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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 05.03.2025

8. YuebHbii roa;:

2028-2029

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 Ha3BaHWe KomneTeHuumn Koa v Ha3sBaHWe nHamKatopa 3HaHWA, YMEHUA, HABbIKK

KOMNeTeHLUMn
MK-2 Pa3paboTka TpeboBaHmin n | MK-2.1 Pa3paboTKka TeXHNUYECKMUX | 3HAET OCHOBHbIE TEXHOIOTMKN Nepenaym
MpOeKTUpOoBaHMe cneyndurKaLmin Ha [laHHbIX BO BCTPaMBaeMbIX CUCTEMAX,
nporpammHoro obecneyeHus NporpaMmmHbie KOMMNOHEHTbI U NPUHLMMNbI Peann3aLmmn B MporpamMmmHbIX

VX B3aumoaencrene Mogenax 6a30BbIX KOMNOHEHTOB CUCTEM

nepeaaym AaHHbIX, OCHOBbI M1IAHUPOBAHUSA
CTaTUCTUYECKOTO 3KCMEPMMEHTA, OCHOBbI
CcTaTUCTUYeCcKon 06paboTKKN pe3ynbTaTos
MOZAENMPOBaHUA, METOAMKY OTNAAKMN U
BepudMKaLmm Nporpamm moaeMpoBaHmS
YMeeT BbINOMHATbL N/IaHUPOBaHMe
CTaTUCTUYECKOTO 3KCNEePUMEHTa ANA
MOAENIMPOBaHUA CUCTEM Nepesadn AaHHbIX
MmeeT HaBbIKM pa3paboTKu, OTAALKU U

BepudMKaLMm Nporpamm MoLe/MpoBaHNSA

cncTem nepenadn gaHHbIX

12. O6bem AUCUMNANHDI B 3a4ETHbIX eanHULax/yac:
3/108

dopma npomeKyToUHOI aTTecTaumu:

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

HavmeHoBaHuWe pa3gena
ANCUMNANHDI

CofepkaHuve pasgena
ANCUMNANHDI

Peanusauma pasgena AUCLUNANHBI C MTOMOLLbIO
OHNaWH-Kypca, IYMK

1 lekuun

1.1

BBegeHue B nporpaMmHyto
peanusauuio n
BepUPMKaLMIO KaHa0B
nepefayn AaHHbIX
MHTEepHeTa BeLlei

MeToanKa BepudmKaLmum
nporpaMmHOM peannsaumum
KaHan0B nepefaymn AaHHbIX
Ha OCHOBE CTaTUCTUYECKOro
MOAENMPOBaHUS,
CTaTUCTUYECKUI
SKCMEPUMEHT, MOCTAHOBKA
3a4,a4M CTaTUCTUYECKOTO
MOAE/IMPOBAHNUA CUCTEMDbI
nepeAayn AaHHbIX, OCHOBHble
cTaTUCTUYeCKme
XapaKTEPUCTUKU cUCTEM
nepesaun AaHHbIX, BbIbop
A3blKa MPOrpaMMMUpPOBaHKA U
cpefbl MOAENMPOBaHUSA,
6a3oBan CTPyKTypa moaenm
cUCTeMbI Nepefayn AaHHbIX

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

1.2

SNeMeHTbl Teopun
BEPOATHOCTEN U
MaTemMaTU4YecKom
CTaTUCTUKM B 334a4ax
NpPoOrpaMmHOM peannsauun
KaHaNoB nepeaayn AaHHbIX
M UX MOAENNPOBAHMSA

CnyyaiiHble cobbiTvA 1
BEPOATHOCTU, TEOPEMA
balieca, AMcKpeTHas 1
HenpepbIBHAA cayyaiiHas
Be/IMYMHA, PYHKLMOHANbHOE
npeobpasoBaHue cayYyanHom
BE/IMYMHbI, LLEHTPasIbHasA
npefenbHas Teopema, OLeHKa
napameTpoB pacnpegenexus,
MeToZ MaKCUMa/lbHOM
anocTepMopHON BEPOATHOCTH,
MeTOoZ, MaKCMMaIbHOro
npasgonogobus, cxema
ucnblTaHuit bepHynnu,
WNHTepBasbHOe
(noBepuTtenbHoe)
OLEHMBaHWeE 1 NJaHMPOBaHMe
3KCNepUMeHTa, KpuTepui
3aBepLUeHUA CTaTUCTUYECKOTO
MOZAENMPOBaAHNA

