
úÁ�ÉÓËÉ ÎÁÕÞÎÙÈÓÅÍÉÎÁÒÏ× ðïíé�ÏÍ 466, 2017 Ç.÷. î. óÏÌÅ×ìïëáìøîáñ ÷åòóéñ õóìï÷éñ íáëëåîèáõð�áé �ïþîïó�ø ïãåîé÷áîéñ îåéú÷åó�îïêðóå÷äï-ðåòéïäéþåóëïê æõîëãéé,îáâìàäáåíïê îá æïîå ó�áãéïîáòîïçïûõíá
§1. ÷×ÅÄÅÎÉÅðÕÓÔØ ÎÁ ÒÁÓÔÕÝÅÍ ÏÔÒÅÚËÅ [−T; T ℄ ÎÁÂÌÀÄÁÅÔÓÑ ÇÁÕÓÓÏ×ÓÉÊ �ÒÏ�ÅÓÓy(t), dy(t) = s(t) dt+ dx(t); t ∈ [−T; T ℄: (1)úÄÅÓØ s(t) { ÎÅÉÚ×ÅÓÔÎÁÑ ÆÕÎË�ÉÑ, ÌÅÖÁÝÁÑ × ÚÁÄÁÎÎÏÍ ×Ù�ÕËÌÏÍ �ÅÎ-ÔÒÁÌØÎÏ-ÓÉÍÍÅÔÒÉÞÎÏÍ �ÏÄÍÎÏÖÅÓÔ×Å L∗ ÂÁÎÁÈÏ×Á �ÒÏÓÔÒÁÎÓÔ×Á LÌÏËÁÌØÎÏ Ë×ÁÄÒÁÔÉÞÎÏ ÓÕÍÍÉÒÕÅÍÙÈ ÆÕÎË�ÉÊ s, ÔÁËÉÈ ÞÔÏ

‖s‖2
L

= supx x+1∫x |s (t)|2 dt <∞; (2)x(t) { ÇÁÕÓÓÏ×ÓËÉÊ �ÒÏ�ÅÓÓ ÓÏ ÓÔÁ�ÉÏÎÁÒÎÙÍÉ �ÒÉÒÁÝÅÎÉÑÍÉ (ÓÍ. �Ï-ÄÒÏÂÎÅÅ × [1, 2℄) Ó ÎÕÌÅ×ÙÍ ÓÒÅÄÎÉÍ É Ó�ÅËÔÒÁÌØÎÏÊ �ÌÏÔÎÏÓÔØÀ f ,
∞∫

−∞

f(u))1 + u2 du <∞: (3)ïÂÏÚÎÁÞÉÍ L (�) ××ÅÄÅÎÎÙÊ óÔÅ�ÁÎÏ×ÙÍ (ÓÍ. [4℄) ËÌÁÓÓ �ÓÅ×ÄÏ-�ÅÒÉÏÄÉÞÅÓËÉÈ ÆÕÎË�ÉÊ s,s(t) = ∑u∈� a(u) eiut; ∑u∈� |a(u)|2 <∞; (4)ëÌÀÞÅ×ÙÅ ÓÌÏ×Á: �ÓÅ×ÄÏ�ÅÒÉÏÄÉÞÅÓËÁÑ ÆÕÎË�ÉÑ, ÎÅ�ÁÒÁÍÅÔÒÉÞÅÓËÁÑ Ï�ÅÎËÁ,�ÒÏ�ÅÓÓ ÓÏ ÓÔÁ�ÉÏÎÁÒÎÙÍÉ �ÒÉÒÁÝÅÎÉÑÍÉ.òÁÂÏÔÁ �ÏÄÄÅÒÖÁÎÁ ÇÒÁÎÔÏÍ òææé 17-01-00828 É �ÒÏÇÒÁÍÍÏÊ ÆÕÎÄÁÍÅÎ-ÔÁÌØÎÙÈ ÉÓÓÌÅÄÏ×ÁÎÉÊ òáî "óÏ×ÒÅÍÅÎÎÙÅ �ÒÏÂÌÅÍÙ ÔÅÏÒÅÔÉÞÅÓËÏÊ ÍÁÔÅÍÁÔÉËÉ"(ÇÒÁÎÔ PRAS-18-01). 289



