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§1. ÷×ÅÄÅÎÉÅéÓÓÌÅÄÏ×ÁÎÉÀ ÞÉÓÌÏ×ÙÈ �ÏÔÏËÏ× (ÓÉÇÎÁÌÏ×) �ÏÓ×ÑÝÅÎÏ ÍÎÏÇÏ ÒÁ-ÂÏÔ: ÒÁÚÒÁÂÏÔÁÎÁ ÔÅÏÒÉÑ ÆÉÌØÔÒÁ�ÉÉ, ÔÅÏÒÉÑ ËÌÁÓÓÉÞÅÓËÉÈ ×ÜÊ×ÌÅ-ÔÏ×, ÔÅÏÒÉÑ Ó�ÌÁÊÎ-×Ó�ÌÅÓËÏ× (ÓÍ., ÎÁ�ÒÉÍÅÒ, ÍÏÎÏÇÒÁÆÉÉ [1{4℄ É ÂÉ-ÂÌÉÏÇÒÁÆÉÀ × ÎÉÈ). äÌÑ ËÌÁÓÓÉÞÅÓËÏÇÏ ×ÜÊ×ÌÅÔÎÏÇÏ ÒÁÚÌÏÖÅÎÉÑ (ÓÍ.[2, 3, 5℄) ÔÒÅÂÕÅÔÓÑ ÔÒÁÎÓÌÑ�ÉÏÎÎÁÑ ÉÎ×ÁÒÉÁÎÔÎÏÓÔØ ÒÁÓÓÍÁÔÒÉ×ÁÅÍÙÈ�ÒÏÓÔÒÁÎÓÔ×, ËÒÁÔÎÏ-ÍÁÓÛÔÁÂÎÙÊ ÁÎÁÌÉÚ É �ÒÅÏÂÒÁÚÏ×ÁÎÉÅ æÕÒØÅ,ÞÔÏ ÚÁÔÒÕÄÎÑÅÔ �ÏÓÔÒÏÅÎÉÅ ÁÄÁ�ÔÉ×ÎÙÈ ÁÌÇÏÒÉÔÍÏ× ÏÂÒÁÂÏÔËÉ ÞÉÓÌÏ-×ÙÈ �ÏÔÏËÏ×. áÄÁ�ÔÉ×ÎÙÅ Ó�ÌÁÊÎ-×Ó�ÌÅÓËÏ×ÙÅ ÒÁÚÌÏÖÅÎÉÑ ÉÓ�ÏÌØÚÕ-ÀÔ Á��ÒÏËÓÉÍÁ�ÉÏÎÎÙÅ ÓÏÏÔÎÏÛÅÎÉÑ ÄÌÑ �ÏÓÔÒÏÅÎÉÑ ×ÌÏÖÅÎÎÙÈ �ÒÏ-ÓÔÒÁÎÓÔ× Ó�ÌÁÊÎÏ× ÎÁ ÎÅÒÁ×ÎÏÍÅÒÎÙÈ ÓÅÔËÁÈ (ÓÍ. [4,8℄). ÷ ÒÁÂÏÔÁÈ [6,7℄�ÒÅÄÌÏÖÅÎÙ ÁÌÇÏÒÉÔÍÙ ÁÄÁ�ÔÉ×ÎÏÇÏ Ó�ÌÁÊÎ-×Ó�ÌÅÓËÏ×ÏÇÏ ÒÁÚÌÏÖÅÎÉÑÞÉÓÌÏ×ÏÇÏ �ÏÔÏËÁ. ðÏÓÔÒÏÅÎÉÅ Ó�ÌÁÊÎ-×Ó�ÌÅÓËÏ×ÏÇÏ ÒÁÚÌÏÖÅÎÉÑ �ÏÔÏ-ËÏ× ÂÏÌÅÅ ÏÂÝÅÇÏ ÈÁÒÁËÔÅÒÁ, ÞÅÍ ÞÉÓÌÏ×ÙÅ �ÏÔÏËÉ, ÎÁÔÁÌËÉ×ÁÅÔÓÑ ÎÁÔÒÕÄÎÏÓÔÉ ÒÅÁÌÉÚÁ�ÉÉ ÓÏÏÔ×ÅÔÓÔ×ÕÀÝÉÈ ÏÂÏÂÝÅÎÉÊ Ó�ÌÁÊÎÏ×.÷ ÄÁÎÎÏÊ ÒÁÂÏÔÅ ÕËÁÚÁÎÎÙÅ ÔÒÕÄÎÏÓÔÉ �ÒÅÏÄÏÌÅÎÙ Ó�Å�ÉÁÌØÎÏÊËÏÎÓÔÒÕË�ÉÅÊ, �ÏÚ×ÏÌÑÀÝÅÊ ÉÓ�ÏÌØÚÏ×ÁÔØ ËÁÌÉÂÒÏ×ÏÞÎÙÅ ÓÏÏÔÎÏÛÅ-ÎÉÑ Ó�ÌÁÊÎÏ× ÄÌÑ ×Ó�ÌÅÓËÏ×ÏÇÏ (×ÜÊ×ÌÅÔÎÏÇÏ) ÒÁÚÌÏÖÅÎÉÑ �ÏÔÏËÏ× ÍÁ-ÔÒÉ� Ó ÜÌÅÍÅÎÔÁÍÉ ÉÚ ÍÅÔÒÉÚÏ×ÁÎÎÏÇÏ �ÏÌÑ (ÜËÏÎÏÍÎÁÑ �ÅÒÅÄÁÞÁ ÔÁËÉÈ�ÏÔÏËÏ× ÏÔ Ä×ÕÍÅÒÎÙÈ ÏÂßÅËÔÏ× ×ÅÓØÍÁ ÁËÔÕÁÌØÎÁ). úÄÅÓØ �ÒÅÄÌÏÖÅ-ÎÙ ÁÄÁ�ÔÉ×ÎÙÅ ÁÌÇÏÒÉÔÍÙ �ÏÓÔÒÏÅÎÉÑ Ó�ÌÁÊÎ-×Ó�ÌÅÓËÏ×ÏÇÏ ÒÁÚÌÏÖÅ-ÎÉÑ Õ�ÏÍÑÎÕÔÙÈ �ÏÔÏËÏ×, ÏÂÅÓ�ÅÞÉ×ÁÀÝÉÅ Á�ÒÉÏÒÉ ÚÁÄÁÎÎÕÀ Ï�ÅÎ-ËÕ ÕËÌÏÎÅÎÉÑ ÏÓÎÏ×ÎÏÇÏ �ÏÔÏËÁ ÏÔ ÉÓÈÏÄÎÏÇÏ. ÷ ÒÅÚÕÌØÔÁÔÅ �ÏÌÕÞÅ-ÎÙ ÈÁÒÁËÔÅÒÉÓÔÉËÉ ÏÂßÅÍÏ× ÉÓ�ÏÌØÚÕÅÍÙÈ ÄÁÎÎÙÈ × ÏÓÎÏ×ÎÏÍ �ÏÔÏËÅ�ÒÉ ÒÁÚÌÉÞÎÏÊ ÎÅÒÅÇÕÌÑÒÎÏÓÔÉ ÉÓÈÏÄÎÏÇÏ ÍÁÔÒÉÞÎÏÇÏ �ÏÔÏËÁ, Á ÔÁË-ÖÅ Ï�ÅÎÅÎÁ ÓÔÅ�ÅÎØ ÜÆÆÅËÔÉ×ÎÏÓÔÉ ÁÄÁ�ÔÉ×ÎÙÈ ÁÌÇÏÒÉÔÍÏ× �Ï ÓÒÁ×-ÎÅÎÉÀ Ó (ÂÏÌÅÅ �ÒÏÓÔÙÍÉ) ÎÅÁÄÁ�ÔÉ×ÎÙÍÉ ÁÌÇÏÒÉÔÍÁÍÉ.ëÌÀÞÅ×ÙÅ ÓÌÏ×Á: ÏÂÒÁÂÏÔËÁ ÓÉÇÎÁÌÏ×, �ÏÔÏËÉ ÍÁÔÒÉ�, ËÁÌÉÂÒÏ×ÏÞÎÙÅ ÓÏÏÔÎÏ-ÛÅÎÉÑ, ÁÄÁ�ÔÉ×ÎÙÅ Ó�ÌÁÊÎ-×Ó�ÌÅÓËÉ.òÁÂÏÔÁ ÞÁÓÔÉÞÎÏ �ÏÄÄÅÒÖÁÎÁ ÇÒÁÎÔÏÍ òææé 15-01-08847.112
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§2. îÅËÏÔÏÒÙÅ ×Ó�ÏÍÏÇÁÔÅÌØÎÙÅ ÕÔ×ÅÒÖÄÅÎÉÑúÄÅÓØ ÂÕÄÕÔ ××ÅÄÅÎÙ ÎÅËÏÔÏÒÙÅ ÏÂÏÚÎÁÞÅÎÉÑ É �ÏÎÑÔÉÑ, ÎÅÏÂÈÏÄÉ-ÍÙÅ ÄÌÑ ÄÁÌØÎÅÊÛÅÇÏ.2.1. áÄÁ�ÔÉ×ÎÁÑ ÓÅÔËÁ. ðÕÓÔØ ÎÁ ÉÎÔÅÒ×ÁÌÅ (�; �) ×ÅÝÅÓÔ×ÅÎÎÏÊÏÓÉ R1 ÒÁÓÓÍÁÔÒÉ×ÁÅÔÓÑ ÓÅÔËÁ Ó ÒÁ�ÉÏÎÁÌØÎÙÍÉ ÕÚÌÁÍÉ �i, i ∈ Z,� : : : : < �−2 < �−1 < �0 < �1 < �2 : : : ; (2.1)limi→−∞

