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1. Bgeoenue

OmauM u3 Hambosee (yHIaMEHTAIBHBIX U IIOJIe3-
HBIX CpeACTB NU(POBOH 00pabOTKU CUTHAJIOB SIBJISCTCS
anmapar OBICTPBIX OPTOTOHAJBHBIX IPEOOpa3OBaHUI
(BOII). Ilemecoo6paznocts BOIT mpu oOpaboTke cur-
HaJIOB B IieJ0M oOocHoBBIBaeTcs TeM, uto BOII o6ma-
JAIOT PSIOM JKENATCIbHBIX CBOWCTB ISl aJrOPUTMOB
00pabOTKHA CHUTHANOB-H300paXeHU# (HE3aBUCUMOCTD
00paboTKM CTPOK M CTONOLOB IpH JIByMEpHOH 0Opa-
0OTKe, JTHHEHHOCTh ONepaluii HaJl JaHHBIMH, WHBApHU-
aHTHOCTh K CIBUTY H 1Ap.). HeoOXomumo BBIICTUTH
TaKke cienyromue npeumymiectsa bOIT:

1. Anmmapat BOII mo3BossieT BeIENHTh HAOOp orpe-
JIEJIEHHBIX CTAaHAAPTHBIX OIIEPAIiii, U3 KOTOPHIX, KaK U3
TOTOBBIX OJIOKOB, MOKHO CTPOUTH aJITOPUTMEI (YCTPOWA-
CTBa) ISl PEIIeHHUS IIUPOKOTO Kacca 3a/1ad.

2. OpToroHajbHbIe MpeoOpa3zoBaHUs 00JAJAIOT I10-
JIE3HBIM CBOWCTBOM COXpPAHEHUs SHEpPTuH, JErKo oOpa-
TUMBL. VcKakeHUsI, BBI3BaHHBIC IPOIIECCOM KBAaHTOBA-
HUSI, 1 KaHAJIbHBIC OMIHOKH PACIpPEIeIIOTCs 0 BCEMY
n300paKEHHIO, U TEM CaMbIM CTaHOBUTCS MEHEE OLIy-
TUMBIM UX BIASHUC HA KAYECTBO N300paKCHHA.

B xavecTBe OJTHOW M3 OCHOBHBIX 3a/1a4 JUCKPETHBIX
CHEKTPAIBHBIX MPE0OPa30BaHUN OTMETHM CIIEAYIOMIYIO:

3anaua. Haiftu Takoe AUCKPETHOE OPTOTOHAILHOE
npeobpazoBanue (JJOIT) mius maHHOTO Kllacca CHTHAJIOB
(N-pa3MmepHbIe CITy9aiHbIE BEKTOPBI), YTOOBI CHTHAI,
BOCCTaHOBNeHHBIH M0 M (M < N) KOMIIOHEHTaM CITeK-
Tpa, UMeNl MHHHAMAaJIbHOE (B CMBICIIE CpEeIHEKBAApaTH-
YECKOTr0) OTKJIOHEHUE OT BXOJHOTO.

W3BecTHO, YTO aHATUTHYCCKUM PEIICHHEM 3TOH 3a-
naun siBisiercst 6asuc Kapynena - Jlossa (K. - JI.), co-
CTOSIIIMKA M3 COOCTBEHHBIX (PyHKUIMI KOBapHaIlMOHHOM
marpuubl K. bazuc K. - JI., ogHako, He UCTIONIb3yeTCs B
NPUKIAIHBIX 33/a9aX, MOCKOIBbKY Tpebyer O(N °) ome-
pammii s omnpezeneHus coocTBeHHbIX (QyHKunid K n
O(N ?) oneparuii 11st BBIIOTHEHHS CAMOT0 IpeoOpaso-
BaHUSI.

[TosToMy B TpakTHYECKHX 3agadax IpEeAIIOuTCHHE
OTHaeTcs TaKUM TUCKPETHBIM MPEOOpa3OBaHUAM, IS
KOTOPBIX CYIIECTBYIOT OBICTpble anroputmbl (Dypbe,
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Xaptin, Anamap u 1.4.). KoHeuHo, ykazaHHbIE ITpeo0-
pa3oBaHUs A OMpPEICIICHHBIX KIACCOB CHTHAJIOB MO-
ryT coBmanath ¢ npeobpaszoBanusiMu K. - JI.. Oxgnako
MPEJIIOYTECHIE OTAACTCS BCE KE MX CBOICTBAM, CBsI3aH-
HBIM CO CKOPOCTBIO peaTH3alliH.

