
úÁ�ÉÓËÉ ÎÁÕÞÎÙÈÓÅÍÉÎÁÒÏ× ðïíé�ÏÍ 459, 2017 Ç.á. í. íÉÎÁÒÓËÉÊ, á. é. îÁÚÁÒÏ×ï óðåë�òáè ëòáå÷ùè úáäáþ, ðïòïöäáåíùèîåëï�ïòùíé ïäîïíåòîùíé �åïòåíáíé÷ìïöåîéñ
§1. ÷×ÅÄÅÎÉÅòÁÓÓÍÏÔÒÉÍ ÚÁÄÁÞÕ Ï ÔÏÞÎÏÊ ËÏÎÓÔÁÎÔÅ × ÔÅÏÒÅÍÅ ×ÌÏÖÅÎÉÑ

◦Wn2 (−1; 1) ,→ ◦Wn−p2 (−1; 1)�n;p(u) := 〈Dnu;Dnu〉

〈Dn−pu;Dn−pu〉 → min : (1)úÄÅÓØ n > p > 0, 〈f; g〉 = 1
∫

−1 f(t)g(t) dt { ÓÔÁÎÄÁÒÔÎÏÅ ÓËÁÌÑÒÎÏÅ �ÒÏ-ÉÚ×ÅÄÅÎÉÅ × L2(−1; 1), D { Ï�ÅÒÁÔÏÒ ÄÉÆÆÅÒÅÎ�ÉÒÏ×ÁÎÉÑ, Á ÍÉÎÉÍÕÍÂÅÒÅÔÓÑ �Ï ÍÎÏÖÅÓÔ×Õ
◦Wn2 (−1; 1) = {f ∈ ACn−1[−1; 1℄ ∣∣Dnf ∈ L2(−1; 1);Djf(±1) = 0; j = 0; 1; : : : ; n− 1}:úÁÄÁÞÁ (1) �ÒÉ×ÌÅËÁÌÁ ×ÎÉÍÁÎÉÅ ÍÎÏÇÉÈ ÉÓÓÌÅÄÏ×ÁÔÅÌÅÊ. ðÒÉ n =p = 1 ÏÎÁ ÂÙÌÁ ÒÅÛÅÎÁ ÷.á. óÔÅËÌÏ×ÙÍ [19℄. ðÒÉ n = 2, p = 1 ÏÔ×ÅÔÂÙÌ �ÏÌÕÞÅÎ × [6℄, �ÒÉ ×ÓÅÈ n É p = 1 { × [7℄ (�ÏÌÎÏÅ ÄÏËÁÚÁÔÅÌØÓÔ×ÏÂÙÌÏ ÄÁÎÏ × [8℄, ÓÍ. ÔÁËÖÅ [15℄). ðÒÉ �ÒÏÉÚ×ÏÌØÎÙÈ n; p ∈ N ÏÔ×ÅÔ ÂÙÌÓÆÏÒÍÕÌÉÒÏ×ÁÎ × [4℄ (ÓÍ. ÔÁËÖÅ [9℄) × ÎÅÑ×ÎÙÈ ÔÅÒÍÉÎÁÈ, ÂÏÌÅÅ Ñ×ÎÙÊÏÔ×ÅÔ Ó �ÏÌÎÙÍ ÄÏËÁÚÁÔÅÌØÓÔ×ÏÍ ÂÙÌ ÄÁÎ × [16℄ (ÓÍ. ÔÁËÖÅ [17℄ �ÒÉp = 2).ëÌÀÞÅ×ÙÅ ÓÌÏ×Á: ÔÅÏÒÅÍÙ ×ÌÏÖÅÎÉÑ ×ÙÓÏËÏÇÏ �ÏÒÑÄËÁ, ÓÏÂÓÔ×ÅÎÎÙÅ ÞÉÓÌÁ.òÁÂÏÔÁ ×ÔÏÒÏÇÏ Á×ÔÏÒÁ �ÏÄÄÅÒÖÁÎÁ ÇÒÁÎÔÏÍ òææé 16-01-00258 É ÇÒÁÎÔÏÍóðÂçõ{DFG 6.65.37.2017. 58



