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1. O01mue moJI0:KeHus
1.1. lean AUCHUIIHHBI

1. U3ydenue cryneHTaMu 0COOEHHOCTEH MOCTPOSHHS U IPUHIIMIIOB paOOTHl COBPEMEHHBIX CEeTeH 1
cucreM MobOunbHOU cBA3u (CMC); u3yueHue METONOB pacyeTa YaCTOTHOTO IJIaHa, MapaMeTpoB
MIPOIYCKHOM CIOCOOHOCTH M SHEPreTUUECKUX MapaMeTpoB MpueMo-nepenatomieii anmaparypst CMC.

1.2. 3agauy AUCHUILIUHBI

1. ObyueHue CTyI€HTOB KOMIUIEKCHOMY TE€XHHYECKOMY MBILIIJIEHUIO Ha MpuMepax pazbopa
MPUHIIUTIOB TOCTPOEHUSI U paboThl coBpeMeHHBIX ceTelt 1 CMC; o3HakKOMJIEHHE CTYJAEHTOB CO
cranmapramMmu B obOnactu coBpeMeHHBIX ceTteid u CMC; ¢opmupoBanue mpodecCHOHAIbHBIX
KOMITIETEHIIMI M0 HAaIpaBJICHUIO MOATOTOBKH.

2. MecTo aucuuninnsl B crpykrype OIIOIT

bnok nucuunnun: b1. ucuumiunasl (Moayan).

Hnnexc auciumumnasl: b1.B.J1B.01.01.09.

PeanusyeTcs ¢ mpuMEHEHHEM SJIEKTPOHHOTO OOy4YeHUs, JUCTAHIIMOHHBIX 00pa30BaTEIbHBIX
TEXHOJIOTUM.

3. Hepeqeﬂb IJIAHUPYEMBIX PE3YyJbTaTOB Oﬁy‘lel-[]/lﬂ no JTMCUMIIJIMHE, COOTHECCHHBIX C
HHAUKATOPpaAaMH J0CTUKCHUSA KOMIIeTeHIInii

[Iponecc u3ydeHuss TUCIUTUTMHBI HANpaBieH Ha GOPMHUPOBAHUE CIEAYIONIUX KOMIICTCHIIUHA B
cootBercTBUU ¢ ®I'OC BO 1 ocHOBHO# 00pa3oBaTeabHOM mporpaMmoi (Tadsmma 3.1):
Ta6mmma 3.1 — KoMneTreHInu 1 HHAUKATOPBI UX JOCTHIKEHUS

NHaukaTopel TOCTHKEHUS [Inanupyemble pe3yabTaTbl 00yUeHUs 10
Komnerenuus
KOMIIETCHIIUH JUCLUTIIINHE
YHuBepcaabHbIe KOMIIETCHIIUH
Ob0menpodeccuoHanbHbIe KOMIIETEHIIUN
IIpo¢eccuonaibHble KOMIIETEHIIUH

[1K-2. Crrocoben [1IK-2.1. 3HaeT MeTOOBI [Ipumensier MeToIbl pacyeTa u
BBIIIOJIHATH PAcyYeT U pacuéra ¥ IPOCKTUPOBAaHUS  |IPOEKTUPOBAHUSA ACTANIEH, Y3JI0B H yCTPOUCTB
MPOEKTUPOBAHUE JIeTaJIel, y3JI0B U YCTPOMCTB | paJlO3JIEKTPOHHON anmnapaTypbl B
3JIEMEHTOB M YCTPOUCTB |PaZnOdJIEKTPOHHON COOTBETCTBUU C TEXHUYECKUM 3aJlaHUEM, B
MH(POKOMMYHUKAIIMOHH |aNaparypsl TOM YHCJIE C UCIIOIL30BAHUEM CPEACTB
bIX CUCTEM B aBTOMAaTHU3ALMH IPOCKTUPOBAHUSA
COOTBCTCTBUU C ITK-2.2. Ymeer paccuntbiBaTh | CIOCOOEH PacCUUTHIBATH U IPOEKTUPOBATH
TCXHUYCCKUM 3aJJaHUCM, |1 IPOEKTUPOBATH y3JIbI U y3IIbl U YCTPOUCTBA PaJUOTEXHUYECKUX
B TOM 4HCJIE € YCTpOWCTBA CHCTEM B COOTBETCTBHUH C TEXHUYECKUM
HCIIOIb30BAHUCM paguoOTEXHUYECKUX CUCTEM B |3aJaHUEM C IIPUMEHEHUEM CPEACTB
CpPEICTB aBTOMATU3AlNHU | COOTBETCTBUHU C 3aJaHHBIM aBTOMAaTH3UPOBAHHOI'O IIPOCKTHPOBAHMA
IPOCKTUPOBAHHUA TEXHUYECKHUM 3aJaHUEM C

IIPUMEHEHUEM CPEICTB

aBTOMAaTHU3UPOBAHHOTO

IIPOCKTUPOBAHUSA

[1K-2.3. Bnaneet HaBbIKam Hcnosnb3yeT HaBbIKK pacyéra u

pacd€ra ¥ POCKTUPOBAHUS  |IPOEKTUPOBAHUS JETAJCH, Y3JI0B U yCTPOUCTB

JleTaneu, y3JI0B U yCTPOUCTB | paMOTEXHUYECKUX CUCTEM B COOTBETCTBUH C

PAaIUOTEXHUYECKUX CUCTEM  |TEXHUYECKHUM 3aJaHUEM, B TOM YHCIIE C

HCIIOJIb30BAaHUEM CPECTB aBTOMATU3ALIUU
IIPOCKTUPOBAHUS.
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[TK-3. Cniocoben [1K-3.1. 3naer meToabl U [IpuMeHsieT METOIbI U TIPUEMBI PACYETOB TIO

IMPOBOAUTDH pPaCYCTHI I10 IMPUECMBbI paCdYCTOB I10 IMPOCKTaM 6CCHpOBOILHI>IX cerel CBA3U, B TOM
MPOEKTY CETEU 1 MPOEKTAM CETEN CBSA3HU YHUCIIE C UCTIOJIb30BAHUEM CPEICTB
CpCaAcCTB aBTOMaTu3alluu MPOCKTUPOBAHUA
MH(QOKOMMYHHMKAIHMA ¢ |[TK-3.2. Ymeer Crioco0GeH aHaTu3MpOoBaTh MPEUMYIIECTBa U
HCTI0JIb30BaHUCM aHAJIM3UPOBATH HEJIOCTAaTKW BApUAHTOB MPOEKTHBIX PEIICHUIA
CTaHIAPTHBIX MCTOJIOB, | peUMYIIECTBA U HEAOCTATKH |TIOCTPOCHHS OECTIPOBOIHBIX CUCTEM CBSI3U
HPpUEMOB U CPEIACTB BApHAHTOB MPOEKTHBIX
aBTOMAaTU3alUUu pELIEHU TOCTPOCHUS CUCTEM
IIPOCKTUPOBAHUS CBS3U
[1K-3.3. Bnaneet HaBbikamu | Vcmosbp3yeT HaBBIKU cOOpa UCXOTHBIX
cOopa UCXOTHBIX TAHHBIX, JAHHBIX JIJ15 pa3pabO0TKH MPOESKTHON
HEOOXOUMBIX JIJIS JIOKYMEHTAIIMU TIOCTPOSHUST OECTIPOBOTHBIX
pa3paboTKu MPOEKTHOM CHUCTEM CBS3U

AOKYMCHTallUU JJIA
MMOCTPOCHUSA CUCTEM CBA3U

4. O0beM IMCUMIIMHBI B 3249€THBIX eJHHULIAX C YKA3aHHEM KOJIHYeCTBA AKA/leMH4YeCKHUX 4aCOB,
BbIICJICHHBIX HA KOHTAKTHYIO pa0d0oTy 00y4aromuxcsi ¢ nNpenoaaBarejieM
H Ha CAMOCTOSITEJIbHYIO padoTy 00y4aromuxcst

OO01mmast TpyA0€MKOCTh JUCIUTUIMHBI COCTABISAET 4 3a4eTHBIX eUHUIL, 144 akageMHUeCKUX 9acoB.

Pacnpenenenue Tpya0eMKOCTH TUCHUILIAHEI 110 BUAAM Y4EOHOU JEATEILHOCTH MPEICTABICHO B
tabmute 4.1.

Ta6ymmna 4.1 — Tpy10eMKOCTh AUCITUIUIMHBI 110 BUJAAM YU4COHOM JIeITeIbHOCTH

Beero  |Cemectpsl
4JacoB |7 ceMecTp

Bunbl yueOHOIl esTenbHOCTH

KonTakTHas aynuropHasi padoTa o0y4aroumuxcs ¢ npenojaaBarejieM, BCero 78 78
JIeKk1IMOHHBIE 3aHATUSA 26 26
[TpakTHueckue 3aHITHS 36 36
JlaGopaTopHblie 3aHATHS 16 16
CamocrosiTeibHas padoTa 00y4alOMIUXCsH, B T.4. KOHTAKTHasI 30 30
BHEayIUTOPHas padoTa 00y4yarommxcs ¢ NpenoaasarejieM, BCero
[ToaroroBka Kk TECTUPOBAHUIO 22 22
[ToaroroBka k 1abopaTopHOii paboTe, HAITMCAHUE OTYETA 8 8
IHoaroroBka u caavya 3K3aMeHa 36 36
OO0mas Tpy10eMKOCTh (B yacax) 144 144
Oo0wmas TpyroeMkocTh (B 3.€.) 4 4

5. CTpykTypa u cojep:kaHue TUCHHUIIMHBI
5.1. Pa3znennl (TeMbl) JUCUMILIMHBI M BUJbI Y4€OHOM 1eITeJIbHOCTH

CTpykTypa TUCHUIUIUHBI MO pas3jenaMm (TeMaMm) W BUJaM y4eOHOU JesTeTbHOCTH MPUBEICHA B
tabiuue 5.1.
Ta6mmma 5.1 — Paszyens! (TeMbl) TUCIMILIMHBI M BUABI YICOHOH ACATEIHHOCTH

Jlek. Cawm. Bcero
[Ipak. | JIa0. dopmupyembie
HasBanus pasnenoB (Tem) IMCUUILIAHBL | 3aH., pab., | gacos (6e3
3aH., 4| pao. KOMITETEHIINH
q 9 | DK3aMeHa)
7 cemecTp
1 Ucropus pasButus cereit u CMC. 2 - 4 4 10 [1K-2, TIK-3
Mertoapl MHOKeCTBEHHOTO AocTyna B CMC
2 O6mue npuHIUIbl moctpoernss CMC 2 - - 2 4 [1K-2, T1K-3
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3 Mopenu npejcka3aHusi ypoBHS CUTHaja 2 8 - 2 12 [TK-2, T1IK-3
st CMC
4 YacTOTHO-TEpPUTOPHUATILHOE 2 - - 2 4 [1K-2, T1K-3
manupoanue CMC
5 Tpaduxk u eMkocTh coToBEIX CMC. 4 8 - 2 14 I1K-2, TIK-3
Y CTOMYUBOCTD CBS3U
6 MonynaTopbl pa3InyHbIX BUJIOB 2 4 4 6 16 [1K-2, TIK-3
(POBOH MAHUITYJISIIUN U UX KOTEPCHTHAs
Y HEKOTE€pEeHTHas JeMOTY IS
7 Pacuet nununit CMC nipu 3a1aHHOM 2 10 - 2 14 I1K-2, IIK-3
KauecTBe
8 Cospemennbie TexHosorun CMC: OFDM, | 4 - 4 4 12 I1K-2, ITK-3
COFDM, OFDMTDMA, OFDM-FDMA,
OFDMA, SC FDMA (DFTSOFDM),
MIMO, MU-MIMO, MU MIMO
Beamforming
9 PannocBsizb Ha OCHOBE IIIYMOTIOI00HBIX 4 4 4 4 16 [TK-2, T1IK-3
curianoB. MHoxxecTBeHHbIN 1octyn CDMA
10 Cucremsbl nepCOHAIBHON CITy THUKOBOM 2 2 - 2 6 [1K-2, T1K-3
CBS3U

Hroro 3a cemectp| 26 36 16 | 30 108

Utoro| 26 36 16 | 30 108

5.2. Conep:xanue pa3esnoB (TeM) TUCHUNINHBI

Coneprxkanne pa3iesoB (TeM) TUCHUTUIAHEI (B T.4. IO JIEKIHUSIM) MPUBEICHO B Ta0wmIe 5.2.
Tabmuna 5.2 — Coneprkanue pa3zienos (TeM) TUCHUILIMHEI (B T.4. IO JEKIHUSIM)

CMC. Metoasl
MHO>KECTBEHHOT'O JIOCTYTIA B
CMC

2G, 2,5G, 2,75G, 3G, 4G, 5G, 6G.
MHOKECTBEHHBIE 1OCTYIIBI C YaCTOTHBIM
(FDMA), c BpemennsiM (TDMA), ¢
kon0BbIM (CDMA) paznenenuem
KaHaJIOB.

