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BBenenue

CoBpeMEeHHbIEC PAIMOTEXHUUECKUE CUCTEMBI Tiepesiadyn nH(popma-
nuun (PTCIIM) ucnonws3yroT camble pa3HbI€ BHUIbI PagdOCHUTHAJIOB:
OT UCTOPUYECKU TMEPBBIX aHATOTOBBIX MOAYJSALMMI A0 CIOXHBIX LUAP-
POBBIX CUTHAJIbHO-KOJOBBIX KOHCTPYKIIUH.

Moaynsuueit curHanga Ha3bIBaeTCs Mpoliece mpeoOpa3oBaHus o-
HOTO WJIM HECKOJBKUX MapaMeTpPOB HECYIEro KoJeOaHUs MO 3aKOHY
uH(popMaIMOHHOTO curHaia. B OOJBIIMHCTBE Clly4aeB HECYIIEH sB-
JSI€TCA BBICOKOYACTOTHOE TapMOHMYECKOE KOJIeOaHHeE, cojeprKaliee
TPH MapaMeTpa, B KOTOPbIE MOXKET OBbITh 3aJ10’KeHa MHPOpMAIIHS: aM-
IuTyAa, yactora u (paza. MHboOpMallMOHHBIN CUTHAT MOXET UMETh
KaK aHaJIOTOBYIO, TaK W IU(POBYIO MPUPOAY, YTO TMPUBOAUT K TOSIB-
JIEHUIO COOTBETCTBYIOIINX BUIOB MOTYJISIIUAH.

Cama HEOOXOIMMOCTh MOJYJISIIIMUA CBsi3aHA B TEPBYIO OUYEPEb
C HEOOXOAMMOCTBIO PA3JEiATh YaCTOTHBIM pecypc MEXIy BCEMHU pa-
JTUOCHUCTEMaMM MyTeM BBIOOpA pa3IMYHBIX PaJAMOYacTOT IS Iepesa-
yu uHpopmaruu. Takke JTUHEHHBIE pasMepbl U THUIT UCIOJIb3YEMbIX
AHTEHH HaIPSMYIO CBS3aHbI C YACTOTOM HECYILLEH.

[TosiBnenue 1M@POBLIX BUAOB MOIYJISIIMM TO3BOJISIET B COBOKYTI-
HOCTH C HCIIOJB30BAaHUEM IMOMEXOYCTONYMBOTO KOJAUPOBAaHUS OOecIe-
YUTh 3HAYUTENIbHBIA BBHIUTPHIII B IOMEXOYCTOMYMBOCTH MO CPABHEHUIO
C aHAJIOTOBBIMH, & C YUY€TOM MPUMEHEHHUS KOJUPOBAHUS HCTOYHUKA —
MOBBICUTH 3(PHEKTUBHOCTh UCTIOIL30BAHMS PAIMOYACTOTHOTO CIIEKTpA.

B nocobuu paccMaTpuBarOTCsi OCHOBHBIE aHAJIOTOBBIE U LIU(PPOBHIE
BUJIbI MOAYJIAIIMA CUTHAJIOB, YaCTOTHOE pazjeiieHne kaHasmoB. Ocoboe
BHUMAaHHE YJIETSETCS KOMIBIOTEPHOMY MOJICIUPOBAHHUIO CUCTEM Iepe-
nayu nHpopmaiuu. YacTe Hcciie1oBaHUH MpejiaracTcsl MpOBECTH C pe-
ATbHBIMM MH(POPMAIIMOHHBIMU CUTHAJIaMH (pedb, JTAHHBIE) JJISI TIOBBI-
IIICHUST HATJISITHOCTH MPOUCXOISAIINX MPOIIECCOB. AHAIM3UPYETCS Kade-
CTBO Mepeaayr HHPOPMAIIMK B 3aBUCUMOCTH OT IIIyMa B KaHAJIE.

B 3akiouuTenbHOM TJ1aBe MPUBOASTCA TECTOBBIC 3aJaHUS
TSl TPOBEPKU TTOTYUYCHHBIX 3HAHUM.



1. CyicTteMBbl ¢ aHAJIOTOBBIMM BUAAMV MOIYJIALIUN

1.1. AMnaumyonvie Budbl MOOYAAYUU

BeipaskeHue u1s kiaccuueckou amnaumyoHou-mooyaayuu (AM —
amplitude modulation) xone6anune Uy, (t) MoxHO 3anmcars B Buze:

Uam (1) = U, +x(1)) -cos(2nf,t + @), (1.1)
rae U, — amrmmmryna Hecymier, X(f) — wHbOpMaMOHHBIN CHUT-
nan, f, — wyactora Hecymel, (o — HayanbHas (aza HECYIICH.

B GonbIIMHCTBE cydaeB Ha4aIbHOU (Ppa3oi MOKHO TIPEHEOpEUb.

Breipaxkenne (1.1) MoxxHO mepenucarth B 0osiee yIoOHOU (opme,
BBEJISI HOPMHUPOBKY HH()OPMAITMOHHOTO CUTHAIA U BBIHECS aMILTUTY Ty
HEeCyIIeH 3a CKOOKY:

Uap (1) = UH(1+%-XO (t))-cos(2nf t + @), (1.2)
H
rie U, = max(|x(t)|) — MaKCHMaJIbHOE 0 MOJYJII0 3HA4YCHHE
nHpOpMaMOHHOro curHana, X, (t) =x(t)/U, — HopmupoBaHHbIit
nH(pOopMaMOHHbIN curHai. Beanunna
m= e (1.3)
U

H

HOCUT Ha3BaHWE Kodpguyuenma (21younsvl) mooyrayuu. MoxXeT me-
HATHCS B Tipeaenax oT 0 10 6ECKOHEYHOCTH, OJHAKO Ha MPaKTHKE —
1m0 1 u3-3a HACTYIUJICHUS nepemooyaayuu U HEBO3MOKHOCTH JIEMOY-
JUPOBATh TAKOW CHUTHAJ C TIOMOIIBIO demeKkmopa ocubaroujell.

Hamnpumep, HOpMUpOBaHHBIH MHPOPMAIMOHHBIN CUTHAJ SBJISIET-
Csl TapMOHHMYECKUM KoJsieOanueM ¢ yactotod 1 kI’ (ooromonanvuas
MOOYIIAUUSL).

X, (t) = cos(2m-10°% -1),
yacrora Hecymen 10 k', ammmuryna vecymen | B. Torma 3nauenue
Uy 4nClIeHHO paBHO TIyOMHE MOIYJISLINH.

Ha puc. 1.1 npuBeneHsl OCHIIIIOTPAMMBI UCXOAHBIX U MOIYJIHPO-
BaHHBIX CHUTHAJIOB TIPH Pa3IMYHBIX 3HA4eHHIX M. [TyHKTHpOM M300pa-
JKeHbI ormbaromue curHajgoB. Ha mocnennei ocrmuiorpaMMe HaOIro-
JaeTCs SBJICHUE TIepEeMOIYJISIUH (TIEpeX0/1 orudaroIeii Yepe3 HOJIb ).
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Puc. 1.1. Ocuunnorpammbl HHGOPMAITMOHHOTO CUTHAIA,
Hecylero konedanusi, 1 AM-CUTHaoOB P Pa3IMYHbIX M

[lepexon B CHEKTpajdbHYIO 00JacTh MOKAa3bIBAE€T, YTO CIEKTP
AM-curHana COCTOUT W3 COCTABJISIONIEH, OTBEYAIOIICH 3a HECyIIee
KoJie0aHWe, U KOMHUHU CHEKTpa HMCXOJHOTO0 CHTHaa, MEePEHECEHHOU
Ha yacToTy Hecyuen (puc. 1.2). U3MeHeHuid BHyTpU caMOro CHEKTpa
WH(POPMAIMOHHOTO CUTHala HE IMPOMCXOIUT, MEHSETCS TOJIBKO €ro
MOJIO)KEHUE HA OCH 4acToT. [loaTOMYy Takou BUJ MOIYJISIIMU HA3bIBa-
10T JiuHeunbimM. OCHOBHAS MOIIHOCTH NPUXOAUTCS HA HECYIIEE KOJie-
O0aHue, YTO TOBOPUT O HMU3KOM 3HEProdr(hPeKTUBHOCTU TAKOTO BHUAA
Monyisauuu. IlluprHa MmoJsiocsl paBHA YIBOECHHOM BEPXHEW 4acTOTE
B crektpe uHpopmarmonnoro curaana: Af,, =21..
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Puc. 1.2. IIpeoOpa3zoBanue cieKkTpa Ipu aMIUIUTYTHON MOIYJISIIAN

n
>

-f. 0 f. f.+f, f

[ToBbicUTh AHEProdhPEKTUBHOCTh MOXKHO, IMOJABUB CamMy HeECy-
ITyI0, COXPAHUB PACIOJI0KEHHE OOKOBBIX MOJIOC. TakoW BUI MOTYJIS-
UM HOCHUT Ha3BaHUE OanarcHou, uiu AM c¢ noodaenennou Hecyweu

(DSB — double side band):
Upsg (t) =U,, - X(t) -cos(2nf t) (1.4)

Takoii BU MOIYJISIUHN SBISETCSA YaCTHBIM CIIydaeM Ipeobpaso-
BaHUSA 4acTOTHL. [10 CyTH TPOUCXOIUT MPOCTO MEPEHOC CIEKTPa HH3-
KOYaCTOTHOTO CHTHaja Ha Ooyiee BBICOKYIO pamuodactory. Illupuna
TOJIOCHI TIPH 3TOM mo-nipeskHemMy Afpeg =21,

[TockoybKy OOKOBBIE TIOJIOCHI HECYT OJMHAKOBYIO WH(OPMAIIHIO,
JOTIOTHUTEIIBHO MOYKHO TIOJIaBUTh OJHY M3 HUX. B Takom cimydae mo-
aydaercsi AM ¢ odnoui boxosotl nonocou (SSB — single side band):
sepxueti (USB — upper side band) v nuowcnen (LSB — lower side
band). MaremMaTnyeckn Takue CHTHAIBI MOYKHO 3alKCaTh TaK:

Ussg (1) =U, (X(t) - cos(2nf t) = X(t) - sin(2xf t)) | (1.5)

rae X(t) — comnpsokennsiii mo I'masbepry curaan k X(t), snax

«+» BeiOupaercs nis LSB, 3nak «—» Beioupaercs aiist USB.

