
úÁ�ÉÓËÉ ÎÁÕÞÎÙÈÓÅÍÉÎÁÒÏ× ðïíé�ÏÍ 456, 2017 Ç.é. ÷ÁÓÉÌØÅ×, á. ãÅÌÉÝÅ×ïâ üë÷é÷áìåî�îïê îïòíå ÷ ðòïó�òáîó�÷åBMO
§1. ÷×ÅÄÅÎÉÅ÷ ÓÔÁÔØÅ ó. ÷. âÏÞËÁÒÅ×Á [4℄ ÂÙÌÏ ÄÏËÁÚÁÎÏ ÓÌÅÄÕÀÝÅÅ ÕÔ×ÅÒÖÄÅ-ÎÉÅ.�ÅÏÒÅÍÁ 1. ðÕÓÔØ {Vn} { ÑÄÒÁ ÷ÁÌÌÅ{ðÕÓÓÅÎÁ ÎÁ ÏËÒÕÖÎÏÓÔÉ, Q0 :=V1, Qn := V2n − V2n−1 �ÒÉ n > 1. äÌÑ ×ÅÝÅÓÔ×ÅÎÎÏÊ ÆÕÎË�ÉÉ f ∈ L1�ÏÌÏÖÉÍ

‖f‖D := supI ( 1
|I | ∫I ∑2−n<|I|( ∫ f(t)Qn(x− t)dt)2dx)1=2:�ÏÇÄÁ ÔÁËÁÑ ÎÏÒÍÁ ÜË×É×ÁÌÅÎÔÎÁ ×ÅÌÉÞÉÎÅ ‖f‖BMO.ðÏÚÄÎÅÅ ÜÔÏ ÕÔ×ÅÒÖÄÅÎÉÅ ÂÙÌÏ ÉÓ�ÏÌØÚÏ×ÁÎÏ ó. ÷. âÏÞËÁÒÅ×ÙÍ ×ÒÁÚÌÉÞÎÙÈ ×Ï�ÒÏÓÁÈ, Ó×ÑÚÁÎÎÙÈ Ó ÔÒÉÇÏÎÏÍÅÔÒÉÞÅÓËÉÍÉ ÒÑÄÁÍÉ { ÓÍ.,ÎÁ�ÒÉÍÅÒ, [5℄.ãÅÌØ ÎÁÛÅÊ ÒÁÂÏÔÙ { ÄÏËÁÚÁÔØ ÏÂÏÂÝÅÎÉÅ ÜÔÏÇÏ ÎÅÒÁ×ÅÎÓÔ×Á, ÚÁ-ÍÅÎÉ× ÑÄÒÁ ÷ÁÌÌÅ-ðÕÓÓÅÎÁ ÎÁ ÂÏÌÅÅ ÏÂÝÉÅ ÆÕÎË�ÉÉ Sn, ÎÁ �ÒÅÏÂÒÁÚÏ-×ÁÎÉÑ æÕÒØÅ ËÏÔÏÒÙÈ ÎÁÌÏÖÅÎÙ ÎÅËÏÔÏÒÙÅ ÕÓÌÏ×ÉÑ × ÄÕÈÅ ÔÅÏÒÅÍÙè£ÒÍÁÎÄÅÒÁ{íÉÈÌÉÎÁ Ï ÍÕÌØÔÉ�ÌÉËÁÔÏÒÁÈ (ÆÏÒÍÕÌÉÒÏ×ËÕ É ÄÏËÁÚÁ-ÔÅÌØÓÔ×Ï ËÏÔÏÒÏÊ ÍÏÖÎÏ ÎÁÊÔÉ, ÎÁ�ÒÉÍÅÒ, × [1℄). ëÒÏÍÅ ÔÏÇÏ, ÆÕÎË�ÉÉÕ ÎÁÓ ÂÕÄÕÔ ÚÁÄÁÎÙ ÎÁ R

d, Á ÎÅ ÎÁ ÏËÒÕÖÎÏÓÔÉ. ðÏÌÕÞÉ×ÛÉÊÓÑ ÒÅÚÕÌØ-ÔÁÔ ÓÏÓÔÏÉÔ × ÓÌÅÄÕÀÝÅÍ.�ÅÏÒÅÍÁ 2. ðÕÓÔØ { n}n∈Z { ÎÁÂÏÒ ÆÕÎË�ÉÊ ÎÁ R
d, Õ ËÏÔÏÒÙÈ ÓÕ-ÝÅÓÔ×ÕÀÔ ÏÂÏÂÝ£ÎÎÙÅ �ÒÏÉÚ×ÏÄÎÙÅ ÄÏ �ÏÒÑÄËÁ d+1 É ×Ù�ÏÌÎÑÀÔÓÑÓÌÅÄÕÀÝÉÅ ÕÓÌÏ×ÉÑ.1) ∑n∈Z

 n ≡ 1.2) supp n ⊂ {x ∈ R
d : 2n−1 6 |x| 6 2n+1}.3) 2−nd ∫

|D� n(�)|d� 6 K2−n|�| �ÒÉ 0 6 |�| 6 d+ 1.ëÌÀÞÅ×ÙÅ ÓÌÏ×Á: �ÒÏÓÔÒÁÎÓÔ×Ï BMO, ÔÅÏÒÅÍÁ è£ÒÍÁÎÄÅÒÁ{íÉÈÌÉÎÁ.òÁÂÏÔÁ ×Ù�ÏÌÎÅÎÁ �ÒÉ �ÏÄÄÅÒÖËÅ òÏÓÓÉÊÓËÏÇÏ ÎÁÕÞÎÏÇÏ ÆÏÎÄÁ, ÇÒÁÎÔ �14-21-00035. 37



38 é. ÷áóéìøå÷, á. ãåìéýå÷úÄÅÓØ K { ËÏÎÓÔÁÎÔÁ, ÎÅ ÚÁ×ÉÓÑÝÁÑ ÏÔ n. ï�ÒÅÄÅÌÉÍ Ï�ÅÒÁÔÏÒ �nÒÁ×ÅÎÓÔ×ÏÍ �̂nf :=  nf̂ É ××ÅÄÅÍ ÎÏÒÍÕ
‖f‖D := supQ ( 1

|Q|

∫Q ∑2−n6l(Q) |�nf(x)|2 dx)1=2;ÇÄÅ ÓÕ�ÒÅÍÕÍ ÂÅÒ£ÔÓÑ �Ï ×ÓÅÍ ËÕÂÁÍ Q, Á l(Q) { ÄÌÉÎÁ ÒÅÂÒÁ Q. �Ï-ÇÄÁ C1‖f‖D 6 ‖f‖BMO 6 C2‖f‖D ÄÌÑ ÎÅËÏÔÏÒÙÈ �ÏÌÏÖÉÔÅÌØÎÙÈ ËÏÎ-ÓÔÁÎÔ C1 É C2.áÎÁÌÏÇÉÞÎÙÊ ÒÅÚÕÌØÔÁÔ ×ÅÒÅÎ É ÄÌÑ ÏËÒÕÖÎÏÓÔÉ ×ÍÅÓÔÏ R
d (ÒÁÚÕ-ÍÅÅÔÓÑ, × �ÏÓÌÅÄÎÅÍ ÕÓÌÏ×ÉÉ �ÒÏÉÚ×ÏÄÎÙÅ ÎÁÄÏ ÚÁÍÅÎÉÔØ ÎÁ ËÏÎÅÞÎÙÅÒÁÚÎÏÓÔÉ). ðÏÌÕÞÉ×ÛÁÑÓÑ ÔÅÏÒÅÍÁ ÄÌÑ ÏËÒÕÖÎÏÓÔÉ ÄÅÊÓÔ×ÉÔÅÌØÎÏ ÂÕ-ÄÅÔ Ñ×ÌÑÔØÓÑ ÏÂÏÂÝÅÎÉÅÍ ÔÅÏÒÅÍÙ 1 (ÕÓÌÏ×ÉÑ 1{3 ÄÌÑ ËÏÜÆÆÉ�ÉÅÎÔÏ×æÕÒØÅ ÑÄÅÒ Qn ÌÅÇËÏ �ÒÏ×ÅÒÑÀÔÓÑ).ïÔÍÅÔÉÍ, ÞÔÏ × ÒÁÂÏÔÅ [3℄ ÒÁÓÓÍÁÔÒÉ×ÁÅÔÓÑ �ÏÈÏÖÉÊ ×Ï�ÒÏÓ. ïÄÎÁ-ËÏ, Õ ÎÅ£ ÉÍÅÀÔÓÑ ÎÅËÏÔÏÒÙÅ ÏÔÌÉÞÉÑ ÏÔ ÎÁÛÅÊ ÒÁÂÏÔÙ. õÓÌÏ×ÉÑ × ÎÅÊÎÁËÌÁÄÙ×ÁÀÔÓÑ ÎÁ ÓÁÍÉ ÑÄÒÁ, Á ÎÅ ÉÈ �ÒÅÏÂÒÁÚÏ×ÁÎÉÑ æÕÒØÅ, �ÒÉ ÜÔÏÍÓÕ�ÒÅÍÕÍ ÂÅÒ£ÔÓÑ ÌÉÛØ �Ï ÄÉÁÄÉÞÅÓËÉÍ ËÕÂÁÍ. ëÒÏÍÅ ÔÏÇÏ, �ÏÈÏÖÅÅ×ÙÒÁÖÅÎÉÅ ÍÏÖÎÏ ÎÁÊÔÉ × ËÎÉÇÅ [2℄ ÎÁ ÓÔÒÁÎÉ�Å 93.á×ÔÏÒÙ ×ÙÒÁÖÁÀÔ ÂÌÁÇÏÄÁÒÎÏÓÔØ Ó×ÏÅÍÕ ÎÁÕÞÎÏÍÕ ÒÕËÏ×ÏÄÉÔÅÌÀó. ÷. ëÉÓÌÑËÏ×Õ ÚÁ �ÏÓÔÁÎÏ×ËÕ ÚÁÄÁÞÉ É ×ÎÉÍÁÎÉÅ Ë ÒÁÂÏÔÅ.

