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AHHOTaIUA

B pabore mpennokeHbl COOTHOILICHHS, OMpPEACISIONINE BHJ MOA0OIACTH MPOCTPAHCTBEHHBIX
4acTOT NPU BHIOPAHHOM YHHUTApHOM IIpeoOpa3oBaHHWM, BBEICHBI IMOHITUS YacTed W Aonel
SHEPTUU H300paKeHHs B 3aJaHHOM MOA00JACTH NMPOCTPAHCTBEHHBIX YacTOT HPH BHIOpaHHON
CUCTEME OPTOrOHAJBHBIX Oa3UCHBIX (YHKIM. B pabore omucaHbl CHCTEMBbI OPTOTOHAIBHBIX
0a3ucHBIX (DYHKIWH JUIS PasIUYHBIX YHUTApHBIX NPeoOpazoBaHUM, MPEIJIOKECHBI MPOIETYPHI
BBIYUCIICHUS HAa OCHOBE OTACIbHBIX YHHTapHBIX IpeoOpa3oBaHMN CyOMHTEPBAJIBbHBIX MaTpUI,
MO3BOJISIIOINX OCYILECTBISITh aHaIM3 CBOMCTB HM300paKE€HHH B PasziIMYHBIX MMOA00IACTIX
MMPOCTPAHCTBCHHBIX YaCTOT.

KiroueBble cioBa: mono0aacTb MPOCTPAHCTBEHHBIX YacTOT JOJIM SHEPIuH, CyOMHTEpBabHAsS
MaTpHIIa, CyOIIOIOCHAs MaTPHIIa, YHUTAPHBIE TTPE0Opa30BaHMS.

UDC 621.396.01

Zhilyakov E.G. ABOUT SUBINTERVAL MATRICES BASED
Chernomorets A.A. ON UNITARY TRANSFORMATIONS
Bolgova E.V.

Belgorod State National Research University, 85 Pobedy St., Belgorod, 308015, Russia
e-mail: zhilyakov@bsu.edu.ru, chernomorets @bsu.edu.ru, bolgova_e @bsu.edu.ru

Abstract

In this paper we propose a ratio that help determine sub-areas of spatial frequencies at a selected
unitary transformation, we introduce the concepts of parts and a shares of image energy in a given
subarea of spatial frequencies for the chosen system of orthogonal basis functions. In the paper
we describe a system of orthogonal basis functions for different unitary transformations, we
propose on the basis of a separate unitary transformation calculation procedure of subinterval
matrices, allowing to analyze the image properties in different subareas of spatial frequencies.
Keywords: subdomain of spatial frequencies, shares of energy, subinterval matrix, subband
matrix, unitary transformations.

B HacTosiiee Bpems npH aHayn3e M300paKEeHUI MIMPOKO NPUMEHSIOT Pa3IMYHbIEe OPTOTOHAIBHBIE CHCTEMBI
0azucHbIx Qynkumid [1, 2, 3]: TpuroHomerpuyeckue GyHKIUM exp(—jnu), sin(nu), cos(nu), GyHKnun XapTiau

cas(nu) , pyukuun Yomma-Anamapa-Ilanu wal(n,u) , had(n,u), pal(n,u), byakuun Xaapa har(nu) u ap., rie
3HaueHUE N ONpEJeNsAeTCS Pa3MEPHOCTHI0 aHAIM3MPYEMOTO HW300pakeHWs, BEIWYMHA U  SBISCTCS
IIPOCTPAHCTBEHHOM YaCTOTOM.
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VYkazaHHble CHUCTEMbI 0a3MCHBIX (YHKIUH OMNPENENISIOT COOTBETCTBYIOIINE YHHTapHBIC MpPeoOpa3oBaHUs
n3o00paxkeHuit [6].

AHanmu3 B 00JaCTH TPOCTPAHCTBEHHBIX YACTOT MO3BOJSIET HCCIICAOBATh pa3iMYHbIC CBOMCTBA M300pa)KeHU
O=(f,), i=12,...,N,, k=12,...,N,, Ha OCHOBE aHAJIN3a YACTOTHBIX XapakTepucTuk [4] (cmektp) F (u,v),

(u,v) € D,, yaurapHoro npeobpasosanus W B BEIOpaHHOM 0a3yuce Ha OCHOBE OPTOrOHAJILHON CHCTEMBI 0a3MCHBIX
byskumid {w,(u)}, {w,(»}, i=12,...,N,, k=12,....N,:

N Ny

Fuv)=> > fiw@wO), @y)eDb,, (1)

i=1 k=1
rae D, —o0nacTh MPOCTPAHCTBEHHBIX YaCTOT, PAa3JIMYHas U1l KOHKPETHOIO yHUTAPHOTO NPEe0O0pa3oBaHHUs.
O6paTtHOe TpeoOpa3oBaHKe TO3BOJISIET OMYUYUTh 3HAYCHHS 3JIEMEHTOB aHAM3upyeMoro uzobpaxenus @
B BUJIC:

fo=— H F(u, v)w: (u)w,f w)dudyv , ()

ab (u,v)eDy

e w, (1), w,(v) — KOMIUIEKCHO-CONPSIKEHHbIe (DYHKIMM; 3HAYEHUs d,D 3aBHUCAT OT BHIOPAHHOTO YHHTapHOTO

npeoOpa3oBaHHsI.
Jns yHUTapHBIX NpeoOpazoBaHUi cripaBeminBa Teopema llapceBans [4, 7], koTopasi ycTaHaBIHBaeT CBS3b
MEXIY 3HEpruel N300paKeHHsI U €ro CIEKTPOM,

N M
1 2
fi=— |F (u, )| dudy . 3)
; ; ' b (u,;[[l)z
B xoHTekcTe cyOmonocHoro aHanmm3a paBeHcTBo [lapceBans (3) [4, 5, 7] nenecoodbpa3Ho MpeACTaBUTH B BUIE
R R
IoIF=>" > E,_ (D), (4)
n=l n=1
rue
1
E (®)=— | F(u,v)I* dudv, 5
" (@)=— (!j (u,v) 5)

rn=12,.,R, r,=12,.,R,,
rae Vr . — nogobnacti npocTpancTBeHHBIX yacToT (ITITH), koTopkle MomydYeHsl Ha OCHOBAHMHK pa3OHeHHs 00NIacTH
172

IPOCTPAHCTBEHHBIX YAaCTOT [), Ha HelepeceKaroIuecs 1oo0nacTy (B obuieM ciiyyae, BbIOOp pazOueHus obactu

MPOCTPAHCTBEHHBIX YaCTOT 3aBUCHT OT MPUMEHSEMOI cucTeMbl 0a3ucHBIX GyHKIMH) [4, 7],

R Ry

p,-U U ©
n=l n=1

Vrlrz = Drl ﬂ G"z ’ (7)

rne D, u G, — HekoTophie CyOnosockl B oonactu D, (3aBUCAT OT BBIOPAHHOTO MPeoOpa3oBaHus).
n n 2

IIpencrapnsieTcst eCTECTBEHHBIM MHTETPANIBI BHIa (5) Ha3bIBaTh YacTsAMU SHeprud [4, 7] (€BKIMI0BOW HOPMOH)
M300paKeHUs B 33IaHHOM 0a3uce (PyHKIMH, onaaaroiiei B coorsercTytomue [TITY.
B cBoto ouepenp oTHOLIEHUS
2
P (D)=E (D)/IDI, (®)

n=L2,.,R, r,=12,,R,,
MIPEJICTABISIOT CO0O0M 0NN YHEPTHH, KOTOPBIE TO3BOJISIOT CYIUTh O €€ COCPEAOTOUYeHHOCTH B BhIOpaHHbIX [11TY
Vm2 , h=12,.,R, rn=12,.,R,.
MoxHO J0Ka3aTh CIenylllee yTBEpXkKJAeHUe. 3HaueHWs 4YacTed DdHepruil u3oOpaxkenus Buja (5),
COOTBETCTBYIOIIME M0J00JIACTH MPOCTPAHCTBEHHBIX YacToT V, ~ BuAa (7) NpHU 3a]aHHON CHCTEME OPTOTOHAJIBHBIX

n

6asucHBIX pyHKIWHA (TIpU 3aJaHHOM YHUTApPHOM IIPE0Opa30BaHNM ), ONPEIEIISIOTCS COOTHOIIICHHEM

NHOPOPMAIIMOHHBIE TEXHOJIOI'MU
INFORMATION TECHNOLOGIES



I-]'] —IbIM Kussikos E.I,, Yeprnomopey A.A., Boazosa E.B. O cy6uHmMep8aabHbix Mampuyax Ha 0CHO8e
D

