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AJITOPUTM BOCCTAHOBJIEHN A AHAJIOT'OBOI'O CUT'HAJIA
B MOJUOUITMPOBAHHOM ITPOCTPAHCTBE COBOJIEBA

[MpennoxeH anropuT™M BOCCTAHOBIICHHUSI aHAIIOTOBOTO CUTHAJIA B MOAN(DHITPOBAH-
HoM npocTpancTe Cobonena Wzl TIPU JOTIOTHUTETEHOM HCHONB30BaHUH OTCIETOB

HpOHSBOZ[HOfI. HOJ’Iy‘{eHBI KO3(1)(1)PIHPI€HTI)I nepeaaiu BOCCTaHaBJIUBAOIUX (i)I/IJ'II;T-
POB. IToka3zana BO3MOXKHOCTb YMEHBIICHUSA OIIHOKHU yceuceHus 1npu HpaKTH‘IeCKOﬁ

peajin3anu NnNpeajIoKEHHOI0 aJiropuTMa B IPOCTPAHCTBE W2 I10 CPaBHEHUIO C aHa-
JIOTUYHBIMU AJITOPUTMaMHU B IIPOCTPAHCTBE LZ'

Teopema KorenpHuKoBa, qokazanHas B 1933 1., sBisieTcss ocHOBOM (yHma-
MEHTAJIBHBIX TIOJIOXKEHUH Teoprun NU(POBOI 00paOOTKM CUTHAIIOB U CUCTEM Tie-
penaun uH(GOPMALIMK ¢ BPEMEHHBIM Pa3JIe/ICHUEM KaHAJIOB., DTa Teopema ycra-
HaBJIMBAaET BO3MOXKHOCTH CKOJIb YTOAHO TOYHOTO BOCCTAHOBJICHHSI MTHOBEHHBIX
3HAYCHUM CUTHAJA C (bl/IHI/ITHI)IM CIICKTPOM HCXOAA U3 OTCUCTHBIX 3HAUCHU I (BI)I-
O0pOK), B3ATHIX Uepe3 paBHBIE IPOMEKYTKH BpeMeHH [ 1 |. CuTHaIIbI, OAIeKaIIHe
JUCKPETU3ALIUH, JOKHBI UMETh KOHEUHYIO SHEPIHIO, T. €. IPUHAJUICKATh IPO-
CTPAHCTBY L,. BO3MOXKHO CMATY€HHE OrpaHUYCHUN, HAJTAaraeMbIX HA OTH CUTHa-
JIbl, HAl[PUMEp OMpE/IEIICHNE CBOWCTB CHIHAJNOB B NpocTpancTsax L, [2]. Ilpu
HpaKTH‘IeCKOﬁ pcain3anuu TCOPEMbI KorensaukoBa B PAAUOTEXHNYCCKUX CUCTEC-
Max TOSBISIOTCS pa3IMyHble OMIMOKU JIUCKPETHOTO MPEICTABICHUS CHUTHAJIOB
[2], cBsi3aHHBIE, B YaCTHOCTH, C UCIIOJIb30BAHUEM KOHEYHOTO YMCJIa OTCYCTOB BME-
cT0 OECKOHEYHOTO PAJIa, @ TAKKE C KOHEYHOH JUTUTENFHOCTHIO MMITYJIbCHOM Xa-
PAKTEPUCTUKY MPH HUPPOBOI pean3aliii HHTEPIOIUPYIOMUX GHUIBTPOB — TaK
Ha3bIBaeMbIe OINOKM yceueHus . i1 CHIKeHHsI OITMOOK yCEUeHUS TP TPAKTH-
YEeCKOW peanu3aliid WHTEPIOIMPYIOMUX (UIBTPOB BO3MOXKHO HCIIOJIB30BaHUE
OTCYETOB JUCKPETHOTO CHTHAJIa ¢ (PMHUTHBIM CIIEKTPOM U €T0 MPOU3BOIHON B
IpOCTpaHcTBE L,. AJIFOPUTM BOCCTAHOBIICHUs HEIPEPHIBHOIO CUTHAJIA B ITOM
ciydae 0wt osydeH S. U. Xypruasim u B. 1. SIxoBrneBbiM B pabore [3]. Takue
JUCKPETHBIC TMPEJCTABICHUS TPUMEHSIOTCS, HAallpUMEp, B aBHAIlMU, KOTJA IO
pacYETHBIM 3HAYCHUSIM KOOPIUHAT CaMOJIETa U €ro CKOPOCTH OINPEIEISIETCS He-
MpepBIBHAS TPACKTOPHSI ITOJIETa MTPH IMOJIOBUHHOMN YacToTe 0TcyeToB. Kak rmokasa-
HO B [4], COBMECTHOE HCITOJIB30BaHUE OTCUETOB CHUTHAJNIA M €r0 MPOU3BOIHOI B
MpOCTpaHCcTBE L, MPH MHTEPHOJALMHU TO3BOJSET MOBBICHTH MOMEXOYCTOHYH-
BOCTb CHCTEMBI BOCCTAHOBIICHUS U 00ECTICUNBACT CHIDKEHUE TPeOOBaHUH K pea-
JMU3AIUN UHTEPIOTUPYIONHX QrIbTpoB. OIHAKO UCTIOIH30BaHUE B TPOCTPAHCT-
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Be L, paznokeHus Jlarparika npy oy4eHUN arOpUTMOB HHTEPIOJISAIINH HOpa-
3yMEBaeT HAJMYME OCTATOYHOTO WICHA, BHOCSIIErO OINPE/ICICHHYIO OIIMUOKY B
BOCCTaHaBIIMBaeMbI curaan [3].

