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PAEOYAA NPOrPAMMA YYEEHOM OUCLMNINHDI

51.B.[1B.01.02.04 MporpammHas peanavsaums n sepudurKaLma KaHa10B Nnepeaayum AaHHbIX MHTEpPHeTa Belwen

1. Koa v HammeHoBaHWe HanpaBAeHUA NOATOTOBKMU:
09.03.02 IHpOopMaLMOHHbIE CUCTEMbI U TEXHONOTUN
2. Mpodunb NOAroToBKMU:

NH:KkeHepra MHGOPMALMOHHbBIX CUCTEM U TEXHO/IOT U
3. KeanndumKaums (cteneHb) BbINyCKHUKA:
bakanasp

4. dopma obyueHusn:

OyHasn

5. Kadegpa, oTBeualowasn 3a peanmsaumio AUCLLUMIUHDI:

Kadegpa MHGOPMaLMOHHBIX CUCTEM

6. CocraButenu nporpammbi:

CaBuHkoB AHapei HOpbeBuy, 4.T.H., npodeccop
7. PekomeHpoBaHa:

HMC ®KH, npotokon Ne 5 ot 05.03.2024

8. YuebHbii roa;:

2027-2028

9.Uenu n 3agaum yuebHoOM AUCLUNNAUHDI:

Llenb: dopmmnpoBaHme y CTyaeHTOB 6a30BbIX 3HAHWI U HAaBbIKOB B 06/1aCTM MoAenMpoBaHus Ha IBM cucTem nepesgaum

AaHHbIX NpPU pelweHnn 3a4a4 ﬂpOCI)ECCMOHaﬂbHOVI AeATENIbHOCTU

3agaum yyebHOW ANCUUNANHBI:

o n3yyeHmne meTogos moaenmpoBaHMAa cCUCTem nepeaadn AaHHbIX

®  V3yyeHMe MEeTOA0B NMPOrPaMMHONM peanm3aLmm 6azoBbiIX KOMMOHEHTOB cUCTEM LMbPOBOIM 0O6PabOTKM CUrHAOB,

KaK npn mogennpoBaHUn, Tak U Npu peannsaunm cMctem nepenadum AaHHbIX

®  [OOCTUXeHune bonee rny6o+<oro NOHMMAHUA NPUHUNNOB pa6OTbI cucTtem nepenadn AaHHbIX

L NOHNMMaHME CMbICN1a U B3aMMHOTO BZIMAHUA NapameTpoB CUCTeEM nepeaayn gaHHbIX

L an06peTeHme NPaKTN4YeCKNX HaBblKOB OLEHKN KaveCTBa dDYHKLI,VIOHVIpOBaHVIﬂ cucTtem nepenadn AaHHbIX

10. MecTo yueb6HOM aucuUNAnHbI B CTPYKType OOM:

YuebHas AUCUMNAMHA OTHOCUTCA K YacTu 610Ka B1.B, dopmmpyemoii yd4acTHMKaMM 06pa3oBaTe/ibHbIX OTHOWeHWI. Ann

yCcnewHoro ocsoeHnAa gucumnnianHbl HeO6XO,D,MMbI 3HaHNA U ymeHua, an06peTaeN\ble npun ndyvyeHune cneayrouimnx

ANCUUNNINH. TeopuAa ¢)yHKLI,VII7I KOMMNIEKCHOIO nepemeHHOoro, teopua BepOﬂTHOCTeI‘/‘I, MmaTemaTuyecCKana CTaTUCTUKa,



aNropPUTMbI U CTPYKTYPbI AaHHbIX, 06bEKTHO-OPUMEHTUPOBAHHOE NPOrPaMMUPOBaHME, TEOPUA MHOOPMALMOHHbIX
NPOLECCOB M CUCTEM, A3bIK MporpammmpoBaHus Cu.

11. MNnaHupyemble pe3ynbTaTtbl 06yueHUa no gucumnamHe/moaynio (3HaHUA, YyMEHUA, HAaBbIKKN), COOTHECEHHbIE C
NAaHMpPyembiMU pe3y/ibTaTaMu 0CBOEHUA 06pa3oBaTenbHOM NporpaMmmbl (KOMNETeHUMAMM BbINMYCKHUKOB) U
MHAMKATOPaMM UX BOCTUMKEHUA:

Kopa, v Ha3BaHMe KomneTeHuumn

Kopa, v HasBaHWe nHamkatopa
KOMMeTeHummn

3HaHWA, YMEHUA, HAaBbIKMK

MK-2 Pa3paboTka TpeboBaHMit K1
NpPOeKTUpPOBaHME
nporpamMmmMmHoro obecneyeHusn

MK-2.1 Pa3paboTKka TEXHUYECKNX
cneumduUKaumuin Ha
NPOrpaMmMHble KOMMOHEHTbI U
NX B3aMmogencrene

3HaeT OCHOBHbIE TEXHO/IOTMM Nepeaadn
[OaHHbIX BO BCTPaMBaeMbIX CUCTEMAX,
NPUHUMMbI peannsaumm B NporpaMmmHbIX
Mmoaenax 6a3oBbIX KOMMNOHEHTOB CUCTEM
nepeaayv AaHHbIX, OCHOBbI MNIAHNPOBAHUSA
CTaTUCTUYECKOTrO SKCMEePUMEHTA, OCHOBbI
CTaTUCTUYECKoM 06paboTKu pesynbTaToB
MOZEeNMPOBaHUA, METOAMNKY OTNALKN U
BepudUKaLMmM Nporpamm MoaeMpoBaHUsA
YMeeT BbIMONHATb NaHNUpoBaHMe
CTaTUCTUYECKOTO SKCMepUMeEHTa ANA
MOJEeNIMPOBaHUA CUCTEM Nepenadn AaHHbIX
MmeeT HaBbIKM Pa3paboTKu, OTNaAKM U
BepudUKaLMM Nporpamm MoaeMpPoBaHNSA
cucTem nepefayn AaHHbIX

12. O6bem AUCUMNANHDI B 3a4ETHbIX eanHULax/yac:

3/108

dopma NpomeKyToUHOI aTTecTauuu:

3ayeT C OLEHKOM, KypCOBOM NPOEKT

13. TpyAaoeMKoCTb No BuAam y4e6Hoi paboTbl

Bua yyebHom paboTbl CemecTp 8 Bcero
AyanTOpHbIE 3aHATUA 72 72
JIeKUMOHHbIe 3aHATUA 36 36
MpakTnyeckmne 3aHATUA 0
JTabopaTopHble 3aHATUA 36 36
CamocToaTenbHan paboTa 36 36
KypcoBas paboTa 0
MpomexKyTo4Has aTrectaumna 0 0
Yacbl Ha KOHTPO/b 0
Bcero 108 108




13.1. CopeprKaHue gUCLUNINHDI

n/n

HavmeHoBaHue pa3gena
ANCUMNANHDI

CofepkaHue pasgena
AVUCUMNANHDI

Peanusauua pasgena AMCUUNANHBI C MOMOLLbIO
OHNavH-Kypca, SYMK

1 Nekuyun

1.1

BBegeHue B nporpaMmHyto
peanusaumio n
BepUPMKaLMIO KaHaoB
nepesfayn AaHHbIX
MHTEepHeTa BeLLeW

