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§1. ÷×ÅÄÅÎÉÅ1.1. ïÂÏÚÎÁÞÅÎÉÑ. ÷ ÄÁÌØÎÅÊÛÅÍ R, Z, Z+, N { ÍÎÏÖÅÓÔ×Á ×ÅÝÅ-ÓÔ×ÅÎÎÙÈ, �ÅÌÙÈ, ÎÅÏÔÒÉ�ÁÔÅÌØÎÙÈ �ÅÌÙÈ, ÎÁÔÕÒÁÌØÎÙÈ ÞÉÓÅÌ ÓÏÏÔ-×ÅÔÓÔ×ÅÎÎÏ, [a :b℄ = [a; b℄ ∩ Z.ðÒÏÓÔÒÁÎÓÔ×Á ÆÕÎË�ÉÊ ÏÂÏÚÎÁÞÁÀÔÓÑ: C { �ÒÏÓÔÒÁÎÓÔ×Ï 2�-�ÅÒÉÏ-ÄÉÞÅÓËÉÈ ÎÅ�ÒÅÒÙ×ÎÙÈ ÆÕÎË�ÉÊ Ó ÒÁ×ÎÏÍÅÒÎÏÊ ÎÏÒÍÏÊ; ÅÓÌÉ 1 6 p <+∞, ÔÏ Lp(R) { �ÒÏÓÔÒÁÎÓÔ×Ï ÉÚÍÅÒÉÍÙÈ, ÓÕÍÍÉÒÕÅÍÙÈ ÎÁ ÏÓÉ Ó p-ÊÓÔÅ�ÅÎØÀ, Á Lp { �ÒÏÓÔÒÁÎÓÔ×Ï ÉÚÍÅÒÉÍÙÈ, 2�-�ÅÒÉÏÄÉÞÅÓËÉÈ, ÓÕÍ-ÍÉÒÕÅÍÙÈ ÎÁ �ÅÒÉÏÄÅ Ó p-Ê ÓÔÅ�ÅÎØÀ ÆÕÎË�ÉÊ f , Ó ÎÏÒÍÁÍÉ ‖f‖p =(∫E |f |p)1=p, ÇÄÅ E = R ÉÌÉ [−�; �℄ ÓÏÏÔ×ÅÔÓÔ×ÅÎÎÏ; L∞(R) { �ÒÏÓÔÒÁÎ-ÓÔ×Ï ÉÚÍÅÒÉÍÙÈ ÓÕÝÅÓÔ×ÅÎÎÏ ÏÇÒÁÎÉÞÅÎÎÙÈ ÎÁ R ÆÕÎË�ÉÊ f Ó ÎÏÒÍÏÊ

‖f‖∞ = vrai supx∈R

|f(x)|;L∞ { �ÏÄ�ÒÏÓÔÒÁÎÓÔ×Ï 2�-�ÅÒÉÏÄÉÞÅÓËÉÈ ÆÕÎË�ÉÊ ÉÚ L∞(R); Lp;lo(R){ ÍÎÏÖÅÓÔ×Ï ÆÕÎË�ÉÊ, �ÒÉÎÁÄÌÅÖÁÝÉÈ Lp(E) ÄÌÑ ËÁÖÄÏÇÏ ÏÔÒÅÚËÁ E.åÓÌÉ r ∈ N, ÔÏW (r)p (R) { ÍÎÏÖÅÓÔ×Ï ÆÕÎË�ÉÊ, �ÒÉÎÁÄÌÅÖÁÝÉÈ Lp(R) ÉÑ×ÌÑÀÝÉÈÓÑ r-ËÒÁÔÎÙÍÉ ÉÎÔÅÇÒÁÌÁÍÉ ÏÔ ÆÕÎË�ÉÊ ÉÚ Lp(R); W (r)p;lo(R){ ÍÎÏÖÅÓÔ×Ï r-ËÒÁÔÎÙÈ ÉÎÔÅÇÒÁÌÏ× ÏÔ ÆÕÎË�ÉÊ ÉÚ Lp;lo(R). áÎÁÌÏÇÉÞ-ÎÏ Ï�ÒÅÄÅÌÑÀÔÓÑ ËÌÁÓÓÙ W (r)p �ÅÒÉÏÄÉÞÅÓËÉÈ ÆÕÎË�ÉÊ. åÓÌÉ ÉÚ ËÏÎ-ÔÅËÓÔÁ ÎÅ ÓÌÅÄÕÅÔ �ÒÏÔÉ×ÎÏÅ, �ÒÏÓÔÒÁÎÓÔ×Á ÆÕÎË�ÉÊ ÍÏÇÕÔ ÂÙÔØ ËÁË×ÅÝÅÓÔ×ÅÎÎÙÍÉ, ÔÁË É ËÏÍ�ÌÅËÓÎÙÍÉ.äÁÌÅÅ, T2n−1 { �ÒÏÓÔÒÁÎÓÔ×Ï ÔÒÉÇÏÎÏÍÅÔÒÉÞÅÓËÉÈ ÍÎÏÇÏÞÌÅÎÏ× �Ï-ÒÑÄËÁ ÎÅ ×ÙÛÅ n − 1, E� É E�−0 { �ÒÏÓÔÒÁÎÓÔ×Á �ÅÌÙÈ ÆÕÎË�ÉÊ ÓÔÅ-�ÅÎÉ ÎÅ ×ÙÛÅ � É ÍÅÎØÛÅ � ÓÏÏÔ×ÅÔÓÔ×ÅÎÎÏ. ðÒÉ m ∈ Z+, � > 0 ÞÅÒÅÚS�;m ÏÂÏÚÎÁÞÁÅÔÓÑ �ÒÏÓÔÒÁÎÓÔ×Ï Ó�ÌÁÊÎÏ× �ÏÒÑÄËÁ m ÍÉÎÉÍÁÌØÎÏÇÏÄÅÆÅËÔÁ Ó ÕÚÌÁÍÉ j�� (j ∈ Z). ðÒÉ m ∈ N ÜÔÏ ÍÎÏÖÅÓÔ×Ï m − 1 ÒÁÚÎÅ�ÒÅÒÙ×ÎÏ ÄÉÆÆÅÒÅÎ�ÉÒÕÅÍÙÈ ÎÁ R ÆÕÎË�ÉÊ, ÓÕÖÅÎÉÅ ËÏÔÏÒÙÈ ÎÁëÌÀÞÅ×ÙÅ ÓÌÏ×Á: ÎÁÉÌÕÞÛÅÅ �ÒÉÂÌÉÖÅÎÉÅ, ÎÅ�ÅÒÉÏÄÉÞÅÓËÉÅ Ó�ÌÁÊÎÙ, Ï�ÅÒÁ-ÔÏÒ áÈÉÅÚÅÒÁ{ëÒÅÊÎÁ{æÁ×ÁÒÁ. 8



îåðåòéïäéþåóëéê óðìáêîï÷ùê áîáìïç ïðåòá�ïòï÷ 9ËÁÖÄÙÊ ÉÎÔÅÒ×ÁÌ ( j�� ; (j+1)�� ) ÅÓÔØ ÍÎÏÇÏÞÌÅÎ ÓÔÅ�ÅÎÉ ÎÅ ×ÙÛÅ m; S�;0ÅÓÔØ ÍÎÏÖÅÓÔ×Ï ÆÕÎË�ÉÊ, �ÏÓÔÏÑÎÎÙÈ ÎÁ ËÁÖÄÏÍ ÔÁËÏÍ ÉÎÔÅÒ×ÁÌÅ(ÚÎÁÞÅÎÉÑ × ÔÏÞËÁÈ ÒÁÚÒÙ×Á ÎÅÓÕÝÅÓÔ×ÅÎÎÙ); S̃n;m �ÒÉ n ∈ N ÅÓÔØ�ÒÏÓÔÒÁÎÓÔ×Ï 2�-�ÅÒÉÏÄÉÞÅÓËÉÈ Ó�ÌÁÊÎÏ× ÉÚ Sn;m. óÉÍ×ÏÌÁÍÉ En(f)pÉ En;m(f)p ÏÂÏÚÎÁÞÁÀÔÓÑ ÎÁÉÌÕÞÛÉÅ �ÒÉÂÌÉÖÅÎÉÑ ÆÕÎË�ÉÉ f ÍÎÏÖÅ-ÓÔ×ÁÍÉ T2n−1 É S̃n;m × �ÒÏÓÔÒÁÎÓÔ×Å Lp, ÓÉÍ×ÏÌÁÍÉ A�(f)p, A�−0(f)p ÉA�;m(f)p { ÎÁÉÌÕÞÛÉÅ �ÒÉÂÌÉÖÅÎÉÑ f ÍÎÏÖÅÓÔ×ÁÍÉ E� , E�−0, É S�;m× �ÒÏÓÔÒÁÎÓÔ×Å Lp(R); ÎÁ�ÒÉÍÅÒ,A�(f)p = infg∈E� ‖f − g‖p:ëÏÜÆÆÉ�ÉÅÎÔÙ æÕÒØÅ 2`-�ÅÒÉÏÄÉÞÅÓËÏÊ ÆÕÎË�ÉÉ f , ÓÕÍÍÉÒÕÅÍÏÊÎÁ �ÅÒÉÏÄÅ, Ï�ÒÅÄÅÌÑÀÔÓÑ ÒÁ×ÅÎÓÔ×ÏÍk(f) = 12` `∫

−` f(t)e−i �̀kt dt;Á �ÒÅÏÂÒÁÚÏ×ÁÎÉÅ æÕÒØÅ ÚÁÄÁÎÎÏÊ ÎÁ R ÆÕÎË�ÉÉ f { ÒÁ×ÅÎÓÔ×ÏÍ(f; z) = 12� ∫

R

f(t)e−izt dt;ÅÓÌÉ ÉÎÔÅÇÒÁÌ ÓÕÝÅÓÔ×ÕÅÔ ÈÏÔÑ ÂÙ × ÓÍÙÓÌÅ ÇÌÁ×ÎÏÇÏ ÚÎÁÞÅÎÉÑ. æÕÎË-�ÉÉ ÄÏÏ�ÒÅÄÅÌÑÀÔÓÑ × ÔÏÞËÅ ÕÓÔÒÁÎÉÍÏÇÏ ÒÁÚÒÙ×Á �Ï ÎÅ�ÒÅÒÙ×ÎÏÓÔÉ;× ÄÒÕÇÉÈ ÓÌÕÞÁÑÈ ÓÉÍ×ÏÌ 00 �ÏÎÉÍÁÅÔÓÑ ËÁË 0. óÕÍÍÁ �Ï Z �ÏÎÉÍÁÅÔÓÑ× ÓÍÙÓÌÅ ÇÌÁ×ÎÏÇÏ ÚÎÁÞÅÎÉÑ:
∑k∈Z

= limN→∞

N∑k=−N :ñÄÒÏ âÅÒÎÕÌÌÉ �ÏÒÑÄËÁ r ∈ N, �ÅÒÉÏÄÉÞÅÓËÉÊ É ÎÅ�ÅÒÉÏÄÉÞÅÓËÉÊB-Ó�ÌÁÊÎ �ÏÒÑÄËÁ m ∈ Z+ Ï�ÒÅÄÅÌÑÀÔÓÑ ÒÁ×ÅÎÓÔ×ÁÍÉdr(t) = 12 ∑k∈Z\{0} eikt(ik)r ;
Bn;m(t) = ∑k∈Z

n;m(k)eikt; B�;m(t) = ∫

R

�;m(z)eitz dz;ÇÄÅ �;m(z) = (B�;m; z) = 12� (ei�� z − 1i�� z )m+1 :



10 ï. ì. ÷éîïçòáäï÷, á. ÷. çìáäëáñîÏÒÍÉÒÏ×ËÁ B-Ó�ÌÁÊÎÏ× ×ÙÂÒÁÎÁ ÔÁË, ÞÔÏ�∫
−� Bn;m = ∫

R

B�;m = 1:åÓÌÉ �ÁÒÁÍÅÔÒ � ÆÉËÓÉÒÏ×ÁÎ, ÅÇÏ ÏÂÏÚÎÁÞÅÎÉÅ × ÉÎÄÅËÓÁÈ ÒÁÚÌÉÞ-ÎÙÈ ×ÅÌÉÞÉÎ ÏÂÙÞÎÏ ÂÕÄÅÍ Ï�ÕÓËÁÔØ É �ÉÓÁÔØ, ÎÁ�ÒÉÍÅÒ, Bm É m.ðÏÌÁÇÁÅÍ xj = j�� .1.2. éÓÔÏÒÉÑ ×Ï�ÒÏÓÁ É �ÏÓÔÁÎÏ×ËÉ ÚÁÄÁÞ. ÷ÓÀÄÕ × ÜÔÏÍ �ÕÎËÔÅn; r ∈ N, m ∈ Z+, � > 0.÷ 1937 ÇÏÄÕ ö.æÁ×ÁÒ [1℄ É î.é.áÈÉÅÚÅÒ É í.ç.ëÒÅÊÎ [2℄ �ÏÓÔÒÏ-ÉÌÉ ÌÉÎÅÊÎÙÊ ÍÅÔÏÄ �ÒÉÂÌÉÖÅÎÉÑ Xn;r ÓÏ ÚÎÁÞÅÎÉÑÍÉ × �ÒÏÓÔÒÁÎÓÔ×ÅÔÒÉÇÏÎÏÍÅÔÒÉÞÅÓËÉÈ ÍÎÏÇÏÞÌÅÎÏ× �ÏÒÑÄËÁ ÎÅ ×ÙÛÅ n − 1, ÔÁËÏÊ ÞÔÏÄÌÑ ÌÀÂÏÊ f ∈W (r)
∞

‖f − Xn;r(f)‖∞ 6
Krnr ‖f (r)‖∞; (1.1)É ÄÏËÁÚÁÌÉ, ÞÔÏ ËÏÎÓÔÁÎÔÕ

Kr = 4� ∞∑�=0 (−1)�(r+1)(2� + 1)r+1ÕÍÅÎØÛÉÔØ ÎÅÌØÚÑ, ÄÁÖÅ ÅÓÌÉ ÚÁÍÅÎÉÔØ ÌÅ×ÕÀ ÞÁÓÔØ ÎÁ ÎÁÉÌÕÞÛÅÅ �ÒÉ-ÂÌÉÖÅÎÉÅ, ÔÏ ÅÓÔØ supf∈W (r)
∞

