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1 JlaGopaTopnas pabora Nel «MoaeaupoBanue mnepeaarouiei
4yacTu UM(PPOBOH CUCTEMbI CBA3I)
1.1 Heab padoThbl

N3yuenue mnpuHOUNOB (OPMUPOBAHUS CHUTHAjJa B CHCTEMax
1P pOBOI CBSI3HU.

1.2 3agaum padoThbI

Onucannue TEOPETUYECKOM MOJIEIM MCCIEAYEMOM  CHCTEMBI
Nepelayn JIaHHBIX; CO3JaHWE MOJICNIM MEPEAAIONIEr0 YCTPOWCTBA
udpoBoi cuctemsbl cBs3u B Simulink; MoaennpoBanue paboThl CUCTEMBbI
IpA  PA3JIMYHBIX HAYAIBHBIX YCIOBHUAX; HW3MEPEHHE OCHOBHBIX
rmapamMeTpoB padoThl Mepenarorieid cucteMbl.VICXomHbIE JaHHBIE IS
paboThel mpuBeAeHbl B Tabnuie 1.1. BapuaHT BbIOMpaeTcss COTrJIacHO
nocieaHen nudpe 3a4eTHON KHYXKKY WA Ha3HAYAETCsl MPENo1aBaTEIIeM.

Taomura 1.1 — Ucxoausle manHble

Bapuantr | Bug manunysisiuuu | [lo3MnoOHHOCTH KpatHocTtb

CO3BE3Us CO3BE3Us
0 BPSK 2 1
| QPSK 4 2
2 8PSK 8 3
3 16PSK 16 4
4 32PSK 32 5
5 16QAM 16 4
6 32QAM 32 5
7 64QAM 64 6
8 128QAM 128 7
9 256QAM 256 8

JJ1s1 BBITTOTHEHUS 3aAaHUsT HEOOX0MMO HCTIOJIB30BaTh CIICTYIOIIHEC
OJIOKH:

Random Integer Generator — reHepaTop Ciay4alHBIX LEIbIX YUCE;

1-D Lookup Table — tabnuma cooTBeTcTBUM (MCTHHHOCTH);

Raised Cosine Transmit Filter — dopmupyromuii Guastp c
XapaKTEPUCTUKON KOPEHb U3 MPHUIIOTHATOTO KOCUHYCA;



Gain — ycUIuTeNb CUTHAJA;

Complex to Real-Imag — Oyiok BbICICHUS pealbHOM M MHUMOM
JaCTH KOMILJIEKCHOTO CUTHAJIA;

Scope — ocumtorpad;

Discrete-Time Eye Diagram Scope — 0J10k 0ToOpakeHus I1a3K0BOM
JMarpaMMbl CUTHAJA;

Discrete-Time Signal Trajectory Scope — OJIoOk 0OTOOpa>keHHs
TPACKTOPUM BEKTOpPa KOMIUIEKCHOM OrMOaroIie cCuruaia Ha IJI0CKOCTH;

Discrete-Time Scatter Plot Scope — 0710k 0oTOOpakeHUs JuarpaMmbl
paccesiHUs CUTHAJIA;

Subsystem — mojcucteMa, mo3BoJISIET OPOPMUTH YaCTh MOJICJIH B
BHJIE OTACIHFHOTO OJIOKA;

Spectrum Scope — aHanu3aTop CIEeKTpa CUTHAJIA.

N3 ykazaHHBIX 0JIOKOB HEOOXOAMMO cOOpaTh MO/ICIIb, TIOKA3aHHYIO
Ha pucyHke 1.1. Modulator — moacucrtema QopmupoBaTesis CUrHana
1udpoBoro nepenarynka (pucyHok 1.2).

(4 Modem =E]x)
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Pucynok 1.1 — OOmuii BU MOJIeNM MEepearoeid CUCTEMbI

B Hactpoiikax reHepaTopa Cayd4alHBIX YHCET HEOOXOIUMO 3a/1aTh
MO3UIIMOHHOCTh co3Be3ausi (M-ary number) corjacHO BapuaHTy H
yactoty auckperuzauuu (SampleTime) 1/9600, 4To COOTBETCTBYET
CUMBOJIBHOM CKOpOCTH mnepeaaun JaHHbix 9600 Oox. B nHacTpoiikax
aHajM3atopa crnekTpa (Spectrum Scope) He0OX0AUMO BBICTABUThH pa3Mep
okHa bBII® 1024 u BxmouuTh Oydepusaiyio BXOJHOTO CHUTHajIa C
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paszmepoM Oydepa 1024 orcuera. BXogHbIMU CUTHalIaM# OCITAJIIorpada
SIBJISIFOTCSI CUTHAJ TAHHBIX M COCTABJISIFOIINE BBIXOHOTO KOMIUIEKCHOTO
CUTHAJIa TIepenaTdyrnka, KOTOpPHIC BBIICISIOTCSA MPH IOMOIIM OJI0Ka
Complex to Real-Imag.

Ha pucynke 2 mnokazaHa mojeiab (GopMHUpoOBaTells cCuUrHana. B
HacTpoikax Tabmuipsl uctuHHoctu (1-D Lookup Table) neobxomumo
yKa3aThb COOTBETCTBUE MEXKYy BEKTOPOM BXOJIHBIX CUMBOJIOB U TOYKaMU
CUTHAJIBHOTO co3Be3nus. B cTpoke Breakpoints ykaxuTe BEKTOp
BXOJHBIX CHUMBOJIOB COTJIACHO TO3MIIMOHHOCTH CO3BE3/IUsI, HAIPUMED,
st QAM16:[012345678910111213 1415 ]. B ctpoke TableData
YKQKUTE TOYKHA CO3BE3/MS, COOTBETCTBYIOIINE BXOIHBIM CUMBOJIAM, JIJIs
QAMI16 sto: [-3+3%*1 -3+1*1 -3-3*1 -3-1*1 -1+3*1 -1+1*1 -1-3*1 -1-1*1
+34+3%1 +3+1%1 +3-3*%1 +3-1*1 +1+3*1 +1+1*1 +1-3*1 +1-1*i]. s
MaHUITYJISIIAA BBICOKOTO MOPsSIKa HEOOXOJIMMO HCIIOIb30BaTh METOJIbI
aBTOMAaTU4ECKOM reHepanuu BekTopoB B MATLAB, nanpumep [0 : 1 :
255 uT. m.

[« Modem/Modulator SEE
File Edit View Simulation Format Tools Help
1-D T{u}
(1 ——m pl— —»{ 1 )
Datain Stuare root Signal out
Faised Cosine
1-D Lookup Tranamit Filter
Table Gain
= ==
Discrete-Time Discrete-Time
Eye Diagram Eye Diagram

Seope 1 Scope 2

= -

Discrete-Time Discrete-Time
Signal Trajectory Sianal Trajectory
Scope 1 Scope 2

8.

v

v
) 4

Discrete-Time Discrete-Time
Scatter Flot Scatter Plot
Scope 1 Scope 2

Pucynok 1.2 — ®opmupoBarens curaaia

OrpaHuyeHue CHEeKTpa CHUrHajga BBINOJHIETCS TPU TOMOIIU
dbopmupyroIiero GUIbTpa ¢ XapakKTePUCTUKON KOPEHb U3 TIPUTIOIHITOTO
KOCHHYyca (PHUCYHOK 3) CO CAEAyIOIIUMH HACTpOWKamu: TUIl (DHIBTpa
(FilterType) — kopeHb H3 MNPUNOTHATOrO KocuHyca (SquareRoot);
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TpymnmoBas  3aJepkka, omnpenensromas amuay WX dunsTpa,
(GroupDelay) — 5 cumBosioB; ko3 duiuent ckpyrierus (Rolloff

Factor) — 0.8; ko3 duiiieHT MOBBIIEHUS YaCTOThI JUCKPETU3AIIUU
(Upsamplingfactor) — 8; xapaxrep o6pabotku curtana (InputProcessing)
— samplebased.

