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CeBl'Y — KkpynHenwiee Bbicliee y4yebHoe 3aBe-
AeHne Cesactononsa n Kpoima. OcHoBaH 8 okTA6-
pa 2014 roga Ha ocHoBaHuu peweHus [lpasu-
TenbcTtBa Poccunckon degepaumn.

CEBACTONOJIbCKNIA  YHuMBepcuTeT NpOBOAMT MOATOTOBKY KaapoB
rOCYAPCTBEHHbII BbicWen KBanupukaumm, obyveHne CTyaeHTOB Mo
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METO[, COIMACOBAHHOW ®UNbTPALMM CUTHANOB

Hertapés A. H., KoxemskuH A. C., CnéskuH I". B.
Cesacmononbckul 2ocydapcmeeHHbili yHusepcumem, Poccusi
E-mail: degtyaryov1966@yandex.ru

AHHOMayusi — [Ona CHWKEHUSI BIUSHUS MyNbTUMMMKATUB-
HOW MOMEXMW, a Takke MEXCUMBOSIbHON UHTepdepeHLnn 1 He-
NIMHEWHDbIX WCKaXXEHWW Ha npaBuNbHbIN MNPUMEM coobLieHus
npegnaraeTcs MCnonb3oBaTb ABa 3Tana obpaboTku curHana.
[MepBbIi 3Tan COCTOMT B MWHUMM3ALUM AUCNEPCUN TOMEXMU,
BbI3BAHHOW MYNbTUMMMKATUBHOW MNOMEXOWN, MEXCUMBOSbHOMN
VHTepdepeHUmnern U HENMHENHbIMA WCKaXXEHUSMU  curHana.
MUWHUMM3aUMS yKa3aHHOW [OMCNepCcUMU OCYLLEeCTBRSIETCS C Mo-
MOLLbIO OnpeeneHusi Beca OpTOroHanbHOCTU GasuCHbIX PyHK-
uni, cocTaBnsoWwmMx curHan. Bropon atan 3aknioyaeTcs B UC-
Nosib30BaHUN KNaccU4ecKkoro CornacoBaHHoro punbtpa.

1. BBegeHune

CoBpeMeHHble LMpoBbIE CUCTEMbI CBA3W [LOJIKHbI
obecneymBaTb BbICOKYIO CKOPOCTb W [JOCTOBEPHOCTb
nepefadvn uHcgopmauMm B YCIOBUSX MHOMOMYTEBOrO
pacnpocTpaHeHnst curHana no kaHanam CBsi3u C Henu-
HEVHBIMU UCKXKEHUSIMMW, MYMbTUMIMKATUBHOM W agaun-
TMBHOW NMOMEXaMu.

[na 6opbbbl C MEXCUMBOMLHOW MHTEepdepeHunen,
BO3HMKAlOLEN BCneacTBue MHOrOMyTEBOro  pacnpo-
CTPaHEeHUs1 CcurHamna, NpPUMEHSIIOT paclUMpeHne crekTpa
4yacTOT CWUrHamnoB, KaHanbHbI aKkBanansuHr, OFDM-
MYynbTUMNNEKCUPOBAHME C OPTOrOHANbHbIM YaCTOTHbLIM
pasgeneHuem kaHanos [1]. na CHWXeHUs BNUAHMS He-
NNHENHBIX UCKaXXEHWUA CUTHANoB NPUMEHSIOTCA MeToabl
npeabiCKaXeHWn, pa3HecéHHOro npméma, a Takke cne-
umarnbHble anropuTtMbl LudpoBori 06paboTkn BbIXOOHO-
ro curHana gemopyndartopa [2]. BnuaHne mynbtvnnuka-
TMBHOW MOMEXU CHWXaKT C MOMOLLbI0 pPa3HECEHHOro
npuéma. BnnsHue agaMTMBHOW NOMEXWM CHMXKAaKOT C MO-
MOLLbIO CcOrflacoBaHHOro ¢ curHanom ¢unetpa [3]. B
cnyyae, Korga agaMTUBHasS noMexa He sBnsieTcs 6enbim
rayccoBbiM LLYMOM, Ha BXOA€E COrfacoBaHHOro cunbTpa
BKkNtoyaroT obenswwmin punetp. Metoasl, paccmoTpeH-
Hble B YKa3aHHOW nuTepaType, peLlarT OgHy unu ase u3
3agay: unm 3apgadvy 60pbObl C MEXCUMBOMBHOW WHTEP-
depeHumen, unu 3agavy 60pbbbl C BNIMSHUEM HENUHEN-
HbIX WCKaXXeHUN, unu 3agady 6opbbbl C MynbTUMNMMKa-
TUBHOW, UNW agaANTUBHOW MOMEXOMN.