Bornee ecTecTBEHHBIM /ISl TUCKPETHOM 00pabOTKH peanbHbIX paJHOTEXHHUE-
CKHX CHTHAJIOB SBNIseTCA npocTpancTso Cobosiena IV, , HaKIaIpIBarONIee OrpaHi-

YEHUS KaK Ha SHEPTHIO CUTHAJIA, TAK U HA SHEPTHUIO €ro mpou3BoaHoi [5]. Kak no-
Ka3aHo B paboTax [6, 7], ucrosib3oBanue Moaudukanuu npocrpancrsa Cobosera
W,, ocylIecTBIAIONEH BeCOBOE CyMMHPOBAHHE CHTHANIA H €70 IPOM3BOIHOGA, TI0-
3BOJICT YMCHBUINTDH OIlII/I6KI/I HaJIOXKCHHA IIPpU BOCCTAHOBJICHUMM CHUI'HAJIOB H
CITy4YaifHbIX TIPOIECCOB.

Lenbro paboTHI ABJISIETCS MOTYYCHUE aJITOPUTMA BOCCTAHOBJICHUS IIPH TIPE/I-
CTaBJICHWH CUTHAJIA, ITOJJIEKAIET0 AUCKPETU3AIINH, B MOAH(PHUIINPOBAHHOM ITPO-
crpanctee Cobonesa 7.

AnanoruyHo [1] paccMOTpUM OCHOBHBIE COOTHOIIEHMS, CBSI3BIBAIOIIME
dyskmmIo f(¢) u ee crekTp B MomuduIEpoBaHHOM npocTpancTse Cobosesa W,
[6, 7]. Kax u3BectHO [2], mr06as pyHKIUSA f(¢), yIOBIETBOPSIONIAS YCIOBUIM
Hupuxiie (KOHEUHOE YMCII0 MAaKCUMYyMOB, MUHUMYMOB U TOYEK pa3pbiBa Ha JItO-
OOM KOHEYHOM OTpEe3Ke) W MHTETpUpyeMas B Ipeenax [—oo, +oo |, MOKeT OBITh
npeJcTaBlieHa HHTerpaioM Dypee:

F(0) = [ S(wyexp(jwo)dw, (1)

—00

rae crektp S(w) [7] HaxomuTCs B MOTM(HUIIMPOBAHHOM TIPOCTpaHCTBe W, TO
dbopmysie

S(w):zlh(l o) f (1) - jwa f()}exp(—jwt)dt @

n[(l-a)+ aw

(3mech oL — KO PHUIMEHT, TTO3BOJISIOMINN yIECTh BEC TIPOU3BOTHON MTPH BOCCTA-
HoBJIeHuH curHana). Kpome Toro, criexrp S(w), orpaHu4eHHbIN yacToTON F) .,

MOYKET OBITh IPeZICTaBIIeH B BUE psiaa Pypbe B MOAN(UITMPOBAHHOM ITPOCTPaH-
cTBe W, , KOTOPBIil B KOMIUTEKCHO# (hopMe HMeeT BHT

S(w)=17 Zf exp(—jwnAt)—i Zf exp (—jwnAt),

1—0L+0Lw n=—oo —0L+0Lw n=—w (

e k03 GULUCHTH f, U fn orpeenstoTes o popmynam [7]:

2nF,

max

£ Z J,; S(w)exp (jwnAt)dw, (4)
21F oy
fn =72 J; JwS(w)exp (jwnAt)dw. (5)
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[Tpumenus npeobpazoBanne ypbe K MpaBoi U JEBOH YacTsIM BbIpakeHus (3) u
[IOMEHSIB MECTaMH OIEPALUN MHTETPUPOBAHUSA U CYMMHPOBAHMS, ONPEAETHM
BOCCTAHOBJICHHYIO (DYHKLIUIO

