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Mporpammy avcumnavHbl paspaboTan(a)(n) 3asenyowmin kadeopon, K.H. (aoueHT) AkdypuH A L.
Kadgoenpa panmnoactpoHoMmum OTaeneHve paguodunankm 1 MHOPMAaLIMOHHbBIX CUCTEM ,
Adel.Akchurin@kpfu.ru

1. Uenn ocBOEHNS AUCLUMINHBI

B kypce paccmaTtpuBaeTcsi (ou3nyeckre 0CHOBblI BO3HMKHOBEHWS ClyYaiiHbiX MPOLECCOB B
panvokaHane, CBsi3aHHbIX C 0COBEHHOCTAMU pacnpoCTpaHeHs PpaanoBO/H B aTMocdepe U
noHocdpoepe. ManararoTcs u apyrne NCTOHHMKM CyYaiHbIX NPOLECCOB - WyMbl B COBPEMEHHOIA
panvoannapartype. PaccmatpmBaeTcs NOCTPOEHME ONTUMaSIbHbIX CUCTEM CBSI3M NPW 3aA4aHHbIX
xapakTepucTkax kaHana. BelBoasiTcsl BblpaXeHUst 4nsi NponyCckKHOM CnocoBHOCTM Takmx KaHanos.
PaccmatpuBatoTcsi CTpyKTypa U OCHOBHbIE CXEMbl aHANOrOBbIX, U CMELWAHHbLIX aHaNoroBo-LNGPOBbIX
panvonpueMHnKoB. PaccmatpuBaeTcsi knaccmgoukaums KogoB, X CBOMCTBA U MPUHLIMNMBI
MOMEX0YCTONYMBOrO KOANPOBAHMS.

2. MecTO AMCUMNNUHBI B CTPYKTYype OCHOBHOM 06pa3oBaTtefibHOM NPOrpammbl BbICLLETO
npocpeccuoHanbHOro o6pasoBaHus

HaHHas yyebHas ancumnnvHa sknodeHa B pasgen " 51.B.0J.1 OucumnnuHbl (MOaynn)" OCHOBHOM
obpaszoBartenbHoit nporpammbl 03.04.03 Paonodumanka n oTHocuTcs K 06si3atenbHble AUCLMMINHDI.
OcBauBaetcs Ha 1 kypce, 2 ceMecTp.

HanHas gucumnnmnHa M2.B.1 "Teopus nepenayv nHgopmaLmm no kaHanam co cnyvyanHbiMu
napameTpamn” Ncnonb3yeT 3HaHus, Noyyaemble CTyAeHTaMu Ha psanae napannenbHblX AUC-LUUMNIVH B
naHHon maructpartype (M2.6.2. Metoabl aHanuaa cnyyanHblx gaHHbix, M2.6.3. PacnpocTtpaHeHne
pPanvoBONH 1 aHTeHHbl, M2.5.4. ®usnka pacnpocTpaHeHns pagnoBO/H B cpefax Co ClyYanHbiMu
HEeoOHOPOAHOCTSAMM). B oTnnyme oT BbilweykasaHHbIX B HACTOSAWEN OUCUUNINHE, B OCHOBHOM,
paccmartprBatoTCs annapaTHble peanusauum NoMexoyCTonymBoro KOAMpoBaHus.

3. KomneTteHuumn obyuatowerocsi, popmMupyemble B pe3ynbTate 0CBOEHUSA AUCLUMNIINHDI
/mopynsi

B pe3ynbTate 0CBOEHUSI AMCLMNINHBI (OOPMUPYIOTCS CReaytowme KOMNeTeHUNN:

Pacwudpposka
npuobpetaemor KOMNETeHUUN

CNoCcoBHOCTbIO K CBOOOLHOMY BNaAEHNIO 3HAHUSIMU

Lndop komMneTeHLUN

MK-1 oyHIOaMeHTaNbHbIX pa3aenoB Pusnkn 1 paanogon3nkn
(MpocpeccnoHantHbie Hey06XOJJ,I/IMbIMVI D,ﬂﬂp eleHns Ha qu-mch:)neuosaTenbcémx
KOoMreTeHuun) b y

3a4ay (B COOTBETCTBMU CO CBOVM NPOCOUIEM NMOLATOTOBKM)

MK-5 CNOCOBHOCTLIO NMPUMEHATb Ha NPakKTUKE HaBblkK COCTaBNEHNA N
odpopmneHus Hay4YHO-TEXHNYECKON OOKYMEeHTauun, HayyHblX

npodeccnoHanbHble 2
(Mpodp 0T4YeTOB, 0630pPOB, NOKNAL0B 1 CTaTel (B COOTBETCTBUM C
KoMneTeHuunn)
npodounem NOAroTOBKN)
MK-8 CNocoBHOCTbIO COCcTaBNSATb 0630pbl NEPCNEKTUBHbBIX
HanpaBieHNNn Hay4HO-UHHOBALUMOHHbIX U BaHWA
(MpocpeccuoHanbHbie rc?TopBionceTbro K ﬁgnm?:ang ma;lq)oo MneHagﬁgseﬁTos ;3
KOMreTeHuun) P

COOTBETCTBUIW C nNpaBunamm

B pesynbtaTe 0CBOEHUS OUCUUMANHBI CTYOEHT:
1. DONXEH 3HaThb:

hU3nyeckme 0CHOBbI BO3HMKHOBEHWS ClyYaiiHbiX MPOLLECCOB B paauokaHane (0T MHOrony4eBoCTH
L0 paccesiHns Ha NyKTynpyroWmx HEOAHOPOLAHOCTSX); MPUHLMMNbI MOCTPOEHNS 1
PYHKLIMOHMPOBaHUS NPUEMHO-MNEPefaoWmMX YCTPOKCTB, 06pa3ytowmx CUCTEMY CBA3M,
NPMONNXAIOLWYOCS K ONTUMAaNbHOR; NPUHLMNGI Boibopa cnocoboB KOAMPOBaHMS NepenaBaemMoin
NHpopMaLnu;
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2. DONTXEH yMeTb:

OPVEHTUPOBATLCS B COBPEMEHHOW annapaTtype panno n3nyyeHns/npuema, B apxutekType
KoavpytoLwweln n obpabaTbiBatoweil CXeMOTEXHNKE LIMGOPOBbLIX CXEM, XapaKTEePHbIE BAPUAHTbI NX
annapaTypHOro UCNonb30BaHUS; U3MEPSATb MHTEHCUBHOCTb LWYMOB PaanOyCUNNTENBHbBIX YCTPOWCTB,
BbIOMpaTb ManowyMmsWmne BapmnaHTbl CXeM; BblbrpaTb NOAXOAAWNA METOL NOMEXOYCTONYNBOrO
KOLMPOBaHUS.

3. OONXeH BnageThb:

TEOPETNYECKMMM 3HAHUSIMU O CMbIC/E, BKNAAbIBAEMOM B NOHATME MHAPOPMALUN U €€ KONNYECTBE B
coobuweHun; 0 cnocobax MaTemMaTMyeckoro ONMCaHNs CUrHanoB, PacnpoCTPaHAWKMXCS B KaHanax co
cnyvyaiHbIMU napameTpamm; 0 cnocobax OLEHKU Ka4yecTBa peabHbIX KaHaNOB CBA3W; O MPUHLMNAXx
paboTbl anropuTMoB 06paboTKy MHCPOPMaLMK, UCMONb3YEMON B COBPEMEHHbIX CUCTEMAX
KOAMPOBaHUS, Nnepenayn u npuema nHpopmaumm.

NPUMEHSTb NONyYEHHbIE 3HAHMSA O annapaTypHOl peanv3auny NoMexoyCcTonyYMBOro KOAMPOBAHUS Ha
npakTuke

4. CTpyKTypa u cogepxaHve AUCLUMNIUHbI/ Moayns
Obwas TpyooeMKOoCTb OAMCLUMANHBI COCTABASIET 2 3a4eTHbIX(ble) eanHuL(bl) 72 Yaca(oB).
dopma NPOMEXYTOYHOr0 KOHTPONSA AUCLIMMNHBI 3a4€eT BO 2 CEMECTpe.

CyMMapHo no amcumnanHe MoxHo nony4ntb 100 6anno., U3 HMX Tekylas paboTta oueHmBaeTcs B 50
6anno., ntorosas popma KoHTpons - B 50 6annos. MnHMManbHoe KONMYeCTBO ANs AOMnycKa K 3a4eTy
28 6annos.

86 bannos 1 bonee - "oTANYHO" (OTN.);

71-85 6annos - "xopowo" (xop.);

55-70 6annos - "ynoBnetBoputenbHo" (yaooB.);

54 6anna n MeHee - "HeynoBNeTBOpPUTENbHO" (Heya.).

4.1 CTpyKTypa 1 comepXxaHue ayauTopHou paboTbl No gucuunamHe/ MOAaynto
TemaTtnyecknn nnaH gUCUUNIUHbI/MOAYNS

Bugabl n yachbl
Paagen ayauTopHOM paborThbl,
Henens UX TPy A0EMKOCTb Tekywume copmbl
NI Bcuannaael - (CeMeCTRCoyecTpa (8 vacax) KoHTpons
Nex ““I'IpaKmqecmeHaﬁopaToprle
L 3aHATUSA paborbl

Tema 1. BeeneHue.

OCHOBHblE NOHSATMS

Teopun nepenadu )
1.MHq30pMauMM_ 2 1-2 2 0 0

CoobLeHns, curHansl,

KaHanbl CBA3MW.
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Pasnen
AducunnnuHbl/
Monyns

CemMecTp

Henens
cemecTtpa

Buabl n yachbl

ayauTopHOM paborThbl,

MX TPYAO0EMKOCTb
(B yacax)

Nekuunn

MpakTnyeckmelllaboparopHbie

3aHATUA pa601u

Tekywiue coopmbl
KOHTpOns

Tema 2. [1ponyckHas
cnocobHocTb KaHana
CBSA3N.
.MartemaTtnyeckas
Moenb KaHana co
cny4anHbIMn
napameTtpamu.

3-6

Hay4HbIi
noknan

Tema 3. Wymbl B
9NEKTPUYECKMX CXEMAX.
OcHoBHbIE METOAbI
‘IMooynsumm m
CpaBHeHME nx
NOMEexX0yCTONYMBOCTM.

7-8

Tema 4. CtpykTtypa n
OCHOBHbIE CXEMblI
aHanorosblx, a Takxe
‘[cMeLwaHHbIX
aHanoro-ungpoBbIxX
pannonprueMHmKoB

9-10

Hay4YHbIW
noknan,

Tema 5. CTtpykTypa
LMdppOoBOro npuemMHmka.
OcCHOBHble y31bl Ans
‘luMdopoBoit 06paboTku
NPVHMMAeMOoro curHana

11-12

oT4yert

Tema 6. OFDM
MOOynsaunS.
‘IMexcumBonbHas
nHTEpgEepeHLns.

13-15

oT4yert

Tema 7.
[MomexoycTonymeoe
KoLoMpOBaHune B
cuctemax LmgopoBson
.|paavno-cesasn.
AnropuTmbl
KOLAMpPOBaHUSA
nHpopmauum c
npeobpasoBaHNEM.