�i = �; limi→+∞
�i = �:ðÕÓÔØ d ∈ �, ÔÁË ÞÔÏ d = �i �ÒÉ ÎÅËÏÔÏÒÏÍ i ∈ Z; ××ÅÄÅÍ ÏÂÏÚÎÁÞÅ-ÎÉÑ d− def== �i−1, d+ def== �i+1.äÁÌÅÅ ÓÞÉÔÁÅÍ, ÞÔÏ a; b ∈ �, a+ < b−. ïÂÏÚÎÁÞÉÍ 〚a; b〛def== {�s | s =0; 1; : : : ;M}; ÍÎÏÖÅÓÔ×Ï 〚a; b〛 ÎÁÚÙ×ÁÅÔÓÑ ÓÅÔÏÞÎÙÍ ÏÔÒÅÚËÏÍ. þÅÒÅÚC〚a; b〛 ÏÂÏÚÎÁÞÁÅÔÓÑ ÌÉÎÅÊÎÏÅ ËÏÎÅÞÎÏÍÅÒÎÏÅ �ÒÏÓÔÒÁÎÓÔ×Ï ÆÕÎË-�ÉÊ u(t), ÚÁÄÁÎÎÙÈ ÎÁ ÓÅÔÏÞÎÏÍ ÏÔÒÅÚËÅ 〚a; b〛 Ó ÎÏÒÍÏÊ ‖u‖C〚a; b〛 def==maxt∈〚a; b〛 |u(t)|:óÉÍ×ÏÌÏÍ f ÏÂÏÚÎÁÞÉÍ ÆÕÎË�ÉÀ, ÚÁÄÁÎÎÕÀ ÎÁ ÓÅÔËÅ � É ÕÄÏ×ÌÅÔ×Ï-ÒÑÀÝÕÀ ÎÅÒÁ×ÅÎÓÔ×Õf(t) > 
; t ∈ 〚a; b〛; 
 = 
onst > 0: (2.2)ðÏÌÏÖÉÍ "∗ def== max�∈〚a; b−〛

maxt∈{�;�+}
f(t)(�+ − �); (2.3)"∗∗ def== (b− a)‖f‖C〚a; b〛: (2.4)ìÅÍÍÁ 2.1. åÓÌÉ ×Ù�ÏÌÎÅÎÙ ÕÓÌÏ×ÉÑ (2:2){(2:4) É " ∈ ("∗; "∗∗), ÔÏÓÕÝÅÓÔ×ÕÀÔ É ÅÄÉÎÓÔ×ÅÎÎÙ ÔÁËÏÅ ÎÁÔÕÒÁÌØÎÏÅ ÞÉÓÌÏ K = K(f; ";�)É ÔÁËÁÑ ÓÅÔËÁ X̃ ⊂ 〚a; b〛,X̃ = X̃(f; ";�) : a = x̃0 < x̃1 < · · · < x̃K 6 x̃K+1 = b; (2.5)ÞÔÏ maxt∈〚x̃s; x̃s+1〛 f(t)(x̃s+1 − x̃s) 6 " < maxt∈〚x̃s; x̃+s+1〛 f(t)(x̃+s+1 − x̃s); (2.6)s ∈ {0; 1; : : : ;K − 1};



114 à. ë. äåíøñîï÷éþ, ÷. ç. äåç�ñòå÷, î. á. ìåâåäéîóëáñmaxt∈〚x̃K ; b〛 f(t)(b− x̃K) 6 "; X̃ ⊂ �: (2.7)ðÒÉÍÅÎÑÑ ÉÎÄÕË�ÉÀ �Ï �ÁÒÁÍÅÔÒÕ s, �ÏÌÕÞÁÅÍ ÄÏËÁÚÁÔÅÌØÓÔ×Ï ÌÅÍ-ÍÙ 1; ÏÎÏ ÖÅ ÓÌÕÖÉÔ ÉÓÔÏÞÎÉËÏÍ ÄÌÑ ÁÌÇÏÒÉÔÍÁ ÒÅÁÌÉÚÁ�ÉÉ ÓÅÔËÉ (2.5)ÓÏ Ó×ÏÊÓÔ×ÁÍÉ (2.6){(2.7) (ÓÍ. [6℄; ÔÁÍ ÖÅ ÄÁÎ ÉÌÌÀÓÔÒÁÔÉ×ÎÙÊ �ÒÉ-ÍÅÒ); ÜÔÕ ÓÅÔËÕ ÎÁÚÙ×ÁÅÍ ÁÄÁ�ÔÉ×ÎÏÊ.óÕÍÍÉÒÏ×ÁÎÉÅ ÓÏÏÔÎÏÛÅÎÉÊ (2.6) �ÒÉ×ÏÄÉÔ Ë ÎÅÒÁ×ÅÎÓÔ×ÕK−1∑s=0 maxt∈〚x̃s; x̃s+1〛f(t)(x̃s+1 − x̃s) 6 K"< K−1∑s=0 maxt∈〚x̃s; x̃+s+1〛 f(t)(x̃+s+1 − x̃s): (2.8)2.2. ðÓÅ×ÄÏÒÁ×ÎÏÍÅÒÎÁÑ ÓÅÔËÁ. ðÕÓÔØ"∗ def== max�∈〚a; b−〛
(�+ − �)‖f‖C〚a; b〛 (2.9)É " ∈ ("∗; "∗∗); (2.10)ÎÁÊÄÅÍ ÞÉÓÌÁ1 N = N(f; ";�) def== ⌊"∗∗="⌋ − 1 (2.11)É h = h(f; ";�) def== b− aN + 1 : (2.12)îÁ ÓÅÔÏÞÎÏÍ ÏÔÒÅÚËÅ 〚a; b〛 ÒÁÓÓÍÏÔÒÉÍ ÓÅÔËÕX = X(f; ";�) : a = x0 < x1 < : : : < xN = b; X ⊂ �; (2.13)ÇÄÅ xs+1 − xs 6 h < x+s+1 − xs; s ∈ {0; 1; : : : ; N − 1}; (2.14)ÓÅÔËÕ X ÄÏ�ÏÌÎÉÍ ÕÚÌÏÍ xN+1 ∈ �, xN+1 > xN ,xN+1 − xN 6 h: (2.15)1äÌÑ ÞÉÓÌÁ r ×ÙÒÁÖÅÎÉÅ ⌊r⌋ ÏÚÎÁÞÁÅÔ �ÅÌÏÅ ÞÉÓÌÏ k ÓÏ Ó×ÏÊÓÔ×ÏÍ 0 6 r− k < 1.



áäáð�é÷îïå ÷óðìåóëï÷ïå òáúìïöåîéå 115óÅÔËÁ (2.13) ÓÏ Ó×ÏÊÓÔ×ÁÍÉ (2.14){(2.15) ÎÁÚÙ×ÁÅÔÓÑ �ÓÅ×ÄÏÒÁ×ÎÏ-ÍÅÒÎÏÊ ÓÅÔËÏÊ ÛÁÇÁ h (ÓÍ. [6℄). éÚ (2.4), (2.9){(2.11) ÉÍÅÅÍN + 1 6
b− a" ‖f‖C〚a; b〛 < N + 2; (2.16)ÔÁË ÞÔÏ(b− a)‖f‖C〚a; b〛 − 2" < N" 6 (b− a)‖f‖C〚a; b〛 − ": (2.17)éÚ (2.16) ×ÉÄÎÏ, ÞÔÏ ÄÌÑ ÒÁÓÓÍÁÔÒÉ×ÁÅÍÏÊ ÓÅÔËÉ ÚÁ×ÅÄÏÍÏ ×Ù�ÏÌÎÅÎÏÓÏÏÔÎÏÛÅÎÉÅ b−aN+1‖f‖C〚a; b〛 < ", ÔÁË ÞÔÏ ÉÚ (2.12) �ÏÌÕÞÁÅÍh‖f‖C〚a; b〛 < ":÷ ÓÉÌÕ ÌÅ×ÏÇÏ ÎÅÒÁ×ÅÎÓÔ×Á × (2.14) É ÎÅÒÁ×ÅÎÓÔ×Á (2.15), ÉÍÅÅÍmaxt∈〚xs; xs+1〛 f(t) (xs+1 − xs) 6 "; s ∈ {0; 1; : : : ; N}: (2.18)ïÔÓÀÄÁ ÓÌÅÄÕÅÔìÅÍÍÁ 2.2. åÓÌÉ " ∈ ("∗; "∗∗); ÔÏ ÏÄÎÏÚÎÁÞÎÏ Ï�ÒÅÄÅÌÑÅÔÓÑ ÓÅÔËÁ(2:13) ÓÏ Ó×ÏÊÓÔ×ÁÍÉ (2:14){(2:15); �ÒÉ ÜÔÏÍ ×Ù�ÏÌÎÅÎÙ ÓÏÏÔÎÏÛÅÎÉÑ(2:17){(2:18).2.3. ïÔÎÏÓÉÔÅÌØÎÏÅ ËÏÌÉÞÅÓÔ×Ï ÕÚÌÏ×. éÚ ÌÅÍÍ 2.1 É 2.2 ×ÙÔÅËÁ-ÅÔ ÓÌÅÄÕÀÝÅÅ ÕÔ×ÅÒÖÄÅÎÉÅ.�ÅÏÒÅÍÁ 2.1. ÷ ÕÓÌÏ×ÉÑÈ ÌÅÍÍ 2.1 É 2.2 Ó�ÒÁ×ÅÄÌÉ×Ï ÎÅÒÁ×ÅÎÓÔ×Ï(b− a)‖f‖C〚a; b〛 − 2"K−1∑s=0 maxt∈〚x̃s; x̃+s+1〛 f(t)(x̃+s+1 − x̃s) < NK

6

(b− a)‖f‖C〚a; b〛K−1∑s=0 maxt∈〚x̃s; x̃s+1〛 f(t)(x̃s+1 − x̃s) : (2.19)ðÒÅÄ�ÏÌÏÖÉÍ, ÞÔÏ ÆÕÎË�ÉÑ f(t) ÎÅ�ÒÅÒÙ×ÎÁ ÎÁ ÏÔÒÅÚËÅ [a; b℄ É ÏÂÌÁ-ÄÁÅÔ Ó×ÏÊÓÔ×ÏÍ f(t) > 
 > 0; t ∈ [a; b℄: (2.20)òÁÓÓÍÏÔÒÉÍ �ÏÓÌÅÄÏ×ÁÔÅÌØÎÏÓÔØ ÓÅÔÏË �(�) ×ÉÄÁ (2.1):�(�) : : : : < �−2(�) < �−1(�) < �0(�) < �1(�) < �2(�) : : : ; (2.21)ÚÁ×ÉÓÑÝÉÈ ÏÔ �ÁÒÁÍÅÔÒÁ � > 0 É ÔÁËÉÈ, ÞÔÏ a; b ∈ �(�).



