62T , �ÒÏÄÏÌÖÁÅÔÓÑ ÎÁ ÂÏÌØÛÉÊ �ÒÏÍÅÖÕÔÏË 0 6 t 6 2T ′.



ïâ ïâòá�îïê úáäáþå 163óËÁÖÅÍ, ÞÔÏ ÆÕÎË�ÉÑ r∣∣[0;2T ′℄ Ñ×ÌÑÅÔÓÑ ÜÒÍÉÔÏ×Ï-�ÏÌÏÖÉÔÅÌØÎÙÍ�ÒÏÄÏÌÖÅÎÉÅÍ ÆÕÎË�ÉÉ r∣∣[0;2T ℄, ÅÓÌÉ Ï�ÅÒÁÔÏÒ
(
CT ′f) (t) := �f(t) + T ′∫0 12 2T ′−t−s∫

|t−s| r(�) d� f(s) ds; 0 6 t 6 2T ′ ;(3.7)ÅÓÔØ �ÏÌÏÖÉÔÅÌØÎÙÊ ÉÚÏÍÏÒÆÉÚÍ × �ÒÏÓÔÒÁÎÓÔ×Å L2 ([0; T ′℄;R2) (ËÁË É
CT × L2 ([0; T ℄;R2)). ó�ÏÓÏÂ �ÒÏÄÏÌÖÅÎÉÑ �ÏÄÒÏÂÎÏ Ï�ÉÓÁÎ × [3℄; ÏÎ ÉÓ-�ÏÌØÚÕÅÔ ×Ó�ÏÍÏÇÁÔÅÌØÎÕÀ ÏÄÎÏÓËÏÒÏÓÔÎÕÀ ÓÉÓÔÅÍÕ É �ÏÚ×ÏÌÑÅÔ �Ï-ÌÕÞÉÔØ ×ÓÅ ÇÌÁÄËÉÅ ÜÒÍÉÔÏ×Ï-�ÏÌÏÖÉÔÅÌØÎÙÅ �ÒÏÄÏÌÖÅÎÉÑ r.ë ÎÁÓÔÏÑÝÅÍÕ ÍÏÍÅÎÔÕ ÄÌÑ ËÏÎÓÔÒÕÉÒÕÅÍÏÊ Ä×ÕÈÓËÏÒÏÓÔÎÏÊ ÓÉÓÔÅ-ÍÙ s

T ×ÙÂÒÁÎÙ ÍÁÔÒÉ�Ù-ÆÕÎË�ÉÉ �; 
∣∣06x6h, ÆÕÎË�ÉÑ l∣∣06t6�T ′2 (T ′) É�ÒÏÄÏÌÖÅÎÉÅ r∣∣06t62T ′
. üÔÏÔ ÎÁÂÏÒ Ï�ÒÅÄÅÌÑÅÔÓÑ ×ÏÓÅÍØÀ �ÁÒÁÍÅÔÒÁ-ÍÉ (ÓËÁÌÑÒÎÙÍÉ ÆÕÎË�ÉÑÍÉ) �1; �2; 
1; 
2; l É {r11; r12; r22}∣∣2T6t62T ′

.ðÏÜÔÏÍÕ Ó×ÏÂÏÄÁ ×ÙÂÏÒÁ �ÁÒÁÍÅÔÒÏ× ÉÓÞÅÒ�ÁÎÁ, É ÏÓÔÁÌØÎÙÅ ÜÌÅÍÅÎ-ÔÙ ÓÉÓÔÅÍÙ Ï�ÒÅÄÅÌÑÔÓÑ ÕÖÅ ÏÄÎÏÚÎÁÞÎÏ.ðÒÏÓÔÒÁÎÓÔ×Á, Ï�ÅÒÁÔÏÒÙ, ×ÏÌÎÙ. ðÒÏÓÔÒÁÎÓÔ×Á. ïÂÏÚÎÁÞÉÍ
FT ′ := L2 ([0; T ′℄;R2). æÕÎË�ÉÑ l Ï�ÒÅÄÅÌÑÅÔ × FT ′ ÓÅÍÅÊÓÔ×Ï �ÏÄ-�ÒÏÓÔÒÁÎÓÔ×
FT ′;�l := {f ∈ FT ′

∣∣∣∣ f ∣∣[0;T ′−�℄ = 0;f1(t) = t∫�T ′1 (�) l(t− s)f2(s) ds; �T ′1 (�) 6 t 6 �T ′2 (�)};0 < � < T ′; FT ′;0l := {0}; FT ′;T ′l =: FT ′l (3.8)îÁÉÂÏÌØÛÅÅ ÉÚ ÎÉÈ FT ′l ÂÕÄÅÍ ÎÁÚÙ×ÁÔØ ×ÎÅÛÎÉÍ �ÒÏÓÔÒÁÎÓÔ×ÏÍ, ÁÅÇÏ ÜÌÅÍÅÎÔÙ { Õ�ÒÁ×ÌÅÎÉÑÍÉ. ðÒÏÓÔÒÁÎÓÔ×Ï L2;� ([0; h℄;R2) =: HhÎÁÚÏ×ÅÍ ×ÎÕÔÒÅÎÎÉÍ (ÎÁ�ÏÍÎÉÍ, ÞÔÏ h = x2(T ′) = x1(T )).ðÒÏÅËÔÏÒÙ. ï�ÒÅÄÅÌÉÍ PT ′; �l ËÁË (ËÏÓÏÊ) �ÒÏÅËÔÏÒ × FT ′ ÎÁ FT ′;�l�ÁÒÁÌÌÅÌØÎÏ �ÏÄ�ÒÏÓÔÒÁÎÓÔ×Õ (CT ′)−1[FT ′ ⊖ FT ′;�l ℄. üË×É×ÁÌÅÎÔÎÙÍ
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PT; �l := eT ′;�l [(eT ′;�l )∗CT ′eT ′;�l ]−1 (eT ′;�l )∗CT ′ ; 0 6 � 6 T ′ (3.9)× ËÏÔÏÒÏÍ eT ′;�l : FT ′;�l → FT ′ ÅÓÔØ Ï�ÅÒÁÔÏÒ ×ÌÏÖÅÎÉÑ. ï�ÒÅÄÅÌÅÎÉÅËÏÒÒÅËÔÎÏ, �ÏÓËÏÌØËÕ CT ′ É ×ÓÅ ÅÇÏ ÂÌÏËÉ (eT ′;�l )∗CT ′eT ′;�l ÓÕÔØ ÉÚÏÍÏÒ-ÆÉÚÍÙ × ÓÏÏÔ×ÅÔÓÔ×ÕÀÝÉÈ FT ′;�l . äÌÑ Ï�ÉÓÁÎÉÑ ÄÅÊÓÔ×ÉÑ �ÒÏÅËÔÏÒÁ

PT; �l ××ÅÄÅÍ Ï�ÅÒÁÔÏÒ�� : L2[�T ′1 (�); �T ′2 (�)℄ → L2[�T ′1 (�); �T ′2 (�)℄;ÄÅÊÓÔ×ÕÀÝÉÊ �Ï �ÒÁ×ÉÌÕ
(��g) (t) := t∫�T ′1 (�) l(t− s)g(s) ds ; �T ′1 (�) 6 t 6 �T ′2 (�): (3.10)÷ [3℄ ÄÏËÁÚÁÎÏ �ÒÅÄÓÔÁ×ÌÅÎÉÅ(PT ′;�l f)(t) =





0 ; 0 < t 6 �T ′1 (�);
(��f2f2 ) (t) + �T ′2 (�)∫0 pT ′;�(t; s)f(s) ds ; �T ′1 (�) < t 6 �T ′2 (�);f (t) + �T ′2 (�)∫0 pT ′;�(t; s)f(s) ds ; �T ′2 (�) < t 6 T ′ : (3.11)íÁÔÒÉÞÎÏÅ ÑÄÒÏ pT ′;�(t; s) Ñ×ÌÑÅÔÓÑ ÇÌÁÄËÉÍ × [�T ′1 (�); �T ′2 (�)℄ ×ÎÅ ÄÉÁ-ÇÏÎÁÌÉ t = s É �ÒÑÍÙÈ t = �T ′2 (�) É s = �T ′1 (�); ÄÌÑ ÎÅÇÏ ×Ù�ÏÌÎÅÎÏ

|pT ′;�(t; s)| 6 
onst Ó �ÏÓÔÏÑÎÎÏÊ, ÎÅ ÚÁ×ÉÓÑÝÅÊ ÏÔ �; t; s. ðÏÍÉÍÏ ÜÔÏÇÏ,×Ù�ÏÌÎÅÎÙ ÒÁ×ÅÎÓÔ×Álim�→0 (PT ′; �l f)i〈�T ′�{ (�)〉 = fi(T ′) ; i = 1; 2;ÇÄÅ ÉÓ�ÏÌØÚÕÅÔÓÑ ÏÂÏÚÎÁÞÅÎÉÅy〈s〉 := y(s+ 0)− y(s− 0) :



ïâ ïâòá�îïê úáäáþå 165÷ ÄÁÌØÎÅÊÛÅÍ ÔÁËÖÅ �ÏÎÁÄÏÂÑÔÓÑ ÏÂÏÚÎÁÞÅÎÉÑ ÄÌÑ ÒÁÚÒÙ×Ï× ÆÕÎË�ÉÊÎÅÓËÏÌØËÉÈ �ÅÒÅÍÅÎÎÙÈ:z (〈t〉 ; x) := z (t+ 0; x)− z (t− 0; x) ; (3.12)z (t; 〈x〉) := z (t; x+ 0)− z (t; x− 0) : (3.13)úÄÅÓØ z (t; x) É y (s) ÍÏÇÕÔ ÂÙÔØ ÓËÁÌÑÒÎÙÍÉ ÉÌÉ ÍÁÔÒÉÞÎÙÍÉ ÆÕÎË-�ÉÑÍÉ.÷ÏÌÎÙ. ïÂÏÚÎÁÞÉÍ� := diag{�1; �2} ; �i(x) := ( �i(0)
i(0)�i(x)
i(x)) 14 :÷×ÅÄÅÍ �ÌÏÔÎÙÊ × FT ′l ÌÉÎÅÁÌ ÇÌÁÄËÉÈ Õ�ÒÁ×ÌÅÎÉÊ
MT ′l := FT ′l ∩ {f ∈ C∞

([0; T ′℄;R2) | supp f ⊂ (0; T ′℄} ; (3.14)ÁÎÎÕÌÉÒÕÀÝÉÈÓÑ × ÏËÒÅÓÔÎÏÓÔÉ t = 0. ï�ÒÅÄÅÌÉÍ Ï�ÅÒÁÔÏÒ WT ′l :
FT ′l → Hh; DomWT ′l =MT ′l ,

