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PABOYAA MPOrPAMMA YYEEHON AUCLIUM/IUHDI

51.B.08 OcHOBbI MOAENMPOBAHUA TEIEKOMMYHUKALMOHHbIX CUCTEM

1. Koa 1 HaumeHoBaHUWe HanpaB/ieHUA NOAroToBKM/cneumManbHOCTH:
09.03.02 'HPOPMaALMOHHbIE CUCTEMbI U TEXHONOTUM

2. Mpodunb nogrotoBku/cneumnanusaums: Bcrpamsaemble BbIUMCAUTENIbHBIE CUCTEMbI U MHTEPHET BeLLeit
3. KBanudukaums (creneHb) BbINyCKHUKA:

bakanaspuat

4. ®opma obyueHus:

OyHan

5. Kadeppa, oTBevatowwan 3a peannsaumio AUCLMNANHDI:

Kadegpa nHbopmaLMoOHHbIX CUCTEM

6. CocraButenu nporpammbi:

CaBuHKOB AHApein FOpbeBuy, A4.T.H., npodeccop

7. PekomeHgoBaHa: HMC dakynbTteTta, npotokon Ne5 ot 10.03.2021
8. YuebHbiii roa;:

2024-2025

9.Uenu n 3agaum yue6HoOM AUCLUNAUHDI:

Llenb: dopmmpoBaHme y cTyaeHTOB 6a30BbIX 3HaHWIA U HABbIKOB B 06/1aCTM MOAENNPOBaHNA Ha DBM
TENEKOMMYHUKALMOHHbIX CUCTEM MPU pelleHnn 3a4a4 NpodeccroHanbHOM AeATeNbHOCTM 3a4a4mM yyebHOoM
ONCUMNINHDI:

®  M3yyeHMe MEeTOA0B MOLENMPOBAHMUA TENEKOMMYHUKALMOHHBIX CUCTEM

®  M3yyeHUe MEeTOA0B MPOrPaMMHON peanmnsaLmm 6a3oBbIX KOMIOHEHTOB cUcTeM LMbpPOBOIM 06PaboTKM CUTHANOB,
KaK Npy MOAEeAMPOBaHMM, TaK U NPU peannsaumm TeNeKOMMYHUKALMOHHbIX CUCTEM

o AOCTUNXKeHune bonee F}'Iy6OKOFO NMOHUMaHMA NPUHUNNOB pa6OTbI Te/IeEKOMMYHUKALUNOHHbIX CUCTEM NMOHUMaHUe
CMbIC/A ¥ B3aWMMHOTO BAMAHUA NapameTpoB TeNEKOMMYHUKALMOHHbIX CUCTEM

e NpuobpeTeHne NPaKTUYECKUX HaBbIKOB OLLEHKM KauecTBa GYHKLMOHMPOBAHMA TENEKOMMYHUKALLMOHHBIX CUCTEM

10. MecTo yue6HOM gucunnanHbl B CTPyKType OON:

yuyebHas aMcuMnAnHA OTHOCKTCA K YacTu 610Ka b1, bopmupyemoit yuacTH1Kammn obpa3oBaTesibHbIX OTHOLWEHWI. s
YCMEeLwHOro 0CBOEHMA ANUCLMUMINHBI HEOBXOAMMbI 3HAHUA U YMEHUs, NpuobpeTaemble NPU U3yUYeHWe CeayoWwmx
ANCUMNAKH: Teopus QYHKLMIA KOMMNIEKCHOTO NepeMeHHOro, TeOpUA BEPOATHOCTEN M MaTeMaThYecKas CTaTUCTMKA,
aNrOPUTMbI U CTPYKTYPbI AaHHbIX, 06 bEKTHO-OPUEHTMPOBAHHOE NPOrPaMMMPOBaHNE, MHPOKOMMYHUKALMOHHbIE
CUCTEMBI U CETU, A3bIK MPOrpammmpoBaHms Cu.