16-18

oT4yert
oT4yer

Tema . Toroesas
" |doopma KoOHTpONSA

3a4ert

NTtoro

14

14

4.2 CopepxaHvue JUCLUNMUHDI
Tema 1. BBepeHue. OCHOBHble MOHATUS TEOpPUM Nepenaum uHcpopmaumm. CoobLueHus,

CUrHasnbl, KaHal/bl CBA3W.

NeKUuMoHHoe 3aHsiThe (2 yaca(os)):

OCHOBHbIE MOHSATUS TeopUM Nepenayn nHgopmaummn: CoobleHus, curHansl, KaHarnbl CBS3u,
anemeHTapHoe coobuieHune. NMpeobpasoBaHune cooblweHns B curHan. Konnyectso nHpopmaumm B

coobuweHnn.

PernctpaunoHHbIn Homep 6
CtpaHnua 5 ns 13.
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Tema 2. NMponyckHasa cnocobHoCTb KaHana cBa3u. MaremaTtnyeckas Mogenb KaHana co
cnyyYyarvHbIMU NapameTpaMu.

JIeKLMOHHOe 3aHsiTne (2 4aca(oB)):

OcHoBHble 3aa4n Teopumn nepenayn nHgopmaummn. Matematmyeckas Moenb KaHana co
cnyyaiHbiMu napameTpamm. Oblwpme cBeAeHUsl 0 KaHanax CBS3n 1 Ux knaccudpmkaumm. SHTponus u
NPON3BOANTENBHOCTb MCTOYHUKA coobleHniA. KonmyecTBo nHdopmaumm, nepenaHHon no kaHany
CBSI3U.

npaktnyeckoe 3aHsitne (2 4aca(os)):

WccneposaHune nHteHcuBHOCTM WymoB B KB-kaHane n nonockl nponyckaHvs no noHorpammam
noHosoHaa "LinknoH".

Tema 3. LLyMbl B anekTpnyeckux cxemax. OCHOBHble METO4bl MOAYNSALMU N CPaBHEHNE UX
NMOMexXoyCTOMYUBOCTM.

JNleKLLMOHHOe 3aHsiTue (2 Haca(os)):

LLlyMbl B 9n1eKTpUY4ECKmX CXeMax: paBHOBECHbIE oyKTyauun (TENNOBON WwyMm, WyM Hakeucta, wym
JxoHCcoHa), ApoboBOM 1 GonnKKepHbIA (Mnun 1/f) wymbl. OKkBMBaNEHTHblE cxeMbl. CNocobbl onncaHus
N n3mMepeHns Wwymos ycunutenen. OCHOBHbIE METOLbI MOAYNALMMN: aMNANTYOHASA, aMNAUTy4Has C
nogasfieHNEM Hecyleln, 4acToTHas, oasosas, kBaapartypHas. CpaBHeHME UX XapakKTepHbIX YepT U K
BO3OENCTBUIO WyMa.

Tema 4. CTpyKTypa 1 OCHOBHbIE€ CXEMbl aHa/IOrOBbIX, @ TaKXe CMeLUaHHbIX aHaNnoro-undopoBbIX
paavonpueMHUKOB

JIeKLMOHHOe 3aHsiTne (2 4aca(oB)):

OCHOBHble CXEMbl aHaNOroBbiX NPMEMHUKOB. [pMEMHUK NPAMOro ycuneHus. 'eTepoanHHbIN 1
cynepretTepoanHHbIi NpuemMHuK. MprnemMHuk npsimoro npeobpa3sosaHuns. OCHOBHbIE NapaMeTpsbl.
YyecTtBMTENBHOCTDL, MI36MpatensHocTb. MonaeneHne 3epkanbHOro kaHana. JuHammnyeckuia
ananasoH. [NokasaTenn BO34ENCTBUSA NEPEKPECTHON MOAYNSALMM (BHEMONOCHbBIX CUTHAN0B) U
NHTEPMOOYNALUNOHHBIX MoMex. CMewaHHble aHanoro-umgpoBbie paanonpuemMHUK nm
nporpaMmHo-onpenensiemas paamnocuctema (Software-defined radio, SDR). OcobeHHoCTH
peanunzauun SDR. Undposbie cuHtezatopbl DDS (Direct Digital Synthesizer).

Tema 5. CTpykTypa undopoBoro npueMHuKa. OCHOBHbIe y3nbl ons LMdopoBoi 06paboTku
NPUHUMaAeMoro curHana

JNeKLMoHHoe 3aHsiTne (2 4yaca(oB)):

CtpykTypa undpposoro npuemHuka. MHoropaspsgHbie AL, Lindpposble kBagpaTtypHble
retepoauHbl (NCO -numerically controlled oscillator) u nepemHoxutenn (cmecutenu). M'pebeHyatble
dounbTpbl-geunmaTopsbl (CIC -cascaded integrator-comb). KoppekTupytowme gomnbTpbl-geunMaTopbl
C KOHEYHOW UMMynbCHOM XapakTepucTukon. MukpocxemHas peannsaums LMPOBbIX MOHMXAKOWMX
npeobpasosaTteneii (DDC - digital down converter) Ha npumepe Mukpocxem GC4016 n 1288XK1T.

npaktnyeckoe 3aHsitne (4 4aca(os)):

PaboTa ¢ uMpoBbLIM NPUEMHMKOM, COBpaHHbIM 13 cybmonyns ungposoro npuema ADMDDC4x16
v3.0 1 Mmoayns npoueccopa undposoit 0bpaboTku curHana ADP201P1 no npnemy TecToBbIxX
CWrHanoB.

