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1. IIpakTuuyeckass padora Nel «@opMupOBaHHE TAHHBIX H
CUTHAJIOB, PUIbTPALMA CUTHAJIOB)

Peanmusyiite cnenyromuii Hadop dhyukiuii B MATLAB:
a) GYyHKIMIO T€HEpAIlMd MAaTPHUIIBl CIyYalHBIX CHMBOJIOB out s
nepeayy 1o KaHary CBS3H

function [ out | =data gen ( x,y, n), (1.1)

r7e: X Uy — pa3Mep MaTpHUllbl;
N — KOJIMYECTBO BO3MOXHBIX 3HaUeHuM cumBoza (ot 0 1o n — 1);

0) ¢yHkuuo GQOpMHpOBaHWA CHTHAJIAa C  KBaJpaTypHOU
aMIUTUTYITHOM MAaHUITYJSIUMEN HA HYJIEBOU IPOMEKYTOYHOU 4aCTOTE

function [ out | = mod_gam ( data, constellation ), (1.2)

rae: out — KOMIUIEKCHBIA BBIXOJTHOM CUTHAII MOAYJISATOPA;

data — maHHBIC 15 TIepeayuy 10 KaHATy CBS3U;

constellation — To4YkM coO3Be3usl KBaJpaTypHOU aMIUIUTYIHOMN
MaHUITYJIALUY;

B) (PYHKIIMIO, BBIMIOJHSIONIYI0 (OPMUPOBAHUE CHEKTpAa CUTHAJA
npy MOMOIIM (UIBTPA C XAPAKTEPUCTUKONW KOPEHb W3 MPUIOIHSITOTO
KOCHHYyCa

function [ out | = filter tx (in, order, n, rf), (1.3)

rjae: out — KOMIUICKCHBIA BBIXOJHOW CUTHAN (QOPMUPYIOIIETO (PHIIBTPA;
1N — KOMITJIEKCHBIN BXOJIHOW CUTHAJI (OPMUPYIOIIETO QUIIBTPA;
order — mopsiA0K GUIbLTPA;
n — K03 GUIIUEHT MOBBIIICHNUS YaCTOTHI TUCKPETU3AIUY;
rf — K03 PUIMEHT CKPYTICHUS XapaKTePUCTUKN PUIBTPA;

r) (YHKIUIO, BBINOJHSIONIYIO COrJIACOBAHHYIO (PUIbTpaIUiO
CUTHaJIa TIpu mnomoliyd ¢uiabTpa C XapakKTepUCTUKON KOpeHb U3
MPUTIOJHATOTO KOCUHYCA



function [ out | = filter rx ( in, order, n, rf), (1.4)
rje: out — KOMIUICKCHBIA BBIXOJHOM CUTHAJ COTJIACOBAHHOTO (QUIILTPA;
1N — KOMITJIEKCHBIN BXOJTHOM CUTHAJI COTJIaCOBAaHHOTO (PHIIbTpa;
order — mopsiA0K GUIbLTPA;
n — KO3(PPUIIUESHT MOHKEHUS YaCTOThI JUCKPETU3AIINU;
rf — ko3 PuIMeHT CKpyTIeHUs XapaKTePUCTUKN (PUIbTpa.

s xaxaot u3 QyHKIUNA co3gaiTe mporpamMmy, GOpPMHUPYIOIIYIO
BXOJIHBIC JTaHHBIE W OOpabaTHIBAIOIIYIO BBIXOAHBIC JTaHHBIC (DYHKIIUH.
[TocTpoiiTe BpeMeHHBIC ITHArpaMMbl BXOIHBIX M BBIXOJHBIX CHT'HAJIOB,
yOeaUTECh B MX COOTBETCTBHHM TEOPETHUYECCKMM MaHHBIM. OToOpasuTe
CIEKTp CUrHaja Ha Bbixoae dopmupyromiero ¢punbrpa. Chopmupyiite
otyer [1].

2. IIpaktuueckas padora Ne2 «@opMHUpPOBaHME CUTHAJIOB C
YacTOTHOM, dazosoii, AMILJIMTYAHOH U KBaJApaTypHOI
MOIYJIAUSIMI»

Peanuzyiite cnenyromuit Hadop ¢hyukuuii B MATLAB:
a) ¢GyHkOouo  GOPMHUPOBAHMS  CUTHajla C  YaCTOTHOM
MaHUMYJISALUEN

function [ out, t | = mod fsk (data,n, f, q,p), (2.1)

rae: out — BBIXOJAHOW CUTHAJI MOJYJIATOPA,

t — BEKTOpP BPEMEHHBIX OTCUYETOB;

data — maHHBIC 15 TIepeayuy 10 KaHaTy CBS3U;

N — MO3UIIMOHHOCTh MAHUITYJISLINY;

f — BekTOp 3HAYEHUM YACTOT MAHHUITYJSIUU (B COOTBETCTBUHU C
MO3UIIMOHHOCTHIO);

q — KOJMYECTBO BBIOOPOK Ha OJMH IIE€PHOJ TapMOHHYECKOIO
KO0JIEOaHUs ¢ Hau- MEHbBIIIEH YaCTOTOM;

P — KOJIMYECTBO MEPHUOJIOB HECYIETO KOojeOaHus Ha OJUH CHMBOJI
JTAHHBIX;

