
úÁ�ÉÓËÉ ÎÁÕÞÎÙÈÓÅÍÉÎÁÒÏ× ðïíé�ÏÍ 461, 2017 Ç.å. á. çÏÒÏÄÎÉ�ËÉÊ, í. ÷. ðÅÒÅÌØïâïóîï÷áîéå ïóîï÷áîîïê îá ÷åê÷ìå�áèéî�åçòáìøîïê æïòíõìù äìñ òåûåîéñ÷ïìîï÷ïçï õòá÷îåîéñ
§1. ÷×ÅÄÅÎÉÅòÁÂÏÔÁ �ÏÓ×ÑÝÅÎÁ ÉÎÔÅÇÒÁÌØÎÏÍÕ �ÒÅÄÓÔÁ×ÌÅÎÉÀ ÒÅÛÅÎÉÊ ×ÏÌÎÏ×Ï-ÇÏ ÕÒÁ×ÎÅÎÉÑ, ÎÁÊÄÅÎÎÏÍÕ × ÒÁÂÏÔÁÈ [1{3℄. üÔÏ ÉÎÔÅÇÒÁÌØÎÏÅ �ÒÅÄÓÔÁ-×ÌÅÎÉÅ �ÏÌÕÞÅÎÏ Ó �ÏÍÏÝØÀ �ÒÏÓÔÒÁÎÓÔ×ÅÎÎÏ-×ÒÅÍÅÎÎÏÇÏ ÎÅ�ÒÅÒÙ×-ÎÏÇÏ ×ÅÊ×ÌÅÔ-ÁÎÁÌÉÚÁ. ÷�ÅÒ×ÙÅ ×ÅÊ×ÌÅÔ-ÁÎÁÌÉÚ �ÒÉÍÅÎÑÌÓÑ ÄÌÑ ×Ù×ÏÄÁÉÎÔÅÇÒÁÌØÎÙÈ �ÒÅÄÓÔÁ×ÌÅÎÉÊ × [4℄, Á ÚÁÔÅÍ × ÒÁÂÏÔÁÈ [5{7℄. ÷ ËÁÞÅÓÔ×ÅÏÄÎÏÇÏ ÉÚ ×ÏÚÍÏÖÎÙÈ �ÒÉÍÅÒÏ× ÜÌÅÍÅÎÔÁÒÎÙÈ ÒÅÛÅÎÉÊ Ó ÉÚ×ÅÓÔÎÙÍÉÓ×ÏÊÓÔ×ÁÍÉ × ÒÁÂÏÔÁÈ [1{3,5{7℄ �ÒÅÄÌÁÇÁÌÏÓØ ÉÓ�ÏÌØÚÏ×ÁÔØ ÔÏÞÎÙÅ ÌÏ-ËÁÌÉÚÏ×ÁÎÎÙÅ ÒÅÛÅÎÉÑ [8,9℄. ÷ ÒÁÂÏÔÅ [10℄ ÉÓ�ÏÌØÚÏ×ÁÌÉÓØ ÁÓÉÍ�ÔÏÔÉ-ÞÅÓËÉÅ ÒÅÛÅÎÉÑ, ÎÁÚÙ×ÁÅÍÙÅ Ë×ÁÚÉÆÏÔÏÎÁÍÉ, ËÏÔÏÒÙÅ ÂÙÌÉ ×�ÅÒ×ÙÅ�ÏÓÔÒÏÅÎÙ × ÒÁÂÏÔÅ [11℄ ÄÌÑ ÕÒÁ×ÎÅÎÉÑ ûÒÅÄÉÎÇÅÒÁ, Á ÚÁÔÅÍ × ÒÁÂÏ-ÔÁÈ [12{14℄ ÄÌÑ ×ÏÌÎÏ×ÏÇÏ ÕÒÁ×ÎÅÎÉÑ. ÷ �ÒÅÄÙÄÕÝÉÈ ÎÁÛÉÈ ÒÁÂÏÔÁÈ�Ï �ÒÉÍÅÎÅÎÉÀ �ÒÏÓÔÒÁÎÓÔ×ÅÎÎÏ-×ÒÅÍÅÎÎÏÇÏ ×ÅÊ×ÌÅÔ-ÁÎÁÌÉÚÁ [2,3,10℄ÏÓÎÏ×ÎÏÅ ×ÎÉÍÁÎÉÅ ÕÄÅÌÑÌÏÓØ �ÒÁËÔÉÞÅÓËÏÊ ÒÅÁÌÉÚÁ�ÉÉ �ÏÌÕÞÅÎÎÙÈÆÏÒÍÕÌ É ÉÈ �ÒÉÌÏÖÅÎÉÑÍ. æÏÒÍÕÌÙ ÚÁÄÁÀÔÓÑ ÎÅÓÏÂÓÔ×ÅÎÎÙÍÉ ÉÎÔÅ-ÇÒÁÌÁÍÉ É ÎÁÛÁ �ÅÌØ × ÎÁÓÔÏÑÝÅÊ ÒÁÂÏÔÅ ÓÏÓÔÏÉÔ × ÉÓÓÌÅÄÏ×ÁÎÉÉ ÉÈÓÈÏÄÉÍÏÓÔÉ.òÁÎÅÅ ÉÎÔÅÇÒÁÌØÎÙÅ ÒÁÚÌÏÖÅÎÉÑ ÒÅÛÅÎÉÊ ×ÏÌÎÏ×ÏÇÏ ÕÒÁ×ÎÅÎÉÑ �ÏÄÒÕÇÉÍ ÌÏËÁÌÉÚÏ×ÁÎÎÙÍ ÒÅÛÅÎÉÑÍ, ÇÁÕÓÓÏ×ÙÍ �ÕÞËÁÍ, ÓÔÒÏÉÌÉÓØ ÎÁÏÓÎÏ×Å ÁÓÉÍ�ÔÏÔÉÞÅÓËÉÈ ÆÏÒÍÕÌ × [15℄. ïÒÉÅÎÔÉÒÏ×ÁÎÎÙÅ ÎÁ �ÒÉÌÏÖÅ-ÎÉÑ ÆÏÒÍÕÌÙ, �ÒÅÄÓÔÁ×ÌÑÀÝÉÅ ÓÏÂÏÊ ÒÁÚÌÉÞÎÙÅ ÒÁÚÌÏÖÅÎÉÑ ÒÅÛÅÎÉÊ�Ï ÜÌÅÍÅÎÔÁÒÎÙÍ ÌÏËÁÌÉÚÏ×ÁÎÎÙÍ ÒÅÛÅÎÉÑÍ ÄÁÎÙ × [16, 17℄ É × �É-ÔÉÒÏ×ÁÎÎÏÊ ÌÉÔÅÒÁÔÕÒÅ. òÁÚÌÏÖÅÎÉÑ, ÏÓÎÏ×ÁÎÎÙÅ ÎÁ ÓÄ×ÉÇÅ ÆÕÎË�ÉÉçÒÉÎÁ × ËÏÍ�ÌÅËÓÎÕÀ �ÌÏÓËÏÓÔØ, �ÏÌÕÞÅÎÙ × [18℄.äÁÄÉÍ ËÒÁÔËÏÅ ÓÏÄÅÒÖÁÎÉÅ ÓÔÁÔØÉ. ðÒÅÖÄÅ ×ÓÅÇÏ, ÍÙ �ÒÉ×ÏÄÉÍ ÎÅ-ÏÂÈÏÄÉÍÙÅ ÎÁÍ ÆÁËÔÙ ÉÚ �ÒÏÓÔÒÁÎÓÔ×ÅÎÎÏ-×ÒÅÍÅÎÎÏÇÏ ÎÅ�ÒÅÒÙ×ÎÏÇÏ×ÅÊ×ÌÅÔ-ÁÎÁÌÉÚÁ, ÏÓÎÏ×ÁÎÎÏÇÏ ÎÁ ÁÆÆÉÎÎÏÊ ÇÒÕ��Å ðÕÁÎËÁÒÅ. úÁÔÅÍëÌÀÞÅ×ÙÅ ÓÌÏ×Á: ×ÏÌÎÏ×ÏÅ ÕÒÁ×ÎÅÎÉÅ, ÉÎÔÅÇÒÁÌØÎÙÅ �ÒÅÄÓÔÁ×ÌÅÎÉÑ, ×ÅÊ×ÌÅÔ-ÁÎÁÌÉÚ, ÁÆÆÉÎÎÁÑ ÇÒÕ��Á ðÕÁÎËÁÒÅ.òÁÂÏÔÁ í.÷.ð. �ÏÄÄÅÒÖÁÎÁ ÇÒÁÎÔÏÍ óðÂçõ 11.42.1073.2016.107



108 å. á. çïòïäîéãëéê, í. ÷. ðåòåìø××ÏÄÉÍ × ÒÁÓÓÍÏÔÒÅÎÉÅ �ÒÏÓÔÒÁÎÓÔ×Ï ÒÅÛÅÎÉÊ ×ÏÌÎÏ×ÏÇÏ ÕÒÁ×ÎÅÎÉÑ,ÄÌÑ ÜÌÅÍÅÎÔÏ× ËÏÔÏÒÏÇÏ �ÏÌÕÞÅÎÙ ÉÎÔÅÇÒÁÌØÎÙÅ �ÒÅÄÓÔÁ×ÌÅÎÉÑ. íÙÄÏËÁÚÙ×ÁÅÍ �ÒÉ ÎÅËÏÔÏÒÙÈ ÕÓÌÏ×ÉÑÈ �ÏÔÏÞÅÞÎÕÀ ÓÈÏÄÉÍÏÓÔØ ÎÅÓÏÂ-ÓÔ×ÅÎÎÙÈ ÉÎÔÅÇÒÁÌÏ× × ÉÎÔÅÇÒÁÌØÎÏÍ �ÒÅÄÓÔÁ×ÌÅÎÉÉ. äÏËÁÚÙ×ÁÅÔÓÑÔÁËÖÅ ÓÈÏÄÉÍÏÓÔØ ÜÔÉÈ ÉÎÔÅÇÒÁÌÏ× × L2 ÎÏÒÍÅ.1.1. ïÓÎÏ×ÎÙÅ ÆÁËÔÙ �ÒÏÓÔÒÁÎÓÔ×ÅÎÎÏ-×ÒÅÍÅÎÎÏÇÏ ×ÅÊ×ÌÅÔ-ÁÎÁÌÉÚÁ. òÁÓÓÍÏÔÒÉÍ �ÒÏÓÔÒÁÎÓÔ×Ï ÆÕÎË�ÉÊf(t; x); v(t; x) ∈ L2(R × R; dx dt);�ÒÏÓÔÒÁÎÓÔ×Ï Ë×ÁÄÒÁÔÉÞÎÏ ÉÎÔÅÇÒÉÒÕÅÍÙÈ ËÏÍ�ÌÅËÓÎÏÚÎÁÞÎÙÈ ÆÕÎË-�ÉÊ ÏÔ Ä×ÕÈ �ÅÒÅÍÅÎÎÙÈ:
〈f; v〉 = ∫

