
úÁ�ÉÓËÉ ÎÁÕÞÎÙÈÓÅÍÉÎÁÒÏ× ðïíé�ÏÍ 366, 2009 Ç.á. â. áÌÅËÓÁÎÄÒÏ×áððòïëóéíáãéñ ÷ ðòïó�òáîó�÷å Lp(Rd),0 < p < 1, ìéîåêîùíé ëïíâéîáãéñíéèáòáë�åòéó�éþåóëéè æõîëãéê ûáòï÷1. ÷×ÅÄÅÎÉÅéÚ×ÅÓÔÎÁÑ ÔÅÏÒÅÍÁ ÷ÉÎÅÒÁ Ï�ÉÓÙ×ÁÅÔ ×ÓÅ ÆÕÎË�ÉÉ f ∈ L1(Rd), ÌÉ-ÎÅÊÎÙÅ ËÏÍÂÉÎÁ�ÉÉ ÓÄ×ÉÇÏ× ËÏÔÏÒÙÈ �ÌÏÔÎÙ × �ÒÏÓÔÒÁÎÓÔ×Å L1(Rd).áÎÁÌÏÇÉÞÎÏÅ Ï�ÉÓÁÎÉÅ ÉÍÅÅÔ ÍÅÓÔÏ É ÄÌÑ �ÒÏÓÔÒÁÎÓÔ×Á L2(Rd), ÓÍ.,ÎÁ�ÒÉÍÅÒ, [4℄. äÌÑ �ÒÏÓÔÒÁÎÓÔ× Lp(Rd) �ÒÉ ÄÒÕÇÉÈ p �ÏÌÎÏÅ Ï�ÉÓÁÎÉÅÔÁËÉÈ ÆÕÎË�ÉÊ f ∈ Lp(Rd) ÎÅÉÚ×ÅÓÔÎÏ.ðÕÓÔØ 1IE ÏÂÏÚÎÁÞÁÅÔ ÈÁÒÁËÔÅÒÉÓÔÉÞÅÓËÕÀ ÆÕÎË�ÉÀ ÉÚÍÅÒÉÍÏÇÏÍÎÏÖÅÓÔ×Á E ⊂ Rd. ðÏÌÏÖÉÍ Q = Qd def= [0; 1)d É B = Bd def= {x ∈ Rd :
|x| < 1}.óÌÅÄÕÀÝÅÅ ÕÔ×ÅÒÖÄÅÎÉÅ ÈÏÒÏÛÏ ÉÚ×ÅÓÔÎÏ.�ÅÏÒÅÍÁ 1.1. ðÕÓÔØ p ∈ [1;+∞). �ÏÇÄÁÁ) ÌÉÎÅÊÎÁÑ ÏÂÏÌÏÞËÁ ÓÅÍÅÊÓÔ×Á {1IQ(x−a)}a∈Rd �ÌÏÔÎÁ × �ÒÏÓÔÒÁÎ-ÓÔ×Å Lp(Rd) × ÔÏÍ É ÔÏÌØËÏ × ÔÏÍ ÓÌÕÞÁÅ, ËÏÇÄÁ p > 1;Â) ÌÉÎÅÊÎÁÑ ÏÂÏÌÏÞËÁ ÓÅÍÅÊÓÔ×Á {1IB(x−a)}a∈Rd �ÌÏÔÎÁ × �ÒÏÓÔÒÁÎ-ÓÔ×Å Lp(Rd) × ÔÏÍ É ÔÏÌØËÏ × ÔÏÍ ÓÌÕÞÁÅ, ËÏÇÄÁ p > 2dd+1 .òÁÚÕÍÅÅÔÓÑ, ÚÄÅÓØ É ÄÁÌÅÅ ËÕÂ Q ÍÏÖÅÔ ÂÙÔØ ÚÁÍÅÎ£Î ÌÀÂÙÍ ÎÅ-×ÙÒÏÖÄÅÎÎÙÍ �ÁÒÁÌÌÅÌÅ�É�ÅÄÏÍ (Ô. Å. ÍÎÏÖÅÓÔ×ÏÍ ×ÉÄÁ L(Q), ÇÄÅ L{ ÏÂÒÁÔÉÍÏÅ ÁÆÆÉÎÎÏÅ �ÒÅÏÂÒÁÚÏ×ÁÎÉÅ �ÒÏÓÔÒÁÎÓÔ×Á Rd), Á ÛÁÒ B {ÎÅ×ÙÒÏÖÄÅÎÎÙÍ ÜÌÌÉ�ÓÏÉÄÏÍ.îÁÓ ÂÕÄÅÔ ÉÎÔÅÒÅÓÏ×ÁÔØ ÓÌÕÞÁÊ, ËÏÇÄÁ p < 1. ÷ÓÀÄÕ ÄÁÌÅÅ ÍÙ �ÒÅÄ-�ÏÌÁÇÁÅÍ, ÞÔÏ 0 < p < 1. á×ÔÏÒÏÍ �Ï ÓÕÝÅÓÔ×Õ ÂÙÌÏ Ï�ÉÓÁÎÏ ÚÁÍÙËÁ-ÎÉÅ × �ÒÏÓÔÒÁÎÓÔ×Å Lp(Rd) ÌÉÎÅÊÎÏÊ ÏÂÏÌÏÞËÉ ÓÄ×ÉÇÏ× ÆÕÎË�ÉÉ 1IQ,ÓÍ. [2℄, ÔÅÏÒÅÍÁ 6.7 ÄÌÑ � = Z

d \ {0}. üÔÏ Ï�ÉÓÁÎÉÅ ×ÌÅÞ£Ô ÓÌÅÄÕÀÝÅÅÕÔ×ÅÒÖÄÅÎÉÅ.ëÌÀÞÅ×ÙÅ ÓÌÏ×Á : á��ÒÏËÓÉÍÁ�ÉÑ, ÔÅÏÒÅÍÁ ÷ÉÎÅÒÁ, Lp-�ÌÏÔÎÏÅ ÍÎÏÖÅÓÔ×Ï.òÁÂÏÔÁ ÞÁÓÔÉÞÎÏ �ÏÄÄÅÒÖÁÎÁ ÇÒÁÎÔÏÍ ðÒÅÚÉÄÅÎÔÁ òæ ÇÏÓÕÄÁÒÓÔ×ÅÎÎÏÊ �ÏÄÄÅÒ-ÖËÉ ×ÅÄÕÝÉÈ ÎÁÕÞÎÙÈ ÛËÏÌ îû-2409.2008.1 É ÇÒÁÎÔÏÍ òææé 08-01-00358-Á .5



