
úÁ�ÉÓËÉ ÎÁÕÞÎÙÈÓÅÍÉÎÁÒÏ× ðïíé�ÏÍ 454, 2016 Ç.÷. î. óÏÌÅ×áäáð�é÷îáñ ïãåîëá æõîëãéé,îáâìàäáåíïê îá æïîå çáõóóï÷óëïçïó�áãéïîáòîïçï ûõíá
§1. ÷×ÅÄÅÎÉÅðÕÓÔØ x(t) { ÇÁÕÓÓÏ×ÓËÉÊ �ÒÏ�ÅÓÓ ÓÏ ÓÔÁ�ÉÏÎÁÒÎÙÍÉ �ÒÉÒÁÝÅÎÉÑÍÉÓ ÎÕÌÅ×ÙÍ ÓÒÅÄÎÉÍ, Ex(t) = 0, (ÓÍ. �ÏÄÒÏÂÎÅÅ × [1,2℄) É Ó�ÅËÔÒÁÌØÎÏÊ�ÌÏÔÎÏÓÔØÀ f ,
∞∫

−∞

f(u))1 + u2 du <∞: (1)îÁ �ÒÏÔÑÖÅÎÉÉ ×ÓÅÊ ÒÁÂÏÔÙ ÎÁÓ ÂÕÄÕÔ ÉÎÔÅÒÅÓÏ×ÁÔØ ÓÌÕÞÁÊÎÙÅ ×ÅÌÉ-ÞÉÎÙ ×ÉÄÁ x ['℄ = ∞∫

−∞

'(t) dx(t);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: (2)ðÒÉ ÜÔÏÍ Ex [ ℄x ['℄ = ∞∫

−∞

'̂(u)  ̂(u) f(u) du: (3)�Å�ÅÒØ �ÅÒÅÊÄÅÍ Ë Ï�ÉÓÁÎÉÀ ÓÔÁÔÉÓÔÉÞÅÓËÏÊ ÚÁÄÁÞÉ. ðÒÅÄ�ÏÌÏÖÉÍ,ÞÔÏ ÎÁ ÒÁÓÔÕÝÅÍ ÏÔÒÅÚËÅ [−T; T ℄ ÎÁÂÌÀÄÁÅÔÓÑ ÇÁÕÓÓÏ×ÓÉÊ �ÒÏ�ÅÓÓ y(t),dy(t) = s(t) dt+ dx(t); t ∈ [−T; T ℄: (4)ëÌÀÞÅ×ÙÅ ÓÌÏ×Á: �ÓÅ×ÄÏ�ÅÒÉÏÄÉÞÅÓËÁÑ ÆÕÎË�ÉÑ, ÎÅ�ÁÒÁÍÅÔÒÉÞÅÓËÁÑ Ï�ÅÎËÁ,�ÒÏ�ÅÓÓ ÓÏ ÓÔÁ�ÉÏÎÁÒÎÙÍÉ �ÒÉÒÁÝÅÎÉÑÍÉ.òÁÂÏÔÁ �ÏÄÄÅÒÖÁÎÁ ÇÒÁÎÔÁÍÉ òææé 14-01-00856, îû-2504.2014.1. É �ÒÏÇÒÁÍ-ÍÏÊ ÆÕÎÄÁÍÅÎÔÁÌØÎÙÈ ÉÓÓÌÅÄÏ×ÁÎÉÊ òáî \óÏ×ÒÅÍÅÎÎÙÅ �ÒÏÂÌÅÍÙ ÔÅÏÒÅÔÉÞÅÓËÏÊÍÁÔÅÍÁÔÉËÉ". 261



262 ÷. î. óïìå÷úÄÅÓØ s(t) { ÎÅÉÚ×ÅÓÔÎÁÑ ÆÕÎË�ÉÑ, ÌÅÖÁÝÁÑ × ÚÁÄÁÎÎÏÍ ×Ù�ÕËÌÏÍ,�ÅÎÔÒÁÌØÎÏ-ÓÉÍÍÅÔÒÉÞÎÏÍ �ÏÄÍÎÏÖÅÓÔ×Å L∗ ÂÁÎÁÈÏ×Á �ÒÏÓÔÒÁÎÓÔ×Á
L ÌÏËÁÌØÎÏ Ë×ÁÄÒÁÔÉÞÎÏ ÓÕÍÍÉÒÕÅÍÈ ÆÕÎË�ÉÊ s, ÔÁËÉÈ ÞÔÏ

‖s‖2
L

= supx x+1∫x |s (t)|2 dt <∞; (5)x(t) { ÇÁÕÓÓÏ×ÓËÉÊ �ÒÏ�ÅÓÓ ÓÏ ÓÔÁ�ÉÏÎÁÒÎÙÍÉ �ÒÉÒÁÝÅÎÉÑÍÉ, ÎÕÌÅ×ÙÍÓÒÅÄÎÉÍ É Ó�ÅËÔÒÁÌØÎÏÊ �ÌÏÔÎÏÓÔØÀ f . �ÏÞÎÅÅ, ÎÁÂÌÀÄÅÎÉÀ ÄÏÓÔÕ�ÎÙÓÌÕÞÁÊÎÙÅ ×ÅÌÉÞÉÎÙy['℄ = s['℄ + x['℄; ' ∈ D(T ) = {' : ' ∈ S supp' ⊂ [−T; T ℄} : (6)úÄÅÓØ y['℄ = ∞∫

−∞

'(t) dy(t); s['℄ = ∞∫

−∞

s(t)'(t) dt;óÔÁÎÄÁÒÔÎÙÊ �ÒÉÅÍ ÚÁËÌÀÞÁÅÔÓÑ × �ÅÒÅÈÏÄÅ ÏÔ ÍÏÄÅÌÉ (6) Ë ÄÉÓ-ËÒÅÔÎÏÊ ÍÏÄÅÌÉ Yu = �u +Xu; u ∈ �; (7)ÇÄÅ Yu = y[gTu]; �u = s[gTu]; Xu = x[gTu], �ÒÉ �ÏÄÈÏÄÑÝÅÍ ×ÙÂÏÒÅ ÓÞÅÔ-ÎÏÇÏ ÍÎÏÖÅÓÔ×Á � É ÓÉÓÔÅÍÙ ÆÕÎË�ÉÊ {gTu ; u ∈ �} ÉÚ D(T ). ðÒÉ ÜÔÏÍÚÁÄÁÞÁ ÓÏÓÔÏÉÔ × Ï�ÅÎÉ×ÁÎÉÉ ÎÅÉÚ×ÅÓÔÎÏÇÏ ×ÅËÔÏÒÁ � = (�u; u ∈ �),ÌÅÖÁÝÅÇÏ × ÏÂÒÁÚÅ � �ÏÄÍÎÏÖÅÓÔ×Á L∗ �ÒÉ ÏÔÏÂÒÁÖÅÎÉÉ s → �. üÔÁÚÁÄÁÞÁ �ÏÄÒÏÂÎÏ ÉÓÓÌÅÄÏ×ÁÎÁ (ÓÍ., ÎÁ�ÒÉÍÅÒ, [4, 9℄) × ÓÌÕÞÁÅ, ËÏÇÄÁ
{Xu; u ∈ �} { ÎÅÚÁ×ÉÓÉÍÙÅ ÇÁÕÓÓÏ×ÓËÉÅ ×ÅÌÉÞÉÎÙ, Á � { ×Ù�ÕËÌÏÅ,�ÅÎÔÒÁÌØÎÏ{ÓÉÍÍÅÔÒÉÞÎÏÅ �ÏÄÍÎÏÖÅÓÔ×Ï �ÒÏÓÔÒÁÎÓÔ×Á l2. ÷ÏÚÍÏÖ-ÎÏÓÔØ �ÅÒÅÈÏÄÁ Ë ÚÁ×ÉÓÉÍÙÍ ×ÅÌÉÞÉÎÁÍ {Xu; u ∈ �} ÄÁÅÔÓÑ ÓÌÅÄÕÀ-ÝÅÊ ÌÅÍÍÏÊ, �ÒÉÎÁÄÌÅÖÁÝÅÊ ó. ÷. òÅÛÅÔÏ×Õ.ðÏÌÏÖÉÍ ‖�‖ = ∑u∈� |�u|2; �2u = E|Xu|2; � = (�2u; u ∈ �). äÌÑ Ï�ÅÎËÉ�̂ ÓÏ ÚÎÁÞÅÎÉÑÍÉ ÉÚ �, �ÏÓÔÒÏÅÎÎÏÊ �Ï ÎÁÂÌÀÄÅÎÉÑÍ (6) ÏÂÏÚÎÁÞÉÍR�(�̂; �) = sup�∈�E∥∥� − �̂∥∥2; R�(�) = inf�̂ R(�̂; �):ìÅÍÍÁ 1.1. ðÕÓÔØ (Xu; u ∈ �) { ÇÁÕÓÓÏ×ÓËÉÊ ×ÅËÔÏÒ Ó ÎÕÌÅ×ÙÍ ÓÒÅÄ-ÎÉÍ, � { ×Ù�ÕËÌÏÅ �ÅÎÔÒÁÌØÎÏ-ÓÉÍÍÅÔÒÉÞÎÏÅ �ÏÄÍÎÏÖÅÓÔ×Ï l2.ðÒÅÄ�ÏÌÏÖÉÍ ÔÁËÖÅ, ÞÔÏ ÓÕÝÅÓÔ×ÕÅÔ ÔÁËÁÑ ËÏÎÓÔÁÎÔÁ 
 > 0, ÞÔÏ