JIro6oit HoBEIH Kitacc JOII ¢ Hammuuem OBICTPOTO
anroputMa (BA) pacmmpsieT BO3MOXKHOCTH ONTHMAaJTb-
HBIM 00pa3oM 00pabaThIBaTh CHUTHAIBI COOTBETCTBYIO-
mero kiacca. B Hacrosimed paboTe paccMaTpuBaeTcs
o6o6menue JIOII, BBemeHHOTO ATrasHOM M AlzeHOep-
rom [1, 2]. OpTOroHanbHOCTH TPeOOpa3oOBaHUs TapaH-
THpYeTCs CBOMCTBaMH (0OOOIIEHHBIX) MOCIIEA0BATEIb-
HocTeit duboHayyw.

Koneuno, paccmarpuBaeMble NpeoOpa3OBaHUS HE
SBIISTIOTCST  BCEOOIIeH albTEPHATHBON KJIIACCUYCCKUM
JOII, HO B psAle MpakTHUECKHUX 3aJa4 OHU MOTYT OKa-
3aThCs (M OKA3BIBAIOTCS) TIOJIC3HBIMH.

IIpeobpa3oBanust Arasna u AiizenbOepra (gamee AA-
npeoOpa3oBaHus) TpeOyoT mus  peanusanud  O(N)
apuPMeTHYECKUX omepanuil (sl CpaBHEHUS OTMETHM,
YTO OOJBIIMHCTBO OBICTPBHIX AJITOPHUTMOB IHCKPETHOTO
npeobpazoBanmst Pypre BemonHAOTCS 32 O(N logh)
apudmeTHuecKux ornepanuii). HecMoTps Ha HEBBICOKYIO
CJIOKHOCTh, HE BCE INPEUMYIIECTBa MOCIIEI0BATEIHHO-
creit ®uOOHAYYN W WX OOOOIIEHMIA, 0 HANIEMy MHe-
HHIO, YUITEHBI B ITOJTHOM Mepe B CTpYKType Hpeobpaso-
BaHMii pador [1] u [2].

2. Ilpeoopa3zosanun Azaana u Aiizenoepza

IIpuBenem kpaTkuii 0030p OCHOBHBIX CBOMCTB AA-
npeoOpa3oBaHuil, TO3BOJAIONINIA Ooyiee SCHO TOHATH
0COOCHHOCTH TpeIaracMoro B JaHHOW pabore 0000-
HICHUS.

IIpeo6pazoBanne ®udonauuu. Ilycte o, B - - mo-
JIOXKWUTENbHBIE BEIIECTBEHHBIE YUCNA, {Q;} - TOCIEN0-
BaTEILHOCTh YMCEI, ¥ IYCTh YIS JIFOOOTO /1 BBHIOJIHSCT-
Csl COOTHOIICHUE:!

n
Putun =a> " 0l (1)
k=1

IIycts
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B [1] nokazano, uro cootHomeHue (1) rapantupyer
opToroHanbHOCTh MaTpuisl @ (a,B).
Hpumep 1. Uncna OuboHauym, a UMEHHO YHUCTA @)

=@ =1, O =0 + @2, k > 3, YyIOBIETBOPSIOT yCIO-
BHIO

n
2
PnPn+1 = Z(pk : (2)
k=1
Moy stoM o = B = 1 wu wMmarpuna

@y (a,B)=Dy (1,1) umeer 6onee mpoctoit Bun. K
npumepy, st N = 8:

C W2 a0 -1 0 0 0 0 0 0]

W3 @ 1-1 0 0 0 0 0
Wioad 1 2-2 0 0 0 0

W24 1 2 3-3 0 0 0
De(L,1)= .
Wes @ 1 2 3 5-5 0 0

Wies @ 1 2 3 5 8 -8 0

Waa2 1 1 2 3 5 8 13-13
W7140 1 2 3 5 8 13 21

3ameuanne 1. B npensinymeit ¢popmyine cumBonnye-

CKasl 3aIlUCh CTPOKH 1/ V2 (1 -1 00 ... 0) o3Hagaet
1/v2 -1/¥2 0 0 .. 0.