6 á. â. áìåëóáîäòï÷�ÅÏÒÅÍÁ 1.2. ðÕÓÔØ p ∈ (0; 1). �ÏÇÄÁ ÌÉÎÅÊÎÁÑ ÏÂÏÌÏÞËÁ ÓÅÍÅÊÓÔ×Á
{1IQ(x− a)}a∈Rd ÎÅ �ÌÏÔÎÁ × �ÒÏÓÔÒÁÎÓÔ×Å Lp(Rd).÷ §3 ÍÙ �ÒÉ×ÏÄÉÍ ÏÂÏÂÝÅÎÉÅ ÜÔÏÊ ÔÅÏÒÅÍÙ, ÎÏ ÏÓÎÏ×ÎÁÑ �ÅÌØ ÎÁ-ÓÔÏÑÝÅÊ ÓÔÁÔØÉ { ÄÏËÁÚÁÔØ ÓÌÅÄÕÀÝÅÅ ÕÔ×ÅÒÖÄÅÎÉÅ.�ÅÏÒÅÍÁ 1.3. ðÕÓÔØ p ∈ (0; 1). �ÏÇÄÁ ÌÉÎÅÊÎÁÑ ÏÂÏÌÏÞËÁ ÓÅÍÅÊÓÔ×Á
{1IB(x − a)}a∈Rd �ÌÏÔÎÁ × �ÒÏÓÔÒÁÎÓÔ×Å Lp(Rd), ÅÓÌÉ ÔÏÌØËÏ d > 2.÷×ÅÄ£Í ÎÅËÏÔÏÒÙÅ ÏÂÏÚÎÁÞÅÎÉÑ. ðÕÓÔØ f ∈ Lp(Rn). ïÂÏÚÎÁÞÉÍ ÞÅ-ÒÅÚ Epf (Rd) ÚÁÍÙËÁÎÉÅ × �ÒÏÓÔÒÁÎÓÔ×Å Lp(Rd) ÌÉÎÅÊÎÏÊ ÏÂÏÌÏÞËÉ ÓÅ-ÍÅÊÓÔ×Á {f(x− a)}a∈Rd .ðÕÓÔØ F ÏÂÏÚÎÁÞÁÅÔ �ÒÅÏÂÒÁÚÏ×ÁÎÉÅ æÕÒØÅ,(Ff)(�) = ∫

Rd f(x)e−2�i(x;�) dx;ÇÄÅ f ∈ L1(Rd). ðÏÌÏÖÉÍ �(f) def= {� ∈ Rd : (Ff)(�) 6= 0}.ïÂÏÚÎÁÞÉÍ ÞÅÒÅÚ S(Rd) �ÒÏÓÔÒÁÎÓÔ×Ï û×ÁÒ�Á ÇÌÁÄËÉÈ ÂÙÓÔÒÏÕÂÙ×ÁÀÝÉÈ ÆÕÎË�ÉÊ.ó ËÁÖÄÙÍ ÏÔËÒÙÔÙÍ �ÏÄÍÎÏÖÅÓÔ×ÏÍ 
 �ÒÏÓÔÒÁÎÓÔ×Á Rd ÍÙ Ó×Ñ-ÚÙ×ÁÅÍ �ÒÏÓÔÒÁÎÓÔ×Ï Lp
(Rd), ËÏÔÏÒÏÅ Ñ×ÌÑÅÔÓÑ ÚÁÍÙËÁÎÉÅÍ × �ÒÏ-ÓÔÒÁÎÓÔ×Å Lp(Rd) ÍÎÏÖÅÓÔ×Á ×ÓÅÈ ÆÕÎË�ÉÊ ' ∈ S(Rd), ÎÏÓÉÔÅÌØ �ÒÅ-ÏÂÒÁÚÏ×ÁÎÉÑ æÕÒØÅ ËÏÔÏÒÙÈ ËÏÍ�ÁËÔÅÎ É ÓÏÄÅÒÖÉÔÓÑ × ÍÎÏÖÅÓÔ×Å
. ðÒÏÓÔÒÁÎÓÔ×Á Lp
(Rd) ÉÓÓÌÅÄÏ×ÁÌÉÓØ Á×ÔÏÒÏÍ × [2℄, ÓÍ. ÔÁËÖÅ [1℄.÷ ÞÁÓÔÎÏÓÔÉ, × ÜÔÉÈ ÒÁÂÏÔÁÈ �ÒÉ×ÅÄÅÎÏ ÍÎÏÇÏ �ÒÉÍÅÒÏ× ÍÎÏÖÅÓÔ×
 ÔÁËÉÈ, ÞÔÏ Lp
(Rd) = Lp(Rd). �ÁËÉÅ ÍÎÏÖÅÓÔ×Á 
 ÂÕÄÅÍ ÎÁÚÙ×ÁÔØLp-�ÌÏÔÎÙÍÉ.þÔÏÂÙ ÄÏËÁÚÁÔØ ÔÅÏÒÅÍÕ 1.3, ÎÁÍ �ÏÎÁÄÏÂÑÔÓÑ ÎÏ×ÙÅ �ÒÉÍÅÒÙ Lp-�ÌÏÔÎÙÈ ÏÔËÒÙÔÙÈ ÍÎÏÖÅÓÔ× 
.2. ïÓÎÏ×ÎÙÅ ÒÅÚÕÌØÔÁÔÙìÅÍÍÁ 2.1. ðÕÓÔØ ÆÕÎË�ÉÑ f �ÒÉÎÁÄÌÅÖÉÔ ×ÅÓÏ×ÏÍÕ �ÒÏÓÔÒÁÎÓÔ×ÕL1(Rd; (1+|x|)N ), ÇÄÅN ∈ (d(p−1−1);+∞). �ÏÇÄÁ Epf (Rd) ⊃ Lp�(f)(Rd).äÏËÁÚÁÔÅÌØÓÔ×Ï. ÷ÏÚØÍ£Í ÆÕÎË�ÉÀ ' ∈ S(Rn) ÔÁËÕÀ, ÞÔÏ suppF'{ ËÏÍ�ÁËÔÎÏÅ �ÏÄÍÎÏÖÅÓÔ×Ï ÍÎÏÖÅÓÔ×Á �(f). �ÏÇÄÁ ÎÁÊÄ£ÔÓÑ ÆÕÎË-�ÉÑ g ∈ L1(Rd; (1 + |x|)N ) ÔÁËÁÑ, ÞÔÏ f ∗ g = ', Ô. Å. (Ff)(Fg) =



