
úÁ�ÉÓËÉ ÎÁÕÞÎÙÈÓÅÍÉÎÁÒÏ× ðïíé�ÏÍ 466, 2017 Ç.í. ó. åÒÍÁËÏ×íéîéíáëóîïå îåðáòáíå�òéþåóëïåïãåîé÷áîéå îá îáéâïìøûéè íîïöåó�÷áè
§1. ÷×ÅÄÅÎÉÅäÌÑ ÚÁÄÁÞÉ ÎÅ�ÁÒÁÍÅÔÒÉÞÅÓËÏÇÏ Ï�ÅÎÉ×ÁÎÉÑ ÓÉÇÎÁÌÁ × ÇÁÕÓÓÏ×ÓËÏÍÛÕÍÅ Ï�ÔÉÍÁÌØÎÙÊ �ÏÒÑÄÏË ÓËÏÒÏÓÔÉ ÓÈÏÄÉÍÏÓÔÉ Ï�ÅÎÏË ÉÚÕÞÅÎ ÄÌÑÛÉÒÏËÏÇÏ ËÌÁÓÓÁ ÆÕÎË�ÉÏÎÁÌØÎÙÈ �ÒÏÓÔÒÁÎÓÔ× É ÓÏ×ÅÒÛÅÎÎÏ ÒÁÚÌÉÞ-ÎÙÈ �ÏÓÔÁÎÏ×ÏË ÚÁÄÁÞ (ÓÍ. [4, 7, 9, 12, 16, 21℄ É ÓÓÙÌËÉ × ÎÉÈ). ÷ ÔÏ ÖÅ×ÒÅÍÑ ÁÓÉÍ�ÔÏÔÉÞÅÓËÉ ÍÉÎÉÍÁËÓÎÙÅ Ï�ÅÎËÉ Ó ÔÏÞÎÏÊ ÁÓÉÍ�ÔÏÔÉËÏÊÓËÏÒÏÓÔÉ ÓÈÏÄÉÍÏÓÔÉ ÉÚ×ÅÓÔÎÙ, ÔÏÌØËÏ ÅÓÌÉ ÄÁÎÁ Á�ÒÉÏÒÎÁÑ ÉÎÆÏÒÍÁ-�ÉÑ, ÞÔÏ ÓÉÇÎÁÌ �ÒÉÎÁÄÌÅÖÉÔ ÜÌÌÉ�ÓÏÉÄÕ × L2 [9, 14, 17, 18, 21℄, ÛÁÒÁÍ× L∞ [1, 3, 13, 15℄ ÉÌÉ ÔÅÌÁÍ × �ÒÏÓÔÒÁÎÓÔ×ÁÈ âÅÓÏ×Á [4, 9℄. ãÅÌØ ÓÔÁÔØÉ{ ÏÂÒÁÔÉÔØ ×ÎÉÍÁÎÉÅ, ÞÔÏ ÔÁËÉÅ Ï�ÅÎËÉ ÍÏÇÕÔ ÂÙÔØ �ÏÌÕÞÅÎÙ É ÄÌÑÄÒÕÇÉÈ ÍÎÏÖÅÓÔ× ÆÕÎË�ÉÊ. äÌÑ ÔÒÉÇÏÎÏÍÅÔÒÉÞÅÓËÏÊ ÏÒÔÏÇÏÎÁÌØÎÏÊÓÉÓÔÅÍÙ ÆÕÎË�ÉÊ ÜÔÉ ÍÎÏÖÅÓÔ×Á ÍÏÇÕÔ ÒÁÓÓÍÁÔÒÉ×ÁÔØÓÑ ËÁË ÛÁÒÙ ×�ÒÏÓÔÒÁÎÓÔ×Å âÅÓÏ×Á B�2∞ ÄÌÑ ÎÅËÏÔÏÒÏÊ ÎÏÒÍÙ. íÙ ÏÂÏÚÎÁÞÉÍ ÜÔÉÍÎÏÖÅÓÔ×Á B(�; P0), ÇÄÅ � > 0 É P0 > 0.ûÁÒÙ B(�; P0) ÏÂÌÁÄÁÀÔ ÚÁÍÅÞÁÔÅÌØÎÙÍÉ Ó×ÏÊÓÔ×ÁÍÉ × ÚÁÄÁÞÁÈ ÎÅ-�ÁÒÁÍÅÔÒÉÞÅÓËÏÇÏ Ï�ÅÎÉ×ÁÎÉÑ. ïÎÉ ÎÅÓÕÔ ÒÁÚÕÍÎÕÀ ÉÎÆÏÒÍÁ�ÉÀ ÏÇÌÁÄËÏÓÔÉ ÓÉÇÎÁÌÁ.îÁ ÜÔÉÈ ÍÎÏÖÅÓÔ×ÁÈ ÎÁÉÂÏÌÅÅ ÒÁÓ�ÒÏÓÔÒÁÎÅÎÎÙÅ ÌÉÎÅÊÎÙÅ ÎÅ�ÁÒÁ-ÍÅÔÒÉÞÅÓËÉÅ Ï�ÅÎËÉ ÉÍÅÀÔ ÚÁÄÁÎÎÕÀ ÓËÏÒÏÓÔØ ÓÈÏÄÉÍÏÓÔÉ [11, 12℄.äÌÑ ÛÉÒÏËÏÇÏ ËÌÁÓÓÁ ÌÉÎÅÊÎÙÈ Ï�ÅÎÏË ÏÎÉ Ñ×ÌÑÀÔÓÑ ÎÁÉÂÏÌØÛÉÍÉÍÎÏÖÅÓÔ×ÁÍÉ Ó ÚÁÄÁÎÎÏÊ ÓËÏÒÏÓÔØÀ ÓÈÏÄÉÍÏÓÔÉ [11, 19℄.òÁÎÅÅ ÚÁÄÁÞÉ ÎÅ�ÁÒÁÍÅÔÒÉÞÅÓËÏÇÏ Ï�ÅÎÉ×ÁÎÉÑ ÒÅÛÅÎÉÊ ÌÉÎÅÊÎÙÈÎÅËÏÒÒÅËÔÎÙÈ ÏÂÒÁÔÎÙÈ ÚÁÄÁÞ × ÇÁÕÓÓÏ×ÓËÏÍ ÛÕÍÅ ÎÁ ÍÎÏÖÅÓÔ×ÁÈB(�; P0) ÒÁÓÓÍÁÔÒÉ×ÁÌÉÓØ × ÚÁÄÁÞÁÈ ÜËÏÎÏÍÅÔÒÉËÉ [10℄.÷ÏÚÎÉËÁÀÝÉÅ ÁÓÉÍ�ÔÏÔÉÞÅÓËÉ ÍÉÎÉÍÁËÓÎÙÅ Ï�ÅÎËÉ Ñ×ÌÑÀÔÓÑ Ï�ÅÎ-ËÁÍÉ ÍÁËÓÉÍÕÍÁ �ÒÁ×ÄÏ�ÏÄÏÂÉÑ Ó Ë×ÁÄÒÁÔÉÞÎÏÊ ÛÔÒÁÆÎÏÊ ÆÕÎË�ÉÅÊëÌÀÞÅ×ÙÅ ÓÌÏ×Á: ÁÌÇÏÒÉÔÍ ÒÅÇÕÌÑÒÉÚÁ�ÉÉ �ÉÈÏÎÏ×Á, Ï�ÅÎËÁ ÍÁËÓÉÍÕÍÁ�ÒÁ×ÄÏ�ÏÄÏÂÉÑ, ÁÓÉÍ�ÔÏÔÉÞÅÓËÉ ÍÉÎÉÍÁËÓÎÏÅ Ï�ÅÎÉ×ÁÎÉÅ, ÎÅ�ÁÒÁÍÅÔÒÉÞÅÓËÏÅÏ�ÅÎÉ×ÁÎÉÅ.òÁÂÏÔÁ �ÏÄÄÅÒÖÁÎÁ ÇÒÁÎÔÏÍ òææé 17-01-00828.120