2nF,

max

f(t)= Z £, I —————exp(jw(r —nAr)dw ~
n=-ow _2"Fmax —o + OLW
_ me _2.!; S ————exp(yw(t - nAt))dw. (6)

max

Bripaxenwne (6) mpeacTaBiseT aaropuT™M BOCCTAHOBJICHHS aHAJIOTOBOTO CUTHAJA
B MOIMGUIMPOBaHHOM npocTpancte CoGoneBa WV, yCTaHABIHBAIOMMIA BO3-

MOJKHOCTH TOYHOTO BOCCTAaHOBJCHHS (hyHKIMU f(¢), HE ComepiKamieil 4acToT
BBIIIE F , TIO €e OTCYETaM U OTCYETaM €€ ITPOM3BOJHOM, B3STHIM Uepe3 paBHbIC
MPOMEXYTKH BpeMeHHU. B wacTHOM ciyvae npu 3HaueHun koddduimenta o =0
BBIpakeHHe (6) mpeodpasyeTcs K U3BECTHOMY BBIPKCHHIO I TeopeMbl KoTels-
HUKOBA B IPOCTPAHCTBE L, [1]. 3 anamu3a (6) cienyet, 4to npu BOCCTAHOBICHUH

GyHkuun f (¢)orcueTsl QyHKIHUN f, U IPOU3BOAHOMN f, HEOOXOAUMO IIPOITYCTUTh
gyepe3 GUIbTphl ¢ kodhpuuuenTamu nepenadn K (w)=(1- a)/ (I—o+ow?) u
K,(w)=jwa / (1—o +aw?) cooTBeTCTBEHHO. B WacTOTHOIN 06IAcTH JaHHBIE

(UITBTPBI IMEIOT HEMPEPBIBHBI MOHOTOHHO CIaIAOIIHI XapaKTep, 4TO CYIIeCT-
BEHHO YNPOIIAET UX NIPAKTUUECKYIO peain3auio. IMIyabCHbIE XapaKTepUCTUKH
9TUX (PUIIBTPOB B IIPEAEIBHOM ClIydae Npu F,, —> 0 UMEIOT BU]

ks(t)= /1 — o

I exp| — (7
k(1) =—sign(t)mexp| — (8)

Toxcrasss (7) u (8) B (6), nonyumm
JAGE I_T“fn +sign(t —nAt, )f'n}exp - )

rae At, — UHTepBal AUCKPETU3AlNY, a 3HaYeHHE KO PUIILEHTa o BBIOUpaeTcs
ucXoAs U3 TpeOOBaHMI K BEIMYMHE OIIMOOK CHCTEMbI BoccTaHoBieHus [7]. U3
aHamnu3a BeIpaxkeHus (9) ciemyeT, 4To NpeAnoKeHHBIH alNrOpUTM BOCCTaHOBIICHHUS
(YHKIMH MO3BOJISIET MPOBECTU pacnapajljieIMBaHue onepanuii 00padOTKH B Ka-
Hasax GyHKIMU 1 npou3BoaHoM. [1pu aTOM, Kak ObLI0 OKazaHo B pabore [3], uc-
MOJIb30BaHHE OTCYETOB MPOM3BOAHON HE MPUBOJHUT K YBEJIMYECHUIO 00beMa HH-
bopmanuy o GyHKLIUY, TaK KaK 03BOJISIET CHU3UTh YaCTOTY AUCKpeTU3aluu F, B
2 pa3a B 000UX KaHaJax.

PaccmoTpum ommOKy ycedeHwmsl, T. €. OMMOKY BOCCTAHOBJICHHS (DYHKIIMH
f (t) npu ucnonb3oBaHuU TeopeMbl KOTeIbHUKOBA B IPOCTPAHCTBE L, U MpeIo-
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YKEHHOTO anroput™a (6) mpru KOHSUHOM YHCIIE OTCYETOB M OTPAHMYCHUH JTATCITh-
HOCTH UMITYJIbCHOM XapaKTePUCTUKNA UHTEPIOIUPYOIUX GriIbTpoB. B aTOM Ciry-
yae (DYHKI[MSI Ha BBIXOJIE CUCTEMBbI OITUCHIBACTCS BhIPAKECHUEM

—1
S (1) = Zf I ———exp(jw(t —nAt))dw -

n=0 _onF -+ (XW

max

-1 T nax
_ z 1, j' ————exp(jw(t —nAt))dw, (10)

onF — o+ aw’

rae N —uuncino oTcyeToB (PyHKINHU M TPOM3BOAHON. B kauecTBe mpumepa paccMoT-
pUM OLIMOKY yCedeHHUs PH BOCCTAHOBICHUN (PyHKIIMN

f(1) =cos2(;E t) +1,58¢-cos(78¢) +

+‘texp(—2t2)‘ +sin(100¢) +cos(54¢t) -2, (11)

