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Approximation relations are regarded as a system of equations for deducing of
(polynomial and non-polynomial) splines. Twice continuous differentiable splines of
the third order on irregular grid are constructed; coordinate splines have minimal
support. The main result of the paper is a numerical simulation of calibration relations
for the trigonometric splines connected with a grid refinement. This leads to a wavelet
decomposition of signals with fast oscillations. The obtained relations contain less
then three terms and therefore these relations can be easily realized on a two-processor
computer.1. Ïðåäâàðèòåëüíûå îáîçíà÷åíèÿÏóñòü Z � ìíîæåñòâî öåëûõ ÷èñåë, R

1 � ìíîæåñòâî âåùåñòâåííûõ ÷èñåë. Áóäåì èñ-ïîëüçîâàòü ÷åòûðåõìåðíîå âåêòîðíîå ïðîñòðàíñòâî R
4, ïðè÷åì âåêòîðû â íåì áóäåìîòîæäåñòâëÿòü ñ îäíîñòîëáöîâûìè ìàòðèöàìè è ïðèìåíÿòü ê íèì îáû÷íûå ìàòðè÷íûåîïåðàöèè; â ÷àñòíîñòè, äëÿ äâóõ âåêòîðîâ a,b ∈ R

4 âûðàæåíèå aTb ïðåäñòàâëÿåò ñîáîéåâêëèäîâî ñêàëÿðíîå ïðîèçâåäåíèå ýòèõ âåêòîðîâ. Êâàäðàòíàÿ ìàòðèöà, ñòîëáöàìè êî-òîðîé ÿâëÿþòñÿ âåêòîðû a, b, , d ∈ R
4 (â óêàçàííîì òîëüêî ÷òî ïîðÿäêå), îáîçíà÷àåòñÿñèìâîëîì (a,b, ,d), à âûðàæåíèå det(a,b, ,d) îçíà÷àåò åå îïðåäåëèòåëü.Óïîðÿäî÷åííîå ìíîæåñòâî Adef

= {aj}j∈Z âåêòîðîâ aj ∈ R
4 áóäåì íàçûâàòü öåïî÷êîéâåêòîðîâ. Öåïî÷êà A íàçûâàåòñÿ ïîëíîé öåïî÷êîé âåêòîðîâ, åñëè ìàòðèöà Aj

def

=

(aj−3,aj−2, aj−1, aj

) ÿâëÿåòñÿ íåîñîáåííîé ïðè ëþáîì j ∈ Z.Äëÿ ïðîèçâîëüíûõ âåêòîðîâ x, x′, x′′, y, y′, y′′, z, z′, z′′ èç ïðîñòðàíñòâà R
4 ââåäåìïîëèëèíåéíóþ âåêòîð-�óíêöèþ a, çàäàâàåìóþ ñèìâîëè÷åñêèì îïðåäåëèòåëåìa(x,x′,x′′,y,y′,y′′, z, z′, z′′)def

= det





x x′ x′′

det(y,y′,y′′,x) det(y,y′,y′′,x′) det(y,y′,y′′,x′′)
det(z, z′, z′′,x) det(z, z′, z′′,x′) det(z, z′, z′′,x′′)



 .×åðåç C2(α, β) îáîçíà÷èì ëèíåéíîå ïðîñòðàíñòâî �óíêöèé, íåïðåðûâíûõ âìåñòå ñïåðâîé è âòîðîé ïðîèçâîäíûìè íà èíòåðâàëå (α, β).
∗�àáîòà âûïîëíåíà ïðè �èíàíñîâîé ïîääåðæêå �îññèéñêîãî �îíäà �óíäàìåíòàëüíûõ èññëåäîâàíèé(ãðàíòû � 07-01-00269 è � 07-01-00451).© Èíñòèòóò âû÷èñëèòåëüíûõ òåõíîëîãèé Ñèáèðñêîãî îòäåëåíèÿ �îññèéñêîé àêàäåìèè íàóê, 2008.94
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1 ðàññìîòðèì ñåòêó X