R×R

dx dtf(t; x)v(t; x) <∞; (1)ÇÄÅ t { ×ÒÅÍÑ, x { �ÒÏÓÔÒÁÎÓÔ×ÅÎÎÁÑ ËÏÏÒÄÉÎÁÔÁ. ÷ ÄÁÌØÎÅÊÛÅÍ ÂÕ-ÄÅÍ ÉÓ�ÏÌØÚÏ×ÁÔØ ÏÂÏÚÎÁÞÅÎÉÅ ~� = (t; x)⊤; ÇÄÅ ×ÅËÔÏÒ ~� �ÒÉÎÁÄÌÅ-ÖÉÔ �ÒÏÓÔÒÁÎÓÔ×Õ íÉÎËÏ×ÓËÏÇÏ, ÎÁ ËÏÔÏÒÏÍ ××ÏÄÉÔÓÑ ÉÎÄÅÆÉÎÉÔ-ÎÏÅ(�ÓÅ×ÄÏÅ×ËÌÉÄÏ×ÏÅ) ÓËÁÌÑÒÎÏÅ �ÒÏÉÚ×ÅÄÅÎÉÅ:(~�1; ~�2) = t1t2 − x1x2; (2)ËÏÔÏÒÏÅ �ÏÒÏÖÄÁÅÔ �ÓÅ×ÄÏÅ×ËÌÉÄÏ×ÏÅ ÒÁÓÓÔÏÑÎÉÅ(ÉÎÔÅÒ×ÁÌ):
‖~�1 − ~�2‖2m = (t1 − t2)2 − (x1 − x2)2: (3)÷×ÅÄÅÍ × ÒÁÓÓÍÏÔÒÅÎÉÅ ÇÒÕ��Õ �ÒÅÏÂÒÁÚÏ×ÁÎÉÊ �ÒÏÓÔÒÁÎÓÔ×Á R×R,ÓÏÓÔÏÑÝÕÀ ÉÚ ÓÄ×ÉÇÏ× T~�s~� = ~�+ ~�s, �ÒÅÏÂÒÁÚÏ×ÁÎÉÊ ìÏÒÅÎ�Á

L�~� = ��~�; (4)�� = ( 
osh� sinh�sinh� 
osh� ) (5)É ÍÁÓÛÔÁÂÉÒÏ×ÁÎÉÑDa~� = a~�, ËÏÔÏÒÁÑ ÎÁÚÙ×ÁÅÔÓÑ ÁÆÆÉÎÎÏÊ ÇÒÕ��ÏÊðÕÁÎËÁÒÅ G [19℄. üÌÅÍÅÎÔÙ ÇÒÕ��Ù { �ÒÅÏÂÒÁÚÏ×ÁÎÉÑg = g( ~�s; a; �) = T~�s Da L�: (6)÷ÙÂÅÒÅÍ ÆÕÎË�ÉÀ � ∈ L2(R × R): ðÏÓÔÒÏÉÍ ÓÅÍÅÊÓÔ×Ï ÆÕÎË�ÉÊ,ÚÁ×ÉÓÑÝÉÈ ÏÔ �ÁÒÁÍÅÔÒÏ× ~�s; a; �, �ÒÉÍÅÎÉ× Ë �(~�) �ÒÅÏÂÒÁÚÏ×ÁÎÉÅU(g): U(g)�(~�) = �(g−1~�) = 1a� (�−� ~�− ~�sa )
≡ �g( ~�s;a;�)(~�): (7)



ïâïóîï÷áîéå ïóîï÷áîîïê îá ÷åê÷ìå�áè ..... 109üÔÏ �ÒÅÏÂÒÁÚÏ×ÁÎÉÅ ÕÎÉÔÁÒÎÏ, ÔÏ ÅÓÔØ
‖U(g)�(~�)‖2 = ‖�(~�)‖2; (8)ÞÔÏ �ÒÏ×ÅÒÑÅÔÓÑ ÚÁÍÅÎÏÊ �ÅÒÅÍÅÎÎÏÊ ÉÎÔÅÇÒÉÒÏ×ÁÎÉÑ É ÏÂÅÓ�ÅÞÉ×Á-ÅÔÓÑ ×ÙÂÏÒÏÍ ÍÎÏÖÉÔÅÌÑ 1=a �ÒÅÏÂÒÁÚÏ×ÁÎÎÏÊ ÆÕÎË�ÉÉ. ðÒÅÏÂÒÁÚÏ-×ÁÎÉÅ æÕÒØÅ ÆÕÎË�ÉÉ � Ï�ÒÅÄÅÌÑÅÍ ÓÌÅÄÕÀÝÉÍ ÏÂÒÁÚÏÍ:�̂(~�) = ∫

R×R

d2~� ei(~�; ~�)�(~�): (9)îÅÔÒÕÄÎÏ �ÏËÁÚÁÔØ, ÞÔÏ�̂g( ~�s;a;�)(~�) = a�̂(a�−�~�)ei(~�; ~�s): (10)÷ÓÅ �ÒÏÓÔÒÁÎÓÔ×Ï L2(R × R) Ñ×ÌÑÅÔÓÑ �ÒÑÍÏÊ ÓÕÍÍÏÊ ÞÅÔÙÒÅÈ ÉÎ-×ÁÒÉÁÎÔÎÙÈ ÏÔÎÏÓÉÔÅÌØÎÏ U(g) �ÏÄ�ÒÏÓÔÒÁÎÓÔ×
L2(R × R) = 4⊕j=1 Dj ; (11)ËÏÔÏÒÙÅ ÒÁÚÌÉÞÁÀÔÓÑ ÎÏÓÉÔÅÌÅÍ �ÒÅÏÂÒÁÚÏ×ÁÎÉÑæÕÒØÅ ÆÕÎË�ÉÊ �̂(~�),Á ÉÍÅÎÎÏ, æÕÒØÅ-�ÒÅÏÂÒÁÚÏ×ÁÎÉÅ ÆÕÎË�ÉÊ ÉÚ �ÒÏÓÔÒÁÎÓÔ×Á Dj ÏÔÌÉÞ-ÎÏ ÏÔ ÎÕÌÑ ÔÏÌØËÏ × Dj :D1 = {~� = ( kkx) : k > 0; |k| > |kx|}; (12a)D2 = {~� = ( kkx) : k < 0; |k| > |kx|}; (12b)D3 = {~� = ( kkx) : kx > 0; |k| < |kx|}; (12
)D4 = {~� = ( kkx) : kx < 0; |k| < |kx|}: (12d)ðÏËÁÖÅÍ, ÎÁ�ÒÉÍÅÒ, ÞÔÏ �ÒÏÓÔÒÁÎÓÔ×Ï D1 Ñ×ÌÑÅÔÓÑ ÉÎ×ÁÒÉÁÎÔÎÙÍ ÏÔ-ÎÏÓÉÔÅÌØÎÏ �ÒÅÏÂÒÁÚÏ×ÁÎÉÑ U(g): ÷ÓÑËÉÊ ×ÅËÔÏÒ ~� ∈ D1 ÍÏÖÎÏ �ÒÅÄ-ÓÔÁ×ÉÔØ ÓÌÅÄÕÀÝÉÍ ÏÂÒÁÚÏÍ:~� = ( kkx) = ��−�(10); � = √k2 − k2x; (13)



110 å. á. çïòïäîéãëéê, í. ÷. ðåòåìøÉ ÔÏÌØËÏ ×ÅËÔÏÒ ÉÚ D1 ÍÏÖÎÏ ÚÁ�ÉÓÁÔØ × ÔÁËÏÊ ÆÏÒÍÅ. ÷ÏÚØÍÅÍ ËÁËÏÅ-ÎÉÂÕÄØ ~�0 ∈ D1,~�0 = ( k0kx0); ‖~�0‖m = �0 > 0; tanh�0 = −
kx0k0 : (14)ðÒÅÏÂÒÁÚÏ×ÁÎÉÑ ìÏÒÅÎ�Á É ÍÁÓÛÔÁÂÉÒÏ×ÁÎÉÑ ÏÔÏÂÒÁÖÁÀÔ ~�0 ÎÁ ~�,~� = a�−�~�0 = a�0�−�−�0(10); (15)ÉÍÅÀÝÉÊ ×ÉÄ (13) É �ÏÜÔÏÍÕ �ÒÉÎÁÄÌÅÖÁÝÉÊ D1. ïÞÅ×ÉÄÎÏ, ÞÔÏ, �ÏÄ-ÂÉÒÁÑ ÍÁÓÛÔÁÂ a É �ÁÒÁÍÅÔÒ �ÒÅÏÂÒÁÚÏ×ÁÎÉÑ ìÏÒÅÎ�Á �, ÍÙ �ÏÌÕ-ÞÉÍ ÌÀÂÏÊ ~� ∈ D1. ðÒÅÄÓÔÁ×ÌÅÎÉÅ U(g) Ñ×ÌÑÅÔÓÑ ÎÅ�ÒÉ×ÏÄÉÍÙÍ �ÒÅÄ-ÓÔÁ×ÌÅÎÉÅÍ × ËÁÖÄÏÍ �ÏÄ�ÒÏÓÔÒÁÎÓÔ×Å Dj , j = 1; 2; 3; 4, ÓÍ. [19℄. üÔÏ�ÒÅÄÓÔÁ×ÌÅÎÉÅ Ë×ÁÄÒÁÔÉÞÎÏ ÉÎÔÅÇÒÉÒÕÅÍÏ [20,21℄, ÔÏ ÅÓÔØ ÓÕÝÅÓÔ×ÕÅÔÎÅÎÕÌÅ×ÏÅ  (~�) ∈ D1 ÔÁËÏÅ, ÞÔÏ∫G d�(g)| 〈 ;U(g) 〉 |2 <∞: (16)úÄÅÓØ ÉÎÔÅÇÒÉÒÏ×ÁÎÉÅ ×ÅÄÅÔÓÑ �Ï ×ÓÅÊ ÇÒÕ��Å, ÜÌÅÍÅÎÔÙ ËÏÔÏÒÏÊ ÚÁ-ÄÁÀÔÓÑ �ÁÒÁÍÅÔÒÁÍÉ a ∈ (0;∞); ~�s ∈ R