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




n/n

HavmeHoBaHuWe pa3gena
AVUCUMNAWHDI

CofepkaHuve pasgena
ANCUMNAWHDI

Peanusaums pasgena gUcLmnanHbl C MOMOLLbHO
OHNaWH-Kypca, IYMK

1.3

AHanus n npeobpasosaHue
CUrHANoB Npu
NporpaMmHOM peannsauun
KaHa/s0B nepefaymn AaHHbIX
1 UX MOAENNPOBAHUN

CneKkTp nepuoamyeckoro
CUTHanNa, CneKkTpanbHas
NA0THOCTb
HEenepuoamMYecKoro curHana,
Teopema KotenbHMKOBaA
(Teopema oTcyeToB, TEOPEMA
LLleHHOHa-HalKkBM1CTa), CnekTp
OMCKPETHOro CUrHana,
HaNOXKeHMe CNeKTPoB
(aliasing), nonocosas
AMCKpeTusauma
(undersampling), AnckpeTHoe
npeobpasosaHue Pypbe,
bbicTpoe NnpeobpasoBaHue
dypbe, KBaHTOBAHWE
CUTHANOB, WYM KBAaHTOBaHWA,
dopmupoBaHme
CNEKTPaIbHOM NJIOTHOCTU
MOLLHOCTM Wyma
KBaHTOBaHUA (noise shaping)
VHTEPNONALMA U AeLnMaLms
CUTHanoB

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

1.4

MporpammHas peanunsaumsa
umdpoBbIX GUALTPOB

OnTMMKU3npoBaHHasn
nporpaMmmHas peannsaumsa
umdpoBoro puabTpa, CMHTE3
umdpoBoro epunbTpa,
BAUAHWE PUNbTPA Ha
cTaTUCTUYeCcKue
XapaKTepPUCTUKM CUTHaNa,
peanunsauma ¢punsTpa Ha
ocHose FFT

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

1.5

MporpammHan peanusaumsa
MOAYNALMU U
AEeMOoLyNALMN CUTHANOB

PaguocurHan, komnnekcHan
orvbarolLas paguocurHana,
BUAbI MOAYNALUN
(manHunynauum) npu
nepegaye UMPPOBbIX JAHHbIX,
MSATKUE peLleHuns,
ONTUMM3NPOBAHHAA
nporpaMmmHasn peanusauma
nemoaynatopos M-PSK 1 M-
QAM, aHann3 BepoATHOCTH
OLWKMBKM Npun Aemoaynaumum

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

1.6

MporpammHan peanusauma
NMOMEeX0yCTOMUYMBOro
KOAMpPOBaHMA U
[EeKOAMPOBaHUA CUTHANOB

Buapbl NnoMexoyCcTonumnBbIx
Ko40B, 06Hapy:KeHUe ownboK
(KoHTposbHaa cymma, CRC),
ONTUMM3UPOBAHHAsA
nporpammHas peanmsaumsa
Bbluncantena CRC, koppekuma
ownbok (6104HbIE 1
CBepTOYHble Koabl, Typbo-
KoAbl), ONTUMU3MPOBAHHAA
nporpammHas peanunsaumsa
KOLEPOB U AEKOLEPOB.