(
WT ′l f) (x) := �(x)((PT ′;�2(x)f)1〈T ′ − �1(x)〉(PT ′;�2(x)f)2〈T ′ − �2(x)〉) ; 0 6 x 6 h:ïÂÒÁÚÙ uf (·; T ′) := WT ′l f ÂÕÄÅÍ ÎÁÚÙ×ÁÔØ ×ÏÌÎÁÍÉ.ðÒÅÄÌÏÖÅÎÉÅ 5. ðÒÉ f ∈ MT ′l Ó�ÒÁ×ÅÄÌÉ×Ï �ÒÅÄÓÔÁ×ÌÅÎÉÅuf (x; T ′) = (WT ′l f)(x) = �(x)(f1 (T ′ − �1 (x))f2 (T ′ − �2 (x)))+ T ′−�1(x)∫0 w(x; t)f (t) dt; 0 6 x 6 h (3.15)Ó ÑÄÒÏÍ w, ÇÌÁÄËÉÍ × [0; h℄× [0; T ′℄ ×ÎÅ ËÒÉ×ÙÈ t = T ′ − �i(x), ÁÎÎÕÌÉ-ÒÕÀÝÉÍÓÑ �ÒÉ t > T ′ − �1(x). âÏÌÅÅ ÔÏÇÏ,w11 (x; s) = �1 (x) pT;�2(x)11 (〈T − �1 (x)〉 ; s) ;w12 (x; s) = �1 (x)(pT;�2(x)12 (〈T − �1 (x)〉 ; s)− lx (T − �1 (x) − s)) ;w21 (x; s) = �2 (x) pT ′;�2(x)21 (T − �2 (x) ; s) ;w22 (x; s) = �2 (x) pT ′;�2(x)22 (T − �2 (x) ; s) ;



166 á. ì. ðåó�ï÷ÇÄÅ lx(s) := {l(s) ; 0 < s < �2(x)− �1(x);0 ; s > �2(x)− �1(x):ïÂ Ï�ÅÒÁÔÏÒÅ WT ′l . ëÁË ×ÉÄÎÏ ÉÚ �ÒÅÄÓÔÁ×ÌÅÎÉÑ (3.15), Ï�ÅÒÁÔÏÒWT ′lÏÇÒÁÎÉÞÅÎ. åÇÏ ÒÁÓÛÉÒÅÎÉÅ �Ï ÎÅ�ÒÅÒÙ×ÎÏÓÔÉ Ó MT ′l ÎÁ FT ′l ÉÍÅÅÔÔÏÔ ÖÅ ×ÉÄ, É ÍÙ ÓÏÈÒÁÎÑÅÍ ÚÁ ÎÉÍ ÏÂÏÚÎÁÞÅÎÉÅ WT ′l . ïÂÒÁÚÙ �ÒÉÄÅÊÓÔ×ÉÉ ÒÁÓÛÉÒÅÎÉÑ ÍÙ ÔÏÖÅ ÎÁÚÙ×ÁÅÍ ×ÏÌÎÁÍÉ.÷ ÓÉÌÕ ÇÌÁÄËÏÓÔÉ ×ÈÏÄÑÝÉÈ × (3.15) ÆÕÎË�ÉÊ �i; �i É ÈÁÒÁËÔÅÒÁÇÌÁÄËÏÓÔÉ ÑÄÒÁ w, Ï�ÅÒÁÔÏÒ WT ′l ÓÏÈÒÁÎÑÅÔ ÇÌÁÄËÏÓÔØ: WT ′l MT ′l ⊂C∞([0; h℄;R2).óÏ�ÒÑÖÅÎÎÙÊ Ï�ÅÒÁÔÏÒ.óÏÇÌÁÛÅÎÉÅ 2. üÌÅÍÅÎÔÙ ×ÎÕÔÒÅÎÎÅÇÏ �ÒÏÓÔÒÁÎÓÔ×Á Hh Ï�ÒÅÄÅ-ÌÅÎÙ �ÒÉ x ∈ [0; h℄. äÏÏ�ÒÅÄÅÌÉÍ ÆÕÎË�ÉÉ g ∈ Hh �ÒÉ x > h ÎÕÌÅÍ:g (x) = 0; x > h:îÁ�ÒÉÍÅÒ, Ó ÕÞÅÔÏÍ óÏÇÌÁÛÅÎÉÑ 2 ÄÌÑ g ∈ Hhg(x1(T ′ − t)) = {0 ; 0 6 t < �T ′2 (T ′);g(x1(T ′ − t)) ; �T ′2 (T ′) 6 t 6 T ′: (3.16)÷ ÏÂÏÚÎÁÞÅÎÉÉ ŷ (t) := ( y1 (x1 (T ′ − t))y2 (x2 (T ′ − t)) ) ; 0 6 t 6 T ′ (3.17)�ÅÒ×ÁÑ ËÏÍ�ÏÎÅÎÔÁ �ÏÎÉÍÁÅÔÓÑ Ó ÕÞÅÔÏÍ óÏÇÌÁÛÅÎÉÑ 2. ÷ �ÏÓÌÅÄÕÀ-ÝÉÈ Ä×ÕÈ �ÒÅÄÌÏÖÅÎÉÑÈ ÉÓ�ÏÌØÚÕÅÔÓÑ ÏÂÏÚÎÁÞÅÎÉÅ (3.17)ðÒÅÄÌÏÖÅÎÉÅ 6. ï�ÅÒÁÔÏÒ (WT ′l )∗ : Hh → FT ′l ÄÅÊÓÔ×ÕÅÔ ÎÁ ÜÌÅ-ÍÅÎÔÙ y = (y1y2) �Ï �ÒÁ×ÉÌÕ
((WT ′l )∗y) (t) = '(t)ŷ (t) + min(h;x1(T ′−t))∫0 w∗(t; x) y(x)dx; 0 6 t 6 T ′;ÇÄÅ'=diag{'1; '2}; 'i (t) :=((�i(0)
i (0) �i (xi (T ′ − t)) 
i (xi (T ′ − t)))) 14 ;Á ÑÄÒÏ w∗ Ñ×ÌÑÅÔÓÑ ÇÌÁÄËÉÍ × [0; T ′℄× [0; h℄ ×ÎÅ ËÒÉ×ÙÈ t = T ′ − �i (x)É ÁÎÎÕÌÉÒÕÅÔÓÑ �ÒÉ t > T ′ − �1 (x).



ïâ ïâòá�îïê úáäáþå 167ïÂÒÁÔÎÙÊ Ï�ÅÒÁÔÏÒ ÷ [3℄ ÕÓÔÁÎÁ×ÌÉ×ÁÅÔÓÑ ÏÂÒÁÔÉÍÏÓÔØWT ′l É ×Ù-×ÏÄÉÔÓÑ �ÒÅÄÓÔÁ×ÌÅÎÉÅ ÄÌÑ (WT ′l )−1.ðÒÅÄÌÏÖÅÎÉÅ 7. ï�ÅÒÁÔÏÒ (WT ′l )−1 : Hh → FT ′l ÄÅÊÓÔ×ÕÅÔ ÎÁ ÜÌÅ-ÍÅÎÔÙ y = (y1y2) �Ï �ÒÁ×ÉÌÕ
((WT ′l )−1y) (t) = �℄(t)ŷ (t) + h∫x2(T ′−t) v (t; x) y (x) dx;0 6 t 6 T ′; (3.18)ÇÄÅ �℄ = diag{�℄1; �℄2},�℄i (t) := ( �i(0)
i(0)�i(xi(T ′ − t))
i(xi(T ′ − t)))− 14 = �−1i (xi(T ′ − t));Á ÑÄÒÏ v Ñ×ÌÑÅÔÓÑ ÇÌÁÄËÉÍ × [0; h℄× [0; T ′℄ ×ÎÅ ËÒÉ×ÙÈ t = T ′ − �i(x) ÉÁÎÎÕÌÉÒÕÅÔÓÑ �ÒÉ x < x2(T ′ − t).ï�ÅÒÁÔÏÒ L. úÄÅÓØ ××ÏÄÉÔÓÑ Ï�ÅÒÁÔÏÒ, ËÏÔÏÒÙÊ Ï�ÒÅÄÅÌÑÅÔ Ü×ÏÌÀ-�ÉÀ ËÏÎÓÔÒÕÉÒÕÅÍÏÊ ÄÉÎÁÍÉÞÅÓËÏÊ ÓÉÓÔÅÍÙ. ï�ÒÅÄÅÌÉÍ ×Ï ×ÎÕÔÒÅÎ-ÎÅÍ �ÒÏÓÔÒÁÎÓÔ×Å Hh ×ÓÀÄÕ �ÌÏÔÎÙÅ ÇÌÁÄËÉÅ ÌÉÎÅÁÌÙ

N h := {y ∈ C∞([0; h℄;R2) | supp y ⊂ [0; h)} ; (3.19)
N h0 := {y ∈ N h | y(0) = 0}:ïÒÉÅÎÔÉÒÕÑÓØ ÎÁ ÓÏÏÔÎÏÛÅÎÉÅ (2.15), ×Ï ×ÎÕÔÒÅÎÎÅÍ �ÒÏÓÔÒÁÎÓÔ×ÅÏ�ÒÅÄÅÌÉÍ Ï�ÅÒÁÔÏÒ L : Hh → Hh; DomL = N h,L := WT ′l d2dt2 (WT ′l )−1 ; (3.20)ÄÌÑ ËÏÔÏÒÏÇÏ × [3℄ ÂÙÌÁ ÄÏËÁÚÁÎÁ ËÏÒÒÅËÔÎÏÓÔØ Ï�ÒÅÄÅÌÅÎÉÑ ÉðÒÅÄÌÏÖÅÎÉÅ 8. ï�ÅÒÁÔÏÒ L ÏÂÌÁÄÁÅÔ ÓÌÅÄÕÀÝÉÍÉ Ó×ÏÊÓÔ×ÁÍÉ:1) ÌÏËÁÌØÎÏÓÔØ: ÄÌÑ y ∈ DomL, ×Ù�ÏÌÎÅÎÏ suppLy ⊂ supp y ;2) ÓÉÍÍÅÔÒÉÞÎÏÓÔØ ÎÁ �ÌÏÔÎÏÍ ÌÉÎÅÁÌÅ N h0 : ÄÌÑ v; y ∈ N h0 ×Ù�ÏÌÎÅÎÏ(Lv; y)Hh = (v; Ly)Hh ;3) ÄÌÑ y ∈ DomL, Ly = �−1 [(
yx)x −Ayx −By℄ (3.21)Ó ÇÌÁÄËÉÍÉ A É B, ÕÄÏ×ÌÅÔ×ÏÒÑÀÝÉÍÉ ÕÓÌÏ×ÉÑÍ (2.5).