En(f)∞
‖f (r)‖∞ = Krnr : (1.2)ï�ÅÒÁÔÏÒÙ Xn;r ÎÁÚÙ×ÁÀÔ Ï�ÅÒÁÔÏÒÁÍÉ ÉÌÉ ÓÕÍÍÁÍÉ áÈÉÅÚÅÒÁ{ëÒ-ÅÊÎÁ{æÁ×ÁÒÁ, Á ËÏÎÓÔÁÎÔÙ Kr { ËÏÎÓÔÁÎÔÁÍÉ æÁ×ÁÒÁ. îÅÒÁ×ÅÎÓÔ×Á,× ËÏÔÏÒÙÈ �ÒÉÂÌÉÖÅÎÉÅ ÆÕÎË�ÉÉ Ï�ÅÎÉ×ÁÅÔÓÑ ÞÅÒÅÚ ÎÏÒÍÕ (�ÏÌÕÎÏÒ-ÍÕ) �ÒÏÉÚ×ÏÄÎÏÊ, �ÒÏÉÚ×ÏÄÎÏÊ ÓÏ�ÒÑÖÅÎÎÏÊ ÆÕÎË�ÉÉ É Ô.�., ÂÕÄÅÍ ÎÁ-ÚÙ×ÁÔØ ÎÅÒÁ×ÅÎÓÔ×ÁÍÉ ÔÉ�Á áÈÉÅÚÅÒÁ{ëÒÅÊÎÁ{æÁ×ÁÒÁ. ÷�ÏÓÌÅÄÓÔ×ÉÉÁÎÁÌÏÇÉ ÓÏÏÔÎÏÛÅÎÉÊ (1.1) É (1.2) ÂÙÌÉ ÕÓÔÁÎÏ×ÌÅÎÙ ÄÌÑ ÍÎÏÇÉÈ ËÌÁÓ-ÓÏ× Ó×ÅÒÔÏË �ÅÒÉÏÄÉÞÅÓËÉÈ É ÎÅ�ÅÒÉÏÄÉÞÅÓËÉÈ ÆÕÎË�ÉÊ. íÙ �ÅÒÅÞÉ-ÓÌÉÍ ÌÉÛØ ÔÅ, × ËÏÔÏÒÙÈ Ï�ÅÎËÁ ×ÅÄÅÔÓÑ ÞÅÒÅÚ ÎÏÒÍÙ �ÒÏÉÚ×ÏÄÎÙÈ.ó. í. îÉËÏÌØÓËÉÊ [3℄ ÒÁÓ�ÒÏÓÔÒÁÎÉÌ (1.1) É (1.2) ÎÁ ÓÌÕÞÁÊ ÎÏÒÍÙ× �ÒÏÓÔÒÁÎÓÔ×Å L1.í. ç. ëÒÅÊÎ [4℄ �ÏÌÕÞÉÌ ÁÎÁÌÏÇÉ ÓÏÏÔÎÏÛÅÎÉÑ (1.2) ÄÌÑ �ÒÉÂÌÉÖÅ-ÎÉÑ �ÅÌÙÍÉ ÆÕÎË�ÉÑÍÉ ËÏÎÅÞÎÏÊ ÓÔÅ�ÅÎÉ ËÌÁÓÓÏ× ÆÕÎË�ÉÊ ÉÚW (r)

∞ (R),



îåðåòéïäéþåóëéê óðìáêîï÷ùê áîáìïç ïðåòá�ïòï÷ 11Ï�ÒÅÄÅÌÑÅÍÙÈ ÄÉÆÆÅÒÅÎ�ÉÁÌØÎÙÍÉ Ï�ÅÒÁÔÏÒÁÍÉ. ÷ ÞÁÓÔÎÏÓÔÉ, ÏÎ ÕÓ-ÔÁÎÏ×ÉÌ, ÞÔÏ supf∈W (r)
∞ (R) A�(f)∞

‖f (r)‖∞ = supf∈W (r)
∞ (R) A�−0(f)∞

‖f (r)‖∞ = Kr�r : (1:3)â. îÁÄØ [5℄ ÕËÁÚÁÌ ÄÏÓÔÁÔÏÞÎÙÅ ÕÓÌÏ×ÉÑ ÎÁ ÑÄÒÏ Ó×ÅÒÔÏÞÎÏÇÏ Ï�ÅÒÁ-ÔÏÒÁ, ×ÙÒÁÖÅÎÎÙÅ × ÔÅÒÍÉÎÁÈ �ÒÅÏÂÒÁÚÏ×ÁÎÉÑ æÕÒØÅ ÑÄÒÁ Ó×ÅÒÔËÉ,�ÒÉ ËÏÔÏÒÙÈ ÄÌÑ �ÒÉÂÌÉÖÅÎÉÑ Ó×ÅÒÔËÉ Ó�ÒÁ×ÅÄÌÉ×Á ÔÏÞÎÁÑ Ï�ÅÎËÁ ÔÉ-�Á (1.3) É ×Ù×ÅÌ ÉÚ ÜÔÉÈ ÕÓÌÏ×ÉÊ ÓÁÍÏ ÓÏÏÔÎÏÛÅÎÉÅ (1.3). ëÒÏÍÅ ÔÏÇÏ,ÏÎ �ÏÓÔÒÏÉÌ ÌÉÎÅÊÎÙÊ Ï�ÅÒÁÔÏÒ X�;r ÓÏ ÚÎÁÞÅÎÉÑÍÉ × E� , ÄÌÑ ÏÔËÌÏ-ÎÅÎÉÑ ËÏÔÏÒÏÇÏ Ó�ÒÁ×ÅÄÌÉ×Á ÔÁËÁÑ ÖÅ Ï�ÅÎËÁ
‖f −X�;r(f)‖∞ 6

Kr�r ‖f (r)‖∞: (1:4)ðÒÉ � = n ∈ N Ï�ÅÒÁÔÏÒÙ ÉÚ ÆÏÒÍÕÌ (1.1) É (1.4) ÓÏ×�ÁÄÁÀÔ ÎÁ 2�-�ÅÒÉÏÄÉÞÅÓËÉÈ ÆÕÎË�ÉÑÈ É �ÏÔÏÍÕ ÏÂÏÚÎÁÞÁÀÔÓÑ ÏÄÉÎÁËÏ×Ï. üÔÉ ÒÅ-ÚÕÌØÔÁÔÙ ×ÏÛÌÉ × ËÎÉÇÕ [6℄, ÇÄÅ Ï�ÅÎËÉ Ó×ÅÒÈÕ ÒÁÓ�ÒÏÓÔÒÁÎÅÎÙ ÎÁ�ÒÏÓÔÒÁÎÓÔ×Á Lp(R) É Lp. éÚ ÓÏÏÔÎÏÛÅÎÉÊ Ä×ÏÊÓÔ×ÅÎÎÏÓÔÉ ÓÌÅÄÕÅÔ,ÞÔÏ ÁÎÁÌÏÇ (1.3) ×ÅÒÅÎ É × �ÒÏÓÔÒÁÎÓÔ×Å L1(R).äÌÑ �ÒÉÂÌÉÖÅÎÉÑ �ÅÒÉÏÄÉÞÅÓËÉÈ ÆÕÎË�ÉÊ Ó�ÌÁÊÎÁÍÉ ÍÉÎÉÍÁÌØÎÏ-ÇÏ ÄÅÆÅËÔÁ ÉÚ×ÅÓÔÎÙ ÓÌÅÄÕÀÝÉÅ ÔÏÞÎÙÅ ÓÏÏÔÎÏÛÅÎÉÑ ÔÉ�Á áÈÉÅÚÅÒÁ{ëÒÅÊÎÁ{æÁ×ÁÒÁ. ðÕÓÔØ m > r − 1, p ∈ {1;+∞}. �ÏÇÄÁsupf∈W (r)p En;m(f)p
‖f (r)‖p = Krnr : (1:5)ðÏÌÁÇÁÅÍ "m = {0; m ÎÅÞÅÔÎÏ,�2� ; m ÞÅÔÎÏ.ðÕÓÔØ  > 0, ÆÕÎË�ÉÑ f ÚÁÄÁÎÁ ÎÁ R É f(x) = O(|x| ) �ÒÉ x → ∞.ïÂÏÚÎÁÞÉÍ ÞÅÒÅÚ ��;m(f) Ó�ÌÁÊÎ ÉÚ S�;m, ÉÎÔÅÒ�ÏÌÉÒÕÀÝÉÊ f × ÔÏÞ-ËÁÈ k�� + "m (k ∈ Z) É ÔÁËÏÊ, ÞÔÏ ��;m(f; x) = O(|x|) �ÒÉ x → ∞.�ÁËÏÊ Ó�ÌÁÊÎ ÓÕÝÅÓÔ×ÕÅÔ É ÅÄÉÎÓÔ×ÅÎ [7, ÌÅË�ÉÑ 4, ÔÅÏÒÅÍÁ 1℄. ëÒÏÍÅÔÏÇÏ, ÅÓÌÉ � = n ∈ N, ÔÏ 2�-�ÅÒÉÏÄÉÞÎÏÓÔØ f ×ÌÅÞÅÔ 2�-�ÅÒÉÏÄÉÞÎÏÓÔØ�n;m(f).ðÒÉ m = r−1 ËÏÎÓÔÁÎÔÁ × (1.5) ÒÅÁÌÉÚÕÅÔÓÑ ÌÉÎÅÊÎÙÍ �ÒÏÅËÔÏÒÏÍ,Á ÉÍÅÎÎÏ, Ó �ÏÍÏÝØÀ ÉÎÔÅÒ�ÏÌÑ�ÉÏÎÎÏÇÏ Ó�ÌÁÊÎÁ:supf∈W (r)p ‖f − �n;r−1(f)‖p
‖f (r)‖p = Krnr : (1:6)



12 ï. ì. ÷éîïçòáäï÷, á. ÷. çìáäëáñóÏÏÔÎÏÛÅÎÉÑ (1.5) �ÒÉ m = r − 1, p = +∞ É (1.6) �ÒÉ p = +∞ ÕÓÔÁ-ÎÏ×ÉÌ ÷.í.�ÉÈÏÍÉÒÏ× [8℄; ÓÏÏÔÎÏÛÅÎÉÑ (1.5) × ÏÓÔÁÌØÎÙÈ ÓÌÕÞÁÑÈ {á.á.ìÉÇÕÎ [9℄; ÓÏÏÔÎÏÛÅÎÉÅ (1.6) �ÒÉ p = 1 { î.ð.ëÏÒÎÅÊÞÕË [10℄.éÎÔÅÒ�ÏÌÑ�ÉÏÎÎÙÊ Ï�ÅÒÁÔÏÒ �n;r−1 ÎÅ Ñ×ÌÑÅÔÓÑ ÅÄÉÎÓÔ×ÅÎÎÙÍ ÌÉÎÅÊ-ÎÙÍ ÍÅÔÏÄÏÍ, ÒÅÁÌÉÚÕÀÝÉÍ ËÏÎÓÔÁÎÔÕ �ÒÉ p = +∞; ÓÍ. [11, ÔÅÏÒÅÍÙ5.1.17 É 5.2.11℄ É [12, �ÒÅÄÌÏÖÅÎÉÅ 5.2.9℄.âÏÌØÛÉÎÓÔ×Ï �ÅÒÅÞÉÓÌÅÎÎÙÈ ÒÅÚÕÌØÔÁÔÏ× Ï �ÒÉÂÌÉÖÅÎÉÉ �ÅÒÉÏÄÉ-ÞÅÓËÉÈ ÆÕÎË�ÉÊ ÔÒÉÇÏÎÏÍÅÔÒÉÞÅÓËÉÍÉ ÍÎÏÇÏÞÌÅÎÁÍÉ ÍÏÖÎÏ ÎÁÊÔÉ× [6, 12, 13℄, Ó�ÌÁÊÎÁÍÉ { × [11, 12℄, Ï �ÒÉÂÌÉÖÅÎÉÉ ÎÅ�ÅÒÉÏÄÉÞÅÓËÉÈÆÕÎË�ÉÊ �ÅÌÙÍÉ ÆÕÎË�ÉÑÍÉ ËÏÎÅÞÎÏÊ ÓÔÅ�ÅÎÉ { × [6, 13℄.á.á. ìÉÇÕÎ [9℄ ÄÏËÁÚÁÌ ÓÕÝÅÓÔ×Ï×ÁÎÉÅ ÌÉÎÅÊÎÏÇÏ Ï�ÅÒÁÔÏÒÁ ÉÚ C× S̃n;m, ÒÅÁÌÉÚÕÀÝÅÇÏ ËÏÎÓÔÁÎÔÕ × ÓÏÏÔÎÏÛÅÎÉÉ (1.5) �ÒÉ m > r,p = +∞ (Ñ×ÎÙÊ ×ÉÄ ÜÔÏÇÏ Ï�ÅÒÁÔÏÒÁ × [9℄ ÏÔÓÕÔÓÔ×ÕÅÔ). ï.ì. ÷ÉÎÏÇÒÁ-ÄÏ× [14℄ �ÏÓÔÒÏÉÌ �ÒÉm > r ÌÉÎÅÊÎÙÅ Ï�ÅÒÁÔÏÒÙ Xn;r;m ÓÏ ÚÎÁÞÅÎÉÑÍÉ× S̃n;m (ÁÎÁÌÏÇÉ ÓÕÍÍ áÈÉÅÚÅÒÁ{ëÒÅÊÎÁ{æÁ×ÁÒÁ), ÒÅÁÌÉÚÕÀÝÉÅ ËÏÎ-ÓÔÁÎÔÕ × ÓÏÏÔÎÏÛÅÎÉÉ (1.5), ÔÏ ÅÓÔØ ÔÁËÉÅ ÞÔÏ ÄÌÑ ×ÓÅÈ p ∈ [1;+∞℄ Éf ∈ W (r)p
‖f −Xn;r;m(f)‖p 6