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
AVUCUMNAWHDI

CofepkaHuve pasgena
ANCUMNAWHDI

Peanusaums pasgena gUcLmnanHbl C MOMOLLbHO
OHNaWH-Kypca, IYMK

1.7

MporpammHasn peanvsauma
reHepaTopos
nceBaoC/y4YaiHom
nocnefoBaTeNbHOCTU Yncen

MeTogapbl reHepaumn
nocnegoBaTtenbHoOCTEN
nceBAoOC/yYaliHbIX Yucen
(MMHENHBIN KOHTPY3HTHbIN
metoga, metog PrboHauum ¢
3anasgbiBaHuamM, LFSR,
GFSR, Buxpb MepceHHa),
leHepauma cnyyanHbix Yncen
C 33[,@HHbIM CTaTUCTUYECKUM
pacnpegeneHvem,
ONTUMMU3UPOBAHHAA
nporpaMmmHan peanvsauma
reHepaTopOoB raycCOBCKOIo
WyMma, nocnefoBaTe/IbHOCTH
MaKCMMaIbHOW A/IMHbI, KOAbl
longa, nocnenoBaTeNnbHOCTb
3agoBa-Yy c obnacTblo
HY/JIEBOW aBTOKOPPENALLUM,
reHepauma MHOXecTBa
nocnenoBaTeNibHOCTEN C
3af@aHHbIMM
B3aMMHOKOPPENALNOHHBIMU
CBOMCTBAMMU

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

1.8

MogenmpoBsaHue KaHanoB
pacnpocTpaHeHus curHana
B CUCTEMax nepenaun
[aHHbIX

MogenvpoBaHue wyma,
MOAENNPOBAHNE 3aMUPAHUIA,
MmoaennposaHue
MHOTO/y4€eBbIX U
MHOTOaHTEHHbIX KaHa/oB,
MoZAenpoBaHMe KaHaoB ¢
[ucnepcuen BpemMeHHoM
3a4epKKU1, TMNOBblE Moaenu
KaHana ITU-R

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

1.9

Mpuembl 1 meTogbl
MOZe/IMPOBaHNA CUCTEM
nepegayv AaHHbIX

CuHXpoHM3auna
KOMMOHEHTOB MPOrpammHoOM
MoZenun, BU3yanusaums
pe3ynbTaToB, CTaTUCTUYECKUIA
aHaNn3 pesynbTaTos,
61TOBasA, CUMBO/IbHAA U
6noKoBasa owwmnbKa,
oTHoweHune Ep/No,
ycpeaHeHue no BpemeHu U1
Mo COBOKYMHOCTU
peanunsauuii, Bepudukauma
nporpaMmmHoOM Mogenm

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

2 MpaKTtnyeckune
3aHATHA



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

n/n

HavmeHoBaHuWe pa3gena
AVUCUMNAWHDI

CofepkaHuve pasgena
ANCUMNAWHDI

Peanusaums pasgena gUcLmnanHbl C MOMOLLbHO
OHNaWH-Kypca, IYMK

3 lTabopaTtopHble
pabotbi

3.1

MN3yyeHne MHCTPYMEHTOB
cH60pKM 1 OTNASKM
nporpamm

GCC, GDB, make n cmake,
cbopKa 1 oTnagKa nporpamm,
onuUUM KOMNUAATOPA U
KOMMNOHOBLUMKA, BEKTOPHblE
BblYMCNEHMA, BU3YaM3aLMA
pe3ynbTaToB (NocTpoeHune
ABYMEPHbBIX U TPEXMEPHbIX
rpadmKoB cpeacTBamm
Python, oTobpaxkeHune
norpeLuHocTel Ha rpaduke,
ncnonb3oBaHue TeX gna
nognucei u nereHabl)

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

3.2

MporpammHas peanunsauma
FIFO 1 nuHun 3a8epxKu ¢

oTBOAAMM

OnTMMM3npoBaHHan
nporpammHas peannsauma
3/1IeMeHTa 334EePKKM CUrHana
Ha 3a4aHHOE YNCIO TaKTOB,
bydepa FIFO n nvHum
3a/lePKKM C OTBOAAMM Ha
OCHOBE UMPKYNAPHOrO
bydepa

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

3.3

Peanuzauwmsa npocrenwen
CTaTUCTUYECKOM Moaenn
KaHana nepefayn gaHHbIX

MporpammHan peannsaumsa
CTaTUCTUYECKOM Moaenu
npocTeiLwero KaHana
nepesayn AaHHbIX Ana
OLLeHKM NMOMEXOYCTOMYNBOCTHU
BPSK B kaHane c AWGN

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

3.4

Peanunsauma Ha Cn C++
6bicTporo npeobpasoBaHus
dypbe

Peanunsauma Ha Cn C++
6bicTporo NnpeobpasoBaHus
dypbe Ha OCHOBE anropuTMa
Kynun-Tetokun n Ynpn-
anroputma batocteliHa