11. NMnaHupyemble pe3ynbTaTbl 06yyeHUsA No agucunnanHe/moaynio (3HaHUA, yMeHUA, HaBblKU), COOTHECEHHbIE C
nAaHUpyemMbiMU pe3y/ibTaTaMu 0CBOeHUA 06pa3oBaTenbHOM Nporpammbl (KOMMNETEHUUAMM BbiIMYCKHUKOB) U
MHAUKATOPaMM UX A,OCTUKEHUSA:

Ko v Ha3BaHWe KomneTeHLumn Koga v Ha3BaHWe nHamnkaTopa 3HaHWA, YMEHUA, HaBbIKK

KOMMeTeHuMn
MK-2 CnocobeH BbINONHATD MK-2.4 MposepseT MmeeT HaBbIKM pa3paboTKK, OTNAAKM U
MHTEerpaumio NPorpaMmmMHbIX paboTtocnocobHocTb BepuduKaLmMm Nporpamm MoaeMpoBaHNA
Mmogaynen n KOMMNOHEHT, NPOrpamMmMHbIX NPOAYKTOB Te/IeKOMMYHUKALMOHHbIX CUCTEM

BbINOJIHATbL BepudUKaLmio
NporpaMmMHbIX NPOAYKTOB

MK-3 CnocobeH BbINOAHATb MK-3.2 3HaeT yCTPOMNCTBO U 3HaeT OCHOBHbIE TEXHO/10TUN

paboTbl N0 co3aaHMI0 YHKLMOHUPOBaHKE TeNEKOMMYHUKALLMOHHbIX CUCTEM, 3HAET
(moguodukaumm) n coBpeMeHHbIx MC, NpoTOKobI, NPUHLMMbI peannsaLlmm B NporpammHbIX
COMPOBOMXKAEHNIO nHTepdeiicol U dpopmaTbl mozensx 6azoBbix KOMMNOHEHTOB
MHOOPMALLMOHHbIX CUCTEM obMmeHa gaHHbIMM TENEKOMMYHUKALLMOHHbIX CUCTEM, 3HAET

OCHOBbI NIAHUPOBAHMA CTAaTUCTUHECKOTO
3KCNepPMMEHTA U OCHOBbI 06PabOTKM
pe3ynbTaToB MOAE/IMPOBAHMSA

12. O6bem AUCUMNAMHDI B 3a4eTHbIX eguHULax/yac:
3/108

dopma npomeKyToOYHOM aTTecTauun:

3auer c oueHKol, KoHTpobHas paboTa

13. TpyaoemKocTb no BuAam yuebHoit paboTbl

Bug yuebHow paboTbl CemecTp 8 Bcero
AyaAnTOpHbIE 3aHATUA 72 72
JIeKUMOHHble 3aHATUA 36 36
MpaKkTnyeckune 3aHATUA 0
JTabopaTtopHble 3aHATUA 36 36
CamocToaTenbHas pabota 36 36
KypcoBas pabota 0
lMpomekyTouyHaA aTTecTayuma 0 0
Yacbl Ha KOHTPO/Ib 0
Bcero 108 108

13.1. CopeprkaHue AUCLUNIUHDI



n/n HaumeHoBaHue pa3gena

OVNCLUMAUHBI

1 Nlekuun

1.1 BsepeHue B mogennpoBaHume
TeNeKOMMYHUKALMOHHbIX
cuctem

1.2 MopenupoBaHue KaHanoB
pacnpocTpaHeHmA CUrHana u
nomex

1.3 MporpammHas peanmsayma

6a30BblX 3/1eMEeHTOB
06paboTKK curHana B
NPOrpaMMHbIX MOLENAX
TE/IeKOMMYHUKALMOHHbIX
cuctem

CopepkaHue pasgena 4UCUUNANHDI

Llenn v 3agaum moaennposaHusa
TENIeKOMMYHUKALMOHHbIX CUCTEM,
6a30Bble 3/1eMeHTbl MPOrPamMHbIX
Mofenein TeeKOMMYHMKaLMOHHbIX
cucTem, cpeaa MoAeIMpoBaHus,
CTAaTUCTMYECKUIA SKCNEPUMEHT,
KOMMN/IeKCHOe NpeacTaBieHme
CUTHanoB., BbIGOp A3bIKa
nporpaMmmmnpoBaHus

MopgenmposaHue Wwyma,
MoZeNNpPoBaHNe 3aMUpPaHUA,
MOZeIMPOBaHNE MHOTOYYEBbIX U
MHOTOaHTEHHbIX KaHasoB,
MOAENMPOBAHNE KAHANOB C
aucnepcmert BpeEMeHHOM 3a4,ePKKM,
TUNOBble MoAenn KaHana ITU-R

leHepaTopbl NCEBAOC/YYANHbIX
nocnenoBaTeIbHOCTEN, LIMKANYECKUIA
n36bITouHbIN Kog (CRC), umdpoBsble
¢unbTpbl, NpeobpasoBaHme Pypbe,
npeobpasoBaHue Yonwa-Agamapa,
MOAYNATOPbI U AEMOAYNATOPSI,
nepemesKuTe i, MoOMexoyCcToiymBbIe
KoAbl