áäáð�é÷îáñ ïãåîëá æõîëãéé 263ÄÌÑ ÌÀÂÏÇÏ ËÏÎÅÞÎÏÇÏ ÎÁÂÏÒÁ {a(v); v ∈ �}E |Xu −
∑v 6=u a(v)Xv |2 > 
E|Xu|2: (8)�ÏÇÄÁ ÎÁÊÄÅÔÓÑ ÔÁËÁÑ ËÏÎÓÔÁÎÔÙ C1(
) > 0, ÚÁ×ÉÓÑÝÉÁÑ ÔÏÌØËÏÏÔ 
, ÞÔÏ ÄÌÑ ÌÀÂÏÇÏ ×ÅËÔÏÒÁ (�u; u ∈ �) ∈ �C1(
) ∑u∈� �2u ∧ �2u 6 R�(�) (9)ðÕÓÔØ ŝT { Ï�ÅÎËÁ ÎÅÉÚ×ÅÓÔÎÏÊ ÆÕÎË�ÉÉ s, �ÏÓÔÒÏÅÎÎÁÑ �Ï ÎÁÂÌÀ-ÄÅÎÉÑÍ (6), ŝT ∈ L∗. òÉÓË ÏÔ ÉÓ�ÏÌØÚÏ×ÁÎÉÑ Ï�ÅÎËÉ ŝT ÂÕÄÅÍ ÉÚÍÅÒÑÔØ×ÅÌÉÞÉÎÏÊ

RT (ŝT ;L∗) = sups∈L∗

Es;f ‖ŝT − s‖2
L
: (10)ïÂÏÚÎÁÞÉÍ RT { ÍÉÎÉÍÁËÓÎÙÊ ÒÉÓË,

RT (L∗) = infŝT RT (ŝT ) : (11)úÁÄÁÞÁ ÓÏÓÔÏÉÔ × �ÏÉÓËÅ ÁÄÁ�ÔÉ×ÎÏÊ Ï�ÅÎËÉ ŝT , ÉÍÅÀÝÅÊ ÔÏÔ ÖÅ �Ï-ÒÑÄÏË ÍÁÌÏÓÔÉ �ÒÉ T → ∞, ÞÔÏ É ÍÉÎÉÍÁËÓÎÙÊ ÒÉÓË,
RT 6 RT (ŝT ) 6 CRT : (12)

§2. ðÓÅ×ÄÏ{�ÅÒÉÏÄÉÞÅÓËÉÅ ÆÕÎË�ÉÉ÷Ù�ÕËÌÏÅ �ÅÎÔÒÁÌØÎÏ-ÓÉÍÍÅÔÒÉÞÎÏt �ÏÄÍÎÏÖÅÓÔ×Ï L∗ ÂÁÎÁÈÏ×Á�ÒÏÓÔÒÁÎÓÔ×Á L , × ËÏÔÏÒÏÍ ÌÅÖÁÔ �ÏÄÌÅÖÁÝÉÅ Ï�ÅÎÉ×ÁÎÉÀ ÆÕÎË-�ÉÉ s, ÍÙ ÂÕÄÅÍ ×ÙÂÉÒÁÔØ ÉÚ ËÌÁÓÓÁ óÔÅ�ÁÎÏ×Á. éÍÅÎÎÏ, �ÕÓÔØ L (�){ ×ÅÄÅÎÎÙÊ óÔÅ�ÁÎÏ×ÙÍ (ÓÍ. [5℄) ËÌÁÓÓ �ÓÅ×ÄÏ{�ÅÒÉÏÄÉÞÅÓËÉÈ ÆÕÎË-�ÉÊ s, s(t) = ∑u∈� a(u) eiut; ∑u∈� |a(u)|2 <∞; (13)ÇÄÅ � { ÎÅ ÂÏÌÅÅ ÞÅÍ ÓÞÅÔÎÏÅ ÍÎÏÖÅÓÔ×Ï, ÕÄÏ×ÌÅÔ×ÏÒÑÀÝÅÅ ÕÓÌÏ×ÉÀÏÔÄÅÌÉÍÏÓÔÉ � = � (�) = infu;v∈�; u 6=v |u− v| > 0: (14)÷ [5℄ ÕÓÔÁÎÏ×ÌÅÎÏ, ÞÔÏ �ÒÉ ÕÓÌÏ×ÉÉ (14) ÒÑÄ × (13) ÓÈÏÄÉÔÓÑ × L .