íéîéíáëóîïå îåðáòáíå�òéþåóëïå ïãåîé÷áîéå 121[5, 9, 22℄. �ÁËÉÍ ÏÂÒÁÚÏÍ, ÏËÁÚÙ×ÁÅÔÓÑ, ÞÔÏ Ï�ÅÎËÉ ÍÁËÓÉÍÕÍÁ �ÒÁ×-ÄÏ�ÏÄÏÂÉÑ Ó Ë×ÁÄÒÁÔÉÞÎÏÊ ÛÔÒÁÆÎÏÊ ÆÕÎË�ÉÅÊ Ñ×ÌÑÀÔÓÑ Ï�ÔÉÍÁÌØ-ÎÙÍÉ ÎÅ ÔÏÌØËÏ ËÁË Ï�ÅÎËÉ ÂÁÊÅÓÏ×ÓËÏÇÏ ÏÔÎÏÛÅÎÉÑ �ÒÁ×ÄÏ�ÏÄÏÂÉÑ[9, 21, 22℄, ÎÏ É × ÍÉÎÉÍÁËÓÎÏÍ ÓÍÙÓÌÅ. ðÏÌÕÞÅÎÎÙÅ ÒÅÚÕÌØÔÁÔÙ ÍÏÖÎÏÒÁÓÓÍÁÔÒÉ×ÁÔØ É ËÁË ÒÅÛÅÎÉÅ ÏÂÒÁÔÎÏÊ ÚÁÄÁÞÉ: ÎÁÊÔÉ ÄÌÑ ÂÁÊÅÓÏ×ÓËÉÈÏ�ÅÎÏË É Ï�ÅÎÏË ÍÁËÓÉÍÕÍÁ �ÒÁ×ÄÏ�ÏÄÏÂÉÑ ÓÏ ÛÔÒÁÆÎÏÊ ÆÕÎË�ÉÅÊÎÁÉÂÏÌØÛÉÅ ÍÎÏÖÅÓÔ×Á, ÎÁ ËÏÔÏÒÙÈ ÜÔÉ Ï�ÅÎËÉ Ñ×ÌÑÀÔÓÑ ÁÓÉÍ�ÔÏÔÉ-ÞÅÓËÉ ÍÉÎÉÍÁËÓÎÙÍÉ.÷ ÒÁÂÏÔÅ ÉÓÓÌÅÄÕÅÔÓÑ ÔÁËÖÅ ÎÅÁÓÉÍ�ÔÏÔÉÞÅÓËÁÑ �ÏÓÔÁÎÏ×ËÁ ÚÁÄÁÞÉ.äÌÑ ÎÅÅ ÍÙ �ÏËÁÚÙ×ÁÅÍ, ÞÔÏ ÒÁÓÓÍÁÔÒÉ×ÁÅÍÙÅ Ï�ÅÎËÉ ÍÉÎÉÍÁËÓÎÙ ×ËÌÁÓÓÅ ÌÉÎÅÊÎÙÈ Ï�ÅÎÏË.òÅÚÕÌØÔÁÔÙ ÌÅÇËÏ �ÅÒÅÎÏÓÑÔÓÑ ÎÁ ÓÌÕÞÁÊ ÍÉÎÉÍÁËÓÎÏÇÏ Ï�ÅÎÉ×Á-ÎÉÑ ÒÅÛÅÎÉÊ ÌÉÎÅÊÎÙÈ ÎÅËÏÒÒÅËÔÎÏ �ÏÓÔÁ×ÌÅÎÎÙÈ ÚÁÄÁÞ. äÌÑ ÜÔÏÊ�ÏÓÔÁÎÏ×ËÉ ÁÓÉÍ�ÔÏÔÉÞÅÓËÉ ÍÉÎÉÍÁËÓÎÙÅ Ï�ÅÎËÉ Ñ×ÌÑÀÔÓÑ Ï�ÅÎËÁÍÉÁÌÇÏÒÉÔÍÁ ÒÅÇÕÌÑÒÉÚÁ�ÉÉ �ÉÈÏÎÏ×Á [20℄.íÙ �ÏËÁÚÙ×ÁÅÍ, ÞÔÏ Ï�ÅÎËÉ ðÉÎÓËÅÒÁ [9, 18, 21℄ ÉÍÅÀÔ ÎÁ ÍÎÏ-ÖÅÓÔ×ÁÈ B(�; P0) �ÏÒÑÄÏË ÓÈÏÄÉÍÏÓÔÉ ÈÕÖÅ, ÞÅÍ ÁÓÉÍ�ÔÏÔÉÞÅÓËÉ ÍÉ-ÎÉÍÁËÓÎÙÅ Ï�ÅÎËÉ ÎÁ B(�; P0), É ÄÌÑ ÎÉÈ ÎÁÉÂÏÌØÛÉÍÉ ÍÎÏÖÅÓÔ×ÁÍÉÑ×ÌÑÀÔÓÑ ÛÁÒÙ × �ÒÏÓÔÒÁÎÓÔ×Å óÏÂÏÌÅ×Á.òÅÚÕÌØÔÁÔÙ ÂÕÄÕÔ ÄÁÎÙ × ÔÅÒÍÉÎÁÈ ËÏÜÆÆÉ�ÉÅÎÔÏ× æÕÒØÅ Ï�ÅÎÉ×Á-ÅÍÏÇÏ ÓÉÇÎÁÌÁ. ÷ ÜÔÏÊ �ÏÓÔÁÎÏ×ËÅ ÚÁÄÁÞÁ ÄÏ�ÕÓËÁÅÔ ÓÌÅÄÕÀÝÕÀ ÉÎÔÅÒ-�ÒÅÔÁ�ÉÀ. íÙ ÎÁÂÌÀÄÁÅÍ ÓÌÕÞÁÊÎÕÀ �ÏÓÌÅÄÏ×ÁÔÅÌØÎÏÓÔØ y = {yj}∞j=1,yj = xj + " �j �j ; " > 0; 1 6 j < ∞;ÇÄÅ �j > 0 { ÉÚ×ÅÓÔÎÙÅ �ÏÓÔÏÑÎÎÙÅ É �j , 1 6 j < ∞, { ÎÅÚÁ×ÉÓÉÍÙÅÇÁÕÓÓÏ×ÓËÉÅ ÓÌÕÞÁÊÎÙÅ ×ÅÌÉÞÉÎÙ, E �j = 0 É E �2j = 1.îÕÖÎÏ Ï�ÅÎÉÔØ �ÁÒÁÍÅÔÒ x = {xj}∞j=1. ïÂÏÚÎÁÞÉÍ � = {�j}∞j=1 É � =
{�j}∞j=1. ÷ ÚÁÄÁÞÅ Ï�ÅÎÉ×ÁÎÉÑ Ó ÆÉËÓÉÒÏ×ÁÎÎÙÍ " > 0 �ÒÅÄ�ÏÌÏÖÉÍ,ÞÔÏ ÉÍÅÅÔÓÑ ÓÌÅÄÕÀÝÁÑ Á�ÒÉÏÒÎÁÑ ÉÎÆÏÒÍÁ�ÉÑx ∈ B = B(a; P0) = {x = {xi}∞i=1 : supk a−1k ∞∑j=k x2j 6 P0}; (1.1)ÇÄÅ a = {ak}∞k=1 É ak > 0 { ÓÔÒÏÇÏ ÕÂÙ×ÁÀÝÁÑ �ÏÓÌÅÄÏ×ÁÔÅÌØÎÏÓÔØ.äÌÑ ÚÁÄÁÞÉ ÁÓÉÍ�ÔÏÔÉÞÅÓËÉ ÍÉÎÉÍÁËÓÎÏÇÏ Ï�ÅÎÉ×ÁÎÉÑ ÎÁÍÉ ÂÕÄÅÔÒÁÓÓÍÁÔÒÉ×ÁÔØÓÑ ÂÏÌÅÅ ÕÚËÉÊ ËÌÁÓÓ ÍÎÏÖÅÓÔ× B(�; P0) = B(ã; P0), ÇÄÅã = {k−2�}, � > 0. òÅÚÕÌØÔÁÔÙ ÍÏÇÕÔ ÂÙÔØ ÒÁÓ�ÒÏÓÔÒÁÎÅÎÙ É ÎÁ



