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1. BBenenue.

CrpykTypHas cxeMa CUCTEMbI 3JIEKTPOCBS3U IIPEICTaBIICHA Ha puc. 1.
Uctounnk coobmenust UC — 310 HEKOTOPBII 0OBEKT WIIM CUCTEMA, OT KOTOPOTO TiepenaeTcs nH(OpMaIys B
BUZEe ee¢ (DM3MYECKOTO TIPENCTABIICHUS, HANpHMEp B BHUAE H3MEHSIONIETOCS BO BPEMEHH TOKAa WIIH

HapsAKCHUA a(t) .

dOHY npeaHa3HadyCH JIA (i)I/IJ'ILTpaI_[I/II/I CUrHajia ¢ Hejbo OIrpaHUYCHUA CIICKTPpAa CUI'HAJIa COO6H.I€HI/I$I a(t)

BEPXHEU 4acTOTOM ~ 6.

X(¢)

JuckpeTuzaTop mo3BOJAET NpeAcTaBUTh OTKIMK DPHY B BHUAE MOCIEAOBATEIBHOCTH OTCUETOB

X, = X(tk=kT),k=01.2...

KBaHTOBaTeNnb OCYIIECTBIsIET HEIHHEHHOE MpeoOpa3oBaHUE OTCUETOB k B KBAaHTOBaHHBIC YPOBHH
(n) n7T_ 1
X k n = O,L —1
, .
(n)

KO,I[Cp OCYIICCTBIIKICT KOJUPOBAHUC KBAHTOBAHHBIX ypOBHeﬁ k JABONYHBIM 0€e3U30BITOYHBIM KOJ0M,
(n)

T.¢. 00pa3yeT MociaeI0BaTeIbHOCTh KOJAOBBIX KOMOUHAIMI k&  , T.e. curHan MKM.

Monynstop popMmupyeT KaHaIbHBIA CHUTHAI S (t’bi ), ANIEKTpUYECKOoe KojebaHue, mapaMmerp KOTOpOTo
(ammmuTya, yactoTa Wid (haza) U3MEHSETCs 10 3aKOHy MoAynupyomero curHana MKM.
Brixonnoe ycrtpoiictBo IIIY ocymecTBiaser GUIBTPAlMIO U YCHICHHE MOIYJIUPOBAHHOTO KOJI€OAHUs

S(t,b)

AL TpeAOTBpAlICHUA BHCIIOJIOCHBIX I/I3J'Iy‘-IeHI/H\/Jl U i1 YCTaHOBJICHUSA TpC6y€MOFO OTHOIICHUA

S(¢)

JIuHus cBs3UM — cpefa, N0 KOTOPOM pacipOCTPAHSIETCS CUTHAI S (t ) ¢ Beixoyia IIJIY nmo Bxoma IIPY. B

JIMHUU CBSI3U HA CUTHAII S (t ) HAKJIaJIbIBAETCs TIOMEXa N (t)
Bxonnoe ycrpoiictBo IIPY ocymectBiser puibTpanuio OpuHATOTO CUTHalIa, CMECH MEPEJaHHOI0 CUTHajla

Z(t)=S8(t)+N(1),

CI/IFHa.]'I/I_HYM Ha BXOAC NPpUEMHHUKA. YcuneHHbI cUTHAI nepeaacTcsa B JUHUIO CBA3U.

U TIOMEXH
JleTekTop MO3BOJSAET BBIACIUTH M3 MPUHSITOTO CUTHAJA S(t’bi )
napameTpa, NponopuuoHanbHOro curnainy MKM.

3aKOH HM3MEHEHUs MH(OPMAIMOHHOTO

Jlns omo3HaHUS MEpeJaHHBIX JBOUYHBIX CHUMBOJIOB ¢ Ha BBIXOJ JIETEKTOpa MOJKIIOYAeTCs pellaroliee
y [; (m)
ycTpoiicTBo PV, Ha BBIX0OJie KOTOPOTo MPUCYTCTBYET MPUHSATAs KOJIOBask KOMOUWHAIUS .
v (m) _ _
Jlexozep ciyKuT A1l BOCCTAaHOBJIEHHUS L yameix YpOBHEM X om=0,L-1k=0,12,.. JTBOUYHBIX
_pm
KOJIOBBIX KOMOMHAIIHIA :

X,

WHTepnonsTop NpoU3BOJUT BOCCTAHOBJIEHHE HEMPEPHIBHOTO CHUTHANA
(m)

L vameix ypoBHE#H “ k

[Tomy4atens cOOOMIEHHUSI — 3TO HEKOTOPBIM OOBEKT WMJIM CHUCTEMa, KOTOPOMY Iepenaercs MHpopMmanus B

U3 MocCjacaoBaTCIbHOCTH

BHUAC €€ (bHSPI‘ICCKOFO npeaCTaBJICHUA, T.C. B BUAC U3MCHAIOIICTOCA BO BPECMCHH CUT'HAJIA a(t) .



o dHY HAuckpe- KaHTO Konep Mopayns nay
TU3aTop BaTesnb T JT TOp
Ml
]
|
rnc ®HY Viritepnio | ue«ogepW PY\lleT MNPy
nsaTop

L

NC - nctouHmk coobuieHuns

Moy - nepepatouiee ycTpomncTeBo

J1C - nuHua cBa3u
[eT - neTekTop

MC - nonyyaTenb coobLieHns

®HY - PUNbTP HU3KOW YaCTOThI

NI - NCTOYHUK nomex

[MPY - npnemHoe ycTponcTBo
PY - pelwarouiee ycTponcTso

Puc.1.




2. ABanu3 3aJ1aHud.

Beedem ucxoOHble OaHHbIe

AMNANTYAa Uy, := 1-volt T =0.7510 s j=A-1 N := 100 k:=0.N R:=1-Q

KopdpuumeHT 3aTyxaHusig, = i o =1.333x 103 l
’Cl S

KobpuumeHT oT NOHOM MOLLHOCTY curHanay := 0.95
Mepuoa T:=2-10 3.5 ,T=2x 10 3 s . Yrnoeas yacTtoTa 1-0i rapMOHMKK o= 2n , MpMyeM YactoTa 1-0 rapMOHUKN
T

1
fj == ( f; =500Hz) U y:=2-n-f ( 0y =3.142x 103 —rad) .

S

==

MaTemaTtunyeckas mogerb curHana:

—o-t .
Su() = |Upye if 0<t<T

0 otherwise

3KCHOHCHL[PI21.]'IBHBIﬁ HUMITYJIbC

0.75
Su(® 0.5

0.25

-1-10 ¢ 42510 ¢ 9510 * 0.00148 0.002
t

AHarnoroBbI NEPUOANYECKUIA CUTHAM MOXET ObITb NMOMYYEH U3 UMIYNbCHOrO aHaNoOBOro cUrHana nyTem
CYMMWPOBaHWSA ero 3agepXKaHHbIX KOMuii Yyepes paBHbIE MHTEPBasibl BPEMEHU:

10

Spep(V) = Z Sy(t —k-T)
k=0

HCpI/IOI[I/I'-IeCKI/Iﬁ BKCHOHeHHHaHBHBIfI CHUTHaJI

Snep(t)o.s

0 0.001 0.002 0.003 0.004 0.005 0.006 0.007
t



3. Pacuer crieKTpanbHbBIX XapaKTEpUCTUK CUTHAJIA.

JIroboit mepuoauveckuii curHain X(t) MOXXKET OBbITh MPEJACTaBICH TPHUTOHOMETPHYECKUM
psaaom Pypne

[ee) o0
x(t)=a, + Z:(ak coskm,t+b, sinkot)=a, + ZAk cos(ko,t+ ¢, ) (3.1)
k=1 k=1
rae o = 2% — yrjoBas 4acTtoTa l-i WM OCHOBHOUN TapMOHHKH; a

o3, 1 b, — K0 HUIHEHTHI
pa3oKeHus, BbIYKMCIsieMBbIe IO opmyIiam:

t +T t +T

t +T
1" 2" 2" .
ao:? Jx(t)dt ;a, =T jx(t)coskmltdt; bk =T jx(t)s1nkw1tdt;
t t t

H H

H

[ 2 2. bk
Ak =42} +bk s 0, =—arctga—,k:l,2,3... R

k
rae A, — ammiutyaa k-ii rapmonuku; ¢ — ¢asa k-ii rapmonukm; a, — cpeamee
3HAYeHHe CHUrHaja (IOCTOSHHAs COCTAaBIIAIONIAs);

. — YyruoBas 4acrora K-ii

ko =0
FaPMOHHMKH; t — MOMEHT BPEMEHH, COOTBCTCTBYIOLIMI HaYaJIy eproaa.