290 ÷. î. óïìå÷�ÒÅÄ�ÏÌÁÇÁÑ, ÞÔÏ � { ÓÞeÔÎÏÅ ÍÎÏÖÅÓÔ×Ï, ÕÄÏ×ÌÅÔ×ÏÒÑÀÝÅÅ ÕÓÌÏ×ÉÀÏÔÄÅÌÉÍÏÓÔÉ � = � (�) = infu;v∈�; u 6=v |u− v| > 0: (5)÷ [4℄ ÕÓÔÁÎÏ×ÌÅÎÏ, ÞÔÏ �ÒÉ ÕÓÌÏ×ÉÉ (5) ÒÑÄ × (4) ÓÈÏÄÉÔÓÑ × L .÷ÙÄÅÌÉÍ �ÅÎÔÒÁÌØÎÏ-ÓÉÍÍÅÔÒÉÞÎÏÅ �ÏÄÍÎÏÖÅÓÔ×Ï L∗ ⊂ L (�) ÕÓ-ÌÏ×ÉÅÍ ∑u∈� |a(u)|2(1 + |u|)2� < L; � > 1; (6)É �ÒÉÍÅÍ ÏÂÏÚÎÁÞÅÎÉÅ L (�;�;L) ÄÌÑ Ï�ÒÅÄÅÌÅÎÎÏÇÏ ÔÁËÉÍ ÏÂÒÁÚÏÍ�ÏÄÍÎÏÖÅÓÔ×Á L∗.÷ ÒÁÂÏÔÅ [9℄ ÂÙÌÁ ÒÁÓÓÍÏÔÒÅÎÁ ÚÁÄÁÞÁ Ï�ÅÎÉ×ÁÎÉÑ ÎÅÉÚ×ÅÓÔÎÏÊ ÆÕÎ-Ë�ÉÉ s ∈ L∗ �Ï ÎÁÂÌÀÄÅÎÉÑÍ (1) �ÒÉ ÎÅËÏÔÏÒÙÈ ÄÏ�ÏÌÎÉÔÅÌØÎÙÈ ÕÓÌÏ-×ÉÑÈ ÎÁ Ó�ÅËÔÒÁÌØÎÏÅ ÍÎÏÖÅÓÔ×Ï � É ËÌÁÓÓ K Ó�ÅËÔÒÁÌØÎÙÈ �ÌÏÔ-ÎÏÓÔÅÊ f , ÒÁÓÓÍÁÔÒÉ×ÁÅÍÙÈ ËÁË ÍÅÛÁÀÝÉÊ �ÁÒÁÍÅÔÒ. ïÄÎÏ ÉÚ ÓÕÝÅ-ÓÔ×ÅÎÎÙÈ ÏÇÒÁÎÉÞÅÎÉÊ ÎÁ ËÌÁÓÓ K × [9℄ Ñ×ÌÑÅÔÓÑ ÒÁ×ÎÏÍÅÒÎÏÅ �Ï ËÌÁÓ-ÓÕ K ÕÓÌÏ×ÉÅ íÁËËÅÎÈÁÕ�ÔÁ (ÓÍ. [6℄), ËÏÔÏÒÏÅ ÍÙ ÚÁ�ÉÛÅÍ × ÓÌÅÄÕÀ-ÝÅÍ ×ÉÄÅ�(f) := sup">0; u∈R 12" "∫

−" f(u− x) dx 12" "∫

−" 1f(u− x) dx 6 �(K ) <∞:úÄÅÓØ É ÄÁÌÅÅ, ÞÔÏÂÙ ÉÚÂÅÖÁÔØ ÎÅÏ�ÒÅÄÅÌÅÎÎÏÓÔÉ, ÍÙ �ÒÅÄ�ÏÌÁÇÁÅÍ,ÞÔÏ ÓÒÅÄÎÉÅ ÚÎÁÞÅÎÉÑ [f ℄" (u) ÆÕÎË�ÉÊ f ∈ K ÎÁ ÌÀÂÙÈ ÏÔÒÅÚËÁÈ[u− "; u+ "℄ ÏÔÌÉÞÎÙ ÏÔ ÎÕÌÑ,[f ℄" (u) := 12" "∫

−" f(u− x) dx: (7)ðÅÒÅ�ÉÓÙ×ÁÑ ÒÁ×ÎÏÍÅÒÎÏÅ ÕÓÌÏ×ÉÅ íÁËËÅÎÈÁÕ�ÔÁ × ×ÉÄÅ�(f) := sup">0; u∈R [f ℄" (u) [1=f ℄" (u) 6 �(K ) <∞; (8)ÍÙ ×ÙÓËÁÖÅÍ ÉÎÔÕÉÔÉ×ÎÏÅ �ÒÅÄ�ÏÌÏÖÅÎÉÅ Ï ÔÏÍ, ÞÔÏ, ×ÏÚÍÏÖÎÏ, ÏÇÒÁ-ÎÉÞÅÎÉÅ �Ï×ÅÄÅÎÉÑ �ÒÏÉÚ×ÅÄÅÎÉÑ ÓÒÅÄÎÉÈ ÚÎÁÞÅÎÉÊ [f ℄" (u) [1=f ℄" (u)ÄÏÌÖÎÏ ËÁÓÁÔØÓÑ ÔÏÌØËÏ ÔÏÞÅË u ÉÚ Ó�ÅËÔÒÁÌØÎÏÇÏ ÍÎÏÖÅÓÔ×Á �. ëÓÏÖÁÌÅÎÉÀ, ÜÔÏ ÎÅ ÔÁË. ïÄÎÁËÏ, ÅÓÌÉ �ÅÒÅÊÔÉ Ë ÄÒÕÇÏÍÕ ÕÓÒÅÄÎÅÎÉÀ,ÏÔÌÉÞÎÏÍÕ ÏÔ (7), ×ÙÓËÁÚÁÎÎÏÅ �ÒÅÄ�ÏÌÏÖÅÎÉÅ ÏËÁÚÙ×ÁÅÔÓÑ ×ÅÒÎÙÍ.