122 í. ó. åòíáëï÷ÄÒÕÇÉÅ �ÏÓÌÅÄÏ×ÁÔÅÌØÎÏÓÔÉ ak. ïÄÎÁËÏ ÜÔÏ ÔÒÅÂÕÅÔ ÂÏÌÅÅ ÁËËÕÒÁÔ-ÎÙÈ Ï�ÅÎÏË. äÌÑ ÏÒÔÏÇÏÎÁÌØÎÏÊ ÔÒÉÇÏÎÏÍÅÔÒÉÞÅÓËÏÊ ÓÉÓÔÅÍÙ ÆÕÎË-�ÉÊ supk a−1k ∞∑j=k x2j ÍÏÖÅÔ ÒÁÓÓÍÁÔÒÉ×ÁÔØÓÑ × ËÁÞÅÓÔ×Å ÎÏÒÍÙ × �ÒÏ-ÓÔÒÁÎÓÔ×Å âÅÓÏ×Á B�2∞. äÌÑ ÔÅÌ âÅÓÏ×Á × B�2∞, �ÏÒÏÖÄÅÎÎÙÈ ×ÅÊ×ÌÅÔÁ-ÍÉ, ÁÓÉÍ�ÔÏÔÉÞÅÓËÉ ÍÉÎÉÍÁËÓÎÙÅ Ï�ÅÎËÉ ÍÏÖÎÏ ÎÁÊÔÉ × ËÎÉÇÅ äÖÏÎ-ÓÔÏÕÎÁ [9℄. ïÄÎÁËÏ ÄÌÑ ÒÁÓÓÍÁÔÒÉ×ÁÅÍÏÊ ÎÁÍÉ �ÏÓÔÁÎÏ×ËÉ ×ÏÚÎÉËÁÅÔÄÒÕÇÁÑ ÜËÓÔÒÅÍÁÌØÎÁÑ ÚÁÄÁÞÁ É �ÏÌÕÞÁÅÔÓÑ ÄÒÕÇÏÅ ÒÅÛÅÎÉÅ.åÓÔØ ÍÎÏÇÏ �ÕÂÌÉËÁ�ÉÊ �Ï ÁÄÁ�ÔÉ×ÎÏÍÕ ÁÓÉÍ�ÔÏÔÉÞÅÓËÉ ÍÉÎÉÍÁË-ÓÎÏÍÕ Ï�ÅÎÉ×ÁÎÉÀ (ÓÍ. [9, 21℄ É ÓÓÙÌËÉ × ÎÉÈ). òÅÚÕÌØÔÁÔÙ �Ï ÁÄÁ-�ÔÉ×ÎÏÍÕ Ï�ÅÎÉ×ÁÎÉÀ ÄÌÑ Ï�ÅÎÏË ðÉÎÓËÅÒÁ [9, 21℄ ÌÅÇËÏ �ÅÒÅÎÏÓÑÔÓÑÎÁ ÄÁÎÎÕÀ �ÏÓÔÁÎÏ×ËÕ ÚÁÄÁÞÉ ÄÌÑ ÒÁÓÓÍÁÔÒÉ×ÁÅÍÙÈ ÁÓÉÍ�ÔÏÔÉÞÅÓËÉÍÉÎÉÍÁËÓÎÙÈ Ï�ÅÎÏË.îÁ�ÏÍÎÉÍ Ï�ÒÅÄÅÌÅÎÉÅ ÎÁÉÂÏÌØÛÅÇÏ ÍÎÏÖÅÓÔ×Á [10, 11, 12, 19℄. äÌÑÏ�ÅÎËÉ x̂", ÆÕÎË�ÉÉ �ÏÔÅÒØ ‖x̂" − x‖2, �ÏÒÑÄËÁ ÓËÏÒÏÓÔÉ ÓÈÏÄÉÍÏÓÔÉ" ,  > 0; É �ÏÓÔÏÑÎÎÏÊ C > 0, ÎÁÉÂÏÌØÛÉÍ ÍÎÏÖÅÓÔ×ÏÍ Ñ×ÌÑÅÔÓÑMS(x̂"; )(C) = {x : sup" "−2 Ex ‖x̂" − x‖2 < C}:úÄÅÓØ ‖x‖ ÏÂÏÚÎÁÞÁÅÔ ÎÏÒÍÕ ×ÅËÔÏÒÁ x = {xj}∞j=1 × ÇÉÌØÂÅÒÔÏ×ÏÍ �ÒÏ-ÓÔÒÁÎÓÔ×Å,
‖x‖2 = ∞∑j=1 x2j :÷ ÄÁÌØÎÅÊÛÅÍ ÂÕË×Ù ; C ÏÂÏÚÎÁÞÁÀÔ �ÏÌÏÖÉÔÅÌØÎÙÅ �ÏÓÔÏÑÎÎÙÅ Éa" ≍ b" ÏÚÎÁÞÁÅÔ, ÞÔÏ  < a"=b" < C ÄÌÑ ×ÓÅÈ " > 0.

§2. ïÓÎÏ×ÎÙÅ ÒÅÚÕÌØÔÁÔÙíÙ ÓËÁÖÅÍ, ÞÔÏ ÌÉÎÅÊÎÁÑ Ï�ÅÎËÁ x̂" = {x̂"j}∞j=1 Ñ×ÌÑÅÔÓÑ ÍÉÎÉÍÁËÓ-ÎÏÊ × ËÌÁÓÓÅ ÌÉÎÅÊÎÙÈ Ï�ÅÎÏË x̂"� = {x̂"j�j }∞j=1, x̂"j�j = �j yj , �j ∈ R1,1 6 j < ∞, � = {�j}∞j=1, ÅÓÌÉRl" := supx∈B(a;P0) Ex ‖x̂" − x‖2 = inf� supx∈B(a;P0) Ex ‖x̂"� − x‖2: (2.1)íÙ ÓËÁÖÅÍ, ÞÔÏ Ï�ÅÎËÁ x̂" Ñ×ÌÑÅÔÓÑ ÁÓÉÍ�ÔÏÔÉÞÅÓËÉ ÍÉÎÉÍÁËÓÎÏÊ,ÅÓÌÉR" := supx∈B(�;P0) Ex ‖x̂" − x‖2 = infx̃"∈	 supx∈B(�;P0) Ex ‖x̃" − x‖2 (1 + o(1))(2.2)