ï óðåë�òáè ëòáå÷ùè úáäáþ 59úÁÍÅÞÁÎÉÅ 1. ìÅÇËÏ ×ÉÄÅÔØ, ÞÔÏ �ÒÉ n > p ÚÁÄÁÞÁ (1) ÚÁÍÅÎÏÊ y =Dku, k 6 n− p, Ó×ÏÄÉÔÓÑ Ë ÍÉÎÉÍÉÚÁ�ÉÉ ÆÕÎË�ÉÏÎÁÌÁ �n−k;p ÎÁ ÍÎÏ-ÖÅÓÔ×Å
{f ∈

◦Wn−k2 (−1; 1) ∣∣ 1
∫

−1 f(t) tj dt = 0; j = 0; 1; : : : ; k − 1}:ðÒÉ n = 2, k = p = 1 ÜÔÏ ÚÁÄÁÞÁ Ï ÔÏÞÎÏÊ ËÏÎÓÔÁÎÔÅ × ÎÅÒÁ×ÅÎÓÔ×ÅðÕÁÎËÁÒÅ, ËÏÔÏÒÁÑ ÔÁËÖÅ ÂÙÌÁ ÒÅÛÅÎÁ ÷.á. óÔÅËÌÏ×ÙÍ [18℄. âÏÌØÛÏÊÓ�ÉÓÏË ÌÉÔÅÒÁÔÕÒÙ Ï ÔÏÞÎÙÈ ËÏÎÓÔÁÎÔÁÈ × �ÏÄÏÂÎÙÈ ÚÁÄÁÞÁÈ, ËÁË ÏÄ-ÎÏÍÅÒÎÙÈ, ÔÁË É ÍÎÏÇÏÍÅÒÎÙÈ, ÓÏÄÅÒÖÉÔÓÑ × ÏÂÚÏÒÁÈ [14℄ É [11℄.óÔÁÎÄÁÒÔÎÏÅ ÒÁÓÓÕÖÄÅÎÉÅ �ÏËÁÚÙ×ÁÅÔ, ÞÔÏ ÍÉÎÉÍÕÍ × (1) ÄÏÓÔÉ-ÇÁÅÔÓÑ, É ÍÉÎÉÍÉÚÉÒÕÀÝÁÑ ÆÕÎË�ÉÑ Ñ×ÌÑÅÔÓÑ ÓÏÂÓÔ×ÅÎÎÏÊ ÆÕÎË�ÉÅÊËÒÁÅ×ÏÊ ÚÁÄÁÞÉ
Ln;p(�)u := (−1)pD2nu− �D2n−2pu = 0;Dju(±1) = 0; j = 0; 1; : : : ; n− 1: (2)ïÔÍÅÔÉÍ ÅÝÅ,ÞÔÏ (ÓÍ. [16, ìÅÍÍÁ 1℄) �ÒÉ n > 2p ÚÁÍÅÎÁ y = Dnu�ÅÒÅ×ÏÄÉÔ (2) × ÚÁÄÁÞÕ Ó ÉÎÔÅÇÒÁÌØÎÙÍÉ ÏÇÒÁÎÉÞÅÎÉÑÍÉ(−1)pD2py − �y = Pn−2p; 1