�ïþîïó�ø ïãåîé÷áîéñ ðóå÷äï-ðåòéïäéþåóëïê æõîëãéé 291÷ ÎÁÓÔÏÑÝÅÊ ÒÁÂÏÔÅ ÍÙ ÂÕÄÅÍ ÉÓ�ÏÌØÚÏ×ÁÔØ ÄÌÑ ÎÅÏÔÒÉ�ÁÔÅÌØÎÙÈÆÕÎË�ÉÊ g �ÒÉ " > 0 ÕÓÒÅÄÎÅÎÎÙÅ ÚÎÁÞÅÎÉÑ ⌈g⌉" (u) × ÔÏÞËÅ u, ×ÙÞÉ-ÓÌÅÎÎÙÅ �Ï ÑÄÒÕ ðÕÁÓÓÏÎÁ (ÓÍ. [8℄),
⌈g⌉" (u) = ∞∫

−∞

"� ((u− x)2 + "2) g(x) dx = ∞∫

−∞

1� (y2 + 1) g(u+ "y) dy:üÔÏ �ÏÚ×ÏÌÉÔ ÎÁÍ ÂÅÚ ÓÕÝÅÓÔ×ÅÎÎÙÈ �ÏÔÅÒØ ÚÁÍÅÎÉÔØ ÒÁ×ÎÏÍÅÒÎÏÅÕÓÌÏ×ÉÅ íÁËËÅÎÈÁÕ�ÔÁ (8) ÎÅËÏÔÏÒÙÍ ÅÇÏ ÌÏËÁÌØÎÙÍ ÁÎÁÌÏÇÏÍ, ÌÏ-ËÁÌØÎÙÍ × ÔÏÍ ÓÍÙÓÌÅ, ÞÔÏ ÍÙ ÏÇÒÁÎÉÞÉ×ÁÅÍ �Ï×ÅÄÅÎÉÅ ÓÒÅÄÎÉÈ ÚÎÁÞÅ-ÎÉÊ ⌈f⌉" (u) É ⌈1=f⌉" (u) ÔÏÌØËÏ ÎÁ Ó�ÅËÔÒÁÌØÎÏÍ ÍÎÏÖÅÓÔ×Å �. éÍÅÎ-ÎÏ, ÍÙ ÂÕÄÅÍ �ÒÅÄ�ÏÌÁÇÁÔØ, ÞÔÏ�̃(f) := sup"0>">0; u∈� ⌈f⌉" (u) ⌈1=f⌉" (u) 6 �̃ = �̃(K ) <∞: (9)íÙ ÂÕÄÅÍ �ÒÅÄ�ÏÌÁÇÁÔØ ÔÁËÖÅ, ÞÔÏ ÔÏÞËÉ Ó�ÅËÔÒÁÌØÎÏÇÏ ÍÎÏÖÅ-ÓÔ×Á � × ÓÌÅÄÕÀÝÅÍ ÓÍÙÓÌÅ ÄÏÓÔÁÔÏÞÎÏ �ÌÏÔÎÏ ÚÁ�ÏÌÎÑÀÔ ÓÉÍÍÅÔÒÉÞ-ÎÙÅ ÏÔÒÅÚËÉ [−m;m℄ ÂÏÌØÛÏÊ ÄÌÉÎÙ: �ÒÉ ÎÅËÏÔÏÒÏÍ �ÏÌÏÖÉÔÅÌØÎÙÈa ÄÌÑ ÄÏÓÔÁÔÏÞÎÏ ÂÏÌØÛÉÈ m, m > m0,am2�+1
6

∑u∈�; |u|6m (1 + |u|)2� : (10)úÁÍÅÔÉÍ, ÞÔÏ, ÅÓÌÉ ×Ù�ÏÌÎÅÎÏ ÕÓÌÏ×ÉÅ ÏÔÄÅÌÉÍÏÓÔÉ (5), ÔÏ �ÒÉ ÕÓÌÏ×ÉÉ(10) �ÒÉ �ÏÄÈÏÄÑÝÅÍ A, ÚÁ×ÉÓÑÝÅÍ ÏÔ � ,am2�+1
6

∑u∈�; |u|6m (1 + |u|)2� 6 Am2�+1: (11)äÌÑ ÎÅÏÔÒÉ�ÁÔÅÌØÎÏÊ ÆÕÎË�ÉÉ g ÏÂÏÚÎÁÞÉÍ L2g �ÒÏÓÔÒÁÎÓÔ×Ï L2,�ÏÓÔÒÏÅÎÎÏÅ �Ï ÍÅÒÅ Ó �ÌÏÔÎÏÓÔØÀ g. �ÁË ÞÔÏ ÓËÁÌÑÒÎÏÅ �ÒÏÉÚ×ÅÄÅÎÉÅ( · ; · )g × �ÒÏÓÔÒÁÎÓÔ×Å L2g Ï�ÒÅÄÅÌÅÎÏ ÓÏÏÔÎÏÛÅÎÉÅÍ('1; '2)g = ∞∫

−∞

'1(x)'2(x) g(x) dx:õÓÌÏ×ÉÑ ÎÁ ÆÕÎË�ÉÀ f , Ï�ÒÅÄÅÌÑÀÝÉÅ ËÌÁÓÓ Ó�ÅËÔÒÁÌØÎÙÈ �ÌÏÔÎÏ-ÓÔÅÊ K , ÂÕÄÕÔ ÓÏÓÔÏÑÔØ × ÓÌÅÄÕÀÝÅÍ. ðÒÅÖÄÅ ×ÓÅÇÏ ÍÙ ÂÕÄÅÍ �ÒÅÄ-�ÏÌÁÇÁÔØ, ÞÔÏ