264 ÷. î. óïìå÷íÎÏÖÅÓÔ×Ï �, ÕÄÏ×ÌÅÔ×ÏÒÑÀÝÅÅ (14), ÂÕÄÅÍ ÎÁÚÙ×ÁÔØ �{ÏÔÄÅÌÉÍÙÍ.îÁÒÑÄÕ Ó ÂÁÎÁÈÏ×ÏÊ ÎÏÒÍÏÊ, Ï�ÒÅÄÅÌÅÎÎÏÊ × (5), ÂÕÄÅÍ ÔÁËÖÅ ÒÁÓÓÍÁ-ÔÒÉ×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 (s1; s2)T := 12T T∫
−T s1(t) s2(t) dt:î. ÷ÉÎÅÒ É ò. ðÜÌÉ ÄÏËÁÚÁÌÉ × [6℄, ÞÔÏ �ÒÉ ÕÓÌÏ×ÉÉ (14) ÎÁÊÄÕÔÓÑÔÁËÉÅ �ÏÌÏÖÉÔÅÌØÎÙÅ ËÏÎÓÔÁÎÔÙ 
1 = 
1(�), 
2 = 
2(�), C1 = C1(�),C1 = C1(�), T0 = T0(�), ÚÁ×ÉÓÑÝÉÅ ÔÏÌØËÏ ÏÔ � , ÞÔÏ
1 ‖s‖L

6 ‖s‖∗ 6 C1 ‖s‖L
; s ∈ L (�); s(t) = ∑u∈� a(u) eiut; (15)É �ÒÉ T > T0 = T0(�)
2 ‖s‖T 6 ‖s‖∗ 6 C2 ‖s‖T ; s ∈ L (�); s(t) = ∑u∈� a(u) eiut: (16)÷ 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 (�): (17)íÎÏÖÅÓÔ×Ï � ÂÕÄÅÍ ÎÁÚÙ×ÁÔØ Ó�ÅËÔÒÁÌØÎÙÍ ÍÎÏÖÅÓÔ×ÏÍ ÆÕÎË�ÉÊ ÉÚËÌÁÓÓÁ L (�). ðÕÓÔØ 'u (t) = eiut. éÚ ÓËÁÚÁÎÎÏÇÏ ×ÙÛÅ ÓÌÅÄÕÅÔ (�Ï-ÄÒÏÂÎÅÅ ÓÍ. × [6℄), ÞÔÏ �ÒÉ ÕÓÌÏ×ÉÉ (14) ÓÉÓÔÅÍÁ {'u (t) ; u ∈ �} Ñ×ÌÑ-ÅÔÓÑ ÂÁÚÉÓÏÍ òÉÓÓÁ × L (�) (ÔÏÞÎÅÅ × ÓÕÖÅÎÉÉ L (�) ÎÁ L2T ) × ÍÅÔÒÉËÅÇÉÌØÂÅÒÔÏ×Á �ÒÏÓÔÒÁÎÓÔ×Á L2T Ó ÎÏÒÍÏÊ ‖ · ‖T . óÔÁÌÏ ÂÙÔØ, × L (�) ÓÕ-ÝÅÓÔ×ÕÅÔ ÓÏ�ÒÑÖÅÎÎÁÑ (× ÍÅÔÒÉËÅ ÇÉÌØÂÅÒÔÏ×Á �ÒÏÓÔÒÁÎÓÔ× Ó ÎÏÒÍÏÊ
‖ · ‖T ) ÓÉÓÔÅÍÁ { Tu ; u ∈ �}, ÔÁËÁÑ ÞÔÏ

('u;  Tv )T = Æu; v; ÇÄÅ Æu; v { ÓÉÍ×ÏÌ ëÒÏÎÅËÅÒÁ: (18)ðÒÉ ÜÔÏÍ s = ∑u∈�(s;  Tu)T 'u s ∈ L (�): (19)



áäáð�é÷îáñ ïãåîëá æõîëãéé 265÷ ÄÁÌØÎÅÊÛÅÍ ÍÙ ÂÕÄÅÍ ÎÁÚÙ×ÁÔØ ÓÏ�ÒÑÖÅÎÎÏÊ ÌÀÂÕÀ (ÎÅ ÏÂÑÚÁÔÅÌØ-ÎÏ ÌÅÖÁÝÕÀ × L (�)) ÓÉÓÔÅÍÕ ÌÏËÁÌØÎÏ Ë×ÁÄÒÁÔÉÞÎÏ ÓÕÍÍÉÒÕÅÍÙÈÆÕÎË�ÉÊ {gTu ; u ∈ �}, ÕÄÏ×ÌÅÔ×ÏÒÑÀÝÕÀ (18).úÁÍÅÔÉÍ, ÞÔÏ, ÅÓÌÉ �(�) > 0, �ÒÉ T > T0(�) Ï�ÅÒÁÔÏÒ ÕÍÎÏÖÅ-ÎÉÑ ÎÁ ÉÎÄÉËÁÔÏÒÎÕÀ ÆÕÎË�ÉÀ 1[−T;T ℄ (t) Ñ×ÌÑÅÔÓÑ ÏÇÒÁÎÉÞÅÎÎÙÍ ÉÏÇÒÁÎÉÞÅÎÎÏ ÏÂÒÁÔÉÍÙÍ Ï�ÅÒÁÔÏÒÏÍ ÉÚ L (�) (ÒÁÓÓÍÁÔÒÉ×ÁÅÍÏÇÏ ËÁË�ÏÄ�ÒÏÓÔÒÁÎÓÔ×Ï ÂÁÎÁÈÏ×Á �ÒÏÓÔÒÁÎÓÔ×Á L ) × �ÏÄ�ÒÏÓÔÒÁÎÓÔ×Ï �ÒÏ-ÓÔÒÁÎÓÔ×Á L2T , Ï�ÒÅÄÅÌÅÎÎÏÇÏ ÓÏÏÔÎÏÛÅÎÉÅÍ LT (�) = 1[−T;T ℄ L (�).÷ ÄÁÌØÎÅÊÛÅÍ ÎÁÍ ÕÄÏÂÎÏ ÂÕÄÅÔ ÓÞÉÔÁÔØ, ÞÔÏ ÆÕÎË�ÉÉ ÉÚ L2T ÒÁ×ÎÙÎÕÌÀ ×ÎÅ ÏÔÒÅÚËÁ [−T; T ℄. íÙ ÂÕÄÅÍ �ÒÅÄ�ÏÌÁÇÁÔØ, ÞÔÏ ℄ {�} =∞.
§3. ðÏÓÔÒÏÅÎÉÅ ÓÏ�ÒÑÖÅÎÎÏÊ ÓÉÓÔÅÍÙ÷ ÜÔÏÍ �ÕÎËÔÅ É ÄÁÌÅÅ ÍÙ ÂÕÄÅÍ ÉÓ�ÏÌØÚÏ×ÁÔØ ÏÂÏÚÎÁÞÅÎÉÅ'u(T ; t) = 1[−T;T ℄(t)'u(t) = 1[−T;T ℄(t) eiut:îÁ�ÏÍÎÉÍ ÔÁËÖÅ, ÞÔÏ �Ï �ÒÉÎÑÔÏÍÕ ÒÁÎÅÅ ÓÏÇÌÁÛÅÎÉÀ ÆÕÎË�ÉÉ ÉÚL2T ÒÁ×ÎÙ ÎÕÌÀ ×ÎÅ ÏÔÒÅÚËÁ [−T; T ℄. ðÕÓÔØ { ru; u ∈ �} { ÓÉÓÔÅÍÁ ÉÚ

LT (�), ÓÏ�ÒÑÖÅÎÎÁÑ (× ÍÅÔÒÉËÅ �ÒÏÓÔÒÁÎÓÔ×Á L2T ) Ë ÓÉÓÔÅÍÅ
{'u(r; · ); u ∈ �} ;Á �ÏÔÏÍÕ  ̂ru(v) = r∫

−r  ru(x) e−ivx dx = 2r Æu;v; u; v ∈ �:ðÒÉ T; r > T0(�) ÏÂÏÚÎÁÞÉÍg(t) = ∞∫

−∞

 ru(t− s)'u(T ; s) ds: (20)ðÒÅÖÄÅ ×ÓÅÇÏ ÏÔÍÅÔÉÍ, ÞÔÏ g ∈ L2T+r, × ÞÁÓÔÎÏÓÔÉ, g(t) = 0, ÅÓÌÉ
|t| > T + r. äÁÌÅÅ,

∞∫

−∞

g(t)'v(T+r; t) dt = ∫∫

|t|6T+r;|s|6T  ru(t− s) ei(u−v)s e−iv(t−s) ds dt:



266 ÷. î. óïìå÷�ÁË ËÁË ÆÕÎË�ÉÑ  ru(t−s) × Ä×ÏÊÎÏÍ ÉÎÔÅÇÒÁÌÅ ÏÂÒÁÝÁÅÔÓÑ × ÎÕÌØ ×ÎÅÏÂÌÁÓÔÉ |t− s| 6 r, ÔÏ
∞∫

−∞

g(t)'v(T+r; t) dt = ∫∫

|t−s|6r;|s|6T  ru(t− s) ei(u−v)s e−iv(t−s) ds dt= r∫

−r  ru(x) e−ivx dx T∫
−T ei(u−v)y dy =  ̂ru(v) 2 sinT (v − u)v − u :ïÔÓÀÄÁ �ÏÌÕÞÁÅÍ

∞∫

−∞

g(t)'v(T+r; t) dt = 4Tr Æu;v; u; v ∈ �: (21)ðÒÉ ÆÉËÓÉÒÏ×ÁÎÎÏÍ r > T0(�) Ï�ÒÅÄÅÌÉÍ ÎÏ×ÕÀ ÓÉÓÔÅÍÕ {gTu ; u ∈ �}ÓÏÏÔÎÏÛÅÎÉÅÍgTu (t) = T2 r(T − r) ∞∫

−∞

 ru(t− s)'u(T−r; s) ds: (22)ïÞÅ×ÉÄÎÏ, ĝTu(v) = Tr(T − r)  ̂ru(v) sin(T − r)(v − u)v − u : (23)éÚ (21) ÓÌÅÄÕÅÔ Ó�ÒÁ×ÅÄÌÉ×ÏÓÔØ ÓÌÅÄÕÀÝÅÇÏ ÕÔ×ÅÒÖÄÅÎÉÑ.ìÅÍÍÁ 3.1. ðÕÓÔØ { ru; u ∈ �} { ÓÉÓÔÅÍÁ ÉÚ LT (�), ÓÏ�ÒÑÖÅÎÎÁÑ (×ÍÅÔÒÉËÅ �ÒÏÓÔÒÁÎÓÔ×Á L2T ) Ë ÓÉÓÔÅÍÅ {'u(r; · ); u ∈ �}. �ÏÇÄÁ �ÒÉu ∈ � ÆÕÎË�ÉÉ gTu ÌÅÖÁÔ × L2T , �ÒÉÞÅÍ12T T∫
−T gTu(t) e−ivt dt = Æu;v; ÅÓÌÉ v ∈ �: (24)
§4. õÓÌÏ×ÉÅ íÁËËÅÎÈÁÕ�ÔÁâÕÄÅÍ �ÒÅÄ�ÏÌÁÇÁÔØ, ÞÔÏ Ó�ÅËÔÒÁÌØÎÁÑ �ÌÏÔÎÏÓÔØ f ÕÄÏ×ÌÅÔ×ÏÒÑÅÔÕÓÌÏ×ÉÀ (1) É ÕÓÌÏ×ÉÀ íÁËËÅÎÈÁÕ�ÔÁ (ÓÍ. [7℄)�(f) := supI 1

|I | ∫I f(t) dt 1
|I | ∫I 1f(t) dt <∞: (25)



áäáð�é÷îáñ ïãåîëá æõîëãéé 267úÄÅÓØ ÓÕ�ÒÅÍÕÍ ÂÅÒÅÔÓÑ �Ï ÉÎÔÅÒ×ÁÌÁÍ I , |I | { ÄÌÉÎÁ I . äÁÌÅÅ ÍÙ ÂÕÄÅÍ�ÒÅÄ�ÏÌÁÇÁÔØ, ÞÔÏ �(f) 6 � <∞: (26)äÌÑ " > 0 ÏÂÏÚÎÁÞÉÍ f"(u) = 12 " "∫

−" f(u− s) ds:óÌÅÄÕÀÝÅÅ ÕÔ×ÅÒÖÄÅÎÉÅ ÕÓÔÁÎÏ×ÌÅÎÏ × [8℄.ìÅÍÍÁ 4.1. ðÕÓÔØ �(f) 6 � <∞. �ÏÇÄÁ ÎÁÊÄÕÔÓÑ ÔÁËÉÅ ËÏÎÓÔÁÎÔÙ0 < a(�) 6 b(�) <∞, ÞÔÏ �ÒÉ " = 1=Ta(�) f"(u) 6

∞∫

−∞

sin2 T (x− u)�T (x− u)2 f(x) dx 6 b(�) f"(u): (27)ïÔÍÅÔÉÍ, ÞÔÏ ×ÍÅÓÔÅ Ó ÆÕÎË�ÉÅÊ f ÕÓÌÏ×ÉÀ (26) ÕÄÏ×ÌÅÔ×ÏÒÑÅÔ ÔÁË-ÖÅ É ÆÕÎË�ÉÑ 1=f . ðÒÉ ÜÔÏÍ (ÓÍ. [7℄)
∞∫

−∞

1f(u)(1 + u2) du <∞:äÁÌÅÅ ÍÙ ÈÏÔÉÍ ÉÍÅÔØ ÄÅÌÏ ÓÏ ÓÌÕÞÁÊÎÙÍÉ ×ÅÌÉÞÉÎÁÍÉ ×ÉÄÁXu = ∞∫

∞

gTu (t) dx(t) = x[ gTu ];�ÒÅÄ�ÏÌÁÇÁÑ, ÞÔÏ Ó�ÅËÔÒÁÌØÎÁÑ �ÌÏÔÎÏÓÔØ f �ÒÏ�ÅÓÓÁ x(t) ÕÄÏ×ÌÅÔ×Ï-ÒÑÅÔ ÕÓÌÏ×ÉÀ (26).ìÅÍÍÁ 4.2. ðÕÓÔØ � = �(�) > 0; �(f) 6 � <∞. �ÏÇÄÁ ÎÁÊÄÕÔÓÑ ÔÁ-ËÉÅ ËÏÎÓÔÁÎÔÙ 0 < 
(�; r; �) 6 C(�; r; �) < ∞, ÚÁ×ÉÓÑÝÉÅ ÔÏÌØËÏ ÏÔ�; 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): (28)



268 ÷. î. óïìå÷äÏËÁÚÁÔÅÌØÓÔ×Ï. ðÒÅÖÄÅ ×ÓÅÇÏ ÚÁÍÅÔÉÍ, ÞÔÏ (ÜÔÏ ÓÌÅÄÕÅÔ ÉÚ (23))ĝTu (v) = L(r; T )  ̂ru(v) sin(T − r)(v − u)v − u ; L(r; T ) = Tr(T − r) : (29)ðÏÓËÏÌØËÕ ÓÉÓÔÅÍÁ {'u(r; · ); u ∈ �} Ñ×ÌÑÅÔÓÑ ÂÁÚÉÓÏÍ òÉÓÓÁ × L2r (×ÚÁÍÙËÁÎÉÉ Ó×ÏÅÊ ÌÉÎÅÊÎÏÊ ÏÂÏÌÏÞËÉ), ÔÏ ÔÁËÏ×ÏÊ ÖÅ Ñ×ÌÑÅÔÓÑ × L2r ÉÓÏ�ÒÑÖÅÎÎÁÑ ÓÉÓÔÅÍÁ { ru; u ∈ �}. ïÔÓÀÄÁ, × ÞÁÓÔÎÏÓÔÉ, ÓÌÅÄÕÅÔ, ÞÔÏÎÏÒÍÙ ÆÕÎË�ÉÊ  ru × ÓÔÁÎÄÁÒÔÎÏÍ �ÒÏÓÔÒÁÎÓÔ×Å L2 ÎÁ ×ÅÝÅÓÔ×ÅÎÎÏÊ�ÒÑÍÏÊ ÏÇÒÁÎÉÞÅÎÙ ÒÁ×ÎÏÍÅÒÎÏ �Ï u, ÓËÁÖÅÍ, ×ÅÌÉÞÉÎÏÊ C(r; �). ðÏ-ÓËÏÌØËÕ ÆÕÎË�ÉÉ  ru ÒÁ×ÎÙ ÎÕÌÀ ×ÎÅ ÏÔÒÅÚËÁ [−r; r℄, ÏÔÓÀÄÁ ÍÙ ×Ù-×ÏÄÉÍ, ÞÔÏ
∣∣ ̂Tu (v)∣∣ 6