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

3.5

Peannsauma Ha C n C++
umodposoro epuabTpa

Peannsayma Ha ocHOBe NNHUMU
3a4epKKu ¢ otBogammn KNX n
BUX dpunbTpos, a TakxKe
CepBUCHbIX PYHKLMI ans
BbluMcneHna A4X ¢punstpa un
K03 PuLMeHTOB Nepesaun
ana 6enoro wyma m
ncesaoC/y4YaliHom
nocnenoBaTeNbHOCTH
NPAMOYrO/IbHbIX MMMNY/1bCOB

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

3.6

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

Peanunsauma
nepeavcKkpeTnsaTopa
(resampler),
npeobpasyowero BbIGopky
CUTHaNa Ha OAHOM YacToTe
AMCKpeTn3auum B BbIBOPKY
TOrO }Ke CUrHaNa Ha Apyrown
YyacToTe AMCKpPEeTU3aLLMM Ha
0OCHOBE NoAMHOMa JlarpaH:xa
1 uccnefoBaHue ero
XapaKTepucTunk

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




n/n

HavmeHoBaHuWe pa3gena
AVUCUMNAWHDI

CofepkaHuve pasgena
ANCUMNAWHDI

Peanusaums pasgena gUcLmnanHbl C MOMOLLbHO
OHNaWH-Kypca, IYMK

3.7

Peanusaums Ha Cu C++
nepeaucKkpeTnsaTopa
(resampler) Ha ocHoBe
Kybuyeckoro cnnariHa

Peanunsaumsa
nepeavcKkpeTnsaTopa
(resampler),
npeobpasytoLero BbIGOpKy
CUrHasa Ha o4HOM YyacToTe
OMCKpeTn3aumm B BbIBOpKyY
TOrO }Ke CUrHaNa Ha Apyroin
YyacToTe AMCKpPEeTU3aLMKM Ha
0OCHOBe Kybuyeckoro cniamHa
1 uccnefoBaHue ero
XapaKTepucTunk

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

3.8

Peanunsauma Ha Cn C++

nepeauckpeTsaTopa

(resampler) Ha ocHoBe BIMN®

Peanunsauma
nepeavckpeTnsatopa
(resampler),
npeobpasytoLero BbI6OPKY
CUTHaNa Ha OA4HOM YacToTe
AMCKpeTn3auum B BbIOOPKY
TOTO Ke CUrHana Ha gpyrown
YyacToTe AMCKpPEeTU3aLMM Ha
ocHoBe bIMN® u nccneposaHve
€ro XapaKTepUCTUK

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

3.9

Peanunsauma Ha Cn C++
dunbTpa Pappoy

Peanunsauma BbluMcanTENBHO
abdeKTMBHOro ynpaBisemoro
3/1IeMeHTa 334EPHKKM Ha
WHTEPBA/ BPEMEHM, He
KpaTHbIV Nnepuoay
AMCKpeTM3auum curHana

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

3.10

Peanunsauma Ha Cn C++
reHepaTtopa lMCI

Peanunsauma Ha ocHoBe
CABWUIOBOTO pernctpa
reHepaTtopa M-
nocnefoBaTesIbHOCTU U KoAa
longa, uccnegoBaHue
ABTOKOPPENALMOHHOM U
B3aMMOKOPPENALNOHHON
dYHKUMM reHepaTopos

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

3.11

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

leHepaLMs raycCoOBCKOro
LWwymMa MeToA0m U30TPOMHOMO
BEKTOpa M UccnegoBaHve
CTaTUCTUYECKUX
XapaKTePUCTUK NOTYyYEHHbIX
BbIGOPOK.