Takue cur"aiabl 00JIaal0T MaKCUMaJbHOU 3HEpProddheKTUBHO-
CTBIO, T. K. BCSI M3JIydaeMas dHEPTHsl MpsIMOITPOTIOPIIMOHATIbHA TOJIHKO
nHpopmanmoHHoMy curHaiy. KpoMe Toro, 3aHuMaemMas 1mojioca Mu-
HUMaJIbHO BO3MOXHas M paBHa BEpXHEl yacToTe MH(OPMAIIMOHHOTO
curHana: Afseg = f,.

Ha puc. 1.3. u 1.4 npuBeneHsl OCUMIIIOTPaMMbl U AMIUIUTYIHbBIC
CIIEKTPBI CUTHAJIOB ¢ Kjlaccuyeckodn AM npu m = 1 u co BceMH aib-
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TEPHATUBHLIMU BHIAMHU IPYd HOPMHPOBAHHOM BXOIHOM CHUTHAJE
Xo (1), nomyueHHOM U3:

X(t) = sin(2r-10%t) +0,5sin(2x- 2-10°t). (1.6)

u, ). B
o

uDSB(t), B
o

uLSB(t), B
o

uUSB(t), B
o

t, mc

Puc. 1.3. OcuumorpaMMbl CUTHAJIOB C pa3JIMuYHBIMU BUAAMHU
aMIUTATYTHOM MOJTYJISIITUN

Buano, 4to numb B ciydae kiaaccudeckod AM oruOaroras mo-
BTOpsieT (hopMy MH(OPMAIIMOHHOTO CUTHAJA, IO3TOMY TOJIBKO B 3TOM



cIydyae MOKET OBITh HMCIOJIB30BaH IIPOCTOM JCTEKTOP OTrHMOArOIIEH.
s Bcex apyrux BUAOB AM OOBIYHO TIpUMEHSIETCS 00Jiee CIOKHBIMN
CUHXPOHHBIU OemeKkmop, OCYIIECTBIAIONIMNA TEPEHOC MOIYJIUPOBaH-
HOTO KOJI€OaHUs C PaguovyacTOThl HA HYJIEBYIO MyTEM JIOMHOKCHUS
ero Ha Hecyiee kojebanue. [Ipu aTom kimaccuueckas AM Takxke Mo-
XKET OBITh JIEMOAYJUPOBAHA CHUHXPOHHBIM JIETEKTOPOM  (Jlaxke
pu IIyOUHE MOJYISIUUM Oosibiie 1), 4TO TO3BOJISIET Ha3BaTh €ro
YHUBEPCAIbHBIM PEIICHUEM.
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Puc. 1.4. CiekTpbl CUTHAJIOB C Pa3JIMYHBIMUA BUJAMHU
AMILUTUTY AHOM MOIYJIALIUA



1.2.Y2106vbte 6udvr moOyaayuu

B necymniem kosie0aHuM MOMUMO aMILTUTY/Abl €CTh €Ile JBa mapa-
MeTpa, KOTOPbIE MOTYT MCIOJIB30BaThCS JIA Mepeaadyn nH(popManm:
yactoTa U ¢aza. [loaHas ¢daza rapMoOHMYECKOTrO KojJeOaHusi B ciaydae
nepeaayr MHPOPMAIIMOHHOTO curHaia uepes dasy (pazosas modyns-
yust, PM — phase modulation) moxkeT ObITh 3aIIMCaHa TaK:

F(t) = o,t+0(t) = ot +0, - X(1), (1.7)
rae ¢, — desuayus gasvl, ®, = 2nf, — nuKIMYeckas yacTora

Hecymiei. Takum oOpaszom, Bbipaxkenue it PM curnana MoxxHoO 3a-
MUCaTh KakK:

Upp (1) =U, cos(2rf t + ¢, - X, (1)), (1.8)

JleBranus (a3l 03HaUYaeT MAaKCHMAJIbHOE OTKJIOHCHHUE ITOJHOU
(a3l 0T HOMMHAIBHOTO 3HaueHus, paBHoro .t. MHorma Hocut
Ha3BaHUE kodppuyuenma pazosou mooyasiyuu Kpyy ¥ MOKET IPHHHM-

MaTh 3HadeHus oT 0 10 OeckoHeYHOCTH. MrHOBeHHYIO yacToTy PM-
KoJiIeOaHUsT MOXKHO HalTH, poauddepeHIInpoBaB MoIHYO (a3y:

dy(t) _ dx (1)
—— =0, + @, — .
dt dt

DTO0 03HauaeT, 4yTo Mpu (PazoBON MOLYIISIIMU MEHSETCS U 4acTOTa
CUTHaJa, TPUYEM MAKCHUMAaJIbHOE OTKIOHEHUE YacCTOThI OyJEeT Mpouc-
XOJIUTh NMPU MAKCUMAaJIbHBIX 3HAYEHUSIX TTPOU3BOAHON UH(POPMAIIUOH-
HOT'O CUTHAJIA.

[Ipu 3aknanpiBaHuu UH(OPMALIMU HEMOCPEICTBEHHO B YacTOTY,
MTHOBEHHAsl 4aCTOTa MEHSIETCS 10 3aKOHY:

o(t) =0, +o, - X(t), (1.10)

rae ©; = 27thI — desuayus yacmomeol, paBHask MAKCUMAJIbHOMY

o(t) = (1.9)

OTKJIOHEHUIO MTHOBEHHOMN YaCTOTHI OT YacCTOTHI Hecymeﬁ, a ITOJIHas
(daza paBHa:

Y(t) :}(o(t)dr:o)Ht+oolI -}Xo(r)dr, (1.11)
0 0

COOTBETCTBEHHO YpaBHEHHME CUTHAJIA C YACMOMHOU MOOYaiayuel
(FM — frequency modulation) MoskeT OBITH 3aIIHCAHO TaK:



Upp (t) =U, cos(o,t + (oﬂ} X, (1)d 7). (1.12)
0

BennunHa, paBHas OTHOIICHUIO JCBHUALIMM K BEPHEHW 4YacTOTE
B CIIEKTpe MH(OPMAIMOHHOTO CUTHAJIA, HA3bIBACTCS K02 duyuenmom
uacmomuoti mooynayuu:. Keyy = O, / W, = fﬂ / f..

B otinnune ot AM npu yriIoBBIX BHAAX MOAYJISIIUN ITPOUCXOTUT
M3MEHEHHUE CIEKTPaJbHOIO COCTaBa BHYTPH CIEKTpa MH(POPMAIIMOH-
HOT'O0 CUTHaJ1a, IEPEHECEHHOr0 Ha HeCyIyro JyacToTy. [loaToMy Takue
BUJIbl MOJTYJISIIIUM HA3bIBAIOTCS HEUHEUHbIMU.

Ha puc. 1.5 u 1.6 npuBeneHsl OCHWILIOrPaMMBbI U aMIUTUTYHbBIC
criekTpbl it @M u UM ¢ pa3HbIMM 3HAYCHUSIMM JIEBUALIMU TIPU WH-
(hopMaIMOHHOM CUTHAJIE, OIKUChIBaeMbIM BhIpakeHuneM (1.6).
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Puc. 1.5. OcumiuiorpaMMbl CUTHAJIOB € Pa3IMYHbBIMU BUAAMHU
YIJI0BOU MOJYJISIIUU
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[Ipu HEOONBIINX 3HAYECHHUIX JEBHAIUM OTKJIOHEHHUE YaCTOTHI He-
CyIIEH OT CBOET0 HOMHMHAJBHOTO 3HAYEHMS HAa OCHMIIOTpaMMe IpaK-
TUYECKM HE3aMETHO, a aMIUIMTYJHBIA CHEKTp HaIlOMHHAET ClIy4ai
¢ knaccuyeckori AM. C pocToM AeBHAIIMM OTKJIOHEHME YaCTOTHI CTa-
HOBHTCSI 3aMETHO BO BPEMEHHOM 00J1aCTH, a B CHEKTPE IMOSBIISIOTCS
JOTIOJHUTEIbLHBIE COCTABJIAIONINE, OH CTaHOBUTCS Iupe. Ilpu sTom
CIIEKTP HE 00s3aTE€JIbHO CUMMETPUUYECH OTHOCUTEIBHO HECYIIEH, a ca-
Ma HECYyIasi yMEHbBIIAETCSI ¢ POCTOM JEBHUALINH.
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Puc. 1.6. CriekTpbl CUTHAIOB C pa3JIWYHbBIMUA BUAAMU
YIJIOBOM MOJYJISALIUA

[IlupyHa TOJOCHI OMNpENeNseTcss MPUMEPHBIM BBIPAKEHUEM

Afpy = Afeyy = 2F, L+ Kpy e + 4 /Kpnem ) - Tipr K <1 mogymsimms

Has3bIBaeTcs ysxononocuoll, npu K >1 — wupoxononocuoii.
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1.3. Komnvtomeproe moodeaupobanue

Ilpumep 1. JIns MOOENUPOBAHUS CUTHAJIOB C aHAJIOTOBOW MOMYJISA-
muu B cpene Matlab npemxycmorpenst ¢pyHkmmu 6udmuorekn Communi-
cation System Toolbox: ammod(), ssbmod(), fmmod(), pmmod(). Hike
NPUBEICH CKPUIIT, MO3BOJISIIONINN I 3aJaHHOTO MH(POPMAIMOHHOTO
CUTHAJIa U HeCyler nonydyutb UM-CUrHan U BBIBECTU COOTBETCTBYIO-
e rpaduku. PesynbTaTt paboThl CKpunTa MpUBEeH Ha puc. 1.7.