Tak kak wmatpuna @Dy (a,) oOpTOroHaibHa,

T
TO(I)}\I, (a,p) = ((I)N (a,ﬁ)) , rae T - 3HaK TpaHCIO-

HUPOBAHMI.
CrenoBaresbHO, MpeoOpazoBaHus
~ N-1
X(m)= 3 foun (e, B)x(n), 3)
n=0
N-1 ~
x(n)= 2 fon (a, )X (m), “4)
m=0

rae fun(o, B) — a1ementsl Matpuubl @ v (o, B), ABiA-
FOTCS B3aUMHOOOPATHBIMU.

Brrancnenne npeobpazosanus (3) (wm (4)) Tpedyer
(4N-3) apudpmernueckux oneparmii (cm. [3]).

0 0
0 0
0D a‘/B%z—l 0
Vit oo
ﬁl\f&ﬂml fa{ﬂn -5
Vo0t No@m i

3. Obobmennoe npeoobpazosanue Azaana u
Aiizenbepza

3.1 IIpedcmasnenue 0annvix 8 peKyppeHmHuou cucmeme
UCYUCTCHUS C UDDAYUOHAILHBIM OCHOBAHUEM.

ITycts g(n) - BO3pacTaromasi MocieaoBaTebHOCTD
JIEUCTBUTENBHBIX (MM KOMIUIEKCHBIX) YHCEJ, YIOBIIE-
TBOPSIIOIIAsE COOTHOILCHUIO

g(n)=cig(n-1+crg(n=2)+-+
+c,g(n—1t), nel
c; e{0,1} j=12,...,¢, c; 20

(&)

Kak wm3BectHO [4], 0o0miee pernieHne COOTHOIICHHS
(5) ompenenseTcss KOPHSIMH €r0 XapaKTEPUCTUICCKOTO
YpaBHECHUS:

P(z)=zt—clzt_1—~-—c,=0 (6)
1 HadanpHbeIMU 3HaueHusMU g (0),..., g(¢-1) .
B wactHOCTH, €CiM BCE PEIUCHHS @) ,...,®; YPaB-

HEeHHS [6] pa3iIiyHbI, TO BCE PEIICHHSI COOTHOMICHUS (5)
MOTYT OBITh IPEJCTABICHEI B (hopMe

gm) =00 +-+d,0,,
¢ Hekoropsvu O |, ...,0 , € C, onxosHauno ompene-
JSIeMBIMH HadalbHBIMHA ycaoBusMu g (0),..., g(#-1) .

B nmanHON paboTe MBI paccMaTpUBaeM TOJBKO
op=1 6;=0mpu j=2.
Teopema 1. MHorousieH

P(z)=z' —clzt_1 —e=Cy,
re c; €{0,1} j=1,2,...,t, wuMmeeT XOTs OBl OAWH

KopeHb @ € R Takoi, uto 1< @ <2, ecnu 1o kpaitHei

Mepe J1Ba ero Kod(pQHIUMeHTa ¢ ; HE PaBHBI HYIIIO.

JoxkazareabcrBo. Paccmorpum 3Hauenuss P(t) Ha
rpaHunax uHTepsaia (1, 2):

P(l)y=1-cy—cy —+—cp_ —c; <0
Taxk kak
P(2)y=2K —2k ¢ ok 20
“2epy —ep 22K —(2F _2k 2 o)
2k 1

k
P(2)22" —=1>0
(2) 51
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n P(t) - HenpepbIBHAS (QYHKIHS, TO CYIIECTBYET HEKO-
Topoe @ €(1,2) Takoe, uto P(@w)=0.

3ameuanne 2. Tak xak ¢, =1, To muorownen P(¢)
MOYET UMETh 1ieJIble KOPHH, paBHble ToJbko (*1) . Ta-

KM 00pa3oM KOPEHb M — UPPALIMOHAIBLHOE YUCJIO.

B pabGote [7] BBecHO clieAyloliee ONpeneieHue (CM.
takxke [11]-[13]).