292 ÷. î. óïìå÷
∞∫

−∞

f(x)1 + x2 dx <∞; ∞∫

−∞

1f(x) (1 + x2) dx <∞: (12)ðÒÉ ÆÉËÓÉÒÏ×ÁÎÎÏÍ "0 > 0 ÍÙ �ÏÔÒÅÂÕÅÍ, ÞÔÏÂÙ�̃(f) := sup0<"<"0; u∈� ⌈f⌉" (u) ⌈1=f⌉" (u) < �̃ = �̃(K ) <∞: (13)÷×ÅÄÅÍ × ÒÁÓÓÍÏÔÒÅÎÉÅ ËÌÁÓÓA(�; �; b; B;m0) ÎÅÏÔÒÉ�ÁÔÅÌØÎÙÈ ÆÕÎ-Ë�ÉÊ g, Ï�ÒÅÄÅÌÉ× ÅÇÏ ÄÌÑ � > −1, � > 1, ÎÅÏÔÒÉ�ÁÔÅÌØÎÙÈ b 6 BÕÓÌÏ×ÉÑÍÉ: �ÒÉ ÄÏÓÔÁÔÏÞÎÏ ÂÏÌØÛÉÈ m, m > m0, �ÒÉ 0 < " < "0b "� 6

∑u∈�; |u|6m [f ℄" (u) (1 + |u|)2�
∑u∈�; |u|6m (1 + |u|)2� ; 1N(m) ∑u∈�; |u|6m [f ℄" (u) 6 B "�:(14)úÄÅÓØ N(m) { ÞÉÓÌÏ ÔÏÞÅË ÉÚ �, ÓÏÄÅÒÖÁÝÉÈÓÑ × ÏÔÒÅÚËÅ [−m;m℄.îÅÓËÏÌØËÏ ÉÎÏÊ ËÌÁÓÓ ÂÙÌ �ÒÅÄÌÏÖÅÎ × [7℄. ðÏÓÌÅÄÎÅÅ ÎÁÛÅ ÕÓÌÏ×ÉÅ ÎÁËÌÁÓÓ K ÓÏÓÔÏÉÔ × ÓÌÅÄÕÀÝÅÍ: K ⊂ A(�; ;�; b; B;m0) �ÒÉ ÎÅËÏÔÏÒÙÈ�; �; b; B;m0.ðÕÓÔØ ŝT { Ï�ÅÎËÁ ÎÅÉÚ×ÅÓÔÎÏÊ ÆÕÎË�ÉÉ s, �ÏÓÔÒÏÅÎÎÁÑ �Ï ÎÁÂÌÀ-ÄÅÎÉÑÍ (1), ŝT ∈ L∗. òÉÓË ÏÔ ÉÓ�ÏÌØÚÏ×ÁÎÉÑ Ï�ÅÎËÉ ŝT ÂÕÄÅÍ ÉÚÍÅÒÑÔØ×ÅÌÉÞÉÎÏÊ

RT (ŝT ;L∗) = sups∈L∗

Es;f ‖ŝT − s‖2
L

(15)ïÂÏÚÎÁÞÉÍ RT { ÍÉÎÉÍÁËÓÎÙÊ ÒÉÓË,
RT (L∗) = infŝT RT (ŝT ) : (16)ïÓÎÏ×ÎÏÊ ÒÅÚÕÌØÔÁÔ ÎÁÓÔÏÑÝÅÊ ÒÁÂÏÔÙ ÓÏÓÔÏÉÔ × ÓÌÅÄÕÀÝÅÊ ÔÅÏÒÅÍÅ.�ÅÏÒÅÍÁ 1.1. ðÕÓÔØ Ó�ÅËÔÒÁÌØÎÏÅ ÍÎÏÖÅÓÔ×Á � ÕÄÏ×ÌÅÔ×ÏÒÑÅÔ ÕÓ-ÌÏ×ÉÀ ÏÔÄÅÌÉÍÏÓÔÉ �(�) > 0 É ÕÓÌÏ×ÉÀ (10), ÍÎÏÖÅÓÔ×Ï L∗ ×ÙÄÅÌÅ-ÎÏ ÉÚ ËÌÁÓÓÁ óÔÅ�ÁÎÏ×Á L (�) ÕÓÌÏ×ÉÅÍ (6). �ÏÇÄÁ, ÅÓÌÉ Ó�ÅËÔÒÁÌØÎÁÑ�ÌÏÔÎÏÓÔØ f ∈ K , ÔÏ ÎÁÊÄÕÔÓÑ ÔÁËÁÑ �ÏÌÏÖÉÔÅÌØÎÁÑ ËÏÎÓÔÁÎÔÁT0 = T0(r; �;K ) É ÔÁËÉÅ �ÏÌÏÖÉÔÅÌØÎÙÅ �1 = �1(r; �; a;K ;�) 6 �2 =�2(r; �; a;K ;�) <∞, ÞÔÏ �ÒÉ T > T0�1 T− (1+�)(2�)1+2� 6 RT (L∗) 6 �2 T− (1+�)(2�)1+2� : (17)
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§2. ðÒÏÓÔÒÁÎÓÔ×Ï L2T÷ÍÅÓÔÅ Ó ÂÁÎÁÈÏ×ÏÊ ÎÏÒÍÏÊ, Ï�ÒÅÄÅÌÅÎÎÏÊ × (2), ÂÕÄÅÍ ÔÁËÖÅ ÒÁÓ-ÓÍÁÔÒÉ×ÁÔØ ÇÉÌØÂÅÒÔÏ×Ù ÎÏÒÍÙ

‖s‖∗ := { ∑u∈� |a(u)|2}1=2 <∞; É ‖s‖T := { 12T T∫
−T |s(t)|2 dt}1=2;É ÉÓ�ÏÌØÚÏ×ÁÔØ ÏÂÏÚÎÁÞÅÎÉÅL2T ÄÌÑL2-�ÒÏÓÔÒÁÎÓÔ×Á ÎÁ ÏÔÒÅÚËÅ [−T; T ℄,�ÏÓÔÒÏÅÎÎÏÇÏ �Ï ÎÏÒÍÉÒÏ×ÁÎÎÏÊ ÍÅÒÅ ìÅÂÅÇÁ, ÓÏ ÓËÁÌÑÒÎÙÍ �ÒÏÉÚ×Å-ÄÅÎÉÅÍ É ÓÏÏÔ×ÅÔÓÔ×ÕÀÝÅÊ ÎÏÒÍÏÊ(s1; s2)T := 12T T∫

