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3. UndppoBble cucteMbl YaCTOTHOU cenekunm Ha oCHoBe
MHOIOCKOPOCTHOM 00paboTKN CUrHanoB

3.1. UudbpoBbie MHOrOCKOPOCTHLIE CUCTEMBI
aHariusa-CuHTe3a CUrHarioB Ha ocHoBe achchekTa
npopexnBaHUA No BpeMeH!

3.1.1. Obwag cmpykmypa cucmenmb! aHanl2a-cliHme3a cuz2Hanoe
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3.1.2. Knaccuchurauus memodoe cuHmesza Habopa LHOOM
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3.1.3. Memo0db! cuHmeza cmpykmyphbi Habopa LIQM eo epemMeHHOLU
obnacmu

1. [pamag napannensHas hopma
2. MHo2ocmynedyamas nupamudansHag chopma
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Puc.3.4. lNupamupganbHaa TpexctyneHvyaTaa dpopma Habopa LLOOM.
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3. FlonudhasHasa popma Habopa LIQLAM ¢ oOHOMUNHBIMU YaCMOMHbI MU
xapakmepucmuxramu

Puc.3.5. NonwugasHaga popma M-KaHanbHOW CUCTEMBI



3.1.4. Memo0Ob! cuHmeza cmpykmypbki Habopa LIQM e yacmomHolil
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Puc.3.6. Npamaga napannenbHada gpopma Habopa LIOAM:
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a) CTPYKTYpHaa cxema,
6) npeobpasoBaHWAa CNeKTpa curHana i-ro YacToTHOro KaHana



3.2. UucdbpoBkle cuUcTEMBI HACTOTHOU CerneKkunmn CUrHanoe

Ha ocHoBe adheKkTa NpopexUBaHUA Mo vYacToTe

3.2.1. HeyxcmyneH4Yyamas cmpykmypa Habopa LMo
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Puc.3.7. AByxcTyneHuaTtaga peanusayna Habopa LU poBbiX NONOCOBLIX (PUNbTPOB

Ha ocHoBe hopmupytowero AYX rpebeHyaToro dounbTpa
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Puc.3.8. OnTumanbHaa gByxcTyneHyartad cTpykTypa Habopa LUMd
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3.2.2. NupamudanbLHasa MHo20CcmyneHYyamas cmpykmypa Habopa LiTNQ
Ha ocHoee AoAVAOMOCHLIX 2pebeHYambix hunLmpoe
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Puc.3.9. TpexcTyneHuataa nupamMmuaanbHaa CTPyKTypa 8-KaHanbHOW CUCTEMbI
YacTOTHOW cenekyM cUrHanoB
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FPuc.3.10. lNpeobpasoBaHWda cnekTpa curdana npn popmMuposaHinm
BbIXOAA V4(n) NATOr0 YacTOTHOIO kaHana



MupamuaanbHag cTpykKTypa Habopa undpoBbIX NONOCOBLIX ZUNLTPOB:
OolueHKa BblUuMCnUTenbHOW 3¢ eKTUBHOCTH

V(M )Y=V (M)+V_ (M) - aucno onepayuiti ymMHocenUS 3a nepuoo ouckpemusayuu 1.

VAMYy=2M({1+ ; + i I l) =AM - yucno onepayuil YMHOMCEHUS 30 NEpUoo ouckpemuzayuy 7.

N
M)= 22‘ —L - yucno onepayuil VYMHONCEHUS HA (Uil Mpayuio.

m-1

S(M) = 22 2'N, - yucno aueex nAMAMU OGHHBIX.
=0

C yuemom mozo, 4mo Ha NOCTIEOHUX CIYREHIX MPAHCHOPMUPVIOUIHE MHOJICUMENY NPUHUMATON
suadenun: (=1)" u {(1+ jO), (04 j1), (=14 j0), (0= jD} )V, (M)=M ,

N, 2N, 2N, 1 1 1
ShIEE mo V(M IO oL m e e O
T (v ) M )= Z 0(2 o ) 0

i

Taxum obpazom, V(M )= M +2N; S(M) = 2N log, M
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4. ApanTuBHasa obpadoTKa CUrHanoB U ee NpPUMeHeHue

4.1. AgantuBHble hbUNbTPLI: Ha3HavYeHue,
Krnaccudpukaumsa n npuMeHeHue

Knaccuduxkauus AP
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Puc.4.2. [lea BapuaHTa noctpoeHna AP



1. Mpamoe ModeniposaHie
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4. KomMneHcamop nomMex
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Puc.4.3. NpumeHeHne AP ¢ obpaTHoW cBAsblo (0bydyeHuem)
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4.2. ApantuBHble KUX-cbunetpbl: obLiee onucaHue u
MeToAbl CUHTe3a

y(m)= > x(n—Kh, (k) (4.1)

x(n-N#1)

