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E. M. TVCATHH, xaux. Texu, Hayk

MOJIEJINPOBAHUE THHAMUYECKOM CHCTEMBI
C 3AJAHHBIMH XAPAKTEPUCTUKAMMU -

Muorne 3agaud ynpasJeHHs AHHAMHYECKHMH NpPOHECCAMH, TAKHMH, KaK BOCHpO-
H3BeAeHHe caydailiHeiX BHOpamHi TPM CTeHIOBHIX HCNBITAHHAX Ha HAAeXKHOCTb, pac-
TpefesieHne TEKYIIHX CpeJ C TOMOIIBIO HHXKeHepHBIX ceTefl, (HOPMHpPOBaHHE 3BYKOB
H CI0OB 3aJaHHON TeMOPOBOH OKDuCKH H JApyrue TtpebyioT NOCTPOeHHS] MaTeMaTH-
Yeckoli Mojenu JAHHAMHYecKo# cHcTeMmbl. IIpH 3TOM MoOJeabp JAOJXKHA OBITH IPOCTO
KOHTPOJMHPYeMOH, OLICTPO NepecTpaHBaeMoii H IO BO3MOXKHOCTH MAaKCHMAJbHO INPH-
GmmxeHHOlt K peanpHON CcHCTeMe. ]

PaccMotpum MopenupoBaHHe ANHAMHUECKOH CHCTEMBl N0 3aJaHHOHR 4YacTOTHOM
xapakrepucrtuke. Tak Kxak wacTOTHAas# XapakTePHCTHKA peaJbHOH CHCTEMHL oOmpeje-
JIfeTCSl IyTeM CTATHCTHYECKOH 06paGOTKH pe3yJbTaToB H3MepeHHs, OyleM CUHTATh
€e 3axaHnofl TabaHuHO

W (i0g) = P (o) + iQ (0p), k=T1,N. )
MOJIQJIHpOBaHHe NPOH3BOAHTCA Ha OCHOBE pAa3JIOKeHHS q)yHKHHH

f(ty =e" w(t)

B HPOCTPHHCTBé L? co cxansgpHBIM NPOH3BEAEHNHEM
(. @)=[e"f () g (at
0
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B paig no 6uopronopmuposannoli cucreme (BHC) oynkumi {on s}, rae w(f) —
HMIyJbCHAs TepexofHas (yHKUHA (H. I. ¢.) CHCTeMbI, COOTBETCTBYIOILAst YaCTOTHOI
xapaktepuctuke (1), o BuGHpaeTcs TakuM o6pasoMm, utobul [(t1)L% {on Yr}
crpontcd B L? GHoprorowasiHaauued JIHHEHHO HE3aBHCHMbBIX NOJHBIX CHCTeM {g}
H {ex}J=L? u umeer caeayiomwnii Buxi;

R R
ak(t)=20kj?j(t)v \Pk(t): ZBkjgj(t), k=],2,...‘
j=1 j=1

Koatdpuunentst Crj, Bn; ONpelensiotess M3 peKyppPeHTHbIX cOOTHomeHuf [1]
k=1

() = en (1) — 3 (ens Uy} oy (B
=

k—1

GO = g ®— S (g1 5) 4)0); @,
=1
A t A t -
Gk(f)=_,~ai,f—)l‘2" ‘Pk(l)=,\¢#)l?» k=2,8,..
(i V)" (s ba)"

NpH HayaJbHBEIX YCJAOBHAX

A ~
sy () = ey (t), 41 (f) = g1().
TMTonoxuTeNbHOCTD . CKaNsipHOro npon3BefeHHs (dz, Up) HocTHTaeTcs BHOGOpPOM
Yy COOTBETCTBYIOLIEro 3JjeMeHTa e€x(?) TAaKOro 3HaKa, YTOGH BEINOJAHAJIOCH HEpaBeH-

-~
cTBO (en, i) >0.
B xavecTBe mocsefoBaTeabHocTH {ex} BbIGEpeM cHCTeMY

cos wyf, sin oyf, ..., cos o pf, sin wpf; ..
HIH ¥
cosot, k=2v—1,

Hll=_ Bif b=y, : 3)

a {gx} 3apanum cregyomum o6pasou:
) v(f) cosot, k=2v— 1,

t) = _ ‘
gr () v (t)sinot, k= 2. 4)
Takofi BuGop L2, {ex} u {gx} mosBoAsieT HCNONB3OBaTb 3ajaHHble 3HAYCHHS
W(ior) A MOJeaHPOBAHHA AHHAMHYECKOH CHCTEMBI.
eiictBHTeNIBHO, YacTHYHAs cyMma passoxedus f(f) no BHC {on, s} sanu-
mercs, KaK- .- - - - : :
& . B = n .
Fn () = 2 inbr(®),

k=l
¢yHkung w(¢) Gyner anmpOKCHMHPOBATLCH CyMMOH

wa () = e D tabp (1); B
&=l
) ; : ‘ :
U= (F o)=Y Cry (f, ¢p), (6)
=1
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riae, yauteiBas (1),

