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§1. ÷×ÅÄÅÎÉÅ. ðÏÓÔÁÎÏ×ËÁ ÚÁÄÁÞ. ïÓÎÏ×ÎÙÅÒÅÚÕÌØÔÁÔÙ.òÁÓÓÍÁÔÒÉ×ÁÅÔÓÑ Ä×ÕÈÆÁÚÎÁÑ ÚÁÄÁÞÁ (ÚÁÄÁÞÁ A) ÄÌÑ �ÁÒÁÂÏÌÉÞÅ-ÓËÉÈ ÕÒÁ×ÎÅÎÉÊ Ó Ä×ÕÍÑ ÍÁÌÙÍÉ �ÁÒÁÍÅÔÒÁÍÉ � > 0, " > 0 �ÒÉ ÓÔÁÒ-ÛÉÈ ÞÌÅÎÁÈ × ÇÒÁÎÉÞÎÏÍ ÕÓÌÏ×ÉÉ.üÔÕ ÚÁÄÁÞÕ �ÒÉ � = 1, " = 1 ÉÚÕÞÁÌÉ × �ÒÏÓÔÒÁÎÓÔ×Å çÅÌØÄÅÒÁ â. ÷.âÁÚÁÌÉÊ [1℄, å. ÷. òÁÄËÅ×ÉÞ [2℄, ç. é. âÉÖÁÎÏ×Á [3℄, ç. é. âÉÖÁÎÏ×Á,÷. á. óÏÌÏÎÎÉËÏ× [4℄. ÷ [5,6℄ ÂÙÌÁ ÒÁÓÓÍÏÔÒÅÎÁ Ä×ÕÈÆÁÚÎÁÑ ÚÁÄÁÞÁ ÄÌÑÕÒÁ×ÎÅÎÉÊ ÔÅ�ÌÏ�ÒÏ×ÏÄÎÏÓÔÉ Ó � = 1, " > 0, �ÏÌÕÞÅÎÙ × ËÌÁÓÓÉÞÅÓËÏÍÉ ×ÅÓÏ×ÏÍ �ÒÏÓÔÒÁÎÓÔ×ÁÈ çÅÌØÄÅÒÁ Ï�ÅÎËÉ ÒÅÛÅÎÉÑ Ó �ÏÓÔÏÑÎÎÙÍÉ,ÎÅ ÚÁ×ÉÓÑÝÉÍÉ ÏÔ ". ÷ [7℄ ÉÚÕÞÅÎÁ ÏÄÎÏÆÁÚÎÁÑ ÚÁÄÁÞÁ Ó ÍÁÌÙÍ �ÁÒÁ-ÍÅÔÒÏÍ " �ÒÉ �ÒÏÉÚ×ÏÄÎÏÊ �Ï ×ÒÅÍÅÎÉ × ÇÒÁÎÉÞÎÏÍ ÕÓÌÏ×ÉÉ. âÙÌÉÕÓÔÁÎÏ×ÌÅÎÙ × �ÒÏÓÔÒÁÎÓÔ×Å çÅÌØÄÅÒÁ Ï�ÅÎËÉ ÒÅÛÅÎÉÑ ×ÏÚÍÕÝÅÎÎÏÇÏÞÌÅÎÁ.ãÅÌØ ÎÁÓÔÏÑÝÅÊ ÒÁÂÏÔÙ { �ÏÌÕÞÉÔØ ÉÚ ÒÅÛÅÎÉÑ ÚÁÄÁÞÉ A Ó Ä×ÕÍÑÍÁÌÙÍÉ �ÁÒÁÍÅÔÒÁÍÉ " > 0 É � > 0 ÒÅÛÅÎÉÑ ÚÁÄÁÞ B, C, D ËÁË �ÒÅÄÅ-ÌÙ ÒÅÛÅÎÉÑ ÚÁÄÁÞÉ A �ÒÉ � → 0; " > 0; " → 0; � > 0; " = 0; � → 0ÓÏÏÔ×ÅÔÓÔ×ÅÎÎÏ. ðÒÉ ÜÔÏÍ ÍÙ ÎÁÊÄÅÍ ÒÅÛÅÎÉÑ ÚÁÄÁÞ B, C, D, ÎÅ ÒÅ-ÛÁÑ ÉÈ É ÂÅÚ �ÏÔÅÒÉ ÇÌÁÄËÏÓÔÉ ÚÁÄÁÎÎÙÈ ÆÕÎË�ÉÊ, Ô.Å. �ÏÌÕÞÉÍ ÉÈÒÅÛÅÎÉÑ ÍÁËÓÉÍÁÌØÎÏÊ ÇÌÁÄËÏÓÔÉ. üÔÉ ÒÅÚÕÌØÔÁÔÙ �ÏËÁÚÙ×ÁÀÔ, ÞÔÏ�ÒÉ ÓÔÒÅÍÌÅÎÉÉ ÍÁÌÙÈ �ÁÒÁÍÅÔÒÏ× Ë ÎÕÌÀ �ÏÇÒÁÎÓÌÏÊÎÙÅ ÆÕÎË�ÉÉ ÎÅ×ÏÚÎÉËÁÀÔ, ÈÏÔÑ ÍÁÌÙÅ �ÁÒÁÍÅÔÒÙ ÓÏÄÅÒÖÁÔÓÑ �ÒÉ ÓÔÁÒÛÉÈ ÞÌÅÎÁÈ ×ÇÒÁÎÉÞÎÏÍ ÕÓÌÏ×ÉÉ.úÁÄÁÞÁ á ÌÅÖÉÔ × ÏÓÎÏ×Å ÒÅÛÅÎÉÑ ÍÎÏÇÏÍÅÒÎÏÊ Ä×ÕÈÆÁÚÎÏÊ ÎÅÌÉ-ÎÅÊÎÏÊ ÚÁÄÁÞÉ Ó Ä×ÕÍÑ ÍÁÌÙÍÉ �ÁÒÁÍÅÔÒÁÍÉ ÎÁ Ó×ÏÂÏÄÎÏÊ ÇÒÁÎÉ�Å ÄÌÑëÌÀÞÅ×ÙÅ ÓÌÏ×Á: ËÒÁÅ×ÙÅ ÚÁÄÁÞÉ, �ÁÒÁÂÏÌÉÞÅÓËÏÅ ÕÒÁ×ÎÅÎÉÅ, ÍÁÌÙÅ �ÁÒÁÍÅ-ÔÒÙ, �ÒÏÓÔÒÁÎÓÔ×Ï çÅÌØÄÅÒÁ, ÓÕÝÅÓÔ×Ï×ÁÎÉÅ, ÅÄÉÎÓÔ×ÅÎÎÏÓÔØ, Ï�ÅÎËÉ ÒÅÛÅÎÉÑ.òÁÂÏÔÁ ×Ù�ÏÌÎÅÎÁ �Ï ÇÒÁÎÔÕ 3358/çæ4 ëÏÍÉÔÅÔÁ ÎÁÕËÉ íÉÎÉÓÔÅÒÓÔ×Á ÏÂÒÁ-ÚÏ×ÁÎÉÑ É ÎÁÕËÉ òÅÓ�ÕÂÌÉËÉ ëÁÚÁÈÓÔÁÎ. 7



8 ç. é. âéöáîï÷á�ÁÒÁÂÏÌÉÞÅÓËÉÈ ÕÒÁ×ÎÅÎÉÊ É ÂÕÄÅÔ ÉÓ�ÏÌØÚÏ×ÁÎÁ �ÒÉ ÒÅÛÅÎÉÉ ÜÔÏÊ ÎÅ-ÌÉÎÅÊÎÏÊ ÚÁÄÁÞÉ. �ÁËÉÅ ÚÁÄÁÞÉ ÓÏ Ó×ÏÂÏÄÎÏÊ ÇÒÁÎÉ�ÅÊ ×ÏÚÎÉËÁÀÔ �ÒÉÉÚÕÞÅÎÉÉ �ÒÏ�ÅÓÓÏ× Ó ÆÁÚÏ×ÙÍÉ �ÅÒÅÈÏÄÁÍÉ (�ÌÁ×ÌÅÎÉÅ, ËÒÉÓÔÁÌÌÉÚÁ-�ÉÑ ×ÅÝÅÓÔ×Á), × ÔÅÏÒÉÉ ÆÉÌØÔÒÁ�ÉÉ ÖÉÄËÏÓÔÅÊ É ÇÁÚÏ× × �ÏÒÉÓÔÏÊÓÒÅÄÅ, ÔÅÏÒÉÉ ÇÏÒÅÎÉÑ É Ô.Ä., ÏÎÉ ÉÍÅÀÔ �ÒÁËÔÉÞÅÓËÏÅ �ÒÉÍÅÎÅÎÉÅ,Ô.Ë. ÍÁÌÙÅ �ÁÒÁÍÅÔÒÙ { ÜÔÏ ËÏÜÆÆÉ�ÉÅÎÔÙ ÚÁÄÁÞÉ, ÈÁÒÁËÔÅÒÉÚÕÀÝÉÅÓ×ÏÊÓÔ×Á ÓÒÅÄÙ. ÷ÏÚÎÉËÁÅÔ ×Ï�ÒÏÓ, ËÁË �Ï×ÅÄÅÔ ÓÅÂÑ ÒÅÛÅÎÉÅ ÚÁÄÁÞÉ�ÒÉ ÓÔÒÅÍÌÅÎÉÉ ÍÁÌÏÇÏ �ÁÒÁÍÅÔÒÁ Ë ÎÕÌÀ, Ô.Å. �ÒÉ ÉÚÍÅÎÅÎÉÉ ÈÁÒÁË-ÔÅÒÉÓÔÉËÉ ÓÒÅÄÙ.÷ ÒÁÂÏÔÅ ÂÕÄÕÔ ÄÏËÁÚÁÎÙ ÔÅÏÒÅÍÙ 1.1, 1.2, ËÏÔÏÒÙÅ �ÏÚ×ÏÌÑÔ ÏÂÏ-ÓÎÏ×ÁÔØ �ÒÅÄÅÌØÎÙÊ �ÅÒÅÈÏÄ × ÒÅÛÅÎÉÉ ÚÁÄÁÞÉ á �ÒÉ � → 0; " > 0;"→ 0; � > 0; " = 0; � → 0 (ÔÅÏÒÅÍÙ 1.3{ 1.5).ðÕÓÔØ D1 := R
n
− = {x : x′ ∈ R

n−1; xn < 0};D2 := R
n+ = {x : x′ ∈ R

n−1; xn > 0};n > 2;R := {x : x′ ∈ R
n−1; xn = 0}; DpT := Dp × (0; T );p = 1; 2;RT := R× [0; T ℄; x = (x′; xn); x′ = (x1; : : : ; xn−1):" > 0; � > 0 { ÍÁÌÙÅ �ÁÒÁÍÅÔÒÙ.þÅÒÅÚ C1; C2; : : : ; ÍÙ ÂÕÄÅÍ ÏÂÏÚÎÁÞÁÔØ �ÏÌÏÖÉÔÅÌØÎÙÅ �ÏÓÔÏÑÎÎÙÅ.òÁÓÓÍÏÔÒÉÍ ÞÅÔÙÒÅ ÚÁÄÁÞÉ Ó ÎÅÉÚ×ÅÓÔÎÙÍÉ ÆÕÎË�ÉÑÍÉ u1(x; t) Éu2(x; t).úÁÄÁÞÁ A (" > 0; � > 0).�tup − n∑i;j=1 a(p)ij �2xixjup = fp(x; t) × DpT ; p = 1; 2; (1.1)up|t=0 = 0 × Dp; p = 1; 2; (1.2)

(u1 − u2)|xn=0 = '0(x′; t) ÎÁ RT ; (1.3)
(" �tu1 + �b∇Tu1 − 
∇Tu2)|xn=0= '1(x′; t) + "'2(x′; t) + �'3(x′; t) ÎÁ RT : (1.4)



óèïäéíïó�ø ÷ ðòïó�òáîó�÷å çåìøäåòá 9úÁÄÁÞÁ B (" > 0; � = 0).�tup − n∑i;j=1 a(p)ij �2xixjup = fp(x; t) × DpT ; p = 1; 2; (1.5)up|t=0 = 0 × Dp; p = 1; 2; (1.6)
(u1 − u2)|xn=0 = '0(x′; t) ÎÁ RT ; (1.7)

(" �tu1 − 
∇Tu2)|xn=0 = '1(x′; t) + "'2(x′; t) ÎÁ RT : (1.8)úÁÄÁÞÁ C (" = 0; � > 0).�tup − n∑i;j=1 a(p)ij �2xixjup = fp(x; t) × DpT ; p = 1; 2; (1.9)up|t=0 = 0 × Dp; p = 1; 2; (1.10)
(u1 − u2)|xn=0 = '0(x′; t) ÎÁ RT ; (1.11)

(�b∇Tu1 − 
∇Tu2)|xn=0 = '1(x′; t) + �'3(x′; t) ÎÁ RT : (1.12)úÁÄÁÞÁ D (" = 0; � = 0).�tup − n∑i;j=1 a(p)ij �2xixjup = fp(x; t) × DpT ; p = 1; 2; (1.13)up|t=0 = 0 × Dp; p = 1; 2; (1.14)
(u1 − u2)|xn=0 = '0(x′; t) ÎÁ RT ; (1.15)
−
∇Tu2|xn=0 = '1(x′; t) ÎÁ RT : (1.16)úÄÅÓØ ×ÓÅ ËÏÜÆÆÉ�ÉÅÎÔÙ �ÏÓÔÏÑÎÎÙÅ, b = (b′; bn); b′ = (b1; : : : ; bn−1),
 = (
′; 
n), 
′ = (
1; : : : ; 
n−1), ∇T = 
olon(�x1 ; : : : ; �xn) { ×ÅËÔÏÒ {ÓÔÏÌÂÅ�, b 
T = b1
1 + : : : + bn
n { ÓËÁÌÑÒÎÏÅ �ÒÏÉÚ×ÅÄÅÎÉÅ, � =�2x1 + : : :+ �2xn , �t = �=�t, �xi = �=�xi, bn > 0; 
n > 0.