def

= {xj}j∈Z:
X : . . . < x−1 < x0 < x1 < . . . ; ïóñòü α

def

= lim
j→−∞

xj , β
def

= lim
j→+∞

xj . (2.1)Ââåäåì îáîçíà÷åíèÿ M
def

= ∪j∈Z (xj , xj+1), Sj
def

= [xj , xj+4], Jk
def

= {k − 3, k − 2, k − 1, k}, ãäå
k, j ∈ Z. Äëÿ îïðåäåëåííîñòè â äàëüíåéøåì áóäåì ñ÷èòàòü, ÷òî èíòåðâàë (α, β) êîíå÷åí(íåáîëüøàÿ ìîäè�èêàöèÿ ïðåäïîëîæåíèé ïîçâîëÿåò ðàññìîòðåòü ñëó÷àé ïîëóáåñêîíå÷-íîãî èíòåðâàëà, à òàêæå ñëó÷àé, êîãäà (α, β) = R

1).Ïðè K0 ≥ 1, K0 ∈ R
1 îáîçíà÷èì X (K0, α, β) êëàññ ñåòîê âèäà (2.1) ñî ñâîéñòâîìëîêàëüíîé êâàçèðàâíîìåðíîñòè K−1

0 ≤ (xj+1 − xj)(xj − xj−1)
−1 ≤ K0 ∀j ∈ Z è ïîëîæèì

hX
def

= supj∈Z
(xj+1 − xj).Ïóñòü ϕ(t) � ÷åòûðåõêîìïîíåíòíàÿ âåêòîð-�óíêöèÿ (ñòîëáåö) ñ êîìïîíåíòàìè èçïðîñòðàíñòâà C2(α, β); ââîäÿ îáîçíà÷åíèÿ ϕj

def

= ϕ(xj), ϕ ′

j

def

= ϕ ′(xj), ϕ ′′

j

def

= ϕ ′′(xj), îïðåäå-ëèì öåïî÷êó âåêòîðîâ {aj} �îðìóëîéaj
def

= a(ϕj+1, ϕ
′

j+1, ϕ
′′

j+1, ϕj+2, ϕ
′

j+2, ϕ
′′

j+2, ϕj+3, ϕ
′

j+3, ϕ
′′

j+3), j ∈ Z, (2.2)è ðàññìîòðèì âåêòîðû dj ∈ R
4, çàäàâàåìûå òîæäåñòâîìdT

j x ≡ det(ϕj , ϕ
′

j , ϕ
′′

j , x), x ∈ R
4, j ∈ Z. (2.3)Åñëè öåïî÷êà âåêòîðîâ {aj} ïîëíàÿ, òî èç óñëîâèé

∑

j′∈Jk

aj′ ωj′(t) ≡ ϕ(t) ∀t ∈ (xk, xk+1), k ∈ Z, ωj(t) ≡ 0 ∀t /∈ Sj ∩ M, (2.4)îäíîçíà÷íî îïðåäåëÿþòñÿ �óíêöèè ωj(t), t ∈ M , j ∈ Z.Ëèíåéíàÿ îáîëî÷êà Bϕ(X) �óíêöèé ωj(t), j ∈ Z íàçûâàåòñÿ ïðîñòðàíñòâîì
Bϕ-ñïëàéíîâ íà ñåòêå X, �óíêöèè ωj(t) � êîîðäèíàòíûìè Bϕ-ñïëàéíàìè (òðåòüå-ãî ïîðÿäêà), à ϕ � ïîðîæäàþùåé âåêòîð-�óíêöèåé äëÿ ïðîñòðàíñòâà Bϕ(X). Óñëîâèÿ(2.4) íàçûâàþòñÿ àïïðîêñèìàöèîííûìè ñîîòíîøåíèÿìè.Ïðè ϕ(t) ∈ C3(α, β) ðàññìîòðèì âðîíñêèàí W (t) = det(ϕ, ϕ ′, ϕ ′′, ϕ ′′′)(t).Ëåììà. Åñëè ϕ ∈ C 4[α, β], âðîíñêèàí W (t) îòëè÷åí îò íóëÿ íà îòðåçêå [α, β] è
X ∈ X (K0, α, β) äëÿ íåêîòîðîãî K0 ≥ 1, òî ñóùåñòâóåò ε > 0 òàêîå, ÷òî ïðè hX < εöåïî÷êà {aj} ÿâëÿåòñÿ ïîëíîé.Äîêàçàòåëüñòâî ñâîäèòñÿ ê èñïîëüçîâàíèþ �îðìóëû Òåéëîðà â ïðåäñòàâëåíèè(2.2) äëÿ ïîëó÷åíèÿ àñèìïòîòèêè, ðàâíîìåðíîé íà èíòåðâàëå (α, β). Áîëåå ïîäðîáíîçäåñü îñòàíàâëèâàòüñÿ íå áóäåì.Òåîðåìà. Åñëè öåïî÷êà âåêòîðîâ aj ïîëíàÿ, òî �óíêöèè ωj(t) äâàæäû íåïðåðûâíîäè��åðåíöèðóåìû íà èíòåðâàëå (α, β) è ñïðàâåäëèâû �îðìóëû

