
úÁ�ÉÓËÉ ÎÁÕÞÎÙÈÓÅÍÉÎÁÒÏ× ðïíé�ÏÍ 431, 2014 Ç.í. ÷. ðÌÁÔÏÎÏ×Áîå÷åòïñ�îïó�îùå âåúçòáîéþîï äåìéíùåòáóðòåäåìåîéñ: ðòåäó�á÷ìåîéåìå÷é{èéîþéîá, ðòåäåìøîùå �åïòåíù÷×ÅÄÅÎÉÅðÕÓÔØ � { �ÕÁÓÓÏÎÏ×ÓËÁÑ ÓÌÕÞÁÊÎÁÑ ÍÅÒÁ ÎÁ R Ó ÉÎÔÅÎÓÉ×ÎÏÓÔØÀE�(dx) = � (dx), �ÒÉÞÅÍ ÍÅÒÁ � { ÓÉÍÍÅÔÒÉÞÎÁ É ÕÄÏ×ÌÅÔ×ÏÒÑÅÔ ÕÓÌÏ-×ÉÀ �
R

(x2 ∧ 1) d�(x) <∞; (1)ÔÏ ÅÓÔØ Ñ×ÌÑÅÔÓÑ ÍÅÒÏÊ ìÅ×É ÎÅËÏÔÏÒÏÇÏ ÂÅÚÇÒÁÎÉÞÎÏ ÄÅÌÉÍÏÇÏ ÒÁÓ-�ÒÅÄÅÌÅÎÉÑ.ïÂÏÚÎÁÞÉÍ ÍÎÏÖÅÓÔ×Á R" = R \ (−"; ") É B" = {x : " 6 |x| 6 1}.äÌÑ " > 0 ÞÅÒÅÚ �" ÏÂÏÚÎÁÞÉÍ ÓÌÕÞÁÊÎÕÀ ×ÅÌÉÞÉÎÕ (ÉÎÔÅÇÒÁÌ �Ï�ÕÁÓÓÏÎÏ×ÓËÏÊ ÍÅÒÅ �)�" = �
R" x �(dx) = �

B" x �(dx) + �
|x|>1 x �(dx): (2)éÚ×ÅÓÔÎÏ, ÞÔÏ ÅÓÌÉ ×Ù�ÏÌÎÅÎÏ (1), ÔÏ ÓÕÝÅÓÔ×ÕÅÔ �ÒÅÄÅÌ� = (L2)lim"→0�" = (L2)lim"→0 �

B" x �̃(dx) + �
|x|>1 x �(dx); (3)�ÒÉÞÅÍ ÓÌÕÞÁÊÎÁÑ ×ÅÌÉÞÉÎÁ � ÉÍÅÅÔ ÂÅÚÇÒÁÎÉÞÎÏ ÄÅÌÉÍÏÅ ÒÁÓ�ÒÅÄÅ-ÌÅÎÉÅ Ó ÍÅÒÏÊ ìÅ×É �. èÁÒÁËÔÅÒÉÓÔÉÞÅÓËÁÑ ÆÕÎË�ÉÑ f(p) ÓÌÕÞÁÊÎÏÊ×ÅÌÉÞÉÎÙ � ÒÁ×ÎÁf(p) = exp(�

R

(eipx − 1− ipx1[−1;1℄(x)) d�(x)): (4)ðÒÅÄÓÔÁ×ÌÅÎÉÅ (3) ÎÁÚÙ×ÁÅÔÓÑ �ÒÅÄÓÔÁ×ÌÅÎÉÅÍ ìÅ×É ÂÅÚÇÒÁÎÉÞÎÏÄÅÌÉÍÏÇÏ ÒÁÓ�ÒÅÄÅÌÅÎÉÑ.ëÌÀÞÅ×ÙÅ ÓÌÏ×Á: ÂÅÚÇÒÁÎÉÞÎÏ ÄÅÌÉÍÙÅ ÒÁÓ�ÒÅÄÅÌÅÎÉÑ, �ÒÅÄÅÌØÎÙÅ ÔÅÏÒÅÍÙ,�ÓÅ×ÄÏ�ÒÏ�ÅÓÓÙ. 145



146 í. ÷. ðìá�ïîï÷áèÏÒÏÛÏ ÉÚ×ÅÓÔÎÏ (ÓÍ., ÎÁ�ÒÉÍÅÒ, [1℄), ÞÔÏ ÂÅÚÇÒÁÎÉÞÎÁÑ ÄÅÌÉÍÏÓÔØ×ÅÒÏÑÔÎÏÓÔÎÏÇÏ ÒÁÓ�ÒÅÄÅÌÅÎÉÑ Ñ×ÌÑÅÔÓÑ ËÁË ÎÅÏÂÈÏÄÉÍÙÍ, ÔÁË É ÄÏ-ÓÔÁÔÏÞÎÙÍ ÕÓÌÏ×ÉÅÍ ÔÏÇÏ, ÞÔÏ ÄÁÎÎÏÅ ÒÁÓ�ÒÅÄÅÌÅÎÉÅ Ñ×ÌÑÅÔÓÑ �ÒÅ-ÄÅÌØÎÙÍ ÄÌÑ ÒÁÓ�ÒÅÄÅÌÅÎÉÊ ÓÕÍÍ ÎÅÚÁ×ÉÓÉÍÙÈ ÓÌÕÞÁÊÎÙÈ ×ÅÌÉÞÉÎ,ÕÄÏ×ÌÅÔ×ÏÒÑÀÝÉÈ ÕÓÌÏ×ÉÀ ÂÅÓËÏÎÅÞÎÏÊ ÍÁÌÏÓÔÉ ÓÌÁÇÁÅÍÙÈ.äÁÌÅÅ, × ÒÁÂÏÔÁÈ [2{4℄ ÂÙÌ �ÒÅÄÌÏÖÅÎ �ÏÄÈÏÄ, �ÏÚ×ÏÌÑÀÝÉÊ �ÏÌÕ-ÞÉÔØ × ËÁÞÅÓÔ×Å �ÒÅÄÅÌØÎÙÈ ÒÁÓ�ÒÅÄÅÌÅÎÉÊ ÎÅ ÔÏÌØËÏ ×ÅÒÏÑÔÎÏÓÔÎÙÅÒÁÓ�ÒÅÄÅÌÅÎÉÑ. ÷ ÞÁÓÔÎÏÓÔÉ, × ÒÁÂÏÔÅ [2℄ ÂÙÌÏ ××ÅÄÅÎÏ �ÏÎÑÔÉÅ ÏÂÏÂ-ÝÅÎÎÏÇÏ ÕÓÔÏÊÞÉ×ÏÇÏ ÒÁÓ�ÒÅÄÅÌÅÎÉÑ Ó �ÏËÁÚÁÔÅÌÅÍ � > 2, � 6= 2n,n ∈ N. ïÂÏÂÝÅÎÎÏÅ ÕÓÔÏÊÞÉ×ÏÅ ÒÁÓ�ÒÅÄÅÌÅÎÉÅ ÕÖÅ ÎÅ Ñ×ÌÑÅÔÓÑ ×ÅÒÏ-ÑÔÎÏÓÔÎÏÊ ÍÅÒÏÊ, Á Ñ×ÌÑÅÔÓÑ ÔÏÌØËÏ ÁÂÓÏÌÀÔÎÏ ÎÅ�ÒÅÒÙ×ÎÏÊ ÚÎÁËÏ-�ÅÒÅÍÅÎÎÏÊ ÍÅÒÏÊ ÎÁ �ÒÑÍÏÊ, ÉÍÅÀÝÅÊ ËÏÎÅÞÎÕÀ �ÏÌÎÕÀ ×ÁÒÉÁ�ÉÀ.�ÅÍ ÎÅ ÍÅÎÅÅ, ÂÙÌÏ �ÏËÁÚÁÎÏ, ÞÔÏ ÜÔÉ ÒÁÓ�ÒÅÄÅÌÅÎÉÑ ÍÏÇÕÔ �ÏÑ×ÌÑÔØ-ÓÑ ËÁË �ÒÅÄÅÌØÎÙÅ ÄÌÑ ÒÁÓ�ÒÅÄÅÌÅÎÉÊ ÓÕÍÍ ÎÅÚÁ×ÉÓÉÍÙÈ ÓÌÕÞÁÊÎÙÈ×ÅÌÉÞÉÎ.éÍÅÎÎÏ, × [2℄ ÒÁÓÓÍÁÔÒÉ×ÁÌÏÓØ �ÒÅÄÅÌØÎÏÅ �Ï×ÅÄÅÎÉÅ ÒÁÓ�ÒÅÄÅÌÅÎÉÊÓÕÍÍ ÎÅÚÁ×ÉÓÉÍÙÈ ÏÄÉÎÁËÏ×Ï ÒÁÓ�ÒÅÄÅÌÅÎÎÙÈ ÓÉÍÍÅÔÒÉÞÎÙÈ ÓÌÕÞÁÊ-ÎÙÈ ×ÅÌÉÞÉÎ {�i}∞i=1, ÕÄÏ×ÌÅÔ×ÏÒÑÀÝÉÈ ÕÓÌÏ×ÉÀP(�1 > x) = P(�1 < −x) = C1x� (1 + o(1)); x → ∞;�ÒÉÞÅÍ � > 2. éÚ �ÏÓÌÅÄÎÅÇÏ ÕÓÌÏ×ÉÑ ×ÙÔÅËÁÅÔ, ÞÔÏ ×ÅÌÉÞÉÎÙ �i ÉÍÅÀÔËÏÎÅÞÎÙÅ ÄÉÓ�ÅÒÓÉÉ, É ÚÎÁÞÉÔ × ÓÉÌÕ �ÅÎÔÒÁÌØÎÏÊ �ÒÅÄÅÌØÎÏÊ ÔÅÏÒÅ-ÍÙ �ÏÓÌÅÄÏ×ÁÔÅÌØÎÏÓÔØ ÒÁÓ�ÒÅÄÅÌÅÎÉÊ ÎÏÒÍÉÒÏ×ÁÎÎÙÈ ÓÕÍÍ1√n n∑i=1 �iÓÌÁÂÏ ÓÈÏÄÉÔÓÑ Ë ÎÏÒÍÁÌØÎÏÍÕ ÚÁËÏÎÕ. ñÓÎÏ, ÞÔÏ × ÜÔÏÍ ÓÌÕÞÁÅ × �ÒÅ-ÄÅÌØÎÏÍ ÒÁÓ�ÒÅÄÅÌÅÎÉÉ ÏÔÓÕÔÓÔ×ÕÅÔ ÉÎÆÏÒÍÁ�ÉÑ Ï �Ï×ÅÄÅÎÉÉ È×ÏÓÔÏ-×ÏÇÏ ÒÁÓ�ÒÅÄÅÌÅÎÉÑ ÏÔÄÅÌØÎÙÈ ÓÌÁÇÁÅÍÙÈ. þÔÏÂÙ ÓÏÈÒÁÎÉÔØ ÜÔÕ ÉÎ-ÆÏÒÍÁ�ÉÀ, × [2℄ ÒÁÓÓÍÁÔÒÉ×ÁÌÁÓØ �ÏÓÌÅÄÏ×ÁÔÅÌØÎÏÓÔØ ÓÕÍÍ Ó ÂÏÌÅÅÓÌÁÂÏÊ ÎÏÒÍÉÒÏ×ËÏÊ 1n1=� n∑i=1 �i:ðÒÉ ÔÁËÏÊ ÎÏÒÍÉÒÏ×ËÅ �ÏÓÌÅÄÏ×ÁÔÅÌØÎÏÓÔØ ÒÁÓ�ÒÅÄÅÌÅÎÉÊ ÎÏÒÍÉ-ÒÏ×ÁÎÎÙÈ ÓÕÍÍ ÕÖÅ ÎÅ Ñ×ÌÑÅÔÓÑ ÓÌÁÂÏ ÓÈÏÄÑÝÅÊÓÑ. ÷ [2℄ ÂÙÌ �ÒÅÄÌÏ-ÖÅÎ Ó�ÏÓÏÂ ÓÄÅÌÁÔØ ÜÔÕ �ÏÓÌÅÄÏ×ÁÔÅÌØÎÏÓÔØ ÓÈÏÄÑÝÅÊÓÑ �ÒÉ �ÏÍÏÝÉ