2, � ∈ (−∞;∞), Á d�(g) { ÍÅÒÁ,ÉÎ×ÁÒÉÁÎÔÎÁÑ ÓÌÅ×Á (ÌÅ×ÁÑ ÍÅÒÁ èÁÁÒÁ), ÔÏ ÅÓÔØ �ÒÉ ÆÉËÓÉÒÏ×ÁÎÎÏÍg0 ∈ G ÄÌÑ ÌÀÂÏÇÏ g ∈ G ÉÍÅÅÍ d�(g0g) = d�(g): ÷ ÓÌÕÞÁÅ ÁÆÆÉÎÎÏÊÇÒÕ��Ù ðÕÁÎËÁÒÅ ÜÔÁ ÍÅÒÁ Ï�ÒÅÄÅÌÑÅÔÓÑ ÆÏÒÍÕÌÏÊ:d�(g) = d2 ~�s daa3 d�: (17)æÕÎË�ÉÉ, ÕÄÏ×ÌÅÔ×ÏÒÑÀÝÉÅ ÕÓÌÏ×ÉÀ (16), ÎÁÚÙ×ÁÀÔÓÑ ÍÁÔÅÒÉÎÓËÉ-ÍÉ ×ÅÊ×ÌÅÔÁÍÉ [21℄. õÓÌÏ×ÉÅ Ë×ÁÄÒÁÔÉÞÎÏÊ ÉÎÔÅÇÒÉÒÕÅÍÏÓÔÉ ÜË×É×Á-ÌÅÎÔÎÏ ÕÓÌÏ×ÉÀ
〈C ;C 〉 ≡ ∫D1 d2~� | ̂(~�)|2

‖~�‖2m <∞; (18)ÇÄÅ C =  ̂(~�)=‖~�‖m; (19)ËÏÔÏÒÏÅ ÎÁÚÙ×ÁÀÔ ÕÓÌÏ×ÉÅÍ ÄÏ�ÕÓÔÉÍÏÓÔÉ [21℄. üÔÏÔ ÆÁËÔ ÄÏËÁÚÁÎ× �ÒÉÌÏÖÅÎÉÉ. îÅÏÇÒÁÎÉÞÅÎÎÙÊ Ï�ÅÒÁÔÏÒ C ÎÁÚÙ×ÁÅÔÓÑ Ï�ÅÒÁÔÏÒÏÍäÀÆÌÏ-íÕÒÁ (ÓÍ. [20, 21℄).óÅÍÅÊÓÔ×Ï (7) ÎÁÚÙ×ÁÅÔÓÑ ÓÅÍÅÊÓÔ×ÏÍ ÁÆÆÉÎÎÙÈ ×ÅÊ×ÌÅÔÏ× ðÕÁÎ-ËÁÒÅ, ÉÌÉ, ÄÌÑ ËÒÁÔËÏÓÔÉ, ÓÅÍÅÊÓÔ×ÏÍ ×ÅÊ×ÌÅÔÏ×.



ïâïóîï÷áîéå ïóîï÷áîîïê îá ÷åê÷ìå�áè ..... 111÷×ÅÄÅÍ × ÒÁÓÓÍÏÔÒÅÎÉÅ ÁÆÆÉÎÎÏÅ ×ÅÊ×ÌÅÔ-�ÒÅÏÂÒÁÚÏ×ÁÎÉÅ ðÕÁÎËÁ-ÒÅ (ÓÍ. [21℄), ËÏÔÏÒÏÅ, × Ó×ÑÚÉ Ó ÔÅÍ, ÞÔÏ ÄÒÕÇÉÈ ×ÅÊ×ÌÅÔ-�ÒÅÏÂÒÁÚÏ×Á-ÎÉÊ × ÄÁÎÎÏÊ ÓÔÁÔØÅ ÎÅ ×ÏÚÎÉËÁÅÔ, ÂÕÄÅÍ ÎÁÚÙ×ÁÔØ ×ÅÊ×ÌÅÔ-�ÒÅÏÂÒÁÚÏ-×ÁÎÉÅÍ. ÷ÅÊ×ÌÅÔ-�ÒÅÏÂÒÁÚÏ×ÁÎÉÅ Ï�ÒÅÄÅÌÑÅÔÓÑ ÏÔÄÅÌØÎÏ ÄÌÑ ËÁÖÄÏÇÏ
Dj , j = 1; 2; 3; 4, ÍÙ �ÒÉ×ÏÄÉÍ ÒÅÚÕÌØÔÁÔÙ ÄÌÑ ÌÀÂÏÊ f(~�) ∈ D1:(WWW�f) (g) ≡ 〈f; U(g)�〉 = ∫

R2 d2~�f(~�)�(g−1~�);(WWW�f) (g (a; �; ~�s)) = ∫

R2 d2~�f(~�)1a� (�−� ~�− ~�sa ): (20)÷ÅÊ×ÌÅÔ-�ÒÅÏÂÒÁÚÏ×ÁÎÉÅ Ñ×ÌÑÅÔÓÑ Ó×ÅÒÔËÏÊ É �ÏÜÔÏÍÕ ÌÅÇËÏ ×ÙÞÉÓÌÑ-ÅÔÓÑ × æÕÒØÅ ÏÂÌÁÓÔÉ:(WWW�f) (g (a; �; ~�s)) = a(2�)2 ∫D1 d2~�f̂(~�)�̂(a�−�~�)e−i(~�;~�s): (21)ïÔÍÅÔÉÍ Ó×ÏÊÓÔ×Ï, ÓÌÅÄÕÀÝÅÅ ÉÚ ÎÅÒÁ×ÅÎÓÔ×Á ëÏÛÉ-âÕÎÑËÏ×ÓËÏÇÏ,
| (WWW�f) (g)| 6 ‖f‖‖�‖: (22)ðÏÜÔÏÍÕ ×ÅÊ×ÌÅÔ-�ÒÅÏÂÒÁÚÏ×ÁÎÉÅ ÅÓÔØ ÒÅÚÕÌØÔÁÔ �ÒÉÍÅÎÅÎÉÑ ÏÇÒÁÎÉ-ÞÅÎÎÏÇÏ Ï�ÅÒÁÔÏÒÁ Ë f(~�).òÅÛÁÀÝÅÅ ÚÎÁÞÅÎÉÅ ÄÌÑ ÄÁÌØÎÅÊÛÅÇÏ Ñ×ÌÑÅÔÓÑ ÔÅÏÒÅÍÁ ÏÂ ÉÚÏÍÅ-ÔÒÉÉ, ÄÏËÁÚÁÎÎÁÑ ÄÌÑ ÌÏËÁÌØÎÏ ËÏÍ�ÁËÔÎÙÈ ÇÒÕ�� × [20℄, ËÏÔÏÒÁÑ �ÒÉ-ÍÅÎÉÍÁ É × ÞÁÓÔÎÏÍ ÓÌÕÞÁÅ ÁÆÆÉÎÎÏÊ ÇÒÕ��Ù ðÕÁÎËÁÒÅ. ðÕÓÔØ  , �{ Ä×Á ÄÏ�ÕÓÔÉÍÙÈ ÍÁÔÅÒÉÎÓËÉÈ ×ÅÊ×ÌÅÔÁ. �ÏÇÄÁ ÄÌÑ ÆÕÎË�ÉÊ f(~�);v(~�) ∈ D1 Ó�ÒÁ×ÅÄÌÉ×Ï ÓÏÏÔÎÏÛÅÎÉÅ ÏÒÔÏÇÏÎÁÌØÎÏÓÔÉ

∫G 〈f; U(g)�〉〈v; U(g) 〉d�(g) = 〈C ;C�〉 〈f; v〉 : (23)ïÔÍÅÔÉÍ, ÞÔÏ �ÏÄ ÚÎÁËÏÍ ÉÎÔÅÇÒÁÌÁ ÓÔÏÑÔ ×ÅÊ×ÌÅÔ-�ÒÅÏÂÒÁÚÏ×ÁÎÉÑ(WWW�f) (g) ≡ 〈f; U(g)�〉 É (WWW v) (g) ≡ 〈v; U(g) 〉 : óÏÏÔÎÏÛÅÎÉÑ (23)�ÏËÁÚÙ×ÁÀÔ, ÞÔÏ ×ÅÊ×ÌÅÔ-�ÒÅÏÂÒÁÚÏ×ÁÎÉÑ ÏÔ f É v ËÁË ÆÕÎË�ÉÉ g ÏÒ-ÔÏÇÏÎÁÌØÎÙ, ÅÓÌÉ f É v ÏÒÔÏÇÏÎÁÌØÎÙ, ÉÌÉ ÅÓÌÉ ÍÁÔÅÒÉÎÓËÉÅ ×ÅÊ×ÌÅÔÙ� É  ×ÙÂÒÁÎÙ ÔÁË, ÞÔÏ 〈C ;C�〉 = 0. äÏËÁÚÁÔÅÌØÓÔ×Ï (23) ÎÅ�ÏÓÒÅÄ-ÓÔ×ÅÎÎÏ ÄÌÑ ÁÆÆÉÎÎÏÊ ÇÒÕ��Ù ðÕÁÎËÁÒÅ ÚÎÁÞÉÔÅÌØÎÏ �ÒÏÝÅ ÏÂÝÅÇÏÄÏËÁÚÁÔÅÌØÓÔ×Á É �ÒÉ×ÅÄÅÎÏ × �ÒÉÌÏÖÅÎÉÉ.