áððòïëóéíáãéñ ÷ ðòïó�òáîó�÷å 7
F'. þÔÏÂÙ ÄÏËÁÚÁÔØ ×ËÌÀÞÅÎÉÅ g ∈ L1(Rd; (1 + |x|)N ), ÄÏÓÔÁÔÏÞÎÏ1ÕÓÔÁÎÏ×ÉÔØ ÌÏËÁÌØÎÕÀ �ÒÉÎÁÄÌÅÖÎÏÓÔØ ÆÕÎË�ÉÉ Fg �ÒÏÓÔÒÁÎÓÔ×Õ
F(L1(Rd; (1 + |x|)N )). äÌÑ ÜÔÏÇÏ ÎÕÖÎÏ ÚÁÍÅÔÉÔØ, ÞÔÏ �ÒÏÓÔÒÁÎÓÔ×Ï
F(L1(Rd; (1 + |x|)N )) Ñ×ÌÑÅÔÓÑ ÁÌÇÅÂÒÏÊ. òÁ×ÅÎÓÔ×Ï f ∗ g = ', × ËÏÔÏ-ÒÏÍ g ∈ L1(Rd; (1+ |x|)N ), ×ÌÅÞ£Ô ×ËÌÀÞÅÎÉÅ ' ∈ Epf (Rd) × ÓÉÌÕ ÌÅÍÍÙ2.12 ÓÔÁÔØÉ [2℄. •óÌÅÄÓÔ×ÉÅ 2.2. ðÒÅÄ�ÏÌÏÖÉÍ, ÞÔÏ ÍÎÏÖÅÓÔ×Ï �(f) Ñ×ÌÑÅÔÓÑ Lp-�ÌÏÔÎÙÍ. �ÏÇÄÁ Epf (Rd) = Lp(Rd).îÁÓ ÂÕÄÕÔ ÉÎÔÅÒÅÓÏ×ÁÔØ ÒÁÄÉÁÌØÎÙÅ ÏÔËÒÙÔÙÅ ÍÎÏÖÅÓÔ×Á 
, Ô. Å.ÍÎÏÖÅÓÔ×Á ×ÉÄÁ 
 = R(G) = Rd(G) def= {x ∈ Rd : |x| ∈ G}, ÇÄÅ G {ÏÔËÒÙÔÏÅ �ÏÄÍÎÏÖÅÓÔ×Ï ÍÎÏÖÅÓÔ×Á R. òÁÚÕÍÅÅÔÓÑ, ÍÎÏÖÅÓÔ×Ï R(G)ÚÁ×ÉÓÉÔ ÔÏÌØËÏ ÏÔ �ÅÒÅÓÅÞÅÎÉÑ G ∩ [0;+∞). ëÒÏÍÅ ÔÏÇÏ, ÅÓÌÉ G1 ∩(M;+∞) = G2∩(M;+∞) �ÒÉ ÎÅËÏÔÏÒÏÍM ∈ R, ÔÏ ÍÎÏÖÅÓÔ×ÏRd(G1)Ñ×ÌÑÅÔÓÑ ÉÌÉ ÎÅ Ñ×ÌÑÅÔÓÑ Lp-�ÌÏÔÎÙÍ ÏÄÎÏ×ÒÅÍÅÎÎÏ Ó ÍÎÏÖÅÓÔ×ÏÍ
Rd(G2), ÓÍ. ÓÌÅÄÓÔ×ÉÅ 7.7 ÓÔÁÔØÉ [2℄.�ÅÏÒÅÍÁ 2.3. ðÕÓÔØ � { ÂÅÓËÏÎÅÞÎÁÑ × ÏÂÅ ÓÔÏÒÏÎÙ ÁÒÉÆÍÅÔÉÞÅ-ÓËÁÑ �ÒÏÇÒÅÓÓÉÑ2. ðÏÌÏÖÉÍ � = � ∪ (−�). ðÕÓÔØ �" ÏÂÏÚÎÁÞÁÅÔ"-ÏËÒÅÓÔÎÏÓÔØ ÍÎÏÖÅÓÔ×Á �. �ÏÇÄÁ ÍÎÏÖÅÓÔ×Ï Rd(�") Ñ×ÌÑÅÔÓÑ Lp-�ÌÏÔÎÙÍ �ÒÉ ×ÓÅÈ " > 0 É d > 2.äÏËÁÚÁÔÅÌØÓÔ×Ï. íÏÖÎÏ ÓÞÉÔÁÔØ, ÞÔÏ � = {n + � : n ∈ Z}, ÇÄÅ� ∈ [0; 1). �ÏÇÄÁ −� = {n−� : n ∈ Z}. ÷ ÓÉÌÕ ÔÅÏÒÅÍÙ 5.12 ÓÔÁÔØÉ [2℄ÄÏÓÔÁÔÏÞÎÏ ÕÂÅÄÉÔØÓÑ × ÔÏÍ, ÞÔÏ ÄÌÑ ÌÀÂÏÇÏ ÛÁÒÁ K ⊂ Rd ÒÁÄÉÕÓÁ"2 Ó �ÅÎÔÒÏÍ × ÔÏÞËÅ a ∈ Rd, |a| > 1, ÎÁÊÄ£ÔÓÑ ×ÅËÔÏÒ e ∈ Rd ÔÁËÏÊ,ÞÔÏ ⋃n6=0(ne +K) ⊂ R(�"). ÷ÏÚØÍ£Í ÅÄÉÎÉÞÎÙÊ ×ÅËÔÏÒ e0 ÔÁËÏÊ, ÞÔÏ(a; e0) = �. �ÏÇÄÁ ÄÌÑ �ÏÌÏÖÉÔÅÌØÎÙÈ n ÍÙ ÉÍÅÅÍ
||a+ ne0| − (n+ �)| = √n2 + 2�n+ |a|2 − n− � → 0 �ÒÉ n→ +∞;Á ÄÌÑ ÏÔÒÉ�ÁÔÅÌØÎÙÈ {
||a+ne0|−(−n−�)| = √n2 + 2�n+ |a|2−(−n−�)→ 0 �ÒÉ n → −∞:1íÙ �ÒÉ×ÏÄÉÍ ÚÄÅÓØ ÄÏËÁÚÁÔÅÌØÓÔ×Ï ÜÔÏÇÏ ×ËÌÀÞÅÎÉÑ ÎÅ ÏÞÅÎØ �ÏÄÒÏÂÎÏ, �Ï-ÓËÏÌØËÕ ×Ï ×ÓÅÈ �ÒÉÌÏÖÅÎÉÑÈ ÜÔÏÊ ÌÅÍÍÙ, ÒÁÓÓÍÁÔÒÉ×ÁÅÍÙÈ × ÜÔÏÊ ÓÔÁÔØÅ, ÉÍÅÅÔÍÅÓÔÏ ×ËÌÀÞÅÎÉÅ Ff ∈ C∞(Rd). �ÏÇÄÁ ÑÓÎÏ, ÞÔÏ g ∈ S(Rd) ⊂ L1(Rd; (1 + |x|)N ).2úÄÅÓØ É ÄÁÌÅÅ �ÏÄ ÁÒÉÆÍÅÔÉÞÅÓËÏÊ �ÒÏÇÒÅÓÓÉÅÊ ÍÙ �ÏÎÉÍÁÅÔ ÍÎÏÖÅÓÔ×Ï, ÁÎÅ �ÏÓÌÅÄÏ×ÁÔÅÌØÎÏÓÔØ.