§2. ÷Ó�ÏÍÏÇÁÔÅÌØÎÙÅ ÎÅÒÁ×ÅÎÓÔ×Á÷ ÏÄÎÏÊ ÉÚ ÞÁÓÔÅÊ ÄÏËÁÚÁÔÅÌØÓÔ×Á ÎÁÍ �ÏÎÁÄÏÂÑÔÓÑ Ä×Å Ï�ÅÎËÉ, ËÏ-ÔÏÒÙÅ ÍÙ ÓÆÏÒÍÕÌÉÒÕÅÍ × ×ÉÄÅ ÌÅÍÍ. íÙ ÂÕÄÅÍ �ÏÌØÚÏ×ÁÔØÓÑ ÚÎÁËÏÍ\.", ËÏÔÏÒÙÊ ÏÚÎÁÞÁÅÔ, ÞÔÏ ÌÅ×ÁÑ ÞÁÓÔØ ÎÅ ÂÏÌØÛÅ �ÒÁ×ÏÊ, ÕÍÎÏÖÅÎ-ÎÏÊ ÎÁ ÎÅËÏÔÏÒÕÀ ËÏÎÓÔÁÎÔÕ.ìÅÍÍÁ 1. ðÕÓÔØ n ∈ Z, Q { �ÒÏÉÚ×ÏÌØÎÙÊ ËÕÂ Ó ÄÌÉÎÏÊ ÒÅÂÒÁ ÎÅÍÅÎØÛÅ 2−n. �ÏÇÄÁ
∫Q ( ∫

Rd\Q min{2nd; 2−n|x− �|−(d+1)}d�)2dx . 2−nl(Q)d−1:äÏËÁÚÁÔÅÌØÓÔ×Ï. ïÂÏÚÎÁÞÉÍ ÞÅÒÅÚ Q+ ËÕÂ Ó ÔÅÍ ÖÅ �ÅÎÔÒÏÍ, ÞÔÏÉ Q, É Ó ÄÌÉÎÏÊ ÓÔÏÒÏÎÙ ÂÏÌØÛÅ ÎÁ 2−n. ó�ÅÒ×Á ÄÏËÁÖÅÍ, ÞÔÏ ÄÌÑ



ïâ üë÷é÷áìåî�îïê îïòíå ÷ ðòïó�òáîó�÷å BMO 39ÌÀÂÏÇÏ ËÕÂÁ Q, ÔÁËÏÇÏ, ÞÔÏ l(Q) > 2−n, ×ÅÒÎÏ ÎÅÒÁ×ÅÎÓÔ×Ï:
∫Q ( ∫

Rd\Q+ 2−n|x− �|−(d+1)d�)2dx . 2−nl(Q)d−1: (1)âÕÄÅÍ ÓÞÉÔÁÔØ, ÞÔÏ Q = [0; l(Q)℄d. ÷ ÓÉÌÕ ÓÉÍÍÅÔÒÉÉ, ÄÏÓÔÁÔÏÞÎÏÏ�ÅÎÉÔØ ÔÁËÏÅ ÖÅ ×ÙÒÁÖÅÎÉÅ, × ËÏÔÏÒÏÍ ×ÎÕÔÒÅÎÎÉÊ ÉÎÔÅÇÒÁÌ ÂÅ-Ò£ÔÓÑ �Ï ÍÎÏÖÅÓÔ×Õ {� : �1; : : : ; �k ∈ [−2−n; l(Q) + 2−n℄; �k+1; : : : ; �d ∈(−∞;−2−n℄}, ÇÄÅ 0 6 k 6 d−1 (ÅÓÌÉ �j > l(Q)+2−n, ÔÏ ÍÏÖÎÏ ÓÄÅÌÁÔØÚÁÍÅÎÕ �j 7→ l(Q) − �j , xj 7→ l(Q) − xj). íÙ ÂÕÄÅÍ ÚÁÍÅÎÑÔØ ×ÙÒÁÖÅ-ÎÉÅ |x− �| ÎÁ ÜË×É×ÁÌÅÎÔÎÏÅ ÅÍÕ |x1 − �1|+ : : :+ |xd − �d|. �ÏÇÄÁ, Ñ×ÎÏÓÏÓÞÉÔÁ× ÉÎÔÅÇÒÁÌ, �ÏÌÕÞÁÅÍ, ÞÔÏl(Q)+2−n∫

−2−n (|x1 − �1|+ : : :+ |xd − �d|)−(d+1)d�1
. (|x2 − �2|+ : : :+ |xd − �d|)−d:ðÏÓÌÅ ÔÏÇÏ, ËÁË ÍÙ �ÒÏÉÎÔÅÇÒÉÒÕÅÍ ÔÁË k ÒÁÚ, ÏÓÔÁÎÅÔÓÑ (|xk+1 −�k+1|+ : : :+ |xd− �d|)−(d+1−k). ïÓÔÁ×ÛÉÅÓÑ ÉÎÔÅÇÒÁÌÙ �ÏÓÞÉÔÁÅÍ Ñ×ÎÏ:

−2−n∫

−∞

(|xk+1 − �k+1|+ : : :+ |xd − �d|)−(d+1−k)d�k+1= C(|xk+1 + 2−n|+ : : :+ |xd − �d|)−(d−k):ðÒÏÉÎÔÅÇÒÉÒÏ×Á× ÔÁË d−k ÒÁÚ, �ÏÌÕÞÉÍ, Ó ÔÏÞÎÏÓÔØÀ ÄÏ ÄÏÍÎÏÖÅÎÉÑÎÁ ËÏÎÓÔÁÎÔÕ, 1(xk+1 + 2−n) + : : :+ (xd + 2−n) :�ÁËÉÍ ÏÂÒÁÚÏÍ, ÏÓÔÁ£ÔÓÑ Ï�ÅÎÉÔØ2−2n l(Q)∫0 · · ·

l(Q)∫0 dx1 : : : dxd((xk+1 + 2−n) + : : :+ (xd + 2−n))2= 2−2nl(Q)k l(Q)∫0 · · ·

l(Q)∫0 dxk+1 : : : dxd((xk+1 + 2−n) + : : :+ (xd + 2−n))2
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6 2−2nl(Q)k l(Q)∫0 · · ·

l(Q)∫0 dxk+2 : : : dxd2−n + (xk+2 + 2−n) + : : :+ (xd + 2−n)
6 2−2nl(Q)d−1 12−n = 2−nl(Q)d−1:óÔÁÌÏ ÂÙÔØ, ÎÅÒÁ×ÅÎÓÔ×Ï (1) ÄÏËÁÚÁÎÏ. ïÔÍÅÔÉÍ, ÞÔÏ × ËÁÞÅÓÔ×Å Q+ÍÏÖÎÏ ÂÙÌÏ ÂÒÁÔØ ÌÀÂÏÊ ËÕÂ (ÉÌÉ �ÁÒÁÌÌÅÌÅ�É�ÅÄ), Õ ËÏÔÏÒÏÇÏ ÄÌÉÎÙÓÔÏÒÏÎ �Ï ËÒÁÊÎÅÊ ÍÅÒÅ ÎÁ 2−n ÂÏÌØÛÅ, ÞÅÍ Õ Q, ÄÌÑ ÎÅËÏÔÏÒÏÇÏÆÉËÓÉÒÏ×ÁÎÎÏÇÏ  > 0. ëÒÏÍÅ ÔÏÇÏ, ×ÍÅÓÔÏ ËÕÂÁ Q ÍÏÖÎÏ ÂÙÌÏ ÔÁËÖÅÂÒÁÔØ �ÁÒÁÌÌÅÌÅ�É�ÅÄ { ÔÏÇÄÁ × ÆÏÒÍÕÌÉÒÏ×ËÅ × ËÁÞÅÓÔ×Å l(Q) ÎÁÄÏÂÒÁÔØ ÎÁÉÂÏÌØÛÕÀ ÓÔÏÒÏÎÕ ÜÔÏÇÏ �ÁÒÁÌÌÅÌÅ�É�ÅÄÁ.÷Ù×ÅÄÅÍ ÔÅ�ÅÒØ ÉÚ (1) ÕÔ×ÅÒÖÄÅÎÉÅ ÌÅÍÍÙ. òÁÓÓÍÏÔÒÉÍ ÎÁÂÏÒ ËÕ-ÂÏ× {ql} Ó ÄÌÉÎÁÍÉ Ò£ÂÅÒ �ÏÒÑÄËÁ 2−n (�ÏÄ ÜÔÉÍ ÍÙ �ÏÄÒÁÚÕÍÅ×ÁÅÍ,ÞÔÏ, ÓËÁÖÅÍ, ÄÌÉÎÙ Ò£ÂÅÒ ×ÓÅÈ ql ÌÅÖÁÔ × �ÒÏÍÅÖÕÔËÅ ÏÔ 2−n=10 ÄÏ10 · 2−n), ÔÁËÉÈ, ÞÔÏ ÉÈ �ÅÎÔÒÙ ÌÅÖÁÔ ÎÁ ÇÒÁÎÑÈ Q, ÏÎÉ ÎÅ �ÅÒÅÓÅËÁ-ÀÔÓÑ É Q\∪ql ÓÏÄÅÒÖÉÔÓÑ × Q− { ËÕÂÅ Ó ÔÅÍ ÖÅ �ÅÎÔÒÏÍ, ÞÔÏ É Õ Q, ÉÄÌÉÎÏÊ ÓÔÏÒÏÎÙ ÎÁ 2−n ÍÅÎØÛÅ (ÄÌÑ ÎÅËÏÔÏÒÏÇÏ  > 0). ñÓÎÏ, ÞÔÏ ÔÁ-ËÉÈ ËÕÂÏ× × ÎÁÂÏÒÅ ÂÕÄÅÔ �ÏÒÑÄËÁ l(Q)d−1=2−n(d−1) = l(Q)d−12n(d−1).�ÏÇÄÁ

