
úÁ�ÉÓËÉ ÎÁÕÞÎÙÈÓÅÍÉÎÁÒÏ× ðïíé�ÏÍ 453, 2016 Ç.á. á. íÁËÁÒÏ×ï ä÷ïêó�÷åîîùè æõîëãéïîáìáè ëíéîéíáìøîùí óðìáêîáí
§1. ÷×ÅÄÅÎÉÅéÚÕÞÅÎÉÀ ÒÁÚÌÉÞÎÙÈ ÓÈÅÍ ÌÏËÁÌØÎÏÊ Á��ÒÏËÓÉÍÁ�ÉÉ �ÏÓ×ÑÝÅÎÁ ÏÂ-ÛÉÒÎÁÑ ÌÉÔÅÒÁÔÕÒÁ (ÓÍ., ÎÁ�ÒÉÍÅÒ, [1{9℄). éÚ×ÅÓÔÎÏ, ÞÔÏ ÏÔÌÉÞÉÔÅÌØ-ÎÏÊ ÏÓÏÂÅÎÎÏÓÔØÀ ÌÏËÁÌØÎÙÈ ÓÈÅÍ Ñ×ÌÑÅÔÓÑ ÔÏ, ÞÔÏ ËÏÜÆÆÉ�ÉÅÎÔÙ �ÒÉÂÁÚÉÓÎÙÈ ÆÕÎË�ÉÑÈ ÚÁÄÁÀÔÓÑ × Ñ×ÎÏÍ ×ÉÄÅ. ïÎÉ ÍÏÇÕÔ Ï�ÒÅÄÅÌÑÔØÓÑÉ ÉÚ ÕÓÌÏ×ÉÊ ÉÎÔÅÒ�ÏÌÑ�ÉÉ, ÏÄÎÁËÏ × ÜÔÏÍ ÓÌÕÞÁÅ ÔÒÅÂÕÅÔÓÑ ÒÅÛÁÔØÓÉÓÔÅÍÕ ÌÉÎÅÊÎÙÈ ÁÌÇÅÂÒÁÉÞÅÓËÉÈ ÕÒÁ×ÎÅÎÉÊ, �ÏÒÑÄÏË ËÏÔÏÒÏÊ ÒÁ×ÅÎÞÉÓÌÕ ÕÚÌÏ× ÉÎÔÅÒ�ÏÌÑ�ÉÉ. äÒÕÇÏÊ Ó�ÏÓÏÂ ÚÁËÌÀÞÁÅÔÓÑ × Ï�ÒÅÄÅÌÅ-ÎÉÉ Õ�ÏÍÑÎÕÔÙÈ ËÏÜÆÆÉ�ÉÅÎÔÏ× ÞÅÒÅÚ Á��ÒÏËÓÉÍÁ�ÉÏÎÎÙÅ ÆÕÎË�ÉÏ-ÎÁÌÙ, ËÏÔÏÒÙÅ �ÒÅÄÓÔÁ×ÌÑÀÔ ÓÏÂÏÊ, ÎÁ�ÒÉÍÅÒ, ÌÉÎÅÊÎÙÅ ËÏÍÂÉÎÁ�ÉÉÚÎÁÞÅÎÉÊ É �ÒÏÉÚ×ÏÄÎÙÈ �ÒÉÂÌÉÖÁÅÍÏÊ ÆÕÎË�ÉÉ. ðÒÉ ÜÔÏÍ ÎÅ ÎÕÖ-ÎÏ ÒÅÛÁÔØ ÎÉËÁËÉÈ ÓÉÓÔÅÍ ÕÒÁ×ÎÅÎÉÊ. óÈÅÍÙ, × ËÏÔÏÒÙÈ ÄÏÓÔÉÇÁÅÔÓÑÍÁËÓÉÍÁÌØÎÙÊ �ÏÒÑÄÏË ÔÏÞÎÏÓÔÉ, ËÁË É �ÒÉ ÉÎÔÅÒ�ÏÌÑ�ÉÉ, ÎÁÚÙ×ÁÀÔË×ÁÚÉÉÎÔÅÒ�ÏÌÑ�ÉÅÊ.ãÅÌØÀ ÄÁÎÎÏÊ ÒÁÂÏÔÙ Ñ×ÌÑÅÔÓÑ ÒÁÓÓÍÏÔÒÅÎÉÅ ÍÉÎÉÍÁÌØÎÙÈ Ó�ÌÁÊ-ÎÏ× ÌÁÇÒÁÎÖÅ×Á ÔÉ�Á ÎÅ×ÙÓÏËÉÈ �ÏÒÑÄËÏ× É �ÏÓÔÒÏÅÎÉÅ ÓÉÓÔÅÍÙ ÆÕÎË-�ÉÏÎÁÌÏ×, ÏÂÌÁÄÁÀÝÅÊ Ó×ÏÊÓÔ×ÏÍ ÂÉÏÒÔÏÇÏÎÁÌØÎÏÓÔÉ Ë ÓÉÓÔÅÍÅ ÍÉÎÉ-ÍÁÌØÎÙÈ ËÏÏÒÄÉÎÁÔÎÙÈ Ó�ÌÁÊÎÏ×. ðÏÌÕÞÅÎÎÙÅ ÒÅÚÕÌØÔÁÔÙ �ÒÉÍÅÎÑ-ÀÔÓÑ Ë ÒÅÛÅÎÉÀ ÎÅËÏÔÏÒÙÈ ÉÎÔÅÒ�ÏÌÑ�ÉÏÎÎÙÈ ÚÁÄÁÞ. äÌÑ ÉÌÌÀÓÔÒÁ-�ÉÉ ÒÅÚÕÌØÔÁÔÏ× ÄÌÑ �ÏÌÉÎÏÍÉÁÌØÎÏÊ �ÏÒÏÖÄÁÀÝÅÊ ×ÅËÔÏÒ-ÆÕÎË�ÉÉÉÚ Á��ÒÏËÓÉÍÁ�ÉÏÎÎÙÈ ÓÏÏÔÎÏÛÅÎÉÊ ÓÔÒÏÑÔÓÑ B-Ó�ÌÁÊÎÙ. ÷ ËÁÞÅÓÔ×Å�ÒÉÌÏÖÅÎÉÑ ÔÁËÏÇÏ �ÏÄÈÏÄÁ ÍÇÎÏ×ÅÎÎÏ �ÏÌÕÞÁÀÔÓÑ ÓÌÅÄÕÀÝÉÅ ÒÅÚÕÌØ-ÔÁÔÙ: Ó×ÏÊÓÔ×Ï ÒÁÚÂÉÅÎÉÑ ÅÄÉÎÉ�Ù, ÔÏÖÄÅÓÔ×Ï íÁÒÓÄÅÎÁ [10℄, �ÒÅÄ-ÓÔÁ×ÌÅÎÉÅ ÍÏÎÏÍÏ× É Ó×ÑÚØ B-Ó�ÌÁÊÎÏ× Ó ÜÌÅÍÅÎÔÁÒÎÙÍÉ ÓÉÍÍÅÔÒÉÞÅ-ÓËÉÍÉ ÍÎÏÇÏÞÌÅÎÁÍÉ. õÓÔÁÎÏ×ÌÅÎÏ, ÞÔÏ ÎÁÊÄÅÎÎÙÅ ÒÅÁÌÉÚÁ�ÉÉ Ä×ÏÊ-ÓÔ×ÅÎÎÙÈ ÆÕÎË�ÉÏÎÁÌÏ× Ë B-Ó�ÌÁÊÎÁÍ ÓÏ×�ÁÄÁÀÔ Ó ÆÕÎË�ÉÏÎÁÌÏÍ ÄÅëÌÀÞÅ×ÙÅ ÓÌÏ×Á: ÍÉÎÉÍÁÌØÎÙÅ Ó�ÌÁÊÎÙ, B-Ó�ÌÁÊÎ, ÂÉÏÒÔÏÇÏÎÁÌØÎÁÑ ÓÉÓÔÅÍÁ,Ä×ÏÊÓÔ×ÅÎÎÙÊ ÆÕÎË�ÉÏÎÁÌ, ÆÕÎË�ÉÏÎÁÌ ÄÅ âÏÒÁ{æÉËÓÁ.òÁÂÏÔÁ ×Ù�ÏÌÎÅÎÁ �ÒÉ ÆÉÎÁÎÓÏ×ÏÊ �ÏÄÄÅÒÖËÅ òææé (× ÒÁÍËÁÈ ÎÁÕÞÎÏÇÏ �ÒÏ-ÅËÔÁ 16-31-60060 ÍÏÌ Á ÄË) É ðÒÅÚÉÄÅÎÔÁ òæ (ÇÒÁÎÔ No. íä-6766.2015.9).198



ï ä÷ïêó�÷åîîùè æõîëãéïîáìáè 199âÏÒÁ{æÉËÓÁ [2℄, Á �ÏÓÔÁ×ÌÅÎÎÙÅ ÉÎÔÅÒ�ÏÌÑ�ÉÏÎÎÙÅ ÚÁÄÁÞÉ, ÒÁÓÓÍÁ-ÔÒÉ×ÁÅÍÙÅ ÎÁ �ÅÌÏÞÉÓÌÅÎÎÏÊ ÓÅÔËÅ, ÉÍÅÀÔ �ÒÑÍÏÅ ÒÅÛÅÎÉÅ × ÓÏÏÔ×ÅÔ-ÓÔ×ÕÀÝÉÈ ËÌÁÓÓÁÈ ÜÌÅÍÅÎÔÁÒÎÙÈ ÍÉÎÉÍÁÌØÎÙÈ Ó�ÌÁÊÎÏ× [11℄.
§2. ðÒÅÄ×ÁÒÉÔÅÌØÎÙÅ ÏÂÏÚÎÁÞÅÎÉÑðÕÓÔØ Z { ÍÎÏÖÅÓÔ×Ï �ÅÌÙÈ ÞÉÓÅÌ, Z+ def= {j | j > 0; j ∈ Z}, R1{ ÍÎÏÖÅÓÔ×Ï ×ÅÝÅÓÔ×ÅÎÎÙÈ ÞÉÓÅÌ. ðÕÓÔØ m ∈ Z+. ÷ÅËÔÏÒÎÏÅ (ÌÉÎÅÊ-ÎÏÅ) �ÒÏÓÔÒÁÎÓÔ×Ï (m + 1)-ÍÅÒÎÙÈ ×ÅËÔÏÒ-ÓÔÏÌÂ�Ï× ÏÂÏÚÎÁÞÉÍ ÞÅÒÅÚ