8 á. â. áìåëóáîäòï÷�Å�ÅÒØ ÑÓÎÏ, ÞÔÏ × ËÁÞÅÓÔ×Å ×ÅËÔÏÒÁ e ÍÏÖÎÏ ×ÚÑÔØ ×ÅËÔÏÒ Ne0 �ÒÉÄÏÓÔÁÔÏÞÎÏ ÂÏÌØÛÏÍ ÎÁÔÕÒÁÌØÎÏÍ N . •ïÔÍÅÔÉÍ ÓÌÅÄÕÀÝÉÊ ÞÁÓÔÎÙÊ ÓÌÕÞÁÊ ÔÅÏÒÅÍÙ 2.3.óÌÅÄÓÔ×ÉÅ 2.4. ðÒÅÄ�ÏÌÏÖÉÍ, ÞÔÏ � = −�. ðÕÓÔØ �" ÏÂÏÚÎÁÞÁÅÔ"-ÏËÒÅÓÔÎÏÓÔØ ÍÎÏÖÅÓÔ×Á �. �ÏÇÄÁ ÍÎÏÖÅÓÔ×Ï Rd(�") Ñ×ÌÑÅÔÓÑ Lp-�ÌÏÔÎÙÍ �ÒÉ ×ÓÅÈ " > 0 É d > 2. •óÌÅÄÓÔ×ÉÅ 2.5. ðÕÓÔØ {�n}∞n=1 { �ÏÓÌÅÄÏ×ÁÔÅÌØÎÏÓÔØ ÎÅÏÔÒÉ�ÁÔÅÌØ-ÎÙÈ ÞÉÓÅÌ. ðÒÅÄ�ÏÌÏÖÉÍ, ÞÔÏ �n = an + b + o(1) �ÒÉ n → ∞, ÇÄÅa > 0 É b ∈ R. ðÕÓÔØ G ÏÂÏÚÎÁÞÁÅÔ ÄÏ�ÏÌÎÅÎÉÅ Ë ÍÎÏÖÅÓÔ×Õ ×ÓÅÈ ÚÎÁ-ÞÅÎÉÊ �ÏÓÌÅÄÏ×ÁÔÅÌØÎÏÓÔÉ {�n}∞n=1. �ÏÇÄÁ ÍÎÏÖÅÓÔ×ÏRd(G) Ñ×ÌÑÅÔÓÑLp-�ÌÏÔÎÙÍ, ÅÓÌÉ d > 2.äÏËÁÚÁÔÅÌØÓÔ×Ï. íÏÖÎÏ ÓÞÉÔÁÔØ, ÞÔÏ a = 1. ñÓÎÏ, ÞÔÏ ÓÕÝÅÓÔ×ÕÅÔÞÉÓÌÏ  ∈ R ÔÁËÏÅ, ÞÔÏ − b 6∈ Z, + b 6∈ Z É ÍÎÏÖÅÓÔ×Ï � = � ∪ (−�)ÎÅ �ÅÒÅÓÅËÁÅÔÓÑ Ó ÍÎÏÖÅÓÔ×ÏÍ ÚÎÁÞÅÎÉÊ �ÏÓÌÅÄÏ×ÁÔÅÌØÎÏÓÔÉ {�n}∞n=1,ÇÄÅ � = {n+  : n ∈ Z}. ìÅÇËÏ ×ÉÄÅÔØ, ÞÔÏ �ÒÉ ÄÏÓÔÁÔÏÞÎÏ ÍÁÌÅÎØËÏÍ" ÍÎÏÖÅÓÔ×Ï �" ÎÅ ÓÏÄÅÒÖÉÔ ÞÌÅÎÏ× �ÏÓÌÅÄÏ×ÁÔÅÌØÎÏÓÔÉ {�n}∞n=1, É
R(�") ⊂ R(G). •äÏËÁÚÁÔÅÌØÓÔ×Ï ÔÅÏÒÅÍÙ 1.3. ÷ ÓÉÌÕ ÓÌÅÄÓÔ×ÉÑ 2.2 ÄÏÓÔÁÔÏÞÎÏÄÏËÁÚÁÔØ, ÞÔÏ ÍÎÏÖÅÓÔ×Ï �(1IB) Ñ×ÌÑÅÔÓÑ Lp-�ÌÏÔÎÙÍ. ëÁË ÉÚ×ÅÓÔÎÏ,(F1IB)(�) = � d−12�(d+12 ) 1