∫

−1 y(t) tj dt = 0; j = 0; 1; : : : ; n− 1: (3)úÄÅÓØ Pn−2p { �ÏÌÉÎÏÍ Ó ÎÅÉÚ×ÅÓÔÎÙÍÉ ËÏÜÆÆÉ�ÉÅÎÔÁÍÉ, ÓÔÅ�ÅÎØ ËÏ-ÔÏÒÏÇÏ ÓÔÒÏÇÏ ÍÅÎØÛÅ (n− 2p).úÁÄÁÞÁ (3) ×ÏÚÎÉËÁÅÔ �ÒÉ ÉÚÕÞÅÎÉÉ ÁÓÉÍ�ÔÏÔÉËÉ ÍÁÌÙÈ ÕËÌÏÎÅÎÉÊÎÅËÏÔÏÒÙÈ ÇÁÕÓÓÏ×ÓËÉÈ �ÒÏ�ÅÓÓÏ× × L2. óÏÂÓÔ×ÅÎÎÙÅ ÞÉÓÌÁ É ÓÏÂ-ÓÔ×ÅÎÎÙÅ ÆÕÎË�ÉÉ × (3) ÂÙÌÉ ÎÁÊÄÅÎÙ × [1℄ �ÒÉ n = 2, p = 1, × [2℄�ÒÉ ×ÓÅÈ n É p = 1, × [16℄ { �ÒÉ �ÒÏÉÚ×ÏÌØÎÙÈ n > 2p.ïÞÅ×ÉÄÎÏ, ÞÔÏ ÒÁÚÌÏÖÅÎÉÅ L2(−1; 1) = Ls⊕La ÎÁ �ÏÄ�ÒÏÓÔÒÁÎÓÔ×ÁÞÅÔÎÙÈ É ÎÅÞÅÔÎÙÈ ÆÕÎË�ÉÊ �ÒÉ×ÏÄÉÔ Ï�ÅÒÁÔÏÒ Ln;p(�). ðÏÜÔÏÍÕ ×ÓÅÓÏÂÓÔ×ÅÎÎÙÅ ÆÕÎË�ÉÉ ÚÁÄÁÞÉ (2) ÍÏÖÎÏ ÓÞÉÔÁÔØ ÌÉÂÏ ÞÅÔÎÙÍÉ, ÌÉÂÏÎÅÞÅÔÎÙÍÉ. âÕÄÅÍ ÏÂÏÚÎÁÞÁÔØ ÉÈ z(n;p)s É z(n;p)a , Á ÓÏÏÔ×ÅÔÓÔ×ÕÀÝÉÅÓÏÂÓÔ×ÅÎÎÙÅ ÞÉÓÌÁ �(n;p)s É �(n;p)a . ðÒÉ ÎÅÏÂÈÏÄÉÍÏÓÔÉ ÂÕÄÅÍ ÎÕÍÅÒÏ-×ÁÔØ ÓÏÂÓÔ×ÅÎÎÙÅ ÞÉÓÌÁ × �ÏÒÑÄËÅ ×ÏÚÒÁÓÔÁÎÉÑ. ÷×ÅÄÅÍ ÏÂÏÚÎÁÞÅÎÉÑ
S(n;p)s = {�(n;p)s;j }j∈N; S(n;p)a = {�(n;p)a;j }j∈N:



60 á. í. íéîáòóëéê, á. é. îáúáòï÷ðÏËÁÖÅÍ, ÞÔÏ �(n;p)a;j = �(n+1;p)s;j ; j ∈ N: (4)äÅÊÓÔ×ÉÔÅÌØÎÏ, ÄÌÑ ÌÀÂÏÊ ÓÏÂÓÔ×ÅÎÎÏÊ ÆÕÎË�ÉÉ z(n;p)a ÅÅ �ÅÒ×ÏÏÂÒÁÚ-ÎÁÑ x
∫