— se8 —> Z‘1

h.(0) h,(N-1)

b 244 eee ¢ y(n)y _
Bnok £

agantauuvu

Puc.4.4. lNpamaa chopma peanusayun agantuBHoro KWNX-cpuneTpa

MycTb y(n) = X' (n) H(n) =H' (n) X{n), (4.2)
rae X' (n) = {x(n), x(n-1), x(n -2), ... x(n -N +1)}
H'(n) = {h.(0), h (1), h (2),...h (N -1)}
Torga gfn) =s(m)-y(m)=s(m)- X' (n)H(n) u
£'(n) =8 (M+H (n) X{n) X' (n) H(n) -2 s(n) X' (n) H(n)
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[ycTb &(n), s(n) n X(n) — ctayuoHapHble aprognyeckne cnydvyaHeble npouecchl.
Torga CKO npK 3ajaHHOM BEKTOpPE BeCOBbIX koadpduyneHTos H
O(H) =Efe’(n)] =E[s"(m)] +H E[X(mX (m)] H-2E [s(n)X " (n)] H=
—Ef[s’(n)]+H RH-2P'H, (4.3)

rme R =E[X{n) X' (n)] — roppenauuoHHas maTpuLa BXo4HOro curHana
P" = E [s(n) X' (n)] — TpaHCMOHWpPOBaHHbIA BEKTOP B3aUMHO
Koppenauun BXoAHOro U obyyatoL|ero CMrHanoB

[(noBanbHbIM oNTUMYM CKO onpeaenaeTca U3 ypaBHEHUA

85(H)

V= =Z2RH -2P =0 (4.4)

OTcloaa Hoy =R P (4.5)

Mpuatom &, =E[s"(m] +(R"P)’RR'P-2P'R"P
Wcnonbaya ceocTBa: RR'=7, (R') =R u (R'PY =P (R") =P'R”,

nonyuam: 6, =E[s°(m] -P'R'P=E[s*(m)]-P' H_, (4.6)
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AnbmepHamueHbilli Nodxod Ha ocHose 2padueHMHbIX Memodos rnouckKa
akcmpemMyMa paboyell chyHkuuu (CKQ)

[Mpepgnonaraetcd, uto CKO aBngeTcd KBagpaTUYHOW (oyHKUMeW BLUaa
6(H) =6, +(H-H, ) R(H =H ) (4.7)

HeAcTBUTENBHO, packpbiBad B (4.7) CKODKKW 1 BbIMONHWB COOTBETCTBYIOLNE BEKTOPHO-
MaTpuUYHble NpeobpasoBaHna, ¢ ydeTom (4.5) 1 (4.6), nonyumm

&6(H) =6, +H' RH+H/

¢! ot

= E [s(n)] —W+H"'R H+(R'PAFRR'P-2H' RRP-=

—Efs’(m] +H RH-2H'P

RH,,-HRH_ ,-H ,RH=

ot

Takum obpasom, O(H) =E [s°(n)] +H' RH-2H'P,
YTO MONHOCTbIO COOTBETCTBYET UCXOAHOW paboveld doyHKUWK (4.3)
KBagpaTtuuHyio pyHKLWIO (4.7) MOXHO NMPUBECTK K Donee npocToMy BUAY
&6(V)=6_+V'RV, &2de V=H- H,. (4.8)

[1pn 3TOM ONTUMYM AocTUraeTca npun V,,=0.
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4.3. Nouck napameTpoB paboven hyHKUUKN B 3aaa4axX
aganTuBHou bunsTpaumumn

Mycts  &(h) =6, +Ath-h,, ) (4.9)
[pagWeHTHbIe MeToAbl MOoWCKA 3KCTpemMymMa pabodved pyHKUWMW. MeTod HblOTOHa W
METOJ, HaUCKOpeWLLIEero cnycka

A By = by + BV ), (4.10)

o(h)

rpe V.- rpagueHT padtodeid yHKLUNK,
K — HOMep utepauun, f — KOHCTaHTa
v - dé(h)

. 2ACh, — ) (4.11)

[MopgctaBue (4.11) B (4.10), nony4yum

h,,=h,—2pACh, - hopf )=

4.12
=(1-2pA)h, +2puAh,, (412

h, = hoy, +(1-2pA) (h, — h,, ) (4.13)

apt
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Yemotyusocmb U ckopocntb cxodumocmu
r=(1-2uA) - 3HameHaTenb reoMeTpuyeckor nporpeccrn (4.13)

Yenosue yemofisusocmiu.

rl=ft-2uAl<1 umu O<u<l/A (d.14)
Mpuatom hm A, ]= A, Obyvarowas kpusas:

[MopgctaBwe (4.13) B (4.9), nony4yum
Gﬁ: (hk) = 6mm + A(l o ZPA)EH(hG = hopf )2 (4 15)
=0 =(1-2pA) >0
AS.(h)
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Puc.4.6. Obyyarowas Kpusas
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TpadueHmHbie Memodbi noucka MuRuMyMa paboyell chyHKULU
& MHO20MEDHOM nNpocmpaHcmee