îå÷åòïñ�îïó�îùå âåúçòáîéþîï äåìéíùå 147Ó×ÅÒÔËÉ ÓÏ Ó�Å�ÉÁÌØÎÏ ×ÙÂÒÁÎÎÏÊ �ÏÓÌÅÄÏ×ÁÔÅÌØÎÏÓÔØÀ ÂÙÓÔÒÏ ÏÓ�ÉÌ-ÌÉÒÕÀÝÉÈ ÆÕÎË�ÉÊ. ÷ ËÁÞÅÓÔ×Å �ÒÅÄÅÌØÎÏÇÏ ÒÁÓ�ÒÅÄÅÌÅÎÉÑ × ÜÔÏÍÓÌÕÞÁÅ ×ÏÚÎÉËÁÌÏ (ÎÅ×ÅÒÏÑÔÎÏÓÔÎÏÅ) ÓÉÍÍÅÔÒÉÞÎÏÅ ÕÓÔÏÊÞÉ×ÏÅ ÒÁÓ-�ÒÅÄÅÌÅÎÉÅ Ó �ÏËÁÚÁÔÅÌÅÍ �. èÏÔÑ �ÒÅÄÅÌØÎÏÅ ÒÁÓ�ÒÅÄÅÌÅÎÉÅ × ÄÁÎ-ÎÏÍ ÓÌÕÞÁÅ �ÒÅÄÓÔÁ×ÌÑÅÔ ÉÚ ÓÅÂÑ ÚÎÁËÏ�ÅÒÅÍÅÎÎÕÀ ÍÅÒÕ, × [2℄ ÂÙÌÏ�ÏËÁÚÁÎÏ, ÞÔÏ ÓÏÏÔ×ÅÔÓÔ×ÕÀÝÁÑ �ÒÅÄÅÌØÎÁÑ ÔÅÏÒÅÍÁ ÉÍÅÅÔ �ÒÏÓÔÏÊ×ÅÒÏÑÔÎÏÓÔÎÙÊ ÓÍÙÓÌ, ÉÍÅÎÎÏ, �ÒÅÄÅÌØÎÁÑ ÍÅÒÁ Ï�ÉÓÙ×ÁÅÔ ÁÓÉÍ�ÔÏ-ÔÉËÕ ×ÅÒÏÑÔÎÏÓÔÅÊ ÂÏÌØÛÉÈ ÕËÌÏÎÅÎÉÊ ÓÕÍÍ ÎÅÚÁ×ÉÓÉÍÙÈ ÓÌÕÞÁÊÎÙÈ×ÅÌÉÞÉÎ.÷ ÄÁÎÎÏÊ ÒÁÂÏÔÅ ÍÙ, ËÁË É × [2℄, ÒÁÓÓÍÏÔÒÉÍ ÎÅÔÉ�ÉÞÎÙÊ ÄÌÑ ÔÅÏ-ÒÉÉ ×ÅÒÏÑÔÎÏÓÔÉ ÓÌÕÞÁÊ, ËÏÇÄÁ �
R

(x2 ∧ 1)d�(x) = ∞:íÙ �ÒÅÄ�ÏÌÏÖÉÍ, ÞÔÏ � { ÓÉÍÍÅÔÒÉÞÎÁÑ ÍÅÒÁ Ó �ÌÏÔÎÏÓÔØÀ �(x) =g(x) 1
|x|1+� , �ÒÉÞÅÍ g (x) ∈ C1 (R), 0 < B 6 g(x) 6 C, � ∈ (2; 4)∪(4; 6). ÷ÜÔÏÍ ÓÌÕÞÁÅ ÎÅ ÓÕÝÅÓÔ×ÕÅÔ �ÒÅÄÅÌÁ × (3) �ÒÉ "→ 0. ïÂÏÚÎÁÞÉÍ ÞÅÒÅÚp" �ÌÏÔÎÏÓÔØ ÒÁÓ�ÒÅÄÅÌÅÎÉÑ ÓÌÕÞÁÊÎÏÊ ×ÅÌÉÞÉÎÙ �". ÷ ÄÁÎÎÏÊ ÒÁÂÏÔÅÍÙ ÓÔÒÏÉÍ ÓÅÍÅÊÓÔ×Ï ÆÕÎË�ÉÊ !", ÔÁËÏÅ ÞÔÏ p" ∗ !" ÓÈÏÄÉÔÓÑ (�ÒÉ"→ 0) × L2 (R) Ë ÎÅËÏÔÏÒÏÊ ÆÕÎË�ÉÉ q. ÷ ÏÔÌÉÞÉÅ ÏÔ ×ÅÒÏÑÔÎÏÓÔÎÏÇÏÓÌÕÞÁÑ, ÆÕÎË�ÉÑ q �ÒÉÎÉÍÁÅÔ ËÁË �ÏÌÏÖÉÔÅÌØÎÙÅ, ÔÁË É ÏÔÒÉ�ÁÔÅÌØ-ÎÙÅ ÚÎÁÞÅÎÉÑ.äÁÌÅÅ ÍÙ �ÏËÁÖÅÍ, ÞÔÏ ÚÎÁËÏ�ÅÒÅÍÅÎÎÁÑ ÍÅÒÁ Q(dx) = q(x)dx (ÅÅÅÓÔÅÓÔ×ÅÎÎÏ ÓÞÉÔÁÔØ ÎÅ×ÅÒÏÑÔÎÏÓÔÎÙÍ ÁÎÁÌÏÇÏÍ ÂÅÚÇÒÁÎÉÞÎÏ-ÄÅÌÉÍÏ-ÇÏ ÒÁÓ�ÒÅÄÅÌÅÎÉÑ) Ñ×ÌÑÅÔÓÑ �ÒÅÄÅÌØÎÏÊ ÄÌÑ ÒÅÇÕÌÑÒÉÚÏ×ÁÎÎÙÈ ÒÁÓ�ÒÅ-ÄÅÌÅÎÉÊ ÓÕÍÍ ÎÅÚÁ×ÉÓÉÍÙÈ ÓÌÕÞÁÊÎÙÈ ×ÅÌÉÞÉÎ. éÍÅÎÎÏ, ÒÁÓÓÍÏÔÒÉÍ�ÏÓÌÅÄÏ×ÁÔÅÌØÎÏÓÔØ ÓÅÒÉÊ�11�21 �22... ... . . .�n1 �n2 : : : �nnÎÅÚÁ×ÉÓÉÍÙÈ × ËÁÖÄÏÊ ÓÅÒÉÉ ÏÄÉÎÁËÏ×Ï ÒÁÓ�ÒÅÄÅÌÅÎÎÙÈ ÓÉÍÍÅÔÒÉÞ-ÎÙÈ ÓÌÕÞÁÊÎÙÈ ×ÅÌÉÞÉÎ. ðÒÅÄ�ÏÌÏÖÉÍ, ÞÔÏ ÆÕÎË�ÉÑ ÒÁÓ�ÒÅÄÅÌÅÎÉÑFn ÓÌÕÞÁÊÎÏÊ ×ÅÌÉÞÉÎÙ �nk ÕÄÏ×ÌÅÔ×ÏÒÑÅÔ ÕÓÌÏ×ÉÀnFn (x) −→n→∞

� (−∞; x) ; x < 0;n(1− Fn(x)) −→n→∞
� (x;+∞) ; x > 0: (5)



148 í. ÷. ðìá�ïîï÷áïÂÏÚÎÁÞÉÍ ÞÅÒÅÚ Pn ÒÁÓ�ÒÅÄÅÌÅÎÉÅ ÓÌÕÞÁÊÎÏÊ ×ÅÌÉÞÉÎÙ n∑i=1�ni, ÁÞÅÒÅÚ pn { ÓÏÏÔ×ÅÔÓÔ×ÕÀÝÕÀ �ÌÏÔÎÏÓÔØ. ìÅÇËÏ ×ÉÄÅÔØ, ÞÔÏ �ÒÉ ÚÁ-ÄÁÎÎÙÈ ÕÓÌÏ×ÉÑÈ ÎÁ ÍÅÒÕ �, �ÏÓÌÅÄÏ×ÁÔÅÌØÎÏÓÔØ Pn ÎÅ Ñ×ÌÑÅÔÓÑ ÓÌÁÂÏÓÈÏÄÑÝÅÊÓÑ. íÙ �ÏÓÔÒÏÉÍ �ÏÓÌÅÄÏ×ÁÔÅÌØÎÏÓÔØ ÆÕÎË�ÉÊ �n, n ∈ N, ÔÁ-ËÕÀ ÞÔÏ ÒÅÇÕÌÑÒÉÚÏ×ÁÎÎÁÑ �ÏÓÌÅÄÏ×ÁÔÅÌØÎÏÓÔØ pn+ pn ∗ �n ÓÈÏÄÉÔÓÑ ËÆÕÎË�ÉÉ q × L2 (R).ðÒÅÄÅÌØÎÁÑ ÍÅÒÁ Q Ñ×ÌÑÅÔÓÑ ÚÎÁËÏ�ÅÒÅÍÅÎÎÏÊ ÎÁ ×ÓÅÊ ÏÓÉ, ÎÏ ×ÎÅÎÅËÏÔÏÒÏÇÏ ËÏÎÅÞÎÏÇÏ ÉÎÔÅÒ×ÁÌÁ ÏÎÁ �ÏÌÏÖÉÔÅÌØÎÁ. ÷ �ÏÓÌÅÄÎÅÊ ÞÁ-ÓÔÉ ÒÁÂÏÔÙ, ÉÓ�ÏÌØÚÕÑ �ÏÌÏÖÉÔÅÌØÎÕÀ ÞÁÓÔØ �ÒÅÄÅÌØÎÏÊ ÍÅÒÙ, ÍÙ ÄÏ-ËÁÖÅÍ ÕÔ×ÅÒÖÄÅÎÉÅ ÏÂ ÁÓÉÍ�ÔÏÔÉËÅ ×ÅÒÏÑÔÎÏÓÔÅÊ ÂÏÌØÛÉÈ ÕËÌÏÎÅÎÉÊÓÕÍÍ ÎÅÚÁ×ÉÓÉÍÙÈ ÓÌÕÞÁÊÎÙÈ ×ÅÌÉÞÉÎ.
§1. óÈÏÄÉÍÏÓÔØ × L2 (R) ÒÅÇÕÌÑÒÉÚÏ×ÁÎÎÙÈÒÁÓ�ÒÅÄÅÌÅÎÉÊ ÓÔÏÈÁÓÔÉÞÅÓËÉÈ ÉÎÔÅÇÒÁÌÏ×ðÕÓÔØ � (dx) { �ÕÁÓÓÏÎÏ×ÓËÁÑ ÓÌÕÞÁÊÎÁÑ ÍÅÒÁ ÎÁ R Ó ÓÉÍÍÅÔÒÉÞ-ÎÏÊ ÉÎÔÅÎÓÉ×ÎÏÓÔØÀ �(dx). äÌÑ " > 0 ÞÅÒÅÚ �" ÏÂÏÚÎÁÞÉÍ ÓÌÕÞÁÊÎÕÀ×ÅÌÉÞÉÎÕ �" = �

R" x � (dx) ; (6)ÇÄÅ R" = R \ (−"; ").ðÒÅÄ�ÏÌÏÖÉÍ, ÞÔÏ ÍÅÒÁ � ÉÍÅÅÔ ÓÌÅÄÕÀÝÉÊ ×ÉÄ: d�(x) = �(x)dx,ÇÄÅ �(x) = g(x) 1
|x|1+� , � ∈ (2; 4) ∪ (4; 6), Á ÆÕÎË�ÉÑ g (x) ÏÇÒÁÎÉÞÅÎÁÓ×ÅÒÈÕ É ÓÎÉÚÕ, ÉÍÅÎÎÏ 0 < B 6 g(x) 6 C: (7)÷ ÜÔÏÍ ÓÌÕÞÁÅ �

R

(x2 ∧ 1)d�(x) = ∞ É, ÚÎÁÞÉÔ, × (4) ÓÔÏÉÔ ÒÁÓÈÏÄÑ-ÝÉÊÓÑ ÉÎÔÅÇÒÁÌ.òÅÇÕÌÑÒÉÚÕÅÍ ×ÙÒÁÖÅÎÉÅ, ÓÔÏÑÝÅÅ �ÏÄ ÚÎÁËÏÍ ÉÎÔÅÇÒÁÌÁ × (4). ðÒÉÒÅÇÕÌÑÒÉÚÁ�ÉÉ ÂÕÄÅÍ ÕÍÎÏÖÁÔØ ÈÁÒÁËÔÅÒÉÓÔÉÞÅÓËÕÀ ÆÕÎË�ÉÀ ÎÁ ÎÅ-ËÏÔÏÒÕÀ Ó�Å�ÉÁÌØÎÏ ×ÙÂÒÁÎÎÕÀ ÆÕÎË�ÉÀ !̂". üÔÁ Ï�ÅÒÁ�ÉÑ ÓÏÏÔ×ÅÔ-ÓÔ×ÕÅÔ Ó×ÅÒÔËÅ �ÌÏÔÎÏÓÔÉ p" ÒÁÓ�ÒÅÄÅÌÅÎÉÑ ÓÌÕÞÁÊÎÏÊ ×ÅÌÉÞÉÎÙ �" ÓÆÕÎË�ÉÅÊ !".÷ ÓÌÕÞÁÅ � ∈ (2; 4) �ÏÌÏÖÉÍ!̂" (p) = exp( �
|x|>"(p2x22! − p4x44! 1[−1;1℄(x)) d� (x)); (8)



îå÷åòïñ�îïó�îùå âåúçòáîéþîï äåìéíùå 149Á �ÒÉ � ∈ (4; 6)̂!" (p) = exp( �
|x|>"(p2x22! − p4x44! ) d� (x)): (9)�ÏÇÄÁ ÒÅÇÕÌÑÒÉÚÏ×ÁÎÎÁÑ ÈÁÒÁËÔÅÒÉÓÔÉÞÅÓËÁÑ ÆÕÎË�ÉÑ q̂" (p) �ÒÉ� ∈ (2; 4) ÉÍÅÅÔ ×ÉÄq̂" (p) = exp( �

|x|>" (eipx − 1 + p2x22! − p4x44! 1[−1;1℄(x)) d�(x))= exp(2 ∞�" (os (px)− 1 + p2x22! − p4x44! 1[0;1℄(x)) d�(x)); (10)Á �ÒÉ � ∈ (4; 6)q̂" (p) = exp( �
|x|>" (eipx − 1 + p2x22! − p4x44! ) d�(x))= exp(2 ∞�" (os (px)− 1 + p2x22! − p4x44! ) d�(x)): (11)�ÅÏÒÅÍÁ 1. óÕÝÅÓÔ×ÕÅÔ L2-�ÒÅÄÅÌ q̂ = (L2) lim"→0 q̂", ÇÄÅ �ÒÉ � ∈ (2; 4)q̂ (p) = exp(2 ∞�0 (os (px)− 1 + p2x22! − p4x44! 1[0;1℄(x)) d�(x)); (12)Á �ÒÉ � ∈ (4; 6)q̂ (p) = exp(2 ∞�0 (os (px)− 1 + p2x22! − p4x44! ) d�(x)): (13)äÏËÁÚÁÔÅÌØÓÔ×Ï. óÈÏÄÉÍÏÓÔØ �ÒÉ ËÁÖÄÏÍ p ∈ R ÏÞÅ×ÉÄÎÁ. ðÏËÁ-ÖÅÍ, ÞÔÏ ÓÈÏÄÉÍÏÓÔØ × (12), (13) ÉÍÅÅÔ ÍÅÓÔÏ ÔÁËÖÅ É × ÓÍÙÓÌÅ L2 (R).ðÒÉ � ∈ (2; 4) ÉÍÅÅÍ