−T s1(t) s2(t) dt; ‖s‖2T = (s; s)T :î. ÷ÉÎÅÒ É ò. ðÜÌÉ ÕÓÔÁÎÏ×ÉÌÉ × [5℄, ÞÔÏ �ÒÉ ÕÓÌÏ×ÉÉ ÏÔÄÅÌÉÍÏÓÔÉ (5)ÎÁ Ó�ÅËÔÒÁÌØÎÏÅ ÍÎÏÖÅÓÔ×Ï � ÎÁÊÄÕÔÓÑ ÔÁËÉÅ �ÏÌÏÖÉÔÅÌØÎÙÅ ËÏÎ-ÓÔÁÎÔÙ 1 = 1(�), 2 = 2(�), C1 = C1(�), C1 = C1(�), T0 = T0(�),ÚÁ×ÉÓÑÝÉÅ ÔÏÌØËÏ ÏÔ � , ÞÔÏ1 ‖s‖L
6 ‖s‖∗ 6 C1 ‖s‖L

; s ∈ L (); s(t) = ∑u∈� a(u) eiut; (18)É �ÒÉ T > T0 = T0(�)2 ‖s‖T 6 ‖s‖∗ 6 C2 ‖s‖T ; s ∈ L (�); s(t) = ∑u∈� a(u) eiut: (19)÷ ÞÁÓÔÎÏÓÔÉ, ÎÁÊÄÕÔÓÑ ÔÁËÉÅ �ÏÌÏÖÉÔÅÌØÎÙÅ ËÏÎÓÔÁÎÔÙ  = (�); C =C(�), ÚÁ×ÉÓÑÝÉÅ ÔÏÌØËÏ ÏÔ � , ÞÔÏ �ÒÉ T > T0, ‖s‖T 6 ‖s‖
L

6 C ‖s‖T ; s ∈ L (�): (20)ðÕÓÔØ 'u (t) = eiut. ðÒÉ ÕÓÌÏ×ÉÉ ÏÔÄÅÌÉÍÏÓÔÉ ÓÉÓÔÅÍÁ {'u(t); u∈�}Ñ×ÌÑÅÔÓÑ ÂÁÚÉÓÏÍ òÉÓÓÁ × L (�) (ÔÏÞÎÅÅ × ÓÕÖÅÎÉÉ L (�) ÎÁ L2T ) ×ÍÅÔÒÉËÅ �ÒÏÓÔÒÁÎÓÔ×Á L2T . ÷ ÄÁÌØÎÅÊÛÅÍ ÎÁÍ ÕÄÏÂÎÏ ÂÕÄÅÔ ÓÞÉÔÁÔØ,ÞÔÏ ÆÕÎË�ÉÉ ÉÚ L2T ÒÁ×ÎÙ ÎÕÌÀ ×ÎÅ ÏÔÒÅÚËÁ [−T; T ℄.ðÒÉÍÅÍ ÏÂÏÚÎÁÞÅÎÉÅ 'u(T ; t) = 1[−T;T ℄(t) eiut. ðÕÓÔØ r > T0 É
{ ru; u ∈ �} { ÓÉÓÔÅÍÁ ÉÚ Lr(�), ÓÏ�ÒÑÖÅÎÎÁÑ (× ÍÅÔÒÉËÅ �ÒÏÓÔÒÁÎ-ÓÔ×Á L2r) Ë ÓÉÓÔÅÍÅ {'u(r; ·); u ∈ �}:12r r∫

−r 'u(r; t) rv(t) dt = Æu;v:



294 ÷. î. óïìå÷ðÒÉ ÆÉËÓÉÒÏ×ÁÎÎÏÍ r > T0(�) Ï�ÒÅÄÅÌÉÍ ÎÏ×ÕÀ ÓÉÓÔÅÍÕ {gTu ; u ∈ �}ÓÏÏÔÎÏÛÅÎÉÅÍgTu (t) = T2r (T − r) ∞∫

−∞

 ru(t− s)'u(T−r; s) ds; T > r; (21)ÎÁ�ÏÍÎÉ×, ÞÔÏ �Ï �ÒÉÎÑÔÏÍÕ ÒÁÎÅÅ ÓÏÇÌÁÛÅÎÉÀ ÆÕÎË�ÉÉ ÉÚ L2r ÒÁ×ÎÙÎÕÌÀ ×ÎÅ ÏÔÒÅÚËÁ [−r; r℄. ÷ [9℄ ÂÙÌÏ ÕÓÔÁÎÏ×ÌÅÎÏ, ÞÔÏ12T T∫
−T gTu (t) eivt dt = Æu;v ; ÅÓÌÉ v ∈ �: (22)