Tema 6. OFDM moaynsauusi. MexcumsBonbHasi UHTepchepeHLms.
neKuMnoHHoe 3aHsiTne (2 yaca(os)):

OFDM (orthogonal frequency-division multiplexing ? MynbTunnekcupoBaHne ¢ OpTOroHasibHbIM
4aCTOTHbIM pa3feneHneM KaHanoB) Mooynsaumns kak Mmetoamka 6opbbbl ¢ 3aTyxaHnem
BbICOKO4YaCTOTHOW COCTaBNAIOWEN, CBA3aHHOM ManNoi 4aCTOTHOW NONOCOM NPOMyCcKaHWUs B ANMHHbIX
Kabensix n NPOCTbIX TENEPOHHbIX NPOBOAAX, 6€3 MCNONb30BaAHMS CNOXHbIX
JomnbTpoB-3KBanansepos. Peannsauns MHOXECTBa KaHasnioB C HU3KON CMMBOJIbHOM CKOPOCTbIO
nepenaym Kkak cnocob ocnabneHns BPEMEHHOr0 PaCCESHNS N MEXCUMBOSBHON MHTEPMPEPEHLMN
AnnapatHas peanunsauus yanos OFDM. Bnoku, peanunsyowme npsamoe n obpaTtHoe
npeobpasoBaHne Pypbe. KBagpatypHblil reHepaTop.

npakTudeckoe 3aHsitne (4 yaca(os)):

MoaenunposaHune B Matlab paboTbl y3nos, ncnonb3yowmx OFDM-nepenayy B kaHane ¢ pasnmyHbiMmn
wymamu.
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Tema 7. NomexoycTonumesoe KoguposaHue B cucremax Lucpposoun pagmo-cBa3un. ANroputmbl
KOAUpoBaHUS UH(popMaL MM ¢ npeobpa3oBaHUEM.

JIeKLMOHHOe 3aHsiTne (2 4aca(oB)):

O6wwme NPUHUMMbI MOMEXOYCTOMYMBOIrO KOAMPOBAHUS U AEKOANPOBaHNS. BBeneHne na3bbiTo4HbIX
CUMBOJIOB B nepenasaeMbli Kog. bnokosblie koabl. KoavposaHue METOLOM YKpYyNHeHUs andasuTta.
Cxatue nepenaBaemMoii MHpopMauun Ha OCHOBE pa3nnyHbix NpeobpasoBaHuii. KognmposaHue ¢
npeackasaHmem no N-todkam. KogmpoBaHue ¢ MCNonb30BaHMEM NMHENHOMO NpeobpasoBaHmst
KapyHeHa-J1oaBa.

npaktnyeckoe 3aHsitne (4 4aca(os)):

CospgaHve nporpammbl, BbIMOMHSAOWENR CXaThe MHGOPMaLMM Ha OCHOBE IMHENHOro NpeacKka3aHns
no N-toykam. Co3gaHve nporpamMmebl, BbINONHSAIOWEN KOAUPOBAHME C UCNONb30BaAHNEM TUHENHOMO
npeobpasoBaHus KapyHeHa-J1loaBa

4.3 CTpyKTypa 1 copgepxaHume caMoCTOsiITeNIbHOM paboTbl AUCUUMINHBI (MOLYNSA)

Buabi
N Paspnen Cemect Hepens | camocTosiTensHon [TPyA0eMKOCTb g%%"g:'o:‘::;'::g;
AvcuvnnuHbl pcemecha paboTbl (B yacax) 260TbI
CTYyAEHTOB P
Tema 2. [NponyckHas
cnocobHOCTb kKaHana
CBA3N. NnoAroToBka K
2.|MaTtematunyeckas 2 3-6 |[Hay4yHOMY 10 Hay4HbI ooknang,
mMogenb KaHana co aoknagny
clny4anHbIMn
napameTpamu.
Tema 4. CTpykTypa v
OCHOBHbIE CXEMbI
aHanorosblx, a Takxe MOAroToBKA K o
4. CMelaHHbIX 2 9-10 [Hay4HOMY 5 Hay4HbI Ooknan
aHanoro-ungpoBbIx foknafy
pannonprueMH1KOB
Tema 5. CtpykTypa
LMJOPOBOro NpueMHUuKa.
OCHOBHble y3nbl Ans NnoAroToBka K
5. - 2 11-12 1 Tyer
LumndppoBoit 06paboTku oTyeTy 0 oTHe
npUHMMaeMoro curHana
Tema 6. OFDM
mMoaynaums. 5 i noaroToBka K
6. MexcumBonbHas 13-15 oT4yety 10 oTHeT
NHTEpdEepeHLns.
Tema 7.
nOMexoyCTOMqMBOG noaroToBka K 4
KOOVPOBaHVE B oT4eTy oTHer
cuctemax umdopoBson
7.|panuno-casn. 2 16-18
AnropuTmbl
KOOMpOoBaHNS noaroToBka K 5 oTyerT
NHpopmauum ¢ oT4eTy
npeobpasoBaHnEM.
Ntoro 44

5. O6bpa3oBartenbHble TEXHONOIUU, BK/IHOYAA MHTEPaKTUBHbIE hOpMbl 06yUYeHUs

PernctpaunoHHbIn Homep 6

5AE
CtpaHnua 7 ns 13. i1s y]-“:[
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Mporpamma gucumnnuHel "Teopua nepenayn nHopMaLmm no kaHanam co cnyyarHbiMu napametpamu”; 03.04.03 Pannogumanka;
3aBeqyownii kadeopon, K.H. (aoueHT) AkvypuH A L.

KomnbtoTepHbIl kKnacc, npeactaensowmii coboi paboyee Mecto npenoaasaTens n He MeHee 12
paboyrx MECT CTYAEHTOB, BK/IHOYAIOLWMX KOMMbIOTEPHbIA CTOM, CTYN, MEPCOHaNbHbIA KOM-MbOTEP,
NMLEH3NOHHOE NPOrpamMmMHoe obecneyeHme.