116 à. ë. äåíøñîï÷éþ, ÷. ç. äåç�ñòå÷, î. á. ìåâåäéîóëáñ÷×ÅÄÅÍ ÏÂÏÚÎÁÞÅÎÉÑ:
〚a; b〛� def== �(�) ∩ [a; b℄; h� def== max�∈〚a; b− 〛�(�+ − �):�ÅÏÒÅÍÁ 2.2. åÓÌÉ ÎÅ�ÒÅÒÙ×ÎÁÑ ÎÁ ÏÔÒÅÚËÅ [a; b℄ ÆÕÎË�ÉÑ f(t) ÕÄÏ-×ÌÅÔ×ÏÒÑÅÔ ÕÓÌÏ×ÉÀ (2:20); Á �ÏÓÌÅÄÏ×ÁÔÅÌØÎÏÓÔØ ÓÅÔÏË (2:21) ÔÁ-ËÏ×Á, ÞÔÏ lim�→+0h� = 0; (2.22)ÔÏ ×ÅÒÎÏ ÓÏÏÔÎÏÛÅÎÉÅlim"→+0 lim�→+0 NK = ‖f‖C[a;b℄1b−a b∫a f(t)dt : (2.23)äÏËÁÚÁÔÅÌØÓÔ×Ï ÓÏÏÔÎÏÛÅÎÉÑ (2.23)ÌÅÇËÏ �ÏÌÕÞÁÅÔÓÑ ÉÚ(2.21){(2.22)É (2.19).
§3. á��ÒÏËÓÉÍÁ�ÉÑ ÍÁÔÒÉÞÎÏÇÏ �ÏÔÏËÁïÂÏÚÎÁÞÉÍ ÞÅÒÅÚ F ÍÅÔÒÉÚÏ×ÁÎÎÏÅ �ÏÌÅ2; ÓÏÏÔ×ÅÔÓÔ×ÕÀÝÁÑ ÍÅÔÒÉ-ËÁ ÏÂÏÚÎÁÞÁÅÔÓÑ | · | É ÏÂÌÁÄÁÅÔ ÓÌÅÄÕÀÝÉÍÉ Ó×ÏÊÓÔ×ÁÍÉ: a) ÄÌÑ ∀f ∈ FÉÍÅÅÍ |f | > 0, |f | = 0 ⇐⇒ f = 0, b) ÄÌÑ ∀f; g ∈ F ×ÅÒÎÏ ÎÅÒÁ×ÅÎ-ÓÔ×Ï ÔÒÅÕÇÏÌØÎÉËÁ |f + g| 6 |f |+ |g|, 
) ÄÌÑ ∀f; g ∈ F ×ÅÒÎÏ ÒÁ×ÅÎÓÔ×Ï

|fg| = |f ||g|.òÁÓÓÍÏÔÒÉÍ ÌÉÎÅÊÎÏÅ ÎÏÒÍÉÒÏ×ÁÎÎÏÅ �ÒÏÓÔÒÁÎÓÔ×Ï M ÍÁÔÒÉ� A =(aij) ÆÉËÓÉÒÏ×ÁÎÎÎÙÈ ÒÁÚÍÅÒÏ× n× l ÎÁÄ �ÏÌÅÍ F Ó ÎÏÒÍÏÊ ‖ · ‖.ðÕÓÔØ CM〚a; b〛 | ÌÉÎÅÊÎÏÅ ËÏÎÅÞÎÏÍÅÒÎÏÅ �ÒÏÓÔÒÁÎÓÔ×Ï ÁÂÓÔÒÁËÔ-ÎÙÈ ÆÕÎË�ÉÊ U(t) ÁÒÇÕÍÅÎÔÁ t ∈〚a; b〛 ÓÏ ÚÎÁÞÅÎÉÑÍÉ × Õ�ÏÍÑÎÕÔÏÍ�ÒÏÓÔÒÁÎÓÔ×Å ÍÁÔÒÉ�3; ××ÅÄÅÍ ÎÏÒÍÕ
‖U‖

CM〚a; b〛 = maxt∈〚a; b〛 ‖U(t)‖:2ë ÍÅÔÒÉÚÏ×ÁÎÎÙÍ �ÏÌÑÍ ÏÔÎÏÓÑÔÓÑ �ÏÌÑ ×ÅÝÅÓÔ×ÅÎÎÙÈ, ËÏÍ�ÌÅËÓÎÙÈ É p-ÁÄÉÞÅÓËÉÈ ÞÉÓÅÌ.3óÌÏ×Á \ÁÂÓÔÒÁËÔÎÁÑ ÆÕÎË�ÉÑ" × ÄÁÌØÎÅÊÛÅÍ ÞÁÓÔÏ ÚÁÍÅÎÑÅÍ ÓÌÏ×ÏÍ \ÆÕÎË-�ÉÑ"; ÜÔÏ ÎÅ ×ÅÄÅÔ Ë �ÕÔÁÎÉ�Å, Ô.Ë. ×Ï ×ÓÅÈ ÓÌÕÞÁÑÈ, ËÏÇÄÁ ÒÅÞØ ÉÄÅÔ ÏÂ ÁÂÓÔÒÁËÔÎÏÊÆÕÎË�ÉÉ ÁÒÇÕÍÅÎÔÁ t ÓÏ ÚÎÁÞÅÎÉÑÍÉ × �ÒÏÓÔÒÁÎÓÔ×Å M ÉÓ�ÏÌØÚÕÀÔÓÑ ÚÁÇÌÁ×ÎÙÅÂÕË×Ù ÉÌÉ �ÏÌÕÖÉÒÎÙÊ ÛÒÉÆÔ.



áäáð�é÷îïå ÷óðìåóëï÷ïå òáúìïöåîéå 117üÌÅÍÅÎÔÙ U(t) �ÒÏÓÔÒÁÎÓÔ×Á CM〚a; b〛 ÎÁÚÙ×ÁÀÔÓÑ ÍÁÔÒÉÞÎÙÍÉ �ÏÔÏ-ËÁÍÉ. ÷ ÄÁÌØÎÅÊÛÅÍ �ÏÎÁÄÏÂÑÔÓÑ ÔÁËÖÅ ÁÂÓÔÒÁËÎÙÅ ÆÕÎË�ÉÉ, ÚÁÄÁÎ-ÎÙÅ ÎÁ ÎÅËÏÔÏÒÏÍ ÏÔÒÅÚËÅ [
; d℄ ×ÅÝÅÓÔ×ÅÎÎÏÊ ÏÓÉ É ÉÍÅÀÝÉÅ ÏÂÌÁÓÔØÚÎÁÞÅÎÉÊ × M; ÄÌÑ ÜÔÉÈ ÆÕÎË�ÉÊ ÍÏÖÎÏ ÏÂÙÞÎÙÍ ÏÂÒÁÚÏÍ ××ÅÓÔÉ ÄÉÆ-ÆÅÒÅÎ�ÉÒÏ×ÁÎÉÅ. ðÏÜÔÏÍÕ ÒÁÓÓÍÏÔÒÉÍ ÔÁËÖÅ ÌÉÎÅÊÎÙÅ �ÒÏÓÔÒÁÎÓÔ×Á
CM[
; d℄, C1

M
[
; d℄, C2

M
[
; d℄ ÎÅ�ÒÅÒÙ×ÎÙÈ, ÎÅ�ÒÅÒÙ×ÎÏ ÄÉÆÆÅÒÅÎ�ÉÒÕÅ-ÍÙÈ É Ä×ÁÖÄÙ ÎÅ�ÒÅÒÙ×ÎÏ ÄÉÆÆÅÒÅÎ�ÉÒÕÅÍÙÈ ÁÂÓÔÒÁËÔÎÙÈ ÆÕÎË�ÉÊÓÏÏÔ×ÅÔÓÔ×ÅÎÎÏ.ðÕÓÔØ ÆÕÎË�ÉÑ U(t) ÚÁÄÁÎÁ ÎÁ ÓÅÔÏÞÎÏÍ ÏÔÒÅÚËÅ 〚y; z〛,

〚y; z〛 : y = �0 < �1 < : : : < �M−1 < �M = z: (3.1)ðÏÌÏÖÉÍ Ũ(t) def== U(y) + U(z)− U(y)z − y (t− y); t ∈ 〚y; z〛: (3.2)D�W (�) def== W (�+)−W (�)�+ − � :ìÅÇËÏ �ÏÌÕÞÁÅÔÓÑ ÓÌÅÄÕÀÝÅÅ ÕÔ×ÅÒÖÄÅÎÉÅ (ÓÍ. ÔÁËÖÅ [6℄).�ÅÏÒÅÍÁ 3.1. äÌÑ ÆÕÎË�ÉÊ U(t) É Ũ(t), Ó×ÑÚÁÎÎÙÈ ÓÏÏÔÎÏÛÅÎÉÅÍ(3.1){(3.2), Ó�ÒÁ×ÅÄÌÉ×Ù Ï�ÅÎËÉ
‖U(t)− Ũ(t)‖ 6 2min{t− y; z − t} max�∈〚y; z−〛

‖D�U(�)‖; (3.3)
‖U(t)− Ũ(t)‖ 6 (z − y) max�∈〚y; z−〛

‖D�U(�)‖; t ∈ 〚y; z〛: (3.4)åÓÌÉ ÉÓÈÏÄÎÙÊ �ÏÔÏË ÍÅÎÑÅÔÓÑ ÏÔÎÏÓÉÔÅÌØÎÏ ÍÅÄÌÅÎÎÏ, ÔÁË ÞÔÏÒÁ×ÎÏÍÅÒÎÏ ÏÇÒÁÎÉÞÅÎÙ ×ÔÏÒÙÅ ÒÁÚÎÏÓÔÎÙÅ ÏÔÎÏÛÅÎÉÑ,D2�U(�) def== D�U(�)−D�U(�−)� − �− ; � ∈ 〚y+; z−〛;ÔÏ �ÏÌÅÚÎÏ ÓÌÅÄÕÀÝÅÅ ÕÔ×ÅÒÖÄÅÎÉÅ.�ÅÏÒÅÍÁ 3.2. ÷ ÕÓÌÏ×ÉÑÈ (3.1){(3.2) Ó�ÒÁ×ÅÄÌÉ×Á Ï�ÅÎËÁ
‖U(t)− Ũ(t)‖ 6 (z − y)2 max�∈〚y+; z−〛

‖D2�U(�)‖; t ∈ 〚y; z〛: (3.5)òÁÓÓÍÏÔÒÉÍ ÓÅÔËÕ X̂ , Ñ×ÌÑÀÝÕÀÓÑ �ÏÄÍÎÏÖÅÓÔ×ÏÍ ÓÅÔËÉ �:X̂ : a = x̂0 < x̂1 < x̂2 < : : : < x̂K̂ < x̂K̂+1 = b; X̂ ⊂ �: (3.6)



118 à. ë. äåíøñîï÷éþ, ÷. ç. äåç�ñòå÷, î. á. ìåâåäéîóëáñäÌÑ ÆÕÎË�ÉÉ U(t), ÚÁÄÁÎÎÏÊ ÎÁ 〚a; b〛, �ÏÓÔÒÏÉÍ ËÕÓÏÞÎÏ-ÌÉÎÅÊÎÕÀÉÎÔÅÒ�ÏÌÑ�ÉÀ̃U(t) def== U(x̂j) + U(x̂j+1)− U(x̂j)x̂j+1 − x̂j (t− x̂j); (3.7)t ∈ [x̂j ; x̂j+1); j ∈ {0; 1; : : : ; K̂}:�ÅÏÒÅÍÁ 3.3. äÌÑ ËÕÓÏÞÎÏ-ÌÉÎÅÊÎÏÊ ÉÎÔÅÒ�ÏÌÑ�ÉÉ (3.7) ÎÁ ÓÅÔËÅ(3.6) �ÒÉ t ∈ 〚x̂j ; x̂j+1〛 Ó�ÒÁ×ÅÄÌÉ×Ù ÎÅÒÁ×ÅÎÓÔ×Á
‖U(t)− Ũ(t)‖ 6 (x̂j+1 − x̂j) max�∈〚x̂j ; x̂−j+1 〛