§3. áÎÁÌÏÇ ÌÏËÁÌØÎÏÇÏ ÕÓÌÏ×ÉÑ íÁËËÅÎÈÁÕ�ÔÁ÷ ÜÔÏÍ �ÕÎËÔÅ ÍÙ ÂÕÄÅÍ �ÒÅÄ�ÏÌÁÇÁÔØ, ÞÔÏ ÎÅÏÔÒÉ�ÁÔÅÌØÎÁÑ ÆÕÎË-�ÉÑ f ÕÄÏ×ÌÅÔ×ÏÒÑÅÔ ÕÓÌÏ×ÉÀsup0<"<"0; u∈� ⌈f⌉" (u) ⌈1=f⌉" (u) 6 �̃ <∞; (23)ÎÁ�ÏÍÎÉ×, ÞÔÏ ÕÓÒÅÄÎÅÎÎÏÅ ÚÎÁÞÅÎÉÅ ⌈f⌉" (u) ÆÕÎË�ÉÉ f × ÔÏÞËÅ uÏ�ÒÅÄÅÌÅÎÏ �ÒÉ " > 0 ÓÌÅÄÕÀÝÉÍ ÏÂÒÁÚÏÍ
⌈f⌉" (u) = ∞∫

−∞

"� ((u− x)2 + "2) f(x) dx: (24)íÙ ÂÕÄÅÍ ÉÓ�ÏÌØÚÏ×ÁÔØ �ÒÉ " > "′ > 0 ÎÅÒÁ×ÅÎÓÔ×Ï
⌈f⌉" (u) 6

""′ ⌈f⌉"′ (u): (25)íÙ ÂÕÄÅÍ ÔÁËÖÅ ÒÁÓÓÍÁÔÒÉ×ÁÔØ �ÒÉ T > 0 ÕÓÒÅÄÎÅÎÎÙÅ ÚÎÁÞÅÎÉÑ
⌊f⌋T (u) ×ÉÄÁ

⌊f⌋T (u) = ∞∫

−∞

sin2 T (u− x)T� (u− x)2 f(x) dx: (26)éÚ ÎÅÒÁ×ÅÎÓÔ×T�2 1|u−x|61=T 6
sin2 T (u− x)T� (u− x)2 6

2� 1=T(u− x)2 + (1=T )2



�ïþîïó�ø ïãåîé÷áîéñ ðóå÷äï-ðåòéïäéþåóëïê æõîëãéé 295ÓÌÅÄÕÅÔ, ÞÔÏ �ÒÉ �ÏÌÏÖÉÔÅÌØÎÙÈ " = 1=T2�2 [f ℄" (u) 6 ⌊f⌋T (u) 6 2 ⌈f⌉" (u): (27)äÌÑ �ÒÏÓÔÏÔÙ ×ÓÀÄÕ ÄÁÌÅÅ ÍÙ ÂÕÄÅÍ �ÒÅÄ�ÏÌÁÇÁÔØ, ÞÔÏ "0 < 1. ÷ ÓÕÝ-ÎÏÓÔÉ ÜÔÏ �ÒÅÄ�ÏÌÁÇÁÅÔ, ÞÔÏ ÍÙ ÂÕÄÅÍ ×ÙÂÉÒÁÔØ ×ÅÌÉÞÉÎÕ T > T0 > 1.ïÞÅ×ÉÄÎÏ, �ÒÉ 0 < " < 1
⌈f⌉" (u) >

12�" "∫

−" f(u− x) dx = 1� [f ℄" (u): (28)éÚ (23) É ÎÅÒÁ×ÅÎÓÔ×Á (28), �ÒÉÍÅÎÅÎÎÏÇÏ Ë ÆÕÎË�ÉÉ 1=f , �ÏÌÕÞÁÅÍÓÌÅÄÕÀÝÕÀ �Å�ÏÞËÕ ÎÅÒÁ×ÅÎÓÔ×[f ℄" (u) >
1[1=f ℄" (u) >

1� ⌈1=f⌉" (u) >
1̃�� ⌈f⌉" (u):�ÁËÉÍ ÏÂÒÁÚÏÍ, �ÒÉ ÕÓÌÏ×ÉÉ (23)1� [f ℄" (u) 6 ⌈f⌉" (u) 6 �̃ � [f ℄" (u): (29)�ÁË ÞÔÏ ×ÍÅÓÔÅ Ó (23) �ÒÉ ÎÅËÏÔÏÒÏÍ �, ÚÁ×ÉÓÑÝÅÍ ÔÏÌØËÏ ÏÔ �̃, ×Ù-�ÏÌÎÅÎÏ ÔÁËÖÅ É ÎÅÒÁ×ÅÎÓÔ×Ïsup0<"<"0; u∈� [f ℄" (u) [1=f ℄" (u) 6 � <∞: (30)ïÔÍÅÔÉÍ ÔÁËÖÅ, ÞÔÏ �ÒÉ ÕÓÌÏ×ÉÉ (23) (ËÁË ÜÔÏ ÓÌÅÄÕÅÔ ÉÚ (27) É (29))�ÒÉ �ÏÌÏÖÉÔÅÌØÎÙÈ " = 1=T2�2 [f ℄" (u) 6 ⌊f⌋T (u) 6 2 �̃ � [f ℄" (u): (31)�Å�ÅÒØ ÍÙ × ÓÏÓÔÏÑÎÉÉ ÓÆÏÒÍÕÌÉÒÏ×ÁÔØ ÁÎÁÌÏÇ ÌÅÍÍÙ 4.2 ÉÚ [9℄,× ËÏÔÏÒÏÍ ×ÍÅÓÔÏ ÒÁ×ÎÏÍÅÒÎÏÇÏ (�Ï f ∈ K ) ÕÓÌÏ×ÉÑ íÁËËÅÎÈÁÕ�ÔÁÂÕÄÅÔ ÉÓ�ÏÌØÚÏ×ÁÎÏ ÕÓÌÏ×ÉÅ�̃(f) := sup"0>">0; u∈� ⌈f⌉" (u) ⌈1=f⌉" (u) 6 �̃ = �̃(K ) <∞:ìÅÍÍÁ 3.1. ðÕÓÔØ � = �(�) > 0; �̃(f) 6 �̃ <∞. �ÏÇÄÁ ÎÁÊÄÕÔÓÑ ÔÁ-ËÉÅ ËÏÎÓÔÁÎÔÙ 0 < (�; r; �̃) 6 C(�; r; �̃) < ∞, ÚÁ×ÉÓÑÝÉÅ ÔÏÌØËÏ ÏÔ