6. OueHOYHble CpeacTBa OJ1sl TEKYLLLEro KOHTPOS yCreBaeMoCTH, NPOMEXYTOYHOMN
aTTecTauum no UToram OCBOEHUS OUCLIMMIIMHBI U y4e6HO-MeToanyeckoe obecneyeHme
CaMOCTOSITe/IbHOW paboTbl CTYAEHTOB

Tema 1. BBepeHue. OCHOBHblE MOHATUS TEOpPUM Nepenaum uHcpopmaumm. CoobLueHus,
CUrHanbl, KaHanbl CBA3W.

Tema 2. MponyckHas cnocobHocTb KaHana cBA3n. Matematnyeckas Mogenb KaHana co
cllyYyarHbIMU NapameTpaMu.

Hay4HbI/i [oKNnag , NPUMEPHbIE BONPOCHI:

OcHoBHble 3a4a4M Teopumn nepenayn nHgopmaummn. Matematmyeckas Mogenb KaHana co
cnyyaiHbiMu napameTpamm. Oblwme cBeaeHUsl 0 KaHanax CBS3u 1 Mx knaccudpmkaumm. SHTponus u
NPON3BOANTENBHOCTb MCTOYHUKA coobleHnid. KonmyecTBo nHdopmaumm, nepenaHHon no kaHany
CBSI3U.

Tema 3. LLyMbl B anekTpnyeckux cxemax. OCHOBHble METOAbl MOAYNSALMU N CPaBHEHNE UX
NMOMexXoyCTOMYUBOCTM.

Tema 4. CTPyKTypa 1 OCHOBHbIE CXEMbl aHa/IoroBbIX, a TaK)XXe CMeLUaHHbIX aHanoro-umudgpoBbIxX
paoMonpueMHUKOB

Hay4HbI/ foKnag , NPUMEPHbIE BOMPOCHI:

OCHOBHbIE CXEMbI aHANOrOBbIX MPUEMHUKOB. IpUEMHKK NPSAMOro ycuneHus. FeTepoanHHbIR 1
cynep-reTepoanHHbIA NpueMHUK. MNpueMHnk npsamoro npeobpasoBaHns. OCHOBHbIE MapaMeTpbl.
YyBCTBUTENBHOCTD, VI3bnpaTtensHocTb. MNoaaBneHne 3epkanbHOro kaHana. JuHammyeckui
ananasoH. NokasaTenn BO34ENCTBUSA NEPEKPECTHOM MOAYNALMM (BHEMONOCHbBIX CUrHAN0B) U
NHTEPMOOYNALUNOHHBLIX MoMeX. CMewaHHble aHanoro-umgpoBbie paanonpuemMHUK nm
nporpamMmHo-onpeaensemas pagunocucrtema (Software-defined radio, SDR). OcobeHHOCTM
peannzauun SDR. Undposbie cuHtezatopbl DDS (Direct Digital Synthesizer).

Tema 5. CTpykTypa undopoBoro npueMHuKa. OCHOBHbIe y3nbl ons LMdopoBoi 06paboTku
NpUHUMaeMoro curHana

OTHeT , NPpUMEpPHbIE BOMPOCHI:

CtpykTypa undpposoro npuemHuka. MHoropaspsagHbie AL, Lincbposble kBagpaTypHble reTepoanHbl
(NCO -numerically controlled oscillator) n nepemHoxutenun (cmecutenn). 'pebeHyatble
gounbTpbl-geunmaTopsbl (CIC -cascaded integrator-comb). Koppektupytowme gomnbTpbl-geunMaTopbl
C KOHEYHOWM UMMyNbCHOM XapakTepuCcTUKon. MmukpocxeMHas peanmsaums uMgpoBbIX MOHUXAKWMNX
npeobpasosaTteneii (DDC - digital down converter) Ha npumepe Mukpocxem GC4016 n 1288XK1T.

Tema 6. OFDM moaynsauusi. MexcumsonbHasi UHTepchepeHLms.
OTYET , NPUMEPHbIE BONPOCHI:

OFDM (orthogonal frequency-division multiplexing) MmynbTunnekcnposaHne ¢ OPTOroHanbHbIM
4aCTOTHbIM pa3feneHneM KaHanoB) Mooynsaumns kak Mmetoamka 6opbbbl ¢ 3aTyxaHnem
BbICOKOYaCTOTHOW COCTaBnsowWen nepegasaemMon Hgopmauum, CBA3aHHOM OrpaHNYeHHON
4aCTOTHOW NONOCON NPONYCKaHUS B ANIMHHbIX Kabensx n NpocTbiX TENedOHHbIX NpoBoaax, be3
MCNONb30BaHNS CIOXHbIX PUNbTPOB-3KBaNan3epos. Peansaums MHOXeCTBa KaHanoB ¢ HU3KOW
CVIMBOJIbHOIM CKOPOCTbIO Mepeayn kak cnocob ocnabneHns BpEMEHHOro PpacCesHNs v
MEXCUMBONbHOW HTepdepeHumn AnnaparHasa peannsauus yanos OFDM. bnoku, peanusyowue
npsiMoe n obpaTtHoe npeobpasosaHme Pypbe. KBagpaTypHblil reHepartop.

Tema 7. NomexoycTonumesoe KoguposaHue B cucremax Lucpposoun pagmo-cBa3n. Aroputmbl
KOAUpOBaHUS UH(popMaL MM ¢ npeobpa3oBaHUEM.