168 á. ì. ðåó�ï÷÷ [3℄ ó×ÏÊÓÔ×Ï 3) ÄÏËÁÚÙ×ÁÅÔÓÑ Ó �ÏÍÏÝØÀ Ó×ÏÊÓÔ× 1) É 2). ðÏÄ-ÓÔÁÎÏ×ËÏÊ �ÒÅÄÓÔÁ×ÌÅÎÉÊ (3.18) É (3.15) × �ÒÁ×ÕÀ ÞÁÓÔØ (3.20) É �Ï-ÓÌÅÄÕÀÝÉÍ ÉÎÔÅÇÒÉÒÏ×ÁÎÉÅÍ �Ï ÞÁÓÔÑÍ ÄÌÑ Ï�ÅÒÁÔÏÒÁ L ×Ù×ÏÄÉÔÓÑ�ÒÅÄÓÔÁ×ÌÅÎÉÅ:(Ly) (x) = �−1(x) [(
(x)y′(x))′ −A(x)y′(x) −B(x)y(x)]+ C(x)y′(x2(�1(x))) +D(x)y(x2(�1(x)))+ C̃(x)y′(x1(�2(x))) + D̃(x)y(x1(�2(x)))+ h∫x2(�1(x)) J(x; s) y(s) ds; (3.22)
ÇÄÅ y(x1(�2(x))) �ÏÎÉÍÁÅÔÓÑ Ó ÕÞÅÔÏÍ óÏÇÌÁÛÅÎÉÑ 2, Á A;B;C;D; C̃; D̃ÓÕÔØ ÇÌÁÄËÉÅ ÍÁÔÒÉ�Ù-ÆÕÎË�ÉÉ, J { ËÕÓÏÞÎÏ-ÇÌÁÄËÏÅ ÍÁÔÒÉÞÎÏÅ ÑÄÒÏ.éÚ Ó×ÏÊÓÔ×Á ÌÏËÁÌØÎÏÓÔÉ Ï�ÅÒÁÔÏÒÁ L ÓÌÅÄÕÅÔ, ÞÔÏ ÍÁÔÒÉ�Ù C, D,C̃, D̃ ÓÕÔØ ÎÕÌÅ×ÙÅ, ÔÁËÖÅ ËÁË É ÉÎÔÅÇÒÁÌØÎÏÅ ÓÌÁÇÁÅÍÏÅ. éÚ Ó×ÏÊÓÔ×ÁÓÉÍÍÅÔÒÉÞÎÏÓÔÉ ÓÌÅÄÕÅÔ, ÞÔÏ ÍÁÔÒÉ�Ù A É B ÕÄÏ×ÌÅÔ×ÏÒÑÀÔ ÕÓÌÏ×ÉÑÍ(2.5). ÷ ÓÌÅÄÕÀÝÅÍ ÒÁÚÄÅÌÅ ×Ù×ÏÄÑÔÓÑ �ÒÅÄÓÔÁ×ÌÅÎÉÑ ÍÁÔÒÉ� A É BÞÅÒÅÚ ÍÁÔÒÉÞÎÙÅ ÑÄÒÁ w É v ÉÎÔÅÇÒÁÌØÎÙÈ ÞÁÓÔÅÊ Ï�ÅÒÁÔÏÒÏ× WT ′l É(WT ′l )−1 (ÓÍ. (3.15), (3.18)).3.3. íÁÔÒÉ�Ù A É B. þÁÓÔÎÙÅ �ÒÏÉÚ×ÏÄÎÙÅ ÂÕÄÅÍ ÚÁ�ÉÓÙ×ÁÔØ:z′(1) (t; x) = �z�t (t; x) ; z′(2) (t; x) = �z�x (t; x) :äÌÑ ÒÁÚÒÙ×Ï× ÉÓ�ÏÌØÚÕÅÍ ÏÂÏÚÎÁÞÅÎÉÑ (3.12),(3.13). îÁÍ �ÏÎÁÄÏÂÉÔÓÑìÅÍÍÁ 1. äÌÑ ÒÁÚÒÙ×Ï× ÍÁÔÒÉ�-ÆÕÎË�ÉÊ w (x; t) É v (t; x) ÎÁ ËÒÉ×ÙÈt = T − �i (x) �ÒÉ x ∈ [0; h℄ ÉÍÅÀÔ ÍÅÓÔÏ ÓÏÏÔÎÏÛÅÎÉÑw (x; 〈T ′ − �i (x)〉) = w (〈x〉 ; T ′ − �i (x)) ;v (〈T ′ − �i (x)〉 ; x; ) = v (T ′ − �i (x) ; 〈x〉) :äÏËÁÚÁÔÅÌØÓÔ×Ï. éÚ ðÒÅÄÌÏÖÅÎÉÑ 5 ÉÚ×ÅÓÔÎÏ, ÞÔÏ ÍÁÔÒÉ�Á-ÆÕÎË�ÉÑw (x; t) Ñ×ÌÑÅÔÓÑ ÇÌÁÄËÏÊ × [0; h℄ × [0; T ′℄ ×ÎÅ ÍÏÎÏÔÏÎÎÏ ÕÂÙ×ÁÀÝÉÈËÒÉ×ÙÈ t = T ′ − �i(x). óÌÅÄÏ×ÁÔÅÌØÎÏ,w (x; T ′ − �i (x) + 0) = w (x+ 0; T ′ − �i (x)) ;w (x; T ′ − �i (x) − 0) = w (x− 0; T ′ − �i (x)) ;



ïâ ïâòá�îïê úáäáþå 169ÏÔËÕÄÁ ÓÌÅÄÕÅÔ �ÅÒ×ÏÅ ÒÁ×ÅÎÓÔ×Ï ìÅÍÍÙ 1. áÎÁÌÏÇÉÞÎÏ, ×ÔÏÒÏÅ ÒÁ×ÅÎ-ÓÔ×Ï ÓÌÅÄÕÅÔ ÉÚ ÔÏÇÏ, ÞÔÏ ÍÁÔÒÉ�Á v (t; x) Ñ×ÌÑÅÔÓÑ ÇÌÁÄËÏÊ × [0; T ′℄×[0; h℄ ×ÎÅ ÍÏÎÏÔÏÎÎÏ ÕÂÙ×ÁÀÝÉÈ ËÒÉ×ÙÈ t = T ′ − �i(x). ��ÅÏÒÅÍÁ 2. äÌÑ ÜÌÅÍÅÎÔÁ a (x) ÁÎÔÉÄÉÁÇÏÎÁÌØÎÏÊ ÍÁÔÒÉ�Ù A ÎÁÏÔÒÅÚËÅ [0; h℄ Ó�ÒÁ×ÅÄÌÉ×Ù Ä×Á �ÒÅÄÓÔÁ×ÌÅÎÉÑa (x) = −�1�2 [
21 − 
22]�2√�2
2 (x)w12 (x; 〈T ′ − �2 (x)〉) (3.23)= −�1�2 [
21 − 
22]�1√�1
1 (x)w21 (x; 〈T ′ − �1 (x)〉) : (3.24)äÌÑ ÍÁÔÒÉ�Ù B ÎÁ ÏÔÒÅÚËÅ [0; h℄ Ó�ÒÁ×ÅÄÌÉ×Ï �ÒÅÄÓÔÁ×ÌÅÎÉÅB (x) = 116�−1 (x)((�
)′ (ln (�5
))′ − 4 (�
)′′) (x)+ � (x) � (x)(12 (
�−1)′ ṽ − 2
 12 �− 12 ṽI + 
�−1ṽII) (x)
− � (x)(w̃II�−1 + 14 w̃ (�−1
− 12 �− 32 (
�)′)) (x)+ � (x) ∑i=1;2(
i�i) 12 w (x; 〈T − �i (x)〉) v (T − �i (x) ; 〈x〉) ; (3.25)ÇÄÅ ln (�5
) = ( ln (�51
1) 00 ln (�52
2) ) ;ṽ (x) = ( (〈T ′ − �1 (x)〉 ; x) v12 (〈T ′ − �1 (x)〉 ; x)v21 (〈T ′ − �2 (x)〉 ; x) v22 (〈T ′ − �2 (x)〉 ; x)) ; (3.26)ṽI(x) = ((v21)′(1)(〈T ′ − �1(x)〉; x) (v12)′t(1)(〈T ′ − �1(x)〉; x)(v21)′(1)(〈T ′ − �2(x)〉; x) (v22)′(1)(〈T ′ − �2(x)〉; x)) ; (3.27)ṽII(x) = ((v11)′(2)(〈T ′ − �1(x)〉; x) (v12)′(2)(〈T ′ − �1(x)〉; x)(v21)′(2)(〈T ′ − �2(x)〉; x) (v22)′(2)(〈T ′ − �2(x)〉; x)) ; (3.28)



170 á. ì. ðåó�ï÷w̃ (x) = (w11 (x; 〈T ′ − �1 (x)〉) w12 (x; 〈T ′ − �2 (x)〉)w21 (x; 〈T ′ − �1 (x)〉) w22 (x; 〈T ′ − �2 (x)〉)) ;w̃II (x) = ((w11)′(2) (x; 〈T ′ − �1 (x)〉) (w12)′(2) (x; 〈T ′ − �2 (x)〉)(w21)′(2) (x; 〈T ′ − �1 (x)〉) (w22)′(2) (x; 〈T ′ − �2 (x)〉)) :äÏËÁÚÁÔÅÌØÓÔ×Ï. äÏËÁÚÁÔÅÌØÓÔ×Ï �ÅÏÒÅÍÙ 2 ÒÁÚÏÂØÅÍ ÎÁ 5 ÜÔÁ�Ï×:1. ÎÁÊÄÅÍ �ÒÅÄÓÔÁ×ÌÅÎÉÑ ÄÌÑ ddt (WT ′l )−1 y É d2dt2 (WT ′l )−1 y �ÒÉ y ∈
N h;2. �ÏÌÕÞÉÍ �ÒÅÄÓÔÁ×ÌÅÎÉÅ ÄÌÑ �ÅÒ×ÏÇÏ ÓÌÁÇÁÅÍÏÇÏ WT ′l d2dt2 (WT ′l )−1 y;3. �ÏÌÕÞÉÍ �ÒÅÄÓÔÁ×ÌÅÎÉÅ ÄÌÑ ×ÔÏÒÏÇÏ ÓÌÁÇÁÅÍÏÇÏWT ′l d2dt2 (WT ′l )−1 y;4. �ÒÅÄßÑ×ÉÍ �ÒÅÄÓÔÁ×ÌÅÎÉÑ ÄÌÑ ÍÁÔÒÉ� A É B;5. ÕÔÏÞÎÉÍ �ÒÅÄÓÔÁ×ÌÅÎÉÅ ÄÌÑ ÍÁÔÒÉ�Ù A:îÉÖÅ ÉÓ�ÏÌØÚÕÀÔÓÑ óÏÇÌÁÛÅÎÉÅ 2 É ÏÂÏÚÎÁÞÅÎÉÅ (3.17).üÔÁ� 1. ðÒÅÄÓÔÁ×ÌÅÎÉÑ ÄÌÑ ddt (WT ′l )−1 y É d2dt2 (WT ′l )−1 y:ìÅÍÍÁ 2. äÌÑ y ∈ N h Ó�ÒÁ×ÅÄÌÉ×Ù ÆÏÒÍÕÌÙ

( ddt (WT ′l )−1 y) (t) = −�℄i (t) (
 121 �− 121 y′1) (x1 (T ′ − t))
(
 122 �− 122 y′2) (x2 (T ′ − t)) 

− 14�℄i (t) (
− 121 �− 321 (
1�1)′ y1) (x1 (T ′ − t))
(
− 122 �− 322 (
2�2)′ y2) (x2 (T ′ − t)) + ∑i=1;2(
i�i) 12 (xi (T ′ − t)) v (t; 〈xi (T ′ − t)〉) y (xi (T ′ − t))+ h∫x2(T ′−t) v′(1) (t; x) y (x) dx; (3.29)

( d2dt2 (WT ′l )−1 y) (t) = (Ey) (t) + (Gy) (t)+ h∫x2(T ′−t) v′′(2) (t; x) y (x) dx; (3.30)