296 ÷. î. óïìå÷�̃; r É � , ÞÔÏ �ÒÉ T > T0(r; �) ÄÌÑ �ÒÅÏÂÒÁÚÏ×ÁÎÉÑ æÕÒØÅ ĝTu ÆÕÎË�ÉÉgTu �ÒÉ " = 1=T Ó�ÒÁ×ÅÄÌÉ×Ù Ï�ÅÎËÉ(�; r; �̃)T [f ℄" (u) 6

∞∫

−∞

|ĝTu (x)|2 f(x) dx 6 C(�; r; �̃)T [f ℄" (u): (32)äÏËÁÚÁÔÅÌØÓÔ×Ï ÌÅÍÍÙ 3.1 �Ï ÓÕÝÅÓÔ×Õ �Ï×ÔÏÒÑÅÔ ÄÏËÁÚÁÔÅÌØÓÔ×ÏÌÅÍÍÙ 4.2 ÉÚ [9℄, ÏÄÎÁËÏ ÉÓ�ÏÌØÚÕÅÔ Ï�ÅÎËÉ (29), (30), (31), Ó�ÒÁ×ÅÄÌÉ-×ÙÅ �ÒÉ ÕÓÌÏ×ÉÉ (23), ÓÏÏÔÎÏÛÅÎÉÅ (25) É �ÒÅÄ�ÏÌÏÖÅÎÉÅ Ï ÔÏÍ, ÞÔÏT > 2r > 2T0.äÁÌÅÅ ÎÁÓ ÂÕÄÕÔ ÉÎÔÅÒÅÓÏ×ÁÔØ ÓÌÕÞÁÊÎÙÅ ×ÅÌÉÞÉÎÙ ×ÉÄÁx ['℄ = ∞∫

−∞

'(t) dx(t); (33)Ï�ÒÅÄÅÌÅÎÎÙÅ, ÎÁ�ÒÉÍÅÒ, ÄÌÑ ÌÉÎÅÊÎÏÇÏ ÍÎÏÖÅÓÔ×Á S ÆÕÎË�ÉÊ ', ÕÄÏ-×ÌÅÔ×ÏÒÑÀÝÉÈ ÕÓÌÏ×ÉÀ' ∈ L2; |'̂(u)|2 6
C(')1 + u2 ; ÇÄÅ '̂(u) = ∞∫

−∞

e−iut'(t) dt: (34)ðÒÉ ÜÔÏÍ Ex['℄ = 0; E ∣∣x [ ℄∣∣2 = ∞∫

−∞

∣∣'̂(u)∣∣2 f(u) du: (35)�Å�ÅÒØ �ÅÒÅÊÄÅÍ Ë ÁÎÁÌÏÇÕ ÌÅÍÍÙ 4.3 ÉÚ [9℄. ïÂÏÚÎÁÞÉÍXu = 12T x [gTu ℄ :ìÅÍÍÁ 3.2. ðÕÓÔØ ×Ù�ÏÌÎÅÎÏ ÕÓÌÏ×ÉÅ (23) É ×ÅÌÉÞÉÎÁ � = �(�) > 0.�ÏÇÄÁ ÎÁÊÄÅÔÓÑ ÔÁËÁÑ ËÏÎÓÔÁÎÔÁ (�; r; �̃) > 0, ÚÁ×ÉÓÑÝÁÑ ÔÏÌØËÏÏÔ �̃; r É � , ÞÔÏ ÄÌÑ ÌÀÂÏÇÏ ËÏÎÅÞÎÏÇÏ ÎÁÂÏÒÁ {a(v); v ∈ �}E |Xu − ∑v 6=u a(v)Xv |2 > (�; r; �̃)E |Xu|2: (36)äÏËÁÚÁÔÅÌØÓÔ×Ï ÌÅÍÍÙ 3.2 ×Ï ×ÓÅÈ ÓÕÝÅÓÔ×ÅÎÎÙÈ ÄÅÔÁÌÑÈ �Ï×ÔÏ-ÒÑÅÔ ÄÏËÁÚÁÔÅÌØÓÔ×Ï ÌÅÍÍÙ 4.3 ÉÚ [9℄. åÄÉÎÓÔ×ÅÎÎÏÅ ÏÔÌÉÞÉÅ ÓÏÓÔÏÉÔ