OTHEeT, NPUMEpPHbIE BOMPOCHI:

CxaTtne nepegasaeMoii MHpOpMaLIMM HA OCHOBE pPa3nuyHbiX NpeobpasosaHnii. KoanposaHue ¢
npeackasaHvem rno N-toukam.
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Mporpamma gucumnnuHel "Teopua nepenayn nHopMaLmm no kaHanam co cnyyarHbiMu napametpamu”; 03.04.03 Pannogumanka;
3aBeqyownii kadeopon, K.H. (aoueHT) AkvypuH A L.

OTYeT , NPUMEpPHbIEe BOMPOCHI:
KoaupoBaHue ¢ ncnonb3oBaHnem nuHeriHoro npeobpasosaHus KapyHeHa-J1oasa.
Tema . UToroeas doopma KOHTpons

[MprMepHbIe BONPOCHI K 3a4eTy:
dopma KOHTpONS - 3a4er.
Bonpocsbl k 3a4ery.

. CoobLieHuns, curHanbl, KaHasnbl CBSA3U (NMOHSATUSI U OnNpeneneHns).
. MpeobpaszoBaHune coobleHns B curHarn.

. FeomeTpusa kaHana co cnyyanHbIMy NapamMeTpami.

. KonnyecTBo nHdopmMaLmm B COOOLEHNN.

. DHepreTnyeckme noTepu B kaHanax.

. DHTPONUS N NPON3BOANTENbHOCTb UCTOYHUKA.

. Matematunyeckas monenb kaHana cBs3u.

. KonnyecTBo MHpbopmaumm, nepenaBaemMori no KaHany CBs3u.

9. MponyckHasa cnocobHOCTbL KaHana CBSA3W.

10. Obwme cBeeHNs 0 KaHanax CBsi3au U NX Knaccugoukaums.

11. OCHOBHblE CXEMbl @HANOrOBbIX MPUEMHUKOB. [PMEMHKK NPSMOro yeuneHus. F'eTepoanHHbIA 1
CynepreTepoanHHbIA NpuemMHUK. MNpremMHUK npsaMoro npeobpas3oBaHus.

12. OCHOBHblE NapameTpbl NPUEMHMKOB. YyBCTBUTENBHOCTb, N3bupatensHocTb. MonasneHue
3epkanbHoro kaHana. mHammnyeckuin onanasoH. [lokasaTtenv Bo3OeNCTBMA NePEeKPECTHON
MOLYnALUMK (BHEMOMOCHbBIX CUTHAN0B) N UHTEPMOOYNALMOHHbBIX MOMEX.

13. CMewaHHble aHanoro-ungpoBbIe PaaMONPUEMHUKIN UK MPOrpaMMHO-oNpeaensemMas
pannocuctema (Software-defined radio, SDR). OcobeHHocTn peannsaumm SDR.

14. Ungpposble cuHTesdatopbl DDS (Direct Digital Synthesizer). Oco6eHHOCTU MUKPOCXEMHOM
peannsauun.

15. CtpykTypa undposoro npuemHuka. MHoropaspsaHbie ALIM. Lincbposble kBanpaTypHble
retepoanHbl (NCO -numerically controlled oscillator) n nepemHoxutenun (cMecutenn). MpebeH4aTble
domnbTpbl-geunmatopsl (CIC -cascaded integrator-comb). KoppekTupytowme punbTpbl-geummaTopsl
C KOHEYHOW UMNYNbCHOW XapaKkTepuCTUKON.

16. MukpocxeMHas peanusaums LMdpoBbIX NoHUXawwmux npeobpasosareneri (DDC - digital down
converter).

17. OFDM (orthogonal frequency-division multiplexing) MynbTunnekcMpoBaHme ¢ OPTOroHaNbHbIM
4aCTOTHbIM pa3feneHneM KaHanoB) Mooynsaumns kak Metoamka 6opbbbl ¢ 3aTyxaHneMm
BbICOKOYACTOTHOM COCTaBNSAOWEN NepegasaemMon nHgopmaumm n MeXCMMBONbHOM
NHTepgepeHunn. AnnapatHas peanudauuns yanos OFDM.

18. KoanposaHue nHhopMaumm Ha OCHOBE NNMHEHOro npeackadaHust no N-toukam.

0O NO OB~ WN =

Bunetbl K 3a4yery.

Buner 1

1. CoobweHusi, curHanbl, KaHanbl CBA3W (MOHSATUS 1 ONPeaeneHuns).

2. CtpykTypa undgposoro npuemHuka. MHoropaspsaHbie AL, Lindbposble kBanpaTtypHble
retepoomHbl (NCO -numerically controlled oscillator) n nepemHoxuntenun (cmecutenn). I'pebeH-4aTbie

dounbTpbl-geunmatopsl (CIC -cascaded integrator-comb). KoppekTupytowme punbTpbl-geummaTopsl
C KOHEYHOW UMNYNbCHOM XapaKTepuCTUKON.

Bunert 2
1. NpeobpasoBaHne coobLEHNS B CUTHAN.

2. OFDM (orthogonal frequency-division multiplexing) MynbTunnekcnposaHue ¢ OPTOroHanb-HbIM
4aCTOTHbIM pa3feneHneM KaHanoB) Mooynsaumns kak Mmetoamka 6opbbbl ¢ 3aTyxaHneMm
BbICOKOYACTOTHOM COCTaBNAOWEN NepeasaemMon nHgopmaumm 1 MEXCUMBONbHOM
NHTEep-thepeHumn. AnnapartHas peanusauns yanos OFDM.
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Mporpamma gucumnnuHel "Teopua nepenayn nHopMaLmm no kaHanam co cnyyarHbiMu napametpamu”; 03.04.03 Pannogumanka;
3aBeqyownii kadeopon, K.H. (aoueHT) AkvypuH A L.