3aBUCHMOCTH A M @ OT YaCTOThl ® — 3TO CHEKTPBI AMILIHTY H (pa3 COOTBETCTBEHHO.
B HekoTOpBIX citydasx 6oJiee ynoOHa KoMIlJIekcHasi popma psina dypbe

1 - jko,t
x(t):Ek;:ooAkeJ it (3.2)
Koadpdurmentsr A, psina (1.2) Beraucisrores mo Gopmysie
t,+T
A== j x(tye Kertdt (3.3)
t

®opmyisl (1.2) u (1.3) — napa npeodpa3oBanuii ®ypne. CoBOKyMHOCTh K03 puiineHTon
A=A  — KOMIUIEKCHBI CHEKTp mnepuoguyeckoro curuana x(t). CoBOKymHOCTH
JCHCTBUTEIBHBIX BEJIMUUH Ay = |Ak| B 3aBHCHMOCTH OT YacTOThl — CHEKTP aMILUIUTYI.
COBOKYIHOCTb BEJMYMH ¢, B 3aBUCUMOCTH OT 4aCTOTHI — CHEKTP (as.
Psin (1.2) ynoOHO mipecTaBisaTh B popme

o0
x(t) = chejkmlt :
00

k=—

A ltH+T

- k —jkoqt
rae Cp =—F=— J‘xteJ tdt.
k=5 T ()

H



B namewm ciyuae:

CneKmp aHasioeo020 nepuoduquKoeo CUcHalna onpedenﬂemc;l pa3ssioxeHuemMm e pﬂd dypbe:

T T
1 2 .
Sy = ?J' S, (t) dt S, = ¥J' SH(t)'exp(—J'k~m1~t) dt
0 0

CIIEKTp CHUT'HAaJIa IpHU KOMIUIEKCHOU (I)opMe psana q)ypbe
1 T T T T T T T T T

Sgyp (1) = Sy + Z (Sk~exp(j-k-w1~t)>

k=1
BOCCTAHOBJIEHHEII CUTHAJI KOMILI. paaom chpBe
I I I I I I
|S¢>yp (t)|
| | | | | | |
0 0.001 0.002 0.003 0.004 0.005 0.006 0.007
t
2 T 2 T 2 T
a, = ?J Syu(t) dt a, = ?J' S, (t)-cos (k-(nl-t) dt b, = ?J' S, (t)-sin (k-(nl-t) dt
0 0 0
a
0
Ag=
20
Stur(D) = Aj + Z (ak~cos (k-ml-t) + b, sin (k~m1~t))
k=1

BOCCTAaHOBJICHHBI CUTHAJI TPUTOHOM. psiloM Dypre
| | | | | | |

Sfur(t) I

| | | | | | |
0 0.001 0.002 0.003 0.004 0.005 0.006 0.007




[ns nocTpoeHns amnnuMTyAHOro CnekTpa onpeaensem aMmnnmTyay u yactoTty k-on rapmoHukn (k>0)

Ak = (ak)2 + (bk)2 fk =kf

3HayeHuss aMnNnUTya rapMOHUK CBOAUM B Tabnuuy npu k := 10U i:=0.. k

C y4yeToM NOCTOSIHHON COCTaBMAOLLEN CNEeKTP aMnNnnTya NPUHMMaeT Bug, : C,:= AO if iz 0
C. = f = A ifi#0
i i 1
0.698| V 0| Hz
0.273 500
0.145 1-103
0.098 1.5:103
0.074 2:103
0.059 2.5:103
0.049 3-103
0.042 3.5-103
0.037 4-103
0.033 4.5-103
0.03 5-103

CIEKTp CUTHAJa PU TpUTOHOMETpuueckoi popme psaa Oypre

ade

T ? b4 4 * ® ® . .

0 500 1000 1500 2000 2500 3000 3500 4000 4500 5000
£




4. Pacuer npakTn4eCcKOM NIMPHUHBI CIIEKTPA CUTHAJIA.

Curnaibl, KaKk MpaBuIo, UMEIOT KOHEYHYIO JJIUTENIBHOCTh U TIO3TOMY OECKOHEUHBIM CHEKTP.
J1st IpakTUYECKHUX PacyeToB MINPUHY CIEKTPA MOXKHO OrpaHMYHMBATH YACTOTOH cpesa o . Toraa

oo MPAKTUYCCKOU MMHUPHUHOM CIICKTPAa IHOHHUMAIOT HWHTCPBAJ [O,OJC], BHYTpHU KOTOPOI'O

COCpPEI0TOUEHA OCHOBHAS YaCTh SHEPTUM (WJIM MOIIHOCTH) curHaia, Hanpumep 90% wuiu 99%.
OrpaHuYeHHE CIIEKTPa COOTBETCTBYET YCEUCHHIO psijia Wik uHTerpaia @ypee. OHO BeleT K
MOTPEIIHOCTH  §(t) = x(t) — x"(t) IPEACTABICHHUS] HMCXOJHOTO CHUTHANax(t) YCEUYEHHOH OLIEHKOMN

x"(t). Hambonee ymoOHO 3Ty NOTPENIHOCTH OIEHWUBATH C IOMOIIBIO CPEIHEKBAAPATUIHOTO

KpUuTCpu HpI/I6J'II/I)I(eHI/I$I. B 3aBucuMocTH OT BHJa CHUTHala CpCAHCKBaApAaTUIHAA ITOTPCUHIHOCTD
3a CUCT OI'paHUYCHUS CIICKTpa 6yz[eT

t
o’ = tL I 8%(t)dt = AP = JUI1 MOLIHOCTHBIX CUTHAJIOB

m 0

(Hanpumep, NEPUOANYECKHUX);

t
o =L jSz(t)dt _AE s SHEPreTHYECKMX CHIHAJIOB 4.1)
o % t
(Harpumep, UMITYJIbCHBIX),
rae AP =(1-y)PHu AE =(1-y)E- COOTBETCTBEHHO CPE/IHSSI MOILIHOCTh W DHEPrUsi OTOPOLICHHOM

BBICOKOYACTOTHOM 4YacTH CIIEKTPa; Yy -KOA(PQPUIIUCHT, paBHBIN 0,9+O,99;tm- JUIATEJILHOCTD

curHasa (HarpuMmep, ero nepuo).
YcnoBue i BBIOOpa MPAKTHYECKOH IHPHHBI CIEKTPa IPUHUMACT BH/I:

n
a(2) + %ZAi =y -P - 711 TPUTOHOMETPHUYECKOTO pafa ; (4.2)
k=1

nC
2 +22|Ck |2 =y-P- U1 KOMIUIEKCHOTO psijia ; (4.3)
k=1

(0]
1 C
—- _[ A%(0)do =y -E - Ul MHTErpaIbHOTO NpeoOpaszoBanus Oypee, (4.4)
T
0
Iie o - 49acToTa cpe3a (OrpaHuyYeHus) CIEKTPa; n - YMCJIO YYHTHIBAEMBIX TAPMOHMK CIIEKTpa,

IpUYeM o =n_-o,.

10



B namewm ciyuae:

., (=) Ta
MonHas aHeprua MMNynbca Ha ConpOTUBNEHMMR = 1 QO  BydeT umeTb BUA E = P Uy, + L.U
R 2 o 2-a
MpakTyeckas WMpUHa cnekTpa onpeaensaeTcs 4actoTon cpesa :
TE'R'(X\ 0)
= q- E| — 1 c
O = otan B = o, = 1.551% 10° = T —
U ) S 2n
(DC
Taknm obpasom, npu y = 0.95 YacToTa cpesa CrnekTpa curHana f, ;== — W COCTaBUT f, = 2.469KHz, 4TO
2n
COOTBETCTBYET 5-0M rapMOHUKe curHana n := 5
Mpn 3TOM 3Heprus, oTbpackiBaemas Npu orpaHNYEHNN CNeKTpa COCTaBNSAEAE = (1 - y)~E AE =1.866x 10 > J

OTHocuTenbHas cpegHekBagpaTtu4yHaa norpewHoOCTb Npun orpaHn4YeHnm curHana no BpemMeHun coctaBndaeT

Oorn -

=
[l
w =

nyCTb YUCMO YYNTbIBAEMbIX TAPMOHUK n:=5 U i:=1..n. CornacHo cneKTpaanon Teopun MOLLHOCTb

, AE
- [2=100 Cory = 22361 %

E

NI
T )
2
J Su(t) dt p.- y-P=0.17727W
0 ) T

3TUX rapMOHUK

k=1
2
U
1 m
TR 2 2 Pmm:_
a + o T

AGCONIOTHbIN YpOBEHD Py :=0.001 wat

BepxHsisi rpaHuLia ANHAMUYECKOro AnanasoHa L := 10-log(i\

Pg )

P min\
Py )

HwxHsist rpaHmLa AnHaM1Yeckoro Ananasona Ly = 10-log

P, =0.17866 W
n

Ppin=1.031x 10

Lo =22.709

Ly =0.134

3

W

11



5. Pacuer unTepBana IMCKPETU3ALMH U Pa3PAIHOCTH KOJA.

B 3aBucHUMOCTH OT MOJENH AETEPMUHUPOBAHHOIO CUTHAIA MOXKHO BBIZICTIUTH /IBA MOJAX0JA K
onpeneneHuro mara PB/I:
1) o 4yacTOTHBIM XapaKTEPUCTHUKAM CUTHAJA;
2) 1o MpOU3BOIHBIM CUTHAJA.

B nanmnom cnywae mar PBJI BeiOupaercs mo teopeme B. A. KorenbHukoBa. 3mech B
KayecTBe MOJIENIM CUTHala MPUHUMAETCs (PYHKIUsS, OTPAaHUYEHHAs MO YacToTe. Takas (QyHKIHS
HE OrpaHUYeHa M0 BPEMEHHM U MOJIHOCTBIO OMPEAENAEeTCS CBOMMHM OTCUYETAMM, B3SITBIMH YEpE3
WHTEpPBaJI BPEMEHU

1
At=T o
o ZfC

rae f — rpaHAYHas YacTOTa CHEKTPa GYHKUMHU x(t) WM YacToTa cpesa. DTy QYHKUUIO MOKHO

ommucarh 0e3 morpemHocTd moiauHOMOM KoTenpHukoBa K(t), T.e. C MOMOUIbIO (PYHKIUI

otcueToB (DO)
© sin ® c (t-t

)
x(O)=K(@®= Y x(t,) LI

— ®c(t-ty)

rae t, =kAt; Sa(x) — (bYyHKIIMS OTCUETOB.

i x(tk)Sa[mC(t —tk)],
K=-o

B namewm ciyuae:

['paHn4Has yacTtoTa cnekTpa curHana fc = n 7 fc=2.5KHz
LLar guckpetmnsaumm At = L ; At. = 0.2ms
P oot p
Y T .
MCII0 OTCYETOB N.=— ; N, =10
PT At p
p

Ipaghuk duckpemu3upoeaHHO20 M0 8PeMeHU CuzHana

CrtyneHyaTasi annpokcuMumpyoLwas pyHKums Sq (oueHka )

j=0.N, = At 80, = SH(tj)

III/ICKpCTI/BI/IpOBaHHBIﬁ IO BPCMCHU CUTHAJI

1P | | | | | | |
o
S0; R
L 05F 7
Sn(tj) . ' Teeel.
AT I B I R
0 210% 410 610% 810% 0001 00012 00014 00016 00018  0.002

£
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[Mudposoe npeobpazoBaHue CUTHANIA 3aKJIIOYAETCS B TOM, YTO (DYHKITUSI HEPEPHIBHOTO
aprymenTa S(f)CTaBUTCS B COOTBETCTBHE YIOPSA0UYCHHAS MOCIEA0BATEILHOCTD 1IENbIX YHUCE,
TO €CTb LIeJOYHCIIeHHas! PYHKIUSA Lelo4YrcieHHoro aprymenTa Z(n) . CylecTByeT MHOKECTBO

CIOcO00B aHAIOTO-ITU(PPOBOTO MpeodpazoBaHust. Cpeu MOyYHIIU IMUPOKOE PACIPOCTPAHCHUE
METOIbI UMNYIbCHO-K00080U Mooyayuu (MKM), ougpepenyuanvroii umnyibcho-ko0060ti
mooynsayuu (AUKM) u oeroma-mooynsayuu (JIM).