MeToauKa BepudmKaLmm
NPOrpaMmHOM peanmsaunm
KaHan0B nepeaayn AaHHbIX
Ha OCHOBE CTaTUCTUYECKOro
MOAENVPOBaHNS,
CTaTUCTUYECKUI
3KCMEPUMEHT, MOCTAHOBKA
3a4,a4m CTaTUCTUYECKOTO
MOAENMPOBAHUA CUCTEMDbI
nepefayv AaHHbIX, OCHOBHblE
cTaTUCTUYECKMe
XapaKTEPUCTUKU cUCTEM
nepesayv AaHHbIX, BbIbop
A3bIKa MPOrpaMMUpPOBaHMA U
cpefbl MOAENIMPOBaHMS,
6a3oBan CTPyKTypa moaenu
cUCTeMbl Nepefayn AaHHbIX

https://edu.vsu.ru/course/view.php?id=17574

1.2

SNeMeHTbl Teopun
BEPOATHOCTEN U
MaTemaTU4YecKom
CTaTUCTUKM B 334a4ax
NpPorpaMmHOM peannsauun
KaHaNoB nepeAayun AaHHbIX
M UX MOAENNPOBAHMSA

Cny4yaiHble cobbITUA 1
BEPOATHOCTK, TEOPEMA
bavieca, guCKpeTHasa 1
HenpepbIBHAA CyYaiHas
BE/MYMHA, YHKLMOHaNbHOE
npeobpasoBaHue cay4yanHom
BE/IMYMHBbI, LEHTPa/IbHas
npeaenbHas Teopema, OLeHKa
napameTpoB pacnpeaeneHus,
MeTo4 MaKCMMabHOM
anocTepuUopHOM BEPOATHOCTY,
MeTOZ, MaKCMMa/ibHOro
npasgonogobus, cxema
MCnbITaHUI BepHynnu,
WHTepBa/ibHOe
(noBepuTtensHoe)
OLeHMBaHWe U NIaHMPOBaHUE
aKCMepuMeHTa, Kputepui
3aBepLIeHns CTaTUCTUYECKOro
MOZENMPOBaHUSA

https://edu.vsu.ru/course/view.php?id=17574




n/n

HavmeHoBaHuWe pa3gena
AUCUMNAWHDI

CofepkaHue pasgena
AVNCUMNANHDI

Peanusauua pasgena AUCLUNANHBI C MOMOLLbIO
OHNaH-Kypca, YMK

13

AHanus n npeobpasosaHue
CUrHANoB Npu
nNporpaMmHOM peannsauum
KaHa/s0B nepefaymn JaHHbIX
1 UX MOAENNPOBAHUM

CneKkTp nepuoamyeckoro
CUrHana, cnekTpanbHas
NJIOTHOCTb
HenepmoaMYeCcKoro CUrHana,
Teopema KoTenbHMKOBa
(Teopema otcyetoB, Teopema
LleHHOHa-HaiKBwWCTa), CNekTp
ANCKPETHOro CUrHana,
HaNoXKeHWe CneKkTpoB
(aliasing), nonocosas
ANCKpeTUsaumsa
(undersampling), anckpeTHoe
npeobpasosaHue Pypbe,
bbicTpoe NpeobpasoBaHue
dypbe, KBaHTOBaHME
CUTHANOB, WYM KBaHTOBAHMSA,
dopmupoBaHme
CNEKTPaANbHOM NJIOTHOCTH
MOLLHOCTM Wyma
KBaHTOBaHMsA (noise shaping)
WHTEPNoONALMA U AeuMMaums
CUrHanoB

https://edu.vsu.ru/course/view.php?id=17574

14

MporpammHas peanunsaumsa
umdpoBbix GUALTPOB

OnTMMKU3npoBaHHan
nporpaMmmHas peanmnsaumsa
umobpoBoro GpuabTpa, CMHTE3
umodpoBoro puabTpa,
BANAHUE GUAbTPa Ha
cTaTUcTUYeckune
XapaKTEPUCTUKMN CUTHaNA,
peanusaums ¢punbTpa Ha
ocHoBe FFT

https://edu.vsu.ru/course/view.php?id=17574

1.5

MporpammHan peanusaumsa
MOAYNALMU U
AEeMOoLyNALMN CUTHANOB

PagnocurHan, kKomnnekcHasa
ormbatoLan pagnuocurHana,
BMAbI MOAYNALUU
(maHunynauum) npu
nepegaye ULMGPOBbIX AAHHbIX,
MSATKME peLleHus,
ONTUMMU3NPOBAHHAA
nporpammHas peanusauma
nemoaynatopos M-PSK n M-
QAM, aHann3 BepoATHOCTU
OLWMBKM NpU AemoaynaLmm

https://edu.vsu.ru/course/view.php?id=17574

1.6

MporpammHan peanvsauma
NMOMEeX0yCTOMUYMBOro
KOAMpPOBaHMA U
[EeKOAMPOBaHUA CUTHANOB

Buabl NOMexoycTon4ymBbIx
KoZ0B, 0BHapyKeHne ownbokK
(koHTposibHaA cymma, CRC),
ONTUMM3NPOBaAHHAA
nporpaMmmHas peanunsaumsa
Bbluncantena CRC, koppekuma
owmnboK (bnoyHble 1
CBEpTOYHble Koabl, Typbo-
KoZbl), ONTUMM3UPOBAHHAsA
nporpaMmmHas peanunsauusa
KOZAEpOoB 1 AEKOAEPOB.

https://edu.vsu.ru/course/view.php?id=17574



https://edu.vsu.ru/course/view.php?id=17574
https://edu.vsu.ru/course/view.php?id=17574
https://edu.vsu.ru/course/view.php?id=17574

n/n

HavmeHoBaHuWe pa3gena
AUCUMNAWHDI

CofepkaHue pasgena
AVNCUMNANHDI

Peanusauua pasgena AUCLUNANHBI C MOMOLLbIO
OHNaH-Kypca, YMK

1.7

MporpammHasn peanvsauma
reHepaTopos
ncesaoC/y4YaiHom
nocnefoBaTeNbHOCTU Yncen

MeToabl reHepaumnmn
nocnegosaTesnibHoOCTElN
NnceBAOCyYaNHbIX Yncen
(NMMHENHbIV KOHTPY3HTHbIN
meTos, metoa PruboHauum ¢
3anasgbiBaHuamM, LFSR,
GFSR, BuUxpb MepceHHa),
leHepauma cy4YanHbIX Ynucen
C 33/1aHHbIM CTaTUCTUYECKUM
pacnpegenexHviem,
ONTMMM3NPOBaAHHaA
nporpammHas peanunsaumsa
reHepaTopoB raycCoOBCKOro
LyMa, Nocnes0BaTe/IbHOCTU
MaKCUMaNbHOW AMHBI, KOAbl
longa, nocnenoBaTeNlbHOCTb
3apoBa-Yy c obnacTbto
Hy/NIeBOW aBTOKOppensumm,
reHepaLma MHOXecTBa
nocsief0BaTeIbHOCTEN ¢
3af@aHHbIMU
B3aMMHOKOPPENALUOHHbIMU
CBOMCTBAMM

https://edu.vsu.ru/course/view.php?id=17574

1.8

MogaenmpoBsaHue KaHanoB
pacnpocTpaHeHus curHana
B CUCTEMax nepenaun
[aHHbIX

MogenvpoBaHue wyma,
MOAENNPOBAHNE 3aMUPAHUNA,
moaenupoBaHune
MHOTO/Ty4YeBbIX U
MHOTOaHTEHHbIX KaHa/0B,
MoAennmpoBaHne KaHaoB ¢
aucnepcuen BpeMeHHOM
3aepXKKM1, TMNOBbIE MOAENN
KaHana ITU-R