150 í. ÷. ðìá�ïîï÷ásup0<"6 12 q̂" (p)= exp(2 �x>" (os (px)− 1 + p2x22! − p4x44! 1[−1;1℄(x)) d�(x))
6 sup0<"6 12 exp(2C |p|� ∞�"|p| (os y − 1 + y22!) dyy1+� − 2p44! B 1�" x4x1+� dx)
6 exp(0 |p|� − 2p44! (4− �)B(1− 124−�)) 6 exp (0 |p|� − 1p4) ;ÇÄÅ 0 > 0 É 1 > 0. �Å�ÅÒØ, ÉÓ�ÏÌØÚÕÑ ÔÅÏÒÅÍÕ ìÅÂÅÇÁ Ï ÍÁÖÏÒÉÒÕÅÍÏÊÓÈÏÄÉÍÏÓÔÉ, �ÏÌÕÞÁÅÍ q̂ = (L2) lim"→0q̂":òÁÓÓÍÏÔÒÉÍ ÓÌÕÞÁÊ � ∈ (4; 6). óÎÁÞÁÌÁ ×ÙÂÅÒÅÍ K > 0 ÔÁË, ÞÔÏÂÙÄÌÑ |y| > K ×Ù�ÏÌÎÑÌÏÓØ ÎÅÒÁ×ÅÎÓÔ×Ïy42 · 4! > os y − 1 + y22! :ðÒÉ |p| " > K ÉÍÅÅÍsup0<"61 q̂" (p) = sup0<"61 exp(2 ∞�" (os (px)− 1 + p2x22! − p4x44! ) g(x)x1+� dx)
6 sup0<"61 exp(2 |p|�B ∞�

|p|" (os y − 1 + y22! − y44!) 1y1+� dy)
6 sup0<"61 exp(− |p|�B ∞�

|p|" y44! 1y1+� dy) 6 exp(−B |p|44! (�− 4));Á �ÒÉ |p| " < K ÉÍÅÅÍsup0<"61 q̂" (p) = sup0<">1 exp(2 ∞�" (os (px)− 1 + p2x22! − p4x44! ) g(x)x1+� dx)
6 exp(2B |p|� ∞�K (os y − 1 + y22! − y44!) 1y1+� dy):



îå÷åòïñ�îïó�îùå âåúçòáîéþîï äåìéíùå 151óÎÏ×Á ÉÓ�ÏÌØÚÕÑ ÔÅÏÒÅÍÕ ìÅÂÅÇÁ, �ÏÌÕÞÁÅÍ q̂ = (L2)lim"→0 q̂": �ïÂÏÚÎÁÞÉÍ ÞÅÒÅÚ q" ÏÂÒÁÔÎÏÅ �ÒÅÏÂÒÁÚÏ×ÁÎÉÅ æÕÒØÅ ÆÕÎË�ÉÉ q̂".éÚ ÔÅÏÒÅÍÙ 1 ÓÌÅÄÕÅÔ L2-ÓÈÏÄÉÍÏÓÔØ q" �ÒÉ "→ 0. ïÂÏÚÎÁÞÉÍq = (L2) lim"→0 q": (14)úÁÍÅÔÉÍ, ÞÔÏ �
R

q (x) dx = q̂ (0) = 1 É �
R

x2q (x) dx = −q̂′′ (0) = 0.óÌÅÄÏ×ÁÔÅÌØÎÏ, q { �ÌÏÔÎÏÓÔØ ÚÎÁËÏ�ÅÒÅÍÅÎÎÏÊ ÍÅÒÙ Q ÎÁ R, �ÏÌÎÙÊÉÎÔÅÇÒÁÌ ÏÔ ËÏÔÏÒÏÊ ÒÁ×ÅÎ 1, Á �ÏÌÎÁÑ ×ÁÒÉÁ�ÉÑ ËÏÎÅÞÎÁ.�ÁËÉÍ ÏÂÒÁÚÏÍ, ÎÅ ÓÕÝÅÓÔ×ÕÅÔ L2-�ÒÅÄÅÌÁ Õ �ÏÓÌÅÄÏ×ÁÔÅÌØÎÏÓÔÉ p"�ÒÉ "→ 0, ÎÏ ÅÓÔØ L2-�ÒÅÄÅÌ Õ �ÏÓÌÅÄÏ×ÁÔÅÌØÎÏÓÔÉ q".
§2. óÈÏÄÉÍÏÓÔØ × L2 (R) ÒÅÇÕÌÑÒÉÚÏ×ÁÎÎÙÈÒÁÓ�ÒÅÄÅÌÅÎÉÊ ÓÕÍÍ ÎÅÚÁ×ÉÓÉÍÙÈ ÓÌÕÞÁÊÎÙÈ×ÅÌÉÞÉÎòÁÓÓÍÏÔÒÉÍ �ÏÓÌÅÄÏ×ÁÔÅÌØÎÏÓÔØ ÓÅÒÉÊ�11�21 �22... ... . . .�n1 �n2 : : : �nnÎÅÚÁ×ÉÓÉÍÙÈ × ËÁÖÄÏÊ ÓÅÒÉÉ ÏÄÉÎÁËÏ×Ï ÒÁÓ�ÒÅÄÅÌÅÎÎÙÈ ÓÉÍÍÅÔÒÉÞ-ÎÙÈ ÓÌÕÞÁÊÎÙÈ ×ÅÌÉÞÉÎ. ðÒÅÄ�ÏÌÏÖÉÍ, ÞÔÏ ÆÕÎË�ÉÑ ÒÁÓ�ÒÅÄÅÌÅÎÉÑFn ÓÌÕÞÁÊÎÏÊ ×ÅÌÉÞÉÎÙ �nk ÕÄÏ×ÌÅÔ×ÏÒÑÅÔ ÕÓÌÏ×ÉÀnFn (x) −→n→∞

� (−∞; x) ; x < 0;n(1− Fn(x)) −→n→∞
� (x;+∞) ; x > 0 : (15)äÏ�ÏÌÎÉÔÅÌØÎÏ �ÒÅÄ�ÏÌÏÖÉÍ, ÞÔÏ ÄÌÑ ÎÅËÏÔÏÒÙÈ ËÏÎÓÔÁÎÔ 0 < 0 < 1É � > 0 ÈÁÒÁËÔÅÒÉÓÔÉÞÅÓËÁÑ ÆÕÎË�ÉÑ f�n(p) ÓÌÕÞÁÊÎÏÊ ×ÅÌÉÞÉÎÙ �nkÕÄÏ×ÌÅÔ×ÏÒÑÅÔ ÕÓÌÏ×ÉÀ supp>n1=�f�n(p) 6 1− �n−0 : (16)ëÁË É ×ÙÛÅ, �ÒÅÄ�ÏÌÁÇÁÅÍ, ÞÔÏ � { ÓÉÍÍÅÔÒÉÞÎÁÑ ÍÅÒÁ Ó �ÌÏÔ-ÎÏÓÔØÀ �(x) = g(x) 1x1+� , g (x) ∈ C1 (R) ;0 < B 6 g(x) 6 C, � ∈(2; 4) ∪ (4; 6). ïÂÏÚÎÁÞÉÍ ÞÅÒÅÚ �n (x) = nFn (x). ðÒÅÄ�ÏÌÏÖÉÍ, ÞÔÏ Õ�n (x) ÓÕÝÅÓÔ×ÕÅÔ �ÌÏÔÎÏÓÔØ �n (x) = gn(x)x1+� . ïÂÏÚÎÁÞÉÍ ÞÅÒÅÚ hn (x) =



152 í. ÷. ðìá�ïîï÷á(g (x)− gn (x)) 1[n−1=�;+∞)(x). ðÒÅÄ�ÏÌÏÖÉÍ, ÞÔÏ ×Ù�ÏÌÎÅÎÏ ÓÌÅÄÕÀÝÅÅÕÓÌÏ×ÉÅ
‖hn‖∞ = supx∈R

|hn (x)| −→n→∞
0; (17)Á ÔÁËÖÅ ÓÕÝÅÓÔ×ÕÅÔ ÔÁËÁÑ ËÏÎÓÔÁÎÔÁ D > 0, ÞÔÏgn(x) 6 Dn1=�x1+� (18)�ÒÉ x ∈

[0; n−1=�). äÏ�ÏÌÎÉÔÅÌØÎÏ �ÒÅÄ�ÏÌÏÖÉÍ, ÞÔÏ ÓÕÝÅÓÔ×ÕÅÔ ÔÁËÁÑÆÕÎË�ÉÑ h (x) ∈ L1 (R), ÞÔÏ
|hn (x)| 6 h (x) : (19)õÓÌÏ×ÉÑ (16){(19) ×Ù�ÏÌÎÅÎÙ, ÎÁ�ÒÉÍÅÒ, ÄÌÑ ÓÌÕÞÁÑ, ËÏÇÄÁgn (x) = g (x) · 1[n−1=�;+∞).íÙ ÒÁÓÓÍÏÔÒÉÍ ÒÁÓ�ÒÅÄÅÌÅÎÉÑ ÓÕÍÍ ÎÅÚÁ×ÉÓÉÍÙÈ ÓÌÕÞÁÊÎÙÈ ×ÅÌÉ-ÞÉÎ n∑i=1�ni. �ÁËÁÑ �ÏÓÌÅÄÏ×ÁÔÅÌØÎÏÓÔØ ÒÁÓ�ÒÅÄÅÌÅÎÉÊ ÎÅ ÉÍÅÅÔ ÓÌÁÂÏÇÏ�ÒÅÄÅÌÁ. ðÏËÁÖÅÍ, ÞÔÏ �ÏÓÌÅ ÎÅËÏÔÏÒÏÊ ÒÅÇÕÌÑÒÉÚÁ�ÉÉ ÜÔÁ �ÏÓÌÅÄÏ-×ÁÔÅÌØÎÏÓÔØ ÓÈÏÄÉÔÓÑ Ë ÚÎÁËÏ�ÅÒÅÍÅÎÎÏÊ ÍÅÒÅ Ó �ÌÏÔÎÏÓÔØÀ q. íÙÂÕÄÅÍ �ÒÅ×ÒÁÝÁÔØ �ÏÓÌÅÄÏ×ÁÔÅÌØÎÏÓÔØ ÒÁÓ�ÒÅÄÅÌÅÎÉÊ ÓÕÍÍ n∑i=1�ni ×ÓÈÏÄÑÝÕÀÓÑ Ó �ÏÍÏÝØÀ Ó×ÅÒÔËÉ ÓÏ Ó�Å�ÉÁÌØÎÏ ×ÙÂÒÁÎÎÏÊ �ÏÓÌÅÄÏ-×ÁÔÅÌØÎÏÓÔØÀ ÂÙÓÔÒÏ ÏÓ�ÉÌÌÉÒÕÀÝÉÈ ÆÕÎË�ÉÊ. üÔÁ �ÏÓÌÅÄÏ×ÁÔÅÌØ-ÎÏÓÔØ ×ÙÂÉÒÁÅÔÓÑ �Ï-ÒÁÚÎÏÍÕ ÄÌÑ � ∈ (2; 4) É � ∈ (4; 6). üÔÉ ÓÌÕÞÁÉÍÙ ÒÁÓÓÍÏÔÒÉÍ ÏÔÄÅÌØÎÏ.2.1. óÌÕÞÁÊ � ∈ (2; 4). óÏÓÞÉÔÁÅÍ ÈÁÒÁËÔÅÒÉÓÔÉÞÅÓËÕÀ ÆÕÎË�ÉÀ fnÓÕÍÍÙ ÎÅÚÁ×ÉÓÉÍÙÈ ÓÌÕÞÁÊÎÙÈ ×ÅÌÉÞÉÎ �n1 + : : : + �nn, ÇÄÅ ÆÕÎË�ÉÑÒÁÓ�ÒÅÄÅÌÅÎÉÑ ËÁÖÄÏÊ ÉÚ ÓÌÕÞÁÊÎÙÈ ×ÅÌÉÞÉÎ ÕÄÏ×ÌÅÔ×ÏÒÑÅÔ (15). éÍÅ-ÅÍ fn(p) = (1 + 2n ∞�n−1=� (os(px)− 1 + p2x22! ) g(x)x1+� dx+ 2nn−1=��0 (os(px)− 1 + p2x22! )gn(x)x1+� dx (20)

− 2n ∞�n−1=� (os(px) − 1 + p2x22! )hn(x)x1+� dx− 2n ∞�0 p2x22! d�n(x))n:



îå÷åòïñ�îïó�îùå âåúçòáîéþîï äåìéíùå 153÷×ÅÄÅÍ ÏÂÏÚÎÁÞÅÎÉÑVn (p) = 2 ∞�n−1=� (os (px)− 1 + p2x22! ) g (x)x1+� dx;vn (p) = 2 n−1=��0 (os (px)− 1 + p2x22! ) gn (x)x1+� dx;wn (p) = 2 ∞�n−1=� (os (px)− 1 + p2x22! ) hn (x)x1+� dx:÷ ÜÔÉÈ ÏÂÏÚÎÁÞÅÎÉÑÈfn(p) = (1 + 1nVn(p) + 1nvn(p)− 1nwn(p)− 2n ∞�0 p2x22! d�n(x))n:ìÅÍÍÁ 1. ðÒÉ n→ +∞ Ó�ÒÁ×ÅÄÌÉ×Ï ÓÏÏÔÎÏÛÅÎÉÅ
∞�0 x22! d�n (x) = ∞�n−1=� x22! d� (x) (1 + o(1));�ÒÉ ÜÔÏÍ ÓÕÝÅÓÔ×ÕÀÔ ÔÁËÉÅ ËÏÎÓÔÁÎÔÙ B̃ > 0 É C̃ > 0, ÞÔÏB̃n2=� 6

2n ∞�n−1=�x22! d� (x) 6
C̃n2=� :äÏËÁÚÁÔÅÌØÓÔ×Ï. éÍÅÅÍ2n ∞�0 x22! d�n (x) = 2n ∞�n−1=� x22! d� (x)+ 2n n−1=��0 x22! gn (x)x1+� dx− 2n ∞�n−1=� x22! hn (x)x1+� dx: (21)



154 í. ÷. ðìá�ïîï÷áðÅÒ×ÏÅ ÓÌÁÇÁÅÍÏÅ × (21) Ï�ÅÎÉÍBn2=� (�− 2) 6
2n ∞�n−1=�x22! g(x) dxx1+� 6

Cn2=� (�− 2) : (22)õÞÉÔÙ×ÁÑ (18), ÉÍÅÅÍ2n n−1=��0 x22! gn (x)x1+� dx 6
Dn1=�n n−1=��0 x2dx = D3n2=�+1 = o( 1n2=�) :ðÏÌØÚÕÑÓØ (17), �ÏÌÕÞÁÅÍ

∣∣∣∣
2n ∞�n−1=� x22! hn (x)x1+� dx∣∣∣∣ 6 ‖hn‖∞ n−2=��− 2 = o( 1n2=�) : �ìÅÍÍÁ 2. óÕÝÅÓÔ×ÕÀÔ ÔÁËÉÅ ËÏÎÓÔÁÎÔÙ B̃1 > 0 É C̃1 > 0, ÞÔÏ �ÒÉ

|p| 6 1 Ó�ÒÁ×ÅÄÌÉ×Ï ÎÅÒÁ×ÅÎÓÔ×Ï B̃1 |p|� 6 Vn (p) 6 C̃1 |p|�.äÏËÁÚÁÔÅÌØÓÔ×Ï. ðÒÅÄÓÔÁ×ÉÍ Vn (p) × ×ÉÄÅVn(p) = 2 ∞�n−1=� (os (px)− 1 + p2x22! ) g(x) dxx1+�= 2 |p|� ∞�
|p|n−1=� (os y − 1 + y22!) g( y

|p|) dyy1+� :éÚ ÕÓÌÏ×ÉÑ 0 < B 6 g(x) 6 C ÓÌÅÄÕÅÔ, ÞÔÏ �ÒÉ |p| 6 1B̃1 |p|� 6 Vn(p) 6 C̃1 |p|� ;ÇÄÅ̃B1=2B∞�1 (os y−1+y22!) dyy1+� É C̃1=2C∞�0 (os y−1+y22!) dyy1+� : �ìÅÍÍÁ 3. ó�ÒÁ×ÅÄÌÉ×Ù ÓÏÏÔÎÏÛÅÎÉÑ supn vn (p) = o (|p|�) Ésupn wn (p) = o (|p|�) �ÒÉ p→ 0.



îå÷åòïñ�îïó�îùå âåúçòáîéþîï äåìéíùå 155äÏËÁÚÁÔÅÌØÓÔ×Ï. íÏÖÎÏ ÓÞÉÔÁÔØ, ÞÔÏ |p| 6 1. ðÒÅÄÓÔÁ×ÉÍ wn (p) ××ÉÄÅ wn(p) = 2 ∞�n−1=� (os (px)− 1 + p2x22! )hn (x) dxx1+�
6 2 1�n−1=� p4x44! hn (x) dxx1+�+ 2 |p|� ∞�

|p| (os y − 1 + y22!)hn( y
|p|) dyy1+� :õÞÉÔÙ×ÁÑ (17), ÉÍÅÅÍsupn (2 1�n−1=� p4x44! hn (x) dxx1+�) = o (|p|�) :þÔÏÂÙ Ï�ÅÎÉÔØ ×ÔÏÒÏÅ ÓÌÁÇÁÅÍÏÅ, ÒÁÓÓÍÏÔÒÉÍ ÓÌÕÞÁÉ � ∈ (2; 3℄ É� ∈ (3; 4) ÏÔÄÅÌØÎÏ. ÷ ÓÌÕÞÁÅ � ∈ (2; 3℄2 |p|� ∞�

|p| (os y − 1 + y22!)hn( y
|p|) dyy1+� 6 maxy∈[0;∞)os y − 1 + y22!y1+� |p|�

×
∞�

|p| hn( y
|p|) dy = K |p|�+1 ∞�1 hn (t) dt 6 K |p|�+1 ∞�1 h (t) dt = o (|p|�) :÷ ÓÌÕÞÁÅ � ∈ (3; 4) ×ÔÏÒÏÅ ÓÌÁÇÁÅÍÏÅ �ÒÅÄÓÔÁ×ÉÍ × ×ÉÄÅ2 |p|� ∞�

|p| (os y − 1 + y22!)hn( y
|p|) dyy1+�

62|p|� 1�
|p| y44! hn( y

|p|) dyy1+�+2|p|� maxy∈[1;∞)os y−1+ y22!y1+� ∞�1 hn( y
|p|) dy



156 í. ÷. ðìá�ïîï÷á
62|p|3 1

|p|�1 h(t)|p|dt+2|p|�+1 maxy∈[1;∞)os y−1+ y22!y1+� ∞�0 h(t)dt=o(|p|�);ÔÁË ËÁË h (x) ∈ L1 (R).úÁÍÅÔÉÍ, ÞÔÏvn (p) = 2 n−1=��0 (os (px)− 1 + p2x22! ) gn (x)x1+� dx
6 2p4Dn1=� n−1=��0 x44! dx = D60n4=� p4 = o (|p|�) : (23)ìÅÍÍÁ 4. óÕÝÅÓÔ×ÕÀÔ "0, d0 > 0, ÔÁËÉÅ ÞÔÏ ÄÌÑ |p| < "0 Ó�ÒÁ×ÅÄ-ÌÉ×Ï ÎÅÒÁ×ÅÎÓÔ×Ï0 6 fn(p) exp(2 ∞�0 p2x22! d�n (x)) 6 ed0|p|� :äÏËÁÚÁÔÅÌØÓÔ×Ï. éÓ�ÏÌØÚÕÑ (20) É ÎÅÒÁ×ÅÎÓÔ×Ï lnx 6 x − 1, Ó�ÒÁ-×ÅÄÌÉ×ÏÅ �ÒÉ x > 0, �ÏÌÕÞÉÍln(fn (p) exp(2 ∞�0 p2x22! d�n(x))) = ln (fn(p))+ 2 ∞�0 p2x22! d�n (x)

6 n( 1nVn (p) + 1nvn (p)− 1nwn (p)− 2n ∞�0 p2x22! d�n (x))+ 2 ∞�0 p2x22! d�n (x) = Vn (p) + vn (p)− wn (p) :õÔ×ÅÒÖÄÅÎÉÅ ÌÅÍÍÙ ÓÌÅÄÕÅÔ ÉÚ ÌÅÍÍ 2 É 3. �÷ÙÂÅÒÅÍ ÔÁËÕÀ ÕÂÙ×ÁÀÝÕÀ ÆÕÎË�ÉÀ � ∈ C∞ (R), ÞÔÏ � (x) = 1�ÒÉ x 6 1 É � (x) = 0 �ÒÉ x > 2. äÌÑ ËÁÖÄÏÇÏ � ∈ (2; 4) ÍÙ ×ÙÂÅÒÅÍÉ ÚÁÆÉËÓÉÒÕÅÍ ÞÉÓÌÏ � = �(�) ÔÁË, ÞÔÏ � ∈
(�;min{4; 2�4−�}) �ÒÉ � ∈(2; 3), ÉÌÉ � = 4 × ÓÌÕÞÁÅ � ∈ (3; 4).



îå÷åòïñ�îïó�îùå âåúçòáîéþîï äåìéíùå 157ï�ÒÅÄÅÌÉÍ �ÏÓÌÅÄÏ×ÁÔÅÌØÎÏÓÔØ ÆÕÎË�ÉÊ  n; n ∈ N, �ÏÌÁÇÁÑ n(p) = ( exp{( 2n ∞�0 p2x22! d�n(x)− p4n )�( |p|n 1�− 1� )})n; (24)ÇÄÅ ËÏÎÓÔÁÎÔÁ  > 0 Ï�ÒÅÄÅÌÑÅÔÓÑ ÆÏÒÍÕÌÏÊ = 1�0 x44! d� (x) : (25)ìÅÍÍÁ 5. óÕÝÅÔ×ÕÅÔ n0, ÔÁËÏÅ ÞÔÏ ÄÌÑ ×ÓÅÈ n > n0infp  n (p) = 1: (26)äÏËÁÚÁÔÅÌØÓÔ×Ï. ÷ÏÓ�ÏÌØÚÕÅÍÓÑ �ÒÅÄÓÔÁ×ÌÅÎÉÅÍ (21). æÉËÓÉÒÕÅÍ" > 0. äÌÑ ÜÔÏÇÏ " ÎÁÊÄÅÔÓÑ ÞÉÓÌÏ N1 ∈ N, ÔÁËÏÅ ÞÔÏ ÄÌÑ ÌÀÂÏÇÏn > N1 Ó�ÒÁ×ÅÄÌÉ×Ï ÎÅÒÁ×ÅÎÓÔ×Ï
∣∣∣∣2 n−1=��0 x22 gn (x)x1+� dx∣∣∣∣< "É ÎÁÊÄÅÔÓÑ ÞÉÓÌÏ N2 ∈ N, ÔÁËÏÅ ÞÔÏ ÄÌÑ ÌÀÂÏÇÏ n > N2 Ó�ÒÁ×ÅÄÌÉ×ÏÎÅÒÁ×ÅÎÓÔ×Ï

∣∣∣∣
2n ∞�n−1=� x22 hn (x)x1+� dx∣∣∣∣6 ‖hn‖∞(�− 2)n2=� < "(�− 2)n2=� :�ÏÇÄÁ ÄÌÑ ÆÉËÓÉÒÏ×ÁÎÎÏÇÏ " > 0 É n > N = max (N1; N2) Ó�ÒÁ×ÅÄ-ÌÉ×Ï ÎÅÒÁ×ÅÎÓÔ×Ï2n ∞�0 p2x22! d�n (x) >

p2 (B − ")(�− 2)n2=� − "np2:æÕÎË�ÉÑ  n(p) ÏÔÌÉÞÎÁ ÏÔ 1 ÔÏÌØËÏ �ÒÉ |p| 6 2n 1�− 1� . ðÏËÁÖÅÍ, ÞÔÏÄÌÑ ÔÁËÉÈ ÚÎÁÞÅÎÉÊ p É ÄÏÓÔÁÔÏÞÎÏ ÂÏÌØÛÉÈ n Ó�ÒÁ×ÅÄÌÉ×Ï ÎÅÒÁ×ÅÎ-ÓÔ×Ï p4n 6 p2( B − "(�− 2)n2=� − "n)