%IE:A'3¥1 YHUMapHuIx npeobpasosanutl // HayuHulii pezysbmam. 57

HugpopmayuoHHbie mexHoaozuu. - T.2, Ne1, 2017.
RESEARCH RESULT_

E, (D)=1r(A ®B D), ©)

n
[JIe «Ir» O3HA4YaeT ciej| Marpuupl, «T» — omepauus TPaHCIIOHMPOBAHMsS MATPUIBI, Matpuusl A, =(a,),
i,n=12,..N,, u B =), k,m=12,...,N,, — CyOUHTepBaJbHbIC MATPHIIbI, COOTBETCTBYIOWIME MOA00IaCTH
V.., TIpH 33JlaHHON CHCTEME OPTOrOHANBHBIX OAa3UCHBIX (PYHKIMH, 3HAYCHUS DICMEHTOB KOTOPBIX ONPEICIAIOTCs

Ha OCHOBAHHU CJICYIOIUX BBIPAKECHUM:

a; _1 I w,(w)w, (u)du , (10)
aueD,.l

b =1 j w, (W)w (V)dv (11)

km bVEG k m :

CrpaBeTuBOCTh 3TOTO YTBEPIKIACHUS TOKA3BIBACTCS HEMOCPEICTBEHHOM IMOJCTaHOBKOW B ompezeneHue (5)
npencrasieHus (1).

s yHUTapHBIX PeoOpa30BaHMii, COOTBETCTBYIOLIMX CUMMETPHUUECKON MaTpHIlEe, MHTETPAJIbl B BBIPAKCHUAX
(10) m (11), B GONBIIMHCTBE CIy4YaeB, MOKHO BBIYMCIHTH TOYHO.

VYunteiBass coorHomieHuss (8) u (9), COOTHOIIEHHE Uil BBIYMCICHUS JONM OJHEPrHH HW300pa)KeHus,
cootBercTBytomei [TITY Vr1 r, » IPH 3aJJaHHOMN crcTeMe 0a3UCHBIX (DYHKIIMI UMEET BUJ

tr(A, ®B, ®")
B (@) =—" i (12)
tr(dP")

PaccMoTpum Hambonee pacmpocTpaHeHHBIE YHHTapHBIE MPeoOpa3oBaHUs, MPHMEHsSEeMble MpH 00padoTKe
M300pakKeHUH.

Tak, npu mpeoOpazoBanun Dypbe (FT) nzoOpakeHue mpencrapisiercs B Buae psga Dypbe Mo ClIeAyrOUIMM
crCTeMaM 0a3MCHBIX KOMITIEKCHBIX (DYHKITHIA:

w,(u)=e """, (13)
w, (V) =e M, (14)

IJie j — MHHMAas eIMHMUIIA,

o0JacTh OIMpEACIICHU ITPOCTPAHCTBCHHBIX YACTOT 3a4aCTCA CICAYHOIINM 06pa30M:

D, ={(u,v)|-r<u,v<rx}, (15)
mapamMeTphl B COOTHOIICHUH (2) UMEIOT CIeAYIONUMU 3HAUYCHUSIMU:
1
a=b=—. 16
Y (16)

IIpn ananmmse m300paXkeHWi Ha OCHOBE MpeodpazoBanus Pypre MoA00IacTh MPOCTPAHCTBEHHBIX YaCTOT VrI " @)
ABJIAETCS LEHTPAIbHO-CUMMETPUYHON 1 onpesiessionye ee cyononocel D, u G, nmerot ceyrouwmii suz [4, 7]:

D =[-u,—u, )lu, u,.,), 17)

G,2 =[—vr22,—v,21) u[vrzl,vrzz) s (18)

riue
O<u,, <u,<r,

O<v,,<v,,<7.

CxeMaTu4HO 1'[0}_'[06J'IaCTB MPOCTPAHCTBCHHBIX YaCTOT v

nr 2

npuMceHsACMas 1pu Cy6HOJIOCHOM aHaJIn3¢

n3o0paxenuii B 6asuce Oypre, npeacraBieHa Ha pUCyHKe 1.
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INFORMATION TECHNOLOGIES



I—I qu} —IbIM Kussikos E.I,, Yeprnomopey A.A., Boazosa E.B. O cy6uHmMep8aabHbix Mampuyax Ha 0CHO8e

T T T YHUMapHuIx npeobpasosanutl // HayuHulii pezysbmam. 58
PE BY.I A A. HugopmayuonHsie mexnonozuu. - T.2, Ne1, 2017.
RESEARCH RESULT_