https://edu.vsu.ru/course/view.php?id=17574

19

Mpuembl 1 meTogbl
MOZe/IMPOBaHNA CUCTEM
nepegayv AaHHbIX

CrHXpOHM3auma
KOMMOHEHTOB NPOrpaMmmHOM
MOZenu, Bu3yannsaums
pe3ynbTaToB, CTAaTUCTUYECKMIA
aHa/M3 pesyabTaTos,
6uToBanA, CMMBOJIbHAA U
6noKoBas owwmnbKa,
oTHoweHme Ep/No,
yCcpeaHeHue no BpeMeHu U
MO COBOKYMHOCTH
peanusauuii, sepudukalma
nporpaMmmHoOi mogenu

https://edu.vsu.ru/course/view.php?id=17574

2 MpaKtuyeckune
3aHATUA



https://edu.vsu.ru/course/view.php?id=17574

n/n

HavmeHoBaHuWe pa3gena
AUCUMNAWHDI

CofepkaHue pasgena
AVNCUMNANHDI

Peanusauua pasgena AUCLUNANHBI C MOMOLLbIO
OHNaH-Kypca, YMK

3 NNa6opaTtopHblie
pabotbi

3.1

MN3yyeHne MHCTPYMEHTOB
cH0pKMU 1 OTNASKM
nporpamm

GCC, GDB, make n cmake,
cbopKa 1 oTnagKa Nnporpamm,
onuUM KOMNUAATOPA U
KOMMOHOBLLMKA, BEKTOPHbIE
BbIYMCNEHUSA, BU3yann3aumn
pe3ynbTaToB (NocTpoeHue
ABYMEPHbIX U TPEXMEPHbIX
rpad1KoB cpeacTBamu
Python, oTobpaxkeHune
norpeLiHocTen Ha rpaduke,
ncnonb3oBaHue TeX gna
noanucel n nereHabl)

https://edu.vsu.ru/course/view.php?id=17574

3.2

MporpammHas peanunsauma
FIFO 1 nuHun 3a8epKu ¢

oTBOAAMM

OnTMMM3npoBaHHas
nporpaMmmHas peanmnsauusa
3/1eMeHTa 3a4epPKKM cUrHana
Ha 3a1aHHOE YMC0 TaKTOB,
bydepa FIFO u nvHum
3aZlepXKKM C OTBOAAMM Ha
OCHOBE LMPKYNAPHOro
bydepa

https://edu.vsu.ru/course/view.php?id=17574

33

Peanuzauwnsa npocrenwen
CTaTUCTUYECKOM Moaenn
KaHana nepefayn gaHHbIX

MporpammHan peanusauma
CTaTUCTUYECKON MoaeNu
npocTelLero KaHana
nepegayv faHHbIX gna
OLLeHKM NMOMEXOYCTOMYNBOCTH
BPSK B kaHane c AWGN

https://edu.vsu.ru/course/view.php?id=17574

3.4

Peanunsauma Ha C n C++
6bicTporo NpeobpasoBaHus
dypbe

Peannsauma Ha Cun C++
6bicTporo npeobpasoBaHua
®ypbe Ha OCHOBe aNropUTMa
Kynu-Tetokn n Yumpn-
anropuTtma batocteliHa

https://edu.vsu.ru/course/view.php?id=17574

35

Peanunsauma Ha C n C++
umodposoro epuabTpa

Peanusauuna Ha ocHOBe MHUK
3aZeprKKu ¢ otBogamm KUX n
BUX dunbTpos, a Takke
CepBUCHbIX YHKLMI ans
BblumcaeHua A4YX punstpa m
KoadpdurumeHTOB Nepesaun
ana 6enoro wyma u
nceBAoOC/AyYalHOM
nocsief0BaTeNbHOCTH
NPAMOYFO/IbHbIX UMMY/IbCOB

https://edu.vsu.ru/course/view.php?id=17574

3.6

Peanunsauma Ha C n C++
nepeamckpeTnsaTopa
(resampler) Ha ocHoBe
MHTepnonatopa flarpaH:a

Peanusauua
nepeavcKpeTnsartopa
(resampler),
npeobpasyowero BbI6GOpKY
CUrHaNa Ha ogHoM YacToTe
[AVCKPeTU3aLmm B BbIGOPKY
TOrO e CUrHana Ha Apyroi
YyacToTe AMCKPeTU3aLmMmn Ha
OCHOBE MO/IMHOMa JlarpaHxa
1 UccaepoBaHue ero
XapaKTepPUCTUK

https://edu.vsu.ru/course/view.php?id=17574




n/n

HavmeHoBaHuWe pa3gena
AUCUMNAWHDI

CofepkaHue pasgena
AVNCUMNANHDI

Peanusauua pasgena AUCLUNANHBI C MOMOLLbIO
OHNaH-Kypca, YMK

3.7

Peanunsaums Ha Cn C++
nepeauckpeTnsatopa
(resampler) Ha ocHoBe
KybuyecKkoro cnnariHa

Peanunsayma
nepeaucKkpeTvsaTopa
(resampler),
npeobpasyowero BbI6OPKY
CUrHana Ha oAHoOM YactoTe
OMCKpeTUsaLumm B BbIGOpKyY
TOrO »Ke CUrHaNa Ha Apyroin
yactoTe AWCKPEeTU3aLunm Ha
OCHOBe Kybuyeckoro cnsianHa
N UccnesfoBaHue ero
XapaKTepUCTUK

https://edu.vsu.ru/course/view.php?id=17574

3.8

Peanunsauma Ha Cn C++

nepeauckpeTsaTopa

(resampler) Ha ocHoBe BIM®

Peanunsauyua
nepeamuckpeTsaTopa
(resampler),
npeobpasytoLero BbIGOpKy
CUrHaNa Ha OAHOM YacToTe
ANCKpeTUsaunm B BbI6OPKY
TOTO e CUTHaNa Ha Apyroun
YyacToTe AUCKPETU3aLUU Ha
ocHoBe BM® u nccneposaHme
€ro XapaKTepuCTuK

https://edu.vsu.ru/course/view.php?id=17574

3.9

Peanunsauma Ha C n C++
dunbTpa Pappoy

Peanusauua BbluncanTensHo
addeKTUBHOro ynpaBnsemoro
aNeMeHTa 3aJePKKM Ha
WNHTEPBA/l BPEMEHMU, He
KpaTHbIW nepuoay
ANCKpeTUsaunm curHana

https://edu.vsu.ru/course/view.php?id=17574

3.10

Peanunsauma Ha Cn C++
reHepaTtopa MMCIM

Peanunsayma Ha ocHoBe
CABUIOBOTrO perncrpa
reHepaTopa M-
nocnefoBaTeIbHOCTM U Koaa
longa, uccnepoBaHue
aBTOKOPPENALMUOHHOM U
B3aMMOKOPPENALUOHHOW
dYHKUMM reHepaTopos

https://edu.vsu.ru/course/view.php?id=17574

3.11

Peannsauma Ha C n C++
reHepaTopa 6enoro
rayCcCoBCKOTO Lyma

leHepaLMA raycCoBCKOro
LyMa MEeTOZOM M30TPOMHOTO
BEKTOpa U UccnefoBaHne
CTaTUCTUYECKUX
XapaKTEPUCTUK NOYYEHHbIX
BbIOOPOK.