10 ç. é. âéöáîï÷áëÏÜÆÆÉ�ÉÅÎÔÙ ÕÒÁ×ÎÅÎÉÊ (1.1), (1.5), (1.9), (1.13) ÕÄÏ×ÌÅÔ×ÏÒÑÀÔÕÓÌÏ×ÉÀ ÜÌÌÉ�ÔÉÞÎÏÓÔÉa(p)i j = a(p)j i ; i; j = 1; : : : ; n; n∑i;j=1 a(p)i j �i�j > a0�2; � ∈ R
n; p = 1; 2: (1.17)a0 = 
onst > 0:íÙ ÂÕÄÅÍ ÉÚÕÞÁÔØ ÚÁÄÁÞÉ × �ÒÏÓÔÒÁÎÓÔ×Å çÅÌØÄÅÒÁ C2+l; 1+l=2x t (
T ),l { ÎÅ�ÅÌÏÅ �ÏÌÏÖÉÔÅÌØÎÏÅ ÞÉÓÌÏ, ÆÕÎË�ÉÊ u(x; t) Ó ÎÏÒÍÏÊ [8℄

|u|(2+l)
T = 2+[l℄∑2m0+|m|=0 |�m0t �mx u|
T+ ∑2m0+|m|=2+[l℄([�m0t �mx u℄(�)x;
T + [�m0t �mx u℄(�=2)t;
T )+ ∑2m0+|m|=1+[l℄[�m0t �mx u℄( 1+�2 )t;
T ; � = l − [l℄ ∈ (0; 1); (1.18)
ÇÄÅ 
 { ÏÂÌÁÓÔØ × R

n, 
T := 
 × (0; T ), m = (m1; : : : ;mn), mi, {ÎÅÏÔÒÉ�ÁÔÅÌØÎÙÅ �ÅÌÙÅ ÞÉÓÌÁ, i = 1; : : : ; n, |m| = m1 + : : :+mn,
|v|
T = max(x;t)∈
T | v|;[v℄(�)x;
T = max(x;t);(z;t)∈
T ∣∣v(x; t) − v(z; t)∣∣

|x− z|� ;[v℄(�)t;
T = max(x;t);(x;t1)∈
T ∣∣v(x; t) − v(x; t1)∣∣
|t− t1|� :þÅÒÅÚ ◦C2+l; 1+l=2x t (
T ) ÏÂÏÚÎÁÞÉÍ �ÏÄÍÎÏÖÅÓÔ×Ï ÆÕÎË�ÉÊ u(x; t) ∈C2+l; 1+l=2x t (
T ) ÔÁËÉÈ, ÞÔÏ �kt u∣∣t=0 = 0, k = 0; : : : ; 1 + [l=2℄.ó�ÒÁ×ÅÄÌÉ×Á ÌÅÍÍÁ [9℄.



óèïäéíïó�ø ÷ ðòïó�òáîó�÷å çåìøäåòá 11ìÅÍÍÁ 1.1. ÷ �ÒÏÓÔÒÁÎÓÔ×Å ◦C2+l; 1+l=2x t (
T ), l { ÎÅ�ÅÌÏÅ �ÏÌÏÖÉ-ÔÅÌØÎÏÅ ÞÉÓÌÏ, ÎÏÒÍÁ |u|(2+l)
T ; Ï�ÒÅÄÅÌÅÎÎÁÑ �Ï ÆÏÒÍÕÌÅ (1.18), ÜË×É-×ÁÌÅÎÔÎÁ ÎÏÒÍÅ
||u||(2+l)
T = sup(x;t)∈
T t−1−l=2|u(x; t)|+ ∑2m0+|m|=2+[l℄([�m0t �mx u℄(�)x;
T + [�m0t �mx u℄(�=2)t;
T )+ ∑2m0+|m|=1+[l℄[�m0t �mx u℄( 1+�2 )t;
T ; (1.19)� = l − [l℄ ∈ (0; 1).ðÒÉ×ÅÄÅÍ ÏÓÎÏ×ÎÙÅ ÒÅÚÕÌØÔÁÔÙ ÒÁÂÏÔÙ.�ÅÏÒÅÍÁ 1.1. ðÕÓÔØ bn > 0; 
n > 0, � ∈ (0; �0℄; " ∈ (0; "0℄; l{ÎÅ�ÅÌÏÅ�ÏÌÏÖÉÔÅÌØÎÏÅ ÞÉÓÌÏ.ðÒÉ ÌÀÂÙÈ ÆÕÎË�ÉÑÈfp(x; t) ∈ ◦C l; l=2x t (DpT ); p = 1; 2;'0(x′; t) ∈ ◦C2+l;1+l=2x′ t (RT );'1(x′; t); "'2(x′; t); �'3(x′; t) ∈ ◦C1+l; 1+l2x′ t (RT )ÚÁÄÁÞÁ (1:1)− (1:4) ÉÍÅÅÔ ÅÄÉÎÓÔ×ÅÎÎÏÅ ÒÅÛÅÎÉÅup(x; t) ∈ ◦C2+l;1+l=2x t (DpT ); p = 1; 2;" �tu1|xn=0 ∈

◦C1+l; 1+l2x′ t (RT );É ÏÎÏ �ÏÄÞÉÎÑÅÔÓÑ Ï�ÅÎËÅ2∑p=1 |up|(2+l)DpT + |"�tu1|(1+l)RT 6 C1Ml; (1.20)Ml := 2∑p=1 |fp|(l)DpT + |'0|(2+l)RT + "|'1|(1+l)RT + �|'2|(1+l)RT + |'3|(1+l)RT ;ÇÄÅ �ÏÓÔÏÑÎÎÁÑ C1 ÎÅ ÚÁ×ÉÓÉÔ ÏÔ � É ".



12 ç. é. âéöáîï÷á�ÅÏÒÅÍÁ 1.2. ðÕÓÔØ ×Ù�ÏÌÎÅÎÙ ×ÓÅ ÕÓÌÏ×ÉÑ ÔÅÏÒÅÍÙ 1:1, l = k + �,k = 0; 1; : : : ; � ∈ (0; 1).�ÏÇÄÁ �ÒÏÉÚ×ÏÄÎÁÑ �Ï ×ÒÅÍÅÎÉ "�tu(x; t)|xn=0 × ÇÒÁÎÉÞÎÏÍ ÕÓÌÏ-×ÉÉ (1.4) ÚÁÄÁÞÉ (1.1){(1.4) ÕÄÏ×ÌÅÔ×ÏÒÑÅÔ Ï�ÅÎËÅ
|"�tu|C1+k+�; 1+k+�2x′ t (RT ) 6 C2"�−�2 Mk+�; � ∈ (0; �=2) (1.21)ÇÄÅ �ÏÓÔÏÑÎÎÁÑ C2 ÎÅ ÚÁ×ÉÓÉÔ ÏÔ � É ".�ÅÏÒÅÍÁ 1.3. ðÕÓÔØ 
n > 0; " ∈ (0; "0℄; l { ÎÅ�ÅÌÏÅ �ÏÌÏÖÉÔÅÌØÎÏÅÞÉÓÌÏ.ðÒÉ ÌÀÂÙÈ ÆÕÎË�ÉÑÈ fp(x; t) ∈ ◦C l; l=2x t (DpT ); p = 1; 2;'0(x′; t) ∈ ◦C2+l;1+l=2x′ t (RT ); '1(x′; t); "'2(x′; t) ∈ ◦C1+l; 1+l2x′ t (RT )ÚÁÄÁÞÁ (1:5)− (1:8) ÉÍÅÅÔ ÅÄÉÎÓÔ×ÅÎÎÏÅ ÒÅÛÅÎÉÅup(x; t) ∈ ◦C2+l;1+l=2x t (DpT ); p = 1; 2; "�tup(x; t) ∈ ◦C1+l; 1+l2x t (RT );É ÏÎÏ �ÏÄÞÉÎÑÅÔÓÑ Ï�ÅÎËÅ2∑p=1 |up|(2+l)DpT + |"�tu1|(1+l)RT

6 C3( 2∑p=1 |fp|(l)DpT + |'0|(2+l)RT + |'1|(1+l)RT + "|'2|(1+l)RT ); (1.22)ÇÄÅ �ÏÓÔÏÑÎÎÁÑ C3 ÎÅ ÚÁ×ÉÓÉÔ ÏÔ ".�ÅÏÒÅÍÁ 1.4. ðÕÓÔØ bn > 0, 
n > 0, � ∈ (0; �0℄; l { ÎÅ�ÅÌÏÅ �ÏÌÏÖÉ-ÔÅÌØÎÏÅ ÞÉÓÌÏ.ðÒÉ ÌÀÂÙÈ ÆÕÎË�ÉÑÈ fp(x; t) ∈ ◦Cl; l=2x t (DpT ), p = 1; 2;'0(x′; t) ∈ ◦C2+l; 1+l=2x′ t (RT ); '1(x′; t); �'3(x′; t) ∈ ◦C1+l; 1+l2x′ t (RT )ÚÁÄÁÞÁ (1:9)− (1:12) ÉÍÅÅÔ ÅÄÉÎÓÔ×ÅÎÎÏÅ ÒÅÛÅÎÉÅup(x; t) ∈ ◦C2+l; 1+l=2x t (DpT ); p = 1; 2;É ÏÎÏ ÕÄÏ×ÌÅÔ×ÏÒÑÅÔ Ï�ÅÎËÅ2∑p=1 |up|(2+l)DpT 6 C4( 2∑p=1 |fp|(l)DpT + |'0|(2+l)RT + |'1|(1+l)RT +�|'3|(1+l)RT ); (1.23)