- WY, | W
BB\

Puc. 1. Tlono6macts NpocTpaHCTBeHHBIX YacToT V,
pu cyOIOIOCHOM aHallu3e H300pakeHni Ha 0CHOBe NpeoOpa3oBanus Oypre
Fig. 1. Subdomain of spatial frequencies V

nrn

for the images subband analysis based on Fourier transform

MoxHo mokazathk [4, 7], 4TO AJIEMEHTHI CyOMOJOCHOH MAaTpHIIbI A,] , CoOTBeTCTBYOWEH cybmonoce D, ,

OMpeaAcCIArOTCA Ha OCHOBAHUH CICOYIOMIUX COOTHOIIICHUM:

sin(u, (i —n))—sin(u, ,(i—n)) »
, 1l#n,

a I e M M dy = — I e du= #(i=n) (19)

in =
272- ueDy 2” ueDy ur12 - urll

, i=n,
T

DineMenThI CyONIONOCHON MaTpuItbl B, , cooTBeTCTBYOMIEH cybronoce D, , onpesensiorest aHaloruyHo.

3Ha4yeHus] 3JIEMEHTOB HEKOTOPOHl CyONOJOCHOM MaTpuIbl MOXHO IPEACTaBUTh B BUAE H300paKeHUs Ha
pHUCyHKe 2.

Puc. 2. I'paduueckoe npezcraBiieHne 3HAYSHUH JIEMEHTOB CyOII0JIOCHON MaTpHIIBI
Fig. 2. Graphical representation of the values of the subband matrix elements

IIpu kocunycHoM npeodpazosanuu (CT) O0a3ucHbie QYHKIIUN UMEIOT BU:

w (u) =cos(u(i—%)), (20)

W (v) = cos(v(k — %» , 21)

a:b:\/z. (22)
V4

O<u,v<rm,i=12,..,N,, k=12,..N,.
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Ipu aHanm3e M300paKEHUI HA OCHOBE KOCHHYCHOTO IPeoOpa3oBaHMs MOA007IaCcTh MPOCTPAHCTBEHHBIX YaCTOT
V.., (7) 3anaercs cybnonocamu D, u G, , KOTOpbIE MMEIOT CIEAYIOLIMA BHLL:

D" =[u,,,u,,), (23)
cr _
G =[v,.v,.,)- (24)
[Ton061acTh NPOCTPAHCTBEHHBIX YaCTOT V, ~ CXeMaTH4HO U300paKeHa Ha PUCYHKE 3.
GrZ
i —
. vy’ vy
77 I ! %
Py NN
T NN
i, ! |
v u

Puc. 3. Tloqo6macT MPOCTPaHCTBEHHBIX YaCTOT V,l,2

IpH CyOIONIOCHOM aHAITN3e H300pakeHUiT Ha OCHOBE KOCHHYCHOTO MPeoOpa3oBaHus

Fig. 3. Subdomain of spatial frequencies V,I,2

for the images subband analysis based on cosine transform
ABTOpaMu TIpeIJIOKEHO TPH aHaN3e W300paKeHWH HAa OCHOBE YHHTAPHBIX MPEOOpa30BaHWM, OTIMYHBIX OT
npeoOpa3oBanus ypwe, UCIOIB30BATh TCPMUH CyOUHTEPBATBLHBIC MATPUIIBI.

Dnementsl CyGuHTEpBanbHOM Matpuubl A =(a}“"),i,n=12,..,N,, cooTsercTByIomeii cyonomoce D, ,

n

OIpEACIAIOTCA HAa OCHOBAHUN COOTHOUICHUA:

a’

m

LT _ n i
=a; +h,

in

(25)
rae a; — onpezneneHo B (19),

Sin(urlz(i +n-1)— Sin(urll(i +n-1))
B zi+n-1) '

h} (26)

n

DreMeHThbI CyOMHTEPBABHOM MaTpuLbl B, , COOTBETCTBYIOLIEH CyOnonoce G,S " ompenensoTCcs aHATOTUYHO.

3Ha4yeHUs] DJIEMEHTOB HEKOTOpOW CYyOWHTEpBAJBHOH MAaTpPHUIBI KOCHHYCHOTO TPeoOpa3OBaHUs MOXKHO
MIPEICTaBUTh B BUAE N300PAKEHUS HAa PUCYHKE 4.