Onpenenenue 1. IIycte @ €(1,2). Ecim ectp uppa-
[UOHANBHBIA KOPEHb XapaKTEPUCTHYCCKOTO MHOTOYIIC-
na P(z) teopemsr 1, mo6oe HAaTypanbHOE YMCIO MO-
XKeT OBITh MPEJCTaBICHO B (hopme

h:nsa)s +77sfla)S71 +-ot

(7

+100" +- 4,07+ (7,=0, 1)

0
TO IIOCJICAOBATCIBHOCTH {a)k }k:—oo Ha3bIBacTCs 0as3u-

COM CHCTEMBI CUHCIICHHS C MPPAIMOHAIBHBIM OCHOBA-
HHEM.
Omnpenenenune 2. bunapHslil BeKTOp

(Mg, Mg—1s —os Nos No1s ooy
n;=0,1,
ompeneneseMblii U3 cooTHoIIeHus (7) OyneM Ha3bIBaTh
®-KOJIOM LIEJIOTO /1.

M-y ) ®)

Apudmernueckre ornepaluyd HaJ YdClaMH, Mpef-
CTaBICHHBIMH (O-KOJAMHU, PCAIU3YIOTCS JOCTATOYHO
MPOCTO: YMHOXXECHHUE HA ( - 3TO CABHT KOJa

0, 7, Nggs s Ny )

_)(773" Ne—1> =++r My O)

CnoXeHHsI OCYIIECTBISIOTCS 1O TPaBIJIaM, aHAJIO-
TUYHBIM PaCCMOTPEHHBIM B [6]: HampuMmep, IS KOJOB

30JI0TOT0 CEYEHHUS C 3aMEHOM OCHOBHOI'O COOTHOIICHHMS

0’ =o+lma o =o' | ++cp.

(D10 0000MIICHNE omepanuii "cBepTkH" W "pa3BepTKH"
KOJI0B [6]).

YMHOXEHHE YnceN o0IIero Kiacca B M-KOJaX CBO-
JIUTCS K CIIBATAM KOJOB H CIIOKCHUSIM.

SIcHO, 9TO MUHMMAJBHAS CIIOKHOCTh TaKUX OIepa-
WA JOCTUracTcs €CJIM TOJNBKO JBa KO3 HUIHECHTA
C j #0.

3.2. Obobwennoe npeobpaszosanue Azaana-Auszenbepea
C npedcmasiieHuem OAHHbIX 68 W-KOOaXx.

IIpencraBum 0000IIEHHBIE TUCKPETHBIC PEOOpPa3o-
Banust Pudonayun (3)-(4) ¢ MmaTpurei

ff0) 0 0 - O 0 0 0
f0) f1) x@) - 0 0 0 0
F=1/0) fi1) 12 f(n)  x(n) 0 0 , ()]
S00) f(1) f(2) Sy f(n+l) x(n+l) - 0
S00) f(1) f(2) S(n) f(n+]) f(n+2) JS(N-1)
3JIEMEHTBI KOTOPOH C(HOPMHpPOBaHBI Ha OCHOBE 0000- ( Wk _ kL )( s _a)—k—l)
IEHHOTO PEKYpPpPEHTHOTO COOTHOIIICHHUSA (5) (Fp . Fp)= 5 .
npu f(n) =", 1< <2. (@2 -1)
Joxka3aTeabcTBo.  HenocpenctseHHoW — mpoBepkoit

HazoBem umcia K'(l’l) KOMIICHCATOpaMU, IrapaHTH-

PYIOLMIMH OPTOTOHAJIEHOCTH MPE0OPa30BaHMUS.
Teopema 2. Eciu
@ n+l @ -n—1
K ( n) == ) )
o -1
TO cTpoku Matpunbsl F opToroHamsHEL

JokaszareancrBo: [lycts F), - k -as ctpoka mMaTpuisl

(10)

F. HeoOxoauMmoe M JOCTATOYHOE YCIOBHE OPTOTO-
HaJBHOCTU CTPOK MATPHIIBL:

(F.F;)=0.vi= ;.
rae (Fl-,F j) - CKaJIIPHOE MPOU3BEJCHHE COOTBETCT-

BYIOIIUX CTPOK MaTpulel F . DTO paBHOCHIBHO paBeH-
CTBY

S f2k)= f(n+Dr(n).

k=0

(11)