Rm+1, �ÒÉÞÅÍ ×ÅËÔÏÒÙ × ÎÅÍ ÂÕÄÅÍ ÏÔÏÖÄÅÓÔ×ÌÑÔØ Ó ÏÄÎÏÓÔÏÌÂ�Ï×ÙÍÉÍÁÔÒÉ�ÁÍÉ É �ÒÉÍÅÎÑÔØ Ë ÎÉÍ ÏÂÙÞÎÙÅ ÍÁÔÒÉÞÎÙÅ Ï�ÅÒÁ�ÉÉ; × ÞÁÓÔ-ÎÏÓÔÉ, ÄÌÑ Ä×ÕÈ ×ÅËÔÏÒÏ× a;b ∈ Rm+1 ×ÙÒÁÖÅÎÉÅ aTb �ÒÅÄÓÔÁ×ÌÑÅÔÓÏÂÏÊ Å×ËÌÉÄÏ×Ï ÓËÁÌÑÒÎÏÅ �ÒÏÉÚ×ÅÄÅÎÉÅ ÜÔÉÈ ×ÅËÔÏÒÏ×. ëÏÍ�ÏÎÅÎÔÙ×ÅËÔÏÒÏ× ÏÂÏÚÎÁÞÁÀÔÓÑ Ë×ÁÄÒÁÔÎÙÍÉ ÓËÏÂËÁÍÉ É ÎÕÍÅÒÕÀÔÓÑ �ÉÆÒÁ-ÍÉ 0; 1; : : : ;m; ÎÁ�ÒÉÍÅÒ, a = ([a℄0; [a℄1; : : : ; [a℄m)T . ë×ÁÄÒÁÔÎÁÑ ÍÁÔÒÉ-�Á, ÓÔÏÌÂ�ÁÍÉ ËÏÔÏÒÏÊ Ñ×ÌÑÀÔÓÑ ×ÅËÔÏÒÙ a0, a1; : : : ; am ∈ Rm+1 (× ÕËÁ-ÚÁÎÎÏÍ ÔÏÌØËÏ ÞÔÏ �ÏÒÑÄËÅ), ÏÂÏÚÎÁÞÁÅÔÓÑ ÓÉÍ×ÏÌÏÍ (a0; a1; : : : ; am),Á ×ÙÒÁÖÅÎÉÅ det(a0; a1; : : : ; am) ÏÂÏÚÎÁÞÁÅÔ ÅÅ Ï�ÒÅÄÅÌÉÔÅÌØ. õ�ÏÒÑÄÏ-ÞÅÎÎÏÅ ÍÎÏÖÅÓÔ×Ï A def= {aj}j∈Z ×ÅËÔÏÒÏ× aj ∈ Rm+1 ÂÕÄÅÍ ÎÁÚÙ×ÁÔØ�Å�ÏÞËÏÊ ×ÅËÔÏÒÏ×. ãÅ�ÏÞËÁ A ÎÁÚÙ×ÁÅÔÓÑ �ÏÌÎÏÊ �Å�ÏÞËÏÊ ×ÅËÔÏ-ÒÏ×, ÅÓÌÉ det(aj−m; aj−m+1; : : : ; aj) 6= 0 ∀j ∈ Z. óÏ×ÏËÕ�ÎÏÓÔØ ×ÓÅÈ�ÏÌÎÙÈ �Å�ÏÞÅË ÂÕÄÅÍ ÏÂÏÚÎÁÞÁÔØ ÞÅÒÅÚ A. íÎÏÖÅÓÔ×Ï ×ÓÅÈ ÆÕÎË�ÉÊÎÅ�ÒÅÒÙ×ÎÙÈ ÎÁ ÉÎÔÅÒ×ÁÌÅ (�; �) ÏÂÏÚÎÁÞÉÍ ÞÅÒÅÚ C(�; �); ÄÌÑ ÌÀÂÏÇÏÞÉÓÌÁ S ∈ Z+ ××ÅÄÅÍ ÏÂÏÚÎÁÞÅÎÉÅCS(�; �) def= {u | u(i) ∈ C(�; �) ∀ i = 0; 1; 2; : : : ; S};�ÏÌÁÇÁÑC0(�; �)=C(�; �). åÓÌÉ ËÏÍ�ÏÎÅÎÔÙ ×ÅËÔÏÒ-ÆÕÎË�ÉÉ u∈Rm+1ÎÅ�ÒÅÒÙ×ÎÏ ÄÉÆÆÅÒÅÎ�ÉÒÕÅÍÙ S ÒÁÚ ÎÁ ÉÎÔÅÒ×ÁÌÅ (�; �), ÔÏ ÂÕÄÅÍ�ÉÓÁÔØ u ∈ CS(�; �). áÎÁÌÏÇÉÞÎÙÅ ÏÂÏÚÎÁÞÅÎÉÑ CS [a; b℄ É CS [a; b℄ ÂÕ-ÄÅÍ ÉÓ�ÏÌØÚÏ×ÁÔØ ÄÌÑ ÓÏÏÔ×ÅÔÓÔ×ÕÀÝÉÈ �ÒÏÓÔÒÁÎÓÔ× ÎÁ ÏÔÒÅÚËÅ [a; b℄.ðÒÏÓÔÒÁÎÓÔ×Ï ËÕÓÏÞÎÏ-ÎÅ�ÒÅÒÙ×ÎÙÈ ÆÕÎË�ÉÊ Ó ËÏÎÅÞÎÙÍ ÞÉÓÌÏÍ ÒÁÚ-ÒÙ×Ï× �ÅÒ×ÏÇÏ ÒÏÄÁ ÎÁ ËÁÖÄÏÍ ÏÔÒÅÚËÅ [a; b℄ ⊂ (�; �) ÏÂÏÚÎÁÞÉÍ ÞÅÒÅÚC −1(�; �); �ÒÉ ÜÔÏÍ ÂÕÄÅÍ ÓÞÉÔÁÔØ, ÞÔÏ ËÁÖÄÁÑ ÆÕÎË�ÉÑ ÜÔÏÇÏ �ÒÏ-ÓÔÒÁÎÓÔ×Á ÎÅ�ÒÅÒÙ×ÎÁ ÓÌÅ×Á.
§3. ðÒÏÓÔÒÁÎÓÔ×Ï ÍÉÎÉÍÁÌØÎÙÈ Ó�ÌÁÊÎÏ×îÁ ÉÎÔÅÒ×ÁÌÅ (�; �) ⊂ R1 ÒÁÓÓÍÏÔÒÉÍ ÓÅÔËÕ X def= {xj}j∈Z,X : · · · < x−1 < x0 < x1 < · · · ; (1)



200 á. á. íáëáòï÷ÇÄÅ � def= limj→−∞
xj ; � def= limj→+∞

xj (ÓÌÕÞÁÉ � = −∞; � = +∞ ÎÅ ÉÓËÌÀÞÁ-ÀÔÓÑ).÷×ÅÄÅÍ ÏÂÏÚÎÁÞÅÎÉÑM def= ∪j∈Z(xj ; xj+1); Sj def= [xj ; xj+m+1℄;Jk def= {k −m; k −m+ 1; : : : ; k};ÇÄÅ k; j ∈ Z.ðÒÉ K0 > 1; K0 ∈ R
1 ÏÂÏÚÎÁÞÉÍ ÞÅÒÅÚ X (K0; �; �) ËÌÁÓÓ ÓÅÔÏË ×É-ÄÁ (1) ÓÏ Ó×ÏÊÓÔ×ÏÍ ÌÏËÁÌØÎÏÊ Ë×ÁÚÉÒÁ×ÎÏÍÅÒÎÏÓÔÉ (�ÏÄÒÏÂÎÅÅ Ï ÔÁ-ËÉÈ ÓÅÔËÁÈ ÓÍ. [7℄) K−10 6

xj+1 − xjxj − xj−1 6 K0 ∀j ∈ ZÉ �ÏÌÏÖÉÍ hX def= supj∈Z

(xj+1 − xj).ðÕÓÔØ X(M) { ÌÉÎÅÊÎÏÅ �ÒÏÓÔÒÁÎÓÔ×Ï ×ÅÝÅÓÔ×ÅÎÎÏÚÎÁÞÎÙÈ ÆÕÎË-�ÉÊ, ÚÁÄÁÎÎÙÈ ÎÁ ÍÎÏÖÅÓÔ×Å M . òÁÓÓÍÏÔÒÉÍ ×ÅËÔÏÒ-ÆÕÎË�ÉÀ ' :(�; �) 7→ Rm+1 Ó ËÏÍ�ÏÎÅÎÔÁÍÉ ÉÚ X(M).åÓÌÉ �Å�ÏÞËÁ ×ÅËÔÏÒÏ× A def= {aj}j∈Z, aj ∈ Rm+1, �ÏÌÎÁÑ, ÔÏ ÉÚÕÓÌÏ×ÉÊ
∑j′∈Jk aj′ !j′(t) ≡ '(t) ∀ t ∈ (xk ; xk+1); ∀ k ∈ Z;!j(t) ≡ 0 ∀ t =∈ Sj ∩M (2)ÏÄÎÏÚÎÁÞÎÏ Ï�ÒÅÄÅÌÑÀÔÓÑ ÆÕÎË�ÉÉ !j(t); t ∈ M , j ∈ Z. ñÓÎÏ, ÞÔÏsupp!j(t) ⊂ Sj .ðÏ ÆÏÒÍÕÌÁÍ ëÒÁÍÅÒÁ ÉÚ ÓÉÓÔÅÍÙ ÌÉÎÅÊÎÙÈ ÁÌÇÅÂÒÁÉÞÅÓËÉÈ ÕÒÁ×-ÎÅÎÉÊ (2) ÎÁÈÏÄÉÍ!j(t) = det({aj′}j′∈Jk;j′ 6=j ‖ ′j '(t))det(ak−m; ak−m+1; : : : ; ak) ∀ t ∈ (xk ; xk+1); ∀ j ∈ Jk;ÇÄÅ ÓÉÍ×ÏÌØÎÁÑ ÚÁ�ÉÓØ ‖ ′j ÏÚÎÁÞÁÅÔ, ÞÔÏ Ï�ÒÅÄÅÌÉÔÅÌØ × ÞÉÓÌÉÔÅ-ÌÅ �ÏÌÕÞÁÅÔÓÑ ÉÚ Ï�ÒÅÄÅÌÉÔÅÌÑ × ÚÎÁÍÅÎÁÔÅÌÅ ÚÁÍÅÎÏÊ ÓÔÏÌÂ�Á aj ÎÁÓÔÏÌÂÅ� '(t) (Ó ÓÏÈÒÁÎÅÎÉÅÍ �ÒÅÖÎÅÇÏ �ÏÒÑÄËÁ ÓÌÅÄÏ×ÁÎÉÑ ÓÔÏÌÂ�Ï×).



ï ä÷ïêó�÷åîîùè æõîëãéïîáìáè 201ìÉÎÅÊÎÁÑ ÏÂÏÌÏÞËÁ ÆÕÎË�ÉÊ {!j}j∈Z ÎÁÚÙ×ÁÅÔÓÑ �ÒÏÓÔÒÁÎÓÔ×ÏÍÍÉÎÉÍÁÌØÎÙÈ ËÏÏÒÄÉÎÁÔÎÙÈ (A;')-Ó�ÌÁÊÎÏ× ÎÁ ÓÅÔËÅ X É ÏÂÏÚÎÁÞÁ-ÅÔÓÑ ÞÅÒÅÚ
S(X;A;') def= {u | u = ∑j∈Z

j !j ∀ j ∈ R
1}:õÓÌÏ×ÉÑ (2) ÎÁÚÙ×ÁÀÔÓÑ Á��ÒÏËÓÉÍÁ�ÉÏÎÎÙÍÉ ÓÏÏÔÎÏÛÅÎÉÑÍÉ, ×ÅË-ÔÏÒ-ÆÕÎË�ÉÑ ' ÎÁÚÙ×ÁÅÔÓÑ �ÏÒÏÖÄÁÀÝÅÊ ÄÌÑ (A;')-Ó�ÌÁÊÎÏ×. �ÅÒ-ÍÉÎ ËÏÏÒÄÉÎÁÔÎÙÅ Ó�ÌÁÊÎÙ ÉÓ�ÏÌØÚÕÅÍ ÄÌÑ ÆÕÎË�ÉÊ, Ñ×ÌÑÀÝÉÈÓÑ ÂÁ-ÚÉÓÏÍ Ó�ÌÁÊÎÏ×ÏÇÏ �ÒÏÓÔÒÁÎÓÔ×Á (ÄÌÑ ÔÏÇÏ, ÞÔÏÂÙ ÎÅ �ÒÉÍÅÎÑÔØ ÔÅÒ-ÍÉÎ \ÂÁÚÉÓÎÙÅ Ó�ÌÁÊÎÙ", ËÏÔÏÒÙÊ Õ ÒÁÚÎÙÈ Á×ÔÏÒÏ× ÉÍÅÅÔ ÒÁÚÌÉÞÎÙÊÓÍÙÓÌ). æÕÎË�ÉÉ !j , Ñ×ÌÑÀÝÉÅÓÑ ÒÅÛÅÎÉÅÍ Á��ÒÏËÓÉÍÁ�ÉÏÎÎÙÈ ÓÏ-ÏÔÎÏÛÅÎÉÊ (2), ÎÁÚÙ×ÁÅÍ ÍÉÎÉÍÁÌØÎÙÍÉ ËÏÏÒÄÉÎÁÔÎÙÍÉ Ó�ÌÁÊÎÁÍÉÌÁÇÒÁÎÖÅ×Á ÔÉ�Á.÷ ÄÁÌØÎÅÊÛÅÍ ÄÌÑ ×ÅËÔÏÒ-ÆÕÎË�ÉÉ ' ∈ CS(�; �) �ÏÌÏÖÉÍ'k def= '(xk); '(i)k def= '(i)(xk); i = 0; 1; : : : ; S; k ∈ Z:òÁÓÓÍÏÔÒÉÍ ×ÅËÔÏÒ-ÆÕÎË�ÉÀ �(z0; z1; : : : ; zm−1) ∈ Rm+1, Ï�ÒÅÄÅ-ÌÑÅÍÕÀ ÔÏÖÄÅÓÔ×ÏÍ�T (z0; z1; : : : ; zm−1) z ≡ det(z0; z1; : : : ; zm−1; z) (3)ÄÌÑ ×ÓÅÈ z; z0; z1; : : : ; zm−1∈Rm+1. ÷ÅËÔÏÒ-ÆÕÎË�ÉÀ �(z0; z1; : : : ; zm−1)ÎÁÚÙ×ÁÀÔ m-ÍÅÓÔÎÙÍ ×ÅËÔÏÒÎÙÍ �ÒÏÉÚ×ÅÄÅÎÉÅÍ × �ÒÏÓÔÒÁÎÓÔ×Å