https://edu.vsu.ru/course/view.php?id=17574

3.12

Peanunsauma Ha Cn C++
reHepaTopa paNeeBcKUx
3aMUpPaHni

leHepaLuys paneeBCKUX
3amMMpaHuit MeTon08B
[Xelikca n uccneposaHne
CTaTUCTUYECKUX
XapaKTEPUCTUK NOTYHEHHbIX
BbIOOPOK

https://edu.vsu.ru/course/view.php?id=17574

3.13

Peanunsauma Ha C n C++
mogaynatopa u
nemoaynatopa QAM

Peanuzauua mogynatopa un
MAFKOro AemoaynaTopa Ana
NpPOX3BO/IbHOM MOAYNALMUN
M-QAM, nccneposaHume SER n
BER

https://edu.vsu.ru/course/view.php?id=17574

3.14

Peanunsauma Ha C n C++
CBEPTOYHOrO Koaepa U
nexkoaepa Butepbu

Peanusauua Kogepa
CBEPTOYHOTO Koga 1
AeKkogepa Butepbu, oueHka
3HepreTMYecKoro BbINrpbILLa
OT MNOMEXOYCTONYUBOTrO
KOAMPOBaHUA 1
BbIYUC/IUTENIBHOM CNIOKHOCTU
peanvsaumn gekoaepa

https://edu.vsu.ru/course/view.php?id=17574




13.2. Tembl (pasaenbi) GUCUUNIUHDI U BUADbI 3aHATUI

HanmeHoBaHMe TeMbl
(pasgena)

J1eKUMOHHbIe
3aHATUA

MpaKkTunueckne
3aHATMA

JlabopaTtopHble
3aHATUA

CamocToAatenbHasn
paboTa

Bcero

BBeneHue B nporpaMmHyo
peanu3aumio n BepuduKaLmio
KaHaNoB nepefayun AaHHbIX
WHTepHeTa BeLlei

2

Sn1eMeHTbl Teopumn
BEPOATHOCTEN U
MaTeMaTUYeCKOW CTaTUCTUKN B
3aa4ax nporpaMmmHoM
peanv3aumnm KaHanos
nepeAayun AaHHbIX U UX
MOAENMPOBaHNA

AHanu3 n npeobpasosaHue
CUTHAN0B NpU NPOrpammMHoON
peanv3aumnm KaHanos
nepeAayun AaHHbIX U UX
MOAEeNNPOBaHNU

MporpammHas peanmsaumn
umdpoBbIx GUALTPOB

MporpammHas peanmsaumn
MOAYNALUN U AeMoAyNALMN
CUTHaNoB

MporpammHan peanmsaumsn
NOMEXOYCTONYMBOIO
KOAMPOBAHMUA U
[eKoAMPOBaHUA CUTHANO0B

MporpammHas peanmsaumsn
reHepaTopos
ncesaoC/y4YaiHom
nocnesfoBaTeNbHOCTU YnCeN

MogenmposaHue KaHanoB
pacnpocTpaHeHusa curHana B
cucTemax nepefayn AaHHbIX

Mpuembl U MeToabl
MOZENNPOBAHUA CUCTEM
nepesaayn AaHHbIX

10

M3yyeHune MHCTPYMEHTOB
CHOPKM M OTNAAKM NPOrpamm

11

MporpammHasn peanunsauma
FIFO 1 nMHUK 3a8epKKM C
oTBOAAMM

12

Peanuzauwnsa npocrenwen
CTaTUCTUYECKOM Moaenun
KaHana nepefaym AaHHbIX

13

Peanunsauma Ha Cn C++
6bicTporo npeobpasoBaHus
dypbe

14

Peanunsauma Ha Cn C++
umodposoro epuabTpa

15

Peanunsauma Ha Cn C++
nepeauckpeTnsaTopa
(resampler) Ha ocHoBe
MHTepnonsaTopa JlarpaHxka

16

Peanunsauma Ha Cn C++
nepeanckpeTusatopa
(resampler) Ha ocHoBe
Kybunuyeckoro cnnaliHa




Ne HanmeHoBaHue Tembl JIeKUNOoHHblIe MpaKkTnueckne JlabopaTtopHble CamocroAatenbHas Bcero

n/n | (pasaena) 3aHATUA 3aHATUA 3aHATUA paboTa

17 Peanusaumsa Ha C u C++ 2 2 4
nepeaucKkpeTnsaTopa
(resampler) Ha ocHoBe BMN®

18 Peanunsaums Ha Cn C++ 2 2 4
dunbTpa Pappoy

19 Peanunsaums Ha C u C++ 2 2 4
reHepaTtopa MCI

20 Peanusaumsa Ha C u C++ 2 2 4

reHepatopa 6enoro
raycCoBCKOro Lyma

21 Peanunsaums Ha Cn C++ 2 2 4
reHepaTopa p3/1eeBCKux
3aMUpaHnit

22 Peanunsaums Ha Cn C++ 4 4 8
MoZynATopa U Aemoaynstopa
QAM

23 Peanusaumsa Ha C n C++ 4 4 8
CBEPTOYHOTO Kogepa U1
nekogepa Butepbu

36 0 36 36 108

14. MeTtogunueckue ykasaHua ana obyyaloLmxca No 0CBOEHUIO AUCLMN/IUHDI

OucumnnavHa TpebyeT paboTbl ¢ panaMmn-NpeseHTaLUAMMN NEKLUN 1 COOTBETCTBYIOLLMMM I1aBaMM PEKOMEHA0BAHHOM
OCHOBHOW /IUTEPATYPbI, @ TaK}Ke, 0653aTe/IbHOTO BbINOJHEHMA BCEX NabOPaTOPHbIX 334aHNI B KOMMbIOTEPHOM K/acce.

CamocTonTenbHas paboTta NPOBOAUTCA B KOMMbIOTEPHbIX Knaccax PKH ¢ ncnonb3oBaHWem MeTOAMYECKUX MaTepranos
PaCrnoNoMKeHHbIX Ha y4ebHo-meToandeckom cepaepe PKH fs.cs.vsu.ru\library n Ha cepsepe Moodle BI'Y moodle.vsu.ru.
Bo Bpemsa camocTosaTeNbHOM paboTbl CTYAEHTbI UCMONb3YHOT 31EKTPOHHOBUBANOTEYHbIE CUCTEMbI, AOCTYMHbIE Ha
noptane 3oHanbHOM bubnunotekm BIY no agpecy www.lib.vsu.ru. YacTb 3agaHunit MOXKeT 6bITb BbINOSIHEHA BHE
ayAUTOPUIM HA OMALLHEM KOMMbIOTEPE, MOC/IE KOMMPOBAHUA METOANYECKUX YKa3aHU U Heobxoammoro MO ¢ yuyebHo-
meToamnyeckoro cepsepa ®KH.

MpW MCNoNb30BaHUN AUCTAHLMOHHbIX 06pa30BaTe/IbHbIX TEXHO/OTUIM U 3N1EKTPOHHOTO 06yYeHUs BbIMOAHATb BCe
yKasaHus npenogasaTtesieil, BOBPeMs NoAKAYaTbCA K online 3aHATUAM, OTBETCTBEHHO NOAXOAMUTb K 3a4aHUAM 41A
CaMOCTOATENbHOM PaboThbl.