‖D�U(�)‖; (3.8)
‖U(t)− Ũ(t)‖ 6 (x̂j+1 − x̂j)2 max�∈〚x̂+j ; x̂−j+1 〛

‖D2�U(�)‖: (3.9)åÓÌÉ U ∈ C
1
M
[a; b℄, ÔÏ
‖U(t)− Ũ(t)‖ 6 max�∈[x̂j;x̂j+1℄ ‖U ′(�)‖(x̂j+1 − x̂j); (3.10)Á ÅÓÌÉ U ∈ C2
M
[a; b℄, ÔÏ

‖U(t)− Ũ(t)‖ 6 max�∈[x̂j;x̂j+1℄ ‖U ′′(�)‖(x̂j+1 − x̂j)2; t ∈ (x̂j ; x̂j+1): (3.11)äÏËÁÚÁÔÅÌØÓÔ×Ï. ï�ÅÎËÉ (3.8){(3.9) ÎÅ�ÏÓÒÅÄÓÔ×ÅÎÎÏ ×ÙÔÅËÁÀÔ ÉÚÎÅÒÁ×ÅÎÓÔ× (3.3){(3.4) É (3.5), Á ÓÏÏÔÎÏÛÅÎÉÑ (3.10){(3.11) �ÏÌÕÞÁÀÔÓÑ�ÒÅÄÅÌØÎÙÍ �ÅÒÅÈÏÄÏÍ ÉÚ (3.8){(3.9) �ÒÉmax�∈〚y; z−〛
(�+ − �) → +0: �

§4. ï ÞÉÓÌÅ ÓÅÔÏÞÎÙÈ ÕÚÌÏ×4.1. óÅÔËÁ ÁÄÁ�ÔÉ×ÎÏÇÏ ÔÉ�Á.�ÅÏÒÅÍÁ 4.1. ðÕÓÔØ ×Ù�ÏÌÎÅÎÏ ÕÓÌÏ×ÉÅ
‖D�U(t)‖ > 
 > 0; t ∈ 〚y; z〛: (4.1)åÓÌÉ �ÒÉ � > 0 ÓÅÔËÁ X̂ ÓÏ×�ÁÄÁÅÔ Ó ÓÅÔËÏÊ X̃(‖D�U(t)‖; �;�), ÔÏ



áäáð�é÷îïå ÷óðìåóëï÷ïå òáúìïöåîéå 119(1) ÞÉÓÌÏ ÕÚÌÏ× K ′U;�(�) def== K(‖D�U(t)‖; �;�) ÜÔÏÊ ÓÅÔËÉ ÕÄÏ×ÌÅ-Ô×ÏÒÑÅÔ ÓÏÏÔÎÏÛÅÎÉÑÍK−1∑s=0 maxt∈〚x̃s; x̃s+1〛 ‖D�U(t)‖(x̃s+1 − x̃s)=� 6 K ′U;�(�)< K−1∑s=0 maxt∈〚x̃s; x̃+s+1〛 ‖D�U(t)‖(x̃+s+1 − x̃s)=�; (4.2)(2) ×ÅÒÎÏ ÎÅÒÁ×ÅÎÓÔ×Ï
‖U(t)− Ũ(t)‖ 6 �; t ∈ 〚a; b〛; (4.3)(3) ÅÓÌÉ U ∈ C1

M
[a; b℄ ÓÏ Ó×ÏÊÓÔ×ÏÍ ‖U ′(t)‖ > 
 > 0, t ∈ [a; b℄, ÉÒÁÓÓÍÁÔÒÉ×ÁÅÔÓÑ �ÏÓÌÅÄÏ×ÁÔÅÌØÎÏÓÔØ ÓÅÔÏË ×ÉÄÁ (2.21) Ó ÕÓÌÏ×É-ÅÍ (2.22), ÔÏ lim� ′→+0 lim�→+0K ′U;�(�)(� ′)� ′ = b∫a ‖U ′(t)‖dt: (4.4)äÏËÁÚÁÔÅÌØÓÔ×Ï. æÏÒÍÕÌÁ (4.2) ÓÌÅÄÕÅÔ ÉÚ ÆÏÒÍÕÌÙ (2.8), × ËÏÔÏÒÏÊÎÕÖÎÏ ×ÚÑÔØ f(t) = ‖D�U(t)‖. ðÒÉ ÕÓÌÏ×ÉÉ (4.1) ÎÅÒÁ×ÅÎÓÔ×Ï (4.3)ÓÌÅÄÕÅÔ ÉÚ (2.6) �ÒÉ f(t) def== ‖D�U(t)‖, " def== � É ÉÚ (3.4). îÁËÏÎÅ�,ÆÏÒÍÕÌÁ (4.4) �ÏÌÕÞÁÅÔÓÑ ÉÚ (4.2) �ÅÒÅÈÏÄÏÍ Ë �ÒÅÄÅÌÕ. ��ÅÏÒÅÍÁ 4.2. ðÕÓÔØ ×Ù�ÏÌÎÅÎÏ ÕÓÌÏ×ÉÅ

‖D2�U(t)‖ > 
 > 0; t ∈ 〚y; z〛: (4.5)åÓÌÉ �ÒÉ � > 0 ÓÅÔËÁ X̂ ÓÏ×�ÁÄÁÅÔ Ó ÓÅÔËÏÊ X̃(√‖D2�U(t)‖; �;�), ÔÏ(1) ÞÉÓÌÏ ÕÚÌÏ× K ′′U;�(�) def== K(√‖D2�U(t)‖; �;�) ÜÔÏÊ ÓÅÔËÉ ÕÄÏ-×ÌÅÔ×ÏÒÑÅÔ ÓÏÏÔÎÏÛÅÎÉÑÍK−1∑s=0 maxt∈〚x̃s; x̃s+1〛√‖D2�U(t)‖(x̃s+1 − x̃s)=� 6 K ′′U;�(�)< K−1∑s=0 maxt∈〚x̃s; x̃+s+1〛√
‖D2�U(t)‖(x̃+s+1 − x̃s)=�; (4.6)(2) ×ÅÒÎÏ ÎÅÒÁ×ÅÎÓÔ×Ï

‖U(t)− Ũ(t)‖ 6 �2; t ∈ 〚a; b〛; (4.7)
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M
[a; b℄ ÓÏ Ó×ÏÊÓÔ×ÏÍ ‖U ′′(t)‖ > 
 > 0, t ∈ [a; b℄,É ÒÁÓÓÍÁÔÒÉ×ÁÅÔÓÑ �ÏÓÌÅÄÏ×ÁÔÅÌØÎÏÓÔØ ÓÅÔÏË ×ÉÄÁ (2.21) Ó ÕÓÌÏ×É-ÅÍ (2.22), ÔÏ lim� ′→+0 lim�→+0K ′′U;�(�)(� ′)� ′ = b∫a √

‖U ′′(t)‖dt: (4.8)äÏËÁÚÁÔÅÌØÓÔ×Ï. ðÒÉ ÕÓÌÏ×ÉÉ (4.5) ÆÏÒÍÕÌÁ (4.6) ÓÌÅÄÕÅÔ ÉÚ ÆÏÒ-ÍÕÌÙ (2.8) �ÒÉ f(t) = √
‖D2�U(t)‖. îÅÒÁ×ÅÎÓÔ×Ï (4.7) �ÏÌÕÞÁÅÔÓÑ ÉÚ(2.6) �ÒÉ Õ�ÏÍÑÎÕÔÏÊ ÆÕÎË�ÉÉ f(t) É �ÒÉ " def== � Ó ÕÞÅÔÏÍ ÓÏÏÔÎÏ-ÛÅÎÉÑ (3.11). îÁËÏÎÅ�, ÆÏÒÍÕÌÁ (4.8) ×Ù×ÏÄÉÔÓÑ ÉÚ (4.6) �ÅÒÅÈÏÄÏÍ Ë�ÒÅÄÅÌÕ. �4.2. ðÓÅ×ÄÏÒÁ×ÎÏÍÅÒÎÁÑ ÓÅÔËÁ.�ÅÏÒÅÍÁ 4.3. åÓÌÉ ÓÅÔËÁ X̂ ÓÏ×�ÁÄÁÅÔ Ó ÓÅÔËÏÊ X(‖D�U‖; �;�), ÔÏ(1) ÞÉÓÌÏ N ′U;�(�) def== N(‖D�U‖; �;�) ×ÎÕÔÒÅÎÎÉÈ ÕÚÌÏ× ÜÔÏÊ ÓÅÔËÉÕÄÏ×ÌÅÔ×ÏÒÑÅÔ ÓÏÏÔÎÏÛÅÎÉÀ(b− a)‖D�U‖

CM〚a; b〛=� − 2 < N ′U;�(�)
6 (b− a)‖D�U‖

CM〚a; b〛=�; (4.9)(2) ×ÅÒÎÏ ÎÅÒÁ×ÅÎÓÔ×Ï
‖U(t)− Ũ(t)‖ 6 �; t ∈ 〚a; b〛: (4.10)äÏËÁÚÁÔÅÌØÓÔ×Ï. ðÏÌÁÇÁÑ X̂ def== X(‖D�U‖; �;�), �ÒÉÍÅÎÉÍ ÆÏÒÍÕÌÕ(2.17); × ÒÅÚÕÌØÔÁÔÅ �ÏÌÕÞÉÍ ÓÏÏÔÎÏÛÅÎÉÅ (4.9). îÅÒÁ×ÅÎÓÔ×Ï (4.10) �Ï-ÌÕÞÁÅÔÓÑ �ÒÉÍÅÎÅÎÉÅÍ ÓÏÏÔÎÏÛÅÎÉÊ (3.8) É (2.18) �ÒÉ f(t) = ‖D�U(t)‖É " = �. ��ÅÏÒÅÍÁ 4.4. åÓÌÉ ÓÅÔËÁ X̂ ÓÏ×�ÁÄÁÅÔ Ó ÓÅÔËÏÊ X(√‖D2�U‖; �;�),ÔÏ(1) ÞÉÓÌÏ N ′′U;�(�) def== N(√‖D2�U‖; �;�) ×ÎÕÔÒÅÎÎÉÈ ÕÚÌÏ× ÜÔÏÊÓÅÔËÉ ÕÄÏ×ÌÅÔ×ÏÒÑÅÔ ÓÏÏÔÎÏÛÅÎÉÀ(b− a)‖ ‖D2�U(t)‖1=2‖CM〚a; b〛=� − 2 < N ′′U;�(�)

6 (b− a)‖ ‖D2�U(t)‖1=2‖CM〚a; b〛=�; (4.11)(2) ×ÅÒÎÏ ÎÅÒÁ×ÅÎÓÔ×Ï
‖U(t)− Ũ(t)‖ 6 �2; t ∈ 〚a; b〛: (4.12)