∫Q ( ∫

Rd\Q min{2nd; 2−n|x− �|−(d+1)}d�)2 dx
6

∑l ∫ql∩Q ( ∫

Rd\Q min{2nd; 2−n|x− �|−(d+1)}d�)2 dx+ ∫Q−

( ∫

Rd\Q min{2nd; 2−n|x− �|−(d+1)}d�)2 dx:÷ÔÏÒÏÅ ÓÌÁÇÁÅÍÏÅ ÔÕÔ Ï�ÅÎÉ×ÁÅÔÓÑ Ó �ÏÍÏÝØÀ ÎÅÒÁ×ÅÎÓÔ×Á (1), �ÏÜÔÏ-ÍÕ ÎÁÄÏ Ï�ÅÎÉÔØ �ÅÒ×ÏÅ. äÌÑ ÜÔÏÇÏ ÄÏÓÔÁÔÏÞÎÏ �ÏËÁÚÁÔØ, ÞÔÏ
∫ql∩Q ( ∫

Rd\Q min{2nd; 2−n|x− �|−(d+1)}d�)2dx . 2−nd:ðÕÓÔØ {qr}r∈Rl { ËÕÂÙ, \ÓÏÓÅÄÎÉÅ" Ó ql (ÉÈ ÎÅ ÂÏÌØÛÅ, ÞÅÍ 2d−2) É ÓÁÍql. �ÏÇÄÁ ÒÁÚÏÂØ£Í ×ÎÕÔÒÅÎÎÉÊ ÉÎÔÅÇÒÁÌ ÎÁ Ä×Á É ÎÁ�ÉÛÅÍ, ÞÔÏ ÉÎÔÅ-ÒÅÓÕÀÝÅÅ ÎÁÓ ×ÙÒÁÖÅÎÉÅ ÎÅ �ÒÅ×ÏÓÈÏÄÉÔ (Ó ÔÏÞÎÏÓÔØÀ ÄÏ ÄÏÍÎÏÖÅÎÉÑ



ïâ üë÷é÷áìåî�îïê îïòíå ÷ ðòïó�òáîó�÷å BMO 41ÎÁ ËÏÎÓÔÁÎÔÕ) ÓÌÅÄÕÀÝÅÊ ×ÅÌÉÞÉÎÙ:
∫ql∩Q ( ∫

Rd\(Q⋃
∪r∈Rlqr) min{2nd; 2−n|x− �|−(d+1)}d�)2 dx+ ∫ql∩Q ( ∫

∪r∈Rlqr min{2nd; 2−n|x− �|−(d+1)}d�)2 dx:óÏ ×ÔÏÒÙÍ ÉÎÔÅÇÒÁÌÏÍ ×Ó£ ÑÓÎÏ { ×ÍÅÓÔÏ �ÏÄÙÎÔÅÇÒÁÌØÎÏÇÏ ÍÉÎÉÍÕÍÁÎÁ�ÉÛÅÍ 2nd, �ÒÏÉÎÔÅÇÒÉÒÏ×Á× ÜÔÏ �Ï ∪ql { ÍÎÏÖÅÓÔ×Õ, ÍÅÒÁ ËÏÔÏÒÏÇÏÎÅ ÂÏÌØÛÅ C2−nd, �ÏÌÕÞÉÍ ËÏÎÓÔÁÎÔÕ. ðÒÏÉÎÔÅÇÒÉÒÏ×Á× Ë×ÁÄÒÁÔ ÜÔÏÊËÏÎÓÔÁÎÔÙ �Ï ql ∩Q { ÔÁËÖÅ ÍÎÏÖÅÓÔ×Õ ÍÅÒÙ ÎÅ ÂÏÌØÛÅ 2−nd, ÍÏÖÎÏÚÁËÌÀÞÉÔØ, ÞÔÏ ×ÔÏÒÏÅ ÓÌÁÇÁÅÍÏÅ ÎÅ ÂÏÌØÛÅ C2−nd.ë �ÅÒ×ÏÍÕ ÖÅ ÓÌÁÇÁÅÍÏÍÕ, ËÁË ÎÅÔÒÕÄÎÏ ×ÉÄÅÔØ, ÍÏÖÎÏ �ÒÉÍÅÎÉÔØÎÅÒÁ×ÅÎÓÔ×Ï (1) (ÄÌÑ �ÁÒÁÌÌÅÌÅ�É�ÅÄÁ ql ∩Q ×ÍÅÓÔÏ ËÕÂÁ Q), É ÔÁËÖÅ�ÏÌÕÞÉÔØ, ÞÔÏ ÏÎÏ ÎÅ �ÒÅ×ÏÓÈÏÄÉÔ C2−nd, ÔÁË ËÁË ÄÌÉÎÁ ÓÔÏÒÏÎÙ qlÉÍÅÅÔ �ÏÒÑÄÏË 2−n. �ÁËÉÍ ÏÂÒÁÚÏÍ, ÌÅÍÍÁ ÄÏËÁÚÁÎÁ. �÷ÔÏÒÏÅ ÕÔ×ÅÒÖÄÅÎÉÅ, ËÏÔÏÒÏÅ ÎÁÍ �ÏÎÁÄÏÂÉÔÓÑ, ÏÞÅÎØ �ÏÈÏÖÅ ÎÁÔÏÌØËÏ ÞÔÏ ÄÏËÁÚÁÎÎÏÅ.ìÅÍÍÁ 2. åÓÌÉ Q { ËÕÂ Ó ÄÌÉÎÏÊ ÒÅÂÒÁ ÎÅ ÍÅÎØÛÅ, ÞÅÍ 2−n, ÔÏ
∫

Rd\Q ( ∫Q min{2nd; 2−n|x− �|−(d+1)}d�)2 dx . 2−nl(Q)d−1:äÏËÁÚÁÔÅÌØÓÔ×Ï. äÏËÁÖÅÍ, ÞÔÏ
∫

Rd\Q+ ( ∫Q 2−n|x− �|−(d+1)d�)2dx . 2−nl(Q)d−1:üÔÏ ÍÏÖÎÏ ÒÁ×ÎÏÓÉÌØÎÏ �ÅÒÅ�ÉÓÁÔØ × ×ÉÄÅ
∫

Rd\Q+ ( ∫Q |x− �|−(d+1)d�)2dx . 2nl(Q)d−1: (2)õÔ×ÅÒÖÄÅÎÉÅ ÌÅÍÍÙ ÏÔÓÀÄÁ ÎÅÓÌÏÖÎÏ ×Ù×ÏÄÉÔÓÑ. äÅÊÓÔ×ÉÔÅÌØÎÏ, ÁÎÁ-ÌÏÇÉÞÎÏ ÏËÏÎÞÁÎÉÀ ÄÏËÁÚÁÔÅÌØÓÔ×Á �ÒÅÄÙÄÕÝÅÊ ÌÅÍÍÙ, �ÏËÒÏÅÍQ+ \ Q ËÕÂÁÍÉ ql Ó ÄÌÉÎÁÍÉ Ò£ÂÅÒ �ÏÒÑÄËÁ 2−n (ËÏÌÉÞÅÓÔ×Ï ÔÁËÉÈ



42 é. ÷áóéìøå÷, á. ãåìéýå÷ËÕÂÏ× ÂÕÄÅÔ �ÏÒÑÄËÁ l(Q)d−12n(d−1)). �ÏÇÄÁ
∫

Rd\Q ( ∫Q min{2nd; 2−n|x− �|−(d+1)}d�)2dx= ∫

Rd\Q+ ( ∫Q min{2nd; 2−n|x− �|−(d+1)}d�)2dx+∑l ∫ql ( ∫Q min{2nd; 2−n|x− �|−(d+1)}d�)2 dx:ðÅÒ×ÏÅ ÓÌÁÇÁÅÍÏÅ Ï�ÅÎÉ×ÁÅÔÓÑ �Ï ÎÅÒÁ×ÅÎÓÔ×Õ (2). ëÁÖÄÙÊ ÉÎÔÅÇÒÁÌÉÚ ÓÕÍÍÙ ×Ï ×ÔÏÒÏÍ ÓÌÁÇÁÅÍÏÍ ÍÏÖÎÏ Ï�ÅÎÉÔØ ÓÏÇÌÁÓÎÏ �ÒÅÄÙÄÕÝÅÊÌÅÍÍÅ:
∫ql (∫Q min{2nd; 2−n|x− �|−(d+1)}d�)2dx
6