CoBMeleHHbIE MHO)KECTBEHHBIE

JOCTYTIBI
(FDMA/TDMA, FDMA/CDMA).

HazBanus pa3aenos (Tem) ConeprxaHue pas3zesnos (Tem) riﬁzgngﬁngeb dopmupyembie
JUCTIATLTAHBI JTUCIUILIAHBI (B T.9. TIO JICKITUSIM) sansTHs), T KOMTICTCHIIUN
7 cemecTp
1 Uctopus pa3sutus cetedt u |Iloxonenus CMC: 1G, 2 [1K-2, TIK-3

HUroro
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2 O061mue NpUHLUIIBI
noctpoenuss CMC

Certu ¢ MakpoCOTOBOM, MUKPOCOTOBOM 1
IIUKOCOTOBOM CTPYKTYpOu. Buibl
craniuit cetu: neHtpaipHas (L[C),
6azoBas (bC), moounsHas (MC).
[{eHTpBpl KOMMYyTaMX NIOIBUKHOM
cBsi3u. LleHTpe! ynpasiaenus u
oOciyxuBaHusl. AyTeHTuuKanus,
XJHJIOBEP, POYMUHT a0OHEHTA B
CMC.Buzsl yciyr, IpeJoCTaBIsIEMBIX B
ceTsix CMC.

TIK-2, TIK-3

HUroro

3 Mopaenu npeackazaHus
ypoBHs curHana aist CMC

Oco0eHHOCTH pacIpOCTPAHEHHS
PaZMOBOJIH IPU PA3JIIUYHOM perbede
MECTHOCTH. BBICTpBIE U MeTIEHHbIE
3aMHUpaHUsl curHania npu asuwxeHnn MC.
Monenu Okamypsbl, Okamypbl-Xata u
Yondumra Ukeramu no npeackazaHuio
YPOBHS CUTHaJa B OOJIBIINX U MaJIbIX
coTax.

I1K-2, ITK-3

Hroro

4 YacToTHO-
TEPPUTOPHATEHOE
mianupoBanue CMC

BuyTpucuctemMHast 31eKTpoOMarHuTHasI
coBmectuMocth (OMC) CMC nepBoro u
BTOpOro Buja. YactoTHoe
TIaHupoBaHue it ooecneuennst OMC
CMC nepsoro Buaa. [1nansl yactor
paznmuunbix CMC. TepputopualibHOE
mianupoBanue. Knacrep u ero
Pa3MepHOCTh, YACTOTHBIE TPYIIIIBI
kiactepa. [Tapamerp «Signal
Interference Ratio» (SIR), ero pacuer.
CekTopupoBaHue COT AJIsi 00eCTieueHUs
OMC BTOpOTO BUAA.

I1K-2, ITK-3

HUroro
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5 Tpaduk u eMKOCTh COTOBBIX
CMC. YCcTOHYHBOCTD CBSI3U

[onstue Tpaduka. Pacuer OCHOBHBIX
napaMeTpoB TpaduKka ceTH: cpeaHen
WHTEHCUBHOCTH BBI30BOB, CpEIHEMN
MPOAOKUTENILHOCTH 00CTYKUBaHHUS,
CpenHel MHTEHCUBHOCTH Tpaduka.
Monens Dpnanra B ¢ oTkazamu aiis
OlleHKH eMKocTH oHON bC n
nojcucteMmbl BC. Onenka paauyca coTsl
Ha ocHoBe Tpaduka bC u mmoTHoCTH
aboHeHTOB. O1ieHKa yCTOWYMBOCTH
CBSA3U MEXY

MoompHBIME aboHeHTamMu CMC ¢
Y4E€TOM MEJICHHBIX 3aMUPAHUIA
aguocurHana ussa ">¢dexra renu".
OueHka paauyca coThl 03 yuera
ME/UICHHBIX 3aMUPAHUI paJuoCUrHaia.
OreHka paamyca COTbl C y4€TOM
ME/UICHHBIX 3aMUPAHUI paJuoCcUrHaia.
Metozast 60pb0BI ¢ OBICTPHIMU
PEJIEEeBCKUMU 3aMUPAHUSIMH.

TIK-2, TIK-3

Hroro

6 MoynsaTopsl pa3mMyHbIX
BUJIOB TG POBOH
MaHUMYJISIIHA U UX
KOTepEHTHAs U
HEKOT'epEeHTHAs JeMOIYJISIUs

JuddepennmanbHas (OTHOCUTEIIBHAS)
OuHapHas (pa3zoBasi MAHUITYJISIIHS
(DBPSK). IlpuuuHsl u yctpaneHue
"oOpaTHOI1 paboTHI" pHU MpUEME.
OcobeHHOoCTH: KBaIpaTypHOH (a30BoOi
manumnyssian (QPSK); QPSK co
cmemennem (OQPSK);
muddepennnanpaoit QPSK (DQPSK);
mudepeHnnanbHON KBaapaTypHOU
¢a3oBoil MaHumyIALUH cO caBurom 11/4
(IT/4 QPSK); manunynsmuuu ¢
MHUMaIBHBIM ciBUTroM (MSK);
rayCCOBCKOM MaHUMYJISINH C
MuUHUMaNbHBIM caBurom (GMSK) npu
ucnons3oBanus B CMC GSM-2G.
KBanpatypHast aMIuTyiHas
moayisiiust (QAM). Korepentnast u
HEKOTEPEeHTHAs AEMOMYJISIIHS
paavoCUTHANOB ¢ IU(pOBOH
MaHMITYJIALUEN.

Cxembl KocTaca 17151 KBa3UKOT€peHTHON
JIEMOJTYJISIIUH PaJUOCUTHAIIOB C

U (HPOBOM MAHUITYIISITUCH.

I1K-2, ITK-3

Hroro
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7 Pacuer nmuuuiit CMC nipu
3aJJaHHOM Ka4ecTBe

[psmoit (Downlink) u oGpaTHbIit
(Uplink) xanans! cBs3u CMC. Onenka
YYBCTBUTEIBHOCTH aHAJIOIOBBIX U
udpoBsix npueMHIKOB MC u BC ¢
y4€TOM BHELIHUX U BHYTPEHHHUX LIYMOB
IpU 33/1aHHOM Ka4ecTBE CBS3H.
YpaBHeHue HUPPOBOIL CBS3U NPU
Pa3IMYHBIX BUIaX MaHUYJISIINN.
[TpomyckHast cnocoOHOCTB LIU(POBOTO
kaHana cBsa3u. [lonoca 06paboTku 1o
Haiiksucty. IIpenen [llennona.
Ouepreruueckas 3¢ (HeKTUBHOCTD
Pa3IMYHBIX BHJIOB MAHUITYJISLIUHN U
XapaKTePUCTUKU BEPOATHOCTH OLIUOOK
Ha OuT npu Bo3aerictBun AWGN.
ITonoca yacToT paguOCUTHAJIOB 110
HEePBOMY JIENECTKY U 3(PPEeKTUBHOCTh
UCTIOJIb30BaHMS PAJUONOIOCH IPU
Pa3IMYHBIX BUAAX MAHUITYJISALUH.
VYpaBHeHHe cOanaHCUPOBAHHON
nymiekcHor paauocsssu (YCIP),
CBSI3BIBAIOLIEE BCE MTAPAMETPHI
npuemonepeaatoniei annaparypsl bC n
MC, a Takke 3aTyxaHue paJuoOBOJIHEI B
kaHane cBs3u. McnonwszoBanue YCJIP u
mozeneit Okamypbl-Xata (1151 pa3HbIX
MECTHOCTEM) /It pacyeTa
MaKCHUMaJIbHOM JalbHOCTH CBSA3U
Uplink-kaHana u3-3a orpaHu4e€HHOM
MorntHocTH nepeaaTurka MC.

TIK-2, TIK-3

Hroro
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8 CoBpeMEeHHbIE TEXHOJIOTHH
CMC: OFDM, COFDM,
OFDMTDMA, OFDM-
FDMA, OFDMA, SC FDMA
(DFTSOFDM), MIMO, MU-
MIMO, MU MIMO
Beamforming

TexHon0rust ¢ OPTOrOHAIBHBIM
YaCTOTHBIM pa3/ielieHHEM KaHaJIOB
(OFDM).

®opmupoatenr OFDM-
PaIMOCUMBOJIOB C ITUKIUIECKUM
npedukcom (LII1) u

MHO>KECTBOM IMOAHECYIITUX B BEpXHEH
OOKOBOH MMOJIOCE C UCTIOJIb30BAHUEM
IpeIBapPUTEIHHOTO aMILIUTYTHO-
dazoBoro koaepa (ADK), oOpaTHoro
JTUCKPETHOTO npeobpazoBanus Oypbe
(OI1®) u kBapaTypHOTO MOAYIATOPA.
JocrounncrTea u Hemoctatk OFDM-
paauocurHaia. BapuaHTbl TEXHOJIOTUI
Ha ocHoBe OFDM: COFDM, OFDM-
TDMA (WAP Wi-Fi 2-5), OFDM-
FDMA, OFDMA. Ocobennoctu
ucnoias3oBanus Texnonoruu OFDMA B
WAP Wi-Fi 6,7,8. Ocobennoctu
ucnosib3oBanus Texuonorun OFDMA B
Downlink-kananax CMC LTE-4G u
NR-5G (pecypcHble 0J0KH, pecypCHbIE
JJIEMEHTBI, KOJIMYECTBO TOTHECYIIIHX,
pasmep OAIID). TexHomorus ¢
YaCTOTHBIM Pa3eJIeHUEM KaHAJIOB U
onHoit Hecymeit — SC-FDMA (unu
pacnpenenennas OFDM ¢ auckpeTHbIM
npeodpazoBanueM Oypre — DFT-
SOFDM), ucnons3yemas B Uplink-
kananax CMC LTE 4G u NR 5G. Ee
JIOCTOMHCTBO B cpaBHeHUU ¢ OFDMA.
TexHOoJIOrus MHOTOAaHTEHHOM CBSI3U U €€
dbopmars! (SISO, SIMO, MISO, MIMO).
Texnonoruu
«TPOCTPAHCTBEHHOBPEMEHHOTO
koauposanus» (MIMO-STC) u
«MPOCTPAHCTBEHHO-YACTOTHOTO
koaupoBanus» (MIMO-SFC) ¢
HCIOJIb30BAaHUEM QJITOPUTMA
(npunnuma) Anamoytu. TexHomorus
MU-MIMO.