óèïäéíïó�ø ÷ ðòïó�òáîó�÷å çåìøäåòá 13ÇÄÅ �ÏÓÔÏÑÎÎÁÑ C4 ÎÅ ÚÁ×ÉÓÉÔ ÏÔ �.�ÅÏÒÅÍÁ 1.5. ðÕÓÔØ 
n > 0; l { ÎÅ�ÅÌÏÅ �ÏÌÏÖÉÔÅÌØÎÏÅ ÞÉÓÌÏ.ðÒÉ ÌÀÂÙÈ ÆÕÎË�ÉÑÈ fp(x; t) ∈ ◦C l; l=2x t (DpT ); p = 1; 2;'0(x′; t) ∈ ◦C2+l; 1+l=2x′ t (RT ); '1(x′; t) ∈ ◦C1+l; 1+l2x′ t (RT );ÚÁÄÁÞÁ (1:13)− (1:16) ÉÍÅÅÔ ÅÄÉÎÓÔ×ÅÎÎÏÅ ÒÅÛÅÎÉÅup(x; t) ∈ ◦C2+l; 1+l=2x t (DpT ); p = 1; 2;É ÄÌÑ ÎÅÇÏ Ó�ÒÁ×ÅÄÌÉ×Á Ï�ÅÎËÁ2∑p=1 |up|(2+l)DpT 6 C5( 2∑p=1 |fp|(l)DpT + |'0|(2+l)RT + |'1|(1+l)RT ): (1.24)äÏËÁÚÁÔÅÌØÓÔ×Ï ÓÈÏÄÉÍÏÓÔÉ ÒÅÛÅÎÉÑ ×ÏÚÍÕÝÅÎÎÏÊ ÚÁÄÁÞÉ �ÒÉ ÓÔÒÅ-ÍÌÅÎÉÉ ÏÄÎÏÇÏ ÉÚ ÍÁÌÙÈ �ÁÒÁÍÅÔÒÏ× Ë ÎÕÌÀ { ÔÅÏÒÅÍ 1.3{1.5 ÏÓÎÏ×ÁÎÏÎÁ ÔÅÏÒÅÍÁÈ 1.1, 1.2.
§2. äÏËÁÚÁÔÅÌØÓÔ×Ï ÔÅÏÒÅÍ 1.1 É 1.2.òÁÓÓÍÏÔÒÉÍ ÚÁÄÁÞÕ (1.1){(1.4).äÌÑ Ó×ÅÄÅÎÉÑ ÅÅ Ë ÂÏÌÅÅ ÕÄÏÂÎÏÊ ÆÏÒÍÅ �ÏÓÔÒÏÉÍ ×Ó�ÏÍÏÇÁÔÅÌØÎÙÅÆÕÎË�ÉÉ U1(x; t) É U2(x; t) ËÁË ÒÅÛÅÎÉÑ ÓÌÅÄÕÀÝÉÈ ÚÁÄÁÞ:�tU1 − n∑i;j=1 a(1)ij �2xixjU1 = f1(x; t) × D1T ;U1|t=0 = 0 × D1; U1|xn=0 = 0 ÎÁ RT ; (2.1)�tU2 − n∑i;j=1 a(2)ij �2xixjU2 = f2(x; t) × D2T ;U2|t=0 = 0 × D2; U2|xn=0 = −'0(x′; t) ÎÁ RT : (2.2)ðÒÉ ×Ù�ÏÌÎÅÎÉÉ ÕÓÌÏ×ÉÊ ÔÅÏÒÅÍÙ 1.1 ËÁÖÄÁÑ ÉÚ ÚÁÄÁÞ (2.1) É (2.2)ÉÍÅÅÔ ÅÄÉÎÓÔ×ÅÎÎÏÅ ÒÅÛÅÎÉÅ [8℄Up(x; t) ∈ ◦C 2+l;1+l=2x t (DpT ); p = 1; 2;É ÄÌÑ ÒÅÛÅÎÉÊ Ó�ÒÁ×ÅÄÌÉ×Ù Ï�ÅÎËÉ

|U1|(2+l)D1T 6 C1|f1|(l)D1T ; |U2|(2+l)D2T 6 C2(|f2|(l)D1T + |'0|(2+l)RT ): (2.3)



14 ç. é. âéöáîï÷áðÏÓÌÅ ÚÁÍÅÎÙup(x; t) = Up(x; t) + ûp(x; t); p = 1; 2; (2.4)× ÚÁÄÁÞÅ (1.1){(1.4) ÍÙ �ÏÌÕÞÉÍ ÚÁÄÁÞÕ ÄÌÑ ÎÏ×ÙÈ ÎÅÉÚ×ÅÓÔÎÙÈ ÆÕÎË-�ÉÊ û1(x; t) É û2(x; t)�tûp − n∑i;j=1 a(p)ij �2xixj ûp = 0 × DpT ; p = 1; 2; (2.5)ûp|t=0 = 0 × Dp; p = 1; 2; (2.6)
(û1 − û2)|xn=0 = 0 ÎÁ RT ; (2.7)

(" �tû1 + �b∇T û1 − 
∇T û2)|xn=0 = �(x′; t) ÎÁ RT ; (2.8)ÇÄÅ�(x′; t) = '1(x′; t)+"'2(x′; t)+�('3(x′; t)−bn�xnU1|xn=0)+
∇TU2|xn=0;�ÒÉ ×Ù�ÏÌÎÅÎÉÉ ÕÓÌÏ×ÉÊ ÔÅÏÒÅÍÙ 1.1 �(x′; t) ∈ ◦C 1+l; 1+l2x′ t (RT ) É
|�|(1+l)RT 6 C3( 2∑p=1 |fp|(l)DpT + |'0|(2+l)RT + |'1|(1+l)RT + "|'2|(1+l)RT + �|'3|(1+l)RT ):(2.9)ó×ÅÄÅÍ �ÅÒ×ÏÅ ÕÒÁ×ÎÅÎÉÅ (2.5) (p = 1) Ë ÕÒÁ×ÎÅÎÉÀ ìÁ�ÌÁÓÁ �ÒÉ�ÏÍÏÝÉ ÏÒÔÏÇÏÎÁÌØÎÏÇÏ �ÒÅÏÂÒÁÚÏ×ÁÎÉÑ ËÏÏÒÄÉÎÁÔ, ÓÖÁÔÉÑ É ÓÎÏ×ÁÏÒÔÏÇÏÎÁÌØÎÏÇÏ �ÒÅÏÂÒÁÚÏ×ÁÎÉÑ, ËÏÔÏÒÏÅ �Ï×ÅÒÎÅÔ �ÌÏÓËÏÓÔØ R, ÒÁÚ-ÄÅÌÑÀÝÕÀ ÏÂÌÁÓÔÉ D1 É D2 ÔÁË, ÞÔÏ ÏÎÁ ÂÕÄÅÔ ÚÁÄÁÎÁ ÕÒÁ×ÎÅÎÉÅÍyn = 0 É D1 = R

n
− É D2 = R

n+ × ÎÏ×ÙÈ ËÏÏÒÄÉÎÁÔÁÈ {y}. ïÂÏÚÎÁÞÉÍÜÔÏ �ÒÅÏÂÒÁÚÏ×ÁÎÉÅ × ×ÉÄÅ x = Ay;ÇÄÅA { ÎÅ×ÙÒÏÖÄÅÎÎÁÑ ÍÁÔÒÉ�Á, ×ÔÏÒÏÅ ÕÒÁ×ÎÅÎÉÅ × (2.5) (p = 2) ÏÓÔÁ-ÎÅÔÓÑ �ÁÒÁÂÏÌÉÞÅÓËÉÍ �ÏÓÌÅ ÜÔÏÇÏ �ÒÅÏÂÒÁÚÏ×ÁÎÉÑ. ðÏÓÌÅ �ÒÅÏÂÒÁÚÏ-×ÁÎÉÑ ËÏÏÒÄÉÎÁÔ {x} Ë ËÏÏÒÄÉÎÁÔÁÍ {y} ÚÁÄÁÞÁ (2.5){(2.8) Ó×ÅÄÅÔÓÑ ËÚÁÄÁÞÅ Ó ÎÅÉÚ×ÅÓÔÎÙÍÉ ÆÕÎË�ÉÑÍÉvp(y; t) = ûp(x; t)|x=Ay ; p = 1; 2: (2.10)úÁÍÅÞÁÎÉÅ 2.1. äÌÑ ÕÄÏÂÓÔ×Á ÍÙ ÂÕÄÅÍ ÏÂÏÚÎÁÞÁÔØ ÎÏ×ÙÅ ËÏÏÒÄÉ-ÎÁÔÙ ÞÅÒÅÚ {x} ×ÍÅÓÔÏ {y} É ÚÁ�ÉÛÅÍ ÚÁÄÁÞÕ ÄÌÑ ÆÕÎË�ÉÊ vp(x; t),p = 1; 2 (×ÍÅÓÔÏ vp(y; t)). ðÒÉ ×ÏÚ×ÒÁÝÅÎÉÉ Ë ÚÁÄÁÞÅ A ÍÙ ÂÕÄÅÍ ÒÁÓ-ÓÍÁÔÒÉ×ÁÔØ ÆÕÎË�ÉÀ vp ËÁË vp(y; t), p = 1; 2.



óèïäéíïó�ø ÷ ðòïó�òáîó�÷å çåìøäåòá 15éÔÁË, ÍÙ �ÏÌÕÞÉÌÉ ÚÁÄÁÞÕ�tv1 − a�v1 = 0 × D1T ; (2.11)�tv2 − n∑i;j=1 ai j �2xixjv2 = 0 × D2T ; (2.12)vp|t=0 = 0 × Dp; p = 1; 2; (2.13)(v1 − v2)|xn=0 = 0 ÎÁ RT ; (2.14)
(" �tv1 + �d∇T v1 − h∇T v2)|xn=0 = '(x′; t) ÎÁ RT ; (2.15)ÇÄÅ ×ÓÅ ËÏÜÆÆÉ�ÉÅÎÔÙ �ÏÓÔÏÑÎÎÙÅ,a > 0; d = (d′; dn); d′ = (d1; : : : ; dn−1); h = (h′; hn); h′ = (h1; : : : ; hn−1);ËÒÏÍÅ ÔÏÇÏ ËÏÜÆÆÉ�ÉÅÎÔÙ aij × ÕÒÁ×ÎÅÎÉÉ (2.12) ÕÄÏ×ÌÅÔ×ÏÒÑÀÔ ÕÓÌÏ-×ÉÑÍ (1.17), '(y′; t) = �(x′; t)|x=Ay; yn=0:ðÕÓÔØ �0 { ÅÄÉÎÉÞÎÁÑ ÎÏÒÍÁÌØ Ë �ÌÏÓËÏÓÔÉ R : xn = 0 × ÚÁÄÁ-ÞÅ (1.1){(1.4), ÎÁ�ÒÁ×ÌÅÎÎÁÑ × D2 (Ô.Å. �Ï ÎÁ�ÒÁ×ÌÅÎÉÀ ËÏÏÒÄÉÎÁÔ-ÎÏÊ ÏÓÉ xn). éÚ×ÅÓÔÎÏ, ÞÔÏ ÓËÁÌÑÒÎÙÅ �ÒÏÉÚ×ÅÄÅÎÉÑ b �T0 = bn > 0,
 �T0 = 
n > 0 ÎÅ ÉÚÍÅÎÑÀÔÓÑ �ÏÓÌÅ ÏÒÔÏÇÏÎÁÌØÎÙÈ �ÒÅÏÂÒÁÚÏ×ÁÎÉÊËÏÏÒÄÉÎÁÔ. ðÒÅÏÂÒÁÚÏ×ÁÎÉÅ ÓÖÁÔÉÑ ÚÁÄÁÅÔÓÑ ÄÉÁÇÏÎÁÌØÎÏÊ ÍÁÔÒÉ�ÅÊÓ �ÏÌÏÖÉÔÅÌØÎÙÍÉ ËÏÍ�ÏÎÅÎÔÁÍÉ, É ÏÎÏ ÓÏÈÒÁÎÑÅÔ ÚÎÁËÉ ÓËÁÌÑÒÎÙÈ�ÒÏÉÚ×ÅÄÅÎÉÊ b �T0 , 
 �T0 É �ÅÒÅ×ÏÄÉÔ ÄÉÁÇÏÎÁÌØÎÕÀ ÍÁÔÒÉ�Õ Ë ÅÄÉÎÉÞ-ÎÏÊ, ÕÍÎÏÖÅÎÎÏÊ ÎÁ a > 0, × ÒÅÚÕÌØÔÁÔÅ ÍÙ �ÏÌÕÞÁÅÍ Ï�ÅÒÁÔÏÒ a� ×ÕÒÁ×ÎÅÎÉÉ (2.11) É × ÕÓÌÏ×ÉÉ (2.15) {dn > 0; hn > 0:äÏËÁÚÁÔÅÌØÓÔ×Ï ÔÅÏÒÅÍÙ 1.1. äÌÑ ÚÁÄÁÞÉ (2.11){(2.15) ÂÙÌÁ ÕÓÔÁ-ÎÏ×ÌÅÎÁ ÔÅÏÒÅÍÁ [10℄�ÅÏÒÅÍÁ 2.1. ðÕÓÔØ dn > 0; hn > 0, � ∈ (0; �0℄; " ∈ (0; "0℄.äÌÑ ÌÀÂÏÊ ÆÕÎË�ÉÉ '(x′; t) ∈

◦C 1+l; 1+l2x′ t (RT ), l { ÎÅ�ÅÌÏÅ �ÏÌÏÖÉ-ÔÅÌØÎÏÅ ÞÉÓÌÏ, ÚÁÄÁÞÁ (2.11){(2.15) ÉÍÅÅÔ ÅÄÉÎÓÔ×ÅÎÎÏÅ ÒÅÛÅÎÉÅvp(x; t) ∈ ◦C 2+l;1+l=2x t (DpT ); p = 1; 2; " �tv1(x; t)|xn=0 ∈
◦C 1+l; 1+l2x′ t (RT );É ÏÎÏ �ÏÄÞÉÎÑÅÔÓÑ Ï�ÅÎËÅ2∑p=1 |vp|(2+l)DpT + |"�tv1|(1+l)RT 6 C4|'|(1+l)RT ; (2.16)ÇÄÅ �ÏÓÔÏÑÎÎÁÑ C1 ÎÅ ÚÁ×ÉÓÉÔ ÏÔ � É ".