0) d¢yukiuu GOPMUPOBAHUS CHUTHAJa C JABOMYHOM (ha3oBOM
MaHUIYJISIUEH U YETHIPEXIMO3UIIMOHHON (ha30BOM MaHUIYJALUEH Ha
HECYIIEHW 4acTOTE



function [ out, t | = mod_bpsk ( data, f, q,p ), (2.2)
function [ out, t | = mod qpsk ( data, f, q, p), (2.3)

rje: out — BBIXOJHOW CUTHAJI MOYJISITOPA,

t — BEKTOP BPEMEHHBIX OTCUETOB;

data — maHHbIE [T TIEpeIayuu M0 KaHaly CBSI3U;

f — Hecymias yacToTa;

q — KOJUYECTBO BBIOOPOK HAa OJMH TMEPUOJI TAPMOHUYECKOTO
KOJIEOaHUSL;

P — KOJIMYECTBO TMEPUOJIOB HECYILETO KOoJeOaHusi Ha OJUH CUMBOJI
JAHHBIX;

B) (QyHkuuio ¢GOpMUpPOBAHMS CUTHajIa C  aMIUIUTYJHOU
MAaHUMYJISALUEN HA HECYILEH YacTOTe

function [ out, t | = mod ask ( data, n, f, q,p ), (2.4)

rje: out — BBIXOJHOM CUTHAJI MOJYJISITOPA,

t — BEKTOP BPEMEHHBIX OTCUETOB;

data — maHHBIE 715 IepeIauy 10 KaHATy CBA3U;

N — MO3UIIMOHHOCTh MAHUITYJISINY;

f — Hecyias yacToTa;

q — KOJUYECTBO BBIOOPOK HAa OJMH TMEpPUOJ TAPMOHUYECKOTO
KOJIEOaHUSL;

P — KOJIMYECTBO MEPUOJIOB HECYILETO KOJeOaHusi Ha OJUH CUMBOJI
JTAHHBIX.

s xaxaot u3 QPyHKIUNA co3gaite mporpammy, (GOpPMHUPYIOIIYIO
BEKTOP BXOJIHOT'O BO3JICUCTBUSI U 00padaTHIBAIOIYIO BBIXO/IHbIC JIAHHBIC
bynkuuu. Otobpaszutre Ha TpaduKkax BpPEMEHHbIE 3aBUCUMOCTH BCEX
CUTHAJIOB, yOenuTech B MPaBWIBLHOCTA padoThl (QyHKIUA. [lomyuure
CHEKTPBI BBIXOAHBIX CUTHAJIOB MOIYJIATOPOB. 10 mosyyeHHbIM JaHHBIM
chopmupyiite otuert [1].

3. IIpakruueckas padora Ne3d «MogesaupoBaHue HIYMOB B
KaHaJie CBA3N»

Peanmmsyiite cnenyromuii Hadop ¢hyukiuii B MATLAB:
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a) GYHKITMIO TeHepaluu 0eJIoro rayccopa Iyma
function [ out | = wgnoise gen (X,y, m,d), (3.1)

rje: out — MacCUB 3HAUYECHUH BHIOOPOK LIyMa;
X 'y — pa3Mep MaTpulilbl;
m — MaTEMaTUYECKOE OXKUJIAHUE;
n — IUCTIEPCus 1IyMa;

0) Ha ocHOBe (YHKIMHM Wgnoise gen co3aaTe (YHKIIHIO,
NO00aBIAIONIYI0 aJJUTUBHBINA O€JIbIi TayCCOB IIYyM C HYJEBBIM
MAaTEMATUYECKAM OXKUJAHUEM K CUTHATY

function [ out | = add awgn (in, snr), (3.2)

rae: out— aJJIuTHBHAS CMECh CUTHAJA U IITyMa;
1N — BXOJHOM CUTHAI;
snr — oTHoOIIeHue curHan/mym (ab).

CrenepupyiiTe HECKOJIbKO BEKTOPOB O€JIOro rayccoBa IymMa C
HYJIEBBIM MaTEMATHYECKUM OXUJAHUEM U €AUHUYHOW Jucrepcueu
pasmeprocteio 10° | 10* | 10° u 10° . Be3 ncnons30BaHus BCTPOEHHBIX
byukiuiik MATLAB jans  kaxaoro u3 BEKTOPOB  pacCUUTAMTe
MaTeMaTUYeCKOE OXHUJAaHWE U JHUCIEPCUI0, TMOCTPOMTE Trpaduku
IUIOTHOCTA BEPOSITHOCTH M (DYHKIUU paclpeereHus, 0ToOpa3uTe
CIEKTp UIyMOBOrO0 CHUrHajia. Hamumure mporpamMmy, BbITOJHSIOUIYIO
MOJICJTUPOBAHUE TMpollecca MCKAXKEHUSI TOJIE3HOIO0 CUTHAJIa B KaHale
IyMaMu:

a) mpu nomomy ¢ynkuuu data gen cdopmupyiite Bekrop u3 10°
JIBOUYHBIX CUMBOJIOB. [IpuBeuTEe BEKTOP JAHHBIX K OUMOJISIPHOMY BUY
(3amMeHHTE HYJICBbIEC 3HAYCHUS Ha -1);

0) ucnonb3ys ¢yskiuro add awgn chopmupyiite He MmeHee 40
BEKTOPOB aJITUTUBHOM CMECH JJI PA3JIMYHBIX OTHOUIEHUW CHUTHAJ/IIyM
B nuana3oHne ot -40 nb go +40 nb;