ïâ ïâòá�îïê úáäáþå 171ÇÄÅ(Ey) (t) := (�℄)′′ (t) ŷ (t) + 2 (�℄)′ (t) ŷ′ (t) + �℄ (t) ŷ′′ (t) ; (3.31)(Gy) (t) := ∑i=1;2Ai (t) y′ (xi (T ′ − t)) + ∑i=1;2Bi (t) y (xi (T ′ − t)) ; (3.32)Mi (t) := −
i�i (xi (T ′ − t)) v (t; 〈xi (T ′ − t)〉) ; (3.33)Ni (t) := 2(
i�i) 12 (xi (T ′ − t)) v′(1) (t; 〈xi (T ′ − t)〉)
− 
i�i (xi (T ′ − t)) v′(2) (t; 〈xi (T ′ − t)〉)
− 12 (
i�i)′ (xi (T ′ − t)) v (t; 〈xi (T ′ − t)〉) : (3.34)úÄÅÓØ Mi(t); Ni(t) ÓÕÔØ ÍÁÔÒÉÞÎÙÅ ËÏÜÆÆÉ�ÉÅÎÔÙ �ÅÒÅÄ y′(xi(T ′− t))É y(xi(T ′ − t)) ÓÏÏÔ×ÅÔÓÔ×ÅÎÎÏ, i = 1; 2.äÏËÁÚÁÔÅÌØÓÔ×Ï. æÕÎË�ÉÉ xi (t) ; i = 1; 2 Ñ×ÌÑÀÔÓÑ ÏÂÒÁÔÎÙÍÉ Ë ÜÊ-ËÏÎÁÌÁÍ �i (x) É ÍÏÇÕÔ ÂÙÔØ ÚÁ�ÉÓÁÎÙ × ×ÉÄÅxi (t) = t∫0 √
i�i (xi (s)) ds = t∫0 
i (xi (s)) ds; i = 1; 2:îÉÖÅ ÍÙ ÉÓ�ÏÌØÚÕÅÍ ÓÌÅÄÕÀÝÉÅ �ÒÏÓÔÙÅ ÆÏÒÍÕÌÙ:ddtxi (T ′ − t) = −

(
i�i) 12 (xi (T ′ − t)) ;d2dt2xi (T ′ − t) = 12 (
i�i)′ (xi (T ′ − t)) :äÉÆÆÅÒÅÎ�ÉÒÕÑ (3.18), ÉÍÅÅÍ:
( ddt (WT ′l )−1 y) (t) = (�℄)′ (t) ŷ (t) + �℄ (t) ŷ′ (t)+ ddt h∫x2(T ′−t) v (t; x) y (x) dx; (3.35)



172 á. ì. ðåó�ï÷
( d2dt2 (WT ′l )−1 y) (t) = (Ey) (t) + d2dt2 h∫x2(T ′−t) v (t; x) y (x) dx:÷Ù�ÉÛÅÍ �ÒÏÉÚ×ÏÄÎÙÅ ŷi (t) = yi (xi (T ′ − t))ŷ′i (t) = −

(
i�i) 12 y′i (xi (T ′ − t)) ; (3.36)ŷ′′i (t) = ((
i�i) y′′i + 12 (
i�i)′ y′i) (xi (T ′ − t)) (3.37)É �ÒÏÉÚ×ÏÄÎÙÅ �℄i (t) = �− 12i (
i�i) 14 (xi (T ′ − t)) ;
(�℄i)′ (t) = −14 (�℄i
− 12i �− 32i (
i�i)′) (xi (T ′ − t)) ; (3.38)(�℄i )′′(t) = 116 (�−1i �−2i (4(�i
i)′′−(�i
i)′ (ln(�5i 
i))′)) (xi(T ′−t)) : (3.39)äÁÌÅÅ ÉÍÅÅÍ:ddt h∫x2(T ′−t) v (t; x) y (x) dx = h∫x2(T ′−t) v′(1) (t; x) y (x) dx+ ∑i=1;2(
i�i) 12 (xi (T ′ − t)) v (t; 〈xi (T ′ − t)〉) y (xi (T ′ − t)) : (3.40)ðÏÄÓÔÁ×ÌÑÑ �ÅÒ×ÙÅ �ÒÏÉÚ×ÏÄÎÙÅ (3.36), (3.38), (3.40) × (3.35), �ÒÉÈÏ-ÄÉÍ Ë (3.29). ðÒÏÄÉÆÆÅÒÅÎ�ÉÒÕÅÍ ËÁÖÄÏÅ ÉÚ ÓÌÁÇÁÅÍÙÈ �ÒÁ×ÏÊ ÞÁÓÔÉ(3.40) ÅÝÅ ÒÁÚ �Ï t: ðÒÏÉÚ×ÏÄÎÁÑ ÉÎÔÅÇÒÁÌØÎÏÇÏ ÓÌÁÇÁÅÍÏÇÏ ÅÓÔØddt h∫x2(T ′−t) v′(1) (t; x) y (x) dx = h∫x2(T ′−t) v′′(1) (t; x) y (x)+ ∑i=1;2(
i�i) 12 (xi (T ′ − t)) v′(1) (t; 〈xi (T ′ − t)〉) y (xi (T ′ − t)) :äÌÑ �ÒÏÉÚ×ÏÄÎÏÊ i-ÇÏ ÓÌÁÇÁÅÍÏÇÏ ÓÕÍÍÙ ÉÍÅÅÍ:ddt [(
i�i) 12 (xi (T ′ − t)) v (t; 〈xi (T ′ − t)〉) y (xi (T ′ − t))]



ïâ ïâòá�îïê úáäáþå 173= −
[(
i�i) (xi (T ′ − t)) v (t; 〈xi (T ′ − t)〉)] y′ (xi (T ′ − t))+ [(
i�i) 12 (xi (T ′ − t)) v′(1) (t; 〈xi (T ′ − t)〉)] y (xi (T ′ − t))

−
[
i�i (xi (T ′ − t)) v′(2) (t; 〈xi (T ′ − t)〉)] y (xi (T ′ − t))
−
[12 (
i�i)′ (xi (T ′ − t)) v (t; 〈xi (T ′ − t)〉)] y (xi (T ′ − t)) :ïÔÓÀÄÁd2dt2 h∫x2(T ′−t) v (t; x) y (x) dx = (Gy) (t) + h∫x2(T ′−t) v′′(2) (t; x) y (x) dx; (3.41)(Gy) (t) := ∑i=1;2Mi (t) y′ (xi (T ′ − t)) + ∑i=1;2Ni (t) y (xi (T ′ − t))ÓMi ÉNi, ÚÁÄÁÎÎÙÍÉ × (3.33) É (3.34) ÓÏÏÔ×ÅÔÓÔ×ÅÎÎÏ. óÕÍÍÉÒÕÑ (3.41)Ó (Ey) (t) �ÒÉÈÏÄÉÍ Ë (3.30). �÷ ÓÉÌÕ �ÒÅÄÓÔÁ×ÌÅÎÉÑ (3.15) ÄÌÑ WT ′l ; ÉÍÅÅÍ:

(
WT ′l d2dt2 (WT ′l )−1y) (x) = �(x)( d2dt2 (WT ′l )−1y)1 (T ′ − �1(x))( d2dt2 (WT ′l )−1y)2 (T ′ − �2t(x))+T ′−�1(x)∫0 w(x; t)( d2dt2 (WT ′l )−1y) (t) dt: (3.42)äÁÌØÎÅÊÛÅÅ �ÒÅÏÂÒÁÚÏ×ÁÎÉÅ �ÒÁ×ÏÊ ÞÁÓÔÉ (3.42) �ÒÏÉÚ×ÏÄÉÔÓÑ ÎÁ üÔÁ-�ÁÈ 2 É 3. îÁ üÔÁ�Å 2 Ó ÕÞÅÔÏÍ (3.30) ÎÁÈÏÄÉÔÓÑ �ÒÅÄÓÔÁ×ÌÅÎÉÅ ÄÌÑ�ÅÒ×ÏÇÏ ÓÌÁÇÁÅÍÏÇÏ × (3.42). îÁ üÔÁ�Å 3 ×ÔÏÒÏÅ ÓÌÁÇÁÅÍÏÅ × (3.42) ÉÎ-ÔÅÇÒÉÒÕÅÔÓÑ �Ï ÞÁÓÔÑÍ É �ÒÅÏÂÒÁÚÕÅÔÓÑ Ó �ÏÍÏÝØÀ ÆÏÒÍÕÌÙ (3.29).



174 á. ì. ðåó�ï÷ðÒÉ ÔÁËÏÍ �ÒÅÏÂÒÁÚÏ×ÁÎÉÉ ×ÏÚÎÉËÁÀÔ ÓÌÁÇÁÅÍÙÅ ×ÉÄÁ:C (x) y′ (x1 (�2 (x))) ; D (x) y (x1 (�2 (x))) ; C̃ (x) y′ (x2 (�1 (x))) ;D̃ (x) y (x2 (�1 (x))) ; h∫0 J (x; s) y (s) ds; (3.43)ÇÄÅ C;D; C̃; D̃ ÓÕÔØ ÎÅËÏÔÏÒÙÅ ÇÌÁÄËÉÅ ÍÁÔÒÉ�Ù-ÆÕÎË�ÉÉ, J { ËÕÓÏÞÎÏ-ÇÌÁÄËÁÑ ÍÁÔÒÉ�Á-ÆÕÎË�ÉÑ. éÚ �ÒÅÄÓÔÁ×ÌÅÎÉÑ (3.21) ÄÌÑ Ï�ÅÒÁÔÏÒÁ LÓÌÅÄÕÅÔ, ÞÔÏ ÓÕÍÍÁ ×ÓÅÈ ÓÌÁÇÁÅÍÙÈ ÔÁËÏÇÏ ×ÉÄÁ ÒÁ×ÎÁ ÎÕÌÀ. ðÏÜÔÏÍÕ× ÄÁÌØÎÅÊÛÉÈ ×ÙËÌÁÄËÁÈ ÚÁ ÓÌÁÇÁÅÍÙÍÉ ×ÉÄÁ (3.43) ÍÏÖÎÏ ÎÅ ÓÌÅÄÉÔØÉ ÚÁÍÅÎÑÔØ ÍÎÏÇÏÔÏÞÉÅÍ.üÔÁ� 2. ðÒÅÄÓÔÁ×ÌÅÎÉÅ ÄÌÑ �ÅÒ×ÏÇÏ ÓÌÁÇÁÅÍÏÇÏ × (3.42).ìÅÍÍÁ 3. ó�ÒÁ×ÅÄÌÉ×Ï �ÒÅÄÓÔÁ×ÌÅÎÉÅ�(x) ( d2dt2 (WT ′l )−1 y)1 (T ′ − �1 (x))
( d2dt2 (WT ′l )−1 y)2 (T ′ − �2 (x)) = �−1 (x)((
y′)′ −M3y′ − (N3 + q) y) (x) + ::: , (3.44)ÇÄÅ q := 116�−1 ((�
)′ (ln (�5
))′ − 4 (�
)′′) ; (3.45)M3 := �
ṽ; N3 := ��(12 (
�−1)′ ṽ − 2
 12 �− 12 ṽI + 
�−1ṽII) ; (3.46)ÍÁÔÒÉ�Ù-ÆÕÎË�ÉÉ ṽ; ṽI; ṽII Ï�ÒÅÄÅÌÅÎÙ × (3.26){(3.28).äÏËÁÚÁÔÅÌØÓÔ×Ï.�(x)( d2dt2 (WT ′l )−1 y)1 (T ′ − �1 (x))
( d2dt2 (WT ′l )−1 y)2 (T ′ − �2 (x))= �(x)((Ey)1 (T ′ − �1 (x))(Ey)2 (T ′ − �2 (x)))+ �(x)((Gy)1 (T ′ − �1 (x))(Gy)2 (T ′ − �2 (x)))+�(x) h∫x2(T ′−t)v′′(1)(t; x)y(x)dx: (3.47)