15. MepeyeHb OCHOBHOW M AOMNO/NIHUTENbLHOI IMTEPATYPbI, PECYPCOB UHTEPHET, HEO6XOAMMBIX ANA OCBOEHUA
ANCLUUNIUHDI
a) OCHOBHasA AuTepaTypa:

No NCTOYHUK
n/n

1 Cknap bepHapa. LUndposas cBsA3b : TEOpeTUUYECKME OCHOBbI U NpaKkTMYeckoe npumeHeHue / Ckasap b. ;
lpo3a E.l. [n ap.] (nep. c aHm.). — 2-e usg. — M. [n ap.] : Bunbsamc, 2016. — 1099 c. : un., Tabn. —
ISBN 978-5-8459-2071-3.

6) oono/HUTENbHAA NTepaTypa:

No UCTOYHMK

n/n

1 Linpposasn csasb [TekcT] : yuebHoe nocobue / [. Mpokuc; Mep. c aHrn. nog pea. . [. Knosckoro. — Mocksa. :
Paguo 1 cBasb, 2000. — 797c. : un. — bubnunorp.: c. 776-789. — ISBN 5-256-01434-X

2 Onudep, B. . OcHOBbI ceTelt nepeaayn AaHHbIX: BBOAHbIN Kypc / B. . Onudep, H. A. Onudep ;

HaumoHanbHbIi OTKpbITbIN YHUBepcuTeT "MHTYUT". — MocKBa : HTepHeT-YHMBepcuTeT MHDOPMaLMOHHbIX
TexHonoruit (MHTYWUT), 2003. — 192 c. // 3BC YHusepcutetckaa 6ubnmorteka. — URL:
https://biblioclub.ru/index.php?page=book_red&id=234533




B) MHPOPMaLMOHHbIE 3/1EKTPOHHO-06pa30BaTe/IbHbIE PECYPChI:

Ne n/n NCTOYHMK

1 Bubnunoreka BIY, http://www.lib.vsu.ru

2 Cepsep yuebHo-meToauueckmnx matepuanos ®PKH, \\fs.cs.vsu.ru\Library

3 O6pasoBaTenbHblii NopTan "INeKTPoHHbIN yHuBepcuTeT BIY", http://edu.vsu.ru
16. MepeueHb yueb6HO-MmeTOoAUUYECKOro obecneueHuns Ana CamocToATeNbHOM paboTbl

Ne n/n NCTOYHUK

1 Cepsep yuebHo-meToguueckmnx matepmnanos ®KH, \\fs.cs.vsu.ru\Library

2 O6pa3oBaTe/ibHbI MopTan "dNeKTPoHHbIN yHuBepcuTeT BIY", http://edu.vsu.ru

17. O6pasoBaTtenbHble TEXHONOINK, UCNOJIb3yeMble NPU peanunsaumum yue6Hoin ANCUUNAUHDI, BKAOYas
ANCTaHUMOHHbIe obpa3soBaTtenbHble TexHonoruu (AO0T), anekTpoHHoe 06yuyeHue (30), cmewwnaHHoOe 0b6yyeHue):

Jlekumun-B13yanmsaumm c AeMOHCTPaLMen UANOCTPATUBHBIX U FpadUyecKmMx maTepranos, aHumaumm, 61oK-cxem
aNropuTMOB M MPUMEPOB UCXOAHOTO KoAa, AEMOHCTPaLMen BbINOJHEHMA KOMaHA, OnepaLuoHHOM CUCTEMON,
nabopatopHble paboTbl.

Mpu peannsaummn gUCUUNANHbI MOTYT UCMONb30BATLCA TEXHONOMMMU 3/1EKTPOHHOTO 0BYYEHUA U AUCTAHLUMOHHbIE
0bpasoBaTesibHble TeEXHOMOMMM Ha base nopTana edu.vsu.ru, a TakKe Apyr1e JOCTyMNHble pecypcbl cet MHTepHeT.

18. MartepmanbHoO-TexHU4YecKoe obecneyeHme AUCUUNJIUHDI:

1. JleKunoHHas ayaMTopus, OCHALLEHHasn BUAEOMNPOEKTOPOM.

2. KomnbloTepHblli KAacc Ans npoeaeHna 1abopaTopHbIX 3aHATUIA, OCHALLLEHHbIN BUAEOMNPOEKTOPOM,
KomnbtoTepamm ¢ OC GNU/Linux c ycraHosieHHbIMm MO: GCC, MS Visual Studio Code n Python ¢ naketom
matplotlib.

19. OueHouHble cpeacTBa ANA NPOBeAeHUA TeKyLel U NPOMEXKYTOYHOM aTTecTauui

MopAAoK OLEHKN 0CBOeHUs obyvatolwmmmcs yuebHoro matepurasna onpeaenaeTca CoAepsKaHnem caeayouLmnx pasaenios
ANCUMNNHDI:

Ne Pasgenbl gucumnavHbl (mogynm) Kog, Kog, OueHouyHble cpeacTsa

n/n KOomneTeHuum MHOWKaTopa ONA TekyLen
aTTectauum

1 BeeneHue B nporpammHyto peanmsaumo n | MK-2 MK-2.1 CobecenoBaHue

BepPUPUKALMIO KaHAIOB Nepesaym AaHHbIX
MHTEPHETa Bellek

dneMeHTbl TEOPUN BEPOATHOCTEN U
MaTeMaTUYeCcKoM CTaTUCTUKM B 3aa4ax
NPOrpamMMHON peannsaunmn KaHaaos
nepezayv AaHHbIX U UX MOAENNPOBAHMA
AHanus 1 NpeobpasoBaHMe CUrHAIOB NpU
nporpaMmMHoOl peanunsaLmm KaHaaos
nepesayv AaHHbIX U UX MOAENNPOBAHUM
MporpammHas peanmsaumsa LdpoBbIx
dunbTpoB

MporpammHan peanmsaums MoayaaLuUn u
AeMoayNALMM CUTHANOB

MporpammHan peanvsauus
NMOMEX0YyCTONYMBOrO KOAMPOBAHUA U
[EeKOAMPOBAHUS CUTHA/OB
MporpammHan peanvsaLus reHepaTopos
rceBAoCAy4aliHOM Nocaef0BaTeIbHOCTU
yucen

MogaenvpoBaHue KaHanoB
pacnpocTpaHeHna CUrHana B cucTemax
nepezauv AaHHbIX




anIEMbI M MeToabl moaennpoBaHnAa
cncTem nepenadm gaHHbIX

MN3yyeHne NHCTPYMEHTOB COOPKM U
OTNaAKM NPorpamm

MporpammHasn peanmsauma FIFO n nanHnmn
3aeprKKM C 0OTBOAAMM

Peanusayma npocreiiwien cTaTUCTUYECKON
MOAENM KaHana nepesayvm AaHHbIX
Peanusaumsa Ha C u C++ BbicTporo
npeobpaszoBaHua Pypbe

Peanusauus Ha C u C++ undposoro
dunbTpa

Peannsayma Ha Cu C++
nepeanckpetnsaTopa (resampler) Ha
OCHOBe MHTepnonaTopa JlarpaHKa
Peannsayma Ha Cu C++
nepeanckpetnsaTopa (resampler) Ha
OoCHOoBe Kybuueckoro cnaariHa
Peanusauma Ha Cu C++
nepeanckpetnsaTopa (resampler) Ha
ocHose bIM®

Peanusaumsa Ha C u C++ dunbtpa Pappoy
Peannsayma Ha C n C++ reHepaTopa MNCM
Peannsauma Ha C n C++ reHepaTopa
6en0ro rayccoBcKoro Lyma

Peanunsauma Ha C n C++ reHepaTopa
P3neEeBCKUX 3aMUpPaHUI

Peanusauma Ha C n C++ moaynaTtopa u
aemogynatopa QAM

Peannsauyma Ha C u C++ cBepTO4HOIO
Kodepa u aekoaepa Butepbu

MK-2

MK-2.1

NabopaTtopHan paboTa

MpomerKyTouHaa aTtTecTauma

dopma KoHTpONA

- 3a4eT C OLLEHKOW, KypCOBOM NPOEKT

OueHo4Hble cpeacrtea AnAa HpOMe)KYTOHHOVI aTrectaummn

CobecepmoBaHue

20 Tunosble oUeHOYHbIe cpeacTtesa U metToguvyecKkue martepuansl, onpegenawoume npoueaypbl oueHnBaHuA

20.1 TeKywuMit KOHTPONb YCEBAaeMOCTH

TeKyLMIM KOHTPONb YCNeBaeMOCTU BbINOAHAETCA No J1abopaTopHbImM paboTam.