P (mj),
(f! ej =
. 5 g 7 Q (mj).
TaruM obpasoM,
H
@, (f) = e dpgn(f), . .m
k=2 '
n
dp = 2 LBy (8)
=

Bripamenue (7) MOXKHO HHTepNpeTHPOBATb Kak MNapaJJelbHoe  COellileHHe
¢ o6UIHM BXOJOM JuHEeHHBIX cHCTEM ¢ W. M. &. hn(f) == dpe—2fgy(f), BUA KOTOpPOIi
onpeneasiercsd (Gynxumeli w(f), o, 3aiacT 4aCTOTHIH AHAMa30H ee AeiicTBuS, a dp,
Kak 310 BHAHO 3 (6), (8), 3aBucaT or 3aaanubix snavennii W(jos).

BriBepem vn(f) caenyromnm o6pasom:

Up (f) = é—ukt , > 0.

Torga, npuMenns kK (7) npeoGpaszoBanue @Dypbe, NMOJYUIHM, YTO B UYACTOTHOI
obnacti 3agannaf ¢yrkuna W(img) HHTEPNOJHPYETCA BbIPAXKEHHEM
) n/2
W (i0) = 3, H, (i), nj2=N;
v

dy,_q (2, + iw) + dg,o,
CEDEET R (@

H, (iv) =

Toukamu HHTEPUOJSUHH HBJ’I}HOTCS{ ®p, TAaK KakK BBIMOJHAITCA COOTHOUIEHHSH

W, (iog) =W (ivg), &= ILN. (10)

Bui6op Mogean B Buie (9) no3posisieT OMEpPaTHBHO H3MEHATh YAaCTOTHYIO Xa-
paktepuctuky W, (i®w), noxcraBasis B cooTHoweHus (6), (8) Tekymue 3HauyeHHs
YaCTOTHOH XapaKTepHCTHKH peasbHOil cnereMbl. KoHTpoab H mpi HeoGXOAHMOCTH
KOppPeKUHS OCYUIECTBASETCS MO CHEKTPalbHON MIOTHOCTH BLIXOAHOTO CHrHaja B Bhl-
6paHHBIX TOYKAX YacTOTHOrO JMATIA30HA HA OCHOBAHHH HHTEPIIOJNHPYIOUIEro ~CBOf-

cra (10).
3navennss mapaMeTpoB ¢, ©, .. Oy, Oy, 3aJa0lHe ONTHMAJbHOE MOJIEJH-
pOBaHHe AMHAMHYeckoli cucTeMbl (1), OUpeledsiOTCS NpH MHHHMH3aUHm (yHKIHO-
Hana ‘ :
b= |If —fal® (11)
Ouenxoii aas (11) cayxkuT BEIpameHHe
(F—Fal < if —=Fn + [fa—Fnl (42)
u” n
e, — =
rae _ Fu (8 = D) 1 (), Y = (f, @r)
k=l

ABJIReTCA paasoxeHueM [() no opToroHajbHOl crcreme {ea}
R
@r (1) = ) Drjg;(t),
i=1

HQCTPIOEHHOI"{ B L? opToroHanu3alHei nocseioBatenbHocTH {ga}.
YunTLIBaf, UTO [n(f) MOXKHQ MPEACTABHTb CAHHCTBEHHHIM 06pa3oM

fn(t) = E ePr (6
k=1

n
M= o 00) = 2 & (4 %)
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nepenuwem (12) B BHZE

i-ti<)/ =32+ Bas—wr 0
k=1 k==

Ouenka (13) nospodsieT B RayecTBe (YHKUHH IedH BOPaTh CleAyIOMIHH KpH-

TepHii:
n
A= max 3 3. (14)
knl
3annmew {or} B MaTpuuHOii popme
@ () =Dg (1),
Dy; 0 .. 0
rie D=|Ds Dy .- 0 | yarpuna xospguunentos,
Dy Dpg ... Dpp
&1 (f) )
a g(=| ... |—Bektop snementoB {gs}.
&n(?)