Peanunsauma
pasgena
OUCLMMNMHBI C
NOMOLLbIO
OHNaMH-KypCa,
3YMK



1.4 Peannsauna cpeabl
MOZENINPOBAHNA U
NAaHNUPOBaAHME SKCNEPUMEHTA

1.5 MccnepoBaHue
NOMEeX0YyCTOMYMBOCTM KaHaNoB
CBA3N METOA40M

MMWUTALMOHHOrO
MOAe/IMPOBaHUA

1.6 MogennpoBaHmne 60abLINX
TeNeKOMMYHUKALMOHHbIX
cuctem

2

MpakTnyeckme

3aHATUA

3

NabopaTtopHbie

paboTbi

3.1 M3yyeHme gnuplot 1 GNU
Octave

CMHXPOHM3aLLMA KOMMOHEHTOB
NpPorpaMmmHoi Moaenu, 3axsaT
BbIGOPOK A1A aHaNM3a, BU3yann3aLms
pe3y/bTaToB, CTAaTUCTUYECKUIA aHANU3
pe3ynbTaToB, AOBEPUTE/IbHbIE
WHTepBasbl, N1aHUpPOBaHWE
3KCMepUMeHTa 1 onpeaeneHne
06bema BblIbOpKHM, BepudmkaLma
mMmozenu

BuToBan, cumBo/ibHAA 1 610KOBas
owmnbKa, KaHan AWGN, oTHoWeHMe
Eb/NO, KaHan c 3amupaHuamu,
ycpegHeHue No BpeMEHU 1 Mo
COBOKYMHOCTM peann3auni, Kputepum
3aBepLleHmn

BeposaTHOCTHO-BPEMEHHbIE
napameTpbl TENEKOMMYHUKALLMOHHbIX
cucTeM, MOAENN U FreHepaTopbl
TpaduKa, MoAeNMpoBaHME KaHaNoB
CBA3K BHYTPU cUCTEMbI, 06paboTKa
pe3ynbTaToB M aHaU3 NapameTpoB
QoS

MocTpoeHne ABYMEPHbIX U
TpexmepHbIx rpadurKkos B gnuplot.
CuHTE3 GMNBTPOB, CTATUCTUYECKUIA
aHaNW3 JaHHbIX U MOCTPOEHMEe
rpa¢mkos B GNU

Octave



3.2

3.3

3.4

3.5

3.6

3.7

MogenumposaHue Ha C
raycCcoBCKOro Liyma

MopgenuposaHue Ha C
P3/1eEeBCKUX 3aMUPaHUTA

MogennposaHue Ha C
MHOroJ/ly4eBOro KaHana

MogennposaHue Ha C
reHepaTopa NCI1 n BbluMcNeHue
KOHTPO/IbHOM CYMMblI

MogennposaHue Ha C
umoposoro dpuabTpa

Peanunsauma Ha C bbicTporo
npeobpasosaHua Pypbe 1
6bicTporo npeobpasoBaHus
Yonwa-Agamapa

leHepaLms raycCoBCKOro Wwyma
METOZI0M MU30TPOMHOrO BEKTOPa M
nccnegoBaHMe CTaTUCTUYECKMX
XapaKTePUCTUK MONYYEHHbIX BbIBOPOK.

leHepaLuusa paeeBCKUX 3aMUPaHNIA
meTozoB [XKelKca u nccnegoBaHme
CTAaTUCTUYECKUX XapaKTEPUCTUK
NoJly4eHHbIX BbIBOPOK

MopaennpoBaHue 3amM1UpPaHnii ¢
3aZlaHHON MaTpuLen
B3aMMOKOPPEeNaLMU, MOAEMPOBaHNE
OPOOHbIX 33epKeK, MOAeNnpPoBaHMe
KaHanos ITU-R

leHepaumsa nocaes0BaTeIbHOCTH
MaKCMMabHOWN AJIUHbI
(MnocnenoBaTenibHOCTH), MPOBEPKA
cBoicTe M-nocnefoBaTenbHOCTY.
BbluMcNeHne UMKANYECKOTo
M36bITOYHOrO KoAa U OBHapyKeHue
ownbok B coobuieHmmn