íéîéíáëóîïå îåðáòáíå�òéþåóëïå ïãåîé÷áîéå 123�ÒÉ " → 0. úÄÅÓØ 	 ÏÂÏÚÎÁÞÁÅÔ ÍÎÏÖÅÓÔ×Ï ×ÓÅÈ Ï�ÅÎÏË.íÉÎÉÍÁËÓÎÁÑ Ï�ÅÎËÁ × ËÌÁÓÓÅ ÌÉÎÅÊÎÙÈ Ï�ÅÎÏË ÂÕÄÅÔ ÎÁÊÄÅÎÁ �ÒÉÓÌÅÄÕÀÝÉÈ �ÒÅÄ�ÏÌÏÖÅÎÉÑÈ.A1. îÁÊÄÅÔÓÑ ÔÁËÏÅ  > 0, ÞÔÏ  < �2j < ∞ ÄÌÑ ×ÓÅÈ j.A2. äÌÑ ×ÓÅÈ j > 1 �2j (aj−1 − aj)�2j−1 (aj − aj+1) > 1: (2.3)üÔÏ ÏÚÎÁÞÁÅÔ, ÞÔÏ �ÏÓÌÅÄÏ×ÁÔÅÌØÎÏÓÔØ �2j (aj−1 − aj) { ÓÔÒÏÇÏ ×ÏÚÒÁ-ÓÔÁÀÝÁÑ.�ÅÏÒÅÍÁ 1. ðÕÓÔØ ×Ù�ÏÌÎÅÎÙ ÕÓÌÏ×ÉÑ A1, A2. �ÏÇÄÁ ÌÉÎÅÊÎÁÑ Ï�ÅÎ-ËÁ x̂� Ó ËÏÏÒÄÉÎÁÔÎÙÍÉ ËÏÜÆÆÉ�ÉÅÎÔÁÍÉ�j = P0 (aj − aj+1)P0 (aj − aj+1) + "2 �2j (2.4)Ñ×ÌÑÅÔÓÑ ÍÉÎÉÍÁËÓÎÏÊ × ËÌÁÓÓÅ ÌÉÎÅÊÎÙÈ Ï�ÅÎÏË.íÉÎÉÍÁËÓÎÙÊ ÒÉÓË ÒÁ×ÅÎRl" = "2 ∞∑j=1 P0 �2j (aj − aj+1)P0 (aj − aj+1) + "2 �2j : (2.5)úÁÍÅÞÁÎÉÅ 1. ï�ÅÎËÁ x̂� Ñ×ÌÑÅÔÓÑ Ï�ÅÎËÏÊ ÍÁËÓÉÍÕÍÁ �ÒÁ×ÄÏ�ÏÄÏ-ÂÉÑ [5, 22℄ Ó Ë×ÁÄÒÁÔÉÞÎÏÊ ÛÔÒÁÆÎÏÊ ÆÕÎË�ÉÅÊP−10 ∞∑j=1 (aj − aj+1)−1�2j x2j :É ÂÁÊÅÓÏ×ÓËÏÊ Ï�ÅÎËÏÊ Ó Á�ÒÉÏÒÎÏÊ ÍÅÒÏÊ, �ÒÉ ËÏÔÏÒÏÊ ËÏÏÒÄÉÎÁ-ÔÙ xj , 1 6 j < ∞, { ÎÅÚÁ×ÉÓÉÍÙÅ ÎÏÒÍÁÌØÎÙÅ ÓÌÕÞÁÊÎÙÅ ×ÅÌÉÞÉÎÙ,Exj = 0 É Ex2j = P0 (aj − aj+1).úÁÍÅÞÁÎÉÅ 2. �ÅÏÒÅÍÁ 1 Ó�ÒÁ×ÅÄÌÉ×Á ÔÁËÖÅ ÄÌÑ ËÏÎÅÞÎÏÇÏ ÞÉÓÌÁ ÎÁ-ÂÌÀÄÅÎÉÊ y1; : : : ; yk, ÇÄÅ k < ∞.÷ ÔÅÏÒÅÍÅ 2 ÍÙ ÚÁÍÅÎÉÍ ÕÓÌÏ×ÉÅ A2 ÂÏÌÅÅ �ÒÏÓÔÙÍ ÕÓÌÏ×ÉÅÍB1. äÌÑ ×ÓÅÈ j > j0 �2j j2�+1�2j−1 (j − 1)2�+1 > 1: (2.6)üÔÏ ÏÚÎÁÞÁÅÔ, ÞÔÏ �ÏÓÌÅÄÏ×ÁÔÅÌØÎÏÓÔØ �2j j2�+1 { ÓÔÒÏÇÏ ×ÏÚÒÁÓÔÁÀ-ÝÁÑ.



124 í. ó. åòíáëï÷�ÅÏÒÅÍÁ 2. ðÕÓÔØ ×Ù�ÏÌÎÅÎÙ ÕÓÌÏ×ÉÑ A1, B1. �ÏÇÄÁ ÌÉÎÅÊÎÁÑ Ï�ÅÎ-ËÁ x̂� Ó �ÏËÏÏÒÄÉÎÁÔÎÙÍÉ ËÏÜÆÆÉ�ÉÅÎÔÁÍÉ�j = 2�P0 j−2�−12�P0 j−2�−1 + "2 �2j (2.7)Ñ×ÌÑÅÔÓÑ ÁÓÉÍ�ÔÏÔÉÞÅÓËÉ ÍÉÎÉÍÁËÓÎÏÊ × ËÌÁÓÓÅ ×ÓÅÈ Ï�ÅÎÏË.áÓÉÍ�ÔÏÔÉÞÅÓËÉ ÍÉÎÉÍÁËÓÎÙÊ ÒÉÓË ÒÁ×ÅÎR" = "2 ∞∑j=1 2�P0 j−2�−1 �2j2�P0 j−2�−1 + "2 �2j (1 + o(1)): (2.8)úÁÍÅÞÁÎÉÅ 3. ï�ÅÎËÁ x̂� Ñ×ÌÑÅÔÓÑ Ï�ÅÎËÏÊ ÍÁËÓÉÍÕÍÁ �ÒÁ×ÄÏ�ÏÄÏ-ÂÉÑ [5, 22℄ Ó Ë×ÁÄÒÁÔÉÞÎÏÊ ÛÔÒÁÆÎÏÊ ÆÕÎË�ÉÅÊ(2�P0)−1 ∞∑j=1 j1+2� �2j x2jÉ ÂÁÊÅÓÏ×ÓËÏÊ Ï�ÅÎËÏÊ Ó Á�ÒÉÏÒÎÏÊ ÍÅÒÏÊ, �ÒÉ ËÏÔÏÒÏÊ ËÏÏÒÄÉÎÁ-ÔÙ xj , 1 6 j < ∞, { ÎÅÚÁ×ÉÓÉÍÙÅ ÎÏÒÍÁÌØÎÙÅ ÓÌÕÞÁÊÎÙÅ ×ÅÌÉÞÉÎÙ,Exj = 0 É Ex2j = 2�P0 j−1−2�.�ÅÏÒÅÍÙ 1 É 2 ÌÅÇËÏ ÒÁÓ�ÒÏÓÔÒÁÎÑÀÔÓÑ ÎÁ Ï�ÅÎÉ×ÁÎÉÅ ÒÅÛÅÎÉÑÌÉÎÅÊÎÏÊ ÎÅËÏÒÒÅËÔÎÏÊ ÏÂÒÁÔÎÏÊ ÚÁÄÁÞÉ. ïÔÍÅÔÉÍ, ÞÔÏ ÎÁÉÂÏÌØÛÉÅÍÎÏÖÅÓÔ×Á × ÜÔÏÊ �ÏÓÔÁÎÏ×ËÅ ÉÚÕÞÁÌÉÓØ × ÒÁÂÏÔÅ [10℄.ðÒÅÄ�ÏÌÏÖÉÍ, ÞÔÏ ÍÙ ÎÁÂÌÀÄÁÅÍ ÓÌÕÞÁÊÎÙÊ ×ÅËÔÏÒy = Rx+ " �;ÇÄÅ R : H → H { ÌÉÎÅÊÎÙÊ ÓÁÍÏÓÏ�ÒÑÖÅÎÎÙÊ Ï�ÅÒÁÔÏÒ × ÓÅ�ÁÒÁ-ÂÅÌØÎÏÍ ÇÉÌØÂÅÒÔÏ×ÏÍ �ÒÏÓÔÒÁÎÓÔ×Å H . ïÓÔÁÌØÎÙÅ ÏÂÏÚÎÁÞÅÎÉÑ { ÔÅÖÅ ÓÁÍÙÅ, ÞÔÏ É × �ÒÅÄÙÄÕÝÅÊ �ÏÓÔÁÎÏ×ËÅ. ðÒÅÄ�ÏÌÏÖÉÍ, ÞÔÏ ÌÉÎÅÊ-ÎÙÊ Ï�ÅÒÁÔÏÒ R ÉÍÅÅÔ ÄÉÓËÒÅÔÎÙÊ Ó�ÅËÔÒ Ó ÓÏÂÓÔ×ÅÎÎÙÍÉ ÞÉÓÌÁÍÉrj , 1 6 j < ∞. �ÏÇÄÁ ÍÙ ÍÏÖÅÍ ÒÁÓÓÍÏÔÒÅÔØ ÓÌÅÄÕÀÝÕÀ �ÏÓÔÁÎÏ×ËÕÚÁÄÁÞÉ (ÓÍ. [8, 9, 10, 21℄).íÙ ÎÁÂÌÀÄÁÅÍ ÓÌÕÞÁÊÎÙÊ ×ÅËÔÏÒzj = rj xj + " �j �j ; 1 6 j < ∞;ÇÄÅ �j , 1 6 j < ∞, { ÎÅÚÁ×ÉÓÉÍÙÅ ÇÁÕÓÓÏ×ÓËÉÅ ÓÌÕÞÁÊÎÙÅ ×ÅÌÉÞÉÎÙ,E �j = 0, E �2j = 1. óÔÏÉÔ ÔÁ ÖÅ ÓÁÍÁÑ ÚÁÄÁÞÁ Ï�ÅÎÉ×ÁÎÉÑ ×ÅËÔÏÒÁx = {xj}∞j=1. äÅÌÅÎÉÅÍ ÎÁ rj ÏÎÁ Ó×ÏÄÉÔÓÑ Ë ÚÁÄÁÞÅ Ï�ÅÎÉ×ÁÎÉÑ ÓÉÇÎÁÌÁ.îÉÖÅ �ÒÉ×ÅÄÅÎÙ Ä×Å ÁÓÉÍ�ÔÏÔÉËÉ ÍÉÎÉÍÁËÓÎÏÇÏ ÒÉÓËÁ ÄÌÑ ÌÉÎÅÊ-ÎÙÈ ÎÅËÏÒÒÅËÔÎÙÈ ÏÂÒÁÔÎÙÈ ÚÁÄÁÞ.