Torma npu f(k) =w * Mbt nony4aeM yciosue (10).
Ipenioxenne 1. CripaBeI1BO paBEHCTBO
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yOexIaeMcs, 4To:
k
(Fi Fr)=2 f2 () +x? (k)=
i=0
=x(k)(f(k+D)+x(k))=
k+1 -kl k+3  —k-1
:M(wkﬂ +%J:
(a)2 —1) w? -1
(wk+3 ok )(wk+l _a)—k—l)

(02 1)

3ameuanne 3. [IpeoOpazosanue (3) ¢ marpuieit (9) He
OpPTOTOHAILHO, HO OHO CTAHOBHTCS OPTOTOHAIILHBIM
IpU JeeHnn cTpok Matpuusl F Ha HopManmsyrormue
KO3 (HUITHEHTHI:

\/(a) n+3 el )(w ntl o —n-l )

A
n a)z _1 s
npu n=0,...,N -2
4 0N -1
N-1 =
0’ -1



Tak xak matputnia F B (9) MoxeT OBITh TIpeICTaBICHA
B BUJIE

F=DU,
rne U — oproronanpHas Matpunia, D - nuaronanbHas MaT-
puna D =diag(4y, ..., Ay_q1),T0

FF' =(DU)DU)" =DUU'DT =DUU'D =D?

ITycts XT u XT - Bxoanoit n BeIXOHOI BEKTOPBI-

CTOJIOIIBI:
X:(X(O), [REF} X(N—l)),
X=(%(0), ..., ¥(N-1)).

Torma npeobpazoBaHus
~ -1~
XT=rTx"T, xT=(p?) #XT
B3aUMHO 0OPaTHMBI.
Omnpenenenne 3. Hazoem mnpeobOpasoBanus (12)

0000IIEHHBIMI npeoOpa3oBaHUIMHU ArasiHa-
Aizen6epra (OAA-npeoOpa3oBaHUsIMH).

(12)

3.3. Ooun sasicublil cheyuaibHbll CAVYAl.

Ymuoxxenue Matpuilbl F Ha BXxomgHo# Bektop X
peanmu3yercs B M -Konax "mourn" 6e3 yMHOXKEHUH. Y M-
HOXXEHHE YHCENl TIPH MPEACTABICHNUH B (D -KOJIaX NMeeT
MECTO TOJBKO TIPH YMHOXXCHHH Ha KOMIIGHCATODPEI

K(n) ¥ HopMai3yrouue koddduuuents: 4, .
Ipennoxenue 2. [Tycts
g(n+2)=g(n)+g(n-q), (13)

Torma ymMHOXEHHE Ha KOMIIEHCATOP K(n) peanmu3yercs

g=1.

B ()-Kojax 0e3 BEIMECTBEHHBIX YMHOKECHUIA.

JlokazaTeabcTBO. B paccMatprBaeMoM ciydae:
0?? =09 +1 um 0* -1=0" 9.

Takum o6pazom

a)I‘H—l_ —-n-1
x(n)= :wn+1+q _a)—n—1+q'
a)z -1
LN 0
2
NEY 3
1 2 -2 0
2
1 V2 2 —%«/E
el Y22 22
1 Y2 2 22
1 Y2 2 22
1 Y2 2 22
1 Y2 2 22

4

Ipumep 2. ITycts g(0)=1,

g =a =1+%. Tornma coorHomenune (13) ects co-

g=-1,

otHomeHne PuOOHAYYM CBS3aHHOE C CUCTEMaMHU CUHC-
neHus "3omotoro ceuenus". B atom ciydae peanuzanus
npeoOpaszoBanust (12) cBOOOMHO OT YMHOXCHHH IPHU
WCIOJb30BaHUU KaHOHUYECKOro IMpoleccopa "3010To-
ro ceuenus" [9].

Mpumep 3. Iycs ¢=2, g(0)=1, g(h="a,

g(2)=a, g(3)= ava . Torma npeobpazosanus (12)
MOTYT PEaJIn30BBIBATHCS 0€3 YMHOKEHHH ITOCPEICTBOM
JIBYX TIapauIeIbHBIX IPOIECCOPOB "30JI0TOTO ceueHHs"
(OtmenpHO JuTs "OMHO3HAYHBIX YHCEN" C YETHBIMH W
HEYETHBIMH WHACKCAMN).