áäáð�é÷îïå ÷óðìåóëï÷ïå òáúìïöåîéå 121äÏËÁÚÁÔÅÌØÓÔ×Ï. áÎÁÌÏÇÉÞÎÏ ÄÏËÁÚÁÔÅÌØÓÔ×Õ �ÒÅÄÙÄÕÝÅÊ ÔÅÏÒÅÍÙ�ÒÉÍÅÎÉÍ ÆÏÒÍÕÌÕ (2.17) �ÒÉ X̂ def== X(√‖D2�U‖; �;�); × ÒÅÚÕÌØÔÁÔÅ�ÏÌÕÞÉÍ ÓÏÏÔÎÏÛÅÎÉÅ (4.11). îÅÒÁ×ÅÎÓÔ×Ï (4.12) �ÏÌÕÞÁÅÔÓÑ �ÒÉÍÅ-ÎÅÎÉÅÍ ÓÏÏÔÎÏÛÅÎÉÑ (2.18) É ÎÅÒÁ×ÅÎÓÔ×Á (3.9) �ÒÉ f = √
‖D2�U‖ É" = �. �4.3. óÒÁ×ÎÉÔÅÌØÎÁÑ ÈÁÒÁËÔÅÒÉÓÔÉËÁ ÞÉÓÌÁ ÕÚÌÏ× �ÒÉ ÏÄÉÎÁ-ËÏ×ÏÊ Á��ÒÏËÓÉÍÁ�ÉÉ.�ÅÏÒÅÍÁ 4.5. ðÕÓÔØ ÄÌÑ �ÏÓÔÒÏÅÎÉÑ Á��ÒÏËÓÉÍÁ�ÉÉ Ũ(t) ÁÂÓÔÒÁË-ÔÎÏÊ ÆÕÎË�ÉÉ U(t) Ó Ï�ÅÎËÏÊ ‖Ũ(t) − U(t)‖ 6 � ÉÓ�ÏÌØÚÕÀÔÓÑ Ä×Á×ÁÒÉÁÎÔÁ ×ÙÂÏÒÁ ÓÅÔËÉ: × �ÅÒ×ÏÍ ×ÁÒÉÁÎÔÅ ÉÓ�ÏÌØÚÕÅÔÓÑ �ÓÅ×ÄÏ-ÒÁ×ÎÏÍÅÒÎÁÑ ÓÅÔËÁ X̂ def== X(‖D�U‖; �;�), Á ×Ï ×ÔÏÒÏÍ ×ÁÒÉÁÎÔÅ {X̂ def== X̃(‖D�U‖; �;�). �ÏÇÄÁ ÏÔÎÏÛÅÎÉÅ ËÏÌÉÞÅÓÔ× ÕÚÌÏ× ÜÔÉÈ ÓÅÔÏËÈÁÒÁËÔÅÒÉÚÕÅÔÓÑ ÎÅÒÁ×ÅÎÓÔ×ÏÍ(b− a)‖D�U‖

CM〚a; b〛 − �K−1∑s=0 maxt∈〚x̃s; x̃+s+1〛 ‖D�U(t)‖(x̃+s+1 − x̃s) < N ′U;�(�)K ′U;�(�)
6

(b− a)‖D�U‖
CM〚a; b〛K−1∑s=0 maxt∈〚x̃s; x̃s+1〛 ‖D�U(t)‖(x̃s+1 − x̃s) : (4.13)äÏËÁÚÁÔÅÌØÓÔ×Ï. äÌÑ ÄÏËÁÚÁÔÅÌØÓÔ×Á ÄÏÓÔÁÔÏÞÎÏ × ÎÅÒÁ×ÅÎÓÔ×Å(2.19) �ÏÌÏÖÉÔØ f = ‖D�U‖ É " = �=2. ÷ ÒÅÚÕÌØÔÁÔÅ �ÏÌÕÞÉÍ ÔÒÅ-ÂÕÅÍÕÀ Ï�ÅÎËÕ. ��ÅÏÒÅÍÁ 4.6. åÓÌÉ ÒÁÓÓÍÁÔÒÉ×ÁÅÔÓÑ ÓÅÍÅÊÓÔ×Ï ÓÅÔÏË ×ÉÄÁ (2.21)ÓÏ Ó×ÏÊÓÔ×ÏÍ (2.22) É ÎÅ�ÒÅÒÙ×ÎÏ ÄÉÆÆÅÒÅÎ�ÉÕÅÍÁÑ ÎÁ ÏÔÒÅÚËÅ [a; b℄ÆÕÎË�ÉÑ U(t) Ó ÕÓÌÏ×ÉÅÍ

‖U ′‖CM[a;b℄ 6= 0; (4.14)ÔÏ lim�→+0 lim�→+0 N ′U;�(�)K ′U;�(�) = 1b−a b∫a ‖U ′(t)‖dt
‖U ′‖CM[a;b℄ : (4.15)äÏËÁÚÁÔÅÌØÓÔ×Ï. ÷ ÕÓÌÏ×ÉÑÈ (4.14) �ÅÒÅÈÏÄ Ë �ÒÅÄÅÌÕ × ÓÏÏÔÎÏÛÅ-ÎÉÉ (4.13) ÄÁÅÔ ÆÏÒÍÕÌÕ (4.15). �



122 à. ë. äåíøñîï÷éþ, ÷. ç. äåç�ñòå÷, î. á. ìåâåäéîóëáñ�ÅÏÒÅÍÁ 4.7. ðÕÓÔØ ÄÌÑ �ÏÓÔÒÏÅÎÉÑ Á��ÒÏËÓÉÍÁ�ÉÉ Ũ(t) ÄÉÓËÒÅÔ-ÎÏÊ ÆÕÎË�ÉÉ U(t) Ó Ï�ÅÎËÏÊ ‖Ũ(t) − U(t)‖ 6 �2 ÉÓ�ÏÌØÚÕÀÔÓÑ Ä×Á×ÁÒÉÁÎÔÁ ×ÙÂÏÒÁ ÓÅÔËÉ: × �ÅÒ×ÏÍ ×ÁÒÉÁÎÔÅ ÉÓ�ÏÌØÚÕÅÔÓÑ �ÓÅ×ÄÏÒÁ×-ÎÏÍÅÒÎÁÑ ÓÅÔËÁ ×ÉÄÁ X̂ def== X(√‖D2�U‖; �;�), Á ×Ï ×ÔÏÒÏÍ ×ÁÒÉÁÎÔÅ{ X̂ def== X̃(√‖D2�U‖; �;�). �ÏÇÄÁ ÏÔÎÏÛÅÎÉÅ ËÏÌÉÞÅÓÔ× ÕÚÌÏ× ÜÔÉÈÓÅÔÏË ÈÁÒÁËÔÅÒÉÚÕÅÔÓÑ ÎÅÒÁ×ÅÎÓÔ×ÏÍ(b− a)‖ ‖D2�U(t)‖1=2‖CM〚a; b〛 − �K−1∑s=0 maxt∈〚x̃s; x̃+s+1〛 √
‖D2�U(t)‖(x̃+s+1 − x̃s) < N ′′U;�(�)K ′′U;�(�)

6
(b− a)‖ ‖D2�U‖1=2‖

CM〚a; b〛K−1∑s=0 maxt∈〚x̃s; x̃s+1〛 √
‖D2�U(t)‖(x̃s+1 − x̃s) : (4.16)äÏËÁÚÁÔÅÌØÓÔ×Ï. �ÒÅÂÕÅÍÁÑ Ï�ÅÎËÁ �ÏÌÕÞÁÅÔÓÑ, ÅÓÌÉ × ÎÅÒÁ×ÅÎÓÔ×Å(2.19) �ÏÌÏÖÉÔØ f = √

‖D2�U‖ É " = �=2. ��ÅÏÒÅÍÁ 4.8. åÓÌÉ ÒÁÓÓÍÁÔÒÉ×ÁÅÔÓÑ ÓÅÍÅÊÓÔ×Ï ÓÅÔÏË ×ÉÄÁ (2.21) ÓÏÓ×ÏÊÓÔ×ÏÍ (2.22) É Ä×ÁÖÄÙ ÎÅ�ÒÅÒÙ×ÎÏ ÄÉÆÆÅÒÅÎ�ÉÕÅÍÁÑ ÎÁ ÏÔÒÅÚËÅ[a; b℄ ÁÂÓÔÒÁËÔÎÁÑ ÆÕÎË�ÉÑ U(t) ÓÏ Ó×ÏÊÓÔ×ÏÍ
‖U ′′‖CM[a;b℄ 6= 0; (4.17)ÔÏ lim�→+0 lim�→+0 N ′′U;�(�)K ′′U;�(�) = 1b−a b∫a √

‖U ′′(t)‖dt
‖
√
‖U ′′(t)‖‖CM[a;b℄ : (4.18)äÏËÁÚÁÔÅÌØÓÔ×Ï. ðÒÉ ÕÓÌÏ×ÉÉ (4.17) ÓÏÏÔÎÏÛÅÎÉÅ (4.18) �ÏÌÕÞÁÅÔÓÑ�ÒÅÄÅÌØÎÙÍ �ÅÒÅÈÏÄÏÍ ÉÚ (4.16). �

§5. ëÁÌÉÂÒÏ×ÏÞÎÙÅ ÓÏÏÔÎÏÛÅÎÉÑ É ÉÈ �ÒÅÄÓÔÁ×ÌÅÎÉÑðÏÓÔÒÏÅÎÉÅ ×ÌÏÖÅÎÎÙÈ ÓÅÔÏË É Ï�ÅÎËÉ Á��ÒÏËÓÉÍÁ�ÉÉ ÒÁÓÓÍÏÔÒÅ-ÎÙ × �ÒÅÄÙÄÕÝÉÈ �ÁÒÁÇÒÁÆÁÈ. úÄÅÓØ ÓÞÉÔÁÅÍ, ÞÔÏ ×ÌÏÖÅÎÎÁÑ ÓÅÔËÁ�ÏÓÔÒÏÅÎÁ É ÔÒÅÂÕÅÔÓÑ ÎÁÊÔÉ Ñ×ÎÏÅ �ÒÅÄÓÔÁ×ÌÅÎÉÅ ËÁÌÉÂÒÏ×ÏÞÎÙÈ ÓÏ-ÏÔÎÏÛÅÎÉÊ.