KommiekcHbIii curHan ¢ BeIxoda (Gopmupyromiero ¢GuibTpa
MOCTYMAaeT Ha YCUJIUTEJIb, B KOTOPOM BBIMOJHSAETCS €r0 HOPMHPOBKA.
Koaddumment nepenaun ycunurens pased 1/K, rue

rae N — MO3UIIMOHHOCTh CO3BE3HSI.

Jlis  uccnenoBaHuWs — TpOIECCOB  (OPMHUPOBAHUS  CHUTHAIA
HEO0OXO0IMMO HMCTO0JIb30BaTh OJIOKHM OTOOPAKEHUS TJIA3KOBBIX JUarpaMmm,
0JIOKH OTOOpaKEHHUS TPACKTOPUH BEKTOpPa KOMILICKCHOM orubaromiei u
OJIOKH OTOOpaKeHUS JUarpaMMbl paccessHus (pucyHok 1.3).
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Pucynok 1.3 — biioku oTobpaskenuss uHGOpMaIi 0 CUTHaIaX

Ha pucynke 1.4 mokazan mpumep paOOThl aHaIM3aTOpa CIEKTpa.
[Ipu momouu TpexkaHaJIbHOTO ocuuiorpada MMeeTcsi BO3MOXKHOCTh
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COIOCTABUTh CHTHAJI JIAHHBIX W KOMIIOHCHTHI CHUTHala KOMILICKCHOM
orubdaromiei (pucyHok 1.5).

n .-:&-.-9:}:\:‘.—. :E:—_——_-: i A = Ay
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Pucynok 1.4 — Cnextp popmMupyemMoro curuaia

a _ [ [=lE]=]
B LHL AEBE B AT ~

0.798 0.739 0.8 0.801 0.802 0.803 0.504
Time offset; 0

Pucynok 1.5 — OcumyutorpaMmsbl IIMHBL JAHHBIX U KOMILIEKCHOM

orubaromiei chopMUPOBAHHOTO CUTHAJIA
1.3 Ilopsi10K BBHINOJTHEHUS Pa0OThHI
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1) CormacHO NMPUBEAEHHBIM BBIIIE PUCYHKAM, CO3/IANTE MOJAEINb
nepenatyrka B Simulink, yoenutech B ee paboTOCIOCOOHOCTH.

2) VYcranoBure Kko3bdUIMEHT CKpyrieHus (GOPMUPYIOIIETO
¢bunpTpa paBHeiM 0 U 3amyctuTe Mojenb. CoxXxpaHUTE JUIsl OTYETa BCE
rpaduky, MOJIyYeHHBIE B X0jA€ MojenaupoBaHus. [IpousBeaure OLEHKY
IIUPUHBI CIIEKTPA CUTHAJIA, KPYTU3HBI CKaTOB, YPOBHS IEPBOTO OOKOBOTO
JIENEeCTKa ¥ 3aHECUTE 3TU JJAHHbBIC B TAOJUILY.

[Tpu momomm ocuuiiorpada OLUEHUTE aMIUTUTYAY KBaJpaTypHBIX
COCTABJIAIOLIMX JJIsI BHEIIHUX TOYEK CUTHAIBHOTO CO3BE3/Ms (TOYEK C
MaKCUMAJIbHOW aMIUTUTY0M) U 11l BHYTPEHHUX (TOUYEK ¢ MUHUMAaJIbHOM
aMIUTATYJI0M). 3aHEeCUTE MOJydYEHHbIC JaHHbIE B TaOJuUIly, HaWIUTE
OTHOIIIEHUE MAKCUMAJILHOTO 3HAYCHUSI K MUHUMAJIbLHOMY.

3) IloBTOopuTE 3aMaHne MyHKTa 2 1151 KO3(POHUITMEHTOB CKPYTICHUS
dbunpTpa 0.2, 0.4, 0.6,0.8 u 1.

4) ITo pe3yJsibTaTaM BBITIOJHEHUSI MOJCIUPOBAHUS COCTABbTE OTUET,
KOTOPBIA JTOJDKEH COJlepkKaTh: LEW U 3a7ayu paOoThl, BUI MOJEIU B
Simulink, rpaduku, noaydeHHbIE NMPU BBIOJTHEHUM MYHKTOB 2 U 3,
BBIBO/IBI IO pE3yJIbTaTaM MOJIEIUPOBAHMS.

1.4 KoHTpOJBbHBIE BONIPOCHI

1) OGmias cTpykTypa cucteM udpoBOM CBSI3U.

2) CtpykTypHas cxeMma mepeiaTyuka IU(poBOil CUCTEMBI CBSI3U,
BApUAHTHI pean3alluu.

3) JAuckpeTusanus 1 KBAaHTOBAaHWE CUTHAJIA.

4) KonupoBaHue UCTOYHUKA.

5) KananbHO€ KOJMpPOBaHUE.

6) Teopema IllenHoHna.

7) Ilpenen IllenHoHa.

8) dopmupoBaTenb  KOMIUIEKCHOM  Ormbaromieii  curHana
(MomynsiTop).

9) AwmmnutyaHas MaHUNyJsinug.  YacToTHass MaHUIYJISUS.
Curnansnsie co3se3nust BPSK, QPSK, QAMI16, 8PSK. Xapakrepuctuku
Y CPaBHEHME PA3JIMYHBIX BUIOB HU(DPOBOM MOTYIISIIIUY.

10) KBanpatypHbIit MOy ISTOD.

11) Ilepenaya naHHBIX B KaHAJIE C OTPAHUYECHHON MOJIOCOM.

12) Teopema HaiikBucta o0 MCH.

13) MWneanvubii  ¢unbtp HalikBucta. B3auMHOE BiIMsSHUE
UMITYJICOB TIpH Tiepeaaye yepes ¢uiabTp Haiikucra.
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14) @opmupyronii  QUIBTP CHUCTEMBI  CBI3U.  DUIBTP
MPUTIOJHATOTO KOCUHYCA U €r0 XapaKTEPUCTUKH.
15) I'nmazkoBast nuarpamma. JluarpamMmma paccestHusl.

2 JlabopaTopHas padora Ne2 «MoaeJupoBaHue KAHAJIA CBA3N»
2.1 llean padoTHI

WccnenoBanre sSBJICHHUH, BOSHUKAIONINX B KaHAJIE CBA3U CHUCTEMBI
nepenaur nugpoBoi HHPOPMAIUH.

2.2 3apaqu padoThI

Onrcanne TEOPETUUECKUX MOJIEIEH MPOIECCOB, MPOUCXOISIINX B
KaHaJle CBS3U; MOJIeJIMpOBaHUE KaHaja cBs3u B Simulink.