% BaKpmHBaeM BCe OKHa, ouYMlIlaeM [NepPeMeHHbHEe M KOMaHIHYI CTPOKY
close all; clear all; clc;

Fs = 180e3; % wacToTa AMCKpeTHBauuu AJIsT MOIENMPOBaHMS
Fc = 10e3; % wacToTa Hecyumen

Tsim = 5*%le-3; % BpeMs MOIENMPOBAHMS B MC

t = 0:1/Fs:Tsim-1/Fs; % oCk BpeMeHu

n length(t) ; % xommuecTBO OTCUETOB

£ 0:Fs/n:Fc*3; % ock uwacToT

flim = length(f); % kxoaMuecTBO CHEKTPAaJNBLHHX COCTAaBJSIOWLMX

fl = le3; % ocHoBHas uyacToTa MHOPOPMAUMOHHOI'O CHMI'HAJa
An = 1; $ aMIoInMTyna Hecyumen
Ax = 1; $ aMmauTyna mMHOOPMALIMOHHOI'O CHI'HAJAa

% MHOOPMAaLMOHHEN CHUI'HAJ
X = Ax* (cos(2*pi*fl*t) + 0.5*cos (2*pi*3*fl*t));

x0 = x/max(abs(x)); % HOpMMPOBKaA MHPOPMALMOHHOT'O CHI'HAJNa
uN = An*cos (2*pi*Fc*t); % Hecymee koJebaHue

Fd = 4e3; % meBmaumsi 94aCTOTEH

uM = fmmod (x0, Fc, Fs, Fd); % MOZYyIMpPOBAaHHEI CHUI'HAJ

% aMOIUTYRHBM CHEeKTP MHOOPMALMOHHOI'O CHI'HAla

sx = abs(fft(x)); sx = sx(l:£flim)/n*2;
$ aMIIMTYOHBII CIEKTP MOAYJIMPOBAHHOT'O CHMI'HAJa
sM = abs (fft(uM)) ; sM = sM(1:£f1lim) /n*2;

$ ocummIOrpaMMa HOPMMPOBAHHOI'O CHI'HAJIA
subplot(5, 1, 1); plot(t*le3, x0)
ylabel('x 0(t), B')

grid on

title ('MrbOopManMOHHEIT CUT'HAM')

% ocmmIoOrpaMMa HeCyumero kojebaumusi
subplot(5, 1, 2); plot(t*le3, uN)
ylabel ('uN(t), B')

grid on

title ('Hecyumee kxonebaHme')

% ocumanorpaMMa MOZIYJIMPOBAaHHOI'O CHI'HAJja
subplot(5, 1, 3); plot(t*le3, uM)
ylabel ('uM(t), B')
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xlabel('t, mMc')

title ('MogynupoBaHHEM CUT'HAN')

grid on

% aMIINTYZIOHB CHEeKTP HOPMMPOBAHHOI'O CHMI'Hajna
subplot(5, 1, 4); plot(f*le-3, sx)
ylabel('|S_x(f)|, B')

grid on

title ('AMOoauTynOHENM CcHeKTp MHOOpMaALMOHHOTO cMUIHazna')
% aMIIINTYZIOHB CHEeKTP MOIYJIMPOBAaHHOI'O CHMI'Hajla
subplot(5, 1, 5); plot(f*le-3, sM)
ylabel('|S_M(£f)|, B')

xlabel ('f, xI'y')

grid on

title ('AMOIMTYOHEM CHEKTP MOOYJIMPOBAaHHOI'O CHUI'Hana')

HopmMupoBaHHbIN MH(OPMaLMOHHbLIN CUrHanN

1 1 1 | 1 1
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o

_1 1 1 1 1 1 1 1 1 1

0 0.5 1 1.5 2 25 3 3.5 4 4.5 5

MoaynupoBaHHbIN curHan

uM(t), B
o
|

_1 1 1 1 1
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t, mc
AMNNUTYAHLIN CNEKTP HOPMUPOBAHHOIO MH(POPMaLIMOHHOrO cUrHana

m 1 ] 1 ] 1 1
€ o5} A -
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Puc. 1.7. Pe3ynprar paboThI CKpHUIITa
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Hanbonee yg00HO OCYIIECTBISATh aHAIU3 PAJUOCUTHAIOB C IO-
MOIIBIO CHEKMPOCPAMMbL (COHOPAMMbL UL 8000Nada), KOTopas Io-
3BOJISIET HAOJMIOAaTh M3MEHEHHUE CIEKTpa CHUrHajla BO BPEMEHH.
JI71s1 IpUBEACHHOTO BBIIIE TPUMEpa MOJYYUTh €€ MOKHO KOMaH 101

spectrogram(uM, 32, 0, 1024, Fs);

Ipyd 3TOM BPEMEHHOE OKHO cocTaBisieT 32 OTcYeTa, OKHa
0€3 HaJO)KEHUI, B KaXJOM OKHE PacCUUTBIBAETCS MpPeoOpa3oBaHUE
@ypbe no 1024 toukam. Pe3ynbrar BBINOJHEHUS KOMaHIbI (IIPU He-
cymeii 30 k', BpeMenn moaenupoBanus 20 mc, aeBuanuu 9 kl'm)
IpeICTaBlIeH Ha puc. 1.8.

-100

-110

CnekTparnbHas nnoTHOCTb (AB/IMy)

-120

-130

0 20 40 60 80
f, kl'y,

Puc. 1.8. Cnektporpamma curnaia ¢ YM

MopenupoBaHue MOXKET OBITh ITPOBEJCHO Takke B cpeae Simulink.
Jliis 3TOrO0 HCMONB3YyIOTCS 050k OmOnmoTek Communication System
Toolbox u DSP System Toolbox. YacToTy auckperuszanuud B TaKOM
ciaydae yao0Ho 3anath 010koM «Zero Order Hold» mocne ¢gpopmupo-
BaHMs curHana. J(uckperusanusi HEOOXOAWMa NJii KOMIBIOTEPHOIO
MOJCJIIMPOBAHUS HECMOTPS Ha TO, YTO MOJCIUPYIOTCS aHAJIOTOBbHIE
cucteMbl. CaMy 4acTOTy PEKOMEHIyeTCsl BLIOMpAaTh MUHUMYM B 4 pa-
3a 0O0JIbIlIE YACTOTHI HECYIIEH, IPU TOM I0JIOCA YaCTOT, 3aHUMaeMasl
MOAYJUPOBAHHBIM CHUTHAJIOM JIOJDKHA TIOJIHOCTHIO YKJIAJbIBATHCS
B IIEPBYIO 30HYy HalikBucra.
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Spectrum
Analyzer

Puc. 1.9. Mogens B cpeae Simulink

Ilpumep 2. Cnenyromuii CKpUIIT MO3BOJIAECT B3SITh JAHHBIC U3 3BY-
KOBOTO ¢aiia U mojarh MX Ha MOIYJISITOP. 3aTe€M MOIYJIUPOBAHHBIN
CUTHAJI TIPOXOJMUT Yepe3 KaHal C aJJUTHUBHBIM OCJIbIM TIayCCOBCKHUM
mrymoM (ABI') ¢ 3amanHbIM OTHOIIEHHEM «cUTHATT — mrym» (OCI).
[Tocne 4yero AeMoayJMpPyeTCss U CHOBA 3alIMChIBACTCS B 3BYKOBOH (haiii
B TakoM ke (hopmare, Kak MCXOJHbINA. Pe3ynbTaT mo3BosiseT CpaBHUTH
Ha CJIyX 3By4YaHHE MCXOJIHOTO 3BYyKa M BOCCTAHOBJIEHHOI'O IOCJE MPO-
XOXKJICHUS KaHAJIA CBSI3M C 3aJaHHBIMHU [TAPAMETPAMMU.

% BaKpHBaeM BCe OKHa, OouYMIlaeM [epeMeHHbHEe M KOMaHIHYI CTPOKY
close all; clear all; clc;

Fc = 64e3; % uvacToTa Hecyuwemn

FsRF = Fc*4; % uwacroTa IOMCKpeTMSaumMmM paImMocHIHala

% oTkpmTMe (parMenTa Odarna Cc CHUI'HAJIOM

[x, FsLF] = audioread('Ruml.wav', [1 5*led]);

% MOOBHIIEHME YaCTOTH IOUCKpeTMBaLmu OJsI MONEeJIVMPOBAaHUS
x = resample(x, FsRF, FsLF);

Fd 8e3; % meBMauMsi YaCTOTEH

uM fmmod (x, Fc, FsRF, Fd); $ MOZyIMpOBAaHHEI CUI'HAJ
% BamwymiieHMe MOLYJIMPOBaHHOT'O curHajna c OCIl 10 gB
uM = awgn(uM, 10, 'measured',6K 123);

x = fmdemod (uM, Fc, FsRF, Fd); % meMomynsiumsi

% YMEeHBIIeHMEe YaCTOTH IOMUCKpeTM3auuu GO MCXOIHOM

X = resample(x, FsLF, FsRF);

$ Banmuce AeMOLYJIMPOBAHHOT'O CHMI'HAjla B damnn
audiowrite ('Rumlout.wav', x, FsLF);
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1.4. Ilpakmuueckue 3a0aHus

1. Uccnenyiite BausHHUE OMIMUOKM MO (aze M 4acToTe MpU CHUH-
XPOHHOM JIEMOMYJISAIIMU CUTHAJIOB CO BCEMHU BUJIAMU aMILUIATYIHOMU
monysiiuu (AM, DSB, USB, LSB):

- IOJTYYUTE TEOPETUUECKUE BHIPAKECHUS;

- IPOBEPHTE MPEAIOIOKEHHUS, HaMcaB CKpUNT Ha s3bpike Matlab,
UCTIOJIB3Ys B KauecTBe MH(MOPMAIMOHHOTO curHasia Beipaxenue (1.6);

- IOBTOPUTE SKCIEPUMEHT CO 3BYKOBBIM (aitiioM, OOBACHUTE
BO3HUKaromue 3 PEeKThl.

Hemonynsiust ocyiiectsisiercss ¢pynkiusamu amdemod(), sshde-
mod().

2. Paszpaboraiite B cpene Simulink cucremy pamuocBsizu ¢ Tpems
KaHaJIaMHu, IPEJBAPUTEIHLHO 00OCHOBAB BBIOOP BHAa MOJIYJISILIMM U €€
napaMeTpoB, IPU YCIOBUM, YTO 33/1aHbl UCXOJHBIE 3BYKOBBIEC (hailiIbI
U II1ar CETKHU 4acToT:

- yacToTa auckperusaruu ¢aitnos 8 kl'm, cetka 10 xI'1;

- yactoTta nuckperuzanuu daitnon 44,1 k', cerka 200 kI '1;

-UT. 1.