∫ql ( ∫

Rd\ql min{2nd; 2−n|x− �|−(d+1)}d�)2dx . 2−nd:õÞÉÔÙ×ÁÑ, ÞÔÏ ×ÓÅÇÏ × ÓÕÍÍÅ �ÏÒÑÄËÁ l(Q)d−12n(d−1) ÓÌÁÇÁÅÍÙÈ, �ÏÌÕ-ÞÁÅÍ ÔÒÅÂÕÅÍÕÀ Ï�ÅÎËÕ.éÔÁË, ÏÓÔÁÌÏÓØ ÄÏËÁÚÁÔØ ÎÅÒÁ×ÅÎÓÔ×Ï (2). ï�ÑÔØ ÂÕÄÅÍ ÓÞÉÔÁÔØ, ÞÔÏQ = [0; l(Q)℄d. ëÁË É × ÌÅÍÍÅ 1, × ÓÉÌÕ ÓÉÍÍÅÔÒÉÉ, ÄÏÓÔÁÔÏÞÎÏ Ï�ÅÎÉÔØÔÁËÏÅ ×ÙÒÁÖÅÎÉÅ, ÇÄÅ ×ÎÅÛÎÉÊ ÉÎÔÅÇÒÁÌ ÂÅÒ£ÔÓÑ �Ï ÍÎÏÖÅÓÔ×Õ
{x : x1; : : : ; xk ∈ [−2−n; l(Q) + 2−n℄; xk+1; : : : ; xk+m ∈ (−∞;−l(Q));xk+m+1; : : : ; xd ∈ [−l(Q);−2−n℄};Á k < d (ÚÄÅÓØ, ÏÄÎÁËÏ, �Ï ÔÅÈÎÉÞÅÓËÉÍ �ÒÉÞÉÎÁÍ, ÍÙ ÏÔÄÅÌØÎÏ ÄÒÕÇÏÔ ÄÒÕÇÁ ÒÁÓÓÍÁÔÒÉ×ÁÅÍ ËÏÏÒÄÉÎÁÔÙ, ÂÏÌØÛÉÅ É ÍÅÎØÛÉÅ −l(Q)). ëÁËÉ ÒÁÎØÛÅ, ÍÙ ÂÕÄÅÍ ÚÁÍÅÎÑÔØ |x−�| ÎÁ |x1−�1|+: : :+|xd−�d|. úÁÊÍ£ÍÓÑÏ�ÅÎËÏÊ ×ÎÕÔÒÅÎÎÅÇÏ ÉÎÔÅÇÒÁÌÁ. éÎÔÅÇÒÁÌl(Q)∫0 (|x1 − �1|+ : : :+ |xd − �d|)−(d+1)d�1



ïâ üë÷é÷áìåî�îïê îïòíå ÷ ðòïó�òáîó�÷å BMO 43ÍÏÖÎÏ �ÏÓÞÉÔÁÔØ Ñ×ÎÏ É ÚÁËÌÀÞÉÔØ, ÞÔÏ ÏÎ ÎÅ �ÒÅ×ÏÓÈÏÄÉÔ (ÒÁÚÕÍÅ-ÅÔÓÑ, Ó ÔÏÞÎÏÓÔØÀ ÄÏ ÄÏÍÎÏÖÅÎÉÑ ÎÁ ËÏÎÓÔÁÎÔÕ)(|x2 − �2|+ : : :+ |xd − �d|)−d:éÎÔÅÇÒÉÒÕÑ ÔÁË k ÒÁÚ, �ÏÌÕÞÁÅÍ (|xk+1−�k+1|+ : : :+ |xd−�d|)−(d+1−k).�Å�ÅÒØ �ÒÏÉÎÔÅÇÒÉÒÕÅÍ �Ï �k+1. äÌÑ ËÒÁÔËÏÓÔÉ ×ÍÅÓÔÏ |xk+2−�k+2|+: : :+ |xd − �d| ÂÕÄÅÍ �ÉÓÁÔØ S:l(Q)∫0 (|xk+1 − �k+1|+ S)−(d+1−k)d�k+1
≍

1(|xk+1|+ S)d−k −
1(|xk+1|+ l(Q) + S)d−k

6
(|xk+1|+ l(Q) + S)d−k − (|xk+1|+ S)d−k(|xk+1|+ S)2d−2k

≍
l(Q)(|xk+1|+ S)d−k−1 + l(Q)2(|xk+1|+ S)d−k−2 + : : :+ l(Q)d−k(|xk+1|+ S)2d−2k :÷ ÞÉÓÌÉÔÅÌÅ ËÁÖÄÏÅ ÓÌÁÇÁÅÍÏÅ ÍÏÖÎÏ Ï�ÅÎÉÔØ ×ÅÌÉÞÉÎÏÊl(Q)1=2(|xk+1|+ S)d−k−1=2;×ÅÄØ |xk+1| > l(Q). ðÏÜÔÏÍÕ ÍÏÖÎÏ �ÒÏÄÏÌÖÉÔØ Ï�ÅÎËÕ:l(Q)(|xk+1|+ S)d−k−1 + l(Q)2(|xk+1|+ S)d−k−2 + : : :+ l(Q)d−k(|xk+1|+ S)2d−2k

.
l(Q)1=2(|xk+1|+ S)d−k−1=2(|xk+1|+ S)2d−2k = l(Q)1=2(|xk+1|+ S)d−k+1=2 :�ÁËÉÍ ÖÅ ÏÂÒÁÚÏÍ Ï�ÅÎÉ×ÁÑ ÉÎÔÅÇÒÁÌÙ �Ï �k+2; : : : ; �k+m, �ÏÌÕÞÁÅÍl(Q)m=2(|xk+1|+ : : :+ |xk+m|+ |xk+m+1 − �k+m+1|+ : : : + |xd − �d|)d+1−k−m=2 :ðÒÏÉÎÔÅÇÒÉÒÕÅÍ ÜÔÏ �Ï �k+m+1:l(Q)∫0 l(Q)m=2d�k+m+1(|xk+1| + : : :+ |xk+m| + |xk+m+1 − �k+m+1| + : : :+ |xd − �d|)d+1−k−m=2

.
l(Q)m=2(|xk+1| + : : :+ |xk+m| + |xk+m+1| + |xk+m+2 − �k+m+2| + : : :+ |xd − �d|)d−k−m=2 :



44 é. ÷áóéìøå÷, á. ãåìéýå÷ðÒÏÄÅÌÁ× ÔÏ ÖÅ ÓÁÍÏÅ Ó �k+m+2; : : : ; �d, �ÏÌÕÞÉÍ ÓÌÅÄÕÀÝÕÀ Ï�ÅÎËÕÎÁ ×ÎÕÔÒÅÎÎÉÊ ÉÎÔÅÇÒÁÌ × ×ÙÒÁÖÅÎÉÉ (2):l(Q)m=2(|xk+1|+ : : :+ |xd|)1+m=2 :÷ÏÚ×ÏÄÉÍ ÜÔÏ × Ë×ÁÄÒÁÔ É ÉÎÔÅÇÒÉÒÕÅÍ. ðÏÓËÏÌØËÕ ÜÔÏ ×ÙÒÁÖÅÎÉÅ ÎÅÚÁ×ÉÓÉÔ ÏÔ x1; : : : ; xk, ÉÍÅÅÍ:l(Q)+2−n∫2−n · · ·

l(Q)+2−n∫2−n l(Q)mdx1 : : : dxk(|xk+1|+ : : :+ |xd|)2+m .
l(Q)m+k(|xk+1|+ : : :+ |xd|)2+m :úÄÅÓØ ÍÙ ×ÏÓ�ÏÌØÚÏ×ÁÌÉÓØ ÔÅÍ, ÞÔÏ l(Q) > 2−n. �Å�ÅÒØ ÒÁÚÂÅÒ£Í Ä×ÁÓÌÕÞÁÑ.1) m 6= 0. �ÏÇÄÁ

−l(Q)∫

−∞

· · ·

−l(Q)∫

−∞

l(Q)m+kdxm+1 : : : dxm+k(|xk+1|+ : : :+ |xd|)2+m
≍

l(Q)m+k(ml(Q) + |xm+k+1|+ : : :+ |xd|)2 6 l(Q)m+k−2:îÁËÏÎÅ�, ÉÎÔÅÇÒÉÒÕÑ �Ï xk+m+1; : : : xd, �ÏÌÕÞÁÅÍ:l(Q)m+k−2 −2−n∫

−l(Q) · · · −2−n∫

−l(Q) dxk+m+1 : : : xd = l(Q)d−2 6 2nl(Q)d−1:2) m = 0. ÷ ÔÁËÏÍ ÓÌÕÞÁÅ ÎÁÛÅ ×ÙÒÁÖÅÎÉÅ ÉÍÅÅÔ ×ÉÄl(Q)k(|xk+1|+ : : :+ |xd|)2 :�ÏÇÄÁ l(Q)k −2−n∫

−l(Q) · · · −2−n∫

−l(Q) dxk+1 : : : dxd(|xk+1|+ : : :+ |xd|)2
6 l(Q)k −2−n∫

−l(Q) · · · −2−n∫

−l(Q) dxk+2 : : : dxd2−n + |xk+2|+ : : :+ |xd|
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6 l(Q)d−1 12−n = 2nl(Q)d−1:�ÁËÉÍ ÏÂÒÁÚÏÍ, ÌÅÍÍÁ ÄÏËÁÚÁÎÁ. �

§3. äÏËÁÚÁÔÅÌØÓÔ×Ï ÏÓÎÏ×ÎÏÊ ÔÅÏÒÅÍÙðÒÉÓÔÕ�ÉÍ, ÎÁËÏÎÅ�, Ë ÄÏËÁÚÁÔÅÌØÓÔ×Õ ÔÅÏÒÅÍÙ.äÏËÁÚÁÔÅÌØÓÔ×Ï ÔÅÏÒÅÍÙ 2. âÕÄÅÍ ÉÓ�ÏÌØÚÏ×ÁÔØ ÏÂÏÚÎÁÞÅÎÉÅ fQÄÌÑ 1
|Q|