Texnonorus MU-MIMO-Beamforming,
ucnonb3yemas B Wi-Fi 5,6,7,8, LTE 4G,
NR-5G.

TIK-2, TIK-3

Hroro
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9 PagnocBs3b Ha OCHOBE
ITYMOIIOTI00HBIX CUTHAJIOB.
MHOK€eCTBEHHBIN JOCTYII
CDMA

Koaddument pacmmpenus crexkrpa
(SF — Spreading Factor) ummynbscHOTO
(6uTOBOrO) CUTHAJA U €TO CIEKTP.
CriekTp 1rymMorno100HOTO pagroCcUrHaia
(LLIITP). Metoas! popmupoBanus HIITP:
METOJ1 «IPSIMOM MOCJIEI0BATEIBLHOCTH
(DS — Direct Sequence); meTon
«ckaukoB 1o yactore» (FH — Frequency
Hopping). CtpykTypHas cxema
nepenatunka ¢ BPSK u
dbopmupoanuem LIITP meromom DS.
ABTtokoppesnsiunonHas GpyHkus (AKD)
3HAKONEPEMEHHBIX MEPUOANUECKUX
TMICEBA0CTyYatHBIX
nocnenosatenbHocTel (I1CIT).
[TocnenoBaTenpHOCTH XaddpmeHa,
T'onma, Kaccamu, ux cBoiicTBa.
Arnepuonyeckue rnocie10BaTeIbHOCTH
bapkepa. [lubpossie aBTomaTs! (L[A)
qutst renepanuu TICIT mro60it 1rHBL
Vupasnsemas «macka» B LIA nis
TeHEPALMH CIBUHYTOM 110 BPEMEHHU
pemuku IICII. CTpyKTypHBIE CXEMBI
KOPPEJIALIMOHHOTO IPUEMHUKA: C
o6paboTtkoii LIITTP Ha BEICOKOI yacToTe;
¢ obpabotkoii IIITP Ha ypoBHE unnoBoi
[1CII ¢ HakomieHneM. ACUHXPOHHBIN
MHOXECTBeHHBIN noctyn nmpu CDMA —
BbIJI€JICHUE B IPUEMHUKE MIOJIE3HOTO
CUTHAJIa U3 MHOXECTBA IPUHSITHIX
CUTHAJIOB, TIEPEIaHHBIX MTepeaaTInKaMu
HA OJIMHAKOBBIX HECYILIUX YACTOTAX U3
pa3HbIX reorpapuueckux MecT U
3aKOIMPOBAHHBIX HEOPTOTOHATHHBIMU
[ICII. OproronanbHbie (QYHKIIHH
Yomma,

dbopmMupyembie Ha OCHOBE MaTPHUIIBI
Anamapa, ux cBoicTtBa. Mcnonp3oBanue
JMHEWHOTO BECOBOT'O CIIOKEHUS

U POBBIX TOTOKOB B MEPEAATUUKE MPU
MYJIBTUIIEKCHPOBAHUN MHOTHUX
KaHaJIOB CBsA3U. CUHXPOHHBIN
MHOeCTBeHHbIN foctyn npu CDMA —
paszieJIeHue MHOTHUX TOJE3HBIX
CUTHAJIOB, 3aKOJJUPOBAHHBIX
OpPTOTOHATBHBIMU
CUHXPOHU3UPOBAHHBIMH (PYHKLIUSIMU U
NepPeIaHHbBIX OJHUM TePeIaTINKOM Ha
OJIHOM Hecylel yacrore. JlocTonHcTBa
Y HEJI0CTAaTKH PaJNOCBI31 HA OCHOBE
LTIP.

TIK-2, TIK-3

Hroro
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10 Cucremsl nepcoHanbHOi  |OpOUTHI UCKYCCTBEHHBIX CITyTHUKOB 2 I1K-2, ITK-3
CITyTHUKOBOU CBS3U 3emun (MC3).: LEO; MEO; HEO; GEO.
I'moGanbHas cBs3b uepe3 MC3, 30HbI
oOciykuBaHMsI. XapaKTePUCTUKU
CUCTEM
Iridium, Globalstar, Starlink.
Oco0GeHHOCTH pacIpOCTpaHEHHUS
pazvoBOJIH B
CIIyTHUKOBOM pajiroKaHaie. MeTobl
noBeimeHus eMmkoctu CMC.
I'mobanbHas
uHpopmaronHas cucrema (I'MC),
mecto Poccun B T'UC.
Hroro 2
Uroro 3a cemectp 26
Hroro 26
5.3. llpakTuyeckue 3aHATUSA (CEMUHAPDI)
HanmeHoBaHMe MpaKTHUECKUX 3aHATHIA (CEMUHAPOB) MPUBEACHO B TabuIe 5.3.
Tabmmma 5.3. — HaumeHnoBaHue MpakTUYECKUX 3aHATHH (CEMHUHAPOB)
HasBanus pasznenos HanmenoBanue npaktudeckux 3aHatuii | TpynoeMkocts, | @opMupyemble
(TeM) TUCHUTLITUHBI (cemuHapoB) q KOMIIETCHIIUU
7 cemecTp
3 Monenun Mopenu npenckasaHusi ypoBHs 8 I1K-2, TIK-3
IIpeJICKa3aHys YPOBHS |CHUTHaJIa JJI pacueTa 30H
curHana g CMC oOcity>xnBaHus 0a30BBIX CTAHIIMN
CMC
Hroro 8
5 Tpaduk 1 eMKOCTh CMC: tpaduk, eMKOCTh, YCTOMYMBOCTH 8 ITK-2, TIK-3
cotoBeix CMC. CBS3U
Y CTONYNBOCTD CBA3U Htoro 8
6 Monynaropbl MeTto1bl MaHUITYJIALUN TU(PPOBOI 4 [1K-2, TIK-3
Pa3JINYHBIX BUJIOB paarocBa3u (MX 0COOEHHOCTH U pacyeT
1 poBor HIMPUHBI CIIEKTPa paAHUOCUTHAJIA IpU
MaHUTYJISIIAN 1 HX pa3nu4HBIX BUAax mudpoBoit
KOI€pEHTHAs U manunyssiuu: BPSK; QPSK; OQPSK;
HEKOTepEeHTHAasI I1/4 QPSK; MSK; GMSK; QAM; OFDM;
JEMOAY AL SCFDMA)
Htoro 4
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7 Pacuet nuanit CMC  |YyBCTBUTENBHOCTH aHAJIOTOBBIX U 10 [1K-2, TIK-3
NpY 33JJaHHOM Ka4yecTBe | IM(POBBIX MPUEMHBIX YCTPOICTB (OLIEHKA
YYBCTBUTEJIbHOCTU aHAJIOTOBBIX U
mdpossix mpueMHukoB MC u BC ¢
y4eTOM
BHEIIIHUX ¥ BHYTPEHHHUX IITYMOB IPU
3a/laHHOM KaueCTBE CBS3H; YpaBHEHHE
U(POBOH CBSI3U MPHU PA3TMIHBIX BUIAX
MaHUIYJISUH; T10J0ca 00paboTKHU 1O
HaiikBucry).Onepreruueckas u
creKkTpanbHas 3 PEeKTUBHOCTD PA3TUIHBIX
BUJIOB MAHUITYJIALIUU (XapaKTEPUCTUKU
BEPOSITHOCTH OIIMOOK Ha OUT mpu
BoznerictBu AWGN; npenen llennona;
110JI0CA YaCTOT PaJUOCUTHAJIOB U
3¢ (HEeKTHBHOCTH UCTIOIB30BAHUS
PaAMOIIOIOCH! IIPU PA3IUYHBIX BUAAX
MaHunyasuuy; ypasaenue Y CJIP u
mozienn Oxamypsel-XaTa s pacueTa
JAIIBHOCTH CBSI3U B COTE IIPU
OTrpaHMYEHHOW MOILHOCTH NepelaTurKa
MCO).
Hroro 10
9 Paguocss3b Ha PaguocBsi3b Ha OCHOBE IIYMOIIOAO0HBIX 4 [1K-2, T1K-3
OCHOBE CUTHAJIOB (OCOOCHHOCTH OLICHKH
IIYyMOIIOTOOHBIX YyBCTBUTEIbHOCTH npuemHuka [ITIP;
CUTHAJIOB. pacyeT ypoBHEH CUTHAJIa U IIIyMa B
MHOKeCTBEHHBII XapaKTEPHBIX TOUKAX CTPYKTYPHOM CXEMbI
noctyn CDMA npuemHnuka II1P).
Hroro 4
10 Cuctembl Pacuet nuarpamm ypoBHEHN MEpCOHATBHOM 2 [1K-2, T1K-3
MepCOHAIILHOU CITyTHUKOBOM CBSI3H.
CITyTHHUKOBOM CBSI3U Htoro 2
Hroro 3a cemectp 36
Hroro 36
5.4. JlaGopaTopHbIe 3aHATHSA
HaumenoBanue nabopatopHbix paboT npuBeaeHo B Tadbnuie 5.4.
Tabmuna 5.4 — HaumeHnoBaHue 1a00paTOPHBIX padboT
HazBanus pasnenos (Tem) HaumenoBanue Tpynoemkocts, | DopMupyembie
JUCIUTUIAHBI 1abopaTopHbIX padboT q KOMITIETEHIINH
7 cemecTp
1 Uctopus passurtus cereit u CMC. |HccnenoBanue 4 [1K-2, T1K-3
MeTo bl MHO’KECTBEHHOTO J10CTyIa B |[TexHosorun FDMA
CMC Uroro 4
6 MonynaTopsl pa3In4yHbIX BUIOB Hccnenosanne MSK 4 I1K-2, TIK-3
(G pPOBON MAHUITYJISIIIUH U UX MojieMa (Ki1accudyeckas
KOT€pEHTHasi U HEKOr€pEeHTHast peanuzanmsi)
AECMOLYJIALHA Htoro 4
11
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8 Cospemennsie TexHomorun CMC:  |HMccnenoBanue 4 [IK-2, T1K-3
OFDM, COFDM, OFDMTDMA, texHonoruu MIMO,
OFDM-FDMA, OFDMA, SC FDMA |nocTpoeHHO# 1o cxeme
(DFTSOFDM), MIMO, MU-MIMO, |AnamoyTtu
MU MIMO Beamforming HUrtoro 4
9 PannocBs3b Ha OCHOBE HccnenoBanue 4 [IK-2, IIK-3
[IYMOTOJOOHBIX CUTHAJIOB. texHojoruu CDMA
MmuosxecTtBeHHbI foctyn CDMA Wtoro 4