áäáð�é÷îïå ÷óðìåóëï÷ïå òáúìïöåîéå 1235.1. ÷ÌÏÖÅÎÎÁÑ ÓÅÔËÁ. ðÕÓÔØ m | ÎÁÔÕÒÁÌØÎÏÅ ÞÉÓÌÏ; ××ÅÄÅÍ ÏÂÏ-ÚÎÁÞÅÎÉÑ: Jm def== {0; 1; : : : ;m}; J ′m def== {−1; 0; 1; : : : ;m}:îÁ ÓÅÔÏÞÎÏÍ ÏÔÒÅÚËÅ 〚a; b〛 ÒÁÓÓÍÏÔÒÉÍ ÆÕÎË�ÉÉ {!j(t)}j∈J ′M−1 ÉÚ�ÒÏÓÔÒÁÎÓÔ×Á C〚a; b〛 :!j(�s) = Æs;j+1; s ∈ JM ;Á ÔÁËÖÅ ÌÉÎÅÊÎÙÅ ÆÕÎË�ÉÏÎÁÌÙ g(i), i ∈ J ′M−1, Ï�ÒÅÄÅÌÑÅÍÙÅ ÆÏÒÍÕ-ÌÏÊ
〈g(i); u〉 def== u(�i+1); u ∈ C〚a; b〛: (5.1)óÉÓÔÅÍÁ {!j}j∈J ′M−1 Ñ×ÌÑÅÔÓÑ ÂÁÚÉÓÏÍ × �ÒÏÓÔÒÁÎÓÔ×Å C 〚a; b〛; �ÒÉÜÔÏÍ
〈g(i); !j〉 = Æi;j ; i; j ∈ J ′M−1:÷ ÄÁÌØÎÅÊÛÅÍ ÕÓÌÏ×ÉÍÓÑ ÓÞÉÔÁÔØ, ÞÔÏ �ÒÉ 
 > d ÍÎÏÖÅÓÔ×Ï 〚
; d〛�ÕÓÔÏ.ðÕÓÔØ 5 6 K < M . òÁÓÓÍÏÔÒÉÍ ÉÎßÅËÔÉ×ÎÏÅ ÏÔÏÂÒÁÖÅÎÉÅ κ ÍÎÏ-ÖÅÓÔ×Á JK × ÍÎÏÖÅÓÔ×Ï JM , �ÒÉ ËÏÔÏÒÏÍ

κ(0) = 0; κ(i) < κ(i+ 1); κ(K) =M: (5.2)÷×ÅÄÅÍ ÍÎÏÖÅÓÔ×Ï J∗ ⊂ JM , ÚÁÄÁ×ÁÑ ÅÇÏ ÆÏÒÍÕÌÏÊJ∗ def== κJK : (5.3)îÁ ÍÎÏÖÅÓÔ×Å J∗ Ï�ÒÅÄÅÌÅÎÏ ÏÄÎÏÚÎÁÞÎÏÅ ÏÔÏÂÒÁÖÅÎÉÅ κ−1, ÔÁË ÞÔÏ
∀r ∈ J∗ κ−1 : r −→ s, s ∈ JK , JK = κ−1J∗: òÁÓÓÍÏÔÒÉÍ ÎÏ×ÕÀ ÓÅÔËÕX̂ : a = x̂0 < x̂1 < : : : < x̂K = b; (5.4)ÇÄÅ x̂i def== �κ(i), i ∈ JK .÷ ÄÁÌØÎÅÊÛÅÍ ÉÎÏÇÄÁ ÒÁÓÓÍÁÔÒÉ×ÁÀÔÓÑ ÄÏ�ÏÌÎÉÔÅÌØÎÙÅ ÕÚÌÙ �−1É x̂−1 ÓÏ Ó×ÏÊÓÔ×ÏÍ �−1 = x̂−1 < a.5.2. ëÁÌÉÂÒÏ×ÏÞÎÙÅ ÓÏÏÔÎÏÛÅÎÉÑ. ÷×ÅÄÅÍ ÆÕÎË�ÉÉ!̂j(t); j ∈ J ′K−1;



124 à. ë. äåíøñîï÷éþ, ÷. ç. äåç�ñòå÷, î. á. ìåâåäéîóëáñÓÏÇÌÁÓÎÏ ÓÌÅÄÕÀÝÉÍ ÆÏÒÍÕÌÁÍ:!̂i(t) = (t− �κ(i))(�κ(i+1) − �κ(i))−1�ÒÉ t ∈ 〚� +
κ(i); �κ(i+1)〛; i ∈ JK−1; (5.5)!̂i(t) = (�κ(i+2) − t)(�κ(i+2) − �κ(i+1))−1�ÒÉ t ∈ 〚�κ(i+1); � −

κ(i+2)〛; i ∈ J ′K−2; (5.6)!̂i(t) = 0 �ÒÉ t ∈ 〚a; b〛\〚� +
κ(i); � −

κ(i+2)〛: (5.7)ñÓÎÏ, ÞÔÏ !̂i(�κ(i+1)) = 1; i ∈ J ′K−1: (5.8)÷ ÄÁÌØÎÅÊÛÅÍ ÉÓ�ÏÌØÚÕÅÔÓÑ ÏÂÏÚÎÁÞÅÎÉÅsupp !̂i = 〚x̂i; x̂i+2〛:ó�ÌÁÊÎÙ !̂i ÍÏÇÕÔ ÂÙÔØ �ÒÅÄÓÔÁ×ÌÅÎÙ × ×ÉÄÅ ÌÉÎÅÊÎÙÈ ËÏÍÂÉÎÁ�ÉÊÓ�ÌÁÊÎÏ× !ĵ!i(t) = ∑j∈J ′M−1 pi;j!j(t); t ∈ 〚a; b〛; i ∈ J ′K−1; (5.9)ÎÁÚÙ×ÁÅÍÙÈ ËÁÌÉÂÒÏ×ÏÞÎÙÍÉ ÓÏÏÔÎÏÛÅÎÉÑÍÉ.ðÒÉÍÅÎÑÑ ÆÕÎË�ÉÏÎÁÌÙ g(j) × (5.9) É ÕÞÉÔÙ×ÁÑ ÓÏÏÔÎÏÛÅÎÉÑ (5.1),ÉÍÅÅÍ:
p−1;j = !̂−1(�j+1); j ∈ {κ(0)− 1;κ(0); : : : ;κ(1)− 2}; (5.10)

pi;j = !̂i(�j+1);j ∈ {κ(i);κ(i) + 1; : : : ;κ(i+ 2)− 2}; i ∈ JK−2; (5.11)
pK−1;j = !̂K−1(�j+1);j ∈ {κ(K − 1);κ(K − 1) + 1; : : : ;κ(K)− 1}; (5.12)ÞÉÓÌÁ pr;s, r ∈ J ′K−1, s ∈ J ′M−1, ÎÅ Õ�ÏÍÑÎÕÔÙÅ × ÜÔÉÈ ÆÏÒÍÕÌÁÈ,ÒÁ×ÎÙ ÎÕÌÀ.òÁÓÓÍÏÔÒÉÍ ÆÕÎË�ÉÏÎÁÌÙ

〈ĝ(i); u〉 def== u(x̂i+1); u ∈ C〚a; b〛; i ∈ J ′K−1: (5.13)éÚ (5.5){(5.8) É (5.13) �ÏÌÕÞÁÅÍ
〈ĝ(i); !̂j〉 = Æi;j ; i; j ∈ J ′K−1: (5.14)



áäáð�é÷îïå ÷óðìåóëï÷ïå òáúìïöåîéå 125éÓ�ÏÌØÚÕÑ ÓÏÏÔÎÏÛÅÎÉÑ (5.1){(5.4) É (5.13), ÄÌÑ u ∈ C〚a; b〛 É i ∈ J ′K−1ÉÍÅÅÍ
〈ĝ(i); u〉 = u(x̂i+1) = u(�κ(i+1)) = 〈gκ(i+1)−1; u〉;ÏÔÓÀÄÁ �ÏÌÕÞÁÅÍ ÒÁ×ÅÎÓÔ×Áĝ(i) = g(κ(i+1)−1) �ÒÉ i ∈ J ′K−1: (5.15)éÚ (5.15) ×Ù×ÏÄÉÍ̂g(κ−1(j+1)−1) = g(j); j + 1 ∈ J∗: (5.16)5.3. íÁÔÒÉ�Á ÓÕÖÅÎÉÑ. òÁÓÓÍÏÔÒÉÍ ÍÁÔÒÉ�Õ

P
def== (pi;j); i ∈ J ′K−1; j ∈ J ′M−1;ÎÁÚÙ×ÁÅÍÕÀ ÍÁÔÒÉ�ÅÊ ÓÕÖÅÎÉÑ; ÚÄÅÓØ pi;j = 〈g(j); !̂i〉: ÷×ÅÄÅÍ Õ�ÏÒÑÄÏ-ÞÅÎÎÙÅ (�Ï ×ÏÚÒÁÓÔÁÎÉÀ) �ÏÄÍÎÏÖÅÓÔ×Á ÍÎÏÖÅÓÔ×Á �ÅÌÙÈ ÞÉÓÅÌ, ÏÂÏ-ÚÎÁÞÁÑ J0 def== {−1; : : : ;κ(1)− 2};J1(r) def== {κ(r); : : : ;κ(r + 1)− 1}; r ∈ JK−1;J2(r) def== {κ(r + 1); : : : ;κ(r + 2)− 2}; r ∈ JK−2;J(r) def== J1(r)⋃ J2(r); r ∈ JK−2;J(K − 1) def== J1(K − 1):íÎÏÖÅÓÔ×Ï, Õ�ÏÒÑÄÏÞÅÎÎÏÅ �Ï ×ÏÚÒÁÓÔÁÎÉÀ, ÂÕÄÅÍ ÓÞÉÔÁÔØ �ÕÓÔÙÍ,ÅÓÌÉ �ÅÒ×ÙÊ ÅÇÏ ÜÌÅÍÅÎÔ ÂÏÌØÛÅ �ÏÓÌÅÄÎÅÇÏ.�ÅÏÒÅÍÁ 5.1. C�ÒÁ×ÅÄÌÉ×Ù ËÁÌÉÂÒÏ×ÏÞÎÙÅ ÓÏÏÔÎÏÛÅÎÉÑ!̂r(t) = ∑q∈J ′M−1 pr;q!q(t); t ∈ 〚a; b〛; r ∈ J ′K−1; (5.17)ÇÄÅ

p−1;q = �κ(1) − �q+1�κ(1) − �κ(0) ; q ∈ J0; (5.18)
pr;q = �q+1 − �κ(r)�κ(r+1) − �κ(r) ; q ∈ J1(r); r ∈ JK−1; (5.19)
pr;q = �κ(r+2) − �q+1�κ(r+2) − �κ(r+1) ; q ∈ J2(r); r ∈ JK−2; (5.20)



126 à. ë. äåíøñîï÷éþ, ÷. ç. äåç�ñòå÷, î. á. ìåâåäéîóëáñÁ ÎÅÕ�ÏÍÑÎÕÔÙÅ × ÆÏÒÍÕÌÁÈ (5.18){(5.20) ÜÌÅÍÅÎÔÙ pr;q ÍÁÔÒÉ�Ù PÒÁ×ÎÙ ÎÕÌÀ.äÏËÁÚÁÔÅÌØÓÔ×Ï. úÁÍÅÔÉÍ, ÞÔÏ ÓÏÏÔÎÏÛÅÎÉÑ (5.19) É (5.20) ÎÅ�ÒÏ-ÔÉ×ÏÒÅÞÉ×Ù, ÉÂÏ �ÒÉ ÚÁÄÁÎÎÏÍ r ÍÎÏÖÅÓÔ×Á J1(r) É J2(r) ÎÅ �ÅÒÅÓÅ-ËÁÀÔÓÑ. îÅÔÒÕÄÎÏ ×ÉÄÅÔØ, ÞÔÏ ÆÏÒÍÕÌÙ (5.17){(5.20) �ÏÌÕÞÁÀÔÓÑ ÉÚÆÏÒÍÕÌ (5.10){(5.12) × ÓÉÌÕ ÓÏÏÔÎÏÛÅÎÉÊ (5.5){(5.8). �óÌÅÄÓÔ×ÉÅ 5.1. ó�ÒÁ×ÅÄÌÉ×Ù ÓÏÏÔÎÏÛÅÎÉÑ
pi;κ(i+1)−1 = 1; i ∈ J ′K−1: (5.21)åÓÌÉ �ÒÉ ÆÉËÓÉÒÏ×ÁÎÎÏÍ i ∈ JK−2