LlenecoobpasHo paspaboTtaTtb anroputm cornaco-
BaHHON (unbTpaumm, NO3BONSOWMUA A0OUTECA OOHO-
BPEMEHHOIO CHWXEHUS BNUSIHUSA YyKa3aHHbIX MOMEX Ha
NpaBuUIbHbIA NPUEM CO0bLLEHNS.

B pabote [4] obocHoBbiBaeTcs MeTon 0OopbbObl C
MEXCUMBOSIbHOM UHTepdepeHUmen, BbI3BAaHHOW NMHEN-
HbIMW UCKaXXEHUSIMU CUrHana, OCHOBaHHbIN Ha onpefe-
NEeHUN Beca OpPTOroHanbHOCTU CYHKLUMIA, MNOMYYEHHbIX
CMELLEHNEM Ha KpaTHble UHTEpPBarnbl BPEMEHU UMMYIb-
CHOW XapaKkTepucTUKM OU3NYECKN peannsyemoro urb-
Tpa. imes nogbopa Beca OpTOroHanbHOCTU MOXET ObITb
MCMNomnb30BaHa 1 Anst 4OCTUXKEHWSI NOCTaBNEHHON Lenu.

2. OcHOBHasA YacTb

Myctb S (t) — curHan, nognexatiui nepegade no

KaHany CBs3WM C MEXCUMBONbHOM WHTepdepeHunen
(MCW), BbI3BaHHOW MHOrONyTEBLIM PACMNpPOCTPaHEHNEM
curHana. Kpome Toro, Gygem cuuTatb, YTO curHan
noaBepraeTcs HENUWHEWHbIM WUCKaXXEHUsSIM, a B KaHane
OeWncTByeT aaauTuBHbIN WyM (puc. 1).

Z x,s" (t)+ n, (t) Ry
Zk:xksk (t—1,)+n,()

Tx

Puc. 1

B atom cnyvyae curHan Ha Bxode MpUEMHKKa
onncbiBaeTcad cnenyrlmnm BbipaXXeHnem:

N
Z(t) = &(t)D x,8" (t)+
n=1

M
+61(1) D X, ST (t—ty) + .+
m=1
K L
& (Y xS (E-t )+ X (1), ()
k=1 /=0
roe X; — cny4vanHole KO3 PULMNEHTHI,
xapakTepuayioLme HEeNUHENHOCTb nyTen
pacnpocTpaHeHusi curHana, f; — Bpemsi 3agepxku
CWrHana, pacnpocTPaHSIOLLErocs No BTOPOCTENEHHOMY
nytn, n;(t) v &;(t) — peanusaumu apauTveHOM W

MYyNbTUMMAMKATUBHOW MOMEX, OENCTBYIOLWMNX HA i-M NyTn
pacnpocTpaHeHus curHana.
Byaem cuntaTtb, 4TO Ha BXxoAe NpUeMHVKa AencTByeT

peanusaums agantueHoro wyma N(t), pasHas:

n(t):én,(t).

B cymme (1) Bbigenum HeucKaxeHHbIn U He3agep-
XaHHbIN ocHosHom curHan S(t) . Mepenvwem (1) B Buae

N
2(t) = E(t)s(t) + () 2. X,8" () +
n=2
M
+&(1) D XS (E 1) + .+
m=1

K
+&, (1)) xksk(t—tL)+n(t). )
k=1

O603HauYUM

N
x(t,ty,....t, )= &(t)z_‘éxns” (t)+
+E;1(t)AZ/,: XS (=) +...+
m=1

K
+&, (1) x, " (t-1,). 3)
k=1
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x(t,ty,...,t, ) siBNsieTCH afANTMBHON MOMEXON, Bbl-

3BaHHON MYMbTUMMMKATUBHOW MOMEXOW, HEeNUHENHO-
CTAMUW MyTEW pacnpoCTpaHeHUs! 1 3aepXXkaMu curHana.
C y4yeTom 0003HaueHui (3) BblpaxeHue (2) sanuieTcs
Kak:

z(t)=&(t)s(t) + x(t.t,....t ) +n(t). @)
B cuny ocobeHHOCTEN (hOpMUPOBAHUS NMOMEXHN C pe-
anmzaunsmn - X(t,4,...,1 ) w n(t) MOXHO cuuTaTh
CTaTUCTUYECKN He3aBuCUMbIMU. Kpome Toro, apgauTue-
Hele nomexu X(tb,....f ) n(t) MMEIoT HyrneBsble
MaTeMaTuyeckne OXWUAAHWS, MOCKOMbKY MNOCTOSHHbLIE
cocTaBnsiolMe 4epes CBOBGOAHOE MPOCTPAHCTBO He
nepepaioTcs, T. €.
m,=0,m,=0.
Toraa maTemaTtyeckoe oxmaaHue cMecu (4) pasHo:

m, =M {z(t)} = m.s(t),
roe m{_)— MatemMaTndeckoe oxugaHune MynbTUninka-

TMBHOW NOMEXMU.
Takum obpasom, sagady npuema curHana S(f)

MOXHO pasfenuTb Ha ABa aTana. [epBbii 3Tan cocTonT
B onpegeneHnn maremMatunyeckoro oxmagaHma cMecu (4)

Mpy YCroBumM MUHMMMU3aLMK aucnepcum npouecca Z(t).
BTopoit aTan CBOAWTCS K MaKCMMM3auUW OTHOLLEHUS
CArHarn-lWyM B MOMEHT BpemeHu [, 3aBepLuatoLuii
Habnogenus cmecn Z(t).