158 í. ÷. ðìá�ïîï÷áÉÌÉ
|p| 6

√ B − " (�− 2) n1=2n1=�√1− " (�− 2)C + 1 n2=�n :÷ÙÂÅÒÅÍ " < C+1�−2 . �ÏÇÄÁ
|p| 6

√ 2B (�− 2) n1=2n1=� :üÔÏ ÒÁ×ÎÏÓÉÌØÎÏ ÓÌÅÄÕÀÝÅÍÕ ÕÓÌÏ×ÉÀ ÎÁ �ÏËÁÚÁÔÅÌÉ1� − 1� < 12 − 1�;ÞÔÏ ÜË×É×ÁÌÅÎÔÎÏ ÕÓÌÏ×ÉÀ ÎÁ �ÏËÁÚÁÔÅÌØ �:� < 2�4− �: �ïÔÍÅÔÉÍ, ÞÔÏ �ÏÓÌÅÄÏ×ÁÔÅÌØÎÏÓÔØ ÆÕÎË�ÉÊ fn (p), ÚÁÄÁÎÎÁÑ ÆÏÒ-ÍÕÌÏÊ (20), ÎÅ ÉÍÅÅÔ �ÒÅÄÅÌÁ. ó �ÏÍÏÝØÀ ÕÍÎÏÖÅÎÉÑ ÎÁ ÆÕÎË�ÉÀ  n,ÚÁÄÁÎÎÕÀ ÆÏÒÍÕÌÏÊ (24), �ÏÌÕÞÉÍ ÓÈÏÄÑÝÕÀÓÑ �ÏÓÌÅÄÏ×ÁÔÅÌØÎÏÓÔØ.�ÅÏÒÅÍÁ 2. ðÏÓÌÅÄÏ×ÁÔÅÌØÎÏÓÔØ fn n ÓÈÏÄÉÔÓÑ × L2 (R) �ÒÉ n→ ∞Ë ÆÕÎË�ÉÉ q̂, ÚÁÄÁÎÎÏÊ ÆÏÒÍÕÌÏÊ (12).äÏËÁÚÁÔÅÌØÓÔ×Ï. óÎÁÞÁÌÁ �ÏËÁÖÅÍ, ÞÔÏ Ó�ÒÁ×ÅÄÌÉ×Ï �ÒÅÄÅÌØÎÏÅ ÓÏ-ÏÔÎÏÛÅÎÉÅ fn(p) n(p) → q̂(p) �ÒÉ n→ ∞ ÄÌÑ ËÁÖÄÏÇÏ p ∈ R.úÁÍÅÔÉÍ, ÞÔÏ ÄÌÑ ËÁÖÄÏÇÏ ÆÉËÓÉÒÏ×ÁÎÎÏÇÏ p É ÄÏÓÔÁÔÏÞÎÏ ÂÏÌØ-ÛÉÈ n (ÔÁËÉÈ, ÞÔÏ |p|n1=�−1=� < 1), ÉÍÅÅÍfn(p) n(p) = [1 + 1nVn (p) + 1nvn (p)− 1nwn (p)− 2n ∞�0 p2x22! d�n(x)]n
×
( exp( 2n ∞�0 p2x22! d�n(x)))n exp (−p4) :



îå÷åòïñ�îïó�îùå âåúçòáîéþîï äåìéíùå 159é�ÏÌØÚÕÑ ÌÅÍÍÙ 2 É 3, �ÏÌÕÞÁÅÍfn(p) n(p) = [1 + 1nVn (p) + 1nvn (p)− 1nwn (p)− 2n ∞�0 p2x22! d�n(x)]n
×
(1 + 2n ∞�0 p2x22! d�n(x) + o( 1n))n exp (−p4)= [1 + 1nVn (p) + o( 1n)]n exp (−p4) −→n→∞

q̂(p): �ðÏËÁÖÅÍ ÔÅ�ÅÒØ, ÞÔÏ fn n ÓÈÏÄÉÔÓÑ Ë q̂ ÎÅ ÔÏÌØËÏ �ÏÔÏÞÅÞÎÏ, ÎÏÔÁËÖÅ É × ÓÍÙÓÌÅ L2 (R).éÍÅÅÍ fn (p) n(p) = An(p) +Bn(p); (27)ÇÄÅ An(p) = fn (p) n(p)1[0;2n1=�−1=�)(p)É Bn(p) = fn (p) n(p)1[2n1=�−1=�;∞)(p):úÁÍÅÔÉÍ, ÞÔÏ ÄÌÑ ËÁÖÄÏÇÏ p ∈ R An(p) → q̂(p) �ÒÉ n → ∞, Á ×ÓÉÌÕ ÌÅÍÍ 4 É 5 ÆÕÎË�ÉÉ A2n ÍÁÖÏÒÉÒÕÀÔÓÑ ÆÕÎË�ÉÅÊ e2d0|p|�−2p4 .éÓ�ÏÌØÚÕÑ ÔÅÏÒÅÍÕ ìÅÂÅÇÁ, �ÏÌÕÞÁÅÍ, ÞÔÏ An −→n→∞
q̂ × L2 (R).�Å�ÅÒØ ÄÌÑ ÄÏËÁÚÁÔÅÌØÓÔ×Á ÔÅÏÒÅÍÙ ÄÏÓÔÁÔÏÞÎÏ �ÒÏ×ÅÒÉÔØ, ÞÔÏ

‖Bn‖L2 → 0 �ÒÉ n→ ∞. äÏËÁÖÅÍ ×Ó�ÏÍÏÇÁÔÅÌØÎÙÅ ÌÅÍÍÙ.ìÅÍÍÁ 6. óÕÝÅÓÔ×ÕÅÔ ÔÁËÏÅ K > 0, ÞÔÏ
|f�n (p)| 6

Kn1=�
|p| : (28)äÏËÁÚÁÔÅÌØÓÔ×Ï. ðÒÅÄÓÔÁ×ÉÍ ÈÁÒÁËÔÅÒÉÓÔÉÞÅÓËÕÀ ÆÕÎË�ÉÀf�n(p) ÓÌÕÞÁÊÎÏÊ ×ÅÌÉÞÉÎÙ �nk × ×ÉÄÅf�n (p) = 2n ∞�n−1=� os (px) g(x)x1+� dx+ 2n n−1=��0 os (px) gn(x)x1+� dx

− 2n ∞�n−1=� os (px) hn(x)x1+� dx:



160 í. ÷. ðìá�ïîï÷áï�ÅÎÉÍ ËÁÖÄÏÅ ÓÌÁÇÁÅÍÏÅ ÏÔÄÅÌØÎÏ. ÷ÏÓ�ÏÌØÚÕÅÍÓÑ Ó×ÏÊÓÔ×ÏÍ (7)É �ÒÏÉÎÔÅÇÒÉÒÕÅÍ �Ï ÞÁÓÔÑÍ2n ∞�n−1=� os (px) g(x)x1+� dx 6
2nC ∞�n−1=� os (px) dxx1+�= −2Cn sin (pn−1=�)p n1+1=� + 2C (1 + �)n ∞�n−1=� sin (px)p dxx2+� :ï�ÅÎÉ×ÁÑ �ÅÒ×ÏÅ ÓÌÁÇÁÅÍÏÅ �Ï ÍÏÄÕÌÀ, �ÏÌÕÞÁÅÍ

∣∣∣∣
2n ∞�n−1=� os (px) g(x)x1+� dx∣∣∣∣ 6

2Cn1=�
|p| + 2Cn1=�

|p| = 4Cn1=�
|p| :õÞÉÔÙ×ÁÑ (18), ÉÍÅÅÍ

∣∣∣∣
2n n−1=��0 os (px) gn(x)x1+� dx∣∣∣∣ 6

2Dn1=�n |p| :÷ ÓÉÌÕ (17)
∣∣∣∣
2n ∞�n−1=� os (px) hn(x)x1+� dx∣∣∣∣
6

2n ‖hn‖∞ ∣∣∣∣ ∞�n−1=� os (px) dxx1+� ∣∣∣∣ 6
4n1=�
|p| ‖hn‖∞ : �ìÅÍÍÁ 7. ðÒÉ u ∈

[n−1=�; 1) Ó�ÒÁ×ÅÄÌÉ×Ï ÓÏÏÔÎÏÛÅÎÉÅf�n(n1=�u) = 1− dnu2 +O (|u|�) ;ÇÄÅ B 6 dn 6 C.



îå÷åòïñ�îïó�îùå âåúçòáîéþîï äåìéíùå 161äÏËÁÚÁÔÅÌØÓÔ×Ï. éÍÅÅÍf�n (p) = 1− p2n ∞�n−1=� x2 g (x)x1+� dx+ p2n ∞�n−1=� x2 hn (x)x1+� dx+ 2n n−1=��0 (os (px)− 1) gn (x)x1+� dx+ 2n |p|� ∞�n−1=� (os y − 1 + y22!) g(y=|p|)y1+� dy
− 2n |p|� ∞�n−1=� (os y − 1 + y22!) hn(y=|p|)y1+� dy: (29)éÚ (7) ÓÌÅÄÕÅÔ Bn2=� 6

1n ∞�n−1=� x2 g (x)x1+� dx 6
Cn2=� ;Á × ÓÉÌÕ (17) 1n ∞�n−1=� x2 hn (x)x1+� dx = o( 1n2=�) :õÞÉÔÙ×ÁÑ (18), ÉÍÅÅÍsupn1=�−1=�<p<n1=�∣∣∣∣ 2n n−1=��0 (os (px)− 1) gn (x)x1+� dx∣∣∣∣ 6

4Dn :ðÑÔÏÅ ÓÌÁÇÁÅÍÏÅ × (29) Ï�ÅÎÉ×ÁÅÔÓÑsupn1=�−1=�<p<n1=� 2n ∞�n−1=� (os y − 1 + y22!) g ( y
|p|)y1+� dy

6
−�Cn� (1 + �) sin (��2 ) :



162 í. ÷. ðìá�ïîï÷á÷ ÓÉÌÕ (17), (19), ÉÍÅÅÍsupn1=�−1=�<p<n1=� 2n ∞�n−1=� (os y − 1 + y22!) hn ( y
|p|)y1+� dy = o( 1n) :�ÏÇÄÁ f�n (n1=�u) = 1− dnu2 +O (|u|�) : �÷ÅÒÎÅÍÓÑ Ë ÄÏËÁÚÁÔÅÌØÓÔ×Õ ÔÅÏÒÅÍÙ 2.äÏËÁÚÁÔÅÌØÓÔ×Ï. äÌÑ ÎÏÒÍÙ ‖Bn‖L2 Ó�ÒÁ×ÅÄÌÉ×Ï ÓÏÏÔÎÏÛÅÎÉÅ

‖Bn‖2L2 = ∞�2n1=�−1=� dp( 2n ∞�0 os (px) gn(x)x1+� dx)2n= ∞�2n1=�−1=� dp (f�n (p))2n :ðÒÅÏÂÒÁÚÕÅÍ ×ÙÒÁÖÅÎÉÅ ÄÌÑ ‖Bn‖2L2 . ÷ ÓÉÌÕ (16), (28), ÉÍÅÅÍ
‖Bn‖2L2 = n1=��2n1=�−1=� dp(f�n (p) )2n+ Kn1=��n1=� dp(f�n (p) )2n + ∞�Kn1=� dp(f�n (p) )2n

6 n1=� (1− 4dnn−2=�)2n + (1− �n−)2n n1=� (K − 1) + Kn1=�(2n− 1) :úÁÍÅÔÉÍ, ÞÔÏ �ÏÓÌÅÄÎÅÅ ×ÙÒÁÖÅÎÉÅ ÓÔÒÅÍÉÔÓÑ Ë 0 �ÒÉ n→ ∞. �



îå÷åòïñ�îïó�îùå âåúçòáîéþîï äåìéíùå 1632.2. óÌÕÞÁÊ � ∈ (4; 6). óÏÓÞÉÔÁÅÍ ÈÁÒÁËÔÅÒÉÓÔÉÞÅÓËÕÀ ÆÕÎË�ÉÀ fnÓÌÕÞÁÊÎÏÊ ×ÅÌÉÞÉÎÙ �n1 + : : :+ �nn. éÍÅÅÍfn (p) = 1 + 2n ∞�n−1=� (os (px)− 1 + p2x22! − p4x44! ) g (x)x1+� dx+ 2n n−1=��0 (os (px)− 1 + p2x22! − p4x44! ) gn (x)x1+� dx
− 2n ∞�n−1=� (os (px)− 1 + p2x22! − p4x44! ) hn (x)x1+� dx

− 2n ∞�0 p2x22! d�n(x) + 2n ∞�0 p4x44! d�n(x)n : (30)÷×ÅÄÅÍ ÏÂÏÚÎÁÞÅÎÉÑVn (p) = −2 ∞�n−1=� (os (px)− 1 + p2x22! − p4x44! ) g (x)x1+� dx;vn (p) = −2 n−1=��0 (os (px)− 1 + p2x22! − p4x44! ) gn (x)x1+� dxÉ wn (p) = −2 ∞�n−1=� (os (px)− 1 + p2x22! − p4x44! ) hn (x)x1+� dx:÷ ÜÔÉÈ ÏÂÏÚÎÁÞÅÎÉÑÈfn(p) = (1− 1nVn(p)− 1nvn(p) + 1nwn(p)− 2n ∞�0 p2x22! d�n(x)+ 2n ∞�0 p4x44! d�n(x))n:



164 í. ÷. ðìá�ïîï÷áìÅÍÍÁ 8. ðÒÉ n→ ∞ Ó�ÒÁ×ÅÄÌÉ×Ù ÓÏÏÔÎÏÛÅÎÉÑ
∞�0 x22! d�n (x) = ∞�n−1=� x22! d� (x) (1 + o (1) );

∞�0 p4x44! d�n(x) = ∞�n−1=� p4x44! d�(x)(1 + o(1));É ÓÕÝÅÓÔ×ÕÀÔ ÔÁËÉÅ �ÏÌÏÖÉÔÅÌØÎÙÅ ËÏÎÓÔÁÎÔÙ B̃2, C̃2, B̃3 É C̃3,ÞÔÏ Ó�ÒÁ×ÅÄÌÉ×Ù ÎÅÒÁ×ÅÎÓÔ×ÁB̃2n2=� 6
2n ∞�n−1=�x22! d� (x) 6