ωj(t) =
dT

j ϕ(t)dT
j aj

ïðè t ∈ [xj , xj+1), (2.5)

ωj(t) =
dT

j ϕ(t)dT
j aj

−
dT

j aj+1dT
j aj

·
dT

j+1ϕ(t)dT
j+1aj+1

ïðè t ∈ [xj+1, xj+2), (2.6)
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ωj(t) =

dT
j+4ϕ(t)dT
j+4aj

−
dT

j+4aj−1dT
j+4aj

·
dT

j+3ϕ(t)dT
j+3aj−1

ïðè t ∈ [xj+2, xj+3), (2.7)

ωj(t) =
dT

j+4ϕ(t)dT
j+4aj

ïðè t ∈ [xj+3, xj+4], (2.8)

ωj(t) ≡ 0 ïðè t 6∈ [xj , xj+4].Äîêàçàòåëüñòâî ïîëó÷àåòñÿ ïîäñòàíîâêîé �îðìóë (2.5)�(2.8) â àïïðîêñèìàöèîí-íûå ñîîòíîøåíèÿ (2.4) ñ èñïîëüçîâàíèåì îïðåäåëåíèÿ âåêòîðîâ aj è dj (ñì. (2.2) è(2.3)). Íåïðåðûâíîñòü �óíêöèè ωj(t), åå ïåðâîé è âòîðîé ïðîèçâîäíûõ ïðîâåðÿåòñÿ âóçëàõ xj+i, i = 0, 1, 2, 3, 4, íåïîñðåäñòâåííûì ïðèìåíåíèåì �îðìóë (2.5)�(2.8). Â îñòàëü-íûõ òî÷êàõ èíòåðâàëà (α, β) èõ íåïðåðûâíîñòü î÷åâèäíà.3. Êàëèáðîâî÷íûå ñîîòíîøåíèÿ äëÿ Bϕ-ñïëàéíîâÈñõîäíàÿ ñåòêà X äîïîëíÿåòñÿ íîâûì óçëîì ξ, è íà ïîëó÷åííîé òàêèì îáðàçîì ñåò-êå X ðàññìàòðèâàþòñÿ ñïëàéíû ωj ′(t). Êàëèáðîâî÷íûå ñîîòíîøåíèÿ äàþò ïðåäñòàâ-ëåíèå ñïëàéíîâ ωj(t) â âèäå ëèíåéíîé êîìáèíàöèè ñïëàéíîâ ωj ′(t). Ñëåäñòâèåì ýòèõñîîòíîøåíèé ÿâëÿåòñÿ âëîæåííîñòü ïðîñòðàíñòâà Bϕ(X) â ïðîñòðàíñòâî Bϕ(X).Ïóñòü ξ � óïîìÿíóòûé íîâûé óçåë, ξ ∈ (xk, xk+1), à xj � óçëû âíîâü ïîëó÷åííîéñåòêè:
xj