3. IlocTpoiiTe AKCIIEpUMEHTANILHBIE 3aBUCUMOCTH TSI BCEX BHUIOB
aHAJIOTOBOM MOMYJIAIMK  KOd(PPHUIIMEHTa HEIMHEHHBIX HCKAKCHUM
(KHN) no nepeim msitu rapmonrikaM U OCII B nemoxynupoBaHHOM
curHasie o OCII B xanane. [lapameTpbl MOAYJIALIMKA BBIOUPAIOTCS Ca-
MOCTOSITE€JIbHO. B KauecTBe MHPOPMAIIMOHHOTO CUTHAJa UCIOJIb3YETC s
OJIHOTOHAJILHBIA FapMOHWYECKUM curHain ¢ yactotout 1 kl'm. J{ns pacue-
ta KHU n OCIII ncnons3yercs ¢pynakrwm thd() u snr() coorBeTcTBEHHO.

4. TlocTpoiiTe SKCIIEpUMEHTAIIbHBIE 3aBUCUMOCTH KayeCcTBa 3ByKa
or OCIII B kaHaje MpH Pa3IUYHBIX BUJIAX AHAJIOTOBOW MOIYJISIIUU.
Hampumep, migs AM (m = 1), FM (kem = 1), FM (Kgm = 4). KadectBo
3BYKa OLICHUBAETCS HA CIyX IO MATHOAUILHOM 1IKane, rae «5» 03Ha-
4aeT OTJIUYHYI0 Pa30OpPUYMBOCTh U OTCYTCTBHE MOCTOPOHHUX ITyMOB,
«4» — OTIMYHYI0 Pa300PUYUBOCTH MIPU HEOOJBIIIOM YPOBHE (DOHOBOTO
nryma, «3» — XOpoIIyro pa300pUrBOCTh MPU BHICOKOM ypOBHE (HOHO-
BOrO IyMa, «2» — (OHOBBIM IITyM HaYWHAET 3a0MBaTh TMOJIC3HBIN
CUTHaJ, «1» — MOJIe3HBIN CUTHAJ C TPYAOM IpociaymuBaercs, «0» —
TOJIBKO IIIYM, TTOJIC3HBIN CUTHAJ HE CIIBIIICH.
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2. Cuctemsl ¢ 1M pOBBIMY BHUIaMV MOIYJISIIINN

2.1. Ocobennocmu yugpoboii modyrayuu

3amena anamorosoro uHpopmanuonnoro curnama X(t) woudpo-

BBIM (MMITYJIbCHBIM) TIO3BOJISIET MOJTYYUTh TaKOW k€ HAOOp BHUIOB MO-
OyJISUUU, KOTOPBIM OMMCAaH B Mpeablaylien rinase. Ilpu 3Ttom Takue
BUJII MOAYJISIIMN Ha3bIBaloTCS UMPOBBIMH (yupposoil manunyisyu-
er). ASK (amplitude shift keying), PSK (phase shift keying), FSK
(frequency shift keying). OcHoBHBIMU XapakTepHCTHKaMH HH(OpMa-
IIMOHHOT'O CUTHaja CTAHOBUTCS HE aMIUIUTYJla U CIEKTPAJIbHBIN CO-
CTaB, a CKOPOCTh Iepeaadu nHHOpMaIlUM U KOJIUYECTBO YPOBHEU CHUT-
HAJIa HA OJWH CHUMBOJIBHBIA MHTEPBaAJ. BBOAUTCS MOHATUE CUMBO.Ib-
noti (booosotl) ckopocmu Rs Kak KOJUYECTBO IepeAaBaeMbIx UHMOP-
MAI[MOHHBIX CUMBOJIOB B €IUHHUIY BpeMeHU. COBOKYITHOCTh BCEX
BO3MOXKHBIX CHMBOJIOB 00pa3yeT angasum pazmepa M. Kaxasrit cum-
BOJ COCTOMT M3 OJHOTO WU HECKONBKHUX Oum — K OWT/CUMBOIL

OGbrano M = 2%, Bumosas ckopocme R, =R ‘K.

Ha puc. 2.1 npencrasieH 4eThIPeXypOBHEBBINH HH(POPMAITTOHHBIH
CUTHAJI CO CKOpPOCThIO niepenaun uapopmanuu 10 k007 (KCHMBOJIOB/C)
¥ COOTBETCTBYMOIME emy aMmriuiutyaHas (M = 1) u gacrotHas (Kpy =
20 xI'm) momymsiiiuu ipu yactote Hecymed S0 k', B qannom cioydae
apaBUT COCTOUT W3 4 CHUMBOJIOB W TipencraBisieT coborr Habop {00,
01, 10, 11}. Takum oOpa3oM, Ha KaXKIblii CHMBOJI IIPUXOIUTCS 2 OUTa,
a OuToBas CKOpOCTh paBHa 20 KOUT/C.

Hawnbonbliiiee pacnpocTpaHeHUE TONYUYUIIH K8AOPAMYpHble GUObI
MOOYIAYUL, B KOTOPBIX HUCTIOJB3YETCA HE OJIHA,  JIBE OPTOrOHAIbHBIC
Hecylre (CUHYC U KocuHyc). CUrHaja mpu 3TOM JACJIUTCSA Ha cuHgas-
nyto | (in phase) u xeadpamypmnyro Q (quadrature) cocrapisronue,
KaXJ1asg U3 KOTOPBIX MOJYJIUPYET CBOI Hecylyro. Mcmomp3oBaHue
TAKOIr'0 MOJX0Jia MO3BOJISIET IepeaBaTh B JiBa pa3a OoJibiie MH)OP-
MalluM B TOM k€ ToJioce 4yacToT. [I[pumMepoM Takux BUAOB MOIYJISAIINH
ciykar: KkBaaparypHas ammmutygHas — QAM-M  (quadrature
amplitude modulation), xBampartypuas ¢dazopas — M-PSK, rne M
o3HauaeT pazmep andasuta. PacipocTpaHeHbl YacTHBIE ciydaun (a3o-
Boii wmonymsamuu: BPSK  (binary), QPSK (quadrature), OQPSK
(offset), /4-QPSK. OtnenbHbIN Ki1acc MPEACTaBISIOT Pa3HOBUIHOCTH
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4aCTOTHOM MOJYJISIMU C HemnpepbiBHOU (daszoi, Hampumep, MSK
(minimum shift keying).

NHpopMaLMOHHbIV curHan

0
0.2 0.3 04 0.5 0.6 0.7 0.8 0.9 1
ASK

3 annpALAARAILLEARARARILIRARA AN
‘ VYV il

0.2 0.3 0.9 1

t, mc

Puc. 2.1. [Ipumepsl uMppOBBIX BUIOB MOAYJISLUA

KBagpaTypHble BUbI MOAYJIALMU HAIJISIAHO MOXKHO MPEICTABUTH
B BUJIE CO3Be3AMs ToUeK. [loa Toukoil moapazyMeBarOTCd MTHOBEHHbIE
3HA4YCHHUs KBaJpaTyp CHUTHaJa B MOMEHTHI MPOXOXKICHUS IICHTPOB
CUMBOJIBHBIX HMHTEPBAJIOB. JIOMOJHUTEIBHO HA CO3BE3JAMM MOXKET
OBITh U300pakeHa TPACKTOPHUS JIBUIKEHUSI CUTHAJNIA OT TOYKHU K TOUKE.
Ha puc. 2.2 npuBeseHbl CUTHAJIBHBIC CO3BE3AMS JII HEKOTOPHIX BH-
JIOB MOJTYJISILIAH.

JInst orpaHWYEHMS MIUPUHBI TTOJIOCHI UCIIOIB3YETCSl (PUIbTpALIHS.
Yame Bcero ¢uubtpsl HailikBucra (mms QAM, PSK) umu T'aycca
(st FSK, MSK). Tlpu ncronb3oBaHud 3THX (GUIBTPOB MPAKTHUCCKH
HE MPOUCXOJUT HAJ0KEHUS COCEHUX CUMBOJIOB JPYT HA Apyra B Mo-
MEHTBI BPEMEHH, COOTBETCTBYIOIIHME IICHTPaM CHUMBOJIOB. Jpyrummu
CIIOBaMH, MeHCCUMBONbHAL UHmMeppepenyus, 00yClIoBICHHAs (DUIIb-
Tpalueu, CBOJUTCS K HYJIIO, IPU 3TOM IOJOCa CyXaeTrcs J0 MUHHU-
MaJbHO TEOPETUYECKH BO3ZMOKHOM.
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Puc. 2.2. ITpuMepbl CUTHANBHBIX CO3BE3AUN

[[lupuHa paaronoaockl, He0OXoauMas JJIs neperadr nHpopma-
IIMA C 3aJaHHOW CUMBOJIBHOM CKOPOCTBIO, OMpPEIEseTCs] COTJIACHO

teopeme HaiikBucra: Af =Rg /(1+ r), rie r — koapduyuenm

cenaxcusanus punompa (roll-off factor), KoTopsIil MOXKET U3MEHATHCS
B nnpeaenax ot 0 mo 1.

BennuuHa, paBHasi OTHOIIEHUIO CUMBOJIBHOW CKOPOCTH K TOJIO-
CE 4acCTOT, Ha3bIBAECTCS CneKmpanvhou d¢pgexmusnocmoio. ClencTBu-
eM TeopeMbl HallkBUCTa SBJIAETCS OrpaHUYCHUE MAKCUMAJIbHOM TEO-
pPETUYECKH BO3MOXKHOM CHEKTpadbHONU 3(PEKTUBHOCTH AJIA pauo-
curHaioB B 1 cumBos/c/I'i. butoBasi CKOpOCTh MOXKET OBITH yBEIHUYE-
Ha 32 CUET MOBBIIMICHUS Yucla OUT/CUMBOJI, OJIHAKO MPU 3TOM OyJeT
YMEHBIIIATHCS TOMEX0YCTOMYMBOCTD CUTHAA.

OCHOBHBIM KpUTEpHEM KauecTBa Mpu mnepenadye HudpoBoil WH-
dbopMaluu SABISETCS Kod@uyuenm OUmMoOBbIX (Ui CUMBOJIbHBIX)
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owubox — BER (SER) bit (symbol) error ratio. ITockonbky B paguo-
KaHaJle MOMEXOBasi 00CTaHOBKA Topa3lio XYK€, YeM B MPOBOJHOM,
TO B YACTOM BHUJIe MH(MOpMaIUs, KaK MPaBUIO HE NEpeaacTcs, a Hc-
MOJIB3YETCS nomexoycmouuugoe koouposarue. Takum oopazom, 3aja-
ya nepegayu uHQpopMaIuu 1no pajauokaHaily B IU(POBOM BUIE CBO-
JUTCS K TIOUCKY KOMIIPOMHUCCA TIPH BBIOOPE METOa MOTYJISIITUN U KO-
JTUPOBAaHUS MEXKy IMpUHOM nojockl U Tpedyembim OCIII B kaHase.