[{udpoBoe mpeodpa3zoBaHNe CHUTHANIA COCTOUT U3 TPEX OTOOPAKCHUN-IUCKPETHU3AIINH,
KBaHTOBAHUS U KOJUPOBAHHUS.

CymecTBYIOT pa3inyHbIe CIOCO0BI BBIOOpa (hyHKIIMK KBaHTOBaHU. B mpocrelimem

clly4ae, KOI'Jla HCIOJIb3yeTCs KBAHTOBAHHE C MOCTOSHHBIM IaroM AS =S, —S, |, ynkuus

KBAaHTOBAaHHUS UMECT BU/.

S, pu S(nA) < (S, +8,)/2
Z, =4S, upu (S, +S_)/2<S(nAt) <(S_ +8S)/2
S, upn (S, +Sy.,)/2 < S(nAt)

Kaxaplii 3 ypoBHEM KBaHTOBaHUS KOJAUpyeTcss YuciioM. OObIUHO UCIIOJIB3YIOTCS AIBOUYHBI¢
cumBoJibl (0 1 1). KBaHTOBaHHBIE OTCUETHI Z (1) KOAUPYIOTCS ABOMUHBIMU YUCIIAMU C M
paspsnaMu. Yucno ypoBHeN KBaHTOBaHHA N M HAEMMEHBLIEE YUCIIO Pa3psAoB m JIBOUYHBIX
qucell, KOAUPYIOIUX 3TH YPOBHHM, CBSI3aHbl COOTHOLLICHUEM:

m=[lg2N]

Keanmoesanuem na3piBaercs OTO6pa)KeHI/Ie MHOXXCCTBaA {S} Ha KOHCYHOC MHOXXCCTBO

uensix uncen {Z} . Orobpaxenne {S} — {Z} Bepaxaercs Gopmymoii:

S

Z=|-
AS

S .
[TpaBast yacTh BbIpa)XEHMSI O3HAYAET OKPYTJICHUE BEINUMHbI S 10 OMKafIIero Henoro

yucna. Ecnu BenmnunHa AS MOCTOSIHHA, TO KBAHTOBAHUE HA3BIBACTCS PAGHOMEPHBIM.
Kooupoeanuem Ha3pIBaCTCS MPEICTABICHUE KAXKIOTO YnCIa Z € {Z } B BUJIE KOHEUHOU

IoCJI€A0BATCIIBHOCTH CHMBOJIOB, Ha3BIBACMOM KOOOBBIM C1OGOM.

[Tpu npaBUIBHO BEIOPAHHOM YaCTOTE JUCKPETU3AINN TOYHOCTh TPEOOpa30BaHus
aHAJIOBOTO CHT'HAJIa B HU(POBON KOJI OTIPEEIseTCs UCX0 1 U3 TeopeMbl KoTenpbHUKOBa
BEIMYMHOM mara kBantoBanusi AS . [lorpemHocts mpeoOpa3oBaHus TEM MEHBIIIE, YeM MEHBIIIE
mar KBaHTOBaHUs. Pa3HOCTh MEX/Ty HCXOTHBIM U KBAHTOBAaHHBIM 3HAYCHUSIMU CHTHAJIA B
JMCKPETHBIC MOMEHTHI BPEMCHH HA3BIBACTCSI ULYMOM K8AHMO0B8AHUA (ONIMOKON KBAHTOBAHWS ).
[Tpu PukcupoBaHHOM MAaKCHMAJILHOM YPOBHE BXO/JHOTO CUTHAJA IIyM KBAaHTOBAHUS
OTIPEICIIICTCS YUCIIOM YPOBHEHW KBAHTOBAHUS — Pa3psIHOCTHIO aHAIOTO-IIU(POBOTO
npeoOpazoBarens (ALLIT).

[Tpu kKoAMPOBAaHMH JBOWYHBIMH YHCIIAMU M JUTMHE KOJOBOTO CIIOBA B 71 Pa3psioB
KOJIMYECTBO JIBOMYHBIX KOJIOBBIX CJIOB » cocTaBysieT » =2" . Tak, npu m =16 noaydum
r=256 .

[Tpu MMHEHHON UMITYIbCHO-KOJIOBOIM MOIYJISIIMH MOIITHOCTD IIIyMa KBAHTOBaHUS
OTIPENIENACTCS TOJILKO IIaroM KBAaHTOBAHUS:
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AS* 1 (U

max

ut.Ke. 1 2 - E 2}71

rae U, - oOmwuii JMHAMAYECKUH Mana3oH CUTHAaa.
DddhexTuBHOE 3HAUCHHNE OMMMOKN KBAHTOBAHUS

1 AS 1 U,

ﬁ? - \/3 2m+l

e(AS) =

HOCKOJ’IBKy PM_K& HEC 3aBHUCUT OT YPOBHSA BXOAHOT'O CHUI'Halida, TO C YBCIIMYCHUCM MOIIHOCTHU

F, .
BXOOHOI'O CUTrHaJIa Pc OTHOIIICHHC ¢ — JINHEHHO pacTeT 40 TCX MOP, IOKAa HEC BOSHUKAIOT
U.Ke.

IIyMBI OTPaHUYCHUSI.

Yposenb orpanndenus mo Bxoay ALIT onpenensieTcst ero MakCUMaibHBIM BXOHBIM
pabouuM HamnpspkeHueM. IHllymom ozpanuuenus Ha3pIBACTCS PA3HOCTh MEXKY UCXOIHBIM U
OTPaHUYCHHBIM CHTHaJIaMu. AHAJIOTO-1IM(DPOBOM MpeoOpa3oBaTeslb PpACUUTHIBACTCS TAKIM
CrocoOoM, 9TOOBI OTpaHUYEHUSI HE BOZHUKAIN, TO €CTh:

S S, v =2RS.,

< .
c.make — U&X.AUH.MGKC > ~e.make

Ine R - muk-akTop curHana, S, , - CpeIHEKBAIpaTHIECKOE 3HaUeHue curnana. B

MO€EM KypcoBOM nmpoekre U, . .

= Um , TO €CTh HAIIPAXKCHUIO S3KCITOHCHIUAJIbHOTO
chUrhaalia.

C yueToM npuBEACHHBIX (OPMYI HAXOAUM MOIIHOCTH IIyMa:

2

1 RSc.cp.

ut.Ke. 3 N

MoiHOCTh cUTrHajia npu conpotuBieHuu 10m P = S? . Torxaa

c.cp

P _3N?

K.
niimn

101g f_ 201g%+4.8[05]

Ut.Ke.
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B namem ciyuae:

Yucno ypoeHeli keaHmoeaHusi u pa3psiOHOCMb 080UYHO20 KOOa
OTHoLEeHne CurHan-wym CII:= 50

KoapdmumeHT annutyabl KA := 38

y , ‘( CIIl )
L‘||/|CJ'|O ypOBHeVI KBAHTOBaAHUA [ := ceil KA- —) L=156
J 3

PaspagHocTb Koga n := ceil(log(L,2)) n=28

Tak Kak paspsigHOCTb KO n = 8 , TO YNCTIO YPOBHEN KBaHTOBaHWS Byaet L= 2" L=256

LWnpuHa cnektpa AF :=n-fc AF = 20KHz
At _ 6
OnuTensHOCTb uMNynbca 1= _P T =25.000x 10 "s
n
W 1 Ab
ar KBaHToBaHUs Ab ;= —— Ab = 0.004 — =0.002
L-1 2

[OnHamnyeckmii gnanasoH unMdpoBoro curHana B ab oueHnBaeTcs BENMUYNHON DH =6(n — 1) Du =42

—4 —4

0 210 4 410 4 6-10 8-10 0.001 0.0012 0.0014 0.0016 0.0018

£
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C nomoubto TPaCCUPOBKU Hangem To4Kn nepece4vyeHud ypOBHeVI KBAHTOBaHUA U OUCKpPEeTU3aunn no BpeEMeHU :

KB:=(1 0.766 0.587 0.449 0.344 0.264 0.202 0.155 0.118 0.091)

VK= — YK - ypoBHU KBAHTOBaHWS

0| 255 195| 150| 114 88 67 52 40 30 23

MepeBon B A4BOVYHbLIN KOO

Binary(X) := |z « ﬂoo\{w\

T
Binary(YK, ) =(1 111111 1) Binary(YK, () =(1 0 0 0 0 1 1)
Binary(YK, ) =(1 10000 1 1) Binary(YK, ) =(1 100 1 1)
Binary(VK, ) =(1 0 0 10 10 1) Binary(YK, ) =(1 0 0 1 1 1)
Binary(YK, ) =(1 1100 1 0) Binary(YK, () =(1 1 11 0)
Binary(YK, ) =(1 0 10 1 1 1) Binary(YK, ) =(1 0 11 1)

Tak kak kog 8-mu paapﬂnglﬁ B HeJoCTawLwme ctapLlimne pa3paabl 3anmwiemM Hynm 1 nony4vynm BEKTOp :

Mz(l1111111110000111001010101110010010101110100001100110011001001110001111000010111)T



3anuweM pyHKLMI0 KOLOBOIO curHana

Sxon (D = if t<
if 0< 107
if 10t < 141
if 141 <177
if 171 <191
if 197 <207
if 20t <21t
if 21t <221
if 221 <231
if 231 < 241
if 241 < 25.1
if 251t < 281
if 281t <30t
if 307t <31t
if 31t <331
if 331 < 341
if 341t < 35.1
if 351 < 361
if 361 <37t
if 371 < 40t
if 401t < 411
if 41t < 421
if 421 < 461
if 461 < 481
if 481 <501
if 50t < 521
if 521t < 541
if 541 < 561
if 561 < 581
if 5871 < 591
if 591t < 611
if 61t < 641
if 641 < 671
it 671 <71t
if 71t <751
it 751 < 761
if 761 < 771
it 771 < 80t
if 801t

KOJIOBBIM CUTHAJ
1.5
1 M MO r F M rrn B
SKoz[(t)
0.5~
0
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6. Pacdet aBTOKOOPEISIIMOHHON (DYHKIIMM U SHEPTETUIECKOTO CIIEKTPa KOJIOBOTO CUTHAJIA.