C̃2n2=�É B̃3n4=� 6
2n ∞�n−1=�x44! d� (x) 6

C̃3n4=� :äÏËÁÚÁÔÅÌØÓÔ×Ï ÜÔÏÊ ÌÅÍÍÙ ×�ÏÌÎÅ ÁÎÁÌÏÇÉÞÎÏ ÄÏËÁÚÁÔÅÌØÓÔ×Õ ÌÅÍ-ÍÙ 1.ìÅÍÍÁ 9. äÌÑ |p| 6 1 ÓÕÝÅÓÔ×ÕÀÔ ÔÁËÉÅ �ÏÌÏÖÉÔÅÌØÎÙÅ ËÏÎÓÔÁÎ-ÔÙ B̃4 É C̃4, ÞÔÏ Ó�ÒÁ×ÅÄÌÉ×Ï ÎÅÒÁ×ÅÎÓÔ×Ï B̃4 |p|� 6 Vn (p) 6 C̃4 |p|�.äÏËÁÚÁÔÅÌØÓÔ×Ï. ðÒÅÄÓÔÁ×ÉÍ Vn (p) × ×ÉÄÅVn(p) = −2 ∞�n−1=� (os (px)− 1 + p2x22! − p4x44! ) g(x) dxx1+�= −2 |p|� ∞�
|p|n−1=� (os y − 1 + y22! − y44!) g( y

|p|) dyy1+� :�ÁË ËÁË ÆÕÎË�ÉÑ g(x) ÕÄÏ×ÌÅÔ×ÏÒÑÅÔ ÎÅÒÁ×ÅÎÓÔ×Õ 0 < B 6 g(x) 6 C,ÔÏ �ÒÉ |p| 6 1 B̃4 |p|� 6 Vn(p) 6 C̃4 |p|� ;ÇÄÅ B̃4 = 2B∞�1 (os y − 1 + y22! − y44!) dyy1+�



îå÷åòïñ�îïó�îùå âåúçòáîéþîï äåìéíùå 165É C̃4 = 2C∞�0 (os y − 1 + y22! − y44!) dyy1+� : �ìÅÍÍÁ 10. ðÒÉ p→ 0 Ó�ÒÁ×ÅÄÌÉ×Ù ÓÏÏÔÎÏÛÅÎÉÑ supn vn (p) = o (|p|�)É supn wn (p) = o (|p|�).äÏËÁÚÁÔÅÌØÓÔ×Ï. íÏÖÎÏ ÓÞÉÔÁÔØ, ÞÔÏ |p| 6 1. ðÒÅÄÓÔÁ×ÉÍ wn (p) ××ÉÄÅ wn(p) = −2 ∞�n−1=� (os (px)− 1 + p2x22! − p4x44! )hn (x) dxx1+�
6 2 1�n−1=� p6x66! hn (x) dxx1+�
− 2 |p|� ∞�

|p| (os y − 1 + y22! − y44!)hn( y
|p|) dyy1+� :õÞÉÔÙ×ÁÑ (17), ÉÍÅÅÍsupn (2 1�n−1=� p6x66! hn (x) dxx1+�) = o (|p|�) :þÔÏÂÙ Ï�ÅÎÉÔØ ×ÔÏÒÏÅ ÓÌÁÇÁÅÍÏÅ, ÒÁÓÓÍÏÔÒÉÍ ÏÔÄÅÌØÎÏ ÓÌÕÞÁÉ � ∈(4; 5℄ É � ∈ (5; 6). ÷ ÓÌÕÞÁÅ � ∈ (4; 5℄

− 2 |p|� ∞�
|p| (os y − 1 + y22! − y44!)hn( y

|p|) dyy1+�
6 maxy∈[0;∞)(−os y − 1 + y22! − y44!y1+� )

|p|� ∞�
|p| hn( y

|p|) dy
6 K |p|�+1 ∞�1 h (t) dt = o (|p|�) :



166 í. ÷. ðìá�ïîï÷á÷ ÓÌÕÞÁÅ � ∈ (5; 6) ×ÔÏÒÏÅ ÓÌÁÇÁÅÍÏÅ �ÒÅÄÓÔÁ×ÉÍ × ×ÉÄÅ
− 2 |p|� ∞�

|p| (os y − 1 + y22! − y44!)hn( y
|p|) dyy1+�

6 2 |p|� 1�
|p| y66! hn( y

|p|) dyy1+�+ 2 |p|� maxy∈[1;∞) ∣∣∣os y − 1 + y22! − y44! ∣∣∣y1+� ·
∞�1 ∣∣∣∣hn( y

|p|)∣∣∣∣ dy
6 2 |p|6 1

|p|�1 hn (t) dt+ 2 |p|�+1K1 ∞�0 h (t) dt = o (|p|�) ;ÔÁË ËÁË h (x) ∈ L1 (R).úÁÍÅÔÉÍ, ÞÔÏvn (p) = −2 n−1=��0 (os (px)− 1 + p2x22! − p4x44! ) gn (x)x1+� dx
6 2p6Dn1=� n−1=��0 x66! dx = 2D7!n6=� p6 = o (|p|�) : �ïÂÏÚÎÁÞÉÍ �2n = 2n ∞�0 x2d�n (x) (31)É mn = 2n ∞�0 x4d�n (x) : (32)ìÅÍÍÁ 11. óÕÝÅÓÔ×ÕÀÔ ÔÁËÉÅ "0; d0 > 0, ÞÔÏ �ÒÉ |p| < "0 Ó�ÒÁ×ÅÄ-ÌÉ×Ù ÎÅÒÁ×ÅÎÓÔ×Á0 6 fn (p) exp(�2np22 − p424 (mn − 3�4n))n 6 e−d0|p|�



îå÷åòïñ�îïó�îùå âåúçòáîéþîï äåìéíùå 167É exp(p2�2n2 − p4 (mn − 3�4n)24 )
> 1: (33)äÏËÁÚÁÔÅÌØÓÔ×Ï. ó�ÒÁ×ÅÄÌÉ×ÏÓÔØ ÎÅÒÁ×ÅÎÓÔ×Á (33) × ÍÁÌÏÊ ÏËÒÅÓÔ-ÎÏÓÔÉ ÎÕÌÑ ÏÞÅ×ÉÄÎÁ.éÓ�ÏÌØÚÕÑ (30) É ÎÅÒÁ×ÅÎÓÔ×Ï lnx 6 x− 1− 12 (x− 1)2, Ó�ÒÁ×ÅÄÌÉ×ÏÅ�ÒÉ x ∈ (0; 1), �ÏÌÕÞÉÍln(fn(p) exp(�2np22 − p424(mn − 3�4n))n)= ln (fn(p))+ np2�2n2 − np4 (mn − 3�4n)24

6 n(− 1nVn (p)− 1nvn (p) + 1nwn (p)− p2�2n2 + p4mn4!
− p2�2n2 Vn + �n − wnn + p2�2n2 p4mn4! − p4�4n4 )+ np2�2n2 − np4 (mn − 3�4n)24 = −Vn (p)− vn (p) + wn (p)+ p2�2n2 (

− Vn (p)− vn (p) + wn (p) )+ p4mn24 :õÔ×ÅÒÖÄÅÎÉÅ ÌÅÍÍÙ ÓÌÅÄÕÅÔ ÉÚ ÌÅÍÍ 9 É 10. �÷ÙÂÅÒÅÍ, ËÁË É ÒÁÎÅÅ, ÔÁËÕÀ ÕÂÙ×ÁÀÝÕÀ ÆÕÎË�ÉÀ � ∈ C∞ (R),ÞÔÏ � (x) = 1 �ÒÉ x 6 1 É � (x) = 0 �ÒÉ x > 2.ï�ÒÅÄÅÌÉÍ �ÏÓÌÅÄÏ×ÁÔÅÌØÎÏÓÔØ ÆÕÎË�ÉÊ  n; n ∈ N, �ÏÌÁÇÁÑ n (p) = (exp{(�2np22 − p424 (mn − 3�4n))�( |p|n 1�− 16 )})n : (34)ðÏÓÌÅÄÏ×ÁÔÅÌØÎÏÓÔØ ÆÕÎË�ÉÊ fn (p), ÚÁÄÁÎÎÁÑ ÆÏÒÍÕÌÏÊ (20), ÎÅÉÍÅÅÔ �ÒÅÄÅÌÁ. äÌÑ ÔÏÇÏ, ÞÔÏÂÙ ÓÄÅÌÁÔØ ÜÔÕ �ÏÓÌÅÄÏ×ÁÔÅÌØÎÏÓÔØ ÓÈÏ-ÄÑÝÅÊÓÑ, ÕÍÎÏÖÉÍ fn ÎÁ ÆÕÎË�ÉÀ  n, ÚÁÄÁÎÎÕÀ ÆÏÒÍÕÌÏÊ (34).�ÅÏÒÅÍÁ 3. ðÏÓÌÅÄÏ×ÁÔÅÌØÎÏÓÔØ fn n ÓÈÏÄÉÔÓÑ × L2 (R) �ÒÉ n→ ∞Ë ÆÕÎË�ÉÉ q̂, ÚÁÄÁÎÎÏÊ ÆÏÒÍÕÌÏÊ (13).äÏËÁÚÁÔÅÌØÓÔ×Ï. óÎÁÞÁÌÁ �ÏËÁÖÅÍ, ÞÔÏ ×Ù�ÏÌÎÑÅÔÓÑ ÓÏÏÔÎÏÛÅÎÉÅfn(p) n(p) → q̂(p) �ÒÉ n→ ∞ ÄÌÑ ËÁÖÄÏÇÏ p ∈ R.



168 í. ÷. ðìá�ïîï÷áúÁÍÅÔÉÍ, ÞÔÏ ÄÌÑ ËÁÖÄÏÇÏ ÆÉËÓÉÒÏ×ÁÎÎÏÇÏ p É ÄÏÓÔÁÔÏÞÎÏ ÂÏÌØÛÉÈn, ÔÁËÉÈ ÞÔÏ |p|n1=6−1=� < 1, ÉÍÅÅÍfn(p) n(p) = [1− 1nVn (p)− 1nvn (p) + 1nwn (p)− �2np22 + mnp424 ]n
×
(exp(�2np22 − p424 (mn − 3�4n) ))n :é�ÏÌØÚÕÑ ÌÅÍÍÙ 9 É 10, �ÏÌÕÞÁÅÍfn(p) n(p) = [1− 1nVn (p)− 1nvn (p) + 1nwn (p)− �2np22 + mnp424 ]n

×
(1 + �2np22 − p424 (mn − 3�4n)+ �4np48 + o( 1n))n= [1− 1nVn (p) + o( 1n)]n −→n→∞

q̂(p):ðÏËÁÖÅÍ ÔÅ�ÅÒØ, ÞÔÏ fn n ÓÈÏÄÉÔÓÑ Ë q̂ ÎÅ ÔÏÌØËÏ �ÏÔÏÞÅÞÎÏ, ÎÏÔÁËÖÅ É × ÓÍÙÓÌÅ L2 (R).éÍÅÅÍ fn (p) n(p) = An(p) +Bn(p); (35)ÇÄÅ An(p) = fn (p) n(p)1[0;2n1=�−1=6)(p)É Bn(p) = fn (p) n(p)1[2n1=�−1=6;∞)(p):úÁÍÅÔÉÍ, ÞÔÏ ÄÌÑ ËÁÖÄÏÇÏ p ∈ R An(p) → q̂(p) �ÒÉ n→ ∞, Á × ÓÉÌÕÌÅÍÍÙ 11 ÆÕÎË�ÉÉ A2n ÍÁÖÏÒÉÒÕÀÔÓÑ ÆÕÎË�ÉÅÊ e−2d0|p|� . éÓ�ÏÌØÚÕÑÔÅÏÒÅÍÕ ìÅÂÅÇÁ, ÍÙ �ÏÌÕÞÁÅÍ, ÞÔÏ An −→n→∞
q̂ × L2 (R).�Å�ÅÒØ ÄÌÑ ÄÏËÁÚÁÔÅÌØÓÔ×Á ÔÅÏÒÅÍÙ ÄÏÓÔÁÔÏÞÎÏ �ÒÏ×ÅÒÉÔØ, ÞÔÏ

‖Bn‖L2 → 0 �ÒÉ n→ ∞. ÷ ÜÔÏÍ ÎÁÍ �ÏÍÏÖÅÔ ÓÌÅÄÕÀÝÁÑ ÌÅÍÍÁ.ìÅÍÍÁ 12. ðÒÉ u ∈
[n−1=6; 1) Ó�ÒÁ×ÅÄÌÉ×Ï ÓÏÏÔÎÏÛÅÎÉÅf�n(n1=�u) = 1− dnu2 +O (|u|�) ;ÇÄÅ B 6 dn 6 C.äÏËÁÚÁÔÅÌØÓÔ×Ï ÁÎÁÌÏÇÉÞÎÏ ÄÏËÁÚÁÔÅÌØÓÔ×Õ ÌÅÍÍÙ 7.