MycTb nepBblii 3Tan peanuayeTcs C MOMOLLbIO
YCTPOWCTBA, BbIYMCISIOLLEro UHTerpasibHoe npeobpaso-
BaHue

y() =tj0R’1 (t,t)z(t)dt, (5)

a BTOPOW — WHTerpanbHoe npeobpasoBaHue:
ty B
q(f)=[R:(vt)y(x)dx, ()
0

roe R, (t,r) n R, ('t,f) — UCKOMBble siipa UHTerparnks-

HbIX Npeobpa3oBaHui.
CTpyKTypHasa cxema npuemHuKa nokasaHa Ha puc. 2.

2(1) () q(r)

— R (1,7) R, (.7)—

Puc. 2
Onpe,uenMM MaTtemMaTn4eckoe oXuaaHue npouecca
y(1):
tO
m, (1) =M{y ()} =M1 [Ry(t.7)z(t)dt =
0

ty

=M R (t0)[&b)s(t) +

0
(bt )+ (1)l =

21

= I Ry (t, r)[més(t) +

+M{X(t by, 1))+ M{n(t)} ]dt =
=IR1(t,r)[més(t)+mx +mn]dt =

=m;£R1(t,r)s(t)dt.

Mockonbky Tpebyetcd, 4TOObI MaTemMaTuyeckoe
oxupaHne npouecca Y(T) 6biIO MPONOPUMOHANBHO
curHany, To

fy
m§£R1(t,r)s(t)dt=m&s(r). 7)

BbipaxeHue (7) siBnsieTcs MHTErpanbHbIM npeobpa-
30BaHMe ¢ BocnpoussoaswmmM sgpom. Curvan S(f)

ABNSETCS COBCTBEHHOMN (PYHKLIMEN 3TOrO UHTErpansLHOro
npeoGpasoBaHus.
Hanbonee npocto peanuayeTcs BOCMpoM3BoAsLLee

a0po Buaa:
Ri(t,7) = 2 0n () (t)p(t). (8)

rae ¢, (t) — dyHkumm, optoroHansHsle ¢ Becom P(t).
Mockonbky S(f) — cobeTeeHHas dyHkumA npeob-
pasoBaHus (7), To:

s(t) =2 akdn(t). )

roe

1 b
o =T [ S(Ob (Op (Dt [0 — opma
ol 5

yHKUMN (l‘)
by (l‘) [OIKHbI BbIBUPATLCS ¢ yYeToM TpeBoBaHwil,

npeabsaBnseMbiX K aHCaMbio CMrHanoB, UCMOMb3yeMblX
Ans nepegayun mHdbopmauum: 3MQEKTUBHON LLUMPUHBI
cnekTpa, AnutenbHocTtu, d¢opme u T.4. B kavectse

dy (t) MOryT MCMOMNb30BaTbCsl (BYHKLUM, MOMNyYeHHbIe

nyTeM CMEeLLEHUS Ha KpaTHble MHTepBarnbl BpEMEHU UM-
NyNbCHON XapakTepUCTUKN OCHOBHOMO KaHarna cBasu [4].
OpToroHanusauusi Takux @YHKUUA  OCYLLECTBNSETCS

nyTem onpegerneHus seca optoroHansHoctu p(f) [4].
[nsa aToro Bec npefcrasnseTcs B BUAe:

P() =2 Ml ()0 (1), (10)

rae A, — HensBecTHble KOI(PPULIMEHTbI, KOTOPbIE

ABMAITCHA PeleHNeEM CUCTEMbl JIMHENHbIX YpPaBHEHWN,
NOJNTy4YeHHbIX U3 yCJ'IOBI/II;I OpTOroHaribHOCTM C B€COM

p(t) dynkumin ¢y (1)
For (09, (pltit = [ =0 7=Ho
gcbn on(T)p _{o, )

Onpepenum gucnepcuio Dy (’L’) npotecca y(r):

D, (1) =M{y?(v)} ~mj (x) =
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Bbiuncnum M {y2 (‘t)} :
Miy® (7)} =

ty
= M{m (t1)[Et)s(t) + x(t.ty,....t, )+ n(t) ]dt x
0

(t“,r)[&(t)s( )+ X(F by t) + n(;)}dt} _

wfffres

+E(t

ty
xR
0

O'—.o

JRy(£.7) | &d)s (t)s(£) +

X(E, by, )s(t )s(t)+
J’_

~—

+§(t)n(
+E()X(t E, .. (t“
+x(t,t1,...,tL)x(t,t1,...,t
gy (t)s(f)+n(t)x(E byt )+
+n(t)n(f)]dtdf}.