∫Q f(x)dx. ðÏÄ ÎÏÒÍÏÊ f × BMO ÂÕÄÅÍ �ÏÄÒÁÚÕÍÅ×ÁÔØ ×ÙÒÁ-ÖÅÎÉÅ supQ( 1
|Q|

∫Q |f(x) − fQ|2dx)1=2. éÔÁË, ÎÅÏÂÈÏÄÉÍÏ ÄÏËÁÚÁÔØ Ä×ÁÎÅÒÁ×ÅÎÓÔ×Á: ‖f‖BMO . ‖f‖D É ‖f‖D . ‖f‖BMO.1. ‖f‖BMO . ‖f‖D. ó�ÅÒ×Á ÚÁÍÅÔÉÍ, ÞÔÏ ÄÌÑ ÌÀÂÏÊ ËÏÎÓÔÁÎÔÙ  ×ÅÒÎÏÎÅÒÁ×ÅÎÓÔ×Ï:
( 1
|Q|

∫Q |f(x)− fQ|2dx)1=2 .
( 1
|Q|

∫Q |f(x)− |2dx)1=2: (3)þÔÏÂÙ ÜÔÏ ÄÏËÁÚÁÔØ, ÍÏÖÎÏ �ÏÄÙÎÔÅÇÒÁÌØÎÏÅ ×ÙÒÁÖÅÎÉÅ × ÌÅ×ÏÊ ÞÁ-ÓÔÉ �ÒÅÄÓÔÁ×ÉÔØ × ×ÉÄÅ |f−+−fQ|2, ×ÏÓ�ÏÌØÚÏ×ÁÔØÓÑ ÎÅÒÁ×ÅÎÓÔ×ÏÍÔÒÅÕÇÏÌØÎÉËÁ É ÚÁÍÅÔÉÔØ, ÞÔÏ |−fQ| ÎÅ ÂÏÌØÛÅ, ÞÅÍ 1
|Q|

∫Q |−f(x)|dx.ïÂÏÚÎÁÞÉÍ Sn := F−1[ n℄, Pn := Sn−1+Sn+Sn+1. �ÏÇÄÁ �nf = Sn ∗f .ðÏÄÓÔÁ×ÉÍ × (3)  = ∑2−n>l(Q)(f ∗Sn)(y) ÄÌÑ ÎÅËÏÔÏÒÏÇÏ y ∈ Q. ðÏÌÕÞÁ-ÅÍ, ÞÔÏ
( 1
|Q|

∫Q |f(x)− fQ|2dx)1=2
.

1
|Q|1=2(∫Q ∣∣∣f(x)− ∑2−n>l(Q) ∫

Rd f(t)Sn(y − t)dt∣∣∣2dx)1=2:
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∫
Rd f(t)Sn(x− t)dt, ÍÏÖÎÏ ÚÁÍÅÔÉÔØ, ÞÔÏ �ÒÁ×ÁÑÞÁÓÔØ ÎÅ ÂÏÌØÛÅ, ÞÅÍ1

|Q|1=2( ∫Q ∣∣∣
∑2−n6l(Q) ∫

Rd f(t)Sn(x − t)dt∣∣∣2 dx)1=2 (4)+ 1
|Q|1=2(∫Q ∣∣∣

∑2−n>l(Q) ∫
Rd f(t)(Sn(x− t)− Sn(y − t))dt∣∣∣2dx)1=2: (5)ï�ÅÎÉÍ �Ï ÏÔÄÅÌØÎÏÓÔÉ ×ÅÌÉÞÉÎÙ (4) É (5). óÎÁÞÁÌÁ ÚÁÊÍ£ÍÓÑ ×ÅÌÉÞÉ-ÎÏÊ (5). äÌÑ ÜÔÏÇÏ ÂÕÄÅÍ Ï�ÅÎÉ×ÁÔØ �ÏÄÙÎÔÅÇÒÁÌØÎÏÅ ×ÙÒÁÖÅÎÉÅ, ÔÏÅÓÔØ ÄÏËÁÖÅÍ, ÞÔÏ �ÒÉ ×ÓÅÈ x; y ∈ Q Ó�ÒÁ×ÅÄÌÉ×Ï ÎÅÒÁ×ÅÎÓÔ×Ï

∣∣∣
∑2−n>l(Q) ∫

Rd f(t)Sn(x − t) dt− ∑2−n>l(Q) ∫
Rd f(t)Sn(y − t) dt∣∣∣ . ‖f‖D: (6)úÁÍÅÔÉÍ, ÞÔÏ Pn ∗ Sn = Sn. ÷ ÓÁÍÏÍ ÄÅÌÅ, ÅÓÌÉ ×ÚÑÔØ �ÒÅÏÂÒÁÚÏ×ÁÎÉÑæÕÒØÅ ÏÔ ÏÂÅÉÈ ÞÁÓÔÅÊ ÜÔÏÇÏ ÒÁ×ÅÎÓÔ×Á, �ÏÌÕÞÉÍ, ÞÔÏ ÏÎÏ ÒÁ×ÎÏÓÉÌØÎÏÔÏÍÕ, ÞÔÏ  n =  n( n−1 +  n +  n+1). îÏ  n−1;  n;  n+1 { ÜÔÏ ÅÄÉÎ-ÓÔ×ÅÎÎÙÅ ÔÒÉ ÆÕÎË�ÉÉ ÉÚ { j}, ÎÅ ÒÁ×ÎÙÅ ÎÕÌÀ ÎÁ ÎÏÓÉÔÅÌÅ ÆÕÎË�ÉÉ n, É, ÔÁË ËÁË ÓÕÍÍÁ ×ÓÅÈ ÆÕÎË�ÉÊ ÒÁ×ÎÁ 1,  n−1 +  n +  n+1 = 1 ÎÁÎÏÓÉÔÅÌÅ ÆÕÎË�ÉÉ  n. �ÁËÉÍ ÏÂÒÁÚÏÍ,∫

Rd Sn(x−u)Pn(u−t)du=∫

Rd Sn(x−t−u)Pn(u)du=(Pn∗Sn)(x−t)=Sn(x−t):éÓ�ÏÌØÚÕÑ ÜÔÏ, ÚÁÍÅÔÉÍ, ÞÔÏ ×ÙÒÁÖÅÎÉÅ × ÌÅ×ÏÊ ÞÁÓÔÉ ÆÏÒÍÕÌÙ (6)ÎÅ ÂÏÌØÛÅ, ÞÅÍ
∑2−n>l(Q) ∣∣∣ ∫

Rd f(t) ∫Rd (Sn(x− u)Pn(u− t)− Sn(y − u)Pn(u− t))du dt∣∣∣:ðÕÓÔØ {Æk}k∈Zd { ÎÁÂÏÒ ÄÉÁÄÉÞÅÓËÉÈ ËÕÂÏ× Ó ÄÌÉÎÏÊ ÒÅÂÒÁ 2−(n−1).�ÏÇÄÁ, ÅÓÌÉ x É y ÌÅÖÁÔ × Q, Á u { × Æk, ÔÏ ×Ù�ÏÌÎÑÅÔÓÑ ÎÅÒÁ×ÅÎÓÔ×Ï
|Sn(x− u)− Sn(y − u)| . l(Q) maxa∈Q;b∈Æk |∇Sn(a− b)|:óÌÅÄÏ×ÁÔÅÌØÎÏ, ÉÎÔÅÒÅÓÕÀÝÁÑ ÎÁÓ ×ÅÌÉÞÉÎÁ ÎÅ �ÒÅ×ÏÓÈÏÄÉÔ (Ó ÔÏÞÎÏ-ÓÔØÀ ÄÏ ÕÍÎÏÖÅÎÉÑ ÎÁ ËÏÎÓÔÁÎÔÕ) ×ÅÌÉÞÉÎÙ

∑2−n>l(Q) ∑k∈Zd ∫Æk |(f ∗ Pn)(u)|du · maxa∈Q;b∈Æk |∇Sn(a− b)| · l(Q): (7)
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‖ · ‖D, Ï�ÅÎÉÍ ÉÎÔÅÇÒÁÌ �Ï Æk:∫Æk |(f ∗ Pn)(u)|du = ∫Æk ∣∣∣