J1J1s1 BBITOTHEHUS 3aaHUsI HEOOXOAMMO UCTOJIb30BaTh CIIEAYIOIIHE
OJIOKHU:

AWGN Channel — kanan ¢ ABI'II;

Phase/Frequency Offset — Onoxk, ocymecTBistomuii (a3oBbld U
JaCTOTHBIN CJIBUT BXOJHOTO CHUTHAJA;

Variable Fractional Delay — 6510k 1poOHOM 3a/Iep>KKU CUTHAJIA;

Constant — ICTOYHUK HEU3MEHSIEMOI'0 CUTHaNA (KOHCTAHTA);

Complex to Real-Imag — 010K BBbIJEICHUS peaIbHOM M MHUMOM
JaCTH KOMILJIEKCHOTO CUTHAJA;

Scope — ocumtorpad;

Discrete-Time Eye Diagram Scope — 0;10k 0ToOpakeHus TJ1a3K0BOM
JarpamMMbl CUTHAIIA;

Discrete-Time Signal Trajectory Scope — 0510k 0TOOpa>keHMs
TPACKTOPUM BEKTOpPa KOMIUIEKCHOM OrMOaroIe cCuruaia Ha II0CKOCTH;

Discrete-Time Scatter Plot Scope — 0110k oTOOpakeHus: JuarpaMmbl
paccesiHUs CUTHAA;

Subsystem — nojacucrema, mo3BoJisitoiiasi 0hOPMUTH YaCTh MOJICIIH
B BHJIE OT/ICIHLHOTO OJIOKA;

Spectrum Scope — aHanu3aTop CHEKTpa CUTHANA.

Jlns monenupoBaHus KaHaina cBs3u B Simulink HeoOXxoaumo
co3/laTh OTACJIBHYIO MOJACHUCTEMY (Subsystem) u TOAKIIOYUTH €€ K
BBIXOJy TiepenaTyuka (pucyHok 2.1).

Mopenb kaHaia CBSI3M MOKa3aHa HA PUCYHKE 2.2, OHA BKJIKOYAET B
ce0s 6ok mobaBneHus k curnany ABI'I, 610k gacToTHOTO M (ha30BOTO
caBura v 0JI0K IpoOHOM 3a7€p>KKHU, KOTOpasi 3aJ1a€TCs KOHCTAHTOM.
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[4 Modem [=lE]=)
File Edit View Simulation Format Tools Help |

B 2 ¥ T s
Random P oatain  Signal out = in out—
Integer
Random Integer Modulator Channel
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ao{ o { s
B-FFT B-FFT
Spectrum Spectrum
Scope Scope 2
-
-
—
im ~im
Complex to scope Complex to  Scope 2
Fieal-Imag Fieal-lmag 2

Pucynok 2.1 — ludpoBoii nepenaTunk U KaHaJl CUCTEMBI CBS3U

4] Modem/Channel ==]x]
File Edit View Simulation Format Tools Help
F x Phases
E}—’ AWGN ™ Frequency [ ™in
n Offset Detay z'f L&D
preveey Phase/ : Out
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SIATRs Offset Fractional Delay
0
Delay
=i [+ =R
e @5 | <> |e
e fbs: W
Discrete-Time Discrete-Time Discrete-Time
Scatter Plot Signal Tralectory Eye Diagram
Scope Scope Scope

PucyHok 2.2 — Mopeinp KkaHajia CBSI3U

B nactpoiikax 6i1oka AWGN Channel BriOepute pexum (Mode)
SNR u 3amaiite otHomenne curHan/mym 13 nb. YcranoBure HyneBoi
dazoBeiii (Phase offset) u wactornsiii cnur (Frequency offset) curnana
B HacTpoiikax Onoka Phase/Frequency Offset. Bribepure pexum
nuHeHou uaTepnossnuu (Iterpolation mode - Linear) B 6;10ke 1poOHO¥
3aaepxkku Variable Fractional Delay. 3anmyctute MoJienib ¥ Ipy MOMOIIIH
0JIOKOB oTOOpakeHHs HH(opmanMu O cur”Hajie yOeauTech B €€
pabotocrocooHocTu. Ha pucynke 2.3 mokaszaHbl rpauku CuUTHajga C
BozaericteueM ADBITI. Kak BHIHO Ha BEpXHMX PHUCYHKAX, NAXKE B
OTCYTCTBHE IllyMa TOYKH CO3BE3AMSl Pa3MbIThl, 4YTO CBSI3aHO C
OTCYTCTBHEM COTJIaCOBaHHOM (uibTpauuu curHaia. /Jfo6asnenue nryma
B KaHAJIC CBSI3W IPUBOJIUT K €111 OOJIBIIIEMY Pa3MBITHIO TOUYEK CO3BE3 M.
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Ha pucynke 2.4 moka3aHO BJIHMSIHUE€ YaCTOTHOI'O PacCOIIaCOBAaHMS Ha
CUTHAJ, B pE€3yJIbTaTe KOTOPOTO CO3BE3IME HAUNHAECT BPAIIATHCA. TaKxke
YaCTOTHBIM CABUT CUTHAJIa MOKHO HAOJIIOJATh HAa aHAJIM3AaTOPE CIIEKTpa
(pucynok 2.5). JlpoOHas 3adepkKka B KaHajlle CBs3W, Kak W (a3oBoe

paccoriiaCoOBaHuce,

MPUBOJAT K MOBOPOTY CHUTHAIBHOTO CO3BE3AUS

(pucyHok 2.6). B cuiny OTCYTCTBUSI METIU CIEXKEHHUS 3a CUMBOJBHOU
4aCTOTOW IEMOYJISIIASI CUTHAJIA CTAHOBUTCSI HEBO3MOKHOM.
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Pucynok 2.3 — Bnuanaue Bo3neiictBus Ha curnan ABI'TI
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Pucynok 2.4 — BiausiHue 4acTOTHOT'O paccorjiacoBaHUs
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Pucynok 2.5 — Bo3aelictBue Ha curHan ABI'TI u cMenieHue criekTpa
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Pucynok 2.6 — JIpo6Has 3aaepxka

2.3 IlopsiaoK BBINMOJIHEHUSI PA0OTHI

-~

1) CornacHo NOpPUBENCHHBIM BBIIIE PUCYHKAM U OMNHUCAHUIO,
co3malTe MoIeiab KaHajda cBs3u B Simulink, moakiarouuTe €€ K
nepenaTyuky u yoeauTech B €€ paboTOCTIOCOOHOCTH.

2) YcTraHOBUTE HYJIEBOE YAaCTOTHOE M (PAa30BOE paccoriacoBaHUE.
3amaiite HyJeByI0 ApOOHYIO 3aJepKKy B KaHalle cBsi3u. [IpoBeaute
MOJICIMPOBAaHKE MPpU OTHOIIEHUIX curHan/mywm 0, 10, 20, 30, 40, 50, 60
nb. Ounennre 3Hauenue OCIL, mpu KOTOpPOM pa3IMUYEHHE TOYEK B
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CO3BE3/IMM CTAHOBHUTCS HEBO3MOXKHBIM. [IpoBeauTe AOMOJHUTENBHO 6
U3MEpPEHU Bo3Jie 3TOro 3HaueHust. CoxpanuTe AJisl 0T4eTa Bce rpaduku,
MOJTYYCHHBIE B X0JI€ MOJICIIUPOBAHUSI.