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

3.12

Peanunsauma Ha Cn C++
reHepaTopa paNeeBcKUx
3aMUpPaHni

leHepaLms paneeBCcKUX
3amMMUpaHuii meToaoB
[KeViKca u uccnepoBaHue
CTaTUCTUYHECKUX
XapaKTEPUCTUK NONYHEeHHbIX
BbI6OPOK

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

3.13

Peanunsauma Ha C n C++
mogaynatopa u
nemoaynatopa QAM

Peanusauna mogynatopa u
MArKOro aemoaynatopa ans
NPOW3BOIbHOM MOAYNALMN
M-QAM, nccneposaHue SER n
BER

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

3.14

Peanunsauma Ha Cn C++
CBEPTOYHOrO Koaepa U
nexkoaepa Butepbu

Peanusaums Kogepa
CBEPTOYHOTIO KOAa v
aekogepa Butepbu, oueHka
SHEepreTMYecKoro BbIUIPbILLA
OT NOMEXOYCTONYMBOTrO
KOAMPOBaHMSA U
BbIYUC/IUTENBHOMN CIOMKHOCTU
peanusaumun gekogepa

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




13.2. Tembl (pasaenbi) GUCUUNIUHDI U BUADbI 3aHATUI

HanmeHoBaHuMe Tembl
(pazgena)

J1eKLMOHHbIe
3aHATUA

MpaKkTnyeckme
3aHATMA

JlabopaTtopHble
3aHATUA

CamocroaTenbHas
paboTa

Bcero

BBeaeHue B nporpaMmHyto
peanvsaunio n BepuduKaLmio
KaHanoB nepefayun AaHHbIX
WHTepHeTa BeLeW

2

dnemeHTbl Teopuu
BEPOATHOCTEN U
MaTeMaTU4eCcKoM CTaTUCTUKN B
334a4ax nporpaMmmHom
peanv3aumnm KaHanoB
nepesayu AaHHbIX U UX
MOAENMPOBaHUA

AHanus n npeobpasosBaHue
CMTHA/I0B NPW NPOrpammMmHoOmn
peanv3auum KaHanoB
nepesayu AaHHbIX U UX
MOAENNPOBaHNMN

MporpammHasn peanunsauma
LUMobpoBbIX GUALTPOB

MporpammHasn peanunsauma
MOAYNALNN N AeMOAYNALNN
CUTHanoB

MporpammHasn peanunsauma
NOMEX0yCTOMYMBOTO
KOAMPOBAHUA U
OEeKoAMPOBaHUA CUTHANOoB

MporpammHasn peanunsauma
reHepaTopos
ncesAoCay4YanHoM
nocnefoBaTeNbHOCTU YUCeN

MogenvposaHue KaHanoB
pacnpocTpaHeHus CUrHana B
cucTemax nepeaadn AaHHbIX

Mpuembl U MeToabl
MOZENVMPOBaHUA CUCTEM
nepefayv AaHHbIX

10

M3yyeHne MHCTPYMEHTOB
c6OpPKM 1 OTNAZKM NPOTPaMM

11

MporpammHas peannsauma
FIFO 1 nMHMK 3a8epKKn C
oTBOAAMM

12

Peanusauus npocteiwen
CTaTUCTMYECKON moaenm
KaHana nepesayvm AaHHbIX

13

Peanunsauyma Ha C n C++
bbicTporo npeobpasoBaHua
dypbe

14

Peanunsauyma Ha Cn C++
umodpoBoro puasTpa

15

Peanunsauyma Ha C n C++
nepeamuckpeTvsaTopa
(resampler) Ha ocHoBe
MHTeprnonaTopa JlarpaHxa

16

Peanunsauyma Ha C n C++
nepeamcKpetTnsartopa
(resampler) Ha ocHoBe
Kybuyeckoro crnnaiHa




Ne HavmeHoBaHue Tembl JleKunoHHble MpaKkTnyeckme JlabopaTtopHble CamocroaTtenbHas Bcero

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

17 Peanusaums Ha Cn C++ 2 2 4
nepeauckpeTvsaTopa
(resampler) Ha ocHoBe BIMP

18 Peannsauma Ha Cn C++ 2 2 4
dunbrpa Pappoy

19 Peanusauus Ha Cn C++ 2 2 4
reHepartopa [MCI

20 Peanusauus Ha Cn C++ 2 2 4

reHepaTtopa 6enoro
rayCcCoBCKOro Lyma

21 Peannsauma Ha Cn C++ 2 2 4
reHepaTopa p3/1eeBCKuUX
3aMUpPaHUi

22 Peanusauma Ha Cn C++ 4 4 8
MOZyNATOpa U Aemoagynstopa
QAM

23 Peanunzauma Ha Cu C++ 4 4 8
CBEPTOYHOrO KoAepa U
aekopepa 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 MCTOYHUK
n/n

1 Cknap bepHapa,. LUndposas cBsA3b : TEOPETUYECKME OCHOBbI U NpaKTUYeckoe npumeHeHue / Ckasap b. ;
Mposa E.l. [u ap.] (nep. c aHrn.). — 2-e usg,. — M. [n ap.] : Bunbamc, 2016. — 1099 c. : un., Tabn. —
ISBN 978-5-8459-2071-3.