Koppemsius (correlation), u ee 4acTHBIA cirydaid Jisl HEHTPUPOBAHHBIX CHTHAIOB — KOBAapHAlUs, SBILETCS
METOJIOM aHalli3a CUrHasoB. [IpuBeneM OQWH M3 BapHAHTOB MCIIONB30BaHKA MeToAa. [IOMyCTHM, YTO MMEETCS CUIHAJI
s(t), B KOTOpOM MOXKET OBITH (a MOXKET U He OBITH) HEKOTOpasi MOCIEeN0BaTENBHOCTE X(t) KOHeUHOH mnHBI T, BpeMeHHOoe
MIOJIOKEHHE KOTOpOH Hac HMHTepecyeT. Jlisl MOMCKa 3TOH IOCIENOBATENBHOCTH B CKOJB3AIIEM IO CHrHANY s(t)
BpEMEHHOM OKHe IIHHON T BBUHCIAIOTCA CKaJSIpHBIE MpoM3BeneHHs curHaioB s(t) m x(t). Tem caMbpIM MBI
"npuknaabBaeM" MCKOMBIN curHan X(t) K curHaiy s(t), CKOJb3sl MO €ro apryMeHTy, W MO BEIMYMHE CKaJIIPHOTO
MIPON3BE/ICHNS OLIEHNBAEM CTEIIEHb CXOJICTBA CHT'HAJIOB B TOYKAX CPaBHEHHS.

B BapmanTe aBTOKOppensuuu (autocorrelation) Mo aHAJIOTMYHOM METOJHMKE IPOU3BOIMTCS OIpEIeseHHE
CKaJIIPHOTO TPOM3BEJEHUs] curHaia s(t) ¢ COOCTBEHHOH KOMHWEW, CKONB3SIIEH 10 apryMeHTy. ABTOKOPPENSIHS
TIO3BOJISIET OLCHUTH CPEAHECTATHCTHYECKYI0 3aBUCHMOCTH TEKYIIMX OTCYETOB CHTHaja OT CBOMX MNPEIBIAYIIMX WU
TOCIIEYIONINX 3HAYEHWH (TaK Ha3bIBAaEMBIN paliyc KOppeNsi{ 3HAYeHWH CUrHaja), a TakKe BBIIBUTH B CHUTHAJIC
HaJIMYUE NEPHOIMYECKH TTOBTOPSIOIINXCSI SJIEMEHTOB.

AK® (correlation function, CF) curHama s(t), KOHEYHOrO IO DSHEPTUH,  SBISETCS KOJIMYECTBEHHOMH
MHTETPaJbHON XapaKTePUCTUKOHN (JOPMBI CUTHAJIA, U ONpPEeIsIeTCS MHTETPAJIOM OT IPOU3BEACHHS ABYX KOIMI CHTHAIA
s(t), CIBUHYTBIX OTHOCHTENILHO JPYT Ipyra Ha BpeMs T:

B =[50 5(t40) dt= (600, 5640) = 500 5+ cos o).

Kak crnenyer u3 sroro BolpakeHnsi, AK® sBiseTcs CKamsIpHBIM NMPOW3BEACHHEM CHI'Hajla W €ro KOIUH B
(GYHKIIMOHANBHON 3aBHCHMMOCTH OT TIEPEMEHHON BeluduHbl 3HaueHuss capura t. CoorBerctBeHHo, AK® mnmeer
¢br3HUecKy0 pa3MepHOCTh SHepruH, a npH T = 0 3HaueHne AK® HenmocpeacTBEeHHO paBHO SHEPTUH CHTHAJIA:

B(0) = J': s(t)* dt =E..

CnekTtpanbHas nnotHocTb AK® mosker ObITh OmpereneHa u3 CleAynuX MPOCTHIX COO0PaKECHHU.
B cootBerctBin ¢ BeipaxkenueM (8.1.1) AKD npezacrasmser co0oil GyHKIHIO CKAISIPHOTO MPOM3BEACHHS CUT-
HaJla ¥ ero KOIUH, CABUHYTOW Ha MHTEPBAJ T, IPH -00 < T < 00:

By(1) = (s(1), s(t-1)).
CKaHHpHOC TIPON3BEACHUE MOXKET OBITh OIPEACIICHO Y€PE3 CHNEKTPAJIBHBIC INIOTHOCTHU CHUTHAJIa U €r0 KOITNH,
MPOU3BCACHUEC KOTOPBIX MPEACTABIIACT coboit CIICKTPAJIbHYIO INIOTHOCTH B3aMMHOMN MOIITHOCTH!

(s(t), s(t-1)) = (1/2m) J.OO S(®)S.*(») do.

CmeleHre curaaia no ocu adCIyce Ha MHTEPBAJ T OTOOPayKaeTcst B CIIEKTPAILHOM TPEJCTaBICHUH YMHOXe-
HHEM CIIEKTpa CHTHaJIa Ha exp(-j®T), a VISl COMPSHKEHHOTO CIIEKTpa Ha MHOKHUTEIb eXp(jmT):
S:*(®) = S*(w)-exp(jor).
C y4yeToM 3TOro moaydaeMm:

By(t) = (1/27) J.OO S(w) S*(w)-exp(jort) dw =

= (1/27) Jm IS(0)]? exp(jor) do. (8.3.1)

Ho nocnennee BeIpaskeHHe TpeACTaBIsIeT co00ii obpaTtHoe mpeodpa3oBanue Oypre YHEPTETHIECKOTO CIIEKTpa
curHana (CreKTpaTbHOU IUIOTHOCTH SHepruu). ClieoBaTeNnbHO, YHEPTETHIECKUI CIIEKTp CHUTHANIa U €ro aBTOKOppes-
1oHHast (DYHKIIMSI CBsI3aHbI Mpeodpa3oBaHueM Dypbe:

By(1) < |S(0)] = Wy(w). (8.3.2)

AHAIIOTHYHBIN Pe3ylbTaT MOXET OBITH TONYYCH M MPSAMBIM IpeoOpa3oBanueM Dypre aBTOKOPPEIAINOHHON

hyHKIIMN:

ro By(7) exp(-jort) dt = ro _ro s(t) s(t-t) exp(-jot) dt dt =

- j :; s(t) exp(-jort) I : s(t-1) exp(joo(t+1)) d(t+1) dr = S(w) S*(0) = W().

Taxum obpa3om, criekrpanbHast ioTHocTh AK® ecTh HEe YTO MHOE, KaK CIEKTpaibHasl MIOTHOCTh MOIIHOCTH
CHTHAJIa, KOTOpasi, B CBOIO OUepe/lb, MOXKET ONPEAENAThHCS NPsIMBIM NpeoOpazoBanneM Dypobe uepes AKD:

IS(w)*= I : By(1)-exp(-jor) dr. (8.3.3)
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S2,

B namewm ciyuae:

Pacyem aemokoppensiyuoHHOU yHKUUU U IHEP2emMUYECK020 criekmpa
1 T
k:=0..160 At =-T + Tk 82, = ;-J S con(D-Sonlt + Ati) dt
0

AK® komoBoro curgaia

0.6
0.4
A AN A
" \/J‘\/'\F V VY v VJ\/J\\,«V\I
0 —_— —_—
-0.0015 -0.001 -5.10 * 0 5.0 4 0.001 0.0015
Aty
A= lspline(A'r, SZ) B(x) := interp(A, Ar, SZ,X)
Df:=100Hz N:=20 n:=0..N f :=Dfn

n

T
W= 4-J B(x)-cos (2n-fn-x) dx
0

SHEPreTUYECKUM CIIEKTP

0.0015
0.001 \
5.0 ¢ \
0 e —
0 200 400 600 800 1000 1200 1400 1600 1800

f

n

2000
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7. PacueT CIEKTpAJIbHBIX XAPAKTEPUCTUK MOAYJINPOBAHHOTO CUTHAJIA

B mumpokoM cwmbicie MOAyJASiiMA — 3TO OTPaKEHUE WM HaHeceHHe MHGoOpMAUMHM Ha
HOCUTE/Ib WINM NepeHocuMK uHpopManuu. B mepeBoje ¢ JaTMHCKOro “Moaynsuus’ — 3TO
MEpHOCTb. E€ IOHMMAIOT KaK 3a/1aHie HEKOTOPOIo pa3Mepa HOCUTEINIO.