κ(i+ 1) = κ(i) + 1; κ(i+ 2) = κ(i+ 1) + 1; (5.22)ÔÏ (ËÒÏÍÅ ÅÄÉÎÉÞÎÏÇÏ ÜÌÅÍÅÎÔÁ, ÕËÁÚÁÎÎÏÇÏ ÆÏÒÍÕÌÏÊ (5.21)) ×ÓÅ ÏÓ-ÔÁÌØÎÙÅ ÜÌÅÍÅÎÔÙ i-Ê ÓÔÒÏËÉ ÒÁ×ÎÙ ÎÕÌÀ, ÔÁË ÞÔÏ
pi;s = Æκ(i+1)−1; s; s ∈ J ′M−1: (5.23)åÓÌÉ ×Ù�ÏÌÎÅÎÏ ÕÓÌÏ×ÉÅ κ(1) = 1, ÔÏ ÆÏÒÍÕÌÁ (5.23) ×ÅÒÎÁ ÄÌÑ i = −1,Á ÅÓÌÉ κ(K−1) =M−1, ÔÏ Õ�ÏÍÑÎÕÔÁÑ ÆÏÒÍÕÌÁ ×ÅÒÎÁ �ÒÉ i = K−1.äÏËÁÚÁÔÅÌØÓÔ×Ï. ðÒÉ i = −1 ÆÏÒÍÕÌÕ (5.21) �ÏÌÕÞÁÅÍ ÉÚ (5.18), �Ï-ÌÁÇÁÑ ÔÁÍ q = −1. åÓÌÉ i ∈ JK−1, ÔÏ (5.21) ×ÙÔÅËÁÅÔ ÉÚ (5.19) �ÒÉq = κ(i + 1) − 1. åÓÌÉ i ∈ JK−2, ÔÏ �ÒÉ ÕÓÌÏ×ÉÉ (5.22) ÍÎÏÖÅÓÔ×Ï ÉÎ-ÄÅËÓÏ× J1(i) ÓÏÓÔÏÉÔ ÉÚ ÏÄÎÏÇÏ ÜÌÅÍÅÎÔÁ, J1(i) = {κ(i)}, Á ÍÎÏÖÅÓÔ×ÏÉÎÄÅËÓÏ× J2(i) �ÕÓÔÏ. üÔÏ ÏÚÎÁÞÁÅÔ, ÞÔÏ ÄÌÑ q 6= κ(i + 1) − 1 ÜÌÅÍÅÎ-ÔÙ pi;q ÍÁÔÒÉ�Ù P ÒÁ×ÎÙ ÎÕÌÀ É, ÓÌÅÄÏ×ÁÔÅÌØÎÏ, ×ÅÒÎÏ ÓÏÏÔÎÏÛÅÎÉÅ(5.23). åÓÌÉ κ(1) = 1, ÔÏ J0 = {−1}, É �ÏÜÔÏÍÕ ×ÅÒÎÁ ÆÏÒÍÕÌÁ (5.23)�ÒÉ i = −1, Á ÅÓÌÉ κ(K − 1) =M − 1, ÔÏ J1(K − 1) = {M − 1}, ÏÔËÕÄÁ×Ù×ÏÄÉÍ ÆÏÒÍÕÌÕ (5.23) �ÒÉ i = K − 1. �óÌÅÄÓÔ×ÉÅ 5.2. åÓÌÉ j+1 ∈ J∗, ÔÏ × j-Í ÓÔÏÌÂ�Å ÍÁÔÒÉ�Ù P ÎÁ i-ÍÍÅÓÔÅ, i = κ−1(j + 1) − 1, ÎÁÈÏÄÉÔÓÑ ÅÄÉÎÉ�Á; ÏÓÔÁÌØÎÙÅ ÜÌÅÍÅÎÔÙÜÔÏÇÏ ÓÔÏÂ�Á | ÎÕÌÉ, ÔÁË ÞÔÏ

pi;j = Æi;κ−1(j+1)−1; i ∈ J ′K−1; j + 1 ∈ J∗: (5.24)äÏËÁÚÁÔÅÌØÓÔ×Ï. äÌÑ ÄÏËÁÚÁÔÅÌØÓÔ×Á ÉÓ�ÏÌØÚÕÅÍ ÓÏÏÔÎÏÛÅÎÉÑ
pi;j = 〈g(j); !̂i〉, ÆÏÒÍÕÌÕ (5.16) É Ó×ÏÊÓÔ×Ï (5.14). ðÒÉ ÌÀÂÏÍ i ∈ J ′K−1ÉÍÅÅÍ pi;j = 〈g(j); !̂i〉 = 〈ĝ(κ−1(j+1)−1); !̂i〉;ÏÔËÕÄÁ ×ÙÔÅËÁÅÔ ÓÏÏÔÎÏÛÅÎÉÅ (5.24). �



áäáð�é÷îïå ÷óðìåóëï÷ïå òáúìïöåîéå 1275.4. íÁÔÒÉ�Á �ÒÏÄÏÌÖÅÎÉÑ. òÁÓÓÍÏÔÒÉÍ ÍÁÔÒÉ�Õ �ÒÏÄÏÌÖÅÎÉÑ
Q

def== (qs;j)s∈J ′K−1; j∈J ′M−1 Ó ÜÌÅÍÅÎÔÁÍÉ
qs;j def== 〈ĝ(s); !j〉: (5.25)éÓ�ÏÌØÚÏ×ÁÎÉÅ ÆÏÒÍÕÌ (5.15){(5.16) �ÒÉ×ÏÄÉÔ Ë ÓÌÅÄÕÀÝÉÍ ÕÔ×ÅÒ-ÖÄÅÎÉÑÍ (ÓÍ. ÔÁËÖÅ [7℄).�ÅÏÒÅÍÁ 5.2. ÷ ÍÁÔÒÉ�Å Q(1) ÎÕÌÅ×ÙÍÉ Ñ×ÌÑÀÔÓÑ ÔÅ ÓÔÏÌÂ�Ù q(j) def== (qsj)s∈J ′K−1 ÍÁÔÒÉ-�Ù Q, ÎÏÍÅÒ j ËÏÔÏÒÙÈ ÕÄÏ×ÌÅÔ×ÏÒÑÅÔ ÕÓÌÏ×ÉÀ j + 1 =∈ J∗;(2) ÏÓÔÁÌØÎÙÅ ÓÔÏÌÂ�Ù, Ô.Å. ÓÔÏÌÂ�Ù, ÎÏÍÅÒ j ËÏÔÏÒÙÈ ÕÄÏ×ÌÅ-Ô×ÏÒÑÅÔ ÕÓÌÏ×ÉÀ j + 1 ∈ J∗; ÓÏÄÅÒÖÁÔ ÅÄÉÎÉ�Õ ÎÁ ÍÅÓÔÅ s0; ÇÄÅ

κ(s0 + 1) = j + 1; ÏÓÔÁÌØÎÙÅ ÜÌÅÍÅÎÔÙ j-ÇÏ ÓÔÏÌÂ�Á ÒÁ×ÎÙ ÎÕÌÀ.�ÅÏÒÅÍÁ 5.3. íÁÔÒÉ�Á Q Ñ×ÌÑÅÔÓÑ ÌÅ×ÏÊ ÏÂÒÁÔÎÏÊ Ë ÍÁÔÒÉ�Å PT ,Ô.Å.
QPT = I;ÇÄÅ I { ÅÄÉÎÉÞÎÁÑ ÍÁÔÒÉ�Á ÒÁÚÍÅÒÏ× (K + 1)× (K + 1).�ÅÏÒÅÍÁ 5.4. üÌÅÍÅÎÔÙ [PTQ℄i;j , i; j ∈ J ′M−1, ÍÁÔÒÉÞÎÏÇÏ �ÒÏÉÚ×Å-ÄÅÎÉÑ PTQ Ï�ÒÅÄÅÌÑÀÔÓÑ ÆÏÒÕÌÁÍÉ:[PTQ℄i;j = 0 �ÒÉ i ∈ J ′M−1; j + 1 ∈ JM\J∗;[PTQ℄i;j = pκ−1(j+1)−1;i �ÒÉ i ∈ J ′M−1; j + 1 ∈ J∗:óÌÅÄÓÔ×ÉÅ 5.3. åÓÌÉ i+ 1; j + 1 ∈ J∗, ÔÏ[PTQ℄i;j = Æi;j :

§6. ðÏÔÏËÉ ÍÁÔÒÉ�. æÏÒÍÕÌÙ ÒÅËÏÎÓÔÒÕË�ÉÉòÁÓÓÍÏÔÒÉÍ ÌÉÎÅÊÎÙÅ �ÒÏÓÔÒÁÎÓÔ×Á
S = S(X;';M)def== {u | u(t) = ∑j∈J′M−1Cj!j(t); Cs ∈ M; s ∈ J ′M−1; t ∈ 〚a; b〛};
Ŝ = S(X̂; ';M)def== {u | u(t) = ∑i∈J′K−1Ai!̂i(t); As ∈ M; s ∈ J ′K−1; t ∈ 〚a; b〛}:



128 à. ë. äåíøñîï÷éþ, ÷. ç. äåç�ñòå÷, î. á. ìåâåäéîóëáñðÒÉÎÉÍÁÑ ×Ï ×ÎÉÍÁÎÉÅ ËÁÌÉÂÒÏ×ÏÞÎÙÅ ÓÏÏÔÎÏÛÅÎÉÑ (5.17), ÉÍÅÅÍ Ŝ ⊂
S ⊂ CM〚a; b〛.òÁÓÓÍÏÔÒÉÍ Ï�ÅÒÁ�ÉÀ P �ÒÏÅËÔÉÒÏ×ÁÎÉÑ �ÒÏÓÔÒÁÎÓÔ×Á S ÎÁ �ÏÄ-�ÒÏÓÔÒÁÎÓÔ×Ï Ŝ, Ï�ÒÅÄÅÌÑÅÍÕÀ ÆÏÒÍÕÌÏÊ