√4�rC(r; �); ∣∣ ddv  ̂Tu (v)∣∣ 6 r√4�rC(r; �):ðÏÜÔÏÍÕ
∞∫

−∞

|ĝTu(x)|2 f(x) dx 6 4�2rC(r; �)T ∞∫

−∞

sin2(T − r)(x − u)(T − r)�(x − u)2 f(x) dx:ó ÕÞÅÔÏÍ (27) �ÒÉ T > 2 r �ÏÌÕÞÁÅÍ ×ÅÒÈÎÀÀ Ï�ÅÎËÕ × (28). ðÅÒÅÊÄÅÍË ÎÉÖÎÅÊ Ï�ÅÎËÅ. îÁ�ÏÍÎÉÍ, ÞÔÏ  ̂ru(u) = 1. ëÁË ÕÖÅ ÏÔÍÅÞÁÌÏÓØ,ÍÏÄÕÌØ �ÒÏÉÚ×ÏÄÎÏÊ ÆÕÎË�ÉÉ  ̂ru(v) ÏÇÒÁÎÉÞÅÎ ÒÁ×ÎÏÍÅÒÎÏ �Ï u É v.ðÏÜÔÏÍÕ ÎÁÊÄÕÔÓÑ ÔÁËÉÅ ËÏÎÓÔÁÎÔÙ 
(r; �) > 0 É "(r; �) > 0, ÚÁ×ÉÓÑÝÉÅÔÏÌØËÏ ÏÔ r É � , ÞÔÏ
∣∣ ̂ru(v)∣∣ > 
(r; �) �ÒÉ v ∈ [−u− "; −u+ "℄, ÅÓÌÉ 0 < " < "(r; �): (30)óÌÅÄÏ×ÁÔÅÌØÎÏ,

∞∫

−∞

|ĝTu (x)|2 f(x) dx > 
2(r; �) (T −r)2 ∫

|x−u|6" sin2(T − r)(x − u)(T − r)2(x − u)2 f(x) dx:ïÔÓÀÄÁ, �ÒÉ T > 2 r É " = 1=T
∞∫

−∞

|ĝTu(x)|2 f(x) dx >
2 
2(r; �)T�2 12" ∫

|x−u|6" f(x) dx:�ÁËÉÍ ÏÂÒÁÚÏÍ, ÍÙ �ÏÌÕÞÉÌÉ ÎÉÖÎÀÀ Ï�ÅÎËÕ × (28). �



áäáð�é÷îáñ ïãåîëá æõîëãéé 269ìÅÍÍÁ 4.3. ðÕÓÔØ ×Ù�ÏÌÎÅÎÏ ÕÓÌÏ×ÉÅ (26) 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(u)Xv|2 > 
(�; r; �)E |Xu|2: (31)äÏËÁÚÁÔÅÌØÓÔ×Ï. îÁ�ÏÍÎÉÍ, ÞÔÏ ÏÔÏÂÒÁÖÅÎÉÅ x[']

→ '̂ Ñ×ÌÑÅÔÓÑ ÉÚÏ-ÍÅÔÒÉÅÊ ÉÚ �ÒÏÓÔÒÁÎÓÔ×Á L2(dP ), �ÏÓÔÒÏÅÎÎÏÇÏ �Ï ×ÅÒÏÑÔÎÏÓÔÎÏÊ ÍÅ-ÒÅ P , ÉÎÄÕ�ÉÒÏ×ÁÎÎÏÊ �ÒÏ�ÅÓÓÏÍ x [ · ℄ , × �ÒÏÓÔÒÁÎÓÔ×Ï L2f . ðÏÜÔÏÍÕÄÏÓÔÁÔÏÞÎÏ ÕÓÔÁÎÏ×ÉÔØ, ÞÔÏ ÄÌÑ ÌÀÂÏÇÏ ËÏÎÅÞÎÏÇÏ ÎÁÂÏÒÁ {a(v); v ∈ �}
∥∥ĝTu −

∑v 6=u a(u) ĝTv ∥∥2f > 
(�; �) ‖|ĝTu‖2f : (32)úÄÅÓØ ĝTu { �ÒÅÏÂÒÁÚÏ×ÁÎÉÅ æÕÒØÅ ÆÕÎË�ÉÉ gTu , L2f { L2{�ÒÏÓÔÒÁÎÓÔ×Ï,�ÏÓÔÒÏÅÎÎÏÅ �Ï ÍÅÒÅ Ó �ÌÏÔÎÏÓÔØÀ f > 0, ( · ; · )f , | · |f { ÓËÁÌÑÒÎÏÅ�ÒÏÉÚ×ÅÄÅÎÉÅ É ÎÏÒÍÁ × L2f . äÏÓÔÁÔÏÞÎÏ ÕËÁÚÁÔØ ÔÁËÕÀ ÆÕÎË�ÉÀ h ∈L2f , ÞÔÏ
(ĝTv ; h)f = 0 �ÒÉ v 6= u É ∣∣∣(ĝTu ; h)f ∣∣∣2 > 
(�; �) ‖ĝTu‖2f ‖h‖2f : (33)ðÕÓÔØ q { �ÒÅÏÂÒÁÚÏ×ÁÎÉÅ æÕÒØÅ ÆÕÎË�ÉÉ 'u(T ; · ),q(x) = sinT (x− u)x− u :ðÏÌÏÖÉÍ h = q=f . úÁÍÅÔÉÍ, ÞÔÏ (ÚÄÅÓØ ÍÙ ÉÓ�ÏÌØÚÕÅÍ (24))

(ĝTv ; h)f = ∞∫

−∞

ĝTv (x) q(x) dx = 4�T (gTv ; 'v(T ; · ))T = 4�T Æu;v:äÁÌÅÅ, ÉÚ (28) ÓÌÅÄÕÅÔ, ÞÔÏ
∞∫

−∞

|ĝTu (x)|2 f(x) dx 6 C(�; r; �)T f"(u):îÉÖÅ �ÒÉ ÉÓ�ÏÌØÚÏ×ÁÎÉÉ (27) ÍÙ ÂÕÄÅÍ ÕÞÉÔÙ×ÁÔØ, ÞÔÏ �(f) = �(1=f).�ÁË ËÁË �ÒÉ " = 1=T (ÓÍ. (27))
∥∥h∥∥2f = T ∞∫

∞

sin2 T (z − u)�T (z − u)2 1f(z) dz 6 T b(�) 12 " "∫

−" 1f(u− s) ds;
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∥∥ĝTu∥∥2f ∥∥h∥∥2f 6 T 2 b(�)C(�; r; �)�(f): (34)óÔÁÌÏ ÂÙÔØ, �ÒÉ ÕÓÌÏ×ÉÉ (26)