íéîéíáëóîïå îåðáòáíå�òéþåóëïå ïãåîé÷áîéå 125ðÒÉÍÅÒ 1. ðÕÓÔØ |rj | = C j− (1 + o(1)) É �j = 1, 1 6 j < ∞. �ÏÇÄÁÄÌÑ � > 0,  > 0 ÉÍÅÅÔ ÍÅÓÔÏR" = " 4�1+2�+2 �2� sin(� (2+1)2� ) (2�P0) 2+12+2�+1 C−
2�2+2�+1 (1 + o(1)):(2.9)ðÒÉÍÅÒ 2. ðÕÓÔØ |rj | = C j� exp{−B j} É �j = 1, 1 6 j < ∞. �ÏÇÄÁÄÌÑ � > 0,  > 0, B > 0, � ∈ R1 ÉÍÅÅÔ ÍÅÓÔÏR" = P0 B2�= | log "|−2�= (1 + o(1)): (2.10)ïÔÍÅÔÉÍ, ÞÔÏ ÜÔÉ ÁÓÉÍ�ÔÏÔÉËÉ ÓÏ×�ÁÄÁÀÔ Ó ÁÓÉÍ�ÔÏÔÉËÁÍÉ ÒÉÓËÏ×× ÓÏÏÔ×ÅÔÓÔ×ÕÀÝÅÊ ÂÁÊÅÓÏ×ÓËÏÊ �ÏÓÔÁÎÏ×ËÅ.äÖÏÎÓÔÏÕÎ (ÔÅÏÒÅÍÁ 3.10, ÇÌ. 3, [9℄) ÓÒÁ×ÎÉÌ ÔÏÞÎÙÅ ÁÓÉÍ�ÔÏÔÉ-ËÉ ÍÉÎÉÍÁËÓÎÏÇÏ ÒÉÓËÁ Ï�ÅÎÏË, ÏÓÎÏ×ÁÎÎÙÈ ÎÁ ÔÒÉÇÏÎÏÍÅÔÒÉÞÅÓËÉÈÓ�ÌÁÊÎÁÈ, É Ï�ÅÎÏË ðÉÎÓËÅÒÁ, ÅÓÌÉ ÎÅÉÚ×ÅÓÔÎÙÊ ÓÉÇÎÁÌ �ÒÉÎÁÄÌÅÖÉÔÛÁÒÕ × �ÒÏÓÔÒÁÎÓÔ×Å óÏÂÏÌÅ×Á. ï�ÅÎËÉ, ÏÓÎÏ×ÁÎÎÙÅ ÎÁ Ó�ÌÁÊÎÁÈ, ÓÏ-×�ÁÄÁÀÔ Ó ÁÓÉÍ�ÔÏÔÉÞÅÓËÉ ÍÉÎÉÍÁËÓÎÙÍÉ Ï�ÅÎËÁÍÉ ÎÁ ÎÁÉÂÏÌØÛÉÈÍÎÏÖÅÓÔ×ÁÈ B(�; P0). �ÁËÉÍ ÏÂÒÁÚÏÍ, ÍÙ ÍÏÖÅÍ ÒÁÓÓÍÁÔÒÉ×ÁÔØ ÜÔÏÔÒÅÚÕÌØÔÁÔ ËÁË ÓÒÁ×ÎÅÎÉÅ ÁÓÉÍ�ÔÏÔÉË ÒÉÓËÏ× ÁÓÉÍ�ÔÏÔÉÞÅÓËÉ ÍÉÎÉ-ÍÁËÓÎÙÈ Ï�ÅÎÏË ÎÁ ÎÁÉÂÏÌØÛÉÈ ÍÎÏÖÅÓÔ×ÁÈ B(�; P0) É Ï�ÅÎÏË ðÉÎ-ÓËÅÒÁ. îÉÖÅ ÍÙ �ÒÏ×ÅÄÅÍ ÁÎÁÌÏÇÉÞÎÏÅ ÓÒÁ×ÎÅÎÉÅ, ÅÓÌÉ ÉÍÅÅÔÓÑ Á�ÒÉ-ÏÒÎÁÑ ÉÎÆÏÒÍÁ�ÉÑ, ÞÔÏ ÓÉÇÎÁÌ �ÒÉÎÁÄÌÅÖÉÔ ÎÁÉÂÏÌØÛÅÍÕ ÍÎÏÖÅÓÔ×ÕB(�; P0).ï�ÅÎËÁ ðÉÎÓËÅÒÁ �̃"� = {�̃"j}∞j=1 Ñ×ÌÑÅÔÓÑ ÌÉÎÅÊÎÏÊ Ï�ÅÎËÏÊ�̃"j = �"j yj ;ÇÄÅ �"j = (1− � bj)+É bj = j�, � > 0. ðÁÒÁÍÅÔÒ � Ï�ÒÅÄÅÌÑÅÔÓÑ ÕÒÁ×ÎÅÎÉÅÍ"2 ∞∑j=1 b2j ((� bj)−1 − 1)+ = P:ï�ÅÎËÁ ðÉÎÓËÅÒÁ Ñ×ÌÑÅÔÓÑ ÁÓÉÍ�ÔÏÔÉÞÅÓËÉ ÍÉÎÉÍÁËÓÎÏÊ ÎÁ ÜÌÌÉ�ÓÏ-ÉÄÁÈ (ÓÍ. [9, 17, 18, 21℄)S(�; P ) = {x : ∞∑j=1 b2j x2j 6 P; x = {xj}∞1 };ÇÄÅ P > 0.