YcjloBHe OpPTOroHa/NBHOCTH B MAaTpuuHOH ¢opMe HMeeT BH

(p, *) = Al =1, (15)

rae A=DD*, T' — wmarpuua I'pama OHC {qa}.
Gynkuns nean (14) sannuwercs crefylomuM o6pasoM

A = y*y = s*As, rae y_——-[

Y1 ] S*{ff, gl)]
w1 (', gn)

Torpa 3amaua CcBOAHTCA XK onpenejieHHI0 MaKCUMaJbHOro 3HadYeHHA TMOJOXKI

TeJbHO OMnpejeneHHOil KBaApaTHUHOH dopMBbl

s*T1s (I
NpH JHHENHbIX orpaHHyeHuax (15).
VuHTHBAA COOTHOMIEHHE [JIA MPOH3BOAHOH 06paTHON MaTpHOB
(r=Yy = —r-Irr,
IOJTYYHM BhIpaXKeHHe IJIS MPOH3BOAHON dynkunn (16)
—(s¥) ™! wp—lg' g0’ (17
Ap =(s )p '™ s + s* 5, s*T I‘pks, _
rie pr MPHHAAJEXHT MHOXKECTBY MapaMeTpoB Ui, O, ... UN, ON.
$5 7 dopmyaa (17) saer BO3MOMKHOCTD
#e NCNOMbL30BATL i ONpeAeTeHnst  MaK-
g ciMyma  kputepus  (l4) rpaanenTHbie
24 Metoanl [2].
27 Hepasencrso (13) sAsasercs oueH-
KOil TOYHOCTH MOZEAHPOBAHHS.
8 B KawecTBe npuMepa paccMOTpHM
5 pacuer KoappHIHeHTOB MaTemaTHue-
P ckoii monean (9) cdopmuposanus 3BYy-
KOB [ H QW NO 3a1aHHBIM 3BYKOBBIM
g cnextpaM S;(w) (nenpepbiBHas JaH-
6 Hua) - 0 Sp(w) (MyHKTHpHAS JHuA)
3 -~
Pacuer xosdduuiieHtoB  MatemaTHue-

20 360 320 680 040 1y
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ckoit Momenu (9) ¢opMHpoBanus 3ny--
KoB i i aw no Sy(w), Sy(0)



(pucyHOK) B uacToTHOM Imanmagowe 200, 1000 I'm [3]. lpn ycaosum, uto ua cHcTe-
My (1) JeficTByer Oenmlil 1YyM, aMIVIHTYAHO-YaCTOTHOI XapaKTePHCTHROM CHCTeMB
6yner

A (m) = VS ((u).

TeMfpoBas OKpacKa 3ByKa 3afaercs (a3oyacToTHOH XapaKkTepHCTHKOH ToO0COBOro
TpaKTa, KOTOpYyIo BrifepeM B Biie

0<w>=2n( - S I

mH—--u)B mB—-lJJH

rae 0g=200, op=1000.
Takum o6pasowm, sagannas W(iw) umeer BHI

W (io)= A (“))?iO(m) = Vg(_m) cos 0 (o) +iV§(T); sin 0 ().

& i &
Bui6op 0(w) B ApyroM BHAe H3MeHHT TeMOPOBYIO OKpacKy, HO CNEKTD 3Byka ocra-
HETCA HEH3MEHHBIM.

Jna  onmepatuBHOro H3MeHeHHs TlapaMeTpoB CHCTeMBl  BhiGepeMm Up(f) =
=¢-Bt,a B KauecTBe Wy — 10 PaBHOOTCTOAMINX TOYEK YAcTOTHOrO JAHamasoHa, f=I.

Tlo cootuouwrennsim (2), (3), (4) ¢ nMOMOLIBIO TMPOrpaMM, HAMHCAHHBIX HAa HA3bI-
ke Doptpan, paccunraeM xkosdpouunents: BHC bynxuuii

3HaueHHe mapaMeTpoB dp

4
d l i ’ aw l d j i ‘ aw

d, 0,111 0,075 dj 0,001 0,002
ds 0,063 0,042 d;2 —0,03 —0,04
ds —0,045 —0,03 dis 0,046 0,04
d, —0,108 —0,072 du 0,007 0,006
ds 0,113 0,078 ds —0,01 —0,007
ds —0,034 —0,024 dis 0,038 0,027
dy 0,011 0,016 di7 —0,024 —0,015
ds 0,063 0,089 dis —0,009 —0,006
dy —0,034 —0,077 dyo 0,009 0,006
dio 0,002 0,005 dog —0,016 —0,01

IMopasas na cucreMy (9) cursaa Tuna «Geaulii lyM» H onpeienns mno ¢op-
Myiaam (6), (8) suauewns mapametpos dp AnA Sy, NOAYuHM (OPMHPOBAHHE COOT-
BETCTByIOWlero 3syka. Jl/is mepexoja OT OZHONO 3BYKa K JPyroMy AOCTATOUHO Ie-

pecuntats napamerpw dx o dopMyaam (6), (8) npu k=1, 20 (ta6muua).

Crucor nureparypm: 1. Kausane C., Llteineays I'. Teopius OPTOrOHAJBHHIX pS-
ao8. M., 19?8. 507 ¢. 2. Yaad M. Owc. Metoanl moHCKA skcTpeémyma. M., 1967.
267 c. 3. Kedirep Ho. KommnisloTephi-ciATé3aTOpH peun. M., 1985. 236 c.

IMocrynura 8 pedxoanezuro 30.12.88
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