Puc. 4. I'paduueckoe npeacTaBieHne 3HaAYEHHI 3JIEMEHTOB CyOMHTEPBaJIbHOM MaTPHIIbI KOCHHYCHOTO IPeoOpa3oBaHus
Fig. 4. Graphical representation of the values of the subinterval matrix elements for the cosine transform

[IpeoOpazoBanue Yomma (Yomma-Anamapa, WH) ocHoBaHO Ha 6a3uce ¢pyHKUuMi Yoma, KOTopeie 00pa3yroT
MOJIHYIO CHCTEMY OPTOHOPMHPOBAHHBIX MPAMOYTOJIBHBIX QYHKUIMH (MPUHUMAIOT 3HaYeHus -1 u +1).
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MHoxecTBO (hyHKIHMiT Yoiiia 00bIYHO pacCMaTPHBAIOT B BapHAHTaX, OTIMYAIOIIMXCS TTOCTIEA0BATEIbHOCTHIO
pacronoxeHus: GYHKLIUH B CHCTEMe, a HMMEHHO: yNOpsAOYeHHE 1Mo Youuly (M0 4acTHOCTH), YINOPSAOUYCHHE I10
Anamapy (ectecTBeHHOE), yropsigoueHue no [I>nu (nuagndeckoe).

[Tpu ynopsimoyennn nmo Anamapy MaTpuia AMCKPETHOrO npeodpa3zoBanus Yomma-Anamapa Juisi CHCTEMBbI U3
N =2" ¢ynkuuii Youma MOXeET ObITh MOJy4eHa B Pe3yJbTaTe IMOCIIEAOBATSILHOTO MOCTPOCHHS 7 OJIOYHBIX
matpun H,, k=12,...,n, cneqytommm obpasom:

(Hk—l Hk—l
Hk—l - Hk—l

Taxk, npu ynopsioueHun o AjpaMapy MaTpuila npeoOpa3oBanus Y oira-Ajgamapa Jjisi CUCTEMbI U3 BOCBMU
(dhyHaKIMi Youa nMeeT BHUI:

H =

k

J, k=12,...n, H, =(1).

11 1 1 1 1 1 1
1 -1 1 -1 1 -1 1 -1
1 1 -1 -1 1 1 -1 -1
w,=(1 -1 -1 1 1 -1 -1 1
1 1 1 1 -1 -1 -1 -1
1 -1 1 -1 -1 1 -1 1
1 1 -1 -1 -1 -1 1 1
1 -1 -1 1 -1 1 1 -1

ITapametrpsr B cooTHomenuu (2) i mpeoOpasoBanmid Yomma-Anamapa 3aJaroTci CIEAYIOUIIMH
3HAUCHUSAMH:
a=b=1, (27)
OOacTh 3HaYCHUI MPOCTPAHCTBEHHBIX YaCTOT UMEET BU:

D, ={(u,v)|0<u,v<1}, (28)

[lepBbIe BoceMb HeMpephIBHBIX (YHKIWH Y 0Jlllla TPUBECHBI Ha PUCYHKE 5.

Puc. 5. Ilpumep HenpepsIBHBIX (GyHKIHA Y omma
Fig. 5. Example of continuous Walsh functions
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[Ipn npumenenrn npeoOpa3zoBanmid Y onma-Axamapa ogo0IacTb MPOCTPAHCTBEHHBIX YaCTOT V::’z” (7) 3amaercst

nepeceyenueM cyomnonoc D, u G, ,

D:VH =[u,,.u,,), (29)
G =[v, V). (30)

O<u,, <u,<l, O<v <y, <l

[Ipu npuMeHeHMH mpeobpasoBaHus Yonma-Ajzamapa MOA00IacTh HPOCTPAaHCTBEHHBIX wyactor V7

nr

CXEMaTHYHO M300pakeHa Ha PUCYHKE O.

1 -“-V Dr] Vo,
vy | Qi _____
G,
LN e
i i u
a ———
U U, 1

WH
Puc. 6. Tlogo6acTh MPOCTPAHCTBEHHBIX 4ACTOT V),

nr
Ipu CyOTIOIOCHOM aHANH3e N300paKeHHH
Ha OCHOBE IpeoOpazoBaHus Y ofiia-Agamapa
Fig. 6. Subdomain of spatial frequencies VrIVL;H
in the images subband analysis based
on Walsh-Hadamard transform

[Ipu ananu3ze n300pakeHNH Ha OCHOBE IpeoOpa3zoBanus Y onma-Anamapa (6a3ucHble (QYHKINH YHOPSIIOYSHBI
10 AflamMapy) 3Ha4€HHs DJIEMEHTOB @, CyOMHTepBanbHOU Matpuibl A, B Bhipaxenun (10) uis obnactu D, Buna

(29) ompenensercs cnenyrOmUM 00pa3oM (yYTeM CUMMETPUYHOCTb MaTpUIlbl IpeoOpa3oBanus Y oma-Anamapa
MIPH YTIOPSITIOYEeHUN PYHKIMH 10 A1aMapy, a Takke cooTHomeHus (27), (28)):

L L,

f 1

al = j w.__l(y)u;__llfu)du:j 11';_1(3,4)1*;,__1(34)&’34::[ W ey (W)dU a1

u=I, Ly Ly

rae (i—1)® (n—1) — pe3yapTaT CIOXKEHHS 110 MOIYIIO 2 HOMEPOB B TBOMYHOU cucteme urcen (i—1) u (n—1).