Hroro 3a cemectp 16

Hroro 16

5.5. KypcoBoii npoekT / kypcoBasi padora

He npenycMOTpeHo y4eOHBIM IIaHOM

5.6. CamocTosiTeqIbHaAs1 padoTa

Bunbl camoctosaTensHOM paboThl, TPYJOEMKOCTh U (hOpMHUpPYEMble KOMIIETCHIIMH MPECTaBICHbBI B

Tadymue 5.6.
Tab6mmma 5.6. — Buasl caMmocTosTeIbHON pabOoThl, TPYJA0EMKOCTh U (POPMHUPYEMBIE KOMIETEHITUN
HazBauwms pa3nenoB (TeM Buzter . | TpymoemkocTs, | DopMUpyeMEIE DopmEl
I[I/ICI?I/IH?H/IHH e camocrosemnoii | - q KOII\)/IHGEGYHHI/II/I KOHTpponsi
paboTsl
7 cemecTp
1 Ucropus passutus cereii u  |Ilogroroska k 2 [IK-2, IIK-3 | TectupoBaHue
CMC. MeTtobl TECTUPOBAHUIO
MHOKECTBEHHOI'O 10CTYIIa B |[ToaroTroBKa K 2 [IK-2, TIK-3 | JIaGopaTopHas
CMC 11a6opaTopHOi pabota
paboTe, HarMcaHue
oTyera
Hroro 4
2 O01mue NPUHIHUIIBI IToaroroBka k 2 [IK-2, IIK-3 | TectupoBaHue
noctpoenuss CMC TECTUPOBAHUIO
Hroro 2
3 Mogaenu npenckazaHus IToaroroBka x 2 [IK-2, TIK-3 | TectupoBanue
ypoBHs curHaia ajus CMC TECTUPOBAHUIO
HUrtoro 2
4 YacrotHo-TeppuTtopuasnbHoe |I[lonroroska k 2 [IK-2, TIK-3 | TectupoBaHue
tanupoBanue CMC TECTUPOBAHUIO
Hroro 2
5 Tpaduxk u eMkocTb coToBbIX |IloaroroBka k 2 [IK-2, IIK-3 | TectupoBaHue
CMC. YcToiunBOCTb CBSI3U TECTUPOBAHUIO
Hroro 2
6 MoaynsTopsl pa3IudHbIX [ToaroroBka k 4 [1K-2, TIK-3 | TectupoBanue
BUJI0B IU(PPOBOIA TECTUPOBAHUIO
MaHHUITYJISIIUN 11X IToaroroBka k 2 [IK-2, I1K-3 | JIJaBopaTopHas
KOI€PEHTHAsI i HEKOTePEHTHAS | jabopaTOpHOI pabora
ACMOIYJIALIHS pabote, HarucaHue
oTuera
Hroro 6
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7 Pacuet nuaunit CMC npu IToaroroBka k 2 [IK-2, TIK-3 | TectupoBaHue
3a/laHHOM KauecTBe TECTUPOBAHUIO
Hroro 2
8 CoBpemennsble TexHosorun  |[loaroroska k 2 [IK-2, TIIK-3 | TectupoBaHue
CMC: OFDM, COFDM, TECTUPOBAHUIO
OFDMTDMA, OFDM-FDMA, TJoarorosxka k 2 [IK-2, [IK-3 | JlaGopaTtopHas
OFDMA, SC FDMA 1a6opaTopHOi pabora
(DFTSOFDM), MIMO, MU-  |pa6ote, Hanucanue
MIMO, MU MIMO oryera
Beamforming Utoro 4
9 PaguocBs3p Ha OCHOBE IToaroroska k 2 [IK-2, TIIK-3 | TectupoBaHue
IIYyMOIIOTOOHBIX CUT'HAJIOB. TECTUPOBAHUIO
MHOKeCTBeHHBIH AOCTYIT [Toxroroska K 2 IK-2, [1IK-3 | JlaGoparopHast
CDMA na6bopaTopHOi pabota
pabote, HarMcaHue
oTyera
Hroro 4
10 Cucremsl nepcoHanbHON IToaroroska k 2 [IK-2, TIIK-3 | TectupoBaHue
CIIlyTHUKOBOM CBSI3U TECTUPOBAHUIO
Hroro 2
Hroro 3a cemectp 30
IToaroroska u 36 Ok3ameH
clada IK3aMeHa
Hroro 66

5.7. CooTBeTcTBHE KOMIIETeHIUH, GOpMHPYEeMBbIX IPH U3YYEHHH AUCHHUILIMHBI,

M BUI0B 3aHATHH

CooTBeTcTBHE KOMIETEHINH, GOPMUPYEMBIX MPU U3YUECHUU NUCIUIUIUHBI, U BUIOB 3aHSATUH
MpeACTaBICHO B TabuIe S5.7.
Tabnuna 5.7 — CooTBeTCTBUE KOMIETEHIHH, (OPMUPYEMBIX IPU U3YUEHUU AUCLUILINHBI, U BUJOB

3aHATHI
Bunpl yueOHOI AesaTenbHOCTH
dopmupyemble
JIek. [Mpaxk. JIa6. Cam. @OopMBI KOHTPOJIS
KOMIIETEHIIH
3aH. 3aH. pao. pao.
I1K-2 + + + + JlaGopatopHas pabora,
TectupoBanue, Jxk3aMeH
I1K-3 + + + + JlabopaTtopHast pabora,
TectupoBanue, Jk3aMeH

6. PeiiTunronas cucrema AJISl OHCHKH YCIIEBA€EMOCTH Oﬁy‘{alOIHI/IXCH

6.1. basuibHbIe OLeHKH /151 JOopM KOHTPOJIA

bannbHbIe oneHKH 11 POpM KOHTPOJIS MPEACTaBICHBI B Ta0uIE 6.1.
Tabmuia 6.1 — banabpHbIE OLIEHKH
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. . | MakcumanbHbIN Oaut
MaxkcuManbHBIN MaxkcuManbHbIN
3a IEPUOA MEKITY Bcero 3a
DopMBbI KOHTPOJIS 6amt Ha 1-y10 KT ¢ 0aJut 3a nepuos
2KT u Ha xoHen CEMECTp
Havana cemectpa | mexnay KT u 2KT
cemecTpa
7 cemecTp
JlaGopatopHas pabota | 10 | 10 20 40
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TectupoBaHue 10 10 10 30
OK3aMeH 30
Hroro makcumym 3a 20 20 30 100
(58} (i}

Hapacraromum utorom 20 40 70 100

6.2. Ilepecuer 0a/1710B B OLICHKH 32 TEKYIIH KOHTPOJIb

[TepecueT 6anIoB B OLIEHKH 3a TEKYIIUH KOHTPOJIb MIPEACTABICH B TabmuIie 6.2.
Tabmuia 6.2 — Ilepecuer 6aJJI0B B OILIEHKH 32 TEKYIIUH KOHTPOJIb

bamnibl Ha naTy TEKyero KOHTpoIs Onenka

>90% oT MakcuMalIbHOI cyMMbI OaiioB Ha gaty TK 5

Ot 70% 1o 89% ot MakcuManbHOI cymMbl OamiioB Ha naty TK

Ot 60% 10 69% OoT MakcuManbHOI cymMMbl OaioB Ha naty TK

N|W | B~

< 60% oT MakcuMalIbHOI cyMMbI OaiioB Ha gaty TK

6.3. Ilepecuet cyMMbI 02/1710B B TPAAUIIHOHHYI0 M MEKIYHAPOAHYIO OLIEHKY

[TepecueT cymMMBbl 6asioB B TPAJUIIMOHHYIO U MEXAYHApPOJHYIO OIIEHKY MPEJCTaBIEH B TaOIHUIEe

6.3.
Tabmuma 6.3 — Ilepecuer cymMMbl 6AJIIOB B TPAIUIIMOHHYIO U MEXKTYHAPOIHYIO OLIEHKY
Hroroas cymma 6asios,
Onenka YUYUTBIBAET YCIICIIHO CIAHHBIN Onenka (ECTS)
IK3aMeH
5 (oTIM4YHO) (3a4TEHO) 90— 100 A (OTJIIHYHO)
4 (xopor1o) (3a4TeHO) 85 -89 B (ouens xoporo)
75 -84 C (xoporo)
70 — 74 D (yaoBneTBOpUTENIHHO)
3 (yAOBIETBOPUTENBHO) (3aYTEHO) 65— 69
60 — 64 E (mocpencTBenHo)
2 (HeyIOBJIETBOPUTEIHHO) (HE 3aUTEHO) Hwxe 60 6amios F (meynoBnerBoputreabHO)

7. YueOHO-MeTOoAnYecKoe 1 MH(OPMAIITHOHHOE o0ecneyeHue TUCIUTIIHHbI
7.1. OcHOBHas JqUTEpaTypa

1. Bychrok, H. H. Cucremsr mobunsHoM cBsizu / H. H. Bychiok, I'. 1. Menbsiuen. — 2-e u3., cTep.
— Cankr-IletepOypr : Jlanw, 2023. — 128 c. [DnexkTpoHHBIN pecypc]: — Pexum gocrtymna:
https://e.lanbook.com/book/302873.

2. MobOunbHast paJHOCBs3b: YYBCTBUTECIBHOCTh QHAJIOTOBBIX U HU(PPOBBIX PUEMHBIX YCTPOUCTB,
dHEpreTHYecKas U CreKTpaibHast 3Q(HEKTUBHOCTD PA3JIMYHBIX BHIOB MAaHUITYJISIMH, COATaHCHPOBAHHBIN
Ayruiekc: YueOHoe mocoOue JUis JISKIMOHHBIX U MPAKTHYECKUX 3aHITHH, KyPCOBOTO MPOCKTHPOBAHUS,
CaMOCTOSITENIbHOW PabOThI CTYJICHTOB paAHoTeXHIUUeCKuX cnenuaibaocTeii / C. B. Menuxos - 2018. 54 c.
[DnexTpoHHEIH pecypc]: — Pexxum gocrtyma: https://edu.tusur.ru/publications/8906.

7.2. lonoTHUTE/IbHAS JIUTEPATypa

1. Cuctembl MOOMIBHOU cBsA3H: BBenenue B mpoduias: YueOHOe mocoOue s JEKIIMOHHBIX,
MPAaKTUYECKUX 3aHITHUH, caMocTosiTesbHOU padotel / C. B. Menuxos, 1. A. Konecos - 2016. 155 c.
[DnexTponHsbIi pecypc]: — Pexum gocryna: https://edu.tusur.ru/publications/6158.

2. Benenne B npodunb «CucTeMbl MOOMIBHOM CBSI3W»: YueOHOe mocobue il JeKIHOHHBIX,
MPaKTUYECKUX 3aHATUNA, CAMOCTOSITENIbHOM pabOThl CTYACHTOB PAJNOTEXHUUYECKUX crenuanbHocteit / 1.
O. Hoszapeatsix, C. B. Menuxos, b. ®. Ho3npesartsix, . A. Konecon - 2019. 155 c. [DnexkTpoHHBIH
pecypc]: — Pexxum moctymna: https://edu.tusur.ru/publications/9042.
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3. Metoabl MaHUMYJISAIUA TUGPOBON paauocBs3u: YdeOHOe mocoOue sl JEKIIMOHHBIX U
MPAKTUYECKUX 3aHATUH, KypCOBOT'O MPOSKTUPOBAHUS, caMOCTosITeIbHON padoThl / C. B. Menuxos - 2017.
64 c. [DnexTpoHHbIN pecypc|: — Pexxum moctyma: https://edu.tusur.ru/publications/7028.