2.2. Huskouacmommuas
U paduouacmomuas MoOYyAAUUY

OOBIYHO Ha MPAKTUKE HECyIas B UGPOBOM BUJE HE CO3aETCH,
T. K. 9TO 3HAYUTEIHHO YBEIUYMBACT HEOOXOIMMYIO YacCTOTY AUCKpeE-
THU3alMK, a ISl CO3/IaHUs CHUTHajJa MCIOJb3YyETCs KOMIUIEKCHAsI OTH-
Oaro1iasi, CreKTpajbHas IJIOTHOCTh MOIIHOCTH KOTOPOWM COCPEI0TO-
YeHa BOKPYI HYJIEBOM 4acCTOThI. TakOW CUTHAJl HOCHUT HA3BAHUE HU3-
KodyacToTHOM Moyt — baseband modulation. 3atem chopmu-
POBAaHHBIN KOMIUIEKCHBIM CUTHAJI MEPEHOCUTCS HAa HECYIIYIO 4acTOTY
KBaJpaTypHbIM MOAYJIATOPOM KU OOpaTHO KBaAPaTypHBIM JI€MOMIYJIs-
TopoM. ChopMHUpOBaHHBIA HA HECyIIEed YaCTOTE CUTHAJ Ha3bIBACTCSA
paauovacTOTHOM Moaysanueit — passband modulation.

Taxum 00pazom, eciau UCXOAHBIN CUTHAT MOYKHO MPEJICTABUTH Kak:

x(t) = 1(t)+ JQ(t), (2.1)
KOMIUIEKCHYIO HECYIIYIO KaK:
u(t) = cos(w,t) + jsin(w,t), (2.2)

TOTrJa NIEPEHOC HAa paanrod4aCcTOTy MOXHO MATCMATHUYCCKH 3a14Tb
KaK.

Ugm (1) = Re{x(t)-u(t)} = I (t) cos(w,t) —Q(t)sin(w,t).  (2.3)
OOparHas 1eMOAYJIAINS ONUCHIBAETCS BhIPAKEHUEM
Y(t) = 2% LPF{ugy (1) -u* (1)}, (2.4)

rae U'(t) — xommiekcHas compsikeHHas Hecymas, LPF{} —
(GUIBTP HUKHHUX 9aCTOT, BBIACIISIONIMN TOJIE3HYI0 HHU3KOYACTOTHYIO
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COCTABJISIFOIIYIO MOCIIC MEPEeMHOKEHHs. B HMIeanbHOM KaHajle CBS3U
BOCCTaHOBJIEHHBINM curHai paBeH nepeaandomy Y(t) = Xx(t).

Tax e, kKaK ¥ B clTydae CHCTEM Iiepeadn HH(pOopMaIliy ¢ aHAJIOTO-
BOW MOJIYJISIITUH, UCTIOJIB30BAHUE PA3TUIHBIX HECYIIUX JIJIST Pa3IMYHBIX
WCTOYHUKOB MH(OpPMAIK TIO3BOJISIET PEAIU30BaATh YACMOMHOE pPa30e-
nerue kananos. CTOUT 3aMETUTh, UYTO 3a4acTYIO MPH PACCMOTPEHHUH Me-
TOJIOB OpraHW3allMd MHOYKECTBEHHOTO JIOCTyMa TakKKe HCIOJIB3YIOT
CXO0XHE IT0 CMBICITY TEPMHUHBI «YIDIOTHCHHE» H «MYJIbTHILICKCHPOBa-
aue» (ot anra. «multiplexing»). ITlocieanue wbarie yHoTpeONSIOTCS
IIPY OITMCAHUH TIPOBOIHBIX CHCTEM CBSI3U. AHAJIOTMYHOE SIBJICHHE MOXK-
HO 3aMETHUTh M B QHTJIOS3BIYHOM JIUTEpAType, TJIe BCTPEUAIOTCS CIIEIY-
romue ooo3Hauenus: FD (frequency division — wacmommnoe paszoene-
nue), FDM (frequency division multiplexing — yniommuenue ¢ uacmom-
HolM pazdenenuem), FDMA (frequency division multiple access —
MHONCECMBEHHBLIL OOCHYN C YACMOMHbBIM PA30eleHUeM).

PaccMoTprM 00OOIIEHHYI0O CXEMY MHOI'OKAHAJbHOM CHCTEMBbI
C YaCTOTHBIM pa3jieicHreM KaHajioB. CHIrHaNBI OTACIbHBIX MCTOYHH-
KOB C TIOMOIIBIO HHIWBHUAYAIBHBIX MOIYJISITOPOB IPEOOpa3yroTCs
B KaHaJIbHbIC CHTHAIBL. VX COBOKYIMHOCTh Ha BBIXOJE YCTPOMCTBA
o0beMHEeHHsI 00pa3yeT rpynmnoBoi curHaji. Kak mpasuio, oObenuHe-
HUE TIOApa3yMeBaeT MPOCToe cCyMMupoBaHue. [TomydnBiuiicss curHa
MIEPEHOCHUTCS Ha HY)KHYIO YaCcTOTy W M3JTydaeTcs aHTeHHoW. Ha mpwm-
E€MHOHN CTOpPOHE IOCJICAOBATEIHFHOCTh JCUCTBUN 3aMEHSCTCS Ha 00-
PaTHYIO ¢ HEKOTOPBIMU JIOTHYHBIMA U3MEHEeHHAMH. Hampumep, Mmoy-
JSATOPHI 3aMEHSIOTCS Ha JIEMOIYJISATOPHI, @ YCTPOMCTBO OOBECIUHEHUS
— Ha JIOCTaTOYHO CJIOKHYIO CHUCTEMY BbIJeleHus kaHaimoB. C HEKo-
TOPBIMU HM3MEHEHUSAMHU OIMCaHHAs cXeMa MOXeT ObITh 0000IIeHa
U JUISL APYTUX METOJIOB MHOYKECTBEHHOTO JIOCTYIIA.

2.3. Kounvtomeproe modeaupobanue

Ilpumep 1. O3HaKOMJIEHME C OCOOCHHOCTSIMM MOJICIUPOBAHUS
PTCIIA ¢ mudpoBeiME BugaMu Moay siiuu B cpeae Simulink ymo6-
HEE HayaThb C MPOCTOM OJHOKAaHAIBHOW cucteMbl. Ha puc. 2.3 npen-
CTaBJieHA MOJICJIb TaKOW CHCTEMBI. B TaHHOM TIpuMepe UCIOIb3yeTCs
MOJTIYJISIIIUS ¢ MUHUMaJIbHBIM ciBuroMm MSK.
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Puc. 2.3. Moaenb oJlHOKaHAJILHON CUCTEMBI CBSI3U B cpene Simulink

brnox «Bernoulli Binary Generator» TNO3BOJISIET T€HEPUPOBATH
Clly4yailHble OMHApHBIE MOCIIEI0BATEILHOCTH, OTBEUAIOIIUE pacIpeie-
nenuto bepuynnu. OCHOBHBIM MapaMeTPOM pacIpeAeICHUs SBIISCTCS
BeposTHOCTh Hyqs («Probability of a zero»), koropas moxer 3ama-
BaTbCsl B MHTEpBasie oT 0 go 1. 3agaHue pa3HbIX 3HAUCHUH ITapaMeTpa
«Initial seed», MHUIIMATH3UPYIONIETO TEHEPATOP CIYYaHHBIX IOCTe-
JOBaTEILHOCTEH, MO3BOJIAET MOJyYaTh Pa3HbIE pPeaM3alMK CIIydaii-
HBIX TPOIIECCOB. DTOT MapaMeTp BCTPEYAETCS B HACTPOMKAX MHOTHX
OJIOKOB, M OOIIeH PEKOMEHAAIMEH SBIISICTCS BBICTABICHHE PA3HBIX
3HAYCHHMM ATOr0 IMapamMeTpa B pa3HbIX OJIokax ogHoN Mozenw. Ilapa-
MmeTp «Sample time» mo3BoIsSeT PeryIMpoBaTh BPEeMsl MKy TCHEPH-
PYEMBIMU CIIyYalHbIMU 3HAYEHUSMU. B TaHHON MOJENU €ro 3HaUYCHUE
BBIOMpAeTCs KaK BeIMYnuHa 00paTHasi K OMTOBOM ckopocTH Ry,
broxk «MSK Modulator Baseband» ocCylecTBISIET MOIYJSIUIO
1M (poOBOM MOCIETOBATEILHOCTH C UCIIOJIH30BAHUEM MOJYJISIIIUNA MU-
HUMaibHOro capura. Ilapamerp «Samples per symbol» ompenenser
YHUCJIO OTCYETOB, MPUXOIAIINXCA Ha KKIBIN MepeaBacMblii CUMBOJI
(m7s1 TaHHOTO BUJAA MOIYJISIMU KaKAbIA CHMBOJI TepeaeT OJAuH OUT
MaHHBIX). B 4mncie 3amaBaeMbIx mapamMeTpPOB HET YacTOTHI HECYIIEH,
T. K. paCCMaTpPUBAEMbI OJIOK T€HEPUPYET MOIYJIUPOBAHHBIN CHUTHAJ
CO CIIEKTPOM, COCPEIOTOYCHHBIM OKOJIO HyJs ocu 4acTtoT. [lo cyrtu,
CHUHTE3MPYETCS KOMIUICKCHAsI Orudaromas MOJyJIMPOBAHHOTO CHUTHa-
J1a, 9TO SIBJIACTCS HE MHAMBUIYAIbHOW OCOOCHHOCTHIO JaHHOTO OJI0Ka,
a TPOSIBIICHUEM OOIIEeld KOHUEMINKU, 3aJI0KEHHOW NpH CO3/IaHUU
«Communication Blocksety. J/lanHoe ynpoineHue mo3BOISET MOICIIH-
poBaTh pabOTy MHOXECTBa PaIUOCHUCTEM O€3 OCYIIECTBICHUS Tepe-
HOCa CHTHAJIa Ha BBICOKYIO HECYIIYIO 4acToTy. B To e BpeMs HEKo-
TOpPBIC 3a/1a4d TPEOYIOT MOACITUPOBAHUSI TIEPEHOCA HA HECYIYIO. DTOT
BOIIPOC OyJET paCCMOTPEH Jajiee.
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biiok «AWGN Channel» 1103BONSIET 3alIyMJIATh CUTHA aJ|JTATUB-
HBIM O€JIbIM TayCCOBCKUM IIYMOM. BO3MOXHO HECKOJIBKO BapHaHTOB
3amaHus mapameTpoB 1myma (pasugen «Mode» B HacTpolikax 0J10Ka),
HO HambOoJiee yAO0OHBIM JJII IIMPOKOr0 Kpyra TEeJIEeKOMMYHHMKAI[HOH-
HBIX 3aJa4 SBIIICTCS PCSKHMM, COOTBETCTBYIOIIMM Bkiaake «Signal
to noise ratio (SNR)». IIpu ero BeiOope HE0OOXOAMMO 3a1aTh TpeOye-
MO€ OTHOIIIeHHE «curHa/mrym» B 1b (mapamerp «SNR») 1 MOIIHOCTh
BXonHOro cwurHajia (mapamerp «Input signal power», KoTopbli
10 yMoJT4aHuio paseH 1 BT).