−1 z(n;p)a (t) dt ÅÓÔØ ÎÅËÏÔÏÒÁÑ z(n+1;p)s (ÄÏ�ÏÌÎÉÔÅÌØÎÏÅ ËÒÁÅ×ÏÅ ÕÓÌÏ-×ÉÅ �ÒÉ x = 1 ÓÌÅÄÕÅÔ ÉÚ ÎÅÞÅÔÎÏÓÔÉ z(n;p)a ). ïÂÒÁÔÎÏ, ÄÌÑ ÌÀÂÏÊ ÓÏÂ-ÓÔ×ÅÎÎÏÊ ÆÕÎË�ÉÉ z(n+1;p)s ÅÅ �ÒÏÉÚ×ÏÄÎÁÑ ××ÉÄÕ ÎÅÞÅÔÎÏÓÔÉ ÕÄÏ×ÌÅ-Ô×ÏÒÑÅÔ (2).÷×ÉÄÕ (4) ÄÁÌÅÅ ÍÙ ÂÕÄÅÍ ÒÁÓÓÍÁÔÒÉ×ÁÔØ ÔÏÌØËÏ ÞÅÔÎÙÅ ÓÏÂÓÔ×ÅÎ-ÎÙÅ ÆÕÎË�ÉÉ.úÁÍÅÔÉÍ, ÞÔÏ �ÒÉ n = p ÚÁÄÁÞÁ (2) Ñ×ÌÑÅÔÓÑ ÏÓ�ÉÌÌÑ�ÉÏÎÎÏÊ (ÓÍ.,ÎÁ�Ò., [10,12℄), É �ÏÔÏÍÕ ×ÓÅ ÅÅ ÓÏÂÓÔ×ÅÎÎÙÅ ÞÉÓÌÁ ÉÍÅÀÔ ËÒÁÔÎÏÓÔØ 1,É j-Ñ ÓÏÂÓÔ×ÅÎÎÁÑ ÆÕÎË�ÉÑ ÉÍÅÅÔ ÒÏ×ÎÏ j − 1 ÎÕÌÅÊ ÎÁ ÉÎÔÅÒ×ÁÌÅ(−1; 1). �ÁËÉÍ ÏÂÒÁÚÏÍ, × ÜÔÏÍ ÓÌÕÞÁÅ ÉÍÅÅÍ�(n;n)s;j < �(n+1;n)s;j = �(n;n)a;j < �(n;n)s;j+1; j ∈ N:üÔÏ ÏÂÓÔÏÑÔÅÌØÓÔ×Ï �ÏÚ×ÏÌÑÅÔ ×ÙÄ×ÉÎÕÔØ ÓÌÅÄÕÀÝÕÀ ÇÉ�ÏÔÅÚÕ:çÉ�ÏÔÅÚÁ. íÎÏÖÅÓÔ×Á S(m;p)s É S(n;p)s �ÒÉ m 6= n ÎÅ �ÅÒÅÓÅËÁÀÔÓÑ.÷ ÎÁÓÔÏÑÝÅÊ ÒÁÂÏÔÅ ÜÔÏ ÕÔ×ÅÒÖÄÅÎÉÅ ÄÏËÁÚÙ×ÁÅÔÓÑ × Ä×ÕÈ ÓÌÕÞÁÑÈ:
• �ÒÏÉÚ×ÏÌØÎÏÅ p, m = n+ 1 ÉÌÉ m = n+ 2;
• �ÒÏÉÚ×ÏÌØÎÙÅ m É n, p = 1.úÁÍÅÞÁÎÉÅ 2. ðÒÉ p = 1 ÓÏÂÓÔ×ÅÎÎÙÅ ÞÉÓÌÁ �(n;1)s ÚÁÄÁÞÉ (2) Ñ×ÌÑÀÔ-ÓÑ Ë×ÁÄÒÁÔÁÍÉ ËÏÒÎÅÊ ÆÕÎË�ÉÉ âÅÓÓÅÌÑ Jn− 32 , ÓÍ. [15℄. îÅ ÉÓËÌÀÞÅÎÏ,ÞÔÏ ÕÔ×ÅÒÖÄÅÎÉÅ Ï ÎÅÓÏ×�ÁÄÅÎÉÉ ËÏÒÎÅÊ ÆÕÎË�ÉÊ âÅÓÓÅÌÑ ÒÁÚÌÉÞÎÏÇÏ�ÏÌÕ�ÅÌÏÇÏ �ÏÒÑÄËÁ ÕÖÅ ×ÓÔÒÅÞÁÌÏÓØ × ÌÉÔÅÒÁÔÕÒÅ, É ÍÙ ÂÕÄÅÍ �ÒÉ-ÚÎÁÔÅÌØÎÙ ÞÉÔÁÔÅÌÀ, ËÏÔÏÒÙÊ ÓÏÏÂÝÉÔ ÎÁÍ ÓÏÏÔ×ÅÔÓÔ×ÕÀÝÕÀ ÓÓÙÌ-ËÕ. ÷ ÏÂÝÅÍ ÓÌÕÞÁÅ ÓÏÂÓÔ×ÅÎÎÙÅ ÞÉÓÌÁ Ñ×ÌÑÀÔÓÑ p-ÍÉ ÓÔÅ�ÅÎÑÍÉ ËÏÒ-ÎÅÊ Ï�ÒÅÄÅÌÉÔÅÌÑ �ÏÒÑÄËÁ p, ÓÏÓÔÁ×ÌÅÎÎÏÇÏ ÔÁËÖÅ ÉÚ ÆÕÎË�ÉÊ âÅÓÓÅÌÑ�ÏÌÕ�ÅÌÏÇÏ �ÏÒÑÄËÁ, ÓÍ. [16℄.