7.3. YueOHO-MeTOANYECKHE TT0COOUS
7.3.1. O6s3aTesIbHBIE YUeOHO-METOANYEeCKUE MOCO0Us

1. Moaenu npeackasaHusl ypOBHS CUTHaja JIsl pacuera 30H 00CIyXUBaHUSA 0a30BBIX CTAHIIUM
CHUCTEM MOOWMIIBHOH CBsI3U: Y4eOHO-METOAMYECKOE TTOCOOHE /IS MPAKTUIECKUX 3aHITHH U KypCOBOTO
MPOCKTUPOBAHUS TSI CTYJICHTOB paauoTeXHUYecKux crnernuanbaoctedd / C. B. Menuxos - 2014. 18 c.
[DnexTponHsbIi pecypc]|: — Pexum gocryna: https://edu.tusur.ru/publications/4132.

2. MobOwiibpHas paauoCBsI3b: YaCTOTHO-TEPPUTOPHAIBHOE TJIAHUPOBAHUE M BHYTPHCHCTEMHAs
AIIEKTPOMArHUTHAsE COBMECTUMOCTD: Y4eOHOE HarJsIIHOE MOcOoOUe IS JICKIIMOHHBIX U MPAKTHUYECKUX
3aHATHH, KypCOBOT'O NMPOCKTHPOBAHMS, CAMOCTOSTEIbHONW pabOThl CTYACHTOB PaJIMOTEXHHYECKUX
Hanpasienuit / C. B. Menuxos - 2023. 21 c. [DnekTpoHHBH pecypc]: — Pexum mocrtymna:
https://edu.tusur.ru/publications/10374.

3. Tpaduk, eMKOCTh M YCTOWIHBOCTh CUCTEM MOOMIIBHOM CBsI3U: Y 4eOHO-METOIUYECKOe TTocodne
IUISl TIPAKTHYECKUX 3aHATUH M KypCOBOTO MPOEKTUPOBAHUS ISl CTYJACHTOB PaJUOTEXHHYECKUX
cnenuansHocTeir / C. B. MenuxoB - 2014. 13 c. [DnexkTpoHHBIH pecypc]: — Pexum noctyna:
https://edu.tusur.ru/publications/4134.

4. PaanocBsi3b Ha OCHOBE LIYMOTOJOOHBIX CUTHANIOB (YacTh 1): YueOHo-MeToquueckoe nocooue
0 MaTepuaiaM JEKIHOHHBIX 3aHATHH, MPAKTUYECKUX 3aHATHH, I KYpPCOBOTO NMPOEKTHPOBAHUS U
CaMOCTOSITEIIEHOM pa0bOThI CTYICHTOB pauoTeXHIUUECKHX crnenuansHoctel / C. B. Menuxos - 2014. 32 c.
[DnexTponHsbIi pecypc]|: — Pexum gocryna: https://edu.tusur.ru/publications/4135.

5. Texnonorus OFDM: VueOHo-MeTOquUeCcKOE MOcoOue sl JEKIIMOHHBIX M MPaKTHYECKUX
3aHATHH, KypCOBOT'O NMPOCKTHPOBAHMS, CAMOCTOSTEIRHONW pabOThl CTYACHTOB PaJIHMOTEXHHUYECKUX
cnenuansHocTeid / C. B. MenuxoB - 2019. 23 c. [DnekTpoHHBIH pecypc]: — Pexum noctyna:
https://edu.tusur.ru/publications/9126.

6. Texnonoruu mudposoi paguocesizu: OFDM, COFDM, OFDMA, SC FDMA, MIMO: Yue6Hoe
HarjdsgaHoe MmocoOue s JICKIMOHHBIX W MPaKTUYECKHUX 3aHSATHI, KypCOBOTO NMPOCKTHPOBAHHS,
CaMOCTOSITEIIEHOM pa0dOThI CTYICHTOB pauoTeXHIUUECKHX crnenuansHoctel / C. B. Menuxos - 2021. 46 c.
[DnexTponHsbIi pecypc]|: — Pexum gocryna: https://edu.tusur.ru/publications/9528.

7. Uccnenosanue texHonorun FDMA: YuebHo-MeToandeckoe mocodue mo gsadbopaTopHoii pabore
IUTSL CTYJEHTOB HampaBieHUus: « MHPOKOMMYHHKAIIMOHHBIE TEXHOJOTHH M CUCTEMBI CBs3m» / B. A.
Konorpusos, C. A. Mocun - 2013. 22 c. [DnekTpoHHBbIl pecypc]|: — Pexum goctymna:
https://edu.tusur.ru/publications/3518.

8. Uccnenoanne MSK monema (kinaccudeckas peannsaius): Y4eOHO-METOANYECKOE TOcoOue mo
naboparoproii padore / B. A. Komorpusos - 2012. 29 c. [DnexTponHslid pecypc]: — Pexum gocryma:
https://edu.tusur.ru/publications/1524.

9. UccnenoBanue MSK moaema (peanusanus ¢ Ga3oBbIM KOAEpPOM): Y4eOHO-METOANYECKOE
noco6ue 1o nadoparopHoit padore / B. A. Komorpusos - 2012. 39 c¢. [DnekTpoHHbI#H pecypc]: — Pexum
nocrtyma: https://edu.tusur.ru/publications/1525.

10. O camocrosiTenpHOM paboTe oOyyaromuxcs B OakajgaBpuaTe, CIEIHAINTETe, MarucTparype,
acriupanType: YueOHo-Meronuueckoe nmocobue / C. B. Menuxos, B. A. Komorpusos - 2018. 9 c.
[DnexTponHsbIi pecypc]|: — Pexum gocryna: https://edu.tusur.ru/publications/7627.

7.3.2. YueOHO-MeTOAUYECKHE ITOCOOUS AJI51 JIMIX
C OrPAaHUYEHHBIMH BO3MOKHOCTSIMM 310POBbsI 1 HHBAJIU/I0B

Y4ebHO-MeToAMUECKIEe MaTepUaibl sl CAMOCTOSATEILHON U ayJUTOPHOIM paboThl 00yYaromuXcst
W3 YHUCJIA JIUI] C OTPAaHUYCHHBIMH BO3MOXXHOCTSIMH 3JJ0POBbSI M HHBAJIUOB MPEIOCTABISIOTCS B (JopMax,
aJIalITUPOBAHHBIX K OTPAHUYCHUSM UX 3I0POBbS U BOCTIPUSTHS HHPOPMALIUH.

Jst mun ¢ HapyleHUsIMU 3PeHus:

— B (popMe 2IIEKTPOHHOTO IOKYMEHTA,

— B I1€YaTHOW (hOpME YBEIUICHHBIM IPUPTOM.

Jst i ¢ HAapyIIeHHsIMU cJIyXa:

— B (popMe 2IIEKTPOHHOTO IOKYMEHTA,

— B IIeyaTHOU (opme.
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J1st U1 ¢ HApYLIeHUSIMU OTIOPHO-IBUIaTeIbHOTO anmapara:
— B (popMe PIIEKTPOHHOTO TOKYMEHTA,
— B IIeYaTHOU (opme.

7.4. CoBpeMeHHbIe TPpo(eccuoHATIbHBIE 0a3bI JAHHBIX
U UH(OPMAIIMOHHBIE CTIPABOYHbIE CHCTEMbI

[Ipy M3yuyeHHW AMCUUIUIMHBI PEKOMEHAYETCS 00pamarbcs K COBPEMEHHBIM 0a3aM JaHHBIX,
MH(QOPMAIIMOHHO-CIIPABOYHBIM U TMOMCKOBBIM cHcTeMaM, K KoTopbiM Y TYCYPa oTKpeIT JOCTYI:
https://lib.tusur.ru/ru/resursy/bazy-dannyh.

8. MarepuaibHO-TEXHUYECKOE U MPOrPaMMHOe o0ecneyeHue TUCIHHIINHBI
8.1. MaTepuaibHO-TeXHHMYECKOE U MMPOrPaMMHOe o0ecreuyeHue J1JIsl JIEKIIMOHHbIX 3aHATHH

Jlns mpoBeeHUs 3aHATUN JIEKIIMOHHOTO THUMA, TPYIIOBBIX U HHANBUIYATbHBIX KOHCYJIbTAIIH,
TEKYLIEro KOHTPOJIS U MPOMEXYTOUHON aTTEeCTAllMU UCIIONb3yeTCs yueOHask ayAUTOPUs C TOCTAaTOYHBIM
KOJIMYECTBOM MOCAI0OYHBIX MECT i y4eOHOI rpymibl, 000pyI0BaHHAs JOCKOW U CTaHAAPTHON y4eOHOM
Mebenbto. FiMeroTcs MynbTuMeuitHoe 000py10BaHie U y4eOHO-HArIsAHbIE TOCOOMS, 00eCTIeUUBAIOIIHE
TEMaTUYECKHUE WILTIOCTPAIIMH T10 JICKITAOHHBIM pa3jiejaM JUCITUILUIHHBI.

8.2. MaTepuaibHO-TeXHHYECKOE H IPOrPaMMHoOe odecredeHue A NPAKTHYEeCKUX 3aHATHI

Crnenuanu3upoBaHHas ydeOHas ayIUTOpHUs: ydeOHas ayIUTOpHUs ISl TPOBEACHHS 3aHATHH
MPaKTUYECKOTO THIA, Y4eOHasi ayIuTOpHs IJIsl MIPOBEACHUS 3aHATHI J1abOpaTOpHOTO THIA, ydeOHas
ayJUTOPHS TSl TIPOBEICHUS 3aHATHI CEMUHAPCKOTO TUIIA, IIOMEIEHUE JIJIsl KypCOBOTO MPOSKTUPOBAHUS
(BbIIOJIHEHMS KYpCOBBIX pador); 634034, Tomckas obOnacte, r. Tomck, Bepmmnuna ynuna, 1. 47, 427
ay.

Onucanue nMeroerocs 000pya0BaHus:

- Jlocka MarHuToO-mMapKepHas;

- Komnrerorep;

- IInasmenHas naHenb,

- Cepsep (2 mrt.);

- Kommnexr cnenuanu3upoBaHHON yueOHON Mebeny;

- PaGouee mecTo mpenogaBaress.

[IporpamMmHoe obecrieueHue:

- 7-Zip;

- Adobe Acrobat Reader;

- Google Chrome;

- Microsoft Windows XP;

- Mozilla Firefox;

- OpenOffice;

- Scilab;

8.3. MaTepuaibHO-TeXHHYECKOE U MPOrpaMMHOe o0ecneyeHue 1Jisl JIa0OpaTOPHBIX padoT

Cneunanu3upoBaHHas y4deOHas ayauTOpusA: ydeOHas ayIUTOpHUs NSl MPOBEACHUS 3aHITUN
MPAKTUYECKOTO THUTA, yuyeOHas ayIuTOpHUs IJIs MPOBEICHUS 3aHATUH 1abOpaTOPHOro THUIIA, yuyeOHas
ayJIUTOpHUS JIJIS TPOBENICHUS 3aHATHII CEMUHAPCKOTO THIIA, TOMEIICHHE 711 KYPCOBOT'O MPOSKTUPOBAHUS
(BbIMONIHEHHS KYpCOBBIX pabor); 634034, Tomckas obnacte, r. Tomck, Bepmmnauna ynuna, n. 47, 427
ayn.