∥∥ĝTu∥∥2f ∥∥h∥∥2f 6 T 2� b(�)C(�; r; �):ïÔÓÀÄÁ ÓÌÅÄÕÅÔ (31), �ÏÓËÏÌØËÕ (ĝTv ; h)f = �T . �

§5. áÓÉÍ�ÔÏÔÉÞÅÓËÉ ÍÉÎÉÍÁËÓÎÁÑ Ï�ÅÎËÁðÅÒÅÊÄÅÍ Ë �ÏÓÔÒÏÅÎÉÀ ÁÓÉÍ�ÔÏÔÉÞÅÓËÉ ÍÉÎÉÍÁËÓÎÏÊ Ï�ÅÎËÉ s̃T .ðÕÓÔØ ÎÁ ÒÁÓÔÕÝÅÍ ÏÔÒÅÚËÅ [−T; T ℄ ÎÁÂÌÀÄÁÅÔÓÑ ÇÁÕÓÓÏ×ÓÉÊ �ÒÏ�ÅÓÓy(t), dy(t) = s(t) dt+ dx(t); t ∈ [−T; T ℄: (35)úÄÅÓØ s(t) { ÎÅÉÚ×ÅÓÔÎÁÑ ÆÕÎË�ÉÑ, ÌÅÖÁÝÁÑ × ÚÁÄÁÎÎÏÍ ×Ù�ÕËÌÏÍ �ÅÎÔ-ÒÁÌØÎÏ-ÓÉÍÍÅÔÒÉÞÎÏÍ �ÏÄÍÎÏÖÅÓÔ×Å L∗ ÂÁÎÁÈÏ×Á �ÒÏÓÔÒÁÎÓÔ×Á L ,x(t) { ÇÁÕÓÓÏ×ÓËÉÊ �ÒÏ�ÅÓÓ ÓÏ ÓÔÁ�ÉÏÎÁÒÎÙÍÉ �ÒÉÒÁÝÅÎÉÑÍÉ, Ó ÎÕÌÅ-×ÙÍ ÓÒÅÄÎÉÍ É ÎÅÉÚ×ÅÓÔÎÏÊ Ó�ÅËÔÒÁÌØÎÏÊ �ÌÏÔÎÏÓÔØÀ f , ÌÅÖÁÝÅÊ × ÚÁ-ÄÁÎÎÏÍ ËÌÁÓÓÅ K . �ÁËÉÍ ÏÂÒÁÚÏÍ, × ÒÁÓÓÍÁÔÒÉ×ÁÅÍÏÊ ÚÁÄÁÞÅ ÆÕÎË�ÉÑf Ñ×ÌÑÅÔÓÑ ÍÅÛÁÀÝÉÍ �ÁÒÁÍÅÔÒÏÍ. íÙ �ÌÁÎÉÒÕÅÍ �ÏÓÔÒÏÉÔØ Ï�ÅÎËÕs̃T , ÉÓ�ÏÌØÚÕÑ ÌÉÛØ ÉÎÆÏÒÍÁ�ÉÀ Ï ÔÏÍ, ÞÔÏ s ∈ L∗ É f ∈ K .éÎÔÅÒÅÓÕÀÝÉÊ ÎÁÓ ËÌÁÓÓ L∗ ×ÙÄÅÌÑÅÔÓÑ ÉÚ ÆÕÎË�ÉÏÎÁÌØÎÏÇÏ ËÌÁÓ-ÓÁ L (�) (�ÏÄÒÏÂÎÅÅ ÓÍ. §2) ÕÓÌÏ×ÉÅÍ
∑u∈� |a(u)|2(|u|+ 1)2� 6 L: (36)úÄÅÓØ �ÒÅÄ�ÏÌÁÇÁÅÔÓÑ, ÞÔÏ � { ÓÞÅÔÎÏÅ ÍÎÏÖÅÓÔ×Ï, ÕÄÏ×ÌÅÔ×ÏÒÑÀÝÅÅÕÓÌÏ×ÉÀ ÏÔÄÅÌÉÍÏÓÔÉ: � (�) = infu;v∈�; u6=v |u− v| > � > 0. íÙ ÔÁËÖÅÂÕÄÅÍ �ÒÅÄ�ÏÌÁÇÁÔØ, ÞÔÏ �ÒÉ ÎÅËÏÔÏÒÏÍ �ÏÌÏÖÉÔÅÌØÎÏÍ a ÄÌÑ ÄÏÓÔÁ-ÔÏÞÎÏ ÂÏÌØÛÉÈ m, m > m0,am2�+1 6

∑u∈�; |u|6m (1 + |u|)2� : (37)



áäáð�é÷îáñ ïãåîëá æõîëãéé 271÷×ÅÄÅÍ × ÒÁÓÓÍÏÔÒÅÎÉÅ ËÌÁÓÓ Ó�ÅËÔÒÁÌØÎÙÈ �ÌÏÔÎÏÓÔÅÊA(�; �; b; B),Ï�ÒÅÄÅÌÉ× ÅÇÏ ÄÌÑ � > −1, � > 1 É �ÏÌÏÖÉÔÅÌØÎÙÈ b 6 B ÕÓÌÏ×ÉÑÍÉb "� 6

∑u∈�;|u|6m f"(u) (1 + |u|)2�
∑u∈�;|u|6m(1 + |u|)2� ; 1N(m) ∑u∈�;|u|6m f"(u) 6 B "�: (38)úÄÅÓØ N(m) { ÞÉÓÌÏ ÔÏÞÅË ÉÚ �, ÓÏÄÅÒÖÁÝÉÈÓÑ × ÏÔÒÅÚËÅ [−m;m℄.ïÞÅ×ÉÄÎÏ, � (N(m)− 1) 6 2m.éÎÔÅÒÅÓÕÀÝÉÊ ÎÁÓ ËÌÁÓÓ K = K (�; �; b; B);�) Ó�ÅËÔÒÁÌØÎÙÈ �ÌÏÔ-ÎÏÓÔÅÊ ×ÙÄÅÌÑÅÔÓÑ ÉÚ ËÌÁÓÓÁ A(�; �; b; B) ÕÓÌÏ×ÉÅÍ�(f) 6 � <∞: (39)îÅÓËÏÌØËÏ ÄÒÕÇÏÊ ËÌÁÓÓ ÂÙÌ ÒÁÓÓÍÏÔÒÅÎ ó. ÷. òÅÛÅÔÏ×ÙÍ × [9℄.ïÂÏÚÎÁÞÉÍ Y (u) = y[gTu]=T , X(u) = x[gTu]=T . éÓ�ÏÌØÚÕÑ ÓÏÏÔÎÏÛÅ-ÎÉÅ (ÓÍ. (13) É (24)) 12T T∫

−T gTu (t) s(t) dt = a(u); (40)�ÅÒÅÊÄÅÍ Ë ÜË×É×ÁÌÅÎÔÎÏÊ (ÓÍ. [10℄) ÄÉÓËÒÅÔÎÏÊ ÚÁÄÁÞÅ Ï�ÅÎÉ×ÁÎÉÑÎÅÉÚ×ÅÓÔÎÏÇÏ ×ÅËÔÏÒÁ a = (a(u); u ∈ �)Y (u) = a(u) +X(u); u ∈ �: (41)úÄÅÓØ ×ÅËÔÏÒ a = (a(u); u ∈ �) ÌÅÖÉÔ × �ÅÎÔÒÁÌØÎÏ ÓÉÍÍÅÔÒÉÞÎÏÍÍÎÏÖÅÓÔ×Å �, Ï�ÒÅÄÅÌÑÅÍÏÍ ÕÓÌÏ×ÉÅÍ (36), X = (X(u); u ∈ �) { ÇÁÕÓ-ÓÏ×ÓËÉÊ ×ÅËÔÏÒ 
 ÎÕÌÅ×ÙÍ ÓÒÅÄÎÉÍ. ðÒÉ ÜÔÏÍ�2u = E|X(u)|2 = 14T 2 ∞∫