∫

−1 (1− t2) d−12 e−2�i|�|t dt = J d2 (2�|�|)
|�| d2 ;ÇÄÅ J d2 ÏÂÏÚÎÁÞÁÅÔ ÆÕÎË�ÉÀ âÅÓÓÅÌÑ. ðÕÓÔØ {�n} = {�(d)n } { �Ï-ÓÌÅÄÏ×ÁÔÅÌØÎÏÓÔØ �ÏÌÏÖÉÔÅÌØÎÙÈ ËÏÒÎÅÊ ÆÕÎË�ÉÉ J d2 (2�x). �ÏÇÄÁ�n = n2 + d−18 + O( 1n ), ÓÍ. [3℄. �ÁËÉÍ ÏÂÒÁÚÏÍ, Lp
(Rd) = Lp(Rd) ×ÓÉÌÕ ÓÌÅÄÓÔ×ÉÑ 2.5. •3. úÁËÌÀÞÉÔÅÌØÎÙÅ ÚÁÍÅÞÁÎÉÑòÁÓÓÍÏÔÒÉÍ ÓÎÁÞÁÌÁ ÎÅËÏÔÏÒÙÅ ×Ï�ÒÏÓÙ, Ó×ÑÚÁÎÎÙÅ Ó ÔÅÏÒÅÍÏÊ 2.3.á×ÔÏÒÕ ÎÅÉÚ×ÅÓÔÎÏ, ÍÏÖÎÏ ÌÉ × ÆÏÒÍÕÌÉÒÏ×ËÅ ÓÌÅÄÓÔ×ÉÑ 2.4 ÏÔÂÒÏ-ÓÉÔØ ÕÓÌÏ×ÉÅ � = −�. äÒÕÇÉÍÉ ÓÌÏ×ÁÍÉ, ÍÏÖÎÏ ÌÉ × ÆÏÒÍÕÌÉÒÏ×ËÅÔÅÏÒÅÍÙ 2.3 ÏÂßÅÄÉÎÅÎÉÅ Ä×ÕÈ ÁÒÉÆÍÅÔÉÞÅÓËÉÊ �ÒÏÇÒÅÓÓÉÊ ÚÁÍÅÎÉÔØÏÄÎÏÊ �ÒÏÇÒÅÓÓÉÅÊ.



áððòïëóéíáãéñ ÷ ðòïó�òáîó�÷å 9úÁÍÅÞÁÎÉÅ 3.1. ðÒÉ d = 1 ÕÔ×ÅÒÖÄÅÎÉÅ ÔÅÏÒÅÍÙ 2.3 ÎÅ ÍÏÖÅÔ ×Ù-�ÏÌÎÑÔØÓÑ �ÒÉ ÍÁÌÙÈ ".äÅÊÓÔ×ÉÔÅÌØÎÏ, ÒÁ×ÅÎÓÔ×Ï Lp�"(R) = Lp(R) ÉÍÅÅÔ ÍÅÓÔÏ, ÔÏÌØËÏÅÓÌÉ �" = R. üÔÏ ÓÌÅÄÕÅÔ ÉÚ ÔÏÇÏ, ÞÔÏ ÍÎÏÖÅÓÔ×Ï R \ Z ÎÅ Ñ×ÌÑÅÔÓÑLp-�ÌÏÔÎÙÍ, ÓÍ. [2℄, ÔÅÏÒÅÍÁ 6.2. �ÅÍ ÎÅ ÍÅÎÅÅ Ó�ÒÁ×ÅÄÌÉ×Ï ÓÌÅÄÕÀÝÅÅÕÔ×ÅÒÖÄÅÎÉÅ.�ÅÏÒÅÍÁ 3.2. óÕÝÅÓÔ×ÕÅÔ ÍÎÏÖÅÓÔ×Ï � ⊂ Z ÔÁËÏÅ, ÞÔÏÁ) |a− b| > 1 �ÒÉ ×ÓÅÈ a; b ∈ �, a 6= b,Â) "-ÏËÒÅÓÔÎÏÓÔØ ÍÎÏÖÅÓÔ×Á � Ñ×ÌÑÅÔÓÑ Lp-�ÌÏÔÎÙÍ ÏÔËÒÙÔÙÍ�ÏÄÍÎÏÖÅÓÔ×ÏÍ ÍÎÏÖÅÓÔ×Á R �ÒÉ ×ÓÅÈ " > 0 É p ∈ (0; 1).äÏËÁÚÁÔÅÌØÓÔ×Ï. úÁÎÕÍÅÒÕÅÍ × �ÏÓÌÅÄÏ×ÁÔÅÌØÎÏÓÔØ {rn}∞n=1 ÍÎÏ-ÖÅÓÔ×Ï ×ÓÅÈ ÒÁ�ÉÏÎÁÌØÎÙÈ ÞÉÓÅÌ. ðÏÓÔÒÏÉÍ �Ï ÉÎÄÕË�ÉÉ ×ÏÚÒÁÓÔÁÀ-ÝÕÀ �ÏÓÌÅÄÏ×ÁÔÅÌØÎÏÓÔØ ËÏÎÅÞÎÙÈ ÍÎÏÖÅÓÔ× {�n}∞n=0, ÕÄÏ×ÌÅÔ×ÏÒÑ-ÀÝÉÈ ÕÓÌÏ×ÉÀ Á). ðÏÌÏÖÉÍ �0 = ∅. ðÒÅÄ�ÏÌÏÖÉÍ, ÞÔÏ ÍÎÏÖÅÓÔ×Á�k ÕÖÅ �ÏÓÔÒÏÅÎÙ �ÒÉ k < n. íÎÏÖÅÓÔ×Ï �n ÂÕÄÅÍ ÉÓËÁÔØ × ×ÉÄÅ�n = �n−1 ∪ {rn + ak : 0 < |k| 6 n}, ÇÄÅ a > 0. ñÓÎÏ, ÞÔÏ ÍÎÏÖÅÓÔ×Ï�n ÂÕÄÅÔ ÕÄÏ×ÌÅÔ×ÏÒÑÔØ ÕÓÌÏ×ÉÀ Á), ÅÓÌÉ ÞÉÓÌÏ a ÄÏÓÔÁÔÏÞÎÏ ×ÅÌÉËÏ.ðÏÌÏÖÉÍ � def= ∞
⋃n=1�n. ïÓÔÁ£ÔÓÑ �ÒÏ×ÅÒÉÔØ, ÞÔÏ ÍÎÏÖÅÓÔ×Ï � ÕÄÏ×ÌÅ-Ô×ÏÒÑÅÔ ÕÓÌÏ×ÉÀ Â). úÁÆÉËÓÉÒÕÅÍ �ÏÌÏÖÉÔÅÌØÎÏÅ ÞÉÓÌÏ ". úÁÍÅÔÉÍ,ÞÔÏ ÄÌÑ ÌÀÂÏÇÏ ÉÎÔÅÒ×ÁÌÁ U ÄÌÉÎÙ ÍÅÎØÛÅ "2 É ÄÌÑ ÌÀÂÏÇÏ ÎÁÔÕ-ÒÁÌØÎÏÇÏ ÞÉÓÌÁ N ÎÁÊÄ£ÔÓÑ ÞÉÓÌÏ a > 0 ÔÁËÏÅ, ÞÔÏ U + ka ⊂ �" �ÒÉ×ÓÅÈ �ÅÌÙÈ k, 0 < |k| 6 N . ïÔÓÀÄÁ ÌÅÇËÏ ÓÌÅÄÕÅÔ, ÞÔÏ "-ÏËÒÅÓÔÎÏÓÔØÍÎÏÖÅÓÔ×Á � Ñ×ÌÑÅÔÓÑ Lp-�ÌÏÔÎÙÍ ÍÎÏÖÅÓÔ×ÏÍ. •úÁÍÅÞÁÎÉÅ 3.3. åÓÌÉ ÍÎÏÖÅÓÔ×Ï � ÕÄÏ×ÌÅÔ×ÏÒÑÅÔ ÕÓÌÏ×ÉÑÍ Á) É Â)ÔÅÏÒÅÍÙ 3.2, ÔÏ ÍÎÏÖÅÓÔ×Ï R \ � Ñ×ÌÑÅÔÓÑ Lp-�ÌÏÔÎÙÍ ÏÔËÒÙÔÙÍÍÎÏÖÅÓÔ×ÏÍ �ÒÉ ×ÓÅÈ p ∈ (0; 1).äÏËÁÚÁÔÅÌØÓÔ×Ï. äÏÓÔÁÔÏÞÎÏ ÚÁÍÅÔÉÔØ, ÞÔÏ ÍÎÏÖÅÓÔ×Ï 12 +� ÔÏÖÅÕÄÏ×ÌÅÔ×ÏÒÑÅÔ ÕÓÌÏ×ÉÑÍ Á) É Â) ÔÅÏÒÅÍÙ.ðÒÉ×ÅÄ£Í ÔÅ�ÅÒØ ÓÌÅÄÕÀÝÅÅ ÕÓÉÌÅÎÉÅ ÔÅÏÒÅÍÙ 2.3.�ÅÏÒÅÍÁ 3.4. ðÕÓÔØ ×Ù�ÏÌÎÅÎÙ ÕÓÌÏ×ÉÑ ÔÅÏÒÅÍÙ 2.3, d > 2. íÎÏÖÅ-ÓÔ×Ï Rd(�) ÍÏÖÎÏ �ÒÅÄÓÔÁ×ÉÔØ × ×ÉÄÅ ÏÂßÅÄÉÎÅÎÉÑ �ÏÓÌÅÄÏ×ÁÔÅÌØÎÏ-ÓÔÉ ÓÆÅÒ {S(n)}∞n=1. �ÏÇÄÁ ÎÁÊÄ£ÔÓÑ ÂÅÓËÏÎÅÞÎÏ ÍÁÌÁÑ �ÏÓÌÅÄÏ×ÁÔÅÌØ-ÎÏÓÔØ �ÏÌÏÖÉÔÅÌØÎÙÈ ÞÉÓÅÌ {"n}∞n=1 ÔÁËÁÑ, ÞÔÏ ÍÎÏÖÅÓÔ×Ï ∞