6) oono/HUTENbHAA NTepaTypa:

No McTOuHMK

n/n

1 Lundposan ceasb [TekcT] : yuebHoe nocobue / [. Mpokuc; Mep. c aHr. nog pea. A. . Knosckoro. — Mocksa. :
Paawno u cBasb, 2000. — 797c¢. : un. — bubnuorp.: c. 776-789. — ISBN 5-256-01434-X

2 Onudep, B. . OcHOBbI ceTei nepeaaqn AaHHbIX: BBOAHbIN Kypc / B. I. Onudep, H. A. Onndep ;

HaunoHanbHbI OTKPbITbIN YHMBepcuTeT "MHTYUT". — MocKBa : MHTepHeT-YHMBepcuTeT MHOPMALIMOHHbIX
TexHonoruii (MHTYWUT), 2003. — 192 c. // 9BC YHusepcutetckasa bubnmnorexa. — URL:
https://biblioclub.ru/index.php?page=book_red&id=234533




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

Ne n/n NCTOYHUK

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

2 Cepsep yuebHo-meTogmnueckmnx matepmnanos ®KH, \\fs.cs.vsu.ru\Library

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

Ne n/n NCTOYHMK

1 Cepsep yuebHo-meToanueckmnx matepmanos PKH, \\fs.cs.vsu.ru\Library

2 O6pas3oBaTtesibHblit 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. MartepuanbHo-TexHU4YecKoe obecneyeHme AUCLUNINHDI:

1. JlekumoHHana ayanTopmnA, oCHaleHHaAa BUAEONPOEKTOPOM.

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 Pasgenb! gucumnamHbl (mogynm) Kog, Kog, OueHouYHble cpeacTsa

n/n KOMMeTeHUMmn MHOMKaTopa ONA TeKyLLeln
aTTectaumm

1 BeeseHue B nporpammHyto peanmsaumio n | MK-2 MnK-2.1 CobecenoBaHue

BepudMKaLMIO KaHANOB Nepesaym AaHHbIX
MHTEpHEeTa BeLlein

dnemeHTbl TEOPUW BEPOATHOCTEN U
MaTemMaTUYeCcKoM CTaTUCTUKM B 334a4ax
NPOrpamMHoONM peannsaumm KaHaaos
nepefayv AaHHbIX U UX MOLENNPOBAHUSA
AHanu3 1 NnpeobpasoBaHMe CUrHAMIOB NPU
NpPOrpaMMHOl peannsaLmm KaHanos
nepefayv SaHHbIX M UX MOAENNPOBAHUM
MporpammHas peanmsaumsa LudpoBbIxX
dunbTpOB

MporpaMmHasn peanvsaumsa MoayAALUN U
AEeMoaynsaLMU CUTHAIOB

MporpaMmHan peanvsauus
MOMEXOYCTOMYMBOrO KOAMPOBAHUA U
[EeKoAMPOBAHMUSA CUTHANOB
MporpaMmHasn peanvsaLmsa reHepaTopos
nceBgoCAyYaltHOW NocaefoBaTe/IbHOCTH
yucen

MogaenvpoBaHue KaHanoB
pacnpocTpaHeHua curHana B cucTemax
nepenayv SaHHbIX




anEMbI 1M MmeTodbl MoaAeNNpPOBaHUA
cucTtem nepenadnm AaHHbIX

MN3yyeHne NHCTPYMEHTOB COOPKM U
OTNa4KW NPOrpamm

MporpammHasa peannsauyma FIFO n nanHnm
334€eP*KKN C OTBOAAMM

Peanusauma npocreiiien ctaTMCTMYECKon
MOZeNN KaHasa nepeaayn JaHHbIX
Peannsauma Ha C u C++ BbicTporo
npeobpasoBaHua Pypbe