B Texnuke HocuTeneMm uHpOpManuu SBISETCS (PU3MYECKMI CHTHAN, HApUMEp TOK HIU
HanpsbkeHue. B Teopun paccMaTpuBarOT MaTeMaTHUECKYIO MOJIEb CUTHaNa-HOCUTEN. B oOem

cIydae 3TO HeKoTopas (YHKIUS BpEeMEHH X (t,al,az,...,a ), TIe a +a_  — IapaMeTphl
H n n

HOCHUTCJIA.
HpOCTeI;'IHII/Iﬁ HOCUTCJIb — O3TO IIOCTOSAHHAsA BCIWMYMHA, XaPaKTCPU3YCTCA TOJIBKO OJHHUM

13 7’

napaMmeTpoM (puc.7.1a). Wndopmanust 31ech MOXKET OBITH OTpaKe€HA HW3MEHEHHEM

‘C 2

rnapameTrpa (7.16). DToT TWporecc OTpaXkeHUs Ha3bIBalOT mpsiMoii Moxyiasiuueid [IM. B
pe3yapTaTe NPSMOI MOIYISIIIMM MOJIy4aloT CUTHAN X(t) , HECYIIHI HHPOPMALIHIO.

A Xu(6,X) = x T/X\(t)/?C(\— var
A l »

N >
0o— 2) 5 0| 6)\/ t

Puc.7.1
[IpssmMas MoaynALus XapakTepHa Ui 3Tana BoclpusaTus uHpopmauuu. Ee ocymecTBistor
NEepBUYHbIE U3MEPUTENbHbIE TPe0OPa30BaTeNU U Pa3IUUHbIEC JATUUKH.
[Mpsmyro  MoOIysIMIO OOBIYHO HE paccMmarpuBatoT. CUYHTAIOT, YTO MCXOTHOW WHpOpManuei
SBIISIETCSl CUTHAN x(t) . Jlayee pemarot 3amaqy: myreM MOIYJISIUA HAHECTH 3Ty HHPOPMAIUIO Ha

HOCHUTEIIb xH(t,al,az,...,an). Jns aToro ¢ moMompr0 CUrHaja X(t) HW3MEHSAIT OJIWH WIIU

HECKOJIBKO ITapaMeTpoB HOCHTeNs. B pesynbprare, Hanpumep, umeeM: x, (t,a,,a, +Aa,(t),..,a, ) —
MOJIyJIMPOBAHHBIN CHUTHAJ; Aa (t) =kx(t) — mepeMeHHas COCTaBIAIOLIAsg Mapamerpa; x(t)

MOTyTHPYIOLIHHA cUTHAN (MHPOPMALMOHHBIN ).

Takum 00pa3oM, B y3KOM CMBICIIE MOAYIISILUS — 3TO U3MEHEHHWE OJJHOTO WM HECKOJBKHX
napaMeTpoB HOCHTENSI C TOMOIIBIO CHTHAJIA, Hecymero nadopmaruio. OOparHas onepanusi, T.e.
BbIJICJICHUE WH(POPMALMOHHOIO CHrHana x(t) M3 MOIYIMPOBAHHOTO CHUTHAJIa, Ha3bIBAETCS
AEeMOIY IS LU .

MaHunynsuuss — 3TO Pa3sHOBUAHOCTb HENpEpbIBHOW Moaymsauuu. llox MaHumyismuen
MOHMMAIOT CKaYKOOOpa3HOe U3MEHEHUE apaMeTpoB HOCUTENsA. Takoe U3MEHEHUE UMEET MECTO,
KOTJla MH(POPMAlMOHHBIA CUTHai X(t) AMCKpETeH, a UMEHHO MMEET BMJI MOCIEI0BATEIbHOCTH

NPSIMOYTOJIBHBIX UMITYJIBCOB.
Paznmuuaror ammmutyaayio (AMH), gactotHyto (UMH) u dazoByro (OPMH) MaHUyISIH
(puc7.2).

A

x(t 2 4t T

of il ifolof ][ i]i]ofn Breo-

HUMITYJIBCBI

1) 1AM (\ [\ [\ . Pauio-
o U\ VAVAVAVIRRVAS. 2o

A ! e\ 1<y Ly o2

SR TTANANATITANAWAWANITIA
LV AVAVITLVIVAVAVAVAVAVLIAV

e ANAAYANARNAVANANWAARNA
@M VAV, VAVAV,

Puc.7.2

v

v
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[Tpu yrmosoit Mopynsiumu (angle modulation) B Hecymem rapmonndeckoMm konebannu u(t) = Upcos(mt+@) 3HaUCHHUE aMIUTATYIIBI
konebanuit Uy, ocTaercs MOCTOSHHBIM, a WH(popMarws s(t) IepeHOCHTCs OO0 HA 4acToTy , TUO0 Ha (a3oBeii yrom ¢. M B ToM, u B
JpYroM ciiydae TeKyliee 3HadeHue (Ha30BOro yriia rapMOHHYECKOro konebGaHus u(t) ompenesnseT apryMeHT W(t) = ot+@, KOTOpbIi
HA3bIBAIOT NOJHOU ha30u KOCOAHS.

®Pazoeass modynsuyusi (PM, phase modulation - PM). TIpu (a3oBoii MOgymsAuMHu 3HadeHwe (PasoBOro yria MOCTOSHHOM
HeCylield 4acToThl KojieOaHWH ®, MPOMOPIMOHANBEHO aMIUIMTY/Ae Moayiupytomero curtana s(t). CooTBeTcTBeHHO, ypaBHeHHE OM —
CHTHAJIa ONPEJIENACTCS BEIPAKCHUEM:

u(t) = Un cos[at + k-s(t)], (7.2.1)
rae k — koaddurment nponopimonagsHocTH. [IpuMep ogHoToHambHOr0 @M — curHana npuBeseH Ha puc.7.2.1.

st Ipu s(t) = 0, ®M — curHas SABISETCA MPOCTHIM TaPMOHIYECKUM
Kole0aHWeM W TIOKa3aH Ha pPHCYHKE (yHKIUeH uy(t). C yBenmueHneM
3HaueHn# s(t) momHas ¢aza xomebanmit Y(t)=wot+k-s(t) HapacTtaer BO
BpeMEeHH ObIcTpee W  OlepexaeT JIMHEWHOe HapacTaHHe — Mof.
COOTBETCTBEHHO, NPH YMEHBIICHUN 3HAYCHUH S(t) CKOPOCTH pOCTa TOTHOM
¢a3pl BO BpeMEHH cHajgaeT. B MOMEHTBI SKCTpeMaJbHBIX 3Ha4YeHHM S(t)
abcomroTHOe 3HaueHHe (azoBoro capura Ay mexay @M — curHanom u
3HaUCHHEM ! HEMOIYIMPOBAHHOIO KOJNEOAHWS TakKe SBISETCA
MaKCHMAaJbHBIM U HOCHT Ha3BaHue Oesuayuu (azvl (66epx AQ, = K-Syu(t),
win ¢nuz AQy = kesyu(t) ¢ yderom 3HaKa SKCTPEMalbHBIX 3HAYCHHMN
MOIYJIHPYIOMIETO CUTHAIIA).

Jnst xomebaHUi C YTIIOBOM MOXYISIHEH NPUMEHSETCS TaKKe
MIOHATHE MTHOBEHHOW dYacToTHl (instantaneous frequency), moj KOTOpoit
Prc. 7.2.1. ®a3oMOayTHPOBAHHBIH CHIHAIL. HOHUMAIOT MPOU3BOAHYIO OT IIOJHOM (a3bl 10 BpEMEHM:

o(t) = y(tydt = o, + k ds(t)/dt.
HOJ'IHaSI (1)333 KOH€6aHHﬁ B HpOH3BOJ’IBHBII>i MOMCHT BPEMCHU MOKET 6BITI> onpeacsicHa UHTErpupOBaHUEM MFHOBeHHOﬁ YaCTOThI:

w(t) = j ;O o) dt, wm y(t) = J' ; ot) dt +o,.

YacmommHasi modynayusi (UM, frequency modulation - FM) xapakTepusyercs THHEHHON CBA3LI0 MOIYJIUPYIOIIETO CUTHANA C
MTHOBCHHOW YaCTOTOW KOJIeOaHWiA, MpU KOTOPOW MTHOBCHHAs 9acTOTa KOJIEOAHUU 00pa3yercsl CIOKEHHEM YaCTOTHI BBICOKOYACTOTHOTO
HECYIIEro KoieOaHus ), CO 3HAUCHUEM aMILTUTY bl MOAYJIMPYIOIIETO CUTHAJIA C OMPEICIICHHBIM KO3(D(QHUITMECHTOM MPOIOPIIMOHATBHOCTH:

o(t) = o, + k-s(t). (7.2.2)

CooTBeTCTBEHHO, TIONHAs (ha3a KoneOaHuii:

WD) = ot) + k J' iw S(O) dt, wi y(t) = o) + k I; S(t) dt +op.

Ypasuenue UM — curnana:
t
u(t) = Uy, cos(coot+kj s(t) dt +o,). (7.2.3)
0

Amnanornano ®M, 111 XapaKTEPUCTUKH TTyONHBI YaCTOTHON MOYIISIINN MCIIONB3YIOTCS MTOHSATHS Oesuayuy 4acmomaol 66epx Amy
= K-Smax(t), ¥ 8HU3 A®, = K-Spin(t).

YacroTHas ¥ (a3oBas MOXyIsAMs B3auMOCBs3aHbL. Ecim m3MeHsercs HadanmbHas (asa KoneOaHWs, M3MEHSAETCS U MTHOBEHHAS
yacTora, 1 Hao0opoT. 1o sTol mpruuHe UX 1 OOBEAMHAIOT MO OOIINM Ha3BaHHEM yrioBoi moxymsiauu (YM). o ¢opme xomebanwii ¢
YIIIOBOW MOIYJSIMEH HEBO3MOXKHO OIMpPENeNNTh, K KaKOMY BHAY MOAYIISIIMN OTHOCHTCS AaHHoe Konebanue, k ®M mmm UM, a mpu
JOCTaTOuHO Tnafkux GyHkiwsx s(t) popmel curHanoB ®M u UM BooOIIIEe MPAKTHYECKH HE OTIHMYAIOTCSL.