Pu def== ∑s∈J′K−1 ∑j∈J′M−1Cj〈ĝ(s); !j〉!̂s; u = ∑j∈J′M−1Cj!j ∈ S: (6.1)ðÏÌÁÇÁÑ 〈ĝ(s);u〉 def== ∑j∈J′M−1Cj〈ĝ(s); !j〉, ÉÚ (6.1) �ÏÌÕÞÉÍ
Pu(t) = 〈ĝ(k−1);u〉!̂k−1(t) + 〈ĝ(k);u〉!̂k(t);t ∈ t ∈ 〚x̂k ; x̂k+1〛; k ∈ JK−1:ðÒÏÅËÔÉÒÕÀÝÁÑ Ï�ÅÒÁ�ÉÑ P Ï�ÒÅÄÅÌÑÅÔ ×Ó�ÌÅÓËÏ×ÏÅ ÒÁÚÌÏÖÅÎÉÅ

S = Ŝ
:+W (6.2)�ÒÏÓÔÒÁÎÓÔ×Á S, ÎÁÚÙ×ÁÅÍÏÇÏ ÉÓÈÏÄÎÙÍ, ÎÁ ÔÁË ÎÁÚÙ×ÁÅÍÏÅ ÏÓÎÏ×ÎÏÅ�ÒÏÓÔÒÁÎÓÔ×Ï Ŝ É ×Ó�ÌÅÓËÏ×ÏÅ �ÒÏÓÔÒÁÎÓÔ×Ï W.ðÕÓÔØ C = (C−1;C0;C1; : : : ;CM−1)T { ÉÓÈÏÄÎÙÊ �ÏÔÏË ÍÁÔÒÉ� ÉÚ�ÒÏÓÔÒÁÎÓÔ×Á M. ðÏÌÏÖÉÍu = ∑s∈J ′M−1Cs!s: (6.3)éÓ�ÏÌØÚÕÑ ÓÏÏÔÎÏÛÅÎÉÅ (6.2), �ÏÌÕÞÁÅÍ ×ÔÏÒÏÅ �ÒÅÄÓÔÁ×ÌÅÎÉ ÜÌÅÍÅÎ-ÔÁ u: u = û+w; (6.4)ÇÄÅ û def== ∑i∈J ′K−1Ai!̂i; w def== ∑j∈J ′M−1Bj!j ;Bj ; Cs ∈ M; j; s ∈ J ′M−1;Ai def== 〈ĝ(i);u〉; i ∈ J ′K−1: (6.5)éÚ (6.3){(6.4) ÉÍÅÅÍ

∑j∈J ′M−1Cj!j = ∑i∈J ′K−1Ai ∑j∈J ′M−1 pi;j!j + ∑j∈J ′M−1Bj!j ;



áäáð�é÷îïå ÷óðìåóëï÷ïå òáúìïöåîéå 129ÏÔËÕÄÁ ××ÉÄÕ ÌÉÎÅÊÎÏÊ ÎÅÚÁ×ÉÓÉÍÏÓÔÉ ÓÉÓÔÅÍÙ {!j}j∈J ′M−1 �ÏÌÕÞÁÅÍÆÏÒÍÕÌÙ ÒÅËÏÎÓÔÒÕË�ÉÉCj = ∑i∈J ′K−1 pi;jAi +Bj ; j ∈ J ′M−1: (6.6)
§7. æÏÒÍÕÌÙ ÄÅËÏÍ�ÏÚÉ�ÉÉéÓ�ÏÌØÚÕÑ �ÒÅÄÓÔÁ×ÌÅÎÉÅ (6.5), �ÅÒÅ�ÉÛÅÍ ÆÏÒÍÕÌÙ (6.6) × ×ÉÄÅCj = ∑i∈J ′K−1〈ĝ(i);u〉pi;j +Bj ; j ∈ J ′M−1;É �ÏÄÓÔÁ×ÉÍ ÓÀÄÁ u ÉÚ ÓÏÏÔÎÏÛÅÎÉÑ (6.3):Cj = ∑i∈J ′K−1 ∑s∈J ′M−1Cs〈ĝ(i); !s〉pi;j +Bj ; j ∈ J ′M−1;ÏÔÓÀÄÁ ÎÁÈÏÄÉÍBj = Cj − ∑s∈J ′M−1( ∑i∈J ′K−1 qi;spi;j)Cs; j ∈ J ′M−1: (7.1)ðÏÄÓÔÁ×ÌÑÑ (6.3) × (6.5), ÉÍÅÅÍAi = 〈ĝ(i); ∑s∈J ′M−1Cs!s〉; i ∈ J ′K−1;ÔÁË ÞÔÏ Ai = ∑s∈J ′M−1 qi;sCs; i ∈ J ′K−1: (7.2)æÏÒÍÕÌÙ (7.1){(7.2) Ñ×ÌÑÀÔÓÑ ÆÏÒÍÕÌÁÍÉ ÄÅËÏÍ�ÏÚÉ�ÉÉ.÷×ÏÄÑ ×ÅËÔÏÒÙA = (A−1;A0; : : : ;AK−1)T ; B = (B−1;B0; : : : ;BM−1)T ;�ÅÒÅ�ÉÛÅÍ ÆÏÒÍÕÌÙ (6.6) É (7.1){(7.2) × ÍÁÔÒÉÞÎÏÍ ×ÉÄÅ. æÏÒÍÕÌÙÄÅËÏÍ�ÏÚÉ�ÉÉ (7.1){(7.2) �ÒÉÎÉÍÁÀÔ ×ÉÄA = QC; B = C− PTQC;Á ÆÏÒÍÕÌÙ ÒÅËÏÎÓÔÒÕË�ÉÉ (6.6) ÍÏÇÕÔ ÂÙÔØ �ÒÅÄÓÔÁ×ÌÅÎÙ × ÆÏÒÍÅC = PTA+B:éÓ�ÏÌØÚÕÑ �ÏÌÕÞÅÎÎÙÅ ×ÙÛÅ ÆÏÒÍÕÌÙ (ÓÍ. ÔÅÏÒÅÍÙ 5.1, 5.2 É 5.4)ÄÌÑ ÜÌÅÍÅÎÔÏ× ÍÁÔÒÉ� P É Q, �ÒÉÈÏÄÉÍ Ë ÓÌÅÄÕÀÝÉÍ ÕÔ×ÅÒÖÄÅÎÉÑÍ.



130 à. ë. äåíøñîï÷éþ, ÷. ç. äåç�ñòå÷, î. á. ìåâåäéîóëáñ�ÅÏÒÅÍÁ 7.1. äÌÑ ÆÏÒÍÕÌ ÄÅËÏÍ�ÏÚÉ�ÉÉ Ó�ÒÁ×ÅÄÌÉ×Ù ÓÏÏÔÎÏÛÅÎÉÑ:Ai = Cκ(i+1)−1; i ∈ J ′K−1; (7.3)Bq = 0; q + 1 ∈ J∗; (7.4)Bq = Cq − ∑j∈J ′K−1〈g(q); !̂j〉Cκ(j+1)−1; q + 1 ∈ JM\J∗: (7.5)�ÅÏÒÅÍÁ 7.2. äÌÑ ×Ó�ÌÅÓËÏ×ÏÇÏ �ÏÔÏËÁ �ÒÉ q + 1 ∈ JM\J∗ ×ÅÒÎÙÒÁ×ÅÎÓÔ×ÁBq = Cq − (x̂i+1 − x̂i)−1[(x̂i+1 − �q+1)Cκ(i)−1 + (�q+1 − x̂i)Cκ(i+1)−1];ÇÄÅ x̂i < �q+1 < x̂i+1: (7.6)óÌÅÄÓÔ×ÉÅ 7.1. æÏÒÍÕÌÅ (7.5) ÍÏÖÎÏ �ÒÉÄÁÔØ ×ÉÄBq = Cq − pi−1;qCκ(i)−1 − pi;qCκ(i+1)−1;ÇÄÅ i ÕÄÏ×ÌÅÔ×ÏÒÑÅÔ ÓÏÏÔÎÏÛÅÎÉÀ (7.6).óÌÅÄÓÔ×ÉÅ 7.2. éÚ ÆÏÒÍÕÌ (7.4){(7.5) ×ÉÄÎÏ, ÞÔÏ �ÒÏÓÔÒÁÎÓÔ×Ï×Ó�ÌÅÓËÏ×ÙÈ �ÏÔÏËÏ× B ÉÍÅÅÔ ×ÉÄ
B = {B | B = (B−1;B0; : : : ;BM−1) ∀Bj−1 ∈ M;j ∈ JM\J∗;B i−1 = 0; i ∈ J∗}:óÏÏÔÎÏÛÅÎÉÅ (7.3) �ÏËÁÚÙ×ÁÅÔ, ÞÔÏ ÄÌÑ �ÏÓÔÒÏÅÎÉÑ ÏÓÎÏ×ÎÏÇÏ �ÏÔÏ-ËÁ ÎÕÖÎÏ ÌÉÛØ ÎÁÊÔÉ ÚÎÁÞÅÎÉÑ ÉÓÈÏÄÎÏÇÏ �ÏÔÏËÁ ÎÁ ×ÌÏÖÅÎÎÏÊ ÓÅÔËÅ.åÓÌÉ ×ÌÏÖÅÎÎÁÑ ÓÅÔËÁ ÁÄÁ�ÔÉ×ÎÁÑ, ÔÏ ÕËÌÏÎÅÎÉÅ ÏÓÎÏ×ÎÏÇÏ �ÏÔÏËÁ ÏÔÉÓÈÏÄÎÏÇÏ Ï�ÒÅÄÅÌÑÅÔÓÑ ÔÅÏÒÅÍÁÍÉ 4.1{4.2, Á ÅÓÌÉ �ÏÓÔÒÏÅÎÎÎÁÑ ÓÅÔËÁ�ÓÅ×ÄÏÒÁ×ÎÏÍÅÒÎÁÑ, ÔÏ Õ�ÏÍÑÎÕÔÏÅ ÕËÌÏÎÅÎÉÅ Ï�ÒÅÄÅÌÑÅÔÓÑ ÔÅÏÒÅÍÁ-ÍÉ 4.3{4.4. ìÉÔÅÒÁÔÕÒÁ1. ò. âÌÅÊÈÕÔ, âÙÓÔÒÙÅ ÁÌÇÏÒÉÔÍÙ �ÉÆÒÏ×ÏÊ ÏÂÒÁÂÏÔËÉ ÓÉÇÎÁÌÏ×, íÉÒ, í., 1989.2. S. Mallat, A Wavelet Tour of Signal Pro
essing, A
ademi
 Press, 1999.3. é. ñ. îÏ×ÉËÏ×, ÷. à. ðÒÏÔÁÓÏ×, í. á. óËÏ�ÉÎÁ, �ÅÏÒÉÑ ×Ó�ÌÅÓËÏ×, æÉÚÍÁÔÌÉÔ,í., 2005.4. à. ë. äÅÍØÑÎÏ×ÉÞ, �ÅÏÒÉÑ Ó�ÌÁÊÎ-×Ó�ÌÅÓËÏ×, éÚÄ-×Ï óðÂçõ, óðÂ, 2013.5. S. Albeverio, S. Evdokimov, M. Skopina, p-adi
 multiresolution analysis and waveletframes. | J. Fourier Anal. Appl. 16, No. 5 (2010), 693{714.
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