Peanunsaumsa Ha C u C++ umdposoro
dunbTpa

Peannzaums Ha Cu C++
nepeauckpeTnsaTopa (resampler) Ha
OCHOBe MHTepnoaaTopa JlarpaHKa
Peannzaums Ha Cu C++
nepeauckpeTnsaTopa (resampler) Ha
OCHOBe KybuyecKoro cnaarHa
Peannsauma Ha Cu C++
nepeauckpeTnsaTopa (resampler) Ha
ocHose bIN®

Peanunzauma Ha C u C++ punbtpa Pappoy
Peannsauma Ha C u C++ reHepaTopa MNCI
Peanunsauma Ha C u C++ reHepaTopa
6€e10ro rayccoBCKOro Lyma

Peanunsauma Ha C u C++ reHepaTopa
P371€€BCKMUX 3aMUpPaHNTA

Peanunsauma Ha C n C++ moaynaTtopa u
aemogynatopa QAM

Peannsauma Ha C u C++ cBepTO4HOro
Kogepa u aekoaepa Butepbu

MnK-2

MnK-2.1

NabopaTtopHas paboTa

MpomerKyTouHaa aTtTecTauma

dopma KOHTPOAA - 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

[EEN
©

Peanunsauma

[y
[y

Peanusayma

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 OrtBer (bykBa)
1 a
2 a
3 b
4 a
5 o

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 4000 000
2 8

3a4aHuA ¢ Pa3BEPHYTbIM OTBETOM

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

OTBeTbl Ha BONpPOCHI

Homep Bonpoca OtserT (byKBa)

1 Mogaynauma QAM KoampyeT nHbopmaLmio o rpynne nepesaBaemblix 6UTOB

by, ... by,_1 B KOMMEKCHOM amnantyae A, nepegasaemoro curHana, k € [0,2™), 8
peanbHbIX cMcTemMax 0bblYHO N YeTHoe. Ha npueMHoM cTopoHe HabaogaeTca
KOMMJIEKCHAA amnAnTyAa npuHumaemoro curdana X = F(Ay), rae F() -
nepefatoyHas GyHKLMA KaHana pacnpocTpaHeHus, A, — KOMMIEKCHas aMnanTyaa
nepenaBaemoro CUrHasna, Mpyu 3Tom 3HayeHne kK anprMopHO HEU3BECTHO. B 3TnX
ycnosusx Tpebyetca onpeaennTb A; = log(P(bi = 1)) — log(P(bi = 0)) anai €
[0,7n), rae P() BepOATHOCTb €4MHUYHOIO UK HYNEBOro BMTa COOTBETCTBEHHO.

Ha npakTuke 06bl4HO paccmaTpuBaeTca mogenb KaHana AWGN u X = A, + &, roe &
— KOMM/IeKCHaA Cly4aiHaa Be/IMYMHA C HOPMasibHbIM HE3aBUCUMbIM
pacnpeaeneHnem gencTBuUTeIbHOM U MHUMOWM YacTei.

Torpa A; = 10g(2k,|bi=1 exp(—|X — Ak|2)) - lOg(Zk,wi:o exp(—|X — Ak|2))

MockonbKy PpyHKUMA exp(—x?2) BbICTpo ybbIBAET C POCTOM X, A/1A YNPOLLEHNA
BbIYMC/IEHMI B CYMMaX MOYKHO OCTaBUTb TO/IbKO MO OAHOMY HaubobLLeMy

cnaraemomy, Torga A; = kr|r11;in1(|X — A — krﬁl;ino(lx — Apg|). OaHHblid anroputm
b= b=

asnaeTca 6a3oBbIM Ana gemoaynaumum QAM.