B) MPOBEAUTE CPABHEHUS KaXJIOr0 M3 3HAYCHUM TOJYYECHHBIX
BEKTOpPOB C HyJieM. B ciiyyae, ecnu 3HaueHue OOJbIle HYJIS, 3aMEHUTE
ero Ha 1, uHave 3aMeHUTE €ro Ha -1;

I') BBINOJHUTE CpPAaBHEHUE MPUHATHIX BEKTOPOB JAHHBIX C
nepeaaHHbIMU, MOJICUUTANTE KOJIMYECTBO OITHOOK.
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[TocTpoiiTe rpaduk 3aBUCUMOCTH KOJWYECTBA OMIMOOK IIPHU
nepeaade nHGOPMAIIMK OT OTHOIICHUS CHTHAJI/IIIyM B KaHalie cBs3H. I1o
pe3yiabTaraM padoThl CHOPMUPYHUTE OTUYET, COJCPKAIIUNA MPOrpaMMbl U

rpaduku [1].

4. IIpaktuueckass padora Ned4 «KBagparypHblii mNepeHOC
CIIEKTPa»

Peanmmsyiite cnenyromuii Hadop ¢yukiumii B MATLAB:
a) reHepaTop KOMIUIEKCHOTO CUTHAJIa

function [ out | = complex_gen ( a, f, ph0, t), (4.1)

rae: out — BBIXOJHOW KOMIUIEKCHBIM CUTHAJI TEHEPATOPA;
a — aMIUTUTya KOJIeOaHH;
f — gacTtoTa xoncOaHUH;
ph0 — HauanbHas ¢asa koyiebanuii (pan.);
t — BEKTOp BPEMEHHBIX OTCUYETOB;

0) Ha ocHoBe (QyHKIMH complex gen co3gaite GYHKIHIO
IEpEHOCAa CIIEKTpa TMOJIE3HOIO CHUTHajla IIyTeM JIOMHOXKEHHUS Ha
KOMIUJICKCHBIM CUTHAJI TE€TEPOJMHA C €AMHUYHON aMIUIMTYI0M, HYJIEBOU
HavyaJabHOU (Pa3oil U 3aJJTaHHOM YacTOTOM

function [ out | = freq conv (in, f, t), (4.2)

rje: out — BBIXOJHOM KOMILJIEKCHBIM CUTHAJ peoOpa3oBaTes YaCTOTHI;
In — BXOJIHOM CUTHAJ MpeoOpa3zoBaTesisi 4HaCTOTHI;
f — gactoTa xoncOaHUH;
t — BEKTOpP BPEMEHHBIX OTCUETOB;

B) Ha ocHOBe (QyHkmmm freq conv co3gaite (QyHKIHIO,
BBITMIOJTHAIONIYIO KBAAPATYPHYI0 MOIYJISIIMIO CUTHAJIA IYTEM CJIOXKECHUS
JICMCTBUTEJILHOM M MHHUMOM COCTaBISIONINX KOMIIJIEKCHOI'O BBIXOJJHOI'O
curxajia QyHKIIUHA TIEpeHOCa CIIeKTpa

function [ out | = quad mod (in, f, t), (4.3)



8

rae:  out — BBIXOJHOM BEHIECTBEHHBIM CHUTHAN MpeoOpa3oBaTess
YacTOTHI;

n — BXOJIHOM KOMIUIEKCHBIN CUTHAJI MPeo0pa3oBaTelisa 4YacTOThI;

f — yactoTa KoeOaHNUH;

t — BEKTOP BPEMEHHBIX OTCUETOB.

Co3palite MyJIbTUTapPMOHWYECKHMUA CUTHAJl C 4YacTOTaMH M
aMIUTUTYJJaMU TAPMOHUYECKUX KOJI€OaHUM, yKa3aHHbIMU B TaOmwuie 1.
KosnuecTBO BBIOOPOK CHUTHAjda pacCuUTaTh HCXOJS U3 YaCTOTHI
auckperuzauu 10 MI'n u gnurensHocTn curHana 1 cek. Iloctporite
rpaduKy cUrHaia BO BPEMEHHOU M CIIEKTpadbHOU o0nacTsx. Mcrnonb3ys
dbyukiuio freq conv, BBIOJIHUTE NEPEHOC CIEKTPA CUTHAJIA HA YACTOTY
1 MI'i B OJIOKUTENBbHYIO 00JIACTh YaCTOT U B OTPUIIATENILHYIO 00JIaCTh
yacToT. [locTpolite Tpaduku BBIXOJHOrO CHUTHaJIa TPeoOpa3zoBaTes
4acTOThl BO BPEMEHHOW U chekTpaibHOi obnacTsax. Cdhopmupyiite
OTYET.

Tabmuma 1 —  Hcxoansie dbopmupoBaHus
MYJIBTHI@DMOHHYECKOT0 KOJIeOaHus!