1. Memod HbwomoHa
Ana keagpaTuuHoW paboueid PyHKUWKW rpagueHT
V=2RH -2P (4.16)
YMHOXMB 0Be YyacTh (4.16) cneBa Ha % R7, nonyyum

%R‘IV -H-R'P
Otcopa  H,, =H- % RV (4.17)
[MpepctaBum (4.17) B popmMe NoLWIArOBOro anroputma

H, =H, _%R_lvk

unn B bonee obLlem cnyyae

HYe —H, IRV, (4.18)

2. Memod Hauckopeliuie2o ciycka
HH+1:HH+H(_vH) (4-19)

O<pu<1/4A,
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3. Memod HaumMerbiiux keaadpamos (MHK)
[MpepnonaraeT, UTo
V,=-2¢ X, (4.20)
[MogctaBue (4.20) B (4.19), nonyuunm

H. =H, +2pe X, (4.21)

Ana yckopeHuMa npouecca ajgantalyui MOMHO WCMNOMNb30oBaTb MOAUDULMPOBaHHLIW
MHK Ha ocHoBe meTopa HbloToHa B hopme

H., =H +2uR"'e X, (4.22)

CpasHeHRue epadueHmHbIX Memodos:

1. Memod HeromoHa — caMblid ObICTPBIA, HO Hanbonee 3aTpaTHbIA B peanusalum

2. Memo0Q rauckopelitueao cnycka — OTHOCUTENbHO NPOCTOW B peanunsayuy 1
YCTOMYMBO paboTalolni Npyu BO34eUCTBUM
LLYMOB

3. Memod raumeHbttix keadpamos (MHK) — cambli NpoCTOW B peanunsayyn, HO
W cambli MegneHHbIA ¢ No3nLKniKA
CKOPOCTH CXO4UMOCTMH.
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4.4. CuHTe3 agantuBHbeix BUX-cbunetpoB

[lycTb nepepatouHad pyHKUWA BEVX-cbunbTpa npuHUMaeT BUA,

__A@)
H(Z)—I_B(z),

(4.23)

rne A(z)=a,+az ' +a,z’'+az’+..+a,z2";

Bizi=b2 bz '+bz +.  +ib, 27"

fipamaa cxema cuHTe3a BN X-cbunbtpa

OTanoHHbIN HUNLTP d(n)
P(z)
leHepaTop| x(n)
TECTOBbIX .
CUrHanoB P

/ cu2Han owubku /

Puc.4.7. MNpamana chopma peanusayun agantueHoro bBUX-cuneTtpa
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SHameHaTenb nepegatouHoW dhyHKUWK (4.23) npeacTaBumMm B BUAE:
1-B(2)=2"(z2-2)(2-2,)(2-2,)...(2— 2,)) (4.24)

Memoduka nepexoda K yemoidyusomy hunbmpy.

[lycTb MHOXWUTENb (Z—Z,) B (4.24) oTBeYaeT ycnoBuio |z,| =7. Toraa B (4.24) BbINOm-
HAETCA crneaytowasa 3ameHa: (Z—z,) — (z''-z,), koTopaa He BnuaeT Ha AYX dunbTpa,
HO rapaHTUpyeT yCTOWUMBOCTD.

[lycTb Z,— AeWNCTBUTENbHAA BENMWYMHA, NMPWN 3TOM Z, >7.

OueBWAHO, UTo |z—2z | = |z-'-Z,| pna Bcex z=el¥.

fipumernerue hazoso20 KoMneHcamopa

x(n)

n
—e »| OTANOHHbIN cbmanpI a0y

2 hul

| Ycroinumebii YA Komnencarop | V(M) &)
BUX-cbunitp Z asbl G(2)

& £

Puc.4.8. MeToa chasoBoW KoMneHcayuu




Memod npamoz2o U obpamyo2o Modenuposarus

pl
o OTanoHHbIK UnsTp
P(z) |‘J"|d(n; B(2)

lenepaTop| x(n) g'(n)
TECTOBbIX |—%
CUrHanos

Puc.4.9. Cxema noctpoeHns agantueHoro bBUX-chuneTpa Ha ocHoBe
npamMoro U obpaTHoro MogenupoBaHuAa

Ana apamol cxembi:

E(z)=D(2)-Y(z)= X(z){P(z) = :qéz)}

Ana obpam#Holi cxembf.
E'(2) =U(2)-V(2)= X(2)P(2)[1 - B(2)]- X(2)A(2) -
= X(2)|P@)[1- B()]- A@)]|= E()[1- B(2)]
Taknm obpasom,

E'(z)= E(2)[1-B(2)] (4.25)
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4.5. NpnmeHeHne aganTMBHOU ob6paboTKKN cUrHanos
B TeNTeKOMMYHUKALMNOHHbLIX CUCTEMAX

4.5.1. Mpsamvoe ModesiupoeaHiie MHO20/1y4Yyee020 KaHana cefasul
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Puc.4.10. CTpyKTypHaa cXxema LUMPOKONONOCHOW CUCTEMBI Nepegadn JaHHbIX