112 å. á. çïòïäîéãëéê, í. ÷. ðåòåìø
§2. ðÒÏÓÔÒÁÎÓÔ×Ï ÒÅÛÅÎÉÊ ×ÏÌÎÏ×ÏÇÏ ÕÒÁ×ÎÅÎÉÑðÒÉÍÅÎÉÍ ÒÁÚ×ÉÔÙÊ ÆÏÒÍÁÌÉÚÍ Ë �ÏÌÕÞÅÎÉÀ ÉÎÔÅÇÒÁÌØÎÙÈ �ÒÅÄ-ÓÔÁ×ÌÅÎÉÊ ÒÅÛÅÎÉÊ u(t; x) ×ÏÌÎÏ×ÏÇÏ ÕÒÁ×ÎÅÎÉÑ

�u ≡
�2u�x2 + �2u�x2 −

�2u�t2 = 0: (24)âÕÄÅÍ ÉÓËÁÔØ ÒÅÛÅÎÉÑ, ÔÁËÉÅ ÞÔÏ u(t; x; 0) = f(t; x) ∈ L2(R × R). äÌÑËÏÒÒÅËÔÎÏÊ �ÏÓÔÁÎÏ×ËÉ ÚÁÄÁÞÉ ÔÒÅÂÕÅÔÓÑ ÅÝÅ ÕÓÌÏ×ÉÅ, ËÏÔÏÒÏÅ ÏÂÅÓ-�ÅÞÉ×ÁÌÏ ÂÙ ÅÄÉÎÓÔ×ÅÎÎÏÓÔØ ÒÅÛÅÎÉÑ. íÙ Ï�ÉÛÅÍ ÎÉÖÅ �ÒÏÓÔÒÁÎ-ÓÔ×Ï ÒÅÛÅÎÉÊ, ËÏÔÏÒÙÅ Ï�ÒÅÄÅÌÑÀÔÓÑ ÏÄÎÏÚÎÁÞÎÏ �Ï ÇÒÁÎÉÞÎÙÍ ÄÁÎ-ÎÙÍ. éÍÅÎÎÏ ÄÌÑ ÒÅÛÅÎÉÊ ÉÚ ÜÔÉÈ �ÒÏÓÔÒÁÎÓÔ× ÍÙ ÂÕÄÅÍ ÓÔÒÏÉÔØ ÉÎ-ÔÅÇÒÁÌØÎÙÅ �ÒÅÄÓÔÁ×ÌÅÎÉÑ. ëÁË Õ�ÏÍÉÎÁÌÏÓØ ×ÙÛÅ, ÆÕÎË�ÉÀ f(t; x)ÍÏÖÎÏ �ÒÅÄÓÔÁ×ÉÔØ × ×ÉÄÅ f(t; x) = 4∑j=1 fj(t; x); fj(t; x) ∈ Dj . òÁÓÓÍÏ-ÔÒÉÍ �ÒÏÓÔÒÁÎÓÔ×Ï H, ËÏÔÏÒÏÅ Ñ×ÌÑÅÔÓÑ �ÒÑÍÏÊ ÓÕÍÍÏÊ ×ÏÓØÍÉ �ÏÄ-�ÒÏÓÔÒÁÎÓÔ×,
H = 4⊕j=1 Hj ; Hj = H+j ⊕H−j ; (25)u(t; x; y) = 4∑j=1 uj(t; x; y); uj(t; x; y) = u+j (t; x; y) + u−j (t; x; y); (26)uj(t; x; y) ∈ Hj ; u+j (t; x; y) ∈ H+j ; u−j (t; x; y) ∈ H−j : (27)âÕÄÅÍ �ÒÅÄ�ÏÌÁÇÁÔØ, ÞÔÏ f̂+j ; f̂−j ∈ L2(Dj): ðÏÄ�ÒÏÓÔÒÁÎÓÔ×Á H±j ; j =1; 2; ÓÏÓÔÏÑÔ ÉÚ ÉÎÔÅÇÒÉÒÕÅÍÙÈ Ó Ë×ÁÄÒÁÔÏÍ ÆÕÎË�ÉÊ ÏÔ ~� = (t; x)⊤,ÚÁ×ÉÓÑÝÉÈ ÏÔ y ËÁË ÏÔ �ÁÒÁÍÅÔÒÁ:u+j (t; x; y) = 1(2�)2 ∫Dj d2~� e−i~�·~�+ikyyf̂+j (~�); ky = √k2 − k2x; j = 1; 2;u−j (t; x; y) = 1(2�)2 ∫Dj d2~� e−i~�·~�−ikyyf̂−j (~�); f̂j(~�) = f̂+j (~�) + f̂−j (~�):(28)üÔÉ ÆÕÎË�ÉÉ ÍÏÇÕÔ ÂÙÔØ ÎÅ ÄÉÆÆÅÒÅÎ�ÉÒÕÅÍÙ, É ÔÏÇÄÁ ÏÎÉ ÎÅ Ñ×ÌÑ-ÀÔÓÑ ËÌÁÓÓÉÞÅÓËÉÍÉ ÒÅÛÅÎÉÑÍÉ ×ÏÌÎÏ×ÏÇÏ ÕÒÁ×ÎÅÎÉÑ. äÁÄÉÍ ÏÂÏÂ-ÝÅÎÎÕÀ �ÏÓÔÁÎÏ×ËÕ ËÒÁÅ×ÏÊ ÚÁÄÁÞÉ ÄÌÑ ×ÏÌÎÏ×ÏÇÏ ÕÒÁ×ÎÅÎÉÑ × ÏÄÎÏÍÉÚ �ÏÄ�ÒÏÓÔÒÁÎÓÔ×, ÎÁ�ÒÉÍÅÒ, × H+1 . ðÕÓÔØ �(~�) ∈ S, ÇÄÅ S{ ËÌÁÓÓ



ïâïóîï÷áîéå ïóîï÷áîîïê îá ÷åê÷ìå�áè ..... 113û×ÁÒ�Á, ÔÏ ÅÓÔØ ÍÎÏÖÅÓÔ×Ï ×ÅÝÅÓÔ×ÅÎÎÏÚÎÁÞÎÙÈ ÂÅÓËÏÎÅÞÎÏ ÄÉÆÆÅ-ÒÅÎ�ÉÒÕÅÍÙÈ ÆÕÎË�ÉÊ, ÕÂÙ×ÁÀÝÉÈ ×ÍÅÓÔÅ ÓÏ ×ÓÅÍÉ Ó×ÏÉÍÉ �ÒÏÉÚ×ÏÄ-ÎÙÍÉ ÂÙÓÔÒÅÅ ÌÀÂÏÊ ÓÔÅ�ÅÎÉ. âÕÄÅÍ ÇÏ×ÏÒÉÔØ, ÞÔÏ u+1 (t; x; y) ÕÄÏ×ÌÅ-Ô×ÏÒÑÅÔ ×ÏÌÎÏ×ÏÍÕ ÕÒÁ×ÎÅÎÉÀ × ÏÂÏÂÝÅÎÎÏÍ ÓÍÙÓÌÅ, Á ÔÁËÖÅ ËÒÁÅ×Ï-ÍÕ ÕÓÌÏ×ÉÀ u+1 (t; x; 0) = f(t; x); ÅÓÌÉ ∀� ∈ S ×Ù�ÏÌÎÑÀÔÓÑ ÓÏÏÔÎÏÛÅ-ÎÉÑ:
〈u+1 ; �2��t2 −

�2��x2 〉
−
�2 〈u+1 ; �〉�y2 = 0; (29)

〈u+1 ; �〉
|y=0 = 〈f; �〉 : (30)ðÒÏ×ÅÒÉÍ, ÎÁ�ÒÉÍÅÒ, ÞÔÏ u+1 (t; x; y) ∈ H+1 ÕÄÏ×ÌÅÔ×ÏÒÑÅÔ (30). �ÁË ËÁËÒÅÛÅÎÉÅ u+1 (t; x; y) Ñ×ÌÑÅÔÓÑ Ë×ÁÄÒÁÔÉÞÎÏ ÉÎÔÅÇÒÉÒÕÅÍÏÊ ÆÕÎË�ÉÅÊ ÏÔ~� = (t; x)⊤, ÔÏ Å£ ÄÅÊÓÔ×ÉÅ ÎÁ ÏÓÎÏ×ÎÕÀ ÆÕÎË�ÉÀ �(~�) ÚÁÄÁÅÔÓÑ ÉÎÔÅ-ÇÒÁÌÏÍ �Ï ~� ÏÔ �ÒÏÉÚ×ÅÄÅÎÉÑ u+1 �, ÚÁ×ÉÓÑÝÉÍ ÏÔ y ËÁË ÏÔ �ÁÒÁÍÅÔÒÁ.ðÒÉÍÅÎÉÍ ÔÏÖÄÅÓÔ×Ï ðÌÁÎÛÅÒÅÌÑ, �ÏÌÕÞÉÍ

〈u; �〉 = 1(2�)2 ∫

R×R

d2~�eikyyf̂+1 (~�)�̂(~�): (31)éÎÔÅÇÒÁÌ (31), Á ÔÁËÖÅ ÉÎÔÅÇÒÁÌÙ, �ÏÌÕÞÅÎÎÙÅ ÄÉÆÆÅÒÅÎ�ÉÒÏ×ÁÎÉ-ÅÍ ÅÇÏ �ÏÄÙÎÔÅÇÒÁÌØÎÏÇÏ ×ÙÒÁÖÅÎÉÑ �Ï y, ÓÈÏÄÑÔÓÑ ÒÁ×ÎÏÍÅÒÎÏ �Ï y.ðÏÜÔÏÍÕ ÉÎÔÅÇÒÁÌ Ñ×ÌÑÅÔÓÑ ÎÅ�ÒÅÒÙ×ÎÏÊ ÆÕÎË�ÉÅÊ y, �ÒÉ y = 0 �ÏÌÕ-ÞÉÍ (30). ëÒÏÍÅ ÔÏÇÏ, ×ÏÚÍÏÖÎÏ ÄÉÆÆÅÒÅÎ�ÉÒÏ×ÁÎÉÅ �Ï y �ÏÄ ÚÎÁËÏÍÉÎÔÅÇÒÁÌÁ. ó�ÒÁ×ÅÄÌÉ×ÏÓÔØ ÕÒÁ×ÎÅÎÉÑ (29) ÌÅÇËÏ �ÒÏ×ÅÒÑÅÔÓÑ �ÏÓÌÅ�ÅÒÅÈÏÄÁ × æÕÒØÅ ÏÂÌÁÓÔØ (29). éÔÁË, u+1 (t; x; y), Ï�ÒÅÄÅÌÑÅÍÏÅ ÆÏÒÍÕ-ÌÏÊ (28) �ÒÉ j = 1, Ñ×ÌÑÅÔÓÑ ÏÂÏÂÝÅÎÎÙÍ ÒÅÛÅÎÉÅÍ ÚÁÄÁÞÉ (29), (30).ï�ÒÅÄÅÌÉÍ ÔÁËÖÅ ÒÅÛÅÎÉÑ u+j (t; x; y); j = 3; 4 :u+j (t; x; y) = 1(2�)2 ∫Dj d2~� e−i~�·~�+kyyf̂+j (~�); ky = √k2x − k2; j = 3; 4;u−j (t; x; y) = 1(2�)2 ∫Dj d2~� e−i~�·~�−kyyf̂−j (~�); f̂j(~�) = f̂+j (~�) + f̂−j (~�):(32)æÕÎË�ÉÉ u+j (t; x; y); j = 3; 4 Ñ×ÌÑÀÔÓÑ ÏÂÏÂÝÅÎÎÙÍÉ ÒÅÛÅÎÉÑÍÉ ÚÁÄÁ-ÞÉ (29), (30) �ÒÉ y < 0, Á ÆÕÎË�ÉÉ u−j (t; x; y); j = 3; 4 - ÏÂÏÂÝÅÎÎÙÅÒÅÛÅÎÉÑ ÔÏÊ ÖÅ ÚÁÄÁÞÉ �ÒÉ y > 0.