HpeHCTaBHeHHOﬁ CBOMMHU OTCUCTAMH f , 1 OTCUCTaMH HpOH3BOZ[HOI7[ f , Ha HHTCP-

Bajie ¢ € [0,2]. CpaBHUM pe3ylbTaThl BOCCTaHOBIICHUS (DYyHKITHH (11) ¢ momMombro
anroputma (10) ¢ U3BECTHBIM aJITOPUTMOM B IPOCTPAHCTBE L, HA OCHOBE TEOpe-
MBI KoTenhbHIKOBA, a TaKXKe ¢ alrTOPUTMOM XypruHa — SkoBiea [3]

fon() = Z L k(6 = nAty) + ok (£ — sty ), (12)

rac HHTepHOJIpr}OH_II/Ie (byHKLII/II/I HNMCHKOT BU/
k(1) =[sin(R, 1)/ R, T (13)
k(1) =t[sin(R, 1)/ R, t]* (14)

(3mecb R, =m/At,). Ha puc. 1 npuBeeHbI HMITY/IbCHBIC XapAKTEPUCTHKH HHTEP-
NOJHUPYIOMKX (QUIBTPOB B KaHAJIE OTCUETOB CHT'HAJIA JUIS UCCIIETYyEMbIX CHCTEM
BOCCTAHOBJICHHS [IPU IPUMEHEHNH ajiroputMa KoTenbHIKOBA B IPOCTPAHCTBE L,
(xpuBas 1), anropur™ma (10) npu o = 0,03 (xpuBas 2), anropurma XyprruHa — SKoB-
neBa (kpuBas 3).

B kadectBe kpuTepus OleHKN TOYHOCTH BoccTaHoBIeHus (Gynkiwn (11) uc-
MOJIb3yeM HOPMHPOBAaHHYIO CPEIHEKBAIPATHYECKYIO OIIMOKY BOCCTAHOBJICHHS
byHKITIH

= [0 = fun®] / [17r @] d.
0 0

2
3aBUCUMOCTH & OT OTHOLIeHHs M= F, /F}, (4acToThl JUCKpeTn3auun F,; K qac-

tore KorenbHukoBa £, onpeneneHHoi no yposHto 0,99 sHepruu curnana) npu
OTpaHUYEHHUH JUINTEIIbHOCTH UMITYJIBCHOM XapaKTepUCTUKN UHTEPIOIUPYIOINX
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(GUIBTPOB MATHIO OTCUETaMH [ 8] M HCTIOIB30BaHNUHU OTCUETOB MTpHUpaleHus GpyHK-
LMY MIPUBEJICHBI HA pUC. 2, IJIe aITOPUTM BOCCTAHOBJIEHUS HA OCHOBE TEOPEMBI
KorenpHuKOBa B IPOCTpaHCTBE L, — KpuBas 1, alropuT™M BOCCTaHOBJIEHUS B IIPO-
CTpaHCTBE W2l — KpuBas 2, anroput™m Xyprusa — Slkoiesa — kpusas 3. J{is kop-

PEKTHOTO CpaBHEHHSI O0IIee YHCIIO OTCYETOB BO BCEX alTOPUTMAaX BOCCTAHOBIIE-
HUSI CUTHAJIA TIPH 33/IaHHBIX 3HAYCHUSIX 1| Opaii OTMHAKOBBIM, 8 KOOQQHUIIUEHT 0. B
COOTBETCTBUU C UCCIENOBAaHUAMH [6, 7] —paBHbiM 0, 1. 13 aHamm3a 3aBUCHMOCTEH
clieslyer, uTo npuMeHenue anropurma (10) npu yactore auckperusanuu F, = 4F
MO3BOJISIET CHU3UTH OMIMOKY BOCCTAHOBJICHHUSI (DYHKIMH 110 KPUTEPUIO HOPMH-
POBaHHOH CpeAHEKBaApaTnieckol omnOKY B 1,3 pasa o cpaBHEHUIO C allTOPHUT-
MOM B IIpocTpaHcTBe L, u B 1,2 pa3a 110 CpaBHEHUIO C aJITOPUTMOM XypruHa —
SAxoBiesa.

Takum 00pazoM, MPOBEICHHBIE NCCIEIOBAHMUS MO3BOJISIIOT CAEIATh BBIBOJ O
nenecoodpasHocTu npuMeHeHus: anroputMa (10) B crucreMax BOCCTAHOBIICHHSI
(YHKIMM 110 OTPAaHUYEHHOMY YHUCIIy OTCUETOB CUTHAJIa U €r0 IPOU3BOIHOM.

0,08 \
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0,06
3/\

0,04

N
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N
=

Puc. 2
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