16 ç. é. âéöáîï÷á÷ ÒÁÂÏÔÅ [11℄ ÂÙÌÉ �ÏÓÔÒÏÅÎÙ ÆÕÎË�ÉÉ vp(x; t); p = 1; 2; × Ñ×ÎÏÍ×ÉÄÅ �ÒÉ �ÏÍÏÝÉ �ÒÅÏÂÒÁÚÏ×ÁÎÉÊ ìÁ�ÌÁÓÁ É æÕÒØÅvp(x; t) = 1" t∫0 d� ∫

Rn−1 '(y′; �)Gp(x′ − y′; xn; t− �) dy′; (2.17)ÇÄÅ Gp(x; t) = t∫0 Kp(x; �; t − �)d�;K1(x; �; t) = �xng1(x; �; t); K2(x; �; t) = n∑k=1 akn�xkg2(x; �; t) (2.18)g1(x; �; t) = −4a t∫0 d�1 ∫

Rn−1 �1(x− � − �" d�; t− �1)
× 1√

|An| n∑k=1 akn��k�2(� + h�" ; �1)∣∣�n=0 d�′;K1(x; �; t) = −4a t∫0 d�1 ∫

Rn−1 �xn�1(x− � − �" d�; t − �1)
× 1√

|An| n∑k=1 akn��k�2(� + h�" ; �1)∣∣�n=0 d�′
≡

t∫0 d �1 ∫

Rn−1 −xn + �n + �dn�="(2√a�(t− �1))n(t− �1)e− (x−�−�d �=")24a(t−�1)
× hn�="(2√��1)n�1
× 1√

|An|e− n∑i;j=1 aij (�i+hi�=")(�j+hj�=")4�1 ∣∣�n=0 d �′; xn < 0; (2.19)



óèïäéíïó�ø ÷ ðòïó�òáîó�÷å çåìøäåòá 17g2(x; �; t) = −4a t∫0 d�1 ∫

Rn−1 ��n�1(� − �" d�; �1)
× 1√

|An|�2(x− � + h�" ; t− �1)∣∣�n=0 d�′;K2(x; �; t) = −4a t∫0 d�1 ∫

Rn−1 ��n�1(� − �" d�; �1)
× 1√

|An| n∑k=1 akn�xk�2(x − � + h�" ; t− �1)∣∣�n=0 d�′
≡

t∫0 d �1 ∫

Rn−1 �dn�="(2√a��1)n�1 e− (�−�d�=")24a�1 xn − �n + hn�="(2√�(t− �1))n(t− �1)
× 1√

|An|e− n∑i;j=1 aij (xi−�i+hi�=")(xj−�j+hj�=")4(t−�1) ∣∣�n=0 d �′; xn > 0;
(2.20)

�1(x; t) = 1(2√a�t)n e− x24at ; �2(x; t) = 1(2√�t)n e− n∑i;j=1 aijxixj4t ; (2.21)
|An| > 0 { Ï�ÒÅÄÅÌÉÔÅÌØ ÍÁÔÒÉ�Ù An = {aij}ni;j=1, aij { ÜÌÅÍÅÎÔÙÏÂÒÁÔÎÏÊ ÍÁÔÒÉ�Ù A−1n , i; j = 1; : : : ; n.ëÒÏÍÅ ÔÏÇÏ, × [11℄ ÂÙÌÉ ÕÓÔÁÎÏ×ÌÅÎÙ Ï�ÅÎËÉ ÑÄÅÒ (2.18){(2.20)Kp(x; �; t), p = 1; 2;

|�kt �mx Kp(x; �; t)| 6 C5 1tn+2k+|m|+12 e− q21x2t −
q22�2"2t ; (2.22)ÇÄÅ q21 = 
20h2n2(h2 + �20d2 + 2�0|d′h′|) ; q22 = 
20h2n2 :�ÏÓÔÏÑÎÎÁÑ C5 ÎÅ ÚÁ×ÉÓÉÔ ÏÔ " É �, �ÏÓÔÏÑÎÎÁÑ 
20 ÎÁÈÏÄÉÔÓÑ ÉÚ Ï�ÅÎËÉÆÕÎÄÁÍÅÎÔÁÌØÎÙÈ ÒÅÛÅÎÉÊ (2.21) ÕÒÁ×ÎÅÎÉÊ (2.11), (2.12)

|�kt �mx �p(x; t)| 6 C6 1tn+2k+|m|2 e−
20 x2t ; p = 1; 2; 
0 = 
onst > 0: (2.23)�ÅÏÒÅÍÁ 2.1 ÄÏËÁÚÙ×ÁÅÔÓÑ ÎÅ�ÏÓÒÅÄÓÔ×ÅÎÎÙÍÉ Ï�ÅÎËÁÍÉ ÆÕÎË�ÉÊvp(x; t); p = 1; 2; Ï�ÒÅÄÅÌÅÎÎÙÈ �Ï ÆÏÒÍÕÌÁÍ (2.17) [10℄.



18 ç. é. âéöáîï÷á÷ÅÒÎÅÍÓÑ Ë �ÅÒ×ÏÎÁÞÁÌØÎÏÊ ÚÁÄÁÞÅ (1.1){(1.4) Ó ÎÅÉÚ×ÅÓÔÎÙÍÉ ÆÕÎË-�ÉÑÍÉ u1(x; t); u2(x; t), ËÏÔÏÒÙÅ Ï�ÒÅÄÅÌÑÀÔÓÑ �Ï ÆÏÒÍÕÌÅ (2.4):up(x; t) = Up(x; t) + ûp(x; t); p = 1; 2;ÆÕÎË�ÉÉ Up(x; t) �ÒÉÎÁÄÌÅÖÁÔ �ÒÏÓÔÒÁÎÓÔ×Õ ◦C2+l;1+l=2x t (DpT ), p = 1; 2;É �ÏÄÞÉÎÑÀÔÓÑ Ï�ÅÎËÅ (2.3).÷Ó�ÏÍÉÎÁÑ ÏÂÏÚÎÁÞÅÎÉÅ (2.10):vp(y; t) = ûp(x; t)|x=Ay ; ûp(x; t) = vp(A−1x; t); p = 1; 2;É Ï�ÅÎËÕ (2.16) ÆÕÎË�ÉÊ v1; v2 ÎÁ ÏÓÎÏ×ÁÎÉÉ ÔÅÏÒÅÍÙ 2.1 ÍÙ �ÏÌÕÞÉÍ,ÞÔÏ ûp(x; t) = vp(A−1x; t) ∈
◦C2+l;1+l=2x t (DpT );p = 1; 2; "�tû1(x; t)|xn=0 = "�tv1(A−1x; t)|xn=0 ∈

◦C1+l; 1+l2x′ t (RT ), É Ó�ÒÁ-×ÅÄÌÉ×Á Ï�ÅÎËÁ2∑p=1 |ûp|(2+l)DpT + |"�tû1|(1+l)RT 6 C7 2∑p=1 |vp|(2+l)DpT + |"�tv1|(1+l)RT
6 C8|'(A−1x; t)|(1+l)RT 6 C9|�|(1+l)RT ;ÇÄÅ �(x′; t) �ÏÄÞÉÎÑÅÔÓÑ Ï�ÅÎËÅ (2.9).ïÔÓÀÄÁ, ÉÚ �ÏÄÓÔÁÎÏ×ËÉ (2.4) É ÕÓÌÏ×ÉÑ U1(x; t)|xn=0 = 0 ÂÕÄÅÔ ÓÌÅ-ÄÏ×ÁÔØ, ÞÔÏ up(x; t) ∈

◦C2+l;1+l=2x t (DpT ), p = 1; 2;"�tu1(x; t)∣∣xn=0 = "(�tU1(x; t) + �tv1(A−1x; t))∣∣xn=0= "�tv1(A−1x; t)∣∣xn=0; (2.24)"�tu1(x; t)|xn=0 ∈
◦C1+l; 1+l2x′ t (RT ) É2∑p=1 |up|(2+l)DpT + |"�tu1|(1+l)RT 6 C10( 2∑p=1 |Up|(2+l)DpT + |�|(1+l)RT );ÇÄÅ �ÏÓÔÏÑÎÎÁÑ C10 ÎÅ ÚÁ×ÉÓÉÔ ÏÔ " É �.ðÒÉÍÅÎÑÑ Ï�ÅÎËÉ (2.3) ÄÌÑ U1; U2 É (2.9) ÄÌÑ �, ÍÙ ÂÕÄÅÍ ÉÍÅÔØÏ�ÅÎËÕ (1.20) É ÔÅÏÒÅÍÕ 1.1. �äÌÑ ÄÏËÁÚÁÔÅÌØÓÔ×Á ÔÅÏÒÅÍÙ 1.2 ÒÁÓÓÍÏÔÒÉÍ ÚÁÄÁÞÕ (2.11){(2.15),Ë ËÏÔÏÒÏÊ ÍÙ Ó×ÅÌÉ ÚÁÄÁÞÕ (1.1){(1.4). äÏËÁÖÅÍ ÄÌÑ ÎÅÅ ÔÅÏÒÅÍÕ.



óèïäéíïó�ø ÷ ðòïó�òáîó�÷å çåìøäåòá 19�ÅÏÒÅÍÁ 2.2. ðÕÓÔØ dn > 0; hn > 0, � ∈ (0; �0℄; " ∈ (0; "0℄, l = k+�,k = 0; 1; : : : ; � ∈ (0; 1).äÌÑ ÌÀÂÏÊ ÆÕÎË�ÉÉ '(x′; t) ∈
◦C1+k+�; 1+k+�2x′ t (RT ) �ÒÏÉÚ×ÏÄÎÁÑ �Ï×ÒÅÍÅÎÉ "�tv1(x; t)|xn=0 × ÕÓÌÏ×ÉÉ (2.15) ÚÁÄÁÞÉ (2.11){(2.15) ÕÄÏ×ÌÅ-Ô×ÏÒÑÅÔ Ï�ÅÎËÅ

|"�tv1|C1+k+�; 1+k+�2x′ t (RT ) 6 C11"�−�2 |'|C1+k+�; 1+k+�2x′ t (RT );� ∈ (0; �=2); (2.25)ÇÄÅ �ÏÓÔÏÑÎÎÁÑ C11 ÎÅ ÚÁ×ÉÓÉÔ � ÏÔ ".äÏËÁÚÁÔÅÌØÓÔ×Ï ÔÅÏÒÅÍÙ 2.2. ÷ ÒÁÂÏÔÅ [10℄ ÂÙÌÁ �ÏÌÕÞÅÎÁ ÆÏÒ-ÍÕÌÁ"�m0t �m′x′ �tv1(x; t)|xn=0 = −W (s)1 (x′; t) +W (s)2 (x′; t)−W (s)3 (x′; t); (2.26)ÇÄÅ W (s)1 (x′; t) = �" t∫0 d� ∫

Rn−1 dy′ �∫0 (�s(y′; � − �)− �s(y′; �))
× d∇TxK1(x− y′; �; t− �) d�∣∣xn=0; (2.27)W (s)2 (x′; t) = 1" t∫0 d� ∫

Rn−1 dy′ �∫0 (�s(y′; � − �)− �s(y′; �))
× h∇TxK2(x− y′; �; t− �) d�∣∣xn=0; (2.28)W (s)3 (x′; t) = t∫0 d� ∫

Rn−1 �s(y′; �)K1(x− y′; �; t− �) dy′∣∣xn=0
≡

t∫0 d� ∫

Rn−1 �s(y′; t− �)K1(x − y′; t− �; �) dy′∣∣xn=0; (2.29)�s(x′; t) = �m0t �m′x′ '(x′; t), 2m0 + |m′| = s, s = 0; 1; 2; : : : ; k; 1 + k,k = 0; 1; : : :, m′ = (m1; : : : ;mn−1).úÁÍÅÔÉÍ, ÞÔÏ �0(x′; t) ≡ '(x′; t) ∈ ◦C1+k+�; 1+k+�2x′ t (RT ); �1+k(x′; t) ∈
◦C�;�=2x′ t (RT ); �k(x′; t) ∈ ◦C1+�; 1+�2x′ t (RT ):