§2. óÌÕÞÁÉ m = n+ 1 É m = n+ 2÷×ÅÄÅÍ ÓÌÅÄÕÀÝÉÅ ÏÂÏÚÎÁÞÅÎÉÑ: ! = exp(i�=p); � = � 12p . �ÏÇÄÁ,ÏÞÅ×ÉÄÎÏ,
R(x) = 2p−1

∑k=0 ak exp(i�!kx)



ï óðåë�òáè ëòáå÷ùè úáäáþ 61{ ÏÂÝÅÅ ÒÅÛÅÎÉÅ ÕÒÁ×ÎÅÎÉÑ (−1)pD2pR− �R = 0.úÁÍÅÔÉÍ, ÞÔÏ ÌÀÂÁÑ ÆÕÎË�ÉÑ z(n+1;p)s ÉÍÅÅÔ ×ÉÄz(n+1;p)s (x) = R(x) + P2n−2p+1(x) (5)(ÎÁ�ÏÍÎÉÍ, ÞÔÏ Pk { �ÏÌÉÎÏÍ, ÓÔÅ�ÅÎØ ËÏÔÏÒÏÇÏ ÓÔÒÏÇÏ ÍÅÎØÛÅ k).ðÏÓËÏÌØËÕ ÓÌÕÞÁÊ n = p ÕÖÅ ÒÁÚÏÂÒÁÎ ×Ï ÷×ÅÄÅÎÉÉ, ÂÕÄÅÍ ÓÞÉÔÁÔØ,ÞÔÏ n > p. éÚ (5) ÓÌÅÄÕÅÔ, ÞÔÏ n = Ln;pz(n+1;p)s { ËÏÎÓÔÁÎÔÁ.ìÅÍÍÁ 2.1. åÓÌÉ n = 0 ÉÌÉ 〈1; z(n+1;p)s 〉 = 0, ÔÏ z(n+1;p)s ≡ 0.äÏËÁÚÁÔÅÌØÓÔ×Ï. ðÏÌÏÖÉÍ � = �(n+1;p)s . éÚ (2) ÓÌÅÄÕÅÔ
Ln+1;p − �2Ln;p = (−D2 − �2)Ln;p = A(iD)A(iD);ÇÄÅ A(�) = �n−p(�2 − �2) · p−1

∏k=1 (� − �!k):ðÏÜÔÏÍÕ
〈A(iD)A(iD)z(n+1;p)s ; z(n+1;p)s 〉 = −�2〈n; z(n+1;p)s 〉:úÁÍÅÔÉÍ, ÞÔÏ A(iD) { Ï�ÅÒÁÔÏÒ �ÏÒÑÄËÁ n + 1. éÎÔÅÇÒÉÒÕÑ �Ï ÞÁ-ÓÔÑÍ Ó ÕÞÅÔÏÍ ÇÒÁÎÉÞÎÙÈ ÕÓÌÏ×ÉÊ ÎÁ z(n+1;p)s , �ÏÌÕÞÉÍ

〈A(iD)z(n+1;p)s ; A(iD)z(n+1;p)s 〉 = 〈A(iD)z(n+1;p)s ; A(iD)z(n+1;p)s 〉= −�2〈n; z(n+1;p)s 〉: (6)ðÒÉ ×Ù�ÏÌÎÅÎÉÉ ÕÓÌÏ×ÉÑ ÌÅÍÍÙ ÉÚ (6) ÓÌÅÄÕÅÔA(iD)z(n+1;p)s = A(iD)z(n+1;p)s = 0:÷×ÉÄÕ (5) ÜÔÏ ÏÚÎÁÞÁÅÔ, ÞÔÏ(−D2 − �2)z(n+1;p)s = Pn−p:îÏ z(n+1;p)s ∈
◦Wn+12 (−1; 1) ×ÌÅÞÅÔ
Pn−p ∈

◦Wn−12 (−1; 1) =⇒ Pn−p ≡ 0:÷×ÉÄÕ ÞÅÔÎÏÓÔÉ z(n+1;p)s ÏÔÓÀÄÁ ÓÌÅÄÕÅÔ z(n+1;p)s = a os�x. ðÏÓËÏÌØËÕn+ 1 > 2, ÉÚ ÇÒÁÎÉÞÎÙÈ ÕÓÌÏ×ÉÊ ×ÙÔÅËÁÅÔ a = 0. ��ÅÏÒÅÍÁ 2.1. S(n;p)s ∩ S(n+1;p)s = ∅.