JAaHHBIC JIRIG |

-

Bapuant l Yacrora Ilzﬂ.\-lll.llll'l'}'.u:-l RDJH‘ﬁ;HHﬁ (&l'u) y
0 A=01; =10 A=06 =29 A4=0,1:f=35 A=02;.f =60
1 A=02.f=1I A=03. =28 4=03;f=37 A=02:f =63
2 A=03. =12 A=02. =27 A4=04.f=39 A=01.f =66
3 A4=02./=13 A=08.f=26 A=01;f=41 4=0,1.f=69
- A=07.f=14 A=01;f=25 A=01;f=43 4=01.f=T72
5 A=02;f=15 A=02;f=2 A4=02.f=45 A=04. =75
6 A=01;f=16 A4=03f=23 A=03; =47 A=03.f=78
7 A=05,f=17 A=03,f=22 A=01;f=49 A=01;f =81
8 A=06;f=18 A=01, =21 4=01;f =5l A=02.f =84
9 A=04, =19 A=02;f=20 A=03;f=53 A=073;f=88

ChopmupyiiTe 1Ba BeKkTOpa clydaHbIX JaHHbIX 10 1000
CHMBOJIOB MpH momoIu GyHKIuu data gen coriacHo Tabiuie 2.

BrInosiHUTE TOBBIIEHHE YACTOThl JIUCKPETHU3ALMU CUTHaja
JTAHHBIX TAKUM 00pa3oM, 4TOOBI Ha OJMH CUMBOJI IAHHBIX MPUXOJAUIOCH
100 BBIOOpOK curHajga mOpW dYacTtore auckpermzamum 10 MI.
BrinonHuTe mnepeHoc cnekrpa curHaiga Ha | Ml npu momoinu
dbyukiuu freq conv, nepenaBasi B KAUYECTBE peaibHOM YacTU apryMeHTa
in ¢yHkuum freq conv mepBBIM BEKTOp JaHHBIX, B Kau€CTBE MHHUMOM
YacTH apryMEHTa in — BTOPOU BEKTOP JIaHHbIX.



Tabnmuna 2 — Wcxomnble JaHHbIE i (OPMUPOBAHMS BEKTOPOB
CIIy4YalHBIX JaHHBIX
BHPIIHH'I' Yueno BOIMOKHLIX IHAYCHMI JLIH Yueno BoIMOKHLIX IHAYCHHI JLJIH
[Il‘PBﬂl'ﬂ BERTOPA, 1 BTORGIO BEH'I'UI’H‘\, n

0 I 5

I 2 6

2 4 7

3 8 1

4 16 12

5 3 13

6 3 14

7 9 5

8 20 17

9 10 18

ITocTporite CHEKTp U BPEMEHHBIE 3aBUCUMOCTU BBIXOIHOTO
curHaia npeodpaszosarensi 4acTtoTel. Chopmupyiite otuer. BoinoaHure
MOJYJISIIIMI0O CHUTHaa Tipu mnomoru ¢yHknun quad mod. Yactota
Hecyuiero kosiebanusi — 1 MI'. TlocTpoiite CiekTp U OCHUIIIIOTPaMMy
BBIXOJHOTO curHania moayisaropa. Chopmupyiite otuert [1].

S. IlpakTyeckas padora NeS «/leMmoayasanust CUrHAJIa»

Peanmu3yiite QyHKIMIO pacdeTa METPUK MEXIYy MNPUHUMAEMbIM
CUTHAJIOM M TOYKaMHU OTIOPHOTO CUTHAJILHOTO CO3BE3/IHS

function [ metrics, symbol ] = demodulator ( in, constellation ), (5.1)

rje: metrics — MaTpulla METPUK MEXKIYy MPUHUMAEMBIM CUTHAJIOM U
OTIOPHBIM CO- 3BE3/IHEM;

symbol — CHMBOJ, COOTBETCTBYIOIIUA TOYKE CO3BE3NUS C
MHUHHAMAJIbHOW METPUKOM;

in — BXOJHOW KOMILJIEKCHBIM curHair;, constellation — matpwuia
OTMOPHOTO CO3BE3/IUSI.

MeTpuku pacCUMTBIBAKOTCS KaK €BKIWJIOBO PAacCTOSIHUE Ha
KOMIUIEKCHOW IUIOCKOCTU MEXAY IPUHUMAEMOM TOYKOM U TOYKAMU
OMOPHOTO CO3BE3IMA IS 3aJAHHOTO BHUAA MOAYISAUMUHU. lIpHUHATBIM
CUMBOJIOM CUMTA€TCS CUMBOJ, COOTBETCTBYIOIIMM TOYKE OMOPHOTO
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co3Be3/usl, Hanboee OJIU3KO PaCHOJIOKEHHONW K TOYKE MPUHUMAEMOTO
curHaia. B Tabnume 3 nOpuBeNEeHbl HMCXOJHBIE JaHHbIC —JJIS
MOJICITMPOBAHMUS TIpollecca nepeaadur HHHOpMAIUK 10 KaHATY CBS3U.