def

= xj ïðè j ≤ k, xk+1

def

= ξ, xj
def

= xj−1 ïðè j ≥ k + 2, X
def

= {xj | j ∈ Z}.Ôóíêöèè ωj çàâèñÿò îò óçëîâ xj , xj+1, xj+2, xj+3, xj+4; ââåäåì �óíêöèþ øåñòè âåùå-ñòâåííûõ ïåðåìåííûõ ω(u, v, w, y, z, t) (ñì. �îðìóëû (2.5)�(2.8)) òàêóþ, ÷òî
ωj(t) = ω(xj, xj+1, xj+2, xj+3, xj+4, t) ∀j ∈ Z. (3.1)Íà íîâîé ñåòêå ðàññìîòðèì �óíêöèè ωj(t)

def

= ω(xj , xj+1, xj+2, xj+3, xj+4, t).Î÷åâèäíî, ÷òî äëÿ t ∈ (α, β) âåðíû òîæäåñòâà
ωj(t) ≡ ωj(t) ïðè j ≤ k − 4, ωj(t) ≡ ωj+1(t) ïðè j ≥ k + 1. (3.2)Óñëîâèìñÿ íàä÷åðêèâàòü îáîçíà÷åíèÿ âñåõ ðàíåå ââåäåííûõ îáúåêòîâ, îïðåäåëÿåìûõíîâîé ñåòêîé X, â ÷àñòíîñòè, ïîëîæèì ϕj

def

= ϕ(xj), ϕ ′

j

def

= ϕ ′(xj), ϕ ′′

j

def

= ϕ ′′(xj),aj
def

= a(ϕj+1, ϕ
′

j+1, ϕ
′′

j+1, ϕj+2, ϕ
′

j+2, ϕ
′′

j+2, ϕj+3, ϕ
′

j+3, ϕ
′′

j+3),dT

j xdef

= det(ϕj , ϕ
′

j, ϕ
′′

j ,x), x ∈ R
4, j ∈ Z.Ôóíêöèè ωk−3, ωk−2, ωk−1 è ωk ìîæíî ïðåäñòàâèòü ñ ïîìîùüþ ëèíåéíûõ êîìáèíàöèé�óíêöèé ωj, à èìåííî (ïîäðîáíåå ñì. [1℄):

ωk−3(t) ≡ ωk−3(t) + pk−3,k−2ωk−2(t), (3.3)

ωk−2(t) ≡ pk−2,k−2ωk−2(t) + pk−2,k−1ωk−1(t), (3.4)

ωk−1(t) ≡ pk−1,k−1ωk−1(t) + pk−1,kωk(t), (3.5)
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ωk(t) ≡ pk,kωk(t) + ωk+1(t), (3.6)ãäå

pk−3,k−2 =
dT

k+2ak−2dT

k+2ak−3

, (3.7)

pk−2,k−2 =

(dT

k+3ak−2 − dT

k+3ak−3

dT

k+2ak−2dT

k+2ak−3

)/dT

k+3ak−2, (3.8)

pk−2,k−1 =
dT

k+3ak−1dT

k+3ak−2

, (3.9)

pk−1,k−1 =
dT

k−1ak−1dT

k−1ak−1

, (3.10)

pk−1,k =

(dT

k−1ak − dT

k−1ak+1

dT

k akdT

k ak+1

)/dT

k−1ak−1, (3.11)

pk,k =
dT

k akdT

k ak+1

. (3.12)Òîæäåñòâà (3.2)�(3.6) íàçûâàþòñÿ êàëèáðîâî÷íûìè ñîîòíîøåíèÿìè.4. Ìîäåëèðîâàíèå Bϕ-ñïëàéíîâ è êàëèáðîâî÷íûõ ñîîòíîøåíèé�àññìîòðèì òðèãîíîìåòðè÷åñêèå Bϕ-ñïëàéíû, ïîëó÷àåìûå ïðè ϕ(t)
def

= (1, sin t, cos t,
sin 2t)T . Èìååì ϕ ′(t) = (0, cos t, − sin t, 2 cos 2t)T , ϕ ′′(t) = (0,− sin t,− cos t, −4 sin 2t)T ,
ϕ ′′′(t) = (0,− cos t, sin t,−8 cos 2t)T .Òîãäà âðîíñêèàí W (t)

def

= det(ϕ(t), ϕ ′(t), ϕ ′′(t), ϕ ′′′(t)) îòëè÷åí îò íóëÿ íà îòðåçêå
[α, β] ⊂

(

−
π

4
;
π

4

)