62 á. í. íéîáòóëéê, á. é. îáúáòï÷äÏËÁÚÁÔÅÌØÓÔ×Ï. ðÕÓÔØ �(n;p)s = �(n+1;p)s =: �. �ÏÇÄÁ ÄÌÑ ÓÏÏÔ×ÅÔ-ÓÔ×ÕÀÝÉÈ ÓÏÂÓÔ×ÅÎÎÙÈ ÆÕÎË�ÉÊ ÉÎÔÅÇÒÉÒÏ×ÁÎÉÅÍ �Ï ÞÁÓÔÑÍ �ÏÌÕÞÁ-ÅÍ�〈Dn−pz(n+1;p)s ; Dn−pz(n;p)s 〉 = (−1)n−p�〈z(n+1;p)s ; D2n−2pz(n;p)s 〉= (−1)n〈z(n+1;p)s ; D2nz(n;p)s 〉 = (−1)n〈D2nz(n+1;p)s ; z(n;p)s 〉= (−1)n−p�〈D2n−2pz(n+1;p)s ; z(n;p)s 〉+ (−1)n−p〈Ln;pz(n+1;p)s ; z(n;p)s 〉= �〈Dn−pz(n+1;p)s ; Dn−pz(n;p)s 〉+ (−1)n−p〈n; z(n;p)s 〉:�ÁËÉÍ ÏÂÒÁÚÏÍ, ÌÉÂÏ n = 0, ÌÉÂÏ 〈1; z(n;p)s 〉 = 0. ðÏ ÌÅÍÍÅ 2.1 × �ÅÒ×ÏÍÓÌÕÞÁÅ ÉÍÅÅÍ z(n+1;p)s ≡ 0, ×Ï ×ÔÏÒÏÍ z(n;p)s ≡ 0. ðÏÌÕÞÅÎÎÏÅ �ÒÏÔÉ×Ï-ÒÅÞÉÅ ÄÏËÁÚÙ×ÁÅÔ ÔÅÏÒÅÍÕ. ��ÅÏÒÅÍÁ 2.2. ó�ÅËÔÒ ÚÁÄÁÞÉ (2) �ÒÏÓÔÏÊ, Ô.Å. ËÁÖÄÏÍÕ ÓÏÂÓÔ×ÅÎ-ÎÏÍÕ ÞÉÓÌÕ ÓÏÏÔ×ÅÔÓÔ×ÕÅÔ ÏÄÎÁ (Ó ÔÏÞÎÏÓÔØÀ ÄÏ ÕÍÎÏÖÅÎÉÑ ÎÁ ËÏÎ-ÓÔÁÎÔÕ) ÓÏÂÓÔ×ÅÎÎÁÑ ÆÕÎË�ÉÑ.äÏËÁÚÁÔÅÌØÓÔ×Ï. åÓÌÉ �(n;p)s;j = �(n;p)s;j+1, ÔÏ ÉÚ ÓÏÂÓÔ×ÅÎÎÙÈ ÆÕÎË�ÉÊz(n;p)s;j É z(n;p)s;j+1 ÍÏÖÎÏ ÓÏÓÔÁ×ÉÔØ ÎÅÔÒÉ×ÉÁÌØÎÕÀ ÌÉÎÅÊÎÕÀ ËÏÍÂÉÎÁ-�ÉÀ z, ÔÁËÕÀ, ÞÔÏ 〈1; z〉 = 0, ÞÔÏ �ÒÏÔÉ×ÏÒÅÞÉÔ ÌÅÍÍÅ 2.1.óÌÕÞÁÊ �(n;p)a;j =�(n;p)a;j+1 Ó×ÏÄÉÔÓÑ Ë �ÒÅÄÙÄÕÝÅÍÕ ××ÉÄÕ ÔÏÖÄÅÓÔ×Á (4).îÁËÏÎÅ�, ÓÌÕÞÁÊ �(n;p)s;j = �(n;p)a;k ÎÅ×ÏÚÍÏÖÅÎ ××ÉÄÕ ÔÏÖÄÅÓÔ×Á (4) ÉÔÅÏÒÅÍÙ 2.1. ��ÅÏÒÅÍÁ 2.3. S(n;p)s ∩ S(n+2;p)s = ∅.äÏËÁÚÁÔÅÌØÓÔ×Ï. óÏÂÓÔ×ÅÎÎÙÅ ÞÉÓÌÁ �(n+2;p)s Ñ×ÌÑÀÔÓÑ ËÒÉÔÉÞÅÓËÉ-ÍÉ ÕÒÏ×ÎÑÍÉ ÆÕÎË�ÉÏÎÁÌÁ �n+2;p(u) ÎÁ �ÏÄ�ÒÏÓÔÒÁÎÓÔ×Å ÞÅÔÎÙÈ ÆÕÎ-Ë�ÉÊ ÉÚ ◦Wn+22 (−1; 1) (Á ÓÏÏÔ×ÅÔÓÔ×ÕÀÝÉÅ ÓÏÂÓÔ×ÅÎÎÙÅ ÆÕÎË�ÉÉ { ËÒÉ-ÔÉÞÅÓËÉÍÉ ÔÏÞËÁÍÉ ÜÔÏÇÏ ÆÕÎË�ÉÏÎÁÌÁ). áÎÁÌÏÇÉÞÎÏ úÁÍÅÞÁÎÉÀ 1,ÚÁÍÅÎÁ y = D2u �ÏËÁÚÙ×ÁÅÔ, ÞÔÏ �(n+2;p)s Ñ×ÌÑÀÔÓÑ ËÒÉÔÉÞÅÓËÉÍÉÕÒÏ×ÎÑÍÉ ÆÕÎË�ÉÏÎÁÌÁ �n;p(y) ÎÁ �ÏÄ�ÒÏÓÔÒÁÎÓÔ×Å ÞÅÔÎÙÈ ÆÕÎË�ÉÊÉÚ ◦Wn2 (−1; 1), ÕÄÏ×ÌÅÔ×ÏÒÑÀÝÉÈ ÄÏ�ÏÌÎÉÔÅÌØÎÙÍ ÕÓÌÏ×ÉÑÍ1
∫