114 å. á. çïòïäîéãëéê, í. ÷. ðåòåìøóËÁÌÑÒÎÏÅ �ÒÏÉÚ×ÅÄÅÎÉÅ Ä×ÕÈ ÒÅÛÅÎÉÊ F (~�; y), V (~�; y) ∈ H+1 Ï�ÒÅ-ÄÅÌÉÍ ÓÌÅÄÕÀÝÉÍ ÏÂÒÁÚÏÍ:
〈F; V 〉H+1 = ∫

R×R

d2~�F (~�; y)V (~�; y): (33)óËÁÌÑÒÎÏÅ �ÒÏÉÚ×ÅÄÅÎÉÅ ÎÅ ÚÁ×ÉÓÉÔ ÏÔ y, ÞÔÏ ÌÅÇËÏ �ÏÌÕÞÉÔØ, �ÒÉÍÅ-ÎÑÑ ÔÏÖÄÅÓÔ×Ï ðÌÁÎÛÅÒÅÌÑ. ÷ ÄÁÌØÎÅÊÛÅÍ ÍÙ ÎÅ ÂÕÄÅÍ �ÉÓÁÔØ ÎÉÖÎÉÊÉÎÄÅËÓ H+1 �ÒÉ ÓÉÍ×ÏÌÅ ÓËÁÌÑÒÎÏÇÏ �ÒÏÉÚ×ÅÄÅÎÉÑ.ðÏÓÔÒÏÉÍ ÉÎÔÅÇÒÁÌØÎÏÅ �ÒÅÄÓÔÁ×ÌÅÎÉÅ ÒÅÛÅÎÉÊ ÉÚ H+1 , ÉÎÔÅÇÒÁÌØ-ÎÙÅ �ÒÅÄÓÔÁ×ÌÅÎÉÑ ÒÅÛÅÎÉÊ ÉÚ ÄÒÕÇÉÈ �ÒÏÓÔÒÁÎÓÔ× ÓÔÒÏÑÔÓÑ ÁÎÁÌÏ-ÇÉÞÎÏ.÷ÙÂÅÒÅÍ ÆÕÎË�ÉÉ �(~�);  (~�); f(~�); v(~�) ∈ D1, �ÒÉÞÅÍ Ä×Å ÉÚ ÎÉÈ,�(~�),  (~�); �ÒÉÎÁÄÌÅÖÁÔ ÏÂÌÁÓÔÉ Ï�ÒÅÄÅÌÅÎÉÑ Ï�ÅÒÁÔÏÒÁ äÀÆÌÏ-íÕÒÁ(18), (19). ÷×ÅÄÅÍ × ÒÁÓÓÍÏÔÒÅÎÉÅ ÓÏÏÔ×ÅÔÓÔ×ÕÀÝÉÅ ÒÅÛÅÎÉÑ ÉÚ H+1Z(~�; y) = 1(2�)2 ∫

R×R

d2~� e−i~�·~�+ikyy�̂(~�); (34)	(~�; y) = 1(2�)2 ∫

R×R

d2~� e−i~�·~�+ikyy ̂(~�); (35)ËÏÔÏÒÙÅ ÂÕÄÅÍ ÎÁÚÙ×ÁÔØ ÍÁÔÅÒÉÎÓËÉÍÉ ÒÅÛÅÎÉÑÍÉ. ÷×ÅÄÅÍ �Ï ÁÎÁÌÏ-ÇÉÉ ÒÅÛÅÎÉÑ F (~�; y), V (~�; y):÷×ÅÄÅÍ ÓÅÍÅÊÓÔ×Á ÒÅÛÅÎÉÊ, �Ï ËÏÔÏÒÙÍ �ÒÅÄ�ÏÌÁÇÁÅÔÓÑ �ÒÏÉÚ×Ï-ÄÉÔØ ÒÁÚÌÏÖÅÎÉÑZg(~�; y) = 1a Z(g−1~�; y=a) = 1aZ (�−� ~�− ~�sa ; ya) ; (36)	g(~�; y) = 1a 	(g−1~�; y=a) = 1a	(�−� ~�− ~�sa ; ya) : (37)æÕÒØÅ-�ÒÅÏÂÒÁÚÏ×ÁÎÉÅ ÏÔ ÒÅÛÅÎÉÊ �Ï �ÅÒÅÍÅÎÎÏÊ ~� ÄÁÅÔÓÑ ÆÏÒÍÕÌÁ-ÍÉ Ẑg(~�; y) = a�̂(a�−�~�)ei(~�; ~�s)+ikyy; (38)	̂g(~�; y) = a ̂(a�−�~�)ei(~�; ~�s)+ikyy: (39)ï�ÒÅÄÅÌÉÍ ×ÅÊ×ÌÅÔ-�ÒÅÏÂÒÁÚÏ×ÁÎÉÅ ÒÅÛÅÎÉÊ:(WWW	V ) (g; y) = 〈V (~�; y);	g(~�; y)〉 ;(WWWZF ) (g; y) = 〈F (~�; y); Zg(~�; y)〉 : (40)



ïâïóîï÷áîéå ïóîï÷áîîïê îá ÷åê÷ìå�áè ..... 115ïÔÍÅÔÉÍ, ÞÔÏ ÔÁË Ï�ÒÅÄÅÌÅÎÎÏÅ ×ÅÊ×ÌÅÔ-�ÒÅÏÂÒÁÚÏ×ÁÎÉÅ ÒÅÛÅÎÉÊ ÎÅÚÁ×ÉÓÉÔ ÏÔ y. ðÏÜÔÏÍÕ ÔÏÖÄÅÓÔ×Ï (23) �ÒÉ 〈C ;C�〉 6= 0 ÄÁÅÔ
〈F; V 〉 = 1

〈C ;C�〉 ∫G d�(g) 〈F;Zg〉 〈V;	g〉: (41)üÔÏ ÔÏÖÄÅÓÔ×Ï ÍÙ ÉÓÔÏÌËÏ×Ù×ÁÅÍ ËÁË ÆÏÒÍÁÌØÎÏÅ ÒÁ×ÅÎÓÔ×ÏF (~�; y) = 1
 � ∫G d�(g) 〈F;Zg〉	g(~�; y); (42)ÇÄÅ ××ÅÄÅÎÏ ÏÂÏÚÎÁÞÅÎÉÅ 
 � = 〈C ;C�〉 : (43)õÓÌÏ×ÉÅ 
 � 6= 0 É ÁÂÓÏÌÀÔÎÏÊ ÓÈÏÄÉÍÏÓÔÉ ÉÎÔÅÇÒÁÌÁ × (43) ÎÁÚÙ×Á-ÅÔÓÑ ÕÓÌÏ×ÉÅÍ ÄÏ�ÕÓÔÉÍÏÓÔÉ ÄÌÑ �ÁÒÙ ÍÁÔÅÒÉÎÓËÉÈ ×ÅÊ×ÌÅÔÏ× �;  :õÞÉÔÙ×ÁÑ Ï�ÒÅÄÅÌÅÎÉÅ (40) É ÔÏ ÏÂÓÔÏÑÔÅÌØÓÔ×Ï, ÞÔÏ (WWWZF ) (g; y) =(WWWZF ) (g; 0) = (WWW�f) (g), ÍÙ �ÏÌÕÞÁÅÍF (~�; y) = 1
〈C ;C�〉 ∫G d�(g) (WWW�f) (g)	g(~�; y): (44)íÙ ÂÕÄÅÍ ÎÁÚÙ×ÁÔØ ÆÏÒÍÕÌÕ (42) ÉÌÉ (44) ÆÏÒÍÕÌÏÊ ×ÏÓÓÔÁÎÏ×ÌÅ-ÎÉÑ, �ÏÓËÏÌØËÕ ÏÎÁ �ÏÚ×ÏÌÑÅÔ ×ÏÓÓÔÁÎÏ×ÉÔØ ÒÅÛÅÎÉÅ, ÅÓÌÉ ÉÚ×ÅÓÔÎÏ ÅÇÏ×ÅÊ×ÌÅÔ-�ÒÅÏÂÒÁÚÏ×ÁÎÉÅ. æÏÒÍÕÌÁ (44) ÉÓ�ÏÌØÚÏ×ÁÌÁÓØ ÎÁÍÉ × �ÒÉÌÏ-ÖÅÎÉÑÈ Ë ÚÁÄÁÞÁÍ ÓÅÊÓÍÉËÉ [10℄.