Tembl N1abopaTopHbIX paboT

Peanusauma
Peanusauma
Peanusayma
Peanusauma
Peanusauma
Peanusayma

L 0N UE WD R

Peanunsaumna
Peanunsauma
Peanusayma

=
= O

M3yyeHre MHCTPYMEHTOB COOPKM 1 OTNAZKM NPOrpamm
MporpammHas peanmsauma FIFO n ninHUKU 3a4epKKM € 0TBOAAMU

npocTenLlen CTaTUCTUYECKOM MOAENN KaHaNa nepesayn AaHHbIX

Ha C n C++ bbicTporo npeobpasoBaHusa Pypbe

Ha C n C++ undposoro punstpa

Ha C n C++ nepeaucKkpetTnsaTopa (resampler) Ha ocHoBe MHTepMoaATOpa JlarpaH:ka
Ha C n C++ nepeauckpetnsaTopa (resampler) Ha ocHoBe Kybuyeckoro crnaarHa

Ha C n C++ nepeamckpetnsaTopa (resampler) Ha ocHoBe BIN®

Ha C u C++ dpunbTtpa Pappoy

Ha C n C++ reHepaTtopa MNCMN

Ha C n C++ reHepaTopa 6e10ro raycCoBCKOro Wyma



12. Peanusaumsa Ha C n C++ reHepaTopa p3/7eeBCKUX 3aMUPAHU
13. Peanusauma Ha C u C++ moaynatopa u gemoaynatopa QAM
14. Peanusauma Ha C u C++ CBEPTOYHOrO Kogepa 1 gekoaepa Butepobum

Mo KaK4oM BbINONHEHHOW paboTe A0KeH BbiTb NPeAoCTaB/eH OTYET, BK/IOYAOLWMA MCXOAHBIN KoA, pa3paboTaHHbIX
Nporpamm 1 onucaHue Noay4eHHbIX pe3ynbTatos. o oT4eTy npenoaasaTenb Brpase 3a4aTb A0MNOHUTE/IbHbIE
BOMPOCHI A4/19 YTOYHEHUA YPOBHSA NOHMMaHWA MaTepuana.

NabopaTtopHan paboTa oueHMBaeTca makcumym B 100 6annos.

MpuBeaEHHbIE HUMXKE 3a[aHMA PEeKOMEHAYETCA UCMO/Ib30BaTb NPY NPOBEAEHUN AMAarHOCTUYECKUX PAaboT ANs OLEHKU
OCTaTOUYHbIX 3HAHUI NO AUCUMUMANHE

KomneteHuusa MK-2

3a4aHu1s 3aKPbITOro TMna

1) MycTb ecTb ABa curHana x(t) u y(t) co cnektpamm X(f) u Y(f) cootBeTcTBEHHO, TOrAa CNEKTP CBEPTKM CUrHaNoB X(t) 1
y(t) paBeH
a) X(f) * conj(Y(f))
b)  X(f) + conj(Y(f))
c)  X(f) - conj(Y(f))
d) X(f) / conj(Y(f))
2) CneKTp AUCKPETHOro CMrHaa C YacToTon AUCKpeTM3aumu Fa
a) [MMepuoamyeckuii c nepnoaom B YactotHon obnactn 1/Fq
b) Henepuoamyecknin B YacToTHOM obacTu
c) He onpeaeneH
3) Hanuuue B TpaKTe NPOXOXKAEHMA CUrHANA NOIOCOBOro GUILTPA
a) [MpurBOAMT K U3MEHEHUIO CKOPOCTU TEYEHMA MOAEIbHOTO BPEMEHM
b) MpuBOAMT K cABMIY Hayana oTcyeTa MOAENbHOIO BPEMEHU A/19 KOMINOHEHTOB MoAenn nociae ¢puabtTpa
c) He BavAeT Ha NapameTpbl MOAENbHOTO BPEMEHMU
4) B npeameTHoM 06nacTn TENEKOMMYHUKALMA MO4 MHTEPNONALMEN CUTHANA MOHUMAIOT
a) BbluMcaeHUe 3HAYEHUA CUTHANA HAa MOMEHT BPEMEHM MeX 4y OTcYeTamm
b) VYBenuueHune paspagHOCTM NPeACTaBAEHUA OTCYETOB CUTHANA
c) OuYMCTKy curHana ot LWymoB
5) Ecav AaHO MHOXEeCTBO OTCYETOB HEMPEPbIBHOIO CUTHaNa, B3ATbIX Yepe3 paBHble MPOMEXKYTKM BPeMEHMU, TO
a) WcxogHas dopma HeNpepbIBHOrO CUrHana BCeraa MoXeT 6biTb BOCCTaHOB/IEHA MO ero oTcyeTam
b) WHbopmaums 06 ypoBHe HEMPEpPLIBHOTO CUTHAMA MEXAY OTCYeTaMM NoTepsHa
c) WcxoaHas dopma HEMPEPbLIBHOTO CUTHANA MOKET ObITb BOCCTAHOB/IEHA MO €0 OTCYETAM, €C/IM CMIEKTP CUrHANA
OrpaHMYeH MaKCUMabHOM YacTon F,,, U MHTEPBAN MEXAY OTcHeTamu He npesblwaeT 1/(2 * Fpay)

OTBeTbl Ha BONpPOCHI

Homep Bonpoca OtserT (byKBa)
1 a
2 a
3 b
4 a
5 c

3a4aHuUA OTKPbLITOro TMMNa

1) CornacHo TpeboBaHMAM TEXHUYECKOrO 3a4aHMs Ha CUCTEMY CBA3M, BEPOATHOCTb OLUMBKM Npu nepegaye AaHHbIX He
[o/MmKHa npesbiwaTh 10°°. B xoae moaennpoBaHua ownMBoK He GUKCUPYETCA, CKOTbKO 3KCNEPUMEHTOB HEOBX0AMMO



NpoBeCTU, YTOObI YTBEPXKAATb, YTO TPebOBaHMA BbINONHAITCA C 4OBEPUTE/IbHOM BeposTHOCTbIO 0.999 (oTBeT
OKPYMKTb BBEPX A0 10°)

2) Ectb KMX dpnAbTp C CUMMETPUUYHON MMMYIbCHOW XapaKTepUCTUKOM U3 17 oTcyeToB. HaauTe 3aZlepKKy CUrHana B
dunbTpe (BENIMUNHY 3a4ePKKM BblpasmTe MHTepBanax AMCKPETU3aL MU CUTHANA)

OTBeTbl Ha BOMPOChHI

Homep Bonpoca OTBeT
1 4 000 000
2 8

334aHu1s C Pa3BEPHYTbIM OTBETOM

1) OnuwuTe aNropuTM BbIYUCIEHUSA MATKUX PELLUEHUI NO OTAeNbHbIM BUTam cMmBoia mogynsaumm QAM

