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AHHomauus

Addynun B. ®. Beidenerue ozudawwed AM-cuzvana. — YenaduHck:
I09pl'y. MNC, 2008, 30c.

B danHou padome npozpamMHo peanu3obaH Memod BeideneHus ozudawweu
AM-cuzrnana npu noMowu npeodpa3obaHus [unbdepma. Cnedyem 3aMemumb, 4mMo
daHHoe npeodpa3obaHue B peanbHocmu He ocywecmbumo, Ho Bnazodaps
NPO2PAMMHbLIM MEXHON02USAM €20 MOXHO npodemMoHcmpupobams. [Mpozpamma
makxe deMoHcmpupyem, 4ymo codou npedcmabnsem aHaAumuyeckuu cuzHan,

nodmBepxdas meopu.
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1. Teopemuyeckue Bbiknadku
B PA3/UYHBIX cucmemax nepeauqu JaHHbLIX 4acmo npuMeHsalmca

Y3KONOANOCHbIE CUZ2HAABLI, CNEeKMP KOMOPbIX COCpeaOITIO‘-IEH B oKpecmHocmu

Hekomopou Yacmomsl ,. [Ipu aHanuse makux cuz2Hanob ydodHo nonb3obambcs

NOHAMUSAMU KOMNAEKCHoU ozudawweu, aMnaumydou ozudawweu u ¢asobou
dyHKUUeU cuzHana.
Paccmompum cuzHan, npedcmabnerHsil B Bude:
s(t) = A(t) cos(m,t + o(t)) .
MHoxumens A(t) Ha3bibaemca amnaumydHou ozudawwed, a HA4AALHAA

dasa ¢(t) — ¢asobou PpyHkuueu cuzHana s(t).

Cuz2Han mMoxHo npedcmabumb kak BewecmBeHHyw 4acmb KOMNAeEKCHOU
dyHKUUU, 3aMeHuB KocuHYc KOMNAEeKCHOU 3KCNOHeHMOU:
s(t) = Re(A(t) exp(j (et + (1)) -
3decb mMoxHo Boidenumb dba MHoxumens: exp(jw,t) npedcmabnsem

HeModynupoBaHHoe Hecywee konedaHue u abBnsemcs dbicMpoMeHSAKWUMCS, a
A(t)exp(p(t)) MeHsemcs 3Ha4umenbHo mMedneHHee u codepxum uHdopMauuw 0d
amnaumydHou ozudawweu U HayassHou @aze odHobpemeHHo. 3mom MedneHHo
MEHSAIWUUCA MHOXUMeAb U Ha3vlbaemca komn/iexkcHou ozudawweu cuzHana

B mexHuyeckoM 3adaHuu nocmabneHa 3adaya: Beidenumb aMnaumydHyo

ozudarwwyw cuzHana s(t). Cnocodod cywecmbyem mMHoxecmbo, HO ocmanHobumcs

Ha odHOM — 3mo npeodpa3obarue unbdepma u3-3a psda npeumywecmb:

- 0dna 20pMoHUYeckoz20 cuzHana daHHas cmpykmypa daem & pesynsmame
NOCMOSIHHYK amMnaumydy U HaYanbHyw ¢asy;

- ¢a30bas dyHKUUA HE MeHSeMCS NPU YMHOXEHUU CU2HANA Ha
NPou3B0/bHbLIU NOCMOSAHHBLIU MHOXUME b,

- daHHbIU cnocod daem noHamMue 00 AHANUMUYECKOM cuzHane.

/1, ¢55/
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2. Npeodpasobarue Munbdepma
[na BuideneHus amnaumydsl Nnpou3BonbHbLIU cuzHan s(t) npedcmabasemcs

kak BewecmbeHHas Yacmb koMnnekcHozo cuzHana §,(t) (oH HasbiBaemcs

aHanuMU4eckuM CuUZHasom).
s(t) = Re(s, (1))
BewecmberHas 4acmb aHanumuyeckozo cuzHang, ecmecmbBenHo, 8onxHa

cobnadamb € ucxoOHLIM cuzHanoM s(t). MHuMas xe 4Yacmb s, (t) HasbiBaemcs

CONPSXEHHbIM CU2HAAOM UNU KBadpamypHsiM GONo/IHEHUEM.
S, (1) =s(t) + js, ()

Tenepb BbMUCAUM CNEKMp QHAAUMUYECKO020 cuzHang, y4umelbas, 4mo
npeodpasobarue [uncdepma abnasemcs AuHeuHbIM U e20 Ko3dpduuueHm nepedayu
onpedensemcs ¢opmynou:

0,w<0,
S.(0)=5() + JS, (0) = S(@)(L+ K () =15(e), @ =0,
25(w), > 0.