Bunet 3
1. [eoMeTpus KaHana co cnyyamHbiMn napamMeTpamu.
2. KognposaHue nHcopmaumm Ha OCHOBE NIMHENHOro npeackasaHuns no N-toykam.

Buner 4

1. KonnyecTtBo nHhopmaumm B CoobLeHun.

2. Ungpposbie cuHTedatopsl DDS (Direct Digital Synthesizer). Oco6eHHOCTU MUKPOCXEMHO
peannsauun.

Bunet 5

1. SHTpONUSA 1 NPOM3BOANTENBHOCTb MCTOYHMKA.

2. CMelaHHble aHanoro-ungpoBbie pagnonpueMHUKN NN NporpaMmMHo-onpegensemas
pa-anocuctema (Software-defined radio, SDR). OcobeHHocTn peannzaunm SDR.

Bunet 6

1. KonnyecTtso nHopmaumm, nepenasaemMom no kaHany CBA3u.

2. Uudpposbie cuHtesatopbl DDS (Direct Digital Synthesizer). Oco6eHHOCTU MUKPOCXEMHOA
peannsauun.

Bunet 7

1. Obwme cBeaeHUsi 0 kaHanax CBA3N 1 Ux knaccudomkaums.

2. OCHOBHble CXEMbl aHaNOroBbIX MPUEMHMKOB. IpMeMHUK NpsaMoro ycuneHns. 'etepoanHHbIN n
CynepreTepoanHHbIA NpruemMHuK. MNpremMHuK npsamoro npeobpas3oBaHus.

Bunet 8

1. Marematunyeckas Mmogenb kaHana cBasu.

2. OCHOBHble NapameTpbl NPUEMHUKOB. HYyBCTBMTENBHOCTDL, N36npaTtensHocTb. MNoaaeneHune
3epkanbHoro kaHana. uHammyeckunin guanasoH. [lokasarenv Bo3nencTems nepekpecTHOMm
MOOYNAUUN (BHEMONOCHbIX CUTHANOB) Y MHTEPMOOYNSALMOHHBIX MOMEX.

Bunet 9

1. DHepreTuyeckne noTepu B kKaHanax.

2. MukpocxeMHas peanuaaums LMgpoBbIX NoHuxatowmx npeobpasosateneii (DDC - digital down
converter).

Bunet 10

1. MponyckHasi cnocobHOCTb KaHana CBA3u.

2. OCHOBHble NapameTpbl NPUEMHUKOB. HYyBCTBMTENBHOCTDL, 36npaTtensHocTb. MNoaaeneHune
3epkanbHoro kaHana. [AuHammyeckunin guanasoH. [lokasareny Bo3oencTems nepekpecTHOM
MOLYNSUMN (BHEMONOCHbBIX CUTHANOB) Y UHTEPMOOYNSLUMOHHbIX MOMEX.

PEFNAMEHT BANNbHO-PEUTUHIOBOW CUCTEMbI MO ANCUUMANHE:
BbinonHeHue 4-x npaktmnyeckux no 10 6annos 3a kaxayto.

AKTVBHOCTb 1 pe3yNbTaTMBHOCTb YCTHOrO Onpoca B TedeHne cemecTpa - 10 6annos (Makc.)
WNtoro: 3a paboTty B cemecTpe 50 6annos (Makc.)

K ak3ameHy gonyckatoTcst CTyaeHTbl, HabpaBwue He MeHee 27,5 6annoB 3a CEMeCTP.
MakcumanbHas oueHka 3a 3k3aMeH - 50 6annos.

MakcuManbHbIi UTOrOBbIA pernamMeHT no aucuunnuHe: 100 6annos (Makc.).

7.1. OcHOBHas nuTteparypa:

1.MepwuH B. T. ®opmmpoBaHmne n reHepupoBaHe CUrHanoB B LMPPOBOI paanocea3un: YuebHoe
nocobwue / B.T. MNepwwuH. - M.: HALL MUH®PA-M; MH.: HoB. 3HaHue, 2013. - 614
http://znanium.com/bookread.php?book=405030.
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Mporpamma gucumnnuHel "Teopua nepenayn nHopMaLmm no kaHanam co cnyyarHbiMu napametpamu”; 03.04.03 Pannogumanka;
3aBeqyownii kadeopon, K.H. (aoueHT) AkvypuH A L.

2. MoanecHblid, C. A. YcTpoiicTBa npuema n 06pabotky curHanos [OneKTpoHHbI pecypc] : Yueb.
nocobue / C. A. MoanecHbiin, d. B. 3aHaep. - KpacHosipck : Cnb. doenep. yH-T, 2011. - 352 c.
http://znanium.com/bookread.php?book=441113.

3. ObskoHoB, B. . 'eHepauns n reHepatopbl CUrHANOB [SNeKTPOHHbIN pecypc] / B. . LbSKOHOB. -
M.: MK Tpecc, 2010. - 384 c., un. - ISBN 978-5-94074-493-1. http://e.lanbook.com/view/book/892/

7.2. JlononHuTenbHasa nuteparypa:

1. CeprueHko A. b. Lndpposas obpaboTtka curHanos: y4eb. nocobue. - 3-e naa. - Cl6.:
BEXB-leTtepbypr, 2011. - 768 ¢. URL: http://znanium.com/go.php?id=354905

2. b.W.lWaxtapuH. Cny4arHble npouecchl B pagunotexHuke. Yactb1. JinHenHble cuctemol. M.:Pagno
n ceA3b, 2002. 568c.