YuauteiBas TOT PakT, YTO GYHKIHUKA YOJIIIA SBJISIOTCS KYCOYHO-TIOCTOSHHBIMU, TO UHTETPaJl B IPABON YacTH

BbIpaxkeHus (31) MoxkeT OBITH 3anrcaH B BUJIe KOHEUYHOU CyMMEL. Toraa,
1 &
a,, :F z W(i—l)@(n—l)(no) ) (33)
1 no=uy
i,n=12,..,N,

AHaJIOrMYHO MOYKHO TOJIyYHTh COOTHOIICHHUE JUIS BBIYMCIICHUS 3HAYCHHUH JIEMEHTOB CYOMHTEPBAIbHON MaTPHIIBI
Br2 TIPY aHaJM3e M300paKEHUI Ha OCHOBE TpeoOpa3oBanus Y onma-Annamapa.

ITpeobOpasoBanne Xaapa ocHoBaHO Ha (QyHKUMAX Xaapa har,(x), onpejeneHHbIX Ha uHTepBane x <[0,1) u
i=0L...,.N-1,rne N=2".

basucubie (byHKI_[I/II/I Xaapa 3a4ar0TCd Ha OCHOBAHUU CJICAYIOIIUX COOTHOIICHUI:
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2"’2,xe[(q—l)/2”,(q—1/2)/2”),
, xe[0,1), harl.()c)zhpq(x)zL —2"/2,xe[(q—1/2)/2",q/2"), i=12,...N—-1, (34)

JN

0, onsn 6cex  manvnwvix x €[0,1],

1
har,(x)=—=
NN
rne p,q — LeNble TOJNI0KHUTEIbHBIC YUCTa,

i=2"+g-1, 1<g<2”.
Martpuna npeobpa3zoBaHus Xaapa, CTPOKH KOTOPOH cocTaBiieHB n3 0a3ucHbIX (yHKImi Xaapa, mpu N =8
UMEET CICIYIOIINNA BU/;

1 1 1 1 1 1 1 1
1 1 1 1 -1 -1 -1 -1
V2o N2 -2 =2 0 o 0 0
woo | 0 0 0 o0 V2o 2 -2 -2
Bl 2 -2 0o 0o 0o 0 0 0
o 0 2 -2 0 0 0 0
o 0 o0 0 2 -2 0 0
o 0o o 0 0 0 2 -2

[epBbIe BoceMb HeMpephIBHBIX (YHKINH Xaapa MpUBe/IeHbI Ha pUCYHKE 7.
Ilpn npumenennu npeoOpazoBanus Xaapa Nomo0JacTh NMPOCTPAHCTBEHHBIX 4YacToT V., cosmagaer ¢ IIITY,

NpUMEHSIEMOM TpH peoOpa3oBaHnu Y onma-Agamapa.
ITpu ananuse u300paxkeHni Ha OCHOBE MPeoOpa3oBaHKs Xaapa 3HAYCHUSI AIEMEHTOB d, CyOIIOIOCHOW MaTPHUIIbI

A, B BoIpakennu (10) mist obnactn D, Buna (29) onpenensieTcs ceayronmm oopasom:

[

;,}k I—I

[ ]

- l_

Puc. 7. llpumep HenpepbIBHEIX (YHKIUI Xaapa
Fig. 7. Example of continuous Haar functions

ur22

a) = I har,_ (u)har, (u)du = Z har,_(u)har,_ (u) (35)

MEDrl U=ty

AHAIIOTUYHBIM 00pa3oM MOXKHO YKa3aTh 3HAUCHHS JIIEMEHTOB CyOWHTEPBANbHBIX MATPHIl IS JPYTHX
YHUTapHBIX [IPeoOpa30BaHUM.

Hccaenopanue BBINOJIHEHO npu (uHaHCOBOW mnoaxepxkke POPU B pamkax Hay4YHOro IpPOeEKTa
Ne 15-07-01570-a.
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