brox «MSK Demodulator Basebandy ocymiecTBIsIeT IeMOIYJIsA-
IIUIO0 CUTHAJIA C MOJYJISAIIMEH MUHUMAIBHOTO cABura. i mpaBuIbHON
JCMOAYJISIIIMA HEOOXOAMMO 3aJiaTh 3HA4YCHHME IapameTpa «Samples
per symbol» takum ke, kak u B 010ke «MSK Modulator Basebandy.

binok «Error Rate Calculation» mo3BOJISIET U3MEPSITh OUTOBYIO
omnOky (BER — Bit Error Rate). Jlns npaBunbHONW pabOThI OJ10Ka
HEOOXOJMMO 33/1aTh BEJIUYUHY 3aJEPKKH, BHOCHUMOW HCCIeayeMOon
cxeMmoii (mapametp «Receive delayy). s ee uamMepeHust MOKHO BOC-
NoJIb30BaThes OJ10koM «Find delayy». JIna oToOpaxkeHus pe3yabTaToB
U3MEPEHUH, OCyllecTBIsIeMbIX OnokoM «Error Rate Calculationy,
HeoOX0IMMO B HacTpoikax B pazaene «Output data» BeIOpaTh Bapwm-
aHT «POorty u 3aTeM BOCIONIB30BaThCs OJ0KOM «Displayy, BU3yanu3u-
PYIOITUM H3MEpseMbIe 3HAUCHMUS.

Ilpumep 2. KnoueBoid 0COOCHHOCTHIO MOJICITUPOBAHUS MHOI'OKa-
HAJIGHOM CUCTEMBI C YaCTOTHBIM pasjenicHueM B cpeae Simulink ss-
JsIeTCS HeJOCTaTOYHOCTh HU3KouacToTHEIX (baseband) sepcwit moxy-
JUPOBAHHBIX CUTHAJOB. llepeHOC TakWX CUTHAJIOB Ha TMOIHECYIUE
MOXXET OBITh OCYIIECTBJICH HECKOJBKMMH criocodamu. Paccmorpum
JIBa BapUaHTa peain3aluu 3Toi onepamuu. [lepBbiii cnocod OCHOBBHI-
BACTCS Ha HCMOJIb30BAaHMHU CIIEIMAIbHOTO Oyioka «Phase/Frequency
Offset». Jlna nepeHoca KOMIUIEKCHOTO CUTHaja IO 4acToTe HE00XO-
TMMO B HacTpoikax OJioka BBECTH 3HadeHHUE MmapameTpa «Frequency
offsety», oTBeuaromiero 3a BenmuunHy cMemenus B I'm. IIponenypa o6-
paTHOTO MEPEeHOCca Ha HYJIEBYIO YaCTOTY OCYIIECTBIISICTCS C HCIIOJb-
30BaHMEM 3TOTO K€ OJIoKa, OJHaKO 3HAaueHHE IMapameTpa «Frequency
offset» 3amensieTcs Ha Takoe ke, HO C MPOTHBOIOJIOKHBIM (OTpHUIIA-
TeJIbHBIM) 3HAaKOM. BakHO MOHMMATh, YTO TIPH 3TOM CHTHAJI OCTACTCS
KOMILIEKCHBIM, OJTHAKO BCE OOIIHE 3aKOHOMEPHOCTH COXPAHSFOTCA.
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Bropoii cioco6 ocHoBaH Ha BeIpakeHUIX (2.3) u (2.4). YMHOXKe-
HUE CHUTHAJIa Ha KOMIUICKCHYIO HECYIIYIO C MOCICIYIONTUM H3BJCUE-
HUU JICWCTBUTEILHONH YacTH NPOJYKTAa TMEPEMHOXKCHUS IPHBEICHO
Ha puc. 2.4 a. OOparHas mpoleaypa OCYILIECTBISICTCS aHAIOTHYHBIM
o0pa3oM, HO JOTIOJHUTEIBHO TPEOYET BBITIOJHEHUS OIEpaIiiyl KOM-
IJIEKCHOTO conpsbkenus (puc. 2.4 0).

D |
X t—wReu)t—»( 1)

Qut
a) ‘ TDSP

Local
Oscillator

Product

Local

. Oscillator
Conjugate

out - "_H_‘DSP
* |5/

Product1

0)
In
D

Puc. 2.4. Peanuzanusi cxembl iepeHoca MOAYJIUPOBAHHOTO CUTHAJIA
BBEpX (a) 1 BHU3 (0) 1O yacToTe

PaccmoTpuM mpumep CHHTE3a TPYNIOBOTO CHUTHaja s 3-Ka-
HAJBHOM CUCTEMBI C YaCTOTHBIM DPa3JeJICHUEM CUTHAJIOB, MCIOJIb3Y-
IOIIEH MOTYJISIIIMI0 MUHUMAJILHOTO caBuTra (puc. 2.5).

Hacrtpoiika OnokoB «Bernoulli Binary Generatory u «MSK
Modulator Basebandy ocCyllecTBIsI€TCS aHAJIOTMYHO HACTPOMKE
JUTSL OTHOKAHAIBHOW MOJENH B TpensiayiieM npumepe. OmaHAKO
npu 3aaanM mapamerpa «Samples per symbol» mns Gioka «MSK
Modulator Baseband» ctoutr mpoBEpsTh BBHITIOJHEHHE TPEOOBaHMS,
clenyromero u3 teopeMbl KoTelnbHMKOBA, T. K. MMOJ0Ca T'PYIIIOBOTO
CUTHAJIa MHOTOKPATHO TMPEBBINIAET MOJIOCY OTIAEIBLHOTO CHUTHala O/I-
HOKaHAJIbHOW CHUCTEeMBI. Pa3Hble 4acTOTHl HECYIIMX OTACIbHBIX KaHa-
JIOB TIOJIpa3yMEBAIOT 3a/IaHUE B PacCMaTPUBAEMOM CXEME OTIMYHBIX
3HaueHuH mapametpa «Frequency offsety mms xaxmoro u3 tpex 0J10-
kOB «Phase/Frequency Offset».
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Puc. 2.5. CuHTE3 IpyIIoBoro curHaia
JUISL CHCTEMBI C YaCTOTHBIM pasjieicHueM B cpeae Simulink

2.4. Ilpakmuueckue 3a0aHus

1. B cpene Simulink moctpoiite Mojelnb OJHOKAHAIBHON CHCTE-
MBI CBSI3M, UCIIOJB3YIOIIEW OJWH W3 BUJOB IU(PPOBON MOAYJISITUN
10 yKazaHuto npenogasarens. HactpanBas mapameTpsl Kaxaoro 0i1o-
Ka, J00eiTech MpPaBUIBLHOW PadOThl MojJenu. B kadecTBe moaTBep-
KIECHUST PaOOTHI MOACIH MOTYT CIY>KUTh OCIHHJUIOIPAMMBbI U CIIEKTPO-
rpamMMbl cUrHaNIOB. MccnenyiiTe KauyeCTBEHHbIE M3MEHEHUSI aMILIH-
TYAHOTO CIIEKTpa CUTHAJIa B 3aBUCUMOCTH OT MapaMeTpoB, 3ajaBac-
MbIX B Onokax reHeparopa bepuymnu u xanama ABI'II. Jlna Gonee
rIIyOOKOro aHajin3a HEOOXOAUMO CHSTh 3aBUCUMOCTh KO3 (dUIlneHTa
outoBoi ommbku (BER) oT orHOmenus «curnan/mym». CpaBHUTE
MOJTYYCHHBIN TpadUK C TEOPETUUECKHUM, MOJYUYCHHBIM JJI MOIYJIs-
M MUHUMaJIbHOTO caBura. Caenante BbIBOJBI 00 aJIEKBATHOCTH I10-
Jy4eHHON Mojienu. B ciiyuae HEOOXOAUMOCTH BHECUTE U3MEHEHHS.

2. Ha ocHOBe ormbITa, MOJTYYEHHOTO TPHU BBITTOJTHEHUM TPEIbITY-
Iero 3aJaHus, paspadoTaiTe Mojenu A1 BUI0B Moaysiunun QPSK,
OQPSK, m/4-QPSK u MSK. [lo6aBbTe B MOACIH HEOOXOIUMEIC
bunetpel HaiixkBucta u Taycca (mis MSK), mnpousBenutre ux
HacTpoiKy. [Tonyunte TpaeKTOpUM JBHXKEHUS CUTHAJIOB MEXIY TOY-
KaMH CO3BE3/IMs, PACCUUTAUTE MHUK-(DAKTOP MOJYYEHHBIX CHUTHAJIOB
(oTHOILIEHHWE IUKOBOM MOIIMHOCTH K cpeaHer). CraenaidTe BBIBOJIBI
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O BJIMSIHUU HACTPOCK (UIBTPOB HA TMOJYYEHHBIE pe3ydbTarhl. UTO
MOXHO CKa3aTh 0 (hopMe OTHOAIOIICH Ka)KI0T0 U3 BUAOB MOIYJISIIAN?

3. MonepHu3upyiTe OJIHY M3 CO3JaHHBIX MOJIETEH, B3sIB B Kade-
CTBE MCTOYHHKA OMTOB HE IeHEepaToOp CIyYalHBIX YHCEII, a 3BYKOBOU
daiin. B ciaydae uaeanbHOro kaHana gqooeitecs 6e301mn00YHOM epe-
a4 JaHHBIX ¥ KOPPEKTHOTO coXpaHeHus ¢aiijia Ha IPUEMHOMN CTO-
pone. JlobaBbte kanan ¢ ABI'II u mponaGitonaiiTe 3aBUCUMOCTh Ka-
yecTBa 3Byka oT OCIII B kaHarne, NoJib3ysCh METOJIMKON U3 3aJaHus 4
paznena 1.4.