⋃n=1S(n)"nÑ×ÌÑÅÔÓÑLp-�ÌÏÔÎÙÍ, ÇÄÅ S(n)"n ÏÂÏÚÎÁÞÁÅÔ "n-ÏËÒÅÓÔÎÏÓÔØ ÓÆÅÒÙ S(n).



10 á. â. áìåëóáîäòï÷íÙ Ï�ÕÓËÁÅÍ ÄÏËÁÚÁÔÅÌØÓÔ×Ï ÜÔÏÊ ÔÅÏÒÅÍÙ. ïÔÍÅÔÉÍ ÔÏÌØËÏ, ÞÔÏÏÎÁ ÍÏÖÅÔ ÂÙÔØ Ó×ÅÄÅÎÁ Ë ÔÅÏÒÅÍÅ 2.3 �ÒÉÍÅÒÎÏ ÔÁË ÖÅ, ËÁË ÓÌÅÄÓÔ×ÉÅ7.15 ÓÔÁÔØÉ [2℄ Ó×ÏÄÉÔÓÑ Ë ÔÅÏÒÅÍÅ 7.14 ÓÔÁÔØÉ [2℄.ïÓÔÁÎÏ×ÉÍÓÑ ÔÅ�ÅÒØ ÎÁ ÚÁÍÅÞÁÎÉÑÈ, ÏÔÎÏÓÑÝÉÈÓÑ Ë ×Ï�ÒÏÓÕ Ï �ÏÌ-ÎÏÔÅ × Lp(Rd) ÓÅÍÅÊÓÔ×Á ÆÕÎË�ÉÊ {f(x− a)}a∈Rd .úÁÍÅÞÁÎÉÅ 3.5. ðÕÓÔØ f ∈ Lp(Rd1) É g ∈ Lp(Rd2). �ÏÇÄÁ ÌÉÎÅÊÎÁÑÏÂÏÌÏÞËÁ ÓÅÍÅÊÓÔ×Á {f(x− a)g(y − b)}a∈Rd1 ;b∈Rd2 �ÌÏÔÎÁ × Lp(Rd1+d2)× ÔÏÍ É ÔÏÌØËÏ × ÔÏÍ ÓÌÕÞÁÅ, ËÏÇÄÁ Epf (Rd1) = Lp(Rd1) É Epg (Rd2) =Lp(Rd2). •ðÏÄÍÎÏÖÅÓÔ×Ï � �ÒÏÓÔÒÁÎÓÔ×Á Rd ÂÕÄÅÍ ÎÁÚÙ×ÁÔØ (ÎÅÏÄÎÏÒÏÄÎÏÊ)ÒÅÛ£ÔËÏÊ, ÅÓÌÉ ÓÕÝÅÓÔ×ÕÅÔ ÎÅ×ÙÒÏÖÄÅÎÎÏÅ ÁÆÆÉÎÎÏÅ �ÒÅÏÂÒÁÚÏ×Á-ÎÉÅ �ÒÏÓÔÒÁÎÓÔ×Á Rd, �ÅÒÅ×ÏÄÑÝÅÅ ÍÎÏÖÅÓÔ×Ï � × ÍÎÏÖÅÓÔ×Ï Zd.óÌÅÄÕÀÝÅÅ ÕÔ×ÅÒÖÄÅÎÉÅ �Ï ÓÕÝÅÓÔ×Õ ÄÏËÁÚÁÎÏ × [2℄.�ÅÏÒÅÍÁ 3.6. ðÕÓÔØ f ∈ Lp(Rd) ∩ L1(Rd). ðÒÅÄ�ÏÌÏÖÉÍ, ÞÔÏ ÍÎÏ-ÖÅÓÔ×Ï ËÏÒÎÅÊ �ÒÅÏÂÒÁÚÏ×ÁÎÉÑ æÕÒØÅ ÆÕÎË�ÉÉ f ÓÏÄÅÒÖÉÔ ÒÅÛ£ÔËÕ.�ÏÇÄÁ Epf (Rd) 6= Lp(Rd).äÏËÁÚÁÔÅÌØÓÔ×Ï. äÏÓÔÁÔÏÞÎÏ ÒÁÓÓÍÏÔÒÅÔØ ÓÌÕÞÁÊ, ËÏÇÄÁ �ÒÅÏÂÒÁ-ÚÏ×ÁÎÉÅ æÕÒØÅ ÆÕÎË�ÉÉ f ÏÂÒÁÝÁÅÔÓÑ × ÎÏÌØ ÎÁ Zd. �ÏÇÄÁ × ÓÉÌÕ ÆÏÒ-ÍÕÌÙ ÓÕÍÍÉÒÏ×ÁÎÉÑ ðÕÁÓÓÏÎÁ, ÓÍ., ÎÁ�ÒÉÍÅÒ, [5℄, §2 ÇÌÁ×Ù 7, ÉÍÅÅÍ
∑n∈Zd f(x+ n) = 0 �ÏÞÔÉ ×ÓÀÄÕ. �ÏÇÄÁ f ∈ Lp