OTBeTbl Ha BONpPOCHI

Homep Bonpoca OrtseT (byKBa)

1 Mogynauma QAM koampyeT nHbOpMaLMIo O rpynne nepeaaBaemMbix 6UTOB

by, ... b,_1 B KOMNIEKCHOM amnauTtyae A, nepegasaemoro curHana, k € [0,2™), 8
peanbHbIX cMCTEMAX 06bIMHO N YeTHoe. Ha npuemHon cTopoHe HabaogaeTca
KOMMIEKCHasA amnanTyAa npuHumaemoro curdana X = F(Ay), rae F() -
nepefatoyHas GyHKLMA KaHana pacnpocTpaHeHus, A, — KOMMNIEKCHaa aMnanTyaa
nepeAaBaeMoro CUrHaia, mpu 3TOM 3HaYeHue kK anpuopHO HEM3BECTHO. B 3TMX
ycnosusx Tpebyetcs onpegenntb A; = log(P(bi = 1)) — log(P(bi = 0)) anai €
[0,n), rae P() BepOATHOCTb €AMHWUYHOTO UK HYIEBOTO BUTA COOTBETCTBEHHO.

Ha npaKkTuKe 06bI4HO paccmaTpuBaeTcs mogenb KaHana AWGNun X = A, + &, rpe &
— KOMMJIEKCHaA CyYaiHan Be/IMYMHA C HOPMaNbHbIM HE3aBUCUMbBIM
pacnpegeneHnem AencTBUTENbHOM U MHUMOM YacTen.

Torpa A; = 10g(2k,|bi=1 exp(—|X — Ak|2)) - 10g(2k,|bi=0 exp(—|X — Ak|2))

NMockonbKy GpyHKUMA exp(—x?2) BbICTpo ybbIBAET C POCTOM X, AN1A YNPOLLEHNA
BbIYMCNEHWNIA B CYMMaX MOXKHO OCTaBUTb TOJIbKO MO OAHOMY Haubonbluemy

cnaraemomy, Torga A; = krlrtl)inl(lX —Al) — k%ino(lX — Ay |). LaHHbiit anroputm
b= b=

ABnaeTca 6a3oBbIM 41a aemoaynauum QAM.

C yyeTom ABHOrO BMAA CO3BE34MA MOAYAALNM AN1A YACTHbIX C/Iy4aeB MOXHO
BbINO/IHUTb Aa/bHelLee ynpoLweHne aaropnutma, Hanpmumep aaa 16-QAM Ha
KBagpaTHOM 3KBUANCTAHTHOM CETKe MOTyT BbITb MCMNO/Ib30BaHbl BblpaXKeHUA AN1A
6bICTPOro NPUBINNKEHHOTO BbIYUCAEHUA MATKMX peweHuit: 1, = —Re(x),

A1 = |Re(x)| — 2,4, = —Im(x) u A3 = [Im(x)| — 2

Kputepun oueHmBaHuUsA LLIkana oueHok (B 6annax)

O6y4aoLWmiNca TOYHO OMNMCaN aNTOPUTM BbIUMCAEHUA MATKUX PeLleHni 3 6anna
no oTAeNbHbIM BUTam cMBOAA MoZyAALMM QAM, yKaszan BO3MOMKHOCTb
nosy4yeHus 6bICTPOro NPUBMMKEHHOTO peLleHns

Ob6yualoLWwmiics TOYHO ONMcan aaropUTM BbIYMCAEHUSA MATKUX PeLLleHNIA 2 6anna
no oTAeNbHbIM BUTaM cMMmBOa MmoaynsaumMm QAM, ykazan BO3MOMKHOCTb
noay4yeHms 6bICTPOro NPUBANMKEHHOTO pelleHus. [lonyckatoTcs
He3HauuTe IbHble HETOYHOCTM

O6yqarou.|,m71cn He A0CTaTO4YHO TOYHO ONncan aJiIfoPUTM BblYUCNTIEHUA 1 6ann

MATKUX peLleHnii No oTAeNbHbIM BTam cumBona moaynsaumm QAM, He




YKa3aa BO3MOXHOCTb NoJydeHNa BbICTPOro NpubANKEHHOIO peLleHus.
OTBET He COAEPHKUT rPyDObIX OLLIMBOK U HETOYHOCTEMN

Obyyatolmiica He 4OCTaTOYHO TOYHO ONKCa afifOPUTM BblYUCAEHNUA 0 6annos
MATKMX peLleHnii No oTAeNbHbIM BUTam cumBona moaynsumm QAM, He
YKa3as BO3MOXHOCTb MOJIy4eHUs BbICTPOro NPUBIMIKEHHOTO peLleHuns.
OTBET COAEPHKUT rpybbiX OLUIMOOK U HETOYHOCTH

20.2 TlpomexKyTouyHasa aTrecTraumsa

MpumepHbI NepeyeHb Tem KYypCoBbIX MPOEKTOB

L 0 N ;s

10.

MporpammHasn peanmsaums 6bicTporo npeobpasosaHma Pypbe C UCNOIb30BAHUEM BEKTOPHbIX BbIYMCAEHNI
MporpammHan peanmsaums 6bICTPOro BbIMMCAEHMA B3aMMHOKOPPENALMOHHON GYHKLMM ABYX CUTHAN0B
MporpammHas peanvsaumsa nepeamckpeTnsaTopa BbIOOPKM CUrHaAA Ha OCHOBE MHTEPMNOAALMU KYOUUYECKUM
cnnaHom

MporpammHan peanmsaumsa ¢punbTpa Pappoy Ha OCHOBE NOAMHOMMUANBHON NHTEPNONALMMU

MporpammHan peanmsaums umobposoro ¢puabTpa Ha ocHose bl

MporpammHan peanmsayma onTMMM3MPOBAHHOTO AeMOAYNATOopa Ana moaynauum 16-QAM n 64-QAM
MporpammHas peanmsauma TabamyHoro soluncantena CRC gaa 3a4aHHOTO NOPOXKAAIOLLETO NOAMHOMA
MporpammHas peanusaums Kogepa u gekoaepa Ana cBepToyHoro Koaa tail-biting

MporpammHas peanvsauma Kogepa v gekogepa ana Typbo-koaa

MporpammHan peanmsaLma MOLENN MHOMOly4eBOro KaHana pacnpoctpaHeHua SISO ¢ 3ammpaHuamm

I'Iepequb BOMPOCOB K coﬁecep,osal-lmo

1.

10.
11.
12.
13.
14.
15.

16.
17.
18.

19.