, èáî
W (t) = det









1 0 0 0
sin t cos t − sin t − cos t
cos t − sin t − cos t sin t
sin 2t 2 cos 2t −4 sin 2t −8 cos 2t









= 6 cos 2t.Ïîýòîìó äëÿ äîñòàòî÷íî ìåëêîé ñåòêè èç �èêñèðîâàííîãî êëàññà ëîêàëüíî êâàçèðàâíî-ìåðíûõ ñåòîê êîîðäèíàòíûå Bϕ-ñïëàéíû ñóùåñòâóþò è suppωj(t) = [xj , xj+4], ãäå j ∈ Z.Èç (2.3) íàéäåì dj = (−6 sin xj cos xj , −4 cos3 xj + 6 cosxj , 4 cos2 xj sin xj + 2 sin xj , −1)T .Òåïåðü ïðåäñòàâèì âåêòîð aj â ïîêîìïîíåíòíîì âèäå aj = (a0,j , a1,j, a2,j, a3,j)
T . Òîãäà

a0,j, a1,j, a2,j, a3,j îïðåäåëÿþòñÿ ðàâåíñòâàìè
a0,j

def

= ζj ξ0,j, a1,j
def

= ζj((ξ0,j − ξ2,j) sin xj+1 − ξ1,j cos xj+1),

a2,j
def

= ζj(ξ1,j sin xj+1 +(ξ0,j −ξ2,j) cos xj+1), a3,j
def

= ζj((ξ0,j −4ξ2,j) sin 2xj+1−2ξ1,j cos 2xj+1),ãäå ζj, ξ0,j, ξ1,j, ξ2,j âû÷èñëÿþòñÿ ïî �îðìóëàì
ζj = sin

xj+2 − xj+1

2
sin

xj+3 − xj+1

2
,
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ξ0,j = 16(2 cos(xj+3 + xj+1) + cos 2xj+3)

(

2 cos
xj+2 + 3xj+1

2
+ cos

xj+2 − xj+12

cos
2xj+2

)

×

× sin
xj+3 − xj+1

2
− 16(2 cos(xj+2 + xj+1) + cos 2xj+2)×

×

(

2 cos
xj+3 + 3xj+1

2
+ cos

xj+3 − xj+1

2
cos 2xj+3

)

sin
xj+2 − xj+1

2
,

ξ1,j =32 cos
3xj+2 + xj+1

2

(

2 cos
xj+3 + 3xj+1

2
+cos

xj+3 − xj+1

2
cos 2xj+3

)

sin2
xj+2 − xj+1

2
−

−32 cos
3xj+3 + xj+1

2

(

2 cos
xj+2 + 3xj+1

2
+ cos

xj+2 − xj+1

2
cos 2xj+2

)

sin2
xj+3 − xj+1

2
,

ξ2,j = 32ζj cos
3xj+3 + xj+1

2
(2 cos(xj+2 + xj+1) + cos 2xj+2) sin

xj+3 − xj+1

2
−

−32ζj cos
3xj+2 + xj+1

2
(2 cos(xj+3 + xj+1) + cos 2xj+3) sin

xj+2 − xj+1

2
.Ñîãëàñíî �îðìóëàì (2.5)�(2.8) ïîëó÷àåì ñëåäóþùèå ïðåäñòàâëåíèÿ �óíêöèè ωj(t):1) ïðè t ∈ [xj , xj+1) ñïðàâåäëèâî òîæäåñòâî ωj(t) =

=
−2 cos 2xj sin(t − xj) + 2 sin(t + xj)(2 − cos(t − xj)) − 2 sin 2xj

−4a1,j cos3 xj + 4a2,j cos2 xj sin xj + 6a1,j cos xj + (2a2,j − 3a0,j) sin xj − a3,j