Tabauma 3 — McxomHble JaHHBIC IS MOJICJIMPOBAaHUS Mpoliecca
nepeaayu nHPopMaIuy 1Mo KaHaly CBSI3H

Bapuaunrt Bua HoimuuoHHOCTL [Mopanok
MAHHIY. IS HE Co3BEI NN CO3Be3 AN
(KOHYECTBED TOYEK) [EN]
0 (hasosas 2 l
1 tharopas 4 2
2 Dasosan 8 3
3 AMILTY AHAR 2 1
4 AmMnanTyaHas 4 2
5 KeagparypHas 16 -
AMILIHTY/IHAA
O Keaaparypuas 32 5
AMILIHTY/IHAR
7 Keaaparypuas 64 6
AMILIHTY/IHASR
8 Ksaaparypuas 256 8
AMILIHTY/IHASA
9 Keanparypnas 1024 10
AMILIHTY/IHASA

Hanumure  nporpaMmy,  BBINOJHSIONIYIO — MOJICIUPOBAHUE
npoiiecca GOpPMUPOBAHUS CUTHAJNA, TEpedadyd MO KaHaly CBS3M U
COTJIACOBAaHHOI'O MpUEMa:

a) chopMupyiiTe BEKTOp JAHHBIX JIJIs MEpeAadyu MO KaHally CBSI3U
npu momomm (GyHKIuM data _gen, KOJIMYECTBO CHMBOJIOB — HE MEHEE
10°;

0) coryacHo Tabauie 3 co3aaiiTe BEKTOP CUTHAIBLHOTO CO3BE3IHS;

B) ucnoib3ys (yskumio mod gam, cdhopmMupyite CcurHaa Ha
HYJIEBOW POMEKYTOYHOU 4aCTOTE;

r)  BBINOJHUTE  (OpPMHUpPOBAHME  CIEKTpa  CUTHajIa  C
ucrons3oBanneM Gyukium filter tx. Ilopsgox dumprpa —  80;
kodbdunrent ckpyrieHus — 0,4; ko3bPUIIMEHT MOBBIIEHUS YaCTOTHI
JTACKPETH3AIUU — §;

) no0aBbTE K IMepeJaBaeMOMYy CHUTHalIy IIyM TpH IOMOIIH
¢byukiuu add awgn, oTHomIeHUE CUTHAI/IIyM BbiOepuTe paBHbIM 100
nb;
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e) ucnonb3dys (yakmuio filter rx, BBIOIHUTE COTTACOBAHHYIO
(GUIBTpaIMIo CUTHAJA, MapaMeTphl (GUIbTPa JOJDKHBI OBITh aHAJTOTUIHBI
GUnbTpy nepenaTunKa;

) TOJaliTe BBIXOJHOW CHUTHAJI COTJIACOBaHHOTO (UIbTpa Ha
nemoaysaTop (¢pynkius demodulator);

3) CpaBHUTE BEKTOp MEPEAAHHBIX JAHHBIX C BBIXOJHBIM BEKTOPOM
JIEMOAYJIATOPA, MOJICUUTAUTE KOJIUYECTBO OIITHOOK;

M) TPOBEIUTE MOJEIUPOBAHUE PAOOThl CHUCTEMBI CBSI3U IIPU
Pa3IMYHBIX OTHOIICHHUSX CHUTHaN/IyM B auamna3zoHe ot -40 go +40 nb
(ae menee 40 Touek). [locTpoiiTe 3aBUCUMOCTh KOJIMUECTBA OITHOOK MPH
nepenadye nHPOpPMaIUK OT OTHOIICHUS] CUTHAI/IITYM;

K) nipu omo1u BctpoeHHbIXx B MATLAB ¢ynkumii eyediagram u
scatterplot mocTpoiiTe ria3koBble AUArpaMMbl U JUarpaMMbl PacCesHUS
CUTHAJIOB TepeIaTurKa U MPUEMHHUKA.

ITo pesyapratam pabOTBl CHOPMUPYHUTE OTYET, COACPIKAIIUMA
nporpammbl U Tpaduku. [IpoaHanu3upyiTe MOTYyUYEHHBIE PE3YJIbTATHI

[1].

6. IlpakTuyeckass padora Ne6 «KoppeasiuMmoOHHBIA mpUEM
CUTHAJIOB

Peanmusyiite cnenyromuii Hadop dhyukiuii B MATLAB:
a) QYHKIMIO pacyeTa B3aUMHOM KOPPEISIIUU IBYX BEKTOPOB

function [ corr | = corellation (inl, in2, dt), (6.1)

r7e: COIT — 3HAYEHUE B3AMMHOW KOPPEIALINY;
inl — mepBBI BXOAHOM BEKTOD;
in2 — BTOPO BXOJIHOU BEKTOP;
dt — mar uHTerpUpOBaHU (110 YMOTYAHHUIO paBeH 1);

0) Ha ocHOBe ¢yHKIMU correlator peanusyiiTe QyHKIUIO pacueTa
KOPPEISIIUOHHON 3aBUCUMOCTH JIBYX BEKTOPOB

function [ corr | = correlator (inl, in2, dt), (6.2)
T7e: COIT — KOppesIMOHHAs 3aBUCUMOCTh BEKTOPOB inl u in2;

inl — nepBBIil BXOAHOUM BEKTOD;
in2 — BTOPOU BXOJIHOU BEKTOP;
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dt — mar uHTerpUpOBaHUs (110 YMOIYAHUIO paBeH 1).