3) YcranoBure OCIII B kanane paBubiM 100 ab. 3anaiite HyneBYIO
npoOHyro 3anepxkky. I[lpoBenutre MojenupoBaHue npu (pa3zoBom
paccornacoBanuu 0°, 45°, 90°, 135°, 180°, 270° u 360°. IlpoBeaute
MOJIEJIMPOBAHKE TIPU YACTOTHOM paccoriiacoBanuu, paBHoMm 10 I'm, 100
I'm, 1 x[', 3 xI'u. Coxpanute A1 oT4eTa Bce rpaduKku, MOTydYeHHbBIC B
XOJI€ MOJICIIMPOBAHHS.

4) Ycranosute OCII B kanane paBubiM 100 nb. 3amaiiTe HyneBoe
yacTOTHOE U (pa3oBoe paccoriacoBanue. I[lpoBenutre MojeaupoBaHUE
npu apoOHoit 3anepxkke, paBHoit 0.1, 0.5, 1, 2, 3. Coxpanure aJjist otT4yeTa
Bce rpadvKu, MOJyYEHHBIE B XOJI€ MOACIUPOBAHMUS.

5) 1o pe3yabpTaTam BBITIOJIHEHHUS] MOJICIMPOBAHUS COCTABbTE OTYET,
KOTOPBIN JOJDKEH COAEpKaTh: LEJU U 3ajayu padOThl, BUJ MOJIECIU B
Simulink, rpaduku, moaydeHHbI€ TPU BBHIMOJHEHUU MYHKTOB 2, 3 U 4,
BBIBO/IBI IO pE3yJIbTaTaM MOJIEIUPOBAHUS.

2.5 KoHTpoOJIbHBIE BONPOCHI

1) O611re BOompoCckl MOJICIMPOBAHMS KaHalla CBSI3H.

2) 3aTyxaHH€e CUTHaJa B KaHAJIC CBS3H.

3) BozaetictBue ABI'II Ha curnan.

4) YactoTHbIN U Pa30BBIi CABUT CUTHAJIA.

5) 3anepxkka B KaHaJie CBSI3M (IUCKpETHAs, ApOOHAs, aHAJIOroBas).
6) MHoOronydeBoe paclpoCTpaHEHHUE CUTHAA.

3 JladoparopHas padora Ne3d «MogenupoBanue NPUEMHOM
4acTu UM(POBOH CUCTEMbI CBA3I
3.1 leab padoThI

N3ydyeHne ocHOB pabOThl MPUEMHHUKOB IIU(DPOBBIX CUCTEM CBSI3H.
3.2 3agaum padoTHI
Onucanve TeOPETUYECKUX MOJICNICH MPOIIECCOB, MPOUCXOASAIINX B

IIpUEMHHUKAX IIU(PPOBBIX CUCTEM CBSI3H; MOJCIMPOBAHNUE CUCTEMBI CBSI3H
B Simulink.
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Jl1st MosienTupoBaHUs MPUEMHOM YaCTH CUCTEMBI CBSI3HM HEOOXOTUMO
MCIIOJIB30BaTh cieaytomue 010ku Simulink:

Error Rate Calculator — 6510k mojicuera KOau4YecTBa OUIMOOK TPU
npueMe nHOOpMaInu;

Display — 0510k otoOpaxkenusi uHpopmaluu (CUrHAJIOB);

To Workspace — 610k BeiBo/ia 1aHHbIX B cpeny MATLAB;

Gain — yCUIuTEeNb CUTHAJIA;

Raised Cosine Receive Filter — npuemssii ¢uiabtp ¢
XapaKTEPUCTUKON MPUIIOIHATOTO KOCUHYCA;

Downsample — 6J10k TOHHUKEHHS YaCTOThI JUCKPETHU3AIUH;

Add — 6510k cyMMHpOBaHUs/BEIYUTAHUS CUTHAJIOB;

Constant — ICTOYHUK HEU3MEHSIEMOI'0 CUTHaIa (KOHCTAHTA);

Complex to Real-Imag — Onox BblaeieHUs peaibHOM U MHUMOM
JaCTH KOMILJIEKCHOTO CUTHAJIA;

Product — 0510k mepeMHOXKEeHUS/ICTICHUS] CUTHAJIOB;

Minimum —  OJOK TOHWCKa MHHUMAJIBHOTO  3HAYCHUS
BEKTOpa/MaTPHIIbl CUTHAJIOB;

n-D Lookup Table — 650k n-pazMepHoil TaOJIHIBI COOTBETCTBUI
(TaGaUIIBI HCTUHHOCTH);

Scope — ocumiiorpad;

Discrete-Time Eye Diagram Scope — 0J10k 0ToOpakeHus TJ1a3K0BOM
TMarpaMMbl CUTHAJIA;

Discrete-Time Signal Trajectory Scope — 010k 0OTOOpakeHUs
TPACKTOPUM BEKTOpPa KOMIUIEKCHOM OrMOaroIie cCuruaia Ha IJI0CKOCTH;

Discrete-Time Scatter Plot Scope — 6510k 0TOOpa)keHus quarpamMmel
paccesiHus CUTHAIA;

Subsystem — mojcucTema, Mo3BoJisitoniasi 0hOPMUTHh YaCTh MOJICIIH
B BUIEOTAECILHOTO OJIOKA;

Spectrum Scope — aHanu3aTop CreKTpa CUrHaa.

Ha pucynke 3.1 mokazaH BHUJ 3aKOHYEHHOW MOJEIU CUCTEMBI
udpoBoi cBs3u B Simulink.
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Flle

Edit Miew Simulstion Format Tools Help

o 0 050216720664134
" Tx
e Error Rale :""‘_B_G]
BT PO - i Carudation > 73;587
Random 1 P Datain  Siprad out : all signalin  Dahuost i =
Integar
Random integer Madulator Channel Error Rate SER
Generator Demodulatar Calcultion
Spectrum Spectrum id
Scope Scope 2 T Workapas
|l ' =
| R [ Ref [
™ o = - Slgnal Scope

Complex 1o geppe

Comples to Seope 2
Feal-¥nag

feal-nag 2

Pucynok 3.1 — 3akoHueHHass MOJAEIb CUCTEMbI ITU(PPOBOM CBS3U

bIiok npueMHoO# yacTh MOJIETTU CUCTEMbI CBSA3M MTOKA3aH Ha PUCYHKE
3.2.

Koadpduuument  ycunenuss  Gain  BbIOMpaeTcss  0OpaTHBIM
ko3 dunrenTy ycuieHus B nepenaruuke. CorjacoBanHas (QpuiabTparus
CUTHAQJIa BBIMOJHACTCS TpPU TNOMOIM (GUIbTpa C XapaKTepUCTUKOM
KopeHb u3 npunojuaroro kocunyca (Raised Cosine Receiver Filter) co
cieayromumMu Hactporikamu: tun ¢unbtpa (Filter Type) — xopenb u3
MPUIIOIHATOTO KocuHyca (Square Root); KoJIM4ecTBO BXOJHBIX OTCUETOB
Ha oauH cuMmBoia (Input samples per symbol (N)) — 8; rpymmosas
3agepxkka, omnpenenstomas gimHy MX ¢uastpa, (Group Delay) — 5
cuMBoJioB; kod(ddumuent ckpyriaeHus (Rolloff Factor) — 0.8;
KO3 UIIMEHT MOHMXKEHUsI 4acTOThl auckperusanuu (Output Mode) —
None; xapakrep o6padoTku curnaia (Input Processing) — sample based.
[lepen moHM>XeHHMEM 4YacCTOThI IUCKpeTH3anuu OyiokoM Downsample
CUTHAJI BEIBOJUTCS HAa OJI0K 0TOOpaKEHUS TJIA3KOBOM AarpaMMbl U OJIOK
OTOOpaKEHUS TPAEKTOPUM BEKTOPa KOMIUIEKCHOW OrubaroIiei curxaiia.