,2) ïðè t ∈ [xj+1, xj+2) ñïðàâåäëèâî òîæäåñòâî ωj(t) =

=
−2 cos 2xj sin(t − xj) + 2 sin(t + xj)(2 − cos(t − xj)) − 2 sin 2xj

−4a1,j cos3 xj + 4a2,j cos2 xj sin xj + 6a1,j cos xj + (2a2,j − 3a0,j) sin xj − a3,j

−

−
−4a1,j+1 cos3 xj + 4a2,j+1 cos2 xj sin xj + 6a1,j+1 cos xj + (2a2,j+1 − 3a0,j+1) sin xj − a3,j+1

−4a1,j cos3 xj + 4a2,j cos2 xj sin xj + 6a1,j cos xj + (2a2,j − 3a0,j) sin xj − a3,j

×

×[−2 cos 2xj+1 sin(t − xj+1) + 2 sin(t + xj+1)(2 − cos(t − xj+1)) − 2 sin 2xj+1]×

×[−4a1,j+1 cos3 xj+1 + 4a2,j+1 cos2 xj+1 sin xj+1 + 6a1,j+1 cos xj+1+

+(2a2,j+1 − 3a0,j+1) sin xj+1 − a3,j+1]
−1,3) ïðè t ∈ [xj+2, xj+3) ñïðàâåäëèâî òîæäåñòâî ωj(t) =

=
−2 cos 2xj+4 sin(t − xj+4) + 2 sin(t + xj+4)(2 − cos(t − xj+4)) − 2 sin 2xj+4

−4a1,j cos3 xj+4 + 4a2,j cos2 xj+4 sin xj+4 + 6a1,j cos xj+4 + (2a2,j − 3a0,j) sin xj+4 − a3,j

−

−[−4a1,j−1 cos3 xj+4 + 4a2,j−1 cos2 xj+4 sin xj+4 + 6a1,j−1 cos xj+4+

+(2a2,j−1 − 3a0,j−1) sin xj+4 − a3,j−1]×

×[−4a1,j cos3 xj+4 + 4a2,j cos2 xj+4 sin xj+4 + 6a1,j cos xj+4 + (2a2,j − 3a0,j) sin xj+4 − a3,j ]
−1×

×[−2 cos 2xj+3 sin(t − xj+3) + 2 sin(t + xj+3)(2 − cos(t − xj+3)) − 2 sin 2xj+3]×

×[−4a1,j−1 cos3 xj+3 + 4a2,j−1 cos2 xj+3 sin xj+3 + 6a1,j−1 cos xj+3+

+(2a2,j−1 − 3a0,j−1) sin xj+3 − a3,j−1]
−1,



Ìîäåëèðîâàíèå êàëèáðîâî÷íûõ ñîîòíîøåíèé äëÿ íåïîëèíîìèàëüíûõ ñïëàéíîâ 994) ïðè t ∈ [xj+3, xj+4] ñïðàâåäëèâî òîæäåñòâî ωj(t) =

=
−2 cos 2xj+4 sin(t − xj+4) + 2 sin(t + xj+4)(2 − cos(t − xj+4)) − 2 sin 2xj+4

−4a1,j cos3 xj+4 + 4a2,j cos2 xj+4 sin xj+4 + 6a1,j cos xj+4 + (2a2,j − 3a0,j) sin xj+4 − a3,j

.�àññìîòðèì ïðèìåð òðèãîíîìåòðè÷åñêèõ ñïëàéíîâ, ïîñòðîåííûõ íà îòðåçêå [α, β] =
[−1/2, 1/2]. Çàäàäèì ñåòêó X

def

= {xj | xj = j/10, j ∈ Z}. Ôóíêöèè ω−5(t), ω−4(t), . . . ,
ω0(t), ω1(t) èçîáðàæåíû íà ðèñ. 1, èõ íîðìàëèçîâàííûé âèä ïîêàçàí íà ðèñ. 2.Òåïåðü èñõîäíóþ ñåòêó X äîïîëíèì íîâûì óçëîì ξ, è íà ïîëó÷åííîé òàêèì îáðàçîìñåòêå X ðàññìîòðèì Bϕ-ñïëàéíû ωj(t). Ïóñòü ξ � óïîìÿíóòûé íîâûé óçåë, ξ ∈ (0, 1/10),
ξ = 1/20, à xj � óçëû âíîâü ïîëó÷åííîé ñåòêè:

xj
def

= xj ïðè j ≤ 0, x1

def

= ξ =
1

20
, xj

def

= xj−1 ïðè j ≥ 2, X
def

= {xj | j ∈ Z}.Äëÿ ñåòêè X �óíêöèè ω−5(t), ω−4(t), . . . , ω0(t), ω1(t) ïîñòðîåíû íà ðèñ. 3.