126 í. ó. åòíáëï÷ïÂÏÚÎÁÞÉÍ R"(�; �) = inf� sup�∈B(�;P0) E� ‖�̃"� − �‖2É C = 2�2(1 + �)(1 + 2�) :�ÅÏÒÅÍÁ 3. ðÕÓÔØ 0 < � < �. �ÏÇÄÁR"(�; �) = C 2�1+2� C 11+2�1 ((2�)− 2�1+2� + (2�) 11+2� ) " 4�1+2� ; (2.11)ÇÄÅ C1 = ��−�P0:ðÕÓÔØ � > � > 0. �ÏÇÄÁR"(�; �) = C 2�1+2� C 11+2�1 ((2�)− 2�1+2� + (2�) 11+2� ) " 4�1+2� ; (2.12)ÇÄÅ C1 = ∞∑j=1 j2�(j−2� − (j + 1)−2�):åÓÌÉ � = �, ÔÏR"(�; �) = C� P 11+2�0 C 2�1+2� " 4�1+2� |2 ln "| 11+2� ; (2.13)ÇÄÅ C� = ((2�2) 11+2� + 2− 2�1+2�� 1−2�1+2� ) (1 + 2�)− 11+2� :îÁÉÂÏÌØÛÉÊ ÉÎÔÅÒÅÓ �ÒÅÄÓÔÁ×ÌÑÅÔ ÓÒÁ×ÎÅÎÉÅ ÒÉÓËÏ× Ï�ÅÎÏË ðÉÎ-ÓËÅÒÁ É ÁÓÉÍ�ÔÏÔÉÞÅÓËÉ ÍÉÎÉÍÁËÓÎÙÈ Ï�ÅÎÏË ÎÁ ÎÁÉÂÏÌØÛÉÈ ÍÎÏÖÅ-ÓÔ×ÁÈ �ÒÉ � = �. äÌÑ ÜÔÏÊ �ÏÓÔÁÎÏ×ËÉ ÚÁÄÁÞÉ ÍÙ ÓÒÁ×ÎÉ×ÁÅÍ ÒÉÓËÉÏ�ÅÎÏË ÎÁ ÍÎÏÖÅÓÔ×ÁÈ, ÉÍÅÀÝÉÈ �ÏÞÔÉ ÔÕ ÖÅ ÓÁÍÕÀ ÇÌÁÄËÏÓÔØ. òÉÓËÉÏ�ÅÎÏË ðÉÎÓËÅÒÁ ÎÁ ÎÁÉÂÏÌØÛÉÈ ÍÎÏÖÅÓÔ×ÁÈ B(�; P0) ÉÍÅÀÔ ÄÏ�ÏÌ-ÎÉÔÅÌØÎÙÊ ÌÏÇÁÒÉÆÍÉÞÅÓËÉÊ ÞÌÅÎ ÁÓÉÍ�ÔÏÔÉËÉ. ï�ÅÎËÉ ðÉÎÓËÅÒÁ ÎÅ�ÒÉÎÁÄÌÅÖÁÔ ËÌÁÓÓÕ ÌÉÎÅÊÎÙÈ Ï�ÅÎÏË, ÉÍÅÀÝÉÈ ÎÁÉÂÏÌØÛÉÍÉ ÍÎÏÖÅ-ÓÔ×ÁÍÉ ÍÎÏÖÅÓÔ×Á B(�; P0). ïËÁÚÙ×ÁÅÔÓÑ, ÞÔÏ ÛÁÒÙ × �ÒÏÓÔÒÁÎÓÔ×ÅóÏÂÏÌÅ×Á Ñ×ÌÑÀÔÓÑ ÎÁÉÂÏÌØÛÉÍÉ ÍÎÏÖÅÓÔ×ÁÍÉ ÄÌÑ Ï�ÅÎÏË ðÉÎÓËÅÒÁ.�ÅÏÒÅÍÁ 4. îÁÊÄÅÔÓÑ ÔÁËÏÅ C < ∞, ÞÔÏ ÄÌÑ ×ÓÅÈ " > 0R"(�; x) = "− 4�1+2� inf� Ex ‖x̃"� − x‖2 < C; (2.14)ÅÓÌÉ É ÔÏÌØËÏ ÅÓÌÉ, x �ÒÉÎÁÄÌÅÖÉÔ �ÒÏÓÔÒÁÎÓÔ×Õ óÏÂÏÌÅ×ÁS� = {x : ∞∑j=1 b2j x2j < ∞; x = {xj}∞j=1}:



íéîéíáëóîïå îåðáòáíå�òéþåóëïå ïãåîé÷áîéå 127÷ ÔÅÏÒÉÉ ÌÉÎÅÊÎÙÈ ÎÅËÏÒÒÅËÔÎÙÈ ÏÂÒÁÔÎÙÈ ÚÁÄÁÞ ÞÁÓÔÏ �ÒÅÄ�ÏÌÁ-ÇÁÅÔÓÑ, ÞÔÏ ÒÅÛÅÎÉÅ x ÕÄÏ×ÌÅÔ×ÏÒÑÅÔ ÕÓÌÏ×ÉÀ ÉÓÔÏÞÎÉËÁ [2℄x ∈ {x : x = Bu; ‖u‖ 6 1; u ∈ H};ÇÄÅ B { ÌÉÎÅÊÎÙÊ ÓÁÍÏÓÏ�ÒÑÖÅÎÎÙÊ ËÏÍ�ÁËÔÎÙÊ Ï�ÅÒÁÔÏÒ. üÔÏ ÏÚÎÁ-ÞÁÅÔ, ÞÔÏ ÒÅÛÅÎÉÅ x �ÒÉÎÁÄÌÅÖÉÔ ÜÌÌÉ�ÓÏÉÄÕ. �ÅÏÒÅÍÙ 3 É 4 �ÏËÁÚÙ-×ÁÀÔ, ÞÔÏ Ï�ÔÉÍÁÌØÎÙÅ ÌÉÎÅÊÎÙÅ ÒÅÛÅÎÉÑ, ÎÁÊÄÅÎÎÙÅ ÎÁ ÔÁËÉÈ ÍÎÏ-ÖÅÓÔ×ÁÈ, ÍÏÇÕÔ ÉÍÅÔØ ÈÕÄÛÉÊ �ÏÒÑÄÏË ÓËÏÒÏÓÔÉ ÓÈÏÄÉÍÏÓÔÉ ÎÁ ÂÏÌÅÅÛÉÒÏËÉÈ ÍÎÏÖÅÓÔ×ÁÈ, ÞÅÍ ÄÒÕÇÉÅ ÌÉÎÅÊÎÙÅ Ï�ÅÎËÉ.
§3. äÏËÁÚÁÔÅÌØÓÔ×Ï ÔÅÏÒÅÍ3.1. äÏËÁÚÁÔÅÌØÓÔ×Ï ÔÅÏÒÅÍÙ 1. îÁÞÎÅÍ Ó ÄÏËÁÚÁÔÅÌØÓÔ×Á ÇÒÁÎÉ-�Ù ÓÎÉÚÕ. ïÂÏÚÎÁÞÉÍ �2j = P0(aj − aj+1) É � = {�j}∞j=1.éÍÅÅÍinf� supx∈B Ex ‖x̂� − x‖2 > inf� E� ‖x̂"� − �‖2 = "2 ∞∑j=1 �2j �2j�2j + "2 �2j ; (3.1)É ÉÎÆÉÍÕÍ ÄÏÓÔÉÇÁÅÔÓÑ ÄÌÑ�j = �2j�2j + "2 �2j = P0 (aj − aj+1)P0 (aj − aj+1) + "2 �2j :äÏËÁÚÁÔÅÌØÓÔ×Ï ×ÅÒÈÎÅÊ ÇÒÁÎÉ�Ù ÏÓÎÏ×ÁÎÏ ÎÁ ÓÌÅÄÕÀÝÉÈ ÒÁÓÓÕÖÄÅ-ÎÉÑÈ. ðÕÓÔØ x = {xj}∞j=1 ∈ B. äÌÑ ×ÓÅÈ k ÏÂÏÚÎÁÞÉÍuk = a−1k ∞∑j=k x2j :�ÏÇÄÁ x2k = akuk − ak+1uk+1.äÌÑ �ÏÓÌÅÄÏ×ÁÔÅÌØÎÏÓÔÉ �j ; Ï�ÒÅÄÅÌÅÎÎÏÊ × ÔÅÏÒÅÍÅ 1, ÉÍÅÅÍEx ∞∑j=1 (�j yj − xj)2 = "2 ∞∑j=1 �2j �2j + ∞∑j=1 (1− �j)2 x2j= "2 ∞∑j=1 �2j �2j + ∞∑j=1 (�2j �−2j "−2 + 1)−2 (aj uj − aj+1 uj+1)= "2 ∞∑j=1 �2j �2j + (�21 �−21 "−2 + 1)−2 u1 (3.2)