OJdHomoHanbHasa yarnoeasi Modynsauusi. PaccMOTpUM TapMOHMYECKMH MOIYJIMPYIOIMH CUTHAN ¢ MOCTOSHHOW YacTOTOM
konebanmit Q. HauanpHas Qaza komebaHmii:

o(t) = P sin(Q),
rae B - ungekc yriaoBod momymsiimu (modulation index), KOTOPBIM 3a/1a€TCsl HHTEHCHBHOCTD KoJieOanuit HayanbHOU (asbl. [lonHas daza
MOJYJUPOBAHHOTO CHT'HAJIA C YI€TOM HECYILEH YaCTOThI M,
Y(T) = ot + B sin(Qt).
YpaBHeHHe MOIYIUPOBAHHOI'O CUTHAJIA!
u(t) = Uy, cos(m,t + B sin(Qt)). (7.2.4)
MrHoBeHHas 4acToTa KoJIeOaHMiA:
o(t) = dy(t)/dt = o, + Q cos(Qt).

Kak cnemyetr w3 3Tux QopMmyn, W HavanmbHas (asa, U MTHOBEHHAs YacTOTA M3MEHSETCS MO TapMOHHYECKOMY 3aKOHY.
MaxkcuManbHOE OTKJIIOHEHHE OT CPEIHETO 3HAUCHUSI O, PAaBHO ®g = B2, 1 monyumiio Ha3BaHue deguayuu wacmomsl (frequency deviation).
Ortcro/1a, MHIEKC YTIIOBOW MOIYIISIMHU PABEH OTHOIICHHUIO ACBHAIIMH YaCTOTHI K YaCTOTE MOMYJIUPYIOIIETO CUTHANA!

B = wd/Q. (7.2.5)

Pasznuuns Mexay 4acTOTHON U (a30BOH MOIYJSIIUCH MPOSBIISIOTCS MPU W3MEHEHHH YaCTOThI (2 MOAYIUPYIOIIEro CHrHAA.

[lpu ¢a3zoBoil MOIYIALMK ACBHAIMSA YaCTOTHI MPSMO MPOMOPUHOHANBHA (), & WHIACKC YIJIOBOH MOIYISIMH OT YacTOTHI
MOZYJIHPYIOIIEro CUTHajIa He 3aBUCHT:
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=const, mq=pQ.
Hamnpotus, npy UM NOCTOSIHHBIM MapamMeTpoM ME)I[yJ‘ISIHI/II/I HBJ‘IHGTESI JICBHALS YaCTOTHI, ITPY ATOM WHJEKC MOAYJISINN 00paTHO
MPOITOPIIMOHAIIEH YaCTOTE MOIYIHPYIOIIET0 CHIHAA!
®g=const, B =wy/Q.
Crnekmpb! cu2Hano08 ¢ yanoeol Mmodynsyuel.
®opmyny (9.2.4) oqHOTOHATBFHON MOIYIISAIIAA MOXKHO TIPE00Pa30BaTh K BHAY:
u(t) = Upcos(B-sin(Qt)) cos(mot) - Upsin(B-sin(Qt)) sin(m,t). (7.2.6)
[lpy Manblx 3HAYEHMSX HMHAEKCAa YIJIOBOW Momyiamuu (B<<l, y3KOIoJOCHas MOIYJSALHMSA) MMEIOT MECTO INpPUONMKEHHbBIE
paBeHcTBa!

cos(PB-sin(Qt)) =~ 1, sin(B-sin(Qt)) = B-sin(w,t).

[pu nx ncnonszoBaruu B (9.2.6), momydaem:

u(t) = Uycos(mot) + (BUn/2)cos[ (ot Q)t] + (-BUw/2)cos[(@,-Q)t]. (7.2.7)

CpaBHeHne maHHOTO BEIpaxeHus ¢ Gopmynoirt AM — curHana (9.1.4) mo3Bomnser caenaTh BBIBOA, YTO aMIDIMTYAHBIE CIIEKTPHI
onHoToHANbHBIX OM 1 UM curHanoB mpu B<<l mpakTH4YecKd aHaJOruuHbl AM CHUTHAIaM M TaKKe COJAEPIKAT BEPXHIOI U HIDKHIOKO
OOKOBBIE YaCTOTBI M, T2 U M,-C2. Pa3znuume 3aKodaeTcst TOIBKO B CMEHE 3HAKA aMIUTUTYAbl HIKHEH OOKOBOM 4acTOTHI HA MHUHYC, T.€. B
JIOTIONHUTETLHOM (Da30BOM CBHIe HIKHeil GokoBoil uacTotsl Ha 180° oTHOCHTENbHO BepXHeil GOKOBOI uacTOTHL. COOTBETCTBEHHO,
rapMoHndeckue AM CHTHAIBI MOT'YT ObITH TpaHchopMupoBaHbl B UM curnaiisl n3menenneM Ha 180° HauambHOM (asbl OHOM U3 GOKOBBIX
nosioc. 3aMeTUM TAKKe, YTO TP MaJIbIX 3HAYCHUSIX MHJIEKca [3 OCHOBHAsI MOIIHOCTh CHTHAJIA MIPUXOUTCS Ha HECYIIYIO YacTOTY.

1 | | | | MaremaTiueckass MoOIeNb OAHOTOHaNbHBIX UM u OM
CHTHAJIOB C JIFOOBIM 3HAUCHHEM HHJICKCa MOJYJISIIIHY 3 B 00IIeM citydae
noy4aercst pasiaokenueM GyHKIUH (9.2.4) B CIEAYIOIIUHN P

u(t)=Up, Z Ji(m) cos[(@,tkQ)t],
k =-o

rae Ji(m) — ¢ynknus beccens k-ro manekca or aprymenra m=. 13
9TOr0  ypaBHEHHS CIEAYeT, YTO CIEeKTp CHTHAlA COIEpPXKUT
OECKOHEYHOE YHCIIO COCTABJIIONIMX - HIDKHHX M BEPXHHX OOKOBBIX
KojebaHuii, ¢ dYactoraMu ®,tk(),  KOTOpbIE  COOTBETCTBYIOT

SHaYEHMA AMNAKMTYO FapMOHME CREKTDE

TapMOHMKAM  9acTOTBI ~ MOAYISIMH, H C  aMINIHTYJAMH,
iy | ! | ! MPONOPUMOHAIBHBIMI 3HaueHUSIM Jy(m). AMIUTUTYIBI TATH TIEPBBIX
. 2 4 5 8 M| rapMOHHK H Hecymel gactorsl npu U,=1 B 3aBUCHMOCTH OT MHJEKCa

FHAEKC MOAYNALKK
Puc. 7.2.2. AMIIATYABI TApMOHUK CHTHAJIOB C YTIIOBOM
MOAYJISILHUEH.

MOIYJISIIIAN IPUBEEHBI Ha puc. 7.2.2.

[lpu Manoii BenuuMHE WHIACKCA [3 3HAYMMbBIC AMIUIUTYIHBIC
3HAYEHHs UMEIOT TOJIBKO MepBbie rapMoHUKH. C POCTOM BEIUYUHBI [3
KOJIMYECTBO 3HAYMMBIX OOKOBBIX COCTABIISIONIMX YBEITHUUBACTCS, @ SHEPTHs CUTHAJIA TIepepaclpeeNiieTcss Ha OOKOBBIC COCTABIISFOIIHE.
Oyukirm beccens UMEIOT KoieOaTeIBHBIN XapaKTep, MOATOMY CIEKTp MPHU yIaICHHH OT HECYIIEeH YaCTOTHI M, CIaJlaeT HEeMOHOTOHHO. Ha
puc. 9.2.2 MOXXHO TaKXke BUICTh, YTO MPU ONPEICIICHHBIX 3HAYCHUAX WHIIEeKca Moayisinuu (2.405, 5.52, 8.654 u T.11.) Hecymas 4acToTa @,
B CIICKTPE CUTHAJIA MMOJHOCTHIO OTCYTCTBYeT. DopMa (PU3MUCCKUX aMIUTUTYIHBIA CIEKTPOB MOAYJIUPOBAHHBIX CUTHAJIOB OTHOCHUTEIHHO
HECYIIEH YaCTOTHI MPH Pa3HBIX WHIIEKCaX MOIYIISAIINH MIPUBEICHA Ha puc. 7.2.3 .

C pocToM HHAEKCa MOIYIISIIMY ITOJIOCA YacTOT, 3aHUMaeMasi CUTHAJIOM, paciupsiercs. [IpakTidaeckas MUPUHA CIIEKTPa CUTHATA C
YIJIOBOW MOAYJISIIACH ompenensercs mo GpopMyie:

Mipaer = 2(B+1)Q, (7.2.8)
T.C. CHCKTPAJIBHBIMU COCTaBISIOIMMMH ¢ HoMepamu k>(B+1) mpeneOperaror. dopMupoBaHHE pEANBHBIX CHUTHAJOB, KaK MPABUIIO,
BEITIONTHSIETCS TP 3>>1, Tipu 3TOM 3 PEKTUBHAS IMUPUHA CIICKTPA paBHA YABOCHHON JICBUAIIMU YACTOTHI:

Mopaer = 2BQ = 203, (7.2.9)
1 1 1 1 1 1
p=-05 T p=1 M p=2 T g5 T T
¥ @
SF 5 =
1
FI¥ Sl & 3
FLLE L AN AL
1 L L L | 1 1 L.
QWD 1} 100 ng 1} 100 ng 1} 100 g2DEI 1} 200 g5EID 0 500 -HZUUD 1} 2000

Puc. 7.2.3. Momynu ciektpoB UM curHaja mpu pa3HbIX HHAEKCAX MOIYIISIIHH.
(mecymrast wacrora 2500 I', rapmormka Moxymsmmu 25 [, mrkana 9acToT B 11 OTHOCHTENBHO HECYIIeit)

Ortcrozia ciexyer, 4To 1o cpaBHEHHIO ¢ AM — cUrHajzaMu, 1ojoca 4acToT KOTOPHIX paBHa 2(), 1y repeiaul CUTHAJIOB C YTJIOBOH
MOIyJsIued TpeOdyeTcs moyioca 4actoT, B [3 pa3 Oombmas. C APYrodl CTOPOHBI, UMEHHO MIHpOKomoigocHOCTh UM u @M curHamos
obecrieurBaeT nX OOJBIIYIO TOMEX0YCTOWYMBOCTD 110 CPaBHEHHIO ¢ AM CHIHalaMu.