ïâ ïâòá�îïê úáäáþå 175éÚ (3.31) Ó ÕÞÅÔÏÍ (3.36){(3.39) ÍÏÖÎÏ ×Ù×ÅÓÔÉ(Ey)i (T ′ − �i (x)) = �−1i �−1i ((
i (yi)′)′ − qiyi) (x) ; (3.48)ÇÄÅ qi Ï�ÒÅÄÅÌÅÎÏ × (3.45). éÚ �ÒÅÄÓÔÁ×ÌÅÎÉÑ (3.32) ÓMi; Ni Ï�ÒÅÄÅÌÅÎ-ÎÙÍÉ × (3.33), (3.34), ÓÌÅÄÕÅÔ
((Gy)1 (T ′ − �1 (x))(Gy)2 (T ′ − �2 (x))) = −

(
�−1ṽ) (x) y′ (x)+(2
 12 �− 12 ṽI − 
�−1ṽII − 12 (
�−1)′ ṽ) (x) y (x) + ::: . (3.49)ðÏÄÓÔÁ×ÌÑÑ (3.48) É (3.49) × (3.47), �ÒÉÈÏÄÉÍ Ë (3.44) Ó ÍÁÔÒÉ�ÁÍÉM3; N3, Ï�ÒÅÄÅÌÅÎÎÙÍÉ × (3.46). �üÔÁ� 3. ðÒÅÄÓÔÁ×ÌÅÎÉÅ ÄÌÑ ×ÔÏÒÏÇÏ ÓÌÁÇÁÅÍÏÇÏ (3.42).ìÅÍÍÁ 4. ó�ÒÁ×ÅÄÌÉ×Ï �ÒÅÄÓÔÁ×ÌÅÎÉÅT ′−�1(x)∫0 w (x; s)( d2ds2 ((WT ′l )−1 y)) (s) ds = (w̃�−1
 12 �− 12) (x) y′ (x)+(w̃II�−1 + 14 w̃�−1
− 12 �− 32 (
�)′) (x) y (x)
−




∑i=1;2(
i�i) 12 (x)w (x; 〈T ′ − �i (x)〉) v (T ′ − �i (x) ; 〈x〉) y (x) + ::: .äÏËÁÚÁÔÅÌØÓÔ×Ï. ðÕÓÔØ (s) := ((WT ′l )−1 y) (s) :ñÄÒÏ w (x; s) ÍÏÖÅÔ ÉÍÅÔØ ÓÏÂÓÔ×ÅÎÎÙÅ ÒÁÚÒÙ×Ù É ÒÁÚÒÙ×Ù �ÒÏÉÚ-×ÏÄÎÙÈ ÎÁ ËÒÉ×ÙÈ s = T ′ − �i (x) : éÎÔÅÇÒÉÒÕÅÍ �Ï ÞÁÓÔÑÍ Ó ÕÞÅÔÏÍ



176 á. ì. ðåó�ï÷ (0) = 0, T ′−�1(x)∫0 w (x; s)( d2ds2 ((WT ′l )−1 y)) (s) ds= ∑i=1;2w′(2) (x; 〈T ′ − �i (x)〉) (T ′ − �i (x))
−
∑i=1;2w (x; 〈T ′ − �i (x)〉) ′ (T ′ − �i (x))+ T ′−�1(x)∫0 w′′(2) (x; s) (s) ds: (3.50)äÁÌÅÅ, ÉÚ (3.18) ×Ù×ÏÄÉÍ ÓÏÏÔÎÏÛÅÎÉÑ (T ′ − �1 (x)) =  ([ �1
1�1(0)
1(0)] 14 y1) (x)

([ �2
2�2(0)
2(0)] 14 y2) (x2 (�1 (x))) + h∫x2(�1(x)) v (T ′ − �1 (x) ; s) y (s) ds; (T ′ − �2 (x)) =  ([ �1
1�1(0)
1(0)] 14 y1) (x1 (�2 (x)))([ �2
2�2(0)
2(0)] 14 y2) (x) 
+ h∫x v (T ′ − �2 (x) ; s) y(s)ds;Ó ÕÞÅÔÏÍ ËÏÔÏÒÙÈ �ÏÌÕÞÁÅÍ:

∑i=1;2w′(2)(x; 〈T ′ − �i(x)〉) (T ′ − �i(x)) = (w̃II�−1)(x)y(x) + ::: : (3.51)éÚ (3.29) ÉÍÅÅÍ ÓÏÏÔÎÏÛÅÎÉÑ



ïâ ïâòá�îïê úáäáþå 177 ′ (T ′ − �1 (x)) = −�−1 (x)( (
 121 �− 121 y′1 + 14
− 121 �− 321 (
1�1)′ y1) (x)0 )+(
1�1) 12 (x) v (T − �1 (x) ; 〈x〉) y (x) + ::: , ′ (T ′ − �2 (x)) = −�−1 (x)( 0(
 122 �− 122 y′2 + 14
− 122 �− 322 (
2�2)′ y2) (x) )+(
2�2) 12 (x) v (T ′ − �2 (x) ; x) y (x) + ::: ,Ó ÕÞÅÔÏÍ ËÏÔÏÒÙÈ
∑i=1;2w (x; 〈T ′ − �i (x)〉) ′ (T ′ − �i (x)) = −w̃ (x)(�−1
 12 �− 12) (x) y′ (x)
− 14 w̃ (x)(�−1
− 12 �− 32 (
�)′) (x) y (x) (3.52)+∑i=1;2(
i�i) 12 (x)w (x; 〈T − �i (x)〉) v (T − �i (x) ; 〈x〉) y (x) + ::: .ðÏÄÓÔÁ×ÌÑÑ (3.51) É (3.52) × (3.50), �ÒÉÈÏÄÉÍ Ë ÕÔ×ÅÒÖÄÅÎÉÀ ìÅÍÍÙ 4.

�üÔÁ� 4. ÷Ù×ÏÄ �ÒÅÄÓÔÁ×ÌÅÎÉÊ ÄÌÑ ÍÁÔÒÉ� A É B:óËÌÁÄÙ×ÁÑ �ÒÅÄÓÔÁ×ÌÅÎÉÑ, �ÏÌÕÞÅÎÎÙÅ × ìÅÍÍÁÈ 3 É 4, ÉÍÅÅÍ:(Ly) (x) = �−1 (x) ((
y′)′ −M3y′ − (N3 + q) y) (x)+ (w̃�−1
 12 �− 12) (x) y′ (x)+(w̃II�−1 + 14 w̃�−1
− 12�− 32 (
�)′) (x) y (x)
−



∑i=1;2(
i�i) 12(x)w (x; 〈T ′−�i(x)〉) v (T ′ − �i(x); 〈x〉) y(x)+::::÷ ÓÉÌÕ ó×ÏÊÓÔ×Á 3) ìÅÍÍÙ 8L = �−1 [ ddx
 ddx −A ddx −B] ;



178 á. ì. ðåó�ï÷ÇÄÅA (x) = (�
ṽ − �w̃�−1
 12 �− 12) (x) ; (3.53)B (x) = (q +N3 − �w̃II�−1 − 14�w̃�−1
− 12 �− 32 (
�)′) (x)+ � (x)∑i=1;2(
i�i) 12 w (x; 〈T − �i (x)〉) v (T − �i (x) ; 〈x〉) ;ÇÄÅ ÍÁÔÒÉ�Ù-ÆÕÎË�ÉÉ q É N3 ÚÁÄÁÎÙ × (3.45) É (3.46) ÓÏÏÔ×ÅÔÓÔ×ÅÎÎÏ.�ÅÍ ÓÁÍÙÍ, �ÒÅÄÓÔÁ×ÌÅÎÉÅ (3.25) ÄÌÑ ÍÁÔÒÉ�Ù B ÄÏËÁÚÁÎÏ.üÔÁ� 5. ðÒÅÄÓÔÁ×ÌÅÎÉÅ (3.53) ÄÌÑ ÍÁÔÒÉ�Ù A (x) ÄÏ�ÕÓËÁÅÔ ÓÌÅÄÕÀ-ÝÅÅ ÕÔÏÞÎÅÎÉÅ.ìÅÍÍÁ 5. òÁÚÒÙ×Ù ÍÁÔÒÉ�-ÆÕÎË�ÉÊ v É w ÎÁ ËÒÉ×ÙÈ t = T ′ − �i (x)Ó×ÑÚÁÎÙ ÓÌÅÄÕÀÝÉÍ ÏÂÒÁÚÏÍ:ṽ (x) = �−1(x)w̃ (x) �−1(x)� ′ (x) : (3.54)äÏËÁÚÁÔÅÌØÓÔ×Ï. äÌÑ ÒÁÓ�ÒÅÄÅÌÅÎÉÑ y0 (x) = Æx0 (x)( 10 ) ; x0 ∈[0; h℄ ÉÍÅÅÍ:
((WT ′l )−1y0) (t) = �℄(t)Æx0 (x1 (T ′ − t))( 10 )+( v11 (t; x0)v21 (t; x0) ) :÷ ÓÉÌÕ ÓÏÏÔÎÏÛÅÎÉÑ WT ′l (WT ′l )−1 = IHh ÉÍÅÅÍ:y0 (x) = (WT ′l (WT ′l )−1y0) (x)= y0 (x) + �−11 (x0)� ′1 (x0)( w11(x; T ′ − �1 (x0))w21(x; T ′ − �1 (x0)) )+ � (x)( v11 (T ′ − �1 (x) ; x0)v21 (T ′ − �2 (x) ; x0) )+ T ′−�1(x)∫0 w(x; s)( v11 (s; x0)v21 (s; x0) ) ds:



ïâ ïâòá�îïê úáäáþå 179óÏËÒÁÝÁÑ y0 (x) × ÌÅ×ÏÊ É �ÒÁ×ÏÊ ÞÁÓÔÉ, �ÏÌÕÞÉÍ:�−11 (x0)� ′1 (x0)( w11(x; T ′ − �1 (x0))w21(x; T ′ − �1 (x0)) )+ � (x)( v11 (T ′ − �1 (x) ; x0)v21 (T ′ − �2 (x) ; x0) )= −
T ′−�1(x)∫0 w(x; s)( v11 (s; x0)v21 (s; x0) ) ds:áÎÁÌÏÇÉÞÎÏ, ÄÌÑ ÒÁÓ�ÒÅÄÅÌÅÎÉÑ Æx0 (x)( 01 ) ×Ù×ÏÄÉÔÓÑ ÓÏÏÔÎÏÛÅÎÉÅ:�−12 (x0)� ′2 (x0)( w12(x; T ′ − �2 (x0))w22(x; T ′ − �2 (x0)) )+ � (x)( v12 (T ′ − �1 (x) ; x0)v22 (T ′ − �2 (x) ; x0) )= −
T ′−�1(x)∫0 w(x; s)( v12 (s; x0)v22 (s; x0) ) ds:ïÂßÅÄÉÎÑÑ Ä×Á �ÒÅÄÙÄÕÝÉÈ ÒÁ×ÅÎÓÔ×Á, ÉÍÅÅÍ:

( w11(x; T ′ − �1(x0)) w12(x; T ′ − �2(x0))w21(x; T ′ − �1(x0)) w22(x; T ′ − �2(x0)) ) �−1(x0)� ′(x0)+ �(x)( v11 (T ′ − �1 (x) ; x0) v12 (T ′ − �1 (x) ; x0)v21 (T ′ − �2 (x) ; x0) v22 (T ′ − �2 (x) ; x0) )= −
T ′−�1(x)∫0 w(x; s)v (s; x0) ds:óÌÁÇÁÅÍÙÅ × ÌÅ×ÏÊ ÞÁÓÔÉ �ÒÉ x = x0 ÉÍÅÀÔ ÓËÁÞËÉ, × ÔÏ ×ÒÅÍÑ ËÁË�ÒÁ×ÁÑ ÞÁÓÔØ ÓËÁÞËÁ �ÒÉ x = x0 ÎÅ ÉÍÅÅÔ. óÏÏÔÎÏÛÅÎÉÅ (3.54) ÓÌÅÄÕÅÔÉÚ ÒÁ×ÅÎÓÔ×Á ÁÍ�ÌÉÔÕÄ ÓËÁÞËÏ× �ÅÒ×ÏÇÏ É ×ÔÏÒÏÇÏ ÓÌÁÇÁÅÍÙÈ ÌÅ×ÏÊÞÁÓÔÉ. �C ÕÞÅÔÏÍ (3.54) �ÒÅÄÓÔÁ×ÌÅÎÉÅ (3.53) ÄÌÑ ÍÁÔÒÉ�Ù A (x) �ÒÉÍÅÔ ×ÉÄA (x) = (
w̃�− �w̃
) (x)(�−1
− 12 �− 12) (x) ;ÏÔËÕÄÁ, Ó ÕÞÅÔÏÍ ÕÓÌÏ×ÉÑ ÓÁÍÏÓÏ�ÒÑÖÅÎÎÏÓÔÉ (2.5), ÄÌÑ ÜÌÅÍÅÎÔÁ a (x)ÍÁÔÒÉ�Ù A (x) Ó�ÒÁ×ÅÄÌÉ×Ù Ä×Á �ÒÅÄÓÔÁ×ÌÅÎÉÑ (3.23){(3.24). äÏËÁÚÁ-ÔÅÌØÓÔ×Ï ÔÅÏÒÅÍÙ ÚÁ×ÅÒÛÅÎÏ. �



180 á. ì. ðåó�ï÷
§4. óÉÓÔÅÍÁ Ó ÎÕÌÅ×ÏÊ ÆÕÎË�ÉÅÊ ÏÔËÌÉËÁ÷ ÓÉÓÔÅÍÅ�utt − 
uxx +Aux +Bu = 0 ; 0 < x < T; 0 < t < T; (4.1)u|t<x = 0 ; (4.2)u|x=0 = f ; 0 6 t 6 T (4.3)�ÏÌÏÖÉÍ � = ( 1 00 2 ) ; 
 = ( 1 00 12 ) ; A = B = 0 : (4.4)åÅ Ï�ÅÒÁÔÏÒ ÒÅÁË�ÉÉ ÉÍÅÅÔ (�ÒÏÓÔÅÊÛÉÊ ÉÚ ×ÏÚÍÏÖÎÙÈ) ×ÉÄR2T = − ddt (4.5)(ÓÍ.(1.4)).÷ ÜÔÏÍ ÒÁÚÄÅÌÅ ÍÙ �ÒÉ×ÅÄÅÍ �ÒÉÍÅÒ ÓÉÓÔÅÍÙ (4.1){(4.3) 
 ÎÅÎÕÌÅ-×ÙÍÉ 6 ËÏÜÆÆÉ�ÉÅÎÔÁÍÉ A;B É Ï�ÅÒÁÔÏÒÏÍ ÒÅÁË�ÉÉ (4.5). ðÒÉÍÅÞÁÔÅ-ÌÅÎ ÓÌÅÄÕÀÝÉÊ ÆÁËÔ. ó ÔÏÞËÉ ÚÒÅÎÉÑ ×ÎÅÛÎÅÇÏ ÎÁÂÌÀÄÁÔÅÌÑ, ÄÅÌÁÀ-ÝÅÇÏ ÚÁËÌÀÞÅÎÉÑ Ï Ó×ÏÊÓÔ×ÁÈ ÓÉÓÔÅÍÙ �Ï Ï�ÅÒÁÔÏÒÕ ÒÅÁË�ÉÉ, ÓÉÓÔÅÍÙÓ ÏÄÎÉÍ É ÔÅÍ ÖÅ Ï�ÅÒÁÔÏÒÏÍ ÒÅÁË�ÉÉ × �ÒÉÎ�É�Å ÎÅÒÁÚÌÉÞÉÍÙ. íÅÖ-ÄÕ ÔÅÍ, × �ÅÒ×ÏÊ ÉÚ ÓÉÓÔÅÍ (Ó A = B = 0) ×ÏÌÎÙ ÒÁÓ�ÒÏÓÔÒÁÎÑÀÔÓÑÎÅÚÁ×ÉÓÉÍÏ É ÎÅ ×ÚÁÉÍÏÄÅÊÓÔ×ÕÀÔ ÄÒÕÇ Ó ÄÒÕÇÏÍ, × ÔÏ ×ÒÅÍÑ ËÁË ×Ï×ÔÏÒÏÊ ×ÚÁÉÍÏÄÅÊÓÔ×ÉÅ ÉÍÅÅÔ ÍÅÓÔÏ É, ÓÏÏÔ×ÅÔÓÔ×ÅÎÎÏ, ÆÉÚÉÞÅÓËÁÑËÁÒÔÉÎÁ ×ÏÌÎÏ×ÙÈ �ÒÏ�ÅÓÓÏ× ÓÌÏÖÎÅÅ.ðÅÒÅÊÄÅÍ Ë �ÏÓÔÒÏÅÎÉÀ ×ÔÏÒÏÊ ÓÉÓÔÅÍÙ. ÷ÙÂÒÁÎÎÙÍ � É 
 ÓÏÏÔ-×ÅÔÓÔ×ÕÀÔ ÓËÏÒÏÓÔÉ 
1 := √
1(0)�1(0) = 1; 
2 := √
2(0)�2(0) = 12 É �ÁÒÁÍÅÔÒ� := 
1(0)
2(0) = 2: �ÏÇÄÁ ÜÊËÏÎÁÌÙ �1 (x) := x É �2 (x) := 2x Ï�ÒÅÄÅÌÅ-ÎÙ ÎÁ ÏÔÒÅÚËÅ [0; T ℄, Á ÏÂÒÁÔÎÙÅ Ë ÜÊËÏÎÁÌÁÍ ÆÕÎË�ÉÉ x1(t) := t Éx2(t) := 12 t Ï�ÒÅÄÅÌÅÎÙ ÎÁ ÏÔÒÅÚËÁÈ [0; T ℄ É [0; T ′℄ ÓÏÏÔ×ÅÔÓÔ×ÅÎÎÏ, ÇÄÅT ′ = 2T . æÕÎË�ÉÉ �T ′i (�) ; Ï�ÒÅÄÅÌÅÎÎÙÅ × (3.4){(3.5), �ÒÉÍÕÔ ×ÉÄ:�T ′1 (�) := T ′ − �; �T ′2 (�) := T ′ − �2 ; 0 6 � 6 T ′:äÁÌÅÅ, ÓÌÅÄÕÑ ÛÁÇÕ 4 �ÒÏ�ÅÄÕÒÙ, Ï�ÉÓÁÎÎÏÊ × ÒÁÚÄÅÌÅ 3.2 ×ÙÂÉÒÁÅÍÆÕÎË�ÉÀ l = l(t) ÎÁ ÏÔÒÅÚËÅ [0; T ℄ Ó ÕÓÌÏ×ÉÅÍ l (0) = 0:6É ÕÄÏ×ÌÅÔ×ÏÒÑÀÝÉÍÉ ÕÓÌÏ×ÉÑÍ (2.5)



ïâ ïâòá�îïê úáäáþå 181ûÁÇ 5. ÷ÙÂÅÒÅÍ ÎÕÌÅ×ÏÅ �ÒÏÄÏÌÖÅÎÉÅ ÍÁÔÒÉ�Ù r|[0;2T ℄ :r|[0;2T ′℄ = 0:�ÁËÏÅ �ÒÏÄÏÌÖÅÎÉÅ Ñ×ÌÑÅÔÓÑ ÜÒÍÉÔÏ×Ï-�ÏÌÏÖÉÔÅÌØÎÙÍ, ÔÁË ËÁË Ï�Å-ÒÁÔÏÒ (3.7) ÏËÁÚÙ×ÁÅÔÓÑ ÔÏÖÄÅÓÔ×ÅÎÎÙÍ:
CT ′ = I: (4.6)÷ �ÒÏÓÔÒÁÎÓÔ×Å FT ′ :=L2 ([0; T ′℄;R2) ÓÏ ÓËÁÌÑÒÎÙÍ �ÒÏÉÚ×ÅÄÅÎÉ-ÅÍ (2.13) ÆÕÎË�ÉÑ l Ï�ÒÅÄÅÌÑÅÔ ÓÅÍÅÊÓÔ×Ï �ÏÄ�ÒÏÓÔÒÁÎÓÔ× FT ′;�l , ÄÌÑ0 6 � 6 T ′ (ÓÍ.(3.8)). ðÒÏÅËÔÏÒ PT ′; �l ; Ï�ÒÅÄÅÌÅÎÎÙÊ × (3.9), ÄÅÊÓÔ×ÕÅÔ× �ÒÏÓÔÒÁÎÓÔ×Å FT ′ ÎÁ �ÏÄ�ÒÏÓÔÒÁÎÓÔ×Ï FT ′;�l �ÁÒÁÌÌÅÌØÎÏ �ÏÄ�ÒÏ-ÓÔÒÁÎÓÔ×Õ (CT ′)−1[FT ′ ⊖FT ′;�l ℄. ÷ ÓÉÌÕ (4.6) Ï�ÅÒÁÔÏÒ PT ′; �l ÓÏ×�ÁÄÁÅÔÓ ÏÒÔÏ�ÒÏÅËÔÏÒÏÍ ÎÁ FT ′;�l . ÷ ÒÁÂÏÔÅ [3℄ ÔÁËÏÊ ÏÒÔÏ�ÒÏÅËÔÏÒ ÏÂÏÚÎÁ-ÞÁÌÓÑ XT ′; �l . �ÁÍ ÖÅ, ÉÓ�ÏÌØÚÕÑ Ï�ÒÅÄÅÌÅÎÎÙÊ × (3.10) Ï�ÅÒÁÔÏÒ ��;ÄÌÑ ÏÒÔÏ�ÒÏÅËÔÏÒÁ XT ′; �l (× ÎÁÛÅÍ ÏÂÏÚÎÁÞÅÎÉÉ { PT ′; �l ) ÂÙÌÏ ÄÏËÁÚÁ-ÎÏ ÓÌÅÄÕÀÝÅÅðÒÅÄÌÏÖÅÎÉÅ 9. äÌÑ f = (f1f2) ∈ FT ′ , 0 6 � 6 T ′ Ó�ÒÁ×ÅÄÌÉ×Ï�ÒÅÄÓÔÁ×ÌÅÎÉÅ

PT ′; �l f ∣∣06t<�T ′1 (�) = 0;
PT ′; �l f ∣∣�T ′1 (�)6t<�T ′2 (�) = (�� [

I+ (��)∗��]−1 [(��)∗f1 + f2][
I+ (��)∗��]−1 [(��)∗f1 + f2] ) (4.7)= (��f2(t)f2(t) )+ �T ′2 (�)∫�T ′1 (�) pT ′;�(t; s)f(s) ds ;

PT ′; �l f ∣∣�T ′2 (�)6t6T ′
= f(t):íÁÔÒÉÞÎÏÅ ÑÄÒÏ pT ′;�(t; s) ËÕÓÏÞÎÏ-ÇÌÁÄËÏÅ ×[�T ′1 (�); �T ′2 (�)℄× [�T ′1 (�); �T ′2 (�)℄;ÇÌÁÄËÏÅ ×ÎÅ ÄÉÁÇÏÎÁÌÉ t = s; ÄÌÑ ÎÅÇÏ ×Ù�ÏÌÎÅÎÏ |pT ′;�(t; s)| 6 
onst Ó�ÏÓÔÏÑÎÎÏÊ, ÎÅ ÚÁ×ÉÓÑÝÅÊ ÏÔ �; t; s.