128 í. ó. åòíáëï÷
−

∞∑j=2 uj aj ((�2j−1 �−2j−1 "−2 + 1)−2 − (�2j �−2j "−2 + 1)−2):÷ ÓÉÌÕ ÕÓÌÏ×ÉÑ A2, �ÏÓÌÅÄÎÅÅ ÓÌÁÇÁÅÍÏÅ × �ÒÁ×ÏÊ ÞÁÓÔÉ (3.2) ÏÔÒÉ�Á-ÔÅÌØÎÏ. óÌÅÄÏ×ÁÔÅÌØÎÏ ÍÁËÓÉÍÕÍ �ÒÁ×ÏÊ ÞÁÓÔÉ (3.2) ÄÏÓÔÉÇÁÅÔÓÑ ÄÌÑuj = P0, 1 6 j < ∞. �ÅÏÒÅÍÁ 1 ÄÏËÁÚÁÎÁ. �3.2. äÏËÁÚÁÔÅÌØÓÔ×Ï ÔÅÏÒÅÍÙ 2. çÒÁÎÉ�Á Ó×ÅÒÈÕ ÓÌÅÄÕÅÔ ÉÚ ÔÅÏ-ÒÅÍÙ 1. îÉÖÅ �ÒÉ×ÅÄÅÎÏ ÄÏËÁÚÁÔÅÌØÓÔ×Ï ÇÒÁÎÉ�Ù ÓÎÉÚÕ. ïÎÏ ×Ï ÍÎÏ-ÇÉÈ ÞÅÒÔÁÈ �ÏÈÏÖÅ ÎÁ ÄÏËÁÚÁÔÅÌØÓÔ×Ï ÎÉÖÎÅÊ ÇÒÁÎÉ�Ù × ÔÅÏÒÅÍÅ ðÉÎ-ÓËÅÒÁ [9, 18, 21℄.úÁÆÉËÓÉÒÕÅÍ ÚÎÁÞÅÎÉÑ Æ1, 0 < Æ1 < 1, É Æ, 0 < Æ < P0. ï�ÒÅÄÅÌÉÍ ÓÅ-ÍÅÊÓÔ×Ï ÎÁÔÕÒÁÌØÎÙÈ ÞÉÓÅÌ k", " > 0, ÔÁËÏÅ ÞÔÏ 2�P0 "−2 �2k" k−2�−1" =1 + o(1) �ÒÉ " → 0. ï�ÒÅÄÅÌÉÍ �ÏÓÌÅÄÏ×ÁÔÅÌØÎÏÓÔØ ÇÁÕÓÓÏ×ÓËÉÈ ÎÅÚÁ-×ÉÓÉÍÙÈ ÓÌÕÞÁÊÎÙÈ ×ÅÌÉÞÉÎ � = {�j}∞j=1, ÇÄÅ �j = �jÆÆ1 , E [�j ℄ = 0,E [�2j ℄ = 2� (P0 − Æ) j−2�−1, ÅÓÌÉ Æ k" 6 j 6 Æ−1 k", É �j = 0, ÅÓÌÉj < Æ1 k" ÉÌÉ j > Æ−11 k".ïÂÏÚÎÁÞÉÍ � ×ÅÒÏÑÔÎÏÓÔÎÕÀ ÍÅÒÕ �. ïÂÏÚÎÁÞÉÍ x̃ ÂÁÊÅÓÏ×ÓËÕÀÏ�ÅÎËÕ Ó Á�ÒÉÏÒÎÏÊ ÍÅÒÏÊ �.ï�ÒÅÄÅÌÉÍ ÕÓÌÏ×ÎÕÀ ×ÅÒÏÑÔÎÏÓÔÎÕÀ ÍÅÒÕ �Æ ÓÌÕÞÁÊÎÏÇÏ ×ÅËÔÏÒÁ ��ÒÉ ÕÓÌÏ×ÉÉ � ∈ B(�; P0). ïÂÏÚÎÁÞÉÍ �x ÂÁÊÅÓÏ×ÓËÕÀ Ï�ÅÎËÕ ×ÅËÔÏÒÁx, ÉÍÅÀÝÕÀ Á�ÒÉÏÒÎÕÀ ÍÅÒÕ �Æ. ïÂÏÚÎÁÞÉÍ � ÓÌÕÞÁÊÎÕÀ ×ÅÌÉÞÉÎÕ,ÉÍÅÀÝÕÀ ×ÅÒÏÑÔÎÏÓÔÎÕÀ ÍÅÒÕ �Æ .äÌÑ ÌÀÂÏÊ Ï�ÅÎËÉ x̂ ÉÍÅÅÍsupx∈B(�;P0)Ex ‖x̂− x‖2 > E�Æ E� ‖x̂− �‖2 > E�E� ‖x̃− �‖2
−E�E� (‖�x− �‖2; � =∈ B(�; P0))P−1� (� ∈ B(�; P0)): (3.3)éÍÅÅÍ E�E� ‖x̃− �‖2 = I(P0 − Æ)(1 + o(1)); (3.4)ÇÄÅ I(P0 − Æ) = "2 l2∑j=l1 �2j1 + (2� (P0 − Æ1))−1 "2 �2j j2�+1É l1 = [Æ1k"℄, l2 = [Æ−11 k"℄: úÄÅÓØ [a℄ ÏÂÏÚÎÁÞÁÅÔ �ÅÌÕÀ ÞÁÓÔØ ÞÉÓÌÁa ∈ R1.�ÁË ËÁË

‖�x‖2 6 supx∈B(�;P0) ‖x‖2 6 P0;