-0.5 -0.4 -0.3 -0.2 -0.1 0 0.1 0.2 0.3 0.4 0.5

5

10

15

20

25

0,1

0
-0.3-0.4-0.5 0.50.40.30.20.10

0,7

0,6

-0.1

0,5

0,4

-0.2

0,3

0,2

�èñ. 1 �èñ. 2

-0.5 -0.4 -0.3 -0.2 -0.1 0 0.05 0.1 0.2 0.3 0.4 0.5

20

40

60

80

100

120

140

160

-0.5 -0.4 -0.3 -0.2 -0.1 0 0.05 0.1 0.2 0.3 0.4 0.5

20

40

60

80

100

120

140

160

�èñ. 3 �èñ. 4



100 À.À. ÌàêàðîâÄëÿ t ∈ [−1/2, 1/2] ñïðàâåäëèâû êàëèáðîâî÷íûå ñîîòíîøåíèÿ (ñì. (3.2)�(3.6) äëÿ
k = 0):

ωj(t) ≡ ωj(t) ïðè j ≤ −4, ωj(t) ≡ ωj+1(t) ïðè j ≥ 1,

ω−3(t) ≡ ω−3(t) + p−3,−2ω−2(t), ω−2(t) ≡ p−2,−2ω−2(t) + p−2,−1ω−1(t),

ω−1(t) ≡ p−1,−1ω−1(t) + p−1,0ω0(t), ω0(t) ≡ p0,0ω0(t) + ω1(t),ãäå
p−3,−2 = 0.06555766782, p−2,−2 = 0.3146550180, p−2,−1 = 0.06260940193,

p−1,−1 = 0.06555770088, p−1,0 = 0.3099112440, p0,0 = 0.07105152915.Ïîñòðîèì íà íîâîé ñåòêå X �óíêöèè ω−5(t), . . . , ω1(t), èñïîëüçóÿ óïîìÿíóòûå âûøåêàëèáðîâî÷íûå ñîîòíîøåíèÿ. Íà ðèñ. 4 �óíêöèè ω−5(t), . . . , ω1(t) èçîáðàæåíû æèðíûìèëèíèÿìè, à �óíêöèè ω−5(t), . . . , ω1(t) � òîíêèìè ëèíèÿìè.Ñïèñîê ëèòåðàòóðû[1℄ Äåìüÿíîâè÷ Þ.Ê., Ìàêàðîâ À.À. Êàëèáðîâî÷íûå ñîîòíîøåíèÿ äëÿ íåïîëèíîìèàëü-íûõ ñïëàéíîâ // Ïðîáë. ìàò. àíàëèçà. Âûï. 34. Ìåæâóç. ñá. / Ïîä ðåä. Í.Í. Óðàëüöåâîé.Íîâîñèáèðñê: Òàìàðà �îæêîâñêàÿ, 2006. Ñ. 39�54.[2℄ Äåìüÿíîâè÷ Þ.Ê. �ëàäêîñòü ïðîñòðàíñòâ ñïëàéíîâ è âñïëåñêîâûå ðàçëîæåíèÿ // Äîêë.�ÀÍ. 2005. Ò. 401, � 4. Ñ. 1�4.[3℄ Ìàëëà Ñ. Âýéâëåòû â îáðàáîòêå ñèãíàëîâ: Ïåð. ñ àíãë. ß.Ì. Æèëåéêèíà. Ì.: Ìèð, 2005.671 ñ. Ïîñòóïèëà â ðåäàêöèþ 20 �åâðàëÿ 2008 ã.