182 á. ì. ðåó�ï÷ìÅÍÍÁ 6. üÌÅÍÅÎÔÙ pT ′;�11 ; pT ′;�12 ; pT ′;�21 ÍÁÔÒÉÞÎÏÇÏ ÑÄÒÁ pT ′;� ×ÙÒÁÖÁ-ÀÔÓÑ ÞÅÒÅÚ ÜÌÅÍÅÎÔ pT ′;�22 ÓÌÅÄÕÀÝÉÍ ÏÂÒÁÚÏÍ:pT ′;�11 (t; s) = �T ′2 (�)∫�T ′1 (�) �T ′2 (�)∫�T ′1 (�) l (t− �) l (s− �) pT ′;�22 (�; �) d�d�+ �T ′2 (�)∫�T ′1 (�) l (t− �) l (s− �) d�; (4.8)pT ′;�12 (t; s) = �T ′2 (�)∫�T ′1 (�) l (t− �) pT ′;�22 (�; s) d�; (4.9)pT ′;�21 (t; s) = l (s− t) + �T ′2 (�)∫�T ′1 (�) l (s− �) pT ′;�22 (t; �) d�: (4.10)æÕÎË�ÉÑ pT ′;�22 Ñ×ÌÑÅÔÓÑ ÎÅ�ÒÅÒÙ×ÎÏÊ × [�T ′1 (�); �T ′2 (�)℄×[�T ′1 (�); �T ′2 (�)℄É ÇÌÁÄËÏÊ ×ÎÅ ÄÉÁÇÏÎÁÌÉ t = s. âÏÌÅÅ ÔÏÇÏ, pT ′;�22 (t; s) = pT ′;�22 (s; t) :äÏËÁÚÁÔÅÌØÓÔ×Ï. ïÂÒÁÔÉÍÓÑ Ë �ÒÅÄÓÔÁ×ÌÅÎÉÑÍ (4.7) É (3.10) ÄÌÑ ÜÌÅ-ÍÅÎÔÏ× ÑÄÒÁ pT ′;�. äÌÑ � ∈ L2[�T ′1 (�); �T ′2 (�)℄ ÉÍÅÅÍ:
((��)∗ ���) (t) = �T ′2 (�)∫�T ′1 (�) l (� − t) (���) (�) d� = �T ′2 (�)∫�T ′1 (�) LT (t; s)� (s) ds;ÇÄÅ ÎÅ�ÒÅÒÙ×ÎÏÅ ÑÄÒÏLT ′ (t; s) = �T ′2 (�)∫max(t;s) l (� − t) l (� − s) d�Ï�ÒÅÄÅÌÅÎÏ ÎÁ Ë×ÁÄÒÁÔÅ [�T ′1 (�); �T ′2 (�)] × [�T ′1 (�); �T ′2 (�)] É Ñ×ÌÑÅÔÓÑÇÌÁÄËÉÍ ×ÎÅ ÄÉÁÇÏÎÁÌÉ t = s: âÏÌÅÅ ÔÏÇÏ, LT ′ (t; s) = LT ′ (s; t) :



ïâ ïâòá�îïê úáäáþå 183ï�ÅÒÁÔÏÒ I + (��)∗ �� Ñ×ÌÑÅÔÓÑ Ï�ÅÒÁÔÏÒÏÍ æÒÅÄÇÏÌØÍÁ É �ÏÌÏ-ÖÉÔÅÌØÎÙÍ ÉÚÏÍÏÒÆÉÚÍÏÍ × �ÒÏÓÔÒÁÎÓÔ×Å L2 ([�T ′1 (�) ; �T ′2 (�)] ;R).óÌÅÄÏ×ÁÔÅÌØÎÏ, ÓÕÝÅÓÔ×ÕÅÔ ÏÂÒÁÔÎÙÊ Ï�ÅÒÁÔÏÒ [I + (��)∗ ��]−1 ; ËÏ-ÔÏÒÙÊ ÔÁËÖÅ Ñ×ÌÑÅÔÓÑ Ï�ÅÒÁÔÏÒÏÍ æÒÅÄÇÏÌØÍÁ:
([

I+ (��)∗ ��]−1 �) (t) = � (t) + �T ′2 (�)∫�T ′1 (�) pT ′;�22 (t; s)� (s) ds:úÄÅÓØ pT ′;�22 - ÆÕÎË�ÉÑ, ËÏÔÏÒÁÑ Ñ×ÌÑÅÔÓÑ ÜÌÅÍÅÎÔÏÍ ÍÁÔÒÉÞÎÏÇÏ ÑÄÒÁpT ′;�. üÔÁ ÆÕÎË�ÉÑ ÏÂÌÁÄÁÅÔ ÔÅÍÉ ÖÅ Ó×ÏÊÓÔ×ÁÍÉ, ÞÔÏ É ÑÄÒÏ LT ′ : pT ′;�22ÎÅ�ÒÅÒÙ×ÎÁ × Ë×ÁÄÒÁÔÅ [�T ′1 (�); �T ′2 (�)] × [�T ′1 (�); �T ′2 (�)] É Ñ×ÌÑÅÔÓÑÇÌÁÄËÏÊ ×ÎÅ ÄÉÁÇÏÎÁÌÉ t = s: ëÁË É ÑÄÒÏ LT ′ ; ÆÕÎË�ÉÑ pT ′;�22 ÓÉÍÍÅ-ÔÒÉÞÎÁ: pT ′;�22 (t; s) = pT ′;�22 (s; t) : ïÓÔÁÌØÎÙÅ ÍÁÔÒÉÞÎÙÅ ÜÌÅÍÅÎÔÙ ÑÄÒÁpT ′;� ×ÙÒÁÖÁÀÔÓÑ ÞÅÒÅÚ ÆÕÎË�ÉÀ pT ′;�22 :
([

I + (��)∗ ��]−1 (��)∗ �) (t) = �T ′2 (�)∫�T ′1 (�) pT ′;�21 (t; s)� (s) dsÓ ÇÌÁÄËÉÍ ×ÎÅ ÄÉÁÇÏÎÁÌÉ s = t ÑÄÒÏÍpT ′;�21 (t; s) = l (s− t) + ∫ �T ′2 (�)�T ′1 (�) pT ′;�22 (t; �) l (s− �) d�:üÌÅÍÅÎÔÙ pT ′;�11 ; pT ′;�12 �ÅÒ×ÏÊ ÓÔÒÏËÉ ÍÁÔÒÉ�Ù pT ′;� �ÏÌÕÞÁÀÔÓÑ ÉÚ ÜÌÅ-ÍÅÎÔÏ× ×ÔÏÒÏÊ ÓÔÒÏËÉ pT ′;�21 ; pT ′;�22 Ó×ÅÒÔËÏÊ Ó ÆÕÎË�ÉÅÊ l �Ï �ÅÒ×ÏÍÕÁÒÇÕÍÅÎÔÕ:pT ′;�11 (t; s) = (��pT ′;�21 (·; s)) (t) = �T ′2 (�)∫�T ′1 (�) l (t− �) pT ′;�21 (�; s) d�;pT ′;�12 (t; s) = (��pT ′;�22 (·; s)) (t) = �T ′2 (�)∫�T ′1 (�) l (t− �) pT ′;�22 (�; s) d�:



184 á. ì. ðåó�ï÷ïÔËÕÄÁ ÓÌÅÄÕÀÔ ÓÏÏÔÎÏÛÅÎÉÑ (4.8) É (4.9). �÷×ÅÄÅÍ ×ÎÕÔÒÅÎÎÅÅ �ÒÏÓÔÒÁÎÓÔ×Ï HT := L2;� ([0; T ℄;R2) ÓÏ ÓËÁÌÑÒ-ÎÙÍ �ÒÏÉÚ×ÅÄÅÎÉÅÍ (2.14) É ÌÉÎÅÁÌ ÇÌÁÄËÉÈ ×ÏÌÎ N T ⊂ HT , ÁÎÎÕ-ÌÉÒÕÀÝÉÈÓÑ × ÏËÒÅÓÔÎÏÓÔÉ x = T , Ï�ÒÅÄÅÌÅÎÎÙÊ × (3.19). ÷ÎÅÛÎÅÅ�ÒÏÓÔÒÁÎÓÔ×Ï FT ′ ÓÏÄÅÒÖÉÔ ÌÉÎÅÁÌ ÇÌÁÄËÉÈ Õ�ÒÁ×ÌÅÎÉÊ MT ′l , ÁÎÎÕ-ÌÉÒÕÀÝÉÈÓÑ × ÏËÒÅÓÔÎÏÓÔÉ t = 0, Ï�ÒÅÄÅÌÅÎÎÙÊ × (3.14).ï�ÅÒÁÔÏÒ WT ′l : FT ′l → HT ; DomWT ′l = MT ′l ,
(
WT ′l f) (x) := ( (PT ′;2xf)1〈T ′ − x〉(PT ′;2xf)2〈T ′ − 2x〉) ; 0 6 x 6 TÄÅÊÓÔ×ÕÅÔ ÉÚÏÍÏÒÆÎÏ ÉÚ MT ′l ÎÁ N T É ÉÍÅÅÔ �ÒÅÄÓÔÁ×ÌÅÎÉÅ(WT ′l f)(x) = ( f1 (T ′ − x)f2 (T ′ − 2x))+ T ′−x∫T ′−2x w(x; t)f (t) dt; 0 6 x 6 T (4.11)Ó ÑÄÒÏÍ w, ÇÌÁÄËÉÍ × [0; T ℄× [0; T ′℄ ×ÎÅ �ÒÑÍÙÈ t = T ′ − x; t = T ′ − 2x.ðÒÉ t > T ′−x É t < T ′−2x ÑÄÒÏ ÁÎÎÕÌÉÒÕÅÔÓÑ, �ÒÉ T ′−2x 6 t 6 T ′−xÑÄÒÏ w(x; t) Ï�ÒÅÄÅÌÑÅÔÓÑ ÓÌÅÄÕÀÝÉÍ ÏÂÒÁÚÏÍ:w11 (x; t) = −

T ′−x∫T ′−2x l (T ′ − x− �) l (t− �) d�−
−

T ′−x∫T ′−2x T ′−x∫T ′−2x l (T ′ − x− �) l (t− s) pT ′;2x22 (�; s) dsd�; (4.12)w12 (x; t) = −
T ′−x∫T ′−2x l (T ′ − x− �) pT ′;2x22 (�; t) d� − l (T ′ − x− t) ; (4.13)w21 (x; t) = T ′−x∫T ′−2x l (t− �) pT;2x22 (T ′ − 2x; �) d� + l (t− T ′ + 2x) ; (4.14)w22 (x; t) = pT ′;2x22 (T ′ − 2x; t) : (4.15)æÏÒÍÕÌÙ (4.12){(4.15) ÓÌÅÄÕÀÔ ÉÚ (4.8){(4.10).