§3. éÓÓÌÅÄÏ×ÁÎÉÅ ÓÈÏÄÉÍÏÓÔÉ ÉÎÔÅÇÒÁÌÏ×, ÚÁÄÁÀÝÉÈÆÏÒÍÕÌÕ ×ÏÓÓÔÁÎÏ×ÌÅÎÉÑõÔ×ÅÒÖÄÅÎÉÅ 1. (ï �ÏÔÏÞÅÞÎÏÊ ÓÈÏÄÉÍÏÓÔÉ) ðÕÓÔØ ÆÕÎË�ÉÑ f ∈
D1 ÔÁËÏ×Á, ÞÔÏ Å£ �ÒÅÏÂÒÁÚÏ×ÁÎÉÅ æÕÒØÅ ÁÂÓÏÌÀÔÎÏ ÉÎÔÅÇÒÉÒÕÅÍÏf̂ ∈ L1(D1); Á ×ÅÊ×ÌÅÔÙ �;  { ÄÏ�ÕÓÔÉÍÙ. �ÏÇÄÁ ÉÍÅÅÔ ÍÅÓÔÏ ÆÏÒ-ÍÕÌÁ ×ÏÓÓÔÁÎÏ×ÌÅÎÉÑ:F (~�; y) = 1
 � ∫G d�(g) (WWW�f) (g)	g(~�; y)

≡
1
 � ∞∫0 daa3 ∫

R

d� ∫

R2 d2~�s (WWW�f) (a; �; ~�s)1a	(�−� ~�− ~�sa ; ya) : (45)



116 å. á. çïòïäîéãëéê, í. ÷. ðåòåìøäÏËÁÚÁÔÅÌØÓÔ×Ï. ÷ÙÞÉÓÌÉÍ ×ÎÕÔÒÅÎÎÉÊ ÉÎÔÅÇÒÁÌ �Ï ~�s Ó �ÏÍÏÝØÀÒÁ×ÅÎÓÔ×Á ðÌÁÎÛÅÒÅÌÑ Ó ÕÞ£ÔÏÍ ÔÏÇÏ, ÞÔÏ × æÕÒØÅ ÏÂÌÁÓÔÉ ×ÅÊ×ÌÅÔ-�ÒÅÏÂÒÁÚÏ×ÁÎÉÅ ÚÁÄÁ£ÔÓÑ ÆÏÒÍÕÌÏÊ (21), Á �ÒÅÏÂÒÁÚÏ×ÁÎÉÅ æÕÒØÅ ÏÔÒÅÛÅÎÉÊ ÓÅÍÅÊÓÔ×Á ÄÁ£ÔÓÑ ÆÏÒÍÕÌÏÊ (39):F (~�; y)= 1
 � 1(2�)2 ∞∫0 daa ∫

R

d� ∫D1 d2~�f̂(~�)�̂(a�−�~�) ̂(a�−�~�)e−i(~�;~�)+ikyy:ðÏÍÅÎÑÅÍ �ÏÒÑÄÏË ÉÎÔÅÇÒÉÒÏ×ÁÎÉÅ, ÓÄÅÌÁ× ÉÎÔÅÇÒÉÒÏ×ÁÎÉÅ �Ï ~� ×ÎÅÛ-ÎÉÍ,F (~�; y)= 1
 � 1(2�)2 ∫D1 d2~�f̂(~�)e−i(~�;~�)+ikyy ∞∫0 daa ∫ d��̂(a�−�~�) ̂(a�−�~�)= 1(2�)2 ∫D1 d2~�f̂(~�)e−i(~�;~�)+ikyy = F (~�; y):÷ �ÒÅÄ�ÏÓÌÅÄÎÅÍ ÒÁ×ÅÎÓÔ×Å ÍÙ ×ÏÓ�ÏÌØÚÏ×ÁÌÉÓØ ÔÅÍ, ÞÔÏ ÓÏÇÌÁÓÎÏ ÌÅÍ-ÍÅ, (
Í. ðÒÉÌÏÖÅÎÉÅ), ×ÎÕÔÒÅÎÎÉÊ ÉÎÔÅÇÒÁÌ ÒÁ×ÅÎ 
 � . ÷ Ó×ÑÚÉ ÔÅÍ,ÞÔÏ f̂(~�) ∈ L1 �Ï×ÔÏÒÎÙÊ ÉÎÔÅÇÒÁÌ ÓÈÏÄÉÔÓÑ ÁÂÓÏÌÀÔÎÏ, É, ÚÎÁÞÉÔ,ÓÏÇÌÁÓÎÏ ÔÅÏÒÅÍÅ æÕÂÉÎÉ, ÚÁÍÅÎÁ �ÏÒÑÄËÁ ÉÎÔÅÇÒÉÒÏ×ÁÎÉÑ ÂÙÌÁ ÚÁ-ËÏÎÎÏÊ. �äÏËÁÚÁÔÅÌØÓÔ×Ï ÓÌÅÄÕÀÝÅÇÏ ÕÔ×ÅÒÖÄÅÎÉÑ �ÒÏ×ÅÄÅÎÏ �Ï ÁÎÁÌÏÇÉÉ ÓÄÏËÁÚÁÔÅÌØÓÔ×ÏÍ ÄÌÑ ÇÒÕ��Ù ÁÆÆÉÎÎÙÈ �ÒÅÏÂÒÁÚÏ×ÁÎÉÊ ÎÁ �ÒÑÍÏÊ,�ÒÉ×ÅÄ£ÎÎÙÍ × ËÎÉÇÅ [22℄. ðÒÅÖÄÅ, ÞÅÍ �ÅÒÅÊÔÉ Ë ÅÇÏ ÆÏÒÍÕÌÉÒÏ×ËÅÄÏËÁÖÅÍ ÌÅÍÍÕ, ËÏÔÏÒÁÑ Ñ×ÌÑÅÔÓÑ ÓÌÅÄÓÔ×ÉÅÍ ÔÏÖÄÅÓÔ×Á ÉÚÏÍÅÔÒÉÉ(23).ìÅÍÍÁ 1. ðÕÓÔØ �(~�);  (~�); f(~�); v(~�) ∈ D1. ðÕÓÔØ �(~�);  (~�) ÄÏ�Õ-ÓÔÉÍÙÅ ×ÅÊ×ÌÅÔÙ, ÔÏÇÄÁ Ó�ÒÁ×ÅÄÌÉ×Ï ÎÅÒÁ×ÅÎÓÔ×Ï:
∣∣∣∣
∫ d�(g) (WWW�f) (g)(WWW v) (g)∣∣∣∣

6

√∣∣∣∣
∫ d�(g) (WWW�f) (g)(WWW f) (g)∣∣∣∣ ∣∣∣∣∫ d�(g) (WWW�v) (g)(WWW v) (g)∣∣∣∣: (46)



ïâïóîï÷áîéå ïóîï÷áîîïê îá ÷åê÷ìå�áè ..... 117äÏËÁÚÁÔÅÌØÓÔ×Ï. äÅÊÓÔ×ÉÔÅÌØÎÏ, �Ï ÄÏËÁÚÁÎÎÏÍÕ (23) ÌÅ×ÁÑ ÞÁÓÔØÎÅÒÁ×ÅÎÓÔ×Á ÒÁ×ÎÁ |
 � 〈f; g〉 |; Á �ÒÁ×ÁÑ |
 �‖f‖2|1=2|
 �‖v‖2|1=2; Á ÔÏÇÄÁ(46) ÓÌÅÄÕÅÔ ÉÚ ÎÅÒÁ×ÅÎÓÔ×Á ëÏÛÉ-âÕÎÑËÏ×ÓËÏÇÏ ÄÌÑ 〈f; g〉. �õÔ×ÅÒÖÄÅÎÉÅ 2. (ï ÓÈÏÄÉÍÏÓÔÉ × ÓÒÅÄÎÅÍ) ðÕÓÔØ ÆÕÎË�ÉÑ f ∈ D1;Á ×ÅÊ×ÌÅÔÙ �;  { ÄÏ�ÕÓÔÉÍÙ. �ÏÇÄÁ ÉÎÔÅÇÒÁÌ × ÆÏÒÍÕÌÅ ×ÏÓÓÔÁÎÏ-×ÌÅÎÉÑ (42) ÓÈÏÄÉÔÓÑ �Ï L2 ÎÏÒÍÅ, Á ÉÍÅÎÎÏ, Ó�ÒÁ×ÅÄÌÉ×Ï, ÞÔÏ:(1) f̃(~�) ∈ D1, ÇÄÅf̃(~�)= 1
 � A2∫A1 daa3 �2∫�1 d� ∫

|~�s |<�d2~�s (WWW�f) (g(a; �; ~�s)) g(a;�;~�s)(~�); (47)ÇÄÅ 0 < A1 < A2 < ∞; −∞ < �1 < �2 < ∞; |~�s|2 = 
2t2s + x2s ;0 < � <∞.(2) limA1→0; A2→∞�1→−∞;�2→∞�→∞

∥∥∥f − f̃∥∥∥ = 0: (48)äÏËÁÚÁÔÅÌØÓÔ×Ï. ÷×ÅÄÅÍ × ÒÁÓÓÍÏÔÒÅÎÉÅ ÌÉÎÅÊÎÙÊ ÆÕÎË�ÉÏÎÁÌ,ÄÅÊÓÔ×ÕÀÛÉÊ ÎÁ ÆÕÎË�ÉÑÈ v(~�) ∈ D1 :I(v)=∫

R2 d2~�v(~�) A2∫A1 daa3 �2∫

−�1d� ∫

|~�|<�d2~�s (WWW�f) (g(a; �; ~�s))1a (�−� ~�− ~�sa ) :(49)óÏÇÌÁÓÎÏ ÔÅÏÒÅÍÅ æÕÂÉÎÉ, ÅÓÌÉ ÍÙ �ÏÌÕÞÉÍ �ÏÓÌÅ ÚÁÍÅÎÙ �ÅÒÅÍÅÎ-ÎÙÈ ÁÂÓÏÌÀÔÎÏ ÓÈÏÄÑÝÉÊÓÑ ÉÎÔÅÇÒÁÌ, ÔÏ ÚÁÍÅÎÁ �ÅÒÅÍÅÎÎÙÈ Ï�ÒÁ×ÄÁ-ÎÁ. ðÏÍÅÎÑÅÍ �ÏÒÑÄÏË ÉÎÔÅÇÒÉÒÏ×ÁÎÉÑ É ×ÏÓ�ÏÌØÚÕÅÍÓÑ ÒÁ×ÎÏÍÅÒÎÏÊÏÇÒÁÎÉÞÅÎÎÏÓÔØÀ ×ÅÊ×ÌÅÔ-�ÒÅÏÂÒÁÚÏ×ÁÎÉÑ (22), �ÏÌÕÞÉÍ:
|I(v)| = ∣∣∣∣∣∣∣

A2∫A1 daa3 �2∫

−�1 d� ∫

|~�|<� d2~�s (WWW�f) (g(a; �; ~�s))(WWW v) (g(a; �; ~�s))∣∣∣∣∣∣∣
6

A2∫A1 daa3 �2∫

−�1 d� ∫

|~�s|<� d2~�s |(WWW�f) (g(a; �; ~�s))| |(WWW	v) (g(a; �; ~�s))|
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6

A2∫A1 daa3 �2∫

−�1 d� ∫

|~�s |<� d2~�s‖f‖‖v‖‖ ‖‖�‖= ��2 ( 1A21 −
1A22) (�2 − �1)‖f‖‖�‖‖v‖‖ ‖ <∞: (50)óÏÇÌÁÓÎÏ ÔÅÏÒÅÍÅ òÉÓÓÁ Ï �ÒÅÄÓÔÁ×ÌÅÎÉÉ ÌÉÎÅÊÎÏÇÏ ÆÕÎË�ÉÏÎÁÌÁ,ÓÕÝÅÓÔ×ÕÅÔ ÅÄÉÎÓÔ×ÅÎÎÙÊ ÜÌÅÍÅÎÔ f̃ ∈ D1 ÔÁËÏÊ, ÞÔÏ I(v) = 〈f̃ ; v〉.ïÔÓÀÄÁ ÓÌÅÄÕÅÔ Ó�ÒÁ×ÅÄÌÉ×ÏÓÔØ �ÅÒ×ÏÊ ÞÁÓÔÉ ÕÔ×ÅÒÖÄÅÎÉÑ.äÏËÁÖÅÍ ×ÔÏÒÕÀ ÞÁÓÔØ ÕÔ×ÅÒÖÄÅÎÉÑ.