Krnr ‖f (r)‖p: (1:7)ðÅÒÅÊÄÅÍ Ë ÏÂÚÏÒÕ ÒÅÚÕÌØÔÁÔÏ× Ï �ÒÉÂÌÉÖÅÎÉÉ Ó�ÌÁÊÎÁÍÉ ÆÕÎË�ÉÊÉÚ W (r)p (R). óÕÎØ àÎÛÅÎ É ìÉ þÕÎØ [15℄ É ÎÅÚÁ×ÉÓÉÍÏ ç. ç.íÁÇÁÒÉÌ-éÌØÑÅ× [16,17℄ ÕÓÔÁÎÏ×ÉÌÉ ÁÎÁÌÏÇ ÓÏÏÔÎÏÛÅÎÉÑ (1.5) ÄÌÑ �ÒÉÂÌÉÖÅÎÉÊÆÕÎË�ÉÊ × �ÒÏÓÔÒÁÎÓÔ×ÁÈ Lp(R) ÎÅ�ÅÒÉÏÄÉÞÅÓËÉÍÉ Ó�ÌÁÊÎÁÍÉ:supf∈W (r)p (R) A�;m(f)p
‖f (r)‖p = Kr�r : (1:8)úÄÅÓØ, ËÁË É × (1.5), m > r − 1, p ∈ {1;+∞}.ëÁË É × �ÅÒÉÏÄÉÞÅÓËÏÍ ÓÌÕÞÁÅ, �ÒÉ m = r − 1 ÓÏÏÔÎÏÛÅÎÉÅ (1.8)ÒÅÁÌÉÚÕÅÔÓÑ ÉÎÔÅÒ�ÏÌÑ�ÉÏÎÎÙÍÉ Ó�ÌÁÊÎÁÍÉ:supf∈W (r)p (R) ‖f − ��;r−1(f)‖p
‖f (r)‖p = Kr�r : (1:9)üÔÏÔ ÆÁËÔ ÓÎÁÞÁÌÁ ÂÙÌ ÕÓÔÁÎÏ×ÌÅÎ é.ûÅÎÂÅÒÇÏÍ ÄÌÑ ÞÅÔÎÏÇÏ r Ép = +∞ × [18℄. ëÌÀÞÅ×ÏÅ ÕÔ×ÅÒÖÄÅÎÉÅ (ÔÅÏÒÅÍÁ 3), ËÁÓÁÀÝÅÅÓÑ ÚÎÁËÁÑÄÒÁ × ÉÎÔÅÇÒÁÌØÎÏÍ �ÒÅÄÓÔÁ×ÌÅÎÉÉ �ÏÇÒÅÛÎÏÓÔÉ ÉÎÔÅÒ�ÏÌÉÒÏ×ÁÎÉÑ,ÓÆÏÒÍÕÌÉÒÏ×ÁÎÏ × [18℄ ÂÅÚ ÄÏËÁÚÁÔÅÌØÓÔ×Á. äÏËÁÚÁÔÅÌØÓÔ×Ï �ÏÑ×ÉÌÏÓØ× ÒÁÂÏÔÅ ë. ÄÅ âÏÒÁ É é.ûÅÎÂÅÒÇÁ [19℄. �ÁÍ ÖÅ ÕÓÔÁÎÏ×ÌÅÎÏ (1.9) ÄÌÑÎÅÞÅÔÎÏÇÏ r É p = +∞. èÏÔÑ ÓÏÏÔÎÏÛÅÎÉÅ (1.9) ÓÆÏÒÍÕÌÉÒÏ×ÁÎÏ × [18℄



îåðåòéïäéþåóëéê óðìáêîï÷ùê áîáìïç ïðåòá�ïòï÷ 13É [19℄ ÌÉÛØ ÄÌÑ p = +∞, × ÜÔÉÈ ÒÁÂÏÔÁÈ �ÏÌÕÞÅÎÁ ÔÏÞÎÁÑ �ÏÔÏÞÅÞ-ÎÁÑ Ï�ÅÎËÁ �ÏÇÒÅÛÎÏÓÔÉ ÉÎÔÅÒ�ÏÌÉÒÏ×ÁÎÉÑ, ÉÚ ËÏÔÏÒÏÊ ÓÒÁÚÕ ÓÌÅÄÕÅÔÔÏÞÎÁÑ Ï�ÅÎËÁ ÎÏÒÍÙ Ó×ÅÒÈÕ ÄÌÑ ×ÓÅÈ p. äÒÕÇÏÅ ÄÏËÁÚÁÔÅÌØÓÔ×Ï (1.9)×ÍÅÓÔÅ Ó ÏÂÏÂÝÅÎÉÅÍ ÎÁ ×ÓÅ p ∈ (1;+∞) (ÒÁÚÕÍÅÅÔÓÑ, Ó ÍÅÎØÛÅÊ �ÒÁ-×ÏÊ ÞÁÓÔØÀ) É ÅÝÅ ÎÅÓËÏÌØËÉÍÉ ÓÓÙÌËÁÍÉ ÓÏÄÅÒÖÉÔÓÑ × [17℄.ïÔÍÅÔÉÍ ÅÝÅ, ÞÔÏ ÏÂÓÕÖÄÁÅÍÙÅ ÎÅÒÁ×ÅÎÓÔ×Á ÔÏÞÎÙ × ÂÏÌÅÅ ÓÉÌØ-ÎÏÍ ÓÍÙÓÌÅ ÔÅÏÒÉÉ �Ï�ÅÒÅÞÎÉËÏ×. òÁÂÏÔÁ [17℄ ËÁË ÒÁÚ �ÏÓ×ÑÝÅÎÁ ÜÔÉÍ×Ï�ÒÏÓÁÍ.÷ ÎÁÓÔÏÑÝÅÊ ÒÁÂÏÔÅ �ÒÉm > r ÓÔÒÏÑÔÓÑ ÌÉÎÅÊÎÙÅ Ï�ÅÒÁÔÏÒÙ X�;r;mÓÏ ÚÎÁÞÅÎÉÑÍÉ × S�;m, ÔÁËÉÅ ÞÔÏ ÄÌÑ ×ÓÅÈ p ∈ [1;+∞℄ É f ∈W (r)p (R)
‖f −X�;r;m(f)‖p 6

Kr�r ‖f (r)‖p: (1:10)(ðÒÉ � = n ∈ N Ï�ÅÒÁÔÏÒÙ ÉÚ ÆÏÒÍÕÌ (1.7) É (1.10) ÓÏ×�ÁÄÁÀÔ ÎÁ2�-�ÅÒÉÏÄÉÞÅÓËÉÈ ÆÕÎË�ÉÑÈ, É �ÏÔÏÍÕ ÉÈ ÍÏÖÎÏ ÏÂÏÚÎÁÞÉÔØ ÏÄÉÎÁ-ËÏ×Ï.) �ÅÍ ÓÁÍÙÍ ÕÓÔÁÎÁ×ÌÉ×ÁÅÔÓÑ ×ÏÚÍÏÖÎÏÓÔØ ÒÅÁÌÉÚÁ�ÉÉ ×ÅÒÈÎÉÈÇÒÁÎÅÊ × (1.8) ÌÉÎÅÊÎÙÍÉ ÍÅÔÏÄÁÍÉ �ÒÉÂÌÉÖÅÎÉÑ, ÒÁÎÅÅ ÏÓÔÁ×Á×ÛÁÑÓÑÎÅÉÚ×ÅÓÔÎÏÊ.
§2. ÷Ó�ÏÍÏÇÁÔÅÌØÎÙÅ ÒÅÚÕÌØÔÁÔÙ2.1. ðÒÅÄ×ÁÒÉÔÅÌØÎÙÅ Ó×ÅÄÅÎÉÑ. îÁ�ÏÍÎÉÍ [6, �. 87℄ ÉÚ×ÅÓÔÎÙÅÆÁËÔÙ ÏÂ Ï�ÅÒÁÔÏÒÅ X�;r. üÔÏ Ï�ÅÒÁÔÏÒ Ó×ÅÒÔËÉ Ó ÓÕÍÍÉÒÕÅÍÙÍÑÄÒÏÍ:

X�;r(f; x) = ∫

R

f(t)Qr(x− t) dt; (2:1)ÇÄÅ Qr(�) = Q�;r(�) = 12� ∫

R

(iz)r�r(z)ei�z dz;�r(z) = ��;r(z) = 



∑q∈Z

(−1)q(r+1)ir(2q� + z)r ; |z| 6 �;0; |z| > �:ïÔËÌÏÎÅÎÉÅ Ï�ÅÒÁÔÏÒÁ X�;r ÚÁ�ÉÓÙ×ÁÅÔÓÑ ËÁËf(x) −X�;r(f; x) = ∫

R

f (r)(t)�r(x − t) dt; (2:2)
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R

( 1(iz)r − �r(z)) ei�z dz:ðÏÌÏÖÉÍ " = "r = {0; r ÎÅÞÅÔÎÏ,�2� ; r ÞÅÔÎÏ.åÓÌÉ ÎÅ ÏÇÏ×ÏÒÅÎÏ �ÒÏÔÉ×ÎÏÅ, ÏÂÏÚÎÁÞÅÎÉÅ " ×ÓÅÇÄÁ ÂÕÄÅÔ Ó×ÑÚÁÎÏ ÓÉÎÄÅËÓÏÍ r. ïÂÏÚÎÁÞÉÍ ÅÝÅ�r(z) = 1(iz)r ; m(z) = 12� (ei�� z − 1i�� z )m+1 ;hr;m(z; t) = h�;r;m(z; t) = 1(iz)r − m(z) ∑s∈Z

�r(2�s+ z)ei2s�"
∑q∈Z

m(2�q + z)ei2q�(t+") ;Hr;m(z; t) = H�;r;m(z; t) = m(z) ∑s∈Z

�r(2�s+ z)ei2s�"
∑q∈Z

m(2�q + z)ei2q�(t+") ;
κr(z) = ∑s∈Z

�r(2�s+ z)ei2s�";�r;m(z; t) = eizt ∑q∈Z

m(2�q + z)ei2q�(t+")(ÚÁ×ÉÓÉÍÏÓÔØ � ÏÔ r ÓÏÓÔÏÉÔ × ÚÁ×ÉÓÉÍÏÓÔÉ " ÏÔ r). ó ÔÏÞÎÏÓÔØÀ ÄÏÕÍÎÏÖÅÎÉÑ ÎÁ ÜËÓ�ÏÎÅÎÔÕ ÆÕÎË�ÉÉ �r;m ÓÏ×�ÁÄÁÀÔ Ó ÜËÓ�ÏÎÅÎ�ÉÁÌØ-ÎÙÍÉ Ó�ÌÁÊÎÁÍÉ (ÓÍ. [7, 20℄).ðÅÒÅÞÉÓÌÉÍ ÎÅÓËÏÌØËÏ Ó×ÏÊÓÔ× ××ÅÄÅÎÎÙÈ ÆÕÎË�ÉÊ. �Å ÕÔ×ÅÒÖÄÅ-ÎÉÑ, ËÏÔÏÒÙÅ �ÒÉ×ÏÄÑÔÓÑ ÂÅÚ ÄÏËÁÚÁÔÅÌØÓÔ×Á, ÍÏÖÎÏ ÎÁÊÔÉ × [20℄.F1. æÕÎË�ÉÑ �r;m ÎÅ ÉÍÅÅÔ ×ÅÝÅÓÔ×ÅÎÎÙÈ ÎÕÌÅÊ, ÏÔÌÉÞÎÙÈ ÏÔ(z∗; t∗), ÇÄÅz∗ = (2k + 1)�; t∗ = "m+1 − "r + j�� ; k; j ∈ Z:îÕÌÉ z∗ ÆÕÎË�ÉÉ �r;m(·; t∗) �ÒÏÓÔÙÅ.F2. æÕÎË�ÉÑ κr ÉÍÅÅÔ ×ÅÝÅÓÔ×ÅÎÎÙÅ ÎÕÌÉ × ÔÏÞËÁÈ z∗ É ÔÏÌØËÏ ×ÎÉÈ, É ÜÔÉ ÎÕÌÉ �ÒÏÓÔÙÅ.



îåðåòéïäéþåóëéê óðìáêîï÷ùê áîáìïç ïðåòá�ïòï÷ 15F3. åÓÌÉ m > r, ÔÏ �ÒÉ ËÁÖÄÏÍ t ∈ R ÆÕÎË�ÉÑ hr;m(·; t) ÁÎÁÌÉÔÉÞÎÁ× ÎÅËÏÔÏÒÏÊ ÏËÒÅÓÔÎÏÓÔÉ R.äÌÑ ÄÏËÁÚÁÔÅÌØÓÔ×Á ÎÁÄÏ ÕÞÅÓÔØ Ó×ÏÊÓÔ×Á F1 É F2 É ÅÝÅ ÚÁÍÅÔÉÔØ,ÞÔÏ ÏÓÏÂÅÎÎÏÓÔØ × ÔÏÞËÅ z = 0 ÕÓÔÒÁÎÉÍÁÑ.F4. |�r;m(z; t)| > |�r;m(z; t∗)|, |�r;m(z; t)| > |�r;m(z∗; t)|.F5. æÕÎË�ÉÑ Hr;m ÏÇÒÁÎÉÞÅÎÁ ÎÁ R
2.üÔÏ ÕÔ×ÅÒÖÄÅÎÉÅ ×ÙÔÅËÁÅÔ ÉÚ F4, F1 É F2.F6. óÕÝÅÓÔ×ÕÅÔ ÔÁËÏÅ a > 0, ÞÔÏ × ÎÅËÏÔÏÒÏÊ ÏËÒÅÓÔÎÏÓÔÉ ÔÏÞËÉ(z∗; t∗) ×ÅÒÎÁ Ï�ÅÎËÁ

|�r;m(z; t)|2 > a((z − z∗)2 + (t− t∗)2):üÔÏ ×ÙÔÅËÁÅÔ ÉÚ ÔÅÏÒÅÍÙ ÏÂ ÏÂÒÁÔÎÏÍ ÏÔÏÂÒÁÖÅÎÉÉ É ÌÉÎÅÊÎÏÊÎÅÚÁ×ÉÓÉÍÏÓÔÉ �ÒÏÉÚ×ÏÄÎÙÈ (�r;m)′z(z∗; t∗) É (�r;m)′t(z∗; t∗) ÎÁÄ R. ðÏ-ÓÌÅÄÎÅÅ ÌÅÇËÏ �ÒÏ×ÅÒÉÔØ ×ÙÞÉÓÌÅÎÉÅÍ.2.2. �ÒÉ ÌÅÍÍÙ ÏÂ ÉÎÔÅÇÒÁÌÁÈ.ìÅÍÍÁ 1. ðÕÓÔØ � > 0, m ∈ Z+, ÆÕÎË�ÉÑ Q ÚÁÄÁÎÁ ÎÁ R
2, Q(·; t) ∈S�;m �ÒÉ �ÏÞÔÉ ×ÓÅÈ t ∈ R, Q(x; ·) ∈ L1(R) �ÒÉ ×ÓÅÈ x ∈ R,S(x) = ∫