20 ç. é. âéöáîï÷áóÏÇÌÁÓÎÏ ÌÅÍÍÅ 1.1 É ÆÏÒÍÕÌÅ (1.19) ÎÁÍ ÎÕÖÎÏ Ï�ÅÎÉÔØ ÎÏÒÍÕ
||"�tv1||C1+k+�; 1+k+�2x′ t (RT ) := sup(x′;t)∈RT t−(1+k+�)=2|"�tv1|+ ∑2m0+|m′|=1+k (["�m0t �m′x′ �tv1℄(�)x′;RT + ["�m0t �m′x′ �tv1℄(�=2)t;RT )+ ∑2m0+|m′|=k["�m0t �m′x′ �tv1℄( 1+�2 )t;RT ; (2.30)÷ ÄÁÌØÎÅÊÛÅÍ ÎÁÍ �ÏÔÒÅÂÕÀÔÓÑ Ï�ÅÎËÉ ÆÕÎË�ÉÊ '(x′; t) É �1+k(x′; t),�k(x′; t)

|'(y′; � − �)− '(y′; �)| 6 M0 � 1+�2 ; k = 0;
|'(y′; � − �)− '(y′; �)| 6 Mk �� k−1+�2 ; k = 1; 2; : : : ;
|'(y′; �)|6Mk� 1+k+�2 ;Mk = [�[ 1+k2 ℄t ']( 1+k+�2 −[ 1+k2 ℄)t;RT ;k = 0; 1; : : : ; (2.31)

|�k+j(y′; �)| 6 Nk+j � 1+�−j2 ; (2.32)
|�k+j(y′; � − �)− �k+j(y′; �)| 6 Nk+j � 1+�−j2 ; (2.33)Nk+j = [�m0t �m′x′ ']( 1+�−j2 )t;RT ; 2m0 + |m′| = k + j; j = 0; 1:íÙ Ï�ÅÎÉÍ ÆÕÎË�ÉÉ W (s)1 (x′; t) É W (s)3 (x′; t), Ï�ÒÅÄÅÌÅÎÎÙÅ �Ï ÆÏÒ-ÍÕÌÁÍ (2.27), (2.29), ÆÕÎË�ÉÑ W (s)2 (x′; t); Ï�ÒÅÄÅÌÑÅÍÁÑ �Ï ÆÏÒÍÕ-ÌÅ (2.28), ÕÄÏ×ÌÅÔ×ÏÒÑÀÔ ÔÏÊ ÖÅ Ï�ÅÎËÅ, ÞÔÏ É ÆÕÎË�ÉÑ W (s)1 (x′; t).óÎÁÞÁÌÁ Ï�ÅÎÉÍ ÍÏÄÕÌØ �ÒÏÉÚ×ÏÄÎÏÊ �tv1(x; t)|xn=0, Ô.Å. |W (0)1 | É

|W (0)3 | Ó �ÌÏÔÎÏÓÔØÀ �0(x′; t) = '(x′; t).ðÕÓÔØ k = 0. òÁÓÓÍÏÔÒÉÍ �ÏÔÅÎ�ÉÁÌ W (0)1 (x′; t). ðÒÉÍÅÎÑÑ Ï�ÅÎ-ËÕ (2.22) ÑÄÒÁK1, (2.31) �ÌÏÔÎÏÓÔÉ ', ÎÅÒÁ×ÅÎÓÔ×Á � 1+�2 6 � 1+�2 +�−�2 6� 1+�2 � �−�2 É� �−�2 e− q22�2"2(t−�) 6 C�−�2 "�−�2 (t− �)�−�4 e− q22�22"2(t−�) ; (2.34)ÇÄÅ �ÏÓÌÅÄÎÅÅ ÎÅÒÁ×ÅÎÓÔ×Ï ×ÙÔÅËÁÀÔ ÉÚ Ï�ÅÎËÉ
|�|
e−�2

6 C
e−�2=2; 
 > 0; (2.35)



óèïäéíïó�ø ÷ ðòïó�òáîó�÷å çåìøäåòá 21É, �ÒÏÉÎÔÅÇÒÉÒÏ×Á× �Ï y′ É �; ÍÙ �ÏÌÕÞÉÍ �ÒÉ k = 0
|W (0)1 (x′; t)| 6 C12M0�" t∫0 d� �∫0 � 1+�2 � �−�2(t− �)3=2 e− q22�2"2(t−�) d�

6 C13M0�0" "�−�2 t∫0 � 1+�2(t− �)3=2−�−�4 d� �∫0 e− q22�22"2(t−�) d�
6 C14M0�0"�−�2 t∫0 t 1+�2(t− �)1−�−�4 d�= C15M0 �0 "�−�2 t 1+�2 t�−�4 ;

|W (0)1 (x′; t)| 6 C15M0�0 "�−�2 t 1+�2 T �−�4 ; � ∈ (0; �); k = 0: (2.36)ðÕÓÔØ k = 1; 2; : : : . ðÒÉÍÅÎÑÑ Ï�ÅÎËÉ (2.22) ÑÄÒÁ K1 É (2.31) �ÌÏÔ-ÎÏÓÔÉ ', ÎÅÒÁ×ÅÎÓÔ×Á �1−�−�2 6 �1−�−�2 6 t1−�−�2 6 É (2.34) É �ÒÏÉÎ-ÔÅÇÒÉÒÏ×Á× �Ï y′, ÍÙ ÂÕÄÅÍ ÉÍÅÔØ
|W (0)1 (x′t)| 6 C16Mk �0" t∫0 � k−1+�2(t− �)3=2 d� �∫0 � e− q22�2"2(t−�) d�

6 C17Mk �0" "�−�2 t k−1+�2 +1−�−�2 t∫0 1(t− �)3=2−�−�4 d� �∫0 e− q22�2"2(t−�) d�
6 C18Mk�0"�−�2 t k+1+�2 t∫0 1(t− �)1−�−�4 d�= C19Mk�0"�−�2 t 1+k+�2 T �−�4

|W (0)1 (x′; t)(0)| 6 C20Mk �0 "�−�2 t 1+k+�2 ; � ∈ (0; �); k = 1; 2; : : : : (2.37)æÕÎË�ÉÑ W (0)2 ÕÄÏ×ÌÅÔ×ÏÒÑÅÔ ÔÏÊ ÖÅ ÓÁÍÏÊ Ï�ÅÎËÅ, ÞÔÏ É W (0)1 , ÎÏÂÅÚ ÍÎÏÖÉÔÅÌÑ �0.òÁÓÓÍÏÔÒÉÍ �ÏÔÅÎ�ÉÁÌW (0)3 (x′; t); Ï�ÒÅÄÅÌÑÅÍÙÊ �Ï ÆÏÒÍÕÌÅ (2.29).÷ÏÓ�ÏÌØÚÕÅÍÓÑ Ï�ÅÎËÁÍÉ (2.22) ÄÌÑ K1, (2.31) ÄÌÑ ' É �ÒÏÉÎÔÅÇÒÉÒÕÅÍ



22 ç. é. âéöáîï÷á�Ï y′, ÔÏÇÄÁ
|W (0)3 (x′; t)| 6 C21Mk t∫0 � 1+k+�2 � �−�2t− � e− q22�2"2(t−�) d�:äÁÌÅÅ, �ÒÉÍÅÎÉÍ ÎÅÒÁ×ÅÎÓÔ×Ï (2.35) É �ÒÏÉÎÔÅÇÒÉÒÕÅÍ �Ï �
|W (0)3 | 6 C22Mk"�−�2 t 1+k+�2 t∫0 1(t− �)1−�−�4 d�

6 C23Mk"�−�2 t 1+k+�2 T �−�4 ; � ∈ (0; �): (2.38)óÏÂÉÒÁÑ Ï�ÅÎËÉ (2.36) { (2.38), ÍÙ ÂÕÄÅÍ ÉÍÅÔØ
|"�tv1| 6 C24 t 1+k+�2 "�−�2 (1 + �0) ['℄( 1+k+�2 )t;RT ; � ∈ (0; �): (2.39)�Å�ÅÒØ Ï�ÅÎÉÍ ËÏÎÓÔÁÎÔÙ çÅÌØÄÅÒÁ �Ï t ÓÏÇÌÁÓÎÏ ÆÏÒÍÕÌÅ (2.30).óÆÏÒÍÉÒÕÅÍ ÒÁÚÎÏÓÔÉ �ÏÔÅÎ�ÉÁÌÏ×, �ÏÌÏÖÉ×, ÄÌÑ Ï�ÒÅÄÅÌÅÎÎÏÓÔÉ,t1 < t,

△p;j :=W (k+j)p (x′; t)−W (k+j)p (x′; t1); p = 1; 3; j = 0; 1;Ó �ÌÏÔÎÏÓÔÑÍÉ �k+j(x′; t) ∈ ◦Cj+�; j+�2x′ t (RT ), j = 0; 1.ðÒÅÄÓÔÁ×É× ÆÕÎË�ÉÀ W (k+j)1 × ×ÉÄÅW (k+j)1 (x′; t) = �" t∫0 d� ∫

Rn−1 dy′ t−�∫0 (�k+j(y′; t− � −�)−�k+j(y′; t− �))
× d∇TxK1(x − y′; �; �) d�∣∣xn=0;



óèïäéíïó�ø ÷ ðòïó�òáîó�÷å çåìøäåòá 23ÍÙ ÍÏÖÅÍ ÚÁ�ÉÓÁÔØ △1;j É △2;j ÓÌÅÄÕÀÝÉÍ ÏÂÒÁÚÏÍ:
△1;j = �" t∫t1 d� ∫

Rn−1 dy′ t−�∫0 (�k+j(y′; t− � − �)− �k+j(y′; t− �))
×d∇TxK1(x − y′; �; �) d�∣∣xn=0+�" t1∫0 d� ∫

Rn−1 dy′ t−�∫t1−� (�k+j(y′; t− � − �)− �k+j(y′; t− �))
×d∇TxK1(·) d�∣∣xn=0+�" t1∫0 d� ∫

Rn−1 dy′ t1−�∫0 ~△1;j(y′; t; t1; �; �)d∇TxK1(·) d�∣∣xn=0;
(2.40)

ÇÄÅ̃
△1;j = �k+j(y′; t− � − �)− �k+j(y′; t− �)

− �k+j(y′; t1 − � − �) + �k+j(y′; t1 − �);
△2;j =W (k+j)3 (x′; t)−W (k+j)3 (x′; t1)= t∫t1 d� ∫

Rn−1 �k+j(y′; t− �)K1(x− y′; t− �; �)|xn=0dy′+ t1∫0 d� ∫

Rn−1 △̃2;j(y′; t; t1; �)K1(x− y′; t− �; �)|xn=0dy′+ t∫t1 d�1 t1∫0 d�∫Rn−1�k+j(y′; t1 − �)��1K1(x− y′; �1 − �; �)|xn=0dy′; (2.41)
△̃2;j = �k+j(y′; t− �) − �k+j(y′; t1 − �):



24 ç. é. âéöáîï÷áï�ÅÎÉÍ |△̃1;j | = |△̃1;j |�|△̃1;j |1−�. ðÏÌÏÖÉÍ � = 1+�−j1+�−j ; � ∈ (0; �),j = 0; 1; É �ÒÉÍÅÎÉ× ÎÅÒÁ×ÅÎÓÔ×Ï (2.33) ÄÌÑ �k+j , ÍÙ ÎÁÊÄÅÍ
|△̃1;j | = |

(�k+j(y′; t− � − �) − �k+j(y′; t1 − � − �))+ (�k+j(y′; t1 − �) − �k+j(y′; t− �))|�
× |�k+j(y′; t− � − �)
− �k+j(y′; t− �)) + (�k+j(y′; t1 − �)
− �k+j(y′; t1 − � − �))|1−�
6 C25(Nk+j(t− t1) 1+�−j2 )�(Nk+j� 1+�−j2 )1−�= C26Nk+j(t− t1) 1+�−j2 � �−�2 ; t1 < t; � > 0; � ∈ (0; �): (2.42)