Onucanne UMEIOIIErocss 000pya0BaHUS:

- Jlocka MarHUTO-MapKepHasi;

- Komnsrotep;

- [Ina3MeHHas nmaHenb;

- Cepsep (2 mwirt.);

- Kommnekr cnenuanu3upoBaHHoi yueOHON Mebeny;

- PaGouee mecTo npernogaBaTes.

[IporpamMmmHOe obecrieueHue:

- 7-Zip;
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- Adobe Acrobat Reader;
- Google Chrome;

- Microsoft Windows XP;
- Mozilla Firefox;

- OpenOffice;

- Qucs;

- Scilab;

8.4. MaTepua/ibHO-TeXHNYECKOE U MPOrpaMMHOe o0ecredyeHue 1Jisl CAaMOCTOSATeIbHOM padoThI

Jlist caMoCTOSTeNNbHOU pabOThl UCTIONB3YIOTCS YUeOHbIE ayaUTOPUH (KOMIIBIOTEPHBIE KIIACCHI),
PacooKEHHBIC TI0 apecaM:

- 634050, Tomckas o6nactb, T. Tomck, Jlennna npocnekr, 1. 40, 101 ayn.;

- 634045, Tomckas ob6nacts, r. Tomck, yi. KpacHoapmetiickas, 1. 146, 107 ayn.;

- 634034, Tomckas ob6nacth, T. Tomck, Bepmmauna ynuna, a. 47, 126 ayn.;

- 634034, Tomckas o6nacth, T. Tomck, Bepmmauna ynuna, a. 74, 130 ayn.

Omnwucanue UMeEIoIerocs 000py0BaHUS:

- yuebHas mebenb;

- KOMITBIOTEPHI;

- KOMIIBIOTEPHI MOJIKITIOUCHBI K ceTu «MHTepHEeT» U 00eCnednuBalOT JOCTYI B IJIEKTPOHHYIO
nHpopMaMoHHO-00pa3oBarebHylo cpeay TYCYPa.

[Tepeuens mporpaMMHOTO OOECTICUEHUSI:

- Microsoft Windows;

- OpenOffice;

- Kaspersky Endpoint Security 10 mnst Windows;

- 7-Zip;

- Google Chrome.

8.5. MaTepl/laﬂbHO-TeXl{H‘leCKoe odecneyeHue AUCHUINJIHHBI JIs1 JIMI ¢ OrPAHUICHHBIMU
BO3MOKHOCTSAMH 310POBbSA U HUHBAJINI0B

OcBoeHME AUCHUILIMHBI JIMIIAMU C OTPAHUYEHHBIMU BO3MOKHOCTSIMU 3/10POBbSI U MHBAJIUJAMHU
OCYIIECTBIISIETCS C UCTIOIB30BAHUEM CPEICTB 00YUEHUS OOIIEro U CreluaIbHOro Ha3HAYEHUS.

[Ipu 3aHATHUAX ¢ OOy4YarOUIMMHCA C HAPYWIEHHSIMH CJyXa MPEIyCMOTPEHO HMCIOJb30BaHHE
3BYKOYCHJIMBAIOIIEH ammapaTypbl, MyJIbTUMEIUNHBIX CPEICTB U JPYTUX TEXHUUYECKHUX CPEJICTB
npuema/nepenadn yuyeOHol nHpopMarmy B JOCTYIHBIX GopMax, MOOMIIBHON CUCTEMBI MPEIOJaBaHUs
JUTsL 00YYaIOIIUXCSl ¢ UHBAJIMHOCTHIO, MOPTATUBHON MHAYKIIMOHHON CHCTEMBbl. YueOHas ayauTOpus, B
KOTOPOHW 3aHUMAIOTCSI 00ydJaromuecs: ¢ HapyIIeHUeM CiyXa, 000pyJa0BaHa KOMIBIOTEPHOM TEXHUKOM,
ayAMOTEXHUKOM, BUACOTEXHUKOM, SJIEKTPOHHOU IOCKOM, MYJIbTUMEIUMHON CUCTEMOM.

[Ipu 3aHATHSIX ¢ 00yUaIONIMMUCS C HAPYLIEHUSIMHU 3PeHUs MPEeTYyCMOTPEHO MCIOJIb30BaHUE B
JIEKIUOHHBIX U y4eOHBIX ayAUTOPHUSAX BO3MOXKHOCTH MPOCMOTpA YAAJICHHBIX 00BEKTOB (Hampumep,
TEKCTa Ha JOCKE WJIM claiijia Ha 3KpaHe) NMpH MOMOILHM BUACOYBEIUUHUTENEH 19 KOMPOPTHOTO
MIPOCMOTpa.

[Ipu 3aHgATHSAX ¢ OOYyYaIOIIMMHCS C HAPYHIEHHWSIMH ONOPHO-ABUTaTeJbLHOI0 ammaparta
HCIIOJIBb3YIOTCS allbTEpHATUBHBIE YCTPONCTBA BBOJA MH(GOpPMalMU U ApYyrue TEXHUYECKUE CpeacTBa
npuema/mnepeaadyn yueOHol nHGOpMaIMu B JOCTYHMHBIX GopMax, MOOMIIBHON CUCTEMbI OOYyUYCHUS IS
JIIOJIEN ¢ MHBAIMTHOCTEIO.

9. OueHOYHbIe MaTePUAJIbl M METOAUYECKHE PEKOMEHIAMY 110 OPraHU3aALMH U3YUeHUsl
JTUCIUTINHBI

9.1. Conep:xaHne OLICHOYHBIX MATEPHAJIOB [JIsl TEKYIIEero KOHTPOJIS
U MIPOMEKYTOYHOM aTTecCTAUH

Jlis OLICHKHU CcTeTeHn CHOPMHUPOBAHHOCTH M YPOBHSI OCBOCHHS 3aKPEIUICHHBIX 33 IUCIUTUIMHON
KOMITETEHIINI HUCTIONB3YIOTCS OLICHOYHBIE MaTepUalbl, MpeAcTaBiIeHHbIC B Ta0muIE 9.1.
Tabmuma 9.1 — @opMbI KOHTPOJIS U OLIEHOYHBIE MaTePHAIIBI
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Hasanus pasnenos (rem) PopmHpyemEIe ®opmbl KoHTpost |OueHouHble MaTepuaisl (OM)
JCIUTITUHBI KOMITETCHIINH
1 WcTopus pa3BuTus ceTe u [1K-2, T11K-3 JlaGopaTopHas Tembl 1abopaTopHBIX paboT
CMC. Metonst pabora
MHOKECTBEHHOI'O OCTYIIa B TectupoBanue [IpumepHsIil nEpEYEHD
CMC TECTOBBIX 3aJaHUN
DK3aMeH [Tepeuens sK3amMeHAIIMOHHBIX
BOITPOCOB
2 OO1mye MPUHITUIIBI [1K-2, I1K-3 TectupoBanue [IpumepHBIil nEepeyeHb
noctpoenus CMC TECTOBBIX 3aJaHUH
DK3aMeH [Tepeuens sK3aMeHAIMOHHBIX
BOITPOCOB
3 Mogaenu npeckazaHus [1K-2, I1K-3 TectupoBanue [IpumMepHbIii IEpeYeHb
ypoBHs curnaia aiusas CMC TECTOBLIX 3aJaHUN
DK3aMeH [Iepeuenp sK3aMeHAIMOHHBIX
BOITPOCOB
4 YacrotHo-Tepputopuanbnoe |[1K-2, TIK-3 TecTtupoBanue [IpumepHBIil nepeyeHb
mianupoBanue CMC TECTOBBIX 3aJaHUI
DK3aMeH [lepeueHb 3K3aMEHAITMOHHBIX
BOIIPOCOB
5 Tpadux u emxocts coroBbix  |I1K-2, TTK-3 TectupoBanue IIpuMepHBIil IepeyeHb
CMC. YcTOHYUBOCTE CBSI3HU TECTOBBIX 3aJaHUN
DK3aMeH [Tepeuens sK3amMeHaIIMOHHBIX
BOITPOCOB
6 Moaynsatopsl pa3an4HbIX [1K-2, T11K-3 JlaGopaTopHas Tembl 1abopaTopHBIX paboT
BUJIOB IU(PPOBOI MAaHUTTYIISIUU pabota
1 X KOrepeHTHasA U TectupoBanue [IpumepHsIil nEpeYEHb
HEKOTepPEHTHAsI IEMOTYJISLINS TECTOBBIX 3a1aHMI
DK3aMeH [Tepeuens sK3amMeHAIIMOHHBIX
BOITPOCOB
7 Pacuet nuanit CMC npu [1K-2, TIK-3 TectupoBanue IIpuMepHBIil epeyeHb
3a/IaHHOM KaueCTBe TECTOBBIX 3aJaHUI
DK3aMeH [Tepeuens sK3amMeHAIIMOHHBIX
BOITPOCOB
8 CoBpeMeHHbBIC TEXHOJIOTUH ITK-2, TIK-3 JlaGopaTopHas Tembl 1abopaTopHBIX paboT
CMC: OFDM, COFDM, pabora
OFDMTDMA, OFDM-FDMA, TectupoBanue [TpumepHsIil nEpeyeHb
OFDMA, SC FDMA TECTOBBIX 3aJaHUM
(DFTSOFDM), MIMO, MU-
MIMO, MU MIMO DK3aMeH [Tepeuens sK3aMeHAIMOHHBIX
Beamforming BOIIPOCOB
9 PaguocBsi3b Ha OCHOBE [IK-2, T1K-3 Jlaboparopuas Tewmbl 1a00paTOPHBIX padOT
IIYMOTIOJOOHBIX CUTHAJIOB. pabota
MHOXeCTBEHHBIH 10CTYII TectupoBanue [IpumepHBIil nEpeyYeHb
CDMA TECTOBBIX 3aJaHUMN
DK3aMeH [TepeueHp 3K3aMeHAIMOHHBIX

BOITPOCOB
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10 Cucrembl nepcoHanbHON [K-2, TIK-3 TecTtupoBanue [IpumepHBIil nepeyeHb
CIIyTHHUKOBOU CBSI3U TECTOBBIX 3aJaHUI
DK3aMeH [lepeueHb K3aMEHAITMOHHBIX
BOITPOCOB

[Ixana oneHku cPOPMUPOBAHHOCTU OTAEIbHBIX MIAHUPYEMBIX PE3YyJbTATOB OOyUYEHHS IO
JUCHUIUIMHE TpuBeJeHa B Tadnuue 9.2.
Tabmuna 9.2 — lllkana oueHkn cOPMUPOBAHHOCTH TUIAHUPYEMBIX PE3yJIbTATOB OOYy4ECHHS IO