R

Q(x; t) dt:�ÏÇÄÁ S ∈ S�;m.äÏËÁÚÁÔÅÌØÓÔ×Ï. ðÒÉ m = 0 ÕÔ×ÅÒÖÄÅÎÉÅ ÏÞÅ×ÉÄÎÏ. ðÕÓÔØ m > 1.îÁ ËÁÖÄÏÍ ÏÔÒÅÚËÅ [xj ; xj+1℄ ÆÕÎË�ÉÑ Q(·; t) ÅÓÔØ ÍÎÏÇÏÞÌÅÎ ÓÔÅ�ÅÎÉÎÅ ×ÙÛÅ m. ÷ÙÂÅÒÅÍ ÕÚÌÙ ÉÎÔÅÒ�ÏÌÑ�ÉÉ u0; : : : ; um É ÚÁ�ÉÛÅÍQ(x; t) = m∑k=0Q(uk; t)`k(x); x ∈ [xj ; xj+1℄: (2:3)ÇÄÅ `k { ÆÕÎÄÁÍÅÎÔÁÌØÎÙÅ ÍÎÏÇÏÞÌÅÎÙ ÉÎÔÅÒ�ÏÌÑ�ÉÉ. ÷×ÉÄÕ ÓÕÍÍÉ-ÒÕÅÍÏÓÔÉ Q(uk; ·) ÉÍÅÅÍS(x) = m∑k=0


∫

R

Q(uk; t) dt `k(x); x ∈ [xj ; xj+1℄;ÏÔËÕÄÁ S ÅÓÔØ ÍÎÏÇÏÞÌÅÎ ÓÔÅ�ÅÎÉ ÎÅ ×ÙÛÅ m ÎÁ [xj ; xj+1℄. úÁ�ÉÓÙ×ÁÑÒÁ×ÅÎÓÔ×Á (2.3) ÎÁ ÓÏÓÅÄÎÉÈ ÏÔÒÅÚËÁÈ, �ÏÞÌÅÎÎÏ ÄÉÆÆÅÒÅÎ�ÉÒÕÑ �Ï x É



16 ï. ì. ÷éîïçòáäï÷, á. ÷. çìáäëáñÉÎÔÅÇÒÉÒÕÑ �Ï t, ÕÂÅÖÄÁÅÍÓÑ × ÓÏ×�ÁÄÅÎÉÉ ÏÄÎÏÓÔÏÒÏÎÎÉÈ �ÒÏÉÚ×ÏÄ-ÎÙÈ S ÄÏ �ÏÒÑÄËÁ m− 1 ×ËÌÀÞÉÔÅÌØÎÏ × ÕÚÌÁÈ xj . �ìÅÍÍÁ 2. ðÕÓÔØ � > 0, r;m ∈ N, m > r, k ∈ [ 0 : r℄. �ÏÇÄÁ ÉÎÔÅÇÒÁÌ
∫

R

(�r(z)−Hr;m(z; t))(iz)kei(x−t)z dz (2:4)ÒÁ×ÎÏÍÅÒÎÏ ÓÈÏÄÉÔÓÑ ÏÔÎÏÓÉÔÅÌØÎÏ ÓÏ×ÏËÕ�ÎÏÓÔÉ �ÅÒÅÍÅÎÎÙÈ x É t.úÄÅÓØ É ÄÁÌÅÅ, ÇÏ×ÏÒÑ Ï ÒÁ×ÎÏÍÅÒÎÏÊ ÓÈÏÄÉÍÏÓÔÉ ÉÌÉ ÏÇÒÁÎÉÞÅÎÎÏ-ÓÔÉ ÏÔÎÏÓÉÔÅÌØÎÏ �ÅÒÅÍÅÎÎÏÊ x, ÂÕÄÅÍ �ÏÎÉÍÁÔØ �ÏÄ ÜÔÉÍ ÒÁ×ÎÏÍÅÒ-ÎÕÀ ÓÈÏÄÉÍÏÓÔØ ÉÌÉ ÏÇÒÁÎÉÞÅÎÎÏÓÔØ × ÎÅËÏÔÏÒÏÊ ÏËÒÅÓÔÎÏÓÔÉ ËÁÖÄÏÊÔÏÞËÉ x′, ÚÁ ÉÓËÌÀÞÅÎÉÅÍ ÓÌÕÞÁÑ k = r = m, x′ = xj .äÏËÁÚÁÔÅÌØÓÔ×Ï. �ÁË ËÁË ÆÕÎË�ÉÑ �r ÆÉÎÉÔÎÁ, ÄÏÓÔÁÔÏÞÎÏ ÒÁÓÓÍÏ-ÔÒÅÔØ ×ÙÞÉÔÁÅÍÏÅ. ðÒÉ k < r ÉÌÉ k = r < m ÒÁ×ÎÏÍÅÒÎÁÑ ÓÈÏÄÉ-ÍÏÓÔØ ÏÞÅ×ÉÄÎÁ, �ÏÓËÏÌØËÕ �ÏÄÙÎÔÅÇÒÁÌØÎÁÑ ÆÕÎË�ÉÑ ÅÓÔØ = O(z−2)ÒÁ×ÎÏÍÅÒÎÏ ÏÔÎÏÓÉÔÅÌØÎÏ x É t. ðÒÉ k = r = m �ÒÉÍÅÎÉÍ �ÒÉÚÎÁËäÉÒÉÈÌÅ. äÅÊÓÔ×ÉÔÅÌØÎÏ, ÆÕÎË�ÉÑ z 7→ 1z ÍÏÎÏÔÏÎÎÏ ÓÔÒÅÍÉÔÓÑ Ë ÎÕ-ÌÀ. õÂÅÄÉÍÓÑ × ÒÁ×ÎÏÍÅÒÎÏÊ ÏÇÒÁÎÉÞÅÎÎÏÓÔÉ ÞÁÓÔÉÞÎÙÈ ÉÎÔÅÇÒÁÌÏ×b∫a g(z; t)eixz dz, ÇÄÅg(z; t) = (ei�� z − 1)m+1 ∑s∈Z

�r(2�s+ z)ei2s�"eitz ∑q∈Z

m(2�q + z)ei2q�(t+") :ñÓÎÏ, ÞÔÏ ÆÕÎË�ÉÑ g(·; t) ÉÍÅÅÔ �ÅÒÉÏÄ 2�. òÁÓËÌÁÄÙ×ÁÑ g(·; t) × ÒÑÄæÕÒØÅ, ÉÎÔÅÇÒÉÒÕÑ ÅÇÏ �ÏÞÌÅÎÎÏ É �ÒÉÍÅÎÑÑ ÎÅÒÁ×ÅÎÓÔ×Ï ëÏÛÉ{âÕÎÑ-ËÏ×ÓËÏÇÏ{û×ÁÒ�Á É ÒÁ×ÅÎÓÔ×Ï ðÁÒÓÅ×ÁÌÑ, �ÏÌÕÞÁÅÍ
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∣∣∣∣∣

b∫a g(z; t)eixz dz∣∣∣∣∣ = ∣∣∣∣∣∣

b∫a ∑�∈Z

�(g(·; t))ei( ��� +x)z dz∣∣∣∣∣∣= ∣∣∣∣∣∣

∑�∈Z

�(g(·; t)) b∫a ei( ��� +x)z dz∣∣∣∣∣∣ 6
∑�∈Z

2|�(g(·; t))|
| ��� + x|

6 2(∑�∈Z

|�(g(·; t))|2)1=2(∑�∈Z

1
| ��� + x|2)1=2= 2

 12� �∫
−� |g(z; t)|2 dz1=2 (∑�∈Z

1
| ��� + x|2)1=2:ïÓÔÁÅÔÓÑ ÕÞÅÓÔØ ÏÇÒÁÎÉÞÅÎÎÏÓÔØ ÆÕÎË�ÉÉ g (Ó×ÏÊÓÔ×Ï F5). �ìÅÍÍÁ 3. ðÕÓÔØ � > 0, ÆÕÎË�ÉÑ  ÉÚÍÅÒÉÍÁ ÎÁ R
2, �ÒÉ �ÏÞÔÉ ×ÓÅÈz É t ×ÅÒÎÏ ÒÁ×ÅÎÓÔ×Ï  (z; t+ �� ) =  (z; t),F (t) = 12� ∫

R

 (z; t)e−itz dz;	(z; t) = ∑l∈Z

 (z + 2l�; t)e−i(z+2l�)t;�ÒÉÞÅÍ ÉÎÔÅÇÒÁÌ É ÒÑÄ ÓÈÏÄÑÔÓÑ × ÓÍÙÓÌÅ ÇÌÁ×ÎÏÇÏ ÚÎÁÞÅÎÉÑ, Á ÞÁ-ÓÔÉÞÎÙÅ ÓÕÍÍÙ ÒÑÄÁ ÓÕÝÅÓÔ×ÅÎÎÏ ÏÇÒÁÎÉÞÅÎÙ �Ï z �ÒÉ �ÏÞÔÉ ×ÓÅÈ t.ðÕÓÔØ ÅÝÅ 	(·; t) ∈W (1)2;lo(R) �ÒÉ �ÏÞÔÉ ×ÓÅÈ t É�2�∫

− �2� 


�∫

−� |	′z(z; t)|2 dz1=2 dt < +∞: (2:5)



18 ï. ì. ÷éîïçòáäï÷, á. ÷. çìáäëáñ�ÏÇÄÁ F ∈ L1(R),
∫

R

|F (t)| dt 6

�2�∫

− �2� ∣∣∣∣∣∣
12� �∫

−� 	(z; t) dz∣∣∣∣∣∣ dt+ �� �2�∫

− �2� 
�6 �∫

−� |	′z(z; t)|2 dz1=2 dtÉ �ÒÉ ×ÓÅÈ N ∈ N

∫

R\
[
− (2N+1)�2� ; (2N+1)�2� ]

|F (t)| dt 6
�� �2�∫

− �2� 
 �N�2 �∫

−� |	′z(z; t)|2 dz1=2 dt:(2:6)äÏËÁÚÁÔÅÌØÓÔ×Ï. éÎÔÅÇÒÉÒÕÑ ÒÑÄ �ÏÞÌÅÎÎÏ �Ï ÔÅÏÒÅÍÅ ìÅÂÅÇÁ, �Ï-ÌÕÞÁÅÍ F (t) = 12� ∑l∈Z

(2l+1)�∫(2l−1)�  (z; t)e−itz dz = 12� �∫
−� 	(z; t) dz:ðÏÌØÚÕÑÓØ �ÅÒÉÏÄÉÞÎÏÓÔØÀ 	 �Ï ×ÔÏÒÏÍÕ ÁÒÇÕÍÅÎÔÕ, ÉÍÅÅÍ

∫

R

|F (t)| dt = ∑�∈Z

�2�∫

− �2� ∣∣∣F (t+ ��� )∣∣∣ dt= �2�∫

− �2� ∑�∈Z

∣∣∣∣∣∣
12� �∫

−� 	(z; t)e−i��� z dz∣∣∣∣∣∣ dt = �2�∫

− �2� ∑�∈Z

�� |�(	(·; t))| dt:áÎÁÌÏÇÉÞÎÏ
∫

R\
[
− (2N+1)�2� ; (2N+1)�2� ]

|F (t)| dt = �2�∫

− �2� ∑

|�|>N �� |�(	(·; t))| dt:îÁ�ÏÍÎÉÍ, ÞÔÏ ÆÕÎË�ÉÑ 	(·; t) ÉÍÅÅÔ �ÅÒÉÏÄ 2�.