òÁÓÓÍÏÔÒÉÍ ÒÁÚÎÏÓÔØ (2.40). ðÒÉÍÅÎÉ× Ï�ÅÎËÕ (2.22) ÄÌÑ ÑÄÒÁ K1;(2.33) ÄÌÑ �ÌÏÔÎÏÓÔÉ �j(x′; t) É (2.42) É �ÒÏÉÎÔÅÇÒÉÒÏ×Á× �Ï y′, ÍÙÂÕÄÅÍ ÉÍÅÔØ
|△1;j | 6 C27Nk+j �"( t∫t1 d� t−�∫0 � �−�2 � 1+�−j2�3=2 e− q22�2"2� d�+ t1∫0 d� t−�∫t1−� �1+�−�2 � 1+�−j2 2�3=2 � e− 
22�2"2� d�+ (t− t1) 1+�−j2 t1∫0 d� t1−�∫0 � �−�2�3=2 e− q22�2"2� d�); � ∈ (0; �):�Å�ÅÒØ ÍÙ ÉÓ�ÏÌØÚÕÅÍ ÎÅÒÁ×ÅÎÓÔ×Ï � 1+�−j2 6 (t − �) 1+�−j2 6 (t −t1) 1+�−j2 × �ÅÒ×ÏÍ ÉÎÔÅÇÒÁÌÅ É (2.34) { ×Ï ×ÓÅÈ ÏÓÔÁÌØÎÙÈ É �ÒÏÉÎÔÅ-ÇÒÉÒÕÅÍ �Ï �, ÔÏÇÄÁ
|△1;j | 6 C28Nk+j �0 "�−�2 ((t− t1) 1+�−j2 t∫0 d��1−�−�4+ t1∫0 d��1−�−�4 t−�∫t1−� d��1− 1+�−j2 + (t− t1) 1+�−j2 t1∫0 d��1−�−�4 ):
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|△1;j | = |W (k+j)1 (x′; t)−W (k+j)1 (x′; t1)|

6 C29Nk+j �0 "�−�2 T �−�4 (t− t1) 1+�−j2É
[W (k+j)1 ]( 1+�−j2 )t;RT ≡ max(x;t);(x;t1)∈RT (

|△1;j ||t− t1|− 1+�−j2 )

6 C30 �0 "�−�2 [�m0t �m′x′ ']( 1+�−j2 )t;RT ; (2.43)ÇÄÅ 2m0 + |m′| = k + j; � ∈ (0; �); j = 0; 1.æÕÎË�ÉÑW (0)2 (x′; t) ÕÄÏ×ÌÅÔ×ÏÒÑÅÔ ÔÏÊ ÖÅ ÓÁÍÏÊ Ï�ÅÎËÅ, ÞÔÏ ÉW (0)1(x′; t), ÎÏ ÂÅÚ ÍÎÏÖÉÔÅÌÑ �0.òÁÓÓÍÏÔÒÉÍ ÒÁÚÎÏÓÔØ △2;j ; Ï�ÒÅÄÅÌÅÎÎÕÀ �Ï ÆÏÒÍÕÌÅ (2.41), ÇÄÅ
△̃2;j = �k+j(y′; t− �)−�k+j (y′; t1− �): îÁ ÏÓÎÏ×ÁÎÉÉ ÎÅÒÁ×ÅÎÓÔ× (2.33)É (2.32) ÄÌÑ ÆÕÎË�ÉÊ �k+j(x′; t) ÒÁÚÎÏÓÔØ △̃2;j �ÏÄÞÉÎÑÅÔÓÑ Ï�ÅÎËÅ

|△̃2;j | ≡ |△̃2;j |�|△̃2;j |1−�
6 |△̃2;j |�|�k+j(y′; t− �) + �k+j(y′; t1 − �)|1−�
6 C31Nk+j (t− t1) 1+�−j2 (t− �)�−�2 ; (2.44)� = j+�−j1+�−j ; t1 < t; � ∈ (0; �); j = 0; 1:�Å�ÅÒØ, ËÁË É ÒÁÎØÛÅ, �ÒÉÍÅÎÉÍ Ï�ÅÎËÉ (2.33) ÄÌÑ �k+j , (2.22) ÄÌÑÑÄÒÁ K1, (2.44) É �ÒÏÉÎÔÅÇÒÉÒÕÅÍ �Ï y′
|△2;j | 6 C32Nk+j( t∫t1 (t− �) 1+�−j2� e− q22(t−�)2"2� d�+ (t− t1) 1+�−j2 t1∫0 (t− �)�−�2� e− q22(t−�)2"2� d�+ t∫t1 d�1 t1∫0 (t1 − �) 1+�−j2�3=2 e− q22(�1−�)2"2� d�):÷ �ÅÒ×ÏÍ É �ÏÓÌÅÄÎÅÍ ÉÎÔÅÇÒÁÌÁÈ ×ÏÓ�ÏÌØÚÕÅÍÓÑ Ï�ÅÎËÁÍÉ ÓÏÏÔ×ÅÔ-ÓÔ×ÅÎÎÏ (t− �) 1+�−j2 6 (t− t1) 1+�−j2 (t− �)�−�2 ;



26 ç. é. âéöáîï÷á(t1 − �) 1+�−j2 6 (�1 − �) 1+�−j2 6
(�1 − �)1+�−�2(�1 − �)1− 1+�−j2 6

(�1 − �)1+�−�2(�1 − t1)1− 1+�−j2 ;�1 ∈ (t1; t); � ∈ (0; t1); É ×Ï ×ÓÅÈ ÉÎÔÅÇÒÁÌÁÈ �ÒÉÍÅÎÉÍ ÎÅÒÁ×ÅÎÓÔ-×Ï (2.34), ÔÏÇÄÁ ÍÙ �ÏÌÕÞÉÍ
|△2;j | 6 C33Nk+j(2(t− t1) 1+�−j2 t∫t1 (t− �)�−�2� e− q22(t−�)2"2� d�+ t∫t1 d�1(�1 − t1)1− 1+�−j2 t1∫0 (�1 − �)1+�−�2�3=2 e− q22(�1−�)2"2� d�)

6 C34Nk+j"�−�2 (t− t1) 1+�−j2 ( t∫0 d��1−�−�4 + " t1∫0 d��1−�−�4 )

6 C35Nk+j"�−�2 (t− t1) 1+�−j2 T �−�4 (1 + "0);É
[W (k+j)3 ]( 1+�−j2 )t;RT = max(x′;t);(x′;t1)∈RT (

|△2;j ||t− t1|− 1+�−j2 )

6 C36"�−�2 [�m0t �m′x′ ']( 1+�−j2 )t;RT ; (2.45)ÇÄÅ � ∈ (0; �), 2m0 + |m′| = k + j, j = 0; 1,
△2;j :=W (k+j)3 (x′; t)−W (k+j)3 (x′; t1):�ÁËÉÍ ÏÂÒÁÚÏÍ, ÍÙ ÕÓÔÁÎÏ×ÉÌÉ Ï�ÅÎËÉ ËÏÎÓÔÁÎÔ çÅÌØÄÅÒÁ �Ï t ×Ä×ÕÈ �ÏÓÌÅÄÎÉÈ ÓÕÍÍÁÈ × ÆÏÒÍÕÌÅ (2.30), Ï�ÒÅÄÅÌÑÀÝÅÊ ÎÏÒÍÕ, �ÒÉ� ∈ (0; �).�Å�ÅÒØ ÍÙ Ï�ÅÎÉÍ ËÏÎÓÔÁÎÔÙ çÅÌØÄÅÒÁ �Ï �ÒÏÓÔÒÁÎÓÔ×ÅÎÎÙÍ �ÅÒÅ-ÍÅÎÎÙÍ x′ �ÏÔÅÎ�ÉÁÌÏ×W (1+k)p (x′; t), p = 1; 3, Ó �ÌÏÔÎÏÓÔÑÍÉ �1+k(x′; t)

∈
◦C�;�=2x′ t (RT ) ÓÏÇÌÁÓÎÏ ÆÏÒÍÕÌÅ (2.30). äÌÑ ÜÔÏÇÏ ÓÏÓÔÁ×ÉÍ ÒÁÚÎÏÓÔÉ Ór = |x′ − z′|
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△3 :=W (1+k)1 (x′; t)−W (1+k)1 (z′; t)= −�" t∫0 d� ∫

|y′−z′|62rdy′ �∫0 (�1+k(y′; � − �)− �1+k(y′; �))(d′∇′Ty′ − dn�yn)

×
(K1(x′ − y′; yn; �; t− �) −K1(z′ − y′; yn; �; t− �))∣∣yn=0 d�+ �" t∫0 d� ∫

|y′−z′|>2r dy′ �∫0 (�1+k(y′; � − �)− �1+k(y′; �)) 1∫0 n−1∑�=1(x� − z�)
× �y�(d′∇′Ty′ − dn�yn)K1(z′ − y′ + �(x′ − z′); yn; �; t− �)∣∣yn=0 d� d�;(2.46)

△4 :=W (1+k)3 (x′; t)−W (1+k)3 (z′; t)= t∫0 d� ∫

|y′−z′|62r �1+k(y′; �)(K1(x′ − y′; yn; �; t− �)
−K1(z′ − y′; yn; �; t− �))∣∣yn=0dy′
−

t∫0 d� ∫

|y′−z′|>2r �1+k(y′; �) 1∫0 n−1∑�=1(x� − z�)
× �y�K1(z′ − y′ + �(x′ − z′); yn; �; t− �)∣∣yn=0d�dy′:

(2.47)
÷ (2.46) ÍÙ ÉÓ�ÏÌØÚÏ×ÁÌÉ ÄÌÑ ÕÄÏÂÓÔ×Á ÚÁ�ÉÓÉ ÒÁ×ÅÎÓÔ×Ï, ÚÁÍÅÎÉ×xn = 0 ÎÁ yn = 0,d∇TxK1(x′ − y′; xn; �; t− �)|xn=0= −(d′∇′Ty′ − dn�yn)K1(x′ − y′; yn; �; t− �)|yn=0;ËÒÏÍÅ ÔÏÇÏ, × ÏÂÅÉÈ ÒÁÚÎÏÓÔÑÈ ÍÙ �ÒÉÍÅÎÉÌÉ ÆÏÒÍÕÌÕK1(x′ − y′; xn; ·)∣∣xn=0 −K1(z′ − y′; zn; ·)∣∣zn=0= −

1∫0 n−1∑�=1(x� − z�)�y�K1(z′ − y′ + �(x′ − z′); yn; ·)∣∣yn=0 d�



28 ç. é. âéöáîï÷áÉ ÔÁËÖÅ �ÅÒÅÏÂÏÚÎÁÞÉÌÉ xn = 0 ÎÁ yn = 0.òÁÓÓÍÏÔÒÉÍ ÒÁÚÎÏÓÔØ △3, Ï�ÒÅÄÅÌÑÅÍÕÀ �Ï ÆÏÒÍÕÌÅ (2.46). ðÒÉ-ÍÅÎÉÍ ÎÅÒÁ×ÅÎÓÔ×Á (2.22) ÄÌÑ K1, (2.33) ÄÌÑ �1+k, �ÅÒÅÊÄÅÍ Ë ÓÆÅ-ÒÉÞÅÓËÉÍ ËÏÏÒÄÉÎÁÔÁÍ, �ÏÌÏÖÉ× � = |x′ − y′|, � = |z′ − y′| É � =
|z′ − y′ + �(x′ − z′)| × �ÅÒ×ÏÍ, ×ÔÏÒÏÍ É ÔÒÅÔØÅÍ ÉÎÔÅÇÒÁÌÁÈ ÓÏÏÔ×ÅÔ-ÓÔ×ÅÎÎÏ, ÔÏÇÄÁ ÍÙ ÂÕÄÅÍ ÉÍÅÔØ
|△3| 6 C37N1+k �"( t∫0 d�( 3r∫0 + 2r∫0 )�n−2d�

×
�∫0 ��=2(t− �)n+22 e− q21�2t−� −

q22�2"2(t−�) d�+ r t∫0 d� ∞∫r �n−2 d� �∫0 ��=2(t− �)n+32 e− q21�2t−� −
q22�2"2(t−�) d�):÷ÏÓ�ÏÌØÚÏ×Á×ÛÉÓØ Ï�ÅÎËÁÍÉ�n−�−�(t− �)n−�−�2 e− q21�2t−� 6 C38; � ∈ (0; �=2); � = 1; 0; (2.48)× Ä×ÕÈ �ÅÒ×ÙÈ ÉÎÔÅÇÒÁÌÁÈ Ó � = 1 É × �ÏÓÌÅÄÎÅÍ ÉÎÔÅÇÒÁÌÅ Ó � = 0; ÁÔÁËÖÅ (2.34) É �ÒÏÉÎÔÅÇÒÉÒÏ×Á× �Ï �, ÍÙ �ÏÌÕÞÉÍ

|△3| 6 C39N1+k�0"�=2 t∫0 d�(t− �)1−�−2�4 (( 3r∫0 + 2r∫0 )�−1+� d�+ r ∞∫r �−2+� d�) 6 C40N1+k�0"�−�2 "�=20 t�−2�2 r� ;r = |x′ − z′|; � ∈ (0; �=2); (2.49)É
[W (1+k)1 ](�)x′;RT ≡ max(x′;t);(z′;t)∈RT |△3|

|x′ − z′|�
6 C41�0"�−�2 [�m0t �m′x′ '](�=2)t;RT ; (2.50)ÇÄÅ 2m0 + |m′| = 1 + k, △3 :=W (1+k)1 (x′; t)−W (1+k)1 (z′; t):