Peanusauma KMX n BUX dunbtpa Ha C,
nccnegosanue A4YX n ®YX, nsmepenue
3aepXKKM curHana B dunbTpe,
BblYMCNEHME MOLLHOCTU CUTHaNA U
Lyma Ha Bbixoae dbunbTpa

Peanusauma npsamoro n obpatHoro
6bicTporo npeobpasosaHus Pypobe,
npsMoro 1 obpaTHoro 6bICTPOro

npeobpasoBaHua Yoniwa-Agamapa



3.8

3.9

3.10

3.11

3.12

Peanunsaumsa Ha C cBepTOYHOrO
Kogdepa v aexkoaepa Butepbu

Peanuzauma Ha C
napannenbHoro Typbokoaa c
[eKoaepom Ha OCHoBe

MAP

MogennposaHue Ha C
MOAyNATOpa U AeMoayNATopa
QAM

MopennposaHue KaHana cBA3M
OFDM

MopgenmpoBaHue nNakeTHOM
PaZMOCETUN CO CYYAMHbIM
[OCTYNOM K paguoKaHany

Peanunsauma Kogepa cBEPTOYHOrO
Kogda v aekoaepa Butepbu, oueHka
3HEPreTMYecKoro BbiMrpbilla OT
NMOMEXOYCTOMUYMBOro KOAMPOBAHMA U
BbIMUC/IUTENBHOM CNOXKHOCTU
peanusaumu gekoaepa

Peanusauma kogepa napannensHoro
Typb0o-KoAa 1 uTepaTUBHOIO AeKoaepa
Ha ocHoBe MAP, oueHKa
3HEepPreTMYecKoro BbIMrpbILa OT
NOMEX0YyCTOMYMBOro KOAMPOBAHUA M
BbIYUC/IUTENIBHOM CIOXKHOCTH
peanusaumm gekogepa

Peannsaumsa mogynatopa v MArkoro
Aemoaynatopa s NPon3Bo/bHON
moaynauum M-QAM, nccnegosaHume
SER n BER

KaHan cBsi3u, BKIOYAOLWMIA UCTOYHUK
UHbopmaLmn, Koaep
NOMEX0yCTOMYMBOro Koaa
(cBepTOUHbBIN MK TypbO), MoayNATOP
QAM, kaHan AWGN, gemoaynaTtop u
nekogep. Uccneposate BER n PER ana
pa3/INYHbIX MapaMeTPOB KOAMPOBAHMA.

Cuctema pagunocsasm ns N
NPOW3BOJIbHO PACMOJIOXKEHHbIX Y3108
CO ClyYalHbIM OOCTYNOM K
pagunokaHany no npotokony CSMA/CA,
nccnenoBaTb BEPOATHOCTb NOTepU
nakeTa, 3aZepXKy nakeTa un
OMcnepcuio 3a4epiKK1 naketa ana
KaXXA,0ro y3na ana pasinyHbix
mozenen Tpadumka

13.2. Tembl (pa3genbl) AUCLUNINHDBI U BUADbI 3AHATUI



n/n

HanmeHoBaHMe Tembl JleKuMoHHble MpakTnyeckme JNabopatopHble CamocrtoaTenbHas Bcero
(pasaena) 3aHATMA 3aHATMA 3aHATMA pabota