Jlns dynkumit beccens umeer Takke mMecto: J(m) = (-1)“J(m). Do o3HAUaer, 4TO HauanbHEIE (a3bl GOKOBBIX KoMeOaHMil ¢
gacTtoraMd ®,+kQ 1 0,-k{) coBIaaroT npu 4eTHbIX K, u oTnyarorest Ha 180° rpu HeyeTHBIX K.
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B namewm ciyyae:

Pacyem ¢pazomodynnupoeaHHO20 cu2Hana

ma:=1.5

o :=2xn-f

0.45>MHz

f:=

=0.05V

Um:

@(t) := Umcos (co-t + mp SKOI[(t))

®M koA0BOTO CUTHAJA B Npejeiax 16 pa3psanos
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3.0 4+ 35.10 ¢

2510 *

1510 *

1-10 *

2-10 ¢
t
B MOMeHTbI aKCcTpemanbHbIX 3HadeHn Skoa(t)abcontoTHoe 3HaveHne dasoBoro casura mexgy PM-
CUrHanoMm N 3HAYEHUEM .t HEMOAYNNPOBAHHOMO KonebaHus Takke ABNAETCS MakCMmaribHbIM

N HoCcuT HasBaHwe - JEBUALIWU dasbl .

Pacyem cnekmpamodynupoeaHHoeo CUcHalia

flcneKTpi =0 -io;

fcneKTpi =0+ io)

1

Am. ;= Um |Jn(i,ng)|

1

flcmexp.

femexTp.

Am. =

l_S
Ol |© | | [©
o|lo|o|Oo|O|O
NS [—|o|w|N
AN|N[N[~ ||
0010 [0 |00 [0 |00
N[N[N[N]JN [N
l_S
Ol |© | | [©
o|lo|o|Oo|O|O
el Bl ol D s i Ko
N[N0 |
010 QX[ |X
N[N [N |N N
%%2345
—
glelalelele
S|o|o e |% s
|0 |D
(R
[so B NTol Ko o)

CnexTp MOAYJIMPOBAHHOIO CUTHAJIA

0.03

0.021~

0.01~
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Pacyem d)asomaHunynupoeaHHoeo CUcHasila ™
| |

D (t)0

PaccunTtaem cnektp hasomaHMnynuMpoBaHHOrO curHana npu nepegade LnugppoBoro coodLleHms npu
avckpete dasbl A = nt

U :=0.05volt f:=0.45MHz o =2n-f
T
ti=0,—. 4T
1000
D(t) = |Ucos(art) if Sq () =1

—U~cos(m-t) if SKO,I[(t) =0

O®OM B npenenax 16-tu pazpsaoB

= (ha30Bas MAHUIYJIAUS

ORIGIN:=1 m:=10 N:=20 k:=1.N

A = U_[E\\.[sin[(m—k).O.Sn] N sin (m + k)-O.Sn]:|
« ) m —k m+ k

Am =0V
Cnextp ®M-curnana
Kk = 0.04 T T T
(0)
6.431-104 | V
0
-2.099-10-3 q£Ak| 0.02f~ 7]
0
4.244-10-3 T T
0 o—a—- P (F o o N a A T (F o (F
-8.738-10-3 0 5 10 15 20
0 k
0.03
0
0.033 M3 npoBeaeHHOro pacdeTa MOXHO caenaTtb BbIBOAbI:
0 - B CneKTpe (pasomMaHnnynpoBaHHOIo curHana npy amckpeTe dasbiAg = n CNeKTpansHas
-0.012 COCTaBMsOLLLAsA C YAaCTOTON HecyLmx konebaHui f oTcyTcTByET;
0 - bonbluas YacTb MOLLHOCTM COCPeaoTOo4eHa B GOKOBLIX CMEKTpanbHbIX COCTABMNSAOLLMX
7.639-10-3 - NPpY HEBONMbLLMX 3HAYEHMSAX M CNEKTP aCUMMETPUYEH
0
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8. Pacuer MOITHOCTH MOJIYJIMPOBAHHOTO CUTHAJA

KonnuyectBo rApMOHUK n =5 i:=0..n

|-|OJ'IHyI0 CpeHK MOLWHOCTb PM-curHana MoxxHo onpenenuntb Kak Cymmy MOLLHOCTEN ero
CcneKkTpalibHbIX COCTaBNALWNX

n
P = 0.5Un>| Jo(ma® + 2.2 In(i,ms)° P=125x 10 ° V*
i=1

PacueTbl nokasblBaloT, 4To He MeHee 99% aHeprun PM-curHana npy MOAyNALUKN TOHaNbHbLIM CUrHaNoOM Yyactoton F
COCPEefoTOYEHO B nonoce Af = 2(1 + mpy)-F 1 He MeHee 99,8% B nonoce Af = 2(2 + mp)-F
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8. Pacuer BepOATHOCTH OLUMOKHM NPH BO3JEHCTBUU OEJIOro myma

OnTumajibHoe Pa3JaIn4YeHrEe MOJTHOCTHIO M3BECTHBIX CUTHAJIOB

Jlist 3a/1a4 pa3nuueHusi 000CHOBAHHBIM SIBIIICTCS IPUMEHEHUE KPUTEPHSI UaeanbHoro Habmoaatesst. [TycTts npuHsaTOE KOJlebaHne
MpeCTaBIsieT COO0H CyMMY:

w(E) = Asy () + (1= Asy (8) +ne) , 0K <T

3mech n(t) — rayccoBCKHN OETbIi mIyM, s1(7) , s »(f) — IeTepMUHUpPOBaHHBIE CHTHAJBL. [lapamerp A MOXeT IPUHUMATH OHO U3 JBYX
3HaYeHui: A =1 — mpucyTrcTByeT TONbKO curaai s,(f) , A =0 — mpuCcyTCTBYET TOMBKO CUTHAI S5(f) . AIpHOpPHBIE BEPOATHOCTH MIPHUCYTCTBHUS
Ka)KJI0T'0 U3 CUTHAJIOB M3BeCTHBI. [10 MPpUHATON peanu3alyi HY)KHO PeIINTh, KaKoe IMEHHO 3HaUeHHEe UMEET rapameTp A, T.e. Kakol 13
CHTHAJIOB IIPUCYTCTBYET B peajIM3alyu.

Ecnu anroput™ 0OHapyKeHHsI IOITHOCTHIO W3BECTHOT'O CUTHAasIa Ha (JOHE OEIOro raycCOBCKOroO IIyMa COCTOUT B BHIYHCICHUH
r

R (0) = [ultds (£)dt

KOppeJ'ISIHPIOHHOfI (byHKIII/II/I " CpaBHCHUS €€ C IOPOIroM, TO B CJIyda€ 3a/Ja4u pa3janiCHUs IMPUEMHUK,
pa6OTaIOHIHﬁ O KPUTEPHIO UACATIBHOT'O HaGJ’IIOZ[aTe.HH, JOJIKCH COCTOATH U3 ABYX KOPPECIATOPOB, BHIYHUCIIAIONUX 3HAYCHUC

r r
Rcm, (D) = T[u (‘ﬁ)‘gl (f':":ﬁ Rcmﬂlilj) = Ju (5)32 (f')':ﬁ
u , BBIYUTAIOIIETO YCTPOICTBA, OMPEAEIIAIOIEr0 Pa3HOCTh

g = f'?‘m.l (D) - Rm.z (Dl = .
1 MIOPOTrOBOr0 YCTPOWCTBA, HA BHIXO/IE KOTOPOrO MPUHUMAIOTCS pelieHust: eciik ¢>0 , TO Ha BBIXOJIE €CTh
curHan s;(t) , ecnmu g<0 , To ecTh CUTHAN S,(1) (cM. puc. 3).

is‘ﬁ) BKY |
i T =
R g R
: D :
¥ ®>®
uft) — _\,C . 5, Bp

I QIICHERT

nput=T
i BKY |
i T i
x| [
: @
: & :

Fie. 3

CaM aNropuT™ MPUHATHS PEIICHUS MOXHO 3aIHCaTh CIEIYIONIM 00pa3oM:
5 T
g = —JH ()5 (£) — 5, (2)]dt
Ny
Ecnu B u(t) mpucyTCTBYET CHTHA §)(2) , TO

2 T PRI
g =g = EJ[Sl'@:‘ +ni)][s (&) — 5, (£)]d8 =EJ131 (£) = 5 (E)5, (£) +

r

+ n(t)s, () - nlt)s, ()]t = Ni J‘[Ef -5, ()5, (1dE

]
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rae ! - MomHOCTG curHana s;(2) Ha uarepsaie 0,7. Eciu B MPUHSITOM CHUTHAIIE #(?) IPUCYTCTBYET S5(2) , TO

r
g =dqy = 1[31(5)32 (£) — B, ldt

2
My
r

JSI (£)5, (£t

£
rae < - MOIIHOCTE CUTHANA S,(¢) Ha uHTepBase 0, 7. Muarerpa
HYJICBOM CIIBUTE CUTHAJIOB (1) M S5(2) .

XapakTepu3yeT Kod3(Q(GHUIHEeHT B3aUMHOW KOPPEIISIUH TIPH

Kak noka3ssiBaeT aHanm3, Mpy paBHBIX MOLIHOCTSIX CUTHANIOB £ =FE,=FE , paBHBIX BEPOATHOCTSAX HAJIMYHS IIEPBOTO WIK BTOPOTO CUTHAJA,
IUTOTHOCTHU BEPOSITHOCTH p;(q) U P>(q) NIMEIOT HOPMAJIbHBIN 3aKOH PACIIPEEIECHHUS C MAaTEMAaTHIECKIMU OKUIAHUAMU My , M 5 U
qucnepcusmu Dy u D, , npuuem

2E 45
=—{l-#1 Do=—1{1-r",
ml N,:,I: 'rsjl 1 E'-'E{ 'rsjl
2F 45
L, =——(l-r0 y=—1a1-rJ
: ND( 2 : NU( )
r

Pz 131 (£)sy (£)dt

rac

I'paduku p;(g) u po(q) n3o06pakens! Ha puc. 4

s Pz(@ A pl(q.)

pie;fs;g)

4

OOumii yqacTok 3HaYeHUH ( (3aIITPUXOBaHHAS 00JIACTH) OMpPEAEIIeT YCIOBHBIE BEPOATHOCTH MIPUHATHS PEIICHNS O HATUIUH OTHOTO
CHTHaJa, KOrJa B IEHCTBUTEIBHOCTH PUCYTCTBYET APYroil. OHU ONpenessioT BEpOSATHOCTD OIIUOKH B IPUHATOM PEIICHHUH.