îåðåòéïäéþåóëéê óðìáêîï÷ùê áîáìïç ïðåòá�ïòï÷ 19äÌÑ Ï�ÅÎËÉ ÓÕÍÍÙ ÍÏÄÕÌÅÊ ËÏÜÆÆÉ�ÉÅÎÔÏ× æÕÒØÅ ÉÓ�ÏÌØÚÕÅÍ ÓÌÅ-ÄÕÀÝÉÊ ÈÏÒÏÛÏ ÉÚ×ÅÓÔÎÙÊ �ÒÉÅÍ. ðÕÓÔØ ÆÕÎË�ÉÑ f ÉÍÅÅÔ �ÅÒÉÏÄ 2�,f ∈ W (1)2 , � = �(f). ðÒÉÍÅÎÑÑ ÎÅÒÁ×ÅÎÓÔ×Ï ëÏÛÉ{âÕÎÑËÏ×ÓËÏÇÏ{û×ÁÒ�Á É ÒÁ×ÅÎÓÔ×Ï ðÁÒÓÅ×ÁÌÑ, �ÏÌÕÞÁÅÍ
∑�∈Z

|� | = |0|+∑� 6=0 1� �|� | 6 |0|+(∑� 6=0 1�2)1=2(∑� 6=0 |�� |2)1=2 = |0|+
�6 �∫

−� |f ′|21=2 ;
∑

|�|>N |� | 6

( ∑

|�|>N 1�2)1=2( ∑

|�|>N |�� |2)1=2
6


 1N� �∫

−� |f ′|21=2 :íÙ ×ÏÓ�ÏÌØÚÏ×ÁÌÉÓØ ÅÝÅ ÓÏÏÔÎÏÛÅÎÉÑÍÉ
∑� 6=0 1�2 = �23 ; ∑

|�|>N 1�2 < 2N :åÓÌÉ g ÉÍÅÅÔ �ÅÒÉÏÄ 2�, f(y) = g(��y), ÔÏ f ÉÍÅÅÔ �ÅÒÉÏÄ 2�, �(g) =�(f), �∫
−� |f ′|2 = �� �∫

−� |g′|2:ðÏÜÔÏÍÕ
∑�∈Z

|�(g)| 6 |0(g)|+

�6 �∫
−� |g′|21=2 ;

∑

|�|>N |�(g)| 6



 �N�2 �∫
−� |g′|21=2 :ðÒÉÍÅÎÑÑ ÜÔÉ Ï�ÅÎËÉ Ë ÆÕÎË�ÉÉ g = 	(·; t), �ÏÌÕÞÁÅÍ ÔÒÅÂÕÅÍÏÅ. �
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§3. ïÓÎÏ×ÎÙÅ ÒÅÚÕÌØÔÁÔÙ3.1. ðÏÓÔÒÏÅÎÉÅ ÑÄÒÁ Ï�ÅÒÁÔÏÒÁ É ÅÇÏ Ó×ÏÊÓÔ×Á. ðÒÉ � > 0,r;m ∈ N, m > r, x; t ∈ R �ÏÌÏÖÉÍFr;m(x; t) = F�;r;m(x; t) = 12� ∫

R

h�;r;m(z; t)ei(x−t)z dz:ìÅÍÍÁ 4. ðÒÉ ÌÀÂÏÍ x ∈ R ÆÕÎË�ÉÑ F�;r;m(x; ·) ÉÍÅÅÔ ÎÕÌÉ × ÔÏÞËÁÈx− "− k�� , k ∈ Z.äÏËÁÚÁÔÅÌØÓÔ×Ï. ðÏÌÏÖÉÍ h = h�;r;m. òÁÚÏÂØ£Í ÉÎÔÅÇÒÁÌ �Ï ÏÓÉ ÎÁÉÎÔÅÇÒÁÌÙ �Ï �ÒÏÍÅÖÕÔËÁÍ ÄÌÉÎÙ 2�, ÓÄÅÌÁÅÍ ÚÁÍÅÎÕ �ÅÒÅÍÅÎÎÙÈz = y + 2l� É �ÏÍÅÎÑÅÍ �ÏÒÑÄÏË Ï�ÅÒÁ�ÉÊ:2�F�;r;m(x; x−"− k�� )=∫

R

ei("+ k�� )zh(z; x− "− k�� ) dz=∑l∈Z

(2l+1)�∫(2l−1)� ei("+ k�� )zh(z; x− "− k�� ) dz= �∫
−� ∑l∈Z

ei("+ k�� )(y+2l�)h(y + 2l�; x−"− k�� ) dy:äÅÌÁÑ ÓÄ×ÉÇ ÉÎÄÅËÓÏ× ÓÕÍÍÉÒÏ×ÁÎÉÑ, ÎÁÈÏÄÉÍh(y + 2l�; x− "− k�� )= �r(y + 2l�)− m(y + 2l�) ∑s∈Z

�r(y + 2�(s+ l))ei2s�"
∑q∈Z

m(y + 2�(q + l))ei2q�x= �r(y + 2l�)− ei2l�(x−")m(y + 2l�) ∑s∈Z

�r(y + 2�s)ei2s�"
∑q∈Z

m(y + 2�q)ei2q�x :



îåðåòéïäéþåóëéê óðìáêîï÷ùê áîáìïç ïðåòá�ïòï÷ 21ðÏÜÔÏÍÕ �ÏÄÙÎÔÅÇÒÁÌØÎÁÑ ÆÕÎË�ÉÑ ÒÁ×ÎÁeiy("+ k�� )∑l∈Z

ei2l�" 
�r(y + 2l�)−

−ei2l�(x−")m(y + 2l�) ∑s∈Z

�r(y + 2�s)ei2s�"
∑q∈Z

m(y + 2�q)ei2q�x
 = 0;× ÞÅÍ ÌÅÇËÏ ÕÂÅÄÉÔØÓÑ, �ÒÏÓÕÍÍÉÒÏ×Á× ÕÍÅÎØÛÁÅÍÙÅ É ×ÙÞÉÔÁÅÍÙÅ�Ï ÏÔÄÅÌØÎÏÓÔÉ. �ìÅÍÍÁ 5. ðÕÓÔØ � > 0, r;m ∈ N, m > r, f ∈ W (r)1;lo(R), p ∈ [1;+∞℄,f (r) ∈ Lp(R), A(x) = ∫

R

f (r)(t)F�;r;m(x; t) dt; x ∈ R:�ÏÇÄÁ A = f − S, ÇÄÅ S ∈ S�;m.äÏËÁÚÁÔÅÌØÓÔ×Ï. ðÒÏ×ÅÒÉÍ, ÞÔÏ ÉÎÔÅÇÒÁÌ × Ï�ÒÅÄÅÌÅÎÉÉ A(x) ÓÕÝÅ-ÓÔ×ÕÅÔ, A(r−1) ∈W (1)1;lo(R) É �ÏÞÔÉ ×ÓÀÄÕA(r) = f (r) − S; (3:1)ÇÄÅ S(x) = 12� ∫

R

f (r)(t) ∫
R

ei(x−t)z(iz)rHr;m(z; t) dz dt:úÁ�ÉÛÅÍ A = A1 +A2, ÇÄÅA1(x) = ∫

R

f (r)(t)�r(x − t) dt;A2(x) = ∫

R

f (r)(t) (Fr;m(x; t)−�r(x− t)) dt;É ÒÁÓÓÍÏÔÒÉÍ ÓÌÁÇÁÅÍÙÅ �Ï ÏÔÄÅÌØÎÏÓÔÉ. ðÏ ÆÏÒÍÕÌÁÍ (2.1) É (2.2)A(r)1 (x) = f (r)(x) −X (r)�;r (f; x) = f (r)(x) − ∫

R

f (r)(t)Qr(x− t) dt: (3:2)



22 ï. ì. ÷éîïçòáäï÷, á. ÷. çìáäëáñðÅÒÅÊÄÅÍ Ë ÉÓÓÌÅÄÏ×ÁÎÉÀ A2. ïÂÏÚÎÁÞÉÍ k(z; x; t) = (�r(z)−Hr;m(z; t))(iz)keixz:ðÒÅÖÄÅ ×ÓÅÇÏ ÚÁÍÅÔÉÍ, ÞÔÏ �Ï ÌÅÍÍÅ 2 �ÒÉ k ∈ [1 : r℄dkdxk (Fr;m(x; t)−�r(x− t)) = 12� ∫

R

 k(z; x; t)e−itz dz;ÚÁ ÉÓËÌÀÞÅÎÉÅÍ ÓÌÕÞÁÑ k = r = m, x = xj .ðÕÓÔØ ÓÎÁÞÁÌÁ f (r) ∈ L∞(R). äÏËÁÖÅÍ, ÞÔÏ ÆÕÎË�ÉÉ(z; t) 7→  k(z; x; t); k ∈ [0 : r℄ÕÄÏ×ÌÅÔ×ÏÒÑÀÔ ÕÓÌÏ×ÉÑÍ ÌÅÍÍÙ 3, �ÒÉÞÅÍ ÉÎÔÅÇÒÁÌÙ × (2.5) ÏÇÒÁÎÉ-ÞÅÎÙ �Ï x. éÚ ÜÔÏÇÏ ÕÔ×ÅÒÖÄÅÎÉÑ �ÒÉ k = 0 ×ÙÔÅËÁÅÔ ÓÕÝÅÓÔ×Ï×ÁÎÉÅÉÎÔÅÇÒÁÌÁ A2(x), Á �ÒÉ k ∈ [1 : r℄ { ÒÁ×ÎÏÍÅÒÎÁÑ ÏÔÎÏÓÉÔÅÌØÎÏ x ÓÈÏ-ÄÉÍÏÓÔØ ÉÎÔÅÇÒÁÌÏ×
∫

R

f (r)(t) dkdxk (Fr;m(x; t)−�r(x− t)) dt (3:3)É, ËÁË ÓÌÅÄÓÔ×ÉÅ, ÚÁËÏÎÎÏÓÔØ r-ËÒÁÔÎÏÇÏ ÄÉÆÆÅÒÅÎ�ÉÒÏ×ÁÎÉÑ A2 �ÏÄÚÎÁËÏÍ ÉÎÔÅÇÒÁÌÁ.òÁÓÓÍÏÔÒÉÍ �ÅÒÉÏÄÉÚÁ�ÉÀ:	k(z; x; t) = ∑l∈Z

 k(z + 2l�; x; t)e−i(z+2l�)t= C1(z; x; t) + κr(z)�r;m(z; t)C2(z; x; t);ÇÄÅ C1(z; x; t) = ∑l∈Z

�r(z + 2l�)(i(z + 2l�))kei(z+2l�)(x−t);C2(z; x; t) = ∑l∈Z

m(z + 2l�; t)(i(z + 2l�))kei(z+2l�)x:úÁÆÉËÓÉÒÕÅÍ ÄÏÓÔÁÔÏÞÎÏ ÍÁÌÙÅ ÏËÒÅÓÔÎÏÓÔÉ ÔÏÞÅË (z∗; t∗) ÉÚ Ó×ÏÊ-ÓÔ×Á F6. ÷ ÄÏ�ÏÌÎÅÎÉÉ ÜÔÉÈ ÏËÒÅÓÔÎÏÓÔÅÊ ÒÁ×ÎÏÍÅÒÎÁÑ ÏÇÒÁÎÉÞÅÎ-ÎÏÓÔØ �Ï x ÆÕÎË�ÉÊ 	k É ÉÈ �ÒÏÉÚ×ÏÄÎÙÈ �Ï z ÏÞÅ×ÉÄÎÁ. ÷ ÓÁÍÉÈ ÖÅÏËÒÅÓÔÎÏÓÔÑÈ C1, C2 É ÉÈ �ÒÏÉÚ×ÏÄÎÙÅ �Ï z ÒÁ×ÎÏÍÅÒÎÏ ÏÇÒÁÎÉÞÅÎÙ



îåðåòéïäéþåóëéê óðìáêîï÷ùê áîáìïç ïðåòá�ïòï÷ 23�Ï x. ðÏÌØÚÕÑÓØ ÎÅÒÁ×ÅÎÓÔ×ÏÍ (2.6), Ó×ÏÊÓÔ×ÁÍÉ F2 É F6 É ÓÏÏÔÎÏÛÅ-ÎÉÑÍÉ t∗+Æ∫t∗−Æ 


z∗+Æ∫z∗−Æ dz(z − z∗)2 + (t− t∗)2


1=2 dt < +∞;t∗+Æ∫t∗−Æ 


z∗+Æ∫z∗−Æ (z − z∗)2 dz((z − z∗)2 + (t− t∗)2)2


1=2 dt < +∞;�ÏÌÕÞÁÅÍ ÔÒÅÂÕÅÍÏÅ.éÚ ÒÁ×ÎÏÍÅÒÎÏÊ ÓÈÏÄÉÍÏÓÔÉ ÉÎÔÅÇÒÁÌÏ× (2.4) �Ï (x; t) ÓÌÅÄÕÅÔ ÉÈÒÁ×ÎÏÍÅÒÎÁÑ ÏÇÒÁÎÉÞÅÎÎÏÓÔØ. ðÏÜÔÏÍÕ ÒÁ×ÎÏÍÅÒÎÁÑ ÏÔÎÏÓÉÔÅÌØÎÏ xÓÈÏÄÉÍÏÓÔØ ÉÎÔÅÇÒÁÌÏ× (3.3) ÉÍÅÅÔ ÍÅÓÔÏ É × ÓÌÕÞÁÅ f (r) ∈ L1(R). åÓÌÉÖÅ f (r) ∈ Lp(R) �ÒÉ p ∈ (1;+∞), ÔÏ ÒÁ×ÎÏÍÅÒÎÁÑ ÓÈÏÄÉÍÏÓÔØ ÓÌÅÄÕÅÔÉÚ ÎÅÒÁ×ÅÎÓÔ×Á çÅÌØÄÅÒÁ É Ï�ÅÎÏË �ÒÉ p = 1 É p = +∞.óÌÅÄÏ×ÁÔÅÌØÎÏ,A(r)2 (x) = ∫

R

f (r)(t) 12� ∫

R

(�r(z)−Hr;m(z; t))(iz)rei(x−t)z dz dt: (3:4)óËÌÁÄÙ×ÁÑ (3.2) É (3.4), �ÒÉÈÏÄÉÍ Ë (3.1).äÏËÁÖÅÍ, ÞÔÏ S ∈ S�;m−r. äÌÑ ÜÔÏÇÏ �ÅÒÅ�ÉÛÅÍ S(x) × ×ÉÄÅS(x) = 12� ∫

R

f (r)(t)P (x; t) dt;ÇÄÅ P (x; t) = ∫

R

eixzm−r(z)g(z; t) dz;g(z; t) = (ei �� z − 1)r ∑s∈Z

�r(2�s+ z)ei2s�"eitz ∑q∈Z

m(2�q + z)ei2q�(t+") :æÕÎË�ÉÑ g ÏÇÒÁÎÉÞÅÎÁ �Ï Ó×ÏÊÓÔ×Õ F5, Á ÆÕÎË�ÉÑ g(·; t) ÉÍÅÅÔ �ÅÒÉ-ÏÄ 2�. ðÏÜÔÏÍÕP (x; t) = ∑k∈Z

k(g(·; t))Bm−r (x+ k�� ) ;



24 ï. ì. ÷éîïçòáäï÷, á. ÷. çìáäëáñ× ÞÅÍ ÌÅÇËÏ ÕÂÅÄÉÔØÓÑ, ×ÚÑ× �ÒÅÏÂÒÁÚÏ×ÁÎÉÅ æÕÒØÅ ÏÔ �ÒÁ×ÏÊ ÞÁÓÔÉ.�ÁËÉÍ ÏÂÒÁÚÏÍ, P (·; t) ∈ S�;m−r �ÒÉ ÌÀÂÏÍ t, Á ÔÏÇÄÁ É S ∈ S�;m−r �ÏÌÅÍÍÅ 1.éÚ ÒÁ×ÅÎÓÔ×Á (3.1) ÎÁÈÏÄÉÍA = f − S(−r);ÇÄÅ S(−r) { ÎÅËÏÔÏÒÁÑ r-Ñ �ÅÒ×ÏÏÂÒÁÚÎÁÑ S. ïÓÔÁÅÔÓÑ ÕÞÅÓÔØ, ÞÔÏ ÌÀÂÁÑr-Ñ �ÅÒ×ÏÏÂÒÁÚÎÁÑ Ó�ÌÁÊÎÁ ÉÚ S�;m−r ÅÓÔØ Ó�ÌÁÊÎ ÉÚ S�;m. �÷ ÕÓÌÏ×ÉÑÈ ÌÅÍÍÙ 5 Ï�ÒÅÄÅÌÉÍ Ï�ÅÒÁÔÏÒ X�;r;m ÒÁ×ÅÎÓÔ×ÏÍ
X�;r;m(f; x) = f(x)− ∫