JleMonynsiuusi CUTHaia OCYHIECTBIAETCS HAa OCHOBE IMOJCYeTa
METPUK U BBITIOJHACTCS B BHJIE YHUBEPCAIBLHOTO JIEMOAYJATOPA
(pucynok 3.3). Marpuiia (BEKTOp) CO3BE31Usl 3aJa€TCs MPU MOMOIIHU
koHcTaHThl (Constellation Ha pucynke 3.3). Ilowck MUHHUMAaJIBHOTO
3HAYEHMS METPUKHU OCYIIECTBIISICTCS MNP oMoIu 0j10ka Minimum.
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Modem/Demodulator
Hard decision ———m{_1_)
N b ,L 8 P Input singal Data out
Signal in Square root soft decision [»
Raised Cosine Downsample 5
Receive Filt
i eive Filter Harwd Dec“
& == o
Discrete-Time Discrete-Time Discrete-Time
Signal Trajectory Eye Diagram Scatter Plot
Scope Scope Scope
Data

Pucynok 3.2 — CornacoBanHasi GUiIbTpalus U JeIUMaIlis CUTHaJIa

TMode D emedulaton QAMLG Fard Decision
Iw >
i Viahis of minimal metric
Fincdivgy miremal wadue of metric
Souare I —>|EE|:5| |
Constefation
5 P! 1
[ 3+§II 1+a.|| +aﬁl mafl BT
[ 3o 1] -] | 111 [ 3+ 1i ol P —
" || ] [ -] 3-1i] o
@ Hard decision value
-3 -1 -3 -3 3-3
[ 1[ i 1 ] i
Conatellation matriz

L 1859 | | teos][ a4l L s

[ 7.834] [ 298] | e133] [ 17.28] Fard declsion

[ sar7] | 01263] | sa77]| 1943] [*

[ 101z2] [ sa71] | zaz2] [ 1957] » 2

Soft decision
Mairix of metrica

Pucynok 3.3 — JleMoiyasiTOp cCurHania

COOTBETCTBHE MEXAY HWHIECKCOM MHHHMAJIBHOH METPUKH U
CUMBOJIOM 3ajaetcs B 6;10ke n-D Lookup Table (pucynok 3.4).
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L Function Block Parameters:Mapping. =
Lookup Table (n-D) i
Perform n-dimensional interpolated table lookup including index searches. The table is a sampled representation of a
function in N variables. Breakpoint sets relate the input values to positions in the table. The first dimension corresponds
to the top (or left) input port.

| Table and Breakpoints | Algorithm = Data Types

Number of table dimensions: 2 -

Table data: [04128:15139,371511:261410]

Breakpoints 1;: [1234] i

Breakpoints 2: [1234]

Edit table and breakpoints...

Sample time (-1 for inhented): |-1 (=]

~
| oK | Cancel Help Apply

Pucynok 3.4 — OnpeneneHne COOTBETCTBUIM MEXKTY

WHJIEKCAaMU MaTPHUIlbl CO3Be3AusA U cuMBoaaMu (111 QAM16)

Ha pucynke 3.5 nmokazanbl quarpamMMbl IPUHUMAEMOTO CUTHAA C
0e3
4acCTOTHOrO M (ha30BOTO paccoriacoBaHusi M 0e€3 3aJepKKU B KaHaje
cBs3U. M3 pUCYHKOB XOpPOIIO BHJIHO, YTO HA NMPUHUMAEMOE CO3BE3UE
NPaKTUYECKU HE OKa3bIBACT BIUSHUE MEKCUMBOJIbHASI HHTEPPEPEHIHS.

BBIXOJIa COIJIACOBAaHHOTO (UIbTpAa TMPU OTCYTCTBHUU IIYyMOB,

n Modem/Demodulator/DiscreteTime Eye Dial—! (01 [%]
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3

Pucynok 3.5 — CoryiacoBaHHbBIN MPUEM CUTHAJA

Hobasnenue xk curdHany ABI'II nmpuBoauT K pa3MBITHIO TOYEK B
CO3BE3IMU U TOBBIIICHUIO BEPOSTHOCTH OUIMOKU MPHU MPUEME CUTHaja

(pucyHok 3.6).
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Pucynok 3.6 — BoznerictBue ABI'1ll Ha mpuHUMaeMbIid CUTHAT

YacToTHOE paccoriacoBaHUe MPUBOAUT K BPALICHUIO CUTHAJILHOTO
CO3BE3/IMsI, YTO MOKa3aHO Ha pucyHke 3.7. da30BOe paccoriacoBaHUE
MPUBOJUT K TIOBOPOTY CHUTHAJbHOTO co3Be3ausi (pucyHok 3.8).
PaccunxpoHnuzanusi npueMHUKA MO CUMBOJBHOW YacTOTE MPUBOIUT K
Pa3MBITHIO CO3Be3/Us (PUCYHOK 3.9).

B Modemnemodulator/Discrete-Time Eye Dial— [0 [X] I- ModemDemodulator/Discrete-Time Signal 1/ [0 (X
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PucyHok 3.7 — Pe3ynbpTar 4acTOTHOrO paccorjiacoBaHus Mpu MpUEMe

n Modem/Demodulator/Discrete-Time Eye Dla/— = :n ModenyDemodulator/Discrete-Time Signal 1/_1 0 (x| | o U AT N et T i
Flie d4xes Channels Window Help ¥ Fle Axes Channels Window Halp » Fiie #xes Channels Window Halp »
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Pucynok 3.8 — Pe3ynbpTat pa3zoBoro paccoriacoBaHus Ipy MprueMe



19

B Modeminemodulator/Discrete-Time Eye Dial—I [0 (x| ] ModembemodulatorDiscrete-Time Signal 1/_| @10 :I.',Eu'_.'._\j'gr.a'qilﬂljjk‘-'.'elij;;id_?ia;_:ﬂﬂmi;ﬁk‘-eem:;_Q_!_@_'
File Axes Channels Window Help ¥ File Axes Channels Window Help » File Axes Channels Window Help »

= Eve Diagram Signal Trajectory Scatter Plot
-
2 4
S 4 4
. z | iRk rEadts
o T e 5 * - - £
=4 22 ! = e e e A
£ 0 20 40 B0 a0 100 g ] i LR R L

Time {ls) i 1 Al < 3 LMy Ml de
. 2 i g R
g B " pol P S Ao
5 4 E 5 g, 13 9 %Y vl v,
=2 @ i \ a AR P “ T 4 *
= | i O " 4 PR AL S S
% T -4 =4
= -4
a 0 20 40 &0 80 100 = 2z a 2 4 = = 0 2 4

Time {ps) In-phase Amplituge In-phase Amplitude

Pucynok 3.9 — Pe3ynpTaT paccoriacoBaHusi 0 CHMBOJIBHOW 4aCTOTE
IIpU TIPUEME

Ha pucynke 3.10 moka3zaHbl OoCHMJJIOTpaMMBI TI€pEIaBAEMOr0 M
NpPUHUMAEMOro CUrHasioB. He Tpy/iHO moacuuTaTh, 4TO 00LIas 3a1epiKKa
B cucTeMe CBsi3u paBHa 10 mepuojiam cieqOoBaHUSI UMITYJIbCOB JaHHBIX.
JlaHHy10 3aJIep’KKy HY»XHO YyuyecTb B OJIOKE IMOJCYETa KOJIMYECTBA
omnbok mnepenaun uHbopmanuu (Error Rate Calculator — Receive
Delay).

an . Signal Scope =1m Xl
GBE LLL AER B A S .