îå÷åòïñ�îïó�îùå âåúçòáîéþîï äåìéíùå 169÷ÅÒÎÅÍÓÑ Ë ÄÏËÁÚÁÔÅÌØÓÔ×Õ ÔÅÏÒÅÍÙ 3. ðÏ Ï�ÒÅÄÅÌÅÎÉÀ ‖Bn‖2L2�ÒÅÄÓÔÁ×ÌÑÅÔÓÑ × ÓÌÅÄÕÀÝÅÍ ×ÉÄÅ
‖Bn‖2L2 = ∞�2n1=�−1=6 dp 2n ∞�0 os (px) gn(x)x1+� dx2n :ëÁË É × ÔÅÏÒÅÍÅ 2, ÍÙ ÍÏÖÅÍ �ÏËÁÚÁÔØ, ÞÔÏ ÓÕÝÅÓÔ×ÕÅÔ ÔÁËÁÑ ËÏÎ-ÓÔÁÎÔÁ K1 > 0, ÞÔÏ ÈÁÒÁËÔÅÒÉÓÔÉÞÅÓËÁÑ ÆÕÎË�ÉÑ f�n (p) ÓÌÕÞÁÊÎÏÊ×ÅÌÉÞÉÎÙ �nk Ï�ÅÎÉ×ÁÅÔÓÑ ÓÌÅÄÕÀÝÉÍ ÏÂÒÁÚÏÍ:

|f�n (p)| 6
K1n1=�
|p| : (36)ðÒÅÏÂÒÁÚÕÅÍ ×ÙÒÁÖÅÎÉÅ ÄÌÑ ‖Bn‖2L2 . ÷ ÓÉÌÕ (16) É (36), ÉÍÅÅÍ

‖Bn‖2L2 = n1=��2n1=�−1=6 dp(f�n(p))2n + K1n1=��n1=� dp(f�n(p))2n+ ∞�K1n1=� dp(f�n(p))2n 6 n1=� (1− 4dnn−1=3)2n+ (1− �n−)2n n1=� (K1 − 1) + K1n1=�(2n− 1) :úÁÍÅÔÉÍ, ÞÔÏ �ÏÓÌÅÄÎÅÅ ×ÙÒÁÖÅÎÉÅ ÓÔÒÅÍÉÔÓÑ Ë 0 �ÒÉ n→ ∞. �

§3. ìÏËÁÌØÎÙÅ �ÒÅÄÅÌØÎÙÅ ÔÅÏÒÅÍÙ ÄÌÑ ÂÏÌØÛÉÈÕËÌÏÎÅÎÉÊïÂÏÚÎÁÞÉÍ ÞÅÒÅÚ Pn ÒÁÓ�ÒÅÄÅÌÅÎÉÅ ÓÌÕÞÁÊÎÏÊ ×ÅÌÉÞÉÎÙ �n1 + : : :+�nn, Á ÞÅÒÅÚ pn { ÓÏÏÔ×ÅÔÓÔ×ÕÀÝÕÀ �ÌÏÔÎÏÓÔØ. þÅÒÅÚ �n ÏÂÏÚÎÁÞÉÍÏÂÒÁÔÎÏÅ �ÒÅÏÂÒÁÚÏ×ÁÎÉÅ æÕÒØÅ ÆÕÎË�ÉÉ  n−1 (ÆÕÎË�ÉÑ  n ÄÌÑ � ∈(2; 4) Ï�ÒÅÄÅÌÑÅÔÓÑ ÆÏÒÍÕÌÏÊ (24), Á ÄÌÑ � ∈ (4; 6) { ÆÏÒÍÕÌÏÊ (34)).ëÁË ÍÙ ÕÓÔÁÎÏ×ÉÌÉ ×ÙÛÅ (ÔÅÏÒÅÍÙ 2, 3), �ÏÓÌÅÄÏ×ÁÔÅÌØÎÏÓÔØ pn+pn ∗�n ÓÈÏÄÉÔÓÑ × L2 (R) Ë ÆÕÎË�ÉÉ q, Ï�ÒÅÄÅÌÅÎÎÏÊ ÆÏÒÍÕÌÏÊ (14).÷ ÄÁÌØÎÅÊÛÅÊ ÒÁÂÏÔÅ ÎÁÍ �ÏÎÁÄÏÂÉÔÓÑ �ÏÎÑÔÉÅ ÓÌÁÂÏÊ ÜË×É×ÁÌÅÎÔ-ÎÏÓÔÉ ÆÕÎË�ÉÊ ÎÁ ÂÅÓËÏÎÅÞÎÏÓÔÉ. îÁ�ÏÍÎÉÍ ÓÏÏÔ×ÅÔÓÔ×ÕÀÝÅÅ Ï�ÒÅ-ÄÅÌÅÎÉÅ.ðÕÓÔØ f (x) É h (x) { �ÏÌÏÖÉÔÅÌØÎÙÅ �ÒÉ x > a > 0 ÆÕÎË�ÉÉ. íÙÇÏ×ÏÒÉÍ, ÞÔÏ ÆÕÎË�ÉÉ f É h ÓÌÁÂÏ ÜË×É×ÁÌÅÎÔÎÙ ÎÁ ÂÅÓËÏÎÅÞÎÏÓÔÉ,



170 í. ÷. ðìá�ïîï÷áÅÓÌÉ ÄÌÑ �ÒÏÉÚ×ÏÌØÎÏÇÏ " ÓÕÝÅÓÔ×ÕÅÔ Æ0 ∈ (0; 1), ÔÁËÏÅ ÞÔÏ ÄÌÑ ÌÀ-ÂÏÇÏ Æ ∈ (0; Æ0) ÎÁÊÄÅÔÓÑ ÔÁËÏÅ x0 > 0, ÞÔÏ �ÒÉ x > x0 ×Ù�ÏÌÎÅÎÙÎÅÒÁ×ÅÎÓÔ×Á(1− ") g (t (1 + Æ)) 6 f (t) 6 (1 + ") g (t (1− Æ)) :äÌÑ ÓÌÁÂÏÊ ÜË×É×ÁÌÅÎÔÎÏÓÔÉ ÍÙ ÂÕÄÅÍ ÉÓ�ÏÌØÚÏ×ÁÔØ ÏÂÏÚÎÁÞÅÎÉÅf (x) w
∽ h (x) �ÒÉ x → ∞. ïÔÍÅÔÉÍ ÓÌÅÄÕÀÝÉÊ ÒÅÚÕÌØÔÁÔ:�ÅÏÒÅÍÁ 4 (ñËÙÍÉ×, [5℄, Ó. 207). ðÕÓÔØ � { ÂÅÚÇÒÁÎÉÞÎÏ ÄÅÌÉÍÁÑ ÓÌÕ-ÞÁÊÎÁÑ ×ÅÌÉÞÉÎÁ ÓÏ Ó�ÅËÔÒÁÌØÎÏÊ ÍÅÒÏÊ ìÅ×É G (dx). ðÕÓÔØ G (dx)ÏÇÒÁÎÉÞÅÎÁ É ÏÂÌÁÄÁÅÔ ÎÅ�ÒÅÒÙ×ÎÏÊ ÎÁ [0;∞) �ÌÏÔÎÏÓÔØÀ g̃ (x) �ÒÉ-ÞÅÍ, ÓÕÝÅÓÔ×ÕÅÔ �0 > 0, ÔÁËÏÅ ÞÔÏ ÆÕÎË�ÉÑ b (x) = xg̃ (x) ÎÅ ×ÏÚÒÁ-ÓÔÁÅÔ �ÒÉ x > �0, ×Ù�ÏÌÎÅÎÏ ÎÅÒÁ×ÅÎÓÔ×Ïlim supx→∞

g̃ (x)g̃ (2x) <∞ (37)É ÄÌÑ �ÒÏÉÚ×ÏÌØÎÏÇÏ �0 > 1lim supx→∞

G( [�0x;∞) )G( [x;∞) ) < 1: (38)�ÏÇÄÁ ÄÌÑ �ÌÏÔÎÏÓÔÉ ÒÁÓ�ÒÅÄÅÌÅÎÉÑ f (x) = ddxP {� 6 x} Ó�ÒÁ×ÅÄ-ÌÉ×Ï �ÒÉ x→ ∞ f (x) w
∽ g̃ (x) :�ÁËÖÅ ÎÁÍ �ÏÎÁÄÏÂÉÔÓÑ ÓÌÅÄÕÀÝÅÅ �ÒÏÓÔÏÅ Ó×ÏÊÓÔ×Ï �ÒÅÏÂÒÁÚÏ×Á-ÎÉÑ æÕÒØÅ.ìÅÍÍÁ 13. ðÕÓÔØ r̂ { �ÒÅÏÂÒÁÚÏ×ÁÎÉÅ æÕÒØÅ ÆÕÎË�ÉÉ r. ðÕÓÔØ ÄÌÑÎÅËÏÔÏÒÏÇÏ k ∈ N r̂(k) ∈ L1 (R). �ÏÇÄÁ ÄÌÑ ËÁÖÄÏÇÏ x ∈ R Ó�ÒÁ×ÅÄÌÉ×ÏÎÅÒÁ×ÅÎÓÔ×Ï

|r (x)| 6
12� 1

|x|k �
R

∣∣∣r̂(k)(p)∣∣∣ dp: (39)äÏËÁÚÁÔÅÌØÓÔ×Ï ÍÏÖÎÏ ÎÁÊÔÉ × [6℄.ìÅÍÍÁ 14. ðÕÓÔØ g (x) ∈ C1 (R) ; 0 < B 6 g(x) 6 C;� ∈ (2; 4) ∪(4; 6). ðÕÓÔØ ÓÕÝÅÓÔ×ÕÅÔ �0 > 0, ÔÁËÏÅ ÞÔÏ ÆÕÎË�ÉÑ b (x) = g(x)x� ÎÅ×ÏÚÒÁÓÔÁÅÔ �ÒÉ x > �0. �ÏÇÄÁ �ÒÉ x→ ∞q (x) w
∽
g (x)x1+� :



îå÷åòïñ�îïó�îùå âåúçòáîéþîï äåìéíùå 171äÏËÁÚÁÔÅÌØÓÔ×Ï. ðÒÅÄÓÔÁ×ÉÍ �ÌÏÔÎÏÓÔØ ÍÅÒÙ ìÅ×É × ×ÉÄÅg (x)x1+� = �1 (x) + �2 (x) ;ÇÄÅ �1 (x) ∈ C∞ (R) É ÕÄÏ×ÌÅÔ×ÏÒÑÅÔ ÕÓÌÏ×ÉÀ�1 (x) = { 0; |x| 6 12g(x)x1+� ; |x| > 1 ;Á ÆÕÎË�ÉÑ �2 (x) ∈ C∞ (R) ÕÄÏ×ÌÅÔ×ÏÒÑÅÔ ÕÓÌÏ×ÉÀ�2 (x) = { g(x)x1+� ; |x| 6 120; |x| > 1 :òÁÓÓÍÏÔÒÉÍ ÓÌÕÞÁÊ � ∈ (2; 4). ðÒÅÄÓÔÁ×ÉÍ ÔÅ�ÅÒØ ÆÕÎË�ÉÀ q̂ (p) ×ÓÌÅÄÕÀÝÅÍ ×ÉÄÅ:q̂ (p) = exp(2 ∞�12 (os (px)− 1)�1 (x) dx)
× exp(2 ∞�12 (p2x22! − p4x44! 1[0;1℄ (x))�1 (x) dx)
× exp2 1�0 (os (px)− 1 + p2x22! − p4x44! )�2 (x) dx= q̂1 (p) · q̂2 (p) · q̂3 (p) :æÕÎË�ÉÑ q̂1 (p) Ñ×ÌÑÅÔÓÑ ÈÁÒÁËÔÅÒÉÓÔÉÞÅÓËÏÊ ÆÕÎË�ÉÅÊ ÎÅËÏÔÏÒÏÊÂÅÚÇÒÁÎÉÞÎÏ ÄÅÌÉÍÏÊ ÓÌÕÞÁÊÎÏÊ ×ÅÌÉÞÉÎÙ �. õÓÌÏ×ÉÑ (37) É (38) ÒÁ×-ÎÏÓÉÌØÎÙ ÕÓÌÏ×ÉÑÍ lim supx→∞

g (x)g (2x) <∞ (40)É lim supx→∞

∞��0x g(t)t1+� dt
∞�x g(t)t1+� dt < 1 (41)



172 í. ÷. ðìá�ïîï÷áÓÏÏÔ×ÅÔÓÔ×ÅÎÎÏ. õÓÌÏ×ÉÅ (40) ×Ù�ÏÌÎÅÎÏ, ÔÁË ËÁË lim supx→∞

g(x)g(2x) 6 CB <
∞. õÓÌÏ×ÉÅ (41) ×Ù�ÏÌÎÅÎÏ × ÓÉÌÕ Ó�ÒÁ×ÅÄÌÉ×ÏÓÔÉ ÎÅÒÁ×ÅÎÓÔ×Á0 < ∞��0x g(t)t1+� dt

∞�x g(t)t1+� dt = 1− �0x�x g(t)t1+� dt
∞�x g(t)t1+� dt 6 1− BC (1− 1(�0)�) < 1�ÒÉ �0 > 1: CÌÅÄÏ×ÁÔÅÌØÎÏ, ×Ù�ÏÌÎÅÎÙ ×ÓÅ ÕÓÌÏ×ÉÑ ÔÅÏÒÅÍÙ 4 É, ÔÅÍÓÁÍÙÍ, ÍÙ ×ÉÄÉÍ, ÞÔÏ q1 (x) w
∽ �1 (x) �ÒÉ x → ∞, ÔÏ ÅÓÔØq1 (x) w