B odnacmu nonoxumenbHbix Yacmom cnekmpsl BewecmBeHHo20 U MHUMO20
cuzHano® cknadeibawmces, dabas ydboeHHbll pe3ynsmam. B odnacmu
ompuuamensHelix Yyacmom cnekmp paber 0. B pesynbmame cnekmp oka3biBaemcs

o0dHocmopoHHuM (puc.1).

IStw)|
0
a
St f .
0 Wo (:
6

Puc.1. AMnaumyduble cnekmpsl BewecmbeHHozo cuznana(a) u

aHanumuyeckozo(0d).
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Wmak, ymodbl 8na npousbonbHo20 cuzHana onpedenumb aMNAUMYOGHYIO
ozudawuwyt, Heodxodumo, npexde Bcezo cpopmupobamb aHanumuyeckul cuzHan,
nony4qub ezo MHUMykl 4acmb ¢ noMowbk npeodpasobarus [unsdepma. [anee

Can/lUﬂ'll_.jaHClﬂ ozudanwan Haxodumcs Kak Moal_.j/'lb aHanumu4yeckoz2o cuzHana-

At)=[$ (O] =/s’®) +s,° ()
Cnekmp komnnekcHou ozudawweu npedcmabasem codou cdBuHymbIU HA w,

CNEKMP aHanumu4yeckozo cuzHaAna.

3. Cunme3 AM-cuzHana
[na danbHeuweu padombl HeodxoduMmo cuHmesupobamb AM-cuzHan c
30daHHbIMU NapamMempamu. To ecmb ¢ 3apaHee BuidpaHHOU Hecyweu u napou
dokobbix 4acmom. AMnaumyda dokobeix Yacmom dydym cayvauHeiMu BenuyuHamu.

Chekmp cuHMEe3UpPYeMo20 CU2HANQ NOKA3OH HA pUCYHKe 2

“ am 4 A
2 2
A w-0 @y wy+N w

Puc.2. Cnekmp cuHme3supyemMoz0 cuzHana.

To2da AM-cuzHan 3anuweM Kak:

s(t) = A, cos(@,t +,) +%cos((a)o Q)+ ) +%cos((a)o —Q)t+ )

MocmpoeHHbil B npozpamme cuzHan Bbiznadum cnedywwuM odpasom:
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Puc.3. CuHme3supobanHbil AM-cuzHan (odud u3 Bapuanmob)

L. CxemMa padombl Npo2paMMsl

PaspadomaHHas npozpamma peanusyem MexaHu3Mm padombl 3kBubaneHmHou

CXEeMbl-

CuHTesarop AM-curHana

eHeparop

HecyLewn

yactorbl fO

MepeMHoOXUT EMBb

curHanos

YcrpovictBo
\S2) +5.% ()

ry

obpaboTwm curHana

ALM

MpeobpasoBarernb

I®

[eHeparop

MOy Npy HoLLIEN

yacrtorbl f1

fO+1 Fs Mnbbepra

YcTpowncTB o rpadpmyeckoro

OTOoOpakeHust <
(curHan v cnexrp AMNd)

Puc.4. 3kbubaneHmHas cxema npoz2paMMHO20 @nz20pumMa

[laHHas cxema cocmoum u3 mpeXx KoMnoHeHmob: cuHmesamop AM—CUZHCUHJ,

ycmpoucmbo odpadomku cuzHana u ycmpoucmbo 2paduyeckozo omodpaxeHus. B

HaweM cay4ae cuHmesamop AM-cuzHana HeodxoduM AUWb MOALKO 34

26HEpauuu Ko0nedaHuu Ha 3adaHHOU Hecyuw.eu 4acmome U €O CAYyYauHou

amMnaumydou Modynupywwezo konedaHus. Yacmoma Modyaupykwezo KonedaHus

B kaxdoM 3kcnepumeHme mak xe 3adaemcs CAY4auHo ¢ HedonbwuM uHmepbanom

pa3dpoca dns pasHoodpasus 3kcnepuMeHmob.