Tak kjacc ®-KOIOB 0Opa30BaHHBIN COOTHONICHHEM
(13) BkIIO9aeT KOABI "30JI0TOTO ceueHHs!" U SBISETCS
aJTbTEPHATHBOM JUII p-KOJOB "30J0TOTO ceueHUs" BBe-
nenHbix A.I1. CtaxoBbIM.

Onpenenenue 4. HazoBeM (-KoA, MOPOXKICHHBINA CO-
otHOmmeHueM (13), g-xkotoM "3050TOTO ceueHus".
Omnpenenenne 5. Hazosem mpeoOpaszoBanus (12), rme
® ynosietBopseT (13), g — mpeobpazoBanusIME "30710-
TOTO ce4eHus".

OtMmeTnM, 4YTO apupMETHYECKHE OTepalud B ¢-
KOJIaX pearn3yroTcs He OoJiee CII0KHO, 4eM B "p-komax"
pabotsl [6]. Ho mpenMymiecTBO MepBhIX 3aKII0YaeTCs B
MaKCHUMaJbHOHN aJaTallii CUCTEMBI CUHCIICHHS K pea-
TU3aIu IMEHHO 00001IeHHBIX A A-TIpeoOpa3oBaHH.

3.4. IIpumep 0b60bwennozo npeobpaszosanus Azasana-
Atizenbepea ons @ = \/E N=38.

B coysae o =vV2 u N =8 Matpunia OAA-
npeobpazoBanus (9) IPUMET CIIEAYIONIUH BUIL:

0 0 0

0 0 0

0 0 0

> ) 0 0

—%\/E 0 0

w2 8 0
42 8 —112_67«/3

442 8 8v2

71
3JIEMEHTBI KOTOPOH MoNyueHsl u3 cooTHowenus f (1) = (\/2) . Bamerum, uto 1<v2 <2,
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Puc. 1. I'pagpuueckoe npedcmasnenue 6a3uUCHbIX
@ynryuii OAA-npeobpazosanus npu N = 8.
Komniencatopel x(7n), rapaHTUpyOLIUME OPTOro-
HAJIBHOCTh TPE0Opa30BaHMs BBIYUCISAIOTCS 1O OOMICH

¢dopmyie (10) mpu ® =2

K(n):(\/a)fnfl _(6)n+1

E

Kz(K(O), cees K(6)):
S O N O
2 2 4 8 8’ 16
Hopmanuzyromue K03( UIHECHTHI OAA-

Hp€06pa30BaHI/I$[ BBIYUCIIAOTCA aHAJIOTUYHBIM 06pa30M.
Hecnoxno I10Ka3aTh, 4TO

A2 =2"2 42 3 ppun=0,..,N-2,

2
Ay =255.

Takum o6pazom

-1
(0?)" =diog -, ... ——)=

A2 2
0 N-1
=diag(§, 2, &5, 4_65, 1953, 8001, 32385, 255)
2 4 8 16 32 64 128

4. Bvicmpuie anzopummor OAA-npeodpazoeanuil.

BricTpeie anroput™mbl mpsimoro U obpatHoro OAA-
npeoOpa3oBaHus MMEIOT IHPOCTYIO CTPYKTYpY. YMHO-
KEHHE MaTpHIBl TpeodpazoBanus (9) Ha BXOJHOH Bek-
Top X peann3yercsi peKypCUBHO:

zZ(N-1)=X(N-1),

z(n)=z(n+1)+X(n) npu n=N-2,...0.

X(0)=/(0)z(0),

X(n)=f(n)z(n)+x(n-1)X(n—1)

mpu n=1,...,N —1

CXGMa npsAMOro Hp€06pa30BaHI/IH NnpuBEACHAa Ha
Puc. 2.

OO0paTHOe mpeoOpa3oBaHUE MOXKET OBITh TaKXKe
PEATH30BaHO PEKYPCHBHO:

X(0)=£(0)X(0)+x(0)X(1),
X(m)=Xn-D+x(m)X(n+1)+
+(f(n)—x(n=1))X(n) npu n=1,...N -2,
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X(N-1)=X(N-2)+

+(f(N=1)=x(N=2))X(N-1).