S48 5483 5484

ITime offser; 0

Pucynok 3.10 — ComnocTaBieHue nepeaBaeMoro i ipuHUMaeMOro
CUTHAJIOB
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3.3 IlopsiIOK BBINOJIHEHUS PA0OTHI

1) CornacHo NOpPUBEICHHBIM BBIIIE PUCYHKAM U OMNHUCAHUIO,
CO3JIaiiTe MOJICJIb 3aKOHYEHHOM CHUCTEMBI CBsI3M B Simulink, yoenurecs B
ee paboTOCIOCOOHOCTH.

2) YcTraHOBUTE HYJIEBOE YAaCTOTHOE M (pa30BOE paccOriacOBaHUE.
3amaiiTe HyJeBYIO APOOHYIO 3a/Jep>KKy B KaHalle CBSI3U. Y CTAaHOBUTE
OCIII paBHbIM 0 1B, OLIEHUTE CTATHCTUYECKYIO BEPOSITHOCTD MOSIBJIICHUS
omnOku npu nomouu 6nokaError Rate Calculator.YBenuunsaiite OCILI
C marom S5 nb 10 AOCTHXKEHMWs 3HAYCHUS BEPOSTHOCTH CHUMBOJIBHOU
omnOku He Ooznee 10 -5. [IpoBeauTe psij JOMOJHUTEIBHBIX U3MEPEHUN
(He MeHee 5 TO4YeK) B 00JIaCTH HHU3KUX BEPOSTHOCTEH CHUMBOJIBLHOM
ommbOku (10 -2 ...10 -5). /lanHBIC 3aHECHUTE B TAOJMILy U MOCTPOWTE
rpaduk. CoxpaHuTe MJis OTYETA BCE TpaduKH, MOJTYYEHHBIE B XOJE
MOJICTTUPOBAHUSL.

3) IlpoBeaute MOAEIUPOBAHKE COTJIACHO MYHKTY 2 TpH (pa3oBom
paccoriacoBanuu 5°, 10°, 85° 175° JlanHble 3aHecuTe B TaOIUIY U
NOCTpOiTE rpaduK 3aBUCUMOCTH CHUMBOJBHOW OMIMOKA OT (Hha30BOro
paccornacoBanusi. I[lpu HE0OXOAMMOCTH CKOPPEKTUPYWUTE AHana3oH
yTJI0B ()a30BOr0 paccoriiacoOBaHUs JJ1si KOHKPETHOTO BU/1a MAHUITYJISALINY.

4) IlpoBenute MOACIUPOBAHUE COIJIACHO MYHKTY 2 IpH ApOOHOM
3ajgepxke B kaHane cBszu 0.1, 0.5, 1, 3.9. /lanabie 3aHecuTe B TAOIUITY U
NOCTPOTE TpauK 3aBUCUMOCTH CHUMBOJIBHOW OIIMOKH OT JPOOHOI
3QJICp’)KKM B KaHalle CBA3U. l[Ipu HEOOXOAMMOCTH CKOPPEKTUPYUTE
JMAIa30H 3aJ€PKEK 11 KOHKPETHOTO BUAA MaHUITYJISIIUU.

5) 1o pe3yabpTaTam BBITIOJIHEHHUS] MOJICIMPOBAHUS COCTABbTE OTYET,
KOTOPBIA JTOJDKEH COJlepkKaTh: LEIW U 3a7ayd paOoThl, BUJ MOJEIU B
Simulink, TaGauiel 1 rpa@uky, MOJTYYEHHBIE TIPU BBITOJIHEHUH TYHKTOB
2, 3 u 4, BBIBOJIBI 10 pE3yabTaTaM MOJECIUPOBAHUA.

3.4 KoHTpPOJIbHBIE BONPOCHI

1) OOiue BOMpPOCHI MOCTPOCHUS] MPUEMHBIX CUCTEM LUQPPOBOI
CBSI3H.

2) ApxuTeKkTypa NepBOro MOKoJICHUs: HUPPOBLIX TPUEMHUKOB.

3) ApXUTEKTypa BTOPOTO MOKOJICHUS IU(PPOBLIX TPUEMHHUKOB.

4) ApXuUTEKTypa TPETHEro MOKOJEeHUs IU(PPOBBIX MPUEMHHUKOB.

5) CornacoBaHHas uiIbTpalys CUTHAA.

6) Jlemomynsumsi curHana. Pacuer MeTpuk. MsArkoe pelieHue.
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Kectkoe penieHue.

4 Jlabopatopnasi padora Ned «MogeaupoBaHue CHCTEMbI
BOCCTAHOBJICHUS] HeCYlIero KoJe0aHmnsn)
4.1 lleanb padoThI

[lens paboTHI: UCCIEAOBAHUE CUCTEM CHUHXPOHHU3ALMKU MPUEMHBIX
yCTPOMCTB IU(POBOI CBSI3H.

4.2 3apauyu padoThI

Onrcanne TEOPETUUECKUX MOJIEIEH MPOIECCOB, MPOUCXOISIINX B
0JIOKaX CHUHXPOHM3ALUU LUPPOBBIX CUCTEM CBS3U; MOICIHPOBAHUE
CUCTEMBI IIU(PPOBON CBSA3M C OJIOKOM BOCCTAHOBJICHUS HECYIIETO
koJsiebanus B Simulink.

Jlist MosienupoBaHus 610Ka BOCCTAHOBIICHUS HECYIIETO KOJIeOaHuUs
CUCTEMBI

CBSI3U HEOOXOIMMO HUCMOJIb30BaTh cieaytomue 0aoku Simulink:

Delay — 610k 1ucKpeTHOM 3aJep>KKH CUTHAJA;

Sign — OJIOK, BBIJAIOIIMN +1 715 MOJOKUTEIBHOTO CUTHAIA U -1 jy1st
OTPHUIIATEIILHOTO.

Math Function — 010k MartemaTudeckoid 0oOpabOTKH CHUTHaja
(MoayJib, morapudm, SKCIIOHEHTA U T. 11.);

Gain — yCUIuTeIb CUTHANIA;

Add — 610k cyMMUpOBaHUS/BEIYMTAHUS CUTHATIOB;

Constant — ICTOYHUK HEU3MEHSIEMOI'0 CUTHaIa (KOHCTAHTA);

Complex to Real-Imag — Onox BblaeiaeHUs peaibHON U MHUMOM
YaCTU KOMILUIEKCHOTO CUTHAJIA;

Product — 0510k mepeMHOXKEeHUS/ ICTICHUS] CUTHAJIOB;

Scope — ocumtorpad;

Subsystem — mnoxacucrema, mo3BOJsOMIAsS  OGOPMUTH  YacTh
MOJICJIU B BHJIE OTIEIHLHOTO OJIOKa.