∫

Rd f(t)Pn(u− t)dt∣∣∣du
6 |Æk|1=2( ∫Æk ∣∣∣

∫

Rd f(t)Pn(u− t)dt∣∣∣2)1=2=|Æk|( 1
|Æk| ∫Æk ∣∣∣

∫

Rd f(t)(Sn−1(u− t) + Sn(u− t) + Sn+1(u− t))dt∣∣∣2 du)1=2
. |Æk|( 1

|Æk| ∫Æk ∑2−m6l(Æk) |�mf(x)|2dx)1=2 6 ‖f‖D|Æk|:ðÏÄÓÔÁ×É× ÜÔÏ × ÆÏÒÍÕÌÕ (7), �ÏÌÕÞÁÅÍ, ÞÔÏ ÏÓÔÁ£ÔÓÑ Ï�ÅÎÉÔØ ÓÕÍÍÕl(Q)‖f‖D ∑2−n>l(Q) 2−(n−1)d ∑k∈Zd maxa∈Q;b∈Æk |∇Sn(a− b)|: (8)äÌÑ ÜÔÏÇÏ ÚÁÍÅÔÉÍ, ÞÔÏ ÉÚ ÕÓÌÏ×ÉÊ ÔÅÏÒÅÍÙ ÓÌÅÄÕÀÔ Ä×Å Ï�ÅÎËÉ ÎÁ
∇Sn(r): |∇Sn(r)| . |r|−(d+1) É |∇Sn(r)| . 2n(d+1). ó�ÅÒ×Á �ÏÊÍ£Í, ÞÔÏÉÚ ÜÔÉÈ Ï�ÅÎÏË ÓÌÅÄÕÅÔ ÔÒÅÂÕÅÍÏÅ ÕÔ×ÅÒÖÄÅÎÉÅ. ÷ ÓÁÍÏÍ ÄÅÌÅ, ÂÕÄÅÍÓÞÉÔÁÔØ, ÞÔÏ ËÕÂÙ Æk ÚÁÎÕÍÅÒÏ×ÁÎÙ \�Ï �ÏÒÑÄËÕ", ÔÏ ÅÓÔØ ÄÌÑ ÓÏÓÅÄ-ÎÉÈ ËÕÂÏ× ÉÈ ÉÎÄÅËÓÙ ÏÔÌÉÞÁÀÔÓÑ ÎÁ 1 × ÏÄÎÏÍ ÒÁÚÒÑÄÅ, É �ÒÉ ÜÔÏÍÞÔÏ ËÕÂ Ó ÉÎÄÅËÓÏÍ k = (0; 0; : : : ; 0) �ÅÒÅÓÅËÁÅÔ Q. �ÏÇÄÁ ×ÓÅÇÏ Q �Å-ÒÅÓÅËÁÀÔ ÎÅ ÂÏÌØÛÅ, ÞÅÍ 2d ÉÚ ÎÁÂÏÒÁ ËÕÂÏ× {Æk}. ÷ÏÓ�ÏÌØÚÏ×Á×ÛÉÓØÄÌÑ �ÅÒÅÓÅËÁÀÝÉÈ Q ËÕÂÏ× ×ÔÏÒÏÊ Ï�ÅÎËÏÊ, Á ÄÌÑ ÎÅ �ÅÒÅÓÅËÁÀÝÉÈ {�ÅÒ×ÏÊ, Á ÔÁËÖÅ ÔÅÍ, ÞÔÏ �ÒÉ ÔÁËÏÊ ÎÕÍÅÒÁ�ÉÉ |a − b| ≍ 2−n|k| �ÒÉa ∈ Q, b ∈ Æk É Æk, ÎÅ �ÅÒÅÓÅËÁÀÝÉÈ Q, �ÏÌÕÞÁÅÍ, ÞÔÏ ×ÙÒÁÖÅÎÉÅ (8)ÎÅ �ÒÅ×ÏÓÈÏÄÉÔ (Ï�ÑÔØ ÖÅ, Ó ÔÏÞÎÏÓÔØÀ ÄÏ ÕÍÎÏÖÅÎÉÑ ÎÁ ËÏÎÓÔÁÎÔÕ)×ÅÌÉÞÉÎÙl(Q)‖f‖D ∑2−n>l(Q) 2−nd(2n(d+1) + ∑k∈Zd\{0} 2n(d+1)|k|−(d+1))

. l(Q)‖fD‖ ∑2−n>l(Q) 2n:üÔÁ ×ÅÌÉÞÉÎÁ ÎÅ �ÒÅ×ÏÓÈÏÄÉÔ ‖f‖D, ÚÎÁÞÉÔ, ÎÅÒÁ×ÅÎÓÔ×Ï (6) ÄÏËÁÚÁÎÏ.ïÓÔÁ£ÔÓÑ ×Ù×ÅÓÔÉ Ä×Å Ï�ÅÎËÉ ÎÁ ÇÒÁÄÉÅÎÔ ÆÕÎË�ÉÉ Sn. ñÓÎÏ, ÞÔÏÄÏÓÔÁÔÏÞÎÏ Ï�ÅÎÉ×ÁÔØ �jSn ÄÌÑ ÌÀÂÏÇÏ j. úÁÍÅÔÉÍ, ÞÔÏ ‖�jSn‖∞ 6
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‖F [�jSn℄‖1 = 2�‖xj n(x)‖1. ñÓÎÏ, ÞÔÏ |xj | ÎÁ ÎÏÓÉÔÅÌÅ ÆÕÎË�ÉÉ  n ÎÅ�ÒÅ×ÏÓÈÏÄÉÔ 2n+1. ðÒÉ ÜÔÏÍ

‖ n‖1 = ∫2n−16|�|62n+1 | n(�)|d� . 2nd:ðÏÓÌÅÄÎÅÅ ÎÅÒÁ×ÅÎÓÔ×Ï �ÏÌÕÞÅÎÏ ÉÚ ÕÓÌÏ×ÉÑ ÄÌÑ � = 0. úÎÁÞÉÔ, ×ÔÏÒÁÑÏ�ÅÎËÁ �ÏÌÕÞÅÎÁ.úÁÊÍ£ÍÓÑ �ÅÒ×ÏÊ. ï�ÑÔØ ÖÅ, ÑÓÎÏ, ÞÔÏ ÄÏÓÔÁÔÏÞÎÏ ÄÏËÁÚÁÔØ, ÞÔÏ
|rd+1j �iSn(r)| . 1. äÌÑ ÜÔÏÇÏ Ï�ÑÔØ �ÒÉÍÅÎÉÍ �ÒÅÏÂÒÁÚÏ×ÁÎÉÅ æÕÒØÅ:
‖rd+1j �iSn(r)‖∞ 6 ‖F [rd+1j �iSn(r)℄‖1 ≍ ‖�d+1j (xi n(x))‖1. îÕÖÎÏ ÒÁÚÏ-ÂÒÁÔØ Ä×Á ÓÌÕÞÁÑ: i = j É i 6= j. åÓÌÉ i 6= j, ÔÏ ×ÎÏ×Ø ×ÏÓ�ÏÌØÚÕÅÍÓÑÔÅÍ, ÞÔÏ |xi| 6 2n+1 ÎÁ ÎÏÓÉÔÅÌÅ ÆÕÎË�ÉÉ  n, Á

‖�d+1j  n‖1 = ∫2n−16|�|62n+1 |�d+1j  n(�)|d� . 2−n;É, ÓÔÁÌÏ ÂÙÔØ, ÎÕÖÎÁÑ Ï�ÅÎËÁ ÄÏËÁÚÁÎÁ. ðÏÓÌÅÄÎÅÅ ÎÅÒÁ×ÅÎÔÓ×Ï ÔÕÔ�ÏÌÕÞÅÎÏ ÉÚ ÕÓÌÏ×ÉÑ �ÒÉ |�| = d+ 1.åÓÌÉ ÖÅ i = j, ÔÏ ÍÏÖÎÏ ÏÔÄÅÌØÎÏ Ï�ÅÎÉÔØ |xi�d+1i  n(x)| (ÜÔÏ ÄÅÌÁÅÔÓÑÔÁË ÖÅ, ËÁË ×ÙÛÅ) É |�di  n(x)|. üÔÁ ÆÕÎË�ÉÑ ÔÏÖÅ Ï�ÅÎÉ×ÁÅÔÓÑ ÁÎÁÌÏ-ÇÉÞÎÏ �ÒÅÄÙÄÕÝÅÍÕ (ÔÏÌØËÏ ÔÅ�ÅÒØ ÎÁÄÏ ×ÏÓ�ÏÌØÚÏ×ÁÔØÓÑ ÕÓÌÏ×ÉÅÍ Ó
|�| = d). �ÁËÉÍ ÏÂÒÁÚÏÍ, ÔÒÅÂÕÅÍÙÅ ÎÅÒÁ×ÅÎÓÔ×Á ÄÏËÁÚÁÎÙ, É ×ÙÒÁÖÅ-ÎÉÅ (5) Ï�ÅÎÅÎÏ.�Å�ÅÒØ ÚÁÊÍ£ÍÓÑ ×ÙÒÁÖÅÎÉÅÍ (4). éÔÁË, ÎÁÍ ÏÓÔÁÌÏÓØ ÄÏËÁÚÁÔØ, ÞÔÏ

( ∫Q ∣∣∣
∑2−n6l(Q) ∫

Rd f(t)Sn(x− t)dt∣∣∣2dx)1=2 . |Q|1=2‖f‖D:



ïâ üë÷é÷áìåî�îïê îïòíå ÷ ðòïó�òáîó�÷å BMO 49ðÏÌØÚÕÑÓØ ÔÅÍ, ÞÔÏ Sn = Pn ∗ Sn, ÚÁÍÅÔÉÍ, ÞÔÏ ÌÅ×ÁÑ ÞÁÓÔØ ÒÁ×ÎÁÓÌÅÄÕÀÝÅÍÕ:
∫Q ∣∣∣

∑2−n6l(Q) ∫
Rd f(t) ∫Rd Sn(x− u)Pn(u− t)dudt∣∣∣2dx= ∫Q ∣∣∣

∑2−n6l(Q) ∫
Rd f(t)( ∫

Rd\Q Sn(x− u)Pn(u− t)du+ ∫Q Sn(x− u)Pn(u− t)du)dt∣∣∣2 dx
.