JMCIHTLINHE
dopmynupoBka TpeboBaHUH K CTeeHH C(HOPMHUPOBAHHOCTH
Ouenka banner 32 OM TUTAHUPYEMBIX PE3yJIbTaTOB 00YUYCHUS
3HATh YMETh BJIQJICTh
2 <60% ot OTCYTCTBHE 3HAHUU OTCYTCTBHE OTCYTCTBHUE
(HeyAOBIETBOPUTENHHO) | MAKCUMAIBHOMU | UITH ()parMeHTapHBIC YMEHHH UIn HABBIKOB WJIN
CYMMBbI 0aJioB 3HAHUA YaCTUYHO (dbparmMeHTapHbIe
OCBOEHHOE MpUMEHEHHE
yMEHHE HABBIKOB
3 ot 60% 10 o0riue, HO He B LI€JIOM YCIICIIHO, B LIEJIOM
(YZOBIETBOPUTEIILHO) 69% ot CTPYKTYpPUPOBAHHBIE HO HE YCIIELIHOE, HO HE
MaKCHUMaJbHOM 3HAHUSA CUCTEMATHUYECKU | CUCTEMATHUECKOe
CYMMBbI 0aIOB OCYIIECTBIISIEMOE MPUMECHECHHE
yMEHHE HABBIKOB
4 (xopor1io) ot 70% 1o c(opMHpPOBaHHBIE, B LIEJIOM B LIEJIOM
89% ot HO coJiepKaliue YCIEITHOE, HO yCHENIHoe, HO
MaKCHMAaJTbHOM OTJICTbHBIE cojieprKaIue coJieprKaliue
CYMMBI 0a/UTOB | TpOOIeMBI 3HAHUS OT/ICITbHBIE OT/ICTbHBIE
poOesbl yMEHUe poOeJbI
MIPUMCHCHHE
HABBIKOB
5 (OTJIMYHO) >90% ot chopmupoBaHHbIe | CHOPMHUPOBAHHOE YCHENTHOE U
MaKCUMaJbHOW | cHCTeMaTHYeCKHe yMEHHE CHUCTEeMaTHYeCKOe
CYMMBbI 0aJIoB 3HAHUA MpUMEHEHHE
HABBIKOB

[kana KOMIUIEKCHOM OLIEHKH c(hOPMHUPOBAHHOCTU KOMIIETEHLIUI IIpUBeieHa B Tabuie 9.3.
Tabmuma 9.3 — [llkayia KOMIUIEKCHOM OIEHKH C(hOPMHUPOBAHHOCTH KOMITETEHIIUN

Onenka ®opmyupoBKa TPeOOBAaHUH K CTENIEHH KOMIIETEHIINU

2 He nMeet He0OXOAMMBIX MTPEACTABICHHI O TPOBEPSIEMOM MaTepuase
(HEyAOBIETBOPUTENBHO) | UJTU
3HaTh HA YPOBHE OPUEHTHPOBaHMS, TipeicTaBeHnid. O0yJaromuiics 3HaeT
OCHOBHBIE NMPU3HAKU WJIM TEPMHUHBI U3Y4aEMOTO JJIEMEHTA COACPKaHUsI, UX
OTHECEHHOCTh K OTPEICTICHHON HayKe, OTPac/ii Uil 00bEKTaM, y3HAeT B
TEKCTaX, N300paKCHUAX WM CXeMaX M 3HAET, K KAKUM UCTOYHHUKAM HY>KHO
oOpaiuarbcs A1 60jee 1eTalIbHOTO €r0 YCBOCHHUSI.

3 3HaTh U yMETh HA PeNPOAYKTHUBHOM ypoBHE. O0yyaronuxcs 3HaeT
(YIOBIIETBOPUTEIBHO) |U3YUEHHBIH 3JIEMEHT COAEPKAHUS PEIPOAYKTUBHO: IPOU3BOIBHO
BOCIPOU3BOAMT CBOU 3HAHUS YCTHO, TUCBMEHHO WJIH B IEMOHCTPUPYEMBIX
IECUCTBUAX.
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4 (xopotio)

3HaTh, yMETh, BIa/IETh HA AHAJMTHYECKOM ypOBHE. 3Has Ha
PENpPOAYKTUBHOM YPOBHE, YKa3bIBaTh HA OCOOEHHOCTH U B3aUMOCBSI3H
M3yYeHHBIX 00BEKTOB, HA UX JJOCTOWHCTBA, OTPAHUYCHUS, UCTOPHIO U
NEPCIIEKTUBBI PA3BUTUS U OCOOEHHOCTH I pa3HbIX OOBEKTOB YCBOCHHUSI.

5 (OTJIMYHO)

3HaTh, YMETh, BIIAJIETh HA CHCTEMHOM ypoBHe. OOyJaronuics 3HaeT
M3YYEHHBIH 3JIEMEHT CO/IepPKaHUsI CUCTEMHO, TPOU3BOJIBHO U 1I0Ka3aTEIBHO
BOCIPOU3BOAMT CBOU 3HAHUS YCTHO, MUCHMEHHO WJIH B IEMOHCTPUPYEMBIX
NENCTBUAX, YUUTHIBAsI U YKa3bIBask CBSA3H U 3aBUCUMOCTH MEXKIY ITUM
AIIEMEHTOM U JPYTUMHU 3JIEMEHTaMU COJIEp>KaHuUs AUCLIUIUINHBI, €T0
3HaYUMOCTb B COJIEP)KaHUU JUCIUILTUHBL.

9.1.1. IlpuMepHBIii MepeyeHb TECTOBBIX 3aJaHU

dopmyna ona paccToAHUA
NPAMOA BWOMMOCTH NMpH
pacnpocTpaHeHun paguoeontd Ultra
High Freguency (UHF)

d, . [xa]™ 3.6 {..IIIIr_1[.Lr + o fh ES)

dy e [km]® 10 1,,H.fr_1[.1r| + .‘||JJ"I_[.Lr|]

:1'“_.__‘|K.'|J|?" 6,28 {J.l'rn[.u + .lell.'ul]

d, . [xa]™ 2,72 :.Fh‘l.\r * .Hhﬂ_ll.u]:l

dopMyna aAns pac4eTa
ocnabnedus paguocur{ana
(ocnaBneHws panvoBONHLL) B
ce0G00HOM NpOCTPaHCTEE

L, =(amp ity
L,=(amp y
L =(4mp /Ay
L,=(amr 2y

[anLHOCTL PAOWOCER3KM Ha
BOQHON NOBEPXHOCTLID MO CPABHEHNID
C OANLHOCTLK) PAOWOCBRAM HAM CYLLEd

MeHblWe B 2 paza

TaKaA #He

Gonslwe

MEHLLLE B 5 pa3

Bug copmyn B mogensix

L = AT HBIlg(r)

Oxamypei-Xata onsa ocnaBnexws -

paguoBONHLl B 3aBMCHMMOCTH OT L = 4ATE r

ANBHOCTH -

A " L =4 Br

L = 4*t8 /r
“acTOTHLIA NNaH kaHanos FoS (890 F i 0,2) My npu 1555124

"Beepx" ("Uplink") ctanpapta GSM- — —

900 BhIpa¥aeTcs q}opmyﬂoﬁ "l.. T390 T 0 53 )My NpA ] =i=124
foS (89070, 2) My NIpM 15§ = 374
f,,= 805+ 0,2y My Npw 1= =124

CoToean cTpykTypa
pacnonoxeHna Gazoseslx cTaHuui (BC)
No3BoNAET

MCMONL30BATE OOHY W TY e YACTOTHYH rpynny
ED BCEX COTAx

MHOMEpaTHO MCNONBE30BATE OOHW M TE e
YACTOTHEIE MDYNNEl B OOHOMMEHHBIX COTAX KNacTepoBs

HMCNONL30BaThL BCEND NWLLL OOHY YacTOTy BO
BCEX COTax

HMCNONbL20BaTE OOHW W TE Xe YaCTOTHBIE TRYNNE
B0 BCeEX COTax
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10.

ANl e

10.

KonwsecTeo Mewarowmx
Bazoeeix cTaHuui (BC) B ooHopoOHO A
(perynAapHon) MHOMOCOTOBOW
CTPYKTYpe, KoTopkie obpasyor
COKaHaNLHLIE NOMEXM,
xapakTepuiyemsie napametpom SIR
{Signal Interference Ratio), —

ooHa

nee

WeCTh

TPH

dopmyna AnA pac4eta
CpEeOHER WHTEHCUBHOCTH Tpaduka
A[2pa] HA OCHOBE CPEOHER YACTOTHI
NOCTYNNeHWs ei30808 (* ) 1 cpeaHe
NpPOAOIMKMTENBHOCTH OOHOMD BBI30EA

{r)

A[3pa]= {f} {.r}

A[3pa1= (A (r)

A[2pa]= {r} (;} 2

A[apa1= (M) {r) :

PeansHas 4yBCTEMTENLHOCTL
paguonpUeMHUEE MOBWMNBEHOR CTAHLMK
(MC) xapakrepuayet

MWHMMATEHYH) MOLLHOCTE NONE3HOoro CMrHana e
aHTEHHE, NPY KOTOPOR B MCNONHKUTENBHOM YCTPOWCTEE
obecne4neaeTca Tpebyemoe Ka4ecTBo npuema

MUHUMANLHYH MOLLHOCTE NONE3HOTD CUMrHana B
8HTEHHE, NPW KOTOPOM B MCNONHWUTENBHOM YCTPONCTEBE
obecne4WBaeTCA OTHOLIEHWE CUTHAN-LUYM, PABHOE
EOWHULE

MUHWUMANLHYH MOLLHOCTE LWYMa B aHTEHHE,
NpW KOTOPOH B UCNONHUTENLHOM YCTPOACTEE
oGecne4¥BaeTCA OTHOLIEHWE CUTHAMN-LYM, PABHOE
EOWHMLE

MMHWUMANEHYH MOLLHOCTE WYMa B BHTEHHE,
NpW KOTOPOW B MCNONHWUTENLHOM YCTPORCTEE
obecneursaeTca TpefyeMoe Ka4ecTBO NpUeEMa

[na undposoro NOToKa C© B, =1/ T,
10 | gnurensHocTsw Buta T,

B =1/ 2T

HeoGxoawmas nonoca obpaboTim ! -

KaHana ceA3u no HaikeucTy B, 1/ T,
B, =1/ 4T

9.1.2. IlepeyeHb IK3aMeHANMOHHBIX BONIPOCOB

Ucropus pazsutusa CMC. [lokonenuss CMC (1G, 2G, 2,5G, 2, 75G, 3G, 4G).

[TpuHIIUT MHOKECTBEHHOTO JIOCTYTIa C YaCTOTHBIM pazzeneHueM kaHaioB (FDMA).

[TpuHIUIT MHOKECTBEHHOT'O JIOCTYIIA C BpEMEHHBIM pa3jieieHneM kanainos (TDMA).

[TpuHIMI MHOKECTBEHHOT'O JJOCTYTIA C KOAOBBIM pa3jeieHueM kaHainos (CDMA).

[TpunIMn coBMeneHHOTo MHOXKecTBeHHOTO tocTtyna (TDMA/FDMA).

Amnanorosass UM u ananorosass ®M. Ilomexo3amuIIeHHOCTh 10 OTHOWIEHUIO K TENJIOBOMY
IIYMy U MEIIAIOIIEMy CUTHalTy. AHAJIUTUYECKAs CBSI3b MEXJy OTHOLIECHUSMHU CUTHAI/IIYM U
CUTHAJI/TIOMEXa Ha BXO/I€ U BBIXO/IE€ JEMO/YJIATOPOB (JIETEKTOPOB).

Huddepenunansuas (oTHocUTeNnbHas1) OuHapHas ¢azoBas manunyssinus (DBPSK). ®a3zoBas
HEOJHO3HAYHOCTh NpHu npueme. KorepeHTHas U HEKOTepeHTHas AeMonyssanus. CTpyKTypHas
cxema Mojema.

. KBagparypnas ¢aszoas manunynauus (QPSK), ¢azoBas HeoHO3HAYHOCTH HpPH MpPUEME.