Benuuuna h=m ;-m ; onpeaenseT Mopor NPUHATOrO peIeH:us. BeposTHOCTh CyMMapHOW ommOKH OyaeT paBHa:

E
R N T

]

rine @(x) uHTerpai BeposSTHOCTH.

MeHbliiei BEpOSTHOCTHIO OIUOKH p; 001aJAF0T CUTHAIIBL, JUIsl KOTOPBIX MHTEPBAJ B3aUMHOW Koppensiuu MuauMaseH. Eciau =0 , To
CHUTHAJTBI OPTOTOHAJIBHBI, TIPH 7;=1 UMeeT MECTO PABEHCTBO S,(1)=s,(¢) , a ipu r,=-1, — §,(¢)=-5,(1) . JIydie Bcero pa3muuaTh CUTHAIIEI,
umerorue 7,=-1 . B 3ToM ciiydae roBopsT, 4TO CUTHAJIBI 00J1aJAI0T HANOObIIEH TTOMEX0YCTOWYHBOCTHIO MPH 33/JaHHOM OTHOIICHHH

27



curHan/mym (E/Ny ) . SIcHO, 94TO 4eM MeHbIIEe BBICOTA EPEKPBITHS, ONMPEAEIISFONIEro 00I1aCTh HENPABUIIBHOTO MIPUHATHS PELICHUS, TEM
GorbIle BEPOSITHOCTD OMMOKH. JIMHUSIMI MOTEHIMATBHOM OMEXOYCTOHYMBOCTH HA3bIBAIOT KPUBBIE, XapaKTEPU3YIOIINE 3aBHCHMOCTb
BEPOSITHOCTH OLIMOKHM p; OT OTHOIISHHUS CHTHAJI/IIYM B ONTHMAaJBbHOM NpHeMHuKe. Ha puc. 5 moka3aHsl Takue KpUBBIE IS
JIETEPMUHIPOBAHHBIX aMIUIUTYJHO-, YaCTOTHO-, ¥ ()a30-MaHUITYIUPOBAHHBIX CHT'HAJIOB.

Py
Fy
0.5

i\
AL
104 \

a0 o
i
103
106 \
4]

HJ’IS[ AMIUTUTYTHO-MAaHHUITYJIMPOBAHHBIX CUT'HAJIOB

5 (E) =5, cos(ad + @3,
g1 =0 02T

B 3TOM cirydae Ha OCHOBE KpHTEPHS HACaIBHOI0 HaOIIoKaTeNs Hy)KHO PEIInTh 3a1ady OOHapy)KEeHHs CUrHaia s;(t) Ha ¢oHe myma. [Ipn
3TOM

o
By =—, i, =10

N 1]

o o s
===, p===, RE=I»

N, N, 2

potE

[Ipu anprOpHBIX BEPOATHOCTSIX HAIMYMS M OTCYTCTBUS CUTHAJA, paBHBIX (.5, TOPOT MPHUHATHS PEIICHIS 2 N IIpu Takom

TIOPOre BEPOSITHOCTH OMIMOKM MUHUMAaJIbHA M PaBHA

1 |28
Py 2w,

Z[J'IH YaCTOTHO - MAHUITYJIMPOBAHHBIX CUTHAJIOB

£l =4 ik
G =Seeosatt | o op
g, 5] = &, cos ayt

KoadduimeHT B3auMHO# KOPPENSAIHY IIPH 3TOM paBeH



s ey~ aq) T

(e, —aq )T
- —_ A
Ha npaxTuke BenMuMHA (o —ag)T 22 1, HO3TOMY MOKHO HPUHSTh 70 . Torna BepoATHOCTH OIIUOKHU OyET paBHA
)
p =19 |—
My

,Z[J'ISI (ba3OMaHI/IHyIII/IpOBaHHI>IX CHUTHAJIOB UCITOJIB3YHOTCA CUT'HAJIBL

g () =&, cos ait

LOCEAT
g, (8) = =&, cos ai

F
B sTom ciayqae 1 BEPOATHOCTH OIIHOKH paBHA

2F

0

p=1-@

CpaBHuBas TpaMKi Ha PUC. 5, BUIMM, YTO IIPU OHOW M TOMH jK€ SHEPTUH CUTHAJIOB U3 TPEX PACCMOTPEHHBIX BHAOB MaHHUITYIISIUH
HanOOJIbIIEH MOTEHIMAIBHON TOMEX0YCTONIMBOCTRIO 00MaiaeT pa3oBast MaHUITYIISITIA.

CMBICIT PaCCMOTPEHUS ONITUMAJIBHOTO ITPHEMa JeTEPMUHHPOBAaHHBIX CUTHAJIOB HA ()OHE OEJIOro mrymMa COCTOHUT B TOM, UTO PE3YIIbTAThI
pelIeHns TaKUX 3a7a4 MOXKHO UCTIONIb30BaTh B KAUECTBE TEOPETUUECKUX «3TATOHOBY, MO3BOMISIONINX MOMYYUTh MAaKCUMAIBHO BO3MOXKHYIO
(oTeHIMANFHYI0) TTOMEX0YCTOHYMBOCTh. Pe3ynbTaThl ONTHMAaIbHONH 00pa0OTKH CHTHAJIOB C HEM3BECTHBIMU ITapaMeTpaMu [elIeco00pa3HO
CPaBHUBATh C COOTBETCTBYIOIMMHU pe3ylbTaTaMH [yl aHAJIOTUYHBIX CUTHAJIOB C M3BECTHBIMU MapaMeTPaMU.
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Pacyem eepossmHocmu owubku npu eo3delicmeuu 6enoz20 wyma

CnekTpanbHas NnoTHOCTb NOMEXU Wi =10 13, watt f3:=0.45 106-Hz Toowm := 1
Hz
Wn —8
MowHoCTL NnomMexn P := Pon=45x10 W
Trom
2 2
KOCCHF -Um 7

MowHoCTb curHana Ha Bbixoge ha3oBOro getekropa Pc .= Pc=1225x 10 'W

4R

Pc
OTHoLeHWe curHan-wym Sw .= —

Pn
Aqd) =y 210719

BeposATHOCTL owmnGKM Npn ha3osoi MoaynaUMM ¥d := 1 — pnorm(z(qd),0, 1)

Sw =2.722 qd := 10log(Sw) qd =4.349

YD = 98153 10 °

PaccumMTaem BepOATHOCTb OLUMOKM ANst TPEX BUAOB MaHUNYNSUUA: aMniuTyaHON, YacTOTHOM 1 ¢ha3oBon,
CLU BblpaxkeH B Ab.

xemr) =/ 0.5 101
y(em) = 1-10> 17

Aemr) = 2-107 1

FA(cw) := pnorm(x(cu),0,1)  Poury (cm) := 1 — FA(cm)

FY(cw) := pnorm(y(cm),0,1)  Pourg(cw) =1 — FY(cu)

F®(cw) := pnorm(z(cw),0,1)  Pourg,(cm) := 1 — Fd(cur)

KocC

ur = 0.014

0001 ‘t\‘\
Po_mA(cm) 123 \ \
Pory(cwr) 1.10‘5 \\ \ \\

\

BEPOATHOCTH OILINOKHU

Pourg,(cm) 1-10 \
e NN
\

1-10
. \

A A A

10 -5 0 5 10 15

cux
CUTHaJ-1IyMm, 1b

e AMILTUTYHAS
e qaCcTOTHasA
= (pazoBas

Ha ocHoBaHumn NONy4YeHHbIX Ppe3ynbTaToB MOXXHO CAeNnaTtb creayrlwne BbiBOObI:

20

AMI'IJ'II/ITy,CI,Haﬂ Tenerpaqwm No MNOMEXO0YCTONYMBOCTU CYLLLECTBEHHO yCTynaeTt ABYyM OPYIMM MeTO4aM MaHUNynAunn.
10T NpourpbIL BblpaXaeTCAd B TOM, YTO OJ11A nNony4vYeHua OAHOW N TON xe BEPOATHOCTU ownbkm B cny4yae AT Tpe6yeTcs:|

MMEeTb Ha BXoAe 6noka 06p860TKVI curHana 6ornbluee OTHOLLEHNe curHasn-nomexa
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10. 3akirouenue

B nanHo# kypcoBoii paboTe OblJIO MIPOU3BEAECHO IpeoOpa3oBaHue
aHAJIOTOBOTO CUTHaNa B HUPPOBYIO GopMy U mepegada ero nocpeacTtBom (ha3oBoi
MOIYJISIUHU, OBIJ MPOU3BEAEH PaCUeT CIEKTPAIbHBIX XapaKTePHUCTHK aHAJIOTOBOTO
CHTHaJIa, MPAKTUYECKOW MUPUHBI €r0 CIEKTPa, €ro MOUIHOCTH, pacyeT HHTEepBaia
AUCKPETH3aIHMU U pa3psaHOCTH Koaa, pacueT AK® u sHepreTnueckoro crnekrpa
KOJIOBOTO CUTHAala, pacueT CIEKTPaJIbHBIX XapaKTEPUCTHK MOJIYJIUPOBAHHOTO

CHUIrHajla U €ro MOITHOCTHU, 4 TAKXKEC PaCUYCT BEPOATHOCTH O MOKH IIpu €ro npueme.
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