−∞

|ĝTu(x)|2 f(x) dx:úÁÍÅÔÉÍ, ÞÔÏ �Ï ÌÅÍÍÅ 4.2, ÅÓÌÉ f ∈ K , ÔÏ
(�; r; �) 14T f"(u) 6 E|X(u)|2 6 C(�; r; �) 14T f"(u): (42)CÏÇÌÁÓÎÏ ÖÅ ÌÅÍÍÅ 4.3, ÅÓÌÉ f ∈ K , ÔÏE |X(u)− ∑v 6=u a(u)X(v)|2 > 
(�; r; �)E|X(u)|2: (43)



272 ÷. î. óïìå÷ðÕÓÔØ âT = (âT (u); u ∈ �) { Ï�ÅÎËÁ ÎÅÉÚ×ÅÓÔÎÏÇÏ ×ÅËÔÏÒÁ a �ÏÎÁÂÌÀÄÅÎÉÑÍ (41). ðÒÉÍÅÍ ÏÂÏÚÎÁÞÅÎÉÑRT (âT ; �) = supa∈� E∑u∈� |âT (u)− a(u)|2; RT (�) = infâT RT (âT ; �):ðÏ Ï�ÅÎËÅ âT = (âT (u); u ∈ �) ÎÅÉÚ×ÅÓÔÎÏÇÏ ×ÅËÔÏÒÁ a = (aT (u),u∈�) �ÏÓÔÒÏÉÍ Ï�ÅÎËÕ ŝT (t) = ∑u∈� âT (u) eiut ÎÅÉÚ×ÅÓÔÎÏÊ ÆÕÎË�ÉÉ s.ðÕÓÔØ s̃T { Ï�ÅÎËÁ, ÓÏÏÔ×ÅÔÓÔ×ÕÀÝÁÑ Ó�Å�ÉÁÌØÎÏÍÕ ×ÙÂÏÒÕ Ï�ÅÎËÉâT = ãT , ãT = (ãT (u); u ∈ �), ËÏÇÄÁãT (u) = Y (u) �ÒÉ |u| 6 m É ãT (u) = 0 �ÒÉ |u| > m; m = T 1+�1+2� :÷ÅÌÉÞÉÎÙ ÒÉÓËÁ RT (ŝT ;L∗) É ÍÉÎÉÍÁËÓÎÏÇÏ ÒÉÓËÁ RT (L∗) Ï�ÒÅ-ÄÅÌÅÎÎÙÅ × (10) É (11), ËÏÎÅÞÎÏ, ÏÔÌÉÞÁÀÔÓÑ ÏÔ ×ÅÌÉÞÉÎ RT (âT ; �) ÉRT (�), ÏÄÎÁËÏ, (ÓÍ. §2) �ÒÉ ÕÓÌÏ×ÉÉ �(�) > 0 ÓÕÝÅÓÔ×ÕÀÔ ÔÁËÉÅ �ÏÌÏ-ÖÉÔÅÌØÎÙÅ ËÏÎÓÔÁÎÔÙ 0 < 
(�) 6 C(�) <∞, ÞÔÏ
(�)RT (â; �) 6 RT (ŝT ;L∗) 6 C(�)RT (â; �);
(�)RT (�) 6 RT (L∗) 6 C(�)RT (�):ðÏÜÔÏÍÕ ÕÔ×ÅÒÖÄÅÎÉÑ ÓÌÅÄÕÀÝÉÈ Ä×ÕÈ ÔÅÏÒÅÍ ÜË×É×ÁÌÅÎÔÎÙ.�ÅÏÒÅÍÁ 5.1. ðÕÓÔØ � = �(�) > 0; f ∈ K , Ó�ÅËÔÒÁÌØÎÏÅ ÍÎÏ-ÖÅÓÔ×Ï � ÕÄÏ×ÌÅÔ×ÏÒÑÅÔ ÕÓÌÏ×ÉÀ (37). �ÏÇÄÁ ÎÁÊÄÕÔÓÑ ÔÁËÁÑ �Ï-ÌÏÖÉÔÅÌØÎÁÑ ËÏÎÓÔÁÎÔÁ T0 = T0(r;K ) É ÔÁËÉÅ �ÏÌÏÖÉÔÅÌØÎÙÅ�1 = �1(r;K ;�) 6 �2 = �2(r;K ;�) <∞, ÞÔÏ �ÒÉ T > T0�1 T−
(1+�)(2�)1+2� 6 RT (L∗) 6 RT (~sT ;L∗) 6 �2 T−

(1+�)(2�)1+2� : (44)�ÅÏÒÅÍÁ 5.2. ðÕÓÔØ � = �(�) > 0, f ∈ K , Ó�ÅËÔÒÁÌØÎÏÅ ÍÎÏ-ÖÅÓÔ×Ï � ÕÄÏ×ÌÅÔ×ÏÒÑÅÔ ÕÓÌÏ×ÉÀ (37). �ÏÇÄÁ ÎÁÊÄÕÔÓÑ ÔÁËÁÑ �Ï-ÌÏÖÉÔÅÌØÎÁÑ ËÏÎÓÔÁÎÔÁ T0 = T0(r;K ) É ÔÁËÉÅ �ÏÌÏÖÉÔÅÌØÎÙÅ�1(r;K ;�) 6 �2(r;K ;�) <∞, ÞÔÏ�1 T− (1+�)(2�)1+2� 6 RT (�) 6 RT (~aT ; �) 6 �2 T− (1+�)(2�)1+2� : (45)äÏËÁÚÁÔÅÌØÓÔ×Ï. ÷ÅÌÉÞÉÎÙ ÒÉÓËÁ RT (ãT ; �) Ï�ÅÎËÉ ãT É ÍÉÎÉÍÁËÓ-ÎÏÇÏ ÒÉÓËÁ RT (�), ×ÏÏÂÝÅ ÇÏ×ÏÒÑ, ÓÕÝÅÓÔ×ÅÎÎÏ ÚÁ×ÉÓÑÔ ÏÔ ÓÏ×ÍÅÓÔÎÏ-ÇÏ ÒÁÓ�ÒÅÄÅÌÅÎÉÑ ËÏÏÒÄÉÎÁÔ ×ÅËÔÏÒÁ X = (X(u); u ∈ �). ïÄÎÁËÏ, �ÏÌÅÍÍÅ 1.1 �ÒÉ ÕÓÌÏ×ÉÉ (43) ÎÁÊÄÕÔÓÑ ÔÁËÉÅ ËÏÎÓÔÁÎÔÙ 0 < d(�; r; �) 6D(�; r; �), ÞÔÏd(�; r; �)R∗T (�) 6 RT (�) 6 D(�; r; �)R∗T (~aT ;�) (46)