MNMocTaHOBKa 3a4a4n CTaTUCTUYECKOTO MOAE/IMPOBAHMA CUCTEMbI Nepesayn SaHHbIX, OCHOBHble CTaTUCTUYeCKue
XapaKTePUCTUKM CUCTEM Nepesayn AaHHbIX

LeHTpanbHaa npegenbHasa Teopema

OueHKa NapameTpoB pacnpeseseHns, MeTo, MakCMMaibHOM anoCcTePUOPHOM BEPOATHOCTU U METOL,
MaKCMMaibHOTO Npasgonofobusa

Cxema ucnbiTaHuii bepHynan, nHTepBanbHOE (40BEPUTENBHOE) OLEHNBAHME U NIAHNPOBAHME SKCNEPUMEHTA],
KpUTEPUIA 3aBEPLLEHNA CTaTUCTUUECKOTO MOAEIMPOBAHMA

CneKTp neprMoan4eckoro CMrHana, CnekTpaabHaa NI0THOCTb HENEepPMOANYECKOrO CUMHaNa

CneKTp ANCKPETHOro CUrHana, HanoxeHue crnekTpos (aliasing), nonocosas anckpetusaumsa (undersampling),
AUCKpeTHoe npeobpasoBaHue dypbe

BbicTpoe npeobpaszoBaHue Dypbe, anroput™m Kynn-TeloKu, unpn-aaropmutm batocteliHa ana BbiI6oOpKU
NPoOn3BOAbHOM A/IMHbI, BbluMcneHne OAN® yepes npamoe bMNd

KBaHTOBaHME CUIHANOB, LWYM KBaHTOBaHMA, GOPMUPOBAHME CNEKTPAIbHOM MNIOTHOCTU MOLLHOCTM LLIYMA
KBaHTOBaHuWA (noise shaping)

NHTepnonsuma curHana: MeTog JlarpaHa, MHTepnoiauusa cniaiHaMm, MHTepnonsaums Ha ocHose AN
MNepeanckpeTnsauma curHana u opmMmmpoBaHNE 3aePKEK, HE KPaTHbIX Nepuoay AMcKpeTusaumum, dunostp ®appoy
OnNTMMKM3MpPOBAHHAA NPOrpaMMHas peanmsaums udposoro punbTpa

CnHTe3 KUX-punbtpa metogom oKoH

Buabl moaynaumm (MaHUNynsumMm), Ucnosibayemble npu nepegade UndpoBbIX AaHHbIX

Msarkue pelleHnsa, oNnTUMU3NPOBAHHAA NPOrpaMmmHasn peanusauma aemoaynatopos M-PSK n M-QAM

MpoBepKa LeNoCTHOCTU NMPUHATOTO CO0bLLEHUSA (BUT YETHOCTM, KOHTPOAbHAA cymma, CRC), TaBANYHbIV anropuUTMm
BblumncneHma CRC

CBepToYHbIN Koa 1 aekoaep Butepbu, tail-biting Koa 1 ero gekogmposaHme

Typ6o-koa, MAP 1 Max-Log-MAP gekoaep, UtepaTMBHoe AeKkoaupoBaHue Typbo-Koaa

MeTozapbl reHepauumn Nocae0BaTeIbHOCTEN NCEBAOCAYYANHBIX YACEN (MMHEWMHBIN KOHFPYSHTHbIN METOZ, METOZ,
®dunboHayum c 3anasabiBaHuamu, LFSR, GFSR, Buxpb MepceHHa)

leHepauma cyyYalHbIX YMCEeN C 3a4aHHBIM CTaTUCTUUECKMM pacnpeneneHnemM, oNnTMMU3MPOBaAHHAA NPOrpamMmmHasn
peann3auma reHepaTopoB rayCCOBCKOrO Lyma



20. MocnepnoBaTenbHOCTM MAaKCMMaNbHOWM AAMHBI, Koabl fonga, nocienoBateibHOCTb 3a40Ba-Hy ¢ 061acTbio HyneBow
aBTOKOppenaumum

21. TeHepauma MHOXeCTBa Nnocseg0BaTe/lbHOCTEN C 3a4aHHbIMU B3aMMHOKOPPENALMOHHbIMW CBOMCTBAMU

22. MogaenvpoBaHue 3ammpaHnii CUrHana B paauMoKaHane, MoAeIMpPoBaHUE MHOTOYHYEBbIX U MHOFOAHTEHHbIX
KaHanos

OnucaHue TeXHONOrUU NPoBeaeHUn

CobecepoBaHue npomssoanTcs B Gopme YCTHOrO OTBETa Ha 3aaHHbIi Bonpoc. NMpu HeobxoaMMOCTH NpenoaasaTesb
MOXeT 3a4aBaTh yTouHsLWMe Bonpockl. OTBeT oueHMBaetcs no 100 6anbHOIM WKane.

Mpumepbl KUM ana sak3ameHa

KoHTponbHO-M3MepuTenbHbI matepunan Ne 1

1. MNocTaHOBKa 3a4a4M CTaTUCTUYECKOTO MmoaeNnnMpoBaHnNA CUCTEMbI Nepegayvn AaHHbIX, OCHOBHble CTaTUCTU4YeCKne
XapPaKTePUCTUKU CUCTEM Nepeaayn JaHHbIX.

2. ONTMMM3MPOBAHHAA NPOrpamMmmMHan peanmsauma umubposoro GunbTpa.
KOHTpONbHO-U3MepUTENbHbI MaTepuan Ne 2

1. LleHTpanbHasa npegenbHan Teopema.

2. CnHTes KNX-dpnnbTpa MeTogom OKOH.

KoHTponbHO-n3mepuTenbHbli matepuan Ne 3

1. OueHKa NnapamMeTpoB pacnpeaesieHns, MeTol MakCMMasibHOW anocTepuopPHOM BEPOATHOCTU U MEeTOA, MaKCUMa/lbHOTo
npasgononobus.

2. Buabl moaynaumm (MaHMnynauumn), ucnonbayemblie nNpu nepegave LMoposbIX AaHHbIX.
KOHTpONbHO-U3MepUTENbHbI MaTepuan Ne 4

1. Cxema vcnbITaHUi bepHynau, nHTepBanbHoe (L0BEPUTENIBHOE) OLLEHMBAHME U NAHUPOBAHME SKCNEPUMEHTA,
KpUTEPUI 3aBEPLUEHUA CTAaTUCTUYECKOTO MOAENMPOBAHMA.

2. MAarkune peleHusa, onTUMM3NPOBaAHHAA NPOrpaMmMHan peanmsauma gemogynatopos M-PSK n M-QAM.
TpeboBaHUA K BbINO/HEHUIO 3a4aHUNI, LIKAJbl U KPUTEPUU OLLEHUBAHUA

OueHKa 3HaHUM, YMEHUI U HaBbIKOB, XapaKTepu3ytoLLas 3Tanbl GOPMUPOBaAHUSA KOMMNETEHLMI B PaMKaX U3y4eHUs
OVNCUMNIMHDI, OCYLLECTBAAETCA B XOAE TEKYLLEN U MPOMEKYTOYHON aTTecTaumid. Mpu oueHMBaHUM Pe3y/bTaToB
NPOMEXKYTOUYHOM aTTecTaLMmn UCNob3yeTca KOANYeCTBEHHas LWKana oueHoK. OLEeHKM 3a TeKyLLYo aTTecTaumio,
KYPCOBOW MPOEKT 1 cobecesioBaHWE CYMMUPYIOTCA, U pe3ynibTaT HopMmupyeTcs K 100 6anbHoM WKane. NonyyeHHoe
3HauyeHue onpeaensaeT ypoBeHb CHOPMUPOBAHHOCTU KOMMETEHLMIA U UTOFOBYIO OLEHKY (40CTaTOUHbIN —
YA0BNETBOPUTE/IbHO, XOPOLLO, OT/IMYHO MU HEAOCTAaTOUHbIV — HeY/A0B/eTBOPMTE/IbHO) COIIacHO C/ieaytoLLei WKane:

e  OLEHKa «oTIM4Ho» —90...100 6annos
e  oueHKa «xopowo» — 70...89 6annos

ougeHKa «ygosneTsoputenbHo» — 50...69 6annos
e OUEHKa «HeygosneTsopuTensHo» —0...49 6annos