4. B cpene Simulink mocTpoiite u mpoBeauTe UCCISI0BaHUE MOJIC-
JIM MHOTOKAHAJILHOM CHCTEMBI CBSI3U C YaCTOTHBIM pa3ficliCHHEM KaHa-
JIOB, MCTIOJIB3YIOIIEH MOAYJISAIIMI0O MUHUMAIBHOTO caBura. Yucio kaHa-
JIOB MOKET BapbUPOBATKLCS B TpEJIeiiax oT 3 70 8, a CKOPOCTh Mepeaadn
B Ka)XJ10M KaHaie oT 2,4 1o 256 xout/c. Mccnenyiite BausHUE TTapameT-
POB IU(GPOBBIX PA3ACIAIOMUX (GUIBTPOB U COCEAHNX KaHAJIOB HA Kave-
CTBO PabOThI MOJICTTUPYEMOM CUCTEMBI CBsI3U. CpaBHHUTE pabOTy MOIEITH
C pPa3HbIMU 3HAYCHUSMH 3aIIUTHBIX TIOJIOC MEXAY KaHaJIaMH.
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3. I'toroBmwie TeCTbI

3.1. Bapuant 1

1. [Ip¥ 0AMHAKOBOM U JOCTATOYHO OOJIBIIIOM OTHOIIEHUM «CHT-
HaJ — IIyM» HaWJIy4dlllee KauecTBO Mepelayu aHajioroBou uHpopma-
1uu (pedb, My3bIKa) OyJIE€T JOCTUTAThCS TIPU UCTIOJIb30BAHUH:

a) AM c enyounou 0,5 8) UM c koapgpuyuenmom 3,0
6) UM c kosghpuyuenmom 1,0 2) AM c enyounou 1,0

2. AHayoroBasi CHCT€Ma CBS3H C KIIACCHYECKOM aMILIUTYTHOM
monaysiiuent. Ilepenaercst peus, rimyouna monyssauuu 1. Kakas mons
MOIITHOCTHY MPUXOJUTCS Ha TOJIE3HYI0 HHPOpMAIHIO?

a) 33 % 6) 50 % 6) 75 % 2) 100 %

3. AHajoroBasi CHCTEMa CBSI3H C OJIHOMOJOCHOW aMILIUTYTHOM
moaysinuen. [lepenaercs peus. Kak MeHsIETCSt MOIITHOCTH Ha BBIXOJE
nepenaTyuKa mpy nepexoie oT nay3 K akTUBHOMY pe4eBoMy 0OMeHYy?

a) om Hyne8olU 00 MakcumaivHou  8) om 33 % 00 MaKCUMAanIbHOU
0) om cpedHeli 00 MaAKCUMANbHOU  2) He MEeHSemcsl

4. AnanoroBasi cucTeMa CBSI3M ¢ 4acTOTHOW monyJssmuei. Ilepe-
naercsi peub. Kak MeHseTcs MOIIHOCTh Ha BBIXOAE MEpPEHaTUYHUKa
IpU NIEPEXOo€e OT Nay3 K aKTUBHOMY PEYEBOMY OOMEHY?

a) om HYyne8olU 00 MakcumaivHou  8) om 33 % 00 MaKCUMANIbHOU
6) om cpeonell 00 MAKCUMANLHOU &) He MeHAemcsl

5. cTopuuecku nepBbii CrIOCO0 pa3/iesieHus] KaHAJIOB:

a) no epemenu 0) no wacmome  8) no Homepy  2) no Kooy

6. Cuctema cBsI3M, B KOTOPOH B OJJHOM KaHajieé MOXKHO Tiepejia-
BaTh U MPUHUMATh WH(POPMAIIUIO, HO HE OJHOBPEMEHHO, a TTooYepe -
HO, Ha3bIBACTCH:

a) cumniexcHou  0) OYnaeKCHOU 8) NOAYOVYNIEKCHOU 2) CMEeUaHHOU

/. [Ipuunna «1moporoBoro 3¢gheKxTa» aHaJIOTOBBIX CUCTEM CBSI3H.
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a) 02paAHUYEeHHAs UCNPABIAIWAS CNOCOOHOCMb 0eKooepa
0) npeobnadarnue HeUHeUHbIX UCKANCEHUL HAO TUHEHbIMU
8) NPUHYUNUATILHO OpPY20lU paouyc Oelucmeuss no CPaBHeHUo

¢ yughposvimu
2) ycmapesguiue memoovl MOOYIAYUU

8. Ectp OMTOBBIN MOTOK CO CKOpOCThIO 256 kOut/c. Kakoit Buj
MaHUITYJIAIUN CIeIyeT MCIOJIb30BaTh JIJIA €ro mnepejgauyd B pajaroKa-
gaiie ¢ noJyiocor 100 kl'1r?

a) BPSK 6) OPSK 6) PSK-8 2) QAM-16

9. Teoperuuecku TpefenabHas crOekTpaibHas 3G(PEKTUBHOCTD

QAM-16:
a) 2 T'y/oum/c  6) 2 oum/c/T'y 6) 4 oum/c/I'y 2) 4 I'y/6um/c

10. MakcuMasibHasi CKOPOCTh MeEpeAadyd JaHHBIX B KaHale
0e3 mryma ¢ nmosiocoit 100 xI'1y mpu ucnons3oBannu BPSK:

a) 100 koum/c 8) 200 xbum/c
0) 50 kbum/c 2) be3 wyma He o2paruiena

11. ITepexon ¢ monynsuuu BPSK na QPSK npusener:
@) K pocmy cnekmpaivhou 3¢ pexmusnocmu 6 2 paza
0) pacuiupeHuro noocyl cucHana 8 2 paza

8) VIYUULEHUIO HOMEXOYCMOUYUBOCIU

2) YMeHbUeHUI0 NUK-pakxmopa paouocucHald

12. Tlepexon ¢ monymnsimu QPSK na OQPSK npuBenert:
@) K pocmy cneKkmpaibHoll d¢hghexmusnocmu 6 2 pasza

0) pacuiupenuro noaocvl CUCHAIA 8 2 pasa

8) VIVYULEHUIO HOMEXOYCMOUYUBOCTNU

2) YMeHbueHUIo NUK-haxmopa paouocucHald

13. Hauxynmiee 3HadueHne BeposiTHOCTH OutoBoii omunoku (BER)
paBHO:

a) 1 6) 0,5 8) 2 2)0

14. CkopocTh MOTOKA JJAHHBIX OT UCTOYHHKA UH(POpPMAIIUU paBHA
64 xout/c, K03 PUIMEHT KOMIPECCUH KOoJiepa UCTOUYHHUKA 4, CKOPOCTh
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HCIIOJIb3YEMOI'0 MTOMEXOYCTOMYMBOro Kojaa 1/2, Torma CKOpOCTh BbI-
XOJTHOTO MOTOKA PaBHA:

a) 128 koum/c  6) 32 koum/c  8) 64 koum/c  2) 8 kKbum/c

15. ®unwsTpel HaitkBucra, ['aycca u M moI00HbIE UCTIONIB3YIOTCS
B IIU(PPOBBIX CUCTEMAX CBS3U:

@) OJ1s1 MUHUMUZAYUU MENCCUMBONIbHOU UHMepPhepeHyuu

0) yeenuyeHus: noMexoyCcmouyueoCmu

8) NPeOoOMmM8paujeHUst HaN0HCeHUsI CHEKMPO8

2) ycmpaneHus nepexo0os ocubaroueli uepes Holb

16. OTHoOIEHNE «CUTHAI — Inym» paBHO 6 ab. Torma makcu-
MaJlbHasl MPOIYCKHas CIocOOHOCTh kaHana (1o teopeme lllenHona —
Xaptnu) ¢ nonocoi 1 MI'1[ cocTaBuTt:

a) 2,3 Moum/c 8) 7 Moum/c
6) 8,5 Moum/c 2) 2,8 Mbum/c

17. Cxopocts niepenauu napopmanuu 10 boa. 3to 3Hauur, 4To:

a) cumsonvHas ckopocms 10 cumeonos/c, bumosas 10 bum/c

0) cumgonvHas ckopocms 10 cumeonos/c, bumosyr onpederums
Heb35

8) CUMBOJILHYIO CKOPOCMb Onpedenums Helvss, oumosas 10 oum/c

2) cumgonvHas ckopocmo 10 cumeonos/c, bumosas 20 oum/c

18. Ha cHsATMH 3aBUCHUMOCTH OWUTOBOW OIIMOKHA OT OTHOIICHHUS
«curHan — mym» ot 0 1b 1o 20 n1b skcnepumMeHTanbHbIN rpaduK mo-
BTOpsIET TeopeTudyeckuit, a HaunHas ¢ 20 nb OurtoBas ommOka rnepe-
craeT 3aBuceTb or OCII u ocraercs Ha JOCTUTHYTOM ypPOBHE. DTO
TOBOPHT:

@) 0 HATUYUU HETUHEUHBIX UCKAJICEHULL 8 CUCHATLE

0) HAMUYULU MENHCCUMBOIbHOU UHMephepeHyuU

8) docmudicenuu npeoena lllennona

2) nossieHuU nopo2oso2o dgexma.
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3.2. Bapuant 2

1. [Ipy 0o4YeHb MIOXOM OTHOLIEHHH «CUTHAJI — IIyM» TOJ0COBas
CBSI3b OYJIET BO3MOXHA TOJIBKO:

@) Npu KNACCUYecKol amMniumyoHoU MOOYasyuu

6) 00HONONOCHOU MOOYIAYUU

8) y3xononocrou YM 2) wupokononocuou YM

2. AHanoroBasi CHUCT€Ma CBSI3UM C KJIACCUUYECKON aMILIUTYIHOMN
monaysinuen. Kakos KII/] (Teoperndeckunii) Takoil CHCTEMBI MPH TITY-
oune moxyssiiuu 0,57

a) 11 % 6) 33 % 6) 50 % 2) 75 %

3. AHajoroBasi cucTeMa CBS3U ¢ OanaHcHOW momayismuei. Ilepe-
naeTcs pedb. Kak MEHAETCS MONIHOCTh Ha BBIXOJE MNEpPEIaTYMKa
MIpU TIepexo/ie OT nay3 K aKkTUBHOMY PE€YE€BOMY OOMEHY?