Rm+1 É ÏÂÏÚÎÁÞÁÀÔ ÞÅÒÅÚ z0 × z1 × · · · × zm−1 (�ÏÄÒÏÂÎÅÅ ÓÍ. [12℄).ðÒÉ ' ∈ Cm−1(�; �) ÒÁÓÓÍÏÔÒÉÍ ×ÅËÔÏÒÙ, Ï�ÒÅÄÅÌÑÅÍÙÅ ÆÏÒÍÕÌÏÊdj def= 'j ×' ′j × · · · ×'(m−1)j : (4)ðÕÓÔØ ' ∈ Cm(�; �). ÷×ÅÄÅÍ ÓÌÅÄÕÀÝÅÅ ÏÂÏÚÎÁÞÅÎÉÅ ÄÌÑ ×ÒÏÎÓËÉÁ-ÎÁ: W (t) def= det('(t);' ′(t); : : : ;'(m−1)(t);'(m)(t)):ï�ÒÅÄÅÌÉÍ �Å�ÏÞËÕ ×ÅËÔÏÒÏ× A∗ def= {a∗j} ÆÏÒÍÕÌÏÊa∗j def= −dj+1 × dj+2 × · · · × dj+m: (5)ìÅÍÍÁ 1 ([13℄). ðÕÓÔØ ' ∈ Cm(�; �). åÓÌÉ ×Ù�ÏÌÎÅÎÏ ÕÓÌÏ×ÉÅ
|W (t)| >  = onst > 0 ∀ t ∈ (�; �) (6)



202 á. á. íáëáòï÷É ÓÅÔËÁ X �ÒÉÎÁÄÌÅÖÉÔ X (K0; �; �) ÄÌÑ ÎÅËÏÔÏÒÏÇÏ K0 > 1, ÔÏ �ÒÉÄÏÓÔÁÔÏÞÎÏ ÍÁÌÏÍ hX �ÒÏÓÔÒÁÎÓÔ×Ï S(X;A∗;') ÌÅÖÉÔ × �ÒÏÓÔÒÁÎ-ÓÔ×Å C m−1(�; �).ðÒÏÓÔÒÁÎÓÔ×Ï S(X;A∗;') ÎÁÚÙ×ÁÅÔÓÑ �ÒÏÓÔÒÁÎÓÔ×ÏÍ ÍÉÎÉÍÁÌØ-ÎÙÈ B'-Ó�ÌÁÊÎÏ× (m+1)-�ÏÒÑÄËÁ ÎÁ ÓÅÔËÅ X . óÁÍÉ Ó�ÌÁÊÎÙ ÂÕÄÅÍ ÎÁ-ÚÙ×ÁÔØ ÍÉÎÉÍÁÌØÎÙÍÉ Ó�ÌÁÊÎÁÍÉ ÍÁËÓÉÍÁÌØÎÏÊ ÇÌÁÄËÏÓÔÉ. òÁÚÎÏÓÔØÍÅÖÄÕ �ÏÒÑÄËÏÍ Ó�ÌÁÊÎÁ É �ÏÒÑÄËÏÍ ÅÇÏ ÎÁÉ×ÙÓÛÅÊ ÎÅ�ÒÅÒÙ×ÎÏÊ�ÒÏÉÚ×ÏÄÎÏÊ ÎÁÚÙ×ÁÅÔÓÑ ÄÅÆÅËÔÏÍ Ó�ÌÁÊÎÁ. �ÁËÉÍ ÏÂÒÁÚÏÍ, Ó�ÌÁÊÎÙÍÁËÓÉÍÁÌØÎÏÊ ÇÌÁÄËÏÓÔÉ Ñ×ÌÑÀÔÓÑ Ó�ÌÁÊÎÁÍÉ Ó ÍÉÎÉÍÁÌØÎÙÍ ÄÅÆÅË-ÔÏÍ (ÒÁ×ÎÙÍ 1).�ÅÏÒÅÍÁ 1. ðÕÓÔØ ['(t)℄0 ≡ 1 ∀ t ∈ (�; �). åÓÌÉ �Å�ÏÞËÕ ×ÅËÔÏÒÏ×AN def= {aNj } Ï�ÒÅÄÅÌÉÔØ ÆÏÒÍÕÌÏÊaNj def= dj+1 × · · · × dj+m[dj+1 × · · · × dj+m℄0 ; (7)ÔÏ Ó�ÒÁ×ÅÄÌÉ×Ï ÓÌÅÄÕÀÝÅÅ ÔÏÖÄÅÓÔ×Ï (Ó×ÏÊÓÔ×Ï ÒÁÚÂÉÅÎÉÑ ÅÄÉÎÉ-�Ù):
∑j∈Z

!j(t) ≡ 1 ∀ t ∈ (�; �):äÏËÁÚÁÔÅÌØÓÔ×Ï. õ�ÏÍÑÎÕÔÏÅ ÔÏÖÄÅÓÔ×Ï �ÏÌÕÞÁÅÔÓÑ ÒÁÓÓÍÏÔÒÅÎÉ-ÅÍ Á��ÒÏËÓÉÍÁ�ÉÏÎÎÙÈ ÓÏÏÔÎÏÛÅÎÉÊ (2) Ó ×ÅËÔÏÒÁÍÉ aNj × �ÏËÏÍ�Ï-ÎÅÎÔÎÏÍ ×ÉÄÅ. òÁÓÓÍÁÔÒÉ×ÁÑ ÎÕÌÅ×ÕÀ ËÏÍ�ÏÎÅÎÔÕ, ÉÚ ÒÁ×ÅÎÓÔ× [aNj ℄0=1É ['(t)℄0 = 1 ×ÉÄÎÏ, ÞÔÏ Ó�ÌÁÊÎÙ !j ÏÂÒÁÚÕÀÔ ÒÁÚÂÉÅÎÉÅ ÅÄÉÎÉ�Ù. �ðÒÏÓÔÒÁÎÓÔ×Ï S(X;AN ;') ÎÁÚÙ×ÁÅÔÓÑ �ÒÏÓÔÒÁÎÓÔ×ÏÍ ÎÏÒÍÁÌÉÚÏ-×ÁÎÎÙÈ B'-Ó�ÌÁÊÎÏ× (m+1)-�ÏÒÑÄËÁ ÎÁ ÓÅÔËÅ X . ÷ ÓÌÕÞÁÅ �ÏÌÉÎÏÍÉ-ÁÌØÎÙÈ ËÏÍ�ÏÎÅÎÔ �ÏÒÏÖÄÁÀÝÅÊ ×ÅËÔÏÒ-ÆÕÎË�ÉÉ ' ÍÏÖÎÏ ÇÏ×ÏÒÉÔØÏ ÓÔÅ�ÅÎÉ Ó�ÌÁÊÎÁ, ÔÏÇÄÁ (�ÏÌÉÎÏÍÉÁÌØÎÙÅ) Ó�ÌÁÊÎÙ ÍÁËÓÉÍÁÌØÎÏÊÇÌÁÄËÏÓÔÉ Ñ×ÌÑÀÔÓÑ Ó�ÌÁÊÎÁÍÉ ÓÔÅ�ÅÎÉ m (�ÏÄÒÏÂÎÅÅ ÓÍ. ÓÌÅÄÕÀÝÉÊ�ÁÒÁÇÒÁÆ).
§4. ï ×ÙÂÏÒÅ �ÏÒÏÖÄÁÀÝÅÊ ÆÕÎË�ÉÉ ÄÌÑ B-Ó�ÌÁÊÎÏ×á��ÒÏËÓÉÍÁ�ÉÏÎÎÙÅ ÓÏÏÔÎÏÛÅÎÉÑ (2) ÍÏÖÎÏ ÓÔÒÏÉÔØ É ÄÌÑ m = 0(�ÏÄÒÏÂÎÅÅ ÓÍ. [14℄). òÁÓÓÍÏÔÒÉÍ ÉÚÍÅÒÉÍÕÀ ÆÕÎË�ÉÀ ' : (�; �) 7→

R1 ÏÔÌÉÞÎÕÀ ÏÔ ÎÕÌÑ �ÏÞÔÉ ×ÓÀÄÕ ÎÁ ÉÎÔÅÒ×ÁÌÅ (�; �). åÓÌÉ ' ∈



ï ä÷ïêó�÷åîîùè æõîëãéïîáìáè 203C −1(�; �), ÔÏ !j ∈ C −1(�; �) É Ó�ÒÁ×ÅÄÌÉ×Ù ÆÏÒÍÕÌÙ!j(t) = { '(t); t ∈ [xj ; xj+1);0; ÉÎÁÞÅ: (8)ðÒÉ '(t) ≡ 1 ∀ t ∈ (�; �) ÉÚ ÆÏÒÍÕÌÙ (8) �ÏÌÕÞÁÅÍ �ÒÅÄÓÔÁ×ÌÅÎÉÅB-Ó�ÌÁÊÎÁ ÎÕÌÅ×ÏÊ ÓÔÅ�ÅÎÉ (�ÅÒ×ÏÇÏ �ÏÒÑÄËÁ)!B;0j (t) = �[xj;xj+1)(t); (9)ÇÄÅ �[xj;xj+1)(t) { ÈÁÒÁËÔÅÒÉÓÔÉÞÅÓËÁÑ ÆÕÎË�ÉÑ �ÒÏÍÅÖÕÔËÁ [xj ; xj+1).ðÕÓÔØ m = 1. òÁÓÓÍÏÔÒÉÍ ×ÅËÔÏÒ-ÆÕÎË�ÉÀ ' : (�; �) 7→ R2 Ó ËÏÍ-�ÏÎÅÎÔÁÍÉ ÉÚ X(M). æÏÒÍÕÌÙ (3), (4), (5) ÄÌÑ ÎÁÈÏÖÄÅÎÉÑ ×ÅËÔÏÒÏ×a∗j É dj ÎÅÍÎÏÇÏ ×ÉÄÏÉÚÍÅÎÑÀÔÓÑ ÉÚ-ÚÁ ÔÏÇÏ, ÞÔÏ × m-ÍÅÓÔÎÏÍ ×ÅËÔÏÒ-ÎÏÍ �ÒÏÉÚ×ÅÄÅÎÉÉ m = 1. òÁÓÓÍÏÔÒÉÍ ×ÅËÔÏÒÙ dj ∈ R2, ÚÁÄÁ×ÁÅÍÙÅÔÏÖÄÅÓÔ×ÏÍ dTj x ≡ det('j ; x); x ∈ R2; j ∈ Z, É Ï�ÒÅÄÅÌÉÍ ×ÅËÔÏÒÙa∗j ∈ R2 ÆÏÒÍÕÌÏÊ a∗j def= 'j+1. ðÒÅÄÓÔÁ×ÉÍ ×ÅËÔÏÒÙ dj É a∗j × �ÏËÏÍ-�ÏÎÅÎÔÎÏÍ ×ÉÄÅ:dj = (−['j ℄1; ['j ℄0)T ; a∗j = (['j+1℄0; ['j+1℄1)T :åÓÌÉ ' ∈ C1(�; �), ÔÏ !j ∈ C(�; �) É Ó�ÒÁ×ÅÄÌÉ×Ù ÆÏÒÍÕÌÙ!j(t) = 




dTj '(t)dTj a∗j ; t ∈ [xj ; xj+1);dTj+2'(t)dTj+2a∗j ; t ∈ [xj+1; xj+2); (10)Á �ÒÉ ['(t)℄0 ≡ 1 ÆÏÒÍÕÌÙ (10) �ÒÉÎÉÍÁÀÔ ÓÌÅÄÕÀÝÉÊ ×ÉÄ:!j(t) = 




['(t)℄1 − ['j ℄1['j+1℄1 − ['j ℄1 ; t ∈ [xj ; xj+1);['j+2℄1 − ['(t)℄1['j+2℄1 − ['j+1℄1 ; t ∈ [xj+1; xj+2):äÌÑ '(t) = (1; t)T ×ÒÏÎÓËÉÁÎ W (t) ÒÁ×ÅÎ 1. üÔÏ ÏÚÎÁÞÁÅÔ, ÞÔÏ ÄÌÑÄÏÓÔÁÔÏÞÎÏ ÍÅÌËÏÊ ÓÅÔËÉ ÉÚ ÆÉËÓÉÒÏ×ÁÎÎÏÇÏ ËÌÁÓÓÁ ÌÏËÁÌØÎÏ Ë×ÁÚÉ-ÒÁ×ÎÏÍÅÒÎÙÈ ÓÅÔÏË B'-Ó�ÌÁÊÎÙ ÓÕÝÅÓÔ×ÕÀÔ. îÁÊÄÅÍdj = (−xj ; 1)T ; aNj = 'j+1 = (1; xj+1)T : (11)