Jnst  mpoBepkrn  pabOThl  CO3AaHHBIX  (QYHKIHUM  TOCTpOITE
aBTOKOPPEJSILIMOHHBIM ~ Tpauk  JJIS  HECKOJIbKUX  TEpUOJIOB
rapMOHMYecKoro kojebammss u jusa 10° BeIOOpOK 6Gemoro rayccoBa
myma. [loctpoiite rpaduk aBTokoppensiinoHHoi GyHkuun (AKD) ns
curHasioB bapkepa cornacuo tadnuiie 4

Tabmuua 4 — Vicxonnele nanublie 1uid pacyera AKD

Bap. [Mocaeposareasnocts bapkepa
1 2
0 +1-1 o i o ha o o o e e e e U G
1 1 H EL#L===]=1 #] =F=13#1-]
2 141 +1 T =141 =]
3 +1=1'+1' #1 Fh-tl L4141 =1+ 311 #1141
4 T et e L6 T S e B Wt itz Tmd B . S
5 +1+1 +1 =141 flod—1 =]
6 LA == 41 -] FEFLE L] == ] =1
7 e . e e o v S T W G +1=171+1
8 pd iy B oy e e B S B RIS g L1 ==kl
9 e s e B S Vo o e el W e S M il it B 0 o S 2

CocraBbTe mporpamMmy, BBINOJHSAIONIYIO Mepenady uHbopMaluuu
M0 KaHaTy CBS3U C MPSAMBIM PACIIUPEHUEM CIIEKTpa:

a) npu niomomu GyHkuuum mod bpsk  chopmupyiite
MOJYJIMPOBaHHBIA CUTHAJ JJIs TIEpeJayuu MocieqoBaTeIbHOCTH bapkepa
coriacHo Tabnuie 4 (BTopas koioHka). Hecymias wactora — 1 Ml
KOJINYECTBO BHIOOPOK HA OJIMH TIEPUO]I TAPMOHUYECKOTO KOJeOaHus — §;
KOJIMYECTBO TEPHOJI0B TAPMOHMYECKOTO KoJIeOaHUsS Ha OJWMH CHUMBOJ —
10;

0) BBINOJHUTE WHBEPCHIO TOCJIEAOBATEILHOCTh bapkepa
MOBTOPHUTE MYHKT a;

B) co3naite (PpyHKIHIO (GOPMHPOBAHMUS KOJIeOAHUS C JBOWMYHOM
dha30BOM MaHUTTYJISAIIUEH U pacIIUpPEHUEM CIieKTpa kKojoM bapkepa

function [ out | = mod bpsk barker ( data, s1,s2), (6.3)

rje: out — BBIXOAHOUM CUTHAJI MOIYJIATOPA;
data — nanHbIe 15 Iepeavu;
s] — BeKTOp curHazia rnepeaayu €IUHUIBI (IIYHKT a);
s2 — BEKTOp CHTHasa mepeaadyu Hys (IIyHKT 0);
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r) chopMupyiTE BEKTOpP JAHHBIX JJIs MEepeayu Mo KaHaly CBS3U
npu nomomu (GyHkuuu data gen, KOJIMYECTBO CUMBOJIOB — HE MEHEE
106;

1) 100aBbTE K MEpeaaBaeMOMy CHTHAIY IIyM MpU TOMOIIU
byukiuu add awgn, oTHomeHUE cUTHAN/IIyM BbiOepuTe paBHbIM 100
nb;

€) co3maiTe (QYHKIHUIO JIEeMOAYJISIIUM CHUTHalla C JIBOUYHOM
dha30BOM MaHUTTYJISIIUEN U pacIIUPEHUEM CIieKTpa kKojoM bapkepa

function [ out | = dem bpsk barker (in, sl, s2 ), (6.4)

r7ie: out — BBIXOJHOUM CUTHAN JEMOAYJIATOPA, TaHHBIC,
in — BXOJTHOM CUTHAJI JeMOYJISITOpa;
s] — BeKTOp cUrHana nepeayu eJMHUIIBI (IIYHKT a);
s2 — BEKTOp CHTHasa mepeaadyu Hys (IIyHKT 0);

HeMoaynsuust CUTrHajia JOJKHA OCYIIECTBIATHCS C
uCIojap30BaHneM  ¢GyHKIuu  correlator.  Paccumraiite  3HadYeHUS
KOPPEJSILIMOHHOTO MHTErpana Juisl KaXJA0ro MepeJaBaeMoro CUMBOJIA C
BEKTOpaMU CHUTHAJIOB Tepe/laud Hyds W eIUHUIBI (MMyHKT a u 0).
Pewienne o mpueme cHMBOJa NMPUHUMAETCS HA OCHOBE CPABHEHUS C
HyJieM Bbipaxkenus ( correlation ( signal, s1, 1 ) — correlation ( signal, s2,
1)).

) CpPaBHUTE BEKTOP MEPEAAHHBIX JIAHHBIX C BBIXOJHBIM BEKTOPOM
JNEMOJIyJIsITOpa, TMOJACUYMTalTe KoJuuecTBO omuook. IIpoBeaute
MOJICJTUPOBAHUE PA0OTHI CUCTEMbI CBSI3U MPHU PAZTUYHBIX OTHOIICHUSX
curHaj/mym B auamnazoHe oT -40 mo +40 nb (me menee 40 Touek).
[TocTpoiiTe 3aBUCUMOCTh KOJIMYECTBA OIIMOOK TMpHU  Mepeaayde
uH(pOpMaIy OT OTHOIIECHUSI CUTHAJI/IITYM;