Cywecmbyiom pasnuyHbie Budel AM-cuzHana WM cameit nodxodawud no KI1[

Usm
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U3 HUX — 3MO0 cuzHan ¢ nodabneHHou Hecywed. Omka3abwucb om dodabneHus
nocmosiHHoU cocmabaswpwel K Modynupylwemy Cu2HANy, MOXHO ydanums
decnonesHoe Hecywee konedaHue. JHepzemuyeckul Beiuzpbiw Npu 3moM Benuk
(KN4 = 100%). Ho 3mom cnocod He NOAYYUA WUPOKO20 NPUMEHEHUS, 3MO
cba3aHo ¢ npodnemamu, BosHukawwumu npu deModyasuuu. /1 439/

OcmaHobuMca Ha odHomoHanbHoOU Modynsauuu. llepemHoxumens u dba
2eHepamopa Yacmom ¢opMupylm HaM mpedyemoe konedaHue.

A, cos(w,t +¢,) - Ha pucyHke 3 B mouke 7,

A (1+mcos(Qt+¢,)) - Ha pucyrHke 3 B moyke 2.

3decb m - ko3dduuueHm Modynauuu, 3adaemcs B npozpaMMe cayyauHo B
K@XG0M 3KCNepuMeHme.

NepemHoxawwee ycmpoucmbo ¢popmupyem AM-cuzHan

s(t) = Acos(a,t + @, )(d+mcos(Qt +¢,)) =

= Acos(w,t + ;) + %cos((a)o Q)+ )+ %cos((wo —Q)t+ o)

5. MpueMHuk

Ycmpoucmbo npueMHuka B daHHOM CAy4ae HAC He 0YeHb UHMepecyem.
BaxHo, 4modbl ycunumenb npoMexymoyHou 4vacmomsl dbin coz2nacobaH ¢ HawuM
CU2HA/NOM, MO eCMb HACMPOeH Ha Hecywyw 4acmomy u oxbambiBan dokoBbie.

Nlanee ananozobo-uudppobou npeodpaszobamens ¢ Yacmomou
duckpemu3auuu, He MeHee, 4eM B 4 pasa npeBocxodaweu Yacmomy Hecyuiezo
KonedaHus.

6. Mpeodpasobamens MNunbdepma

peodpa3obaHue Nunbdepma ¢usuyvecku HepeanusyeMoe. JdHako 3mo
02paHUYeHUe MoxHo odoumu, ecnau usbecmHbl (MoYHee, cHumawmea usbecmHbiMu)
dydywue 3HAYeHUsA cuzHand. HanpuMep, Mbl MOXEM CHUMAMb, YMO CUZ2HAN
3aKoH4Yuncs (mo ecmb Bce ezo dydywue 3HavyeHust pabHbl HYAw). AMeHHo
noamoMy 3mo npouedypa ocywecmbnsemcs 6 npozpaMMHoM Bude.

®opMupobaHue aHanumu4eckozo cuzHana ocywecmbasemcs B wacmomHou

odnacmu. Beivucnsemca duckpemHoe npeodpa3obaHue Pypbe BxodHoz0 cuzHang,
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danee odHynsemcs nonoBuHa cnekmpa u, HakoHeu, npou3bodumcsa odpamHoe

npeodpa3obarHue Pypbe. [lpu 3mom 3adaemcs Yacmoma duckpemu3auuu.

7. ®opmupobamens ozudawwed

3decb npoucxodsm npocmble anzedpauveckue npeodpasobarus. OnuceiBamb

He cmoum:-

A =[s =S’ O +s,°©),

20e s(t) - ucxoGHbIU cuz2Han, a s, (t) - cuzHan Ha Beixode npeodpaszobamens

[uncdepma. A(t) u ecmb uckoMas amnaumycHas ozudakww,as.