204 á. á. íáëáòï÷�ÏÇÄÁ ÆÕÎË�ÉÉ !j ÓÏ×�ÁÄÁÀÔ Ó ÉÚ×ÅÓÔÎÙÍÉ �ÏÌÉÎÏÍÉÁÌØÎÙÍÉB-Ó�ÌÁÊÎÁÍÉ �ÅÒ×ÏÊ ÓÔÅ�ÅÎÉ, Ô.Å. Ó ÏÄÎÏÍÅÒÎÙÍÉ ÆÕÎË�ÉÑÍÉ ëÕÒÁÎ-ÔÁ: !B;1j (t) = 



t− xjxj+1 − xj ; t ∈ [xj ; xj+1);xj+2 − txj+2 − xj+1 ; t ∈ [xj+1; xj+2):ðÕÓÔØ m = 2. òÁÓÓÍÏÔÒÉÍ ×ÅËÔÏÒ-ÆÕÎË�ÉÀ ' : (�; �) 7→ R3 Ó ËÏÍ�Ï-ÎÅÎÔÁÍÉ ÉÚ X(M). åÓÌÉ ' ∈ C2(�; �), ÔÏ !j ∈ C1(�; �) É Ó�ÒÁ×ÅÄÌÉ×ÙÆÏÒÍÕÌÙ
!j(t) =





dTj '(t)dTj aNj ; t ∈ [xj ; xj+1);dTj '(t)dTj aNj −
dTj aNj+1dTj aNj dTj+1'(t)dTj+1aNj+1ÉÌÉ dTj+3'(t)dTj+3aNj −

dTj+3aNj−1dTj+3aNj dTj+2'(t)dTj+2aNj−1 ; t ∈ [xj+1; xj+2);dTj+3'(t)dTj+3aNj ; t ∈ [xj+2; xj+3): (12)
ðÏÄÒÏÂÎÅÅ Ï ×ÁÒÉÁÔÉ×ÎÏÓÔÉ ×ÙÂÏÒÁ �ÒÅÄÓÔÁ×ÌÅÎÉÑ Ó�ÌÁÊÎÁ !j(t) ÎÁ�ÒÏÉÚ×ÏÌØÎÏÍ ÓÅÔÏÞÎÏÍ ÉÎÔÅÒ×ÁÌÅ (xk ; xk+1) ÓÍ. ÒÁÂÏÔÕ [13℄.ðÕÓÔØ '(t) def= (1; t; t2)T . �ÏÇÄÁ ×ÒÏÎÓËÉÁÎ W (t) ÒÁ×ÅÎ 2. üÔÏ ÏÚÎÁ-ÞÁÅÔ, ÞÔÏ ÄÌÑ ÄÏÓÔÁÔÏÞÎÏ ÍÅÌËÏÊ ÓÅÔËÉ ÉÚ ÆÉËÓÉÒÏ×ÁÎÎÏÇÏ ËÌÁÓÓÁ ÌÏ-ËÁÌØÎÏ Ë×ÁÚÉÒÁ×ÎÏÍÅÒÎÙÈ ÓÅÔÏË B'-Ó�ÌÁÊÎÙ ÓÕÝÅÓÔ×ÕÀÔ. äÌÑ ×ÓÅÈj ∈ Z, ÉÓ�ÏÌØÚÕÑ ÆÏÒÍÕÌÙ (4) É (7), ÎÁÈÏÄÉÍ ×ÅËÔÏÒÙdj = (x2j ;−2xj ; 1)T ; aNj = (1; xj+1 + xj+22 ; xj+1xj+2)T : (13)�Å�ÅÒØ ÌÅÇËÏ ×Ù×ÏÄÉÍ ÒÁ×ÅÎÓÔ×ÁdTj '(t) = (t− xj)2; dTj aNk = (xj − xk+1)(xj − xk+2) ∀ j; k ∈ Z:éÚ Õ�ÏÍÑÎÕÔÙÈ ×ÙÛÅ ÒÁ×ÅÎÓÔ× É ÆÏÒÍÕÌÙ (12) ×ÙÔÅËÁÅÔ �ÒÅÄÓÔÁ×ÌÅ-ÎÉÅ ÉÚ×ÅÓÔÎÏÇÏ �ÏÌÉÎÏÍÉÁÌØÎÏÇÏ B-Ó�ÌÁÊÎÁ ×ÔÏÒÏÊ ÓÔÅ�ÅÎÉ, ËÏÔÏÒÙÊÏÂÏÚÎÁÞÉÍ ÞÅÒÅÚ !B;2j :!B;2j (t) = (t− xj)2(xj+1 − xj)(xj+2 − xj) ; t ∈ [xj ; xj+1);



ï ä÷ïêó�÷åîîùè æõîëãéïîáìáè 205!B;2j (t) = ((xj + xj+1 − xj+2 − xj+3) t2 − 2(xjxj+1 − xj+2xj+3) t+ xjxj+1xj+2 + xjxj+1xj+3 − xjxj+2xj+3 − xj+1xj+2xj+3)
× (xj+2 − xj)−1(xj+2 − xj+1)−1(xj+3 − xj+1)−1; t ∈ [xj+1; xj+2);!B;2j (t) = (t− xj+3)2(xj+3 − xj+1) (xj+3 − xj+2) ; t ∈ [xj+2; xj+3):ðÕÓÔØ m = 3. òÁÓÓÍÏÔÒÉÍ ×ÅËÔÏÒ-ÆÕÎË�ÉÀ ' : (�; �) 7→ R4 Ó ËÏÍ�Ï-ÎÅÎÔÁÍÉ ÉÚ X(M). åÓÌÉ ' ∈ C3(�; �), ÔÏ !j ∈ C2(�; �) É Ó�ÒÁ×ÅÄÌÉ×ÙÆÏÒÍÕÌÙ

!j(t) =





dTj '(t)dTj aNj ; t ∈ [xj ; xj+1);dTj '(t)dTj aNj −
dTj aNj+1dTj aNj dTj+1'(t)dTj+1aNj+1 ; t ∈ [xj+1; xj+2);dTj+4'(t)dTj+4aNj −
dTj+4aNj−1dTj+4aNj dTj+3'(t)dTj+3aNj−1 ; t ∈ [xj+2; xj+3);dTj+4'(t)dTj+4aNj ; t ∈ [xj+3; xj+4): (14)

ðÕÓÔØ '(t) def= (1; t; t2; t3)T . �ÏÇÄÁ ×ÒÏÎÓËÉÁÎ W (t) ÒÁ×ÅÎ 12. üÔÏÏÚÎÁÞÁÅÔ, ÞÔÏ ÄÌÑ ÄÏÓÔÁÔÏÞÎÏ ÍÅÌËÏÊ ÓÅÔËÉ ÉÚ ÆÉËÓÉÒÏ×ÁÎÎÏÇÏ ËÌÁÓÓÁÌÏËÁÌØÎÏ Ë×ÁÚÉÒÁ×ÎÏÍÅÒÎÙÈ ÓÅÔÏË B'-Ó�ÌÁÊÎÙ ÓÕÝÅÓÔ×ÕÀÔ. äÌÑ ×ÓÅÈj ∈ Z �Ï ÆÏÒÍÕÌÅ (4) ÎÁÈÏÄÉÍ ×ÅËÔÏÒdj = 2(−x3j ; 3x2j ;−3xj ; 1)T ;ÏÔËÕÄÁ, ÉÓ�ÏÌØÚÕÑ �ÒÅÄÓÔÁ×ÌÅÎÉÅ (7), �ÏÌÕÞÁÅÍ ×ÅËÔÏÒaNj= (1; xj+1+xj+2+xj+33 ; xj+1xj+2+xj+2xj+3+xj+3xj+13 ; xj+1xj+2xj+3)T :(15)äÁÌÅÅ �ÏÌÕÞÁÅÍ ÒÁ×ÅÎÓÔ×ÁdTj '(t) = 2(t− xj)3; dTj aNk = −2(xj − xk+1)(xj − xk+2)(xj − xk+3)
∀ j; k ∈ Z:



206 á. á. íáëáòï÷�Å�ÅÒØ ÉÚ ÆÏÒÍÕÌÙ (14) ×ÙÔÅËÁÅÔ �ÒÅÄÓÔÁ×ÌÅÎÉÅ ÉÚ×ÅÓÔÎÏÇÏ (ÓÍ.,ÎÁ�ÒÉÍÅÒ, [15℄) �ÏÌÉÎÏÍÉÁÌØÎÏÇÏB-Ó�ÌÁÊÎÁ ÔÒÅÔØÅÊ ÓÔÅ�ÅÎÉ, ËÏÔÏÒÙÊÏÂÏÚÎÁÞÉÍ ÞÅÒÅÚ !B;3j :!B;3j (t) = (xj+4 − xj) j+4∑i=j;i6=j+2 (t− xi) 3#∏j6j′6j+4;j′ 6=i (xi − xj′ ) ;ÇÄÅ t ∈ [xj ; xj+4℄; j ∈ Z, Á ÓÉÍ×ÏÌÏÍ # ÏÂÏÚÎÁÞÅÎ ÁÎÁÌÏÇ ÕÓÅÞÅÎÎÏÊÓÔÅ�ÅÎÉ (t− xi)# def= { (t− xi)+; t ∈ [xj ; xj+2);(t− xi)−; t ∈ [xj+2; xj+4℄;(t− xi)+ def= max{0; t− xi}; (t− xi)− def= max{0; xi − t}:äÌÑ �ÏÒÏÖÄÁÀÝÅÊ ×ÅËÔÏÒ-ÆÕÎË�ÉÉ '(t) = (1; t; : : : ; tm)T ;m = 1; 2; 3,ÉÚ ÆÏÒÍÕÌ (11), (13) É (15) ×ÉÄÎÏ, ÞÔÏ ËÏÍ�ÏÎÅÎÔÁÍÉ ×ÅËÔÏÒÁ [aNj ℄iÑ×ÌÑÀÔÓÑ ÜÌÅÍÅÎÔÁÒÎÙÅ ÓÉÍÍÅÔÒÉÞÅÓËÉÅ ÍÎÏÇÏÞÌÅÎÙ, Ô.Å.[aNj ℄i = �i(xj+1; : : : ; xj+m)Cim ; (16)ÇÄÅ �i(xj+1; : : : ; xj+m) { ÜÌÅÍÅÎÔÁÒÎÙÊ ÓÉÍÍÅÔÒÉÞÅÓËÉÊ ÍÎÏÇÏÞÌÅÎ ÓÔÅ-�ÅÎÉ i ÏÔ m �ÅÒÅÍÅÎÎÙÈ, Ï�ÒÅÄÅÌÑÅÍÙÊ ÒÁ×ÅÎÓÔ×ÏÍ�i(xj+1; : : : ; xj+m) def= ∑16j1<j2<:::<ji6mxj1xj2 · · ·xji ; i = 0; 1; : : : ;m:(17)úÁÍÅÔÉÍ, ÞÔÏ ÞÉÓÌÏ ÓÌÁÇÁÅÍÙÈ × ÍÎÏÇÏÞÌÅÎÅ �i(xj+1; : : : ; xj+m) ÒÁ×ÎÏÞÉÓÌÕ ÓÏÞÅÔÁÎÉÊ Cim.âÌÁÇÏÄÁÒÑ ÒÁ×ÅÎÓÔ×Õ (16), �ÏËÏÍ�ÏÎÅÎÔÎÁÑ ÚÁ�ÉÓØ Á��ÒÏËÓÉÍÁ�É-ÏÎÎÙÈ ÓÏÏÔÎÏÛÅÎÉÊ (2) ×ÅÄÅÔ Ë ÉÚ×ÅÓÔÎÏÍÕ (ÓÍ., ÎÁ�ÒÉÍÅÒ, [5℄) �ÒÅÄ-ÓÔÁ×ÌÅÎÉÀ ÍÏÎÏÍÏ× ti ÞÅÒÅÚ ÎÏÒÍÁÌÉÚÏ×ÁÎÎÙÅ B-Ó�ÌÁÊÎÙ ÓÔÅ�ÅÎÉ m :ti = 1Cim k∑j=k−m �i(xj+1; : : : ; xj+m)!B;mj (t);
∀ t ∈ (xk ; xk+1); ∀ k ∈ Z; i = 0; 1; : : : ;m:



ï ä÷ïêó�÷åîîùè æõîëãéïîáìáè 207ðÏÌÁÇÁÑ ['(t)℄i def= (x − t)i; x ∈ R; i = 0; 1; : : : ;m, ÉÚ ÒÁ×ÅÎÓÔ×Á (16)ÎÁÈÏÄÉÍ [aNj ℄m = �m(x − xj+1; : : : ; x− xj+m) = m∏i=1(x − xj+i);ÏÔËÕÄÁ, ÒÁÓÓÍÁÔÒÉ×ÁÑ m-ÕÀ ËÏÍ�ÏÎÅÎÔÕ Á��ÒÏËÓÉÍÁ�ÉÏÎÎÙÈ ÓÏÏÔÎÏ-ÛÅÎÉÊ (2), ×Ù×ÏÄÉÍ ÉÚ×ÅÓÔÎÏÅ ÔÏÖÄÅÓÔ×Ï íÁÒÓÄÅÎÁ [10℄:(x− t)m = k∑j=k−m j;m(x)!B;mj (t) ∀ t ∈ (xk; xk+1); ∀ k ∈ Z;ÇÄÅ  j;m(x) def= (x − xj+1)(x − xj+2) · · · (x− xj+m): (18)ðÒÏÓÔÒÁÎÓÔ×Ï B-Ó�ÌÁÊÎÏ× ÓÔÅ�ÅÎÉ m ÏÂÏÚÎÁÞÉÍ ÞÅÒÅÚ
S
B;m(X) def= {u | u = ∑j∈Z

j !B;mj ∀ j ∈ R
1}:

§5. âÉÏÒÔÏÇÏÎÁÌØÎÁÑ ÓÉÓÔÅÍÁ ÆÕÎË�ÉÏÎÁÌÏ×òÁÓÓÍÏÔÒÉÍ ÎÅËÏÔÏÒÏÅ ÌÉÎÅÊÎÏÅ �ÒÏÓÔÒÁÎÓÔ×Ï U ÎÁÄ �ÏÌÅÍ ×ÅÝÅ-ÓÔ×ÅÎÎÙÈ ÞÉÓÅÌ É ÓÏ�ÒÑÖÅÎÎÏÅ ÅÍÕ �ÒÏÓÔÒÁÎÓÔ×Ï U∗ ÌÉÎÅÊÎÙÈ ÆÕÎË-�ÉÏÎÁÌÏ× f ÎÁÄ �ÒÏÓÔÒÁÎÓÔ×ÏÍ U. úÎÁÞÅÎÉÅ ÆÕÎË�ÉÏÎÁÌÁ f ÎÁ ÜÌÅÍÅÎ-ÔÅ u ∈ U ÏÂÏÚÎÁÞÉÍ ÞÅÒÅÚ 〈f; u〉. íÎÏÖÅÓÔ×Ï (m + 1)-ËÏÍ�ÏÎÅÎÔÎÙÈ×ÅËÔÏÒ-ÓÔÏÌÂ�Ï× Ó ËÏÍ�ÏÎÅÎÔÁÍÉ ÉÚ �ÒÏÓÔÒÁÎÓÔ×Á U ÏÂÏÚÎÁÞÉÍ ÞÅ-ÒÅÚ Um+1. âÕÄÅÍ ÒÁÓÓÍÁÔÒÉ×ÁÔØ ÔÁËÖÅ (m+1)-ËÏÍ�ÏÎÅÎÔÎÙÅ ×ÅËÔÏÒ-ÓÔÏÌÂ�Ù, ËÏÍ�ÏÎÅÎÔÙ ËÏÔÏÒÙÈ ÌÅÖÁÔ × �ÒÏÓÔÒÁÎÓÔ×Å U∗, É ÏÂÒÁÚÕ-ÅÍÏÅ ÜÔÉÍÉ ×ÅËÔÏÒÁÍÉ ÌÉÎÅÊÎÏÅ �ÒÏÓÔÒÁÎÓÔ×Ï U∗m+1. äÌÑ ÔÒÁÎÓ�Ï-ÎÉÒÏ×ÁÎÉÑ ÍÁÔÒÉ� É ×ÅËÔÏÒ-ÓÔÏÌÂ�Ï×, ËÁË É ÒÁÎÅÅ, ÉÓ�ÏÌØÚÕÅÍ ÂÕË×ÕT , ÔÁË ÞÔÏ, ÎÁ�ÒÉÍÅÒ, ÄÌÑ ×ÅËÔÏÒÏ× f = (f0; f1; : : : ; fm)T ∈ U∗m+1 Év = (v0; v1; : : : ; vm)T ∈ Um+1 ×ÙÒÁÖÅÎÉÅ fTv = m∑j=0〈fj ; vj〉 �ÒÅÄÓÔÁ×ÌÑ-ÅÔ ÓÏÂÏÊ ×ÅÝÅÓÔ×ÅÎÎÏÅ ÞÉÓÌÏ, Á ×ÙÒÁÖÅÎÉÅ f vT = (
〈fi; vj〉)i;j=0;1;:::;m{ ÞÉÓÌÏ×ÕÀ ÍÁÔÒÉ�Õ �ÏÒÑÄËÁ m+ 1.÷ ÄÁÌØÎÅÊÛÅÍ �ÏÔÒÅÂÕÅÔÓÑ ÌÉÎÅÊÎÏÅ �ÒÏÓÔÒÁÎÓÔ×Ï C〈; d〉, ÓÏÓÔÏÑ-ÝÅÅ ÉÚ ÆÕÎË�ÉÊ u(t) �ÒÏÓÔÒÁÎÓÔ×Á C(; d), ËÏÔÏÒÙÅ ÉÍÅÀÔ ËÏÎÅÞÎÙÅ�ÒÅÄÅÌÙ limt→+0u(t) É limt→d−0u(t).



208 á. á. íáëáòï÷÷×ÅÄÅÍ ÔÁËÖÅ �ÒÏÓÔÒÁÎÓÔ×Á
CX def= ⊗k∈Z

C〈xk; xk+1〉; C
SX def= {u | u(i) ∈ CX ; ∀ i = 0; 1; : : : ; S}:óÉÍ×ÏÌÏÍ (CSX )∗ ÏÂÏÚÎÁÞÁÅÔÓÑ �ÒÏÓÔÒÁÎÓÔ×Ï, ÓÏ�ÒÑÖÅÎÎÏÅ Ë �ÒÏ-ÓÔÒÁÎÓÔ×Õ CSX . ðÒÉ ' ∈ CS(�; �) �ÒÏÓÔÒÁÎÓÔ×Á S(X;A;') ÌÅÖÁÔ ×�ÒÏÓÔÒÁÎÓÔ×Å CSX .äÌÑ ÆÕÎË�ÉÏÎÁÌÁ f ∈ (CSX )∗ ÂÕÄÅÍ �ÉÓÁÔØ supp f ⊂ [; d℄, ÅÓÌÉ ÚÎÁ-ÞÅÎÉÅ 〈f; u〉 Ï�ÒÅÄÅÌÑÅÔÓÑ ÚÎÁÞÅÎÉÑÍÉ ÆÕÎË�ÉÉ u ∈ CSX ÎÁ ÉÎÔÅÒ×ÁÌÅ(; d).âÕÄÅÍ ÇÏ×ÏÒÉÔØ, ÞÔÏ ÓÉÓÔÅÍÁ ÆÕÎË�ÉÏÎÁÌÏ× {�i}i∈Z ÂÉÏÒÔÏÇÏÎÁÌØ-ÎÁ ÓÉÓÔÅÍÅ ÆÕÎË�ÉÊ {!j}j∈Z, ÅÓÌÉ 〈�i; !j〉 = Æi;j ∀ i; j ∈ Z, ÇÄÅ Æi;j {ÓÉÍ×ÏÌ ëÒÏÎÅËÅÒÁ. æÕÎË�ÉÏÎÁÌÙ �i ÎÁÚÙ×ÁÀÔÓÑ Ä×ÏÊÓÔ×ÅÎÎÙÍÉ ÆÕÎ-Ë�ÉÏÎÁÌÁÍÉ Ë ÆÕÎË�ÉÑÍ !j .ìÅÍÍÁ 2 ([16℄). ðÕÓÔØ ' ∈ CS(�; �), A ∈ A É ÄÌÑ ËÁÖÄÏÇÏ ÆÉËÓÉÒÏ-×ÁÎÎÏÇÏ k ∈ Z Ï�ÒÅÄÅÌÅÎ ×ÅËÔÏÒ fk def= ([fk℄0; [fk℄1; : : : ; [fk℄m)T , ËÏÍ�Ï-ÎÅÎÔÁÍÉ ËÏÔÏÒÏÇÏ ÓÌÕÖÁÔ ÆÕÎË�ÉÏÎÁÌÙ [fk℄i ∈ (CSX)∗, i = 0; 1; : : : ;m,ÔÁËÉÅ, ÞÔÏ supp [fk℄i ⊂ [xk; xk+1℄. ðÕÓÔØ ÍÁÔÒÉ�Á fk'T ÓÏ ÓÔÏÌÂ�ÁÍÉ×ÉÄÁ

(
〈[fk℄0; ['℄i〉; 〈[fk℄1; ['℄i〉; : : : ; 〈[fk℄m; ['℄i〉)T ; i = 0; 1; : : : ;m;ÎÅÏÓÏÂÅÎÎÁÑ. �ÏÇÄÁ �ÒÉ ËÁÖÄÏÍ ÆÉËÓÉÒÏ×ÁÎÎÏÍ r ∈ {0; 1; : : : ;m} ÓÉ-ÓÔÅÍÁ {gk}k∈Z ÆÕÎË�ÉÏÎÁÌÏ× [gk℄r ∈ (CSX)∗, Ï�ÒÅÄÅÌÑÅÍÙÈ ÒÁ×ÅÎÓÔ×Á-ÍÉ [gk℄r def= [ATk−r+m(fk−r+m'T)−1fk−r+m]r; k ∈ Z; (19)ÇÄÅ Ak−r+m def= (ak−r; ak−r+1; : : : ; ak−r+m), �ÒÅÄÓÔÁ×ÌÑÅÔ ÓÏÂÏÊ �ÒÏ-ÄÏÌÖÅÎÉÅ ÎÁ C

SX ÓÉÓÔÅÍÙ ÆÕÎË�ÉÏÎÁÌÏ×, ÂÉÏÒÔÏÇÏÎÁÌØÎÏÊ ÓÉÓÔÅÍÅÍÉÎÉÍÁÌØÎÙÈ (A;')-Ó�ÌÁÊÎÏ× {!k′}k′∈Z, É
〈[gk℄r; !k′〉 = Æk;k′ ∀ k; k′ ∈ Z; (20)supp [gk℄r ⊂ [xk−r+m−1; xk−r+m℄ ∀ k ∈ Z:�ÅÏÒÅÍÁ 2. ðÕÓÔØ ' ∈ CmX , A ∈ A É ×Ù�ÏÌÎÅÎÏ ÎÅÒÁ×ÅÎÓÔ×ÏW (xk + 0) 6= 0 ∀ k ∈ Z: (21)òÁÓÓÍÏÔÒÉÍ ÓÉÓÔÅÍÕ ÆÕÎË�ÉÏÎÁÌÏ×, ÚÁÄÁÎÎÙÈ ÒÁ×ÅÎÓÔ×ÏÍ

〈[fk℄i; u〉 def= u(i)(xk + 0); i = 0; 1; : : : ;m: (22)



ï ä÷ïêó�÷åîîùè æõîëãéïîáìáè 209�ÏÇÄÁ �ÒÉ ËÁÖÄÏÍ ÆÉËÓÉÒÏ×ÁÎÎÏÍ r ∈ {0; 1; : : : ;m} ÓÉÓÔÅÍÁ {�k}k∈ZÆÕÎË�ÉÏÎÁÌÏ× [�k℄r ∈ (CSX)∗, Ï�ÒÅÄÅÌÑÅÍÙÈ ÒÁ×ÅÎÓÔ×ÁÍÉ[�k℄r def= [gk℄m−r; k ∈ Z; (23)�ÒÅÄÓÔÁ×ÌÑÅÔ ÓÏÂÏÊ �ÒÏÄÏÌÖÅÎÉÅ ÎÁ CSX ÓÉÓÔÅÍÙ ÆÕÎË�ÉÏÎÁÌÏ×, ÂÉ-ÏÒÔÏÇÏÎÁÌØÎÏÊ ÓÉÓÔÅÍÅ ÍÉÎÉÍÁÌØÎÙÈ (A;')-Ó�ÌÁÊÎÏ× {!k′}k′∈Z, É
〈[�k℄r; !k′〉 = Æk;k′ ∀ k; k′ ∈ Z; (24)supp [�k℄r ⊂ [xk+r ; xk+r+1℄ ∀ k ∈ Z:äÏËÁÚÁÔÅÌØÓÔ×Ï. ðÒÏ×ÅÒÉÍ ÕÓÌÏ×ÉÑ ÌÅÍÍÙ 2. ÷ ÒÁÓÓÍÁÔÒÉ×ÁÅÍÏÍÓÌÕÞÁÅ S = m; ÓÌÅÄÏ×ÁÔÅÌØÎÏ, [fk℄i ∈ (CmX)∗ É supp [fk℄i ⊂ [xk ; xk+1℄,i = 0; 1; : : : ;m. íÁÔÒÉ�Á fk 'T ÎÅÏÓÏÂÅÎÎÁÑ, ÔÁË ËÁË ××ÉÄÕ �ÒÅÄ�ÏÌÏ-ÖÅÎÉÑ (21) ÅÅ Ï�ÒÅÄÅÌÉÔÅÔØ det fk 'T = W (xk + 0) ÏÔÌÉÞÅÎ ÏÔ ÎÕÌÑ.�Å�ÅÒØ ÉÚ ÕÔ×ÅÒÖÄÅÎÉÊ (19) É (20) ×ÙÔÅËÁÅÔ Ó�ÒÁ×ÅÄÌÉ×ÏÓÔØ ÒÁ×ÅÎ-ÓÔ×Á (24). �ÅÏÒÅÍÁ ÄÏËÁÚÁÎÁ. ��ÅÏÒÅÍÁ 3. äÌÑ ÔÏÇÏ, ÞÔÏÂÙ ÄÌÑ ËÁÖÄÏÇÏ ÆÉËÓÉÒÏ×ÁÎÎÏÇÏ r ∈ {0; 1;: : : ;m} ÓÉÓÔÅÍÁ ÆÕÎË�ÉÏÎÁÌÏ× {[�k℄r}k∈Z, supp [�k℄r ⊂ [xk+r ; xk+r+1℄,ÂÙÌÁ ÂÉÏÒÔÏÇÏÎÁÌØÎÁ ÓÉÓÔÅÍÅ ÍÉÎÉÍÁÌØÎÙÈ (A;')-Ó�ÌÁÊÎÏ× {!j′}j′∈Z,ÎÅÏÂÈÏÄÉÍÏ É ÄÏÓÔÁÔÏÞÎÏ, ÞÔÏÂÙ