R

f (r)(t)F�;r;m(x; t) dt: (3:5)ðÏ ÌÅÍÍÅ 5 ÅÇÏ ÚÎÁÞÅÎÉÑ �ÒÉÎÁÄÌÅÖÁÔ S�;m.3.2. ó×ÅÄÅÎÉÅ Ë �ÅÒÉÏÄÉÞÅÓËÏÊ ÚÁÄÁÞÅ. ëÁË ÉÚ×ÅÓÔÎÏ (ÓÍ., ÎÁ-�ÒÉÍÅÒ, [12, §2.3 É 2.4℄), ×ÓÑËÉÊ Ó�ÌÁÊÎ S ÉÚ S̃n;m ÅÄÉÎÓÔ×ÅÎÎÙÍ ÏÂÒÁ-ÚÏÍ ÒÁÓËÌÁÄÙ×ÁÅÔÓÑ �Ï ÓÄ×ÉÇÁÍ ÑÄÅÒ âÅÒÎÕÌÌÉ:S(x) = � + 2n−1∑j=0 �jdm+1 (x−
j�n ) ; 2n−1∑j=0 �j = 0 (3:6)ÉÌÉ �Ï ÓÄ×ÉÇÁÍ �ÅÒÉÏÄÉÞÅÓËÉÈ B-Ó�ÌÁÊÎÏ×:S(x) = 2n−1∑j=0 �jBn;m (x− j�n ) : (3:7)ïÂÏÚÎÁÞÉÍ ÞÅÒÅÚ S̃×n;m �ÏÄ�ÒÏÓÔÒÁÎÓÔ×Ï Ó�ÌÁÊÎÏ× ÉÚ S̃n;m, Õ ËÏÔÏÒÙÈËÏÜÆÆÉ�ÉÅÎÔÙ �j × ÒÁÚÌÏÖÅÎÉÉ (3.6) ÕÄÏ×ÌÅÔ×ÏÒÑÀÔ ÕÓÌÏ×ÉÀ2N−1∑j=0 (−1)j�j = 0; (3:8)Á ÞÅÒÅÚ S̃⊗n;m �ÏÄ�ÒÏÓÔÒÁÎÓÔ×Ï Ó�ÌÁÊÎÏ× ÉÚ S̃n;m, Õ ËÏÔÏÒÙÈ ËÏÜÆÆÉ-�ÉÅÎÔÙ �j × ÒÁÚÌÏÖÅÎÉÉ (3.7) ÕÄÏ×ÌÅÔ×ÏÒÑÀÔ ÕÓÌÏ×ÉÀ2N−1∑j=0 (−1)j�j = 0: (3:9)



îåðåòéïäéþåóëéê óðìáêîï÷ùê áîáìïç ïðåòá�ïòï÷ 25ëÁË ÂÙÌÏ ÓËÁÚÁÎÏ ×Ï ××ÅÄÅÎÉÉ, × [14℄ �ÒÉ m > r �ÏÓÔÒÏÅÎÙ ÌÉÎÅÊ-ÎÙÅ Ï�ÅÒÁÔÏÒÙ Xn;r;m ÓÏ ÚÎÁÞÅÎÉÑÍÉ × S̃n;m (ÁÎÁÌÏÇÉ ÓÕÍÍ áÈÉÅÚÅÒÁ{ëÒÅÊÎÁ{æÁ×ÁÒÁ), ÒÅÁÌÉÚÕÀÝÉÅ ËÏÎÓÔÁÎÔÕ × ÓÏÏÔÎÏÛÅÎÉÉ (1.5), ÔÏÅÓÔØ ÔÁËÉÅ, ÞÔÏ ÄÌÑ ×ÓÅÈ p ∈ [1;+∞℄ É f ∈W (r)p
‖f −Xn;r;m(f)‖p 6

Krnr ‖f (r)‖p:úÄÅÓØ, ËÁË ÏÂÙÞÎÏ, Kr = 4� ∞∑�=0 (−1)�(r+1)(2�+1)r+1 { ËÏÎÓÔÁÎÔÙ æÁ×ÁÒÁ. âÏÌÅÅÔÏÇÏ, ÚÎÁÞÅÎÉÑ Ï�ÅÒÁÔÏÒÁ Xn;r;m �ÒÉÎÁÄÌÅÖÁÔ S̃×n;m. äÏËÁÚÁÔÅÌØÓÔ×ÏÏÓÎÏ×Ù×ÁÌÏÓØ ÎÁ ÉÎÔÅÇÒÁÌØÎÏÍ �ÒÅÄÓÔÁ×ÌÅÎÉÉ �ÏÇÒÅÛÎÏÓÔÉf(x)−Xn;r;m(f; x) = 1� �∫
−� f (r)(t)(dr(x− t)− �n;r;m(x; t)) dt;ÇÄÅ �ÒÉ ËÁÖÄÏÍ t ∈ R ÆÕÎË�ÉÑ �n;r;m(·; t) { Ó�ÌÁÊÎ ÉÚ S̃×n;m, ÉÎÔÅÒ�Ï-ÌÉÒÕÀÝÉÊ ÑÄÒÏ âÅÒÎÕÌÌÉ dr(·− t) × ÔÏÞËÁÈ x = t+"+ k�n , k ∈ Z. âÙÌÏ�ÏËÁÚÁÎÏ, ÞÔÏ 1� �∫

−� ∣∣dr(x− t)− �n;r;m(x; t)∣∣ dt = Krnr ; (3.10)1� �∫
−� ∣∣dr(x− t)− �n;r;m(x; t)∣∣ dx = Krnr (3.11)�ÒÉ ×ÓÅÈ x É t ÓÏÏÔ×ÅÔÓÔ×ÅÎÎÏ.úÁÍÅÎÏÊ �ÅÒÅÍÅÎÎÙÈ ÜÔÉ ÒÅÚÕÌØÔÁÔÙ ÒÁÓ�ÒÏÓÔÒÁÎÑÀÔÓÑ ÎÁ �ÒÏ-ÓÔÒÁÎÓÔ×Á ÆÕÎË�ÉÊ Ó �ÒÏÉÚ×ÏÌØÎÙÍ ÆÉËÓÉÒÏ×ÁÎÎÙÍ �ÅÒÉÏÄÏÍ. äÁ-ÌÅÅ ÍÙ ÕÂÅÄÉÍÓÑ, ÞÔÏ �ÒÉ � = n ∈ N ÎÁ 2�-�ÅÒÉÏÄÉÞÅÓËÉÈ ÆÕÎË�ÉÑÈÏ�ÅÒÁÔÏÒ X�;r;m, Ï�ÒÅÄÅÌÅÎÎÙÊ ÆÏÒÍÕÌÏÊ (3.5), ÓÏ×�ÁÄÁÅÔ Ó Ï�ÅÒÁÔÏ-ÒÏÍ Xn;r;m ÉÚ [14℄. úÁÔÅÍ, Õ×ÅÌÉÞÉ×ÁÑ �ÅÒÉÏÄ, ÍÙ ×Ù×ÅÄÅÍ ÎÅÒÁ×ÅÎ-ÓÔ×Á ÄÌÑ ÆÕÎË�ÉÊ, ÚÁÄÁÎÎÙÈ ÎÁ ÏÓÉ, ÉÚ ÎÅÒÁ×ÅÎÓÔ× ÄÌÑ �ÅÒÉÏÄÉÞÅÓËÉÈÆÕÎË�ÉÊ �ÒÅÄÅÌØÎÙÍ �ÅÒÅÈÏÄÏÍ.



26 ï. ì. ÷éîïçòáäï÷, á. ÷. çìáäëáñúÁÍÅÞÁÎÉÅ 1. ðÕÓÔØ N ∈ N. åÓÌÉ ÆÕÎË�ÉÑ g ∈ L∞(R) ÉÍÅÅÔ �ÅÒÉÏÄ2N�� , ÔÏ
∫

R

g(t)F�;r;m(x; t) dt = N��∫
−N�� g(t)FN(x; t) dt;ÇÄÅ

FN(x; t) = ∑�∈Z

F�;r;m (x; t+ 2�N�� ) :ìÅÍÍÁ 6. ÷ ÕÓÌÏ×ÉÑÈ Ï�ÒÅÄÅÌÅÎÉÑ
FN (Nx� ; Nt� ) = 1� (N� )r−1 (dr(x− t)− �N;r;m(x; t)) ; (3.12)ÇÄÅ �ÒÉ �ÏÞÔÉ ×ÓÅÈ t ∈ R ÆÕÎË�ÉÑ �N;r;m(·; t) { Ó�ÌÁÊÎ ÉÚ S̃⊗N;m, ÉÎ-ÔÅÒ�ÏÌÉÒÕÀÝÉÊ ÑÄÒÏ âÅÒÎÕÌÌÉ dr(·− t) × ÔÏÞËÁÈ x = t+"+ k�N , k ∈ Z.äÏËÁÚÁÔÅÌØÓÔ×Ï. ðÏÌÏÖÉ× F = F�;r;m, h = h�;r;m, ÚÁ�ÉÛÅÍF (x; t) = 12� ∫

R

ei(x−t)zh(z; t) dz = �(x; t; t);ÇÄÅ �(x; u; t) = 12� ∫

R

ei(x−u)zh(z; t) dz:îÁÍ �ÏÎÁÄÏÂÉÔÓÑ ÆÏÒÍÕÌÁ ÓÕÍÍÉÒÏ×ÁÎÉÑ ðÕÁÓÓÏÎÁ (ÓÍ., ÎÁ�ÒÉÍÅÒ, [6,�. 67℄ É [21, § X.6℄)
∑�∈Z

g(t+ �T ) = 2�T ∑s∈Z

(g; 2�sT ) ei 2�sT t:îÁ�ÏÍÎÉÍ, ÞÔÏ �ÒÉ ÕÓÌÏ×ÉÉ g ∈ L1(R) ÒÑÄ × ÌÅ×ÏÊ ÞÁÓÔÉ ÁÂÓÏÌÀÔÎÏÓÈÏÄÉÔÓÑ ÄÌÑ �ÏÞÔÉ ×ÓÅÈ t. ïÂÏÚÎÁÞÉÍ ÅÇÏ ÓÕÍÍÕ GT (t). �ÏÇÄÁ ÆÕÎË-�ÉÑ GT ÓÕÍÍÉÒÕÅÍÁ ÎÁ �ÅÒÉÏÄÅ, Á ÒÑÄ × �ÒÁ×ÏÊ ÞÁÓÔÉ ÅÓÔØ ÅÅ ÒÑÄæÕÒØÅ. ðÏÜÔÏÍÕ ÄÌÑ ×Ù�ÏÌÎÅÎÉÑ ÒÁ×ÅÎÓÔ×Á × ÆÉËÓÉÒÏ×ÁÎÎÏÊ ÔÏÞËÅ tÄÏÓÔÁÔÏÞÎÏ ÕÓÌÏ×ÉÑGT (t) = GT (t+)+GT (t−)2 É ÓÈÏÄÉÍÏÓÔÉ ÒÑÄÁ × �ÒÁ×ÏÊÞÁÓÔÉ × ÔÏÞËÅ t. ìÅÇËÏ ×ÉÄÅÔØ, ÞÔÏ �ÒÉ ×ÓÅÈ x É �ÏÞÔÉ ×ÓÅÈ v ÆÕÎË�ÉÑ



îåðåòéïäéþåóëéê óðìáêîï÷ùê áîáìïç ïðåòá�ïòï÷ 27g = �(x; ·; v) ÕÄÏ×ÌÅÔ×ÏÒÑÅÔ ÜÔÉÍ ÕÓÌÏ×ÉÑÍ ÄÌÑ ÌÀÂÏÇÏ t. ðÏÌØÚÕÑÓØÅÝÅ ÔÅÍ, ÞÔÏ ÆÕÎË�ÉÑ h(z; ·) ÉÍÅÅÔ �ÅÒÉÏÄ �� , ÎÁÈÏÄÉÍ
FN (x; t) = ∑�∈Z

�(x; t+ 2�N�� ; t) = �2�N ∑s∈Z

h(�sN ; t) ei�sN (x−t):óÌÁÇÁÅÍÏÅ �ÒÉ s = 0 ÎÅ ÚÁ×ÉÓÉÔ ÏÔ x. ïÎÏ �ÒÉÎÁÄÌÅÖÉÔ S̃⊗N;m, ÔÁËËÁË 1 = �N 2N−1∑j=0 BN;m (x−
j�N ) :äÁÌÅÅ ÒÁÓÓÍÏÔÒÉÍ ÓÕÍÍÕ �Ï Z \ {0}. ðÒÏÓÕÍÍÉÒÏ×Á× ÕÍÅÎØÛÁÅÍÙÅ,�ÏÌÕÞÉÍ ÑÄÒÏ âÅÒÎÕÌÌÉ�2�N ∑s∈Z\{0} �r (�sN ) ei�sN (x−t) = 1� (N� )r−1 dr ( �N (x − t)) :�Å�ÅÒØ ÒÁÓÓÍÏÔÒÉÍ ÓÕÍÍÕ ×ÙÞÉÔÁÅÍÙÈR(x; t) = �2�N ∑s∈Z\{0} ei�sN (x−t)m (�sN )
∑j∈Z