3) BBIOJHUTE MOJEIMPOBAHUE COTJIACHO 3ajlade S5 1 ABOMYHOU
dazoBoit Manunysinuu. [lo pesynabraram paboTsl chopMupyiiTe OTHET,
collepXaluii  MporpaMmbl, TrpadUKd U  CHEKTPbl  CHUTHAJIOB.
[Ipoanamu3upyure MIOJTyYECHHBIE pe3yabTaThl, CpaBHUTE
XapaKTEePUCTUKU pPabOThl CHUCTEMbl 0€3 pacIIMpEeHUsi CIEKTpa U C
pacmpeHuemM crnekrpa [1].
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7. llpakTtnueckas padora Ne7 «PacuiupeHue CrieKTpa MeToa0M
OBICTPON NCEBAOCTYYANHOM NMEPECTPOUKH YACTOThD)

Hanummure mnporpamMmy, peaM3yONIyH0 METOJ PaCIIMPEHUS
CIIeKTpa MyTeM OBICTPOM TCEBIOCTyYalHONW TEePECTPOUKH HECYIEH
4acTOThl. B Tabnuiie 5 npuBeaeHbI UCXOAHBIE JaHHBIE IO BApUAHTAM.

Tabmua 5 — MWcxomHele maHHBIE [JI9 peadu3alldd  MeToja
pacIIUpPEeHUs] CIEKTpa MyTeM OBICTPOU MCEBAOCITYYaHON MepecTpOrKU
HECYIIEH YaCTOThI

Bapuaunr : Hl;'}'lllﬂﬂ H4ACTOTA, Mjl'u -
0 10 L1 12 13
1 L0 0,9 12 Il
2 0.8 1.0 13 ¥
3 1,0 101 1.02 03
2 1,0 L5 1,0 15
2 0.6 0,9 12 15
6 0.8 0,82 1,0 0,98
7 10 0,98 0,99 101
$ 1.2 L] 13 L0
9 1.4 13 L1 12

X0/ BBITIOJTHCHHS PaOOTHI:
a) co3galTe (QYHKIMIO TeHepaluu HECYIIero KojeOaHus C
OBICTPOM MEPECTPOUKON paboUeii YaCTOTHI

function [ out | = gen fhss ( {1, 2, 3, {4, n,p ), (7.1)

rJie: out — BBIXOJHOM CHUTHAJI TeHEpaTopa;

t — BEKTOP BPEMEHHBIX OTCUETOB;

f1, £2, {3, f4 — vacToTHI TeHEpaTOpa B MOPSIKE UX U3MCHECHUS;

n — oO0mee KOJWYSCTBO OTCYCTOB CHTHAjJa Ha BECh IIEPHOJ
reHepallny;

P — YHCIIO MEPHUOJ0B TAPMOHHYECKOTO KOJICOAHHUS C HaWMCHBIIICH
4aCTOTOM;

0) crenepupyite npu nomomu GyHkiun gen fhss curnan
HECYyIIero KoJieOaHWs JJIMTEIBHOCTBIO B OJWH TEPHOJ TEPECTPOUKH
paboueil 4aCTOTHI;
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B) copMUpPYyITE BEKTOp JAHHBIX JJIA MEpeaadyu MO0 KaHaly CBSI3H
npu momomm (GyHKIuM data gen, KOJIMYECTBO CHMBOJIOB — HE MEHEE
10°;

r) peanu3yute (QPyHKIIMI0O MOIYJISAIMA W JEMOAYJAIMH CHUTHaja
aHAJIOTMYHO 3aJaHuI0 O;

B) BBINOJHUTE MOJCIUPOBAHUE PAOOTHI CHUCTEMBI CBS3U IPH
pPa3IMYHBIX MOIMHOCTSX IIIyMa B KaHaje, TOCTpoiTe TpaduKu
3aBUCUMOCTEH KOJHWYECTBA OIMMOOK OT OTHOIICHUs curHain/mym. Ilo
pe3yiabTaraM paboThl CPOPMUPYHUTE OTUET, COACSPIKAIIMI MPOTrPaMMBl,
rpadUKd ® CIEKTPhl CUTHAJOB. IIpoaHanu3upylTe TMOIydYeHHBIE
pe3yJbTaThl U CPABHUTE UX C Pe3ysbTaTaMu 3aaHus 6 [1].

8. IIpakTnueckass pabGora Ne§ «YacroTHoe pa3jaesieHue
CUTHAJIOB

CocraBbTe mporpammy B MATLAB, peammsyronryro npuHUIAN
YaCTOTHOTO Pa3feCHUSI CUTHAIOB HECKOJIBLKIX a0OHEHTOB:

a) npu oMo QyHKIuU data gen creHepupyiTe BEKTOP JTaHHBIX
IS Kaka0oro abonenra (He menee 10°);

06) mpu momomtu ¢yukuid mod bpsk, mod qpsk, mod ask u
mod fsk chopmupyiite 18 Kaxkaoro aOOHEHTa MOAYJIUPOBAHHBIN
CUrHaJl (Hecyiass 4yacTtoTa — Tabj. 6; He MeHee 8 BBHIOOPOK Ha OJUH
NepuoJi Hecylero kosieOaHus; HE MeEHee § TEpUOJOB HECYIIETO
KoJicOaHusi Ha oauH cuMBOJI). CKOpOCTh Tepe/ladyd JIaHHBIX IS
Ka)XJ1I0ro abOHEHTa MOKET ObITh PA3HOM, C YU4ETOM BbIJICJICHHOM MOJIOCHI
gacToT. CJI0)KUTE CUTHAJIBI OT KaXKJI0r0 a0OHEHTa U J00aBbTE IIYyM MpHU
nomMonu pynkuuu add awgn;

B) peanu3yiTe QyHKIHUIO KOPPEISIIUOHHOTO NMpUeMa CUTHAIOB IS
Kakaoro aboHeHTa (aHajormuyHo 3ajganmio  6).  IlpoBenmte
MOJICTTUPOBAHUE PA0OTHI CUCTEMbI CBSI3U MPHU PAZTUYHBIX OTHOIICHUSX
CUTHAJI/TITyM.