áäáð�é÷îáñ ïãåîëá æõîëãéé 273ÇÄÅR∗T (�) { ×ÅÌÉÞÉÎÁ ÍÉÎÉÍÁËÓÎÏÇÏ ÒÉÓËÁ × ÓÌÕÞÁÅ, ËÏÇÄÁ ËÏÏÒÄÉÎÁÔÙ×ÅËÔÏÒÁ X = (X(u); u ∈ �) { ÎÅÚÁ×ÉÓÉÍÙÅ (�ÒÉ ÔÅÈ ÖÅ ÍÁÒÇÉÎÁÌØÎÙÈÒÁÓ�ÒÅÄÅÌÅÎÉÑÈ). ï�ÅÎËÁ ÓÎÉÚÕ ×ÅÌÉÞÉÎÙ R∗T (�) �ÒÅÄÓÔÁ×ÌÑÅÔÓÑ ÚÁÄÁ-ÞÅÊ ÂÏÌÅÅ �ÒÏÓÔÏÊ.íÙ ÂÕÄÅÍ Ï�ÉÒÁÔØÓÑ ÎÁ Ï�ÅÎËÕ ÓÎÉÚÕ × ÌÅÍÍÅ 1.1C1 ∑u∈� �2u ∧ �2u 6 R∗T (�): (47)úÄÅÓØ � = (�2u ; u ∈ �) { �ÒÏÉÚ×ÏÌØÎÙÊ ×ÅËÔÏÒ, ÕÄÏ×ÌÅÔ×ÏÒÑÀÝÉÊ ÕÓÌÏ-×ÉÀ (36). äÁÌÅÅ ÄÌÑ �ÒÏÓÔÏÔÙ ÏÂÏÚÎÁÞÅÎÉÊ ÂÕÄÅÍ �ÉÓÁÔØ × ÉÎÄÅËÓÁÈÓÕÍÍÉÒÏ×ÁÎÉÑ ×ÍÅÓÔÏ {u : u ∈ �; |u| 6 m} �ÒÏÓÔÏ {|u| 6 m}. ðÏÌÏÖÉÍ" = 1=T É ×ÙÂÅÒÅÍ ×ÅÌÉÞÉÎÙ �2u ÓÌÅÄÕÀÝÉÍ ÏÂÒÁÚÏÍ�2u = L f"(u)∑
|u|6m f"(u) (1 + |u|)2� ; ÅÓÌÉ |u| 6 m; (48)�ÏÌÁÇÁÑ ÏÓÔÁÌØÎÙÅ ×ÅÌÉÞÉÎÙ �2u (ÔÏ ÅÓÔØ �ÒÉ |u| > m) ÒÁ×ÎÙÍÉ ÎÕÌÀ.÷ÅÌÉÞÉÎÕ m > 0 ÍÙ ×ÙÂÅÒÅÍ ÔÁË, ÞÔÏÂÙ × ÏÔÒÅÚËÅ [−m;m℄ ÂÙÌÁ ÈÏÔÑÂÙ ÏÄÎÁ ÔÏÞËÁ ÉÚ �. éÍÅÎÎÏ, ×ÙÂÅÒÅÍ m > m0, ÉÓÈÏÄÑ ÉÚ ÓÏÏÔÎÏÛÅÎÉÑ"1+�m1+2� = 1: (49)éÚ ÕÓÌÏ×ÉÑ (38) ÓÌÅÄÕÅÔ, ÞÔÏ �ÒÉ m > m0 (ÔÏ ÅÓÔØ �ÒÉ T > T0)" ∑

|u|<m f"(u) (1 + |u|)2� 6 (1 +m)2� N(m)B "1+� 6 �3Ó ËÏÎÓÔÁÎÔÏÊ �3 = �3(�;m0; B). ðÏÜÔÏÍÕ �ÒÉ m > m0 ×ÅÌÉÞÉÎÁ �2u >�4 " f"(u), ÇÄÅ �4 = �4(�;m0; B; �; L) = L�3. éÚ ÕÓÌÏ×ÉÑ (42) ÓÌÅÄÕÅÔ,ÞÔÏ �5 " f"(u) 6 �2u Ó ËÏÎÓÔÁÎÔÏÊ �5 = �5(�; r; �). ðÏÜÔÏÍÕ�2u ∧ �2u > �6 " f"(u); ÇÄÅ �6 = �5 ∧ �4:óÔÁÌÏ ÂÙÔØ, × ÓÉÌÕ (47)R∗T (�) > �7 " ∑

|u|6m f"(u); �7 = �7(�; r;m0; B; �):ðÏÓËÏÌØËÕ �Ï ÕÓÌÏ×ÉÑÍ (37), (38) �ÒÉ m > m0" ∑

|u|6m f"(u) >
"(1 +m)2� ∑

|u|6m f"(u) (1 + |u|)2�
> ab (m+ 1)−2�m2�+1"�+1;
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|u|6m f"(u) > �8 T− 2�(1+�)2�+1 ; �8 = �8(�;m0; a; b):�ÁË ÞÔÏ ÍÙ �ÒÉÈÏÄÉÍ Ë Ï�ÅÎËÅ ÓÎÉÚÕ ×ÅÌÉÞÉÎÙ R∗T (�) ×ÉÄÁR∗T (�) > �∗1(r;K ;�)T−
2�(1+�)2�+1 ;É, ÓÔÁÌÏ ÂÙÔØ, (ÓÍ. (46)) Ë ÔÒÅÂÕÅÍÏÊ Ï�ÅÎËÅ ÓÎÉÚÕ ×ÅÌÉÞÉÎÙ RT (�) ÓËÏÎÓÔÁÎÔÏÊ �1(r;K ;�) = d(�; r; �)�∗1(r;K ;�).ðÏÄÈÏÄÑÝÁÑ Ï�ÅÎËÁ Ó×ÅÒÈÕ ÄÌÑ ×ÅÌÉÞÉÎÙ RT (�) ÓÌÅÄÕÅÔ ÉÚ ÎÅÒÁ×ÅÎ-ÓÔ×Á RT (�) 6 RT (ãT ; �) É ÓÏÏÔ×ÅÔ×ÅÔÓÔ×ÕÀÝÅÊ Ï�ÅÎËÉ ÄÌÑ ×ÅÌÉÞÉÎÙRT (ãT ; �). ðÏÓËÏÌØËÕ ãT = a(u) + X(u), �ÒÉ |u| 6 m É ãT = 0, �ÒÉ

|u| > m, ÔÏRT (ãT ; �) = supa∈�{ ∑

|u|6m E|X(u)|2 + ∑

|u|>m |a(u)|2}:�ÁË ËÁË
∑

|u|>m |a(u)|2 6 m−2� ∑

|u|>m |a(u)|2 (1 + |u|)2� 6 m−2� LÉ × ÓÉÌÕ (42)
∑

|u|6m E|X(u)|2 6 C(�; r; �) 14T ∑

|u|6m f"(u);ÔÏ ÄÌÑ ÚÁ×ÅÒÛÅÎÉÑ ÄÏËÁÚÁÔÅÌØÓÔ×Á ÔÅÏÒÅÍÙ ÄÏÓÔÁÔÏÞÎÏ ÕÓÔÁÎÏ×ÉÔØ,ÞÔÏ �ÒÉ T > T0, m = T 1+�1+2� , " = 1=T �ÒÉ ÎÅËÏÔÏÒÏÍ �9(r;K ;�) <∞" ∑

|u|6m f"(u) 6 �9(r;K ;�)T− 2� (1+�)1+2� (50)éÚ ÕÓÌÏ×ÉÑ (38) �ÏÌÕÞÁÅÍ" ∑

|u|6m f"(u) 6 BN(m) "�+1;ÞÔÏ �ÒÉ×ÏÄÉÔ Ë (50), ÅÓÌÉ ÕÞÅÓÔØ, ÞÔÏ �(N(m) − 1) 6 m, m = T 1+�1+2� ," = 1=T . �
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