〈[�k℄r;'〉 = ak ∀ k ∈ Z: (25)äÏËÁÚÁÔÅÌØÓÔ×Ï. äÅÊÓÔ×ÉÔÅÌØÎÏ, ÄÌÑ ËÁÖÄÏÇÏ ÆÉËÓÉÒÏ×ÁÎÎÏÇÏ r ∈
{0; 1; : : : ;m}, �ÒÉÍÅÎÑÑ ÆÕÎË�ÉÏÎÁÌ [�k℄r Ë Á��ÒÏËÓÉÍÁ�ÉÏÎÎÙÍ ÓÏÏÔ-ÎÏÛÅÎÉÑÍ (2) ÎÁ ÉÎÔÅÒ×ÁÌÅ (xk+r ; xk+r+1), �ÏÌÕÞÉÍ ÒÁ×ÅÎÓÔ×Ïk+r∑j′=k−m+r aj′〈[�k℄r; !j′〉 = 〈[�k℄r;'〉: (26)�Å�ÅÒØ ÉÚ ÂÉÏÒÔÏÇÏÎÁÌØÎÏÓÔÉ {[�k℄r} É {!j′} ×Ù×ÏÄÉÍ ÓÏÏÔÎÏÛÅÎÉÅ(25).ïÂÒÁÔÎÏ, ÅÓÌÉ ×Ù�ÏÌÎÅÎÏ ÓÏÏÔÎÏÛÅÎÉÅ (25), ÔÏ ÉÚ ÒÁ×ÅÎÓÔ×Á (26)�ÏÌÕÞÁÅÍ k+r∑j′=k−m+r aj′〈[�k℄r; !j′〉 = ak:C ÕÞÅÔÏÍ �ÏÌÎÏÔÙ �Å�ÏÞËÉ ×ÅËÔÏÒÏ× aj′ ÉÚ ÏÄÎÏÚÎÁÞÎÏÊ ÒÁÚÒÅÛÉÍÏ-ÓÔÉ �ÏÌÕÞÅÎÎÏÊ ÓÉÓÔÅÍÙ ÕÒÁ×ÎÅÎÉÊ ×Ù×ÏÄÉÍ Ó×ÏÊÓÔ×Ï ÂÉÏÒÔÏÇÏÎÁÌØ-ÎÏÓÔÉ ÄÌÑ j′ ∈ {k − m + r; : : : ; k + r}. òÁ×ÅÎÓÔ×Ï ÎÕÌÀ ÏÓÔÁ×ÛÉÈÓÑ



210 á. á. íáëáòï÷ÚÎÁÞÅÎÉÊ 〈[�k℄r; !j′〉, j′ ∈ Z\{k −m+ r; : : : ; k + r} ÓÌÅÄÕÅÔ ÉÚ ÒÁÓ�ÏÌÏ-ÖÅÎÉÑ ÎÏÓÉÔÅÌÑ ÆÕÎË�ÉÏÎÁÌÁ [�k℄r É ÎÏÓÉÔÅÌÑ ÆÕÎË�ÉÉ !j′ . �ÅÏÒÅÍÁÄÏËÁÚÁÎÁ. ��ÅÏÒÅÍÁ 3 �ÏÚ×ÏÌÑÅÔ ÓÒÁÚÕ ÖÅ ×Ù�ÉÓÁÔØ ÏÄÎÕ ÉÚ ÒÅÁÌÉÚÁ�ÉÊ ÂÉÏÒ-ÔÏÇÏÎÁÌØÎÏÊ ÓÉÓÔÅÍÙ ÆÕÎË�ÉÏÎÁÌÏ×. ÷ÅËÔÏÒÕ a∗j , Ï�ÒÅÄÅÌÑÅÍÕ ÒÁ×ÅÎ-ÓÔ×ÏÍ (5), ÍÏÖÎÏ �ÒÉÄÁÔØ ×ÉÄ ÓÌÅÄÕÀÝÅÇÏ ÓÉÍ×ÏÌÉÞÅÓËÏÇÏ Ï�ÒÅÄÅÌÉ-ÔÅÌÑ:a∗j = ∣∣∣∣∣∣∣∣∣∣∣

'j+1 ' ′j+1 : : : '(m−1)j+1dTj+2 'j+1 dTj+2 ' ′j+1 : : : dTj+2'(m−1)j+1: : : : : : : : : : : :dTj+m 'j+1 dTj+m ' ′j+1 : : : dTj+m'(m−1)j+1
∣∣∣∣∣∣∣∣∣∣∣

; (27)ÅÇÏ ÒÁÚÌÏÖÅÎÉÅ �Ï �ÅÒ×ÏÊ ÓÔÒÏËÅ (ÓÏÄÅÒÖÁÝÅÊ ×ÅËÔÏÒÙ '(i)j+1) ÄÁÅÔ�ÒÅÄÓÔÁ×ÌÅÎÉÅ a∗j = m−1∑i=0 �i0 '(i)j+1;ÇÄÅ ÞÅÒÅÚ �i0 ÏÂÏÚÎÁÞÅÎÙ ÓÏÏÔ×ÅÔÓÔ×ÕÀÝÉÅ ÁÌÇÅÂÒÁÉÞÅÓËÉÅ ÄÏ�ÏÌÎÅ-ÎÉÑ. ïÔÓÀÄÁ ÎÁÈÏÄÉÍ aNj = �−100 m−1∑i=0 �i0 '(i)j+1: (28)÷ ÓÉÌÕ ÓÏÏÔÎÏÛÅÎÉÊ (25) É (28), ÌÉÎÅÊÎÙÅ ÆÕÎË�ÉÏÎÁÌÙ, ÚÁÄÁÎÎÙÅÒÁ×ÅÎÓÔ×ÏÍ
〈�j ; u〉 def= �−100 m−1∑i=0 �i0 u(i)(xj+1);Ñ×ÌÑÀÔÓÑ Ä×ÏÊÓÔ×ÅÎÎÙÍÉ Ë ÎÏÒÍÁÌÉÚÏ×ÁÎÎÙÍ B'-Ó�ÌÁÊÎÁÍ.

§6. ï Ä×ÏÊÓÔ×ÅÎÎÙÈ ÆÕÎË�ÉÏÎÁÌÁÈ Ë B-Ó�ÌÁÊÎÁÍòÁÓÓÍÏÔÒÉÍ ÉÎÔÅÒ�ÏÌÑ�ÉÏÎÎÕÀ ÚÁÄÁÞÕ
〈[�j ℄r; u〉 = vj ∀ j ∈ Z; u ∈ S(X;A;'); (29)ÇÄÅ {vj}j∈Z { ÚÁÄÁÎÎÁÑ �ÏÓÌÅÄÏ×ÁÔÅÌØÎÏÓÔØ ÞÉÓÅÌ (ÂÅÓËÏÎÅÞÎÁÑ × ÏÂÅÓÔÏÒÏÎÙ).



ï ä÷ïêó�÷åîîùè æõîëãéïîáìáè 211�ÅÏÒÅÍÁ 4. äÌÑ ËÁÖÄÏÇÏ ÆÉËÓÉÒÏ×ÁÎÎÏÇÏ r ∈ {0; 1; : : : ;m} × �ÒÏÓÔ-ÒÁÎÓÔ×Å S(X;A;') ÓÕÝÅÓÔ×ÕÅÔ ÅÄÉÎÓÔ×ÅÎÎÏÅ ÒÅÛÅÎÉÅ ÚÁÄÁÞÉ (29), ÉÜÔÏ ÒÅÛÅÎÉÅ ÄÁÅÔÓÑ ÆÏÒÍÕÌÏÊũr(t) = ∑j∈Z

vj !j(t): (30)äÏËÁÚÁÔÅÌØÓÔ×Ï ÎÅ�ÏÓÒÅÄÓÔ×ÅÎÎÏ ×ÙÔÅËÁÅÔ ÉÚ ÔÅÏÒÅÍÙ 3. �óÌÅÄÕÑ [7℄, ÉÎÔÅÒ�ÏÌÑ�ÉÏÎÎÕÀ ÚÁÄÁÞÕ (29) ÂÕÄÅÍ ÎÁÚÙ×ÁÔØ �ÒÑÍÏÊÉÎÔÅÒ�ÏÌÑ�ÉÏÎÎÏÊ ÚÁÄÁÞÅÊ Ó �ÁÒÁÍÅÔÒÏÍ r, ÅÓÌÉ ÅÅ ÒÅÛÅÎÉÅ ÉÍÅÅÔ×ÉÄ (30), ËÏÔÏÒÏÅ ÂÕÄÅÍ ÎÁÚÙ×ÁÔØ �ÒÑÍÙÍ ÒÅÛÅÎÉÅÍ.ðÕÓÔØ ÄÁÎÁ ÆÕÎË�ÉÑ u ∈ Cm+1(�; �). òÁÓÓÍÏÔÒÉÍ Ó�ÌÁÊÎũr(t) = ∑j∈Z

〈[�j ℄r; u〉!j(t); t ∈ (xk; xk+1); (31)ÆÕÎË�ÉÏÎÁÌÙ [�j ℄r × ÜÔÏÍ ÓÌÕÞÁÅ ÂÕÄÅÍ ÎÁÚÙ×ÁÔØ Á��ÒÏËÓÉÍÁ�ÉÏÎÎÙ-ÍÉ.õÞÉÔÙ×ÁÑ ÒÁÓ�ÏÌÏÖÅÎÉÅ ÎÏÓÉÔÅÌÑ ÆÕÎË�ÉÉ !j ÄÌÑ t ∈ (xk; xk+1),×ÉÄÉÍ, ÞÔÏ × ÓÕÍÍÅ (31) ÉÍÅÅÔÓÑ ÌÉÛØ m + 1 ÎÅÎÕÌÅ×ÙÈ ÓÌÁÇÁÅÍÙÈ,�ÏÜÔÏÍÕ Á��ÒÏËÓÉÍÁ�ÉÑ (31) ÉÍÅÅÔ ×ÉÄũr(t) = k∑j=k−m〈[�j ℄r; u〉!j(t): (32)�ÅÏÒÅÍÁ 5. äÌÑ ËÁÖÄÏÇÏ ÆÉËÓÉÒÏ×ÁÎÎÏÇÏ r ∈ {0; 1; : : : ;m} Á��ÒÏËÓÉ-ÍÁ�ÉÑ (32) ÏÂÌÁÄÁÅÔ Ó×ÏÊÓÔ×ÏÍ ÔÏÞÎÏÓÔÉ ÎÁ ÆÕÎË�ÉÑÈ u ∈ {['℄i | i =0; 1; : : : ;m}, Ô.Å.̃ur ≡ u ÄÌÑ u ∈ {['℄i | i = 0; 1; : : : ;m}:äÏËÁÚÁÔÅÌØÓÔ×Ï. üË×É×ÁÌÅÎÔÎÁÑ ÚÁ�ÉÓØ Á��ÒÏËÓÉÍÁ�ÉÏÎÎÙÈ ÓÏÏÔ-ÎÏÛÅÎÉÊ (2), ××ÉÄÕ ÒÁ×ÅÎÓÔ×Á (25), ÉÍÅÅÔ ×ÉÄk∑j=k−m〈[�j ℄r; ['℄i〉!j(t) = ['℄i(t); i = 0; 1; : : : ;m;ÏÔËÕÄÁ ÏÞÅ×ÉÄÎÙÍ ÏÂÒÁÚÏÍ ÓÌÅÄÕÅÔ ÔÏÞÎÏÓÔØ ÎÁ ÆÕÎË�ÉÑÈu ∈ {['℄i | i = 0; 1; : : : ;m}: �òÁÓÓÍÏÔÒÉÍ ÄÁÌÅÅ ÉÎÔÅÒ�ÏÌÑ�ÉÏÎÎÙÅ ÚÁÄÁÞÉ, ÉÍÅÀÝÉÅ �ÒÑÍÏÅ ÒÅ-ÛÅÎÉÅ × �ÒÏÓÔÒÁÎÓÔ×ÁÈ B-Ó�ÌÁÊÎÏ× SB;m(X) Ó �ÏÒÏÖÄÁÀÝÅÊ ÆÕÎË�É-ÅÊ '(t) = (1; t; : : : ; tm)T , m = 0; 1; 2; 3. îÁÞÎÅÍ Ó m = 0.



212 á. á. íáëáòï÷�ÅÏÒÅÍÁ 6. óÉÓÔÅÍÁ ÌÉÎÅÊÎÙÈ ÆÕÎË�ÉÏÎÁÌÏ× {�j}j∈Z, ÚÁÄÁÎÎÙÈ ÎÁ�ÒÏÓÔÒÁÎÓÔ×Å C −1(�; �) ÆÏÒÍÕÌÏÊ
〈�j ; u〉 def= u(�j + 0); u ∈ C −1(�; �); �j ∈ [xj ; xj+1); j ∈ Z; (33)ÂÉÏÒÔÏÇÏÎÁÌØÎÁ ÓÉÓÔÅÍÅ ÆÕÎË�ÉÊ {!B;0j′ }j′∈Z, Ô.Å.