BeseneHue B 2 2 4
mogenuposaHue

TeNeKOMMYHUKALNOHHbIX

cucTem

MogenvpoBaHue KaHanoB 4 4 8
pacnpocTpaHeHUA cUrHana u
nomex

MporpammHan peannsauna 16 16 32
6a30BbIX 3/1EMEHTOB

06paboTKM curHana B

NPOrpaMmHbIX MOLENAX

TEeNeKOMMYHUKALNOHHbIX

cuctem

Peanunsauua cpeapl 8 8 16
MOAENNPOBAHMUA U

naaHMpoBaHue

3KCnepuMeHTa

UccneposaHune 2 2 4
NOMEeX0YCTOMYNBOCTHU

KaHas0B CBSA3W METOLOM

MMUTALLMOHHOIO

MoEeNMpoBaHuA

MogenvpoaHue 6obwnx 4 4 8
TeNEeKOMMYHUKALNOHHbIX
cncTtem

MN3yueHue gnuplot n GNU 2 2
Octave

MogenuposaHue Ha C 2 2
rayCcCoBCKOro Lyma

MopgenuposaHue Ha C 2 2
pP3/1€EeBCKUX 3aMUPaHUI



10 MogenuposaHue Ha C 2 2
MHOrO/ly4eBOro KaHana

11 MogenuposaHue Ha C 2 2
reHepaTopa MNCM un
BblYMCNEHME KOHTPOIbHOM
CyMMbl

12 MogenuposaHue Ha C 2 2
umodposoro ¢punbTpa

13 Peannszaums Ha C bbicTporo 2 2
npeobpasoBaHua Pypbe n
6bicTporo
npeobpasoBaHua Yonuwa-
Apamapa

14 Peanunsaymsa Ha C 4 4
CBEPTOYHOrO KoZepa 1
aekogepa Butepbu

15 Peanunsaymsa Ha C 4 4
napannenbHoro Typbokozaa ¢
Aekogepom Ha ocHose MAP

16 MogenvposaHue Ha C 2 2
mogaynatopa u
aemopynatopa QAM

17 MogennposaHue KaHana 4 4
csAsn OFDM
18 MogenvpoBaHue nakeTHoOM 8 8

pagmMoceTH Co CayYaHbIM
[OCTYMOM K paguoKaHany

36 0 36 36 108

14. Metoguueckue ykasaHua aaa obyyalowmxca no 0CBOEHUIO AUCLMNANHDI

OuncumnavHa TpebyeT paboTbl ¢ dpaitiamu-npeseHTaunAMM NEKLMUIA U COOTBETCTBYIOLLMMM 1aBaMn PEKOMEHA0BAHHOM
OCHOBHOM NMTEPaTYpbI, a TaKXKe, 0653aTe/IbHOro BbIMOHEHNA BCeX 1abopPaTOPHbIX 3a4aHWiA B KOMMbIOTEPHOM Knacce.

CamocTonTenbHan paboTa NPoBOAMTCSA B KOMMbIOTEPHbIX Knaccax PKH ¢ ncnosb3oBaHMEM METOAMYECKUX MaTepnanos
PacnosioXeHHbIX Ha yyuebHo-meToanyveckom cepsepe OKH fs.cs.vsu.ru\library n Ha cepsepe Moodle Br'Y moodle.vsu.ru.
Bo Bpems camocTosaTeibHOM paboTbl CTYAEHTbI UCMO/b3YIOT 3/1EKTPOHHOBMBMOTEYHbIE CUCTEMbI, AOCTYMHbIE Ha



nopTtane 3oHanbHoW bubnnotekn BIY no agpecy www.lib.vsu.ru. YacTb 3agaHuii MOXKeT ObITb BbINONHEHA BHE
ayAWUTOPUIA Ha JOMALLHEM KOMMbOTEpe, MOC/Ie KONMPOBAaHWUA METOAUYECKMX YKa3aHUI u Heobxoammoro MO ¢ yuebHo-
meTogmyeckoro cepsepa ®KH.

MpY Mcnob30BaHNMM AUCTAHLMOHHbBIX 06Pa30BaTENbHbIX TEXHOOTUI U SNIEKTPOHHOTO 06YyYeHMA BbIMNOHATL BCE
yKasaHuA npenogasaTesield, BOBPEMSA NMOAKAOYATLCA K online 3aHATUAM, OTBETCTBEHHO NOAXOAUTL K 334aHUAM ANA
camocToaTesIbHOMN PaboTbl.

15. I'Iepequb OCHOBHOMW U AOHOI’IHMTEI’IbHOﬁ NTepaTtypbl, pecypcoB UHTEPHET, HeOGXOAMMbIXAIIﬂ ocsoeHuA

ANCLUUNSIUHDI
Ne NCTOYHUK
n/n
1 PewmuH, b. N. UMUTALMOHHOE MOEIMPOBaHME U CUCTEMbI YNIPaBAEHUSA: y4ebHO-NpaKTMYeckoe nocobue /

B. UN. PewumnH. — Mocksa ; Bonoraa : UHdpa-UHkeHepus, 2016. — 74 c. // 3BC YHusepcuteTckas
6ubnnoteka. — URL: https://biblioclub.ru/index.php?page=book_red&id=444174

6) LoNONHWUTENbHAA IMTepaTypa:

Ne McTouHMK
n/n
1 Onudep, B. I. OcHOBbI ceTelt nepeaaum gaHHbIX: BBOAHbIN Kypc / B. . Onndep, H. A. Onundep ;