óèïäéíïó�ø ÷ ðòïó�òáîó�÷å çåìøäåòá 29òÁÚÎÏÓÔØ W (1+k)2 (x′; t) − W (1+k)2 (z′; t) Ï�ÅÎÉ×ÁÅÔÓÑ, ËÁË É ÒÁÚÎÏÓÔØ
△3, É �ÏÄÞÉÎÑÅÔÓÑ ÎÅÒÁ×ÅÎÓÔ×Õ (2.50), ÔÏÌØËÏ ÂÅÚ ÍÎÏÖÉÔÅÌÑ �0.ï�ÅÎÉÍ ÒÁÚÎÏÓÔØ △4; Ï�ÒÅÄÅÌÅÎÎÕÀ ÆÏÒÍÕÌÏÊ (2.47), �ÒÉ �ÏÍÏÝÉÎÅÒÁ×ÅÎÓÔ× (2.22), (2.33), (2.35), (2.48)

|△4| 6 C42N1+k( t∫0 ��=2(t− �)n+12 d�( 3r∫0 + 2r∫0 )�n−2e− q21�2t−� −
q22�2"2(t−�) d�+ r t∫0 ��=2(t− �)n+22 d� ∞∫r �n−2e− q21�2t−� −

q22�2"2(t−�) d�)
6 C43N1+k"�=2 t∫0 d�(t− �)1−�−2�4 (( 3r∫0 + 2r∫0 )�−1+� d�+ r ∞∫r �−2+� d�)
6 C44N1+k"�−�2 "�=20 t�−2�2 r� ; � ∈ (0; �=2); r = |x′ − z′|;É

[W (1+k)3 ](�)x′;RT ≡ max(x′;t);(z′;t)∈RT |△4|
|x′ − z′|�

6 C45�0"�−�2 [�m0t �m′x′ '](�=2)t;RT ; (2.51)ÇÄÅ 2m0 + |m′| = 1 + k; � ∈ (0; �=2),
△4 :=W (1+k)3 (x′; t)−W (1+k)3 (z′; t):éÔÁË, ÍÙ ÕÓÔÁÎÏ×ÉÌÉ Ï�ÅÎËÉ ËÏÎÓÔÁÎÔ çÅÌØÄÅÒÁ �Ï x �ÒÉ �∈(0; �=2).÷Ó�ÏÍÉÎÁÑ, ÞÔÏ"�m0t �m′x′ �tv1|xn=0 = −W (s)1 (x′; t) +W (s)2 (x′; t)−W (s)3 (x′; t);s = 2m0 + |m′|, × ÆÏÒÍÕÌÅ ÎÏÒÍÙ (2.30) �ÒÏÉÚ×ÏÄÎÏÊ "�tv1|xn=0 ÍÙ�ÒÉÍÅÎÉÍ ÕÓÔÁÎÏ×ÌÅÎÎÙÅ Ï�ÅÎËÉ (2.39), (2.43), (2.45), (2.50), (2.51) ÍÏ-ÄÕÌÑ |"�tv1|xn=0| É ËÏÎÓÔÁÎÔ çÅÌØÄÅÒÁ

[W (k+j)1 ]( 1+�−j2 )t;RT ; [W (k+j)3 ]( 1+�−j2 )t;RT ; j = 0; 1;
[W (1+k)1 ](�)x′;RT ; [W (1+k)3 ](�)x′;RT ;



30 ç. é. âéöáîï÷áÔÏÇÄÁ ÂÕÄÅÍ ÉÍÅÔØ
|"�tv1|C1+k+�; 1+k+�2x′ t (RT ) 6 C46||"�tv1||C1+k+�; 1+k+�2x′ t (RT )

6 C47"�−�2 (1 + �0)
×

( ∑2m0+|m′|=1+k [�m0t �m′x′ '](�=2)t;RT + ∑2m0+|m′|=k [�m0t �m′x′ ']( 1+�2 )t;RT );É
|"�tv1|C1+k+�; 1+k+�2x′ t (RT ) 6 C48"�−�2 |'|(1+k+�)RT ; � ∈ (0; �=2); (2.52)ÇÄÅ �ÏÓÔÏÑÎÎÁÑ C48 ÎÅ ÚÁ×ÉÓÉÔ ÏÔ " É �. á ÜÔÏ ÅÓÔØ Ï�ÅÎËÁ (2.25).�ÅÏÒÅÍÁ 2.2 ÄÏËÁÚÁÎÁ �ÏÌÎÏÓÔØÀ. �äÏËÁÚÁÔÅÌØÓÔ×Ï ÔÅÏÒÅÍÙ 1.2. éÚ ÆÏÒÍÕÌÙ (2.24):"�tu1(x; t)|xn=0 = �tv1(A−1x; t)|xn=0É (2.52) ÂÕÄÅÔ ÓÌÅÄÏ×ÁÔØ
|"�tu1|C1+k+�; 1+k+�2x′ t (RT ) ≡ |�tv1(A−1x; t)|C1+k+�; 1+k+�2x′ t (RT )

6 C48"�−�2 |'(A−1x; t)|xn=0|C1+k+�; 1+k+�2x′ t (RT )
6 C49"�−�2 |�|C1+k+�; 1+k+�2x′ t (RT ):ðÒÉÍÅÎÑÑ Ï�ÅÎËÕ (2.9) ÄÌÑ �(x′t), ÍÙ �ÏÌÕÞÉÍ Ï�ÅÎËÕ (1.21) É ÔÅÏÒÅ-ÍÕ 1.2. �

§3. äÏËÁÚÁÔÅÌØÓÔ×Ï ÔÅÏÒÅÍ 1.3 { 1.5.äÏËÁÚÁÔÅÌØÓÔ×Ï ÔÅÏÒÅÍÙ 1.3. ðÕÓÔØ l = k + �, k = 0; 1; :::,� ∈ (0; 1).äÌÑ ÄÏËÁÚÁÔÅÌØÓÔ×Á ÒÁÚÒÅÛÉÍÏÓÔÉ ÚÁÄÁÞÉ (1.5){(1.8) { ÚÁÄÁÞÉ ÷,ÒÁÓÓÍÏÔÒÉÍ ÚÁÄÁÞÕ (1.1){(1.4) { ÚÁÄÁÞÕ á, ÄÌÑ ËÏÔÏÒÏÊ ÂÙÌÁ ÄÏËÁÚÁÎÁÔÅÏÒÅÍÁ 1.1. ïÂÏÚÎÁÞÉÍ ÒÅÛÅÎÉÅ ÚÁÄÁÞÉ á ÞÅÒÅÚ u1�(x; t) É u2�(x; t).



óèïäéíïó�ø ÷ ðòïó�òáîó�÷å çåìøäåòá 31óÏÇÌÁÓÎÏ ÔÅÏÒÅÍÅ 1.1 É Ï�ÅÎËÅ (1.20) ÓÅÍÅÊÓÔ×Á ÆÕÎË�ÉÉ {up�(x; t)}ÏÇÒÁÎÉÞÅÎÙ × ◦C2+k+�; 1+ k+�2x t (DpT ); p = 1; 2; É ËÏÍ�ÁËÔÎÙ ×
◦C2+k+�; 1+ k+�2x t (DpT ); p = 1; 2; � ∈ (0; �=2):ðÕÓÔØ {up�n(x; t)}; p = 1; 2; { ÓÈÏÄÑÝÉÅÓÑ �ÏÄ�ÏÓÌÅÄÏ×ÁÔÅÌØÎÏÓÔÉ ×

◦C 2+k+�; 1+ k+�2x t (DpT ) �ÒÉ n → ∞ (�n → 0).ïÂÏÚÎÁÞÉÍlimn→∞
up�n(x; t)} =: up(x; t) ∈ ◦C2+k+�; 1+ k+�2x t (DpT ); p = 1; 2: (3.1)éÚ Ï�ÅÎËÉ (1.20) ÓÌÅÄÕÅÔ

|up�n | ◦C2+k; 1+k=2x t (DpT ) 6 C1( 2∑p=1 |fp|(k+�)DpT + |'0|(2+k+�)RT+ |'1|(1+k+�)RT + "|'2|(1+k+�)RT + �n|'3|(1+k+�)RT ); p = 1; 2: (3.2)õÞÉÔÙ×ÁÑ ÓÈÏÄÉÍÏÓÔØ �ÒÉ n→∞ �ÏÄ�ÏÓÌÅÄÏ×ÁÔÅÌØÎÏÓÔÅÊ {up�n(x;t)}× ◦C2+k+�; 1+ k+�2x t (DpT ) Ë up(x; t); p = 1; 2; ÍÙ �ÅÒÅÊÄÅÍ Ë �ÒÅÄÅÌÕ �ÒÉn→ ∞ × ÎÅÒÁ×ÅÎÓÔ×Å (3.2), ÔÏÇÄÁ �ÏÌÕÞÉÍ
|up| ◦C2+k; 1+k=2x t (DpT ) 6 C1( 2∑p=1 |fp|(k+�)DpT + |'0|(2+k+�)RT+ |'1|(1+k+�)RT + "|'2|(1+k+�)RT ); p = 1; 2: (3.3)ðÒÉÎÉÍÁÑ ×Ï ×ÎÉÍÁÎÉÅ, ÞÔÏ �ÒÏÉÚ×ÏÄÎÙÅ �xiu1�n(x; t) É �xiu1(x; t)ÏÇÒÁÎÉÞÅÎÙ × D1T , ÍÙ ÂÕÄÅÍ ÉÍÅÔØlimn→∞

�n�xiu1�n(x; t) = 0; i = 1; : : : ; n: (3.4)úÁ�ÉÛÅÍ ÚÁÄÁÞÕ á ÄÌÑ ÆÕÎË�ÉÊ up�n(x; t); p = 1; 2; É ÔÁËÖÅ � =�n × ÎÅÊ, �ÅÒÅÊÄÅÍ Ë �ÒÅÄÅÌÕ �ÒÉ n → ∞ É, ÕÞÉÔÙ×ÁÑ ÏÂÏÚÎÁÞÅ-ÎÉÅ (3.1) É ÒÁ×ÅÎÓÔ×Ï (3.4), ÍÙ �ÏÌÕÞÉÍ, ÞÔÏ �ÒÅÄÅÌØÎÙÅ ÆÕÎË�ÉÉ (3.1){ up(x; t); p = 1; 2; ÕÄÏ×ÌÅÔ×ÏÒÑÀÔ ×ÓÅÍ ÕÓÌÏ×ÉÑÍ ÚÁÄÁÞÉ (1.5){(1.8),Ô.Å. Ñ×ÌÑÀÔÓÑ ÅÅ ÒÅÛÅÎÉÅÍ.äÏËÁÖÅÍ, ÞÔÏ ÆÕÎË�ÉÉ up(x; t) �ÒÉÎÁÄÌÅÖÁÔ �ÒÏÓÔÒÁÎÓÔ×Õ
◦C 2+k+�; 1+ k+�2x t (DpT ); p = 1; 2:



32 ç. é. âéöáîï÷áäÌÑ ÜÔÏÇÏ ÄÏÓÔÁÔÏÞÎÏ Ï�ÅÎÉÔØ ËÏÎÓÔÁÎÔÙ çÅÌØÄÅÒÁ ÓÔÁÒÛÉÈ �ÒÏÉÚ-×ÏÄÎÙÈ ÒÅÛÅÎÉÑ, ×ÈÏÄÑÝÉÅ × ÎÏÒÍÕ (1.18),
∑2m0+|m|=2+k ([�m0t �mx up℄(�)x;DpT + [�m0t �mx up℄(�=2)t;DpT )+ ∑2m0+|m|=1+k[�m0t �mx up℄( 1+�2 )t;DpT ; p = 1; 2; (3.5)Ô.Ë. ÓÕÍÍÁ 2+k∑2m0+|m|=0 |�m0t �mx up|DpT ÏÇÒÁÎÉÞÅÎÁ ÓÏÇÌÁÓÎÏ ÎÅÒÁ×ÅÎÓÔ-×Õ (3.3).ï�ÅÎÉÍ, ÎÁ�ÒÉÍÅÒ, ËÏÎÓÔÁÎÔÕ çÅÌØÄÅÒÁ [�m0t �mx up℄(�)x;DpT ; 2m0 + |m|= 2 + k, p = 1; 2, �ÒÉ×ÌÅËÁÑ Ï�ÅÎËÕ (1.20) ÒÅÛÅÎÉÑ up�n(x; t) ÚÁÄÁ-ÞÉ (1.1){(1.4). äÌÑ ÜÔÏÇÏ ÒÁÓÓÍÏÔÒÉÍ ÏÔÎÏÛÅÎÉÅ

|�m0t �mx up(x; t)− �m0t �mz up(z; t)|
|x− z|�

6
|�m0t �mx up(x; t) − �m0t �mx up�n(x; t)|

|x− z|�+ |�m0t �mz up(z; t)− �m0t �mz up�n(z; t)|
|x− z|�+ |�m0t �mx up�n(x; t)− �m0t �mz up�n(z; t)|
|x− z|� ; (x; t); (z; t) ∈ DpT : (3.6)