YyTeM nMHEeMHOCTb onepauuin MHTErpupoBaHust u
BblYMCNEHNSA MaTemaqueCKoro OXUAAHUS, U MONYYUM

M{y? (7)) = HR1 R1(tr)[B§(t,f)s(t)s(f)+

+B§X(t,t)s( )+ B (t,f)s (1) +
By (E,t)s(£) + By (1F) + By, (1,1) +

) ~

)+x(t,t1,...,tL)n(t)+

+Be,(E.1)s(f) + By (t,t‘)+B,,(t,t‘)}dtdt“,

roe Ba(t,l‘), B, (l‘,f), B, (t,l?) — aBTOKOppensLm-
oHHble yHkumm mpoueccos  &(t), X(t,ty,....t ) wu
n (l‘) ,  COOTBETCTBEHHO, Béx(l?,t) B «(t, l‘A)

Bin(f,t). Bep(t,), Byy (£.8). Bo(tf) — ssamm-

Hble KOPPENALUOHHbIE (DYHKLIMN STUX NPOLLECCOB
YuTem cTaTUCTUYECKyld He3aBMCMMOCTb MPOLIECCOB

E(t), x(t,1,,...t,) w n(t), T.e. ToT chakT, uTo BCE B3a-
NMHbIE KOPPEnsLMOHHbIE (DYHKLWM PaBHbI HYMIO, U No-

1R om )

<[ B(t.)s(t)s( )+B (8) + B, (8.F) | ataf
[uncnepcus npouecca y(t) paBHa
ty 1,

D{y(r)} = ££R1 (t,T)R1 (f,t)x

M{y2 (r

22

x| B(tD)s(t)s(f) + By (1.F) + B, (1.) | o -

—[mng\q (t,r)s(t)dt} |

MWUHUMM3aUUSA OUCTIEPCUM NPOBOAUTCS NyTEM orpe-
JeneHus Beca p(t) (10) npm ycnosusx (11).

PaccmoTpum sigpo Ry(t,t). Ecrm ¢, (t) sBnsiotes

aKBuAUCTaHTHBIMU, T.€. O, () = O(t —na), To Ry(t,7)

npeacraenseT cobor nepuoanyeckyto yHKUMIO C nepu-
OAOM @, 1 CNpaBeAsIMBbl COOTHOLLEHMWS [4]

Ri(t,t)=Ry(t+0a,1)=
=Ri(t,t+a)=R(t+a,t+a).
Npeanoxenue 1 [4]. Ecnn dyrkumm ¢, () sens-

I0TCS 3KBUAUCTAHTHO CMELLEHHBIMU UMMYMbCHBIMU Xa-
pakTepucTMKaMn (pU3NYECKN peanusyemMoro cunbTpa,

10 cpyHkumst Ry(t, 1) B kBagpate 0<f<a, 0<t<t
MOXeT BbiTb npep.CTaBneHa B BUOe

Ry(t,T) z z,

rae Zp,(t), f,(t) n gm(t—r) — HeKoTopble dyHK-
LM CBOWX apryMeHTOB.

MokaxeM crnpaBeanuBoCTb npeanoxerus 1. 3anu-
wem B O6LLEM BUAE MUMNYNLCHYIO XapakTepuUcTuKy u-
3M4eCKM peanuayemoro unbTpa B BUAE

fn(DGm(t—1),  (12)

K
do(t) = by thePd, (13)
k=1
rae Py, — Monc nepeaaTtodHon YHKUMM unbTpa,

Q) — KpaTHOCTb COOTBETCTBYHOLLErO nostoca, K — no-
psgok pmneTpa.
BaaucHble dyHkumn ¢, () vmetot Bug

0p(t) = o (t —no) =
= f: bk(t _ na)qk epk(t*na) . (14)

k=1
C yueTtom (14) MOXHO 3anucaTb

0)= i B0 ()0 (1) =

o K
= 3 3 b (t - no) P
n=—o k=1
K
x> by (t — o) gPe(te) -
k=

1
K K
33 By (= ) P
—o0 k=1/=1

xby (t — nou)® P (t=1%) (15)

Bblioenum u3 psga (15) ogHo cnaraemoe Snkl’ co-
OTBETCTBYlOLLEee nHaekcam n, [ n k