∥∥∥f − f̃∥∥∥ = sup
‖v‖=1 ∣∣∣

〈f − f̃ ; v〉∣∣∣ = sup
‖v‖=1 ∣∣∣〈f; v〉 − 〈f̃ ; v〉∣∣∣= sup

‖v‖=1 ∣∣∣∣∣∣∣
〈f; v〉 − 
−1 � A2∫A1 daa3 �2∫

−�1 d� ∫

|~�s |<� d2~�s (WWW�f) (g)〈 g ; v〉∣∣∣∣∣∣∣= sup
‖v‖=1 ∣∣∣∣∣∣∣

〈f; v〉 − 
−1 � A2∫A1 daa3 �2∫�1d� ∫

|~�s|<�d2~�s (WWW�f) (g)(WWW v) (g)∣∣∣∣∣∣∣÷ �ÏÓÌÅÄÎÅÍ ÒÁ×ÅÎÓÔ×Å ÍÙ ×ÏÓ�ÏÌØÚÏ×ÁÌÉÓØ ÁÂÓÏÌÀÔÎÏÊ ÓÈÏÄÉÍÏÓÔØÀÉÎÔÅÇÒÁÌÁ (49) É �Ï ÔÅÏÒÅÍÅ æÕÂÉÎÉ �ÏÍÅÎÑÌÉ �ÏÒÑÄÏË ÉÎÔÅÇÒÉÒÏ×Á-ÎÉÑ. ÷ÓÌÅÄÓÔ×ÉÅ ÔÏÖÄÅÓÔ×Á ðÌÁÎÛÅÒÅÌÑ (23) É ÁÄÄÉÔÉ×ÎÏÓÔÉ ÉÎÔÅÇÒÁ-ÌÁ, ÎÁÊÄÅÍ ÓÌÅÄÕÀÝÅÅ:
∥∥∥f − f̃∥∥∥= 
−1 � sup

‖v‖=1 ∣∣∣∣∣∣∣

∫a∈[0;A1℄∪ a>A2daa3 ∫�〈�1∪�〉�2d� ∫

|~�|>�d2~�s (WWW�f) (g)(WWW h) (g)∣∣∣∣∣∣∣ :
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∥∥∥f − f̃∥∥∥

6
−1 � sup
‖v‖=1 ∣∣∣∣∣∣∣

∫a∈[0;A1℄∪a>A2daa3 ∫�<�1 ∪�>�2d� ∫

|~�|>�d2~�s (WWW�f) (g)(WWW f) (g)∣∣∣∣∣∣∣1=2
×

∣∣∣∣∣∣∣

∫a∈[0;A1℄∪ a>A2 daa3 ∫�<�1 ∪�>�2d� ∫

|~�|>� d2~�s (WWW�v) (g)(WWW v) (g)∣∣∣∣∣∣∣1=2
6 
−1 � ∣∣∣∣∣∣∣

∫a∈[0;A1℄∪a>A2daa3 ∫�<�1∪�>�2d� ∫

|~�|>�d2~�s (WWW�f) (g)(WWW f) (g)∣∣∣∣∣∣∣1=2úÄÅÓØ ÍÙ ×ÏÓ�ÏÌØÚÏ×ÁÌÉÓØ ÔÅÍ, ÞÔÏ ÄÌÑ ×ÙÒÁÖÅÎÉÑ × �ÒÅÄ�ÏÓÌÅÄÎÅÊÓÔÒÏÞËÅ Ó�ÒÁ×ÅÄÌÉ×Á Ï�ÅÎËÁ |:::|1=2 6 
−1=2 � ‖v‖2 6 
−1=2 � . �ÁË ËÁË ÉÎ-ÔÅÇÒÁÌ �Ï ×ÓÅÊ ÏÂÌÁÓÔÉ ÉÚÍÅÎÅÎÉÑ �ÁÒÁÍÅÔÒÏ× g ÓÈÏÄÉÔÓÑ × ÓÉÌÕ (23),ÔÏ, �ÅÒÅÈÏÄÑ Ë �ÒÅÄÅÌÕ × �ÏÓÌÅÄÎÅÊ Ï�ÅÎËÅ, �ÏÌÕÞÁÅÍ (49). �õÔ×ÅÒÖÄÅÎÉÅ 3. (ï ÓÈÏÄÉÍÏÓÔÉ × ÓÒÅÄÎÅÍ) ðÕÓÔØ ÆÕÎË�ÉÑ F (~�; y) ∈
H1: ðÕÓÔØ ×ÅÊ×ÌÅÔÙ �;  ∈ D1 { ÄÏ�ÕÓÔÉÍÙ, a 	(~�; y) ∈ H1 - ÒÅÛÅÎÉÅ,ÓÏÏÔ×ÅÔÓÔ×ÕÀÝÅÅ  ∈ D1. �ÏÇÄÁ(1) F̃ (~�) ∈ H1, ÇÄÅF̃ (~�; y) = 1
 � A2∫A1 daa3 �2∫�1 d� ∫

|~�s |<� d2~�s (WWW�f) (g(a; �; ~�s))	g(a;�;~�s)(~�; y);(51)ÇÄÅ 0 < A1 < A2 < ∞; −∞ < �1 < �2 < ∞; |~�s|2 = 
2t2s + x2s ;0 < � <∞,(2) limA1→0; A2→∞�1→−∞;�2→∞�→∞

∥∥∥F (~�; y)− F̃ (~�; y)∥∥∥ = 0: (52)äÏËÁÚÁÔÅÌØÓÔ×Ï ÓÌÅÄÕÅÔ ÉÚ ÔÏÇÏ, ÞÔÏ ÍÅÖÄÕ �ÒÏÓÔÒÁÎÓÔ×ÁÍÉ H1 É
D1 ÅÓÔØ ÉÚÏÍÅÔÒÉÞÅÓËÉÊ ÉÚÏÍÏÒÆÉÚÍ.
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§4. ðÒÉÌÏÖÅÎÉÅðÒÉ×ÅÄÅÍ ÚÄÅÓØ ÄÏËÁÚÁÔÅÌØÓÔ×Ï ÉÚ×ÅÓÔÎÙÈ ÆÁËÔÏ×, ËÏÔÏÒÙÅ ÍÙ ÉÓ-�ÏÌØÚÕÅÍ, ÓÍ. [21℄.ìÅÍÍÁ 2. ðÕÓÔØ ~� ∈ D1 É f(~�)

‖~�‖2m ∈ L1(D1). �ÏÇÄÁI ≡

∞∫0 daa ∫

R

d�f(a�−�~�0) = ∫D1 d2~� f(~�)‖~�‖2m (53)�ÒÉ ÌÀÂÏÍ ~�0 6= 0.äÏËÁÚÁÔÅÌØÓÔ×Ï. äÅÊÓÔ×ÉÔÅÌØÎÏ, ×ÓÑËÉÊ ~�0 ∈ D1 ÄÏ�ÕÓËÁÅÔ �ÒÅÄ-ÓÔÁ×ÌÅÎÉÅ ~�0 = �0�−�0~e0; ÇÄÅ ~e0 = (10): �ÏÇÄÁ:I = ∞∫0 daa ∫

R

d�f(a�−�~�0) = ∞∫0 daa ∫

R

d�f(a�0�−�−�0~e0)= ∞∫0 d�� ∫

R

d�̃f(��−�̃~e0)�2 = ∫D1 d2~� f(~�)‖�‖2m ;ÇÄÅ × �ÒÅÄ�ÏÓÌÅÄÎÅÍ ÒÁ×ÅÎÓÔ×Å ××ÅÄÅÎÙ ÎÏ×ÙÅ �ÅÒÅÍÅÎÎÙÅ � = a�0;�̃ = −�− �0, Á × �ÏÓÌÅÄÎÅÍ ÒÁ×ÅÎÓÔ×Å �ÅÒÅÍÅÎÎÙÅ ~� = ��−�̃~e0: �äÏËÁÖÅÍ ÆÏÒÍÕÌÕ (23).õÔ×ÅÒÖÄÅÎÉÅ 4. (�ÏÖÄÅÓÔ×Ï ÉÚÏÍÅÔÒÉÉ)ðÕÓÔØ �ÁÒÁ ÍÁÔÅÒÉÎÓËÉÈ ×ÅÊ×ÌÅÔÏ× �(~�) É  (~�) ÄÏ�ÕÓÔÉÍÁ:0 < 
 � = ∫D1 d2~� �(~�) (~�)‖~�‖2m <∞; (54)É ÉÎÔÅÇÒÁÌ × (54) ÓÈÏÄÉÔÓÑ ÁÂÓÏÌÀÔÎÏ. �ÏÇÄÁ ÄÌÑ ÌÀÂÙÈ f(~�); g(~�) ∈
D1 ÉÍÅÅÔ ÍÅÓÔÏ ÒÁ×ÅÎÓÔ×Ï:I = ∫ d�(�) (WWW�f) (�)(WWW g) (�)

≡

∞∫0 daa3 ∫

R

d� ∫

R2 d2~�s (WWW�f) (�)(WWW g) (�) = 
 � 〈f; g〉 : (55)