HaumoHanbHbIM OTKpbITbIM YHUBepcuTeT "MHTYUT". — MockBa : MHTepHeT-YHuBepcuTeT MHGOPMaLMOHHbIX
TexHonornin (MHTYWUT), 2003. — 192 c. // 9BC YHusepcuTetckas 6ubnnoteka. — URL:
https://biblioclub.ru/index.php?page=book_red&id=234533

B) MHPOPMaALMOHHbIE 3/1eKTPOHHO-06pa3oBaTe/IbHbIE PecypCbl:

Ne n/n NCTOYHUK

1 Bubanoteka Bry, http://www.lib.vsu.ru

2 Cepsep yuyebHO-meToaMueckux matepuanos ®KH, \\fs.cs.vsu.ru\Library

3 O6pasoBaTtesibHblili MopTan "INAeKTPoHHbIN yHMuBepcuteT BIY", http://edu.vsu.ru

16. NepeueHb yue6HO-meTOogMUYECKOrO o6ecneyeHnna 418 CAaMOCTOATeNbHOM paboTbl

Ne n/n NCTOYHUK
1 Cepsep yuyebHO-meToaMueckux matepmanos ®KH, \\fs.cs.vsu.ru\Library
2 O6pasoBaTtesibHblIli MopTan "INAeKTPoHHbIN yHuBepcuteT BIY", http://edu.vsu.ru

17. O6pasoBaTenbHble TEXHO/IOTUU, UCNOJIb3yeMble NPU peann3aLmm yue6HON AUCLUNINHDI, BKOYAs
ANCTaHUMOHHbIe 06pa3oBaTenbHble TexHonoruu (A0T), anekTpoHHOe 0byyeHue (30), cmelwaHHoe 0byyeHue):

Jlekumn-Bm3yanmsaLmm ¢ 4eMOHCTPaUMeln MANOCTPATUBHBIX U rpadUUecKkmMx maTepuanos, aHUMaLumn, 610K-cxem
aNropuTMOB M MPUMEPOB UCXOAHOMO KOAa, AeMOHCTPaLIMEN BbINOAHEHMSA KOMaH/, OnepaLMoHHOW CUCTEMON,
nabopaTtopHble paboTbl.



Mpwn peannsaummn ANCUUNAUHBI MOTYT UCMOIb30BATLCA TEXHO/IOTUU SN1EKTPOHHOIO 06y‘-IEHMF| N ANCTaHUMOHHbIE

obpasoBaTe/ibHble TEXHOI0rMM Ha 6a3e nopTana edu.vsu.ru, a Takxe gpyrve 4OCTynHble pecypcbl ceTn MHTepHeT.

18. MartepmanbHo-TeXHUUYecKoe obecneyeHne AUCLUNIUNHDI:

1
2

JlekumoHHana ayauTopus, OCHalLeHHan BUAEOMPOEKTOPOM.

19. OueHouHble cpeAacTBa ANA NPOBEAEHUA TEKYLLEN U NPOMEKYTOUYHOM aTTecTauuii

KomnbloTepHbIV Knacc 418 NposeAeHUA 1abopaTopHbIX 3aHATUM, OCHALLLEHHbIV BUAEONPOEKTOPOM,
komnbtoTepamu ¢ OC Windows c ycTaHoBNEHHbIMU cpenoi paspabotkn MS Visual Studio n BupTyanbHOM mawmnHom
VirtualBox ¢ o6pasom onepaumnoHHoi cuctembl GNU/Linux. O6bem cBoboaHoM nocse 3arpyskm OC onepaTUBHOM
namsaT Ha pabouee mecTo He meHee 4 b (TpebyeTcsa ANA BUPTYaNbHbIX MALLMH).

MopsAAOK OLEHKN OCBOEHMA 0bydatolmMmMmcs y4ebHOro matepuana onpeaensieTca CoaepsKaHuem cneayoLmx

pasaenos AUCUMUMNANHDI:

Paspenbl avcumnanHbl (Moaynm)

M3yyeHune gnuplot 1 GNU Octave
MogenuposaHue Ha C raycCoBCKOro LWyma
MogenvnposaHue Ha C peneeBCKUX
3aMuUpaHui

MopennposaHue Ha C MHOro1y4eBoro
KaHana

MopgennposaHue Ha C reHepaTopa MNCM u
BbIYMC/IEHNE KOHTPOIbHON CYMMblI
MogenupoaHue Ha C uudposoro duabTpa
Peanunsauma Ha C bbicTporo
npeobpasoBaHusa Pypbe 1 6biCTpOro
npeobpasoBaHuna Yonwa-Agomapa
Peanunsauma Ha C cBepTO4HOro Kogepa u
nekogepa Butepbu Peanmsaumsa Ha C
napannenbHoro Typbokoaa ¢ AeKogepom
Ha ocHoBe