Hopmanu3zamust MoxeT OBITH peai3oBaHa Kak OT-
JenpHBIN mrar. Cxema o0paTHOTO MpeoOpa3oBaHuUs MPHU-
BeJicHa Ha pucC. 3.

OlleHKH CJI0)KHOCTH TPSIMOTO W 0OpaTHOTO Tpeod-
pa30BaHUS HMEIOT BHUI:

S direct (N)=2N -1,

Agireet (N)=2N -2,

Sinverse (N)=2N -1,

Ajpyerse (N)=2N =12,

M yyerse (N) =N,
e S girect (N) BS;0r5e (N) - 4HCIO YMHOKEHHI Ha
CTCTICHW (, pEaJIM30BaHHBIC KaK CABHT  KOJa,
Agirect (N) 1 Ajpyorse (N) - UHCIO COKEHUH, HEOO-
XOJMMBIX JUIS pealTU3aliy MPsIMOTO U 00paTHOTO Mpe-
obpazoBanus, M ;00 (N) UYUCIO YMHOXEHMH Ha

yrcia o0mero Buaa (HOpManu3yonme K03 GUIHEeHTH)
JUTSL 0OpaTHOTO MPEOOPa3OBAHMSL.
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Puc. 2. Cxema npsimoeo npeobpazosanus
Aeasna-Aiizenbepea
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5. 3aknouenue

OpHoMepHBIE NpeoOpa3oBaHus, PacCMOTPEHHBIC B
pabore, Jierko 0000mar0TCsl HA ciIydail Oosee BEICOKHX
pa3MepHOCTEH BXOJHOTO CHTHaja. DTO JENAeT UX IMpH-
BJIICKATEIBHBIMH [ PEIICHUS 3a/a4 CICKTPaIbHOTO
aHanm3a n3o0pakeHuid. B wactHoctH, B [8] paccmarpu-
BaeTcst 0a3UCHBIH MHOTOWIEH C TPEYTOJIbHOW MaTpHIeit
npeobpazoBanus. [TokazaHo, 4TO CIOKHOCTH 00PaOOTKU
HM300payKeHUSI METOIOM "CKOJIB3SIIero” okHa (CKaHHPO-
BaHUEM) HE 3aBHCHUT OT Pa3MepOB OKHA.

"[loutH TpeyroapHBIA" BHUI MaTPHIEI TpeoOpa3oBa-
Hus (9) U mpocTasi peKypcuBHasl CBSI3b MEXay Oazmc-
HBIMH (PYHKIUSIMH TPHBOMAAT K MOHWMAaHUIO, YTO aHa-
JIOTHYHBIC 33724l 00pabOTKU M300paKCHUSI OYCHH OBI-
CTPO pEeLIaroTCs MPHU UCIONb30BaHUH MPOLIECCOPOB "30-
JIOTOrO cedeHus".

B 1957 r. beprman nucain B [5] o cucreMax cuucie-
HUS C HppaloOHATBHBIM Oa3zucoM: "S5l He 3Har0 MpaKTH-
YECKHX MPHIOKEHUN MOAOOHBIX CHCTEM, KpOME WHTEN-
JIEKTYaIbHBIX YIIPAKHEHUN U MPHUATHOTO BPEMSIIPETIPO-
BOXKICHHSA...".

Co3nanne BBICOKOCKOPOCTHBIX —CIICIIUATU3UPOBAH-
HBIX IIPOIIECCOPOB OPMEHTHPOBAHHBIX Ha TEOpETHUE-
CKHE PabOThI OTIPOBEPTalOT 3TO MHEHHE.

B Hactosmielt paboTe MyOIUKyeTCs elle OJUH MPH-
KJIATHOW aCIEeKT 3aMeyaTeIbHONH MaTeMaTHYeCKOH Teo-
pum.

Pabora BeImonHeHa Tpu moanmepxkke Poccuiickoro
¢doHIa pyHAaMEHTAIBHBIX HCCIEeAOBaHM (rpanT Ne 97-
01-00900).
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Fast algorithms of discrete orthogonal transforms realized in the number system

with an irrational base
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Abstract

The article considers a generalization of discrete orthogonal transforms (Fibonacci transforms)
introduced by S.S. Agaian and N.N. Aizenberg. The transforms under consideration are focused on
the data representation in recurrent number systems with an irrational base and do not require mul-
tiplications for the implementation.
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