〈�j ; !B;0j′ 〉 = Æj;j′ ∀j; j′ ∈ Z: (34)äÏËÁÚÁÔÅÌØÓÔ×Ï. ðÏÓËÏÌØËÕ �ÒÉ j 6 j′ − 1 É �ÒÉ j > j′ + 1 ÔÏÞËÁ�j ÎÅ Ñ×ÌÑÅÔÓÑ ×ÎÕÔÒÅÎÎÅÊ ÔÏÞËÏÊ ÎÏÓÉÔÅÌÑ ÆÕÎË�ÉÉ !B;0j′ , ÔÏ ÓÁÍÁÆÕÎË�ÉÑ × ÜÔÏÊ ÔÏÞËÅ ÒÁ×ÎÁ ÎÕÌÀ, �ÏÜÔÏÍÕ ÆÕÎË�ÉÏÎÁÌ (33) ÎÁ ÔÁËÏÊÆÕÎË�ÉÉ ÏÂÒÁÝÁÅÔÓÑ × ÎÕÌØ. óÌÅÄÏ×ÁÔÅÌØÎÏ, ÄÌÑ ÄÏËÁÚÁÔÅÌØÓÔ×Á (34)ÄÏÓÔÁÔÏÞÎÏ ÒÁÓÓÍÏÔÒÅÔØ ÓÌÕÞÁÊ j′ = j. ðÒÉ u = !B;0j , ÓÏÇÌÁÓÎÏ (9) É(33), ÉÍÅÅÍ 〈�j ; !B;0j 〉 = !B;0j (�j + 0) = 1. �ÅÏÒÅÍÁ ÄÏËÁÚÁÎÁ. �äÌÑ m = 0 ÉÍÅÅÔÓÑ ÏÄÎÁ ÔÉ�Ï×ÁÑ ÉÎÔÅÒ�ÏÌÑ�ÉÏÎÎÁÑ ÚÁÄÁÞÁ, ÄÏ�ÕÓ-ËÁÀÝÁÑ �ÒÑÍÏÅ ÒÅÛÅÎÉÅ, { ÏÂÙÞÎÁÑ ÚÁÄÁÞÁ ìÁÇÒÁÎÖÁ ÎÁ ÂÅÓËÏÎÅÞÎÏÊÓÅÔËÅ u(�j + 0) = vj ; j ∈ Z;�ÒÑÍÏÅ ÒÅÛÅÎÉÅ ËÏÔÏÒÏÊ × �ÒÏÓÔÒÁÎÓÔ×Å SB;0(X) ÉÍÅÅÔ ×ÉÄũ(t) = ∑j∈Z

vj !B;0j (t):äÁÌÅÅ ÄÁÄÉÍ �ÒÅÄÓÔÁ×ÌÅÎÉÑ ÒÅÁÌÉÚÁ�ÉÊ ÆÕÎË�ÉÏÎÁÌÏ× [�k℄r ÄÌÑ ÒÁÚ-ÌÉÞÎÙÈ m É r. äÌÑ ÜÔÏÇÏ ÒÁÓÓÍÏÔÒÉÍ ×Ó�ÏÍÁÇÁÔÅÌØÎÕÀ ÓÉÓÔÅÍÕ ÆÕÎË-�ÉÏÎÁÌÏ× [fk−r+m℄i; k ∈ Z; r; i = 0; 1; : : : ;m, Ï�ÒÅÄÅÌÑÅÍÙÈ ÒÁ×ÅÎÓÔ-×ÏÍ (22).îÅÏÓÏÂÅÎÎÁÑ ÍÁÔÒÉ�Á fk−r+m'T ÉÍÅÅÔ ×ÉÄfk−r+m'T = ('k−r+m;'′k−r+m; : : : ;'(m)k−r+m)T :



ï ä÷ïêó�÷åîîùè æõîëãéïîáìáè 213íÁÔÒÉ�Á fk−r+m'T Ñ×ÌÑÅÔÓÑ ×ÅÒÈÎÅÔÒÅÕÇÏÌØÎÏÊ, Á ÅÅ ÏÂÒÁÔÎÁÑ �ÒÅÄ-ÓÔÁ×ÉÍÁ × ÆÏÒÍÅ(fk−r+m'T )−1
=



1 −xk−r+m x2k−r+m2 −
x3k−r+m6 : : : (−1)mxmk−r+mm!0!0 1 −xk−r+m x2k−r+m2 : : : (−1)m−1xm−1k−r+m(m−1)!1!0 0 12 −xk−r+m2 : : : (−1)m−2xm−2k−r+m(m−2)!2!0 0 0 16 : : : (−1)m−3xm−3k−r+m(m−3)!3!: : : : : : : : : : : : : : : : : :0 0 0 0 : : : 1m!




: (35)
òÁÓÓÍÏÔÒÉÍ ÍÁÔÒÉ�Õ Ak−r+m def= (aNk−r; aNk−r+1; : : : ; aNk−r+m), ÜÌÅ-ÍÅÎÔÙ ËÏÔÏÒÏÊ ÚÁÄÁÀÔÓÑ ÒÁ×ÅÎÓÔ×ÏÍ (16),Ak−r+m = (�i′(xk−r+j′+1; : : : ; xk−r+j′+m)Ci′m )i′;j′=0;1;:::;m :óÏÇÌÁÓÎÏ �ÒÅÄÓÔÁ×ÌÅÎÉÀ (17), ÍÁÔÒÉ�Á ATk−r+m ÉÍÅÅÔ ÓÌÅÄÕÀÝÉÊ×ÉÄ:ATk−r+m=



1 1m m∑i=1xk−r+i ::: 1Ci′m ∑k−r+1
6j1<j2<:::<ji

6k−r+m xj1xj2 ···xji ::: m∏i=1 xk−r+i::: ::: ::: ::: ::: :::1 1m j′+m∑i=j′+1xk−r+i ::: 1Ci′m ∑k−r+j′+1
6j1<j2<:::<ji
6k−r+j′+m xj1xj2 ···xji ::: j′+m∏i=j′+1 xk−r+i::: ::: ::: ::: ::: :::1 1m 2m∑i=m+1xk−r+i ::: 1Ci′m ∑k−r+m+1

6j1<j2<:::<ji
6k−r+2m xj1xj2 ···xji ::: 2m∏i=m+1 xk−r+i




: (36)
ðÕÓÔØ m = 1. ÷ ÜÔÏÍ ÓÌÕÞÁÅ, ÓÏÇÌÁÓÎÏ (23), ×ÏÚÍÏÖÎÙ Ä×Á ÚÎÁÞÅÎÉÑr = 0; 1. éÓ�ÏÌØÚÕÑ ÒÁ×ÅÎÓÔ×Á (19) É (22), Á ÔÁËÖÅ �ÒÅÄÓÔÁ×ÌÅÎÉÑ (35)É (36), ÎÁÈÏÄÉÍ

〈[�j ℄0; u〉 = u(xj) + (xj+1 − xj)u′(xj);
〈[�j ℄1; u〉 = u(xj+1):



214 á. á. íáëáòï÷äÌÑ r = 0 ÉÍÅÅÔÓÑ ÓÌÅÄÕÀÝÁÑ ÉÎÔÅÒ�ÏÌÑ�ÉÏÎÎÁÑ ÚÁÄÁÞÁu(xj) + (xj+1 − xj)u′(xj) = vj ; j ∈ Z; (37)�ÒÑÍÏÅ ÒÅÛÅÎÉÅ ËÏÔÏÒÏÊ × �ÒÏÓÔÒÁÎÓÔ×Å SB;1(X) ÉÍÅÅÔ ×ÉÄũ0(t) = ∑j∈Z

vj !B;1j (t):úÁÍÅÔÉÍ, ÞÔÏ × ÌÅ×ÏÊ ÞÁÓÔÉ ÒÁ×ÅÎÓÔ×Á (37) ÎÁÈÏÄÉÔÓÑ ÌÉÎÅÊÎÁÑ ËÏÍ-ÂÉÎÁ�ÉÑ ÆÕÎË�ÉÉ É ÅÅ �ÅÒ×ÏÊ �ÒÏÉÚ×ÏÄÎÏÊ, ÞÔÏ ÏÔÌÉÞÁÅÔ �ÏÓÔÁ×ÌÅÎ-ÎÕÀ ÚÁÄÁÞÕ ÏÔ ÉÎÔÅÒ�ÏÌÑ�ÉÏÎÎÙÈ ÚÁÄÁÞ ìÁÇÒÁÎÖÁ É üÒÍÉÔÁ.äÌÑ r = 1 ÉÍÅÅÔÓÑ ÉÎÔÅÒ�ÏÌÑ�ÉÏÎÎÁÑ ÚÁÄÁÞÁ ìÁÇÒÁÎÖÁ ÎÁ ÂÅÓËÏ-ÎÅÞÎÏÊ ÓÅÔËÅ u(xj+1) = vj ; j ∈ Z;�ÒÑÍÏÅ ÒÅÛÅÎÉÅ ËÏÔÏÒÏÊ × �ÒÏÓÔÒÁÎÓÔ×Å SB;1(X) ÉÍÅÅÔ ×ÉÄũ1(t) = ∑j∈Z

vj !B;1j (t):ðÕÓÔØ m = 2. ÷ ÜÔÏÍ ÓÌÕÞÁÅ, ÓÏÇÌÁÓÎÏ (23), ×ÏÚÍÏÖÎÙ ÔÒÉ ÚÎÁÞÅÎÉÑr = 0; 1; 2, ÄÌÑ ËÏÔÏÒÙÈ ÎÁÈÏÄÉÍ
〈[�j ℄0; u〉 = u(xj) +(xj+1 + xj+22 − xj)u′(xj)+ 12(xj+1 − xj)(xj+2 − xj)u′′(xj);

〈[�j ℄1; u〉 = u(xj+1) + 12(xj+2 − xj+1)u′(xj+1);
〈[�j ℄2; u〉 = u(xj+2)− 12(xj+2 − xj+1)u′(xj+2):äÌÑ r = 0 ÉÍÅÅÔÓÑ ÉÎÔÅÒ�ÏÌÑ�ÉÏÎÎÁÑ ÚÁÄÁÞÁu(xj) +(xj+1 + xj+22 − xj)u′(xj)+ 12(xj+1 − xj)(xj+2 − xj)u′′(xj) = vj ; j ∈ Z;�ÒÑÍÏÅ ÒÅÛÅÎÉÅ ËÏÔÏÒÏÊ × �ÒÏÓÔÒÁÎÓÔ×Å SB;2(X) ÉÍÅÅÔ ×ÉÄũ0(t) = ∑j∈Z

vj !B;2j (t):



ï ä÷ïêó�÷åîîùè æõîëãéïîáìáè 215äÌÑ r = 1 ÉÎÔÅÒ�ÏÌÑ�ÉÏÎÎÁÑ ÚÁÄÁÞÁu(xj+1) + 12(xj+2 − xj+1)u′(xj+1) = vj ; j ∈ Z;× �ÒÏÓÔÒÁÎÓÔ×Å SB;2(X) ÉÍÅÅÔ �ÒÑÍÏÅ ÒÅÛÅÎÉÅũ1(t) = ∑j∈Z

vj !B;2j (t);Á ÄÌÑ r = 2 ÉÎÔÅÒ�ÏÌÑ�ÉÏÎÎÁÑ ÚÁÄÁÞÁu(xj+2)− 12(xj+2 − xj+1)u′(xj+2) = vj ; j ∈ Z;× �ÒÏÓÔÒÁÎÓÔ×Å SB;2(X) ÉÍÅÅÔ �ÒÑÍÏÅ ÒÅÛÅÎÉÅũ2(t) = ∑j∈Z

vj !B;2j (t):ðÕÓÔØ m = 3. ÷ ÜÔÏÍ ÓÌÕÞÁÅ, ÓÏÇÌÁÓÎÏ (23), ×ÏÚÍÏÖÎÙ ÞÅÔÙÒÅ ÚÎÁ-ÞÅÎÉÑ r = 0; 1; 2; 3, ÄÌÑ ËÏÔÏÒÙÈ ÎÁÈÏÄÉÍ
〈[�j ℄0; u〉 = u(xj) + 13(xj+1 + xj+2 + xj+3 − 3xj)u′(xj)+ 16((xj+1 − xj)(xj+2 − xj) + (xj+1 − xj)(xj+3 − xj)+(xj+2−xj)(xj+3−xj))u′′(xj)+16(xj+1−xj)(xj+2−xj)(xj+3−xj)u′′′(xj);

〈[�j ℄1; u〉 = u(xj+1) + 13(xj+2 + xj+3 − 2xj+1)u′(xj+1)+ 16(xj+3 − xj+1)(xj+2 − xj+1)u′′(xj+1);
〈[�j ℄2; u〉 = u(xj+2) + 13(xj+1 + xj+3 − 2xj+2)u′(xj+2)

−
16(xj+3 − xj+2)(xj+2 − xj+1)u′′(xj+2);