@) om Hynegol 00 MakcumaivHou  8) om 33 % 00 MaxkcumanibHou
0) om cpedHeli 00 MaAKCUMANbHOU — 2) He MEeHSemcsl

4. AHanoroBasi cuctemMa CBSI3U C 4yacToTHOM moxyJsinueit. KIT/]
(TeopeTHUYEeCKHil) TAKOW CUCTEMBI ITPU KO PUIIEHTE MOTYJISIIUN 2

a)33% 6)50% 6)75% 2) 100 %

5. Cpenu aHAJIOTOBBIX BHJOB MOIYJSIMU TMOPOTOBBINA 3 (dexT
MEHEE BCET0 CBOUCTBEH:

a) amnaumyoHou 8) gpazoeoii
6) yacmomHoti 2) 0OHONONOCHOI

6. Cuctema CBs3M, B KOTOPOH B OJHOM KaHajJe MOXXHO Tepeaa-
BaTh M MNpPUHUMATh HHOOPMAIUIO OJHOBPEMEHHO B 00€ CTOPOHHI,
Ha3bIBAETC:

a) CUMNJIEKCHOU ~ 0) OYNIeKCHOU  8) NOJYOYNIEKCHOU 2) CMEeUAHHOU

/. PeueBoit curnan ¢ nosiocoit 300... 3000 I'u mepemaetcs ¢ 10-
MOIILIO aHAJIOTOBOM aMIUIMUTYJIHOM MOIYISAIMA W C TOMOIIBIO
QAM-16 nocne omudpoBKU ¢ YacTOTOM AUCKpeTU3anuu 8 kI u pas-
PSAMHOCTBIO 8 OUT 0€3 MCIIOJIb30BaHUS CXKATUS W KOJUPOBAHUS
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npu ucnojb3oBanuu Guiabtpa HalikBucra k K03)PUIIMEHTOM CTIaKU-
Baaus 0,5. Torga oTHOIIEHWE 3aHUMAEMOM IOJOCHI MPU MUGPOBOU
MOJYJISIIIMY K 3aHUMAeMO# aHaJIOroBO# OyieT

a) 6 4 paza bonvuue 8) 6 2 paza meHvluLe
0) 6 2 paza bonvuue 2) 00UHAK0BOU

8. IIpu ucnonnzoBanun QPSK 0e3 koaupoBaHusi OuTOBask OMINO-
ka 10-5 gocruranace npu Hexkoropom OCII paBnom X nb. Ilocne
BBEJICHUSI KOJUPOBAHUS ATO 3HAUYCHUE OIIMOKH CTajo JAOCTUTaThCs
npu X — 1,6 n1b. Paznuna B OCIII HocuT Ha3BaHue:

a) npeoen Illennona 8) nopoe ycmouyusocmu
0) oHepeemuuecKull 8blucpblil  2) npeden 4y8CmeumelbHOCmu

9. VBenuuenue kodpdunmenta criaaxkuBanus GuibTpa HaiikBu-
CTa MpPUBEIET

@) K pacuupenuio nojaoChl U YeaudeHuo NPonyCKHol CnOCOOHOCMU

0) cyarceHUIo noocvl be3 ygerudenus nponycKHoU cCnocoOHOCmu

8) yMeHbUleHUIO NUK-gakmopa be3 nomepu nponyckKHou cnocoo-
Hocmu

2) yseauueHuo nuK-ghakmopa u y8eaudeHuo nPonyCKHou cnocoo-
HoCcmu

10. MakcumanbpHasi IPOMyCKHas CIOCOOHOCTh KaHaa 0e3 mryma
c mosiocor 100 xI'x mpu ncnosib3oBanuu pazmepa ainpasura M=16:

a) 1600 koum/c 8) 400 xbum/c
0) 3200 koum/c 2) be3 wyma He oeparHuyena

11. Haumenee TpeOoBaTeNnbHBIA K JIMHEMHOCTH YCHIIUTENS BUJ
MOIYJIALINM:

a) QPSK 6) QAM-16 &) GMSK 2) 1/4-QPSK

12. Tlepexon ¢ moaynsanuu FSK na GFSK mpuBener:
@) K YMEHbULEHUIO NOJIOCbL CUSHALA

0) pacuiupenuro noaiocvl CUCHANLA

8) YIIyUUeHUI0 NOMEXOYCMOUYUBOCU

2) yenuyeHuro NponyCcKHol cnoCOOHOCmU
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13. Hcnonp3oBanue koja I'pes BMECTO OOBIYHOIO JABOHMYHOIO
P MHOTOTIO3UITMOHHON MOYJISIIUNA MPUBEET K TOMY, YTO:

a) CUMBONILHAS U OUMOBASL OUUOKU YMEHbUUAMCS

0) CUMBONbHASL OUUOKA He USMEHUMCS, A OUMOBAs YMEHbULUMCSL

8) buUMoBas owUOKA He USMEHUMCSl, d CUMBOJIbHASL YMEHbULUMCSL

2) HU CUMBOJIbHASL HU OUMOBAs OUUOKU He USMEHAMCS

14. CkopocTh MOTOKA JAHHBIX OT UCTOYHMKA MH(OpPMAIIUU paBHA
64 xOut/c, K03 PUIMEHT KOMIPECCUH KOoJIepa UCTOUYHHUKA 4, CKOPOCTh
HCIIOJIb3yeMOT0 ITOMEXOYCTOMYHUBOTO Kojaa 1/4, Torma CKOPOCTH BBI-
XOJIHOTO TTIOTOKA paBHa

a) 128 koum/c  6) 32 koum/c  8) 64 koum/c  2) 8 koum/c

15. IIpu nepexone ¢ BPSK na QPSK npu oamHakoBOM OTHOIIE-
HUU «CUTHAT — IITYM»

a) bumosas oumudKa YMeHbUUMCS

6) bumosas owubKa He UZMEHUMCS

8) 3a8ucum om OMHOULEHUSL « CUCHATL — ULYM»

2) bumosas owuoKa y8eaudumcs

16. OTHOIIIEHNE «CHUTHAJI — IITyM» 110 MOITHOCTH paBHO 15 pas.
Torma MakcumasabHasi TPOMYCKHAS CIIOCOOHOCTh KaHaja (1o Teopeme
[llernona — Xaptau) ¢ nonocout 1 MI'n cocraBurt:

a) 4 Moum/c 0) 1,2 Moum/c  8) 3,8 Moum/c  2) 16 Mboum/c

17. Ckopocts niepegaun uapopmanuu 10 boa. 1o 3Ha4UT, 4TO

a) cumeonvhas ckopocms 10 cumsonos/c, bumosas 10 oum/c

0) cumeonvras cxkopocms 10 cumeonos/c, bumosyo onpederums
Heb3sl

8) CUMBONLHYIO CKOPOCMb Onpedeiums Heawvss, oumosas 10 oum/c

2) cumeonvHas ckopocmos 10 cumeonos/c, bumosas 20 6um/c

18. Ilpu npeBwIlIeHUHM HEKOTOPOTO 3HAYEHUSI MOIITHOCTH CUTHAJIA
Ha BXOJIe MpUEMHHKa OUTOBas OIIMOKAa HAYMHACT PAcTH U OBICTPO J0-
CTUTAET MAaKCUMyMa. DTO TOBOPHUT:

Q) 0 HANUYUU HeTUHEUHBIX UCKANCeHU

0) HAMUYULU MENHCCUMBOIbHOU UHMephepeHyuU

8) oocmudicenuu npeoena Lllennona

2) nossieHuU nopo2o8o2o phgexma.
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KOHTPOJIBHBIG BOIIPOCBHI

1. OObsicHuTe HEOOXOAUMOCTh HCMOJIb30BAaHHUS ~ MOIYJISLIMHU
pu nepeaayve nHGOPMaILNH IO PaJIMOKAHAITY U IMOHITHE «HECYIIAs.

2. [lepeuncinuTe TOCTOMHCTBA M HEJAOCTATKH KIIACCHYECKON aMm-
ATy AHOU MoayJsiuuu. Kakue npeuMyinecTBa MMEIOT allbTEpHATHUB-
HbIC€ BUAJIbl aMIUTUTYITHOM MOAYJIS UM ?

3. OT 4ero 3aBUCHUT IIMPHUHA TTOJOCHI YacTOT, 3aHUMaeMasi MOy~
JUPOBAHHBIM cUTHaJIOM Iipu AM u UM?

4, MOXHO JI1 TI0 OCHMJUIOTpaMMe OTJIWYUTh YaCTOTHYIHO MOJTYJIsI-
1110 OT (Ha30BOM, HE 3HAS MepelaBaeMblil CUTHAIT?

5. Ilouemy st koMMmepueckoro paauoBemanus B YKB-aua-
MMa30HE TIPUMEHSECTCA IIUPOKOIIOJOCHAA  YIJIOBas  MOIYJISIIHUS,
a i1 npoheCCUOHATILHON PaOCBsI3U — Y3KOTOJIOCHAs?

6. Kak mposBisieTcsl moporoBeii 3PpGeKT B cUcTeMax Iiepeaadyu
uHopmanuu?

7. Kakue Buspl 1uppoBOH MOTYJISAIIMA BaM U3BECTHBI?

8. B ueM cocToUT OCHOBHasi OCOOEHHOCTh M Ba)XHOE MPEUMYIIIe-
CTBO KBaJIpaTyPHBIX BUI0B MOAYJISLINU?

9. Ins yero wucnons3dytorcs ¢uiabTpsl HalikBucra u ITaycca
npu GOPMHUPOBAHUU MHOTUX BUIAOB ITUPPOBLIX MOTYJIALINN?

10. JlaitTe onpeaenacHre CIEKTPaTbHON 3 (HEKTHBHOCTH.

11. B 4yemM oOTiMuYM€ HU3KOYACTOTHOM MOIYJSIUM U paauoya-
CTOTHOM?

12. Kak ompeaenuTh MUHAMAILHO JOIMYCTHMYIO ITOJOCY YacTOT
JUJIs1 IEpEeJayy CUTHaIa ¢ 3aJJaHHON CKOPOCTHIO M BUJIOM MOAYJISIIIAN?
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