[Io pesynprataMm paboOTBHl CHOPMUPYUTE OTUET, COACPKAITUN
nporpaMmMbl, TpaduKH W CHEKTPhl CUTHaNOB. [IpoaHammsupyiite
MOJTy4YEHHbIC pe3ybTaThl [1].
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Tabnuma 6 — McxomHble maHHBIE JIsI peau3alMi CUCTEMBI C
YaCTOTHBIM pa3/ieICHNEeM CUTHAJIOB a0OHEHTOR

Bapuaur Huausujayaasuas yacrora abowenta, MI'y
1 2 3 4
Moavasuus Jdeonunan Keaapatypuasn Jeonunan JBonunan
tazosan tazosasn AMILIHTY1HAR YACTOTHAH
(QPSK)
0 0.9 1,1 1,2 1.3
1 0,8 0.9 0,95 1.1
2 1,01 1,015 1.03 1,04
3 0,95 0,97 0,98 1,03
4 08 0,82 0,86 0,89
5 0.9 0,95 1,0 1,05
6 1,0 [,2 1.35 1.6
7 0.8 0,85 0,95 1,05
8 0,98 1,0 1,01 1,02
9 0,8 0.9 1,0 1,02

9. Ilpakruyeckass padora Ne9 «KomoBoe pa3sjaesienue
CUTHAJIOB

Hamumure B8 MATLAB ¢yHKIuioo, TeHepUpYIOIyI0 MaTpHUILY
Anamapa n-ro mnopsjka M BO3BPAIAIONIYI0 33aJaHHYIO CTPOKY 3TOM
Matpuiibl (QyHKIMIO Yooa)

function [ out | = gen walsh (n, 1), (9.1)

rjae: out —3HaueHusd PyHKUUU Y oia;
n — NOPSJIOK MaTpuIlsl Aamapa;
1 — HOMEpP BO3BpaIaeMOl CTPOKH.

Yb6eauTech BO B3aMMHOM OPTOTOHAIBHOCTH CTPOK MATPHILBI
Anamapa 64-ro nopsijika rnpu nomoniu ¢yHkiuu correlation. B tadnuiie
7 NpUBENECHBI UCXOJHBIC JAHHBIE JJISI peau3alii CUCTEMBI C KOJAOBBIM
pasziesieHneM CUTHAJIOB.

Ha ocHOBe MCXOJHBIX JaHHBIX (TaOJuIa 7) pealu3yWTe CUCTEMY
nepeaaur MHOpMaNMM JJI HECKOJbKMX aO0OHEHTOB C KOJOBBIM
pa3ieieHueM CUTHAJIOB:

a) cOpMUPYUTE CUTHAJBI JJIs1 KaXJI0ro aOOHEHTa IMPH ITOMOIIH
byukiuii gen walsh 1 mod bpsk (#ecymas gactora — 1 Ml 10
BBIOOPOK Ha OJIMH TMEpUOJI Hecyllero kosiedanus; 10 nepuoaon
HECYIIeTo KojeOaHus Ha OJUH CUMBOJI);
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Tabnmuma 7 — Mcxomuble maHHBIE ISl peaiu3allil CUCTEMBI C
KOJIOBBIM pa3jieJICHUEM CUTHAJIOB a0OHEHTOB

Bapuaur Huausuayaabsusiii koja abonenta
(HoMmep crpokn MaTpuubl Anamapa 64-ro nopsjaka)

1 2 3 4
0 1 21 41 51
1 2 22 42 52
2 3 23 43 53
3 4 24 44 54
4 5 25 45 55
5 i 26 46 56
1 7 27 47 57
7 8 28 48 58
8 9 29 49 59
9 10 30 50 60

0) CreHepupyuTe MacCHB CIy4YalHBIX JaHHBIX JJISI KaXKJIOro
abonenta pu nmomomy Qynkiuu data gen (me menee 10* cuMBOIIOB) 1
chopMupyiTe CHUTHAJI TIepelaTdyrka IS KakJaoro aOOHEHTa
(ananoruuno 3aganuto 6). CaoKUTE CUTHAIBI OT KaXJ0ro abOHEHTa U
no6aBbTe 1ryMm npu nomoiu ¢pyukiuu add awgn;

B) peanu3yiTe PyHKIHIO KOPPEISIITUOHHOTO MMPUEMa CUTHAJIOB JJIs
Kaxxsioro abonenra. [Iposeaure MmoaenrpoBanue paboOThl CUCTEMBI CBA3U
IpU Pa3IMYHBIX OTHOIIEHUSIX curHai/mym. [lo pesynbratam pabOTHI
chopMUpYHTE OTYET, COJAEPKAIMIMK MPOTrpaMMbl, TPahUKHA U CIIEKTPHI
CUTHAJIOB. [ [poaHanu3upyiTe nojrydeHHbIE Pe3yIbTaThI [ 1].
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