Rd\Zd(Rd) 6= Lp(Rd) × ÓÉÌÕÔÅÏÒÅÍÙ 6.2 ÓÔÁÔØÉ [2℄. •ïÔÍÅÔÉÍ, ÞÔÏ ÔÅÏÒÅÍÁ 3.6 ×ÌÅÞ£Ô ÔÅÏÒÅÍÕ 1.2. þÔÏÂÙ ÕÂÅÄÉÔØÓÑ ×ÜÔÏÍ, ÄÏÓÔÁÔÏÞÎÏ ÚÁÍÅÔÉÔØ, ÞÔÏ �ÒÅÏÂÒÁÚÏ×ÁÎÉÅ æÕÒØÅ ÆÕÎË�ÉÉ 1IQÏÂÒÁÝÁÅÔÓÑ × ÎÕÌØ ÎÁ ÒÅÛ£ÔËÅ e+ 2Zd, ÇÄÅ e ∈ Zd \ 2Zd.�ÅÏÒÅÍÁ 6.2 ÓÔÁÔØÉ [2℄ ×ÌÅÞ£Ô ÔÁËÖÅ ÓÌÅÄÕÀÝÅÅ ÕÔ×ÅÒÖÄÅÎÉÅ.óÌÅÄÓÔ×ÉÅ 3.7. ðÕÓÔØ �n = a√n, ÇÄÅ a > 0. ðÕÓÔØ G ÏÂÏÚÎÁÞÁÅÔÄÏ�ÏÌÎÅÎÉÅ Ë ÍÎÏÖÅÓÔ×Õ ×ÓÅÈ ÚÎÁÞÅÎÉÊ �ÏÓÌÅÄÏ×ÁÔÅÌØÎÏÓÔÉ {�n}∞n=0.�ÏÇÄÁ ÍÎÏÖÅÓÔ×Ï Rd(G) ÎÅ Ñ×ÌÑÅÔÓÑ Lp-�ÌÏÔÎÙÍ.äÏËÁÚÁÔÅÌØÓÔ×Ï. íÏÖÎÏ ÓÞÉÔÁÔØ, ÞÔÏ a = 1. �ÏÇÄÁRd(G) ⊂ Rd\Zd.
•úÁÍÅÞÁÎÉÅ 3.8. îÅÔÒÕÄÎÏ �ÏÎÑÔØ ÉÚ ÄÏËÁÚÁÔÅÌØÓÔ×Á, ÞÔÏ ÓÌÅÄÓÔ×ÉÅ2.5 ÍÏÖÅÔ ÂÙÔØ ÕÓÉÌÅÎÏ. îÁ�ÒÉÍÅÒ, ÕÓÌÏ×ÉÅ �n = an + b + o(1) �ÒÉn → ∞ ÍÏÖÎÏ ÚÁÍÅÎÉÔØ ÕÓÌÏ×ÉÅÍ lim supn→∞

(�n−an)−lim infn→∞
(�n−an) < a2 .á×ÔÏÒÕ ÎÅÉÚ×ÅÓÔÎÏ, ÍÏÖÎÏ ÌÉ ÜÔÏ ÕÓÌÏ×ÉÅ ÚÁÍÅÎÉÔØ ÕÓÌÏ×ÉÅÍ n =O(�n).



áððòïëóéíáãéñ ÷ ðòïó�òáîó�÷å 11ðÏÌÏÖÉÔÅÌØÎÙÊ ÏÔ×ÅÔ ÎÁ �ÏÓÌÅÄÎÉÊ ×Ï�ÒÏÓ �ÏÚ×ÏÌÉÌ ÂÙ ÄÏËÁÚÁÔØÓÌÅÄÕÀÝÅÅ ÕÔ×ÅÒÖÄÅÎÉÅ.çÉ�ÏÔÅÚÁ 3.9. ðÕÓÔØ f { ÒÁÄÉÁÌØÎÁÑ ÓÕÍÍÉÒÕÅÍÁÑ ÆÕÎË�ÉÑ ÎÁ R
d,ÇÄÅ d > 2. ðÒÅÄ�ÏÌÏÖÉÍ, ÞÔÏ ÎÏÓÉÔÅÌØ ÆÕÎË�ÉÉ f ËÏÍ�ÁËÔÅÎ. �ÏÇÄÁEpf (Rd) = Lp(Rd).�ÅÏÒÅÍÁ 3.10. ðÕÓÔØ 
 { ÏÔËÒÙÔÏÅ �ÏÄÍÎÏÖÅÓÔ×Ï �ÒÏÓÔÒÁÎÓÔ×Á R
d.�ÏÇÄÁ ÓÕÝÅÓÔ×ÕÅÔ ÇÌÁÄËÁÑ ÂÙÓÔÒÏ ÕÂÙ×ÁÀÝÁÑ ÆÕÎË�ÉÑ f : Rd → CÔÁËÁÑ, ÞÔÏ Epf (Rd) = Lp
(Rd) �ÒÉ ×ÓÅÈ p ∈ (0; 1).äÏËÁÚÁÔÅÌØÓÔ×Ï. ÷ÏÚØÍ£Í �ÏÓÌÅÄÏ×ÁÔÅÌØÎÏÓÔØ ÆÕÎË�ÉÊ {'j}∞j=1ÔÁËÕÀ, ÞÔÏ 'j ∈ C∞(Rd), 'j > 0, supp'j { ËÏÍ�ÁËÔÎÏÅ �ÏÄÍÎÏÖÅÓÔ×ÏÍÎÏÖÅÓÔ×Á 
 É ∞