�r (2�j + �sN ) ei2j�"
∑q∈Z

m (2�q + �sN ) ei2q�(t+") :ðÒÉ s, ËÒÁÔÎÙÈ N , ÓÌÁÇÁÅÍÙÅ × ÜÔÏÊ ÓÕÍÍÅ ÒÁ×ÎÙ ÎÕÌÀ. ðÏÜÔÏÍÕR(x; t) = ∑s∈Z

ei�sN xm (�sN )Ps(t);ÇÄÅ P2N�(t) = 0,Ps(t) = �2�N e−it�sN ∑j∈Z

�r (2�j + �sN ) ei2j�"
∑q∈Z

m (2�q + �sN ) ei2q�(t+")�ÒÉ s 6= 2N�, � ∈ Z. ìÅÇËÏ ÚÁÍÅÔÉÔØ, ÞÔÏ Ps(t) = Ps+2N (t). þÔÏÂÙÕ�ÒÏÓÔÉÔØ ÓÕÍÍÕ, �ÅÒÅÊÄÅÍ Ë ÄÉÓËÒÅÔÎÏÍÕ �ÒÅÏÂÒÁÚÏ×ÁÎÉÀ æÕÒØÅÎÁÂÏÒÁ {Ps(t)}2N−1s=0 :pk(t) = 12N 2N−1∑s=0 e−i� ksN Ps(t); Ps(t) = 2N−1∑k=0 ei� ksN pk(t):
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ei�sN xm (�sN ) 2N−1∑k=0 ei� ksN pk(t)= 2N−1∑k=0 pk(t)∑s∈Z

m (�sN ) ei �sN (x+k�� )= 2N−1∑k=0 pk(t)BN;m (�sN (x+ k�� )) :ïÔÓÀÄÁ R(N ·� ·; t) ∈ S̃N;m. ðÒÉÎÁÄÌÅÖÎÏÓÔØ R(N ·� ; t) �ÏÄ�ÒÏÓÔÒÁÎÓÔ×ÕS̃⊗N;m ÓÌÅÄÕÅÔ ÉÚ ÔÏÇÏ, ÞÔÏ2N−1∑k=0 (−1)kpk(t) = PN (t) = 0:éÎÔÅÒ�ÏÌÑ�ÉÏÎÎÏÅ ÖÅ ÕÓÌÏ×ÉÅ ×Ù�ÏÌÎÑÅÔÓÑ �Ï ÌÅÍÍÅ 4. �äÁÌÅÅ, �ÒÅÎÅÂÒÅÇÁÑ ÍÎÏÖÅÓÔ×ÏÍ ÎÕÌÅ×ÏÊ ÍÅÒÙ �ÒÉ ÉÎÔÅÇÒÉÒÏ×ÁÎÉÉ,ÂÕÄÅÍ ÓÞÉÔÁÔØ, ÞÔÏ ÆÏÒÍÕÌÁ (3.12) ×ÅÒÎÁ �ÒÉ ×ÓÅÈ t.þÔÏÂÙ ÕÂÅÄÉÔØÓÑ × ÓÏ×�ÁÄÅÎÉÉ Ï�ÅÒÁÔÏÒÏ×, ÏÓÔÁÅÔÓÑ ÄÏËÁÚÁÔØ ÓÏ-×�ÁÄÅÎÉÅ �ÏÄ�ÒÏÓÔÒÁÎÓÔ× S̃×n;m É S̃⊗n;m.ìÅÍÍÁ 7. ðÒÉ ×ÓÅÈ N ∈ N, m ∈ Z+ �ÏÄ�ÒÏÓÔÒÁÎÓÔ×Á S̃×N;m É S̃⊗N;mÓÏ×�ÁÄÁÀÔ.äÏËÁÚÁÔÅÌØÓÔ×Ï. ðÒÅÄÓÔÁ×ÉÍ Ó�ÌÁÊÎ S × ×ÉÄÅ (3.6) É (3.7). ðÅÒÅÊ-ÄÅÍ Ë ÄÉÓËÒÅÔÎÏÍÕ �ÒÅÏÂÒÁÚÏ×ÁÎÉÀ æÕÒØÅ �ÏÓÌÅÄÏ×ÁÔÅÌØÎÏÓÔÉ ËÏÜÆ-ÆÉ�ÉÅÎÔÏ×:̂�k = 12N 2N−1∑j=0 �je−i� kjN ; �̂k = 12N 2N−1∑j=0 �je−i� kjN :õÓÌÏ×ÉÑ (3.8) É (3.9) ÏÚÎÁÞÁÀÔ, ÞÔÏ �̂N = 0 É �̂N = 0 ÓÏÏÔ×ÅÔÓÔ×ÅÎÎÏ,Á ×ÔÏÒÏÅ ÒÁ×ÅÎÓÔ×Ï × (3.6) { ÞÔÏ �̂0 = 0.òÁÚÌÏÖÅÎÉÑ × ÒÑÄ æÕÒØÅ B-Ó�ÌÁÊÎÏ× É ÑÄÅÒ âÅÒÎÕÌÌÉ ÉÍÅÀÔ ×ÉÄ
BN;m(t) = ∑k∈Z

keikt; dm+1(t) = ∑k∈Z

gkeikt:
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j�N ) = 2N−1∑j=0 �j ∑k∈Z

keikxe−i� jkN= ∑k∈Z

keikx 2N−1∑j=0 �je−i� kjN = ∑k∈Z

keikx2N�̂k= 2N 2N−1∑p=0 �̂p ∑s∈Z

p+2sNei(p+2sN)x= 2N�̂0 + 2N 2N−1∑p=1 �̂p ∑s∈Z

p+2sNei(p+2sN)x:ðÏÓÌÅÄÎÅÅ ÒÁ×ÅÎÓÔ×Ï ×ÅÒÎÏ, ÔÁË ËÁË 0 = 1 É 2sN = 0 �ÒÉ s ∈ Z \ {0}.ó ÄÒÕÇÏÊ ÓÔÏÒÏÎÙ,S(x) = � + 2N−1∑j=0 �jdm+1 (x−
j�N ) = � + 2N−1∑j=0 �j ∑k∈Z

gkeikxe−i� jkN= � +∑k∈Z

gkeikx 2N−1∑j=0 �je−i� kjN = � +∑k∈Z

gkeikx2N�̂k= � + 2N 2N−1∑p=0 �̂p ∑s∈Z

gp+2sNei(p+2sN)x= � + 2N 2N−1∑p=1 �̂p ∑s∈Z

gp+2sNei(p+2sN)x:ëÏÜÆÆÉ�ÉÅÎÔÙ æÕÒØÅ B-Ó�ÌÁÊÎÁ É ÑÄÒÁ âÅÒÎÕÌÌÉ Ó×ÑÚÁÎÙ ÓÏÏÔÎÏ-ÛÅÎÉÅÍ p+2sN = ( ei p�N − 1i(p+ 2sN))m+1 = 2(ei p�N − 1)m+1 gp+2sN :ðÏÜÔÏÍÕ ËÏÜÆÆÉ�ÉÅÎÔÙ ÒÁÚÌÏÖÅÎÉÊ (3.6) É (3.7) Ó×ÑÚÁÎÙ ÓÏÏÔÎÏÛÅÎÉ-ÑÍÉ � = 2N�̂0; �̂j = 2(ei p�N − 1)m+1 �̂j ; j ∈ [1 : 2N − 1℄:ïÔÓÀÄÁ ÓÌÅÄÕÅÔ ÒÁ×ÎÏÓÉÌØÎÏÓÔØ ÕÓÌÏ×ÉÊ �̂N = 0 É �̂N = 0. �



30 ï. ì. ÷éîïçòáäï÷, á. ÷. çìáäëáñ
§4. îÅÒÁ×ÅÎÓÔ×Ï ÔÉ�Á áÈÉÅÚÅÒÁ{ëÒÅÊÎÁ{æÁ×ÁÒÁ�ÅÏÒÅÍÁ 1. ðÕÓÔØ � > 0, r;m ∈ N, m > r, p ∈ [1;+∞℄, f ∈W (r)1;lo(R),f (r) ∈ Lp(R). �ÏÇÄÁ

‖f −X�;r;m(f)‖p 6
Kr�r ‖f (r)‖p:ðÒÉ p = 1;+∞ ÎÅÒÁ×ÅÎÓÔ×Ï ÔÏÞÎÏÅ, ÄÁÖÅ ÅÓÌÉ ÚÁÍÅÎÉÔØ ÌÅ×ÕÀ ÞÁÓÔØÎÁ ÎÁÉÌÕÞÛÅÅ �ÒÉÂÌÉÖÅÎÉÅ.äÏËÁÚÁÔÅÌØÓÔ×Ï. ï�ÅÎËÉ ÓÎÉÚÕ ÉÚ×ÅÓÔÎÙ É ÏÂÓÕÖÄÁÌÉÓØ ×Ï ××ÅÄÅ-ÎÉÉ (ÓÍ. ÒÁ×ÅÎÓÔ×Ï (1.8)). õÓÔÁÎÏ×ÉÍ Ï�ÅÎËÉ Ó×ÅÒÈÕ. ÷ÏÓ�ÏÌØÚÕÅÍÓÑ�ÒÅÄÓÔÁ×ÌÅÎÉÅÍ �ÏÇÒÅÛÎÏÓÔÉf(x)−X�;r;m(f; x) = ∫

R

f (r)(t)F�;r;m(x; t) dt:ðÏÌÏÖÉÍ F = F�;r;m.1. óÌÕÞÁÊ p = +∞. úÁÆÉËÓÉÒÕÅÍ x ∈ R. ðÒÉ ËÁÖÄÏÍ N ∈ N Ï�ÒÅ-ÄÅÌÉÍ 2N�� -�ÅÒÉÏÄÉÞÅÓËÕÀ ÆÕÎË�ÉÀ gN ÓÏÏÔÎÏÛÅÎÉÅÍgN (t) = signF (x; t) �ÒÉ t ∈ [
−
N�� ; N�� ) :ðÏ ÚÁÍÅÞÁÎÉÀ 1

∫

R

gN(t)F (x; t) dt = N��∫

−N�� gN (t)FN (x; t) dt:ðÏ ÌÅÍÍÅ 6 É ÎÅÒÁ×ÅÎÓÔ×Õ (3.10)N��∫
−N�� |FN(x; t)| dt = N� �∫

−� ∣∣∣∣FN (x; Nt� )∣∣∣∣ dt = (N� )r
KrNr = Kr�r :óÌÅÄÏ×ÁÔÅÌØÎÏ, ∣∣∣∣∣∣∣

N��∫
−N�� gN (t)FN (x; t) dt∣∣∣∣∣∣∣ 6

Kr�r :



îåðåòéïäéþåóëéê óðìáêîï÷ùê áîáìïç ïðåòá�ïòï÷ 31�ÁË ËÁË gN → signF (x; ·) �ÏÔÏÞÅÞÎÏ É ‖gN‖∞ = 1, �Ï ÔÅÏÒÅÍÅ ìÅÂÅÇÁÍÏÖÎÏ �ÅÒÅÊÔÉ Ë �ÒÅÄÅÌÕ �ÏÄ ÚÎÁËÏÍ ÉÎÔÅÇÒÁÌÁ:
∫

R

|F (x; t)| dt = limN→∞

∫

R

gN(t)F (x; t) dt 6
Kr�r ;ÏÔËÕÄÁ ÓÌÅÄÕÅÔ ÔÒÅÂÕÅÍÏÅ ÎÅÒÁ×ÅÎÓÔ×Ï.2. óÌÕÞÁÊ p = 1. òÁÓÓÍÏÔÒÉÍ ÉÎÔÅÇÒÁÌÙ

∫

R

'(x)F (x; t) dx; ' ∈ L∞(R):åÓÌÉ ' ÉÍÅÅÔ �ÅÒÉÏÄ 2N�� , ÔÏ �Ï ÚÁÍÅÞÁÎÉÀ 1
∫

R

'(x)F (x; t) dx = N��∫

−N�� '(x)FN (x; t) dx;�ÏÓËÏÌØËÕ
∑�∈Z

F (x+ 2�N�� ; t) = ∑�∈Z

F (x; t− 2�N�� ) = FN(x; t):ðÏ ÌÅÍÍÅ 6 É ÎÅÒÁ×ÅÎÓÔ×Õ (3.11)N��∫

−N�� |FN (x; t)| dx = N� �∫
−� ∣∣∣∣FN (Nx� ; t)∣∣∣∣ dx = (N� )r

KrNr = Kr�r :áÎÁÌÏÇÉÞÎÏ �ÅÒ×ÏÍÕ ÓÌÕÞÁÀ �ÏÌÕÞÁÅÍ
∫

R

|F (x; t)| dx 6
Kr�r�ÒÉ ×ÓÅÈ t. óÌÅÄÏ×ÁÔÅÌØÎÏ,

‖f −X�;r;mf‖1 = ∫

R

∣∣∣∣∣∣

∫

R

f (r)(t)F (x; t) dt∣∣∣∣∣∣ dx
6

∫

R

∫

R

∣∣∣f (r)(t)F (x; t)∣∣∣ dt dx 6 supt∈R

∫

R

|F (x; t)| dx · ‖f (r)‖1 = Kr�r ‖f (r)‖1:ðÒÉ p ∈ (1;+∞) ÎÅÒÁ×ÅÎÓÔ×Ï ÓÌÅÄÕÅÔ ÉÚ ÄÏËÁÚÁÎÎÏÇÏ ÎÅÒÁ×ÅÎÓÔ×ÁÄÌÑ p = 1;+∞ É ÉÎÔÅÒ�ÏÌÑ�ÉÏÎÎÏÊ ÔÅÏÒÅÍÙ òÉÓÓÁ{�ÏÒÉÎÁ. �
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∫

R

|F�;r;m(x; t)| dt = Kr�r ; ∫

R

|F�;r;m(x; t)| dx = Kr�r�ÒÉ ×ÓÅÈ x É t ÓÏÏÔ×ÅÔÓÔ×ÅÎÎÏ.úÁÍÅÞÁÎÉÅ 3. ïÂÏÚÎÁÞÉÍ'∗�(t) = sign sin� (t− ") :÷ [14℄ ÕÓÔÁÎÏ×ÌÅÎÏ, ÞÔÏ �ÒÏÉÚ×ÅÄÅÎÉÅ F1(x; t)'∗�(x − t) ÎÅ ÍÅÎÑÅÔ ÚÎÁ-ËÁ ÎÁ R
2. éÚ ÜÔÏÇÏ ÆÁËÔÁ É ÄÏËÁÚÁÔÅÌØÓÔ×Á ÔÅÏÒÅÍÙ 1 ÓÌÅÄÕÅÔ, ÞÔÏ�ÒÏÉÚ×ÅÄÅÎÉÅ F�;r;m(x; t)'∗�(x − t) ÎÅ ÍÅÎÑÅÔ ÚÎÁËÁ ÎÁ R