Ha pucynke 4.1 moka3an BUI MOACIN CUCTEMBI IUGPOBON CBS3U B
Simulink ¢ merneld BOCCTaHOBJICHUSI HECYIIETO KojeOaHus (TeTis
Kocraca).
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Pucynok 4.1 — [IpuemHas 4acTh CUCTEMBI CBSI3U C OJIOKOM
CUHXPOHHU3ALMHU 10 HECYIIEMY KOJIEOAHUIO

ITerns Kocraca (pucynok 4.2) cocroutr u3 jgerekropa Kocraca
(pucynok 3), dunbTpa HU3KUX YacTOT oOpaTHOU cBsizu (PHY OC) u
reHeparopa, ynpasisiemoro kojaoM (Numeric Controlled Oscillator).
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Pucynok 4.2 — Iletns Kocraca

Ha pucynke 4.3 nmokaszaHn Buja Mojeiau GUIbTpa 00paTHOM CBS3H.
[Ipy  momomm  OJIOKOB  yCWIEHHS  3adaroTcs  KoddduimeHt
MPOTOPIIMOHATBLHON YacTH U KO3(PGUIIMEHT UHTETPaTbHON YacTH 3BEHA
pEryJupOBaHUS.

Moaens uHTErpaTtopa nokaszaHa Ha pucynke 4.4. Ha pucynke 4.5
MoKa3aHa MOJIeNIb TeHepaTopa KOMIUIEKCHOTO CUTHAJIA, YIIPABISIEMOTO
curHajom ¢ gpuiabTpa oOpaTHOM cBsi3u. Ha pucyHke 4.6 okaszaH mpumMep
paboOTHI TIETIU CUHXPOHHU3AIINH.

Cepxy mpuBeneHbl cMH(]a3Hass W KBaApaTypHas COCTABJISIONINC
BXOJ/IHOT'O CUTHAJIa, 3aT€M COCTABJIAIONINE CKOPPEKTUPOBAHHOTO CUTHAJIA
¥ COCTaBJISIONINE CUTHANIA KOppekiuu. Ha HwkHeM rpaduke nmpuBeacH
CUTHaJI OIIUOKHU C BbIX0Ja (PuiabTpa 0OpaTHOM CBSI3H.
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4.3 IlopsiaoK BBINOJHEHUS PA0OTHI

1) CornacHoO NpPUBEIECHHBIM BBIINIE PHUCYHKAM W OMNHUCAHHIO,
co3jlaiiTe Mojeab cucTeMbl cBsi3u B Simulink ¢ 0J0KOM BOCCTaHOBJIEHUS
HECYIIETOo KoJeOaHus, yoeIuTeCh B €€ paboTOCIIOCOOHOCTH.

2) YcraHoBUTE HYJEBYIO IPOOHYIO 3aJIepKKy B KaHaJe CBS3H
u 3agaiite OCHI paBueiM 100 nb. Ilpu nHyneBoM ¢azoBoM
4aCTOTHOM PaccorjlacoBaHMM yOeauTeCh B pabOTOCIIOCOOHOCTH MOJICIIH.
3aganite ¢azoBoe paccormacoBanue 40° m HabOmomalTe Ha OJOKe
OTOOpPa)KEHUS] CUTHAJBLHOTO CO3BE3JUs IMPOIECC aABTOMATUYECKOTO
peryiupoBaHus. YCTaHaBIMBasl pa3inyHoe (Da30BOE paccorjiacoBaHUE,
CO3[laiiTe€ BCE€ BO3MOXHBIE CIy4Yau JIO)KHOW CHHXPOHHM3ALMU CUCTEMBI
cBsi3u. CoxpaHuUTe ISl OoTdyeTa Bce rpaduKy, IOJYYEHHBIE B XOJIE
MOJICTTUPOBAHUSL.

3) Ilpu HyneBoM (ha30BOM pacCOTrIacOBaHUH 3aJIalTe YaCTOTHBIM
casur curHana 10 I'm, HaOnrojaiTe NEPEXOJHON MPOILECC CUCTEMBI
peryJMpoBaHus. YCTaHABIMBAas pPa3JIMUHbIE 3HAYEHHUS YACTOTHOTO
paccoriacoBaHusl, HaWIWTE MAaKCUMaJbHOE 3HAYEHUE, NMPU KOTOPOM
CHUCTEMa aBTOIOJICTPOMKHU YaCTOTHI padOTOCIOCOOHA.

4) Ouenure BIIMSTHHE U3MEHEHUS ko3 duieHTa
MPONOPIIMOHATBHON YaCTH CUCTEMbl ABTOMATHYECKOTO PETyJIUPOBAHUS
Ha JUIUTEJIbHOCTh MEPEXOJHOr0 MPOolecca U MAaKCUMAJIbHOE 3HAYCHUE
4aCTOTHOTO PacCcorjacoBaHus (COrIaCHO MyHKTY

3). Haiigute wu 3adukcupyiiTe ONTHUMAILHOE  3HAYCHHE
KO3 dullMeHTa TPONOPIMOHATBHON YacTH JUIsi MaKCUMAaJbHOTO
YaCTOTHOT'O PAacCOTJIaCOBaHUA M JJIsI HauOoJjee ObICTpoil pabOThI METIIH
pPETYJIMPOBAHUS ITPU YACTOTHOM paccoriacoBanuu 10 I1.

5) Otienute BAMSIHME M3MEHEHHE KOd(PQUIIMEHTa HHTErpabHOMN
YaCTHU CUCTEMbBI aBTOMATUYECKOTO PETYJIMPOBAHUSI COTJIACHO MYHKTY 4.

6) [1o pe3yabpTaTam BBIITOJTHEHUS] MOJICIIMPOBAHUS COCTABBTE OTYET,
KOTOPBIN JOJDKEH COAEpKaTh: LEJU U 3ajadu padOThl, BUJ MOJIECIU B
Simulink, TaGauiel 1 rpa@uku, MOJTYYEHHBIE IPU BBITOJIHEHUN TYHKTOB
2, 3,4 1 5, BEIBOJBI IO PE3YyJIbTATaM MOJICIIMPOBAHMS.

4.4 KoHTpPOJIbHBbIE BONPOCHI

1) Cuctembl BOCCTAaHOBJICHUS HECYIIETO KOJICOAHUSI.
2) Iletns ¢ BoO3BeaeHuWeM cuTrHaja B KBajgpar (TeTiis
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[Tucronskopca). Cundaszno-kBaaparypHas netis (netis Kocraca).

3) IleTyist CHMBOJIbHOM CHHXPOHU3AIIUH.

4) @a3oBasi HEOJIHOBHAYHOCTh IMPU NPUEME CUTHAJIOB C
MOJABJICHHBIM HeCcylUuM KoJiebanueMm. CrnocoOwl pemieHus (a3zoBoi
HEOJHO3HAYHOCTH.

5) CucteMbl aBTOMAaTHYECKOTO PETYJIUPOBAHUSI YPOBHS YCUJICHUS
CUTHAJIA.

S JlaGoparopHass pabGora NeS «MogenupoBaHue NeTIH
CHMBOJIbHOW CHHXPOHM3AIMID)
5.1 lean padoThI

[{ens paboTHI: UCCIEAOBAHUE CUCTEM CUMBOJIBHONM CHHXPOHU3AINH
MPUEMHBIX YCTPOUCTB IIU(DPOBOIL CBSI3U

5.2 3apauu padoTHI

Onucanue TEOPETUUECKUX MOJIENICH MPOILECCOB, MPOUCXOASAIIUX B
0JIOKaX CHUMBOJIbHOM CHHXpPOHHU3AIMU IU(PPOBBIX CHUCTEM CBS3H;
MOJICJTUPOBAHUE CUCTEMBI IU(PPOBON CBA3U C OJIOKOM BOCCTAHOBJICHUS
HECylIero kojebaHus u OJOKOM CHUMBOJBHOW CHUHXPOHHU3ALUM B
Simulink.