MAP

MopenuposaHue Ha C moaynaTopa u
pemoaynatopa QAM

MopenuposaHue KaHana csasn OFDM
MogennpoBaHue NakeTHOW paanoceTn co
C/ly4aliHbIM A,OCTYMOM K pagmoKaHany

Kog
KOMMNEeTEeHU MU

MK-2

Kog,
MHAMKATOpa

MK-2.4

OueHO4YHble cpeacTBa
ANA TekyLwen
aTTecTayumm

JlabopaTtopHas
paboTa



BeBeneHune B mogennposaHme MNK-3 MK-3.2 KoHTposibHasA paboTa
Te/IeKOMMYHUKaLMOHHbIX CUCTEM
MopaenvpoBaHue KaHanos
pacnpoCTpaHeHnA CUrHana u nomex
MporpamMmHan peanusaumsa 6a3oBbIx
anemeHToB 06paboTKM curHana B
NPOrpaMmMmMHbIX MOAENAX
TE€/IeKOMMYHUKALMOHHbIX CUCTEM
Peanunsauma cpesbl MoaenMpoBaHma un
naaHMpOBaHME IKCNePUMEHTa
WccnenoBaHne NOMeXoyCcToM4YnBoCTH
KaHaNoB CBA3N METOAO0M UMUTALNOHHOIO
moaennposaHua MogennposaHue
60/1bLLUMX TENEKOMMYHUKALMOHHBIX CUCTEM

Mn POMEXKYTOHHaA aTTeCTauna

dopma KoHTpOoAsA - 3a4eT ¢ oLeHKol, KoHTponbHan paboTa

OLI,EHOLIHbIE cpeacrtea AnAa I'IpOME)KYTOHHOVI aTrectaumm

KoHTponbHas paboTa

20

Tunosble oueHOYHble cpeacrea u metoguvyecKkue marepuanbol, onpeagenaowme npoueaypbl oueHnBaHuA

20.1 TeKywWMit KOHTPONb YCNEBAEMOCTU

TeKyLMIN KOHTPO/Ib YCNEeBAEMOCTH BbIMONHAETCA MO NabopaTopHbIM paboTam.

Mo KaxKaoW BbINO/NHEHHOM paboTe A0/1XKeH ObiTb NPeAOoCTaBAEH OTYET, BKAKOYAIOLLMN MCXOAHbIN Kog, pa3paboTaHHbIX

NPOrpamm u onmcaHne NONy4YeHHbIX pe3yabTaTos. [10 oTyeTy NpenogasaTtens Brnpase 3a4aTb A0MNO/HUTENbHbIE

BOMPOCHI ANA YTOYHEHUA YPOBHA NOHUMAHUA maTepuana.

NabopaTtopHas paboTa oueHnBaeTcs makcumym B 100 6annos.

20.2 T[pome:xkyTouyHasa aTrecTaumsa

3apaHuUA K KOHTPOIbHOM paboTe

1.

OueHute PER, ecnn anmHa naketa 1000 61T n BER=1e-6. BUTOBbIE OLWIMOKM CYMTATb CTAaTUCTUUYECKU
HEe3aBUCUMbIMMU.

MpeanoxunTe airopUTM reHepaLLmMm cay4YaliHbiX COBbITUIA Ha OCHOBE reHepaTopa C/1yYalHbIX YUCES, PABHOMEPHO
pacnpegeneHHbIX Ha UHTepBane [a, b], 4Tobbl MoAeNMPOBaTb BOSHUKHOBEHWE COObITUA C 3a4aHHOM
BEPOATHOCTbLIO p

OnuwnTE aNTOPUTM BbIYUCAEHUA MATKUX PELLEHUI NO OTAEIbHbIM BUTam cumBosia mogynsaumm QAM

[aHbl KoapounumeHTol KUX dunbtpa hli]. Onpepenvte HOPMUPYOLLMIA MHOMXKUTENb AJ/17 COXPAaHEHWA 334aHHOTO
oTHowweHus Eb/NO nocne dpunbTpa, ecnun Ha Bxoa dbubTpa NogaeTca aaanTUBHaANA cMecb 6e/10ro rayccoBCKOro
LIyMma M curHana ¢ moaynsumert QAM c yacToToM ANCKPeTM3aumMmn 4 oTcyeTa Ha CUMBOT MOAYNALMUM.