3. A.C.Kotoycos. Teopus nigpopmaumm. M.:Paguno n cea3b, 2002. 80c.

7.3. UHTepHeT-pecypcChbl:

Pagwonektopuin (MeTtoabl 1 yCTPOMNCTBA NpUemMa CUrHanos) -
http://www.radioforall.ru/2010-01-17-19-37-41

ctatbs "ABTOHOMHbIV SDR nprémnuk Ha MJINC" - http://habrahabr.ru/post/237859/
Cratbs B XypHane - http://www.electronics.ru/files/article_pdf/0/article_845_71.pdf
ctatbs "oyemy B WiMax u LTE ncnonesytor OFDM" - http://habrahabr.ru/post/129101/

Cybmonynn umngpposoro npuema ADMDDC4x16 v3.0 -
http://www.insys.ru/products/ddc/admddc4x16v30

8. MarepumanbHo-TexHU4YecKoe obecrneyeHne oUCLUAMIUHbBI(MOOYNS)

OcBoeHune oucumnnuHbl "Teopurs nepenadn MHopMaLum rno KaHanam co cry4anHbIMu
napameTpamn" npeanonaraeT UCMoNb30BaHNe CleayloWero MaTepunanbHO-TEXHNYECKOro
obecneyeHuns:

KomnbtoTepHbIl kKnacc, npeacraensowmii coboi paboyee Mecto npenogasaTtens n He MeHee 15
paboymx MECT CTYAEHTOB, BK/IOHAIOLWMX KOMMbIOTEPHbIN CTON, CTYN, NEPCOHANbHbIA KOMMbLIOTEP,
NMLEH3NOHHOE NporpaMMHoe obecneyeHre. Kaxablii KOMAbIOTEP MMEET WNPOKOMONOCHbBIA JOCTYN B
ceTb NHTepHeT. Bce koMnbioTepbl NOAKNOYEHbI K KOPNOPaTMBHON KOMMbioTepHON ceTn KDY n
HaxoO4sTCs B €4MHOM OOMEHe.

YyebHo-meToamnyeckas nutepatypa ons 4aHHOW OMCUMNAVHBI UMEETCS B HANNYUN B
3NEeKTPOHHO-bnbnnoteyHom cucteme "ZNANIUM.COM", pocTyn K KOTOPOW NpenocTaBeH CTydeHTaM.
9BC "ZNANIUM.COM" conepXuT Npon3BeneHns KPpynHERLWNX POCCUACKNX YYEHBIX, PYKOBOAMTENEN
rocynapCTBEHHbIX OpPraHoB, Npenoaasartenein Beaylwmnx By30B CTPaHbl, BbICOKOKBANMGMLMPOBAHHbBIX
crneumanncToB B pas3nnyHbix cdoepax busHeca. PoHO 6MbnnoTekn coopMmMpoBaH C y4eTOM BCEX
N3MeHEeHNn 0bpa3oBaTeNbHbIX CTAHOAPTOB M BKNOYAET Y4ebHuKM, y4ebHble nocobus, YMK,
MOHOrpadoun, asTopeddeparthbl, AMccepTauum, aHUMKIoNeann, CNoBapu 1 CIPaBOYHUKN,
3aKOHO4aTEeNbHO-HOPMATMBHbBIE [OKYMEHTbI, CreunanbHble Nepnoanyeckne N3naHns n n3naHns,
BbiNyckaemble nanarenncteamm By3oB. B HacToswee Bpems O95C ZNANIUM.COM cooTBeTcTBYET
BCeM TpeboBaHNSM doefepanbHbiX rocynapCTBEHHbIX 06pa3oBaTe/bHbIX CTaHAAPTOB BbICLIErO
npogoeccrnoHanbHoro obpasosanust (PrOC BIO) HoBoro nokoneHus.

YyebHo-MeToan4eckas nutepartypa ans 4aHHOW ONCLMMNINHBI UIMEETCS B HAIMYUN B
3NEeKTPOHHO-6MbNMoTEeYHO cucteme Mapatennctea "flaHb" , 4OCTYN K KOTOPOW NPenocTaBeH
ctyneHTam. ObC MN3patenbctia "MlaHb" BKOYAET B ceOS 9NEKTPOHHbIE BEPCUMUN KHUI U3[ATENBCTBA
"IlaHb" 1 opyrnx Beaywmux n3natenbcTB y4ebHoM nuTepartypbl, a TakXe 9NeKTPOHHbIE BEpCUmn
nepuoanyecknx N3aaHuim no eCTeCTBEHHbIM, TEXHUYECKNM U r'yMaHuTapHbiM Haykam. 9bC
N3patenbcTBa "/laHb" 0becneunBaeT LOCTYN K HAy4YHOI, y4ebHON nnTepaType 1 Hay4HbIM
nepuoanyeckmm n3gaHnsm no MakCrmMarbHOMY KONMMYECTBY NPOCUIbHbBIX HanpasneHnin ¢
cobnoaeHneM BCEX aBTOPCKUX U CMEXHbIX NPaB.
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Mporpamma gucumnnuHel "Teopua nepenayn nHopMaLmm no kaHanam co cnyyarHbiMu napametpamu”; 03.04.03 Pannogumanka;
3aBeqyownii kadeopon, K.H. (aoueHT) AkvypuH A L.

PesynbTatbl BEpTMKaNbHOro 30HAMPOBaHNS Ha MOHO30HAe LinknoH B BUOe noHorpamm.
Lindpposon pagnonpmuemHmk
Mporpamma cocTtasneHa B cootBeTcTBum ¢ TpeboBaHnsmm ®rOC BINO 1 y4ebHbIM nnaHoM no

HanpasneHuo 03.04.03 "Paguoduamka” n Marmctepckom nporpamme SneKTpoMarH1UTHbIE BOMHbI B
cpepnax .
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ABTOpP(bI):
AxuypuH A L.
S 201 __r.

PeueH3eHT(bl):
KopyaruH I".E.
v 201 __r.
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