∫Q ∣∣∣
∑2−n6l(Q) ∫

Rd f(t) ∫

Rd\Q Sn(x− u)Pn(u− t)du dt∣∣∣2dx+ ∫

Rd ∣∣∣
∑2−n6l(Q) ∫

Rd f(t) ∫Q Sn(x− u)Pn(u− t)dudt∣∣∣2dx:ïÓÔÁÌÏÓØ ÄÏËÁÚÁÔØ Ä×Á ÎÅÒÁ×ÅÎÓÔ×Á:
∫Q ∣∣∣

∑2−n6l(Q) ∫
Rd f(t) ∫

Rd\Q Sn(x− u)Pn(u− t)du dt∣∣∣2dx . |Q|‖f‖2D; (9)
∫

Rd ∣∣∣
∑2−n6l(Q) ∫

Rd f(t) ∫Q Sn(x − u)Pn(u− t)du dt∣∣∣2 dx . |Q|‖f‖2D: (10)ðÏ ÎÅÒÁ×ÅÎÓÔ×Õ ÔÒÅÕÇÏÌØÎÉËÁ × L2, ËÏÒÅÎØ ÉÚ ÌÅ×ÏÊ ÞÁÓÔÉ (9) ÎÅ ÂÏÌØ-ÛÅ, ÞÅÍ ×ÅÌÉÞÉÎÁ
∑2−n6l(Q) (∫Q ∣∣∣

∫

Rd f(t) ∫

Rd\Q Sn(x − u)Pn(u− t)du dt∣∣∣2dx)1=2:äÌÑ Ï�ÅÎËÉ ÜÔÏÇÏ ×ÙÒÁÖÅÎÉÑ ÄÏÓÔÁÔÏÞÎÏ ÄÏËÁÚÁÔØ, ÞÔÏ �ÒÉ l(Q) >2−n Ó�ÒÁ×ÅÄÌÉ×Ï ÎÅÒÁ×ÅÎÓÔ×Ï
∫Q ∣∣∣

∫

Rd f(t) ∫

Rd\Q Sn(x − u)Pn(u− t)du dt∣∣∣2dx . ‖f‖2D2−nl(Q)d−1:



50 é. ÷áóéìøå÷, á. ãåìéýå÷÷ÏÓ�ÏÌØÚÏ×Á×ÛÉÓØ ÄÏËÁÚÁÎÎÙÍ ÒÁÎÅÅ ÎÅÒÁ×ÅÎÓÔ×ÏÍ
∫Æk |f ∗ Pn|.‖f‖D|Æk|;ÇÄÅ Æk { �ÒÏÉÚ×ÏÌØÎÙÊ (× ÞÁÓÔÎÏÓÔÉ, ÄÉÁÄÉÞÅÓËÉÊ) ËÕÂ Ó ÄÌÉÎÏÊ ÒÅÂÒÁÎÅ ÍÅÎÅÅ, ÞÅÍ 2−(n−1), ÎÁ�ÉÛÅÍ:

∫Q ∣∣∣
∫

Rd f(t) ∫

Rd\Q Sn(x− u)Pn(u− t)du dt∣∣∣2 dx= ∫Q ∣∣∣
∫

Rd f(t) ∑k∈Zd ∫Æk∩(Rd\Q) Sn(x− u)Pn(u− t)du dt∣∣∣2 dx= ∫Q ∣∣∣
∑k∈Zd ∫Æk∩(Rd\Q) Sn(x− u) ∫

Rd f(t)Pn(u− t)dt du∣∣∣2dx
. ‖f‖2D ∫Q ( ∑k∈Zd max�∈Æk∩(Rd\Q) |Sn(x − �)||Æk|)2 dx:áÎÁÌÏÇÉÞÎÏ �ÏÌÕÞÅÎÎÙÍ ×ÙÛÅ Ï�ÅÎËÁÍ ÎÁ ÇÒÁÄÉÅÎÔ ÆÕÎË�ÉÉ Sn, ÍÏÖ-ÎÏ ÚÁÍÅÔÉÔØ, ÞÔÏ |Sn(x)| . 2nd É |Sn(x)| . 2−n|x|−(d+1). õÞÉÔÙ×ÁÑ ÜÔÏ,�ÒÏÄÏÌÖÉÍ Ï�ÅÎËÕ:

‖f‖2D ∫Q ( ∑k∈Zd max�∈Æk∩(Rd\Q) |Sn(x− �)||Æk |)2dx
. ‖f‖2D ∫Q ( ∑k∈Zd max�∈Æk∩(Rd\Q)min{2nd; 2−n|x− �|−(d+1)}|Æk|)2 dx
≍ ‖f‖2D ∫Q ( ∫

Rd\Q min{2nd; 2−n|x− �|−(d+1)}d�)2 dx:ðÏ �ÅÒ×ÏÊ ÌÅÍÍÅ, ÜÔÏ ÎÅ �ÒÅ×ÏÓÈÏÄÉÔ ‖f‖2D2−nl(Q)d−1, É ÔÁËÉÍ ÏÂÒÁ-ÚÏÍ ÎÅÒÁ×ÅÎÓÔ×Ï (9) ÄÏËÁÚÁÎÏ.



ïâ üë÷é÷áìåî�îïê îïòíå ÷ ðòïó�òáîó�÷å BMO 51äÌÑ Ï�ÅÎËÉ ÌÅ×ÏÊ ÞÁÓÔÉ × (10) ÚÁÍÅÔÉÍ, ÞÔÏ ÓÌÅÄÕÀÝÉÅ ÆÕÎË�ÉÉ ÏÒ-ÔÏÇÏÎÁÌØÎÙ × L2(Rd) �ÒÉ |n1 − n2| > 2:x 7→

∫

Rd f(t) ∫Q Sn1(x − u)Pn1(u− t)du dt;x 7→

∫

Rd f(t) ∫Q Sn2(x − u)Pn2(u− t)du dt:üÔÏ ÎÁ�ÒÑÍÕÀ ÓÌÅÄÕÅÔ ÉÚ ÔÏÇÏ, ÞÔÏ Õ ÆÕÎË�ÉÊ  n1 É  n2 , Ñ×ÌÑÀÝÉÈÓÑÏÂÒÁÔÎÙÍÉ �ÒÅÏÂÒÁÚÏ×ÁÎÉÑÍÉ æÕÒØÅ ÆÕÎË�ÉÊ Sn1 É Sn2 , ÎÏÓÉÔÅÌÉ ÎÅ�ÅÒÅÓÅËÁÀÔÓÑ, Á ÓÌÅÄÏ×ÁÔÅÌØÎÏ, ÏÎÉ ÏÒÔÏÇÏÎÁÌØÎÙ × L2. ÷ ÓÉÌÕ ÜÔÏÊÏÒÔÏÇÏÎÁÌØÎÏÓÔÉ, ÄÏÓÔÁÔÏÞÎÏ Ï�ÅÎÉÔØ ×ÙÒÁÖÅÎÉÅ
∑2−n6l(Q) ∫

Rd ∣∣∣
∫

Rd f(t) ∫Q Sn(x− u)Pn(u− t)du dt∣∣∣2dx= ∑2−n6l(Q) ∫

Rd\Q ∣∣∣
∫

Rd f(t) ∫Q Sn(x− u)Pn(u− t)du dt∣∣∣2dx+ ∑2−n6l(Q) ∫Q ∣∣∣
∫

Rd f(t) ∫Q Sn(x− u)Pn(u− t)du dt∣∣∣2 dx:ðÅÒ×ÏÅ ÓÌÁÇÁÅÍÏÅ, ÁÎÁÌÏÇÉÞÎÏ ÔÏÍÕ, ÞÔÏ ÍÙ ÄÅÌÁÌÉ ×ÙÛÅ, Ó×ÏÄÉÔÓÑ ËÏ�ÅÎËÅ ÉÎÔÅÇÒÁÌÁ
∫

Rd\Q (∫Q min{2nd; 2−nd|x− �|−2d}d�)2 dx;ËÏÔÏÒÙÊ �Ï ×ÔÏÒÏÊ ÌÅÍÍÅ ÔÏÖÅ ÎÅ ÂÏÌØÛÅ, ÞÅÍ 2−nl(Q)d−1.÷ÔÏÒÏÅ ÖÅ ÓÌÁÇÁÅÍÏÅ ÎÅ ÂÏÌØÛÅ, ÞÅÍ ÕÄ×ÏÅÎÎÁÑ ÓÕÍÍÁ
∑2−n6l(Q) ∫Q ∣∣∣

∫

Rd f(t) ∫Rd Sn(x− u)Pn(u− t)dudt∣∣∣2 dx+ ∑2−n6l(Q) ∫Q ∣∣∣
∫

Rd f(t) ∫

Rd\Q Sn(x − u)Pn(u− t)du dt∣∣∣2 dx:



52 é. ÷áóéìøå÷, á. ãåìéýå÷úÄÅÓØ ×ÔÏÒÏÅ ÓÌÁÇÁÅÍÏÅ ÍÙ ÕÖÅ Ï�ÅÎÉ×ÁÌÉ ×ÙÛÅ, Á �ÅÒ×ÏÅ, ÕÞÉÔÙ×ÁÑ,ÞÔÏ Pn ∗ Sn = Sn, ÒÁ×ÎÏ ÓÕÍÍÅ
∑2−n6l(Q) ∫Q ∣∣∣

∫

Rd f(t)Sn(x − t) dt∣∣∣2 dx;ÞÔÏ ÎÅ �ÒÅ×ÏÓÈÏÄÉÔ ‖f‖2D|Q| �Ï Ï�ÒÅÄÅÌÅÎÉÀ ×ÙÒÁÖÅÎÉÑ ‖f‖D. �ÁËÉÍÏÂÒÁÚÏÍ, �ÅÒ×ÁÑ ÞÁÓÔØ ÄÏËÁÚÁÔÅÌØÓÔ×Á ÔÅÏÒÅÍÙ ÚÁ×ÅÒÛÅÎÁ.2. ‖f‖D . ‖f‖BMO. äÌÑ ×ÔÏÒÏÊ ÞÁÓÔÉ ÄÏËÁÚÁÔÅÌØÓÔ×Á ÔÅÏÒÅÍÙ ÚÁ-ÆÉËÓÉÒÕÅÍ ËÕÂ Q É ÂÕÄÅÍ Ï�ÅÎÉ×ÁÔØ ×ÅÌÉÞÉÎÕ
( 1
|Q|

∫Q ∑2−n6l(Q) |�nf(x)|2 dx)1=2:úÁ�ÉÛÅÍ f × ×ÉÄÅ (f − fQ)�2Q + (f − fQ)�Rd\2Q + fQ =: f1 + f2 + f3,ÇÄÅ �A { ÈÁÒÁËÔÅÒÉÓÔÉÞÅÓËÁÑ ÆÕÎË�ÉÑ ÍÎÏÖÅÓÔ×Á A, Á 2Q { ËÕÂ Ó ÔÅÍÖÅ �ÅÎÔÒÏÍ, ÞÔÏ É Q, É ÄÌÉÎÏÊ ÒÅÂÒÁ × Ä×Á ÒÁÚÁ ÂÏÌØÛÅ. ïÔÍÅÔÉÍ,ÞÔÏ f3 { �ÏÓÔÏÑÎÎÁÑ ÆÕÎË�ÉÑ, Á ÚÎÁÞÉÔ �nf3 = 0. �ÁËÉÍ ÏÂÒÁÚÏÍ,ÉÎÔÅÒÅÓÕÀÝÁÑ ÎÁÓ ×ÅÌÉÞÉÎÁ, Ó ÔÏÞÎÏÓÔØÀ ÄÏ ÕÍÎÏÖÅÎÉÑ ÎÁ ËÏÎÓÔÁÎÔÕ,ÎÅ ÂÏÌØÛÅ, ÞÅÍ
( 1
|Q|