ïâïóîï÷áîéå ïóîï÷áîîïê îá ÷åê÷ìå�áè ..... 121äÏËÁÚÁÔÅÌØÓÔ×Ï. ðÒÉÍÅÎÉÍ ÒÁ×ÅÎÓÔ×Ï ðÌÁÎÛÅÒÅÌÑ Ë ÉÎÔÅÇÒÁÌÕ �Ï~�s É ×ÏÓ�ÏÌØÚÕÅÍÓÑ ÔÅÍ, ÞÔÏ �ÒÅÏÂÒÁÚÏ×ÁÎÉÅ æÕÒØÅ ×ÅÊ×ÌÅÔ-�ÒÅÏÂÒÁ-ÚÏ×ÁÎÉÑ ÄÁÅÔÓÑ ÆÏÒÍÕÌÏÊ (21), �ÏÌÕÞÉÍI = ∞∫0 daa ∫ d� 1(2�)2 ∫D1 d2~�f̂(~�)ĝ(~�)�̂(a�−�~�) ̂(a�−�~�) (56)ðÏÍÅÎÑÅÍ �ÏÒÑÄÏË ÉÎÔÅÇÒÉÒÏ×ÁÎÉÑ, ÎÁÊÄÅÍI = 1(2�)2 ∫D1 d2~�f̂(~�)ĝ(~�) ∞∫0 daa ∫ d��̂(a�−�~�) ̂(a�−�~�) = 
 � (f; g):(57)÷ �ÏÓÌÅÄÎÅÍ ÒÁ×ÅÎÓÔ×Å ÍÙ ×ÏÓ�ÏÌØÚÏ×ÁÌÉÓØ ÌÅÍÍÏÊ 2. ðÏÓÌÅÄÎÉÊ ÉÎ-ÔÅÇÒÁÌ ÓÈÏÄÉÔÓÑ ÁÂÓÏÌÀÔÎÏ, ÔÁË ËÁË �Ï �ÒÅÄ�ÏÌÏÖÅÎÉÀ ÉÎÔÅÇÒÁÌ 
 �ÓÈÏÄÉÔÓÑ ÁÂÓÏÌÀÔÎÏ, Á ÔÁËÖÅ ÔÅÍ, ÞÔÏ f; g ∈ L2(D1). úÎÁÞÉÔ, ÚÁÍÅÎÁ�ÏÒÑÄËÁ ÉÎÔÅÇÒÉÒÏ×ÁÎÉÑ ÂÙÌÁ ÚÁËÏÎÎÁ, ÓÏÇÌÁÓÎÏ ÔÅÏÒÅÍÅ æÕÂÉÎÉ. �óÌÅÄÓÔ×ÉÅ 1. ðÒÅÄÓÔÁ×ÌÅÎÉÅ Ë×ÁÄÒÁÔÉÞÎÏ ÉÎÔÅÇÒÉÒÕÅÍÏ ÔÏÇÄÁ ÉÔÏÌØËÏ ÔÏÇÄÁ, ËÏÇÄÁ ÉÍÅÅÔÓÑ ÎÅÎÕÌÅ×ÁÑ ÆÕÎË�ÉÑ, ÕÄÏ×ÌÅÔ×ÏÒÑÀÝÁÑÕÓÌÏ×ÉÀ (18). ìÉÔÅÒÁÔÕÒÁ1. M. V. Perel, Integral representation of solutions of the wave equation based onPoin
ar�e wavelets. | In: Pro
eedings of the International Conferen
e Days onDi�ra
tion, Saint-Petersburg 2009. p. 159{161.2. E. Gorodnitskiy, M. V. Perel, The Poin
ar�e wavelet transform: implementationand interpretation. | In: Pro
eedings of the International Conferen
e Days onDi�ra
tion, Saint-Petersburg 2011, pp. 72{77.3. M. V. Perel, E. Gorodnitskiy, Integral representations of solutions of the waveequation based on relativisti
 wavelets. | J. Phys. A: Math. Theor. 45, No. 38(2012), 385203; http://sta
ks.iop.org/1751-8121/45/i=38/a=385203.4. G. Kaiser, A Friendly Guide to Wavelets. Birkh�auser 1994.5. M. V. Perel, M. S. Sidorenko, Wavelet analysis for the solutions of the wave equa-tion. | In: Pro
eedings of the International Conferen
e Days on Di�ra
tion, Saint-Petersburg 2006, pp. 208{217.6. M. V. Perel, M. S. Sidorenko, New physi
al wavelet 'Gaussian wavepa
ket'. | J. Phys. A: Math. Theor. 40, No. 13 (2007) 3441;http://sta
ks.iop.org/1751-8121/40/i=13/a=0117. M. V. Perel, M. S. Sidorenko, Wavelet-based integral representation for solutionsof the wave equation. | J. Phys. A: Math. Theor. 42, No. 37 (2009), 375211;http://sta
ks.iop.org/1751-8121/42/i=37/a=375211
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kets based on Poin
ar�e wavelets. | Geophys. J. International 205, No. 1(2016), 314{331; https://doi.org/10.1093/gji/ggv562.11. ÷. í. âÁÂÉÞ, à. ð. äÁÎÉÌÏ×, ðÏÓÔÒÏÅÎÉÅ ÁÓÉÍ�ÔÏÔÉËÉ ÒÅÛÅÎÉÑ ÕÒÁ×ÎÅÎÉÑûÒÅÄÉÎÇÅÒÁ, ÓÏÓÒÅÄÏÔÏÞÅÎÎÏÊ × ÏËÒÅÓÔÎÏÓÔÉ ËÌÁÓÓÉÞÅÓËÏÊ ÔÒÁÅËÔÏÒÉÉ. |úÁ�. ÎÁÕÞÎ. ÓÅÍ. ìïíé 15 (1969), 47{65.12. ÷. í. âÁÂÉÞ, ÷. ÷. õÌÉÎ, ëÏÍ�ÌÅËÓÎÙÊ �ÒÏÓÔÒÁÎÓÔ×ÅÎÎÏ-×ÒÅÍÅÎÎÏÊ ÌÕÞÅ×ÏÊÍÅÔÏÄ É \Ë×ÁÚÉÆÏÔÏÎÙ". | úÁ�. ÎÁÕÞÎ. ÓÅÍ. ìïíé 117 (1981), 5{12.13. á. ð. ëÁÞÁÌÏ×, óÉÓÔÅÍÁ ËÏÏÒÄÉÎÁÔ �ÒÉ Ï�ÉÓÁÎÉÉ \Ë×ÁÚÉÆÏÔÏÎÁ". | úÁ�.ÎÁÕÞÎ. ÓÅÍ. ìïíé 140 (1984), 73{76.14. ÷. í. âÁÂÉÞ, ë×ÁÚÉÆÏÔÏÎÙ É �ÒÏÓÔÒÁÎÓÔ×ÅÎÎÏ-×ÒÅÍÅÎÎÏÊ ÌÕÞÅ×ÏÊ ÍÅÔÏÄ. |úÁ�. ÎÁÕÞÎ. ÓÅÍ. ðïíé 342 (2007), 5{13.15. í. í. ðÏ�Ï×, îÏ×ÙÊ ÍÅÔÏÄ ÒÁÓÞÅÔÁ ×ÏÌÎÏ×ÙÈ �ÏÌÅÊ × ×ÙÓÏËÏÞÁÓÔÏÔÎÏÍ �ÒÉ-ÂÌÉÖÅÎÉÉ. | úÁ�. ÎÁÕÞÎ. ÓÅÍ. ìïíé 104 (1981), 195{216.16. M. Leibovi
h, E. Heyman, Beam Summation Theory for Waves in Flu
tuatingMedia. Part I: The Beam Frame and the Beam-Domain S
attering Matrix. |IEEE Transa
tions on Antennas and Propagation 65, No. 10 (2017), 5431{5442;https://doi.org/10.1109/TAP.2017.2740970.17. M. Leibovi
h, E. Heyman, Beam Summation Theory for Waves in Flu
-tuating Media. Part II: Sto
hasti
 Field Representation. | IEEE Trans-a
tions on Antennas and Propagation 65, No. 10 (2017), 5443{5452.https://doi.org/10.1109/TAP.2017.274097118. A. .N. Norris, Complex point-sour
e representation of real point sour
es and theGaussian beam summation method. | J. Opt. So
. Am. A 3, No. 12 (1986) 2005{2010.19. S. T. Ali, J.-P. Antoine, J. P. Gazeau, Coherent States, Wavelets, and Their Gen-eralizations. Springer-Verlag New York, 1999.20. A. Grossmann, J. Morlet, T. Paul, Transforms asso
iated to square integrable grouprepresentations. I. General results. | J. Math. Phys. 26, No. 10 (1985), 2473{2479.21. J.-P. Antoine, R. Murenzi, P. Vandergheynst, S. T. Ali, Two-Dimensional Waveletsand their Relatives. Cambridge University Press 2004.22. I. Daube
hies, Ten Le
tures on Wavelets. So
iety for Industrial and Applied Math-emati
s (SIAM, 3600 Market Street, Floor 6, Philadelphia, PA 19104) (1992).Gorodnitskiy E. A., Perel M. V. Justi�
ation of the wavelet-based inte-gral representation of a solution of the wave equation.We study the previously obtained integral representation of a solution ofthe wave equation. The integrand 
ontains the weighted lo
alized solutionsof the wave equation, whi
h depend on integration variables. We 
onstru
tthe parameterized family of the lo
alized solutions from the 
hosen one



ïâïóîï÷áîéå ïóîï÷áîîïê îá ÷åê÷ìå�áè ..... 123by employing the transformations of shift, dilation and the Lorentz trans-form. We give the suÆ
ient 
onditions of the pointwise 
onvergen
e forthe obtained improper integral. The 
onvergen
e in the L2 sense is proventoo. ðÏÓÔÕ�ÉÌÏ 1 ÎÏÑÂÒÑ 2017 Ç.óÁÎËÔ-ðÅÔÅÒÂÕÒÇÓËÉÊÇÏÓÕÄÁÒÓÔ×ÅÎÎÙÊ ÕÎÉ×ÅÒÓÉÔÅÔ7/9 õÎÉ×ÅÒÓÉÔÅÔÅÓËÁÑ ÎÁÂ.,óÁÎËÔ-ðÅÔÅÒÂÕÒÇ 199034, òÏÓÓÉÑE-mail : eugy�yandex.ruE-mail : m.perel�spbu.ru