íéîéíáëóîïå îåðáòáíå�òéþåóëïå ïãåîé÷áîéå 129ÔÏE�E� (‖�x− �‖2; � =∈ B(�; P0)) 6 2E�E� (‖�x‖2 + ‖�‖2; � =∈ B(�; P0))
6 2P0P� (� =∈ B(�; P0)) + l2∑j=l1 (E� �4j )1=2 P1=2� (� =∈ B(�; P0)): (3.5)�ÁË ËÁË E� [�4j ℄ 6 Cj−2�−2, ÔÏ ÍÙ ÉÍÅÅÍl2∑j=l1 (E� �4j )1=2 6 C Æ−r1 k−2r" : (3.6)ïÓÔÁÅÔÓÑ Ï�ÅÎÉÔØP� (� =∈ B(�; P0))=P( maxl16i6l2 i2r l2∑j=i �2j −P0 (1−Æ1=2)>P0 Æ1=2)6

l2∑i=l1 Ji;(3.7)ÇÄÅ Ji = P(i2� l2∑j=i �2j − P0 (1− Æ=2) > P0 Æ=2):äÌÑ Ï�ÅÎËÉ Ji ÍÙ �ÒÉÍÅÎÉÍ ÓÌÅÄÕÀÝÅÅ ÕÔ×ÅÒÖÄÅÎÉÅ [6℄.ðÒÅÄÌÏÖÅÎÉÅ 1. ðÕÓÔØ � = {�i}li=1 { ÇÁÕÓÓÏ×ÓËÉÊ ÓÌÕÞÁÊÎÙÊ ×ÅË-ÔÏÒ, ÓÏÓÔÏÑÝÉÊ ÉÚ ÎÅÚÁ×ÉÓÉÍÙÈ ÓÌÕÞÁÊÎÙÈ ×ÅÌÉÞÉÎ �i, E�i=0, E�2i =1.ðÕÓÔØ A { ÍÁÔÒÉ�Á ÒÁÚÍÅÒÁ l × l É �ÕÓÔØ � = ATA. �ÏÇÄÁP (‖A�‖2 > tr (�) + 2√tr (�2) t+ 2 ‖�‖ t) 6 exp{−t}: (3.8)úÄÅÓØ tr (�) ÏÂÏÚÎÁÞÁÅÔ ÓÌÅÄ ÍÁÔÒÉ�Ù �.ï�ÒÅÄÅÌÉÍ ÍÁÔÒÉ�Õ � = {�lj}l2l;j=i, ÇÄÅ �jj = 2� (P0 − Æ) j−2�−1 i2�É �lj = 0, ÅÓÌÉ l 6= j. �ÏÇÄÁ2√(tr �2) t+2 ‖�‖ t = P0 − Æ� (4�+ 1)√i−1 t (1+ o(1)) + i−1 t := Vi(t): (3.9)ðÏÌÏÖÉÍ t = k1=2" . �ÏÇÄÁ Vi(t) < C k−1=2" , l1 6 i 6 l2 É, �ÒÉÍÅÎÑÑ (3.8),ÉÍÅÅÍ Ji < exp{−k−1=2" }: (3.10)



130 í. ó. åòíáëï÷óÌÅÄÏ×ÁÔÅÌØÎÏ, l2∑j=l1 Ji 6 Æ−11 k" exp{−k1=2" }: (3.11)äÌÑ ÚÁ×ÅÒÛÅÎÉÑ ÄÏËÁÚÁÔÅÌØÓÔ×Á ÏÓÔÁÅÔÓÑ Ï�ÅÎÉÔØ R" − I(P0 − Æ).ðÒÑÍÙÍÉ ×ÙÞÉÓÌÅÎÉÑÍÉ ÌÅÇËÏ �ÒÏ×ÅÒÉÔØ, ÞÔÏ
|I(P0)− I(P0 − Æ)| < C Æ I(P0): (3.12)éÍÅÅÍ"2 l1∑j=1 �2j1 + (2�P0)−1 "2 �2j j2�+1 ≍ "2 l1∑j=1 �2j< C Æ1 "2 k"∑j=l1 �2j ≍ C Æ1 "2 k"∑j=l1 �2j1 + (2�P0)−1 "2 �2j j2�+1 (3.13)É "2 ∞∑j=l2 �2j1 + (2�P0)−1"2 �2j j2�+1 ≍ "2 ∞∑j=l2 j−2�−1

6 "2Æ2�1 C l2∑k" j−2�−1 ≍ "2Æ2�1 C l2∑k" �2j1 + (2�P0)−1 "2 �2j j2�+1 : (3.14)éÚ (3.12){(3.14) ×ÙÔÅËÁÅÔ, ÞÔÏ R" − I(P0 − Æ) → 0 ÄÌÑ ÎÅËÏÔÏÒÏÇÏÆ = Æ(") → 0 É Æ1 = Æ1(") → 0 �ÒÉ " → 0.3.3. äÏËÁÚÁÔÅÌØÓÔ×Ï ÔÅÏÒÅÍÙ 3. òÁÓÓÕÖÄÅÎÉÑ ÏÓÎÏ×ÁÎÙ ÎÁ ÓÌÅÄÕ-ÀÝÅÊ ÌÅÍÍÅ.ìÅÍÍÁ 1. ó�ÒÁ×ÅÄÌÉ×Ï ÒÁ×ÅÎÓÔ×Ïsupx∈B(�;P0)Ex ‖x̃" − x‖2 = E�" ‖x̃" − �"‖2; (3.15)ÇÄÅ �" = {�"k}∞k=1, �"k = P0 (ak − ak+1).äÏËÁÚÁÔÅÌØÓÔ×Ï ÌÅÍÍÙ 1. ïÂÏÚÎÁÞÉÍ uk = a−1k ∞∑j=k x2j . �ÏÇÄÁx2k = ak uk − ak+1 uk+1:
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1� ℄. éÍÅÅÍEx ‖x̃" − x‖2 = �2 l∑j=1 b2j x2j + ∞∑j=l+1 x2j + "2 l∑j=1 �2j := J1 + J2 + J3 (3.16)ÓÏÏÔ×ÅÔÓÔ×ÅÎÎÏ. �ÏÇÄÁJ1 + J2 = �2 l∑j=1 b2j (ajuj − aj+1 uj+1) + al+1 ul+1= �2 a1 b21 u21 − �2 al+1 b2l u2l+1+ �2 l∑j=2 aj uj (b2j − b2j−1) + al+1 ul+1: (3.17)íÁËÓÉÍÕÍ �ÒÁ×ÏÊ ÞÁÓÔÉ (3.17) ÄÏÓÔÉÇÁÅÔÓÑ ÄÌÑ uj = P0, 1 6 j < ∞,ÇÄÅ x2j = P0 (aj − aj+1). îÅ�ÏÓÒÅÄÓÔ×ÅÎÎÙÍÉ ×ÙÞÉÓÌÅÎÉÑÍÉ �ÏÌÕÞÁÅÍJ3 = C "2 l.åÓÌÉ � > �, ÔÏ J1 + J2 = �� − � l−2� (1 + o(1)):åÓÌÉ � > �, ÔÏ J1 + J2 = P0 l−2� C1 (1 + o(1)):åÓÌÉ � = �, ÔÏ J1 + J2 = �P0 l−2� ln l:íÉÎÉÍÉÚÉÒÕÑ J1 + J2 + J3 ÏÔÎÏÓÉÔÅÌØÎÏ l, �ÏÌÕÞÁÅÍ ÔÅÏÒÅÍÕ 3. �3.4. äÏËÁÚÁÔÅÌØÓÔ×Ï ÔÅÏÒÅÍÙ 4. äÏÓÔÁÔÏÞÎÏ ÄÏËÁÚÁÔØ ÎÅÏÂÈÏÄÉ-ÍÏÓÔØ. éÍÅÅÍEx ‖x̃"� − x‖2 = "2 l∑j=1 (1− l−� j�) + l−2� l∑j=1 j2� x2j + ∞∑j=l x2j

> C "2 l + l−2� l∑j=1 j2� x2j := J"(l; x): (3.18)ìÅÇËÏ ×ÉÄÅÔØ, ÞÔÏ ÅÓÌÉl∑j=1 j2� x2j → ∞ �ÒÉ l → ∞; (3.19)
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