⋃j=1{'j 6= 0} = 
. åÓÌÉ �ÏÓÌÅÄÏ×ÁÔÅÌØÎÏÓÔØ �ÏÌÏÖÉ-ÔÅÌØÎÙÈ ÞÉÓÅÌ {aj}∞j=1 ÓÔÒÅÍÉÔÓÑ Ë ÎÕÌÀ ÄÏÓÔÁÔÏÞÎÏ ÂÙÓÔÒÏ, ÔÏ ÒÑÄ
∞
∑j=1 aj'j ÂÕÄÅÔ ÓÈÏÄÉÔØÓÑ × �ÒÏÓÔÒÁÎÓÔ×Å S(Rd). ðÏÌÏÖÉÍf def= ∞

∑j=1 ajF−1'j (1)�ÏÇÄÁ f ∈ S(Rd) É �(f) = 
. ÷ËÌÀÞÅÎÉÅ Lp
(Rd) ⊂ Epf (Rd) ÓÌÅÄÕÅÔ ÉÚÌÅÍÍÙ 2.1, Á ×ËÌÀÞÅÎÉÅ Epf (Rd) ⊂ Lp
(Rd) { ÉÚ ÒÁ×ÅÎÓÔ×Á (1). •óÌÅÄÓÔ×ÉÅ 3.11. óÕÝÅÓÔ×ÕÅÔ ÇÌÁÄËÁÑ ÂÙÓÔÒÏ ÕÂÙ×ÁÀÝÁÑ ÆÕÎË�ÉÑf : R → C ÔÁËÁÑ, ÞÔÏ Epf (R) = Lp(R) �ÒÉ ÄÏÓÔÁÔÏÞÎÏ ÍÁÌÙÈ p, ÎÏ ÎÅ�ÒÉ ×ÓÅÈ p < 1.äÏËÁÚÁÔÅÌØÓÔ×Ï. ÷ ÓÉÌÕ ÔÅÏÒÅÍÙ 10.14 ÓÔÁÔØÉ [2℄ ÓÕÝÅÓÔ×ÕÅÔ ÏÔ-ËÒÙÔÏÅ �ÏÄÍÎÏÖÅÓÔ×Ï 
 ÍÎÏÖÅÓÔ×Á R ÔÁËÏÅ, ÞÔÏ Lp
(R) = Lp(R) �ÒÉÄÏÓÔÁÔÏÞÎÏ ÍÁÌÙÈ p, ÎÏ ÎÅ �ÒÉ ×ÓÅÈ p < 1. �Å�ÅÒØ ÄÏËÁÚÙ×ÁÅÍÏÅ ÕÔ×ÅÒ-ÖÄÅÎÉÅ Ñ×ÌÑÅÔÓÑ ÏÞÅ×ÉÄÎÙÍ ÓÌÅÄÓÔ×ÉÅÍ ÔÅÏÒÅÍÙ 3.10. •úÁÍÅÞÁÎÉÅ 3.12. ðÒÏÓÔÒÁÎÓÔ×Ï Lp
(Rd) ÍÏÖÅÔ ÂÙÔØ ÔÏÞÎÏ ÔÁË ÖÅÏ�ÒÅÄÅÌÅÎÏ É �ÒÉ p > 1. �ÏÇÄÁ × ÔÅÏÒÅÍe 3.10 ÍÏÖÎÏ ÕÔ×ÅÒÖÄÁÔØ, ÞÔÏÒÁ×ÅÎÓÔ×Ï Epf (Rd) = Lp
(Rd) ÉÍÅÅÔ ÍÅÓÔÏ �ÒÉ ×ÓÅÈ p ∈ (0;+∞).ìÉÔÅÒÁÔÕÒÁ1. A. B. Aleksandrov, Essays on non loally onvex Hardy lasses, Leture Notes inMath., 864 (1981), 1{89.



12 á. â. áìåëóáîäòï÷2. á. â. áÌÅËÓÁÎÄÒÏ×, ó�ÅËÔÒÁÌØÎÙÅ �ÏÄ�ÒÏÓÔÒÁÎÓÔ×Á �ÒÏÓÔÒÁÎÓÔ×Á Lp �ÒÉp < 1, áÌÇÅÂÒÁ É ÁÎÁÌÉÚ 19 (2007), ×Ù�. 3, 1{75.3. äÖ. î. ÷ÁÔÓÏÎ, �ÅÏÒÉÑ ÂÅÓÓÅÌÅ×ÙÈ ÆÕÎË�ÉÊ. éì, í., 1949.4. W. Rudin, Fourier analysis on groups, Reprint of the 1962 original. Wiley ClassisLibrary. A Wiley-Intersiene Publiation. John Wiley & Sons, In., New York(1990).5. é. óÔÅÊÎ, ç. ÷ÅÊÓ, ÷×ÅÄÅÎÉÅ × ÇÁÒÍÏÎÉÞÅÓËÉÊ ÁÎÁÌÉÚ. íÉÒ, í., (1974).Aleksandrov A. B. Approximation in Lp(Rd), 0 < p < 1, by linearombinations of the harateristi funtions of balls.We prove that the translates of the harateristi funtion of a ball spanLp(Rd) provided 0 < p < 1 and d > 2. Similar approximation problemsare onsidered for some other funtions. ðÏÓÔÕ�ÉÌÏ 10 Á×ÇÕÓÔÁ 2009 Ç.ó.-ðÅÔÅÒÂÕÒÇÓËÏÅ ÏÔÄÅÌÅÎÉÅíÁÔÅÍÁÔÉÞÅÓËÏÇÏ ÉÎÓÔÉÔÕÔÁÉÍ. ÷. á. óÔÅËÌÏ×Á òáîæÏÎÔÁÎËÁ 27, 191023,ó.-ðÅÔÅÒÂÕÒÇ, òÏÓÓÉÑE-mail : alex�pdmi.ras.ru