2.óÌÅÄÓÔ×ÉÅ 1. ÷ ÕÓÌÏ×ÉÑÈ ÔÅÏÒÅÍÙ 1A�;m(f)p 6
Kr�r A�;m−r(f (r))p:äÏËÁÚÁÔÅÌØÓÔ×Ï. ðÕÓÔØ Æ > 0, s ∈ S�;m−r { Ó�ÌÁÊÎ, ÒÅÁÌÉÚÕÀÝÉÊÎÁÉÌÕÞÛÅÅ �ÒÉÂÌÉÖÅÎÉÅ f (r) × Lp(R) Ó ÔÏÞÎÏÓÔØÀ ÄÏ Æ, ÔÏ ÅÓÔØ

‖f (r) − s‖p 6 A�;m−r(f (r))p + Æ:�ÏÇÄÁ s(−r) ∈ S�;m. úÁ×ÅÒÛÉÍ ÄÏËÁÚÁÔÅÌØÓÔ×Ï Ä×ÕÍÑ Ó�ÏÓÏÂÁÍÉ.ó�ÏÓÏÂ 1. ðÏ ÔÅÏÒÅÍÅ 1A�;m(f)p = A�;m(f−s(−r))p 6
Kr�r ‖f (r)−s‖p = Kr�r (A�;m−r(f (r))p + Æ) :ïÓÔÁÅÔÓÑ ÕÓÔÒÅÍÉÔØ Æ Ë ÎÕÌÀ.ó�ÏÓÏÂ 2. éÍÅÅÍ∫

R

(f (r)(t)− s(t))F�;r;m(x; t) dt = f(x) − P (x);ÇÄÅ P (x) = X�;r;m(f; x) + ∫

R

s(t)F�;r;m(x; t) dt:ðÏ ÌÅÍÍÅ 5∫

R

s(t)F�;r;m(x; t) dt = s(−r)(x) −X�;r;m(s(−r); x);ÇÄÅ s(−r) { �ÒÏÉÚ×ÏÌØÎÁÑ �ÅÒ×ÏÏÂÒÁÚÎÁÑ s. ðÏÜÔÏÍÕ P ∈ S�;m. ïÓÔÁÅÔÓÑ×ÏÓ�ÏÌØÚÏ×ÁÔØÓÑ ÚÁÍÅÞÁÎÉÅÍ 2. �



îåðåòéïäéþåóëéê óðìáêîï÷ùê áîáìïç ïðåòá�ïòï÷ 33÷ �ÅÒÉÏÄÉÞÅÓËÏÍ ÓÌÕÞÁÅ ÁÎÁÌÏÇ ÓÌÅÄÓÔ×ÉÑ 1 ÄÌÑ �ÒÉÂÌÉÖÅÎÉÊ ÔÒÉ-ÇÏÎÏÍÅÔÒÉÞÅÓËÉÍÉ ÍÎÏÇÏÞÌÅÎÁÍÉ ÕÓÔÁÎÏ×ÉÌ óÕÎØ àÎÛÅÎ, ÄÌÑ �ÒÉ-ÂÌÉÖÅÎÉÊ Ó�ÌÁÊÎÁÍÉ { ëÏÒÎÅÊÞÕË; ÓÍ. [12, ÔÅÏÒÅÍÁ 4.1.4 É �ÒÅÄÌÏÖÅ-ÎÉÅ 5.4.9℄.úÁÍÅÞÁÎÉÅ 4. ÷ÏÏÂÝÅ ÇÏ×ÏÒÑ, Ï�ÅÒÁÔÏÒÙ X�;r;m ÎÅ Ñ×ÌÑÀÔÓÑ ÅÄÉÎ-ÓÔ×ÅÎÎÙÍÉ ÌÉÎÅÊÎÙÍÉ Ó�ÌÁÊÎÏ×ÙÍÉ Ï�ÅÒÁÔÏÒÁÍÉ, ÒÅÁÌÉÚÕÀÝÉÍÉÏ�ÅÎËÕ (1.10). ðÒÉ r = m = 1, p = +∞ ÔÁ ÖÅ Ï�ÅÎËÁ ÒÅÁÌÉÚÕÅÔÓÑÉÎÔÅÒ�ÏÌÑ�ÉÏÎÎÙÍÉ ÌÏÍÁÎÙÍÉ ��;1. äÏËÁÚÁÔÅÌØÓÔ×Ï ÔÁËÏÊ Ï�ÅÎËÉ ÜÌÅ-ÍÅÎÔÁÒÎÏ É ÏÄÉÎÁËÏ×Ï ÄÌÑ ÏÔÒÅÚËÁ, �ÅÒÉÏÄÁ É ÏÓÉ (ÓÍ., ÎÁ�ÒÉÍÅÒ, [11,ÌÅÍÍÁ 5.2.12℄). äÅÊÓÔ×ÉÔÅÌØÎÏ, �ÒÉ ÌÀÂÏÍ x ∈ [a; b℄
∣∣∣∣f(x)− b− xb− af(a)− x− ab− a f(b)∣∣∣∣ = ∣∣∣∣∣∣

b− xb− a x∫a f ′ −
x− ab− a b∫x f ′

∣∣∣∣∣∣

6 2(b− x)(x − a)b− a ‖f ′‖∞ 6
b− a2 ‖f ′‖∞:ðÒÉÍÅÎÑÑ ÜÔÕ Ï�ÅÎËÕ Ë ËÁÖÄÏÍÕ ÏÔÒÅÚËÕ [xj ; xj+1℄, �ÏÌÕÞÁÅÍ

‖f − ��;1(f)‖∞ 6
�2� ‖f ′‖∞:÷ Ó×ÑÚÉ Ó �ÏÓÌÅÄÎÉÍ ÎÅÒÁ×ÅÎÓÔ×ÏÍ ÎÁ�ÏÍÎÉÍ, ÞÔÏ K1 = �2 .ìÉÔÅÒÁÔÕÒÁ1. J. Favard, Sur les meilleurs pro�ed�es d'approximation de ertaines lasses des fon-tions par des polynomes trigonom�etriques. | Bull. Si. Math. 61 (1937), 209{224,243{256.2. î. é. áÈÉÅÚÅÒ, í. ç. ëÒÅÊÎ, ï ÎÁÉÌÕÞÛÅÍ �ÒÉÂÌÉÖÅÎÉÉ ÔÒÉÇÏÎÏÍÅÔÒÉ-ÞÅÓËÉÍÉ ÓÕÍÍÁÍÉ ÄÉÆÆÅÒÅÎ�ÉÒÕÅÍÙÈ �ÅÒÉÏÄÉÞÅÓËÉÈ ÆÕÎË�ÉÊ. | äÏËÌ. áîóóóò 15 No. 3 (1937), 107{112.3. ó. í. îÉËÏÌØÓËÉÊ, ðÒÉÂÌÉÖÅÎÉÅ ÆÕÎË�ÉÊ ÔÒÉÇÏÎÏÍÅÔÒÉÞÅÓËÉÍÉ �ÏÌÉÎÏÍÁÍÉ× ÓÒÅÄÎÅÍ. | éÚ×. áî óóóò. óÅÒ. ÍÁÔ. 10, No. 9 (1946), 207{256.4. í. ç. ëÒÅÊÎ, ï ÎÁÉÌÕÞÛÅÊ Á��ÒÏËÓÉÍÁ�ÉÉ ÎÅ�ÒÅÒÙ×ÎÙÈ ÄÉÆÆÅÒÅÎ�ÉÒÕÅÍÙÈÆÕÎË�ÉÊ ÎÁ ×ÓÅÊ ×ÅÝÅÓÔ×ÅÎÎÏÊ ÏÓÉ. | äÏËÌ. áî óóóò 18, No. 9 (1938), 619{623.5. B. Nagy, �Uber gewisse Extremalfragen bei transformierten trigonometrishen En-twiklungen. II. Nihtperiodisher Fall. | Ber. Verh. s�ahs. Akad. Wiss. Leipzig 91(1939), 3{24.6. î. é. áÈÉÅÚÅÒ, ìÅË�ÉÉ �Ï ÔÅÏÒÉÉ Á��ÒÏËÓÉÍÁ�ÉÉ. í. (1965).7. I. J. Shoenberg, Cardinal spline interpolation. Philadelphia, SIAM, 2 ed. (1993).



34 ï. ì. ÷éîïçòáäï÷, á. ÷. çìáäëáñ8. ÷. í. �ÉÈÏÍÉÒÏ×, îÁÉÌÕÞÛÉÅ ÍÅÔÏÄÙ �ÒÉÂÌÉÖÅÎÉÑ É ÉÎÔÅÒ�ÏÌÉÒÏ×ÁÎÉÑ ÄÉÆ-ÆÅÒÅÎ�ÉÒÕÅÍÙÈ ÆÕÎË�ÉÊ × �ÒÏÓÔÒÁÎÓÔ×Å C[−1; 1℄. | íÁÔ. ÓÂ. 80, No. 2 (1969),290{304.9. A. A. Ligun, it Inequalities for upper bounds of funtionals. | Anal. Math. 2, No. 1(1976), 11{40.10. N. P. Kornei�uk, Exat error bound of approximation by interpolating splines onL-metri on the lasses W rp (1 6 p < ∞) of periodi funtions. | Anal. Math. 3,No. 2 (1977), 109{117.11. î. ð. ëÏÒÎÅÊÞÕË, ó�ÌÁÊÎÙ × ÔÅÏÒÉÉ �ÒÉÂÌÉÖÅÎÉÑ. í. (1984).12. î. ð. ëÏÒÎÅÊÞÕË, �ÏÞÎÙÅ ËÏÎÓÔÁÎÔÙ × ÔÅÏÒÉÉ �ÒÉÂÌÉÖÅÎÉÑ. í. (1987).13. á. æ. �ÉÍÁÎ, �ÅÏÒÉÑ �ÒÉÂÌÉÖÅÎÉÑ ÆÕÎË�ÉÊ ÄÅÊÓÔ×ÉÔÅÌØÎÏÇÏ �ÅÒÅÍÅÎÎÏÇÏ.í. (1960).14. ï. ì. ÷ÉÎÏÇÒÁÄÏ×, áÎÁÌÏÇ ÓÕÍÍ áÈÉÅÚÅÒÁ{ëÒÅÊÎÁ{æÁ×ÁÒÁ ÄÌÑ �ÅÒÉÏÄÉÞÅ-ÓËÉÈ Ó�ÌÁÊÎÏ× ÍÉÎÉÍÁÌØÎÏÇÏ ÄÅÆÅËÔÁ. | ðÒÏÂÌÅÍÙ ÍÁÔÅÍÁÔÉÞÅÓËÏÇÏ ÁÎÁÌÉÚÁ(2003), ÷Ù�. 25, 29{56.15. óÕÎØ àÎÛÅÎ, ìÉ þÕÎØ, îÁÉÌÕÞÛÅÅ �ÒÉÂÌÉÖÅÎÉÅ ÎÅËÏÔÏÒÙÈ ËÌÁÓÓÏ× ÇÌÁÄËÉÈÆÕÎË�ÉÊ ÎÁ ÄÅÊÓÔ×ÉÔÅÌØÎÏÊ ÏÓÉ Ó�ÌÁÊÎÁÍÉ ×ÙÓÛÅÇÏ �ÏÒÑÄËÁ.| íÁÔ. ÚÁÍÅÔ-ËÉ 48, No. 4 (1990), 148{159.16. ç. ç. íÁÇÁÒÉÌ-éÌØÑÅ×, ï ÎÁÉÌÕÞÛÅÍ �ÒÉÂÌÉÖÅÎÉÉ Ó�ÌÁÊÎÁÍÉ ËÌÁÓÓÏ× ÆÕÎË�ÉÊÎÁ �ÒÑÍÏÊ. | �ÒÕÄÙ íÁÔ. ÉÎ-ÔÁ òáî 194 (1992), 148{159.17. ç. ç. íÁÇÁÒÉÌ-éÌØÑÅ×, óÒÅÄÎÑÑ ÒÁÚÍÅÒÎÏÓÔØ, �Ï�ÅÒÅÞÎÉËÉ É Ï�ÔÉÍÁÌØÎÏÅ×ÏÓÓÔÁÎÏ×ÌÅÎÉÅ ÓÏÂÏÌÅ×ÓËÉÈ ËÌÁÓÓÏ× ÆÕÎË�ÉÊ ÎÁ �ÒÑÍÏÊ. | íÁÔ. ÓÂ. 182,No. 11 (1991), 1635{1656.18. I. J. Shoenberg, On the remainders and the onvergene of ardinal spline in-terpolation for almost periodi funtions. | In: Studies in spline funtions andapproximation theory, pp. 277{303, Aademi Press, New York, 1976.19. C. de Boor, I. J. Shoenberg, Cardinal interpolation and spline funtions VIII. TheBudan{Fourier theorem for splines and appliations. | In: Spline funtions (Pro.Internat. Sympos., Karlsruhe (1975), pp. 1{79) Leture Notes Math. 501 (1976).20. K. Jetter, S. D. Riemenshneider, N. Sivakumar, Shoenberg's exponential Eulerspline urves. | Pro. Roy. So. Edinburgh 118A (1991), 21{33.21. â. í. íÁËÁÒÏ×, á. î. ðÏÄËÏÒÙÔÏ×, ìÅË�ÉÉ �Ï ×ÅÝÅÓÔ×ÅÎÎÏÍÕ ÁÎÁÌÉÚÕ. óðÂ(2011).Vinogradov O. L. and Gladkaya A. V. A nonperiodi analogue of theAkhiezer{Krein{Favard operators.In what follows, � > 0, m; r ∈ N, m > r, S�;m is the spae of splines oforder m and minimal defet with nodes j�� (j ∈ Z), A�;m(f)p is the bestapproximation of a funtion f by the set S�;m in the spae Lp(R). It isknown that for p = 1;+∞ supf∈W (r)p (R) A�;m(f)p
‖f (r)‖p = Kr�r : (1)
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‖f −X�;r;m(f)‖p 6
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