÷ ÓÉÌÕ Ï�ÅÎËÉ (1.20) �ÏÓÌÅÄÎÅÅ ÓÌÁÇÁÅÍÏÅ × (3.6) �ÏÄÞÉÎÑÅÔÓÑ ÎÅÒÁ-×ÅÎÓÔ×Õ
|�m0t �mx up�n(x; t)− �m0t �mx up�n(z; t)|

|x− z|� 6 [�m0t �mx up�n ℄(�)x;DpT
6 C1( 2∑p=1 |fp|(k+�)DpT + |'0|(2+k+�)RT + |'1|(1+k+�)RT+ "|'2|(1+k+�)RT + �n|'3|(1+l)RT ):ðÒÉÍÅÎÉÍ �ÏÌÕÞÅÎÎÕÀ Ï�ÅÎËÕ × (3.6), ÕÓÔÒÅÍÉÍ n Ë ∞ É, ÕÞÉÔÙ×ÁÑÓÈÏÄÉÍÏÓÔØ �ÏÓÌÅÄÏ×ÁÔÅÌØÎÏÓÔÉ {�m0t �mx up�n(x; t)}; 2m0+ |m| = 2+ k;



óèïäéíïó�ø ÷ ðòïó�òáîó�÷å çåìøäåòá 33× C 2+k+�; 1+ k+�2x t (DpT ) Ë �m0t �mx up; �ÏÌÕÞÉÍsup(x;t);(z;t)∈DpT |�m0t �mx up(x; t)− �m0t �mz up(z; t)|
|x− z|� ≡ [�m0t �mx u℄(�)x;DpT

6 C1( 2∑p=1 |fp|(k+�)RT + |'0|(2+k+�)RT + |'1|(1+k+l)RT + "|'2|(1+k+l)RT ):áÎÁÌÏÇÉÞÎÏ Ï�ÅÎÉ×ÁÀÔÓÑ ÏÓÔÁÌØÎÙÅ ËÏÎÓÔÁÎÔÙ çÅÌØÄÅÒÁ ÆÕÎË�ÉÉup(x; t) × (3.5). éÈ Ï�ÅÎËÉ ×ÍÅÓÔÅ Ó ÎÅÒÁ×ÅÎÓÔ×ÏÍ (3.3) �ÒÉ×ÏÄÑÔ ËÏ�ÅÎËÅ (1.22) ÒÅÛÅÎÉÑ u1(x; t); u2(x; t) ÚÁÄÁÞÉ B É ÄÏËÁÚÙ×ÁÀÔ, ÞÔÏup(x; t) ∈ ◦C 2+k+�; 1+ k+�2x t (DpT ); p = 1; 2: éÚ ÇÒÁÎÉÞÎÏÇÏ ÕÓÌÏ×ÉÑ (1.8)ÚÁÄÁÞÉ ÷ ÉÍÅÅÍ"�tu1(x; t)∣∣xn=0 = 
∇Tu2(x; t)∣∣xn=0 + '1(x′; t) + "'2(x′; t):ïÔÓÀÄÁ × ÓÉÌÕ ÄÏËÁÚÁÎÎÏÇÏ É ÕÓÌÏ×ÉÊ ÔÅÏÒÅÍÙ 1.3 ÓÌÅÄÕÅÔ, ÞÔÏ�ÒÏÉÚ×ÏÄÎÁÑ �Ï ×ÒÅÍÅÎÉ "�tu1(x; t)∣∣xn=0 �ÒÉÎÁÄÌÅÖÉÔ �ÒÏÓÔÒÁÎÓÔ×Õ
◦C1+k+�; 1+k+�2x t (RT ) É �ÏÄÞÉÎÑÅÔÓÑ Ï�ÅÎËÅ (1.22).éÚ Ï�ÅÎËÉ (1.22) ÓÌÅÄÕÅÔ ÅÄÉÎÓÔ×ÅÎÎÏÓÔØ ÒÅÛÅÎÉÑ ÚÁÄÁÞÉ ÷. �äÏËÁÚÁÔÅÌØÓÔ×Ï ÔÅÏÒÅÍÙ 1.4. ðÕÓÔØ l = k + �; k = 0; 1; :::; � ∈(0; 1):ïÂÏÚÎÁÞÉÍ ÒÅÛÅÎÉÅ ÚÁÄÁÞÉ á ÞÅÒÅÚ u1"(x; t) É u2"(x; t). óÅÍÅÊÓÔ×ÁÆÕÎË�ÉÊ {up"(x; t)} ÏÇÒÁÎÉÞÅÎÙ × ◦C2+k+�; 1+ k+�2x t (DpT ), p = 1; 2; ËÏÍ-�ÁËÔÎÙ × �ÒÏÓÔÒÁÎÓÔ×Å ◦C2+k+�; 1+ k+�2x t (DpT ); �∈(0; �=2). ðÕÓÔØ {up"n(x;t)},p = 1; 2; { ÓÈÏÄÑÝÉÅÓÑ �ÏÄ�ÏÓÌÅÄÏ×ÁÔÅÌØÎÏÓÔÉ × ÜÔÏÍ �ÒÏÓÔÒÁÎÓÔ×Å�ÒÉ n → ∞("n → 0), ÏÂÏÚÎÁÞÉÍlimn→∞

up"n(x; t) =: up(x; t); (3.7)



34 ç. é. âéöáîï÷áÏÞÅ×ÉÄÎÏ, up(x; t) ∈ ◦C2+k+�; 1+ k+�2x t (DpT ); p = 1; 2: éÚ Ï�ÅÎËÉ (1.20) ÄÌÑÆÕÎË�ÉÊ up"n(x; t), �ÅÒÅÈÏÄÑ Ë �ÒÅÄÅÌÕ �ÒÉ n → ∞, ÂÕÄÅÍ ÉÍÅÔØ2+k∑2m0+|m|=0 |�m0t �mx up|(2+k)DpT
6 C1( 2∑p=1 |fp|(k+�)RT + |'0|(2+k+�)RT+ |'1|(1+k+�)RT + �|'3|(1+k+�)RT ): (3.8)ï�ÅÎÉÍ ËÏÎÓÔÁÎÔÙ çÅÌØÄÅÒÁ (3.5) ÆÕÎË�ÉÊ up(x; t) ÔÏÞÎÏ ÔÁË ÖÅ,ËÁË �ÒÉ ÄÏËÁÚÁÔÅÌØÓÔ×Å ÔÅÏÒÅÍÙ 1.3 ÄÌÑ ÚÁÄÁÞÉ ÷. éÈ Ï�ÅÎËÉ ×ÍÅÓÔÅÓ (3.8) �ÒÉ×ÅÄÕÔ Ë Ï�ÅÎËÅ (1.23) ÆÕÎË�ÉÊ up(x; t); p = 1; 2; É ÄÏËÁÖÕÔÉÈ �ÒÉÎÁÄÌÅÖÎÏÓÔØ �ÒÏÓÔÒÁÎÓÔ×Õ ◦C 2+k+�; 1+ k+�2x t (DpT ); p = 1; 2:ðÏËÁÖÅÍ, ÞÔÏ ÎÁÊÄÅÎÎÙÅ ÆÕÎË�ÉÉ up(x; t); p = 1; 2; Ñ×ÌÑÀÔÓÑ ÒÅ-ÛÅÎÉÅÍ ÚÁÄÁÞÉ ó. �ÅÏÒÅÍÁ 1.1 ÇÁÒÁÎÔÉÒÕÅÔ ÔÏÌØËÏ ÏÇÒÁÎÉÞÅÎÎÏÓÔØ�ÏÓÌÅÄÏ×ÁÔÅÌØÎÏÓÔÉ {"n�tu1"n(x; t)∣∣xn=0}. ïÄÎÁËÏ ÜÔÁ �ÏÓÌÅÄÏ×ÁÔÅÌØ-ÎÏÓÔØ ÓÔÒÅÍÉÔÓÑ Ë ÎÕÌÀ �ÒÉ n → ∞. äÅÊÓÔ×ÉÔÅÌØÎÏ, ÎÁ ÏÓÎÏ×ÁÎÉÉÏ�ÅÎËÉ (1.21) ÔÅÏÒÅÍÙ 1.2

|"n�tu1"n |C1+k+�; 1+k+�2x t (RT ) 6 C2"�−�2
×

( 2∑p=1 |fp|(k+�)DpT + |'0|(2+k+�)RT + "n|'1|(1+k+�)RT+ �|'2|(1+k+�)RT + |'3|(1+k+�)RT ); � ∈ (0; �=2);�ÏÌÕÞÉÍ limn→∞
"n�tu1"n(x; t) = 0: (3.9)äÁÌÅÅ, ÚÁ�ÉÓÁ× ÚÁÄÁÞÕ á ÄÌÑ ÆÕÎË�ÉÊ u1"n(x; t) É u2"n(x; t); Á ÔÁËÖÅ"n ×ÍÅÓÔÏ " × ÎÅÊ É �ÒÉÎÑ× ×Ï ×ÎÉÍÁÎÉÅ (3.7) É (3.9), ÕÓÔÒÅÍÉÍ "nË ÎÕÌÀ (n → ∞); × ÒÅÚÕÌØÔÁÔÅ �ÏÌÕÞÉÍ, ÞÔÏ �ÒÅÄÅÌØÎÙÅ ÆÕÎË�ÉÉup(x; t); p = 1; 2; Ñ×ÌÑÀÔÓÑ ÒÅÛÅÎÉÅÍ ÚÁÄÁÞÉ (1.9){(1.12).åÄÉÎÓÔ×ÅÎÎÏÓÔØ ÒÅÛÅÎÉÑ ÓÒÁÚÕ �ÏÌÕÞÁÅÍ ÉÚ Ï�ÅÎËÉ (1.23). �äÏËÁÚÁÔÅÌØÓÔ×Ï ÔÅÏÒÅÍÙ 1.5. ðÕÓÔØ l = k+�; k= 0; 1; :::, �∈ (0;1):



óèïäéíïó�ø ÷ ðòïó�òáîó�÷å çåìøäåòá 35òÁÓÓÍÏÔÒÉÍ ÚÁÄÁÞÕ (1.9){(1.12), ÄÌÑ ËÏÔÏÒÏÊ ÍÙ ÕÓÔÁÎÏ×ÉÌÉ ÔÅÏ-ÒÅÍÕ 1.4. ïÂÏÚÎÁÞÉÍ ÅÅ ÒÅÛÅÎÉÅ ÞÅÒÅÚ up�(x; t); p = 1; 2: óÏÇÌÁÓ-ÎÏ Ï�ÅÎËÅ (1.23) �ÏÓÌÅÄÏ×ÁÔÅÌØÎÏÓÔÉ {up�}; p = 1; 2; ËÏÍ�ÁËÔÎÙ ×
◦C2+k+�; 1+ k+�2x t (DpT ); � ∈ (0; �): ðÕÓÔØ {up�n} { ÓÈÏÄÑÝÉÅÓÑ �ÏÄ�ÏÓÌÅ-ÄÏ×ÁÔÅÌØÎÏÓÔÉ × ÜÔÏÍ �ÒÏÓÔÒÁÎÓÔ×Å, ÏÂÏÚÎÁÞÉÍlimn→∞

up�n(x; t) =: up(x; t); p = 1; 2; (3.10)ÇÄÅ up(x; t) ∈ ◦C2+k+�; 1+ k+�2x t (DpT ). éÚ Ï�ÅÎËÉ (1.23) ÒÅÛÅÎÉÑ ÚÁÄÁÞÉ CÓ � = �n, ÕÓÔÒÅÍÉ× �n Ë ÎÕÌÀ, ÍÙ �ÏÌÕÞÉÍ2+k∑2m0+|m|=0 |�m0t �mx up|(2+k)DpT
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