∽
g (x)x1+� :ïÂÏÚÎÁÞÉÍ q2 (x) = 12�+∞�

−∞

q̂2 (p) eipxdp É q3 (x) = 12�+∞�
−∞

q̂3 (p) eipxdp.îÁ ÏÓÎÏ×ÁÎÉÉ ÌÅÍÍÙ 13 ÄÌÑ q2 (x) É q3 (x) ÍÙ ×ÉÄÉÍ, ÞÔÏ �ÒÉ x → ∞ÆÕÎË�ÉÉ q2(x) É q3(x) ÓÔÒÅÍÑÔÓÑ Ë ÎÕÌÀ ÂÙÓÔÒÅÅ ÌÀÂÏÊ ÓÔÅ�ÅÎÉ x.÷ ÓÉÌÕ ÒÁÓÓÕÖÄÅÎÉÊ, �ÒÉ×ÅÄÅÎÎÙÈ × ÄÏËÁÚÁÔÅÌØÓÔ×Å ÔÅÏÒÅÍÙ 4 ( [5℄,Ó. 207), ÍÙ ÍÏÖÅÍ ÚÁËÌÀÞÉÔØ, ÞÔÏq (x) w
∽
g (x)x1+� :óÌÕÞÁÊ � ∈ (4; 6) ÄÏËÁÚÙ×ÁÅÔÓÑ ÁÎÁÌÏÇÉÞÎÏ. ��Å�ÅÒØ ÍÙ �ÏËÁÖÅÍ, ÞÔÏ ÄÌÑ ÄÏÓÔÁÔÏÞÎÏ ÂÏÌØÛÉÈ x = x (n) ÁÓÉÍ-�ÔÏÔÉÞÅÓËÏÅ �Ï×ÅÄÅÎÉÅ pn ÓÏ×�ÁÄÁÅÍ Ó ÁÓÉÍ�ÔÏÔÉÞÅÓËÉÍ �Ï×ÅÄÅÎÉÅÍ q.ðÒÉ ÜÔÏÍ ÄÏ�ÏÌÎÉÔÅÌØÎÏ �ÒÅÄ�ÏÌÏÖÉÍ, ÞÔÏ ÆÕÎË�ÉÑ g(x) ∈ C [�℄+2 (R),�ÒÉÞÅÍ Ó�ÒÁ×ÅÄÌÉ×Ù Ï�ÅÎËÉ ∣∣g(i) (x)∣∣ 6 Ki

|x|i , i = 1; 2; : : : ; [�℄ + 2 �ÒÉx → ∞. ðÒÅÄ�ÏÌÏÖÉÍ ÔÁËÖÅ, ÞÔÏ ÄÌÑ � ∈ (2; 4) ÈÁÒÁËÔÅÒÉÓÔÉÞÅÓËÁÑÆÕÎË�ÉÑ f�n ÓÌÕÞÁÊÎÏÊ ×ÅÌÉÞÉÎÙ �nk ÄÏ�ÕÓËÁÅÔ �ÒÅÄÓÔÁ×ÌÅÎÉÅf�n (p) = 1− 2n ∞�0 p2x22! gn(x)x1+� dx+ 1n0 (|p|) |p|� − 1nTn (p) p[�℄+1; (42)



îå÷åòïñ�îïó�îùå âåúçòáîéþîï äåìéíùå 173ÇÄÅ 0 (|p|) = 2 ∞�0 (os y − 1 + y22!) g(y=|p|)y1+� dy;sup
|p|6n1=�−1=� |Tn (p)| = K̃n� ; � > 1− �4 ;Á ÆÕÎË�ÉÑ Tn [�℄ + 2 ÒÁÚ ÎÅ�ÒÅÒÙ×ÎÏ ÄÉÆÆÅÒÅÎ�ÉÒÕÅÍÁ × ÎÅËÏÔÏÒÏÊÏËÒÅÓÔÎÏÓÔÉ 0 É sup

|p|6n1=�−1=� ∣∣∣T (i)n (p)∣∣∣ = K̃(i)n� ; � > 1− �4�ÒÉ i = 1; 2; : : : ; [�℄ + 2.äÌÑ ÓÌÕÞÁÑ � ∈ (4; 6), �Ï ÁÎÁÌÏÇÉÉ Ó (42), �ÒÅÄ�ÏÌÏÖÉÍ, ÞÔÏ ÈÁÒÁË-ÔÅÒÉÓÔÉÞÅÓËÁÑ ÆÕÎË�ÉÑ f�n ÓÌÕÞÁÊÎÏÊ ×ÅÌÉÞÉÎÙ �nk ÄÏ�ÕÓËÁÅÔ �ÒÅÄ-ÓÔÁ×ÌÅÎÉÅf�n (p) = 1− 2n ∞�0 p2x22! gn(x)x1+� dx+ 2n ∞�0 p4x44! gn(x)x1+� dx
− 1n2 (|p|) |p|� + 1nTn (p) p[�℄+1; (43)ÇÄÅ 2 (|p|) = −2 ∞�0 (os y − 1 + y22! − y44!) g ( y

|p|)y1+� dy;sup
|p|6n1=�−1=6 |Tn (p)| = K̃n� ; � > 1− �6 ;Á ÆÕÎË�ÉÑ Tn [�℄ + 2 ÒÁÚ ÎÅ�ÒÅÒÙ×ÎÏ ÄÉÆÆÅÒÅÎ�ÉÒÕÅÍÁ × ÎÅËÏÔÏÒÏÊÏËÒÅÓÔÎÏÓÔÉ 0 É sup

|p|6n1=�−1=6 ∣∣∣T (i)n (p)∣∣∣ = K̃(i)n� ; � > 1− �6�ÒÉ i = 1; 2; : : : ; [�℄ + 2.þÅÒÅÚ ĥn ÏÂÏÚÎÁÞÉÍ ÆÕÎË�ÉÀ ĥn (p) = fn (p) n (p)− q̂ (p). úÁÍÅÔÉÍ,ÞÔÏ ÉÚ ÔÅÏÒÅÍ 2, 3 ÓÌÅÄÕÅÔ, ÞÔÏ ∥∥ĥn∥∥L2 −→ 0n→∞
.



174 í. ÷. ðìá�ïîï÷á�ÅÏÒÅÍÁ 5. äÌÑ � ∈ (2; 4) ∪ (4; 6) ÉÍÅÅÍ�
R

∣∣∣ĥ([�℄+2)n (p)∣∣∣ dp 6
Cn% ;ÇÄÅ %=min (�+ �4 − 1; 1− 1�) �ÒÉ � ∈ (2; 4) É % = min (�+ �6 − 1; 1− 1�)�ÒÉ � ∈ (4; 6).äÏËÁÚÁÔÅÌØÓÔ×Ï. ðÒÉ � ∈ [3; 4) ÉÍÅÅÍ � = 4 É [�℄ + 2 = 5. ï�ÅÎÉÍ�

|p|6n1=�−1=4 ∣∣∣ĥ(5)n (p)∣∣∣ dp. ðÒÉ |p| 6 n1=�−1=4 ÉÚ ÆÏÒÍÕÌÙ (42) ÓÌÅÄÕÅÔ, ÞÔÏln f�n (p) = − 2n ∞�0 p2x22! gn(x)x1+� dx+ 1n0 (|p|) |p|� − 1nRn (p) p4;ÇÄÅ ÆÕÎË�ÉÑ Rn 5 ÒÁÚ ÎÅ�ÒÅÒÙ×ÎÏ ÄÉÆÆÅÒÅÎ�ÉÒÕÅÍÁ × ÏËÒÅÓÔÎÏÓÔÉÎÕÌÑ. �ÏÇÄÁ ÄÌÑ |p| 6 n1=�−1=4 Ó�ÒÁ×ÅÄÌÉ×Ïĥn(p) = exp(n( ln f�n (p) + 2n ∞�0 p2x22! gn(x)x1+� dx − p4n ))

− exp (0 (|p|) |p|� − p4) = exp (0 (|p|) |p|� − p4)
×
(exp (−Rn (p) p4)− 1) :óÌÅÄÏ×ÁÔÅÌØÎÏ, �

|p|6n1=�−1=4 ∣∣∣ĥ(5)n (p)∣∣∣ dp 6
Cn�+�=4−1 :òÁÓÓÕÖÄÁÑ ÔÁË ÖÅ, ËÁË �ÒÉ ÄÏËÁÚÁÔÅÌØÓÔ×Å ÔÅÏÒÅÍÙ 2, �ÏÌÕÞÁÅÍ�

|p|>n1=�−1=4 ∣∣∣ĥ(5)n (p)∣∣∣ dp 6

�
|p|>n1=�−1=4 ∣∣∣(exp (0 (|p|) |p|� − p4))(5)∣∣∣ dp+ �
|p|>n1=�−1=4 ∣∣∣(fn (p) n (p))(5)∣∣∣ dp 6

Cn1−1=� :÷ ÓÌÕÞÁÅ � ∈ (2; 3) ∪ (4; 6) ÔÅÏÒÅÍÁ ÄÏËÁÚÙ×ÁÅÔÓÑ ÁÎÁÌÏÇÉÞÎÏ. �



îå÷åòïñ�îïó�îùå âåúçòáîéþîï äåìéíùå 175éÚ ÔÅÏÒÅÍÙ 5 É ÌÅÍÍÙ 13 ÓÌÅÄÕÅÔ, ÞÔÏ ÄÌÑ ËÁÖÄÏÇÏ x ∈ R �ÒÉ� ∈ (2; 4) ∪ (4; 6) ×ÅÒÎÏ
|pn (x) + pn (x) ∗ �n (x)− q (x)| 6

Cn% |x|[�℄+2 : (44)éÚ (44) É ÌÅÍÍÙ 14 �ÏÌÕÞÁÅÍpn (x) + pn (x) ∗ �n (x) w
∽ q (x)�ÒÉ x→ ∞.äÁÌÅÅ ÍÙ ÓÒÁ×ÎÉÍ ÁÓÉÍ�ÔÏÔÉÞÅÓËÏÅ �Ï×ÅÄÅÎÉÅ pn + pn ∗ �n É pn.ðÏÌÏÖÉÍ dn (p) = fn (p) n (p)− fn (p) = fn (p) n (p) (1−  −1n (p)).�ÅÏÒÅÍÁ 6. äÌÑ ×ÓÅÈ � ∈ (2; 4) ∪ (4; 6) Ó�ÒÁ×ÅÄÌÉ×Á Ï�ÅÎËÁ�

R

∣∣∣d([�℄+2)n (p)∣∣∣ dp 6 C�[�℄+1−�n ;ÇÄÅ �n = n1=2−1=� → ∞ �ÒÉ n→ ∞.äÏËÁÚÁÔÅÌØÓÔ×Ï. ðÒÅÄ�ÏÌÏÖÉÍ � ∈ [3; 4). äÌÑ ÎÁÞÁÌÁ �ÏËÁÖÅÍ, ÞÔÏ�
|p|6n1=�−1=4 ∣∣∣d(5)n (p)∣∣∣ dp 6 C�4−�n :ðÒÉ |p| 6 n1=�−1=4 ÉÚ ÆÏÒÍÕÌÙ (42) ÓÌÅÄÕÅÔ, ÞÔÏdn(p) = exp(0(|p|)|p|� − p4 − p4Rn(p))

×
(1− exp(− 2 ∞�0 x2p22! gn (x)x1+� dx+ p4)):�ÏÇÄÁ �

|p|6n1=�−1=4 ∣∣∣d(5)n (p)∣∣∣ dp = �
|p|6n1=�−1=2 ∣∣∣d(5)n (p)∣∣∣ dp+ �n1=�−1=26|p|6n1=�−1=4 ∣∣∣d(5)n (p)∣∣∣ dp 6 C1n1−2=� �

|p|6n1=�−1=2p�−3dp+ C2n1−2=� �n1=�−1=26|p|6n1=�−1=4p�−5e0(|p|)(p)�−p4dp 6 C�4−�n :



176 í. ÷. ðìá�ïîï÷áäÁÌÅÅ, ÕÞÉÔÙ×ÁÑ, ÞÔÏ ÄÌÑ ËÁÖÄÏÇÏ p ∈ R É ÄÏÓÔÁÔÏÞÎÏ ÂÏÌØÛÉÈ nÓ�ÒÁ×ÅÄÌÉ×Ï (26), ÉÍÅÅÍ �ÒÉ n > n0�n1=�−1=46|p|62n1=�−1=4 ∣∣∣d(5)n (p)∣∣∣ dp 6
Cn1−1=� :äÌÑ ÚÁ×ÅÒÛÅÎÉÑ ÄÏËÁÚÁÔÅÌØÓÔ×Á ÄÏÓÔÁÔÏÞÎÏ ÚÁÍÅÔÉÔØ, ÞÔÏ dn (p) = 0�ÒÉ |p| > 2n1=�−1=4.áÎÁÌÏÇÉÞÎÏ ÔÅÏÒÅÍÁ ÄÏËÁÚÙ×ÁÅÔÓÑ ÄÌÑ � ∈ (2; 3) ∪ (4; 6). �÷ ÚÁËÌÀÞÅÎÉÅ ÏÔÍÅÔÉÍ, ÞÔÏ ÄÌÑ ÌÀÂÏÇÏ � ∈ (2; 4) ∪ (4; 6) ÉÚ ÔÅÏÒÅÍ5, 6 ÓÌÅÄÕÅÔ, ÞÔÏ �ÒÉ x → ∞pn (x) = q (x) +O( 1

|x|[�℄+2)+ rn (x) ;ÇÄÅ
|rn (x)| 6

(n1=2−1=�)[�℄+1−�
|x|[�℄+2 :ñÓÎÏ, ÞÔÏ ÓÌÁÂÁÑ ÜË×É×ÁÌÅÎÔÎÏÓÔØ ÆÕÎË�ÉÊ pn (x) É q (x) �ÒÉ x → ∞ÂÕÄÅÔ ÉÍÅÔØ ÍÅÓÔÏ × ÔÏÍ ÓÌÕÞÁÅ, ËÏÇÄÁ

(n1=2−1=�)[�℄+1−�
|x|[�℄+2 = o( 1

|x|1+� );ÞÔÏ ÜË×É×ÁÌÅÎÔÎÏ √n
|x|n1=� −→n→∞
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