ïâ ïâòá�îïê úáäáþå 185óÏ�ÒÑÖÅÎÎÙÊ Ï�ÅÒÁÔÏÒ (WT ′l )∗ : N T → MT ′l ÄÅÊÓÔ×ÕÅÔ �Ï �ÒÁ×ÉÌÕ
((

WT ′l )∗ y) (t) = (y1 (T ′ − t)y2 (T ′−t2 )
)+ T∫T ′

−t2 w∗ (t; x) y (x) dx; 0 6 t 6 T ′ÇÄÅ y1 (T ′ − t) �ÒÉ 0 6 t 6 T ′ �ÏÎÉÍÁÅÔÓÑ Ó ÕÞÅÔÏÍ óÏÇÌÁÛÅÎÉÑ 2, ÁÑÄÒÏ w∗ (t; x) = wtr (x; t) �; (t; x) ∈ [0; T ′℄× [0; T ℄Ñ×ÌÑÅÔÓÑ ÇÌÁÄËÉÍ ×ÎÅ �ÒÑÍÙÈ t = T ′ − x; t = T ′ − 2x É ÁÎÎÕÌÉÒÕÅÔÓÑ�ÒÉ x > T ′ − t É x < T ′−t2 .úÁÍÅÔÉÍ, ÞÔÏ Ï�ÅÒÁÔÏÒ WT ′l : MT ′l → N T { ÕÎÉÔÁÒÎÙÊ. äÅÊÓÔ×É-ÔÅÌØÎÏ, ËÁË ÂÙÌÏ �ÏËÁÚÁÎÏ × [3℄, Ó�ÒÁ×ÅÄÌÉ×Ï ÒÁ×ÅÎÓÔ×Ï
(
WT ′l )∗ WT ′l = CT ′l ;ÇÄÅ CT ′l := (eT ′l )∗ CT ′eT ′l { ÂÌÏË Ï�ÅÒÁÔÏÒÁ (3.7) × �ÏÄ�ÒÏÓÔÒÁÎÓÔ×Å

FT ′l ⊂ FT ′ : úÄÅÓØ eT ′l : FT ′l ,→ FT ′ Ï�ÅÒÁÔÏÒ ×ÌÏÖÅÎÉÑ. ÷ ÓÉÌÕ (4.6)
CT ′l = (eT ′l )∗ CT ′eT ′l = (eT ′l )∗ eT ′l = IFT ′l :óÌÅÄÏ×ÁÔÅÌØÎÏ, ÄÌÑ (WT ′l )−1 : N T → MT ′l Ó�ÒÁ×ÅÄÌÉ×Ï �ÒÅÄÓÔÁ×ÌÅÎÉÅ

((
WT ′l )−1 y) (t) = (y1 (T ′ − t)y2 (T ′−t2 )

)+ T∫T ′
−t2 v (t; x) y (x) dx;0 6 t 6 T ′

(4.16)Ó ÇÌÁÄËÉÍ ×ÎÅ �ÒÑÍÙÈ t = T ′ − x; t = T ′ − 2x ÑÄÒÏÍv (t; x) = wtr (x; t) �; (t; x) ∈ [0; T ′℄× [0; T ℄ ; (4.17)ÁÎÎÕÌÉÒÕÀÝÉÍÓÑ �ÒÉ x > T ′ − t É x < T ′−t2 .ï�ÅÒÁÔÏÒ L : HT → HT ; DomL = N T , ÚÁÄÁÅÔÓÑ ÆÏÒÍÕÌÏÊ (3.20).õÞÉÔÙ×ÁÑ �ÒÅÄÓÔÁ×ÌÅÎÉÑ (4.11), (4.16) ÄÌÑ Ï�ÅÒÁÔÏÒÏ× WT ′l ;(WT ′l )−1,×ÙÒÁÖÅÎÉÑ ÄÌÑ ÍÁÔÒÉ� A É B, �ÏÌÕÞÅÎÎÙÅ × �ÅÏÒÅÍÅ 2, Õ�ÒÏÝÁÀÔÓÑ,É Ó�ÒÁ×ÅÄÌÉ×Á



186 á. ì. ðåó�ï÷ìÅÍÍÁ 7. äÌÑ ÜÌÅÍÅÎÔÁ a (x) ÁÎÔÉÄÉÁÇÏÎÁÌØÎÏÊ ÍÁÔÒÉ�Ù A (x) ÎÁÏÔÒÅÚËÅ [0; T ℄ Ó�ÒÁ×ÅÄÌÉ×Ï �ÒÅÄÓÔÁ×ÌÅÎÉÅa (x) = 32 l (x) + x∫0 pT ′;2x22 (T ′ − 2x; T ′ − x− s) l (s) ds : (4.18)ðÒÉÞÅÍ a (x) ≡ 0 ÔÏÇÄÁ É ÔÏÌØËÏ ÔÏÇÄÁ, ËÏÇÄÁ l (x) ≡ 0: äÌÑ ÍÁÔÒÉ�ÙB ÎÁ ÏÔÒÅÚËÅ [0; T ℄ Ó�ÒÁ×ÅÄÌÉ×Ï �ÒÅÄÓÔÁ×ÌÅÎÉÅB (x) = 
 (w̃I)tr (x) �− 2 (w̃II)tr (x) �− �w̃II (x)+ �w (x; 〈T ′ − x〉)wtr (x; 〈T ′ − x〉) �++ 12�w (x; 〈T ′ − 2x〉)wtr (x; 〈T ′ − 2x〉) �; (4.19)ÇÄÅ w̃ (x) = ( w11 (x; 〈T ′ − x〉) w12 (x; 〈T ′ − 2x〉)w21 (x; 〈T ′ − x〉) w22 (x; 〈T ′ − 2x〉) ) ;w̃I (x) = ( (w11)′(1) (x; 〈T ′ − x〉) (w12)′(1) (x; 〈T ′ − 2x〉)(w21)′(1) (x; 〈T ′ − x〉) (w22)′(1) (x; 〈T ′ − 2x〉) ) ;w̃II (x) = ( (w11)′(2) (x; 〈T ′ − x〉) (w12)′(2) (x; 〈T ′ − 2x〉)(w21)′(2) (x; 〈T ′ − x〉) (w22)′(2) (x; 〈T ′ − 2x〉) ) :á ÜÌÅÍÅÎÔÙ ÍÁÔÒÉ�Ù w Ï�ÒÅÄÅÌÑÀÔÓÑ ÞÅÒÅÚ ÆÕÎË�ÉÉ l É pT ′;2x22 �ÏÆÏÒÍÕÌÁÍ (4.12){(4.15).äÏËÁÚÁÔÅÌØÓÔ×Ï. ó ÕÞÅÔÏÍ (4.17) �ÒÅÄÓÔÁ×ÌÅÎÉÅ (3.53) ÄÌÑ ÍÁÔÒÉ�ÙA Õ�ÒÏÝÁÅÔÓÑ: A (x) = ( 0 −a (x)a (x) 0 ) ;ÇÄÅ a (x) = 12w12 (x; 〈T ′ − 2x〉)− 2w21 (x; 〈T ′ − x〉) :ó ÕÞÅÔÏÍ ÔÏÇÏ, ÞÔÏ ÍÁÔÒÉ�Á-ÆÕÎË�ÉÑ w (x; t) ÁÎÎÕÌÉÒÕÅÔÓÑ �ÒÉ t >T ′ − x É t < T ′ − 2x, Á �ÒÉ T ′ − 2x 6 t 6 T ′ − x ÜÌÅÍÅÎÔÙ w12(x; t) Éw21(x; t) Ï�ÒÅÄÅÌÑÀÔÓÑ ÆÏÒÍÕÌÁÍÉ (4.13){(4.14), ÍÏÖÅÍ ÚÁ�ÉÓÁÔØa (x) = 12w12 (x; 〈T ′ − 2x〉)− 2w21 (x; 〈T ′ − x〉)



ïâ ïâòá�îïê úáäáþå 187= −12  T−x∫T−2x l (T ′ − x− �) pT ′;2x22 (�; T ′ − 2x) d� + l (x)+ 2 T ′−x∫T ′−2x l (T ′ − x− �) pT ′;2x22 (T ′ − 2x; �) d� + l (x)= 32  T ′−x∫T ′−2x l (T ′ − x− �) pT;2x22 (T ′ − 2x; �) d� + l (x)= 32 l (x) + x∫0 pT ′;2x22 (T ′ − 2x; T ′ − x− s) l (s) ds ;ÇÄÅ �ÒÅÄ�ÏÓÌÅÄÎÅÅ ÒÁ×ÅÎÓÔ×Ï Ó�ÒÁ×ÅÄÌÉ×Ï × ÓÉÌÕ ÓÉÍÍÅÔÒÉÞÎÏÓÔÉÆÕÎË�ÉÉ pT ′;2x22 :pT ′;2x22 (T ′ − 2x; �) = pT ′;2x22 (�; T ′ − 2x) :éÚ ÔÅÏÒÉÉ ÕÒÁ×ÎÅÎÉÊ ÷ÏÌØÔÅÒÒÁ ÄÌÑ ÕÒÁ×ÎÅÎÉÑl (x) + x∫0 K (x; s) l (s) ds = 0Ó ÇÌÁÄËÉÍ ÑÄÒÏÍK (x; s) = pT ′;2x22 (T ′ − 2x; T ′ − x− s)ÓÌÅÄÕÅÔ, ÞÔÏ ÒÁ×ÅÎÓÔ×Ï a (x) ≡ 0 ÒÁ×ÎÏÓÉÌØÎÏ l (x) ≡ 0:äÌÑ ÍÁÔÒÉ�Ù B �ÒÅÄÓÔÁ×ÌÅÎÉÅ (4.19) ÓÌÅÄÕÅÔ ÉÚ (3.25) Ó ÕÞÅ-ÔÏÍ (4.17). �éÔÁË, ×ÙÂÉÒÁÑ ÇÌÁÄËÕÀ ÎÅÎÕÌÅ×ÕÀ ÆÕÎË�ÉÀ l ∈ C∞ [0; T ℄, ÔÁËÕÀÞÔÏ l (0) = 0; ÍÙ ÍÏÖÅÍ ÎÁÊÔÉ ÇÌÁÄËÕÀ ÆÕÎË�ÉÀ pT ′;2x22 (T ′ − 2x; s) ;�ÒÉ T ′ − 2x 6 s 6 T ′ − x: äÁÌÅÅ, �Ï ÆÏÒÍÕÌÁÍ (4.18) É (4.19) ÓÏÏÔ-×ÅÔÓÔ×ÅÎÎÏ Ï�ÒÅÄÅÌÑÀÔÓÑ ÍÁÔÒÉ�Ù A (x) É B (x) ÎÁ ÏÔÒÅÚËÅ [0; T ℄ : éÚÒÁÂÏÔÙ [3℄ ÓÌÅÄÕÅÔ, ÞÔÏ ÓÉÓÔÅÍÁ (4.1){(4.3) 
 �ÏÓÔÏÑÎÎÙÍÉ ÍÁÔÒÉ�ÁÍÉ�, 
; Ï�ÒÅÄÅÌÅÎÎÙÍÉ × (4.4), É ÍÁÔÒÉ�ÁÍÉ A É B; Ï�ÒÅÄÅÌÅÎÎÙÍÉ �Ï×ÙÂÒÁÎÎÏÊ ÆÕÎË�ÉÉ l ∈ C∞ [0; T ℄, ÏÂÌÁÄÁÅÔ Ï�ÅÒÁÔÏÒÏÍ ÒÅÁË�ÉÉ(R2T f)(t) = − dfdt (t); 0 6 t 6 2T:
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