8. Ycmpoucmbo zpaduyeckozo omodpaxeHus
PeanusobaHHaa npozpamma Bce HeodxoduMele 2padpuku Beibodum B

coombemcmbBywweM okHe(puc.5).
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Puc.5. Pesynbmam BbinoAHEHUS NPO2paMMsl
(2paduku cuzHanob no ocu x - B cekyHdax, zpaduku cnekmpob - B

2epuax)
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Ha nepbbix dbyx zpadukax Noka3aHbl UCXOOHbLIU CUZHAA U €20 CNeKmp
AMN®, Ha Bmopou nape 2papukob — cuzHan c¢ Beixoda npeodpasobamens
[unbdepma u cnekmp [AMP, Ha mpembeM — ozudawwas Ha GoHe ucxodHOz20
cuzHana u cnekmp ozudakwuwel.

Mo pesynbmamam BeinoAHEHUS NpozpaMMbl Bu3yanbHo MoxHO npobepums,
4Mo cuzHan npowedwul Yepe3 npeodpasobamens Munbdepma npemepnen
U3MeHeHus: dbiA CUMMEMPUYHbLIM OmHocumenbHo BepmukanbHou ocu & moyke 0O
(4emHbIM), cman — cuMMempuYHbIM omHocumenbHo moyku 0 (HeyemHbiM). Cnekmp
cuzHana Ha Beixode npeodpasobamens nony4unca ¢ nodabaeHHbIMU Yacmomamu

cnpaba om Fs/2.

9. NucmuHz npozpaMMsl

%oKOHCMaHMbl %o

pi = 3.14;

%4acmoma Beidopku (duckpedumusauuu)%o
Fs = 400,

%-bpemeHHou uHmepban u paspeweHue%
t = -11/Fs;

YoHecywas 4acmoma¥o

f0 = 10;

“oModynupyrowas Yyacmoma”o

f1 = f0*(0.5 - 0.4*rand(1));

%.amnaumyda cuzHana%

AD = 7

%napaMempsl nons dna 2padpukod e

m = 2;n = 3; Yokon-bo cmonduob u cmpoyek%
%ocuHme3 AM-cuzHana%

AMsign = A0*(1+rand(1)*cos(2*pi*f1*t)). *cos(2*pi*f0*t);
%onocmpoeHue AM-cuzHana%

subplot(n,m,1);
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plof(t, AMsign);

% [MN® ucxodHozo cuzHaNa%

SpectrAM = fft(AMsign,Fs);

subplot(n,m,2);

%oomodpaxeHue cnekmpa%o

plof(abs(SpectrAM));

%onpeodpa3obaHue unbdepma%o

Hsign = hilbert(AMsign);

subplot(n,m,3);

%onocmpoeHue 2papuka®o

plot(t,imag(Hsign));

% [MN® nocne npeodpasobaHusa MNunbdepma %o

SpectrH = fft(Hsign,Fs);

subplot(n,m,&);

%.0omdopaxeHue NOAYYEHHO20 cnekmpa nocne npeodpasobaHus
[unbdepma

plof(abs(SpectrH));

%llony4eHue amnaumydHou ozudawweu%o

Amplit = sqrt(AMsign.” 2+imag(Hsign).”2);

subplot(n,m,5);

%onocmoeHue ozudawweu Ha ¢oHe ucxodHo20 cuzHaNa%

plot(t, Amplit, 't"); Yo02udanwas Ha zpadpuke KpacHozo ubema%o

hold on;

subplot(n,m,5);

plof(t, AMsign, '--"); Youcxo0HblU cuzHan BeideneH nyHkMupoM%o

hold off;

%ocnekmp ozudaknuw.euo

SpectrA = specgram(Amplit);

subplot(n,m,6);

%oomodpaxeHue cnekmpa%o

plot(abs(SpectrA));
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3akni4eHue
[lpodenaHHas padoma nokassibaem Ha2n40HO, YMO MAKOE AHAAUMUYeCcKuu
CU2HOAN U KaK nonyy4umb ez0 kBadpamypHoe dononHeHue. A makxe Obina
nonyy4eHHas amnaumydHas ozudawwas Memodom npeodpasobaHus [unbdepma.
[laHHas npozpamma paspadomaHa B cpede MathLab, u nosamomy dbinu
ucnonb3obaHbl 2omobele dyHkuuy, makue kak hilbert(nonyyeHue

aHanumuyeckozo cuzHana), fft(AMNP), plot(nocmpoerue 2padukod).
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