[OaHbl KoapoduumeHTol KUX duabTtpa hli]. Onpegenvte rpynnoByto 3aepyKKy CUrHaNa Ha Hy/1eBOM YacToTe.
Mogaenupyetcs NnMHKUA cBA3K B KaHane AWGN. Haliaute dopmyny Ana onpegeneHuns gucnepcmm Wwyma yepes
oTHoleHue Eb/NO (aB) npu ucnonbszosaHum moaynaumm M-QAM 1 MOMEXOYCTONUMBOrO KOZa CO CKOPOCTbIO T,
eciv HopMmupyowmii KoaddpuumeHT opunbtpa k

Bbln0 BbINONHEHO CTaTUCTUYECKOE MOAEIMPOBaHME HEKOTOPOTO KaHasa ceA3n. Mogenunposanacbh nepegada 1000
61T AaHHbIX 1 Bbl10 3aduKkcrMpoBaHo 80 owmnbok. Onpeaenute BER 1 foBepuUTENbHbIA MHTEPBAN MO BEPOATHOCTU
0.9

CornacHo TexHu4eckomy 3agaHuto PER B cucteme cBA3M He A0/1KHA npeBblwaTth 1le-6 ¢ BepoAaTHoCTbIO 0.9.
MogaennpoBaHue NOKasano, YTo NnosyyeHbl 6onee BbICOKME MOKa3aTeM NOMEXOYCTONUYMBOCTU M OLLIMOKN Npu



MOZEeNIMPOBaHMM He NponcxoaaT. CKObKO 6e30WMB0YHbIX MAKETOB HYXKHO NPUHATL, YTOBbI NOATBEPAUTD
BbINO/IHEHME TPeboBaHNA TEXHUYECKOro 3a4aHuA.

OnucaHue TeXxHoNormu nposeaeHuA
KOHTpOﬂbHaFl pa60Ta BbINO/IHAETCA NNUCbMEHHO U CAaeTCA Ha NPOBEPKY.

OueHKa 33 KOHTPObHYO paboTy onpeaenaeTca Kak cymma 6annos, HabpaHHbIX 3a Bce 3a4aHuA. 3agaHua 1-6
oueHusatoTca 13 10 6annos, 3agaHma 7 u 8 — 3 20 6an10B (MaKCMMaibHO BO3MOXKHAA CYMMa NpPU BbINOJIHEHUM BCEX
3agaHuii — 100 6annos). Mpu olwmnbKax B BbIMOJHEHUW 334aHUA WX HE NOJIHOM BbINOJIHEHUM OLLEHKa 33 3a4aHue
CHUXKaeTcA.

Tpe60BaHKUA K BbINOJHEHUIO 3a4aHWIA, LIKA/bl U KPUTEPUM OLLEHMBAHUA

OueHKa 3HaHUIM, yMeHUIA U HaBbIKOB, XapaKTepu3ytoLLasa 3Tanbl GOPMUPOBAHMA KOMNETEHUMI B pamMKax U3yyeHus
OMCLMMNINHbI, OCYLLLECTB/IAETCA B XOAE TEKYLLLEN M NPOMENKYTOUHOM aTTecTaumid. Mpu oLueHMBaHUM pe3yibTaToB
NPOMENKYTOUYHOM aTTecTaLmMm UCNO/b3YeTCA KOMYECTBEHHAA WKana OUeHOK. OUEHKM 33 KOHTPO/IbHYIO U
nabopaTopHble PaboTbl CYMMMUPYETCA M pe3ynbTaT HopmupyeTcs K 100 6anbHow WwKane. MoaydyeHHoe 3HauyeHne
onpeaenset yposeHb CGOPMMUPOBAHHOCTA KOMNETEHLMIA U UTOFOBYHO OLEHKY (40CTaTOUHbIM — YA0BAETBOPUTENbHO,
XOPOLUO, OT/IMYHO MW HELAOCTATOUHbIV — HEYA0BNETBOPUTE/IbHO) COMIACHO CAEAYIOLLEN LWKane:

e  OLEHKa «oTAnM4yHo» - 90..100 6annos

®  OUEHKa «xopolo» - 70...89 6annos

®  OUeHKa «yagoBneTBoputenbHo» - 50..69 6annos
®  OLEHKa «HeyaoBneTBopuTeibHO» - 0..49 6annos