�ïþîïó�ø ïãåîé÷áîéñ ðóå÷äï-ðåòéïäéþåóëïê æõîëãéé 297× ÔÏÍ, ÞÔÏ ×ÅÌÉÞÉÎÁ
∞∫

∞

sin2 T (z − u)� T (z − u)2 1f(z) dzÏ�ÅÎÉ×ÁÅÔÓÑ Ó×ÅÒÈÕ ×ÅÌÉÞÉÎÏÊ 2�̃ � [f ℄" (u) �Ï ÎÅÒÁ×ÅÎÓÔ×Õ (31), ×ÍÅÓÔÏÌÅÍÍÙ 4.2 ÉÚ [9℄ ÉÓ�ÏÌØÚÕÅÔÓÑ ÌÅÍÍÙ 3.1 ÎÁÓÔÏÑÝÅÊ ÒÁÂÏÔÙ É ÎÅÒÁ×ÅÎ-ÓÔ×Ï (25).
§4. ï�ÅÎËÁ ×ÅÌÉÞÉÎÙ ÒÉÓËÁ÷ ÜÔÏÍ �ÕÎËÔÅ ÍÙ �ÅÒÅÊÄÅÍ Ë ÚÁÄÁÞÅ Ï�ÅÎÉ×ÁÎÉÑ ÎÅÉÚ×ÅÓÔÎÏÊ ÆÕÎË-�ÉÉ s ∈ L∗,s(t) = ∑u∈� a(u) eiut; ∑u∈� |a(u)|2 (1 + |u|)2� < L; � > 1;�Ï ÎÁÂÌÀÄÅÎÉÑÍ ÎÁ ÏÔÒÅÚËÅ [−T; T ℄ ÎÁÄ �ÒÏ�ÅÓÓÏÍ y(t), Ï�ÒÅÄÅÌÅÎÎÙÍ× (1). ó ÁÎÁÌÉÔÉÞÅÓËÏÊ ÔÏÞËÉ ÚÒÅÎÉÑ ÕÄÏÂÎÏ ÓÞÉÔÁÔØ, ÞÔÏ ÎÁÂÌÀÄÅÎÉÀÄÏÓÔÕ�ÎÙ ÓÌÕÞÁÊÎÙÅ ×ÅÌÉÞÉÎÙy['℄ = s['℄ +x['℄; ' ∈ D(T ) = {' : ' ∈ S; supp' ⊂ [−T; T ℄} ; (37)ÇÄÅ ÌÉÎÅÊÎÏÅ ÍÎÏÖÅÓÔ×Ï S Ï�ÒÅÄÅÌÅÎÏ × (34). úÄÅÓØy['℄ = ∞∫

−∞

'(t) dy(t); s['℄ = ∞∫

−∞

s(t)'(t) dt; x['℄ = ∞∫

−∞

'(t) dx(t):ðÏ×ÔÏÒÑÑ ÒÁÓÓÕÖÄÅÎÉÑ, ÉÓ�ÏÌØÚÏ×ÁÎÎÙÅ × [9℄, ÍÙ �ÅÒÅÊÄÅÍ Ë ÄÉÓËÒÅÔ-ÎÏÊ ÓÈÅÍÅ, ËÏÇÄÁ ÎÁÂÌÀÄÁÀÔÓÑ ÓÌÕÞÁÊÎÙÅ ×ÅÌÉÞÉÎÙYu = 12T y [gTu ℄ = a(u) +Xu:úÄÅÓØ ÍÙ ÉÓ�ÏÌØÚÏ×ÁÌÉ ÓÏÏÔÎÏÛÅÎÉÅ (22). ïÂÏÚÎÁÞÉÍ�2f (u) = DXu = 14T 2 ∞∫

−∞

|ĝTu(t)|2 f(t) dt:éÚ ÌÅÍÍÙ 3.1 ÓÌÅÄÕÅÔ Ó�ÒÁ×ÅÄÌÉ×ÏÓÔØ ÓÌÅÄÕÀÝÅÇÏ ÕÔ×ÅÒÖÄÅÎÉÑ.



298 ÷. î. óïìå÷ìÅÍÍÁ 4.1. ðÕÓÔØ � = �(�) > 0; �̃(f) 6 �̃ < ∞. �ÏÇÄÁ ÎÁÊÄÕÔÓÑÔÁËÉÅ ËÏÎÓÔÁÎÔÙ 0 < d(�; r; �̃) 6 D(�; r; �̃) < ∞, ÚÁ×ÉÓÑÝÉÅ ÔÏÌØËÏÏÔ �̃; r É � , ÞÔÏ �ÒÉ r; T > T0(�) É �ÒÉ " = 1=T Ó�ÒÁ×ÅÄÌÉ×Ù Ï�ÅÎËÉd(�; r; �̃) " [f ℄" (u) 6 �2f (u) 6 D(�; r; �̃) " [f ℄" (u): (38)áÎÁÌÉÔÉÞÅÓËÉÅ ÓÒÅÄÓÔ×Á, �ÒÉÇÏÔÏ×ÌÅÎÎÙÅ ÎÁÍÉ ÄÌÑ ÁÎÁÌÉÚÁ ÚÁÄÁÞÉÏ�ÅÎÉ×ÁÎÉÑ: ÌÅÍÍÁ 3.2 É ÌÅÍÍÁ 4.1, ÎÉÞÅÍ ÎÅ ÏÔÌÉÞÁÀÔÓÑ ÏÔ ÁÎÁÌÉ-ÔÉÞÅÓËÉÈ ÓÒÅÄÓÔ×, ÉÓ�ÏÌØÚÏ×ÁÎÎÙÈ × [9℄. ðÏÜÔÏÍÕ ÄÌÑ ÄÏËÁÚÁÔÅÌØÓÔ×ÁÔÅÏÒÅÍÙ 1.1 ÄÏÓÔÁÔÏÞÎÏ �ÒÏÓÔÏ �Ï×ÔÏÒÉÔØ ÓÏÏÔ×ÅÔÓÔ×ÕÀÝÉÅ ×ÙËÌÁÄ-ËÉ ÒÁÂÏÔÙ [9℄.
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