C yuyeTom AIBHOTO BUAQA CO3BE3AMA MOAYAALMM AS1A YACTHbIX C/Ty4aeB MOMKHO
BbINONHUTb Aa/ibHelLee ynpoLLeH1e aaroputma, Hanpmmep gas 16-QAM Ha
KBaJpaTHOM 3KBUAUCTAHTHOM CETKE MOTYT ObITb MCMNO/Ib30BaHbl BblpaXeHuaA ANs

6bICTPOro NPUBMKEHHOTO BbIMMCAEHUA MATKMX pewermnin: 1, = —Re(x),
A1 =|Re(x)| — 2,4, = —Im(x) u A5 = |[Im(x)| — 2

KpuTepun oueHnBaHMUA LLIkana oueHok (B 6annax)

O6y4atoLWMIACa TOYHO OMMCaN aNTOPUTM BbIYMCAEHWUA MATKUX peLleHui 3 6anna
no oTAeNbHbIM BUTam cumeona moaynaumm QAM, yKasan BO3MOXKHOCTb
noayyeHns BbICTPOro NPUBAMMKEHHOIO peLleHns

Obyyatowmiics TOYHO ONMcan aNropUTM BbIUMCIEHUA MATKUX PeLLeHUi 2 6anna
no oTAeNbHbIM 6UTam cumBona moaynaumm QAM, yKasan BO3MOMKHOCTb
nosydyeHus 6bICTPOro NpUbAMMKEHHOro pewweHus. [lonyckatoTca
HEe3HaYUTe/IbHble HETOYHOCTM

O6yqa+ou.|,v1131c;| He A0CTAaTO4YHO TOYHO ONnMncan airopuUTM BblYUCNEHNUA 1 6ann

MATKMX PeLLeHni No oTAeNbHbIM BUTam cumsona moaynaumm QAM, He




YKasasl BO3MOXHOCTb MoJydeHns BbICTPOro NpubanMKEeHHOro pelleHns.
OTBET He COAEPKUT rpybbIX OLIMBOK U HETOYHOCTEN

Ob6yyvatowminica He 4OCTaTOYHO TOYHO OMMCan afrOPUTM BblYUCIEHNA 0 6annos
MATKMX pPeLleHnin No oTAe/IbHbIM BUTam cumBona moaynaumm QAM, He
yKa3aa BO3MOXHOCTb MNOyYeHUA BbICTPOro NPUBAUMKEHHOTO PeLleHUs.
OTBET COAEPHKMUT rpybbIX OLUMOBOK 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

MporpammHas peanmsaumsa ¢punbtpa Pappoy Ha OCHOBE NOIMHOMMUANBHON MHTEPNONALMM

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, anroputm Kynn-Teloku, Ynpn-anroputm batoctelriHa gns BbI6opKU
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

Typb6o-koa, MAP 1 Max-Log-MAP pekogep, ntepaTuBHoe AeKoanpoBaHue Typbo-koaa

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

leHepauma cyyYarHbIX YMCeN C 3a43aHHBIM CTaTUCTUYECKMM pacnpeneieHnemM, onTMMM3MPOBaHHAA NPOrpaMmmMmHasn
peann3auma reHepaTopoB rayCCOBCKOrO Lyma



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

21. TeHepauma MHOXeCTBa Noc/sea0BaTe/lbHOCTEN C 3a4aHHbIMU B3aMMHOKOPPENALMOHHbIMWU CBOMCTBAMM

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

OnucaHue TeXHONOrUU NPoBeaeHUn

CobecepoBaHue npomssoamTcs B Gopme YCTHOrO OTBETa Ha 3aaHHbIi Bonpoc. NMpun 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 MmoaennpoBaHnA CUCTEMbI Nepegayvn AaHHbIX, OCHOBHble CTaTUCTU4YeCKne
XapPaKTeEPUCTUKU 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 NapamMeTpoB pacnpeae/ieHns, MeTol MakCMMasibHOW anocTepUOPHOM BEPOATHOCTU U METOA, MaKCUMa/lbHOTo
npasgononobus.

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

1. Cxema vcnbITaHUi bepHynau, nHTepBanbHoe (L0BEPUTENILHOE) OLLEHMBAHME U NIAHUPOBAHME SKCNEPUMEHTA,
KpUTEPUI 3aBEPLUEHUA CTAaTUCTUYECKOTO MOAENMPOBAHMA.

2. Markune pelweHua, oNTMMMU3NPOBaHHAA NporpammHan peannsaumna gemoaynatopos M-PSK n M-QAM.
TpeboBaHUA K BbINOAHEHUIO 3a4aHUN, LWKAJbl 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 WU HEAOCTAaTOUHbIV — HeY/A0B/eTBOPMTE/IbHO) COIIAacHO 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