〈[�j ℄3; u〉 = u(xj+3) + 13(xj+1 + xj+2 − 2xj+3)u′(xj+3)+ 16(xj+3 − xj+2)(xj+3 − xj+1)u′′(xj+3):



216 á. á. íáëáòï÷äÌÑ r = 0 ÉÎÔÅÒ�ÏÌÑ�ÉÏÎÎÁÑ ÚÁÄÁÞÁu(xj) + 13(xj+1 + xj+2 + xj+3 − 3xj)u′(xj)+ 16((xj+1 − xj)(xj+2 − xj) + (xj+1 − xj)(xj+3 − xj)+ (xj+2 − xj)(xj+3 − xj))u′′(xj)+ 16(xj+1 − xj)(xj+2 − xj)(xj+3 − xj)u′′′(xj) = vj ; j ∈ Z;× �ÒÏÓÔÒÁÎÓÔ×Å SB;3(X) ÉÍÅÅÔ �ÒÑÍÏÅ ÒÅÛÅÎÉÅũ0(t) = ∑j∈Z

vj !B;3j (t);ÄÌÑ r = 1 ÉÎÔÅÒ�ÏÌÑ�ÉÏÎÎÁÑ ÚÁÄÁÞÁu(xj+1) + 13(xj+2 + xj+3 − 2xj+1)u′(xj+1)+ 16(xj+3 − xj+1)(xj+2 − xj+1)u′′(xj+1) = vj ; j ∈ Z;× �ÒÏÓÔÒÁÎÓÔ×Å SB;3(X) ÉÍÅÅÔ �ÒÑÍÏÅ ÒÅÛÅÎÉÅũ1(t) = ∑j∈Z

vj !B;3j (t);ÄÌÑ r = 2 ÉÎÔÅÒ�ÏÌÑ�ÉÏÎÎÁÑ ÚÁÄÁÞÁu(xj+2) + 13(xj+1 + xj+3 − 2xj+2)u′(xj+2)
−
16(xj+3 − xj+2)(xj+2 − xj+1)u′′(xj+2) = vj ; j ∈ Z;× �ÒÏÓÔÒÁÎÓÔ×Å SB;3(X) ÉÍÅÅÔ �ÒÑÍÏÅ ÒÅÛÅÎÉÅũ2(t) = ∑j∈Z

vj !B;3j (t);ÄÌÑ r = 3 ÉÎÔÅÒ�ÏÌÑ�ÉÏÎÎÁÑ ÚÁÄÁÞÁu(xj+3) + 13(xj+1 + xj+2 − 2xj+3)u′(xj+3)+ 16(xj+3 − xj+2)(xj+3 − xj+1)u′′(xj+3) = vj ; j ∈ Z;



ï ä÷ïêó�÷åîîùè æõîëãéïîáìáè 217× �ÒÏÓÔÒÁÎÓÔ×Å SB;3(X) ÉÍÅÅÔ �ÒÑÍÏÅ ÒÅÛÅÎÉÅũ3(t) = ∑j∈Z

vj !B;3j (t):éÚ×ÅÓÔÎÏ, ÞÔÏ Ë×ÁÚÉÉÎÔÅÒ�ÏÌÑ�ÉÑ, ÏÓÎÏ×ÁÎÎÁÑ ÎÁ ÒÁÚÌÏÖÅÎÉÉ �ÅÊ-ÌÏÒÁ, ×ÅÄÅÔ Ë ÉÓ�ÏÌØÚÏ×ÁÎÉÀ Á��ÒÏËÓÉÍÁ�ÉÏÎÎÙÈ ÆÕÎË�ÉÏÎÁÌÏ×, ÓÏ-ÄÅÒÖÁÝÉÈ ÌÉÎÅÊÎÙÅ ËÏÍÂÉÎÁ�ÉÉ ÚÎÁÞÅÎÉÊ É �ÒÏÉÚ×ÏÄÎÙÈ �ÒÉÂÌÉÖÁ-ÅÍÏÊ ÆÕÎË�ÉÉ. úÁÍÅÔÉÍ, ÞÔÏ ×Ù�ÉÓÁÎÎÙÅ ÒÅÁÌÉÚÁ�ÉÉ Ä×ÏÊÓÔ×ÅÎÎÙÈÆÕÎË�ÉÏÎÁÌÏ× ÄÌÑ �ÏÌÉÎÏÍÉÁÌØÎÏÊ �ÏÒÏÖÄÁÀÝÅÊ ×ÅËÔÏÒ-ÆÕÎË�ÉÉ ÓÏ-×�ÁÄÁÀÔ Ó Ä×ÏÊÓÔ×ÅÎÎÙÍ ÆÕÎË�ÉÏÎÁÌÏÍ ÄÅ âÏÒÁ{æÉËÓÁ [2℄, Ï�ÒÅÄÅÌÑ-ÅÍÙÍ ÒÁ×ÅÎÓÔ×ÏÍ
〈qj ; u〉 = 1m! m∑i=0(−1)i  (m−i)j;m (x)u(i)(x); x ∈ [xj ; xj+m+1);ÇÄÅ ÆÕÎË�ÉÑ  j;m ÚÁÄÁÅÔÓÑ ÆÏÒÍÕÌÏÊ (18).ïÔÍÅÔÉÍ ÔÁËÖÅ, ÞÔÏ �ÏÓÔÁ×ÌÅÎÎÙÅ ×ÙÛÅ ÉÎÔÅÒ�ÏÌÑ�ÉÏÎÎÙÅ ÚÁÄÁ-ÞÉ, ÒÁÓÓÍÁÔÒÉ×ÁÅÍÙÅ ÎÁ �ÅÌÏÞÉÓÌÅÎÎÏÊ ÓÅÔËÅ, ÉÍÅÀÔ �ÒÑÍÏÅ ÒÅÛÅ-ÎÉÅ × ÓÏÏÔ×ÅÔÓÔ×ÕÀÝÉÈ ËÌÁÓÓÁÈ ÜÌÅÍÅÎÔÁÒÎÙÈ ÍÉÎÉÍÁÌØÎÙÈ Ó�ÌÁÊ-ÎÏ× [11℄. ìÉÔÅÒÁÔÕÒÁ1. M. J. Marsden, I. J. Shoenberg, On variation diminishing spline approximationmethods. | Mathematia (Cluj) 8 (31), No. 1 (1966), 61{82.2. C. de Boor, G. J. Fix, Spline approximation by quasiinterpolants. | J. Approx.Theory 8, No. 1 (1973), 19{45.3. T. Lyhe, L. L. Shumaker, Loal spline approximation methods. | J. Approx.Theory 15, No. 4 (1975), 294{325.4. ó. â. óÔÅÞËÉÎ, à. î. óÕÂÂÏÔÉÎ, ó�ÌÁÊÎÙ × ×ÙÞÉÓÌÉÔÅÌØÎÏÊ ÍÁÔÅÍÁÔÉËÅ.í. 1976.5. à. ó. úÁ×ØÑÌÏ×, ÷. é. ë×ÁÓÏ×, B. K. íÉÒÏÛÎÉÞÅÎËÏ,íÅÔÏÄÙ Ó�ÌÁÊÎ-ÆÕÎË�ÉÊ.í. 1980.6. L. L. Shumaker, Spline Funtions: Basi Theory. John Wiley and Sons, In., NewYork, 1981.7. à. ë. äÅÍØÑÎÏ×ÉÞ, ìÏËÁÌØÎÁÑ Á��ÒÏËÓÉÍÁ�ÉÑ ÎÁ ÍÎÏÇÏÏÂÒÁÚÉÉ É ÍÉÎÉÍÁÌØ-ÎÙÅ Ó�ÌÁÊÎÙ. óðÂ., éÚÄ-×Ï ó.-ðÅÔÅÒÂ. ÕÎ-ÔÁ, 1994.8. é. ç. âÕÒÏ×Á, à. ë. äÅÍØÑÎÏ×ÉÞ, íÉÎÉÍÁÌØÎÙÅ Ó�ÌÁÊÎÙ É ÉÈ �ÒÉÌÏÖÅÎÉÑ.óðÂ., éÚÄ-×Ï ó.-ðÅÔÅÒÂ. ÕÎ-ÔÁ, 2010.9. à. ó. ÷ÏÌËÏ×, å. ÷. óÔÒÅÌËÏ×Á, ÷. �. ûÅ×ÁÌÄÉÎ, ìÏËÁÌØÎÁÑ Á��ÒÏËÓÉÍÁ�ÉÑÓ�ÌÁÊÎÁÍÉ ÓÏ ÓÍÅÝÅÎÉÅÍ ÕÚÌÏ×. | íÁÔÅÍ. ÔÒ. 14, No. 2 (2011), 73{82.10. M. J. Marsden, An identity for spline funtions with appliations to variation-diminishing spline approximation. | J. Approx. Theory 3, No. 1 (1970), 7{49.



218 á. á. íáëáòï÷11. à. ë. äÅÍØÑÎÏ×ÉÞ, C. à. íÁÒÁËÏ×Á, ï ÒÅÛÅÎÉÉ ÎÅËÏÔÏÒÙÈ ÉÎÔÅÒ�ÏÌÑ�ÉÏÎ-ÎÙÈ ÚÁÄÁÞ × ËÌÁÓÓÁÈ ÍÉÎÉÍÁÌØÎÙÈ Ó�ÌÁÊÎÏ×. | in: óÂ. \þÉÓÌÅÎÎÙÊ ÁÎÁÌÉÚ:ÔÅÏÒÉÑ, �ÒÉÌÏÖÅÎÉÑ, �ÒÏÇÒÁÍÍÙ" éÚÄ-×Ï íçõ (1999), Ó. 131{153.12. í. ó�É×ÁË, íÁÔÅÍÁÔÉÞÅÓËÉÊ ÁÎÁÌÉÚ ÎÁ ÍÎÏÇÏÏÂÒÁÚÉÑÈ. ìÁÎØ, óðÂ., 2005.13. á. á. íÁËÁÒÏ×, ï �ÏÓÔÒÏÅÎÉÉ Ó�ÌÁÊÎÏ× ÍÁËÓÉÍÁÌØÎÏÊ ÇÌÁÄËÏÓÔÉ. | ðÒÏ-ÂÌÅÍÙ ÍÁÔÅÍ. ÁÎÁÌÉÚÁ. ÷Ù�. 60. íÅÖ×ÕÚ. ÓÂ. / ðÏÄ ÒÅÄ. î. î. õÒÁÌØ�Å×ÏÊ. {îÏ×ÏÓÉÂÉÒÓË: éÚÄ-×Ï �. òÏÖËÏ×ÓËÁÑ, 2011, Ó. 25{38.14. á. á. íÁËÁÒÏ×, ëÕÓÏÞÎÏ-ÎÅ�ÒÅÒÙ×ÎÙÅ Ó�ÌÁÊÎ-×ÜÊ×ÌÅÔÙ ÎÁ ÎÅÒÁ×ÎÏÍÅÒÎÏÊÓÅÔËÅ. | �Ò. óðééòáî 14 (2010), 103{131.15. á. á. íÁËÁÒÏ×, ïÄÉÎ ×ÁÒÉÁÎÔ Ó�ÌÁÊÎ-×ÜÊ×ÌÅÔÎÏÇÏ ÒÁÚÌÏÖÅÎÉÑ �ÒÏ-ÓÔÒÁÎÓÔ× B-Ó�ÌÁÊÎÏ×. | ÷ÅÓÔÎ. ó.-ðÅÔÅÒÂ. ÕÎ-ÔÁ. óÅÒ. 10, ÷Ù�. 2 (2009),59{71.16. á. á. íÁËÁÒÏ×, âÉÏÒÔÏÇÏÎÁÌØÎÙÅ ÓÉÓÔÅÍÙ ÆÕÎË�ÉÏÎÁÌÏ× É ÍÁÔÒÉ�Ù ÄÅËÏÍ-�ÏÚÉ�ÉÉ ÄÌÑ ÍÉÎÉÍÁÌØÎÙÈ Ó�ÌÁÊÎÏ×. | õËÒ. ÍÁÔ. ×iÓÎÉË 9, No. 2 (2012), 219{236.Makarov A. A. On funtionals dual to minimal splines.The paper onsiders minimal splines of Lagrange type of lower orders,and a system of funtionals biorthogonal to the system of minimal oor-dinate splines is onstruted. The results obtained are illustrated on theexample of a polynomial generating vetor funtion, whih leads to theonstrution of B-splines from the approximation relations.ðÏÓÔÕ�ÉÌÏ 11 ÏËÔÑÂÒÑ 2016 Ç.ó.-ðÅÔÅÒÂÕÒÇÓËÉÊÇÏÓÕÄÁÒÓÔ×ÅÎÎÙÊ ÕÎÉ×ÅÒÓÉÔÅÔ,õÎÉ×ÅÒÓÉÔÅÔÓËÁÑ ÎÁÂ. 7/9,199034, óÁÎËÔ-ðÅÔÅÒÂÕÒÇ, òÏÓÓÉÑE-mail : a.a.makarov�spbu.ru