Huddepennmanbuas kBagparypHas ¢azoBas Mmanunyssus (DQPSK). CtpykrypHble cxembl
MOJIEMOB.

. Auddepennmanpuas kBagparypHas ¢azoBas MaHunyisuus co casurom /4 (/4 QPSK).

CrpykTypHas cxema MojJieMa.

Manunynsuusa ¢ MUHUManbHbIM caBuroMm (MSK). I'ayccoBckast MaHUINYISUS ¢ MUHUMATbHBIM
casurom (GMSK). CtpykTypHBIe cXeMbl MOAEMOB. D (HEKTUBHOCTh UCIIOJIB30BAHUS MOIOCHI
gacToT. CekTp MoAyIupoBaHHOTO curHana. ObecrneyeHne KOMIAKTHOCTH CIIEKTpa.

9.1.3. TeMbI J1a00paTOPHBIX PadoT

. Uccnenosanune texuonornu FDMA
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2. Uccnenoanne QPSK Mozaema (kmaccuueckast peaim3aiius)

3. Uccnenoanne MSK monema (kitaccuueckas peaan3arius)

4. Uccnenoanue texnoiaorun MIMO, mocTpoeHHOH 110 cxeMe AJIaMOyTH
5. Uccaenosanue Texgomoruu CDMA

9.2. MeToan4yeckne peKOMeH AU

VYyeOHubIil MaTepuan uznaraercs B (Gopme, mpeamnoaramplileii caMoCTOATEIbHOE MBIILICHHE
CTYICHTOB, camooOpa3oBanue. [Ipu 3ToM camocTosTenpHast paboTa CTyA€HTOB UTPAET PEIIAIOIIYIO POJIb
B XO/I€ BCETro y4eOHOro mporecca.

Hauatp n3ydeHne MUCHMILUIMHBI HEOOXOIUMO CO 3HAKOMCTBA ¢ padoueil MporpaMMoOid, CIIUCKOM
y4eOHO-METOMUECKOT0 U MporpaMMHoOro obdecnedyenus. CamocrosTenbHas paboTa CTyAeHTa BKIIOYAET
paboTy ¢ yuyeOHBIMU MaTepHalaMH, BBINOJHEHHE KOHTPOJIBHBIX MEPONPUITHH, MPETyCMOTPEHHBIX
y4eOHBIM ITAHOM.

B nporecce n3ydeHuns: IUCUUIUIMHBI IS JIyYIIETO OCBOCHUS MaTepuaina He0OXOAMMO PETYISIPHO
oOpamarbcsi K PeKOMEHAYEMOM JIuTeparype U MCTOUYHMKAM, YKa3aHHBIM B y4eOHBIX Marepuaiax;
MOJIb30BAThCS 4Yepe3 KaOWHET CTyJAeHTa Ha caiiTe YHuBepcuUTeTa o0pa3oBaTEIbHBIMH pecypcamu
AJIEKTPOHHO-OMOIMOTEYHOM CHUCTEMBI, @ TaKXKe OOIIEAOCTYITHBIMUA HHTEPHET-IOPTANIaMHU, COJCPKAILIUMHU
Hay4YHO-TIONYJSIPHBIE U CIELUAJIU3UPOBAHHBIE MaTepHajbl, IMOCBSIIEHHBIE PAa3JIUYHBIM aCIEKTaM
y4eOHOH JUCUUIUINHBL.

IIpu caMOCTOATEIBLHOM U3YYEHUU TEM CIEAYHTE PEKOMEHIALMSIM:

— YTEHHME HWJIM NPOCMOTP MaTepHuajla OCYLIECTBISANTE CO CKOPOCTHIO, NOCTATOYHOM s
WHAUBHUAYAIbHOTO NTOHUMAaHUS U OCBOEHMS MaTepuaja, BbIIENss OCHOBHBIE UJEH; HA OCHOBAHUHU
N3yUYEHHOI'0 COCTaBUTH Te3UChl. OCBOMB MaTepual, MONbITaTbCSI COOTHECTH TEOPHUIO ¢ IPUMEpPAMHU U3
MIPaKTUKU;

— €CJIM B TEKCTE BCTPEYAIOTCS HE3HAKOMBIE UJIM MAJIO3HAKOMBIE TEPMUHBI, CIEAYET BBISICHUTH UX
3HAYEHUE NI IOHMMaHUS JaJbHEHNIIEro MaTepyara;

— OCMBIC/IMBAlTE IPOYUTAHHOE U U3YUEHHOE, OTBEYANTE HA MPEJI0KEHHBIE BOIIPOCHI.

CryaeHTsl MOTYT MOJy4aTh HHAMBUyalbHbIE KOHCYJIbTALMH, B T.4. C UCIIOJb30BAaHUEM CPEJICTB
TEIEKOMMYHUKALUH.

[To gucuuniauHe MOTYT NPOBOAMTHCS JOMOJHHUTEIbHBIE 3aHATHUSA, B T.4. B (hopMe BeOMHAPOB.
Pacnucanue BeOMHApPOB U 3alMUCHU BEOMHAPOB MYOJHMKYIOTCS B 3JEKTPOHHOM Kypce / 3JIeKTPOHHOM
YKypHaJIE 110 TUCIUILUINHE.

9.3. Tpeﬁona}mﬂ K OHCHOYHBIM MaTepHuajJdaM Jisl JUIl ¢ OrPaHHYCHHBIMHA BO3MOKHOCTAMMU
310pOBbHA U HHBAJIUA0OB

Jns nun ¢ OorpaHUYEHHBIMH BO3MOJXKHOCTSIMH 370pOBBSI U WHBAJIHUJOB MPEIYCMOTPEHBI
JOTIOJTHUTEIBHBIE OIEHOYHBIE MaTepHAJIbl, MepeUeHb KOTOPHIX yKa3aH B Tabnuie 9.4.

Tabnuna 9.4 — JlomoJHUTENbHBIE MaTEpHaNbl OINCHUBAHUSA JUISA JIMI C OTPaHUYCHHBIMU
BO3MOJKHOCTSIMH 3JIOPOBBSI M1 MHBAJIHUIOB

Buasl 1ooIHUTENBEHBIX OLIEHOYHBIX DOopMBbI KOHTPOJISI U OLIEHKHU

Kareropuu o0yvaromuxcs

MaTepHUaoB pe3yJIbTaTOB 00YUYEHUS
C HapylIeHHsIMU cllyXa TecTbl, TUCbMEHHBIE [Ipenmy1ieCTBEHHO MMCbMEHHAs
CaMoCTOsITeNIbHbIE pabOThI, BOMPOCHI MpoBepKa
K 3a4eTy, KOHTPOJIbHbIE paOOTHI
C HapyLIEeHUAMU 3pEHUS CobecenoBaHue 1o BOIIPOCaM K [IpenmyniecTBEHHO yCTHas
3a4eTy, ONpOC 110 TEPMUHAM poBepKa (MHIUBUYATBHO)
C HapyHIEeHUSIMU OTIOPHO- Pemienue nucTaHIIMOHHBIX TECTOB, [IpenmytiecTBEHHO

JBUTATEJIBLHOTO almapara | KOHTPOJIbHbIE pa0OThI, MUCbMEHHBIE |  AMCTAaHIMOHHBIMU METOAAMHU
CaMOCTOSITeNIbHBIE PaOOTHI, BOITPOCHI
K 3a4eTy
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C orpaHMyYeHUSIMH TIO
0011IeMETUIIUHCKUM
MOKa3aHUSIM

TecThl, TUChbMCHHBIC
CaMOCTOSITEIIbHBIE PAOOTHI, BOTIPOCHI
K 3a4€Ty, KOHTPOJbHBIE paOOTHI,
YCTHBIE OTBETHI

[Ipeumy1iecTBEHHO POBEpPKA
METOAAMHU, ONPEACIIAIOLIMMUCS
UCXOJS U3 COCTOSIHUS
o0yyaromerocss Ha MOMEHT
IIPOBEPKU

94. MeToauuecKkue PECKOMEHIAUHU MO OIMCHOYHBIM MaTepuajaamMm IJid JUll ¢ OrpaHUYC¢HHBIMHU
BO3MOKHOCTSIMHA 310POBbS U UHBAJINI0B

Jns nui ¢ orpaHUYEHHBIMH BO3MOXKHOCTSIMU 3J0POBbSI U MHBAJIHUJIOB MPEayCMaTPUBACTCS
JOCTYITHAs popMa Mpea0CTaBICHUS 3aJaHUI OIICHOYHBIX CPEJICTB, 4 UMEHHO:

— B IIeYaTHOU (opme;

— B IieyaTHOM hopme ¢ yBeJIMYEHHBIM HIPUPTOM;

— B (hopMe IIEKTPOHHOTO JOKYMEHTA;

— METOJIOM YTE€HHSI aCCUCTEHTOM 3aJ]aHUsl BCIIYX;

— IpeJ0CTaBICHHUE 3a/1aHUs C UCIOIb30BaHUEM CYpIOTIEPEBOAA.

Jluuam ¢ orpaHMYE€HHBIMU BO3MOXKHOCTSMH 3/I0POBbSI M MHBAJIKAaM yBEJIUUYMUBAETCS BpeMs Ha
MOJITOTOBKY OTBETOB Ha KOHTPOJIbHbIE BOMpockl. s Takux oOyyarouiuxcs mpeaycMaTpuBaeTCs
nocTynHast popma npeaocTaBiIeHHsI OTBETOB Ha 3aJlaHUsl, @ UMEHHO:

— MUCBMEHHO Ha Oymare;

— Ha0Op OTBETOB Ha KOMIIBIOTEPE;

— HabOp OTBETOB C UCIOJIH30BAHNEM YCIIYT aCCHCTEHTA;

— MpEe/ICTaBIIEHUE OTBETOB YCTHO.

[Ipouenypa omeHWBaHHUS PE3yIbTATOB OOYYEHHUsS JHUIl C OTPAHUUYCHHBIMHU BO3MOXXHOCTSIMHU
3I0pPOBbSI M WHBAIUIOB 10 AUCIHILIMHE TPEIyCMAaTPUBACT MpeJAOoCTaBlIeHne HHPopManuu B Gopmax,
a/IaTITUPOBAHHBIX K OTPAaHUYEHISIM UX 3I0POBbBSI U BOCIIPHATHS HHPOPMAITUH:

Jst Iuu ¢ HAapylIeHUsIMU 3PeHu:

— B (hopMe IIEKTPOHHOTO JOKYMEHTA;

— B rieyaTHOU popme yBeIMueHHBIM HIpUdTOM.

J1st Iun ¢ HApYLIeHUsIMU cJIyXa:

— B (hopMe IIEKTPOHHOTO JOKYMEHTA;

— B TIe4aTHOU (opme.
JJ1s1 11 ¢ HApyLIEHUSIMH OTIOPHO-ABHUIaTEJIbHOIO anmapara:

— B popMe 3JIEKTPOHHOTO TIOKYMEHTA;

— B IIeyaTHOU (opme.

[Ipn HEOOXOAUMOCTH JJIsl JUI] C OTPAHUYCHHBIMU BO3MOXHOCTSIMH 3JI0POBbSI U MHBAJIHUIOB
MpoIieIypa OLICHUBAHUS PE3YJIBTATOB 00YUEHHUS MOXKET IPOBOJUTHCS B HECKOJIBKO JTaIloB.
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