Jnst MoAenupoBaHUs CUCTEMbl CHHXPOHU3AIMA  MPUEMHOTO
YCTPOMCTBA O CUMBOJIBHOW 4acTOTE HEOOXOAMMO JOMOJHUTH MOJIEJb
IPUEMHUKA TMETJIEH CHUMBOJBHON cuHXpoHu3auu (metsist ['apianHepa).
Ha pucynke 5.1 moka3zana Mojeiab NPUEMHOrO YCTPOMCTBA C METJEH
cuMBOJIbHOM cuHXpoHuzanuu (Timing phase re-covery (Gardner
detector)).
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Pucynok 5.1 — Moaens nmprueMHOT0O yCTPOUCTBA C METIIEH
CUMBOJIBHOW CUHXPOHM3ALUU

Ha pucynke 5.2 mnokazaHa wMoAenp METIIM CHHXPOHU3ALNH,
cocrosmas u3 puibTpa-unrepnoistopa (Gunstp appoy, pucyHok 5.3),
nerekropa ['apanepa (pucynok 5.4), dbuibTpa neTium oOpaTHOM CBS3U
(pucyHOK 5.5) U reHeparopa, yIpaBliieMOro Kojgom (PUCYHOK 5. 6)
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Pucynok 5.2 — [leTnst cCMHMBOJIbHOM CHHXPOHHU3ALINHU
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Pucynok 5.5 — ®unbTp netriu oOpaTHOU CBS3U

[TapameTrpsl pusbTpa mne™in oOpaTHOM CBA3U (KO3 UIIMEHTHI
OPOMOPIMOHATIBHOTO W WHTErPAJIbHOTO  3BEHBEB)  MOAOUPAIOTCS
IKCTIEPUMEHTAIBHO, IO BUY rpaduka nepexoqHOTo Mpoiecca CUCTEMbI
aBTOMATUYECKOTO PETYJUPOBAHUSI.
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Pucynok 5.6 — I'eneparop, ynpapisieMblid KOJIOM

I'enepaTop, yIpaBiIgeMbIi KOJOM, BBIIOJHEH Ha OCHOBE
CTPYKTYpBIL, MpenioxeHHou [apaHepom. B crpykrype reHeparopa
npucyrctsyetr Oiokx  Triggered Subsystem (pucynok 5.7),
MO3BOJISIFOIIMI MPOU3BOANTH NEPEAUCKPETU3ALNIO CUTHAIA.
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Ha pucynke 5.8 mokaszaHbl JHarpaMmbl CHTHAJIOB MPHUEMHHUKA
CUCTEMBI CBSI3HM MPH PA3IMYHBIX 3HAYEHUAX APOOHOM 3aJIepKKU B KaHAJe
CBSI3H.
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PucyHnok 5.8 — Bug npuHrMaeMoro co3Be3ausi Mpy pa3IndHbIX
3HAYCHUSX APOOHOM 3aJIep>KKU B KaHalie CBs3u 64
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5.3 IlopsiaoK BBINOJHEHUSI PA0OTHI

1) CoriacHO NPHUBEASCHHBIM BBHIIIE PHUCYHKaM M OIKMCAHMIO,
Co3/IaiiTe MOJIeSIb CUCTEeMBI CBsI3M B Simulink ¢ 0710kOM CHHXpOHU3AIIUH
110 CUMBOJIbHOM YaCTOTE.

2) YcraHOBHUTE HYJEBYIO JPOOHYIO 3aJIep’KKy B KaHajle CBS3HU
u 3amaiite OCHI paBasim 100 gb. Ilpu HyneBom ¢azoBoM u
4aCTOTHOM PacCorjlacoBaHMH yOeauTeCh B pabOTOCIIOCOOHOCTH MOJICIIH.
3agaBasi pa3IMYHOE YaCTOTHOE U (Ja30BOE paccorjiacoBaHue, yOEIUTECh
B PabOTOCTIOCOOHOCTH TMETJIM BOCCTAHOBIJICHHS HECYIIETO KOJCOaHMUs.
3anaBas pa3IMYHOEC 3HAYCHHE JPOOHOM 3aJCpKKM B KaHalle CBS3H,
yoenurech B IPaBUIBHOM paboTe IMEeTVIM CHHXPOHHU3AIUU  TI0
CHMBOJIBHOW 4aCTOTE.

3) Coznarite reHepaTop MEIJICHHO U3MEHSIOIIETOCs
CHHYCOMJAJILHOTO CUTHaa ¢ MUHUMAaJIbHBIM 3HAUYCHUEM aMIUIUTYAbI O U
MakCUMaJbHbIM 3HaueHneM &. [logaliTe cuUrHan reHeparopa Ha BXOJ
0JIOKa TepeMEeHHOM IpOoOHOM 3aJepKKM B KaHaye cBsizu. HaOmropaiite
Ha TJA3KOBOM JMarpaMMe IIepeMeIleHue CurHaja | yOeauTech B
MPaBWIHHOM pabOTe METIM CUHXPOHU3AIIUK TI0 CUMBOJIBHOM Y4acTOTE.

4) OrmeHUTEe CTENeHb BIMSHUSA METAM CHHXPOHM3AIUU TI0
CHMBOJILHOM 4aCTOTE Ha BUJI IPUHUMAEMOTO CO3BE3/IUS.

5) UckirounTte METII0 CHHXPOHU3ALMM 1O HECYLIEW 4YacToTe W3
MOJIeNId TpueMHHUKA. V3MmeHsiTe 3HaYeHHs YacTOTHOTO U (a3oBOro
paccoriacoBaHusi, OIIEHUTE BO3MOXKHOCTh paboThI MeTIIH
CHUHXPOHM3AIlMA  II0  CUMBOJIbHOM  4acTOT€ IPpU  YaCTOTHOM
paccoriiacoBaHuu NnepeJaTunuKa U IpueMHHUKA.

6) [To pe3ynbpTaraM BHIMOJIHEHUS MOJICIUPOBAHUS COCTABbTE OTUET,
KOTOPBIN JOJDKEH COACp)KaTh: IEIM W 3a7add paOdOThI, BUJ MOJEIU B
Simulink, TaGauue! 1 rpaduku, NOJTy4YEHHbIE TIPU BBITOJHEHUHU ITYHKTOB
2, 3,4 u 5, BBIBOJBI IO PE3YyJIbTATaM MOJICIIMPOBAHMUS.

5.4 KoHTpoOJIbHBIE BONPOCHI

1) Cuctembl CUHXPOHU3AIMU 110 CUMBOJIBLHON YaCTOTE.

2) JleTeKTOophl OMMOKHA CHHXPOHHU3AIMH 1T0 CHMBOJIbHON 4acTOTE.

3) Cxema moCTpoeHHUsI TeHepaTopa, YIPaBISIONIETO (UIBTPOM-
UHTEPHOJISATOPOM.

4) OuabTpel-UHTEPHOIATOPEl. DunsTp Dappoy, mnonudasHbIN
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