∫Q ∑2−n6l(Q) |�nf1(x)|2 dx)1=2 + ( 1
|Q|

∫Q ∑2−n6l(Q) |�nf2(x)|2 dx)1=2:ðÅÒ×ÏÅ ×ÙÒÁÖÅÎÉÅ Ï�ÅÎÉ×ÁÅÔÓÑ �ÒÏÓÔÏ. ÷ ÓÁÍÏÍ ÄÅÌÅ, ÏÎÏ ÎÅ �ÒÅ×ÏÓ-ÈÏÄÉÔ
( 1
|Q|

∫

Rd ∑n∈Z

|�n((f − fQ)�2Q)|2dx)1=2=( 1
|Q|

∫2Q |f(x)−fQ|2 dx)1=2.
( 1
|2Q|

∫
|f(x)−f2Q|2 dx)1=2+|f2Q−fQ|:ïÂÁ ÓÌÁÇÁÅÍÙÈ Ó ÔÏÞÎÏÓÔØÀ ÄÏ ËÏÎÓÔÁÎÔÙ ÎÅ ÂÏÌØÛÅ, ÞÅÍ ‖f‖BMO {�ÅÒ×ÏÅ �Ï Ï�ÒÅÄÅÌÅÎÉÀ �ÒÏÓÔÒÁÎÓÔ×Á BMO, Á ÄÌÑ ×ÔÏÒÏÇÏ ÜÔÏ ÓÔÁ-ÎÏ×ÉÔÓÑ �ÏÎÑÔÎÏ, ÅÓÌÉ ÓÌÏÖÉÔØ Ä×Á ÎÅÒÁ×ÅÎÓÔ×Á: ∫Q |f(x) − fQ| dx 6
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|Q|‖f‖BMO É ∫Q |f(x) − f2Q| dx 6

∫2Q |f(x) − f2Q| dx . |Q|‖f‖BMO. úÎÁ-ÞÉÔ, ÏÓÔÁÌÏÓØ Ï�ÅÎÉÔØ ×ÅÌÉÞÉÎÕ1
|Q|

∫Q ∑2−n6l(Q) |�n((f − fQ)�Rd\2Q)(x)|2dx: (11)ðÕÓÔØ x ∈ Q. �ÏÇÄÁ, ÕÞÉÔÙ×ÁÑ, ÞÔÏ |Sn(t)| . 12n|t|d+1 , �ÏÌÕÞÁÅÍ:
|�n((f − fQ)�Rd\2Q)(x)| = ∣∣∣

∫

Rd\2Q (f(y)− fQ)Sn(x− y) dy∣∣∣
.

∫

Rd\2Q |f(y)− fQ|2n|x− y|d+1 dy:üÔÏ ×ÙÒÁÖÅÎÉÅ ÒÁÓ�ÉÛÅÍ × ×ÉÄÅ ÓÕÍÍÙ:
∫

Rd\2Q |f(y)− fQ|2n|x− y|d+1 dy = ∞∑k=2 ∫2kQ\2k−1Q |f(y)− fQ|2n|x− y|d+1 dy
.

12n ∞∑k=2 ∫2kQ\2k−1Q |f(y)− fQ|2k(d+1)l(Q)d+1 dy 6
12n ∞∑k=2 ∫2kQ |f(y)− fQ|2k(d+1)l(Q)d+1 dy:úÁÍÅÔÉÍ ÔÅ�ÅÒØ, ÞÔÏ ∫2kQ |f(y) − fQ|dy . k2kd|Q|‖f‖BMO. þÔÏÂÙ ÜÔÏÄÏËÁÚÁÔØ, ÍÏÖÎÏ, ËÁË É ÒÁÎØÛÅ, ÓÌÏÖÉÔØ Ä×Á ÎÅÒÁ×ÅÎÓÔ×Á:

∫2kQ |f(x)− f2kQ| dx 6 2kd|Q|‖f‖BMOÉ ∫2kQ |f(x)− f2k+1Q| dx 6

∫2k+1Q |f(x)− f2k+1Q|dx 6 2(k+1)d|Q|‖f‖BMO;É �ÏÌÕÞÉÔØ, ÞÔÏ |f2k+1Q − f2kQ| . ‖f‖BMO. óËÌÁÄÙ×ÁÑ k ÔÁËÉÈ ÎÅÒÁ-×ÅÎÓÔ×, �ÏÌÕÞÉÍ, ÞÔÏ |f2kQ − fQ| . k‖f‖BMO. úÎÁÞÉÔ,
∫2kQ |f(x)− fQ| dx = ∫2kQ |f(x)− f2kQ + f2kQ − fQ| dx
. 2kd|Q|‖f‖BMO + k2kd|Q|‖f‖BMO . k2kd|Q|‖f‖BMO:



54 é. ÷áóéìøå÷, á. ãåìéýå÷éÓ�ÏÌØÚÕÑ ÜÔÏ, �ÒÏÄÏÌÖÉÍ Ï�ÅÎËÕ:12n ∞∑k=2 ∫2kQ |f(y)− fQ|2k(d+1)l(Q)d+1 dy .
12n ∞∑k=2 k2kd|Q|‖f‖BMO2k(d+1)l(Q)d+1= ‖f‖BMO2nl(Q) ∞∑k=2 k2k ≍

‖f‖BMO2nl(Q) :�ÁËÉÍ ÏÂÒÁÚÏÍ, ÍÙ Ï�ÅÎÉÌÉ ËÁÖÄÏÅ ÓÌÁÇÁÅÍÏÅ × �ÏÄÙÎÔÅÇÒÁÌØÎÏÍ ×Ù-ÒÁÖÅÎÉÉ (11), ÔÏ ÅÓÔØ ÓÁÍÏ ÜÔÏ ×ÙÒÁÖÅÎÉÅ ÎÅ ÂÏÌØÛÅ, ÞÅÍ
∑2−n6l(Q) ‖f‖2BMO22nl(Q)2 ≍ ‖f‖2BMO;É ÔÒÅÂÕÅÍÏÅ ÎÅÒÁ×ÅÎÓÔ×Ï ÄÏËÁÚÁÎÏ. �ìÉÔÅÒÁÔÕÒÁ1. L. Grafakos, Classial Fourier Analysis. 3 edition. Springer, 2014.2. L. Grafakos, Modern Fourier Analysis. 3 edition. Springer, 2014.3. Y. Han, D. Yang, New haraterization of BMO(Rn) spae. | Bol. So. Mat.Mexiana (3) 10 (2004), 95{103.4. ó. ÷. âÏÞËÁÒÅ×, òÑÄÙ ÷ÁÌÌÅ{ðÕÓÓÅÎÁ × �ÒÏÓÔÒÁÎÓÔ×ÁÈ BMO, L1, É H1(D), ÉÍÕÌØÔÉ�ÌÉËÁÔÉ×ÎÙÅ ÎÅÒÁ×ÅÎÓÔ×Á. | �ÅÏÒÉÑ ÆÕÎË�ÉÊ É ÄÉÆÆÅÒÅÎ�ÉÁÌØÎÙÅÕÒÁ×ÎÅÎÉÑ, �Ò. íéáî 210, îÁÕËÁ, í., 1995, 41-64.5. ó. ÷. âÏÞËÁÒÅ×, óÒÅÄÎÉÅ ÷ÁÌÌÅ ðÕÓÓÅÎÁ ÒÑÄÏ× æÕÒØÅ ÄÌÑ Ë×ÁÄÒÁÔÉÞÎÏÇÏ Ó�ÅË-ÔÒÁ É Ó�ÅËÔÒÏ× ÓÔÅ�ÅÎÎÏÊ �ÌÏÔÎÏÓÔÉ. | õíî, 69 (2014), 125{162.Vasilyev I., Tselishhev A. On an equivalent norm on BMO.We extand the inequality proved by S. V. Bohkarev to a larger lass ofonvolution operators, assuming that the Fourier transforms of the kernelsof these operators satisfy ertain onditions in the spirit of the H�ormander{Mikhlin multiplier theorem. Therefore, we give a new haraterization ofBMO. ðÏÓÔÕ�ÉÌÏ 17 ÉÀÌÑ 2017 Ç.ó.-ðÅÔÅÒÂÕÒÇÓËÏÅ ïÔÄÅÌÅÎÉÅíÁÔÅÍÁÔÉÞÅÓËÏÇÏ ÉÎÓÔÉÔÕÔÁÉÍ. ÷. á. óÔÅËÌÏ×Á òáîìÁÂÏÒÁÔÏÒÉÑ ÉÍ. ð. ì. þÅÂÙÛÅ×Á,ó.-ðÅÔÅÒÂÕÒÇÓËÉÊ ÇÏÓÕÄÁÒÓÔ×ÅÎÎÙÊ ÕÎÉ×ÅÒÓÉÔÅÔ,14 ÌÉÎÉÑ ÷.ï., ÄÏÍ 29â,ó.-ðÅÔÅÒÂÕÒÇ 199178 òÏÓÓÉÑE-mail : milavas�mail.ruE-mail : elis-anton�yandex.ru