−1 y(t) dt = 0; 1
∫

−1 y(t) t dt = 0: (7)



ï óðåë�òáè ëòáå÷ùè úáäáþ 63ðÏÓËÏÌØËÕ ×ÔÏÒÏÅ ÕÓÌÏ×ÉÅ ×Ù�ÏÌÎÅÎÏ Á×ÔÏÍÁÔÉÞÅÓËÉ, ÍÙ ×ÉÄÉÍ, ÞÔÏ�(n+2;p)s É �(n;p)s Ñ×ÌÑÀÔÓÑ ËÒÉÔÉÞÅÓËÉÍÉ ÕÒÏ×ÎÑÍÉ ÏÄÎÏÇÏ É ÔÏÇÏ ÖÅÆÕÎË�ÉÏÎÁÌÁ �n;p ÎÁ �ÒÏÓÔÒÁÎÓÔ×ÁÈ, ÏÔÌÉÞÁÀÝÉÈÓÑ ÎÁ ÏÄÎÏÍÅÒÎÏÅ�ÏÄ�ÒÏÓÔÒÁÎÓÔ×Ï. ÷×ÉÄÕ ×ÁÒÉÁ�ÉÏÎÎÏÇÏ �ÒÉÎ�É�Á (ÓÍ., ÎÁ�Ò., [3, §10.2,�ÅÏÒÅÍÁ 5℄) ÉÍÅÅÍ�(n;p)s;j 6 �(n+2;p)s;j 6 �(n;p)s;j+1; j ∈ N: (8)îÏ �Ï ÌÅÍÍÅ 2.1 ÓÏÂÓÔ×ÅÎÎÙÅ ÆÕÎË�ÉÉ z(n;p)s ÎÅ ÍÏÇÕÔ ÕÄÏ×ÌÅÔ×ÏÒÑÔØ�ÅÒ×ÏÍÕ ÕÓÌÏ×ÉÀ × (7). ðÏÜÔÏÍÕ ÏÂÁ ÎÅÒÁ×ÅÎÓÔ×Á × (8) ÓÔÒÏÇÉÅ, ÞÔÏ ÉÄÏËÁÚÙ×ÁÅÔ ÔÅÏÒÅÍÕ. �

§3. óÌÕÞÁÊ p = 1ëÁË ÕËÁÚÁÎÏ × úÁÍÅÞÁÎÉÉ 2, S(n;1)s ÓÏ×�ÁÄÁÅÔ Ó ÍÎÏÖÅÓÔ×ÏÍ Ë×ÁÄÒÁ-ÔÏ× (ÎÅÎÕÌÅ×ÙÈ) ËÏÒÎÅÊ ÆÕÎË�ÉÉ âÅÓÓÅÌÑ Jn− 32 . ðÏÜÔÏÍÕ ÔÒÅÂÕÅÍÏÅÕÔ×ÅÒÖÄÅÎÉÅ (S(m;1)s ∩ S(n;1)s = ∅ �ÒÉ m 6= n) ×ÙÔÅËÁÅÔ ÉÚ ÓÌÅÄÕÀÝÅÊÔÅÏÒÅÍÙ.�ÅÏÒÅÍÁ 3.1. ðÕÓÔØ n;m ∈ N. åÓÌÉ � > 0 É Jn− 32 (�) = 0, ÔÏJn+m− 32 (�) 6= 0.äÏËÁÚÁÔÅÌØÓÔ×Ï. îÁÞÎÅÍ Ó ÈÏÒÏÛÏ ÉÚ×ÅÓÔÎÏÇÏ ÒÅËÕÒÒÅÎÔÎÏÇÏ ÓÏÏÔ-ÎÏÛÅÎÉÑ ÄÌÑ ÆÕÎË�ÉÊ âÅÓÓÅÌÑ (ÓÍ., ÎÁ�Ò., [5, 8.471℄):Jn+k+ 12 (�) = 2n+ 2k − 1� Jn+k− 12 (�)− Jn+k− 32 (�); k ∈ Z:ïÔÓÀÄÁ ÎÅÍÅÄÌÅÎÎÏ ÓÌÅÄÕÅÔ, ÞÔÏ × ÕÓÌÏ×ÉÑÈ ÔÅÏÒÅÍÙ Jn− 12 (�) 6= 0(ÉÎÁÞÅ ×ÓÅ ÆÕÎË�ÉÉ âÅÓÓÅÌÑ Ó �ÏÌÕ�ÅÌÙÍÉ ÉÎÄÅËÓÁÍÉ ÏÂÒÁÝÁÀÔÓÑ ×ÎÕÌØ × ÔÏÞËÅ �, ÞÔÏ ÎÅ×ÏÚÍÏÖÎÏ). äÁÌÅÅ, Jn+m− 32 (�) �ÒÉ ×ÓÅÈ m > 1×ÙÒÁÖÁÀÔÓÑ ÞÅÒÅÚ Jn− 12 (�):Jn+m− 32 (�) = P⌊m−12 ⌋(�2)�m−1 Jn− 12 (�);ÇÄÅ Pk { ÎÅËÏÔÏÒÙÊ �ÏÌÉÎÏÍ ÓÔÅ�ÅÎÉ k Ó �ÅÌÙÍÉ ËÏÜÆÆÉ�ÉÅÎÔÁÍÉ, ⌊ · ⌋{ �ÅÌÁÑ ÞÁÓÔØ ÞÉÓÌÁ. ïÔÓÀÄÁ ÓÌÅÄÕÅÔ, ÞÔÏ ÅÓÌÉ Jn+m− 32 (�) = 0, ÔÏ � {ÁÌÇÅÂÒÁÉÞÅÓËÏÅ ÞÉÓÌÏ.ïÄÎÁËÏ ÉÚ [5, 8.462℄ ×ÉÄÎÏ, ÞÔÏJn− 32 (�) = 1√2�� ( exp(i�) Qn−2(i�)�n−2 + exp(−i�) Qn−2(−i�)�n−2 );



64 á. í. íéîáòóëéê, á. é. îáúáòï÷ÇÄÅ Qk { ÎÅËÏÔÏÒÙÊ �ÏÌÉÎÏÍ ÓÔÅ�ÅÎÉ k Ó ÒÁ�ÉÏÎÁÌØÎÙÍÉ ËÏÜÆÆÉ�É-ÅÎÔÁÍÉ. ÷ ÕÓÌÏ×ÉÑÈ ÔÅÏÒÅÍÙ ÜÔÏ ÄÁÅÔexp(2i�) = − Qn−2(−i�)
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